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Introduction

Why are RF power amplifiers (PAs) important for amateur radio?

Ava

ﬁ ﬁ

Generate the transmitted power used In transmission —
Cannot operate without them!



Commercilal CAD Tools

Most popular Industry electronic design automation
(EDA) tools:

» Keysight Advanced Design System (ADS)
 AWR Microwave Office (MWO)

Very powerful tools BUT they are also very expensive,
particularly for an individual user



Free CAD Tools

Looked for software that was free (and Iideally
open-source):

* What tools are needed for useful PA design software?
* What is currently available?

* What can they do?

* How does it compare against commercial software?




Talk Aim(s)

Demonstrate some PA design fundamentals
using free CAD tools

Will upload files to Cardiff ARS website: https://www.cardiffars.org.uk/

Begin building a learning toolkit similar to those on industry CAD packages
to gain greater understanding — But available to all!


https://www.cardiffars.org.uk/

Software Used

* Quite Universal Circuit Simulator (Qucs) — Circuit simulator

Several forks...

Qucs Open Source Linux, MacOS and Windows
Qucs-S Open Source Linux and Windows
QucsStudio Closed Source Windows only

Can pick and choose tools from each fork

e SIMSmith — Smith chart tool

* GNU Octave — Free alternative to MATLAB




FET Transistor




Current Generator Plane

Cripps, S., 2006. RF Power Amplifiers for Wireless Communications. 2nd Ed. Artech
House Inc., p. 30.



DC-IV Characteristic
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Colantonio, P, Giannini, F. and Limiti, E., 2009. High Efficiency RF and Microwave Solid State Power Amplifiers. John Wiley & Sons Inc., p58.



DC-IV Characteristic

Apply a DC voltage to the drain-source (Vg): The current will
rapidly rise to a value at which it will remain for any further
Increase In drain voltage — The saturation region

Colantonio, P, Giannini, F. and Limiti, E., 2009. High Efficiency RF and Microwave Solid State Power Amplifiers. John Wiley & Sons Inc., p58.



DC-IV Characteristic

That saturated value is controlled by the DC voltage applied to
the gate (Vo)

Colantonio, P, Giannini, F. and Limiti, E., 2009. High Efficiency RF and Microwave Solid State Power Amplifiers. John Wiley & Sons Inc., p58.



DC-IV Characteristic

As you reduce the voltage on the gate there will come a point where
there is (simply) no more current being drawn — The ‘pinch-off’ (or cut-
off) voltage, V,

Colantonio, P, Giannini, F. and Limiti, E., 2009. High Efficiency RF and Microwave Solid State Power Amplifiers. John Wiley & Sons Inc., p58.



DC-IV Characteristic
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Load Line

 To create an output voltage a resistor is needed to complete the
circuit: Ry :

R = LRE__VDC
P e Iyax/2

* This will allow us to extract the maximum power from a given
transistor



Biasing: ‘Classic’ Amplifier Classes
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Colantonio, P, Giannini, F. and Limiti, E., 2009. High Efficiency RF and Microwave Solid State Power Amplifiers. John Wiley & Sons Inc., p42.



Biasing: ‘Classic’ Amplifier Classes
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Biasing: ‘Classic’ Amplifier Classes
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Generalised PA Architecture — Class AB
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Cripps, S., 2012. Amplifier Classes, Ato S. In: Walker, J. ed, 2012. Handbook of RF and Microwave Power Amplifiers. 1st ed.
Cambridge: Cambridge University Press, Ch. 4, Fig. 4.9.



