2 7 APR 2006 METHOD FOR ETCHI NG A SI LI CIDED POLY USI NG FLUORI NE- BASED
REACTI VE | ON ETCHI NG AND SODI UM HYDROXI DE BASED SOLUTI ON | MyERSA[IN 2805
.BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON The present invention
relates to the field of failure analysis in sem conductor manufacturing.
Speci fically, therHppesent ETOMERGI ANSTRI@TEGED tkDIenHNiNIGg a silicide poly in
“a 10 sanpl e prepaigbroncighaskai kuneranal ysw seTan Resrixanduct or _
manuf act uring. BELAREDuABRokabEUERsADakyShSI@NdNaam Ipr eparation is an
inmportant 15 step in providing a detailed inspection of the physical
characteristics of an integrated circuit (1C) fabricated on a
sem conductor chip (IC chip). Mre particularly, proper preparation of the
| € chixprickoamD oporHant NvsEueowhen i nspecting the gate oxide region for
failure analysis. 20 However, silicide application in sub-quarter mcron
ultra | argegsced el dtvegrat i on (ULSI) technol ogy poses a major problemin
the anal ysis of gate oxide failures. Typical. construction of the IC chip
with a silie geempplti cavicon 125 rréhtidesta gatef bxldeot adsrlukifder a
pol ysilicon gate |ayer.

analysis in semiconductor manufacturing. Specifically, the

present invention relates to removing a silicide poly in a
10 sample preparation for failure analysis in semiconductor

manufacturing.

RELATED ART
Failure analysis and sample preparation is an important
15 step in providing a detailed inspection of the physical
characteristics of an integrated circuit (IC) fabricated on a
semiconductor chip (IC chip). More particularly, proper
preparation of the IC chip is an important issue when
inspecting the gate oxide region for failure analysis.
20
However, silicide application in sub-quarter micron
ultra large scale integration (ULSI) technology poses a major
problem in the analysis of gate oxide failures. Typical
construction of the IC chip with a silicide application
25 includes a gate oxide layer under a polysilicon gate layer.
The silicide layer covers the underlying polysilicon gate and

gate oxide layer.




The silicide layer covers the underlying polysilicon gate and ate oxide
layer. 1 2 7 APR 2006 Previous nmethods for rempving the si?ifciA®8 iy al so
renoved or attacked the underlying gate oxide |ayer, which was the focus

of the failure analysis. For exanple, in a wet etching nmethod using

hydrofluoric (HF) acid, the HF acid 5 readily renoves the silicide |ayer.

However, tihesHRwTingthaldso foar iremsiynantbecat $1¢hade updbY| §1#¢ gate oxi de
| ayer, thus conmpromi sing any attenpts at failure analysis of the gate
oxi decdmgyed oX0 a0fe c&kePutnenUNEET L EHDYi BETE he* 57¢ i L3 et 1 a¥fetR s provi ded
for in a chlorine-based reactive ion_etching sgsteqéﬁfl-based RIE) .
HowevErs fthfe TR CExitOFL Y 261 VERI BPFAESEF eat B sTETEM 1 etated"Pr obl ens,
such as, safety concerns,  increased.co for.toxji,c_ repoval ,and di sposal
cost§?I€HJF¥Hﬁﬁ@ﬁpapS&BHCEV%§O%§U85éCtzﬁ?hea?b i ity & ErtOrine, etc.
Specifically, the typical,Rl y doe cc t e of a
Cg-bd§%%ﬁ%%ﬁére 3€ES§BQT f%ngaéi?égg%he %%EQ%%%’a e g@d%%ﬂif a
speci alize for ing.ghl gL ' he, G -based R rocess. 20
Sinif%§c§fg3%2%%$3ﬂﬁﬁg E%é#getﬁﬁbgﬁ QE% S?%o aprde?des ﬁérP .

thus compromising any attempts at failure analysis of the

gate oxide layer.

10 One solution for removing the silicide layer is provided
for in a chlorine-based reactive ion etching system (Cl-based
RIE}. However, the high toxicity of chlorine creates system
related problems, such as, safety cconcerns, increased cost
for toxic removal and disposal costs, environmental concerns

15 due to the toxicity of chlorine, etc. Specifically, the
typical RIE system does not accommodate use of a Cl-based RIE
process. This requires the use and added cost of a

specialized chamber for using chlorine in the Cl-based RIE

process.

20

Similarly, a sodium hydroxide (NaOH) solution provides
for etching of the polysilicon gate layer with good
selectivity of the gate oxide layer, that is the gate oxide
layer remains unaffected by the NaOH solution. However, the

25 NaOH solution is ineffective for removing the silicide layer

which covers the polysilicon gate layer. As such, only using




for etching of the polysilicon gate |ayer with good selectivity of the
gate oxide layer, that is the gate oxide |ayer renains unaffecteddﬁm t he
. NaCH sol ution. However, the 25 NaCH solution is i neffective & dér AP 5ng
the silicide layer which covers the polysilicon gate |layer. As such, only
using 2 2 7 APR 2006 NaOH for sanple preparation is ineffective in exposing
t he gatel dxirdealmgyer ptepataklioneianahgsisct Aveekmatives yng ushiaeng a | appi ng
process to renove the 5 silicide |layer could expose the polysilicon gate
| ayergaftor ceticki Agveict fioa KaOHusel anpdrsisowever, the uneven features of

| appi ng processes typically used in failure analysis |abs mnmake the NaCH
etching of the polysilicon gate |ayer non- uniformover the entire ULSI
integrated circuit. 10 Thus, a need exists for a nethod to_provide for
clean redV&TIGf 1R Ysi FPdRde @ afePBAdPERESEAJEr | YFRGY PofySilicon gate
| ayer far .gate oxide defect characterization. Another. need.exists for a
Bt ht SPRG 695 1 GRPLOnGERPPal b P opO L 801 hErRRCa Sal Bl ach

prOfkgégﬁngtmit% % %a@ﬁRs%98§i§gwwﬁﬁgwg§eEﬁE£$£“@%Q%é%Nfeatures
of laéping processes typically used in failure analysis labs
make the NaOH etching of the polysilicon gate layer non-
uniform over the entire ULSI integrated circuit.

10

Thus, a need exists for a method to provide for clean

removal of the silicide layer and the underlying polysilicon
gate layer for gate oxiﬁe defect characterization. Anothex
need exists for a method using less-toxic materials for

15 increased safety and profitability.




