FORM NG SOLDER BUMPS .ON SEM CONDUCTOR CHI PS TECHNI CAY] ﬂdi@q% "6
This invention relates to a nethod for form ng sol der bunps on pad 5
termnals of a sem -conductor die, such as for exanple, an inte

circuit (1C chip. .BACKGROUND | C chips are
typically manufactured by formng the active devices for 10 many chips on
a single wafer of sem conductor material. The wa netallised to

fors
“formthe required i MARMINGROLRRER BHMESION %EMisr@NﬁWE@B ehdPS t hen

di ced into individual chips. The chips are then nounted on a substrate
such as, for exanple, a printed circuit board, and encapsulated to forma

singl e TRCPINICAIFIELEHI p nodul e. One known net hod of nounting a chip
on a 15 substrate_uses sol der. beads or "bunps" to electrically and
mechani cal | y Thiscinventien relatesrio@ metbied ffor feaning soldes bummpse oaf padie

0P, L TR B oSBT R Bl i un

Sol der bunps @CZcm monly forned directly on the terminal pads of a
flip chip. An e angle of such direct formation is disclosed in US Pat ent

No. - 5672542 to Schwi ebert et al. This patent discloses applying a mask
to the flip chi8 and formng apertures in the mask which are aligned
with the terrﬁ_'ﬁg(—G_R_M_ﬂds of the flip chip. A solder paste i.s stencilled

onto the mask to fyd | e !ﬁ&ﬂ h 0 '

coal esce and formls',dolcf:@rg gﬁesn{y onrytH{aﬁa{%g'g'teiejrﬁ’?ggﬁﬁﬁgg@teo?&ﬁaﬁﬁcgggfﬂp.
The mask 10s trpanyrehipsedn a single wafer ofl $emitohdueloy, matariitr OUepsvdafey ie
initially forned on a separate substrate. Thus US Patent No. 5381946

to Koopnan etmgfalliges:iosiomm therreauijed intessnnectionsemang theragtive deyiess and o

terhinal” padangh Sibed o RARAEIRNE 1M cnins ot Tod maintBd BiT g Sttt
- metal layer igudhCadTH6r 8Rarpre, BBrHted ciredt Bostd, dhe éritEpRiRited to form a single

chip or multichip module. One known method of mounting a chip on a
15  substrate uses solder beads or "bumps"’ to electrically and mechanically
interconnect terminal pads formed on one surface of the chip to terminal pads
formed on the substrate. IC chips which are fabricated for such mounting are

known as flip chips.

20 _ Solder bumps are commonly formed directly on the terminal pads of a
flip chip. An example of such direct formation is disclosed in US Patent No.
5672542 to Schwiebert et al. This patent discloses applying a mask to the flip
chip and forming apertures in the mask which are aligned with the terminal
pads of the flip chip. A solder paste is stencilled onto the mask to fill the

25 apertures and then heated to cause it to coalesce and form solder bumps on

the terminal pads of the flip chip. The mask is then removed.

Alternatively, solder bumps may be initially formed on a separate

substrate. Thus US Patent No. 5381946 to Koopman et al discloses forming

30 solder bﬁmps on terminal pads of a temporary substrate and then transferring
the solder bumps to the terminal pads of a flip chip. According to this patenta

sacrificial metal layer is formed on the terminal pads of the temporary
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2 | substrate, which term nal pads aré formed of a material which is

~non-wettable by the solder, and sol der bunps are then fornmed on the
“sacrificial nmetal |ayer. The sol der bunps nay be formed by sol der
| plating and subsequently heating the substrate. to a first tenperature

wherein the solder liquefies to formthe 25  bunps whilst the sacrificial
- nmetal layer re nssb tlaII ntac d f Chl vmth
sol der wett aBHBS Srl ?@H'“B‘P %qqgleéoq)fogrmatenapwgm§ ’!ﬂTP

-t
tEQZ?iiﬁrZ“Wtﬁ@ afé*"ﬁéag%gffﬁi éaeﬁé@fﬁiﬂ%&*ﬁ? senciy) me*‘%*é‘?and
adheres to tMaefdoldecbumpsanay Uenfomﬁdtb)osoluer blmufgeamd sabsmdéhtwf héétm

