Software Tools for Ham Radio Electronics
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February 7, 2019

v’ These are all free to use
v" There are many more available
v This is a quick overview of my favorites

v' If interest in more detail, a more in-depth presentation can be done



Software Tools for Ham Radio Electronics

* RF Filter Design

* Impedance Matching

e Schematic and Printed Circuit Design
e Circuit Simulation

* Antenna Design

e Audio Signal Analysis

* Toroid Inductors



Software Tools for Ham Radio Electronics

RF Filter Design

O OptLowPass Filter Designer (Tonne Software) [Windows]
O SVC Filter Designer (Tonne Software) [Windows]

1 Elsie (Tonne Software) [Windows]

O Crystal Filter Design (DJ6EV) [Windows]



OptLowpass

Welcome to OptLowpass |

OptLowpass

Quick and easy low pass filters for Hams

The transmitter output lowpass filter designer
for the serious radio amateur

Select one:

2 meter band

6 meter band
10 meter band
12 meter band
15 meter band

17 meter band

Last session

20 meter band

30 meter band

40 meter band

60 meter band

80 meter band

160 meter band

600 meter band

2200 meter band

Design Wizard

Exit/ End

Version 2.05
Copyright 2016 Jim Tonne WAENE
www. TonneSoftware.com

This program is based on the author's article "Harmonic Filters, Improved” which was in
the September/October 1998 issue of QEX, an ARRL publication
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OptLowpass

dB 0
OptLowpass Filter Designer il X
20-meter band: 14MHz to 15.4MHz -10
Target-value-parts loss at 14MHz: 0.37041 dB
Target-value-parts loss at 15 4MHz: 042354 dB a0

_40 \ \
Terminations: 50 ohms V \ T
Inductor Q values: 65 -0 —
Capacitor Q values™ 1000 /-\\ P
IMonte Carlo percentage: 5 -60
Setup / \
-70
8M 10M 20M 30M 40M S0M 60M
c2 C4 Frequency
| |
1 1 Reflected: Forward:
44 3815pF 101.109pF
-1% +1% -1% +1%
Rin L2 L4
AN STV STV
50 364.238nH 311.091nH Rload
-1% +1% -1% +1% 50
C1 c3 @5
~ L | 1= g Replot
313 831pF 608.904pF 278 544pF
-1% +1% -1% +1% -1% +1%
S - - - - Esio | Restart
Save plot Get plot | Save design Get design ‘ Nearest 5% MonteCarlo Print LTspice | Exit




SVC Filter Designer

Quick and easy low pass and high pass filter design.

Design page
706.572nH 623.208nH
50 " " 50
aw. ——  18.4612pF —  503110pF —
286.121pF 439 294pF 258 581pF
44 067MHz 28.423MHz
rOrder r Bandwidth - Topology r Family

c3 (ripple) ¢ Butterworth
4 & C-input lowpass ¢ Chebyshev Display responses

Hz:
&5 - & Cauer .

14.15MHz ] Exit
6 © L-input lowpass ¢ Bessel
o7 © Tonne
rImpedance ~Stopband depth
~Inductor Q ¢ C-input highpass

& 50 rPassband ripple ~ 30 dB
S ohms
@ Infinite o C 01dB (RF) C 404dB

© L-input highpass
© Other  Other 044 dB (RF) ¢ 50 dB
& .200 dB (AF) & 60 dB




SVC Filter Designer

Analysis page

651.139nH 499 809nH
50 662.863nH 509.795nH 50
ana anl
N — 26.5225pF — 80.3938pF —
27pF 82pF
150.231pF 305.794pF 110.315pF
150pF 300pF 110pF
37.958MHz 24 861MHz
37.958MHz 24 861MHz
Transmission, dB: > 0
Exact values
5% C values
5% L values -10
Reflection, dB: > 20
Exact values
5% C values
-30 y
x":
Cursor on plot 40 {
for data readout /f
-50 {
-60
-70

5MHz 10MHz 20MHz

50MHz



Elsie

Save

| Get

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

"Design | Schematic | Edit | Analysis | Plot ‘ Tabulate Print | Write ‘

HEH LA

<

Tune width

Tune part Save overlay | Get overlay Stepsize % ‘ Monte Carlo Stop Optimize

About Exit
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DISHAL Crystal Ladder Filter Calculator

