- e3ewxt LESTXWIY METHOD FOR ETCHI NG A SI LI Cl DED POLY USI NG FLUORI NE-
REACTI VE | ON ETCH NG AND SODI UM HYDROXI DE BASED SOLUTI ON | MVERSI wmm\m\““\
BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON The present

relates to the field of failure analysis in sem conductor manufact utiHg:

S ifically, th tod A I i ilicid Ly i
L S e

manuf acturing. - R preparation is an
inpertant 15 step THPPFOVIHTY BluétatPedOtHS peEt U6 'YHe physi cal

characteristics of an integrated circuit (1C) fabricated on a sem conduct or
chip (1C chip). Mre particularly, proper preparation of the IC chip is an

i npQrt i i Pﬁ?}' e gate oxide region for failure analysis.
20 Eb oo %éﬁ .&h?ﬁ ;i N¥%éﬁnﬁ sub-quarter mcron ultra large scale

i ntegration I y poses a major problemin the analysis of gate
oxi de fa!lurggk? e Iri?‘)gtruct!on of the IC chip with a silicide

appl i cation %ﬁg;g%ggm% an At e ori e draven Lnder (3 Rel v khgon gate |ayer.

The silicide r covers the underlying polysilicon gate and gate oxide

layer. anaPygyious s@&bhesisaiaior enmmimgtuhensl.! i sbdeipoky1al,sotrenoved or
attacked the underlying gate oxide |ayer, which was the focus of the

fail urepassabysi snvéotiexaglased ta niovenghiangiethdd psipgihydrof | uoric
(HF) acid, the HE acid 5 readily renoves the silicide |layer. However, the
HF 1aci dsahpsbe sprepasidyiomdisc ufsi Ithee wmddylsyisngngaemiaowndectayer,

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.
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thus conprom sing any attenpts at failure analysis of the gate oxide |ayer.
10 One solution for renmoving the silicide layer is provided for in a
chl ori ne-based reactive ion etching system (Cl-based RIE). However, the
high toxicity of chlorine creates systemrel ated probl ens, such as, safety
concerns, increased cost for toxic renoval and di sposal costs,
envi r onnent abPreohces nsetifbodef 4.0 tdmotiond ciey afl ichker ippd,y atleo
Specifically, the typical R E system does not accommbdate use of a Cl-based
Rl E-processvedhds aetpihes the weiennd redded ecostidef lavepecivalirked chanber
for using chlorine in the Cl-based R E process. 20 Simlarly, a sodium
hydr oxi des( Na®Hf ogwes uet ol pricid deze fagra letsdifi-ng Fef erHémparysiihi éonelat e
| ayer with good selectivity of the gate oxide layer, that is the gate oxide
| ayer r@ﬁﬁhh@guﬂ%¥$%%t%ﬁﬂﬁﬂ/W¥Q¥9@k§@%ﬂﬂlﬁﬂﬁﬂnﬁcﬂgmeﬁéﬁ,Hfhécég NaCH
solution is, ineffective for renmoving the siljcide |ayer which.covers the
pol iIFEBalgﬁtEeT%y%ﬁ.tu% Sl 3ﬁ§?ng@?wevﬁ§CH¥gSrHgaﬁﬁPQ prepar ati on
is ineffective in_exposi t he te oxide l.ayer for failure analysis.
A ter nat OB SerbarRLY et e St e wilo vt B e ets HReRle | ayer coul d
expose p 1L I I | 0 ion
However%Hﬁﬁegéﬁé%éﬁfgg%?ﬂéﬁé %ﬁqéﬁéﬁﬁ'ﬁgyg?%g%%?2§g€35§§§FP§ Egéd in failure
anal ysi akgngg@gelgggrbbcrietching of the polysilicon gate |ayer _
nonuni form over the entire ULSI integrated circuit. 10 Thus, a need exists
for a nmethod to provide for clean renoval of the silicide |ayer and the
underlying polysilicon gate |ayer for gate oxide defect characterization.
Anatther needogxi sbsuf 0bn af 8t hedowibhd ot hessiTiadide Ml dlss phrefr iidd
i ncreased safety and profitability.

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 concerns, 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



3 SUMMARY CF THE | NVENTI ON The present invention provides a nethod for
the clean renoval of a cobalt silicide |layer and the underlying polysilicon
gate layer for gate oxide defect characterization. 5 Al so, the present

i nvention provides a nethod that achieves the above acconplishnment and
whi.ch al so provides for increased safety and increased profitability

t hrough t S f t,.0xl erlals.; i cal e e di ment
discIosesggoﬁe?%gds%ﬁ§ﬁ2§%§glﬁgRQQgg?é§5£%%é agéF gﬂaFX ﬁg ﬁ egpg
deulayeriBgtghgxiggcfg$Fg(xggu¥ggﬂg¥éJaggﬁj@ig.ayer | ocated just above the
sem conductor device that includes the cobalt silicide |layer. The M1 |ayer
is renoved using a parallel |apping process 15 typically used in failure
anal ysis | aboratories. In another enbodi nent, the present invention

di scl oses a nephedrfiatiexppsi ngimg gat Bawxikte payesssmeidh ranblveorhre based
reactive ion etching (F-based RIE) process and immersion in a 20 sodi um
hydr 0x deshaseddsol aye oncodhe dxhased iR bdambgasoa gabal tLageki €bde | ayer
that covers a polysilicon gate |layer, and creates a nultitude of pinholes
in the sikkchdegl ayeh.a Rlahtl eslutnidhe dobaEtesi Itihel deevapefeakhoasf or
penetration of .chemcals into the polysilicon gate layer. |mmersion of 25
the 1 C chipf LAPPhRIsREPERS $6/2 riowe ea bhg ab esb| it iferi larehagadway st habs
polysilicon gate layer and |ifts off the cobalt silicide |ayer w thout

al tering BAXEBnEBEI YRR ethingkicfe We Poltiliconsg@he favedr BORial ysis of

the gate oxi,de | ayer can . . . .
9 unlgorm gver ghe 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 oxide defect characterization. Anocother
need exists for a method using less-toxic materials for

