16/-12/ 2005 WD 0310 1 2 864 PCT/ US02/ 2444 1 ELECTRONI C ASSEMBLY | NCLUDI NG A
DI E HAVI NG AM | NTEGRATED CI RCUI T AND A LAYER OF DI AMOND AND METHODS OF
"PRODUCI NG THE SAME BACKGROUND OF THE I NVENTION 1). Field of the l1gXgayizo0s
[ 0001] Thi swionsenisspn rel ates to a nethod of manufacturing 3 ¥@§Mﬂgﬁi on
waf er, dice fromthe wafer, and an el ectronic assenbly incl u8 S a
die, wherein the die has a | ayer of dianond for purposes of conducting
heat. 2). Di scussi on of Rel at ed Art [0002] Integrated circuits are usually
f or med o Esa con wafers whic subseguentl y sawed into individual

di ce. @@ N3G BRSHBLY JN b‘ffﬁNSnA OFEE (TR ING AN ERFFCRATRRY CHRIUAT 2oed JeERV €

i nt egrate ci T COrt Yoo FHERPE Nt SBRPUENEHEGTHE  signal s can be provided to
and fromthe integrated circuit. Operation of the integrated circuit
causes heating thereof and an increase of tenperature of the integrated
circuit may cause its destruction. The tenperature of all points on the
Integrated circuit should thus be maintained bel ow a certain nmaxi num

t enper at ur e BADEGROUND DR TEEIRMeeNaI@esy circuit is not uniform so that
certain points on the integrated cifrcuit generate nore heat than others,

. thus creatin "hot spots". Wthout the hot spots, it may be possible to

i ncrease t hd)-avEieldef thedwwentionsi pati on of the die while maintaining a
desired tenperature of the integrated circuit, thus allowing it to operate

at a hi gher uency.. B SCRI PTI THE WNGS [ 0003] The

i nvention i @@gﬁt ﬁ'@iﬁy*&é’sgﬁ%é 2§55 tﬂ/&f‘%\"‘ 8:(%{ fivemg ;compagpdion Fi gur e
la is a crogs QRS ‘ fer
havi ng a thi ciéglgiadﬁond |t§§gr%f Bé?ﬁ%%}'t‘ﬂ%‘{ﬂg%ﬁgs%é@kﬁgﬁw%cgﬁ [2864
P(}T | US02124wherein the die has a layer of diamond for purposes of conducting heat.

2), Discus;sion of Related Art

[0002] Integrated circuits are usually formed on silicon wafers which are
subsequently sawed into individual dice. Each die then has a portion of the
silicon wafer with a respective integrated circuit formed thereon. Electronic
-signals can be provided to and from the integrated circuit. Operation of the
| integrated circuit causes heating thereof and an increase of temperature of the
integrated circuit may cause its destruction. The temperature of all points on
3 ~ the integrated circuit should thus be maintained below a certain maximumi
J - temperature. Operation of the integrated circuit is not uniform so that certain
points on the integrated circuit generate more heat than others, thus creating
“hot spots”. Without the hot spots, it may be possible to increase the average
power dissipation of the die while maintaining a desired temperature of the .

integrated circuit, thus allowing it to operate at a higher frequency.

- BRIEF DESCRIPTION OF THE DRAWINGS

[0003] The invention is further described by way of examples wherein:
[0004] Figure la is a cross-sectional side view of a monocrystalline silicon

wafer having a thick diamond layer formed thereon;
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[0005] Figure Ibis aviewsimlar to Figure la with the nonocrystalline
silicon wafer at the top; [00061 Figure is is a viewsimlar to Figure Ib
‘after grinding the nonocrystalline silicon wafer down; [00071 Ri@dle /2005
a view simWargstoegsigure | c after an epitaxial silicon Iayerl,c G#n;e rate
circuits, and contacts are formed on the nonocrystalline si AR fbr;

[ 00081 Figure leis atop plan view of the structure shown in Figure id,
specifically indicating locations of integrated circuits and scribe streets
between t hdAP0F odog reillis @ view pisnilar\p Sigusierial withttbe Fionoceystallingt er a

[00101 Figure Igis a

| aser cut .tq; i | at ed dice;
Cross-secti %H‘g‘{ogg&%%r\#éﬁggqp’an el ectroni ¢ package having one of the dice.

which is flijgoosy am @g@;seéjﬁgwgqmggpk@p%& rind?Q Figure 2a is a
cross-sectional si dgm\L/i ew of a sacrifici %?ﬁ%%%i%éon V\%#ﬂeer havi ng a thick
di anond | ay enorowatystafloleysilitorc erafdraicavyn;f or med t hereon; [00121 Figure 2b is a

[00131

view simlat_to Figure .Wth the polysilicon |ayer at the bottom
Figure 2c iiﬂﬁg%:rg‘ggggeeﬁf Isohaevstigdlay teHigsre dc abies anepitaxial silicen layeon
waf er havi ng.,i i | Nt er _surface thereof;,[0Q1l41 Figure 2d
is a view s?lr%éé%?e‘{i gﬁ kﬁig}%ffagldzééng%g%a}%}ggnﬁgf pgws;aghruq REH due to
the ions beivagert npl anted; [00151 Figure 2e is a cross-sectional side view
of a conbi nati on wafer constructed by silicon bonding the polysilicon
layer to t h@0P8haFigurededs gsopiplinmeew df thestriicture shoQibih Figgty B1,2f is a
view simlar tg. Figure. 2e after remyal of the sacrificial  polysilicon

waf er [oofﬂecﬁ?CQHg'éH atig alo?ﬂf&ﬁsg)? Htegrated crrgits and scxibe strediebetween
monocrystalgppe silicon wafer at the top; [0018] Figure 2h is a view

si il ar to Figlre 2g after a shearing operation;
[0009] Figure 1f is a view similar to Figure le after a laser cut to produce
singulated dice;

