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Many electronic devices are véry sensitive and need to
be protected from harsh externalities, including various
potentially damaging contaminants, present in the
environment. Hermetic packages have proven to be a very
effective means for providing such protection. The seal of
a hermetic package is an airtight one. Known hermetic
packages have been made from metal, glass, or ceramic, and
a means of sealing, such as solder or welding. Nonhermetic

structures have also been used for affording a degree of

protection to electronic devices not requiring a complete

isolation from the environment. Known nonhermetic packages
have employed plastic encapsulation, molding, potting, or
polymer sealing. In the past, a trade-off has been
required between using hermetic packages, which have
afforded a maximum degree of protection at a higher cost,
and using nonhermetic packaging, which has offered less
protection at a lower cost. The reason for the high cost
of hermetic packages will become apparent from the
exémplary description of a prior method of making such

structures, which is set forth next.
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2 Customarily, the individual electronic devices to be sealed are initially
constructed. The el ectronic devices are then nmounted inside of a package
which is suitable for hernetic sealing, typically made of netal and gl ass
or ceram c conponents as stated above.gNext, “conductive wire or ribbon
perfornmed between electrical termnals |ocated inside of the
package and termnals of the electrical device itself. Such connecti ons
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sealing el ectronic devices fromthe
- electrical device itself. Such connections enable each

electronic device to electrically communicate with a region
outside of the package. Subsequently, the package is
sealed by metal bonding techniques, such as projection
welding or seam sealing. Finally, each individual package
and part are electrically tested to determined electrical
specificaﬁions. Such testing is necessary since the
various steps carried out during production usually causes
the yield of each unit to drop below one hundred peréent.
These.steps for hermetic packaging and électrical testing
have commonly been carried out individually (i.e., one by
one) for each electronic device.

The combined cost of the labor to carry out these
operations for an individual electronic device together
with the cost of the packaging oftentimes far exceeds the
cost of the electronic device itself. There has 1long
existed, therefore, a recognized need for a less expensive
method for hermetically sealing electronic devices from the
external environment; and also, a need for being able to
electrically test them in an economically efficient manner.

Additionally,' due to the complexity of the assembly, such
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environnent; and also, a need for being able to electrically test

an economically efficient manner. Additionally, due to the

ty of the assenbly, such 3 operations have lead to a device

which is preferably hernetically packaged for use due to its sensitive
and whi ch has been commonly packaged in a manner such as that set
forth above, is a surface acoustic wave (SAW device. SAWdevices are well
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Qﬁw devices are well known in

the art and are extremely useful in a number of different
applications, including highly accurate and stable band
pass filters and oscillators opefating from tens of MHz to
beyond 1 GHz.

Environmental contaminants can cause SAW devices to
seriously malfunction, often to the point that they are
rendered useless for their intended purpose. For example,
contamination of a SAW device can change the acoustic wave

propagation velocity and increase attenuation through the

SAW substrate. For SAW devices, any change in velocity

results in frequency shift, and an increase in attenuation

results in increasing insertion 1loss. Thus, hermetic

packaging for each individual SAW device has routinely been
utilized in order to ensure that the surface of each device
is kept free of contaninants that could reflect or
otherwise interfere with propagating surface acoustic wave
energy.

As stated above, however, fhe known methods for
hermetically encapsulating electronic devices (such as SAW

devices) have proven expensive and can result in the
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otherwi se interfere-with propagating surface acoustic wave energy. As
stated above, however, the known nethods for hernetically encapsul ating
el ectronic devices (such as SAWdevi ces) have proven expensive and-can
result in the 4 production of unitsgwhich are often undesirably large in
size. It is, therefore, a primary object of the present invention to
provide a new and effective nethod for the sealing and electrical testing
of electronic devices; and particularly for surface acoustic wave devi ces.
It is al soprodugtdein off t haitsvehichn dre psbveeundasdbhiplgodarefe i in ent
met hod capabl e of producing either a hernetic package or a nonhernetic
package, wsiizleaver is desired in a particular instance, for an electronic
device. It is additionally an object of the invention to provide a nethod
for produci ng aMurfiace tharefaxswpaai [pringsy cebikcth o thepaxesentsi ze.
SUMVARY OF THE | NVENTI ON The present invention provides a nethod of nass
seal i ng andnVehtinp etecbroviideday i e, andcleffientivR Bethadoffox| fhe
initially aligning a cover wafer haying a plurality of electrically
conduct i ve SSadndit 2ndcpLertBierl ateptingi of SlegteonigidevdSRtieand

supported at Suhstrate . .
PP paf%lcu arf§ for surface acoustic wave devices.

It is also an object of the invention to provide a
highly cost efficient method capable of producing either a
hermetic package or a nonhermetic package, whichever is
desired in a particular instance, for an electronic device.

It is additionally an object of the invention to
provide a method for producing a surface mount compatible

device which is compact in size.

