WQ. 97/ 40530 PCT/ US97/ 01145
-1- SOLDER BUMP APPARATUS, ELECTRONI C COVPONENT AND

METHOD FOR FCRR NH0230s0 DER BUWP Field ‘%ﬁ""?ﬁ‘?@’“ll“f’
| nfventi on 5 This invention relates general ly to sol der '

connections, and, nore particularly, to a solder bunp appar at us, an
el ectroni c conponent and a net hod for fordtrng a sol der bunp. 10
Background of the Invention ___Sol der bunps are_freguently attached

~to-conductive r SQLBER BPMBo| ARP IS of CIRONICH QOUB t AN h
15 as an integrated circuit METHOR| FOR  FORMING o‘aISQM*Br surface

nmounti ng of the el ectronic conponent. Pre-fornmed sol der bunps may

be automatically positioned on EreldVsE thalcrnpaftiey Ng a variety:
of wel | - kngwn t echni ques, including robotic pick-and- 20 placing and

Screen-printi t hods. I I t f foll d
by & refl ow operation. - ThiZ Aientilh, mel aths SERREA LI, 0" B0TCRE sol der -
pads. Solcmméntmsmyarm,smdm partddullasiya aol desolder bempe,
whi ch I ncl udes both pgg?er? lttqg aan @ie%@@o%i | l@émpo?mgntagﬂd Sdméghéa' ggr pads

prior to the ref | ovff
forming a solder bump.

10 ' .
Background of the Invention

SOIdér.bumps ére frequently attached to conductive

regions, or solder'pads, of an electronic component such
15 as an integrated circuit or a circuit board to allow for
surface mounting of the electronic component.

Pre-formed solder bumps may be automatically
positioned on pre-fluxed solder pads using a variety of
well-known techniques, including robotic pick-and-

20 placing and screen-printing methods. Solder bump
placement is frequently followed by a reflow operation,
“which secures the solder bumps to the solder pads.

Solder bumps may also be formed from a'solder

paste, which includes both a solder alloy and a flux,

.25 applied to solder pads prior to the reflow operation.
As the solder paste is brought through the reflow
process, the solder alloy “balls up” and forms a solder
bump. '

Flux activates and disperses during the reflow

30 process, removing surface contaminants from both the
solder bumps and the solder pads and ensuring that the
solder bumps attach firmly to the solder pads. During

- the flux activation and dispersion process, however, the
solder bumps may move with the flux, and separate from

35 the solder pads. 1In addition, the flux may become
trapped between the solder bumps and the solder pads,
resulting in weak solder bump-to-solder pad attachments.



As =t he sol der paste I's brought through the reflow process, the sol der
alloy "balls u and forns a sol der bunp. Fl ux activates and
di sper ses le?EH‘Qs% reflow 30 process, renpving surface coPCHIBEITANLLS
frém both the sol der bunps and the sol der pads and ensuring that - the
sol der bunps attach firmy to the sol der pads. During the fl ux
activation and di spersion process, however, -2ke sol der bunps may nove °-
with the flux, and separate from 35 the solder pads. 1In addition, the
~flux may becone trapped between the sol der bunps and the sol der pads,

resulting in weak sol d t t 30
oy u597/901145 PheP¥"Ps  Crére f5Fe PAGhedd afélm?aﬂ sblder bux&éoﬁ]%yh%%

therefore a need 3R ZPRIFAYHS HhiFheanhances thﬁuﬁ%ﬂﬁ&%@%:995®ﬁﬁ@ﬁ185h§ﬁbes
the accurate pos'éé%f‘%ﬁﬁps ovess BéRled WiEs @ wil eﬁg&%@%ségdtl‘l@' ch

i ncreases the_reliabil f connecti ons "between sol unps and
sol der pads. 5 reliabil ty of connegtdpns hatween Eﬁ@éﬁ?ibﬁmps and

solder pads.
Summary of the Invention

10 According to an aspect of the present invention,
the foregoing need is addressed by a solder bump
apparatus which includes a substantially conductive
region and a slot projecting from the substantially
conductive region. A solder resist region at least in

15 part surrounds a perimeter of the substantially
conductive region and a perimeter of the slot. A solder
bump is formed on the conductive region and at least a
portion of the solder resist region.

