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easy-to-build

ssb transceiver
for 1296 MHz

Complete description
of a simple
sideband system

for the amateur
23-cm band —

the same technique
can be used

for the other

uhf bands

The simple microwave ssb system pre
sented here was used to achieve Northern
California’s first recent two-way ssb com-
munications on 1296 MHz, between
WABUAM and KEBUOH, on Apnl 14,
1974." Aside from any precedent which
may have been established, the method
userd to transmit and receive microwave
tsh represents a significant breakthrough
in that it is simple, straightforward, in-

8 sgptem ber 1974

H. Paul Shuch, WABUAM, 14908 Sandy Lane, San Jose, California 95124

expensive and readily reproducible by
any uht enthusiast. Neither specialized
tools nor elaborate test eguipment s
required to build this equipment — equip-
ment that prowides the capability for
line-of-sight ssb contacts on the amateur
23-cm band

Fig. 1 shows the scheme generally used
for the transmission and reception of uhf
ssh signals. The received signals are
down-converted In the conventional
manner into the high-frequency spectrum
where they are detected by the station
Similarly, a high-frequency
signal generated by the station exciter s
heterodyned up to uhf, then amplitied
and transmitted. Nate the high degree of
redundancy present in this system. Both
the transmit and receive converters use a
mixar and local-oscillator chain, the func-
tion of each being essentially identical to
1s counterpart

Azsuming the availability of a bilatera

receiver

*Some years ago, KBHCP and WGGDO rar
sucnes=iul 1 296-MH 2 e schedules, sach using 4
2C38 o8 o simultaneous mixer and LO doubior
The resulting ssb outpul was easily copyable, 1l
ot exactly spectrally pure. Bandpass filter
were used 1o asttenuate the undesired product:
at the antenna. The equipment currently wsec
by WABLAM and KEUOH, described in thie
article, uses diode balanced mixers with injec
tion at the ultimate LO frequency. This methoc
of heterodyning produces clesdn 1296-MHz =
withowt! exeessive intermodulation products

Editoi



mixer {one which operates equally wel in
both the forward and backward
directions), the system can be simpiified
as indicated in fig. 2. Obviously, a passive
mixer must be used in this application.
Any active device designed to provide
conversion gain in, say, the up direction,

fig. 1. System normally used for the trans-
mission and reception of uhf ssb signals. Note
the high degree of redundancy.

PAD

of numerous stages of linear amplification
after the transmit conversion.

It is evident from fig. 2 that by
eliminating redundant circuitry, the TR
switching complexity has increased three-
fold. Assuming that means could be
found for eliminating the requirements
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cannot function as a down mixer as well.
Fortunately, singly- and doubly-balanced
diode mixers function effectively in
either direction, with only a few dB of
conversion loss.

The greatest drawback of the diode
mixer, so far as transmit conversion is
concerned, is its limited power-handling
capability: This normally requires the use

ANTENNA
FEEDLINE
[E]
LINEAR

AMP
TR RELAV

™ RE' LAY
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L
] —
j -

COMMON
MIXER

STATION

fig., 2. This uhf ssb system, which uses a
common iocal-oscillator chain and balanced
diode mixer, minimizes circuit redundancy but
requires three TR relays.

OUTPUT TO
RECEIVER

CRYSTAL- CONTROLLED
LOCAL- OSCILATOR CHAIN

for separate receive and transmit amplifi-
cation, TR relays K1 and K2 could then
be eliminated, too. Of course, such dras-
tic simplification would jeopardize both
the receive sensitivity and transmit
power. However, depending upon the
application, these tradeoffs might well be
justified. Such was the case with the
1296-MHz station at WAGUAM.

The details for the Simple 1296-MHz
Sideband System are shown in fig. 3.
Equal emphasis was placed on simplifying
the system to its minimum required
content, and optimizing each sub-
assembly to provide reliable communica-
tions over a reasonable range. Free-space
loss and receiver noise calculations indi-
cate that ssb communications between
two such stations would be practical to
distances of at least 100 miles (160 km).

Note the total elimination of TR
relays and feedlines {(and their resultant
losses) in the microwave portion of this
system. This is accomplished by mount-
ing the mixer, filter and LO chain directly
at the antenna (readily accomplished, as
these modules are both lightweight and
relatively small), and pumping only
28-MHz energy (plus 12 Vdc for the local
oscillator) up and down the tower. The rf
modules and antenna might even be

september 1974 9



combined into a single physical unit, as
shown in fig. 4.

mixer

So far as design tradeoffs are concern-
ed, the mixer is, by far, the most critical
component of the Simple Sideband
System. To obtain a reasonable receive
noise figure, low conversion loss is of
paramount importance, At the same time
usable transmit rf levels dictate high
power-handling capabilities. As will be
shown in a minute, these two criteria
tend to be mutually exclusive, With
readily available Schottky-barrier (hot-
carrier) diodes in a balanced mixer, the
system seems to optimize at about 6-dB
conversion loss, with 3 mW of usable
output power. Don’t scoff at these seem-
ingly restrictive figures. Calculations (see
page 21} will show that this type of
performance is more than satisfactory for
communications to the edge of the visual
harizon, and perhaps beyond.