The present invention provides a nethod for the clean renoval of a cobalt
silicide layer and the underlying polysilicon gate layer fo] gpR g de
.defect characterization. 5 Also, the present invention provides a nethod

t hat achi eves the above acconplishnment and which al so provides for
increased safety and increased profitability through the use of |ess-

t oxi csuratray alrs THEQD 18veriifliocial | y, one enbodi nent discl oses a nethod for
exposing a gate oxide layer that includes de-layering the IC chip to the
netal -1 (MY dregremt] doated jarstprabovie st ke mesbpilcbndutther cdesnce t hat
includes the cobalt silicide layer. The M1 layer is renoved using a

par al testovadppitng podedss s18 iygiecdlblvprusad thef anferbyanal ysi s

| aborat ories. In another enbodi nent, the present invention discloses a

net hdeP ¥y67 1d:658s 93¢ ca 1gare éﬂrd@altgy@%lﬂiet ReaefFubh P heChaskt? t F¥act i ve ion

etching (F-based RIE) process and i mersion in a 20 sodi um hydroxi de based
s6l uthtoipr the PrsEsed Rpﬁe&§ﬁﬁﬁe§r8V1985aPtm?FPPglH@aIa§ L¢hat Covers a

I I at d hol th
stk ICO%F%DelﬁI%ﬂ"W&%?‘HC hatbopare PGS Paper et Bntor
tr f h s I Li f 25
P 1€ sl (RY saePry s aa tseon Pt Pk w S 248 the.
p°|y§k£h%99@Q% g hayer and I|fts of f the cobalt silicide |ayer w thout

tering an un erlylng gate oxi de

10 Specifically, one embodiment discloses a method for
exposing a gate oxide layer that includes de-layering the IC
chip to the metal-1 (M-1) layer located just above the
semiconductor device that includes the cobalt silicide layer.
The M-1 layer is removed using a parallel lapping process

15 typically used in failure analysis laboratories.

In another embodiment, the present invention discloses a
method for exposing a gate oxide layer with a fluorine based
reactive ion etching (F-based RIE) process and immersion in a

20 sodium hydroxide based solution. The F-based RIE damages a
cobalt silicide layer that covers a polysilicon gate layer,
and creates a multitude of pinholes in the silicide layer.
Pinholes in the cobalt silicide layer allow for penetration
of chemicals into the polysilicon gate layer. Immersion of

25 the IC chip in the sodium hydroxide based solution etches
away the polysilicon gate layer and lifts off the cobalt

silicide layer without altering an underlying gate oxide




4 2 7 APR 2006 | ayer. As such, failure analysis of the gate oxide |ayer can
proceed without concern for damage due to the renpoval process. 5 In gne
~enbodi ment of the present invention, the solution of sodi unﬂh@dﬁ:ﬁ&ﬂ% is
heated to approximately 50C to 55C before imersing the sanple in the
solution. After immersion, the sanple is rinsed in de-ionized water and
bl owLaydry. t Ghcovplhet e?atlﬁelrﬁa@pﬁlaéygnép@iatth@ngam Addiei dbagkt ycamnot her
enbodi ment uses a solution including sodi umhydroxide (NaOH) and sodi um
chl orieeea@ )thadr dsaicanel AgTt Heregehrng Fat e8¢f 5F"pY¢ype and n-type
polysilicon gate |layers. This solution of NaOH and NaC is 15 nost useful

i n uBlegsEEhnol ogies of 0.15 mcroneters or below 0.15 mcroneters. These
and ot her objects and advantages of the present invention will no doubt
becone obvious to those of ordi nary 20 skill in the art after having read

the foll det ai.| f th fer t whi ch
||5Fus?ra?2§d$?(?‘f“?e Juesk Jlnb‘ﬂ’gcsé’ra grﬁl'??&&gl el[’:)%eeﬁl [}o 5%0%0 pts which are

of sodium hydroxide is heated to approximately 50°C to 55°C
pefore immersing the sample in the solution. After
immersion, the sample is rinsed in de-ionized water and blown

dry to complete the sample preparation.

10

Additionally, another embodiment uses a solution
including sodium hydroxide {NaOH) and sodium chioride (NaCl)
for balancing the etching rates for p-type and n-type
polysilicon gate layers. This solution of NaOH and NaCl is

1% most useful in ULSI technologies of 0.15 micrometers or below

0.15 micrometers.

These and other objects and advantages of the present
invention will no doubt become obvious to those of ordinary
20 skill in the art after having read the following detailed
description of the preferred embodiments which are

illustrated in the wvarious drawing figures.




BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 illustrates an exenplary

sem conduct or device sanple showing the cobalt silicided Ié&@rABﬁdMB&e

. underlying polysilicon gate layer. 5 Figure 2 illustrates an exenplary
sem conductor device undergoing fluorine-based reactive ion etching for
damagi ng the cobalt silicide layer, in accordance with one enbodi nent of

t he e mESCRIentosnQ F10HEI DRABIBASI | | ustrates a sodi um hydr oxi de based

solution for etching away the polysilicon gate |layer, in accordance with
one enbodimentreofl tiiduptessnt BRVERENDharI5sENgUPRASBLPT | dRTIEt es a

sol ution including sodium hydroxide and sodi um chl oride for etching away
the peingsid isbowingatbel agbplti Alitecofedntayaf t H0dnEhenbud et Df t he
present invention. 20 Figure 4 illustrates an exenpl ary sem conductor
devi e lysHdviicey &3¢ERedAYPEnoval of the cobalt silicide layer and the
polysilicon gate |layer, in accordance wth one enbodi nent of the present

i ivention. 25 Figure 5A illustrates an exenplary senmiconductor substrate
showi ng unbal anced .et.ching rates for p-type_and n- sgoi conduct or

devi cos wHew IS g 18 S Gty o gub LoD s BRECRab PE: S8k

undergoing fluorine-based reactive ion etching for damaging the
cobalt silicide layer, in accordance with one embodiment of the

present invention.

10

Figure 3A illustrates a sodium hydroxide based solution
for etching away the polysilicon gate layer, in accordance with

one embodiment of the present invention.

15 Figure 3B illustrates a solution including sodium
hydroxide and sodium chloride for etching away the polysilicon
gate layer, in accordance with one embodiment of the present

invention.

20 Figure 4 illustrates an exemplary semiconductor device
showing a clean removal of the cobalt silicide layer and the
polysilicon gate layer, in accordance with one embodiment of

the present invention.

25 figure 5A illustrates an exemplary semiconductor
substrate showing unbalanced etching rates for p-type and n-

type semiconductor devices when using a sodium hydroxide




6 2 7 APR 2006 etching solution, in accordance with one enbodi nent of the
present invention. Figure 5B illustrates an exenplary seniconductor. 5

, substrate show ng bal anced etching rates for p-type and n-ty@ PR 7

sem conduct or device when using a solution including sodium ﬁ@dﬁé&i@@ and
sodi um chloride, in accordance wth one enbodi nent of the present

i nventd gnn L @ Rhu@ues , 6 ihs adchbrawndicagham bheushbatiingnstepstier a met hod
for the clean renoval of a cobalt silicide |ayer and the wunderlying

pol ysidd<zon gatenktayer for gate oxi de defect characterization. 7 2 7 APR
2006 DETAI LED DESCRI PTI ON OF THE | NVENTI ON Reference will now be made in
detail to the preferred enbodinents of the present invention, a nethod for
the clean renoval of a silicide |layer and the underlying polysilicon gate
5 | ayer foriduid ife idialsysiad epurposesnrdidnplcegiePndirEfTare il ustrated
in the acconpanying drawings. Wile the invention w Il be described in
cbnj undrdtomte Ehoiadpbefenced eErbAAPNEAtES TPTWPTHYBR A SHHNT t hat

they are not intended,  to limt the invthion to tTege eanginents. On the
Contrgﬁqﬁconductor device when using a solution including sodium

hydroxide and sodium chloride, in accordance with one

embodiment of the present invention.

