APPARATUS FOR SEM CONDUCTOR CHI P ASSEMBLY FI ELD OF | NVENTI ON The
present invention relates to an apparatus for sem conductor chip
assenbly and in particular, but not exclusively, to a nozzle

appar atus an (o) j i t h; Inti ng
surface of agﬁgﬁgﬁgﬁgﬂéébé eggﬁﬁﬂCgR@ﬁﬁLﬁﬁﬁgﬁﬁ695&EdA§§§§N@¥ g a
sem conductor device, such as an Integrated Crcuit (1C
sem conduct or chips are bonded to a nounting surface by neans of an
adhesive material, such as an adhesive paste. |In bonding

sem condu r ' unting surface, the nmounting surface is
- coated mﬁfhﬂé%iﬂ%ﬁégéggﬁaggte and a sem conductor chip is pressed
t hereon to adhere or bond the chip 15to the nounting surface. During
t he bondi hge ppwsest insaRiiohe@ladpsvle, arF arparaiush fardFesnicengider Ghip
applied to the mounting surface, it may overflow the nmounting surface
when the a$sgmbly prdesspdrtichiarebut aodexdusieelyr thbhemzzien appbsdgsient a
w re bonding 20 work. Conversely, if the application of the adhesive
paste is pmaswdd ifef eddnditidiea asémicoRdtiter f éHipn & Dduhblistig rKificei Bg 4 n
t he adhesive paste is not forced out conpletely fromthe | ayer of the
adhesi ve .ehip is pressed thereon. As a result, voids
may be Iegﬁﬁﬁﬁnt §B£§E2§§Ve paste. Wth voids present in the adhesive
paste, not only the adhesive strength between the

BACKGROUND

10  When assembling a semiconductor device, such as an Integrated Circuit (I1C),
semiconductor chips are bonded to a mounting surface by means of an
adhesive material, such as an adhesive paste. In bonding semiconductor
chips to a mounting surface, the mounting surface is coated with an adhesive
paste and a semiconductor chip is pressed thereon to adhere or bond the chip

15 to the mounting surface.

During the bonding process mentioned above, if too much adhesive paste is
applied to the mounting surface, it may overflow the mounting surface when
the chip is pressed thereon and cause problems in subsequent wire bonding
20 work. Conversely, if the application of the adhesive paste is insufﬁgient, the
air (in the form of bubbles) remaining in the adhesive paste is not forced out |
completely from the layer of the adhesive paste when the chip is pressed
thereon. As a result, voids may be left in the adhesive paste. With voids

present in the adhesive paste, not only the adhesive strength between the



chip and the nounting surface is weak, but the thermal and el ectrical
conductivity between the chip and the nounting surface is al so
| oner ed. Known bondi ng net hods, such as that shown in FIGS. 1A to 1D,
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di sposed at one end of a nozzle head 12. The nozzles 10 serve to
appl y adh‘é%’i‘qa@“i{&%g@wﬁ?ﬂ hespue anddhe MAIRNERY 8GR IS 8ES018WERSAn i n
FIG 1B. Subsequently, a sem conductor chip is pressed against the
mounti ng surface 16 by neans of, for exanple, a 10 chuck (not shown).
When this happens, the spots of the adhesive paste 14 expand and the

posi tion Khowhebaridimg insetbedsrsuoheds thistvehosvn it FEGHI all oM Df attamipbto
voids in the adhesive paste 14 still occurs. FIG 1C shows an X-ray
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agai nst the nounting surface 16. It can be seen that voids 18 still
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the adhesPVE p ns 0 e nounting surface

t he sem condyct or chi p.has been renoved by stigcky. tape, after the
bondi ng. oROHAE N8t onHs neToIehi1B SERE habRb sy e 17 6ol or an
be seen that voids 18 still remain in the adhesive paste 14. 20
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that are associated with the bonding process of bondi ng sem conduct or
chi ps to ehipdsgressesiuadaingt theTheusfirg surface 16 rmseans rof efor iexanmgde ks
to provide an apparatus and a nethod for sem conductor chip assenbly
t hat pyer gums(nd?shatvn) eafhed thRVhai s, the spBRVES fienaduipek paolel e475.

5 SUMVARY

expand and the position of the chip is determined. However, the problem of
having voids in the adhesive paste 14 still occurs. FIG. 1C shows an X-ray
image of the adhesive paste 14 after the chip has been pressed against the
mounting surface 16. It can be seen that voids 18 still remain in the adhesive

15 paste 14. FIG. 1D shows an X-ray image of the adhesive paste 14 that
remains on the mounting surface 16 after the semiconductor chip has been
removed by sticky tape, after the bonding of the semiconductor chip and the
mounting surface 16. It can be seen that voids 18 still remain in the adhesive
paste 14.

20k
Furthermore, known bonding methods do not address tailing problems that

are associated with the bonding process of bonding semiconductor chips to a

bonding surface.



The present invention relates to an apparatus for sem conductor chip
assenbly and in particular, but not exclusively, to a nozzle
apparatus and a nethod for bonding a sem conductor chip to a nounting

surface o i ctor . i.ce. . par C i S
pody 1 or HOPETE STE BHFSRE uRHLO seBRF 1 R IBRERLARs HPA Mieifod
plurality_of nozzlgs attgched to th%@ti e of the nozz|e heﬁd.- The

pl ur al i t yBrSeBENEYCPE CAy aRsRiBPIVNthAEAVEIRO MRS 1 At Ak least alaYiatasy toe
adhering different sizes of the sem conductor chip to the nounting
surface sabbve-mantipoedprablems: evented fromremaining in the adhesive
material after the chip has been pressed agai nst the nounting
surface. 15 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1A is a plan view
of one end of a nozzle head having a plurality of nozzles of a known
appar & ussymmRgYi ng a sem conductor chip to a nounting surface of a
sem conductor device; FIG 1B is a plan view of spots of the adhesive

t ' - the ] t j; f :
Doste o SHE, JR PReHidRCRibe! U SPTLARIAHR' 05 RHBAAEE o,
t he adhesive te after .the sen conductor chip has been pressed
hgai nst ¢ RSSO D s PRl e BUb A SR HLo UGy 16 o naazis SRRBLIVS At o
of FIG 1B to expand; S5FIG 1D is an X-ray image of the adhesive
past e t hatetkemifas nding avsemicegdyaior agkivata e MAENERGY BoiagecObra
chip has been renoved by sticky tape, after the bonding of the

sem condus¢micociduptoani@vicee Toundzaig appaface caspdess aiboely fonhélddg ArC;
10FIG 2A is a perspective view of a nozzle apparatus conprising a

pl uraja t ya@hesive material, a nozzle head and a plurality of nozzles attached to the tip
of the nozzle head. The plurality of nozzles is arranged in various patterns for
bonding or adhering different sizes of the semiconductor chip to the mounting

surface such that voids are prevented from remaining in the adhesive material

after the chip has been pressed against the mounting surface.

