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| MPROVED HEAT DI SSI PATI ON 5 ' Background of the Invention
The spresent invention relates, in general, to substrate structures, and
nore particularly, to substr %é-Structures havi ng i nproved heat dissipation
capabrlities. 10 - Conventionally, electronic solid-state devices are

formed in sem conductor substrates such as dj sk-shaped sili cepgaaiers.
Typically, many identical devices are forned in the surface of a wafer

After the devices are f IS ' y | i ndi vi dua
die, 15 each die corrprﬁéﬁ fgﬁ%%gggﬁg@ﬁﬁqi‘%| ons for the
solid-state devices formed I'i v , i I'nc | y hi gher power

devi ces. For exanple, applications in tel ecomunications require high power
radio frequency anplifiers. 20 Additionally, as digital mcroprocessors
becone nore conplex they require higher power. The higher power of the
nodern devi%es directly resulBackgramd ofr £&ge INHeRREOR T eati on of heat
during the operation of the devices. The heat created-by the 25 devices
nmust be dissipated |n order for,the devices to maintain acceptable

|
operating tenperatqug.pﬁ???ﬁ?cﬁﬁvéﬂﬁﬁQEMﬁ? i s<PpEEPRE hedt® from a
sem conduct or debbteats atiactumssd, tamdamoeet parbkcwbarcly, to substrate

structures having improved heat dissipation capabilities.

10 Conventionally, electronic solid-state devices are
formed in semiconductor substrates such as disk-shaped
silicon wafers. Typically, many identical devices are
formed in the surface of a wafer. After the devices are
formed, the wafer is typically cut into individual die,

15 each die comprising a single device.

Modern applications for the solid-state devices
formed in wafers require increasingly higher power
devices. For example, applications in telecommunications
require high power radio frequency amplifiers.

20 Additionally, as digital microprocessors become more
complex they regquire higher power.

The higher power of the modern devices directly
results in an increase in the creation of heat during the
operation of the devices. The heat created by the

25 devices must be dissipated in order for the devices to
maintain acceptable operating temperatures.

A typical approach to dissipating heat from a
semiconductor device is attachment to a heat sink which
can efficiently conduct heat away from the device.

30 Common heat sinks comprise metal such as copper, which is
naturally a good heat conductor. Unfortunately, the
typical semiconductor device will not operate properly if
an electrical conducting material such as copper is

directly attached té it. Consequently, in the past,



can_efficiently conduct heat away fromthe device. 30 Comon heat sinks
conpri se netal such as copper, which is naturally a good heat conduct or

Unfoertunately, the typical sem conductor device will not operate properly
if an electrical conducting material such as copper is directly attached to
it. Consequently, in the past, 2 individual die conprising individual

sem conduct or devi ces have been attached t9 ceram c substrates which are
then attached to a netal heat sink The ceram ¢ substrate provides
electrical isolatjon (insulation bet ween. t em cqnduct or devi ce and
the metal heat %ﬂqﬂyldg?ﬂoﬁﬂﬁnSP@ yiStpg k%ﬁ%ﬁﬁé;%;Jﬁ§FP&PQ USFRT not
particularly efaewdm;t hanrecméucbtagcheatt@wémmshmetseﬁeeommm or
device to the heat nk t%g gdg Elonal %§£ WhICh Q%% bgggmggken isto
thin 10 the senlcon uc S &G raceine e éﬁect i c°88Vice is
formed in ordersubﬁhnaharmevuﬁesaﬁbantrmabem@mdm dinguletian) t hr ough

uhi ch the heal ypisjediathe SEREEhBRCHER!absideNslrlof flchiensuelanp of the

substrate where vice is formed. The thinned 15 substrate nmay then be
separat ed i nt o YHARAIMGHS 1o t&ﬁdCQF?ﬁé%e%Pﬁﬁﬁ?ﬁﬁ%ﬁn@?elH§Elators and heat
si nks as particularly efficient in conducting heat away from the

semiconductor device to the heat sink.
An additional approach which has been taken is to thin

10 the semiconductor substrate in which the electronic
device is formed in order to minimize the amount of
semiconductor material through which the heat must pass,
since the heat is generated at the surface of the
substrate where the device is formed. The thinned

i5 substrate may then be separated into individual die and
attached to ceramic insulators and heat sinks as
discussed above. Unfortunately, the substrates can not
be thinned as much as desirable because they become
subject to breaking during further processing.