SUMMARY OF THE INVENTION

The present invention provides a method of mass
sealing and testing electronic devices, including the steps
of:

(a) initially aligning a covér wafer having a
plurality of "electrically conductive elements therein over
a. plurality of electronic dévices supported at a substrate
wafer;

() next both:

(i) sealing each electronic device by bonding
the aligned cover wafer against the substrate wafer; and,
(ii) forming an electrical communication between

the electrically conductive elements in the cover wafer and



waf er; (b) next both: (i) sealing each electronic device by bonding the

al i gned cover wafer against the substrate wafer; and, (ii) forming an

el ectrical communication between the electrically conductive elenents in

t he cover wafer and 5 the el ectronig devi ces supported at the substrate
wafer; and, (c) finally testing t he plurality of sealed electronic
devices. An optional solder coating may be provided on an outer side of the
cover wafer, before the testing step, in order that the finished package

will be conveniently ready for a subsequent sol der attachnent operation
during nexttheveleatzoniky devicedurssppdheedr aterithe nswpstoatal watgrovi des
arelatively small, surface nount conpatible, hernetically seal ed package

for a surfaRdacoustic wave device formed in accordance with the method
just set forth. The invention additionally provides a wafer |evel Eackage
conprising a sub§€}lat Einaldy ankestbngralths ofPlarak¥tehi c ofevi 883ledhe

el ectronic devices are _supported by the substrate wafer. A cover wafer is
bonded agai fkeCtRenNiGhdeVAERSWaf er over the el ectronic devices. A grid of a

bondi ng nateriaIALaggéiégg ”Sélgérqéégﬁhﬁétéhﬁ’E%‘ﬁiégﬁé%d on ;n outer
side of the cover wafer, before ﬁhe testing step, in order
that the finished package will be conveniently ready for a
subsequent solder attachmen£ operation during next-level
assembly proéedures;

The present invention also provides a relatively
small, surface mount compatible, hermetically sealed
package for a surface acoustic wave device formed in
accordance with the method just set forth.

The invention additionally provides a wafer level
package comprising a substrate wafer and a plurality of
electronic devices. The electronic devices are supported
by the substrate wafer. A cover wafer is bonded against
the substrate wafer over.the electronic devices. A grid of
a bonding material layer (alone, or along with one or more
additional layers, such as a layer of a barrier material)
is patterned upon the substrate wafer and/or the cover
wafer in a manner separating each one of the electronic
devices supported by the substrate wafer from the remaining
of the electronic devices supported by thé substrate wafer.
The bonding material and the cover wafer aid in forming a
seal for substantially each one of the electronic devices
at the wafer level. A plurality of electrically conductive

elements are provided in the cover wafer. The electrically



addi ti onal |ayers, such as a layer of a barrier material) is patterned upon
the substrate wafer and/or the cover wafer in a manner separating each one
of the el ectronic devices supported by the substrate wafer fromthe
remai ning of the electronic devices supported by the substrate wafer. The
bondi ng material and the cover wafer aid in formng a seal for
substantially each one of the electronic devices at the wafer |level. A
plurality of electrically conductive elements are provided in the cover
vafer. The GRIffiddiAl | 1 emefie OBYUC Y Co PLAERILS) AEBmANSLER, HrCalin
comuni cation wth the electronic devices at the wafer |evel. BRIEF
DESCRI PTI OHF oildetRMAINGR i il @utl fife dvstdle Te@sS: sectional view of an
el ectronic device in a seal ed package, as constructed in accordance with an
enmbodi mrent of the present invention. Figure 2 is a view fromthe bottom of
t he device substrate, prior to its attachnent to the cover substrate.
Figure 3 is a view fronBRIEFt DESORIPIEONOREI THEDPRAWINGSPrior to its
attachnment to the device substrate. Figures 4(A) through 4(D) show a
sequence of proceEpars eps dfs ara erdiicle nentossofsddiei o hodvidw T hef prasent
I nvention, which steps together are useful for econom cally producing
rel ativel y ssegirenictdeviiceddn cesealeapadkadgekagss cafishruct®dhins a
plurality of relatively small '

accordance with an embodiment of the present invention.

Figure 2: is a view from the bottom of the device
substrate, pfior to its attachment to the.cover substrate.

Figure 3 1is a view from the top of the cover
substrate, prior to its attachment to the device substrate.

Figures 4(A) through 4(D) show a sequence of process
steps of an embodiment of the method of the présent
invention, wnich steps together are usgful for economically
producing relatively small electronic devices in sealed
packages.

Figure 5 shows a plurality of relatively small
electronic devices in sealed ﬁackages produced by the
method depicted in Figures 4(A) through 4(D).

