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A new sel f - al i gned c leva- d sourcc dr ai n (E- S/D ) m etal -ox ide scm iconductor Od d-cHa t t ransi stor @4O SFET ) str u m -

w hich cm ef f ecti vcl y reducc the ga- - induced d rai n k ak agc (G I D L ) o m o tt w i thou t SC HOO l- the driv ing capab i l i ty i s pr o-

posed a d anal y zed . Proposed E-S/D $ 110 11rc i s chWad a i - d by sidcw al l spacer w id th and recessed-chan t- l dcp th w h i ch M C

dd em u r- d by dq etchi ng process. El cvan on of thc Sourd D rai n ex tension rc gi on is rcan a d SO that the l ow -activati on eff ect

caused by 1ow e nergy i on i m pl antat ion can be av oi ded . Th e G P L cu r¤ m i n thc prop scd E -S/D stru m - is reduced as thc

rcgion w i th thc peak cla - - ncld i s shi f ted tow ard the d rain side .

KEYW O RDS : Semangned , d eva- d source dra in, G lDL, d riving caPau li× dry etch ing , low-activation eHed , peak e |ec tr¤ f ield

threshold vol tage adj ustm ent , respecti vel y. T he i mpl antcd
ions Me bl ocked by the mask ox ide, rea n ting i n the se-
lect¤ e1y doped channel -9, 1O) N i tr i de i s deposi ted and etched

to for m i IN cr¤ d sidew al l spaces w hi ch have w idth of ly s -
¢ 1ese sm 1Ctuf al parameter s (X R and Ws) have pow er ful i n-

nu- - e on the dev i ce cha - - n s i cs such as shoo - in nne1
CHa ts m d dr iv ing capabi l i t ies ba a l SC they determi ne the
shape of the SD E regi ons. I n thi s w ork , Ws M d X R are se-

lected 15 nm and 3Onm respectivel y to eHecOve- suppress
the short -channel CHa ts- 50 A gate ox ide i s grow n. Poly --Si i s

deposi ted a d etched unti l the mask ox ide reveal s. A f tcr etch-
ing d 1of the m ask ox ide , A s+ (5 x 10 14 cm - 2, 25 keV, 30 £ £ t)

imp lantation i s pcr formed f or the SD E regions. L arge-angle-

ti l ted im pl antati on i s ped on ned to guarantee the $ 115 0 0 1t
gate-to-- a n over lap ar ea. A - er formation On t¤ 65 nm th i ck

2nd n i tr ide si dew aH, w hi ch resul ts in the Hnal ni tr ide sidcw al l

( a ) ( d )

1. I n t r od uct ion

A s the m ca le n ds semi conductor Held-eHect tra m s- r s

(M 0 SFE T s) have been sca d dow n to O.15 P m regi m e, the

fom an on of ulHashal l ow j uncti on has becom e i ncreasi ng-
impor tant to suppress £ e short -channel eHa ts- In order to
m ake ul trash a11ow j uncti ons w i th the conventi on- i on im -

pl a nati on technol ogy, ver y l ow - - r gy i on impl antati on M d

rapid therm al anneal i ng i s indi e - s abb - H ow ever , the l ow

impl antation energy causes hi gher sheet resi stance due to the
low -activati on eHa t .D A s a resul t , i ncrease in the imPl a ta-

ti on dose i s requir ed i n order to reduce the shÄ t resi stance

of the sour cc * On ex tensi on (SD E) region. I n vari ous recent
w ork s,H the SD E region i s usual l y f or med w i th rel ativel y

hi gher imp a nation dose to ensure etna - ed driv ing capabi l -

i ties. B ut in conventi onal Hghd y doped drain (L D D ) M 0 S-

FE T s, the i ncrease On t. s D E im pl antation dose resul ts in the
incrcase of the gate-induced * a n l eak age (GI D L ) CUITent -±

