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An outline of compact device modelling tools implemented by FOSS tools:1

Simulator

Berkeley SPICE

Simulation and output
commands

.OP, .DC, .TF, .AC, .TRAN, .NOISE.,
.DISTO, .PZ, .SENS, .SAVE, .PRINT,
.PLOT, .FOUR, .SUBCKT .... .ENDS
Berkeley Nutmeg simulation data
post

Components/models

R,C,L, M, S, W, V, 1, T, LTRA, U, URC,
D,BJT,J,M, 2, B

Modelling features

1. Fully expanded circuits,
2. Subcircuits?, 3. Macromodels®,
4. C compiled code models®.

Qucs

DC, AC, transient, harmonic
balance®, Parameter sweep,

ions, S-parameter analy
Qucs and Octave post simulation
data processors. Noise analysis.
Optimization.

Similar to Berkely SPICE plus
RF component and device models,
VHDL and Verilog Digital models.

1., 2. and 3. the same as SPICE,

4. EDD and RFEDD behavioural modellin;

5. Verilog-A code modelst.

QucsStudio

DC, AC, transient, harmonic
balance (including large signal AC
and noise), equations, S parameter
analysis, Qucs and Octave post
simulation data processors,
Parameter sweep, transient
shooting method periodic steady-
state simulation, Monte Carlo
analysis

Similar to Berkely SPICE plus

RF component and device models,
VHDL and Verilog Digital models.
Communication system models

1., 2. and 3. the same as SPICE,

4. EDD and RFEDD behavioural modelling

5. Verilog-A and C++ code modelsE.

NOTES

A : Linear and non-linear device models based on subcircuits.
B: Linear and non-linear device models constructed from existing component models.

C: SPICE C code model API.

D: Incomplete single tone Harmonic Balance simulation feature.

E : ADMS Verilog-A compact modelling feature with “Turn-key" capabi
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An outline of compact device modelling tools implemented by FOSS tools:2

Qucs-S-

COMPACT DEVICE MODELLING SIMULATION POST-SIMULATION DATA PROCESSING

S 5 &
EE==
e

Qucs-S
post-processing

Simulation data
tabulation and
visualization

Octave
post-processing
Device parameter

extraction

FRONT END BACK END

NOTES:

1. Qucs-S allows the selection of the simulation engine to use.
2. Available depends on the engine chosen.
3. Users may select either Qucs-S or Octave post-processing of simulator data.
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Qucs-S, QucsStudio and Xyce/MAPP /VAPP /VAlint Verilog-A Compact
modelling tools

Qucs-S integ with io, MAPP/VAPP and VaLint
FRONT END BACK END
COMPACT DEVICE MODELLING SIMULATION POST-SIMULATION DATA PROCESSING

Qucs:S data
post-processing

Manual

generation
of

DAE code

Modify
DAE
code DLL code
WORKS | YES
VAPP
Manual Verilog-A DAE
NO  generation model
of code
Verilog-A
code
NOTES:
1. Qucs-S allows the selection of the simulation engine to use.
2. Available sii depends on the si ion engine chosen.
3. Users may select either Qucs-S or Octave post-processing of simulator data.
4. Berkeley MAPP/VAPP and Valint requires that Octave 4.0 or greater is installed.
More detailed instructions for Verilog-A and DAE model generation and a number of
@ 3-¢

examples are presented in later slides.
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Building compact device models: specify the physical properties of a device

as a set of equations and parameters: introductory example - the static and
dynamic device properties of a semiconductor diode

L@ 3-%

@ This choice of device is deliberate because its properties are well known, making
the operation of the modelling tools easier to follow and understand.

@ (1) Non-linear static Id-Vd characteristics :
Id = IST2 - (exp(Vd/(N - Vt(T2)))) — 1.0) + GMIN - Vd, where
Vd = V(Anode, Cathode),
T1 = TNOM + 273.15,
T2 = TEMP + 273.15,
VE(T2) = (k- T2)/q,
IST2 = IS - AREA - (T2/T1)XTN/N . exp(—Eg(300)/ Vt(T2)),
Eg(T)=Eg—(7.02e —4-T-T)/(1108.0 + T), here
k is the Boltzmann constant and g the elementary charge. Other physical
parameters have their usual meaning: AREA=1,N =1,IS = 1le — 14,
XTIl =3.0,Eg = 1.16, TNOM = 26.85, TEMP = 26.85 and GMIN = 1e — 9.
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Building compact device models with Qucs-S: continued

@ (2) Reverse breakdown voltage : device model with Qucs-S Equation-Defined
Devices (EDD)
K2=1.0/(N-Vt(T2)),K5 =N - Vt(T2),IBVEFF = IBV - AREA
IDBV = —IST2 - (limexp(—BV - K2) — 1.0),
BVEFF = (IBVEFF > IDBV)?BV — K5 - In(IBVEFF /IDBV) : BV,
Id = —IST2 - (limexp(—(BVEFF — Vd) - K2) — 1.0 + BVEFF - K2), where the
breakdown physical parameters have their usual meaning: BV = 4.5, and
IBV =1le — 3.

@ (3) Semiconductor diode depletion charge :
Qdep = (Vd >=0.0)?7CJOT2-(Vd + P11-Vd- Vd) : P6-(1— (1 — Vd/JT2)P7),
where
CJOT2 = CJO- AREA,P11 = M/(2- VJ),P6 = (CJOT2 - VJT2)/PT7,
P7=1— M, and
VJT2 = (T2-VJ)/T1—-2-Vt(T2)-In(T2/T1)*5—((T2-Eg(T1)/T1)—Eg(T2),
where the depletion capacitor physical parameters have their usual meaning:
CJ0=1e—12,VJ=1.0 and M =0.5.
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Building compact device models with Qucs-S: compact device modelling
with Equation-Defined Devices (EDD)

Qucs-S Equation-Defined Device (EDD)

¢ N N N A N
V"T IilililllillIillll\lItli\l\{\l\l\l\l\l\l\no

O S S [ S S S S ~ bo o & do b b

I=1(V), g=dl/dV
Q=Q(V,l), C=dQ/dV =0Q(V)/oV + o Q(l)/dl-g, where
the current flowing in branch n'is I,, = I(V,)) + d/dt(Q,), and 1 <=n <= 20.

