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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
@ Compact modelling with Qucs, ngspice, and Xyce
o EDD support: Current and charge equations
o B-type SPICE sources
e Harmonic balance simulation with Xyce and Qucs compact models
@ Parametrization features and ngnutmeg scripting introduced with spicedqucs
@ Introduction to the Qucs subcircuit to Verilog-A module synthesizer
@ Plans for future
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Overview of spicedqucs structure: — features and current Qucs-0.0.19S
version

Spicedqucs features:

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

@ Provide Qucs users with a choice of simulator Quesschematic | - ponent 1 Component N
selected from qucsator, ngspice and Xyce

@ Extend Q beircuit. EDD. RFEDD and getQuesNetlist() i getQuesNetlist()

xtend Qucs subcircuit, ) an Y - )

Verilog-A device modelling capabilities - - T

@ Access to the additional simulation tools and AS AS X

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
ili i i i X
capability using Ques/ngspice/XSPICE Simulation kerneltevel. | | qucsator Engine Ngspice Engine Yyce Engine
simulation or
Gnucap Engine
Qucs GUI level
Ques-0.0.19/S: o oI oo oo e i ----- 4---- 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) intarface Jnterises Interface

.DISTO, .NOISE, .HB)

@ Semiconductor devices with full SPICE
specifications

@ Advanced simulation support (.FOUR, ‘

Qucs data visualization engine ‘
Qucs GUI level

@ Spicedqucs online documentation available here:
@ Qucs equations, parametrization (.PARAM), https://qucs-help.readthedocs.org/en/spice4qucs/index.html
and ngnutmeg script support

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

@ Qucs subcircuit to Verilog-A module
synthesizer support
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Compact modeling with Qucs and ngspice/Xyce: Part | — Current equation
support

Consider tunnel diode model represented by

v
I =1 (ewr - 1) + 1,V 4y, V. (1)

Ve
With spicedqucs, Qucs EDD charge components can be represented by B-type
ngspice/Xyce current sources:

Spice Netlist

* Qucs 0.0.19  /home/vvk/.ques/tunn. sch
PARAM Temp0=300
Eouaton PARAM VT={(1.38065¢-23+Temp0) /1.6021765¢ 19}
[Eauaten PARAM Is=le-12
PARAM Tp=le-5
- PARAM Tv=le-6
VT-(k8Temp0)ia|  pARAM Vp=0.1
et PARAM Vv=0.4

H PARAH C=(0.01p)
261V exp(K"(V1-Vv)) p=0.1 PARAM K=5
3=Ip' (VIR exp(VPVIIVE)  vhooy VPrl _net@ _netl DC © AC 0
C-001p. * EDD begin
K5 BD1IO _netl
GD1QO _net1
LD100 nD1Q0
5 BDIQO nD1QE €+ (V(_net1)-V(0)))
BD111 _netl veexp(K* ((V(_net1)-V(0))-Vv))
BD1I2 _netl © I=Ip*((V(_netl)-V(0))/Vp)*exp((Vp-(V(_net1)-V(0)))/Vp)

5* (exp((V(_net1)-V(6))/VT)-1.0)
Q00 1.0

tes set filetype=ascii
DC V1 -0.05 0.4 6.009

write tunn_dc.txt VPri#branch
Start=-0.05 205 destroy all

reset

tunn_ngspiceilpri)

o 01 02 03
Vsweep

exit
endc
END
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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 Noriinear capaciror: | = SACV(C)

as: /L"‘ Equation

dQ d R | &ne | [acomuaion ]
IZ*Z*CV (2) = AC1
dt dt l of Tipesog
irt=1 H;
. I P S::;:=1ODZKH1
As Xyce and ngspice - s ] P Poin- o1
G=18 L L —_—

appear not to support = o
the diff() operator an [de simutation ]

electrical equivalent cir- oot

cuit is needed to model W
capacitor charge equa-

tions:

o
~
'

