1,ALUNINUM NI 7RI DE BODY HAVI NG GRADED METALLURGY BACKGROUND OF THE

| NVENTI ON This invention relates to an alum numnitride body and the net hod
of* produci ng such a body and, nore particularly, relates to an al um num 4
nitride body having features and vias which have a graded netall urgy
structure and two a nethod for producing such an alum numnitride body.

Al umi num ni tride has been of interest recently for electronic packaging
applications because of its high thermal gonductivity, thernmal expansion
matching with silicon, low dielectric constant (8.5) and high electrical
resistivity. The present invention is particularly suitable for co- fired
el ectronic packagesargufub NeGr3DES 8BDY' RhGING cRADERE MEGalrixairtdy Pr oCess,
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nitride particles in an organic binder), 'vias are punched, netallization
paste (conprlsed of netallic particles in an organic binder) is screened or
extruded onto_the oreensheets and into the vias, the greensheets are
stacked and | 38=REEE & in the green state, and then the
green substrate |s S|ntered to denS|fy the alum numnitride |ayers and the

et L 2atl on o BNER0s ABLaL g G gt et s "0
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al so be nDbeggngbs to an aluminum nitride body having features and
vias which have a graded metallurgy structure and to a
method for producing such an aluminum nitride body.
Aluminum nitride has been of interest recently for

electronic packaging applications because of its high
thermal conductivity, thermal expansion matching with
silicon, low dielectric constant (8.5) and'high electrical
resistivity. o '

The present invention is particularly suitable for co-
fired electronic packages, also known as substrates. 1In
one co—-firing process, the aluminum nitride is formed into
greensheets {comprised of aluminum'nitride particles in an
orgahic binder), vias are punched, metallization paste
(comprised of metallic particles in an 6rganic binder) is
screened or extruded onto the greensheets and into the
vias, the greensheets are stacked and laminated to form a
substrate in the green state, and then the green substrate
is sintered to densify the aluminum nitride layers and the
metallization. "Co-fired" means that the metallic paste is
sintered during the same sintering schedule as the aluminum
nitride body. The metallization for aluminum nitride
substrates is typicaliy tungsten but may alsd be molybdenum
or a mixture of tungsten and molybdenum. In addition,
instead: of forming the aluminum nitride body by using
greensheets, dry pressing may be used to fdrm-the aluminum

- nitride body. '
The co-firing of  aluminum nitride substrateés with

tungsten metallurgy requires matching of the sintering



or @ mxture of tungsten and nol ybdenum In addition, instead of form ng
the alum numnitride body by using greensheets, dry pressing may be used to
formthe alum num.nitride body. The co-firing of alum numnitride R
substrates with tungsten netallurgy requires matching of the sintering 2
behavi or of alum numnitride and tungsten. Thi s can be achi eved by

I ntroduci ng various sintering additives to the alum numnitride and

t ungst en powders. Generally, the tungst?n powder shows sintering:

onset at a |ower tenperature conpared fo alum numnitride and hence the
sintering additives added to tungsten retard the onset of tungsten
sintering. The sintering additives may al so -reduce t he flnal sintered

density of tuRghasiionoes| plpminug (pigride preudungsiaren. ThiSs ¢3%eDEf
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pure tungstensimaring additives added to tungsten retard the onset of

tungsten sintering. The sintering additives may also

- -redﬁce the final sintered density of tungsten, possibly

resulting in porous tungsten. ' This type of metallurgqgy,

though useful for internal metallization, cannot be used to

produce input/output (I/0) pads or surface metallization

due to its porous nature. Use of porous metallization

results in a non-hermetic substrate which is undesirable

because any wet processing subsequent to the formation of

the I/0 pads will allow liquids to penetrate within the

substrate which can degrade the manufacturability and

performance of the substrate. Use of pure tungsten powder

that will sinter to . high density (and therefore be

hermetic) for external metallization results in early

-sinterihg of tungsten, leading to debonding at the aluminum

nitride/tungsten interface before the aluminum nitride

sinters to full density, giving very low adhesion strength.

. The solution to this dilemma involves addressing two

problems that are interdependent, namely, shrinkage

matching of tungsten metallization to that of aluminum

nitride during co-firing by choosing the right sintering

additives and ensuring that fully dense tungsten results

notwithstanding the presence of sintering additives that

retard the sintering of tungsten.
Thus far, this solution remains unfulfilled.

"~ Okano et al. U.S. Patent Nos. 4,695,517 and 4,800,137,

‘ the disclosures of .whilc_:h are incorporated by reference

- herein, have proposed a composite layer on an aluminum

nitride body in an effort to increase the bond strength

between ‘the aluminum nitride body and the metallization.



that wikl

sinter to high density (and therefore be hermetic) for external
netallization results in early sintering of tungsten,

at the alum numnitride/tungsten interface before the alum numnitride

sinters to full density, giving very | ow adhesion strength. The solution to

this dilemua invol ves addressing two problens that are interdependent,
namnel y,
nitride during co-firing by choosing the gight sintering additives and

ensuring that fully dense tungsten results notw thstanding the presence of .

shri nkage matching of tungsten netallization to that of al um num

sintering additives that retard the sintering of tungsten. Thus far, thls

solution rema
4, 800, 137,
have proposednataunbnsboéylaﬂértungamealuhmmumpﬂwbﬂﬁ@@mﬁodpluﬁ alERigim t o

@P‘%PE’QT% UF&LGS?I%,?%% g)ﬁveeﬂlr?g oraﬁ%y%f%ﬁegg‘% ere| n

| ner ease 1he RIRGsHd Sl Tbuded VG tﬁ%ﬁfifﬁﬂ%ﬂgéfeéﬁe(b&dhﬁsﬁm&m)

metal I'i zati on.

nitride body Qkanﬂuﬁ#eﬂléﬁpQHﬂ?%déHBﬁfrpFﬁs%ﬂﬂﬁﬁqﬁﬁﬁ?nFP?BeqﬂﬁI%ﬁ%ﬁ by

et al .  propose overl apped | ayers. on

a layer of tURQSlAN MY riséy@&w@,- £hapeppt xﬁcesmmn@pmttat be
appreciate that "the first

it be

compensated foyr le t b% pcx)xrocr)\uixe %lecby sn X Séa'tit_ea t 'Qﬁo&f&t

result. Even if the first layer of tungsten (or

.-molybdenum) plus aluminum nitride is nonporous, it must be

completely covered by the overlying layer of tungsten (or
molybdenum) because any subsequent plating will not adhere
well to the first layer, resulting in damage to the entire
plated layer. A plated layer is usually disposed over the
tungsten (or molybdenum) layer in order to facilitate I/0
pin or wire bonding.

Sato et al. European Patent Application 0 574 956, the
disclosure of which is incorporated by reference herein,
propose an intermediate co-fired layer of tungsten or
molybdenum plus titanium nitride followed by metallization
such as by nickel plating.

Harada et al. U.S. Patent Nos. 4,980,239 and
5,096,749, the disclosures of which are incorporated by
reference herein, discloses a compoSite layer structure-on
an aluminum nitride substrate comprising sequential thin
film 1layers of titanium, tungsten or molybdenum, and
nickel. Thereafter, the composite structure is heated to
a temperéture high enough to cause a reaction between the
titanium layer and thé aluminum nitride body, resulting in
an intermediate layer of aluminum titanium nitride-which
improves the adhesion of the metallization.

Iio et al. U.S. Patent Nos. 4,840,853 and 4,892,703,
the ‘disclosures of which are incorporated by reference
herein, propose an aluminum nitride body having an
intermediate layer comprising aluminum, nitrogén and
oxygen, and a metallized layer of tungsten or moiybdenum.

The intermediate layer is necessary to increase the bonding
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cogpensated for lest a non-hernetic substrate should result. Even if

the first Jlayer of tungsten (or -nolybdenun) plus alumnumnitride is
nonporous, it nmust be conpletely covered by the overlying |ayer of tungsten
(or mol ybdenun) because any subsequent plating will not adhere well to the
first layer, resulting in damage to the entire plated layer. A plated |ayer

I s usual ly di sposed over the tungsten (or nolybdenun) |ayer in order to

facilitate 1/O pin or wire bonding. Sato et,al. European Patent Application

"0 574 956, thé disclosure of which is incorporated by reference herein,
propose an internediate co-fired | ayer of tungsten or nol ybdenum pl us
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ref erence her%&oz.pcifxpgoff, a@hg Hpeggrqlzmlhwrnlag oggd¥xabr%wrn%ognlzed that a
graded metallurgy may be useful for the internal vias.
| Knickerbocker et al. U.S. Patent 5,260,519, the
disclosure of which is'incorporated by reference herein,
discloses a multiple layer/via structure wherein the
composition of the vias in different layers is graded from
metallic to a mixture of ceramic and metal. There is no
teaching of grading the via composition in a single via
opening. _

Dolhert, etwal., U.Ss. Paﬁent 5,200,249, the disclosure
of.which is inco#porated by reference herein, discloses an

~hermetic via composition for an aluminum nitride substrate
consisting of a mixture of aluminum, nitride and tungsten
or molybdenum. '

Panicker, et al., U.S. Patent 4,942,076, the
disclosure of which is incorporated by referencé herein,
discloses a composite .via composition for an alumina
Substrate..-The-substrate is sintered with tungsten paste
which forms a porous via. -Copper is later infiltrated into

the porous tungsten.

In view of the above attempts at composite and graded
structures, it .is a purpose of the present invention to
have“a_metaliurgical structure with good adhesion strength

. to accommodate the bonding of 1/0 pins and wire bonds.

It is another purpose of the present invention to have

a metallorgicai stfucture that is hermetic with respect to

the ambient environment.



i nternedi ate | ayer conprising alum num nitrogen and oxygen, and a
netallized | ayer of tungsten or nol ybdenum The internediate |ayer is
necessary to increase the bonding 4 strength of the netallized l.ayer.
is not clear fromthe description howthis structure is formed. The

i nter nal

vias of the substrate present a different problem Pure tungsten

or nol ybdenumw Il not adhere well to the walls of the vias. So-called

"rattling vias" nay be obtained where the tallic via floats within the

vi a openi ng which may result in cracking around vias. Accordingly, the
present inventors have recogni zed that a graded netal |l urgy nmay be useful

for the internal vtgsgskﬁé kgﬁggﬁé
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in conjunction with the acgompanying rawings.