« EDD is a multiterminal nonlinear component with branch currents that can be functions of EDD branch
voltage, and stored charge that can be a function of both EDD branch voltages and currents

« EDD is similar, but more advanced to the SPICE 3f5 B type | or V controlled sources

« EDD can be combined with conventional circuit components and Qucs-S equation blocks when constructing
compact device models and subcircuit macromodels

- EDD is an advanced component, allowing users to construct prototype experimental models from a set of
equations derived from physical device properties

« EDD operator d/dt is undertaken internally by Qucs-S

* Qucs-S EDD can have a maximum of 20 two terminal branches
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Building compact device models with Qucs-S: compact device modelling

with Equation-Defined Devices (EDD). Diode static and dynamic models

plus noise

Model
Function
Shot noise
Control
Parameters i
1/f noise
o 02
1120
CATHODE 12=ACnoise SWITCH'sqri(K3'V3+1e-30)'V1
Sor BVao4
Qa=106'V3 Equaton M .
Goted ANODE quat
BVSWITCH Noise free . e D b
K32t 104 L 10
CdepSWITCH resistor . vl catrope G2 | 2-ACnoiseSWITCH sr(Va+ 1630Vt
€ FF Geted| BoV3'Iod
C dlffS_W ITCH \ATM - Q-1e6V3
ACnoiseSWITCH o v, evew
o - Y
ANODE shca | ANODE
— YO 1o T G=1 | §
01=0dep PANODE it CATHODE e
R-RS et
02=0di = T T
02=0dif o1 Equation a0
P 11=1ST2"(imoxp (V1°K2)-1.01+GMIN'VI CGATHOOE
| (CdepSWITCH==1) ? ( (V1 >=0.0) ? COTZ(VI4P11*VI*V1) : PE(1-(1-VINUT2P7) ) :0  Ean2
O g 2-(BVSWITCHe-1) 7 -1ST2"(exp(BVEFF+V1)KH1 0 +BVEFFK2)) :0 TiTNOM273.15 .
Breakdown Q2=(CAHISWITCH==1) 2 TT11 :0 VJT2 (T2 VJTU? VTT2'In(T2T1)".5((T2"EQT1/T1)-EgT2)

!
a

@-3-9

Equation

Eqnd
PE=CJOT2'VIT2P7
P7=1-M
K5=N'VTT2

IBVEFF=IBV'AREA
|osv -IST2"(exp(-BV'K2)-1.0)
BVE

P11=M2'VJ)

Equation

o
GMIN=1e-12
ISEFF=IS'AREA

VEFF>IDBV) ? BV-K5'In(IBVEFF/IDBY) : BV

VIT2-PK

EgT1=Eg 7n2.~,4 TIT1(1108+T1)
EgT2-Eg7.02e-4°T2'T2/(1108+T2)

T2-TEMP+273.15

1ST2= ISEFF (TZTH"()(T\N) expl(-EQTINTT2)"(1-T2T1))
PQ=1.60217646:
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Building compact device models with Qucs-S: compact device modelling

with Equation-Defined Devices (EDD). Typical test data

02
1.1-V characteristics =
[BVSWITCH=0] =
0
4 3 2 1 0 1
Vvd (V)
2. Reverse - 0
breakdown S
[BVSWITCH=1] ~
05 4 -3 2 -1 0 1
vd (V)

3. Capacitance ; 1e1-g
- e-
1e-9 1e-11

1e-12
le-10 1e-13
o __le-14
< et Tie15
3 7 1e-16
©1e-17
tet2 " te8
1e-19
1e-20

1e-13
N 8 2 0 1 e
vd (V) 1623

[CdepSWITCH=1, CdiffSWITCH=0]

1e12
¢ 4. Flicker and shot noise
T [ACnoiseSWITCH=1]
Ssett
©
&
0
4 3 2 1 0 1
vd (V)
1e12
£
£
O sett
z
&
0 1010
4 3 2 4 0 1 "o 0 ow ow e e
vd (V) Froquency He)
1e-9
1e-10
€
< te-11
o
1e-12
1e-1
e84 3 2 4 o0 1
d (V)
-4 2 0
vd (V) [CdepSWITCH=1, CdiffSWITCH=1]

[CdepSWITCH=0, CdiffSWITCH=1]

@39
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Building compact device models with Qucs-S: generating Verilog-A
compact device models

* The following diagram illustrates the initial stage in the construction of a
Qucs Verilog-A compact device model.

Qucs subcircuit symbol

P1 O —OPn

P20

P30 T
name

Param1 = Value1t
Param2 = Value2
Param3 = value3

Qucs subcircuit structure

P1 O
P2 O
P3O

Current equation blocks

Charge equation blocks

Model initialisation block
Standard and noise free resistors
Parameter blocks

Voltage controlled current blocks
Current to voltage conversion blockg
Shot noise current blocks

—OPn

Flicker noiSf current blocks

Verilog-A code template
// Code structure
‘include "disciplines.vams"
‘include "constants.vams”
module name (P1, P2, P3,
inout P1, P2, P3, . .
electrical P1, P2, P3, .Pn;
// Definition of local internal nodes

———=> // Parameter values and descriptions

// Definition of variables and quantities
analog begin

// Model initialisation code

// Model quantity equations

// Current contributions
// Noise contributions
end
module end
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Building compact device models with Qucs-S: relationships between
schematic symbols and Verilog-A code fragments

Fundamental EDD blocks

Qucs symbol Quantity equations Verilog-A code Quantity equations Verlog-A code
Iname fragment fragment
LU =
' M (a) Model inifialisation block | Equation @(initial. model)
Iname = 11 =1(V2, V3, ..... V8) Iname = f(V2, V3, v8). Eqnt begin
2 1203,.1820and Q1,Q2,...Q8=0. cont= cont =
. Where Vm = V(n,q, Nyy) Or VM = V(n,,,). Iname <+ (V2, V3, ..... V8), con2=
and2sms8, cond«
s
. (b) Standard resistors e Jon, ey, ny) <+ Vi, ny /R
AR I(ny, ny) <+ white.noise((FourKT/R, “thermal”)
Where FourKT = 4.0 - 'P.K - Stemperature, and
L™ * 0 P.K = 1.3806505-23 K'', $temperature is the
resistor temperature in Kelvin,
Mt oy n 10
A (c) Noise free resistors x y e 1) <+ Vi, VR
Q1 =(V1,V2, ... V8, 1, 2, ..... 18) g1, nyy) <+ dt( Q1) 11 = VI/R = V(ny, ny)/R
* @,...Q8=0. or
o Where Vn =V, ym) or Vm = Vitam), 0 o (d) Voltage controlled ny ny
and1sms8. e current block 8 Iname = X*V(ny, ny)
5 o) x Ry
Loy iname

Iname = X - V(ny, ny)

ne + nyg (&) current to voltage

Ny i Iname = V(ny
conversion block L (™)

Iname = I1 = V1
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Building compact device models with Qucs-S: MOT-ADMS - introduction
to the basic available Verilog-A subset

The MOT-ADMS software is supplied with little documentation!
These brief notes provide a basic introduction to the MOT-ADMS Verilog-A subset

Verilog-A is a case sensitive language
Comments: single line comments start with //,

block comments begin with /* and end with */
Identifiers are sequences of letters, digits, dollar signs '$' and the underscore '_";
the first letter of an identifier must not be a digit
MOT-ADMS version 2.30 keywords: parameter, aliasparameter, aliasparam,
module, endmodule, function, endfunction, discipline, potential, flow, domain,
ground, enddiscipline, nature, endnature, input, output, inout, branch, analog,
begin, end, if, while, case, endcase, default, for, else, integer,real, string, from,
exclude, inf, INF
Compiler directives: “define, undef, “ifdef, "else, "endif, “include
Data types: integers, reals and strings
Predefined constants in “constants.vams”: "M_PI, "M_TWO_PI, "M_PI_2, "M_PI_4,
"M_1_PI,"M_2_PI, "M_2_SQRTPI, "M_E, "M_LOG2E, '"M_LOG10E, 'M_LN2,
"M_LN10, "M_SQRT2, 'M_SQRT1_2, 'P_Q, 'P_C, 'P_K, '"P_H,"P_EPS0, "'P_U0,
‘P_CELSIUSO0
Variables are named objects that contain a value of a particular type. They are
initialised to zero or unknown. They retain their value until changed by an assignment
statement.
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Building compact device models with Qucs-S: MOT-ADMS - introduction
to the basic available Verilog-A subset; continued