TR
Type=iin
Start=0
Stop=5 ms

o
|

o
o
quiv_ngspice:tran.v(n1)

S
N

EDD_Q-equiv_ngspice:ac.v(nt)

EDD_Q-e

1 10 100 1e3  fe4  1e5 0,002 0.004
frequency time

o
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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:

GV: GVE CyvV
Q=CV+ 22 + 33 +"'+NT (3)

Equation
Eqnt — Spice code of the charge-defined EDD
Cl=te-6
C2=0.50-6 TR
C3-0206 Typesin BD1I0 © out I=0
Start-0 GD1QO © out nD1QO out 1.0
Stop-20ms LD1Q® nD1QO out 1.0

BD1QO nD1QO out I=-(C1*(V(0)-V(out))+

+ (C2*(V(0) -V(out))**2)/2+
) csimulation | | L (C3x v o)

-V(out))**3)/3)

oct

ac simulation

ACt
Type=log
Start=1 Hz

I I } Stop=10 kHz
0005 001 0015 002  Poinls=41

time

frequency

FREQUENCY TIME

[P
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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

Parameter dc simulation PARAM KB = 1.38e-23
sweep . e

o
oct
swi .PARAM Ip = le-5
Sim=DC1 PARAM .PARAM Is = le-12
Type=iin [rana PARAM Vp = 0.1
Param=V1 SpicePart 1 PARAM K = 5
Start=-0.05 kB=1.38e-23 } } } } -
_PARAH Temp0 = 300
Stop=0.4 q=1.6e-19 0 0.1 02 03 0.4 = -
oo os _PARAH phiT = {(kB*Temp0)/q)
s vsweep VPrl _net0 anode DC © AC 0
Ip=te-5 V1 _net® © DC 1
Is=1e-12 Bl anode @ I = Is*(exp(V(anode)/phiT)-1.0)+
Vp=0.1 = + Iv*exp(K*(V(anode)-Vv))+
5::“’“73 g o + Ip*(V(anode)/Vp)*exp((Vp-V(anode))/Vp)
PhiT=((B'TempO)ia) & scontrol
ES set filetype=ascii
d echo "* > spicedqucs.cir.noise
3 DC V1 -0.05 0.4 0.009
£ 25 write tunn-Bsrc_dc.txt VPrl#branch v(anode)
2 } t t t destroy all
0 01 02 03 04 reset
)1.0)+lv"exp(K" ip*(Vianode) b} Exp((vp- P
exit
.endc
LEND
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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:
D1

11=V5/Br
PC QI=Tr*V4+PCje*(V1-Vmaxc)*(1+(V1-Vmaxc)*(0.5+(V1-Vmaxc)/6))
2=Vva/Bf
R1 Q2=TfV5+PCje*(V2-Vmaxe)*(1+(V2-Vmaxe)*(0.5+(V2-Vmaxe)/6))
R=Rc 13=(V4-V5)
14=0
5=
s 15=0
D2
a npnBlockt 11=15"(exp(Deltaf*V2)-1)*stp(-Deltai*V2+Xcrit) +Is* Excrif*(1.+(DeltafV2-Xcrit)*(1.+(Deltaf*V2-Xcritf)2))"stp(Deltai"V2-Xcritf)
npn Nf=Nf 12=0
Block Nr=Nr
PB  R2 Is=ls. D3
R=Rb Bf=Bf 11=Is*(exp(Deltar*V2)-1)*stp(-Deltar*V2+Xcritr)+1s* Excritr* (1+(Deltar*V2-Xcritr)*(1+(Deltar*V2-Xcritr) 2))*stp(Deltar* V2-Xcritr)
Br=Br 120 £
uation
El Toulk=Tbulk o lq_
R3 Xfcv%:vm RS 1 , {cc 1 | IECJ Egnt
R=Re - cl R=1e9 TKelvin=Tbulk+271.15

