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Abstract—Qucs and QucsStudio open source circuit simulators
have a wealth of built in swept data features, including facilities
for linear and logarithmic scans of simulation variables and for
setting component values and device parameters. These
simulators also allow semicolon separated lists of numerical
values to be used as swept data. This little known feature
provides a very flexible mechanism for generating component
and device parameter statistical data. An outline of a statistical
circuit simulation technique is presented in this paper. The
proposed technique can be used with any general purpose circuit
simulator equipped with swept data capabilities and as such is
suitable for the study of device and circuit performance resulting
from variations in device parameters and component values. The
operation of the proposed simulation technique is illustrated with
the results from an investigation of the statistical performance of
a simple MOS current mirror integrated circuit cell, modeled
with a speed optimized Verilog-A version of a long channel
EPFL_EKY v2.6 MOS transistor model.

Index Terms—QucsStudio; Qucs; statistical circuit simulation;
swept parameter lists; Verilog-A compact semiconductor device
models.

I. INTRODUCTION

URRENT trends in semiconductor device modeling and

circuit simulation research indicate that there is strong
interest in the development of both compact device modeling
techniques [1] and improved circuit simulation performance,
particularly as part of the core features offered by open source,
General Public license (GPL), circuit simulation software
packages [2] [3] [4] [5]. In the past the device modeling
features provided by the widely available SPICE 2g6 [6] and
35 [7] circuit simulators were often limited to subcircuit and
macromodel model building techniques. Later commercial
circuit simulators often extended these basic tools, by adding,
for example, the construction of semiconductor device models
at C code level. However, such an approach is in practice only
suitable for model developers who have a good understanding
of the SPICE C code, particularly the SPICE device model
application programming interface. Today the Verilog-A
hardware description language [8] has evolved to become a
leading contender for compact modeling of semiconductor
devices. Much of the current published modeling literature
concentrates on improvements to existing device models [9]
[10] or on the addition of new compact device models
constructed using Verilog-A [11]. In parallel to model
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development important improvements in circuit analysis and
simulation have often emerged from basic circuit analysis
research; particularly when the research is applied to popular
software packages like, for example. the PSpice [12] circuit
simulator. PSpice was among the first commercial personal
computer circuit simulators to offer extensions for the
statistical analysis of circuits, including circuit sensitivity
analysis, worst case analysis and Monte Carlo analysis. This
paper introduces a flexible swept data technique that supports
investigation of the statistical properties of device models,
circuit macromodels and integrated circuit designs. The
proposed approach is entirely under user control and as such
does not require simulator C or C++ code to be modified or
indeed that users have an understanding of advanced C++
programming or a detailed knowledge of low level simulator
model application programming interfaces. The reported
technique has been implemented with the Qucs and
QucsStudio simulators. Moreover, it is suitable for use with
any circuit simulator which implements swept data processes.
In this paper the fundamentals and application of the new
statistical simulation technique are introduced through the
investigation of the statistical performance of a basic two
transistor MOS current mirror integrated circuit cell, based on
a speed optimized version of a long channel EPFL-EKV v2.6
MOS model [13].

II. GENERATION OF SWEPT PARAMETER LISTS

Previous generations of GPL circuit simulators were often
released for general use with data entry procedures that only
allowed keyboard entry of component or device parameter
numerical values prior to the start of a circuit simulation. The
effects and advantages of changing component values or
device parameters using swept data techniques have only
became fully appreciated with the development of second or
later generations of circuit simulator; one exception being the
SPICE .DC simulation command where the importance of
nested .DC sweeps was realized early, as this technique allows
a simple direct way to generate data for plotting
semiconductor device I/V curves. The current GPL circuit
simulators have in many instances been extended to overcome
the performance limitations imposed by restricting component
values and device parameters to purely numerical quantities.
Modern GPL circuit simulators, like for example, Qucs and
QucsStudio, allow component and device parameter values to
be specified as algebraic named variables, rather than simple
numerical quantities. This basic change has had a profound
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effect on the way component values and device parameter
values can be set prior to simulation. Shown in Fig. 1 is a
QucsStudio schematic symbol for a “Parameter sweep”
simulation icon. It acts as a platform for defining a named
“Parameter sweep” process starting at value Start and
finishing at value Stop, where the interval between Start and
Stop is divided into a number of values given by parameter
Points. The list of “Parameter sweep” Points may be generated
as a linear sequence, a logarithmic sequence or it may be
constructed from a group of numerical entries each separated
by a semicolon (;).