According to another aspect of the present

20 invention, an electronic component includes a dielectric
region, a substantially conductive region disposed on
the dielectric region, a solder resist region proximate
the substantially conductive region, a slot formed by
removing material from the substantially conductive

25 region and the dielectric region, and a solder bump
coupled to the conductive region, covering at least a
portion of the solder resist region and the slot.

- | According to a further aspect of the present’
invention, a method for forming a solder bump includes

30 providing a device having a substantially conductive
region, a slot projecting from the substantially
‘conductive region, and.a solder resist region, the
solder resist region at least in part surrounding the
conductive region and the slot; depositing a volume of

35 solder paste onto the device, the solder paste



10, According to an aspect of the . present invention, t he

f or egoi ng nee {ﬁﬁyessed by a sol der bunp appar at us which incl udes

- a substantial?@ii% ctive region and a slot projecting fr P1145
substantially conductive region. A solder resist region at least in 15
part surrounds a perineter of the substantially conductive region and
a perimeter of the slot. A solder bunmp is3forned on the conductive

region and at |east a portion of the sol der resist region.
Accor ding to anot herompaieingofa seddercand 2E1uxay shei solder pasEer onic

component i ncl udes Mﬁrﬁ&g&lz eovezfi‘?ge%e coﬁdﬁk‘:‘ﬂg%”kbgkbh aAAdyeti ve

regl on di SpOSGd on ctric Ion, a sol I St gl on

proxi nat e t he daash #npoxtiipn: ofdFhe mld@gu #siétsn:sgipmnaa
removing material from tie e kap 's%mézceﬂitt@ e fo3n ehiedRorbdy! B@m on
dielectric region, and a sold bu cou led to the cond uctlve reglon
covering at |ea8t &he co %8' 8288t a; pgrbhonnt; kbesi ot .
According to a furtmdﬁmsqf omresent i nvention, a nethod for
form ng a sol der bunp |_udes Vi havi a
substantial ly conductlfﬁf % gFEbI&h%hg ?& %8 oﬁ@ ﬁﬁaoprgﬁg}hgecome
substantially readliyt iapparegtoto dise skliddedr éni ther agtofromhthe

egion and the of oro Lo HekRriB o os UeE, Blcatred. ebBATHERL () of

device, the solﬂerqhﬁnknvention which have been shown and described by way .
of illustration. As will be reallzed, the invention is
capable of other and different embodiments, and its
details are capable of modifications ih various
respects. Accordingly, the drawings and description are

15 to be regarded as illustrative in nature, and not as

restrictive. '

Brief Description of the Drawings

20 FIG. 1 is a plan view of a bonding region of an
electronic component, according to a preferred
embodiment of the present invention.

FIG. 2 is a cross-sectional view along line 2-2 of
‘the bonding region depicted in FIG. 1.

25 FIG. 3 is a plan view of the bonding region of the
electronic component depicted in FIGs.:1 and 2,
depicting solder bumps formed during a reflow process.

. . _ FIG. 4 is a cross-sectional view along line 4-4 of
the bonding region depicted in FIG. 3.

30 FIG. 5 is a flowchart of a method for forming a
. solder bump according to a preferred embodiment of the
present invention.
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- 3- r|S|n a solder and a flux, the sol der paste

substantlaHYV ng the conductive region and at | easPCHUSHVA1A4Sn oOf
t he sol der resist region; and " heating the solder paste to form

t he sol der bunp on 5 the conductive region and at | east a portion of the
sol der resist region. Advant ages of-4-he present invention wl| i}
becone readily apparent to those skilled in the art fromthe _
fol l owi ng description of the preferred enbodinents of 10 the invention