Several reproducible uhf balanced
mixers have been published recently.
1,2,3,4 The balanced mixer presented
here is based upon a design developed by
W6FZJ, and currently used by him on
2304 MHz. Versions for 1296 MHz have
been built by both WABUAM and
WB6JNN, and provide a considerabie
improvement over the single-diode
trough-line or interdigital designs fre-
quently used by amateurs in uhf trans-
mitting and receiving converters. An
improved version of the WBFZJ mixer,
which uses a commercially available balun
to match the rf port of the mixer to the
b0-ohm transmission line, will also be
described.

Whatever mixer design is chosen, the
diodes you select will determine its con-

These diodes have a burnout rating of
4 5-watts peak, or 1-watt CW, and are
capable of conversion efficiencies of
better than -5 dB.

practical mixer circuit

The complete 1296-MHz mixer shown
in fig. 5 uses hybrid construction (dis-
crete components on etched micro-
stripline), making duplication relatively
straightforward for anyone with access to
PC board fabrication facilities. Given
sufficient time and patience, you can
even ‘‘etch”” your substrate with an
Exacto knife and straightedge. At least
four such manual efforts have been com-
pleted to date, and performance is equal
in all respects to photochemically pro-
duced versions.

The equivalent circuit shown in fig. 6
will help to clarify the operation of the
mixer. Rf energy injected into the delta
(A) port is transformed by the balun so
that there is a 180° phase difference
between the signals applied to the two
diodes. The diodes are effectively in series
and of like polarity so that the applied rf
simultaneously biases both diodes on and
then off, for alternate half-cycles.

1296 MH2

IN AND OUT
MIGM-Q
BANDFASS

FILTER

126 8- MMz
CRYSTAL: CONTROLLED
LO CHAIN
HIGH- LEVEL

DIODE BALANCED

.-

version Joss and power-handling FEEDLINE

capability. One high-power, low-cost de-

vice is the Hewlett-Packard 5082-2817." "
-—0

OQUTPUT TO
STATION
RECEIVER

O— L.
INPUT g

FROM
STATION
EXCITER

*Hewlett-Packard 5082-2817 hot-carrier diodes
are available in small quantities for $1.50 each

from any Hewlett-Packard sales office. Matched
pairs {5082-2818, $3.25), and matched quads
(5082-2819, $7.00) are also available. If you
can’t find a Hewlett-Packard sales office in the
Yellow Pages, write to Hewlett-Packard, 1101
Embarcaderc Road, Palo Alto, California 94303.

10 september 1974

fig. 3. The Simple Sideband System, shown
here, has been reduced to its ultimate simplicity
but can still provide beyond-the-horizon com-
munications when used with a high-gain
antenna.



Rf energy applied to the sigma (Z)
input is transmitted down a quarter-
wavelength, two-way power divider
(which looks like a tuning fork) so that
the signals it applies to the two diodes
appear in phase. Since the diodes are in
reverse polarity with respect to their bias
return {common junction), this rf is
applied to the two diodes out of phase.
The simultaneous application of in- and
out-of-phase rf signals to the diode pair
results in a signal at their junction com-
posed of the rf applied to the sigma (X)
port, chopped at the rate of the rf applied
to the delta (A) port. This complex
repeating waveform can be shown by
Fourier analysis to contain components
of the sigma frequency, the delta fre-
quency, their sum and their difference.
Mixing, by the traditional definition, has
occurred. The circuitry shown to the right
of the diodes in fig. 6 serves the purposes
of signal conditioning (filtering out all
but the difference-frequency com-
ponent), dc bias return and a means of
measuring diode bias current.

The most significant advantage of the
balanced mixer over a single-ended design
is that rf injected into the delta port is
isolated from the sigma port, and vice-
versa. To see how this is accomplished,
consider a balanced signal applied to the
two diodes through the delta port. In
addition to feeding the diodes, this signal
is shunted by the sigma port's power
divider. Note that the power divider
appears to this signal as a balanced
transmission line shorted at the load end.
Since this transmission line is a quarter-
wavelength long at the delta frequency
(assuming the delta and sigma signals are
close in frequency), it transforms the
short to an open, and the sigma port is
effectively nonexistent so far as the delta
signal is concerned.

Conversely, rf injected into the sigma
port divides down the power divider, and
appears to the diodes as two signals, equal
in amplitude and phase. Looking toward
delta, these two signals are cancelled in
the balun and, thus, never reach the delta
port.

1t should be noted that single-balanced
mixers provide no isolation whatever
between the i-f port and either the delta
or sigma port. Hence, filtering is required
to remove the higher-frequency com-
ponents from the i-f. Such filtering is
accomplished in the hybrid balanced
mixer by virtue of stubs at the i-f side of
each diode, a quarter-wavelength long at
1296 MHz and open at the far end. These

TRANSCEIVER MODULES
MOUNTED ON BACK OF

REFLECTOR 7

( 2 stanorrs

‘—% ELEMENTS

4——— PHASING LINES

@— ALUMINUM PLATE

TO BALUN ON 8ACK

W masT

fig. 4. Antenna-mounted transceive converter.
With this arrangement, using the system of fig.
3, only 28-MHz energy must be run down the
tower to the operating room.

quarter-wavelength sections ground out
the i-f port to energy near 1296 MHz.
Derivation of the baiun used in the

- hybrid balanced mixer is shown in fig. 7.

