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Frequency Response Analyzer (FRA) — Introduction

* Introduction

» The goal of this project is to create a frequency response analyzer (FRA) in Qspice using the
@-Device (DLL-block). The FRA is a method that analyzes the relationship between signals in
a system by injecting a perturbing source.

» Qspice includes a .bode command to extract frequency responses in the time domain, so
why develop an FRA? The FRA project aims to showcase the capabilities of Qspice but not to
not to replace .bode. While .bode post-processes time-domain data to extract frequency.
responses after .tran simulation, the FRA calculates magnitude/phase during .tran simulation.
Due to the various signal processing techniques involved, the FRA serves as an example
demonstrating how Qspice can handle both analog and digital simulations seamlessly.

 In addition, FRA is a real piece of equipment, this project aims to create a device that
function and layout similar to this equipment. Therefore, user create a schematic that with
same connection method as in real life practice.

» As far as | know, in Qspice community, Arief Noor Rahman (aka physicboy) is the first who
works on FRA project, his work can be found in his Github :
https://github.com/physicboy/QSPICE/tree/main/FRA project
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https://github.com/physicboy/QSPICE/tree/main/FRA_project

What made this FRA special?

What made this FRA special?

* Only two files required to run simulation

* Symbol : FRAnalyzerKSK.gsym

« DLL file : franalyzerksk.dll

» C++ file (if to review source code) : franalyzerksk. .cpp [Not necessary]

This FRA fully utilizes the DLL-block for various functions: generating time-varying frequency
perturbing signals, combining them with measured signals, and processing signals by averaging
and extracting DC components, this remove a hierarchical circuit.

It features the ability to set amplitudes at three points (with the flexibility to adjust the midpoint
frequency).

For each test frequency, the FRA divides the process into pre-cycles and measurement phases,
ensuring data collection only after the system stabilizes at a new frequency point. Additionally, it
includes auto-cycles for increased measurement cycles at lower gain regions or higher frequency
regions, enhancing result stability.

During simulations, data of each frequency test point is displayed in the output window. The
frequency response data is saved in a user-defined .csv file that is compatible with Qspice.
Following simulation completion, a waveform viewer opens this .csv file to plot the bode plot.

In extensive frequency range analyses, measuring at low frequencies can be time-intensive. The
FRA offers an option to reduce test step when frequencies lower than a threshold frequency.
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Frequency Response Analysis from KSKelvin

 FRA workflow

PertSrc (OUTPUT) :
Output perturbing signal,
this needs to inject to
control loop

CH1/CH2 (INPUT) :
measurement input, FRA
calculates transfer

. CH2
function of CH1

Both input and output
are reference to GND.
An isolator or differential
probes (can model by E-
source) can be used to
inject or probe signal
isolated from GND

i Frequency Setup Amplitude Setup Measurement options i
i float Tstart=20m float Ivistart=100m float precycles=0 i
i float fstart=100 float Ivimid=100m float meascycles=1 i
i float fstop=10K float Ivimidfreg=1K bool autocycles=1 '
i float fstep=20 float Ivistop=100m Low freq log sweep speed up i
i bool logsweep=1 float IvIDCoffset=0 bool quickLowFreq=0 i
! Bode Plot float LowFreq=200 E
i bool plotbode=1 float LFstep=10 i
i char *fname="FRAnalyzerPolar.csv" FRAnalyzerkSK !

nSrcFrq  Frequency Response Analyzer (FRA) debugli

y Created by : KSKelvin
Sl Transfer function : CH2/CH1 Sl

5ph 1. Add E or B-source if isolation is required in Pert or CHannels
P 2. Setup long simulation for .tran (FRA can auto abort simulation)
BCH1mag 3. .option maxstep=x to assign reasonable maxstep
1CH2mag 4- .option trtol2=0 to stabilize timestep in long simulation
5. Set Tstart > settling time of SMPS to start FRA pertribution

CH2
Imag @PertSrc @cm chi @CHZ
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FRA Setting