T=Tr —/(NFKB™
8l i Deltaf~q/(NFkB TKelvin)
Me=Mc = 2; - 251 Deltar=g/(Nr*kB* TKelvin)
PE Cje=Cic — B [ | | Xeritf=Verit* Deltaf
Me=Me 2 2|el am

Xeritr=Verit*Deltar
Cie=Cje Bl Excritf=exp(Xcritf)
Vic=Vic — ., \7 = Excritr=exp(Xcritr)
Vije=Vje — — \ PGic=Cic*(2"Mc)
cc| f— el e D2 PCe=Cie*(2"Me)

b A3 Re D3

R=1e9 R=1e9
IEC]| f—

D1 Eqn2
L= kB=1.38e-23
q=1.6e-19
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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

TRITHE yes PO

(¢¢1¢¢
£

"¢¢¢¢TT Traga Cotagrars
" P o



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
@ LM358 XSPICE macromodel usage example (noninverting amplifier):

LM358 XSPICE macromodel

SUBCKT LM358 12345

€1 1112 5.544€-12
Q6 720.00E-12
DC 553 DX
DE 54 5 DX
DLP 90 91 DX
DLN 92 99 DX

op
EGND 99 @ POLY(2) (3.0) (4.0) 6

FB 7 99 POLY(5) VB VC VE VLP VlM e 15.91€6
+ -2066 206 206 -20E6

[

Points=200
out

ime Q1 11 213 QX
ac simulation @ 12 1140

2 R2 6 9 100.0E3
ACH g RCL 4 11 7.957€3
- g RC2 4 12 7.957€3
Stz H REL 13 10 2.773€3
Stop=10 MHz g RE2 14 10 2.773E3
Points=141 g1 REE 10 99 19.92E6
3 ROL 8 550
5 RO2 7 99 50
g RP 3 4 30.31€
20 VB 9 00CoO
8 VC 3 53 DC 2.100
S 1 10 100 1e3 fe4 1eS 1e6 fe7 | VE 54 4 0C .6

frequency VLIN 7 8 0C 0

VLN @ 92 DC 40
MODEL DX D(I5=800.0E-18)

-MODEL QX PNP(I5=800.6E-18 BF=250)
ENDS
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Qucs equation support in spicedqucs

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

jce:ac.q

RC_SPQ_ngsp

RC_SPQ_ngspice:acp

103

54

S=abs(U-T)

P=R[U-1]

S{U-T] (4)

Auto-generated Ngspice netlist

Q

K — Equaiion * Qucs 0.0.19  /home/vvk/.qucs/RC_SPQ.sch
= — P .PARAM R={1k}
Pl 4 Rk _PARAM C={1u}
v o Lo VPrl in _netl DC @ AC 0
Uty I V1 in © DC © SIN(@ 1 360 0 0) AC 1
7 1300 Hz €16 _neto {C}
= R1 _netl _net® ({R}
= .control
imag(Pr1.i)) set filetype=ascii
Quimag(in.v*(eal(Pri.)-imag(Pr.1)) TZZUR:D: spicedques.cir.noise
T let C=1u

ACt
Typelin
Start=10 Hz
Stop=10 kHz
Points=400

frequency
frequency

Stop=10ms

AC LIN 400 10 10K
let S=V(in)*(real(VPri#branch)-i*imag(VPri#branch))

let P=real(s)

let Q=imag(V(in)*(real(VPri#branch)-i*imag(VPri#branch)))
write RC_SPQ_ac.txt VPrl#branch v(in) S P Q

destroy all

reset

TRAN 3.33333e-05 0.01 @

write RC_SPQ_tran.txt VPrl#branch v(in)
destroy all

reset

exit
.endc
(END
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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