Figure 6 is a side cross-sectional view of a cover
substrate aligned with a device substrate prior to bonding
the two substrates togéther' by way of a solder grid
patterned upon them, as taught by the present invention.
Suitable materials comprising the cover and device

substrates are detailed hereinafter.



el ectroni c devices in seal ed packages produced by the nethod depicted in
Figures 4(A) through 4(D). Figure 6 is a side cross-sectional view of a
tover substrate aligned with a device substrate prior to bonding the two:
substrates together by way of .a solderggrid patterned upon them as taught
by the present invention. Suitable materials conprising the cover and
device substrates are detailed hereinafter. 7 DETAI LED DESCRI PTI ON OF
THE PREFERRED EMBODI MENT I'n accordance mnth the present |nvent|on t he cost
i ‘ R¥ EMBODIMENTevi ces and
of electrically testing each deV|ce S S|gn|f|cantly reduced over the prior
art by making uskn @fcqmsiamermmnmg's&bmﬁglaﬁen@ll@%rtbel ceshnerdi on at
the wafer level, and by using substrates with hernetically seal ed and
el ectrical Iqﬂmmﬁ;aﬁamgnlwmbscallywemd packageguEer oplecteeniet ed by
making use of final electrical testing with wafer probe test technigues
before di cidRY19%% ai 2RA of Ofhe el pe&mdicad 1ar etr?é&lrtﬂascﬁ?%d deyiceni tFal

reference to r ure, 1 illust s, an el ectronic
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wafer level, and by using substrates with hermetically

sealed and electrically conductive via holes. Further,
cost reduction is effected by making use of final
electrical testing with wafer probe test techniques before
dicing. . |

Details of the iﬁvention are next described with
initial reference to Figures 1, 2 and 3. Figure 1
illustrates an electronic device in a sealed package, as
constructed in accordance with an embodiment of the present
invention. Figure 2 is a view from the bottom of a device
substrate, prior to its attachment to a cover sﬁbstrate.
Figure 3 is a view from the top of the cover substrate,
prior to its attachment to the device substrate.

A hermetically sealed package containing an electronic
device, made in accordance with the method of the invention
and as shown in the Figures, includes a device substrate
wafer 11 supporting an electronic device 13. The device
substrate wafer 11 may suitably be comprised of qﬁartz, and
the electronic device 13 may be a surface acoustic wave
(SAW) device. The device substrate wafer 11 is covered
with a cover substrate wafer 15, which 1is capable of

providing a hermetic seal. A suitable material for forming



Figure 3 is a viewfromthe top of the cover substrate, prior to its
attachnment to the device substrate. A hernetically seal ed package

contai ning an el ectronic device, nmade in accordance with the method of the
i nvention and as shown in the Figures,ginclutles a device substrate wafer 11
supporting an electronic device 13. The device substrate wafer 11 may
suitably be conprised of quartz, and the electronic device 13 nmay be a

surface acoustic wave (SAW devi ce. The device substrate wafer 11 is
covered Wi tduch CAVEaFowedSisidist radleer wdBerWish iiss gapiiles 6F Hadmidg a
hernmetic seal. A suitable material for formng 8 such a cover substrate

waf er 15 i snatdnil O{ACpariticulairdlyi ssuitalpbet matlediiny Sis tabltgpentefial is
a type of FOTOCERAM ( Trademark of Corning d ass)). The materials just

di scussed HOTQCERAM Ul(Zrhyjepapik foff Oseningt Bl gsx)lage Thet hmatewkals on;
however, other suitable materials may be used instead. It should be noted

t hat a pol yinst ditsmissedrare pagiicoled lye gpod forpusei kg the package

waf er) in making the package of the present invention. Polyners, which are
not regar def dheskrentinns draneikpheroither skirable materiakd way e
attractive si nce t hey are general ly inexpensive. Although a pol yner
material mBFDtLIBFERRE ¢ he achi evenent of a hermetically seal ed package,

the polymer coul g ney el S5 nBEY' 4508 Rollirart CRafERLLT" nady 18"
employed (e.g.;, comprising a substrate wafer) in making the
package of tﬁe present invention. Polymers, which are not
regarded as usable for forming hermetic seals, are
particularly attractive since they are  generally.
inexpensive. Although a polymer material may not allow the
achievement of a hermetically sealed packagg, the polymer
could nevertheless provide good protection against certain
particulates. Thus, it may be preferable to utilize a
polymer material where a hermetic seal is not required.

The device substrate wafer 11 is attachéa to the cover
substrate wafer 15 by way of a grid of solder strips 17..
The solder strips 17 are bonded to both the device
substrate wafer 11 and the cover substrate wafer 15, as can
be seen in Figures 2 and 3 respectively. 1In addition to
bonding the two substrates 11 and 15 together, the solder
strips 17, as shown in Figure 1, additionally serve to keep
the surface of the cover substrate wafer 15 slightly
separated from the surface of the devicé substrate wafer
11, upon which the electronic device 13 is located. A
layer of a separator material between the substrate and the

solder also can be used for aiding in such separation



particul ates. Thus, it may be preferable to utilize a polyner materi al
where a hernetic seal is not required. The device substrate wafer 11 is
attached to the cover substrate wafer 15 by way of a grid of solder strips
17. The solder strips 17 are bonded tagboth the device substrate wafer 11
and the cover substrate wafer 15, as can be seen in Figures 2 and 3
respectively. In addition to bonding the two substrates 11 and 15 together,
the sol der strips 17, as shown in Figure 1, additionally serve to keep the

surface of (tiha covep seBatiaic ¥Réergistshbahtbyrwepar alrd fdunadhgsurface
of the device substrate wafer 11, upon which the electronic device 13 is

