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A study on the influence of layout parameters on

electrical characteristics of high-voltage MOSFETs

Student : Hsu-Ju Liu Advisor : Bing-Yue Tsui
Department of Electronics Engineering
Institute of Electronics

National Chiao Tung University

ABSTRACT

With the progress of integrated circuit technology, high-voltage devices
with high power have developed into the market of HV-MOSFETs from the
market of thyristors and bipelar power transistors in 1970’s, which have become
the most preferable devices:to be integrated with the technology of conventional
CMOS due to its low cost, fast switching speed, and low power loss. Hence,
HV-MOSFETs are mostly-applied to not only control but also carry the high
power ICs with high current nowadays.

In this thesis, we study on the influence of layout parameters on electrical
characteristics of high-voltage MOSFETs and those layout parameters include
the length of shallow-trench-isolation between gate and drain (parameter S), the
length of shallow-trench-isolation between drain and bulk (parameter d), the
overlap between gate and shallow-trench-isolation (parameter a), and the length
from HV-N well to the edge of shallow-trench-isolation under gate electrode
(parameter b). In the beginning, we survey the electrical characteristics of
different devices with various layout parameters, finding out the effect of each
layout parameter according to the measured data and then use the simulation
tool (ISE-TCAD) to figure out the physics inside the transistors and to explain
how those layout parameters affect the electrical characteristics of HV

I



MOSFETs.

In this study, we find that layout parameters have nothing to do with the
threshold voltage of HV-MOSFETs. To raise the breakdown voltage of
HV-MOSFETs, it is useful to increase the length of parameter S or to design the
transistor to be symmetric. However, we discover that the improvement from
designing the transistor with symmetry is much less than that from the increase
of parameter S. As for parameter d, it should be designed long enough to avoid
the punch-through breakdown which occurs under the bulk electrode ahead of
the conventional avalanche breakdown. Besides, we observe that parameter b
can affect the substrate current and induce severe hot carrier effect when b
shrinks down. At the same time, it is found that the on-current will drop as b
decreases to 0.6um because of the high resistance current path resulted from the
current-crowding effect around the:shallow-trench-isolation between gate and
drain. The solution to these:problems c¢an be the increase on the parameter b.
Nevertheless, quite a long parameter b-may lower the on-current as well due to
the longer current path it “could build; Thus, according to different device
structures, parameter b should be designed accurately to accomplish the optimal

electrical characteristics, which is worth studying furthermore.
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oxide & B (Lgs) kBT 2 b R a8 =R F R EHBITE T L 8%
¢s ¥ (Gate-Shifted LDD, GSLDD) [32] o d P w0 @ g & i 3 L&

Do hef) 1-7 417 0 SEEFR &R F H Field oxide & & (Lgs)iak {8 » 7
JES R oS 3 R LDD & & end i R

RS NRE S EEE > T BARGY Y O AP TLEHEN
YUBRFF 25 LH%T HWMHV-NMOS) > 2B RHE A2l b £

B s RBRBREF LS T HBAEPAFF L EAZRER BRI EBE L
FiitkrEd(overlap)Z £ B~ A FETET > FB N A~
(N-welDZ 3% P ERAEREZ > I ARETEI Pl £FFE
BRI T REHC SR EE ~ PR G A SRR RS ES
TR~ AT N AT

&l [l
< %
1-4 #m ~ /1}#-
AT e TR RETREEA N R FHE RS F LT L

e w &4 2 (HV-NMOS) ® % & S #ic(layout) chad S pr > ¥ 2 3% 1F
Preng g 2 gne g P8
FoF-RBiMt3 RS I EFER
B2 AR e Ried c LA RS S AP AT AE R
TN FRB TG L2 PR AE B BrRhT B0 R R A S R

?’ﬁm’{i"Z"ﬁxw% d‘ﬁgpﬁvmﬁﬁm’gb%ﬁﬁﬁ sl

o

P

E S CER

pua
™

So R A RAREY T R RAE kR LEFRT R

d

L2 7 (Vanguard International Semiconductor Corporation) #7# i £

%
~=i
i

BT 32 RFZ NAF RS F &5 2 H5eT & HHV-NMOS) - 135



ﬁﬂ%ﬁz%ﬁﬂi*x% 3 SURMUE = 3
=R ¢ PRI ERIRE Agilent 4156 (Precision Semiconductor
Parameter Analyzer):& (7 7 {2t Bl £ & A 47 » 3 B R 86 A 2¥

