" SEM CONDUCTOR QHI-P—PAGKAGE-V\FFH-—ENHANCED L THERVAL
CONDUCTA VI TY _ ~ TECHNI CAL FIELD The

i nvention rel at et B%"Rehctﬂ chip packages and particularly to those
which utilize cer s having one or nore chi ps nounted thereon.
Even nore particul ention relates to such Ipmkeadds ENDS4048r €

desi gned for being nDunted on an external substrate (e. g., printed circuit

boar d). BACKGROUND OF THE | NVENTI ON
Sem conduct or chip SEMIEQNDURTOR GIHPBACKAGHWITH ENEANGBRduct or chi ps

nmounted on a circuitized surfaemRMAl CONDUCETIVATY. . al um na, substrate
are known in the art. Typically, such a sem conductor chi p package,

conventionally ternmed a ceram ¢ chip carrier, ‘is.munted on a printed

circuit card (or board). If surfapmmcmmmg)to be used, the ceramc
chip carrier may include a |l ead franme which is nechanically and
electrically connected to electrical contact pads forned around the

: pelr3 i phery of tha‘hermpeheammyates |to<senii¢amhhcsw élapqaam‘kargbfe m@r%&lﬁtﬁculgﬂy
substgrate. | e referr.ed to above may
i ncl ude oi IR thoss ﬁ'&“gﬁ q{ﬂe 3%?}1 %es L%%Pﬁ%ggﬁﬁqrﬁa?@? S oy
f or mer casthexdom.c hiiyerc anqreepantmxﬂad:im, cmeem\tep'aom relatesy toisuchi packeage
upper surf I ] t |ck f
metal scr egﬁnﬁnﬂgféegﬁn’%nga fsr%ﬁ%?‘é errpIT oyeg&l s, -for tg%%a 5 §h %]y of
silver (Aan‘fmélt 'pamrda)dl um (Pd), which has a nelti ng t enper at ure of 1145 -

degrees C, and an electrical resistivity of 20X10[err] ohmmeters. The

xanpl e, 0.5 1S and 3 ?ny&eficeépﬂﬁ{fﬁm%%ﬁifﬁ@‘i‘aﬁﬂ zation, the

resulting ceramc layer is fired-in a| r at a tenperature of, for exanple,

s onducror cremsmdiht? <hE Bhiseasl iR ontieiot Alabls Sbhbnhstr

usi ng convehipomatinted enlamlrhmgzeé(sltmfapeeﬁ a ceramic, e. g alumina, substrate_
are known in the art. Typically, such a semiconductor chlp package,
conventionally termed a ceramic chip carrier, is mounted on a printed cn'cmt
card (or board) If surface mountmg is to be used, the ceramic ch1p carrier - |

15 may include a lead frame which is mechanically and electrlcally connected to |

electrical contact, pads formed around the penphery of the ch.lp-bearmg,
circuitized surface of the ceramic substrate

Ceramic ehip_earriers of the type referred to above may include eitﬁer
single-layer and multi-layer ceramic substrates. In the former case, the chip
20 carrier is fabricated by iniﬁally circuitizing an upper surface of the single
. ceramic layer using.conventio_nal thick film metal screening techniques. The
metal employed is, for example, an alloy of silver (Ag) and palladium (Pd),
which has a melting temperature of 1145 degrees C, and an electrical
resistivity of 20X10® ohm-meters. The resulting circuit lines typically have

25 thicknesses and widths of, for example, 0.5 mile and 3 mils, respectively.
After circuitization, the resulting ceramic layer is fired in a1r at a temperature
of, for example 850-950 degrees C, which is readily w1thstood by the Ag—Pd

. alloy. A semiconductor chip or chips is then mounted on the c1rcu1tlzed .

surface using conventional wire bonding techniques. "
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REPLACEMENT SHEEF— ' 2 In
the fabrication o{-m@shlewBeP cefEeram C subst rate, each-ceramc layer is

usual ly circuiti ze ional thick film screening techniques, and
these circuitized are then cured and | am nat ed t oget her at
or

firing terrperature exanpl e, 1908 degrees C. Tpo&étkﬁ(ga@ﬁgw@fge
hi gh t enperatures, the circuitry on each of the circuitized | ayers

typically conprises a refractory netal such as nol ybdenum (Md) or tungsten.
(W, which have Inghe ifagrit:aﬁpabahumﬂm-mlcemni@rsugseﬁter ea&lRBerdlide 147K €€S

C and corr ..el resistivit to or er than

5. ox10f or 1 1° SRRRNDEEEakL GRine S ventiohal Bck i ackcertneXorBafnenand,
nount ed on these eikduitized ceramin fayearssares ther euved rag;dc teminated maéetMe&'eath
bondi ng teg e ar ma
ol 18 of (hing Yepperptures of, 14 SKhfHHo "1tlo AefSEEE, SrS WAaBR shisd ik’ ™
subst at e' dewperaiures, thessirgaitynan ﬁbbwfattbe( circyitized dayens typiclly s
def | ned, i n compBiscRa Ritkadtord fibediFhotl dihis bHQnﬁ:?EM%?%tﬁﬁg% S fwhiis,

present inyen As described therein,
cover the Ft F‘SMC‘FFH@‘*E%H“}SFO?%‘&I O OF| &eat@r 2625¢ s [@reaidhi ng

por ti ons ofcobRespgonidni lelectafcal PesiEBFIEEs SYufNoISEhediibr than 5.2X10° ohm-
Understandablg el ectronic packages of the type déscribed herei nabove

require ef Fere Afcheforengvaliipi (AT chipp)risiepngpationelly mousited onythet treltieat
genettat ed lyydheeimin sitbistRdeRRikaFOnoBAHGHAIORIre HiRRIAS tEGHhIGREENT becones

nore significant when hi gher powered chips are utilize as |s the industry
trend. One well known nmeans of achieving chip heat renmoval is to use a heat

