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Qucs-S Internet facilities: documentation and software download site

Qucs-S: Ques with SPICE

@-3-9

https:/ra3xdh.github.io/

Qucs-S: Qucs with SPICE

Download links News Simulation example with Qucs-S and Ngspice
“The est stable release is Ques-0.0.19S. It ® January, 26, 2017 Qucs-S 0.0.19 is released! -
is based on stable Qucs-0.0.19: The first stable release ol e ann e met LR
® November8, 2016 Quc RC8 ed.
* Documentation:https:/jqucs: R and downioad Lk
. i dquest , Ealease notes ard downlond Lk
* Source tarball: qucs-0.0.195
® Debian repository (32 and 6: blL .
pac with openSUSE OBS:
© Debian 8 "Je sy .
notes and download link
o Dobian 7 "Wheezy" at o January -
download.opensuse.org notes
© Windows installer (Zipped EXE). .
Ques-0.0.195-seup2zip. o July 28,
. July

(Installation instructions,

What is Qucs-S?

Ques-S is a spin-off of the Qucs cross-platform circuit simulator. *S* letter indicates SPICE. The purpose of the Qu
SPICE circuit simulation kernels with the Qucs GUL It merges the power of SPICE and the simplicity of the Qucs GUL Qucs intentionally uses its
own SPICE incompatible simulation kernel Quesator. It has advanced RF and AC domain simulation features, but the most of existing industrial
SPICE models are incompatible with it. Quc: is not a simulator by itself, but it requires to use a simulation backend with it. The schematic
document format of Qucs and Ques-S are fully compatible. Qucs-S allows to use the following simulation kernels with it:

s-S subproject is to use free

« Ngspice is recommended to use. Ngspice is powerful mixed-level/mixed-signal circuit simulator. The most of industrial SPICE models are
compatible with Ngspice. It has an excellent performance for time-domain simulation of switching circuits and powerful postprocessor.

 XYCE is a new SPICE-compatible circuit simulator written by Sandia from the scratch. It supports basic SPICE simulation types and has an
advances RF simulation features such as Harmonic balance simulation.

« SpiceOpus is developed by the Faculty of Electrical Engineering of the Ljubljana University. It based on the SPICE-3f5 code

« Qucsator as backward compatible
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History of Qucs-S compact device modelling

21 Feb 2007 : Implementation of subcircuit parameters. Allow equation variables and sweep parameters in
component properties and subcircuit parameters. Equations can be placed in subcircuits.

24 Feb 2007 : Input parameters of components can be used in Qucs-S equations.
21 Apr 2007 : Support for symbolically defined devices (EDD). ONLY explicit equations allowed.
2 Sep 2007 : Allow number engineering notation in equations (pre- and post-processing as well as EDD).

Oct 2007 : Using ADMS to translate Verilog-AMS device models into C++ code. Manual compiling and
linking of model C4++ CODE.

2008 to 2011 : Generation of Verilog-A compact semiconductor device models.
3 Mar 2011 : Implementation of interactive GNU Octave connection to Qucs-S.

31 Aug 2014 : Dynamic compilation and loading of Verilog-A modules, Addition of a full ADMS/Qucs "turn
key” Verilog-A compact device modelling system to Qucs. Users are no longer required to manually edit
C++ code and build system to be able to run Verilog-A models. Uses ADMS 2.3.4.

23 Nov 2014 : Synthesis/translation of Qucs-S schematics/netlists to SPICE style netlists.
2014 to 2015 : Full set of SPICE commands added, for example .PARAM, and .OPTION.
2014 to 2015 : Full set of SPICE components added.

24 Aug 2015 : Verilog-A " Turn-Key” module synthesiser added.

28 Sept 2015 : Qucs PlotVs() function added to Qucs-S.

9 March 2016 : XSPICE distributed analogue device models and user defined Code Models added.
8 April 2016 : Addition of XSPICE Code Models in user generated model libraries.

4 Nov 2016 : Start developing XSPICE " Turn-Key" Code Model synthesiser.

1 Feb 2017 : EDD maximum number of branches increased from 8 to 20.

5 March 2017 : Added .FUNC and .include-script components.

2017 ........ : Continuing Qucs-S development in preparation for release 0.0.20.
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A flow chart showing Qucs-S compact modelling facilities and data
movement

Ques-S

COMPACT DEVICE MODELLING SIMULATION POST-SIMULATION DATA PROCESSING

‘Simulation data
tabulation and

FRONT END BACK END

NOTES:

1. Ques-S allows the selection of the simulation engine o use.
2 on

3. Users may select either Qucs-S or Qetave post-processing of simulator data.
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Building compact device models with Qucs-S: 1 Specification of the static

and dynamic device properties of a semiconductor step recovery diode
example

@ In this presentation a compact model for a semiconductor step diode has been
chosen to illustrate the different model building tools implemented by Qucs-S.
This choice of model is deliberate because it's properties are well known, making
the operation of the modelling tools easier to follow and understand.

