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This paper discusses a class of receivers that use a harmonic of the BFO as the local
oscillator in a single conversion superhet receiver. Subharmonic IF receivers retain
many of the advantages of direct conversion: reduced internally generated spurious
responses; simple CW transmit capability; absolute frequency readout; and a single
LO to stabilize. They overcome some of the inherent problems of direct conversion
by having a band limited IF amplifier with gain, and no local oscillators operating on
the received "zero-beat" frequency. Subharmonic IF receivers are particularly
attractive for multi-band recievers in which the desired operating bands have a
common submultiple, and for high performance CW radar or transponder
applications.

INTRODUCTION

Figure 1 is the block diagram of a single conversion superheterodyne receiver with
a linear "product detector” for demodulation of the received signals. The product
detector is normally associated with SSB and CW signals, but with appropriate signal
processing and in-phase and quadrature mixers, it can demodulate any band-limited
modulation. The only variation of figure 1 from conventional superhet receivers is
that the local oscillator signal is obtained by frequency multiplying the BFO signal.

If Fy¢ is the frequency of the BFO signal, N is the multiple, and F ¢ is the desired
signal frequency, then

Fp=FyN+1)

The + and - signs give the desired signal and image frequencies. Either the + or -
signal may be used, with a few caveats to be discussed later.

As in conventional single conversion superhets, the image is separated from the
desired signal by twice the IF. It is relatively easy to remove the image by filtering,
for values of N up to about 10. With more care, acceptable image rejection may be
achieved with N much greater than 10.

As an example, a Subharmonic IF receiver for 28 MHz is shown in figure 2. The IF
is 7 MHz, and N is 3, for an LO frequency of 21 MHz. The image frequency is 14
MHz. As the BFO tunes from 7.0 to 7.1 MHz, the LO tunes from 21.0 to 21.3 MHz,
the desired input signal tunes from 28.0 to 28.4 MHz, and the image tunes from 14.0
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to 14.2 MHz. Since the 21 MHz LO is subtracted from the 28 MHz RF signal, a USB
signal at 28 MHz appears as a USB signal at the 7 MHz IF. The 14 MHz signal is
subtracted from the 21 MHz LO, so a 14 MHz USB signal in inverted, and becomes
a 7 MHz L'SB signal.

Figure 3 is a four band receiver covering 7, 14, 21 and 28 MHz. The only additions
to the basic 7 MHz direct conversion receiver are X2 and X3 multipliers, a mixer, and
RF filter-preamps for the 14, 21 and 28 MHz bands.

Until recently, a disadvantage of the "direct conversion” tunable IF was the lack of
opposite sideband rejection. With modern components and engineering, it is now
entirely practical to build single sideband direct conversion IF receivers with excellent
performance [1,2,3]. For many applications, however, the extra complication of an
image reject IF is not needed. The stark simplicity of a receiver consisting of a pair
of mixers, a narrow band IF amplifier, an audio amplifier, a single LO and a
frequency multiplier is most attractive--especially to a microwave enthusiast with a
well stocked junk box.

One of the reasons that bad superhet receivers work surprisingly well is that none
of the internally generated signals are on the received signal frequency. Direct
conversion receivers must be carefully engineered to work well, since the LO is on the
received "zero beat" frequency. Subharmonic IF receivers do not intentionally have
any internally generated signals on the received signal frequency, but the undesired
N+1 or N-1 harmonic is on the signal frequency. Direct conversion type problems
may be avoided by carefully shielding the BFO and IF, and using a clean frequency
multiplier with good rejection of the undesired signal frequency harmonic.

There are two modes that should be avoided in designing a Subharmonic IF receiver:
the F case with N=2, and the F ¢ = 2F;r case with N=1. The only problem with
the F E‘f case is that subtracting the RIz'fmgnal from the doubled signal inverts
the RF 51gnal at the same frequency IF. In other words, a 7 MHz LL.SB signal at the
RF port becomes a 7 MHz USB signal at the IF. If an image reject IF is used, the
opposite sideband suppression is limited by the RF to IF isolation of the mixer, since
signals leaking through the mixer will not be inverted. This is not a problem at low
frequencies, where mixer isolation is easy to obtain, but at higher frequencies, mixer
leakage may limit the opposite sideband suppression to 20 dB or less. For the F;
F;s case, it is much easier to dJSpense with the first mixer entirely, and just use the
IF as a direct conversion receiver.