15
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1A is a plan view of one end of a nozzle head having a plurality of
nozzles of a known apparatus for bonding a semiconductor chip to a mounting
surface of a semiconductor device;

20

FIG. 1B is a plan view of spots of the adhesive paste on the mounting surface

of the semiconductor device after application by the nozzles of FIG. 1A;



nozzles arranged in a sinple cross pattern according to a first
enbodi mrent of the present invention; FIG 2B shows the
arrangenent of the nozzles in the sinple cross pattern with 15respect

o sponse FIro e i afifray e R il AR e 3k 'S%Hﬂ%i@%&or chip

cover age of rectangul ar die size of about 3.0 M by 3.2 nmmusin
the nozzl Bag§ PlS oINSk foe peoyntng suface &aﬂéF@pH& ﬁ@@tsxxpfe\xﬁ%f
a nozzl e apparatus conprising a plurality of nozzles arranged in a
cross rot adeesipapasterofddCorBi tagexpand; second enbodi nent of the present
invention; FIG 38 shows the arrangenent of the nozzles of FIG 3A
inthe cross rotated pattern with respect to a nounting surface;

FIG 3C shows the actual result of the dispense pattern, the fillet

hei ghts anghGouy %(!aﬁtx AYdinid mﬁé%d%@‘éﬁlé%té’fha% réﬁx%fr%"&glhﬁi m‘é'uﬁtuﬁg ze

of about 4.0 nm by 3.4 'nm using the nozzle apparatus of
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plurality of nozzI'es arfan € Cross pa

10t h
a third e eogér?ang oﬂhe gém?co Bﬁgt%?tchlpngne %he mountlng surface as described

in FIG. 1C;

10 FIG. 2A is a perspective view of a nozzle apparatus comprising a plurality of
nozzles arranged in a simple cross pattern according to a first embodiment of

the present invention;

FIG. 2B shows the arrangement of the nozzles in the simple cross pattern with

15 respect to a mounting surface;

FIG. 2C shows the actual result of the dispense pattern, the fillet height and
outskirt and the paste coverage of a rectangular die size of about 3.0 mm by
3.2 mm using the nozzle apparétus of FIG. 2A;

20
FIG. 3A is a perspective view of a nozzle apparatus comprising a plurality of
nozzles arranged in a cross rotated pattern according to a second

embodiment of the present invention;



FIG 4B shows the arrangenent of the nozzles of FIG 4A in the double
cross pattern with respect to a nounting surface; 15FI G 4C shows the
actual result of the dispense pattern, the fillet height and outskirt
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perspective view of a nozzle apparatus conprising a plurality of 20
nozzl es aPRUgIHeMth FP%P%F}W&HLBE'PS %%&Pdi ng to a fourth enbodi ment
~of the present invention; FIG 5B shows the arrangenent of the
nozzles of FIG 5A in the snow pattern with respect to a nounting
surface; and 25 FIG 5C shows the actual result of the dispense

pattern, Fi® 3C|dmivdiheghttuancbsuitt stkihetdigmehdehpattarsl ¢he Giler lRgghiohna
square die size of about 5.9 mmby 5.9 mmusing the nozzle apparatus
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material, such as an adhesive paste, the step of adhering a

sem Condu§t40r§mfn%igggﬂe%O%gaggp%g%@groffﬁé. j\ a sem conduct or devi ce,

and the step o eni ng eSive material are basically the
sane as in the prior art, shown in FIGS. 1A to 1D. 10

FIG. 4A is a perspective view of a nozzle apparatus comprising a plurality of
nozzles arranged in a double cross pattern according to a third embodiment of

10  the present invention;

FIG. 4B shows the arrangement of the nozzles of FIG. 4A in the double cross

pattern with respect to a mounting surface;

15 FIG. 4C shows the actual result of the dispense pattern, the fillet height and
outskirt and the paste coverage of a rectangular die size of about 3.5 mm by

4.0 mm using the nozzle apparatus of FIG. 4A;

FIG. 5A is a perspective view of a nozzle apparatus comprising a plurality of
20 nozzles arranged in a snow pattern according to a fourth embodiment of the

present invention;

FIG. 5B shows the arrangement of the nozzles of FIG. 5A in the snow pattern
with respect to a mounting surface; and

25



A first enbodi ment of the invention is showmn in FIGS. 2A to 2C. FIGS.
2A and 2B show a nozzl e apparatus 100 for applying adhesive materi al
(not shown) onto a nounting surface 102 of a sem conductor device for

bondi ng a k60 t i . th Nt ur f. 2.
15 The nob i eoGapii e SobBL tekelt e inhre Bate, MO AUt oo Gfifard
adhesive materjal, a nozzle head 106 and a plurali of nogzzles 108
attached PHISKfLaRd PNSPaseCABY 208 Ogé’a%qLﬁfG & SRR PR S MDY A9
exanpl e of the adhesive material is silver epoxy paste. Preferably,

t he silvemnepsing thagiozzigagpraratusefddesddly of 11.5 2.5 Pas and a
silver content of 70.0 2.0 wt % Typically, the silver epoxy paste
is kept in freezers at about m nus 20C before use and the tack free
time, which is the tine required to defrost the paste before use, is

appr oxd mapeEmPAIREDOESTRIPTIONP! ural ity of nozzles 108 is arranged in
a sinple cross pattern as shown in FIG 2A. FIG 2B shows the

