WO O U39273 PCT(USOEL1t 172T1 METHOD OF MANUFACTURI NG A SEM CONDUCTOR DEVI CE
USI NG A HALO | MPLANTATION s Reid O The Inventi.on The present invention

rel at es m iﬁ%ﬁonductor devices and nore particul arl| YCTESeN72lng a hal o

I mpl ant 2 nuf act uri ng sem conduct or devi ces. Background O The
Invention 10 A halo inplant is typically utilized to inplant dopant on a '
sem conduct or device. In- line |ithography or OW(deep ultra violet)
photoresist is typically utilized to mask the halo inplant process.

Typi cal | y, »dT80s anpammrs&ruginegh skyrcdepedr dreatar) vgthOR) uars mbiavizaeos f or t he

hal o i mpl ant, since the halo inplant takes place after the LDD inplant. Due
to the chenmistry of the photoresist, an inplant shadowi ng probl em

oftenti gesﬁg% r‘[ﬁegﬁ_{bﬁﬂoﬁi ng 16 conventional processes (mask & photoresi st

set), whict fects yield and performance of the devices as -
manuf act uri ng PRQOSSRABVERICA rdS8ah dernidBridubibr dBRERNE infoRe pahldlady " St Pr obl em

Is that the photoresist thickness in the area of inplant 1s of a thickness

such that E&vﬂdmalaa.e{o irfiSirit WhdrBflartacRridPseRi@hductordeviceSUl t I n an asymetric
and 10 | eaky. transistor. A second problemis the thickness of the

photoresist related to the trench oxidation region of the device.

Accor di ngl ﬁi !i f adggt clﬁ \Phﬁt oresist (0.55mor greater) is placed over the
trench oxi 1 SR sof t jelly type nature of the photoresist
oftentipges the ' Lol . to be

sl ant'lg'da. EvenR ?@B%&E%M}%&b&l{zﬁ 4os @%nc@g%a?‘é%@ g%ﬁ%ohé\?cgorx}gévfo& %br ocess

t echnol ogi : fl‘”iﬁ : St 1 : eas. In
addi ti on, 'ﬁeem%: ﬁa\ytehﬂéri(bona é%?%tg&iegsﬁﬂgfgreh%tténggﬁﬁi&gﬁ%ﬁghﬁ or the need

for sel ect inggailBRbAS, Ppidallfths SathE A @il AdrRa draflf 8 BOSlis fil¥a offiat | s needed
ﬁ%he 5 9

Is a systemand net hod tor overcom ng ove- Identitied problens at
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chemistry of the photoresist, an implant shadowing problem oftentimes occurs utilizing
%  conventional processes (mask & photoresist set), which adversely affects yield and

performance of the devices as manufacturing processes move toward smaller geometries.

The first problem is that the photoresist thickness in the area of implant is of a
thickness such that an implant delivered at a 45° angle can result in an asymmetric and
28 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
placed over the trench oxidation, due 1o the soft jelly type nature of the photoresist
oftentimes the photoresist will fall and cover areas that are to be implanted. Evenifthe
photoresist stands erect at the sm'éﬂer process technologies, the halo imblant will nof |
% reach 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-

identified problems at smaller process geometrics. The present invention addresses such



2 a need. Summary O The Invention A nethod and systemfor providing a
hal o i npl ant to a sem conductor device is 5 disclosed. The nethod and
system corrg,rol'r@?% g)rovi ding a thin photoresist |ayer to teagusesani?onduct or
device. Th 54 and system further includes providing the halo inplant
tp the appropriate area of the sem condyctor device. Accordingly, in a
system and nethod in accordance with the present invention, a photo
phot or esi st aread. i s capable of thinner profile, i.e., DUV photoresist is
utilized. This lo will allow one to | ower the photoresist thickness to the
proposed 1000A (in the field) or lower if the process allows, Wth this
phot or esi st i ckn tal Lng into account other height variables, the
source and be opened only as needed. At a 450 angle, the

