High-Performance, Single-Signal
Direct-Conversion Receivers

The direct-conversion receiver described in August 1992 QST
featured high dynamic range, low-distortion audio and a super SSB
filter shape factor. What more could you ask for? How about adding
an image-reject mixer to that basic design for great opposite-

sideband rejection?

By Rick Campbell, KK7B
Department of Electrical Engineering
Michigan Technological University
Houghton, MI 49931

{TeCt-CONVErsion recei vers dre capa-

hle of outstanding performance. The

The high-performance receiver
described in August 1992 QST bas now
heen used from 25 kHz to 6 GHz with excel-
lent results. Nicknamed “R1,” that receiver
works well and sounds good because it com-
hines several desirable traits:

* high third-order, two-tone dynamic

range;

* moderate noise figure;

* low distortion from antenna to speaker

leads: and

= 60 dB of output signal-to-noise ratio,

The significant fTaw in R is that it has no
opposite-sideband rejection. This flaw can
cause real problems when you try to use the
receiver for serious listening, On the
crowded HF bands, the opposite sideband is
almost always oceupied by un interfering
signal or two. On VHF and microwaves, the
noise in the opposite sideband reduces the
signal-to-noise ratio by up to 3 JdB.2

There are two ways to get rid of the oppo-
site sideband: (1) a narrow filter before the
downconverter; or (2} an image-reject mixer,
A fixed-frequency direct-conversion re-
ceiver preceded by a narrow filter and tun-
uble converter is a conventional superhet.
The image-reject mixer is less familiar.

Fig I is the block diagram of an image-
reject mixer, along with the mathematical
relationships between the local oscillator
(L) and signals above and below the LO
frequency. Readers comfortable with trigo-
tnometric identities may verify that signals
ubove the LO frequency cancel at the output,
while signals below the LO frequency add,
l.ess ambitious readers may simply recog-
nize the block diagram of a phasing SSB
exciter (from any radio handbook published
in the last 30 years). with the arrows turned
around.

OId timers will remember the phasing-

"Notes appear on page 40.
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type S5B rigs of the 1950s and *60s. Those
memories may be a bit less than fond. Main-
taining amplitude balance to less than (). 1 dB
and phase error of less than i® in a band-
switched, vacoum-tube-and-paper-capuci-
tor transmitter was truly a nightmare. The
rigs often sounded bad on the air. Many op-
erators just gave up trying to adjust their rigs
atter a while and transmitted poor signals
until they could afford a filter-type S58
radio.

The situation is reversed today. The
required phase und amplitude tolerances are
easy to obtain with modemn components, and a
properly designed phasing exciter has fewer
adjustments (and fewer spurs) than a filter rig!

Although image-reject mixers and phas-

ing SSB receivers are scarce in the North
American Amateur Radio literature, they are
very common in professional circles and in
other parts of the wurld. SPRAT, the journal
of the G-QRP club, published in England,
has presented three HF phasing receivers in
the past year. Commercially, the Drake R8
shortwave receiver uses an image-reject
mixer to downconvert from a VHF first {F to
a 50-kHz second [F, and the Kenwood TS-
9508DX uses a digital signal processing
(DSP) phasing exciter and detector.

R1 Becomes R2

With a wealth of excellent technicat
material at hand, in particular the outstand-
ing papers by Oppelt,** T did not have to start
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Fig 1—Block diagram of an image-reject mixer. The sines and cosines reprasent the local
osciltator signal and signals above and below the LO frequency. Signals above the LO
frequency cancel at the output, while signals beiow the LO frequericy add.
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Fig 2~-Block diagram of the R2 single-signal direct-conversion receiver. The sections inside the dashed lines are included on the
original R1 board. Added are an RF splitter, second mixer diplexer and low-noise preamp, an audio phase-shift network and a summer.

from scratch to design a single-signal direct-
conversion receiver. My goal was to add
single-signal capability to the R1 board with-
out degrading its otherwise outstanding per-
formance.

Fig 2 is the block diagram of the R1
receiver board, with the negessary blovks
added to suppress one sideband. The result-
ing receiver is called “R2.” The additional
parts on the R2 board are an RF splitter, a
second mixer, diplexer and audio prearnp,
and an audio phase-shift network and sum-
mer using a pair of quad op amps. For maxi-
mum flexibility, the 90° phase-shift network
for the 1O is off the board. The complete
schematic is shown in Fig 3. All of the parts
fit comfortably on a 3% x 5-inch double-
sided PC board.?

