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MOS-AK in brief

13 subsequent MOS-AK workshops
at ESSDERC/ESSCIRC Conferences
25 international MOS-AK modeling workshops
iIn Europe, USA, India (plans for Shanghai)
15 special MOS-AK modeling sessions
at MIXDES Conference
50+ active sponsors and technical program promoters
300+ MOS-AK technical papers and posters
(available on line www.mos-ak.org)
4 modeling MOS-AK modeling books
http://www.mos-ak.org/books/

WWW.Mmos-ak.oro
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Preface
o Larry Nagel and Andrei Vladimirescu
Chapter_1 Numerical Cogenda TCAD MOSFET Device Simulations
o Cogenda
Chapter_2 Semiconductor Device Simulation Using DEVSIM
o Juan E. Sanchez
Chapter_3 Device Level Parameter Extraction
o Daniel Tomaszewski and Wladek Grabinski
Chapter 4 Schematic entry and circuit simulation with Qucs
o Mike Brinson
Chapter_5 Qucs modeling and simulation of analog/RF devices and circuits
o Mike Brinson
Chapter_6 Simulations of Digital IC Blocks
o Zia Abbas, Antonio Mastrandrea, Francesco Menichelli and Mauro Olivieri
Chapter_7 Hybrid TCAD Circuit Simulations
o Paolo Nenzi
Chapter_8 Standardized Data Exchange For Device Modeling Tools

o Franz Sischka



MOS-AK: Non-For-Profit Accocialtion

0 MOS-AK as R&D Non-For-Profit Foundation
http://www.mos-ak.org
o Value Position (workshop, papers, books)
o Mutual Benefits (Technology, Modeling, Circuits)
o Exploring New Compact Modeling Frontiers
0 Mission Statement
o http://www.mos-ak.org/mstatement.html
O Non-profit Organization Statute
o legal review
U International Advisory Board
o open call
0 Technical Committee
o Both Americas
o Europe
o Asia/Pacific
o http://www.mos-ak.org/committee.html

WWW.Mmos-ak.oro



Core QUCS Developent team:

o Mike Brinson, mbrin72043@yaho0.co.uk
Centre for Communications Technology, London Metropolitan University, UK

o Richard Crozier, richard.crozier@yahoo.co.uk
The University of Edinburgh, UK

o Vadim Kuznetsov, ra3xdh@gmail.com
Bauman Moscow Technical University, Russia

o Clemens Novak, clemens@familie-novak.net
Qucs Developer

o Bastien Roucaries, bastien.roucaries@satie.ens-cauchan.fr
Laboratoire SATIE | CNRS UMR, Universite de Cergy-Pontoise, ENS Cachan, FR

o Frans Schreuder, fransschreuder@gmail.com
Nikhef, Amsterdam, NL

o Guilherme Brondani Torri, guitorri@gmail.com
Qucs Developer



Qucs: An introduction to the new simulation and compact device modelling

features implemented in release 0.0.19/0.0.19S of the popular GPL circuit
simulator

@ Qucs-0.0.19/S structure: overview, spicedqucs initiative tasks and main features
@ Ngspice and Xyce applications: legacy Qucs circuit simulation, larger analogue
circuits, power electronics and qucs2spice netlist converter
@ Compact modelling with Qucs, ngspice, and Xyce
o EDD support: Current and charge equations
o XSPICE macromodel support: capacitance probes
o B-type SPICE sources
e Harmonic balance simulation with Xyce and Qucs compact models
@ New components implemented by spice4qucs
e Behavioural, modulated and noise sources: B-type, PWL, AM, SFFM and
time domain noise
o Transmission lines: TLINE, LTRA and UDRCTL
e Full SPICE specification for semiconductor Diode, BJT, JFET, MOSFET
and MESFET models
@ Parametrization features and ngnutmeg scripting introduced with spice4qucs
@ New simulation types implemented by spice4qucs: .FOUR, .NOISE, .DISTO and
ngspice “Custom simulation”
@ New tools for active and passive filter synthesis
@ Introduction to the Qucs subcircuit to Verilog-A module synthesizer
@ Plans for future



Qucs-0.0.19/S structure diagram for simulation and compact device
modelling




Overview of spice4qucs structure: Part | — spicedqucs initiative tasks

Spice4qucs initative tasks:

@ Correct known weaknesses observed with the @ Ques<—>Ngspice/Xyce interfacing schematic
current Qucs simulation engine qucsator

. . . . ucs Schematic
@ Provide Qucs users with a choice of simulator Q

selected from qucsator, ngspice and Xyce

Component 1 Component N

- getQucsNetiist() X getQucsNetiist()
@ Extend Qucs subcircuit, EDD, RFEDD and Y )

Verilog-A device modelling capabilities
I ] I

¥ ¥

@ Access to the additional simulation tools and
extra component and device models provided

