; ?7@3e0-v}0*zz{<|(d|| 6"} Tv}!" 7 August 2002 METHCD OF FORMigUSt B202. CRI D
ARRAY CONTACTS FI ELD OF THE I NVENTION This invention relates to
sem conduct or devices, and nore particularly to a nethod of form ng Bal
Gid Array contacts on sem conduct or devices. BACKGROUND OF THE | NVENTI ON
The density of the integrate circuits has been increasi m past
years to neet the higher performance required of the iMMﬂMNMMMMM m“cuits.
Package size is getting smaller and smaller to neet the sangggkhgh
performance requirenent resulting in higher pin density for the package.
H gher pin density requires finer pitch of 1/0 connecting |leads. Ball Gid
Array packages neet the higher density pin requirenents and are being used
to replace current QUARTHIDAOFPERRHYE BEFP)GRIDeARBAY HONFACENt ages of the BGA
over the traditional QFP package. BGA packages have | ess coplanarity
probl ens, have self-alignnent capability, and have better yield than QFP
packages u re are many kinds of ball attach
technologiggégééggggﬁéggéﬁﬁTﬁﬁgy are all conplicated in the ball attach
process, and i”THfé” né@%ﬁ1it EﬁPPard to_get unif S on the

a

rm hal |
substrate. One &xanple of Dal I"*aPt&eh pr SCReL ¥ TRe ﬁs‘él%ﬁs'a W P8RS ng

machi ne to i, $penserSPIder, H@%Sdf’&ftf@rﬁ%‘asbéﬁi eGlFidcf Y- cohfiGd NG
deposited sol der past’e nay vary I n volunme, "each sol der ball nay have a

di fferent mnrimkosentitt dekicés. hard to control the solder ball height. The
productivity of dispensing nethod is |ower, but the major issue is the
short ball height. Another process is the attachnment of preforned balls.

Ther e
BACKGROUND OF THE INVENTION

The density of the integrate circuits has been increasing
over the past years to meet the higher performance required of the
integrated circuits. Package size is getting smaller and smaller to
meet the same high performance requirement resulting in higher pin
density for the package. Higher pin density requires finer pitch
of I/0 connecting leads. Ball Grid Array packages meet the higher
density pin requirements and are being used to replace current Quad
Flat Package (QFP) due to the advantages of the BGA over the

traditional QFP package.

BGA packages have less coplanarity problems, have

self-alignment capability, and have better yield than QFP packages
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-are two nmethods, one for plastic packages, and one for cerapuguf@osages. A
Eutectic solder ball is used for plastic BGA packages and a high tenmp
sol der ball is used for ceram c BGA packages. |In another process, a sol der

. "wire bond is used to formBGA balls. A wire bonder is to bond solder wire

on the | ead pads of a substrate. The solder wire is then reflowed to nelt
solder into balls. This process has | ow productivity and problens with

sol der ball height problens. 7 August 2002 3 Sunmary of the Invention °
One aspect of the invention is a metho@ for form ng sol der contacts on
contacts areas of ball grid array sem conductor devices. The sem conduct or
is preheated and a plurality of solder fornms are punched out of sol der
material, from dheheetreoimaggl dendaatfebbal , atid@CtdethAbl & iERNLAGE 1A €AS ON
-the sem conductor substrate. The solder forns are reflowed by the

appl i cati orP'f HhEdt 2fReatd FWPhisateibrirc dicabesl oat tawn sewicesnduntdrin
_Substrate. Anat hgf;l HEIB.S.QGC'[ gf éhe invention is a method for form ng sol der
contacts on contacts ‘ar 83s"of° 59 PehriH farraha SehictofRactwstdeve ces,
conprising the steps of applying a solder flux on contact areas of the
sem conductor device substrate; punching a plurality of solder forms out of

sol der materi al oné raum@18heet0f solder p%ﬁ%fsi Qg’tﬁru%%t {ﬁ’ LR EONI ALt S
oW Ng