10 Figure 6 is a flow diagram illustrating steps in a method
for the clean removal of a cobalt silicide layer and the
underlying polysilicon gate layer for gate oxide defect

characterization.




10 the invention is intended to cover alternatives, nodifications and
equi val ents, which may be included within the spirit and scope of the
invention as defined by the appended claims. Furthermore, in the follow ng
detailed description of the 15 present invention, numerous BiFedPRi 406
details are set forth in order to provide a thorough understanding of the
pr esemrAMPENNEGIR IHOWeWe O THEWIRVENE@Ecogni zed by one of ordinary skil
inthe art that the present invention may be practiced w thout these

speci fic detfailesicd widttherow st ancles inwekkakhowh 20 net ABYSIeHr ocedur es,
conponents, and circuits have not been described in detail as not to
unnecessariney tobsdutbeaspeces tofl nVeRE ippesente AvéntPon N AcEt ! ngl y, the
present invention provides a nethod for 25 the clean renpval of a silicide
| ayerr@mﬁ?d’(atlhé)fu@dérlllyicﬁ@iepélay@irl POEN LhSt BNRGYLY I RJrPe Y T U AT s
purposes (e.g., .gate oxide defect characterization). Al so,_ the present 2
7EAPR s i i G P01 de4 on EHEPRBA C HET DGRt bveb TheTaibe . T oo
acconpl.i shmrent and whi ch al so _provides _for incr ety,and; ., ncreased
profi%%hH3333FQQM%§uéﬁetﬁgcﬁggagﬁlpgssfﬁg%P%g'na?@?fgléﬁ% {%%: pufﬁgses of

Clar%&%&?%% Hég%%g%%%!g%’c%g%u %&ng B9th the preferred

embodiments, it will be understood that they are not intended

to limit the invention to these embodiments. On the contrary,
10 the invention is intended to cover alternatives, modifications
and equivalents, which may be included within the spirit and

scope of the invention as defined by the appended claims.

Frurthermore, in the following detailed description of the
15 present invention, numercus specific details are set forth in
order to provide a thorough understanding of the present
invention. However, it will be recognized by one of ordinary
skill in the art that the present invention may be practiced
without these specific details. In other instances, well known
20 methods, procedures, components, and circuits have not been
described in detail as not to unnecessarily obscure aspects of

the present invention.

Accordingly, the present invention provides a method for
25 the clean removal of a silicide layer and the underlying
polysilicon gate layer for fallure analysis purposes {e.g.,

gate oxide defect characterization). Also, the present




detailed description will specifically refer to a cobalt silicide

enbodi nent. However, it will be understood that the present invention is
well suited to use with silicides other 10 than cobalt sil§ci &R 2006
Enbodi ments of the present invention provide for a fluorine-based reactive
ion etching (F-based RIE) and sodi um hydroxide (NaOH) solution inmmersion
met hagvker ieabpkbvsibichdeetBogotlyadeapiiveessitig: dlgereof both the F-based
RIE and NaOH solution facilitates a clean renoval of the cobalt silicide
pol y aevenpaikamgetaped whiboutlaetpcky hget hostinmpansedfsatdy wider | yi ng
gate oxide. Al so, since the NaOH solution is non- toxic, preparation of the
sanpliecirensedi bupéianalysis Tarowdh etlat i wet oI Nefensiiie and safe. This
provides for a reliable nethod to characterize gate oxide defects in
failﬂﬁéeéﬁaﬂﬁsis. Addi tional Iy, although enbodi nents of the present

i nvention specifically refer to characterization of gate oxide 25 defects
ih failure analysis, it will be understood that the present invention is

wel | suited for prepara chi il

aﬂalysis ﬁp OPW5F0§Q§ ?%Aﬁgﬁﬁbﬁﬁ 3?? Qg Ss%?u%fu?aﬁgggégghi or 2;aﬁgﬁe

chip e ou r e d h

gat o BRPRAES, B8 a8 agh RER oo S kOB A D% T ST RoATne e of the.
gilicide embodiment. However, it will be understood that the

present invention is well suited to use with silicides other

10 than cobalt silicide.

Embodiments of the present invention provide for a
fluorine-based reactive ion etching (F-based RIE) and sodium
hydroxide {NaOH) solution immersion method for cobalt silicide

15 poly de-processing. Use of both the F-based RIE and NaOH
solution facilitates a clean removal of the cobalt silicide
poly over a large area without attacking the structure of the
underlying gate oxide. BAlso, since the NaOH solution 1is non-
toxic, preparation of the sample for failure analysis is

20 relatively inexpensive and safe. This provides for a reliable

method to characterize gate oxide defects in failure analysis.

Additionally, although embodiments of the present
invention specifically refer to characterization of gate oxide
25 defects in failure analysis, it will be understood that the
present invention is well suited for preparation of

semiconductor chip samples for failure analysis of other




present invention. O her critical structural areas for 5 inspection also

include liner layers, gate |layer, source region, drain reg%gz, ﬁgy
structural areas where a silicide area covers or prevents r dﬁ c%@@s to

a polysilicon region, etc. 10 Figure 1 illustrates an exenplary
sem conductor device 100. Any conventional neans may be used for formation

of thgjisemiicenductaradeyi-ees100roSenkaaptact onidevingel d90chiks ivn a
sem conductor substrate 170 that may include other sem conductor devices

f or mgi@ran-cdntregr anegeektayi thél Chanhép. redSoThendler chivp gaye becole
ultra-large-scale integration (ULSI) chip dinensions. The sem conductor
devi Q&30 vefinki gheentthndl adedeacribgtit iy dopedimenain ¢L0D)eregi on 150 and
an acconpanyi ng 20 source/drain region 160 that is of higher doping
concentasatitonsveThéonegi 6hbet50rahdcabostancheralt§peadripr type dependi ng
on the type of the sem conductor device 100. Sem conductor device 100

i hcl udewestdane adgPdanrayer 1aper252yRAE. oVekFi b3YEhe $UbStTate 170. Gate
oxide layer 140 is a dielectric, A gate Ia¥er 180 overlie .thg gat e oxi de

| ayerredis®., OF2dRe TEABEEY neRY, SHALETPEer 2180° ni)ehe ?o?héhch§?ng a 10 2 7
APR 2005 $10/59" oL Y2 8HEl 22.R9' XSLLLEOR, NS 9PLe: | aYS 450 Ay al so

etc.

10 Figure 1 illustrates an exemplary semiconductor device
100. BAny conventional means may be used for formation of the
semiconductor device 100. Semiconductor device 100 lies on a
sémiconductor substrate 170 that may include other
semiconductor devices forming an integrated circuit (IC}) chip.

15 The IC chip may be of ultra-large-scale integration (ULSI) chip

dimensions.

The semiconductor device 100 of Figure 1 includes a
lightly doped drain (LDD) region 150 and an accompanying
20 source/drain region 160 that is of higher doping
concentrations. The regions 150 and 160 can be n-type or p-

type depending on the type of the semiconductor device 100.