BRIEF SUMMARY OF THE INVENTION

According to a first aspect of the invention, there is
proposed an aluminum nitride sintered body having graded

metallurgy comprising:

an aluminum nitride sintered body having at least one via

therein; and

graided metallurgy on said sintered body and in direct
contact with said at least one via,'said graded metallurgy
comprising a first layer of metallurgy in direct contact
with said sintered body and a second layer of metallurgy in
direct contact with, and that completely enéapsulates, said

first layer of metallurgy;

said first layer of metallurgy compriéing 30 to 60 volume
percent aluminum nitride and 40 to 70 volume percent of a
metal selected from the group consisting of tungsten,

molybdenum and mixtures thereof;

said second 1ayer of metallurgy comprising 90 to 100 volume
-percént of a metal selected from the group consisting of
tungsten, molybdenum and mixtures thereof and 0 to 10

volume percent of aluminum nitride.
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or ;nol ybdenum Panicker, et al., US.  Patent 4,942,076, the

di scl osure of which is incorporated by reference herein, discloses a
conposite via conposition for an alum na .substrate. The substrate is
sintered with tungsten paste which fornms a porous via. Copper is |later
infiltrated into the porous tungsten. In view of the above attenpts at
conposite and graded structures, it is a purpose of the present invention
to have a netal lurgical structure with ggod adhesion strength to
accommodat e the bonding of 1/0O pins and wire bonds. It is another purpose
of the present invention to have a netallurgical structure that is hernetic
with respect to thecesbdeny €6Var eeddnd aspezt lof thetimvenrtbonputhese of

the present ipvention t hav a et al | caI ructure .t hat

ot curarl y TR EABTae Ak g st e 3 1A EREee BRavoRhei g oraded o
the inventi ometalliegpneonprisangar ent after referring to the follow ng
descri-ption in conjunction with the acconpanyi ng draw ngs. BRI EF SUMVARY CF

THE | NVENTI ON According to~a first aspect of the invention, there is -
proposed an amnahuminumr nderidet siaderedy besyl hpvingiaat least one via

therein;

;sai& at least one via being filled with graded metallurgy,
said graded metallurgy comprising a first Jlayer of
metallurgy adheréd to the walls of said at least omne via
but leaving a central portion of said at least one via
devoid of said first layer of metallurgy and a second layer
of metallurgy filling the central portion of said at least

one via;

said first layer of metallurgy comprising 30 to 60 volume
peréent 2luminum nitride and 40 to 70 volume percent of a
metgl selected from the group consisting of tungsten,
molybdenum and mixtures thereof;

said second layer of metallurgy comprising 90 to 100 volume
percent of a metal selected from the group consisting of
tungsten, molybdenum and mixtures thereof and 0 to 10
volume percent of aluminum nitride.

According to a third aspect of the invention, there is
proposed a method for producing an aluminum nitride
sintered body having graded metallurgy comprising the steps
of: '

providfng an aluminum nitride unsintered body having at

least one via therein;

forming a first layer of metallurgy paste proximate to said

at least one via and in direct contact with said aluminum




metal | urgy conprising: an alum numnitride sintered body having at | east

one via therein; and graded netallurgy on said sintered body and in direct
contact with said at |east one via, said graded netal lurgy conprising a i
first layer of netallurgy in direct contact with said sintered body and a
second layer of netallurgy in direct contact with, and that conpletely
encapsul ates, said first |layer of netallurgy; said first |ayer of

metal lurgy conprising 30 to 60 vol une percent alum numnitride and 40 to 70
vol'une percent of a netal selected fromthe group consisting of tungsten,’
nmol ybdenum and m xtures thereof; said second |ayer of netallurgy conprising

.90 to 100 vol unme percent of a netal selected fromt conS|st|n of .
“tungsten, moi3dE AR PRA¥: xt 8Rrdd « Frsbs iﬁﬁeﬁ t8flo“&8i 1Y ceRf ng
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.is proposed an mnitri ntered bo n |
conprising: géjrﬁ' ‘ﬁt‘r\‘f‘ﬂl PFF&S“ i ﬁﬁgfnéﬂuﬂogkhggéﬁn%ng{ qﬁ: ﬁﬁebélﬁgx@
therein; sauteﬁcémasbfoaemﬂtaﬂxse1p¢téd(irmmthhgraﬁ@@pnﬂQn$%§©yF9 of .
tungsten, molybdenum and mixtures thereof;

forming a second layer of metallurgy paste in direct
-- .'-conkact with, and that completely encapsulates, said first
layer of metallurgy paste, said.second layer of metallurgy
paste, based on ‘the sdiids content of said paste,
comprising 90 to 100 volume percent of a metal selected
from the group consisting of tungsten, molybdenum and
mixtures thereof and 0 to 10 volume percent of aluminum

nitride; and

sintering said aluminum nitride body and said first and
second layers of metallurgy paste ‘at a predetermlned time
and temperature to form a fully dense aluminum nitride
sintered body having first and second layers of graded
metallurgy wherein said second layer of metéllurgy
completely encapsulates said first'layer of metallurgy and
wherein said graded metallurgy is in contact with said at

least one via.

According to a fourth aspect of the invention, there
is proposed a method for producing'an aluminum nitride

sintered body having gtaded metallurgy comprising:

providing an aluminum nitride sintered body having at least
one via .therein;

‘filling said at least one via with graded metallurgy paste,
said graded metallurgy paste c0mpriSing a first layer of
metallurgy paste adhered to the walls of said at least one
via but leaving a central portion of said at least one via



sai;d graded netal lurgy conprising a first layer of netallurgy adhered to
the walls of said at |east one via but leaving a central portion of said at
| east one via devoid of said first |ayer of netallurgy and a second |ayer =
of . metallurgy filling the central portion of said at | east one via; said
first layer of netallurgy conprising 30 to 60 vol une percent al um num
nitride and 40 to 70 volunme percent of a nmetal selected fromthe group
consi sting of tungsten, nolybdenum and nixéures t hereof ; said second | ayer
of nmetallurgy conprising 90 to 100 vol ume percent of a netal selected from
t he group consisting of tungsten, nolybdenum and m xtures thereof and O to

10 vol une 'perﬁéﬁi&fofléﬂﬁd‘ﬁﬁ%{ iag%,rf é‘ricﬁfregéﬁlﬂukﬁyaphgitédaﬁapﬁcEeei)nzihe

~invention, there Is propose _produci ng”an al umi num nitride
sintered bodyla¥ex ngfgretad lvnay IRaAshe bibking nfhencetanad Forhieli gtng

-an al unmi num gdid der unsast cond Hody having at |east one via therein
formng a first layer of nmetallurgy paste proximate to said at |east. one

ivia and in direct contact with said al um nmum 7 nitride-body, said first

| layer of netallurgyap@strst layer of metallurgy paste comprising 30 to

! 60 volume percent aluminum nitride and 40 to 70 volume
- percent of a metal selected from the group consisting

-- - of tungSten, molybdenum and mixtures thereof;

said second layer of metallurgy paste comprising 90 to
100 volume percent of a metal selected from the group
consisting of tungsten, molybdenum and mixtures
thereof and 0 to 10 volume percent of aluminum

nitride; and

sintering said aluminum nitride body and first and second
layers of metallurgy paste at a predetermined time and
temperature to form a fully dense aluminum nitride sintered
body having at-least one via therein with first and second

layers of graded metallurgy.

According to a fifth aspect of the invention, there is
proposed a multilayered aluminum ‘nitride sintered body

comprising:
at least two sintered layers of aluminum nitride;

at least one mefallurgical feature situated between said at
least two sintered layers of aluminum nitride, said
metallurgical feature comprisiﬁg 30 to 60 volume percent
aluminum-nitride and 40 to 70 volume percent of a metal
selected from the group consisting of tungsten and

- molybdenum and mixtures thereof.



conpri siing, based on the solids content of said paste, 30 to 60 vol une -
percent alum numnitride and 40 to 70 vol une percent of a netal selected
fromthe group consisting of tungsten, nolybdenum and m xtures thereof; N
form ng a second | ayer of netallurgy paste in direct contact with, and that
conpl etely encapsul ates, said first layer of netallurgy paste, said second

| ayer of netallurgy paste, based on the solids content of said paste,
conprising 90 to 100 vol une percent of alngeﬂ sel ected fromthe group

consi sting of tungsten, nolybdenum and m xtures thereof and O to 10 vol une
percent of alum numnitride; and sintering said alum numnitride body and

said first and secong.laégts of ”Et@|¢ﬂ y paste at_a predetermned tine
and tenperature to foF 1881 §° R g ' Rt FhEe Ll8vRnddion »dereadsng

first and secorprépysed afchadtédnauagﬁFu@ynwF@maé1iﬁﬁﬁbﬁffoﬁdd&ahgbiﬁﬁ
metal l urgy co n a i irst layer of netallurgy an
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wherei-rn said gra urgy 1si Bdfd at | east one via.
According to a fourth aspeest of .the inventi-on, there is proposed a nethod-

for producing an al upg ny Lt ri des Si r | ded netal | urgy
congri sing: providing aﬁﬁgﬁtﬁﬁﬁSﬁ%%#?é?d%ﬂggﬁg%?ggaﬁggyghgving at | east one
via therein; filling said at |east one via wth graded netal | urgy paste,

sai d graded net a[—l Ur@ﬁa@é’étnﬂemﬂ'ﬁ ¥h,2ahldr $h 48¥&8EtOkontact with, said

' -- - sintered body, said graded metallurgy comprising a
first layer of metallurgy in direct contact with said
sintered body and a second layer of metallurgy in
direct contact with, and that completely encapsulates,
said first layer of metallurgy; ' |

said first layer of metallurgy comprising 30 to 60
volume percent aluminum nitride and 40 to 70 volume
percent of a metal selected from the group consisting
-0of tungsten, molybdenum and mixtures thereof;

said second layer of metallurgy comprising 90 to 160
volume percent of a metal selected from the group
consisting of tungsten, molybdenum and mixtures
thereof and 0 to 10 volume percent of aluminum

nitride.

According to a seventh aspect of the invention, there
is proposed a method for producing a co-fired aluminum
nitr_i.de sintered body having adherent graded metallurgy

comprising the steps of:
providing an aluminum nitride unsintered body;

. forming a first layer of meutallurgy paste in direct
- contact with said aluminum nitride body, said first
layer of metallurgy paste comprising, based on the

solids éontent‘ of said paste, 30 to 60 volume percent



met;al | ur.gy paste adhered to the walls of said at | east one via but |eaving
a central portion of said at | east one via 8 devoid of said first |ayer
of nmetallurgy paste and a second | ayer of metallurgy paste filling the
central portion of said at |east one via; said first |ayer of netallurgy
paste conprising 30 to 60 volune percent alumnumnitride and 40 to 70

vol unme. percent of a netal selected fromthe HPoup consisting of tungsten,
nmol ybdenum and mi xtures thereof; said second |ayer of netallurgy paste
conprising 90 to 100 vol une percent of a netal selected fromthe group
consi sting of tungst

. ol ybds d m f d.0 0 |
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first and second | ayetaloseletaklufgympobé egndup Eomsibstingnef tumgsiet,
t enperature to'forn&glgﬁééxygegﬁg QEQQLPQQ]E#EEEQ?;Si”tered body havi ng at
I'rsSt an :

| east one via therein second-Tayers’of graded netall urgy.
According to a fifth aspect of the invention, there is proposed a

mul tilayered al urm npghR hde siddilf A%yt £ HEtd iy FPas€8Skin! Wirect -
sintered layers of alumndmnitride; .

