2 7 OCT 2006 METHOD OF WAFER MARKI NG FOR MULTI - LAYER METAL PROCESSES
BACKGROUND OF THE INVENTION (1) Field of the Invention The izw; [gog
relates to a nethod of wafer marking in the fabrication of i tegﬁ ¢ 806
circuits, and nore particularly, to a nethod of inproved |aser marking in
the manufacture of integrated circuits. (2) Description of the Prior Art
The fabMEGIGDOBfWANERGNAREENGI FORI WYL - LATERNMErahe BROZELSES ng

sem conductor devices on and within the surface of silicon wafers.
Multiple chips or dice are formed on a wafer. In order to track the wafer

and to identify the chigs, | aser identification marks are enbedded into
each wafer. Wth t heBrRErBEENRgCRuRBEr IBVENELEAN | ayers and cheni cal

mechani cal pelishing (CMP) processes, visibility and particle generation
of the laser mark is becoming critically inportant. Typically, a |aser

beam |5 focused, AGLRUL36dnt ion
The invention relates to a method of waferxr
marking in the fabrication of integrated circuits, and more
particularly, to a method of improved laser marking in the

manufacture of integrated circuits.

{2) Description of the Prior Art

The fabrication of integrated circuits is
accomplished by forming semiconductor devices on and within
the surface of silicon wafers. Multiple chips or dice are
formed on a wafer. In order to track the wafer and to
identify the chips, laser identification marks are embedded

into each wafer.

With the increasing number of metal layers and
chemical mechanical polishing (CMP) processes, visibility and
particle generation of the laser mark is becoming critically
important. Typically, a laser beam is focused and pulsed
in a pattern to create pits within the silicon to form these
identification and tracking marks. The high energy pulses

cause eruption of molten material from the wafer. The molten




in a pattern to create pits within the silicon to forn1these
identification and tracking marks. The hi gh energy pul ses gﬁpiﬁguggfpn
of nmolten material fromthe wafer. The nolten 1 2 7 OCT 2006,
deposited adjacent to the |aser marks formng ridges. These ridges forned

in the_convention rkln process cause mcro-scratches to the
surfa@%ESFla?hésmgFBP Eeﬁhgé- éﬁbéﬂmhl It e flagenioig i ng the

I h | at |sh| process. These m cro-scratches
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Ki er |d ntification klng i sible on
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the |Q§§&10ﬁatken$ﬂel@%ﬂ%@ﬂfo‘a{ ”@Tf awlﬂrﬁtrgc%c%}&%éurfa%e%&f the wafer

during the renoval process Pat ént 235
micro-scratches have been found to reduce yield. It is

desired to find a process of laser marking that will enable
good wafer identification marking visible on muiti-lavers

without yield loss caused by micro-gcratches.

U.5. Patent 6,063,695 to Lin et al teaches
cutting a laser mark, depositing a nonconformal layer, and
then removing the ridges of material adjacent to the laser
mark. The nonconformal layer protects the surface of
the wafer during the removal process. U.S. Patent 6,235,637
to Chen et al teaches forming a laser cut through a
photoresist layer where the photoresist layer protects the
wafer surface. U.S. Patent 5,610,104 to Mitchell cuts a
shallow laser mark, then oxidizes the substrate within the
mark opening. The oxide is etched away to form the deep
laser mark. U.$. Patent 5,877,064 to Chang et al forms a
laser mark on the non-patterned side of the wafer. U.S.
Patent 6,156,676 to Sato et al cutg a laser mark while
flowing a gas to remove material so that the material is not

deposited adjacent to the laser mark.