@ Non-linear static 1d-Vd characteristics :
Id = IST2 - (exp(Vd/(N - Vt(T2)))) — 1.0) + GMIN - Vd, where
Vd = V/(Anode, Cathode),
T1l= TNOM + 273.15,
T2 = TEMP + 273.15,
Vt(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,
XTI =3.0,Eg = 1.16, TNOM = 26.85, TEMP = 26.85 and GMIN = 1le — 9.
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Building compact device models with Qucs-S: 1 Specification of the static

and dynamic device properties of a semiconductor step recovery diode
example

L@-3-9|

Reverse breakdown voltage :

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 =1e — 3.

Basic semiconductor diode depletion charge :

Qdep = (Vd >=0.0)?CJOT2-(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: 1 Specification of the static

and dynamic device properties of a semiconductor step recovery diode
example

[P

Noise current : a

P=2-q Id-Af+ L AF 4 HKT L AF,

where the noise physical parameters have their usual meaning:
Kf = 0.0, Af =1.0.

Basic semiconductor diode diffusion charge :
Qdiff =TT - Id

Step recovery diode charge :

Qd = (Vd <=0.0)?CJ0 * Vd : 0.0,

Qd = (Vd > 0.0)&&(Vd < FCP)?C1 % (Vd + C2)2 — C3: 0.0,

Qd = (Vd > 0.0)&&(Vd > FCP)?Cf « Vd — Cf : 0.0, where

FCP = FC x VJ,Cf = TAU/Rs,Cm = Cf — CJ0,C1 = Cf — CJ)/2 * FCP,

C2 = (CJO* FCP)/Cn,C3 = (CJO* CJOx FCP)/(2* Cm), C4 = Cm FCP/?2,
where the capacitor physical parameters have their usual meaning:

TAU =2e —9,Rs = 0.1, FC = 0.5.
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Qucs-S Equation-defined components - subcircuit/macromodel design
equations

P_vce
PN N - vee
Boyle P_out
Qucs-S equation blocks can be usedasa  ewr+ [ &
design aid to calculate component values suB - 2sibu0rios
at the start of a simulation sequence. g oo (14D (5261Y2)
Unlike Qucs the order of the equations in P ibry T prabp'e2)
a Qucs-S block is important. Right hand Trn 62508 Toro+b2W2+bteb2)(rct-1igm1)
variables must be calculated before use. fore20u reamiaon
Multiple blocks are combined bv Qucs. gbp=106 oo
Vazz00 B aphrin
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Qucs-S: Subcircuit / macromodels

Photodiode subcircuit body

P.AQ
{
4 D1
LR Is=ls
R=Rseries  N-N
. Cjo=Cjo
SRC1 1 =T
G=Responsivity Bv=Bv
T[T TR
- @ \4 RaRsh
e RIS SR W
P_Viight
oPe
Photodiode symbol
ﬁ_A
PD
P_Vlight File=name
c Cjo=60p
~ 1s=0.34p
=1.35
Bv=60
Tt=10n
Responsivity=0.5
Rseries=1m
Rsh=1M

Test circuit and simulation data

dc slmulailon“ ¢l
et Xl v
* U=Vnp
Light_Const1 | -
Light_Power= —tPr |Equation
) o [0 ep1 Eqn2
Parameter Parameter| - + Ci0=60p  Omega=2*pitfreq
= uency
sweep sweep X Eﬁg{(s\}q o
L lotVs(1/(real(y[1,1])),Vnp)
sw2 Bv-w CD=PlotVs(imag(y[1,1])/Omega,Vnp)
Sim=SW1 =10n
Type=lin Neaponalvlty—n 5 .
Param=PLS Rseries=im S parameter
Start=0 =1
Stop=40m .slmulatlon
Points=6 sP1
Type=const
Values=[100k]
002 =
<
z 3 \
Versus.0002: 0.0131 5 on
CD: 6.06e-11 3 H
3 8 \
3 : —
g o
5 3 2 4 0 1 5 4 3 2 4 0 1
Vnp (V) Vip (V)

9/33



Qucs-S: Nonlinear equation defined devices (EDD)

Qucs-S Equation-Defined Device (EDD)

D
VHT VIV TV TV PV U U TV TV TV T [T T T T L o
I=1(V), g=dl/dV

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

of
st
vl
ef
41
L

of

« 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

Jahn S. & Brinson M.E. (2008). Interactive compact device modelling using Qucs equation-defined devices. International Journal of Numerical Modelling:
Electrical Networks, Devices and Fields, 21:335-349, DOI:10.1002/jnm.676, John Wiley & Sons, Ltd.

