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Introduction: What is MuGFET?

Nanoscale Multi-Gate Field Effect Transistor

Size of device decreases (Moore’s Law)
—number of gates increases for more efficient gate control

FINFET Nanowire FET

Gate

Insulator
Insulator Channel
Channel

NC (
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Introduction

MuGFET simulates quantum transport at the nanoscale,
which is close to the atomistic dimension.

— Quantum transport simulation is necessary but is not the
best choice for the following reasons:

Relatively long and large device « Computationally very
expensive

« Difficult to include all of the
scattering processes

Gate length: 20~100nm
Width: 10~50nm

NCN (
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Introduction

The Drift diffusion type simulator works well enough to
demonstrate characteristics of relatively long and large devices.

In What Ways?

* QM mechanics is not dominant if the lateral dimension of the transistor is
larger than 10 nm.*

*Physical insight can be provided, even if not strictly valid.

*The subthreshold characteristic is still diffusion dominated.

*The on-current can never be overestimated by the drift diffusion simulation.

*The hot carrier transport can be taken care of by solving the energy balance equation.

*The drift diffusion simulator is way faster than the quantum transport simulator.

*This statement is from a conversation with Prof. Vasileska at ASU

NCN
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Introduction

*PROPHET: general partial differential solver developed at Bell Lab

*PADRE: device simulator developed at Bell Lab

— Poisson equation

Self consistent  _ pyift-diffusion equation
simulation

~ Energy balance equation(PADRE)

*https://www.nanohub.org/resource_files/tools/prophet/doc/guide.html
**http://www.nanohub.org/resource_files/tools/padre/doc/index.html

NCN (



Drift Diffusion Picture

scattering : mobility

Self consistent calculation

Poisson equation
DC"Q@DV) = Q(n' p+ NA - ND)

Continuity equation

Source

Channel

> 1
M- 2p@,_ +6(n p)- R(, p)
g
WP _. Eadp+6(n, p)- R(n, p)
v g
. .
Drain| J =-gmnbV +qD,Dn

, Sung G. Kim

transport direction J p — - QM pbV - CIDpr

*ECE612 Fall2008 lecture 8 note

e: dielectricconstant

V :potential

n/ p:electron/lole density

g: elementarycharge

J.p - €lectron/lole currentdensity

*R. F. Pierret, Semiconductor Device Fundamentals

T :temperatre
G/ R:generatiofrecombindion rate
m,, m,: electron/iole mobility

D,, D, :electron/le diffusion coefficient ; Sopnen
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" " 3k * *
b&, =-J,, @Dy -W,- ?ﬁ(/n,pnTn’p) Energy Balance Equation*
J,=0aD, Bn- m nby +qnD, BT, s
¥ I 1 |
S, =-K, BT, ,- %k it gjn T velocity overshoot
’ ¢ q 20} — compriuees AN -

== Monis Caro Y

S,.p - energyflux density D, , : thermaldiffusivity
W, , :energydensitylossrate T, :carrier tenperature

[107 cmvsac]

K., : thermalconductivty £, , - electronmobility J

Drift Diffusion Model 10k “
— carrier velocity is saturated in the channel
(where electric field is larger than critical value)

Average

. 0.5 |
Reality
— Velocity overshoot: current gets higher
. . 0.0 ! ! !
*https://lwww.nanohub.org/resource_files/2006/06/01581/int 008 012 016 020 024
ro_dd_padre_word.pdf Position jum)
IJU RDUE Sung G. Kim M.R.Pinto et. al. |§EE, 1993 a
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Rappture Interface

Outline of Interface

Device Type — Structure — Material — Environment — Simulator — Simulate

n Device Type

E=amples: |Dnub|e Gate p-FinFET - Gate length : 45 nm, Channel width : 30nm j
Class: |FinFET |
Dimension: | 2D (Double Gate) =l
Gate Tg-'pe:IMetal j

Gate

Gate

PURDUE Sung G. Kim 9 %ifc" @
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Rappture Interface

Device Type

File
& Device Type * Class- FINFET or Nanowire
* Dimension
Examples: IDDubIe Gate p-FinFET - Gate length : 45 nm, Channel witj
Nitride | O
= : Gate
i Oxide
Class: IFinFET | Oxide | . —]
Dimension: | 2D (Double Gate) - Oxide Oxide
Gate Tg,-'pe:lhdetal =
2D-Double Gate 3D-Triple Gate
Gate

