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ABSTRACT-1

ABSTRACT

This document provides a user—oriented description of the
FETCAD software system, which implements least one (L;) and least
squares (LZ) optimization techniques in the small-signal, linear
circuit modelling of FET devices. The S-parameter sensitivities re-
quired for the gradient—-based optimization methods are calculated
using exact formulas reported by Bandler, Chen and Dai javad. Their
paper is included in this report, for convenience.

The FETCAD system has been developed in Fortran 77 on the
VAX 11/780 computer with the VMS operating system. The program is
dedicated to the small-signal FET model in current use at Raytheon, as
communicated to J.W. Bandler by R.A. Pucel. Its execution i3 not
encumbered by features, options and circuit descriptions not directly
necessary to the particular FET circuit description. FETCAD will
process one set of measurements at a time, matching the data to a
single circuit by optimizing the parameters of that circuit. Data

files and corresponding equivalent circuit parameter files can be

created, read, edited and/or saved by appropriate user—interaction.
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INTRODUCTION-1

INTRODUCTION.

This document reports on the development of a special pur-
pose program for equivalent circuit representation of FETs by optimi-
zation using S-parameters., The program assumes a fixed circuit topo-
logy with specific parameter types, and good starting parameter values
of the model from previous results or prior low frequency approxima-
tions. The program has been oriented to a VAX. Data files and corre-
sponding equivalent circuit parameter files can be created, read,
edited and/or saved by appropriate user-interaction.

The program, dedicated to the small-signal FET model in
current use at Raytheon incorporates state—of-the—art features such as
adjoint sensitivity calculations and efficient gradient optimization,
Its execution is not encumbered by features, options and circuit
descriptions not directly necessary to the particular FET circuit
description. This current version, named FETCAD, will process one set
of measurements at a time, matching the data to a single circuit by
optimizing the parameters of that circuit.

A user-oriented description of the FETCAD software system is
provided. It implements least one (L}) and least squares (Lz) opti-
mization techniques in the modelling process. The S—parameter sensiti-
vities required for the gradient-based optimization methods are calcu-
lated using exact formulas by Bandler, Chen and Daijavad [l1]. Their
paper is included in this report, for convenience. Details of the L;
optimization algorithm are discussed by Bandler, Kellermann and Madsen
[21.

The FETCAD system has been developed in Fortran 77 on the

VAX 11/780 computer with the VMS operating system.
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FORMULATION OF THE PROBLEM
The modelling of an FET device is formulated as an optimiza-
tion problem w.r.t. the equivalent circuit parameters of a fixed
proposed topology. The objective is to achieve the best possible
match between measured two-port S-parameters and the corresponding
calculated S—parameters of the equivalent circuit.

The Equivalent Circuit

The proposed equivalent circuit is shown in Fig. 1. As
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Fig. 1 The equivalent circuit of the FET.
illustrated in Fig. 1, there are a total of 11 parameters which com-
pletely define the equivalent circuit at a given frequency f. These
parameters are Rgm(Q), Rij(Q), Ryq(), G4(mS), Cdg(pF), Cgs(pF),

Cds(pF), RS(Q), LS(nH), gm(mS) and t(ps), where the unit for each
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FORMULATION-2

parameter is given in brackets. Any or all of these 1l parameters
could be optimization variables with possible upper and/or lower
bounds on their values.

The L, Optimization

Assume that measurements on all 4 complex S-parameters are
available at ng frequencies, i.e., magnitude and phase of 511,312,521
and 522 for ng frequencies have been measured. Therefore, we have

m

Sij(k), i=1,2, ji=1,2, k =1,2,..., ng, where S ig the

i3
complex S-parameter and m is used to denote the measured response.
Similarly, we have é;j(k), where ¢ is ugsed to denote the calculated
response using the equivalent circuit parameters. §;j(k) is a function
of circuit parameters, and as mentioned before, we seek optimum

m
circuit parameters such that ng(k) best approximates Sij(k)-

We define the unweighted error functions as

m c
m c
where i = 1,2, j=1,2, k =1,2,.., ng Given a weighting

factor wij’ 1=1,2, J =1,2 for an S—-parameter Sij (these 4 welg-
hting factors are defined by the user), the normalized weighting

factors are calculated as

NWR; 5 = wij/(mﬁx{Re[STj(k)]} - mﬁn{Re[S?J(k)]}) (3)

and
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' m m
The L) objective function is defined as

nf 2 2
Uy = L .z 'z (INWRij * FRij(k)l + INWIij * FIij(k)l). (5)
k=1 i=]1 j=1

Explicit bounds on variables (if desired) are handled by the Ly opti-
mization package internally and do not affect the objective function.
The L, Optimization

If there are no bounds on variables, the L, objective fun-

ction is given by

nf 2 2
UZ = kEI iEl jEl [(NwRij * FRiJ(k))z + (NWIij * FTij(k))Z]- 6)

The upper and lower bounds on variables are handled by
adding a penalty function to the objective function for those variab-
les which violate their bounds. Assuming that there are n variables
X1y X2yeeey Xq with 1lower bounds LBy, t =1,2,..., n, and upper

bounds UBt,t =1,2,..., n, the objective function is given by

n
PU, = Uy +t§1[wut(uat - x)%1 + [WLy(xy - LBy)?], )]

where
10, if %y > UB,,

0, if x, ¢ UB,
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and
10, if x4 < LBy,

WLy = { (9)
0: if xt 3 LBt'
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OPERATION OF FETCAD
In this section, the commands, data files and other details
about the operation of the FETCAD package are discussed.
Start the operation by keying in the VAX operating system
command :
SRUN FETCAD

Following the initial message, which reads

FET MODELLING

Interactive Command System

a menu of commands available i8 automatically displayed. This menu is

as follows.