Brinson M.E. & Jahn S. (2009), Qucs: A GPL software package for simulation, compact device modelling and circuit macromodelling from DC to RF and beyond,
International Journal of Numerical Modelling: Electrical Networks, Devices and Fields, 22:297-319, DOI:10.1002/jnm.702, John Wiley & Sons, Ltd.
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compact model of a semiconducto

including noise

Model
Function .
Control Shot noise
Parameters
" . 02
=0
CATHODE Y 12«ACnoiseSWITCH" sqri(K3'V3+1e-30)*V1
S&C\ 1 13=V3*1e4
BVSWITCH  noise o oy S e O
oise free T ' ' 1 Eqnd
I
CdepSWITCH resistor V) pet K329 164
: 4 e=0 CATHODE
CdiffSWITCH \ Lot
f a=0
ACnoiseSWITCH D e
ANODE o CATHODE
.. . . 1o . 1o . .
O1=0dep PANODE e CATHODE
02=0diff
D1
P 1= IST2'(imexp (V1°K2)-1. 01+ GMIN'V1
|d Q1=(CdepSWITCH==1) 7 ( (V1 >=0.0) ? CIOT2*(V14P11°V1*V1) : PE'(1-(1-VINUT2)'P7)) :0
12=(BVSWITCH==1) ? (-IST2"(exp(-BVEFF+V1)'K2)-1.0 +BVEFF'K2) ) : 0
Breakdownl Q2=(CAHSWITCH==1) 2 TT*I1 : 0
Equation
| 3 Equation
Eqnd Eqnt
PE=CJOT2'VJT2P7 GMIN=1e-12
M ISEFF=IS'AREA
VT2 K2=1/(N"VTT2)
IBV'AREA CJOT2-CJOAREA
T2 (expl-BV'K2)-1.0)
(IBVEFF>IDBV) ? BV-K5"In(IBVEFF/IDBV) : BV
P11=MW2VJ)
|
L@-3-9|

1/f noise

L 11=0
'SRC2 | [2=ACnoiseSWITCH'sqrt(Va+1e-30)"V1

Gefe3| 1B=V3'ies
+ Qa-1e6'V3
O =VarAf
SRC3 | ANODE
G=1 4 ' § V2
u=KI
——F oy et
¥ I ) o1
a=0
Equation
CATHODE
Eqn2

T1=TNOM+273.15
VUT2a (T2°VUIT1)-2VTT2'In(T2IT1)* 5-(T2"EgT1/T1)-EgT2)
VIT2-PK'T2PQ

EgT1=Eg-7.020-4*T1*T1/(1108+T1)
EqT2-Eg-7.020-4°T2'T2/(1108+T2)

T2-=TEMP+273.15

1ST2= ISEFF*(T2/T1)(XTUN)"exp((-EgTINTT2)"(1-T2/T1))
PQ-16021764620-19

PK=1.3806503¢-23
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Qucs-S: An EDD compact model of a semiconductor diode, typical

simulation data

1. |-V characteristics

[BVSWITCH=0]
0
4 3 2 1 0 1
vd (V)
2. Reverse o
breakdown
[BVSWITCH=1]
05 4 -3 2 -1 0 1
vd (V)
3. Capacitance 1e-9
1e-9 1e-10
1e-11
1e-12
le-10 1e-13
o __le-14
e T 1e-15
3 < 1e-16
©1e-17
tet2 " te8
1e-19
- 1e-20
84 8 2 a4 0 1e21
vd (V) le2s

[CdepSWITCH=1, CdiffSWITCH=0]

4. Flicker and shot noise
[ACnoiseSWITCH=1]

Rd (Ohm)
Y
° = ~

°

Rd (Ohm)
g 3
. & 2

4 3 2 4 0 1 o 0 m e e e
vd (V) Frequency (He)
1e-9
1e-10
€
< te-11
o
1e-12
1e-13
4 3 2 4 0
d (V)
-4 2 0
vd (V) [CdepSWITCH=1, CdiffSWITCH=1]

[CdepSWITCH=0, CdiffSWITCH=1]

@39
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Qucs-S: An EDD compact model of a step recovery semiconductor diode

RS
PANODE ~ R=RS CATHODE
. - . - 1. . D1
Equation N 11= IST2" (limexp (V1°K2)-1.0)+GMIN*V1
| — Q1=(CdepPARAM==1) ? ( (V1 >=0.0) ? CJOT2*(V1+P11*V1*V1) : P8*(1-(1-V1/VJT2)*P7) ) : 0
Eqnd 3 1) ? (V1 < -BV) ? -IST2*(limexp(-(BVEFF+V1)'K2) -1 +BVEFF*K2) :0:0
GMIN=1e-12 [ e 1)2TT1 :0
ISEFF=IS'AREA 4 13=(BVSWITCH == 1) ? (V1 ==-BV) 2 IBV:0: 0 / Q3 represents Cdep
K2=1/(N'VTT2) ¢ = -1 Q3=(IrecSWITCH )2 (V1 <0.0) 2 CJO*V1:0:0
CJOT2=AREA"CJO s, | Q4=(IrecSWITCH )2 (V1>0.0) && (V1 < FCP) 2 C1*(V1+C2)*2-C3:0: 0
— Q5=(IrecSWITCH == 1) ? (V1 > FCP) ? CF*V1-C4:0: 0
* ¥~ Qsancas represent Cdiff
Equation
Eqn2 Equation
i T1=TNOM+273.15 Eqn3
quation T2*VJ/T1)-2*VTT2'In(T2/T1)M 5-((T2*ET1/T1)-EqT2) P6=CJOT2'VJT2/P7