: contact with, and that completely encapsulates, said
first layer of metallurgy paste, said second layer of
metallurgy paste, based on the solids content of said
paste, comprising 90 to 100 volume percent of a metal
selected from the group consisting of tungsten,
molybdenum, and mixtures thereof,.and 0 to 10 volume

percent of aluminum nitride; and

sintering said aluminum nitride body and said first
and second layers of metallurgy paste at a
predetermined time and temperature to form a fully
dense co-fired, aluminum nitride sintered body having
first and'second layers of graded metallurgy wherein
said second © layer of metallurgy completely
encapsulates said first layer of metallurgy and
wherein said graded metallurgy is in direct contact
with, and adherent to, said aluminum nitride sintered
"body.

BR1EF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of an embodiment of
the invention wherein an aluminum nitride sintered body has
graded metallurgy for an 1/0 pad and the bottom layer is in’
contact with the via.

) FIG. 2 is a cross-sectional view of another embodiment
7- of the invention wherein an aluminum nitride sintered body
has graded metallurgy for an I/0 pad and the top layer is

in contact with the via.



t | east. one netallurgical feature situated between saird at |east two
sintered layers of alumnumnitride, said netallurgical feature conprising
30 to 60 volume percent alumnumnitride and 40 to 70 volune percent of a
netal selected fromthe group consisting of tungsten and nol ybdenum and
m xtures thereof. 9 According to a sixth aspect of the invention, there
is proposed a co-fired aluminumnitride sithtered body havi ng adherent
graded netal lurgy conprising: an alumnumnitride sintered body; and graded
neta::urgy on, and in direct contact with, said sintered body, said graded
nmetal lurgy conpris fjrst |4 C h
said sintered body*ggida:?i “sséc%ﬁ:&'(%/a grectfm%tn%[l Vi %*g?glﬂhéﬁﬁégtgﬁ%ﬁ?%%%hh th,
?nd th?t conp?ﬁtehﬁfﬁnxgumdameamexaumftWQtdiﬁﬁereEF metalinrgies gpge
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consi sting ofaduegsoanandnbpbdsﬁmmwaﬁa eifxthee¥ifher eof ; sai d second |ayer
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the group consisting of tungsten, nolybdenum and mni x
P embodlgent of E%e 1nvent%5n1where1n a meLaiEurglcal feature

of the composition according to the present invention is
provided between two layers of sintered aluminum nitride.

DETAILED DESCRIPTION OF THE INVENTION

Referring to the Figures in more detail, and
particularly réferring to FIG. 1, disclosed according to
the invention is an aluminum nitride body having graded
metallurgy, generally indicated by 10 in FIG. 1. Aluminum
nitride sintered body 12 has at least one via 14 in the
body. The comp051t10n of this particular via 14 is not
impbrtant to this aspect of the invention. Typically
however, via 14 usually comprises tungsten, molybdenum or
mixtures of tungsten'and molybdenum and may also include
certain sintering additives, such as calcia, alumina, or
yttria, to achieve densification of the via.

Situated on aluminum nitride sintered body 12 is
graded métallurgy_lé which is also positioned to be in
contact with via 14. As shown in FIG. 1, graded metallurgy
16 comprises a first layer of metallurgy 18 which is in

~direct contact with the aluminum nitride sintered body 12
and via 14 and a second layer of metallurgy 20 that is in
direct contact with the first layer of metallurgy 18.
Second- layer of metallurgy 20 also completely encapsulateS'
first layer of metallurgy 18.

_ The first léyer of metallurgy comprises 30 to 60
volume percent aluminum nitride and 40 to 70 volume percent

of tungsten or molybdenum or a mixture of tungsten or



thereof. .and 0 to 10 vol une percent of alum numnitride. According to a

sevent h aspect of the invention, there is proposed a nethod for producing a

co-fired alum numnitride sintered body having adherent graded netall urgy
conprising the steps of: providing an alum numnitride unsintered body;
formng a first.layer of netallurgy paste in direct contact with said
alum numnitride body, said first |ayer of2netallurgy paste conpri sing,
baséd on the solids content of said paste, 30 to 60 vol une percent 10
aluminumnitride and 40 to 70 vol une percent of a netal selected fromthe
group consi sting of tungsten, bdenum and m xtures, t her formn a

second | ayer & ﬂ%gy?ﬁag‘?»‘éa%h’dltr"é’&s%t acttwish P ﬁﬁﬂef'ﬁgt tha
conpl etely engaRsisdt eof S8iod Vblitme apeicehtnebal | a1@iipant eniseidesegsnd

Conpr i 51 ng. 00 MAF AR GHE Bk rboBRInd et ARG BELEEH Bim PRECDY b
consi sting of petilafrapiiybésalmatdnn noft whes linteaflaceanbietweenlOthe
vol ume per oont Qi fhl BT | $he80daSHUAY ' B le ! TSy 9Bz
metallurgy 18 where an abrupt interface is shown. Lesser
amounts of aluminum nitride in the first Jlayer of
metallurgy 18 would probably reduce the integrity of this
interface." Oon the other hand, a metallographic evaluation
of the interface for 60 volume percent aluminum nitride in
the first layer of metallurgy-18 showed a very diffuse
interface, thereby indicating the 1likelihood of good
bonding. However, more than 60 volume percent aluminum
nitride in the first layer of metallurgy 18 is discouraged
as conductivity and adhesion to the second layer of
metallurgy 20 become impaired.. The most preferred amount
of aluminum nitride is about 55 volume percent which
provides the right balance of adhesion and conductivity.
In aadition, the first layer of metallurgy may contain
sintering aids such as yvttria or calcia to assist in
densification, if desired.

The second layer of metallurgy 20 comprises 90 to 100
volume percent of tungsten or molybdenum or a mixture of
tungsten or molybdehum, with tungsten being preferred, and
0 to 10 volume percent aluminum nitride. Small amounts of
aluminum nitride may be added to the metal to marginally
increase the adhesion of the second layer of metallurgy 20
to the first layer of metallurgy 18. It is preferred that
the second layer of metallurgy 20 be 100 volume peréent
tungsten. 1In any event, the second layer of metallurgy 20
sinters to a substantially pore-free state which is
hermetic.

- . The graded metallurgy 16 is typically used for I/0 or
wire bond pads. As such, the graded metallurgy 16 may be
plated with a metal such as nickel to facilitate soldering

4



and second layers of netallurgy paste at a predetermined tinme and
tenperature to forma fully dense co-fired alumnumnitride sintered body
having first and second | ayers of graded netallurgy wherein said second .
| ayer of met al | ur gy conpl etely encapsul ates said first |ayer of:
metal l urgy and wherein said graded netallurgy is in direct contact wth,

and adherent to, said alumnumnitride sintered body. BRI EF DESCRI PTI ON OF
THE 'DRAWNGS FIG 1 is a cross-sectionall¥iew of an enbodi nent of the

i nvention wherein an alum numnitride sintered body has graded netall urgy

for an 1/0 pad and the bottomlayer is in contact with the via. FI 2,1s a
cross- sect i on&¥ \VPEAZLRIaRSt e Rt AENPLBP t%ﬁe F%%?P‘gnp rei htahts

al um num ni tr it | Gérecdl baspebas ghedpdesent! limventfion away /B padedntot he

top layer is in contact with the via. G, IS a_cr -SECti .View
of anot her enb‘g‘%ﬂ‘reﬁ??@re ¢ i ‘X??oﬂeﬁﬁgl?lglrﬁtv\% dftf céi?‘}netszee Créet g??h?‘élhgls
ate provi ded imitarisdegs tntvéred nbodylefor ocsgab\bardpet tandadfexsi ahtaghment

Foncher oS oGal Frabs, arl Snfcd BSGIETPI. VSl D 1hcter

' uses, a via may not be present or electrically connected
tot he graded metallurgy. Even here though, the graded-
metallurgy 16 will usually be plated.

] If. is important to the present invention that the
first layer of metallurgy 18 is completely encapsulated by
the second layer of metallurgy 20. There are two reasons
for this.  The first reason is that first layer of
metallurgy may be porous which can occur if sintering aids
are not added to the first layer of metallurgy 18 during
sintering. During further processing of the sintered
aluminum nitride body, which can include wet processing for
plating, moisture or liquids can seep into the first layer
of metallurgy if it is porous and then further seep into
the rest of the substrate since the via is often porous.
This presents a manufacturability as well as a reliability
problem. The second reason (whether or not the first layer
is porous) is that thé graded metallurgy is typically
plated to enhance solderability or brazeability. Plating
will not adhere well to the first layer of metallurgy 18.
And, if even a small part of the first layer of netallurgy
is exposed to the plating, the integrity of the entire
plated layer can be adversely impacted. Thus, second layer
of metallurgy 20 must completely encapsulate first layer of
metallurgy 18. ' N '

Referring now to .FIG. 2, there is an alternativé '
embodiment of the present invention. As in FIG. 1,'there
is. an aluminum nitride sintered body having graded

- metallurgy, generally indicated by 10'. Graded metallurgy

16’ compriseé first layer of metallurgy 18' and second
layer of metallurgy 20'. First layer of metallurgy 18' is



of ,the conposition according to the present invention is provided between
two | ayers of sintered alum numnitride. DETAILED DESCRI PTI ON OF THE
| NVENTI ON Referring to the Figures in nore detail, and particularly
referring to FIG 1, disclosed according to the invention is an al umi num
nitride body having graded netal lurgy, generally indicated by 10 in FIG 1.
Alum numnitride sintered body 12 has at igast one via 14 in the body. The
conposition of this particular via 14 is not inportant to this aspect of
the invention. . Typically however, via 14 usually conprises tungsten,
mol ybdenum or mixtures of tungsten and nol ybdenum and may al so i ncl ude
certain sinter iRy HFRE veentagehwidhe alamdinum ypd teider sintered thodichl2ve
denzi Li cat i Fln batt Iign \th_ashgatzlta{diﬁ&n eﬁlﬂé@iﬂiélﬂtnidgég_ieloﬁj Q{cﬁ{t{at@?ﬂya 19 |12
raded netal lu ichis also positioned to be in contact w Vi a :
%\s shown in FI Egléf,% gﬁ%ﬁ%ﬁ F?%taﬂ‘?‘&ﬁ G c&ﬁgri"?éé Bet pigtyrgd ag; being
met al Fur gy 18 dbnuli-shapeddiigdt vientidc bedinigh imhehal rhiolen wif Mike domiter ed
body 12 and vi ar ayer tallurgy, 20 that .is in direct -
con%/act with t?gééi’rs%% ﬁ?fgge#reﬁgl f“%frté‘)ﬁi‘%.gi’s cond-T a98r°‘131‘°ﬂ§f‘gl‘?‘(ﬁ’5y
20 al so conpl egBfly ishchpsdixect fdordadtaypeithof wikaallldur gySé8ondhdafyiexstof
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40 to 70 vol une percenf of tungsten o enu a m-xture of ngsten
or metallurgy 18' for the same reasons as stated before. The

) advantage to this embodiment of the invention is that
higher conductivity second layer of metallurgy 20°*' is in
direct contact with via 14 and yet adhesion of the second
layer of metallﬁrgy 20* is still provided by the first
layer of metallurgy 18°'.

