-1 APPARATUS AND METHOD TO PREVENT OXI DATI ON OF ELECTRONI C DEVI CES Fi el d
of the Invention 5 The invention relates to an apparatus and nethod to

m ni m ze oxidation of electronic devices nade fromcertain reactive

nmetal s, such as |eadfranmes, during sem conductor package assenbly
processes. The invention is particularly applicable to ultrasonic wire
bondi ng of copper alloy | eadfranes, 10 although it is capable of w der
appl i cati on. Background and Prior Art Serfi-conductor |eadfranes serve as a
substrate for the manufacture of certain 15 sem conductor packages.
Conventional ly, |eadfrangs, 58, n z wever, wth an
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using an ultrasonic transducer to generate nmechanical vibration energy with

Background and Prior Art

Semiconductor leadframes serve as a substirate for the manufacture of certain

16 semiconductor packages. Conventionally, leadframes are made from iron
alloys. However, with an increasing demand for higher performance
miniaturized packages, more reactive metals, in particular copper alloy
leadframes are finding increasing applications in semiconductor packages.
These leadframes are found to be more attractive than iron alloy leadframes

20 due to factors such as better heat dissipation, ease of processing and cost. On
the other hand, the disadvantage of copper alloy is that it is prone to oxidation
(ie. it reacts with oxygen to produce copper oxide) when exposed to oxygen in
the air at high temperatures. Such oxidation results in oxygen forming weak
bonds with the atoms at the leadframe surface, and a layer of brittle and/or

25 poorly adhering oxides. Thus, oxidation introduces reliability problems for
microelectronic packages.

The problem of oxidation is particularly acute during wire-bonding in a typical
semiconductor packaging process, wherein conductive bonding wires are
30 bonded to contact surfaces on a semiconductor die and a leadframe to
establish electrical connections therebetween. This bonding is commonly done
by using an ultrasonic transducer to generate mechanical vibration energy with

an external pressure force to bind the wire to the die and leadframe surfaces.



an external pressure force to bind the wire to the die and | eadfrane
surfaces. 2 However, heat generated during the process nay oxidize the
surface of the |I|eadfrane, |eading to non-stick or unreliability of the
bond. Oxidation during the w re-bonding process should thus be arrested or
reduced. 5 A typical wire bonder uses a wi ndow clanp, which is usually
rectangular in design, to clanp a |l eadfrane securely to a top plate. An

i ndustry practice for protecting |eadf ~r@rs fromoxidation is to introduce
| arge anounts of a relatively inert gas, usually nitrogen gas, to the

| eadf r ane. V ri ous 'F aratus have been used to do this. In a typical
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i nsi de the body of the w ndow clanp ding area Ing area is
exposed to t Hbe wiredapdinggroeass Shgulddbtls be arasted loF cedusedxi dati on. 15 One

nmet hod of introducing nitrogen gas is to | ocate one or nore nozzl es next

to the bonding area to blow nitrogen gas into the bonding area. (Fig. 1)
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have one or nore gas blower 25 outlets in a top plate on which
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15 One method of introducing nitrogen gas is to locate one or more nozzles next
to the bonding area to blow nitrogen gas into the bonding area. (Fig. 1) The
nitrogen in the environment around the bonding area would tend to inhibit
oxidation reaction of the leadframe at the high bonding temperatures.
However, the use of nozzles creates a negative pressure around the region of

20 the nozzle opening, sucking air towards the nozzle opening. After several
minutes, the effectiveness of the nozzle will be diminished due to the oxygen
drawn in from the atmosphere mixing with the nitrogen gas discharge.

Another method of introducing nitrogen gas is to have one or more gas blower
25 outlets in a top plate on which the leadframe rests for the gas to be discharged

into the bonding area. (Fig. 2) This method has a disadvantage in that it is

difficult for a manufacturer to manufacture a top plate with many small holes as

outlets for the nitrogen gas, bearing in mind that the surface of the top plate

has to be substantially even to allow wire-bonding to be effectively performed
30 onit

