CHAPTER 6: Parameter Extraction

Parameter extraction is an important part of model development. Many different
extraction methods have been developed [23, 24]. The appropriate methodology depends
on the model and on the way the model isused. A combination of alocal optimization and

the group device extraction strategy is adopted for parameter extraction.

6.1 Optimization strategy

There are two main, different optimization strategies: globa optimization and
local optimization. Global optimization relies on the explicit use of a computer to
find one set of model parameters which will best fit the available experimental
(measured) data. This methodology may give the minimum average error between
measured and simulated (calculated) data points, but it also treats each parameter
as a "fitting" parameter. Physical parameters extracted in such a manner might

yield values that are not consistent with their physical intent.

In local optimization, many parameters are extracted independently of one
another. Parameters are extracted from device bias conditions which correspond to
dominant physical mechanisms. Parameters which are extracted in this manner
might not fit experimental data in all the bias conditions. Nonetheless, these
extraction methodologies are developed specifically with respect to a given

parameter’s physical meaning. If properly executed, it should, overall, predict
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device performance quite well. Values extracted in this manner will now have

some physical relevance.

Extraction Strategies

Two different strategies are available for extracting parameters: the single device
extraction strategy and group device extraction strategy. In single device
extraction strategy, experimental data from a single device is used to extract a
complete set of model parameters. This strategy will fit one device very well but
will not fit other devices with different geometries. Furthermore, single device
extraction strategy can not guarantee that the extracted parameters are physical. If
only one set of channel length and width is used, parameters related to channel

length and channel width dependencies can not be determined.

BSIM3v3 uses group device extraction strategy. This requires measured data from
devices with different geometries. All devices are measured under the same bias
conditions. The resulting fit might not be absolutely perfect for any single device

but will be better for the group of devices under consideration.

Extraction Procedure

6.3.1 Parameter Extraction Requirements

One large size device and two sets of smaller-sized devices are needed to

extract parameters, as shown in Figure 6-1.
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Figure 6-1. Device geometries used for parameter extraction

The large-sized device (W 3 10mm, L 3 10nm) is used to extract
parameters which are independent of short/narrow channel effects and
parasitic resistance. Specifically, these are: mobility, the large-sized device
threshold voltage V;,4,, @nd the body effect coefficients K, and K, which
depend on the vertical doping concentration distribution. The set of devices
with a fixed large channel width but different channel lengths are used to
extract parameters which are related to the short channel effects. Similarly,
the set of devices with a fixed, long channel length but different channel

widths are used to extract parameters which are related to narrow width
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6.3.2

effects. Regardless of device geometry, each device will have to be

measured under four, distinct bias conditions.

(2) lgs VS. Vgs @ Vs = 0.05V with different V.
(2) lgs VS. Vs @ Vi = OV with different Vs

() lgs VS Vgs @ Vys= Vg With different Vi, (Vyq is the maximum drain
voltage).

(4) lgs VS. Vs @ Vs = Vi, With different Vg, ([Vyp| s the maximum body
bias).

Optimization

The optimization process recommended is a combination of Newton-
Raphson's iteration and linear-squares fit of either one, two, or three
variables. This methodology was discussed by M. C. Jeng [18]. A flow
chart of this optimization process is shown in Figure 6-2. The model
equation isfirst arranged in aform suitable for Newton-Raphson's iteration
as shown in Eq. (6.3.2):

(6.3.)

_Tfs it Mg
fop(RoPoRo) - fam( ™A™, H™) “gR N g DR ;Sm DRy

The variable fg,() is the objective function to be optimized. The variable
fexp() Stands for the experimental data. Py, P,o and P, represent the
desired extracted parameter vaues. P,(M, P,M and P,(™ represent

parameter values after the mth iteration.
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Figure 6-2. Optimization flow.

To change Eg. (6.3.1) into aform that a linear least-squares fit routine can
be used (i.e. inaform of y = a + bx1 + cx), both sides of the Eq. (6.3.1)
are divided by ifg,,/ TP,. This gives the changein P,, DP,(™ , for the next
iteration such that:
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(6.3.2)
Pi(m+1) = pl( m) 4 Dp|(m)

wherei=1, 2, 3for thisexample. The (m+1) parameter values for P, and P;
are obtained in an identical fashion. This process is repeated until the
incremental parameter change in parameter values DP,(™ are smaller than

a pre-determined value. At this point, the parameters P;, P,, and P; have
been extracted.

6.3.3 Extraction Routine

Before any model parameters can be extracted, some process parameters
have to be provided. They arelisted below in Table 6-1:

Input Parameters Names Physical Meaning
Tox Gate oxide thickness
Nch Doping concentration in the channel
T Temperature at which the datais taken
L grawn Mask level channel length
W grawn Mask level channel width
X Junction depth

Table 6-1. Prerequisiteinput parametersprior to extraction process.

The parameters are extracted in the following procedure. These procedures
are based on a physical understanding of the model and based on local
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optimization. (Note: Fitting Target Data refers to measurement data used

for model extraction.)