(ﬂd\

RERHA AR F2Z PP ¢ GHEFLR -RRTR S AWTINE %

Boo FeR S HHR L AT E B G Sl R R T AL PR

ERRFHEHARZEFTEL FRIE D A
2 AR AISE TCAD) » 428t~ 25 1 3 b chfs B S BE (7 10
BT RBEERETNEFLZLLHELT AT RS R F S S (Impact

Ionization Rate) & 3% % » &2 & £ p[#7{F 2 T M e S 4o b i~ 31
s S AT e

FIFREABRERERR Y - BAR BT 3R &3 LIx
T o B (HV-NMOS) } 12 E & b Sdc(layout) ¥ 2 ~ 2 1 (v enq (445



SOURCE

N+
P-Body

W/
I

__High Electric Field

DRAIN

B 1-1V 3 £3 S0 &5 L 35%E &(VMOS)




SOURCE

[ care |
) J\C
P-Body

R]

AN

% JFET Region

DRAIN

W12 L2 N EHicE §F L 3E%T HH(VDMOS)
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N+

SOURCE

P-Body

13 MiEr5e5

DRAIN

L e T 5 R (UMOS)




Poly Gate

Source

N+/P

Bl 1-4 EHITx1E £ § L 2T 5K H(DDDMOS)
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Gate

Source

W 1-5 B EHIcE § L FT HOLDMOS)
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Gate

Source

P-Subtrate

W 1-6 RiE#H =3 SRl EEHIcEF L F T &HH#(GSLDD)

55
50
e
2 us
=]
-
g
_3 40
3 Classical
& LDD
as /
[ ]
30 . ———
0 0.2 04 0.6 08 1 1.2

Lgs (um)

W 1-7 <% GSLDD ¥ Lgs 2 £ R4 3 F TR 3 ¥
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2-1 #%~t A%

Amv R Rl fd AR AEFUTREFT AP
(Vanguard International Semiconductor Corporation) #73% i » % 3 {7 7 & 32
RFHONAYZ RS F £5F LHPcq HHHV-NMOS)» 2 4 T'F?rﬁﬁi"ﬁ S

£ KR P A A48 & (Substarte Layer) > #& % &2 + = & P 4] epi layer
e~ 3B NI L P A~ 2 (HV well) » B B34 &2 4wl chdp 5 48~ k&
BRAcHI B4 2-1 %77 R X (S8 £ < £ LA 235 4 K > A
FOLUEE D] M i d R TR e R F i (Locos) 0 @ HiE
# GOEH 8 R & 5N 15 4E(Shallow Trench Isolation » STI) » # R{E= ¢ # id
sierilocos 3 i B Rk e S FR RPN A ERS
TR RECHBFLIEFERTIE TR AP ORI E . ESRL A
(Lightly-doped drain) » ¥ £ R #& =4 2_ nitride spacer » % = {& %4 & Bk
BB A2 NH/PHERBR®RE > T A fp P 854 L £ HP 4
(silicide) ™2 *% M i & e T FE » 2_ {8  } inter-layer dielectric (ILD) » 12
CMP BT i3 alitt 2a - 4 BA & 2 BH A ?J%(IMD) BisE 4
B X HdF £k IR 0 |4 1k 44 1 (passivation) e 2 Hmil iTonAre e
g de g 2-1 55 .

AR REAREET > APF KA G S - L HEHAHEL N A
£3

REEF LHRT R T - WA AHAENANAUIREF LHT R M-
AR AR BE 2225 B A WAe R 2-1 % B 2-2 9657 o d B 2-1
2R 22 % o APTFd s AKFHRAES > AP EA RO R Sl
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(layout) » & &7 4r@ ¥ > TP 4o

V S PEEIERLZBREF EICTHMAL M AEEZ AN
i H p#7( Shallow Trench Isolation) #1 ¥ 2. £ & o

vV oa %I A HHETEE AN EN RN £ & (overlap) 2. &
B e

vV b FETEAFAETET 0 3B NAHE F (N-welD I #ixtaf
NEN RIS ER
CHBHET LE AR et s BBt e R R -

