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Abstract

Asymmetric n—-MOSFET’s for improving packing density have been fabricated with 0.35 m
CMOS process. Electrical characteristics of asymmetric n-MQOSFET show a lower saturation drain
current and a higher linear resistance compared to those of symmetric devices. Substrate current
of asymmetric MOSFET is lower than that of symmetric devices. Asymmetric n-MOSFET"'s have
been modeled using a parasitic resistance associated with abnormally structured drain or source and
a conventional n-MOSFET model. MEDICI simulation has been done for accuracy of this modeling.
Simulated values of reverse as well as forward saturation drain current show good agreement with

measured values for asymmetric device.
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(a) symmetric and (b) asymmetric

AzH 2zpe] Ar71A BALe HP-4146B wkeA| s
glle] A7) ol 43l A= et 23} =l A
FE Vos = Vps = 33 Vel EA=ler, Ay 499

oA m|]l/Aes Zb A-AE2 Vg = 01V, Vis =
33 Vol 2 APARAE melel 2 e



12 A% AL o3 vjhAl n-MOSFETY #7)A 84 2 nd

A B oozl Ad e TIEch 22ln A2
A4 2 hot carrier S48 dobir] $I% 7|9 AF
£ Vps = 33 V& A, VGS = 0~6 V 74#] W3}
A7) &A3odet

Azh 2] AR gelslw B dFelx AAg
vy n-MOSFET ==lzgHe] A4S A7) 9
slo] FA A EHoleldl TSUPREM-49 24t A&
o]elal MEDICIZ | &#le]Ad-& 247t si3lsich.

m. Z =
L =¥l 23AF 54
o} el n-MOSFETS} 23} =29 A

—~ W
T inCa L Ves= VX1 +2V) (1)

&

I, =

2 FoB oya,  0<(Ve— V< VisolH,
Ves?t Vpss A7 Alo] B} 420 iy =@l 29
2 Aoje] Asbelar, ¢, &9 WA 7 AolE g%
o, v, TEAYIth T AR EHl TR
FEAZA Aol Aele Astel <3 AR,
2%, =]l vlojolxel &3 9 Y, EE A
WA E S elEshs Aeldh i AdAel W
S dehlle Aol Wy, Lo A4
A Zap Aojejr}. 40 A3 Ry 2 =& A

(Rp)e] 9k& 7% %3} =3 Afe

=22

_ 11—, Wy v 2
Ip = Z#nscmLeff(VGs Ve IpRg)

[1+ A Vps— In(Rs+ R} @

2 Fojzln) Al (QRRE] A0 A Y el A3}
o] =&l|al E3pH Tl & %S vIAS & 5 irk
2% 2% Vas = Vs = 33V o o) 248 7 22}
o] ¢wbel o) gupsk 3t =l AF HIE Aelx
Zof] sl vebdel 23 2(a)ellA] HAF n-MOSFET
£ x3i=gl AF7 AolE Zof vzt 548
shiigl ot withAlsl n-MOSFETS 3$ole RFe
Z71Zo] ZA 4TS & 5 k. E3] oF 15 o]
ko] AlolE Fof diaixe E3t =dHQl HFIL A

Z7VelA gsrer], cesel B4 i 3] gE

(466)

o

FLERED 5t

B0 Ao(a 1bellM D7} Fe&E 23l =¥l A
9 @77 % sk & 5Ud AllE Fo
A 2 A AEe] Yl 4Aer] WAo] AL
78R Fe] Fkske] sxle] HAdol ©lR dshEgich
I3 2%t 2Ab)F vlas) B Ae|E Zo] Frla
5 eabek ¥23) AFo) Juiek zslAR Mol o ool
Aozl oF 4 glrh o] %3} =#9) AfFE zael
ARy 20 Ao o Z <Jgkg W] wigolch
Az AR FReA e AHFe] =l AR
ot o 25 ¢ 5 eltk

—a&— Symmetric
94 @ Asymmetric, /=0.7um
- ASymmetric, =0.6pm
—w— Asymmetric, i=0.5pm
~p-- ASymmetric, /=0.4pm