This design also has the problem of negative pressure being created around

the outlets of the top plate. After a while, the negative pressure causes oxygen



Thi s design al so has the problem of negative pressure being created around
the outlets of the top plate. After a while, the negative pressure causes
oxygen -3 in the air to be drawn to the openings and m xed with nitrogen
gas, reducing its effectiveness. Furthernore, it should be appreciated
that such a nmethod only works where the surface of the |eadfrane itself
has through-holes to allow gas to enter the bonding area inside the wire
clamp. If there are no such through- 5 Rhd-es, the nethod is not effective.
A third nethod is to use a anabIe cover together with the first nethod
and/or the second pet hod rpose being to prevent as far as
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arisk of the wire clanp hitting the noving cover when the wire clanp is
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i nproved apparatus and nmethod to introduce a relatively inert gas to the

25 bondi id artBwugh-hele i@ @llowxa sapilgry of a éaeﬂlnarmgmbﬁb&meng into dh¢| r st
aspect of t h%dnﬂﬂﬁr‘érbﬁn HidWedver, the RidRitiof st é?ﬂaﬁd?ﬁﬁl{a@bﬁﬁ th Qhe wWitel:
oxi dation of an electronic device en it eated, conpri sing:
area in whi cHseedificallvitee bend chemsl refathed:wire bonder) affects the bondmg
performance of the machine. The cover will also block an operator's view of
the leadframe as it is being bonded, and makes the bond area inaccessible
15  when, for example, a bond wire breaks. The cover size is also too large when
there is a large bond area. Moreover, there is a risk of the wire clamp hitting

the moving cover when the wire clamp is moved up to release a leadframe.

Summary of the Invention
20

Bearing in mind the aforesaid problems with conventional methods of

introducing nitrogen gas to prevent oxidation of leadframes during wire bonding

operations, it is an object of the present invention to seek to provide an

improved apparatus and method to introduce a relatively inert gas to the
25 bonding area to prevent oxidation of leadframes.

According to a first aspect of the invention there is provided an apparatus for
preventing oxidation of an electronic device when it is heated, comprising:
(i) an area in which said device is to be heated;
30 (i) inlet means adapted to supply a relatively inert gas to the said area;
and



30 (ii) inlet neans adapted to supply a relatively inert gas to the said
area; and 4 (iii) a porous distribution elenent through which the inert
gas is passed fromthe inlet neans to said area, whereby to protect the

el ectronic device in the area fromoxidation. 5 According to a second
aspect of the invention there is provided a nethod to prevent oxidation of
an electronic device when it is heated, conprising introducing a
relatively inert gas through an inlet nedns to the electronic device to
protect it from oxidation, wherein said gas is passed through a porous
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It will be convenient to hereinafter describe the invention in greater detail by

reference to the accompanying drawings which illustrate one embodiment of

the invention. The particularity of the drawings and the related description is

not to be understood as superseding the generality of the broad identification

15  of the invention as defined by the claims.

Brief description of the Drawings

Fig. 1 is a cross-sectional view of nitrogen gas being introduced to a bonding
20 area of a leadframe through a nozzle in a window clamp according to a first
example of the prior art;

Fig. 2 is a cross-sectional view of nitrogen gas being introduced to the bonding
area through gas outlets in a top plate carrying a leadframe according to a
25 second example of the prior art;

Fig. 3 is a cross-sectional view of a moving cover positioned over a window
clamp to keep nitrogen gas inside the bonding area from escaping according to
a third example of the prior art;

30
Fig. 4 is a cross-sectional view of a layer of porous material located on a
window clamp to introduce nitrogen gas into a bonding area according to a first
embodiment of the invention; and



wi ndow clanmp to introduce nitrogen gas into a bonding area according to a
first enbodinment of the invention; and 5 Fig. 5 is a cross-sectional view
of a layer of porous material located on a top plate to introduce nitrogen
gas into a bonding area according to a second enbodi nent of the invention.
5 Detailed description of the preferred enbodi nent Referring to the

drawi ngs, in which like parts are referred to by like nunerals, Fig. 1is
a cross-sectional viewof a relatively i-hert gas, in this case nitrogen

