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Software Radio Receiver
• RF Tuner down converts analog RF signals to analog IF frequencies

• A/D converter digitizes the IF signal creating real digital samples

• Digital Mixer & Local Oscillator translate digital IF to complex baseband

• Complex digital FIR low pass filter limits the baseband signal bandwidth

• The Mixer, Local Oscillator and Down sampling Low Pass Filter could be 

named a Digital Down Converter

• Digital signal processing stage performs signal demodulation, etc.
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How to make a Complex signal
• Multiply a real signal (f1) by a complex sinewave signal generator (f2)

Multiplier

Multiplier

Real
cos f1

sin f2 cos f2

Complex 
Sinewave 
Generator

I Q

• From math class
• cos f1 x sin f2 = ½ {sin (f1 – f2) + sin (f1 + f2)}

• cos f1 x cos f2 = ½ {cos (f1 – f2) + cos (f1 + f2)}

• Remove the higher frequency sum components

• Complex multiplication performs two operations
– Translates the input signal (f1) down to the difference frequency (f1 – f2)

– Converts the real input signal to a complex difference frequency signal

• From math class
• cos f1 x sin f2 = ½ {sin (f1 – f2) 

• cos f1 x cos f2 = ½ {cos (f1 – f2) 

• Remove the higher frequency sum components
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Complex Digital Translation

• IF band contains many signals within its bandwidth

• Digital complex mixer translates desired input signal within the IF 

band directly down to 0 Hz or DC as a complex signal
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Filter Bandlimiting

• Complex Low Pass Filter bandwidth is set to match desired 

bandwidth of received channel

• At the output of the Low Pass Filter, the complex baseband signal 

bandwidth has been reduced

 

DIGITAL LOCAL 
OSCILLATOR

FLO = FIF

COMPLEX MIXER 
TRANSLATES INPUT 
SIGNAL BAND to DC

0

IF INPUT SIGNAL

FIF

IF BWSignal

CHANNEL 
BANDWIDTH



W5HN

North

Texas

Microwave

Society

NTMS

WWW.NTMS.ORG

6

Software Radio Transmitter

• DSP stage generates complex digital baseband signal samples

• Digital up converter translates complex digital baseband to real IF

• D/A converter converts real digital IF samples to analog IF signal

• RF upconverter translates analog IF frequencies to analog RF 

frequencies

• Power amplifier boosts signal energy to antenna 
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Pluto block diagram
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Pluto block diagram
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SDR Clinics

• Please sign-up on interest list if you would like to know more about 

SDR.

• NTMS will sponsor a series of clinics free of charge to provide more 

information/teaching on SDR topics:

– Installing GNURadio or other SDR software clients such as SDR#, SDR Console, 

SDR Angel

– Basic SDR theory and basic match

– Deeper dive into SDR theory and math

– Practical application and building complete systems

• Watch the ntms.org home page link to SDR Clinics for schedules of 

Zoom meetings and optional in-person meetings.
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Broad band SDR

• SDR radios and software can cover vast amount of spectrum.

• Opened up Pluto and HackRF radios cover all of HF up to 6 GHz.

• Other low cost radios cover HF up to 1.5 GHz.

• This RF front end design allows RX and TX in a large number of 

unlicensed and licensed frequency bands. More on that later.
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K5ND monitoring 6 meters
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KM5PO – 5 RX – 

20m/AC/FMBB
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Multi-band operation

• One SDR radio is capable of multi-band microwave operation.

– Hardware on the SDR radio is broadband by design but will have some efficiency 

roll off. 

– With a broadband design the inputs and outputs are unfiltered.
• Receiver reciprocal mixing and high receiver noise floor could be encountered. HPF would suffice.

• Transmitter output has harmonics. Any system that will employ external TX amps needs to be filtered.

– The complexity of a computer and software interface is offset by the frequency 

flexibility of the hardware design and the multitude of software features that 

permit enhanced operational performance.

– Side mention: as a bench top test instrument, the SDR and software offers an 

alternative to signal generators/modulators.
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TX filter ideas

• For microwave bands < 5 GHz

Mini-Circuits filters used Ins loss

1296 MHz band BFCN-152W-75 5 dB

2304 MHz band BFCN-2275+ 5 dB

3446 MHz band BFCN-3600+ 7 dB

5.7 GHz band BFCN-5750+ 15 dB
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TX filter ideas

• For microwave bands > 3 GHz
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TX filter ideas

• For 2.3 GHz band – Paul KI5EMN is using these on TX side
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Pluto TCXO mod

• Stability modification to Pluto – necessary for uwave operation
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Hamfest 5 GHz system
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Hamfest uWave system
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GNU Radio

GNU Radio is a free & open-source software development 

toolkit that provides signal processing blocks to implement 

software radios. 

It can be used with readily-available low-cost external RF 

hardware to create software-defined radios, or without 

hardware in a simulation-like environment. 

It is widely used in research, industry, academia, 

government, and hobbyist environments to support both 

wireless communications research and real-world radio 

systems.
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GNU Radio

Flowgraph system of functional blocks
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GNU Radio

Windows download.

