2113912 --1- ELECTRO OPTI C | NTEGRATED CIRCUI T Hi gh speed logic'circuits are

bei anuf actured in larger and nore conplicated sem conductor chips. 5 (‘
|y, these sem conductor chips are constructed entirely of electronic

i1f these chips continue to be conpletely electronic, the speed

W t.h i ch they ean mani pul ate external signals will be limted by the tinge.
required to send electrical signals fromone part 10 of the chip tg;l 3% <.
another, The RC tinme constant of the driving device and the relati ; Jgﬁ
conpecting conductor on the-chip will be the primary factors in determ ning
the speed of the chip. Alarge scale high speed integrated circuit can be
made to operate nmuch 15 faster if the signals on the chip were transmtted

by way of an optical signal. In essence the conductor can be replaced by an
optical waveguide with an optical source or emtter at one end of the
wavegui de and a detector at the other end. 20 . According to the

present invention there is provided an electro-optic integrated circuit
wherein light is generated, guided and detected including a substrate
having a plurality of epitaxial |ayers grown thereon, the epitaxial |ayers
including a first primary 25 [ ayer hgvifg.g bandgap suitable for optical
detection, a second primary l.ayer having a w der bandgap suitable for the
generation of light that can be detected by the 28 first primary |ayer, a -

third primary | ayer havi BgE@TRO-0BRTI® NG FEERATED ¢ERevxrwer than the bandgap
of the second pri mar IdVETT%ET‘Tﬂg‘ﬁEEﬁ§W | i gh nd at | east
one | ayer between ea%hglba??e logic ¢ rwim\ﬂa(xﬂx#% p
greater than ihecladngelnagndimerehcomplicated semiconductor chips.

5 Preéently, these semiconductor chips are constructed
entirely of electronic devices; If these chips continue
to be completely electronic, the speed with which they
can manipulate external signals will be limited by the
time required to send electrical signals from one part

10 of the chip to another, The RC time constant of the
driving device and the relatively long eonnecting
conductor on the chip will be the primary factors in
determining the speed of the chip. A large scale high

- speed integrated circuit can be made to operate much

15' faster if the signals on the chip were transmitted by
way of an optical signal. In essence the conductor can
be replaced by an optical waveguide with an optical
source or emitter at one end of the waveguide and a
detector at the other end.

20 According to the present invention there is
provided an electro-optic integrated circuit wherein
light is generated, guided and detected including a
substrate having a plurality of epitaxial layers grown
thereon, the epitaxial layers including a first primary

25 layer having a bandgap suitable for optical detection,

. a second primary layer having a wider bandgap suitable
for the generation of light that can be detected by the

28 first primary layer, a third primary layer having a

»



be described by way of. exanmple with reference to the acconpanying dra .
of which:- FIG "1 i's a pictorial top view of a nultilayered 10 optic /|
integrated circuit according to the present invention, FIG 2 is a -
sectional view of -a nultilayered optical_ igtegrated circuit according to

the present invention,. 15. FIG 3 iI's a top_view of part of the

i ntegrated ci rclhendgapythat disglargem than itheabapfgant P thegseednd t he

i nt égrat ed Ci r cubFimdIPI dyprr G thedRFadenibGiod b ShéaPignd] ana

sem cohduct or 'ﬁﬁféf sq%wn 2& in FlLG 2 ﬁlvhng heﬂfon335|tﬁ£q%gﬁ*each of
these |ayers, a qast; que Jlayeg; between, harh ﬁgra of Y4 heeni R R
portion of the ikaxeratwithia bandgapogrenter EBan2thadb8ndgdp of each A '
sem conduct chd ' i ntegrated electronic. circuit
11 has b-een%;abﬁjga%%d%j%??\}n%i %iélgg i%.%%?’i ndicated in FIG 1, a field
effect transistor 15 cén ismbedimend ofcthe; daveptionprill BeYrk® on the

chip to a |ight dsddrited a8y was bE w&hﬁPlhnwEUhnréﬁereﬁeuetéstﬁ&is :

el ectrical signal into_an_ o %#pal signal .. lhg.optlcal signal is coupled by
way of an opti cfCTRRRARY awdngs /b ¥BALBETor 18 which, in turn,

provi des an el ectrical Rliggndl iso at pdcdardadf tapf view effacmultibayered 19.

