WO 03/ 012864 PCT/ US02/ 24441 ELECTRONI C ASSEMBLY | NCLUDI NG A DI E HAVI NG AN
| NTEGRATED CI RCU T AND A LAYER OF DI AMOND AND METHODS OF PRODUCI NG THE SAVE
BACKGROUN®O®B/0T2dE4 | NVENTI ON  1). Field of the Invention [@0Q]SoTbdidg1
invention relates to a nethod of manufacturing a conbination wafer, dice
fromthe wafer, and an el ectronic assenbly including such a die, wherei n
the die has a Iayer of dianond for purposes of conducting heat.

D scusg} on, BLIB QI: GLYANCLBQ L BiY gﬂ&ﬁq&% Gk il aéﬁcﬁ'ﬁuagm m{zﬂ@d on
silicong S gy yenk! Yus into individual dice. Each die
t hen has a portlon o] |con waf er W|th a respective integrated
circuit forned thereon. EI ectronl c signals can be provided to and fromthe
integrated circuit. QOperation of the integrated circuit causes heating
thereof and an increase of tenperature of the integrated circuit may cause
its destruction. The terrperature of all points on the integrated circuit
shoul d t huBAKK@GE off Tl OWVENEIONI n nmaxi num tenperature. Operation
of the integrated circuit is not uniformso that certain poi nts on the
integrated cir neiﬂate.rmre heat than others, thus creating "hot
spots". wi Lﬁ@i}%&%&—%@&%‘—} it my be possible to increase the average
power dissipation of the die while maintaining a desired tenperature of the
I ntegrate &g@)bi Uirhis ihQESHE FQ¥e8 9o himéRolRFRkSuREL Rl &BSMbidAfENCY .

BRI EF DES ON OF THE DRAW NGS [0003] The invention is further described
by way of waéerptie frdrarthe wafer, @064 dlegromeic hesensbly inclodingawdi oda, si de
view of a nonocrystalljne silicon waf havi ng hi ck d| anond |ayer
formed t hevdgreinth W%ﬁﬂWGﬂOMf@@WPOS?% Hogderb is a view
simlar to Figure la with the nonocrystalline S|I|con wafer at the top;

2). Discﬁesion 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
the integrated circuit should thus be maintained below a certain maximum
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 1ais a cross-sectional side view of a monocrystalline silicon

wafer having a thick diamond layer formed thereon;
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[0006] Figure Ic is a viewsimlar to Figure |Ib after grinding the
nonocrystalline silicon wafer down; [0007] Figure 1d is a viewsimlar to
Fi gure | cwafiser28en epitaxial silicon |ayer, integrated ciPCFISVH244and
contacts are fornmed on the nonocrystalline silicon wafer; [0008] Figure le
is a top plan view of the structure shown in Figure 1d, specifically

them - [ 0008903 it o el Shflerip Figloe] AP REL ISGHIFAREJE MT0,

produce shgH RLES #ie€iod;0010] Figure 1g is a cross-sectional side view
of an el ectronic package having one of the dice which is flipped and

| ocat ed orfoeoqlackiggee Seisst vietwesindilad td FigtirgUbaftea grinding tless- sect i onal si de
view of a sacrificial polysilicon wafer having a thick dianond |ayer and a
pol ysi | | cdﬁ@@“}fé’ﬁtaﬁlé}?%&c@%\faé%‘?#o‘{@bu] Figure 2b is a viewsinilar to

cr oss- soctPR97l, “BEGEEYI I p bREsiRIE o Bighienc R RTRR IR, ons

i npl ant ed ihfgg(fa@a GRRENs, S Easachs hes fsrhied 60 H4d nforgurestaltine siliaomi ew si m | ar
to Figure 2c showi ng a boundary which is formed due to the ions being

i npl ant ed;wfe@15] Figure 2e is a cross-sectional side view of a conbination
wafer constrycted by sjlicon bondin he polysilicon.layer t he final
nonocr yst PP‘?GHe ém%%lsfarﬁoﬁplfﬁ(ﬁ%’]’%ﬁ&l@%?tgu rggh%wpi%ﬁ%qrﬁitl ar to Figure
2e after r PSR o datibfil Bf i Y& ik QAR Hef Sribd QR bétvdene 29 1S
a view si n@ggﬁ%%yh%ggtéﬁgﬁd&%)ﬁé tailgt%]ﬁocr;}st alline sﬂll icon wafer at the
top; [001&hef;gure 2h is a viewsimlar to Figure 2g after a shearing
operation; 2

[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 2c is a cross-sectional side view of a monocrystalline silicon
wafer having ions implanted into an upper surface thereof;
[0014] Figure 2d is a view similar to Figure 2c 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;



WO 03/ 012864 PCT/ US02/ 24441 [0019] Figure 3a is a cross-sectional side
view of a sacrificial polysilicon wafer having a thin dianond |ayer and a
pol ysi |l i cwo oBayxsn4 f or med t hereon; [0020] Figure 3b is a viPewusom44ar to
Figure 3a with the polysilicon |ayer at the bottom [0021] Figure 3c is a
cross-sectional side view of a rmnocr ystalline silicon wafer having ions

i npl ant ed r. surface 00 Fi 5 = i simlar
to Figure 18 Qi@hgﬂﬁﬂ%p ﬁcﬁﬁ{%ﬁﬁe ﬁ dSVL %%]a ﬁ 1?13? gﬁ}cgﬂ\s% el ng

i npl ant ed; A GHhforRElaler 8nd hPolySREd B ff&ind&ime@&bxof a conbi nation
waf er whi clﬁivqgg formed by a'Iylli‘:on b?’? thesya %{SI l'i con Iayer to a final
monocr yst db020je Figitd Sh)n; 4 view sifnitdreo ﬂ?!ngmer&psﬂuhlt epolysiliconnayerf atrthe[ 0024]
Figure 3f is a viewsimlar to Figure 3e with the nonocrystalline silicon
waf er at tl?fétqfﬁfp, [0025] Figure 3g is a viewsimlar to Figure 3f after a

