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_ INTEGRATED CIRCUIT PACKAGE WITH DIAMOND HEAT SINK

BACKGROUND OF THE INVENTION

The ever-increasing demand for smaller, higher performance

.ix;fomaticn systems has lead to the 'a'doplticn' of the integrated

circuit ("IC") as the information processing center of the modern
computer., 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.
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In ‘one type of plastlc encapsulated dual in-line package, such.
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

plastic compound 6 with (typically) nickel-plated wire bonding pads

' 8 at their inner ends. The leads 7 and substrate 4 are parts which
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. have_been separated from a lead frame in the course of assembly of

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

'~ bonding pads 8 of the leads 7 to connect the Chlp 2 to the leads 7,

whlch prov1de connection means to other c1rcu1t components.

x -

Because electrlcal 1neff1c1enc1es in the chip generate heat,
the temperature of both the chip 2 and other parts of the package
supportlng the chip 2 51gn1f1cantly rise durlng use._ It is known

that. such elevated temperatures «can degrade the system's

'performance. For example, because many of the 8ystemfa.pritical

[

1ncreased temperature, faiiures ‘in metallization andﬂ'bonded
1nterfaces occur durlng extended use. Accordlngly, heat productlon
by the chip, often termed “thermal dene;ty", has become a

eignificant design consideration which threatens to limit the

‘processes rely on kinetic phenomena which become accelerated by
. . . -? .

further miniaturization of information systems within reasonable

‘cost constraints.

Conventional_treatment-of'the.thermal density problem has met
with limited success. For example, in the prior art'design shown.

in Figure 1, heat generated by the chip is dissipated through.the

plastic molding, the die pads and the bonding wires connecting the

chip and the legs.'of the lead frame. However, each of these -

thermal'conduits is~¢n1y marginally effective. In particular, the

wires are poor thermal conduits because they have a small cross

' section (i.e., about 0.002 inch thickness). The die pads, while
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" having a good 'crcss s'ectien (i.e., about 0.010 inch thickness) are

ineffective thermal ce_nduits because they are truncated at each end

of the IC f:ackage, _énd So there are no metal thermal paths

av'eilab_l'e',to' the outside after the IC molding process. The plastic

molding has an 'extremely low ‘thermal _conductivity. One present

improvement in thermal disSipation -connects ‘a more thermally

conductive, high surface area material (known as a "heat spreader®)

to the ehip. 'Altheugh heatl-"spreaders succeed in 'dissipating hot

spots on t.he_' chip, they do not. s:.gns.flcantly ass:.st ‘in remov:.ng'

heat from the ‘package as a whole. Another present mprovement'

l

involves 'bllow'ing air acro-s.s ".either the chip or attach.eg?,_ heat
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 reqﬁires geometry chenges in the area
around the 'pac_kage.. | -

Therefore, it. is the _objecf. of the -preser;t invention to
provide a packege' which can provide electricel_eonnectien 'betweeri
temperatures
SUMMARY OF THE iszanON-

In acco'rdalnce with the present invention, there is provided a

plastic encapsulated 'integ"rate'd' circuit package ccmprising':

a) a thermally c_onduc_tive,, electrically resistive base,

b) an integrated circuit mounted on the base,
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) a plurality of lege in electr_ical c_:oi_mection with the

‘integrated circuit, and |

wherein t:he base is .in intiﬁate thermal contact with both the

J.ntegrated. circuit and the plurallty of legs of the lead |

frame. . -

Also _J.'n .accordance w_ith- the pfesent invention,.: 'i:here is ._
provided an integrated circuit packaé'e ‘c.:omprising:

a) an iﬁte_grated circuit, |

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

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_.

DESCRIPTION OF THE FIGURES
Figure 1 is an ele.vated pe}:spective. view of a coriventional '
dual 1n—11ne 1ntegrated circuit package (DIP) |

F.Lgure 2 is an elevated perspective view of the present

[N

inv_entlon. _
DETATLED DESCRIPTION OF THE INVENTION

It has been found that ﬁcuﬁting 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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thermal dissipation. Because these leads have thicknesses of about

- 0,010 ”inc':hes, they possess a much greater cro'ss-'—sec_tion than the

conventional wires, and are therefore more thermally conductive

t_han,_ the plas_ti'c encapsulent, the present invention provides’ for
increased heat dissipation from the entire package yet does -not
interfe_re_ with its eleé:_trical prép_erti—es.

