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25 However, etching can have deleterious effects on the fabrication of devices
from the wafer. For example, the photoresist material itself can be substantially
removed which can expose the area that the photoresist is intended to protect. Also
the etchant can cause the photoresist material to deform or twist, which in turm causes
the features resulting from etching to be deformed. For example, the intended feature

30  of a straight track could be well defined by photoresist material. However, etching to
define the actual track can result in a wavy track actually being formed owing to the

twisting and deformation of the photoresist material caused by the etching
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30 Figure 1 is a schematic cross sectjonal 3
waPhetorssistyaiateriah Apreipipe containing plasma is also provided. The bromine

containing plasma is active to harden the photoresist material.
A composition for etching a wafer having a pattern of photoresist material
thereon is also disclosed. The composition comprises a fluorocarbon or a

fluorohydrocarbon and a bromine containing molecule.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention, together with further advantages thereof, may best be
understood by reference to the following description taken in conjunction with the

accompanying drawings in which:

Figure 1 is a schematic cross sectional view of a wafer on which a method

according to the invention can be used;
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r ebs$ pobided vadattheitrade names PAR 707, PAR 723 and PAR 710 by Sumitomo
Corporation. Other suitable 193nm photoresist materials include cyclic olefin/maleic
anhydride (COMA) as provided by JSR Corporation, Shipley Company, LLC and

Tokyo Ohka Kogya Co., Ltd., and similar. Photoresist feature 102 is approximately

2600A thick. Typically, the thickness of the 193nm photoresist material layer is
between approximately 2200A and 3300A. Photo imaging processes known in the art
may be used to create the photoresist feature, which forms the photoresist mask.

Photoresist feature 102 is above a layer 104 of anti reflection coating
(“ARC”), which is typically between approximately 300 and 800A thick. The ARC
includes bottom antireflective coating (BARC), and is typically a hydrocarbon based
material similar to that of the photoresist material. The wafer 100 includes a

hardmask layer 106, which may be made of silicon nitride (SiN), which is typically
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At the beginning 210 of the method, bromine containing gas is introduced into
the plasma processing chamber of the device 212. In this example, the bromine
containing gas is hydrogen bromide (HBr). The plasma processing tool is operated
under conditions to allow a high density plasma to be struck in the chamber and
sustained 214. A high density plasma is considered to be a plasma having a density of

greater than approximately 1x10'% ions/cm’. The high density plasma can have a
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Insubstantial removal of material can also be considered to occur based on the
amount of photoresist material that is removed during the curing step. Not more than
approximately 600A of photoresist material can be lost, preferably not more than

30  approximately 500A are lost, more preferably not more than approximately 400A are
lost and most preferably not more than 300A of photoresist material are lost. The

proportion of photoresist material lost out of the thickness of photoresist material
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photoresist.

In another embodiment, a photoresist trimming step can be included in the
method. The curing step can then be carried out before the ARC etch and trim steps,
or after the ARC etch and trim steps or between the ARC etch and trim steps.

The main etch 220 can include a number of steps in which different etch
chemistries and operating parameters are used to etch the different layers of the wafer.
Steps 218 and 220 are repeated, as indicated by step 221, for each different main etch
step required. The etchant gas composition for the hardmask 106 etch step comprises
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fabrication of a memory device, a logic device or an eDRAM.

The method of etching is essentially the same as that described previously
with reference to figures 2 and 1 except that a different etching chemistry is used
during the main etch step for the polysilicon layer 126. The etchant gas composition
comprises CF4, chlorine, HBr, oxygen and helium. The etching chemistry for
polysilicon is well know to persons of ordinary skill in the art and need not be

described further.
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view 504. As can be seen a 1400A deep | ayer of

phot or es. st teri 506 1.5 present the Si N hart

ok | aygmesbona oy SrrLTRRE e - aiethogl il Bf fhp metnod
has) e BrcRingheEatafe WMkt HBH ke tHG9328 phofiésist Jnaterial.
shows a cross section through a further wafer 120
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0 B SSit AHOTAE R ORER g sy tesent inthe
PObMShh iCRRivE Fo WRE khdHVbrédist REAE M SvIalk iRy Midtaie)spedied i active as
inthe art and need not be described further.
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31 Featurqthintp e viles, Hhe ACBEEe tegmupgtess}yqngg thedlepiped end point is
pl ?esagﬁe which is active to cure the 5 photoresi st
ma erlaﬁ' 122. An etchant gas m xture is also
i nt r odu®gchr38A showe at blectrql msmescppopiesse ofa closniretiom601

R L g2 TS 70 PR g i
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et chant species,” such as fluorine species when CF4 or )
ot Henref 6@ shavesthb oassltingregchygefile£93 tfercthe St dayer. gAs can he seen in

Py eSS QoA S AR BTt e Bh 48 RggipLpaispial results n
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and sust ai ned 316 by operating the 'ﬁl asma processing
devonpletion of the hardmask etch. As figure 6B shows there is a significant absence of

any twisting of the photoresist material and well defined, straight lines are etched.
There is some tapering of the profile of the SiN layer 606, as shown in figure 6C.
This method does not provide as good a SiN layer etch profile as the first method 200
described, but is still obviates photoresist deformation and collapse.

