1 TRENCH SCRI BE LI NE FOR DECREASED CHI P SPACI NG BACKGROUND OF THE | NVENI ON
Fl ELD OF THE | NVENTION This invention relates to a nethod-and system for
scr.i bing and separating sem conductor chips forned on a sem conduct or

waf ér. BRI EF DESCRI PTION OF THE PRI OR ART Chips fornmed on a single wafer of
sem conductor material have generally been scribed and separated in the
prior artby one of several avail able procedures. These prior art procedures
generadlly provide for attachnment of the wafer to an adhesive handling film
wi th subsequent fracturing taking place along "streets"” between rows and
colums of chips to separate the chips. The chips are then renoved fromthe
handling filmand processed in.standard nmadder. Fracturing of the wafer has
general ly been acconplished by (1) laser_scribing a _depressi .0 the wafer
al ong the "streets" anHRFﬂﬁﬁlghﬁigé ﬁ&NFhEoﬁa?ﬁﬁRéhﬁngég;PogbgﬁﬁNaay, (2)
sawi ng a depr 3 ion in the wafer along the "streets and then breaking the
waf er the reSEEUE ey~ —orSrtsawi ng entirely through the wafer along

the "streets". A pr X rr i | r e ribed j t
t echni ques has b_epgr?%?htgdnlogr égééi%grr% n%@o%g%%pgﬁcfggﬁgréﬁa esfglﬁié%kg;ﬁtgﬁi p
surface area wagéet eb19URhéeihhend af@er " 41ne8k" phteli-isd r&fllid Qttern of
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intersecting grooves is -etched on .a selected surface of the
semiconductor wafer (21) in a pattern, preferably in a grid
pattern, to define chip areas on that surface. Tre_nches (27) are
* then formed in the shape of the pattern and the selected surface is
adhered to a tape (29). Light is then passed through the tape (29)
and semiconductor wafer (21) from the pattern and a pattern of
intersecting saw cuts or grooves (28) aligned with the light
passing through the wafer (21) is formed. The saw cuts (28) extend
from a surface of the 'wafer (21) opposing the selected surface and

are aligned with the pattern of intersecting trenches (27).

Figure 4
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2 in order to prevent damage to chips during chip separation. In the case

of.,fracturing by the procedures |listed above as (1) and (2), there is the
possi-blily that the break in the wafer below the depression will not be
straight, resulting in chips of non-uniformdinensions. Al so, sawi ng can
causes fractures at the wafer surface, this being a source of defects and
decreased yi el ds when sawi ng takes place at the surface containing the

el ectrical conponents. SUMVARY OF THE I NVENTION I n accordance with the
present invention, there is provided a 4. nethod and system for scribing
sem conductor wafers and separating chipslforned on and in the wafers which
substantially di mnishes the above enunerated probl em presented by the
prior art procedures. Briefly, the inprovenent.is acconplished by etching
trenches in the waf erextE seRtE® 1ANEt POR IDECREASED (CHIPcgBATINGt he "sStreets" of
the prior art. Et ching takes place in standard manner with patterning and
etching to define each chip area on the wafer surface, either at the

comencenelh oréidonBJdof " i cation of the chips. Chip separation
t hen i nvol ves s -
EIELD OF THE INVENTION

This invention relates to a method and systemn for scribing and

separating semiconductor chips formed on a semiconductor wafer.

BRIEF DESCRIPTION OF THE PRIOR ART

Chips formed on a single wafer of semiconductor material have
generally been scribed apd separated in the prior art<by one of
several available procedures. These prior art procedures generally
provide for attachment of the wafer to an adhesive handling film
with subsequent fracturing taking place along "streets" between
rows and columns of chips to separate the chips. The chips are
then removed from the handling film and processed in standard
manner.