* Nanowire- no dimension

Gate
Contact
Wire

Drain
Extension

Gate

Source
Extension

*Gate type- metal or poly (polysilicon)
(poly option is only valid in PADRE simulator)

; = NCN
Sung G. Kim 10 &
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Device Structure

) structure

Geometry- ] Geometry-4 ] Geometry-Z ] Dopir

¥
y
)

=

Channel width - *ch: 30nm

Left wall oxide thickness - Tox1: 2.5mm

Right weall oxide thickness - Toxz: 2.5mm

= Device Type |

Material = |

PURDUE Sung G. Kim

» Geometry-X: Lateral Direction

» Channel width
» The width of silicon channel region

» Oxide thickness
o Leftwall
* Right wall

» X-direction is Radial Direction
» when you choose the nanowire

Note: The cross section should be large when
compared to the electron wave length, so that the
quantum effect will not appear to be using the Drift
Diffusion Equation.

11 %gg’c" @
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Rappture Interface

m [=I[=l[x]

File Device Structure
Structu

I « Geometry-Y
EEERE T B ] Geometry-Z | anin}! » Lg: gate |ength

Gate length - Lg: 45mm

Source extension length - Ls: S0nm

Drain extension length - Ld: S0mm
Gate overlap to source - 08 Znm

Gate overlap to drain - Od: 2nm

< Device Type |

EYQ—LG—H—L—H—Ld—h

Material = |

m Sung G. Kim

» Ls: source extension length
» Ld: drain extension length

V Extension region has same width as
the channel but is doped differently

&

o
Source extension 7
r’- - i -

7 Drain extension
# ¥

@ o ] ﬁq:ﬁ?

& s
&
£y ‘:ﬁ:
= e P i
L,

*Y.K.Choi et. al. IEEE Electron Device Letters, 2002

» Os/Od: Gate overlap to source/drain

2 S S



Device Structure

 structure
Geometry-x Geometry- 1 Geometry-2 Dropin
] ] »| » Geometry-Z
X a Gate . . . .
L.y Gater? » Z directional geometry setting is

only activated when you choose
triple gate (3D) in device type

Gale'y » Hch: channel height
Channel height - Hch: 30nm » Top_ox: top oxide thickness
i » Sub_ox: substrate oxide thickness

Substrate oxide thickness - Sub_ox: alnm

= Device Type | Material = |
> NCN
URDU Sung G. Kim 13 %l @
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8 structure

Geometry-+ ] Geometry-4 ]

Geometry-2 1 Doping
x

Gate

Gate

Source doping concentration: 1e+19fcm3
Drain doping concentration: Te+19fcm3

Channel doping concentration: 1e+16fcm3

Source doping type: IF'

Drain doping type: IF'

Channel doping type: |N

Poly doping type: |F'

= Device Type |

Material =

|_ | | 1| e

PURDUE Jcpon

* Doping

V Doping concentration in each section
V Doping type in each section

« Gaussian Doping

N5 ND
Source _ _ Drain
-+ e S
‘Lch_s Lch_d
i Nch .
2 . . 2
Y Gaussian Doping .__ Y~
e Lch_s? Lch_d?
Gaussian doping flag: y@s

Characteristic length for source - Lch_s: 20nm
Characteristic length for drain - Lch_d: 20nm

Fenetration into oxide: 0.05nm
» Gaussian doping profile starts from the
end of the source/drain extension region

» Characteristic length is the length to
which the doping drops by the factor

exp(-1)

14 %3:’“’ Nsr
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Rappture Interface

H|[=1|ES

Dielectric constant in channel: -11.?‘
Dielectric constant in insulatar; I:IB.?

Bandgap of channel material: 1.12eV

£ Material
Density of states effective mass (mo): -1 A8
Gate \ |
Affinity of channel material: 4.05eV
Gate contact work function: 4.7aeV Saturation VE,ﬂ,:iw:I:lﬂ_ymchmm

Bandstructure ( Electrons in channel [ oles in Channel
* -]
Gate
Mobility:[ |1400em2ivs
Saturation Yelocity: |:|1 J7e+07cmis
Light hole efiective mass (m0):[_ [0.16
Heavy hole effective mass (md): |:|I].45
Mobility: [ |450em21vs
kinarity carrier lifetime of holes: I:Iﬁﬂﬂns

