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* Prodigious numbers of parameters.
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UFPDB: A Process-Based Compact MO

* Unified for PD/SOI and bulk-Si devices.

* Charge-based.

* Retrograded (or super-haloed) channel dop

* Source/drain extensions.

* Arbitrary (e.g., high-κ) gate dielectric.

* Strained Si-SiGe option.

* Quasi-ballistic carrier transport, with 2D field

* Short-channel (DIBL, S/D charge sharing, e
effects.

* Polysilicon-gate depletion.

* Carrier-energy quantization, with exchange 
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UFPDB (continued)

* Bias-dependent moderate-inversion bounda
interpolations of currents and charges.

* Parasitic lateral BJT (currents and charges)
MOSFET modeling.

* GIDL/GISL currents.

* Reverse-bias source/drain junction tunneling

* Gate-body currents (w/ novel interband tunn

* Source/drain thermal generation/recombina

* Physical temperature dependences, with se

* Physical noise modeling.

* Longer, but not excessively so, run-times.



-I API/Spice3)

Qi

jS
---------

dV jS
dt

-------------

, Gb, B
⇒

-1.5 -0.5 0.5 1.5
VGfS (V)

CDGf

CGfGf

CGbGf

CSGf

d curves: FB/SOI
hed curves: Bulk-Si

VDS=50mV
f=100MHz
UFPDB Network Representation (in Type

dQi
dt

---------
∂

∂V
----

j
∑=

ICH

IBJT

-IRGt(VB’D’ ) (w/ ITUN)(w/ -ITUN IRGt(VB’S’)

D’S’

B’

Gf

Gb B

DS

IGi (w/ IGIDL)

RS+RLDS

RB

dQGf/dt

dQD/dt

dQS/dt
dQB/dt

dQGb/dt
& -I GISL)

RD
j = D, Gf

0

5

10

15

20

25

30

nM
O

S
F

E
T

 G
at

e
T

ra
ns

ca
pa

ci
ta

nc
es

 (
fF

)

Soli
Das



r Effect
ETs*

4.0 5.0

 0.1 eV)

/SOI

VDD

FET

 (OFF)

IBJT
UFPDB Prediction: Transient Bipola
in SOI MOSF

* M. M. Pelella, et al.,IEEE Electron Device Lett., May 1996.
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1.5
UFPDB-Predicted PD/SOI vs. Bulk-Si MOSFE

0 0.5 1.0
VDS (V)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

I D
S
 (

m
A

/µ
m

)
Bulk-Si
PD/SOI

VGS = 0.3 - 1.5V

Lmet = 70nm nMOSFETs



ation:

ics to define initial
ich are not critical);

n from selected test
l devices) biased in
reshold and linear
meters; copious

based, reasonable
del card, can be

ble, e.g., in projecting
Process-Based Parameter Evalu

UFPDB Calibration

* Use knowledge of device structure/phys
model card (~40 parameters, many of wh
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* Systematically use measured data take
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specific regions of operation (e.g., subth
regions) to isolate and tune(~10) key para
amounts of data not needed.

* Since parameters are process/physics-
predictive simulations, based on initial mo
done when measured data is not availa
next-generation performance.



Floating Body

1.0 1.5 2.0

 0.9, 1.2, 1.5, 1.8V

.0 1.0 2.0 3.0
VGfS (V)

00µm

VDS (V)
Example:0.14µm PD/SOI nMOSFET with 

0.0 0.5
-1

1

3

5

7

-1.0 0.0 1.0 2.0
0

2

4

6

8

-1.0 0.0 1.0 2.0
10-15

10-10

10-5

100

I D
S
 (

m
A

)

I D
S
 (

m
A

)

I D
S
 (

m
A

)

VGfS (V)

VGfS (V)

VDS = 0.1, 1.8V

VDS = 0.1, 1.8V

VDS = 0.3, 0.6,

Model
Measurement

-2.0 -1.0 0-30

0

30

60

90

120

150

C
G

f (
pF

)

VDS = 0V
W/L = 10µm/0.14µm W/L = 100µm/1



pletion Effects

3.0

epletion*
depletion*

µm)

 HF AC Simulations
UFPDB*: Quantization and Poly Gate-De

-2.0 -1.0 0.0 1.0 2.0

0.0

30.0

60.0

90.0

120.0

150.0

Measured data
w/ QM and poly d
w/o QM and poly 

VGfS (V)

C
G

f (
pF

)
VDS = 0V

FB/SOI nMOSFET (W/L = 100µm/100

toxf = 2.5nm

*



rt/ MEDICI)

0.4 0.5 0.6 0.7 0.8 0.9 1.0
VGS (V)

MEDICI, VDS=0.05V
MEDICI, VDS=1.0V
UFPDB, VDS=0.05V
UFPDB, VDS=1.0V

e = Lmin = 50nm

Projection:
Ioff, Ion, S

predicted well.
Example:Projected Lmin Characteristics (w

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
VGS (V)

10-9

10-8

10-7

10-6

10-5

10-4

10-3

10-2

I D
S
 (

A
/µ

m
)

MEDICI, VDS=0.05V
MEDICI, VDS=1.0V
UFPDB, VDS=0.05V
UFPDB, VDS=1.0V

0.0 0.1 0.2 0.3
10-9

10-8

10-7

10-6

10-5

10-4

10-3

10-2

I D
S
 (

A
/µ

m
)

Lgate = 60nm

Bulk-Si nMOSFETs

Calibration:
MEDICI structure

+
5 parameters fined-tuned.

Lgat

Note:
MEDICI default mobility
model for moderate VGS

is inappropriate.



xchange energy (EX),
nnel region, are linked via

aracterized in UFPDB

4],

ent in the strained Si-SiGe

SiGe)
Exemplary UFPDB Modeling

* Physical accountings forcarrier-energy quantization (QM), e
and theSiGe option, all of which alter the bandgap in the cha

where Ex is the bias-dependent transverse electric field (ch

formalism), Egi is the bulk-Si bandgap,

[van Dort, et al., 199

[Stern, 1973],

and∆Eg(SiGe) is a model parameter defined by the Ge cont
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