Fig. 7A is a coaxial balun frequently used
in antenna work. In fig. 7B, the same
balun is straightened out to improve
symmetry. Note that a common ground is
still required between the far end of the
stub and a point one quarter-wavelength
back on the feedline. This ground is
frequently accomplished by eonnecting
to the walls of the half-wave-long box in
which the balun is built. In the case of
the hybrid balanced mixer, the return is
to a ground plane, on the oppaosite side of
a substrate to which the balun is
attached.

Both bandwidth and balance may be
improved by modifying the in-line balun

september 1974 1
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Ccl,Cc2 0.01 UF disc ceramic

Cc3,C4 1000-pF feedthrough

CR1,CR2 hot-carrier diodes (H-P 5082-2818)

L1 50-0hm micro-stripline, 0.168"
(4.5 mm) wide, any length

L2 75-ohm micro-stripline, 0.080"
(2.0 mm) wide, 1-7/16" (36.5
mm) long, (along center)

L3,L4 38-ohm  micro-stripline, 0.25"
(6.5 mm) wide, 1.7/16" (36.5
mm) long

fig. 5.

This high-performance 1296-MHz balanced mixer uses etched 1/16"

L5,L6 50-ohm micro-stripline, 0.168"
(4.5 mm) wide, 1-19/32" (40.5
mm) long

L7,L8 50-ohm UT-141 coaxitube,
0.141'" (3.5 rmm) diameter,
1-11/16" (43 mm) long

R1,R2 10-ohm, la-watt carbon compaosi-

tion resistors

RFC1,RFC2 2" (51 mm) no. 32 wire, clOose
wound on 0,050" (1.5 mm) diam-
eter form or ferrite beads on leads
of Cl and C2

RFC3,RFC4 22LH
(1.5 mm) thick

Teflon-fiberglass printed-circuit board and a coaxia! balun. Full-size printed-circuit layout is shown
in fig. 8. An equivalent circuit of this mixer, illustrating circuit operation, is given in fig. 6.

of fig. 7B as shown in fig. 7C. In this
version the stub is a piece of coax
identical to the original feedline. The
center connector of the feeder is now
connected to the center conductor, rather
than to the shield of the stub. At the far
end of the stub the center conductor is
open. A quarter-wavelength toward the
source (at the junction of the feeder and
the stub) this open is transformed to a
short, and rf sees the center conductor of
the stub as being continuous with the
shield. Therefore, the circuit at fig. 7C is

12 september 1974

electrically identical to that of fig. 7B,
but with improved physical symmetry.
Balanced output is taken from the same
point as before.

Note that at the far end of the stub
the center conductor must be open, and
the shield grounded. Again the balun may
be constructed upon a substrate, with
return through it to a groundplane.

The balun used in the 1296-MHz
mixer is made from a single piece of
UT-141 type semirigid coax {b0-ohms,
Teflon dielectric, 0.141-inch [3.5-mm]

|
|
!
I 4_ IFS?S?E%E; {1.5mm)

NOT

DISTURB INNER

- OPEN CIRCUNT



D FLOCK AN
LW FESE FRTER  Ban RETURN

i N

fig. 6. Equivalent circuit of
the balanced mixer shown in fig. 5.

QD). Carrecting for velocity factor, the
quarter-wavelength  sections are gach
1-11/16-inches (43-mm) long. Judicious
use of an Exacto knife and small tubing
cutter will aid in the removal of 1/16-inch
(1.5-:mm) of the outer conductor at the
junction of the feeder and the stub. Since
no physical connection must be made to
the center conductor at this junetion, the
Teflan dielectric should not be disturbed.
Allow a short length of center conductor
to extend beyond the quarter-wavelength
section comprising the feeder coax. This
will be attached to the center pin of the
delta port's coax connector,

The mixer's substrate is eiched on one
side of a 1/16.inch (1.5mm) thick,
doublesided, 1 ounce, copper-clad,
Teflan-fiberglass PC board. Do not use
fiberglass-epoxy board, as its dielectric
constant is not correct for the dimensions
provided |n fig. 5 The use of Teflon PC
board is necessary in this design so that
the velocity of propagation {and hence
the electrical wavelength) of the striplines
will approximate that of the coax balun,
The full-sized PC layout is shown in fig.
B. All micro-striplines must be opposite a
groundplane (the other unetched side of
the double-sided board).