GID L i s one of the m ¦ or l eak age components m at determ i ne
the OH-sa te l eak age character i sti cs and i t cm a1so act Ä a
scal ing l im i ti ng factor i n deep submi cron dev ices-4,5) Conse-

quentl y, for the conventi on- L D D structures, there ex i sts a

si gni Ocm t UadeoH rel ati onship betw een the driv i ng Cam b¤

i ty and the G1D L current .
In thi s paper , w e propose a novel sel f -al i gned d evated

source * a n ¥ S /D ) M 0 SFE T sm m ure M d descr ibe i ts ad -

vantages over convention. ones. A H the analyses used in thi s
paper are based on the tw o-d imensi on- process M d dev i ce
si mul ations for compar i son -6,7) W e compare the GI D L cha -

acta t a l cs of the E -S/D and conventi onal L D D M O SFET s

m d exM ain the di Hef ence betw een these structures. Fi nal1y,
w e show short -channel char acter i sti cs and du n t- capabi l i ty
of the pr oposcd E-S/D M 0 SFE T compared w i th the conven-

tion. L D D bf O SFE T s.

( b ) ( e )

2. Pr op osed St r u ctu r e

T he fabr i cation step s f or the proposcd E-S/D M 0 SFE T

Me show n i n Fi g . 1. Tw o-dim ensi onal process Su nd ator
T SU PR EM -4 i s used for the sh mnati ons-6) A f tcr the m ask ox -

idat ion on p -type ( 100) Si w afer, the cha mel region i s opened
by dry -etchi ng-8) Si l i con sur f ace i s et ched to thc depth of X R¤
B + (4 ¿ 10 12 cm Â 45 keV ) and B ¸ (6 ¿ 10 12 cm - 2, 9OkcV )

imM amm ons a e perform ed f or punchthrough prevention m d
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Fig. 2. Channel implantation M d SDE implantation steps for the proposed
structure. (a) Selective channel implantation: Region · : reduced lateral
ela - - Held at * On edge. Region (H): red - cd j unction Capu a - c. (b)
Eleva- d SDE region: relat i- - Mgh energy large angle-ti1tcd implanta-
tion for n- rcgion-

pl antation i s per formed aHer the fon nati on of a tu n Ou set

spacer- B y vary i ng the th ickness of the oHset sp acer , the

eHed ive Cha nel 1ength cm k adj usted to have the sa ne

value regardl ess of the SD E i m p1arnati on dose as show n
in F i g . 3. A Her the 8011111 Onal ni tri de si dew al l form ati on ,
A s+ (5 ¿ 1015cm - 2, 2OkeV ) i mp1m tan on i s ped on ned f or

n+ source/drain regi ons-12) For the m al ysi s of their d ecu - -

charad eHs i cs, pr ocess sim ul ator T SU PR EM -- ) m d dev i ce
si mul ator h E D I q 7) are used .

Fi gure 4 show s the G1D L characteri sti cs of the E -S/D

a d L D D M OSFE T s. The GI D L current i s obtai ned from
m D ICI sim ul ati on that i ncludes ba d-to-ba d nu men ng ef-
fed -± n e pol y gate length i s 0 .19 p m . A s repon ed by K im
er d .,3) i ncrement of the SD E i mp a nati on dose increases

£ e GI D L current due to the increased max im um eleCHic
Held . On the other hm d , the E-S/D M 0 SFE T show s approx -

im ate- one order s of m agni tude l ow er GI D L curren t than

m at of H L having the San- s D E imp a nation dose condi ti on
(5 ¿ 10 14 cm - 2) .

thickness of 80 nm , A s+ (5 ¿ 1015 cm - 2, 2OkeV ) i mp l antati on

is per for med f or the heav y source/dr ain regi ons. RTA i s done
at 1000£C for 1O s.

T he proposed structure has severa1 advantages. Fi r st , the
sel f -al i gned poU -Si gate i s f or med by the inverted sidew aH

spaces SO that sel f -al i gnment i s real i zed f or both sour ce/dr ai n
m d gate regi ons on the recessed channel -11) Secondë the

proposed structure has the sd ecum - -doped Cha nel pro m e

Ä a resul t of channel i mpl antation as show n in F i g . 2(a) . W i £

thi s prom e, the j uncti on cap aci tance i s red uced as the dop ing
concentrati on at the bottom of the drai n regi on (H ) i s m ini -

mi zed . T hirdl y, the proposed stru cture has elevated SD E re-
gi ons SO that l ow -energy i on imp a nati on cm be avoided . A s

show n in Fi g . 2(b) , rel ativel y M gh energy (~ 25 keV ) i mp la -

tanon i s used by help of l arge-m gl s ti l ted i mpl antati on .

