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ABSTRACT-1

ABSTRACT

This document provides a user—-oriented description of the
FETSC software system, which implements least one (Ll) and least
squares (Lz) optimization techniques in the small-signal, linear cir-
cuit modelling of FET devices. The S-parameter sensitivities required
for the gradient-based optimization methods are calculated using exact
formulas reported by Bandler, Chen and Dai javad.

This report follows an earlier version of this software
described in Report 0SA-86-FC-5-R. The mathematical subprograms are
essentially the same. The FETSC system has been developed in Fortran
77 for VAX computers with the VMS operating system, as well as for the
IBM/AT with the PC-DOS V3.10 operating system. The program is dedi-
cated to the small-signal FET model in current use at Raytheon. Its
execution is not encumbered by features, options and circuit descrip-
tions not directly necessary to the particular FET circuit descrip-
tion. FETSC will process up to three sets of measurements at a time,
matching corresponding data simultaneously to up to three model cir-
cuits by optimizing the parameters of the circuits. Data files and
corresponding equivalent circuit parameter files can be created, read,
edited and/or saved by appropriate user—interaction.

Three versions are presented herein:

(1) a VAX version without graphics called FETSC

(2) a PC version without graphics called FETSC

(3) a PC version with color graphics called FETSCG.

All versions use the familiar SUPERCOMPACT form of user—interaction.
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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. Versions of the program will run on a VAX or an IBM/AT. Data
files and corresponding 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 set of versions, named FETSC (without
graphics) and FETSCG (with graphics), will process up to three sets of
measurements at a time, matching corresponding data simultaneously to
up to three model circuits by optimizing the parameters of the cir-
cuits.

A user-oriented description of the FETSC 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 [1]. Details
of the Ll optimization algorithm are discussed by Bandler, Kellermann
and Madsen [2].

This report updates an earlier version of this software

described in a previous report[3].
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INTRODUCTION-2

The mathematical subprograms are essentially the same. The
FETSC system has been developed in Fortran 77 for VAX computers with
the VMS operating system, as well as for the IBM/AT with the PC-DOS
V3.10 operating system. All versions use the familiar SUPERCOMPACT[4]
form of user-interaction.
References
[1] J.W. Bandler, S.H. Chen and §S. Daijavad, "Microwave device

modelling using efficient L1 optimization: a novel approach”,
IEEE Trans. Microwave Theory Tech., vol.MTT-34, 1986.

{2] J.W. Bandler, W. Kellermann and K. Madsen, "A superlinearly
convergent algorithm for nonlinear Ll optimization with circuit
applications”, Proc. IEEE Int. Symp. Circuits and Systems (Kyoto,
Japan, 1985), pp. 977-980.

[3] "FET modelling using FETCAD: user’s manual and listings,” Report
0SA-86-FC-5-R, July 4, 1986.

[4] SUPERCOMPACT Uger Manual, Version 1.6/1.7, July 1982, Revised 1l-
10-83, updated 3/1/84.
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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

Rg Cag Rqg
gate o—Aann 1 mMA—o drain
Rgs Cgs
<l> Rdsé = Cds
9mVe
2Rs
source
g * E—jant

f3dB = 1000 GHz

Fig. 1 The equivalent circuit of the FET.

illustrated in Fig. 1, there is a total of 1l parameters which comple-
tely define the equivalent circuit at a given frequency f. These
parameters are Rg(Q), R;(Q), R4(Q), Ryg(R), C4qg(pF), Ces(PF),

Cds(pF), RS(Q), LS(nH), gn(mS) and t(ps), where the unit for each

0SA-86~FC-7-R
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parameter is given in brackets. Any or all of these ll parameters
could be optimization variables with possible upper and/or lower
bounds on their values.

Variable Transformation

An exponential transformation is applied to all variables as

follows:

Xt = EXP(Xt) + LBt, t=1,-..,n (1)

where LBt is the lower bound on variable x;. If not explicitly defined
by the user, LBt = 0 will be assumed. Such a transformation stablizes
the optimization process and automatically ensures that the variables
stay within their lower bounds.

The Ll Optimization

Assume that measurements on all 4 complex S-parameters are

available at ng frequencies, i.e., magnitude and phase of 511,512,521

and 522 for ng frequencies have been measured. Therefore, we have

m

Sij(k); i = 1;29 j = 1,2, k = 1,2,..., nf, Where S iS the

i
complex S-parameter and m is used to denote the measured response.
S5imilarly, we have é}j(k), where c is used to denote the calculated
response using the equivalent circuit parameters. éij(k) is a function
of circuit parameters, and as mentioned before, we seek optimum

c m
circuit parameters such that Sij(k) best approximates Sij(k).

We define the unweighted error functions as

FR; 5(k) = Re[STj(k)] - Re{S(i:j(k)]. (2)
m C
FI; (k) = Im{S;;(k)] - Im[S;(k)], (3)

0SA-86-FC-7-R



FORMULATION-3

where i = 1,2, j=1,2, k = 1,2,..., nge Given a weighting
factor wij' i=1,2, j =1,2 for an S-parameter Sij (these 4 weig-
hting factors are defined by the user), the normalized weighting

factors are calculated as

NWR, ;

fl

Wy 3/ (max(Re[S] 51} ~ min{Re[S] ;() 1)) (4)
and

NWI.

Wy 3/ (max(In[S] 5001} - min{In[S] (k) 1)). (5)

The Ll objective function is defined as

1 nf 2 2
Uy=— E I I C(INUR;y * FRy; (k)| + |NWI;; * FIjs(k)|). (6)

ng k=1 i=1 j=1
Explicit bounds on variables (if desired) are handled by the L, opti-

mization package internally and do not affect the objective function.

The LZ Optimization

If there are no bounds on variables, the L2 objective fun-
ction is given by
1 ng 2 2 2 2
Up=— I I I [(NWRy; * FRy;(k))"+ (NWI;; * FT;;(k))"]. (7)
. . J 1] 1] 1]
ng k=1 i=1 j=1
The lower bounds on variables are automatically enforced by
the variable transformation. The upper bounds on variables are
handled by adding a penalty function to the objective function for

those variables which violate their bounds. In this case, the

0SA-86—-FC-7-R
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objective function is given by

n
PUy = Up + I [WU,(UBg - x¢)’]

(8)

where

10, if xt > UBt,

WUt={
0, 1if x; ¢ UB,

(9)

Actually, in (8) and (9) transformed variable X; and the transformed

value of the bound are used.