V o d TR FABREABTRAESEEESTD w3 AmT F R

A4~ 2 (P-well)if % 2. &
V (%85 2 830Buk)T > 3BRPAE A H2 LR -

|

I—&
i
s
=
B
“‘i
\F'
,1\#
9“
b
8\/
o
=~

!
-

L. awvuéﬂ’@ HAEUNUBREF LT LM~ 2
Rty - REELIARDAG > FREfE S - g kY
(Mask)ehi= ¥ » f FIE_ G b4 LA ~ 2 chfpsg @ o d St iRigs
WAam o 2 o fEd) ~ 2 - 3 R ESERSTDRE Flt 5
TR AR 0 AR BRI - A > Flet o A2
~EREE S pRER G 5 - i Mask 9% 3

2. HFANAUFREF L T HWAE a2~ 22 4p R

2 Je R T R R R e R p v ARE R ARR oW
AR E ARG Wl &S I AE(STD @ 2243 ern 2 Rl b &
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Mzt 5 ST R &RE LG o Flet 2N oy 2L 403 o0
- {# @/E’ﬁi«%ﬁﬂgﬁﬁm/ 7 —-F)»FE';J"W":?% {4 r"f"l” 43_:—1_%?_}4”

3. %ﬁﬂ y%@ﬁii%ﬁ?&%iﬁﬁﬂﬁwﬂNﬂ‘@%

B
B Bgﬁg;wi%ﬁ FiES Bheik B A 0t s A A Sk

de 3 $8NBHBER) APFF g d 2 m AN S
BREF EHIT LWL ZPHHFANILFTRESF L He]

o H  2 H oA R R 3N R 4B s (Shallow Trench Isolation)
STt A IR A2 £ R S TR S W RT IR LA AN R4
B £z £ RS & 02T a=S/2 > rE7 B BE AT 0 A
FANIAZREZ =T LM ~27 > TRENIRHREE RS
TR R L 2ume d a2 AN A 3 R &5 L H50T b

o

4, Voo N EAEEN A gL R 2R HAAN
A BREF LH R SHWEEE ARG 3um A EEFA N A3
BREF LHT LR E 2um -

IS

d 3 E b A EHA T BRI T @ (Vanguard International

Semiconductor Corporation) #7#& e 2 > @48 7 HAHAI N A 3 R £ 5 =
B AP AAEFANUZIREF LS T HWAEA L0 @
B RSHEIAMEND SRR L ST R

& AR A Ry S 2 T L AR RTE G A £8(Sa b~d) >
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S PEHEEAN YRR ET L4 AR HEUN YRR EF
}%-7&-/{'?;: EIHB%E!I' ’ ‘fl] %m[,ﬂ\_ﬁ/lﬂzﬂ’ I S\a\b\dzz‘\%ﬁj%_ﬂ ’ A?\‘;_JJ::‘;E
FRAL PRRIE AT T RA R A D i b SRS

;F,
|
@~%ﬁ?@~ﬁﬁﬁﬁﬁ&%ﬁﬁ“ﬁ@;@%g,k%j%ﬁi%@

B3 et @ uE HH S g #258 % (Impact Tonization Rate) 54 i
i%%fgi“ ) 7\%,%—19'- B SECH O (T AR ﬁgi\’%ﬁ SR m oA i

EF XH T HMOEA N AT T BT S B R AR

>\_
s
4
9
bt 2
A
A
W
%
T
i
3R
9 \
T+l
\F‘lﬂ

Pl T MR E S IR
BEAEBR e 0 APATE O RLRE 5 Agilent 4156 (Precision
Semiconductor Parameter Analyzer) > Lt & # P % i b 28 (S~a~b
DHF %~ Rl TR HF LI RAFEGoT 2 e BT % o
PEARL > B AP I RNEATRELILE AT AHA BT RE

(I4-Vy) » H &~ 3 % i@ (Transconductance > g,) #7 fec1— ‘e dficdy » H =2 4
TR 2 RRE > &G F TR[33]

&?%ﬁﬁ%a’ﬂwgyﬂﬁaaﬁﬁﬁﬁ%mmitmnﬁﬁ

=t

B4 3% ¥ ¥ BT 3 7 k4R & (electron/hole recombination) ~ T F 7 ik
% # # & (electron/hole Avalanche) - Shockley-Read-Hall recombination
theory ~ Auger ~ ™2 2 Temperature/Doping dependency % 4= 32 -3 (physics
model ) it 1 4 i b S HHAERINDTHF T LT RERI AT