20 Consequently, what is needed is a method for forming
a semiconductor structure with improved heat dissipation.
It would be desirable to provide electrical isolation
without compromising heat dissipation. Additionally, it
would be desirable to incorporate the electrical

25 isolation and heat sinking while the wafer is still
whole, rather than individually after dies have been
separated out. This would significantly simplify
processing and packaging. Additionally, it would be
desirable to provide structural support to the

30 semiconductor wafer so that it could be thinned to the
. very smallest thickness required for forming the

electronic devices.



di scussed above. Unfortunately, the substrates can not be thinned as nuch
as ‘desirabl e because they becone subject to breaking during further
progessi ng. 20 Consequently, what is needed is a nethod for formng
a sem conductor structure with inproved heat dissipation. It would be
desirable to provide electrical isolation w thout conprom sing heat

di ssipation. Additionally, it would be desirable to incorporate the

el ectrical 25 isolation and heat sinking while the wafer is still whol e,
rather than individually after dies have heen separated out. This would
significantly sinplify processPHY™aRY Phckagyi e ¥d®ionally, it would be
‘desirable to provide structural support to the 30 sem conductor wafer so
that it could be thinned.,to the very smallest t.hickpess required for
forming the electro ir&eg% i %%%Feg’ é“%&rﬁ%asrefttoflnyﬁggfﬁ{}eﬁ?i %nmﬁq?%$_l y
stated, the pré&senformimatd osemiscendvesttiead stonctorei vt Sewr eord] dotady
structure Wt Nk aRs gyedoReata SdhsiRaidion. shnsesheanduchabysbptrate is
provi ded. Subsequently, the sem conductor substrate is thinned.
Additional |y, SUBFSABAEAL IRy PR STHGRUSHosnEUBEEFate bF thinned.

Additionally, a diamond layer is formed on one surface of
the semiconductor substrate, thereby providing structural
support and heat dissipation for the thinned
10 semiconductor substrate.
The term "diamond", as used to describe materials
associated with the invention, is intended to mean

substantially diamond.

15

Brief Description of the Drawings

FIG. 1 is a perspective view of a substrate
structure made by a preferred method in accordance with
20 the present invention; and
FIG. 2 is a perspective view of a substrate
structure made by an alternate method in accordance with

the present invention.

25
Detailed Description of the Drawings

Referring to FIG. 1, generally, a substrate
structure made by the preferred method in accordance with
30 the present invention comprises semiconductor substrate
10 supported by diamond substrate 12. Semiconductor
substrate 10 is thinned to the minimum thickness required
to form an electronic device in upper surface 14 of

semiconductor substrate 10. As explained in more detail



the sem conductor substrate, thereby providing structural support and heat
d| dsipation for the thinned 10 semiconductor substrate. The term

"di anond", as used to describe materials associated with the invention, is
I nt ended to mean substantially dianond. 15 Brief Description of the
Drawings FIG 1 is a perspective view of a substrate structure nmade by a
preferred nethod in accordance with 20 the present invention; and FIG 2
is a perspective view of a substrate structure nmade by an alternate nethod
in accordance with the present invention. 25 Detailed Description of .the
Dr awi ngs ReferP?%ﬁwtan‘Gleg Jeéhébs Wefﬁrﬁﬁs‘f‘?'él?‘édst‘?’tﬁ%% made by the
preferred net hgdbstr&€s orzlane eboMdda 30 s%ﬂ@c@ﬁ&ﬁ@ﬂérlémﬁa{ﬁb a@pri ses

