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1 I KTEGRATED CI RCUI T PACKAGE W TH DI AVOND HEAT SI NK BACKGROUND OF THE

| NVENTI ON The ever -increasing demand for smaller, higher per {
i nformati on systens “has | ead to the adoption of the int egr at H?@?ﬁﬁﬁ HAS BEEN
("1C") as the information processing center of the nodern co

integrated circuits, or chips, are typically housed within standard
ceramc, plastic or nmetal packages and. carrpocﬂtb(nr DEtRdA4bet veerp. %pwp
and ot her information .processing units within the system In one \'f
pl asti cIewenpenkat ed dual in-line package, such as the package 1 shown in
Fi gure BelanNagyegrated circuit chip 2 _
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_ INTEGRATED CIRCUIT PACKAGE WITH DIAMOND HEAT SINK

BACKGROUND OF THE INVENTION

The. | e.ver-'increa'Sin'g demand for" smaller, higher perfcrmance
-infomaticn systems' has lead to ﬁhe 'a'doplticn' of the integrated
'ciJ_:c'uit‘ ("IC") as the information processing center of the.-modei'n

5 compucer. ,. These J.ntegrated c:chuJ.ts, or ch:.ps, are typically'
housed within standard ceramlc, plastlc or metal packages and carry
| J.nformatlon between the chip and other 1nf_ormatlon processing units
" within the system. | | | -
In ‘one type of plastlc encapsulated dual in-line package, such.
10 as the package ‘1 shown in Figure 1, an J.ntegrated c1rcu1t chip .2
ha_v:.ng "a plurality of chip bondlng pads_-3 at its perimeter is
faste_ned to ._ a die substrate 4 which is neld by two tie bars 5
embedded in thermoplastic molding 'compound_. 6, such as a polvanmide.
A plurality of metal legs.,. or leads 7 are also _en_lbedded in the
15 plastic compound 6 with (typically) _nickel-fpiated wire'bondi'ng pads

8 at their inmer ends. The leads 7 and substrate 4 are parts which



haveng a pIurallty of chlp bondlng pads 3 at its perlneter ?
die substrate 4 which is held by two tie bars 5 enbedded |n! R
nDIdlng conpound 6, such as a polyamide. A plurality of net
| eads haeeabeenesbpddedtedn from pl dsiEidc Tmameound thenidduxse ppLabsyembly of
ni ckel - plated wi re bonding pads 8 .at their inner ends. The leads 7 and =
substrat thd garkaaye s1whi diead haxzesbeﬂenasepamﬁed feonthel gurid r Anmandy the

course of assenbly of the package 1. Lead wires 9 are bonded to the pads
3 and thbohaﬂﬂgnpaﬁsds 8f0théhbei¢9d3 EthDNNE&EKﬁhéPEhIﬁNZ)ﬁbtthéhkei@9d$

G gsté;q

whlch prov1de connection means to other c1rcu1t components.

x -

5 : .-Because electrlcal 1neff1e1enc1es in the chip generete heat,
the temperatore oflboth the chip 2 and other parts of the paokage
supborting the chip 2 'significantly' r:i:se duri:_ig ﬁse._ It is known
that. such elevated temperatures can degrade :the _systeﬁ's

'petformance. For ekempie, beceuse“many of the 8ystemfs.p§dtioal
10 fprocesses fely on kinetio phenomene which'become acceleieged by
1ncreased temperature, faiiures ‘in metallizatioh aﬁdé'bonded |
1nterfaces occur durlng extended use. Accordlngly, heat productlon
by the chip, often termed “the:mal dens;ty", has become a
significant design .coﬁsideration :which threatens to limit the
15 | futther miniatutization..of information systems within rea'so'na_ble
‘cost constraints. | |
Conventional_treatment-of'the.thermal density problem has met
with limited success. For example, in the pfior.ert'design shown.
in Figure'1; heet oenerated by the chip is dissipated thtough.the
20 plastic molding, the die pads and the bonding wires connecting the
ohip and the legs.'of the lead frame. However, each of. these -
thermel:conduits istonly mergiﬁally effective. In particular, the
wires are poor thermal.condﬁits because_they have a smail Cross

' section (i.e., about 0.002 inch thickness). The die pads, while
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whi €h provide connection means to other circuit conponent s i Recaus®T HAS BEEN |
electrical inefficiencies in the chip generate heat, the t rrperaaaperED

both the chip 2 and other parts of the package supportl ng the=ct =2

si gni f icanidgy almodiucr@gsusectmm i($.&npwabbhat 0.010sdokh dhedvikneds) are
tenmperatures can degrade the systenis performance. For exanple, because
many ofinéﬁfes:;tsxrmﬂt&xmatl cainduridee derause \thay eiree tirangadedrata esfahc lend
becone accel erated by increased tenperature, failures in netallization
and bagledhent gcf apeakageyr ahdi g exterdedanse. no Aestalli ilermdieapaths

production by the chip, often ter nmed "thermal density", has becone -
a si gnidvaianblde g o raitddidy iaftemhittie T0 teldiagt proceists .t ha'hfeumbeltlc
mniaturization of - information systens -within reasonable :

S mold:.ng has an extremely low ‘thermal conductivity. One present
J_.mprovement, in ‘thermal diss:LpatJ.on .connects .-a_. more thermally
conductive, high surface area material (known as a "heat .spreader":.)
to the ehip. ' Although lheat:'-"s-preaders succeed izi ‘dissipating hot

| _spdte on t.he_'.chip, the.y do not. signj.fi'can‘..:ly' aseist ‘in f_ergoving'
10 heat .' from the 'peckage e's a whole. _Another lpresent impi'ex_';iement'
involves ‘blowing air across either the chip or attac'h:eé; ﬂ_eat
spreader, thereby- removinq. heat-_ convectively 'froin the peckege;
Alth_qﬁgh this imp.rovem'_ent- succeeds in removing more heat from the
pack_age,' ; l'C _a'dds cost and reqxiires geometry chenges in the area
15  around the package. -

| Therefore, it. is the _objecf. of the -pr.feser;t invention to
provide a packege which can provide electricel_eonnectien 'betweeri
_. the chip '-ar_xd the'.'l'ead .frame, yet still maintain the chip at low
temperatures: | o | ' |

20 SUMMARY OF THE 'INVEN_TION-
In acco'i'dalnce with the present -iﬁve_ntion,’ -there 1s provided a
plastic _encapsulated 'integ"rate'd' circuit paekage_ ccmp'rising':
| 'a) a th_er:ﬁaily c_onduc_tive,, electrically resistive base,

b) an integrated circuit mounted on the base,
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[ert] constraints. Conventlonal treatnent of the thérmal depsiHig SPIEEDIHAB BEEN |
has nmet with limted success. For exanple, in t he prior ar ' - -
in Figure 1, heat. generated by the chip is dissipated throu =
mol di ng, * t hec{li ea parisiaiid dyheoboriigy) iy esleotntedl ngonneotiion anwdthhethe

|l egs of the | ead frane. However, each.of these thermal conduits is only
mar gi nal |y eﬁﬁeegrgeedlelaaﬁitQUAnd t he mﬁres are poor thermal conduits
because they have a snmall cross section.(i.e., about 0.002 inch thickness).