the sem corflior P vl F3eeddida S1rgui WThBPEARME! sp Ttk RCedE |07 O
portion of the S tor chip. The technical area 38 conprising the
conbi nati on of optical FIe] @ Q@ @OBeetional view of a multilayered
- ' optical integrated circuit according to the present’
invention, ' o
. 15 = FIG. 3 is a top view of part of the integrated
| circuit shown in FIG. 2, | -
'~ FIG. 4 is a schematic diagram of the integrated
circuit shown in FIGS., 2 and 3, :
_ FIG. 5 is a table of semiconductor layers shown
20 in FIG. 2 giving the compdsitioh'of each of these layérs,
and . : : : _ _ _

5 of the adjacent” primary |layers. An enbodi nent of the invention mﬁ&éﬁﬁgr

FIG, 6 is a cross-sectional diagram of the
¢ | ‘waveguide portion of the integrated circuit shown in
FIGS. 2 and 3. | o o
25 A semiconductor chip 10 on which a large scale
integrated electronic circuit 11 has been fabricated is
shown in FIG. 1. As indicated in FIG, 1, a field effect
tranéistbr_ls can be used to electrically couple a signal

e "on the chip to a light emitting device 16 which in turn
30 fqphyerts this electrical signal into an optical signal,
. ~ The optical signal is coupled by way of an optical

waveguide 17 to a photodetector 18 which, in turn,
provides an electrical signal to the gate of a field
‘effect transistor 19. In this way, an electrical signal
35 Zfrom the lower left~hand portion-ot the semiconductor-=
"chip'lo may be rhpidly-¢oup1ed to the lower right-hand
~ portion of the semiconductor chip. The technical area
28 comprising the combination of optical and electronic



- 3- 'rcuitry on a single sem conductor device has already been | abel ed
“ph I'cs" by those skilled in the art. Simlar electro-optical couplings, '
of part of the chip to another can be provided by other sources, 5
waveQui des and detectors in other areas of the sem conductor chip 10. ‘A
schematic diagramof the type of cireuig that is prOV|ded by el'ements 15-19

FIG 1 d_i 1 .G |
Slgna 10 | PATERETRT OB PLQ?E@% BenfRopflb iR ekt fas afleddsr oot
source is bibesad laheleda"phodo nﬁécbvdtb9saaykblledcbnduheoarto a |ight \J/
emtting di gdeiir elleetirodd tseaerebﬁﬂwﬁ Qlefl%&é part'epsgpdted by way

. of waveguide 17 to a 38§0de ec xg § cou es an el'ectrical 15
signal to t/fhiP,te grokher can PePH°¥ g bYra ReX: BPUAGLS, The train of
FET 19 i 5 bwaveguidesi andsdeteetprsvincothor avepstosi thel that nay be used

in the secoggmi gggg%ﬁggecﬁ&glianductor chip. .The functions illustrated in

FIG 4 are provi of a nultllayered optical integrated circuit
illustrated in FI GA gchemnéipaﬂiasaemoﬂfothehtynev¢tecttnn¢w|th¢¢<3 2 s

accoml sheds postasienysonehintiousatbeiscree o,
is fabricat d& & é'bazﬁ aﬁsiﬁafeﬁs§§uFE§blﬁ ¥Br fﬁ% ?ﬂieﬁ#&%ﬁ%f optica
energy]iDueihocbhneb&perd thepgaoe bhethelﬂﬁeydlagﬁecﬁlframnhst@ﬁd[ng _ .
enor gy 1 romiibes, sohPeb Te BYpESa°aRE albin' Sy SonilhEe8 ug Vo CT | o

- a wavegui de abeondugtoxo tocedt | ésbtoﬁmiﬁtinﬁI610@9e16d opee chighhit egr at ed R
circuit. gehbea&eaow andaef 1arwat¥ahaafttaaob a«&y%faﬁa{' aé n layer

12,08 S R aRebecto b FNRISH B ATSeBLORT (o205

V .

down t hroug
whi ch iE5f alsignaledot dhbagate bfindgapcohdifieldoetfethatramsistor

: 19. The train of FET 19 is biased and its source
provides the output signal that may be used in the second
area of the semiconductor chip.