shear i ng_qageAl | /@D 40020 o] QUi ks vk LPY bR BRI AYe, 30 af ter

the forma epltaX|a ayer, the mandfacture of integrated

circuits %Qfefrmv{r%fﬁﬁé iRplaited aMoast G ér%ifé]celfh@‘ebf; 3i is a
cross-sectional side view of an el ectronl c assenbly .including a die which

i s sever ed0022Im Figeresdd isca viewv simikirgafigdie Seshowvipgaidegyndagyipehichise with

contents of th I cated on the age substrate; and [0028] Figure 3j
is a view QF‘i‘ﬂieﬁzig"ettBt 39%?8&@?&&‘%? )e contacts are attached to the

package s at Hon ah
N L P@?%%d%:g B %\lSIFooiz(é}’ lolgg%gt sﬁfé%%?éf%m Td
processes fai@edesailidvetesreiingthe pel};sﬂmohﬁayeret@aeﬁhaltmoﬁogmstadlma g, Figures

2a-h, and Figures 3a -j vvherebgq in each case a wafer is manufactured, a
die from tsmlecqmﬁl@aofﬂwmm@w lipesidicaR ey i ncl uding the die. The die

has a di aggﬁgéjf] e 1g{ufec 15 x'{v%zmll}?gt ﬁfg\ﬁ%g 3 %tﬁ%eeﬁgngggistglfﬁg&ﬁ%nSpOt S

of an int
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

[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 la-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.
[0030] In the first process, a relatively thick layer is formed which spreads
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[0030] In the first process, a relatively thick layer is formed which
spreads 3 WO 03/012864 PCT/ US02/ 24441 nore heat. The first process
however wolodaeséq rel atively cunbersonme grindi ng oper at ipeR/USBEZAUEE t he
di anond |l ayer is relatively thick, a specialized |aser cutting operation
is utilized for cutting through the dianond |ayer. [0031] In the second
process, the Lndi ' NP : ' I.mnated and a
sheari ng o%g%ﬁ??gﬁ'f@?ﬁﬁ?ﬁﬁ%%%gbﬁéFggﬁFakﬁéﬁ?%ﬂgﬁﬁgﬁgkﬁﬂrﬁéggb is al so
formed in thad aHbAC BeSausithd dashend dyrd iatklaiNegehickpd specialized

di sadvant ages. 2] In the third process ‘a shearing operation is also
used to el lasenattting opgratieti isgitdjreddor ontting thrqugh the glamm laygyer is forned
which is egsi 0,cut ,th a copventipnal saw The,thin dianmond |ayer is
al so cover 3@ (}51“ ﬂ%ea%eF?l\i%l eragesydhg & OR/S?aé’rons%ﬁg‘t“StePr&?W Red waf er
s formed %%hﬂg L L S 03, ; | waf er
may be nnr%’ trg%é%gggﬂFﬁgﬁggéggﬂ?ﬁ{gﬁﬁ@%ﬁ?ﬁ%ﬁ%iahﬁgﬁﬁﬁéggﬁﬁgﬁdp oéessing
convent i onglalssforiveainnwhé eéondipcess; with adsakiapal ydvdritages avat er al so

provi des the structural support |lacking in the thin dianond |ayer.
Utilizing disedvarfiages-Operation in the Production of a Thick Dianmond Layer

[0033] Fig a,.of, the accaonpanyi ng. drawi ngs il lustrates @ monqocrystalline
(single crifod2l Mg G IHERER S Bk fat0e iy RS WAL Bt IR L 2% 2
deposi t ed. iﬂaﬁ%%lye%hﬁbﬁ,!mﬁmg%n&ﬁa%y%r% PoriivRtdisREsias ¢oEdh ng to a
known process. lI'ong thin vertical core of nonocrystalline silicon (a

seni conducwith a catventiahpl sesv.i The thindliseoniddaleryis dtsoneeredéd/ biyat o a bat h of

silicon. The gore i L hen drawn vertically upwardly out, of .the _path,
Mbnocr yst A PO Ybiiromepaer 68 ﬂa@#%fs@n%mﬂé WREeE & formed Bavig SROM0f ¢ he

bath 50 ¢ Nabpd IRIRSIAARLLOCS, A LGB AR Spd PEUR AT N9 @ di areter

much | arg an a er of core. ese such an ingot has a

di anet er oftrampaexntlpt eded BQOnvEhBORalanatigheht forpr6tessigicotiviehtiphgl of the
di anmeter. The ingot is then sawed into many
silicon wafers. The sacrificial polysilicon wafer also provides the structural

support lacking in the thin diamond layer.

Utilizing a Grinding Operation in the Production of a Thick Diamond Layer

[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 long 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

diameter of approximately 300 mm and a thickness of approximately 750

4



wafers. Presently, a wafer sawed from an ingot has a thickness of

approxi mately 750 m crons. The nonocrystalline silicon wafer 10 thus has a
di anet er wb oapmsexi mately 300 nm and a thi ckness of approrcwatset/g44360 4 WO
03/012864 PCT/ US02/ 24441 mcrons. [0034] The thick dianond |ayer 12 is
deposited utilizing chem cal vapor dianond deposition (CVDD) technol ogy.
The nonocrystalline silicon wafer 10 is located in the CvDD chanber and
heated to %u?é)fltlvel y high tenperature of for exanple approximtely