» Parameters are declared using statements of the form:
parameter integer size=16; parameter real period = 1.0 from (0:inf);
parameter integer dir = 1 from [-1:1] exclude 0;
Verilog-A natures and disciplines ae listed in file “disciplines.vams”
Port, net and node examples in Verilog-A:
module amp(out1, in1);

input in1;

output out1;

electrical outt, in1;
Branches declared with statement branch (n1,n2) b1;
Signal access function examples: V(n2), I(n), V(b1), I(b1), V(n,m), I(n,m)
Current contribution examples:

I(diode) <+ Is*(limexp(V(diode)/$vt)-1);
I(diode) <+ ddt(-2*cj0*phi*sqrt(1-V(diode)/phi));
MOT-ADMS allows an extensive range of Verilog-AMS operators and
mathematical functions
Environmental Functions: $temperature, $vt, $strobe, $finish, $given,
$parameter_given
» Analogue operators: @(initial_step), @(final_step), @(initial_model),
@(initial_instance)
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Building compact device models with Qucs-S: MOT-ADMS - introduction

to the basic available Verilog-A subset; continued

* Analogue behavioural statements:
1. Analog process/procedural block;
analog begin
I(diode) <+ Is*(limexp(V(diode)/$vt)-1);
qd = tf*l(diode) -2*cj0*phi*sqrt(1-V(diode)/phi);
I(diode) <+ ddt(qd);
end
2. Assignment statements consist of a variable followed by = and an expression
3. Conditional operator cond ? Val1 : Val2, for example
State = (V(d) > 0.0) ?1: -1;
4. if-else statement:

If (\Il((pp;,)n:l?;thresh) -— TRUE = non-zero value
else
I(p,n) <+ 0;
5. Case statement: 6. While statement: 7. For loops:
case (select) test = 4; for (i=0; | <10; i=i+1) begin
0 : out = I(in0); While( test) begin .
1: out =I(in1); A=A+1;
2: out =(in2); B=B-1; end
default : out = 0; test = test-1;
endcase end

8. User defined functions and function calls.

@39
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Building compact device models with Qucs-S: generating Verilog-A

compact device models; the original Qucs user controlled construction of
Verilog-A models using static C libraries

Equatlon defined device Model symbol
mo el pin names /Nerilog-A model template

‘include “dlsmplmes.vams“

“include “constants.vams”

module name (P1, P2 P3 ....... Pn);

inout P1, P2, P3, .

electrical P1, P2, P3, ..... Pn;

1 Definition of local internal nodes

/I Parameter values and descriptions

Verilog-A /I Definition of internal variables
code analog begin

fragments // Initialisation code

I/l Quantity equations

Il Current contributions

/I Noise contributions

end

endmodule

1. Compile Verilog-A template code with ADMS

2. Add new model to Qucs by patching C++ code

3. Add new model symbol to Qucs C++ code

4. Compile and link Qucs static C++ code to
generate new version of Qucs
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Building compact device models with Qucs: implementing Qucs Verilog-A

compact device models with C++ patches; the model REGISTRATION

process

a-3-9 |

Compiling XXX.va with ADMS-2.30 results in files

Qucs uses static C++ libraries

1. Qucs-core —>
1.1 Directory ../src/components/verilog
Modify file Makefile.am
ADD to libverilog_SOURCES =
XXX.analogfunction.cpp XXX.core.cpp
ADD to noinst_ HEADERS =
XXX.analogfunction.h XXX.defs.h XXX.coreh  Using the Qucs drawing tools.
ADD to VERILOG_FILES =

After entering the Verilog-a

2. model symbol

code for a new model, pressing
key F9 will automatically generate
a Qucs schematic symbol for the
new model. This may be edited

—>

XXX.core.cpp, XXX.core.h
XXX.defs.h

XXX.gui.cpp, XXX.gui.h
XXX.analogfunction.cpp

— 3. Qucs model graphics

On saving the symbol Qucs writes

XXX.va the C++ drawing code for the symbol

ADD to “if MAINTAINER_MODE
An entry for XXX (use existing code as a
(template)

1.2 Directory ../src/components
Modify file components.h
ADD #include “verilog/XXX.core.h"

1.3 Directory ./src 5. Qucs
Modify file module.c;

PP
ADD REGISTER_CIRCUIT(XXX); Modify file Makefile.am

ADD to libcomponents_a_SOURCES

XXX.cpp

REGISTER NEW MODEL X

ADD to noinst_ HEADERS =
XX.h

to file XXX.dat in the working project

directory.
v (c) Replace the symbol drawing statement,
at the bottom of the file, with the C++ code
held in file XXX.dat.

e

5.1 Directory ../qucs/qus/components

5.2 Directory ../qucs/qucs/components

Modify file components.h
ADD #include “XXX.h"

5.3 Directory ../qucs/ques
Modify file module.cpp

ADD REGISTER_VERILOGA_1(XXX);

Copy files XXX.gui.cpp and XXX.quih to
directory ../ques/qucs/components as files
XXX.cpp and XXX.h respectively.
3.1 File XXX.cpp
(a) Change the XXX cpp statement
#include XXX.gui.h to
#include XXX.h
(b) Change code line Name ="T”; to
amore appropriate name, like
Name = “BJT”;

4. Model bitmap
4.1. Generate a 30x30 pixel
bitmap (png format) using Gimp.
4.2 Save XXX.png in Qucs directory
/ques/qucs/bitmaps.
4.3 Modify file Makefile.am in directory
/ques/ques/bitmaps to include
Model name XXX.pngin “XPMS=
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Introduction to the Qucs GPL Verilog-A module synthesizer: part |

@ The Qucs-S-0.0.20 Verilog-A synthesizer is the latest version of this new
open source ECAD tool.

@ Generated synthesized Verilog-A code is basic and has to be optimized
manually for speed, if required. However, it is expected that in the future
its operation will improve as development of the synthesizer progresses.

@ The synthesized Verilog-A code can be interchanged by Qucs, QucsStudio,
Xyce and Berkeley MAPP /VAPP.

