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"APPARATUS FOR PROVI DI NG ELECTRI CAL CONDUI TS | N COWPACT ARRAYS OF
ELECTRONI C Cl RCUI TRY UTI LI ZI NG COOLI NG DEVI CES" BACKGROUND..OF, THE, o -

| NVENTI ON. 1. Field of the Invention: This invention relafes to conputer
systens and, nore particularly, to 5 apparatus for providing electrical
connections used between |ayers of very high density hybrid electronic
circuits. 2. Hi story of the Prior Art: The sem conductor and other

devi ceg uti | i zed"APPARATES [FOR PROVIBING ELECTRECALTCONDUITS i XN COMPACECt | y only
when oPrerating WARRAYS O RLECTRONIC (CIRCUBIRY' UTTIAZNG COOLINGEDEVITES" t he
conponents are designed to operate relrably Wthin a relatively narrow
range whi ch may extend tBACKGROUNDIGK THEGINVENTION.at t he upper lim.t. Above
this point, the devices t hensel ves are unreliable in handling digital

i nformati on, and we be destro ed as the tenperature rises. 15

Typi cal |y, Hesktgﬁﬁgo ﬂé such as personal conputers and work

b Scessi g uni 1, THENEMA ‘b"%f'é‘sesﬂs B B8 b e BB t0 o o
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i nstall ed V‘ﬂ“?b ael@ty 'gﬁh&%ﬂi‘mé I&ﬁcﬁ-%rput er, is usually sufficient to

cool the el ronicclfcurtry to approprlate operatlng tenperatures. An
entirely different packagi ng arrangerent which is the subject of copending
patent application Serial No. 07/553,521, entitled Three 25 D nensional
Packagi ng A2 angH fof therPdoerAdystens and the Like, filed July 13, --
1990, H Davidson, allows a very powerful conputer (e g., one with up

d The semrconductor and other devices utilized in modern computer

10 systems function correctly only when operatmg within specified temperature
ranges. In general, the components are designed to operate reliably within a
relatively narrow range which may extend to about 110 degrees C. at the upper
limit. Above this point, the devices themselves are unreliable in handlmg -
digital information and may well be destroyed as the temperature rises. —

15 Typically, desktop computer systems such as personal computers and work
stations include a motherboard upon which are positioned a central processing
unit, memory, and tnput/dutput circuitry connected to a system bus. Slot
connections are provided to the system bus on the motherboard for system
peribheral components. Ambient air, often driven by small fans installed within

20 the case of the computer. is usually Isufficient to cool the electronic circuitry to

appropriate operating temperatures.

An entirely different packaging arrangement which is the subject of
copending patent application Serial No. 07/5653,521, entitled Three

25




to 0.5 gigabytes of random access storage and as many as four individual
processors) to be contained in a volume approxi mately four inches n a side
. and one inch/thick. Such a conpact arrangement is obtained by placing very:
thin layers of hybrid circuits, essentially against one another, to forma
total 5 conputer package. Such a powerful conputer is capable of. operating
at faster speeds than conventionally-packaged conputers because the short.

| engt hs of conductors  used for "buses-substanti al:ly ‘reduce i npedances. &
However, the higher packing densities of these arrangements have tende¥ t o

I;Zinﬁgtt%Ocﬁﬁw%#&‘%f%@aﬁ%@ﬁ&a@?'ﬁl?’e“%%ﬁ%fﬁf’é%?%wq i ?Ai.ﬁ‘ﬁ’c" e
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very higf |ck5 sagrmga arrﬂ%@m’%‘r‘t‘i'i’s Bb@tﬁédfrﬁy dt?lécrfig%ry‘s t""o_

hundred anperes 0 curren util1zed at each laye ctronic

devi cesthifNaysIs! oihybwd ¢lFdults essenﬁéwtagaidswﬁé anotheravdormta iah of a
nunber of the layers of the arrangenment.. Prior._art: cooling:techniques wll

singy eotmpitempackayeuSach of poweruleomputeriis caphbieogicoperatiog @t fastent U e
limts of its electronic devices, and the apparatus will -20 = be destroyed
w t hi n speeds tbaomonvemsemaltyepacpkaged cernpptersduecausecﬂteeshorblengthseft he
heat fr.om such arran%enents in higher power uses, a novel" arrangenent of
heat excnadyetors used Ianbuses substantislly reduee ampedaee@ewétqweverdt | osed in

United States patent ap |I§€tl0n Serial -No ﬁS- 07/5;&3 entltled :
Appar at fighesPagking dens th 9§Q§V§"QP"’E"§; AyA;ten &F@'S? Davi dson;
tiled July t he heat -excha ' f“i'

e uni
_ rajttrdg tlempera?ures 0 Ie\¥éls which normal amblent air coollng cannot

10 handle

For exampte in order to obtam very tast operatmg speeds from such a
computer very hrgh speed devrces may be used in the embedded chrps e -
-~ These devices requrre a great deal of power and produce very hlgh operatmg
- 15 temperatures Wlth such a system. as much as two hundred amperes of current

may ‘be utilized at each Iayer of electromc devrces. producmg as much as one

thousand watts of power at each of a number of the Iayers of the arrangement

.(:)-.