[0010] Figure 1g is a cross-sectional side view of an electronic package having
one of the dice which is flipped and located on a package substrate;
[0011] Figure 2a is a cross-sectional side view of a sacrificial polysilicon wafer
having a thick diamond layer and a polysilicon layer formed thereon;
[0012) Figure 2b is a view similar to Figure 2a with the polysilicon layer at the
bottom;
[0013] Figure 2cis a cross-sectional side view of a monocrystalline silicon
- wafer having jons implanted into an upper surface thereof:
w) [0014] Figure 2d is a view similar to Figure 2¢ showing a boundary which is
formed due to the ions being implanted;
[0015] Figure 2e is a cross-sectional side view of a combination wafer
constructed by silicon bonding the polysilicon layer to the final
monocrystalline silicon film; _
[0016] Figure 2f is a view similar to Figure 2e after removal of the sacrificial
polysilicon wafer; |
[0017] Figure 2g is a view similar to Figure 2f with the monocrystalline silicon
wafer at the top;
[0018] Figure 2h is a view similar to Figure 2g after a shearing operation;
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16/.12/ 2005 WO 03/ 012864 PCTI US02/ 24441 [00191 Figure 3a is a
cross-sectional side view of a sacrificial polysilicon wafer having a thin
‘di anond | ayer and a polysilicon |ayer formed thereon; [00201 Fi g6 £l36 23005

vi ew si m | ayotegosgire 3a with the polysilicon |ayer at the t [ 0021]
Figure 3c is a cross-sectional side view of a nonocrystall iﬁ%ﬁﬁé({zﬁ%ﬂ

waf er having ions inplanted into an upper surface thereof; [00221 Figure 3d
is aviewsinmlar to Figure 3c showi ng a boundary which is fornmed due to
the ions beil®@LN mifiguresth is[a0nest seetignalsideview of @ sasificalqidlysiitorsivdtervi ew

of a conbi nati on waf.er,.which.is foyned, by, silicon bonding the polysilicon
| ayer to a fYnale %@W& HeyR a‘%"‘{? PEb’ﬁﬁFPPr]ﬁ?éGfr tormegdhereryst al | i ne

silicon waf gggool 0§32 I 6 kS ' | f1 ' . | t he
ronocryst al Fad) o meoarieh SRt Bbiute B Wth 1R B0 Eor ot
simlar to Botjone 3f after a shearing operation; [0026] Figure 3h is a

viewsimlap to Figure 3g after the formation of an epitaxial silicon

| ayer, the it} aEigie 35S 2 prasgractanad sidewiew of edmonaectystatbine siticar

contacts; | 7% Fi.gure 3i i,S a.crposs-sectional side view of an electronic
assenbly iAGTU |ar‘i’bg%11°d}s§%f'%tﬁdi G BPRET §4* etthéf‘?}ér ucture of Figure 3h

'and_ a packaggzepu ;¥ Lt _ | kage
substrat e; ag?d }[SOO 8] @%i&g;%v?gib?‘:jggi s a t\?’l%@%ﬁﬁﬁ%@%@%ﬁﬂgﬁg t he

contact s arforatedaturct the iondleingdiplmtsedpst rate and the sacrificial
pol ysi | i cog \é?f er_is renpved. DETAILED DESCRI PTI ON OF THE | NVENTI ON [ 00291
First, secdfi23larfistss Peish eessestionpbside view béd condhination wiafenvivhich is espect
to Figures - | G ES . d Figures 3a -j whereby, in each case, a
\A? er is nafhglpg% tbg) rs%g&abéi?delhg r@%??&ég{ﬁg@?y erdnd ﬁé?@%?% ' senbl y
el uding telieeodi fim ShehetingnbaysAISHAUMEch Lwaygs whi ch prinarily serves to.
spread heat from hot spots of “an integrated circuit in the die.

[0024] Figure 3f is a view similar to Figure 3e with the monocrystalline silicon

. wafer at the top;

[0025] Figure 3g is a view similar to Figure 3f after a shearing operation;

[0026] Figure 3h is a view similar to Figure 3g after the formation of an

epitaxial silicon layer, the manufacture of integrated circuits and the formation

of contacts;

[0027] Figure 3i is a cross-sectional side view of an electronic assembly

including a die which is severed from the structure of Figure 3h and a package
substrate with contents of the die located on the package substrate; and
Z_) - [0028] Figure 3j is a view similar to Figure 3i after the contacts are attached to

the package substrate and the sacrificial polysilicon wafer is removed.

DETAILED DESCRIPTION OF THE INVENTION

[0029] First, second, and third processes are described respectively with |
respect to Figures 1a-g, Figures 2a-h, and Figures 3a-j whereby, in each case, a
wafer is manufactured, a die from the wafer, and an electronic assembly
including the die. The die has a diamond layer which primarily serves to
spread heat from hot spots of an integrated circuit in the die. '
10030) In the first process, a relatively thick layer is formed which spread_s _
3




[0Q30] In the first process, a relatively thick layer is formed which
spreads' 3 16/ 12/ 2005 WO 03/ 012864 PCT/ US02/ 24441 nore heat. The first
-process however utilizes a relatively cunbersone grinding operatd 6n2/2005
- Because thewdigaigpig; | ayer is relatively thick, a specialized _|aser cutting
operation is utilized for cutting through the di anond Iayer?CPW6§T¥*ﬂn t he
second process, the grinding operation of the first process is elimnated
and a shearing ogeration_is utilized instead. A thick dianond layer is
al so for med 7RT¢ heals ddwrfirsppraresshowiever adlizesiaarktivaty entbgesonand