gas (N2), being introduced to a bonding area 100 of a |eadfranme 104 through
a 10 nozzle 8 in a w ndow.cl 10 ccording to a first exanple of the
prior art. ]ALq@ti%'slﬁfr%ﬁsfsf&H‘é’@ﬁt Y R a|qu?£ﬁ>g°male§'al @Eﬁ'legc?mpa top
substanti al | ypigtenor iatrbliude nidge FRRRAI b af bérihgVarstPWesdraiB 508 detord | oW
wire bonding to take place to  connect electrical contactS on the die 102
and the | eadfémeRdinment of the inyeptipn. wi r e bondi ng process is being perforned,
nitrogen gas is punped through the nozzle 108 into the bonding area 100,
to fill the environnment in the bonding area with nitrogen gas, thereby
protecting t H2etadedideserpti prefersed embddimieny wi re bondi ng. However, due
to a nozzle effect, low pressure wll be created around the opening of the
nozzl e 108 such that oxygen (02) 20 fromthe atnosphere is drawn in and

m xed w th t Heefeiringdgére drawirgysy imswhith likehpartebreaeferredne by liké npmerzis g

ni trogen gas 4.nto.the bondin rea t revent . oxidatjon.is reduced. Fig. 2
s b oy oseradili DA crpanrastonar ey o el ineR saRoln Mikicats DHBSEBnai ng
25 area 100 tdusqig)) bemg intddurled td donbing dred 100 F 8 Idddrapiy 104 thEodgH £adf rane

104 according to a second exanple qf the prior art. In this design,
ni t r ogen @as%@eiﬂfﬂr%&\m@aow R APB Rcepraingdadr firahexampnle ok e i alflesi gn i s

appl i cabl e gemngiea dYattahkd th the IBEERaRE A 02RE RIcAEY RbsidnBalyecsHiaffth 494 O
allow nitrogen gas to pass through it and into the bondi'ng area 100. 30
opening of the window clamp 106 to allow wire bonding to take place to

connect electrical contacts on the die 102 and the leadframe 104.

15 As the wire bonding process is being performed, nitrogen gas is pumped
through the nozzle 108 into the bonding area 100, to fill the environment in the
bonding area with nitrogen gas, thereby protecting the leadframe from
oxidation during wire bonding. However, due to a nozzle effect, low pressure
will be created around the opening of the nozzle 108 such that oxygen (O3)

20 from the atmosphere is drawn in and mixed with the nitrogen. As a result, the
effectiveness of pumping nitrogen gas into the bonding area to prevent
oxidation is reduced.

Fig. 2 is a cross-sectional view of nitrogen gas being introduced to the bonding
25 area 100 through gas outlets 112 in a top plate 110 carrying a leadframe 104
according to a second example of the prior art. In this design, nitrogen gas is
introduced from below the leadframe 104, so this design is applicable generally
only if there are openings on the leadframe 104 to allow nitrogen gas to pass
through it and into the bonding area 100.
30
Besides blowing nitrogen gas into the bonding area 100, nitrogen gas may also
be blown through secondary outlets 116 to portions 114 of the leadframe 104
between the window clamp 106 and top plate 110 outside the bonding area



Besi des bl owi ng nitrogen gas into the bonding area 100, nitrogen gas may
al so be bl own through secondary outlets 116 to portions 114 of the

| eadf rane 104 between the wi ndow clanp 106 and top plate 110 outside the
bondi ng area 6 100, although these portions 114 are not critical because
they are less exposed to the atnosphere. Thus, other neans may be used to
separately introduce nitrogen gas to these portions 114. 5 Nevert hel ess,
the nozzle effect will also occur in thi-§-design so that oxygen is drawn
to the outlets and into the bonding area 100, thereby reducing the

effectlveness t"g a\ﬁ)p ratus.  Fig. IS a cross-sectional view of a
movabl e cover! 9PpPlthBugh itBes& W@”Sa”ﬁ@rﬁﬁ ﬂ%ﬂ'%rﬁ?cﬁw tthex 68 185% r ogen

gas inside thgpbadtfidithedsifbshRbrel I PRUE AR Mears g%eﬂg. t@sbgéﬁa%’elfxa”p' ©
of the prior art., The novable cover 120 has a thr e 122 to allow a

capi | | ary 124nteeducpinittpaesaasie thase@ortionsadd. t hrough the novabl e cover 120.
A flanme-of f device 126 generates an electrical spark to forma ball bond
when perform ng the wire bonding operation. The 15 novabl e cover 120 is
mount ed o a Nevedhaless! the nezale reffebbwillealss ocas in thisdesign tsogbathexygentis t he

bond head. ' devi ' d
bond heacl Avugh R o380l b BonRG £E , oSBRIBAAARR 46T
inlets 112 | esffdcivgniess oftheadpparatuss top plate 110 as well as secondary gas

inlets 116. 20 Fig. 4 is a cross-sectional view of apparatus enbodying the
i nvention, which conprises a porous distribution elenment in the formof a

| ayer of por 3 Maitee kiodk-skBticril M oPYa AfovBlilebEived 120UpbSitbricd Hrda Ng
nmeans for a ‘ectronic device, which may be a copper alloy |eadfrane 14.

