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... and if the dream became reality?
What is a dream?
• A dream is a succession of images, ideas, emotions, and sensations that usually

occur involuntarily in the mind during certain stages of sleep

What is our dream?

• To have a user-friendly GUI allowing to easy define generic extraction  independent of the model 

• Without to know what is behind the GUI (when we drive a car, we do not have to know how the engine works)

• Without to be slave of the tool: no language to learn, no line of code to write...

• In order to devote all our efforts to the extraction methodology alone and not waste time learning new software and
languages.

Using QucsStudio we will see if the dream  can become reality 

/wiki/Image
/wiki/Idea
/wiki/Emotions
/wiki/Sensation_(psychology)
/wiki/Mind
/wiki/Sleep
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About QucsStudio
What is QucsStudio?
• Is a free and powerful circuit simulator [1], [2]

• Warning do not confuse QucsStudio with QUCS [3], even if the GUI
are similar, the simulation engine is completely different, input and
output files are not compatible.

Where to find QucsStudio?
• http://dd6um.darc.de/QucsStudio/download.html

All the following results are based on version 3.3.2. 

QUCS stands for Quite Universal Circuit Simulator
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What do we need (1/10)?
What is mandatory to develop a model parameter extraction tool?
A fast and reliable circuit simulator without convergence issue

• All kinds of characteristics necessary for model parameter extractions can be simulated with QucsStudio
• Examples of simulation setup

Forward Gummel-plot BC and CS depletion capacitance 

Forward output characteristics 
fT characteristics at constant VBC 
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What do we need (2/10)?
• Example of bipolar output characteristics showing the snapback points (HICUM/L2 with self-heating)
• Note the robust convergence of QucsStudio at forced IC 

IC swept at constant VBE
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What do we need (3/10)?
A “turn-key” Verilog-A compiler [2]
• QucsStudio uses ADMS (Analogue Device Model Synthesizer) as Verilog-a compiler.
• Only a few - none model related - lines have do be modified in HICUM VA-code to be compiled with ADMS.

• The most crucial is that the temperature has to be added as a model parameter TEMP. 
• For more details see [4] and [5].

How to compile a Verilog-A (VA) code with QucsStudio? 

Create a new project
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What do we need (4/10)?
Put the VA file in the project folder and double click it to open the file
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What do we need (5/10)?
Press F2 or click the gear wheel to compile the VA model
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What do we need (6/10)?
Create a new Schematics. Click on the *.cpp file in C++ Sources menu and move the cursor on the
working window (no drag-and-drop!). Click to place the model in the schematic. Press Esc not to
place further copies. Right on the C++ symbol to have access to the Edit Component Properties.
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What do we need (7/10)?
Correspondence between C++ symbol pin numbers and terminal name of the device

0 1 2 3 4

C B E S Thermal node
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What do we need (8/10)?
How to create a binary library (.dll)?

• Once the VA code is compiled it is also possible to create a binary library which can be remotely called.
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What do we need (9/10)?
• QucsStudio generates a library *.dll from the selected *.cpp file. 

• The new library can be found in the Components window and can be used in QucsStudio Schematics.

• It is possible to associate a symbol to the DLL, it is quite complex, but well described in [6].

C B

E S

T 
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What do we need (10/10)?
Robust optimizers [7]

• Despite QucsStudio optimizers were built only for circuits optimization, they can be also used for model parameter extractions. 

• Grid search 
• This method creates a mesh from the parameter space that consists of a user-defined number of test points. The function

value of every point is calculated and the best one is taken as a result. Of course, this is a dumb algorithm that will suc-
ceed only if the number of test points is large and the number of parameters is small.

• Steepest descent 
• The classical steepest descent method is one of the oldest methods for the minimization of a general nonlinear function.

The steepest descent method, also known as the gradient descent method, was first proposed by Cauchy in1847.

• Nelder-Mead 
• The Nelder-Mead method or downhill simplex method is a good choice for large optimization problems. It is capable of fin-

ding the global minimum even for non-smooth functions containing noise.
• From our experience, for model parameter optimization, Nelder-Mead algorithm is certainly the best (fast and reliable)

• 4 optimizers based on Differential Evolution (DE)
• DE is known as one of the most powerful optimization algorithms for large and complex problems.

• Differential Evolution with Global and Local differential evolution (DEGL)
• Much work has be spent on improving the differential evolution. The most powerful attempt created an algorithm called

Differential Evolution with Global and Local neighborhood-based mutations and Self Adaptive Weight factors (SAW)
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First parameter extraction trials with QucsStudio
We have all ingredients in QucsStudio to start to build procedures for optimizing model parameters...

Some trials have been already done and shown in the last AKB or HICUM workshops [8], [9], [10],
[11]...