i mpl ant be delj ' ' ' b b e t t ed
|l antcan be Attt upudh b a5 Sh05 i bSO bl 2702t
d to, i - Con eits. : o
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Specres as 's%rrﬁc_%ﬁ&ﬂcfo?éeo\mé. ThemeRbd £Hd|tsg&9m‘ﬂfﬂh&ﬂﬁ‘ﬁlud'a@b:%vi%g’%%ﬁlo irhﬁar{the

smal | er geonetries of 0.18 umtechnol 0gies and | ower, the gate height wll

actual I'y worg HeQparepiid feEofisetfidoRduchi Hemeunwant ed counter doping of the
sourceldrain 20 area. In this way the counter doping can be maintained to

an absol ute m ni MdEerdiddhg infd syslemanil aiethad i dcbortidhat with thB picsent Inbertion,fa
photoresist, we will enhance our ability to provide the inplant to smaller

geonet ri es. phomghdioregishthat istapghioatdsimer profie ¢ o DV photoviesist it dtitzedr Tsient
invention is the inprovenent in the manufacture-ability as well as
enhanci ngs t h«ilt gllowoes & lewgs dis photoresistitickhess to ¢helfogoeed H0AA (v the field) @peed.
lower if the process allows. With this photoresist thickness, taking into account other
height variables, the source and drain regions can be opened only as needed.
At a 45° angle, the implant can be delivered to all transistors in the circuit in the
targeted area as well as getling only a large amount of the dose (up to % of the dose) to
B the transistor edge which sits on the trench edge. This will also minimize the counter
doping of the source drain with the opposite species as is required by the definition of the
halo process.
In the smaller geometries of 0.18 um technologies and lower, the gate height will
actually work to advantage and help reduce unwantad counter doping of the source/drain
2 area. Inthis way the counter doping can be maintained to an absolute minimum. The final
advantage is that with the thinner photoresist, we will enhance our ability to provide the
implant to smaller geometries.
Accordingly, the process in accordance with the present invention is the improvement in
the manufacture-ability as well as enhancing the process capability and device

2% performance and speed.
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PCTI US00117271 r 3 Brief Description O The Drawings Figure 1 is a flow
chart ilwoesis®eyi ng a conventional process for providi nRCHUSAABTL | npl ant .
Figure 2 is a diagramillustrating the sem conductor device after a
conventional 5 halo inplant. Figure g is a flow chart of a systemin ' :
accordance W th th e resent I nvention. Figure 4 is a diagramillustrating

brie pHg f0rawings hal o i npl ant in accordance with the present

i nvention. 10 Det ailed Descrr ption The present invention relates to
seni conduct or H@¥Pddsa larchag listzing ?EQHV&F‘IOW' AIcess far ievidngahdoi npl ant when |
manuf act uri ng . sem conduct or devices. The followi ng description is
present ed nabl e one of ordinary WIl in the art to make and use the
invention and Ls praovided in the context at en lication and its
requi rement s. Egu gﬂ?%&ggrﬁﬂgiu?'f%% r??mf°8"‘§‘1’f§g é%‘?’ aaveianatent and t he
generi I nci N and features. described herein will be readily apparent
to those g‘ﬁ |T@%PI n the art. Thus, the present invention is not intended

be | d i . .Lh i d
Scope consi ot erpule ¥ ERHE g“g?f?ﬂ%.%a‘b?m Lo bt B8 RSB itier o1 71 gur e
1is aflow Chﬁrgbre ,éaara{;ﬁh'nmtrﬁn QRYARbARIRRE ddicB % Irsr[aﬂrampr? ,ﬁd' ng a halo

20 inplant Typically I'n e conve tlona process, phot or esi st

i s provi dedeorddre MtPie predent inl&@dn. an LDD inplant is pr ovi ded, via step 104.
The thick photoresist or LDD mask

®  Detailed Description

The present invention relates tc semiconductor devices:and more particularly
providing a halo implant \rvhe'n manufacturing semiconductor devices. The following
description is presented to enable one of ordinary skill in the art to make and use the
invention and is provided in the context of a patent application and its requirements.