0SA-86-FC-T7-R
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SUPERCOMPACT FILE COMPATIBILITY
In this section, a description of circuit and data files
which may be utilized with the FETSC system 1s gziven. The reader is
referred to the SUPERCOMPACT user’s manual[l] for further guidelines.
Blocks
The following blocks provide information relevant to FETSC
and FETS5CG and must be defined in the circuit file:
BLK defines the variables and describes the FET models;
FREQ defines the frequency points;
OPT defines the optimization goals;
DATA specifies the measurement data files.
The OUT block directing graphics output is optional to
FETSCG. It may be present in FETSC but will not be interpreted.

The blocks LAD and NOI are not allowed since they are irre-

levant.
Comments

Comments placed in a file must be preceded by the special
gymbol “*’.

The BLK Block

1. Defining labels (symbolic names)

Label _name: V_string

Label _name can have 1 - 8 characters. There must not be any
spaces separating the label_name and the symbol ":’. V_string is

illustrated by the following examples.

VAR1: 1.2345 a constant

C2: 12.3PF a constant with a unit

0SA-86~FC-7-R
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X5: 75.17 a variable
L3: ?INH 10ONH 100NH? a variable with two bounds

X4: ?710% 10NH 1000%? a variable with percentage bounds

2. Defining a FET
The FET with the special equivalent circuit used in this

report (Fig. 1) is the only element type permitted in a FETSC or

RG CDG RD
gate o—A\ -l-%l MA—o0 drain

CGS

GGS s Ve
. = CDS

11

Qe

$ RS

LS

source

G * e—J2mfT
G(f) =

1 + j(f/F)
F = 1000 GHz

Fig. 1 The equivalent circuit of the FET.

FETSCG file because it is the only device meaningful to these packages
in their present form. Defining any other elements such as RES, CAP,

etc.,, will result in an error. The general form is the following.

FET nl n2 [0] G=xl CGS=x2 F=x3 T=x4 GGS=x5 CDG=x6 CDS=x7 GDS=x8

+ RI=x9 RG=x10 RD=x11 RS=x12 LS=x13

0SA-86-FC-7-R
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The nl and n2 are node numbers. The ground node 0 is optional. The
x1 to x13 are pre—-defined labels or V_strings (see subsection 1 a-
bove). F is ﬁhe 3 dB frequency. Neither it nor GGS can be a variab-
le, If a component is omitted then it is assumed to be zero.
3. Defining a Two-Port

The circuit model should be defined as a two-port whose
scattering parameters are to match the measurement data. Consider

the following example.
Model_name: 2POR nl n2 [0]

Model name is an arbitrary name having 1 - 8 characters and
followed immediately by 7:". The nl and nZ are node numbers consis-
tent with those of FET. The ground node 0 is optional.

The FREQ Block

The following is an example of the FREQ block.

FREQ 1GHZ 2GHZ STEP 4GHZ 10GHZ 2GHZ

STEP 14GHZ 17GHZ 1GHZ 20GHZ

The meaning of the statement is that 1GHZ, 2GHZ and 20GHZ are discrete
points. Two ranges, one from 4GHZ to 10GHZ with an increment of 2GHZ
and another from 14GHZ to 17GHZ with an increment of 1GHZ, are also
defined. This results in a total of the 11 points:

1, 2, 4, 6, 8, 10, 14, 15, 16, 17 and 20 (GHZ).
Restriction: the total number of frequencies must not exceed 20.

The OPT Block

The format of the OPT block is the following.

Model_name [frequency range] S=Measure_name [W wll wl2 w2l w22]

0SA-86-FC-7-R
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‘Model_name’ must have been defined in the BLK block:

‘Frequency range’ is optional. If it is omitted then all the frequen-
cieg defined in the FREQ block will be used. It could be a single
number which specifies a single frequency or it could have two entries
gspecifying a range. In either case, the frequencies specified must be
a subset of those defined in the FREQ block.

‘S=’ means to match scattering parameters. This is the only
operation allowed by FETSC or FETSCG.

'Measure_name’ iz to be defined in the DATA block.

‘Wwll wl2 w2l w22’ are optional entries defining weights.
The default is unity weighting. The user is warned that the order of
the S-—parameters is different from that of a data file (which is S11
521 S12 S522).

The following is an example of the OPT block.

OPT
MODEL1 S=MEASUREl
MODEL2 3GHZ S=MEASURE2Z W 1 0 0 O
4GHZ 10GHZ S=MEASUREZ W 1111
END

The DATA Block

The measurement data (scattering parameters of the device)
must be supplied through data files. The general form of specifying

the name of a data file is

Measure_name: file_name

The following is an example.

0SA-86-FC-7-R
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DATA

MEASUREl: C85029A.DAT
MEASURE2: C85029B.DAT

END

The ouT Block

This block is meaningful to FETSCG only for the case of
multiple-measurement modelling. One of the model-measurement pairs
is selected for graphics display during optimization (all the circuite

are displayed in sweeping/plotting). The following are examples.

ouT

PLO MODEL1 * display MODEL1
END
ouT

PRI MODEL1

PRI PLO MODEL2 * display MODELZ
END

If the OUT block is not defined or no directive ‘PLO’ is
included then the first model will be selected.

Reference

{1] SUPERCOMPACT User Manual, Version l.6/1.7, July 1982, Revised 1-
10-83, updated 3/1/84.
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ILLUSTRATED OPERATION OF FETSC
The operation of the FETSC package on a VAX is demonstrated
with the help of two examples. The first involves a single circuit
and the other involves three circuits.
Single Circuit Example
In this example we seek equivalent circuit parameters for

the FET device (85029 under the biasing conditions

VDS=4V, VGS=0V and IDS=177mA.

