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present i nveng, generally to the field of m crowave wmj
10 nore partgﬂﬂmmm\\m ntegrated thick-filmRF and m crowave m ciggj, cU
nodul es and n nore particularly to the dissipation of heat generated by
such nodul es. BA ND OF THE I NVENTION IS 20 25 M crowaves are

el ectromagneti c ener waves With very_shaort I e)&gﬁ | cgcéy rangi ng
froma milimeter foliBAESTNK APHARATUSIHAT RROVAS
communi cations systens, mcrowaves are used as carrier signals far sending

information frompoint A to ESIBCTRIOAN ISORATHONed by mi crowaves is

transmtted receive, and processed by mcrowave circuits. Packagi ng of

radi o frequency (RF) i ' MG Tt yfypnal |l y been
very expensive and ha@%?&ﬁwgfﬁgﬁm?&?%q@%& and
excellent signal integrity through gigahertz frequencies. Additionally,
integrated circuit (1Cj power densities can be very high. Mcrowave
circuitssrequire high frequency el ectrical “isolation between circuit
conponents and between the circuit itself. and other electronic circuits.
Traditionally, this need for i JOERDQF TRESINGENEI@Y in building the circuit
on a substrate, placing the circuit inside a netal cavity, and then
covering the netal cavity with a netal plate. The netal cavity itself is
typically formed Jhe present RiveatisiEiclted patefAlyt0dhé field sraniepswaveiits, apie
pl ates together with solder or an epoxy. The plates can al so be cast, which
i s a cheapemerepartivatarkydo integratct thickifiimh RFcnd nhicvowaye micxocircuit spotheles, and
sacrif IlCOed Vi\:llv;[:xrl1 mo}e par%%ﬁ%'rl{:‘ % the dissipation of heat generated by such modules.
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BACKGROUND OF THE INVENTION

15 Microwaves are electromagnetic energy waves with very short wavelengths,
typically ranging from a millimeter to 30 centimeters peak to peak. In high-speed
commmications systems, microwaves are used as carrier signals for sending information
from point A to point B. Information carried by microwaves is transmitted, received, and
processed by microwave circuits.

20 Packaging of radio frequency (RF) and microwave microcircuits has traditionally
been very expensive and has required very high electrical isolation and excellent signal

‘integrity through gigahertz frequencies. Additionally, integrated circuit (IC) power
densities can be very high. Microwave circuits require high frequency electrical isolation
between circuit components and between the circuit itself and other electronic circuits.

25 Traditionally, this need for isolation was resulted in building the circuit on a substrate,
placing the circuit inside a metal cavity, and then covering the metal cavity with a metal
plate. The metal cavity itself is typically formed by machining metal plates and then
commecting multiple plates together with solder or an epoxy. The plates can also be cast,

which is a cheaper alternative to machined plates. However, accuracy is sacrificed with



" One. problem attendant with the nore traditional nethod of constructing
m+crowave circuits is that the nethod of sealing the netal cover to the
cavity uses conductive epoxy. Wiile the epoxy provides a good seal, it
conmes with die cost of a S greater electrical resistance, which increases
the loss in resonant cavities and increases | eakage in shielded cavities.
Anot her problemw th the traditional nmethod is the fact that significant
assenbly tine_is required, thereby increasing manufacturing costs. Another
traditional‘?ﬂﬂﬁ%ach to packagi ng RF/ m crowave mcrocircuits has been to

attach gal |'i um argghipfdbléradehdait Withthambret fgdifibedl BEthed | 4fScadtrupasgi ve
conponents 10 to thin filmcircuits. These circuits are then packaged in

the netal camictaveayedircuils isetat thevpethpil of sealingr the metaleeayer ko thegeavilyrisegt or s
and RF co~nectors. are th S to connect the nmodule to the gutside.world.
Still anot hé&P S&P?’S?WF%%MP&?'@W%%Q“ it rogtes b e stiot 47 s o
caopl oy 2 W&'&% Fﬂsﬁkanté,lvmiﬁ?ﬁ&%sﬁgﬂel s th&?naﬁf cavitfestadl Indrbdse}
circuits. e some costs ‘are slightly reduced, the overall costs

remai n hi-gh leikagé i shiekdedeavitibs. Arsther probian it the tsaditbonabmiethod is the fact that
dielectric materials typically enployed (e.g., pastes _or tapes) in this
type of configRfic asseably tingisgpquared] theyehy wereaging apanpfachmng ahert z

