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ELECTRONI C PACKAGE W TH | MPROVED THERMAL PROPERTI ES Thi s
knvention relates generally to an inproved el ectroni ¢ package, and nore
particularly, to an el ectroni c package having inproved thermal 5
properties. WO9702600| n t he el ectronics industry, the rapid PCI/USA6098d pnent
and extensive use of integrated circuits, such as silicon based

sem conduct or devi ces, have resulted in t he proliferation of 10

package designs to house the el ectronic devices. The packages t ake many
forms including thy

non- hernmeti c.® y F z S e o

ceram c or mnetal conponents and are usuaIIy glass sealed Non- herneti c

packagestare gener al | ypefiqy mentionf femaeeé rferdﬂyaltoo"anphﬁﬁikbﬁad
conponents and ar eal e ackages are
al so forned by nof ‘f‘n"&%ﬁrﬁ }&%@g% é"ér%ﬂﬂ% Q%qﬁaa%écf"goﬁ?c devi ce.
Al'l such packageselesstianic packagechavingdingrowed tdrexmad| ectronic
conponent suc§ préertidd. con based sem conductor device nounted

wi thin the package and a, eadfrage having [nner |ead nds within the
package and adapted fdm dhfh&EIEELRO ?g st%“%ﬂ%“@ﬂ@ﬁ&?bﬁ?giﬁevice by wire
bonds. The deelfopmentaland extendive cuserof eiattegmeéxt endi ng out
fromthe package éi’:}‘] &fﬁ@egd:ﬂ‘ahosﬁ iééﬁ%ﬁs”éd seani

During the use of e electronlc % nerated by the
el ectroni ¢ conporf3&¥ ces];hltpvfeegles 1teﬁ’u e protifs r@& BsOEhe build up of
heat in the 10 ppatikeaye Besignsulktb houdanthe éxedﬁnbnﬂ@eaabnbeby of t he

el ectronic syst ersrhgé ﬁg{;&&e tfaiiel Wg?fséﬁ%&mlﬁﬂfgh&g%ﬁmn whi ch

t he package is use [ _ .
PCT/ US96/ 10982 may be broadly categorized as hermetic or non-

hermetic.
Hermetic packages are generally formed from

15 ceramic or metal components and are usually glass
sealed. Non-hermetic packages are generally formed
from ceramic, metal or plastic components and are
usually epoxy sealed. Non-hermetic packages are
also formed by molding a plastic body around the

20 electronic device. All such packages may be
characterized by having an electronic component such
as a silicon based semiconductor device mounted
within the package and a leadframe having inner lead
ends within the package and adapted for connection

25 to the electronic device by wire bonds. The
leadframe also includes .outer lead ends extending
out from the package for connection to an external
device.

During the use of the electronic packages, heat
30 is generated by the electronic component. This heat
must be dissipated, as the build up of heat in the
package may result in damage to the operability of
the electronic system or even the failure of the
overall system in which the package is used. Heat



- 2- renoval fromthe nmetallic packages occurs predom nantly

by heat flow through the seal epoxy, particularly the |ayer of epoxy
attaching the - leadframe to the base. Since the epoxy has 5 relatively
poor thermal conductivity, this limts the thermal performance of the
package. |n tYé097026005| astj c packages, even those with a heaPCHD8i§/18982

heat spreader, there exists a simlar problem The heat has to fl ow

t hrough poorly conducting epoxy at 10 SWT™e poi nt. I n view of
the above, it is an object of the present invention to provide an

el ectroni ¢ package with inproved thermal properties. Anot her

obj ect of the present invention is to 15 provide an el ectronic package of

the type in whi Chrepmoval No-dil @hb! ABEE1EEY Siciayedceaed i n plastic and
whi'ch has i nproved ther

| nproperties. Y anot her object of the
pr.esent inventionp¥%9°m{g%qﬂiybggvbﬁﬁgaﬂlgvé???ﬁﬁﬂb cﬁﬁﬁg 6?°¥%e type 20
I ncl udi ng a net al partizskariyd thevdayencodsepuxyt lattachingl théroni ¢ devi ce
and which has inp I rop | These and ot her
{.g%g%%{? tfl?é‘Lthe bagg ${1¢€Sthe e o%{[la%

obj ects and advan g resent | nvention e achieved in
accordance wi Bh 2velatieely poox: thareal eondustclydhyy nEhpeolinits of an
el ectroni ¢ packagenahimdrmampersermancabot retie patkage. Ehetheoni c device

attached to SaideéigggiéfﬁﬁﬁgaﬁkgzdSgeﬁeﬁﬁéggﬁ" vingg?tpgﬂﬁalééy of | eads

having their inn nded To sald e roni c-devi ce and
their 30 outer keRE spXeademgthesm SKistp R IGiddilazngrabkegh The t hernal
conductivity nat ehést KEERRCIH10y thrbughnedorly cohddet@hgeepbxpaatt | ead to

t he substrat MO 97/ 02600
PCT/ US06/ 10083  Some poiife. _3- The obj ects

and advant ages of the B)ésiﬁﬁ of the above, it is an object of the
present invention to provide an electronic package
with improved thermal properties.
‘Another object of the present invention is to
15 provide an electronic package of the type in which
the electronic device is enclosed in plastic and
which has improved thermal properties.
Yet another object of the present invention is
to provide an electronic package of the type
20 including a metallic base and cover enclosing the
electronic device and which has improved thermal
properties.
These and other objects and advantages of the
present invention may be achieved in accordance with
25 - the present invention through the provision of an
electronic package which comprises a substrate, an
electronic device attached to said substrate, a lead
frame having a plurality of leads having their inner
: ends wire bonded to said electronic device and their
30 outer ends extending from said package, and a high
thermal conductivity material connecting said inner
ends of each said lead to the substrate.