The die padSwhé/Beb.ﬁ the base is in 1nt1mate thermal contact with both the
J.ntegrated. circuit and the plurallty of legs of the lead

5 | frame.
| Also _J.'n .accordance w_ith- the present invention,.: 'i:here is ._
provided an integrated circuit packaé'e ‘c.:omprising:
a) an iﬁte_grated cireuit, |

b) -_a. lead frame having a- plurality of legs. in 'elec*;t_;'_rical

10 connection with the integrated' circuit, and '
. c) 'a diamond film base, |
" wherein the diamond f:le base 1s in 1nt1mate thermal.contact
w:.th both the :Lntegrated c:chu:Lt and the plural:l.ty of legs of

the lead frame_.
15 DESCRIPTION OF THE FIGURES
Figure 1 is an ele.vated pe}:spective. view of a coriventional '
lldual in—line iﬁtegrated circuit package _(DiP) . |
Figure '2- i.s an elevated perspective view. of. the p;resent
inv_ention.' ‘ | |
.20 DETAILED DES'CRI_PTION.OF THE INVENTION
It has been found that ﬁeuﬁting a conventional chip _on  a
thermally'.' conductive, eiectrically resistive substrate (such as
diamond £ilm) and. providing intimate thermal contact of it with

leads allows each of the' leads to be used as a direct conduit for

-
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havi ng a good cross sect i on (i.e., about 0.010 i nch thi ckj qs.ﬁgba‘@gTHAsgn:EN
i neffective thermal condui ts because they are truncated ajj eacimEMACGHD t he

| C package, "and- so there are no netal "thernal pat

t he out srt&era:faueldﬂsfseph@lm di nganueeesmes&eeaHeshacrerm:lhdlcrmebaesabf about

extremely low thermal conductivity. One present inprovenent in thermnal

di ssi pat IOQIGI‘OOF!i’t&ﬁiés,a GReg Poesest Ja cotdhCigreatebi Wrcuy-iastiamtathan the
material (known as a "heat spreader"”) to the chip. Although heat

spreader goaeatddnan diSsddpt i Rehairepehereforhe mltiad, théfia n@bnductlve
significantly assist in renoving heat fromthe package as a who

Anot her pr@gerthd NPLAYEIBNteridayIenth| OMh&JpabieREl AnTeRitiiler ;sﬂﬁrrcmso br
attached heat - spreader, thereby removuing heat convectively fromthe

packgge J.ncreased “heat dJ.ss:Lpatlon from the entire package yet does not
lnterfe_re_ w:.th its elec_trlcal prop_ert:.-es.
For the purposes of -the present 'inventicn, "'intimate thermal

- contact™" means that the thermal conductlvn.ty of the interface

}

connectlng the dev:.ce die pad to the lead exceeds 2 W/cm K, so ‘that

10 'there J_.s essent:la_lly no themal resistance provided _by epy gap

therebetween. Preferably, the base touches both the lea}el_:js':;'_’end.the

chip. -
Any 'sﬁbstrate' .baving' a thermal -conductiivi-ty of at leaet about
.2 W/cm K and an electrical'r..'esisit.:ivity of et leaet about 10 -Es
15 _:oi'nn-'cnt at 10 'V dc can be used as the _thermaliy conductive,
electrically r_esisitive base of the present inventiofx.‘ These
substrates lin_cll.-tde, but are not limited to, _diamond} 'almn':_i.nunl\
nitride, beryllJ.a, -diamdnd—ceated lsubstr'ates, and insulator-clad
'met_als. Preferably, the therinal- conductivity of the base is at
20 least about 6 W/czn.K, more preferably at least about 10_'W/cm K.~
Pr.eferably., the eleetrical resisitivity of -the. base_ is at least
aboiit- leB ohm~cm, more' preferably exceeds 10 E‘10 ohm-cm. | The
_thlckness of the base may be between about 100 and about 500 um,

preferably b_etw_een about 150 and 200 um.
| ThlsSheetHasB |
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Al t hough this i nprovenent succeeds in renpving nore heat ’LrTb'l*ﬁPHﬁEbéﬂeﬁaif-éN 5 _
it adds cost and requires geonetry changes in the area arijbund REFLA&ERAge ﬁ _
Therefore, it is the - obj ect of the present invention T0 provide a

package whlcmaamnRﬂﬁfﬂiﬂbkﬂﬁﬁkhecbﬁseoﬁﬁeddbmnnﬂewWQm1héﬁam$epianﬂstheth

| ead frame, yet still maintain the chip.at |ow tenperatures. SUMVARY OF THE .
INVENTI@NIlexnaiimmancethermalhecpnduenorlnaadtlanz térecellenpr oelldetiracal
plastic encapsul ated integrated circuit package conprising: a) a thermally
conduct inenlekertr iSmah ydimwirsd | fElthasan b)e amyl rme;j'r athelrmalcuondnnbmtrmtiy

on the base,
diamond (free standlng or coatlng) In some embodiments, the base

5 is a diamond film hav1ng a thermal conduct::.v:.ty of at least about -
10 W/cm K and. an electr:.cal re5151t1v1ty of at least about 10 E10
ohm~cm. Typlcally, the diamond fz.lm is chemlcally vapor deposited
| (CVD) "diamcnd whi_ch has a thlckness of between about 150 _ahd.about
200 microns. Because the dismond film can be so thln, its -

10 utiliza_tioh' in the pre.Sent im}enticn offers a deSign advant’%ge in
that it can be . incorporate_d into .ccnventional system :j..f,;delsi_gns
_witho'ut a significant change in the package '.geometry. |

In one embodlment of the present lnventlon, as shown in Flgure '

2, there is prov1ded a plastic encapsulated ,p"ackagejgomprlmng a

1s chip 11 havir;\'g ‘die pads. 12 which. is nlounted 'upon-"a diamond
substrate 20. Leads or legs 13 having leg ccnnectlon bonding pads

14 are not only placed in electrical connectlon w1th chJ.p 11 via

wires 186, they are also placed in intimate thermal contact with
diamond film 20 by v1rtue of their abutment thereto. The entlre