The embodiments of FIGS. 1 and 2 may be made by the
following procedure. An unsinfered aluminum nitride body
is provided, which may be monolithic or multilayered.
i Then, a first layer of metallurgy paste is deposited on

the unsintered aluminum nitride body and proximate'to the
unsintered viaﬂ (When used for seal bands and the like,
the graded metallurgy may be formed away from the via. In
this case, the requirement is for the graded metallurgy to
be formed directly on the unsintered aluminum nitride
body.) As is well known in the art, the metallurgy paste
comprises . metallic particles, a binder, solvent,
plasticizer, and other organic additives. After deposition
of ' the metallurgy paste and followed by sintering, the
solvent and organic materials are removed from the paste
and the remaining metallic particles densify into a layer
of metallurgy.. As used hefein, the term “proximate" shall
mean on or near the via. Thus, the first layer of
metallurgy paste may be deposited directly on the wvia, to
reselt in the structure shown in FIG. 1, or around the via

- (but not in direct contact with the vié), to result in the

structure as'shown in FIG. 2. fhe first layer of metallurgy

paste comprises 30 to 60 volume percent aluminum nitride



12 .ol ybdenum preferably tungsten. It is believed that a m nimum of 30
volume percent of alumnumnitride is necessary for good bonding.

This belief is based on a netall ographic evaluation of the interface
between the alumnumnitride sintered body and the first |ayer of

metal lurgy 18 where an abrupt interface is shown. Lesser anmounts of
alumnumnitride in the first layer of net®$ylurgy 18 woul d probably reduce
the'integrity of this interface. On the other hand, a netall ographic .
eval uation of the interface for 60 volunme percent alumnumnitride in the

first | f tal | 18 showed iff [nterf b

ndi cat i g t et 1 (Sfbo? SR THER Beay of et B R TReRhE Y it
percent al um mimtnire i df itmnigsten rand | magtybdénum; aprefgyraldy stungsbenaged
as_conduct | vi ty, Al agheshan 0.4 SpeqRdakaveE ofngetghbibgy Papecoms

| mpai red. The oSt preferred anmoun umnumnitride 1s about

per cent whi ch exaiuidiowg tthe siojiverial indesy, andeether oxgarhardditiyes,n
addition, the first 1ayer of netallurgy nmay contain sintering aids such as
yttria or calcia to assist in densification, if desired. The second |ayer
of netallurgy 20 coipradeéitben; otheofisstindayerceft metald e paste may

nol ybdenum or Giaddir 8igkeltingSi£1dS) @R/ isietithedV BArlyRESt €N SRRl 0ot
preferred, amlheée sintering aids may include, for example, yttria and
N " calcia, as is well known to those skilled in the art. The

preferred sintering aids are either a mixture of calcia-

alumina-boria as disclosed in Duncombe et al. U.S. Patent
Application Serial No. 08/173,293 or yttria plus calcia-

alumina~boria as disclosed in Harris et al. U.S. Patent
Application Serial No. 08/172,032, the disclosures of both

of which are incorporated by reference herein.

Second layer of métallurgy paste is then deposited
over, and completely encapsulates, i the first layer of
metallurgy paste. The composition of the second layer of
metallurgy paste comprises 90 to 100 volume percent of
tungsten or molybdenum or a ‘mixture of tungsten or
molybdenum, preferably tungsten, and 0 to 10 volume percent
of aluminum nitride, based on the solids content of the
paste. As before, these volume fractions exclude the
solvent, binder and other organic additives. Depending on
whether the FIG. 1 or FIG. 2 embodiment is to be formed,
the second layer of metallurgy paste may or may not be in
direct contact with the via.

Then, the unsihtered aluminum nitride body and the .
first and second layers of metallurgy paste are sintered
(co-fired) at a predetermined time and temperature to form
a fully dense aluminum nitride sintered body with first'and
second layers. of adherent metallurgy. The graded
'metallurgy so'formed is positioned so as to be in direct

contact with via 14 of sintered aluminum nitride body 12.



0.t0 10..vol une percent alum numnitride. Small anmounts of alum numnitride
may be added to the netal to marginally increase the adhesion of the second
| ayer of netallurgy 20 to the first layer of nmetallurgy 18. It is preferred.
t hat' the second | ayer of nmetallurgy 20 be 100 vol une percent tungsten. -In
any event, the second |layer of nmetallurgy 20 sinters to a substantially
pore-free state which is hernetic. The gradgg netallurgy 16 is typically
used for 1/O or wire bond pads. As such, the graded nmetallurgy 16 may be
plated with a netal such as nickel to facilitate sol dering 13 or brazing

f the wi ' t he .bond t l t h

ot esent | nventi on mend LAEE 18 RoiRdith B Dy, 585 R RRE; ok, bv
sintered al unm bhesei t rékid ledt eind mhg/fantseab bawlsievaandthéor desired
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via may not be present or electrical'y-“connect raded me
Even here thou§Reakhadgr &ded adaiinum gpitnide| bodyumayy 1!% piateged| in

important to teen%ﬁ%%hauﬂvfmﬁ&eetw 18fgf idt thRu@ QI-: r@t ?ﬂdﬁ&tl%*s
conpletely encagsulate y the second_| ayer of metal | urg here are two

reasons for thREmosphgge. f|$§?r?%@5EﬁF #EW??EHer?l#%tf°¢%&¥H ‘gfs which is

a mixture of nitrogen and hydrogen gases. The temperature
is'ramped up to about 600 degrees Centigrade to pyrolyze
" the binder. Then,'the témperature is slowly ramped up to
the sinteting temperature of about 1550 to 1650 degrees
Centigrade and held there for a period of - time to
accomplish binder burnoff and densification. Finally, the.
temperature_is ramped down to room temperature.

Referring now to FIG. 3, there is shown another
embodiment of the piesent invention. An aluminum nitride.
sintered body 30 contains at least one via 38 which is
filled with graded metallurgy, generally indicated by 32.
First layer of metallurgy 34 adheres to the walls of the
via 38 but leaves an open central portion of the wvia 38
which is filled by Second layer of metallurgy 36. First
and second layers of metallurgy 34, 36 together make up
graded metallurgy 32. The comp051tlons of the first and
second layers of metallurgy 34, 36 are the same as those
discussed above.

In the prior art, where the via metallization did not
adhere well to the walls of the via, the vias could "rattle
around" or move around within the via, which could lead to
cracking -around the wvia. = Accordingly, the present
inventors have proposed a graded metallurgy for the via
which has several advantages. The first is that rattling
vias are prevented. - The second is that the first layer of
metallurgy provides good adhesion to the walls of the via.
And the third is that the second layer of metallurgy, while
being tightly adhered to the first layer of metallurgy,

e e



met.al | ur.,gy may be porous which can occur if sintering aids are not added to
the first layer of netallurgy 18 during sintering. During further
processing of the sintered alum numnitride body, which can include wet
processing for plating, noisture or liquids can seep into the first |ayer
of metallurgy if it is porous and then further seep into the rest of the
substrate since the via is often porous. This presents a manufacturability
as well as a reliability problem The second reason (whether or not the
first layer is porous) is that the graded netallurgy is typically plated to

h | d L], L A bi.lj t] ' el o the
firet ayer ofPearif¥ars, RHBATE ohlficy il LBBe kbl 0L EPARERsEande oot
of metal | urgy PewexpasddsignaAs.plating, the integrity of the entire plated

| ayer can be adversghy B ayé:rU;#"SFIé.eC ”ﬂagab‘ér niad SR ¥¥i9Yn gtgéét

conpl etely encapsulate first | metal Turgy 18. Referring now
2, there is anvidt &hadnyvansiiaracht adpnipempy Hdaride nbedyi ohith agxagded G

1, thereis armakamﬂya?niﬁéﬂé.si nigied 886y baVidtEdipidashdet Ay Udyst -
generally indicated b 0. Graded netal | ur 16" conprises first I%yer of
metal | urgy 18'3BREYIBEAIELIEIUETY RASHE hQFhspvia Epreespopding to the

metal | urgy 18'cofiposition of the first layer of metallurgy paste. A low
viséosity paste is used for this purpose. The metallurgy

~ paste is then allowed to dry, with the result that the
metallurgy paste shrinks in volume and adheres only to the
walls of the via. Thus, a central portion of the via is
left without or devoid of paste. Then, a second metallurgy
paste, corresponding to the compoéition of the second layer
of metallurgy paste is applied to the via so as to fill the
central portion of the via left vacant by the first layer
of metallurgy paste. Then, the unsintered aluminum nitride
body and via with graded metallurgy paste is sintered as
described above to result in the structure as
shown in FIG. 3. | ' _

Referring now to FIG. 4, there is disclosed the last
embodiment of the present - invention. There is a
multilayered aluminum nitride sintered body, generally
indicated by 10. For ease of illustration, the various
layers of the sintered body 10 are shown separated. The
multilayered alumihum nitride sintered body 10 comprises at
least two sintered layers 42, 44 of_aluminum nitride and at
least one metallurgical feature 46 situated between the two
sintered layers 42, 44 of aluminum- nitride. The
composition of the metallurgical feature 46 comprises 30 to
60 volume percent aluminum nitride and 40 to 70 volume
percent of tungsten or molybdenum or a mixture of tungsten

: andmmolybdenum, preferably tungsten. The metallurgical
- feature 46 may be a wiring line to connect wvia 50 in
sintered layer 44 to via 48 in sintered layer 42. In

addition, metallurgical feature 46 may be wused in



in.irect contact with aluminumnitride sintered body 12 but in this
particul ar enbodi nent does not contact via 14. First |layer of netallurgy
18" mamy be pictured as being donut-shaped with via 14 being in the "hole" «
of the donut. Then, second | ayer of netallurgy 20' is positioned over, and
Is in direct contact wth, via 14. Second |layer of netallurgy 20" also
conpl etely encapsul ates first layer of n&%gllurgy 18' for the sane reasons
as stated before. The advantage to this enbodi nent of the invention is that
hi gher conductivity second |ayer of netallurgy 20" is in direct contact
with via 14 and yet adhesion of the second |ayer, of t.al |l ur 2Q" is still
provi ded by t FeTHMNGEIOR stith VAS haKRg ﬂéﬁa}a%é‘e&%t}d’l%% oﬁQh?‘l"&;s%“l
and 2 may be wadre 3. t 1 ferhaviveglp; onetdal burdicabsifeatnee #6umay nform
nitride body i_s provided, which may b nol it hi il e a
first |ayer of ré?‘%ﬁ’r— uPIFPSate ?EXﬁ%‘gog??%ﬁ‘ on If%’%’ﬁﬂ%l‘é\t é‘? é&kgdtﬁ% Qnﬁ?ns
nitride body aohtaioxiamsubstantialuquantditydofimetallipehioneiinfarsingle
bands and the L] - fagt r i SR Gl @,gva%('g UARES ¥h
In this case, ]Tabé&r g&@??&?ﬁ%ﬁ’i‘i S fgirbt{\hgx}gﬁ%%ggﬁet aﬁ?ur Y. % ‘lbe for rr%ad
directly on the ubbentastieiningi weramic | tavewsly. ) B making khewPPWeFhe
art, the metaliygy pag&suﬁaﬁpfﬁﬁfﬁes MeEPbh | CthePalddmpdSSitioR I NOghe
sol vent, plastici-zer, and other organic additives. After, deposition of_the

metal | urgy padedadddrgitahedeftarat etbng batieoladS /R SF3fani Eesult
material s are WiHHMAd of 59@niTa dAf! Qecrease in electrical performance of

the power and/or ground planes.
EXAMPLES

Peel Test Results:
Sig aluminum nitride multilayer substrates were

prepared. Each of the substrates consisted of 3 weight
percent yttria (1-5 p particle size), 1 weight percent
calcia-alumina-boria glass (4-8 u particle size), remainder
aluminum nitride (1-1.5 p aggregate particle size). Paste
was screened on to form nine pads on each substrate. Four
of the substrates received first and second layers of
tungsten (1-3 u particle size) metallurgical paste, denoted
in the Table as pastes I and II, respectively. Two of the
substrates received oﬁly the second layer of metallurgical
paste (paste II). Generally speaking, the smaller the
particle sizes for the yttria, calcia-alumina-boria glass,
aluminum nitride and metallic particles are preferred for
enhanced densification: _

