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15 leads from the heatsink flange and other portions of the package. The window

frame has an opening therein which surrounds the semiconductor dies. The
dies are electrically coupled to the leads such as by wire bonds.

In semiconductor packages of the type described, the component parts
thereof, including the flange, the window frame and the leads, are typically

20  joined together using a filler metal. Typically, such filler metals are silver
based. The filler metal acts to bind the flange to the window frame and the
leads to the window frame. An example of a silver-based filler metal commonly
used to bind together the parts of the semiconductor package is 72Ag28Cu
(Cubil).

25 Silver-based filler metals such as CuSil are effective in binding the flange
to the window frame and the leads to the window frame. Such metals can
withstand the high temperatures and other conditions associated with the
manufacture of the semiconductor package, and continue to bind the parts
together during subsequent use of the package. However, problems may occur

30 during subsequent use of the semiconductor package, particularly where the

package is not contained within a hermetically sealed enclosure or with a
1
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20 For this reason, CuSil is still preferred e.s the filler metal for most
applications. Such material provides ideal electrical conductivity as well as
desirable mechanical properties such as high strength, high duetility and
smooth joints. However, silver migration continues to be a problem with such

material,

25 SUMMARY OF THE INVENTION

The present invention provides improved electronic packages in which

silver migration is not a problem. The parts of the packages are joined together
by a filler metal which is silver-based and yet which does not experience silver
migration. The filler metal provides essentially the same advantages as the

80 commonly used CuSil, but without the attendant problem of silver migration.
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peripheral edge thereof is coupled to the leads and to the second surface of the
window frame opposite the flange, by epoxy. The filler metal comprises
60Au20Ag20Cu. During operation of the semiconductor package, a potential
20 difference is applied between the positive leads and the negative flange, so that
such potential difference exists across the dielectric window frame. With
moisture present, such moisture may migrate through the epoxy seal between
the lid and the leads and window frame and condense within the semiconductor
package in response to changing temperatures. The condensed moisture may
25 eventually form a layer extending from the leads along the surface of the
dielectric window frame to the flange. Nevertheless, the solid solution
structure of the filler metal with its atomically dispersed gold, silver and copper

prevents silver migration from occurring.

BRIEF DESCRIPTION OF THE DRAWINGS
30 A detailed description of preferred embodiments of the invention will be

made with reference to the accompanying drawings, in which:
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FIG. 7 is a cross-sectional view of the lead/window frame interface of the
semiconductor package of FIG. 1 showing the manner in which silver-based
filler metals of the prior art segregate into silver and copper to produce

20 unwanted silver migration;

FIGS. 8A-8D are cross-sectional views of the lead/window frame
interface, similar to that of FIG. 7, but showing a filler metal in accordance
with the invention and the constituent parts thereof; and

FIG. 9 is a diagrammatic illustration of a test setup for evaluating the

25  ionization potential of various filler metals.

DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENTS
FIG. 1 shows a semiconductor package 10 which is of the type that
advantageously utilizes filler metal alloys in accordance with the invention.
The semiconductor package 10 of FIG. 1 includes a heatsink flange 12 of
30 elongated, flat, generally planar configuration, having a window frame 14

mounted thereon. A plurality of leads 16 are mounted on the window frame 14
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mounted on the upper surface 30 of the window frame 14, opposite the flange
12.
FIG. 8 is a side cross-sectional view of the semiconductor package 10 of
20 FIG. 1. As shown in FIG. 3, the window frame 14 is coupled to the flange 12 by
a quantity of filler metal 32. The filler metal 32 extends between the lower
surface 28 of the window frame 14 and the upper surface 26 of the flange 12 to
bind the two together, As also shown in FIG. 3, the leads 16 are coupled to the
window frame 14 by a quantity of filler metal 34. The filler metal 34 extends
25  between and binds the leads 16 to the upper surface 26 of the window frame 14.
The filler metals 32 and 34 can be of like composition or of other compositions.
The lid 24 is an enelosing strueture having a lower peripheral edge 36 thereof,
The lower peripheral edge 36 of the lid 24 is coupled to the leads 16 and the
upper surface 26 of the window frame 14 by a quantity of epoxy 88. The lid 24
30 and the epoxy 38 provide a standard non-hermetic seal over the semiconductor

package 10.
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packadé 1@0’6611’@831[3@@11@ caidote forimrsl b}bth%ﬂémﬁﬁelrz source is coupled to the
e, 10 o UHRTSIBLE o ST AR1c0h, GRS (RUIGR, bPustplet
moisture 42 extending from the lead 16 over the ﬁller metal 32 the dielectric
material of the window frame 14, and the filler metal 34, to the flange 12. The
filler metal 32 contains silver. At an adjacent first region 44 of the layer of
20 moisture 42, the silver in contact with the moisture is ionized into Ag*. Ata
second region 46 adjacent the window frame 14, the ionized silver Ag* is
attracted to the negatively biased heatsink flange 12. At a third region 48 of
the layer of moisture 42 adjacent the filler metal 34, the ionized silver Ag*is
transformed into Ag as it comes into contact with the heatsink flange 12. The
25  silver is deposited as a pure metal, and the effect is cumulative. As more silver
deposits on itself, the effective distance between the cathode formed by the
heatsink flange 12 and the anode formed by the leads 16 is reduced.
Eventually, a complete bridge of silver is formed between the flange 12 and the
leads 186, electrically shorting the semiconductor package 10. These so-called