Qucsator Netlist Builder

‘ Ngspice Netlist Builder Xyce Netlist Builder ‘

by ngspice and Xyce Qucs GUI level
@ Mixed-mode analogue-digital circuit simulation l‘ i i
capability using Ques/ngspice/XSPICE gimuttion emelevel | [ 0o engine Naspice Engine Xyee Engine
simulation or
Gnucap Engine
. . Qucs GUI level
Currently implemented in Ques-0.0.19/S: - - - - b - - [ i _____ . l _____ L -

Ngspice sim output
to Qucs data converter

Xyce sim output
to Qucs data converter

@ Ngspice, Xyce (both serial and parallel)
support

Qucsator Ngspice Xyce
@ Basic simulations support (.DC, .AC, .TRAN) interface interface interface

Qucs data visualization engine ‘

@ Advanced simulation support (.FOUR,
.DISTO, .NOISE, .HB) ‘
Ques GUI level

@ Semiconductor devices with full SPICE~ edlled  —memem—mom—mrem ¥ -/
specifications

@ Spice4qucs online documentation available here:
@ Qucs equations, parametrization (.PARAM), https://qucs-help.readthedocs.org/en/spicedqucs/index. html
and ngnutmeg script support

@ Custom ngspice simulation — User controlled
simulation based on ngnutmeg scripts

@ Qucs subcircuit to Verilog-A module
synthesizer support


https://qucs-help.readthedocs.org/en/spice4qucs/index.html

Overview of spicedqucs structure: Part [l — New simulation features
available with spice4qucs

The list of supported simulations: New " SPICE simulation” dialogue:

@ Qucsator, ngspice, and Xyce;
o DC sweep analysis
o AC small signal analysis
o Transient analysis
o Single parameter sweep

@ Qucsator and ngspice: Parameter

sweep in nested loops

@ Qucscator and Xyce only;
Harmonic balance (HB)

Ngspice and Xyce: Fourier analysis

Ngspice only:
o Distortion analysis
o Noise analysis
o Custom simulation — ngnutmeg
scripts embedded in Qucs
schematics



Ngspice and Xyce simulation techniques: Part | — Legacy Qucs circuit

simulation with ngspice and Xyce

Qucs schematic capture

-

it

uwzv

Q2N2222A 1

R-Rload

Equation =
Eant

Rloag=a7k.

Keout

Pur=( (aul Virout ViRload

|dc simulation 'l

oct

Spice netlist

Netlist biulder

s 0.0.19 /none/vuk/ ques/BIT.sch
PARAN Rload=(47k)

Q2N22224_1 m; _netd

+ QMOD_QIN2222A_1 AREA=1 TENP=26.85

FODEL QHOD_ Q21222241 o (155 1114 =1

Heteri e 205
© Roned. Troed Reod 137 Re=b. 343 Kot 37

+ Cje=2.95e-11 Vje=0.75 Mje=0.33 c1< 152001
75 Mjc=0.33 Xcje=1
Fe=a.5 Tf

v2 in @ 0C 6 sm(a Soon 4k o ) AC 200H
R4 © out (RLOAD
VPr1 _netd _net3 DC 0 AC 0

V1 _netd e DC 12

control

set filetypesascii

echo " > spicedqucs.cir.noise

let Rload=47k

TRAN 1e-06 0.001 6

Tet Pur=(V(out) *V(out))/Rload

write BJT_tran.txt VPri#branch v(in) v(out) Par
destroy all

AC LIN 2000 108 10MEG
Tet K=V(out)/V(in)

write BJT ac.txt VPrigbranch v(in) v(out) K
destroy all

reset

Ngspice/Xyce output parser
— s

Qucs data visualization system

Magnitude response and output
voltage waveform of a BJT amplifier

10

BJT_ngspiceack

frequency

BJT_ngspice:tran.v(out)

204 o4 God  Bed 103
time
time

yoe:ac.V(OUT)

BJT x

163 fe4  1e5  1e6  fe7
FREQUENCY



Ngspice and Xyce simulation techniques: Part Il — Larger circuit simulation
with ngspice and Xyce

This example illustrates an ngspice simulation of a larger analogue circuit: the
BJT audio amplifier simulation data, for both the frequency and time domains,
are given on the slide:

l“—‘{f;;




Ngspice and Xyce simulation techniques: Part IIl — A power electronics
simulation example

o A MOSFET switch circuit with an inductive load is shown simulated by
ngspice and Xyce: this example introduces a support feature for Qucs
library components introduced with current implementation of spice4qucs.

