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condu or deV| ces and passive substrates, and nore parocul 210
rrultl ple b eé})r an individual contact [err] Contacts form
seni conduct 1'"5d i ncl ude bond pads deposited on the surface of the

sentonduct c@@rdumuand gold wire bonds bonded to a bond pad on the device.
Hi gh perfopg%g)(r:e el ectronic hardware is characterl zed by hi gh dock rate

and high To packoga gr@ssenbly is
t he preferred assenbly process [ P T el T flip-chip
assenbly processes, all i-nvolving form ng sone type of contact pr ot rudi ng

above the bond pad of the active silicon chip (integrated C|rCU|t) A first
met hod enpl oys a conventional w re bonding process. Instead of bonding to
t he | eadf rame or substrate the bond wire is cut a 5to 20 mls above the
bal | . This prodtEslJdi(a k. VYENJLIONTfter the chip is singul ated from
the wafer. A second nmet hod enploys a mol ten sol der squeezed through a mask
onto on a singulated chip or electroplating sol der using photo-Iithography

techni ques onto a wekhis Inventiony nelates dtOertpDMSafﬁramdubm‘ddémeshand
conducti ve par tjsakite SubStratesd Gl P ?{M” St tiphl BRSO Nan

order to avoid_shor, Bgf to adJ acent con t hese par'?l C
are di spersed iR anount such that only one bal | ni ght cont act
the bond pad. [err]

BACKGROUND OF THE INVENTION

Contacts for semiconductor devices include bond pads deposited on the -
surface of the semiconductor chip, and gold wire bonds bonded to a bond pad
on the device. High performance electronic hardware is characterized by

- high clock rate and high power. To package this class of systems, flip-chip
assembly is the preferred assembly process. There are currently three major
flip-chip assembly processes, all involving forming some type of contact,
protruding above the bond pad of the active silicon chip (integrated circuit).

A first method employs a conventional wire bonding process. Instead of
bonding to the leadframe or substrate, the bond wire is cut a 5 to 20 mils
above the ball. This process usually take place after the chip is singulated
from the wafer. :

‘\*'_ .

A second method employs a molten solder squeezed through a mask
onto on a singulated chip or electroplating solder using photo-lithography
techniques onto a wafer.

A third method employs an adhesive loaded with conductive particles
such as gold plated metal balls or solder balls. In order to avoid shorting to
adjacent conductive particles, these particles are dispersed in a controlled
amount such that only one ball might contact the bond pad.
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been d.”"However, e use of a single ball contact, the contact area
bet ween the ball cont act and the flat contact surface of the device or
circuit board to which the device is connected is a very snall area, and
oxi des or other inpurities between the ball contact and the flat contact
surface of the nounting circuit board may prevent proper electrical

conhntact between the device and the circuit board. Because of the small size

of the ball, the curgen r acity, ig.gr .reduced, The invention
is to a contact arraﬁ&&t‘%ﬁgﬁ"g ;%r&sﬁﬁlbparb J'gﬁ thod abeve; thaverheen

the net hodbof apgedy Huowéver, with thed asd of £ stiphe ﬂﬁ’dﬁ:ﬁhﬁ&faféhﬁehveen
passive substr e ts e sto S that Ve

el ectrical conggh %%@%&%doﬁ{ ﬁgpmﬁfﬁﬂf% ﬁﬁﬁ‘mﬁ
used- but gold w ws:eﬁnectedv\isea vty amaIbanéaa,canﬂmﬁﬂamthMer
contacts on a %%)e‘éﬂ y in
array on a cont g an qnde to heﬂpHa% aff% a(;% ﬁt é&ffgfé{gq"&%et Q‘
bal I's, a great SROBBH cnroper attricale contapt MWEenothe
contacting the Méé&n& ¢ha srﬁ?ﬂ'ﬁié@'

netallic coated balls are pI ace a st ﬂﬁl ng nmachi ne and Vi br‘é]f:’gge:%%ent
arrnge the bal SUTYDg @pagity 18 yrednoedd row of balls. The balls are

then picked up by a fixtue utilizing a vacuumto hold the balls arranged in

o erray. The ptapke O SR IARGN "9 @ 7T of balls Tor

The invention is to a contact arrangement, the apparatus for applying
the contacts and the method of applying the contacts to a semiconductor
device or to a passive substrate.