- di sadvant ages.. [.0032] In thg thir LOCESS shear|n peration is_al so
used to eli rﬁiﬁ%%%aofleé?ﬁ iﬁ%cab‘ﬁ%%é‘{)‘ii’@ﬁl}o%ﬁﬁr %Srﬁeiﬁfgﬁeg)ﬁ#ﬁakA aspecializedor med
whi ch is eagh&dr d@HA ' : L anak t fil i | ayer is

al so covered ﬁi{r a s%gpﬁﬁﬁg?al ug%%g?ﬁ con &a%ué{)metéé&g gg%glgrged waf er

is formed hd003ij sinlthesacondypricess)thd gMadirglopaatsn oBt it peoiisaed waf er

may be nore _“"transparent]y" used in conventional machinery for processing
convent i o-nalem%lFF?eéﬁﬁ‘ﬂcﬁﬁF’é?@ngrﬁEeréﬁéﬂim ntlizged prstaast. | A dbickwhifmonsl lsper
provides th Wct L asupport |acking.jn the thin dianond | ayer.
Utilizing a? |{)1crflJ n;‘g@ﬁé#hetéloegﬂnﬁa Rr?‘f?és'ﬁg’&hﬁﬁﬁqqﬁ#e‘éﬁgﬁaﬁﬁg@ﬁaﬁlamnd Layer

[ 00331 Fi gua@saldaraﬁ{agteg‘.e acconpanying drawi ngs illustrates a nonocrystalline
(single crystal) silicon wafer 10 on which a thick dianmond | ayer 12 is
deposi t ed. [0@38bc Ly $heatHitchprosiess & sheasirigeoseration ivalb actdne dliatamed ng to a
known process.,.A long thin vertical core of nonocrystalline silicon (a
seni conduct BFNAiRg epsration; hut 3 thipdiamoaddayeyis {o Wihvid is easiev tactat h of
silicon. Thg; ' a rti.cally ;upward out of,the bath.
Copossyat o 608 S b 0 ot WA sl o0t e
bat h 5o t hasaceifiarai polpssicr wifkr sbithatPeorhBERH Watel & fHRthedr il ZilfloATe!
much | arger than a dianeter of the <core. Presently, such ‘an |ﬁgo as a

di amet er ofuppprand leaverisyrfaoes. uchraicambiredohtfemiiyhbé sagtenul tipl e of the

di aneter. The ingot is, thﬁn_ sawed intqQ many
Tansparently” used in conventional machinery for processing conventional

silicon wafers. The sacrificial polysilicon wafer also provides the structural
support Jacking in the thin diamond Iayer.

Utilizing a Grinding Operaﬁon in the Production of a Thick Diamond Laver

[0033] Figure 1a of the accompanying drawings illustrates a monocrystalline
(single crystal) silicon wafer 10 on which a thick diamond layer 12 is deposited.
Monocrystalline silicon wafers are manufactured according to a known
\) . process. A Jong thin vertical core of monocrystalline silicon (a semiconductor
‘material) is inserted vertically downwardly into a bath of silicon. The core is
then drawn vertically upwardly out of the bath. Monocrystalline silicon
deposits on the core while it is drawn out of the bath so that a monocrystalline
silicon ingot is formed having a diameter much larger than a diameter of the
core. Presently, such an ingot has a diameter of approximately 300 mm and a
height which is a multiple of the diameter. The ingot is then sawed into many
- wafers. Presently, a wafer sawed from an ingot has a thickness of |
approximately 750 microns. The monocrystalline silicon wafer 10 thus has a
diameterrof approximately 300 mm and 2 thickness of approximately 750
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waf.ers.. Presently, a wafer sawed froman ingot has a thickness of
approxi mately 750 microns. The nonocrystalline silicon wafer 10 thus has a
‘di amet er of approxi mately 300 nm and a thickness of approxi matell675@/2005

16/ 12/ 2005 W\O08812042864 PCTI US02/ 24441 mi crons. [0034) Thepé ' 9(}5/29 g\r;ond
| ayer 12 is deposited utilizing chem cal vapor dianond depoSition ‘P DD)

technol ogy. The nonocrystalline silicon wafer 10 is |located in the CvDD

chanmber and heated to a relatively high tenperature of for exanple
appr oxi mat el SPFBBDC. Gases are then introduced into the chanber which

react wth qpg3gHNCHeH; \ se A0e di d.then deposits out of
t he gases ofl[to gn ent | rgggjﬁ%é(??ugt agglso © %éeﬁgﬁ@%%ﬁwg"amﬁ i con

waf er 10. Thiasioadutepdsiain (EVDE) tectepldRe TRIRRbSHAIIAS stichh Gler YT €7

10 is solid nulticrystalline dianmond havi'ng a thernmal conductivity o
appr oxi mat efi§lorated ivthr G0 cheanbercinelchdatechto a peletivelyrigh ¢ernpeidtere of
nmonocrystal l.i ne siljcon wafer 10 h ocess | s continued until the thick
di anond | ay&Y* TSRS a&’HTH{G@%f@é’leQE @egﬁé"eﬁa@d efiriroduceshimtetie ni crons.
The . resul t tREmMbBY G " as. a di ter. of 300 mm The
conbi nation waf er gﬁ%ﬁg%g@@ﬁ%ﬁ%%ﬁ%\%ﬁ? Oﬁ‘f@%@ﬁﬁ‘%@%ﬁ@r and
al | owed to depbsitsfauttdfehe gagaodrito ah «BeROSppkPHnFhcdBY &E%dﬁécﬁ#th?%sdi anmond
I .

are known i, th;@?rt and are not further el aborated on here 35) As
shown i n Fi guFen vates b Tmdiamend thatsleposits o tlyemenioaryssallihe silicbhi pped so

that th t. : I waf 101 tt top. The thick di d
| ayer 12 | SEREn oeaid ety liNE e by s Hiprvat ondactitged ndi ng.
| ayer 12 is"Ehen | . 6 ettty f

10) down. { o el S b o Pe o SRR B et A Loy e

ronocr yst althpnecrystallimosilinah evafd0l0. STy provessieWantihiied WM ekey/ghal | i ne
silicon wafgr 10 pically has a thickness of between 10 and 25 m crons.

t -
The conbi n amongdager 12hasm thigkmesg of betveeans3(0hmirronsrand 500 ndordrise Thei ndi ng
machi ne. B?Eﬁﬂﬁﬂgttﬂ%k diamond layer 12 thus has a diameter of 300 mm. The :

. combination wafer of Figure 1a is then removed from the CVDD chamber and

allowed to cool. Further aspects of deposiﬁon of multicrystalline diamond are
known in the art and are not further elaborated on herein,
[0035] As shown in Figure 1b, the combination wafer of Figure lais then
flipped so that the monoarystalline silicon wafer 10 is at the top. The thick
| ~diamond layer 12 is then located on a surface of a grinding machine. A
grinding head of the grinding machine then grinds the monocrystalline silicon
\:) ~ wafer 10 down.