@ In this simulation a SPICE model of the power MOSFET is synthesized
from a Qucs library model using a qucs2spice subsystem included with
spicedqucs:

IRFZ44 MOSFET model converted from Qucs netlist

o1 SUBCKT MOSFETS_IRFZ44N gnd _net2 _netl _net3
C-1000F M1 net9 net7 net8 _net8 MMOD_M1 L=100u W=100u
MODEL HMOD_M1 NMOS (Is=le-32 Vt0=3.56214 Lambda=0

+ Kp=39.3974 (gso=1.25255e-85 Cgdo=2.2826e-67

+ Rs=0 Rd=0 Ld=8 Cbd=0 Cbs=0 Cgbo=0 Gamma=0 Phi=0.6)

RRS _net8 _net3 0.0133305
DD1 _net3 _netl DMOD_D1

MODEL DMOD_D1 D(Is=9.64635e-13 Rs=0.00967689

+ N=1.81377 Bv=55 Ibv=0.00025 Eg=1.08658 Xti=2.9994
+ Tt=1e-67 Cj0=1.39353e-09 Vj=0.5 M=0.42532 Fc=0.5)
RRDS _net3 _netl 2.2e+06

RRD _net9 _netl 0.0001

RRG _net2 _net7 2.20235

204 4e4  6ed4 B4 tes | DD2 netd _nets DHOD D2
TvE MODEL DHOD_D2 D(Is=le-32 N=56 Cj0=1.52875¢-69 Vi=0.5
e + M=0.584414 Fc=1e-08 Rs=0 Eg=1.11 Xti=3 Tt=8 Bv=0
gate| = + Tov=1nA)
|

DD3 gnd _netS DHOD_D3
MODEL DHOD_D3 D(Is=le-16 N=0.408752 Rs=3e-06

+ Eg=1.11 Xti=3 Tt=0 (j0=0 Bv=0 Ibv=1mA M=0.5 Vj=0.7)
RRL _net5 _net1 1
FFI2 _net7 _net9 VFI2 -1

f, ub-wosrets
Comp=IRFZ44N

v
etz VFI2 Tnet4 gnd DC ©

TH-02ms Siopot ms EEVIE netl® gnd _netd net? 1
TL-02ms CoAP _net1 _neti 2.06741e-05

DD4 gnd _net6 DHOD_D4
MODEL DMOD_D4 D(Is=le-16 N=0.408752 Eg=1.11 Xti=3
Ques2spi st " + Tt=6 (j6=6 Rs=0 Bv=0 Ibv=ImA H=0.5 Vj=9.7)
ucs2spice netlist converter DS




Compact modeling with Qucs and ngspice/Xyce: Part | — Current equation
support

Consider tunnel diode model represented by

v

=1, (ewr - 1) LV g e
Ve

With spicedqucs, Qucs EDD charge components can be represented by B-type

ngspice/Xyce current sources:

Spice Netlist

* Qucs ©.0.19  /home/vvk/.qucs/tunn.sch
PARAM Temp8=300
T={(1.38065¢-23"Temp0) /1.6621765¢-19}
2

Equation

1]
o ot
Ve nertoc o ac o

* EDD begin
BD1I0 _netl @ I=Is* (exp((V( net1)-V(8))/VT)-1.8.
GD1Q® _net1 © nD1Q9 0

LD1Q0 nD1Q8 6 1.8

te5
s D108 nDIQB 6 I=-(C*(V(_net1)-V(6))
SOLT1 mett 6 1-Tveerp (K ((V_neth) V(@) W)
o BDI2 _netl 6 I=Ip*((V(_net1)-V(8))/Vp)*exp((Vp-(V(_netl)-V(6)))/Vp)
* EDD end
V1 _net6 0 DC 1
control

set filetype=ascii
-6.85 0.4 6.009
write tunn_dc.txt VPrl#branch

tunn_ngspice:

2e5 destroy all
Points-50 reset
o 01 02 03 04
Vsweep exit
endc

END




Compact modelling with Qucs and ngspice/Xyce: Part || — Charge equation
approach

Nonlinear capacitance

current  expressed as @ Nonlinear capacitance equivalent circuit:
a function of device
voltage can be written Noriinea capaciror: | = SA(CV(C)
as: Equation
dQ d s | [acsimutaton |
|=—=—CV L o
dt dt o Typeskg
| | | n=0 g:inju%zmz
1 e=cvt Poma-101
As Xyce and ngspice < 1-
appear not to support = ¢
the diff() operator an (e simuatn |
electrical equivalent cir- = oct
cuit is needed to model ]
. =~ = 02
capacitor charge equa- £ =
tions: 505 % TR
g - Type=lin
2 ) Start=0
3 5! Stop=5 ms
o T T T T D‘-D,Z T T
a 1 10 100 1e3 Ted 1e5 B 0 0.002 0.004

frequency time



Compact modelling with Qucs and ngspice/Xyce: Part Il — Charge
equations usage example

@ In this example a nonlinear capacitance is simulated with ngspice and

Xyce:
2 3 N
GV GV CyvV
Q=GV+ =+ +. =
Equation
Eqnt Spice code of the charge-defined EDD
Ci-tes
20505 TRY
C3-0206 Typesin BD1IO © out I=0
Start=0 GD1QO © out nD1QO out 1.0
Stop=20 ms LD1Q0 nD1QO out 1.6
BD1Q® nD1QO out I=-(CL*(V(0)-V(out))+
+ (C2*(V(0)-V(out))**2)/2+
2  simulation | + (C3*(V(0)-V(out))**3)/3)
DC1
[ssmumon ]
AC1
Type=log
Start=1 Hz
Stop=10 kHz.
10 100 1e3 1ed 0.005 0.01 0.015 0.02 Points=41

frequency time
FREQUENCY TIVE



Compact modeling with Qucs and ngspice/Xyce: Part IV — B-type source
usage for compact modelling