P nave pech BN £1daIe6sLEERetEn"Yr  sneCpidtbeLenl Bilnolintidds be

realized, the invention | erent e I ment s,
and its details are capabl e of nDdlflcatlons i n various respects.
Accordingly, the draw W&niﬂé HSﬁcﬁbpﬁhQ“dféﬁim%e‘S Wit & %@{éj%r%%als

illustrative |n nature, and_not restri Bri ef

Description of5 t hdepignakgslike ygomponents G FIG, d af-splaali’l\ﬁne\ﬁlGW 8£%héndi ng

region of an behaihéoﬂégiéﬁn@@n&ﬂtelééﬁ%ﬁﬂhdﬁbdMPdhdﬁ&sf%kh%@ding to
enbodi ment of the pres

|
view along |ine 2a2p6§§2§:re3t ﬁ&%@ﬁﬁ?ﬂﬁ RS &ﬁﬁﬁeateé.sqv%x%iéis,lsem  ona |

FIG 3 is a plan Boading regibnnilOnmayebe oatdchéd to, orxllertawnimegral

component depi cted ip BkGSanle 808 fonic component (not shown) such as an

10 integrated circuit chip or a printed circuit board,
among other things. It is contemplated that a plurality
of bonding regions 10 may be present on a single
electronic component. In one example, thirty-one
bonding regions 10 are disposed on one electronic

15 component.

As shown in FIG. 1, bonding region 10 includes a
solder resist region 12, solder resist materials being
well-known and widely available; a conductive region 14,
which may be, for example, a solder pad made of a

20 metallic material such as copper; a slot 16 and a solder
paste region 18, which comprises a volume of solder
paste.

Slot 16 projects from, and may be substantially
perpendicular to, solder pad 14. Slot 16 may be any

25 desired shape, for example, circular, rectangular or
elliptical, and may be formed in any suitable manner,
for-example, using a laser. Solder resist region 12
preferably surrounds both solder pad 14 and slot 16.
Solder paste 18 covers solder pad 14, extending

30 partially onto solder resist region 12 and partially
over slot 16.

Bonding region 10 may be constructed in a variety
of ways. One example of a suitable construction for
bonding region 10 is shown in FIG. 2. As illustrated,

35 solder pad 14 is an exposed region of a larger



depi cting sol der bunps fornmed during a refl ow process. " FIG 4 is

a cross-sectional view along line 4-4 of t he bondi ng regi on depicted
in FIG 3. 30V0974053 G 5 is a flowhart of a method for fornPEHUS?01145
sol der bunmp according to a preferred enbodi nent of the present -

I nventi on. WO 97/ 40530 _ '

PCT/ US97/ 01145 -5~ -4- Det ai |l ed
Description of the Preferred Enbodi ment s Turning now to the

drawi ngs, wherein |¢émductivel bayér lEsdisposedidr zodpebectsic Héyidni20a
Bl e o o PO, 1581 L lle k] SR US RUTARYE ARGRRH 10 1O

a preferred enbodi e present T nventl on. I ng regron 10
be attached to, or matemiakhi eghalayer Oi)aSQl&l;‘ m-’cﬁfeclz @dy beordicposed

he h
(not shown) such as ré!%l M@tféé,&rﬂ:“é e%élré iﬁ%ﬂt rzcét'do\red

board, anong o ngs contengoate
bondi ng regi ons510 Myfmm’ t 16 %xwﬁa)rnlcrwipomlﬂem n

one exanple, thirlYeodest reg?&?dii'gaﬁ&%eﬂ&ué’@:.@é C14pePorgd 6 s

el ectronic 15 conponent
substrate 20 is exposed. A via hole 23 through
substrate 20 may electrically connect solder pad 14 with
a component (not shown) on an opposite side (not shown)

10 of bonding region 10, ;ypically to a component of an
integrated circuit.

-Solder paste 18 is preferably screen—printed onto
bonding region 10 using commonly-known techniques,
using, for example, a stencil (not shown) and a squeegee

15 (not shown). The stencil, which may be metal, suitable
metals including but not limited to stainless steel,
brass or copper, has apertures therein which may be
formed by punching, drilling or etching, for example.
Preferably, an aperture in the stencil corresponds to a

20 location of solder pad 14 on bonding region 10. It is
contemplated that where multiple bonding regions 10 are
present, the stencil may have multiple corresponding
apertures. It is further contemplated that solder paste
18 may be applied via the stencil to a number of groups

25 of bonding regions 10 simultaneously, for example, where
a2 number of electronic components are formed on a single
substrate 20. In one example, solder paste 18 is
applied to fourteen electronic components, each
electronic component having thirty-one bonding regions

30 10. _

To deposit solder paste 18 onto bonding region 10,
the stencil is placed over solder pad 14, and the