Semiconductor device 100 includes a gate oxide layer 140
25  that overlies the substrate 170. Gate oxide layer 140 is a
dielectric. A gate layer 180 overlies the gate oxide layer

140. 1In one embodiment, gate layer 180 may be formed using a

10




be referred to as a gate el ectrode 180. Sem conductor device 100 includes a

netal silicide layer 5 120 that is conposed of cobalt sili ? Bq@@@
enbodi ment of the present invention. The cobalt silicide Ia&é QB rlays

the polysilicon gate |ayer 180. Sem conductor device 100 al so includes
sidewal | spacers 110 and a liner oxide |layer 190 between the sidewall

* spacerg 1138 andetheugat esl ayeysi80cod0 |'hhanottrerlamyoditfentaof2ltsdte present
invention, a nitride I|ayer 130A overlays the cobalt silicide |ayer 120.
The hict riederrkdyer 430A paycaksocexvrdndl$e-t he source and drain regions 160
i n anot her enbodi ment of the present invention. The nitride 15 [ ayer 130A
is typically used for etch-stopping purposes. At the top of the nitride

| ayer 130A, there is a layer of dielectric 130B.. Fi u | ustrates the
senlconduéﬁ@ﬂcﬁ@¢wééo£0@evzgeuﬁ@@rQBFﬁﬁdésFabﬁgEﬂlFﬁgib?b ess? Y
accordance w th one enbodi nent oi t he Ereéent |nvent|rrc3t1 he .F- Qgsed R E
syst d@0 &kpgsses &ﬁ@pﬂéﬁﬁggg FRBELEDEM LS 17 i He P&y eT fﬁéi overl ays

t he ponS|I|con ate 1? bas por affect

the $EUEGEENT] P@SPF é ﬁ% ESEE E%d$ %’?&12‘8%0 11 APR 2006
the polysilicon gate layer 180. Semiconductor device 100 also
includes sidewall spacers 110 and a liner oxide layer 130

petween the sidewall spacers 110 and the gate layer 180.

10

In another embodiment of the present invention, a nitride
layer 130A overlays the cobalt silicide layer 120. The nitride
layer 130A may also extend to the source and drain regions 160
in another embodiment of the present invention. The nitride

15 layer 130A is typically used for etch~stopping purposes. At
the top of the nitride layer 130A, there is a layer of

dielectric 1320B.

Figure 2 illustrates the semiconductor device 100
20 undergoing a F-based RIE process, in accordance with one
embodiment of the present invention. The F-based RIE system
exposes and damages the cobalt silicide layer 120 that overlays
the polysilicon gate layer 180. The F~based RIE does not

damage or affect the structural integrity of the gate oxide

25 layer 140.

11




Pi nhol es, typically shown as 122, are created at the surface of the cobalt
silicide layer 120 as represented in Figure 2. These pinhobef‘&ﬁgﬂgkbfrom
RIE reactions with the cobalt silicide surface and changes4in m ca
conposition 5 of the cobalt silicide |layer 120. As a result, the underlying
pol ysilicon gate |layer 180 is susceptible to penetration and attack

" through t kendanegedtephakllsi khowdeakaye?, 120z dreaimd her @rbodi nent of the
present invention, portions 10 of the nitride |ayer 130A, dielectric 130B,
| i nesueXide béyehel80paahdspbitidaslafer he?&jafevidir sisaded 10 are renpved
during the etching process using F-based RIE. The |ayers 130A and 130B
are paoticel Ry r&hoeedrinbnalesr rasnlt hrooxide 1914t 16's ¢ovér tife active
region. Also, this partial etching allows for 1§}expo ure to the cobalt

si i epBelFagelie80s anEtrer anfectanexposur'dd ot ng e oty i con
iy dr 65 8B<( DR Cool LEFOI® S0YaB0! b R e Bty (AE pEIYSIRER Gare
|aver ot Siiner paclype.or pibvpe Mekiel ) naciardana g thpre
dovi G168 BrPHIBr Eha ARG LGP AT br S0 1oy 98" pur poces of et chi ng. avay
the polysilicon gate |ayer 180. 12
In another embodiment of the present invention, portions

10 of the nitride layer 130A, dielectric 130B, liner oxide layer

190, and portions of the sidewall spacer 110 are removed during

the etching process using F-based RIE. The layers 130A and

130B are partially removed with certain thin oxide left to

cover the active region. Also, this partial etching allows for
15 exposure to the cobalt silicide layer 180, and for direct

exposure for etching the polysilicon layer 180 (see access

point A in Figure 2).

Figure 3A illustrates a sodium hydroxide ({(NaCH) solution

20 330 for etching away the polysilicon gate layer of either n-—
type or p-type material, in accordance with one embodiment of

the present invention. System 300 includes a container 310
that contains a solution 330 of NaOH. The sample containing
semiconductor device 100 is immersed in the solution 330 for

25 purposes of etching away the polysilicon gate layer 180.

12




2 7 APR 2006 The etching tines of the sanple containing device 100 in the
NaCH solution is adjusted depending on the doping types and concentrations
of the seniconductor device 100. For exanple, the etching réatfeAPRr2086
n-type material with higher 5 concentrations in the polysilicon gate |ayer
180 is faster than a p-type material with higher concentrations in the

pol ysi | i cohe Q8L iRy &rimk80 o fEkGli RerfilBES oot 2appngxieaietyldd venm nut es

al | ow enough etching to cleanly renove the polysilicon gate |ayer 180 and
to |ifdie of:hit e lcehakt isi bdgudecHayepeh20®ngl0n Filgardo@dindg | ugpeat®sd an
exenpl ary sem conductor device show ng a clean renoval of the cobalt

si | i claderdrayent it2@ add theheepakysidhicton gaVéCQEaiy‘é@- 1800 | g aeiebt dance with
one enbodi nent of the present invention. Figure 4 illustrates the 15 1C
chi p tafet ert cibimer siagre iflort he PNA@HCsBRGELOALf OE Lt bholy anay the cobal t
silicide layer and the polysilicon gate |ayer shown, the area 410 that
cbnt alavgarier aFaiops Illﬂcé%egQPéYISé}élaonlsét?s1€V%ér1%?1&%0%‘1’)? ?’él%fh%rkposes

t he underlying gate oxide |ayer 140. d’% r;l)resent
i nverit iRoT,YREh&E r&tauloWlt@wl@Bﬁt‘faFﬁgle“Bﬁ@tiLrB’Par1’&0‘?1 %n??Jai’?’o

another . §Thodi et e, MagH sokut Lon. 330k snleat §d: ApRToK TRl S iy

In

allow enough etching to cleanly remove the polysilicon gate
layer 180 and to 1lift off the cobalt silicide layer 120.
10
Figure 4 illustrates an exemplary semiconductor device
showing a clean removal of the cobalt silicide layer 120 and
the polysilicon gate layer 180, in accordance with one
embodiment of the present invention. Figure 4 illustrates the
15 IC chip after immersion in the NaOH solution for etching away
the cobalt silicide layer and the polysilicon gate layer. As
shown, the area 410 that contains the polysilicon gate layer
180 is clear and completely exposes the underlying gate oxide
layer 140.

