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I-Q: a Highly Intelligent Approach to 
Quality Radio
First steps in Software Defined Radio (SDR)
Burkhard Kainka

Until now panoramic display and 
selectable bandwidth were features 
found only on top range (and 
fearfully expensive!) shortwave 
receivers. Realising these functions 
in software makes it possible to 
create a receiver for ridiculously 
little money using barely any 
hardware components. SDR and I-Q Mixers are the new watchwords…

This receiver is so cheap it’s an abso-
lute bargain — but with the inevitable 
qualification. If (such a small word!) 
you use a freeware program for the 
software radio, if you build the mini-
malist hardware yourself and if the PC 
(or notebook computer) used is already 
paid for, then yes, you really can have 
a new radio with all the luxury trim-
mings for virtually nothing. Naturally 
the time spent creating it is not work, 
just sheer pleasure…

SDRadio
It’s the Italian radio amateur Alberto 
(callsign I2PHD) whom we must thank 
for the downloadable freeware pro-
gram SDRadio [1]. This PC program 
teams up with the computer’s sound 
card and a simple RF front end to cre-
ate a magnificent shortwave receiv-
er for all modes from AM to SSB. Us-

ing the mouse alone, a range of up to 
48 kHz can be tuned without even al-
tering the oscillator frequency. You can 
see what’s going on either side in the 
adjacent frequencies and react flexibly 
to interference, altering the receiver 
passband as required. 
The hardware we need is a so-called 
I-Q mixer (also known as a quadrature 
mixer), which in principle is a direct 
mixer but enhanced to be a dual-stage 
mixer with phase-shifted oscillator sig-
nals. In this article we shall use one of 
these mixers in an experimental circuit 
of our own design.

Theory (just a little!)
As well as the desired frequency, all 
simple mixer stages also produce an 
‘image signal’ (mirror image) that fre-
quently requires a lot of effort to fil-
ter out and remove.  However, this is 

not the case for the I-Q mixer, which 
in principle comprises two mixer stag-
es and looks after image signal sup-
pression itself. The concept can be ap-
plied to very simple receivers and is 
particularly valid for software-based 
receivers.
The three most commonly used receiv-
er types are the ‘straight’ receiver, the 
superhet and the direct mixer. In the 
straight receiver a tuned circuit at the 
input looks after all selection issues. 
An example is the Audion, which em-
ploys active absorption in the input 
circuit to improve tuning selectivity. A 
straight receiver of this kind does not 
suffer from image signal problems but 
offers rather weak suppression of ad-
jacent signals. The superhet is differ-
ent; here we have several intermedi-
ate frequency (IF) circuits achieving 
good selectivity and adjacent signal 
suppression. Unfortunately the image 
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signal still creates problems for us. A 
superhet with an IF of 455 kHz has, in 
principle, some secondary response 
at twice the intermediate frequency 
(2 * 455 kHz = 910 kHz). On medium 
wave a preselector circuit is sufficient 
to suppress this undesired response 
quite adequately. However, many 
shortwave radios exhibit a significant 
image frequency response.
The direct mixer is an ideally simple re-
ceiver. Without the complication of an 
intermediate frequency it mixes the RF 
signal straight down to the audio fre-
quency stage. The process is used not 
just with simple amateur radio receiv-
ers but also for equally simple DRM re-
ceivers, in which the ‘audio’ signal is 
in fact a 12 kHz IF. In both situations 
the image frequency is so close to the 
wanted one that we no longer have 
any chance of filtering it out.
Figure 1 illustrates this problem in a 
worked example. A signal on 3990 kHz 
is to be mixed down to 12 kHz. The 
mixer oscillator operates at 3990 kHz +
 12 kHz = 4002 kHz. In the process an 
image response arises at 4002 kHz + 
12 kHz = 4014 kHz. We can only hope 
that there is no strong signal present 
at the ‘wrong’ frequency.

I-Q Mixer
The solution to this problem is to use 
two identical mixers instead of just 
one. These are driven using the same 
oscillator frequency but 90 degrees out 
of phase. The same input signal then 
produces outputs from the two mixers 
that are phase-shifted 90 degrees apart. 
The signals must then be phase-shift-
ed one more time (in Figure 2 this hap-
pens in the phase shifter in the upper 
branch ahead of the mixer) and then 
summed together. This is where the 
image frequency signals are cancelled 
out, whilst the desired signal is ampli-
fied. This technique, seen here in the 
I-Q mixer, is actually old hat and has 
been employed, in the reverse direc-
tion, for a long time for producing SSB 
signals. In that situation too the issue is 
all about mixing signals without gener-
ating an image frequency (correspond-
ing in that case to the other sideband). 
In amateur radio for instance this tech-
nique is known as the phase method 
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Figure 1. Image frequencies.
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Figure 2. SSB generation using the phase method.
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Figure 3. Reception path in the third scheme.
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and the problem with the phase method 
is the difficulty of maintaining an entire 
frequency band from 300 Hz to 3000 Hz 
in phase to the same degree. In Weav-
er’s so-called ‘third method’ two further 
mixers are employed to sustain or con-
serve the phase-shifted oscillator sig-
nals (Figure 3). This method would for 

example enable the construction of a 
complete SSB transceiver without crys-
tal filters [2].
Meanwhile the prerequisites for the I-Q 
mixer look ever more attractive, as signal 
processing in software has made signifi-
cant progress. For our first experiments 
there are some great programs such as 

SDRadio and DREAM. All we need do is 
provide two mixer signals, phase-shift-
ed 90 degrees apart, to the left and right 
channels of the PC sound card. The soft-
ware handles everything else. 

