METHOD OF FORM NG BALL GRI D ARRAY CONTACTS FI ELD OF THE | NVENTION m
=invention relates to sem conductor devices, and nore pad%

met hod of formng Ball Gid Array contacts on sem conductior deV|ces :
BACKGROUND OF THE | NVENTION The density of the integrate :glﬁ%bits
been increasing over the past years to neet the higher perforfrance reqU|red
of the integrated circuits. Package size is getting smaller and smaller to
nmeet the sane high performance requirenent resulting in higher pin density

for the package. H gher pin
METHOD OF FORMING BALL GRID ARRAY CONTACTS

FIELD OF THE INVENTION
This invention relates to semiconductor devices, and more
particularly to a method of forming Ball Grid Array contacts on

semiconductor devices.

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/0O connecting leads. Ball Grid
Array packages meet the higher density pin requirements and are
being used to replace cufrent 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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There are many kinds of ball attach technologies available,
but they are all complicated in the ball attach process, and hard

to get uniform balls on the substrate.

One example of ball attach is the use of a dispensing machine
to dispense solder pasté on the subst;ate directly. Since the
deposited solder paste may vary in volume, each solder ball may
have a different metal content. It is hard to control the solder
ball height. The productivity of dispensing method is lower, but

the major issue is the short ball height.

Another ﬁrocess 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.

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

low productivity and low solder ball height problems.



There are many kinds of ball attach technol ogi es avail able, but they are
all conplicated in the ball attach process, and hard to get uniformballs
on the substrate. One exanple of ball attach is the use of a dispensing
machi ne to di spense sol der paste on the substrate directly. Since the
deposited sol der paste may vary in volune, each solder ball may have a
different metal content. It is hard to3control the sol der ball heicqht. The
productivity of A Bpessi Retaet ARHLSS BPaleratiAnbmeRE REPEPST sife & sSCTHED
short ball height. Another process is the attachnent of preforned balls.
There are tmetimed sgd, tonéotmrthe pelie prack Hfds paghasond/iprlcdpgpeerion

‘system must be used to ensure 100% ball placement.
"Bach of the above processes does not ensure uniform ball
height or size, nor ensure that a ball is placed at each desired

place on the semiconductor package.

SUMMARY OF THE INVENTION -

The_invention is to a method for forming solder contact balls for
a ball grid array semiconductor device. A solder sheet is formed
having solder elements extending out at least one side of the
solder sheet. The solder sheet is placed over and aligned on a
semiconductor package on which solder balls are to be electrically
connected to contact areas. The solder sheet is aligned with one
solder element ‘over each contact area. The package and solder
sheet is heated to causelthe solder elements on the solder sheet
to separate and reflow such that the surface tension of the
reflowed solder of each solder element forms a solder ball over a
contact area.

The technical advance represented by the invention as well as

the objects thereof will become apparent from the following



packages. A Eutectic solder ball is used for plastic BGA packages and a
hi gh tenp solder ball is used for ceram c BGA packages. A solder w re bond
is used to formBGA balls. A wre bonder is to bond solder wire on the | ead
pads of substrate. The solder wire is then reflowed to nelt solder into
balls. This process has | ow productivity and | ow sol der ball hei ght

pr obl ens. 3 A punch netal pellet Batl. attachnent process is a common
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 solder plaée with balls formed on segregate smaller
plates;

Fig. 2A shows a first embodiment of a qhannel;

Fig. 2B shows a second embodiment of a channel;

Fig. 3 shows a solder plate with hemispherical half-balls formed
on both sides of the solder plate;

Fig. 4 shows a solder plate with hemispherical half-balls formed
on only one side of the solder plate;

Fig. 5 shows a solder plate with hemispherical half-balls formed
on one side of the solder plate and a geometric shape on the other
side of the solder plate;

Fig. 6 shows a solder plate with hemispherical half-balls formed
on one side of tﬁe solder plate and a conical shape formed on the

other side of the plate;



met hod used to formthe balls on a BGA package Visual inspection system
*must be used to ensure-100% ball placenent. Each of the above processes
does not ensure uniformball height or size, nor ensure that a ball is

pl aced at each desired place on the sem conductor package. SUMVARY OF THE

I NVENTI ON The invention is to a nethodgfor formng solder contact balls for
a ball grid array sem conduct or device. .A sol der sheet is formed having

sol der el eMdAts &xt 8RSy dutsegmeneedt Eled d@laket PSR IPBedshe¥er aThe
sol der sheet is placed over and aligned on a sem conductor package on which
sol der bal Isemacendustor shbstrateal Rpd

Fig. 8 is a process flow diagram.