Saturation drain current [mA]

10 15 20 25 30

(a)

—a&— Asymmetric, <0.7um

4 - Asymmetric, =0.6pm
—y— Asymmetric, =0.5um
g ASymmetric, /=0.4pm

Saturation drain current [mA}

k 5 1 15 20 25 30
Gate width [um}
(b)
3 2, AClE Fo wWE WAY % 6y

n-MOSFET9] %3} =¥l AHF EA
(a) seubek ulolofn (h) Anel ulolo{
Fig. 2. Saturation drain current as a function of
gate width
(a) Forward bias, (b) reverse bias



20014 7R ETI2EWX

2. Agddox]e] =aiQla} 4£ox Alo|o] H@x]g}
=4
A3ddore] =de] AT Ler HAFAlele] 3
P22 Aol Agte] 33 Vel &#Ql Agte] 0 ~
01 v w9 =39 AF o =Hd/hesTt Agke
IREE Faled o] = )Er]Y deER A
o}, olAFAl n-MOSFETS] A3edde o] =#el &
F AL the3} o] Foizick

Wesr
ox L eff

(Ves— V=2 Vs (3

I linear) = w1 ,.C, )

7], 0<Vps<(Ves— Vpolth & A 32 A9x
s} =#Q) do9] H2A3}, channel-end-spreading #1
Fa rox/edRle] [pp%Y ¥ n+ 2] e A
S FAR =]l AR jelrh efeldt olabHdl
MOSFET®| =#igl 2027k Agke =4l AF= v
T %% channel Adtelz} g} o]4d=Ql MOSFETS
Ageddolae] AdAFTFS Vit (Ves— VpEI} of
T S o
R.= I;Ds - Loy

D #0CoxWer Vs — V1)

4@

ofth. A7IM, 0< Vs (Ves— VP2 FoiRtk i,
Al 247 =dQ/Aeat ks =9l AFE W
F 22 channel A83} channel A3 o]9Y A3 &
29 A =99l AMgem oy 4 gl 7|
&g gk golch ol&l 71 A8 Fro] AHAARE A
Hedodo] =gl AF dl Ae)Egte] x¥Ade] e
AA Ha, EleHe AR Z7|7b Rageh 40s
A& 2 cHel A3 E3 AFFe] =AU

AR S

- W, ,
I linear) = #,,SCG,L—ej‘{ Ves —IpRs— Vr

‘ﬁLMZR_S-tBQ}X{VDS"‘ID(Rs*'RD)} )

ofet. H7IAM, Ves', Vs & 27t SFelA] Q71E Ale]
E/2e AFTE Askwh A/ AFZE Ao
o aew, Adgeddoidy sHal aesst ALY
= tollA a7l =R/ e a7t Agke =9l A
F2 e "ok o1E A @)l Hetisict

(467)

£ 384% SDiEF B 7K , 13

Ve
RTOT=_IZL=R(:}1+RS+RD (6)

aes A% o

z8 Age it vHA
n-MOSFET®] 7| 8A&E #43P7] ¢35, Az of
A3 2wt MOSFETl whsia] A3 eiedolxe
zlel/ae s Alo] AFAMIE FA sl 1 AAE 1
g 3o veluiiglth. O3 MOSFET= A@Age] A
olE Eo uwhdlsle BAS Jehliglod), vt
MOSFETE 74 Zo] wi¢ Ak o]A2 uthA
MOSFETelIA =#al A3k Alo|E Fo) Frighe] ot
2} ZrashAlul, e A R A0 HFo] shide]
BE Aol Fo| Fypitale A e W]
i Eelr) oleigh AEE A Aalel Hule AE
aA)7)7] wFe) = 23AF SAX) APz
d3-E v]Alch

~
=3
=3

—#— Symmetric
i . g Asymmerlc, /=0.7um
600 - .\Q - s ASymmeric, /=0.6pm

NN
sooﬁ
400 ~

300 {

2007 \\\\\\\\\

1004 '\.

w— Asymmeric, /=0.5um
< Asymmeric, 1=0.4pm

N

ond

Drain to source series resistance {Q]

o

T T T T v
10 15 20 25 30

Gate width [um]
a2l 3. Aol T Wzl o2 Ao =4
QU/ass Ao] AAATF B4
Fig. 3. Drain to source series resistance as a
function of gate width in linear region.