Parameter
sweep

S5W1

Sim=
Param=R1
Type=lin
Start=5 Ohm
Stop=50 Ohm
Paints=10

Fig. 1. QucsStudio “Parameter sweep” icon with identifying name (SW1) and
initial parameter list, including parameter Sim which identifies the next linked
“Parameter Sweep” icon or simulation icon (DC, AC, TRAN, S Parameter or
Harmonic Balance).

Both QucsStudio and Qucs allow users to enter by hand a
list of semicolon separated numerical values from a keyboard
or to automatically generate a list of values using the Octave
numerical analysis program. Similarly, the current
implementation of the “Parameter sweep” simulation sequence
allows “Parameter sweep” icons to either call other sweep
icons or any one of the circuit simulation icons in a chain
sequence, provided a nested loop does not occur in the chain
sequence. Hence, as part of a “Parameter sweep” controlled
simulation, component and device parameters are assigned
numerical values as a pre-cursor to DC, AC, Transient, S
parameter or Harmonic Balance circuit simulation. The
“Parameter sweep” list feature is a novel addition to both the
QucsStudio and Qucs simulation software. Indeed, it is in
many instances not immediately obvious to most users of
either circuit simulator why this feature has been included in
these packages.

III. USER PROGRAMMED SENSITIVITY CIRCUIT SIMULATION

The combination of nested “Parameter sweep” circuit
simulation with user supplied lists of component and device
parameter values provides a general purpose circuit simulator
with a powerful basic toolset for statistical circuit simulation.
Consider the simple resistive voltage divider circuit shown in
Fig. 2(a). Conventional non-statistical DC circuit simulation
provides information on the transfer characteristics of the
circuit characterized by nominal values for resistors R1 and
R2. In contrast, by making R1 and R2 lists of component
values rather than single numerical values the effect of
component variations within a given value range and
statistical distribution can be simulated and visualized by
plotting two and three dimensional transfer characteristic
curves, see Fig. 2 (b). This approach to sensitivity circuit
simulation is only possible if a circuit simulator allows

component and parameter values to be defined by variable
names rather than numerical values. Fig 2 clearly shows the
effect of nesting “Parameter sweeps” where both R1 and R2
have values in the range Rmin to Rmax, yielding a box like
region with corners defined by (Rlmin, R2min),
(RImin, R2max), (Rlmax, R2min) and (RImax, R2max)
extremes of components R1 and R2.

J_ = @ . T Equation (a?
: IR Vmid| Egnt With R1=R2 =1kQ ,
T o 24 T RT=R1+R2
= R=R2 Vmid = 0.5V
Parameter Parameter
Rl ot
DCt
SWi1 SwW2
Sim=SwW2 Sim=DC1
Param=R1 Param=R2
Type=list Types=list

Points=950 ; 975 ; 1000 ; 1025 ; 1050 Points=850 ; 975 ; 1000; 1025; 1050

5.3e-41

5.2e4

5.1e-4

IR (A)

j

Se-4

4.9e-41 — -
Ie?\. ,_/"ﬁ.'i

-
1 .0%’“‘{0593
3|
@O

4.8e-41

4.7e4 ; | | 9
19e3 195e3 203 2053 2.1e3 fim)
RT (Ohm)

Fig. 2. Sensitivity analysis of a two resistor voltage divider circuit:
(a) simulation test circuit and nominal resistor values, (b) example two and
three dimensional plots of simulation output data.