Eqns VTT2=PK'T2/PQ P7=1-M

FCP=VJ EgT1=Eg-7.02e-4'T1°T1/(1108+T1) K5=N"VTT2

CF=TAURS g-7.02e-4'T2'T2/(1108+T2) IBVEFF=IBV*AREA

CM=CF-CJ0 T2=TEMP+273.15 IDBV-=-IST2" (limexp(-BV*K2)-1.0)

C1=CF-CJ0/2'FCP IST2= ISEFF*(T2/T1)XTUN)"exp((-EgTIVTT2)*(1-T2/T1))  BVEFF=(IBVEFF>IDBV) ? BV-K5'In(IBVEFF/IDBV) : BV

C2=(CJO*FCP)/CM PQ=1.602176462e-19 P11=M/(2'VY)

C3=(CJ0"CJO"FCP)/(2°CM) PK=1.3806503¢-23

C4=CM'FCP/2

CdepPARAM=(IrecSWITCH == 1) ? 0: (CdepSWITCH ==1) 21 : 0

CdiffPARAM=(IrecSWITCH == 1) ? 0: (CdiffSWITCH ==1) 2 1: 0

-~ Small signal AC shot and 1/f

If IrecSWITCH == 1 then CdepSWITCH noise model not included

and CdiffSWITCH over-riden
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Qucs-S: Test circuit and simulation data for the step recovery
semiconductor diode model

. g Vd ot
-t ¢ gREAjL transient
. | =1e- 2 "
i D N-1 ~smulatlon
U1=0.9 [/ xTi=3.0 '
' Uz=5 "B TEmP-2685 UL
= T1=0.2n L Eg-1.16 i
 T2=400n TNOM=26.85 Stop=5n
dc simulation || Tr=0.001 ns TT=1n Points=5000
‘ 4 Tf=0.001 ns CJo=1e-12 IntegrationMethod=Gear
DC1 Vd=1.0 Order=6
M=0.5
BVSWITCH=0
CdepSWITCH=1 ¢
0 BV=100
s CdiffSWITCH=1 _
= IBV=1e-3 <
> IrecSWITCH=1 2
TAU=10n
5 RS=1 5
0 1le9 29 3e9 4de9d 5e9 0 1e9 269 3e9 4e9 5e-9
Time (s) Time (s)
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Generating Qucs-S Verilog-A compact device models: Introdu

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

Qucs subcircuit symbol Qucs subcircuit structure Verilog-A code template
// Code structure
P10 -OPn P{O—{ 1 Currentequation blocks -Oppn  include "disciplines.vams”
. 2 Charge equation blocks include "constants.vams"
P2 O : P2 (O—{ 3 Model initialisation block : module name (P1, P2, P3, ..... Pn);
4 Standard and noise free resistors inout P1, P2, P3, .... . Pn;
P3O : > P3()—{ 5 Parameter blocks electrical P1, P2, P3, . Pn;
. : . 6 Voltage controlled current blocks // Definition of local internal nodes
: * | 7 Curent to voltage conversion block§ : [——> // Parameter values and descriptions
: : 7 Shot noise current blocks // Definition of variables and quantities
¢ | 8 Flicker noise current blocks analog begin
name . | . // Model initialisation code
Param1 = Value1 [ // Model quantity equations

Param2 = Value2
Param3 = value3

// Current contributions
// Noise contributions
end
module end
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Relationships between Qucs-S schematic symbols and Verilog-A code
fragments

Fundamental EDD blocks

Ques symbol Quantity equations Verilog-A code Quantity equations Verlog-A code
Iname fragment fragment
Lo =
b4 (a) Model initiaisation block | Equation @(initial. model)
Iname = 11 = {(V2, V3, ... V&) Iname = {(V2, V3, ...... V8), Eqnt begin
2 1203,.1820and Q1,Q2,...08=0. cont cont =
Where Vim = Vit fym) 0 Vm = Vitun), e <, (v, V3., .. V) con2e con2 =
' and2sms8 cond= con3 =
s end
¢ (b) Standard resistors ne o ny Uy, ny) <+ V(ny, nyV/R;
s frym I(nx, ny) <+ white_noise((FourKT/R, “thermal").
Where FourKT = 4.0 - 'P.K - Stemperature, and
e * nye P.K = 1.3806505¢-23 K™!, Stemperature is the
resistor temperature in Kelvin.
ot w0 ny n on,
X (c) Noise free resistors x y g ) <o Vi, )
Q1 =1(V1,V2, ... V8,11, 12, ... 18) I(nxt, ny1) <+ ddt( Q1): 11 = VI/R = V(ny, ny)/R
* Q@2,...Q8=0. or
o Where Vn = Vi, hym) orVm=Vitn), 0 0 ) (d) Vottage controlled ny ny
and1sms8. v current block S Iname = X*V(ny, ny)
s o x Ry
L “iname
. = G=X
2 Iname = X - V(ny, ny)
e + nyg (e) current to voltage
n 3 .
conversion block . L Iname = V()
Iname = 11 = V1

A maximum of 20 two port branches are now allowed per EDD.