20 package is encapsulated in plastlc mold:.ng 90, save one end of each
leg. Because dlamond film is an excellent electrlcal 1nsulator, ltS
presence does not effect the transms51on of 1nformatlon between

chip 11 and legs 13. Because diamond film is also an excellent

" thermal conductor, heat generated within chip' 11 flows through the

Sheet Has Been R laced

" HIIllllIIIIlHllIII\



o~

4 c) a plurality of Iegé in electrical connection wiqh th
circuit, and wherein the base is in intimate thernal cont
|ntegrated circuit and .the plurality of legs of the |ead f
accor dafitgnond NEi DR BEESettd nysdh | 68, theereight M &ys ded amd nh@sedeshtly
circuit package conprising;up) an integrated circuit,

out of the package /9§ In. contrast to the prior art de51gn shown

N gty AW T tre o g emen

i meegf.ééﬁd;xs BEEN
t W repeAtEDpt he =

;'Ln Figure 1, whereln heat generated by the chip is dJ.SSlpated-
directly (and poorly) only through thin wires and through the'_

5. plastilc molding, the prese_nt_ J.nvent:.on allows heat from the
substrate to be dissi_pated not only -through the thin wires and
plas_tic ‘molding but also directly throngh each of the wide leads

13. B’ecause the preeent in\iention presents taanQ more avenues for
heat .dissipation than ."the conventional deeign, it will dJ.ss:Lpate

10 "heat nuch faster. Thermal analys:.s of the legs and encapsulant
reve_alé that t'he copper le.ads have a thermal c_onductiv:.t_y. __oj__f_._,.(about
228 BTU/ (hr ft ‘F) while the polyamide has a thermal conductiv_ity of
only about:'O.19 BTU/ (hr ft F)' ‘Since the thermal conductivity of

the legs are about 1000 times superlor to. that of the encapsulant,

15 it is contemplated ‘that the advantage of the present invention
increases essentially d:.rectly ‘with the_ number of legs ln_ the

package. | | |

In one embodiment of the 'p-res_ent inve_ntion containing 24 legs, |

finite element analyeie revealed - that the Tja.. (i.e.’,  the

20 tenperature_ differential - between the device Jjunction and the
ambient temperature) was on'ly_' about 60 degrees C. In oontrast, the

Tja for a comparable conventional IC package was about 400 C for

the same power input.

HII\ll\ T
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b) a Iead frame haV| ng a pI urallty of legs in el ectrcal cortm EEN
the integrated circuit, and c) a dianond fil m base, wherein EH'fsl(fq-'n&éb'4 8

| l" f\lll
-

filmbase is in-intimte thermal contact with both the inted
and the pl urZhet pethddedsy ofhiidie thaddiamond OEBCREBTRONaCKeGHE | tBRREhip
Figure 1 is an elevated perspective view of a conventional dual in-line
i nt egracan die cainy paokygat{On®). Ftackmeht s mevans, evahedlugdéngpess 1derinew
of the present invention. DETAILED DESCRI PTI ON OF THE | NVENTI ON
.clamping, bonding agents, and silver lcaded epoxies. Similarly, the
hethod by which the diamond film is attached to the .legs of the
5 | package can_ 1be any . conven-t'ional a.ttachment means, inciudinc o
clamping, soldering, lbondi.ng_.agents,- silver loaded 'epoxie_s,_'. l'and.
brazing. | | ‘ |
| Any' conx.r.entiona.l' chip and lead frame design can he used with
the present 1nventlon as long as the des:.gn allows for a dJ.amond
10 - fllm to be in J.nt.unate thermal contact with both the chip and the"-
1egs of the lead frame. Conventlona,l chips include .1nteérated '
circnits and discrete active devices_ such as _transistors_ and
diodes. Conventional_- package designs include both plastic and
ceramic DIP, SIP, PGA, QFP, BGA and .'LC'C designs. When another
15 j' thermally 'cond'uctive,'_ electrical-ly‘ resistive substrate other than
di'an_lon_d‘ J_'.s'.'_u'sed for a die pad, | the IC package of the present'
invention is plastic encapSuiat_ed. | | | B
Because the thermally ;co.n'ductive, electri‘caily. resistive base
of the present invention r.vrovides for greater heat dissipa’tion, the
20 IC packages of the present invention can tolerate larger amounts of
| power than the standard package without exceeding the critical
device junction 'temper-ature.. In particular, the present invention

provides an J.mproved JEDEC package capable of dlSSlpatlng up- to at

- least about 600% more power than the standard JEDEC package in

Sheet Has Been R laced
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It has been found that nounting a.conventional chip_g;.a t!} ernalﬁyufﬂheﬂEtN
conductive, electrically resistive substrate (such as di anfbnd f HERAGED
providing intimate thermal contact of it with |l eads all ows—each o the

| eads t ofdyeretd el Aswithli 4 esdnearttiord dowfficierthefmabalits SQaA/eNC BeGuse

t hese | eads have thicknesses of about 0.010 inches, they possess a nmuch,
great er yHioss- §§£11Omaihealhmﬁgcanm&tmmalguﬁdt%n taipserittaddes ef 008 Tore -
thermal |y conductive than the plastic encapsulent, the present invention:

prQV'deﬁﬁcﬁne embodlment, finite element analysis revealed that a 24 pin

DIP of the present invention wés capable of diésipating about 12

5 watts of power in forced air with a ¢on§ection coefficient of about
S0 W/m2 C at 50 C while _stil_l maintaining a maximum Jjunction

'temperatufe of 125 €. In contrast, the standard JEDEC 24 pin DIP

could dissipate oniy’l.G watts.
| | | Thls Sheet Has Been R
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|ncreased heat d|$$|pat|on fromthe entire package yg~ d

Mﬁth its electrical propert|es_“F“T‘theeﬁHLpgseshpf t he 'Bﬁéﬁ%tﬂﬁ AR BEREN
"ihtimate thermal contact" nean ermal conduclii vi.t BERLAGED '
i nterface connecting the device Mi ead exceéds ZZWCmK, SO '

that there is essentially no thet ne prOV|ded by any gap _
therebeuMeaalmPreferably t he base touches both the | eads and the chi p. Any

substrate having a thermal conductivity of at |east about 2 Wcm K and an

el ectri dal Ar p3bsitticviehrapbuabtbaashtageutedOcEbcobtt pmm%é%éfn;dﬁwa{g be
used as the thermally conductive, electically resisitive base "of the .

presgent 'nV%ﬂtbp&hermalﬁgs%onductlve, electrically resistive base,

b) an integrated circuit'ﬂounted on the base,

T c) a plurality of legs in electrlcal connectlon. w1th the
10 integrated circult, and . :

wherein the base is in intimate thermal contact with both the
integrated circuit and the plurality of legs of the lead
frame. :
15 : o ' ' I :
2. The package of claim 1 wherein the base has. a“fﬁpermal
conduct1v1ty of at least about § W/ cm K. R
. i
' 3. The package of claim 2 wherein the base has .a;thermal
20  conductivity of at least about 10 W/enm K. L

4. The package of claim 3 wh rein the base has an electrlcal_
resistivity of at least abou 18 E8 Yohm cm. -

25 5. The package of claim 4 wherein the base has ‘an electrical
resistivity of at least about 10 E10 ohm cm. -

6. The package of claim 5 wherein the base has a thlckness of
between about 100 and about 500 um.

30
7. The package of cla:.m 6 where:.n the base has a thickness of

_ between about 150 -and about 200 um.

