10

15

25

30

WD 2004/ 044950 PCT/ US2003/ 033945 SEM CONDUCTCOR
SUBSTRATE HAVI NG COPPER/ DI AMOND COVPOSI TE MATERI AL AND

wORIHOMGEHF MAKI NG SAME Background of the | nveRCrms2a3/033945

Field of the Invention 5 The present invention rel ates
to sem conductor packages, and nore particularly to
packages in which a transistor or other die is nounted
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conposi t es have proven to be suited for heat
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been used in making the substrate, to the end that improved heat removal is
constantly being sought. The substrate material must be chosen to have a
low thermal expansion coefficient that matches those of the die and the
insulator for the lead frame. Copper/tungsten composites are frequently used
in the fabrication of such substrates.

While materials such as copper/tungsten composites have proven to be
well suited for heat removal from the semiconductor package, these and other
conventional designs still leave room for improvement, particularly in terms

of their ability to remove heat duringoperation of the structure.

BRIEF DESCRIPTION OF THE INVENTION
The present invention provides improved semiconductor packaging
structures and methods of making such structures. More particularly, the

present invention provides improved substrate structures for mounting a die
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30" structures and nethods of maki ng such structures.
More particularly, the present invention provides
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CoThantopheh@ABhoRd &dmposite is comprised of diamond particles
within a copper matrix. The diamond particles may be coated with one or
more of Cr, W, Mo, Co, Cu, Ti, Si, SiC, TiN, TiC, Ta and Zr. In a preferred
embodiment, the diamond particles are coated with a layer of Cr, a layer of
W, a layer of Co, and a layer of Cu.

Ina preferred method of making a copper/diamond composite for use in
semiconductor substrates, according to the invention, diamg'ﬁd particles are
coated with multiple layers of elements or inorganic compounds. The coated
particles are mixed with a dry-processing binder, and are compacted in a die
under pressure to form a compacted body. The compacted body is placed on

or under a piece of copper and heated in a vacuum or hydrogen atmosphere to
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In a preferred nethod of making a copper/di anond
conposite for use in sem conductor substrates,

weaceod93g to the invention, dianond particl espParas2003/033945

coated with nultiple layers of elenents or inorganic

conmpounds. The coated 30 particles are mxed with a
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A detailed description of embodiments of the invention will be inade'
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with reference to the accompanying drawings, in which:

Fig. 1 is a plan view of a first embodiment of a semiconductor package
in accordance with the invention.

Fig. 2 is a perspective view, shown partly broken apart and in
phantom, of the substrate of a second embodiment a;:cording to the invention.

Fig. 3 is a block diagram of the successive steps of a preferrea method

of making a copper/diamond composite according to the invention.

BRIEF DESCRIPTION OF PREFERRED EMBODIMENTS
Fig. 1 shows a first embodiment of a semiconductor package 10 in

accordance with the invention. The package 10 includes a generally pianar
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Fig. 1 is a plan view of a first enbodi nent of a
sem conduct or package in accordance with the

wonveuesn. 25 Fig. 2 is a perspective view, SROWUS2003/033945

partly broken apart and in phantom of the substrate
of a second enbodi nent according to the invention.
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is mounted, The die 14
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resen nven ri e

subslmatet]meformspees el@étncﬁe soestdiont for thadkages Msstvmt;iortatﬂtly,
h t he sem conduct or package 10 of &e type shown in Fig.
owgvery fe sypplapteal’e fms arhrataprereant ¥ ik funshivasttp ggmove

heatf @5ml t}@ s@hﬁ%&fducwﬁfackﬁgt ﬁbaqthle %:ﬁ%ge?nclhﬁ& a body 20
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Surf%ceﬁ?eéa?cggéigerfﬁ B 2 Gﬁ%unt ed on opposite broad
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W th the_invention, the_body 20 conprises a
coppeidimpn sampasito hpvuIa diamanchpaicermithiara rerpes matrix.