- The functions illustrated in FIG. 4 are provided
20 by way of a multilayered.optical.integrated circuit
illustrated in FIG. 2, The fabricgtion of the device

~ shown in FIG. 2 is accomplished in accordance with the

_ table set forth in FIG. 5 using procedures to be
described hereinafter. Briefly, the primary layer 207

25 is fabricated with a bandgap that is suitable for the
generation of optical energy. Due to the tapered ehape

.of the primary layer 210 and cladding 1ayer_211 above
it in the-deviee shown in FIG. 2, some of the optical
energy from layer 207 is coupled into layer 210 which in

30 turn serves as a waveguide between two sections of _
the multilayered optical integrated circuit. At the
remote end of primary layer 210, a similar taper in

- layer 210 and cladding layer 211 is used to reflect the
guided optical energy down through the layers of the

35 _device in FIG. .2 to a primary layer. 205 which is _
' - fabricated to have a bandgap that is lower than either
of the other. two bandgaps and,”therefore, can_serve as a
38 detector of the optical emergy. As indicated in FIG. 5,



of the other two bandgaps and, therefore, can serve as a 38 detec
the optical ener gy. As indicated in FIG 5, 4 the primary | aygr
provi de em ssi‘on, “ detecti on and gui dance are surrounded by secondar
havi ng hi gher bandgap energies and therefore l,ower refractive indjces.
Fabrication of the device begins by growihg the epitaxial 5 | ay

202+ 211 sh
Subgtzr » honn thgh.ﬁl@gw?ﬁv&ss RR&E Tpr6ei deNet'sSi o, @@te%'%ibn‘fﬂnunytﬁ'il@ﬁ@'aﬂ@

knegs and, conpos ach of, the
ars—get fort h SUFrqunde E@" Wﬁ@% a/t‘%e”ﬁaya‘ﬁié'gp'é{r&' GQFﬁQjeFl gyg[iaise
epi t axy urs]i ng t?b%ﬂ&edlmm&;fndmtverirgﬁoet N techni ques As i ndi cated in
FIG 5, the wafer 0 n e and
n-type | ayers and g?i(’)ﬁﬂs?wﬁj og ":esdt\?\)ln 3 ﬁ%’ﬂ% 'g?ﬁ‘gmﬁn@? gﬂ’dﬁva

chemi cal cérrpdsyevrsoﬂgz-t?dlamevﬂl FEe. & andarsemifdandgvaﬁl%nérgn a8, i"ﬂié'“t WO
| ayers 202, 203 a@lﬂﬁa@@ubkerséaez@pbsm@tdsp%ltmﬁeé@rahagc agmbﬁrdfstlcs

sui tabl e for the fabrication of el ec a | In one
enbodi nent di S&FHMJthedayers 8Re st % dﬁ/?i%’ T%'?é H'@yugped for
gptr:agzl tgm;:fzipenfmrdddgt ﬁsing)fli@rid btliwe e;si(thny Qﬂibg sd:aﬁdarsll sngniznnmxcttbuc'ioggg '

3 0 S e
p-type materi ;R'S"{thé@QﬁF@%ﬁ ‘ons 2?' Ji%% f((sad i"raitrél E?*%t sMlrhevlé%)u(riiggzzo y.
and 221. 1Be <onsistaref @ﬂtmatinm@sWneegnmstxm flayenseand |greunsr af ed in FIG
3 which is a hopepd GIHW Vakyih g@l’ﬁ&ﬁe@@%‘ vaPy fldCeheini cé® doﬁnﬁbﬁ%ﬁ Bfs itd FI G

3, the zinc doped re e tiall nnul nd e di to the
depth of buff&€h 1%%2"9253"&%’9!'52‘? odoan endralesy dhe o, favars, diﬁ
necessity for aﬂﬂia:enexto the subs trd tec2(5 have dopHres charactetistisersuitatdect or

i D, 18 LS MR il BMBGEICH B biELEAEa RyEds 98, bl oved For guiding the

| i ght waves frg area of t s nmet hod i nvol ves a
ridge- | oad&d Wavegllrld@es?ﬂmime%t dﬁsﬁmeﬂffbé eagigns |°|f thecdegiceawhighdi cat ed