15 increased safety and profitability.



proceed wi thout concern for damage due to the renoval process. 5 In one
enbodi nent of the present invention, the solution of sodium hydroxide is
heated to approximately 50C to 55C before i Mmersing the sanple in the
solution. After imrersion, the sanple is rinsed in de-ionized water and
bl own dry to conplete the sanple preparation. 10 Additionally, another

enbodi negfg $ NyArdapel udi ng sodi um hydroxi de (NaOH) and sodi um
chIoridéﬁ@ﬁ%@ﬁTiiéﬁﬂ%;;antTﬂg*The etching rates for p-type and n-type
pol ysi licon ﬁﬁéeplc@&@r‘@ 1rThé§t§<9r‘1 ut £ o s '!agét%%@l Maed ¢ihg 13cQRSt useful

in ULSI technologies of 0.15 mcroneters or below 0.15 mcroneters. These

and ot hesnophecd @%@éﬂy@r&mldg Mogﬁerprae@erahel umaa&ugmnw Il no doubt
beconme obvious to those of ordinary 20 skill in the art affer having read

the fol pew o901 tedai e desgst ptdoyDfe tdid Jgor ekgered caabadiaentstwbhch are
illustrated in the various drawng figures. 5 BRI EF DESCRI PTION O F THE
DRAW NGBS b gutlee lpiddarst ratesntaivrexenpliales semechnduchar deliceesatpd e
showi ng the cobalt silicided | ayer and the underlying polysilicon gate

| ayer. B8bévguaec@nplisisterat esndiwleikanpl laoy pgemiidesdiiotoindeeasedunder goi ng
fluori ne-based reactive ion etching for damaging the cobalt silicide |ayer,
i n accosdbate awd hintrcasddddrehttaliility pheough itheenseonf 1€sFrgure 3A
illustrates a sodi um hydroxi de based sol ution for etching away the

pol ysi | Fe¥RC gadee¥ Bk, in accordance with

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 1lifts off the cobalt

silicide layer without altering an underlying gate oxide



one enbodi nment of the present invention. 15 Figure 3B illustrates a

sol ution including sodi um hydroxi de and sodi um chl ori de for etching away
the polysilicon gate |ayer, in accordance with one enbodi ment of the
present invention. 20 Figure 4 illustrates an exenplary sem conduct or

devi ce showi ng a clean renoval of the cobalt silicide |ayer and the

pol ysiliggargates| ayet, fdiaceordaceiw U ene eabedonent 0hyéhecpnesent
invention. 25 Figure S5A illustrates an exenplary sem conductor substrate
showi ngpuabatdneedhetichisrganat e f atanadey pmeand nheypemseai conduct or

devi ces when using a sodium hydroxide 6 etching solution, in accordance
w th onpreabsdi nent of the present invention. Figure 5B illustrates an
exenpl ary sem conductor 5 substrate showi ng bal anced etching rates for
p-type and n-type sem conductor device when using a solution including
sodi um hydroxi de and sodium chl oride, in accordance wi th one enbodi nent of
t he Dresent iLRAveERei BRCCAER Ul ©'F PEEFHw I VERTaMN-| LGSt SRELPRGOBt eps i n
a nethod _for the clean renoval, of a cobalt silicide |ayer and_th

under | yPAgSPOE Y PYCEN it e § %tﬁ?%rt%ﬁp@r&ﬁlﬂﬁ’t&gﬁ’egé Eh’éPaé%e&i zation. 7
DETAI LE IPESCRI. PTION, OF THE | NVENTI.ON -. Reference wi Il now be nmade in
detai| PSTPRE PYRPEFIRY BhDoti MMt s Tbftithe PHd<&Ry %Eﬁfi on, a nethod for

the Cle%%mersion, the sample is rinsed in de-ionized water and blown

dry to complete the sample preparation.
10
Additionally, another em?odiment uses a solution
including sodium hydroxide (NabH) and sodium chloride (NaCl)
for balancing the etching rates for p-type and n-type
polysilicon gate layers. This solution of NaOH and NaCl is

15 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 various drawing figures.



renoval of a silicide layer and the underlying polysilicon gate 5 |ayer for
failure anal ysis purposes, exanples of which are illustrated in the
acconpanyi ng drawi ngs. Wile the invention will be described in conjunction
with the preferred enbodinents, it will be understood that they are not
intended to limt the invention to these enbodi nents. On the contrary, 10

t he i nvgptkpnptSckhpensie it orgovista@lNGgy nati ves, nodi ficati ons and
equi val ents, which may be included wthin the spirit and scope of the

i nvéntion asrdgficaed byltberappensgede cdnd My Rentikemmic.or detheef ol | ow ng
detail ed description of the 15 present invention, nunerous specific details
are set shapld showidertiie Eslovides @l tdiotaudhywrdenst aned ngdef1yhagpr esent

i nvention. However, it will be recognized by one of ordinary skill in the
art thapotheipiesenyatavemgeon may be practiced without these specific
details. In other instances, well known 20 net hods, procedures, conponents,
and Tircuits have not been described in detail as not to unnecessarily
obscure aspects of the present invention. Accordingly, the present

i nvention pr&¥oHES & héfh@ﬁr¢6$s2%nt¢%?mﬂkﬁﬁvrﬁﬁWﬁHQHQNCQ@Is@EWéﬁGe | ayer
and the underlying polysilicon gate |ayer for failure analysis purposes (e.
g., gatdnggrdelpefé ?OEh%?éE%%ﬁngﬁ§QﬁﬁVe,QQQOFtFWénSTé?én@agaglpﬁv Beion

id thod. t hat hi t he ab | i shment d_whi ¢h
o1 ovi docoPal Tl Aerialdn oty T eraiesd pesl P Rey ORPRUBR ERE use

of | ess-toxic. nmateri lg. 5 For purposes of clarity and illustration, the
follomﬁﬁaeangiﬁggeﬁgéc?iption w Il specifically refer to a cobalt silicide
enbgﬂinent. However, it will be understood that the present invention is
welfF suited to use with silicides other 10 than cobalt silicide. _ a