The S—parameter measurement data file is called C85029A.DAT. In the
following interactive session, we employ both L1 and L2 optimizations
to identify the parameters and at the same time demonstrate the use of
other available commands.

Starting Operation

Start the operation on the VAX by keying in the command

S RUN FETSC

Following a menu of commands available, we are at the com-
mand level of the FETSC package.

Creating a Circuit File, READ and TYPE

Using the VAX full screen editor, we create a SUPERCOMPACT
compatible "circuit file called ONECKT.DAT. After creating this file,
we are back at the command level of FETSC and we can use the TYPE
command to inspect the contents of the file. As shown in the intera-
ctive session, the file has the format of a SUPERCOMPACT circuit file.
The SUPERCOMPACT User’s Manual[l] should be consulted to recall the
function of each block in the circuit file. Next, we read (the READ

command) the newly created file (extension DAT is assumed if no other

0SA-86-FC-7-R
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extension is specified). If the circuit file is not SUPERCOMPACT
compatible or if some of the other limitations of the package are
violated by the circuit file error messages indicating the location
and type of error are displayed after reading the file. For example,
a limitation is that the package can handle only a prespecified topo-
logy for the equivalent circuit and not an arbitrary SUPERCOMPACT
circuit file. In that case, the user must use the editor to correct
the circuit file before proceeding to other operations. After a
successful READ, a few lines display the status of the system in terms
of the current files (the circuit file and the measurement data
file(s) specified) and the number of circuits.

SWEEP, SENSITIVITY, PARAMETER and %ERROR

Next, the SWEEP command is used to evaluate the S-parameters
of the model at the current values of the circuit parameters. The
SENSITIVITY command displays the gradient of the least-squares objec-
tive w.r.t. the circuit parameters. The PARAMETER command summarizes
the current values of parameters and %ERROR displays the percentage
error between measured and modelled S-parameters.

L]l Optimization

Next, we perform the L1 optimization (the L1 command). The
objective function is displayed as the optimization proceeds and the
optimum parameters are displayed upon the completion of the optimiza-
tion.

SAVE and COMPARE

At this time we save the optimum parameters in a file called
ONECKTL]1 (extension DAT) which is the same as ONECKT with the differe-

nce that the variables have been updated to their optimum values. The

0SA-86-FC-7-R
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COMPARE command is used to show starting and final values of the
circuit parameters side by side. Next in our interactive session, we
use the ¥ERROR command to prove the success of the optimization. A
sensitivity analysis is also performed at the solution. Since the
gensitivities are evaluated w.r.t. the L2 objective function, displa-
ying the sensitivities after an L2 optimization may be more approp-—
riate. Even after an L1 optimization, however, these sensitivities
can be informative.

The BRIEFING Command

Next, the BRIEFING command is used to confirm the names of
the current files.

L2 Opimization

To perform the L2 optimization from the same starting values
as the ones used for L1, we read ONECKT (.DAT) (using the READ com-
mand) and perform the optimization. At the solution, sensitivity
analysis is performed and once more the percentage differences between

measured and modelled responses are displayed.

0SA-86-FC-7-R
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FET MODELLING
Interactive Command System

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
ZERROR display percentage errors in S—parameter matching
SWEEP generate S-parameters of the current model
SENSITIVITY gsensitivity analysis for the current model

SAVE fname save current data in a CKT file

READ fname read desired data from a file

EDIT fn.ext edit a disk file using full sreen editor
TYPE fn.ext display the content of a disk file
PRESENTATION call the user-defined routine PRESENT
BRIEFING display the current status

0SA-86-FC-7-R
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CcOMD>
Input : ED ONECKT.DAT

VAX EDT EDITOR
CoOMD>

Input : TYPE ONECKT.DAT

*Single measurement C85029A
BLK
x

61:70.097?
T1:?0.007NS?
Cl:?1.4PF?
C2:70.07PF?
C3:20.4PF?
62:20.0077?
R1:2717?
R2:71?
R3:71?
R4:?17?
L1:70.02NH?
RO:2.E-6
FO:1.E3GHZ
* _
FET 1 2 6=Gl1 CGS=Cl F=F0 T=Tl GGS=R0O CDG=C2 CDS=C3 GDS=G2 RI=R]}
+ RG=R2 RD=R3 RS=R4 LS=L1
FETMDL1: 2POR 1 2
END
*
FREQ
STEP 2.0GHZ 18.0GHZ 1.0GHZ
END
*
OPT
FETMDL]1] F=2.0GHZ 18.0GHZ GS=FETMDAl W 1 111
END
*
DATA
FETMDAl: C85029A.DAT
END

COMD>
Input : READ ONECKT
Reading circuit file...

Working file: ONECKT.DAT

Number of circuits: 1
Measurement files: C85029A.DAT

0SA-86-FC-7-R



COMD>

Input :
*

SW

S—-PARAMETERS

*  Frequency

* (GHZ
2.0

WNHHFOYVOuOULLdhW
. . .
OO0 O0OO0OO0OO0O0O0OOCODOOoO

bt et et

COMD>
Input :

¢ SE

OF MODEL FETMDLI1

AS21
116.16
97.38
83.11
71.44
61.43
52.60
44,69
37.52
31.00
25.05
19.62
14.65
10.12
6.00
2.26
-1.12
-4.13

.43289185

) MS1l AS11 MS21
0.9102 -90.02 4.1038
0.8804 -112.39 3.1186
0.8662 -126.48 2.4464
0.8603 -135.94 1.9780
0.8588 -142.69 1.6380
0.8595 -147.76 1.3817
0.8614 -151.73 1.1823
0.8640 -154.94 1.0231
0.8668 -157.62 0.8935
0.8696 -159.91 0.7859
0.8723 -161.90 0.6954
0.8748 -163.65 0.6183
0.8772 -165.23 0.5518
0.8792 -166.65 0.4938
0.8811 -167.94 0.4429
0.8827 -169.14 0.3978
0.8840 -170.24 0.3576