Although Teflon PC board makes an
excellent substrate for micro-striplines at
1.3 GHz, it is quite expensive (and in

*Anzac model TP-101, 500 kHz to 1.5 GHz,
50-ohms  balanced to S0-0hms  wunbalonced
transformer with midband insertion loss of 0.4
dB maximum and vawr 1.6:1 maximum, 5$15.50
in single quantitjes from Anzac Electronics, 38
Green Streel, Waltham, Masachusetis 02154

same areas, totally unobtainable). The
use of fiberglass-epoxy board, though it
would Increase losses slightly, would
bring this type of equipment within reach
of many experimenters who might other-
wise be deterred. Of course, a glass-epoxy
substrate is  incompatible  with  the
UT-141 coax balun because of the widely
different velocities of propagation of the
two mediums. In order to develop a
1296-MHz balanced mixer on glass-epoxy
board, a different method of unbalanced-
to balanced transtormation is required.
Anzac Electronics manufactures an
appropriate balun of moderate cost,
excellent electrical performance and small
physical size which frees the mixer design
from restrictions as 1o substrate
material.” Mixers built on  1/16-inch
{1.5mm) G-10 double-clad PC board
using the Anzac balun  exhibited
improved matching at the rf port, an
effect which mare than offsets any addi-
tional losses in the glass-epoxy dielectric.
A schematic of the improved 1,.3.GHz
balanced mixer uwsing the commercial
balun is shown in fig. 9. Note that pins 1,
3 and 5 of the balun must be grounded
through the substrate to the groundplane.
When mounting the balun, do not allow
its case to short out the striplines of L2,

Construction of the doubly-balanced mixer of
fig. 5, showing installation of the coexial balun.
Capacitors C1 angd C2 can be 12an between the
two feedthrough capacitars.

september 1974 m 13



Full-size artwork for a mixer board on
1/16-inch {1.5-mm) G-10 PC board (€ =
4.8) is provided in fig. 10. Either of these
two balanced-mixer designs (fig. 5 or fig.
9) will provide satisfactory performance in
the Simple Sideband System for 1296
MHz.

output power - noise figure tradeoff

tinues to increase. Indeed, within the
power restriction of the HP 5082-2817
diodes, it is possible to obtain about 16
mW of clean output power. However,
recall that the Simple Sideband System
uses the same mixer and local-oscillator
chain for both transmit and receive. Any

To avoid excessive intermodulation GENTER GONDUCTOR
distortion in the transmit mode, it is § :ag
desirable to inject into the i-f port a signal E A
level at or below the mixer's 1-dB com- E
pression point. This is the level beyond i
which incremental increases in input :
power result in an ever-diminishing

increase in output power. Such a situa-

BALANCED
ouTeUT

11
BALANCED
QUTPUT

BALANCED
QUTPUT

tion typically occurs with i-f injection
5-dB below the local-oscillator signal
level.

Due to the ready availability of any
desired signal level at 28 MHz, the i-f
injection level is not considered a limiting
factor in system design. The following
discussion assumes the use of the opti-
mum i-f injection level in the transmit
mode; that is, 5-dB below whatever LO
insertion is applied.

In the transmit mode the usable out-
put power is equal to the i-f injection
level minus the mixer’s conversion loss,
L.. For operation at the 1-dB compres-
sion point, this relationship can be ex-
pressed as

Pout =PLo(aBm) -6dB - L

This formula implies that the system
power output continues to improve for
increases in LO injection. This would be
true were it not for the fact that conver-
sion loss does not remain constant for all
levels of LO injection. Fig. 11 demon-
strates the variation in conversion loss, as
well as optimum power output, as a
function of LO injection level for a
typical microwave diode balanced mixer.
Note that optimum conversion loss
occurs at an LO injection level of around
+8 dBm.

Beyond this point, though conversion
efficiency degrades, output power con-
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() UNBALANGED Lp UNBALANCED UNBALANCED
INPUT INPUT T

fig. 7. Derivation of the coaxial balun used in
the balanced mixer of fig. 5. Conventional
balun in (A) has been straightened out in (B) to
improve symmetry. Balun in (C) is identical,
electrically, to the circuit in (B) but symmetry
has been further improved.

decrease in mixer conversion efficiency
will degrade receive noise figure accord-
ingly. Beyond +10 dBm of LO injection,
transmitter power is gained aonly at the
expense of receiver noise figure.

The break-even point occurs at an LO
power of +16 dBm. Beyond this level,
each dB of increase in transmitter output
results in one dB of receiver degradation.
Thus, the Simple Sideband System
optimizes at 6-dB conversion loss, 40-mW
of LO injection, 12.6-mW of i-f drive and
3-mW of output power. The tradeoff
involved in determining this optimum
performance point is illustrated by the
Pout + Lc curve of fig. 11. The sum of
conversion loss and output power is used
as a figure of merit for communications
between two identical systems. This sum



represents the output power available at
the i-f port of a receive mixer which is
driven by an identical transmit mixer
operating at the 1-dB compression point.
Note that as local-oscillator power is
increased, a knee is reached beyond
which additional power will serve no

passband. The actual transmitter output
power, after the filter, will thus be

+78dBm-3.0dB-05dB=4.3dBm=2.7mW

Note that the filter will also eliminate
receiver image noise, as well as blocking
those out-of-band signals which might

1286-MHz  MIXER

WAGUAM

fig. 8. Full-size printed-circuit layout for the balanced mixer of fig. 5. Material is 1/16” (1.5 mm)

thick, double-sided Teflon-fiberglass circuit board.

useful purpose. Thus it is desirable to
operate the system at the knee of this
curve, which | call the transceive figure of
merit curve.

bandpass filter

With 40 mW of LO injection in the
transmit mode, and using the balanced
mixer described above, a mixer output
power of 6 mW is indicated on a power
meter. It must be remembered that this
signal represents both the desired output
signal (LO + i-f) and the image (LO - i-f).
A bandpass filter with sufficient skirt
selectivity to reject the image will also
have about 0.5-dB insertion loss in the

otherwise enter the mixer and cause
cross-modulation distortion and interfer-
ence. Of course, filter insertion loss must
be added to mixer conversion loss and i-f
noise figure when determining receive
converter performance.