1000C. Gasp3a] eThb eRickHii@@ueadsydr2dsdeposicddttiizinghilemitdasipon t h one
anot her to formdi anond. The di anond then deposits out of the gases onto

an entire dmpmnct depamaonﬂcmmnbntblpgyaH&leneontsftrys@limwhwnW@ erflife

di dt h t | lid
Ul U1 cr ystRIPTEL o e I GhAGDS: P PralecB s F Ay i Erpitblieit f y
1000 W m\:/a er x?@ﬁ%h@ﬁ%ﬂrﬁa@el?%ﬁ@@@ﬁ%s Eena i ﬁtﬁ@dt%ﬁ’ﬁl talline

silicon process”’i s conti nue unt|I | anond | ayer

12 has a t¢hakbaswhivh featiweith cieGinditieeronSoandliaf{bra. crmlaniami theasul ti ng
thi ck dianond |ayer 12 thus has a dianmeter of 300 nm The conbjnation
waf er of Filepesitsiontiof thegpsesemse adl ehtiseriipper Svibisecofdhp apongsaystallinened t o

cool. Further a ct d Si m.l|tICI’ stalline anmond are  known
in the art® @ﬁgpglﬁ)ag ](S)qohbef’ %5? %‘1&}?{5%&?8&" e;g}orpocy[')%agglfe 'QHown in

Figure 1b,whhg 1@qg§bﬁétrﬁ19l@1cly§t§llm8fchd:mGH&%alvﬁlg 8 thdiemal cbhiRegstpes that the
nmonocrystalline silicon waf 10 is at the top. The thick dianond |ayer 12
is then Iomppmxinnat@yéﬂ@ﬁ&é,ém&familgrartmha@;tmmpper shrfagr ofnitieng head of the

grindi ng machi ne t grinds the nmonocrystalline silicon_ wafer. 10 down.
[0036] Fi g‘Ei‘Pé‘OEWSFEHfl{}g Bligppavalge 1% o ke RERGes lmnugfiﬂmﬁltth%thmk

R e

The conbi nRbuiRMMiES diamond layer 12 thus has a diameter of 300 mm. The
combination wafer of Figure la is then removed from the CVDD chamber and
allowed to cool. Further aspects of deposition 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 1a is then
flipped so that the monocrystalline 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 lcillustrates 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. The 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 grinding machine
and subsequently handled. The thick diamond layer 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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shown in Figure 1c is then renmoved fromthe grinding machi ne. Because the
thick dianond | ayer 12 has a thickness of between 300 and 500 microns, the
conbi nat iwp osaimss4 does not break when renoved fromthe gripadiusg2/peehi ne
and subsequently handl ed. The thick dianond | ayer 12 thus provides the
structural support for the relatively thin nonocrystalline silicon wafer

subsequent TP BORHIEE © 55 QeoBRs R oo arto R SBifheRBeom e ai n
desired figieSiso reii§rses due to the grinding operation are also renoved.

[0037] Figure 1d illustrates subsequent fabrication that is carried out on
the nonockogsTlal Fignee $dlillesirateasebsey0eniiabsication thadds carxies owliar den | ayer

14 is grown on th?_m)n, ,crysta}l l'ine_silicon wafe ﬂi}o' he eiai.taxi al silicon
| ayer 14 folonegEystalipe gyiganayalet ?@cﬁﬁ?te_ ePH@X]ﬁ’_I) EPY S 1REKTW T con
waf er 10 anrgitﬁe:ﬁnitoﬁgérﬁkasiﬁne gﬁ%Bﬁ;vVh%Efké.' e e t&(ihf;?{ﬂoﬁla@{ef 2RGSO Pet ween

t he epi t ax? I'CO ayer € nonocryst I ne I con wafer 10 is

that the epldrpethBdtrdthiiContheansnodystallined silesn dapanttsands thus blsot he
epitaxial silicon |ayer 14 is either n-doped or p- doped. [0038] Next,

i nt egr at edmonpcwyistadline AAgrrimpeBdifferenes beiweenthe gpitgrial sidicon layeuilé 16A or
16B i ncl udes luralit f sem conductor electroni.c c onent s uch as

transi st ord&d ; PP_Srryé?/alﬁ?% On dyarer i(gﬁ&ﬁﬁbﬁ‘@rexﬂ)&%fa? g&cgp?%ée[ril n which
connect 1 hﬁcﬂc@%ﬁ%@%ﬁécﬁm&ﬁ he te;ai%‘a%iél?é?ﬁéq?{ RyeP 88 iSAH & S-abfed bRpD

regions that are nted 1 nto e epitaxial “silicon |ayer 14. ese
source anddeped.n regi ons have opposite doping than the bul k of the

epitaxial silicon layer 14. The source and drain regions are inpplanted to

a requi r edl088%k hNexy, entegrated sincuits dpAgnd; lebanedpened Asuintegratad y not al |
B N I L
(o2 o0 syl Rl il pfeoseabaniacad sbove

connect the electronic 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

which are all located above the epitaxial silicon layer 14. Contact pads are then

formed on the integrated circuits 16A and 16B. The integrated circuits 16A 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



formed on the integrated circuits 16A and 16B. The integrated circuits 16A
and 16B are identical to one another and are separated from one anot her by
a small worBlesstreet 18. Bunps 20 are then fornmed on thecrarshazi4pads on
the integrated circuits 16A and 16B. Al though not shown, the bunps 20 are
in an array and rows and colums on a respective integrated circuit 16A

and 16B. 39] \Figure. le il ] 65}@ | Figure 1d
from abové;uQPlﬁ‘ﬁ'eAc%%B?ﬁi’é’teiSgﬁlhﬁgﬁéégltﬁgécaggggg er E{géesﬁ% aﬁv}flg&a di anet er
of approxiiahel y 300 mm Many of the integrated circuits 16 are forned in
rows and colums within the edge 22. Each int egirat ed circuit 16 has a

r ect angul P0EIWTINS¢PMbiBaioRGTAES0P Fizara 1e inlenilaser out Haomebithescribe i be
street is |located between_a r ective row or, columm. [,0040] e

combi nat i ¢iregks &t inge a\é\ﬁ@{ﬂhéy i’gaﬁ? Eﬁ‘?éﬁ Ofl%géqre@ﬁ’cmh‘ﬁa%ﬂhyt% Oégﬁ? be
streets 18 | Kt . diege. j ng@ga% 3¢ one of
the int egrrllée{%gtegC?%%t?gblg;&%ﬂgf’?%gv%?fgs%\/gfg;rf&?g&g g(ls) ?1(1131 erred(%{’{t%ir as