SENSITIVITY OF THE CURRENT MODEL

least-squares error: 1

FETMDL1
gradient
0.006588 RG (OH)
-0.002924 RD (OH)
-0.054016 GDS(/0H)
0.008720 RI (OH)
-0.029135 RS (OH)
0.083693 LS (nH)
0.785485 CGS (pF)
0.178493 CDG (pF)
0.846271 CDS (pF)
-0.219883 G (/OH)
0.173734 T (ps)
PA
FET MODEL PARAMETERS
FETMDL1
1.00000 RG (OH)
1.00000 RD (OH)
0.00700 GDS(/0H)
1.00000 RI (OH)
1.00000 RS (OH)
0.02000 LS (nH)
1.40000 CGS (pF)
0.07000 CDG (pF)
0.40000 CDS (pF)
0.09000 G (/OH)
7.00000 T (ps)

0SA-86—-FC-7-R

MS12
0.0489
0.0548
0.0559
0.0550
0.0530
0.0505
0.0481
0.0460
0.0445
0.0438
0.0440
0.0451
0.0471
0.0498
0.0531
0.0569
0.0611

OPERATION-6

AS12

41.02
29.87
23.49
20.06
18.75
19.18
21.15
24.52
29.07
34.49
40.37
46.21
51.81
56.75
61.00
64.56
67.49

MS22
0.4654
0.4655
0.4852
0.5148
0.5485
0.5830
0.6162
0.6474
0.6760
0.7020
0.7253
0.7462
0.7647
0.7812
0.7958
0.8087
0.8202

AS22
-47.70
-62.14
-73.54
-83.03
-91.16
-98.24

-104.47
-110.00
-114.97
~119.43
-123.48
-127.16
-130.53
-133.62
-136.46
-139.09
-141.52
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COMD>
Input : %ER
PERCENTAGE ERRORS IN S—-PARAMETER MATCHING
ABS[ (Model-Measurement)/Measurement ] %
Frequency model: FETMDLI measurement: C85029A.DAT
(GHZ) MS11 AS11 MS21 AS21 MS12 AS12 MS22 AS22
2.0 4.65% 92.68% 1.57% 20.19% 68.04% 34.84% 22.56% 122.59%
3.0 6.27% 67.79% 13.73% 24.67% 41.15% 43.07% 19.86% 89.34%
4.0 3.15% 51.95% 26.58% 29.86% 22.16% 44.83% 15.15% 84.17%
5.0 2.11% 38.79% 33.04% 30.54% 8.42% 40.83% 9.69% 69.67%
6.0 0.12% 31.06% 38.02% 35.52% 2.24% 34.80% 5.55% 66.29%
7.0 1.60% 22.15% 39.78% 36.51% 2.26% 4.02% 2.58% 54.90%
8.0 2.70% 18.74% 43.67% 43.39% 4.35% 11.40% 5.43% 52.42%
9.0 3.60% 12.56% 46.78% 44.40% 8.87% 90.96% 10.34% 45.55%
10.0 3.81% 9.98% 50.32% 47.41% 15.21% 176.60% 11.02% 44.27%
11.0 4.44% 6.96%2 50.60% 55.54% 12.23% 178.84% 13.85% 43.53%
12.0 4.77% 4.28% 53.96% 57.80% 13.26% 560.76% 14.04% 34.72%
13.0 6.74% 1.64% 55.32% 64.11% 4.69% 428.18% 16.10% 36.16%
14.0 5.67% 0.58% 57.38% 70.70% 0.97% 999.00% 15.29% 29.11%
15.0 6.68% 3.11% 57.48% 75.84% 12.61% 999.00% 16.28% 25.56%
16.0 5.74% 3.83% 60.92% 90.59% 21.82% 739.07% 16.26% 25.57%
17.0 7.77% 6.01% 57.52% 109.40% 39.56% 999.00% 14.80% 22.28%
18.0 5.32% 5.76% 63.09% 150.88% 45.57% 999.00% 15.55% 22.83%g
COMD>
Input : L1

Working file: ONECKT.DAT
Number of circuits: 1
Measurement files: C85029A.DAT

Start modelling ..
You can press any key to interrupt optimization

Iteration 1 L1 error 2.4215007
Iteration 2 L1 error 1.7039427
Iteration 3 L1l error 0.7347444
Iteration 4 L1 error 0.5093994
Iteration 5 L1 error 0.4990287
Iteration 6 L1 error 0.4524295
Iteration 7 L1 error 0.4492849
Iteration 8 L1 error 0.4481698
Iteration 9 L1l error 0.4477605
Iteration 10 L1 error 0.4477171
Iteration 11 Ll error 0.4475315
Iteration 12 L1 error 0.4476416
Iteration 13 L1 error 0.4474366

0SA-86-FC-T7-R



COMD>

Optimization Completed

13 iterations
FET MODEL PARAMETERS
FETMDL1

gtarting

1

OO O O

0
7

Input :

COMD>

Input :

.00000
.00000
.00700
.00000
.00000
.02000
.40000
.07000
. 40000
.09000
.00000

3.13 CPU seconds

golution
3.06508
3.07341
0.00506
0.01378
0.94576
0.00490
0.67515
0.03033
0.22060
0.06727
4,74326

SAVE ONECKTLI

co

FET MODEL PARAMETERS
FETMDL1

starting

N OO O O

.00000
.00000
.00700
.00000
.00000
.02000
.40000
.07000
.40000
.09000
.00000

solution
.06508
.07341
.00506
.01378
.94576
.00490
.67515
.03033
.22060
.06727
. 14326

DO OOOOOO O W W

0SA-86-FC-7-R

RG (OH)
RD (OH)
GDS(/0H)
RI (OH)
RS (OH)
LS (nH)
CGS (pF)
CDG (pF)
CDS (pF)
G (/OH)
T (ps)