After undergoing binder burnoff, the substfates were
sintered at 1600 degrees Centigrade for 10-28 hours.. Wires
were then soldered to the pads with Cu/Sﬁ solder (66-weight
percent copper; 34 weight percent tin) and pulled at an
angle of 90 degrees with réspect to the pads.



and. the remaining netallic particles densify into a |layer of netallurgy. As
used herein, the term"proximte" shall nean on or near the via. Thus,

the first layer of netallurgy paste may be deposited directly on the via, 4
to result in the structure showmn in FIG 1, or around the via (but not in
direct contact with the via), to result in the structure as shown in FIG

2. The first layer of netallurgy pastd9onprises 30 to 60 vol une percent
alum numnitride 15 and 40 to 70 vol une percent of tungsten or

nol ybdenum or a m xture of tungsten and nol ybdenum preferably tungsten,

based on the sol i.lglse cgpéggggn?%egggﬁgi Baﬁ;aqi f%@t thosefX G ggaiggg

sol vent, binder, and ot her es. In addition, the first a¥er

of netal | ur gy geadadndng st and rieeond) lavers &f mahalraeatPagtes
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as is well known to those skilled in the art. The preferre g%gterln ai ds
are either a metWgen Jthe seiderpng Padyor i Thexe (FeEf 29y falls RehBEes:
al. U S Paterp d Gaid dersaii@l No. 08/173,293 or yttria plus calcia- -
al um na-boria as digclosed.in Harris et al. U S Paten plicatiop Serial
o 087179 032t hPHR ScRBREREE oPEdinr MATH S0b | HbSRRor e hpates
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was 1.1 to 1.4 pounds. All the failures occurred at the

" ceramic/pad interface, which is extremely.undesirable.



over,. and conpletely encapsulates, the first |ayer of nétallurgy paste.

The conp05|t|on of the second | ayer of netallurgy.paste conprises 90-to 100
vol une percent of tungsten or nolybdenum or a mxture of tungsten A
or nol ybdenum preferably tungsten, and O to 10 vol une percent of al um num
nitride, based on the solids content of the paste. -~ As before, these

vol unme fractions exclude the solvent, binder, and other organic additives.
Dependi ng on whether the FIG 1 or FIG 2 bodi.nent is to be forned, the
second Iayer of netallurgy paste may or nmay not be in direct contact with
the via. Then, the unsintered alun1nun1n|tr|de body and the first and

second | ayers of netalluro' .

predeterm ned ting 2
sintered body wt
The graded netalh

sintering schedul g art-
to achi eve the deji . . ol .
General | y speaki Nl cdii$ Iun1nun1n|tr|de body may be sintergg in a
conventi onal furnﬂceT%%lg@ai as therelis a ngtectlve
1 Aluminum Nitride | 18
_— . Cab* Glass - < .5
Yttria < .5
Total Solvent S1 51
Total Non-Solvent 15 18
Organics

* calcia-alumina-boria

I/0 PIN PULL TESTS RESULTS:

An additional 6 substrates were prepared in the manner
as described above except that 168 I/0 pads were screened
on each substrate. As was done above, the pads on four of
the substrates were screened with first and second

metallurgical pastes (pastes I and II) while the pads on
two of the substrates were screened with second
metallurg1cal paste (paste II) only. '
After sintering as above, I1I/0 pins were brazed to the
pads with Cu/Ag_b;aze. The pins were then pulled at an
angle of 70 degrees with respect to the pads.
_ The results indicate that the substrates with first
‘and second layers of metallurgy experienced no pad
failures. All failureé were pin shank fails at 18 pounds.
The substrates with only the second layer of metallurgy
failed at 5 to 18 pounds; 1-2% of the pads falled through

pad delamination.



at nosphere. A preferred atnosphere is formng gas which is a m xture of
nitrogen and hydrogen gases. The tenperature is ranped up to about 600
degrees Centigrade to pyrolyze the binder. Then, the tenperature is slowy 4
ranped up to the sintering tenperature of about 1550 to 1650 degrees
Centigrade and held there for a perlod of time to accorrpllsh

bi nder burnoff and densification. Finally2lthe tenperature is ranped down
to roomtenperature. Referri'ng nowto FIG 3, there is shown anot her

enbodi nment o_f the present invention. An alumnumnitride sintered body 30
contains at Oy ' i gJ | led with graded netall urgy,
general ly |nd f metallurgy 34 adheres to the

wal |'s of the via 3Sewerdlemfoshen supmtrades aboye Wexe &xRARedite BYIIR ch

is filled by ggg,%%}g,&yeanaf %@' LUEYY o eé@d. Fi ﬁ"ﬁbs@“dséﬁéieﬂgtééyel{évﬂ{

metal lurgy 34 toget her gra nmet al 32, _The conposi ti ons
of the first Zddsteand segend éﬁYﬁEﬁMQﬁn@ﬁﬁQ&ﬂ“EEYa?Eh%Pét§Qm¥Qn¥¥g$%e
di scussed abO aﬁ%%xprdﬂlé‘rihoweéﬁbéﬂﬁaﬂéé ABV2hli salliyorenl Cbé‘@énd -
adhere well via, the vias could "rattle a.r ound" rmve

around Wit hi nltali’é’—ﬁn af wetalluxgy eshdbited: ZYglR PEShHRRtY a\‘?l a

Accordingly, defamitigsRt invertace haneieaepagedpargiaded dmtaﬁimigyorior
the via which has several advantages. The first is that rattling vias are

prevent ed. Th&IEIIPIs that the first layer of metallurgy provi des good
adhesion to the walihess ddsmMisa.indicate the advantages of using graded

metallurgy rather just a single layer of tungsten or
molybdenum metallurgy.

It will be apparent to those skilled in the art having
regard to this disclosure that other modifications of this
invention beyond those embodiments specifically described
here may be made without departing fiom the spirit of the
invention. Accordingly, such modifications are considered
within the scope of the invention as limited solely by the
appended claims.



And. the third is that the second | ayer of netall urgy, iTHiS BHER Ht“%(ﬁﬁﬁ“&/‘

adhered to the first layer of netall urgy, . 17 provid a hiffR
conductive core for the transmttance of power and sign: € enbodi ment
of FIG 3 may be made by filling the via of an unsint erecthalsmamugmlne lacd@

appl.ying a netallurgy paste to the via corresponding to th I[l; I
the first layer of netallurgy paste. A low22scosity paste h| s
purpose. The metal lurgy paste is then allowed to dry, with the result that .
the nmetall urg)ég%alstﬁ %d% ;&yol ume and adheres only to the walls of t he
via. Thus, a he via is left without or devoi.d of paste.
Then, a second met al | ur gy paste corresponding to the. conposition of the
second | ayer qf netgll PRP(% o] fi

central portlg'n of t el%/l a vacant %ihe fr'ltérlgt \hlkgiy%r lgﬁ’f‘c"’irre lﬁﬁ?gea
paste. Then, the umsetmlehy@gmmmmgh de body and via with graded

metal lurgy paste is sintered as described above to result in the structure
as shown in FIG 3. Referring nowto FIG 4 re shdl,sclosed t he | ast
embodi nent  of th@“rﬂ“]é%?ﬂuml’h’v’éﬁ‘?%r?mtered%%lé geing at least one

via therein; and

body with graded netal lurgy paste. This can be acconpli s 'EIHB!&

graded metallurgy on said sinte'red body and in direct

contact with said at least one via, said graded

metallurgy comprising a first layer of metallurgy in

direct contact with said sintered body and a second
layer of metallurgy in direct contact with, and that

completely encapsulates, said first layer of

metallurgy;

said first layer of metallurgy comprising 30 to 60
volume percent aluminum nitride and 40 to 70 volume
percent of a metal selected from the group consisting

of tungsten, molybdenum and mixtures thereof;

said second layer of metallurgy comprising 90 to 100
volume percent of a metal selected from the group
consisting of tungsten, molybdenum and mixtures
thereof and 0 to 10 volume percent' of aluminum

nitride.

2. The aluminum nitride sintered body of claim 1 wherein
said first layer of metallurgy is in direct contact’

with said at least one via.

3. The aluminum nitride sintered body of claim 1 wherein .
said first layer of metallurgy is positioned around
said at least one via but is not in contact therewith

* C L M s *
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mul tilayered alum numnitride sintered body, generally i 'dggeé
For ease of illust ra?hlsStrtetHaElBeeHRE 1L | ayers of the sint

conprises at |least t ers 42, 44 of alum numnitride and at

| east one netal | urgica si t uat ed bet ween the two sintered

| ayers 42, 44 of alumnum nitride. The conposition of the
netallurglcal feature 46 conprises 30 to 60 vol une percent alum numnitride
and 40 to 70 vol unme percent of tungsten or nol ybdenum or a m xture of

t ungsten and nol ybdenum preferabl tungsten The netal | yrgi¢gal %ature
46 may be a wiringandnesaddcfread vilgyss | of sime T erS44 R0 KLPDB in
sintered | ayer 42. contactddiitioBaideitalledgi wile éiﬁuure 46 may be

used in 18 conjunction with vias having graded netallurgy as shown in
FIG 3. Alternatively, nmetallurgical feature 46 may form a power plane or
ground pl ane. 4. Powae arldngjmxrndup'lxanies siortteaiedl dashp stfamtliadim quarhexginf
netal lization in a_si. en C a f

poor adhesion to tﬁ?‘@ngl n%glcg’%q: %PI g@gr‘ég&uﬁ:bg“ﬂf‘{ ngflt Eﬁgﬂ%gg'v\g%sag%/ or
ground planes fredntenga@isbsition of the metal lurgical feature 46,
better adhesion can result wthout a significant decrease in electrical

per f or mance of . . "
5. The aluminum nitride body of claim 1 wherein said

éggegr\i
shown separ at ed. The M m’, lum numnitride sinter

metal is tungsten.