. squeegee forces solder paste 18 through the stencil and

onto solder pad 14. Solder paste 18 may be printed in
35 any desired shape, for example, rectangular or



As :shown in FIG 1, bonding region 10 includes a sol der resist region
12, solder resist materials being wel | -known and widely available; a
conduct i ve MQPH#NSI0 whi ch may be, for exanple, a sol dRCHUSDIeRIS Of
a 20 netallic material such as copper; a slot 16 and a sol der . paste
region 18, which conprises a volune of sol der past e. Slot 16
projects from and may be substantially ~-6per pendi cul ar to, solder pad
14. Slot 16 may be any 25 desired shape, for exanple, circular,

rectangul ar or cyliidridalcar amothexy shapeor nB8 shounyiauFI@sl elnander,
for exanple, usi : resi r.eqi 12 referably surrounds
bot h sol der pad g’ gsnr%f%%tpf%edefa ie%(ﬁ%}é:ra?%g‘gtgg 18 gg\?@& sol der pad 14,
extending 30 partially generahl doldesspastedibinludes air tliealsty three
over slot 16. N ' 1 rugt . n ariety
of ways. One exan%ﬂc%jfor;&lsﬁgdtig’bl e c%ﬁstrgugtgligggf %fﬂa&' Ebgg-'éjl“h gl?%g%‘on 10
i s shown in FPG wvehigle, typicaldy a 3o9lysnsesuptable Eeradissebedugregi on

of a |arger £10¥ed 7/ Hin¥tally, the flux is activated at a
PCT/ US97/ 01145 ¥ conductive | ayer

. -5- .
15 di sposed on a YRTMReRALYRe Jayes, thgn a melfing temperatare #fithee such
as ceram c or angidkder alloy. The composition of solder paste 18 should

be selected based upon_solderability and joint integrity
10 requirements. '

There are a wide range of suitable solder paste
materials which are well-known in the solder connection
field that would be suitable for use on bonding region

| 10 described herein. One suitable solder paste is
15 commercially available from Alphametals, located at 600
Route 440, Jersey City, New Jersey 07304, part number
RMA390DH4, which contains about ninety percent solder
alloy, which in turn is composed of approximately sixty-
~ two percent tin, approximately thirty-six percent lead
20 and approximately two percent silver, and about five
percent flux, with the remainder being vehicle.

As shown in FIGs. 1 and 2, the volume of solder _
‘paste 18 is approximately 0.78 cubic millimeters. The
size of solder paste region 18 should be chosen based on

25 the desired size of thé final solder bump {(discussed .
'~ further below). A preferred solder paste-to-soldef'bump
volume ratio is seven-to~one. A high solder paste-to-

solder bump volume ratio may reduce sensitivity to small
changes in the positioh of solder paste 18 with respect

30 to the location of the final solder bump, and also may
help to ensure that small variations in the volume of
solder paste will have a reduced impact on the size of
the final solder bump.

FIGs. 3 and 4 are views of the bonding region of

35 the electronic component depicted in FIGs. 1 and 2,



material. A layer of solder resist 12 may be di sposed over conductive
| ayer 15 and @ﬁ’ el ectively renoved 5 to formsolder pad 14. Slot 16
ext ends througﬁl resist region 12 and conductive | ayBGTYSI70LIe5

t hat substrate 20 is exposed. A via hole 23 through . substrate 20
may. el ectrically connect solder pad 14 with a conmponent (not shown) on
an opposite side (not shown) 10 of bonding redron 10, typically to a
conmponent of an integrated circuit. Sol der paste 18 is
preferably screen- pkllustraging soldew kHRRE 123 Sormer |EFoRy SRkNeR| paxte ks
techn' ques, UShBEE nd Ok ﬁz@w Sperati®if | A YldeoWhnpaidya bR yRedea
"(not shown). The stencil Ich ma (E%qmet al, suitable
i ncI udi ng but not |9wring ’f%f%‘?‘éﬁﬂ'%ss%]! paste 1§ Jn ﬁ?r"etﬁﬁ}peﬁteﬂﬁ'fs

altoeL tur eSfther ein \lmﬁﬁt omer pabsiﬁé)r:m?cié)mé&tféﬁlt it .a didn{ﬂé:‘&ﬂe lower
etching, for ex a n _apertu ste

corresponds to Oteh%c%ﬁ? e[fz?d:p &fﬁ%ﬁdﬁ? dPé‘ngllr"?O It is
conterrPl at edht hat wbertiso xwhﬁlmfesdwatd rmswn.WSfdanetrperiod d@ﬁﬁ@m., e
stencil may have rrespqndi n urt her

