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a compact
75-meter monoband transcelver

Modular design
yields 30 watts PEP

and high performance

This article describes a compact monoband SSB
transceiver that employs broadband techniques, IC
building blocks, and an FET power chain. A detailed
block diagram that shows all module interconnections
is shown in fig. 1. As an extension of an earlier receiver
project, the design provides all of the basic features
required for convenient operation.! The receiver sec-
tion offers excellent sensitivity and selectivity, audio-
derived AGC, an S-meter, headphone or speaker
operation, and above-average audio quality. The
transmitter has amplified ALC and delivers 30 watts
PEP to a 50-chm load. The completed package is
about the size of a 2-meter FM transceiver, measur-
ing2 x 5 x Binches {6 x 12.7 x 15.256 cm) and
weighing about 2 pounds (1 kg}.

" circuit description

The transceiver employs a single conversion fre-
quency plan with a 9-MHz IF and a 5.0-MHz VFQO.
Receiver preselection is provided by a two-section
bandpass filter {see fig. 2}. Additional HF rejection is
obtained from the transmitter's low-pass filter.
Receiver mixer U1 is an active DBM which has been
biased for maximum gain. Mixer output is fed to crystal
sideband filter FL1 through a simple diode switching
network.

IF stage U2, shared by the transmitter, provides 46
dB of gain with an AGC range of about 70 dB. Gain
for the entire receiver is controlled via U2’s AGC line.
Automatic control is audio-derived from the output of
audio amplifier U4. Manual control is provided by a

voltage divider circuit. During the receive cycle, the
two control voltages are gated onto the AGC line
through diodes. .The output of IF amplifier U2 is
simultanecusly fed to product detector U3 and trans-
mit mixer U7. U3, an active DBM product detector,
provides audio detection and additional system gain,

Since gain is controlled exclusively through |F ampli-
fier U2, audio amplifier U4 operates at full gain (see
fig. 3). U4 provides 400 mW of output — more than
enough to drive the transceiver’s small built-in speaker.
Attenuation is provided for speaker protection and for
headphone operatlon

AGC voltage is sampled from the output of U4,
detected, and fed to DC amplifier Q1. The RC time

constant of Q1 is switched to provide slow release time -

during receive, and fast release time during transmit.

. Q2 prowdes additional amplification of the control

signal, sets the AGC threshold for U2, and drives meter
M1. M1 functions as an S-reter during receive and
as an ALC indicator during transmit. The entire

receiver section operates from a 12-volt source with -

an average current drain of only 50 mA on receive.

A small heatsink is sufficient for intermittent SSB operation,
but area should be increased for CW operation; Mounting FL1

on rear panel saves internal spaca.

By Rick Littlefield, K1BQT, Box 114 Barrmgton
New Hampshire 03825
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Low-Z microphone amplifier U5 is a standard op-

" amp circuit which develops the necessary audio

voltage to drive balanced modulator UE {see fig. 4).

Like ail other mixing devices in the transceiver, UG is
an active DBM. Provisions are made t0 unbalance the
device when carrier is needed for RF chain or anten-
na tuner adjustment. The output-of U6 is fed through
a diode switching network to sideband filter FLLT and
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IF amplifier U2. As noted earlier, ALC voltage is
applied to U2 during transmit to maintain high trans-
mitter output without. driving the RF chain into
saturation. ;
Transmit mixer U7 combines the IF signal from U2
with VFO drive to produce 76 meter output {a CW-
only design would substitute BFO drive for the IF
signal}. The cutput of U7 is buffered and amplified by
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pre-driver Q3 (see fig. 5). f CW operation is antici- ALC RELEASE
‘pated, keying can be added to this stage by simple
maodification. Qutput can be reduced for QRP opera-
tion by adjusting. the bias on gate No. 2. The output
of Q3 is filtered by a two-section bandpass filter. Driver w200 ua movemeat
Q4, an inexpensive HEXFET, develops 300 mW PEP - a1

Except a5 Indicated, dacimai S/ALE
values Of capcitanes are in micro-
Pterads [Fl; othara are I ploctar.
ads {pF) mmnuu A in phhs,
k = 1000 000, 000

MPF102
y Q2 2ZN3E0E
—enough power to drive PA Q5. A thres-elementlow- [ ¥ %
pass filter reduces harmomc content prior to final .
amplification fig. 3. Audio amplifier/ALC-AGC.