]ﬂj Crystal Ladder Filter Calculator "DISHAL" Vers, 2.0.5.2 HF Toels by DIEEY — >
SaveWindow Cohn CER(G3UUR) Xtal Table LC-Match Cs2Cp  Colours Info  Help
Select either L or Cm of xtal | 11997 179 | X | 8 | 001 | 3 | 30
Cm o osos07z fF | | _ ’ ¥ . | Calculate
o Cm Seres Freq. fz [kHz]  Cp [pF] B 3db [kHz] FE ripple Hof stalz  Digplay Freq _
Broax=10.070 kHz [0..3d6]  (2.14)  Span[kHzl LOG-->Lin
Xtal Parameters 0db
Lm= 1628599 mH fz= 11997.179 kH=z :
Cm= 10806072 fF fp= 12018.071 kH= A4k '
Filter Parameters '
Type: Chebychey PE-Ripple: 0.01db -20db :
Impedance [Ohm]: 332.0 # of Xtalzs: 4 :
Center Frequency [kHz]: 11999.041 -A0db :
Bw [ Bdb): 3.11kHz Bw/[G0db: 15.EEkHz :
Bw ([20db) 4.56kHz Ew[80db) 40.73kHz || -40db :
B [40db): 8.08kHz Bw[100db) - i
-A0db :
Coupling [Shunt] Capacitances [pF] -
Ck12=  51.8 CK56= - &0db :
Ck23= 706 Ckb7= - .
Ck34= - Ck78= F0db !
Ck45= - i
Tuning [Seriez] Capacitances [pFl b
equiv. Freq. Offset [Hz) i
Csl= 70.6 785 30dk i
Cz3= - .
Csd= 100db : Y
CsH= —- -15.00 kHz fm = 11999.041 kH= +15.00 kHz
Csb= - ; e
o7 - ltirnate .ﬁ.tter‘!uatlnn 95,6 db Show Table
------------ [Sprnmetry Sis) diEey




DISHAL Crystal Ladder Filter Calculator

Measure:

* Fs

° I:F)

e 3dB BW
° Cp
Calculate:

* LmorCm

RBW 300 Hz

Marker 1 [T1 ]

TG —-10 dBm VEW 10 kHz -46.73 dBm
Ref -40 4dBm Att 0 dB SWT 5.6 & 10.696400000 MHZ
-40 1 Marker| 2 [T1

K —-123L98 dBm

| o 10l 718000000 ME
__60 //\
70 // M
g0 \ /
L—30 \\ /.‘/—/
100 \ i
110 V
120 &
130
-140

Center 10.71 MH=Z

10 kH=z/

Span 100 kH=z



DISHAL Crystal Ladder Filter Calculator

ﬂ Crystal Ladder Filker Calculator "DISHAL" Vers, 2.0.5.2 HF Tools by DIGEV
SaveWindow ©Cochn  QER(GIUUR) Xtal Table LC-Match Cs2Cp  Colours Info Help

Select either L or Cr of wtal

e Lim | 11997.179 | 31 | 28 | 0.0 | 4 | 30
10806072 fF . ) .
& Cm Seriez Freq. fz [kHz]  Cp [pF] B3db [kHz] FE ripple B of #talz:  Dizplay Freq

pod

Calculate

............ [Symmetry Axis)

Brnax=10.070 kHz [0...3db] [2..14) Span [kHz] LOG-->Lin
Atal Parameters 0dk
Lm= 1628999 mH fs= 11997.179kH= ;
Cm= 10806072 fF Ffp= 12018.071 kH=z 104k .
Filter Parameters ;
Type: Chebychey PEB-Ripple: 0.01db -20db
Impedance [Ohm]: 332.0 #t of Xtals: 4 E
Center Frequency [kHz]: 11999.041 -30db '
Bw [ Bdb] 311kHz BEw|[G0db: 1566 kHz '
Bw [20db): 456 kHz  Bw(80db):  4073kHz || -40db :
B[ 40db] 8.08kHz Bw(l00db): - i
-A0db :
Coupling [Shunt] Capacitances [pF] :
Ck12=  51.8 Ck56= E0dh i
Ck23= F0.6 CkE7= - :
Ck34=  — Ck78= 70db :
Ck45= - i
Tuning [Seniez] Capacitances [pFl -Blldh .
equiv. Freq. Offset [Hz] i
Csl= 706 785 90db j
Cz3= - :
Csd= 100db : Y
Czh= — -15.00 kHz fm = 11999.041 kH= +15.00 kH=z
Czb= - ; e
oy - bimate Atteruation = -95.6 db Show Table

dibey




DISHAL Crystal Ladder Filter Calculator

mq—mwm H_Wu oAl H—|: ] DLH: EL—H
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Software Tools for Ham Radio Electronics