Simulation Controllers

* The type of simulation controllers is important — They dictate what
circuif analysis you can do

* For QucsStudio:
* DC — Fundamental
= AC — Linear (small-signal)
* Transient — Solves a set of differential equations that express time
dependence of I's and V's of circuit
S-Parameter
Harmonic Balance
Parameter Sweeps (used with other controllers)

Missing Envelope Simulation - Fast and complete analysis of complex signals
such as digitally modulated RF signals, has advantages for some applications

« QucsStudio can only run one controller at a time



S-Parameters

* Widely used by industry and amateurs alike
 Ratio measurements, not absolute measurements
e LINEAR
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S-Parameters
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» (Pink) Reverse measurement, (Blue) Forward measurement
» (Left) Extrinsic, (Right) Intrinsic

S. Woodington, Behavioural Model Analysis of Active Harmonic Load-Pull Measurements, Doctoral thesis submitted to Cardiff University. 2012




Smith Chart Tool

« Automated Smith chart tool greatly reduces speed of designing
matching networks

« SIMSmith Is a free tool for this purpose
 Avallable at: http://www.wOge.com/SimSmith.html



http://www.w0qe.com/SimSmith.html

TLine Calculator Comparison

« Compared QucsStudios Transmission Line Calculator to ADS
LineCalc

* Used a Rogers RT/Duroid 5880 to calculate a microstrip line:
= 2GHz
= Er=2.20
= TanD = 0.0009
= Substrate Thickness = 0.508mm
= Conductor Thickness = 35um

https://www.rogerscorp.com/documents/606/acs/RT-duroid-5870-5880-Data-Sheet.pdf



LineCalc Tool

— .
D) E e & File Help
Component ':hﬂlCE
Type MLIN T ID MLIN: MLIN_DEFAULTS
Substrate P: te I "
UDSITal arameters Ph Sjml
- Calculated Results
ID | MSUB_DEFAULT hd ‘ W 1 5 19 59[] mm
Er 2.200 N/A K_E'H: = 1.'EIE'_|"
Mur NM L 27422900 mm A_DB = 0.025
H s A SkinDepth = 0.001
. I'H
o W :
" o NJA
T A Synthesize Analyze
DielectricLossModel N/A .‘. T
FregForEpsrTanD N/A
LowFregForTanD N/A Eectrlml
HighFregForTanD A
20 50,000 Ohm
MfA
Component Parameters E_EFF gD 1 DDD dEg
Freq GHz < )
wall l:l mm < H _.' J:'u
wallz l:l mm - V_
N/A
Values are consistent
MJA

3‘ CQuecsStudio Transmission Line Calculator 2.5.7

>
Microstrip Line Parameters
W Frequency| 2| GHz -
- Dimensions
W) 1.5205| mm =
L L 27.4327 | mm  ~
RF Properties
TT ECI| 50 |uhms
Angle | a0 |degree
Results
Properties Skin Depth: 175756 um
er| 2.2 | £ reff: 1.86605
| oo | e 1omes: 0.005214058
Resistivity | 24398 | Radiation Losses: 0.0049413 dB
e h o | Single-Mode Range: 0Hz ... 58.6 GHz
F‘.oughness| 0 | pm I Copy Companent to Clipboard
T| 35 | pm v Copy to Clipboard indusive Circuit
H| 0.508 | mm  ~




QucsStudio — Ideal Transistor

« DC-IV simulation of ideal transistor (can specify Vknee and
gain)

V1 I [equation |dc simulation || Parameter | |Parameter

U=vVgg — Egn1 DCA sweep sweep
Vknee=1 -
SWH1 sSw2 =
L2 Sim=DC1 Sim=SW1 V2 I
[:ﬂ Param=Vdd Param=Vgg U=Vdd—
Type=lin Type=lin *
Start=0 V Start=0 V
Stop=15V Stop=25V
Points=31 Points=11 L3
lgate |4, ﬂ| [%]
R4 R1 R2 Vcs
. Nt R=1e09 Ohm Vredt| R=50 Ohm R=1e100 Ohm I’?I
| ] R | ha _L c2 L1
Ics _
X1 J/ LCP C=1pF | =1y
c1 [1=if(_v1,_v1,0) e , - T
= = SRC1 X2
25102 G=025S =1e_15*(exp((_v1+0.7+Vknee)(0.02585))-1)
R5 i
R=50 Ohm

Idea came from Keysight Technologies YouTube video ‘How to Design an RF Power Amplifier: Class A, AB and B’ (https://www.youtube.com/watch?v=GhPgPVIDRPY) — Worth watching!