IV. GENERATING STATISTICAL CIRCUIT SIMULATION DATA
WITH OCTAVE

Entering long tables of component data, from a keyboard,
into the Points list attached to a “Parameter sweep” icon can
be both tedious and error prone. In practice it is better to use a
computer program to generate the “Parameter sweep” icons
and attached data. Shown in Fig.3 is an Octave [14] script
designed to generate a list of normally distributed real
numbers linked to a “Parameter sweep” icon. This script
requests, as input, a real number for a nominal component
value, the required number of values in the semicolon
separated list, and finally the component or parameter
tolerance as a percentage of the nominal real number. The
Octave script constructs a “Parameter sweep” icon netlist file
[15] from the user supplied data. This includes code for
constructing the “Parameter sweep” icon schematic symbol,
its sweep parameters and the attached semicolon separated list
of real data values. Library functions are employed by the
Octave script to calculate the distribution of the component
values. In the example listed in Fig.3 the Octave function
“normrnd” is used to generate a univariate normal distribution
for each set of component values. Over twenty different types
of real number distributions are possible by changing the
Octave “normrnd” function to a different mathematical
distribution function. These are provided as standard with the
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current Octave release. However, from a circuit simulation
point of view the rand (uniformly distributed values) and the
“nornrnd” functions are among the most important due to their
close agreement with practical component and device
parameter distributions. Fig. 4 illustrates a typical set of
statistical simulation component values generated by the
Octave script using function “normrnd”. One of the
advantages of using Octave numerical analysis scripts for
generating QucsStudio/Ques  schematic symbols is the
flexibility it gives when calculating the statistical distribution
of component values or device parameters. An interesting and
important example of this flexibility is the removal of
components from a production batch which are within a
specified percentage of the batch nominal value. Simply by
adding a few lines of code to the Octave script listed in Fig. 3,
see Fig. 5, produces a “Parameter sweep” icon with list values
of nominal tolerance tol (in percentage of mean value) and
tolerance of the selected values stol (in percentage of mean
value), where stol < tol. Fig. 6 shows a typical example
distribution for a batch of non-integrated circuit resistors.
Although the Octave scripts shown in Fig. 3 and Fig. 5 are
applicable to the QucsStudio circuit simulator only small

% QucsStudio tabular normal distribution file generator.
%

% INPUT: Enter data from keyboard as requested.

% OUTPUT: Script writes file XXX{X.sch containing

% a QucsStudio swept parameter icon with
% a list of "npoints” items nommally distributed
% around a specified mean and standard deviation.

% Script written with Octave 3.2.4
% Copyright 2012 by Mike Brinson
% Published under GNU General Public License (GPL V2).
% No warranty at all.
filename = input("Enter name of Tabular Distribution Fie =", "s"),
version = input{"Enter QuesStudio version number > ", "s");
npoints = input{"Enter the number of data points in the tabular sequence > ");
mean = input("Enter mean value > ");
tol  =input("Enter tolerance [in percentage ] >");
std = (tol.*mean)/300.0;
n = normrnd(mean, std, 1, npoints);
fname = strcat(filename,”.sch”);
fid = fopen(fname, "w");
fprintf(fid, "<QucsStudio Schematic %s>\n", version);
fputs(fid, "<Properties>\n");
fputs(fid, " <View=0,0,3256,800,1,0,0>\n");
fputs(fid, " <Grid=10,10,1>\n");
fprintf(fid, " <DataSet=%s.dat>\n", filename);
fprintf(fid, " <DataDisplay=%s.dpl>\n", filename};
fputs(fid, " <OpenDisplay=1>\n");
fputs(fid, " <showFrame=0>\n");
fputs(fid, " <FrameTextO=Title>\n");
fputs(fid, " <FrameText1=Drawn By:>\n");
fputs(fid, " <FrameText2=Date:>\n");
fputs(fid, " <FrameText3=revision:>\n");
fputs(fid, "</Properties>\n");
fputs(fid, "<Symbol>\n");
fputs(fid, "</Symbol>\n");
fputs(fid, "<Components>\n"),
fputs(fid, "<.SW SW1 19012008300 ");
fputs(fid, "DC1\" 1 Vp1\" 1 Vist\" 1 \" \"0 \" \"0\"");
for i =1:npoints-1
fprintf(fid,” %12.3e ", n(i));
endfor
fprintf(fid, " %12.3e \" 1>\n", n(npoints));
fputs(fid, "</Components>\n");
fputs(fid, "<Wires>\n");
fputs(fid, "</Wires>\n");
fputs(fid, "<Diagrams=>\n"),
fputs(fid, "</Diagrams>\n");
fputs(fid, "<Paintings>\n");
fputs(fid, "</Painting>\n");
fclose(fid);

Fig. 3. Octave m script for generating a QucsStudio “Parameter sweep” icon
schematic with a semicolon separated data list attached. The list consists of a
normally distributed set of values specified by a mean and standard deviation.

changes are normally required to these scripts to take into
account differences in simulator netlist specifications. This
can be done by changing one or more of the fputs statements
listed in Fig. 3 and Fig. 5. This is particularly true with the
Qucs simulator where only small changes are necessary for the
generation of the modified “Parameter sweep” icon code.