Electron effective mass (mo): I:II]JEI
o
kinority carrier lifetime: |:|5I]I]ns
Density of states effective mass (mo): -1 A8
B Sung G. Kim 15 %gm @
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Rappture Interface - Environment

Initial value: |F-|-0.05v i i
= Drain bias
Bias step size:—l].ﬂﬁ'u'

ﬂEnvimnment Mumber of bias points: 2

Temperature ] Gate hias ] Dirain bias ] SOUrCe hias ] Options for plot’ Bias:l]".r' Source bias
Temperature: @ 300K Choose Vg for Id-Vg plot

Temperature of the environment Options for plot SAsluliabiis
#-aris of [V plo :|Gate voltage (Vo) e’

1" y VQ Y-amis for [V pIDt:lDrain current {Id)

Y-gxis scale for [V plut:ang

Critical current for threshold voltage: 1e-08A

1E-5 —
Vg \

Initial value: [AIF-]0.5v \\ |
-1 Result: | Threshold Vaoltage
Bias step size:[—F-]-0.1v 1o Icritical

Mumber of hias points: 21

Threshold Yoltage

- 00111V @ -1V

4

Gate voltage for on-current: -1.5V

[ Gate voltage for off-current: OV

Gate bias ramp: on-off current is to be calculated 15 -4 0 05
and plotted at the bias setup here w Vth

PURDUE Sung G. Kim 16 %gm @
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Simulator Options - PROPHET
« Only Equilibrium

» All of the bias steps will be ignored, if
simply simulating the equilibrium
@ simulator condition.
Simulator: |PROPHET -+ Plot dimension
» 1D(x): 1D plot across the channel
» 1D(y): 1D plot along the channel

E=IE

Only Equilibrium: [Jno

Plat dimensian: |10y} -
baximum number of Newton iteration: 1000 » 2D: 2D pIOt

« Newton iteration parameters

(for convergence of the continuity equation and the
Poisson equation)

» Maximum number of iteration
» Tolerance

= Environment Simulate = | L MOde|S

» Quantum correction

** Lombardi’s mobility model : TN .
tcad.stanford.edu/~prophet/user_ref/node8.html ”? LBrh_B_éerl S tﬁ%Wé”(/erse field dependent
mobility model**

PURDUE Sung G. Kim 17 %gm @
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Talerance for Mewton iteration: 1e-06

Guantum carrections: [ no

Lombardi's {Tansverse Field Cependent) Mohility: [ Jno
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Simulator Options - PADRE

e C i, FIBIM o Grid Preview
File
» The mesh structure can be seen before
€ running the simulation.
Simulator: | FADRE - e *Models
- » Statistics: Fermi or Boltzmann
Grid preview: [Jno .
Only equilibrium: [no » Energy balance equation
Plat dimension: [ 1D{y) = V Includes the solve energy balance
baximum number of Mewton iteration: 1000 equation for the hot transport

Taolerance for Mewton iteration: 1e-06

» Bandgap narrowing
» Concentration dependent mobility

Statistics: | Fermi - _ _ o
Solve energy balance equation: [Jno » Nonlinear drift velocity field model
Bandgap narrawing: [Ayes » Vertical field dependent mobility model

C tration d dent mohility: [V] . . .
ncentration dependent mobilly: [vlyes » Carrier carrier scattering model
Monlinear drift velocity-field model: [V]yes

Vertical field dependent mohility: [2]yes » Impact lonization

Carrier-carrier scattering: [V]yes

| t ionization:
mpactionization: [ no *http://www.nanohub.org/resource_files/tools/padre/doc/pad

re-ref/models.html

e *http://www.nanohub.org/resources/1514/ NCN
PURDUE Sung G. Kim P ° 18 %l @
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PADRE Option denergy balance equation

o =BE . \When the energy balance equation is
F— selected for solving, the continuity
equation, Poisson equation, and
Simulator: |FADRE j

energy balance equation are coupled
to each other and solved

Grid preview: [no

only equilibrium: [Jno |ndependent|y
Plat dimension: | 1D(y) - . .
FMaximum number of Mewton iteration: 1000 ¢ The equatlons do nOt eaSIIy Converge’
Tolerance for Mewton iteration: 1e-06 When the energy balance equatlon |S
selected.
Statistics: | Fermi - ]

Solve energy balance eguation: []yes hd The bIaS StepS ShOUId be Sma” When
~ tSrEL\;?jg;l]ergy halance equation if you want to include hot carrier 50|V|ng energy the balance equa‘tlon .
Nor| Click 1o tum onfoff « Sometimes it is best not to choose a

Yertical field dependent mohility: [ yes Wlde range Of bias.