DESCRIPTION OF A PREFERRED EMBODIMENT

Fig. 1 shows a semiconductor device 10 which iﬁcludes the
substrate 11 and an array-of solder ball contacts 12. Each solder
ball is attached to a contact point (see Fig. 6) 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 shows a solder plate 15 used in forming solder ball
contacts used in ball grid array semiconductor devices. Solder
plate 15 is formed with a plurality of segments 16 separated by
channels 17. Each 6f the segments 16 has a hemispherical half-ball
formed on the surface of the segment 16. Plate 15 can be formed

by molding, stamping or other forming processes.

Fig. 3 is a side view of a solder plate 20 which has channels



connected to contact areas. The sol der sheet is aligned with one sol der

- el ement over each contact area. The package and sol der sheet is heated to
cause the sol der elenments on the sol der sheet to separate and refl ow such
that the surface tension of the reflowed sol der of each sol der el enent
forms a solder ball over a contact area. The technical advance represented

by the invention as well as the object8 _thereof will become apparent from
t he fol | owi2dgseparating each square segment 21. Each segment 21 has a half-

ball elements 22 and 23 on opposites sides of a segment 21.

Fig. 4 is a side view of a solder plate 26 which is segmented
into squares 27 by channels 28. A half-ball element is formed on

one side of each square 27,

Fig. 5 is a side view of a solder plate 30 which has been
segmented into squares by channels 32. A half-ball element 31 is
formed on one side of solder sheet 30 and a generally rectangular

elements 33 is formed on the other side of sheet 30.

Fig. 6 is a side view of a solder plate 38 which has been
segmented into squares by channels 40. A half-ball element 39 has
been formed on one side of solder plate 38 and a conical element

41 has been formed on the other side of soclder sheet 38.

The solder plates and formed elements of Figs. 3-6 are give
as examples of various examples of solder plates and elements
formed thereon. Each of the segments (21,27,34 and 42) of each

solder sheet is connected to other segments by a thin channel



4 description. of a preferred enbodi nent of the invention when considered in
‘conjunction with the acconpanyi ng drawi ngs, and the novel features set
forth in the appended clains. BRI EF DESCRI PTION OF THE DRAW NGS Fig. 1
shows a sem conductor device with ball grid array contacts; Fig. 2 shows a
solder plate with balls forned on segregate snaller plates; Fig. 2A shows a
first enbodi nent of a channel; Fig. 2B shows a second enbodi nent of a
channel ; Fogmed shoe ascidedechpéal eThd tdonhest sixnechanlelbalkhobd |1se far ned

thin as possible yet hold the segments together so as to aid in

the separation of the segments from each other during a solder

reflow process as set forth below.

Fig. 7 shows a solder sheet 15 with segments 16 ;nd half-
balls 18 positioned over a.semiconductor package 50. Package 50
has a plurality of contact areas or vias 51 which provide
interconnection to the semiconductor device in the package. Sheet
15 is positioned on packaée 50 and aligned so that one segment 16
is positioned over a contact area S1. If the solder sheet 15 has
solder elements on the bottqm side such as elements 23, 33 or 41
(Figs. 3-6), that element will be in contact with the contact
areas S1. The contacts areas 51 are solder wetable and the areas

52 around each contact area 51 are not solder wetable.

Fig. 8 is process flow diagram for forming the solder ball
contacts by solder reflow. A segmented solder sheet is formed with
solder elements on at least one side of the solder (60). The
solder sheet 15 is placed on the semiconductor package 50 on which

the solder ball contacts are to be formed (61). The solder sheet



on both sides of the solder plate; Fig. 4 shows a solder plate with

hem spherical half-balls forned on only one side of the solder plate; Fig.
5 shows a solder plate with hem spherical half-balls forned on one side of
the sol der plate and a geonetric shape on the other side of the sol der
plate; Fig. 6 shows a solder plate with hem spherical half-balls formed on
one side of the solder plate and a coniécal shape fornmed on the other side

of the platfy g aligned on the semiconductor substrate (62) such that one
segment 16 and a solder element 18 is over a contact area 51 on
the package 50. Thereafter, the package 50 and aligned segments 16
are heated (64)to cause the solder to reflow, separating the
segments 16 and to form golder balls (65) utilizing the surface
tension of the solder to fbrm a ball from a segment 16 and the

solder element.ls thereon.

