; EFe3e’, ")\ ($6ZT#)r METHOD OF WAFER MARKI NG FOR MULTI - LAYER METAL PROCESSES
SACKGROUND OF THE I NVENTION (1) Field of the Invention The invention
relates to a nethod of wafer marking in the fabrication of integrated
circuits, and nore particularly, to a nmethod of inproved |aser marking in
the manufacture of integrated circuits. (2) Description of the Prior Art
The fabri i j rat | rcu i . 1g

sem cond%t%{}){lro(bgé)\?ic (‘:’dg‘s%tﬁ @r%{g&vt\ﬁ kﬁa# h@eLﬁu—%%%?o¢§%Wi%%é% eé:s. Mul tiple
chips or dice are formed on a wafer. In order to track the wafer and to
identify the chips, laser identification marks are enbedded into each
wafer. Wth the incregsgshdisbesr ofypretgfeleysgs and chem cal nechani cal
polishing (CWMP) processes, visibility and particle generation of the |aser
mark is becomng critically inportant. Typically, a laser beamis focused
and pulsed in a pattern to create pits within the silicon to formthese

i dent i{fli)catiiedd afd theackivgntmertks. The hi gh energy pul ses cause eruption of
nolten material fromthe wafer. The nolten material is deposited

adj acent to the | aserTharksvéniipmgrelalyes. tThaseethadeaf fvrfed in the
conventignal |aser marking process_cause m cro-scratches to_the surface of
t he WEREKDS ey hE F PTG A Py HeeStrt el eCHEF FhES t NRPSNEPFBwW trench

i sol ati ( STI lishi Th i - tch h f dt
501U (S Aol S Rohresisse TISSSINCl et ghanes, ey heen Tound 1o

enabl fer identifli L on rking visible on multi-layers w thout
yield%Fgggg%gﬁgé% %@ hﬁ%%%f%%?ét%ﬂ€%91 - S. Patent 6,063,695 to Lin et al
teaches cutting a |l aser mark, depositing a nonconformal |ayer) and then
removing the ridges of material adjacent to the |aser mark. The

nonconf-or sl AYSr 1 B 0L ECE St PEiSHI Apce of the wafer during the renova

process. U S. Patent 6,235,637 to Chen et al teaches formng a | aser cut

through a photoresi strhaygapheseibheophohoegshstal ayerupeat egts the wafer
surface. U S. Patent 5,610,104 to Mtchell cuts a shallow | aser mark, then

oxi di zescdhiel Ssthed riay efobhbhg tbeisanfuepeni agvidbe oni dadi siehehed away to
formthe deep |laser mark. U S. Patent 5,877,064 to Chang et al forns a

| aser twe kswnfahe abnspaictennedfgrde ofulheéphef ehipb. 8r Batentre, 156,676 to
Sato et al cuts a laser mark while flowng a gas to renove material so that
t he mef@fTed P8 Rovafepesi Fedordpacent trackhehpayafepaprd go

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
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SUVMMARY COF THE | NVENTI ON A princi pal object of the present inventionis to
provide an effective and very manufacturable nmethod of formng a | aser mark
in the fabrication of integrated circuit devices. Another object of the
present invention is to provide an effective and very manufacturabl e net hod
of formng a |aser mark w thout damage to the wafer surface in the

fabri Gatddn O J S ALed &1 Sepdedevi Sesne | N acEofdapcessihithe obj ects

of this invention a neW/néf rmng a Taser mark w damage to

the waligigculr f afteds ALiEY Chorfh@ath OXhECCLAYERc 1M TBEepN @ silicon

wafer. A™nitride layer deposited overlying the pad oxide |ayer. A first

trenchnd Scilp Procdss NeHUEE hierdlséidechayetoapdet Berpadeoxkde | ayer into
the silicon wafer. The trench is etched to a second depth wherein the

Ni tridehd ayefer SasiSelfleisade har dgdes Ka doflgWBE esirt Beet e@ALhgf ehes an
identification mark. 3 BRI EF DESCRI PTI ON OF THE DRAW NGS I n the
acconpsmg/l Ingr drisswalgsi $ol at hgna (&AL erpalipghihgoprbbessdesThepei on, there is
shown: Figs. 1 through 3 schematically illustrate in cross-sectional

r epr edetze i Iprat phes chacd eapodfaend b rhdupeeyentdi nvént i&n. DESCRI PTI ON

OF THE. PREFERRED EMBODI MENTS The Erocess of the present .invention provides
. desired to find a process of laser marking that will enable

good wafer identification marking visible on multi-layers

without yield loss caused by micro-scratches.