@ Qucs 0.0.19/S introduces a new component: SPICE-compatible equation
defined voltage or current sources (SPICE B-type source). The B-type
sources allow straight forward construction of compact device models:

Auto-generated SPICE netlist

* Qucs 0.0.19  /home/vvk/.qucs/tunn-Bsrc.sch
l .PARAM KB = 1.38e-23
0 . 4
DC1
swi 2 PARAM Ip = le-5
Sim=DC1 PARAM 3 PARAM Is = le-12
Type=lin [ranav & PARAM Vp = 0.1
Param=V1 SpicePar1 T 2e5 .PARAM K = §
Start=-0.05 kB=1.38e-23 5 + + 4 4 =
H _PARAM Tempo = 300
Stop=0.4 =1.6e-19 5
Points-50 Vex0d 0 o1 02 03 04 PARAM phiT = { (KB*Temp0)/q)
et v-sweep VPrl _net0 anode DC © AC 0
Ip=1e-5 V1 _neto 6 DC 1
Is=te-12 B1 anode © I = Is*(exp(V(anode)/phiT)-1.0)+
Voso1 = + Tv*exp(K* (V(anode) -Vv) )+
& N + Ip* . -
Temp0=300 4 lpt(V{anode)/Vp) exp((Vp-V(anode))/Vp)
PhiT=((kB'Temp0)q}  § contro
£ set filetype=ascii
o echo "" > spicedqucs.cir.noise
& DC V1 -0.05 0.4 0.009
g 25 write tunn-Bsrc_dc.txt VPrl#branch v(anode)
= } + t ; destroy all
0 0.1 02 03 04 reset
1.0} 1v"exp(K" I (V(anode) V] Sxpi(Vp- o)
exit
endc
LEND




Compact modeling with Qucs and ngspice/Xyce: Part V. — NPN BJT

compact model used for Harmonic balance analysis of a one-stage BJT

amplifier

@ Spicedqucs and Xyce allow large signal steady state AC Harmonic Balance
simulation, for example the simulation of an experimental NPN BJT
compact macromodel:

BI

npn
Block

npnBlock1
Nf=Nf
Nr=Nr

Is=ls

Bf=Bf
Br=Br
Toulk=Tbulk
Verit=Verit
=Tt

Tr=Tr

Cie=Cie
Vic-=Vie
Vie=Vie

D1

11=V5/Br
Q1=Tr'V4+PCijc*(V1-Vmaxc)*(1+(V1-Vmaxc)*(0.5+(V1-Vmaxc)/6))
12=Va/B
Q2=Tf*V5+PCje*(V2-Vmaxe)*(1+(V2-Vmaxe)*(0.5+(V2-Vmaxe)/6))
13=(V4-V5)

14=0

150

D2
11=Is*(exp(Deltai"V2)-1)"stp(-Deltaf*V2+Xcritf)+1s*Excritf*(1+(Deltaf"V2-Xcritf)(1+(Deltaf*V2-Xcritf)/2))" stp(Deltaf*V2-Xcritf)
12=0

D3
11=Is*(exp(Deltar*V2)-1)*stp(-Deltar"V2+ Xcritr) +1s* Excritr* (1+(Deltar* V2-Xeritr)(1+(Deltar*V2-Xcritr)/2))"stp(Deltar* V2-Xcritr)

12-0
Equation
cl - [Fouation.
IEC Eant
1 TKelvin=Tbulk+271.15
po  Deltaf=g/(NFkB TKelvin)
= 1 Deltar=q/(Nr'kB"TKelvin)
Xeritt=VeritDeltaf
2 Xeritr=Verit* Deltar
Bl ol Excritt=exp(Xcrit)
= Excritr=exp(Xcritr)
\ PCjc=Cic*(2"Mc)
PCje=Cje*(2"Me)
Ra D3 Vma ?
R=1e9 ma

1Ec| f— \ Equation

D1 Egn2
—= kB=1.38¢-23
q=1.6e-19




Compact modelling with Qucs and ngspice/Xyce: Part VI — HB analysis
SPICE netlist and output data for a BJT amplifier

@ Xyce harmonic balance simulation data and auto generated netlist for
one-stage BJT amplifier; see http://www.mixdes.org/Mixdes3/:

Xyce netlist

=
o1 "

o M¢¢¢T e Coraprast{4raags
- B rin H -



http://www.mixdes.org/Mixdes3/

Compact modelling with Qucs and ngspice/Xyce: Part VII — XSPICE
macromodels usage