Circuit Details

The first component the input signal sees
isthe RFinputsplitter. [used a Toko TK2518
because it’s cheap ($2), small, and available
from Digi-Key.® It is rated from 20 MHz to
600 MHz, but I tried one on 40 meters and it
works. A Mini-Circuits PSC2-1 splitter
worked fine as well, but it is a lot more ex-
pensive ($12) and will have to be mounted
off the board. For operation below 20 MHz,
ahome-brew alternative to commercial split-
ters is shown in Fig 4. ] am using the one in
Fig 4 on 40 meters,

The RF level at each mixer is 3 dB befow
the RF-input signal level. That translates to
an improvement in the input third-order in-
tercept point. Since there is also 2 3-dB
(maximum} improvement in signal-to-noise
ratio, the R2 board has intrinsically better
dynamic range than the R1 board. [ haven’t
tuilt an R2 board with high-level mixers, but
based on measurements of the high-level R

board and the R2 board with SBL.-1 mixers,
it should have a two-tone, third-order IMD
dynamic range of greater than 100 dB,

After the splitter, the input signals are
multiplied with the 90°-out-of-phase 1.0s,
filtered and amplified in a pair of identical
channels, They are referred to as the T chan-
nel (for *In phase™) and the Q channel (for
“Ouadrature,” a fancy word for *90° out of
phase™). Amplitude and phase-shift errorsin
the [ and Q channels must be carefully con-
trofled. If there is a difference in the conver-
sion loss of the two mixers or the gain of an
audio preamp, it can be compensated by
adjusting the AMPLITUDE BALANCE poten-
tiometer (R30).

If there 18 an amplitude ditference that is
a function of frequency, however, R30 can

only correct for it at a single audio trequency.
Since the diplexer network between the
mixer [F port and the audio preamp in each
channel has an amplitede and phase charac-
teristic that varies rapidly with frequency
over the audio range, it is necessary to care-
fully select the components marked with as-
terisks in the schematic. Bach component
needs to be within 1% of the value of its coun-
terpart in the other channel. The matched
pairs may vary from the schematic value by
up to (0% with na significant change in per-
formance, but they must be within 1% of each
ather. Ehought 10 of each of the marked parts
and matched them with an RLC bridge. 1
ohtained four sets matched to within 1%, and
built R1 boards with the extras.

in an ideat world with tdeal components,

Fig 3 (see next page}—The R1 raceiver board circuit board holds all of the non-
frequency-sensitive componenis. The local oscillator, LO phase-shift network and front-
end filter are located off the board. The resistors in the audio phase-shift networks
{R20-R28 and R35-R43) are 1%-tolerance metal-film units. Other resistors are 5%-
tolerance carbon-film or composition units. Inductors are Toko 10RB series fixed
inductors. Polarized capacitors are aluminum electrolytics rated at 16 V de. The

capacitors in the audio phase-shift networks (C21-G23 and C26-C28) are 1%-tolerance

XICON polyester-film units available from Mouser {see text and Note 5). The capacitors

in the diplexers (C1, €3-C5, C11, C13-C15) and 300-Hz high-pass filter (C43, C44) are

Panasonic type ECQ-E(F) 100-V, 10%-tolerance miniature metalized polyester film

units. G32-C37 in the low-pass filter are Panasonic V-series 50-V, 5%-tolerance

metalized film capacitors; C31 is a 50-V Panasonic P-series polypropylene capadcitor.

€38, C46 and C48 are disc-ceramic capacitors. The other capacitors can be metalized

polyester or ceramic-disc capacitors. See Note & for part sources.

c2, C12—0.001-tF chip capacitor. These paris are necessary only if the board is used
at VHF or UHF.

R30—10-ki2 single-turn PC-board-mount control (Panasonic MAG 14 or equivalent).

R53~—500-(2 audio-taper control.

R57—10-kQ single-turn PC-hoard-mount contro! {Panasonic MAG 14 or equivalent).

U1—Toko TK-2518 power splitter (this part is called a balun transtormer in the Digi-Key
catalog). See text.