16 /33
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MOT-ADMS: Introduction to the basic Verilog-A subset available with
ADMS

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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MOT-ADMS: Introduction to the basic Verilog-A subset available with
ADMS; 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)

@3- 18/33



MOT-ADMS: Introduction to the basic Verilog-A subset available with
ADMS; 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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Generating Qucs-S Verilog-A compact device models: original user
controlled construction of Verilog-A models using static C libraries

Equation-defined device Model symbol
model pin names IIVerilog-A model template

‘include “disciplines.vams”

“include “constants.vams”

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

inout P1, P2, P3, ....Pn;

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

Il Definition of local internal nodes

/I Parameter values and descriptions

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

fragments Il Initialisation code

/I 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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Generating Qucs Verilog-A compact device models: C++ code patches;
model REGISTRATION process

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 Ques 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
Modify file module.cpp
ADD REGISTER_CIRCUIT(XXX);

5. Qucs

Modify file Makefile.am

ADD to libcomponents_a_SOURCES

XXX.cpp

REGISTER NEW MODEL xx

ADD to noinst HEADERS =
X.h

to file XXX.dat in the working project

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

-+

5.1 Directory ../qucs/qucs/components

5.2 Directory ../qucs/ques/components

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

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

ADD REGISTER_VERILOGA_1(XXX);

@-3-9

Copy files XXX.gui.cpp and XXX.guih to
directory ../qucs/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
Iqucs/ques/bitmaps to include
Model name XXX.png in “XPMS=..."
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Introduction to the Qucs GPL Verilog-A module synthesizer: Part |

2-3

Qucs-0.0.19S includes the first release of a GPL Verilog-A synthesis tool for
compact device modelling.

@ The Qucs-0.0.19-S Verilog-A synthesizer is a basic working version of this
new open source ECAD tool.

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

o Circuits and Verilog-A synthesized models can be constructed from the
following Qucs/SPICE built in components:

1T e ] o= |Equation é% Inoise
c Egnt ]

y=1 ® SUB —

EDD
11=0

L P1
o om0 s o
R q
{ ‘ ’ 48
cces cvs covs 13

!

CS Vi

= 22/33



tion 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 "discipines.vams* COMPILER
gpe B;SS:‘ “include "constants.vams” | Create circuit schematic and simulate
lass: andpass module BPF2(P1, P2);

Order inout P1, P2
Ftart 1GHz electrical P1, netoL1, nt, P2, netoL2, netoL3;
Fslop: 2 (Hz analog begin
Impedance: 50 Ohm @il mose)

begin

o bet

I(_netoL1) <+ dat(V(_netoL1)); Equation
I netoL1) <+ (V(P1)); Eqnt
I(P1) <+ V(_netoL1)/(11.79n+1e-20); 4BS21-0B(S[2,1])
I(P1) < dal( (V(P1)) * 1.074p ); dBS11=0B(S[1,1
\EJ\;N‘)LZ <Eddt((\l insmLZ)‘p ! (S paints-201
I(_netoL2) <+ V(n1,P2); T -
(n1,P2) <+ V(_netOL2)/(7.723n+1e-20); Edit text symbol
I(P1,n1) <+ ddi( V(P1,n1)* 1.64p )
I(_netoL3) <+ dat(V(_netoL3)); o o
I(_netoL3) <+ (V(P2)); = &
1(P2) <+ V(_netoL3)/(1.806n-+1e-20); ] K
1(P2) <+ dal( (V(P2)) * 7.014p ); o i
end
endmodule
C-1.074pF C7014pF 0055 168 110 3e10  1e8 168 1610 3e10
frequency frequency

Build Verilog-A module from subcircuit

‘ Plotted and tabulated simulation data
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Introduction to the Qucs GPL Verilog-A module synthesizer: Part IV