n
The hol ditfg pingaw RAMBR 5 08eto; Kedm BItiogBB (FaFeEIde N HROdg AEA A0 FRTow ci anp
16. Rel ati Ve'ééchﬂﬁgtac%amfstﬂmhﬁ‘é eRhinpRASHhe nbr“ér'i Oﬁ*Hé%vhBreoco%ePw@' ng

area 10 of the |eadfrane passi ng t hroug 'ayer of porous
material 18. hasA E\rqtzglhh@ladr?@dt:taﬂowmcaplllary 124 carrylng bondmg wire to pass

through the movable cover 120. A flame-off device 126 generates an electrical
spark to form a ball bond when performing the wire bonding operation. The
15 movable cover 120 is mounted on a bond-head of a wire bonder so as to move
together with the bond head. An optical device 128 is used for Pattern
Recognition (PR). Nitrogen gas may be introduced to the bonding area 100
through nozzle inlets 112 leading to outlets in a top plate 110 as well as
secondary gas inlets 116.
20
Fig. 4 is a cross-sectional view of apparatus embodying the invention, which
comprises a porous distribution element in the form of a layer of porous
material 18 carried by as by being coupled to holding means for an electronic
device, which may be a copper alloy leadframe 14. The holding means may
25 Dbe in the embodiment in the form of a window clamp 16. Relatively inert gas
such as nitrogen is introduced into a bonding area 10 of the leadframe 14 after
passing through the layer of porous material 18. A die 12 attached to the
leadframe 14 is exposed substantially centrally in an opening within the
window clamp 16. Nitrogen gas is pumped into the window clamp 16 through
30 inlet means in the form of a channel 20, but the window clamp 16 is modified
so that the porous material 18 is coupled to the window clamp 16 between the
channel 20 and the bonding area 10, so that the gas is passed through the
porous material 18 before being introduced into the bonding area 10.



| eadfrane 14 is exposed substantially centrally in an opening within the

w ndow cl anp 16. Nitrogen gas is punped into the wi ndow clanp 16 through 30
inlet means in the formof a channel 20, but the wi ndow clanp 16 is
nodified so that the porous material 18 is coupled to the w ndow clanp 16
bet ween the channel 20 and the bonding area 10, so that the gas is passed
t hrough the porous naterial 18 before being introduced into the bonding
area 10. 7 The advantage of using porous /material 18 internediate the
channel 20 and the bonding area 10 is that the nitrogen gas is now nore

evenly di strijfut ar ea, nt roduced
into the bond S‘g\@é"ga fauﬁ' ﬂggougerg ﬁﬂ% 'qtﬁ'g?e‘#%an%chQE??l 9qeduces
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ef f ect i venes<OVEf a'Hgehpread iagrto when jtds infodycedyinte Hie banding-anead® r ane

during wire hpRgs baeh Jodrd Hat 'tﬁ&'ﬁﬂeﬁtwélf‘%&ﬁé@%e@hf@gﬁe‘%@ur@r SLRERE oxygen
gas being mxed with the nitrogen gas s obviatéd A sui tabl e porous
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enbodi nent oftOtplBVemtvexldatmn of dbedeadframge adulingt wwbdbondmgallsarmgmfcmhtlporous
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bondi ng area id@bvidted. | eadfrane 14 is clanped by a vm' ndow cl anp 16 onto the
top plate & 1. Nitrogen gas is blown 20 into the bonding area 10 via a gas
inlet 24 fmade in the top plate 21. The top plate 21 is nodified such that

the layer of meuigbte poroas miiterdlis porbli€ nielil Made ffom hhey corfisressdd mgtatoupl ed
to the end of the gas.inlet 24 at the surface of the top plate 21 adjacent
to the bondi PWHEEaSUGH, as stainless steel powder. An example is porous metal media

manufactured by Mott Corporation.

