WD 2006/ 019674 PCT. OF MANUFACTURI NG A PLURALITY OF
ELECTRONI C ASSEMBLI ES BACKGROUND OF THE I NVENTION 1). Field of the

I nvention 5 -[0001] This invention relates generally to a method of
manufacturing a plurality of electronic assenblies, and r i fically
to i rrprovmg?"é/ql??” abrication at water level. 2). Di scag%f@ﬁ&gﬁ%ﬁy at ed
Art 10 [0002] Integrated circuits are usually manufactured in and on

sem conductor wafers. Such an integrated circuit has mllions of tiny

el ectroni ¢ conpongnt | ' cit | odes that are
I nt er connect ed wﬁmwéiMmﬁmigédAﬁmﬂ One wafer
typically has an array of o G-SRCENI ' hereon. The 15 wafer
was i s then "singul ated" gplﬁg'llﬁce " by SJ%?&EI ng a SIade t hrough scri be
streets between the integrated circuits, thereby separating the wafer into
the individual dice. Each die is then separately nounted to a respective
carrier substrate for purposes of providing structural rigidity to the die
and to provide power, ground, and signals to and fromthe die. 20 [0004] A

pl ural it g AFKCROSUND OF TEEINVE formed on the integrated circuits
before the wafer i1s singulated. Such termnals are typically sol der bunps

that are_, faf cqQrding to a conventional "controlled collapsed chi
connect " 1}-cAjie ddotat%e(inven on P p

5 [0001] This invention relates generally to a method of manufacturing a plurality

of electronic assemblies, and more specifically to irhprovements in fabrication at

water level.

2). Discussion of Related Art

10 [0002] Integrated circuits are usually manufactured in and on semiconductor
wafers. Such an integrated circuit has millions of tiny electronic components such
as transistors, capacitors, and diodes that are interconnected with conductive
lines, plugs, and vias.
[0003] One wafer typically has an arréy of identical circuits formed thereon. The

15 wafer was is then “singulated” or “diced” by directing a blade through scribe
streets between the integrated circuits, thereby separating the wafer into the
individual dice. Each die is then separately mounted to a respective carrier
substrate for purposes of providing structural rigidity to the die and to provide
power, ground, and signals to and from the die,

20 [0004] A plurality of conductive terminals are formed on the integrated circuits
before the wafer is singulated. Such terminals are typically solder bumps that are

formed according to a conventional “controlled collapsed chip connect” (C4)

1



WO 2006/ 019674 9CT/ US2005/ 024487 process. After the wafer is singulated,
each one of the bunps is placed on a respective contact of the carrier

"substrat s are then reflowed so that they argS§deddsuah! y and
el ectri c@?lzg&@ég&r?ggt ed to the contacts. The process is repeated to connect

each die singulated fromthe wafer to a separate carrier 5 substrate to form
separate el ectronic assenblies. Downstream fabrication is then separately

carr i edoroidbssOmAfeactheseafer as Singlibaéd, Qach oreEhe hpum¥RFIlacddeRE] BRI EF
DESCRI PTI ON OF THE DRAW NGS [ 0007] The invention is described by way of

exanples with referen to the 0 _acc nying draw n wher ej,n:;, [ 0008]

i qur o specyePrBctes The St subeirdiec dBroumps et P ikbionhal At
assenblies that are used for form ng a conbinati on wafer assenbly, according
to an thepade seuctusally hadieledritalbncorireeeg] torihguoontacts.s The piregessiisri | ar to
Figure 1 after the first and second wafer 15 assenblies are connected to

one_angiehgsteliolBhhai HRN'IE sfildititeATrbmRIRe Whtet &F #LBhaOLatREPeC i vel y the

first and secon er asse one anot orm conbi ned
termnalg; [0010] Figure 3 is a viewsimlar_to Figure 2, further
i 11 9st reatbshgtetodpsmesananate alectropie assesblins, DR BstERAm {aBHERRON ifdheRi al | nt o

a space between the conmbined 20 termnals; [0011] Figure 4 is a view simlar
to Fi guepatately carfiedduwbndachepaait®iatronit asmfzmlr%. i[lustrating how
al i gnment between the first and second wafer assenblies

[0005]

[0006] BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The invention is described by way of examples with reference to the

