SCRI BE AND BREAK OF HARD- TO- SCRI BE MATERI ALS

FI ELD OF THE | NVENTI ON The invention is related to the

manuf act uri ng of sem conductor devices. In particular, the invention

I § directed towards separating devices grown on a nonolithic 5 substrate.

BACKGROUND OF THE | NVENTI ON 1 Bl ue/green light emtting devices
are thin (~1 - 10 mcroneters) GaN- based conpound devi ce structures of
hexagonal crystalline symetry ("wurtzite") grown on a t hi ck sapphire
substrate (~100 - 500-mcro @*‘EEANQHREMFOg!z‘#@s%ﬁ‘é&‘,“é‘%ﬁ%‘%% waf ers 10
that have dianeters between 50 to 150 mllinmeters). The devices are often

squar.e- shaped, typically 200 - 500 mcroneters on a side. There are
t herefore nmany such conti guous, Fieiowoi sEdNaENTIeni ces fabricated on one
substrate. Separation of the devices (i.e., singulation of the "wafer"”

into individual "dice") is very difficult because GaN and sapphire are

al rost as hard as dTBRtHoRRDeRE Eﬂl?ﬁ'lfi?' @bt anes are
not at right 15 angl e toot Eeesugfﬁ@gﬁﬂus, gfgs}?%%%ag% |&lng gcrg%an pl anes
t hrough t he wafastialaxy the imvention is direntddhtowinda sepasatidg devitds gadwn sha monalithic

| npact devi (s:e S%géact)é mance and reliability.

BACKGROUND OF THE INVENTION

Blue/green light emitting devices are thin (~1 - 10 micrometers) GaN-based
compound device structures of hexagonal crystalline symmetry (“wurtzite™) grown on a
thick sapphire substrate (~100 - 500-micrometers_ - thick, disk-shaped, substrate wafers

10  that have diameters between 50 to 150 millimeters). The devices are often square-shaped,
typically 200 - 500 micrometers on a side. There are therefore many such contiguous,
individual devices fabricated on one substrate. Separation of the devices (i.e., singulation
of the “wafer” into individual “dice™) is very difficult because GaN and sapphire are
almost as hard as diamond, and because sapphire’s natural cleave planes are not at right

15 angle to the surface. Thus, the singulating break planes through the wafers are not
smooth, flat, and vertical, which will impact device performance and reliability.

One prior art method to separate the devices is to saw the devices apart. Sapphire
and GaN-based compounds are so hard that the saw blades have impractically short life
times for sawing small devices (typically <250 linear centimeters). In addition, sawing

20 requires wide kerfs, the amount consumed from sawing, ~ > 150 micrometers. Sawing
also causes excessive chipping and undesirable cracks that propagate into the active
region of the devices, resulting in poor performance and reliability.

Another prior art method is to laser cut the die apart. Unfortunately, sapphire

requires very short lasing wavelengths (< 230 nanometers), so that laser use results in too



One:prior art method to separate the devices is to saw the devices apart.
Sapphire and GaN- based conpounds are so hard that the saw bl ades have

i mpractically short life times for sawing small devices (typically <250
| i*near centineters). In addition, sawing 20 requires w de kerfs, the anount
consuned from sawi ng, ~> 150 m croneters. Saw ng al so causes excessive
chi ppi ng and undesirabl e cracks that propagat e into the active regi on
of the devices, resulting in poor perfornmance and reliability.

Anot her prior art nmethod is to laser cut the die apart. Unfortunately,

sapphire requires very short |asing wavel engths (< 230 nanoneters), so
that | aser usdnychdgat JThe gice s subject to undesirable thermal expansion. And, the separation
2 much . m"gﬁﬁl t her mal expansi on.
And, the separati rllsJ&%gjqrﬁ%hlast{l@erﬁ)gpdntgg%ée% Tuc saupe%?i or to the one

obt ai ned by saw ngIn another prior art method}Ifedribe land bicak™, ay scribelidedid nused6 defre: thed
break"”, a scribe |jne |s used to define the separation of the dice and

the dice are Septionaf tha disrandhedicq are seppragndaiongdhis bine bY propagatian of gbreak
CE q
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order of 50 - ahdGostbesanseEthelAreet between the divielis 6ot oﬁm')meO ofl 56 R emetersga

waf er. Al so, on such hard surfaces a scribing tool typically has a
useful life oﬁlanéléénﬁwns OfFPRGerEcRy Wafemn tAlpRy 08 such hard surfaces'a scripingteg t he
af orenenti one qm@t substrate material 10
and generate g“r'ﬁ sur aces Hgggﬁﬁ% eq%elﬁgér}ecaar e%y adequat e snmoot hness. A
met hod t hat efAfll ofitheforenmentioned pridd att mbod dopsuine éxipensivexabitfiteateial
desirabl e. uld be a furgher cost and t hroughput, benefit if the
net hod pro Il‘b n @3@ gensrats hgak gtaces of dnadequate qrparely adequagsmaosiness. A method that

efficiently uses costly, hard-to-scribe substrates is desirable. It would be a further cost
and throughput benefit if the method prolonged cutting tool life. Finally, a method that
generates clean, smooth, vertical break planes would improve the performance and
reliability of the final devices.

