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Abstract: In this paper,

TCAD assessment of 30-V

class n-channel EDMOS (extended drain

metal-oxide-semiconductor) transistors with DWFG (dual work function gate) structure are described.
Gate of the DWFG EDMOS transistor is composed of both p- and n-type doped region on source and
drain side. Additionally, lengths of p- and n-type doped gate region are varied while keeping physical
channel length. Two-dimensional device structures are generated trough TSUPREM-4 and their electrical
characteristics are investigated with MEDICL. The DWFG EDMOS transistor shows improved electrical
characteristics than conventional device - i.e. higher transconductance (g,), better drain output current

(1,y), reduced specific on-resistances (R, and higher breakdown characteristics (BV,q).
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Fig. 1. Cross sectional view of (a) conventional EDMOS,
(b) proposed DWFG EDMOS.
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Fig. 2. Key process flow of the proposed DWFG
EDMOS device.
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Fig. 3. Channel potential distribution of the proposed
DWFG EDMOS devices with different Z, lengths.
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Fig. 4. Lateral electric field distribution of the proposed
DWFG EDMOS devices with different L, lengths.

9} zto] A¢ty DWFG EDMOS £#4+ #Ad 9449
A8 £X71 FA8A Wstste AFNA £H BF

AA Hart YAHE AL AT 5 A o
gA Ad dgolA FAHSA SUhste 3 AA9
sae Afd Aol FF FEE FHIE TR
Al Q99lo] . welA Ake DWFG EDMOS
22t EdxAGE2 2 =491 FF ARFeE V)E
°] EDMOS £#bd| & 49 + de Zolt ¢
b o g IS o]FstE ol EFEEEE AA
o] ola] =A HL€) oI} FFHEE 7l
Eol7] YA E 7t 22 dYd e A A
MNRE AAe d37 AL E BFLEEE A
= 2371 ag. gt Aty EDMOS Azl A=
Lol FLFE AF MM a9 F AL L A4
F QU Bl es =gZE HFY H2 990A
A HAgS #Asd Agtd DWFG EDMOS
AAHEL 7]F EDMOS 4Ate] vl @& gtg wol
1 gt A¢tY DWFG EDMOS 4#¢ A$ g
4ol A 8 HA HArt GAsEZ, =ZE
F2oAE %8 dA9 Ha g 2388 Lopzig.
olg|3 Tt FEdte ubel Zo] A FRAS
g EolE 84997 %E 3.

23 5% Aot® EDMOS AzbAM =3¢ As
01 V7F 171E9 & o g, 2 =8 AF SAoloh
aPe N B upe Zo] o]lF AT AE FZx9
EDMOS £A5& 7|& T3¢ EDMOS A7to]| H] 3



A7) AR A) 288 =54, 4257 A9E pp. 671-676, 201241 996
7 . 18
@v,=01V
16
sl i
14
_ o L3
=
g 2
< af —mL,=05um io B
"'E' @ L, =1.0um =
g 4l —dh— L =15 pum lg B
3 ——L,=20um E
£ —@—L,=25um {18 =
g 2 —a}— P+ gate (Conv.) Em‘
{14 §
1}l
12
0 H o
o 5
Gate voltage (V)
Fig. 5. Transconductance (g,) and drain current

characteristics of the proposed DWFG EDMOS devices
with different L, lengths. (Vj, = 0.1 V)

120

—{ =L, =05um
—O— L,=1.0pm
— L,=1.5um
—5#— L, =2.0 um
—}-L,=25um T
—{ ~— P+ gate (Conv.)

oy (Ma2-mi')
8

@V, =01V

3.0 3.5 4.0 4.5

Gate voltage (V)