10  accompanying drawings, wherein:
[0008] Figure 1 is a cross-sectional side view of first and second wafer
assemblies that are used for forming a combination wafer assembly, according to
an embodiment of the invention;
[0009] Figure 2 is a view similar to Figure 1 after the first and second wafer

15  assemblies are connected to one another by reflowing the first and second
terminals of respectively the first and second wafer assemblies with one another
to form combined terminals;
[0010] Figure 3 is a view similar to Figure 2, further illustrating a syétem that is
used to introduce an underfill material into a space between the combined

20 terminals;
{0011] Figure 4 is a view similar to Figure 3 of a portion of the combination

wafer, illustrating how alignment between the first and second wafer assemblies



2 WD 2006/ 019674 PCT/ US2005/ 024487 is tested; [0012] Figure 5 is a view
simlar to Figure 2, further illustrating how a device wafer of the first

waf er a ly.is. thinned without the need to | am nate | fer to a
supportiﬁég@ﬂ@%ﬁéte; 5 [0013] Figure 6 is a viewsim IPtéﬁ.ﬁg%b@téﬁ“rszﬂz,

further illustrating how the conbination wafer assenbly is singulated into
a plurality of electronic assenblies; and [0014] Figures 7A, 7B, and 7C are

Vi ews ﬁitggtg&,r to Figure 6, further illustrating packages that can be nade
fromthe electronic assenblies that are singulated out 10 of the

conbi i fer as illustrated [.n Figuire 6. DETAl LED DESCR] PTI ON OF THE
|N\/EN%§@€ oBiesyre & Raview Smilas i Flgsie o ﬁgﬂaerp}ﬁgﬁgﬁ $ "W 8198Vi%ni ¢ devi ces
is provided. Each one of a plurality of first conductive termnals on a

pl ur al whaferasf the tiegywiafed asdémblyrig thirmetiovithoubthemetelMiodaminhter thedirspnnect ed
to a respective one of a plurality of second conductive termnals on a

carrie fer ] a conbination wafer assenbly. The
conbi n@%ﬁg\ﬁa#éb%gggéﬁg%%%gm ngul ated between the integrated circuits to

form separate el ectronic assenblies. Each electronic assenbly has a
r edpecl0¥3] dFiguresris a Vewsindled tp Higure?, Hirtherdllystratioghevetheind a 20 carrier

substrate froma separated portion of the carrier wafer. The process of

f abr | CathBhabloRl AR aSs@fBRIBshiulbfedShiPh plinathyBflefelfbhicadendiiesOd

because the dies are connécted o the carfier substrate at wafer |evel,
i.e., beéore si ngul ati on.
an

[0014] Figures 7A, 7B, and 7C are views similar to Figure 6, further illustrating
packages that can be made from the electronic assemblies that are singulated out

10  of the combination wafer as illustrated in Figure 6.

DETAILED DESCRIPTION OF THE INVENTION

[0015] A method of manufacturing a plurality of electronic devices is provided. -
Each one of a plurality of first conductive terminals on a plurality of integrated

15  circuits formed on a device wafer is connected to a respective one of a plurality of
second conductive terminals on a carrier wafer, thereby forming a combination
wafer assembly. The combination wafer assembly is singulated between the
integrated circuits to form separate electronic assemblies. Each electronic
assembly has a respective die from a separated portion of the device wafer and a

20  carrier substrate from a separated portion of the carrier wafer. The process of
fabricating electronic assemblies is simplified and costs are reduced because the

dies are connected to the carrier substrate at wafer level, i.e., before singulation.



3 WD 2006/ 019674 PCTI U52005/ 024487 The conbi nation wafer assenbly al so
‘allows for an underfill material to be introduced and to cured at wafer

| evel a“ﬁo“ﬁﬁa&@%ﬂf‘i ng of the device wafer at wafer | enmety¥dobdeidlis7 equiring
a separate supporting substrate. Al ignnment between the device wafer and the
carrier wafer can be tested by conducting a 5 current through first and
second conductors in the device and carrier wafers, respectively. [0016]

Fi gur e Theddorhbmaiof0nReeR Mbstanlslyaiéd ditows keisdn ahderfill idtedaltodcond waf er
assenblies 10 and 12 that are dUsed for manufacturing a conbi nati on wafer

