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line x loc=5.00 spac=0.5
line x loc=20.00 spac=0.5
line x loc=52.00 spac=0.5
#oE AT B XA 1%:0.0~5.001 A FE0.5um3g 4o
X B 1%5.0~20.04 FF §EO.5um3g 4

X $%20.0~52.02 & FE0.5um3g +c

#

line y loc=4.00 spac=0.01
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line y loc=5.00 spac=0.01

HEEALS 45 By 184.0~5.011 ¥ FEO.0LUMA 4o

#p- type substrate

init c.boron=2e10 orientation=100 space.mult=2

HR T AER 52100 3 % 5100 0 H =025 B AH R

deposit oxide thickness=4

#fﬁnﬁﬂ » B gl F &850 JE B 9el5 -
epitaxy time=20 temp=850 thickness=1 divisions=15 \

dy=0.10 ydy=0.00 phosphorus conc=9e15

#p-body

deposit nitride thickness=1

etch nitride p1.x=11 left

implant boron dose=9e12 energy=50

diffus time=8 temp=1150 hcl=3

#4vboronit & & & 0 k& 9el12 > i £50 0§ & 1150 - FHcpF

m8A - hels £3%

etch nitride all

R Y

deposit nitride thickness=2
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etch nitride start x=11 y=-2

etch continue x=11y=-1

etch continue x=49 y=-1

etch done x=49 y=-2

implant phosphorus dose=2e14 energy=50
diffus time=15 temp=800
#4=phosphorus:e & & & - Jk & 2eld > it £

etch nitride all

#Source & Drain

deposit nitride thickness=3

etch nitride p1.x=5 left

etch nitride p1.x=47 right

implant arsenic dose=3el5 energy=50

diffus time=30 temp=1150 hcl=3

50 > /§ /2800 - JHHcPF F 154

#ivarsenicit & & & > Jk A& 3e15 0 it £50 0§ & 1150 > i P304 > hel 7 £3%

etch nitride all

#gate oxide

#E oxide » £ ri H-F F & IR
deposit oxide thickness=0.05

etch oxide p1.x=5 left

etch oxide p1.x=50 right

£ field oxide
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deposit nitride thickness=0.35
etch nitride star x=13 y=-1.5
etch continue x=13 y=-1

etch continue x=47 y=-1

etch done x=47 y=-1.5

diffus time=73 temp=1000 weto2 press=1.3 hcl=3
HF MBS Z13 chx F R 505 BB(RF Sweto2)? £ 5 iV 4 RT3 Sda
A 21000 & > F@EE Y 75 3%hcl -

HEA g ERRREM R SRBRVICF S hel ZEFFERERE -

etch nitride all

#gate metal
deposit polysilicon thickness=0.475
etch polysilicon p1.x=5 left

etch polysilicon p1.x=20 right

deposit oxide thickness=0.5
etch oxide p1.x=4.5 left

etch oxide p1.x=50 right

#Source and Drain metal
deposit ALUMINUM thickness=1

etch aluminum star x=7 y=-3
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etch continue x=7 y=-1.7
etch continue x=40 y=-1.7

etch done x=40 y=-3

#name

e SR L DA ) 135
electrode name=source x=2 y=-1.5
electrode name=drain x=45 y=-2

electrode name=gate x=10 y=-1.2

NS SN RIS

HH B
structure outfile=moslex01_0.str

plot the structure

tonyplot moslex01 0O.str

R R T

#deposit¥ 2 £ nitride ~ oxide ~ metal ~ poly & 4 f > &% * 45 4 -
#etch™ k473 3 F R 3Ry o A 8T 0 *etch kg o
#HimplantZ 3¢+ G 7 Uy = B~ B AF o i A RPRFER R S

v d 427 sk endiffus time, temp ¥ 45 £ 3% 2o

HAHHHARARRE P~ 2 2 TR0 T R AHAHRRRRRRRH
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go atlas