U.S. 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.S. 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 cuts a laser mark while
flowing a gas to remove material so that the material is not

deposited adjacent to the laser mark.



a method for formng a | aser mark on a wafer while preventing damage to the
waf er surface. Referring now nore particularly to Fig. 1, there is
illustrated a portion of a silicon wafer 10. A pad oxide layer 12 is forned
on the surface of the wafer, for exanple to a thickness of between about
100 and 200 Angstrons. A silicon nitride layer 14 is deposited overlying
the pad oxide |ayer 12t i, C 0 about 2000 and 2500
Angstronms. Now, a |aser %%ﬁ%ﬁ%% $€e§%§ iﬁ?%ﬁéﬁsﬁhe nitride and pad oxide

| ayers and into the silicon wafer, as shown in Fig. 2. This is a super soft
| aser mar ki ng process wherein the laser nelts and pushes aside the silicon

ithout 4  debris. : Ko 20¢ i hayi h of
wi t hou ebri s hzﬁg#hgg@éﬁseﬁjgge of0che formed.hawiageasdepth o

| ess than about 2 mcr ween about 10, 000" and 20, 000 Angstrons.

Ref er ridip ROV d® &hJef Bect e "BhE 48r{SmERdeadeaR8b1BYmeLBRBNGFt he silicon
using a wet or dry etch method. The silicon is etched using the nitride

| ayer fidrmtnag daldsanskavkeiri théheabteébabasnaolii ghteglkeetbviciyctiatsilicon
with respect to nitride. The selectivity for silicon with respect to
nitridéeshoesd be between about 40 and 50 and preferably nore than about
50. For exanple, this may be a wet etching using isopropyl alcohol (IPA)
and potassi um hydroxide (KOH) with tenperature controlled to between about
25 and 50 C. The mark_ 22 hs etéhed to_a _final degﬁh,of bet.ween about 50, 000
and 60, 000 Angst r ors. PFRENGFoBBIECET OfhEFr BEERE NI EHERGH Opr 0Fi des a fi rst
shal | ow_| aser. park_for wi t hout, debris. Then, the.laser rk s made
deeperByBERv BN SETEC Y SR BRY et ethue PR H TR &6 the | aser
cuttin Ss, 10LGLO tch il fQr ri u t chem ca
mechant Sr oS B ATREL e ERoll, pahe QTH LA IRGIER PR T
depth b er ¢l [ i rki isible on multiple
Iayersiﬁseggh?gsggeafﬁﬁguny?gpnggggbbggggglgyQﬁwgf%%gcratches. 5 Wi | e
the invention has been particularly shown and described with reference to
the preferred enbodi nents thereof, it will be understood by those skilled
inthe art that variougs ekadgdsnce Watm amd dejaidts mEy the srade Wit hout
departing fromthe spirit and scope of the invention. 6 CLAIMED 1. A

nmet hodinfrehoiphng aew dethicd eft iformmck 20 asexd Iniacdn wiafrerutc atgmacs ng:
providing a hard nmask | ayer on a silicon wafer; laser cutting through said
hard maskthaywafey sairface 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.



5 silicon wafer wherein a trench is farned in said silicon wafer having a
first depth; and etching said trench to a second depth wherein said trench
forms said identification mark. 2. The method according to aim1 further
conprising formng a pad oxide |ayer underlying said hard nask |ayer and
havi ng a thi ckness of between about 100 and 200 Angstrons. 3. The net hod

according to Caiml i S a rises silicon nitride
havi ng a thickness of@%g§§e§%§§%g5?fggOggaﬁgb2§ggwiﬁggtrons. 4. The rmet hod
according to Claim1l wherein said |aser cutting fornms a super soft |aser

mar k wherein no debris is fornmed at the sides of said |l aser mark. 5. The

met hod according to Crai ghd %ébﬂ%ﬁn?@hé Biragt ndeptBring nbetween about .
15, 000 and 20, 000 Angstrons. 7 . The nethod according to Claim1 wherein