58 % (Impact Ionization Rate) % &% » 8- B2 A L5 #7018 3 eng P

BRI WP B XA -
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%221 3REF LT L2 GYivife
NBL Formation N/P LDD
P-e;‘)'i Growth Nitridé Spacer
HV V\‘/'ell Formation N+/P+”Implant
OD/"STI Sali!:ide
HV \‘}t Tuning ILD/éMP
HV G"ate Oxide Cor‘mvtact
LV Retrog‘;ade Twin Well Metal ‘1'/ IMD
Dual éate Oxide Via/ h}ietal 2
Poly (Ar;;orphous Si) Passivation
Dopants Energy Dose Depth
HV Nwell | Phosphorous 330KeV 5E12 cm™ 2.5um
HV P well Boron 90KeV 5.5E12 cm™ 2.5um
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322 2| A B EEAEL R G2 BURE LR S

Length of Parameters Asymmetric NMOS Symmetric NMOS
W(um) 20 20
L(um) 2 3
S(um) 2 1.2
a(um) | 0.6
b(um) 0.8 0.8
c(um) 1 1
d(pum) 2 2
f(um) 2 2

20




%23 A% BPERAZFE0RE S EE G A
Asymmetric NMOS 1.0 W/L=20/2 S/a=2.0/1.0 c=1.0 d=2.0
b 0.6 £=2.0
(1 m) Symmetric NMOS 1.0 W/L=20/3 S/a=12/0.6 c=1.0 d=2.0
0.6 £=2.0
Asymmetric NMOS 2.0/1.0 W/L=20/2
1.8/0.9 b=0.8
1.6/0.8 c=1.0
1.4/0.7 d=2.0
S/a 1.2/0.6 £=2.0
(1 m) Symmetric NMOS 2:0/1:0 W/L=20/3
1.6/0.8 b=0.8
1.2/0.6 c=1.0
1005 d=2.0
0.6/0.3 £=2.0
Asymmetric NMOS 2.0 W/L=20/2
1.8 S/a=2.0/1.0
1.6 b=0.8
d 1.4 c=1.0
(1 m) 1.2 £=2.0
Symmetric NMOS 2.0 W/L=20/3
1.8 S/a=1.2/0.6
1.6 b=0.8
1.4 c=1.0
1.2 =2.0

21




E N well

P-well

Gate

OO

Metal

HV P well

Bulk

P epi

P sub

Lo

B2-1 2 #HIANIZRE

22



N well

- P-well
Gate

Metal

-

LRt
H

\—

d

||||||||||

Y

=}

RS I -

” 3

_ =

" o

: =

| © =

Ao i L 1H
] 121 = o
A o

.......... le@ A=l 2
........... skt >

_ o

................................................. e H —_

_ n

= A T

£ S

TI

L I - N

P sub

23

B 2-2#HFAUANINZRES




B Sl 4cB) 2-1 3 B) 2-2 Hror 0 AN e g

~ e b $ T A BERT T 0 R N AHE » 2 (N-well) T 3%

R (STD G 2 £ & o Flot > At &9 > AP P RE4F

Wb SBHT AWORA TR BT 2 HF TR PR S
A A S b SRR DR R A G

&ﬁ% AN BB EF LB @ fudl - —b=1.0um £ b=0.6um

\\\

A N 3 % R 43 2 B0 6 8 —b=1.0um £ b=0.6um
H +‘J‘,‘T]g_—ﬂn | E7 % ’J'%a‘ﬂ'l = ,iy\_tlfﬁ;l_m B %‘}ﬁiﬁ © dded 31 9

7T °

(a) =i TR

v

A r hg PR E 5 Agilent 4156 (Precision Semiconductor
Parameter Analyzer) > & Blif £ 3 A f&4r T B 0.1V Aty > itk
R B O03Vo LEaET I HBET R(A-Ve) 2 M 8 -

doariE e whdy LY T ML TRR T ROEE ¥ AE AR
s BT R S 4o fixed charge ~ mobile ions ~ 2% 7~ 2 & x4 S fgeo
2k R B R EATRE[34]; Flpt o Aipdadt o HEF X HT b
Rk # 2 nen b S dc(layout) 37 387 € 418 il 7R 5
AR A d NP ERRIP R SRS S AoB] 3-1 E R 32 Aro P

i ey ¥ ,u—JF} Ao 2% P HWT A D 2BFEF A E
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BRI EFFOPL S H ALY~ E S L7 A~
£yl

ek o A 3284 3305 PE

el
T
-
|z
“fl-\

eI HFEUT WA ELRA T RIS, ¢ 7 THOES -
BARE L A2 T ug WAcR] 3-3 2B 3-4 o 0 d B 3-3 &
Bl 3-4 ¢ > A w g gl A3 $HIT SIS AT R
PR FEbEH AR TRMELE