“cont enpl ated t hat m;ib?%&' Cts? eratl %ﬂﬂlpﬁé’%ﬁaﬂ" giWaaF 8RB 8%t 8%a
nunber of groups foooéummmlr]aglamstm&m ifimzocomponént efaspllder
wher e a nunber | gt f r si ol
substrate 20. In o éet;'(%rrﬁé dg pas e ﬁﬁia a?t*&u?xa: t%gftg‘ efé’rf
el ectroni c conp8nerthe £hwh to Peré%t@tr mﬁmm Fpngiﬁﬁlerﬁ?*one

bondi ng regions 30 10. Although thigrd e idarfP tigipaiatied agddoe1ReRd Ng
regi on 10, the stencil ]é:p:,lt aced over oI der %g 14 and t he

squeegee forces sol ¥R 9 %d3110¥, 0@t o sol der
pad 14. Sol der past@eﬂﬁemw ﬁng‘deﬂ:‘ lamoiﬂr. mt@ealsaedegheae, Ccedsius

exanpl e, rectangular §"be suitable. There are likewise various suitable
15 periods of time associated with the activation of the
| flux. One preferred reflow process would provide that
solder paste 18, composed of about ninety percent solder
alloy and about five percent flux, among other things,
be heated for approximately two minutes within a
20 temperature range of approximately 150 to 172 degrees
Celsius. :

During the flux activation process, the flux
component of solder paste 18, which might otherwise
remain trapped between solder bump 22 and solder pad.ld,

25 flows into slot 16, in part because of the flux’s
attraction to dielectric substrate 20, increasing the
reliability of the connection between solder bump 22 and
- -solder pad 14. 1In addition, slot 16 captures excess
. flux flowing from solder resist region 12, inhibiting
30 the tendency of solder paste 18 or soldef bump 22 to
. become dislodged, and aiding in accurate solder bump 22-
to-solder pad 14 positioning. @

To complete the reflow process, solder paste 18 may

be heated around the melting point of the solder alloy,
35 for example, within a temperature range of approximately
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- 6- cylindrical or another shape. As shown in FIGs. 1 and 2,

sol der pastWwWOIB/40830r ect angul ar i n shape. I'n generaPCTﬂnbﬂaﬂ«paste
18 includes at |east three functional conponents: a solder alloy, a
flux, and a 5 vehicle, typically a solvent suitable for dissolving

fluxes. Generally, the flux is activated at-g- tenperature |lower than &
mel ting tenperature of the sol der alloy. The conposition of sol der

paste 18 should 178 tle 1838 degedebacelsinsp whhdnrebhkésthChd»Idﬁ
integrity 10 reqU|rene ts

sol der paste f?a*ﬁlgﬁ aPQdMS%%mige%ﬁange ra@%?ﬂi %h%@blson

field that mouldphﬂ.aultahbesbademsaldnybbadngga;egaoned to é&bndestivéed
A phanetal s, | oc 200k magh 142" T ek 2358 08 Sedtubpfd e ot 18 b 504
part nunber 5 hﬁuhaﬁomﬁmpewhtuﬁeeoﬁbaiasampbe; 0o narquncd r 2t tdegrtets
i appr oxi mat ey EaT Sy P nBEo0E AR QURTEELY e il sorder JoMDS W
silver, and abouts o in FIGbeﬂceﬁplﬁFﬁxbuWPtthﬁ§t¢§ﬁﬁ|ﬂu@r %@lh@aﬁ%hﬁcle
As shoun in Fl Cs poktathh of sdded! veBist $@g¥6h 12 and at least a

portion of slot 16.

10 Although it is contemplated that the techniques
described herein could be applied to a wide range of
solder bump dimensions and spacings, in a preferred
embodiment, solder bump 22 measures (.18 millimeters in
diameter, and may be formed within approximately 1.4 '

15 millimeters of an adjacent solder bump (not shown).