S|hnk \INhI tch may Omee dikampld pf acerhmit (:m;gcanherpgvilhmb{rﬁda a&iﬂﬁﬁé ‘éﬂ'hetrch léh;%l I

chi N theag r ne en he neta
-cappmay al so sgr%\%egésé‘%‘%hgﬁg f% %dpqmgdtye °PRE %‘&;%‘}Qéﬁ%f@ %NIOE']FFIF ‘8&hi ngs
of the presiernal\subsirate (ﬁher ecxrsuudiqamdd imdefined imiUc'Sn Ratent 5 (hisp13@ckage
whi ch i ncl ysageetd aied éﬂxﬁe Q?QignEE @é@xle pﬁ@éﬁ?u@eﬁ%oﬁl ! w cﬂe%c&*ﬁ) dagadeergm, -

operfgl onal capabilities
a cap (e.g., metal) serves to cover the pos1tloned chip and protect portlons

of the circuitry. Remaining poruons of the circuitry are protected by
encapsulant. '

- Understandably, electronic packages of the type described hereiriabove -
require effective heat removal in order to operate efficiently, the heat-
20 generated by the chip during package operation. Such & requirement becomes
more significant when higher powered ch1ps are utilized, as is the industry
. trend. One well known means of achieving chip heat removal is to use a heat
sink, which may be directly coupled (e.g., by thermal adhesive) to the cmp

In the case of the aforementioned U. S Patent 5,243,133, the metal cap may
25 also serve as a heat sink. '

In accordance with the teachings of the present invention, there is
defined a new semiconductor chip package which includes effective heat
removal, while also allowing for added operational capabilities if desired.

It is -believed that such a package would constitute a significant
30 advancement in the art. '



It i.s believed That such a package woul d constitute a significant

advancenent in tHsis  Has Been Re : -3
OBJECTS AND SUMVA _ | ON It is, therefore, a principal

object of the pres to enhance the sem conductor chip packagi ng
art by providing a package with enhanced3thermal capalbddiiet@so. EN994048 |t
is another; object to provide such a package wherein enhanced operati onal
capabilities are possible. It is a further object to provide such a
" package which can be pOBJECT$ ANDRSUMMARY@OF THENUENTIONranner and is
particul arly adapted for nmass production. 1t is yet another object
.of the invention to provide a nethod for maki ng such a package whi ch can be
acconpli shed i nltis,athereforapacprincipal objectof dbe présenhinventtionctosenirance

attained i gﬁ@d& &ﬁ$| e& re
I's provide agggirﬁ%?ongte% I p gﬁ?gageg cﬁ%’ﬁgm é1ggceréér]nw?:)@lsu st r'%ae{ag

i ncl udi ng thexmalgapabild %?ﬁj- opposi ng surfaces and at |east one hole

extendi ng through the substrate to interconnect the first and second
opposi ng surfaces., A first thermally conductive layer is |ocated on the

fi rs?’ surface ofttdgi anetherypiiest jo PEPEdL Fuch & REGHaER WheTSy ewbanread ve
|l ayer is | opergtondl ddpabieierare poésibie 0f said substrate. A sem conduct or
chip is located on the first thermally conductive layer in.a thermally
coupl ed manner and a layer of circuitry is'located on-the first surface of
t he substrat e afltds prfagthexrohjeedtoprdwde subhmnpadimgbiwlsibhtdanrbmbtqduced

ciroui try. P ¥ e ﬂ%@%&%ﬁ“%%ﬂ%ucﬁs'ﬂ %%é?ﬁlﬁ 5 silpfet FoFrihés no”

hol e production.

10 .~ Itis yet another object of the invention to provide a method fer makmg
" such a package which can be accomplished in a facile manner.

These and other objects are attained in accordé.’nce with one embodiment
of the invention wherein there is provided a semiconductor chip package
' comprising a ceramic substrate including first and second opposing surfaces

15 and at least one hole extending threugh the substrate to interconnect the first
“and second opposing surfaces. A first thermally conductive layer is located
on the first surface of said ceramic substrate and a second thermally
conductive layer is located on the second surface of said substrate A
semiconductor chip is located on the first thermally conductive layer in a
20 thermally coupled manner and a hyer of circuitry is located on the first
surface of the substrate at a predetermined distance from the t"irst thermally
conductive layer, the semiconductor chip being electrically coupled to the
circuitry. At least one thermally conductive member is located within the hole
of the substrate for thermally coupling the first and "second thermally
25 conductive layers such that heat generated by the semiconductor chip will
pass from the first thermally conductive layer to the second thermally
conductive layer. The invention further 1ncludes means for electncally

coupling the layer of circuitry to an external substrate



of the substtate—for Thermally cou I|ng the fi rst and second thermal |y -
conductive | ayers ﬁ{dsﬁeetMB m nerat ed by the sem conductor chip wll
pass fromthe fi rst ductive layer to the second thermally
conducti.ve | ayer. urt her includes nmeans for electrically
coupl ing the Iayer |rCU|try to an edternal substr oeket No. EN994048

4 In accordance wi th anot her enbodi ment of the invention there is
provi ded a nmethod for making a sem conductor package whi ch conprises the

steps of provi digcgordance withitenother embddigent roft thednyentiod thexssiisg
surfaces, DrdMadd WOmethdCeort mQﬂﬁxé"Q 's@mi&nhﬁ%t&“ﬂ&é E&%ﬁgéé‘ ¢t the

first and second_opposi ng surfaces, grOV| ding, a thernally conduct i1 ve nenber
o}