15 Fig. 5 is a cross-sectional view of a second embodiment of the invention,
comprising a distribution element of porous material 30 supported by as by
being coupled to a surface of a top plate 21 on which the leadframe 14 is
placed, to introduce nitrogen gas into a bonding area 10. The leadframe 14 is
clamped by a window clamp 16 onto the top plate 21. Nitrogen gas is blown

20 into the bonding area 10 via a gas inlet 24 made in the top plate 21. The top
plate 21 is modified such that the layer of porous material 30 in the form of a
layer thereof is coupled to the end of the gas inlet 24 at the surface of the top
plate 21 adjacent to the bonding area 10.

25 As in the previous embodiment, the porous material 30 distributes the nitrogen
gas more evenly and over a larger area to reduce the negative pressure which
might affect the effectiveness of the apparatus. Additionally, the porous
material may be designed such that the nitrogen gas is also distributed to the
portion of the leadframe 14 located between the window clamp 16 and the top

30 plate 21. This is to further protect portions of the leadframe 14 away from the
bonding area from oxidation. Furthermore, more nitrogen gas may be
introduced to the said portion via secondary gas inlets 26 in the top plate.



25 As in the previous enbodi nent, the porous material 30 distributes the
nitrogen gas nore evenly and over a larger area to reduce the negative
pressure which mght affect the effectiveness of the apparatus.
Additionally, the porous material may be designed such that the nitrogen
gas is also distributed to the portion of the |eadfrane 14 | ocated between
the wi ndow clanp 16 and the top 30 plate 21. This is to further protect
portions of the | eadframe 14 away from t-t8 bondi ng area from oxi dati on.
Furthernore, nore nitrogen gas may be introduced to the said portion via
secondary gas,injets 26 in e top plate. 8 It w be appremated that the
enbodi nent dzsl‘f’m PR @PPrRCaiee t@t'tegﬁmwﬂwtfﬁsc"b%m Fignesis 1syitahlg fopay e
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bondi ng area 10, but may not be suitiable if there"are no such openings to

al | ow ni t r ogetR el intg the bending aneal 0+ kut may ln@t be suitablesib these appresieh ed t hat
ei ther one ofy, F%hﬁ‘g (?thm%ggggggw@grsﬁwaﬂ s. 4 and 5 may be used,

depending on t I catl on~an rane. Further, the two
enbodi mentdss may be used t oget her, such that nitrogen gas is introduced

both via the t ow cl a 6 10 well as the surface

of the top pi'al 938 SR AFeRy ot B 54 2 Sedbefie SRSy

ni trogen in tkigs.bengndd a®dAa beThsed, dew&neﬂﬁod}ﬁplmubdﬂ%nd Wtdfon

prov: des it eg5 980 dTpfe: ShL Sk aebamebIoN GLealing Rdat g, ypjessure

conpared to thigodgyh @ds idlidtrodiRed ibatn WY ehe haaw@e\ﬁééméﬂ@dma%ﬁddwb@nﬁweeptI bl e
i

to variatjons, nodifications and/o addi ti ons ot her than those

speci fi caldy afewelljas the, suriage of “be ter Alatectls sisaidtangausly ttﬂencrﬁaémth@n
i ncl udes all édaeamvaroh%flnafbaenﬁnmefb&ﬂﬁﬁg)&%aaﬁd{uera;ﬂ%ngsgmfnghnéa"

within the spirit and sco of the above descriptio
invention provudes nitrogen gas more effectively without creating negative

pressure in the bonding area 10 and prevents oxidation for a longer time as
compared to the prior art.

15
The invention described herein is susceptible to variations, modifications and/or
additions other than those specifically described and it is to be understood that
the invention includes all such variations, modifications and/or additions which fall
within the spirit and scope of the above description.

20



9 CLAIMS 1. An apparatus for preventing oxidation of an electronic device
when it is 5 heated, conprising: (i) an area in which said device is to be
heated; (ii) inlet means adapted to supply a relatively inert gas to the
said area; and (iii) a porous distribution elenent through which the inert
10 gas is passed fromthe inlet neans to9said area, whereby to protect an
el ectronic device in the area fromoxidation. 2. An apparatus according to
claim1l1, wherein the distribution element 15 conprises a |ayer of porous
material at an end of an inlet channel adjacent the said area and
conprising said inlet neans. 3. An appAmig!s according to claim1l or claim
2, wherein there is holding neans to hold the el ectronic device and
wherein the |ayer of porous material is 20 carried by the hol ding neans.

