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Software Defined Radio

I know how to spell 
SDR, but what 
does it mean?



  

Software Defined Radio

An SDR is in general a radio that has:

● primary functionality defined in 
software

● DSP algorithms implemented in 
configurable hardware and/or PC 
software

Scotty Cowling WA2DFI, from 2008 Dayton Presentation ”Hands-On Software Defiend Radio”
http://www.hamsdr.com/WA2DFI/Hands_On_SDR_%20Dayton_2008_v0_9.ppt



  

Software Defined Radio

An SDR is not:

● A computer controlled conventional 
radio

● A conventional radio with a GUI 
integrated into its front panel

● A superhet rig with an AF-DSP
Scotty Cowling WA2DFI, from 2008 Dayton Presentation ”Hands-On Software Defiend Radio”

http://www.hamsdr.com/WA2DFI/Hands_On_SDR_%20Dayton_2008_v0_9.ppt



  

SDR, without the math

Any radio has 3 parts:

● RF part

● Signal Processing

● User Interface
http://www.dh1tw.de/understanding-the-sdr-concept



  

SDR, without the math

The RF component transforms high 
frequency signals into baseband signals or 
vice versa. Parts of the RF component are 
filters, mixers, amplifiers, oscillators, etc.

http://www.dh1tw.de/understanding-the-sdr-concept



  

SDR, without the math

The baseband signal is processed / 
generated in the Signal Processing 
component. In this component we will find 
functionality taking charge of modulation, 
demodulation, NF filtering, noise reduction, 
etc.

http://www.dh1tw.de/understanding-the-sdr-concept



  

SDR, without the math

The User Interface (UI) is the command and 
control unit of the radio. It’s the frontend to 
the (human) operator. The user interface 
might consist of buttons, knobs, LEDs or 
just a PC screen.

http://www.dh1tw.de/understanding-the-sdr-concept



  

SDR, without the math

The classic all-in-one-box radio
http://www.dh1tw.de/understanding-the-sdr-concept



  

SDR, without the math

The SDR approach to the 3 
parts:

● Physical Independence

● Logical Independence
http://www.dh1tw.de/understanding-the-sdr-concept



  

SDR, with a bit of the math

Quadrature Signal 
terms:

● j-operator

● complex

● imaginary

● real 

● orthogonal

●



  

SDR, with a bit of the math

Complex Numbers, a mechanical analogy

http://www.st-andrews.ac.uk/~www_pa/Scots_Guide/info/signals/complex/cmplx.html



  

SDR, with a bit of the math

Complex Numbers, a mechanical analogy

http://www.st-andrews.ac.uk/~www_pa/Scots_Guide/info/signals/complex/cmplx.html



  

SDR, with a bit of the math

Complex Numbers, another analogy

http://www.dspguru.com/sites/dspguru//files/QuadSignals.pdf



  

SDR, with a bit of source code

A portion of one of the FFT routines from the LINRAD source code.



  

SDR, with a bit of hardware

Softrock Lite II kit (assembled)
by Tony Parks KB9YIG



  

SDR, with a bit of hardware...

Total kits shipped over a four year 
period is in excess of 20,000 kits.  
Not too bad for a retired guy with 
some help from my wife.
73,
Tony Parks
http://www.kb9yig.com



  

...and Heathkit-style instructions



  

Softrock Lite II

http://groups.yahoo.com/group/softrock40/

http://kb9yig.com/

http://www.wb5rvz.com/sdr/sr_lite_ii/



  

Softrock Lite II – Power Supply

Theory of OperationTheory of Operation

This stage provides the +5 volt power rail for the radio. The 
incoming voltage (from 9 - 12 Vdc) is regulated by U1 to a 
nominal 5 Vdc (4.5 - 5.1 Vdc range). D1 serves to protect 
the circuit from accidentally reversed polarity.