@ Qucs-0.0.19/S allows embedding of SPICE netlist models in Qucs libraries
@ An example application of this feature is show below

o Direct simulation of SPICE defined components

o XSPICE macromodel usage
o LM358 XSPICE macromodel usage example (noninverting amplifier):

LM358 XSPICE macromodel

SUBCKT LM358 12345

1 €1 1112 5.584E-12
’ /\\ /\ /\ /\\ /\\ C2 6 7 20.00E-12
AR AARA

DC 5 53 DX
DE 54 5 DX
DLP 90 91 DX
DLN 92 90 DX

| | op
MM | \ | \ EGND 99 0 POLY(2) (3,8) (4.0) 0 .5 .5
| \ \
\/ \/ \/ \/ \/ FB 7 99 POLY(5) VB VC VE VLP VLN © 15.91E6

+ -20E6 20E6 20E6 -20E6

Points=200
out

tme Q11 2130
ac simulation Q2 12 1140

ACH
Type=log
Start=1 Hz
Stop=10 MHz
Points=141

LM358 _test_ngspice

3
g
2

REL 13 10 2.773E3
RE2 14 10 2.773E3
10 99 19.92€6

gspice:acviou)

°

LM358_test_ng

110 100 1e3 fe4 1eS 16 1e7 | VE 54 4 0C .6
frequency VLIH 7 8 DC 0

-MODEL DX D(I5=800.0E-18)
MODEL QX PNP(15=800.0E-18 BF=250)
ENDS.




Compact modeling with Qucs and ngspice/Xyce: Part VIII — XSPICE probe
usage for circuit node capacitance extraction

e Capacitance probe component (XSPICE CMeter) introduced with Qucs
release 0.0.19/S

o It allows extraction of the capacitance connected to a circuit node drawn
on a Qucs schematic and simulated by ngspice:



Overview of new components introduced in Qucs-0.0.19/S: Part | — A short
components list

@ New SPICE components introduced with Qucs-0.0.19/S:
e Sources: B-type source, SPICE AC voltage source, SPICE large signal noise
sources;
o Modulated sources: AM, SFFM;
o Piecewise source: PWL;
o Passive components: SPICE RCL, inductive coupling;
e Transmission lines: LTL, LTRA, UDRCTL;
o Semiconductor devices: diode, BJT, JFET, MOSFET, MESFET;
@ SPICE netlist sections: .PARAM, .GLOBAL_PARAM, .IC, .NODESET,

.OPTIONS, Nutmeg equation

o Additional SPICE specific simulation routines: .FOUR, .NOISE, .DISTO,
and ngspice “Custom ngnutmeg script” simulation



Overview of new SPICE components introduced in Qucs-0.0.19/S:
Part [l — New SPICE compatible sources




Overview of new SPICE components introduced in Qucs-0.0.19/S:
Part |1l — New transmission line models - these work in the time domain




Overview of new SPICE components introduced in Qucs-0.0.19/S:
Part IV — Ideal coupled inductor models

PLiplus
PL2plus
v oo
= Li-L1
Pl2neg
«>
Plineg
K1
PLineg S
L2-L2
K=K
R R6 Start=0 PLiplus PL2plus
S R=1k 1
Rt Stop=100 ms LO . — )
Li=L1 Lo-L2
°
PLineg © PL2neg
T 1 K1
gt N i3 i Li=L1
£3 H Le-L2
ek § K=K
g £ ]
3 8 o 8 % od
3 g2
es &g
S | €
g8 g
8 2t 83,4
5§ t t t i § ¢ | ; | I
=0 002 004 006 008 01 =5 E 0 002 004 006 008 0.1
38 time 3 3 ime
e r e 8



Overview of new SPICE components introduced in Qucs-0.0.19S:
Part V — Semiconductor devices with full SPICE specification

R3 300 +
ac simulation Rt
ACt §
Type=lin 2200 T
Start=90kHz L ]
Stop=110kHz L=1mH g
. = g
Points=201 1=0 %100
g
13
n2 R
b oof
%4 9.5e4 1e5 1.05e5 1.1e5
frequency
Nutmeg
NutmegEq1
R1 Simulation=ac -100
R=1e6 Vgain=V(n5)/V(n1)
Gain_phase=cph(V(nS)-V(n1))*180/pi 8
5, -150
- )
g &
J=J2N3819 g -200
g
g
|
2 250
H
I + +
&

9504 165 1.0565 1.165
frequency

©
4
3



Qucs equation support in spicedqucs

An example for evaluating the total S, active P, and reactive @ power in an
RC passive electrical network:

S=abs(U-T) P=RU-T] Q=S[U-1]