Enbodi nents ef jt,he BAESENLsERNEBL | 9Ns b Oh A8 U sud Ihldnesaased,r eacti ve
ion etching (F-based RIE) and sodi umthydroxi'de (NaOH) sol ution i nmersion

met hod frek @eemhgss\bé?iQ}@eléoppémﬂﬁ;rprgm%ssna%r,uiel afcRetntBewkrRased

RIE and NaOH solution facilitates a clean renpval of the cobalt silicide

pol y oveheaehBbgémantaoM thouprasémckimerdtieorst ructure of the underlying
gate oxide. Also, since the NaCH solution is nontoxic, preparation of the
sanple for failure analysis is 20 relatively inexpensive and safe. This
provides for a reliable _ .
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



met hod to characterize gate oxide defects in failure analysis.

Addi tionally, although enbodi nents of the present invention specifically
refer to characterization of gate oxide 25 defects in failure analysis, it
wi || be understood that the present invention is well suited for
preparati on of sem conductor chip sanples for failure analysis of other 9
criticabeshipstasale @heas.n FrcSxamle with Bn2alRbesifeHtdokerpeepared for
i nspecting the channel region under the gate oxide |ayer using the nethod
as descpibednt nigpdhadigents of the present invention. Qher critical
structural areas for 5 inspection also include liner |ayers, gate |ayer,
source region, drain region, any structural areas where a silicide area
covers or prevents ready access to a polysilicon region, etc. 10 Figure 1
il lustrates angexenpd atlylsentondunt orxalgvliaas EHhicAngucaovent i onal nmeans
may be used for formation of the sem conductor device 100. Sem conduct or
devike b0ODstrase ovhew sayilsomiustdretsubgty ategeb7d@ochat-tery &ndl udeype her
sem conductor devices formng an integrated circuit éIC) chip. 15 The IC
chi p magebecondutton-dewige e Usitrey raatsomtignSEncebdpndi AreAsbons. The
sem conduct or device 100 of Figure 1 includes a lightly doped drain (LDD)
regi on ngraﬁﬂd%na%%d%ﬁ$§H91QE}QKﬁ@RnukﬂyQﬁ99§¢aP§§iHht¥69nﬁhat i s of higher
dopi ng concentrations. The regions 150 and | 60 can be n-type or p type
dependiﬁ@g8ﬂl?ﬁ%tt?%;§9ﬁ H?ﬁ?éﬁﬁﬁ%ﬂﬁﬁﬂRﬂQQ" devi ce 100. Sem conductor device
100 includes a gate oxide |ayer 140 25 that overlies the substrate 170.
Gate oxide layer 140 is a dielectric. A gate layer 180 overlies the gate

oxigle layer 4@, bngong gnpog MeNlqr 4Rt e 1 Aaa 180 e e LouRdHshng a 10
for the clean removal of a colet silicide layer and the

underlying polysilicon gate layer for gate oxide defect

characterization.



silicon |l ayer such as polysilicon. The gate |ayer 180 nmay al so be referred
to as a gate el ectrode | 80. Sem conductor device 100 includes a netal
silicide layer 5 120 that is conmposed of cobalt silicide, in one enbodi nent
of the present invention. The cobalt silicide [ayer |20 overlays the

pol ysilicon gate |ayer 180. Sem conductor device |00 al so includes sidewall
spacer s pEr@ rand ackcrepTosider| ayer ih@Onbatween the sidewal | spacers 110
and the gate layer 180. ~0 In another enbodi ment of the present invention,
a ni.tride | agerfck3Bhcovuenllayswt be mabal insdételderd ayer d2Ferkhel nitride

| ayer 130A may al so extend to the source and drain regions 160 in another
enbodi mentooifimehé spoéseéht pneeabtonnvdheiomt ra destbod dyer th30Aliesnt ypical ly
used for etch-stopping purposes. At.the top of the nitride |ayer 130A,
there i geamovayerfot dgildiedtri ¢a¥80Bandi gue eurde ) visng arady tild coemnmigedrduct or
device 100 20 undergoing a F-based RIE process, in accordance with one
enbodi meftyest foke fprdg&ht aNAVEAL FoRUITRESF basdtP R E & sthdifhedgdses and
damages the cobalt silicide layer 120 that overlays the polysilicgon gate

| ayer 18@.1“Pﬁéalﬁ-95’a§§‘dtﬁ?EaBGQépﬁBW’a%r@ﬁ%Wb?g%f f B kNG Paveataen
integrity .qf the gate, oxide 25 layer.140..11 Pi nhol es ypically shown as
1950 ile Ko Gear rERBOL 3R 508 BREEHET AR (7 | RER TSR o 120 3
represent ed ji.n Figure 2. .These pinhaoles result fromR E reactions, with the
Cobat A isnsder fee i dd BRREASeFFEeRe TR A Dt gl Bt ' [ e
cobal t si] iGl l.ayer . r , yi i gate

| ayer 18 ﬁg%ggsggétﬁgﬁégféégeggt?gg%%neéﬁgé%ﬁgggi'tgngbeytC%”%%%ﬁéed
cobaht siHd Girdenltaver 1129ntbRqanot BeLoe8bogdi feRlaOf vdhe I Bsant tiyent i on,
portions 10 of the nitride layer 130A dielectric 1308, |iner oxide |ayer
190, andirRpguarRsiehtshewsidawabl Bpacge1dddd anec K BioMed Hinding .ag the

et ching process using F-based RIE. The layers 130A and 130B are partially
renoved sddpe @& tthlen ihkiehtdxhdas| defitedcyethés heppeidace dleginn. Al so, this

partial etching allows for 15 exposure to the cobalt silicide |ayer 180,
and for direct