. sSpens
areas on a sem conductor substrate; and ref e sol der ToFre d

sol der fl wwashihbetapilspeasé angdel peade ta £pd dﬁfbs%%é@rdﬂ%ttagt Ss{ftet he
sem conduct or substrate. The technical advance represented by the invention

as wel | as ¥isedergsided shiaegopastid hapecoryeiappdnent &dcdnsbheef okl owhaig
descripti 02‘ of a preferred enbodi nent of the invention when considered in
conj uncti oa%ct B FhEFSEEnPERYT mpeati nds, i sad@ rehso novei rofle shar sslazat
forth in t ppended ai ns. BRI, EF _DESCR| PTION OF THE DRAWNGS Fig. 1
shows a senm;l%clgnggtl:%%tr' &5 EEOMTH VAN Ofr FLFREsAPa cBrithac &5 Epyer 2 ws a

sem conductgf fgybee didets a gl phich Rlages, sol der preforns on the
substrate: gt

Another process is the attachment of preformed balls. There
are two methods, one for plastic packages, and one for ceramic
packages. A Eutectic solder ball is used for plastic BGA packages

and a high temp solder ball is used for ceramic BGA packages.

In another process, a solder wire bond is used to form BGA
balls. A wire bonder is to bond solder wire on the lead pads of a
substrate. The solder wire is then reflowed to melt solder into

balls. This process has low productivity and problems with solder

ball height problems.
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..7 August 2002 4 Fig. 3 shows the substrate with the sol der Augeétzooe; Fig. 4

is an isonetric view of the substrate with the solder fornms; ( Fig. 5 shows
the substrate and solder: balls after solder reflow, Fig. 6 shows a sol der
ball attached to a substrate; Fig. 7 shows a solder formattached to a
substrate Fig. 8 is a flow di agram of one enbodi nent of a process for
formng and attaching solder contacts; and Fig. 9 is flow diagramof the a
second enbodi nent of a process to nake and place the solder balls on tree
substrate. DESCRI PTI ON OF A PREFERRED,EMBODI MENT Fig. 1 shows a

sem conduct or device 10 which includeS the substrate 11 and an array of

sol der ball contacts 12. Each solder ball is attached to a contact point

' (see Fig. 9) under the solder ball. The contact point may be either a via
'_that extends into the substrdnmmary¢f themyention el ement on the

sem conductor chip, or may be a conductor on the substrate that
interconnects with other circuitry or a contact pad on the sem conduct or
devi ce. Cnegispétt iof tlee inveitioni iala methoé fenfoarhingrsodden womgcta oharvntmotsciiedsasf
substrate_ 16 nounted,on a carrier 11?, and positi,oned under  a ﬁ)unch 18,

havi ng Rt grmay pemiconduciar dfvdcepgThe semigonduefqs iy prehgpted gpd aqilyralitystfat e 17.

Af t I i i1t .
o SIOUBCI Y gl ek B R A R, s,

punch 18, pun S activate arrl
f or ns 20n{oFéaptacs preas on Fheysendicondvetar subisratd. dihesokier formssive neflawedgiryetheon

substr a%gpl%c%tiog Io? healt1 thsqu\elosrrr? gc'»?dgrocno% a%%soorn the ggx%ircgltlc?uc%cg' s\{l\")étpatet. he punched-out

Another aspect of the invention is a method for forming solder contacts on contacts areas
of ball grid array semiconductor devices, comprising the steps of:

applying a solder flux on contact areas of the semiconductor device substrate;

punching a plurality of solder forms out of solder material, from a sheet of solder
material, directly onto contacts areas on a semiconductor substrate; and

reflowing the solder forms and solder flux by the applications of heat to folder

solder contacts on the semiconductor substrate.