Diatbh&d & %9&%51&5?‘%% thermal conductivity. This property is
utilized in the formation of the body 20 of a copper/diamond composite. Such

composites provide unique combinations of thermal conductivity, thermal
expansion and electrical conductivity, depending on the loading fraction of the
diamonds (the volume ratio of copper to diamond). In addition, the relatively
high cost of diamond particles is controlled by a preferred method of making
the composite in accordamce with the invention, which is described hereafter
in connection with Fig. 3.

As described hereafter in connection with the method of Fig. 3, the
copper layers 22 and 24 are bonded to the broad surface of 26 and 28 of the
body 20, such as by brazing, upon completion of the body 20. The copper
layers 22 and 24 enable the substrate 12 to be more easily lapped flat. This is
because the pure copper of the layers 22 end 24 is easier to lap than the
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20 D anonds have extrenely high thermal conductivity.
This property is utilized in the formation of the body

waQomfo4secopper/ di anond conposite. Such conpoBCTAS2003/033945

provi de uni que conbi nations of thermal conductivity,
thermal expansion and el ectri cal conductivity,
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Whlcﬁlﬁb@ﬁpﬂ%ﬁ al Boppedigabae onigbsitee TH@VBBQ:;’(HE pL‘é‘VlEéé} the
the substrate 12 of Fig. 1.s repI aced

embe@rﬁeﬁ o Eip @ with seediheat semeralacdoss the brorig 2010f Rigel. At
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composite.

As previously described, the formation of at least part of the substrate
from a copper/diamond composite in accordance with the invention provides
the semiconductor package with a flange capable of improved heat removal.
This is true when compared with the copper/tungsten composites and other
composites and materials typically used in the substrates of prior art
structures. Diamonds have extremely high heat conductivity. They also have
very low thermal expansion, which provides the copper/diamond composite

with a low thermal expansion coefficient that matches those of the die and

the lead frame insulators. If the thermal expansion coefficient of the
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to machi ne. Ease of machining is especially inportant
when bolt holes nust be provided in the flange. Cost

weavisngwsare real i zed by using the copper/di aronas2003/033945

conposite only in the area generally beneath the die
14, where its higher thermal conductivity is nost
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iy BT M S APRASHI DR Ge SRR, compounde
Pref@tely, alismond powder, which is either synthetic or natural and which
has an average particle size between 20 microns and 120 microns, is coated
with multiple layers of different elements or inorganic compounds. The
coating method empldyed is fluidized-bed chemical vapor deposition.
Optionally, autocatalytic (electrodeless) aqueous chemical plating can be
used. Sublayers of the coating may be deposited by one method and other
layers by the other method. Individual layers of the coating may be
comprised of elements or compounds taken from the group which includes Cr,
W, Mo, Co, Cu, Ti, Si, SiC, TiN, TiC, Ta and Zr. A preferred embodiment of

the diamond coating in accordance with the invention involves a four-layer

system in which the particles are first coated with a layer of Cr, followed by a
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can be difficult to forminto a useful shape. Al so,
di anonds can be difficult to couple to copper in a

woayodonasoal | ows both effective heat transfer BRCTMS3003/033945

the interface and strong nechanical strength which is
required for reduction of 15 t he thernal expansion
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n € t JFEt i
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furnaegat i ng may be corrprlsed of eI errents or conpounds

(D AT SR SERISS, G M Bic
or a mqgim@én afmadtehe t@ 'e@ﬂ@ﬁﬂt& 8Akh&InAlly AERhPHIChe dry-
h the invention involves a four-layer systemin

preswng&intiwe Bhethegtng reontinued soothaddbai hadyals| asn@secbfco at
least*lq00°fco l {gxo %??eia%%/ 16 %u\%)s m 0%4%%4 ﬁ‘yiﬁrg)g?%leﬁsgizsg g’r/ee? o Feduce

Fayer *b

all c@peerF}ﬁdéshlaﬁR rtes:smaért eaghcarbaygdeous rbsidweedn3the copper or
; onet ey s and Zége) s. In a second step 52 shown in
on }r-%fgia@n wetingdedd) ar &Hnd particles are mixed with a

drm @%ﬁ&ﬁ' mp Rond&fwn PFiL ;E;"ﬂh)é mc@@& bbﬁ] gﬁ&%d in a

m xed with cop
Vacugm gh diwdrcpgenFaignosswherdma pea:stel bximisngloe pcamtmphei:ﬁelrmn oﬁ the

ool BB DA B S B ks o
950°C. for at least 10 minutes in either a vacuum or a hydrogen atmosphere.
This causes bonding or “partial sintering” of the coated diamonds, causing
them to adhere to each other at points of confact.