Auto-generated Ngspice netlist

PARAM R={1k}

= Eauaton .
L — a Qucs ©.0.19  /home/vvk/.qucs/RC_SPQ.sch
Pri Rl Eqn2
her lc‘ Retk _PARAM C={lu}
v oo [ o= VPrl in _netl DC @ AC ©
Unt v V1 in 6 DC © SIN(® 1 300 0 ©) AC 1
7 12300 Hz I €10 _netd {C}
= Equation R1 _netl _net® ({R}
= Eamt .control
V' (real(Pr1.i)-"imag(Pr1.i)) set filetype=ascii
() echo "" > spicedqucs.cir.noise
ag(in.v* (real(Pr1.i)-*imag(Pr1.i))) let Relk
T let C=1u
g AC LIN 400 10 10K
] let S=V(in)*(real(VPri#branch)-i*imag(VPri#branch))
g b let P=real(s)
o ﬁ‘k‘m let Q=imag(V(in)*(real(VPrl#branch)-i*imag(VPri#branch)))
5, Stari-10 write RC_SPQ_ac.txt VPri#branch v(in) S P Q
9 ou 1 \\// Stop=10 kHz destroy all
Points—400 reset
1 100 1e3
frequency TRAN 3.33333e-05 0.01 ©
frequency write RC_SPQ_tran.txt VPrl#branch v(in)

destroy all

reset
A1
Typein
Start=0 exit
Stop=10ms -endc

.END



SPICE style parametrization and ngnutmeg postprocessor usage
implemented by spice4qucs

The following Qucs “equation” style icons introduce model parametrization and
simulation data postprocessing:
o SPICE .PARAM section icon

@ ngnutmeg equation icon

Auto-generated Ngspice netlist

! out * Qucs ©.0.19  /home/vvk/.qucs/RCLsp_par.sch
3 _PARAM Rd = 30
] PARAM PARAM f = 8e6
gos SpicePart _PARAM Cs = 40e-12
5 c=Cs e PARAM Ls = {1/(4*(4*atan(1))**2*f**2*Cs)}
) le Cocdta-12 L1 _net® _netl {LS}
T L= {1/(@"(atan(1))"2°r" C1 netl out {CS)
2 P VPrl in _net® DC 0 AC 0
eavency = V1 in @ DC @ SIN(@ 1 7.5MEG 0 @) AC 1
R1 © out {RD}
004 Type control
. oo oy set filetype=ascii
& Poinis-100 -
Soo Motmogkal AC LIN 500 1MEG 10MEG
g Pl let K = v(out)/v(in)
2 Pwr=v(in)"VPri#branch let Pwr = v(in)*VPri#branch
g Fwrite RCLsp_par_ac.txt v(in) v(out) K Pwr
g o destroy all
g 206 406 65 86  te7 reset
frequency
exit
.endc
END




New analysis-simulation types implemented with spice4qucs: SPICE small

signal distortion, SPICE small signal AC domain and large signal time

domain noise, and SPICE Fourier analysis

c1
C=0.1uF

V2
Vac= DISTOF1 0.2 DC 0
7 Vac_Line 2=+ SIN(0 0.8 4k 00) AC 0.8

Q2N2222A 1

RS
- c2
Red Tk oo uF

R2
R=470 Ohm

Nutmeg

NutmegEq1
Simulation=disto
H2=disto1.v(out)
Ha=disto2.v(out)

Stop=1ms

NOISE1

St MHz
Points=100
o

FOUR1
Sim=TR1
numfre=20
FO=4kHz
Vars=V(out)

DISTO1
Types=iin
Start=1 Hz

Stop=10 kHz
Points=1000

[number T BJT-disto_ngspicetinoise_total [ BJT-disto_ > total
‘ 1 | 1.48e-10 ‘ 391609 ‘ Source=V2
002 6
0015 T g
24T
oo s
S g
8 8 3
g3 001 T 2
g% ot
88 £
22 5
2 20005 T a
£k 0T
@ a E
0 3
; ; ; ; [
t T T t 3 0 204 404 6ed 804
0 203 483 63 8e3 Ted
fourierfreq

frequency



Ngspice custom simulation techniques: Part | — Main features

Main features:

o Embedding user defined o Ngnutmeg script editing dialogue:
ngnutmeg scripts in a
Qucs schematic

o Full ngnutmeg operator
and function support

@ User defined variables for
plotting simulation data

@ User defined raw ASCII
SPICE3f5 style output



Ngspice custom simulation technique: Part || — Application example:
Monte-Carlo simulation controlled via a ngnutmeg script

out
o :l—_l_
L3
c3 R2
L=40u C-250p R=141 L
E L2 u c1 CUSTOM1
C=1000p L=10u L=10u C=1000p SpiceCode=
set filetype=ascii
let mc_runs = 5
L L let run = 0
= define unif(nom, rvar) (nom + (nomrvar) * sunif(0))

define aunif(nom, avar) (nom + avar * sunif(0))

define gauss(nom, rvar, sig) (nom + (nom"rvar)/sig * sgauss(0))
define agauss(nom, avar, sig) (nom + avarisig * sgauss(0))
define limit(nom, avar) (nom + ((sgauss(0) >= 0) ? avar : -avar))

dowhile run < me_runs $ loop starts here

alter ¢1 = unif(1e-09, 0.1)
alter 11 = unif(10e-06, 0.1)
alter c2 = unif(1e-09, 0.1)
alter 12 = unif(10e-086, 0.1)
alter I3 = unif(40e-086, 0.1)
alter 3 = limit(250e-12, 25e-12)

o
@

ac oct 100 250K 4Meg

set run ="$&run" $ create a variable from the vector

MonteCarlo1_ngspice:ac.v(out)
o
S

let K = db(v(out)
write MonteCarlo_ac.txt v(out) K
set appendwrite
letrun=run+1
+ + + + + + + end $ loop ends here
5e5 1e6  1.5e6 266 256 36 356 4e6
frequency