- tenporary 10 substrate being formed of mat eri al which is_not vvettable by

the sol der, hﬁa substrat%m;ra fi fs& tempesatyre wﬂwelmm splgles; liquefies \ipj formi the
bl ol di b
vt 0L Y WO e PO st S VAU S, Bl by

di scl osed i nuﬁahm@ﬂwbﬁipsmtﬁrsolaéf Wét&bl@fyéd%eﬁttﬁé& placed én tﬁalﬁﬂdér a
- the tenporary substrate with the .chip nounted thereon prior to

second, hi ghbummxparthwtanmary isybstrate andrtbel soldenés seflawved aioa tse@nader

Vor ot a o Bherdeip C’furegﬁmalaéah%éplder aisSolygs 6 sa 53’%3%3 el
and then ”a%ﬂh@f'éé ﬂﬂthtehlﬁ @aﬂ | h GBI nTEB'tﬁe?é’rlrmnBI%és‘cﬁt ofthe Wm o

formng cavities |nacar strate OI’ exa

i's masket andubktria@bemgffornmedhﬁ a avateriabwhichl isi mmi wbitablevby thes smldeln the
sol der paste, heating the carrier substrate for fhe ﬁaste to forrinlnto
sol der bal | s sacrificigl matal taer saustibea metalowhich isnwettable by tharsaldes @anthg a

and”br i ngi ng CREAH therain, ARISH Bp2beng-AiriypBle 1d\tfie YormiRaP BREloffe °

such that theempbeay skbktrate/eThistisdldsrbinoentich pfivides for tlsuim-in2 bnd adstirg)

the flip chip to formbunps thereon. The formation of IC
chips and thef chmc\naghagempocamwbsﬁata withy the chip mountawthermggeetcwthe:h
etail and on _t te and

require nsi der a nt|on t 0

mi nt ai i hEgROGReRaNer RStyR feAdid sEP e isHon Inihsoig Snd drinder 18
is also of ¢ bebH ortance and any process steps which save tinme
and cos?nvm&ﬁ{out saéérlpf I ci ng qual ity are highly significant for
manuf act ur er s.

US Patent No. 5607099 to Shing Yeh et al also discloses forming solder

bumps on a carrier substrate and then transferring them to a flip chip. This

20 patent discloses forming cavities in a carrier substrate, for example of silicon
which is masked and etched to form the cavities, filling the cavities with a
solder baste, heating the carrier substrate for the pasfe to form into solder balls
within the cavities, aligning the carrier substrate and a flip chip, heating the
carrier substrate to liquefy the solder balls and bringing the flip chip into contact

25 with the carrier substrate such that the solder balls wet and transfer to the

terminal pads on the flip chip to form bumps thereon.

The formation of IC chips and their packaging into modules involves

_ many processes which require considerable attention to detail and precision to

30 create and maintain é high yield of functioning chips. Production time and cost
is also of considerable ii’nportance and any process steps which save time and

cost without sacrificing quality are highly significant for manufacturers.



3 SUMVARY OF THE | NVENTI ON ' The present invention
provi des a nethod for form ng sol der bunps on a sem conduct or chip
- which is simlar to the above nentioned Koopman et al and 5 Shing Yeh et
ral prior art United States patents in that it utilises another
' substrate or carrier, but which is an inpr®venent over that prior art in
~that the nmet hod i nvol ves | ess process steps. This allows for savings
i n production tine and cost. Qther advantages of the invention wll
~ becone evide ARV ' description. 10 '

According to Ml\ﬂ 'FTI,-lE 'w Mor form ng sol der bunps on a

sem conduct or chi pThé ppésantdegentivheprovideshe nfdthad fatdoHRg shder bdlﬁlgd grpqder
wettabl e term nal pads on one surface, the nmethod conprising - 1 (1)

. providing a cesamicenduaiesichin whighis simiartathe above weentioned Koeopman et @i ade
. t hereof, ergint well s are nan:wettahl] e by the, sol der, gand,.are

. arranged :g: agb'ggt Yreltn‘ ia.j.hp'a‘?fr P&H\gﬁaga%%?ﬁs %lﬁﬂ;eﬂ’@‘tm I'i‘%teg piifsgs, gnother
- pads of the Cé’l.?]lfeétraﬁe%? cagﬁér), but WHidH'& ér‘i‘ﬁnpﬁi\)eﬁ\é/ﬂttd%eﬁtﬁ&' r & that the