8.  The package of ciaim 7 wherein the base is selected from the
35 group consisting of diamond, aluminum nitride, beryllia, diamond-
coated substrates and insulator clad metals.

9. The package of claim 8 wherein the'base is diamond.

- 40 10. The package of claim 9 wherein the diamond has a thlckness of
S between about 150 and about 200 mlcrons.

11. The package of clalm. 10 wherein the package has a design
selected from the group conSLStlng of the SIP, DIP, LCC, QFP, and

. 45 PGA deSLgns.
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subst r at es i ncl ude,
beryllia,

but

di anond- coat e
Preferably, the thermal conduct|V|"ty of *thé base is at | ea¥

bl ﬂu ulﬂullrﬁ’lmd damon Catur

ret al SN:PLACED

L Urhegi i. r*:LdenA;, SEEN |

K, nore pf efiatlaciaigd esstcnbionts 11 QR thY ghekalle) halsha @I@CHEBQ%

resisitivity of the base I's at’

| east about 10E8 ohm cm nore preferably

exceeds 1) EffeORfEge BFe cIUMKNESS Sdpdiiks bage dPysivabBiyesn @Q@H& 90
and aboyneyQfl, UR fURIEE 3l BINRERGMRIELib20 RREFA B of dBout 50 W/m2

5

10

15

20

25

30.

35

40

45

15.
- energy in forced
C at 50 C while

C at 50 C whlle
C.

14. The package
energy in forced
C at 50 C while
C. '

- The package

c.

16. The pack'age'
energy in forced
C at 50 C while
c.

17. The package
energy in forced
C at 50 C th.le
C.

malntalnlng a maximum junction temperature of 125__

of claim 12 capable . of dissipat'ing' 5 watts of
air with a convection coefficient of about 50 W/m2

‘maintaining a maximum junction temperature of 125 - -

of claim 12 _capable' of dissipating 8 watts of
air with a convection coefficient of about 50 W/m2
maintaining a maximum junction temperature of 125

'of clalm 12 capable of dlss:.patz.ng 10 watts of
air with a convection coefficient of about 50 W/m2
maintaining a maximum junction temperature ‘of 125

of claim 12 capable of dissipating 12 watts of
air with a convection coefficient of about 50 W/m2
maintaining a maximum junction temperature of 125

18. An integrated circuit package 'comp_rising:

a) an integrated circuit,

b} a lead

frame having a plurality of legs in electncal’-'

connection with the 1ntegrated c:chult, and

c) a dlamond.f:l.lm base,

' wherein the diamond film base is in intimate thermal contact
with both the 1ntegrated circuit and the plural:.ty of legs of

the lead frame. -

19.

The package of claim 18 wherein the base has a thermal

conduct:.v:Lty of at least about 6 W/cm K.

20.

The package of claim 19 wherein the base has a thermal

conductivity of at least about 10 W/cm K.
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Most preferably, " the base is dianond film because it(7s | &i—:—u—-ﬁn—w«-&a—r—‘eﬂo«——-}

1.4

conductor and an excellent electrical insulator. |Sith SREEDHASEEHEMN |

t her mal
can be any hi gh ther mal conduct|V|ty di anond (free standj hg or REPAACEE) . | n!
sorree nts, eba ad| fllmh vmg1 fx e conraL é\l/itx
of at 1’% E b e e i Sor ik, LeabrLoa
about 15 Ei Eﬁﬁ’né’ T?S §F|5§ Ifﬁ“i’s chenical |y vapor
dep05|t % di apond ch has th| ckness bet ween, about 15
aboyt 2 Cf\é’ acxag gfvgg F%‘% %}‘ iﬁa has 3 e Qng's’lcal
ut i |zaFF§ﬁs Ly Bfes e?ﬁi‘?e PB 8 e?f‘gn advantage in that it
can be |ncor orated into conve tiopal -s st m desi gns wit hout a.s flcant
change 2 ?g% t°r r.]‘un £2a whzregn the gnase has a th.{cqmess :
between abou 0 and about 500 um.
10 24, The package of claim 23 whereln the base has a thickness of
'~ between about 150 and about 200 um. .
- 25. The package of claim 24 whereJ.n the diamond has a th:.ckness of
between about 150 and about 200 microns.
15
26. The package of claim 25 wherein the package has ‘a des:.gn-
selected from the group consisting of the SIP, DIP, "LCC, QF}_E,[, and
PGA des:.gns. _ X
20 !
27, The package of claJ.m 26 whereln the package has a DIP des:.gn.
28. The package of - clam 27 capable of dissipating 2 watts of
- energy in forced air with a convection coefficient of about 50 W/m2
25 C at 50 C while maintaining a maximum Junction temperature of 125
' C.
'-29. The package of claim 28 capable.of dissipating 5 watts of
energy in forced air with a convection coefficient of about 50 W/m2 -
30 C at 50 C while malntalnlng a maximum Junctlon temperature of 125
CQ
30. The package of claim 29 capable of dz.ssipatlng 8 watts' of
energy in forced air with a convection coefficient of about 50 W/m2
35 C at 50 C while malntalm.ng a maximum junction temperature of- 125
C. . _
31. The package of 'cl-aim_ 30 capable of dissipating 10 watts of
energy in forced air with a convection coefficient of about 50 W/m2
- 40 C at 50 C while malnta.mlng a maximum junction temperature of 125
c.
32. The package of claim 31 capable of dissipating 12 watts of
energy in forced air with a convection coefficient of about 50 W/m2
- C at 50 C whlle maintaining a maximum junction temperature of 125

45

c. _
—_—

g

_—
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I n one ‘enbodi ment. of the’ present invention, as shown’. |n Fi qure ZJH HeL& beEN
provided a plastic encapsulated [err] package 24 conpri #ing ag E{ﬂﬁ_
havi'ng di e pads 12 which is nmounted upon a di anond substra

| egs 133BavirRE beekeganeH icaikondi Rhdiadn thefadigeony é&h@&;@éhli‘ted in
el ectrllgggsgganectlon with chip 11 via wires 16, they are also-placed in
intimate thermal contact with dianond film 20-by virtue of their abutnent
theretozg Th@h@“bh&ﬁa@écB%g‘i:l'aimeﬂga%ér%tﬁﬂ tie Plartidde MH a1 SEME Be
ends of ga@ghntey. Because diamond filmis an excellent eI ectrical insulator,
it-s presence does not effect the transm ssion of |nformat|on bet ween chip

11 and 3695y 184 pBLCHHSCAbATIbE | étﬁg% ledd¥dP®in forced
conduct oy Qefh QeESﬁ%Eﬂﬁht Eb@ffi‘bﬁeﬁ% oﬁE‘r%g / €C at 50 C while
malntalnlng a maxmum ju.nctlon temperature of 125 C.
10
- 36, An IC package capable of dissipating at -least about 100% more
power than its comparable standard JEDEC IC package in forced air
with a convection coefficient of about 50 W/m2 C at 50 C while
still malntalm.ng a maximum junctJ.on temperature of at least about

15 125 c.