Resistance distribution

900 950 1000 1050 1100
R (Ohm)

Fig. 4. Distribution of resistance component values generated using the
Octave script listed in Fig.3: Nominal value of R = 1k Q, number of samples
=500 and tolerance = 10%.

% Published under GNU General Public License (GPL V2).
% No warranty at all.

filename = input('Enter name of Tabular Distribution File [format "name”] >');
version = input{'Enter QucsStudio version number [format "x.0xx™] > );
npoints = input(Enter the number of data points in the tabular sequence >');
mean = input{'Enter mean value >');
tol = input('Enter tolerance [ in percentage ] >°);
stol = input(Enter tolerance for selected values [ in percentage ] >);
if ( stol >= tol )
stol = 5;
endif
std = (tol.*mean)./300.0;
nhold = normmd(mean, std, 1, npoints);, #######EH Modified code #iR#
% Remove selected components
vmin = mean."(1-stol./100);
vmax = mean.*(1+stol/100);
ji=1;
lk =1,
while (j <= npoints)
if ( (nhold(j) <= vmin ) || (nhold(j)) >= vmax )
n(k) = nhold(j);
k++;
endif
j+
endwhile
% ittt End modified code #sEHs
fname = strcat(filename,".sch”);
%swname = strcat("SW","1");
fid = fopen{fname, "w");

Fig. 5 QucsStudio normal distribution list generator showing additional
Octave code for removing component values or device parameters from
within the range nominal value + stol percent of mean.

R distribution
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Fig. 6. A 1000 sample histogram showing distributed resistance with R values
in the range + 3% of the nominal value of 1000 Q (£30€2) removed.
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V. STATISTICAL CIRCUIT SIMULATION OF A MOS CURRENT
MIRRROR IC CELL

Statistical simulation of a circuit design provides an insight
into the causes of circuit failure due to geometric and physical
device parameter variations. Fig. 7 shows a basic nMOS
current mirror IC cell operating from a single positive voltage
supply with equal drain resistances R1 and R2. With perfectly
matched transistors, and matched drain resistors, the output
current (Iout) to input current (lin) ratio is given by

Tout WZ/LZ
nn ~ Wi/,

(M

where W2=W2n+DW, L2=L2n+DL, W2 and L2 are the gate
width and length of the output transistor respectively, W2n
and L2n are the nominal values of the output transistor gate
width and length respectively, DW is a channel width
correction factor and DL a channel length correction factor.
W1 and L1 have similar meaning but for the input transistor.
In a practical circuit, device parameters are found to vary
between circuit fabrication batches and across circuits on the
same integrated circuit die. Variations in fabrication process
parameters, for example impurity concentration densities,
oxide thickness and diffusion depths introduce variations in
the transistor physical parameters such as the threshold
voltage VTO. Similarly, variations in the dimensions of
individual devices, for example photolithography dimensional
differences, cause W/L variations in the MOS transistors.
Hence, variations in the DC current mirror output to input
current ratio will, to a first approximation, depend on the
statistical variation of individual transistor L and W
dimensions and variations in transistor physical parameters.
Fig. 8 shows a typical set of statistical DC simulation data
obtained by varying one of the L1, W1, L2 and W2
parameters, via DW and DL, while keeping the remaining
dimensional parameters at their nominal values. Similarly, in
this example, the values of the transistor physical parameters

M1 M2
L=L1 |il'l ‘[E! I Eout L=L2
W=w1 w=w2
VTO=0.6 R1 R2 VTO=0.6
GAMMA=0.71 R=1k i av |] R=1k GAMMA=0.71
PHI=0.97 PHI=0.97
KP=150e-6 KP=150e-6
THETA=50e-3 = l—el' THETA=50e-3
RDC=0.1 EKV 2.6 f T EKV 26 RDC=0.1
RSC=0.1 " = = © Rsc=0.1
Temp=26.85 Temp=26.85
| | Equation
DC1 Eqn1
L1=5e-6
number | lin.l lout.l L2=5e-6
1 0.000731 0.000731 W2=10e-6
W1=10e-6

Fig. 7. An nMOS current mirror test circuit with matched device geometries
(L1=Lln=5pm, L2=L2n=Spm, WI=WIn=10um, W2=W2n=10pum) and
VTO=0.6V; nMOS transistors are represented by EPFL-EKV 2.6 long
channel Verilog-A device models [16]: available in the QucsStudio “extras
library or as a non-linear active device in Qucs”.

were kept constant at their nominal values during simulation.
The sample data set is 1000 in this test example.
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(a): L1=5pm+10%=L1n+DL, W1=10pum, L2=5pum and W2=10pm.
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(b): W1=10um+10%=WI1n+DW, L1=5um, L2=5pm and W2=10um.
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(d): W2=10pm=10%=W2n+DW, L1=5um, L2=5um and W2=10pm.