ot 1 45, e B e o
~ cladding | aye?’y Z'iﬂ‘ Eg'PFf ﬁ ea dﬁsge{? E f@i8“§| teype Yayers g
' E that are completely surrounded by p-type material. These regions
are illustrated in FIG. 2 as regions 220 and 221. The structure of .
20 these regfons is further illustrated in FIG. 3 which is a top view
" of the device shown in FIG. 2. As indicated in FIG. 3, the zinc
- doped regions are essentially annular and are diffused to the depth
' of buffer layer 203 as indicated in FIG. 2. |
o ' To understand the necessity for the next steps in the
25 'process1ng qf the semiconductor chip, it is helpful to understand
first the method employed for guiding the 1ight waves from one area
of the Chip to another. This method involves a ridge-loaded
waveguide structure of the type shown in FIG. 6. As indicated in
FIG. 6, layer 210 is of Vimited width relative to layer 209 and the
30 1light is guided in layer 210 only in the region that is loaded by
~ the top cladding 1ayer 211. To confine the guided 1ight to a singly
'_ mode, the thickness. t, of layer 210 is chosen in the present
" embodiment to be equal to 0.5 micrometres. In the present
embodiment where 1ayers 209 and 211 are fabricated of indium

m
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node, the thickness, t, of layer 210 is chosen in the present enbodi nent to .

be equal to 0.5 micronetres. |In the present enbodi ment where |ayers 209
,..\11 are fabricated of indium 35 -5- phosphi de, the index ‘of -
£\ RAction of these Iayers S approxinatgly_equal to 1.35.. Using equatlons

t he sl ab de of v U|ded at| the [ndex of -
refracti on fopgg @ﬁgf i“@e ﬂﬁuf@ g§8ﬂ|g Sth?ﬁﬁeiaﬁﬁfﬁri7nes t e\
conposi tion ohpmapxdmatelyeeqﬁelth0|h BHG. BsingbquatheneqﬂnomOMBefron1the

paper by H. “’s%ﬁ%eg§gﬁ %Beb?@ geotaee%h&hsﬁ hghﬁﬂg?tggggpth (R Tam r\/

Spri nger - VErIag ness whi ch
will support € ngpérﬁﬁaéoyofosrAgxgat269 cAnt hescepputed Qﬁﬂeﬁﬁi%e can be

co?prte?h |nérhﬁxpaeiﬁﬂhihastQﬁﬁecbhﬁbﬁith?ﬁ|6feléyQﬁV210h§eﬁ0ﬂ@9§?tlOn |
set for I n i s, ni val u ckne i s approxi mately equa
to 0.3 micronmd Gggg‘Tﬁe vHPaEEPSF]tﬁE“QFSPHS tF°Bf§6ﬁep?P§g ®Y oadi ng’

cl adding 15 HaWer Kagélntikchnwithe bookteptbphgdt ntegnate | optiesode, can

best be deter fd q¥m§§pe§bggﬁkgg_9g gt %§? ﬁgégara%e? ha{héhls wi dt h

will fall in the ran e of crone fs set forth
for | ayers ZOBiHZGUEZYelaﬁd°Ql$h19heeﬁﬁgﬁbiehnwbéldéFPE@FEdsbﬁslﬁfm?ﬁé

wavegui deyg o prbpwghthehehnomhibetﬁﬁa\SﬂnﬂﬂﬁégﬁieblQaHYbetsbhﬁﬂt@dIapﬁﬁ as
shown in FIG down t g ers %% g 1B he taper is cut
entirely throﬁéﬁ PS?@Pnflg s?ﬁﬂcFl Frﬁn ®p aY@t? f¥Q BY®total internal
25 refIect|onompbsishonldehefonthdinhﬁmsveﬁ, this nhninumevahnedobnly cut
down through ltﬂ%i:r:%%% 380ahrbinb hIyOeh @Y 618, 5 nfclBhekpgas that 1s

appr oxi mately e ness necessar% {3 subpor t
si-ngl e node p@bpagaiﬂsnforLéyerWZ@@hneﬁd ofil ¥heerifdge-toadine clada ding

15 layer 211 which will limit propagation to a single mode,
can best be determined by experimentation, but theory
predicts that this width will fall in the range of 2-5

.micrometres.: '

_ " With the parameters set Iorth for layers 209,

20 210 and 211, the light can be derlected out of the _
__waveguide to a lower level on the semiconductor chip by

L

.etching a taper as shown in FIG. 2 down through the T
layers 210 and 211, If the taper is cut entirely through ?

