< .<ef3eq, @q)rrstt(tt6t T@Q" 19 APR 2004 METHOD OF MANUFACTURI NG A
.SEM CONDUCTOR DEVI CE USI NG A HALO | MPLANTATION s Field O The Invention

The present invention relates to semi conductor devices and nore 19 APR 2004
pat ti cybalyaspr ovi ding a hal o inplant when manufacturing sem conductor
devi ces. Background O The Invention mA halo inplant iECHUEBRMy utilized

to i npl ant dopant on a sem conductor device. in line |lithorgraphy or DUV

(deep ultra violet) photoreslst is typically u~li~ed to mask the h%’/’”’lﬂ”ﬂ”fl’m

i npl ant process. Typically, the sanme nmask (lightly doped drain) (L ' I{”/Il”{”
utili zedvimmop tdremiRe Qo nt. since the halo inplant takes place after 4§{gq
LDO i npl ant. Due to ? ﬁé}%ﬁi "HyO¥RUCTPR: DEVIMED DENIGSA ;AR § Lrapadow ng,%6
probl em of tentimes occurs utilizing 15 conventional processes (mask &

phot oresi st_set)) which adversely affects yield and performnce of the

devites | tion ng processes nove toward snaller geonetries. The
first problemis that the photoresist thickness in the area of inplant is

of a thi cknBspresaritinvbstiondsiai ; jyered at a 45 angle can result in
an asymetric and 20 to | eaky %Fééﬁés%g@‘%ﬂ%md@%mmmy he thi ckness

of the phddiog ediaktimphbiissh dhGuidench oxidation region of the device.
Accordingly, if a thick pho‘?‘g'r‘em sér[g(st?ml%%ﬁpg{"’%@&ﬁer) I s placed over the

trench oxidation) due to the soft jelly type nature of the photoresist

oftenti e toreslst will fall and cover areas that are to be

I mpl an . o toresi st stands erect at the smaNer process

tecﬁnol ogi em éh hal o inplant will not t5 reach the targeted areas. In
hale mplant

-addition, t isdyRicallyutiizes e inglant @8 i ount . for the need

far selﬁﬁli ve ﬂo)prﬁi!n O{dpt he sour ce/drp;élhh a‘tr)aeﬁémggs%(%%nﬁg&%&mt Ins needed

is as ep ulirasiatet)g re&ist i | jfied problens at
gcess geonetrics. The p)rngtg?]tQ?tn'% %6?" n&ﬁ%tgmw Q1

| ﬁfrgiji)ili’(?@)g‘ﬂiﬂ%ﬁsTmm&nme&r&mﬁakm?ﬁi%dygﬁg%y,ﬁgtéﬁgéﬁﬁ@sa 00' f 7271 19

APR 2004 A met hod for providing a hafo fstheor device is

di scl o581 ImAipat, siacetha halorimplanetakey dech | n_phot gresi st | ayer between
approxiymately 0.1 to 0.21un thick ‘?’% tr%gggn%o%i?'o ugiathee. The net hod

f ur t hePheTIsiY Rfdhae phataresistan implant shadowing problem oftentimes occurs utilizing

- .
| conventional processes (mask & photoresist set), which adversely affects yield and

rfo i '
pe tmance of the devices as manufacturing processes move toward smaller geometries.

The first problem is that the photoresist thickness in the area of implantis of

: 3 thickness such that an implant delivered at a 45° angle can result in an asymmetric and

loa |
leaky transistor. A second problem is the thickness of the photoresist related to the trench

oxidation region of the device. Accordingly, if a thick photoresist (0.55um or greater) is

Pplaced over the trench oxidation, due to the soft jelly type nature of the photoresist
oftentimes the photoresist will falt gnd Cover areas that are to be implanted. Even if the

photoresist stands erect at the smaller process technologies, the halo implant will not

5§ rea iti
ch the targeted areas. In addition, the conventional processes do not typically account

for the need for selective doping of the source/drain area,

Accordingly, what Is needed is a system and method for overcoming the above-

identi '
dentified problems at smaller process geometrics. The present invention addresses such
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1041@-AG1hal o i npl ant to, the semi conductor device wherein the thin
.photoresist- | ayer is used as a mask for the halo inplant. Accordi ng;js(g(ﬂiﬁﬂ
met hod in accordance with the present invention, a photo photoresist that
i s, capabWeof7t hi nner profile) i.e., DUV photoresist is ut7ized. T8iAPRviighil
all ow one to | ower the photoresist t hi<kness to the proposed 1000A ~~,n the
field) 15 . or lower i the process allows. Wth this photoresist thickness,
taki ng i nto account other height variables, the source and drain regions
can be opened only as needed. At a 45 angle, the inplant can be delivered
to all transistors in the circuit is the targeted area as well as gaffing
only a | arge anount of the dose (up to 3l. of the dose) to the transistor