But to develop and to automatize extraction steps to be included in a complete extraction flow, more
features are necessary, like
• Data import
• Choice of parameters to be optimized
• Possibility to automatically store and load extracted parameters
• ...

Therefore Octave routines (which can be directly called from the QucsStudio GUI) have been written
(Z. Huszka) for developing a prototype allowing to extract all HICUM/L2 parameters on a single tran-
sistor
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Parameter extraction principle [11]
A full extraction flow (more than 100 parameters to be extracted for
HICUM model) is a succession of individual extraction steps

At each extraction step, a limited set of model parameters are extracted
on a part of electrical characteristics where these parameters are the
most sensitive

When it is necessary and possible, an extraction step is divided in two
parts
• The first one consists in a direct extraction (no optimization, no iteration) using linear or multi-

linear regression in order to have initial parameters, for the global optimization, close to the
final solution

• The second one is a global optimization, using optimizers as those proposed in QucsStudio 

Possible loops between the extraction steps

Step 1

Step 2

Step i

Step n

Begin

End

Direct extraction
Initial Guess

Optimization
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What is needed in a step of parameter extraction (1/8) ?

One extraction step can be divided into 10 elementary tasks

 Importation of measured data in the schematics
• Not possible natively with QucsStudio
• But now possible thanks to external Octave routines that can be

launched directly from the QucsStudio GUI with the gear wheel
 or F2 key.

• The measurement can be selected via a browser 

• Supported formats
• ST format (tabular ASCII file)
• CSV format with the following header (the right column must

the temperature at which the measurements have been per-
formed)
data_name1  data_name2 ... TEMP

Step 2

1
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What is needed in a step of parameter extraction (2/8)?

 Building of the schematic 
• The schematic corresponding to the measurement setup must be hand-drawn in the GUI

• Now thanks to external Octave routines, the primary and the secondary sweeps can be filled in more or less automatically
• The measured data are automatically stored into an equation box
• Then it is possible using a simple copy/paste to copy the primary and secondary sweep into the SWEEP boxes in the sche-

matic

2
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What is needed in a step of parameter extraction (3/8)?

 Loading parameters extracted from the previous step
• Possible with external Octave routines

 Possibility to see the impact of the model parameters on the electrical characteristics
• For that we can use the QucsStudio Parameter Tuning, very powerful and useful

3

4
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What is needed in a step of parameter extraction (4/8)?

 Choice of the parameters to be extracted
• Done thanks to external Octave routines

• The selected model parameters are then automatically passed to the optimization box

5
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What is needed in a step of parameter extraction (5/8)?

 Selection a part of the characteristics where the model parameters will be extracted

• Done using the QucsStudio range(f,x1,x2) function and equation box 
• Warning, if the sweep is performed from Xmax to Xmin, the range(f,x1,x2) function does not work

6
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What is needed in a step of parameter extraction (6/8)?

 Explicit extraction by linear regressions
• Linear regression (2-variable linear regression)

y and x are known, determination of a (slope) and b (y intercept)

• Multi-linear regression (multi-variable regression)

y and f0(x), f1(x), ..., fn(x) are known, determination of c0, c1, ..., cn

• Neither is implemented in QucsStudio
• A 3-variables regression has been implemented in Octave [9]

• For solving the 3-variable task the regression equation boxes can be
pasted to the schematic as

 

7

y a x b+=

y c0 f0 x  c1 f1 x  ... ci fi x  ... cn fn x + + + + +=



 

AKB 2021- dm041.21ST Confidencial 22/41

What is needed in a step of parameter extraction (7/8)?

 Global optimization

• Using the QucsStudio Optimization box
• Eight optimizers are available as detailed on slide 13

• Table automatically filled (variable to be optimized, min and max values) thanks to Octave routines

8
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What is needed in a step of parameter extraction (8/8)

 Theory/experiment comparison with relative error in %
• Done using the Cartesian diagram

 Storage of extracted parameters for the next extraction step
• Done using Octave routines

9

10



 

AKB 2021- dm041.21ST Confidencial 24/41

Additional features

Strobe transistors
From Verilog-A code we can have access to internal variables of the model which are often very use-
ful for parameter extraction and optimization
Then it is possible to define a dedicated device - strobe transistor - with additional nodes correspon-
ding to the internal variables to which we want to have access.
Example of some strobe transistors defined for HICUM/L2

•

•  

• GAVL
• QJCI

• gm
• TF

•

• TF0

• ICK

•

early
HJEI
HJEI0
--------------

QJEI
CJEI0
--------------=

cc
CJCI0
CJCI
--------------=

TAUE
CJEI CJEP+

gm
-------------------------------=

fTi
1

2  TF 
----------------------=
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Example (1/6)

Application to the extraction of the BE depletion capacitance model parameters of HICUM/L2
• Common model to all semiconductor devices 
• Single transistor parameter extraction approach (no internal and external components separation)

Model equation and extraction principle

• HICUM/L2, internal BE depletion capacitance   (1)

Direct determination of CJBE from cold S-parameter measurements   

• Linearization (methodology known since 1976 [12]) of equation   

• Iteration on VDEI in order to maximize the correlation coefficient r²   

Then possible optimization of CJEI0, VDEI, ZEI using the previous extracted parameters as initial
guess

How this extraction principle can be implemented in QucsStudio?