Fig. 6. On-resistance characteristics of the proposed
DWFG EDMOS as a function of gate voltages
different L, lengths. (at Ve = 0.1 V)

for

e g,

Exe
T o2

woli 9t} 1@e)Ar] B ulg}
Zo] Lo AL+E A g gtol A% F7eke Re
2 BRHAG. ol AFS BAM Ad dFelA e
’ﬂ%l By 9@ 53 A E¥d g Ao o]v]
Ady3igoh. 53], =dgdd 01 VE d7teE o 7
Z EDMOS Z#to| & #let® DWFG EDMOS A
o] Huf g @& oF 27 FUbshe AoE YERH.
=9 AFe A$E Aet®d DWFG EDMOS Z#fe]
A g% Ad 480 l—PE’rAk‘”% Lel 3E&FE
=9 AF gol E=A Yehtes 2L #lssith
1Y 62 EDMOS AAHe] &- 74"'% SAolg, &

g EAL ~9A 54 FolA ©-& (tum-on) &

AulA & 675
107 ¢
L,| = 0.5 pm
a0 | L,=1.0 um
19 L, =1.5um
= L =20um
Eg_ 10 L L, =25um i
= F P+ gate (Conv.)
s
E
3 107 E
=
fod
(=]
10"k
i @V,=0V
e i L i i
7% 10 20 30 40 50
Drain voltage (V)
Fig. 7. Breakdown characteristics of the EDMOS devices

for different L, lengths, (at Vg = 0 V)

46 T T T
R an of P+ Gate (Conv.) | g5
as |- ;
44 - - 94
" M $9
H
42 w
Eﬂ o2 ‘35
}8 41 =]
o 3
W D:E)—DM ™a
39} {90
3& S—
BV, of P+ Gate (Conv.) 189
37 L . " " .
0.5 1.0 1.5 20 2.5

L (p+ gate) length (um)

Fig. 8. BV, and R,yg characteristics of the proposed
DWFG EDMOS for different L, lengths. (at Vg = 5 V)

el A 22t A7|d 5L ASGH F AE TLY
getoglolch. &-AH&ge 7M5d e %S %A
o] upgrzslr}, 1y 6ellA K uksh o] AoE
Hstol F7hstAA Age Az asA =,
E3 DWFG EDMOS Z&#te| £&-#38 gho] 71& +
9] EDMOS Zxko| nl3] @& e 2= Ao
stels] i}, 53|, £,05 /m%) DWFG EDMOS 2
z}oﬂ*—l 7M1 e -3 e e 2o AUAHN
, olE s AL 1%‘ ’a 9 40] AiolA AF3
ti}s} 2ol A AEolEe] £x Y FZAAMEH