edge which sits on the trench edge. This will also nihinize the 20 counter
dopi ng of 958 source drain with the .opposite species as is required by tha
definition of the halo process. . In the smaller geonetries of 0.18 una

technol ogi es and | ower, the gate height will actually work to advantage and
hel r§ red d IsuAber dopi ng of the source/drain area. In this way
t he counter doping can be nmintained to an absolute 25. mninum The final

advantage is that with the thinner photoresist, we will enhance our ability- '
‘to provide theg j to spaller geonmetries. Accordingly). the process in
accor dance’ W &@gﬁ}gagﬁ%g@&%wgﬂeﬁmplmsta hmdiﬁﬁf@m@ﬁct& &i.{bfos

manuf act The methdd bomp;ssey\%}- %&W t.he, process capabrlity %d devi ce
perforrrapoc§ and s&ged. 30 A resigy layer betwgen approxima®B6,13
US00~727% Y iRpthidktnthe semiconductordeniyd, hedh '@gﬁ.ﬂ?ggy ‘g/a‘é‘ém exampl e onl y:
Fi 30r e | theShato fidy heWle kllustrating a conventionarl JPoeess Prevding: ovi di ng
| iy pemigondusior o

"a halo inplant. Figure Vlcplweiatthmgbihhﬂm&ﬁeéi&%%or devi ce
after a W%#mk&rahehﬂbmbm_ ant. Figure 3 is a fl.ow chart” of "a et hod

I n acbordanceA%%t bt heiqpresent I nvention for-providing a halo inplant. -
Figure 4 is & 56‘\“@% N § Jagthed imeccardanoe Sehhe (gpéseHE Mveftion? Tyl §ilotd. N2l ©
unpl ant- photaresistr than ixecaphbb Jff}ﬁjngé‘ese inv=atiod. . . ~a ~' POt g,e
~is aflquchart illustrating a ¢ n%ﬁ. % dfal DY Vopkoteresist isputilized|i Tigs a~hal o
. inmplant. PYAneyto; lowet the photoresist Ahiaknesy RPﬁléix Msé& P@QAZJ ‘é_‘ﬁ hot or esi st
iSlSJV-OVidieleei/E@th%t@pc%?Zm Thea,_. “an-LDD 1 np hoPg B @ the step 104.
The t hi-ck .phot oresi* HOVHDWiikhs this phqsoresisummmpw[% RS S8cduse L YPI cal Iy
a phot o_@wiﬁmmhg%éwa@m@am After the LDD inplant Is
.provi ded, thzﬂ V\Aﬁ proyide what Is re ’é%“f’(?"mm%m&edpd.ant ., Vvia
step 106. Thé*hfd H%Xﬁ»éh@ implantocah|be dﬁvﬁ'@@‘fédﬁ%‘uﬂ}iﬂt@r'ﬁﬁ ﬁ% Le to inplant
. under nehétarfeted afead a@rm.asFMﬁ;er at a 45 tnplant, to ifent 1y
i mpl ant th3 i nfended area,” a4w Rel&18e; amnqunt lof theddasiei (oh td 36 of I - cover
the soule)dp Hrnsisteryidge whidisitsdrete Hendh 65 s OBl a0 | ol ant
120C €S S cirterd i n_PATENT . also minimize the
P 45Pth 3P Ihd otiroe dran with ost ; '
| . the-opposite species as is required by the
definition of the halo process, ' .
. In the smaller geometries of 0.18 pum technologies and lower, the gate height
actuall
y work to advantage and help reduce unwanted counter doping of the

source/drain area. In thig way the counter doping can be maintained to an absolute

25 . . -, .
, mlmmum. The final advantage is that with the thinner photoresist, we will enhance
our ability to provide the implant to smaller geometries.