37.- The IC package of claim 36 capable of dissipating at -least
about 300% more power than its comparable standard JEDEC IC package
: ~in forced air with a convection coefficient of about 50 W/mz C at .
" 20 50 C while still malntalnlng a maximum junction temperature . of at

e

least about 125 C. ' _ o _,_;,.::,:;._-,f

38. The IC package of claim 36 capable of dissipating at least

- about 600% more- power than its comparable standard JEDEC IC package
25 in forced air with a convection coefficient of about 50 W/m2 C at
50 C while still malntalnlng a maximum junction temperature of at

least about 125 C.

H!llllj (0 H n

. ' . . This Sheet Has Been Relilaced




7 dianond filmand into each of the eight legs 13 and subsegquently outof .
t he package 14. In contrast to the prior art design show) THISE-EETHAS 3EEN

wher ei n heat generated by the chip is dissipated directlyjj(and MAofﬂnonly L

through thin wires and through the plastic nolding, the p

al | ows}{b}aitﬁﬁ ,#Lmthe substrate to be dissipated not -only through the thin
W res an astic nmolding but also directly through each of the wi de | eads

13. Bece&us&ﬁﬂeIQf%saemad&vc%%ﬁgl%rgesents many nore avenues for
5 _ :
- a) an J.ntegrated c:chuJ.t,

b) a lead frame hav1ng a plurallty of legs in electrlcal
connection with the integrated circuit, and :
10 _ ' ' _
' ¢) a diamond film, . ' .
wherein the diamond film in is intimate thermal contact with
' - both the integrated circuit and the plurality of legs of the
15 | lead frame. _ )

This Sheet Has Been Re’placed
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heat di ssipation than the convéntional_design;_it wilT | di sgitpate-heat T
faster. . . Thermal analysis of the | egs®and éncapsul ant Teyqah®SHEET HABSEEN
copper |eads have a thermal conductivity of about 228 BTU{{hr ftREPLAGED e

t he pol yam de has a.thermal conductivity of- only-about 0.1 11T F).

Since the thermal conductivity of the |legs are about 1000 tinmes superior to
that of the encapsulant, it is contenplated that the advantage of the
present invention increases esséﬁﬁngI} directly with the nunber of legs in
t he package. I'n one enbodi nent of the present invention containing 24 |egs,
finite elenment analysis .revpauﬁﬁ .%gst the Tja (i.e., the

B ice junCtiaf and the

N /

tenperature differential betweerf

This Sheet Has Been Reilaced
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anbi ent fénperature) was only about 60 degrees C. - In dont r ast

the Tia for

a conpar abl e conventional. | C package was about 400 C for the
i nput . 8 The nmethod by which the dianmond filmis attached t
can be any conventional attachment means, including sol dering

} 2[R RMEET HAS BEED
1) the_ﬁgpmhcgg

bondi ng agents, and silver |oaded epoxies. Sim.larly, the nethod by which

the dianond filmis attached to the |egs of the package can be
conventional attachnent means, including

M

~

any

This Sheét Has Been Rﬁlaced ;
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cfanﬁing,;gpfhering, boﬁding'agents, silver | oaded epoxie ;
Any conventional chip and | ead franme design can be used W'T REPLACEMENT ISHEET
i nventi on as long as the design allows for a dianond filmifo bem'znzi'fgﬂ'lme

thermal contact with both the chip and the legs of the le
Conventional chips include integrated circuits and discret
such as transistors and di odes. Conventi onal package designs include both
plastic and ceramic DIP, SIP, PGA, Q-P, BGA and LCC designs. Wen anot her
thermal |y conductive, electrically resistive substrate other than di anond
Is used for a die pad, the |IC package of the present invention is plastic

encapsul at ed. .

INTEGRATED CIRCUIT PACKAGE WITH DIAMOND HEAT SINK

BACKGROUND OF THE INVENTION

The ever-~-increasing demand for smaller, higher performance
information systems has lead to the adoption of the integrated
circuit ("IC") as the information processing center of the modern
'computer. These integrated circuits, or chips, are typically
-houéed within sténdafd ceramic, plastic or metal packages and carry
information -between the chip and other information processing units
within the system.
In one type of plastic encapsuiated dual in-line package, such
as the package 1 shown in Figure 1, an integrated circuit chip 2
having a plurality of chip bonding pads 3 at its perimeter is
fastened to a die substrate 4 which is held by two tie bars 5
embedded in thermoplastic molding compound 6, such as a polyamide.
A plurality of metal legé, or leads 7 are also embedded in the
plastic compound 6 with (typically} nickel-plated wire bonding pads

8 at their inner ends. The leads 7 and substrate 4 are parts which




Becau;'se the thermally conductive, electrically resistive base..ef--t Y-S
t N AEPLAGEMESTSHEET

han
standard package w thout exceeding the critical device:juncyima

present invention provides for greater heat dissipation,
the present invention can tolerate |arger anounts of power

tenperature. In particular, the present invention provides

JEDEC package capabl e of dissipating up to at
than the standard JEDEC package in

| east about 600% nore power
9 forged air with a convection

coef fici ent ofawebbeenSfepdfabed] fmta J@a@ frame in the course of assembly. of

the package 1. Lead wires 9 are bonded to the pads 3 and the

bending pads 8 of the leads 7 to connect the chip 2 to the leads 7,
which provide connection means to other circuit components.
Because electrical inefficiencies in the chip generate heat,

the temperature of beth the chip 2 and cothex parts of the package

supsorting the chip 2 significéntly rise during use. It is known

that such levated temperatures can deqgrade the system's

periormance. For example, because many of the system's critical

processes rely on kinetic phenomena which become accelerated by

increased temperature, <failures in metallization and bonded

intarfaces cccur cduring extended use. Accordingly, heat production
By the chip, often termed "thermal density”, has become a

significant design consideration which threatens to limit the

furzher miniaturization of information systems within reasonable

€SSt constraints.
Conventional treatment ¢f£ the thermal density precblem has met