arrangene ] es j l.apl r p . '
respect tgﬁ?ﬁgete[‘tr)rgﬁn%h gh§§%§§ﬁéﬁﬁénﬁ?\%§'z'e3%rc ﬁmé’é%foé’% '\?Lblgﬁa%%ﬁﬁrr]?se
five nozzles each and are arran eéli | ong.the diagonal. lines of 5
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114 and 116 is denoted by the letter "a" and the distance between the
nozzl e 118eRif®ndosior deviee,ianditirostap B herdening the adpesiys wataial iare
FIG 2B. The nozzle 114 is spaced fromthe nozzle 116 at a m ni num
di st ance bésibali6therszanel aa iméhe prion ait,sshevaeindfIGB.9A tmiDand t he nozzl e
116 is spaced fromthe nozzle 10 118 at a m ni num di stance of 0.76 mm
and ajgraxi nrum di stance of 0.96 mm Furthernore, the distance "a" is
al ways | ess than the distance "b". Simlarly, the range of distances

speci {1 edaaguembhainSRRALA fveARd 10236 fif PIBS oA RS NeIEH &0

the requirenent t tance is always 1ess than

di stance LR"_,is applicable tqQ t remainj ng. t nozzles .in the nozzle
fow 110. 38 StiowAPROE BpBaledyl 180" BN PR, SRV Tndionl et SraG
wor ds, the distance separating the nozzle 114 from each of the next

i medi at ePR®z A EOYHINGhEUABSS | E0% Ris 21 88MicoMIuUCOrsdigyirg fof bridibed? by
the distance "a". Likew se, the distance separating each of the

nozzl es i semigondocios chir (nohehawny faetheoweunting surface 162 each of the
next inmedi ate nozzles in their respective nozzle rows is 20simlarly

denoted by the distance "b". D stances between nozzles are neasured
fromthe centre of one nozzle to the centre of the next nozzle.

The nozzle apparatus 100 comprises a body 104 for holding an adhesive
material, a nozzle head 106 and a plurality of nozzles 108 attached to the tip
of the nozzle head 106 as shown in FIG. 2A. An example of the adhesive
material is silver epoxy paste. Preferably, the silver epoxy paste has a
20  viscosity of 11.5 + 2.5 Pa-s and a silver content of 70.0 + 2.0 wt %. Typically,
the silver epoxy paste is kept in freezers at about minus 20°C before use and

the tack free time, which is the time required to defrost the paste before use,

is approximately 24 hours.



The distance fromthe centre of the nozzle 118 to the adjacent sides
of the mounting surface 102 is 0.47 nmas shown in FIG 2B.
Simlarly, the distance 25 fromthe centre of the nozzle | ocated at

mount 1 ng. S0EPREiss TEBGHE R Sfondkif ck8 shiedrbiERdker| T Sndhn i

centre of ch of _t ozzl es at each end of the nozzle row 110 t
their resp t?—()e E@a%g o¥isyibe %Tﬂ’arﬂ%ﬂ%hﬁ{ theynegsies 1(981@2thess'§li§%
0.47 mm The dianeter of the nozzles is 24G which has an outer
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cross pattern described above is preferably used for a square

sem condudt@rconlprize falesmotiesveacls aaddire, aredndezisslohfahe 3idgonal $indeof
However, the sinple cross pattern can also be used for square dies of
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and nozzle 118 is denoted by the letter “b” as shown in FIG. 2B. The nozzle
114 is spaced from the nozzle 116 at a minimum distance of 0.76 mm and a
maximum distance of 0.96 mm, and the nozzle 116 is spaced from the nozzle
10 118 at a minimum distance of 0.76 mm and a maximum distance of 0.96 mm.
Furthermore, the distance “a” is always less than the distance “b”. Similarly,
the range of distances specified above that separate each nozzle from the
next nozzle and the requirement that the distance “a” is always less than the
distance “b” is applicable to the remaining two nozzles in the nozzle row 110,
15 as well as the nozzles in the nozzle row 112. In other words, the distance
separating the nozzle 114 from each of the next immediate nozzles in the
nozzle rows 110, 112 is similarly denoted by the di‘stance “a’. Likewise, the
distance separating each of the nozzles in the corner of the nozzle rows 110,
112 from each of the next immediate nozzles in their respective nozzle rows is

20 similarly denoted by the distance “b”. Distances between nozzles are

measured from the centre of one nozzle to the centre of the next nozzle.

The distance from the centre of the nozzle 118 to the adjacent sides of the
mounting surface 102 is 0.47 mm as shown in FIG. 2B. Similarly, the distance

25 from the centre of the nozzle located at the opposite end of the nozzle row



15 outskirt and the paste coverage of a rectangular die size of about
3.0 M by 3.2 nm The dispense pattern used is the sinple cross
pattern as descri bed above. It can be seen fromFI G 2C that the

by 5. 2 i a8 ?iets5{3{5&%3?%0'§9336%§ﬁqa4*§¢*53%w%k? R LTt Ravingoos

coverage W t hout v0| ds. A second enbodi nent of th |nve t| on |
shown i n hecgstagge:’ EP’@éhe P?E%e Oézﬁa&HoPr}gEeé}‘Péﬁ}eé eﬁc?ﬁf‘ &t 2% 0
for applying adhesive material (not shown) onto a rmuntl ng surface
202 of a kwvildonddhkeiorespective atlipcepbaidies ®f dhe erunding sstriaceciiZpis(ailen
shown) to the nounting surface 202. 25 The nozzle apparatus 200

conpri ses0a7hady Phd dizmeteo bflthegneurleslized @ ewhighéardsadn oatendiarhetehead
206 and a plurality of nozzles 208 attached to the tip of the nozzle

head 206 a$eShpnand Bnfihiter ddmeldtofadisaine material is a silver epoxy
paste. Preferably, the silver epoxy paste has a viscosity of 11.5

2.5 bPas and a silver content of 70.0 2.0 wt % The plurality of
nozzles 208 is arranged in a cross rotated pattern as shown in FIG

3A. FIG sho t he arrangenent  of the nozzle 08 i e Cross
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210 10 and 212 conprise three nozzles each and are arranged al ong the

di agonal $emionducoynehipr it knevmmam@E khie.sof flase then. 3lbaame s

214 has three nozzles which are arranged al ong the vertical |ine of

symet ry dbweker,tbargimple snoss gedteP® Z2anNdza be used @t Ggoase tieseaf sides

nozzl es which are arranged along the horizontal |ine of symetry of

t he nmount 8100msEd 8@EmMAY and TeEtangular dies of sides 3.0 mm to 3.3 mm, provided
the aspect ratio of the length to the width of each of the rectangular dies is not

more than 1.2.