Pnor art coolmg techmques wrll srmply not keep a computer of thrs sort w:thrn |
- the operatrng temperature ||mrts of rts electronrc devrces and the apparatus wrll '

20 be destroyed wrthin a very short tume-after power is applred

- In order to remove the heat from such arrangements in hrgher power '
uses, a novel arrangement ot heat exchange umts has been devrsed Such an
arrangement is drsclosed in Umted States patent apphcatron Senal No

25 '071553541 entrtled Apparatus g Compact Arrays Of Ele




¢onprise at |east one heat-renoving |ayer positioned between and agai nst at
| east one of the |l ayers carrying electronic devices. The heat-renoving

| ayers are:arranged with an interior channel for transferring a fluid to
acconplish the heat renoval. Tests have shown that such a heat exchanger is
capable*of 5 <cooling a single layer of circuitry consumng nore than five
hundred watts of power to approxinmately 47 degrees C. at the surface of the
heat e%changer. Such arrangenments work well in situations in which the
conducor s electrlcally connecting the layers of electronic circuitry are

routed thr risg atflé’ésirﬂrfaﬁéﬂﬁde?Qéx Pobi netbbotwasriand against at

provi de structural positioning for al ayers. However, 't he nunber

of conduct pigst oRecsithe Mayersseartying relecttanic idevites. oThe Heatee mowi nignlayersy
power ful conputers. Consequently, structural arrangements for providing

el ectri cal arearfanged withvam interipechannel for transtexting a fluid te accomiplish thewer ed
conputers requiring the 15 use of heat renoval devices such as those

di scl osed heat temoval: Tests bavershownthat siich @ heatexchangenis capatieef oOF THE

I NVENTION 20 It is, therefore, an object of the present invention to

provi d& ancaelinggesiegle layar of girquitey ngnslumg moge tb@ﬂ@ﬂﬁt‘yﬂqﬁ@ﬁ%ﬁﬂfdensel y

ked t t h I I - It
Qﬂgt ﬁer Coggyiiéé&p&n; mgi/ghyn 8& %’g%éﬁﬁ ﬁe surface of thg Yte(é?gxchanger 'S

Such arrangements work weli in situations in which the conductors
electrically connecting the layers of electronic circuitry are routed through
10 ceramic and other non-conductive insulators which provide structural
positioning for all of the layers. However, the number of conductors necessary
to such circuitry tends to proliferate in very powerful computers. -
Cpnsequéntjy, structural arrgngerhents for prdviding electrical conduits
between layers are drastically limited in high powered.'oompu'ter's requiring the
15 use of heat removal de\;ic—:es such as those disclosed in the last a-bbve-

mentioned patent application.

20
1t is, therefore, an object of the present invention to provide an

arrangement for furnishing eledﬁcal conduits in a very densely packed

computer system having layers of heat removal devices.
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present invention to provide electrical conduits through arrangenments which
cool very densely packed el ectronic systens. According to the present
invention there is provided an arrangenent of circuit conponents -
conprising a plurality of essentially parallel layers in which the Iayers

| ie adj acent one another, one or nore of the |layers conprising a substrate -
of insulating material having circuit board neans inbedded therein,

heat exchange nmeans positioned agai nst at |east one of the |ayers for_ -
removi ng heat fromthe arrangenent conprising at |east one essentlally

pl anar heat exchanger -abutted. against one of the |ayers,- and neans for
transferrlng a fluid through the heat exchanger having walls to prevent

fluid | eak a t t R h
e Bonkade, ohaRacte’ ! ShdhurcopUbes S8hefLEr! LETLEOEC ARG, | b0V
posi t i onepiresehypinveationnter provisdes slectimicak ernrduits fthregh o’ renove
heat fr0"ht??n&%ﬁ@ﬁ@%maﬁicﬂh8861a?@fﬁfﬁ%nﬂ@l Cb%c%@aféiﬁétfohfélfhe |

i nventio etter understood: by reference to the detailed
descrlptlﬁﬂsﬁﬁméh foll ows taken together with the dramnngs in which I|ke
el ements are referred to by 1i ke . desi gnati ons" throughout the several V|em5.

According to - the present 1nvention there is .
prov1ded an arrangement. of circuit components compr1s1ng;
a plurality of essentially parallel layers in which the
layers 1ie adjacent one another, “one - or more of the
layers comprising ‘a substrate— of . insulating ‘material
having circuit board means_ 1mbedded therein,_ heatn
exchange means pos1tioned against at least one of the:"

' layers for removing heat from the arrangement ‘comprising
at least one essentially planar heat exchanger abutted
against one of the layers, and means for transferring a
fluid through the heat exchanger hav1ng walls to prevent
 fluia leakage, characterised by conduits ‘for: electricalW""
connectors through. the. heat exchange means, the conduits.
_ for electrical connectors being pos1tioned to bypass any |
interior passages for conducting fluids to remove heatw'

Q)

from the arrangement.

These and other objects and features of the
invention. w1ll ‘be’ better understood by reference to the
detailed-description which follows taken together with
the drawingsﬂinswhichvlikeielementsfare referred to by
like designations throughout the several views.
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BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is an isonetric diagram
illustrating a densely packed conputer packaging design described in a

co- pendi ng :patent application. Figure 2 is an isonmetric diagram
illustrating | ayers of heat-exchange units described in copendi ng patent
application for use in densely packed conmputer packagi ng design. 10

Figure 3 is a cross sectional view of a pair of the heat-exchange units
shown ¥n Figure 2. Figure 4 is an isonetric view of an inproved densely
packedhconputer systemin accordance with the present invention. 15 Figure
5 1is a cross-sectionag , 4 , an inproved heat
exchange unit constru ' Faar > Figure 6 is a
cross-sectional front V|em/IIIustrat|ng one | ayer. of an 20 inproved heat
exchange unit constructed in accordance wth the invention. Figure 7 is a

top view il ustFigured isan lsontric Hiayram iustratihg'a dentsh gﬂéléldJebin

constructed in accordance with the invention. Fi gure ustrgtes a top
view of f qackaging design desrribed inf @ coppendidg atenhapplidationconnect i on
between a heat exchange unit and an adjoining electronic layer. 5

FigureS9 illustrates a side view of the spring arrangenent of. Figure 7 for
providing conductive _connection between a heat exchange unit and an

adj oi ni ng el ect FigHre 2igasn isomstric diagram mUMG.EYGEESChBBFBmhmG' HE

| NVENTI ON
units described in copending patent application for use in densely packed

computer packaging design.
. \_J _

10 Figure 3 is a cross sectional view of a pair of the heat-exchange units

shown in Figure 2.