The technical advance represented by the invention as well as the objects thereof will
become apparent from the following description of a preferred embodiment of the
invention when considered in conjunction with the accompanying drawings, and the

novel features set forth in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows a semiconductor device with ball grid array contacts:;
Fig. 2 shows a semiconductor device under a punch which places

solder preforms on the substrate:;



sol der fornms 20 positioned over areas 21. Each of contact7 Augast 2802 may be
either a via that extends into the substrate 16 to contact an el enent on

t he sem conductor chip, or may be a conductor on the substrate that

i nterconnects with other circuitry or a contact pad on the sem conductor
device. Prior to punching the solder sheet 17, a solder flux nmay be coated
over each contact area 21. No flux is placed on the areas 22 between the
contact areas 21. Solder forms 20 are shown as cubes or rectangul ar forns,
but they can be any desired geonetric shape. Fig. 5 shows substrate 16 and
sol der balls 20a after substrate 16 add sol der forns 20 have been subjected
to heat to cause the solder preforns to nelt and reflow. Only the contact
area 21 wi Fligbe3 weiciwedthy dutetsatédesithantdet e el geersuf;ace tension will
~cause the nelted solder fornms 20 to form spheres 20a which formthe
contacts f&igt e isabh igomdtaie ayeserd chrdegistratdewidd. the 7soAdgustoB02 6
The solder plate 17 is of uniformthickness and may be, for exanple, a

90/ 10 Sn/ PEi8r & VHWI7tER/ PP sEsAPDsItd srldThdalRisckieas splderpbeebesed upon

t he height of the contact to b ed. The basic ocess varies slightl
dependi gg Gpan %]tﬁg‘oé”&l ae?o%‘geﬁpggﬁi trfacB@Be%%lénrs%BB’ﬁafterfe sol der, tghe d

sol der for rpigr_ay7 nschtm}(%egtr:] ﬁde‘?} q,l8¥ ;@r{tta%(flegu{:(% ng sru%fs%gc o A eut ectic sol der

or flux may be place e substrate over 'the con areas. If the

sol der pl atr@qi Sg Ut 8CEI G 39hGEIn LReSh & BY&Im bE UX JricPéAGRE e8:-eiRigh
contact area to clean the oxidation of the contact areas. Viscosity of the

flux is inpadt abtasdiey aofddrx doatased; addgh viscosity flux will hold the
sol der formover a contact area during reflow. A solder flux with a 325-500
mesh size fayg-be isddowAfizgranthefstheler skopng iredpuachedf currontes thee
substrate contact areas, the substrate and forns are heated to cause the
sol der to FBfPOWRY FHESubRE raftidednbtr bl ¢&8r thorisir@tficeated in the range of
about 150 degree C. to about 225 degree C. Tine of reflow is between about
3~ minutes and 5 .~ mnutes. Fig. 6 is a side view of a single solder ball

nmount ed on o I 1 i i .view of a high tenperature
D%sléﬂ??'ffﬁ SR P%Eﬁ:g\xnég Er(afe ks gn. g m

solder form In Fig. 6, ar all 31 is shown which is nade

7 August 2002 7pfgom aghQyy tLMperidhEcsot dedvic® subshiahe 1301 Wadd he
refl owed forned solder ball 31 attached to substrate 30. There will be a

substrate 11 and an array of solder ball contacts 12. Each solder
ball is attached to a contact point (see Fig. 4) under the solder
ball. The contact point may be either a via that extends into the
substrate 11 to contact an element on the semiconductor chip, or
may be a conductor on the substrate that interconnects with other

circuitry or a contact pad on the semiconductor device.

Fig. 2 is a pictorial representation showing a semiconductor
substrate 16 mounted on a carrier 15, and positioned under a punch
18, having a plurality of punch die 18, and a strip or roll of

solder plate 17. After semiconductor substrate 16 is positioned



-sol der fillet 32 around the base of the solder ball. In FigAugustaod2 gh
tenperature punched formis used as the contact. During reflow, only the
_low eutectic solder has nelted soldering the solder formto the contact

area. The heating and refl ow process may be done in a Nz environment. Fig.
7 shows a substrate 35 with a high tenperature solder form 36 attached to
the substrate. A |low tenperature sol der 37 attaches solder form36 to

substrate 35. Wen formng a solder ball, the process may be as shown in
Fig. 8. The substrate is prepared (45), for exanple by cleaning and a
sol der flux may be appled to the cont aét area on which the solder ball is