15 Similar problems are encountered when trying to separate devices in other hard-
to-cleave material systems, such as GaN-based devices grown on GaN substrates (or
other substrates than sapphire); some kinds of glasses used in the manufacturing of flat
panel displays; or other glass- or quartz- based devices (wafer-bonded night-vision
systems, for instance). Other problem systems are hard-to-scribe semiconductors such as

20 gallium phosphide (GaP) or compound semiconductors such that the substrate or wafer
layer where the scribing is initiated is of a different material system than for some other

layers in the device.



I’

geherates clean, smooth, vertical break planes would inprove the
petformance and reliability of the final devices. 15 Simlar
probl ens are encountered when trying to separate devices in other hard-
to-cl eave material systens, such as GaN based devi céS grown on GaN
substrates (or ot her substrates than sapphire); ki glgsses
used in the manufacturing of flat anel displ ays; Pl - or
quart z- based devi ces (wafer-bonded night-vision imﬂE m E
i nstance). Qther problem systens are hard-to-scribe sem y ch as
20 gal lium phosphide (GaP) or conmpound sem conductors such that the
substrate or wafer | ayer where theSesmMABYNg is initiated is of a
different material systemthan for sone other | ayers in the device.
SUMVARY In accordance with the invention, there is provided a
net hod for . scribi ngA aRfd-to-scibedabivate, BAMRY 4 Svitd shiiffceSiseifned $for ekam Je, b
thinning a substrate; applying a first |layer over one 8 ’t¥|e t wo
si des of the tproeassas suchastlapping, gni¢£n , etcbingslift-affeeth it an thicknessrdppioprjateifole and
a non-scribin i Wwherein the fir | ayer is nore. .. nplleable than the
substrat e; Sater gl%avm%c ?B’lﬂf‘fbs’ggatc? Bf(seé‘F F"ﬁ% 1 lpyRe °§é&elesmg>r§ pogsr-dyctile
substrate; 3ndmaterial (“coat”) is grown or deposited.

When scribing is done on the surface of this “coat”, the “coat” material plays the

role of a scribe facilitation layer: it is selected to be softer than the substrate and to accept
a clean scribe line. Its thickness is optimized to generate good break propagation. An
optional layer of metal is placed over the scribe facilitation layer. This metal layer

10  serves to dissipate heat generated from die scribing and separation, as well as to shield
the cutting tool from piezoelectric discharge.

When scribing is not done on the surface of the “coat”, but instead on the other
side of the substrate, the “coat” thickness and hardness are selected to put the scribing
surface in an optimal state of tension for clean break propagation. An optional layer of

15 metal is placed over the surface to be scribed. This metal layer serves to dissipate heat
generated from die scribing and separation, as well as to shield the cutting tool from
piezoelectric discharge.



10’ - - breaki ng the substrate along the scribe |ines. When
scribing is done on the surface of this "coat" |ayer, the "coat" materi al

pl ays the role of a scribe facilitation layer: it is selected to be
softer than the substrate and to accept a clean scribe line. Its
thickness is optimzed to generate good break propagation. An opti onal

| ayer of netal is placed over the scribe facilitation |ayer. This netal
| ayer 15 serves to di ssipate heat generé‘ted fromdie scribing and

separation, as well as to shield the cutting tool from piezoelectric
di schar ge. When scr i s not done on the surface of the
"coat", but instead on the ot thIEF ESFRIBTIQN OF FiEE RRW¥RNCGEt e, the "coat”

t hi ckness and hardness are selected to put the scribing surface in an

optimal state of tension for clean break propagation. An optional |ayer of
20 metal is placed Faguses 14€ iHustfateaeosssedtiens of 4 wefdr haVirigimpedvel séribeamdser ves

to dissipate hea generated fromdie scribing and separation, as well
as to shield t tutting tool from pi ezoel ectric di scharge.
BRI EF DESCRI PTI ON OF THE DRAW NGS Figures 1A-Cillustrate

cross-sections of a wafer having inproved scribe and break.
Figures 2A - 2B illustrate process flow charts for the present invention.



Fi ”eres 2A - 2B illustrate process flow charts for the present invention.

5 . DETAI LED DESCRI PTI ON OF THE DRAW NGS
Figures 1A-Cillustrate cross-sections of a waf er having inproved break
propagation. In Figure 1A a dielectric layer 2 is grown on the thinned
backsi de of a hard-to-scribe substrate 4, such as sapphire or gallium
nitride (GaN) or gallium phosphide 5 GaP). In Figure 1B, the dielectric
"coat" is deposited over the device si 4a of the sapphire substrate.