Furthermore, in the following detailed description of the
15 present invention, numerous 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. 1In 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 failure analysis purposes (e.qg.,

gate oxide defect characterization). Also, the present



exposure for etching the polysilicon |ayer 180 (see access point Ain
Figure 2). Figure 3Aillustrates a sodi um hydroxide (NaOH) solution 20 330
for etching away the poiysilicon gate |ayer of either n type or p-type
material, in accordance with one enbodi nent of the present invention.
System 300 includes a container 310 that contains a solution 330 of NaCH.
The sanphétortaiRn g d5 & didiecot hgéviece iegesi shenaepsed in the sol ution
330.for 25 purpaoses of etching away the polysilicon gate |ayer 180. 12

The et chFFI R TEEGIt 13 dhisihe adamt BirRivigededPEe i 10BeprAcEhea NaoH ddf ut i on

i s adj usted dependi ng. on the dopin ypes and caoncentrati ons of the

seni contitict o> \H?ﬁfﬁﬁékl#%ﬁyegﬁﬁﬁaig qaﬁeuéﬁcﬁﬁngeﬁﬁféobe a n-type

mat eri al mﬁ%hahggher 5 concentrations in the polysilicon gate layer 180 is
faster TR 2 12type material with higher concentrations in the polysilicon

gate | ayer 180. Etching times of approximately five mnutes allow enough
etching to cleanly renove the polysilicon gate |layer 180 and to |ift off

the cobal t SF$£%QPp$§‘J§ro%2@laﬂocfi < & 14 Jd! %&ggt,eﬁhanfggﬁmhﬁ y

sem conductor device _ a show ng a clean renova the co t sificide

layer |28t aited hee o Y5t 1d1F N 19219 dA%8Ica189, rbReaCEQr danggaytth one
enbodi nent of the present invention. Figure 4 itlustrates the 15 IC chip

after isTRISi@n dnbddiand¥alH sRluwdviean fiar watichbaguawaystbedcehattesélicide
| ayer and the polysilicon gate |ayer. As shown, the area 410 that contains

t he pol ysetesongadreti@yers 81 swhtear tandseonpl-at eiyiexpesesthbe
underlying gate oxide |ayer 140. 20 In one enbodi nent of the present

i niént i tmantédebabt utilbic3BD contai ns a one nol ar concentration of NaOH. In
anot her enbodi nent, the NaCH solution 330 is heated approxi mately between
the tenperatures of 50C to 55C. The sanple 25 containing the sem conductor
device 100 is then inmersed in the solution 330 for a period necessary to
cl eanly reno¥BOPRENGRBE§sPF i ko REREENyidivention 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. Also, since the NaOH solution is 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



13 I n anot her enbodi nent of the present invention, the nmethod

i ncorporating F-based RIE and NaOH i mmersion solution to renove the cobalt
silicide layer and polysilicon gate layer is 5 ideal for 1C chips with
critical dinensions of 0.18 microneters or |longer. Additionally, the
F-based RIE and NaCH i mmersion solution is able to effectively clean a

pol ysi | tcohigal estayeruconposed -of feirt lkeremaien- thpe Gemglesphosphoreus
doped) or ptype ée. g., boron doped) material. 10 As ULSI technol ogy

progr esBESPRKHED fhe WuRefildmerthf Ghemngilngrgiion, updapvvaheofatheoprds pe
polysilicon gate |ayers beconmes problematic. For high concentration of
dopant s1PHE¥ hies pod v it ghtde 1987GT 1S 118 §EbgdiReBE&aPf nghgeni conduct or
15 devices with,dinmensions of 0.15 m.crons, the etching rates are different
for n-tyPESaRl HYYHe Woped WETY ST oR lgalte 'AyEPs. SALIENESE di mensi ons,
usi ng a.stric%l% CH e.tchl:n ﬁol utiaon | eaves % r;sidue in the p-type

pol ysi | FEBRTGat 8" 1 3yer HE 1 showt i mRgare 98AS 26YEF qur8"5A%i | | ustrates a
sem con E S 510 i I hi R 5 at.incl udes, p-type

e condidton cor b e Ry A sl S sic s et S Beb P The

sem con o] L C A iensions .15_11.¢ Fi gure 5A
251 1 S T a2 Ehe T o B0 Arly Amenraron ™ RoYRaoH a1 EEPERRf or

et chi ngeg®way the cobalt silicide |layer and the polysilicon gate |ayer. As
shown, a residue 520 remains in the p-type area 14 525 that contained the
polysilicon gate electrode for the p type sem conductor device 590, which
prevents adequate failure analysis of the underlying gate oxide |ayer. On

t ha. ot her hamRdgutbel at EhuSS3fh tdmtarc antempied:  enpeloysiuciteendgat ee5

el ectrode for an n-type sem conductor device 550 is entirely clear. To

bal ancelfhe eBuoh catesntofornaile meanmpeagndep-usyge for formation of the

semiconductor device 100. Semiconductor device 100 lies on a

semiconductor 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



polysilicon gate |layers, sodiumchloride (NaCl) is added to the 10 NaCH
etching solution. The m xed solution of the NaC and NaOH equal i zes the
etching rates of the n-type and p-type doped polysilicon gate |ayers.

I mrersion in this NaC and NaOH sol ution produces a clean gate oxide |ayer
W t hout any residue for both n-type (e. g., NMOS) and p-type (e. g., PMXS)
15 seni Tohdiwt ora YRV iseed. 2As PoUols1 1ikenF- baB8dIRFE AAESF nre? shan it i on
(NaC and NaOH) are able to effectively clean polysilicon gate |ayers
conposetf ofe iR45Ask Y25y 2 IREs FHECEESG0pEAY or p-type (e. g., boron
doped) materials. 20 Figure 3B illustrates a solution including sodium
hydr oxi de and sodi um chl oride for etching away the polysilicon gate |ayer,

in accordance with one enbpdi.nent th esent invention. .25, System 350
i ncl udes a c%#@%ﬁ?ﬂéh F t Wl?§nﬁQmrﬁ?%iqﬁésu?igﬁtﬁiosﬁ LA0E ARdTNaC . The