to Chen et al teaches formng a |aser cut through a photoresist |ayer
where the photoresist |ayer protects the wafer surface. U S. PatediCT 2008
5,610,104 to Mtchell cuts a shallow |laser mark, then oxidizes the
substrate within the mark opening. The oxide is etched away to rorn1the y
dee | aser mark. U S. P t 5,877,064 to Chang et al forms a |aser nmar
on Phe non- patt er ned m<§?ﬁﬁhﬁéipﬁwﬁ%ﬁ.IHY%§TI tent 6,156,676 to Sato et
al cuts a laser mark while flowing a gas to renove material so that the
material is not deposited adjacent to the |aser mark. 2 2 7 OCT 2006 t
SUMVARY CF THE | NVENT A princi pal aobject of the present invention is o]
provi de an effecti vgr&a%l\%%}i#an%%a%%r% I%hefréf%%%g%tf YPETHT hgat Paser
Mar ke hefial i6atd o af iJOtegt ated, GhLaid . devl £es, Aot her obj ect of

the present invention is to provide ‘an eftective and veéry manufacturabl e
net hodc@fming a laser mark in the fabrication of integrated circuit

devices.

Another object of the present invention is
to provide an effective and very manufacturable method of
forming a laser mark without damage to the wafer surface

in the fabrication of integrated circuit devices.

In accordance with the objects of this
invention a new method of forming a laser mark without damage
to the wafer surface is achieved. A pad oxide layer is
formed on a silicon wafer. A nitride layer is deposited
overlying the pad oxide layer. A first trench is laser cut
through the nitride layer and the pad oxide layer into the
silicon wafer. The trench is etched to a second depth
wherein the nitride layer is used as a hard mask and wherein

the trench forms an identification mark.




formng a |l aser mark w thout damage to the wafer surface in the _
fabrication of integrated circuit devices. In accordance with? theogbjgmgt s
of this invention a new nethod of fornmng a |laser mark without damage to
the wafer surface is achieved. A pad oxide layer is fornmed on a silicon

wafer. A nitride lay i qﬁ%ﬁ ver|.yi oxi de layer. A first
trench is | aser cut %[%fr%ug efﬁgllﬁ)a{zﬁl%&;ﬁg%%%%g pad oxide layer into
the silicon wafer. The trench is etched to a second depth wherein the
nitride layer is used as a hard mask and wherein the trench fornms an

identification mark. 3, 31/ q;rcgrgkgé@nygg% Eﬁ:r%@ Pﬁl’éifq}kt JHE DRAWNGS In
me a

t he acconpanyi ng drawings formng a eri part o s description,

t her eniag eshaun pakitgf L HiW aughe8i sehennticald vidl dMsthate in
cross-sectional representation a preferred enbodi nent of the present
i nvention.

Figs. 1 through 3 schematically illustrate in
crosg-gectional representation a preferred embodiment of the

present invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

The process of the present invention provides
a method for forming a laser mark on a wafer while preventing
damage to the wafer surface. Referring now more particularly
to Fig. 1, there is illustrated a portion of a silicon wafer
10. A pad oxide layer 12 is formed on the surface of the
wafer, for example to a thickness of between about 100 and
200 Angstroms. A silicon nitride laver 14 is deposited

overlying the pad oxide layer 12 to a thickness of between

about 2000 and 2500 Angstroms.

" Now, a laser mark 20 is cut through the
nitride and pad oxide layers and intc the silicon wafer, as
shown in Fig. 2. This is a super soft laser marking process

wherein the laser melts and pushes aside the silicon without




DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The process of the present

i nvention provides a nethod for formng a |aser mark on a wafer while
preventing damage to the wafer surface. Referring now nore pzrllﬁ}ﬁf | Ay
to Fig. 1, there is illustrated a portion of a silicon wafer 10. A pad
oxi de .l ayer 12 is rrmed _on the surface of the wafer, for exanple to a

t hi ckﬂsg 18f bét 1&%&@%@% Hoot Wwwawwlic@ﬁPWth de | ayer

14 d t ed th d oxide layer 12 to a thickness of between
Bbout L5850 LHG 2500 Ay S TS Mt M s ik 50 SR 56 1 Sagh t he