FIG. 2C shows the actual result of the dispense pattern, the fillet height and
15 outskirt and the paste coverage of a rectangular die size of about 3.0 mm by
3.2 mm. The dispense pattern used is the simple cross pattern as described
above. It can be seen from FIG. 2C that the simple cross pattern used on a
rectangular die size of about 3.0 mm by 3.2 mm has resulted in a good fillet

height and outskirt and 100% coverage without voids.

20
A second embodiment of the invention is shown in FIGS. 3A to 3C. FIGS. 3A
and 3B show a nozzle apparatus 200 for applying adhesive material (not
shown) onto a mounting surface 202 of a semiconductor device for bonding a
semiconductor chip (not shown) to the mounting surface 202.

25



15 distance fromthe centre of nozzle 218 to one side of the nounting
surface 202 that is closest to the nozzle 218 is denoted by the
letter "c", and the distance between the centre of the nozzle 218 and

t he centr f 4| i e t I "q o] i
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is denoted by . the letter "L", The m pi mum 20 di stance for, "c" is 0.60
i and.t HOHRTANS ROaPeLIEAcE206 Andca Pl 6 Norelor DR PEaGRbLo e bRy

is equal to 52.5%of L/2. Simlarly, the range of distances specified
above forofithe nfizglediead 2@6 agrshomndndilS: 3Ac el ejadhesivg prateddliie atsilvehe

remai ni ng nozzles in the nozzle rows 214, 216. In other words, the

di stance sppef pasteg Rrieerablz tee 8@ rfapuxy graste bbstaheisvesity oihiredi AR5
nozzles in the 25n0zzle rows 214, 216 is simlarly denoted by the

di stance pfd's add Kamseeortdst ofdicsh ance yaepar ati ng each of the said
next immedi ate nozzles in the nozzle rows 214, 216 fromthe

respective side of the nounting surface 202 that is closest thereto
is denoted by the distance "c". Should the other two sides of the

mount i ng surface 202 are n of the length "L", the distance "d" wll
bo "5 91 T RS o sBzei S toe s artoeioc frosp ralater BpleRceeshin I
sides. For exanple, if the length of each of these two sides is

denot ed bYIG.wWBA. t hi&.dPB i the arranggunent b the mwzles PS in Hhet@ases
bet ween nozzl es are neasured fromthe centre of one nozzle to the
cent re of ratdtedneatternoxith eesgext Thdhdimoamow sudace RO2ceNorde abwsa2t) of
the nozzl es at each end of the nozzle rows 210 and 212 to their

respegf i V@ndi(ﬁmcétf}hﬂﬁé@f?ﬁre@f néHfedreddh e St& bﬁ@ﬁga@%léﬁg thet didgonas
shown in FIG 3B. The dianeter of the nozzles is 24G which has an
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cross rotated pattern "descri above Is preferably used r a square
die of sides 3.3 nmtg 3.7 However,, the.. r tt can
21 50 be uaGes WEhLAe el B e LERAR Te 581 AVBInOE) L
of 3.0 mMm The cross raotate ttern n al so be ysed for square djes
of sides 'PPBPB“%&H“@W%% th(ﬂ?f Mizﬂ%ﬂ?%ﬁth&e.%”%ﬂeii gﬁ 8 a'ﬂﬁ%geé
cross rotated pattern can 20 al so be used for rectangul ar dies of
si des of dloognihet bodzantaimingralv byemative ohdhe onovating seffacee20ngthe t o
the width of each of the rectangular dies is not nore than 1.2.
FI G B30 stistencehfeomctheatentes of hoatlet 28 th spenside prtthermountivey sulfaes
hei ght and '
202 that is closest to the nozzle 218 is denoted by the letter “c”, and the
distance between the centre of the nozzle 218 and the centre of nozzle 220 is
denoted by the letter “d” as shown in FIG. 3B. Further, the length of one side
of the mounting surface 202 is denoted by the letter “L". The minimum
20  distance for “c” is 0.60 mm and the maximum distance for “c” is 0.80 mm. The
distance for “d” is equal to 52.5% of L/2. Similarly, the range of distances
specified above for the distance “c” and the distance “d” is applicable to the
remaining nozzles in the nozzle rows 214, 216. In other words, the distance

separating the nozzle 220 from each of the next immediate nozzles in the

25 nozzle rows 214, 216 is similarly denoted by the distance “d”. Likewise, the



250ut skirt and the paste coverage of a rectangular die size of about
4.0 mmby 3.4 mm The dispense pattern used is the cross rotated
pattern as descri bed above. It can be seen fromFI G 3C that the

by 3. 4 i Rel oSt AT e afuter SHRC ey b aiaR FBatleni R e o2t
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for applyi ng adhesive material (not shown) onto a mounting surface

302 of a slesesidtheiriods desviaskby dhe Histancsy . s W ditriothar twei gdes of

shown) to the mounting surface 302. 10 The nozzl e apparatus 300
conpri sesthee hmiwtidg4urfacen2d2iang ran cidhe dengthntly’ ethiealistangso 2| willhiesand
306 and a plurality of nozzles 308 attached to the tip of the nozzle

head 306 asiceREM Hadeh! 6n the- adiial a8h@hi ¥E ZRhEhHf BhedeS tR0SEIHYSET EBPXY
paste. Preferably, the silver epoxy paste has a viscosity of .5

11
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nozzl es 3 arrange uble cross pattern as sho
4A. FIG 4B, shows .the arr e t, of t nazzles 308.in the double
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310 and

measured from the centre of one nozzle to the centre of the next nozzle.