U2, U3—Mini-Circuits SBL-1 double balanced mixer. Other mixers may be substituted

it higher dynamic range is needed or other frequency ranges are desired,
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Fig 4—This home-brew in-phase splitter is
an alternative to the commercial RF power
splitter {LJ1} of Fig 3.

it would be possible to have identical [and Q
channels, a perfect 907 audio-phase-shift
network, and thereby obtain infinite oppo-
site-sideband suppression. Oppelt has done
an excellent study of the errors introduced
using real components (see Note 3). T'o para-
phrase his many pages of analysis, it istrivial
to build a receiver with 20 dB of opposite-
sideband suppression, easy to get 30 dB, not
too iough to obtain 40 dB, a real stretch to
reach 50 dB, and quite likely impossible to
hit 60 dB.

Since I wanted easy reproducibility and
decent performance with ott-the-shelf com-
ponemts, [ settled on the “not-too-tough™
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Fig 5—This subtractor circuit may be used to switch between sidebands or for
simultaneous reception of both sidebands (see text).

4} dB and designed my audio-phase-shift
network accordingly. My phase-shift net-
work is similar to the one used by Breed, but
it uses the third-order coefficients calculated
by Oppelt (see Note 4), 1n the audio phase-
shift network, R20-R28,R35-R43,C21-C23
and (726-C28 must be within | % of the sche-

\

i

The 3.5 % &-inch board R2 PC board layout follows the schematic of Fig 3 fairly closely.
This version uses a Mini-Circuits PSC2-1 power splitter and a pair of SBL-1 mixers at the
lower left-hand edge of the board. The mixers are followed by the diplexers and 50-ohm
preamplifiers of the | and Q channels, followed by the audio phase-shitt network {a pair of
MES514 quad op-amps) in the lower right corner. The three inductors and seven
capacitors of the 1-kHz elliptical low-pass filter are arranged just above the op-amps,
near the VOLUME control. A second filter, this one a 4-kHz Butterworth, is built on a
separate PG board and glued (upside down) fo the main R2 board. Filter handwidth is
switched from the front pansl. The intermediate audio amplifier. 300-Hz high-pass filter,
mute switch and audio power amplifier are on the top half of the board. All that is nesded
to make a complete receiver is a front-end filter, a VFO and 90° phase-shift network, and

a speaker,
36 O5F .

matic value. For the first prototype, T
measured and selected six capacitors from a
targe bag obtained at a flea market, and then
made up series combinations of 3% metal
film resistors using a digital ohmmeter. For
all the subsequent versions 1 have used off-
the-shelf 1% resistors and capacitors (5ee
Note 63. There is no performance difference.
The phase-shift network and combiner
are capable of bandling fairly large signals
without distortion. The design goal was to
have the preamplifier distort before the
phase-shift network, since the performance
of the preamplifier on the R1 board 1s well
characterized. I distortion occurs between
the RF splitter and op-amp summer, the dis-
tortion products will not have the proper
phase relationship, and they will not be sup-
pressed in the opposite sideband. The result
will be that strong signals have worse oppo-
site-sideband suppression than weak signals!
This would be an unhappy circumstance tn-
deed, but 1 have not encountered it at input
signal leveis well up into the millivolt range.
A DPDT sideband selection switch may
be inserted at the points marked in Fig 3. I
built one recerver that way, but I do not rec-
ommend that method of switching sidebands
becanse the optimum setting of R30 is dif-
ferent for suppression of the upper or lower
sideband. A better approach is to switch the
H)*-shifted LO between the mixer LO ports.
The best approach is to add the op-amp
subtractor circuit shown in Fig 5, with its
own AMPLITUDE BALANCE pot. Then side-
band selection is simply a matter of connect-
ing the volume control to the appropriate
sideband output with an SPDT SIDEBAND
SELECT switch. An independent filter and
audio output stage could be added it ISB
reception is desired.
Many other audio-phase-shift networks
may be used in place of the op-amp version
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Fig 6—Four possibilities for a 90° LO phase-shift network. The simple RC nefworlk shown
at A is fine for many MF/MF applications and has been used by the author on 40, 20 and
2 meters. The actual value of the capacitors depends on terminating impedances, Start
with 450 pF on 7 MHz, 225 pF on 14 MHz and 22 pF on 144 MHz. See text. The circuit at
B uses transmission lines and is practical at VHF and UHF. Examples: If L1 and L2 are
made from RG-174, L1 is §9.1 inches longer than L2 at 28.5 MHz; 13.7 inches longer at
144.2 MHz and 8.86 inches longer at 222.1 MHz. The circuits at C and D will work better
for more serious applications (see text). Component values for a variety of frequencies

are shown in Table 1.