nitride and pad oxide Iayers and into the silicon wafer, as shown in Fig.
2. Thi gIS a super soft laser marking process wherein the laser nelts and
pushes aside-the silicon without 4 2 7 OCT 2006 debris. A shallow |aser
mark 20 is forned having a depth of |ess than about 2 m crons; between

about 10, 000 and ZO,QQ&ef%HﬁgfﬂHﬁito Fig. 3, the mark 20 is made

deeper by etching the silicon using a wet or dry etch method.
The silicon is etched using the nitride layer 14 as a hard
mask wherein the etch has a high selectivity to silicon with
respect to nitride. The selectivity for silicon with respect
to nitride should be between about 40 and 50 and preferably
more than about 50. For example, this may be a wet etching
using isopropyl alcohol (IPA) and potassium hydroxide (KOH)
with temperature controlled to between about 25 and 50 ©cC.
The mark 22 is etched to a final depth of between about

50,000 and 60,000 Angstroms.

The process of the present invention provides
a first shallow laser mark formed without debris. Then, the
laser mark is made deeper by an etching process. Since no
debris was formed during the laser cutting process, micro-
scratches will not form during subsequent chemical mechanical
polishing (CMP) processes. Thus, a laser mark of sufficient
depth to enable good wafer identification marking visible on
multiple layers is achieved without vield loss caused by

micro-scratches.




Referring nowto Fig. 3, the mark 20 is nmade deeper by etching the silicon
using a wet or dry etch method. The silicon is etched usingvg?egthgige

| ayer 14 as a hard nask wherein the etch has a high selectivity 6 4i0bi con
with respect to nitride. The selectivity for silicon with respect to
nitride should be betwﬁg about 40 and 50 and preferably nore than about
50. For exanple, this" @eb%h% WeYCRE eANB2S UBERY PaBpEBRYRTalcohol (1 PA)
and po assiunu§¥%roxiq§ éK h with tenperature controlled to between about
25 and BUTHET THeS Mat Re22Y 1 5 et BhetieR6=at i hae BEREATEEIbet wveen about

50, 000 _and. 60, 000 Angstrons. The.process of the present invention provides
a firf?%ﬁ%ﬂ@%ﬁ&?a% %%fk *5rWﬁ5?mP?hBBgeH§B??§.bThEHPSFhéklﬂé§ér mark is

made d by ing. process. Since no_debris was_ forned during the
Iaserq%ﬁ??%%é%g?gggégbv%?%gg? %c?%?%ﬁe%nm??an%Pdf%?H?H&FiW@Ysﬁﬁsequent
cheni galadreghan.al deﬁ&’ft§ﬂénﬁr&gvg%ep5?g§§§.e nd | DUSnedokagfl Mmark of
sufficient depth to enabl e good wafer entifica |o% marki'ng vi si ble on
mul ti plresdayess. is achi eved without yield | oss caused by




m cro-scratches. 5 27 OCT 2006 While the invention has been particularly
shown and described with reference to the preferred enbodinegtf @angég,
it will be understood by those skilled in the art that variols c n& Yin
formand details may be mnade wi thout departing fromthe spirit and scope
of the invention. 6 2 7 O 2006 CLAIMED 1. A nethod of form ng an
identification mark on a silicon wafer conprising: providing a hard nmask

| ayer on a silicon wafer; laser cutting through said hard mask | ayer to
sai d sClLAtdBEDnNaf er wherein a trench is forned in said silicon wafer having
a first depth wherein said first depth is between about 15,000 and 20, 000
Angst r ong; A afithodtof fdrignSai idedtifRBGH horkaonsasiue et domphieingi N sai d trench

forms said identification mark. 2. The nmethod according to Claiml wherein
sai d step Of Gl NGERAIN LF@InelAR AW 3@ d
laser cutting through said hard mask layer to said silicon wafer wherein a trench is
formed in said silicon wafer having a first depth wherein said first depth is between about

15,000 and 20,000 Angstroms; and

etching said trench to a second depth wherein said trench forms said identification mark.