# set material models
#R TR A

models cvt srh print

#HK TE R
contact name=gate n.poly

interface qf=2e8

method gummel newton

solve init

# Bias the drain
#2% zdrain® &1V

solve vdrain=1

# Ramp the gate

#k T gateq B 0LV E H =i > J OVRE 435V > B 5% 3
FImoslex01_1.str

log outf=moslex01_1.log master

solve vgate=0 vstep=0.1 vfinal=5 name=gate

save outf=moslex01_1.str

# plot results
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#E DRIE B % B

tonyplot moslex01 1.log

# extract device parameters

#4511 %% Vit beta,theta

extract name="nvt" (xintercept(maxslope(curve(abs(v."gate"),abs(i."drain")))) \

- abs(ave(v."drain"))/2.0)

extract name="nbeta" slope(maxslope(curve(abs(v."gate"),abs(i."drain™)))) \

* (1.0/abs(ave(v."drain")))

extract name="ntheta" ((max(abs(v."drain")) * $"nbeta")/max(abs(i."drain™))) \

- (1.0/ (max(abs(v."gate")) - ($"nvt")))

Higw A X R AR

R R R R R R R R R e
structure outfile=moslex01_0.str

plot the structure

tonyplot moslex01 O.str

R R R R R R R R R R e

HHHHHHHAH S S B T 1 B IR\ HHHHHAHHHHAHH

HHHHHHAHRIA-VAS 22 gm & P HE#HHHHHHAHTH

go atlas
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# define the Gate workfunction

contact name=gate n.poly

# Define the Gate Qss

interface gqf=4ell

# Use the cvt mobility model for MOS

models cvt srh print numcarr=2

# set gate biases with Vds=0.0

#x zgate s OV,3V,4V,5V > 5 = v B #1544
solve init

solve vgate=0 outf=solve_tmp0

solve vgate=3 outf=solve_tmpl

solve vgate=4 outf=solve_tmp2

solve vgate=5 outf=solve_tmp3

#load in temporary files and ramp Vds

#F P~w B 7 FFoateT B efh % o drain® & 10.5ViER o F OV 4|15V 5 ot
load infile=solve_tmp0O

log outf= vgate=0.log

solve name=drain vdrain=0 vfinal=15 vstep=1

load infile=solve_tmpl
log outf= vgate=3.log
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solve name=drain vdrain=0 vfinal=15 vstep=1

load infile=solve_tmp2

log outf= vgate=4.log

solve name=drain vdrain=0 vfinal=15 vstep=1

load infile=solve_tmp3

log outf= vgate=5.log

solve name=drain vdrain=0 vfinal=15 vstep=1

# extract max current and saturation slope

extract name="nidsmax" max(i."drain")

extract name="sat_slope" slope(minslope(curve(v."drain",i."drain")))
#ér B Fgater BE Ik AF- BRI EF DR

tonyplot -overlay -st vgate=0.log vgate=3.log vgate=4.log vgate=5.log

HHHHHHHHHHRR S 5 T R A

go atlas

models cvt  srh print

impact selb

contact name=gate n.poly
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interface qf=3e9

#

solve init

method newton trap maxtraps=10 climit=1e-3 ir.tol=1e-30 ix.tol=1e-30
#e A4 B B 4ot 8 0 umethod Newton f#

#maxtraps : # L F AL EFFE 0 R T BT R JTar

#elimit @ R R UL HHR A E Y ¢ ¥ T

solve init
solve vgate=2.5 outf=solve_tmpl
solve vsource=0 outf=solve_tmp1l

# vgate=5 - vsource=0 4 & 7 % > solve_tmpl e %K ;5 gi;—] A

#
load infile=solve_tmpl

#solve_tmpl * % ;‘ IS mﬁ%l Ny

log outf=powerex100.log

solve vstep=10 vfinal=360 name=drain compl=3e-5 cname=drain
#compl :compliance(% +%),* * *U4| BE4ot B 7] vfinal 2.5 7§ ﬁ%@é

#3] 1e-5 pr R4z i 0k > 3 & % kw4 360V ié’ﬁiﬁéﬂ‘}%ﬁ;“ B

outf=powerex100_1.str master onefile
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HHHHBHHHHH R

#MASTER : #-¢ 17— 2k * 3¢ ’f?ﬁ{,;“ﬁ%l SHNEE - R R
#tonyplot % ) @] &

#STRUCTURE : ¥ save F &

R T

extract name="bv" max(v."drain")