I nvention wll become nore apparent by reference to the foll ow ng
detail ed description and to the acconpanyi ng drawi ngs in which: 5
Figure 1 is a cross-sectional representation of one type of an

el ectroni ¢ package incorporating the princi ples of the present

i nventi on; WO 97/02600gure 2 is a cross-sectional represent at PEHUN6/10982
anot her type of el ectronic package incorporating the 10 principles of the
present invention; and Figure 3 i-s83=a cross-sectional
representation of a third type of electronic package incorporating the
principles of the present invention. Referring to the draw ngs,
and particularly 15 Figure 1, there is shown a typical plastic package

10 provided with a heat e S ' 12 and

i ncorporating the pr ese"lﬁlf‘i %gﬁér%vgﬁtdi gé@@%ﬁ%%% %faﬂfgﬁ%&‘?% adapted to
contain an el taveniion diddo hegomesmare cappAKENY, Ry nefersace vo
silicon based sem geedewl ¥widRy idetailed aésériptiomwrand to the |ike. A

| eadfirane 16 is provi ded whi ch;!ﬂ'rs s ggn&éﬂ:ﬁy formed from an

el ectrical ly conduRFFYRPANYLIng QrapiRgs  iBn"vas“topper, copper alloy or an

i ron- ni ckel al | oyFigures kriiswe supasrsechionakdrennesensakion ofic| udes

a plurality of |eagge l8ypeash dif\dlegt@#Bnic packdge Hvbrforakdngutre end 22.
| SPOSES about the electronic

The inner ends 20 of, . the%#qﬁ‘%s 18 are Q $

conponent 14 and aPE-RGHRSS &F (S BFSSEY WP RoHIY 24.  The outer
ends 22 of the |eads 1Figuredijife@ Syossupechbipral ixapnesentasionr afl
device such as a anotiér NEfsk Gf @lielctPonid. pAckadd AncbrPdraLing ehedi €

attach 26 bongs tne el bl{ o & Aoyl €8 oLéntOsllent BBy ana SV 28 28 Of heat

PCT/ US96/ 10982 Figure 3 is a cross-sectidnal representatioasofhown in
Figure 1, a solid plagii§d BN o electr8Riaspackie o RidrpiitatingMenaent 14,
t he heat sl ug 12, the Wire bgn(‘jag 24 andﬁac %}%i on o tﬁell gads 18.

The plastic body 3BFHaGIBEes RidPePregedt: tR¥eI PP S one of the vari ous

wel | -known pl astic nol dReflerring donchendrawhihgs o amd paartiovdaply el ectric
device 14, = 15 NeRlgtidty12%endtd GPUWM2E PiLle PRI pakbxhle
| eads 18 to be encaséd.

. 10 provided with a heat slug or heat spreading
substrate 12 and incorporating the present
invention. Such a package 10 is adapted to contain
an electronic component 14 which may typically be a

20 silicon based semiconductor device such as a chip or
the like. A leadframe 16 is provided which is
generally formed from an electrically conductive
material such as copper, copper alloy or an iron-
nickel alloy. In a known manner, the leadframe 16

25 includes a plurality of leads 18, each having an
inner end 20 and outer end 22. The inner ends 20 of
the leads 18 are disposed about the electronic
component 14 and are connected thereto by wire bonds
24. The outer ends 22 of the leads 18 are adapted

. 30 for connection to an external device such as a
printed circuit board. A suitable adhesive or die
attach 26 bonds the electronic device 14 to the top

surface 28 of heat slug 12 as shown.



I n accordance with the present invention, the 10 end portion of the inner
end 20 of each of the | eads 18 is connected to the periphery of the
upper surface 28 of the heat slug 12 by a high heat conductivity
attachnment material 32 such as sol der or high thermal conductivity

pol ymeri c nat SWP&PO268656  Sol der is preferred for its high th@CHES6/10982
conductivity although such polyneric naterials as polymer thick film
or die attach naterials may al so be uged. For best thernal
performance, the heat slug 12 20 and | eads 18 should al so have a
relatively high thermal conductivity. For this reason, the

preferred materials for the heat slug 12 include al um num or al um num

alloys with an electri ﬁ?l &¥own tjhn ilﬁﬁvg:r@t hNJa 2808 7§k \d BIagsbhereon,

and also 25 copper alloys w a ectrically-insulating nitride,
oxi de, carbi de or BFAPeS thYAlerFrenic compepent ifw dheyheabnPligmmy be
used for the heat 13| ughe wird Zoonis 2de andpacportibrlafithenleadsdirget al
mat ri x conpogi.l.e Y 6 I an
electrically cond%%%i éjéa?r% %ﬁ%ﬁﬁ?ﬂ%@g%of)ﬁ?&ﬂ cgp%éff};‘gr%%g or an

i ron-ni ckel ~ aPl oy onghPE hthevarious wellokaryy PIR&CE Wodding t hereon of

di ;ferent et gbfip6tfids aint®RP&oldSakvand the kelectgdlcd gevice 14, WO
97/ 02600 . US9 820

. pal | BEPELE299 2nrice ponds s and Pie FRCIBREE jene
material for the Peadsfi®nko M enc@®efer or copper al | oys.