fi ~equeaci es. Th ' ﬁﬁh"iii LAY ol K mg;&‘;\g, %&m “mgghgg?/
specific frequencCy and as gﬁ?lu%tlon gk'fskragg%gnﬁc/y n“ayc}gll |?ﬁ, controlling
t he t hi ckness atdchipallidneareéiidé (Gams) 61 bipbladinkeprated civemits 26d plissive cbmpénenis €
recent nethod for constructing conpletely shielded mcrowave nodul es using

only tHi0%ck o thnfitecamaus Theseoircuiiy arg th@npackagadan the metal cpgtiesidiscussed s R

Dove, et al . |j UDS, '-I% el éﬁ Zgg Ly ! ot &l Hg et
Thick Film ﬂlh—‘b%bdu e P%%? I'SSI g"é’ | ortl‘ﬁ?itayrlnﬁf%gra edglrgi rcurts and

ot her devi cesmidet theGhodulewthé otside¥opld. rcuits is an especially difficult
problem In order to increase heat transfer fromthose mcrocircuit devices

havi ng hi gh heat Stillsanofer imsthod fas falngating apimperved RE mierowaye girewit ds {0 t o
neet 11K, B hBE 5 bt R OISy e B R RSERRE W E
cer am q5subgbstaire sBhtlyyridived the ol EddtsTembintiigiCdiic!ts the metallic enclosure and
its conmectors, and the dielectric materials typically employed (¢.g., pastes or tapes) in
this type of configuration are electrically lossy, especially at gigahertz frequencies. The
dielectric constant is poorly controlled at both any specific frequency and as a function
of frequency. In addition, controlling the thickness of the dielectric material often proves
20  difficult. '
A more recent method for constructing completely shielded microwave modules
using only thick film processes without metal enclosures is disclosed by Lewis R. Dove,
et al. in U.S. Patent No. 6,255,730 entitled “"Integrated Low Cost Thick Film RF
Module”.
25 Heat dissipation from integrated circuits and other devices in high frequency

microcircuits is an especially difficult problem. In order to increase heat transfer from
those microcircuit devices having high heat dissipation, the devices are often attached
directly to heat sinks, also referred to as heat spreaders or heat pedestals. However, lower
thermal conductivity often precludes attachment to the organic or ceramic substrate

30 typically used in such circuits.



Thus, when high power integrated circuits or ot’her high power devices are
used in an integrated 'Thick Film M crowave Mdule, a hole is usually cut
in the ceram c substrate to accommodate a netallic heat sink. This cut
breaks the electrical isolation provided by a ground plane typically

| ocated on top of the substrate. This break in 5 electrical isolation is
undesirabl e for mnicrowave applications as they typically require very high

el ectrical isol aty ) i . - - 3 Gﬂﬁié i on
of e~homagaetic e’f-r}:gxrg,gyﬂx{iiﬁg@@?%@%ﬁ@&ﬁ%@éﬁ?g&%ﬁ%gﬁs o?é‘&ff‘ets achi nag heat
sinks to devh@fSnfefrafiddihiél FORENGroWass Mdduld)iatblevd fsually eatrii heletantic t he
electrical isolation of the nodul e. SUMVARY OF THE | NVENTION I n one

enbodi ment , subsiese tosicarmmepae atmetaliodealink: This cut brsaks barlectisphisplationor an
integrally shieldeﬂ% el ectyonic ci.rcuit conprises subst rat e haying.a.
1rst hol & Evare B 22rmid BRnE smeal oofiet B G ot Biecubehied, Fhtdlid . o
conductisye leftgicaPisoRfibR Gs btidsitable SSARRrGWAR applictldRs s 'ﬂié?'t&ﬂicﬂl&drd’qbﬁé mal |y
conductive heat sink having a protrusion, wherein the heaf Sink s attached
to the fir stvesi bighdaiectiiel ssolaionat Breaknith the grbewd plaak irgsuliondthet radatiph af e
havi ng a second hol e extendi ng through the plate. The pnutzusl on extends