" .[.0036] Figure 1c illustrates the combination wafer after the monocrystalline
silicon wafer 10 is ground down. The monocrystalline silicon wafer 10
typically has a thickness of between 10 and 25 microns. Thé combination wafer
shown in Figure 1c is then removed from the grinding machine. Because the
thick diamond layer 12 has a thickness of between 300 and 500 microns, the
combination wafer does not break when removed from the gﬁnding machine
and subsequently handled. The thick diamond lIayer 12 thus provides the

' structural support for the relatively thin monocrystalline silicon wafer 10. The
upper surface of the monocrystalline silicon wafer 10 is subsequently etched
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thi.ck diamond |ayer 12 has a thickness of between 300 and 500 nicrons, the
conmbi nati on waf er does not break when renoved fromthe grinding nachi ne
‘and subsequently handl ed. The thick dianmond | ayer 12 thus provi dés/1B€2005

structural weppetigcior the relatively thin nonocrystalline ?%ﬁuﬁﬁ’ﬂu‘i\?fc er
10. The upper surface of the nonocrystalline silicon wafer s~
subsequently etched 16/12/2005 WD 03/012864 PCT/ US02/ 24441 and polished to
obtain a desired finish. Stresses due to the grinding operation are also
renoved. [ 003 PeiigheddoRptam g desigedBnishpy Strgerestduedprihe grinding pperation
~carried out %fy&erenm%rystal line silicon wafer 10. First, and epitaxi al
silicon | ayer i'sTgrown on the nonocrystalline silicon wafer 10. The

epi taxial sifodsan Bigues 1d AdsttdtensubdeBer Hiblidtict fHat {4/ &Lriel éﬁfe ®n the

nmonocrystalline silrcon wafer 10 and i's thus al so nonocryst ine. A
primary di f fraoeeaystelinveslicomevadai 1G0dFimt, aid epitaxiblsjlicorilayenlistgrown
nonocrystalline silicon fee{@'}io Is that the expitaxial silicon |ayer 14

i ncl udes dop¥h _mggocg‘gg%%ﬁn, e riligon paerat0. dihe epitaxial pilicondayer 1 follewsn- doped

or p- doped. [ ' Lt§. 16A and.16B.are forned. An

i nt egrat ed tg%%?a?s% or #gﬁgﬁf@%&%ﬂﬁ%&w 9511655‘9115 A Dr

el ectronic @ﬁmwaﬁipesuﬁsvﬁrﬁﬁaﬁicﬁmré{c@b&wéépﬁ@ %ﬁfa?dal‘iﬂ%ﬂ% &l . and
upper |ever netalization which “connect the electronic corrponerrYS. A

transi stor Aad thomawcaystallingsilicosgiafes 10 i that theeipiddaltsilicarrinper He
epitaxial silicon |ayer 14. Tgﬁs source, and drain_.regjons have _ opposite
dopi ng thanuf%‘é&&f*qg St fi8 suphthgieRitaxial s1ligen Jayex 14 is citheran-doped er #nd
drain regioggpade i nplanted to a required depth into the epitaxial silicon
| ayer 14 but Bsually not all the way through the epitaxial silicon |ayer

174" so that 688 oNekbéntepiaetiaicetts 4pAtand BIB Sid fosmRd! ARRirisgReloW the
respective source or drain region. The nmetalization includes netal |ines
whi ch are afircuibkéet ealaBavdudnea phinadity of sesnicondnctoapiactbhic Gmpadntpads
are then fgqrmed.,on the integrated,circuits 16A and 16B. The integrated
circuits 165,3:1‘:5%5 HafsItars, CIRAHIOTE £i0des: 8i5e A PRET laver metalizafion sthieh f r om
one anot hercoiied th8Rldctronic components. A transistor has source and drain regions

that are implanted into the epitaxial silicon layer 14. These source and drain
regions have opposite doping than the bulk of the epitaxial silicon layer 14.
The source and drain regions are implanted to a required depth into the
epitaxial silicon layer 14 but usually not all the way through the epitaxial
silicon layer 14 so that some of the unimplanted epitaxial silicon remains below

the respective source or drain region. The metalization includes metal lines

J '~ whichare all located above the epitaxial silicon layer 14. Contact pads are then

" formed on the integrated circuits 16A and 16B. The integrated circuits 164 and
16B are identical to one another and are separated from one another by a small
scribe street 18. Bumps 20 are then formed on the contact pads on the
integrated circuits 16A and 16B. Although not shown, the bumps 20 are in an
array and rows and columns on a respective integrated circuit 16A and 16B.