The final amplifier Q5 is a Motorola T-MOSFET
operating in class AB (see fig. 6). At 4 MHz, this 28-
volt device operates at approximately 70 percent effi-

ciency, provides 20 dB of gain, and delivers 30 watts
PEP into a 50-ohm load. The output of Q5 is trans-
formed to 50 ohms through 4:1 balun T5.and fed into
"a 7-element Chebyshev low-pass filter. A diode detec-

tor at the LPF input samples ampllfler output for ALC
(see fig. 7).
All transmit and receive mlxmg functions are han-

dled by active DBMs, devices which require no more
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than 100 mV of injection. Consequentlv, drrve de-
mands on the VFO and BFO are minimal. VFO 06 is
a popular_HartIey JFET circuit which is buffered_ by
source fdilower Q7 (see fig. 8. An optional VFT con-
trol aids fine tuning. BFO Q8 is a simple unbuffered
crystal oscillator {see fig.- 9). If the transceiver is
modified for 20 or 15-meter operation, the BFO out-
put should be carefully matched to its load and filtered
for harmonic coritent,

The PA is the only stage requinng a 28-volt source.
An on-boatd mongalithic voltage regulator reduces sup-
ply voltage to the other stages. The compact 28-volt
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fig."w. Thetranscelver'scompact power supply measures only
4x3x3 inches {10 x 7.6 x 7.6 em). The design is simpls, and
can be built entirely from off-the-shelf Radic Shack com-

ponents.
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fig. 11. External power supply schematic.
external power supply and schematic shown in fig_s. electromc filtering. An on- -board reguiator is also i incor- 1
10 and 11, respectively, was built from off-the-shelf porated in the transceiver (fig. 12).
Radic Shack components. The output of transformer tructio : © ]
T1 is bridge rectified, filtered, and regulated by pass construction
transistor Q1. Adjustable regulator U1 drives the base The boards for this project were laid out in modular
- of Q1 to set output voltage and to prm;_ride additional - strips to facilitate modification during the design pro-
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N
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Bottom view shows BFO, driver, and low-pass filter modules.
Voltage regulator is mounted on the side of the case. A 4PDT
relay for T-R switching simplifias circult design and reduces
raceiver power consumption. :

cess. To make the job of interstage wiring easier, the
exciter and receiver strips were later joined together.

20 & November 1985

Figures 13 (receiver moduig), 14 (audio/AGC mod-
ule}, 15 {exciter module}, 16 (driver/bandpass filter),
17 {MRF-138 final amplifier moduie), 18 {low-pass filter
board), 19 {(VFO module), and fig. 20 {BFO module}
show the printed circuit board patterns and compo-
nent layouts.

Board assembly is routine, but a few specific points
deserve mention. The boards were designed around
miniature parts. Substituting 1/2-watt resistors, high-
voltage capacitors, and other large components can

quickly result in pverdrowding._Since the parts den-
- sity is quite high, double-checking parts placement

against the schematic or a layout is also
recommended. .\

Use care when winding toroidal transformers and
chokes. Most FT (ferrite} cores hiave rough edges that
can easily abrade the insulation from enamel covered

*A comptete Kit containing all parts, stched pre-diilled circuit boards,
punchad, painted enclosure, and assernbly manual is available from Radiokit,
Box 411, Greenville, NH {3048 :
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9 MHz CRYSTAL FILTERS

1691 MHz

1286 MHz GaAsFET
432/435

438-ATY

220 MHz

144 MHz

LINEAR TRANSVERTERS

1296 MHz 1.8 W output, 2M in

4320435 10'W output, 10Min
144 WMz 10W output, 10Min
Cther bands & IFs avallable.

1286 MHz
4321435

20 W output
100 W outpul
50 W output
30 W output
200 W outpLl
100 W putput
50 W cutput
30 W.output
Al models include VOX TIR switching.
“L models 1 or 3W drive, others 10W drive,

Shipping: FOB Concord, Mass.

ANTENNAS 2%
420-450 MHz MULTIBEAMS
28 Element  7O/MBMZ8 12 dBd
48 Element  70/MBM48 15.7 dBd
88 Element  TO/MBMSE 18,5 dBd
* 144-148 MHz J-5LOTS

10 + 10 Twist  10X¥/2M  11.3 dBd

UHF LOOP YAGIS

1250-1350 MHz 20 loops 1286-LY 20 dBi
16501750 MHz 29 loops 1891-LY 20 4B
Order Loop-Yagl connector extra.