sangle f?@tﬁﬁégrg%lé%ﬁﬁﬁéééﬂ% ié%&a@%?%ﬁ%éc&ﬁeth?nsgk%g%ﬁg?ﬁﬁgeégropurposes

of etching . way ysiI'i'con gate layers (e’g., ysiTicion gate
| ayers Lo dﬁé’é%&& SR, and 6700) THe e 138 'illliEEBEaﬁggein?56'8943@15}&5
sem conductor substrate show ng bal anced et c ing rates tor p-type and

n-type era SONFICEQUordQH LS MREN 18D .NT sam3 ebibueRokNabydEag1 5004 Lo
hydr oxi de éﬁd sodiun1c§¥%ride, i n accordance with one enbodi nent of the

present i hAVedés Ot dehiel IS YP @I RV aCa3ne40oandeSD8ybavesdi mensi ons of
0.15 mcrons. 10 Figure 5B illustrates the IC chip after inmersion in the r
sol ut i Olpetwedndig NadazAnd dade o 16k ahidnghawartehéagebal 80si-1 i ci de | ayer
and the polysilicon gate layer. As shown, a p type polysilicon gate | ayer
525,0f or the p-type sem conductor 15 device 540 is clear. Additionally, the
n-type polysilicon gate |ayer 530 for the n-type sem conductor device 550
i s clear. |nInnenetirdismmdioienthe pridvemraaendntingentika,sel nikohde

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 130B.

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



340 contains a concentration consisting of 5.8 grans of NaCl 20 for every
100 mM of one nolar NaOH (5.8g NaCl . 100 ml 1M NaCH). In another

enbodi ment, the solution 340 including the NaOH and NaCl is heated in a
thermal chunk to approxi mtely between 50C to 55C. The sanpl e cont ai ni ng
the I C chip 500 is then imersed in the solution 340 for a period necessary
to 25 cl eanl §inkabee, therpol Yy | sleonn gat el 1y erre iarephed etchhp 500. 16
The met hod i ncorporating F-based RIE and i mmersion solution including NaCH
and- NaCFut éa¢enpvet ke kt s31iigigle | layar did gsl ysPrresntgdt énl ayer is
described in the present enbodinment for 1C chips with-critical dinensions
of 0. 155590 8rbns. L1 RINh o di Sithtts fgrom K Spregend oPavEnt PohNal so
include 1 C chips.or, sanple reater than 0.,15 mcrons . for inmrersion in a
S0l Ut ofiPB7 L Nabt L BPHINGCH 13- ora TE HROVE (5 COFRLESYi FPEPRaLFATRr and
poiysilico ate layer.. 10. Maint ai ni gate oxide integrity i.s mai_n
conéirnogngggbgaﬁaf et &hEh KB T ol ubté?sébffggétOngéﬁ %E?%ﬁ?ﬁ%“i

Sel ect i [ o) i gh t i | ysi.Li .gat ayer

w thout SaH SERT ag™ CFat ek TSN oot & G Ty B E A 8 Bl e o

criticalcghep €R£019<?ﬁ e fignd b d Wb analivsie. 1'éi¥%r g>f illustrates an
exenpl ary flow chart 600 for using a F-based RIE and NaOH based et chi ng

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 A ahephé#Oehibodimwh€haf ttidCorddent iimstenstiom, Obotrie opsesent

enbodi nent of the present invention de-layers an I C chip sanple to the
metEl - lofMehe hayeidé otayer 364, abhiylkeedthel saBitBonduckar odédeceéalyayer. Thi s
is done with a 25 normal de-processing nethod typically used in failure
anal ysi $9Dabendt poresons nobnehenbodkweeht spdwed Cléhiapesappbeenayubéngf ULSI
di mensi ons. 17 b
- 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. Alsc, 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 (NaOH) 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.
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As recited in step 620 of flow chart 600, the present enbodi nent renoves
the M1 |ayer using a | apping process. This | apping process can be any
renoval process typically 5 used in failure analysis | aboratories, such as
a chem cal mechanical polishing (CW) process that is manually or

mechani cally inplemented. In one enbodi ment of the present invention, the

| appi ng proc&bss eschipgriaihes éfppieagspmobessontEinAsg editied i180stiep 630 of
flow chart 600, the present enbodi nent then places the IC chip sanmple in a
F- basedtREEN3OEy 8t i an ot 8lexd 1ws idethedpparsd neolsdl tthsi dopilde Lapers Bhdt
overl ays the olgsilicon gate layer in a sem conductor device |located in
the IC Eﬁpﬁ?ngﬁé Fopasell RIE Sl HP uafiges 190 he FOsbEREMBILRY ci de

| ayer to create, pinhol es_nmaking the underlying polysilicon gate |ayer
susceptFBFeeFShbgﬂeF?B?iBﬂf F SAKAGE @ﬁﬁ?%ﬁ?%gﬁigh $Ft he damaged cobal t

ilicide | . 20 The. F- d RIE s | tch di el ict
oxpobe CRECEBGERELQIPT Fabs syt St ST yRAHS e atay B0 TengestpRathaf ' °
dielectric i ; . _ . . S di el eciri .
el ot Bl -t agRoRb ol Ny STRY SR AL S da A AL D leeqnl g boceRer
nbodi h | Wf i o i hi R l;
:pp?o;rﬁgkgl$Q%§%&gg%§gogﬁ%gp% 2%“%%y§%€; H&%gﬂhggﬁﬁg ﬁﬁ%ﬂ?&ﬁfﬁgssolution
inC'Ude%l@o@?ﬁgﬂﬁbﬁreQéﬁQng98&&91ééﬁi§”kéﬁo&$“@ﬂe|ﬁ&£§§ﬂﬂic%%°b@%%

enmbodi nent ,
layer 180 and to lift 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 NaCH. 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.

