J18LV DC correlation of spice model to silicon
TSMC CMOS process 1.5/3.3V, 0.18um, 1P5M
Fred Wahl, Device Engineering, Sep 21, 1999

e Summary

A new spice model file, based upon the original TSMC spice model
file ‘c025njlv.l’, (TSMC v1.0) rev 0.5 and release date 7/23/99,
has received minor tuning and now better fits measurements done
on Catwoman testchip transistors than the original,

Five device type models were adjusted: 1) 1.5V Nfet, 2) 1.5V Pfet,
3) 3.3V Nfet, 4) 3.3V Pfet and 5) 1.5V ZVT{et(Low Vt). Models 1)
through 4) are built using 12 gate-width-and-length defining ‘bins’
and model 5) ,ZVT, is built from one single all-encompassing global
bin.

These component models have been tuned to silicon by the
adjustment of 6 ‘physical’ parameters — 1) Tox, 2) delta L, 3) delta
W, 4) Vt0, 5) mobility, and 6) saturation velocity. Improvement of
fit of adjusted model to measured IV curve data is shown typically
by a reduction in average maximum error of 4% and average RMS
error of 2-3%.

The fit of adjusted models to the data from a single silicon die site
(#33) can be observed in the attached simulation versus actual IV
plots from Linear, Saturation, Subthreshold, Rout and Gm regions
of transistor behavior.

e Details

Test Chip: “Catwoman I”, design CLI1129AA. Refer to
Tech & Engr document: “0.18 TEST CHIP DOCUMENT,
May 26 1999°.

Silicon Tested: TSMC ‘July 99° Shuttle lot: D80123.03, family:
TM7612 C1, wafer #1, sawn die ‘site #33’. Preliminary judgements
and selection of ‘site #33’ based upon data collected by Simon Li in
his phase one report: “J18LV PCM Quickcheck for 15t Shuttle
Project”, Aug 10, 1999.

Testing: An HP4156A Parametric Analyzer and HP4284A LCR
meter were controlled using BT A’'s Bsimpro, version 4.3 to perform
the IV and CV measurements needed. CV (capacitance-voltage)
measurements were done to determine Cox_accumulated on special
test capacitors for each device type on ‘site #33'. A Temptronic
TP3010-B hot chuck and controller were used to force the sample to
25, 75 or 100 degrees C as needed.

e Model Adjustments

For each of the 5 device types the following was done:

The method of model adjustment was to 1st select one of the 12
model bins for use as a global model. This model had to simulate in
Bsimpro all device geometries and temperatures under study
without major simulation distortion or numeric failure. Often ‘bin’ 8
or 9 served this function,

In this chosen or ‘best’ bin model the value of TOX was edited to
have the actual Tox calculated from measured site #33 Cox.

With appropriate choice of room temperature data points from the
‘Linear’ and ‘Saturation’ regions of the IV curves for all device
geometries measured, Bsimpro was used to re-extract parameters
DL{ Delta L), DW (Delta W), VTHO (Vt-zero), UO (mobility) and if
necessary VSAT (saturation velocity).

These revised parameters were then edited back into the 12-bin
model. DL/2 (entering the model as Lint) and DW/2 (as Wint)
changes affected all bins as direct replacements. Delta Vi, the
difference between the ‘best’ bin original and re-extracted VTHO,
was added as an adjustment to each bins VI'HO if required.
Similarly differences in UO and VSAT were converted to percent
changes. These percent changes were then made to each of the
corresponding parameters in each of the bins, if required.

Bsimpro was then re-run using the adjusted 12 bin model to check
for maximum and rms fit error and the quality of IV fit. If required
small DL , DW tweaks were made to improve final fit.

The table below summarizes these parameter changes by device
type:



The following table details the devices used in this study.
Devices marked with a letter such as ‘A’ or the word ‘yes’ in the ‘bin
Letter’ column are presented in this report. Data for other devices
listed can be provided on request.

Device Letter Prefix W L Device Letter Prefix W L

Device Parm Original Adjusted
N15 Tox 3.56E-09 3.59E-09
Lint 6.00E-09 -1.00E-08
Wint 1.35E-08 -1.96E-08
VthO,best bin 9 0.4473 0.3921
P15 Tox 3.62E-09 3.35E-09
Lint 9 1.35E-08 5.00E-09
Wint 9.45E-09 -3.13E-08
N 3.3 Tox 7.11E-09 6.70E-09
Lint 9.45E-09 -2.40E-08
Wint 6 2.15E-08 -5.00E-09
P33 Tox 7.06E-09 6.50E-09
Lint 1.80E-08 -6.04E-09
Wint 2.60E-09 -4.48E-08
Vth0,best bin 8 -0.574 -0.5652
U0, best bin 0.0121 0.0125
ZVT Tox 3.66E-09 3.59E-09
Lint 1.00E-08 -8.60E-08
Wint 7.70E-09 -4.00E-08
VthO,ref bin -0.0223 0.0324
U0, ref bin 0.0523 0.0579
Vsat 1.21E+05 1.54E+05
e Graphs

The attached graphical pages form the bulk of this report.

The first page shows the ‘bin layout’ for the first 4 models. The last
model (ZVT) is a simple single bin global model needing no graph.

A number 1 through 12 identifies each bin. Letters placed in these
bins A, b, ¢, D, E, F signify devices presented in this report. . One
can read the length and width of the device by its position on the bin
diagram, A capital letter signifies a device tested also at 75 and 125
deg C in addition to the standard 25 deg C for non-capitalized
devices.

3

N15b A NiD.. 10 10 P15 A P1D.. 10 10
N2D.. 10 2 P2D.. 10 2
b N3D.. 10 1 b P3D.. 10 1
N4D.. 10 04 P4D.. 10 0.4
c N8D.. 10 02 c P8D.. 10 02
D N9D.. 10 0.18 D POD.. 10 0.18
N13D. 2 0.18 P13D. 2 0.18
NigD. 06 0.18 P16D. 06 0.18
E N17D. 042 2 E P17D. 042 2
F N21D. 0.42 0.18 F P21D. 042 0.18
Device Letter Prefix W L Device Letter Prefix W L
N33 A M1D.. 10 10 P33 A Q1D.. 10 10
M2D.. 10 2 Q2D.. 10 2
b M3D.. 10 1 Q3D.. 10 1
L4 M4D.. 10 04 Q4D.. 10 0.4
D MeD.. 10 035 D QoD.. 10 03
M13D. 2 0.35 Q15D. 1 0.3
MieD. 06 0.35 QleD. 06 03
E M17D. 042 2 E Q17D. 0.42 2
F M21D. 0.42 0.35 F Q21D. 042 03
Device here? Prefix W L
ZVT 1.5 yes ZiDh. 10 10
Z2D.. 10 9
yes Z3D.. 10 1
Z4D.. 10 06
yes Z8D.. 10 04
yes Z9D.. 10 0.35
Z13D. 2 035
Z15D. 1 035
Z16D. 06 035
yes Z17D. 042 2
yes Z21D. 042 035



Following the bin-diagram plots come the device IV plots. For each
device type normally 8 pages are presented, one page for each device
(and temperature). These graphs show Linear(ID-VG),
Saturation(ID-VD), Subthreshold (log ID-VG) and Rout regions.

The reference device (Wide/Lmin --D’ or Z9D..) has graphs at 75
and 125 degrees presented here also.

Next come 2 pages showing the Gm plots for the same 8 devices.

e (Conclusions

Examination of each graph shows a maximum percent fitting error
at its lower left corner and an average root-mean-square fitting
error percent at its lower right-hand corner.

The model to silicon adjustment process outlined in this report has
been fairly successful. Typical Saturation region RMS errors have
been reduced to the 1 to 3 percent range and maximum percent
errors to the 2 to 5 percent range. Linear and Rout regions have
had their errors controlled as well.

Examining the ‘quality’ of fit for the ZVT devices and Gm fits
however we must say there is still room for improvement.

An AC correlation of model to silicon report for this process
including simulation of Ring Oscillators is under development and
will be published shortly.
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ID (A)

ID (A)

N1D25.IV W/L=10.00/10.00 T=25C VD=0.05V

1.74e-5
VBS (V) =
1.39%e-5 0.00
-0.38
-0.75
1.04e-5 -1.13
-1.50
6.96e-6
3.48e-6
0.00e0 !
0.0 0.3 0.6 0.9 1.2 1.5
VG (V)
Max.Err%= 4.36 Rms Err%= 1.33
N1D25.IV W/L=10.00/10.00 T=25C VD=0.05V
1.0e-5 VBS (V) =
0.00
1.0e-6 -0.38
-0.75
1.0e-7 -1.13
-1.50
1.0e-8
1.0e-9
1.0e-10
1.0e-11 - -
0.0 0.3 0.6 0.9 1.2 1.5

Max.Err%= 4.36 Rms Err%= 1.4

ID (A)

1/Rout (mmho)

N1D25.IV W/L=10.00/10.00 T=25C VB=0.00 V

1.84e-4
VGS (V) =
1.47e-4 0.70
0.90
1.10
1.10e-4 1.30
1.50
7.36e-5
3.68e-5
0.00e0
0.0 0.3 0.6 0.9 1.2 1.5
VD (V)
Max.Err%= 2.86 Rms Err%= 2.04
N1D25.IV W/L=10.00/10.00 T=25C VB=0.00 V
VGS (V) =
1.0e-1 0.70
0.90
1.10
1.30
1.0e-2 1.50
1.0e-3
1.0e-4
0.0 0.3 0.6 0.9 1.2 1.5
VD (V)
Max.Err%= 8.64 Rms Err%= 2.3



ID (A)

ID (A)

N3D25.IV W/L=10.00/1.00 T=25C VD=0.05V

1.70e-4
VBS (V) =
1.36e-4 0.00
-0.38
-0.75
1.02e-4 -1.13
-1.50
6.80e-5
3.40e-5
0.00e0 !
0.0 0.3 0.6 0.9 1.2 1.5
VG (V)
Max.Err%= 7.92 Rms Err%= 3.07
N3D25.IV W/L=10.00/1.00 T=25C VD=0.05V
1.0e-4 VBS (V) =
1.0e-5 0.00
-0.38
1.0e-6 -0.75
-1.13
1.0e-7 -1.50
1.0e-8
1.0e-9
1.0e-10
1.0e-11
0.0 1.2 1.5

Max.Err%= 7.92 Rms Err%= 3.2

ID (A)

1/Rout (mmho)

N3D25.IV W/L=10.00/1.00 T=25C VB=0.00 V

1.62e-3

: VGS (V) =
1.30e-3 CCEE Sl Seli 0.70
' 0.90
1.10
9.72e-4 1.30
1.50

6.48e-4

3.24e-4

0.00e0

0.0 0.3 0.6 0.9 1.2 1.5
VD (V)
Max.Err%= 5.61 Rms Err%= 3.15
N3D25.IV W/L=10.00/1.00 T=25C VB=0.00V

VGS (V) =
0.70
1.0e0 0.90
1.10
1.30
1.50

1.0e-1

1.0e-2

0.0 0.3 0.6 0.9 1.2 1.5
VD (V)