20

In one embodiment of the present invention, the solution
330 contains a one molar concentration of NaOH. In another
embodiment, the NaOH solution 330 is heated approximately
between the temperatures of 50°C to 55°C. The sample
25 containing the semiconductor device 100 is then immersed in the
solution 330 for a period necessary to cleanly remove the

polysilicon gate layer.
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bet ween the tenperatures of 50C to 55C. The sanple 25 containing the

semi conductor device 100 is then imrersed in the solution 330 f APRaZfri od
necessary to cleanly renove the polysilicon gate layer. 13 2 7 APR 2006 In
anot her enbodi ment of the present invention, the nethod incorporating
F-based RIE and NaCH i mmersion solution to renove the cobalt silicide

| ayer and polysilicon gate layer is 5 ideal for IC chips with critical

di rensions of 0.18 mcronmeters or longer. Additionally, the F-based R E
and NaOH i nrexrsétdre r sothadigrenits abltda erefseadt ivekeptébeantiepol ysilicon

gate layer conposed of either an n-type (e.%.h phosphor ous dopedé or p-
type retlpd borowadepedy dateses RIEoans BpSH feRRR6l6gySplohie’dsed into
t he sub-quarter m cron dinension, renoval of the p-type silicon gate

. he |
Iayer%emQﬁﬁxﬁﬁﬁs%ﬂQﬂﬂﬁﬂﬁ&h%ﬁlQQMJQﬂ%jha@@n&@ﬁﬁ?éﬂFﬁﬁnogaﬁﬁggﬁ¥§rihsthe
lysili te | ayer, i di ti. 1 t 15 d
Wt tHFEhST sl 10 PES HidT S (R GLBRTG CTat 66 Ora® GIPFeraht For

I VBS 00 LYoo TS BALNS! LiGo 988 BB 5y BlolTERRLFLTENS!onc,

p0|ySé$i&%§b@éﬁ§eh%%?&(@%ff%cf?%@%}icﬂeghgﬂrﬁo§§silicon gate layer
composed of eithex én n-type {e.g., phosphorous doped) or p-
type (e.g., boron doped) material.

i0

As ULSI technology progresses into the sub-quarter micron

dimension, removal of the p-type peolysilicon gate layers
becomes problematic. For high concentration of dopants in the
polysilicon gate layer, as is used in creating semiconductor

15 devices with dimensions of 0.15 microns, the etching rates are
different for n—-type and p-type doped polysilicon gate layers.
At these dimensions, using a strictly NaOH etching solution
leaves a residue in the p-type polysilicon gate layer as is
shown in Figure 5A.

20

Figure 5A illustrates a semiconductor substrate 510 in an
IC chip 500 that includes p-~type semiconductor device 540 and
an n-type semiconductor device 550. The semiconductor device
540 and 550 have dimensions of 0.15 microns. Figure 5A
25 illustrates the IC chip 500 after immersion in a NaOH solution
for etching away the cobalt silicide layer and the polysilicon

gate layer. As shown, a residue 520 remains in the p-type area

14




20 Figure 5A illustrates a sem conductor substrate 510 in an [C chip 500
that includes p-type sem conductor device 540 and an n-typeg SempRo ctor
devi ce 550. The sem conductor device 540 and 550 have di nmensions o .15

m crons. Figure 5A 25 illustrates the IC chip 500 after inmersion in a NaCH
solution for etching away the cobalt silicide |layer and the polysilicon

gat e shayerarAsoahaRedar ke€spaugs bR0csemnpins ¢ nediweode tipe taree@p-14 2 7 APR
2006 525 that contained the polysilicon gate electrode for the p- type

sen ¢opductan ceariiceob4Bevibtchipr events pdeguate dddduate fadlysi s of the
underlying gate oxide layer. On the other hand, the area 530 that

cont ana@gstiBecpotisi hindenl gate Saeteckideeldveran Gr tipe ®difilconduct or
device 550 is entirely clear. To balance the etch rates of the n-type and
p- t ypendpolhsi kreen5g8at ehirhyepstasodidubhebotyeel {MH092%% added to the 10
NaOH et ching solution. The m xed solution of the Cl . and Na equal i zes
the etlehitmgdeates af PheYRet §EBLIGAATPCE9hedoped g%%l@%iqqﬁﬂﬁ? ate | ayers.

| mersion in this NaCO and NaOH sol ution produces a clean gate oxide |ayer
wi t hedeagny residue for both n-type (e.g., NMOS) and p-type (e.g., PMOS)
15 sem conduct or devices. As such, the F-based R E and i nmersion

To balance the etch rates of the n-type and p-type

polysilicon gate layers, sodium chloride (NaCl) is added to the

10 NaOH etching solution. The mixed solution of the NaCl and NaOH
equalizes the etching rates of the n-type and p-type doped
polysilicon gate layers. Immersion in this NaCl and NaOH
solution produces a clean gate oxide layer without any residue
for both n-type {(e.g., NMOS) and p~type (e.g., PMOS)

15 semiconductor devices. As such, the F-based RIE and immersion
solution (NaCl and NaOH) are able to effectively clean
polysilicon gate layers composed of n-type (e.g., phosphorous

doped) or p-type {e.g., boron doped) materials.

20 Figure 3B illustrates a solution including sodium
hydroxide and sodium chloride for etching away the polysilicon

gate layer, in accordance with one embodiment of the present

invention.

25 System 350 includes a container 310 that contains a
solution 340 of NaOH and NaCl. The sample containing IC chip

500 is immersed in the solution 340 for purposes of etching

15




solution (NaC and NaOH) are able to effectively clean polysilicon gate

| ayers conposed of n-type (e.g., phosphorous doped) or p-téfﬁ g@%gﬁ bor on
doped) materials. 20 Figure 3B illustrates a solution includhg 'W%]

hydr oxi de and sodi um chl oride for etching away the polysilicon gate |ayer,
in accordance with one enbodi nent of the present invention. 25 System 350
~incl udes acegstainen 3iBet hayeecont ains, apobpsutioB4riof Na@dard Had. The
sanple containing IC chip 500 is imersed in the solution 340 for purposes
of etdehiingsl1542 ZnAPR52006 away pol ysilicon gate |layers (e.g., polysilicion
gate layers in devices 540 and 550). Figure 5B illustrates an exenplary

sem conduct or 5 substrate showi ng bal anced etching rates for p-type and
n-type sem conductor devices when using a solution including sodium

hydr oxi de FartrrsodBumldmsérirdes PR &CEBPdaREe ST RCBA- ehbodi nent of the

present invention. The sem conductor devices 540 and 550 have. dinensions
ob Oﬁﬂgﬂﬁﬂéﬁén§hoféngiSéﬁénngiFFGE?PQtﬁ@t?ﬁef?f:Qﬁh¥?%ﬂ??§{qfﬁﬁﬁsion in

the solution includin NBCE and NadCl for e%chin . t he halt silicide
| ayer NG TRRb Oy PPN JUEE I'ager. “ASCkRbon o ptiidd S AR
hydroxide and sodium chloride, in accordance with one
embodiment of the present invention. The semiconductor devices

540 and 550 have dimensions of (.15 microns.

10

Figure 5B illustrates the IC chip after . immersion in the
solution including NaOH and NaCl for etching away the cobalt
silicide layer and the polysilicon gate layer. As shown, a p~
type polysilicon gate layer 525 for the p-type semiconductor

15 device 540 is clear. Additionally, the n-type polysilicon gate

layer 530 for the n-type semiconductor device 550 is clear.

