| NTEGRATED Cl RCU T ARRAY This invention relates to integrat ed ci rcuits

(1Cs) and: in particular, to integrated circuit arrays. 5 ﬁ\/Vl-@@QO
t he t.20 years the speed at which conputers can operate has i ficr eased by
man@iers of magnitude while their cost has decreased equal ly
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i nventi on; become a pro 1em as the pack1ng density is increased. F1na11y, as
the elements proliferate, more and more of the chip surface area is
taken up by the interconnecting leads. On present day ICs, anywhere
from 30 to 90 percent of the chip can be so occupied. Furthermore,
20 as the chip size increases, the increased lead lengths become a
limiting factor determining the speed at which the device can
operate. '
In the 1nvent1on as claimed the chips form an array in which
two-way coupling between the chips is effected optically. This
25 permits the use of smaller, less densely packed chips, resulting in
' corréspohding1y higher yields. In addition, the use of smaller,
less densely packed chips serves to reduce the'chip surface area
required by the interconnecting leads. It also reduces. the lengths
of the interconnection lead, thereby permitting higher operating
30  speeds.
Some embodiments of the invention will now be described by
way -of example wifh reference to the accompanving drawings in
which:-
FIG. 1 shows an exploded view of an optically coupled array of
35 integrated circuits according to the invention;
FIG. 2 shows a section through the array of FIG. 1;
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FIG 2 shows a section through the array of FIG 1; - 2 - FIGS. 3to5
show il lustrative -embodi nents of LEDs and-photodetectors for use in such

a{rays; and FIG- 6 shows the use’'of facussing means in a coupling apegs
5 Referring to the drawings, FIG 1 shows an expl oded view g
t hr.ee-di nensi onal array 10 of n integrated circuit chips 11-1, 11-2
i n‘\accordance with the present invention. The chips are di sposed bet
heat sinks 12-1, 12F2GS. 3 1.5 ghaw 1) lugtrativecembodimentsppthaPs Amdf aces

parattel to an@nbtbdebd et ¥or Dsd RA BlchnaFray?; angurfaces of the adjacent
heat sinks. Each of ige ch;"g% IS provi d(;d Wi Eh t he necessar iel ectrical
connectors, such asFi@ Sndhams the,usg of, Facussing Means da apﬁ?\%é} % the
circuits- and, apéetureappropri ate, for coupling information signals into and
out of the array. Si . COU d 4 {1 -of th
array 20 25";130 35 'R??%Jﬁ?)gﬁ?’cg*‘?s&rg@‘"ﬁgaﬁggbfi gb&%%ﬂ ?’lkht}r?é‘gd i’ég"énog %7. I n
addi tion, opti dhreardimensipraleapray d afoncintepeatedgeincyitirabips tideli ddedr at ed
circuits of the armay, jhbécdrdafdtoWitt RheHatent daiéitiond Thé chdpytireh is a
section taken '5,throgg'{1 t he ;’ggray., Usi gg tﬁg iarre gntl fi cap on nuneral s
as .are used i ndiFResed nejween hept sinks deshotdrng -colprdBehitd, with their

_ broad planar surfaces parallel to and in contact with the planar

10 surfaces of the adjacent heat sinks. '

Each of the chips is provided with the necessary electrical
connectors, such as 13 and 14, for providing electrical power to the
circuits and, where appropriate, for coupling information signals
into and out of the array. Signals can also be coupled into and out