Max.Err%= 7.97 Rms Err%= 2.27



ID (A)

ID (A)

N8D25R.IV W/L=10.00/0.20 T=25C VD=0.05V

7.90e-4
VBS (V) =
6.32e-4 0.00
-0.38
-0.75
4.74e-4 -1.13
-1.50
3.16e-4
1.58e-4
0.00e0 !
0.0 0.3 0.6 0.9 1.2 1.5
VG (V)
Max.Err%= 7.45 Rms Err%= 1.54
N8D25R.IV W/L=10.00/0.20 T=25C VD=0.05V
VBS (V) =
1.0e-4
0.00
1.0e-5 -0.38
-0.75
1.0e-6 -1.13
-1.50
1.0e-7
1.0e-8
1.0e-9
1.0e-10
1.0e-11
0.0 0.3 0.6 0.9 1.2 1.5
VG (V)

Max.Err%= 7.45 Rms Err%= 1.58

ID (A)

1/Rout (mmho)

N8D25R.IV W/L=10.00/0.20 T=25C VB=0.00 V

5.50e-3
VGS (V) =
4.40e-3 0.70
0.90
1.10
3.30e-3 1.30
1.50
2.20e-3
1.10e-3
0.00e0
0.0 0.3 0.6 0.9 1.2 1.5
VD (V)

Max.Err%= 2.23 Rms Err%= 0.84

N8D25R.IV W/L=10.00/0.20 T=25C VB=0.00 V

VGS (V) =
1.0el 8-;8
1.10
1.30
1.50
1.0e0
g ...?.....,.l-l-
08 . *
1.0e-1 i " "®®ieeccaiogo. |
0.0 0.3 0.6 0.9 1.2 1.5
VD (V)

Max.Err%= 7.49 Rms Err%= 1.28



ID (A)

ID (A)

N9D125R.IV W/L=10.00/0.18 T=125C VD=0.05V

6.80e-4
VBS (V) =
5.44e-4 0.00
-0.38
-0.75
4.08e-4 -1.13
-1.50
2.72e-4
1.36e-4
0.00e0 !
0.0 0.3 0.6 0.9 1.2 1.5
VG (V)
Max.Err%= 13.66 Rms Err%= 3.42
N9D125R.IV W/L=10.00/0.18 T=125C VD=0.05V
1.0e-4 VBS (V) =
0.00
1.0e-5 -0.38
-0.75
1.0e-6 -1.13
1.0e-7 -1.50
1.0e-8
1.0e-9
1.0e-10
1.0e-11
0.0 0.3 0.6 0.9 1.2 1.5

VG (V)
Max.Err%= 13.66 Rms Err%= 3.42

ID (A)

1/Rout (mmho)

N9D125R.IV W/L=10.00/0.18 T=125C VB=0.00 V

4.97e-3
VGS (V) =
3.98e-3 0.70
0.90
1.10
2.98e-3 1.30
1.50
1.99e-3
9.94e-4
0.00e0
0.0 0.3 0.6 0.9 1.2 1.5
VD (V)
Max.Err%= 3.83 Rms Err%= 0.98
N9D125R.IV W/L=10.00/0.18 T=125C VB=0.00 V
VGS (V) =
1.0el 0.70
0.90
1.10
1.30
1.50
1.0e0
1.0e-1
0.0 0.3 0.6 0.9 1.2 1.5
VD (V)
Max.Err%= 19.78 Rms Err%= 2.57



ID (A)

ID (A)

N9D25R.IV W/L=10.00/0.18 T=25C VD=0.05V

8.70e-4
VBS (V) =
6.96e-4 0.00
-0.38
-0.75
5.22e-4 -1.13
-1.50
3.48e-4
1.74e-4
0.00e0 !
0.0 0.3 0.6 0.9 1.2 1.5
VG (V)
Max.Err%= 12.91 Rms Err%= 2.68
N9D25R.IV W/L=10.00/0.18 T=25C VD=0.05V
VBS (V) =
1.0e-4
0.00
1.0e-5 -0.38
-0.75
1.0e-6 -1.13
-1.50
1.0e-7
1.0e-8
1.0e-9
1.0e-10
1.0e-11
0.0 0.3 0.6 0.9 1.2 1.5

VG (V)
Max.Err%= 12.91 Rms Err%= 2.75

ID (A)

1/Rout (mmho)

N9D25R.IV W/L=10.00/0.18 T=25C VB=0.00 V

6.00e-3
VGS (V) =
4.80e-3 0.70
0.90
1.10
3.60e-3 1.30
1.50
2.40e-3
1.20e-3
0.00e0 - - -
0.0 0.3 0.6 0.9 1.2 1.5
VD (V)
Max.Err%= 2.47 Rms Err%= 1.06
N9D25R.IV W/L=10.00/0.18 T=25C VB=0.00 V
VGS (V) =
1.0el 0.70
0.90
1.10
1.30
1.50
1.0e0
1.0e-1 - - -
0.0 0.3 0.6 0.9 1.2 1.5
VD (V)
Max.Err%= 12.94 Rms Err%= 1.53



ID (A)

ID (A)

N17D25.IV W/L=0.42/2.00 T=25C VD=0.05V

3.78e-6

3.02e-6

2.27e-6

1.51e-6

7.56e-7

0.00e0 ¢
0.0

Max.Err%= 3.62

VBS (V) =

0.00
-0.38
-0.75
-1.13
-1.50

0.3 0.6 0.9 1.2 1.5
VG (V)
Rms Err%= 1.25

N17D25.IV W/L=0.42/2.00 T=25C VD=0.05V

1.0e-6

1.0e-7

1.0e-8

1.0e-9

1.0e-10

1.0e-11
0.0

Max.Err%= 3.62

VBS (V) =

0.00
-0.38
-0.75
-1.13
-1.50

1.2 1.5
Rms Err%= 1.35

ID (A)

1/Rout (mmho)

N17D25.IV W/L=0.42/2.00 T=25C VB=0.00 V

3.80e-5

3.04e-5

2.28e-5

1.52e-5

7.60e-6

—
RN LI

| VGS (V) =

0.70
0.90
1.10
1.30
1.50

: :
: : H

T EXEI R EN LN TN RN
. : :

:
aemobBbtoceEnbteccccénnsnm

0.00e0
0.0

Max.Err%= 4.06

0.3

0.6 0.9 1.2 15

VD (V)
Rms Err%= 2.0

N17D25.IV W/L=0.42/2.00 T=25C VB=0.00 V

VGS (V) =
0.70
1.0e-2 0.90
1.10
1.30
1.50
1.0e-3
a
. @
@ 20}
1.0e-4 ey :
: Ll L
0.0 0.3 0.6 0.9 1.2 1.5

Max.Err%= 6.65

Rms Err%= 2.22



ID (A)

ID (A)

N21D25.IV W/L=0.42/0.18 T=25C VD=0.05V

4.80e-5
VBS (V) =
3.84e-5 0.00
-0.38
-0.75
2.88e-5 -1.13
-1.50
1.92e-5
9.60e-6
0.00e0 ! & -
0.0 0.3 0.6 0.9 1.2 1.5
VG (V)
Max.Err%= 4.92 Rms Err%= 1.92
N21D25.IV W/L=0.42/0.18 T=25C VD=0.05V
1.0e-5 VBS (V) =
0.00
1.0e-6 -0.38
-0.75
1.0e-7 -1.13
-1.50
1.0e-8
1.0e-9
1.0e-10
1.0e-11
0.0 0.3 0.6 0.9 1.2 1.5

VG (V)

Max.Err%= 4.92 Rms Err%= 2.01

ID (A)

1/Rout (mmho)

N21D25.IV W/L=0.42/0.18 T=25C VB=0.00 V

3.06e-4
VGS (V) =
2.45e-4 0.70
0.90
1.10
1.84e-4 1.30
1.50
1.22e-4
6.12e-5 : : :
:....-?.----:.--lll
0.00e0 - - -
0.0 0.3 0.6 0.9 1.2 1.5
VD (V)
Max.Err%= 3.52 Rms Err%= 1.6
N21D25.IV W/L=0.42/0.18 T=25C VB=0.00 V
VGS (V) =
0.70
0.90
1.10
1.30
1.0e-1 1.50
1.0e-2 3
B.g g . :
: ?-...-?""'f'-----
0.0 0.3 0.6 0.9 1.2 1.5
VD (V)
Max.Err%= 7.11 Rms Err%= 1.47



dID/dVG (mho)

N1D25.IV W/L=10.00/10.00 T=25C VD=0.05V N8D25R.IV W/L=10.00/0.20 T=25C VD=0.05V

dID/dVG (mho)

1.86e-5 9.60e-4
VBS (V) = VBS (V) =
1.49e-5 0.00 = 7.68e-4 0.00
-0.38 I -0.38
-0.75 E -0.75
1.12e-5 -1.13 Q 576e4 -1.13
-1.50 5 -1.50
a
7.44e-6 ©  384e4
3.72e-6 1.92e-4
0.00e0 | - 0.00e0 |
0.0 1.2 1.5 0.0 1.2 1.5
Max.Err%= 15.03 Rms Err%= 4.18 Max.Err%= 13.41 Rms Err%= 6.15
N3D25.IV W/L=10.00/1.00 T=25C VD=0.05V NOD125R.IV W/L=10.00/0.18 T=125C VD=0.05V
1.90e-4 7.40e-4
VBS (V) = VBS (V) =
1.52e-4 0.00 5.92e-4 0.00
-0.38 = -0.38
-0.75 E -0.75
1.14e-4 -1.13 E 444e4 -1.13
-1.50 O -1.50
>
S
7.60e-5 Q 2.96e-4
o
3.80e-5 1.48e-4
0.00e0 | - 0.00e0
0.0 1.2 1.5 0.0 1.2 1.5
Max.Err%= 15.6 Rms Err%= 4.59 Max.Err%= 19.99 Rms Err%= 8.9



dID/dVG (mho)

N9D75R.IV W/L=10.00/0.18 T=75C VD=0.05V N17D25.IV W/L=0.42/2.00 T=25C VD=0.05V

dID/dVG (mho)

8.60e-4 3.89e-6
VBS (V) = VBS (V) =
6.88e-4 0.00 S 3.1le-6 0.00
-0.38 < -0.38
-0.75 kS -0.75
5.16e-4 113 Q 233e6 113
-1.50 © -1.50
o
3.44e-4 ©  1.56e-6
1.72e-4 7.78e-7
0.00e0 ! - 0.00e0 | =
0.0 1.2 1.5 0.0 0.3 0.6 0.9 1.2 1.5
VG (V)
Max.Err%= 30.6 Rms Err%= 16.37 Max.Err%= 14.52 Rms Err%= 4.7
N9D25R.IV W/L=10.00/0.18 T=25C VD=0.05V N21D25.IV W/L=0.42/0.18 T=25C VD=0.05V
1.08e-3 5.60e-5 . T .
VBS (V) = : . : VBS (V) =
8.64e-4 0.00 4.486-5 0.00
-0.38 - -0.38
-0.75 e -0.75
6.48¢-4 -1.13 £ 3.36e5 -1.13
-1.50 O -1.50
>
°
4.32e-4 QO 2.24e-5
©
2.16e-4 1.12e-5
0.00e0 ! - 0.00e0 !
0.0 1.2 1.5 0.0 1.2 1.5
Max.Err%= 17.03 Rms Err%= 8.13 Max.Err%= 20.98 Rms Err%= 7.81