t hr ough theeaFFQPmﬁﬁmﬁeﬁﬁByhas a surface located at substantially the sane

| evel as 10 t hat t Qnduehi I : f@{ha?l’u‘ﬁ t i: mﬁq te i
attachable to thg%%%’a'?r&tfgﬂgon surt}“guailel.ﬂ eop ate yeg{%@t“fl ca f’/!&clgulg%d to
t he conduct ifrequérey asiciisifciits witisoup comproaising thaclectaicallisdlitivin cfithamodales

bet ween the protrusion and the conductive layer is coverod by electrically
conducting area of the plate. .. ~ a~~ ~~~ aheat sink apparatus that

provi des electrical isolation for 15 an integrally shielded, electronic
circuit conprises a substrate having a first hole ext~ng between a first
and second sides of the substrate, a conductive layrr attached to the
second side, and an electrically and thermally conductive heat sink haring
a protrusion. The heat sink is attached to the first side of the substrate.
The protrusion extends through the first hole and has a surface | ocated at
substantially the sane | evel as 20 that of the cond~tive |ayer. An

el ectroni c conponent |arger than tlx protrusiari s~sface is electrically
connectable to the conductive layer and is electrically and thermally
connectable to the protrusion surface such that open space between the
prntiusion and the conductive layer is covered by the el ectronic conpcnent.

O her aspects and advantages of the present invention will beconme appara-~tt
from25 the follow ng detail ed description, taken in conjunction with the
acconpanyi ng drawi ngs, il histratng by way of exanple the principles of the

i nventi on. BRI EF DESCRI PTION OF TI C DR-AW | ~I GS The acconpanyi hg draw ngs
provi de visual representations which wilt be used to nore fully describe
the invention and can be used by those skilled in the art to better 5
underst~d it and its inherent advantages. In these drawi ngs, |ike reference
nuneral s identify correspondi ng el enents.



Figure 1 is & drawing of a heat sink apparatus that provides electrical
isolation for an integrally shielded, electronic circuit as descn' bed in
various representative enbodi nents consistent with the teachings of the
invention. 10 Figure 2 is a drawing of a top view of the conductingplate as
desc~' bed in vuious representative enbodi mnents consistent with the
teachings of the invention. Figare 3 is a drawi ng of another heat sink
apparatus that provides eleq% i £al, 'g&bg integrally shi el ded,

el ectronic circuit as descri QﬁﬁﬁﬁRbiﬁf ﬂggﬁ§giﬂygtive enbodi nment s
consistent with the teachings of the invention. 15 Figure 4 is a draw ng of

a tap view of the el ectronic conponent and peon as descn’' bed in various
represent ati ve chibuostiembotisnent adiest sink appiatatustthat provadss aleptricad isplation fiaremt i on.

-5 DETAI LED DESCRI PTI OF THE PREFERRED ENMBCDI | yvi.ENT hown .i n the
dr awi ngs fo\n“iﬂﬁ?]g'o?é@‘]-‘?ﬁ%FtF%? FIERRLFQMPLISES §7URSIERlE Xﬁ‘&f‘%ﬂﬁ"@iﬁ%ﬁéfﬁ‘%l at es
to a noyel i : i [We L i an 5
el ect ro%i c W?%ﬂr evi oegéﬁﬁggpéé{ ﬁ{gg’s\ﬁh%\?/age,fdegﬁﬂme: I Hﬁp&%@ﬁ%
encapsul at | @Ro@d didehas ekbiriowlyl amd tieimallp gomdctive heatadink heving ai motrysioiiose at
hi gh-fi ~equencies, to radiate fromthe enclosures in which the circujts are

i ntegral | y whemgingthg heatrsiak is atiachesiorthe fsstsidecof the substrate, and anelectrieally

several figur ] I wdent i fi 1 | ke
reference %%r’ré?‘%t?‘ge. }’l?% lﬁvgﬁﬁg%%é hé’?ed%\;%gé ?Fg{égﬁea &tsa%eh kfgep ara t?? 100
that provi degeis@ionglsthle firtGbRldndhad Hsurfilde IdthRgattubstantially e damelevel dsoni C

circuit 105 as described in various native enbodi ments consistent wth the

t eachi h@s othat ofthe wondnotiye layen Angplackronic compoaerids aiaghablei tp dhe profipsions o

i ircuit 105. t  opi t. 110 whi.ch | d, be, f le,
ot egr at R THY PRt et SRRIEFR mé fandtlifh 158 e Bne pAmSRRLE ©
adhesi ve 15uifile sithltiftioped§akEbéé/een e {dnieRd tHd\@nldBaivelhytk islcbyeded al SO