A ball will adhere to a contact area 51 which is solder
wetable, but there will be no solder on the areas 52 surrounding
the contact areas 51. Optionally, a solder flux may be applied to
each contact area 51 prior to aligning a segment 16 and solder

element 18 over the contact area 51.



5 Fig. 7 shows a segnented sol der plate positioned over a sem conduct or
substrate; and Fig. 8 i1s a process flow di agram DESCRI PTI ON OF A PREFERRED
EMBODI MENT Fi gmmmuﬂllﬂmMOnductor device 10 whi ch incl udes t he
substrate 11 | der ball contacts 1 x,é I“ e plal | is
attached to a contfact p6| nt (%ee Fig. 6) under the oF@é Ilnq;l'he cqnt act

point may be either a via that extendsginto the subsitrat “to-contact an
el enent on the sem conductor chip, or

WHAT IS CLAIMED
1. A method for forming solder contact balls for a ball grid
array semiconductor device, comprising the steps of:

forming a sheet having solder elements extending out at least
one side of the solder sheet;

placing the solder ‘sheet over a semiconductor package on
which solder balls are to be electrically connected to contact
areas;

aligning the solder sheet with one solder element over each
contact area; and

heating the package and solder sheet to cause the solder
elements on the solder sheet to separate and reflow such that the
surface tension of the reflowed solder of each solder element

forms a solder ball over a contact area.

2. The method according to claim 1, wherein the solder elements

extend out two sides of the solder sheet.

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

segmented with channels such that each segment includes a solder

This Sheet Has Been Replaced
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may be a conductor on the substrate that interconnects with other circuitry

‘or a contact pag—en—the—semconductor device. Fig. 2 shows a solder plate

15 used in formelmﬁlllnallmmllldmnt acts used in ball grid array

sem conduct or te 15 is forne roral of

segnents 16 separated by ®hamnets 17. Each of the)f%fgr%gg} ‘y.iljﬁhlh a
+he—sed Plate 15

hem spherical half-ball fornmed on the surface of —+-he—-segheht
can be forned by nol ding, stanping or Eler form ng processes. Flg. 3is a
si de view ofelaém%oLder pl ate 20 whi ch has“channel s

4. The method according to claim 1, wherein the volume of each
solder ball is controlled by controlling the size of each solder
element.

5. The method according to claim 1, including the step of
applying a solder flux to the contact area prior to aligning the

solder elements over the contact areas.

6. 13 . .
The method according to claim 3, wherein the solder sheet
segments are all the same size and are segmented such that each

Segment includés a solder element.

7. A method for forming solder contact balls for a ball grid
array semiconductor device, comprising the steps of:
forming a segmented sheet having solder elements, one for
each segment, extending out at least one side of the solder sheet;
Placing the solder sheet over a semiconductor backage on

whi
hich solder balls are to be electrically connected to contact

areas;

This Sheet Has Been Rep laT
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6 24 separating each_square segnent 21. Each segnent 21 has a hal f- bal

el ements 22 and 23 on ' | of a segnent 21. Fig. 4 is a side
view of a sol der pl at HiﬂmMme Ii ment e T Shrdw @y channel s
28. A half-ball elene soni,one si l# %g?% 5§%%§% 27, Fig. 51is
a side view of a solder plate 30 which has b ~segneﬁ§g§~+ﬁ%ﬁ-squares by

channels 32. A half-ball elenent 31 is formed on one side of sol der sheet
30 and a generally rectangular elenents_ 33 is forned on the other side of
sheet 30. 11

aligning the solder sheet with one solder element over each
contact area; and

heating the package and solder sheet to cause the solder
elements on the soider sheet to separate and reflow such that the
surface tension of the reflowed solder of each solder element

forms a solder ball over a contact area.

8. The method according to claim 7, wherein the solder elements

extend out two sides of the solder sheet.

9. The method according to claim 7, wherein the solder sheet is
segmented with channels such that each segment includes a solder

element.

10. The method according to claim 7, wherein the volume of each
solder ball is controlled by controlling the size of each solder

element.