to be fornmed and attached. The substrate is heated (46) to nelt the sol der

flux. A prefsiem Pengiunghesinott 8 fisaaselweedsheetit4s phaky %%@BL%P&/ 37
-SnPb solder, directly onto the contact area on the substrated " wthin'a NZ

envi r onment®t PR&AeH| brims @0l 6fkg arid .f ofnsFidie Solkder sbrddr F48)s Ao saeond
. enbodi nment S%fo thel rocess is shown in Fig. 9. The substrate is prepared
(50) and a SGMGeP T9MRE 6F paRtteats LHplied to the substrate (51) over the
contact areas. A preformis punched out 7 August 2002 8 of the sol der
sheet (52) , fox exanple 90/10 SnPb or 63/37 Sn/Pb sol der conposition,

directly onto theysushbakeserh ' egted.fo cause the solder to
reflow (53)form ng the oo GoentftongHOSss BbstPaleakel l g 1o R UBPRSGTEY( 54)

o (7 Auguesild200R s WHADosSt rAdVERe .o A2 gei NOdef ot JrORgh g Sl der ,,
contacts on contacts areas of ball grid array sem conductor devicCes,

conpri si ng Malyebst epshesf 2 pia tieat eryeradss ek 6 OtHHIGLBE t 84S LIGALE; cAHNGHI Ng a
plurality of solder forns out of solder material, froma sheet of solder
material, @ 8LeTSPtoRRotkDReAéERNdcEas Onita senaomduet osndidhst &t eheand
reflow ng t older forps by the application of heat to form sol der

h
contacts onf ug ﬁgr%teemtéaﬁdﬂ&% ORPBLS 4LBh otherhelrmiifod @ corcdinhart @adl ai m

1, whereindhhe,gefd o e sglder is done in a HZ atnosphere. 3. The
met hod accgr ding to \cglogllhtrlr{:{i]or \ﬁ%grlg?h a solder flux is applied to the

contact areas prior to punching the solder forns onto the substrate. 4. The
nmet hod according to claim1l, wherein the substrate is preheated to a

tenperature in Phior angeuathildhd the 23bdsleretCi7, 5 sHigepeEENQd nga%cg%di ng
to claiml, wherein the solder sheet is of solder selected from63/ Sn/ Pb
and 90/ 10 SﬁPF@ﬂsﬂﬂqjeﬁagbnxnnﬂaptoﬂrea 21. No flux is placed on the areas

22 between the contact areas 21. Solder forms 20 are shown as

cubes or rectangular forms, but they can be any desired geometric

shape.

Fig. 5 shows substrate 16 and solder balls 20a after substrate
16 and solder forms 20 have been subjected to heat to cause the
solder preforms to melt and reflow. Only the contact area 21 will
be wetted by the solder, and the solder surface tension will cause
the melted solder forms 20 to form spheres 20a which form the

contacts for the ball grid array semiconductor device.



. 7 August 2002 10 6. The method according to claim1, whergiAugustee09abstrate
and r' . solder forns are subjected to a reflow for a period 3' -~ m nutes
to 5~ mnutes. 7. A nethod for form ng sol der contacts on contacts areas of
ball grid array sem conductor devices, conprising the steps of: applying a

sol der flux on contact areas of the sem conductor device substrate; e~J
punching a plurality of solder fortes out of solder nmaterial, froma sheet
of solder material, directly onto contacts areas on a sem conduct or
substrate; and reflowi ng the solder forns and sol der flux by the
application of heat to form solder contacts on the sem conductor substrate.
8. The nmethod according to claim?7, rein the substrate is preheated to a
tenperature in the range of 150 to 225 degree C. F 9. The nethod according

to claim7, wherein e soJ der .sheet s ~li.,. of solder selected from

63/ 37 Sn/Pb an /sfgg%ﬁ/?’{)a?olliefwc% ‘Hé’igtoirff)‘n.thllﬂ?“efﬁeaﬂétw BfecdPling to
claim?7, i-n the S e an l.de r e jected. to .,a refl ow

for a perrgggxgl%’mgn%%s}e@ %%?%b~°%i %u e/s3q él}léE% gﬁm{%sﬁfﬁgﬁj ) %U? t/_A},mf&fn{eé.S’Ah Al

0.As,.A3. yRii 949Mased upon the height of the contact to be used.

