©20/ 10/ 2005 1 A METHOD AND MACHI NE FOR UNDERFI LLI NG AN ASSEMBLY TO FORM A

iSEI\/ICCNDUCTCR PACKAGE 5 FI ELD OF THE I NVENTION Thi s invention r &0f®8/28 b
“met hod and machine for underfilling an assenbly to form sem conduct or
package. The invention is particularly wuseful .for, but not necessarily
limted to, flip chip sem conductor packages 10 having an inverted die
nmounted to a substrate. BACKGROUND ART Ever increasing requirenents for
reduci ng the size of packaged 15 sem conductor devices has led to the
devel opnent of several different types of sem conductor packages. Cenerally
speaki ng, reduced sizes of sem conductor devices use an inverted die that
is directly attached to a substrate to tﬁereby I ncrease the density of

backage. 20 One Ay NEE@? AN ACFINE' Fial' BNDEBETLEING . ARbackage
and sonetines a%S;SE xiFDRMage SEMICQANDUCTQRRACKAEE unners

Wi th correspondi ng outer portions that are nmade avail able for
i nterconnection to, for exanple, a printed circuit board. An inverted die
is mounted to the substrate and the runners are sol dered to pads on the

die. 25 Wsth this package a rel FFE'l‘ﬁbF*T‘HEg NgeioN of runners can. be
|

formed on the flexible substrate to provide a higher density of external
connections. The flip chip sem conductor package with a flexible tape

substrate i s becorfhig lmern@nUMate@Ifoearrabthw hAdt MackprRY et u@d@*ﬂumr anrigid

rsnl;gz; gitﬁrggcka esql aQJ{orn%ntscla%ic dugto%hbgd(sa%rg COPe Citn\%ntpoanc IS partlcuﬁarly

useful for, but not necessarily limited to, flip chip semiconductor packages
10 having an inverted die mounted fo a substrate.

BACKGROUND ART

Ever increasing requirements for reducing the size of packaged

15  semiconductor devices has led to the development of several different types

of semiconductor packages. 'Generalty speaking, reduced sizes of

semiconductor devices use an inverted die that is directly attached to a

substrate to thereby increase the density of extemnal connections that are
provided within the perimeter of the package.

20 One such package is known as a flip chip semiconductor package

and sometimes comprises a flexible tape substrate with a pattemn of runners

*with corresponding outer portions that are made available for

interconnection to, for example, a printed circuit board. An inverted die is

mounted to the subsirate and the runners are soldered to pads on the die.

25  With this package a relatively high density of runners can be formed on the

flexible substrate to provide a higher density of external connections. . The

flip chip semiconductor package with a flexible tape substrate is becoming a

popular alternative to the conventional more rigid substrate packages.

Currently, flip chip semiconductor packages are manufactured such that

30 after the die is mounted to the flexible substrate to form an assembly. The

assembly is preheated then an underfill material is dispensed onto the

- assembly in a heated dispensing zone. The undetfill then staris to flow into

a gap between the substrate and die. The assembly remains stationary in

the dispensing zone toallow the underfill to be drawn into the gap by the




30 after the die is mounted to the flexible substrate to forman assenbly.
The assenbly is preheated then an underfill material is di spen2éd ot 2005

~assenbly in a heated di spensing zone. The underfill then starts to flow
into a gap between the substrate and die. The assenbly remains stationary
in the dispensing zone to allow the underfill to be drawn into the gap by

the 20/ 10/ 2005 2 effects of capillary action. The assenbly is then conveyed
to a cooling zone heat is renoved fromthe assenbly and the underfill
material at least partially solidifies. The assenbly is later reheated to
cure the underfill and formthe conpleted ‘seniconductor package. However,

removed from SRS REaRBRS LT ohe s SaRming TRE G PR FeBoRiT b8,
been conpl et elhe;at isremavédiront tie gsgerblylytanel thbfundesfilbmaberjsl lat éﬂesst pertiadly.
Sone uat i 1 <t Leolldiids! PThd 3368RbY, 51akEMohbd B0 4B Gdtforfif BhBCtofintfgns! N9

zone until the un been co nt o gap,
this unnecess@mp'ﬁtedww%@@ﬁduﬁt@rt Hi@ckﬁﬁ% to ﬁé\ctlﬁr erdeidder iingregse