2. The method according to Claim | wherein said step of etching comprises etching said
silicon wafer with a selectivity of silicon with respect to said hard mask of greater than about

50.

3. The method according to Claim | wherein said step of etching is selected from the group

consisting of wet etching and dry etching,

4, The method according to Claim I wherein said step of etching comprises a wet etching
with isopropyl alcohol and potassium hydroxide at a temperature of between about 25 and 50

OC‘

5. The method according to Claim 1 wherein said second depth is between about 50,000 and

60,000 Angstroms.




silicon wafer with a selectivity of silicon wth respect to said hard mask
of greater than about 50. 3. The nethod according to Caiml erein said
step of etching is selected fromthe group consisting of wet tkﬁﬁhgfﬁﬁd
dry etching. 4. The method according to Claimt wherein said step of
etching conprises a wet etching wth isopropyl alcohol and potassium

hydr oxi de at a tenperature of between about 25 and 50 "C. 5. The nethod
according to Claim1l wherein said second depth is between about 50,000 and
60, 000 A6gSs tretwd .of orth @0 ifG08icaton WMarketnhodlieh Waendongriamgi dent i fi cati on
mark on a silicon wafer conprising: providing a hard nmask | ayer on a

si i con wafgbyidingsetard tiatl lagertoracsitglon saife; hard mask |ayer into said silicon
waf er wherein a laser mark is formed in said silicon wafer having a first
depth; and gt bidg %ﬁrb&ng AfEard Bk W ENn@ saRl s@&bh Watdy Wikeresi h 88 MM i
respect to said hard mask of greater than about 50 to a second depth

wher ei n Sf@l'nr%d&@&ﬁ&s@@?r‘fwflﬁ!c%@féﬁ;s‘tgéﬁﬁ'afnﬁcat'On mark. 7. The method

according to alm conpr|5|ng formng a pad oxide |ayer

;J_(I‘)lgegl ying etC a}hg sal&l [dgerngiké Jele%ﬁﬂt)h(?fvslE%n%&hme%%&%& §a18fha1l3ﬁ{1§(¥%%@ about

greater than about 50 to a second depth wherein said laser mark forms said identification

mark.

7. The method according to Claim 6 further comprising forming a pad oxide layer underlying
said hard mask layer and having a thickness of between about 100 and

200 Angstroms.

8. The method according to Claim 6 wherein said hard mask layer comprises silicon nitride

having a thickness of between about 2000 and 2500 Angstroms.

9. The method according to Claim 6 wherein during said laser cutting step no debris is formed

at the sides of said laser mark.

10. The method according to Claim 6 wherein said first depth is between about 15,000 and

20,000 Angstroms.




200 Angstrons. 8. The nmethod according to Caim6 wherein said hard mask

| ayer conprises silicon nitride having a thickness of between 0
and 2500 Angstronms. 9. The net hod according to Claim6 wherein during Said
| aser cutting step no debris is forned at the sides of said | aser mark.
10. The method according to Claim6 wherein said first depth is between
about 15,000 and 20,000 Angstrons. 8 2 7 GCi 2006 11. The nethod
according to Claim6 wherein said step of etching is selected fromthe
group cohsitetmagpddccwdingad €haimgd aheteidrsyidetaphifistphingds seldveedrfetrhde: meeor di ng
to Caim7 wherein said step of etching conprises a wet etching wth

i sopr opykoiseiapef wandcHint asisdrymchindr oxi de at a tenperature of between about
25 and 50 C. 13. The nmethod according to Claim?7 wherein said second depth
i S between about 50,000 and 60,000 Angstrons. 14. A nethod of formng an
identification mark on a silicon wafer conprising: formng a pad oxide

l)i%/g; Fg;%rﬂel hGRM YREREng ARAH 1 WAGeR sHdtstdpdst tRYR coRPBEdA D &R pad
with isopropyl alcohol and potassium hydroxide at a temperature of between about 25 and 50

°C.