=
-

3. 7% AR 54

71% AFE hot carrier G3}e] A=E vepll= A
Eolc}, oubdor =oiql e 20 Ao HlF
FAl THEo] hot carriers] HEHE Ak wWhie] A
A glek! Zeh} B dgelde =dal Brke
4o o] wWiygd Fejolch vIviA n-MOSFET?]
718 AR 54 AlE Fg FisiuA 4
28 4= AxE 7 2R AlE o it 7|RAF
B4 8 o9 23} =eQl el g 719dE 54
o vkl Zoleh AW zAkel A$- JlwARe] 2



14 WAE FE AT

717} Aol E ZFofl wlElste] ZTFRE vIthA axle] 7
S 2 F71%0] @A E3gel 21 4@l verdsich
a7 4yl B oFe] £3) =ed ARt BE “H,
WA axpEc) woAY 22t o 4L Z19AFE

viehlo] vehdgich o] 13‘—9&%:’451 I JJH’;
o} BjdlAE 2R} o] 2= hot carier 93} A
EA4L S o = gl e J)RRRE 85
Hog 29 5 e T ko] € oz A7

Substrate current [pA]
-]
1

—a— Symmetric
g~ Asymmetric, 1=0.7pm
- Asymmetric, 1=0.6pm
n —w— Asymmetric, I=0.5pm
\ 4 Asymmetric, 1=0.4pm
-14 T T v T T T
0 5 10 15 20 25 30

Gate width [pm]

—
° 1.6 . G /[X
@ e
% ’X“"‘\v - ’
. // et
- /
c /
° :C/.o —m— Symmetric
- ; 2.0 --@-- Asymmetric, [=0.7pm
-0 ode ASymmetric, 1=0.6pm
g c o —w— Asymmetric, 1=0.5um
= ] -2. 4 Asymmetric, 1=0.4pm
5=
o©
£ . -
‘2 o 2.4
ts .
85 26 -
a3 2 \
S © \
n o / o
e S
2.8 -
T T T T I'
[ 5 10 15 20 25 30
Gate width [pm]

(b)
a7 4. AGE Zo] WE () 71 AFEA () B9
23 =9 AT O 71 AF 54
(a) Substrate current characteristics and (b)
substrate current per unit saturation drain
current as a function of gate width.

Fig. 4.

4, ¥]thA n-MOSFET®] Al&#e]A

TSUPREM-4 ZAAEZlElZ &xl9] F2E5 XA
F, o] P22 2} AlE#e]el]l MEDICIZ A7|A
3-8 2Asledc) TSUPREM-4 ¥ MEDICIE 234
3l A EFHolel 2 wh] Feoll it zhE Al Edeld &

LR e

(468)

Bl thA n-MOSFETY #7714 E4 9 24

o

fLBRAR s+

o g Al E33k wlEel) SlsaE Al %
o2 s Folof el

Q Drain

eoas
.
o

Symmetric
n-MOSFET

R : connected

source resistance
Rs

Source

a2l 5. A3 n-MOSFETS Aes #ioz wd
g3} v]d|A n-MOSFET

Fig. 5. Asymmetric n-MOSFET modeled with
symmetric n-MOSFET and source
resistance.