often referred to as a heal spreader 115 and as a heat pedestal 115, the
t erm heat peyescetatallyi®ndudtmgrareapfithe platsr ot r usi on 125 or pedestal 125

extending fromthe bod f the heat sinnk 115. The el.ectronic,conpongnt 110
is attached to "tﬁ‘@“ﬁﬁ‘ﬁ?ﬂwe&%%he&fs‘akﬁpﬁ&&%ﬁ‘%‘a& Szfieé:%i%m at
sink 11$ | saphite@hiy shielded] eledlrorit Gircdi® Coniprizes bohlEiRe HaVinlpeh dirik BSled

bottom side 20 136, of a subsh ate 135. The substrate 135 has a first hole
| 40 ext endi exdendngbatwpen 3 first andssegend sidestafithn yibstrae eanduetivedayrs attached ;| so

referred t r.%ig ASside Si gfi he tmf@ 135 siive |ayers
145 separ aﬁggkgﬁy wl%&’ﬂgg aina‘sgcrté&i@ aré‘%%ﬁpé% et ect ?%asﬁiy%% t he
el ectroni ¢ gefHEG6R "N Thé hiat Gink\ik atti¥dbed fo e iROAdCEf the sibsratd. CTROpIRasioh 110
and the conduct.ive | ayers 145, to other parts of the mcrocircuit 105. 25

Vari ous st rextendsthyough th firsthelegad has 4 urfage locpted pt smbsigntially the samelevelas| ayer s

145 a di Cteld C | 150, ,ar icall t i n vent t.onal
thin 130 o JRRACoonialve 1680 ARE okt Eabbdne et ol thd Mol BT k22
t echni ques.is Eienicllyudhhsttablé Ye thel donductive Ifer had fid eleb@izally dad tBefmiilyt he

substrate 135 is typically a ground pl~e and electrically coupled to the
heat si nk cpgnegiabiciotheprobnson surfage such that gpensipacbetweeibe protrysignmdthe A

conducti ng Ilg j i el di of the mcrocircuit |05 on
-6 the top 5%393&?#6&%3&3'8%#%&&%@0@#0%@% i nperfect fabrication
techni ques, a ga@théﬁﬁpansmvm%f@ofﬁ'é foskiftifventbiReiibédomeappiremtdior 125
of the heat sink 115 and the con uctivepl ayer |45 attached to the' top side

137 0f2% he thefollomangdetzled descrption, teliein conpioctionwidintheaccommanying dezwingsadi at e.

Thi's open Siﬂ&s(‘treaﬁ%lg%ylvéay%f%ﬁ%gple e”;?‘ rlpel\ése OF the thvention.



5 radiation of the electronmagnetic signals through the open Space 165, via
attachnment of as eloCtrically conductive plate 170 between the protrusion
125 .and the conductive |layer 145 attached to the substrate 135. The

- ¢conductive plate 170 is typically attached via a conventional conductive
adhesive 120 or solder 120. Figure 2 is a drawmng of a tap view of the
conductirve plate 170 as described in TO various representative enbodi nents
consistent with the teachi i i ctive plate 170
conprises an electricalIShggﬁ3@§§?§gpgﬁgieﬁgﬁﬁg%%hgﬁﬁggﬁg 180 ~ the plate
170. The opeaing 180 is also referred to herein as a second hol e 180.

Referring to Figure |, the electronic conponent 110 is attached to the
protrusi on 125 ofThelaecdmpanysigrkawings pravidevisyad repyessniatjonswhish wilbepised e
170. The conducti ea. |l 75 of 15 th late 170 is attached to e
substrate 13%mMYF¢ ﬁﬁl{y Sg %ﬁvs’é“‘ﬁ’r@%?iewcqt% 8%%9&%@3%3%%’&&?&, ve
plate 120 Coufbafia ifnddRemn vhRRea! dnRh &Kk gs, 18R rRfcrQite YRl
eIectroéggng¥§%kgﬁgﬁgﬁgqt roégﬁpﬁ%e ogen space 165.g%n t he enbgdinentz

of Fi gures 1 identifcortdsporling eletnéftscoul d be fabricated as a thin piece of
conductive material, as for exanple Kovar, to bhridge the gap hetween_ the

s020 cal | ed t op- Higure ks dEawingef aheat smkapparatus thatproxidgs glectrigal isalatimndor v e

| ayer 145 attached ;.0 t.0p HQS‘l h r.at , QI E& 4

i ntegrated i t"t?gf?‘fym%ﬂ?“r"gm"&% rmcfui%émgﬁlaz}st ﬁ%& eatlgs??l‘t 15 'S BT ate
170 coul d bemboliientconkistnt withiahe whiHings cfthd vedtione a~esive 120. |f sol der
120 is used, the plate 170 could be fabricated with a sol der_pr~efarm 120.