"si ngul at i‘eicingr. ThelidsicRdiamdhe layrck idieatrendly hyet ad®beeertof ésel y har d
and because of “its thickness, it may be difficult to _cut the thick dianond
| ayer 12 dhidkingss gt may bediffinuitdraut shehigk disanend byer Adngdizingar eason for
the nore sophi sf.icated. |aser cut 0041] Fiqure if ill ; wo dice
24A and 248NVERERM isgwmogﬁ@t@%he{'lﬁecﬁﬁz]&ggs% {Oégg%é%qr\?ég%%fsﬁ%ﬁhof t he
thick di anpad daver 12, the nonocrystalline silicon wafer 10, and the

epitaxial silicon layer 14. The die 24A includes the integrated circuit
16A and t Heodlile Bi4Bra Hdllustestes twoi ditedtAtaad 248 riachtdi¢ 8BA fFecMBli e 24A and

24B includes a respective set of the bynps 20. _[0042] Figure 1g
i | | ust r at dBCladgs aresracEre Posderabiie t HHWdalaﬁggpéége substrate 30 and

(e, 1 0 2 hon S AR LRGSR BEBL o BB,
at the topnclaae! thdibegdfitdScit@ialGAl 288 the HeSPB fricked dsahb antegadd (t 0 shown)
o 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

is 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] In use, 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



t he package substrate. The el ectronic assenbly 28 is subsequently | ocated
in a furnace which nelts the bunps 20, and is then cool ed so that the
bunps 20 wpa3omstached to the contact pads on the packagePsmhsor/atel 30.
[0043] In use, electronic signals can be provided through netal |ines and
vias in the package substrate 32 and fromthe bunps 20. The el ectronic
signals t l fr i circuit
R s e e S e Ay

Heati ng of highethekmiabasededivityafuhe t1ick dismont laydrf1dy thd hemfrme thohot
thereof to another. Hot spots are thus created at various |ocations across
t he i nt egrsnad condugi horimmtally wocenlerprean ehthecthick diemandlayent2.i Bhegr at ed

circuit 16A through t itaxial silicon,l ayer, 14 and the nocrystalline
si licon wa &P%%Sﬁﬂgqekﬁqtﬂotﬁa@%ﬁan bledfﬁg}m%gl\qbéﬁﬁe%to%%o@uﬁgsi ly to
the thick Hﬁ)ﬁﬁ&%nﬁmu%ﬁm@%ﬁk%ﬁaﬁmdﬁa PBUARRRpded/ AR 4441
nonocrystalline siticon fer 10 1s relatively thin. Because of the

rel ativel ydiabn@id ldyermal conductivity of the thick dianond |ayer 12, the

heat fromthe hot spots conduct horizontally to cooler areas of the thick
di anond | ayer 12. The tenperatures at the hot spots thus can be reduced.

Nore heat GRfRASALar IOLEONIAL IV s aualebiBeh il dianad Lower 12 than
ducti f i ck _Di, d o | Fi il1ust :

cacr 11 ci al00g3H y BEE 3n LR et SRRSO R a1k S i iy B fEis

deposi t ed, ; L - Br S

ol ysi | | con T Bl By B2 B ARk PO Y o PO SR EE s CprosaRRusae ur1 19

nmanuf act ur@dnufactudag pohgilideerehicesatykhowhe BSpalyeilichbR ingsue dypically t he
ingot. The thick dianond | ayer 52 is deposited accordier;i; to the sane high-
t enper at urdanufashivadeng esting eperation ard wrasersare thar spyved fremafhe iagodb has a

t hi ck f bet 300. and =500 .mi crons. The pol ysilicon. | 54 |
depost tod TS ok A RABUOrE R ot i rainB It Ra s8Rl ot veen 10 and

15 temperature technique discussed with reference to Figure 1a and 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 2c illustrates a monocrystalline wafer 56 of the kind described
with reference to Figure la. The monocrystalline wafer 56 also has a diameter
of approximately 300 mm 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 2c
after implantation of the ions 58. The ions 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

8



m crons. [0046] As shown in Figure 2b, the conbination wafer is then
flipped so that the polysilicon layer 54 is at the bottom [0047] Figure
2c il ustwatoamizmesronocrystal line wafer 56 of the kind desecirhsdz2/24ait h
reference to Figure la. The nonocrystalline wafer 56 al so has a dianeter
of approximately 300 nm and a thickness of approximtely 750 m crons.

Hydr ogen i @@B”.5Q70§‘('i§a11en?8i'xgl@fl%@| tﬂ@ﬁ@mﬂhw TRV diag @veIQF(eﬁ Qﬂa?i]‘&?@ﬁf yptalline

waf er 56. [0048] Figure 2 ' Tustrates nmonocrystalline silicon wafer 56
of Figure Zhe finhl monooptstailiaé siticon fortnh 66B a0 shé&thonbaeystaitise s8iconaaifer a

boundary 60 at a | ocation about 10 to 25 microns bel ow an upper surface of
t he rmnocr?éﬁal line silicon wafer 56 of Figure 2c. For further discussion,

h i ] f, he " |1
511 Con QBRGNS e MTHREe o8 e bol AT s kh AR P oA TR LR . st e
"final nonegdsrpsthilR sHhiddrC@h 561 Aha b\AQan(tﬁél?e%ﬁﬁiﬁgﬂ 4fiftbn 68" .