The sol der used for thenaaécotuamite WELE tRe PreferB)inventiynjotBer With a

hi gher nel ti poi . t.he nLion eutectic Snl{Pb.solders. The
sol der g‘%oul ﬁ%hégé‘ﬁﬁ?/% %f #&é’?& I H_’%g?%o ﬁteaﬁ%‘aﬁ’ft E%F léaés used for
the subsequent opdBaifomenuectedido the periphemyntobithehapparkage 10 to a
circuit board. 10gurfhepPsfstof W nedltdeiugses BpYa hayh ael®l ting point

of about 230 [err]C qr above. and preferab a i n i,nt in the
range of about 25 f’@&?f%”{%t%b%{ha%f‘ r PR .rla{mﬁrfég’&gsoﬁggdg’éft sol der,
such as those havPrghigh thermdl icepductdvity poélymerrige mattexiade 250[err]C
to about 15 35300kgiaet i¥ prefGGUA ISR CLaMNiGH [a@RSnéde O any

conductivity although such polymeric materials as
polymer thick film or die attach materials may also
be used.
For best thermal performance, the heat slug 12

20 and leads 18 should also have a relatively high
thermal conductivity. For this reason, the
preferred materials for the heat slug 12 include
aluminum or aluminum alloys with an electrically
insulating anodized coating 34 thereon, and also

25 copper alloys with an electrically insulating
nitride, oxide, carbide or similar coating 34.
Other materials which may be used for the heat slug
12 include copper and aluminum based metal matrix
composites. The lead frame 16 may be formed from

30 an electrically conductive material such as copper,
copper alloy or an iron-nickel alloy, which may
additionally have a plating thereon of different
metals such as copper, silver, nickel, gold or



thermal msmatch if different materials are used for the lead franme 16

and heat slug 12 as in the case where the leadfranme 16 is copper and
the heat sl ug 12 is alum num 20 I f solder is used as the
attachnment materi al 32, the heat slug 12 will first have to be

sel ectively mWNQ9¥26M to obtain a pattern of di screte | RAHYUSIHNMR| ng
the inner | ead pattern on the |l eadfrane. This nay be achi eved by

pl ati ng, 25 vapor deposition or the |ike> One suitable ~technique is
to apply a photoresist to the substrate and use a mask to expose the
photoresist in the pattern of the inner |ead ends. If a

conductive polyner is used for the 30 attachnent material 32,
met al i zation of tB&lﬁ&'&i\ﬁEe ox con®finalke o8athét sl 12mes yi@tfe&%assary- I'n

e 5 Soansed on CRECtEIAT O B pell shebd L ok chBRes ™

PCT/ US96/ 10982 alloys. -6- mat chi ng t he
pattern of the inner ofigs Adir Yika for eAUSadiacriilsk Hieialcsgm! | shed
by screen printi tern d|s en3|ng e. | nner ends
20 of the |eads lﬂaﬁage AHh g higher melting H% thangi screte

gobs and per manenthsg convemttizmaledzuth:pcd:dm sn/Phesqidepsr . Iﬁinasptl.gerof
conductive pol ymaéﬁoﬁi'&lilzﬂﬁs 5{4‘;@? ?,mtghgg ﬁgfﬁﬁ’& p?int L&h I ea ie attach

material s and pol yrrer frame 16
and heat slug 12 4ped the RIRSERFASUGRFABIONSE RUTAS naterial 32, the
el ectronic corrponantadldznsmbfbﬂsttm piackage t0i ponmycircuitbdodird.at t ached to

the center of, theTHQpééréiEJfH¥3solderzﬁsgﬁa#gg é”ﬂ&ié%ﬁ? ge?naie attach

conventi onal “manner USIﬁ conventi on yneric or s
material 26." |f a®SorBent 30 AG £h abeveri andj Bréferahlye @ med&ipgrti on of
the heat slug 12 pesiet illﬂethe rarjec Ofr abbtCcsparety akbutuiioove.netalized,

o0 B OPon "Eyflabe U5 AT LA AR BllRg?] | o ol uo
16 may then be wimelbingapoint in dhehzrangecof oaboutiRAQE b mbout
conventional 188NNgHo°c, will accommodate any stress due to any

thermal mismatch if different materials are used for

the lead frame 16 and heat slug 12 as in the case

where the leadframe 16 is copper and the heat slug

12 is aluminun.

20 If solder is used as the attachment material
32, the heat slug 12 will first have to be
selectively metalized to obtain a pattern of
discrete lands matching the inner lead pattern on
the leadframe. This may be achieved by plating,

25 vapor deposition or the like. One suitable
technique is to apply a photoresist to the substrate
and use a mask to expose the photoresist in the
pattern of the inner lead ends.