The i ntlyrat ed ciFigue 2 ispidyawinged ptop \aew of the gordusingplaterss describedinviapguy 5

attached to_the trusi | 2 f . i nk. P der 120 or a
conductive 53“5§$%§vi%ﬁb8$ﬁgmgH%E§%g§%€ﬁ@PF@&#%H%% f#%'ﬂoca ed within the
opening 180 in tiFepidt 3tiR aldRwidgd) of Rhdthé Heaf sitkChppaRtichot iofides ieldétrichb
provide electrical continuity for the nodule's ground. Figure 3 is a

drawi ng of iselaticnr forean bitegrally) shieddads clemironira ciguiyy ay alesaibed t 1 variogy
isolation for an integrally shielded.  electronhec cirguit 1 as descri bed

i n various W@sﬁfl Xﬁ?@ﬁ%@ﬁ%@%&@@&?&?@&# O&nﬁfeﬁ"{"f’f’g'%f"eéchi ngs of
the inugntion. | Figirg¥ica drawin€ofh fiplviewiof tifd éledtivhiclébmponeit didproehsicn i t
105. An el ectronic conponent 110 which could be, for exanple, an integrated
circuit 110as desgribettinamrions prrsentative epbodiments copsistant wathithe teachingsnfthe |

Vi a conducth&l %wesive 120, sol der paste 120, or the Ir7ce. The 5

el ectronic co%%o ént 110 is attached to the protrusion 125 at protrusion
surface i36. The heat sink 115 is attached to the bottom side 13G of the
substrate 135. The substrate 135 has a first hole 140 extending fromthe
first side 136 through to the top side 137, of the substrate 135.
Conductive | ayers 145 separated by dielectric |layers 150 are used to
electrically couple the electronic conponent 110, via wires 155 bonded to
the electronic 10 conponent 110 and the conductive |layers 145, to other
parts of the mcrocircuit 103. Various strnctwes of the mcrocircuit 105,

i ncl udi ng the conductive |ayr,~ 145 and dielectric |ayers 150, are
typically deposited using conventional thin filmtxbivques or screened on
usi ng conventional thick filntechniques. The conductive |ayer 145 attachod
to the top side 137 of the substrate 135 is typically a ground plane and

el ectrically 15 coupled to the heat sink 115 through a conducting via, not
shown in the drawi ngs. The co~ucting lid 160 proviiies electrical shielding
of the mcrocircuit 105 o~n the top sine 137 ofthe mcrocircuit 105. Due to
i nperfect fabrication techniques, the gap 1l650aya space 165 exists between
the protrusion 125 of the heat sink 115 and the condu~ve | ayer 145 attached
to the top side 137 of the substrate 135 through which el ectromag~uetic 20
signals can radiate. This open space 165 is cl osed, thus preventing

radi ati on of the el ectromagnetic signals through the open space |65, by
constructing the protrusion 125 of the heat sink 115 to be snaller than the
el ectroni c conponent 116 and then aaachung the el ectronic conponent 110
such that it overlaps the open space 165 electrically connecting the
pntrusion 125 and the conductive |ayer 145 attached to the substrate | 35.
25 Figure 4 is a drawing of the top view of the electronic conmponent 110
and protrusion 125 as described in various representative enbodi ments
consistent with the teachings of the invention. Referring to Figure 3, the
el eeh~oni ¢ conponent 110 is attached to the protrusion 125 of the heat sink
115. The el ectronic conponednt 110, which is slightly larger than the
protrusion surface 130, is also attached to the conductive |layer 30 Z45
attached to the substrate 135, thereby covering the open space |65 and

.