Accordingly, the process 1n accordance with the present invention is the
mprovtfment in the manufacture-ability as well as enhancing the process capability
and device performance and speed.
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28 ABETRACTS OF JAPAN vol . 1998, No. 03,2~ February 1998 (Z7998-02-27) and in
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. 2004 rcT~soon72n 4 Fgure 2 is a diagramillustrating the sem conductor.

devi ce 20@oaftey a conventional halo inplant. Accordingly oftentingg APR004
hal o i npl ant 202 ends up providing dopant to all of the source region 204
and drain region 206. Since only the area directly underneath.the gate 208
is-the area of interest for the inplant, there is | eakage and: ot her '
probl ens 5 assqQgGi d therew,th, Accordingly) the entire active area 212 is
open primry b@gggé%om@mﬂm&fﬁm,Wwamefepthpler@gi;st mask 212 is such that
at .a 45 angl e,Fige 1uk &R . . cannot accurately be provided

under neat h *he gat e .ar ea. Eﬂai{sﬂl@ € %) CoRveational pregess faripsoviding la KAl

t hi cknes ant.5Nm the 45 angle will require that |arge portion of the

ul traviol et 'r:ﬁ@%i gn.wail .not- reach the area' of interest io~ because at
that angle) w't hé thidKdi rilhestrating i thei semiebaduRSsS idabigd hffe,AGdi tion)
i ' & t hi clonyintibadl dsloShpRft (0. SNm or greater) is placed over the'trench
oxi dati on "207g7i£;egt'o ghe'sof-t jelly type nature of the photoresist;

of tenti nes t he''PHdBds adiost chairl 6f 4 alekh [ ..epch . oxjdatjon area
and coverfmﬂ;rgﬁainy&%%loare to be Inpl arﬂ@gg_“@%fﬁﬁgeﬁﬁeﬁggwnstands
e iaint]

erect at t snafl s ‘technol ogies, the halo inplant will not reach

the targeted Eigﬁvsﬁéa(gag?ﬁh mﬁt"‘ﬁ ccordance with the present invention,
the inplant area is selectively. éfr’%gtsgfa‘%&%rodwem@rhﬂmgnmm anket
i mpl ant . "9peardancewiththe ipreshutdnventioni ng a t hi nner phot Or esi st .mask t hi-ckness

- of lpetween 0.1.'iun‘to 0.2 Nrn instead of 0.55 .. ~mto-0.a um photoresi st
‘utilized in thé conventional process. To nore particularly describe.the

features of tBigumhiiMoW&H&Nﬂu@&aﬁdlﬁ, ' to the follow.ng di scussion 1n
cvnj i ancgj %t ith the tLI gures. Fig rewga??rmﬁ%ﬁmm.%bdoem in
accor dance it hP 13rt8¢ carvantional tprocess,’ firfy pithiak InhoRtedidt onvent i onal
proocess) vik stept102. THnC kn PHY RiEsH i s..proyi ded viﬁgost e 3}%) ?Oﬁ&l%hen an
L.DD i n’pt@ t is g{'ovrded, vig s@g;pp‘?&igé’mﬁfp%% W@GEWhMbst is
removed, MRSk 4 @pcayentionak pesde £ iy tywidalN REESHSE ik ovi,ded, via
st @p 30%dﬂe%wwﬁé&$%)s£i a.gt P?l%%\?l @gﬁ& Vi ak@t&éf)%&fmﬂle hal o
i mpl ant ﬁa}/pi.ca y 1'spr S Jiroyided; thangwe prayideeaMbEOreBidFedTto as the
. i ol mplant, via Step 106, _The halo implant typicany is pl'OVidOd at a 45° angle to
Jmpant undemeath the gate area. For a wafer at 8 45° implant, to consistently implant

' the.mtended area, 8 LDD mask is utilized which does not-cover the source or drain

regions. Examples of a conventional halo implant process are disclosed in PATENT

20 ABSTRACTS OF JAPAN vol.1998. N '
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;O-tlz,’%o%,:lzom ~ ~US0017271 19 APR 2004 1YO 0i /3973 .PCINSOOli 7z71 .
1 mpl-ant underneath the.gate area. For a wafer at a 45 hal o i npl ant
consistently inplant the intended area) a LDD mask is utilized’ Whl

. cover a substantial portion of the source or drain regions. Fgure 4§ ﬁpRazgm

5

V=0iyere

diagramillustrating a sem conductor device 400 after a hal o inplant

accomhmazmth the present invention. As is shown) .t herpbn Si st mask
402 is a'smaller ' height (.1 pmto .2lun) than in the convtg;)%ﬁ

nor e of the source and drain regi ons 404 and 406
in a

process) which allows for

,respectlve;% to be masked by the ph3tore5| st 402. . Accordingly,

met hod i n

to '

dopi n
defin

UP}H( %VI

pr oce£eayirg that aclardermommfwhe ulbrevisle RS 8tafio WY

2004

0l ! 39273 AMENDED SHEET. PCTI UéOOll

APR 28 gtog@gtlg © .5pm or greater) Is placed over the trench oxidation 207, due to the soft

15

Implantis provided, via step 310, The halo implant typically is provided at a 45°

jelly type nature of the photoreslst. oftenlmtes the photoreslst will fall over in the trench

oxidation area and cover areas thatare to be implanted Even if the photoresist stands