B Various modifications to the preferred embodiment and the generic principles and features
described herein will be readily apparent to those skilled in the art. Thus, the present

invention is not intended to be limited to the embodiment shown but is to be accorded the

widest scope consistent with the principles and features described herein.
Figure 1 is a flow chart illustrating a conventional prooees for providing a halo
20 implant Typically in the corrventlonal process, first a thick phqtoresist is provided, via step
102. Then, an LDD implant is provided, via step 104. The thick photoresist or LDD mask
in a conventional process is typically a photoresist that is o.sépm in héight After the LDD
implant is provided, then we crovide whatis referred to as the halo implant, via step 106.
The halo implant typically is provided at a 45° angle to implant underneath the gate area.
5 Fora wafer at a 45° implant, to consistently implant the intended area, a LDD mask is

utilized which does not cover the source or drain regions.
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In a conventional process is typically a photoresist that is 0.55min

hei ght After the LDD inplant is provided, then we provide what is referred
to as the halo i-nplant, via step 106. The hal o inplant phyRkeakiy | S

provi ded atvo#1 angle to inplant underneath the gate area. 15 For a wafer
at a 45 inplant, to consistently inplant the intended area, a LDD nmask is
utilized which does not cover the sourct or drain regions. This Sheet Has

> s adifirn i [ouegid bl he Shobd b o0 pop Ui Pa Bl | o
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dopant to all of the source region 204 a rairn r . Since only

the area di ropblsyurbeydgion 264 dhdldhéh re§ish 8062 UindeDnil D aAdaire@ly unBdriéapthef OF the
i nplant, there is | eakage and ot her problens 5 associated therew th.

Accor di ngl y,gate 08 fthe &réa Bktbré&t f@'ﬂ@ﬂmgﬂlﬁt, thEre@PBdkaBé AriRother proBRABUSE the
t hi ckness of the photoresist nmask 212 is such that at a 450 angle, the

ul travi olset associtedditaiewtth. Aecondimiiyeihy ehtre Bty bke @128 dpemerinidilylbeeaugat € ar ea.
As is seen, with a photoresist mask 212 thickness of .5pm the 450 angle

wi Il requi riee thickriessiof tie ghetopssist mask 242 ist dueh thitat aviEaingle, tha diradicletmaysi | | not
reach the area of interest 10 because at that angle, with the thick
phot or esi st ,cannot accurataly eomevnided undarmeatidttie patearsai f a t hi ck phot or esi st of
(4.6mor greater) is placed over the trench oxidation 207, due to the soft
jelly type nat ur &sisiseemith pobateresistanask 812 thigkriepsef AUk eGP angleswilt wil |l fall
over In the trench oxidation area and cover areas that are to be
i npl ant ed. ESRre hat 3 l3esepedipn pidkg Wiraviglel ragiationsyilbagt regch the aresyphintesdst pr ocess
t echnol ogi eg, the halo inplant will not reach the targeted 16 areas.
90 Sbecause at tﬁat .emglg,p wﬂ?x1 rﬂ'ne thick photoresist, it?s not possible. lngaddltion, %fa thick
photoresist of (0.5um or greater) is placed over the trench oxidation 207, due to the soft
jelly type nature of the photoresist, oftentimes the photoresist will fall over in the trench
oxidation area and cover areas that are to be impianted. Even if the photoresist stands
erect at the smaller process technologies, the halo implant will not reach the targeted
%  areas.
In a system and method in accordance with the present invention, the implant area
is selectively targeted instead of performing a blanketimplant. This is accomplished by
using a thinner photoresist mask thickness of between 0.1 um to 0.2 um instead of 0.55
Hm to 0.8 um photoresist utilized in the conventional process. To more particularly
2 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 invenition.
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 photoresist is removed, via
%5 step 306. Thereafter, a thin photoresist is provided, via step 308. Thereafter, a halo

implant is provided, via step 310. The halo implant typically is provided at a 45° angle to
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In a systemand nethod in accordance with the present invention, the
I nplant area is selectively targeted instead of perform ng a bl anket
inplant. This_is acconplished by using a thinner photrorasswti7zTask
t hi ckneS¥O B398t ween 0.1 pmto 0,2 minstead of 0.55 pmto 0.8 pm
photoresist utilized in the conventional process. To nore particularly 20
describe the features of the present i‘hvention, refer nowto the foll ow ng

di scussi oNmpRnt WhAGINEAA tHeQatotréd) FoR8 whted B £45° hib st 3o bohstehtypw chart of a
system I n accordance with.the present invention. Typically as in the

convent i ongiplaprns ihded Ares, a LD Maskks MINBSIWIRG dbbs tévePs SUbsERER) pirish &it ep 302,
Then, an LDD inplant is provided, via step 304. Next, the thick photoresist