Figure 4 is an isometric view of an improved densely packed computer
system in accordance with the present invention.
15

Figure 5 is a cross-sectional side view illustrating one layer of an

improved heat exchange unit constructed in accordance with the invention.

. ~ Figure 6 is a cross-sectional front view illustrating one layer of an

20 improved heat exchange unit constructed in accordance with the invention. —

Figure 7 is a top view illustrating ane layer of an improved heat

exchange unit constructed in accordance with the invention.
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Referring now to Figure 1, there is illustrated an isonetric view of a
packagi ng arrangenent dlsclosed in copending U S. patent application
‘Serial No. 07/553,521, entitled Three Dinensional Packaging Arrangement for
15 Conputer Systems and the Like, filed July 13, 1990, H. Davi dson. The
packagi ng arrangenent includes a plurality of individual |ayers of CIFCUIt
el enents. Each of these individual |layers 11 of circuit elenents, ‘In
general, is conprised of integrated circuits which cooperate together Ry
formone or nore conponents of a conputer or other dlgltal system  Fore#

CrarmLey ¢ oG a el ot G i
e CorPULSuaNb sobu boNor'S R ghchahgh s 4R Bl 1 L1

~ each of t BRyctdfié Jayer. cOnprises:integrated circuits enmbedded in an

i nsul ating substrate. The layers 11 are all 25 constructed to have
oopposing major surfaces, in general, parallel to.one -6- .- another:.so that
a plurality of the |ayers may be placed together and joined to forma very
denselsy packed FigureddilluBratesdd sidecvipwafihe IspyiagarfdnggmeéntcotFigaroetont 10
may be constructed 5 usi-ng any technol ogy which is - capable of providing
flat and peoviding conguciive: cmme@troethetweeeaheat exchange pnitfand ad  t echnol ogy .
uses a S|ggle flat. sheet of ceramic material as a substrate into which are
carved rc88ipiaingr glectrepis 1AYeE i nt egrated circuit chips. The chips-and the
pocketed substrate |ayer are covered on one side with very thin flat l ayers
of high tenperature plastic 10 mat eri al ‘each of which has hol es through-"™
it to allow connections to be nade ' T o A

a

10

Referring now to Figure 1, there is illustrated an isometric-yiew ofa” |
packaging arrangement disclosed in copending U. '.s_.-patgnt-"aipliéation Serial
No. 07/553,521, entitied Three Dimensional Packaging Arrangement for
15 mmmm filed July 13, 1990, H. Davidson. The |
 packaging arrangement includes a pluralrty of mduvrduat layers of circult . |

eloments. Each of these mdnvndual layers 11 of circuit elements, in general is
_'compnsed of integrated curcurts which cooperate together to torm one or more U
| components ofa computer or other digital system For example. a first layer 12 |
20 may be a central processor fora computer a second-layer 13 and a third layer' EN
14 may both be random access memory for the computer, and a fourth layer 15
‘may consist of input/output. c:rcurtry for the. computer As explamed inthe
above-mentioned patent applrcatlon. each of the Iayers 11 comprlses |
integrated circuits embedded inan msulatmg substrate The layers 11 are all

25 constructed to have opposing major surfaces, in general, parallel to one



directly to the chips lying in the pockets. Connectors are placed in the
hol es and an interconnect pattern is described on the individual |ayers of
plastic material to forma multi-layer interconnect. Conductive pads may be
pl aced on the upper one of the plastic |layers. The conductors of the
interconnect are 15 joined through the pads to conductors which form
busi ng paths passing through the substrate. In a preferred enbodi nent, the
substrate 18 is placed in an insulating shell 17. The shell 17 has rails 19
in whith are enbedded conductors for continuing the busing between the

| ayers 11. The rails 19 form.openings 16 which allow anbient air to

ci rcul at e aopthesso thataplyeality of theUayers may e planed together apd joinedtobed i n
t he co-pendi ng patent. application, individual ( err] layers of |less than

0. 050 i nchieyma ‘@W(ﬂ&%g& pack ®d. This packagi ng arrangenent offers a
nunber of advantages in addition to its small size. It provides .
substantially nore access to the enbedded chips 25 than in the usual
connector arran

Corminals only & _%tﬁ%ﬂ%&rﬁé&é&ﬁ ohie tatgerent 1 midy pe quebiudled,p o
provi aithg” Ve By Weniisg BRI cantue B Rr\juine T AR pérdled 1bp 20
T onme bpHBisdtacks AJHESERY Biuréirad MefiHolii U aH aehiIB T shet bf
expect ed. 5&%%&@%“5%&?%&@ini’d’gifhiéttﬂérebbﬁrivaa rb'bassédefcﬁ%eam jreuit

elenents to an I.nSI gni ! | cant. racti on e ti rre require | n. prior . rt
conput er s. irfiegfaea ieircOit Thijss: | Tha'chipanad the poeketéd substratd faydrigrg! ation of

ai ™~t0 cool- the arrangenent where the systemis a relatively comonpl ace
conput er, tbvered on one side with very thin flat layers of high temperature plastic
10  material each of which has holes through it to allow connections to be made
directly to the chips lying in the pockets. Connectors are placed in the holes
- _and an interconnect pattern is described on the individual layers of plastic
- inaterial to form a multi-layer interconnect. Conductive pads ma{y' be placed on
—t_he upper-one of thé plastic |ayers; The conductors of the interconnect are
15  joined through the pads to conductors which form busing paihs passing’
. throdgh the substrate. ln_a preferred emboc—di_ment. the substrate 18 is placed in
an insulating shell 17. The shell 17 has rails 19 ih which are embedded |
s conductors for continuing the busing between the layers 11. The rails 19 form
openings 16 whi;:h allow ambient air 1o circulate adjacent the layers 11= Using
-~ 20 the ‘tééhnology described in the co-pending patent applicétion, individual