radi ation of the electromagnetic signals through the open space 165. For

t he enbodi nents of Figures 3 and 4, the protrusion 125 .of the heat sink 115
is designed to be slightly smaller than the integrated-circuit 110. The
back of the integrated circuit is used to bridge the gap 165 between the
mcrocircuit nodule's 105 so y called top-bottom ground plane, identified
herein as the conductive |ayer 145 attached to the top side 137 of the

substrate 135, a ' 5 ' [,nt egrat ed
cireut 110 Ts solbAGHS PR RBRI T he iR ED Bl TS0 £5 Dot
t he prohusion 125 of the heat sink 115 and the top-bottom ground pl ane on
the mcrocircuit nodule's 105 substrate 135. This attachment can be

performed by car efsikhyws dnttheldrawingd 0ot pargesegbf ilMistiationt e presdntepatent
protrusion 125 of the heat sink 115 in relation to the top of the subsh~ate

135 by usi ngioau@er&trs’a@ﬁ tora pavel deat;sink apparatys t&ht;prewlﬁwleﬁeeal isqjationsfos 88 ment

ellmnat S late 1 d i 0 used
to connect t ﬂ'tce;brfa O%eg‘lo}lgﬁéatms%‘ﬁs ﬂl" ‘%ﬁw{ﬂl mﬁg‘?toe(gf’gp gﬂ?omgxagﬁlgs s 105
conductive |aﬂ¥ﬁ6§elb€t5mﬂﬁgtﬁhcsx§nﬂ§1 ekﬁ&mﬂyﬁﬁseﬁﬁﬂ —ﬁ%ﬁﬁéﬂcﬁb@ th 94di¥8 okt tBb
frequency applications so as to maim~e the 15 parasitic inductance

associ at ed woclosurpeingvhich thediiregits areintggrallyshieldeded enbodi ments of the heat
si nk apparatus 1Q0 ide t ity to eIec |caII i sol

mcrocircuits 103"5‘&@ &f&%@gr& tign apd @ %esp?aé}ﬁ?m%s | 25
of heat si “ﬁﬁe%ﬂe&eﬁ&%&hﬁnﬁﬁé&%ﬁ‘iﬂe't&e&%@eﬁﬁiﬁéxﬂsﬂt es 135 through which

tl xypass. Thereby, |eakage of el ectromagnetic radiati on around the heat
si nk att@achnQent Figure tlsprtkﬂ\em‘geﬂahkdhsmkapﬁmtpsﬁmehztpmw&stelwmdahsohnm

3;2??5_3?32 detMM@é&” 8%@”699@33%1 Foobs FRIS0RS uay
\?arl BTJ?LQ%’%’S@% e In t qu% talti seg?F&r‘fmgetg%%b%%

enbodi ment s cituit Qo&iga ngcmmranulmal Antelemﬂmd:l mmcmehhlato whichi could béjifort he
scope of the appended clai ms Is clainmed is: (1. A heat

si nk appar aC%ImPplsAn ipte m@téwﬁ%‘ﬁhﬁ%?m%ﬂr it condugtiveadhesiye

ol & enCenatny Bl fuft 15V, dr o IkE ROMRE AR Y151 uf MRS FBLFod il pha |11

conductive lgprgader dlSodidess 4 heatpedestab s, Sﬂxd&mnﬁhait pedesthl 115 kdfearibipio a

thermal |y conductive heat sink having a protrusion, 10 wherein the heat

sink is att BEtasiongl25er pedestal éﬁiéxmdlpgeﬁ'%@ bedy:of thecheat sink K r'Sb‘F usi on

extends thr I L as. 12 rface
| ocated at subs anw&fge sarr\e\qf 8:&’ gﬁ?ﬁe"%’gﬁﬂg 3>9er
and wher ei n']‘ﬂﬂh&it@ﬁildﬂﬂh@atﬁ&ﬁ&l)ﬁ%\ﬁrst ﬁdan:wf‘amtrhﬁnba td h&eﬂrataruwhﬁmaél
surface; and 16 - an eIectrlcaII conduct i ve pl ate having a second hol e

ext endi2fg t 136 0f e substraje strate i 3% hag a fitst holedd0 extendwig| fioms theplinst! t o
the conduct Side 153¥hmngh to a second side 137, also referred to herein as a top side 137, of the