I-‘racttir:i._ng of the wafer has generally been accomplished by (1)
laser scribing a depression iﬁ the wafer along the "streets" and
then breaking the wafer the rest of the way, (2) sawing. a
depression in the wafer along tﬁe “stréets and then breéking the
wafer the rest of the way, or (3) sawing entirely through the wafer
along the "stree‘l':s".

A problem arising from the above described prior art
techniques has been the large amount of semiconductor material or

chip surface area wasted due to the large "street" widths required
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containing surface to a die bondi ng adhesi ve tape and then sawi ng a groove
fromthe reverse side in the direction of the trench either spaced fromthe
Arench or to the trench. When the trench extends partly through the wafer,
separati on can be conpleted in the same nanner as in the prior art as

di scussed above, nanely by breaking, as the preferred procedure. The saw or
ot her groove- 3 formng procedure is aligned with the trench at this
time by, for exanple, passing a |light to which the wafer is sonmewhat
transparent, such as infrared in the case of a silicon wafer, through the
masked wafer. This procedure mnimzes thg damage to the active surface of
the chip caused by sawing on the chip surface containing the electrical
conponents as practiced in the prior art. It can be seen that the

pr ocedur esitoprder tor pEeYANY danade ba qhilps duxinghehips separatigngdt HR £beui r ed

by about oge. orde s S| C f.0 i n be
o ot s b e dTIAR! d AReShi el 80 IR UOLERYE e TLE W @RT PP
art. It istmdr0 iappaiec Posshplilyhachatc thac presk Uik ethe Nnvdfee LlotgtRaer ati on
fromthe reverse surface of the wafer is much less critical than in the

prior art $FRRaSSien;eiliepet penstraichty resnlting mghies afenewritifor® in the
vicinity Oﬁiﬁélfsi%&[‘c“ ﬂsos,o r@avﬁ?zbntcaw tgﬂt&e‘shefractures at the wafer

surface, this being a source of defects and decreased yields when

sawing takes place at thé surface éontai.ning the electrical

components.
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In accordance with the present invention, there is provided a
me_.thod and system for scribing semiconductor wafers a}xd ‘.separating
chips formed on a;zd in the wafers which substantially diminishes
the above enumerated problem presented by the prior art procedures.

Briefly, the improvemeht is accbmplished by etching trenches
in the wafer of semic;onductor material to replace the "streets" of
the prior art. - Etching takes place in standard manner with
patteining and etching to define each ct;ip area on the wafer
surface, either at the commencement, during or after fabrication of
the chips. Chip separation then ihvolves securing the trench-
containing surface to a die bonding adhesive tape and then sawing
a groove from the reverse side in the direction of the trench
either spaced from the trench or to the trench. When the trench
extends partly through the wafer, separation can be completed in
the same manner as in the prior art as discussed above, namely by

breaking, as the preferred procedure. The saw or other groove-



wafer body and spaced fromthe active surface. Furthernore, damage to the
actiwve.surface of each chip is mninzed because sawi ng and/or |aser

.scr.i bing do not take place at that surface. 4 BRI EE_DESCRI PTI. ON OF THE
DRAWNGS FIGURE 1 is a top view of a portion of a parfially fabri cat ed
-sem-conductor wafer in accordance with the prior art; FIGJRE 2 is a cross
sectional view taken along the line 2-2 of FIGURE 1; FIGURES 3 to 5 are a
partial process flow for fabrication of sem conductor chips in accordance
with the present invention. DESCRI PTI ON OF THE PREFERRED EMBCODI MENT
Referring first to FIGURES 1 and 2, ther8is shomn a portion of a typical,

partially fabricated prior art wafer 1 having "streets” 3 in the vertical
di rection

in th 1or ir on defi ps,or dice 7. The
chips 7 arg?é'ﬁgr ’f°°c? g‘ﬁl"'&? é’?gﬁy&l%é:zﬁf‘c %98:?3‘? Bing 5¥e tR%cri bed
prior art aﬁdmequq&mhgh amiig&\lr.l Yl QIHiGRS enéUlwaZeln id1€ sombiwpsd " 3 and
a simlar cut in the "street" 5 (not shown) followed by severing or
br eaki ng atearspenent, rsuchg asTHafraredein"tie frE oferreralliconawaterni dt h in

the r ange Qﬁ:&;%?;u;:hg’ dadkRa W rerl 0 GO ”gogéﬁ‘ﬁ-e 2intRiTes the damage to

the active surface of the chip caused by sawing on the chip surface

containing the electrical components as practiced in the prior art.