In one embodiment of the present invention, the solution
340 contains a concentration consisting of 5.8 grams of NaCl
20 for every 100 ml of one molar NaOH (5.8g NaCl : 100 ml 1M
NaOH). In another embodiment, the solution 340 including the
NaOH and NaCl is heated in a thermal chunk to approximately
between 50°C to 55°C. The sample containing the IC chip 500 is
then immersed in the solution 340 for a period necessary to

25 cleanly remove the polysilicon gate layers in the IC chip 500.

16




type polysilicon gate |layer 525 for the p-type sem conductor 15 device 540

is clear. Additionally, the n-type polysilicon gate |ayer 5§$7 ﬁER
n-type sem conductor device 550 is clear. In one enbodi nent Eent

invention, the solution 340 contains a concentration consisting of

grams of NaCl 20 for every 100 ml of one nolar NaOH (5.8g Nad : 100 ni 1M
NaOH) . | ntasokbBencenbadbpebiattihg BebatédnkRBAGanad ik ngidhe NaOH and Nad
is heated in a thermal chunk to approxi mately between 50C to 55C. The
sanpkeleonbai hhagutihegl C2ghi pn800atCE to hermdyarer sedd It t4ie isoldit i on 340 for
a period necessary to 25 cleanly renove the polysilicon gate |ayers in the
| C chiape50@nd1602yF i APROR00SE Fhearnet hbd daeer Hordating I BAsEE ™R E and

i mersion solution including NaOH and NaCl to renove a cobalt silicide

| ayeemandipenysEprcodfi gates| dyeh ¢5ibbseti BEERTH Phe Pr dbemt  enbodi ment
for IC chips with critical dinensions of 15 5 mcrons ver,
enbodilFEADNS - ofHPﬁgvﬁFes@ﬁ?oﬁhW%ﬁF?oﬂfaYE% p??ﬁﬁ?ﬁkﬁﬁ?ﬁ?ﬁﬁ?ﬂ;gis sanpl es
greater than_0.15 m crons i mer si o ution offNaG and NaCH in
or dePESUFENB e ChABS 86b5PWp ?Fl%F%@ fh %ﬁaQ:QiiéﬂT%ﬁﬁ?con gate layer. 10

Vel nLantng gate OXido LObeOrkiNED B\ TR ILEONEELIAD ¢ SUbAUAr Lot m or o

sem ¢BRGAC ivVe renpbva
ConC%g 5 %Igglggggg 98L¥§'Ehaoﬁoly81llcon gate layer.

10 Maintaining gate oxide integrity is a main concern in
sub-quarter micron semiconductor devices on an IC chip.
Selective removal of a high concentration doped polysilicon
gate layer without attacking the underiying gate oxide layer
is an indispensable and critical step for gate oxide failure

15 analysis. Figure 6 illustrates an exemplary flow chart 600
for using a F-based RIE and NaOH-based etching solution in
etching away a polysilicon gate area and lifting off a cobalt
silicide layer, in accordance with one embodiment of the
present invention.

20
As shown in step 610 of flow chart 600, the first step

of the present embodiment of the present invention de-layers
an IC chip sample to the metal-1l (M-1) layer located just
above the semiconductor device layer. This is done with a

25 normal de-processing method typically used in failure
analysis laboratories. In one embodiment, the IC chip samplie

may be of ULSI dimensions.
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gate layer without attacking the underlying gate oxide layer 1is an

i ndi spensable and critical step for gate oxide failure 15 analysis. Figure
6 illustrates an exenplary flow chart 600 for using a F-baskd RPR Aqg
NaOH based etching solution in etching away a polysilicon gate area and
lifting off a cobalt silicide layer, in accordance with one enbodi nent of
the present invention. 20 As shown in step 610 of flow chart 600, the
first step of the present enbodi mrent of the present invention de-layers
an | C chi pssamlie b itrhetept #1201 ofME1pwl apertl 66at ethfustesabove t he

sem conductor device layer. This is done with a 25 nornal de-processing
met heshitogpimealtl yemsedsi hhiaM-ir éayanahygsing habapaiog i @50Ct®S one enbodi nment,
the 1C chip sanple may be of ULSI dinmensions. 17 2 7 APR 2006 As recited
in stip s62@rpfingl owoekast c600bet Raypreselit! BHPGUF FrehYPehbles the M 1

| ayer using a | apping process. This |apping process can pe any renoval
pbocesEd yisi Callilyrs asedYrmst apParatanarysi SUFALdT at of f¥81C%tich as a

chem cal nechani cal i shi CMVP .that i [
e hEEA Ty A BPReod (FHEgne EhboRi bRt oF THauotBEeRt T nvention, the

lapping pracesy ) §.3:08LaLL8. | 3RPLAYG BLBSESRent of the present

invention, the lapping process is a parallel lapping process.

16 As recited in step 630 of flow chart 600, the present
embodiment then places the IC chip sample in a F-based RIE
system in order to damage the cobalt silicide layer that
overlays the polysilicon gate layer in a semiconductor device
located in the IC chip. The F-based RIE exposes and damages

15 the cobalt silicide layer to create pinholes making the
underlying polysilicon gate layer susceptible to penetration,
leakage, and attack through the damaged cobalt silicide

laver.

20 The F-based RIE system also etches away dielectric to
expose the cobalt silicide layer and polysilicon layer.
Thus, the dielectric is partially removed while leaving a

thin dielectric to cover the active region.

25 As shown in step 640 of flow chart 600, the present
embodiment heats the solution for immersing the IC chip

sample approximately between 50°C to 55°C. In another
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10 As recited in step 630 of flow chart 600, the present enbodi nent then
pl aces the IC chip sanple in a F-based RIE systemin order to damage the
cobalt silicide |ayer that overlays the polysilicon gate | r e

sem conductor device |located in the IC chip. The F-based R?éeeé?&g@@ and
damages 15 the cobalt silicide |layer to create pinholes making the
underdybagi paitysidHc o lgatien dyerl skscepbinkl ecfierpéhdtrati on, | eakage, and
attack through the damaged cobalt silicide layer. 20 The F-based R E

syst emvatao: ettches awaipCdi.el dct mitd 1o anexpese etthedévbalkt shei ci de | ayer and
polysilicon layer. Thus, the dielectric is partially renoved while |eaving
a thimldiebrectrdlodes deper anide Naili vie -gegi 6n89252A83° shoR ®h SYep 640 of
fl ow chart 600, the present enbodiment heats the solution for imersing
the 1N&G@hip sanple approxi mately between 50C to 55C. In another 18 2 7 APR

2006 enbodi nent, the solution includes a one nolar (1M concentration of
NaOH. In still another enmbodiment, the solution includes NaOH and NaCl

gg’og' i hg- 8 %gggfwri f'noostrgp %\QO I\éafO_PIOWS c'%sarsch%%,l 3t %Qegggtm flow chart

embodiment immerses the IC chip sample in a solution of
sodium hydroxide (NaOH) to etch away the polysilicon gate
layer and lift off the cobalt silicide layer. Alternatively,

10 in another embodiment of the present invention, the IC chip
sample is immersed in a solution that includes NaOH and .NaCl
to etch away the polysilicon gate layer and 1ift off the

cobalt silicide layer.