30 silver dendrites are typically formed at various different locations along the
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components of the filler metal are generally uniformly distributed within the
20 filler metal structure, suggesting a type of substitutional alloy. In the case of a
substitutional alloy, the components of the alloy are homogeneously mixed at
an atomic level. The sectional views of FIGS. 8B, 8C and 8D show the silver
(Ag), the gold (Aw), and the copper (Cu) respectively. Again, the three
components of the filler metal are uniformly distributed within the filler metal
25 structure, as so illustrated.

The reasons for the favorable result illustrated in FIGS, 8A-8D are not
entirely clear. It may be that the silver within the substitutional alloy is more
difficult to ionize because of atomic attraction to the copper and gold
components. It may also be that the mono-layer of silver ions at the surface of

30 the filler metal is able to ionize, so that after the very small amount of silver on

the surface is removed, a gold/copper layer acts as a barrier to prevent further
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silver dendrites 50 are illustrated. FIG 7 is an enl arged
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metal structure, suggesting a type of substitutional all oy. In the

case of a testgBsras monvied orad Higjectrinsubsryeidnosthat aﬂf?@ddlhﬁtgﬂf&?aé
honbgeneo I GS.
oo 8 andrals hg EShont AL T SR, A IR SALLBOE AR ool
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60A020Ag20Cu) were then tested, as shown in Table 1.



difficult to ionize because of atomic attraction to the copper and

gol d conpgoeisinzdds may al so be that the nono-1ayer of $crueRodspIssat
the surface of 30 the filler netal is able to ionize, so that after

the very small amount of silver on the surface is renoved, a
gol d/ copper | ayer acts as a barrier to prevent further 7 WO
2004/ 107436 PCTI US2004/ 015639 si | vatABDbRikati on. In any event, solid

sol ution structures whiich are. atom cal di spersed, ,such;as
60AU20Ag20Cu have been |f ouRdCHS vi 'tua*’%; 8 ﬁi naf{qul $i | gdyolts

m gration prohphgngs of tiheohjihlsgs et iRy i qusTy sgged. The n/a
favorabl e_results showy and descriped in conndction with FIGS 8A- 5

8D occur wheT2AgR8Gul | ¢r mdBmlin34 | s 4oimtised oBnBOAPR0CH20AGMENd

the | ead —t6+ osttivetryhiased 1 Thefiitermeta—32 betweeng the

wi ndow f r SFRAUZ0A8ZOCRe 1) ffe 12| can & congri sed®B cusi|. RSt he

event that the lead 16 |i s(>6mgadi vel Yﬁbbﬁiﬁ)d, t hgremhinyer | m gwaehdian
I the

is greatly reduced or €lininated i filler metal 32 iI's conprised
of 60Au20Ag20Cu. In that event, the filler netal 34 10 nay be

conpri sed of id33: @k fel 1 1d Bt L AREOEAANRS .4 h
t he inventi on,Qig E:lsdeglrdi:[(g%fmy{c;) tegtfééﬁmﬂéisewc%%gu%ﬁgg. fAs ‘%how%glrn FI %eﬂé%,
an el effentvditaiges (5 voltsrlOneiizl 20 sole and 8Stveltshwdmtvparntapglieth Fhe total

dielectric,_ substrate_54.so0.that an d thereof was .spaced 40..ml.,s
o e borameaanuars e xirnin B S hRLE ot nEBAET degihed
across t hepgdg §@ dahgdrhektf dHIGRnl I, D08 GRsOEkbBeRed ETSbIe e Of
filler metal 52 and the gold standard 56. A voltage bias was applied

across t heshosvpnEanls 1, the time 95 shepdingHercwrrpmged drom appeminyies apd

metals (10

shown in Tahle 0%3@8@ 6\86128 gﬁﬂ ﬁgg%gg %@‘?‘ﬁ %%’O‘ﬁﬁ%ﬁ g%%gﬂeﬁ,ﬁ%tﬁq&a%@ﬁet S

| Ovol tH) 20uiblet $1BOA ).t B the case of the conventional and widely used alloy CuSil
(72Ag28Cu), the time until shorting ranged from 18 minutes in the case of 5
volts to 2 minutes in the case of 30 volts. In the case of 60Au20Ag20Cu, which

is the preferred alloy in accordance with the invention, no shorting occurred at
any of the voltages shown. In each case, the voltage was applied for more than
15 60 minutes. At approximately 60 minutes, most of the water had evaporated,