sem conduct or Hbstra e 10 supp Ort%%jlmé d Eubstrate em conductor
substrate. 10 | SHERDORAPT PIHR reRhEEn s Bk hESs EPEREH T8 15 o
el ectroni ¢ devcerbide ubgezr Slf f adhel preffeseriicnathed oreswlist riat & 10. As
expl ai ned iﬁ] ngéﬁiggﬁ@&étor layer 14 thinner than previously possible,
structurally supported by diamond substrate 12.
Moreover, diamond substrate 12 provides heat conduction
and dissipation on the order of five times better than
even a copper heat sink, while additionally providing

10 electrical insulation which is required by the electronic
devices formed in semiconductor substrate 14.
Furthermore, the electrical insulation and heat sink are
formed early in the device process, before individual die
are cut. This significantly simplifies further

15 processing and packaging because, for example, individual

' die do not need to be attached to ceramic substrates
which would then need to be attached to metal heat sinks.

More specifically, referring again to FIG. 1,
diamond substrate 12 is provided. According to the

20 preferred method, diamond substrate 12 comprises a
diamond substrate of the type commercially available
from, for example, Diamonex™ as disclosed in D.
Pickrell, et al., ical Vapoxr D sition of Diamond
for Electronic Packaging Applications, ISIDEISHM,

25 July/August 1991, pp. 11-15. It will be understood that
various types of diamond layer, such as amorphous or
polycrystalline diamond, or single crystalline diamond,
could be used. The diamond layer 12 comprises a top
surface 18.

30 Additionally, according to the preferred method, a
silicon substrate 14 is provided. It will also be
understood that various semiconductor materials may be
substituted for the silicon used in accordance with the

preferred method. The silicon semiconductor substrate 14



4 bel ow, according to the preferred met hod, di anond substrate 12 is bonded
t o ’sem conduct or substrate 10. The bonding process results in the formation
of silicon carbide |layer 16. The preferred nethod results in a 5

sem conductor |-ayer 14 thinner than previously possible, structurally
supported by di anond substrate 12. Moreover, dianond substrate 12 provides
heat conduction and di ssi pation on the order of five tinmes better than even
a copper heat sink, while additionally providing 10 electrical insulation
which is required by t he electronrc devices forned in s nrconductor

substrate 14. FOPPREFEBra, 1Mt wdaGec a0 i WeyFat Faresifit aRend sink are

formed early ipubberdeyi T2, it essconieisur€aicedRy| dulad ciili s amtee adlp  Thi s
significantly srnglrfres further 15 processing and packagi ng because, for
exarmpl e, indi vP3t&P°8t e do not need to be attached to ceranic substrates
whi ch woul d t hen needCbndbegat¢amﬁexbnefanaed mhehodsrﬂkblcmmre

specifically, Lehershage F@ 1h 141 B3 RS R Syl ndhy PT OVi ded.
FEnSgondde 0o & Aot

According to t od, dranD strate 12 conprises a

di anond subst r‘ébecbﬁeﬁﬁer@?lbbr%rﬁﬁerf&r&l Weadaﬁrae@ee]r@farﬁorm 4TS e,
Di anonex[err] ag gdupstosed i Drilicldsel be 65 hin &HEm X ahi MAPOIsuch

Deposition of E)t ndefor Elegtr ni c Pac%ug g Aﬁ@ icatror1 I%)DE SQNI 25
Jul y/ August 1981thppness_has nqt ﬁﬂ W& st B ??mﬁo Xt becaus
the wafer would be unmanageably thin. However, as
10 explained in detail below, the thin substrate 14 will be
structurally supported by diamond substrate 12 during
further processing and packaging.
According to the preferred method, first surface 20
of substrate 14 is planarized to permit bonding to
15 diamond substrate 12. Likewise, top surface 18 of
diamond substrate 12 is planarized. Subsequently, top
surface 18 of diamond substrate 12 is brought into
contact with first surface 20 of substrate 14. According
to the preferred method, substrate 14 is bonded to
20 diamond substrate 12 by heat cycling the entire structure
s0 as to form a thin silicon carbide layer 16 at the
interface of the contacting surfaces. Silicon carbide
layer 16 will typically be no thicker than 1-5 atoms.
Once the entire substrate structure shown in FIG. 1
25 is formed, a plurality of electronic devices, represented
by electronic device 21, are formed in second surface 22
of semiconductor substrate 14, according to well known
methods. It will be understood that electronic device 21
is one of many identical devices formed on substrate 14.
30 During processing, superior structural support and heat
dissipation is provided by diamond substrate 12.
Furthermore, once individual die are separated and
packaged, superior electrical insulation and heat