(iii1) moving t chip and the carrier substrate relatively together to
bring the method involvesriess prqoeds stéps. h€hishallowsnfion savingadn productiondime

sol der paste in the wells of the carrier substrate, 2

(iv) heating@Rth&osh| oé%h%a%d\@lﬁ%ﬂqs of dhe | ipvenjion W"[ bersme ewidest ?ram theow
from - followHZfdg A able wells to the wettable term nal pads and

f orm bunps ereon, and 30 (v) relatively renoving the chip
fromtheq@arrier substrate. It will be appreciated that in the above
identified prior art of Koopnman et al and Shing Yeh et al, the sol der

bunps are initial | Aceerding tothe Havenrtighsraymethod for forming solder bumps on a
semiconductor chip is provided, wherein the chip includes metallised solder

wettable terminal pads on one surface, the method comprising -

15 () providing a carrier substrate having a number of wells on or in a surface
thereof, wherein the wells are non-wettable by the solder and are
arranged in a pattern which corresponds with the metallised terminal

pads of the chip,
20 (i) filling the wells with a solder paste,

(iﬁ) moving the chip and the carrier substrate relatively together to bring the
terminal pads of the chip into contact with the solder paste in the wells
of the carrier substrate,

25
| (iv) heating the solder paste sufficiently for it to form solder and flow from
the non-wettable wells to the wettable terminal pads and form bumps

thereon, and

30 (v) relatively removing the chip from the carrier substrate.
It will be appreciated that in the above identified prior art of Koopman et al and
| Shing Yeh et al, the solder bumps are initially formed on the temporary



4 substrate or carrier and are then transferred to the flip chip,
wher eas accordi ng to the present invention the solder bunps are both
formed and transferred in t he one step. 5 The well's nay be
formed on a surface of a carrier substrate by | am nating a | ayer of
phot oi rageabl e fil mon that surface, thendexposing and devel oping it

such that the rem)ved areas provide the wells. Alternatively a thin
| ayer of phof® %@zﬂﬂ ‘Earf'@rs?%@ aF&ﬂ‘Q!b“’@%ﬂ?@'ﬁddﬁ thﬁ@'PsG‘F‘PaWEGTQaﬁp%@@Hdmﬁld

et ehed to 109 s Bfesch ifontich R oB8; Aulimiiecih Bmet i Fafgferied in

substrate i sthy h€sedp.y silicon whereby the wells will be
non-wettabl e by the sol der. However the i nventi on enconpasses the
provision of a carrier substrate of another materi al and applying a

treatment_ t hereto e necessar o render,. t he || s non-

wettable By tho s3TReWelisgmay” 56" Eiled ort 2L SEifaCs, A % Sty Substrola b
can be provi Hing P e | t THHén

for a dry flwpgmnnate O?CFeH aoqreaglez oTnhEha‘f‘%hr'f%ce can %’éﬁéjgel%rm ned
froma desi rdévelopmg/nlsuda toadi tlge \remolved rarea‘s edide the wellsaaAlteirBatlver a

diff b hi b d
appr opr 1 at el S AR ANGUoIETaGBABleesiasmah b Fpatil Sndle siaes exposss andh,
georret 1 s o Q%Jagag 16 i BBOP 0c8ibhd Sflg thEloeRar Bl G, ShRacPf der

bunps are provi or Sspacin roma SUbS rate orm

the 10 er fornethe rwars:ﬂmetm dmsboth méthods, the Rfaﬁﬁ@f euhbstratéascm@ferebly
substrate is of a size such that a plurality of chip

si nul t aneous Bilican| wherebyntheo welis ovilli by W-Wﬂ'@abl@thbdhéfsqlqil@' HOW?Yﬂfeﬂﬂq on.
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Preferably the carrier substrate is re-usable. hus, as w |

appr eci at ed, welfableibptheysolden nunber of chips in par al l el 5| ng_a recycl ed
15 . .

A desired bump g'eometry or volume can be provided by appropriétely
sizing the wells. Thus a thickness for a dry film laminate, or depth for etched
wells, can be determined from a desired burhp volume and given terminal pads
area. Also different bump geometries on a single chip can be provided by

20 appropriately varying the dimensions of individual wells. Different bump
geometries on a single chip may be required, for example, where some solder
bumps are provided for spacing a chip from a substrate while others form the

terminal interconnections.

25 Preferably the carrier substrate is of a size such that a plurality of chips
can be simultaneously solder bumped according to the method of the
invention. Thus the carrier substrate may be, for example, of wafer scale and ‘
have a repeating pattern of the wells over its surface so it can be fully loaded
with chips which are simultaneously bumped by the method.