Fig. 8. Typical statistical simulation results for an nMOS current mirror test
circuit with L1, W1, L2 and W2 as specified in (a) to (c). All other parameters
are listed in Fig.7.
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VI. OPTIMIZING THE CURRENT MIRROR MODEL FOR
MINIMUM SIMULATION RUN TIME

Statistical circuit simulation is in general computationally
expensive, for example varying three component values, or
device parameters, over a range set by ten values requires 10
by 10 by 10 or 1000 individual simulations, Obviously, each
time a parameter is added to a statistical circuit analysis the
number of simulations increases proportionally. Simulation
run times also strongly depend on the type of simulation being
undertaken; transient analysis taking the longest time.
Simulation times also increase when the circuit under test
includes nonlinear active devices. A significant computational
overhead in circuit simulation is the time taken to calculate the
equations which form the basic non-linear model of an active
device. In general, these calculations can be broken down into
two distinct groups; firstly equations which are functions of
variables which vary with, for example, circuit voltage,
current or temperature and secondly those variables which are
constant throughout a simulation. The first group needs to be
recalculated each time a model is called by a circuit simulator.
In contrast the second group has only to be determined once at
the start of a circuit simulation. Simulation times are increased
further when the circuit under test contains a high number of
identical transistors. In such a case the variables which are
constant throughout a simulation get calculated the same
number of times as there are identical devices, instead of only
once. One way to reduce this overhead is to calculate the
transistor variables which are constant during a circuit
simulation at a higher abstraction level than the non-linear
device models and to pass the values of the calculated
variables to each transistor model rather than the basic device
parameters. A simple way of achieving this is to add an
additional level of abstraction to a subcircuit and to pass the
values of the calculated variables from the inner level to a
device model. Fig. 9 shows a modified current mirror test
circuit where the current mirror is represented by a subcircuit
with three levels of abstraction. The first inner level of
abstraction is shown in Fig. 10. Here variables P1 to P8 are
passed as parameters to the bottom level of abstraction. This
contains modified Verlog-A EPFL-EKV v2.6 nMOS device
code. With this structure the variables in equation block eqnl,

V2 CcM1
. 3 L1=5e-6
1 u=4Vv
i1 l— Taout Wwiz10e-6
L2=5e-6
Current W2=10e-6
R1 | Mirror | R2 VTO=VTO
R=tk L R=1k GAMMA=0.71
= PHI=0.97
Parameter KP=150e-6
¢ simulation
sweep ———— THETA=50e-3
DC1 Temp=26.85
sSwi1
: RDE=0.1
Sim=DC1 RSE=0.1
Param=VTO )
Type=list

Points=6.02e-001 ; 6.109e-001 ; 5.897e-001 ; ...........

Fig. 9. A QucsStudio test bench for simulating the performance characteristics
of a three level MOS DC current mirror subcircuit model with L1, W1, L2 and
W2 set at nominal values and VTO in the range 0.6V + 60mV.
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P5=P5 Eqn1 P5=P5
P6=P61 P1=-VTO+PHI+GAMMA*sqrt(PHI) pg=pg2
P7=P7 P2=GAMMA/2 P7=P7
P8=P8 P3=P2*P2 P8=P8
GAMMA=GAMMA  P4=GAMMA*P2-PHI GAMMA=GAMMA
KP=KP TK=Temp+273.15 KP=KP
THETA=THETA Vth=kB*TK/qelectron THETA=THETA
RDE=RDE P5=PHI+4*Vth+1e-12 RDE=RDE
RSE=RSE P7=1/(2*Vth) RSE=RSE
VTO=VTO P8=2*Vth*Vth VTO=VTO
PHI=PHI P61=KP*W1/L1 PHI=PHI

P62=KP*W2/L2

Fig. 10. The internal structure of a three level MOS DC current mirror
subcircuit constructed using two speed optimized EPFL-EKV v2.6 nMOS
long channel compact device models.