Physically, the bandpass filter can be a
half- or quarter-wavelength coaxial
resonator, or a trough-line cavity such as
has been used in previous 1296-MHz
receiving converters. Coupling in and out
can be accomplished by means of links,
loops, taps, capacitors or even the coaxial
matching scheme used by K6UQH in his
latest converters.5 In the interest of
avoiding multiple responses, a similar
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filter at the output of the LO chain may
prove desirable.

local-oscillator chain

The key criteria here are stability and
spectral purity. For maximum stability it
is advisable to invest in the best possible
low-temperature coefficient crystal you
can afford.™ An additional ten dollars
invested in a guality crystal can do much

provide minimum crystal feedback
consistent with ready starting, and should
of course be buffered.

Spectral considerations dictate very
careful selection of the multiplication
scheme used to reach the desired injec-
tion frequency. High-order multiplication
in a single stage is out, as the resultant
harmonic comb requires extensive filter-
ing. W6FZJ, whose success on both

c1,c2 0.01 UF disc ceramic

c3,ca 1000-pF feedthrough

CR1, hot-carrier diodes (H-P 5082-2818)
CR2

L1,1.3 50-ohm micro-stripline, 0.10"" (2.5

mm) wide, any length

L2 75-ohm micro-stripline, 0.045" (1.0
mm) wide, 1.24" (31.5 mm)} long
(along center)

L4,LS 25-ohm micro-stripline, 0.30'" (7.5
mm) wide, 1.14' (29 mm) long

R1,R2 10-ohm, Ya-watt carbon composition
resistor

RFC1, 2" (51 mm) no. 32 wire, close wound

RFC2 on 0.050" (1.5 mm) form or ferrite
beads on leads of C1 and C2

RFC3, 22 UH

RFC4

fig. 9. Improved 1296-MHz balanced mixer uses commercial balun and double-clad epaxy circuit
board. Full-size printed-circuit layout is provided in fig. 10.

to alleviate slight frequency drift which
(when multiplied into the microwave
region} can make ssb transmission and
reception a running battle between your
right hand and the tuning dial. The
oscillator circuit should be designed to

*The Croven C180DBX-00 5th-overtone crystal
is highly recommended. This series-resonant,
HC-18/U crystal has a calibration tolerance of
+10 ppm and temperature tolerance of £b ppm
from 15° to 35° C. $12.00 in single quantities,
or $8.00 each for two or more crystals of the
same frequency. Write to Croven Ltd., 500
Beech Street, Whitby, Ontario, Canada.
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432-MHz EME and 2304-MHz tropo-
scatter speaks well for his expertise in
such matters, recommends doubling in
every stage of any LO multiplier. If the
starting frequency (the crystal-oscillator
stage) is in the 70- to 125-MHz region,
any spurious responses present after
repeated doubling will be sufficiently
separated in frequency to be easily
filtered.

The balanced mixer used at WAGUAM
receives 40-mW of LO injection. Obtain-
ing this power level at 1200 MHz is
relatively simple with today’s low-cost



uhf transistors. Stability will be enhanced
by designing the second stage of the LD
chain (buffer] for 100-mW output, and
running succeeding doublers at or close to
unity gain. Resistive 3-dB pads between
stages will alleviate excessive drive and
provide impedance matching.

When designing active frequency
doublers, recall that second-harmonic
generation is enhanced by a collector

the Simple Sideband System could be
duplicated without the use of specialized
test equipment. In the case of the LO
chain, alignment can be accomplished and
injection measured by merely monitoring
the diode current of the balanced mixer.

local-oscillator circuits

The primary advantage of the modular
system which | use is the ease with which

Construction of the doubly-balanced mixer using the Anzac TP-101 balun.

conduction angle of 180°. This condition
is easily met by grounded-base, zero-bias
operation. Fortunately, this is also prob-
ably the simplest frequency-multiplier cir-
cuit 1o drive and adjust. Incidentally, it
was stated earlier that the components of

substitutions can be made, and perform-
ance of various circuits compared. The
Simple Sideband System has already
worn three different LO chains; no doubt
others will be attempted in the future.
Thie block diagram of fig. 12 shows what

WAELIAM

I206-Mid; MIKEH

fig. 10, Full-size printed-circuit layout for the improved 1296-MHz mixer, Board is 1/16" {1.5 mm)
thick, double-clad 1-ounce copper G-10 fiberglas-epoxy circuit board.
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has thus far proved the most workable
compromise between stability and
spectral purity on the one hand, and low
cost, simplicity and ease of alignment on
the other.