To assdiBPyacdt Bt P S n R et e AR R B M e BB The T rot
waf er assenmbly 10 includes a device wafer 14, a plurality of integrated

ci r cui twafesldvel mdthart retjuiritey a sepavatessupprtiagdubspate. aflignmeit conduct i ve

first termnals 18 fornmed on each one of the integrated circuits 16. The

devi ce potRben uld dbPicEifiePind HREBARAMALALaBE Bistdd by UohdRBARL cOn. The

i nt egr at clrcul are typically rdentirc ne ano r. Each
integrated circuit 16 has a multitude of electronic_ elepents such as
tr afsi susrent thrgugh first and seeerd copductors vige afpdicamiareaiei eri al of the

device wafer 14. Each integrated circuit 16 has a plurality of alternating
di el eCtrééé}ﬁeoﬁlvél)ﬂEt al layers fornmed above one another. The netal |ayers are
patterned to formnetal lines that interconnect the 20 el ectronic conponents

|t cor ADBEPIC, P T g borBheufing b Rieh muRRRe b MM s R "

assemblies 10 and 12 that are used for manufacturing a combination wafer

assembly and a plurality of electronic assemblies from the combination wafer

10  assembly, according to an embodiment of the invention.
[0017] The first wafer assembly 10 includes a device wafer 14, a plurality of
integrated circuits 16 formed on the device wafer 14, and a plurality of conductive
first terminals 18 formed on each one of the integrated circuits 16. The device
wafer 14 is made of a semiconductor material such as silicon. The integrated

15  circuits 16 are typically identical to one another. Each integrated circuit 16 has a
multitude of electronic elements such as transistors, capacitors, diodes, etc.,
formed in and on the material of the device wafer 14. Each integrated circuit 16
has a plurality of alternating dielectric and metal layers formed above one
another. The metal layers are patterned to form metal lines that interconnect the

20  electronic components to one another. The first terminals 18 are bumps that are
formed on the integrated circuit and connected through the metal lines, plugs and
vias to the electronic components. The bumps are typically formed according to a

conventional controlled collapsed chip connect (C4) process. The integrated
4



vias to the electronic conponents. The bunps are typically formed according
.to a conventional controlled collapsed chip connect (C4) process. The

i nt egratw@z{}%x&%(g%lm%m PCTI US2005/ 024487 circuits 16 are separated
from one another by scribe streets 20. A netal guard ribfgd/USAGY024483wn)
typically surrounds each integrated circuit 16 to protect the respective
integrated circuit 16 from del am nati on during downstream sawi ng or ot her

si ngul ﬁ_ICJ"]‘&P. g;ﬁ i rier wafer
22, tfpl ca 936155#9 13?;83%8&?”%‘?%%‘%@%@%8%&ggggig%%%%é) r}%ngs%econcliﬁél urality
of conductive termnals 24 formed on a | ower surface of the carrier wafer

22. THaokshawe)typigally stpreundseachdintegratedqdrait 16 toprotpet that eri al and has

netal lines, plugs, and vias fornmed in the ceramc material for purposes of
el ect rbgpecavatiniegedtedtirchitel GR6ATelasiinatich dudihgdbwhetréannactag oko t he
conductive netal lines, plugs, and vias. The second termnals 24 are

typi ca!ﬂ,l nade %ti lizing a C4 process. [0019] The | ayout of the second

terni @ Sﬂg‘lﬂ@ i rror i mge of the layout of the first termnals 18, and

each one of the second termnals 24 is |located directly above a respective
oné off0018} fThessecondnivafer asdanbITHE inckwled awafrer waerdd, yypizally of 8 t hen
| onered onto the first wafer assenbly 10 so that a respective one of the