substrate 135. Conductive layers 145 separated by dielectric layers 150 are used to
electrically couple the electronic component 110, via wires 155 bonded to the electronic
component 110 and the conductive layers 145, to other parts of the microcircuit 105.
25  Various structures of the microcircuit 105, including the conductive layers 145 and
dielectric layers 150, are typically created using conventional thin film deposition
techniques or conventional thick film screening techniques. The conductive layer 145
attached to the top side 137 of the substrate 135 is typically a ground plane and
electrically coupled to the heat sink 115 through a conducting via, not shown in the
30  drawings. A conducting lid 160 provides electrical shielding of the microcircuit 105 on
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.18 and to the protrusion surface such that open space between the
protrusion and the conductive layer is covered by electrically conducting
area of the 20 plate.- 2. The heat sink apparatus as recited in claiml,
wherein the apparatus is part 2 of an integrated thick filmmicrocircuit.
3. The heat sink apparatus as recited in claim1, wherein the co~uctive 2
| ayer, the plate, and the heat sink are at ground potential. -10 4. A

heat sink apparatus that provides electrical jsaolatiaon for an integrally 2
shi el ded, eltgétopémccoféher@{ﬁr?‘zﬂ%weﬁ §Bm1@€§?ct abpicafipu fechpigues, 8ieaB 185+ § st

o ) S O B a8 T 1S

conductive layer e secon and ectrically and

thermal |y cQafésdtive Qayeealts attidheday titttop sRieOt37UsT e subktraithi3Sethfoughaviiie t
sink is attached to the first side of the substrate, mhe~n the protrusion

e~ct ends t hredestyomagretici signalhcaneradigbeer Ehis apiee spacst Hfsisalosedsthus preventingce
| ocated at sufstantjally the sane ] evel, as .that of the nducti ve | ayer;

wherei n San SRUERR B EFSRESRENT sieghs tuRugh RepEh BrEsPor e atpaiiueal F, &

el ect-ri cal | feRRSE gu%kry kgwﬁ %Pdﬁéﬁg

el ectronic )ég%ponentﬁlpés&éﬂkg‘é%é]?gg??y an tﬂﬁ rma qucagrﬂgg{eab e toetl?yfme 16

protrusi on I4shaftachedds thel subktrarp ¢85.SPThe condat tivercplate 1905 tipically attached vid's
conductive layer is covered by the el ectronic conponent. 5. The heat sink

appar at us asomemtiadl copdugtive adbesived2P or solderl 28ppar atus is part 2 of an
n claim 4, whor VAT Ro® §GRATIOE Bh & op iy R ok Grahbee ARRTTA Bedipdah oI
potent i@ .  vidions réprefonktativé ethbOMint¥Ets vasiftet WithiheAeachfigs bf theli@venion. The
U call Ga] bapubibas b LA G robucive ra 175 and  bpeting 180
in the plate 170. The opening 180 is also referred to herein as a second hole 180.
Referring to Figure 1, the electronic component 110 is attached to the protrusion 125 of
the heat sink 115 within the opening 180 of the plate 170. The conductive area 175 of
15  the plate 170 is attached to the substrate 135 with the conductive area 175 of the
electrically conductive plate 170 covering the open space 165 and preventing radiation
of the electromagnetic signals through the open space 165.
In the embodiments of Figures 1 and 2, the plate 170 could be fabricated as a thin
piece of conductive matenial, as for example Kovar, to bridge the gap between the so-
20  called top-bottom ground plane, identified herein as the conductive layer 145 attached to
the top side 137 of the substrate 135, of an integrated thick film microwave module and
the heat sink 115. This plate 170 could be soldered or attached with a conductive
adhesive 120. If solder 120 is used, the plate 170 could be fabricated with a solder
preform 120. The integrated circuit 110 or other electronic component 110 is then
25  attached to the protrusion 125 of the heat sink 115 using solder 120 or a conductive
adhesive 120. The integrated circuit 110 is located within the opening 180 in the plate
170. The plate 170 and grounded heat sink 115 provide electrical continuity for the
module's ground.
Figure 3 is a drawing of another heat sink apparatus 100 that provides electrical

30  isolation for an integrally shielded, electronic circuit 105 as described in various
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137 of the microcircuit 105. Dueto imperfect fabrication techniques, the gap 165 or open

space 165 exists between the protrusion 125 of the heat sink 115 and the conductive layer

145 attached to the top side 137 of the substrate 135 through which clectromagnetic

20  signals can radiate. This open space 165 is closed, thus preventing radiation of the

electromagnetic signals through the open space 165, by constructing the protrusion 125

of the heat sink 115 to be smaller than the electronic component 110 and then attaching

the electronic component 110 such that it overlaps the open space 165 electrically

connecting the protrusion 125 and the conductive layer 145 attached to the substrate 135.