RG (OH)
RD (OH)
GDS(/0H)
RI (OH)
RS (OH)
LS (nH)
CGS (pF)
CDG (pF)
CDS (pF)
G (/OH)
T (ps)
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COMD>
Input : %ER
PERCENTAGE ERRORS IN S—-PARAMETER MATCHING
ABS[ (Model-Measurement)/Measurement ] %
Frequency model: FETMDL1 measurement: C85029A.DAT
(GHZ) MS11 AS11 MS21 AS21 MS12 AS12 MS22 AS22
2.0 0.55% 8.21% 9.47% 2.47% 0.96% 5.34% 0.58% 12.49%
3.0 1.15% 5.15% 71.77% 2.24% 0.27% 8.80% 0.01% 3.80%
4.0 0.78% 3.68% 1.68% 4.44% 2.44% 9.43% 0.38% 6.94%
5.0 0.22% 0.89% 0.30% 0.75% 4.75% 7.82% 0.89% 2.87%
6.0 0.73% 0.13% 2.66% 3.01% 2.90% 11.45% 2.53%  4.43%
7.0 1.14% 3.55% 1.40% 1.24% 0.92% 12.96% 0.56% 0.25%
8.0 1.16% 3.64% 4.51% 3.45% 2.24% 10.01% 0.77% 1.29%
9.0 1.16% 6.70% 7.03% 2.59% 1.23%  9.51% 0.66% 0.97%
10.0 0.66% 7.28% 10.82% 6.55% 3.88% 10.57% 1.06% 0.24%
11.0 0.72% 8.61% 9.04% 0.87% 0.68% 21.76% 0.26% 1.64%
12.0 0.59% 9.91% 13.13% 10.26% 4.37% 33.68% 1.29% 2.96%
13.0 2.13% 11.39% 13.63% 12.73% 0.00% 19.58% 0.32% 0.40%
14.0 0.84% 12.67% 15.57% 18.90% 1.19% 42.57% 1.53% 4,23%
15.0 1.60% 14.36% 13.65% 46.59% 1.26% 46.37% 0.96% 5.68%
16.0 0.56% 14.54% 18.53% 33.18% 0.32% 21.85% 1.09%8 4.57%
17.0 2.39% 16.11% 8.95% 133.23% 3.40% 14.63% 2.32% 6.09%
18.0 0.00% 15.55% 18.51% 191.58% 2.51% 2.55% 1.57% 4.76%
COMD>
Input : SE
SENSITIVITY OF THE CURRENT MODEL
least—squares error: 0.07406536
FETMDL1
gradient
-0.006281 RG (OH)
0.001076 RD (OH)
-0.016698 GDS(/0H)
-0.000038 RI (OH)
-0.005747 RS (OH)
-0.002337 LS (nH)
-0.075147 CGS (pF)
-0.007044 CDG (pF)
0.000188 CDS (pF)
0.048472 G (/O0H)
-0.003302 T (ps)
COMD>
Input : BR

Working file: ONECKTL1.DAT
Number of circuits: 1
Measurement files: C85029A.DAT
COMD>
Input : READ ONECKT
Reading circuit file...

Working file: ONECKT.DAT

Number of circuits: 1
Measurement files: C85029A.DAT

0SA-86-FC-7-R
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COMD>
Input : L2

Working file: ONECKT.DAT
Number of circuits: 1
Measurement files: CB85029A.DAT

Start modelling ...
You can press any key to interrupt optimization

Iteration 1 L2 error 1.4328918
Iteration 2 L2 error 0.8403827
Iteration 3 L2 error 0.2060595
Iteration 4 L2 error 0.1863935
Iteration 5 L2 error 0.0936570
Iteration 6 L2 error 0.8809951
Iteration 7 L2 error 0.0839897
Iteration 8 L2 error 0.1306155
Iteration 9 L2 error 0.0819032
Iteration 10 L2 error 0.0735486
Iteration 11 L2 error 0.0929332
Iteration 12 L2 error 0.0703869
Iteration 13 L2 error 0.0701839
Iteration 14 L2 error 0.0693486
Iteration 15 L2 error 0.0687101
Iteration 16 L2 error 0.0844100
Iteration 17 L2 error 0.0656381
Iteration 18 L2 error 0.0653310
Iteration 19 L2 error 0.0652332
Iteration 20 L2 error 0.0651622
Iteration 21 L2 error 0.0651320
Iteration 22 L2 error 0.0650604
Iteration 23 L2 error 0.0649676
Iteration 24 L2 error 0.0648164
Iteration 25 L2 error 0.0646840
Iteration 26 L2 error 0.0646226
Iteration 27 L2 error 0.0646112
Iteration 28 L2 error 0.0646054
Iteration 29 L2 error 0.0646000
Iteration 30 L2 error 0.0645970
Iteration 31 L2 error 0.0645935
Iteration 32 L2 error 0.0645874
Iteration 33 L2 error 0.0645783
Iteration 34 L2 error 0.0645692
Iteration 35 L2 error 0.0645625
Iteration 36 L2 error 0.0645594
Iteration 37 L2 error 0.0645563
Iteration 38 L2 error 0.0645509
Iteration 39 L2 error 0.0645426
Iteration 40 L2 error 0.0645339
Iteration 41 L2 error 0.0645062
Iteration 42 L2 error 0.0644917
Iteration 43 L2 error 0.0644822
Iteration 44 L2 error 0.0644768
Iteration 45 L2 error 0.0644759

0SA-86-FC-7-R



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

46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67

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

Ooptimization Completed

67 iterations

5.85

FET MODEL PARAMETERS

FETMDL1

starting
1.00000
1.00000
0.00700
1.00000
1.00000
0.02000
1.40000
0.07000
0.40000
0.09000
7.00000

gsolution
4.94463
1.81533
0.00542
0.01070
1.05717
0.00448
0.73919
0.03238
0.21633
0.06984
3.51992

CP

RG
RD
GD
RI
RS
LS
CG
CD
CD
G

T

0.0644750
0.0644741
0.0644712
0.0644671
0.0644613
0.0644560
0.0644522
0.0644510
0.0644480
0.0644470
0.0644462
0.0644450
0.0644438
0.0644427
0.0644416
0.0644410
.0644404
.0644403
.0644400
.0644401
.0644401
.0644401

[N eNolelNolo]

U seconds

(OH)
(OH)
S(/0H)
(OH)
(OH)
(nH)

S (pF)
G (pF)
S (pF)
(/0H)
(ps)