CJBE
CJEI0

1
VBE
VDEI
-----------–

 
 
 

ZEI
----------------------------------=

CJBE
 y12 y11+ 


-------------------------------=

CJBE ln CJEI0 ln ZEI 1
VBE
VDEI
-----------–

 
 
 ln–=

VDEI Max r2=

ZEI slope–=

CJEI0 einter=




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Example (2/6)

 The first step is to define the schematic corresponding to the measurement setup

 Importation of the measured data and affection of the parameter sweep (VBE)

1

2
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Example (3/6)

 Visualization of measurements and selection of the range where the parameters will be extracted3



 

AKB 2021- dm041.21ST Confidencial 28/41

Example (4/6)

 Selection of the parameters to be optimized and computation of the capacitance from the simulated
[Y] parameters

4
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Example (5/6)

 Parameter extraction 
• Mixed-mode parameter extraction: single parameter optimization + linear regression in the same loop

• For any starting value of VDEI > VBEmax (to avoid negative ln), the linear regression returns the values of CJEI0 and ZEI

• Only VDEI is optimized in order to minimize the error between measurement and simulation

• This method is not sensitive to the initial value of VDEI contrary to a full 3 variables optimization where the solution is often not
unique depending on the initial estimates of CJEI0, VDEI and ZEI

5
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Example (6/6)

 Final result6
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QucsStudio worksheet for CJBE parameter extraction

equation

track_card

equation

Boltzmann
temp=TAMBm[1]
Tk=temp-T0K
VT=kB*Tk/qelectron
Rmin=1e-4

equation

Capacitances
fspot=1e6
omega=2*pi*fspot
Y=stoy()
y11=Y[1,1]
y12=Y[2,1]
y21=Y[1,2]
y22=Y[2,2]
CBE=imag(y12+y11)/omega
CBC=-imag(y12)/omega
CCS=imag(y21+y22)/omega
Export=yes

U=V

U=0

hicumL2V3p0p01
cjei0=cjei0_regr
vdei=vdei
zei=zei_regr
flsh=2
temp=temp

equation

filt_R7

s-parameter
simulation

SP1
Type=list
Points=fspot
output=dc

equation

Data_selection
U=1+V-V
Usel=1+Vbesel-Vbesel
Cbem=U*Cm
Cbeopt=exp(asim)
Vbesel=range(V,vbe_lo,vbe_hi)
Cbemsel=range(Cbem,vbe_lo,vbe_hi)
CBEsel=range(CBE,vbe_lo,vbe_hi)
Export=yes

equation

Regression_in
a1=ln(1-Vbesel/vdei)
a2=Usel
a3=0
a=ln(Cbemsel)
w=1/a
Export=yes

equation

3varRegression
asim=x1*a1+x2*a2+x3*a3
bsim=x1*b1+x2*b2+x3*b3
delt=abs(bsim-b)
delt100=100*(abs(exp(asim)-exp(a))/exp(a))
err_opt=sum(delt*delt)
Export=yes

equation

Regression_out
zei_regr=-x1
cjei0_regr=exp(x2)
Export=yes

equation

Limits
vbe_lo=-1.6
vbe_hi=0.4

Optimization

Nelder-Mead|2000|1e-5|0.1|1
vdei=0.09778...0.9778...9.778 linear
zei_regr=inactive
cjei0_regr=inactive
err_opt=1 MIN

Opt1
Sim=SW1

parameter
sweep

SW1
Sim=SP1
Param=V
Type=list
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HICUM/L2 v3.0.0 - QucsStudio 3.3.2
Mixed-mode CBE parameter extraction
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What about scalable parameter extraction (1/2)?

Parameter extraction using QucsStudio is possible only on single device

But with some assumptions, HICUM/L2 internal (area component) and external (perimeter compo-
nent ) model parameter can still be extracted

It is assumed that the electrical characteristics of the transistor are a linear function of the area and of
the perimeter of the device.

Therefore the area (XA) and perimeter (XP) components of a variable X can be easily extracted using
the well known technique

This can be done with an external program

Once the area and perimeter characteristics are determined, they can be pasted to QucsStudio, and
the model parameter of the area and perimeter components can be extracted as it was a single
device 

X
A
---- XA XP

P
A
----+=
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What about scalable parameter extraction (2/2)?