25 Figure 4 is a drawing of the top view of the electronic component 110 and
protrusion 125 as described in various representative embodiments consistent with the
teachings of the invention. Referring to Figure 3, the electronic componcnt 110 is
attached to the protrusion 125 of the heat sink 115. The electronic component 110, which
is shightly larger than the protrusion surface 130, is also aftached to the conductive layer

30 145 attached to the substrate 135, thereby covering the open space 165 and preventing
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radiation of the electromagnetic signals through the open space 165.

For the embodiments of Figures 3 and 4, the protrusion 125 of the heat sink 115
is designed to be slightly smaller than the integrated circuit 110. The back of the
integrated circuit is used to bridge the gap 165 between the microcircuit module's 105 so-

5 called top-bottom ground plane, identified herein as the conductive layer 145 attached to
the top side 137 of the substrate 135, and the protrusion 125 of the heat sink 115. The
mtegrated circuit 110 is soldered or attached with a conductive adhesive 120 to both the
protrusion 125 of the heat sink 115 and the top-bottom ground plane on the microcircuit
module's 105 substrate 135. This attachment can be performed by carefuily controlling

10  theheight of the top of the protrusion 125 of the heat sink 115 in relation to the top of the
substrate 135 by using die attach material to take up any difference. This embodiment
climinates the plate 170 and permits shorter wire/ribbon bonds to be used to connect the
mtegrated circuit die 110 to the microcircuit module's 105 conductive layers 145 which
is an important consideration for many high frequency applications so as to minimize the
15  parasitic inductance associated with the die bonding.

Thus, preferred embodiments of the heat sink apparatus 100 provide the ability
to clectrically isolate microcircuits 105 by covering open spaces 165 between the
protrusions 125 of heat sinks 115 and the holes 140 in the substrates 135 through which
theypass. Thereby, leakage of electromagnetic radiation around the heat sink attachment

20  is prevented.

While the present invention has been described in detail in relation to preferred

embodiments thereof, the described embodiments have been presented by way of

| example and not by way of limitation. It will be understood by those skilled in the art

that various changes may be made in the form and details of the described embodiments

25  resultingin equivalent embodiments that remain within the scope of the appended claims.
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1. A heat sink apparatus that provides electrical isolation for an integrally

2 shielded, electronic circuit, which comprises:
4 a substrate having a first hole extending between a first and second sides
of the substrate;
6
a conductive layer attached to the second side;
8
an electrically and thermally conductive heat sink having a protrusion,
10 wherein the heat sink is attached to the first side of the substrate, wherein
the protrusion extends through the first hole, wherein the protrusion has
12 a surface located at substantially the same level as that of the conductive
layer, and wherein an electronic component is attachable to the protrusion
14 surface; and
16 ' an electrically conductive plate having a second hole extending through
the plate, wherein the plate is electrically coupled to the conductive layer
18 and to the protrusion surface such that open space between the protrusion
and the conductive layer is covered by electrically conducting area of the -
20 plate.
2. The heat sink apparatus as recited in claim 1, wherein the apparatus is paxt
2 of an integrated thick film microcircuit.
3. The heat sink apparatus as recited in claim 1, wherein the conductive
2 layer, the plate, and the heat sink are at ground potential.
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4 a substrate having a first hole extending between a first and second sides
of the substrate;
6
a conductive layer attached to the second side; and
8 .
an electrically and thermally conductive heat sink having a protrusion,
10 wherein the heat sink is attached to the first side of the substrate, wherein
the protrusion extends through the first hole, wherein the protrusion has
12 a surface located at substantially the same level as that of the conductive
layer; wherein an electronic component larger than the protrusion surface
14 is electrically conmectable to the conductive layer, and wherein the
clectronic component is electrically and thermally connectable to the
16 protrusion surface such that open space between the protrusion and the
conductive layer is covered by the electronic component.
5. The heat sink apparatus as recited in claim 4, wherein the apparatus is part
2 of an integrated thick film microcircuit.
6. The heat sink apparatus as recited in claim 4, wherein the conductive
2 layer and the heat sink are at ground potential.
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