Thus, it is seen that, as illustrated in FIG. S
starting at block 30, a method for forming a solder bump
may include a first step 32 of providing a device having
a substantially conductive region, a slot projecting

20 from and substantially perpendicular to the
substantially conductive region, and a solder resist
region, the solder resist region at least in part
surrounding the conductive region and the slot. A next
step 34 includes depositing a volume of solder paste

25 comprising a solder alloy and a flux onto the device,
substantially covering the conductive region and a
portion of the solder resist region. A final step 36
involves heating the solder paste to form a solder bump
on the conductive regior and the solder resist region.

30 Using the appérat: and method herein described,
process defects and tooling costs are reduced. Accurate
solder bump-to-solder pad registration is obtained using
a dielectric slot, which wicks away excess flux during
the reflow process and helps to correct misalignment and

35 enhance solder joint integrity between the solder bump



paste 18 is approximately 0.78 cubic mllimeters. The si ze of sol der
paste region 18 should be chosen based on 25 the desired size of the final
sol der bunp (§YQEU4SY further below). A preferred sol der PCT/US97/01145
past e-t o- sol der bunp volune ratio is seven-to-one. A high solder’
paste-to- sol der bunmp volunme ratio may reduce sensitivity to small
changes in the position of solder paste 18 w t~®-respect 30 to the |ocation
of the final solder bunp, and al so may hel p to ensure that small
variations in the vah@neobder padsorithoyastxpensivendools saices i npact on
the size of §1f>%\9f‘é sol der bunp. FIG. 3 and 4 are views
of the bonding regi A 35 the el ectronic conponent depicted in FIGs. 1
and 2, WO 97/ 405301t will be apparent that other and -further forms of
iIIustrating sol dery f was i

refl'ow operation. A sol g%t{&{w%b%&%éﬁ% éﬂmllgigepraé‘tl qu f}%n? the

'sol der paste 185in %Ei@i‘él agqle%ope of the apprended claims apd &h&ié’at ed to

a tenperature | owerg, %hea,meliﬁ r\gj_iprﬁgr\ﬁ{dg&ggoé %&olgjﬁrs al | oy
conponent of sol der aste 18 period of tine., The heat | n%l

tenperature and periBVeREien kS At IRk Lipited in any mannemito

activate the flux cgp@@ﬂsﬂe a@fbsdineits desarttad ldbove] tbmtpmwmebray be

SUffl cient amount Oéo‘t,é{l}?ed %y the following claims and their equivalents.



10- the flux to performits functions and to dlsperse Al t hough
there are many tenperatures associ at.ga pel ting point of the

sol der al | oWO87/40530 tenperature ra g'ﬂ'lISfSI-ﬂEG%ASLBQEN 183 derr¥usy7/0€i4si US
may be suitable. There are |ikew se jvari oRspeallRabl e |15 periods of “tine

«
{
5

associated with the activation of t . re—~preferred refl ow
process woul d provide that sol der pastgqgl8, conposed of about ninety -
per cent sol der all oy and about five percent flux, anong other things,

be heated for approximtely two m nutes wellaime 20 TTﬁé‘rat—ure-Taﬁge-ef
approxi mately 150 to 172 degrees .Cel si us.

activation process, the flux conponent of sol der lmm Iﬂﬂ. ght
ot herw se r Weniclaimxpped between sol der bunp 22 an sal

flows into slot 16, in part because of the flux's - attraction to
dielectric substrate 20, increasing the reliability of the connection

bet ween sol deb bunp oA and A method for gorming |an sedderi bumps| compsising
capt ures excess %%f%'gfwm ng from sol der resist region 12, inhibiting
30 the tendency 3} sol der Easte 18 or solder bunp 22 to . becone

di sl odged, and ai di ng R%P 2 deyieer hayidpgoa substaptiablyler pad 14
posi tioning. conducti%eC Y&y inG hh%lbebe aé&ﬁfﬁ?sfréﬁ|€ﬁi paste 18 may
be heated around the nelt, oi nt, of .the sol for exanpl e,