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

Click on File tab “Tncude “dicpines vams”
Hnclude
o module EDDdiode2(Panode, Peathade);
foDdade2t | Build Verilog-A module from subcircuit ot Panods, pcam[m )
Peathode electical Pathode, n2,n, Pande, nd, 3
parameer eal Area=t;  paramete real Is=fe-14;
parameler eal Fs=0.1;  parameter eal N1
Tomp-26.85 [ancie paramlor oal Tomp=26.85;  parametor raal Vi=1.0;
10 ) parameer real Fe-05;  paramelat real M=05;
panccor |7 parameter eal C0=16-12;  paramete rea T-Te-12;
0s e toal RMAX, Vi, Con, Con, F1, F2, F3;
clo-te-t2 andlog begin
Tete2 T e @(ital movel
Q& e
nel} RMAX=1o15;  Vi=(P_K'(Tomps273.15)/ P_C;
Equaton | e ConteSNVL  Con2-FerV]
F1=(V(1-M)(1-oxp((1-Mn(1-Fe));  F2-exp((1eM)n(1-Fe));
At Fa-t-Fo(1oM)
AMAX-te15 [ - o
Yo omzrs 151 - Hpeapaso 2 . ieaoss 2y AR
el = I(v Panode) <+ V(n1, Panode)( s )
a] peatnodes (0, Pands) < whit_noise( 4.0"Py’( 26,85 + 278.18) (R ), “herma’ )

F1=(VJ(1-M))"(1-exp( ( 1-M)'In(1-Fc)))
Pl (1+MyIn(1-Fo)

101,02) <+ V(1,02) * 163; I(03,0d) <+ In3,04) “1e-3; 1in3,n4) < V(n1,n2) 166 * 1
1(n2,Peathode) <+ Areals*(imexp(V(n2,Peathode)/(N'Vi))-1);
1(12,Peathodo) <+ dat( (V(n2,Peathode) ¢=Con2) ? TiV(nd,n3)+ Area*(CJo"VJ/(1-M)*

Fe'(1oM)

ot . (1-exp((1-M)*In(1-V(n2,Peathode) V]))
1= Arearls*(Imexp(V1/(N'V)-1) TEV(nd,nd)s Area’CIO*(F1 +(1/F2)"(F3"
Q1= (V1 <= Cong) 71 vz.wea (CIO*VY(1-M))*(1-exp( (1-M)'In( 1-VAN])) : TUV2+Area"CIO*(F1-+(1/F2)"(F3*(V1-Fe* V) (M(2'V]))'(V1*V1-Fe Fe'VV]) Vine,peathode)-FeV«(MZVI)
Diode subcircuit EDDdiode2.sch end
andmodule
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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

s=fet4 yovbias 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

ecuation
@ Parocat -
£00dods! Jpanoe AAX-To12
TieTromi279.15 - 5
T2 Tanpi27a 15
G-
ATz
- ol )
F2-anpl (1M
Fo(tab)
A
Fepax O TI-EGATITUETY)
T e AT
Prathode LT g T (T T T
et G T2-G0(1 M0
T2 AT o 0TI 7211
Pt
wi Gont)? veas_T2ImexptVINVI) 1) 5. T2
Gon2) 7 V21 Are(G_T2VT2(0M) 188 (1M 1AV T2) ¢ T2 Araa T2 (P21 F3H VA T2) WL T2 VAVA-Fe PV T2T2)

Qucs EDD diode model with temperature effects

@-3-@

o sl vamE

include “constans vams” Synthesized Verilog-A code

mote EDDdade3(Peatiace,Panads)

i Panode, Panode;

secirca Poatade, 2, 1, Pancd, d, 3,

paramete rea Area-1; _parameet ea 5161 parameler el Rs-0.1 parameler eal Ne1

parameter rea Tertp-20.85; parameler eal V-10; parametr el F-0.5 parameet real 05
Ye-12,_ parameler ea Ti-1e-; paramete ea Tron. gt

pe
perametr eal XTI-3.0;
teal RMAX, T1, T2, Con, Cor2, W, F1, F2,F3, A B. Eqr 1, E9:2, Vir2, G012, Is:2;

analog begin
@(rital_mode)
o1 73.15; T2-Tomps2 Conz-ForVi VI-P_K'T2/P_;
ARy o a1 Fol Erwpie w I, PR AT 020, 110
5 A°TITH(BTY); Egr2-Eq A'T2T2(BAT:
A (T eort £

o6 (T2T1) (Vr2 VIV
oz e T T I Eprn

T2

R pRT——
I(Pcathoce2) <y whie noia( 0Py 26,85  273.15)  RMAX), Themal)

(2685 + 273.15) (Rs | ‘hemal'

168, ) <1 1(0300) 103 (B) <1 V{nn2) * 106

1(02,Peathods) <1 (V{r2 Pealhad)>-Cont)?Avearler2"(imexp(n2 Pealhode) (N"VI}-1)-4sr2.

1(02,Peathods) <. 4l (V(r2,Peathade) <=Cor2)TEV(403)sArea’(CJOT2"VIr2(1-M) (1-05p((1-M)
In{1-V[o2 PeabodsVir2)):
IV 73} Area" 02 14{1/F2) (F3"(V{o2 Peathod)- FerVir2)s (W(2Vir2)”
(V(r2 Peathocs)Vin?, Peathode)-Fe FeViy2Vig2) )

1009) ¢ (VT3 AAX )

1(03) <+ whis_peise{ 40" Py( 2636 + 273.16) { RMAX ), “hermal' )

end

endmodule
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Introduction to the Qucs GPL Verilog-A module synthesizer: Part VII

Verilog-A synthesis of a SPICE like semiconductor diode model: simulated
Iy — V4 temperature effects.