Commands Available

L1 start modelling using L1 optimization

L2 start modelling using least—-squares optimization .
STOP stop this program and return to VMS

DIR list the file directory

HELP display the available commands

PARAMETER display the current model parameters

COMPARE compare starting point with optimization solution
MDATA display the current measgsurement data

USERSPEC display user—controlled run-time specifications
ERROR display errors in S-—-parameter matching

%ERROR display percentage errors in S-parameter matching

SAVE fn.ext save current data in a file
READ fn.ext read desired data from a file
EDIT fn.ext edit a disk file using full screen editor
1) .ext must be .PAR, .MDA or .USE
2) only the first two characters of a command are significant
The menu is followed by the prompt
cCoMD>
which awaits the selection of any of the available commands. There are

three basic commands, namely HELP, STOP and DIR, that a user should be

familiar with before other commands. HELP simply displays the list of

0SA-86-FC-5-R



OPERATION-2

available commands (the same list which is automatically shown at the
start) at any time of an interactive session, STOP terminates the

program by returning to the VAX operating system command level. DIR
lists the files in the user directory and is particularly useful since
the user may create new files as an interactive session proceeds. By
using this command, the updated directory 12 always available to the
user without stopping the program.

Data Files

MDA Files: Three types of data files are required to run the
program. The first type is the S—parameter measurement data on the
device. This data which must have been stored in a file with an

arbitrary name, but with the fixed extension .MDA, is available to the

user in an interactive session by using the commands:

COMD>READ fn.MDA

COMD>MD

Comment: The MD command is optional and displays data on the screen.

A typical measurement data file follows.

C FET S—-PARAMETERS C85029A.MDA

C FREQ MS11 ASll MS21 AS21 MS12 AS12 MS22 AS522
2.0 0.9546 -46.72 4.0405 145.54 0.0291 62.95 0.6010 -21.43
3.0 0.9392 -66.98 3.6149 129.27 0.0388 52.47 0.5808 -32.82
4.0 0.8944 -83.24 3.3323 118.50 0.0458 42.58 0.5718 -39.93
5.0 0.8789 -97.95 2.9539 102.85 0.0507 33.91 0.5701 -48.94
6.0 0.8598 -108.88 2.6428 95.28 0.0518 28.76 0.5808 -54.82
7.0 0.8460 -120.97 2.2946 82.85 0.0517 18.44 0.5683 -63.42
8.0 0.8388 -127.78 2.0989 78.94 0.0503 18.99 0.5845 -68.54
9.0 0.8340 -137.66 1.9225 67.49 0.0505 12.84 0.5867 -75.58
10.0 0.8350 -143.32 1.7984 58.95 0.0525 10.51 0.6089 -79.69
11.0 0.8326 -149.51 1.5910 56.35 0.0499 12.37 0.6166 -83.21
12.0 0.8326 -155.26 1.5106 46.49 0.0507 6.11 0.6360 -91.66
13.0 0.8196 -161.01 1.3838 40.82 0.0473 8.76 0.6427 -93.39
14.0 0.8301 -166.19 1.2945 34.54 0.0466 4.40 0.6633 -101.10
15.0 0.8242 -172.00 1.1615 24.82 0.0442 3.98 0.6718 -106.42
16.0 0.8332 -174.63 1.1335 23.98 0.0436 7.27 0.6845 -108.67
17.0 0.8190 -179.96 0.9365 11.88 0.0408 5.08 0.7045 -113.75
18.0 0.8394 -180.64 0.9688 8.12 0.0420 6.08 0.7098 -115.22

0SA-86—FC-5-R
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This file consists of comment lines identified by letter C in
their first columns and S—parameter data in the form of magnitude and
angle. The unit for frequency is fixed (GHz) and the maximum number of
frequencies allowed is 20 due to the fixed dimension of the arrays.
After an MDA file has been read, it assumes the role of the
measurement data used in the optimization and keeps this role until a
new MDA file is read. If the user wishes to edit the current measure-
ment data (e.g., to use fewer frequency points for optimization)
he/she may do so by invoking the VAX full screen editor without stop-
ping the program. The following procedure should be followed. Assume
that the user has already read the file TEST.MDA and wishes to modify
it. The user wants to keep the original file intact and create a new
modified version under the name TESTED.MDA. The required commands are:
COMD>SAVE TESTED.MDA
Comment: The contents of TEST.MDA, which 1is the measurement data
file, is stored in TESTED.MDA.