leaving no path for the silver to travel



100 Ag 9min 45s I mn 45s 55s n/fa 72Ag28Cu 18mn 4mn 45s 3m n 40s
2m n 60Au20Ag20Cu None None None None (>60m n) (>60m n) (>60m n)
(>60mn) In addition to the different filler netals, Table 1
illustrates four different 5 voltages (5 volts, 10 volts, 20 volts
and 30 volts) that were applied. The total tinme required for the
silver in the filler netal to ionize, mgrate, deposit and bridge
the arrangenent shown in FIG 9 is also illustrated in Table 1. As
shown in TaB"@ 1, the time for shorting to occur ranged from nine
m nutes and 45 seconds at 5 volts to 55 seconds at 20 volts, when

the filler nmetal was pure 10 silver (100 Ag). In the case of the
convent i or%al ahd alficeniy padkege sompising Ailqast thppage adapied tp have qnraleqiiaal |

shorti ng B@IMtﬂéeﬁgt\Qé%%d 'hQViBQg F’ W) zﬁlo fdl%g%é?e{\gﬁﬁl%ﬁg b{Hngét‘tﬁé

in the ca e 0 volts e case OAu
pr ef er r edtwad bais thBtbarptbe tileccadlowicohsidting of avalint sothmonrub‘ gslldosﬁwengpd copper

appli o 1 HBP Eninlh TGt e 88 R4 PRePR PRy boTMFRbEST "

nost of the water had evaporated, |[|eaving no path for t he S|Iver to
travel. 9 Cains 1. An el ectronic package conpr|5|§%dat | east two

parts adapted £ SHsransRackage sMRIEING 3 dreahivio prrts plApied do fils atsdeciseh
and havi ngo@ndiil, ﬂﬁ{ed%érea/eudeémﬁ%Mga\fm@lnal@ Iégb&(&'b@ayéen%n gofr%%é s

toget her, "the fi | oy consisting of sol ution o

silver anttm:pmséﬁgeﬂm, thitider #llog cgmpdsmgiS(DAanOA@ﬁaCcopper are
atomcally dispersed within the filler alloy. 2. An electronic
package conprising at |east two parts adapted to have an el ectrica
pot enti al 3appl A@@mﬁdmaﬁﬁb@tpwmeaaﬂphﬁug Bfadeel b Wielowadrdrgy, aflieapose tkad

bet ween and, bi i rts together, the filler alloy
conpri si nan%fc‘)ﬁﬁ @&gzacﬁh?;ﬁllgrm%ﬂ%é}ﬁ%h%wtdew frapiadhe Bagspd Fch@eat
flange, ajaakifeW¥afiraaiBonsttink e;a§ olRNBIKBAYS %@adsﬂ@elf anhlce%pa'lhﬂ Qr}hchtﬂlfbe

filler alloy binding the window franme to t | ange an
gold, silver and copper are atomically dispersed within the ﬁller alloy.

4. A semiconductor package in accordance with claim 3, further comprising a
plurality of leads bound to the window frame opposite the flange, a die mounted on the
flange within an opening in the window frame and a lid mounted over the die and
attached to the plurality of leads and to the window frame along a peripheral edge
thereof.

5. A semiconductor package comprising a flange, a window frame, at least one lead
and a filler alloy, the filler alloy binding the window frame to the flange and to the at
least one lead and comprising 60Au20Ag20Cu.

6. A semiconductor package comprising a heatsink flange having a surface thereon,
a window frame having an opening therein between opposite first and second surfaces
thereof, and a plurality of leads, the first surface of the window frame being coupled to
the surface of the flange by a filler alloy and the plurality of leads being coupled to the

second surface of the window frame by the filler alloy, at least one die mounted on the

10



| east one | ead and consisting of a solid solution of gold, silver and
copper in which the gold, silver and copper are atom cally di spersed
within the filler alloy. 4. A sem conductor package in accordance
with claim3, further conprising a plurality of |eads bound to the
wi ndow frame opposite the flange, a die nmounted on the flange within
an opening in the window frame and a Iid nounted over the die and
attached t,o the plurality of |eads apnd to the windqw frane alo

Der | pher afiogfgRicip e anspine §n s SGRTHL B o 15 SERIEGLO o RUR QWG Teads
flange, aaud RHQWadih@HBerifHerd 0a5L h6R6S doBpd tihe 1adE hhd BthdebOd sulrfise
filler alloy binding the window frane to the flange and to the at

| east oneof Bigaviagny gr@m ©pBesig tedrnzday aoay. wherein thefile gHay eensists of
package C%ﬂRﬁ%ﬁ%?%Cﬂ heat si nk fl ange having a surface thereon, a

wi ndow frame having an openi ng therein between opposite first and
second surfaces thereof, and a plurality of |eads, the first surface
of the wi ndow frane being coupled to the surface of the flange by a
filler alloy and the plurality of |eads being coupled to the second
surface of the window frane by the filler alloy, at |east one die
nmounted on the 10 flange within the opening in the w ndow frane and
wire bonded to the plurality of leads, and a lid having a peripheral
edge thereof coupled to the |leads and to the second surface of the
wi ndow frame opposite the flange by epoxy, wherein the filler alloy
consists of 60Au20Ag20Cu. 11
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