1 | —®—1=0.4pm
----- @ 1=20.5um

4 1=0.6pm
1 | —w—1=0.7um

0 5 10 15 20 25 30
Gate width [um]
38 6. vldiA n-MOSFET®] AlEd#HeldA A7

292 AR Aole Fol g 54
. Calculated source resistance as a function of
gate width.

5438 vehlgich mebA, B &
Zpe] @3le] AQlg Ao HFo] Fhider 4l H F
7hg aes A3 witd Ao AT 4 gledz
FdEo], vldlx MOSFETE QukHQl diAd Azl



20014 TR EFIBEHXEE £33 % SDE HTH 15

Aol A AHrisle] mdY sioint ol =AA
o2 a7 5ol vepliglel AlEdeldS 3 W Vs
= Vps = 33 Vellxg] 23} =agl Afr) dABES
A9 2A RS WA

1.6 um

X X X

O8] 7. Ao FFo oFEshe 29 AR Al
e AT 22 F2A A4

Fig. 7. Structural analysis for calculation of source
resistance depending on source structure.

a3 60l e HFe] Y FE] Aol (D7} 04,
05, 06, 0.7 m3l BltHA MOSFETe| dls] Alel= =
o ojEsled W3l 20 A g AN et
ek olE Ak AlelE 2] 1.9~20% =3t
o $7kske 4L vehlsieh FoiAl vt x|
TZelA AR 2EE AAske VA A e
a8 7MAY ex A =9l AFAlele Az
o °|&3tA Hrk B 2 71X 71 de] "ol
A 5 gEapelell EAsiAl "ok ¥ 7oA 714 A
3 240 Aol B vnlE 74 a% beta & o, o]&

A @)} 4] @27 27 FoiAie,

a=V (Wgre— 1.6)%+ I @)

i
b=1.6-L ®)

A71A W AlP|E Fol1, a, b, |, W2 D
[mlole}. 7t HEAjo]o] AHa-2 abell w|#HsA ok
T aaloz e Aa 240 A 2 AClE Fe
oF 25 wjEighE o &= Qla, AEHelAd W M)
g o X3 gl w)segh AES Bl mebd, A
M ®)& FH=3l] AEHIATE o) H7RRE Lo
APgre golstAl AL 5= Qick a2, Aol &

(469)

o} 16 mol| 77+ 7% L3P}z, AlP]E Fo]
= yow t)As MOSFETH A9 AHe ARzt
2dys)7]d) oeigo] ukc)

v. o &

¥]ehA MOSFETS: 71&¢] tiAd MOSFETe| A2
2 7148 Age TIAA mdgo] TR 9] AFE
glshy] Hste] FA x3h = AR o=s}
wd=® vy aAke] Agdeldegie ol o
HEze Mz ulasiglch ®iA AEHeld] AHAE
galsly]  Slste]  AelE F 144 mdl A
MOSFET?] S42]9} Algwlold e doixl ae=5
A2 waste] a7 8ell vehilch o714, AlelE A
& 11, 22 2 33 Velrh AlelE Aste] 11 2 22
Vel e 2R 23 2 3 e A
o zze] el wig- vkt

8
| —m— simulation -
74 —v—measurement '%i,_,.__.——-——v——'
-
< | "
€ -
E 6 -4
= {/ﬂ/
H b
2 54 /
H
3 -
s 1 W gy TV
c 4 / — MM
£ A
I ¥ o "
° 3 n
[
o
T 27
5 e
T 1 EESEEERE T A v
0 z:z:z—l——l—l~l——l—l—l—l-—l—l—l—l-
gt
o v T T —— T

T T
0.0 05 1.0 1.5 2.0 2.5 3.0
Drain voltage [V]

. AlPlE o] 144 mel HAY Atel] i £

3 =) AR AT 247 vl
Fig. 8. Comparison between measured and
calculated  saturation drain current  of
symmetric MOSFET with gate width of 144
. .

Alo] B Zo] 80, 144, ¥ 272 me)|3, A8 FH9
AZo] gl ¥ Zol()7} 04 mel B ZAke]
E3} =l AR F4 Zezel mHd vimiA At
o] Algdeldel &3t g =E AR wlaste] a3 9
of viEPigIck o 28 =qq] A{e A 25
719 Ak Aol At 115} 22 Vellr= A
# sAlellxe} SRt Axe] Aolg vehliglenz