30

Preférably the carrier substrate is re-usable. Thus, as will be

appreciated, the bumping of a number of chips in parallel using a recycled



5 carrier substrate admts of further cost savi.ngs. For exanple, the
| it hographic procedures are much reduced conpared to conventi onal
met hods of bunpi ng directly onto the pads of a chip given such a
. procedure need only be performed once per carrier substrate to define
a pattern for the wells. 5 The nethod of the invention is
primarily based on mani pul ati ng single 5 chips, thus wafers are diced
before the bunmping nmethod is applied and this elimnates the need, in
bunpi ng, to lcanigresubsteate admits of further costisavings. das example htheklithegeaphi@hus

| the i ti | | f or bunpi t th f l e t 0 jded.
wher eat - bot h RiBeRAURS FadRLER sedyead coipparerfa Shdntpalfebaeesof bifhing
i teful of ' ¥ ' : _
ohipin poor SreEEYYEEEInG Yads HORCERSGiverS such I8 FREedB MMEERNESE o
may be per f orperfbrvedeone per ¢urtier suisstidte toldefing ai prttern formihie wells. exanpl e by

usi ng a maskl ess el ectrol ess N ckel plating process, as different
waf er siz®s and 15 thicknesses can be easily accommodated for this step

ethod of the 1 nveihe BEtgH B the bhehdart & RielAFbatEr o ARHREnd Aaid "
i ndi vi dual i S%i;&é}itnésa«?afe@hr%ui@éwbbﬁﬂettﬁe bumping Metitdd & epphed S this

prior to dicing the wafer. Preferably the wells are filled with
. the sol der padiminaiessthenseed,i ingburping, to handieewafiers ofhdiffeegntsdiameters and

o I | agj j t f .sol t t he, f d
spreading i ¢ HeRRgsSES q bbb dBe Jivs i, BTN OLRNRING p & WelsCAe todg8 e
| paste 'Saé.cr%ihﬁ m&e?gaﬂsb&a@%odwh& BaZ?iS%th%‘?Wﬂl %eein?_ﬁfeédeausg;ﬁu d,

~ described’in any det ai I” herern. conposition of
the sol der paghichimwastefabofrasedraescandisnpotentially of highuast penbampedigodd:s

varied to suit particul ar applications. For exanple, if wells are
defined on t bR PaRRYigld waters o Howaves aaynd&mlnfgy raeta"gsaﬂpméb rocess
e bt ur oA B8 St of BBt BRbr 14 e aRARFED bHipdii6: exdniifle by Bihg

t enperat ure t
For a better gingasidéss éleroléss Nickeh \(aling pretess] ass diffgrémwiafersizebeand

carried into effect, enbodinents thereof will be described by way of non-
15 thicknesses can be easily accommodated for this step without capital
investment. It is to be understood, however, that the method of the invention is
not limited to the solder bumping of individualised chips and may be applied to

chips at a wafer scale prior to dicing the wafer.

20 Preferably the wells are filled with the solder paste by stencilling the
paste into the wells. This involves placing a quantity of solder paste on the
surface and spreading it using a squeegee such that each well is filled and
excess paste is scraped off the surface. This is a known step and is thus not
described in any further detail herein. |

25

The composition of the solder péste may be selected according to
requirements, and thus varied to suit particular applications. For example, if
the wells are defined on thé surface of the carrier substrate by a dry film mask
which is 'Iaminated thereon, the solder will generally have to be a low

30 temperature type.



limting exanple only with reference to the aécorrpanyi ng drawings. 5

BRI EF DESCRI PTI ON OF THE DRAW NGS Figs. 1(a)-(i) illustrate

: steps in a method according to one enbodi nent of the invention.
Figs. 2A and 2B are bottom and side views respectively of a flip chip 10

+ showng its term nal pads. Bg. 3 illustrates a carrier
substrate. Fi gs. to 11 show sta es |n a nethod according to
anot her enbodi nentfFarnsa Qﬂﬁe{g’@dﬁfﬁ;@m'ngﬂf the inven toshewdrgw it maydpe

PREFERRED E

. manuf acturecl\i/%f)g?h%rm ng t é amtbP\(/ig]l‘éﬂtgg{h%EW c@gr ?’%r Bﬁ%@y%%ﬁg Wc%&pgfsiohgl e
wafer 12 (Fi q;mnﬂnﬁg)ekamplégmyunnﬁvsfe%no%&o tABtREbMpanyiig dvaligsl2 i s then

i diced to provide 1ndividual chips 14 (Fig. 1(b)). For agl ip chip,

- term nal pads 18 for the circuitry of the chip are fornmed on a surface
16 (see Fb ale. The term nal pads 18