If a conductive polymer is used for the

30 attachment material 32, metalization of the surface
of the heat slug 12 is not necessary. In this case,
small discrete gobs of a conductive polymer paste
may be dispensed on the heat slug 12 in a pattern



by the wire bonds 24 and the assenbly encased with the plastic body

30. 25 When the assenbly is conpletely encapsulated in t he
pl astic body 30, the resulting plastic package 10 will be provided
with a | ow resistance thernal path for heat renoval. Heat flow w |
predom nant |y WO9702@@ur fromthe el ectronic conponent 14 doRCTHYHE1098: 30
heat slug 12 and out through the |eads 18 into the board to which the
package 10 is attached. As an akBernative to the above-descri bed
~construction, the heat slug or spreading substrate WO 97/ 02600
PCT/ US96/ 10982 -7- 12 may be
partially exposed as shown in the enbodi nent of Figure 2. As shown in

Figure 2, the a igure 1
inthat it includ® %a:iﬁgdfrﬁgrgéﬁ%éﬁ%w nttl.‘g'2 r:"gﬁegl %}4@?6‘%%1%043 cads 18, each
havi ng an i nner edgadg 18. 'Ehélsmlérb%m’cﬂ‘l’l?ﬁ ednRErS@RAN 20 of each of

the Ifagst %8 p&{;ﬁt%h&QOﬁGtammzzéﬂasah@qt antﬁe;?DWﬁgllmfz 14danfl |
are connecte er,et 0 er. ends re adapte
for connection toXReT O&nglﬁt g?nﬁfd‘%ﬁ d?uglﬁ nay 9% 7 e PEFRAHY boar d.

A sui t abl%®e admpriessedr inte the at:ks%ﬁeogebs'at and permanentilyoni ¢ devi ce
14 to the center thttaaﬁeapswcurmgswé y&&rof .t:iaamlbpéé o ug or heat

spr eadi ng substrat as. shown. 1 E H:eedcase of the
package 10 of Fi gﬁr"é‘df p??\’ém?)'é%k’dﬁ’ s §AERR LTS iP5 dance with
t he present usednasodiet attachi mem:@rlsofandhpolm thitck 20 of
each of the |eads gfnss connected to t he peri phery of the upper

surface 32 of the heat Iu a high heat con uct|V|t at t achnment
mat eri al 1032 such %@?— %)? %amec&ﬁdeeg 81”?’9
material. The mat artitabhedseurbnghtttm \agtrtiaghment matenmhem,s thfe t he package

40, including the digaftonic chfipolieRl 1 Whch?a8Nd 811PCSHTRAIIHag | 2l 32

are the 25 sane _as _that used enbodi nent of Fiqgure

However, in the cz%eedc}ie Pﬁ@aﬁﬁﬁﬂab% %(ﬁen er of; e upper, %rd"?ﬂec body 42
only encases the i8def the hddtasitug qe ﬁurfaacenﬂen'oionmb-ﬂaaatensl ug 12 as

vel | as 15 using a conventional polymeric or solder die attach
material 26. If a solder die attach material is
used, the portion of the heat slug 12 under the
electronic component 14 must be metalized, or an

opening must be provided in the coating 34 on the

20 heat slug 12 in that area. The inner ends 20 of the
- leads 18 of the leadframe 16 may then be wire bonded
to the electronic device in the conventional manner
by the wire bonds 24 and the assembly encased with
the plastic body 30.

25 When the assembly is completely encapsulated in
the plastic body 30, the resulting plastic package
10 will be provided with a low resistance thermal
path for heat removal. Heat flow will predominantly
occur from the electronic component 14 down into the

30 heat slug 12 and out through the leads 18 into the
board to which the package 10 is attached.

As an alternative to the above-described

construction, the heat slug or spreading substrate



the el ectronic conponent 14 and inner ends 20 of the 30 | eads 18. The
bottom surface 46 of the heat slug 12 IS not covered, |eaving the
bottom surface 46 exposed for attachment to a heat sink to aid in heat
removal . ' WO 97/ 02600

PCT/ US96/ 10982WO 97/62600 A third enbodi ment of the i nvePET/6396/18982 hown
I n Figure 3. In this case, the package 50 shown is of the type
know as a metal quad pack such as shown i R7- U S Patent 4,939,316 to
Mahul i kar et al. The 5 package 50 includes a netal base conponent 52 and
a metal cover conponent 54. The base conponent 52 and t he cover
component 54 may be manufactured from al um num or an al um num al | oy.

Al um num al | oys desj gnat ed, by, t he ASM _(Anerjcan society for Metals) 10
as 3xxx series ar&sz8¥e¥geE?r€*Tié¥a%ﬁRQﬁﬁg EﬁnfﬁPﬁn in they' {6 about 1.5%
wei ght nmanganese ®mbodiment of hBigure 2.3l IAsyishgwnl ineRigure) 2pstther ef erred

aluminumall oy packigal 4O D& &b T Y IHAYLBRage "PH1 SR FLAIRPSI ti ON
of about 0.1296by,me|gﬁ¥ cgpgﬁrl gbout 1.2% by 15 “wei ght nanganese and the
bal ance al uni num B that i BHGvRr® Jtﬁ?écf()ﬁé 38 P_RVIPS\A ded with an
i nternal depré&ssi pluFdlityshabnheadficlthasachohpyingt an inn&? emhidoe shown as
having a flat inteheobytetf 848 22. Mk {HRErOBhEGNSD! ¥r Absch RS RV ded

with an internal ﬁgP de reSS|$n. The depression_56 serves to forma
cavity 60 for enca&P§ 3R BFecEiERrIet Ahstttetheselectronis Gprroneitnect ed
to the interior sudfand Bfeotohhected thHeasdocbgpwiretb&iddy24. suimhebl e die

attach 64. The — outSleEhhlN:S LOOPANMIHed ZoT kohiBEE R Ve bR 25

integrated circuit such as m condu devi ce.
A | eadframe 6@ i s e¥teph2dJAB¥LiGR FUEh@asas printed gipenihibGrdndA he cover
- conponent 54. The suitabllead@nestvé tor @iy iaxtach pbUbshdas Yeud | eads 68 each