Voi ds are fornmed at the boundary 60. The voi ds weaken tachnment of the
final nonobpypdt dlheibremrsialry 60 is eremespasechid the high (B YBttahipienatused usah waf er

R X I X
tenper at ur EB0L g AT B o S R ol AR A s

destroy t henkedhidgopefdtion. [TH¥O]s 6 nedDIst tightfodigior oés tHe@cisiagr i fi ci al
pol ysilicon wafer 50 is renoved in an etching operation. There is no need

for tight epetation kecanse e thididiamonddeyet $bactbes anstrht dtept Ahek di anond
s be. r AR SR i Rf b BB b reioGr Bt ebt @ on nat 1 on waf er
of Figure g{g)g:up thedreiBPa Stbiiation WierBNRELYS AL hAR Afidd LN et er S6A
the monocrystalline silicon wafer 56A is at the top.
[0052] ~As shown in Figure 2h, the monocrystalline silicon wafer 56A 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
is 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 Figures 2a-h differs from the
process described with reference to Figures 1a-g because the grinding
operation to obtain the combined wafer of Figure 1c is eliminated. A much
faster shearing operation is utilized to obtain the combination wafer 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 1c.



[ 0052] As shown in Figure 2h, the nonocrystalline silicon wafer 56A is
renmoved fromthe final nonocrystalline silicon filmb56B in a shearing
oper at i orwOTh@128hear i ng operati on nay for exanpl e invol vePaTjuSh2/pfs44gas

whi ch inpinges on the nonocrystalline silicon wafer 56A. Because of the
voids, the nonocrystalline silicon wafer 56A shears fromthe final
nonocrystalline silicon film56B at the boundary 60, thus |l eaving only the
final nonocrystalline silicon filmb56B on the polysilicon |ayer 54. The
final nonogkiyishad 4 BRearshd Openafioh M SeProdactibe of atitie®iandnddldyehed and
subsequent processing in carried out as hereinbefore described with

ref erence | O ) : d Xelery el FEE Lence to
Fi gures ZaEqusgtl f%?@#gggﬁ%%@ﬁ%&a&?ggéﬁ %Hgg‘?igf)ed w’gﬁsﬁg‘éﬁgﬁgr‘@g&?& Fi gures

| a- g becauttn diemgnd dayerd2 isglepatitahidliownddt lay a pdipsilicomlayed74aTke thih Fi gur e
1c is elimnnated, A much  faster_shearing operation is utilized to obtain

t he conbi ndiependueyer 731s betyigea S0znd 158oBiqrong thigkaadiindepegited 2n, a thi ck

di anond | aygf. .52 .iS pra The . thick .di er the me
advant ages‘gﬁf\%}nﬁitﬁ‘%‘\a@%‘ﬁﬁ@ iéegﬁp%lggy |e%%ﬂb%§gﬁ%féﬁ@%e |’5§$e lc. 9
WO 03/ 0_128%%1&41@_%%%%@?&% i3laiigﬂiljﬂaea so@at t %@ﬂﬁbﬁ@&yérmﬂibﬁt o
Production of a Thin D anona La Tane [0055] In FigQure 3a,” a sacrificial
pol ysi | i cothewsftam.7n FiguyreSej aetbrioarystaltine ailicohiwiafér Sthambinplaptad withi s
deposited foll owed by a polysilicon |.ayer 74. The thin_ dianond | ayer 72 is
bofneen 500RRE51 26 o HE LI R o S gfeplss? baandamy 4 betigenRdO¥Sie CVDD
t echnol ogy, ' . ~de | l.n 1k . ' L oh: waf er of
Figure 3a TonpryARTiAE SRR WaRE S b hON kPl Al orsaidlithe ScHR, O °1
Fi gure 3c, filan BEBOTH yggﬁﬁb Benke polysdtionvayer7486 bohdedRrbaht égdalvi th i ons 82.

As shown in Figure 3d, the ions create a boundary 84 between a | ower
nonocr yst apppaerystallige piligah Slns®R. akhe simdlarities detweernFigweanda-fewvdth i ne

Pinron B od BFLANES:. 3R AfGR) 4R dohiialidY Harlr of FighS0 SR 1O 1Ne

flipped so that the monocrystalline silicon wafer 56A is at the top. As shown in
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
sacrificial 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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nmonocrystalline silicon filmb56B. The simlarities between Figures 3a-3e
wth Figures 2a-2e are evident. In Figure 3f, the conbination wafer of

Fi gure 3ewDa3/0id8spped so that the nonocrystalline siliconpraaftsn2/s58M is at
the top. As shown in Figure 3g, the nonocrystalline silicon wafer 56A is
then sheared fromthe final nonocrystalline silicon film56B. The shearing

Is simlar_t ' ' (L0 ref ?e]nﬁ%e | O . An upper
surface of n}o%é)%ﬂi%@lﬁg%%g%rfgﬁgﬁ’iteﬁéejp}sﬂlykplccgﬁ lﬁr’ m g]%@?tﬁh%%rﬁoﬁ?c hed and
polished. [§@pH2, aﬁﬁt&h@ﬁ&ifiﬂalz%vgly@ﬂi&h,wdfef TheA gneeasshalgsavsbladeranarri ed

out to form’ integrated circuits 80A and 80B fol | owed by the formation of
sol der bunbe useshfoacuttigg thromghdhe thin dipgionddayer 72 begrusaitds nreyelt ovi des t he

structural_  suppor f all the l.ayers and conmponents formed t hereon. The
thin di armh?f“?%?er’baﬁio{qosmb%ﬂﬂ?éh“%' not thick enough to support the |ayers
thereon wi s{rlafd ¥Sthik RSBV 1hBlud Ekdgdd ci al

pol ysili co%da?g";eir:%%e %f(ﬁ;%ﬂlsdggés:én flg\é/veémsial i con§7surfac:-:-,1 mﬁkﬁ?gﬁai S gfsi mlar to

convent i ongibstiakté tinandibae slie 1@ on ¢nd padkalge substsaiarid2e dleptied04 whi ch are
designed to process conventional silicgn wafers can be used to al so

pr occra]ss t hjélg ITRERECHA P @0:]6Qmpﬁﬁ}eé@cﬁﬁdahﬂd}’éﬂi.m{‘mf 70 o ibEnt | ongl saw
crou s soRnin YR 74te bely St Rreh 14 ihe HBal RENIEORANEe sl IEY