[0039] Figure le illustrates the combination wafer of Figure 1d from above.
The combination wafer has an outer edge 22 having a diameter of
- approximately 300 mm. Many of the integrated circuits 16 are formed in rows

and columns within the edge 22. Each integrated circuit 16 has a rectangular
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scri be street 18. Bunps 20 are then forned on the contact pads on the
integrated circuits 16A and 16B. Al though not shown, the bunps 20 are in an
carray and rows and columms on a respective integrated circuit 16/ Ab@ /161805
[ 0039] Fi guw® d3@itdshustrates the conbi nati on wafer of Fi gurﬁci&[swlﬂmlabove.
The conbi nation wafer has an outer edge 22 having a dianete

approximately 300 mm Many of the integrated circuits 16 are forned in rows
and colums within the edge 22. Each integrated circuit 16 has a

rect angul ar GBS/ PotsSPeRtivEFuipe sBretHsivabobboaveen 1 regpedtive. Tow pBspect i ve
“scribe streegoléﬁnl ocated between a respective row or colum. [0040] The
conmbi nati on wat'er of Figure le is then laser cut through the scribe
streets 18 i[004p}a THaléothbintieh whfe€of EaGk mﬁthbﬂa%@/cﬁm&gagﬁwé&we of
the integrated circuits 16. Cutting of a watfer is also referred to as

"si ngul at i otregts 18'intea plpiralifthef dicecEach dimthdrdbyyiaciuids baljeshe ofitley har d
and because.of its. thickness, it y be difficult to cut the thick dianond
| ayer 12 ut Wﬁeﬁﬂﬁdg%ﬂﬁn&lm @%w ip glspaefesred tocasc singidatiensen for

t he nore sopRiSdde€ . [ 1 Figure,if. illuystrates..iwo dice
24n and- 248 o ol PR G ayel t? Bl T Hatd brg BB | he
thick di anotidckmassy it heay b@ﬁfﬁﬂﬂﬂﬂf&ﬂ%@'ﬂﬂcﬂ%&hbh&?ﬂréﬁfz%ﬁﬂﬂn and the
epitaxial silicon layer 14. The die 24A -includes tfle int egrat%d circuit
16A and t heCREErYBA] spvimgaperafeon, iteage thertason farthe MdB. sophidticdteel 24A and

24B i ncl udeI% % r‘_gtspective set of the bunps 20. (00421 Figure 1lg
i |l ustrates and®t ectronic assenbl y including a package substrate 30 and

the di e g . . . _ . . L oonS TAtE O
Soythat ¢ naogi Fifre ki doRRBUEE DL YA I, (B RRE AR S T 907, |
at’ the top.msmshummvépokﬁ@mbem@@u@dﬁ&pﬁﬁlja}/&er tphact pad (to shown)

on the package substrate. The el ectronic assenbly 28 is subsequently
| ocat ed i n TONPgryatRdEne¥iliean wafarslOr hnd theiepisaxidl siliowh Jaget ManThedie?dso t hat

the bumps 40-1348s the integrated circuit 16A and the die 24B includes the integrated
| circuit 16B. Each die 24A and 24B includes a respective set of the bumps 20.
[0042] Figure 1g illustrates and electronic assembly including a package
~ substrate 30 and the die 24A. The die 24A is flipped relative to its position in
Figure 1f so that the bumps 20 are at the bottom and the thick diamond layer 12

s at the top. Each bump 20 is located on a respective contact pad (to shown) on
the package substrate. The electronic assembly 28 is subsequently located in a
- furnace which melts the bumps 20, and is then cooled so that the bumps 20 are
\) attached to the contact pads on the package substrate 30.

- [0043) Inuse, electronic signals can be provided through metal lines and vias
in the package substrate 32 and from the bumps 20. The electronic signals
transmit through the bumps 20 to and from the integrated circuit 16A.
Operation of the integrated circuit 16A causes heating thereof. Heating of the
integrated circuit 16A is not uniform from one point thereof to another. Hot
Spots are thus created at various locations across the integrated circuit 16A.
[0044] The heat conducts from the integrated circuit 16A through the epitaxial

silicon layer 14 and the monocrystalline silicon wafer 10 to the thick diamond
layer 12. Heat conducts easily to the thick diamond layer 12 because the
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att.ached to the contact pads on the package substrate 30. [0043] In use,
el ectronic signals can be provided through netal lines and vias in the
package substrate 32 and fromthe bunps 20. The electronic signdl&/12/2005

transmt thwougleitsae bunps 20 to and fromthe integrated ciLguj .
Operation of the integrated circuit 16A causes heating thergg?}.ﬁsflég@flng of

the integrated circuit 16A is not uniformfromone point thereof to
| gcati ons acraqoss the

t her. Hot et ted. at [ )

i egrai ed cPRREDsHERe SSn e 0 sSaiatBishttiins B oo ehe riogvelyec
ircuit 16A K g th talli

Ci1 oo vl o P50 Lo he LR ER oL e iy A Sk 12 e HiS FRR RO L o

the thick digpeindondyathotizohtsdyuseacobe &eé%ﬁﬁé@ﬂﬁﬁ@ﬂaﬂ@haaé/g&(ﬁ. The
t hin. Because

PCT/ US02/ 24441 noncrystalline silicon wafer 10 is relativel
of the rel at'FFRYAERYR thedokapots shusean be reduted: Adorettieat cah onddcetl ayer 12,
t he heat fr _ conduct horizontally to cool ef areas of the
thi ck di am)(r%g] | ayé%wﬁﬁgfeﬁh?gﬂ%@ﬁ%‘?‘é‘ﬁ%ﬁhﬁ%@@ﬁﬁ"é{ trathigan be
reduced. I\/brcballﬁe,ﬁalg}aéhconduct hori zontal ly through the thick dianmond

di anond |l ayer. Utilizing a Shearing

| ayer 12 than conpared to a thin
Qperation in the Production of a Thick D anond Lave r [0045] - Figure 2a

il lustrates;g.,sacrifdcial polysilicon wafer 50 on which a thick dianond
| ayer 52 i s iiikg ashearng Opssation inythelPsoductionofiafhick Blambnddesses f or
manuf act ur i [rbg ol ési licon wafers are known. A polysilicon ingot is

typically Aot atigwre daillusiratess sagifigial palisilicon vafef 3 6n afack AeRickaved

fromthe ingot, e thick.diapond, | ayer 52 is_deposited according to the
saye hi gh &‘%‘%"é}%{é@n’a’ég{z é‘i:‘i‘ﬁﬂ%lf@g siﬁc

: 1ei)‘re dfollojieeddey aipolysikizoay leyier54.o0Preicgsses fam and
al'so has a mhRLERESS 00 microns. The polysilicon |ayer
54 is deposlint ed utili %%%32%%“%%%2%%‘%3%1@%@ Pu%llé’gi;c?’fﬂ' falget ween
10 and 15 manufacturedina casting operation and wafers are then sawed from the ingot.