15 ° of the array '
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FIG 2 shows fibre 16 extending through an aperture 20 in heat "sink 12-1
e phOtodetector 21 incorporated i:nto chip 11-1 for receiving-radi ant
gy emtted from10 fibre 16. A so shown- |ncorporated into chips 11-1 \J
X -2 are LEDs 22 and 25 and associ at ed phot odet ectors 19, 24 ahd 27.
Radi-ant energy is coupled between LED 22 and detector 24 through an «
aperture 23 in heat sink 12-2. Slﬁ\l&TI@ radi ant energy is coupl ed between,
LED 25 and aﬁtﬂeaﬁcyousyaieadwounkbm@aoﬁrxm@ﬁﬁa ndeat7 sima 12-2. In |

addi tion, ner SouLce I s, sh 10 dlrected down rdtoa'\—d'
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~an upper |iithegpbnsime b%ékaanmgasmhﬂﬂbdﬁtedﬂpnwaﬂﬂnnqq;pnnanﬁd Anit® chips _
11-1 throughnid-maf féﬂbﬁé@égﬂﬂléy éﬁﬁﬁ“ér?ér%;ﬁ MRS | C chips

except that they are prefera omdire gap sem conduct or
mat eri alt@ (&ikre ds, I%#S%rsh%ﬁ?s‘lﬁ)o%ﬁl?‘farﬁﬁ Jf9 chigg ddwdr aoEDd Lndd .
phot odet ect fé LEDs b22 i £xed Ui darpd mowémqﬁomﬁéwa@ 19(,S@2, ahar

. exanple, th art |sen 35 . ent rJ-Al S and processes
~for GaAs in egr %%%fcxggc{?%sg; Yade e‘Pﬁ g?rne%% nég ‘Chapter 11
- Paper pr esemwcmr@ﬁpthrm m@mmmﬂ %mm Fak)2x?. 1981).
: Similarly, radlant energy is coupled between LED 25 and

15 detector 27 through an aperture 26 in heat sink 12-2. In
addition, radiant energy from source 22 is shown directed
downward to a detector 19 on chip 11-n through apertures,
such as 28 and 29, in the intervening chips and heat sinks.
By this means signals can be readily coupled among the

20 chips without requiring conductive leads Which, in prior art
cHips, must be run from the originating portion of the .
integrated circuit to the perimeter df the first chip,
through an external connection to the perimeter of the
second chip, and then to the receiving location of the

25 second integrated circuit. In addition to using up space
on the chips, the lead lengths involved in making these
connections tend to place an upper limit upon the
operating speed of the resulting circuit.

_ IC chips 11-1 through 11-n are substantially

30 similar to present day IC chips except that they are
preferably made from direct-gap semiconductor materials
(fe.g. GaAs,InP or InGaAsP) so that small, low-power LEDs
and photodetectors can be included at various locations
thereon. (See, for example, the article by F.H. Eisen

35 entitled "Materials and processes for GaAs integrated
circuits," Inst. Phys. Conf. Ser. No. 63 Chapter 11 Paper

presented at Symp. GaAs and Related Compounds,
38 Japan, 1981).




FIGS. 3 to % shqwin greater detail illustrative LED and phot odet ect or
structures ‘for use'in-the arrays. In the device of FIG 3 an epitaxi al N,
| ayer 30 of a first conductivity material, deposited 5 upon a nesa 32 o'
opp03| te conductivity substrate material 31, fornms a photodi ode. For

purposes of illustration, the substrate [sqcharacterized as n-type and the
epi texval |ayer as p- tyﬁi material. The upper surface is covered with an

|nsuLg;|ng layer 33 in BAFSh 3nt@pRrshee 1D §REFHTEALt Ve | ayer 30. Ohmic
colnéI Sa It to the phmhsdradmveswnden@ypmt)med tédigh §111F1ﬁitumisa|ﬂdlcu(s% dn

go ayer 35 % 3 on i Iayer .on the bottom
surface of the gg%s??ﬁ?ég Qﬂaglan %?Q?P?%ﬁ%odgled o dfﬂbut of the
di ode through ahaMQErBQrefSG 1srsh ¢@w®mcenv1NMematﬁnﬂ#kxsd@nnqytﬂd emtter,
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extracted throu he a erture 36 1 n | ower contact 34, as shown in FIG
3. If used as a GE?Eéﬁbr 1y fiPHRe %nQWQEPQqu%;chEQ£nRﬂfﬁﬂﬁﬁ§ e di ode
t hrough the apennmnEtﬁﬁtmﬁl thﬁeresmtrmeowmnamﬂe&rﬂzeapwrns-twecamact