https://www.youtube.com/watch?v=GhPqPVlDRPY

QucsStudio — DC-IV Plot

* Vknee = 1V and Imax = 0.5A
* Plotted using QucsStudio’s inbuilt data display tool
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QucsStudio — Class B Amplifier

 |deal ‘Class B’ waveforms produced by biasing the transistor
appropriately (specify Vgg as shown)

simulation

- R R1 R2 Ves
Vin R=10e3 Ohm Vrect
7] I Jo R=50 Ohm R=1e100 Ohm
Lo ind 0 = < T 1)
c3 x1 J/ J{@ les G011 o 1 o
: Py e H=if( w1, v1,0) v T L - T :
Num=1 = SRC1 X2
2 Z=50 Ohm T 6= G=025 _l_l1:1e—‘l5‘(exp(Lv1+0,?+anee)f(0,02585))—1)
L p-18dBm 1
~ freq=1GHz R5 -



QucsStudio — Octave Script

« Harmonic Balance simulation performed for ideal Class B
amplifier shown in previous slide

* Problem: Frequency-domain data produced, want to plot the
iIdeal waveforms (convert results to time-domain)

* One solution: Octave scripts can be integrated into QucsStudio
(and other Qucs branches)! Write script to perform Inverse-Fast
Fourier Transforms (IFFTs) on | and V data and plot it

 Octave Integration gives complete control over data
manipulation and display



QucsStudio — Octave Script

* Write script in Octave then set data display in QucsStudio to
use the resulting .m file

CUARS_Tak_3.m B

1

2

3

4 freg = loadQucsVariable( . ):

5 Ics = loadQucsVariable( . ):

6 Vcs = loadQucsVariable( . Vi

7

& padding_size = 2710

a8

10 time = 1/freq(2):

11  time = time * (le2); # to ns

1z

13 ¢

14 £ £ w/o

15 wave_Ics £l [Tcs(1) rotdo(Ics(|( ))/2) rot9o(conj(Ics(( 1=1:2)))/2) 1
16 wave Ics £l = [Ics(l) rot90(Ics((Z: ))/2) zeros(., (padding size - length(wave Ics_f1))) rot90 (conj(Ics(( 1=1:2)))/
17

18

18

20 the o gt 1

21 ifft (wave Ics £1);

22 d y 1 to

23 padding_size * wave Ics t

24 % (£ W . out 1
25 wave Ics tl = [wave Ics_tl wave Ics_tl]

26

27T # efo

28 <t = linspace(,2*time,length(wave Ics_tl)):
29 figure(l):

30 plot(t,wave Ics_tl,'n'):

31 xlabel( )i

32  ylabel( ):

££i
36 wave_vVcs_fl

7ith tive fr v
Ves (1) rotS0(Vcs(|( 1) ) rot90(conj(Ves(( :-1:2))) )1:
37 wave Ves_fl = [Vcs(l) rot80(Ves((2: 11/2) zeros(l, (padding size - length(wave Wcs_fl))) rot30(conj(Ves(( =1:2)))/

44 wave Vcs
45 # Do e L
46 wave Vcs tl = [wave Vcs tl wave Vos tl

padding size * wave Vs t

rm (for




QucsStudio — Octave Script

& Figure 1
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QucsStudio — Octave Script

 These QucsStudio examples are definitely work-in-progress,
they simply prove that there is a lot of untapped potential

« Should be possible to extend the Octave script to include a GUI
(sliders ect) and plot the Iload-line, giving data display
capabilities approaching commercial software equivalents

* ‘Under-the-hood’ there Is more capability available in
QucsStudio ect. than shown right now but it Is not particularly
easy to use (especially for beginners)

« A reminder: The files will be available on our website
(https://www.cardiffars.org.uk/) — Please contribute to
Improving this!



https://www.cardiffars.org.uk/

Conclusions

* Free tools are available and can be useful

« Steeper learning curve, particularly iIf you have no prior
experience

 Steadily being improved

* You can help right now through creating example workspaces
for learning: Share your knowledge!



Conclusions

Questions?