# extract device parameters
extract name="nvt" (xintercept(maxslope(curve(abs(v."gate™),abs(i."drain™)))) \

- abs(ave(v."drain™))/2.0)

extract name="nbeta" slope(maxslope(curve(abs(v."gate"),abs(i."drain™)))) \

* (1.0/abs(ave(v."drain")))

extract name="ntheta" ((max(abs(v."drain")) * $"nbeta")/max(abs(i."drain™))) \

- (1.0/ (max(abs(v."gate")) - ($"nvt")))

tonyplot powerex100.log

HH T A
structure outfile=moslex01 0.str

plot the structure

tonyplot moslex01 0O.str

R R T
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quit

#Quit 2B R PE L BNE E'Ji%%ﬁl_j& g Bk 3T

-

5242 X Ap M R F A AR P

(1) Model and Material Parameter Selection in 3D
F@model + #24 56 B4, & fAmodel 3t g 2 5v ;ﬁ—z;ﬁ{:’ #rEpo,

M ERY LA

Table 2-1. Carrier Statistics Models

Model Syntax Notes

Boltzmann BOLTZMANH Dafault modsl

Fermi-Dirac FERMI Reduced carrier
concentraticons in

heavily doped regions
{sta-tistical

approach)

Incomplete Ionization INCOMPLETE Leocounte  for  dopant
freeze-out. Typically
usad at Llow

tampara-turas.

Sillicon Icnization Model IONIZ Locounts for full

icnizaticn for heavily

doped £i. Usa with
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INCOMPLETE.

Depandence

Bandgap Harrowing BGH Inportant in heavily
doped regions.
Critical for bipolar
gain. Use Klaassen
Mcodel .
Table 2-2. Mobility Models
Model Syntax Motes
Concentration Dependent COHMOE Lookup table walid at 300K
for £1 and Gaids only. Uses
zimple power law temperaturs
dependance.
Concentration and | ANALYTIC Canghey-Thomas formula.
Tomporature Depondent Tuncd for T7-4B0K.
Alternative to ANALNTIC for
Arora‘s Model ARORA i
Carrier-Carrier CCEMOE Dorkal -Leturg Model .
Scatter-ing Includsa I, M and T
dependance. . Important when
carrier concentrakbicn is
high (e.g., forward Dbias
power devices).
Parallel Elactric Field | FLOMCE 21 and Gaks models. Required

tomodel any Cype of velooity

satua-tion effect.
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Tasch Model

TASCE

Includss transverze field

depen-dence. Cnly for planar

devices. HNeads wvery fine

grid.

Watt Model

WATT

Transverse fiald model

applied to surface nodas

only .

Model

Syntax

Motes

Klaazsen Model

Includes N, T and n despendence.
Applies s=eparate mobility to
majority and minority carriers.

Recommendsd for bipelar devices

fhirahata Model

EHI

Includes N LAn alternativa

[

surface mokility model that can

ke combinsd with ELA. [

Modified Watt

MOD . WATT

Extension of WATT model to

non-surface nodes. Applies
constant effaects. Bast model for

planar MOS devices [

Lombardl (CVT) Model

Complete model including N, T,

E// and effects. Good for

non-planar devices. /f*

Yamaguchi Model

YAMAGUCET

Includes N, E// [fn effects.

]

and Cnly for 200K.

Table 2-3. Recombination Models

Model

Syntax

Shockley-Read-Hall

ERH

Uses fixed mincrity carrier

lifae-time=. Shcould be used in mest

simu-lations.

Concentraticn Dependent

CONSEH

Uses concentraticn dependent

life-timas. Recommendsad for Si.

Auger

AUGER

Direct transition of thres carriers.

Important at high current densitiss.
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Cptical COPTR Band-kand recombination. For direct
materials only.

Surface 5. 8.F Recombination at esemiconductor  to
insulatcr interfaces. Set con  the
INTERFACE statement.

Table 2-4. Impact lonization

Model Syntax MNotes

Silberrherr’s Modsl IMPACT SELB Recommendsd for most cases.
Includesz temperture depandsasnt
param-stars.

Grant’'s Model IMPACT Similiar to Selberrherr’ s model
but with differant
coocfficionte.

Crowell-S=za IMPECT Uzaz dependence on  carrisr

CROW-ELL zcatter-ing length.

Toyabe Modsl Hon-local medal used  with
Ensrgy Balance. Eny IMBACT
ayntax is accepted.

Concannon M. CONCAN Hon-local model developsad in

P . COHNCAN Flash EEPROM technologies.

Table 2-5. TUnneling Models and Carrier Injection Models

Model Syntax Motes

Fowler-Hordheim FHORD Self-consistent calculation

({elac-trons) of tun-neling through
insulators. Used in EEFRCHM=s.