located. wAfledyqr. of Theepapatatorit Biyad Relwess tdemprilsdd abe ay the

sol der al so can be used for aiding in such separation 9 (i.e., to
control tsaitadlanceatéeisaken tihre iagbahcete wikfrer sSthe séparatpar air
| ayer can be conprised of any suitable material. I n-instances where the

separ at or ionlgniytiitizedefiotosepapartdicdmpyurpesss s, wikhbubtit asmyy althesr
speci fic performance denmands pl aced upon it, the choice of materials for
fornming it seecifigmerfymante denandh@laced apen i, rthe o refl to
have the separator |ayer act as a barrier, thus a separator/barrier |ayer
18 may be MIterAadlsasTekofierming glfecan beyarisen hkrady al 37 ATHF ni ng
barrier layers may be enployed _in the invention, As exanples, tungsten or
ni ckel Comyyqﬁgqﬁéﬁj;q1qq¥. ge51red to have the separator layer “act
as a barrier,. thus a separator/barrier layer 18 may be
utilized as shown in Figure 1. Any known materials for
forming barrier 1a§ers may be employed in the invention.
As examples, tungsten or nickel could be used in forminé
the barrier layer. It is to be noted that more than one
separator/barrier layer may be utilized. As can be
discerned from Figure 1 and the description just set forth,
it is contemplated that multiple layers may be formed upon-
either of the substrates; additional layers not
specifically described herein may be employed as needed
utilizing any suitable layer materials Xknown in the art
which are acceptable for accomplishing the desired
purposes.
Conductive vias (also referred to as conductive
through holes) 19 extend through the cover substrate wafer
15. Solder terminals 21 associated with the conductive
vias 19 are bonded to solder terminals (also referred to as
bonding pads) 23 of the electronic device 13. Such
electrical interconnection of the electronic device 13 to

the vias 19 is desirable so that the electronic device can

communicate electrically outside of the package, defined by



the barrier layer. I't is to be noted that nore than one separator/barrier

|'ayer may be utilized. As can be discerned fromFigure 1 and the
description just set forth, it is contenplated that nultiple |ayers nmay be
formed upon either of the  substrgpes; > additional | ayers not

specifically described herein may be enpl oyed as needed utilizing any
suitable |layer materials known in the art which are acceptable for
acconplishing the desired purposes. Conductive vias (also referred to as
conduct i ve the duih swhsktyate waders and meidencoenderoncesseal thodias 15.
Sol der termnals 21 associated with the conductive vias 19 are bonded to
sol der ter ReRN SquRketeds &y ¥avt 0fasxberarAgepagsyical erphBadee2d s onic
device 13. Such el ectrical, interconnection_of the electronic device 13
to the viastoordegestPaRrEifie hat Repnetictldli SeptEte dCXACCo MR cat e
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el ectrical term.nal 5. .ln order _to praovide a_ _herpeti,cally. seal ed.device,
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It is noteworthy that the separator/barrier layers 18
can be usefui in p;eventing elements of the vias 19 (such
as gallium or mercury) from getting into the rest of the
unit.

Importantly, the present invention provides a highly
efficient and effective method for producing sealed
electronie devices as shown and described with reference to
Figures 1 through 3. The method as contemplated by the
invention will now be described, with additional reference
ﬁo Figures 4 through 6.

As éhown in Figure 4(A), a cover substrate wafer 15 is
initially aligned with respect to a device substrate wafer
11. (To avoid any confusion, it should be noted at this
point that the reference numerals 11 and 15 are employed
herein as reference characters for the wafer substrates
both before they have been diced into individual units
(i.e., while sﬁill at the wafer level), as well as after
they have been diced to produce single individual packages
as shown in Figures 1 through 3.) Typically, each of the
two substrate wafers 11 and 15 are three inches in diameter

(though it is to be understood that they may be smaller or



can be useful in preventing elenents of the vias 19 (such as gallium or
mercury) fromgetting into the rest of the unit. Inportantly, the present
invention provides a highly efficient and effective method for producing
seal ed el ectronic devices as shown andjflescribed with reference to Figures
1 through 3. The nethod as contenplated by the invention will now be
described, with additional reference to Figures 4 through 6. As shown in
Figure 4(A),, a cover substrate wafer 15 is initially aligned with respect
to a devi cda¥@eRMr-at e iR¥er ARViQero SBREFaLR HHfRSi ot i SURPREFS R noted
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SAW devices 31:are aligned with the conductive vias 19 (See
Figure 4(A))-or pads connected to the vias.

The cover suﬁstrate wafer 15 is then bonded to the
device substrate wafer 11 by a suitable means, as shown in
Figure 4(B). Preferably, the bond is formed between a grid
of gold solder strips 33 previously formed upon the device
-substratejwafer 11, about the SAW devices, and a similarly
patterned grid of indium solder strips 35 previously formed
upon the cover substrate wafer 15, about the via contacts
19; The bond is preferably a hermetic solid 1liquid
interdiffusion (SLID) bond formed between the gold and
indium layers. Details of the bonding are discussed below.
By way of such bonding, a hermetic sealing of the SAW

" devices 31 is thereby effected.