Circuitry
The simplest way of achieving the 
phase shift required in the oscillator 
signal is by digital circuitry (Figure 4). 
Two D-type flip-flops in a 74AC74 di-
vide the input frequency by four and 
simultaneously produce output signals 
phase-shifted by exactly 90 degrees. 
Our clock source is the Serially Pro-
grammable Crystal Oscillator from 
the March 2005 issue. In principle we 
could also use a free-running oscillator 
on the four-times receive frequency but 
then greater effort would be required 
to achieve adequately good stability. 
The mixer employed comprises four 
analogue switches in the 74HC4066 
chip, which guarantees good synchro-
nism between the two channels and 
displays good signal integrity. Two an-
alogue switches are combined to form 
a changeover switch, so as to create a 
balanced mixer. Figure 5 shows an I-
Q direct mixer for the frequency range 
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Figure 4. The I-Q mixer.
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Figure 5. A broadband receiver.

Figure 6. Test build of the complete receiver.



652/2007  -  elektor electronics

from around 500 kHz to 30 MHz.
A broadband transformer with 
10 : (20+20) wire turns was wound on 
a small ferrite core. The mixer itself is 
followed by a low-pass filter. After this 
a 20 dB amplifier increases the sensi-
tivity of the receiver. Figure 6 shows 
a test makeup of the circuit (source: 
www.elexs.de/iq2.htm). 
The I-Q mixer provides image frequen-
cy suppression of up to around 40 dB. If 
we link just one of the two channels to 
the sound card the result is typical for 
a simple direct mixer, as seen in Fig-
ure 7. A signal of 11 kHz appears at 
both +11 kHz and  –11 kHz. With the 
two input signals phase-shifted by 90 
degrees the desired signal is boosted 
and the image signal suppressed (Fig-
ure 8). With software alone a band of 
48 kHz can be tuned in this way.
This simple receiver demonstrates as-
toundingly good reception results on 
medium and short waves, in particu-
lar high sensitivity and good frequen-
cy stability, as well as amazingly sharp 
selectivity of the kind that only soft-
ware can achieve.

Even greater improvements are possi-
ble. In order to avoid unwanted sec-
ondary response it’s vital to use a good 
sound card with an effective anti-alias-
ing filter. In very basic sound cards we 
have observed that at a sampling rate 
of 48 kHz signals above the theoreti-
cal limiting or boundary frequency of 
24 kHz are processed with almost no 
attenuation. A signal of 26 kHz then 
appears at 22 kHz. With the I-Q mixer 
this leads to stations outside the re-
ceive range popping up as phantom 
signals. In this situation the only solu-
tions are a better sound card or a sepa-
rate anti-aliasing filter (the single-pole 
low-pass filters used in the present cir-
cuit will not be adequate). You could 

install for example four-
pole Butterworth filters 
with a limiting frequen-
cy of 12 kHz but both 
filters would have to 
be equalised very ac-
curately, which can be 
achieved only by using 
individually selected 
capacitors. 
A secondary weakness 
of the simple circuit is 
that the mixer also op-
erates on the odd mul-
tiples of the oscilla-
tor frequency. Since a 
switching mixer also 
exhibits principally 
overtone mixing, using 
an input band filter or 
preselector would be 
sensible. 

DRM reception
The circuit described 
here is also suitable 
for use as a simple 
DRM receiver, since 
DREAM makes it pos-
sible to extract an I-Q 
signal (Figure 9). For 
this the parameter -C 
3 must be entered. Us-
ing this simple circuit 
and a long wire anten-
na numerous stations 
can be decoded error-
free in the medium and 
shortwave bands [3]. 
DREAM offers an ana-
logue mode as well and 
works as a full-function 
software defined radio 
for AM, FM, SSB and 
CW.
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Weatherfax
The receiver is suitable not just for AM 
und DRM but also for HF-FAX. As an 
experiment the Weatherfax transmit-
ter DDH3 of the German meteorologi-
cal service was received on 4855 kHz. 
As decoder we used a test version of the 
universal receiver program JVComm32 
(www.jvcomm.de). The oscillator frequen-
cy was altered to 3875.5 kHz.  
The illustration shows an extract of the 
weather map received.

Figure 7. Image frequency with only one mixer.

Figure 8. Suppressed image frequency with two mixers.

Figure 9. A DRM signal from the I-Q mixer.

Web links
[1] http://digilander.libero.it/i2phd/  
     sdradio/

[2] www.b-kainka.de/drm.htm#dritte

[3] www.elexs.de/iq2.htm

Information sources
Figures 2 and 3 are taken from Philips 
Application Note AN1981 New low-
power single sideband circuits. 
Further information on this subject 
can be found here and also at www.
analog.com/library/analogDialogue/
archives/34-03/upconversion/index.html