Example of HICUM/L2 parameter extraction of the internal and external BE depletion capacitance 
dc simulation

DC1
output=none

U=V

U=V

hicumL2V3p0p0e
vdei=vdei
zei=zei
vdep=vdep
zep=zep
flsh=2
temp=temp

equation

Boltzmann
temp=TAMBm[1]
Tk=temp-T0K
VT=kB*Tk/qelectron
Rmin=1e-4

parameter
sweep

SW1
Sim=DC1
Param=V
Type=list

Optimization

Nelder-Mead|10000|1e-5|0.1|1
vdei=0.07...0.6...7 linear
zei=0.01...0.5...0.9999 linear
vdep=0.07...0.6...7 linear
zep=0.01...0.5...0.9999 linear
err_optA=1 MIN
err_optP=1 MIN

Opt1
Sim=SW1

equation

DataP
VselP=range(V,V_loP,V_hiP)
VmPsel=range(U*Vm,V_loP,V_hiP)
CmP=CPm
CmPsel=range(U*CmP,V_loP,V_hiP)
cjepsel=range(cjep.V,V_loP,V_hiP)
cjep0=average(CmPsel/cjepsel)
cjepsim=cjep0*cjepsel
deltP=abs((CmPsel-cjepsim)/CmPsel)
err_optP=sum(deltP*deltP)
Export=yes

equation

DataA
U=1+V-V
VselA=range(V,V_loA,V_hiA)
VmAsel=range(U*Vm,V_loA,V_hiA)
CmA=CAm
CmAsel=range(U*CmA,V_loA,V_hiA)
cjeisel=range(cjei.V,V_loA,V_hiA)
cjei0=average(CmAsel/cjeisel)
cjeisim=cjei0*cjeisel
deltA=abs((CmAsel-cjeisim)/CmAsel)
err_optA=sum(deltA*deltA)
Export=yes

equation

track_card

equation

LimitsP
V_loP=-2
V_hiP=0.5

equation

filt_R7_NS122A082

equation

LimitsA
V_loA=-2
V_hiA=0.2

V

cjei
cjep

cjcx
cjci
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HICUM/L2 v3.0.0 - QucsStudio 3.3.2
Cjei, Cjep parameter extraction



 

AKB 2021- dm041.21ST Confidencial 34/41

Final results (1/3)

Similar worksheets can be defined for the extraction the other HICUM/L2 model parameters
The determination of all HICUM/L2 parameters can be done with less than 20 worksheets
• Very good results for both DC, fT and fmax characteristics
• All plots done with QucsStudio (circles correspond to measurements and lines to simulations)
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Final results (2/3)

Output characteristics at constant IB
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Final results (3/3)

Despite the results on output characteristics are very good, looking in more detail at the characteris-
tics in the saturation region (low VCE and high IC) and also looking at the output conductance (go),
bumps are visible

These bumps are due to the ICK parameter (which is bias dependent), and we have still the same
questions
• Is this issue due to an extraction problem (wrong combination of model parameters)?

• These bumps are mainly due to the VCES parameter [13] which cannot be the same to accurately fit both fT and output 
characteristics 

• Is this issue due to an inaccuracy of the ICK model formulation?

Where is the truth?

Hoping to have an answer for a future AKB or HICUM work-
shops
• All volunteers who want to work on this subject are welcome
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QucsStudio parameter extraction SWOT
Strengths, Weaknesses, Opportunities and Threats of QucsStudio for parameter extraction

S W
O T

• “Turn-key” VA compiler
• Various robust optimizers
• Parameter tunning
• Very good circuit simulator
• High quality graphical output
• User-friendly GUI
• A unique tool for people who want to develop and test

new extraction routines in few minutes

• Free but not open source software
• Works only under Windows
• External Octave routines needed for parameter extraction

not included in the QucsStudio package
• Parameter extraction only possible on single device
• Prototype available only for HICUM/L2 
• No batch mode, but possibility to save and to reuse the

developed schematics for other parameter extractions

• Extension to other models
• Possible to use for MHC, model validation, 

training and teaching

• As for all free software can disappear if the
developers stop to support the program

•  Free software don’t mean free development. No
funding to ensure the life time and the evolution of
the product
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Summary
Don't make us say what we didn't say

The goal of this presentation is not to said that QucsStudio can replace commercial tools like ICCAP
or UTMOST

But only to demonstrate that, with the development of external Octave routines, it is possible and very
easy to use QucsStudio for the development and validation of new extraction routines without to have
to spend many hours to write hundreds of lines of code

Prototype available for HICUM/L2

Possibilities and limits shown in the SWOT analysis

Perspective? 
• Extension to other compact models, but for that resources, competences, time and motivation are needed...
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Conclusion

For any questions or additional information, don’t hesitate  

• didier.celi@st.com
• zoltan.huszka@t-online.hu

+ = QUEST
A Quasi Universal EStraction Tool  

 (sorry for the typo!...)
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