The basic process varies slightly depending upon the solder
composition. Dependent upon the solder, the solder form may not be
completely melted during reflow. A eutectic solder or flux may be
placed on the substrate over the contact areas. If the solder
plate is eutectic solder then a layer of flux is placed on each
contact area to clean the oxidation of the contact areas.
Viscosity of the flux is important when a flux is used. High
viscosity flux will hold the solder form over a contact area during

reflow. A solder flux with a 325-500 mesh size may be used.

After the solder forms are punched out onto the substrate
contact areas, the substrate and forms are heated to cause the
solder to reflow. The substrate and solder forms are heated in the
range of about 150 degree C. to about 225 degree C. Time of reflow

is between about 3% minutes and 5% minutes.

Fig. 6 is a side view of a single solder ball mounted on a
substrate and Fig. 7 is a side view of a high temperature solder

form. 1In Fig. 6, a reflowed solder ball 31 is shown which is made
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In Fig. 7, a high temperature punched form is used as the
contact. During reflow, only the low eutectic solder has melted
soldering the solder form to the contact area. The heating and
reflow process may be done in a N, environment. Fig. 7 shows a
substrate 35 with a high temperature solder form 36 attached to the

substrate. A low temperature solder 37 attaches solder form 36 to

substrate 35.

When forming a solder ball, the process may be as shown in
Fig. 8. The substrate is prepared (45), for example by cleaning
and a solder flux may be appled to the contact area on which the
solder ball is to be formed and attached. The substrate is heated
(46) to melt the solder flux. A preform is punched out of a solder
sheet (47), for example 63/37 SnPb solder, directly onto the
contact area on the substrated within a N, environment. The solder

reflows and forms the solder ball (48).

A second embodiment of the process is shown in Fig. 9. The
substrate is prepared (50) and a solder flux or paste is applied to

the substrate (51) over the contact areas. A preform is punched out
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"()-1109%<& ()-, ! 109%<& ()-s =& ()-! -
10zt 10%i<ugf (! 19788 (s)he’et (52),(%01: example 90/10 SnPb or 63/37 Sn/Pb

solder composition, directly onto the substrate. The substrate is
heated to cause the solder to reflow (53) forming the solder

contact. The substrate is then cleaned {54).
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WHAT IS CLAIMED

1. A method for forming solder contacts on contacts areas of ball
grid array semiconductor devices, comprising the steps of:
pre heating a semiconductor substrate;

punching a plurality of solder forms out of solder material, from a sheet of solder

material, directly onto contacts areas on a semiconductor substrate; and

reflowing the solder forms by the application of hizac co form

solder contacts on the semiconductor substrate.

2. The method according to claim 1, wherein the reflow of the

solder is done in a H, atmosphere.

3. The method according to claim 1, wherein a solder flux is

applied to the contact areas prior to punching the solder forms

onto the substrate.

4, The method according to claim 1, wherein the substrate 1is

preheated to a temperature in the range of 150 to 225 degree C.

5. The method according to claim 1, wherein the solder sheet is

of solder selected from 63/37 Sn/Pb and 90/10 Sn/Pb solder

composition.
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7. A method for forming solder contacts on contacts areas of ball
grid array semiconductor devices, comprising the steps of:
applying a solder flux on contact areas of the semiconductor

device substrate;

Y.,
punching a plurality of solder forms out of solder material, from a sheet of solder
material, directly onto contacts areas on a semiconductor substrate; and
reflowing the solder forms and solder flux by the application
of heat to form solder contacts on the semiconductor substrate.
8. The method according to claim 7, wherein the substrate is
preheated to a temperature in the range of 150 to 225 degree C.
éa 9. The method according to claim 7, wherein the solder sheet is

of solder selected from 63/37 Sn/Pb and 90/10 Sn/Pb solder

composition.

10. The method according to claim 7, wherein the substrate and
solder forms are subjected to a reflow for a period 3% minutes to

5% minutes.