'oﬁ .00 w\w\\

( _
layers of less than 0.0SO?gches]\in thickness are produced.
* This packaging arrangement offers a number of advantages in addition
to its small size. It provides subs_tantially more access to the embedded chips
25 than in the usual connector arrangement of the prior art in which a chip has |

connector terminals only around its periphery. “The length of thé c‘énductors

.



10 nmethod provides insufficient cooling where the systemincludes very
fast conponents requiring a great deal of power and generating-a great deal
of heat in operation. In order to renpve the heat fromthe arrangement 10
in such higher power uses, a novel arrangenents of heat exchange units has
been devised. Such an arrangenent is disclosed in United States patent”
“application 15 Serial No. 07/553,541, entitled Apparatus For Cooling
Conpact Arrays OF Electronic Circuitry, Davidson, filed Jul'y 13, 1990. Such
an arrangenent of heat exchange units includes |nd|V|duaI Iayers of he

e bl %étoft‘é's‘ia%@é&et%usgahﬁs&ée W leyers B pxireme shar eréait SI-
car .o WOHAHT BBt nbdadied WG oS ARG gp " '
of ezlhg?gtmét %“gér%%ﬁﬁ&?h«%%. Wa%&é@@#hﬁ@r&t@éﬁ% Eﬁﬁe?@pf%gft L:&t be
ua " nitiGnis Stebittaded) g 8 plbrard b tdpatRante Brd i heC | 190t 1
arrange ”Eﬁ*epe%@f Stuchusifor- cbhBudrerd cmg‘%ﬁe twstna i@ w é}&e%? %u%b&ad f1at

si de of heat conductive device a agali nst ay er

cerani ¢ uplemeHs ¢ ahlinsiguiticant fractioh 6f mdotmeerdqairéu W bhot 81 cohipifteds. de |
~agai nst an insulating Iayer coverlng the nulti-Tayer I nterconne t to the
upper surface of a chip. 5 . = . The fluid conduit -which transfers. t he
fluids used to renove the heat fromthe circuitry may be formed by . etchl ng
i ndi vi dual topAuMUgtbtmsrhasimaeengement provides foraheiecuitationvef aieto ceol s U '
formed. The etching provides upstandjng ridges which separate grooves to. -
formthe @@raruameemwnwaer%thmﬁmews. atrelatwﬂy commonplace computer fhls

10  method provides msutfrcrent coolrng where the system rncludes very fast

components requmng a great deal of power and generatmg a great deaI of. heat B
in operation. In o_r_d_er.to_ remove_the__heat_.trom the arrang_e_me_nt_-to in such |
 higher power uses, a novel ar'rangements 'of"h:e”at 'eXChan'ge' units has heen S
devised. Such an arrangement is dlsclesed in Umted States patent apphcatuon - _
15 Serial No. 07/553, 541, entitled Apparatus For Cooling.Compact Ar R
E]gg: ronic Cir ircy trx Dawdson filed July 13, 1990 Such an arrangement of

heat exchange umts includes: mdrvrduat layers of heat conductlve devices B

which are normally po__sg_trgne_q .between:-th_e. l.ay_ers.t-t of the ar;range_me_n_no . U
holding the high powered electronic circuitry. Each of the heat conductive

20 devices is Prcv.it__:_l_'ed:.Wiff' ;'C.Oﬂdft;l.i_ts:there,through for carrying a ﬂgid:for' r__emovihg
the heat from the adjacent layers of electrontc circtjits “Each of the heat.: o |

- conductive devrces may be constructed of a metal such as copper which -

provides: etfocrent heat transfer yet may. be as thin as 0.050 mches?lxhrlg M
providing a condult for the heat conducting fluic. ‘When placed within the slots

25 16 formed for carrying.air i,n-__thé--'arrang.ement-_t-o_-;;;bt Figure 1, the- héat;exchange -

units fie with one broad flat side of the heat conductive device abutted against
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*heat exchanger at a first opening, traverses the internal conduit, and is
10 renoved fromthe heat exchange device at a second opening. CbndU|ts may
be joi ned. to the openings for providing fluid access thereto and. for

j 0i ni ng: i ndi vi dual heat conductive devices together. A punp and heat

‘di sposal arrangenent such as a refrigerating device may be connected in the
fluid line to the pipes to nove fluid through the heat exchange units and
renove the heat 15 fromthe fluid. A plurality of heat exchange units may
be j&&=hed to transfer fluid In parallel to cool an entire arrangenent 10.

he i nt erdain, '82%‘3‘#%%ﬁ“ﬁ%ﬁgﬁ%ﬁiﬁﬁaﬁﬁﬁﬁ%@%ﬁ BRI M LT oo,

exchange I hﬂﬁf of the
condui t d@ﬁéacEﬁkkg?ﬁgﬁgﬂéﬁggadné' éaué&?ﬁ??%ﬁ@?ﬁgﬁwggﬁ“ereturn g%sten1by
whi ch they hb'&ﬁfbrrﬁ)ﬂéé@ QP LRip, bef ore being punped through the heat-exchange

units agaln Figure 2 illustrates a preferred enbodi nent of the
i nvention.of*the copending patent application in which a plurality of heat
exchange units 25 are j oi ned together to cool an entire arrangenent 10.