In both Figures 1A and 1B, an optional netal |ayer 6, such as

al umi num is deposited over t DeTAlLED DearIFIGA OF THEDRAWRGGUr es 1A and 1B,
the scribing occurs on the thinned substrate side, eventually coated

with nmetal. An optional second dielectric layer and second netal |ayer

may be deposited ong; ' Lde 1n Figure 1C, a

Si %gl e dielectric P%‘%%r%s SR'i%s)ﬁ%‘%g%%rtg %ds(t %ﬁ&ﬁéga%ﬁ%%%%@v%% t he
scri bi ng occurpropagatibee hiRigwre 14] a:ldiﬁlemﬁb tdyer Em@é@ﬁn ﬁm@%ﬁﬁbtd bacllcside oft ah I
Wienever the scribing.is done on the "coat" side, the "coat" plays the role
of a scr i méfﬁa%bpﬁah%ﬁ 4 $i7B as sapphiresorgallivg wtride §GakY) ongadlive p1_340§ph1de

cl eavabl e mat eid : h : . SAPORI T silicao | 0xj, de
cLeausbl ¢ Tt oda. BEe 16088 dfecrc> IR oo SR A TR A BRLS
and better defsapphire suhstrate IndpihiHigies XA ahdHB) dfoptidnal Mietal RlyEras) siiddsadl ts i n

[ or .breaks through the hard materials. In addition,
tg ﬁgd blr);gﬁki gr Oﬁgxg?x}ulxn??s eposited over the dielecugm 2. Inboth Figures 1A and 1B, the scribing

occurs on the thinned substrate side, eventually coated with metal. An optional second
dielectric layer and second metal layer may be deposited on the opposing side (not

10 shown). In Figure IC, a single dielectric layer 8 is deposited on the thinned side, while
the scribing occurs on the device side, which remains uncoated.

Whenever the scribing is done on the “coat” side, the “coat” plays the role of a
scribe facilitation layer: it is selected to be an easily cleavable material softer than
sapphire, such as silicon dioxide (Si0,). As a result, the scribe line on the “coat”

15 material is cleaner and better defined than on sapphire. A clean break initiation results in
good break propagation for breaks through the hard materials. In addition, the break is
further helped by subjecting the wafers to a stress that is conducive to clean break _
propagation. As a result, the scribing tool life is prolonged and leads to yield
improvements and reduced fabrication costs.

20 The optional metal layer 6 serves to lubricate the die cutting tool to cushion the
impact of the tool on the substrate, and to dissipate heat. Heat generated from the cutting
process contributes to tool wear which degrades the scribing quality. In addition, this
layer acts to shield the tool from piezoelectric discharge that will also increase wear and
tear.

25 While the scribe facilitation layer 2 may be aluminﬁm nitride, alumina, silicon
nitride, silicon oxy-nitride, or comparable dielectric or non-ductile layer, silicon oxide or

silicon dioxide are preferred. The hard-to-scribe substrate 4 may alternatively be a



further helped by subjecting the wafers to a stress that is conducive to
cl ean break propagation. As a result, the scribing tool life is

prol onged and leads to yield i nprovenents and reduced fabrication

costs. 20 The optional netal |ayer 6 serves to lubricate the die
cutting tool to cushion the i npact of the tool on the substrate, and
to dissipate heat. Heat generated fromthe cutting process contri butes .
to tool wear which degrades the scribing quality. In addition, this

| ayer acts to shield the tool from piezoel ectric discharge that will also
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evaporation, ibefm deposmon chemical vapor deposition (CVD), plasma enbanced CVD, or even
spun-on glass. In step 50, the optional metal layer is deposited on the surface to be

10 scribed. In step 50, the wafer structure is scribed, and then broken along the scribe lines.

The dielectric or non-ductile layer is preferably deposited onto the selected
surface such that surface to be scribed is under tension. This reduces the “street” required
between the dice by promoting cleaner break propagation and by reducing the die’s edge
chipping.

15 The main difference between processes shown in Figures 2A and 2B is over the
role of the dielectric or non-ductile layer (“coat™). In Figure 2A, the “coat” is relatively
soft (i.e., silicon dioxide) and primarily allows for clean scribing and break initiation
(scribe facilitation): putting the scribing surface under proper tension is a secondary
consideration. In Figure 2B, the primary purpose of the “coat” is to put the opposite,

20  scribing surface under proper tension for optimum break propagation after break
initiation (break facilitation): the material can then be fairly hard (i.e., silicon nitride),
since the scribing tool never makes contact with it.