ID (A)

P1D25.IV W/L=10.00/10.00 T=25C VD=0.05V P1D25.IV W/L=10.00/10.00 T=25C VB=0.00 V

ID (A)

4.14e-6 . . . . 4.09e-5
: : : : VBS (V) = VGS (V) =
3.31e-6 0.00 3.27e-5 0.70
-0.38 0.90
-0.75 1.10
2.48e-6 -1.13 T 24565 1.30
-1.50 g 1.50
o
1.66e-6 1.64e-5 Tecgpemsespoacee
8.28e-7 8.18e-6
0.00e0 ! - - 0.00e0
0.0 0.3 0.6 0.9 1.2 1.5 0.0 0.3 0.6 0.9 1.2 1.5
VG (V) VD (V)
Max.Err%= 3.95 Rms Err%= 1.23 Max.Err%= 1.96 Rms Err%= 1.1
P1D25.IV W/L=10.00/10.00 T=25C VD=0.05V P1D25.IV W/L=10.00/10.00 T=25C VB=0.00 V
VBS (V) = VGS (V) =
1.0e-6
0.00 0.70
-0.38 . 1.0e2 0.90
1.0e-7 -0.75 B 1.10
-1.13 e 1.30
1.0e-8 -1.50 \E, 1.50
g 1.0e-3
x
1.0e-9 =
1.0e-10 1.0e-4
1.0e-11 : : L L LYY
0.0 0.3 0.6 0.9 1.2 1.5 0.0 0.3 0.6 0.9 1.2 1.5
VG (V) VD (V)

Max.Err%= 3.95 Rms Err%= 1.33 Max.Err%= 3.98 Rms Err%= 1.24



ID (A)

ID (A)

P3D25.IV W/L=10.00/1.00 T=25C VD=0.05V P3D25.IV W/L=10.00/1.00 T=25C VB=0.00 V

3.88e-5 . . . . 4.02e-4 . . .
; - - : VBS (V) = iemassgssscad VCS(V)=
: a® M
3.10e-5 0.00 3.22¢-4 0.70
-0.38 0.90
-0.75 1.10
2.33e-5 -1.13 T 24le4 1.30
-1.50 = 1.50
o
1.55e-5 1.61le-4
7.76e-6 8.04e-5
0.00e0 | . . 0.00e0 .
0.0 0.3 0.6 0.9 1.2 1.5 0.0 0.3 0.6 0.9 1.2 1.5
VG (V) VD (V)
Max.Err%= 4.25 Rms Err%= 1.99 Max.Err%= 3.95 Rms Err%= 1.46
P3D25.IV W/L=10.00/1.00 T=25C VD=0.05V P3D25.IV W/L=10.00/1.00 T=25C VB=0.00 V
1.0e-5 VBS (V) = VGS (V) =
0.00 0.70
1.0e-6 -0.38 . 0.90
-0.75 g 1.0e-1 1.10
1.0e-7 -1.13 S 1.30
-1.50 kS 1.50
1.0e-8 g
x
1.0e-9 < 1.0e-2
1.0e-10
1.0e-11 : . . 1.0e-3 .
0.0 0.3 0.6 0.9 1.2 1.5 0.0 0.3 0.6 0.9 1.2 1.5
VG (V) VD (V)

Max.Err%= 4.25 Rms Err%= 2.11 Max.Err%= 4.04 Rms Err%= 1.5



ID (A)

ID (A)

P8D25.IV W/L=10.00/0.20 T=25C VD=0.05V

2.24e-4

VBS (V) =

1.79e-4 0.00

-0.38

-0.75

1.34e-4 -1.13

-1.50
8.96e-5
4.48e-5
0.00e0 ¢

0.0 0.3 0.6 0.9 1.2 1.5
VG (V)
Max.Err%= 9.31 Rms Err%= 5.1
P8D25.IV W/L=10.00/0.20 T=25C VD=0.05V

1.0e-4 VBS (V) =

0.00

1.0e-5 .0.38

1.0e-6 -0.75

-1.13

1.0e-7 -1.50
1.0e-8
1.0e-9
1.0e-10
1.0e-11

0.0 0.3 0.6 0.9 1.2 1.5

VG (V)

Max.Err%= 9.31 Rms Err%= 5.33

ID (A)

1/Rout (mmho)

P8D25.IV W/L=10.00/0.20 T=25C VB=0.00 V

2.40e-3 :
: VGS (V) =
an® . geoo®® V)
1.92e-3 : 0.70
: 0.90
1.10
1.44e-3 1.30
1.50
9.60e-4
4.80e-4
0.00e0 - - -
0.0 0.3 0.6 0.9 1.2 1.5
VD (V)
Max.Err%= 6.75 Rms Err%= 3.65
P8D25.1IV W/L=10.00/0.20 T=25C VB=0.00V
VGS (V) =
0.70
0.90
1.0e0 1.10
1.30
1.50
1.0e-1
f.-."é-----
0.0 0.3 0.6 0.9 1.2 1.5

Max.Err%= 9.83

VD (V)

Rms Err%= 3.05



ID (A)

ID (A)

POD125.IV W/L=10.00/0.18 T=125C VD=0.05V

2.02e-4
VBS (V) =
1.62e-4 0.00
-0.38
-0.75
1.21e-4 -1.13
-1.50
8.08e-5
4.04e-5
0.00e0 ¢
0.0 0.3 0.6 0.9 1.2 1.5
VG (V)
Max.Err%= 7.9 Rms Err%= 2.0
POD125.IV W/L=10.00/0.18 T=125C VD=0.05V
1.0e-4 VBS (V) =
0.00
1.0e-5 .0.38
1.0e-6 -0.75
-1.13
1.0e-7 -1.50
1.0e-8 ¥
1.0e-9
1.0e-10 §
1.0e-11
0.0 0.3 0.6 0.9 1.2 1.5

VG (V)

Max.Err%= 7.9 Rms Err%= 2.01

ID (A)

1/Rout (mmho)

POD125.IV W/L=10.00/0.18 T=125C VB=0.00 V

2.43e-3
VGS (V) =
1.94e-3 0.70
0.90
1.10
1.46e-3 1.30
1.50
9.72e-4
4.86e-4
0.00e0 - - -
0.0 0.3 0.6 0.9 1.2 1.5
VD (V)
Max.Err%= 3.51 Rms Err%= 1.37
P9D125.IV W/L=10.00/0.18 T=125C VB=0.00V
VGS (V) =
0.70
0.90
1.0e0 1.10
1.30
1.50
e )
1.0e-1 ————
0.0 0.3 0.6 0.9 1.2 1.5
VD (V)
Max.Err%= 13.37 Rms Err%= 2.08



ID (A)

ID (A)

POD75.IV W/L=10.00/0.18 T=75C VD=0.05V

2.15e-4
VBS (V) =
1.72e-4 0.00
-0.38
-0.75
1.29e-4 -1.13
-1.50
8.60e-5
4.30e-5
0.00e0 !
0.0 0.3 0.6 0.9 1.2 1.5
VG (V)
Max.Err%= 5.4 Rms Err%= 1.84
POD75.IV W/L=10.00/0.18 T=75C VD=0.05V
1.0e-4 VBS (V) =
0.00
1.0e-5 .0.38
1.0e-6 -0.75
-1.13
1.0e-7 -1.50
1.0e-8
1.0e-9
1.0e-10 §
1.0e-11
0.0 0.3 0.6 0.9 1.2 1.5
VG (V)

Max.Err%= 5.4 Rms Err%= 1.85

ID (A)

1/Rout (mmho)

POD75.IV W/L=10.00/0.18 T=75C VB=0.00 V

2.49e-3
| VGS (V) =
1.99e-3 0.70
0.90
1.10
1.49e-3 1.30
1.50
9.96e-4
4,98e-4
0.00e0
0.0 0.3 0.6 0.9 1.2 1.5
VD (V)

Max.Err%= 2.01 Rms Err%= 0.85

POD75.IV W/L=10.00/0.18 T=75C VB=0.00 V

VGS (V) =

0.70
0.90
1.10
1.30
1.50

1.0e0

1.0e-1

0.6 15

VD (V)

0.0

Max.Err%= 4.96 Rms Err%= 1.55



ID (A)

ID (A)

POD25.IV W/L=10.00/0.18 T=25C VD=0.05V

2.41e-4
VBS (V) =
1.93e-4 0.00
-0.38
-0.75
1.45e-4 -1.13
-1.50
9.64e-5
4.82e-5
0.00e0 !
0.0 0.3 0.6 0.9 1.2 1.5
VG (V)
Max.Err%= 7.58 Rms Err%= 4.13
P9D25.IV W/L=10.00/0.18 T=25C VD=0.05V
1.0e-4 VBS (V) =
0.00
1.0e-5 .0.38
1.0e-6 -0.75
-1.13
1.0e-7 -1.50
1.0e-8
1.0e-9
1.0e-10
1.0e-11
0.0 0.3 0.6 0.9 1.2 1.5
VG (V)
Max.Err%= 7.58 Rms Err%= 4.3

ID (A)

1/Rout (mmho)

POD25.IV W/L=10.00/0.18 T=25C VB=0.00 V

2.63e-3
VGS (V) =
2.10e-3 0.70
0.90
1.10
1.58e-3 1.30
1.50
1.05e-3
5.26e-4
0.00€0
0.0 0.3 0.6 0.9 1.2 1.5
VD (V)

Max.Err%= 3.61 Rms Err%= 1.82

POD25.IV W/L=10.00/0.18 T=25C VB=0.00 V

VGS (V) =

0.70
0.90
1.10
1.30
1.50

1.0e0

1.0e-1

0.6 0.9 1.2 15

VD (V)

0.0

Max.Err%= 6.79 Rms Err%= 2.13



P17D25.IV W/L=0.42/2.00 T=25C VD=0.05V

1.02e-6
VBS (V) =
8.16e-7 0.00
-0.38
-0.75
__ 6.12e-7 -1.13
< -1.50
a
4.08e-7
2.04e-7
0.00e0 |
0.0 0.3 0.6 0.9 1.2 1.5
VG (V)
Max.Err%= 9.18 Rms Err%= 4.49
P17D25.IV W/L=0.42/2.00 T=25C VD=0.05V
1.0e-6 VBS (V) =
0.00
1.0e-7 -0.38
-0.75
-1.13
1.0e-8 -1.50
<
2 10e9
1.0e-10
1.0e-11 D ;
0.0 0.3 0.6 0.9 1.2 1.5

VG (V)
Max.Err%= 9.18 Rms Err%= 4.95

ID (A)

1/Rout (mmho)