The i 8di vi dual The fluidcesidutpwhithiransfethef fiuids used to ré@ove tie heatfrom
opening 31 adapted to fit around the central depending rail 19 of the shel

17 so t hathet ¢iecuiteyymay<be Jommed bytetchibg|individual m andtottom platesigf | ayers 11.
‘As shown in the cross-sectiomal view of Figure 3. the individual heat
exchange Wblﬂhc@g heatcondustive deviasisHlormed? The eiching provides upstanding ng
openi ngs. Ba0R W SYPAIae BrhoYPSe OB bR Gageuts: FRAgss Iec@EiE® (o abur
the/surf aﬁgatogx&\a%%r Flaf'a EEGpeiting Wabbrses the internal coriduit, and is
10 removed from the heat exchange device at a second opening. Conduits may
be joined to the openings for providing fluid adcess thereto and for joining
individual heat conductive devices together. A pump and heat disposal
arrangement such as a refrigerating device may be connected in the fluid line _
to the pipes to move fluid through the heat exchange units and remove the heat
15 from the fluid. | ) )
A plurality of heat exchange units may be joined to transfer fluid in.
L _paraliel to cool an entire arrangement 10. The individual heat exchange
devices may each have an opening at one end of the internal conduit and be
20 connected in parallel with the other heat exchange devices to a source of ﬂund
such as a pump. The other end of the conduit of each heat exchange device
may be connected to a return system by which the fluid may be cooled before
béing pumped through the héat-exchange units again.

25 ~ Figure 2 illustrates a preferred embodiment of the invention of the

copending patent application in which a plurality of heat exchange units 25 are



has an opening therein of essentially the sane size as the openings 32 and
33. 10 Each surface of the carrier sheet 35 is grooved to hold an.0 ring
or other seal 37 around each opening in the carrier sheet 35. Thus when the
heat exchange units 25 are cl anped together as the arrangenent 10 is -

f ormed, each opening 32 and 33 is forced tightly against the opening in one
of the carrier sheets 35 so that a manifold is forned which joins the
interior of the heat exchange 15 devices 22 together. This arrangenent '
all ows cool ant to be transferred fromthe punp to each heat exchange uﬁ??

25 1n parg& htb fhekK fo EBBPaﬁiahttr‘e arangement 10N THedividoaldvas units 25.

The heat ang unlts" may then be connected into a heat exchange path

Wi th a puigxchafgs evicesnae of th&unnsezsreadhehmraeropmtr@sseauapmnmﬁhough
t he arrangenents -of heat exchange units 25 illustrated.in - Figure 2 t

acconpl i starbond the dgnirahdepending naibd9iaf the shell 17rsothatdhe heahexchanges o
heat exchange devices 22 bl ock the paths through which many el ectrical -
conduct or wnitsi? lieagainstybatk adjiniag. layersntl. As shawn in the r$9§"9"§!3 and

2, the only routes for condug et ween t he ers,4l ane t he_side and
centra$ r aliew ofFigure ﬁeﬂ%ﬁ'&'ﬂ'& At exchange 9‘& ér@%@?‘!% a7 for -

e ol ipaning 2 s AR o Bh AR »@n%i&b@?e?rﬂﬂd %ﬁﬁbeﬁ@ii;?g%ﬁe“{“yéi. |
cescr Do JeehR A b RP SRS TGl O GESS B NeR TV S
;:‘fg ﬁg;ﬁ%'ﬂ r:;h%ng nr%re‘fi’u\‘ﬁaesibnem& "gdut thé sﬂﬂﬁée ora éﬁt’nehﬁhé’et% which = v |
has an opemng therem of essentlally the same size as the- openings 32 and 33 '
10 Each suriace of the carrier sheet 35 i is grooved to hold an 0 ring-or. other seal
37 around each openlng in the carrier sheet 35. Thus when:the heat exchange
umts 25 are clamped together as the arrangement 10 is formed each opening
32 and-33 is forced- tightly -against the opemng in one of _the_carner,sheets.ss_. _
80 that a manliold is formed which joins the mtenor of the heat exchange .
| 15 devnces 22 together This- arrangement atlows coolant to be transferred from:
the pump to each heat exchange unit 25 in parallel to make more efficlent use
of the heat exchange units 25. The heat exchange umts 25 may.then be

connected tnto a heat exchange path wrth a pump and heat removal device in: N

the manner discussed.

| ‘Although the arrangements of heat exchange units 25 illustrated in - .
Figure 2‘ accom'plish th'e ready-removal of heat from the arrangement, the:

| Iayers of heat exchange devnces 22 block the paths through which many

25 and2, the _0_n_.l_y r_o__u_t__e,__s for. conductors :b_etw_e_en._th'e layers 11 are the side and

_ ce_n,tral rails 19 of the ceramic material which forms the shells 17 for holding the

-10 - R



conduits. -
system desi

system 10

sur faces.-

| ayers of chafpu

Figure 4 is an isometric view illustrating an inproved conputer

ned in accordance with the present invention. The conputer

.Includés a plurality of layers 11 of electronic conponents
designed: in accordance with the teaching of U S. patent application Seri al
No. 07/553,521, entitled Three D nensional Packagi ng Arrangenent for
Computer Systens and the Like, filed July 13, 1990, H Davidson. In
contrast to the layers 11 illustrated in the conputer of Figure 1, the
conpoment devices 15 contained in the substrates 18 of the layers 11 are

embedded e?Q‘iif'e‘leél?om@ deNides\@nd'Reabbxchahgeamiis) oThe mibig powertal

he

| ayers 11 are interleaved and divided from one anot her by
terscwhitheraquiresheidt eichiange dinitsrofitheitype described hereinwi t h t he

teaching of United States patent application Serial No. 07/553, 541,

entitled Aftearkavenore itdividual elementstantbrequireamoreelactrical rpsthe betweent r y
H. Davi dson,

units di sdaxe;scoftmmnents thamean b@x&%@"ﬂ@ﬂh é'!%s%fa"ﬁhts heat exchange
units 40 have the sa erior nSJOHS a t he 3 11. Thus. .t he
8 nifgnt o

arr ang%rrerﬁomqs#?m}! ange e%ﬂ ¥nRIoyV!