13



solution includes NaOH and NaCl (e.g., 5.8g NaCl . 100 m 1M NaOH) . 5 As
shown in step 650 of flow chart 600, the present enbodi nent imerses the IC
chip sanple in a solution of sodium hydroxide (NaOH) to etch away the
polysilicon gate layer and lift off the cobalt silicide |ayer.
Alternatively, 10 in another enbodi nent of the present invention, the IC
chip sanple is imersed in a solution that includes NaOH and NaCl a to etch
away the polysilicon gate layer and lift off the cobalt silicide |ayer. 15
As recited i ANsPERLBBD BFLPRENPEha?t BUD,PEIHEPr edBiftN téiBoditent rinses the
| C chip sanple with de-ionized water._ Then, the present enbodi ment bl ows

dry the™PENER; prsarpPEet St EpPa Ry B \iid 4140k 1HBERGde o odboar mefit s
Steps.  LRECEPOLBRL CPHY bt 7R T SOt TN €k BRI IdCve SartodPHERT 85 For

o oot LARTAnEPBn I Crel L e HEr S LA 1 b T, S 4 B P B ehe 6 e
con be’ SeatP P e tepmig hpTIEDkY ¢ nate Srittsad 3R MR SRAMERTER DL SheTS

i“Ve”ti%%1h%i@ﬁ5§5iQ@ﬂerﬁéhe§P£€£i¢él§Qﬂﬁ£ﬂ¥Qﬁ&%ﬁ@%iﬁ&%o%eGE%EaEHQQ§, the

present invention is we suited to other enbodi nénts i ncorporating various

ot her 5doppReeat 5feei@ng§3amd—@%s@er€.r@.t,i ProsphdRiodidey) expoging a gate
oxide layer with a fluorine based reactive ion etching (F-based Rl E)
process t3fe i(BNgLs$i bOron doped) material.
10
As ULSI technology progresses into the sub-quarter micron
dimension, removal of the p-t;Ee polysilicon 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



in a sodi um hydroxi de based solution for renoving a cobalt 10 silicide
| ayer on an integrated circuit (1C chip, is thus described. Wile the
present invention has been described in particular enbodinents, it should
be appreciated that the present invention should not be construed as
limted by such enbodi ments, but rather construed according to the bel ow 15
cl ai ns. 520 that AbNE-Wed i tshe | ke el §iszorb gt eA edetciogdeorf orerbei Ay a
silicide poly conprising the steps of: a) damaging a silicide |ayer on a
seni con8YBEoPSHEGPRAGHEh LTI riHHe pusedh r%@é’teir&é PeRJEeERi Aglirrpased
RIE) process, said silicide |ayer covering a polysilicon gate 10 layer,
sai d seff'ebhatttof e i WS OLEMH G P itedrated cPRcdPE PEBFTchip; and .
b) i mrersing id1Cchip.in a solution, of sodi.um.hydroxide (NaOH) to etch
ey SaPan oS8P | HEeh GHE ot (T SHRLIAY (L o SEPRe BdEe! ayer) 15 5.
The Jet hgd s described in Claim1, conprising fhe fslérot her steps,of: i)
prior t6-8§4rd° ?eﬁoﬁ)?n&-tf}%/erl%n&%oal TOLH p 15 & nmetsl 1 Ilaer (M1
Iayer),c§gég M 1 | ayer above said silicide 20 |ayer in said sem conductor
device; "and ii) renoving said M1 |ayer using a | apping process. 3. The
met hod as described in Claim2, wherein said step i) further conprises: 25
renoving said M1 | ayer using a parallel |apping process. 21 4. The
nethod as deger hhedntd €hai 8tbn L2004 | SF Nghd he-dyHd hela $-eR$e0f: €) rinsing
said IC chip with de-ionized water; and d) blowing dry said | Cchip. 5
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. Imme}sion 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



5. The method as described in Caim1l, conprising the further step of: c)
heating said solution of NaOH to between the tenperatures of 50C to 55C. 10
6. The nethod as described in Claiml, wherein said a step b) further
conprises: imrersing said IC chip in a one nolar (1M sodium hydroxide
(NaOH) solution. 15 7. The nethod as described in Claiml, conprising the
furt her 29¥pEOMYS1LICHR| BREBOLAPES st®pd b) , PRl ig Sodi wntehlevieds (Nadl)
to said solutlop sucg FES said solution includes both NaOH 20 and Nad ;
and i i) R¥dfrAg 48i an 'on in a thermal chunk to between the
tenperatures of 50C to 55C. 8. The nethod as described in Caim?7, wherein
said 25 step i) further conprises: adding 5.8 grams of NaCl for every 100

m of ane nDlE%r U%OSIBI Q)IE? {éeggt ggnexgr%%laxa}é Semlconrgauchcgd as descrl bed in

Caiml, wher ei’n step a er conprise ng & cobalt silicide

| ayes . éu%@trye@ gﬁwmgagagsﬁ%&bgpcmg A, fo%og[tﬂsn%ntdhg,éftgggher

step of : etching away a ectric layer”’to expose 1T Cl yer

sai d di %Ieeﬁt:bhaube&s@rdeoyeésnghéﬁl dsshdi &1 48 d@xsr -1 nkQ uhilin ARt igd for
exposing a gate oxide layer for i faillUre analysis conprisi'ng the steps of:

a) de-| ayeirorgdanahat egaabRdcrloevdié, (1) a&dbdiea Wwikldlonk | ayer (M1
| ayer), said M1 layer directly above a 15 silicide | ayer | ocated on a

seni condmbodimdavi 6€; thy pesbyhbgiseefcMnl |ByersdifidithdudtapPideyipeecess;
c) damaging said silicide layer on said sem conductor device with a
fl uori nedfased PéAchave dbdmerstbnsgof FO bhSadiddns.process, said silicide
Iayfé covering a polysilicon gate
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.
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I