PCT/ US02/ 24g@dnd ﬁ@é;ﬁwémaéﬂliwﬂa?bf 78.0Thé tlenH8Bo itdiad epihesintdgetad! ayer 74,
the thin diamond |ayer 72, and the sacrificial polysilicon wafer 70. A
convent i onetcieta$dd) sadksama of Hee brsegsBar Thebuinmgs 8haeughatedert ¢intacts anond

| ayer 72 because it is rely between 50 and 150 microns thick. [0058]

Fi gure 3i ?li‘?}l}f’s&’?"éﬂagg syhsteatedO%oni ¢ assenbly 100 incl uding a package

substrate gggop ”f'hé’&fseﬂitﬁg 186 gfﬂ}eﬁgggﬁg%k@%fﬁﬁgéé %@{}?ﬁt }ﬂgbuﬁ%e@i a% 104

I ncl udes respective portions I cial polysilicon t he
thin di anpietied fate théd rebdisrepiofrysi thedarmdcayethdtkhettinps 8akolidifpandst al | i ne

stiteon fi altt[cgch 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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56B and the epitaxial silicon layer 78. The die 74 also includes the
integrated circuit 80A, and sone of the bunps 82. The bunps 82 are | ocated
on cont acwe 03omsthe package substrate 102. [0059] The asseciplusod®@4i s t hen
| ocating in a furnace so that the bunps 82 are nelted, and then renoved
fromthe furnace so that the bunps 82 solidify and attach to the contact
pads on t ge substrate 102 thereby securing die 104 to the package
substratqu%gi&ggOGO] 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 renoved foWbatisplaimed: an et ching operation. Wthout renoval of the
polysilicon wafer 70, the thin dianond |ayer may still be able to transfer
heat from hot spots of the integrated circuit 80A However, heat is nore

easily renmpve A .surface of the thin dianond layer 72 if the
sacrificial pgﬁl’%a?&l conlylil}va%g'r 70 is renoved. After renoval of the

sacrificial pellggéd ofaplidtibaiond)anthe rel atively thin die 104 is
structurally supported by the package substrate 102. [0061] Wiile certain
exenpl ary enb@dﬂﬁﬁﬂﬂ§<ﬁﬂvégﬁééﬁCuéﬁgﬁPBébekﬁ@r9ﬁ8Wﬁid#ﬁn?% - acconpanyi ng
drawings, it is to be understood that such enbodinents are nerely
illustrative and not restrictive of the current invention, and that this

inventionds nofe weRk bf EhAf 11 WhERSn SREGIEE 6f SARPETMSADRStA84 200 Atgenent s
shown and descri bed since nodifications"may occur to those ordinarily

skilled iwidehe art. 11 WD 03/012864 PCT/ US02/ 24441 CLAI M5 What is
claimed: 1. A wafer conprising: a |ayer of solid dianond; and a plurality
of integrated circuits on the layer of solid dianond.

3. The wafer of claim 1 further comprising:
a layer of monocrystalline semiconductor material on the layer of solid
diamond, the integrated circuits being formed on the layer of monocrystalline

semiconductor material.

4.  The wafer of claim 3 wherein the layer of monocrystalline semiconductor

material is at least 200 mm wide.

5. The wafer of claim 3 wherein the layer of monocrystalline semiconductor

material is a layer of monocrystalline silicon.

6.  The wafer of claim 5 further comprising:
a layer of polysilicon on the layer of monocrystalline semiconductor
material, the layer of monocrystalline silicon being located on the layer of

polysilicon.

7. The wafer of claim 1 further comprising:

a plurality of contacts on the integrated circuit.
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2. The wafer of claim1l wherein the |layer of solid dianond is at |east 200
mm wi de. 3. The wafer of claim1 further conprising: a |layer of

nonocr ystwblosnessem conduct or material on the | ayer of solpca/usdi/atsend, the
integrated circuits being forned on the | ayer of nonocrystalline

sem conductor material. 4. The wafer of claim3 wherein the |ayer of
nonocr yst Ii% S%Fn%i conductor material is at |east 200 mmw de. 5. The
waf er of ¢ ai it ¥ e BIRthe | ayer of nonocrystalline sem conductor

material is ajjgyefoffoliniasionst ahdli ne silicon. 6. The wafer of claim5
further conprising: a layer of polysilicon on the |ayer of nonocrystalline

seni conduct or a lemerof mbnocrystallayesensicongnetor ysaterinl orethe layevef sdichg | ocat ed
on the layer of _polysilicon. 7. The wafer of claim1 further conprising: a
plurality $AMBKtacts on the integrated circuit. 12 WO 03/012864

PCT/ US02/ 24441 8. A wafer conprising: a layer of solid dianond; and a

| ayer of nonocrystalline sem conductor nmaterial on the layer of solid

dianond. 9 ThhenhRi 00tladth® whreih eielayet besdlid dlantdnd td dtdeadit 200 nani s at
| east 200 mMmm wi de. 10. The wafer of claim9 wherein the |ayer of
monocr yst avldeme semi conductor material is at |least 200 mnmwi de. 11. The
wafer of claim 10 wherein the | ayer of nonocrystalline sem conductor
material is a layer of nonocrystalline silicon. 12. A singulated die

conpri singp, The wafer of claim 9 wherein the layer of monocrystalline semiconductor

material is at least 200 mm wide.