The contact elements are elastomer balls that have an electrical
conductive coating on the ball. Any metallic coating may be used- but gold is
particularly useful when making contact to sluminum contacts on a
semiconductor chip. A plurality of balls are arranged in an array on a
contact pad and bonded to the pad. Through the use of multiple balls, a
greater contact area for each contact on a device is present for contacting the
device to a circuit board or other mounting surface.

The metallic coated balls are placed in a stacking machine and
vibrated to arrange the balls in a single row or stacked row of balls. The
balls are then picked vp by a fixture utilizing 2 vacuum to hold the balls
arranged in an array. The pick-up fixture may hold a single array of balls for
a single contact or may pick up a plurality of arrays of balls for multiple
contacts. The pick-up fixture moves the contact array of balls to the contact
area on the semiconductor chip and places the contact ball array on the bond
pads, or land pads for passive devices.
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si ngl € ,5aNtAct 19 C a pl uralgydpirobepar r ays. afeLzalinray f or Rsbsjiopd e
cont acts 490(1%he9qp 13121 uﬁf% uéﬁemrmves t he éont act array of balls to the

contaciarea.on the segiconductor chip and places t

t he*bond pads, or |and pads for passive devices. [err] 3 The balls are
bonded by therno-sonic or thermal conpression bonding. During bonding a
pressure is applied to the balls causing themto flatten, presenting a

| arger contact area between the ball and the contact nounting area. The
conpl eted device with (he ball-array at each contact nmay then be nounted on

a substrate and held l%@bﬂM&h&dW@h@&meds

t he devi ce agai ns t f ééﬁ%
partially Coﬁpres?\{xﬁgw acts li’&diﬂtﬁeb?ﬂlg‘?? ar ea %&t@%
each ball cont act Presegtnga! éﬁﬁ&“ﬁaﬁeaig% %ﬁ%@ﬂﬁ“gﬁi‘g"?ﬂ

advance representegea. by the invention as well as the objects thereof Wil |
become apparent fromthe follow ng description of a preferred enbodi nent

of the invention mhen nsi d C unc

drawi ngs, and the nove ﬁ?@gdf&@ P‘iﬂltq?ﬂt %p%’ﬁ'ﬁé%&%r%%gy%gl S a
top view of a senimoswibedtoma suhgeateentbeld i plagel with alicat sinls ex sther|devie | b
is a cross-secti oihét holdsvied dévice w&h@ﬁmﬁhﬁﬁieuﬂs&aﬁeﬂtﬁhmmghuﬁﬁmn
A-A to partially compress the ball-cantacts, presenting an calarged area between

each ball contact in an array and the mounting substrate.

The technical edvance represented by the invention as well as the
objecls (hereof 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

FIGURE 1a is a top view of a semiconductor device haviny ball-array

contacts;
FIGURE 1b is a cross-sectional view of the device of Figure 1 taken
through seclivn A-A;

FIGURE 1c:; an enlarged portion of the sectional view of Figure 1b;

FIGURES 2a-2e {llustrate the process of attaching the ball-contacts to
a semiconductor chip;

FIGURE $ illustrates a ball stacking apparatus;

FIGURE 4a fllustrates a single ball array pick-up fixtuce;

FIGURE 40 illustrates & pick-up fixture for multiple ball arrays; and

FIGURE 5 illustrates a mounted device having ball arcay contacts.