Cor mi RS BERARR Sk 8e bikaal A o Mocoh SPFRRGTY SRAREN B 26 &

melting tenperature of the first termnals 18 and 24, so that each one of
the sdeuned vaaoversuriacedi|thogarries yeafpe?2. W he carrier,wates 22iis &RiRilbs t he
first termnals 18. The conbination is then

made of a ceramic material and has metal lines, plugs, and vias formed in the
ceramic material for purposes of electric communication. The second terminals 24
10  are connected to the conductive metal lines, plugs, and vias. The second
terminals 24 are typically made utilizing a C4 process.
[0019] The layout of the second terminals 24 is a mirror image of the layout of
the first terminals 18, and each one of the second terminals 24 is located directly
above a respective one of the first terminals 18. The second wafer assembly 12 is
15  then lowered onto the first wafer assembly 10 so that a respective one of the
second terminals 24 is in contact with a respective one of the first terminals 18.
The combination is then heated to a temperature above a melting temperature of
the first terminals 18 and 24, so that each one of the second terminals 24 reflows
together with the respective one of the first terminals 18. The combination is then
20  allowed to cool, so that the reflowed terminals again solidify.
[0020] Figure 2 illustrates a combination wafer assembly 28 that results after the
first and second terminals 18 and 24 of Figure 1 are reflowed together and

allowed to cool. Combined terminals 30 are formed that interconnect the

5



20 allowed to cool, so that the reflowed termnals agai n so||a|?y. 00201

Figure 2 illustrates a conbination wafer assenbly 28 that results after the

first and second termnals 18 and 24 of Figure 1 are refl owed together and

al | owedwbossmade74 Conbi ned termnals 30 are forned that d'l‘?l?.ﬁ%sﬂd}ﬁ‘&q the 5 WO

2006/ 019674 PCT/ 1152005/ 024487 integrated circuits lé)vm the carrier

wafer 22. A space 32 is maintained between the integrated circuits 16 and

the carrier wafer 22, and a volunme between the conbined termnals 30 is

fill ethtégrabedbcig@tits 16/ withathe)castier wh2D] AEPQ@IBZ)E ragknainedtbetiveen nt egr at ed

circuits 16 are connected to the carrier wafer 22 without first

si nguj,at.i t firs f er ;assenbl 0., Maf gr-1avel . intercennection

i ot 118 i @ citdoils el R bater 2 Bpdin v AR bRVt or 1 evel

i nterconnection also allows for downstream manufacture, including the

i nt r ocrobired tefminede B0 id filledweth algasiypicallymit.hi nning, to be carried out at

wafer |evel, thereby further sinplifying the entire process and further

r educy 1 j 3 i A rat is used to
1] 18 &R ese[eﬁ&?lgiﬂ@lﬂ% afed élfc‘thﬁt's 18 dre cBg%@)t}e&{fh%ﬂe E%fer

i ntroduce an underfti mat er i I nto the space e conbi nati on waf er
assenbl . The system 34 .incJudes a jig 36, havi pper and | ower parts
36 anwai@r,zﬁamtg%t st eharingng the destrrater %ﬁegeblxﬁ%%}érﬁa 44, and a

heater 46. 15 [0023] That |ower part 39 of the jig 36 has a recess in which

the cpiteiconhedion siaiplificesheetive asenibly @rocessthefilsievalucing 8ostf the | ower
part 39 surround the conbination wafer assenbly 28, in particular the space

32 Ryl I%Qrgl 820 nection also allows for downstream manufacture, including

the introduction of underfill material and wafer thinning, to be carried out at
wafer level, thereby further simplifying the entire process and further reducing

10 cost.

[0022] Figure 3 illustrates a system 34 that is used to introduce an underfill
material into the space 32 of the combination wafer assembly 28. The system 34
includes a jig 36, having upper and lower parts 38 and 39, a reservoir 40 for
underfill material 42, a pump 44, and a heater 46.

15 [0023] That lower part 39 of the jig 36 has a recess in which the combination
wafer assembly 28 is received. Sidewalls 48 of the lower part 39 surround the
combination wafer assembly 28, in particular the space 32. First and second
passages 50 and 52 are formed through the sidewalls 48 and into and out of the
space 32. The reservoir 40 is connected through that pump 44 to the first passage

20 50 to allow for the underfill material 42 to be pumped by the pump 44 into the
first passage 50. The heater 46 is located in a position to heat the underfil\l
material before being provided to the first passage 50.