11. The wafer of claim 10 wherein the layer of monocrystalline semiconductor

material is a layer of monocrystalline silicon.

12. A singulated die comprising:
a layer of solid diamond; and

an integrated circuit on the layer of solid diamond.

13.  The singulated die of claim 12 further comprising:
a layer of monocrystalline semiconductor material on the layer of solid
diamond, the integrated circuit being formed on the layer of monocrystalline

semiconductor material.

14. The singulated die of claim 13 wherein the layer of monocrystalline

semiconductor material is a layer of monocrystalline silicon.
15.  The singulated die of claim 14 further comprising:

a layer of polysilicon on the layer of monocrystalline silicon, the layer of

monocrystalline silicon being located on the layer of polysilicon.
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a layer of solid dianond; and an integrated circuit on the |layer of solid
di anond. 13. The singulated die of claim12 further conprising: a | ayer of
nonocr ystwblosnessem conduct or material on the | ayer of solpca/usdi/atsend, the
integrated circuit being fornmed on the |ayer of nonocrystalline

sem conductor material. 14. The singulated die of claim13 wherein the

| ayer of no st al l,i sem conduct o iak is a layer of
nonocr yst ggt i &i‘%émg%lﬁ{]?% q%_o??%gngl]&r%ﬁ{hae?géﬁ{éﬁlre oé claim 14 further
conpri sing: a,l Mﬁarhtgfofraehbé%%sldrm@iﬁfb Bred @xeit. of nonocrystal line silicon,

t he | ayer of nocrystalline silicon Dbeing | ocated on the |ayer of
polysilicon. 13 WD 03/012864 PCT/ US02/ 24441 16. The singul ated di e of

claim12 further conmprising: plural jty of cqontacts op the integrated

Gircuit. 17, Fhe srsidaies &8 of el Lovhetain the s s rerEngulp it

rect angul al‘heOrllJ{,ie' {dﬁ%eg%al‘; ewed from above. 18. An el ectronic assenbly
u

conpri si né“.Z a package s ster'ate; and a die nounted on the package

substrate, the die including a |l ayer of solid dianond and an integrated
circuit on the layer of solid dianond. 19. The el ectronic assenbly of claim
18 wher ei A8t hdrdelectranicirgeemblypdompttising: of contacts on the integrated
circuit and is |ocated on top aof the package substrate wth the contacts
at the bottoma(HaCf(ﬂ%e ﬁ'iﬂés.trafﬁan%he el ectronic assenbly of claim 18 wherein

the die inc ugeficto &toﬁx‘;the;ﬂ%{?g%eysﬁ}b%{“ﬂaié)%éam FRRAHAL ANay@diisoati on the

| ayer of soli I anon ated circuits being forned on the |ayer
of nonocr yiamohdrdsemirtegehed drcuitrah ¢heé Hyer df solidhdiahendr oni ¢ assenbly of
claim 20 wherein the | ayer of nonocrystalline

19. The electronic assembly of claim 18 wherein the die includes a plurality of

contacts on the integrated circuit and is located on top of the package substrate

with the contacts at the bottom of the die.

20. The electronic assembly of claim 18 wherein the die includes a layer of
monocrystalline semiconductor material on the layer of solid diamond, the
integrated circuits being formed on the layer of monocrystalline semiconductor

material.

21. The electronic assembly of claim 20 wherein the layer of monocrystalline

semiconductor material is a layer of monocrystalline silicon.
22. The electronic assembly of claim 21 wherein a layer of polysilicon on the
layer of monocrystalline silicon, the layer of monocrystalline silicon being

located on the layer of polysilicon.

23. The electronic assembly of claim 18 wherein the die includes a plurality of

contacts on the integrated circuit.
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sem conductor material is a |layer of nonocrystalline silicon. 22. The

el ectronic assenbly of claim 21 wherein a |ayer of polysilicon on the

| ayer of woreoiagst al | i ne silicon, the |ayer of nonocryst alPCrEsoye444con
being l|ocated on the |ayer of polysilicon. 23. The el ectronic assenbly of
claim 18 wherein the die includes a plurality of contacts on the

integrate ui / ?‘r%{é]% & Scdolfeni ¢
assenbly %4 ﬁ?eﬁr%%r S%I%Dq §r§]%g§g§ ‘#’ﬁ ?;éé%fracgéf’g{gﬁg di anond
opposi ng tdi@mBﬁElk@@ﬂ)sﬁ@ﬂ{é cﬁtagésﬁmwéﬁb eXfiosedn el ectronic device
conprising: a layer of soli d dranond; and an integrated circuit on the

| ayer of soli d di am)nd 26. The el ectronic device of claim?25 further
conprisin nocrystal.l.ine sem conductor nmaterial between the

ayer g
| ayer of %él al%h%leétﬁﬁmtc VIGR €UPREEE8ci rcuit. 27. The el ectronic device of
claim26 wher gl &Afas\gg@ ‘ﬂ%"@?ﬁgﬁéﬁt al li ne sem cond_uct or mat erial is a

| ayer of ponS| con of making a plurality of dice

conpri si ng: fgﬁlﬁx@rﬂeti&yﬁmt(ﬁn&@llaybrd)f&nﬂldcﬂlannbmi | ayer of nonocrystalline
sem conductor naterial on one another; manufacturing a plurality of
i nt egrated ci rcw ts on the | ayer of nonocrystal |l i ne sem conduct or

mat eri al ; r e la tvveentheintegrated
circuits. icﬁéﬂﬁggeglpe %cﬁ‘ﬂlﬂ'tg &q‘gjonpr ‘'sing: inplanting ions
into a Suffacal erfoMRbRBC tmwgérm&bﬁahétaema&@fmpmmmhe eofal , the
| ayer of solid anond thereafter being |ocated over the surface of the
monocr yst alihmoadwafdethe intefratedaritauit. a porti on of the nonocrystalline wafer
not inplanted with the

27. The electronic device of claim 26 wherein a layer of monocrystalline

semiconductor material is a layer of polysilicon.