P17D25.IV W/L=0.42/2.00 T=25C VB=0.00 V

1.03e-5
..;....-f’..l.. VGS(V):
8.24e-6 z : 0.70
0.90
1.10
6.18e-6 1.30
1.50
4.12e-6
2.06e-6
0.00e0 - - -
0.0 0.3 0.6 0.9 1.2 1.5
VD (V)
Max.Err%= 10.6 Rms Err%= 4.96
P17D25.IV W/L=0.42/2.00 T=25C VB=0.00 V
ey : VGS (V) =
1.0e-2 e =
Oe . 0.70
0.90
1.10
: : X : 1.30
e § - z () é ¢
® e
a ® - B8ag : : e -
1.0e-4 —
or. 8ea
oy ™ a2 Sege
e LN
1.0e-5
0.0 0.3 0.6 0.9 1.2 1.5
VD (V)
Max.Err%= 9.18 Rms Err%= 3.18



ID (A)

ID (A)

P21D25.IV W/L=0.42/0.18 T=25C VD=0.05V

1.17e-5
VBS (V) =
9.36e-6 0.00
-0.38
-0.75
7.02e-6 -1.13
-1.50
4.68e-6
2.34e-6
0.00e0 ! & -
0.0 0.3 0.6 0.9 1.2 1.5
VG (V)
Max.Err%= 2.42 Rms Err%= 1.06
P21D25.IV W/L=0.42/0.18 T=25C VD=0.05V
1.0e-5 VBS (V) =
0.00
1.0e-6 -0.38
-0.75
1.0e-7 -1.13
-1.50
1.0e-8
1.0e-9
1.0e-10
1.0e-11
0.0 0.3 0.6 0.9 1.2 1.5

VG (V)
Max.Err%= 2.42 Rms E

%= 1.14

ID (A)

1/Rout (mmho)

P21D25.IV W/L=0.42/0.18 T=25C VB=0.00 V

1.29e-4
VGS (V) =
1.03e-4 0.70
0.90
1.10
7.74e-5 1.30
1.50
5.16e-5
2.58e-5 R EREE R
0.00e0 - - -
0.0 0.3 0.6 0.9 1.2 1.5
VD (V)
Max.Err%= 5.41 Rms Err%= 2.31
P21D25.IV W/L=0.42/0.18 T=25C VB=0.00 V
VGS (V) =
1.0e-1 0.70
0.90
1.10
1.30
1.50
1.0e-2
1.0e-3 - - -
0.0 0.3 0.6 0.9 1.2 1.5
VD (V)
Max.Err%= 4.8 Rms Err%= 1.85



dID/dVG (mho)

P1D25.IV W/L=10.00/10.00 T=25C VD=0.05V P8D25.IV W/L=10.00/0.20 T=25C VD=0.05V

dID/dVG (mho)

4.16e-6 2.72e-4
VBS (V) = VBS (V) =
3.33¢-6 0.00 = 2.18e-4 0.00
-0.38 c -0.38
-0.75 E -0.75
2.50e-6 -1.13 g 1.63e-4 -1.13
-1.50 ) -1.50
o
1.66e-6 © 1.09-4
8.32e-7 5.44e-5
0.00e0 | = — . . . 0.00e0 | i
0.0 0.3 0.6 0.9 1.2 1.5 0.0 0.3 0.6 0.9 1.2 1.5
VG (V) VG (V)
Max.Err%= 14.37 Rms Err%= 4.93 Max.Err%= 14.52 Rms Err%= 6.61
P3D25.IV W/L=10.00/1.00 T=25C VD=0.05V P9D125.IV W/L=10.00/0.18 T=125C VD=0.05V
4.09e-5 2.23e-4
VBS (V) = VBS (V) =
3.27e-5 0.00 1.78e-4 0.00
-0.38 - -0.38
-0.75 B -0.75
2.45e-5 -1.13 E 1.34e4 -1.13
-1.50 o) -1.50
>
S
1.64e-5 8 8.92e5
©
8.18e-6 4.46e-5
0.00e0 | < . . . 0.00e0
0.0 0.3 0.6 0.9 1.2 1.5 0.0 1.2 1.5
VG (V)
Max.Err%= 19.04 Rms Err%= 4.25 Max.Err%= 13.4 Rms Err%= 5.33



POD75.IV W/L=10.00/0.18 T=75C VD=0.05V

2.57e-4
VBS (V) =
2.06e-4 0.00
— -0.38
B -0.75
£ 154e4 -1.13
0 -1.50
>
S
0 1.03e-4
©
5.14e-5
0.00e0
0.0 1.2 1.5
Max.Err%= 12.08 Rms Err%= 5.59
POD25.IV W/L=10.00/0.18 T=25C VD=0.05V
3.14e-4
VBS (V) =
2.51e-4 0.00
-0.38
-0.75
1.88e-4 -1.13
5 -1.50
=
‘E’ 1.26e-4
o Ll26e-
>
S
(@)
= 6.28e5
0.00e0 !
0.0 1.2 1.5

Max.Err%= 14.5 Rms Err%= 5.74

P17D25.IV W/L=0.42/2.00 T=25C VD=0.05V

9.70e-7
VBS (V) =
= 7.76e-7 0.00
< -0.38
E -0.75
Q 5827 113
ke -1.50
a
© 3887
1.94e-7
0.00e0 | . : - -
0.0 0.3 0.6 0.9 1.2 1.5
VG (V)
Max.Err%= 16.32 Rms Err%= 7.08
P21D25.IV W/L=0.42/0.18 T=25C VD=0.05V
1.35e-5
VBS (V) =
1.08e-5 0.00
— -0.38
2 0.75
E 8.10e6 -1.13
0 -1.50
>
S
8 5.40e-6
o
2.70e-6
0.00e0 |
0.0 1.2 1.5
Max.Err%= 5.96 Rms Err%= 2.13



ID (A)

ID (A)

M1D25.IV W/L=10.00/10.00 T=25C VD=0.05V

1.90e-5

1.52e-5

1.14e-5

7.60e-6

3.80e-6

0.00e0 ¢
0.0

Max.Err%= 2.09

VBS (V) =

0.00
-0.83
-1.65
-2.48
-3.30

1.32

VG (V)

1.98

3.3
Rms Err%= 0.91

M1D25.IV W/L=10.00/10.00 T=25C VD=0.05V

1.0e-5

1.0e-6

1.0e-7

1.0e-8

1.0e-9

1.0e-10

1.0e-11

VBS (V) =

0.00
-0.83
-1.65
-2.48
-3.30

0.0
Max.Err%= 2.09

1.32

VG (V)

1.98

3.3
Rms Err%= 1.0

ID (A)

1/Rout (mmho)

M1D25.IV W/L=10.00/10.00 T=25C VB=0.00 V

4.73e-4
..;..-IIEIIIIII
3.78e-4
2.84e-4 ;-----f!lllll
1.89%e-4
9.46e-5
0.00e0
0.0 0.66 1.32 1.98 2.64 3.3
VD (V)

Max.Err%= 5.42

1.0e-1

1.0e-2

1.0e-3

1.0e4

M1D25.IV W/L=10.00/10.00 T=25C VB=0.00 V

0.0 0.66 1.32 1.98 2.64 3.3

Max.Err%= 6.68

VD (V)

VGS (V) =

1.00
157
2.15
2.72
3.30

Rms Err%= 1.85

VGS (V) =

1.00
1.57
2.15
2.72
3.30

Rms Err%= 1.95



ID (A)

ID (A)

M3D25R.IV W/L=10.00/1.00 T=25C VD=0.05V

1.69e-4
VBS (V) =
1.35e-4 0.00
-0.83
-1.65
1.01le-4 -2.48
-3.30
6.76e-5
3.38e-5
0.00e0 !
0.0 0.66 1.32 1.98 2.64 3.3
VG (V)
Max.Err%= 3.4 Rms Err%= 1.07
M3D25R.IV W/L=10.00/1.00 T=25C VD=0.05V
1.0e-4 VBS (V) =
1.0e-5 0.00
-0.83
1.0e-6 -1.65
-2.48
1.0e-7 -3.30
1.0e-8
1.0e-9
1.0e-10
1.0e-11 - - - -
0.0 0.66 1.32 1.98 2.64 3.3

VG (V)
Max.Err%= 3.4 Rms Err%= 1.17

ID (A)

1/Rout (mmho)

M3D25R.IV W/L=10.00/1.00 T=25C VB=0.00 V

3.41e-3
VGS (V) =
2.73e-3 1.00
1.57
2.15
2.05e-3 2.72
3.30
1.36e-3
6.82e-4
0.00e0
0.0 0.66 1.32 1.98 2.64 3.3
VD (V)
Max.Err%= 2.56 Rms Err%= 0.95
M3D25R.IV W/L=10.00/1.00 T=25C VB=0.00V
VGS (V) =
1.00
1.0e0 1.57
2.15
2.72
3.30
1.0e-1
1.0e-2
0.0 3.3
Max.Err%= 5.07 Rms Err%= 1.53



ID (A)

ID (A)

M4D25R.IV W/L=10.00/0.40 T=25C VD=0.05V

3.55e-4
VBS (V) =
2.84e-4 0.00
-0.83
-1.65
2.13e-4 -2.48
-3.30
1.42e-4
7.10e-5
0.00e0 !
0.0 0.66 1.32 1.98 2.64 3.3
VG (V)
Max.Err%= 14.17 Rms Err%= 4.58
M4D25R.IV W/L=10.00/0.40 T=25C VD=0.05V
1.0e-4 VBS (V) =
0.00
1.06-5 _083
-1.65
1.0e-6 248
1.0e-7 -3.30
1.0e-8
1.0e-9
1.0e-10
1.0e-11
0.0 0.66 1.32 1.98 2.64 3.3
VG (V)

Max.Err%= 14.17 Rms Err%= 5.02

ID (A)

1/Rout (mmho)

M4D25R.IV W/L=10.00/0.40 T=25C VB=0.00 V

5.80e-3
VGS (V) =

4.64e-3 1.00
1.57

2.15

3.48¢-3 2.72
3.30

H H
mobp8esn
v <

2.32e-3
1.16e-3
0.00e0
0.0 0.66 1.32 1.98 2.64 3.3
VD (V)

Max.Err%= 2.58 Rms Err%= 1.63

M4D25R.IV W/L=10.00/0.40 T=25C VB=0.00 V

83 : VGS (V) =
1.00
1.57
1.0e0 : 2.15
SRR AN 2.72
o N Yo\ 3.30
a O o
1.0e-1 —
: e ~eg —
e H E g - e i P ]
=]
Slere. Scpobae
1.0e-2
0.0 0.66 1.32 1.98 2.64 3.3
VD (V)

Max.Err%= 13.2 Rms Err%= 1.98



ID (A)

ID (A)

M9D125R.IV W/L=10.00/0.35 T=125C VD=0.05V

2.77e-4
VBS (V) =
2.22e-4 0.00
-0.83
-1.65
1.66e-4 -2.48
-3.30
1.11le-4
5.54e-5
0.00€0 | : : :
0.0 0.66 1.32 1.98 2.64 3.3
VG (V)
Max.Err%= 3.84 Rms Err%= 1.66
M9D125R.IV W/L=10.00/0.35 T=125C VD=0.05V
1.0e-4 VBS (V) =
0.00
1.0e-5 .0.83
1.0e-6 -1.65
-2.48
1.0e-7 -3.30
1.0e-8
1.0e-9
1.0e-10 §
1.0e-11 : : . :
0.0 0.66 1.32 1.98 2.64 3.3