16

=)o 9§k o= opgich Huker %3} =gl
AR A$- AlolE Zo] 803 144 md e A9 B
s3tel o, 272 md v =) Herl 23 o
weh e, AR 2] 144 md w7kAE sus)
g ouker xst =gl AR a3} M2 A
LA, 2 Afol= thAF AAlel A9} w3t A
QAE Fa glemg AolE Fo] 144 wrd =7

9

1
L

=93] wwd Yesjckn BukEch

3.04

2.5

——T-Y
e

Saturation drain current [mA]
P
1

0.5
v:i:i—g—v——ﬂ—ﬁ—i'—y_y_'Y——Y'—Y_'v—_v X
0.0 T T T T T T
0.0 05 1.0 1.5 20 2.5 3.0
Drain voltage [V]
(a)
—a— simulation
44 —vy— measurement —=—=E=—=a—"1

w
!

Saturation drain current [mA]

=}

T T T T
1.5 2.0

0.0 0.5 1.0 25 3.0
Drain voitage [V]
()
5
—a— simulation
—— measurement ./'._VI—I—I—-'——‘.‘I
44 /’/

g —T—-
g ——7 V"
VY V. . —m— -

/Yﬁz:'_’.—.

Y — P — V"V
g y—T—— VIV
/¥:¥_¥—¥—z—-——I'I——l——u—ll—-—n—-—--—

Saturation drain current [mA]

o T T
1.0

T T
1.5 2.0 2.5 3.0

Drain voltage [V]

(©)

(470)

ad

Fig.

42 #1% WA n-MOSFETY] #1714 &4 4

Saturation drain current [mA]

Saturation draln current [mA]

Saturation drain current [mA]

w24z FUBRES 4t

@
A

—a— simulation
—7— measurement

o
1

IS
1

B A A A

GV
___Y:z——- —a—a—na-{
v/v/
o T T T T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0
Drain voltage [V]
354 —®—simulation
—y— measurement —
—g—t—
3.0+ Lo
V/
25 cd

7
!

2.0 g7

YV VT — .-
e e

—g— V"
0.5 . —_v_v_v__v—v——v—v~v——v gV
=¥

0.0 T T
0.0 0.5 1.0

T T —
1.5 2.0 2.5 3.0

Drain voltage [V]

(e)

—a— simulation
4 { —g— measurement

——n—8—a—E—E—E—E—E—E—RE
=

"

-

0 T T T T T T T
0.0 0.5 1.0 1.5 2.0 25 3.0 3.5

Draln voltage
®

04me ¥AY Ao e £8 =AQ
A5e) A4 37 243k ulam
(a) Ao H=8um, w1k} wlolol 2, (b) Alo]
E Egm U welels, © Aol= %
=144m, <83 wlolol A~ (d) AlelE ==144
m, ey ulolelz, (o) AlolE E-272um, <
W ulolols, () Aol F=277m, oie
IS R Ea
Comparison between measured
calculated saturation drain current.
(a) gate width=8um, forward bias, (b) gate
width=8um, reverse bias, (c) gate width=14.4
m, forward bias, (d) gate width=14.4/m,
reverse bias, (e) gate width=27.2um, forward
bias, (f) gate width=272um, reverse bias.

and



20014 7R EFILEEEIGE

V.g B

B =Heae vdA n-MOSFETY) & A714 &
+ 3 n-MOSFET$} vlalsle] BAdsigieony o
ANA 2le A sl vy aabke E3hdY
dld 2 =gl AF 2 AYdGelr & =/
202 Ao] -GS vieplo] tiAY Axfel Hls)
A3k A1H 54 Bodoh ol 54 Ak &
2] vl Fx2 8 Jeps 718AE) A3A
Ql o] glrh Aer oo vehle s8AE
AolE Fo] ZF7lel tsf o]at a2 o® Frtsiidrt
AAE 714 Ag gk 23AA 8|tiAE n-MOSFET
o] A7|H BAE AFE AlEHeld & Axy 1 Akt
ol SAETH A9 FUA debdch e £ =
Al A AR v FRE 2 AR B4 Bl
Z vy EAX2EE 23 A g2 ko A
#H3F AAE 71 4 9lo)

2
o

ikal

ot

Fo s

[1] Patrice Grignoux and Randall L. Geiger,
“Modeling  of MOS with
Nonrectangular-Gate Geometries,” IEEE Trans.
Electron Devices, vol. ED-29, pp. 1261~1269,
August 1982.