@ Synthesized circuits and models can be constructed from the following
Qucs-S/SPICE built in components:

@D@ m A o [Equation Inoise

c P1 Eqnt
y=1 SUB
EDD

o « =
e_i T 1= o
PRI S - Y # Subclrcun Parameters
ccecs VCVs CCVS
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Introduction to the Qucs GPL Verilog-A module synthesizer: part Il

Data flow through the Qucs GPL compact device modelling tool set.
QUCS FILTER SYNTHESIS  VERILOG-A MODEL SYNTHESIS QUCS/ADMS VERILOG-A DEVELOP TEST CIRCUIT, SIMULATE,

"TURN KEY" AND EVALUATE OUTPUT DATA
Realization : LC ladder (pi-type) “include "disciplines.vams* COMPILER
Type: Bassel “include "constants.vams" Create circuit schematic and simulate
Class: Bandpass module BPF2(P1, P2); Xxx.va
Order: 3 inout P1, P2;
Es‘a"j 2'2:1 electrical P1,_netoL1, n1, P2, netoL2, netoL3;
stop Z analog begin

Impedance: 50 Ohm @(initial_model)

begin XXXX.Va.CPP

end DGt

Equation

Eqnt
dBS21-dB(S[21)) g
dBST1=dB(S[1,1)  poiri ooy

I(_netoL1) ¢+ da(V(_netoL1));
1(_netoL1) <+ (V(P1));

(P1) ¢+ V(_netOL1)/(11.79n+1e-20);
(P1) <+ ddt( (V(P1))* 1.074p );
(_netoL2) <+ ddt(V(_netoL2));
(_netoL2) <+ V(n1 P2)

(n1,P2) <+ V(_netoL2)/(7.723n+1e-20);
(I

(

!

(

(d

P1,n1) <+ ddt( V(P1,n1)* 1.64p ).
netoL3) <+ dat(V(_netoL3));
netoL3) <+ (V(P2));

P2) ¢+ V(_netOL3)/(1.806n+1e-20);
P2) <+ ddl( (V(P2))* 7.014p );
end

endmodule

dBs21

1= c3 = E

C=1.074pF C=7.014pF 1e8 189 1e10 e
frequency frequency

Build Verilog-A module from subcircuit

‘ Plotted and tabulated simulation data

18 /40



Introduction to the Qucs GPL Verilog-A module synthesizer: part IV

Synthesis of a SPICE like compact semiconductor diode model: static /4 and
dynamic capacitance model plus synthesized Verilog-A module code.

Click on File tab “include "dscipines vams'
“include " r
EDDdiode2 VA § § . module EDDdiode2(Panode, Peathode);
Area-t ’ Build Verilog-A module from subcircuit Inout Panode, Peathode;
- Panode L peathode electrical Peathode, n2, nt, Panode, nd, n3

vt st et
Pt e
vt ra T2
pancde prametr a1 Fer0:
parameter real CJ0:
e FMAK ,Gont G, 1 2.
analog begin
inia o)

RMAX=1e15;  Vi=(P_K'(Temp+273.15))'P_Q;
Cont=5'N'Vt; Con2=Fc'Vj;

FA=(V(1-M))*(1-xp((1-M)In(1-Fo)));  F2-exp((1+M)"In(1-Fc));

Fa=1-F"(1+M)

R end

R=RMAX I(Peathode,n2) <+ V(Pcathode,n2)( RMAX )

I(n1,Panode) <+ V{n1,Panode)/( Rs )

I(n1,Panode) < white_noise( 4.0 Py'( 26.85 + 273.15) / (R ), “thermal" );

I(11,02) <+ V(n1,02) " 163; I(03,0d) <+ I(n3,nd) *1e3; In3.4) <+ V(n1,n2)* 166 1
1(n2,Peathode) <+ Area'ls" (imexp(V(n2, Peathode) (N"V1))-1);

1(n2,Peathode) <+ dal( (V(n2,Pcathode)<=Con2) ? TH'V(nd,n3) Area’(Cj0°Vj(1-M))*

Vi=(KB*(Temp+273.15))q
Cont=5"N'Vt
Conz=Fe'Vj { Tpeathode
FA=(VJ(1-M)*(1-exp( ( 1-M)'In(1-Fc))) ©

F2=0xp( (1+M)'In(1-Fc))
F3-1-Fe'(1+M)

or o . (1-exp((1-M)*In(1-V(n2,Pcathode)Vj)))
11= ATl imoxp(V1I(NV1) 1) TV 10)Avea IO F1 (12 (3
Q1= (V1 <= Con2) 2 Tt*V2sArea*(CIO*VY/(1-M)*(1-exp( (1-M)'In( 1-VINV])) : TEV2+Area CJ0*(F1+(1/F2)"(F3*(V1-F"Vi)+(M/(2*V])*(V1*V1-Fe Fe VI V]))

Vi(n2,Peathode)-Fe"Vi)+(MI(2'V])"

2-0 V(n2,Peathode)"V(n2,Peathode)-Fc'Fe*VI'V]) )

o0 Diode subcircuit EDDdiode2.sch end

endmodule
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Introduction to the Qucs GPL Verilog-A module synthesizer: part V

Synthesis of a SPICE like semiconductor diode model: simulated static and
dynamic characteristics.

m &= Ind
Tna %Pi W vl EV —

EDDdiode24 ¢ Num=1
250 Ohm sp1

51014 oypias I
Rs=0.1 Vi Type=const

oct

V10 Sim=DC1 =
p Param=Vbias
M=05 Eqnt Starte0 Equation
Cjo=te-12  DC1 Plotid=PlotVs(Prid., nd.V) oy » Eant swi
Tt=te-12 op= q Sim=sP1
Points=101 y=stoy(S) Type=lin
Cd=PlotVs(imag(y[1,1])/Omega,Vbias) ™
Omega=2"pi*frequency C Param-Vblas
35 1 Start=0
01 Stop=0.8
3 001 Points=200
1e-3 Te- 0.1
25 fe-4 0.01
1e5 tos 103
o
2 16 1e-4
z o fe7 105
2.5 L o8 1e-10 le6
1e9 < = :e';
1e-10 © =
1 | te-11 le-9
fe-1 1e-10
05 fet2 1e-11
1e-13. 1e-12 1e-12
o 1e-14. 1e-13
I te-ts te-14
fe- -
o5 1 fe- o5 t o2 o4 o0& o8 '© 02 04 o6 08
N Vbias (V)
Vd (A) vd (A) V) Vbias (V)
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Introduction to the Qucs GPL Verilog-A module synthesizer: part VI

Verilog-A synthesis of a SPICE like semiconductor diode model: temperature

effects

"
e
Cin
P
3] | peatnode
A e

ol
1=(V1 > -Gont) 7 Areals_T2
GtV <o Gon) P TE Ve ok T2 T Mo e VIV TE)

Equat

etz

127315 —
Teramgar s
Conta&NVt
ey
VikB'T2q
FLO o L Fe)
el
Rt
et

ETLEATITIET)
-Eg AT2T2BT2)

i AR A wmmm Wﬂw E0T1E9T2)
R TIHY

o ATy 3. TN 211

TOV2+Ar0a'CI0_T2"(F1(11F2)"(F3"(V1-FoVLT2)u (M(2'VLTRI) (V1 *V1-FerFeVT2'VLT2)

Qucs EDD diode model with temperature effects

Tncludo dclpine vams

Includo *constants va

modlo E0O0de{Penthacs, Pancde)