10  The distance from the centre of each of the nozzles at each end of the nozzle
rows 210 and 212 to their respective adjacent sides of the mounting surface
202 is 0.47 mm as shown in FIG. 3B. The diameter of the nozzles is 24G,

which has an outer diameter of 0.56 mm and an inner diameter of 0.35 mm.

15 The cross rotated pattern described above is preferably used for a square die
of sides 3.3 mm to 3.7 mm. However, the cross rotated pattern can also be
used for square dies of sides less than 3.3 mm but a minimum of 3.0 mm.
The cross rotated pattern can also be used for square dies of sides more than
3.7 mm but a maximum of 4.0 mm. Likewise, the cross rotated pattern can

20  also be used for rectangular dies of sides of 3.0 mm to 4.0 mm, provided the
aspect ratio of the length to the width of each of the rectangular dies is not

more than 1.2.

FIG. 3C shows the actual result of the dispense pattern, the fillet height and

25 outskirt and the paste coverage of a rectangular die size of about 4.0 mm by

10



20 312 conprise seven nozzl es each and are arranged al ong the
di agonal lines of symmetry of the nounting surface 302. Nozzle row
314 has three nozzles which are arranged along the vertical |ine of
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[ 302. 25 i St 318
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and nozzle 322 is denoted by the letter "f", and the distance between
t he nozzl ectamuaddiecize of aRout 4.Wemptyd3.Bymirhbas eeswied' i agosddiliet i n

FIG 4B. The m nimum di stance for each of "e", "f" and "g" is 0.76 mm
and t he nagightiandostskirt anfl d008achverbigé avithout Voided "g" is 0.96 mm
Each of "e", "f" and "g" can be of any distance within the range as

speci f4 ed above, provided distance "e" :5 distance "f" distance "g".
Preferably, distance "e" < distance "f" 5 distance "g". Mre

pref erabl ¥, diLs rel i "< ql st Q.. ke ntage
of havi ngxotpgpaénr@g&ﬁgl e%é.p?ﬁ%ﬁ@@ﬁ]@g 'EfShO\é‘mdlﬁjsE art(?;l%eélggto Zl*dg trﬂgst\@téﬁls
woul d al | ow,t i | ver epgxy paste djspensed t he nozzle 318 t

Come. | nt oSBT EhnSTAe wiprtisnddy TBacPe g SEheSN L) AR dss o
320 first before the silver epoxy paste dispensed by the nozzle 322
cones i nt Sk ete svmavnting ssiriege 302peixa spantandgictssleyiag fey boneing a
nozzl e 324, which provides sufficient tine for any air present to
escape l5séreitondac®mechipoimotishownito fhei mobotirdesurfaca 3@2.nount i ng
surface 302. As shown in FIGS. 4A and 4B, there are two nozzl es

bet wegn the nozzl e 318 and nozzle 326 in the nozzle row 310. However,
for snaller die sizes in which the distance between the nozzle 318

and the npggzl z%?s% a%)&g%ﬂaé o) célt?]?)rri@eggé‘ b%gxbﬁ)ép'?@r ﬂg%ﬁ dnnshredyof

two nozzl es t herebe en. |In other words, there can be ne or two

nozzl es b%ta\f\eer?ar?, yﬁ%zzn ezl%eleaed %&g aerllr(]jda tp Utall 920sz neoz% e% gﬂgéﬁ]ecﬁ to the tip
of the nozzle head 306 as shown in FIG. 4A. The adhesive material is a silver

epoxy paste. Preferably, the silver epoxy paste has a viscosity of 11.5 £ 2.5

15 Pars and a silver content of 70.0 + 2.0 wt %.

The plurality of nozzles 308 is arranged in a double cross pattern as shown in
FIG. 4A. FIG. 4B shows the arrangement of the nozzles 308 in the double
cross pattern with respect to the mounting surface 302. Nozzle rows 310 and

20 312 comprise seven nozzles each and are arranged along the diagonal lines
of symmetry of the mounting surface 302. Nozzle row 314 has three nozzles
which are arranged along the vertical line of symmetry of the mounting
surface 302. Nozzle row 316 has three nozzles which are arranged along the
horizontal line of symmetry of the mounting surface 302.

25
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on the distance between them Simlarly, this applies to the nozzles
bet ween the nozzle 318 and the | ast nozzle that is at the opposite
end fromthe nozzle 326 in the nozzle row 310, the nozzles between

noszl os. balGehanHe Rayare 74eS A phl 4K EEUPY HNE Puele, hﬁe

opposite end fromthe nozzle 324 in the nozzle row 312,  Preferabl, Y
Che di st aRSENSE HRHPCRANE R 320 [ Mo72it 3245 ACnoteshey 319 Teller
is between 0.76 mmand 0.96 mm D stances between nozzles are
measur ed fndrihe [iistaeer betweenthe nozzlee32d antdenazelst 824 d$ denhtechbytthe
nozzl e. The distance fromthe centre of each of the nozzles at each

end of thitteezg] asrshesvnidib(FIG3UB. Bhd neinin@hadistantbéor eadsp@’] Feand
adj acent sides of the nounting surface 302 is 0.47 mmas shown in

FI G g‘%‘i‘) PERAR arkf tHé”'ﬁra&ﬂﬁ&r‘ne@rstaﬁcéQ‘o?ég’ch\M?'“é’h “Pasnfy QY1206

di arret er 56 mm and an I nner dianeter of
mm. Each of “e”, " and “g” can be of any distance within the range as

[{Peg i) [{p. i)

specified above, provided distance “e” < distance “f’ < distance “g’.

“ » [1s 1)

Preferably, distance < distance “f" =< distance “g’. More preferably,

{3 ” [{pl)

distance < distance “f” < distance “g”. The advantage of having distance

10 “e" < distance “f" < distance “g” is that this would allow the silver epoxy paste
dispensed by the nozzle 318 to come into contact with the silver epoxy paste
dispensed by the nozzle 320 first before the silver epoxy paste dispensed by
the nozzle 322 comes into contact with the silver epoxy paste dispensed by

the nozzle 324, which provides sufficient time for any air present to escape

15 when the semiconductor chip is bonded to the mounting surface 302.