0.01 o
PridEDD ? s E 1o
D1 D: EDDdiode31 b2
Area=1 ls=te-14A  _ = Area=1
Is=te-14 Nt S G tes Is=1e-14
Rs=0.1 Cjo=1p. a2 Rs=0.1
Net M=05 o N=1
Temp=Temp_sw Vi=1.0V Temp=Temp_sw V=10V
Vj=1.0 Fc=05 Vi=1.0 Fo=05
swi Fe05 Rs=0.1 Ohm 1e5 Fe=05 Rs=0.1 Ohm 1e'5.
Sim=DC1 M=05 Tt=1e-9 M=05 Ttte9
Typeslin Cjo=te-12 ‘Temp=Temp_sw Cjo=1e-12 Temp=Temp_sw
Param=Temp_sw  Tt=1e-9 Xti=3.0 Tt1e-9 Xti=3.0
Start=-20 Tnom=26.85 Eg=1.11 Tnom=26.85 Eg=1.11
Stop=80 Eg=1.11 Tnom=26.85 | » |
Poltsst a0 Aroa-1.0 e N NN ] Stop-60 Egetit Trome2685 b4 4 @
Temp_sw (Celsius) Points=51 = . Temp_sw (Celsius)
Simulation data for Simulation data for
Qucs EDD model and built-in diode model 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

Fiicker_NoiseR1 1
Ki=te-16

Flo=1

A=

P
o J D1

4 R2 11-0

e L Retea 20
o 13sqrt(2'q((V2*163) +10-20))'V1
-

cjf_ nshot

P3

(2 I

obl Lt

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

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

inout P, P2, P3, P4

electrical nShat, P2, P1, P, Pd;

analog begin

@(initial_model)

begin

end

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

I(nShot) < white_noise({ ‘shot" );

1(P2,P1) < V(P2ZP1)( 163 );

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

endmodule

Compact modelling

Synthesized Verilog-A module code

TEMPLATE
[3
RS 11-0

pr [Retes Q=0

o 12-0

5 Q2=

o4 13=sqt(exp(ArIn((V2"163)+1e-30)) V1

o Q30

"5

|p3 [nFiicker

o=

P7

py | L]

P8

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 Ki=1e-12;

parameter real Ffe=1

parameter real Af-1

analog begin

@(initial_ model)

1(P2,P1) ¢+ V(P2,P1)( 103);
I(nFiicker) < fiicker_noise(K!, Fre, “ficker" );
I(nFiicker) <+ (V{Fiicker))/( 1 )

(P3,P4) <+ sart(exp(A'In((V(P1,P2)" 163) +16-30)))"VinFlicker);

end
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.
&= =

o SHoL =L 1e7
\:\swP"dc nShotFlicker

VA y
L 1| Srot NaseRt1 1os
109
FLICKER Flicker_NoiseR1 1
Ki=1e-16 1610
Ffe=1
VA Af=t
4 = Te-11
te-12
ac simulation | 5 g
At & 2
[
Type=log swi é ot 2
start=0.01 Sim=AC1
Stop=100k Type=lin
Points=141 Param=Isw To-15
Noise=yes Start=0
Stop=1
Points=11 1e-16:
! 1e17
o5 1e-18.
&
o 1619
fo.
01 02 03 04 05 06 07 08 09 3e 001 01 1 10 100 1e3 ted 1tes
o 86T 0T T 1 100 1 1ha 1es aeuaney

acfrequency
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Introduction to the Qucs GPL Verilog-A module synthesizer: Part X

Verilog-A synthesis of multi-EDD models: EKV2p6 nMOS
las = f(Va, Vi, Vs, Vi) model for a transistor operating in long channel mode.

“inciude "dscpines vams"
“include "consianis.vams"

o1 moduie EKV_VA(PB, PG, PD, PS);

11=((V2+K2) > 0) 7 V2+KB-GAMMA(sqr{V2+K3+K2)-KT)) : -PHI inout PB, PG, PD, PS;

electical PD, PS, i, nif, nBETA, mn, nVP, PG, PB;
paramelor real

parametor real W=20u;  parametor real VTO=0.5;

02
111,04 GAMMAV(2sqrl{V3+K4))
af

P 07; par PHILO5; P KP-20e-6:
oK1 THETAVY)  [Equation parametor real THETA=506-5; _ parameto real Tomp=26.85;
03 az-0 veal TempK, KS, VT, K1, K2, K3, Kb, K6, K7, K&
130 Eqnt analog begin
[ TompK-=Temp+273.15 @(initial_model)
™ -0 KS-KP*WIL bogn
=1 VT=KB"TempKig TompK=Tomp+273.15;  K5=KP'WIL; VT='P_K'Tompk/P_Q;