sem condugt or rBﬁGKﬁtS]f" %ate%U%RXSQnEgE rhAWVENT IfeBinkiurbly | rénﬁWeG bJﬂ%ﬁﬁ tak the

present inve tlon qc; overcone or alléviat | east . .One B t he @gl ens
associ at ed wi1eated | dspelsing, 7oser andit éﬂ%\flr@é haye pgph % Buct or

paCEageszoAfCCdennmtc? Qh?rg@map&hé éﬁedt@@f ic jmaty eotibherAltéraativaly; dicthe

met ho or_underfilling an asse rma._s r e,

the nethod | 1ARSPUUTRE hort Nelataat e healed AlrPensieCeiiy Nt fle RGEH"

substrate w thambé&msﬂ:mpmelyshawaanm;tmogapj|themﬁh|atwmaclaesmul¢ increases
10 the time to manufacture underfilled semiconductor packages.

SUMMARY OF THE INVENTION

15 It is an object of the present invention to overcome or alleviate at least
one of the problems associated with prior art undetfilling of assemblies to
form semiconductor packages.

According to one aspect of the invention there is provided a method
20 for underfilling an assembly to form a semiconductor package, the method
including the steps of:

preheating an assembly including a substrate with at least one
. semiconductor die mounted thereto;
25

dispensing an underfill material onto the substrate whilst heating the

assembly, said heating providing for said underfill to flow into a gap
between said substrate and said semiconductor die ; and

30 postheating the assembly immediately after said dispensing to

provide for a continuous flow of said underfill into said gap, wherein during
said step of postheating said assembly continuously moves along a
conveyor.




25 dispensing an underfill material onto the substrate whilst heating the
assenbly, said heating providing for said underfill to flow int@0a2)p2005
bet ween said substrate and said sem conductor die ; and 30 postheating the
assenbly imediately after said dispensing to provide for a continuous
flow of said underfill into said gap, wherein during said step of

post heating said assenbly continuously noves along a conveyor. 20/10/2005
3 Suitably, said step of postheating may he for a duration of at |east
thirty seconds after the step of di§pensiﬁg. Preferably, the nmethod may

further include the steps of: 5 cooling said underfill; and subsequent
curing of said undgrfill. Preferably, said netho y be further :
characterised by sgpﬁablio S§%§ﬁpaPLEB§ﬁ?‘ﬁ§t‘ﬁgfm€Kﬁ%ﬂ g sratgq ofmtyleashi g

met hod may bettﬁmtsbemn@aﬁtmhersitﬁﬁdf Bispeasiigassenbl y continuously noving
during the steps of preheating, dispensing and postheating. 15 Preferably,
said nethod may be further characterised . by said assenbly continuously
nmovi ng during the Braipmblyf, the otethgd amay futbse odude theustepg of:20 According to
anot her asgpect of the invention there is provided a

cooling said underfill; and

subsequent curing of said underfill.

7 Preferably, said- method may be further characterised by said
10 substrate being a flexible tape.

Suitably, said method may be further characterised by said assembly
continuously moving during the steps of preheating, dispensing and

postheating.
15
Preferably, said method may be further characterised by said
- assembly continuously moving during the steps of cooling and subsequent
curing.
20 According to another aspect of the invention there is provided a

machine for underfilling an assembly to form a semiconductor package, said
machine including:

a conveyor for continuously conveying an assembly past at least
25 some zones of said machine, said assembly including a substrate with at
least one semiconductor die mounted thereto;

a preheating zone;

30 a dispensing zone for dispensing an underfil material onto the
substrate whilst heating the assembly, said heating providing for said
underfill to flow into a gap between said substrate and said semiconductor
die; and |




machine for underfilling an assenbly to forma sem conductor package, said
‘machi ne including: a conveyor for continuously conveying an asséﬁbﬁ&053£m35
‘at least 25 some zones of said machine, said assenbly including a
substrate with at |east one sem conductor die nounted thereto; a
preheating zone; 30 a di spensing zone for dispensing an underfill materi al
onto the substrate whilst heating the assenbly, said heating providing for
said wunderfill to flowinto a gap betmeea said substrate and said