For the purposes of -the present 'invent_icn,_ | "intimate thermal

- contact™" means that the t_herma_l conductivity of the interface

cohnecting*the device die pad to the lead exceeds 2 W/cm K; " éb'that |

'there lS essent:lally no themal resistance provz.ded 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/cm K and an electrical resisitivity of at least about 10 E6

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

electrically r_esisitive base of the present invention. These
substrates include, but are not limited to, _diamond} 'almn':_i.num

nitride, beryllJ.a, -diamdnd—coated substrates, and insulator-clad

'metals. Preferably, the therinal- conductivity of the base is at

least about 6 W/czn K, more preferably at least about 10 W/cm K.
Preferably, the electrical resisitivity of - the base is at least

about - 10E8 ohm~cm, more preferably exceeds 10 E10 ohm-cm. The

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

preferably between about 150 and 200 um.
' Thls Sheet Has .
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' -Most, preferably, the base is diamond film beCause it is both

“an excellent thermal -conductot . .and an excel-lent electrical

J.nsulator. Such d:Lamond film can be any’ hJ.gh thermal conduct:LVJ.ty

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

is a diamond film having a thermal -conductivity of at least about

10 W/cm K and. an electr:.cal re5151t1v1ty of at least about 10 E10

ohm~cm. Typlcall-y, the diamond fz.lm is chemlcally vapor deposited

(CVD) ‘diamond which has a thlckness of between about 150 _and.about

200 mi_crons. Because the diamond f£film can be so thln, its -

utilization in the present invention offers a design advantage in

"t

that it can be . incorporate_d into conventional system _j;idesi_gns

withdut a significant change in the package'geometry.

In one embodlment of the present lnventlon, as shown in Flgure
1t 24
2, there is prov1ded a plastic encapsulated packageA compr1.51ng a

Chlp 11 hav:mg die pads 12 which is mounted upon- a diamond

substrate 20. Leads or legs 13 having leg connectlon bondlng pads )

14 are not only placed in electrical connect:.on 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 entire
package is encapsulated in plastic molding 90, save one end of each
leg. Because dlamond film is an excellent electrlcal 1nsulator, ltS
presence does not effect the transms51on of 1nformat10n between

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

" thermal conductor, heat generated within chip' 11 flows through the
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' diamond film and. into each of the eight legs 13 and subsequently

. _ a4
out of the package /95 In. contrast to the prior art de51gn shown

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

- plastic 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. Because the preaent inirentibn presents many more avenues for

heat dissipation than the conventional design, it will dJ.ss:Lpate

"heat nuch faster. Thermal analys:.s of the legs and encapsulant

(

reveals that the copper leads have a thermal c_onductiv:.t_y. of about

. 228 BTU/ (hr ft F) while the polyamide has a thermal conductiv_ity of

only about 0.19 BTU/(hr ft F). Since the thermal conductivity of

the legs are about 1000 times 'supe'rior to. that of the enc_apsu'lant,'

it is contemplated that the advantage of the present invention

increases essentially directly ‘with the number of lega ln the

package. ‘

In one embodiment of the present J.nventlon contaJ.nJ.ng 24 legs, |

~

finite element analysz.s revealed - that the Tja (i.e., the
tenperature differe_ntial'- between the device Jjunction and the
ambient temperature) was only_ about 60 degrees C. 1In contrast, the

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

the same power input.

HII\ll\ T
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The method by whlch the dlamond fJ.lm is attached to the chip

can be _any conventional attachme_nt means, - 1nclud1.ng ,solderlng,

.clanping, bonding agents, and silver lcaded epoxies. Similarly, the
method by which the diamond film is attached to the legs of the

'packag'e can be any. conventional attachment means, inciuding o

clamping, soldering, bonding_ agents, - silver loaded 'epoxie_s,'. and

brazing. |
| Any' c'onx.r.entional' chip and lead frame design can be used with
the present 1nventlon as long as the des:.gn allows for a dJ.amond
fllm to be in J.nt.unate thermal contact with both the chip and the"-
1egs of the lead frame. Conventlonal chips include .1ntegrated'
circuits and discrete active devices_ such as _tranaistors_ and
diodes. Conventional_- package designs include both plastic and
ceramic DIP, SIP, PGA, QFP, BGA and .'LC'C designs. When another
thermally 'cond'uctive,'_ electrj.cal-ly‘ resiative 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, electricaily. 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 particula‘r, 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
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'forced.aif with §'convection_coefficient-of about 50 W/m2 C at 50 ¢
while still maintaining a maximum junétion temperature of 125 C.