Fowler-HNordhaim (holes) | FNHHOLES A= FNCRD for holes. Hot usually
required.

Band-to-Band (standard; | BBT.STD For direct transiticns.
Requirad with very high
fialds.

Klaassen Band-to-Band BEET. KL Includes direct and indirect
Eransi-ticons.
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Hot Electron Injection | HEI Models energetic Carriars
tunneling throug insulators.
Used for gate current and Flash

EEPROM program-ming.

Hot Hole Injection HHI Az HEI for holaz. For ULSEI EMOS
devices.
Hon-local gate model

Concannon Gate Current | M. CONCAN

congistent with Concanncn
Modal D CONCAN

subastrate current model.

(2) = & 4434 Parameters And Models

[-] T4&4#1+% 2 24 : CONTACT » MATERIAL > MODELS
[= ] Impact ionization #4724 :F2 | IMPACT
[= ] Interface 41+ % 2 352 : INTERFACE
(B)E#H3+ 5 > 2
ARG A
[~ ] de-coupled

[= ] fully coupled

[= ] block
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BRI /1

Table 14-1. User Specifiable Parameters for Convergence Criteria
Symbaol Statemen Parameter Default
B METHOD PX.TOL 1d-=
il x
METHOD CEX.TOL 10-s

ol x

_— METHOD TLX.TOL 10-5
o

L METHID TCX.TOL 10-5
Pl x

- METHOD PR.TOL 5-10-28
Fralr

METHOD CR.TOL 5-10-11

ol r

= METHOD TLG.TOL 140

P aed r

o METHCD TCR.TOL 100
T
Ea METHOD IX.TOL 2-10-5
E: METHOD IE.TOL 5-10-15
W METHOD WELE 200
TOL.EELAE | METHOD TOL.RELAEX 1
X
EIORM METHOD ENOEM TEUE
EHENOEREM METHOD EHEHOEM TREUE
CLIMIT METHOD CLIMIT 104
CLIM.DD METHCD Co 4.5-1013
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(4) save ¥ 4 3F i
Save outfile=<filename> [MASTER]

OUTFILE : ﬂig?J A

MASTER : #-§ 12— 65k & % 5450 85 21 » 2448150 7 12 tonyplot &

STRUCTURE : £ SAVE 4k -
PISCES : ﬁia?] T AR € 1 Rk e pisces 138 R IR o

] e
SOLVE Va=5

SAVE OUFT=datal.str

% »c*t SOLVE Va=5 OUFT=datal.str MASTER

(5) SOLVE
SOLVE[<ion>]<dc>[<fp>][<ep>][<tp>][<ac>][<photo>][<thermal>]

R Atlas k& ILF - (B /R BLinfE
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DECRY Eeal ]
DELTAY Ezal 0.1 W
DIRECT Logical Falsa

LT R=al 4] g
E.COMPL Ezal

E.CRIT Eeal 1#10-&

ELECTRODE Intager

ENDRAME Ezal ]
FREQUENCY Esal Hz
FSTEP Eeal a Hz
GRAD Logical Falsa

Izn= Eeal A/ mm
IFINAL Eeal B/mm
IMULT Logical Falsa

INAME Character

INDEX . CHECK Logical Falsa

Parameter Type Default Units
INITIAL Logical Falsea

ION.CRIT Real 1.0

ION.ELEC Intager z2ae Description
IONIZINT Logical Falsa

IONLINES Intager 50 nons
IOHETCOPR Logical Trus

ISTED Eeal Q.0 B /mm
LAMBDA ] R=al mm
LIT.STEF Eaal W/omz2
LOCAL Logical Falsa

LRATIC E=al 1.0

L.WAVE E=al Imim
MASTER Logical Falss

MAX . INHER Intager 25

MLOCAL Logical Trus

61

2o A HHFER)



LDMOS 2 SOI # g 4 14

MULT . FEED Logical Falss

H.EIAS R=al W
HAME Character

HE1 E=al WV
HEZ R=al W
HE2 Feal W
HE4 E=al WV
HEE R=al v
HE& Ezal W
HET E=al V=B
HEE R=al v
NFETEDE Intager a