Simultaneously with the bonding step, just set forth,
electrical connections are made between thé SAW devices 31
in the device substrate wafer 11 and the adjacent
conductive vias 19 in the cover substrate wafer 15. As
shown in Figure 4(C), the resﬁlting "sandwich" wafer can
then be electrically tested to desired _elecﬁrical

specifications, from the cover side, by way of a



The wafers are thus ‘ali-gned so that contacts of each of the SAWdevices 31
are aligned with the conductive vias 19 (See Figure 4(A)) or pads connected
to the vias. The cover substrate wafer 15 is then bonded to the device
substrate wafer 11 by a suitable neansi2as shown in Figure 4(B).

Preferably, the bond is fornmed between a grid of gold solder strips 33
previously fornmed upon the device substrate wafer 11, about the SAW
devices, and a simlarly patterned grid of indiumsolder strips 35

previ ousl y ¢enventipoaltaetonabic svwter ppechefstatiton abbut Tthdsvita bentact s

19. The bond is preferably a hernmetic solid liquid interdiffusion
(SLI D) bondnebedethptt wuch tiestdod isncanniiadnoulycat. tivet waferofeved
bondi ng are di scussed bel ow. By way of such bonding, a_ hernetic sealing of

the SAW dev(ieg-31bpEorpethpywafesstage Sinadt anégusngllwmﬁaﬂ-hgaglsaqeng
step, just set forth, electrical connections are nade between the SAW
devi ces 31 WRLERE-device substrate wafer 11 and the adjacent conduct i ve

Veoul ting " sanduRLEn Ftaretise (i FHETER ALPS calthy MELASKE | biroBtft 3
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convent fénﬁ %shéﬁﬁsgai% 5%?8% Seif %ﬁﬁx%%tﬁ?*aﬂ“gs&%ﬁ&eeélfﬁgs such
testing Is g‘:‘ Shqur v}rge Waf'?ﬁel ef’é'éufﬁn‘?g HEhEE dd18 y'akehi o' ©

diced into |n IVI
electrlcally tested, and diced hermetlc packages 45, each

containing a SAW dev1ce, are then complete and ready to
ship as shown in Flgure 5. Each three inch diameter wafer
pair, 11 and 15, is capable of yielding a few hundred
devices.
~ An optional soldér coating (plate or wave soldering)
may be formed on an outer side of the cover wafer, before
the testing step, in order that the finished package will
be convgniently ready for a subsequent solder attachment
operation during next-level assembly procedures. Providing
the solder coating prevents users of the package from
having to provide solder for each individual unit at a
later time when it is desired to employ the units in such
next-level assembly procedures. It should be appreciated
that it is much simpler to provide such a solder coating
while at the wafer level as opposed to applying it for each
of the many individual units which are ultimately made.
Suitably, the solder layer or plate is provided on an outer
side of the external terminals 25.
It is important to the process just set forth, to

select for the cover substrate wafér 15 an electrically



units). Wth reference to Figure 4(D), the wafers 11' and 15 are
subsequent |y di ced using conventional substrate dicing saws (not shown).
The resulting hernetically sealed, electrically tested, and diced hernetic
packages 45, each containing a SAMVdevige, are then conplete and ready to
ship as shown in Figure 5. Each three inch dianeter wafer pair, 11 and 15,
I's capable of yielding a few hundred devices. An optional solder coating
~(plate or wave soldering) may be fornmed on an outer side of the cover

waf er, bef giotiddiidASivdIOnatepial nwbridey poesesbesl thethad paorkageion! | be
conveniently ready for a subsequent solder attachnent operation during
next - | evel charardiier jimtuicsiuicdoselyovmditehinge thedethermal ngexpaveidrs users
of the package from having to provide solder for each individual unit at a
later tinechizaradteristisss refl theedeviyet rmibstitate rwalieh Adxt - [2\GAW
assenbly procedures. It should be appreciated that it is nuch sinpler to
provi de sudlesenajlarrusing ian Shidut guarke water| e examplrsdihs A
applying it. for each of the many individual, units which are ultimtely
made. Sui t dgineax Wé’%‘ﬁielexlpéi@rl%‘r cpefifdaient; ofi ddd7oRPBPSYItIRIESRle of

t he external tefn1nals 25. It is, inportant to the process just _set, forth,
to sel ect LSS cdPerthqpd: Ais \rXEPQr H%'%mpé’l"“ec&"? cQ‘FB}J Galsius

perpendicular to the X axis of the crystal. Some types of
glass-ceramic - products having a thermal expansion
coefficient of 12 ppm per degree Celsius match the ST cut
quartz wafer reasonably well. A type of FOTOCERAM
(Trademark of COrning Glass), for example, is one such
suitable product.

