
Software Tools for Ham Radio Electronics

 These are all free to use

 There are many more available

 This is a quick overview of my favorites

 If interest in more detail, a more in-depth presentation can be done
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Software Tools for Ham Radio Electronics

• RF Filter Design
• Impedance Matching
• Schematic and Printed Circuit Design
• Circuit Simulation
• Antenna Design
• Audio Signal Analysis
• Toroid Inductors



 OptLowPass Filter Designer (Tonne Software) [Windows]

 SVC Filter Designer (Tonne Software) [Windows]

 Elsie (Tonne Software) [Windows]

 Crystal Filter Design (DJ6EV) [Windows]

RF Filter Design
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OptLowpass
Quick and easy low pass filters for Hams



OptLowpass



Quick and easy low pass and high pass filter design.

SVC Filter Designer



SVC Filter Designer



• Powerful tool for filter design
• You set the limits, Elsie does the rest!

Elsie



DISHAL Crystal Ladder Filter Calculator



Measure:
• Fs
• Fp
• 3dB BW
• Cp

Calculate:
• Lm or Cm

DISHAL Crystal Ladder Filter Calculator



DISHAL Crystal Ladder Filter Calculator



DISHAL Crystal Ladder Filter Calculator



Smith Chart
• Iowa Hills Software
• Windows
• Iowa Hills Software also has some good filter design tools

Impedance Matching
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Iowa Hills Smith Chart

Smith Charts can be 
daunting – but this tool 
makes it easy

Start with simple 
impedance matching –
read help file to do 
more complex stuff



KiCad
Public License
• Windows, Linux, Mac
• Schematic Diagrams
• PCB Layout

Schematic and PCB Design
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Schematic Diagrams
Printed Circuit Board Design
Open Source
Very Active Development with
Major Corporate Support:
• University of Grenoble
• SoftPLC
• CERN (European 

Organization for Nuclear 
Research)

• Raspberry Pi Foundation
• Arduino LLC
• Digi-Key Electronics

Runs on Windows, Linux, 
MacOS

KiCad



KiCad



KiCad



LTspice
Linear Technology Corporation (owned by Analog Devices)
Windows, Linux, Mac
• Circuit Simulation

Circuit Simulation
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LTspice Circuit simulation tool



Audacity
Public License
Windows, Linux, Mac
• Audio Recording
• Audio Editing
• Audio Analysis

Audio Analysis
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Audacity – audio recording, editing, and analysis

• recording and 
evaluating 
demodulated 
signals

• digital signal 
investigation

• audio spectrum 
analysis

• see what you 
sound like, tweak 
your audio stages



Example use of Audacity
• during design of a Finite Impulse Response Digital Filter
• for 1200 baud RF modem
• to use AX.25 in an APRS transmitter

• repurpose the digital filter in a Si446x ISM transmitter chip for APRS
• APRS uses Bell 202 1200 baud modem standard
• Audio-FSK using 1200 Hz and 2200 Hz tones
 need pre-emphasis on the 2200 Hz tone
 need smooth transition between tones – no discontinuities
 attenuate audio harmonics

• digital filter defined by nine numbers feeding into the filter algorithm
• how to evaluate the results? look at the received/ demodulated waveform

Si4463

PIC
1200/2200

FSK
Digital 
Filter

PA LPF Antenna



Finite Impulse Response Filter Design for Si446x Transmitter
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Alternative: 12KHz sample rate,
17 filter taps, 2BPF response

sampling frequency: 12000 Hz

* 0 Hz - 500 Hz
gain = 0
desired attenuation = -40 dB
actual attenuation = -6.25

* 1000 Hz - 1400 Hz
gain = 1
desired ripple = 5 dB
actual ripple = 14.5

* 2050 Hz - 2400 Hz
gain = 5
desired ripple = 5 dB
actual ripple = 10

* 3550 Hz - 6000 Hz
gain = 0
desired attenuation = -80 dB
actual attenuation = -36.7

Coefficients: 9, 30, 48, 22, -50, -99, -46, 76, 142

Phase reversal issue



Finite Impulse Response Filter Design for Si446x Transmitter
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z Alternative: 14KHz sample rate,

17 filter taps, LPF response

sampling frequency: 14000 Hz

* 0 Hz - 3200 Hz
gain = 1
desired ripple = 10 dB

* 3600 Hz - 7000 Hz
gain = 0
desired attenuation = -35 dB

Coefficients: 3,24,42,32,-9,-33,5,83,123Tested, works, no phase reversal, nice audio



Si4463 with adjusted FIR filter – 1200 baud modem

Waveform of receiver output of FLEX 1500 and transverter



Si4463 with adjusted FIR filter – 1200 baud modem

Spectral analysis of receiver output of FLEX 1500 and transverter



Si4463 with adjusted FIR filter – 1200 baud modem

Spectral analysis of receiver output of FLEX 1500 and transverter



4nec2
Arie Voors
Windows, Linux-Wine
• Antenna Modeling
• Radiation Patterns
• Antenna Currents

Antenna Design
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4nec2
antenna modeling



kitsandparts.com
Toroid Inductor Calculator

Toroid Inductors
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KitsAndParts.com  -- toroid inductor calculator



Software tools make ham radio design much easier
Many other tools available
Excellent design videos on YouTube (i.e., ZL2CTM, K7AGE, W2AEW)

Try some designs of your own:
1. Draft design (or start with someone else’s design)
2. Simulate in software, tweak as necessary
3. Build and enjoy!
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