sen conductor die; and 20/10/2005 4 a poStheating zone for postheating the
assenbly imedi ately after said dispensing to provide for a continuous

fl ow of said underfil Lyt | s , i | e and
conveyor may pr_ovi_%gokgire%rgﬂgE%dﬁghgogﬁﬁ%éhggvﬁ%ﬁ %%%ﬁlf@%&ﬁgﬁiméﬁy conds
after the stegridfdispensingitagrovidaifer posemtiinuausgflowi ofgsaid wdesiilhintoasaid t he
sane terrperatggpa_ as that -of said dispensing zone. 10 Preferably, the

machi ne may be ‘coupl ed by said conveyor to a cooling zone and subsequent
curing zone for curing of said underfill material. BRI EF DESCRI PTI ON OF THE

DRAW NGS £5 | n or diijitdbat sdileppsthsatihg | 2o tard dohvesr neadigryvidedegrshood

and put |ntoqoractttcal effect, reference will no b?hmsggfgtﬁda reterred

embodi ment - IRGSREAURCEHUTYOR T R SEoRdRAGE e Stn ehaeRysing, s 4

schemati ¢ di agichpostheating deingeaf substaiallyi tHe same temperature as that of said
dispensing zone.

10 Preferably, the machine may be coupled by said conveyor to a cooling
zone and subsequent curing zone for curing of said undefill material.

BRIEF DESCRIPTION OF THE DRAWINGS

15 In order that the present invention may be readily understood and put
into practical effect, reference will now be made to a preferred embodiment
ilustrated in the accompanying drawings in which:

Fig. 1. is a schematic diagram of a machine for underfilling a
20 semiconductor package;

Fig. 2. illustrates a method of temperature control steps for underiilling
an assembly to form a semiconductor package using the machine of Fig. 1;

25 Fig. 3 illustrates cross section of an assembly, to be undertfilled to
form a semiconductor package, during a preheating step of Fig 2;

Fig. 4 illustrates cross section of an assembly, to be underfilled to form
a semiconductor package, during a dispensing step of Fig 2; and
30 ‘
' Fig 5 illustrates cross section of an assembly, to be underfilled to form
a semiconductor package, during a postheating step of Fig 2.

35




20 sem conduct or package; Fig. 2. illustrates a nethod of tenperature
control steps for underfilling an assembly to form a sem condu&Oofl @A
using the machine of Fig. 1; 25 Fig. 3 illustrates cross section of an
assenbly, to be underfilled to forma sem conductor package, during a
preheating step of Fig 2; Fig. 4 illustrates cross section of an assenbly,
to be underfilled to form a sem conductor package, during a dispensing-
step of Fig 2; and 30 Fig 5 illustrates cross section of an assenbly, to be
underfilled to form a sen conductor packdge, during a postheating step of
Fig 2. 35 20/10/2005 5 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT OF

nder 111 ng ale BIKEDUTERGHIETION (. THE #REFEE D EATRODIIERS, OF Bl 4

i ncl udes a conveyor, conprising tw pHBVEN&IOMonveying tracks 2, a
preheating zone 3, a dispensing zone 4 and a postheating zone 5. The
machine | is coupled by conveying tracks 2 to a coolingézone 6 and

subsequent curi ng BeeEing torkla. tHhareys itystiatesk & maphioei Hidor undediliingy iang
sem condugt Oraﬁ%gﬂkb%nﬁ RagdmitBndoaer p%c‘kﬁ%g . Thesmagare™! iefuddisC a

formed froma | e tape substrate 9 "havi i nverted sem conductor dies

10 nount ed t HRAVEKOL FOMRISIRG IWR PRERIBY conyeying ragks &; p Rraheqttg zang 8, 8.
Referring to disgensing hene 4 and hlpsstiaitied fnes.hothe mddshime rajsUsaipted biol