- may be of YAl uArrroraR 2 Re formation of sol der bunps
on themthey are t C gh?? B)
of 25 suitable ma'?igé qé%y(l)gmzé(}?ti?#téé%wEn@%ﬁagsgﬁéﬂe?bﬁtfngn ¢ ta (Fl@gtn?on
or under - of theimverdionl | urgy (UBM, may be applied at the chip scale (see
Fig. 1 (c)), or the waf.er scale. A suitable UBM for an Al um ni um pad
is Nickel. Exanples of _ sui t abl e underbunp netals for sol der adhesion
arc (a) for wafer = O Al - M= Cu
el ectrol ess Ni/Au; ﬁ'é be?n? 28 %g@%%HBHI gggl%%%‘%ﬂ@%&%%c@%l@és&hp
Ni / Au. FH1gs. s'l{oﬁ\)ln?%tehhin%l pg@g t he provision of an 1 C chip 14 having
sol der wettable allised term nal pads 18-20 from a waf er 12.

7 _

Fig. 3 illustrates a carrier substrate.

Figs. 4 to 11 show stages in a method according to another embodiment

15 of the invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
integrated circuit chips are typicélly manufactured by forming the active
devices for many chips on a single wafer 12 (Fig. 1(a)) of semiconductor
20 material. The wafer 12 is then diced to provide individual chips 14 (Fig. 1(b)).
For a flip chip, terminal pads 18 for the circuitry of the chip are formed 'on a
surface 16 (see Fig. 2A) and typically at the wafer scale. The terminal pads 18
may be of Aluminium and in order to enhance the formation of solder bumps
on them they are typically coated with one or more layers 20 (see Fig. 2B) of
25 suitable metals. This coating 20, known as under-bump metallisation or under-
bump metallurgy (UBM), may be applied at the chip scale (see Fig. 1(c)), or the
wafer scale. A suitable UBM for an Aluminium pad is Nickel. Examples of
suitable underbump metals for solder adhesion arc (a) for wafer scale
processing: Ti-Ni-Au; Cr-CrCu-Cu-Au; Al-Ni-Cu; electroless NifAu; and (b) for
30 chip scale processing: electroless Ni/Au. Figs. 1(a)-(c) illustrate the provision
of an IC chip 14 having solder wettable metallised terminal pads 18-20 from a

wafer 12.



The met hod requires the provision of a carrier substrate 22 (Fig. 1(d))
which may be a dummy silicon wafer which is baked at 125[err]C for 15

| m nutes. QO her suitable materials may be used for the carrier
substrate 22, provided 5 such materials are not wettable by the sol der.
i One other such material is gl ass. A |l ayer of photoinmageable dry film
i 24 is then applied to a surface of carrier substrate 22 (Fig. 1(d)).
An exanpl e phot oi nageable dry filmis: SUNFORT YQ - 50 PT dry film

' de by Ashahi - hj

thick sheet Torm an0S: etel ekl she,olibion. of priief Subiiplle 2k TFE, MEH™°
- sending the dwhidh inglyase é'difmﬁlvtlﬁﬁdoﬂﬁafé? WIRIENSE Bake® af AR5P0!fbF 18iminutes.

i control |l ed tenperature/ pressuré and travel speed. Layer 24 is preferably at

“least 1 nmil (Qﬂmmsmtab‘retmateylalmnuay bei used forethe2gairier taubstratep 22¢ pravided
d I d def I 26 t t I t W th h
the- *P°"8 or i Masadals, 3% pob weitatl v, e, S5ideF o Popor e uehymaterA S
t he | am nat I I

€ lam natée %Fé 8 %Q?%&ioﬁﬁﬁofd‘rgéé?r eg %rgr?ﬂlln 24 68 thén %P‘E)II&G tbsa S0rfaté of

- det erm ned actor np geonetry. e carrier

substrate 22 garrier|sybstrald 22 (Fien1(d)).edAn exampler photoiinageebleaidrg Giler ig:C.
A sol der paste 28 is_then applied directly onto the surface of | ayer 24 20
and squeegeedSUNFQBTEYQ o S0bRSI i (e i AsbAhi- 38pan).g. This Gry fimTise

i forniy 11 ARSI 68 plcForbBBEs B SFbG I R I BrilffteRof B 156 Bafier”

- re-printeg w slbdtrbte 8 sendifigtheadry dilm/carridBsulfstidie fin | rRtweer ftwo! vt wbnélatx
- may be sprayed over the surface of film 24. Typi cal ly, the sol der

paste 28 cont edmnisollesk mmpam@lpreswml and \tzaveb speeds5 Layesne4 is lpyefesablmeat