6. The aluminum nitride body of claim 1 wherein said
second layer of metallurgy is 100 volume percent

metal.

7. The aluminum nitride body 6f claim 6 wherein said
metal is tungsten.
) i
8. An aluminum nitride sintered body having graded

metallurgy comprising:

an aluminum nitride sintered body having at least one

via therein;

said at 1least one via being filled with graded
metallurgy, said graded metallurgy comprising a first
layer of metallurgy adhered to the walls of said at
least one via but leaving a central portion of said at
least one via devoid of said first layer of metallurgy
and a second layer of metallurgy filling the central
portion of said at least one via;

said first layer of métallurgy comprising 30 to 60
volume percent aluminum nitride and 40 to 70 wvolume
percent of a metal selected from the group consisting

of tungsten, molybdenum and mixtures thereof;

* c L L] S *




t he, power and/ or ground planes. EXAMPLES Peel Test ResuljtBHISSHEEZIHAS BERN
nitride nmultilayer substrat es were prepared. Each of {lhe suBERFARER
consi sted of 3vve|ght plaged 1-5 p particle sizey, T wetgnt

4-8 p particle size), remainder

percent cal cia-alunmin !
alum numnitride (1- 1 ate part icle size). Paste was screened

on to form nine pads on each substrate 4 of the substrates received
first and second | ayers of tungsten (1- 3 p partlcle si ze) ‘metal | urgical
paste, denoted in the Table as pastes | and Il, respectively. Two of the

Fipstrates ece Vodadl hddind RNl |8V ol TRa) Uobedb REOR Wrsidy

cal ci a- al um na- bor W@lgﬂtlmsspeatentnmﬁ nat mectalanaeh@c'aedl (,frm!rttbﬁegléﬂ@
preferred for enha% %qﬂsdéwg%fl Ofun. i@{gﬁ unﬂgi Qagguﬂl NQdgia bqﬁﬂggdreg he
€

substrates were sintere degr Cehtjgratle for 10-28 ours Wres
were then sol der ed theneesf pams wit hteu/ 9 seplape ( RRGEeRRt Per RN Per ;
34 wei ght percent tdlri.)rlqggj -pulled at an angl e of 90 degrees with respect to
t he pads. 19 The average peeling load for those substrates

9. The aluminum nitride sintered body of claim 8 wherein
said first layer of metallurgy further comprises a

sintering aid.

10. The aluminum nitride body of claim 8 wherein said

metal is tungsten.

11. The aluminum nitride body of claim 8 wherein said
- second layer of metallurgy is 100 volume percent
metal.

12. The aluminum nitride body of claim 11 wherein said

metal is tungsten.

13. The aluminum nitride body of claim 8 wherein said
aluminum nitride sintered body comprises at least two
sintered layers of aluminum nitride and further
comprising at least one metallurgical feature situated
between said at least two, sintered layers'of aluminum
nitride and in contact with said at least one via,
said metallurgical feature comprising 30 to 60 volume
percent aluminum nitride and 40 to 70 volume percent
of a metal selected from the gfoup consisting of

tungsten, molybdenum and mixtures thereof.

14. A method for producing an aluminum nitride sintered

body having graded metallurgy comprising the steps of:

* c L M s *



conf a ni.ng first a

cond Ia ers f met al | urgy (past dp THISSSHEET HASMEBEER!. f

rﬂr

to 4.2 pounds. is ed bet ween t he sol der an®EPAACEDTher e
were no fails betmee ceram c. The averag Foad——1

t hose substrates co he second | ayer of netallurgy (paste I1)
was 1.1 to 1.4 pounds. the fallures occurred at the ceram c/ pad
interface, which is extrenely undesi r-abl @5 20 METALLURGY PASTES

COWPCSI TI ON (- Vol une % COVPONENT - " 'PASTE | PASTE |1 SOLI-DS

31 Tungsten
< .5 Yttria

15 Alurri num Nitri de 18 Cab* d ass
Tot al Sol vent

' s L) <
51 Total Non- Sol vegreviding eﬁsalumlnum nltrﬁigcyﬁgheggrgd.ﬁody having

cal ci a- al um na- bor iax 1l/e@s? ridJhtial ERESeRBSULTS: An addi ti onal

were prepared in the manner as described above except that 168 |/ O pads
were screened on each substrate. As was done above, the pads on four of

15.

formlng a - first layer of metallurgy paste proximate to
said at least one via and in direct contact with said
aluminum nitride body, said first layer of mefallurgy
paste comprising, based on the solids content of said
paste, 30 to 60 volume percent aluminum nitride and 40
to 70 volume percent of a metal selected from the
group consisting of tungsten, molybdenum and mixtures

thereof;

forming a second layer of metallurgy paste in direct

contact with, and that completely encapsulates, said
first layer of metallurgy paste, said second layer of
metallurgy paste, based on the solids content of said
paste, comprising 90 to 100 volume percent of a metal

~ selected from the group consisting of tungsten,

molybdeﬁum, and mixtures thereof, and 0 to 10 volume-

percent of aluminum nitride; and

sintering said aluminum nitride body and said first
and second layers of metallurgy paste at a
predetérmined time and temperature to form a fully
dense aluminum nitride sintered body hav1ng first and
second layers of graded metallurgy wherein said second

layer of metallurgy completely encapsulates said first

layer of metallurgy and wherein said graded metallurgy

is in direct contact with said at least one via.
The method of claim 14 wherein said first layer of

metallurgy is in direct contact with said at least one

via.

HII\Ill Ly \Ill

6 substrates



C@éé?aé.&@aea\n‘ |

t he, substrates were screened with first and second netal l Ur gl
REPEACED

(pastes | and |I1) whitethepads—on—two of the substr tes
screened wth sec%gg&g&lﬂmﬁ&dpaste (paste 11) onl

as above, /0 pins we e pads with Cu/Ag braze. The pi 'ns wer e
then pulled at an anglm lm ﬁ S wth respect to the pads. The results
I ndi,cate that the sub rst ancggeecond l.ayers of metall urgy
experienced no pad failures. Al failures were pin shank fails at 18
pounds. The substrates with onIy the second layer of netallurgy failed at 5
to 18 pounds; 2% f t he a| l.ed t (CRO)
PENETRATI ON R%éu Res REFHS o tﬁelaéﬂbw[‘f \9'25 agove \%g!r ﬁeﬁ%@s%& teo%lz‘%l 0
penetrant and thenumahlmm 1s Tossid iomest lamdlmm’gafﬁ Agrasth PR CohY
| ayers of metallur | I e Wisla8 & ResGorsdibedyat es
Bk qu%ot;%(l:%c% Qﬁ%%wbl e ya ¥

having only the seC nd ayer urgy exh | o penetratjon at
the ceranic/pad i nodr eetalilndigyatiisnd mpgrizegit gon&mica il ﬁafﬁ‘%rqﬁgleqfh%se
resul ts indicate theaduantages of using gr- aded nmetal lurgy rather just a -

single layer of tungsten or

4

17. The method of claim 14 wherein said first layer of
‘metallurgy further comprises a sintering aid.

18. The method of claim 14 wherein said metal is tungsten.

19. The method of claim 14 wherein said second layer of

metallurgy is 100 volume percent metal.
20. The method of claim 19 wherein said metal is tungsten.

21. A method for'producing an aluminum nitride sintered
body having graded metallurgy comprising:

prbviding'an aluminum nitride sintered body having at

least one via therein;

filling said at least one via with graded metallurgy
paste, said graded metallurgy paste comprising a first,
layer of metallurgy paste adhered to the walls of said
at least one via but leaving a central portion of said
at least one Qia devoid of said first layer of
.'metallurgy paste and a second layer of metallurgy
paste filling the central portion of said at least one

via;

said first layer of metallurgy paste comprising
30 to 60 volume percent aluminum nitride and 40

to 70 volume percent of a metal selected from the

. % € L M 5w



mol ybdenum netal lurgy. It will be apparent to.those skil eﬂ.,,grsgéﬁ @(g BEEN

having regard to this d| scl osure that other nodification t REPLAGRISNT I ON
beyond t hose enbodThisihe Rq taeddl y descri bed here may A
departing fromt he nvent ion. Accordingly, such nodificati ons
are consi dered W|th the invention as limted solely by the
appended cl ai ms. ' REPLACEI\/E EET Dat627 14 OCT 1996 - 22 - The clains
defining the invention are as follows: 1. An alum niumnitride sintered

body having graded netal | urgy conpri si ng. an alum niumnitride sintered
body having at |east one via therein; and graded metal | ur Y

sintered body and in di r¥eQUROrFORTISHING sQfy EENESLER., n‘g @,yﬁdeggp:d Gf‘gded
metal l urgy conprising a ,ﬁiiﬁﬁrégyehegéofmt allurgy in direct contact with
said sintered body and a second |ayer of netallurgy in direct contact wth,
and that conpletely covers, said first layer of netallurgy; said first

| ayer of metall urgy corrméﬁdngeé&ndolﬁﬁenodﬂmmbmy Pastei comprisiog

and 40 to 70 vol une percgzﬁ c}ﬂ{ es gogqlg@ grgggegggal $tbRg-
of tungsten, nol ybdenum a dtmx ures "h sal secon er of
netal | urgy conprising 90the g:OGuDocqnelﬁ)'e-t!@gamf drungsieeny ¥edegum; apc he

group consi sting 'of tungst £Par 8R! YRASAUE ARG 6 X 86 Lhauef pecntOof

aluminum nitride; and

sintering said aluminum nitride body and first and
‘'second layers of metallurgy paste at a predetermined
time axid temperature to form a fully dense aluminum
nitride sintered body having at least one via therein

with first and second layers of graded metallurgy.

22. The method of claim 21 wherein the step of fiiling
i comprises the steps of: '

applying said first layer of metallurgy paste to said

at least one via so as to fill said via;

drying said first layer of metallurgy paste within
said wvia, said drying causing the first layer of
métallurgy paste to shrink in volume and adhere'only
to the walls of said via, thereby leaving the central
‘portion of said at least one via devoid of said first

layer of metallurgy; and

applying said second layer of metallurgy pasté to said
at least one via and over said first layer of

metéllurgy'paste so as to fill said via.

23. The method of claim 21 wherein said first layer of

metallurgy further comprises a sintering aid.