steps Tor unqel{blig AL h cobfng 880 4fF sibdSudett Bufting®Hore F9UGHY
conveying tracks 2 provide for conveying semiconductor assemblies 8 past
10 zones 3 to 7, these assemblies are formed from a flexible tape substrate 9
having inverted semiconductor dies 10 mounted thereon and are illustrated
in more detail in FIGs. 3 to 5.
Referring to FIG. 2 there is illustrated a method of temperature control
steps for underfilling each of the assemblies 8 to form a semiconductor
15 package 19 using machine 1. As illustrated, when the assemblies 8 are
conveyed by conveyor tracks 2 through each of zones 3 to 7, preheating
step 20 at preheating zone 3 preheats the assemblies to a temperature of
typically 70 degrees Centigrade +- 10 degrees Centigrade. A dispensing
step 21 at dispensing zone 4 then dispenses an underfill material onto the
20 tape substrate 9 at edges of each of the dies 10. In dispensing zone 4, the
assemblies 8 are typically heated to 80 degrees Centigrade +/- 10 degrees
Centigrade. A postheating step 22 is effected at postheating zone 5 where
the assemblies 8 are postheated immediately after the dispensing step 21,
for approximately 30 to 60 seconds, typically at the same temperature as
25 that applied at the dispensing step 21. A cooling step 23 of the assemblies
8 is effected in cooling zone 6 and in zone 7 a curing step 24 is effected so
that the assemblies 8 are heated to typically 150 degrees Centigrade.
Referring to FIG 3 it is clearly shown that in addition to substrate 9 and
inverted semiconductor dies 10, each of the assemblies 8 further comprises
30 die pads 11in a gap 18 between substrate 9 and the respective one of the
dies 10. These die pads 11 are arranged in a predetermined pattem to
provide inputs and outputs to circuitry of the associated one of the dies 10.
Typically, the pads 11 and the circuitry are usually formed on a common
surface of the associated one of the dies 10 and each of the pads 11 is
35 formed by a layer of metallization, usually aluminium.




15 package 19 using machine 1. As illustrated, when the assenblies 8 are
conveyed by conveyor tracks 2 through each of zones 3 to 7, preR&ati®%§2005
step 20 at preheating zone 3 preheats the assenblies to a tenperature of
typically 70. degrees Centigrade 10 degrees Centigrade. A dispensing step
21 at dispensing zone 4 then dispenses an underfill material onto the 20
tape substrate 9 at edges of each of the dies 10. In dispensing zone 4, the
assenblies 8 are typically heated to 80 dggrees Centigrade 10 degrees
Centigrade. A postheating step 22 is effected at postheating zone 5 where
the assenblies 8 are postheated i mediately after the dispensing step 21,
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11 a conpri Y &n le%e{)f géchgo% ﬂle mterconﬁegnng runners fbd fidntn's nald |o Bngf
which are arranged to correspond with the pattern of the pads 11.
A pattern of apertures 13 in the flexible substrate 9 provide access to
portions of interconnecting runners 12.

15 Solder balls 14 are electrically attached through apertures 13 of
assoclated interconnecting runners 12 fo form what is known as a ball grid
array used to mount as well as to couple the assembly 8 to connection points
on a printed circuit board as will be apparent to a person skilled in the art.

The solder balls 14 are placed in the apertures 13 by flux ball

20 placement and are aftached to the interconnecting runners 12 by a reflow
process.

After the assemblies 8 as have been preheated in preheating zone 3,
they move along conveyof tracks 2 to dispensing zone 4 where an undeffill
15 is dispensed onto the substrate 8 at two edges of each of the dies as

25 - illustrated in FIG. 4. During dispensing the assemblies 8 are heated to
typically 80 degrees Centigrade and this temperature is maintained during
postheating in postheating zone 5. Accordingly, the assemblies 8 are kept
at approximately at 80 degrees centigrade to allow for continuous flow of

‘'said underfill during both dispensing and postheating so that capillary action

30  assists the underfill 15 into being drawn into gap 18 as iliustrated in FIG. 5.
The assemblies 8 are then cooled in cooling zone 6 and subsequently cured
at a temperature of typically 150 degrees Centigrade in curing zone 7 to form
semiconductor package 19.