FIGURE 6 is a chip or passive substrate having ball array contacts.
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a~2¢e i Tlustate the process of attaching the ball-contacts to a
sem conductor chip; FIGURE 8 illustrates aball stacking apparatus; FlGIRE
4aillustrates a single ball aray pick-up fixture; FIGURE 4b wustrates a
pi ck-up fixture for nmultiple ball arrays; and FIGURE 5 |l ustrates a nounted
devi ce having ball array contacts. FIGJURE 6 is a chip or passive substrate
having ball array contacts. -REPLACEMENT SHEET 24 MAY 1997 4 F|gure 1a

iIIustratesthetopﬂg;]}E ductar c 10, haln arr

contacts 11 thereon ac ﬁ%o%@?ﬁ% i?ﬁ%iﬁe“? ag%

12 bonded to t AR gorayaef contactscll theretm Eadletﬁmd:tisanad@upmﬁam&rﬂjéfbﬁﬂ

nine balls, bulcopfictBUHBonAEd esraﬁ'ﬂclé

used, where nis a whol.e E’aﬁée?@ reat er than % r%n] b%é&icoﬁ@/ctbhasan

cross-sect i onal@TGRE P&R@ Buf ALY Amber of mrefarablysanin arml array, miiyp

10 has an oxi dmwﬁse&hﬂim%wﬁwmhﬁﬁﬂferéﬁ 1, ont act balls 2 are
eni ngs

bonded to he contact areas of chip 10 in o eI ow | ayer 15. The
details of a ball-array contact is shown in the enlarged view presented by

figure Ic. Figures Xigar@dbiik bmmmmwﬁ& t}:&oagh%einaﬂzm@op

aray Lo (e CO aElbl e i TYRER deblo SF VSR imlo i Tasdr 15 Merton
Contact balls 12 are bonded to the contact areas of chip 10mopemngs 16
below layer 15. The details of a ball-array contact is shown in the enlarged
view presented by Figure 1c.

Figures 2a - 2e illustrate process steps in attaching the ball array to
the contact area on the semiconductor device. Figure 2a shows the
.. semiconductor chip 10 having a layer of insulating material 21 on the surface
of the chip. An opening 11 is under the insulating layer 21 representing the
chip contact area.

In figure 2b, a layer of conducting adhesive or surface cleaning
chemical 23 is placed in opening 22. The ball-array is placed in opening 22
and is held in place by adhesive 13 (Figure 2¢)

In Figure 2d, a bonding tool 18 is lowered on the ball array. The balls
of the ball array are elastomer bsalls that have an elecirical conductive
coating on the ball. Any metallic coating may be used, but gold is
particalarly useful when making contact to aluminum contacts on a
semiconductor chip. The bonding tool provides a downward pressure on the
ball, flattening them at 16 and 17. The balls are thermo-sonic or thermal
compression bonded to the chip interface at 16. As illustrated in Figure 2e,
the ball/chip interface at 16 is bonded and remains flat, providing a greater
contact area between the ball array contact and the chip contact area.
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surfdce of the chip. An opening 11 is under the insulating | ayer 21

representing tne CHrp ConTact—area—tm—i-

adhesi ve or surface cleaning chemcal 23 is placed in opening 22. The
ball-array is placed in opening 22 and is held in place by adhesve 13
(Figure 2c) In Figure 2d, a bonding tool 18 is |lowered on the ball array.
The balls of the ball array are elastomer balls that have an el edrica

conductive coating-.on Any e | i c,coating may be use but gold
is particul ay useful M#ﬁ%‘% &gﬁ "!‘3‘1 2 the array

sem conduct or chi §f ballefardhaibel] aroes contesti désbmedwhmademlﬁénmhihhe
bal |, them at 16 abd]1§31 afb pldved) Therlullshae fat a6igh Gack 82l areQRRIERSHON

bonded to the chi iy B QUL ® 26 . 1 he
otien s Loy %wﬁmw&xﬁ%imﬁﬁ%iﬁﬁﬂ
REPLACEMENT SHEET The balls on track 3% fal] through epéhing Bashdabﬂaimbmchns 3aaktbng

machi ne used to Phtinds thd'Bally indY sif &&ﬁg t
Machi ne 30 has a.,es VI orpéiil nb |2ﬁ% are pI a%iﬂé Iabdg)ﬁ*s are
fed through track@ a’éﬁ" W%W%% vy 2i3t or y
system (not |IIustrated) S attached to 30 agitate the balls so they w il