It can be seen that the procedures of the present invention
minimize the "street" widths required by about one order of
magnitude since trenches formed by etching can be more accurately
controlled than can sawing or laser scribing of the prior art. It
is also apparent that the accuracy required in the éawing operation
from the reverse surface of the wafer is much less 'cr.{ti::al than in
the prior art since it is me:fely necessary that the saw cut be
somewhere in the vicinity of the trench at some po.int within the
wafer bady and spaced from the active surface. Furthermore, damage
to the active surfac.:e' of each chip is minimized because sawing

and/or laser scribing do not take place at that surface.



m sal i gnment of the scribing apparatus as well as to mninize surface
damage to the chip fromsawing or the like. The prior art fabrication
techni ques invol ve securing of the wafer to a handling film11l, which is
genei-ally a flexible filmwith an adhesive 5 thereon, prior to
commencenent of any of the scribing operations as shown in FI GURE 2.
Referring nowto FIGURES 3 to 5, there is shown a partial process flow for
fabrication of chips in accordance with the present invention. In FIGURE 3,
there is shown a cross section of a sem conductor wafer 21 in accordance
with the present invention show ng the wafef with the active surface 25 and
a trench 27 which has been etched into the active surface of the wafer to
define chips on the waf er . The wafer 21 is secured by the active surface 25

t her eon t o RREIEEPEECRIPITON OF -THE RRAWINGEn adhesive material simlar to the
handl i ng fil m apgedd@ys n b S
t her et hr ough as?g? scugsg%:lsi gl %wlt ggVAI suc%‘gl | g &";&%ﬁ??}’ teaeb(%‘?cﬁge%hovm

in Fl GURE 4semiconducter wafey dmvecéfrdancehebtinade phieh art;al i gned with the

trench 27 and preferabl extends to a snmall distance above the trench as
shown in Fl QUREF3CURE, 2 BoGEoss sectional view taken along the line 2-2 of

FIGURE 1;

FIGURES 3 to 5 are a partial process flow for fabrication of

semiconductor chips in accordance with the present invention.

ESCR N_OF THE PREFERRED ODIMENT

Referring first to FIGURES 1 and 2, there is shown a portion
of a typical, partially fabricated prior art wafer 1 having
“streets" 3 in the verticai direction and 5 in the horizontal
direction defining chips or dice 7. The chips 7 are separated from
each other by usz of one of the above described priur art
techniques which initially provides a cut 9 in the "street" 3 and
a similar cut in the "street" 5 (not shown) followed by severing or
breaking along the line 13. The "streets" 3 and 5 generally have
a width in the range of about 3 to 5§ mils to accommodate for some
misalignment of the scribing apparatus as well as to minimize
surface damage to the chip from sawing or the like. The ;;rior art
fabrication techniques involve securing of the wafer to a handling

film 11, which is generally a flexible film with an adhesive



28 ‘can extend to the trench 27 as an alternate enbodi nent. The |ight can
be, Tor exanple, infrared Iight in the case of a silicon. wafer since
.silicon is transparent to such |ight frequencies. The Iight or other
aligning operation will be chosen .to be conpatible with the seni conduct or
waf er material being used to provide the alignnent function. The wafer 21
Is then renoved fromthe saw tape 29 and the surface with the groove 28 is
again secured to a handling film 33, which can be an adhesive nateri al
simlar to the handling filmdiscussed hereinabove, and the chips are then
separ ated by breaking 6 or the like as5in the prior art along the line
31 between trench 27 and groove 28 as shown in FIGJURE 5. The breaking step

is not required if the groove 28 has been sawed to contact the trench 27.