[0024] The upper part 38 of the jig 36 is located on top of the combination wafer
6



passages 50 and 52 are fornmed through the sidewalls 48 and 1nto and out of
the space 32. The reservoir 40 is connected through that punp 44 to the
first passage 20 50 to allow for the underfill material 42 to be punped by
the pu 44 into the first passage 50. The heater 46 j kN a
posi ti oMO280Pd2474t he underfill naterial before beingpgﬁgbgggﬁﬁggbthe first
passage 50. [0024] The upper part 38 of the jig 36 is |located on top of the
conbi nati on wafer 6 WD 2006/ 019674 PCTI US2005/ 024487 assenbly 28, the

UpPer RRnbRYSS, tRAL e?%ﬁ%?géf@@g%dfﬁ%% PEOXRANEGH selied Osur e ar ound

the c I nat’i orl waf asse , except for t first a second passages
50 and 52. [0025] use, the punp 44 is operated t np..t he ynderfill

mat er i%C%QﬁEf%a%me‘i ﬁ\qwbw@mmfeaeswblyt%emtgwp firshandeat er 46 then
heats the underfill material 42 to lower its viscosity. The heated

underfdebbn@pbggag@bseanum fl ows above atnospheric pressure through the
first passage 50 into the space 32. A gas located in the space 32 is vented

< entoplly Frireine PRt R R prdrRd b TR R R e Tl ont 8ESP B e T
provide nore inlet passages than just the first passage 50 and/or nore

oubl etthpaesearyes 40ipast thesheathr46.e dhedhepiardbghes heatstheturderfilenptesizhges can

be placed at select locations to tailor flow through the space 32. [0026]

Af ter e i) ert 1S : M@ﬁﬁ] t he
conbi n%ﬁ:%(}ﬁﬂ%g %r‘}l%acsse I%gé%g!}%%dgé ?fé%o%%gﬂ?%zmt e ﬁvg\éggyeThe 15

conbi nati on. waf er assenbl 8 ith the underfi]Jl materjal 42.in the space
32, catmospheric pressure t o%g% the\ﬁrst passage 50 into d\e space 32.°A gas locatecE] P

in the space 32 is vented through the second passage 52. The process is continued
until the space 32 is entirely filled with the underfill material 42. It may be

10  possible to provide more inlet passages than just the first passage 50 and/or more
outlet passages than just the second passage 52, and that the passages can be
placed at select locations to tailor flow through the space 32.
[0026] After the underfill material 42 is introduced at wafer level, the
combination wafer assembly 28 may be removed from the jig 36. The

15 combination wafer assembly 28, with the underfill material 42 in the space 32, can
then be transported through a furnace. The underfill material 42 is heated to a
select temperature and for a predetermined period of time to cure the underfill
material 42, also at wafer level.
[0027] Figure 4 illustrates how alignment between the first and second wafer

20 assemblies 10 and 12 is tested before the combination wafer assembly 28 is
singulated. First and second conductors 53 and 54 are formed through the device
wafer 14 and the carrier wafer 22, respectively. Both conductors 53 and 54 are |

connected to one of the combined terminals 30 if the second wafer assembly 12

7



then be transported through a furnace. The underfill natarial.42 is heated
to a select tenperature and for a predeterm ned period of tinme to cure the

underfill material 42, also at wafer level. [0027] Figure 4 illustrates how
al i gnment _between the first and second wafer 20 assenblies 10 and 12 is
tested b¥DPEPRETLonbi nati on waf er assenbly 28 is si nBOTAIS2WS/0%4BBt and
second conductors 53 and 54 are forned through the device wafer 14 and the
carrier wafer 22, respectively. Both conductors 53 and 54 are connected to

one of t conbi ned ternipal. 0,f the secon e[, assenbly..12 7 WO

2006/ OISR GO DRSS S itk (e irstieaRerRSBDI) s NGRRTSR Wil he 1 1 ot

waf er assenbly 10. No current will conduct if the second wafer assenbly 12
i s i sedndynddf thietdecord peafer assenitdy f1Ris misaligred witharebpect6 théficstr cuit is
conpl eted by connecting the second conductor 54 through a power supply such

conauct 5l sseel 1 0CR Sy Rtoniud By LA IE d slomd HopliBigh S

first and second wafer assenblies 10 and 12 are correctly aligned. [0028] As
i | | ust throvghiapewveusepply sueh asenipatteryiobna vedistor A2antha yupenimetends ons f or
t hi nning of the device wafer 14 without the need to |lamnate the first wafer

as ly/thkFirdsPeeh GHRBL5S. PoE¥as Wil Be dﬁ,lpwéa SN EhSERBAE heéropd ged by the
10 ceramc carrier wafer 22. The carrier fer 22 is attached to a polishing