COMD>EDIT TESTED.MDA

Comment: At this point the VAX editor is invoked, and a prompt *
awaits a command. By typing C, the full screen editor with
its normal editing capabilities is invoked. The user may go
on to edit the file by changing data, deleting data, etc.

When finished, by typing <{ctrl>Z and then typing EXIT at the

* command level, the user is back to the command level of

the FETCAD package.

COMD>READ TESTED.MDA

Comment: At this point the new edited data file is read to replace
the current measurement data, which is still the contents of

TEST.MDA before this step.

0SA-86—-FC-5-R
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COMD>MD
Comment: At this point, we optionally display the current measurement
data which should be the contents of TESTED.MDA.

‘PAR Files: The second type of data required by the program relates
to the FET equivalent circuit parameters. In contrast to the measure-
ment data, which must exist before running the program (i.e., an .MD
command at the astart of a session), there is no need to create a .PAR
data file before starting a session. Default values are assigned to
all parameters automatically at the start of a session. These values
and their default status (variable or fixed, bounded or unbounded if
variable) can be displayed by using the command:

COMD>PA

The result is as follows.

c FET MODEL PARAMETERS DEFAULT VALUES
C index = 0: constant 1l: unbounded variable
C 2: bounded variable
c value index bounds name
1.00000 1 Rgm (OH)
1.00000 1 Ri (OH)
1.00000 1 Rdd (OH)
7.00000 1 6d (mS)
0.07000 1 Cdg (pF)
1.40000 1 Cgs (pF)
0.40000 1 Cds (pF)
1.00000 1 Rs (OH)
0.02000 1 Ls (nH)
90.00000 1 gm (mS)
7.00000 1 tau (ps)

Besides the comment lines, there is a column for the current values of
parameters, an index column showing whether a parameter is fixed
(index = 0), is an unbounded variable (index = 1) or is a bounded
variable (index = 2). If a variable is bounded, the lower and upper

bound values must follow the index 2, the only restriction being that
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at least one space exist between the numbers.

If all circuit parameters are unbounded variables and the
default values are reasonable as initial guesses for modelling of a
particular device, we can continue without operating on a .PAR data
file at this time. However, it is inevitable that circuit parameters
should be saved, edited or read at some point. The circuit parameters
are automatically updated following an Ly or L, optimization. There-
fore, a useful practice is to save the parameters as well as their
status in a .PAR file as a reference before performing the optimiza-
tion., At any time, in a gsession, the command
COMD>SAVE fn.PAR
saves the current parameters and their status in the file fn.PAR.
Editing a .PAR file is similar to editing an .MDA file. We may change
the values, the status index and the bounds on some parameters while
editing. The sequence of commands is:
COMD>SAVE TESTED.PAR
COMD>ED TESTED.PAR
Comment: Make the necessary changes using the full screen editor.
COMD>READ TESTED.PAR
COMD>PA
Comment: Optionally display the current parameters.
.USE Files: The third type of data required by the program relates
to run time specifications for optimization. Similar to circuit para-
meters, there are default values for these specifications which can be
displayed by using the command
COMD>US

at the start of a session. The result follows.
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¢ RUN-TIME SPECIFICATIONS FOR FET MODELLING PROGRAM DEFAULT VALUES

17 Number of frequency points
1.0 lowest frequency (GHz)

20.0 highest frequency (GHz)
1.0 weighting for Sl1
1.0 weighting for S21
1.0 weighting for 512
1. weighting for 522

0.10E-04 accuracy required for the solution
200 limit on optimization iterations

Editing a .USE file is similar to editing .MDA and .PAR
files. It should be noted that by implementing data on the number of
frequency points and the lowest and highest frequencies specified in
the .USE file, we can limit the number of frequencies used by the
optimization without eiditing the .MDA file. Only frequencies in
the .MDA file which are within the lower and upper limits specified in
the .USE file are used for optimization. If the number of frequencies
in the .MDA file which are within the required limits is more than the
specified number 1in the .USE file, the 1last extra frequencies in

the .MDA file are ignored.

Remaining Commands
In the context of data files, the commands PARAMETER, MDATA,

USERSPEC, SAVE, READ and EDIT were discussed. Besides the basic com-
mands, namely STOP,DIR and HELP, there are five remaining commands
which are directly related to the optimization. These are L1, L2,
COMPARE, ERROR and ZERROR. The L1 and L2 commands are clearly used to
invoke Ll and Lz optimizers. After an optimization is performed, we
can compare the starting and final values for variables using the
COMPARE command. The absolute and relative differences between the S5-
parameters of the equivalent circuit and the measured S-—parameters are

displayed using ERROR and ZERROR commands, respectively.
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EXAMPLES AND TUTORIAL SESSION
S—-parameter measurements on an FET device under three diffe-
rent biasing conditions have been provided by Raytheon. The measure-

ments are from 2 to 18 GHz. The corresponding data files are as

follows.

