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What is software defined radio?
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Figure 7

The conventional heterodyne radio receiver shown
in Figure 7, has been in use for nearly a century. Let’s
review the structure of the analog receiver so comparison
to a digital receiver becomes apparent.

First the RF signal from the antenna is amplified,
typically with a tuned RF stage that amplifies a region
of the frequency band of interest.

 This amplified RF signal is then fed into a mixer
stage. The other input to the mixer comes from the local
oscillator whose frequency is determined by the tuning
control of the radio.

The mixer translates the desired input signal to the
IF (Intermediate Frequency) as shown in Figure 8.

The IF stage is a bandpass amplifier that only lets
one signal or radio station through. Common center
frequencies for IF stages are 455 kHz and 10.7 MHz
for commercial AM and FM broadcasts.

The demodulator recovers the original modulating
signal from the IF output using one of several different
schemes.

For example, AM uses an envelope detector and FM
uses a frequency discriminator. In a typical home radio,
the demodulated output is fed to an audio power amplifier
which drives a speaker.

Figure 8
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The mixer performs an analog multiplication of the
two inputs and generates a difference frequency signal.

The frequency of the local oscillator is set so that the
difference between the local oscillator frequency and the
desired input signal (the radio station you want to
receive) equals the IF.

For example, if you wanted to receive an FM
station at 100.7 MHz and the IF is 10.7 MHz, you would
tune the local oscillator to:

100.7 - 10.7 =  90 MHz

This is called “downconversion” or “translation”
because a signal at a high frequency is shifted down to a
lower frequency by the mixer.

The IF stage acts as a narrowband filter which only
passes a “slice” of the translated RF input. The band-
width of the IF stage is equal to the bandwidth of the
signal (or the “radio station”) that you are trying to
receive.

 For commercial FM, the bandwidth is about
100 kHz and for AM it is about 5 kHz. This is consis-
tent with channel spacings of 200 kHz and 10 kHz,
respectively.
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Figure 10

SDR RSDR RSDR RSDR RSDR Receiver Mixereceiver Mixereceiver Mixereceiver Mixereceiver MixerFigure 9 shows a block diagram of a software
defined radio receiver. The RF tuner converts analog RF
signals to analog IF frequencies, the same as the first three
stages of the analog receiver.

The A/D converter that follows digitizes the IF signal
thereby converting it into digital samples. These samples
are fed to the next stage which is the digital downconverter
(DDC) shown within the dotted lines.

The digital downconverter is typically a single
monolithic chip or FPGA IP, and it is a key part of the
SDR system.

A conventional DDC has three major sections:

• A digital mixer
• A digital local oscillator
• An FIR lowpass filter

The digital mixer and local oscillator translate the
digital IF samples down to baseband. The FIR lowpass
filter limits the signal bandwidth and acts as a decimat-
ing lowpass filter. The digital downconverter includes a
lot of hardware multipliers, adders and shift register
memories to get the job done.

The digital baseband samples are then fed to a block
labeled DSP which performs tasks such as demodulation,
decoding and other processing tasks.

Traditionally, these needs have been handled with
dedicated application-specific ICs (ASICs), and program-
mable DSPs.

At the output of the mixer, the high frequency
wideband signals from the A/D input (shown in Figure
10 above) have been translated down to DC as complex I
and Q components with a frequency shift equal to the
local oscillator frequency.

This is similar to the analog receiver mixer except
there, the mixing was done down to an IF frequency.
Here, the complex representation of the signal allows us
to go right down to DC.

By tuning the local oscillator over its range, any
portion of the RF input signal can be mixed down to DC.

In effect, the wideband RF signal spectrum can be
“slid” around 0 Hz, left and right, simply by tuning the
local oscillator. Note that upper and lower sidebands are
preserved.

Analog radio

Ref:  Pentek, Software Defined Radio Handbook, 12/e 
http://www.pentek.com/pildocs/8363/techother/DGTLRCVRHBK43.PDF

Digital radio (SDR)
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How SDR is my radio?

Neither of these is “SDR”, but they use digital signal processing 
  

• Digital modes (PSK31, AFSK-RTTY, JT65) use audio sent by SSB.  To receive, digitize the audio after 
SSB detection, then use software to decode (FLdigi, WSJT-X). 