0SA-86-FC-7-R
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COMD>
Input : SE
SENSITIVITY OF THE CURRENT MODEL
least-squares error: 0.06444001
FETMDL1
gradient
0.011226 RG (OH)
0.001489 RD (OH)
0.006218 GDS(/0H)
0.000012 RI (OH)
-0.005936 RS (OH)
-0.001443 LS (nH)
0.053245 CGS (pF)
0.019829 CDG (pF)
0.008137 CDS (pF)
-0.031499 G (/OH)
-0.009962 T (ps)
cOMD>
Input : %ER
PERCENTAGE ERRORS IN S-PARAMETER MATCHING
ABS[ (Model-Measurement)/Measurement ] %
Frequency model: FETMDLI measurement: C85029A
(GHZ) MS11 AS11 MS21 AS21 MS12 AS12
2.0 1.31% 15.87% 8.92% 3.59% 6.48% 8.75%
3.0 4.22% 11.52% 5.28% 3.45% 3.37% 13.25%
4.0 3.31% 9.02% 2.15% 5.39% 0.24% 14.51%
5.0 4.52% 5.35% 5.10% 1.26% 3.51% 13.20%
6.0 4.52% 3.71% 8.08% 2.87% 2.21% 16.43%
7.0 4.48% 0.28% 7.42% 2.21% 0.53% 7.31%
8.0 4,74% 0.72% 10.72% 1.61% 2.51% 13.57%
9.0 4.95% 4.14% 13.33% 5.68% 1.52% 6.87%
10.0 5.60% 4.96% 17.05% 11.12% 3.47% 10.20%
11.0 5.71% 6.50% 15.53% 6.70% 0.02% 19.93%
12.0 5.97% 7.99% 19.41% 18.55% 3.43% 41.14%
13.0 4.66% 9.63% 19.93% 23.53% 1.37%  12.20%
14.0 5.98% 11.05% 21.76% 33.22% 0.61% 60.70%
15.0 5.37% 12.86% 19.99% 68.63% 3.62% 69.18%
16.0 6.43% 13.14% 24.51% 58.14% 2.56% 8.44%
17.0 4.82% 14.80% 15.60% 187.85% 6.99% 34.23%
18.0 7.12% 14.31% 24.42% 277.61% 1.49% 18.48%
CcOMD>
Input : SAVE ONECKTL2
CcOMD>
Input : STOP

0SA-86-FC-7-R

.DAT
MS22

.44%
.99%
.13%
.16%
.19%
.60%
.35%
44%
.69%
.49%
1.16%
0.12%
0.82%
0.01%
0.07%
0.99%
0.05%

O ONH O D W

AS22

17.
.20%
.70%
.07%
.38%
.93%
.B4%
.42%
.54%
.86%
.89%
.61%
.34%
.87%
.82%
42%
.13%

DO LWHAWLWOHNFONHFONUDLOY

30%
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Multi-Circuit Example

A powerful feature of the FETSC package is its capability in
handling multiple circuits which may have common variables. Up to
three circuits can be processed simultaneously. The theoretical
advantages of the multi-circuit approach in modelling have been discu-
ssed by Bandler, Chen and Dai javad in a recent paper[2]. Here, we
use an example to demonstrate the use of FETSC with multiple circuits.
The results will prove the robustness of the package in terms of the
choice of starting values and the frequency points.

S—parameter measurements on an FET device under three
different biasing conditions have been provided by Raytheon. The

biasing conditions and the corresponding data files are as follows.

Biasing Conditions Measurement Data File
VDS=4V VGS= OV IDS=177mA C85029A.DAT
VDS=4V VGS=-1.74V IDS= 92mA C85029B.DAT
VDS=4V VGS=-3.10V IDS= 37mA C85029A.DAT

In an interactive session which follows, we simultaneously
process the three sets of measurements to find parameters for the
corresponding circuits. By using common variables between the
circuits, we can easily force the assumption that some parameters
should remain unchanged as the biasing conditions vary. In particu-
lar, parameters RGM, RD, LS and T are declared to be fixed w.r.t. the
bias.

As seen from the following printout of the interactive ses-—
sion, we first create SUPERCOMPACT compatible file ALLTHREE.DAT. The
listing of this file (obtained using the TYPE command) illustrates the

way that common or noncommon variables between the three circuits are

0SA-86—-FC-T7-R
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handled. The OPT block in the file specifies that each circuit
response models its corresponding measurement file,

Next, we perform the L1 optimization and obtain the parame-
ters of the three circuits. Inspecting the parameters, we observe
that the assumptions on common variables have been realized. The
percentage difference between modelled and measured responses of each
circuit are displayed using the %ERROR command and sensitivities of
the least—-squares objective are calculated using the SENSITIVITY com-
mand.

Reduced Sample Points

We now perform two tests to demonstrate the robustness of the
FETSC package. In the first test, we solve the above multi-circuit
problem using half the frequency points as used before, i.e., we use
S—parameter measurements from 2 to 18 GHz with a 2 GHz increment. In
TEST1.DAT file, only the increment in the FREQ block has been changed
compared to the ALLTHREE.DAT. Consistency of the results obtained
using half the frequencies with the previous results provides more
confidence in the wvalidity of circuit parameters. The reduction in
CPU time is significant. We can usually expect an almost linear
reduction in the CPU time as the number of frequency points is re-
duced.

Different Starting Points

In a second test, we examine the robusness of the package in
dealing with different starting values. In TESTZ2.DAT file (which has
been listed with the TYPE command) the starting values have been
changed to the rather arbitrary numbers shown. Parameters obtained

after performing the L]l optimization are consistent with the previous

0SA-86-FC-7-R
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results. We tried at least 20 different sets of arbitrary starting
values.and came up With approximately the same results in all cases
except when the starting values were extremely wild. It should be
mentioned that all the software packages for FET modelling that we
know are sensitive (especially, some parameters such as the resistors)
to the choice of starting values. We compare the performance of

FETSC to the popular COMPACT software system in a separate section.

0SA-86-FC-7-R



COMD>

Input : ED ALLTHREE.DAT
EDT EDITOR

VAKX

CoMD>

OPERATION-16

Input : TYPE ALLTHREE.DAT

*All three measurements C85029A, C85029B and C85029cC

BLK
*

RO:2.E-6
FO:1.E3GHZ
RGM: ?717?
LS:?70.02NH?
RDD:?1?