3. R esu l ts and D i scu ssion

Convention. L D D M O SFE T s w i th vary i ng dop ing con -

centrati on are m al - ed in compar i son w i th the E -S/D

M 0 SFE T . H L , M L a d L L represent L D D M 0 SFE T s w i th
SD E Um l a u t- n dose of 5 ¿ 10 14 cm - 2, 1 ¿ 10 14 cm - 2,
5 ¿ 10 13ctn- 2, respectively. Very l ow accel eration energy

of 10 keV i s used f or the SD E impl an tation . T he SD E im -
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E - S/ D and L D D h 40 SFE T s . D r ai n I nd u ced B a u er L ow er-

i n g i s d en ned as A Vn - = VTH( VDs = O.1 V ) - VTH O b s =

2 .O V ) . I t i s sh ow n th at M L , L L a d E - S/D h av e Si m l a D I B L

ch ar ac te r i st i c s. I n t he L D D d ev i c es, the i n crease o f t he SD E
d o se re std t s i n d ete r i or at i o n o f t he D I B L ch ar acter i st i c s . A l -

th ou g h th e E -S/ D d ev i ce h as th e sa n e SD E i m p l an ta t i on d o se

Ä I E , t h e m o re g r ad u al l y v ar y i n g SD E d op i n g co n cen tr at i o n
o f the E - S/D d ev i c e r ed u c es th e D I B L .

L D D d ev i ces sh ow VTH r ol l - OH ch arac ter i st i c s Si m l a

to th e E - S/ D d ev i ce . A s t he ch a t- 1 l en g th i s sca d

d ow n to near O.15 P m , Vm ro l l -OH ch ar ac ter i st i c s d e -

gr ad e sl i g h t l y i n t h e E - S/D d ev i ce . I t c m b e m u m m ed

to t he se le ct i v el y d op ed Ch a ne l as sh ow n i n F i g . 2 .
F r o m the 6 g ure , t her e ex i sts th e p - t y p e d o p i n g co n cen -

tr at i o n g r ad i en t b etw Ä n reg i o n ( I ) a d (I I ) w h i c h r e-

su 1ts i n £ e d ecrease o f th e th r esh o 1d v o l t age near ch ann el
ed ges. H ow ev er , the am o u n t o f th r esh o ld v o l ta ge r ol l - OH

[ A Vm = VTI- - c Á O.3 5 p m ) - VTH(L c ¤ o .15 p m ) ] o f t he

E - S/ D d cv i ce d i H er s f r o m m at o f L L s n o m or e th an

O.OO65 V . C on seq u en tl y , th e p r op o sed E -S/D d ev i ce sh ow s

sh o o -Ch a n el ch ar ad eH s i c s co m p ar ab1e to L D D dev i ces.

F i g u r e 8 sh ow s f Ds- VDs c har acter i st i c s o f E - S/ D an d L D D

M 0 SFE D - L o w en er g y i m p l an t at i on i n crease s th e sh ee t r e-
si st an ce o f L D D d ev i ces du e t o t h e l ow -act iv ati o n eH a t .1)

D esp i t e o f i n cr ease i n the G I D L cu- - n , a l a g er SD E i m p l an -

tat i o n d o se i s r eq u i red to i m pr ov e th e d iv i n g cu r r en t s . n e
E - S/ D M O SFE T h as t h e l ar gest f DSAT- v al ues am o n g th e str u c -

T he tw o-dimensi onal d ec¤ ic Hel d and dop- - concen- -

Hon contour s f or H L M d the E-S/D M 0 SFE T are comp ared

in F ig . 5 . n e contours of e1eCHic Held M e p l otted n om

O.5 M V /cm i n steps of O.2 M V /cm for a drain b ias of 6 V .