15 As recited in step 660 of flow chart 600, the present
embodiment rinses the IC chip sample with de-ionized water.

Then, the present embodiment blows dry the IC chip sample in

step 670.

20 While the methods of embodiments illustrated in flow
chart 600 show specific sequences and quantity of steps, the
present invention is suitable to alternative embodiments. For
example, not all the steps provided for in the method are
required for the present invention. Furthermore, additional

25 steps can be added to the steps presented in the present
embodiment. Likewise, the sequences of steps can be modified

depending upon the application.
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enbodi ment i nmmerses the I1C chip sanple in a solution of sodium hydroxide
(NaOH) to etch away the polysilicon gate layer and |ift off the cobalt
~silicide layer. Aternatively, 10 in another ermbodi nent off ThgPpr288ent
invention, the IC chip sanmple is imersed in a solution that includes NaCH
and. NaCl to etch away the polysilicon gate layer and |ift off the cobalt
silicide layer. 15 As recited in step 660 of flow chart 600, the present
enbodi ment rinses the I C chip sanple with de-ionized water. Then, the
present enbodhaeab bheowsresynt henvy@ehep sanpiEitbedstede70ec2d '\dhil e the
met hods of enbodiments illustrated in flow chart 600 show speci Ei o
sequefieRseRhER Glamt | 45d FerRIYRi VIt YPredEas aventicon 108 ddi Yable to
alternative enbodi nents. For exanple, not all the steps provided for in
the nBthbadare Oty FRPIBICH e Preddmttdiehtiadn O uPthé nore, additi onal
25§<ste§s can_be added to tcpe st eps Igr esented in the present enbodi nent.
ikewr 8BRS AU ERqLENEES Yt¥ STUPEtar be Hodi fi ed  dependi ng upon t he
application. 19 2 7 APR 2006 Although the present invention is described
with specific concentrations and tenperatures, the present invention is

wel | suitgd topofher  eoodi neats §0CorROr@t iNg, Manjiqys Otfebrine
based reactive ion etching (F-based RIE) process and immersion
in a sodium hydroxide based solution for removing a cobalt

10 silicide layer on an integrated circuit (IC) chip, is thus
described. While the present invention has been described in
particular embodiments, it should be appreciated that the
present invention should not be construed as limited by such

embodiments, but rather construed according to the below

15 claims.
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5 tenperature ranges and concentrations. A nethod for exposing a gate oxide
| ayer with a fluorine based reactive ion etching (F-based RIE) process and
imrersion in a sodium hydroxide based solution for renmoving a cobalt 10
silicide layer on an integrated circuit (1C) chip, is tfHué ARRDE0E bed.
Whil e the present invention has been described in particul ar enbodi nents,
it shoulglggM%ppreciated that the present invention should not be

construe imted by such enbodi ments, but rather construed according
to the below 15 Eﬁ%ﬁﬂéd.%g:? 7 APR 2006 CLAIMS What is claimed is: 1. A

met hod for renoving a silicide poly conprising the steps of: a) danmaging a
silicide layer on a sem conductor device wth a fluorine based reactive
ion etching (F-based RIE) process, said silicide |layer covering a

lysili t I id i duct or, .devi I ted or i nt t ed
circuit (1 ohi p; “ahid "By hitbr STHG Saf 1 CHI159 4 6 GPFOR LGP sodi um

hydr oxi de (NaOH) to etch away said polysilicon gate layer and |ift off
sai d sil itticdS T eRyerL:

a) damaging a silicide layer on a semiconductor device
with a fluorine based reactive ion etching (F-based RIE)
process, said silicide layer covering a polysilicon gate
layer, sald semiconductor device located on an integrated
circuit (IC) chip; and

b} immersing said IC chip in a solution of sodium
nydroxide (NaOH) to etch away said polysilicon gate layer and
11ift off said silicide layer;

i) pricr to step b}, adding sodium chloride (NaCl)

to said solution, such that said solution includes both NaOH

and NaCL; and

ii)  Theating said solution in a thermal chunk to between

the temperatures of 50°C to 55°C.

2. The method as described in Claim 1, comprising the
further steps of:

i) prior to said step a), de-layering said IC chip to a
metal-1l layer (M-1 layer), said M-1 layer above said silicide
layer in said semiconductor device; and

ii} removing said M-1 layer using a lapping process.

21




i) prior to step b), adding sodiumchloride (NaCl) to said solution, such
that said solution includes both NaOH and NaCL; and ii) heating said
solution in a thermal chunk to between the terrperatur s_ of 580 to 55C. 2.
The nethod as described in Claim1, conprising the fu t_fheQ:P% efis of: i)
prior to said step a), de-layering said ICchiptoa netal-1 layer (M1

| ayer), said M1 | ayer above said silicide layer in said sem conductor
device; and ii) renoving said M1 Iayer usi ng a Iappi ng process. 21 2 7 APR
2006 3. The net hod as de cribed in q% er.ei lhd ste i.gj further
conprises: removi nE §af'd }R)I?(.jL Fayers usti l a 'paral 1el*/| dppi A" gr ocess. 4.
The nmethod as described in Caim1l, conprising the further steps of: c¢)
rinsing $&i® LC EHFEhWtﬁO}H@r?%ﬁ?zed water; and d) blowing dry said IC
chip 5. The nethod as described in Claim1l, conprisi n%at he further step

of 1 ¢) heati ngeBardngofat ol bf L NATH ol Metwe A el Tapping
process.
4. The method as described in Claim 1, comprising the

further steps of:
¢) rinsing said IC chip with de-ionized water; and

d) klowing dry said IC chip

5. The method as described in Claim 1, comprising the
further step of:
¢) heating said solution of NaOH to between the

temperatures of 50°C to 53°C.

5. The method as described in Claim 1, wherein said
step b) further comprises:
immersing said IC chip in a one molar (1M) sodium

hydroxide (NaOH) solution.
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tenperatures of 50C to 55C. 6. The nethod as described in Caim1, wherein
said step b) further conprises: imersing said ICchip in a one nolar (IM
sodi um hydroxi de (NaOH) solution. 22 2 7 APR 2006 7. Thd #PRhdlibas
described in Caim1, wherein said step i) further conprises: adding 5.8
grans of NaCl for every 100 ml of one nolar NaOH in said solution. 8. The

met hod as desgri bed,Ln GO A hherein step ) ;. further coRpLisgs:

damagi ng a cogélt g?%i%%%eb?;%%r. 9. %%% et ho lgg descrfbegpin Claim1,

conprisingeéhe) fur%ﬁgg g%ggrg%ésetching away a dielectric layer to expose
I"de el ec

: NS 1), fur - . . Lol
said sili | ayer, “sal tric layer covering said silicide |ayer.

10. A nethod far . expposing a gat xide. | ayer for . .failure analysis

conpri si ng th@ggfggsgok:85?mge9$§$%#%h%”%ﬁ“ﬁﬁ?é&@gt@& 8Fr88th¥?%5 chip to
a netal-1 layer (M1 layer), said M1 layer directly above a silicide

| ayer | oblaf8d*8n3a-SefPLBhétRt or device; b) removing said M1 layer using a
| appi ng process;

a. The methed as described in Claim 1, wherein step a)
further comprises:

damaging a cobalt silicide layer.

