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 ssmulated (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, overal, 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 geometriesused for parameter extraction

The large-sized device (W = 10um, L = 10um) 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 Vq,4e4, @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.

(D lgsVvs Vg @ Vgs= 0.05V with different Vi
(2) IgsVs. Vs @ V= 0V with different Vg

(3) IgsVs. Vgs @ Vs = Vg with different Vig (Vg is the maximum drain
voltage).

(4) lgsVs. Vs @ Vs = Vi with different Vigs (Vi is 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
asshownin Eg. (6.3.1):

(6.3.2)

dfg Ofs O
fexp(Ro P20 Po0) ~ frn( A ™, FE™, A™) =on g, A A

The variable fgn{) is the objective function to be optimized. The variable
feqo() stands for the experimental data. Py, Py, and P represent the
desired extracted parameter values. P,(™, P,(™ and P,(™ represent

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

To change Eq. (6.3.1) into aform that a linear least-squares fit routine can
beused (i.e. inaformof y = a + bx1 + cx2), both sides of the Eq. (6.3.1)
are divided by dfgy/ 9P;. This givesthe changein Py, AP,(™ | for the next
iteration such that:
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(6.3.2)
pi(m"'l) = Pi(m) +Api(m)

wherei=1, 2, 3 for this example. The (m+1) parameter valuesfor P, and P;
are obtained in an identical fashion. This process is repeated until the
incremental parameter change in parameter values APi(m) 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 are listed 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 data is taken
Ldrawn Mask level channel length
Wdrawn Mask level channel width
Xj 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.)

Sepl
Extracted Parameters & Fitting Target Device & Experimental Data
Data
Vinor K1, Ky Large Size Device (LargeW & L).
lgsVs. Vs @ V= 0.05V at Different Vi
Fitting Target Exp. Data: ViV Extracted Experimental Data ViV
Step 2
Extracted Parameters & Fitting Target Devices & Experimental Data
Data
Ho. U g Up Ug Large Size Device (LargeW& L).

lgsVs. Vs @ Vs = 0.05V at Different Vi

Fitting Target Exp. Data: Strong Inver-
sion region |g{Vgs Vi

Step 3
Extracted Parameters & Fitting Target Devices & Experimental Data
Data
Lint, Ro(Rasy Wi Vi) One Set of Devices (Large and Fixed W &
Different L).
Fitting Target Exp. Data: Strong Inver- | lgsVs. Vgs @ Vs= 0.05V at Different Vi
sion region |g{Vgs Vi)
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Step4
Extracted Parameters & Fitting Target Devices & Experimental Data
Data
Wint, Ro(Rasy Wi Vi) One Set of Devices (Large and Fixed L
& Different W).
Fitting Target Exp. Data: Strong Inver- | lasVs. Vgs @ Vgs= 0.05V at Different
sion region |g{Vgs Ve Vs
Step 5
Extracted Parameters & Fitting Target Devices & Experimental Data
Data
ReyPrwb, W Re(Rew Wi Vi)
Fitting Target Exp. Data: Ry Rggyy W
Ve
Step 6
Extracted Parameters & Fitting Target Devices & Experimental Data
Data
Do Dytr: Dy, NIX One Set of Devices (Large and Fixed W &
Different L).
Fitting Target Exp. Data: Vig{Vig L, W) VinVis L W)
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Step 7

Extracted Parameters & Fitting Target
Data

Devices & Experimental Data

Dytow D vtaw P vizw
Fitting Target Exp. Data: ViV L, W)

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

Vir(Vips L, W)

Fitting Target Exp. Data: Vi(Vg L, W)

Step 8
Extracted Parameters & Fitting Target Devices & Experimental Data
Data
Kz Kap, Wo One Set of Devices (Large and Fixed L &

Different W).
ViVis L. W)

Step 9

Extracted Parameters & Fitting Target
Data

Devices & Experimental Data

Vg, Nfactor, Cass Cog
Fitting Target Exp. Data: Subthreshold
region | Ves Vi

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

Step 10

Extracted Parameters & Fitting Target
Data

Devices & Experimental Data

BSIM3v3.2.2 Manual Copyright © 1999 UC Berkeley




Extraction Procedure

Cosd
Fitting Target Exp. Data: Subthreshold
region lgdVgs Vi

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

Step 11
Extracted Parameters & Fitting Target Devices & Experimental Data
Data
dWb One Set of Devices (Large and Fixed W &

Fitting Target Exp. Data: Strong Inver-
sion region |g{Vgs Ve

Different L).
lgsVs. Vs @ V= 0.05V at Different Vi

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

Fitting Target Exp. Data: |51(Vgs Vi/W

A, A, (PMOS Only)
Fitting Target Exp. Data Vaset(V@)