* Frequency Setup
« Tstart : Time to start output perturbating signal, set Tstart > settling time of SMPS
« fstart, fstop and fstep : Set start and stop frequency, and number of frequency step
* Inlog sweep, fstep is step per decade; In linear sweep, fstep is total step
* logsweep : 0 is linear sweep and 1 is log sweep

« Amplitude Setup
* |vistart, lvistop : amplitude of perturbating signal at fstart and fstop
 lvimid, Ivimidfreq : Ivimid is amplitude of perturbating signal at frequency = Ivimidfreq
 |vIDCoffset : DC offset from pertubating signal

* Measurement options
« precycles : number of AC cycles not to take measurement at each frequency test points
« meascycles : number of AC cycles to average for measurement results after precycles
 autocycles : if enable (1), auto adjust meascycles according to gain (lower gain, more cycles)

« Low freq log sweep speed up (only available at log sweep)
« quickLowFreq : enable (1) to reduce number of step when test frequency less than LowFreq
« LowFreq : frequency threshold
» Lfstep : reduce number of step to Lfstep per decade when test frequency less than LowFreq
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Example #1: FRA open loop measurement example — Schematic

Schematic : example1l.Buck-FRAnalyzerKSK.gsch

| Frequency Setup  Ampiitude Setup  Measurement options H
| float Tstart=20m float Ivistart=100m float precycles=1 H
| float fstart=100 float Wimid=50m float meascycles=1 H
] float fstop=10K float lvimidfreq=1.3K  bool autocycles=1 H
! float fstep=25 float Ivistop=200m Low freq log sweep speed up |
! bool logsweep=1 float VIDCoffset=0.5  hool quickLowFreq=0 !
| Bode Plot float LowFreq=200 H
1 bool plotbode=1 float LFstep=10 Y1 H
1 char *fname="FRAnalyzerPolar.csv" '
FRAnalyzerkKsk
srfre—SreFrg  Frequency Response Analyzer (FRA) debugt |—debugt

SreLv— SreLvl Created by : KSKelvin

Gair—— Gain

Re——]Real

Transfer function : CH2/CH1
1. Add E or B-source if isolation is required in Pert or CHannels
Ptr Ph 2. Setup long simulation for .tran (FRA can auto abort simulation)
CHimag=——CH1imag 3. .option ma)lcste =x to a.sisign re;asonableI maxstepl
4. .option trtol2=0 to stabilize timestep in long simulation
CHamag—]CH2mag & LR RS S ettiing time Of SMPS £o start FRA pertribution

debug2 [—debug?2

; FRA math conversion

CH2
Irm— Imag PertSrc @cm o @2
|
[1] JeI(L1)=0
func fpert() V(SrcFrq)/1V/1s 1. A
func fpe q =

.func GaindB() 20*log10(V(Gain))
func Ph() V(Ph)*180/pi

.tran 20
.option trtol2=0
.option fastmath=1

.plot GaindB() Ph()
.plot fpert()

.plot V(out)

.plot V(duty)

X2 :
V2
pulse 0 1 0 0.5/fsw 0.5/fsw 0 1/fsw

L Ci
w T3
LCR network parameters
.param Qfactor=2
.param fc=1K
.param R=10
param L=R/2/pi/fc/Qfactor
param C=1/((2*pi*fc)**2)/L
COMPTR_IDEAL .model Sm SW Ron=1m Roff=10Meg Vt=0.5 Vh=0
TTOL=1n ‘model Dm D Ron=1m Roff=10Meg Vvd=0

Jparam fsw = 50K

* Example #1
» To demonstrate basic workflow and setup
for open loop measurement

Open Loop of Buck Converter

» [1] PertSrc is injected to compare with
sawtooth and generate PWM. IvIDCoffset
set to 0.5 for 50% duty in this example. A
small signal AC perturbing signal started
to inject from time>Tstart and sweep
from fstart to fstop

* CH2 probe V(out) and CH1 probe V(duty).
DC level is ignored, and FRA computes
magnitude ratio and phase between CH2

and CH1, defines transfer function =
CH2 _ ®¥(out)

CH1 # (duty)
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Example #1: FRA open loop measurement example — Results
Schematic : examplel.FRAnalyzerKSK-Buck.gsch
700mV