Step 1
Extracted Parameters & Fitting Target Device & Experimental Data
Data
Vino, K1, Ky Large Size Device (Large W& L).
l4sVS. Vgs @ Vs = 0.05V at Different Vi
Fitting Target Exp. Data: Vip(Vps) Extracted Experimental DataV;(Vy,9
Step 2
Extracted Parameters & Fitting Target Devices & Experimental Data
Data
my, U,, U, Ug Large Size Device (Large W& L).

| 4sVS. Vgs @ Vg = 0.05V at Different Vi,

Fitting Target Exp. Data: Strong Inver-
sion region | 4Vgs, Vs)

Step 3
Extracted Parameters & Fitting Target Devices & Experimental Data
Data
Lint, RydRysw: Wi Vips) One Set of Devices (Large and Fixed W &
Different L).
Fitting Target Exp. Data: Strong Inver- | lgsVs. Vgs @ Vgs = 0.05V at Different Vg
sionregion | 4(Vgs, Viss)
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Step 4
Extracted Parameters & Fitting Target Devices & Experimental Data
Data
Wint, RydRysws Wi Vis) One Set of Devices (Large and Fixed L
& Different W).
Fitting Target Exp. Data: Strong Inver- | las VS Vgs @ Vs = 0.05V at Different
sion region l4(Vgs Vis) Vis
Step 5
Extracted Parameters & Fitting Target Devices & Experimental Data
Data
Rasw,Prwb, Wr Ras(Rasws Wi Vo)

Fitting Target Exp. Data: Rys(Rygns W,

L
Step 6
Extracted Parameters & Fitting Target Devices & Experimental Data
Data
Dutos Dyt1, Dytos NIX One Set of Devices (Large and Fixed W &
Different L).
Fitting Target Exp. Data: Vi(Vs L, W) Vi Vps L, W)
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Step 7

Extracted Parameters & Fitting Target
Data

Devices & Experimental Data

thOw’ DthW’ th2w
Fitting Target Exp. Data: (Vs L, W)

One Set of Devices (Large and Fixed L &
Different W).

VirlVbs L, W)

Step 8

Extracted Parameters & Fitting Target
Data

Devices & Experimental Data

K31 KSb’ WO

Fitting Target Exp. Data: Vyp(Vps L, W)

One Set of Devices (Large and Fixed L &
Different W).
Vi Vps L, W)

Step 9

Extracted Parameters & Fitting Target
Data

Devices & Experimental Data

VOff’ Nfactor, CdSC’ CdSCb
Fitting Target Exp. Data: Subthreshold
region Ids(Vgs’ Vbs)

One Set of Devices (Large and Fixed W &
Different L).
l4sVS. Vgs @ Vs = 0.05V at Different Vi,

Step 10

Extracted Parameters & Fitting Target
Data

Devices & Experimental Data
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Cascd
Fitting Target Exp. Data: Subthreshold

region Ids(Vgs’ Vbs)

One Set of Devices (Large and Fixed W &
Different L).
l4sVS. Vgs @ Vpps =V, @ Different Vg

Step 11
Extracted Parameters & Fitting Target Devices & Experimental Data
Data
dWb

Fitting Target Exp. Data: Strong Inver-
sion region | gVgs, Vps)

One Set of Devices (Large and Fixed W &
Different L).
l4sVS. Vgs @ Vs = 0.05V at Different Vy,

Step 12
Extracted Parameters & Fitting Target Devices & Experimental Data
Data
Vsats Aoy Ags One Set of Devices (Large and Fixed W &

Fitting Target Exp. Data: | (V,

gs Voo/ W

A1, A, (PMOS Only)
Fitting Target EXp. Data Vg (Vgs)

Different L).
l4sVS. Vs @ Vs = OV at Different Vg

Step 13

Extracted Parameters & Fitting Target
Data

Devices & Experimental Data
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BO, B1

Fitting Target Exp. Data: | (V,

gs Voo/ W

One Set of Devices (Large and Fixed L &
Different W).
l4sVS. Vs @ Vi = OV at Different Vg

Step 14
Extracted Parameters & Fitting Target Devices & Experimental Data
Data
dwg One Set of Devices (Large and Fixed L &

Fitting Target Exp. Data: | (V,

gs Vbd/W

Different W).
l4sVS. Vs @ Vs = OV at Different Vg

Step 15

Extracted Parameters & Fitting Target
Data

Devices & Experimental Data

I:)scbel’ Pscbez

Fitting Target Exp. Data: Ry;(Vgs: Vo)

One Set of Devices (Large and Fixed W &
Different L).
IdSVS' VdS @ VbS =0V a leferenthS

Step 16

Extracted Parameters & Fitting Target
Data

Devices & Experimental Data

Pams dDrouts Paibicrs Paibiczs L), Pavg

Fitting Target Exp. Data: Ry «(Vgs Vas)

One Set of Devices (Large and Fixed W &
Different L).
IdSVS' VdS @ VbS =0V at leferenthS
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Step 17