35. To focus th La e derlv from the photo od nd
pr el ude spurl ogls1 cg8§§gg%§g| 4%% to*%t e?y%%o'?abtaeelf ec orgﬂhe %r Sg"é'lf%‘ce
advant ageousl y &st epdered wWith @hei@$u&atﬁngnﬁayexz33Hﬂn(nhmomea@fapp@muxels

basi cal |y thg sagerasmbhGabdveOiRiési 5. 2 oYL Ahfcth ttov&%eswo%a%%or
materi al deposifed upon a nmesa of, the underlying substrate 41 of p-type

material to forﬁfﬁamﬁﬂﬁt BYi deROSbing g oL Lot Ret3 sl ifade® & @9dddi ode” by
means of a firstageraBsbi ﬁbﬁ@éneﬁj@f 31@1 aﬂu Ggdecshdpertalrlad nayer Blubat i ng
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"~ coupled into or out of the diode through an aperture 36

15 in layer 34. '

' _ When used as a signal emittei,-a drive current is
applied to upper contact 35, and radiant energy is
extracted through the aperturé 36 in the lower contact 34,
as shown in FIG. 3. If used as a detector, radiant energy

20 is directed onto the diode through the aperture 36
and the resulting output current appears on contact 35.

To fécus the radiated energy derived from the
photodiode, and thus preclude spurious cross coupling to
other photodetectors, contact 35 advantageously extends

25 down the side of mesa 32. _

The device of FIG. 4 is basically the same as
FIG. 3 comprising a layé; 40 of n-type semiconductor
material deposited upon a mesa of the underl&ing
substrate 41 of p-type material to form a photodiode.

30 Ohmic contact is made to the diode by means of a first
metallic connector 44 through an aperture in an insulating
layer 46, and a second metallic connector 47 in contact
with the lower surface of substrate 41. In this device
radiant energy is coupled into and out of the photodiode

35 through an aperture 45 in the upper metallic connector 44.

FIG. 5 shows a planar diode configuration for use
in connectioh with the present invention in which the

38 photodiode is forméd by diffusing a suitable dopant into



radlant energy is coupled into and out of the photodi ode 35 through an
apemiure 45 in the upper netallic connector 44. FIG 5 shows a’planar di ode
cguratlon for use in connection with the present |nvent|on i n which the\J
38%MNot odi ode is fornmed by diffusing a suitable dopant ‘into -5 the ch
.substrate 50 to forma region of opposite conductivity, for exanple,va A
p-Lype region 51 in an n-type substrate. A netallic connector 52 makes-. ‘-
ohm ¢ cont dd&e cdipeubstTRIENOOUGR AATHper raEECB8OEnoPRSELt®i ng | ayer 53.
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the substrate. In this dEVICﬁ radi ant ﬁnerg¥ gg gﬂugled | nto or aout of
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mconneCtlohsomblnatlon thereof. _ - _
It is an advantage of the arrangement described
15 that a large number of relatively small ICs can be
assembled in a single package in a way that does not impair
the speed of the arrangement. Inasmuch as the
manufacturing yield for small chips is always greater
than the yield of larger chips, a greater peréentage'of
20 processed wafers could be utilized @E”such an optically
coﬁpled array than would be the case if the same-funct{on
was incorporated into a single larger chip. 1In addition,
the packages for present day ICs are typically much larger
than the IC chip within because of the need to
25 mechanically fan-out the many electrical connections.
An optically coupled chip array, by contrast; can, be
made.with fewer external connections and can be designed
.80 as _.to require only external d.c. connections and an ’
optica1 fibre'ribbon. Thus, smaller packages are
30 obtainable.
" As shown in FIGS. 1 .and 2, heat sinks can be