D erarng A ek Edntata i ahh At UE ghBREr BE e w00 O L1
wire bond 74. Thesurfacg,2grof ctlte &irp: Elugr orabeptegpreadingnection to an
substrate 12 as shown. .
15 As in the case of the package 10 of Figure 1,
the package 40 of Figure 2, in accordance with the
present invention, the end portion of the inner end
20 of each of the leads 18 is connected to the
periphery of the upper surface 32 of the heat slug
20 12 by a high heat conductivity attachment material
32 such as solder or high-conductivity polymeric
material. The materials used for the various
components of the package 40, including the leads
18, heat slug 12 and attachment material 32 are the
25 same as that used in the embodiment of Figure 1
However, in the case of the package 40 of
Figure 2, a plastic body 42 only encases the sides
44 and top surface 28 of the heat slug 12 as well as

the electronic component 14 and inner ends 20 of the
. 30 leads 18. The bottom surface 46 of the heat slug 12
is not covered, leaving the bottom surface 46
R exposed for attachment to a heat sink to aid in heat
removal.



WO 97/ 02600 PCT/ US96/ 10982

-9- external device such as a printed circuit board (not

shown). The lead frane 66 may be formed from an electrically
conductive material such as copper, copper alloy or an iron-nickel

al l oy, which nowo3S7exeh ti onal |y have a plating thereon of. di f PET/GR16/10982
netal s such as copper, silver, nickel, gold or pal | adi um or

conmbi nati ons thereof. The | ead f¢+&#e 66 is sealed to the base
conponent 52 and cover conponent 54 by bonding 10 | ayers 76. - The bondi ng
| ayers 76 may be any adhesive known in the art and are commonly a

pol ymer adhesi ve such as a thernosetting or thernoplastic resin.

A fesin adhesive such a . £D0 .0r | est.i k, 550K,

manuf act ured by Abl estié @P&)L @réd&SPFegfo?ﬁ%a%‘g%&Ea Pt .SP‘_’YTSWA., is
one - exenpl ar yFBguuend. nekerthils case, the pagkagem$0 shpwnt Jlsgof)f Lhe
base conponent 52 OB&4& WG E akRl SMb@RdiN th an
anodi zamoon | ayer ggg typeh%ﬁm? ﬁg m@?ﬁ?e&g ? 1?&:20 dgprfacg gfﬁ %f#e base
conponent 52 is pr Vﬁdééagf?$l4'93 'Pﬁg éﬂoﬂ?ggf#ﬁﬁFl%ﬁ/ -78™Ghi1 e the
entire surfaces packagepsofincludeshet mekaBlbase tdrmpmentsSkoand6aof the
cover c?rmonfant 54me{:§1péﬁ¢/éﬂ% griéntchasno'.@lhéa%ﬁfm gomggnhﬂifggzz g§r[|% rT:lfm
anodi zation | ayer may _have a i ckness o .

(10 i croi nches) t & ¢ cgv%’f)o‘iﬁm%’f’e[né"r %’Fn?"?%o%ﬁ ’Pﬁ%%’f@g) &r‘ﬂ‘\e

anodi zation | ajumimen noy dre adpwiinud bklayy ddlumdmumondloys

Lechni que. USing agedfyfatea ) e Asho thilbPion Sogh or2figt s Ol UM

sulfuric acid_at a tenperaturg 30 0 ut eposi ]
satisfactory afodi 28d3¥¥Xcferies age preferredce Bress addoyscaPnlaimar ged
substrate. up ta abowk dousle weiightt hengasesntaliondge titRNothée end

portion of the i””81189§§g7£&éﬁe6¥39h Qf mbDE preferred aluminum alloy
is aluminum alloy 3003 having a nominal composition
of about 0.12% by weight copper, about 1.2% by

15 weight manganese and the balance aluminum.

The cover component 54 is provided with an
internal depression 56 as shown. The base component
52, while shown as having a flat interior surface
58, may optionally also be provided with an internal

20 depression. The depression 56 serves to form a
cavity 60 for encasing an electronic component 62
which is connected to the interior surface 58 of the
base component 52 by a suitable die attach 64. The
electronic component 62 may typically be an

25 integrated circuit such as a silicon based
semiconductor device.

A leadframe 66 is disposed between the base
component 52 and the cover component 54. The
leadframe 66 comprises a plurality of leads 68 each

30 having an inner lead end 70 and an outer lead end
72. Each of the inner lead ends 70 is connected to
the electronic component 62 by a wire bond 74. The
ocuter lead ends 72 are adapted for connection to an