The thick diamond layer 52 is deposited according to the same high-

temperature technique discussed with reference to Figure laand also has a

thickness of between 300 and 500 microns. The polysilicon layer 54 is
| deposited utilizing known techniques and has a thickness of between 10 and 15
microns.
[0046] As shown in Figure 2b, the combination wafer is then flipped so that
the polysilicon layer 54 is at the bottom.
. [0047] Figure 2cillustrates a monocrystalline wafer 56 of the kind de.scribed
) with reference to Figure 1a. The monocrystalline wafer 56 also has a diameter
of approximately 300 mum and a thickness of approximately 750 microns.
Hydrogen ions 58 are implanted into an upper surface of the monocrystalline
wafer 56.
[0048] Figure 2d illustrates the monocrystalline silicon wafer 56 of Figure 2¢ -
after implantation of the ions 58. The jons 58 create a boundary 60 at a location
about 10 to 25 microns below an upper surface of the monocrystalline silicon
wafer 56 of Figure 2c. For further discussion, the portion below the boundary
60 is referred to as the “monocrystalline silicon wafer 56A” and the region
above the boundary is referred to as the “final monocrystalline silicon film
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m crons. [0046] As shown in Figure 2b, the conbination wafer is then
flirpped ' so that the polysi icon layer 54 is at the bottom [00471 Figure
.2c illustrates a nonocrystaliine wafer 56 of the kind describedl1éyW1B/2005

reference t q.di@Hsgs! @ The nonocrystalline wafer 56 also h di anet er
of approxi mately 300 mm and a thickness of approxi nately 75%%3‘?1@%?@1”
Hydrogen ions 58 are inplanted into an upper surface of the nonocrystalline

wafer 56. [0 , Elgyre 2d illustrates the nonocrystalline silicon wafer 56
of Figure ZC%%%tS}anW%%F@@Fl&#%bQWW@- Sdhe viids ineaken atteclenent of

boundary 60 LOGRA 15 2 L cr.ons bel ow upper surface of
t he m)nocrys'fﬁzﬁa Flnne' sitnlol gﬁﬂﬁﬁg%%éggggﬁgégéﬁﬁée E@Foﬁﬂgﬁaﬁ% E&FOHP"?&TSQ on,

the portion I56Aow the boundary 60 is referred to as the "nonocrystalline
silicon wafer 56A" and the region above the boundary is referred to as the

"final monocl§MPh| iAsrhosn icBigute Penthe poly/Tom M5 R18864d BRTLLERR] 24441

56B". Voids are for at .t he houpdary,60. The voids weaken attachment of
the final .nORBEFREY Wﬁ&@ﬂ%bﬁ&a %ﬁgeeéeqi&hqrn@ witkieing ketoaim silicomsi | i con

o e TN
e s T
ngSt sio?/i E:oﬁ d. g S .eTm din an etchi nﬁmlg'ﬂiélfgtﬁnar{éhﬁ_%g?gh}?eﬁomneed
for ti ght coér%ﬁfgliﬁ’“%v‘@’rer?ﬁ%“'eﬁ?ﬁ% nodgegﬁgp{ Bt g@@@}g er e etehirg di amond
S b et T i Tk St T
of’ Fi gur e 2fatrificikpolysiliopr dvater S01ein tseTRRRAATRIdvelEESE! | CON wafer 56A
Is at the t ?(5)051] In Figure 2g, the combination wafer of Figure 2f is then flipped so that
the monocrystalline silicon wafer 56A is at the top.
[0052) Asshown in Figure 2h, the monocrystalline silicon wafer 564 is
removed from the final monocrystalline silicon film 56B in a shearing
operation. The shearing operation may for example involve a jet of gas which
impinges on the monocrystalline silicon wafer 56A. Because of the voids, the
monocrystalline silicon wafer 56A shears from the final monocrystalline silicon
film 56B at the boundary 60, thus leaving only the final monocrystalline silicon
film 56B on the polysilicon layer 54. The final monocrystalline silicon film 56B
) _ lis then etched and polished and subsequent processing in carried out as
hereinbefore described with reference to Figures 1d-g.
| [0053] The process described with reference to Fi gures 2a-h differs from the
process described with reference to Figures la-g because the grinding
operation to obtain the combined wafer of Figure 1cis eliminated. A much
faster shearing operation is utilized to obtain the combination walfer of Figure
2h.
[0054]  As shown in Figure 2h, a thick diamond layer 52 is produced. The

thick diamond layer 52 has the same advantages and disadvantages as the thick
~ diamond layer 12 of Figure Ic. '




[ 00521 As shown in Figure 2h, the nonocrystalline silicon wafer 56A is
renmoved fromthe final nonocrystalline silicon film56B in a shearing
‘operation. The shearing operation may for exanple involve a jet /3292005
whi ch i npi Wgew/a28s# he monocrystalline silicon wafer 56A. Begauagy9fiif he
voids, the nonocrystalline silicon wafer 56A shears fromthe final
nonocrystalline silicon filmb56B at the boundary 60, thus |eaving only the -
final nonocrystalline silicon filmb56B on the polysilicon |ayer 54. The
final nonocrystalline silicon film56B is then etched and polished and

subsequent pUtitiese) AGhéaris@Ope?ghionin A% PrOBLEIHSRSE 9F aag%}h
reference to Figures f d-g. [005 € process descri ence to