netallization 11 a is fornmed on the pads 11 by nechanical gold stud 5
bunpi ng and has a thickness of approximately 15 to 25 m cronet e29./1Thé2005
flexible substrate 9 has a pattern of interconnecting runners 12 and are
typically nmade of. copper, these runners are electrically connected to
respective pads 11 by allow ng for thernoconpressi on bonding which is nade
possi bl e by additional |ayer of netallization 1 |1 a. The flexible 10
substrate 9 is typically nade of polym deswhich is an electrically
insulator and an end of each of the interconnecting runners 12 fornms bond
| ocations which are arranged to correspond with the pattern of the pads
11. A patternagf S j e; 1 bl twat L 8ss to
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attached t hr ovRfieréiied sgrmicondiciar pagkagsisadiri to HnBeeRnesy tong delaysdndhe2 to
formwhat is #8puRsiag k2 Theprésertih@dhtiorChalyals®Y8Huas the!dosamilip droupl e
the assenbly 8 .to cohnection points on a prinfed circuit board as Wil be
apparent to a'@€fson skilled in the art. The solder balls 14 are placed in

the apert&res 13 MtHdugk Kiad |inv@ttign asgreidenandbsafibedt Wiibhedfdrendeheao a

i nt erconnecti er by.a.reflo pracess. ter,th l.ies .8 as
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2 to di spensinegirictetbtodthshembodimentdbasicribed heseins di spensed onto the
substrate 8 at two edges of each of the dies as 25 illustrated in FIG 4.
During dispensing the assenblies 8 are heated to typically 80 degrees
Centigrade and this tenperature is maintained during postheating in

post heating zone 5. Accordingly, the assenblies 8 are kept - at
approximately at 80 degrees centigrade to allow for continuous fl ow of
said underfill during both dispensing and postheating so that capillary
action

5



30 assists thewunderfill 15 into being drawn into gap 18 as illustrated in
FIG 5. The assenblies 8 are then cooled in cooling zone 6 and20/10/2005
subsequently cured at a tenperature of typically 150 degrees Centigrade in
curing zone 7 to form sem conductor pagkage 19.. 20/ 10/ 2005 Advant ageously,
the present invention reduces the tine to manufacture underfilled

sem conduct or packages due to unnecessary |long delays in the dispensing
zone. The pr ippventi on may al so reduce the possibility of voids. 5

Al t hough the inventi'on has been described with reference to a preferred
enbodinent it is to be understood that the invention is not - restricted to

the enbodi ment dgsGhetped R enBerfitigl Yrd MReembE t6LA4M d - séinicBhdasiod or
underfilli nﬁ:@ag assgnblg t f{é}%w a_sem conductor package, the nethod

i ncl udi ng t RACagHINGM ‘Bo‘gf pg e B¥PESSenbl y including a substrate with
at | eastsone sem conductor die nounted thereto; dispensing an underfill
material onto the substrate whilst, heating the ssenmbl y ai ating
providi ng for saPlf BP9 AP @pge BﬂN"i‘(H‘f'%'ﬂg Baﬁu%&%@eﬁvw%aﬁtd%gﬁgs({heeate and
sai d sem comsgodtandudior digpoeiuméed thegetohe assenbly i medi ately after said

di spensing to provide for a continuous flow of said underfill into said

gap, wherein during said step 15 of postheating said assenbly continuously
nmoves al ong a cofdisggosisg an underfill material onto the substrate whilst heating the

10  assembly, said heating providing for said underfill to flow into a gap between
said substrate and said semiconductor die;

postheating the assembly immediately after said dispensing to provide
for a continuous flow of said underfill into said gap, wherein during said step
15  of postheating said assembly continuously moves along a conveyor;

cooling said underfill; and
subsequent curing of said underfill,

20 2. A method for underfilling an assembly as claimed in claim 1, wherein
said step of postheating is for a duration of at least thirty seconds after the
- step of dispensing.

3. A method for underfilling an assembly as claimed in claim 1 or 2,
25 wherein said method is further characterised by said assembly continuously
moving during the steps of preheating, dispensing and postheating.

4. A method for underfilling an assembly as claimed in claim 3, wherein,
_ said method is further characterised by said assembly continuously moving
30 during the steps of cooling and subsequent curing.