WO 97/ 02600 PCT/ US96/ 10982

-10- - | eads 68 is connected to the upper surface 58 of the base
nenber 52 by a high heat conductivity attachnment material 82 such as
sol der or high- conductivity polynmeric material. As in the case of 5
the previ ous SWOOAMMhts, sol der is preferred for i ts hiRFTYIE199ER
conductivity al though such polynmeric materials as polynmer thick film
or die attach materials may al so be u®esd. The attachnent mat eri al
82 may be restricted to the inner tips of 10 the inner énds 70 of the

| eads 68 or it may extend partially or fully through the seal area of
t he bondi ng material 76. The attachnent material 82 may

applied and the quﬁi t € d 25

manner as the atta nt O?%Vi@e %J&Fea ? int:edhe su%%?rg?gehbﬁby t he
at.t achment nmethainy|- 3¥henlepd HFaNe £ %&ﬁ ferped from an " The yse
011: tEe iattgcpment Mi@al&? cbnaﬁﬁfme naterizilnevchngst 8eppengds 18 or 72
of the |ea rame i 2 ;! as nt 52 as 20
descri bed above w rOV|§é 8%62? fﬁ%%%+ gﬁ thEﬁ Wﬁffron1the

el ectronic corﬁ)on@fﬂdlﬂc’@#léz bave a Plﬂwr&;dwemeem eﬁdélfﬁﬁl-‘%nff\n Il result
in inproved e sRcBPaEt b6ppée) dimret eehutanc; ﬁamaa&e The

present invention |§€jgﬁur§sgg|gg§glﬁgk éﬁgﬁ% £2 aving | ead ends

approachi ng the elEt Onén romall “four sides. Dual in line
packages DI Ps may al soThe ﬂﬁé§u€§ﬂm?n5@ckﬁwﬁﬁﬂ%§§ to thgj basehe principal s

of the present inwaigodiént 52 and coVéi | Songthdnty &at bynbbﬁalﬁ@scrl bed above

in 30 connelgél on .\ etrh ri o% Rgiﬁgiasyet:&erﬁm 3?'| %ﬁs Sy | evi dent

t hat many al ter nat’i Ves, nDdlflc I ons var i be appar ent
to those skilled iaghesive known 1nAtl@©rmgaryi arne icommandydedpelynerr ace

al WO 9 {ili%e such as a thermosettlng or thermoplastic
PCT/ US96/ 10982

resin. A resin adhesive such as an epoxy, for

example, Ablestik 550K manufactured by Ablestik

15 Laboratories of Gardena, Calif., U.S.A., is one
exemplary bonding material.

At least a portion of the base component 52 and
the cover component 54 may be provided with an
anodization layer 78. As shown, the entire outer

20 surface of the base component 52 is provided with
the anodization layer 78, while the entire surface,
except for the bottom 80 of the depression 56 of the
cover component 54, is provided with the anodization
layer 78. The anodization layer 78 may have a

25 thickness of from about 0.25 um (10 microinches) to
about 51 um (2000 microinches). The anodization
layer 78 may be applied by any conventional
technique. Using an aqueous solution containing
about 20% by volume sulfuric acid at a temperature

30 of about 20°C deposits a satisfactory anocdized layer
on the surface of an anodically charged substrate.

In accordance with the present invention, the
end portion of the inner ends 70 of each of the



such alternatives, nodificati.ons and vari ati ons as fall within the

spirit and broad scope of the appended cl ai ns. WHAT | S
CLAI MED | S: 1. An el ectronic package (10, 40), characterized
by: a. a heat-spreading substrate (12), b. an

el ectroni c devwos70260) attached to said heat- 5  spreadi ng PERHISI/HIE
(12), c. alead franme (16) having a plurality of | eads (18)
having their inner ends (20) wire bonded €28% to said electronic
device (14) and their outer ends (22) extending from said package (10,
40), and 10 d. a high thermal conductivity material (32)

sel ected fromthe group consi sting of solders and conductive pol yners

connecting said i nygg r@bzligé%n%ctea +696ke a&g&ﬂ eRtrhd8) 58 Oof Nohe

heat - spr eadi ng substrate oni ¢ package (10,
40) of claim1 15 ¥ %ﬂ%ﬂ%ﬁ@ﬁ?%f@dhynathéﬂhég?%Frﬁﬂﬂ?“FﬁgWiﬁy conducti vity
material (32) is sattichment material 82 Steh e coldercopahkglye (10, 40) of

claim?2 char [ t hj S

i nner ends (20) O?&éﬁ#ﬁ%ﬂﬁ %’%@%mggigaﬁ%é%f% sérié)a {:ﬁ J;QQe strate
(12) has a nel §i ngtheipretioush embodinents; Golkder is ass\ﬁerred for 4.
The el ectronic pacxageh{gﬁ)th@&hmgfcehauat£v1t axﬂm@mgﬁtgﬁbﬁed in that said

hi gh t her nal CondUCtéxméf&c matenqggrlgg ééEQméé;éi£%k9¥1&Re£PB conduct|V|ty

pol ymeric 25 mat e
attach materials may also be used. The attachment

material 82 may be restricted to the inner tips of

10 the inner ends 70 of the leads 68 or it may extend
partially or fully through the seal area of the
bonding material 76. The attachment material 82 may
be applied and the leads connected to the base
member 52 in the same manner as the attachment of

15 the leads 18 to the substrate 12 by the attachment
material 32 in the previous embodinments.

The use of the ‘attachment material 32 or 82 for
connecting the leads 18 or 72 of the lead frame to
either a heat slug 12 or base component 52 as

.20 described above will provide a heat path for heat to
flow from the electronic compohent 14 or 62 out
through the leads. This will result in improved
thermal properties for the electronic package. The
present invention is not restricted to QUAD packs

25 having lead ends approaching the electronic
component from all four sides. Dual in line
packages DIPs may also be produced in accordance
with the principals of the present invention.