vt or HErbASASROR] Wileteamples 1)and 1A COmERLY g8 po | shi ng pad 72
The polishing chuck 70 and polishing pad 72 are then noved, typically
r ot at efl028F| #ts ilastratedhin Figatd,rthe@ombination wafer assembly 28 also allows
for thinning of the device wafer 14 without the need to laminate the first wafer
assembly 10 to a supporting substrate, due to the strength provided by the
10  ceramic carrier wafer 22. The carrier wafer 22 is attached to a polishing chuck 70.
The polishing chuck 70 is then used to place the combination wafer assembly 28
with the device wafer 14 contacting a polishing pad 72. The polishing chuck 70
and polishing pad 72 are then moved, typically rotated, relative to one another so
that a lower surface of that device wafer 14 moves over an upper surface of the
15  polishing pad 72. An upper surface of the polishing pad 72 is abrasive so that
lower portions of the device wafer 14 are removed. The device wafer 14 is so
thinned down. The combination wafer assembly 28 is then removed from the
polishing pad 72 and the polishing chuck 70.
[0029] As illustrated in Figure 6, the combination wafer assembly 28 is
20 subsequently singulated into individual electronic assemblies 74. A blade 76 is
directed in x- and y-directions through the scribe streets 20 and through the

carrier wafer 22. Each electronic assembly 74 then has a respective die 78 from a

respective portion of the device wafer 14 and one of the integrated circuits 16 on

8



that a |lower surface of that device wafer 14 noves over am upper surface of
the 15 polishing pad 72. An upper surface of the polishing pad 72 is

abrasive so that |ower portions of the device wafer 14 are renoved. The
devi ce yaf S so thinned down. The conbination s §,Em,;7y 28 is

t hen re%’v@éa@]?g%the pol i shing pad 72 and the poli S\Ifl\lp(flglg cﬁ)ﬁc 70. [0029]
As illustrated in Figure 6, the conbination wafer assenbly 28 is 20
subsequent|ly singulated into individual electronic assenblies 74. A blade 76

i's ditheedspciive Yje dea{cmélre@&bhféra%sé:hbgﬂmamsbmgrarﬂe &iveirfier0 and
t hrough th carrier wafer 22. Each eleCtronic assenbly 74 then has a

respective dig 78 froma ..respectiv orti.on of t vi ce,wafer 14 and one
of | heubiel B a4 FERRCEvS BOBOR OGS sH PO R b Y eSBOERIS a7 1 he
respective die 78. Each electronic assenbly 74 al so-has a respective carrier
subst vedfer @ssetulsln28 is dspesingutated aftepintefconhectien as Btustedted i PigiFkee

conbi nation wafer assenbly 28 is thus singulated after interconnection as

i1l usty ' L-aur 11 k 3 QAT ial as

11 s or SRk & et it el oh IR e B ¥R, g 00274, ane
thinning as illustrated in Figure 5. [0030] Figures 7A 7B, and 7C

i | Bustesting asdllustretessneliguye doanchthisneig amillustrated iseFigi@e Sf r om one of the

el ectroni c assenblies 74. Each one of the packages 80 includes a further

subst ;[9@310%83?%%&?& 7£ﬁ 7”8';%& 7Q Mt VRAbAs Géset S YsddkhBed 80l thaticRhect I'i ¢

| ayer nts of Figures 7A and 7C, “t'he additional 10 substrate
Pl qur beRAdS AR PoRal the RIRSEPRISAEUAPIE 2L, Fne bORALLIE PROERBED on ¢
e nJDirlué./ludes a further substrate 82 that is made from a laminate of conductive and
dielectric layers. In the embodiments of Figures 7A and 7C, the additional
10  substrate 82 is formed directly on the electronic assembly 74. In the embodiment
of Figure 7B, additional conductive contacts interconnect the electronic assembly
74 with the additional substrate 82.
[0031] While certain exemplary embodiments have been described and shown in
the accompanying drawings, it is to be understood that such embodiments are
15  merely illustrative and not restrictive of the current invention and that this

invention is not restricted to the specific constructions and arrangements shown

and described since modifications may occur to those ordinarily skilled in the art.