dissipation are provided by diamond substrate 12.



various types of dianond |ayer, such as anorphous or polycrystalline

di dnond, or single crystalline dianond, could be used. The dianond | ayer 12
conprises a top surface 18. 30 Additionally, according to the
preferred nmethod, a silicon substrate 14 is provided. It will also be

under stood that various sem conductor materials nmay be substituted for the
silicon used in accordance with the preferred nethod. The silicon

sem conduct or substrate 14 5 conprises a first surface 20, which faces
di anond substrate 12, and second surface 22, which is the top surface.
According to t AECpFeingr ke ﬁb@waef%wqd;mtbogenﬁéeﬁaﬁfétwb%%% dte 14 is

thinned to the;ig gir-auIREAl GkiRSS fletiidad tig kaenrhh edsﬁlx@ob(ﬁlnﬁqtsr oni ¢
device in substrate %ﬁ g)'?I:'hls gga be as_thin,6as 1- Such. a t hj nness

2
has not been used i REFLFed JReEaad ﬂEFh&??ntﬂ@sﬁéFé?de%I%P?ﬁP
unnanageably thhe stlepes€r thisnifly sl canindied tion debattahelrmvbéﬂurdln n

substrate 14 WLl BeeShEUGLAT Bbhd: SYIRROLIRE X 1-2EBRG. SUbSL A, 12 duri ng
Shagh Ror ; e

further proce53|ng an agl ng. ng to the pre erre od, first
‘surface 20 diamond substrate 12. However, consistent with the

preferred method, semiconductor substrate 14 may be
joined with diamond substrate 12 before it is thinned.
This may be desirable where structural support from the

10 diamond substrate 12 is required during the thinning
process of semiconductor substrate 14, for example, where
semiconductor substrate 14 is thinned by grinding.
Additionally, the electronic devices formed in
semiconductor substrate 14 may be formed before substrate

15 14 is thinned and attached to diamond substrate 12. This
may be desirable because existing device fabrication
processes can be used without modifications which take
into account the addition of diamond substrate 12.

FIG. 2 illustrates a substrate structure made by an

20 alternate method in accordance with the present
invention. The portions of the structure shown in FIG. 2
which are analogous to those shown in FIG. 1 are
identified by the same references numbers. A notable
difference between the structure of FIG. 2 and the

25 structure of FIG. 1 is that in the structure of FIG. 2
diamond layer 12 is chemically deposited on semiconductor
layer 14, rather than provided as a separate substrate
and bonded to semiconductor substrate 14.

More specifically, according to the alternate

30 method of producing the structure shown in FIG. 2,
silicon semiconductor substrate 14 is provided.
Semiconductor substrate 14 comprises first surface 20 and
second surface 22. Diamond layer 12, comprising top

surface 18, is chemically deposited on first surface 20



of substrate 14 is planarized to permt bonding to 15 dianond substrate
12.° Likew se, top surface 18 of dianond substrate 12 is planarized.
Subsequently, top surface 18 of dianond substrate 12 is brought into
contact with first surface 20 of substrate 14. According to the preferred
met hod, substrate 14 is bonded to 20 dianond substrate 12 by heat cycling
the entire structure so as to forma thin_,silicon carbide |ayer 16 at the
interface of the contacting surfaces. Silicon carbide |ayer 16 w ||
typically be no thicker than 1-5 atons. Once the entire substrate structure