Inoul Peathods, Panode;

ctcal Pethode, 12, 1, Panods, nd, 3,

paramotor real Aroa-=1 pavammcrw.ﬂ\s o4, puuntr vl ant

paramotor roa Tomps26.85; paramotor o paramotor roal

para fiinyraledunbot

paramolor real T30

ol RMAX, T4, T2, Gont, Gon2, Wi, F1, F2, F3, A, B, Equ1, Egr2, V:2, G0 2, 2
analog bagin

@umM\ modol)

Synthesized Verilog-A code

parameto roal N1,
 paramator roal M=0S;
Thom=26.85; paramota r0a Eg=1.11

VI, Con2eFerVj Vi='P K'T2/P O
)i F3-1-F(14M), A7 028-4; B-1108,

Rotetz, TrTromigra it T

ELM o) e
JERTITIENTI Sz EpATT ey

v,~z 2TV Sn(T2T) st Egr!-Eqr);

oo 1o 10005 T CRE VIV

r g TN 2T e (-T2

e 15 ont
[

catnode,12) <+ V(Pealhode12)( AMAX )
ummm i) ¢ whito_noise( 40" P’( 26,85 + 273.15)  AMAX ), "hermal" )
(0, Pancdo) ¢+ V(n,Panodoy( A )

[ Panedl ¢r Wi noks{ 0" (265 + 27018 ), hamar |

1102) €0 Vint02)* 163 03] <o H0d,0d) “1a-3;16304) <o Vit n2)

1(62,Peatiode) <o (V{12 Peatrode)s-Cont)?Areals 2" (imexp(V(n2 Peathode) (N'V)-1:s;2

1(62,Peathode) ¢ ] (V(n2,Peathodo) c~Con2) 7T V(nd,nd)Area’(CJog2"Vir2i1-M)'(1-exp((1-W)"
In{1-Vin2 Peathodo)Vir2):
TUV(4,19)AvoaCIor2'(F1+{1172)"(F3"(V(n2 Peathodo) FeVir2]M(2V2)
(V{02 Peathodo) V(12 Pealhoda)-Fe“Fe VIr2Vir2)

1009) <5 (V) AMAX )

1(09) < white_noise( .0"P’(26.85 + 273.15) /{ RMAX ), “thermar )

ond
ondmodulo
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Introduction to the Qucs GPL Verilog-A module synthesizer: part VII

@-3-

Verilog-A synthesis of a SPICE like semiconductor diode model:

l4 — V4 temperature effects.

PriDD

A?W G
vy poaeoo [ ]

Net
Tomp=Tomp_sw
Vj=1.0

Fes05

. ]
L’ EQ
2

Me05
Cpate-12
ameTomp_sw  Tia10-9
Thoms26.85 -
Egetn1 Troma26 8¢ totk | | | | |
XTIe3.0 Areas1.0 % 0 2 40 6 0

Tomp_sw (Colsius)

Simulation data for
Qucs EDD model and built-in diode model

0017
1e3
EDDdodedt D2
Areast Iele14A 3
ls=te-14 Net 3 S1ee
Rs<0.1 co-tp &
Net M-05
TempaTomp_sw  VI=1.0V
Vie1.0 Fca05
e -010mm  1e5}
swi Fea05 Pa-a1 o 5
Sm-et o TompeTomp.ow
Typoetn Clo-te-12 p-Temp
Tt-ted X8=3.0 &
ParamTemp. sw 5
S0 Trom-2685  Eg=1.11
S - Toms2685  1e-6. " " " "
Stop=80 Eg=1.11 oato %% [ 2 ] Cl
Points=51 xn-30 =

Tomp_sw (Colsius

Simulation data for
Verilog-A model and built-in diode model
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Introduction to the Qucs GPL Verilog-A module synthesizer: part VIII

Verilog-A synthesis of semiconductor device shot and flicker noise: EDD
models and Verilog-A module code.

Shot_NoiseR11

Noise model symbols

FLICKER

VA

Fiicker_NoiseR1 1

Ki-te-16
Ffe:
A=

o1
11=0

Besqr(2'qH(V2"103)+10:20) V1

nshot

“include “disciplines.vams"
include "constants vams™

modulo Shot_ NoiseR1(P1, P2, P3, P4);

inout P, P2, P3, P4

electrical nShat, P2, P1, P, Pd;

analog begin

@(iitial_model)

begin

end

I(nShot) < (V(nShot)( 1);

I(nShot) < white_noise({ ‘shot");

1(P2P1) < V(P2P1)( 163 );

1(P3,P4) <+ sqrt(2 Pa’((V(P1,P2)"163)+16-20))"V{nShot);
end

endmodule

Compact modelling

TEMPLATE

Synthesized Verilog-A module code

A3
R=103

Q2=
13=sqrt(exp(AT'In((V2*163)+1€-30)))"V1
Qs=0

[nFiicker

include "disciplines vams™
“include "constants.vams

module Fiicker_NoiseR1(P1, P2, P3, Pé);
inout P1, P2, P3, P4;

eloctrical P2, P1, nFlicker, P3, P4;
parameter real
parameter real Ffe:
parameter real Afe1;
analog begin
@(initial_ model)

1(P2,P1) <+ V(P2P1)( 103 )
I(nFiicker) <. ficker_noise(K, Ffe, "icker" );

I(nFlicker) <+ (V(nFlicker))( 1);

(P3,P4) <& sq(EXp(AFIN(V(P1,P2)"163)+18-30))V(nFiicker);
ond

endmodule
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Introduction to the Qucs GPL Verilog-A module synthesizer: part IX

Verilog-A synthesis of semiconductor device shot and flicker noise: small signal
AC domain simulation data.
| )|

" SHOR =% 1e-7:
s 1% nShotFlicker
Shol_NoisoR11 108
109
FLICKER Fiicker_NoisoR11
Ki=10-16 1e-10-
Ffo=1
VA A=
= =2 fo-11
fo-12
Py ;
— —=  §1e13 2
Act oct E %
Type=log swi § 1o1e )
Start=0.01 Sim=ACt s
Stop=100K Typo=iin
Points=141 Paramlsw 1o-15
Noise=yes Start=0
Stop=1
Points=11 10-16-
! 1017
£o5 1e-18.
o 1e-19:
001 01 1 10 100 163 fed 1es
001 02 03 04 05 06 07 08 09 1 b o T 0 T Tar Tas

Isw actrequency
actrequency
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Building SiC compact device models with Qucs-S, QucsStudio,
MAPP /VAPP and Xyce: the model development tool kit

Qucs-S Integrated with QucsStudio, MAPP/VAPP and Xyce

- FRONT END BACKEND -
Ques-S Analog Device QuesStudio
Device compact Schematic. Verilog-A Model Synthesizer GCC C++ code il
s [ S coatoing > module [ (ADMS vrsion 236 —>] “and aynamic imr- (—>] (VerSien 241) Ques-s
Octave
\I/ p— XXX.cpp post-simulation
data
Generate rocessin
AP f Optimize GCC C++ code compiler Xyce = ° .
e VaLint < @eg ‘and dynamic linker | [—>| (version 6.8)
XXX.cpp
XXX.va POST-SIMULATION
XXXModS
\|/ odSpee \I/ SIMULATION DATA PROCESSING
MAPP VAPP
XXXModSpec
XXXModSpec.cpp