Wit hin t heSteBpeof PPBdePEgachF%@%ﬁ skrats hafing Hustyand fegend \QPRASIREs on -
the first aundasesopsb amagmﬁaﬁeﬁ infthe aashtraeé Yo idtegcdiiRictthé First

conductive nber’ h t.her mal | Qu first, and secopnd

¢ her ||y%”§afemn9 ORRGRING. SUTTRECS o AP TICORE A, RHETRILY SOROHER g RERBeF [ ot
thermal | y withih ¢hé neld, previdingdinstiang secbal ¢hexmhally emducﬁeve)hyeﬁ& énfthest
sur face of L he s& stra% at_ a s d Iocatlo 1;%5 mﬁ%ﬁhg ther h
conduct i veriFst aRd $5eant Gebosie BRHECeR ) FETRSCna L, i Shgr e %) ayer
of circui tmpmbendiprilei dioky theamally orowpling rihealfirgt cong| senyndﬁethlemeﬂyof

t ON OF
T e NP Sl LA, 8 somiconducton entp on B EislREEER )

senl@onduceenduective fayeragurovidivgie A@rqm%mcmmmm d first sirfepe ofitthen,
- FIG" 8 bei ggnhéBed Hias éﬁa%léﬁ%c&ﬁ@n'f%ﬁn’éﬁé)@u@\? tﬁ@i‘ﬁ&ﬁ&%ﬁﬁiﬁﬂ%‘é?ﬁﬁ on an

underlying substrate (e.g pr.i nted circuit boar is a

partial, eF’é\‘F&’c‘lFﬁ%IcWiP@ﬂg the semiqopduction glin 19 1%@ layemof Gineyitge end

accor di ng peceiding naRaitby elddiedilyRetipBhgithe mya&esft msamtﬁyutd afatagsals hown
nount ed on gerl ying substrate. € BEST MODE .FOR CARRYI NG
OUT THE | NVB

15 S BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1-8illustrate the various steps in producing a semiconductor chip
package according to one embodlment of the mventmn, FIG. 8 hemg a partial
~ view of the mventmn as completed and mounted on an underlying substrate -
(e. g , printed cn-cmt board); and

20 : FIG. 9 is a partial, elevational view, in section,'ﬂlustrating a--chip
package according to an alternative embodiment of the invention, said package

. shown mounted on an underlying substrate.
BEST MODE FOR CARRYING OUT THE INVENTION

For a better understanding of the present invention, together with
25 other and further objects, advantages and capabilities thereof, reference is
made to the following disclosure and thé appended claims in connection with

the above-described drawings. .

St



For a better U”derﬂé‘éhét@ﬂsé’efenkébﬁc resent i nvention, together with other

and further objects capabl lities thereof reference i s nmade
to the follow ng dli}ﬂ Eﬂmﬁmﬂ “F
above-descri bed dra

e appended clains in connection with the
REPLACEMENT SHEET Docket No. EN994343
FIG 1 there is shown a ceramc substrate 10 in accordance with one
enbodi ment of the invention. Substrate 10 includes at |east one (and
preferably sever &h)FIGol ethere ists@nm'a'ceranac}sub{smateméntnwa@aﬁce with@na! of

twel ve hol egmblaiiede BFoﬁiéiqg §tiGn ; déxh#tgg')e Ipoﬁxc‘i&&%p f é{i%e@gdt he

substantially rectangula con | gura’tl avi n
| engt h of aPdeferablyseveral) holeg h&r)themmhaa@mﬂermﬂ efbodimens, acotaingful ar

confi gur at i eWelve Bolike 31 2whid Prdeided (elBNS idM¥iled) ik b e b Iafi}, ﬁt)ﬁgtf 6

mm Sybstrate_ 10 includes first and_second opposi'ng subst
surfafes 1354kt apfially rpetanapian, confignretion heying fpur rside wally sach Ofetmrn c

materi al, alqgdesf 8Boek 3@ PliRinkEERE (&hﬂm sabsﬁtekts rmmaf of 's%.lc& @béctan

accept abI e, ingluding alu um nitr Al I rst angusecond
thermal Iy c&R gtlm&gt‘ ngs‘%f‘? & Hyc if@esasr édyﬁﬂﬁ‘PnasTbe‘PnEI%pél)lfé‘oﬂhQﬁ 0.6
opposi ng pl amar Substrats m&mMethlréﬁaﬁ&Céécwﬁﬁ)bpﬂ%ﬁié rs&@siant‘%ﬂ planar

h |l ded, subst anti al | I
2 Sputter | ngobhis, T REE S, EepeBREL e e SodrriR 10 B8 MS'S?

at onsl0f r om medeviatca pyeferved exampleobemm nOthématerisls auepbsstabYe,a

pl'asma. Spu Hﬁ'ﬂg Bftﬁﬁfli this type are known in the art and fur't her
descri ptlontnﬁs not™- be wved%%?essary Buring the sputtering operation, an

initial, very thin layer of chrom umis deposited on the -opposing substrate

surfaces 13 and Ih, Ff@' b OirR atihli sddond Hthkfiigfiy |c€iiﬁﬁc§‘le@9f&esr 1t ﬁn?pfy e

wher eupon a 5 naI th|n | ayer of, chromumis ad preferre

enbodi ment , apeligq,fo pppeingplapar grrfaces 13 pad, 15y réspectively. and
0.1 [err]m Ptreﬁepmmyyabgth Itnemamy rcdnaﬁbaée NBfers (41 bbbeiﬁ@as Substehfialyof

i rst ther I.s .about m andg, t he corr ond| ng_.t hi ckness

(" T19 ) of #ﬁ%&ﬁeoeﬁay%?ﬁgﬁ §PR %é’spe Y{Butsué’ b @HTPAESI N a
preferred e%‘mﬂm& rthe rempowaliof @tahs 1fbom Iensms:eefb;t bﬁef-géﬁé idrdYombardiment,
second | ayerndYohs sWpplibd vy'e pldHRfs %Buft{e%ﬂfgggrat%onls dPudl (%ype a.re own

Significantly
m 'the art and further descnptlon is not beheved necessary. During the

sputtering operation, an initial, very thin layer of chromium is deposrced on
120 the opposmg substrate su_rfaces 13 and 15 following which a thicker layer of -
' copper is applied, whereupon a final, very thin layer of chromium is added.
Ina preferred embodiment, the thicknesses for these metals were 0. 1 pm, 8
gm, and 0.1 um, respec‘uvely In a third embodiment, the thickness (“T17") :
_ of first thermal layer 17 is about 8 um and the corresponding thickness
.25 - ("T19") of the bottom thermally conductive layer 19 is about 8 um. In a
preferred embodiment, the ratio of thickness of the first layer 17 to second
layer'19 is within the range of from about 1:1 to about 1:10. Significantly,
some of the material of layers 17 and 19 is deposited within hole 11. In the
above example, the thickness of thermally conductive material within hole 11
30 was determined to be abotJ._t 8 um. In FIG. 2, itis hoted that each of the
metallic, thermally conductive layers 17 and 19 extend substantially to the _
outer peripheries (edges) of the underlying ceramic substrate 10.