nove through track 32 I‘i@ufé&&ﬁhﬁﬁatel@p@ﬂ-’ub%&%ﬂﬁ sinlle Al A'rdy. ToP4O Mas
openi ng 34 and ro!alva d.rQCl 'tﬂmugﬁq;heo tecior through channel 41. There is an array
of openings 42 in one wall of tool 40 that is arranged and of a size to hold a
single ball array. The balls are held in place until the array is placed over a
contacl area and the ball array is pressed into the adhesive on the
semmiconductor contact area. The vacuum is released and the ball-array
- remains in place until bonding energies are applied onto the balls through
the pickup tool and until the balls are bonded to the chip as illustrated in
figures 2e.

Figure 4b illustrates a pick-up assembly 45 that can hold a plurality of
ball-arrays. There are as many array openings 46 a3 needed to span a row of
contacts as illustrated in Figure ia.

ARer the semiconductor chip has all itie ball-array contacts in place, it
may then be mounted, for example, in a fip-chip configuration, figure 5.
Semiconductor chip 50 is placed, contact side down, on 2 mounting substrate
52. Substrate 52 may be a printed circuit board, a large semiconductor
device or other mounting surface snch that each ball-array contact 561 comes
into contact with a contact area or comnection area. A heat sink or other
cdamping device 53 is placed aver semiconductor chip 50, provides a
downward prossure on chip 50 holding it in place. The downward pressure
tends to flatten the balls in each hall-array contact providing a large contact
area than a single ball, or other not compressible contacls. Semiconductor

TI-16890 EU
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38 drops the row of three balls to stack the bill in a single row as shown

at 36. Figure 4da illustrates a pick-up tool for a single ball array. Tool
40.has a vacuum drawn through the interior through chnnel 4L. There is an
array of openings 42 in one wall of tool 40that is arranged and of a size
to hold a single ball array. The balls are held in place until the array is
pliaced over a cbipaf@ doesanahdeetetdbel parmmértlypafised tonthe SEPsBABES| The
on the sem con ' LS. rele d. ands t

bal | -array rerr:alqdid,&i [ ng%ﬁaylu%ﬁ%? Wﬁg{ﬁ? i&oﬁa@%ﬁﬂ% lgﬁ? Osqlmg:rate
bal I's through twﬁntmtmdamian iehimn 50 maycbe shdpgedtin the evenp o
Illustrated infhajflgpees 2e. Figure 4b illustrates a pick-up assenbly 45 that
can hold a plurality of ball-arrays. There are as many array openi ngs 46 as
needed to span a row of contacts as illusted in figure la. After the

sem conductor chip fiﬁgpﬂésﬂlwétﬁéﬁﬁdofﬂﬂllﬁﬁ'ﬁyb&t&hﬁcﬁvef&é@%&h oP%
nmount ed, for exanple. .in aci&f;{]é] configuration, figure. 5. Sem conductor
chip 50 is pl aéﬁ, codnctor ch }DRAST 'gﬁ strabting substrate 52.
Substrate 62 may be a printed circuit board, a |arge sem conduct or

devi ce or othe nounting surface such that each ball-array contact 51 cones
into contact with a contact area or connection area. A heat sink or other

cl anpi ng device 53 is placed over sem conductor chip 50, provides a
downward pressure on chip 50 holding it in place. The downward pressure

tends to flatten the balls in each ball-array contact providing-a |arge
contact area than a single ball, or other not conpressible contacts.
Sem conduct or : This Sheet Has mg\ﬁ,\lieﬁi\ced
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af fix to the substrate. The conpressible ball-array contact provides good

contact with the substrate w thout pernmanent bondi ng and chip 50 may be
changed in the event of failure. Figure 6 illustates the use of ball-array

contacts over the surface’mmw"mm"ﬂmtjctor chip or a passive substrate.
[err] A contact for a sem conductor

devi ce, conprising: a pl ural i ty “of "cohductive balls, in an nxn array,

form ng each conémd a flattened area on each conductive bal | at which
sai d conductive secured to the sem conductor device contact area.

