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The present invention relates to semiconductor devices and more
patticutarly providing a halo implant when manufacturing semiconductor
devices. Background Of The Invention m A halo implant is typically utilized
to implant dopant on a semiconductor device. in line lithorgraphy or DUV
(deep ultra violet) photoreslst is typically u~li~ed to mask the halo
implant process. Typically, the same mask (lightly doped drain) (LDD) is
utilized for the halo implant, since the halo implant takes place after the
LDO implant. Due to the chemistry of the photoresist; an implant shadowing
problem oftentimes occurs utilizing 15 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 20 to 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.~5Nm or greater) is placed over the
trench oxidation) due to the soft jelly type nature of the photoresist
oftentimes the photoreslst w111 fall and cover areas that are to be
implanted. Even if the photoresist stands erect at the smaNer process
technologies, the halo implant will not t5 reach the targeted areas. In
addition, the conventional processes do not typically account for the need
for selective doping of the source/draln 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    Q-1
L-2001 WO 01I39273 a need. 5 Summary Of The Invention 2 U S 00'f 7271 19
APR 2004 A method for providing a halo implant to a semiconductor device is
disclosed. The method comprises providing a thin photoresist layer between
approximately 0.1 to 0.21un thick to the semiconductor device. The method
further includes providing , 



10 the halo implant to, the semiconductor device wherein the thin
photoresist layer is used as a mask for the halo implant. Accordingly, in a
method in accordance with the present invention, a photo photoresist that
is, capable of thinner profile) i.e., DUV photoresist is ut7ized. This will
allow one to lower the photoresist thickness to the proposed 1000A ~~,n the
field) 15 . or lower i 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 is the targeted area as well as gaffing
only a large amount of the dose (up to 3l. of the dose) to the transistor
edge which sits on the trench edge. This will also minimize the 20 counter
doping of the source drain with the .opposite species as is required by tha
definition of the halo process. . In the smaller geometries of 0.18 una
technologies and lower, the gate height will actually work to advantage and
help reduce unwanted counter doping of the source/drain area. In this way
the counter doping can be maintained to an absolute 25. 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
performance and speed. 30 AMENDED SHEET   U_~ ~:~~()1 WO 01I39273 3
US00~727~ 19 APR 2004 In the accompanying drawings, by way of example only:
Figure I is a flow chart illustrating a conventional process for providing
a halo implant. Figure 2 is a diagram illustrating the semiconductor device
after a 5 conventional halo implant.  Figure 3 is a flow chart of a method
in accordance with the present invention for providing a halo implant.
Figure 4 is a diagram illustrating a semiconductor device. after a halo
unplant in accordance with the present inv~atioa. . . ~a ~ . ~ . Figure 1
is a flow chart illustrating a conventional process for providing. a~halo
implant. Typically in the conventional process, first a thick photoresist
is provided, via step 102. Then,. an LDD implant is provided, win step 104.
The thick photoresist or . LDD mask in a. conventional process is typically
a photoresist that is 0.55m in 15 ~ height After the LDD implant is
provided, then we provide what is 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. For a 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. Examples of a conventional halo implant
process are disclosed in PATENT 



ZO ABSTRACTS OF JAPAN voI.1998, No.03,2~ February 1998 (Z998-02-27) and in
EP-A-0 899 793. .. AMENDED SHEET   7-12=2Q0'1 WO O1139~'l3 USOOi727i 19 APR
Z004 rcT~soon72n 4 Fgure 2 is a diagram illustrating the semiconductor
device 200 after a conventional halo implant. Accordingly oftentimes the
halo implant 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 implant, there is leakage and other
problems 5 associated therewith. Accordingly) the entire active area 212 is
open primary because the thickness of the photoresist mask 212 is such that
at a 45 angle, the ultraviolet rays cannot accurately be provided
underneath the gate area. . As is seen) with a photoresist mask 212
thickness of .5Nm, the 45 angle will require that large portion of the
ultraviolet radiation wail not reach the area'of interest io~ because at
that angle) with the thick photoresist) it is  not possible) tn addition)
if'a thick photoresist of (0.5Nm 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 Implanted. Even if the photoresist stands
erect at the smaller process technologies, the halo implant will not reach
the targeted areas. In a method in, accordance with the present invention,
the implant area is selectively targeted instead of performing a blanket
implant. This is accomplished by using a thinner photQresist mask thickness
of between 0.1.'iun to 0.2 Nrn instead of 0.55 .. ~m to o.a um photoresist
utilized in the conventional process. To more particularly describe the
features of the present invention, refer now to the following discussion 1n
cvnjianction with the .figures. Figure 3 is a flow chart of a system in
accordance with .the present invention. ' Typically as in the conventional
process) ftrst a thick photoresist is provided) via step 302. . Then, an
L.DD implant is provided, via step 304. Next) the thick photoresist is
removed, via t5 step 306. Thereafter) a thin photoresist is provided, via
step 308. Thereafter, a halo )mpiant is provided, via step 310. The halo
implant typically is provided at a 45 angle to AMENDED SHEET   
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implant underneath the gate area. For a wafer at a 45 halo implant, to
consistently implant the intended area) a LDD mask is utilized which does
cover a substantial portion of the source or drain regions. Fgure 4 is a
diagram illustrating a semiconductor device 400 after a halo implant in 5
accordance with the present invention. As is shown) the photoresist mask
402 is a smaller ' height (.1 pm to .2lun) than in the conventional
process) which allows for more of the source and drain regions 404 and 406
respectively to be masked by the photoresist 402. . Accordingly, in a e~-a~
method in accordance with the present Invention) a photoresist that is
capable of thinner profile, i.e., a DW photoresist is utilized This will .
to ' allow one to lower tha photaresist thickness to the proposed 1000A (in
the field).or lower if the process allows. 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
transitions in the circuit in the targeted area as well as getting only a
large amount of the dose (up to 3/4 of the dosed 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 process. 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. 20
The anal advantage is that with the thinner photoresist, we wilt 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. t5 , AMENDED SHEET   o~~ 2=2,0n 1 ~US0017271 ~ s aPR
zoo4 WO 0I!39273 AMENDED SHEET PCTlUS00117271   -'1.W20f'1 US001727i~ 19
APR 2004 E0543 . 



CLAIMS: 1. A method ~ for .providing a halo implant to a semiconductor
device (~00), characterised in that the method comprises the steps of S (a)
(308) providing a thin photoresist layer (402) between approximately 0.1 to
0.2pm thick to the semiconductor device; and (b) (310) providing the halo
implant to the semiconductor device wherein the thin photoresist layer is
used as a mask for the halo implant. 10 ~ 2: The method of claim 1 wherein
the photoresist layer (402) comprises a deep .ultraviolet (DUV) layer. ~ ~
~ , 15 3. The method of claim 1 or claim ~ Z wherein the ghotoresist layer
covers _ a substantial amount of the active area of the semiconductor
device (400). . 4.~ The method of claim 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 clams 1 to 4
wherein the halo implant is at 20 ~ approximately a 45 angle. . 6. The
method of any one of claims, l to S, which includes the step (304) of
providing a lightly doped drain implant before the halo implant providing
step (b). .   AMENDED SHEET .A@,l.A.A.AY.A.A.AuY Y[r v/147V7 ; F R Z \ u w
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