5. A machine for underfilling an assembly to form a semiconductor
package, said machine including:

35 a conveyor for continuously conveying an assembly past zones of said
machine, said assembly including a substrate with at least one semiconductor
die mounted thereto; '




cooling said underfill; and subsequent curing of said underfill. 20 2. A
‘method for underfilling an assembly as clained in claim1, wher@0/1842605
step of postheating is for a duration of at least thirty seconds after the
step of dispensing. 3. A.method for undéfilling an assenbly as clained in
claiml or 2, 25 wherein said nethod is further- characterised by said
assenbly continuously noving during the steps of preheating, dispensing
and postheating. 4. A method for underfilling an assenbly as clained in
claim 3, wherein, id-method is further characterised by said assenbly
conti nuously nnv@ﬁa%%%#Qﬂﬁqm% the steps of cooling and subsequent curing.
5. A machine for underfilling an assenbly to forma sem conductor package,
sai d nmachi ne i ncluding. ny.ey oF - CONt Loy | a
assenbly past zo hegh%%ng g‘lgd %Oﬁgc#ﬁn gjflsd;e g‘lg@ q*:’asr%l té]e %%%%I%c'ﬁ u }l'%g d(;flﬂg ug?t rate
with at $easubsinesuhist beating the assamblyusaid deating providipg/feosaidomdeifil

preheating %@rfgism{ %t@h%{%ﬁﬁéﬁ@ﬁﬁ%ﬁﬁj éﬁst@ﬁé@ﬁ&%‘&%&@igggéﬁéﬂ Hie ;e | al

onto the 5 su rate eati ng the asse eati ng providing
for said underfill to flowinto a gap between said substrate and said

sem conduct or di g postHttting RenbhEApostBedRtFiheUssRATI fAfcamitp et saibl y
cont i nuous f] ow of said

imedi ately after. said dfspgensing to provide for, [
underfill i AiSBeRSiNg aBrPV'f% g\?ﬁeraegﬂmf Y e %aé‘?élﬁ'gﬁff@dm sal 83k onveyor
to a cotldi nyheeie thedmashipeeigueotipled rbygakb ventayorcior angoalingsaone amader fil |
material. o hsequent curing zone for curing of said underfill material.

6. A machine for underfilling an assembly as claimed in claim 5, wherein

said postheating zone and conveyor provides for a postheating duration of at
15 least thirty seconds after the step of dispensing, said postheating being at

substantiaily the same temperature as that of said dispensing zone.




6. A machine for underfilling an assenbly as clainmed in claim5, wherein
sai d postheating zone and conveyor provides for a postheating d20ati ®A260 5
at 15 least thirty seconds after the step of dispensing, said postheating
being at . substantially the sane tenperature as that of said dispensing
zone. 20/10/2005 10 A METHOD AND MACHI NE FOR UNDERFI LLI NG AN ASSEMBLY TO
FORM A SEM CONDUCTOR PACKAGE ABSTRACT OF THE DI SCLOSURE 5 A net hod and
machine (1) for underfilling an assenbly {$#) to form sem conductor package
i s disclosed. The nmachine (1) has conveying tracks (2) for continuously
conveying the assenbly (8) past zones The assenbly (8) has a flexible

t bstrat Ftwq Th
micl?ﬁl f]g ?ngfiugteégg\g\fgi%é _E& zone f(wdl S eﬁ%ﬁﬁmﬁgl Gf (()éﬂi ©
di spensi ng an t o A RS EMESONDRUCHOMiPACKAGE g t he
assenbly (8) to allow the underf| Il to flow into a gap between the

substrate (9) and sem conduc 5}% die )J The machine (1) also has a
postheating zone (5) for po ﬁﬁ*% Ind Hiz DRl S(Uﬁ after dispensing to

provide f& a 15 conti nuous flow of the underfill into the gap. Figure 1
acconpani es tAi 5 3054 rgl% machlne (1) for underfilling an assembly (8) to form
semiconductor package is disclosed. The machine (1) has conveying tracks
(2) for continuously conveying the assembly (8) past zones. The assembly
{8) has a flexible tape substrate (9) with a mounted inverted semiconductor
10 die (10). The machine includes a preheating zone (3}, a dispensing zone (4)
for dispensing an underfill material onto the substrate (9) whilst heating the
assembly (8) to allow the underfill to flow into a gap between the substrate
(9) and semiconductor die (10). The machine (1) also has a postheating
zone (5) for postheating the assembly (8) after dispensing to provide for a
15 continuous flow of the underfill into the gap.

Figure 1 accompanies this abstract
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