A more serious problem occurs when F ¢ = 2F;, with N=1. Signals at the RF
frequency are converted to the IF "right-side-up” by subtracting the LO frequency,
and converted to the same IF inverted by subtracting the RF frequency from 3 times
the LO frequency. The 3LO frequency is generated inside the mixer, and the inverted
signals from typical mixers will only be about 13 dB below the desired right-side-up
signals. A subharmonic IF receiver with F ¢ = 2F;s, N=1, and an image reject IF, will
only have about 13 dB of opposite sideband rejection. This problem may be avoided
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by building the receiver for F = 2F;; with N=3 instead of 1.

The receivers in figures 2 and 3 were built and tested to explore the possibilities and
peculiarities of Subharmonic IF receivers. The motivation for studying this class of
receivers was not to built a new HF receiver. Figure 4 shows a microwave
Subharmonic IF receiver and CW transmitter, with multiplier numbers for all of the
amateur bands from 2304 through 24192 MHz. Note that a single 1.O provides all
of the frequencies needed for receiving and transmitting on all of the bands and that
all of the circuitry to the left of the dotted line is the same for all bands. Figure 5
shows a complete modular 2304 through 24192 MHz CW transceiver, with various
blocks assembled in different combinations to operate on the different bands. Note
the extensive re-use of the X2, X3 and X5 multiplier blocks on the various bands.
Reconfiguring the system is easy if each block has SMA input and output connectors,
and a standard DC connector.

This is the microwave radio version of LEGOs. Unlike many other simple schemes
for putting a signal on the higher bands, this one is EME capable, by using the
~ appropriate preamp, power amp, and antenna. The single LO simplifies frequency
stability engineering, and eliminates the multiple LO birdies that plague typical
multiband microwave stations.

Subharmonic IF receivers are also particularly suitable for CW Doppler radar and
transponder telemetry systems. The transmit frequency multiplier chain, amplifiers,
and antenna may all be separate and isolated from the corresponding receiver
components, while still maintaining coherence.

The Subharmonic IF receiver is a promising hybrid topology, offering many of the
advantages of superhet and direct conversion techniques.

REFERENCES

R. Oppelt, "The Generation and Demodulation of SSB Signals Using the Phasing
Method: Parts I and I1,” in VHF Communications, Summer and Fall 1987, vol. 19
editions;2 and 3, pp. 66-72 and 130-140.

G. Breed, "A New Breed of Receiver,” in QST, Jan. 1988, pp. 16-23.

R. Campbell, "High Performance, Single-Signal Direct-Conversion Receivers," in QST,
Jan. 1993, pp. 32-40.

227



T U.&Sﬁ u

L.w>_.vuuN H~.H U_COELGSQSW

0389 N X

o..13<

duy
41 duwy 1y
pauny pauny

228



2 2oby

A9A1303y 47 AMuIvyYgng  ZHwW g7

O4Aa
ZHW )

¢ X

THW 12 /M,

dwy pauny

EHW )

L:;( 1@(.3:—,

ZHW 37

229



M > 3@.“&

ANy ¢ 872
v o CANRK
4] 2uowsvygrg <
1(6@ &30“ _ h.|
N PpPvvg
THW L
i1
X ZHW L

33
ZHW 87

43
EHW 12

43
ZHW b

3
THW L

CZTHW L

230



Sﬁc p
| SPueq e .
| 110 4oq |
| Swog JPANPI SV Y ™MD V).D.J)o.su._z
__.|||NIY mH U.Ior;.»dc—ﬁ,)m
|
I
]
|
1
m ]
wy 43 , X r._\V A_S.C 41 | _ > p-Loog
pauny “ 2HW 281 Tww 2y vy “
" \
rlnlllllllJ
; 049 .
. ZHW Zs il T
1 .ﬁ i\.vlllNI\U.\Sa—.
N X e o =y
\ 4
" e
. w1 +
' * m.*—ﬂ) U'QJ‘
1
02 12 261KZ 70 X4 " L 25umag
3 6 99¢oi O—e W X O« ul < ZHW 251|
b S  o9ts " fr S1qvtg
2 € 9spe \
¢ 4 bog? “ Zuw ZSt1
N W Pucg e
|