Carrier-cartier scattering: [V yes .
impact ionization: [Jno « A good strategy is to start from zero

bias and increase it gradually.

PUE Sung G. Kim 19 %ﬁ:m @
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Useful Plots for Device Design (input)

i E|=E
File
£ simulate
Result: | Subthreshold Swing = &
Energy Band Diagram at equilibrium
ag o Doping, electron density, hole density at eguilibrium ol

a7

96

Subthreshold Swing (my/dec)

= Op

Met Charge Density at equilibrium
Electrostatic Potential at equilibrium

1 Electric Field at equilibrium

IV Characteristics (1d-vo)
Tranzconductance
Off-current

On-current

Onsoff current ratio

TThreshold Voltage

subthreshold Swing o

Drain Induced Barrier_owering(DIBL)

Energy Band Diagram at applied bias Vd=-0.05

Doping, electron density, hole density at applied bias Vd=-0.05
Excess Carrier Density at applied bias Vd=-0.035

Iret Charge Density at applied bias Vd=-0.05

Electrostatic Potential at applied bias Yd=-0.05

Electric Field at applied bias Vd=-0.05

Energy Band Diagram at applied bias Vd=-1.05

Doping, electron density, hole density at applied bias Vd=-1.05
Excess Cartier Density at applied bias Vd=-1.03

Met Charge Density at applied bias Yd=-1.05

Electrostatic Potential at applied bias Yd=-1.05

Electric Field at applied bias Vd=-1.05

ﬁ Download. .

IV characteristics
Threshold voltage
Subthreshold swing
Transconductance

Drain induced barrier
lowering(DIBL)

On/off current and its ratio
Doping, electron, hole density
Electrostatic potential

Energy band diagram*

Net charge density*

Electric field*
*These plots are supported only in PADRE

20 %@’C" @
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Plots

e EECE
@si
File
Result|2D Electrostatic Potential at equiibriutt In PROPHET o @ Result:[2D Electrostatic Potential at equilibrium in PADRE - @
i of
E Simulate 2
= EY
Result: |Electrostatic Potential at applied bias Vd=-0.05 j !
o
o -
- ———
= 024 ) : 1 result  Paramelers
g < Options t equilibriu ﬂl
= [eis]
i - 1 &l &
= ol | S
o
-0.4 —

I U I U I : I :
0 0.0s 0.1 0.1s
alorng - 4 (Lm)

> | Electrostatic Potential = Z-Sample_Bias_Wg=0.3%

£l
=

T
==
| N|

[ D | Onptions...

1 result
Pa
< OpﬂDI‘IS | < Options
Sequence plot for applied bias 3D plots are available but appear more slowly

PURDUE Sung G. Kim 21 ‘%{Q’VC” o]
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Wh

at ' You Just

0 Device Type

OSIi mul at

Examples:

Class:lﬁ

Douhle Gate p-FIinFET - Gate length : 60 nm, Channel width : 40nm

Double Gate p-FinFET - Gate length - 43 yn, Channel width : 30nm

_ i 2. Click simulate

Douhle Gate p-FInFET - Gate [ength : 45 nm, Channel width - 30nm |

Manowire n-FET - Gate length : 30nm, Diameter : 10nm - hot carrier

Manowire n-FET - Gate length : 30nm, Diameter : 10nm - no hot carrier 1 ChOOSG

Gate Type:lMetaI

Dimensinn:IZD (Double Gate) '

Retrieving database

to plot the res

ult without simulation

—T

Gate

Dewice type: Double Gate p-FinFET

IV plot : Id-Wg

|
|
|
| Temperakture : 300 K
|
|
|
| Simulator : PADERE

Retrieving the datsbase. ...

The input parameters in your inpubtdeck is same as one of the example

Dewice Dimension: 30 nm (charnel width), 45 mm{gate length) . £.5 mm{oxide thickness)
Doping : Source (p type 1.0e+19), Channel (n type 1.0e+16), Drain (p type 1.0e+13)

Bias : Wg from 0.5 to -1.5 with -0.1 step size (21 bias points)
Vd from -0.05 to -1.05 with -1.0 step size (& bias points)

PURDUE Sung G. Kim

RO O B (i
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Example p-finFET Lg=45nm, Wch=30nm, tox=2.5nm*

* The primitive finFET structure

Result; |Doping, electran density, hole density at eguilibrium - e Gaussian d0p|ng - using raised
source and drain, dopants diffused to
the source and drain extension region

SiGe gate i¢vide
1E15 —

e 4

p - Hole Density in PADRE
2.19e+13/cms @ 0.0705um

1E10 —

Charge Density (fcm3)

1ES —

dopants

dopants
U I T T T

= e * Ls and Ld(source/drain extension
length) is same as spacer width.

