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*BSIMCMG parameter optimization: environment
BSIMCMG model
UTMOST IV BSIMCMG parameter optimization sequence

*Basic flow of MOS model parameter optimization
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‘UTMOST IV:

1.7.11.R: The hybrid optimizer should be set as GA+LM.
The number of simulations is four.

eSmartSpice:

4.1.53.C is used for BSIMCMG v.105.3 (ModelLib v.1.8.5.)
eSmartView:

2.25.40.R

*Multi-core machine which becomes available commonly is
recommended for the execution of UTMOST IV optimization.

The execution time for three devices was 17 min. on 2GHz

2 core machine. SILVACO
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No BSIMCMG model equation is documented including UC
Berkeley PhD dissertations.
http://www.eecs.berkeley.edu/Pubs/TechRpts/2008/EECS-2008-20.html
http://www.eecs.berkeley.edu/Pubs/TechRpts/2011/EECS-2011-69.html

Silvaco ModelLib user’'s manual (Sep. 14. 2011) description
Is for BSIMCMG 105.0. BSIMCMG 105.3 (the latest) update
which is used in this UTMOST 1V project is documented in
the release note.

eSmartSpice 4.1.53.C is required for the version 105.3.

BSIMCMG users have to figure out the model parameter
effects initially from the parameter names, and next from
using UTMOST 1V rubberband.

SILVACO
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sLength scaling of VSAT and VSAT1 parameters such as
AVSAT, BVSAT, AVSAT1 and BVSAT1 are found to have
no effect.

«Current fit errors are quite satisfactory: 2 to 3 % for all IdVvd
characteristics.

UTMOST IV model parameter ranges are defined for
current targets of the uds data set. The modification might
become necessary for other devices.

SILVACO
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*UTMOST IV optimization sequence follows the basic flow
of MOS model parameter optimization which is attached in
this document.

*The model parameters of EOT is used, not TOXP.

*The TFIN and HFIN parameters which are respectively for
the FIN thickness and the height work together as the
channel width. The former is the instance parameter. The
usual instance parameter of width isn’t used.

*The HFIN together with the XL(channel length modification)
parameters are necessary for the capacitance fitting. They
adjust the gate area to meet the gate capacitance. And they
should be fixed for the succeeding steps.

SILVACO
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*The NBODY (channel doping concentration) and the PHIG
(work function of gate) parameters are optimized for the
threshold voltage.

*The DVTO(SCE coefficient) and DVT1(SCE exponent
coefficient) should be reserved for the threshold voltage
dependency on the drain bias.

*One of the steps in the optimization sequence uses Genetic
Algorithm optimizer alone. The intention is to get the proper
initial values for the saturation model parameters. The
simulation curves would be evenly close to the targets. The
use of Levenberg Marquardt as the hybrid with G.A. went
Into the one sided result, which suggested the solution was
the local minimum.

SILVACO
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*The sub-threshold swing is controlled by the CIT
(parameter for interface trap).

*BCMCMG 105.3 capacitance model appears to need the
slight improvement for the flexible gate bias dependency.

SILVACO
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UTMOST IV BSIMCMG optimization sequence_—=

] bsimcmg_opt S I=3E3]
-

Status | Optimization Sequence
=~ @ cac

B cac
=1 idwglin_long

E idwglin_long

= [ idwglin_all

oo B idwgling_all

= [ idwgall_idwdlow

- [ idvgall_idvdliowl
o [ idwgall_idvdlow2
= ichwdlow

- [ idvdlow
‘o M idwdlow_subwt

IUTNTD‘ST N17.11.R < SILVACO 2011
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UTI\{OST lV. BSIMCMG optimization sequence -

(= bsimcmg_opt [Z][E][Er'
IEiIE Edit ¥iew Setup Create Optimize Dataset Help
FIEEREEIEIEEIREE eTarget:

Status Optimization Sequence —

S Er—  92'€ Capacitance

EI idwvglin_long

. ~Eidvaiin_tong - *Optimizer:
ey ==l . ' 'Kl
Initial  Final ] _
Error 81.28% B81.28% Hybnd (GA + LM)
nrmos XL -5n -5n
nmos/HFIM Z20n Z20n
nmos/DELTAWCY 0 0
nmos/MNBODY let+22 le+22
nmos/PHIG 461 461
nmos/CES0 0 0
nrmos/CGOOD 0 0 ]

Count: 4 Ermor: 81.28% EHL.ITM-DST N 1.7.11.RC SILvaCO 2011
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UTI\{OST IV BSIMCMG optimization sequence =i

1 bsimcmg_opt [Z][E][E]
IEiIE Edit ¥iew Setup Create Optimize Dataset Help .
HEOA® | 5 a|@E| b 0| *Target:
Status Optimization Sequence ;I

=~ f& idwglin_long

= @ idwglin_all

Lo [ idwglin all
= [@# idvgall_idvdlow

- [ idwgall_idvdlowl

long channel

[—

iIdvg @linear vds

Ermor: 85.01%

AMS
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“ [EH idwgall_idvdlow2 -] OOpt|m|Ze|‘:
Initial Final |
Error 85.01% 85.01%: .
nmos/PHIG 461 461 Hyb“d (GA + LM)
nrmos/CIT 0 0
nmos/LU0 30mm 20rm
nmos/ETAMOB 2 2z
rrmos/ LA 300 F00nrm
nrmos/EL 2.5 2.5
nrmos U 0 0
nmos/ROSWMIMN 0 ]
nmos/ROSW 100 100