11. The wmethod according to claim 7, including the step of

applying a solder flux to the contact area prior to aligning the

‘“Thls Sheet Has Been Replaced
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Fi .g. 6 is a side view of a sol der—ptate—38—whtech—has been segnented into

- squares by channels 40. A half-b been fornmed on one side
of solder plate 38 and a coni cal}ll’n}mﬂm @ en forned on the other
side of solder sheet 38. The sol def nan f_Figs. 3-6

are give as exanples of various exanples of sol der pI at’ es égrﬂféihemcﬁ’t '";4[.

formed t hereon. Each of the segnents (21, 27,34 and 4 Blélt’imt,sm der -
sheet is connected to other segnents byza t hi n channel T

solder elements over the contact areas.

12. The method according to claim 1, wherein the solder sheet
segments are all the same size and are segmented such that each

segment includes a centrally located solder element.

This Sheet Has Been Replaced
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7 fornmed in the solder sheet. The connecting channels should be as thin as
possi bl e yet hold the segnents together so as to aid in the separation of

t he segnments from each other during a solder reflow process as set forth
below. Fig. 7 shows a solder sheet 15 with segnents 16 and half- balls 18
positioned over a sem conductor packagg;50. Package 50 has a plurality of
contact areas or vias 51 mhicthrOV|de | nt erconnection to the sem conduct or

device in the packagdETHQ:OF FQRMING BALIN RIS ARRAY, FONTACGES] al i gned so

t hat one segnent 16 is positioned over a contact area 51. |If the sol der
sheet 15 h@BSTRACT OF THE DISCLOSURE

The invention is to a method for forming solder contact balls (12)
for a ball grid array semiconductor device. A solder sheet (15} is
formed having solder elements (18) extending out at least one side
of the solder sheet (15). The solder sheet is placed over and
aligned on a sémiconducto% package (50) on which solder balls (12)
are to be electrically connected to contact areas (51). The
solder sheet (15) is aligned with one solder element (18) over
each contact area (51). The package (50) and solder sheet (15)
is heated to cause the solder elements (18) on the solder sheet
(15) to separate and reflow such that the surface tension of the

reflowed solder of each solder element (18) forms a solder ball

(12) over a contact area (51).

Figure 2

T ———
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sol der el enments on the bottom side such as elenents 23, 33 or 41 (Figs.
'3-6), that element will be in contact with the contact areas 51. The
contacts areas 51 are solder wetable and the areas 52 around each contact
area 51 are not solder wetable. Fig. 8 is process flow diagramfor formng
the sol der ball contacts by solder reflow A segnented sol der sheet is
formed with sol der elenents on at | east one side of the solder (60). The
sol der sheet 15 is placed on the sem conductor package 50 on which the

sol der ball contacts are to be forned g9g). The sol der sheet
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8 15 is aligned on the sem conductor substrate (62) such that one segnent

. 16 and a solder elenent 18 is over a contact area 51 on the package 50.
Thereafter, the package 50 and aligned segnents 16 are heated (64)to cause
the solder to reflow, separating the segnents 16 and to formsol der balls
(65) utilizing the surface tension of the solder to forma ball froma
segnent 16 and the solder elenent 18 thereon. A ball will adhere to a
contact area 51 which is solder wetab?é® but there will be no solder on the
areas 52 surroundi ng




the contact areas 51. Optionally, a solder flux may be applied to each
contact area 51 prior to aligning a segnent 16 and sol der el enent 18 over
the contact area 51. CLAI M5 1. A method for form ng sol der contact
balls for a ball grid array sem conductor device, conprising the steps of:
form ng a sheet having sol der el enents extending out two sides of the
sol der sheet;

3/5

22
24 zo
LN N N

N N N N A
Fig. 3 ZSJ\

LN N N N 26

.

_7

Fig. 4

3 31

/=
Fig. 5 34 33

40

\/\/\/\/\/></\
Fig. 6 42



pl aci ng the sol der sheet over a sem conductor package on which sol der balls
‘are to be electrically connected to contact areas; aligning the sol der
sheet with one sol der el enent over each contact area; and heating the
package and sol der sheet to cause the sol der elenments on the sol der sheet
'to separate and reflow such that the surface tension of the reflowed sol der
of each solder element forns a solder ball over a contact area. 2. The
met hod according to claim1l, wherein the solder sheet is segnented with
channel s such that each segnent includ&é3a sol der el enent. 3. The met hod
according to claim1l1, wherein the volume of each solder ball is controlled
by controlling the size of each sol der el enent.