W R 3-3 e R 340 BT - B AESL R > 2RI OTRh TR
TiofE o P A E LISV A 2T 067V 24 0 B LT
0.48V e 245 Tl TR 2 58 2 I35 [34] 0 IR iR Ol Gk Sl 0
AR BV FINESTRDE - LULEP DF EEREMIET D
HV P well )k & 8- $RePB2 T > 2 0~ 2 @~ & hiph |
BERBFZEADE A H o d pLgEPR 05V L JEF 5y ok p 3t o 23R
A7 A 4v 1 P47 (transient edhanced diffusion)® 731 4=[35]; 15 § ~ * ®
B T BRSPS S D LBl e 0 Ay 3
EHOERBRUFTOFFBEHT R AP AWy S5 F

(amourphous Si) > Fla@ ¢ B < e B3 BB H R Ah%H 2L & 3

£

<l
= »

= 7 M o (Siinterstitial > Sip) > szt Sip e % 1 TE R A pF R
¢ B4edhdic 0 A F FE ey e(boron) B4 A w & N 2 i E
TP PR R ATE G PF o B¢ BT i eh)k R &4 F (doping profile) >
MU gk RS 0 Fla R FRET R A o

IR AR P AR FIE AN o d B 2-1 ¢ T g
o A FFL R AR AT e 2 0 TR - RN ES R
BEPLT(STL) » & LA ~ Edr5 5 Flt o &3 H{FE~EP > 45 2 R
WP e Nt ¢ 8 4275 R i g > Flot g =~ 2 N 307 & 4o i AT
(transient enhanced diffusion)*c &3 2 pF > € 38 & S W g kR -
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HAHFA BRI RFERE ABEF 0§ AR R ER
F 7% STLR(HAL T & M) RHE » AR 7 NGRS § 00
g FINT RN IBEBTEEIERAGTF € XD 2PN A
4v 3¢ #F7 (transient enhanced diffusion)»% /& 82 5 wcil 3 T T B
BT GF A o

B RENPOIEG Pl AP FFRES ALY T R
Wenihie ~ Ailbk 30 T2 RSB T] 32V L X2 FER S Fla
fa ke * 7 R (bias) ¥ 02 #-% AT AL 4c 1 ¥ F7 (transient enhanced
oxidation)®* el if %3¢ 7 ZH > § TED st g4 # Gi S0 R~
Bfph T RELTEE TR IEHEHA SR B 3-5(a)d
AUEEHRE WA B2 mT R 32V TR RIFL A ET R
AT R d BT R PNERS G 22 Rh R
B3 05V L§E; @ B35(b)R AP R~ 22 hikaxies &SR
AT BREFR L 32VeE BAR T $13  normailized i (HE B

ZE DB APT PG FAPEIRES AEE BT P A

‘E‘“\

=4 3| 32V 'lﬁprﬁ—’w»% LRLE D Eqazied EAREIEINIE Sy - SRt g
el TRMAPRRE EI0TVom b B AFERARE T 4R 32V
SRR TRR TR LT o d T gl AP w ek AL
FE ORI TRl TR T § B D

FHFLA B Y RRE G R T RS AR AR(STD -
R AR N+ d 4 A RS 0 RS T R R IRl 4 i
AC(TED)E B TRl TR @ &f g 1 0 oke2 f6 > % R P~
BE AR - RefRR T RE

FEA 048V LR p
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i ﬁ?@? rﬂ,k’}éff‘fr'm it

oo W hFEODENFFFEF TH R HWAEL
TRI AP EE AT P b Sl AR HREARD 03]
3V g P aatem it s s & B ER(ArB) 3-1 22 B 3-2 fror ) 2R m A

3]

<k

(b)