_L




some of the meterial of layers 17 and 19 is dep05|ted within hole 11. In

the above exarmhleshebthias of thermally conductive material within
hole 11 was det m bout 8 pm In FIG 2, it is noted that each
of the netallic, ductive | ayers 17 and 19 extend substanti al | y
to the outer per p er| es (edges) of the€underlying ceacket NobsENII4D480.

6 In the next step for providing a sem conductor chip package in -
accordance with_one enbodi ment of the invention, the metallic conductive

layers 17 and 1In dthe 86Bfctterdfen promding ia semiooppcion, chip ppekage in
phot or esi sgeddrabnsd ¥¥en: dn"'e aiBbaMbrtOoPehe ihd¥etin, the 2métali$d Bhiaktive

si mul taneous fashion,_ and then exposed and deve) ed to define the sel ected

areas of |yers 1% ancly 1o apRi swbiseted dor anRpAtq G'FPé’IW BROCRES dkerein, ch
photol it hOﬁhﬁtﬂﬁsﬁﬁe(ﬁéﬂ Ghowa)e i¥ehppHed Wb lbtthhmypi-s;ltﬁd &1 sublithntiadiyd and :

cera§1 C SUbﬁ%tB}rl?Qt}gﬁ rrar}uﬁg.{coturl r&&art and furt&g?%%%ﬁ g ﬁg‘ [ eg%cc%
neceSsary ), eas
gf' | ayers &vessnadf m'ymnm andrig9 ediiek arei toeréMnrmthb\fhiammbdml sSuI&h.; ‘
nr L An
ete ghi ngms?;/ ﬂo{oq%tﬂﬁﬁpé}fggérﬁq'b dge angﬁﬁu{ asgl 3m p &%&%&Eﬁéq’epggg g%%}égbl e
etchants f oemmhmmmmwmmgamt :wirﬁnrmhprpdmum isynphelcemedst ry,
t t 7 _
h Fre S HeRLRy CrbRg bifoEst vl (rdhor A ihe el dhes
fromO ayer of hmrsﬂe? apd é%lgempmpmﬁcmd vhileibe monrieyelpred resiss hestbaeme -
left edge @bmsvbditoad:Epoka) p&l&ﬁ:ﬂbeafl theg@\léfhrspﬁhidhoﬂré?w Weehenmavdd. An

represents g | ayer, of circu d| nd, i.n gne enbodi nent, sever '

- spaced copfishipEngtepy gysing . ﬁﬁ’ & AEPSPIESFIR BETMRARERNALE 5 Eﬂ’rtﬁ le ,
( deZ cri 3eﬂ ebethants foh Ichbomﬁmt Qnd:‘éﬁppéﬁhk wré wgmpmyt prdctided mmlmdﬁgtmc kage
produce n, .M i ne is.represented.dn ng a part
b *the spadt e’ AEHATIRY to b, the He g g aoBs or ey It BBAMm the-
remaining larger portion 21. The bottom layer 19 is preferrably

subsignt Tal 1y Sbitd ¥ e0oun RREVLALY Grbeihdl OBt P38 0al |V

rectangul ar shape. I'n “gn om t
conducti ve fpemtlamr 27 whileyagi @nperf(immf tbfe haitam lwezslwearest the left

edge of substrate 10) has been removed. Portion 23 preferably represents a
layer of circuitry including, in one embodiment, several spaced copper lines
. for conducting signals from a semiconductor chip (described below) which is

20 - to eventually form part of the resulting package produced herein. Only one -

line is- represented in FIG. 3 as forming a part of the spaced portlon 23.

Portion 23 is electrically 1solated from the remaining larger portion 21. The

'bottom layer 19 is preferrably substan’ually solid throughout cOmpmsmg a

solid layer of substantially rectangular shape. In one example circuitry 23 .

25 is separated from the conductive portion 21 by a distance ("D") of about 0.25 -
mm. :

In FIG. 4, hole 11 is filled with a thermally conductive material 25. In

a preferred embodiment, material 25 is solder and applied following the
aforementioned sputtering operation which resulted in layers 17 and 19. One

30 known soldering operation is a wave solder operation, although other types
of soldering operations are useful to substantially fill hole 11 with this
conductive metal. For example, individual solder elements (e.g., balls) can



In FIG 4, hole-tt 15 Ti TTed with a thermally conductive material 25. In a
prefervred enbodi m@@hedmaemaﬂeﬂﬁdl s sol der and applied follow ng the

af'orenent i oned spuH‘ ion which resulted in layers 17 and 19. One

known sol dering op B“L \ml ve sol der operation, although other types
of sol dering opera are usef ul

to substantially fildckesINo.lENB40ds& hi s
conductive netal. For exanple, individual solder elenents (e. g., balls)

can 7 Dbe positioned on the
subst r at e barpesidoned ani the subsiyete surface reladve 10 each ofcthe holes: 31 fand t he

hol es. a%&&%ai"mva;frﬂa% "erY an AftePRH1OV JmbeaiRest,! ke Ghietddli g5 hol e
11 can be of anot‘her neta copé)ﬂ) and néa% be inserted as a stud or

the |ike wpPgitipned, within AI%JeF%Frb@cP Qtber | (&E-piGPPDEr) dngoma¥ e 5
known nat ejiqdrtéd dshg st deties lilkkewithin itlgl 11 O hef:r&ébﬂ@d Solderdis 105985 or