TAU:70.007NS?
* variable for the

G1:70.09?
Cl:21.4PF?
€2:70.07PF?
C3:20.04PF?
R1:717
R2:71?
6G3:20.0072

G2:70.097?
C4:71.4PF?
€5:20.07PF?
C6:70.04PF?
R4:717?
R5:217
GG6:70.0077

* variable for the

G3:20.097
C7:71.4PF?
C8:70.07PF?
€9:70.04PF?
R7:717
R8:72717?
669:20.0077

*

FET 1 2 G=G1 CGS=Cl F=FO
+ RD=RDD RS=R2 LS=LS

FETMDL1: 2POR 1 2

FET 3 4 6=G2 CGS=C4 F=F0
+  RD=RDD RS=R5 LS=LS

FETMDL2: 2POR 3 4

FET 5 6 G=G3 CGS=C7 F=F0
+ RD=RDD RS=R8 LS=LS

FETMDL3: 2POR 5 6
END
*

FREQ

common variables

variable for the

first circuit

second circuit

third circuit

T=TAU GGS=RO CDG=C2 CDS=C3 GDS=GG3 RI=Rl RG=RGM

T=TAU GGS=RO CDG=C5 CDS=Cé GDS=GG6 RI=R4 RG=RGM

T=TAU GGS=RO CDG=C8 CDS=C9 GDS=GG9 RI=R7 RG=RGM

STEP 2.0GHZ 18.0GHZ 1.0GHZ

END

0SA-86-FC-7-R



*

OPT
FETMDL1

F=2
FETMDL2 F=2.0GHZ 18.0GHZ S=FETMDA2
F=2

FETMDL3
END
*

DATA
FETMDAl: C85029A.DAT
FETMDAZ: C85029B.DAT
FETMDA3: C85029C.DAT
END

COMD>

Input : READ ALLTHREE

.0GHZ 18.0GHZ S=FETMDA3

Reading circuit file...

Working file: ALLTHREE.DAT

Number of circuits:
Measurement files:

cOMD>
Input : PA

3
C85029A.DAT (85

FET MODEL PARAMETERS

FETMDL1
1.00000
1.00000
0.00700
1.00000
1.00000
0.02000
1.40000
0.07000
0.04000
0.09000
7.00000

FETMDL2

1.00000
1.00000
0.00700
1.00000
1.00000
0.02000
1. 40000
0.07000
0.04000
0.09000
7.00000

0SA-86-FC-7-R

.OGHZ 18.0GHZ S=FETMDAl1 W 1 111

029B.DAT

FETMDL3

.00000
.00000
.00700
.00000
.00000
.02000
.40000
.07000
.04000
.09000
7.00000

O OO O MO
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C85029C.DAT

RG (OH)
RD (OH)
GDS(/0H)
RI (OH)
RS (OH)
LS (nH)
CGS (pF)
CDG (pF)
CDS (pF)
G (/OH)
T (ps)



CcOMD
Inp

sta

1.

N OO0 OO

>

ut : L1

Working file: ALLTHREE.DAT
Number of circuits:

Measurement files:

3

C85029A.

Start modelling ...
You can press any key to

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

VDO NONUT W

10
11
12
13
14
15
16
17
18
19

L1
L1
L1
L1
L1
L1
L1
L1
L1
L1
L1
L1
L1
L1l
L1
L1
L1
L1
L1

Optimization Completed

19 iterations

FET MODEL PARAMETERS

FETMDL1
rting solution
0000 2.5487
.0000 3.7457
.0070 0.0050
.0000 0.0000
.0000 1.0042
.0200 0.0039
. 4000 0.7224
.0700 0.0306
. 0400 0.2227
.0900 0.0698
.0000 3.9600

S

DAT

error 2.6496809
error 2.0904052
error 1.3958710
error 0.7056876
error 0.8660346
error 0.5506932
error 0.5429597
error 0.5097529
error 0.5062686
error 0.5027795
error 0.4986020
error 0.4980656
error 0.4978623
error 0.4978395
error 0.4976631
error 0.4979259
error 0.4980634
error 0.4982309
error 0.4979310
43.09 CPU seconds
FETMDL2
tarting solution
1.0000 2.5487
1.0000 3.7457
0.0070 0.0061
1.0000 0.1715
1.0000 0.9077
0.0200 0.0039
1.4000 0.4414
0.0700 0.0476
0.0400 0.2227
0.0900 0.0520
7.0000 3.9600

0SA-86-FC-7-R

C85029B.DAT

interrupt optimization

OPERATION-18

C85029C.DAT

FETMDL3
starting solution
1.0000 2.5487
1.0000 3.7457
0.0070 0.0061
1.0000 0.4776
1.0000 0.6243
0.0200 0.0039
1.4000 0.3451
0.0700 0.0610
0.0400 0.2148
0.0900 0.0409
7.0000 3.9600

RG (OH)
RD (OH)
GDS(/0H)
RI (OH)
RS (OH)
LS (nH)
CGS (pF)
CDG (pF)
CDS (pF)
G (/0H)
T (ps)



CcOMD>
Input : %ER

Frequency
(GHZ)
2.0

« e e

WNHFOVWVOYOOU bW
OCOO0ODO0ODO0ODO0OOOO0OO0OO0O

et et

Press any

Frequency
(GHZ)
2.0

.

.

. .

.

DO U WNFFOWOIONU W
. . . * o e e o s e o
OO0 OO0 OODOODOO0OO0O

bt b et et e et pd pd e

Press any
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PERCENTAGE ERRORS IN S—-PARAMETER MATCHING
ABS[ (Model-Measurement)/Measurement ] %
C85029A.DAT

AS12

model: FETMDL1

MS11 AS11 MS21 A
0.74% 14.04% 11.72% 2
0.69% 10.06% 9.01% 2
1.60% 7.89% 2.12% 4
1.37% 4.47% 0.45% 1
2.15% 2.95% 3.30% 3
2.80% 0.91% 2.43% 1
2.97% 1.29% 5.86% 2
3.11% 4,64% 8.62% 3
2.67% 5.42% 12.59% 8
2.81% 6.92% 11.07%
2.70% 8.38% 15.27% 13.
4.28% 10.00% 15.93% 17.
2.96% 11.40% 17.97% 25.
3.72% 13.19% 16.24% 56.
2.65% 13.45% 21.09% 44.
4.54% 15.11% 11.92% 159.
2.07% 14.61% 21.25% 233.
key to continue ...