20 layer that is over said gate oxide layer; and d) imersing said IC chip

in a solution of sodium hydroxide (NaOH) in order to etch away said

polysilicon gate layer and |ift off said silicide layer. 25 12. The mnet hod

as described in Caim1l, wherein step c) further conprises: damaging a

cobalt silicide layer. 23 13. The nethod as described in Caim11l,

whet ei n sai dT'8¢ gpe H)0d UMaRir oiinis dsbasesb Wilkg 254 dmEISEager using a

parallel |apping S process. 14. The nethod as described in Caim 11,

conpri sTRAGIE R it Huting é\ﬁg%f‘ande)l\]arclln&‘)néeg‘ﬁi"@ Pc?%‘ﬁ?btmﬂhl% foni zed

water; and 10 f% blomn dry said.IC chip Q Eod as described in
e §F€§rbﬂs S?FSFIPS sé?dt EeBr 3 heat i ng

Claim1l ay%’bn%'?
sai d soI n of 5 bet n th ratures of 55C. 16. The
nethod a5 %I‘gscrltbedD 43 RS f ﬁﬁ% gp lm?gﬁlaysfurtﬁgg conpri ses:

rsip §8‘h§' '%&&E\Peﬂ " Fu 8 N ¢ %urN?%’é‘ %Rts%%#ﬁ?ﬂo?lglsghe et hod

escrl bed T h alm 1T, conprising the steps o prior to said

step d) meﬁgﬁggq%wfg cy %rangﬁe(s'\%ge) gttﬂaﬁabdlg%y&kens gyeh that said

solution iInc 1) heating said solution

in a thendls toWnn 10 Retreilee D £ RRAI1EPRI AbHe$n0bralE £8 dakovdBendhe

nmet hod as described in Caim17, wherein said 5 step i) further conpri ses:
addi ng &oBa Ut agBl 0d i daQla et amtergblwllrﬂco@f gane makae.NaCOH.

10 Maintaining gate oxide integrity is a main concern in
sub-quarter micron semiconductor devices on an IC chip.
Selective removal of a high co%centration doped polysilicon
gate layer without attacking the underlying 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-1 (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 sample

may be of ULSI dimensions.
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19. The method as described in Caim21l1l, conprising 10 the further step of:
prior to said step c), etching away a dielectric |ayer a to expose said
silicide |l ayer,~~said dielectric |layer covering said silicide |layer. 15 20.
A method for renoving a silicide poly conprising the steps of: a) danagi ng
a silicide layer on a sem conductor device with a fluorine based reactive
ion etching (F-based RIE) process, said silicide | ayer covering a

pol ysilicon gate 20 | ayer, said sem conductor device |ocated on an

i ntegrated chscuetiteq)ichspepad2lo b)f i ey sty tsa&aad,l Ehehippeisena sol uti on
that includes both sodi um hydroxi de (NaOH) and sodiumchloride (Nad) to

et ch awaybsditepdl yshdveontlyatie-1 ayaremnts inid ta dfafopdaigd p26cskki.ci de | ayer.
25 21. The method as described in C aim 20, conprising the further steps
of : i) PPiL6r 1PBP3AYdPEPEDSa)SaRS Ay | 1RG4 Id Arecekisp tveigakeal - 1 | ayer
(M1 layer), said M1 |ayer above said cobalt S silicide layer; and ii)
renovi n§S&&i dPMERLEAYRrANRI YLD YR NP ProvesiiChnas prhehgBLRad as

ar . M TSFRGBECALi RRLESBHTal | Q1) AT briobe S 25035 THeORat hod as.
d i bed in Claim?20 i Si he furt St f: 15 i nsi id
[C:ohi pRRET AT GEE i 230t QTS SC and D) (UG Iy e gid "PC. BRERCPBa. The

t hod > bed, | ' i Si t fyrt .St f..20 i
ori or -t o YA epep s M FREH, Profd il b 1t RaPRIRYCReRee 8 bet ween

the tenperatures of 50C to 55C. 25. The method as described in Caim 20,
wherein said nethod further conprises: 25 prior to said step b), adding 5.8

graps of NaCasf eecevenyidO9cap 050 0se FobarciNacH dob,saind seledkihen. 26 26.
The net hod as described in Caim20, conprising the further step of:

embodiment then places the IC Fhip sample in a F-based RIE
system in order to damage the‘éobalt 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

layer.