Biasing Conditions Measurement Data File
Vpg= 4V Vgg= OV Ipg=177mA C85029A.MDA
Vpg= 4V Veg=—1.74V Ipg= 92mA C85029B.MDA
Vpg= 4V Veg=-3.10V Ipg= 37mA €85029C.MDA

In the following interactive session, we employ both Ll and
Lo optimizations and identify the parameters corresponding to each
case. This interactive gession also serveg as a tutorial in using the
goftware system. A detailed description of this session is as fol-
lows.

Using the default values (and status) for all variables and
the default values for run—-time specifications, which are displayed
using the PA and US commands, respectively, we read (using the READ
command) the first measurement data file (C85029A.MDA), display it
(using the MD command) and then perform the Lo optimization (the L2
command). Next, we compare the optimum parameters with their initial
values (using the CO command) and display the percentage error in S-
parameter matching (using the BER command). The optimum parameters are
then saved in a file called C85LZA.PAR. Next, we perform the Lj opti-
mization using the same measurement data and starting from the optimum
values obtained by the L, optimizer. The Ly solution is compared with
the Lo solution (using the CO command). The new optimum parameters are

saved in the file C85L1A.PAR.
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Next, we read back the optimum values obtained using the L2
optimizer (READ C8B5L2A.PAR), save them in a new file called C85L2ZB.PAR

and then edit this new file to prepare for the optimization using new
measurement data in C85029B.MDA. In the editing process, we change the
index for Rgm’ R4q» Rg and Ly to zero (i.e., fixing these parameters),
since we know that the measurement data in C85029B.MDA has been ob-—
tained by changing the biasing conditions on the same device and the
external parameters of the circuit (the four parameters mentioned
before) are not expected to change by such an adjustment. This knowle-
dge of the particular physical adjustment helps to reduce the number
of possible variables and enhances the uniqueness of the results. The
edited parameter file is then read followed by the new measurement
data and an Lo optimization is performed. Next, we compare the parame-
ters obtained by L2 optimization for two differnt biasing conditions
and save new parameters in C85L2B.PAR. Recall that we had already
created C85L2B.PAR and an updated version is created at this time.

The third measurement data file (C85029C.MDA) is read and L,
optimization is performed to obtain the parameters for this case (the
4 external parameters are still fixed). The results are saved in
C85L2C.PAR. In the remaining steps of this interactive session, we
repeat the procedure with the L; optimizer instead of the L, optimi-
zer, i.e., we perform optimizations using the second and third measu-
rement data files (starting from the Ll optimum values obtained for
C85029A.MDA which are saved in C85029A.PAR), and save the results in
C85L1B.PAR and CB5L1C.PAR files, respectively. The plots of measured
and modelled responses for all six cases (3 cases for L) and 3 cases
for Lo) are illustrated in Figs. 1 to 6.

In a second example, we demonstrate the use of the package
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when variables are bounded. A second interactive session ends this
EXAMPLES section. Using the default starting values and measurement
data in 685029A.MDA,‘an L) optimization has resulted in a negative
value for a parameter. To correct this problem, we save the parameters
obtained in a temporary file and edit this file by changing the index
of the parameter which tends to go negative to 2 and apply lower and
upper bounds. A lower bound of 0.1 is arbitrarily selected and an
upper bound of 100 is, for all practical purposes, equivalent to not
having an upper bound. The optimization is repeated and positive

values for all parameters are obtained.
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FET MODELLING

Interactive Command System

Commands Available

L1

L2

STOP

DIR

HELP
PARAMETER
COMPARE
MDATA
USERSPEC
ERROR
ZERROR

SAVE fn.ext
READ fn.ext
EDIT fn.ext

start modelling using L1 optimization

EXAMPLES-4

start modelling using least-squares optimization

gtop this program and return to VMS

list the file directory

display
display
compare
display
display
display
display

edit a disk file using full screen editor

1) .ext must be .PAR,
2) only the first two characters of a command are significant

coMD>

C
C
c
C

Input : PA
FET MODEL PARAMETERS
0: constant

index =

the available commands

the current model parameters

starting point with optimization solution

the current measurement data

uger—controlled run-time specifications

errors in S-—-parameter matching

percentage errors in S—-parameter matching
save current data in a file
read desired data from a file

.MDA or .USE

DEFAULT VALUES

1: unbounded variable

2: bounded variable

value
1.00000
1.00000
1.00000
7.00000
0.07000
1.40000
0.40000
1.00000
0.02000

90.00000

7.00000

CoMD>

Input : US
C RUN-TIME

17

index

1

bt bt pd bt e el fd et e

number
lowest

bounds
Rgm
Ri
Rdd
Gd
Cdg
Cgs
Cds
Rs
Ls
gm
tau

of frequency points
frequency (GHz)

highest frequency (GHz)
weighting for Sll
weighting for 521
weighting for S12
weighting for 522

accuracy required for the solution

name

(OH)
(CH)
(OH)
(mS)
(pF)
(pF)
(pF)
(OH)
(nH)
(mS)
(ps)

SPECIFICATIONS FOR FET MODELLING PROGRAM

limit on optimization iterations

0SA-86—FC-5-R
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Ms21

4.0405
3.6149
3.3323
2.9539
2.6428
2.2946
2.0989
1.9225
1.7984
1.5910
1.5106
1.3838
1.2945
1.1615
1.1335
0.9365
0.9688