of layers

Proj ecti n

filed July 13, 1990. However, in contrast to the heat exchange

tqr@qgf Rrpvide,ueh o ned

of Electronlc CIrCUItS and | ayers of heat 25 exchange units.

the mani fol ds which interconnect the heat exchange devicesof the  heat
exchange units 40 together It wil}l be recognized that the formof the

computer s suggelals ik 4 BbRGkAE duP iyt Sh iRBEGVEC coMpRterdystEmough

whi ch busi ng con

ors ass been e Fi gur'es 5, 6,

~andT i 11 ysddighéd iﬁ‘jfbééréﬂﬁb_e 'vﬁ_ﬂ’i ﬂ#‘ﬁrds@ﬁt irventiong Thiceompeter system

10

15

20

25

includes a plurality of layers 11 .of electronic components designed in

accordance with the teaching of U. S. patent application Serial Nd.
07/553,521, entitied Three Dimensional Packaging Arrangement for Computer
sxsjgms_and_mg_l.ﬂe filed July 13, 1990, H. Davndson In contrast to the
layers 11 illustrated-in the computer of Fagure 1, the component devuces
contained in the substrates 18 of the layers 11 are embedded in _shells 17
which have no rails depending from the lower surfaces. The layers 11 are
intefleaved and divided from one another by layers of heat exchange units 40
designed generally in accordance with the teaching of Unitedl States patent
application Serial No. 07/553,541, entitled Apga[ams_EQ_r_QQ_Qﬂng_c_omp.am
Anays_QLElemLQ_mg_Qm.Lm H. Dawdson, filed July 13 1990. Howaever, in

contrast to the heat exchange units disclosed therein, the heat exchange
devices of the heat exchange units 40 have the same exterior dimensions as
the _Iayeré 11. Thus, the arrangement which is a computer appears essentially
as a solid box formed of layers of electronic circuits and layers of heat
‘exchange units. Projecting from opposite sides 61 the box are the carrier sheets

35 forming the manifolds which interconnect the heat exchange devices-of the

-41 -

opposite sides of the box are thé carrier sheets 35 formng



40 designed in accordance wi th the present invention. The heat exchange.

device 40 is designed with interior fluid conducting paths 42 illustrated
by the dotted lines shown. In a preferred embodi ment of the i nvention,
-these paths 42 may be serpentine in configuration as is Illustrated in

Figure 7. A number of 10 openings 44 are placed in the heat exchange -
‘device 40. These openings are selectively placed to runfromflat surface to
opposing flat surface of the heat exchange device 40 and are usually, but
not necessarily, orthogonal to both of the surfaces. Each of these opemhags

I's sel ecty t Ke'®e he heat
exchange Sg:egtgg%ﬁﬁafﬁggglig"b?égﬁgoIﬁ\gmrq@?ga%%id&s@gg} at | n{? ﬁ]tgbf | ui d

conduct i wonputes isi§uctitiat ive Emuslong:ttrane of tbraricanatsil tNouBAtwAsich thi n
the interior of the heat exchanhge device 40. The fluid carrying interior

pat hs 42busing conductorsipass has besméliminated.he openi ngs 44. Consequently,
each of the openings 44 may provide a conduit for an electrical conductor
or conductors joining two layers of the: arrangenent: contalnlng 20

el ectronic devices. In_a preferred enbodinent of the invention, the fluid.

chalnn%I s thr oLﬁguf%shﬁa@“@gcl”ﬂﬁtj%tﬁj@ﬁ“ﬂ@';ﬁ?mmvﬁé lmapmehmeldpMs :
ndapt eq 49 Hedieneddn acardEnceqiith e Bapsednyes tﬂbpi‘iatem ! Otﬁngéspﬁétye[ag
T B R A
| igt 'na”;'/‘t fﬁldt{%e ﬁéﬁd&hﬁal iﬁlr @?ré@@ﬁlb%ﬁtrﬁéﬁ%ﬂﬂgﬂbmgw ey pa{h% &a vice

one uare-| nch. of
may be serpentme in’ conﬁguratson as is: illustrated in Fugure 7. A number of . u

10 openings 44 are’ plaoed in’ the heat exchange dewce 40 These openlngs are
selectlvely plaeed- to run-from flat surface to opposing flat surlace- ot the heat
.. exchange device 40 and are usually. but not- neoessanly orthogonal to'both of - . |
the surfaces Each of these epemngs |s selectwely placed to mtersect the top
and bottom sheet of the heat exchange devnce '40. at orie- of the' sohd ndges
15  separating the ﬂurd conductlng paths 42 thereby aveldmg those fluid - .
conductmg paths wrthrn the interior of the heat exchange devnce 40. The fluid
_ carrying anterlor paths 42. thus remain mtact and sealed to the openmgs 44.
Consequently. each of the opemngs 44 may provide: a-conduit for an electrical - (/)
conductor or conductors jornmg two layers of the arrangement containing

20 electromc devices.