• Lots of radios have a DSP chip in the second IF, e.g., Yaesu FT-450D: 

http://www.tigertronics.com

Ref:  FT-450D product brochure
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Direct sampling SDR digitizes the RF

FlexRadio 6000 series 
The radio is in the box, the user interface is in your PC

ICOM 7300 
SDR with a “traditional” user interface

Direct RF sampling is limited by A/D conversion speed 
— gets harder above 50 MHz.
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Easy to get started listening with SDR

“RTL-SDR dongle” — this one about $20 online This MCX to UHF adapter — $6.50 online

Get an adapter for an external antenna:

5

The RTL-SDR dongle is…

Originally designed for European DVB-T television reception, it was discovered in 2010 that the dongle could 
be used for much, much more. 

Antenna 
(this one has SMA connector)

USB connector  
to computer

Not direct sampling — digitizes first IF

Tuner (first mixer) 
Rafael Micro R820T2

A/D converter and IQ demodulator 
Realtek RTL2832

http://www.rtl-sdr.com/buy-rtl-sdr-dvb-t-dongles/
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R820T2 tuner  

 
CONFIDENTIAL                         © 2011 by Rafael Microelectronics, Inc. All rights reserved. 7

PRELIMINARY VERSION  

Functional Block Diagram 
 
Figure D: Simplified R820T Block Diagram 
 

 
 
� Quick Reference Data 

 
Typical figures  
� Frequency range:    42 to 1002 MHz 
� Noise figure :     3.5 dB @ RF_IN 
� Phase noise:     -98 dBc/Hz @ 10 kHz 
� Current consumption:   ＜178 mA @ 3.3V power supply  
� Max input power:    +10 dBm  
� Image rejection:    65 dBc 

 
         note: [dBm]=[dBuV on 75Ω] -108.75dB 
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Datasheet 
http://superkuh.com/gnuradio/R820T_datasheet-Non_R-20111130_unlocked.pdf 

Operating range (nominal):  24-1766 MHz
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RTL2832 demodulator

The purpose of this chip is to receive the IF from the tuner and… 
• Digitize the IF 
• Mix the digitized IF down to obtain I and Q components 

DVB-T signals are digital, bits are coded using amplitude and phase modulation, 
https://en.wikipedia.org/wiki/DVB-T 

I and Q preserve amplitude and phase for digital modulation, good for analog modes as well 
• Output the I and Q signals, with selectable sampling rates, to USB port.  

Realtek describes capabilities but does not make data sheet publicly available  
http://www.realtek.com.tw/products/productsView.aspx?Langid=1&PFid=35&Level=4&Conn=3&ProdID=257 

There has been a lot of reverse engineering:  see http://www.rtlsdr.com
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For sub-VHF frequencies…

Upconverters 
• Build your own  

R. Nickels, W9RAN, “Cheap and Easy SDR” — QST, Jan 2013, pp 33ff 
• Buy one online, e.g., NooElec “Ham It Up” 

Or hack the dongle 
• http://www.rtl-sdr.com/rtl-sdr-direct-sampling-mode/ 
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Now, what about the software?

Turnkey solution for Windows:  SDR# — http://airspy.com  
• SDR# is a free download, runs on Vista, 7, 8, 8.1, 10 
• Easy automated installer here:  http://rtlsdr.org/softwarewindows 

While you’re at it, get this book ($20 online) 

Turnkey solution for MacOS and Linux:  GQRX — gqrx.dk 
• On the Mac, you also need XQuartz:  https://www.xquartz.org 
• GQRX runs from a terminal “shell” (command line) 
• Installation is simplified by using Macports:  https://www.macports.org 
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SDR#

Listening to VPR Classical
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GQRX

Listening to NOAA
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GNU Radio — open source toolkit for SDR experimentation

Start here:  http://gnuradio.org/redmine/projects/gnuradio/wiki 
• Tutorials 
• How to install the software 

GNU Radio is: 
• A graphical user interface (GNU Radio Companion) — build systems by connecting blocks together 
• Block diagram compiles to a Python script 
• Python script links basic functions, which are written in C++ 
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GNU Radio Companion example:  simple NBFM receiver
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GRC:  FM stereo receiver
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FM stereo example

Listening to VPR Classical, in stereo
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