The invention has been described above in connection with 193nm photoresist
materials, but the invention can also be used with other deep Ultra Violet (DUV)

photoresist materials, including 248nm.



under | ow pressure, and high power conditions. The
brom ne species present in the plasnma is active to
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species is active as an etchant to etch away Iayers

of the r . bel ow th 0 Hence t

ot ch of UlhE sias it e el ote i atotuf By paiSihes ered i order to
hargeRhiea Iﬁ&tlctu% dl@{ﬂféte OHB&ebdr, fe @feﬁ IoF culdfi £1he phStordsSst material
deformation and hel ps to ensure the propagati on of a

wekhoudiebé pidher befose eickiag it saturecinibg waderlying layeslor aendesutant with
ter nat es e des red end point is reached.
% li £ éﬂ% tﬁ (gec,ryl%% croscope picture of a
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in figure 1 after a SiN hardmask |ayer etch with the
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figure erels as cant absence of any
twi sting of the photoresist material and well defined,
straight lines are etched. There is sone tapering of
the profile of the SiN |layer 606, as shown in figure
6C. This method does not provide as good a SiN | ayer
etch profile as the first nethod 200 described, but
is still obviates photoresist defornmati on and
col |l apse. 30 The invention has been descri bed above in
connection with 193nm photoresist materials, but the
i nvention can al so be used with other deep Utra
Violet (DUV) photoresist materials, including 248nm
8 WD 2004/ 017390 PCT/ US2003/ 024137 O her steps can be
added to the nethod of the invention as required in
order to fabricate a particul ar device. However, the
step of curing the photoresist material should be
either before etching the feature in the underlying
| ayer or concomitant with etching the feature in the
underlying layer. 5 Although the foregoing invention
has been described in sonme detail for purposes of
clarity of understanding, it will be apparent that
certain changes and nodifications nmay be practiced
Wi thin the scope of the appended clains. Therefore,
t he descri bed enbodi ments shoul d be taken as
illustrative and not restrictive, and the
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2004/ 017390 PCT/ US2003/ 024137 CLAIMS Wat is clained

is: 5 1. Anethod for etching ?%ham ng a pattern

of photoresist material thereon; rising: curing

t he photoresist material with a brom ne contai ni ng

plasma, prior to an etch; and carrying out a main

et dYhabfis elpimedds.er. 10 2. The nethod of claim1,

wherein the brom ne containing plasma is a high

density plasma. 3. The nethod of claim1, wherein the

curi ng tAhmehbatfor @&iitg a Watfe hadingwipahietne phdfordsiso fategial thereon,
cont ai ning pl asma does not renove an entire |ayer of

t h€OMARERAEhel ow t he photoresi st material |ayer. 4.

The met j | j A ' :

the our S o Bl phElaP i o i b fbrior o an
| ageeh; add t he waf er bel ow the photoresist. 20 5. The

met hod of claim 1, whereipn not nore than substantially
600A of CHRENS oKLY BaELiel ofhE¥afell i s renoved during

the curing. 6. The nethod of claimb5, wherein not nore
than substantially 300A of the 25 photoresist

mater i alThiesnatkorbefedaidul,iwtgrdin éhreduwomng. cortainihg plasth esch high

of clajm1, wherein not nore than 85% of the thickness

of dﬁnqlé’)}’é?smaof t he wafer bel ow the photoresi st

material is renoved during the curing. 30 8. The

met hod of claim1, wherein not nore than 60% of the

t hi3ckneseahethod efyaaim biwherrin fleef ering dhephotoresist material with the

B TR R e G DB W 5 4P o e
cl gjh?iol?sjgﬁﬁfm@iamatyaﬁ pl asma i s conprised of
substantial ly

4. The method of claim 1, wherein a bias voltage during the curing is insufficient

to etch through an entire layer of the wafer below the photoresist.

5. The method of claim 1, wherein not more than substantially 600A of the

photoresist material is removed during the curing.

6. The method of claim 5, wherein not more than substantially 300A of the

photoresist material is removed during the curing.

7. The method of claim 1, wherein not more than 85% of the thickness of a layer

of the wafer below the photoresist material is removed during the curing.

8. The method of claim 1, wherein not more than 60% of the thickness of a layer

of the wafer below the photoresist material is removed during the curing.

10



hydrogen brom de. 10. The nmethod of claim1, wherein
the photoresist material is selected fromthe 5 group

w@ormpLBsPng: 193nm phot oresi st material and 24B@US2003/024137
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photoresi st material. 11. The nmethod of claiml1,

apgt ox AE AR S Thg 0% ool a§bhenciany

CUhk@@gen biniigs.n of photoresist material on a wafer
conprising: providing a brom ne containing plasna;

and exposing the photoresist material to the plasma,
wherei n I he . : '

oot 1 ot afbfle QoS el iR B AR AR Rlep from he
cl grduplcdmpahafige il 9Brinh phdiesesist insterinl ARQ4BAYEhotckesist Anaterial.
conposition of a high density plasma for curing a

phot oresi st material on a wafer in a plasna

pr ggessi : [ 2

e R e of e SR N DI o sl e P st
phapproesnattlyrted @icak/cmher eon, conpri sing: provi di ng

an etchant conposition generating a plasna active to

etch a layer of the wafer bel ow the photoresi st

matier i alx nRRbIR6PMIrHs A atcR HPhBRI&M hitdHalen Blv@tgé'f%gmprising:

active to harden the photoresist 25 material. 1
conposi tprevidinga beomersgntainiag plasthziveindg a pattern of

PR e b g B SRS P g o e water

below the photoresist material is not etched through.

13.  The method of claim 12, wherein the layer is an ARC layer.

14. A composition of a high density plasma for curing a photoresist material on a

wafer in a plasma processing tool, the composition including bromine.

15. A methbd for etching a wafer having a pattern of photoresist material thereon,
comprising:

providing an etchant composition generating a plasma active to etch a layer of
the wafer below the photoresist material; and

providing a bromine containing plasma active to harden the photoresist

material.

16. A composition for etching a wafer having a pattern of photoresist material

thereon, comprising: a fluorocarbon and a bromine containing molecule.
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