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. 1In another
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etching away a dielectric layer to expose said silicide |ayer, said
dielectric layer-covering said silicide layer. 5 a 27
. A&h. A&! &l . A9s. A&(. A& 9Y. A& E. A&s2. A" Y. A(. A
. A&(. A& A9. A9. A9. A9. A(. A& . AQLE. ALu. A5. A9. A5. AL5. A9. AH. A#NO'+ E 2;
<" azupkfa\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] c*a
| ca] ca] erbea} sahep] €iad cad rae] 64 af el ek apHrreShiollar (1M)
BKN| wr mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caJca]ca
] ca] ca] eaheaheahcadsad tajsbia] cLiva] ca)dalakgihthekr @mRogiiment, the
I"67hkQx} | wmhc] X] ] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c™a] ca] ca] ca] ca]
ca] ca] captafcahcaphchhdad cddCih] wad g Cla] ca]ca! 5.8g NaCl : 100 ml 1M
AB. bT a$}xsni d_Z]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
] ca] ca] ¥aPda} ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! $9B3i r +23f +h&| wr mhc] X] ] ca] c”a] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca]ca]ca]calca]ca]c
a] cal ca] ca] ca] ca! &DEcj k{} 4G XY_
Y&[ r xsnid_Z]]]ca]ca]ca]ca]calcalca)]ca]ca]ca]cal]calca ca ca ca] calca]calc
a] E:a] }Cll] ca]l CE‘F]C]é BaPca?ca}éa] éé%) C%JF c%]%]@ A%fs] ’J ] ] ] Joal cal cal
D I7"x ca cal cal cal,c cac"acacacaca
ca] ca] c’gr%aﬁ&afea] L‘Lﬁ]‘%g %] @}ﬁ a%‘? %}]Hla] %Jé]ﬁa ] #?J#%{?ﬁ‘ {§|f$]$$$!>/a/a/«]&&&]R&&]&
ca calcal ca]calca] ca
ca] ca] cﬁfgé]%‘af%ﬁ%?ﬁ%%ﬂ &T@gf Ja‘] ‘laﬁ%i]%a‘_‘]%% a]pc ysj*] (J)O 3?/ %%5 *](*+]R++]+++]+
---------- #- d a al calcalc
a] caj ca]LcX]% ca]acg] (l:?i_ fgg] %é‘} L%%%%Jfgg% L%%z‘]egg gg%rga] c%g]t%.%]n%? Q’%}lg/ ]r /1 } /1 } /
00404 O\ %O}aqoggggog&amgg%wm 345l calealcalcaledl el cakeal cal cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] ca] cal ca] ca] ca] cal 3nB334441 4
d4e4444455p @560} RREBSJAKORDY 6H6BIES Foridthc ] Tider] srbtaler] sadica] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ea] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal
F7c7777T638+30FAGRARPICRE9PO99di1ifon (gatdB;1aydy ;and 1ift off the
;5. 1xsnid_Y]] U ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
] ca] ca] capedlkcaliéattd¢chigatrcal cal cal ca!;
v << <nr<<<<<==(=f ==t ===">W>>>>>>8?f ?} ?} xsni d_Z] | U] ca] ca] ca] ca] ca] ca] c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]c
a] cal } ?~?????20@P@QAAKASA] AKAvA} A~AAAB BBBBBB;
Cx CEZDD+D} x s fisd rZF]l@FE‘a]léa]Séﬁ]’c P@a‘]’éaf%‘a]’ c%}]%ra*} cEa(]an]té’Eﬁ HSF¢a] ca] ca] ca]
ca] ca]calca ca ca ca caI XEYEbEEEEE FFFF
GGlEGGlE%ﬁE P]f!@h %]ﬂ)f %a]c' %{]‘ E]"c’%ﬁ] ]1(9'5] &fca] ca]ﬂca] ca
cajca £al ca cal.ca FH. IIIIIIIII Ji JHKKKKK
LKK{(KL}_E@I? ﬁ% kﬁ%ﬁ? ]ﬁ'T']lca ‘% %%]t%% ca ca’] Pa] ca'ch] cg’] caj cal ca
] ca] ca] ¢al c%]7@a] ca] ca] caj ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! c N~NNNNNOXOOPI P{
PP* QQQQORRRSXSSST#T) T_TTTUFUUU} xsni d_Z]]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
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A method for exposing a gate oxide layer with a fluorine
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 shéhld 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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with a fluorlne based reactlve ion etchlng (F-based RIE)
process, said silicide layer covering a polysilicon gate
10 layer, said semiconductor device located on an integrated
circuit (IC) chip; and
b) immersing said IC chig in a solution of sodium
hydroxide (NaOH) to etch away said polysilicon gate layer and
lift off said silicide layer.
15
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-1 layer (M-1 layer), said M-1 layer above said silicide

20 layer in said semiconductor device; and

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

3. The method as described in Claim 2, wherein said
step i) further comprises:
25 removing said M-1 layer using a parallel lapping

process.
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temperatures of 50°C to 55°C.

i0
6.

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.

15
7.

The method as described in Claim 1, comprising the

further steps of:

i)

prior to said step b), adding sodium chloride (NacCl)

to said solution, such that said solution includes both NaOH

20 and NaCl; and

ii)

heating said solution in a thermal chunk to between

the temperatures of 50°C to 55°C.

8.

25 step i)

The method as described in Claim 7, wherein said

further comprises:

adding 5.8 grams of NaCl for every 100 ml of one molar

NaCH in

said solution.
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etching away a dielectric layer to expose said silicide
layer, said dielectric layer covering said silicide layer.
10
11. A method for exposing a gate oxide layer for
failure analysis comprising tﬁg steps of:
a) de-layering an integrated circuit (IC) chip to a
metal-1 layer (M-1 layer), said M-1 layer directly above a
15 silicide layer located on a semiconductor device;
b) removing said M-l layer using a lapping process;
c) damaging said silicide layer on said semiconductor
device with a fluorine based reactive ion etching (F-based
RIE) process, said silicide layer covering a polysilicon gate
20 layer that is over said gate oxide layer; and
d) immersing said IC chip in a solution of sodium
hydroxide (NaOH) in order to etch away said polysilicon gate

layer and 1lift off said silicide layer.

25 12. The method as described in Claim 11, wherein step
c) further comprises:

damaging a cobalt silicide layer.
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e) rinsing said IC chip with de-ionized water; and
10 f) blowing dry said IC chip.
15. The method as described in Claim 11, comprising
the further step of:

prior to said step d), heating said solution of NaOH to

15 Dbetween the temperatures of 50°C to 55°C.

16. The method as described in Claim 11, wherein said

step d) further comprises:
immersing said IC chip in a one molar (1M) NaOH

20 solution.

17. The method as described in Claim 11, comprising
the further steps of:
i) prior to said step d), adding sodium chloride (NaCl)
25 to said solution, such that said solution includes both NaOH

and NaCl; and
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5 step i) further comprises:
adding 5.8 grams of NaCl for every 100 ml of one molar

NaOH.

19. The method as described in Claim 11, comprising
10 the further step of:
prior to said step c), etching away a dielectric layer

to expose said silicide layer;'said dielectric layer covering

said silicide layer.

15 20. A method for removing a silicide poly comprising
the steps of:

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

20 layer, said semiconductor device located on an integrated
circuit (IC) chip; and

b) immersing said IC chip in a solution that includes
both sodium hydroxide (NaOH) and sodium chloride {(NaCl) to
etch away said polysilicon gate layer and lift off said

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

22. The method as described in Claim 21, wherein said

step ii) further comprises:

10 removing said M-1 layer using a parallel lapping
process.
23. The method as described in Claim 20, comprising

the further steps of:
15 ¢c) rinsing said IC chip with de-ionized water; and

d}) blowing dry said IC chip.

24. The method as described in Claim 20, comprising
the further step of:
20 i) prior to said step b), heating said solution in a

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

25. The method as described in Claim 20, wherein said
method further comprises:
25 prior to said step b), adding 5.8 grams of NaCl for

every 100 ml of one molar NaOH in said solution.
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