However, this LO chain violates a
number of the Jidea/ design principles
outlined above. For example, the purist
will want the last multiplier to double
rather than triple, and would probably
use an active device rather than a diode.
The decision to go with a diode multiplier
was based primarily on the cost of 1.3
GHz transistors at the required power
fevel. Tripling was used here because of
the greater ease of generating a high fevel
of power at 422 MHz, as compared to
630 MHz. The common-base configura-
tion, although simple, was abandoned in
the lower-level stages in deference to the
greater gains available from common-
emitter circuits.

The active multipliers are all operated
at a low power level as a concession to
stability, with the two 422-MHz power
amplifiers providing plenty of drive to the
tripler. Considering the low conversion
efficiency of the diode tripler circuit, a
high drive level is a must.

The low-level stages shown in fig. 13
were designed by WG6FZJ for use in a
432-MHz receiving converter, and
published in his 432 Newsletter. Except
for the crystal frequency and the number
of turns on two inductors, his original
circuit is unchanged when used in the
1296-MHz LO chain. Copies of the
original circuit have been successfully
built by a number of San Francisco area
432-MHz enthusiasts, and spectrum
analyzer tests prove the W6F ZJ design to
be superior to any of my own attempts to
date.

Since the tripier which raises the injec-
tion frequency to 1267 MHz exhibits
about 10-dB conversion loss,” a half-watt
of drive is necessary at 422 MHz to
achieve the desired 40-mW of L.O injec-

*Greater tripler efficiency is possible through
the use of an idler circuit, a technique avoided
by the author in the interest of simplicity.

18 september 1974

AMPLITUDE (dB OR d8m)

tion. This is accomplished by applying
the 10-mW output of the low-level LO
module to two stages of power amplifica-
tion, operating at 10- and 7-dB of gain,
respectively. The 2N3866s were selected
because of their low cost and ready
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fig. 11. Balanced mixer canversion loss, output
power at the 1-dB compression point and their
sum (transceive figure of merit) for a typical
microwave balanced mixer, aill as a function of
local-oscillator injection level. The transceive
figure of merit represents the i-f output power
available from a receive mixer driven directly
by the output of an identical transmit mixer.

availability from a number of mail-order
surplus component dealers.

The power amplifier circuits are shown
in fig. 14. Care should be taken to closely
duplicate the input and output tank
circuits unless a spectrum analyzer is
available, as adequate spectral purity
occurs when these particular circuits are
tuned for maximum indicated output.

The slab inductors in the collector



circuits provide high output Q, and the
pi-network filter (C8, L3, C9) feeding the
second stage tends to suppress any har-
monics generated by the first. The first
2N3866 in biased to class AB for increas-
ed gain; the second stage is run in class C

tributed constants. Design of the poles
was accomplished as follows: It was
desired that the filter resonate with the
tuning capacitors {C2, C3) at midrange,
or 1.6 pF. Assuming an additional 0.5 pF
of stray and coupling capacitance, the

OmW
7O DRIVER

[
[ ]
Ll
105.6 MHz
POWER
DRIVER AMPLIF IER
10mw S00mW
a22.4 MHz {Fi6.19) 100mwW (FiBI8) o TRIPLER
—————— 2N3866
fig. 12. Block diagram of the
local-oscillator chain used with
the Simple Sideband System
for 1296 MHz. Each of the 40 mW
individual sections is built into 500 mW 1267.2 MHZ
422 4 MHz DIODE TRIALER O MIXER

a small module; these are con-
nected together with mini-
ature 50-ohm coaxial cable.

&

ING 53 FILTER
(FIG 15}

B

for improved collector efficiency. If the
stages are built separately, each can be
tuned for maximum power into a 50-ohm
load.

The diode tripler and filter assembly
was first built in the popular trough-line
configuration. Later, an interdigital filter
was attempted. In both cases perform-
ance was satisfactory. However, the con-
struction process required extensive
metalworking. As many amateurs avoid
projects which involve bending sheet
metal or cutting brass tubing, | decided to
reduce the tripler/fiiter to a PC board.
The result is shown schematically in
fig. 15.

Rf energy from the 422-MHz power
amplifier, fig. 15, is applied to CR1, a GE
1N4154 high-speed switching diode
through an L-network (L1, C1} simiiar to
that used by KBUQH in his trough-line
multiplier/mixers. The harmonic comb
developed at the output of the diode is
applied to a two-pole resonator (L2, C2,
L3, C3} which blocks all but the
1267-MHz component.

The filter combines lumped and dis-

capacitive reactance of 2 pF at 1267 MHz
is 62.8 ohms. To resonate this circuit the
inductors (L2, L3) must exhibit the same
reactance at the frequency of interest. A
shorted micro-stripline can be used as an
inductor, its reactance determined both
by characteristic impedance {width) and
phase angle (length) as given by the
relationship

X

f = arctan 7
where  represents wavelength of the
stripline in degrees. To convert to frac-
tions of a wavelength, divide 6 by 360°.
Thus, for 62.8-ohm inductive reactance
with an arbitrarily selected stripline
characteristic impedance of 25 ohms,

62.8
0 arctan 25

= 68.3° = 0.19 wavelength

A 25-ohm micro-stripline on 1/16-inch
(1.5-mm) G10 PC board is 0.3-inch
(7.5-mm) wide. The 0.19 wavelength at
1267 MHz {correcting both for velocity
factor and width-to-height ratio) is 0.865
inch (22 mm).
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Ri4
N