AS21
145.54
129.27
118.50
102.85
95.28
82.85
18.94
67.49
58.95
56.35
46.49
40.82
34.54
24.82
23.98
11.88
8.12

cOoMD>
Input : READ C85029A.MDA
COMD>
Input : MD
C
C FREQ MS11 AS1l1
2.0 0.9546 -46.72
3.0 0.9392 -66.98
4.0 0.8944 -83.24
5.0 0.8789 -97.95
6.0 0.8598 -108.88
7.0 0.8460 -120.97
8.0 0.8388 -127.78
9.0 0.8340 -137.66
10.0 0.8350 -143.32
11.0 0.8326 -149.51
12.0 0.8326 -155.26
13.0 0.8196 -161.01
14.0 0.8301 -166.19
15.0 0.8242 -172.00
16.0 0.8332 -174.63
17.0 0.8190 -179.96
18.0 0.8394 -180.64
COMD>
Input : L2

Running...
You can press any key to interrupt optimization

Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration

1 L2
2 L2
3 L2
4 L2
5 L2
6 L2
7 L2
8 L2
9 L2
10 L2
11 L2
12 L2
13 L2
14 L2
15 L2
16 L2
17 L2
18 L2
19 L2
20 L2
21 L2
22 L2
23 L2
24 L2

error
error
error
error
error
error
error
error
error
error
error
error
error
error
error
error
error
error
error
error
error
arror
arror
error

24.447393
16.732790
446.817078
27.941519
12.332411
92.663567
7.602831
82.883621
7.312291
57.012985
6.437238
14.024590
4.847022
2.299169
2.071141
1.560262
2.487464
1.432863
1.343296
1.210004
1.165696
1.151405
1.143460
1.130395

0SA-86-FC-5-R

€85029A.MDA

MS12

0.0291
0.0388
0.0458
0.0507
0.0518
0.0517
0.0503
0.0505
0.0525
0.0499
0.0507
0.0473
0.0466
0.0442
0.0436
0.0408
0.0420

AS12
62.95
52.47
42.58
33.91
28.76
18.44
18.99
12.84
10.51
12.37

6.11
8.76
4.40
3.98
1.27
5.08
6.08

EXAMPLES-5

MS22

0.6010
0.5808
0.5718
0.5701
0.5808
0.5683
0.5845
0.5867
0.6089
0.6166
0.6360
0.6427
0.6633
0.6718
0.6845
0.7045
0.7098

AS22
-21.43
-32.82
-39.93
—-48.94
-54.82
-63.42
-68.54
-75.58
-79.69
-83.21
-91.66
-93.39
-101.10
-106.42
-108.67
-113.75
-115.22



QOO0 0

index =

Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2

error
error
error
error
error
error
error
error
error
error
error
error
error
error
error
error
error
error
error
error
error
error
error
error
error
error
error

Optimization Completed

51 iterations

3.89 CPU seconds

FET MODEL PARAMETERS

value
2.37657
3.09704
2.17684
5.25682
0.03404
0.71837
0.21525
0.65083
0.00448

67.68484

5.55288

.

et et ok d ok ot fpd pd ok fd

0: constant
2: bounded variable
index

1: unbounded variable

1.120908
1.112880
1.107190
1.103056
1.100325
1.099091
1.098790
1.098672
1.098486
1.098016
1.097165
1.096093
1.095449
1.095308
1.095286
1.095272
1.095229
1.095168
1.095093
1.095054
1.095045
1.095045
1.095043
1.095044
1.095046
1.095044
1.095043

OPTIMAL VALUES

bounds

0SA-86~FC-5-R

name

Rgm
Ri
Rdd
Gd
Cdg
Cgs
Cds
Rs
Ls
gm
tau

(OH)
(OH)
(OH)
(mS)
(pF)
(pF)
(pF)
(OH)
(nH)
(mS)
(ps)

EXAMPLES-6



CcOMD>
Input

: CO

COMPARISION OF MODEL PARAMETERS

index=0: constant

starting point

1.00000
1.00000
1.00000
7.00000
0.07000
1.40000
0.40000
1.00000
0.0z000
90.00000

7.00000

COMD>
Input : %ZER

C FREQ MsSll

2.0 1.33%
4.24%
3.33%
4.54%
4.54%
4.50%
4.75%
4.97%
5.63%
5.74%
6.01%
4.70%
6.03%
5.43%
6.49%
4.89%
7.20%

et et ok et et et
AN WNFOVOD~NONOLN W

. . . L] . L] L) . L] . L]
[eNeoNeoNoNoNoNoNoNoloNoNoNo

[
o
o

.