74 with the additional substrate 82. [0031] Wiile certain exenplary

enbodi nents have been descri bed and shown in the acconpanying draw ngs, it
is to be understood that such enbodi nents are 15 nerely illustrative and not
restrictive of the current invention and that this invention is not
restricted to the specific constructions and arrangenents shown and

descri bed since nodifications may occur to those ordinarily skilled in the
art. 9 CLAIMS Wiat is clainmed: 1. A nethod of manufacturing a of plurality
of electronic assenblies, conprising: connecting each one of a plurality of
first conductive termnals on a plurality of integrated circuits formed on
a devi ceLMHYEr to a respective one of a plurality of second conductive
termnals on a carrier wafer to forma conbinati on wafer assenbly with first
and second conductive term nals between the device wafer and the carrier

waf er; gjinagulcatimey the conbi nati on waf er assenbly between the integrated
circuits to formthe electronic assenblies, each electronic assenbly having
a respective die froma separated portion of the device wafer and a carrier
substrate froma separated portion .of rri [ festing a
curr ental' t hrough at % @§&O%oorgéna5‘éﬁfarc,mrtugl‘?%a %gﬁ” 9‘?}% Pgélie%%&ﬁc e Ig\t%ﬁ%btjnduct ive
terninqbn&@gfﬁfsecond conductive term nal before singulating the conbination
waf er assenboy, wherein said current is provided through a first conductor
ext endi ng tdinetdty edch@ndey h paurnktyer fiastdohdi@ivgherningic 0Rd: slondisgbOr ext endi ng

through the carrier wafer.
integrated circuits formed on a device wafer to a respective one of a plurality of second

conductive terminals on a carrier wafer to form a combination wafer assembly with first

and second conductive terminals between the device wafer and the carrier wafer;
singulating the combination wafer assembly between the integrated circuits to

form the electronic assemblies, each electronic assembly having a respective die from a

separated portion of the device wafer and a carrier substrate from a separated portion

of the carrier wafer ; and

testing a current through at least one pair, the pair including a first conductive
terminal and a second conductive terminal before singulating the combination wafer
assembly, wherein said current is provided through a first conductor extending through

the device wafer and through a second conductor extending through the carrier wafer.

2. The method of claim 1, further comprising;:
introducing an underfill material that is located between the device wafer and
the carrier wafer before singulating the combination wafer assembly; and

curing the underfill material.

10



2. The method of claim1, further conprising: iftfockemagean—underfil
material that is | ocated between the device wafer and the carrier wafer

before singulating the conbination wafer assenbly; and curing the underfil
material, 10 3. The nethod of claim2, wherein the underfill material is
introduced into a space between the device wafer and carrier wafer after
connecting the first conductive termnals to the second conductive
termnals. 4. The method of claim3, wherein the underfill material is
introduced into the space at above atnospheric pressure. 5. The nethod of
claim4, further conprising: placing the conbination wafer assenbly in a
jig; and providing the underfill material through at |least a first passage
in the jhig. t t he
under fi 'l na?lger?lg ggé&%ﬂ%h@éﬁ%?‘nﬁ% egﬁ%n éerr%? {rg?g%ldal? |n%l%g? he space.
7. The pethed thd detiad Wakkr Whe cairfer Waerwnderdrnkbt 1@rﬂr§t|coh§u@tWeed before
singul ating the conbi nati on wafer assenbly. 8. e nethod of claim1,

f urt her taronpals g1 thg setdmnidmondgctivededewilse waf er before singul ating the

conbi nati on wafer assenbly. it 9. The nethod of claim@8, further

conpri si ng: introducing an underfill material that is |ocated between the

gg\s“e(r:rgl \é\/af :rn"gl?enrg\etf}o of ¢ ar1rl;1| Sth%@glr? [he efcf)ertell maltqe(;xl Iliistiln{}gdape% 1(1:1 ongtl nation waf er

space at above atmospheric pressure.

5. The method of claim 4, further comprising:
placing the combination wafer assembly in a jig; and

providing the underfill material through at least a first passage in the jig.

6. The method of claim 4, further comprising:

heating the underfill material before introducing the underfill material into the space.

7. The method of claim 2 wherein the underfill material is cured before

singulating the combination wafer assembly.