with limited success. For example, in the prior arzt design shown

in Tigure 1, heat generated bv the chip is dissipated through the

-t

[

plastic molding, the die péds and the bonding wires connecting

chiz and the legs of the lead frame. Bowever, .each of thsase

wires are poor thermal conduits because they have a small crooss

section (i.e., about 0.002 inch thickness). The die pads, while



r—anre

whi | e"' still maintai ni ng a maxi nmum | unction t enper at'ure of FZ5=E:;
finite el enent” anal ysis reveal ed that a 24 pin BEPLMEMEHTSHEET

enbodi nent , |
present invention was capabl e of dissipating about 12 vvattis of
i Ci (Date : E?@Eﬁﬁ%

forced air with a convection coefficient cf about 50 Wn?
T C O a5t

still maintai-ning a maxi mum junction tenperature of 125 C~
the standard JEDEC 24 pin DI P coul d dissi pajte only 1.6 watts. 10 |
Caim having a good cross section (i.e., about 0.010 inch th'cknes.s) are

ineffective thermal conduils because they are truncated at esch end

of the IC package,' and so there are no metal thermal paths

available to the outside after the IC molding process. The plastic

molding has an extremely low ‘thermal conductivity. One prasant

improvement in thermal dissipation connects a mors thermally

cancductive, high surface ar=a material (known as a "heat spreader”)

to the chip. Although heat spreaders succeed in dissipating hot
spots on the chip, they do not significantly assist in removing

heat from the package as a whole. Another present improvement

involves blowing air across either the chip or attached heat

spreader, thereby removing heat convectively from the package.

Although this improvement succeeds in ramoving more heat from the

package, it adds cost and rsquires geometry changes in the aresa

arcund the package.

Therefore, it is the cbject of the preseat invention to

provide a package which can provide elactrical connection between

the chip and the lead frame, yet still maintain the chip at low

temperatures.

SUMMARY OF THE INVENTION

in accordance with the prasent invention, there is provided a

plastic encapsulated integrated circuit package comprising:

a) a thermally conductive, electrically resistive base,

B) an integrated circuit mounted on the base,



1. A pI astic encapsul at ed i nt egrated circuit package corrprl sing:_a) a

thermally conductive, electrically resistive base, b) a I}t
| egs in electricgl %ﬁ%&@ﬁn&\éﬁ

nmounted on the base, c) a plurality of
the integrated circuit, and wherein the base is in inti qa? IZeBnEEBmact

with both the integrated circuit and the plurality of | T e TR
frame. 2. The package of cl-ai m 1 wherein the base has a t her nal

d f L W.c 4 71 k
conductivity of 8 ﬁ%s F%egﬁalleg%ndﬁ*ctﬂ'ﬁ “1'5?%0 aﬁ'@ﬁg'f"‘"&b 6}:“10“% cm

wherein the baSe
K. integrated circuit, and

wherein the base is in intimate thermal contéct with both the

integrated circuit and the plurality of legs of the lead

frame.

Also in accordance with the preseht invention, there is
provided an intagrated circuit package comprising:

a) an integrated circuit,

b) a lead frame having a plurality of legs in electrical

connection with the integrated circuit, and

c) a diamond £film base,

wherein the diamond film base is in intimate thermal contact

with both the integrated circuit and the plurality of legs of

the lead frame.

DESCRIPTION OF THE FIGURES
Figure 1 is an elevated perspective view of a conventional
dual in-line integrated circuit package (DIP).

Figure 2 1is an elevated perspective view of the present

invention.
DETAILED DESCRIPTION OF TEE INVENTION
It has been found that mounting a conventional chip on a

thermally conductive, electrically resistive substrate (such as

iamond film) and providing intimate thermal contact of it with

leads allows each of the leads to be used as a direct conduit for



4. The paickage of claim3 wherein the base has an el ectrical resistivity
of at |east about 18 E8 ohmcm 5. The package of clai m 4 |jpierern—the—base—
ERPLACENENT SHEET

has an electrical resistivity of at |east about 10 E10 oh
package of claimb5 wherein the base has a thickness of befjween GZ)QUFEBOBQ
and about 500 um 7. The package of claim6 wherein the b i - ST T ey, eene
t hi ckness of between about 150 and about 200 um 8. The packageé of cf
wherein the base is selected fromthe group consisting of dianond, aluninum
nitride, beryldneanallidiiS3igat LR} eBessisd tHets Dol REVE AERICGLALIRIFALS, O

The package of claim@8 wherein the base is dianond.
0.010 inches, they possess a much greater cross-section than the

conventional wires, and are therefore more thermally conductive

than the plastic encapsulent, the present invention provides for

increased heat dissipation from the entire package yet does not

interfere with its electrical properties.

For the purposes of the present invention, "intimate thermal
contact" means that the thermal conductivity of the interface
connecting ?:he device die pad to the lead exceeds 2 W/ K, so that
there is essentially no thermal résistance provided by any gap
therebetween. Preferably, the base touches both the leads and the
chip.

Any substrate having a thermal conductivity of at least about
2 W/ea K and an electrical resisitivity-of at least about 10 E§

ohm-cm at 10 V dc can be used as the thermally conductive,

electrically resisitive base of the present invention. These

substrates include, but are not limited to, diamond, aluminum

nitride, beryllia, diamond~coated substrates, and insulator-clad
metals. Preferably, the thermal conductivity of the base is at
least azbout 6 W/cm K, more preferzbly at least about 10 W/cm K.

Preferably, the electrical resisitivity of the base is at least

about 1l0ES8 ohm~cm, more preferzbly exceeds 10 E10 ohm—~cm. The

thickness of the base may be Letwesn about 100 and about 500 um,

preferably between about 150 and 200 um.



10. _fhe péckage"'of claim9 wherein the dianond has a thickne
about 150 and about 200 m crons. 11. The package of claiml

package has a design selected fromthe group consisting of
LCC, QFP, and PGA desi gns. 11 12. The package of claim1l DW?@E”FEB‘%

package has a DI P design. 13. The package of claim 12 capab!
dissipating 2 watts .of energy in forced air with a convection coefficient

of about 50 W(err] 6
Most preferably, the base is “diamond film because it is both

an excellent thermal conductor and an excellént electrical
~ insulator. Such diamond film can be any high thermal conductivity
diamond (free standing or coating). In some embodiments, the base
is a diamond film having a thermal conductivity of at least about
10 W/em K and an electrical resisitivity of at least about 10 El0
ohm-cn. Tyj:ically, the diamond film is chemically wvapor deposited
(CVD) diamond which has a thickness of between about 150 and about
200 microns. Because the diamond f£ilm can be so thin, its
utilization in the present invention offers a design advantage in
that it can be incorporated into conventional system designs
without a significant change in the gackage geometry.
In one embodiment of the preseﬁt invention, as shown in E'ig'tire
‘2, there is provided a plastic encapsulated A,pr’ackagejzomprising a
chip 11 having die pads 12 which is mounted upen a diamond
sucstrate 20. Leads or legs 13 having leg connection bonding pads_
14 are not only placed in electrical connection with chip 11 via
wires 16, they are also placed in intimate thermal contact with
diamond film‘ 20 by wvirtue of their abutment theretos. The entire
package is encapsulated .Ln plastic molding 90, save one end of each
leg. .Because diamond film is an excellent electrical insulator, its
presence does not effect the transmission of information between
chip 11 and legs 13. Because diamond _film is alsé an excellent
thermal conductor, heat geherated within chip 11 flows through the