9. The method as described in Claim 1, comprising the
further step of:
etching away a dielectric layer to expose sald silicide

layer, said dielectric layer covering said silicide layer.

10. A method for expesing a gate oxide layer for
fallure analysis comprising the steps of:

a) de-layering an integrated circuit (IC) chip to a
metal-1 layer (M-1 layer), said M-l layer directly above a
silicide layer located on a semiccnductor device;

b} removing said M-1 layer using a lapping process;

¢} damaging said silicide layer on said semiconductor
device with a fluorine based reactive ilon etching (F-based
RIE) process, said silicide layer covering a pelysilicon gate

layer that is over said gate oxide layer; and
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c) damaging said silicide layer on said sem conductor device with a
fluorine based reactive ion etching (F-based RIE) procesg i@kdgﬁplicide

| ayer covering a polysilicon gate |ayer that is over sai 7g de

| ayer; and 23 2 7 APR 2006 d) imrersing said IC chip in a solution of

sodi um hydroxide (NaOH) in order to etch away said polysilicon gate |ayer

and lift off sai dysibicideslayerc dlip The Jmthed ias desghibed in daim 10,
wherein step <c¢) further conprises: damaging a cobalt silicide |ayer. 12.

The net hgd as. dascribed, i, CLaidy 10, aher 6, saldy 3hensb)iLupther.

conprises: renoving said ayer using a paral appi ng process. 13.
The nethgd as deacigpgq %p (%fglﬂ-%g,jgp %&%Eng the further steps of: .e)
Wi

rinsing s&¥8f|89chlp &1 oni zed Wa er; and f) blowing dry said IC

chip. 14. The nethod as described in Claim210, conprising the further step
of : prior to said step d), heating said solution of NaCH to between the

tenperatures of 50C to 55C. , . . ,
11. The methed as described in Claim 10, wherein step

c) further comprises:

damaging a cobalt silicide layer.

12. The method as described in Claim 10, wherein said
step b) further comprises:
removing said M-1 layer using a parallel lapping

process.,

13. The method as described in Claim 10, comprising
the further steps of:
.e) rinsing said IC chip with de-ionized water; and

f) blowing dry said IC chip.

14. The method as described in Claim 10, comprising
the further step of
prior to said step d), heating said solution of NaOH to

between the temperatures of 50°C to 55°C.

15. The method as described in Claim 10, wherein said

step d} further comprises:
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15. The method as described in Caim 10, wherein said step d) further
conprises: 24 2 7 APR 2096 imersing said IC chip in a one nol ar é NaCH
sol ution. 16. The method as described in C aim10, conpri @i hgAPR 1280% urt her
steps of: i) prior to said step d), adding sodiumchloride (NaCl) to said
solution, such that said solution includes both NaOH and NaC; and ii)

heating said sphutikensl Qaﬁdtb@raﬁipCM% 4.2 hetween 1v hebenper at ures of
50C to 55C. 17. The nmethod as described in Claim16, wherein said step i)

further %%ngI%%S adding 5.8 grans of NaCl for every 100 ml of one nolar
NaOH. 18 met hod as described in Caim116, conprising the further step
of: prior to said step c), etching away a dielectric |ayer to expose said
silicide |ayer, said dielectric layer covering said silicide layer. 19. A

nethod for reqpving,a siljcide poly conpLising e 5" *RS Rl cing

the further steps of:

i) prior to said step d), adding sodium chloride (NaCl)
to said solution, such that said solution includes both NaOH
and NaCl; and

11) heating said solution in a thermal chunk to between

the temperatures of 50°C to 55°C.

17. The method as described in Claim 16, wherein said
step 1) further comprises:
adding 5.8 grams of NaCl for every 100 ml of one molar

NaQH.

18. The method as described in Claim 16, comprising
the further step of:

prior to said step ¢), etching away a dielectric layer
to expose said silicide layer, said dielectric layer covering

said silicide laver.

19. A method for removing a silicide poly comprising

the steps of:
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25 2 7 APR 2006 a) damaging a silicide |ayer on a sem conductor device
with a fluorine based reactive ion etching (F-based RIE) E{Pgﬁﬁi !ﬁaid
silicide layer covering a polysilicon gate |layer, said sefi'c ZQ
device located on an integrated circuit (1C chip; and b) inmmersing said
IC chip in a solution that includes both sodi um hydroxide (NaOH) and

sodi um chloride GNaGh)ntoa &t ch-away Said folySddiicomagater! ayercand lift
off said silicide layer. 20. The nethod as described in Caim19,

Conpr's'uﬂtkggefﬁﬂﬁEQﬁE L Bheps Péacﬂ)vé”iéH éé%ﬁ%ﬁdﬂ %L%%s@b rdes | ayering
said IC chip to a ayer | ayer), said h41 | ayer above said

o ocoss. TIECCG § %ﬁoalm %%)c%% @Vé&ge 4 Db ien s ngs aneine,
procoss, 128%5 /7 SAR 3606°29° Ther 2%%# iocq%scr Bl P8,
COMPTISING cuic (1) chip; and

b) immersing said IC chip in a sclution that includes
both sodium hydroxide (NaOH) and sodium chloride {(NaCl) to

etch away said polysilicon gate layer and l1ift off said

silicide layer.

20. The method as described in Claim 19, comprising
the further steps of:

i) prior to said step a), de-layering said IC chip to a
metal-1 layer (M-1 layer}, said M-1 layer above said cobalt
silicide lavyer; and

ii) removing said M-1 layer using a lapping process.

21. The method as described in Claim 20, wherein said
step 1i) further comprises:
removing said M-1 layer using a parallel lapping

process.
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the further steps of: c) rinsing said IC chip with de-ionized water;

d) blowing dry said IC chip. 23. The nmethod as descri bed | d ai ﬁﬁ
conprising the further step of: i) prior to said step b), H%d\|n2 aid
solution in a thermal chunk to between the tenperatures of 50C to 55C. 24.
The met hod as described in Caim19, wherein said nethod further

conprises: prigr tonhsandtsb&8Pad)acfeeimg 5B @r-ams 10f, Nagbriefingevery 100
m of one noblar NaOH in said solution. 25. The net hod as descriged in Cdam

19, conp&mﬁl@grgg@r ggébgegfstep of: etching away a dielectric layer to
expose sali licide layer, said dielectric |ayer covering said silicide

layer. 27 ¢) rinsing said IC chip with de-ionized watexr; and

d) blowing dry said IC chip.

23. The method as described in Claim 19, comprising
the further step of:
i) prior to said step b), heating said solution in a

thermal chunk to between the temperatures cf 50°C to 55°C,.

24. The method as described in Claim 19, wherein said
method further comprises:
prior to said step b), adding 5.8 grams of NaCl for

every 100 ml of one molar NaOH in said solution.

25. The method as describsed in Claim 19, comprising the
further step of:
etching away a dielectric layer to expose said silicide

layer, said dielectric layer covering said silicide layer.
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