[
1]

*Sub 50-nm finFET. PMOS - Huang, et al., [IEDM,1999 %gav @
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Simulation d Experiment Result Comparison Id-Vg
-1.5 -1 -0.5 0 0.5

Vg(V)

#How to match experiment and simulation

1. Maitch the off-current by
changing the work
function of the gate
material.

2. Match the on-current by
changing the

1.0E-06

* The on-current is always
underestimated

by the Drift Diffusion Simulation,
because the model assumes the

~— - -
= 1.0e-08 velocity of the electrons are saturated CharaCte”S_tlc Ieng_th of
g— in the channel. the Gaussian doping.
= 1.0E-10 _ —*—PADREVD=-1.05
=i-Experiment VD=-1.05 Subthreshold slope match
—&—-PROPHET VD=-0.05 1
1.0E-12 v
===PADRE VD=-0.05
=tp=Experiment VD=-0.05 \
1.0E-14

Note: To calculate more accurately, we need the quantum correction and the
energy balance equations to be solved; but for now, quantum correction is
supported by PROPHET and the energy balance equation (velocity overshoot) by

PURDUE kim PADRE 2 R LS
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Effect of Gaussian Doping Profile

2.0E-04 1.0E-03 18419 1
1E+18 -
1.0E-05
1.5E-04 1E+17
| \\ /]
1E+16 - v
l(Afum)
along - channel(um)
1.0E-04 1.0E-09 1E+15 . : . : . . .
1] 0.02 0.04 0.06 0.08 0.1 0.12 0.14
1.0E-11 . . e -
Electrostatic potential at equilibrium
5.0E-05 — =
-0.2 T T T T T T 1
1.0E-13
-0.3 - e
0.0E+00 . . 1 ~ 1.0E-15
V.(V 04 -
-1.5 -1 -0.5 0 g( ) 0.5
sincrease characteristic length —Lch=5nm (|
sincrease doping in the _channel ——Lch=10nm along -channel(um)
«decrease the potential in the channel 06
«drain current increase —Lch=15nm 0 002 004 006 008 01 012 014
Lch=20 NCN !
Sung G. Kim ‘ nm 25 %& @;




Charge Density cm3)

1E104

I (A/um)

1E-10 —

Doping density

across channel

[ U | U [ U |
-0.2 0 0.z
WY

In PADRE and PROPHET, the inversion \E7
charges are at the surface of the
channel

___ e———

Source Electron densit¥ Drain

I
s s s h

1E-G

/

-0.0134143

In reality, because of the quantum effect, the carriers flow at a
di stance from the surface - thresho

PURDU Sung G. Kim 26 '*?AQ’C” o]
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Drain Current Normalization

« Normalization of Id (finFET)

» Normalization to the fin height

V This is the same as the conventional
normalization, as based on the width of
the channel (PADRE and PROPHET).

» Normalization to the fin height *2

V Multiply 2, due to the channel formation
in both of the side walls.

« Comparison with experiment

» Divide 2 to the PADRE and
PROPHET result, if the
experimental result uses
normalization to the fin height *2.

PUHDUE Sung G. Kim

 Normalization of Id
(nanowireFET)

» The drain current is sometimes
normalized to the diameter in
experiment.

» The drain current in PADRE and
PROPHET is not normalized.

« Comparison with experiment

» Divide by the diameter to the
PADRE and PROPHET results.