Scroll down to "Assets" & make sure to click on the "Show 

all assets" hotspot to find the latest Windows installer or 

other OS versions.

GNU Radio may be run from within Oracle virtualbox

GNU Radio may be run from a flash drive under embedded 

Ubunto OS on the flash drive (this is the method we will use 

for hamfest demos)

https://github.com/ryanvolz/radioconda/releases
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Help wanted

• SDR or “Signal processing Engineers” are in demand
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Help wanted
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Help wanted
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Help wanted
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GNU Radio operation panel
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Improved MBMW system
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• PLDRO - Phase Locked Dielectric Resonator Oscillator operates at 

10.000 GHz.

• Dual mixer strategy
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SDR uWave designs seen at 

MUD 2024 Vancouver
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Unlicensed TX operation

• Transmitting on-the-air with SDR

– If you are not licensed then you may use the following frequencies

Type of band Frequency range Power Usage Range

Family Radio Service (FRS) 462-467 MHz UHF .5 to 2 watts

Short-range comms for families, hiking, campling, 

local comms A few miles in open areas

Multi-Use Radio Service 

(MURS) 151-154 MHz VHF 2 watts

Small business and personal comms, external 

antennas allowed. Driveway alarms, handheld radios, 

farm comms A few miles in open areas

Citizen Band (CB) Radio 26.965-27.405 MHz HF

4 watts AM, 

12 watts 

SSB Truckers/hobbyists Several miles, E layer skip possible

Wireless 

Microphones/Intercoms

49 and 902-928 

MHz HF/VHF Microphones, baby monitors and intercom Close range

Industrial, Scientific and 

Medical (ISM) Band 902-928 MHz UHF Wi-Fi, Bluetooth and RFID Close range

Industrial, Scientific and 

Medical (ISM) Band 2.4-2.5 GHz uWave Wi-Fi, Bluetooth and RFID Close range

Industrial, Scientific and 

Medical (ISM) Band 5.725-5.875 GHz uWave Wi-Fi, Bluetooth and RFID Close range
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With a ham radio license

• Transmitting on-the-air with SDR

– As a “Technician” class licensee you have the following VHF/UHF/uWave 

privileges (plus some HF band usage)

Ham band Main propagation other propagation

6 meters (50 MHz – 54 MHz) Groundwave & Ionospheric reflection Moonbounce/meteor scatter

2 meters (144 MHz – 148 MHz)
Groundwave & Ionospheric reflection 

(rare)
Moonbounce/meteor scatter

1.25 meters (222 MHz – 225 MHz)
Groundwave & Ionospheric reflection 

(rare)
Moonbounce/meteor scatter

70 centimeters (420 MHz – 450 MHz) Ground wave Moonbounce

33 centimeters (902 MHz – 928 MHz) Ground wave Moonbounce

23 centimeters (1.24 GHz – 1.3 GHz) Ground wave Moonbounce

13 centimeters (2.3 GHz – 2.45 GHz) Ground wave Moonbounce/rain scatter

9 centimeters (3.3 GHz – 3.5 GHz) Ground wave Moonbounce/rain scatter

6 centimeters (5.65 GHz – 5.925 GHz) Ground wave/tower & building scatter Moonbounce/rain scatter

3 centimeters (10.00 GHz – 10.500 GHz) Ground wave/tower & building scatter Moonbounce/rain scatter

1.2 centimeters (24.00 GHz – 24.25 GHz) Ground wave/tower & building scatter Moonbounce/rain scatter

6 mm (47.0 GHz – 47.2 GHz) Ground wave/tower & building scatter Moonbounce/rain scatter
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Obtaining a license

• Cowtown Amateur Radio Club (K5COW) testing
– Testing for ham radio licensing is conducted at the Cowtown 

ARC club house twice a month (2nd and 4th Thursday at 7pm).

– Prefer pre-registration however walk-ins are welcome

– K5COW - Cowtown Amateur Radio Club - Get Your 

License

https://www.cowtownarc.org/get-your-license
https://www.cowtownarc.org/get-your-license
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Todays Demos

• Monitor from 1000 – 6000 MHz with TinySA spectrum analyzer

• Paul KI5EMN is running a 2304.234 MHz SDR Beacon (cw) across 

the hamfest venue. 

– The transmitter is a Pluto SDR driven by a laptop running GNUradio on Ubunto. 

Power output is in milliwatts range. 

– The receiver here in the room is a Pluto SDR driven by a laptop running 

GNUradio on Ubunto. 

• Demo voice (SSB) comms on:

– 5760 MHz

– 3400 MHz

– 2304 MHz

– 1296 MHz

– 902 MHz

– Using the dish-based systems depicted on previous pages
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NTMS Beacons
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Reference
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• Pipe cap filters :https://www.w1ghz.org/filter/Pipe-

cap_Filters_Revisited.pdf 

https://www.w1ghz.org/filter/Pipe-cap_Filters_Revisited.pdf
https://www.w1ghz.org/filter/Pipe-cap_Filters_Revisited.pdf
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Questions?
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