Different L).
lgsVs. Vs @ Vs = 0V at Different Vg

Step 13

Extracted Parameters & Fitting Target
Data

Devices & Experimental Data
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BO, B1
Fitting Target Exp. Data: |51(Vgs Vi/W

One Set of Devices (Large and Fixed L &
Different W).
lgsVs. Vs @ Vs = 0V 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: Isi(vgg Vi/W

Different W).
lgsVs. Vs @ Vs = 0V at Different Vg

Step 15
Extracted Parameters & Fitting Target Devices & Experimental Data
Data
Payer, Pape One Set of Devices (Large and Fixed W &

Fitting Target Exp. Data: Rou(Vgs Vo)

Different L).
lgsVs. Vs @ Vs = 0V at Different Vg

Step 16

Extracted Parameters & Fitting Target
Data

Devices & Experimental Data

Pdm 9(Draut: Py, Pades L), Pavg

Fitting Target Exp. Data: Rm(vgg Vo

One Set of Devices (Large and Fixed W &
Different L).
lgsVs. Vs @ Vs = 0V at Different Vg
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Step 17
Extracted Parameters & Fitting Target Devices & Experimental Data
Data
Drowt Pdbic Pdbe One Set of Devices (Large and Fixed W &
Different L).
Fitting Target Exp. Data: 6(Dyq, 8(Drout: Pdbict: Pdbc: L)
Pdblc: Pdbdc: L)
Step 18
Extracted Parameters & Fitting Target Devices & Experimental Data
Data
Pdni One Set of Devices (Large and Fixed W &
Different L).
Fitting Target Exp. Data: 6(Dyq, lgs VS Vgs @ fixed Vs at Different Vi
Pdbc Pdbe L Vie
Step 19
Extracted Parameters & Fitting Target Devices & Experimental Data
Data
B4, (Eta0, Etab, Dsub, L) One Set of Devices (Large and Fixed W &
Different L).
Fitting Target Exp. Data: Subthreshold | !dsVS: Vgs @ Vis= V@ Different Vigs
region lgfVgs Ve
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Step 20

Extracted Parameters & Fitting Target
Data

Devices & Experimental Data

Eta0, Etab, Dsub

Fitting Target Exp. Data: 0, (Etao,
Etab, L)

One Set of Devices (Large and Fixed W &
Different L).
lgsVs. Vs @ Vs = Vi at Different Vig

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

Fitting Target Exp. Data: Isi(vgg Vig/W

Different L).
lgsVS. Vs @ Vs = Vi at Different Vg

Step 22
Extracted Parameters & Fitting Target Devices & Experimental Data
Data
O, 01, Bo One Set of Devices (Large and Fixed W &

Fitting Target Exp. Data: 's.b(Vgs Vi
W

Different L).
lgVS. Vs @ Vis= Vi at Different Vg
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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.
S\/Ir:]”nkécglsg;ed Description DVG;?JU: Unit Notes
VthO Threshold voltagefor largeW and L device@ | 0.7(NMOS) Y nl-1
Vbs=0V -0.7 (PMOS)
K1 First order body effect coefficient 05 v12 nl-2
K2 Second order body effect coefficient 0 none ni-2
Vbm Maximum applied body bias -3 Vv nl-2
Nch Channel doping concentration 1.7E17 Yem3 nl-3
gammal Body-effect coefficient near interface calculated v12 nl-4
gamma?2 Body-effect coefficient in the bulk calculated yv12 nl-5
Vbx Vbs at which the depletion width equal s xt calculated Vv 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 ncC-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 Vi IS not specified, it is calculated by

Vino = Vi + P + K/ P

where the model parameter Veg=-1.0. If V,,,, is specified, Vg defaults to
Veg = Vino =P~ Kl\/i

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

K1 =Y, - 2K2 (Ds _me

« = P, N @)
220, o, -y, - @, )4y,

where o_is calculated by

@, =2vtmO|nE%%
n

KoT,

nom
tmO
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5
- E
n =1.45x10" BT—'“H exp21.5565981 - —2°>-
[1300.15] 2V,

tm0

—4 2
£ =116- 7.02x10™T,
T, +1108

where Ey is the energy bandgap at temperature T,
nl-3. If Ny, isnot given and y, isgiven, Ny, is calculated from

N — y12C0x2
ch —
20&4

If both y, and Ng, are not given, Ny, defaults to 1.7623 m= and vy, is
calculated from Ng,.

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

_ V204N,

i= C

(0),6

nl-5. If y, isnot given, it is calculated by

\ 2q‘;’.si Nsub
COR

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

2
chhXt — ch _Vbx
2¢€

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

if (dicisgiven 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 (dicisgiven 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

4x107" 0
Tox

2¢ i
CF =—>*In+
woH
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