—
o« LN
.

oo

CcOMD>

index=1/2: variable

EXAMP

solution index name
2.37657 1 Rgm (OH)
3.09704 1 Ri (OH)
2.17684 1 Rdd (OH)
5.25682 1 Gd (mS)
0.03404 1 Cdg (pF)
0.71837 1 Ces (pF)
0.21525 1 Cds (pF)
0.65083 1 Rs (OH)
0.00448 1 Ls (nH)
67.68484 1 gm (mS)
5.55288 1 tau (ps)
PERCENTAGE ERRORS IN S—PARAMETER MATCHING
ABS[ (Model-Measurement)/Measurement ] %

AS11] MS21 AS21 MS12 AS12 MS22
16.10% 8.64% 3.59% 6.54% 8.83% 4.28%
11.70% 5.01% 3.43% 3.392 13.37% 3.82%

9.17% 2.38% 5.35% 0.25% 14.66% 3.95%
5.48% 5.28% 1.18% 3.54% 13.38% 3.98%
3.81%2 8.19% 2.74% 2.26% 16.62% 5.03%
0.198 7.45% 2.40% 0.59% 7.05% 1.44%
0.65% 10.65% 1.36% 2.44% 13.78% 2.22%
4.08% 13.15%8 6.02% 1.45% 6.62% 0.33%
4.91%2 16.75% 11.57% 3.53% 9.98% 1.62%
6.46% 15.08% 7.23% 0.07% 20.063 0.45%
7.96% 18.84% 19.26% 3.46% 40.99% 1.15%
9.61% 19.19% 24.40% 1.362 12.25% 0.10%
11.04% 20.87% 34.33% 0.63% 60.68% 0.87%
12.86% 18.87% 70.28% 3.67% 69.18% 0.09%
13.14% 23.25% 59.93% 2.64% 8.48% 0.03%
14.81% 13.96% 191.60% 7.12% 34.07% 1.11%
14.33% 22.72% 283.22% 1.64% 18.18% 0.21%

Input : SAVE C85L2A.PAR

COMD>
Input : L1

Running...

You can press any key to interrupt optimization

Iteration
Iteration
Iteration
Iteration
Iteration

S W N

L1
L1
Ll
L1
L1

error
error
error
error
error

0SA-8

8.433021
7.860471
7.676029
7.598507
8.916647

6—-FC-5-R

LES-7

AS22
17.18%
7.10%
9.62%
5.02%
6.36%
1.93%
2.86%
0.46%
1.59%
2.91%
1.84%
0.67%
3.28%
4.82%
3.78%
5.38%
4.10%



C FET MODEL PARAMETERS
C index = 0: constant
c 2: bounded variable
C value index
0.00093 1
3.59024 1
3.36379 1
4.91539 1
0.03190 1
0.65340 1
0.21932 1
0.49287 1
0.00500 1
65.11307 1
6.96743 1
COMD>
Input : CO
COMPARISION OF MODEL PARAMETERS
index=0: constant
gtarting point gsolution
2.37657 0.00093
3.09704 3.59024
2.17684 3.36379
5.25682 4.91539
0.03404 0.03190
0.71837 0.65340
0.21525 0.21932
0.65083 0.49287
0.00448 0.00500
67.68484 65.11307
5.55288 6.96743

Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration

L1l error
L1 error
Ll error
L1 error
Ll error
L1 error
L1 error
Ll error
L1l error
Ll error
Ll error
L1 error
L1l error
Ll error
Ll error
L1 error
L1l error
Ll error
Ll error

Optimization Completed
24 iterations

4.55 CPU seconds

7.592513
61.478729
7.588313
7.582853
19.647200
61.504284
7.580291
7.577102
33.042492
61.509182
63.220528
7.583816
7.576514
7.576040
7.568300
63.376743
63.354191
7.579474
7.569190

OPTIMAL VALUES

bounds

(e

P e et et el et et ek e

0SA-86—FC-5-R

n
Rgm
Ri
Rdd
Gd
Cdg
Cgs
Cds
Rs
Ls
gm
tau

index=1/2: variable
index

1: unbounded variable

ame

(OH)
(OH)
(OH)
(mS)
(pF)
(pF)
(pF)
(OH)
(nH)
(mS)
(ps)

name

Rgm
Ri
Rdd
Gd
Cdg
Cegs
Cds
Rs
Ls
gm
tau

(OH)
(OH)
(OH)
(mS)
(pF)
(pF)
(pF)
(OH)
(nH)
(mS)
(ps)
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COMD>
Input : SAVE C85L1A.PAR
COMD>
Input : READ C85L2A.PAR
CcOMD>
Input : SAVE C85L2B.PAR
CcOMD>
Input : ED C85L2B.PAR
VAKX EDT ED
COMD>
Input : READ C85L2B.PAR
coMD>
Input : PA
c FET MODEL PARAMETERS
C index = O0: constant 1:
c 2: bounded variable
C value index
2.37657 0
3.09704 1
2.17684 0
5.25682 1
0.03404 1
0.71837 1
0.21525 1
0.65083 0
0.00448 0
67.68484 1
5.55288 1
COMD>
Input : READ C85029B.MDA
CoMD>
Input : L2

Running...
You can press any key to interrupt optimization

Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration

= et et pd e pd
AU WNHFOWO~IONUI D WN -

L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2

error
error
error
error
error
error
error
error
error
error
error
error
error
error
error
error