shown in FI G @f2semjcondneher suhfityede ¢ -of TepetteR Pk dRRASIdS NG

represent ed bygeheshd Oldferie Gy bonpr@skQr MBE bRaMETONHSGHSidGhg22 Of
sem conduct or sgbstgaie 14, aC%ﬁ%PIn%YtO [l known net ods.(ii wl] be
under st ood t hafPLPetHHBRT YRARIPUS FIaMGRE  oPOIEREY § Ny 1gmpnCas

foanﬁd on subsbrasind¥e Sfystalrling pliecessi.ngInstpes i altetnaiet uteadhosiyppor t
¢ dissi : : . - d F ,
i vi dual 5 eBaraSl BP0 ARG HerdAignt S RSy R On

i ndi vi dual di e are Separ- age superi or trica
and heat di ssipati1om @rreils ovidraetoiakdicamebiodabfer agkemixally 6 Accordi ng

to the preferrgdogBihody &HAmnd SOHiR18sld in United States Patent
Nos. 5,124,179 and 5,126,206, which are incorporated
herein by reference.

10 Subsequently, semiconductor substrate 14 is thinned
to the minimum thickness required for forming the desired
electronic device 21 in surface 22. According to this
alternate method, semiconductor substrate 14 is thinned
to a thickness within the range of 1-2 mils. After

15 substrate 14 is thinned, a plurality of electronic
devices, represented by device 21, are formed in surface
22 according to well known fabrication methods.

By now it should be appreciated that a method for
making a substrate structure with improved heat

20 dissipation is provided. The method provides a structure
which allows the semiconductor substrate containing
electronic devices to be thinned to a degree previously
impractical. Additionally, electrical insulation and
heat sinking is provided in a single diamond layer.

25 Furthermore, the insulation and heat sinking is provided
to all individual devices at once, rather than sepérately
after the wafer has been separated into die, as in the

prior art.



is provided with a thickness in the range of 10-20 mls. The preferred

met hod has been described to include the step of thinning sem conduct or
substrate 14 before 5 contacting and bondi ng sem conductor substrate 14 to
di anond substrate 12. However, consistent with the preferred nethod,

sem conductor substrate 14 may be joined with dianond substrate 12 before
it is thinned. This may be desirable mherﬁ structural suppo
di anond substrate 12 is required during the thinning proce

sem conductor substrate 14, for exanple, where seniconduct 1@ Hﬂ ’ I,”Hm
is thinned by grinding. Additionally, td&¥Sectronic devic

sem conduct or substrate 14 may be forned before substrate 15 14 is thinnéd
and attached to di nd sub Thi s eS|ra becaus

exi sting device fab catpt %"%cgé’&g‘agéﬂgb% ﬂ’i{% th ﬁel E’éﬂe“ons

whi ch take intmmmmmadmmlplaomont dompoish rsy idter aitepisZofFl G 2
illustrateg a subst 4 e zagde {

accordance%vvl th thelg%%‘&czlrﬁdyl%\%ntl ogl %Seg%'rg% g)%és) ﬁ&%ﬁe Sq?‘%ct ure shown
in FIG 2 whi c#rfacaandi®gous to those shown in FIG 1 are identified by
the sane refer ences, upReiTRy a°~srlqtl?é\:l%hesdbEf:?é@é‘Cﬁ@ﬁtd&@ﬁﬂsﬁ%gStf&%izure of
FIG 2 and the, 25 st ucture of FIG % is that in the structure of FIG 2
di anond | ayer e |5944ﬁﬁﬁ99¥q 244 pSYrtadedh seni conductor |ayer 14, rather
t han provi ded as a tSepaiiaie thubstildicen substrate (14);

10 planarizing the top surface (18) of the diamond

substrate and the first surface (20) of the silicon
substrate (14);
contacting the top surface (18) of the diamond
substrate with the first surface (20) of the silicon
15 substrate (14);
bonding the diamond substrate (12) to the silicon
substrate (14), thereby providing structural support and
heat dissipation to the silicon substrate (14); and
forming an electronic device (21} on the second
20 surface {(22) of the silicon substrate (14).