As shown in FIGS. 4A and 4B, there are two nozzles between the nozzle 318
and nozzle 326 in the nozzle row 310. However, for smaller die sizes in which
the distance between the nozzle 318 and the nozzle 326 is smaller, there can
20  be one nozzle instead of two nozzles therebetween. In other words, there can
be one or two nozzles between the nozzle 318 and the nozzle 326 depending
on the distance between them. Similarly, this applies to the nozzles between
the nozzle 318 and the last nozzle that is at the opposite end from the nozzle
326 in the nozzle row 310, the nozzles between the nozzle 318 and the

25 nozzle 324 in the nozzle row 312, and the nozzles between the nozzle 318

12



MM The doubl e cross pattern descri bed above is preferably used for a
square die of sides 4.0 nmto 5.0 nm However, the double cross
pattern can al so be 15 used for square dies of sides less than 4.0 nm

but a m nj f .d e cr tter n

For squar 8TaiS last SoRlk haf i Bhahe sHiBile BV oM. GRMufraR S8 Miife
Li kew se, the double_cragss tern can al so be used for rectangul ar
dies of si@ ed”PV‘G?’%Zmﬂg f“rfe'%%iy:r?h? %?@W@e‘&etﬂ’ﬁ’@na% aeenty BRFAeDHIN the
length to the width of each of the rectangular dies is not 20nore

t han 1.2.nexae @ssBddhsancthe1dcisubetwessult7bommhendlilsPe . pAdistenaes

the fillet height and outskirt and the paste coverage of a

rect angul betwbet sozAe breab@aisutdfrom the cerirenof orldiaotls e tise cpatré of n
used is the double cross pattern as descri bed 95above. It can be seen
fromH G tChdRdo-lee doubl e cross pattern used on a rectangular die
size of about 3.5 mmby 4.0 mmhas resulted in a good fillet height
and outskirt and 100% coverage w t hout voi ds.

The distance from the centre of each of the nozzles at each end of the nozzle
rows 310, 312, 314 and 316 to their respective adjacent sides of the mounting
surface 302 is 0.47 mm as shown in FIG. 4B. The diameter of the nozzles is
10 24G, which has an outer diameter of 0.56 mm and an inner diameter of 0.35

mm.

The double cross pattern described above is preferably used for a square die
of sides 4.0 mm to 5.0 mm. However, the double cross pattern can also be
15  used for square dies of sides less than 4.0 mm but a minimum of 3.7 mm.
The double cross pattern can also be used for square dies of sides more than
5.0 mm but a maximum of 5.2 mm. Likewise, the double cross pattern can
also be used for rectangular dies of sides of 3.7 mm to 5.2 mm, provided the
aspect ratio of the length to the width of each of the rectangular dies is not

20 more than 1‘.2.

FIG. 4C shows the actual result of the dispense pattern, the fillet height and
outskirt and the paste coverage of a rectangular die size of about 3.5 mm by
4.0 mm. The dispense pattern used is the double cross pattern as described

25 above. It can be seen from FIG. 4C that the double cross pattern used on a

13



A fourth enbodi nent of the invention is shown in FIGS. 5A to 5C.
FIGS. 5A 5 and 5B show a nozzl e apparatus 400 for applying adhesive
mat erial (not shown) onto a nounting surface 402 of a sem conductor

devi ce for_ bonding,a sem ¢condu chi ot _shown) t he npunt.i
Gurt ace A ERGLACAR SR8 ARBHE Y o D AR hed B M, e R Y
hol di ng an adhesi ve 10 mater.i gl, a nozzle head 406 and a plurality of
nozzl es 40898t 8a¢ REtPKiITbapdd 0DmCoyerage Withesk ¥OiHgad 406 as shown in

FI G 5k The adhesive material is a silver epoxy paste. Preferably,

the silver epoxy paste has a viscosity of 11.5 2.5 Pa's and a silver
content of 70.0 2.0 wt % 15The plurality of nozzles 408 is arranged

~in a snowAfatttRramissdisleawof the FiventidA\is BhéwhBn F1G8s S BCI aRGSTESR
of the nozzles 408 in the snow pattern with respect to the nounting

surface 4924 3WzHR LONSzAL Caifaths2466 TBF ia%‘i}%@ngaggm%gﬁ%ﬁg\a?ﬂ%@n%t

nozzl es 20 respectively and the nozzles are

di agonal [ S : und i syr f I
a12%hae (HDEN Siro BT ShreCE APt M BB R B flts
symmetry of the nmounting surface 402. Nozzle row 41 as three
nozzl es wWhFBIFCRACRF © Wg‘é‘éﬁlé{‘%\ﬂ@) i%éeﬁa?mm%w%%gogf symetry of
the nmounting surface 402. Furthernore, nozzle 25row 418 has four
nozzl es arranged linearly and nozzle row 420 has al so four nozzles
arranged linearly. Nozzle row 422 has four nozzles arranged |linearly
and i s th€hainozte iappgmto$ 400e caoprises raowody84045ifon halding amozadhesiveow
424 has four nozzles arranged linearly and is the mrror image of the
nozzl g r oMizAcifhl, a nozzle head 406 and a plurality of nozzles 408 attached to the tip

of the nozzle head 406 as shown in FIG. 5A. The adhesive material is a silver
epoxy paste. Preferably, the silver epoxy paste has a viscosity of 11.5 + 2.5

Pa-s and a silver content of 70.0 + 2.0 wt %.

15  The plurality of nozzles 408 is arranged in a snow pattern as shown in FIG.
5A. FIG. 5B shows the arrangement of the nozzles 408 in the snow pattern

with respect to the mounting surface 402.