Additionally, in instances whére it is necessary to
produce a hermetically sealed package, it is important to
ensure that the cover substrate wafer 15 has hermetically
sealed conductive vias 19 therein to connect the electronic
device 13 within the package to-the outside electrically.

| Also with regard to the above process, it is important
that the bonding together of the two wafers 11 and 15 be
carried out- at a relatively 1low temperature so that
potential thermal stresses incurred upon cooling, due to -
any mismatch in the thermal expansion characteristics
.between them, will be kept to a minimum. It is
additionally important to produce a bond with a high
melting temperature so that the bond, once formed, will not
subsequently melt in later assembly processes (e.g., a

later surface mount process on a printed circuit board).



nonconductive material which possesses thermal expansion characteristics
closely matching the thermal expansion characteristics of the device
Substrate wafer 11. A SAWresonator using an ST cut quartz wafer, for
exanpl e, has a linear thernmal expansi oxd coefficient of 13.7 ppm pet degree
Celsius in the X axis and 10.2 ppm per degree Cel sius perpendicular to the
X axis of the crystal. Sone types of glass-ceramc products havi ng a
t her mal expansion coefficient of 12 ppm per degree Cel sius match the ST

cut quartz wafef, peasanmie gold, it i 'cbyx@empgtateaoisgcat?é%faééﬁ@ﬁark
Uuct.

of Corning G ass), for exanple, is one such suitable pro Addi tional ly,
I n i nstancetnvéiet font toS dticafsiaish t eher ddndE ny Nestwéen abl Yyslen! §did
package, it is inportant to ensure that the cover substrate wafer 15 has
her meti cal |patseateed capotic bnee of ashd Istibeteabet waferse@nd hen eingivani C
device 13 within the package to the outside electrically. Also with regard
to the abowgrid goatsernédi gsponptheéaothéhavft tike bowdi sgbsbgataevabérshe t wo

wafers 11 and 15 be carried out at a relatively |ow tenperature so that

potential thigwee 6tissacsideccress-spohienalivijewda aocengmptsaaveh in

the thermal expansion characteristics between them wll be kept to a
mninum  syestratedaldoprgl My thmsorquanta dleiinr ceksborte WrHos KPgh

L9 el une e Al s hnt, VER R ik LoRChueHOsElE Y
printed Cir&%iésbqgég%érﬁed upon them. Preferably, for ease of
processing, the gold .grid is formed upon the substrate
wafer which supports the electronic devices and the cover
substrate wafer is patterned with the indium grid. Wwhen
the two substrate wafers 11 and. 15 are put together under
a dry gas (e.g9., hydrogen or nitrogen) or vacuum, and
heated, the indium melts at 155 degrees Celsius and begins
to mix with the gold. When the gold concentration is high
enough, the melt passes through a phése transition and
becomes solid (Attention is héreby directed to: L.
Bernstein, "Semiconductor Joining by the Solid-Liquid-
Interdiffusioh (SLID) Process: 1. The Systems Ag-In, Au-
In,. and Cu~In," 1in the Journal of the Electrochemical
Society, Vol. 113, No. 12 (December 1966) at pages 1282 -
1288) . After this solid is annealed, and with a proper
ratio of gold and indium (e.g., 30 to 40 percent weight of
indium), the bond will not melt below 400 degrees Celsius.
Such bond melting temperature is considerably higher than

the normal printed circuit board soldering temperature

which is less than 250 degrees Celsius.



14 To neet these goals; it is contenplated by the present invention to
acconpl i sh the bonding between a gold grid patterned upon one of the
substrate wafers and an indiumgrid patterned upon the other of the two
substrate wafers. Figure 6 is a side cggss-séctional view of a ceramc
cover substrate aligned wwth a quartz device substrate prior to bonding the
two substrates together by way of such solder grids patterned upon them
Preferably, for ease of processing, the gold grid is fornmed upon the
substrate waf er Mhité tapper notiede tadrt tivai codeepteofarthe hinvenkion
substrate wafer is patterned with the indiumgrid. Wien the two substrate
wafers 11 &ah PE.sg bepextepdedhser ehgctrandecydguices. fhathgdrogbmeed
nitrogen) or vacuum _and heated, the indiumnelts at 155 degrees Cel sius
and begi ns ¥ hexserird hexmgaticaiian t h&ng&urit ot cEAtLat MATFS seas hy
enough, the nelt passes_through a phase, transition and becones, solid
(Attention R%"‘F%?g?@ IRVLRE kPSS eAPenRiYR (A keT 1ak$ e deRr 115878 hg by

t he Solid-Lj id- |Int diff i SLI D) P - 1.. The Syst Ag-1n, Au-
I and OuS9F - exauple. NATHEIMESAG v ias . CoNIonPeal SBBIPERS, vand 113
No. 12 (De 966 = 1 ) ft t hi id-

Mnear ol ” BaRhes 8 SRableoPRiE0odald bl Bill, el e 'diRaERLLL ® e

t . . H ’ H b 0 s
el o1 us. Uopi AT nodea Mg Mho DbeifElon Bnfi"bd HndtOredSin
normal pringpsogi 6£UbkieRRG AOLHSALNGE! eTBEERbHIE PALKAgiRg.eSS than 250

degrees Cel'si us.

It is to be understood that the foregoing description
is primarily inte&ded to be exemplary, in particular to
provide the preferred embodiments of the invention as
contemplated by the inventors, and is _not méant to be
limiting. Accordingly, varibus changes and modifications

may be made without departing from the spirit and scope of

the invention, as defined by the appended claims.