L S L O AL S
- (118[err] ), 63558 4Rl %II&@G (Fig. 1(e)) at s&l)ec’tWI %éﬁt?rﬂst\)htﬁfwﬁlﬁﬁ thBi ps

14 are then p‘?ace on the carrier su t he UBM 20 of each
term nal pad teSminalgrads 4820 ofapship itMewillotedistepadhe thickneks|dfdtevafrisate

26 28 (Fi 1(g)). Preferably, to ensure there is ood regi stratio
e okYPH 24 @k TRAS-SpatIenal 358 Of e WRS 28418 deereincd serardies fa aze,
t he pads dédlred bahp §EBMeRY. | ThébaRidrbstrife Eé%ﬁw Riyer A"’ thdheéurel

the wells 26.
for 10 minutes at 60°C.

A solder paste 28 is then applied directly onto the surface of layer 24

20 and squeegeed thereover to completely fill the wells 26 (Fig. 1(f)). The carrier

substrate 22 is then inspected to ensure the solder paste 28 uniformly fills the

wells 26. If it doesnt, the substrate 22 is re-printed with further solder paste

28. A thin layer of liquid flux may be sprayed over the surface of film 24.

Typically, the solder paste 28 contains metal powder in a .ﬂux vehicle.

25 Generally, solder pastes that can be used are those with melting temperatures

less than 200° Celsius. Examples are 63Pb/37Sn (183°C), 52 In/48Sn
(118°C), 58 Bi/42Sn (138°C).

A plurality of the chips 14 are then placed on the carrier substrate 22
30 with the UBM 20 of each terminal pad 18 aligned with respective solder paste
filled wells 26-28 (Fig. 1(g)). Preferably, to ensure there is good registration



The assenbly of carrier substrate 22 and chips 14 is heated according 5
to a predeterm ned tenperature - tine profile for the sol der paste 28 to

form sol der and coal esce into solder bunps 30 on the termnal pads
18-20. During this solder reflow step, the sol der adheres to the
wettabl e term nal pads 18-20 and witrajraws corrpl etely fromthe

non-wettable wells 26 I g der bunéoed chi ps 14 are t hen

r e][r})?/ed fr (lzmbleﬁ@!eéaﬁ'ﬂﬁf rn!iﬁ%'sﬁﬁfiﬁ 138'?@ qnd the quder paste)2q t!SlngU@ig@
el e Rack: 3. 50 apo SAHbFjn 43S W8 brostNEaiBRE fon of the SHIR'462! © A

recycled for the next batch of chips 14 to be bunped as indicated by arrow
32. Al though dry filmlamnate material is preferably used
with the |nvent i onfhelgssemblyzof ¢asrietsishstraie 22 and ghips 14 is heated accordmg

pre-drilled/electrofaornmed stainle [ Ni

t hi ckne;sgan (?egr‘féﬁcie"m'é‘ o'ﬁemp%é r eetﬂp?ﬁfﬁ & fPBQfé%fOﬂ%SRqsﬁ?ﬁyo fo rU%l ng
appropriate ' t ?g&

directly on t e su (%regé‘gb?%ﬁﬁ? st%ﬁ‘lmﬁﬁécﬁppé}?t gneopeﬂ e1%ag;|tnrjgt e

sol der fill s this soldéemfbhestepl thes solder aﬂhemdotthefwemameItelnmniahpads dB-2he
flip chip.in a single 20 reflow cycle,. rAs hown ;:ig_r3,

t he substrat @ndowithdraws garapiptaly fmm rhe; pRN-Wetiable, wel 2&0(%& gé") . “The
correspondin r b .

| am nati ng/ b%ﬁﬁ‘?{w&&@ é% ég]‘% %H rggﬂ{ I"'ona m 8p%ﬁ%€?g§§raggszzer(ﬁg'
renoval 2§ 1)) For exsmgnas oh’ Anvhffle padis of ahip. Q:@rniere(noz&rfﬁw [ The carfieow

cycl e. 4-11 illustrate stages in a nethod wherein a
surface 41 ofsubstrate 22with layer 24ris @vailabletforre-use in the matbad.shus ikmay be

et ne wel | IMBesISa e the nesd baten &t iES 14 to pe BUIBRSE AR AaGUE 1P Bltobin,

etched to formwells 46 in the substrate (Figs. 6 and 7). Preferably

the etching is such as to formwells 46 of at least 1 ml| (25

En cr orret res) dept hAlthidughwtyl fiimiaminatet materiai Id préfevably lasmbvvdbrthpamemtm,
Fig

chi p 50 F‘nﬁw igcamshersibstituied H‘ﬂﬂ‘sp@zdﬂlkedﬁ?lﬁmoﬂﬁFg %@Bﬁsﬁaﬁt%d%cg%'cfﬂ"? ﬁ’glt

required thickness and design. The foils can be attached to any substrate
using appropriate bonding techniques. Thereafter, the solder paste is printed
directly on the substrate foil, the flip chips aligned on the substrate solder fills
then the solder is reflowed to form solder bumps on the flip chip in a single

20 reflow cycle.