ln a preferred embodlment of the inventlon the’ tlurd channels through
the heat exchange devrce 40 may be approxlmately 20 n'ulllmeters in drameter
-and provide an undulatlng pattern or othef: pattem adapted to best cool the -
25 surface of the dewce 40. Th_e-opemngs may be approx_lmately 40 millimeters in

diameter and separated from the interior wall of any fluid conduit by -

-12 -



-

5 In a presently preferred enbodi nent of the invention, a plastic

sl eeve 46 may be placed in each of the openings 44 and a conductor 48 which
provi des spring contact with each of the upper and | ower adjoining surfaces
of the electronic-containing layers 11 may be inserted in the plastic

sl eeve. *Such conductors 48 are.well known to the prior art; one type of
such conductor Is 10 available commercially as a "G nApse" conductor,

manuf éetured by Cinch Connectors. If it is desired that the particular
condus&bdr 48 be grounded to the heat exchange |layer, the plastic material

Cohe: o aeS s AD STy oA RS o oridsd

. . & o desi ; . 48
ravel 1 n Sl DBGTGR i g éR 40 trby il be BaBed ih ari ng B0, °
than orthadg gké%?i e -surface. In such a case, the openings 44 .may be
sel ected Hg astic sleeves at an orthogonal to the flat surfaces

while the sl.eeves 46 20 . hold the electrical conductors 48 at other than an
orthogonal as is shown in the rightnost depiction in Figure 5. Such an

arranggrent s Mefigy g@g?(ngiygpféﬁéﬁé&%rﬁﬁo' fifont &4 ine KAVRAA, HHiSic BB BvaaBe

sinpl e than wou since only openings orthogo to the flat

surfaces nm@g e pliceeEih éach be tive opeAmgb Jand yednductorl48 which provides to
enhance the heat exchanging ability of the lrayers of heat exchange devices,

it may be ssring ebhtact with each of tive upper ahd loweér gdjoining surfaces ofrtlainds
bet ween the various |ayers of the arrangenent 10. For exan?le,
electronic-containing layers 11 may be inserted in the plastic sleeve. Such

\

conductors 48 are well known to the prior art; one type of such conductor is

10 available commercially as a "CinApse” conductor, manufactured by Cinch
Connectors. If it is desired that the particular conductor 48 be grounded to the
heat exchange layer, the plastic material may bé omitted from the opening and

- the opening made smaller so that the conductor 48 bears against the metal
surface of the opening. | . o
15 o -
| In particular instances, it may be desirable that the electrical conductors
48 travel in a direction through the heat exchange devices at angles other than
N orthogonal to thesurface. In such a case, the openings 44 may be selected to
accept plastic sleeves at an orthogonal to the flat surfaces while the sleeves 46
20 hold the electrical conductors 48 at other than an orthogonal as is shown in the
rightmost depiction in Figure 5. Such an arrangements makes the manufacture
_ of the heat exchange units much more si'mple' than onId. be e'xpect'ed since -
only openings orthogonal to the flat surfaces need be placed in the heat

exchange layers. L L

L - 13. ) . —
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sol der, heat-conductive adhesives, heat-conductive grease, and other such 5 =
conpounds may be used to advantage between the various |ayers of such-a
conputer system If it is desired to provide grounding connections to a
.particul ar heat exchange device at other than the openings 44, a spring
arrangenment such as 10 that shown in Figure 8 may be arranged bet ween-an

i ndi vi dual heat exchange device and the adjoi ning el ectronic-bearing 1ayer

11. The spring 50 may be fabricated by photo-etching a netal foil to | eéave

a square or rectangular grid - with tabs 52 extending fromthe diagonaP&éof

- th d Oh Ahtaal ' _ depé |- _
;rgug(r:l: ng con(rat'éc [ oir’tgls P@hghgaqgah%%hgﬁﬁ'?@agmgy ?gﬁ;&y@?ﬁgﬁﬂ%{ Cgf a{ he_
| f | d-
oo ithadigortiafiond, i Thar ba decaBions Yufizé YaRoas BRAN PonaaiR!
layers. |dbmpegnds Betwadithie Vasous Riyers Bﬂth?eoarrﬂﬂgéﬁeﬁtltor‘i]:&%ﬁbt& Qf t he

arrangenent, channels may be etched’in the outer surface of the heat

exchange soldes. hﬁt-dbnductrhetadheatvmmmomuwwgreaeé andigther guelsussed
in copending patent application Serial No. 07/553,521, entitled Three -

Di menSi orcompouhds)may be useddtocadvantagecbetwaen tlte/vamms Imyérs besuclke,
referred to above, various nethods of keying the exact positioning: for

prOV|d|ngﬂnﬂEUEE§Y$Pﬂynnent 25 . between the | ayers may be included as a
part of each of the |ayers of electronic C|rCU|try and heat exchange .
devices to assure the registration-of -the -14. -svari.ous: conponents of. the

layers. SUCh nﬁ it. 13dées?r%‘élntod;':orst‘:(\:l'iJ esspodndlndgeogrlultectrons to a.particular heat

exchange devrce at other than the opemngs 44 a sprmg arrangement such as ~
10  that shown m ‘Figure 8 may be arranged between an mdrvrduat heat exchange
devrce and the adjotmng etectromc-beanng layer 11 The spnng 50 may be
fabricated by phe__t_ojetcht_ng:_a.._m_eta_l .t_oul_ to leave a :_s_qy._a._re or_te_t_;tan__gular_ gnd. - . -
with tabs 52 extending. from.the diago'nals ot the grid .- Othe’r patterns 'might also o
| be used depending on the particular groundlng oonnectuons to be made The -
15 tabs 52 are deformed out of the plane cf the grid as illustrated in Flgure 9 to
. provrde spring loaded contact points: whrch may bear agamst metalhzatlon on
| _the etectronrc Iayers In order to contam the groundmg spnng 50 dunng
assembly of the arrangement channets may be etched in the outer surtaoe of s U
the heat exchange umts | |