RX]

provided between chips. If required, the heat sinks can be
made thick enecugh to contain ducts for coolant fluids. In
addition, a lens can be included in the coupling aperture

35 to increase the optical coupling efficiency, as illustrated
in FIG. 6 wherein lens 60 is shown disposed in a coupling
aperture 61. The latter can be located in either a chip or

38 'a heat sink through which energy is being transmitted. The



external connections and can be designed -so as to require only exter

d{g: connectjons: and an, optiical fibre ribbon. Thus, smaller packages (
obtai nable. As shown in FIGS. 1 and 2, heat sinks can be provi ded between °
chips. If"required, the heat sinks can be_ngde thick enough to contain
ducts 4for coolant fluids. In addition, a | ens can be included in the

coupl i ng apert urisea®» % Foherricsde allassodensgs wouphi adivinptechleg need for

ilTustrated i n RfGerds IR IN d190ndA 1 quEhapNmdhapaeedren a coupling
aperture 61. The latter can be located in either a chip or 38 a heat sink

An. optically coﬁpled chip array, by cqntrast,'ban be made with fewer QEEZ)
30

t hrough whi ch energy is being transmtted. The -6- use of spherical
gl ass |l enses would elimnate the need for orientati-onal alignment during
manuf act ur e % 10 15 20 25 30 35 38 -7- CLAIM5S 1. ‘An integrated circuit

array conprising a plurality of integrated circuit chips, each having a
pair of planar surfaces, the : ' '
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chi ps being stacked so that planar surfaces of each pair of adfacent 5

chips are substantially parallel and.opposed to each other, and neans for
COU%E?SQ bet ween the chips conprising a plurality of radi ati on sources and . <
r adi on detectors distributed anong the chips dnd including a fiTst

radi arion source and a first radiatjon detector located on a first chip and
a second radi ation source and a 10 second radi ation detector |ocated ‘an:e-
second chip, such that the first raditd¥®n source can couple radiation t\‘)

the second radipli @n ﬁﬁ:bgﬁéﬂéﬁ @ﬁ@uwearﬁ@y:%ﬁ\pfﬁﬁhgta %uﬁeﬂlﬂi gfcan COUp: e
ai nme in claim

radi ation t he, f tion d tec
1 i ncl udi ni]‘ gE?ﬁ'eﬁi Ei’ifﬁ'l‘goc'ﬁ95ﬂ§ac %ggcﬁ paiy (?fr%{ﬁ éf %'tﬁ?r'c and
detectors chirpecbéimgt stactked sohtmatoptanarheurfabep dfneddhe paim af. adjacéwt array as
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directly co Sources an rs
4. An arrwﬂésf‘m &pw@dnsm&&wwmﬂher@npsmr‘rﬁw aiptaraligy wefl ng one or

Zo\r/vﬁ heat ﬁddi'éﬁ1&ﬁl§.6&ﬁe’sn&|@¢h@¥&ﬁ'én Qié't@é"tﬁrg' dr%rtrﬁm@u aavﬁmglaiened in claim
bR e NG G MG I
i nt egr at eddefector t1oaztedy os WSt estt thig undsa kecerd raimctnorbedumet and af erence
to the@ACcCORARYFI 2t A il torr Yot ted on a second chip, such that the Y
first radiation source can couple radiation to the second radiation -
detector and the second radiation source can couple radiation to the
first radiation detector.
2. An array as claimed in claim 1 including a chip coupled by
15 means of said radiation sources and detectors directly to more than
one other chip in the array.
3. An array as claimed in claim 1 or c1a1m 2 including a pair
of non-adjacent chips directly coupled by means of said radiation
sources and detectors. |
20 4, An array as claimed in any of the preceding claims
including one or more heat sinks separating adjacent chips.
5. An array as claimed in claim 4 wherein the heat sinks
have apertures therein containing lenses to facilitate coupling
radiation sources and detectors.
25 6. An integrated circuit array substantially as herein
described with reference to the accompanying drawings.
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