In a seventh step 62 shown in Fig. 3, the body is heated in a wet or dry
hydrogen atmosphere to a temperature slightly above the melting point of
copper to draw melted copper into the partially sintered diamond structure.
This is preferably done at a temperature of 1200°C. The body is held at this
temperature for at least 2 minutes.. When the copper melts, it is drawn by
capillary force into the partially sintered diamond compact. If the coating
system is effective, the copper completely infiltrates the compact, leaving a

pore-free composite body.



In a fourth step 56 shown in Fig. 3, the body which

results from 10 conpaction is placed on top of a
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fifth step 58 shown in Fig. 3, the body is heated in

ei ther vacuum or a wet hydrogen at nosphere to
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6. A semiconductor package according to claim 1, wherein the
copper/diamond composite is comprised of diamond particles within a copper

matrix.

7. A semiconductor package according to claim 6, wherein the
diamond particles are coated with one or more of Cr, W, Mo, Co, Cu, Tj, Si,

SiC, TiN, TiC, Ta and Zr.

8. A semiconductor package accordﬁng to claim 6, wherein the
diamond particles are coated with a layer of Cr, a layer of W, a layer of Co

and a layer of Cu.
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13. A method of making a copper diamond composite comprising the
steps of:

coating diamond particles with multiple layers of certain elements or
inorganic compounds; |

5 mixing the coated particles with a dry-processing binder;

compacting the particles in a die under pressure to form a compacted
body; i

placing the compacted body adjacent a piece of copper and heating in a
vacuum or wet hydrogen atmosphere to evéporate or decompose the binder;

10 "~ heating the C(;mpacted body in a vacuum or hydrogen atmosphere to

cause bonding or partial sintering of the coated diamond particles;
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11. A sem conductor package according to claim?9,
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and
re-heating the compacted body to above the melting point of copper

long enough to remove dissolved hydrogen from the copper.

17. A method according to claim 13, wherein the step of coating
diamond particles with multiple layers of certain elements or inorganic
compounds comprises coating the diamond particles using fluidized bed

chemical vapor deposition or autocatalytic aqueous chemical plating.

18. A method according to claim 13, wherein the step of coating
diamond particles with multiple layers of elements or inorganic compounds
comprises coating the diamond particles with one or more of Cr, W, Mo, Co,

Cu, Ti, Si, SiC, TiN, TiC, Ta and Zr.

19. A method according to claim 13, wherein the step of coating

diamond particles with layers of elements or inorganic compounds comprises
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5 copper/tungsten conposite. 16. A nmethod according to
claim 13, wherein the step of cooling the conpacted
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thencg|aYer of 49, thenialayss oh&der ding to clai m 13, wherein
the step of coating dianond particles with nmultiple
| ayers of certain elenents or inorganic conpounds
conpri ses coating the dianond particles using
fluidized bed chem cal vapor deposition or
aut ocatal yti c aqueous chem cal plating. 18. A nethod
according to claim 13, wherein the step of coating
di anond particles with nultiple layers of elenents or
i norgani ¢ conpounds conprises coating the dianond
particles with one or nore of &, W M, Co, Cu, Ti,
Si, SSC, TiN TiC, Ta and Zr. 19. A nethod accordi ng
to claim 13, wherein the step of coating dianond
particles with |layers of. elenents or inorganic
conmpounds conprises 11 ----- ------ WD 2004/ 044950
PCT/ US2003/ 033945 conpri ses coating the di anond
particles with a layer of Cr, then a layer of W then
a layer of Co, then a layer of Cu. 12