3.

measurement:
Ss21 MS12
.99% 2.06%
.83% 0.26%
.95% 2.52%
.12% 5.25%
.13% 3.51%
.45% 1.72%
.87% 1.51%
L11% 0.49%
.33% 4,36%
26% 1.07%
19% 4.41%
47% 0.34%
37% 0.43%
79% 2.52%
99% 1.43%
57% 5.61%
79% 0.11%

6.
10.
12.
10.
14.

8.
12.

4,

6.
26.
26.
23.
36.
40.
25,

2.
.69%

14

97%
88%
01%
93%
31%
70%
89%
91%
84%
24%
T14%
26%
80%
12%
17%
16%

PERCENTAGE ERRORS IN S-PARAMETER MATCHING
ABS[ (Model-Measurement)/Measurement ] %
C85029B.DAT

AS12

model:

MS11

0.80%
1.09%
0.56%
0.56%
0.03%
0.80%
0.83%
1.34%
0.69%
1.10%
1.60%
2.85%
1.81%
3.45%
3.08%
4.02%
2.93%

key to

AS11
6.71%
3.38%
3.29%
0.05%
0.40%
4,15%
3.93%
7.40%
8.07%
9.05%
10.84%
11.76%
13.65%
15.09%
15.69%
16.89%
16.53%

FETMDLZ

MS21
10.27%
9.39%
4,22%
1.89%
0.66%
0.08%
2.66%
4.99%
8.88%
7.85%
10.81%
12.38%
13.43%
12.69%
16.29%
12.89%
17.57%

continue ...

A

—
o N e O W

CrON N W~
HNONMNWaO

measurement:
s21 MS12

. 10% 7.34%
.38% 5.57%
.38% 3.99%
.37% 1.16%
.70% 1.59%
.56% 1.66%
.45% 3.19%
.94% 1.42%
.43% 4,45%
.66% 0.36%
.34% 5.27%
.68% 1.93%
.55% 4,70%
.38% 1.35%
.81% 3.74%
. 44% 0.80%
.59% 1.95%

0SA-86-FC-7-R

4.
7.

9

97%
66%

JI7%
8.
13.
2.
16.
2.
3.
28.
316.
2.
63.
49.
36.
43.
37.

19%
60%
29%
07%
21%
41%
54%
63%
04%
28%
49%
16%
43%
92%

MS22

0.04%
0.45%
0.02%
0.59%
2.25%
0.77%
0.65%
0.65%
1.21%
0.56%
1.74%
0.94%
2.30%
1.90%
2.18%
3.53%
2.93%

MS22
0.31%
0.20%

.0.33%

2.03%
3.72%
0.72%
2.09%
0.63%
2.73%
0.81%
1.07%
0.03%
1.23%
0.92%
0.60%
0.25%

0.81%

AS22
12.93%
3.88%
6.89%
2.82%
4.41%
0.33%
1.44%
0.73%
0.55%
2.01%
2.57%
0.03%
3.80%
5.24%
4.13%
5.66%
4.33¢

AS22
16.17%
7.42%
10.23%
5.61%
6.85%
1.82%
2.98%
0.11%
0.04%
0.16%
2.90%
1.81%
4,75%
6.80%
5.20%
7.51%
4,14%
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PERCENTAGE ERRORS IN S—-PARAMETER MATCHING

ABS[ (Model-Measurement)/Measurement ] %

Frequency model: FETMDL3 measurement: C85029C
(GHZ) MS11 AS11 MS21 AS21 MS12 AS12
2.0 0.49% 6.40% 9.97% 1.60%5 12.08% 5.46%
3.0 1.58% 2.72% 9.22% 1.30%5 10.19% 8.40%
4.0 0.18% 3.29%  4.24% 3.24% 8.04% 10.59%
5.0 1.42% 0.31% 1.74% 0.48% 4.47% 9.78%
6.0 1.56% 0.58% 1.28% 1.61%  4.49% 15.70%
7.0 0.55% 4.56% 0.22% 1.63%  4.28% 2.86%
8.0 0.13% 4.15% 2.39% 1.37%% 5.17% 18.99%
9.0 0.72% 7.84%  4.70% 2.77% 2.90% 2.87%
10.0 0.05% 8.59% 9.02% 7.24% 3.25% 8.51%
11.0 0.65% 9.27% 7.81% 1.68% 0.66% 34.41%
12.0 1.49% 11.45% 10.71% 11.49% 4,.66% 307.50%
13.0 3.28% 11.96% 11.73% 10.13% 0.01% 17.51%
14.0 2.48% 14.24% 13.43% 16.68% 4.33% 43.85%
15.0 3.87% 15.54% 12.37% 30.95% 2.68% 34.82%
16.0 3.77% 16.37% 15.77% 24.25% 4.62% 26.53%
17.0 4.60% 17.34% 11.91% 63.17% 1.01% 31.77%
18.0 4.60% 17.38% 16.39% 54.19% 2.68% 28.28%
CcOMD>
Input : SE
SENSITIVITY OF THE CURRENT MODEL
least—-squares error: 0.08651762 _
FETMDL1 FETMDL?2 FETMDL3
gradient gradient gradient
-0.001881 -0.003091 -0.003176
0.000651 -0.000476 -0.000407
-0.006294 -0.007466 -0.005322
0.000000 -0.000222 -0.000590
-0.003119 -0.001239 -0.000687
-0.000696 -0.000570 -0.000562
-0.009661 -0.039311 -0.037724
0.000179 -0.011340 -0.015465
0.000862 0.001608 0.003444
0.022233 0.016452 0.006713
-0.002111 -0.001573 -0.001323
COMD>
Input : SAVE ALL3L1
COMD>
Input : READ ALLTHREE

Re<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>