It can be ERexponRTrigxcte cpguengament of, pEE PLatRe fSEdhiRg Pperakions ag and
separ at i Ngge b PSn§ fbédgEabed on a wafer which requires far |ess spacing
between chip areas than is required by prior art procedures, thereby saving
surface. areas ®Retepeing tricwnFoMPFICURES 5 #co She thabei dat showm & hmaxrddak waf er

area conpared with_the Prior-art. Thoqgh the invention has been descri bed
with refer BRRESSS, %tl.ow or fabrication £ chips

n accordance with the
present inventién. In FIGURE 3, there is shown a cross section of
a semic‘onductor wafer 21 in accordance with the present invention
showing the wafer wii:h the active surface 25 and a trench 27 which
has been etched into the active surface of the wafer to define
chips on the'wafer.

The wafer 21 .is secured by the active surface 25 thereon to a
saw tape 29, which can be an adhesive material similar to the
handling film and transmissive to the light fréqu;nc;ies to be

- passed therethroﬁgh as discussed hereinbelow if such light is
utilized, as shown in FIGURE 4. A saw cut or groove 28 is then
made which is aligned with the trench 27 and preferably extends to
a small distance abov'e thé trench as shown in FIGURE 4. The groove
28 can extend to the trench 27 as an alternate embodiment. The
light can be, for examwle, infrared light in the case of a silizon
wafer since silicon is transparent to such light fregquencies. The
light or other aligning operation will be chosen to be compatible
with the semiconductor wafer material heimj used to provide the
alignment function. |

The wafer 21 is then removed from the saw tape 29 and the
surface with the groove 28 is again secured to a handling film 33,
which can be an adhesive material similar to the handling f£ilm

discussed hereinabove, and the chips are then éeparated by breaking



specific preferred enbodi ment thereof, many variations and nodifications
will-inmediately becone apparent to those skilled in the art. It is
therefore the intention that the appended clains be interpreted as broadly
as possible in viiew of the prior art to include all such variations and
nodi fications. CLAI M5 1. A met hod of separating chips on a
sem conduct or wafer conprising the steps of: (a) providing a sem conductor
wafer; (b) etching a pattern of intersecting trenches on a selected surface
or said wafer to define chip areas on said surface; (c) formng a groove
extending froma surface of said wafer opgosing said selected surface
aligned with said pattern of intersecting trenches; and (d) causing said
groove to extend to said pattern of intersecting trenches, wherein said
step of f oeMrithg kiker asi themrriiowsantheleng ftheolinm i briweenctraniche22ner gy
t hrough sajd, sem.conguyctor wafer, fr i%tr ches ni(rjrgthnforrn'n said
groove al i%;’g%o&v?ﬁo%% ggi éseﬁ%‘?‘a’ﬁ/ jﬁhs%gﬁg‘gt Fougﬁesgf:ﬁaﬂf nc‘ﬁ%&g. 15 "not

required if the groove 28 has begn sawed to contact the trench 27.

It can be seen that there has been provided a procedure for

defining and separating chips fabricated on a wafer which requires

far less spacing between chip areas than is required by prior art

procedures, thereby saving surface areaé and permitting more chips

to be fabricated in the same wafer area compared with the prior
art.

Though the invention has been described with reference to a

specific preferred embodiment thereof, many variations and

modifications will immediately become apparent to those skilled in

the art. It is therefore the intention that the appended claims be
interpreted as broadly as possible in view of the prior art to

include all such variations and modifications..