ITOR

C85L2B.PAR
unbounded variable

bounds

6.758895
3.989311
95.376404
3.884061
363.510132
3.857387
3.747422
18.276672
3.652612
2.430781
1.875845
1.356979
1.317076
1.290424
1.267412
1.255473

0SA-86-FC-5-R

name

Regm
Ri
Rdd
Gd
Cdg
Cgs
Cds
Rs
Ls
gm
tau

(OH)
(OH)
(OH)
(mS)
(pF)
(pF)
(pF)
(OH)
(nH)
(mS)
(ps)
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Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration

17
18
19
20
21
22
23
24
25
26
217
28
29
30
31
32

L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2

error
error
error
error
error
error
error
error
error
error
error
error
error
error
error
error

Optimization Completed
32 iterations

2.23 CPU seconds

1.249860
1.246745
1.239097
1.229590
1.222112
1.219982
1.219671
1.219586
1.219427
1.219206
1.219016
1.218945
1.218943
1.218944
1.218941
1.218939

C FET MODEL PARAMETERS OPTIMAL VALUES
C index = 0: constant 1: unbounded variable
C 2: bounded variable
C value index bounds name
2.37657 0 Regm (OH)
2.61579 1 Ri (OH)
2.17684 0 Rdd (OH)
6.61168 1 Gd (mS)
0.05415 1 Cdg (pF)
0.49627 1 Cgs (pF)
0.20831 1 Cds (pF)
0.65083 0 Rs (OH)
0.00448 0 Ls (nH)
53.39695 1 gm (mS)
3.44346 1 tau (ps)
COMD>
Input : CO
COMPARISION OF MODEL PARAMETERS
index=0: constant index=1/2: variable
starting point solution index name
2.37657 2.37657 0 Rgm (OH)
3.09704 2.61579 1 Ri (OH)
2.17684 2.17684 0 Rdd (OH)
5.25682 6.61168 1 Gd (mS)
0.03404 0.05415 1 Cdg (pF)
0.71837 0.49627 1 Cgs (pF)
0.21525 0.20831 1 Cds (pF)
0.65083 0.65083 0 Rs (OH)
0.00448 0.00448 0 Ls (nH)
67.68484 53.39695 1 gm (mS)
5.55288 3.44346 1 tau (ps)

0SA-86—-FC-5-R
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COMD>

COoMD>

COMD>

s Nz N2 Nz

index =

Input : L2

Running...

You can press any key to interrupt optimization

Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration

D) et b et et et e et et et et
O VAOIONULDEWNFOVWVONONOL & W -

NNNNDNNNN
N0 LN~

w NN
O 0

w w
N

Input : SAVE C85L2B.PAR

Input : READ C85029C.MDA

L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2

error
error
error
error
error
error
error
error
error
error
error
error
error
error
error
error
error
error
error
error
error
error
error
error
error
error
error
error
error
error
error
error

Optimization Completed
32 iterations
FET MODEL PARAMETERS

value
2.37657
3.33374
2.17684
6.79190
0.06778
0.40180

index

— OO

0: constant
2: bounded variable
bounds

2.34 CPU seconds

1: unbounded variable

3.074395
5.189077
1.941313
13.891609
1.780329
24.957907
1.555800
32.173790
2.092202
1.379486
1.305413
1.302937
1.301990
1.300041
1.298810
1.297900
1.297035
1.296031
1.295405
1.295235
1.295210
1.295207
1.295177
1.295146
1.295105
1.295084
1.295089
1.295083
1.295079
1.295082
1.295087
1.295079

OPTIMAL VALUES

0SA-86~-FC-5-R

name

Rgm
Ri
Rdd
Gd
Cdg
Cgs

(OH)
(OH)
(OH)
{(mS)
(pF)
(pF)
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0.20265 1 Cds (pF)
0.65083 0 Rs (OH)
0.00448 0 Ls (nH)
42.99532 1 egm (mS)
3.23091 1 tau (ps)
CcOMD>
Input : CO
COMPARISION OF MODEL PARAMETERS
index=0: constant index=1/2: wvariable
starting point solution index name
2.37657 2.376517 0 Rgm (OH)
2.61579 3.33374 1 Ri (OH)
2.17684 2.17684 0 Rdd (OH)
6.61168 6.79190 1 Gd (mS)
0.05415 0.06778 1 Cdg (pF)
0.49627 0.40180 1 Cgs (pF)
0.20831 0.20265 1 Cds (pF)
0.65083 0.65083 0 Rs (OH)
0.00448 0.00448 0 Ls (nH)
53.39695 42.99532 1 gm (mS)
3.44346 3.23091 1 tau (ps)
COMD>
Input : SAVE C85L2C.PAR
cOMD>
Input : READ C85L1A.PAR
cOMD>
Input : PA
C FET MODEL PARAMETERS C85L1A.PAR
C index = 0: constant 1: unbounded variable
C 2: bounded variable
C value index bounds name
0.00093 1 Rgm (OH)
3.59024 1 Ri (OH)
3.36379 1 Rdd (OH)
4.91539 1 Gd (mS)
0.03190 1 Cdg (pF)
0.65340 1 Cgs (pF)
0.21932 1 Cds (pF)
0.49287 1 Rs (OH)
0.00500 1 Le (nH)
65.11307 1 gm (mS)
6.96743 1 tau (ps)
COMD>
Input : SAVE C85L1B.PAR
COMD>
Input : ED C8B5L1B.PAR
VAKX EDT EDITOR