VG (V)
Max.Err%= 3.84 Rms Err%= 1.74

ID (A)

1/Rout (mmho)

M9D125R.IV W/L=10.00/0.35 T=125C VB=0.00 V

5.20e-3
| VGS (V) =
4.16e-3 1.00
1.57
2.15
3.12e-3 2.72
3.30
2.08e-3
1.04e-3
0.00e0 - - - -
0.0 0.66 1.32 1.98 2.64 3.3
VD (V)
Max.Err%= 3.26 Rms Err%= 1.22
M9D125R.IV W/L=10.00/0.35 T=125C VB=0.00 V
VGS (V) =
1.00
1.57
1.0e0 515
2.72
3.30
1.0e-1
1.0e-2
0.0 0.66 1.32 1.98 2.64 3.3
VD (V)
Max.Err%= 6.44 Rms Err%= 1.59



ID (A)

ID (A)

MOID75.IV W/L=10.00/0.35 T=75C VD=0.05V

3.20e-4
VBS (V) =
2.56e-4 0.00
-0.83
-1.65
1.92e-4 -2.48
-3.30
1.28e-4
6.40e-5
0.00e0 ! - - -
0.0 0.66 1.32 1.98 2.64 3.3
VG (V)
Max.Err%= 5.21 Rms Err%= 2.59
M9OD75.IV W/L=10.00/0.35 T=75C VD=0.05V
1.0e-4 VBS (V) =
0.00
1.06-5 _083
-1.65
1.0e-6 248
1.0e-7 -3.30
1.0e-8
1.0e-9
1.0e-10
1.0e-11 - : .
0.0 0.66 1.32 1.98 2.64 3.3

VG (V)
Max.Err%= 5.21 Rms E

%= 2.75

ID (A)

1/Rout (mmho)

M9OD75.IV W/L=10.00/0.35 T=75C VB=0.00 V

5.60e-3
VGS (V) =
4.48e-3 1.00
1.57
2.15
3.36e-3 2.72
3.30
2.24e-3
1.12e-3
0.00e0 - - - -
0.0 0.66 1.32 1.98 2.64 3.3
VD (V)
Max.Err%= 4.29 Rms Err%= 1.71
M9D75.1V W/L=10.00/0.35 T=75C VB=0.00V
VGS (V) =
1.00
1.57
2.72
3.30
1.0e-1
1.0e-2
0.0 0.66 1.32 1.98 2.64 3.3
VD (V)
Max.Err%= 7.88 Rms Err%= 1.99



ID (A)

ID (A)

M9ID25.IV W/L=10.00/0.35 T=25C VD=0.05V

3.73e-4
VBS (V) =
2.98e-4 0.00
-0.83
-1.65
2.24e-4 -2.48
-3.30
1.49e-4
7.46e-5
0.00e0 !
0.0 0.66 1.32 1.98 2.64 3.3
VG (V)
Max.Err%= 5.27 Rms Err%= 2.29
M9D25.IV W/L=10.00/0.35 T=25C VD=0.05V
1.0e-4 VBS (V) =
0.00
1.06-5 _083
-1.65
1.0e-6 248
1.0e-7 -3.30
1.0e-8
1.0e-9
1.0e-10
1.0e-11 :
0.0 0.66 1.32 1.98 2.64 3.3
VG (V)

Max.Err%= 5.27

Rms Err%= 2.47

ID (A)

1/Rout (mmho)

M9D25.IV W/L=10.00/0.35 T=25C VB=0.00 V

6.20e-3
VGS (V) =
4.96e-3 1.00
1.57
2.15
3.72e-3 2.72
3.30
2.48e-3
1.24e-3
0.00e0
0.0 0.66 1.32 1.98 2.64 3.3
VD (V)
Max.Err%= 2.44 Rms Err%= 1.48
M9D25.1IV W/L=10.00/0.35 T=25C VB=0.00V
VGS (V) =
1.00
1.57
2.72
3.30
1.0e-1
1.0e-2
0.0 0.66 1.32 1.98 2.64 3.3
VD (V)

Max.Err%= 5.88

Rms Err%= 1.66



ID (A)

ID (A)

M17D25.IV W/L=0.42/2.00 T=25C VD=0.05V

4.17e-6

3.34e-6

2.50e-6

1.67e-6

8.34e-7

0.00e0 ¢
0.0

Max.Err%= 1.7

VBS (V) =

0.00
-0.83
-1.65
-2.48
-3.30

1.32

VG (V)

1.98

3.3
Rms Err%= 0.38

M17D25.IV W/L=0.42/2.00 T=25C VD=0.05V

1.0e-6

1.0e-7

1.0e-8

1.0e-9

1.0e-10

1.0e-11

VBS (V) =

0.00
-0.83
-1.65
-2.48
-3.30

0.0
Max.Err%= 1.7

1.32

VG (V)

1.98

3.3
Rms Err%= 0.42

ID (A)

1/Rout (mmho)

M17D25.IV W/L=0.42/2.00 T=25C VB=0.00 V

9.40e-5 :
.:....-'innonl VGS (V) =
8 _ :
7.52e-5 1.00
1.57
2.15
5.64e-5 2.72
3.30
3.76e-5
1.88e-5
0.00e0
0.0 0.66 1.32 1.98 2.64 3.3
VD (V)
Max.Err%= 4.59 Rms Err%= 1.91
M17D25.1IV W/L=0.42/2.00 T=25C VB=0.00V
VGS (V) =
1.00
1.57
1.0e-2 215
2.72
3.30
1.0e-3
1.0e-4
0.0 0.66 1.32 1.98 2.64 3.3
VD (V)
Max.Err%= 6.4 Rms Err%= 1.71



ID (A)

ID (A)

M21D25.IV W/L=0.42/0.35 T=25C VD=0.05V M21D25.IV W/L=0.42/0.35 T=25C VB=0.00 V

2.04e-5 . . . . 3.11e-4
: : : : VBS (V) = VGS (V) =
1.63e-5 0.00 2.49¢-4 1.00
-0.83 1.57
-1.65 2.15
1.22e-5 -2.48 T 1.87e4 2.72
-3.30 = 3.30
a
8.16e-6 1.24e-4
4.08e-6 6.22e-5
0.00e0 | . - - 0.00e0 .
0.0 0.66 1.32 1.98 2.64 3.3 0.0 0.66 1.32 1.98 2.64 3.3
VG (V) VD (V)
Max.Err%= 8.67 Rms Err%= 3.67 Max.Err%= 2.38 Rms Err%= 1.45
M21D25.IV W/L=0.42/0.35 T=25C VD=0.05V M21D25.IV W/L=0.42/0.35 T=25C VB=0.00 V
1.0e-5 VBS (V) = VGS (V) =
0.00 1.00
1.0e-6 -0.83 . 10e1l 1.57
-1.65 ° ‘ 2.15
1.0e-7 -2.48 £ 2.72
-3.30 kS 3.30
1.0e-8 é
S  10e-2
1.0e-9
1.0e-10
1.0e-11 : . . 1.0e-3 .
0.0 0.66 1.32 1.98 2.64 3.3 0.0 0.66 1.32 1.98 2.64 3.3
VG (V) VD (V)

Max.Err%= 8.67 Rms Err%= 4.04 Max.Err%= 7.69 Rms Err%= 1.5



dID/dVG (mho)

M1D25.IV W/L=10.00/10.00 T=25C VD=0.05V M4D25R.IV W/L=10.00/0.40 T=25C VD=0.05V

dID/dVG (mho)

1.02e-5 2.28e-4
VBS (V) = VBS (V) =
8.16e-6 0.00 = 1.82e-4 0.00
-0.83 < -0.83
-1.65 E -1.65
6.12e-6 ~2.48 Q 137e4 ~2.48
-3.30 ) -3.30
o
4.08e-6 © 9.12e5
2.04e-6 4.56e-5
0.00e0 | e . . 0.00e0 | . . .
0.0 0.66 1.32 1.98 2.64 3.3 0.0 0.66 1.32 1.98 2.64 3.3
VG (V) VG (V)
Max.Err%= 11.05 Rms Err%= 3.49 Max.Err%= 16.64 Rms Err%= 7.74
M3D25R.IV W/L=10.00/1.00 T=25C VD=0.05V MOD125R.IV W/L=10.00/0.35 T=125C VD=0.05V
9.80e-5 1.78e-4
VBS (V) = VBS (V) =
7.84e-5 0.00 1.42e-4 0.00
-0.83 - -0.83
-1.65 B -1.65
5.88e-5 -2.48 £ 1.07e4 -2.48
-3.30 o) -3.30
>
S
3.92e-5 g 7.12e5
©
1.96e-5 3.56e-5
0.00e0 | . . . 0.00e0 . . .
0.0 0.66 1.32 1.98 2.64 3.3 0.0 0.66 1.32 1.98 2.64 3.3
VG (V) VG (V)
Max.Err%= 15.94 Rms Err%= 4.13 Max.Err%= 16.36 Rms Err%= 3.6



MOID75.IV W/L=10.00/0.35 T=75C VD=0.05V

2.05e-4
VBS (V) =
1.64e-4 0.00
— -0.83
5_2 -1.65
£ 1.23e4 -2.48
(@) -3.30
>
8
O 8.20e-5
©
4.10e-5
0.00e0 ! . - - -
0.0 0.66 1.32 1.98 2.64 3.3
VG (V)
Max.Err%= 16.28 Rms Err%= 3.84
M9D25.IV W/L=10.00/0.35 T=25C VD=0.05V
2.50e-4
VBS (V) =
2.00e-4 0.00
-0.83
-1.65
1.50e-4 -2.48
= -3.30
e
g 1.00e-4
o .00e-
>
8
o
S 5.00e-5
0.00e0 ! - - -
0.0 0.66 1.32 1.98 2.64 3.3

Max.Err%= 18.47 Rms Err%= 4.87

M17D25.IV W/L=0.42/2.00 T=25C VD=0.05V

2.05e-6
VBS (V) =
S 1.64e-6 0.00
< -0.83
3 -1.65
Q 1236 -2.48
) -3.30
a
©  g.20e-7
4.10e-7
0.00e0 : - - -
0.0 0.66 1.32 1.98 2.64 3.3
VG (V)
Max.Err%= 11.11 Rms Err%= 2.94
M21D25.IV W/L=0.42/0.35 T=25C VD=0.05V
1.21e-5
VBS (V) =
0.68e-6 0.00
—_ -0.83
E -1.65
E 7.26e6 -2.48
o -3.30
>
S
O 4.84e-6
o
2.42e-6
0.00e0 | - - -
0.0 0.66 1.32 1.98 2.64 3.3
VG (V)
Max.Err%= 21.54 Rms Err%= 7.57



ID (A)

ID (A)