)
within a tenperatSHStaitde WH@%F?Q on, g??ﬁ resist
PCT/US97/ 011%% region, the solder resist region at least in part

surrounding the conductive region and the slot;
depositing a volume of solder paste onto the
device, the solder paste comprising a solder and a flux,
the solder paste substantially covering the conductive
15 region and at least a portion of the solder resist
region; and
heating the solder paste to form the solder bump on
the conductive region and at least a portion of the
solder resist region.
20 |
2, The method according to claim 1, further
comprising the step of:
prior to heating the solder paste to form the
solder bump, heating the solder paste to a temperature
25 Dbelow a melting point of the solder, at least a portion
of the flux flowing from the solder resist region into
the slot. )
3. The method according to claim 2, wherein the
30 temperature is approximately 150 to 172 degrees Celsius.

4. The method according to claim 2, wherein a
time for maintaining the solder paste at the temperature
_ is greater than one minute.
35
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- 8= 178 to 183 degre ' auses the solder alloy to

; ' C
"ball up" and form solder b I , pad 14, the solder alloy
being attract éﬂoﬂﬂ“%ﬁducting “@!WHEH “ 14. 1t may al so beCuassrenis

to"heat to a 5 higher te or sexanpl e, to around 218 degrees

Celsius, to inprove the quality of the solder joint. As shown in FIG
4, solder bunp 22 extends over at |east a ~-1portion of solder resist
region 12 and at least a portion of slot 16. 10 Al though it is
contenpl ated that the tegbni qrthe methodeaecobaingetei slaim! I, bfusgréied. to
a w de range of sol det_bu dijrensi ons and spacings, in a preferred
embodi nent, sol der BEFRT23 ﬂ%a’gﬁ? P B il lineters in di aneter, and

may be formed within appprioratel jedting 1the nséldertpasteftanforh artent

sol der bump (not sh . T erdd d ?E? , [ SI.r in
FIG 5 starti n%@%eﬁlg%rﬁp'sot,‘e%t h%%é féoﬂrs‘L or%én%aéa tsoglsadééréﬂ%tﬁﬁ?%h%
may include a fiSrstbeley 3Zmeiting\pointy of khe solden,n@t least a portion
substantial |l y condugki r gl t | [ f qﬁg
substantial ly per peﬁ%i %ﬁ?agg‘lf‘%n{%@ﬂ& f&‘@s@%t%ﬁﬁt&#&gg i've druecg:11"’|""atne,

and a sol der resistregionrtat@®rthe 1elat der resist region at least in part
surroundi ng the conductive region and the slot. A next step 34

i ncl udes depositing a volLune of sol der paste 5 co i sing a_sol der all oy
and a flux onto the devi e, The @EBQPQn?FﬁPF?EE%V"e?%i%icoﬂéﬁ&h?’?/e
region and a 10 pebéapLDshgitite seiglerofesi st region. A final step 36
I nvol ves heating the sold e tofo a_sol der_ bunmp_.: ..0n the
conductive region and thé%ﬁ?@iﬁagr‘é’é?s?éﬁﬁ }]ump to’ &'circuit board.
7. The method according to claim 1, wherein the
volume of solder paste is greater than five times larger
15 than a volume of the solder bump.

8. The method according to claim 1, wherein a
shape of the volume of solder paste is selected from the
group consisting essentially of: rectangular and

20 cylindrical. '

9. The method according to claim 1, wherein the
solder paste is deposited over at least a portion of the
slot. '

25 : .

10. The method according to claim 1, wherein the
solder resist region has a thickness less than 1Q'
millimeters. ' '



30 Usi ng the apparatus and nethod herein descri bed, | process

defects and tooling costs are reduced. Accurate sol der bunp-to-sol der
pad regi st ratWol9?Me530bt ai ned usi ng a dielectric slot, whi BRI \ay
exeess flux during the refl ow process 3y2 hel ps to correct -
m sal ignment and 35 _enhance sol der joint"n egrity between the sol der
bump WO &’/ AP5 7?
PCT/ US97/ 011 * 14 -9-- 16 and sol der pad,
wi t hout expentlve tools such as\ robotigs. A 1t owill bg
apparent that other fand further Ll il vi sed
w t hout departi&g fgiom t he 5 p App | ai,s and
their equi Ieﬂ , and it W be und rstJHﬁ { i s nvént i on
is not to be lighte any nmanggr to the + N\ siigy i ¢ pnbod :
descri bed above] bu | only R over ned D lo ilos and
t heir equi val ent’s. " ‘ :
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- 10- _ d ai ns W claim 5 1.
A nethod for formng a sol der bunp, conprising the steps ofg