Fi gures 2a- Eif : crihbe I.t.h_ref.erence.t.q Figures
7a-g becausg Otdﬁge] g%?Fnl i nghg’g%seara %gag%t% Sggﬁ?é‘i"?ﬂfeﬁ?“d%%?‘ﬁgag&%mab? Fi gure
is is elin nirediardond tdyer(725t depsdieal follgwRBHs RS bl bkl 1 ain
t he conbi natjon wafer gy[:i gure 2h. 100541 As}aéﬁg%su?crﬁlglb Elfggzﬂ%%hi ck
di anond | ay etiamenddagendRisdeetwern 50wenddB0 anianersdthickyand E;Zdé%mitédi)e same

advant ages . di sadvant a s the.thick ,dianond |ayer 12 of Figure 7.c.
9 VI 03/ 0123@%‘2%6‘?’%%6% |*6§62919g1ﬁ%e¥%%9¥q qi%ﬁtﬁée : §h§!taurﬂ§g ration
I n the Prodygii | ]E}g.g gp : | n.Fl.gure, 3a, ., A.
sacrificial polﬂﬁgﬁ'ﬁ%gﬁy %\El/a er ?%mg?ﬁé%%é%&?aﬁ‘%ﬁﬁ’c?ﬂy %Q“Fh%axe’a?‘gﬁrﬂ'id | ayer
72 is deposithebottain. dndighye &,Q%Mﬁb%'z&@ﬂiﬂe@iﬁéoﬁﬂm_f&% ibl%?la_rﬁé&m | ayer

72 is between 50 and 150 microns thick and is deposited l'1zing the same
CVDD t echnofP2hdreshiiendndigaecid, Bulions aresiteaboudkary Bé betvord Niivian
t he

varer of T SRR S0 LRRL I ROSL ogn Laver 14 Lot e
oS 02, elibiom, I A p s, S AL DR K Dot veen o

| ower nonocrystalline silicon
nonocr yst al Inopecryistalline silicon film 56B. The similarities between Figures 3a-3e with

Figures 2a-2e are evident. In Figure 3f, the combination wafer of Figure 3e is
flipped so that the monocrystalline silicon wafer 56A is at the top. As shownin
Figure 3g, the monocrystalline silicon wafer 56A is then sheared from the final
monocrystalline silicon film 56B. The shearing is similar to the shearing
described with reference to Figure 2h. An upper surface of the final
monocrystalline silicon film 56B is then etched and polished.

[0056] As shown in Figure 3h, further processing is then carried out to form
integrated circuits 80A and 80B followed by the formation of solder bump
contacts 82. The sacrificial polysilicon wafer 70 provides the structural support

for all the layers and components formed thereon. The thin diamond layer 72
is generally not thick enough to support the layers thereon without the

| .sacrifi'cial polysilicon layer 70. The sacrificial polysilicon layer 70 provides a
lower silicon surface which is similar to conventional silicon wafers.
Conventional tools and equipment which are designed to process conventional
silicon wafers can be used to also process the combined wafer of Figures 3g and
3h.
[0057] A conventional saw is then used to saw through a scribe street 90
between the integrated circuits 80A and 80B. The saw cuts through the final
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fil.-m56B. In Figure 3e the polysilicon layer 74 is bonded to the final
nmonocrystalline silicon filmb56B. The simlarities between Figures 3a-3e
‘wWith Figures 2a-2e are evident. In Figure 3f, the conbination df£L2d2005

Figure 3e iwOajupgsed so that the nonocrystalline silicon waiefsghfyds at
the top. As shown in Figure 3g, the nonocrystalline silicon wafer 56A is
then sheared fromthe final nonocrystalline silicon film56B. The shearing

urface of t ROPERAARRE MipHIE) S L bbPetiforirr o efmatidod and

pol i shed. [ ORSBt 7ASrne@WEakRiEh DY6Kssi A, J: [ ried
out to form&?ﬁt egr at ed ciarcui ts 8%3%%%%%|$5\%&2%&%g§%@%2??%% of
sol der bunp beuvsadiorsuding treughdhe thini dihmpatjaydr R2decaaselt iy tepslgvi des t he

structural support _ for | the I gyers and conmponents forned thereon. The
thin di arrongb‘?lg'}?@?j%’mdigodﬁ’f?ﬁ?%ﬁ ckot thick enough to support the |ayers

-th it t i1 | 0..T IL.ficial
pol yai 11 con o SguReSleaa Rl RertTipdpieigingr Paerfi [ ar 1o
convent i onalsubistrhecrd2uaicesise ﬁe%@ﬂﬁe@iﬁkﬁ@ﬁi&tﬁ@@l@ﬂ“fﬂ@g{gwﬁ’m ch are

on use

desi gned to process conventional sili fers can be to al so

process t he indidenraspaelfes potticfisqiitbe s8yifid pobysili(@Owafer A0 thavidivi | onal saw
bet ween the_ integrated

is then used.to sgw thraugh a scrijbe street 90, .inte
circuits 80AMAERALE eI Tite thepplyaticoR M}@agﬁ thedinal manorgysigllive/sdlicediim

16/ 12/ 2005 sBETH . | i i Licon.fi)l m56B. . the

pol ysi | i consl aye‘lﬁﬁgéglfl‘ﬁ #ﬁg’%% ﬁlﬁg&glﬁé%gg lrﬂgfl.%é 5475%0 ﬂua]ﬁ%gééa'@&?grﬁﬁdal

pol ysi | i concisafie80&Dand\scme\thé BOpsTIW THedIAnpB2 aREICeRRE diPEoriidi NI

t hy ough -t he t%n di_anond | ayer 72 because it is nmerely between 50 and 150

mcrons thi €R ¢ padegesugstratesiOZ; | | ustr at es an el ectronic assenbly 100
'18(23| U_?_'hgg d?gﬁ%@ﬁ e agslé%%lgfalbs i Zenalggahg{]gemdal g.mljgéle soonﬂ;[arg e ggﬁ%%%?.sal;g strate
melted, and then removed from the furnace 5o that the bumps 82 solidify and
attach to the contact pads on the package substrate 102 thereby securing die 104
to the package substrate 102.
[0060] The package substrate 102 is sufficiently thick and strong to support
the die 104 without the sacrificial polysilicon wafer 70. As shown in Figure 3j,
the sacrificial polysilicon wafer 70 may then be removed for example in an
etching operation. Without removal of the polysilicon wafer 70, the thin
‘ diamond layer may still be able to transfer heat from hot spots of the integrated
: ) circuit 80A. However, heat is more easily removed from an upper surface of
the thin diamond layer 72 if the sacrificial polysilicon wafer 70 is removed.
After removal of the sacrificial polysilicon wafer 70, the relatively thin die 104
is structurally supported by the package substrate 102.