Q1D25.IV W/L=10.00/10.00 T=25C VD=0.05V

5.00e-6

4.00e-6

3.00e-6

2.00e-6

1.00e-6

0.00e0 ¢
0.0

Max.Err%= 6.97

1.32

VBS (V) =

0.00
-0.83
-1.65
-2.48
-3.30

VG (V)

1.98

3.3
Rms Err%= 2.49

Q1D25.IV W/L=10.00/10.00 T=25C VD=0.05V

1.0e-6

1.0e-7

1.0e-8

1.0e-9

1.0e-10

1.0e-11

VBS (V) =

0.00
-0.83
-1.65
-2.48
-3.30

0.0
Max.Err%= 6.97

1.32

VG (V)

1.98

3.3
Rms Err%= 2.84

ID (A)

1/Rout (mmho)

Q1D25.IV W/L=10.00/10.00 T=25C VB=0.00 V

1.07e-4
: VGS (V) =
..i..III,IIIII
8.56e-5 : : 1.00
1.57
2.15
6.42e-5 2.72
3.30
4.28e-5
2.14e-5
0.00e0
0.0 0.66 1.32 1.98 2.64 3.3
VD (V)
Max.Err%= 5.04 Rms Err%= 2.85
Q1D25.IV W/L=10.00/10.00 T=25C VB=0.00 V
VGS (V) =
1.00
1.0e-2 1.57
2.15
2.72
1.0e-3 330
1.0e-4
1.0e-5
0.0 0.66 1.32 1.98 2.64 3.3
VD (V)
Max.Err%= 8.93 Rms Err%= 2.05



ID (A)

ID (A)

Q3D25.IV W/L=10.00/1.00 T=25C VD=0.05V

4.45e-5
VBS (V) =
3.56e-5 0.00
-0.83
-1.65
2.67e-5 -2.48
-3.30
1.78e-5
8.90e-6
0.00e0 | : . .
0.0 0.66 1.32 1.98 2.64 3.3
VG (V)
Max.Err%= 6.17 Rms Err%= 1.66
Q3D25.IV W/L=10.00/1.00 T=25C VD=0.05V
1.0e-5 VBS (V) =
0.00
1.0e-6 -0.83
-1.65
1.0e-7 -2.48
-3.30
1.0e-8
1.0e-9
1.0e-10
1.0e-11 . . .
0.0 0.66 1.32 1.98 2.64 3.3

VG (V)
Max.Err%= 6.17 Rms E

rr%= 1.87

ID (A)

1/Rout (mmho)

Q3D25.IV W/L=10.00/1.00 T=25C VB=0.00 V

9.90e-4
VGS (V) =
7.92e-4 1.00
1.57
2.15
5.94e-4 2.72
3.30
3.96e-4
1.98e-4
0.00e0
0.0 0.66 1.32 1.98 2.64 3.3
VD (V)
Max.Err%= 1.99 Rms Err%= 0.73
Q3D25.IV W/L=10.00/1.00 T=25C VB=0.00V
VGS (V) =
1.00
1.57
1.0e-1 515
2.72
3.30
1.0e-2
1.0e-3
0.0 0.66 1.32 1.98 2.64 3.3
VD (V)
Max.Err%= 6.9 Rms Err%= 1.19



ID (A)

ID (A)

Q4D25.IV W/L=10.00/0.40 T=25C VD=0.05V Q4D25.IV W/L=10.00/0.40 T=25C VB=0.00 V

1.02e-4 : : : : 2.33e-3
: : : : VBS (V) = | VGS (V) =
8.16e-5 0.00 1.86e-3 1.00
-0.83 1.57
-1.65 2.15
6.12e-5 -2.48 I 140e-3 2.72
-3.30 — 3.30
a
4.08e-5 9.32e-4
2.04e-5 4.66e-4
0.00e0 | : : : 0.00e0 -
0.0 0.66 1.32 1.98 2.64 3.3 0.0 0.66 1.32 1.98 2.64 3.3
VG (V) VD (V)
Max.Err%= 3.43 Rms Err%= 1.1 Max.Err%= 1.28 Rms Err%= 0.54
Q4D25.IV W/L=10.00/0.40 T=25C VD=0.05V Q4D25.IV W/L=10.00/0.40 T=25C VB=0.00 V
1.0e-4 VBS (V) = VGS (V) =
1.0e-5 0.00 1.0e0 1.00
-0.83 _ 1.57
1.0e-6 -1.65 £ 2.15
2.48 = 2.72
1.0e-7 -3. £ .
3.30 —  1.0e-1 330
>
1.0e-8 &
=
1.0e-9
1.0e-10 1.0e-2
1.0e-11 : : :
0.0 0.66 1.32 1.98 2.64 3.3 0.0 0.66 1.32 1.98 2.64 3.3
VG (V) VD (V)

Max.Err%= 3.43 Rms Err%= 1.19 Max.Err%= 2.54 Rms Err%= 0.6



ID (A)

ID (A)

Q9D125.IV W/L=10.00/0.30 T=125C VD=0.05V Q9D125.IV W/L=10.00/0.30 T=125C VB=0.00 V

1.14e-4 : : : : 2.77e-3
: : : : VBS (V) = VGS (V) =
9.12e-5 0.00 2.22e-3 1.00
-0.83 1.57
-1.65 2.15
6.84e-5 -2.48 I 166e-3 2.72
-3.30 = 3.30
a
4.56e-5 1.11e-3
2.28e-5 5.54e-4
0.00e0 | : - - 0.00e0 -
0.0 0.66 1.32 1.98 2.64 3.3 0.0 0.66 1.32 1.98 2.64 3.3
VG (V) VD (V)
Max.Err%= 6.65 Rms Err%= 2.64 Max.Err%= 2.58 Rms Err%= 1.58
Q9D125.IV W/L=10.00/0.30 T=125C VD=0.05V Q9D125.IV W/L=10.00/0.30 T=125C VB=0.00 V
1.0e-4 VBS (V) = VGS (V) =
1.0e-5 0.00 v : : : 1.00
-0.83 _ 1.0e0 1.57
1.0e-6 -1.65 ° 2.15
-2.48 e 2.72
1.0e-7 -3.30 £ 3.30
5
1.0e-8 g 1.0e1
=i
1.0e-9
1.0e-10
1.0e-11 : : : : 1.0e-2 ;
0.0 0.66 1.32 1.98 2.64 3.3 0.0 0.66 1.32 1.98 2.64 3.3
VG (V) VD (V)

Max.Err%= 6.65 Rms Err%= 2.82 Max.Err%= 5.2 Rms Err%= 1.2



ID (A)

ID (A)

Q9D75.IV W/L=10.00/0.30 T=75C VD=0.05V

1.21e-4
VBS (V) =
9.68e-5 0.00
-0.83
-1.65
7.26e-5 -2.48
-3.30
4.84e-5
2.42e-5
0.00e0 ! & - -
0.0 0.66 1.32 1.98 2.64 3.3
VG (V)
Max.Err%= 2.36 Rms Err%= 1.0
Q9D75.IV W/L=10.00/0.30 T=75C VD=0.05V
1.0e-4 VBS (V) =
1.0e-5 0.00
-0.83
1.0e-6 -1.65
-2.48
1.0e-7 -3.30
1.0e-8
1.0e-9
1.0e-10
1.0e-11 - - -
0.0 0.66 1.32 1.98 2.64 3.3

VG (V)
Max.Err%= 2.36 Rms E

%= 1.08

ID (A)

1/Rout (mmho)

Q9D75.IV W/L=10.00/0.30 T=75C VvB=0.00 V

2.88e-3
| VGS (V) =
2.30e-3 1.00
1.57
2.15
1.73e-3 2.72
3.30
1.15e-3
5.76e-4
0.00e0 - - - -
0.0 0.66 1.32 1.98 2.64 3.3
VD (V)
Max.Err%= 0.87 Rms Err%= 0.49
Q9D75.IV W/L=10.00/0.30 T=75C VB=0.00V
VGS (V) =
1.00
1.0e0 1.57
2.15
2.72
3.30
1.0e-1
1.0e-2 :
0.0 0.66 1.32 1.98 2.64 3.3
VD (V)
Max.Err%= 1.84 Rms Err%= 0.62



ID (A)

ID (A)

Q9D25R.IV W/L=10.00/0.30 T=25C VD=0.05V

1.36e-4
A vBsv)=
1.09e-4 0.00
-0.83
-1.65
8.16e-5 -2.48
-3.30
5.44e-5
2.72e-5
0.00e0 ! = - -
0.0 0.66 1.32 1.98 2.64 3.3
VG (V)
Max.Err%= 5.18 Rms Err%= 2.18
Q9D25R.IV W/L=10.00/0.30 T=25C VD=0.05V
1.0e-4 § . - VBS (V) -
1.0e-5 ; : 0.00
: : : : -0.83
1.0e-6 -1.65
g -2.48
1.0e-7 ; -3.30
1.0e-8
1.0e-9
-]
1.0e-10
1.0e-11 - - - -
0.0 0.66 1.32 1.98 2.64 3.3

VG (V)
Max.Err%= 5.18 Rms Err%= 2.4

ID (A)

1/Rout (mmho)

Q9D25R.IV W/L=10.00/0.30 T=25C VB=0.00 V

3.08e-3

2.46e-3

1.85e-3

1.23e-3

6.16e-4

VGS (V) =

1.00
157
2.15
2.72
3.30

0.00e0
0.0

Max.Err%= 2.87

0.66

1.32 1.98 2.64 3.3

VD (V)
Rms Err%= 1.02

Q9D25R.IV W/L=10.00/0.30 T=25C VB=0.00 V

VGS (V) =
1.00
1.0e0 1.57
2.15
2.72
3.30
1.0e-1
1.0e-2 :
0.0 0.66 1.32 1.98 2.64 3.3

Max.Err%= 5.52

Rms Err%= 1.27



Q17D25.IV W/L=0.42/2.00 T=25C VD=0.05V

1.14e-6
VBS (V) =
9.12e-7 0.00
-0.83
-1.65
__ 6.84e-7 -2.48
< -3.30
o
4.56e-7
2.28e-7
0.00€0 | - : :
0.0 0.66 1.32 1.98 2.64 3.3
VG (V)
Max.Err%= 4.33 Rms Err%= 1.48
Q17D25.IV W/L=0.42/2.00 T=25C VD=0.05V
1.0e-6 VBS (V) =
E 0.00
1.0e-7 : -0.83
: -1.65
: -2.48
1.0e-8 -3.30
<
2 10e9
1.0e-10
1.0e-11 ; : : ;
0.0 0.66 1.32 1.98 2.64 3.3

VG (V)
Max.Err%= 4.33 Rms Err%= 1.7

Q17D25.IV W/L=0.42/2.00 T=25C VB=0.00 V

2.50e-5
.;.----é----- VGS(V):
2.00e-5 1.00
1.57
2.15
< 1.50e-5 §..--l;.=ﬂ5ﬂ§llll-l 2.72
NS 3.30
o
1.00e-5
5.00e-6
0.00e0
0.0 0.66 1.32 1.98 2.64 3.3
VD (V)
Max.Err%= 5.81 Rms Err%= 2.32
Q17D25.IV W/L=0.42/2.00 T=25C VB=0.00 V
VGS (V) =
1.0e-2
1.00
R 1.57
o 2.15
E 1.0e-3 272
£ 3.30
=]
o
X 10e4
—
1.0e-5
0.0 0.66 1.32 1.98 2.64 3.3
VD (V)
Max.Err%= 4.4 Rms Err%= 1.24