While the invention has described above in

30 connection with various embodiments thereof, it is
evident that many alternatives, modifications and
variations will be apparent to those skilled in the
art. Accordingly, it is intended to embrace all
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-13- . 6. The el ectronic package (10) of either claim3 or
claim5 characterized in that said el ectroni c device (14, the inner
‘ends (20) of said | eads (18) and said substrate (12) are encased in a 5
pl astic body (%@ 97/02600 7. The el ectronic package (40)PET/US6(1A82
claim3 or claim5 characterized in that said el ectroni c device (14),
the inner ends (20) of said | eads (18)1ard the side walls (44) and top
surface 10 (28) of said substrate (12) are encased in a plastic body
(30), with the bottomsurface (46) of said substrate (12) exposed.

8. The el ectronic package (10, 40) of either claim3 or claim5
characterized in that sajd 15 substrate.(12) is a heat snpr ing_substrate
fabricated from al 3RFH t?ﬁﬂﬁﬁﬁxesdrm&ﬁ?%§§;Fh%?%xﬁ?éivaﬂ%a%%%“?a? | ead
frand is fabricateflail omtduispcthe spiritoppérbxeadacaope ofokhgi ckel all oys.
9. The el ectroni Cappékda® ¢limeA0) of claim8 20 characterized in that

sai d ,heat spreadi ng substrate (10, 40) has an electrically insulating
coating (34) t her eon. WO 97/ 02600

PCT/ US96/ 10982 -14- 10. An

el ectroni c package (50) characterized by: a. a netal cover
conmponent (54), b. a nmetal base conponent (52), said base 5

conponent (52) and said cover conponent (54)



defining a cavity (60), C. a electronic conponent (62) attached

to - sai d base conponent (52) and positioned in said cavity (60),
10 d. a lead frane (66) d 8 EHEERN adapted to be
bonded to said cover (54) and base ?HE§°H H)é‘g_npon ts and having inner

| ead ends (70)WO 372600 e. ' nduct i vi PGTHEEP8
(82) connecting said inner |ead ends (70) to said base 15 conponent

crat acHHTRLAH W llliﬂli!z i gh Cher bl conduct i vi by - Taterial (82) is
Mo ]

sol der.* ¢ t The el ectroni c package (50) of claim 11l 20
characterized in that said solder (82) attaching said inner |ead ends

(70) to said base!&ﬁﬁﬁﬁ@ﬁ@i&lﬂEQIgég) has a nmelting point of about
230[ err] C or aboveé: . The el ectroni c package (50) of claim10

characterized in that said high thermal conductivity 25 attachnment (82)
Is a high thermal conduacti viahyelectpoiiorpackagat ¢10al 40)

THI' S SHEET HAS BE + 2192808y - PCY/ US96/ 10982
14. The electronigh%g%ggge 25§L9%f ej t her claim1l or claim13

characterized in that &aid 2 SUPEHERY® olffdnent (54) and sai d base conponent
(52) are fmbri cat ed.f r oamaklectronic ddwimenyat il atyachadl to saddi d | ead

frame is fabricat o RSk, copper al l oys or iron-nickel alloys.
Hhu cEage 258? !

15. The el ectronic pa of claim14 characterized in that at
| east a portion of the®- ulPadcfTAne 6l daviBgpa Rierasyy afd cover 10
conponent (54) hasiea@san(adi)zabving! tyelr (iffhler endsh¢zeprwire bonded

(24) to said electronic device (14) and their outer
10 ends (22) extending from said package (10, 40), and
da. a high thermal conductivity material (32)
' connecting said inner ends (20) of each said lead
(18) to the substrate (12).

2. The electronic package (10, 40) of claim 1
15 characterized in that said substrate (12) is a heat
spreading substrate.

3. The electronic package (10, 40) of claim 2
characterized in that said high thermal conductivity
material (32) is solder.

20 4. The electronic package (10, 40) of claim 3
characterized in that said solder (32) attaching
said inner ends (20) of said leads (18) to said
substrate (12) has a melting point of about 230°C or
above,

25 5. The electronic package (10, 40) of claim 3
characterized in that said high thermal conductivity
material (32) is a high thermal conductivity
polymeric material.

This Sheet Has Been RTi
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WO 97/ 02600 PCT/ US96/ 10982
-16-- AVENDED CLAIMS [received by the

I.nternational Bureau on 11 Decem)q-il_utsl% .}\ 1?’,5 ; original clains
1- 15 repl aceda% anended cl ai ns | ggégé g) 1. An
el ectronic pa 40) chalact erf| PCT/YJS96/10982
hemﬁr‘e‘adrﬁgme 12), . an eI ectroni c device (14)
att spr eadi ng subssf-ate (12), : c. a lead
framimH"mtﬂm Iﬂmgml urality of I|eads (18) having their inner ends
™ re Bondeds( to said electronic device (14) and their outer
ends (22) extend| ng from sai d package (10, 40), and 10 . d a

hi gh t her mal conductl\g ty %teeéi@lcaﬁ'gﬁc aﬁrgers d Erg ﬁ&e group

consjsting of solders onnec I'ng said inner
ends (20) of cladiah %ardqléaa ?191}a¥%P‘E‘Fi’914?@atmsﬁ—hé§dFﬁgdsubstrate (12) .

2. The el ectroni ey aataddd Beviét) (04, ctise Mrnekb endehqrogtetiggil i n t hat

d, high th I | d 3.
'Sl'ﬁle el Iegt ronle{:nga ﬁ(aage%(a%dv' %) sgf‘dcg‘gi r#éaaé (a%)éhlaisif%@%’%%% Fh R hat a
sai d sol der (82) phkastsie hpdyai(go) . i nner ends (20) of said leads (18) to

sai d heat-spreadi ng 20 substrate (12) has a melting point of about

230[err] C or ab0\9e

t 10, 40 f
claim?2 char act erfi'zed TH§ Fﬂrﬁft’éﬁ?ﬁc Fﬁ"’bﬁ‘ ece:(%&:) e nﬁggﬁ%}l(ty ) o
material (32) is eldiml3 drecialincsndbaractenigns imethat28aidmateri al .