oo

e
0Ss

=]
7V&d A AR %—*éo] 7“’.‘1-‘?1‘4% o 43 A g3
o A gkt

a8 7 AskE DWFG EDMOS AAbet 71&E



676

EDMOS #:7}¢] 3544 54 &
EDMOS £2}e] X (off) &
AL FEAYG Aol FE At <s)4 EDMOS
2zte] Ao & Aol AFs7] wo|ct. AEdH
old A#E KW 7|]& EDMOS =9 #Atd
DWFG EDMOS 4 25 E#ASt o]ste] Jq
A FAAF 54 A9 AR Aoz #EHA
agl: 7]1&9 EDMOS A#e] A4 38 V F
o] FRHYo] FAHAURL, AAY DWFG EDMOS
AR5 FEA}GL 40 V ££22 YEldd. a9
7oA B vieh Zo] z¢k® DWFG EDMOS 4}
o] g2 Aol 7] EDMOS 4zte] vl 2 V AL
o] Aolg Holx AL =YZE HE FI20AM9Y F
ol AA e Aold o3 Aoz FHAHct 1Y 4
oA x7)g uie} o] AtE DWFG EDMOS 4
cZE HPe Hd AA FgEo sE T=E
EDMOSe| H|sjA b kA Ak’ DWFG
EDMOS £#}e] 87 ¢to] 7]E EDMOS £%ke] 8
A v A Jehde Aoz sMdd.
1Y 8& Agtd DWFG EDMOS 4zt L,Zo
Risto]l mE FFAG L 2-AF EAHL A EA
g ago|t) FEAYL =49 o9 RE HAIFL
A ddsn, =8 dAgSs FHNIIEAN =9
d AF7F 1 nAd AFH9 Cal‘ﬂ Aoz FAI}A
t} (at. V,= sweep, Vg=V,=V,=GND). &-A%
oz 718 HAF %Enow AE 2 =g A
4 45V 2 01V AZE AECdA =<l d
& FEdo AT @, V,e 01
Ve=Vz=GND, Vi 5 V). A& 3 v
sto] 7]F EDMOS TxoA #2e 849 2
-4 F2F 284 FAoE FASATY 2HA
B upel go] Aty DWFG EDMOS 479 &-
A% EAL 71E EDMOS 2zt us) @ e
re Aoz #AHJM, Lol Fadd ot -
A gro]l AAHoR Fades Aoz Yeiyd, &
Bdtel 49 #l¢t®l DWFG EDMOS 4#}e] 3%
Age 71¥ EDMOS Z#tell vlg) 20 V AE ¥
S 7HA 3 o L, Zolo wWale didte] A
#ststAl e Aoz eyt
AF7HA  AHE  bieg  Zol
EDMOS &&= AYd WIdoz AoE
W3E B8 2xte] Ad dYolM ¥
QA A g

A

e

v,
_t?%

&

Altd  DWFG
dT w@e

T3 AA7}
ojg¥ £ AAY TAL A A

J. KIEEME,

Vol. 25, No. 9, pp. 671-676, September 2012: M.-S. Kim et al.

gojo] £F £E8 Eolx, =8 AFE FMIER
S-AFE #ARAFE AW Aok EF, DWFG
EDMOS 22h= g 99 oo dA s v
2 cEzE J3 d9dAE Ad AdA A7 FaE
A B of2d 22 549 Wee EDMOS A4

A FHEAYLE AHEE ) = Aoz FHUH
4. 8 B

B =FdAE 71#9 EDMOS 2AdA -3

2 gEAHGE A&7l §skd DWFG TF%x9|

EDMOS 5‘_1}—5— Ag3lal, TCAD A E&HolHE o] &
M 2 EAs 279
228 7887 A% TSUPREM-48 Ab&8si

W73 E@°u-? 2437] $istel MEDICIE A}
3t 48 Z3 Ayl DWFG EDMOS 43
71&e] EDMOS 24 wshd &-Ha 2 shEag
oA MY S4E 2E Aoz HAg.

ZA 2

Saerle)e A

Wo} #9487 2ATA}

9]

A
AFAce] x4
‘%J ?J (2011—0010084).

REFERENCES

[1] H. S. Park and Y. K. Lee, J. KIEEME, 17, 911 (2004).

[2] J. B. Ha, K. Y. Na, K. R. Cho, and Y. S. Kim, J.
KIEEME, 18, 667 (2005).

[3] H. W. Kim, S. C. Kim, W. Bahng, I. H. Kang, K. H.
Kim, and N. K. Kim, J. KIEEME, 19, 23 (2006).

[4] W. Y. Jeong and K. M. Yi, Trans. Electr. Electron.
Mater., 10, 1 (2009).

[5] R. Sithanandam and M. J. Kumar, Semicond. Sci.
Technol, 25, 193 (2010).

[6] J. B. Ha, H. S. Kang, K J. Baek, and ]J. H. Lee,
IEEE Electron Devices Lett., 31, 848 (2010).

[71 K. Y. Na and Y. S. Kim, Jpn. J. Appl Phys, 45
9033 (2006).

[8] K. Miihlenmann, IEEE J. Solid-State Circuits, 23,
442 (1988).

[91 TSUPREM-4 User's Manual (Synopsys, 2006)

[10] MEDICI User’s Manual (Synopsys, 2006)