ID (A)

ID (A)

Q21D25.IV W/L=0.42/0.30 T=25C VD=0.05V

6.10e-6

4.88e-6

3.66e-6

2.44e-6

1.22e-6

0.00e0 ¢
0.0

Max.Err%= 6.96

0.66

VBS (V) =

0.00
-0.83
-1.65
-2.48
-3.30

1.32 1.98
VG (V)

2.64

3.3
Rms Err%= 3.58

Q21D25.IV W/L=0.42/0.30 T=25C VD=0.05V

1.0e-6

1.0e-7

1.0e-8

1.0e-9

1.0e-10

1.0e-11

VBS (V) =

0.00
-0.83
-1.65
-2.48
-3.30

0.0
Max.Err%= 6.96

0.66

1.32 1.98

VG (V)

2.64

3.3
Rms Err%= 4.02

ID (A)

1/Rout (mmho)

Q21D25.IV W/L=0.42/0.30 T=25C VB=0.00 V

1.39e-4
VGS (V) =
1.11e-4 1.00
1.57
2.15
8.34e-5 2.72
3.30
5.56e-5
2.78e-5
0.00e0 - - - -
0.0 0.66 1.32 1.98 2.64 3.3
VD (V)
Max.Err%= 4.23 Rms Err%= 1.94
Q21D25.IV W/L=0.42/0.30 T=25C VB=0.00 V
1.0e-1 VGS (V) =
1.00
1.57
2.15
1.0e-2 2.72
3.30
1.0e-3
1.0e-4 - - - -
0.0 0.66 1.32 1.98 2.64 3.3
VD (V)
Max.Err%= 7.55 Rms Err%= 1.95



Q1D25.IV W/L=10.00/10.00 T=25C VD=0.05V

2.52e-6
VBS (V) =
2.02e-6 0.00
—_ -0.83
E -1.65
E 151e6 -2.48
O -3.30
S
S
A 1.0le-6
o
5.04e-7
0.00e0 | . .
0.0 0.66 1.32 1.98 2.64 3.3
VG (V)
Max.Err%= 13.43 Rms Err%= 4.51
Q3D25.IV W/L=10.00/1.00 T=25C VD=0.05V
2.38e-5
VBS (V) =
1.90e-5 0.00
-0.83
-1.65
1.43e-5 -2.48
= -3.30
=
g 9.52e-6
O oZe-
S
S
a
35 4.76e-6
0.00e0 | . .
0.0 0.66 1.32 1.98 2.64 3.3

VG (V)
Max.Err%= 13.55 Rms Err%= 4.11

Q4D25.IV W/L=10.00/0.40 T=25C VD=0.05V

6.20e-5
VBS (V) =
= 4.96e5 0.00
< -0.83
3 -1.65
Q 372e5 ~2.48
) -3.30
a
© 248e5
1.24e-5
0.00e0 . - -
0.0 0.66 1.32 1.98 2.64 3.3
VG (V)
Max.Err%= 12.34 Rms Err%= 2.49
Q9D125.IV W/L=10.00/0.30 T=125C VD=0.05V
6.50e-5
VBS (V) =
5.20e-5 0.00
—_ -0.83
E -1.65
£ 3.90e5 -2.48
o -3.30
>
S
A 2.60e-5
o
1.30e-5
0.00e0 - - -
0.0 0.66 1.32 1.98 2.64 3.3
VG (V)
Max.Err%= 15.86 Rms Err%= 4.04



Q9D75.IV W/L=10.00/0.30 T=75C VD=0.05V

7.20e-5
VBS (V) =

5.76e-5 0.00
— -0.83
B -1.65
E 432e5 -2.48
) 3.30
p
RS
0 2.88e5
o

1.44e-5

0.00e0 el ; ;

0.0 0.66 1.32 1.98 2.64 3.3

VG (V)

Max.Err%= 13.09 Rms Err%= 2.26

Q9D25R.IV W/L=10.00/0.30 T=25C VD=0.05V

8.10e-5
VBS (V) =
6.48e-5 0.00
-0.83
-1.65
4.86e-5 -2.48
= -3.30
=
£ 325
O z24ae-
>
S
a
S 1.62e-5
0.00e0 | : : :
0.0 0.66 1.32 1.98 2.64 3.3

VG (V)

Max.Err%= 10.6 Rms Err%= 2.89

dID/dVG (mho)

Q17D25.IV W/L=0.42/2.00 T=25C VD=0.05V

5.40e-7

4.32e-7

3.24e-7

2.16e-7

1.08e-7

0.00e0 ¢
0.0

Max.Err%= 7.48

dID/dVG (mho)

0.66

VBS

1.32

1.98

VG (V)

2.64

3.3

Rms Err%=

Q21D25.IV W/L=0.42/0.30 T=25C VD=0.05V

3.28e-6

2.62e-6

1.97e-6

1.31e-6

6.56e-7

0.00e0
0.0

Max.Err%= 10.88

0.66

1.32

VG (V)

1.98

2.64

3.3

Rms Err%=

V) =

0.00
-0.83
-1.65
-2.48
-3.30

4.13

VBS (V) =

0.00
-0.83
-1.65
-2.48
-3.30

4.62



ID (A)

ID (A)

Z1D25.IV W/L=10.00/10.00 T=25C VD=0.05V

2.98e-5
VBS (V) =
2.38e-5 0.00
-0.38
-0.75
1.79e-5 -1.13
-1.50
1.19e-5
5.96e-6
0.00e0 émeseesed - - -
-0.4 -0.024 0.352 0.728 1.1 1.48
VG (V)
Max.Err%= 14.44 Rms Err%= 6.22
Z1D25.IV W/L=10.00/10.00 T=25C VD=0.05V
1.0e-5 VBS (V) =
0.00
1.0e-6 -0.38
-0.75
1.0e-7 -1.13
-1.50
1.0e-8
1.0e-9
1.0e-10
1.0e-11 s 2 . v
-0.4 -0.024 0.352 0.728 1.1 1.48

Max.Err%= 14.44

VG (V)

Rms Err%= 6.45

ID (A)

1/Rout (mmho)

Z1D25.IV W/L=10.00/10.00 T=25C VB=0.00 V

4.69e-4
VGS (V) =
3.75e-4 0.30
0.60
: 0.90
2.8le-4 ILX IR 1.20
1.50
1.88e-4 ---'é""'-
9.38e-5
0.00e0 - - -
0.0 0.3 0.6 0.9 1.2 1.5
VD (V)
Max.Err%= 2.99 Rms Err%= 1.41
Z1D25.IV W/L=10.00/10.00 T=25C VB=0.00 V
VGS (V) =
0.30
0.60
1.0e-1 0.90
1.20
1.50
1.0e-2
1.0e-3 - - -
0.0 0.3 0.6 0.9 1.2 1.5
VD (V)
Max.Err%= 14.68 Rms Err%= 4.05



ID (A)

ID (A)

Z3D25.IV W/L=10.00/1.00 T=25C VD=0.05V

2.45e-4
VBS (V) =
1.96e-4 0.00
-0.38
-0.75
1.47e-4 -1.13
-1.50
9.80e-5
4.90e-5
0.00e0 émeseesed - - -
-0.4 -0.024 0.352 0.728 1.1 1.48
VG (V)
Max.Err%= 8.03 Rms Err%= 2.91
Z3D25.IV W/L=10.00/1.00 T=25C VD=0.05V
1.0e-4 VBS (V) =
0.00
1.0e-5 .0.38
1.0e-6 -0.75
-1.13
1.0e-7 -1.50
1.0e-8
1.0e-9
1.0e-10
1.0e-11 - - : .
-0.4 -0.024 0.352 0.728 1.1 1.48

VG (V)
Max.Err%= 8.03 Rms Err%= 3.0

ID (A)

1/Rout (mmho)

Z3D25.IV W/L=10.00/1.00 T=25C VB=0.00 V

3.42e-3

VGS (V) =
2.74e-3 0.30
0.60
0.90
2.05e-3 1.20
1.50

1.37e-3

6.84e-4

0.00e0

0.0 0.3 0.6 0.9 1.2 1.5
VD (V)
Max.Err%= 3.98 Rms Err%= 1.56
Z3D25.IV W/L=10.00/1.00 T=25C VB=0.00V

VGS (V) =
0.30
0.60
1.0e0 0.90
1.20
1.50

1.0e-1

0.0 0.3 0.6 0.9 1.2 1.5
VD (V)
Max.Err%= 10.08 Rms Err%= 3.6



ID (A)

ID (A)

Z8D25.IV W/L=10.00/0.40 T=25C VD=0.05V

4.68e-4
VBS (V) =
3.74e-4 0.00
-0.38
-0.75
2.81le-4 -1.13
-1.50
1.87e-4
9.36e-5
0.00e0 émeseesed - - -
-0.4 -0.024 0.352 0.728 1.1 1.48
VG (V)
Max.Err%= 4.42 Rms Err%= 2.14
Z8D25.IV W/L=10.00/0.40 T=25C VD=0.05V
1.0e-4 VBS (V) =
0.00
1.0e-5 -0.38
-0.75
1.06-6 _113
1.0e-7 -1.50
1.0e-8
1.0e-9
1.0e-10
1.0e-11 - - - -
-0.4 -0.024 0.352 0.728 1.1 1.48

VG (V)
Max.Err%= 4.42 Rms Err%= 2.2

ID (A)

1/Rout (mmho)

Z8D25.IV W/L=10.00/0.40 T=25C VB=0.00 V

5.80e-3
VGS (V) =
4.64e-3 0.60
0.90
1.20
3.48e-3 1.50
2.32e-3
1.16e-3
0.00e0 - - -
0.0 0.3 0.6 0.9 1.2 1.5
VD (V)
Max.Err%= 4.86 Rms Err%= 2.0
Z8D25.IV W/L=10.00/0.40 T=25C VB=0.00V
1.0el
VGS (V) =
0.60
0.90
1.20
1.50
1.0e0
1.0e-1 - - -
0.0 0.3 0.6 0.9 1.2 1.5
VD (V)
Max.Err%= 10.53 Rms Err%= 4.04



ID (A)

ID (A)

Z9D125.IV W/L=10.00/0.35 T=125C VD=0.05V

3.53e-4
VBS (V) =
2.82e-4 0.00
-0.38
-0.75
2.12e-4 -1.13
-1.50
1.41e-4
7.06e-5
0.00e0 émeseesed - - -
-0.4 -0.024 0.352 0.728 1.1 1.48
VG (V)
Max.Err%= 7.61 Rms Err%= 3.85
Z9D125.IV W/L=10.00/0.35 T=125C VD=0.05V
1.0e-4 VBS (V) =
0.00
1.06-5 '038
-0.75
1.0e-6 113
1.0e-7 -1.50
1.0e-8
1.0e-9
1.0e-10
1.0e-11 - - - -
-0.4 -0.024 0.352 0.728 1.1 1.48