0SA-86—FC-5-R
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COMD>

COoMD>

c
c
c
c

index =

Input : PA

Input : READ C85L1B.PAR

FET MODEL PARAMETERS

value
0.00093
3.59024
3.36379
4.91539
0.03190
0.65340
0.21932
0.49287
0.00500

65.11307

6.96743

COMD>

Input :

COMD>

[z EzEeNe]

index =

Input : L1

index

—_ OO O O

Running...
You can press any key to interrupt optimization

Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration

VOO W

10
11
12
13

0: constant
2: bounded variable
boundsa

READ C85029B.MDA

Ll
L1
L1
L1
L1
L1
L1
L1
L1
L1
L1
L1
L1

C85L1B.PAR

1: unbounded variable

error
error
error
error
error
error
error
error
error
error
error
error
error

Optimization Completed
13 iterations
FET MODEL PARAMETERS

value
0.00093
2.54923
3.36379
6.14844
0.04880
0.43412
0.22015

index
0

bt bt e bt O

0: constant
2: bounded variable
bounds

1.74 CPU seconds

22.028894
11.125833
9.366048
8.7913717
8.849201
8.854428
8.760839
8.849051
8.765567
8.814757
8.831343
8.806733
8.771831

name
Rgm (OH)
Ri (OH)
Rdd (OH)
Gd (mS)
Cdg (pF)
Cgs (pF)
Cds (pF)
Rs (OH)
Le (nH)
gm (mS)
tau (ps)

OPTIMAL VALUES
1: unbounded variable

0SA-86-FC-5-R

name
Rem (OH)
Ri (OH)
Rdd (OH)
Gd (mS)
Cdg (pF)
Cgs (pF)
Cds (pF)
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0

.49287

0.00500

50

.55504

5.52642

CoMD>

Input : CO

COMPARISION OF MODEL PARAMETERS
index=1/2: variable
index

index=0: constant

-0 O

starting point

CoMD>

Input :

COMD>

0.00093
3.59024
3.36379
4.91539
0.03190
0.65340
0.21932
0.49287
0.00500
65.11307
6.96743

solution

0.00093
2.54923
3.36379
6.14844
0.04880
0.43412
0.22015
0.49287
0.00500

50.55504

5.52642

SAVE C85L1B.PAR

Input : READ C85029C.MDA

COMD>

Input : L1

C

c

Running...
You can press any key to interrupt optimization

Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration

1 L1
2 L1
3 L1
4 L1
5 L1
6 L1
7 L1
8 L1
9 L1
10 L1
11 L1
12 L1
13 L1
14 L1
15 L1
16 L1l

error
error
error
error
error
error
error
error
error
error
error
error
error
error
error
error

Optimization Completed
16 iterations
FET MODEL PARAMETERS
C index = O0:
2: bounded variable

constant

2.10 CPU seconds

1:

0

et O Ot bt b = O

15.187940
9.740144
9.527788
9.492966
9.484304
9.510812
9.469760
9.455960
9.502365
9.505082

© 9.480995
9.541134
9.458012
9.479211
9.460392
9.456523

Rs

Ls
gm
tau

OPTIMAL VALUES
unbounded variable

0SA-86—FC-5-R

(OH)

(nH)
(mS)

(ps)

name

Rgm
Ri
Rdd
Gd
Cdg
Cgs
Cds
Rs
Ls
gm
tau

(OH)
(OH)
(OH)
(mS)
(pF)
(pF)
(pF)
(OH)
(nH)
(mS)
(ps)
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C value index bounds n
0.00093 0 Regm
3.52692 1 Ri
3.36379 0 Rdd
6.22956 1 Gd
0.06170 1 Cdg
0.35543 1 Cgs
0.21735 1 Cds
0.49287 0 Rs
0.00500 0 Ls

40.87455 1 gm
5.15034 1 tau
CcOMD>
Input : CO
COMPARISION OF MODEL PARAMETERS
index=0: constant index=1/2: variable
starting point solution index
0.00093 0.00093 0
2.54923 3.52692 1
3.36379 3.36379 0
6.14844 6.22956 1
0.04880 0.06170 1
0.43412 0.35543 1
0.22015 0.21735 1
0.49287 0.49287 0
0.00500 0.00500 0
50.55504 40.87455 1
5.52642 5.15034 1
CcOMD>
Input : SAVE C85L1C.PAR
cOMD>

Input : STOp
FORTRAN STOP

0SA-86—FC-5-g

ame

(OH)
(OH)
(OH)
(mS)
(pF)
(pF)
(pF)
(OH)
(nH)
(mS)
(ps)

name

Rgm
Ri
Rdd
Gd
Cdg
Cegs
Cds
Rs
Ls

Zm
tau

(OH)
(OH)
(OH)
(mS)
(pF)
(pF)
(pF)
(OH)
(nH)
(mS)
(ps)
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