20:8Q tin:lea used {-he brpader [ ntion,
it even%g%ﬁr%%/‘gg?ﬁ’ %%ﬂ?’?ln@&ﬁﬂa}’qﬁﬁ elf" &“& scﬁﬂgs égh‘?ﬁs? §r§1’et al
gepﬁS' ted wighj m?(fssllsr msgemgleadmaydlwbemedplm?ﬂre rpadieraispettsopf the ng,
oth using.a. mask. Ln suc an [ n e
motal on R RRR b e eleh BT gRlncatfy BIGLEL fte UlchiEes OF ald
descri bed hetsly, depesiteshdmithine badeerdilal e.g.holhy 1gelectivei nsputiterinesi gned
to permt f e e n
oper ati on. %‘%‘?@?‘. ﬁ%ué g%hus e z’fggc%%ﬁémh%@%ﬂé%f |g'-ct:'|g tgrea | ow
thi sl& o oc cth:cknessmfetb@rme@ﬂ eBrithe internaliwells pf Boleaik is; about A<08 oumr As
coupl ed el gayr b@ahéé/cnﬁecﬂ be16v9 Wﬂévb%dﬁcGGQ‘MeM thﬁo&eri‘lcﬂﬁ?% hi p

(described bel ow) eCIP | ectrically coupled to_layer |ch'
it-is positiesiEed t° Per‘mthleﬁ as erencgdremilayen leyrer 48 shring pagkage

| east one nRjephti6hi PTREY mabérddl, 2sa§u§eﬁms PO¥Hh tBidkness aaﬂﬁaxehh €0 4DB&  this

Cubstrat o 18 oy o ans Droadifienls YRF o Bvp eyt I ARE 1o G cea

of clipper. eletiricadly,weg.ate proyidera ghduwyd forhihesemicindiectar chiy i desaribed on,

O 27 o Bl B S b e O o R N AR R R0

C-shaped portion 31 which provides the 'above cl anpi ng engagenent .in the

manner shown, ang,. %xéecsoﬁe%gg%gg%@%vﬁoﬁm@cwoﬁe'a&ah%ﬂlwer

surface 29. Portian 33 | segmnmen o
parti cul-ar | Yhighsjasaen, physdcally Ms%mumlastmfaﬁ% ef cincudnm 2hand dhe

(bel ow) ance:eé&ear |&f&ér¥mﬁ‘fﬂé@2§ Bﬂtﬁ@cé%xﬁléiwétﬁdtﬁ mhec:ﬁenzv isrb@s;sa&a&erred |

errbo nment in enlon otal of 208.cli .
96 l?ke materi preferab y. comprised of co Ber Alternatlves are copper :

alloys which mclude zirconium or iron, examples known in the 1ndustry under

the designations CDA 151 and CDA 194. Chp 27 is of substantially S-shaped

conf1gurat10n and includes an upper C-shaped portion 31 which prowdes the

- gbove clamping engagement in the manner shown, and a second C-shaped

25 portion 33 projecting below the under surface 29.  Portion 33 includes a bottom
leg segment 35 which is particularly designed for being positioned on a -

printed circuit board (below) and eléctrical}y connected to the circuitry
thereon. Ina preferred embodiment of the invention, a total of 208 cﬁps 27 -

were utilized, these extending substantially about the entire outer pefiphery

30 of the substrate 10 to pro;vide coupling to respective pbrtions of the circuitry

23 and respective circuit lines on the printed circuit board. Circuftry 23 may

thus extend about the entire euter periphex;y along the upper surface of
substrate 10 so that, if the embodiments shown in FIGS. 1-8 herein were



wer e utilized, these extendi ng substantlally about the entlre out er '
peri phery of thﬁsShtthHaﬁBéeﬁR ckd provi de coupling to respective portions of

the circuitry 2 mma ﬁﬁl” e circuit lines on the printed circuit board.
Crcuitry 23 ma bout the entire outer periphery along the
upper surface of "substrare so that, 8f the enbodi rReaket NpWENBSLE8GS.
1-8 herein were

REPLACEVENT SHEET ext ended

further textended funther tethe MQFdW@ﬂélﬁWaﬁ smaekthé@én%ﬁs@nﬁ width ayer
of circui H%ﬁ&iﬁ@ﬁ&&t&g@ﬂaesdm o) dintepndl gottidh 21N BHSHCRAn

arrangenent, the bottom| ayer ul d‘wgétend in, a subst antj al | y.simlar
manner, t AEFARSPMSDYssthey battomy l"fY@r\' UieeRrdsin posRbgantielly. slmilare

substr alt € mad$ie®] oweg-eﬂyvuﬁbsmg ie peﬁuaﬂ othlﬁe Reideirofaifacé f the lterahid he
center line

CLC G
i mfe of)S P‘Ré : ?% algp O‘EF“%V&TF %ﬁ%l gnb#% %tl{q%gofleﬁnqg? ’{lﬁggé’? n{b(-.g?
l'ine. Fur chnterdine r(l‘bCP))mni'mG i6l isusteferdbiy identitals(emdt tileeammrme s v .
in FIG GPfftﬁgmaﬁegf“fﬁé Hve Id§1u4sls1:§w§r18%eq O (1@ #HQH ?HJ por? FrQHt er

surface o and par he substanti al ron 21
t her eof . A%cabénmea;hdmlﬂm’tmtmlﬁ@s thus;mldegmd@qcassanys to utilize a
thermal |y conductive adhesive, a preferred exanple being 965 IL epoxy
avail abl e from Abl estick Laboratories of Rancho Dom nguez, California.

Preferably, thiln F&cBi & sqmicomdurter chip 4l 45| showanas eing moynseden the
assyy e el gglksh Qakfa%cafrlgyaﬂ 178&9&';5&1&:{&&{1%5@ rs%bE?arﬁ?eﬁl 86Hd p orggn 2ﬂ n

FIG 7, the contact SI re eI&B;rlca coupl
cor r espondPREEFar AP 961‘3 Bé ofPrtar?é‘méP 1% & ptilizen th
preferred man&uw‘vera@mswem pﬁfér@e&%&a&b@@béi@%&’lm egdﬂytavéﬂaMd ﬁ&u51;

attached t cu t 23 usin nown W r ndi.ng
operation ﬁﬂﬁfﬁﬁ% ]ﬁ’%‘?‘ag‘ﬁ?j g om}q%e\ﬁ, Hornia, #&?SGW%QXQ t?ﬂg%t and
pressure. nigeriadis aiso eldetridaliy condmtm@m atdexrrtowsturdeleatrical groanding,
furkper de%%qlm(g&ggwu,ttéaﬁl Zehet@s& \éed necessary. I'n one exarrpl e, a total of