13. The method according to Claim 7 wherein said second depth is between about 50,000 and

60,000 Angstroms.

14. A method of forming an identification mark on a silicon wafer comprising:

forming a pad oxide layer on a silicon wafer;

depositing a nitride layer overlying said pad oxide layer;

laser cutting through said nitride layer and said pad oxide layer into said silicon wafer
wherein a trench is formed in said silicon wafer having a first depth; and

etching said trench to a second depth wherein said trench forms said identification mark.

15. The method according to Claim [4 wherein said pad oxide layer has a thickness of

between about 100 and 200 Angstroms,

16. The method according to Claim 14 wherein said nitride layer comprises silicon nitride

having a thickness of between about 2000 and 2500 Angstroms.




| aser cutting through said nitride |ayer and said pad oxide layer into said
silicon wafer wherein a trench is formed in said silicon wafer having &y
first depth; and etching said trench to a second depth wherein said trenc %
forns said identification mark. 15. The nethod according to Claim 14
wherein said pad oxide |ayer has a thickness of between about 100 and 200
Angstrons. 16. The nethod according to Caim14 wherein said nitride |ayer
conprises silicon nitride having a thickness of between about 2000 and
2500 Angstrons. 9 2 7 OC 29(16 17. The nethod according to Claim 14
wherein said | aser cutting forns a | aser mark wherein no debris is forned
at the siHegheefetisaldedramgro Chiik. [4kBhercih eaitrblshagittapcormt nigsdroatk ahoncld
wherein said first depth is between about 15,000 and 20,000 Angstroms. 19.

The net hpdqastos fned 4:andiadsvrididwier @i, sai d step of etching is selected
fromthe group consisting of wet etching and dry etching. 20. The nethod

according to Caim1l4 wherein said step of etching conprises etching said
silicon wafer mﬁth a selectivity of silicon with respect to nitride of

greater Li?aIﬁaie r%c cordizné,l’fo C-llgm% [%khcﬁ)cdn gzﬁ& ?’1 'dQ[ghtL&begv?é r%b&‘é‘t l\élrb%b hﬁ' sai d

step of a wet et cohof

potaSS|u568%§£gé%%gmat a tenperature of betmeen about 25 and 50

19. The method according to Claim 14 wherein said step of etching is selected from the group

consisting of wet etching and dry etching.

20. The method according to Claim 14 wherein said step of etching comprises etching said

silicon wafer with a selectivity of silicon with respect to nitride of greater than about 50.

21. The method according to Claim 14 wherein said step of etching comprises a wet etching
with isopropyl alcohol and potassium hydroxide at a temperature of between about 25 and 50

()C.

22. The method according to Claim 14 wherein said second depth 1s between about 50,000

and 60,000 Angstroms.
23. The method according to Claim [ further comprising: forming a pad oxide layer

underlying said hard mask layer and having a thickness of between about 100 and 200

Angstroms.

10




C. 22. The method according to Caim 14 wherein said second depth is
bet ween about 50,000 and 60,000 Angstrons. 23. The nethod ac rdbgg %ﬁ‘
Claim|1 further conprising: formng a pad oxide |ayer underl??gg‘ i &URar d
mask | ayer and having a thickness of between about 100 and 200 Angstrons.
10 27 OCT 2006 24. The nethod according to Claim1l wherein said hard mask
| ayer conprises silicon nitride having a thickness of between about 2000
and 2500 Angstrons. 25. The nethod according to Claiml| wherein said | aser
cutting forns a | aser mark wherein no debris is forned at the sides of
said |laser mark. 11

24. The method according to Claim 1 wherein said hard mask layer comprises silicon nitride

having a thickness of between about 2000 and 2500 Angstroms.

25. The method according to Claim | wherein said laser cutting forms a laser mark wherein

no debris is formed at the sides of said laser mark.