Nozzle rows 410 and 412 comprise nine nozzles and eight nozzles
20 respectively and the nozzles are arranged along the diagonal lines of
symmetry of the mounting surface 402. Nozzle row 414 has three nozzles
which are arranged along the vertical line of symmetry of the mounting
surface 402. Nozzle row 416 has three nozzles which are arranged along the
horizontal line of symmetry of the mounting surface 402. Furthermore, nozzle

25  row 418 has four nozzles arranged linearly and nozzle row 420 has also four

14



5 The di stance between nozzles 426 and 428 is denoted by the letter
"e", the distance between the nozzle 428 and nozzle 430 is denoted by
the letter "f", and the distance between the nozzle 430 and nozzle

431 is de l,: roag i . |l e
431 and noasres 342nBEd HEkBIL NRrAf I 4ef SPSTHAPRGEE} SRR U EnBaAE
The m ni num, di stance for each of "e", 10 T, "g" and "h" is 0.76

2na tho nARR i M am g baroHe sy 418; - Siminy oraeainiopdh Gs
mnm Each of "e", "f", "g" and "h" can be of any distance within the
range as pscoriies aimnged lineedly dad igitha mirer imegesof thainozaleciew 420.
_distance "g" _c.distance "h". Preferably, distance "e" < distance
"f" 5 distance "g" distance "h". Mire preferably, distance "e" <
distance t < distance "g" < 15distance "h". The advantage of having

di stange TRe distdhsd HeeReeh nozzlsABNGRd 428<isdiSARBE Dy the lettel Pat thdli s
woul d all ow the silver epoxy paste dispensed by the nozzle 426 to

cone into C | Y t L h azzl e
425 11 r ot SEIECPeHEE ozt Boe SRIHoEAE 30 SREORES oPing It Eo
conmes into tact with the silver o] aste dis sed by t

nosste aaandans dfetalieRettiet By Hor B B etartle BEL S denbied By the
nozzle 432 cones into contact with the silver epoxy paste dispensed
by the nolettes "3 andhe gistpnes baeasutheinazzla 431 aad nezzignddisrdgnadednt
to escape when the sem conductor chip is bonded to the nounting
surface 4b2the Hiterdn’steansfovibetnnEEn 5Bz Zhesmt@AhuandistEBei for danloédeby
the letter "p", the distance between the nozzle 436 and nozzle 438 is

denot gl by tge ahathelis 076 mandndh@ethakigige dshnes fort dscher zd”e 3¢’
and the nozzle 432 is denoted by the letter "r", as shown in FIG 5B.

Nozzl e 44Qnqwhi My b i, L WBFZQ”?“f“,Og” ?Hélﬁ,; céﬁ'bgsofaefhﬁd]t ahceXithih t D

t he nozzl e 436 and the nozzle 438 an i stance fr e centre

of the nogzzl 0 [ f th ' surface 402t hat .is

cl osest t @?et ﬁa@%%o%i 388'51}%3 iag%ggbaiov‘id_e?ﬁ@ér{h%e “h oégisganf% ff ogra%tagﬁe
angle "z" with the nqozzle 434 d the nozz|e 432. The m ni mum apgl e
for "x" id¥ 66%@%‘%2%%&3&6 aE&xi‘fﬁfﬁP%@lgPE&? éptaqpe ?fs < f§:anae Qg’néi e
"z". 10 Preferably, the angle "x'' is forned by setting the distance
"p" to bedistange tho. t Mordiwetaiably; distaaerl ‘ehe distargrcd <qdistandse“Equial
to the distance "r". |If the distances "p", "q" and "r" are not

equi dl st adistancer @” atThenativartiage afidtdvarg disteacel te” i<sdigtafoer @bk alisthate
the angle "x" be equal to the angle "z". 15 As shown in FIGS. 5A and

5B, there‘q@redishme M3z ke thrtween didey tezalver ¢3Bxppdstd@ispeddd b 34
in the nozzle row 410. However, for smaller die sizes in which the

di stance et uees. B BALELE i3 SoAML Wi, MRZENRr 438 DaSlIPULBLncdd ey @

can be two nozzles Instead o ree nozzl es ween.
;’\ﬁ;ds’ t h{sr\reenociazrfe E1§8tfivr\§ t?erfo}ehtrh%esilr\}ggélpce»%y Bgét\éedelgpén%%drg)yzaeenollzzz e 2&5’
comes into contact with the silver epoxy paste dispensed by the nozzle 431
20 and before the silver epoxy paste dispensed by the nozzle 432 comes into
contact with the silver epoxy paste dispensed by the nozzle 431, which

provides sufficient time for any air present to escape when the semiconductor

chip is bonded to the mounting surface 402.

15



20 nozzl e 434 depending on the distance between them Simlarly, this
applies to the nozzl es between the nozzle 426 and the | ast nozzle
that is at the opposite end fromthe nozzle 434 in the nozzle row

410, the zl. t n the z -t | e, ,432.1n.th
nozzle r omﬂélégtsdg?i% ﬁ@eﬁ%%g%ébjéfﬂééﬁ %'%@%‘%&ga@g%n%ﬁ?ﬁep I 3@?
nozzle thgt  is at the opposite end from 25the_nozzle 432 in the
nozzl e rof/Sknce ketueend ?Woztzf?egégﬁquwz%eﬁgéé%d%?@ew theoleHeesd’i n
the nozzle rows 410 and 412 is between 0.76 nmand 0.96 mm D stances
bet ween népdithe distanpe detween themozhle 4¥Fhend tbe moreled32lie denotdteby
centre of the next nozzle. 5 The distance fromthe centre of each of

the nozzl s Bitter €, mezeeav aoWFIB18B. 4RIDzzIb224@NGhiéR4istin thbaidzzle row
respective adjacent sides of the nounting surface 402 is 0.47 nm as

shown 4 n Bh& ffhs Ehe%rﬁﬂlé”’ﬁt g&itrpfhé H%zﬂ%?lé@saﬂostl?e“g'oz%@i £%8,ha8q ﬁﬂe

outer dianeter of 0.56 Tm and an i nner dianeter of 0.35 mm 10 The

snow pat t 8’%%&%5@5®Qﬁ% C%ﬂgr\%,go\}‘iﬁ? HP%@%@@L}% eyl Q% ¢ %%%Eiﬁ%%gﬁggé be

sides 5.2 € Cross pattern ca

o LR B Gl S SRR AT DS o

rectangul ar dies of sides of 5.0 nmto 6.0 nm provided the aspect
rati o of @ﬁ@ﬂgéfhij?t"thﬂbtheh@0W|@%4@n%ﬁ@nnwlqggge Thec rdnigunaenglestori s
not nore than 1.2. FIG 5C shows the actual result of the dispense
pattern, tlieisf b0l étgreesgand ahd makivhkumt angle fdre“Yjaist eqoalver aggleofza
square die size of about 5.9 nmby 5.9 mm The di spense pattern used

i s thgy snpyefRpdbIg! theadndle Sk isPRImaBOYE seﬂtﬁwg?&ﬂecc_ﬂﬁtah@e spefy béOéangal @
5C that the snow pattern used on a square die size of about 5.9 mm by