Extracted Parameters & Fitting Target
Data

Devices & Experimental Data

Drouts Pdibl 1c+ Pdibic2

Fitting Target Exp. Data: (Do
Paibict, Paibic2 L)

One Set of Devices (Large and Fixed W &
Different L).

d(Drout: Paibic1 Pdibiczs L)

Fitting Target Exp. Data: q(D, oyt
Paibict Paibicos Ly Vis)

Step 18
Extracted Parameters & Fitting Target Devices & Experimental Data
Data
Pgibl1ch One Set of Devices (Large and Fixed W &

Different L).
l4sVS. Vgs @ fixed Vs at Different Vg

Step 19

Extracted Parameters & Fitting Target
Data

Devices & Experimental Data

Jgipi (Etao, Etab, Dsub, L)

Fitting Target Exp. Data: Subthreshold
region Ids(Vgs’ Vbs)

One Set of Devices (Large and Fixed W &
Different L).
IdSVS' VgS @ VdS = Vdd at leferentVbS
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Step 20

Extracted Parameters & Fitting Target
Data

Devices & Experimental Data

Eta0, Etab, Dsub

Fitting Target Exp. Data: qdib|(EtaO,
Etab, L)

One Set of Devices (Large and Fixed W &
Different L).
IdSVS' Vgs @ VdS = Vdd at leferentVbs

Step 21
Extracted Parameters & Fitting Target Devices & Experimental Data
Data
Keta One Set of Devices (Large and Fixed W &

Fitting Target Exp. Data: 1 (V,

gs Vood/ W

Different L).
IdSVS' VdS @ VbS = Vbb at Different VgS

Step 22

Extracted Parameters & Fitting Target
Data

Devices & Experimental Data

ao, a1, by

Fitting Target Exp. Datar Igp(Vgs: Vo)
w

One Set of Devices (Large and Fixed W &
Different L).
IdSVS' VdS @ VbS = Vbb at Different VdS
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6.4 Noteson Parameter Extraction
6.4.1 Parameterswith Special Notes
Below isalist of model parameters which have special notes for parameter
extraction.
Symbols used . Default .
in SPICE Description Value Unit Notes
VthO Threshold voltagefor largeW and L device@ | 0.7 (NMQOS) \% ni-1
Vbs=0V -0.7 (PMOS)

K1 First order body effect coefficient 05 vy 2 nl-2

K2 Second order body effect coefficient 0 none nl-2
Vbm Maximum applied body bias -3 \% nl-2
Nch Channel doping concentration 1.7E17 1/em3 nl-3
gammal Body-effect coefficient near interface calculated v Y2 nl-4
gamma2 Body-effect coefficient in the bulk calculated v 2 nl-5

V bx Vbs at which the depletion width equals xt calculated \% nl-6
Cgso Non-L DD source-gate overlap capacitance per calculated F/m nC-1

channel length
Cgdo Non-Ldd drain-gate overlap capacitance per calculated F/m nC-2
channel length
CF Fringing field capacitance calculated F/m nC-3
Table 6-2. Parameterswith notesfor extraction.
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6.4.2 Explanation of Notes
nl-1. If Vy,q is not specified, it is calculated by

VthO :VFB+FS+K1‘VFS

where the model parameter Vz=-1.0. If V,, is specified, Vi defaults to
Veg =Vio - Fs- Kl\/Fs

nl-2. If K; and K, are not given, they are calculated based on

K1:g2- 2K2 I:s-me

K = (gl',gz)(\]Fs' Vbx - «/Es)
2PN oF Py

where Fis calculated by

)
Fs=24mln§'j\°“i
9

BSIM3v3.3 Manual Copyright © 2005 UC Berkeley 6-15



Notes on Parameter Extraction

15 A
.. ® E 6
n =145 100 om0 eXp21.5565981- 2
€300.15g tmo @
E —11g. 102 1041 2
© o T m+1108

where E, is the energy bandgap at temperature T,

nl-3. If N, isnot given and ¢, isgiven, N, is calculated from

_9,Cy

N
o qusi

If both ¢, and Ng, are not given, N, defaults to 1.7e23 m™ and ¢, is
calculated from Ny,

nl-4. If ¢, isnot given, it is calculated by

_ V208N

9. = C

0X

ni-5. If ¢, isnot given, it is calculated by

_ /2084 Ng,,
=

(04

nl-6. If V,, isnot given, it is calculated by

chhXt2 -

F.-V,
2e S bx

si
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nC-1. If Cgso isnot given, it is calculated by

if (dic isgiven and is greater 0),
Cgso =dic* Cox - Cgsl
if (Cgso<0)
Cgso=0

else Cgso = 0.6 Xj * Cox

nC-2. If Cgdoisnot given, it is calculated by

if (dic isgiven and is greater than 0),
Cgdo =dlc* Cox - Cgdl
if (Cgdo<0)
Cgdo=0

else Cgdo = 0.6 Xj * Cox

nC-3. If CF isnot given then it is calculated usin by

o
CF =28 3,4 1070
p Tox @
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