As shown by Fig. 3, the substrates 22 can be provided with fine through
holes 27 corresponding to each thin film aperture or well 26 before the
laminating/bonding process step. This additional step provides easier removal

25 of flip chips from the substrate carrier 22 after the reflow cycle.

Figs. 4-11 illustrate stages in a method wherein a surface 41 of a silicon
carrier substrate 40 is coated with a photoimageable resist 42, which is then
exposed and developed to define well locations 44 (Fig. 5). The carrier

30 substrate 40 is then etched to form wells 46 in the substrate (Figs. 6 and 7).
Preferably the etching is such as to form wells 46 of at least 1 mil (25
micrometres) depth. The wells 46 are then filled with a solder paste 48 (Fig. 8),



pads 52 register with the solder paste 48 in wells 46 (Fig. 9), the

assenbly is. heated to refl ow the solder 48 and form bunps 54 on
termnals 52 (Fig. 10), foll owed by renoval of the sol der bunped chip
50. The steps represented by 5 Figs. 4 to 11 are generally a repeat of
the steps represented by Figs. 1(f) to (i) and the description

her ei nabove relating to Figs. 1 (f)-(i) applies also for Figs. 8- 11.
The carrier substrate 40 may al so be recycéed for bunping a subsequent

bat ch of chips 50. 10 A phot oi nag€abl e sol der resist that can be

used for sili '

resist. A ter%%f@gpj&{\ﬁgf et?ﬁlt'ﬁg ﬁ?dnﬁé' ?gn@pﬁacedsli use@%t%tgpm ﬁﬁ&{ that
silicon for dﬁédsﬂEQg'e\giﬁtélswﬁﬁ thé solderrpaite depinsiells 46 (Figl@)j the assembly is
deposited on the silicon wafer, Shi EI ey/ AZ photoresist is_spin _coated_on

t he ni t rheniedetpomﬂowthﬁas@derﬂ eandafqmbunmw HYaretesmingls &2 (frg. 10),
requi red wel l

silicon et ch EQ!'OYVRQ Q@Ihtrrgb\gqep EtﬁE so?derxtgfrﬁﬁg h 5@&5‘I n%négéh %Q %er E&g PYe
process. - glgs 4to1158 Efé Béﬁel%by ggat BPe Q%pé?ébl%%@ﬁteiﬂb?ﬂé—s .ORf) td (i)

(a)-(i) or for bunping c s wth erther
peripheral orand tlwde;omﬁmhnemmmmé rélatmgctorﬁigs;m(at(i)(anphesrabq fordigs.dir i s

al so suitable for_bunpi ng chi I 3&? h and fine gsom&t

For exanpl e blpiTip G‘P"@rrﬁ“psgﬂecﬁ ('“3)25 s0 be ree humping g subSgayent

| ndi vi dual e (Ga As) dies may al so be sol der bunmped
accor di ng to %ﬁcﬁ%ﬁﬁﬁg I nventi on. 25 The i nvention described
herein is susceptible to variations, nodificati ons and/ or additions
other than those specifically descrlbed and it is ynder st ood

t hat t he ihventi onA pbotmmegaablesmmewe&sn%ttﬁhah§ann%Mseélafqro?i'é‘»‘%{haﬂ strate
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wettabletermn esur ace, the
deposned on the silicon wafer, Shipley/AZ photoresist is spin coated on the
nitride deposited wafer, then exposed and developed for the required wells.
15 Nitride etch to expose silicon, resist strip and silicon etch at the wells are the

steps involved in this alternative process.

Either of the methods as represented by Figs. 1(a)-(i) or Figs. 4-11 may

be used for bumping chips with either peripheral or array type terminal pad

20 configurations. The invention is also suitable for bumping chips with a fine
pitch and fine geometry. For example bumping of 5 mil pitch (125
micrometres) is possible. Individual Gallium Arsenide (Ga As) dies may also

be solder bumped according to method of the invention.