RIG
10 QUTPL

C6,C15

20-pF trimmer (JFD DJV 300)
cs8 50-pF trimmer (JFD DVJ 305)

c9,c22 10-pF trimmer (JFD DVJ 302)

ci4,C19, 6-pF trimmer (JFD DVJ 301)

c21

c20 0.5-pF ceramic (two 1-pF capaci-
tors in series)

Li 10 turns no. 28 on Micrometals
T-25-13 toroid core

L2 4 turns no. 28 on cold end of L1

L3 12 turns no. 28 on Micrometals
T-25-13 toroid core
L4 6 turns no. 24, close wound on

0.1 (2.5 mm) diameter form

L5,L6 1Y turn no. 22, 1/8” (3 mm)
diameter, 1/4" {6 mm) long

RFC1 0.39 MH miniature inductor
(Nytronics Deci-Ductor)

Yl Sth overtone crystal, series reso-

nant, HC-18/U holder, 105.600
MHz for 28.8-MHz i-f

fig. 13. Crystal-controlled local oscillator circuit, based on a design by Joe Reisert, W6FZJ.

Matching the resonators to the rela-
tively low impedances of the diode and
the output transmission line can be
accomplished by tapping up on the
micro-striplines the required distance
above ground. Although formulas exist
for approximating the required tap posi-
tion, matching in the circuit shown was
determined empirically.

An important (and often neglected)
consideration in diode multipliers is bias
current. Resistor R1 in fig. 15 enables the
diode current to be varied over a wide
range. Remember that diode current will
affect conduction angle, which should
be 120° to maximize third-harmonic
generation.

transmit i-f attenuator

Proper operation of balanced mixers
requires that each port be terminated in
its characteristic impedance {usually 50
ohms). Most methods used to sample a
low-level ssb signal from a high-frequency
transmitter would result in a horrendous
impedance mismatch at the mixer’s i-f
port. As 12.6-mW of sideband injection is
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desired, one recommended method of
assuring i-f impedance matching is to run
about one watt of ssb into a 20-dB
resistive pi- or T-pad at the mixer'si-f port.
Since the attenuation pad will provide the
proper termination to the mixer, the
method of coupling out of the station
transmitter has no effect on the mixer’s
operation.

i-f amplifier

The noise figure of a receiving con-
verter without pre-conversion gain is the

48 -30

~60° 422 ) 1267 1689 21z

FREQUENCY (MHZ)

Spectrum output of the 1267.2-MHz tocal-
oscillator chain when tuned for maximum
mixer diode current. The 422- and 2112-MHz
spurs are down 32 dB, the 1689-MHz spur is
down 38 dB and the 844-MHz spur is down 50
dB.



€3

1000

Omw cz2
422 4MH2 60

+12vDC

500mwW
ouTPUT

100mw
422 4MHz 3

+12VDC

Cl 3-35 pF trimmer
c2 8-60 pF trimmer
Ce6-Cl1 10-pF concentric piston trimmers
Ll 2 turns no. 18, wound on 1/4' (6

mm) mandrel, 1/8" (3 mm) long
brass strip, 0.5" (12.5 mm)} wide,
1.5" (38 mm) long, mounted
1/8' (3 mm) above ground plane
L3 2 turns 1/8" (3 mm) wide brass
strip, 0.1 (2.5 mm) diameter,
0.5" (12.5 mmm) long
fig. 14. The two 422-MHz power amplifiers
provide one-half watt output. The first stage,
@1, provides 10-dB gain, while the second
stage, Q2, provides 7-dB gain.

L2,L4

sum of the feedline and TR relay losses
{(if any), input filter insertion loss, mixer
conversion loss and i-f amplifier noise
figure. For the system presented here the
noise contribution of these stages prior to
the i-f amplifier is less than 6.5 dB.
Feeding the output of the mixer into a
high-frequency ssb receiver would, how-
ever, result in a system noise figure
approaching 20 dB. Many amateurs are
surprised to learn that the noise figure of
even a high quality commercial communi-
cations receiver is seldom below 10 or 15
dB. In the high-frequency spectrum the

level of man-made and atmospheric noise
exceeds that of receiver noise by several
orders of magnitude, so noise figure, per
se, is not usually a significant considera-
tion in high-frequency receiver design. Of
course, such is not the case in the
microwave region. To achieve a reason-
able noise figure in any uhf converter, a
low-noise i-f amplifier must be used to
mask the following receiver noise.

Numerous circuits have been described
in the past which will yield reasonable
gain at 28 MHz with a noise figure under
1 dB. WBBNMT, known for his pioneer-
ing efforts in 220-MHz EME, uses neutral-
ized fets, while W6FZJ favors a dual-gate
mosfet following the mixer. An appealing
circuit by WOPRZ uses a dual jfet in a
cascode configuration and is described in
a Siliconix applications note.6

system performance calculations

It remains to be shown that the simple
microwave ssb system described here
lends itself to satisfactory communica-
tions over reasonable distances (my ex-
perience shows the following calcula-
tions to be somewhat on the conservative
side). The overall noise figure of the
receive system is the sum of filter loss
(0.5 dB), mixer conversion loss (6 dB)
and i-f noise figure {1 dB). Thus, a receive
noise figure of 7.5 dB is assumed. With
the 2.1-kHz i-f bandpass of a good side-
band receiver, the graph of fig. 16 indi-
cates the receive sensitivity to be about

-133dBm.