2. A nethod of separating chips on a sem conductor wafer mprising the
st'eps”of: (a) providing a sem conductor wafer; %bf’éf’ﬁ’pgfcg

: rn of
intersecting trenches on a selected surface or s | ma‘@‘ﬁe chip
areas-on said surface; (c) form ng a groove exten ace of
sai d waf er opposing said selected surface allgned with said pattern of
I ntersecting trenches; and (d) causing said groove to extend to said
pattern of intersecting trenches, wherein said step of etching a pattern
i ncludes the steps of nmasking said selected surface to define a grid
pattern and then etching said grid patternto formsaid trenches, wherein
said step of form ng a groove conprises the steps of passing detectable

energy through said sem conductor wafer fromsaid trenches and then form ng
sai d grooveggﬂpghed with said energy passing through said trenches. 8 3.

The method of g'hggz% IndORIL 1t WSOl orliBe? on' Wsenl@bhiibedd Jaledd|eNCY

comprising the steps of: -

(a) providing a semiconductor wafer;

(b) etcﬁing a pattern of inters.ecting trenches on a select‘ed
surface of said wafer to define chip areas on said surface;

(c) forming a groove extem_iing from a surface of said wafer
opposing said selected surface' aligned with said pattern of

. intersecting trenches; and '

. (d) causing said groove to extend to said - pattern of

intersecting trenches.

2. The method of claim 1 wherein said step of etching a
pattern includes the steps of masking said selected surface to

defi_ne a grid pattern and then étching said grid pattern to form
said trenches.

3. The method of claim 1 wherein said step of forming a groove
comprises the steps of passing detectable energy through said
semiconductor wafer from said trenches and then forming said groove

aligned with said energy passing through said trenches.

4. The method of claim 2 wherein said step of forming a Qroove
comprises the steps of passing detectable energy through said
semiconductor wafer from said trenches and then forming said groove

aligned with said energy passing through said trenches.

—
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seni conductor wafer, said step of form ng a groove further conprises the
step-of. adhering said wafer to a tape transm ssive to |light having said
frequency prior to passing light through said wafer. 4. The net hod of

claim2 wherein said energy is a light having a frequ‘errrey\LLa.wpr{I;\
t hrough said sem conductor wafer, said step of formng oove fur
conprises the step of adhering said wafer to a tape tr M’ﬂ”ﬂ b Nt
havi ng said frequency prior to passing |ight through saidyg I” I’ﬂ
met hod of separating chips on a semi conducior wafer ‘conprising fhessteps

of : (a) providing a sem conductor wafer; (D) etching a patterin of
I ntersecting trenches on a selected surface or said wafer to define chip

areas on said surface; (c). faorm a grooye extendi ng froma surface of
sai d waf er opposin %&F&‘%"ef’gc‘f’e‘gg‘sﬁr‘g‘s&’é_\‘(ﬁlﬁ BN 18 d‘gﬁﬁ‘ft‘\?ﬁ‘r"%f
i ntersecting kr&uehey; tAdkbu(idkive Ueh thohdisdid! BoNEdrRuekbeNgaidy ,Sahla
pattern of intersecting trenches, wherein step (d) conprises the steps of

securi ng saftem Aff formiig omigroayte funkhessicoyprises dhleested ofirddimring an
dhesi f b Ki t h ' f ' Ict terial i i d
adhesi ve SUL B SiagRE OBl AR el el S AR RLOLng Tl Brodlbrl
prior to passing light through said wafer.

6. The method of claim 4 wherein said energy is a light having
a frequency transmissive through said semiconductor wafer, said
step of forming a grom.re further comprises the step of adhering
said wafer to a tape transmissive to light having said frequency

prior to passing light through said wafer.

7. The method of claim 1 wherein step (d) comprises the steps
of securing said surface of said wafer opposing' said selected
surface to an adhesiye surface, bregking the region of
éemiconductor materia.l in said wafer between said groove and said
pattern of intersecting trencties to form individual chips and then

removing said individual chips from said adhesivu surface.