144 MHz

gquipment and crystal product raquiraments.
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Options: Low NF (2.0 dB max., 1.25 dB max.},

LINEAR POWER AMPLIFIERS

MMk 1691-137

MMK1296-144Q

MMc432-28(S)
MMCA38-Ch x
MMc220-28
MMc144-28

MM 1 296-144-G
MML432-28(S)

MMt144-28

UP1296-20-L
MML432-100
MML432-50
MML432-30-LS
MML144-200-8
MML144-100-LS
MML144-50-5 -
MML144-30-LE

Aprli- Band:

MODEL catlon wldth Poles Price
XF-94 SEB 2.4 kHz -8 - $53.15
F-98 asB 24 kHz 8 7205
XF-98-01 LSB . 24 kHz 8 55.90
XF-2B-02 USB 24 kHz 8 95.90
XF-3B-10 sse 24 kHz 10 125.65
XF-AC AM 3.75kHz 8 77.40
XF-8D AM 8.0 kHz 8 77.40
XF-9E FM 12.0 kHz a 7740
XF-9M Cw 500 Hz 4 54.10
XF-gNB ow 500 Hz ] 95.90
XF-9p ow 260 Hz 8 131.20
XF910Q IF noize 1% kHz 2 17.15
10.7 MHz CRYSTAL FILTERS
XF107-A NBFM 12 kHz g $8T.30 .
XF107-B NEBFM 15 kHz 8 67.30
XF107-C WBFM 30 kHz 8 £7.30
XF107-D WBFM I’ kHz ] 67.30
XF10T-E . PlwData 40 kHz 8 §7.30
XM107-504 FM 14 kHz 4 30.15
Export Inquiries Invited. Shipping $3.75

MICROWAVE MODULES VHF & UHF EQUIPMENTS

Use your existing HF or 2 rig on athet YHF or UHF bands,

LOW NOISE RECEIVE CONVERTERS

$249.95
149.95
74.95
£0.95
74,95
‘58.85

other bands & IF's avallable

$209.85
269.95
179.95

43%.95

369.95

199.85
209.95
374,95
239.95
149,94
109.95

108

T96- 53995

a8

£9.95
89.95

68.95

$49.95

§9.95°

Type N $14.95, SMA $5.95

Send 44¢ (2 staKrr\%s] for full details of all your VHF & UHF
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AFC-1 10 turns No. 246 an FB43-BG1

fig. 18. Driver/bandpass filter.

"wire. Prepare all FT cores in advance by smoothing

the corners and applying two coats of clear nail polish
{"T cores ara usually epoxy coated and require no
preparation). Since most toroid devices have delicate
leads that are easily broken, they should be mounted
jast and glued securely to the board with Ambroid™
cement.t

T2, & 10.7 MHz 10 mm gresn-core trangformer, is.available from Morning

Distributing Co., P.O. Box 717, Hialeah, Fiorida 33011,
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fig. 17. MRF-138 final ampilfler.

The transceiver can be packaged to suit the builder. The larger
cabinet shown here provides more panel space and room for
a larger speaker.

mechanical instability, its construction requires special
attention. These hints should be followed to insure sat-
isfactory performance: ‘

- #» To insure smooth tuning, the main VFO variable

Because the VFQ circuit is vulnerable to thermal and’

* Use NPO capacitors in the tank circuit wherever
possible — the thermal characteristics of silver mica
c¢apacitors are often unpredictable.

* To immobilize VFQ inductor windings, dip or paint
the coil in clear nail polish and sandwich it to the board
between fiber washers with a non-inductive screw.

should be a ball-bearing design with either a built-in
or external reduction drive. -

¢ The calibration trimmer should be a miniature air-
variable {ceramic trimmers drift).

¢ When installing the VFO module, make all leads
connecting external VFO components as short and
rigid as possible.

+ To avoid thermal instability, locate the VFO away
from heat-generating stages such as the PA and the
voltage regulator,
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fig. 18. Low-pass filter board.

vFO

« Shield the VFQO compartment against strong RF
fields.

-+ Locate the transceiver's T-R relay away from the

VFO compartment. If located too close, the relay’s
magnetic fisld will produce an unwelcome frequency
shift,

The only other stage requiring special care during
construction is the final amplifier. To prevent the possi-
bility of VHF parasitics, strip-line construction is used
and components are soldered dirsctly 1o the top of the
board. To insure strong solder connections, each lead
should have a short 90-degree bend at its end in order
to make flat contact with the board's surface. The
transistor should be mounted first. The MRF-138is an
unprotected MOS device, and | recommend using a
grounded iron and wrist-strap to prevent static build-
up during installation. Once the module is completed,
the circuitry will protect the device.