shown here. The | and Q channel signals may
be digitized at the points marked X in the
schematic, and all of the phase shifting, com-
bining and filtering operations performed in
DSP hardware and software, That will prob-
ably be the preferred receiver architecture
for any band and any mode in the 21st
Century.

AW of the circuitry after the op-amp sum-
mer iy identical to the R1 receiver described
in August "92 QST Fig 3 shows component

values for a 3-kHz elliptical low-pass filter.
Information on other filters iy given in the
August 92 article. As with the R1 board,
audio hiss may be objectionable during head-
phone listening. If you’re bothered by hiss,
add the RC networks described in the August
92 article to U6,

Receiver Construction

I built the first prototype wsing cut-up
pieces of R1 boards interconnected over an

Close-up of the LO phase-shift network
trom Fig 6A. This version is built for 40
meters.

unetched PC hoard ground plane, I followed
good RF grounding techniques and hoped
for the best with my avdio grounds. It worked
fine. On the single-board layout, I was much
more careful with the audio grounds, and still
didn’t have any problems. The only instabil-
ity I have found is audio feedback via mag-
netic coupling between aspeaker lead (either
onel) and the inductors in the diplexer stages.
This is casy to cure by simply moving the
speaker wires a few inches away from the
inductors, but it can be a real puzzle if you
don’t expect it.

1 built two more prototypes on single-
sided PC boards to work out the bugs, and
then preduced a double-sided R2 board with
plated-through holes (see Note 1). The R2
board has a number of jumpers to make it
easier to try different filters and sideband-
selection methods.

The R2 board is ulmost as easy to use ag
the RI board. As explained in the August
1992 R1 article, a band-pass filter on the RF
input is good practice, although a simple
low-pass filter to suppress signals near the
odd harmonics of the LO will suffice. On
40 meters, a narrow hand-pass filter to at-
tenuate broadcast stations may be necessary.
Above 1) MHz, a preamp will be needed in
quiet locations, The preamp will also help
tsolate the LO from the antenna. The R2
board may be used on any frequency from 1
to 500 MHz with the SBL-1 mixers shown in
the schematic. Other mixers can be substi-
tuted for higher or lower frequencies.

If you do all the trig identities, follow the
phase shifts through the schematic, and care-
fully connect everything, Murphy guaran-
tees that vou will end up with the wrong side-
band. It is much easier to simply hook it up
and then switch the LO connections if it’s
wrong. It vou can convince Murphy that you
reatly don’t care, you have a 50% chance of
getting it right the first time!

Local Oscillator
The R2 board with SBL-1 mixers needs
two +7 dBm (nominal) LO signals, 90° out

of phase. 1 have used all of the LO phase-
shift techniques shown in Fig 6, and there are
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Table 1
L.O Phase-Shift Network Component Values

For the network in Fig 6C For the network in Fig 60
frequency © L Frequency L1,L2 C1 C2.03 0405
{MHz) (bF}  {uH) {MHz) (uH) ibF}  (pF} {pF)
3.525 903 R.26 3.825 3.21 1200 645 403
7.05 452 1.13 7.05 1.62 645 323 452
14.05 227 0.566 14.05 0809~ 325 162 227
21.05 151 0.378 21.08 0.541 216 108 151
28.5 112 0,279 28.5 $.399 160 80 112
501 63.5 0.159 50.1 0.227 91 45 63.5
144.2 22,1 0.0852 144.2 0.0789 318 158 22.1
2221 143 0.0358 222.1 0.0512 205 10.2 14.3

L3
(U]
206
1.13
0.566
0.378
0.279
0.159
0.0852
0.0358

many others [ have not tried. $ince there may
be a tew degrees of phase error in the split-
ters and mixers, it 18 necessary to tweak the
LO phase-shift network for best opposite-
sideband suppression. Some phase-shift net-
warks are easier to tweak than others—it is
casier to adjust a trimmer capacitor than cut
4-inch pieces off RG-174 phasing lines!
The simple LO phass-shift network in
Fig 6A has been used on 4, 20 and 2 meters
by tacking in different capacitors and adjust-

ing them for best opposite-sideband suppres-
sion. It works fine, but has two peculiarities:

» When adjusted for a 90° phase differ-
ence with Ioads connected to outputs 1 and 2,
the output ieveis will be different,

* The phase at each output depends on the
ioad impedance.