Good intelligibility on single sideband
requires a 6-dB signal-to-noise ratio.
Allowing a 10-dB signal-to-noise ratio for
good measure, the receiver requires a
-123 dB signal. At +4.3 dBm of trans-
mitter power, given 10-dB of antenna
gain at each end, and allowing 5-dB of
additional loss for antenna aiming errors,
the permissible path attenuation between
transmit and receive stations is 142.3 dB.
The free-space loss formula is?

Lrs =36.6+ 2010930 fmH2
+ 2010930 dmites
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500 mW CR1

iN4I54

1267.2 MMz
OUTPUT

Cl 1-10 pF concentric piston trimmer

c2,Cc3 0.3-3 pF concentric piston trimmer

c4

CR1 1N4154 high-speed switching diode

L1 2 turns no. 20, 0.1” (2.5 mm) diam-
eter, 0.25" (&6 mm) long

L2 micro-stripline, 0.3" (7.5 mm) wide,
0.865" (22 mm) long, grounded at
bottom, tapped 0.20'" (5 mm)} from
ground end

L3 Same as |2 but tapped 0.25" (6 mm)
from ground end

L4 50-ohm micro-stripline,0.1"' (2.5 mm)
wide, any length

R1 20Kk, 10-turn trimpot

fig. 15. The 422- ta 1267-MHz diode tripler is
built on 1/16" (1.5 mm) double-clad, glass
epoxy circuit board.

which can be rewritten to solve for
distance at 1296 MHz

Eoglo dm”es = (LFS - 9885)/20

Given 142.3 dB of permissible free-space
loss, an HP-35 calculator yields

d{maximum} = 161 miles (259 km)

Amateurs who have operated simple
equipment in the 23-cm band find it
difficult to believe that a 161-mile path is
possible with only 3-mW of output
power. After all, they reason, that's
greater than the APX-6's range, and
those have 3-watts output. It should be
remembered, however, that directly-
modulated oscillators tend to be
extremely unstable, and that reception of
their emissions requires a wideband
receiver. The APX-6 i-f strip is about
5-MHz wide and bandwidth has a serious
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impact on receiver sensitivity. Fig. 16
indicates a deterioration in receiver sensi-
tivity of 10 dBm for each tenfold increase
in i-f bandwidth. This more than offsets
any path increase afforded by the greater
power of the APX-6 or similar equip-
ment.

direct conversion

If simplicity is the goal, there is
practically no limit to the evolutionary
process. This last step occurred almost by
accident, while developing test equipment
for 1296 MHz. A weak-signal source was
built for 1296.00 MHz to permit calibra-
tion and receiver testing. Since a few
milliwatts of stable power was desired, |
used the same techniques as | used for
building the converter local oscillator.
Later a key was added, and the signal
source used for on-the-air CW contacts
over a limited range.

Eventually, a means for monitoring
transmit quality from the ssb converter
was desired. An antenna and tuned cavity
feeding a diode detector and audio am-
plifier produced the characteristic ssb
“Donald Duck” squawk in a speaker.
However, for high-quality signal monitor-
ing a ssb converter was required. By using
the 1296.0-MHz signal source developed
earlier, driving a balanced mixer with its
i-f port feeding an audio amplifier, a
direct-conversion receiver was built. If the
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fig. 16. Receiver noise figure vs sensitivity for
various receiver bandwidths.



transmitter (suppressed) carrier frequency
and the receiver LO frequency are the
same, the difference frequency at the i-f
port of the mixer will be audio sidebands.
No input filter is required because the
image is merely the other sideband — and
at 1296 MHz QRM is hardly a problem
yet.

If a direct-conversion double-sideband
receiver will work, there's no reason to
expect otherwise for direct double-
sideband generation. Indeed, when audio
was applied at the i-f of the balanced
mixer, sidebands around 1296.0 MHz
appeared at the rf port. Though extreme-
ly low power, the signals could be copied
in a sensitive receiver at a range of about
a mile.

The resulting direct-conversion
double-sideband transceiver is shown in
fig. 17. Though primarily a lab accessory
and demonstration rig, it provides reliable
communications over moderate distances.
It is simple in the extreme, and suggests
the possibility of microwave double-
sideband walkie-talkies. The concept may
even work at greater power levels than
the few microwatts attempted to date.
Certainly there’s no more basic a way to
produce a microwave sideband station.

conclusion

The primary advantage of ssb in the
microwave spectrum, as anywhere else, is
in the significant increase in receiver
sensitivity resulting from the narrow
bandwidth which is required. The only
limiting factor is stability, a criterion
which can be readily achieved by judi-
cious application of good engineering
practice to the design and construction of
local-oscillator chains. The design trade-
offs presented here make microwave ssb
feasible over considerable distances, while
requiring a minimum of specialized skills,
equipment or technique.
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