8. The method of claim 2 wherein step (d) comprises the steps
of securing said surface of said wafer opposing said selected
surface to an adhesive surface, breaking the region of
semiconductor material in said wafer between said groove and said
pattern of' intersecting trenches to form iﬁdividual chips and then

removing said individual chips from said adhesive surface.

\
ThlS Sheet.Has B

Wi



and said pattern of intersecting trenches to formindividual chips and then

renovi ng sai d individual chips fromsaid adhesive surface. 6. A net hod of
separating chips on a sem conductor wafer conprising the steps of: (a)
provi.ding a sem conduct or wafer; 9 (b) etching a—paLLELn_g_ |ntersect|ng

trenches on a selected surface or said wafer to deflnglchug areas on sai

surface; (c) formng a groove extending froma surfac "'M"’
ng

opposi ng said sel ected surface aligned with said patt
trenches; and (d) causing said groove to egtend to said patterﬁ of =

I ntersecting trenches, wherein said step of etching a pattern includes the
steps of masking said selected surface to define a grid pattern and then

etching said grid tte nto_faqrms ere e d% conpri ses
the steps of selurj %4 efir O’:i‘d‘@ %f \/ﬁa @r %gp(%“?ﬁés% %&g FP& ed
surface to ¢ aﬂue&hgessmfa&&acar e.aklsaﬂdt Ra£6L0bPbsiings aEiaoBdieétda
material in said wafer between said groove
surface to an adhesive surface, breaking <the region of
semiconductor material in said wafer between said groove and said
paf.tern of intersecting trenches to form individual chips and then

removing said individual chips from said adhesive surface.

10. The method of claim 4 wherein step (d) comprises the steps

of securing said surface of said wafer opposing said selected

- surface to an adhesive surface, breaking the region of

semiconductor material in said wafer between said groove and said

pattern of intersecting trenches to form individual chips and then
removing said individual chips from said adhesive surface.

11. The method of claim 5 wherein step (4d) compriseé the steps
of securing said sm.:'face of said wafer opposing said selected
surface to an adhesive surface, breaking the region of
semiconductur material in said wafer between said g:ioove and said
pattern of intersecting trenches to form individual chips and then

removing said individual chips from said adhesive surface.

—
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and said pattern of intersecting trenches to formindividual chips and then

rrenmovi ng sai d individual chips fromsaid adhesive sur 7. The et hod
of claim1, wherein step (d) conprises the steps of s i ng i surface
of said wafer opposing said selected surface to an ém

breaking the region of sem conductor material in sai I/ /
groove and said pattern of i ntersecting trenches to form i néi vn M| ps
and then renoving said individual chips from said adhesive surface. *8.
The nethod of claim2, wherein step (d) cegprises the steps of securing
said surface of said waf er opposing said selected surface to an adhesive
surface, breaking the region of sem conductor material in said wafer

bet ween said groove and said pattern of intersecting trenches to form
i ndi vi dual chi p-aRee method ofpglaip Savkeredni shapsd) (ﬂwp§iﬁ¢%#¥1§eﬁt@1’adh65| ve

surface.  oel0uforynde eidiodogl ok ol IUS! ShlhcalS (Al CRIPLISES e

steps of secur Ur fACE 0T Sai g waf er opp |ng T%ur f ace
to an adhesur&a&lrfwe,arbreahesgvé hesurface, breaking the region of

semiconductor material in said wafer between said groove and said
pattern of intersecting trenches to form individual chips and then

removing said individual chips from said adhesive surface.
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regi on of sem conductor material in said wafer between said groove and said
pattern of intersecting trenches to formindividual chips and them renoving
said i ndi vidual chips fromsaid adhesive surface. 10. The nethod of claim
4, wherein step (d) conprises the steps of securing said surface of said
waf er opposing said selected surface to an adhesive surface,  breaking the
regi on of sem conductor material in said wafer between said groove and said
pattern of intersecting-trenches to formindividual chips and then renoving
sai d individual chips fromsaid adhesive synface.
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