4 A%
3 = 'J‘ 3

gl

PR B P U AR RN T ROERT F3-67 APT g

v MRS X RRII20V U 2 880 b S F LR HETRT D
AApAE T o B EFORE B 3-6 47 > EAPERFHFEF
LHR o METR 0~35V ) RifkiEs o AT B A BT
32V 2 35V hRplRRiE R T o v @ T N E AR TR (1-V) 2
B B o

dFl 367 APT UG A MBETRME b S A
T frL it 2B 2 g B AREA T P i v oy d o
b=0.6um =~ i x jpbr fof UL E @ € iR 13 b=1.0pm s 2 35 vk
F L pF b=0.6um = 2 e X AEb=1.0pum o i AN A B
B ok e A Fril b=06pum i 2 2 b=1.0um = i P
AP AR R A B R RN RS R AR B o T 35
A E AP AR R TR R TR AP

FREREF LT LAY TP BB TR E AP I
Tind RENF OBRFIOMET UG A R B BEHIERD
ASTI P FMEER ST % Rl w Pladhe Ft > § 37 5
£F XH T HLHFTAINEBE A BIBTE 5 b SHETHET
* N-well 2 STI ¥ B enpbdpigeps » B S0 x & F STI

.. REHERA N e RIS R R A B
FURUIEF AR TR Rd s F RO R ¢ (crowding) eI % B
L E g A _r_!)gg; Mofe s ;}mﬁa 4o s 3% g\;;&‘fé_é@«fp?)‘)ﬁﬁj"f



o oA AP PR PIE S THE 3-6 ¥ b=0.6um i~ E xR o
T g S K AT b=1.0pm A iE 2 A FAE R RPN IR0 S
Bafire iz, A TR 0 AR 0 AP AR OFE G § &
b=0.6pm H~ 2 H Z IR RMAT € b=1.0um L E kenF A B

g% o
(c) ART

LB FFEF PR HWE TR > d A2 I (Substrate
Current) ¥t W #& % /& (Ib-V) g 124 47+ K F o g% £ % ko #|#7 -~
i 44+ 2 s (Hot Carrier Effect) she & 451k » § AWM o s g
P o o #-¢ 51 2 7 JUR (Reliability) 0R 42 -

Flpbo gt &P o A cng gl ok § % Agilent 4156 (Precision
Semiconductor Parameter Analyzer)i& {7 Tt b cnp| & » B~ 2 ik
P o MRS Bd 0~20V 0 AT AL B 5 32V & 35V ol (vif it
T R grH AT I H T R RIbIVE) AR W -

B 3-7 BB 3-8 4~ W 2 ATRRPIFHALZRET LHT Sl
HHAEAZRET LHT HWY b FEHE AWT IR B iy
B o KR 37 P Worg A A b=1.0pum g3 HALAE P 5 H AR T
AR R T REG - ) AW R BT 5254V =+ 0 S G
¥ iTpE ¢ X Pl A+ 2% s (Hot-Carrier Effect)df 3 (damage) & b
iR e B 370 AT g Aok
K3t b ®I 0.6pum hfF i B AWML N2 b x B33

ppiu

BaEd - L EEFHBRIBAE 27T AMTIRY - B
BooMgd s LA REDRNI A LI BEAR DT LR
(reliability) o A& ] 3-8 ¥ AP F g P BN G aff~ ¢ &R

—J_é_
(AP Bpa B L g 226 A b S8ks 0.6pum shfiimp s 2 2
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FRHBTBROM D WMo 273 € IR b=1.0um ~ 2
- EEEOF Y PR fRI AR
SEEF Sl T A PTG AP T AT L]
S o EF B RN (N-wel DI R ENRRBEFEL T2 £ B
CRIEE SN R S R X e/ T SEAN Sk S iEchet

ppuul

EBRG o BN ARE S A Y R[36-37] T AL <
g 92@-%’—37}9{-[37]6 AE A, ¢ RN F A T AR HF

B AR R
IR ITTRPEE A E PN IRk A T2 L g3 R E SRS

ERY 3 §%%£{$ § L H3 T W’(HV LDMOS)%& epF >

(Impact Ionization Rate) ¢ & & 3L LOCOS 1§ # % #* (Bird’s beak)i%
AL IR ARG AT 0 A BRI AW R hipd] o d At § RAREH o
Fedlae 4 gz 15 d ;%f&:i‘—? 7158 e @' 7 = (interface charges)ﬁ‘&;‘%—
ARAEE {55 Fped Uyl Bl R R R o F Rk 0 o € RLET
AT O AR T R AR S e TR e B IR AR
# s Kirk effect [38-39] Tyt » A% w & B P iz » 3% i T B
H G e A AR 3 & b=0.6um pF i > B¢ § IR D Kirk effect 12 2 2
* R HE k< i B ¥ 58S (Impact Tonization Rate) 2. #7
3]~k iplens B e pE R et Kirk effect 2 2 58485 &
H~2Y ¢RFHHFE~2HELE2 R T