» Change the units to A/um or pA/um

7
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Example p-finFET Lg=60nm, Wch=40nm, tox=2.5nm**

on-current \==i= - |4(A/pm)
G 1.0E-04

frfey

—+—PROPHET Vd=-0.05

1.0E-06
-—=PADRE Vd=-0.05
—t=Experiment VD=-0.05
-=#-PROPHET Vd=-1.0

1.0E-08

—4—PADRE Vd=-1.0
=0—Experiment VD=-1.0

‘\ Subthreshold slope match
oxide thickness:2.5 nm W 1.0E-10

p-finFETmnm(width)XGDnm() »

“ 1.0E-12

Vo(V) 2 1.5 1 0.5

*Experiment result from Y.K.Choi et. al. IEEE Electron Device Letters, 2002 NCN X
Sung G. Kim 28 %& @‘;
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Example - Nanowire
Vg(V)
1.0E-02 . . ! ! !
( 0.2 0.4 0.6 0.8 1 PADRE
1.0E-03 —&—Experiment
= —— —&—Nanowire
1.0E-04 =#-PROPHET
‘= 1.0E-05 -
E "PROPHET failed Nanowire Structure
= - - - - lameter 10nm:
5% 1.0E-06 _ In nanowire simulation Lg: 30nm Oxide: 2nm,
— H .
L OE-07 - IIA "Subthreshold-well matched 3D extension: 10 nm
/ *Experlmen *Nanowire Padre PROPHET
1.0E-08
/ SS(mv/dec) 61.3
1.0E-09 -
Simulation 5X108 sec
time ~138 hours 615.6 sec 65.5sec
1.0E-10
* Experiment -Sung DaeSuk, et al., **Nanowire - quantum ballistic transport simulation tool

IEDM 2005, pp 717-720, Dec 2005 for nanowire structure - available in nanoHUB.org

NCN X
29 %& %}3
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Example - Hot Carrier Transport Effect (Velocity Overshoot)

0 0.2 0.4 0.6 0.8 1 Vy(V)
1.0E-03 . . . . .

-+—FPADRE with Energy Balance Eq.

-=-PADRE
—e—Experiment
E . TN
__1.0E-05 5 LOEO3 / \
")
S 3 1.0E-04
=2 U
=< 1.0E-06 L 1.0e-05
- T PADRE with Energy
S 1.0E-06
S / Balance Eq.
< PADRE
} © 1.0E-07 - PADRE
1.0E-07 £ /
1.0E-08
0 0.2 0.4 Vg(v)o.e 0.8 1
1.0E-08 - :
*Subthreshold degradation 61.1mv/dec — 63.7mv/dec
*Transconductance increases at high gate voltage
*Threshold voltage change
1.0E-09

NCN (
Sung G. Kim 30 %& @g‘;
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Short Channel Effect d Nanowire/DG-finFET Comparison

0 0.2 0.4 0.6 0.8 1 Vv (V)
1.0E-02 ' — — | 9 / Nanowire \
Id-Vg characteristic of nanowire L Diameter -10nm
1.0E-03 === '
Oxide: 2nm,
1.0E-04 “Lg=20nm
-=-Lg=30nm FINFET
’g 1.0E-05 —<Lg=40nm Fin W.idth :10nm
Oxide: 2nm,
2 1.0E-06 —+—Lg=60nm
\_5 —
— 1.0E-07 ~~Lg=80nm S\/D extension: 10 rD
. ~o-Lg=100nm
1.0E-08 Decreasing Lg
1 OE-09 MUGFET predicts how the short channel nanowire and DG-finFET behaves.
' As expected, the nanowire is better candidate to suppress the short channel effect.
0.2 L 110 * 250 ‘
0.1 - ©- Y 100 \ = 200
':? 0 < | T T @ T 90 = 150 \
= 01 <3 g0 L\ E \
= 20/ 40 60 80 100 o E ™Y ~ 100
-0.3 ( e 'éﬂ 60 _M._. ()] \___‘_'“‘I-..
> Lg (nm) Az > o 7 '
a
20 40 60 30 100 20 40 60 80 100
== Nanowire == Nanowire Lg (nm)
DG-FinFET 'g (nm] DG-FinFET
- -Fin - -Fin NCN (
Sung G. Kim 31 %& @‘;
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Summary

+ The drift-diffusion simulator MUGFET using PROPHET and PADRE is
upgraded to v1.1

+ | have included the energy balance equation option to demonstrate the hot
carrier effect on transport.

+ The input interface has been upgraded for user’s convenience.

+ So that the Gaussian doping profile will be more realistic, | have upgraded it.

PURDUE
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Final Thoughts

Possible Future Work Being Considered:

» 3D visualization (open DX)
» Refinement of 3D simulation

» Process simulation using PROPHET to feed in the result to PADRE
—realistic doping and geometry

» AC response in PADRE

» Quantum correction is already implemented
—density gradient model in PROPHET
—balance equation model into PROPHET?

» Parallelization — new code?

» Modified drift diffusion model
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