n e contours of dopi ng concentr ation for arsenic are p lotted
Rom 1 ¿ 10 18 cm - 3 to 1 ¿ 1020 Ctn- 3 for both str uctures. A l-

though the SD E i mp l antati on dose condi ti on i s the sa ne for
both cases, the SD E regi on of E-S/D h40 SFET h as a d i g ¤ -

ent dopi ng di su m m on * om that of H L . B ecause the peak of

SD E i mpl antati on i s posi tioned fa ther aw ay n om the sur face
i n case of E -S/D , the SD E regi on has m ore gradu al ly vary i ng

doping d i su mm on COIr- a d to that of H L resul t ing i n the re-

duced electri c Hel d as show n i n Fi g. 5. I t i s know n that m o st
of the band-to-band tufum i ng occur s at the sur face of the hi gh

Held region w here the gate oved a- the drai n. From Fi g . 5(b) ,
the E-S/D M O SFE T has i ts peak Held posi t i on fa ther aw ay

n om the po1y gate edge as indicated by the bold arr ow .

Fi gure 6 show s the l ateral d ec¤ ic Held prom es at 2 nm
aw ay n om the SiO2/Si i nterf ace f or the proposed E -S/D a d

L D D M 0 SFET s. h i s k now n that the sur face Held at the
point of m ax im um band-to-band M Ind i ng i s prop or ti onal to

% D/ 3Tox , w here VGD i s the vol tage d iHef ence betw een %
M d VD and ç x i s the ox ide thick ness at the dom i nant tunnel -
ing poi nt in the overl ap region -13) T herefore increase i n Tox

reduces the ver ti cal electHc ne1d in the gate-to-dr ai n over1ap

region resul ti ng i n the l ow er G1D L cutr ent - H ow ever , increas-

ing Tox si g uncann y degr ades the short channel character i s-

t ics a d d iv i ng cap abi l i ty . A s show n i n Fi gs. 5 M d 6, the hi gh
He1d regi on of the E -S/D M 0 SFE T i s shi f ted m ore tow ard the

* a n side comp ared to those of L D D M 0 N E T s- h m a cs the
eHed ive Tox of E -S/D M 0 SFE T l a ger than those of L D D

M 0 SFE T s at the point of the m axi mum Held as show n in the

inser t of Fi g . 6. T hi s has m eHect of reducing £ e electHc He1d

at the dom i nant tunnel i ng poi nt w i thout phy si call y i ncreasi ng

Tox . Consequentl y , the GID L curr ent i s reduced .

Fi gure 7 show s the short channel char ad eHS i cs of the

O . 1 5 0O . O 5 0 O. 1 00o o o o
Distance (pm)

Fig. 6. Simulated lateral electric 6eld proti les at 2 nm away from the
S Od si interface. VDs = 6.OV M d VGs = OV . The insert shows thc
region where the maximum electric Held app a s-
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hu es i nvesti gated . n i s cm be mu mmed to the e1evanon of
£ e SD E regi on . R el ativ c1y high energy (~ 25 keV ) im pl anta-

tion i s per for med to f orm the SD E region by l arge--a g e-ti l ted

i mplantat i on . C onscquem - , very 1ow energy i mp1aInation

can be avoi ded .

~

4. C oncl usion

A new sel f -al igned E -S/D structure i s proposed and i ts

GID L characteri stics Me analyzed . The proposed structure

i s d eva- d i n the source drain ex tension region so that very
l ow energy i mp l antation , w hich cm be the cause of the l ow -

activat ion e& ct , cm be avoi ded . Si mul ati on resul ts show
that the shor t-m a tt- l eHect of the E -S/D str ucture i s com -

parab1e to the L D D str uctures a d the GID L cur rent of the
E-S/D stIn cu re i s suppressed w i thout sg r in d - the m a i -

m utt1 d riv i ng cuITents- T he m ain reason for reducti on of the

GI D L cur rent i s the dec¤ ascd electr ic Hcld at the point of the
m ax i m um band-to-band tufum i ng as the peak electr ic Hel d i s

shi f ted tow ard the drain side-

. ¢

A ck n ow l ed gem en t

T hi s w ork w as suppor ted i n p a t by Sam sung E1ectrotHcs

M d thc B rain K orea 2 1 Proj ect -
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