BT A2 @R (Blocking)ie # 7 5 £ & o w it &Y > AP IR

HiE A FEDPEHETRES i)g‘ﬁi?aga’ggﬁjgﬂ'}%?@”ﬁ PR



A g P2 o 1 Agilent 4156 (Precision Semiconductor
Parameter Analyzer)it {7 7 (£ F cp| £ » & W #-RE~ 2 ke T R
d 0V 4 3] 80V > iikdzs » MiRAF SR 10V & &8 27 i §
AT BRAd-Vd)2 M % E -

B3-9OLF3-104 % 2 2R3 $HAEABREF LI T LW
FAIB R EF LR St 2 i #F(On-Breakdown) s3.55 % » f& ]

v ,?T!X—JF:]ﬂ'l’%&‘f;’g@_%é?ii%“‘ T RN i A S8kcbd 0.6um =
£ 7 I,Opmﬁ’l%fl}"ifi% Wig o g"_ﬁ@gr] Lmoe LK
R o R E AT 4 o & 348 A 354U 5 AP BRI

e A HFIAT LT E L FL AR ER ¢ THEE -
BARE L 5 Stz TR A ug WAk 3-11 2 &/ 3-12 #77F > d B 3-11
VR 3-12 ¢ > AT P ey IR B A S A
# ¥{HHA S HV-NMOS ~# ¢ > F & T 03 B N 448 » 2 (N-well)
IRNAEN I T L LR D)EE T2 8 Bg At Ha #ik
Meh e o e H gl g ] (55%) o AT G PR TR RN 2R
A5 P AP R R R R

prh o B AL TR P - B TEAARR b ST AT P

%ﬁﬁii%ﬁ%&@iﬁﬁ%@%gw%ﬁy%é&@%ﬁkwv

Ty

"7"?7 a1 ’é-_b=0.6},l1’1’1 m;}i;‘LT Bﬂ‘; A 3 ‘J'%a- Jmﬁ, K | ﬁﬁ B %‘
59V A WA T HAEFE 48V A b=1.0um K HpF 0 2 HHAE
AhT HHE HETRT i 6046V A HHAT HAErE 49V

Fhemg > Apfahi v AEnTa BEAG M
1. == mﬁ'ﬁ-'ﬁ—ﬁ'ﬁ- A R de AH 2T 7 f’f?— | ehT & B i
b bR e 4@ 2-1 82 22 ¢ AT 5 0 $HEA T &
WhREs WErT 5 - ¥ 3 AN ERETD > & 4 %
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Al 2 grs 5 - 3 STL d 27 22> § T Wik
Tl AR IR E 0 BT BT
PR LA~ BN OB 0§ B - B STI hig % o 7
“RORRIRE 0 R S MR S o TG R
FRE o R EAPFEERID DT o Fp A
et At A B R AR 2V e
2. STI 22 £ & © % = BFZAEG 7 kp $HHLE 3 FHHS
AR AL G LS LR d 31 APE g A
b %% E e 7 ﬁﬁmkﬁﬁ
AL & B STI ehk );?,(S))]-}* T 7L
1 STI §_2.0um @ $H4E~ 2 1 STI & 1.2ume &7 HHp 3
Sﬁ@%’ik%ﬂ%ﬁ%%ﬁ@@iﬁ%ﬁﬁ’ﬁgﬂﬁ
AN IRE Heal A Flw i #OF o px N P dah ) STI
L R ea PER AR .
3+

FEIS R R G - R s T - & 0 AP TR STI

ZERREFERELSF O RBZERRO-IET L) 0 2 S Sl
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%3-1 A% Db 2HEF2ZFIHTHWF T A 2k

1.0
Asymmetric NMOS W/L=20/2 S/a=2.0/1.0 c=1.0 d=2.0 f=2.0

0.6

b(um) 10
Symmetric NMOS W/L=20/3 S/a=1.2/0.6 c=1.0 d=2.0 f=2.0

0.6
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2 32 AHFANAUIREF LS %T LWL BAIR

b=0.6(um) b=1.0(um)

Vth(V) 1.15008+0.006 1.14987+0.007

2 33 HFIANIUIRES THI T HULTATLR

b=0.6(um) b=1.0(um)