* c L M S *



10 yol une percent—oL_aLmL umnitride; wherein said fi rEtTPJII:é{WEE?fHASB“E’IIJ“:'
met al | urgy is pole | ned around said at |east one via bujf is r@épli_,(bétﬁ)n%act|
t herewi th and sal h@ﬂ metallurgy is indire N
sai d at | east one alum niumnitride sintered body having
graded net al | urgy alumniumnitride sintered body having at

| east one via therein: sald at east one yga being filled with graded

nmetal lurgy, said-graded netal lurgy conprising a first-layer of netallurgy
adhered to the walls of said at |east one via but |eaving a central portion
of said at |east one via devoid of said first |layer of nmetallurgy and a
second | ayer off%met AMeupgihod pfhgledm édrwherenraaish m¥tahiis fungsten one
via;, said first Iayer of nmetallurgy conprising 30 to 60 vol une percent
alumniumnitride aggd 40 tq 70 vol upge percent of a netal selected fromthe
group consi stigg‘of - n&?@?ﬂgn%?yﬁggﬁg‘n?&na’hrﬁ%ﬂlﬁ‘r aideFeepnd layer of
REPLACEVENT SHEET DaetallukgyOGE 19HD vollihe peaicérReemitthl ayer of

metal l'urgy conprising 90 te 100 vol unme percent of a netal selected fromthe
group consi sting of tungsten, nolybdenum and m xtures thereof and 0 to 10
vol une percent 26% aThei methodi ofi ddaifd. 25 wheiheimlsalidimetal tils dmmjstieri ed
body of claim2 wherein said first |layer of netallurgy further conprises a
sintering aid._4- The al um niumnitride body of claim2 wherein said
metal is tungsRém. B multhtavenadni @huminumie hbtyide clsinteresier diady
said second [ ayer Ototiprdklingdy is 100 vol une.percent’ netal .

at least two sintered layers of aluminum nitride;

at least one metallurgical feature situated between
said at least two sintered layers of aluminum nitride,-
said metallurgical feature comprising 30 to 60 volume
percent aluminum nitride and 40 to 70 ﬁolume percent
of a metal selected from the group consisting of
tungsten, molybdenum and mixtures thereof.:

28. The aluminum nitride sintered body of claim 27 wherein
each of said at least two sintered layers of aluminum
~ nitride has at least via and said at least one

metallurgical feature connects said vias.
29. The aluminum nitride sintered body of claim 27 wherein
said metallurgical feature is a power plane or ground

plane.

~30. A co-fired aluminum nitride sintered body having

adherent, graded metallurgy comprising:
an aluminum nitride sintered body; and

graded metallurgy on, and in direct contact with, said

sintered body, said graded metallurgy comprising a

* c L M S *




6. , -, The aluminiumnitride body of claimb5 wherein sai dff TEHIQISHEET HAS BEEN

tungsten 7.  The aluminiumnitride body of claim2 whigrei n RERICACED
alumniumnitri dﬂllﬁhaétﬁa.ﬂikexb Reéplacedonpri ses at | east two si

4
al um ni um n|tr|de nprising at |east one netallurgical feature
wo sintered |layers of alumniumnitride and

eas

si tuated between

in contact With sal e via, saidygretallurgical feature
conprising 30 to 60 voI ume percent alumniumnitride and 40 to 70 vol une
percent of a metal. selected fromthe group consisting of tungsten,

nmol ybdenum and m xtures thereof. 8. A multilayered alumniumnitride
sintered body conpriasery: oft me&ed luwgysi hnerdiireager sontagkunwithm said
nitride; and at |e%?ttnt%‘l‘°edmf)8{jgur£i&a£ se&‘togﬁa ih&gﬁte&fb Lywegn ;1

allUmniumnitri

| east two sintered | ayers
conprising 30 to 66 iFEGIMEOPEACENFishunand hat m@%n@n@m%\tgﬁe

percent of a netal saglediedd rlqyéftq,igrmquiwtl ng of tungsten,

met al ur gl ca ure

nmol ybdenum and m xt ures t her eof ) The alum niumnitride sintered body

of claim8 wherein-each of sald at | east two sintered | ayers of al um nium
nitride has at Ieasmanefm'rsat amdyaai bAtmétablupye - m@ﬂwigig:ahofaﬁiuw

connects said vias 0. nium nitri de sinte eéj b I m8
wherein said netal |Vl?IJ’lgl calp? a‘?’ﬁff g}.gmémbxgv\g?. BESSe i %uﬁ ume
11111111 111111 111?1?1‘1:9111.19_&3_1metaREBBA@ENENTfStdﬁETEHBatQa:olxp @Gililsils}@fng_
Sf; b ATt oG QunBRRds! Hb1Ybatiii Urd Ml b s SLALLLEE; Pody havi ng
said second layer of metallurgy comprising 90 to 100
volume percent of a metal selected from the group
consisting of tungsten, molybdenum and mixtures
thereof and 0 to 10 volume percent of aluminum

nitride.

31. The aluminum nitride sintered body of claim 30 wherein
said first layer of_metallurgy-further comprises a

sintering aid.

32. The aluminum nitride body of claim 30 wherein said

metal is tungsten;

33. The aluminum nitride body of claim 30 wherein said
second layer of metallurgy is 100 volume percent
metal.

34. The aluminum nitride body of claim 33 wherein said

metal is tungsten.
35. A method for producing a co-fired aluminum nitride
sintered body having adherent graded metallurgy

comprising the steps of:

providing an aluminum nitride unsintered body; .

AR A




rretallurgy conpri si ng: prowdlng an alum niumnitride si gk y _
at 1east one viatherein Ti1Ting said at |east one via i THISEHEEIHAS BEEN
nmet al | urgy paste, mastdetmaaﬂedReMced | urgy paste conprising a fi REPLAGERr of

nmetal l urgy paste a lls of said at l|east o
a central portion t one via devoid of said first |ayer of
metal | urgy paste an a second l'ayer of netallurgy paste filling the central

portion of said at |east one via; said 39 st | ayer of netallurgy paste
conprising 30 to 60 volune percent alumniumnitride and 40 to 70 vol une
percent of a metal selected fromthe group consisting of tungsten, ..

mol ybdenum and ni xtfiomeindiea effirssailavesc st ‘F%l%q‘l‘bggﬁepﬁﬁit% paifect
conprising 90 to 1QQ,MQ T8 PEAC Rk dOfalRuniiRivd xsfﬁtbezf,‘d@dbbdym tshﬂcgrﬁmpst

consi sting of tungsten, nolybdenum and mi xtures ther, n
percent of al umini JAYRE r Pfe; ‘“%trﬁjuﬁrrﬁyeri’ﬂﬁgﬁaf:&mﬁru gﬁmdl?ng £Fi dé&b gha

first and second | aygIsddicomt@nt UsHysais ipastie 2 30 dmat@ INOne | E@rﬁﬁﬂt

tenperature to forma full y-dense al um id ryge St e g}gthad(fng at
| east one via ther MR flnllg‘Flgﬁd oﬁg] I aye?s a'fsd radege?rgta 1T u

12.  The nethod . GietaRi seleabed ef rom hehea tgpoup ¢¢nsim@1%@fu§egg§ﬁsn:
steps of: applying saj I rst e ¥gpaste to said at |east
one via so as to fiT¢ %&% Lgéréf%éuggé%ﬁl?%gt ayer of netallurgy paste
within said via, said dryi ng causing the first layer of netallurgy paste to

shrink i n volure anfio)?'gfgég OBEthQ tlgge\p_lablfs nfeft adaii-git apagtterehydh_eewtng

the central portion 'east o vi a devoi d of said ft ? | a

metal | urgy; and apmqnhgctaWdtbecéﬁé thadr oMMt RERELL2EES¢a 81&
| east one via and Offfséaiéyéi:r ék béﬂ&ll@fgff%é\é{:é‘fgﬁaﬂdsﬁeeﬁnﬂs mqefn lolf
said via. 13. The claim_1 erelghgalsglgaés(tmngé L %f said

metal l urgy further %G%HEEQYapysﬁ?erPﬂﬁegl n

paste, comprising 90 to 100 volume percent of a metal
selected from the group consisting of tungsten,
molybdenum, and mixtures thereof, and 0 to 10 volume

percent of aluminum nitride; and

sintering said aluminum nitride body and said first
ahd _second layers of metallurgy paste at a
predetermined time and temperature to form a fully
dense co-fired aluminum nitride sintered body having
first and second layers of graded metallurgy wherein
said second - layer of metallurgy completely
encapsulates said first- layer of metallurgy and
wherein said graded metallurgy is in direct contact

with, and adherent to, said aluminum nitride sintered

body.

36. The method of claim 35 wherein said first layer of

metallurgy further comprises a sintering aid.
37. The methed of claim 35 wherein said metal is tungsten.

38. The method of claim 35 wherein said second layer of
_metallurgy'is 100 volume percent metal.
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D-

whet €i'n “sai d net al second | ayers is tjings S BEE,¢
met hod of claim 1 d | ayer of netallur Hine Al 4
percent netal. 16. claim5 wherein said nmetal is tungsten.
Thi s Sheet Has Been Thespret hod of claim 14 wherein said
first layer of netall urgy i's p05|t|oned around said at |least one via but is
not in contact therewith and said second |ayer of metallurgy is in direct
contact with said at | east one via. 17. The nethod of claim 14 wherein said
first layer of metallurgy further conprises a sintering aid. 18  The

met hod df cl ai3fl 14 Themsthadjaf main 38 t”bﬁg'?tlénsaig metfl h%tﬁ‘b’dgﬁFeBI'al m
14 wherein said second |ayer of netallurgy is 100 vol une percent netal. 20.
‘The method of claim 19 wherein said netal is tungsten.