MAPP : The Berkeley Model and Algorithm Prototyping Platform

VAPP : Verilog-A Parser and Processor

VaLint : NEEDS Verilog-A checker
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Building SiC compact device models with Qucs-S, QucsStudio,
MAPP /VAPP and Xyce: model structure

. Outer Layer (Interface to other
Model Body  ym_y ? devices and components)

A1
MODEL DOMARES CROUITS Interface Layer | |rurs
IRCUITS MESFET_TOM21 P ooum
Elecrical Model Apnacpha
¥ :
Thermal Benavioural GCore Gamma-Gamma = | vriog-a mdui | . | cestude
optial > | Macromodels . oo synhosis ot
Mechanical eviES — b s
Spintronic £ A3 = NN
: ¥ -
Bio-chemical R=R S Yoy
Compact / omp=Temp
OTHERS? Models 5
i-xi
R2 VioTe=Viore
Refs
Model Symbol
KEY
. 1 tum key” Veriog-A
. Numed 2 Xyca: Veriog-A modules compiled and linked to Xyce code.
quation INGats &
Eqnt o NR
Ti=Tromi273.15 Gatet o1
To-Tompr273.15 N6 HT . 1=AlphaBeta"pow(V5-VIoT2, QJ"(( Alpha”V J(sar(1 0+AlphaAlpha"V3"V3 ) ) )
T2 12:v2
OTTITITIINT  aivacammavevs
K127.020-4 niz] |1 61572 lmexp(V5/(N*VIGT2)) - 1.0 ) + GMIN*VS
K2-1108.0 I } INR 16=IsT2*(limexp(V6/(N*VIoT2)) - 1.0 ) + GMIN'VE
VIGT2- Vo oTC(T2:T1) Noouea] 17-V7Rin
EgT1-Eg - KIT1TH(K2:T1) [}
I8T2x1s"pow(Tr, XUIN)imexp(-(P_C"EQT1)"(1-Ty(P_K'T2)) Sourcet
GMIN-e-12 Nume?
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Building SiC compact device models with Qucs-S, QucsStudio,

MAPP /VAPP and Xyce: the development of a fundamental 4H-SiC
MESFET " Triquint level 2 (TOM2)" model

@-3-

Tools > Compact modeling = Build Verilog-A module from subcircuit

V

I/ Basic static IV characteristic Verilog-A code for the TOM2 model.

1/ Reverse breakdown characteristics NOT modelled.

“include "disciplines.vams"

“include "constants.vams™ TOM2

module MESFET. TOM2(NR, NDrain, NGate, NSource); core

inout NR, NDrain, NGate, NSource;

electrical NR, ni1, NDrain, NSource, NGate, i

parameter real Alpha=Alpha; parameter real Bet:

parameter real Q=2.003;

parameter real Rin=Rin; parameter real Is=Is; parameter real N=N; parameter real Vto=Vto;

parameter real Temp=Temp: parameter real Tnom=Tnom; parameter real Eg=Eg;

parameter real Xti=Xti; parameter real VioTc=VtoTc;

real T1, T2, Tr, P_K, P_Q, K1, K2, VtoT2, EgT1, IsT2, GMIN, VthT2;

analog begin

@(initial_model)

begin

T1=Tnom+273.15; T2=Temp+273.15; Tr=T2/T1; P_K=1.3806503¢-23; P.Q=1.602176462¢-19;

K1=7.02e-4; K2=1108.0; VioT2=vt0+vtoTC*(T2-T1); EgT1=Eg-K1*T1*T1/(K2+T1

IsT2=15"pow(Tr Xti/N) limexp(-(Po EGT1)"(1-Tr)/(PK"T2)); GMIN=1e-12; VthT2=!

end

I(NR.ni1) <+ Alpha"Beta’pow(V(NGate, NSource)-Vto,Q)*((Alpha* V(NDrain NSource))/
(sqrt(1.0+Alpha*Alpha*V(NDrain,NSource)*V(NDrain,NSource)))); I(ni1,NR) <+ V(ni1,NR);

I(NDrain NSource) <+ V(ni1 NR)/(1+Gamma*V(NDrain,NSource)*V(ni1 NR)):

I(NGate,ni2) <+ V(NGate,ni2)/1e8;

I(NGate NSource) <+ IsT2" (limexp(V(NGate.NSource)/(N"VhT2))-1.0)+ GMIN*V(NGateNSource);

I(NGate,NDrain) <+ IsT2"(imexp(V(NGate NDrain)/(N*VthT2))-1.0)+GMIN*V(NGate,NDrain);

I(ni2,NSource) <+ V(ni2,NSource)/Rin;

end

endmodule

~Beta; parameter real Gamma=Gamma;

K'T2/P.Q;

de simulation

bCt

- V1
Tuves

0.015

0.01

Prids. (A)

0.005
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Building SiC compact device models with Qucs-S, QucsStudio,

MAPP /VAPP and Xyce: the development of a fundamental 4H-SiC
MESFET " Triquint level 2 (TOM2)" model; improvements and limitations

@ Improvements: extending, for example, the TOM2 model to improve |/V
characteristics, include dynamic model charge properties, add thermal
effects and electrical noise is straight forward provided model Verilog-A
module code is written in the ADMS Verilog-A subset.

o Limitations: ADMS performance is limited by a number of features; 1. the
generated backend differential code is very large leading to poor simulation
times, 2. ADMS has node collapsing problems, 3. ADMS is written in
XSLT making its code difficult to understand and maintain, 4. ADMS has
no support for current branches and 5. very poor documentation.

@ Industrial level compact Verilog-A device models are normally written in a
much larger subset of Verilog-A, often resulting in model failure when
compiled with ADMS.

o Future model development: For industrial grade compact modelling of
electrical and multi-physics systems requires a reliable an much improved
software tool - hence move Qucs-S compact model development to the
Berkeley MAPP and VAPP tools. These have been under continuous
development over the last six years as part of the NEEDS NonoHUB
project and have been released under the open source GPL licence. 28 / 40



Building SiC compact device models with Qucs-S, QucsStudio,

MAPP /VAPP and Xyce: Moving forward - merging MAPP /VAPP and
XYCE within the Qucs-S framework

@ The release of the advanced Xyce parallel circuit simulator under the GPL
licence has made available to the wider compact modelling community a
package with significant new simulation facilities.

@ By combining the Xyce circuit simulator with the new Berkeley "Modelling
and algorithm prototyping platform, under the GPL licence, the available
compact modelling tool set has been " future proofed” for the foreseeable
future.

@ Release of the latest stable version of Qucs-S in October 2017 has
triggered work on merging MAPP /VAPP (coupled with Xyce) within the
Qucs-S framework.