VG (V)
Max.Err%= 7.61 Rms Err%= 3.85

ID (A)

1/Rout (mmho)

Z9D125.IV W/L=10.00/0.35 T=125C VB=0.00 V

4.64e-3

VGS (V) =
3.71e-3 0.30
0.60
0.90
2.78e-3 1.20
1.50

1.86e-3

9.28e-4

0.00e0

0.0 0.3 0.6 0.9 1.2 1.5
VD (V)
Max.Err%= 5.6 Rms Err%= 2.03
Z9D125.IV W/L=10.00/0.35 T=125C VB=0.00 V
VGS (V) =
0.30
0.60
0.90
1.20
1.0e0 1.50
1.0e'1 M R
0.0 0.3 0.6 0.9 1.2 1.5
VD (V)

Max.Err%= 9.61 Rms Err%= 4.34



ID (A)

ID (A)

Z9D75.IV W/L=10.00/0.35 T=75C VD=0.05V

4.08e-4
VBS (V) =
3.26e-4 0.00
-0.38
-0.75
2.45e-4 -1.13
-1.50
1.63e-4
8.16e-5
0.00e0 émeseesed - - -
-0.4 -0.024 0.352 0.728 1.1 1.48
VG (V)
Max.Err%= 5.35 Rms Err%= 2.37
Z9D75.IV W/L=10.00/0.35 T=75C VD=0.05V
1.0e-4 VBS (V) =
0.00
1.0e-5 -0.38
-0.75
1.06-6 _113
1.0e-7 -1.50
1.0e-8
1.0e-9
1.0e-10
1.0e-11 - - - -
-0.4 -0.024 0.352 0.728 1.1 1.48

VG (V)
Max.Err%= 5.35 Rms Err%= 2.39

ID (A)

1/Rout (mmho)

Z9D75.IV W/L=10.00/0.35 T=75C VB=0.00 V

5.30e-3
VGS (V) =
4.24e-3 0.60
0.90
1.20
3.18e-3 1.50
2.12e-3
1.06e-3
0.00e0 - - -
0.0 0.3 0.6 0.9 1.2 1.5
VD (V)
Max.Err%= 3.45 Rms Err%= 1.66
Z9D75.IV W/L=10.00/0.35 T=75C VB=0.00V
VGS (V) =
0.60
0.90
1.20
1.50
1.0e0
1.0e-1 - - -
0.0 0.3 0.6 0.9 1.2 1.5
VD (V)
Max.Err%= 9.4 Rms Err%= 4.05



ID (A)

ID (A)

Z9D25.IV W/L=10.00/0.35 T=25C VD=0.05V

5.20e-4
VBS (V) =
4.16e-4 0.00
-0.38
-0.75
3.12e-4 -1.13
-1.50
2.08e-4
1.04e-4
0.00e0 Seoecsaeed - - -
-0.4 -0.024 0.352 0.728 1.1 1.48
VG (V)
Max.Err%= 6.38 Rms Err%= 3.71
Z9D25.IV W/L=10.00/0.35 T=25C VD=0.05V
1.0e-4 VBS (V) =
0.00
1.0e-5 -0.38
-0.75
1.0e-6 -1.13
1.0e-7 -1.50
1.0e-8
1.0e-9
1.0e-10
1.0e-11 - - - -
-0.4 -0.024 0.352 0.728 1.1 1.48

VG (V)
Max.Err%= 6.38 Rms Err%= 3.82

ID (A)

1/Rout (mmho)

Z9D25.IV W/L=10.00/0.35 T=25C VB=0.00 V

6.20e-3
VGS (V) =
4.96e-3 0.60
0.90
1.20
3.72e-3 1.50
2.48e-3
1.24e-3
0.00e0 - - -
0.0 0.3 0.6 0.9 1.2 1.5
VD (V)
Max.Err%= 5.53 Rms Err%= 2.43
Z9D25.IV W/L=10.00/0.35 T=25C VB=0.00V
VGS (V) =
1.0el
0.60
0.90
1.20
1.50
1.0e0
1.0e-1 - - -
0.0 0.3 0.6 0.9 1.2 1.5
VD (V)
Max.Err%= 11.68 Rms Err%= 4.65



Z17D25.IV W/L=0.42/2.00 T=25C VD=0.05V Z17D25.IV W/L=0.42/2.00 T=25C VB=0.00 V

6.60e-6 9.80e-5
VBS (V) = VGS (V) =
5.28¢-6 0.00 7.84e-5 0.30
-0.38 0.60
-0.75 0.90
_. 3.96e-6 -1.13 I 5885 1.20
< -1.50 E 1.50
9 —
2.64e-6 3.92e-5
1.32e-6 1.96e-5
0.00e0 émeseesed - - - 0.00e0
-0.4 -0.024 0.352 0.728 1.1 1.48 0.0 0.3 0.6 0.9 1.2 1.5
VG (V) VD (V)
Max.Err%= 12.01 Rms Err%= 6.06 Max.Err%= 4.66 Rms Err%= 2.23
Z17D25.IV W/L=0.42/2.00 T=25C VD=0.05V Z17D25.IV W/L=0.42/2.00 T=25C VB=0.00V
VBS (V) = VGS (V) =
1 Oe_6 1.0e'1
) 0.00 0.30
-0.38 . 0.60
1.0e-7 -0.75 2 0.90
-1.13 S 1.20
-1.50 E 1.50
g %0 = 1.0e-2
a g
1.0e-9 =
1.0e-10
1.0e-3
1.0e-11 . . . . 2
-0.4 -0.024 0.352 0.728 1.1 1.48 0.0 0.3 0.6 0.9 1.2 1.5
VG (V) VD (V)

Max.Err%= 12.01 Rms Err%= 6.42 Max.Err%= 11.14 Rms Err%= 3.33



ID (A)

ID (A)

Z21D25.IV W/L=0.42/0.35 T=25C VD=0.05V

2.97e-5
VBS (V) =
: l'" 0.00
2.38e-5 ! | :
-0.38
-0.75
1.78e-5 -1.13
-1.50
1.19e-5
5.94e-6
0.00e0 beeseases: . . .
-0.4 -0.024 0352 0728 1.1 1.48
VG (V)
Max.Err%= 8.07 Rms Err%= 3.84
Z21D25.IV W/L=0.42/0.35 T=25C VD=0.05V
1.0e-5 VBS (V) =
0.00
1.0e-6 -0.38
-0.75
1.0e-7 -1.13
-1.50
1.0e-8
1.0e-9
1.0e-10
1.0e-11 ; ; : i
-0.4 -0.024 0352 0728 1.1 1.48

VG (V)

Max.Err%= 8.07 Rms Err%= 4.06

ID (A)

1/Rout (mmho)

Z21D25.IV W/L=0.42/0.35 T=25C VB=0.00 V

3.35e-4

VGS (V) =
2.68e-4 “aseb="®®’® 0.60
' : 0.90
: = 1.20
2.0le-4 semmbon®® 1.50

1.34e-4

6.70e-5

0.00e0 - - -
0.0 0.3 0.6 0.9 1.2 1.5
VD (V)
Max.Err%= 6.04 Rms Err%= 2.71
Z21D25.IV W/L=0.42/0.35 T=25C VB=0.00V

VGS (V) =
0.60
0.90
1.20
1.50

1.0e-1

1.0e-2 + + +
0.0 0.3 0.6 0.9 1.2 1.5
VD (V)

Max.Err%= 11.78 Rms Err%= 4.81



dID/dVG (mho)

Z1D25.IV W/L=10.00/10.00 T=25C VD=0.05V Z8D25.IV W/L=10.00/0.40 T=25C VD=0.05V

dID/dVG (mho)

3.45e-5 5.60e-4
VBS (V) = VBS (V) =
2.76e-5 0.00 S 4.48e-4 0.00
-0.38 < -0.38
-0.75 E -0.75
2.07e-5 -1.13 g 3.36e-4 -1.13
-1.50 3 -1.50
o
1.38e-5 © 224e-4
6.90e-6 1.12e-4
0.00e0 - - - 0.00e0
-0.4 -0.024 0.352 0.728 1.1 1.48 -0.4 -0.024 0.352 0.728 1.1 1.48
VG (V) VG (V)
Max.Err%= 33.27 Rms Err%= 11.22 Max.Err%= 10.22 Rms Err%= 4.33
Z3D25.IlV W/L=10.00/1.00 T=25C VD=0.05V Z9D125.IV W/L=10.00/0.35 T=125C VD=0.05V
2.89e-4 3.74e-4 T i" T T
VBS (V) = : - : : VBS (V) =
2.3le-4 0.00 2.99e-4 0.00
-0.38 - -0.38
-0.75 8 -0.75
1.73e-4 -1.13 E 224e4 -1.13
-1.50 ) -1.50
>
) 3
1.16e-4 O 1.50e-4 ,l'
5 i g
: LI
: (19 |
5.78e-5 7.48e-5
0.00e0 - - - 0.00e0 - -
-0.4 -0.024 0.352 0.728 1.1 1.48 -0.4 -0.024 0.352 0.728 1.1 1.48
VG (V) VG (V)
Max.Err%= 11.3 Rms Err%= 5.51 Max.Err%= 14.78 Rms Err%= 6.0



Z9D75.IV W/L=10.00/0.35 T=75C VD=0.05V

4.71e-4
VBS (V) =
3.77e-4 0.00
— -0.38
2 -0.75
E 2834 -1.13
0 -1.50
p
°
O 1.88e-4
©
9.42e-5
0.00€0
0.4  -0024 0352 0.728 1.1 1.48
VG (V)

Max.Err%= 12.39

Rms Err%= 5.28

Z9D25.IV W/L=10.00/0.35 T=25C VD=0.05V

6.30e-4 IT;
1 VBS (V) =
g
5.04e-4 e 0.00
-0.38
-0.75
3.78e-4 113
= -1.50
e
£ 5204
O 0Ze-
>
°
a)
S 1.26e4
0.00€0
.04 0024 0352 0728 1.1 1.48
VG (V)

Max.Err%= 12.04

Rms Err%= 4.77

Z17D25.IV W/L=0.42/2.00 T=25C VD=0.05V

6.60e-6
VBS (V) =
S 5.28¢-6 0.00
c -0.38
£ 0.75
Q 3.96e6 113
o -1.50
a
© 26466
1.32e-6
0.00e0 . . .
-0.4 -0.024 0352  0.728 1.1 1.48
VG (V)
Max.Err%= 14.24 Rms Err%= 7.79
Z21D25.IV W/L=0.42/0.35 T=25C VD=0.05V
3.00e-5
VBS (V) =
2.40e-5 0.00
— -0.38
2 -0.75
E 1.80e5 -1.13
0 -1.50
S
o
Q 1.20e5
©
6.00e-6
0.00e0 . . .
-0.4 -0.024 0352  0.728 1.1 1.48
VG (V)
Max.Err%= 10.68 Rms Err%= 5.41