In one embodiient; finite element énalysis revealed that a‘24'pin
DiP of the_preéent invention ?és capable of diésipating about 12
watts of power in forced airiﬁith a ¢on§ection coefficient of about
50 W/mz. C at 50 C while _stil_l "n‘tain_taining' a maximum Jjunction

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

could dissipate oniy' 1.6 watts.
| | |  This Sheet Has Been Reilaced
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I Claim:

- 1. A plastic encapsulated i_ntegrated circuit package comprising:

.a)'- a thermally conductive, electrically_resistive'ba'se,

Y

b) an integrated circuit If\ounted on the base,

c) a plurality of legs in electrical connect:.on w:Lth the
integrated circu:Lt, and : . _

‘wherein the base is in J.nt.unate thermal contact. with both the
integrated circuit and the plurality of legs of the lead
frame. - :

2. The package of cla1m 1 wherein the base has : atpemal

conductlvz.ty of at least about & W/cm K.

. -. ..-:i
3. The package of claim 2 wherein the base has -a’;jthermal
conductivity of at least about 10 W/cm K. S

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

5. The package of claim 4 wherein the base has ‘an 'el'ectrical
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.

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 clalm 7 whereln 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 dlamond.

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

11. The package of claJ.m 10 wherein the package has a design
selected from the group cons.Lstlng of the SIP, DIP, LCC, QFP, and

PGA des.tgns .

This Sheet Has Been Reﬂlaced :
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- 12. The package .of_ claim 11 wherein the package has a DIP de_sign.

13. The'p'ackage of 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 th.le malntalnlng a maximum junction temperature of 125__

C.

14. The package of claim 12 capable . of dissipat'ing' 5 watts of
energy in forced air with a convection coefficient of about 50 W/m2

C at 50 C th.le malntalru.ng a maximum junctlon temperature of 125 -

c. o : |
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 malntalm.ng a maximum junctlon temperature of 125
CO N e

16. The package of clalm 12 capable of dlss:.patlng 10 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.
17. The package of'cla'J’.m' 12 capable of dissipating 12 wa_tts_' of

energy in forced air with a convection coefficient of about 50 W/m2
C at 30 C th.le ma:.ntalnlng a maximum junction temperature of 125

C‘

18. An integrated circuit package 'comprising:
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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re51st1v1ty of at least about 18 EB8 ohm cm.

22.‘ The package of clalm 21 wherein the base has an electrical
re51st1v1ty of at least about 10 E10 ohm cm. .

23. The package of clalm 22 whereJ.n the base has a thlckness of
'between about 100 and about 500 um.s :

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 thlckness of

between about 150 and about 200 microns.

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:.g‘ns. _ X
i

- 27, The package of claJ.m 26 where:Ln the package has a DIP de51gn.

28. The package of - cla:Lm 27 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.

'-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 -

C at 50 C while malntalnlng a maximum Junctlon temperature of 125
c.

21 The package of claim 20 wherein the base has an electrlcal ,

30. The  package of claim 29 capable of dz.ss:.patlng 8 watts of

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

C - . hd

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
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

c. :
—_—

g
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33. The package of clalm 28 - whereln the package in encapsulated in
plastlc. : . .

34. The package of claim 28 whereln the package in encapsulated in
ceramic. :

.35 A 24 pin DIP capable of dlssipatlng 2 watts of energy in forced

air with a convection coefficient of about 50 W/m2 C at 50 C while
malntalnlng a maxmum ju.nctlon 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 50 C while
still malntalm.ng a maximum junctJ.on 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/mz C at .

50 C while still malntalnlng a maximum junction temperature of at

i 2d

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

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 malntalnlng a maximum junction temperature of at

least about 125 C. _
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