8. The method of claim 1, further comprising:

thinning the device wafer before singulating the combination wafer assembly.



curing the underfill material. 10. The nethod of claim@8, wherein the
carrier wafer is nmade of ceramc. 11. A nethod of manufacturing a plurality

of electronic assenblies, conprising: introducing an underfill materi al
bet ween a device wafer and a carrier wafer that forma conbination wafer
assenbly; curing the underfill material; singulating the conbination wafer

assenbly between integrated circuits forned on the device wafer to formthe
el ectroni c assenblies, each electronic assenbly having a respective die
froma separa [ d;lﬁp/rl wafer and a respective carrier

subst fat eplﬁl%%‘n&goggéglﬁgﬁgg{%%?ﬁ on cl)s?ﬁ% he carrier wafer, a plurality of
conduct i Venb@idhah snheliesRtetifiehstas prated tetwés thndevise welarendr substrate
and a respective portion of the underfill material between the respective
di e ap@ hherkesadetoresirgaiatingrthe absbinatien wafg@siedlyifgida current through at

| east one pair, the pair including a first conductive termnal and a second
conduct i ve:utiegrthmand@élﬂd}*@e’éiﬂnguI ating the conbination wafer assenbly,
wherein current is provided through a first conductor extending through the
devi ce wafer and through a second conductor extending through the carrier

waf er é(}.zs?ﬁ&ﬁgﬁpg?ftgﬁgmggwgle@iﬂhé%arryg?%a%ﬂs hhRewndahidid! material is cured

bef or I'nat1on wafer assenbly. 13. The nethod of claim
11, wherein the underfill material is introduced between the device wafer
and carrier wafer at above atnospheric pressure.

11 A method of manufacturing a plurality of electronic assemblies,

comprising?

introducing an underfill material between a device wafer and a carrier wafer that
form a combination wafer assembly;
curing the underfill material;
singulating the combination wafer assembly between integrated circuits formed on
the device wafer to form the electronic assemblies, each electronic assembly having a
respective die from a separated portion of the device wafer and a respective carrier
substrate from a separated portion of the carrier wafer, a plurality of conductive

terminals between the respective die and the carrier substrate and a respective portion

of the underfill material between the respective die and the respective carrier substrate;

and

testing a current through at least one pair, the pair including a first conductive
terminal and a second conductive terminal before singulating the combination wafer
assembly, wherein current is provided through a first conductor extending through the

device wafer and through a second conductor extending through the carrier wafer
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14. A conbi nation wafer assenbly, conprising: a device wafer; a plurality
of integrated circuits forned on the device wafer; a pluraltty of first
conductive terminals on the integrated circuits; a carrier wafer; and a
plurality of second conductive termnals on the carrier wafer, each being
connected to a respective one of the first conductive termnals and a first
conductor extending through the device wafer and a second conduct or
extending through the carrier wafer to enable a testing through the device

waf er and th ier. fer. 15..Th j ) nbl f claim 14,
Wher oi Bt nel R egPacEalaany buviecein 4F R AETIN 4 PRL LB maae > v BT S8t

conbi nat i on. waf.er , it4, further conprising: a plurality of
interc8#53%??%ﬁh%?%ﬁiﬁgghggﬁ%%%%%ng each one of the first conductive

termnals to each one of the second conductive termnals; and an underfil
material in a space between the device wafer and the carrier wafer and
bet weers t heThdhethodrifekinmdn, eherbnths untibdilumdeerial islinmedegeddetwieni thg been

cured. 13 )
device wafer and carrier wafer at above atmospheric pressure.

14. A combination wafer assembly, comprising:

a device wafer;

a plurality of integrated circuits formed on the device wafer;

a plurality of first conductive terminals on the integrated circuits;

a carrier wafer; and

a plurality of second conductive terminals on the carrier wafer, each being

connected to a respective one of the first conductive terminals and a first conductor

extending through the device watfer and a second conductor extending through the

carrier wafer to enable a testing through the device wafer and the carrier wafer.

15.  The combination wafer assembly of claim 14, wherein the integrated circuits are

identical to one another.

16. The combination wafer assembly of claim 14,further comprising:

a plurality of interconnection elements connecting each one of the first
conductive terminals to each one of the second conductive terminals; and

an underfill material in a space between the device wafer and the carrier wafer

and between the interconnection elements, the underfill material having been cured.
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