. erect at the smaller process technologies the halo implant will not reach the targeted

areas,

na Ectem-engmemod in aecordance with the present Invention, the Implant area
i
S seleottvely targeted instead ot performlng a blanket lrnplant, -This ls accomplished by
uslng a thinner photpresist mask thickness of between 0. 1 Hmto 0 2 pm instead of 0.55

um to 0.8 um photoresist utilized In the conventlonal process. To more particularly

describe the features of the present invention, refer now to the following discussion in

conjunction with the figures,

Figure 3 is a flow chart of a System in accordance with the present invention,

Typically as in the conventional process, first a thick photoresist is provided, via step 302,

Then, an LDD implant Is provided, via step 304. Next, the thick photoreslst is removed, via

Step 306. Thereafter, a thin photaresist is provided, via step 308. Thereafter, a halo -

angle to
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Halalmpians Amt@‘WO@h&n@@%Qfa‘foﬁrﬁ ant Bb%(r{'cﬁss to ‘é’ Eipr osed 1000A (l n

t he f|eld) or lower if the process a

t aki ng) thﬁ@uwocreglmzmmrdraim b e, and dr.ai ions can be
;)penedgaltt)qr;ileé :fh ?aigjgﬂd Attta 4 Hr;%é‘?@eslﬁ%%rﬁmpgma@ l)f)@n h |
ransi = initerdst fof [ea as we as getting only a
| ar ge anount of the dose (up ?o @?ﬁ%?%t'%geag
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eftd ¢qrventional s wil |
R eepamtioall t hi ckness,
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d henpsohleransi st or edge
also mnimze the counter

%ﬂof the source drain w tﬁglqﬁ%a;oﬁg &?Q%%ﬁ@&?’b@f“ﬁ%"ﬂywwwl red by the
i

¢ thickodsstohthe-phalofasit A8k ! eonetries of 0.18 um
. technol ogi es and | ower, the ggtzelsh%gbgﬁla?%aﬁsgéea

and h@ppnot@meurbmmd%g%gémqﬂ%g the source and . drain region.
In this way the counter doping can mal r%
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w"dl_‘dA‘rT"%'[. 1. A nethod ~ for prow ding a halo inplant to"a seni conduct or
.device ( ~00), characteri sed in that the method conprises the steps L&SOCE?Q?Z)I
(308 providing a thin photoresist |ayer (402) between approxi nmatel Zgﬁlﬁ (2
0. 2pWPtORBER3t 0 t he semiconductor device; and (b) (31@®cHmugwising th Ul
i nplant to the sem conductor device wherein the thin photoresist |ayer is
used-as-a mask for the halo i mpl ant .. 10 ~ 2: The nethod of claim 1 wherein

Ehe phf'),%p(?r{ﬁ %?%&e (402) conprises a deep .ultraviol-et (DU\/) | ayer. ~ ~

&@tet:araa nFar sowafet ai he toresi st |ayer
h Fmso'%lre G 'l’c{%og: ?gelﬂ(alﬁonductor e

_ covers; Jf&s l]sttaéltd amount of the active a
devj ce"" ?w niefded af?ﬂearl&m?g;sblstgllmﬁrwﬁch%rcgb a&%ﬁéﬁﬁﬁ’vs 3‘2%?
conpri ce region and .the drain region
sem)coﬁgﬁg{'g?oﬂ ”c'@g'°nsg~ ~ . 5. . The nethod of gany one of clans 1 to 4
‘wher ei n the hal o inplant is at 20 ~ approximtely a 45 angle. . 6. The
net hod of a 9"”8&6‘5 diagram Wﬁstrdﬁngas&nlddﬂtl@éior'd&‘h?%é g%]— ﬁ%?’mﬁﬂﬂ(m) of
progll dj | y doped drain inplant before the A th ovi di ng
st ep (%c)cgr "C BIPISSSHEBVENtid As 1. show; gﬁeéﬁ,&gﬁg g{ﬁ’ ; RZ\ uw
zupj e’ %ng%c" %ca] cal] ca] ca] cTa] ca] ca] ca ca R '%&Fﬂ'lilﬂei’a] ca) cal ca
U ca] ¥ 1 drn)in bk coadrtiond] prd ®Pdcass, Which Aj}fg\/ for mo
$r kAcf gwéglﬁ ca1 ca] ca] cal-ca] cal ca] c"a] cew ca ch?éf.'J] G%f%fca] caJ ca] ca] ca
] ca] cdf CEYC Endionp 484 end 604 rsbeeveiplssd fa ks MR El
6#F$$BY% vl gb "Q‘E& @éﬂc ] ca] ca] ca] ca] ca] ca] caUl ca) 3a]' ¢ %‘8ﬁ 2i5t 492 ca] ca] ca] ca
. lcaJca]ca] ca]cT eﬂ»b!llrﬁdcoaldéﬂé Mf' """" ((CO)$*' ***R
++a, b,  Bhofbre ét {v g%c] ca] c]ca] ca] ca] calca] ca EQY?{QPE'eﬁ cal c”a] caU]
'gg%éa] ca?’éaﬁ' gl“gkﬁ%‘g%‘?% { 'al‘%raarefaemsahcmlwalaaaeselleah&ad%s it O%& () - &F