! * Ques 0.0.19  /home/vvk/.qucs/RCLsp_par.sch
F | | .PARAM Rd = 30
H i _PARAM f = 8e6
gos SpicePart PARAM Cs = 40e-12
N Ro-30 PARAM Ls = {1/(4*(4%atan(1))**2+f**2%Cs)}
d lea | Goctoerz L1 _net® _netl {LS}
Y Le-fi@@atan(ztz-cs) | | C1 _netl out {CS}
< 206 de6  6e6  Bes 17 VPrl in _netd DC © AC 0
frequency = V1 in 0 DC © SIN(O 1 7.5MEG 0 ) AC 1
R1 O out {RD}
oo T .control
H Soptonie Nutmeg set filetype=ascii
g Points=100 _
500 Numegear AC LIN 500 IMEG 10MEG
g Kevioutviin) let K = v(out)/v(in)
g Pur-v(in)*VPrbranch let Pur = v(in)*VPrl#branch
g ™write RCLsp_par_ac.txt v(in) v(out) K Pwr
§ 0 destroy all
g 206 4e6 606 Bos  fe7 reset
frequency
exit
_endc
LEND
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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

numireq-20
FO-dkHz
o1 Stop=1ms Vars=V(out)
C=0.1uF R2 =
R=470 Ohm Nutmeg
= NutmegEq1

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

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

NOISE! DISTO!
Type=iin °
= Start=1 Hz Pl
B Stop=10 MHz Stop-10 kHz
number | BJT-disto_ngspiceinoi ] BJT-disto_ngspice:onoise_tofal Points=100 Points=1000
umber sto_ngspicenoise_ofa sto_ngspice:onoise_tota Outputeviout)
‘ 1 | 1.480-10 ‘ 3.91e-09 ‘ Source=V2

Ll

2
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Ngspice custom simulation techniques: Part | — Main features

Main features:

o Embedding user defined
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

o Ngnutmeg script editing dialogue:
+ 1B gues =i

Cancel
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Ngspice custom simulation technique: Part || — Application example:

Monte-Carlo simulation controlled via a ngnutmeg script

MonteCarlo1_ngspice:ac.v(out)

2
L=40u c 2500 Ro141

c2 L
C=1000p —mu L=10u C 1000p

o

o

} t } t
565 1e6  1.506 206 2566 366 356 46
frequency

cusTOM1
SpiceCode=

set filetype=ascii
let mc_runs = 5
let run = 0

define unif(nom, rvar) (nom + (nom*rvar) * 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 c1 = unif(1e-09, 0.1)
alter 11 = unif(10e-06, 0.1)
alter c2 = unif(1e-09, 0.1)
alter 12 = unif(10e-06, 0.1)
alter I3 = unif(40e-06, 0.1)
alter ¢3 = limit(250e-12, 25e-12)

ac oct 100 250K 4Meg
set run ="$&run" $ create a variable from the vector

let K = db(v(out))

write MonteCarlo_ac.txt v(out) K
set appendwrite

let run = run + 1

end § loop ends here
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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-0.0.19S 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:

I 1o A @—"—w o= l_Equalion Inoise

R L c P1 Eqnt
y=1 — SUB [—
EDD

° & s —
@ o e > = i é| 0 Subclrcult Parameters
VCCs Cccs VCVS CCVS
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Introduction to the Qucs GPL Verilog-A module synthesizer: Part Il

Structure:

Visualisation

Model

ngspice
SPICE
netlist
code

QUERADMS “Turn Kay”™
Vorlog A 1o Cor
syrthesizor

Verilog-A
module
code

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

External GPL SPICE circuit simulators.

QUes/ADMS “Tum Koy
Vertog A o C:
synivasi

Verilog-A
module
code

Ques synthesised SPICE netlist
and Verilog-A module code.

ADMS-2.3.4 Analogue Device Model
Synthesiser. i i

=
o
D ...'(
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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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Conclusion

2-3

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.
Qucs-0.0.19S-RC3 from

https://github.com/ra3xdh/qucs/releases/download/0.0.19S-rc3/qucs-0.0.19Src3.tar.gz (linux source)
https://github.com/ra3xdh/qucs/releases/download/0.0.19S-rc3/qucs-0.0.19Src3-setup.zip (Windows installer)
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