provi ding a dm??é‘og%\/i ng a substantially conductive regi OnltCTéUSS%Wg%MS
projecting fromthe substantial ly condﬁféfée regi on, and a sol def
resist 10 region, the solder resist regiof”é&t™l east in part

sur,roundi ng the conductive region and the slot; depositing a
vol'une of sol der paste onto the device, the solder paste conprising a
sol-der and a fl ux, t he sol der paste substantially covering the
conductive 15 region and at |east a portion of the solder resist

regi on; [and] heating the solder paste to a tenperature bel ow a
nmelting point of the solder for at |east one mnute. at | east a portion
of the flux flowing fromthe 20 substantially conductive region into the
sl ot; and ~after the flux has becone substantially inactive.
heating the sol der paste at at |east a neliing point of - the solder to -
formthe solder bunp on the conductive afd at | east a portion of
t he sol der resist 25 region.

PROVIDING A DEVICE HAVING A CONDUCTIVE
REGION, A SLOT PROJECTING FROM AND PERPENDICULAR
T0 THE CONDUCTIVE REGION AND A SOLDER RESIST
REGION, THE SOLDER RESIST REGION SURROUNDING
THE CONDUCTIVE REGION AND THE SLOT;

DEPOSITING A VOLUME OF SOLDER PASTE
COMPRISING A SOLDER ALLOY AND A FLUX ONTO
THE DEVICE, SUBSTANTIALLY COVERING THE
CONDUCTIVE REGION AND A PORTION OF THE

SOLDER RESIST REGION

HEATING THE SOLDER PASTE 70 FORM A .
SOLDER BUMP ON THE CONDUCTIVE REGION 36
AND THE SOLDER RESIST REGION.

FIG.5

34
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3., The nmethod according to claim2, wherein-the tenpe

approximately 150 to 172 degrees Celsius. ¢ ° ’PENGS ?0 APR 1995
AVENDED SHEET WD 97/ 40530 N ' ' PCT/U897/01145

-11- - 5. The method accordi nggfy %ng@d@gLsﬁg@ﬁher

conprising the step of: pri or to gating the solder paste to form

t he sol der bunp, heating the sol der afée to a tenperature 5 bel ow a
melting point of the solder, at least a pof of theftux fTrowng

romine substamiglly conustive  TeHEfagtO 1hE S Otllllllllllllll|I|l||l|||||||||

We claim:

5 1. A method for formihg a solder bump, comprising
the steps of: ) _ '
providing a device having a substantially

conductive regiQn, a slot projecting from the
substantially conductive region, and a solder resist
10 region, the solder resist region at least in part
surrounding the cohductive region and the slot;
depositing a volume of solder paste onto the
device, the solder paste comprising a solder and a flux,
the solder paste substantially covering the conductive
15 region and at least a portion of the solder resist
region; [and]

eating the solder ot o a t -erature below a
melti int o S er for at least one minute., a
least a ion of t £ lowing from the
20 stantially conductive region into s : an
er lux has become substantially inactive

N heating the solder paste at a east a melting point of
- the solder to form the solder bump on the conductive
region and at least a portion of the solder resist
25 region.
3. The method according to claim 2, wherein -the
kemperature is approximately 150 to 172 degrees Celsius.

AMENDED SHEET



6.. The nethod according to claim1, further 10 corrprl Si ng%
attachi ng the solder bunp to a ci rcwt boar d. e
according to cla wher ei nﬁdaepmmmmummhmmn@aste |s ;~.!»,!i;,‘:'3:

than five times Wg 15 than a vol uftemgfond st o) der bunp.
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(57) Abstract

The solder bump appamtus includes a substantially conductive region (14) and a slot (16) projecting from the substantially conductive
region (14). A solder resist region (12} at least in part surrounds a  perimeter of the substantially conductive region (14) and a perimeter of
- the slot (16). A solder bump (22) is formed on the conductive region (14) and at least a portion of the solder resist region (12).