208 wres eac coupl I ng a respective pair of contact
sites 43 and portions (pads) of circuitry 23. . G ven the di nensi onal

constraints defjefg ?b?"tﬁe dontact dibesS (£5C5E ERRY 41 Bfe electrically coupled to
corresponding parts (e.g., pads) of the external circuitry 23. This
preferred méans for coupling is ‘to use electrically conductive wires 51,

attached to the sites 43 .and- circuitry 23 using a known wire bonding

20 operation. Durmg this known operation, the wires are bonded usmg heat and -

" pressure. Because wire bonding 1s an operation well known in the art,
further descmptlon is not believed necessary In one example, a total of 208 -
wires 51 were utilized, each coupling a respectlve pa.u- of contact sites 43 and
portions (pads) of c1rcu1try 23.

25 Given the d1mens1onal constraints defined above, it is thus seen that the
invention assures a highly dense product wherein several connections are
‘accomplished in a minimum space.

'In FIG. 8, a first quantity of protectant (e.g., ehcapsulant) material
61 is shown as being applied to substanﬁally cover the portions of clip 27 and
30 the portions of circuitry 23 to which this clip is connected. In a preferred



i nventi on assures a hi ghl dense.Product wher ei n several connections are

acconpl i shed in &hi t In FIG 8, a first quantity of
protectant (e.g., ' terial 61 is shown as being applied to
substantially cov of clip 27 and the portions of circuitry

23 to which this clip is connected. In% preferred Docket No. EN994048
REPLACEMENT SHEET 9 enbodi nent ,

the clip and circuitry and clip segments are coupled using solder. This is

acconpl | sradodiments the)clipnend ercuitey | and mlino segpenthaye nepupled ragingf

spacedl y geRidy, O‘ihﬁiéﬁé&%m%ﬁsﬁgéﬂnb% SufbURBRbht 6 SR 6? #;g f_
circuitry 23, solder having been applied to these portlon an The

st ruct ur e &Strimek sprosdbrpesitigned, PPPE i2d pnte the zespartive epnductive
r ef | ow. Tl chfciiasgt 23veolwéxetimh %ben%pbhea tadﬂeébp&ﬁdmaaraﬁﬂl ghebl, a

| arge an of en u ant ,rraterlal 63,1S erably ed to
_ sub tanti & T@”%&W iag)i? pofficient temperatyne @af'glf td??ldSF itry
23. A pr efmxerpﬁbteaheé nﬂtewslasaheﬁuﬂaad &&ﬂomhgmheﬁmm& fnoohla¥der

ol for i Suepy 3 Rbshe fadymibe b 8R1s BRI HRTeR o Hhr e P bier

exanpl e, abmmp dii mm ?1 end agignificaimtqert pf aimtre323/vas& preflervet material t her

seen in FleGe 7 S ad
77701 ¢ he ok, Shesiistlbeft 63 35HOUS FRaB® Mo ?%%%%Sﬁée@fﬁ.‘éef%m%g P
prited c |D1<Ym19nb@@mer Creponedion: ofindustrp: Crlifamniay, (Fiieel i o trademark

posi tioni g e DRKSICorporaitdd. r)eokm%eléacamﬂ@ I&bt:g&ﬁﬁwﬁéfycws asisdsr as

other substrates, (ingcludin ranic) e rea Shoul d it
be desi ratﬂ”é’aPB“}%&’&\ﬁ‘"’d'ﬁa% pEelipd o ghs JPH | FRETY BY %&%P 21 1§ shQPRAs the

src]opeﬁf nhaent 4 ghrw&sihbﬁédm alaﬁ-&fsp'r&idﬁ clgumaatoﬁﬁee QGixterth]l GsAgdtesvy £S of

chnl W e u 1 N ortlion 0 W.LE -

chip 41 wihehe el Yao Rort Lot 2L Ol baNs! bk Soall, HRLIG UGS,

capkbi | i t yis ®aot hmﬁeﬂushnwmstmoplosmamngmf ipackdgesad defjimed Heréimonion as |
d

20000 BhaRGed fechiodaiE Rt kPl Bubibsn OB SbBEHCT AN ol (22

layer 19 ritsedbe extended to substantlal |y the outer edge of the ceramc .
substrate 10 as seen'in FIG 9. dip 27 can then directly engage this

under | yi ng conductive Layer _19_to ground corf ondi n agds aqr. portions of .
t he up%er g| ocat Shoyd, it ae%lqe;,;nﬁle to %rowde electr?cag groungmpg or ch1p911 itis .-

‘within the scope of the invention to electrlcally connect the ground contact
20 sites of chip 41 with the underlying portion 21 of layer 17 (e.g., using wire
. ‘bonding) such that portion 21 (and bottom layer 19) provide this capability.
‘It is thus undersfood that portion 21 and lay"er 19 fuﬁcﬁox_l asa ground. plane
for the invention in this format. Another means to utilize layer 19 as an active
ground plane with respect to circuitry 23, the bottom layer 19 may be .

25 extended to substantijally the outer edge of the ceramic substrate 10 as seen
in FIG. 8. Clip 27 can then directlff eng'agé this underlying conductive layer
19 to ground corresponding pads or portions of the upper located circuitry 23
as desired. Extending layer 19 is relatively simple using the aforementioned

photolithography operatioh. - | ' '

30 Thus there has been shown and described a semiconductor chip package
which provides for enhanced heat escape from the heat-generating chip which -
forms part of the package. The heat escape means illustrated herein is of



as desired. Extending layer 19 is relatively sinple using the :

af or eirent i oned ThisGhest HasBoepBeplaged oper at i on. =~ Thus there has been
shown and descri uctor chip package which provides for
enhanced heat es heat - generating chip which fornms part of the
package. The heat escape nmeans illustrat®ed herein i s Dbcket No. EN994048