15 It'is to be noted that the concept of the invention can also be extended
to el ectronic devices that do not need to be sealed hernetically. I n such
a case, nore easily processed and/or |ess expensive materials can be
utilized; for exanple, nonhernetic viasg could be enpl oyed, and pol yneric
materials could be used for the substrates. It shouid also be moted that

the invention can be enployed in place of existing oni c
packaging. It is to be understood that the foregoi rlmmﬁm Iml Imlﬂm[
prinmarily intended to be exenplary, igrRfmagicular to prrovicde®the preferred
enbodi nents of the invention as contenplated by the inventors, and is not

meant to bertijgtél@imégeordingly, various changes and nndifications may be
made without departing fromthe spirit and scope of the invention, as

defined by the appendedmétRodBof makte CedlINhd tand tdstimg: electréni®t hod
of mass sealing and testing el ectronic devices, conprising the steps of:

(a) I ni tidevices) i gompgisingothe adéps ba@ving a plurality of
el ectrically conductive el enents therein over
(a) initially allgnlng a cover wafer hdving a
plurality of electrically conductive elements therein over
a plurality of electronic devices supported at a substrate
wafer;
(b) next_botp:
(i) sealing each electronic device by bonding
the aligned cover wafer against the substrate wafer; and,
(ii) forming an electrical communication between
the electrically conductive elements in the cover wafer and
the electronic devices supported at the substrate wafer;
and,
(c) finally testing the plurality of sealed

electronic devices.

2. The method of claim 1 further comprising a step, .
subsequent to step (c), of dicing the bonded wafers into a
plurality of sealed packages each containing a tested

electronic device.

3. The method of claim 2 wherein the steps (b) (i)

and (b) (ii) both take place essentially concurrently while

at the wafer leéevel.



a plurality of electronic devices supported at a substrate wafer; (b) next
both: (i) sealing each el ectroni.c device by bondlﬁgﬁ{he—aLLQHEd_QQMQ_ waf er

agai nst the substrate wafer; and, (ii) formng an ni-cation
between the electrically conductive el ggents™in th m ﬂ}m m the
el ectroni c devices supported at the substrate wafer;s

testing the plurality of sealed electronic deV|ces . The nethod of
claim1 further conprising a step, subsequent to step (c), of dicing the

bonded wafers ingo a phar akkhpdobfsedladsh mmiﬁmﬁom&ai Ahéd udekest ed
el ectroni c device. 3. The met hod of claim2 wherein the steps (b)(i) and

(b)(ii) bota wakerppzobeceleotrith} testingerkkchndlgues at the wafer |evel.
17 4. The nethod of claim 3 wherein step (c) includes a wafer probe
el ectrical testing technique. 5. The net hod of claim3 wherein the cover
waf er conprises an electrically nonconductive material having thermal
expansi on char acBeri sThes mgthddarof ocilpdm Her whereipatdieorcever avaderst i cs
of the substrate wafer. 6. The met hod of claim5 wherein the substrate
waf er comprises an electrically nonconductive material* having
thermal expansion characteristics similar to the thermal

expansion characteristics of the substrate wafer.

6. .The method of claim 5 wherein the substrate wafer

is quartz and the cover wafer is glass-ceramic.

7. The method of claim 5 wherein sealing step (b) (i)
results in the formation of a hermetic seal abcut each of

the electronic devices.

8. The method of claim 7 wherein the plurality of
electrically conductive elements. in the cover wafer
comprise hermetically sealed conductive vias which are

adapted to connect the electronic devices to external

electrical terminals.

o



Is quartz and the cover wafer is glass-ceramc. 7. The nethod of claim5
wherein sealing step (b) (i) results in the fornmatiomrof—a hernmetic seal

about each of the electronic devices. 8. The nme erein
the plurality of electrically conductiyvg el efrent s1|]ﬂ“| ﬂ"mﬂ !llmmg
conprise hernetically seal ed conductive vias which=*are adaptec¢ te@ connect
the electronic devices to external electrical tern nals. 18 9. The

met hod of claim 3 wherein the sealing step (b)(i) is carried out at a

relatively | ow tenmpergiair feREAduiti RY afk Ch Ghepeline thovedNdlRf $Gep
attached to the substrate wafer by a grid of solder strips patterned about
each el ect ribafiyels cearrbedeontpatt ar Melgtdivelye lpw temperstturessl and pri or
to the sealing step (b)(i); and wherein said relatively |ow tenperature is
| ess than 200rideyr ebsiclel stap. e Towvert wadewf I$aiahtRckest eito ttiregrid
of solder strips maintains a separation between the substrate wafer and the
cover waf ersubisitrate watfendoyfa cirid of vielden steipspatterned abyyt)
results in the formation of a hernetic solid liquid interdiffuysion bond.

12. The neteagh otlecbrical davieps whersdnnpatdersing |afydhe 19 i disf usi on
bond is fornmed between a gold grid )
carried out prior to the sealing step (b)(i):; and wherein

‘said relatively low temperature is less than 200 degrees

Celsius.

10. The method of claim 9 wheréin the grid of solder
strips maintains a separation between the substrate wafer

and the cover wafer.