The transceiver cabinet is a bi-level design fabricated
in a custom sheet-metal shop. While this packaging
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“fig. 19. VFO. modula.

contributes to the appearance and small size of the

~ finished unit, much simpler cabinetry is perfectly-

acceptable as long as a few basic conditions are met,
First, all- recommendations to insure VFO stability
should be observed. Second, the PA module should
be mounted to the inside of the back panel with a
suitable external heatsink provided on the opposite
side. Additional heatsink area is required for extended
phone, RTTY, or CW operation. Finally, the VFO and
BFO should be fully shielded. .

‘In any modular projact, interstage wiring can be-
come a nightmare if the wire is prone to breakage or
is difficult to handle. Selecting only highly flexible
small-diameter wire and shielded cable keeps inter-
stage harnesses small and manageable. | have found
that lavalier microphone cable is smaller and much
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easier to handle than RG-174 miniature coax. Mount-
ing boards on 1/4-inch standoffs also contributes to
a neat layout, since this provides space for interstage
wiring to pass underneath. Once the modules are
mounted and interstage wiring is completed, testing
and alignment can begin. Power distribution and T-R
switching should be thoroughly checked first, since
_ an serror here could damage components.

alignment

Fixed capacitor values in the VFO tank may require

some substitution to establish the desired operating

-range {5000 kHz to 5200 kHz for 4000 to 3800 kHz oper-
ation). Once this range is established, a tuning dial can
be calibrated. A frequency counter facilitates the cali-
bration process. Once the VFO dial is calibrated, re-
ceiver alignment can proceed. Use fig. 21 to locate
the calibration and alignment controls.

* Connect the receive and transmit mixers to the VFOQ, .

and adjust Ryro for 100 mV RMS output.

* Connect the product detector and balanced modu-
lator to the BFQ, and adjust Cgpq for an operating fre-
quency of 9001.5 kHz. Adjust Rgpo for an output of
100 mv RMS.

¢ Set the receiver AGC threshold by adjusting Rygy
for 5 volts as measured at TP1. Zero the S-meter via
Rzro. .

s Set the receiver gain fully clockwise for maximum

gain and adjust IF transformer T2 for a peak in back-
ground noise.

¢ Connect a 50-ohm antenna and tune the VFO to
3900 kHz. Peak bandpass filter trimmers C1 and C2
for maximum sensitivity.

The receiver should now be fully functional. Check
AGC action by tuning in an extremely strong SSB sig-

" nal. if the audio cracks and distorts at fult gain, the

AGC is under-controlling IF stage U2. Increase AGC
gain via Rage to eliminate this condition. If the audio
“pumps’ on voice peaks or motorboats with no signal,
the opposite conditions exist and AGC gain should be
decreased. Meter sensitivity control Rggy should be
adjusted so that extremely strong signals register in
the upper 10 percent of the scale.

To prepare for transmitter alignment, disconnect the
28-volt supply line from the final amplifier board. Ter-
minate the output of the driver with a 47-ohm resistor
and connect a scope across the termination.
Microphone gain Ry e should be set fuily off, and pre-
driver gain Rppy set to the middle of its range (maxi-
mum gain). Tuna the VFO to 3900 kHz. '

s Key the transmitter and activate the carrier insert

- switch. Adjust IF transformer T2 and bandpass filter

trimmers C3 and C4 for maximum output.

¢ Key the transmitter and adjust Rga for minimum
carrier output. A receiver tuned to the output fre-
quency may provide a better null indication.

» Connect a 500-chm dynamic microphone and ad-
vance Rpc to 75 percent. Speak into the microphone
and watch the scope for signs of instability {*’grass”’
or parasitic oscillations on the waveform). The pattern
may show flat-topping on voice peaks, since the ALC
is not yet functional.

If instability or parasitics are observed, find theit

.source before going on. Chack the RF amplifiers in

isolation, and check IF amplifier U2 (reducing the value
of the 10-kilohm resistor across the primary of T1 -
should tame unstable operation in U2). If operation
is normal through the driver stage, alignment can
continue.

& Connect the 28-voit supply line to the final amplifier
hoard through an ammater. Short the ampiifier's in-
put terminal to ground. Key the transmitter, and ad-
just Rggr for an idling current of 250 mA. Note that
this adjustment is sensitive to changes in supply
voitage. If the power supply voltage is changed signifi-

~cantly at a later date, the bias should be re-set.

# Remove the driver termination, unshort the input
to the PA, and hook up the driver. Connect a 50-ohm
dummy load to the output of the transceiver. Place
a single turn pick-up loop through balun T5, and con-
nect it to the scope. The driver low-pass filter and
bandpass responses are shown in figs, 22A, B.