2. The method of claim 1, wherein the step of
providing a diamond substrate (12) comprises providing an
amorphous diamond substrate (12) having thickness in the

25 range of 10-20 mils, and wherein the step of thinning the
silicon substrate (14) comprises thinning the silicon

substrate (14) to a thickness in the range of 1-2 mils.

3. The method of claim 1, wherein the step of

30 thinning occurs before the step of contacting.

4. The method of claim 1, wherein the step of

contacting occurs before the step of thinning.



and bonded to seniconductor substrate 1I4. Mre specifically, according to
the alternate 30 nethod of p cture showmn in FIG 2,
siljcon sem conductor substra m'ﬂg' ﬂiﬂ . Sem daong Hhstrat.e 14
conprises first surface 20 an *Seco ace 22. D cmg 3'%&“/&52&&\[
conprising top surface 18, is chemically deposited on_firsBERBUACERCe 20

of sem conduct or substrate 14. The step of, depositing di anond Tayer may
conprise, for exanple, depositing a thin filmof anorphous di anond,
polycrystal l'ine dianond, or single crystalline dianond. In this alternate
met hod, 5 di anond | &yer Tkeimethqbsih edaid 4.t WhekaeBsthe s4ro rafhge of

10-20 mils. Acggphahbeafebisisrdtic eniceal by )depestsi porsiamnd
disclosed in United.States Patent Nos. 5,124,179 and 5, 126, 206, whi ch are

i ncor por at ed h8Fth1’B§}l?%f erence. 10 Subsequent |y, semi conduct or
Substrate 14 is thinned to the mni rrumthickness required for formng the
desired el ectronic devi Acc to this alternate
met hod, se%cconduct gr g lﬁ GI](hl%%nedsfl ?ﬁl AT SRR ht he

range of 1-2 mlmprowadeheais dma’tatcm 1¢0ﬁr®rtihiingedf,le astpdps afi y of
el ectronic providing a silicon semiconductor substrate (14)
having a first (20) and a second surface (22);
depositing a thin £ilm of amorphous diamond (12) on
10 the first surface (20) of the silicon semiconductor
substrate (1l4), thereby providing structural support and
heat dissipation to the semiconductor substrate (14); and

thinning the silicon semiconductor substrate (14).

15 7. The method of claim 6, wherein the step of
depositing a thin f£film comprises depositing a thin film

having a thickness in the range of 10-20 mils.

8. The method of claim 6, wherein the step-of
20 thinning the silicon semiconductor substrate (14)
comprises thinning the silicon semiconductor substrate

(14) to a thickness in the range of 1-2 mils.
9. The method of claim 6, further comprising the

25 step of forming an electronic device (21) in the second

surface (22) of the silicon semiconductor substrate (14).

This Sheet Has Been Replaced
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devi ces, represented by device 21, are formed in surface 22 according to

wel*l known fabrication nmethods. By now'it should be appreciated that a

met hod for naking a substrate structure with inproved heat 20 di ssipation

is provided. The nethod provides a structure which allows the

sem conductor substrate containing electronic devices to be thinned to a

degree previously inpractical. Additionaliy, el ectrical insulation and heat

sinking is provided in a single dianond layer. 25 Furthernore, the

i nsul ation and heat sinking is provided to all individual devices at once,
oD K

rather than separatel y YFTREPD (HR MYKING, &g %@éﬁ%@ﬁa?%%‘éﬂrq% odie, asin
the prior art. CLAI M5~ WITH IMPROVE?eW?ﬁT]PISS,RAﬁgpﬁbd for making a

substrate structure with inproved heat dissipation, conprising the steps
of: 5 provi ding a di anond substrate (12) conprising a top surface
(18); providing a silicon substrate (14) conprising first (20) and second
(22) surfac®es; thinning the sAbptoactudstthe Diskdosure pl anari zi ng
the top surface (18) of the dianond substrate and the first surface (20) of

the silicon ) _
A method for making a substrate structure with

improved heat dissipation is provided. A semiconductor
wafer (14) is provided. A diamond layer (12) is formed