5.9 h (P Ll t« hel ght i d.»1009
cove?;ngeame{ ﬁ%u%tﬁd\jeoi Q?ﬁd%gqﬁﬂtahgﬁgﬂ t ggf%%gﬁﬁéégﬁﬁ%tgﬂ??oﬁ hlgs{?]e

R MRy T v e AR

is preferable that the angle “x” be equal to the angle “z".

15 As shown in FIGS. 5A and 5B, there are three nozzles between the nozzle
426 and the nozzle 434 in the nozzle row 410. However, for smaller die sizes
in which the distance between the nozzle 426 and the nozzle 434 is smaller,
there can be two nozzles instead of three nozzles therebetween. In other
words, there can be two or three nozzles between the nozzle 426 and the

20  nozzle 434 depending on the distance between them. Similarly, this applies

 to the nozzles between the nozzle 426 and the last nozzle that is at the
opposite end from the nozzle 434 in the nozzle row 410, the nozzles between
the nozzle 426 and the nozzle 432 in the nozzle row 412, and the nozzles
between the nozzle 426 and the last nozzle that is at the opposite end from

25 the nozzle 432 in the nozzle row 412. Preferably, the distance between
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purposes of clarity of understanding, it is readily apparent to those
of ordinary skill in the art in light of the teachings of this
i nvention that certain changes, variations and nodifications nay be

venti oncaeck BPHIet e w@%%é&er@eg?gfaﬁi%‘m"% FORG z% 1 29

foll ow ng nmodi fications and i nprovenents may be made w t ho
departing 086,mm. h@!g@@ﬁgs Setwe @pgglgﬁtarpdvgﬁwrgﬁ from the centre of ghR

applicant has found that the adhesive naterial used need not be
silver eposzzlpisthe cenite obinebwexampzadhesi ve material of sinilar
properties. 10 The distance fromthe centre of the nozzle at the end
of the nozzle row 110, 112, 210, 212, 214, 216, 310, 312, 314, 316,
418, 420, 422 and 424 to the adjacent sides of the nounting surface

102, 292, Tﬁ@%u@t@ﬁcé%m %h@%bHﬁ@’bf(éa%ﬂ SMhehdkARls BMHERENAE ?&NQW%“G

adheswe mat eri al used V\/nerel n the di stance between nozzles w |l

corresponghngly, var ??4 F?spjecf\'?e %Qf’a%re% 'éfdefsoéf ﬁ%mﬂgggﬁlﬁf EBFra&Q 'P

assenbly and I'n partlcu ar exctusive

appar at us t hod for bondi enlcon uct chip.to.a
moont tno 408 13 BiME B AheBRdacHEr By 156 IR 90 INe AR 21%124C.
conprises a body for holding an adhesive material, a nozzle head and
a pl ural i wpichthasoan puteratiametas@f 0Ha men eng ast inpRediasetpeoHed8 mMmhe

plurality of nozzles is arranged in various patterns for bonding or
adhering different sizes of the sem conductor

10  The snow pattern described above is preferably used for a square die of sides
5.2 mm to 6.0 mm. However, the double cross pattern can also be used for
square dies of sides less than 5.2 mm but a minimum of 5.0 mm. Likewise,
the double cross pattern can also be used for rectangular dies of sides of 5.0
mm to 6.0 mm, provided the aspect ratio of the length to the width of each of

15 the rectangular dies is not more than 1.2.

FIG. 5C shows the actual result of the dispense pattern, the fillet height and
outskirt and the paste coverage of a square die size of about 5.9 mm by 5.9
mm. The dispense pattern used is the snow pattern as described above. It
20 can be seen from FIG. 5C that the snow pattern used on a square die size of
about 5.9 mm by 5.9 mm has resulted in a good fillet height and outskirt and

100% coverage without voids.

Although the foregoing invention has been described in some detail by way of

25  illustration and example, and with regard to one or more embodiments, for the
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10 chip to the nmounting surface such that voids are prevented from
remai ning in the adhesive material after the chip has been pressed
agai nst the nounting surface. 15 20 25

10

purposes of clarity of understanding, it is readily apparent to those of ordinary
skill in the art in light of the teachings of this invention that certain changes,
variations and modifications may be made thereto without departing from the
spirit or scope of the invention as described in the appended claims. In
particular, the following modifications and improvements may be made without

departing from the scope of the present invention:

The applicant has found that the adhesive material used need
not be silver epoxy paste, but can be any adhesive material of similar

properties.

. The distance from the centre of the nozzle at the end of the
nozzle row 110, 112, 210, 212, 214, 216, 310, 312, 314, 316, 418, 420, 422
and 424 to the adjacent sides of the mounting surface 102, 202, 302 and 402
is between 0.37 mm to 0.57 mm depending on the adhesive material used,

wherein the distance between nozzles will be correspondingly varied.
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Claims

1.

An apparatus for semiconductor chip assembly and in particular, but
not exclusively, to a nozzle apparatus and a method for bonding a
semiconductor chip to a mounting surface of a semiconductor device.
The nozzle apparatus comprises a body for holding an adhesive
material, a nozzle head and a plurality of nozzles attached to the tip of
the nozzle head. The plurality of nozzles is arranged in various
patterns for bonding or adhering different sizes of the semiconductor
chip to the mounting surface such that voids are prevented from
remaining in the adhesive material after the chip has been pressed

against the mounting surface.
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