500mV-

Perturbating signal injected into V(duty)

300mV.
6.0V-

FRA is to compute:magnitude

5.2V-

and phase of these: 2 signals
and to generate bode plot

4.4V= v(out) in response to perturbating signal

3.6V
104Hz

103Hz

TransferFunctioy

102Hz
ov

-60V
-120V-

-180V r T . . o TS
ims  59ms  117ms 175ms  233ms 10°Hz
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:

Example #2 and #4 : FRA with .step and a flyback example
Sch : example2.Buck-FRAnalyzerKSK-(.step).qsch | example4.FlybackSamBen-Yaakov.gsch

* Example 2 (Buck)

* Buck converter with
inductance sweep, to
demonstrate FRA can
generate overlay plot for
comparison

« Example 4 (Flyback)
 This circuit is captured
from Prof. Sam Ben-

Yaakov youtube
(https://www.youtube.co
m/watch?v=wqyPJn8tNC
o))

* Result is compared with
FRA and .bode method

srfrq  Frequency Response Analyzer (FRA) dgbugﬁ
Created by : KSKelvin
é;‘i:;:\’l Transfer function : CH2/CH1 debug

1. Add E or B-source if isolation is required in Pert or CHannels
Ph 2. Setup long simulation for .tran (FRA can auto abort simulation)
CHimag 3. .option maxstep=x to assign reasonable maxstep
CH2mag % -option trtal2=0 to stabilize timastep in long simulation
Real 5. Set Tstart > settling time of SMPS fo start FRA pertribution

1mag Pertsic ®cn % @c»—a

Jdran02 = *2

.option trtol2=0
4 e I[11)=0
.ic V(out)=0
< ol=1n .step param Lx list 27p 56p 100p
.param Lx=27p

.option fastmath=1

; FRA math conversion

.func fpert() V(SrcFrq)/1V/1s
.func GaindB() 20*log10(V(Gain})
.func Ph() V(Ph)=180/pi

.plot GaindB() Ph()

TransferFunction

.plot fpert() Q )S(Ecsawtaath
-plot V(out) & b=t
.plot V(duty) =0k
4};%] ~7 5. Set Tstart > settling time of SMPS to stacr:uFRA pertribution | .tran 0 2 5m
T @rense Q& @oo vtonncs

|

https://vwvi.youtube.comfwatch?v=wgyPIn8tNCg
.model D D Ron=1m Roﬁ:lUMeﬂ Vwd=0.1
.model SW SW Ron=1m Roff=10Meg Vt=0.5 Vh=0

R1 D1

V1l 0.1 Cl
LINE in L R4
R2 33m iR
10Meg
PWM-BASIC pra
2y i ol Tsettle ~ 3ms

Y, PN »
¥ Kilil21
= SW
M- [3 .param LINE=325

Ve sw=170K .param R=3
ttol=1n .step param R list 3 10

=
Qo
=
9
=
=
L
L]
)
e
n
=
[
L]
=

103Hz

104Hz
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https://www.youtube.com/watch?v=wgyPJn8tNCg
https://www.youtube.com/watch?v=wgyPJn8tNCg
https://www.youtube.com/watch?v=wgyPJn8tNCg

Example #5 : Compare FRA and .bode

Sch : example5.QspiceDemo.BodePlot-FRAnalyzerKSK.qgsch | example5 QspiceDemo.BodePlot-(.bode).qsch

:

« Example 5 FRANalyzerkSK i

» Get open loop transfer '

function from a close loop
system

« FRA and .bode

* Qspice with a demo
schematic BodePlot.gsch
to demonstrate the use
of .bode

* This example rework rpevps
Qspice schematic to run e o S e
bode plot with FRA
method

» This is a close-loop
feedback SMPS and o l_
perturbating source is é
Injected through an i
isolator when FRA is used

.bode R4 8m 1K S0K
.meas FT find freq whe nmag(Op nLoopGain
.meas phasemargin fin dPhase(OpenLnanam) at FT

OpenLoopGain

.bode directive

L
amp —=- slope

=
T
o
o
<)
o
=
c
o
-3
o
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