4. An apparayus a&ﬁgpﬂér‘&%stiﬁr teRbeRlirty Bkid&tigH m%?tefeﬁamb elidE WidheE is0f
porous material constitutes a east” a portion of a surface on V\:hICsh t he
el ectroni® dbkeated gonprisinged. 25 5. An apparatus according to clai many one

of the preceding clains, Ei)‘/\/nerﬁ' Qretar}ﬁ:“m%rhoslé% Ii?%f's?éb%ﬁ%%cg?s a

conpressed netal powder. Anappar at us accor wherein the
metal powder is a 30 st aliipl esslettreahs pdapted .to sifply a rélatiegp ineat giss wccor di ng
to any one of the preceding cl imsi wher ei said area is a wire bonding
area and wherein the relativel eisﬁgr?re@‘aaé“{]s blown onto a w re-bonding
area of the el ectronic defii)ce.a porous distribution element through which the inert

10 gas is passed from the inlet means to said area,
whereby to protect an electronic device in the area
from oxidation.

2. An apparatus according to claim 1, wherein the distribution element
15 comprises a layer of porous material at an end of an inlet channel adjacent the
said area and comprising said inlet means.

3. An apparatus according to claim 1 or claim 2, wherein there is holding
means to hold the electronic device and wherein the layer of porous material is
20 carried by the holding means.

4. An apparatus according to claim 2 or claim 3, wherein the layer of
porous material constitutes at least a portion of a surface on which the
electronic device is placed.

25
5. An apparatus according to claim any one of the preceding claims,
wherein the porous material comprises a compressed meta! powder.

6. An apparatus according to claim 5, wherein the metal powder is a
30 stainless steel powder.



5 8. An apparatus according to claim7, wherein the said gas is nitrogen.

9. An apparatus according to any one of the preceding clains, wherein the
el ectronic device is a copper alloy |eadfrane. 10 10. A nethod to prevent
oxi dation of an electronic device when it is heated conprising introducing
a relatively inert gas through an inlet ans to the electronic device to
protect it from oxidation, wherein said gas is passed through a porous
distribution elenent prior to introduction to the electronic device. 15

11. A et hod7accoadidppatdius adtdrdiHg. towsw Shé‘ dr ke %ﬁ‘éébo%qsbrairhé“dvﬁé}eﬂ ement

corrprl ses a Ia er Of por ous mat eri al and wherein he inl et neans corrprl ses
a channel, {swé ajga ¢ a|wiffehpendieg arpandnd whereinl the redativelydnert gands blesvimel

e ne - Bhidld iR Yohlifh arll25r X eleRrbR deipanel . 20 12 A et hod

according to c m 11 erein there is holding neans for the
el ectronic deV|ce and wherein the layer of porous material is «carried by

t he hol di geans r | 11.0r..claim1l12,
wherein t ere i's An %EP%%tUSAéCrES dvq&r?ﬁdtoﬁéﬁﬁ‘ e"ﬁ%&%ﬁ&ﬁ‘% %ég] é%mtrggﬁfp aced and
wherein the |ayer of porous material constitutes at Ieast a portion of
said surf aceg An apparatus according to any one of the preceding claims, wherein the

electronic device is a copper alloy leadframe.

10  10. A method to prevent oxidation of an electronic device when it is heated
comprising introducing a relatively inert gas through an inlet means to the
electronic device to protect it from oxidation, wherein said gas is passed
through a porous distribution element prior to introduction to the electronic

device.

15
11. A method according to claim 10, wherein the said distribution element
comprises a layer of porous material and wherein the inlet means comprises a
channel, the said element being positioned at an end of the channel where the
relatively inert gas exits the channel.

20

12. A method according to claim 10 or claim 11, wherein there is holding
means for the electronic device and wherein the layer of porous material is
carried by the holding means.

25 13. A method according to claim 11 or claim 12, wherein there is a surface
on which the electronic device is placed and wherein the layer of porous
material constitutes at least a portion of said surface.