Extended passive filter synthesis tool Qucsfilter

Filter topologies added
in Qucs-0.0.19/S: @ Qucsfilter utility main window

@ C-coupled
transmission lines

@ Coupled microstrip

@ Coupled
transmission lines

o End-coupled
microstrip

@ Stepped
impedance

o Stepped
impedance @ An example of a Qucs synthesized filter topology

microstrip is presented in the next slide



Auto synthesized microstrip filter topology and simulated S parameter
frequency response

Ms3

Subst=Sub1
W=670.3u

Points=300

D—‘E-‘—LDJ—D Ms9 h=1mm 10
Subst=Subl 1

MS1 t=12.5um
SubateSupfSUbSI=Sub1 W-856.6u tand=0 -201
W=670.3u W=670-3u

L=26.99m MS5 MS4 .
$=298.4u g oy Suba/ubst—Sum

=858.6U' o]
STmycs  MS7

Equation
Eqn1
MS6 S21_dB=dB(S[2,1])

Subst=Sub1 g1 gB-dB(S[1,1))  Subl
W=858.6u er=9.8

@
g
tho=1e-10 it
5
&

» -670.3u
W=6703u 2705
S=298.4u

Coupled-line bandpass filter
Chebyshev 1GHz...1.2GHz
Impedance matching 50 Ohm

W=858.6u
50 Ohm 5=693.8U g Subﬁ\;"bs‘ Subt Ms12
W=858.6u \V=858.6U bst=Subt 7 ! "
S parameter L-2657m g MS10 Web70.3u 868 Te9 1.269 1.de9
simulation §-693.8u Subs(=3uta;’b5‘=s“b‘ 2 frequency
Num=: frequency



A new Qucs design feature for Active filter synthesis

Main features Main window of Qucsactive filter:

@ Butterworth, Chebyshev
(Type | and I1), Bessel,
and Cauer low-pass,
high-pass, band-pass,
and band-stop active
filters design

@ Sallen-Key,
Multifeedback, and
Cauer filter section
topologies are available

@ User-defined filter
transfer functions

@ Full Qucs integration via
copy-paste interface with

Qucs GUI



Auto synthesized Chebyshev

th-order filter and its magnitude response

ct
C=10000.000pF

Eqnt
K=0B((out.viin.v)

R6
R=110.813k

Cc4
C=547.1

1L
I

c3

C=10000.000pF

R8
R=0.000k

R=1000.000k

ac simulation |

ACt
Type=lin
Start=1 Hz
Stop=2 kHz
Points=501

dc simulation

DC1

200 400 600 800

1e3 1.2e3 1.4e3 1.6e3 1.8e3 2e3
acfrequency




RFEDD support in spicedqucs: Part | — The problem

o Consider an inductor with frequency dependent losses:

— 11—

O———+¢ C1 R1 +——0
C-0.128p  R=11
P2 P1
L N ey, IR W B T
R2 L1
RoRloss  L=20.5¢-9

o Frequency dependent resistance losses are given by
Rioss(f) = KiVF
o With an equivalent Z-parameter matrix:

z=[; "]



RFEDD support in spicedqucs: Part Il — ngspice approach

@ The ngspice “hertz” frequency variable can be used in algebraic
expressions to represent passive component (RCL) frequency dependence:

(]
1) ac simulation |
c1 R3 —

C=0.128p R=11

R2  Pri R4 RFEDD AC1
R=50 Ohm R=0.06 'a g g Type=lin
:'1: U —_— Start=10 MHz
_ g = Stop=3 GHz
R=K1*sqri(hertz) L=20.5¢-9 Points=400
+ Vi
U=1Vv 1ed
Nutmeg PARAM
- ~ 1e3 T L————————
S NutmegEq1 SpicePart
3 Simulation=ac K1=3.38e-5
a 100 T Z=v(in)/VPri#branch
@
= reZ=real(Z)
< imZ=imag(Z)
a 4
3 10
w
w
o
1 t t
1e7 1e8 1e9 3e9

frequency



RFEDD support in spicedqucs: Part IIl — A Qucs RFEDD equivalent circuit
for resistance frequency dependent losses

Nutmeg

NutmegEq1
Simulation=ac
Z=v(in)/VPri#branch

reZ=real(Z)
imZ=imag(2) =
az=abs(@) 2-port Z-parameter-defined RFEDD
PARAM ac simulation
SpicePart ACH
K1=3.38e-5 Typesiin
Start=10 MHz
Stop=3GHz
Points=400