C at 50 C while nmaintaining a maxi mum junction tenperatufes= »
The package of claim 12 capable of dissipating 5 watts ¢fREPIAGEMENT gggg-pd '
air with a convection coefficient of about 50 W[err] C t 50 32/{5 _
mai nt ai ni ng a maxi mum j unction tenperature of 125 C. 15. Tmmepg 581%

claim 12 capabl e of dissipating 8 watts of energy in for Ci
convection coefficient of about 50 Wn2 C at 50 C while nmaintajni ng a

Maxi mum j un on r at f 125 C._16. "The e . qof claim 12 capable
of di ssi pat |4‘h§" amg?f“é e’ﬁ%" vaFR P By %’rqh%\/\n&teﬁg o8 FidFpquently
coefficient of 3ROYhe JhdWadsR' 55, 1n contrast to the prior art design shown

in Figuré 1, wherein heat generated by the chip is dissipated
directly (and poorly) only through thin wires and through the
plastic moldihg, the present invention allows heat from tﬁe
substrate to be dissipated not only -through the thin wires and
plastic molding but also directly through each of the wide leads
13. Because the present invention presents many more avenues for
heat dissipation than the conventional design, it will dissipate
heat much faster. Thermal analysis of the legs and encapsulant
reveals that the copper leads have a thermal conductivity of about
228 BTU/(hr £t F) while the polyamide has a thermal conductivity of
only about 0.18% BTU/(hr ft F). Since the thermal conductivity of
the legs are about 1000 times superior to that of the encapsulant,
it is contemplated that the advantage of ﬁhe present invention
increases essentially directly with the number of legs in the
package.

In one embodiment of the present invén.tion containing 24 legs,

finite element analysis revealed that the Tja (i.e., the

temperature differential between the device junction and the

ambient temperature) was only about 60 degrees C. In contrast, ¢t~

& -
-

n

Tja for a comparable conventional IC package was about 400 C

the same power input.



C at 50 C while maint ailni ng a maxi Irumj unction tenperature ggp
The package of claim 12 capable of dissipating 12 watts of eEeI}ZéE&EN?‘@EET
air with a convection coefficient of -about 50 Wn2 C at 5 gjg

mai ntai ning a maxi mum junction tenperature of 125 C 18
circuit package corrprl sing: a) an int egrate circuit, b) a lead frarre

h I I I 3 h
Cirourt. bnd o) 56 SRETE A HRbESch %’I?Lﬁ%?m i S

Intimate thecIaIKHIbecogﬁgmconventlonal attachment means, including soldering,

clamping, bonding agents, and silver loaded epoxies. Similarly, the
method by which the'diamond film is attached to the .legs of the
package can be any conventional attachment means, including
clamping, soldering, bonding agents, silver lcaded epoxies, and
brazing.

Any conventional chip and lead frame design can be used with
the present invention as long as the design a.llgws for a d-iamond
film to be in intimate thermal contact with both the chip and the
legs of the lead frame. Conventional chips include i;;!;e_éraj:ed
circuits and discrete active devices such as transistors and
diodes. Conventional package designs include both plastic and
ceramic DIP, SIP, PGA, QFP, BGA and LCC designs. When another
thermally conductive, electrically resistive substrate other than
diamond is used for a die pad, the IC package of the present
invention is plastic encapsulated. | | l

Because the thermally conductive, electrically resistive base
of the present invention provides for greater heat dissipation, the
IC packages of the present invention can tolerate larger amounts of

power than the standard package without exceeding the critical

device junction temperature. In particular, the present invention

provides an impi:oved JEDEC package capable of dissipating up to at

least about 600% more power than the standard JEDEC package in



with both the integrated circuit and the plurality of legs of the Iead

frame. 19. The package of claim 18 wherein the base hasﬁaf¥ﬁn.“u.
conductivity of at |east about 6 Wcm K. 20. The package! GYEPLAGEMENTSBHEET

wherein the base has a thermal conductivity of at |east bOUtZ?Q p{gqggs
12 21 The package of claim 20 wherein the base has an eleq PR SRR L

resistivity of at |east about 18 E8 ohmcm

9

———

forced air with a convection coefficient of about 50 W/m2 C at 50 é
while still maintaining a maximum junction temperature of 125 C.

In one embodiment, finite element analysis revealed that a 24 pin
DIP of the present invention was capable of dissipating about 12
watté of power in forced air with a convection coefficient cf about
50 W/m2 C at 50 C while still maintaining a maximum junction
temperature of 125 C. In contrast, the standard JEDEC 24 éin DIP

could dissipate only 1.6 watts.



base has a thickness of between abo

22. The package of clai.m 21 mherein—LheMbaﬁﬁ_D§§_§?_eleCtricaI resistivity
of at |east about 10 E10 ohmcm 23 iheaf}ackage of "cfaim fggerenl the—

of claim 23 wherein the base has a
200 um 25. The package of cIa|n124 wher ei n t*he 5di anond hag

WEDERHL IR 2 oo g.g%gmw

bet ween about 150 and about 200 m crons. 26. The package of clarm?2Z5
wherein the package has a design selected floeomthe group consisting of the

SIP, D P, LCC‘I CQ:R and PGA designs. 27. The package of claim 26 wherein
t he package has 30 p desi gn.

1. A plastic encapsulated integrated circuit package comprising:
a) a thermally conductive, electrically resistive base,

b) an integrated circuit mounted on the base,

c} a plurality of legs in electrical connection with the
integrated circuit, and

wherein the base is in intimate thermal contact with both the
integrated circuit and the plurality of legs of the lead

frame .

2. The package of claim 1 wherein the base has a thermal
conductivity of at least about 6 W/cm K. -

3. The package of claim 2 wherein the base has -a thermal
conductivity of at least about 10 W/cm K.

4. The package of claim 3 wherein the base has an electrical
rasistivity of at least about(l8 E8 ohm cm.

5. The package of claim 4 wherein the base has an electrical
resistivity of at least about 10 E10 ohm cm.

6. The package of claim 5 wherein the base has a thickness of
between about 100 and about S00 um.

7. The package of claim 6 wherein the base has a thickness of

between about 150 -and about 200 um.

8.  The package of claim 7 whersin the base is selected from the
group consisting of diamond, aluminum nitride, beryllia, diamond-

coated substrates and insulator clad metals.
9. The package of claim 8 wherein the base is diamond.