10 relatively sinple construction and can be provided in a relatively
facil e manner. As understood fromthe aforenentioned, heat generated by the
chip (41) yedadeely sitpighcensrueidensnd c@anbacnmd%@m@sﬁveelgmelmgacﬂe chip

to the un%ﬂ@q Asazyﬁaeruoodfh%mw&oménﬁe@éd from \Aﬁﬂgﬁytthe :;g:
al so

conductive net hol es 11 and into |ayer

. di ssi pat e. (434d RASSES F‘b’&?gb{lﬁ’@ thgrmaly FWWY%WPPQ%%"@D t
function t@n&es: gaﬁyea 1¢I ﬁﬁbfé\fﬁ&d smaaeﬂvg&sgég tHFSUFHILEN eatfivititvd el

RS T TS =N VM X g R TIIA E
brerte) n o shownthan Botdar thémﬁhn&h abnmareé m)jeis mtznayoa&bdﬁﬁﬂﬂlddl to [sléefrg refseain ]
enbodi nent |nv nt j.on QusS to those ski t he
art that VAPFEREAIE SHSReUTE extnd mitns 8RS YhuS SetRa S Gramiiliuds ek due
‘departing fovemtidne scDpe bivenkioni ny ethusrdeemedeftonednétitutee aarmgmi'mm :

clai ns. advancement in the art. CLAI VB

10 While there have been shown and described what are at present
considered the prgferred embodiments of the invention, it will be obvious to
. those skilled in the art that various changes and modifications may be made
therein without departing from the scope of the invention as defined by the
appehded claims. '




What is clai ned- I—S~ ~—=%-—-A sem conduct or . chi p back_age conpri si ng:
a ceramc subst

1€ udirdgactd rst and second opposing surfaces and
at | east one hdl lmam ME Brough said substrate to _ i nt er connect

said first ands surfaces,; a first thermally
conductive | ayer id first durface of Docksti No s ENS9404S;

a second thermal |y conductive |ayer |ocated on said second surface of
sai d substrate; . a sem conductor cphg | ocat ed ' TS

thermal |y conductive | ayer inC

| ayer of circuitry |l ocated on said f| rst sur:‘gecggp!sg? m‘m“ “I‘H‘I\I“‘“‘ at

a predetergned gl_stﬁin,ce fromsaid first thermally conducatltveL M | ayer,
said sem *being electrically coupled to-said circuitry;

at | east one thermally conduct i ve menber |ocated within said hole of
sai d substjrate for therna coupl ibng said fi.fst and second “thermally
-con(cjlhct i vél‘l ayeé g%%r&dﬁlg%o h%lglp g"eﬂ‘;@%&"é’&‘%ﬁ%ﬁ sem conduct or chip
will pass fromsaid first thermally conductive | ayer to said second

t hergral | y cendygc g 153 upling

sai L | ayer of (L:hl Ir’é(:ﬁﬁl1 ?ém clud:.ng ffr er naﬁssecgﬁ?%ﬁ) SL{dgcéﬁllec&é)

and at least one hole extending through said substrate to

4 - interconnect said first and second opposing surfaces;

5 a first thermally conductive layer located on said first surface of

6 said substrate; ’ '

7 ' a second thermally conductive layer located on said second

8 - surface of said substrate;

9 a semiconductor chip located on sgid first thermally conductive
10 - " layer in a thermally coupled manner;

11 - - alayer of circuitry located on said first surface of said substrate
12 at a predetermined distance from said first thermally conductive
13 ' layer, said semiconductor ch1p bemg electmcally coupled to sa1d
14 _ cn-cultry, '

15 ' . at least one thermally conductive member located within said hole’
16 of said ‘substrate for thermally coupling said first and second
17" thermally conductive layer such that heat generated by said
18 semiconductor ch1p will pass from said first thermally conductive
19 , layer to said second thermally _conductlve layer; and

20 means for electrically coupling said layer of circuitry to an

21 external substrate.



2. The packa e of ace rein said first and seconﬂl!lmum(llﬁ”uumlll
conducti ve Iay of nmetal. - 3. The pac

wherein said net opper. 4. The package. of clfi m 1"wher el n
the ratio of th| first thermal Iy conductive |ayer to
sai d second ther rral |y conduct I ve I2ayer is withiDotket NanEN99s0o48 om
about 1:1 to about 1:10. : The package of claim1 further including a
thernal l'y conductlve adhe5|ve sai d adhesi ve providi ng securenent of
sai d 2. senithmpackage eficlpimd whevein said firssrand sgcanshthermally | ayer.

6. g The packa%nahcﬁlvgllgy;rg\gﬁrgé Sigbd o Vve is electrically

conduct I ve. The. patkage of claim®6 erein said first and second
thermal |y conductive layers and said thernally conducti ve menber are
el eqtricalgly combighiNgze SR LMiH CWAErdiAYalid e d_-gveo%,<

serving as a ground -pl ane for said package. 8. he pac age of claim1l
wherein said first and second thermally conductive |layers and said

t herdmal | y 4condiRtie packegdsf claial Pwherein theasitio cfthigkmssdfckid firssai d second

pactage, o erEny igucrpe 1p3fh o HidpeRn S nell i din vl

conductive layémjewithin dhe cengeafl frommahwud d :l dosabamit| Iay@r of circuitry
| ocat ed on said first surface of said substrate. 10. The package
~of claim9 wherein said neans for electrically coupling said | ayer of

ci rdui try 3o safle prebagrpf slgims dfaaréher mclu@ma:e thermally eongmietiveai d second
thergal |y condugirieéted 2 8id OadhesiveS Apfoviahiy @ockidddtit '¥f  said

3 sexmconductor ch1p to said f1rst thermally conductlve layer.

1 8. _ The _' package of claim 1 wherein said adbesive is electrically
conductive.

3]

7. The package of claim 6 wherem said flrst and second thermally
' conductive layers and said thermally conductive member are
electncally conductive, said second thermally conductive: layer
serving as a ground plane for said package.

B W N
"4,

8. - The_ paekage of claim 1 'wherein -said.first_ and second thermally
conductive layers' and said thermally 'co'nductive member. are
electncally conductive, said second thermally conductlve layer'
servmg as a ground plane for sa1d package.