Vth(V) 0.6754738+0.005 0.665669+0.007
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i34 AHAUNUBEES

b=0.6(m)

b=1.0(um)

Breakdown Voltage(V)

59.1610.31

60.4610.32

2 35 HEANIZRES 25

LEQUN R ST /ﬁ'

b=0.6(um)

b=1.0(um)

Breakdown Voltage(V)

48.1210.26

49.24%0.18
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S(um)

Asymmetric NMOS
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1.6
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W/L=20/2
=2.0

a=S/2 b=0.8 c=1.0 d=2.0

Symmetric NMOS

2.0

1.6

1.2

1.0

0.6

W/L=20/3
=2.0

a=S/2 b=0.8 c=1.0 d=2.0
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%2 37 FAt iR e REFRORRE L

Asymmetric NMOS Symmetric NMOS
STI between No Yes
Source & Gate
2.0/1.0 2.0/1.0
S/a(pm) 1.6/0.8 1.6/0.8
1.2/0.6 1.2/0.6
b(pm) 0.8 0.8
c(um) 1.0 1.0
d(pm) 2.0 2.0
f(um) 2.0 2.0
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£ 3-8 A2 HHEMHHETRLBE

Breakdown Voltage Breakdown Voltage

Asymmetric NMOS Symmetric NMOS
S/a=2.0/1.0 62.8310.30V 63.1410.31V
S/a=1.6/0.8 58.93+0.30V 59.6010.32V
S/a=1.2/0.6 53.55%0.30V 54.1620.28V
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d(pm)

Asymmetric NMOS
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W/L=20/2 S/a=2.0/1.0 b=0.8 c=1.0 f=2.0

Symmetric NMOS

2.0

1.6

1.2

1.0

0.6

W/L=20/3 S/a=1.2/0.6 b=0.8 c=1.0 {=2.0
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310 3BEF L% HMA d 2HHHF TR B
Breakdown Voltage Breakdown Voltage
Asymmetric NMOS Symmetric NMOS
d=2.0pum 63.14+£0.31V 52.99+0.21V
d=1.8um 61.29+0.19V 50.31£0.20V
d=1.6um 57.78+0.30V 48.98+0.30V
d=1.4pm 47.59+0.22V 47.49+0.34V
d=1.2um 43.06+0.19V 43.02+0.21V
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24183 b $FE2 REAFORFREF LH T HHLFEw
ERCIE S
W/L=20/3( 1t m)
b=1.0 um S/a=1.2/0.6( 1z m)
Symmetric NMOS c=1.0( £ m)
d=2.0( £ m)
b=0.6 £ m £=2.0( £ m)
Dopants Energy Dose Depth
HV N well Phosphorous 330KeV 5E12 cm™ 2.5um
HV P well Boron 90KeV 5.5E12 cm™ 2.5um
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2428 S S H2 REAFOR R EF L P T HhMLFEw
ERCIE S
W/L=20/3( £ m)
S=2.0 £ m a=S/2( (L m)
Symmetric NMOS b=0.8( ;£ m)
c=1.0( £ m)
S=124m d=2.0( 1 m)
=2.0( £ m)
Dopants Energy Dose Depth
HV N well Phosphorous 330KeV 5E12 cm™ 2.5um
HV P well Boron 90KeV 5.5E12 cm™ 2.5um
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243K a2 B2 REFE I RET L %D LMW
# & $dk
a=0.6 ym
S=2.0 um W/L=20/3( ¢t m)
Symmetric NMOS a=1.0 4 m b=0.8( 1z m)
c=1.0( £ m)
d=2.0( £ m)
=0.6
amoam £=2.0( 12 m)
S=12um
a=1.0 um
Dopants Energy Dose Depth
HV N well Phosphorous 330KeV 5E12 cm™ 2.5um
HV P well Boron 90KeV 5.5E12 cm™ 2.5um
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2A44HRd FEZREAFDFREF LH%T LWL FEw
ERCIE S
d=2.0 ym W/L=20/3( ¢t m)
Symmetric NMOS d=1.6 1m b=0.8( 1z m)
c=1.0( £ m)
d=1.2 um
Dopants Energy Dose Depth
HV N well Phosphorous 330KeV 5E12 cm™ 2.5um
HV P well Boron 90KeV 5.5E12 cm™ 2.5um
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