HLAYERE E=al 15

HETEPS Intager a

CHEFILECHLY Logical See Deecription
CUTFILE Character

Parameter Type Default Units
F.EIAS E=al

EFE1 F=al W
EERZ E=al v
EE2 R=al v
EE4 Faal 4%
EEBE F=al W
EE: E=al WV
EBT E=al W
ERE Rzal v
FOWER=n=> E=al W
EBOWERFINAL F=al W
EREVICUS Logical Falsea

EPRGJIECT Logical Falsa

FULESE . WIDTH Ezal 5
Dens E=al CJmm
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WA $

CFACTOR Real 1.0 or previous

valua
OFINAL Real /T
DETED E=al C/mm
RAMPTIME Rzal =
EAMP.LIT Logical Falss
SCAN.SPOT Ezal
£ . CMEGA Rzal 1.4
EINUAMP . COME R=al a.a
EINUVAR . COME R=al a.a
S0R Logical Falss
E5.LIGHT Ezal 0.001 W/ omz
SE.PHOT Logical False
T =n= E=al E
T.C0ME Rzal Q E
T.5AVE Ezal 0.a =
TEAVE .MULT Rzal 1.0
Parameter Type Default Units
TERMFIMNAL Rzal E
TEREMINAL Intaeger all contacte
TOLERANCE Rzal 1*10-5
TRANS (ANALY Logical False
TETOF R=al
TWOFILESONLY Logical Falsa
WValls R=al W
VFINAL Rzal W
VETEFP k=al a.a W
WVEE E=al 0.1 W

SOLVE:--OUTFILE=<filename>.sta MASTER[ONEFILEONLY]
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For A - BRI Y data BERFACK S BN T RER - B

Lot § data s 4c: [ONEFILEONLY]

gt eh s e 5 4 TONYPLOT eix e — 1 i /& B 9§32 » select the plot and

press “b”on the keyboard -
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P

a2 b 2
% 7 S =3 ﬁéﬁ
(1) BkTens g 8480 APq]r SOl thf # 7 B g af R 4 > @
P EELHA SOl § 7P F TL/%}%_}i;I‘,Jr;? R B a R A SRR A

BRRFAABALLLG G

(2) RESURF A ific® » & @7 LA s animgaT > » v 1 d 5l

s

i HgREE R o

() SOI & FeeRvis s cd P m /Rt~ 2 B-d - B GREp o

(4) 1™ Fprctd s f BT HA LR TS R ena R G

(5) v el %
SERT T

2um 3um 4um 5um 6um

el TR 1.4v 1.4v 1.4v 1.4v 1.4v
Gm * % * % * % * % * %
it B 250v 295v 344v 362v 372v

O RARE AR AR F1 5 SOl & 1T & s i i

] l/g:_ﬁ' o E:Lf‘_l'li fLﬁ.l F ¥ A féirf’!;i’“{"\ °

65 1 X F(5 B ER)




LDMOS 2 SOI # g 4 14

[z] Fi&s Rw & B
10um 15um 17.5um 20um
=Y S 1.4v 1.4v 1.4v 1.4v
Gm * % * % * % *
it R 346v 344v 336v 320v
R P ER RPN AL RETR LRHBT
e PR TRIES B EBARE WRAER AL o
[Z] ~E& & R
3um 7um 11lum 13um
=Y S 1.4v 1.4v 1.4v 1.4v
Gm * % * % * % * %
it iR 260v 280v 344v 344v

Fl* £y ke L a R AR o £ 4F enk B < 30 1lum 2 b
SRV 2 )iﬁmﬂ‘fifw P 5 1lum B R B -

[z ]P-body % & erec s

8um 10um 1lum

k=Y s 1.4v 1.4v 1.4v

Gm % RY %" = . %‘

it JBR 300v 325v 344v
P-body % & - B > € 7 v 4Fahgm & o P-body g B 4%

TRTF A bR RIT

fo A end i TR AR - hip

P-body /& % it A2 1lum X ALK WIFT S B AR

R FISINEE AP DS p AR e RADTR T AT
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LE R

[T Fdo b B2 s

0.5um 0.75um lum 1.25um 1.50um

el TR 1.1 1.2v 1.4v 1.2v 1.2v
Gm g X X X X
firf iR 200v 280v 344v 345v 340v

¥

P RF R REHGER G RIS Bh K L&

N 1
eS|

R B AR AR WDR R T N b Ay

#

R RN BEL RS B R AT E
W R P AR T B R ER T Gt B BRI
FARXBPEAFEA AR A @ E;i;gjf,-i};);}ti A

I o
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