KI-GAVMMA'Z;  K2=VTO:PHI: GAMMA'sqri(PH);
K3-KI°KT; HIs @ VT);

KB=U(2'VT); K7-2'VT'VT,  Ke-K2-PH

end

I(PD.PS) <+ K7*V{an) V(nBETAY (V(nlf V(nr);
I(OVP) <+ -(((V(PG, - (qri(V(PG, P HI);
I0VP) < VInVPY( 1 );

I(BETA) < (- V(1BETA( 1));

1(00) <4 -(1.04GAMMA/2"sartV(VP} o Ka));
(NBETA) <+ -(K5/(1THETA"(V(nVPY):

1) <o (Vi 1)):

el rh e
QMQM

03
1=In(1 +limexp((V3-V5)"K6)In(1imesp( (V3-V5)'K6)
ar=0

Tomp=26.85

12=In(1 +imexp((V3-V4)"K8))"In( imexp (V3-V4)'Ke))
Q-0

-0 P

a3=0 nif Inir
el
|

D4
[P 11=KrVsV"(Va2)
at-0

et 0 [T K)o (VD1 )
1) < (VIO 1)
es] | () <+ {n(1 oyt e
ona
Tomp-zogs  Lendmodue
Qucs EDD EKV2p6 Ids=f(Vd, Vg, Vs, Vb) model Synthesized EKV2p6 Ids=f(Vd, Vg, Vs, Vb) Verilog-A code
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Introduction to the Qucs GPL Verilog-A module synthesizer:

Verilog-A synthesis of multi-EDD models: EKV2p6 nMOS
las = f(Va, Vg, Vs, Vi) swept DC simulation data.

Part Xl

M1
L=10u
We20u EKV_VA1
VT0-05 L=10u
GAMMA=0.7 W=20u
PHIZ0S VT0=05
KP-2006 GAMMA=0.7
THETA=50e-3 PHI=05
Temp-26.85 Kp-20e-6
Parameter | Parameter Equation
bt sweep sweep Eqn2
Ids_VA=Pr2.|
Equation Sw3 swa
Sim=DC1 Sim=SW3
Eqn3
KeaPri.| Type=lin Type=lin
: Param=Vds Param=Vgs
Start=0 Start=0
Stop=5 Stop=3
Points=32 Points=6
lds_EDD versus Vds Ids VA versus Vds
8e-5 8e-5
6e-5: /P Vgs 6e-5 /I\Vgs
<
B4es e
8
25 25
FoF 1 3 3 3 1 2 3 4
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Introduction to the Qucs GPL Verilog-A module synthesizer: Part XII

Verilog-A synthesis of multi-EDD models: Optimization of Qucs synthesized
Verilog-A module code for speed.

include "Sscipines vams'
include "constant.vars- EKVZp EKV VA O
POGOERY VA DPTIO.PO.P0.75) oo oA 1ds versus Vas|

Inout PB, PG, PD, PS; module code P2
ety gegn T

paramotor roal Le10u; parametor roal We20u;

EKV_VA_OPTS
Letou

, 405
047005 pant o4 GANAO7 ‘A comment on the Qucs
paramotr o paramotr ol K .
parameter real THETA=50e-3;  parameler real Temps26 85; - simulation process:
e Tamp, K5, VT, K1, 2. K, Kb, K6, K7, K6 s
real Vg, Vs, Vi, nVP, nBETA, an, nlf, nle; o
ansogbegn Simple simulation run time tests

TESTMODULE
_—

indicate that the optimized EKV2p6
Verilog-A model simulation speed
is atleast 30X faster than the
interactive EDD model

@(nital_model)

eqin
TompK-Tamp+27.15;  KS=KPVIL;
VT=P_KTampk/ P_Q; K1=GAMMA

1K1,
VTV, P

Y veoray v PO 05 Equaion
B e o o —

BETA - K51 THETA'IVP) 0
- 1 0LGRUMALZ s (VP K] s
< (1 limei(1VP-VS) K1 imexa (VP ey K 1 Ponts.32
i< nf1mesp{oVP VKO (1 imexp(1VP VY K s

07S) < KrmeETA ves

K2=VTOLPHI-GANMA'SGr(PH; KO-
KAPHGTY, Ko 2T K

Eant
ids_VA-Pr2.|

Points-6

1. Atthis stage in the development of the Qucs syrthesizer optimized Verilog-A module code

ot

is done manualy.
NOTES 2. Generalprocedure;
2.1 Reduce curont contribution statemants to a minimum. This can bo done by raprosenting model
equation quanites by real variables rather than internal node votages.
(000 1(a) ¢+ ... n the EKV nMOS example]
2.2 Eliminate as many as possible interal model nodes and remove current t voltage one Ohm

conversion resistors.
[zero leftin EKV nMOS examplo]
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An outline of Qucs-S compact device modelling: History and capabilities:

Part 1- From Equation-Defined Device (EDD) modelling to Verilog-A
module synthesis

o End of Part 1
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