The LO-port impedance and conversion
loss of the SBL-I mixers are functions of
drivelevel, so there is 4 complicated interac-
tion between the adjustments of the network

Crunch Time: We Test R2 In the ARRL November Sweepstakes

B ’sesi this wegkend in CW Sweepstakes Rick Campbe]l had ;ust tinished felling me '
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wa,..there's Mike, WORE, warming up for Sweepstakes...ne's Joud but ihere's f‘, ]
{ zero-beat...this receiver works.

. just atrace ot his sagna! on the gther side 6
g 1t

ﬂexchange‘w hout missing & beat. Must be a fiuke. Next, W2RQ. then KWBN andf
+42 contacts logged in the first hour. This might be fun! During the :
ho

, nid raking about a biliion leaves and other domestic activities. On
. Sunday n ght the log-shows 313 G508 iri 80 AHF{L seetmns»———ail
5 1-W transcewar , :

Tfﬁs receiver has no AGG, which } thought wcui:f b& a pr e y N
isstemng to radios that do a great job of flattening out sngna]s on the band, Aftera -
while, my etrs and brain figured out how to deal with a receiver without AGC, aﬁdi :
] fouhid myself ad;ustmg the VOLUME control for un}y the weakesi and stron st B
signals. - <

Although the cw fitter in tms versmn has a rsther broad FO0-Hz bartwidth, i ,
‘had no problem tuning the band and separating stations fror each ofher. Even™ -
with a band fuli of blg signals, | ‘only heard the opposile sideband on the strongest
stations. Even then, it was just “oh, thete's the other sideband.” it was not a bothe.r

] except wheri | cranked up the power supply vqltage from 12 to 14 {ihis
enon is explained In the taxt}. - e - :

-Bottom fine: This home-brew recewa;holds tt n, even under dema!‘tdlhg ,

1 conditions ‘Bome radios are fun to build but less Tun 1o use’ (’“lt doesn’t work quuie -

right, but affer all it's only a homa-brew rig," or “what dp you expect for the -

money?)..| like projects you can bmtd and enjoy wrthu{ apoiogres, This fs-ona r)f .
i thosa proje ts mMark Waison AAz.Z JER .
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in Fig 6A and the AMPLITUDE BALANCE
potentiometer (R30). In practice, you just
tweak them both and forget the theory, but
strange things can happen with the aetwork
in Fig 6A in the system.

Anything that changes the LO drive level
at the input or the impedances connecied to
the outputs of the network will require read-
justment of both the phase-shift network
capacitors and the AMPLITUDE BALANCE
control. One operator noted greatly reduced
opposite-sideband suppression when he in-

. creased the supply voltage from 12 to 14!

The network in Fig 6A is easy to build
and works well within the limitations de-

© scribed above. For more serious applications

(especially if sideband selection or opera-
tion from a variety of supply voltages is an-
ticipated), ! recommend using one of the LO
phase-shift networks shown in Fig 6C, Fig

- 6D and Table 1.

It is difficult to recommend an LO for a
receiver board that mav be used anywhere
from VLF to microwaves! For HF use, The
ARRL Handbook, QRP Classics and Solid
State Design contain  many suitable

- examples. For VLF and LF, old signal

generators work fine, and they have incred-
ible bandspread. At VHF and up, the litera-

, ture is a bit sparse, but an HF VFQ followed

by asimple transverter works well. Athigher
frequencies, a VXO and muitiplier chain
may be used.

The costof direct digital synthesis (DDS) is
falting rapidly, and many of the DDS chips offer
two outputs 90° out of phase, The phase-noise
performance of low-cost DDS chips is not good
enough for a high-performance direct-conver-
sion receiver, but that will change in the future,

- Big 7 is the block diagram of an all-mode re-

ceiver using a DDS chip for the LO and a DSP
chip for the signal processing.