I S renovedthe Sturce dr dedireyegiof. Thereafter, a thin photoresist is provided,
via step 308. Thereafter, a halo inplant is provided, via step 310. The
hal o i npl ant t yFigured isya diagram iustreiting ssenzicohbGcterdglies 400 afidha Baldingdent idas Been
Replaced - -- -------------- --- WD 01/39273 PCT/uS00/ 17271 5 inplant
under ne@t haachrdangetwithdhecpreseRtinveatioua fAsris shown, e phdteresistimask 40R is atsmaller
consistently inplant the intended area, a LDD mask is utilized which does
cover a subgsighthinrato .2gm)thanin e convastionsl precesswhishallowsfognaraof thei gure 4 is a

diagramillustrating a sem conductor device 400 after a halo igqlant in 5

accor danceSaaeng Aeainyegians 04iand 40k respectively tp be s1asked by thehotmsist 403 st nask
02 15 o | Sl s iR BT ey B v R 2
Pt el e BRSSP PP 2 bBY BRBropn L Bl 1, % St
C5P201 Sn " RO BB e P R BORBEE D30 A B 1
the field)yQidcBWadiold. With this photoresist thickness, taking into account other height, the
source and drain regions can be opened only as needed. At a 45° angle, the implant can
be delivered to all transistors in the circuit in the targeted area as well as getting only a
large amount of the dose (up to % of the dose) to the transistor edge which sits on the
% trench edge. This will also minimize the counter doping of the source drain with the
opposite species as is required by the definition of the halo prbce_ss.
In the smaller geometries of 0.18 um technologies and lower, the gate height will
actually work to advantage and -help reduce unwanted counter doping of the source and
drain region. In this way the counter doping can be maintained to an absolute minimum.
2 The final advantage is that with the thinner photoresist, we wil enhance our ability to
provide the implant to smaller geometries. Accordingly, the process in accordance with
the present invention is the_ improvement in the manufacture-ability as well as enhancing
the process capability and device performance and speed.
Although the present invention has been described in accordance with the
25  embodiments shown, one of ordinary skill in the ant will readily recognize that there could

be variations to the embodiments and those variations would be within the spirit and scope
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the process allows. Wth this photoresist thickness, taking into account

ot her height, the source and drain regions can be opened only as needed.

At a 45 an@%ﬁlﬁ%ﬂ? i mplant can be delivered to all trapghsisty@2an the
circuit in 3 argeted area as well as getting only a |arge anpunt of the
dpse (up to 11/4 of the dose) to the transistor edge which sits on the A
trench edge. This will also m nim ze th€ counter dopi ng of the source drain
with the ORmeipdemifiehtd: AScoldinglyShithy helittindd syl indhd bythedf the hal o
process. In the snmaller geonetries of '0.18 umtechnol ogi €s and | ower, the
gat e hei ght axihdry skt thelakt withsut depafing Hr fopmit sHaG chR dp the QR4 BYRET ed
counter doping of the source and drain region. In this way the counter
dopi ng can be naintained to an absolute mnimum 20 The final advantage is
that with the thinner photoresist, we will enhance our ability to provide
the inplant to smaller geonetries. Accordingly, the process in accordance
with the present invention is the inprovenent in the manufacture-ability
as well as enhancing the process capability and devi ce performance and
speed. Al though the present invention has been described in accordance with
t he 25 enbodi mrents shown, one of ordinary skill in the art will readily
recogni ze that there could be variations to the enbodi nents and those
variations would be within the spirit and scope This Sheet Has Been