10 on the back (20) of the wafer (14). The diamond iayer
(12) provides structural support and heat dissipation.
In certain embodiments, the diamond layer may be an
amorphous diamond substrate (12) bonded to the
semiconductor wafer (14). In certain other embodiments

15 the diamond layer (12) may be a thin film laver (12)
deposited on the back of the semiconductor wafer (14).
The semiconductor wafer (14) is thinned to a minimum
thickness necessary for forming an electronic device in a
surface (22) of the wafer (14).

20 FIG. 1 accompanies this abstract.



substsate (14); contacting the top surface (18) of the dianond substrate
wit'h the first surface (20) of the silicon 15 substrate (14); bonding the
di arond substrate (12) to the silicon substrate (14), thereby providing
structural support and heat dissipation to the silicon substrate (14); and
form hg an el ectronic device (21) on the second 20 surface (22) of the
silicon substrate (14). 2. The et hod 05/ laim1l, wherein the step of
provi ding a di anond substrate (12) conpriSés providing an anorphous di anond
substrate (12) having thickness in the 25 range of 10-20 ml|s, and wherein
the step of thinning the silicon substrate (14) conprises thinning the
silicon substrate (14) to a thickness in the range of 1-2 mls. 3. The
met hod of claim 1, wherein the step of 30 thinning occurs before the step
of contacting. 4. The met hod of claim1, wherein the step of contacting
occurs before the step of thinning2 [err] 5. #he nethod of claim1,
wherein the step of formng an el nic devi curs before the step of
t hi nni ng. 6. A net hod for fng a substrate sfr e wth

i
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5 inproved heat dissipation, conprising the steps of: previding a hateadad
senmi conductor substrate (14) having a/ first (20) and a second surface (22);
chem cally depositing a thin film of-~di anond (12) on thﬂuyﬂ 20)
of the sem conductor substrate (14), 10 thereby providll mmmﬂﬂﬁc]ﬁ"
support and heat dissipation to the sem con@uctor substrate® (24)» amd =«

t hi nni ng the sem conduct or substrate (14). 7. The nethod of claim6,

wherein the step ofs 15 mhefetdbly oficBP8ihi DY whdrBih fiHeNsE@BP LIS ESrming
depositing a thin_fil m havi a thickness in the. range of 18-20 mls. 8.
The met hod of % SHECETORAEr SEFLEREOSTIE JRELaF i SLAR Of) FRoAming
sem conduct or substrate conprises thinning the 20 silicon sem conductor
substrate to a thi dknesd methiod fargmaking-&2 substreate stilwmetmeehedthf claim
6, furthersco LS| S O IT] €. Leni ice.in the
second sur acg&%#%tk’%g %Egts{iﬁg%g%aégénﬂr"cgc%)d@c]il?rﬁgjgg%r %ttg.ﬁ¥[§?f]

providing a semiconductor substrate (14) having a first

(20) and a second surface (22);
chemically depositing a thin film of diamond (12) on the
first surface (20) of the semiconductor substrate (14),
10 thereby providing structural support and heat dissipation to
the semiconductor substrate (14); and
thinning the semiconductor substrate (14).

7. The method of claim 6, wherein the step of
15 chemically depositing a thin film comprises depositing a thin
film having a thickness in the range of 10-20 mils.

8. The method of claim 6, wherein the step of thinning
the silicon semiconductor substrate comprises thinning the
20 silicon semiconductor substrate to a thickness in the range of
1-2 mils.

9. The method of claim 6, further comprising the step
- of forming an electronic device in the second surface of the
25 silicon semiconductor substrate.
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