©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
“method and machine for underfilling an assenbly to form sem conductor
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

sugstrate IS thecomrmg Il@verﬂl@ﬂri'élﬁt?i@woeégﬁbth‘b@ hAdt Machpey it t@d@*ﬂumr anrigid
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substrate to dsmfuhfan tmtsrmtﬁepesgmay Ilmlted 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




“assenbly is preheated then an underfill material is dispensed onto the
assenmbly in a heated dispensing zone. The underfill then starts2dX0462005
into ‘a gap between the substrate and die. The assenbly renmins 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 renpbved fromthe assenbly and the underfil
material at least partially solidifies. The assenbly is |ater reheated to
cure the underfill and formthe conpleted sem conductor package. However,
in order to increase 5 production rates, the assenbly may be prematurely
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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.




assenbly, said heating providing for said underfill to flowinto a gap

bet ween sai d substrate and said seniconductor die ; and 30 post B&atl 2005
assenbly inmmediately 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 nay be for a duration of at |east
thirty seconds after the step of dispensing. Preferably, the nethod may
further include the steps of: 5 cooling sadi d underfill; and subsequent
curing of said underfill. Preferably, said nethod may be further
characterised by sai 10 supstrate being.a flexible tape. Suitably, said
met hod nmay be furtgH&at&IMalsé' glapse Pﬁ?h@gpﬂgdﬁﬁm &'r %W@tﬂﬂfb@zlﬂl l#8%1 ng
during the st #dy sbcoridshafadn the, steh peiRpensingnd postheating. 15 Preferably,
said nethod nmay be further characterised . by said assenbly continuously
nmovi ng during the steps of cooling and subsequent curing. 20 According to
anot her aspect of Ptafeiablygilé arethbe neay firhieoincdiedt the staphiofie f or
underfillighg an assenbly to forma senm conductor package, said machine

i ncl uding: a conveyor for conti nu_ouslé/ conveying an assenbly past at | east
_ cooling said underfill; an

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 |




25 some zones of said machine, said assenbly including a substrate with at
| east one seniconductor die nounted thereto; a preheating zone; 280/ ®0/2005
"di spensi ng zone for dispensing an underfill nmaterial onto the substrate
whi | st heating the assenbly, said heating providing for said wunderfill to .
flowinto a gap between said substrate and said sem conductor die; and
20/ 10/ 2005 4 a postheating zone for postheating the assenbly i mredi ately
after said dispensing to provide for a cgntinuous flow of said underfil
into said gap. 5 Suitably, said postheating zone and conveyor may provide
for a postheating duration of at least thirty seconds after the step of
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that the prese I nvention may be readily understood and put into
practical effect, reference will now be nade to a preferred enbodi nent
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Fig. 3il IusHi%é??siﬁé Qﬁﬁe_section of an assenbly, to be underfilled to

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




form a seni conduct or package, during a preheating step of Fig 2; Fig. 4

illustrates cross section of an assenbly, to be underfilled to P&/ 042005

sem conduct or package, during a dispensing step of Fig 2; and 30 Fig 5
il lustrates cross section of an assenbly, to be underfilled.to form a

seni conduct or package, during a postheating step of Fig 2. 35 20/10/2005 5

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT OF THE | NVENTI ON

Referring to FIG 1 there is illustrated a machine 1 for underfilling an 5

assenbly to forma sem conduct or package. “The machine 1 includes a
conveyor, conprising two parallel conveying tracks 2, a preheating zone

3,
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conveyi ng tracks 2 provide for conveylNiEN@IDMHonduct or assenblies 8 past 10
zones 3 to 7, these assenblies are forned froma flexible tape substrate 9
havi ng |nverted sem conduct or dies 10 nounted thereon and are illustrated

in nore detail in Refegingta bIG. 1 tharerisiilluptiated-ranaghinget dof yndetfiliing aned a

met hod of ster@ﬁeﬁsw%%ﬂwalserﬁkSRauétef ;5.%41 gé' | ThBOm@RAheOH rn%ﬁ;des 2

assenblies 8 to forma sem,conduct or usi ngBmac I ne
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4 then di spenseyeyinguiiacs 2 Idrovide dor ebnmwmgtslemmonductor a_ssembhes 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.
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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 Centi grade20¥0 @ég0&ds
Centigrade. A postheating step 22 is effected at postheating zone 5 where
the assenblies 8 are postheated i mediately after. the di spensing step 21,
for approximately 30 to 60 seconds, typically at the sane tenperature as 25
that applied at the dispensing step 21. A cooling step 23 of the assenblies
8 is effected in cooling zone 6 and in zoge 7 a curing step 24 is effected
so that the assenblies 8 are heated to typically 150 degrees Centigrade.
Referring to FIG3 it is clearly showm that in addition to substrate 9 and
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.a.gap, 18 between substrate 9 and the respective ‘one of
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6 As will be appar ' i Lt yer
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respective pads 1{% b Lo | n H‘or t her rmcto rrensseironlzb ndi V«‘{;iocgtiio?ls made
possi bl e by 41 &7 i & a5 OB lnverephodetng rdiners 12 gl koo
' 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,
mwnmmmmgmm@mvmm2wmwmmmzmm4meanuMmm
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.