Tuning
There are two trimmer potentiometers on

- the R2 board and a single LO phase-shift

adjustment off the board. It’s not quite “no

, tune,” but it's eusier than even a simple

superhet! R57 sets the quiescent current of
the audio-output stage. it can be set for a
total R2 board current of about 100 mA—it’s
not critical.

The AMPLITUDE BALANCE pot (R30) and

J the LO phase-shift adjustment can be set by



ear by tuning in astrong carrier on the wrong
sideband and then alternately tweaking the
two controls for a null,

[ tune tor best oppostte-sideband suppres-
sion by setting a signal generator on the au-
dio image (“wrong side of zero beat™) and
then alternately adjusting the phase shift and
amplitude balance (R30) while watching the
output on an audio-frequency level meter, |
optimize the circuit at a frequency near the
middle of the audio range, and then tune
around to make sure the opposite-sideband
suppression is good from 300 to 3000 Hz. 1
then adjust a step attenuator for the same
signal level on the desired and undesired
sideband and record the respective attenua-
tor settings. The difference in step attenuator
settings is the opposite-sideband suppres-
sion, Once the phase shift and amplimde
halance are adjusted, they may be locked in
place with nail polish. After a year and thou-
sands of miles on the road. the first prototype
shows no signs of needing alignment.

R2 Performance and Impressions

The R2 prototype with a 3-kHz elliptical
filter was assembled and tested on the bench.
There were no surprises—it was an R1 board
with slightly better dynamic range, slightly
better noise tigure, and 41 dB of opposite-
sideband suppression, The real shock came
when I connected a 4()-meter antenna and
VFO. CW signals simply disappeared as [
tuned through zero beat. Murphy had it con-
nected for USB, and there was no way L could
copy any LSB up in the phone band. It

sounded too good—something was wrong
with the picture,

I connected my old transceiver with its
2.4-kHz IF filter, and sure enough, CW sig-
nals were audible on the wrong sideband. 1
switched the antenna uver to a Colling 758-
3C with its F455FB21 mechanical filter, and
they were still there. After listening to the
other radios, I returned to the R2. It sounded
even better than before. Why?

| have been pondering this for ahout a
year, and I"ve thought of several explana-
tions. The first is that the commercial radios
both have AGC, so the receiver gain is re-
duced on the desired sideband and increased
on the undesired sidebund—in other words,
the AGC is trying to remove the IF selec-
tivity from the system. I defeated the AGC
on both radios and listened again. I could
still hear low-frequency CW signals on the
wrong sideband that were not avdible on the
R2. I made a few measurements and dis-
covered that low-pitch CW signals (up to
several hundred hertz) on the wrong side of
zero beat are suppressed considerably less
than 40 ¢B on both radios. The old Collins
dipped below 40 dB at about 400 Hz, and the
other radio went below 40 dB a little higher
in frequency. The bottom line is that the R2
sounds better than [ expected. because it has
better sefectivity than the radios I"m used to.

1 demonstrated a 40-meter R2 at the QRP
Hospitality Suite in Dayton this year.
Several experienced HF C'W operators wera
amazed when we could not find any CW
signals that were strong enough to detect on

the wrong sideband.

Comparison with a Superhet

Receiver fans will point out that the sche-
maticin Fig 3 is as complicated as a superhet.
If the tmage-reject direct-conversion re-
ceiver has so many parts, why not just “do it
right” and huild a superhet?

First, this is a high-performance direct-
conversion design, with no attempt to reduce
the parts count. It could be greatly simplified
with only a small reduction in performance.
Even in simplified form, it could still outper-
form most of the simple superhets I"ve
encountered—especially those based on the
ubiquitous NE602, The NEGO2 is not a bad
part, but its limited dynamic range should
confine its use to low-cost, low-current-
drain, minimum-parts-count applications,

Direct-conversion receivers have a
number of significant advantages over
superbets. Because there is only one LO,
there are no internally generated birdies.
There are no image frequencies to filter out,
and no spurious receiver tuning ranges at
strange combinations of L.O harmonics and
the intermedjate frequency. A low-pasy
front-end filter to reject signals near odd
muitiples of the LO frequency will ensure a
spurious-free receiver.