10. The package of claim 9 wherein the diamond has a thickness of
between about 150 and about 200 microns.

11. The package of claim 10 wherein the package has a design
selected from the group consisting of the SIP, DIP, LCC, QFP, and

PGA designs.




28. The piackage of claim 27 cap i 2 watt i ‘
forced air with a convection coef 50 WnR! HLAﬁﬁ NhSHEET
mai nt ai ni ng a maxi mum j uncti on t mgma‘mﬂ‘nmlc 29. a pazl@qftgom

cl aim 28 capabl e of dissipating 5 watd s tof venergy in forcgd e i—~w-th-ae..
convection coefficient of about 50 W[err] Cat 50 C V\:hl e mal nrarnrng a
maxi mum junction tenperature of 125 C. 30. The package of claim29 capable

of di ssi pating; 8 Mat backdqee e @Yaim 110WREEL A k¥l $dLigeORYECE INIP design.
coefficient of about 50 \RI err] Cat 50 C while maintaining a maxi num

junction tenpesat oie picl&a?;@ be claim 12 capable of dissipating 2 watts of
energy in forced. air with a convection coefficient of about 50 W/m2
C at 50 C while maintaining a maximum junction temperature of 125

c.

14. The package of claim 12 ‘capable. of dissipating 5 watts of
energy in forced air with a convection coefficient of about 50 W/m2
C at 50 C while maintaining a maximum junction temperature of 125
C. . .

15. The package of claim 12 capable of dissipating 8 watts of
energy in forced air with a convection coefficient of about 50 W/m2
C at 50 C while maintaining a maximum junction temperature of 125

c. .
16. The package of claim 12 capable of dissipating 10 waktts of

energy in forced air with a convection coefficient of about 50 W/m2
C at 50 C while maintaining a maximum junction temperature of 125

c. .
17. The package of claim 12 capable of dissipating 12 watts of

energy in forced air with a convection coefficient of about 50 W/m2
C at 50 C while maintaining a maximum junction temperature of 125

cC.

18. An integrated circuit package comprising:
a) an integrated circuit,

b) a lead frame having a plurality of legs in electrical
connection with the integrated circuit, and

c) a diamond film base,

wherein the diamond film base is in intimate thermal contact
with both the integrated circuit and the plurality of legs of

the lead frame. -

13. The package of claim 18 wherein the base has a thermal
conductivity of at least about 6 W/ m K.

20. The package of claim 19 wherein the base has a thermal
conductivity of at least about 10 W/cm K.



31. The package of claim 30 capa

forced air with a convection coef out 50 W[
whil e maintaining a maxi mum j unctmm M‘J Bﬁ f 125
of claim 31 capabl e of dissipating 1 rgy |

convection coefficient of about 50 [err] C at 50 C whilé maintaining a

maxi meJunctlon tenperature of [err] C

5 0=
Rt

12
21 The package of claim 20 wherein the base has an electrical
resistivity of at least about 18 ES ohm cm.

22. The package of claim 21 wherein the base has an electrical
resistivity of at least about 10 E10 ohm cm.

23. The package of claim 22 wherein the base has a thickness of
between about 100 and about S50C um.

24, The package of claim 23 wherein the base has a thickness of
betwean about 150 and about 200 um.

25. The package of claim 24 wherein the diamond has a thickness of
between about 150 and about 200 microns.

26. The package of claim 25 wherein the pac'{age has a: @iesign
selected from the group consisting of the SIP, DIP, LCC, QFE, and

PGA designs.
27. The package of claim 26 wherein the package has a DIP design.

28, The package of claim 27 capable of dissipating 2 watts of
energy in forced air with a convection coefficient of about S0 W/m2
C at 50 C while ma:.nta:.nlng a maximum junction temperature of 125

c.

29. The package of claim 28 capable of dissipating S5 watts of
energy in forced air with a convection coefficient of about 50 W/m2
C at S0 € while maintaining a2 maximum junction temperature of 125

C.

30. The package of claim 29 capable of dissipating 8 watts of
energy in forced air with a convection coefficient of about 50 W/m2
C at 50 C while maintaining a maximum junction temperature of 125

c.

31. The package of claim 30 capable of dissipating 10 watts of
energy in forced air with a2 convection coefficient of about 50 W/m2

C at S0 C while maintaining a maximum junction temperature of 123
c.

32. The package of claim 31 capable of dissipating 12 watts of
energy in forced air with a convection coefficient of about S0 a/::%

b

C at 50 C while maintaining & maximum Juncu.z.on temperature of iZ3
c.



33. The package of claim 28 V\/neré“rr‘t*he—paekag&l_n encapgti-ated -

\RERLACEMENTSREET

34. The package of claim 28 wherei i encaps
35. A 24 pin D P capable of di SSI ,' ngi aﬂi ’ﬂ nerg in for
wi th a convection coefficient of about lﬁtwh %ﬁﬂam

mai ntai ni ng a maxi mum junction tenperature of 125 C. 36.
capabl e of dissipating at
standard JEDEC | C package in forced air. wit
about 50 W [é&pfr

tenperature

| east about 100% npre power than its conparabl e
convection coefficient of

g The Raakgae Qfi Feaid 2P| whersimaithengaekaasdiimu pnFapmalasad in
B-23tiFeast about 125 C.

34. The package of claim 28 wherein the package in encapsulated in
ceramic.

35. A 24 pin DIP capable of dissipating 2 watts of energy in forced
air with a convection coefficient of about 50 W/m2 C at 50 C while
maintaining a maximum junction temperature of 125 C.

36. An IC package capable of dissipating at least about 100% more
power than its comparable standard JEDEC IC package in forced air
with a convection coefficient of about 50 W/m2 C at S0 C while
still maintaining a maximum junction temperature of at least about

125 C.

37. The IC package of claim 36 capable of dissipating at least
about 300% more power than its comparable standard JEDEC IC package
in forced air with a convection coefficient of about 50 W/m2 C at
50 C while still mamt:a:.m.ng a maximum junction temperature of at

least about 125 C.

38. The IC package of claim 36 capable of dissipating at least
about 600% more power than its comparable standard JEDEC IC package
in forced air with a convection coefficient of about 50 W/m2 C at
50 C while still maintaining a maximum junction temperaturs of at

least about 125 C.




37. The' I C package of claim 36 capable of dissipating at | = aheut—300%.
more power than its conparabl e standard JEDEC .| C package iﬂE?kRGEMEn¢ngg$Uj
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INTEGRATED CIRCUIT PACKAGE WITH DIAMOND HEAT SINK

ABSTRACT:
A JEDEC IC package comprising:
a) an integrated circuit,
b) a lead frame having-+-a plurality of legs in electrical
connection with the integrated circuit, and
c) a diamond film,

wherein the diamond film in is intimate thermal contact with
both the integrated circuit and the plurality of legs of the

lead frame.

Figure 2