10 substrate 9 is typically made of polym de which is an electrically
insulator and an end of each of the interconnecting runners 1220ar6/BOBG
| ocations 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 associated interconnecting runners 12 to
formwhat is known as a ball grid array gsed to nount as well as to couple
the assenbly 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 b I tt ,
interconnectiﬁéé%ﬁﬁﬂ%égﬁ&Zﬁgipg%%gﬁlgﬁﬁﬁﬁg%cgggpéi?¢%rhﬁﬁg%ggbgﬂgﬁﬁggQS as

have been preWedgréted ﬁepﬁ@ﬂ,fﬁ—lQTnga_me@, due feynnpeessansieng SWIaKPdR theacks
2 to di spensi @igpéRsiRg LoMee! Tha BredtiftihvértionlmalySaldh SBBOES Ahe PdxsidMRy of
substrate 8 at .two edges of each of the dies as 25 illustrated in FIG 4.
During di speniflg t he assemblies 8 are heated to typically 80 degrees

Centigrad& and t hiAltHotsghetiad Lineentforirehay diaedd dbscribed Mt helereme: ito a

post heat i ng inaly, .th ssenhbl i es r t. . .
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sai d under fi |festtitéchtp thet émbodimeersi depcabdd eseiheat i ng so that capillary
action 30 assists the underfill 15 into being drawn into gap 18 as
illustrated in FIG 5. The assenblies 8 are then cooled in cooling zone 6
and subsequently cured at a tenperature of typically 150 degrees
Centigrade in curing zone 7 to form sem conductor package 19. 20/ 10/ 2005
Advant ageousl y, the present invention reduces the tine to manufacture
underfilled sem conduct or packages due to unnecessary |long delays in the
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diSpensing zone. The present invention may al so reduce the possibility of
voids. 5 Although the invention has been described with referen@dAlb0A2005

preferred enbodinent it is to be understood that the invention is not
restricted to the enbodi nent described hgerein. 20/10/2005 8 VE CLAIM 1. A
met hod for underfilling an assenbly to forma sem conductor package, the
met hod including the steps of: 5 preheating an assenbly including a-
substrate wig past one sem conductor die mounted thereto; dispensing
an underfill material, onto the substrate whilst heating the 10 assenbly,
said heating-providing for said underfill to flowinto a gap between said

substrate and saigd HemolC RS ehaerliy 2P HsB8/RbYGo! eSS Ssdhicohdligor at el y

after said di Spensi Eg tQ grovilg(g for a contindous flow of said underfill
into said gdfckagRtBe methed mpluding the 8leps Of of post heating sai d assenbl y

conti nuogsly noves al ong a conveyors cooling said underfill; and
subsequent curin f said underfill. .2 A nmethod for underfilli an
assenbly as clai ﬁé@’q ng QPn@??eth’r éﬁ‘ﬁ“‘%gai g §p€%r%tp %@‘t ﬁga[elaﬁl;) (ﬂ% for a
dur ati on of semiterakicidridie mountedtidgetaft er the step of dispensing. 3. A

met hod for underfilling an assenbly as clainmed in claim1 or 2, 25 wherein
said method is further characterised by said assenbly continuously noving

during the stepsdispepsisgean underfitl satersl mptade sobstiaiet whijst 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;




4. A method for underfilli ng an assenbly as clainmed in claim3, wherein,
'said nmethod is further characterised by said assenbly conti nuousi0y/ h@yi26d5
30 during the steps of cooling and subsequent curing. 5. A machine for
underfilling an assenbly.to forma sem fnductor package, said machine

i ncluding: 35 a conveyor for continuously conveying an assenbly past zones
of said machine, said assenbly including a substrate with at |east one
sem conductor die nounted thereto; 20/10/2005 9 a preheating zone; a

di spensing zone for dispensing an underfill material onto the 5 substrate
whi | st heating tﬁ‘eﬂrﬁggéﬁ{ﬂ %f?n%ai d heating providing for said underfill to
flowinto a gap between said substrate and said sem conductor die ; and a
post heati ng zone .f qg eat.l.ng . I irmqag' aj

di spensing to pr 8vi c'isé)%?%ﬁﬁa%tgh%t chnmu(;ﬁﬁ%%ﬁso!}@ %)é{"sal %_ﬁéérﬁte?iﬁ_q%nr@o{%ai d
gap; 10 @hesubsirateavhitst heating thecasgsrally bsaid dieating previdingtfer aaiddmdenyl zone
and  subseqyenioufifd ' i daidnehicbhbiudiBt 8l nd 6 A
machi ne for ung)erﬁ?P%r?g%ﬁwggéesﬁyid%éﬁi?gﬁangg In cl{cabm 5, V\%e’r enl n said
post heating zone and conveyor provides for a postheating duration of at 15

lleast thirty secangstrfating Zohe f6f SsthéatiiFRRNEdsthbly BhfcaRabIedfer REIdOEI Ng
at  subst antdis%lehgin%q% Sr%q%et Forrm%r gén gn%o%ss f‘o%itof Osfai(f %lngeghlsﬁ)?g Ssh%ggéé’;”e'
10  wherein the machine is coupled by said conveyor to a cooling zone and
subsequent 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.