WO 97/ 02600 electronic device (14), the innefpgghgs?§6i08§zsaid

leads (18) and the side walls (44) and top surface

10 (28) of said substrate (12) are encased in a plastic
body (30), with the bottom surface (46) of said
-substrate (12) exposed.

8. The electronic package (10, 40) of either
claim 3 or claim 5 characterized in that said
15 substrate (12) is a heat spreading substrate
fabricated from aluminum, copper, or alloys thereof,
and said lead frame is fabricated from copper,
copper alloys or iron-nickel alloys.

9. The electronic package (10, 40) of claim 8

20 characterized in that said heat spreading substrate

(10, 40) has an electrically insulating ceoating (34)
thereon.

Thls Sheet Has Been Re
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- 17 - 5. The el ectronic package (10) of either claim2 or
claim4 characterized in that said electronic device (14, t he i nner

ends (20) of said leads (18) and |s g 3tr-1aS BEE@Ar eadi ng substrate (12)
are encased in a plastic body 5 8 REPLACED 6. The el ectronic
package (40) JWVO&T/PIeY claim 2 or act er i zed PCR/USHAI0983 5 d

el ect ronrt device (14), the inner ends (20) of said |eads (18) and the

si de top surface (28)~M¥-said heat-spreading 10
substratHlm mmnﬂmﬁg din a plastic body (30), with t he bottom
surface (46)c oft s&i dssubstrate (12) exposed. 7. The electronic
package (10, 40) of either claim 2 or claim4 characterized in that

sai d heat - spreadi ng t i:’k% d

copper, or 15 alloys ther eo?tﬁ é% a’??é’% pgng%i ?ﬁ%rl ceéfﬁz?e{wom
copper, copper al IR¥Es or iron-ni ckel al | oys. _ 8. The electronic
package (10, 40) of cla.m1la metﬁhaé&ﬁ‘éxel’ddﬁ@dmbﬂtt i@ga)§al d heat - spreadi ng

substrate (10, 40) ,has an t al I I nsul a coat 34) thereon.
WO 97/ 02600 : mELEE LS8 ot (hR7 ld by

- 18 - 5 conmonmtel(ééir%?#cs%m&r( soppenentic{24) zed by:

a. a netal cover cagﬂmgg{ a( dyity (50), . a netal base conmponent (52),
sai d base conponent (5 ) C r |n|ng a
cavity (60), g igg‘r:lée ect°r0°\(g"ﬁ’°ne§§pngg§g #?%%e‘g ached to
sai d base COWMSGSEPEB%G@%S(SZ Jored positignedvin \syigh)

d. alead frane (Q@vﬁg Reegq between and adapted 10 to be bonded to said

and Y Ao 2550 (08 ey dard corene i) stiAkpatn Petiest g Ll by
fromthe group corslagtiedgtof beobdnied diml said cowetdu¢54) camdlbaser s
connecting said i ) lRagoRBHEs(dfd Havind Antekd1B2§ Ceh@EPEHN! aha?) -
e. a high thermal conductivity material (82)
connecting said inner lead ends (70) to said base

15 component (52).

11. The electronic package (50) of claim 10
characterized in that said high thermal conductivity
material (82) is solder.

12. The electronic package (50) of claim 11

20 characterized in that said solder (82) attaching
said inner lead ends (70) to said base component

(52) has a melting point of about 230°C or above.

13. The electronic package (50) of claim 10
characterized in that said high thermal conductivity
25 attachment (82) is a high thermal conductivity
polymeric material.

This Sheet Has Been R
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10. The el ectroni c package (50) of claim?9 characterized in that said

hi gh thermal conductivity material (82) is solder. 11.

The el ectronic package (50) of cl E:T‘Q’l?’ H erized in that said

sol der (82) attaching said ner @%;ﬁé\g% to sai d base conponent

(52) has a  WONAZng point of ut 1C or| above. PCT/US96/10982 15

Tmmckage (50) of claim?9 characterized in that sai d high
attachment (82y18s a high thermal conductivity

oo M ARTRARE AR = W 57102500

PCT/USF6/ 10982 - 19 - 13. The

el ectronic package (50) of either claim10 or claim12 characterized

in that said cover corppnenine elecﬁ-_%}uén aél?é béﬁg GEMeakaBE (52) are
fabricated from 5 al um num_or, alLum um a{a #%‘ignsﬁ%d Iesg frame is

fabr'i cated from cBPIER, 1L dPpttaim dys© Baracter

14. The el ect ronccvmc:kmgmr(é‘:m (csﬁl)chadrrsaﬁd base clumporieat zsd)l n that at
least a portion ohrlNFastidAcs Hion ShupBfulidse LAMPGIA] 1007 cover
conponent (54% ha i an anod |z.gtmf on“*n reon % a8

sa:Ld lead frame is fabric ted fr m copper, copper

alloys or iron-nickel alloys.

15. The electronic package (50) of claim 14
characterized in that at least a portion of the
surface of the base component (52) and cover

10 component (54) has an anodization layer (78)
thereon.
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