4. The nethod according to claim11, including the step of applying a
-solder flux to the contact area prior to aligning the solder elenents over

the contact areas. 5. The net hod according to claim2, wherein the
sol der sheet segnents are all the sane size and are segnented such that
each segnent includes a sol der el enent. 10 6. A nethod for formng

sol der contact balls for a ball grid array sem conductor device, conprising
the steps of: form ng a segnented sheet having sol der el enents, one for
each segnent, 5/5
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extending out at |east one side of the solder sheet; placing the solder
sheet over a sem conductor package on whi sol,der2bal s are to be

electrically cted to contact areas; ‘4p ‘g 4 sol der +ux to the
contact ar ea;imlpﬁm*dér sheet wi'th one sol der el priRffAp Iﬁéh
contact area; 8 ’ﬂ fnmmﬂﬁmackage and sol der sheet tofc %oISHEET ]
€l ements on they separate and refl ow such t/hgt ihe surfac

81 4R Zizp) |

tension of the reflowed sofdet of each 58I der el enment for

a

over a contact area. 7. The net hod according to claimp, rein the
sol der el enents extend out two sides of the sol der sheet.

CLAIMS

1. A method for forming solder contact balls for a ball grid array

semiconductor device, comprising the steps of :

forming a sheet having solder elements extending out two sides of the
solder sheet;

placing the solder sheet over a semiconductor package on which solder
balls are to be electrically connected to contact areas;

e aligning the solder sheet with one solder element over each contact area;

and

heating the package and solder sheet to cause the solder elements on the
solder sheet to separate and reflow such that the surface tension of the reflowed

solder of each solder element forms a solder ball over a contact area.

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

with channels such that each segment includes a solder element.

3. The method according to claim 1, wherein the volume of each solder ball is

controlled by controlling the size of each solder element.

4, The method according to claim 1, including the step of applying a solder

flux to the contact area prior to aligning the solder elements over the contact areas.

5. The method according to claim 2, wherein the solder sheet segments are all

the same size and are segmented such that each segment includes a solder element.

A e AN\ FH— 2
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8. The net hod according to claim®6, wherein the solder sheet is
segriented with channel s such that each segnent includes a sq
The met hod accordimg to craim6, wherein the volune of each SREBH&CEME-
control |l ed by con““l“lunmlﬂ ﬁllﬂmnsof each sol der el enent. :
according to clai ol der sheet segnents are aII i;ff;, sang;il
size and are segnerted shtchtHat "each sel%mant I ncl udes a cengr ocat ed 1 i
sol der el enent. paa—

= A

6. A method for forming solder conmtact balls for a ball grid array
semiconductor device, comprising the steps of :

forming a segmented sheet having solder elements, one for each segment,
extending out at least one side of the solder sheet;

placing the solder sheet over a semiconductor package on which solder
balls are to be electrically connected to contact areas;

applying a solder flux to the contact area;

aligning the solder sheet with one solder element over each contact area;

— and

heating the package and solder sheet to cause the solder elements on the

solder sheet to separate and reflow such that the surface tension of the reflowed

solder of each solder element forms a solder ball over a contact area.

7. The method according to claim 6, wherein the solder elements extend out

two sides of the solder sheet.

8. The method according to claim 6, wherein the solder sheet is segmented

with channels such that each segment includes a solder element.

9 The method according to claim 6, wherein the volume of each solder ball is

controlled by controlling the size of each solder element.

10.  The method according to claim 1, wherein the solder sheet segments are all
the same size and are segmented such that each segment includes a centrally

located solder element.



11
-METHOD OF FORMINé BALL GRID ARRAY CONTIACTS

ABSTRACT OF THE DISCLOSURE
The invention is to a method for forming solder contact balls (12)
for a ball grid array semiconductor device. A solder sheet (1S) is
formed having solder elements (18) extending out at least one side
of the solder sheet (15). The solder sheet is placea over and
aligned on a semiconducto; package (50) on which solder balls (12)
are to be electrically connected to contact areas (51). The
solder sheet (15) is aligned with one solder element (18) over
each contact area (51). The package (50) and solder sheet (15)
is heated to cause the solder elements (18) on the solder sheet
(15) to separate and reflow such that the surface tension of the
reflowed solder of each solder element (18) forms a solder ball

(12) over a contact area (51).

Figure 2