10% (" E"R9121Es o B noamseyo mesteet oot Borfulibigd! 1076 0
. ng@p&oessja(?lé@s (Wth this photoreslst lhlckness, taking into acoount other helght. the

source and draln reglons can be opened only as needed At a 45° angle the implant can
| _be delivered 1o all transistors in the circuit in the iargeted area as well as getting only a

large amount of the dosa (up to % of the dose) to the transistor edge which sits on the
) trench edge. This will also mlnlmlze the counter doping of the sourca draln with the '
opposite spacies as Is requlred by the deﬁnltlon ot the halo process.

In the smaller geometnes 0f0.18 um technologies and lower, the gate height will

actually work to advantage and help reduce unwanted counter doping of the source and

: .draln region. In this way the' counter doping can be maintained to an absolute ‘minlmum,
2ll' The final advanlage Is that with the thlnner photoreslst. we will enhance our ability to

provide the implant to smaller geometries, Accordlngly. the process In accordance with -

the present |nventron is the improvement in the manufacture-ability as well as enhanclng

the process capablllty and device performance and speed.
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1008k () %% 964.0% & ()-' ! tS!"10% Hi H&;() - - EdBAY: 1 1 I F; R (§:M {Y:IF
1094 ()~ @7! 10% ()~ GBFULOWHE! ()- 932 10% K ()- Y14 10%4 ()-M (Y|
109 ()11 y4(10%<y<& ()- @ 4(10%HE () - @ ~80* 10% &H-&HE! () o
@OW%%H&I (I)n;ISJ &' 10%HHE! ()-1Y1, &10%rf Yf & {)-!4l, 810%44& () -1, 810%& ()-!Tl,
&ibwm&% -FE3 10%H () - F$f/gmﬁy (<§ Y 0)-1 -
1094 () -1 9*"10%HH& () -' | 3@ MB10 ; F1098& () - 10H 10H
Loy (YL A8M " uj_@! F109%%& () | 10H
?Big?gm(%)léomg%??%@ idi a(l}tildl Wﬂ?@&%&bnductor device @Wﬁ' ' 105
105 e o ecterised i thet the method compriggs thestsas of:- 9609 () ((((#) a?YNC! | ! C&1
: ) - go ! =0 0 ! < . .
Toowt! oty L e s S B vmon iy 0
Tosste (0T e B 2um Bickeo thevsmicqriumon dbvice; gad " <YNC! | | 983109448’ () 1C
109 () -1 "#I0% T x e (01 11006 () -5 Normal * "Headi ng _131063. "
'-'?Hég Oﬁ'lﬁc ()23]‘ i@wﬁegﬁ?fng %% “‘g@%wém 3p e'sfm&dndlg:t&géesﬁcerwmaa 3 hng 63] c
" Headi n ?ﬁ%ph&ﬁ%lm%ﬁﬁ&%kﬁ&@émo%%{‘agl t ?(r)ig34g6786ﬂ' es
Font: v$$q) . 02468: w }BY%), |7 u wY F$& #) *q, )+, - 10123456786
New RomanAri al Courier New'h Root * Ent r'YW)rdDOCUWE“t @
| "WBYE @) * +, -TheQhB6S 6F Rim 1 wherein the photoresist layer (402) comprises a deep
- -ultraviolet (DUV) layer, o . ' -
3 | The method of cLaini 1 or claim 2 wherein the photoresist layer covers &
substantial amount of the active area of the semiconductor device (400).
15 ' o :

4, The method of clmm 3- wherein the active area comprises the source region (S) |
“and the drain region (D) of the semiconductor device,

5. . The method of any one of claims 1 to 4 wherein the halo implant is at
20 ‘approximately a 45° angle, ' |

6. The method of any one of clatmsl to 5, which- includes the step (304) of

-+ providing a lightly doped drain implant before the hafq hnplanf providing step (b).
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