W W N e

9. The package of claim 8 wherein said second thermally conductive |
layer is electrically coupled to said layer of circuitry located on
3 ~ said first surface of said substrate.

10.- The package of claim 9 wherein said means for electrically
coupling said layer of circuitry to said external substrate

electrically couples said second thermally conductive layer to
said layer of circuitry. ' '

BT N



coupl i ng oz Mﬂm‘T o e e sand reane o IR MR LA

package of cI said neans for electrically . coupl i ng _
conprises an onductive C|Ip, menber . 13. The package of
claim1 furt | ng at | east oneldlectrical [y Docket®ondEhi994048wir e,

said wire electrlcally coupllng said chip to said . layer of circuitry
on said substrate. The package of claim1 wherein said external
substrate conprises a printed circuit board. 15. A nethod for
nmaking a $Eni crheughckagaiof alanhagewhemihi Saidgmeans fdrhelé‘dtﬁléﬁll?fi

proyi ding a ceram. substrate havin d. sec 03| ng

sur faces; couplb‘?%\‘ff’ﬁp °3 80 %155&1 cg “W‘-’sgﬁa Trate to

I nt erconnect said first and second opp03| ng surfaces;

proyi di ngs4 th o n | e; s prcvi di ng
fi rgt andlgeco%@h s#c%i%gc aye%%hoﬁl%gd&% %lectﬂc?.gy and second
opp@si ng surface@phmegp@pﬂscélap ebahdwlhépmlllqﬁve clip. membRIGt | ve menber in

said hol e thernal I y coupling said first and second thermal |y
conductlve | ayers
13 The package of claim 1 further including at least one electrically

2 : " conductive wire, sa_.ld wire electrically coupling said chip to said
3. layer of circuitry on said substrate. '
1 14. The package of claim 1 wherein said external substrate compnses

a printed circuit board.

1 15. A method for making a semiconductor ch1p package compmsmg -

the steps of:
3 providing a cerannc substrate having first and second opposmg
surfaces 3
5 ' providing at least one hole in said substrate to intercoﬁ_nect said | .
6 first and second opposing surfaces;
7 . providing a thermally conductive member within said hole;
8 : providing first and second thermaliy conductive layers on éa_id
9 : first and second opposing surfaces, respectively, said thermally
10 . conductive member in said hole thermally coupling said first and
11 second thcx‘mally coqductive layers;
12 positioning 'a semiconductor chip. on said first ‘thermally

13 conductive layer;




_Fos/l tioning a semec;tcg\acsiggnc}){;ﬁgcgl p on said first thermall y H“‘“H“‘“(““HNHN“\

REPLACEMENT SH m | or ovi di ng
a layer of CII’C first surface of said " substrate at a

spaced | ocation fromsaid first thernmatty condiocket NoaEN994048
electrically coupling said sem conductor chi p to said | ayer of

citcuitry; and rOV|d g_.reans. for rlcal couplin said | ayer
offl ircuitry m“df‘bga¥ ﬁ grgtgiggyr%ﬁes tri ﬁ claimi15
wh#ein said hshbstratq:)rmmdeslpacedsandauon fromer sattic fnshstthai‘ﬁany drilling.

17 The net ho wherein said first and second thermal ly
co%%uct ive Iayg?rg&%% prtyk?éled using a sputtering operation. 18. The
met hod of claim 17 wherein said first and second thermally conducti ve

| ayers are pro 5@% 8 wherein
salx(? | ayer of %’ie?gﬁl t rﬂorslf’a g §Al§ semﬂ:gmslﬁ%st ant éjysgis(li% angousl y wth
thésprow si on eircydry;fmdst and second thermally conductive | ayer on
sai d substrate. 20. The nethod of cI aim 15 wherein said | ayer of

circuitry is applige si n hQt ol i t ra oeratlon
15 _ Y ggowdgng means '%or e?ect y coup g a?d ){ay of circuitry
20 _ to an external substrate.

1 16. The method of claim 15 wherem said hole is prov1ded in said

2 ceramic substrate by drllhng

1 . 17. - The method of claim 15 wherein said first and second thermally
2 conductive layers are provided using a sputtering oper'ation,

1 18.  The method of claim 17 wherein said first and second thermally

conductive layers are provided simultaneously.

1 19. The method of claim 18 wherein said layef of circuitry is appﬁed
substantiglly simultaneously with the provision of said f1rst and

3 . second thermally conductive layer on sald substrate.

1 20. The method of claim 15 wherem smd layer of cn'cmtry is apphed '

2 o usmg a photohthography operatmn '

1 21. The method of claim 20 wherein said photolithography operation

2 ' comprises the steps of applying an electrically conductive layer

3 on said first surface, applying, exposing and developing a

4 photoresist on said electrically conductive layer, and etching

S selected portions of said conductive layer.

1 22. The method of claim 21 wherein said steps of said

2

photolithography operatidns are further used to provide said
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said first surfa m xposi ng and devel opi ng a ot or esi st
.on said electrlc | ayer, and et chi ng ’ selecte )orti ons
of said conductive Iayer The #ABthod of cl aillfcket NoyhEN 8sai d -
steps of said phot ol i t hography operations are furt her used to
proy;l de said first
and3second t hefirat| §nd onerAnd hermelly s conduetivg  layeys subStaBPﬂ’JYt aneously
with the appli ehtiRanéusipindtt @yetpplicatitc of kil layeR df ciddiitrigt hod of claim
15 wherein said chip is electrically coupled to said | ayer of
circuitry using a wi rebondi ng operation. 24. The nethod of claim15

whedein s@Bd t Mremakthodcahclain i16 evieardhe said chip isselpctrszéedadcwplhdn said hol e

of gaid cerami so The met hod of
cl a?m 15 furt hg?%d;%a&rnég cﬁﬁ Q’?%psqg app y| ng ag Opeg‘gtmrot ective :
encapsul ant over said sem conductor chip. '

1 24. The method of.claim 15 wherein said thermally conductive member
2 is provided within said hole of said ceramic using a soldering
.3 ' operation. '

25. The method of claim 15 further including the step of applying a
2 protective encapsulant over said semiconductor chlp .