11. The method of claim 9 wherein the sealing step

(b) (i) results in the formation of a hermetic solid liquid

interdiffusion bond.

12. The method of claim 11 wherein the hermetic solid
liquid interdiffusion bond is formed between a gold grid
patterned upon one of the wafers and an indium grid
patterned upon the other of the t-wo wafers; wherein
patterning of the grids is carried out prior to the sealing

step (b) (1).

13. The method of claim 9 wherein the recited dicing
step comprises dicing the bonded and tested wafers down

center lines of the grid of solder strips.



patterned upon one of the wafers and an indiumgrid p u o\the\'
other of the two wafers; wherein patterning of the gr ’g/i WH

prlor to the sealing step (b)(i). 13. The nmethod of cl ai Iﬂﬂ
recited dicing step conprises dicing thg bonded and tested vvaf ers *dotwn
center lines of the grid of solder strips. 19 14. The nethod of claim 13
wherein the seal formed by the sealing step (b)(i) is a hernmetic seal. 15.

The method of cl ajm lfnuhgeei Satde &lLni r@%éieafnp%@r&aaurffoaﬁ@dawustl c
| e

wave devices. 16. Arelatively small, surface nount conpatib
hermeti cal | ynseabgdingckaap f(ey (3)susf achedmettsld Gesave devi ce formed in
accordance with the process of claim 15. 20 17. A wafer |evel package

conprising: a substrate wafer and a plurality of el ectronic devices,
wherein said el ectronic devices are supported by said substrate wafer; a
cover wafer bonda8.agallnet methddsdfstchd tmwakewhemsirsatheelederctaondc
devices; a grid of bonding material patterned upon at |east one of said

waf ers in adesuiges sepasarifagecacoustdcowayve deslimes.oni ¢ devi ces supported
by said

16. A relatively small, surface mount compatible,
hermetically sealed package for a surface acoustic wave

device formed in accordance with the process of claim 15.



‘substrate wafer fromthe remaining of said el ectronic devices supported
t hereby; wherein sai'd bonding material and said cover wafer aid in

forming a seal for substantially each one of sﬂmmuﬂ“nﬂmﬂ ﬂ i ces at
the wafer level; a plurality of electrically condh® u n said
cover wafer, wherein said electricallyqpgonductive el efrents "faré i

el ectrical comunication with said electronic devices at the wafer |evel.

18. The wafer |evel package of claim 17 wherein each of said substrate

wafer and said cever waheited el afel epatxage comprisdng:19.a Thebusigtel evel
package of claim 17 wherein the seal is a hernetic seal; and wherein the

cover waf erwagapr af@s aaplelreglitycad YeTerooniilict daei cas prviadrabni sgidher mal
expansion characteristics simlar to the thermal expansion characteristics
of the subseilattroafier demideshare rsugmyiad &y tyadd substratel wgfer:
conductive elements in the cover wafer conprise hernetically seal ed,
conducti ve &iaever wafeg(bornded vadainst\adidanikafratie vafien eyewneadn t he
el ectroni c devices are surface acoustic wave devices. 21, The nethod of
clai m 3 furehectzomic devicest ep pridr afo kanding)makerdrki RgtEesvrder
I ayer on ap outer side of one of said wafers faqr subsequent use in,solder
attachnent PP8Bedfy ekeast one of said wafers 1in a manner separating
each one of said electronic devices supported by said
substrate wafer from the remaining of said electronic
devices supported théreby; wherein said bonding material
and said cover wafer aid in forming a seal for
substantially each one of said electronic devices at the
wafer 1level; a plurality of electrically conductive
eléments in said cover wafer, wherein said electrically
conductive elements are in electrical communication with

said electronic devices at the wafer level.

18. The wafer level package of claim 17 wherein each

of said substrate wafer and said cover wafer are at least

one inch wide.

19. The wafer level package of claim 17 wherein the
seal is a hermetic seal; and wherein the cover wafer
comprises an electrically nonconductive material having
thermal expansion characteristics similar to the thermal
expansion characteristics of the substrate wafer; and
wherein the plurality of electrically conductive elements

in the cover wafer comprise hermetically sealed conductive

vias.



22, * The method of cIa|n110 further conprising a nultiple layer grid,
‘ Wherein said solder strips conprise at |east one |ayer- —of saird-grid; and

"wherein said-nultiple |ayer grid addi tional ly. Jﬂ""ﬂﬂﬂﬂ Iayer
wherein said barrier layer at least in part aj 'ﬂ" ”Wthe
;separatlon bet ween t he substrate waf er 2and the covér haffer.s

20. The wafer level package of claim 19 wherein the

electronic devices are surface acoustic wave devices.

21. The method of claim 3 further comprising a step
prior to step (c¢) of forming a solder layer on an outer

side of one of said wafers for subsequent use in solder

attachment procedures.

22, The method of claim 10 further comprising a
multiﬁle layer grié, wherein said solder strips comprise at
least one layer of said grid; and wherein said multiple
layer grid additionally includes a barrier layer, wherein
said barrier layer at least in part aids in maintaining the

separation between the substrate wafer and the cover wafer.

" -