November 1985 25




e e— b
et

P e e
B | s
IR = C) e kel
,O = i B &5 &5 A6e orve.
G_—%i "'\ i @{\SM o
N O‘“’%_ o 1F ALIGNMENT ' e P2
R S P . ALCrAGE YrReswoLe ) | i, )
o ] . - Arsee—ae e —
—_— ey . 3 .
. " | —én b [ e
T '_{P <
“ r _e Furw | i Fun
-
_—<:p..; contets e P ! L_, .
METER DRIVE  Fze, RZ::ETER 200
fig. 16
DRIVER LEVEL ' fig. 17
8145
Ager
i)

RECEWVER BFF

DRIVER C‘b |I‘ _8

fig. 15 BPF ADRIST i o
f §

ca o | 1 ’ .. [FRNSE SE—p
e lnm}—t——w—‘—‘ ’E (£ . 1 ) b,

w?:w)‘t’ :

CARRIER,
BALANCE L
Raar E
_ A fig. 19 : #g. 20
=
-, . J— VFO LEVEL BRQ FREGUENCY TAIM
T Ruzg Carg
- M GAR
A e AV |
w0 =l ey .
\?v' L — n -w'i?,..
2% | TEI o o
Lo Moo . m_'e ™
R w e €
<o frn C =0 : e
) e
| . = 8 :

_‘ BFO LEVEL

fig. 21. Calibration and alignment controls.

26 November 1985




-l ~i2d8 AT 8MHZ
| 30 40 50 88 7.0 80
FREQUENGY, MHz

®

OUTPUT, di

fig. 22A. Driver low-pass filter rasponse;

QUTPUT LEVEL, 08
L
[

-2+ — T T — —

a6 AT 38 33 40 4l
FREQUENCY, MHE )

fig. 22B. Driver bandpass filtar responss.

s Key the transmitter and speak loudly into the
microphone, adjusting Ra) ¢ for maximum transmitter
output. The scope pattem should show flat-topping
on voice peaks. If saturation doas not occur, increase
microphone gain until it does. If the final cannot be
saturated, system gain is low and a problem exists
{check the AGC threshold voltage at TP1 first; if set
above 5 volts, transmitter gain is reduced).

» To set ALC level, close-talk the microphone and ad-
just Rac to the point where flat-topping just disap-
pears. The ALC meter should deflect past mid-scale
on voice peaks and a power meter should indicate an
average output of 10-15 watts.

This completes transceiver alignment.

performance

The transceiver was tested to see if performance
approximated industry standards and met FCC regula-
tions for spectral purity. Receiver noise floor was
measured at —120 dBm. Selectivity reflected the
published specifications of filter FL1. AGC held a 60
dB change in signal strength to a 3 dB change in audio
output. AGC attack was a bit slow, resulting in some
audible ““cracking” on extremely strong signals. This
condition is not uncommon in simple audio-derived
systems. Overall receiver audio quality was judged ex-
cellent when compared against a popular imported

multi-band transceiver. Tests for receiver intermodula--

tion distortion were not conducted.
At 30 watts PEP output, transmitter IMD was meas-
ured at —30 dB. Second and third harmonics were

—47 dB and —55 dB, respectively. Saturation oc-

curred at 35 watts PEP. Transmit audio reports were
generally excellent, but microphone selection was an
important factor. Low-Z broadcast dynamics produced
the best overall quality, but an inexpensive mobile
microphone provided a bit more “"‘punch’” under diffi-
cult band conditions. The MRF-138 final amplifier sur-
vivad open and shorted port conditions without
damage, indicating acceptable immunity to high SWR.

operation

The transceiver's small size makes it a natural for
traveling, or for use as a second station at home. Mine
resides in a corner of the family room on a small writing
desk, close to the wood stove, kitchen, and other
comforts of home. On-air performance has been very
gratifying. Using an inverted-V antenna at 50 feet, |
have worked all U.S. call areas, operated contests,
controlled nets, and elbowed my way through even-

“ing ORM with excellent regularity. In evaluating the

transceiver's effectiveness, it is important to remember
that dropping transmitter output from 100 watts to 30
watts reduces the received signal less than 1 S-unit.
Under most band conditions, this is not significant.

conclusion

My goal was to design and build a simple mono-
band SSB_ transceiver that would be compact, easy
1o replicate, and powerful encugh to provide reliable
communication on 78 meters, Off-the-shelf compon-
ents and contemporary design techniques were em-
ployed wherever possible tc make the job easier. The
transceiver described in this article is my third, and
carries with it the experience of the first two. With

- minor modifications, the design should be transferable

to other bands. | hope this article will ancourage others
to take the plunge and build — there’s no magic in-
volved, and the enioyment that comes from operating

“a homebrew rig is fantastic,
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