2. The contact according to claim 1, wherein said conductive balls

in said contact are of a f e conducti ve
material. 3. £ The %@Q%&ﬁ%ﬁaﬁ@‘{ JECH a‘?"#‘%h W‘t he flexible
material is an el astonmer natplurality of conductive balls,dongncxmarcayl fogming each
claim?2 or claim 3, Malmald

a flattened area on each conductive ball at which said

conductive ball is secured to the semiconductor device/passive

-

substrate contact area.

2. The contact according to claim 1, wherein said mnducﬁve balls
in said contact are of a flexible material coated with a highly
conductive material.

3. The contact according to claim 2, wherein the flexible material is
an clastomer material.

4 The contact according to claim 2 or claim 3, wherein said
conductive material is gold.

5. The contact according to any preeceding claim, wherein there is
more than one nxn array of conductive balls, each of which are
compressible.

6. A method for making a contact for a semiconductor device,
comprising the steps of:

arranging a plurality of ball contact elements in an nxn array;

temporarily mounting the nxn array of contact elements on a
contact area on a semiconductor device; and

bonding the nxn array of contact elements to the contact area on
the semiconductor device.
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preceding claim wherein there Is nore than one nxn array of conductlve '

ball s, each of which are co A nmet hod for nmaking a
contact for a sem conductor nﬁﬂﬂmw m ” ‘mg the steps of: arranging a
plurality of ball contact el errenis i nmansnxe array; tenporarily mounting

t he nxn array cont act Ieman on a cgntact grea on a senjconductor

devi ce; and boﬁdl ng the famtt‘él t 6t vherein otke c step cof
on the sem conduct oferrgitisatl thé'ddra$ o elements inH\eIdEsBasring the
according to clalm mtEe eg of tenpor r|Iy mounting the array of
el enments i ncl udes s Fﬁ@l th a paste naterial. 8.

The net hod accordi ng to cIa|m6 or cIa|m7 further conprising formng said

thereon. o & he Mhermated SrdFiEe @ B G SR A SO ine.
step of form ng thefrmingbsaidrbalr cortack ehmeit&soﬁ)aeﬂexﬂ)lermatenalohawng a
The net hod accordi n&m@a@&ﬂu&ﬁl m 9, further conprising

9. The method according to claim 8, further comprising the step of
forming the flexible material as an elastomer material.

10. The method according to claim 8 or claim 9, further comprising
providing said metallic material as gold.

11. The method according to any of claims 6 to 10, including the step of
applying pressure and compressing the array of ball elements prior to
bonding the array of ball elements to the contact area on the semiconductor

device.

12 The method according to any of claims 6 to 11 further
comprising the step of applying an adhesive to the contact area on the
semiconductor device on which the contact elements are temporarily
mounted.

13. A device for picking-up and moving an nxn array of ball contact
elements comprising: |
a vacuum pick-up tip; and
an nxn array of openings in said vacuum pick-up tip
corresponding to the array of ball contact elements to be moved, said
openings of a size to nest the ball contact elements in the openings
without pulling the ball contact elements into the vacuum pick-up tip.
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to any of clains 6 to 10, —+nctuding—the—step of applying pressure and

conpressing the array of bal, I i to bonding the array of ball
el enents to the contact ar ﬂlﬂ Miﬂ uct or device. 12. The
met hod according to any of rther conprising the step of
applying an adhesive to the contact area on the sem conductor device on

which the contag4, el enment ThardeviedBedording/ torelsinc 13, incl g@@}&&hﬁl—ﬁﬁﬁm
[err] 9 14. The devi ce accordi to cl am? 1?6 incl.u ?gmﬁ Llural La&s
of nxm array openi ngE SR RGIRES EB#%Q;% e
contacts on a sem couﬂueuﬁcdndmrdehﬁzewhewﬂanmwwhdermmbem, Wrto
to one or greater. ... ter.
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