Jin-Kyu Park, Chang-Hoon Choi, Young-Kwan
Park, Chang-Sub Lee, Jeong-Taek Kong,
Moon-Ho Kim, Kyung-Ho Kim, Taek-Soo Kim,
and Sang-Hoon Lee, “A Characterization Tool
for Current Degradation Effects of Abnormally
Structured MOS Transistors,” Proceedings of
the 1997 International Corference on Sirmudation
o Semiconductor Processes and Devices, pp.
41~43, 1997.

Jaesung Lee, Kwangsoo Kim, Jinsu Han,
Jaegab Kim and Hunsub Park, “Electrical

Transistors

{21

(31

47

$38E SDE FT7H 17

[4]

[5]

6]

(7]

(8]

(9]

[10]

Characteristics of Ti-Salicided n-MOSFETSs
with Asymmetric Source/Drain Regions,” 1997
International Sym.  on VLS Technology,
System and Applications, pp. 34~36, June 1997.
T. Ohzone and N. Matsuyama, “Electrical
characteristics of CMOSFET's
crossing source/drain regions at 90° and 45° 7
Proc. IEEE 199 Int. Corf Microelectrion Test
Structures, vol 8 pp. 197~192, 19%.

Hyunsang Hwang, Hyungsoon Shin, Dae-Gwan
Kang, and Dong-Hyuk Ju, “Current-crowding
effect in diagonal MOSFET's,” IEEE Electron
Device Letters, vol. 14, no. 6, pp. 289~291,
1993.

Tohru Mogami, Hitoshi Wakabayashi, Yukishige
Saito, Toru Tatsumi, Takeo Matsuki, and
Takemitsu “Low-Resistance - Self~
Aligned Ti-Silicide Technology for Sub—Quarter
Micron CMOS Devices,” IEEE Trans. Electron
Devices, vol. 43, pp. 932~939, 1996.

Jorge A. Kittl, Q. Z. Hong, M. Rodder, and T.
Breedijk, “Novel Self-Aligned Ti Silicide
Process ofr Scaled CMOS Technologies with
Low Sheet Resistance at 0.06-ym Gate Lengths,”
IEEE Electron Device Letters, vol. 19, pp. 15
1~153 May 1998,

Ron M. Kielkowski, SPICE Practical Device
Modeling, McGraw—Hill Inc, 1995.

Daniel P. Foty, MOSFET MODELING WITH
SPICE Principles and Practice, Prentice-Hall
Inc, 1997.

A. El-Hemnawy and Al-Ghamdi, “Performance
improvement of MOSFET lasers by using
trapezoidal gate MOSFET's,” Proc. Inst. Elect.
Eng., Circuits Device Syst., vol. 141, 1994, pp.
69~72,

with gates

Kunio,



18 AAE A4S 9% ¥R n-MOSFETS] A7]%

I & BWOEER)
1971 79 1594 19959 8Y AH
detw AxArlgEts 2 (3
AD. 20004 29 AEdiEE ek
ALt SQ(FEAD. 20004 4
i 4~3iA dHEAF)  dpde
5 F FHAER= MOS &7 7)
¥ RF Amp. A7, RF Passive 32 /44 % RF A

=1
©

F # BQERR) W $38% SDR £ 158 21

A slelelate AuEAgsh) 2

(472)

Ao XA

A
i
o

=

o
i)
o,

FUBRES St

7H

M & A(E&R)

1951 84 8. 1975 249 A%
Heam AR FUES
Ap. 19824 29 ZA%oista ojsted
AAZH} EQ(FHHAD. 19899
Audsta dotd AAE &
ez, 2000d 64 WA ALhtE AR
S5} A FRARoRs FEA, Tl L uheb)

F 5 ROERR) 0L #3748 SDiR F 2% 21
kil

A sk AR 2