Since direct-conversion receivers do all
of their signal processing at audio, the input
frequency is unrestricted. An R1 board with
an SRA-3 mixer and an old signal generator
for an LO works well below 235 kHz. At the

“other end of the spectrum, Thave an R1 board
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Fig 7—The R2 board can serve ds a basic building block for a recelver of the future. Just add a direct-digital synthesizer for the LO and
digital signal processing for the audio processing.
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Fig 8—A simpte madular 40-meter CW QRP transceiver built around an A2 board. R2 is
built in the box on the lower left; the LO phase-shift network from Fig 6A is in the small
box connected to rear of R2 with BNC connactors. A 7-MHz VFO is in the larger box on
the right. Resting atop R2 is a 1-W CW transmitter with fow-pass filter and break-in
circuitry. The transmitter and VFO were horrowed from other published projects (see
text). This transceiver acquitted itself well in the 1992 ARRL Sweepstakes—see the

sidebar. (photos by Kirk Kieinschmidt, NTEZ)

with a4 printed rat-race mixer working at
5761) MHz.

A direct-conversion receiver can be com-
bined with a VFO-controlled CW transmit-
ter to build a transceiver that s simpler than
a superhet transcetver. The only spurs are
harmonics, which are reduced by the trans-
mitter low-pass fiiter.

Direct-conversion receivers also have
some disadvantages. The need for isolation
hetween the antenna and LO makes direct
conversion a poor choice for hand-held ra-
dios with integral whip antennas. At HF, a
full-size outdoor antenna works best.

[ do not recommend the direct-conver-
sion, image-reject approach for a band-
switched radio. It is easy to obtain good per-
formance over a single amateur band, but the
RF phase-shift network and umplitude
balance must be tweaked when changing
bands.

Finally, 41 dB is about the practical limit
for opposite-sideband suppression in an eas-
ily reproduced analog design. While this is
as good as some HEF and most VHF SSB rigs,
the fact remains that the basic superhet de-
sign is capable of better performance,

R2 Applications

The modular 40-meter QRP CW trans-
ceiver shown in Fig 8 features full break-in
keying, I W output. a slow funing rate,
switched 8SB and CW bandwidths, 93 dB
two-tone, third-order IMD dynamic range,
low-distortion audio. and true single-signal
reception. The transmitter, VFO and break-

40 5=

in circuitry were borrowed from “The Ugly
Weekender” and the “Optimized QRP
Transceiver”in The {992 ARRL Handbook ¥
The receiver is an R2 board with the RC LO
phase-shift network from Fig 6A. It is a joy
to operate.

The R2 board is small enough to build a
high-performance portable HF CW trans-
ceiver in a smaller package than the popular
commercial versions. For portable use, the
receiver's audio power transistors cun be
removed to reduce the current drain, as dis-
cussed in August QST

At Microwave Update 92, 1 demon-
strated another interesting K2 application: a
no-tune microwave fransceiver, using a
Down East Microwave no-tuae 1296-MHz.
transverter with an R2 board and premixed
VEO as  tunable 2-meter IF. The transmit IF
uses an SSB/CW exciter board, which T'11
describe in a future issue of QST The use of
image-refect techniques makes it possibie to
huild single conversion microwave radios
with any desired [F. I'H explore this concept
mare fully in a future QST article.

Conclusions

The image-reject, direct-conversion re-
ceiver is a viable approach to 88B and (W
reception for many applications. When com-
hined with high-performance, direct-conver-
sion receiver technigues, it can provide basic

“receiver performance that surpasses many

superhets. Image-reject techniques are in
wide commercial use, and both Drake und
Kenwood have recently introduced high-

performance products that combine image-
reject and superhet techniques. In the future,
high-performance receivers will be built by
vumbining a high dynamic range I and Q
channet front end with a digital signal pro-
cessor. Future Old Timers will sit around
reminiscing  about  multiple-conversion
superhets!
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Hayward and W. Hayward, “The ‘Ug_lly Week-
ander," QS5T, Aug 1981, pp 18-21. The lgly
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30-36 of The 1933 ARAL Handbook. Etched,
plated and drilled PG boards for the VFO/
buifer are available from FAR Circuits,
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