20 _ e e D e
_ As wrth the arrangement of Iayers of devrces drscussed in copendrng
patent appttoatlon Serial No 07/553 521 entltled ee Dim

he Like, reterred to above,

_vanous methods of keymg the exact posntromng tor provrdrng precise. ahgnment
25  between the layers may be included as a part of each of the tayers of

electronic circuitry and heat exchange devices to__asstjre the registration of the

-14 - -



fhe above-nentioned patent application and are not discussed further here.
-16- CLAIMS, 1. An arrangenent of circuit conponents conprising a
plurality of essentially parallel layers in which the layers |ie adjacent
one another, ope or nore of the |layers conprising a substrate of insulating
material having circuit board neans inbedded therein, heat exchange
means positioned against at |east one of the layers for renoving heat from
t he arFangenent conprising at |east one essentially planar heat exchanger
abut t ™ agai nst one of the layers, and neans for transferring a fluid

t hrough t Raribagtcompbnenterofitheilagersal Such meathedsbeeh disclissedkingietail in
characterised by conduits for el.ectrical connectors through the heat
exchange fhambovermentioded tpatént application @xid arennetdiscusded furtherdiareoned t o
bypass any interior passages for conducting fluids to renove heat fromthe
arrangenent.. 2. An arrangenent of circuit conponents as clained in
claim 1, the conduits for electrical connectors through the heat
exchange means-conpri sing openings in the heat exchanger essentially
orthogonal to the surface thereof, and conductors positioned in the

openi ngs. 3. An arrangenent of circuit conponents as cl ai ned



=

kY

in claim2, the conductors positioned in the openings being isolated from
edges of the opening. 4. An arrangenent of circuit conponents as
claimed in claim3, the conductors positioned in the opening$ at an.angle
. other than orthogonal to the surface of the heat exchanger. 5. . An
arrangenent of circuit conponents as clainmed in claim1l, a spring nmenber
positioned between one of * C L M S * 17 the layers and a heat
exchanger .-for providing electrical centtéct therebetween. 6. An P
arrangenent of circuit conponents as claimed in claim5, the spring nefher
posi tioned between:one of:the:|layerscpagmg heat exchanger being formed from
an .etched pl anar sheet, and haV|ng ends bent out of the plane of the sheet.
7. An arrangenent- of .circuit conponents conprising-a plurality of:

subst anti all1y par al Al akzaagementwof hcibeuitycompbnents oompr singinot her

i g o PBBE AYCL SOTMIIN D et 1d] Sy plerBedhoyit A 12l
conpri si ng bayewrs f drie eadjnnagnkeene f mttm?é'var?aﬁgé?i’énfmrtene° dhe for
.renDV|ng hefﬁyeféwnééﬁbr151ng a substrate of insulating material '
having circuit "~board means imbedded therein, heat
exchange means posltloned against at least one of the"
.layers for remov1ng heat from the arrangement comprising

at _least one. essentially planar heat exchanger abutted'

fluid. through the heat exchanger having walls to prevent_f
.f1u1d leakage, characterlsed by. condults for electrical
connectors through_the heat exchange means, the conduits
for electrical connectors being positioned to bypaSs.any
interior“passagee for conducting fluids to remove heat
 from the arrangement. '

2. "An arrangementIOf circuit components as claimed_
in claim 1, the conduits for electrical connectors

. through the heatmexChange means - comprising openings in
the heat exchanger essentially orthogonal to the surface -
thereof, and conductors positioned in the openings.

3. | An arrangement of circuit components as claimed
in claim 2, "the conductors positioned in the openings
being isolated from edges of the opening.

4. An arrangement of circuit components as claimed -
in claim 3, the conductors positioned in the openings at
‘an. angle other than orthogonal to the surface of the
heat exehangera

5. An arrangement of circuit components as claimed
in claim 1, a spring member positioned between one of

*  C L M s *

agalnst one of the layers, and means for transferrlng a .Q;



=

arrangement conprising at |east one substantially planar heat exchanger
abutted against one of the layers, means for transferring a fluid through

t he heat exchanger having integral walls to prevent fluid | eakage, and
conduit means for providing electrical paths through the heat exchanger for
connecting the circuit board neans of one layer to the circuit board neans

- of anqther layer, the conduit neans being positioned to bypass any interior
passages for conducting fluids to renove B@at- fromthe arrangement. 8.

An  artangenent of circuit conponents, substantially as hereinbefore

described with reference to the acconpanying drawi ngs. 1

the layers and a heat exchanger for providing electrical
contact therebetween. '

6. An arrangement of circuit components as claimed
in claim 5, the spring member positioned between one of
the layers and a heat exchanger being formed from an
etched planar sheet, and having ends bent out of the
plane of the sheet.

7. An arrangement of circuit components comprising
a plurality of substantially parallel layers in which
the layérs lie adjacent one another, one or more of the
layers comprising a substrate of insulating material
having circuit board means imbedded therein, another of
the layers comprising means for rembving heat -from the
aErangement, ‘the means for removing heat from the
arrangement_comprising at least one substantially planar
heat exchanger abutted against one of the layers, means
for transferring a fluid through the heat exchanger
- having integral walls to prevent fluid leakage, and
conduit means for providing electrical paths through the
AN heat exchanger for connecting the circuit board means of
one layer to the circuit board means of another layer,
the conduit means being iositioned to bypass any
interior passages for conducting fluids to remove heat

from the arrangement.

8.  An arrangement of circuit - components,
substantially as hereinbefore described with reference
to the accompanying drawings. - -

-
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