sai d shepenfatphitgofotpiksdeseriptignsaictlesel igoshoaher with a
selectivity of silicon with respect to said hard nask of greater than about
50. 7. The nethod according to Claim1l wherein said step of etching is

sel ected fromthe group consisting of wet etching and dry etching. 8. The
met hod accordi ng to CFagf-1lwhBireprahsadi gchesptatadtlohildd USEmditiesds a wet
etching with isoErogxl al cohol and potassi um hydroxi de at a tenperature of
bet weenF3BBUPCSE1 AR SHCPERFENS2LTRE RePrEd CXEESy GMRGLseEtaith F %her ei n

said second depth is.between about 50,000 and 60, 000 Angstrons. 10. A
met hod®dF=FBY i Ny SRR Plenti fi cation mark on a silicon wafer conprising:

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 layer 14 is deposited
overlying the pad oxide layer 12 to a thickness of between

about 2000 and 2500 Angstroms.

Now, a laser mark 20 1s cut through the
nitride and pad oxide layers and into 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



providing a hard nmask [ ayer on a silicon wafer; |aser cutting through said
hard mask layer into 5 said silicon wafer wherein a super soft |aser mark
is formed in said silicon wafer having a first depth; and etching said
super soft laser mark to a second depth wherein said super soft |aser mark
forns said a identification mark. 11. The nethod according to C aim10

furt hefeys rEP“ %”&n%ﬁi&“ ”ﬂaseParg%P%'E'G &SV%E¥H§§Sﬁé¥gngoga§882 rgf”aSk

Iayer an aVI ng a ness etween abou rons.

The t t 0 d ayer nprlses
silicon n|tr| %%€?%gga&¥ﬁkgt%ésggg?gégtagggta gu96§0585 ¥§ Sgg

Angstr s £ dms The nmet hod according to Caim10 wherein during said |aser
cutting tep no debris is forned at the sides of said super soft |aser

mark. 14. The nethod according to Caim 10 wherein said first depth is
bet ween about 15,000 and 20, 000 Angstrons. 15. The nethod according to

Claim 10 wherein sai dreteprohgehehi 89 €08Pr seshet abirkg29aii@ @aldecon waf er
with a selectivity of silicon with respect to said hard mask of greater
t han a@eﬂpeﬁﬂby16tcHhagnehhodia¢condusgngoaCMatnthdwbeeebh seitthosit.ep of
etching is selected fromthe group consisting of wet 9

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 °C.

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 yield loss caused by

micro-scratches.



etching and dry etching. 17. The nmethod according to Caim 10 wherein said
step of etching conprises a wet etching with isopropyl alcohol and

pot assi um hydroxi de at a tenperature of between about 25 and 50 [err] 18.
The met hod according to C aim 10 wherein said second depth is between about
50, 000 and 60, 000 Angstrons. 19. A nethod of formng an identification mark
on a silicon vafer coppiisipge L00GhBgOA RAd BKEdCHhaYeLydR aysSi|icon

Ple
waf er; depositing a nitride Payer overlying said pad oxide 5 Vayer | aser

CUL i Nghd g oMl §8bEr DbEAI Q?thai‘éfeﬁeﬂcéat@ Pag prederhayer into said
silicon wafer wherein a trench is formed in said silicon wafer having a

first sepbdimants 1OhetebEngisawdllr pacintieratsecony depkk wheneed said
trench forns said identification mark. 20. The method according to Cl aim 19
wher ei im stehel pad okatdevhayeushahaagebi ckn€sgmondeeeen labouty K0 and 200
Angstrons. 10 21. The nmethod according to Caim219 wherein said nitride

| ayer wadprwvsekost| feparningi dechathrgsaithitclemds scobebetfwede about 2000

and 2500 Angstronms. 22. The met hod according to Caim 19 wherein said | aser
invention.