Impedance Matching

Smith Chart
* |owa Hills Software
e Windows

* |lowa Hills Software also has some good filter design tools
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Software Tools for Ham Radio Electronics
Schematic and PCB Design

KiCad

Public License

* Windows, Linux, Mac
* Schematic Diagrams
* PCB Layout



KiCad

mm - || by

{§ |t
b

Schematic Diagrams

Printed Circuit Board Design

Open Source

Very Active Development with

Major Corporate Support:

* University of Grenoble

e SoftPLC

* CERN (European
Organization for Nuclear
Research)

* Raspberry Pi Foundation

e Arduino LLC

* Digi-Key Electronics

Runs on Windows, Linux,

- - P



KiCad

& Eeschema— RX2_IF_Stage_Rev1 [/] — C:\Users\WHalphen\Dropbox\KiCad_projects\HF_Receiver\RX2_IF_Stage_Revl — O
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Layers Manager
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Software Tools for Ham Radio Electronics
Circuit Simulation

LTspice

Linear Technology Corporation (owned by Analog Devices)
Windows, Linux, Mac

e Circuit Simulation



LTspice Circuit simulation tool

LT LTspice XVIl - HF_RCVR_IF_amp_tuned.raw — O x
Eile View Plot Settings Simulation Tools Window Help

BT X8 RAR EHESRE S BENEE / LD+ I IODOD CmiibT

4, HF_ACVR_IF_amp_tunedasc  ¥a HF_RCVR_IF_amp_tuned raw

x = 20.000MHz _y = 31.324dB, -51.173%




Software Tools for Ham Radio Electronics

Audio Analysis

Audacity

Public License
Windows, Linux, Mac
* Audio Recording

e Audio Editing

e Audio Analysis



= Audacity

Audacity — audio recording, editing, and analysis

L

File Edit Select View Transpert Tracks

I+

1} °
> W M a
L) T

\!) Microphone Array (Realtek

Generate Effect Analyze Help

/0

X 0

o XOOw# ~ &&QQ[IPILo

2 (Stereo) Recor

‘D Speaker/Headphone (Realte
10 ¥V

15 25 30

Mono, 44100Hz
32-bit float

A o

-0.5-

-1.0

X| My wvocal W

Mute | Solo

L R

l—l—l—l—l‘.l—l—l—l—l.

Mono, 44100Hz
J2-bit float

A 0|1

1.0

0.5

0.0-

-0.5-

44100 w

Playing.

<

Project Rate (Hz): | Snap-To

| lof

| Audio Position

| | Start and End of Selection v

~ |[00h00m10.9635~ [[00R00mMO0B8.583 s~ [00h00m20.583 s~

Actual Rate: 44100

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

1200/2200 | Digital
PIC " ESK " Filter PA LPF = Antenna

v

v

Si4463

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

=2 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



-100

Finite Impulse Response Filter Design for Si446x Transmitter

Alternative: 12KHz sample rate,

1200Hz
2200Hz

desired gain

/\ Il actual gain

ripple bounds

500

1000

Phase

1500 2000 2500 3000 3500 4000 4500 5000 5500

reversal issue

5000

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



Finite Impulse Response Filter Design for Si446x Transmitter

1200Hz

Alternative: 14KHz sample rate,
17 filter taps, LPF response

2200Hz

ripple bounds
desired gain

M| actual gain
/ sampling frequency: 14000 Hz

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

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

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

W

W



Si4463 with adjusted FIR filter — 1200 baud modem

Waveform of receiver output of FLEX 1500 and transverter

b Audacity

File Edit VYiew Transport Tracks Generate Effect Analyze Help
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Si4463 with adjusted FIR filter — 1200 baud modem

Spectral analysis of receiver output of FLEX 1500 and transverter

Frequency &nalysis O

A16dB. |
-21dB- l

24dB l

-27dB- T
-30dB- | A il
Y A
-33d8- MAia g

|
-J36dB —

o AR EERE
ey i
A8dB
-51dB -
-54dB -
-57dB-
-60dB
-63dB-
-G6dB -
-G9dB -
-T2dB
e I —

1 1 B
T 1M

-84dB- 11
-90dB ]

20.00Hz 40.00Hz 100.00Hz  200.00Hz  400.00Hz 1000.00Hz 2000.00Hz 4000.00Hz 1i}l}I{}I}.MHI

Cursor‘.‘ 935 Hz (A#5) = -38 dB |Peak:| 906 Hz (A%5) = -37.5 dB

Algorithm: | Spectrum w | Size: 4096 ~ Export... Replot...