@ The remaining slides in this presentation report on the work done so far to
achieve the merger of MAPP/VAPP and Xyce with Qucs-S. An indication
of future plans are also introduced and a number of SiC modelling
examples are outlined.
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Using the Berkeley model and algorithm prototyping platform within the

Qucs-S framework: compact device model development with MAPP and
VAPP; part 1

KEY:
MAPP coded in MATLAB/Octave To
XXX.va
XXX.ModSpec
Simulation
MAPP o
Generate MNA-EgnEngine dcsweep
Generate MAPP ModSpec Bnera d 2
Device compact 1. by model._starter( function,or | = DAE S| circuit > or —>{CEE
model —=>| 2. by high-level MAPP wrapper, or ModSpec netlist SparseTableauEngine| ack
equations 3. by lower-level ModSpec API object ':mﬂs'"“
omotopy
i N Xxxckt | desens
ModSpec object

model library

Plot
or
tabulate
output
data

@-3-9
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Using the Berkeley model and algorithm prototyping platform within the

Qucs-S framework: compact device model development with MAPP and
VAPP;part 2

A simplified circuit model
for a 4H-SiC MESFET"

Differential/Algebraic Equations (DAE) MAPP ModSpec function

e wrapper)

ids=Ids+d/dt(Cds - Vds) +Vds - GMIN R

MOD = ad 10,00 mode(MOD, terminale’, ‘g, W)
plicit outs’, ('

igs=didt(Cgs Vgs) + Vgs - GMIN,

where

MoD. o

Ids = (B - (Vgs-Vto)? )/(1+5 - Vds - \be Vdsta - (Vgs-Vto)?) ) - 1o parama’ (Co 2 Cpn,

tanh( (a - Vds )/(Vds-Vto)™ ), 10,00, 2 ', (', 1.6, OMIN', 10-9) )
———2> | MOD = add 0,00 model(MOD, T, @1

and a =0.71, B = 5.5e-4, Q = 2.003,Vto=-14.4, MOD = add to_ee modei(MOD. 'q'. @4 )

Cds=2.67e-12, Cgs=0.499e-12, m=1.6, GMIN=1e-9. 00 = e sa mecuo0y
ot

In general MAPP model branches, electrical systems, R

can be represented by iy "
Ko

Here, Rds = Rgs = 1/GMIN al =
didt(q(v) + f(v) + b(t) =0, Z.". " s-u'An)vu 0+ Gammarvas BetarAval) | tan(AIpha"vds/Bval) + vds"GMIN:
where, nonlinear functions q(v) and f(v) represent the charge -‘2.'.‘ = vovoun;

andresistive parts of a branch, respectively, and b(t) is an Lk

external voltage or current input which is a function of time.  furctn qout = o)
Vastructs):
qds = :dl’v&-
00 = Canvan
ModSpec files represent objects being modelled qout = qds: ags:

in a very general way which allows explicit and
implicit formulation with specified inputs and
outputs, supports internal unknown quantities
and time-varying behaviour.

XU Yue-hang et al., Advanced SPICE- modelling Of 4H-SiC MESFET's, Journal of Electronic Science and Technology of China,

March 2007, Vol. 5 No. 1, pp. 62-65.
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Using the Berkeley model and algorithm prototyping platform within the

Qucs-S framework: compact device model development with MAPP and
VAPP;part 3

Edit Positioning Insert Project Tools Simulation View Help

4R > O 0e3: G QAAREDR S F

]
Main Dock BE  basicSICMI

ESFET_ModSpec_wrapper.m x
Content of SiCcompactModels Note 5 T
Datasets

Data Displays

Verilog MOD = eo_nodel ()5 Qucs-S editor window

function

ba v P

 Verilog-A
HDL

- Octave
MESFET_DCsweep_2.m
MESFET_DCsweep_3.m

Octave Dock

Libraries | Components | Content | Projects

octave:2> .
Start, MAPP Octave output window

Test, §

basicSICMESFET_Mod... This is the Berkeley Model and Algorithm Prototyping Platform (MAPP).

nonlinear_resistor.m - git branch

- git version MAPP-2017-02-15-release-
run_SHdiffpair_ckt_DC... - installed under:
run_SiC_H4_MESFET_.
start_MAPP.m
f::?}?igmm 05 Mod. MAPP paths have been set up.
test_basicSiC_ModSpe...

- Schematics

TDC_Tom2.sch 3-port

ICE

type "help MAPP" (without the quotes) to start.

warning: itk graphics toolkit being used. If there are rendering problems, try graphics_toolkit(‘gnuplot’).
warning: called from
start_MAPP at line 33 column 13
octave:3>
~4—— Qctave input command line
-3 MAPP and VAPP Octave functions and scripts 32 / 4—0



Using the Berkeley model and algorithm prototyping platform within the

Qucs-S framework: compact device model development with MAPP and
VAPP;part 4

C
File Edit Help
9 z+ Z- o InsertText [; Axes Grid Autoscale
4H SIC MESFET model ids vs vds at const vgs

002

oo

ids (A)
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Using the Berkeley model and algorithm prototyping platform within the

Qucs-S framework: compact device model development with MAPP and
VAPP;part 5

“include "aisciplines vams-
“include "constants vams"
modle SIC MESFET(D, G, S)
inoutD, G, S;
electrical D, G, S;
parameter real Alpha=0.71;
parameter real Beta=5 5e-4;
parameter real Delta=0 015,
parameter real Q=2.003;
Notes on MAPP and VAPP Verilog-A limitations: parameter real N=1.0; Sw2
parameter real Vto=-14 4 Sim=:
1. The voltage staternent siyle V(drain) is not =26.85, Parai
allowed - recomend the use of the Verilog-A parameter real Cgs=0.499-12; Type:
branch statement; branch (a, b) bab; parameter real Cds=267e-12; Start:
parameter real m = 1.6; Stop=-6
2. Verilog-A module terminals may need to be vm 144 Points=9
reamranged because the last terminal is assumed branch (D, S) bDS1 cgg 04996-12
to be the circuit reference node. branch (D. S) bDS: 676-12
branch (D, S) bDS3; Stop=200
3.Notall Verilog-A functions are implemented yet, for | branch (G, S) bGS1: Points=201
example: the ddx function and multiple output branch (G, ) bGS2. 00
functions
real TempkK, Vith, Aval, Bval, Cval;
4. Needs compatibility does not allow some Verilog-A
language features: the most important being analog begin 0015
simulator directives beginning with @ Tempk = Temp+273.15;
Vih="P_KTempk/ P Q;
NOTE MAPP and VAPP allow a high percentage of the Qa\ 1 BN Vith), - o001
Veriog-A statements in the language standardization 3
manual. However, the ADMS software only allows a \(stn <+ (Betapow(V(bGS1)-Vto Q) -
smaller subset of the language statements (1.0+Delta"V(bDS 1y Beta"pow(V(bGS1}-Vto Q) )}
“tanh(Alpha™V(bDS )pow(V(bGS1)-Vio,m)); 0.005
I(bDS2) <+ dd(Cds™V(bDS2));
[(bDS3) <+ V(bDS3) 1e-9;
I(bGS1) <+ det(Cgs™V(bGS 1))
\(bGSQ) <+ V(bGS2) 1e-9; 0
endmodu\e 2 4 6 8 10 12 14 16 18 2
Vds