28. A method of making a plurality of dice comprising:

forming a layer of solid diamond and a layer of monocrystalline
semiconductor material on one another;

manufacturing a plurality of integrated circuits on the layer of
monocrystalline semiconductor material; and

severing the layer of solid diamond between the integrated circuits.

29. The method of claim 28 further comprising:

implanting ions into a surface of a wafer of monocrystalline
semiconductor material, the layer of solid diamond thereafter being located
over the surface of the monocrystalline wafer; and

shearing a portion of the monocrystalline wafer not implanted with the
ions from a portion of the monocrystalline wafer implanted with the ions, the
portion of the monocrystalline wafer implanted with the ions forming the layer

of monocrystalline semiconductor material.
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ions froma portion of the nonocrystalline wafer inplanted wth the ions,
the portion of the nonocrystalline wafer inplanted with the ions formng
t he | ayerwoaB/omsnpcrystalline sem conductor material. 15 WOTABID1Q864
PCT/ US02/ 24441 30. The met hod of claim 28 further conprising: formng a
support layer with the |ayer of solid dianond between the support |ayer

and the | er,[g%rg% %%rg§cﬁ£%b§%ﬁép&w§_hgr material; and severing the

support | ayer respective porti reof formpart of respective
ones of the difg@ningla sdppoit IBfbrabititke Ageopiolidllianyomd beiveesn thenpr i si ng:
form ng a layer of “solid diarond on a wafer of nonocrystalline

sem conductuppontlpger ang the layer nfmonperystalline semironemstermatezialianel

senm conductor materigl down; _form an epi.taxial. | ayer of,sem congduct or
mat erial on tﬁ%verﬁ%ﬁlgler%}’é%%rF hY@r?é&?%Gﬁ SF PYALery ﬁfer ? Wgargofj

plurality r%%\%c?ﬁ/@%l%g@t}?é Gfdits in and on the epitaxial layer, to forma
er; an

conbi nati on severing the conbi nati on waf er between the
integrated circuits to singulate dice of the conmbination wafer from one
another. 32. A nmethod of making a plurality of dice, conprising: formng a
| ayer of <Hti d\ wiethedhof orking a®lurality of diggf e@mprisi®igyi ng a | ayer of materi al

on the layer of solid, di anpnd;, ;i nplanting iLeons.into rystalline

sem conduct or ??H{u@lgl aa}a’yer gg?fg% 81613}?%5‘(2 gh ngw?%é %rfnr)rho&:orc?g{%ﬁﬁ%n e

sem conduGRficdRhiRitbPmatdtifivgh which the ions are inplanted to the |ayer of
material; severing a portion of the nonocrystalline sem conductor materi al

froma final gpoidinga pordopof théatoriosrystaline s¢midomeluctyrematefriabdowm; al ;
form ng an epitaxjal |ayer of sem fcond_uctci)r mat eri al, on_t he
orming an epitaxial layer of semiconductor material on the
monocrystalline semiconductor material;
forming a plurality of integrated circuits in and on the epitaxial layer, to
form a combination wafer; and '
severing the combination wafer between the integrated circuits to

singulate dice of the combination wafer from one another.

32. A method of making a plurality of dice, comprising:

forming a layer of solid diamond on a sacrificial wafer;

forming a layer of material on the layer of solid diamond;

implanting ions into a monocrystalline semiconductor material;

bonding a side of the monocrystalline semiconductor material through
which the ions are implanted to the layer of material;

severing a portion of the monocrystalline semiconductor material from a
final portion thereof that is bonded to the layer of material;

forming an epitaxial layer of semiconductor material on the

monocrystalline semiconductor material;

forming a plurality of integrated circuits in and on the epitaxial layer, to
form a combination wafer; and

severing the combination wafer between the integrated circuits to
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nonocrystalline sem conductor material; formng a plurality of integrated
circuits in and on the epitaxial layer, to forma conbination wafer; and
severi ng wbhe3owmshi nati on waf er between the integrated cir®@artesoyo416 WO
03/ 012864 PCT/ US02/ 24441 singul ate dice of the conbination wafer from one
anot her. 33. The nethod of claim 32, further conprising: renoving the |ayer

of solid di.anmon ro t | east i rificial wafer. 34. The
net hod of S&’f‘g'i‘ﬂﬁ?%‘glfe%g}ee?oﬁnaﬁlﬁgaogl%%feg?mg%ﬁ%Sﬂ?%%g'nd is removed fromthe

sacrificial wafer before the conbination wafer is severed to singulate the
dice. 35. The nmethod of claim 32, wherein the |ayer of solid dianond
remai ns org3.t hegnethiotli afi ddinvd?, durther kemprising:i | the portion of the

nonocrystalline sem ¢conducto terial js severeq fromth inal portion
t her e01¥. 17 removing ﬁleqayer ofr soﬁri%l glamoncf f%om atqeas a portion oef tf*le P

sacrificial wafer.

34. The method of claim 33, wherein the layer of solid diamond is removed
from the sacrificial wafer before the combination wafer is severed to singulate

the dice.
35. The method of claim 32, wherein the layer of solid diamond remains on

the sacrificial wafer at least until the portion of the monocrystalline

semiconductor material is severed from the final portion thereof.
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