cutting forns
si des of said

a super soft laser mark wherein no debris is fornmed at the
| aser mark. 23. The nmethod according to Caim19 wherein said

first depth is between about 15,000 and 20,000 Angstroms. 24. The net hod
accordi ng tcg%%@ 19 wherein said step of etching is selected fromthe
I f

group consi

wet etching and dry etching. 25. The nethod according

Lo O ai m 19 wherLensal BeSkepnehaehaht AeneerRbbtesnchibingnsal d silicon

wafer with a '
t han about 501
et ching conpri

selectivity of silicon with respect to nitride of greater

id6n Wheeretbpgdrageanding to Caim 19 wherein said step of
ses a wet etching with isopropyl alcohol and potassium

hydroxi de at a tpapeiditgeaohakbat waer abgetr 2n an&iSQ doer iafkk; 27. The

met hod accor di
50, 000 and 60;

ng to Claim19 wherein said second depth is between about
00DaArgstuenengl2hrough said hard mask layer to said

.AUy_.A59. A9. A9. A% A" . A L.Ays. Au. ANs. Al L9. A& ; W8Y|:gh& ' [
| w mhcBY] cajtalcahcapfelcaheakda) eakecaehcd] da| capoeldc ia] cadld &|ida]aal ca] ca] ¢

a] ca] ca] ca] ca¥

calcalca]calcajcalUcal[ \ w X
er having a first depth; and

etching said trench to a gsecond depth wherein said

trench forms said identification mark.

2.

The method according to Claim 1 further comprising

forming a pad oxide layer underlying said hard mask

layer and having a thickness of between about 100 and

200 Angstroms.

3.

The method according to Claim 1 wherein said hard

mask layer comprises silicon nitride having a thickness

of

4.

between about 2000 and 2500 Angstroms.

The method according to Claim 1 wherein said laser

cutting forms a super soft laser mark wherein no debris

is

5.

formed at the sides of said laser mark.

The method according to Claim 1 wherein said first

depth is between about 15,000 and 20,000 Angstroms.
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7. The method according to Claim 1 wherein said step of

etching is selected from the group consisting of wet

etching and dry etching.

8. The method according to Claim 1 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.

9. The method according to Claim 1 wherein said second

depth is between about 50,000 and 60,000 Angstroms.

10. A method of forming an identification mark on a
silicon wafer comprising:
providing a hard mask layer on a silicon wafer;
laser cutting through said hard mask layer into
5 said silicon wafer wherein a super soft laser mark is
formed in said silicon wafer having a first depth; and
etching said super soft laser mark to a second

depth wherein said super soft laser mark forms said
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identification mark.

11. The method according to Claim 10 further comprising
forming a pad oxide layer underlying said hard mask

layer and having a thickness of between about 100 and

200 Angstroms.

12. The method according to Claim 10 wherein said hard
mask layer comprises silicon nitride having a thickness

of between about 2000 and 2500 Angstroms.

13. The method according to Claim 10 wherein during said
laser cutting step no debris is formed at the sides of

said super soft laser mark.

14. The method according to Claim 10 wherein said first

depth is between about 15,000 and 20,000 Angstroms.

15. The method according to Claim 10 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.

16. The method according to Claim 10 wherein said step

of etching is selected from the group consisting of wet
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etching and dry etching.

17. The method according to Claim 10 wherein said step
of” etching comprises a wet etching with isopropyl
alcohol and potassium hydroxide at a temperature of

between about 25 and 50 °cC.

18. The method according to Claim 10 wherein said second

depth is between about 50,000 and 60,000 Angstroms.

19. 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
5 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
10 etching said trench to a second depth wherein said

trench forms said identification mark.
20. The method according to Claim 19 wherein said pad

oxide layer has a thickness of between about 100 and 200

Angstroms.
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10B 10B8t 1098& () -yL3
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@0% & () - @209 &e( jnethdd &dcordlitd &o X3lRim 19 wherein said laser
cutting forms a super soft laser mark wherein no debris

is formed at the sides of said laser mark.

23. The method according to Claim 19 wherein said first

depth is between about 15,000 and 20,000 Angstroms.

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

etching and dry etching.

25. The method according to Claim 19 wherein said step
of etching comprises etching said silicon wafer with a
selectivity of silicon with respect to nitride of

greater than about 50.

26. The method according to Claim 19 wherein said step
of etching comprises a wet etching with isopropyl
alcohol and potassium hydroxide at a temperature of

between about 25 and 50 ©cC.
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