- [0061] While certain exemplary embodiments have been described and shown
in the accompanying drawings, it is to be understood that such embodiments
are 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.
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i ncludes respective portions of the sacrificial polysilicon wafer 70, the
thin dianond | ayer 72, the polysilicon layer 74, the final nnnocrystalline
silicon film 56B and the epitaxial silicon layer 78. The d g | so
includes the integrated circuit 80A2 and sone of the bunps 5 he bunps
82 are located on contacts on the package substrate 102. [00591 The
assenbly 100 is then locating in a furnace so that the bunps 82 are

mel t edynantidhan renmoved fromthe furnace so that the bunps 82 solidify and
attach to the contact pads on the package substrate 102 thereby securing
die 104 to the package substrate 102. [0060] The package substrate 102 is
suf fi cli. Atafey corhprisingiand strong to support the die 104 w thout the
sacrificial polysilicon wafer 70. As shown in Figure 3j, the sacrificial
polysﬁi?ﬁ%ﬂﬂﬁﬁ*%?mq@ may then be reaned for exanple in an etching

operati i con wafer 70, the thin dianond

| ayer arﬂgﬁl rg?riofrlysgﬁbeéﬁfné’o? CPF fé{?i‘sof‘é A éf’ PIOHAIE Aot s of the i nt egr at ed

Ci I Culdafip: Sive sB5RbnduRiolBEErG BRI of RPN thof Bine % Age of

ala m nes n ri o] ohocrystalline C rf|
”Nlt a%@r%ﬂﬁ? ifl?e)é%re n tHe fi %gﬁ jll n% p@u},{t f(? i 6 @

r emV%nocrﬁftélﬁé R A U g St e\'Sﬂﬁ‘o i mi

r el at ise@loyndublonmate®al #6H thel fhalhdnderlsisiRlel smiuRietof Bd. by the package substrate

-102. [0061] While certain exenplary enbodi nents have been described and

shown in the acconpanying drawings, it is to be understood that such
enbodi2nEht waferaf gaipelwiepein thi layeradsolidalizmedd iset lerg 00 mot wide of t he current
invention and that this invention is not restricted to the specific

hown and descri bed since nodifications may

constr ran ement s
occur t "FFg%ré’?@?’G‘ ?9 Qthe | ﬁV?W%H’O“?‘ﬁVSE ige serpiconglgctqranajgriat s @bleast 200.R
16. 122605 1. A wafer conprising: a layer of solid dianond;

4. The wafer of claim 3 wherein the layer of monocrystalline semiconductor material is a layer of
monocrystalline silicon.

5. A singulated die comprising:

a layer of solid diamond having a thickness of less then 150 microns;

a layer of monocrystalline semiconductor material on the [ayer of solid diamond;

a bonding material bonding the layer of solid diamond to the layer of monocrystalline semiconductor
material; and

an integrated circuit on a side of the layer of monocrystalline semiconductor material opposing the layer of
solid diamond.

6. The singulated die of claim 5 wherein the layer of solid diamond has an exposed lower surface.

7. The singulated die of claim 6 wherein the layer of monocrystalline semiconductor material is a layer of
monocrystalline silicon,

8. The singulated die of claim 7 further comprisihg:

a layer of polysilicon between the layer of monocrystalline silicon and the layer of solid diamond.

9. The singulated die of claim 5 further comprising:

a plurality of contacts on the integrated circuit.




a final nonocrystalline sem conductor filmon the |ayer of solid dianond,
and a |l ayer of nonocrystalline sem conductor material directly on the final
nmonocrystal line sem conductor film with a boundary definedgbgtyygen the
final nonocrystalline sem conductor 1iasil mand the | ayer of nonocrystalline
sem conductor material for purposes of shearing the |ayer of
nonocrystalline sem conductor material fromthe final nonocrystalline

sem conductor film 2. The wafer of claim1 wherein the |ayer of solid
dianond is at |east 200 mm wi de. 3. The wafer of claim2 wherein the |ayer
of nonocTHgsinalihted Gie SLRIME WHeedihe BiBthas b fdctangul@toutin@®bhend@Neifromabole. 4. The
wafer of claim3 wherein the |ayer of nonocrystalline sem conductor
material is a layer of nonocrystalline silicon. 5. A singulated die
conprising: a layer of solid dianond having a thickness of |ess then 150

m crons; a |ayer of nonocrystalline sem conductor material on the | ayer of
solid dianond; a bonding nmaterial bonding the |ayer of solid dianond to the
| ayer of nonocrystalline sem conductor material; and _ an integrated
circuit on a side of the |ayer of nonocrystalline sem conductor materi al
opposing the layer of solid dianond. 6. The singulated die of claimb5
wherein the | ayer of solid dianond has an exposed | ower surface. 7. The
singulated die of claim®6 wherein the | ayer of nonocrystalline

sem conductor material is a layer of nonocrystalline silicon. 8. The
singul ated die of claim?7 further conprising: a |layer of polysilicon

bet ween the | ayer of nonocrystalline silicon and the |ayer of solid

di anond. 9. The singulated die of claim5 further conprising: a plurality
of contacts on the integrated circuit. 13 16.12. 2005 10. The singul ated die
of claim5 wherein the die has a rectangul ar outline when viewed from
above.