Finally, it is possible to combine processes shown in Figures 2A and 2B, by
coating the surface to be scribed with a softer, more cleavable material and coating the

25 other side with a harder material; the thicknesses of the softer “coat” material and of the



béhﬁ]deposition, chemical vapor deposition (CVD), plasma enhanced CVD, or

even spun-on glass. In step 50, the optional netal |ayer is deposited
on the surface to be 10 scribed. In step 50, the wafer structure is
scri bed, and then broken along the scribe |ines. The

dielectric or non-ductile layer is preferably deposited onto the sel ected
surface such that surface to be scribed_is under tension. This reduces the
"street" required bet ween t he dice7by pronoti ng cl eaner break
propagati on and by reducing the die's edge chi ppi ng. 15 The
mai n di fferen elwesn proce s shawn, i n Figures, 2A and 2B is_over the
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consideration. In Figure 2B, the primary purpose ofthe "coat" is to put the
opposite, 20 scribing surface under proper tension for optinmm break

propagation after break initiation (break facilitation): the materi al
can then be fairly hard (i.e., silicon nitride), since the scribing
tool never nmkes contact with it. Finally, it is possible to
conbi ne processes shown in Figures 2A and 2B, by coating the surface

to be scribed with a softer, nore cleavable material and coating the 25
other side wwth a harder material; the thicknesses of the softer "coat"
mat eri al and of the 7
harder "coat" material will be optim zed respectively for break initiation
(scribe



féc_'i litation) and break propagation (break facilitation).

W claim 1. A nmethod for scribing and breaking conprising
t he steps of: t hi nni ng a substrate; 5
applying a first |layer over one of the two sides of the thinned substrate,

t he substrate having a scribing side and a non-scribing side

wherein the fi Lﬁwuﬁmmw ML gal | eabl e thanthesubstrate:

scribing scrib ¥ i bing siﬁ .of the subst,r&ggms%mmed
5

breaki ng the substréaté afong the scribe HMAHBE, 16is SEEE i 1 A
met hod, as defined in claim1, wherein the substrate Iir\“mm“\@& “ a
group conpri sing sapphire, silicon, silicon-c i

nitride (GaN) Wegehini:um phosphi de (GaP), glass, and quartz.
15 3. A nmethod, as defined in claiml, wherein the first layer is
sel ected froma group conprising alumniumnitride, alum na,

i;lyl con. :”(;'elde SI 1 11C AmEdhO fof Seribig drid Wealidg cofiPrisialf the stepsoft S 11 con
2 thinning a hard-to-scribe substrate;
3 applying a first non-ductile layer over one of the two sides of the thinned hard-to-
4 scribe substrate, the substrate having a scribing side and a non-scribing side;
5 scribing scribe lines on the scribing side of hard-to-scribe substrate; and
6

breaking the substrate along the scribe lines.

1 2. A method, as defined in claim 1, wherein the hard-to-scribe substrate is
2 selected from a group comprising sapphire, silicon, silicon-carbide, gallium nitride
3 (GaN), gallium phosphide (GaP), glass, and quartz.

1 3. A method, as defined in claim 1, wherein the first non-ductile layer is selected
2 from a group comprising aluminum nitride, alumina, silicon oxide, silicon dioxide,

3 silicon nitride, and silicon oxy-nitride.

1 4. A method, as defined in claim 1, further comprising the step of overlaying the
2 scribing side of the hard-to-scribe substrate with a metal layer prior to the step of

3 scribing,

1 5. A method for scribing and breaking, as defined in claim 1, further comprising

2 the step of placing a second non-ductile layer over the other of the two sides of the hard-

3 to-scribe substrate.



4 A nmethod, as defined in claim1l, further conprising the step of

overl aying the scribing side of the Substrate with a metal layer prior

to'the step of scribing A nmet hod for scribing and

br-eaki ng, as deflgﬂmmm)mw furt her conpri si ngusisb@tﬁas]aeenlleplacg"t ep of
pl aci ng a second m”H ther of the two si 1 strate,
wherein the ecord Isayer is noge mal |l eabl e Lol trate.
25 6. A rret hod, as defined in claimb5, el n e second | ayer
is selected froma group conprising alumniumnitride, alumna,
sili co? O)c(li de, sil Iﬁ:Oﬂnﬁlﬂm gedefifitd iInGRAM'T, Whéxgﬁnth@ié@onc{rrl]onaductxleﬂ dfr(r’sond
oxy-nitride. . nmet hod, as defined in
claimé, furt rﬁiecwrﬁﬂm 3 ETPYP pmp%smoalmmmmemtr&y; aigmnnesﬂs@mommgsthe of the

substrate W t hya Bt coh AMfhe, Bid Qlicdh®xl Mgk P Of scribing.

7. A method, as defined in claim 6, further comprising the step of overlaying the
scribing side of the hard-to-scribe substrate with a metal layer prior to the step of

scribing.