Eunction: | Hamming window ~ | Axis Logfrequency | []Grids Close



Si4463 with adjusted FIR filter — 1200 baud modem

Spectral analysis of receiver output of FLEX 1500 and transverter

Frequency Analysis

1

-16dB.

-21dB-
-24dB

-27dB-
-30dB-
-33dB-

-36dB
-39dB-

-45dB-
-43dB
-51dB-
-54dB-
-57dB-
-60dB:
-63dB-
-G6dB-
-69dB-
-72dB
-75dB-
-78dB-
-81dB-
-84dB-

-90dB

20.00Hz 40.00Hz

100.00Hz  200.00Hz

2905 ARIEEEEE| BN
- m

o .

[}
ml L
T

IEIEEEE

400.00Hz

1000.00Hz 2000.00Hz 4000.00Hz

10000.00Hz

Cursor‘.‘ 935 Hz (A#5) = -38 dB

|Peak:| 906 Hz (A%3) = -37.5 dB

Algorithm: | Spectrum

Function: |Hamming window

w | Size: 4096 ~ Export... Replot...

~ | Axis Logfrequency | []Grids Close




Software Tools for Ham Radio Electronics
Antenna Design

4nec2

Arie Voors

Windows, Linux-Wine
* Antenna Modeling
e Radiation Patterns
* Antenna Currents



dnec2

antenna modeling

Pattern (F4)

Show FEarfield [MNearfield

Tot-gain [dBi]

Freq=6

@ Geometry (F3)

Show View Validate Currents Far-field Near-field Segm.

FANDIPOLE_orig.out

Plot

- [} X

7 MHz

15

Compare

O

Y Main [V5.7.4] (F2) — O e

File Edit Settings Calculate Window Show Run
Help

@ T @/ & @S| [EBHE -

FAMDIPOLE_DRI  Frequency £ Mhz
‘Wiavelength | 4997 mir
34T+ 0V Current 0.03+(0184

Ceries comp. E02 uH
Parallel comp. 25 uwH
[nput power i
Structure logsz 0 |:|'| g w
M etwork, lozs W

o

P

W%

=

Filenarne
Yoltage
Impedance al.2-j1582
Parallel form | 1207 A4 - 197
SWRE) [ 27
Efficiency 9823

\ F adiat-ff.

J i ;

F adiat-power 0 982

E nvironment

GROUMD PLAME SPECIFIED.

WHERE “WIRE EMDS TOUCH GROUMD, CURREMT 'WILL BE IN
FINITE GROUND. SOMMERFELD SOLUTION

RELATME DIELECTRIC COMST.=13.000 h

SR [ 50 ohm]
1000

400
200
100

40
20
10

4
2
]

14.1 MHz

1.53323

3

10

12

24 MHz

Fiefl coef [dB] [ 50 ohm)

14.1 MHZ

-13.535

10

12

14

24 MHz




Software Tools for Ham Radio Electronics
Toroid Inductors

kitsandparts.com
Toroid Inductor Calculator



KitsAndParts.com -- toroid inductor calculator

Specs for FT37-43 RF Toroids

Physical Dimensions

- A - - -

OD(A)=03751n /95 mm +/- 025 mm

IDE)=0187imn /475 mm +/-0.10 mm

Ht(C)=0125m. /33 mm +/- 025 mm
Ap=330+-20% uH=(AL*Turns:j 1000

Actual measured AL vsing 10 turns #28 wire

Temperature Stability (ppm /°C) = 12500
Color Code = shiny black

Application Freq Range
Wideband Transformers 5 - 400 MHz
Power Transformers 0.5 - 30 MHz
RFI Suppression 5 - 500 MHz

15
E— Orders and Pricing
- T15717 www.kitsandparts.com

T184-17
Turns-Length Calculator for FT37-43

Includes 1 inch / 2.5 cm pig-tails

MHz uH pF ohms turns inches - em
14.000 15435 1 13577.3 |||21.0 125-31.8 Calc ||| Clear

enter uH to Calc number of turns, or
enter number of turns to Calc uH, or
enter two (2) items: MHz, uH, pF, ohms or turns to Calc all values.




Software Tools for Ham Radio Electronics

Software tools make ham radio design much easier
Many other tools available
Excellent design videos on YouTube (i.e., ZL2ZCTM, 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!