25 The invention described herein is susceptible to variations, modifications
andfor additions other than those specifically described and it is to be
understood that the invention includes all such variations, modifications and/or

additions which fall within the scope of the following claims.
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5 met hod conprising - (1) providing a carrier substrate having

a nunber of wells on or in a surface t hereof, wherein the wells
are non-wettable by the solder and are arranged in a pattern
. which corresponds with the netallised termnal 10 pads of the chip,
L(ii) filling the wells with a sol der paste, (iii) nmoving the chip

and the carrier substrate relatively togeyper to bring the 15

term nal pads of the chip into contact with the solder paste in the wells
of the carrier sulGLANMS: (iv) heating the sol der paste
sufficiently for it to formsolder and flow from t he
non-wettable wells to the wettable term nal pads and form bunps 20

Lnereen, =91 chbbl B R PP I BBty e

. phot oi mageabltﬁe fohiprinciudds metalised seldenwettaBlestarinmesl pidst die opardurkice, the

substrate, then exposed and- devel oped to thereby define wells on said
~ surface. 5 methed comprisin@od as clainmed in claiml wherein a foil which is
- preformed with hol es is bonded on said surface of the substrate, the
~ holes defining said wells 30 on said surface. 4. A
- method as cl ql)med ﬁravﬂir?r @cﬁnrﬂ%ﬁs&a‘é‘ﬁaﬁh @hﬁﬁ\%%ﬂﬁfﬁleilé lom &'Tﬂa surfaﬁé he
carrier substrate ‘are me subst ances are non-wettable by t
sol der. thereof, wherein the wells are non-wettable by the solder and are

arranged in a pattern which corresponds with the metallised terminal

10 pads of.the chip,
(i)  filling the wells with a solder paste,

(i)  moving the chip and the carrier subs‘tfate relatively together to bring the
15 terminal pads of the chip into contact with the solder paste in the wells

of the carrier substrate,

(iv) heating the solder paste sufficiently for it to form solder and flow from -
the non-wettable wells to the wettable terminal pads and form bumps

20 thereon, and
(v) relatively removing the chip from the carrier substrate.

2. A method as claimed in claim 1 wherein a photoimageable film is
25 laminated on said surface of the carrier substrate, then exposed and

developed to thereby define wells on said surface.

3. A method as claimed in claim 1 wherein a foil which is preformed with
holes is bonded on said surface of the substrate, the holes defining said wells

30 on said surface.

T



.5 5. A nmethod as clainmed in claim4 wherein the carrier substrate is

- fornmed -of silicon. 6. A method as clainmed in claim1.

. wherein the carrier substrate is glass 10 7. A method as clained in
I claim1 wherein a photoi mageable resist is coated on said surface,

- then exposed and devel oped to define |ocatifdns for the wel I's, the

substrate then belgg etched to formsaid wells in said surface.
A met hod as cl4i medAimmethog as claimedeinnclaime 2 whereip t@@mmtatreag@abiacférmanms
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silicon. 20 soldér. A nethod as clainmed in any one of claiml1l wherein the

wells are filled with the sol der paste by applying the solder paste to

the carrier substrate by stencilli ng usi ng a squeegee. : 11. A
met hod as ¢l ai ored i erein e has,,a crass-sectional

ren ot onS o8 R riefiof 4% CaTREY Bp CEIRY Wner RN SArEeE pRpSaS YR faffped

[ wettable term d?ﬁtd of the chip such that the whol e area of each term nal

| pad contacts thé solder paste in a well. 12. A nethod as

| claimed in claim1l wherein the netallised solder wettable 30 pads are

- formed of Al uniniumon which a layer of N ckel is deposited. .
A method as claimed in claim 1 wherein the carrier substrate is glass.

10 7. A method as claimed in claim 1 wherein a photoimageable resist is
coated on said surface, then exposed and developed to define locations for the

wells, the substrate then being etched to form said wells in said surface.

8. A method as claimed in claim 7 wherein the carrier substrate is made of

15 a substance which is non-wettable by the éolder.

9. A method as claimed in claim 8 wherein the carrier substrate is formed

of silicon.

20 10. A method as claimed in any one of claim 1 wherein the wells are filled
with the solder paste by applying the solder paste to the carrier substrate by

stencilling using a squeegee.

11. A method as claimed in claim 1 wherein each well has a cross-sectional
25 area which is larger than the area of a corresponding metallised solder
wettable terminal pad of the chip such that the whole area of each terminal pad

contacts the solder paste in a well.

12. A method as claimed in claim 1 wherein the metallised solder wettable

30 pads are formed of Aluminium on which a layer of Nickel is deposited.
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