Flue Tuwd
/‘/ 3 — TX
* Keued & X2 -©
Is2 © sk RE
= 0 1152 Lo o4 x3 *leo- x"' Al 2304
IF 535“':#& Preamp
<@ 1us2 IFn é
&
Subhavrwmenic ITF
Micrnwave Tra.u5c¢:vé X3 * © 3456 TX
Sustena.
¢ Z Lo he{ T Lo v i
# Blecks used omn é ame
Moce Yhan one Luund. \F
& DPewwmeast 5760
xs‘ —© 5760 TX No~Tuna Beard
1304““‘—/‘/ .
/t/' R in
XZ*LQ._xZXg 95‘;760_6
F\’&wf'e 5 cecam
O ¢
/l/ DASE Mg
x3 ¥-0q x3 [0 103687
: 2904 Mmn3 .
X 2. * // x 4 o3 —g" "
x Pf‘uw?
T
3456 +n 3 . . .
/ e Dicde w«vga‘..h
x3 *lod x1 }o 24192 TX
S0 A
N |
X3 —0— X4 X Py I RxX in
é \F .‘L Wueau.’d_g

232

Harweow i Mixer



	Web Site: Experimental Methods in RF Design  
	Articles and References  
	FREQ-Mite--A Programmable Morse Code Frequency Readout
	Understanding Modern Oscilloscopes
	An RF Step Attenuator
	A New Breed of Receiver
	Binaural Presentation of SSB and CW Signals Received on a Pair of Antennas  
	Getting Started on the Microwave Bands
	High-Performance Direct-Conversion Receivers
	No Tune Microwave Transceivers
	High-Performance, Single-Signal Direct-Conversion Receivers
	A Multimode Phasing Exciter for 1 to 500 MHz
	Single-Conversion Microwave SSB/CW Transceivers
	A Single Board No Tune Transceiver for 1296?
	Simply Getting on the Air from DC to Daylight
	Subharmonic IF Receivers
	A VHF SSB-CW Transceiver with VXO
	The Next Generation of No-Tune Transceivers
	A Small High-Performance CW Transceiver
	Technical Correspondence - Direct-Conversion Receiver Noise Figure
	Microwave Downconverter and Upconverter Update
	A Binaural I-Q Receiver
	LO Phase-Noise Management in Amateur Receiver Systems
	Medium Power Diode Frequency Doublers
	High-Performance Crystal Filter Design
	The LC Tester
	A High-Performance AGC/IF Subsystem
	Twisted-Wire Quadrature Hybrid Directional Couplers
	The Tandem Match--An Accurate Directional Wattmeter
	The "Ugly Weekender" II: Adding a Junk-Box Receiver
	Direct Conversion: A Neglected Technique
	A Progressive Communications Receiver
	The "Ugly Weekender"
	The Double-Tuned Circuit: An Experimenter's Tutorial
	Reflections on the Reflection Coefficient: An Intuitive Examination
	Measuring and Compensating Oscillator Frequency Drift
	Electronic Antenna Switching
	Refinements in Crystal Ladder Filter Design
	Extending the Double-Tuned Circuit to the Three Resonators
	A Tracking Signal Generator for Use with a Spectrum Analyzer
	A Spectrum Analyzer for the Radio Amateur--Part 1  
	A Spectrum Analyzer for the Radio Amateur--Part 2
	The Micromountaineer Revisited
	Simple RF-Power Measurement
	A PIC-Based Digital Frequency Display
	Helical Resonator Oscillators
	The DSP-10: An All-Mode 2-Meter Transceiver Using a DSP IF and PC-Controlled Front Panel--Part 1  
	The DSP-10: An All-Mode 2-Meter Transceiver Using a DSP IF and PC-Controlled Front Panel--Part 2  
	The DSP-10: An All-Mode 2-Meter Transceiver Using a DSP IF and PC-Controlled Front Panel--Part 3  
	An 8-Watt, 2-Meter "Brickette"
	An Optimized QRP Transceiver
	A Simple and Accurate QRP Directional Wattmeter
	A Drift-Free VFO
	"DEMPHANO"
	VHF/UHF World
	High-Efficiency Class-E Power Amplifiers--Part 1
	High-Efficiency Class-E Power Amplifiers--Part 2
	Measuring SSB/CW Receiver Sensitivity
	A Calibrated Noise Source for Amateur Radio
	Diplexer Filters for an HF MOSFET Power Amplifier
	A 100-W MOSFET HF Amplifier
	A Step Attenuator You Can Build
	Frequency Stabilization of L-C Oscillators
	Reducing IMD in High-Level Mixers
	Noise Measurement and Generation
	Noise Figure Measurements