  

Softrock Lite II – Local Oscillator

Theory of OperationTheory of Operation

The Local Oscillator stage implements a basic Colpitts 
Crystal Oscillator with a buffer stage to increase the signal 
level. The oscillator produces a signal that is at the crystal's 
specified fundamental frequency.

On the 30m, 20m, 15m receivers, the Local Oscillator 
produces a signal that is 4/3 times the desired center 
frequency as opposed to the 4x the center frequency 
output for the lower band models (40m 80m, 160m).

"Subharmonic" works like this:- The LO outputs 13.5MHz. 
That goes to the dividers /4, resulting in 3.375MHz being 
fed to the mixer. At the mixer, a strong 3rd harmonic is 
present 3.375 x 3 = 10.125MHZ The Bandpass filter (BPF) 
severely attenuates any signals centered around the 
3.375MHz fundamental frequency and first harmonmic, but 
allows 30m signals centering around the third harmonic of 
the 3.375MHz LO output. The result is that the mixer is 
dealing with signals centering on 10.125MHz, as though 
the dividers were passing 10.125 to the mixer. BPFs are all 
that stop Softrocks from working on unwanted frequencies!



  

Softrock Lite II – Dividers

Theory of OperationTheory of Operation

The dividers accept as input the output of the local 
oscillator and divide that down to two signals that are ¼ the 
input frequency and in quadrature (90 ° out of phase with 
each other).

U2 is wired as a divide-by-4 synchroneous divider, clocked 
by the output from the Local Oscillator. Synchroneous 
clocking means that all stages switch at the same time, 
potentially offering a reduction of noise generated during 
switching.

The divider provides two LO outputs which clock Mixer, U3.



  

Softrock Lite II – Op Amps

Theory of OperationTheory of Operation

The low-level In-Phase (I) and Quadrature (Q) IF signals 
from the Mixer are sampled over capacitors C5 and C6.

The Opamp amplifies the I and Q signals by a factor 100 
times on 160M, 80M and 40M bands and by about 500 
times on 30M, 20M and 15M.

Higher gain and a low noise LT6231 Opamps are supplied 
for the three highest bands to compensate for additional 
loss due to 1/3 harmonic sampling and the fact that 
atmospheric noise is lower on these bands allowing for 
more sensistive receivers to be used. 



  

Softrock Lite II – Band Pass Filter

Theory of OperationTheory of Operation

 The purpose of this stage is to pass the Radio Signals 
within the receiver band to the mixer stage and to attenuate 
unwanted signals which are within the designed passband 
for the filter.

This attenuation is especially important, since it permits the 
1⁄3 harmonic sampling in the mixer for the higher bands. 
Without that attenuation, for example, the 20m kit would be 
responding to signals in the region of 4.6825 MHz rather 
than to the designed response in the region of the 3rd 
harmonic of 14.0475 MHz!



  

Softrock Lite II – Mixers

Theory of OperationTheory of Operation

The RF input signal, filtered by the BPF is applied in 
antiphase to the inputs 1B and 2B of the Mixer U3.

The two LO signals from the Divider Stage operate the 
switches which connect R1 to C5 and connects R2 to C6 
during the first clock cycle.

When the LO Clock changes 90 degrees later, the 
connections reverse: R1 now connects to C6 (Q) and R2 
connects to C5 (I).

This switching sequence then repeats itself.

The resulting RF input signal is sampled over capacitors C5 
and C6 as the Intermediate Frequency (IF)

On the lower bands (160m, 80m, and 40m) the dividers are 
clocked at the desired center frequency, which is in the 
pass band for the incoming RF.

On the higher bands, the situation in the Softrocl RX is a 
little different. The clocking frequency is at the one-third 
sub harmonic of the desired center frequency and is NOT 
within the passband of the incoming RF.



  

SDR, just add software

As with SDR hardware, there are many software choices; one list is at

http://www.dxzone.com/catalog/Software/Software_Defined_Radio/