Replaced 111111 122222 10 LEE 1T WO 01/ 39273 PCT/ US00/ 17271 6 of the
present inventiortc 'accordingly, many nodifications Mi be nmade by one or
ordinary skill in the art without departing fromthe spirit and scope of

t he appended clains. This Sheet Has Been Replaced 1111111111 f 1 WO
01139273 PCT/ USML7271

This Sheet Has Been Replaced

A




7 CLAIM5 What is clainmed is: 1. A nmethod for providing a halo inplant to a
sem conduct or device conprising the steps of 5 (a) providing a thin
photores&éh/%%er to the sem conductor device; and (WPCTASEWE78ilng t he hal o
i nplant to the appropriate area of the sem conductor device. 2. The nethod
of claim1 wherein the thin photoresist |ayer covers a substantial anount
of the active area of the sem conductor device. 10 3. The nethod of claim1l
wherein the thin photoresist |ayer GLAINRt ween approximately 0.1 to 0.2m
thick. 4. The method of claim 1l wherein the hal.o inplant is at

appr oxi naWseyjs eaimgdis: angl e. 5. The net hod of claim 1 which includes the

step of providng gﬂwéﬂg{sﬁ' b, hatQi L .2 the hal o inplant
providing step (b). 6. -le) %eg‘?ﬂﬁfaa o%étﬂa?ﬁmﬁfl ecr%g‘?ur?%tghéem%ct i ve area
conpr i sescampsisisgedters pbgi on and the drain region of the sem conductor

deviceg 7. The nethgd Oproditig Bthin PRHRSrEdid layErQo B REMIcBAdURIor HEWCR! arfePTPI | Ses a
deep wultraviolet ( | ayer. 20 8. A systemfor providing a halo inplant

to a sem conductor (sjevi providing M hald ifpiantaRsappidprige@yeaorie a t hin
photoresi st |ayer to the sem conductor device; and nmeans for providing the
hal o i npl esicéraiuttoedesiepr opri ate area of the
2. The method of claim 1 wherein the thin photoresist layer covers a
substantial amount of the active area of the semiconductor device.
) (] 3. The method of claim 1 wherein the thin photoresist layer is between
approximately 0.1 to 0.2um thick.
4, The methdd of claim 1 wherein the halo implant is at approximately a 45°
angle.
5. The method of claim 1 which includes the step of providing a lightly doped
5 drain implant before the halo implant providing step (b).
6. The method of claim 2 wherein the active area comprises the source
region and the drain region of the semiconductor device. |
7. The method of claim 1 wherein the photoresist layer comprises a deep
ultraviolet (DUV) layer.
n 8. A system for providing a halo implant to a semiconductor device
comprising:
means for providing a thin photoresist layer to the semiconductor device;
and
means for providing the halo implant to the appropriate area of the
%  semiconductor device.
9. The system of claim 8 wherein the thin photoresist layer covers a

substantial amount of the active area of the semiconductor device.
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25 sem conductor device. 9. The systemof claim8 wherein the thin

phot oresi st | ayer covers a substantial anmount of the active area of the
semi conduﬁoq‘{ﬁ%g%i ce. This Sheet Has Been Repl aced ~ | ipdrhusfaz2at{~ 111 11
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PCTI US00117271 8 10. The systet of clgim8 wherein the thin photoresist

| ayer is between approximately 1 to 2pmthick. 11. The systemof claim8
wher ei n the hal eoi nptiasystom ohtlaidiEwI®INRE Sy phdtofdsist RP&tlishetdedn The system of
claim8 which includes the step of providing a lightly doped drain inplant
bef ore t he dpplogimateyl 1o upisiek. di ng step (b). 13. The systemof claim9
wherein the active area conprises the source region and the drain region
of the sem condudi or Tikesystem. of dhien Swisdreinmhe halo iraplant B atvlgpreximetéine 4prhot or esi st

| ayer conprises a deep ultraviolet (DUN) 10 layer. | | 112111111111 1111i
iilil i | angle L
§ 12.  The system of claim 8 which includes the step of providing a lightly doped

drain implant before the halo implant providing step (b).

13.  The system of claim 9 wherein the active area comprises the source region
and the drain region of the semiconductor device.
The system of claim 8 wherein the photoresist layer comprises a deep ultraviolet (DUV)

B layer.
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