# QuesStudio/Ques EPL-EKV 2.6 nMOS long channel DC model: NMOSLC.va
#i Copyright (C), Mike Brinson, mbrin72043@yahoo.co.uk, January 2013.
#l Published under GNU General Public License (GPL V2).

“include "disciplines.vams”

"rinclude “constants.vams”

if

module NMOSLC (D, Gate, S, Bulk),

inout D, Gate, S, Bulk;

electrical D, Gate, S, Bulk; electrical Drain, Source;

‘define attr(txt) (*txt*)

i Device dimension parameters

parameter real L = 2e-6 from [0.0 : inf);

parameter real W = 2e-6 from [0.0 : inf);

parameter real P1 =0.0 “attr(info="super-subcircuit parameters P1 to P8");
parameter real P2 =0.0,

parameter real P3 =0.0;

parameter real P4 =0.0;

parameter real P5 =0.0;

parameter real P6 =0.0;

parameter real P7 =0.0;

parameter real P8 =0.0;

parameter real GAMMA = 0.71 from [0.0 : 2.0);

parameter real KP = 150e-6;

parameter real THETA = 50e-3 from [0 : inf);

parameter real RDE = 0.01 from [1e-6 : inf);

parameter real RSE = 0.01 from [1e-6 : inf);

parameter real Temp = 26.85 from [-150.0 : 200.0);

parameter real VTO = 0.6;

parameter real PHI = 0.97,

W

real VGprime, VP, n, Beta, iff1, iff, irr1, irr;
I/ Branches
branch (Gate, Bulk) Bgb; branch (Source, Bulk) Bsb;
branch (Drain, Bulk) Bdb; branch (Drain, Source) Bds;
branch (D, Drain) BDDrain; branch (Source, S) BSourceS;
analog begin
VGprime = V(Bgb)+P1;
if (VGprime >0.0)
begin

VP = P4+VGprime-GAMMA*sqgrt{VGprime+P3);

end
else begin VP = -PHI; end
n = 1+P2/sqit(VP+P5); Beta = P6/(1+THETA'VP);
iff1 = In(1+imexp((VP-V(Bsb))*'P7)); iff = iff1"iff1;
irr1 = In(1+limexp((VP-V(Bdb))*P7)); irr = irr1*imr1;
I(Bds) <+ P8*n*Beta*(iff-irr);
I Extemnal resistances
I(BDDrain) <+ V(BDDrain)/RDE; I(BSourceS) <+ V(BSourceS)/RSE;
end

endmodule

Fig. 11. Verilog-A code for a EPFL-EKV v2.6 MOS DC long channel model
modified to allow equation-derived device parameters P1 to P8.



INTERNATIONAL JOURNAL OF MICROELECTRONICS AND COMPUTER SCIENCE, VOL. 4, NO. 3,2013 97

35
a0 |
25
20 |
=z
15
10
&
G . ol od
0.0007 0.00071 0.00072 0.00073 0.00074 0.00075 [
lout.|

Fig. 12. Histogram of current mirror output current for a 1000 VTO samples
normally distributed in the range 0.6V £60mV.

Fig. 10, are calculated only once, rather than twice. Obviously
for current mirrors, or other circuits, which are constructed
from larger numbers of transistors the number of calculations
would be reduced proportionally. Fig. 11 outlines the Verilog-
A code for the modified EPFL-EKV v2.6 nMOS model. A
histogram of the statistical distribution of current mirror
output current Iout.I due to wvariations in VTO is also
illustrated in Fig. 12.

VII. CONCLUSIONS

Statistical simulation of a circuit design provides an insight
into the causes of circuit failure due to geometric and physical
device parameter variations. This paper introduces a flexible
swept data technique that supports investigation of the
statistical properties of device models, circuit macromodels
and integrated circuit designs. The reported technique has
been implemented with the Qucs and QucsStudio simulators
and does not require an extensive knowledge of the internal
structure and workings of C++ simulator software, making it
suitable for use by all the Qucs/QucsStudio simulator user
community. Moreover, it is also suitable for use with any
circuit simulator which implements swept data processes. To
demonstrate the fundamentals and application of the proposed
swept parameter statistical simulation technique the simulation
of a nMOS current mirror is introduced in the text. This
example also introduces the concept of a three level subcircuit
Verilog-A compact device model with equation variable data
passing and improved simulation run times.
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