L
L=20.5¢-9

@
kS

=) @
=3 @
t

o
t

RFEDD2_ngspice:ac.az

o
2

1e8 1e9 3e9
frequency



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

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

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

o It is for test purposes: bugs are likely and it may not be very stable.

o 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:

_:'.; Caasas —"— [ors l_Equa(ion $ Inoise
L P Eqnit
c
y=1 — SUB [—

EDD

R 1
M i © ’ T © i 11=0
} | 8

vees cces vevs “covs




Introduction to the Qucs GPL Verilog-A module synthesizer: Part |l

Structure:
Model

ngspice
SPICE

netlist

code

Ques/ADMS “Tum Koy
Veriog:A 10 Cs.
synnesizer

QuEs/ADMS Tum Koy
C++ code ey
synthostzor

Verilog-A
module

code

Part of Ques-0.0.19/S release. Ques
schematic
capture.

External GPL SPICE circuit simulators.

Ques synthesised SPICE netlist
and Verilog-A module code,

ADMS-2.3.4 Analogue Device Model
Synthesiser. i i i

=
m
=2




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

Data flow through the Qucs GPL compact device modelling tool set.



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.



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

EDDdiode24 g .
Is=1e-14 U=Vbias I
Rs=0.1
Nt swi
Temp=:
v:-";Pc 285 Sim=DC1
Param=Vbias
M=05 Eqni
1e12  DCI Start=0
Cjo=te-12 Plotid=PlotVs(Prid.|, nd) g0y »
Tt=te-12 p=
Points=101
35 1
0.1
3 001
1e-3
25 1e-4
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2 166
2 oz leT-
E1s & ted
1e-9-
' 1e-10.
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05 05 i
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Cd(F)

l

|nd

il

i it
P
% Num=1 prid
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+ V1
dc simulatio I U=Vbias
oct =

(¢

Tomp=26.85

SP1
Type=const
Values=[10e6]

Equation
Vj=1.0 swi
Eant Fo-05 Sim=SP1
y=stoy(S) % Sypesiin
Cd=PlotVs(imag(y[1,1))/Omega,Vbias) M=0-5
Omega=2+pi*frequiency Cjo-te-12 Param=Vbias
Tt=1e-12 Start=0
Points=200
o1
0.01
tos 1e3
© Te-4
1es
10-10 le6
2 1e7
< tes
te-11 te-9
1e-10
to-11
1e-12 te-12
1e-13
te-14
te 02 04 06 o8 '© oz o7 ofs o

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



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.

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



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.



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.

1o6
= te7
nShotFiicker
Shot_NoiseR11 tos
109
Flicker_NoiseR11
Ki=1e-16 fo-10- 1e7
Flo=1
Af=t
fe-11
te-12-
:
— £ te13 & o8
Act o b
Type=log swi é, rots 2
Stan-001 Sim=AC1
Stop=100k Typesin
Points=141 Param-lsw fe-15
Noise=yes Start=0
Stop=1
Points=11 To-16; 109
! 1o-17-
Sos te-18
&
o Te-19- .
0 01 02 03 04 05 06 07 08 09 1 30 °6r 0T 1 10 100 1d3 184 1es
001 01 1 10 100 1e3 14 1e5

Isw actrequency

actrequency



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.



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

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

M1t
L=10u
W=20u EKV_VA1
VT0=0.5 L=10u
GAMMA=0.7 W=20u
PHI=0.5 VT0-0.5
KP=20e-6 GAMMA=0.7
THETA=50e-3 PHI=0.5
_T_ = Temp=26.85 KP=20e-6
dc simulation | Parameter || | Parameter Equation
DCt sweep sweep Eqn2
lds_VA=Pr2.|
Equation Sw3 sw4
Sim=DC1 Sim=SW3
Eqnd ; !
\dooprt | Type=iin Type=iin
’ 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 /?\ Vgs 6e-5 /1\Vgs
<
g s
S 4e5 Llde5
8
25 25
1 2 3 4 1 2 3 4




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.



Conclusion

Summary:

@ Version 0.0.19 is a major release of the Qucs circuit simulator, updating
the popular RF package while simultaneously adding a new software tool,
Qucs 0.0.19S, which provides Qucs users with an experimental software
package that links legacy Qucs with ngspice and Xyce GPL SPICE.

In the future the main Qucs development directions are likely to be:

@ Further integration of Qucs with ngspice and Xyce: including improvement
of the existing ngnutmeg support, an RFEDD synthesizer implementation,
additional analysis support for SPICE .SENS and .PZ etc, and a range of
new SPICE compatible components, for example magnetic core models.

@ Improvements to the Verilog-A module synthesizer.

@ Implementation of mixed signal simulation with ngspice/XSPICE and
Xyce.
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0 MIXDES: Special Compact Modeling Session
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