REPLACEIVENT SHEET Date 14 ‘GZT ’IQQG - 25 - 14. The f € TEE;? T
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21. A nethod fGLpLOdUCLng an alum num nitride sinter ed\!hwdsSH&ETh@SgB%ﬁib _

netal | ur gy corrprl I’OVI di ng an aluminumnitride sinfered RERBAGER/i ng_

at | east one vi a lagedsai d at | east one via ¥ ded a
nmet al | urgy paste, ﬂﬂﬁ‘ al lurgy paste conprising a first. |ayer of
metal | urgy paste a

wal | s of égl d at |east one via but |eaving
a central portion of said at | east one vi#&<devoid of said first |ayer of
nmetal | urgy paste and a second | ayer of metallurgy paste filling the central
portion of said at |least one via; said first |layer of netallurgy paste
conprising 30 to 60 volunme percent aluminumnitride and 40 to 70 vol une
percent of a netal selected fromthe THI S SHEET HAS BEEN Thi s Sheet Has
Been Repl aced REPLACED 27 group consisting of tungsten,

mol ybdenum and i xALPMINUM NEFRIDEBODIE BANVING GRABEDMENALLGRGYast e
conprising 90 to 100 vol une percent of a netal selected fromthe group
consi sting of tungsten, nolybdenum and m xtures thereof and 0 to 10 vol une

per cent OfABSTRACT - -

Ah aluminum nitride body (10) having graded metallurgy and a. method for making
bod)f (10) are disclosed. The body (10) has at least one via (14) and includes a first layer (18)
in direct contact with the body (10) and a second layer (20) in direct contact with, and that
completely encapsulates, the first layer (18). The first layer (18) includes 30 to 60 volume
percent aluminum nitride and 40 to 70 volume percent tungsten and/or molybdenum whilst the
second layer (20) includes 90 to 100 volume percent of tungsten and/or molybdenum and 0 to

10 volume percent of aluminum nitride.
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alumnumnitride; and sintering said alumnumnitride body and first and
sec&nd™l ayers of netallurgy paste at a predeternmined tinme and tenperature
to forma fully dense alum numnitride sintered body having at | east one
via therein with first and second Iayer51?§ graded netal lurgy. 22. The
met hod of claim 21 wherein the step of filling conprises the steps of:
applying said first layer of nmetallurgy padife to said
as to fill said via; drying said firjl | aye of neta

| east one via so
urgy paste within
'said via, said drying causing the figrist |a | urgy paste to shrink
~in volune and adhere only to the wall via, by | eaving the
central portign of said %t Iea t one via devoid of gaid first |ayer of
nmet al | ur gy; Fﬂg%pp ylnd S econd | ayer of netal furgy paste to §aid at

| east one via and over sai 'fl st layer of mgtallurgy paste so as yo fil
said via. 23. The nethod of cl am21 ereinf{said fifrst |ayer. of tal |l urgy
further conprises a sintering a-e- H-S—SHEETHAS-BE Thi s
Sheet Has Been Repl aced §
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28 24. The method of claim 21 wherein said netal is tung
rret hod of claim 21 wherein said second | ayer of netallur
percent metal. 26. The nethod of claim25 wherein said
27. A multilayered alumnum nitride sint er ed body

, REELACRMENT SHE=T
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| east two sintered |ayers of alum numnit b at | east one metallurgical
feature situated between said at | east twg Si ntered | ayers of al um num
nitride, said netallurgical feature conprising 30 to 60 vol une percent
alumnumnitride and 40 to 70 vol une percent of a netal selected fromthe

group consiTheicgmedefibingshehvenfionyAdassllowtd m xtures thereof. 28. The -
alum numnitride sintered body of claim27 wherein each of said at | east

two sintered |aydrs of Azl aluminiemmitridedintérad bady having graded amethlluagydcamhpriisiegs
one netal lurgical feature connects said vias. 29. The aluminumnitride
sintered beuylumingina nitridy sintesedebodyshavingastledst ongyvisshereisaand e is a power

pl ane or ground plane. 30. , A co-fired alum numnitride sintered body

havi ng adh&raded @ﬂ&ysnmémalww lzqslbfmnﬂsn diyectaontrtvith said At deastienesyias eaidd

body. "and gt et Telal) Wrab o SR, LD OoF SEle A%kt e Wik A B
body and a second layer of metallurgy in direct contact with, and that completely covers,
said first layer of metallurgy;

said first layer of metallurgy comprising 30 to 60 volume percent aluminium nitride
and 40 to 70 volume percent of

a metal selected from the group consisting of tungsten, molybdenum and mixtures
thereof: |

said second layer of metallurgy comprising 90 to 100 volume percent of a metal
selected from the group éonsisting of tungsten, molybdenum and mixtures thereof and O to
10 volume percent of aluminium nitride; _

wherein said first layer of metallurgy is positioned around said at least one via but
is not in contact therewith and said second layer of metallurgy is in direct contact with said
at least one via.

2. An aluminium nitride sintered body having graded metallurgy comprising:
an aluminium nitride sintered body having at least one via therein: '
said at least one via being filled with graded metallurgy, said graded metallurgy comprising
a first-layer of metallurgy adhered to the walls of said. at least one via but leaving a central
portion of said at least one via devoid of said first layer of metallurgy and a secbnd layer of
metallurgy filling the central portion of said at least one via; _

said first layer of météllurgy comprising 30 to 60 volume percent aluminium nitride
and 40 to 70 volume percent of a metal selected from the group consisting of tungsten,

molybdenum and mixtures thereof; -

. * [ L M H *



TH'S SHEET HAS BEEN THI S SHEET HAS BEEN REPLACED This Shif REPHASEMENT SHEET
Repl aced 29 | ayer of netallurgy in direct contact wth sjai d Si r]tM%lTM
and a second layer of metallurgy in direct contact wth,|{ &tk t-hat.-- nesesaisesars

conpl etely encapsul ates, said first |ayer of netall urgy; TSt | ayér
of nmetallurgy conprising 30 to 60 vol urrepgercent alum numnitride and 40

to 70 vol une percent of a netal selected om the group consisting of
tungsten, nol ybde eco r tallur
conprising 90 to :{Egoseg%}%u%é} gr cerﬁlmﬁ% ngltm*lgsgél tgc{bbdl@r oﬁlqeﬁce&gr f, il

consi stingg AT B ﬁpﬁ" hEhe t

percent of %%cl}én%}lnum ni tgﬂﬁéwgﬁﬂﬂ'@r e a?gl}én%{ #ﬁ Ir)f?t ri dg{ds@%%&g&ﬂ%r&%@y%
cl aim 30 v@g%llﬁnéﬁérgeﬁtldﬁ]udmnﬂﬁdaet allurgy further conprises a
sintering aid. 32.° The alum numnitride body of claim30 wherein said

nmetal is tungstes, 33. Théhtuniinivi nitifie sinterelbb&dydyf elhine Rawierdid saliefisst tayeaiod
second | ayer of netallurgy is 100 volune percent netal.

metallurgy further comprises a sintering aid.

4. The aluminium nitride body of claim 2 wherein said metal is tungsten.
5. The aluminium nitride body of claim 2 wherein said second layer of

metallurgy is 100 volume percent metal.

6. The aluminium nitride body of claim 5 wherein said metal is tungsten.
7. The aluminium nitride body of claim 2 wherein said aluminium nitride

sintered body comprises at least two sintered layers of aluminium nitride and further
comprising at least one me_tallurgical feature situated between said at least two sintered
layers of aluminium nifride and in contact with said at least one via, said metallurgical
feature comprising 30 to 60 ivolume percent aluminium nitride and 40 to 70 volume percent
of a metal selected from the group consisting of tungsten, molybdenum and mixtures
thereof. _

8. A multilayered aluminium nitride sintered body comprising:
at least two sintered layers of aluminium nitride; and
at least one metallurgical feature situated between said at least. two sintered layers of
aluminium nitride, said metallurgical feature comprising 30 to 60 volume percent aluminium
nitride and 40 to 70 volume percent of a metal selected from the group consisting of
tungsten, molybdenum and mixtures thereof.

9. The aluminium nitride sintered body of claim 8 wherein each of said lat
least two sintered layers of aluminium nitride has at least one via and said at least one
metallurgical feature connects said vias.

10. The aluminium nitride sintered body of claim 8 wherein said metallurgical

feature is a power pléme or ground plane.
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34. The aluninumnitride body of claim 33 wherein sai dL BIACEMENT SHEET

35. A nethod for producing a co-fired alum numnitride bgterQ !_ﬂﬁdm
having adherent graded netallurgy conprising the ste nt’re"“'rﬂ" dt g an
alum num nitride unsintered body; THI S SHEET HAS BEEN Thi s Sheet Has '
Been Repl aced REPLACED 3Q d40rming a first |ayer -of

nmetal lurgy paste in direct contact with said alum numnitride body, said
first layer of ridtal | uk gyetimsisfor pradueingsimgumirischiidetsitteredlbods having Qithdeds
said paste, 30 to 60 volunme percent alum numnitride and 40 to 70 volune
per cent ofmefallgrgsicomprisinged from t he group consisting of tungsten,

mol ybdenum and m xtures thereof; formng a second |ayer of nmetallurgy paste
in direct contad¥oviding analuminium nitside sitesed bedichayang at least one vie thetedy, ™ | ayer

f netal | e, said dl f netall te, based on th
Sol 1 s cont ant RIS B JBEY 456 15 el gregef mpraoel shtivesnjd efaiel ralorey

mxtur os. (RS gomeraing ot BYEr GORRRbISR el AN B Tl ol R esih e via

but leaving a central portion of said at least one via devoid of said first layer of metallurgy

paste and a second layer of metallurgy paste filling the central portion of said at least one
via;

said first layer of metallurgy paste comprising 30 to 60 volume percent aluminium
nitride and 40 to 70 volume percent of a metal selected from the group consisting of
tungsten, molybdenum and mixtures thereof;

said second layer of metallurgy paste comprising 90 to 100 volume percent of a
metal selected from the group consisting of tungsten, molybdenum and mixtures thereof and
0 to 10 volume percent of aluminium nitride; and sintering said aluminium nitride body and
first and second layers of metailurgy paste at a predetermined time and temperature to form
a fully dense aluminium nitride sintered body having at least one via therein with first and
second layérs of graded metallurgy.

12. The method of claim 1 wherein the step of filling comprises the steps of:

applying said first layer of metallurgy paste to said at least one via so as to fill said
via;

drying said first layer of metallurgy paste within said via, said drying causing the
first layer of metallurgy paste to shrink in volume and adhere only to the walls of said via,
thereby leaving the central portion of said at least one via devoid of said first layer of
metallurgy; and

applying said second layer of metallurgy paste to said at least one via and over said
first layer of metallurgy past so as to fill said via.

13. The method of claim 1 wherein said first layer of metallurgy further

comprises a sintering aid.



sintering said alum numnitride body and said first and || RepLACEMERY SHEETO
metal lurgy paste at a predetermined tinme and tenperatjure togfpr full
dense co-fired alum numnitride sintered body having fi rs_ba@n_cl]_ﬁcdﬁﬁﬂgm
| ayers of graded netal |l urgy wherein said second | ayer
conpl etely encapsulates said first |layer_.gé_netallurgy and wherein said
graded netallurgy is in direct contact with, and adherent to, said alum num .
nitride sinteredldody. TBEmettod ofeldimil whereimsaid fietalte s#id firstaind setdRt lakéry 6¢
of nmetallurgy further conprises a sintering aid. 37. The nethod of claim
35 wher ei nU8gBnet al is tungsten. 38. The nethod of claim 35 wherein said
second | ayer of tall y is 100 vol ume percent netal. THI S SHEET HAS
BEEN Thi s Sheet S Beﬁ;pg %ﬁl@%gg claim 1 wherein said second layer of megaiimgxcisplQ0
39. The f [ 38 wherein said netal is tungsten. 1111111 111111
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6. The method of claim 5 wherein said metal is tungsten.
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ALUMINUM NITRIDE BODY HAVING GRADED METALLURGY
ABSTRACT

An aluminum nitride body (10) having graded metallurgy and a method for making
body (10) are disclosed.. The body (10) has at least one via (14) and includes a first layer (18)
in direct contact with the body (10) and a second layer (20) in direct contact with, and that
completely encapsulates, the first layer (18). The first layer (18) includes 30 to 60 volume
percent aluminum nitride and 40 to 70 volume percent tungsten and/or molybdenum whilst the
second layer (20) includes 90 to 100 volume percent of tungsten and/or molybdenum and O to °

10 volume percent of aluminum nitride.
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