SILVACO
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UTI\{OST LV BSIMCMG optimization sequence

-12-

E} bsimcmg_opt [=1[=]l><]
IEiIE Edit Wiew Setup Create Optimize Dataset Help
H Eoaa =a BE| b O] =] «Taraet:
Status | Dptimization Sequence |;I g -
:l"h_dlu'd‘l:illll ol 1T
= B iavgan avaion _ll scaled length
; - idvgall_idvdlowl
‘o [ idwgall_idvdiow2 ~]
Initial Final - d @ I d
Error 100.58%: 100.58%: _I I Vg Inear V S
nmos/LL o o
nmos/FECH 1 1 . .
nmos/DELTAW 0 o .Optlmlzer
nmos CIT o o
nmos/ /M CDSC Frm Frn
nmos A DSCDy Frm Frn .
nmos/PHIM som S0m Hyb“d (GA + LM)
nmos/E1RSCE 0 0
nmosS/LPED 5n 5n
nmos,/ODWTSHIFT o 0
nmosS U0 3I0rm F0rrm
nmos,/ETAMOB 2 2z
nmoss LS SO0 SO0
nmo s Aalls 0 4]
nmos/BLLA 100n 100n
nmos/EL 2.5 z.5
nmos/AaEL 0 4]
nmos/BEL 100n 100n
nmosySIUCy u] 0
nmos /Al 0 4]
nmos/BLD 50n S50n
nmo s, ROSW MMIM o o
nmos/ RS 100 100 § !
-
Error :100.58% [UTMOST IV 1.7.11.R @ SILWACO 2011 SILVACO
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eTarget:
scaled length

ildvg
@linear/saturation vds

& idvd
*Optimizer:

Genetic algorithm

SILVACO
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eTarget:
scaled length

idvg
@linear/saturation vds

& idvd
*Optimizer:

Levenberg Marquardt



eTarget:
scaled length
idvd

*Optimizer:

Levenberg Marquardt
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eTarget:
scaled length
idvd

*Optimizer:

Levenberg Marquardt
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Process parameters such as Tox should be provided.

1. “ Cgg, Cgc / scaled geometry devices H

Capacitance model optimization

Include the geometry correction parameters. Maximu m values of gate capacitances in the
modern MOS models are a function of the gate area. Small device capacitance is much
sensitive to the geometry correction terms.

2. “ IdVg at the linear Vds / large geometry device

Threshold & sub-threshold voltage region optimizati on

IdVg at the linear Vds of the reference (large) devic e can provide the basic device channel information.
The step 1 and 2 should be combined when the capaci  tance model couples with the DC model.

3. “ IdVg at the linear Vds / large geometry device

Strong inversion region optimization

Mobility and resistance parameter optimization can lead to the better fitting of the threshold
region due to the IdVg slope change. Then, the step 2 and 3 should be repeated, or combined.

AMS -17 -



4. “ IdVg at the linear Vds / scaled geometry devices

Threshold, sub-threshold and strong inversion regio n optimizations for the scaled geometry.

All geometry scaling parameters should be optimized . The geometry correction terms
which are independent of the gate capacitance (if e  xists) should be used. This step
could be divided into the each regions for the deco mposable models.

5. “ IdVd / scaled geometry devices optional

The lowest Vgs region where the small drain current flows is necessary for the analog application.

No dedicated model parameter might exist. And the r  egion demands the accurate
threshold model expression.

6. “ Idvd / scaled geometry devices optional

The gds at the high Vgs region should be optimized p rior to the drain current optimization.

The step is optional when the drain current degrada  tion at the high Vgs is prominent.

AMS -18 -



7. “ IdVd at no body bias with IdVg at the linear an  d the saturation Vds/ scaled geometry devices H

Saturation model parameter optimization

The saturation region IdVg could provide the adequate saturation model parameters only
when the quasi-saturation effect is weak in Idvd. O  therwise, the linear region of Idvd with two
IdVg characteristics should be used to get the initi al saturation parameters under the fixed
linear model parameters. Then, the linear and the s  aturation 1dVd should be optimized with
both the linear and saturation model parameters, i.  e., the saturation model parameters are
forced to find the initial values suitable for the linear region 1dVd with no assistance of the
linear model parameter optimization. The saturation IdVg gives the constraint. The previous
steps to determine the linear model parameters shou Id be reviewed when the initial saturation
model parameters failed to provide the reasonable li near region ldvd.

8. “ IdVvd / all geometry devices

Include the linear model parameters with care when the linear region IdVd needs the precise fit.

The previous step 7 should provide the good IdVd fit . This step is to get the best possible
model.

9. “ All temperature characteristics / all geometr  y devices

Temperature model optimization

Check the temperature model flag (if exists) before the execution.

AMS -19 -



*BSIMCMG model was reviewed briefly.

‘UTMOST IV BSIMCMG parameter optimization seguence
was explained.

*Basic flow of MOS model parameter optimization which is
suitable for the modern MOS models was summarized.
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