Verilog-A module code derived from MAPP DAE model. —/]\
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Using the Berkeley model and algorithm prototyping platform within the

Qucs-S framework: compact device model development with MAPP and
VAPP;part 6

function ntlst = MESFET_DCsweep_6() P .
clear ntlst; Test circuit netlist

ntist.cktname = '"MESFET_DCsweep_6";
ntlst.nodenames = {'d', 'g%};
ntist.groundnodename = '0";
ntlst = add_element(ntlst, vsrcModSpec(), 'V1', {'g’, '0}, {}, {{’E", {'DC', -12.0} }});
ntist = add_element(ntlst, vsrcModSpec(), 'v2', {d’, '0}, {}, {{'E’, {'DC’, 10.0} }});
ntist = add_element(ntlst, SiC_H4_MESFET, 'MESFET1', {d' 'g’,'0'}, {} );
ntlst = add_output(ntlst, 'i(v2)', -1);
5°AE MNA_EgnEngine(ntlst); New MESFET model
swp = dcsweep2(DAE, [], 'V2::E', 0.0: 0.2 : 20.0, 'V1::E', -14 : 1 : -6.0);
feval(swp.plot, swp );
MNA DAE for MESFET_DCsweep_6: DC sweep: -14i(V2) vs V2::E

r
0.016
0.014

0.012

3_3_94 0 s 10 15 20 35/40



Using the Berkeley model and algorithm prototyping platform within the

Qucs-S framework: compact device model development with MAPP and
VAPP; high power SiC MOS model

Power_MOS_V1.va

UARK SiC Power
MOSFET model v1.00 VAPP

va2modspec PASS Power_cleans.m

[ Roughly 1000 lines of Verilog-A code +
52p: 1

Power_MOS_Vi.va

vsre vz (8o,
lement(ntist, pomrm Cloans(), MESFET1
ntlst utput(ntist, i(v2)', 1);

DAE = MNA_EqnEngine(ntist);

%

swp = dosweep2(DAE, [], 'V2:::E', 0.0: 0.25 : 20.0, 'VA::E', 0:1: 10);
foval(swp.plot, Swp );

MINA DAE for MESFET_DCsweep_7: DE sweep: -19i(V2) vs V2it €

s 0 15 20
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Using the Berkeley model and algorithm prototyping platform within the
Qucs-S framework: Plans for the future

o Increased integration of Qucs-S with MAPP, VAPP and
Xyce.

o Improvements in MAPP support: new component models,
better tabular output data and Octave/MATLAB
visualization.

o Implementation of Xyce compiled MNA DAE models:
Integration of Xyce with MAPP, VAPP and Qucs-S via
ModSpec-C++API.
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Verilog-A compact modelling of SiC devices with Qucs-S, QucsStudio and
MAPP /Octave FOSS tools: download links

@-3-

o Qucs-S: Download links —The latest stable release is

Qucs-0.0.20. It is based on stable release Qucs-0.0.19.
Documentation can be found at readthedocs.io. Source tarball
qucs-s-0.0.20.tar.gz at Github repository. Debian repository
(32 and 64 bit), built with openSUSE OBS: Debian 9
"Stretch”, Debian 8 "Jessy”, Debian 7 "Wheezy", Ubuntu
14.04 and 16.04. RPM Packages (32 and 64 bit) for CentOS
and Fedora-24, 25, and 26. Windows installer (Zipped EXE):
qucs-s-0.0.20-setup.zip.

Xyce: Download and documentation from
https://xyce.sandia.gov/.

MAPP /VAPP: Download from

https: //github.com/jaijeet/MAPP, see also
http://draco.eecs.berkeley.edu/mapptiki/tiki-index.php.

Octave: https://www.gnu.org/software/octave/.
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Jahn S., and Brinson M., Interactive compact device modelling using Qucs equation defined devices,
International Journal of Numerical Modelling: Electronic Networks, Devices and Fields, September/October
2008, 21(5), pp 335-349, DOI:10.1002/jnm.676.

Brinson M., and Jahn, Qucs: A GPL software package for circuit simulation, compact device modeling and
circuit macromodeling from DC to RF and beyond, International Journal of Numerical Modelling: Electronic
Networks, Devices and Fields, July/August 2009, 22(4), pp 207-319, DOI:10.1002/jnm.702.

Mike Brinson and Michael Margraf, Verilog-A compact semiconductor device modelling and circuit
macromodelling with the QucsStudio-ADMS Turn-Key modelling system, International journal of
Microelectronics and Computer Science, Vol. 3, No. 1, pp. 32-40, Jan. 2012. ISSN 2080-8755

Wladek Grabinski, Mike Brinson, Paolo Nenzi, Francesco Lannutti, Nikolaos Makris, Angelos Antonopoulos
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International Journal of Numerical Modelling: Electronic Networks, Devices and Fields, Volume 27, Issue
5-6, September- December 2014, Pages: 761779, DOI:10.1002/jnm.1973.
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Verilog-A analogue module synthesis, International Journal of Numerical Modelling: Electronic Networks,
Devices and Fields, Volume 29, Issue 6 November-December 2016, Pages 10701088, DOI:
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Verilog-A compact modelling of SiC devices with Qucs-S, QucsStudio and
MAPP /Octave FOSS tools: references; part2 Berkeley MAPP /VAPP

@ MAPP: A Platform for Prototyping Algorithms and Models Quickly and Easily Tianshi Wang, Aadithya V.
Karthik, Bichen Wu, and Jaijeet Roychowdhury (invited paper) in Proceedings of IEEE International
Conference on Numerical Electromagnetic and Multiphysics Modeling and Optimization (NEMO), Aug 2015.

@ Multiphysics Modelling and Simulation in Berkeley MAPP Tianshi Wang and Jaijeet Roychowdhury in
Proceedings of IEEE International Conference on Numerical Electromagnetic and Multiphysics Modeling and
Optimization (NEMO), July 2016.

@ MAPP: The Berkeley Model and Algorithm Prototyping Platform Tianshi Wang, Aadithya V. Karthik,
Bichen Wu, Jian Yao, and Jaijeet Roychowdhury (invited paper) in Proceedings of IEEE Custom Integrated
Circuits Conference, Sept 2015.

@ Modelling Optical Devices and Systems in MAPP Tianshi Wang and Jaijeet Roychowdhury EECS
Department, University of California, Berkeley, Tech. Rep., UCB/EECS-2017-160, Oct 2017.

@ Well-Posed Device Models for Electrical Circuit Simulation A. Gokcen Mahmutoglu, Tianshi Wang, Archit
Gupta, and Jaijeet Roychowdhury NEEDS: Nano-Engineered Electronic Device Simulation Node Tech. Rep.,
Mar 2017.

@ Further Qucs-S and MAPP/VAPP publications can be found at: 1. MOS-AK Association :
http://www.mos-ak.org/, and 2. Nano-Engineered Electronic Device Simulation Node,

https://nanohub.org/groups/needs/.
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