_ layer 210, the light will be retlected by total intermal ) v
25 reflection.. It should be noted, however, that the taper '
' :need only cut down through layer 211 and at least into
1ayer 210 to a thickness that is approximately equal
to one halt of the thickness necessary to support single
mode propagation. Layer 210 need only be wide enough

30 to give a region on each side of layer 211 equal to S
ahout the width of layer 211. | ' : g |
After growth of the. semiconductor layers shown 1n_---"h-z

FIG;.2 and inplantation_ot the zinc doped regions 220
_ and.221,'processing_of the semiconductor chip can ‘then
35 continue by forming layers 210 and 211 into the ridge-type
' structures shown in FIG. 6. These ridge-waveguide stripes
for iayers 210 and 211 are then fabricated by using
38 photolithography to mask the stripe-areas; and then



30. to give a.region on each side of |ayer 211 equal to about the w dth of

lQyer 211. After growth of the sem conductor-layers shown in -l G
2 and i nplantafion of the zinc doped regions 220 and 221, processi ngthe"_,-

sem conductor chip can then 35 continue by formng |ayers 210 and 2%
the ridge-type structures shown in FIG 6. 6 Tlese ri dge- wavegui de stri pes

foriLayers 210 apgigdla a&@mﬁﬂmm@rd:cmmeuamgpiﬁsmah@ttehahgoa}aphy to

mask the stripe eas - _usi.n nbi.pat _.on ctive-ion
pl &s#m et ching o &‘%ﬁ]ca?t"ehw P eded dip JAYeLPeLL0228d,20151 1
Anot her photol i tmmwmmimmmmm izatheal usell tbemaskeal®xcept

areas near the t PSStk e C I I's then
used which produéc’:es t‘%%%dﬂqm déonaqjlrgg%er?afjl% (}i?f Q?”gﬁ?h gﬁgre
provi des opt &al&%lﬁ#@im-\/\eeﬂn qmitqqu edeh ti@ thent ugeﬂdvhému t he
source and dete ﬁﬁdﬁéﬁ@”é;ik¥3¥ﬁd1eﬂu)on layersBQQGU%ﬁd@bllhﬁnbandgap
differences of t e va | ous %y OSSIbéi e sel e t|v et chants
that etch quickl ¥4ﬁﬁBQﬂtqqgaeF°3P Uﬁﬁn ﬁFe& BBl y when
the next |ayer iaf r’ﬁm:fnghtnglrieleam&W sloureiecaandcde tebabrciaygrsde t he
fabrlcator of thf ﬁ@%} ke 15 |n t he performance of these steps. See, for
ctroc

exanple, J. Ele émM Soc.: Solid-State Science and Technol ogy, Vo
126, No. 2 lmebruary 1@R¥auﬂﬂuqﬁwtne-hgydeemlﬂéf@neﬁneas Efcﬁhﬂgvﬂﬁi@he

S%/steml | ngaéﬁpl Inﬁr rYitS i p%%tﬂhegfttoahsepBela%h%SZetéaaaEssEndeuweh 20
O Sl O el s A 1 9 gl SLots ok, SepFedt sbly
by T. Kambayash wdiem|thepmext9-1%¥yer] isEireaichedhientThére. ar8obedesadt e
S?ience, Vol . ]j§%IJ¥Ené%s|¥ﬂﬁtl%L$zguide the fabricator of the device
; '15 in the performance of these steps. See; for example,
 J. Electrochem, Soc.: Solid-State Science and
Technology, Vol. 126, No. 2, February 1979, "Material-
Selective Chemical Etching in the System InGaAsP/InP,"
~ by S, B. Phatak et al, pp. 287-292; Japanese Journal
‘20 of A lied Ph gics, Vol. 19, No. 1, January 1980,
.'_ﬁChemical Etchlng of InP and GaInAsP For Fabricating
Laser Diodes and Integrated Optical Circuits," by
T. Kambayash et'ei, pp. 79-85; J. Electrochem. Soc, :
Solid State Science, Vol. 118, No. 5, May 1971,
25 "Selective Etching of Gallium Arsenide Crystals in
| H,S0,-H,0,~H,0 System," by S. Lida, pp. 768-771.
A photolithographic mask is then used to cover
~all areas except those where the next layer, 209 in
) FlG, 2, is to be removed. Layers 209, 210 and 211 are
30 then removed where they are exposed. A new
o photollthographic mask is then used to cover all areasfd
_except where the next layer, 208 in FIG. 2, is to be
" removed, and layer 208 is then etched away where

Ty

_ exposed
'353 ' This process is repeated ror the remaining
'layers, 207 to 202 in FIG. 2.
An insulating dielectric £ilm 231 such as _
38 30003 of SiO is then deposited over the wafer and is

ntg-



25 "Selective Etching of Gallium Arsenide Crystals in H2S[err] -H[err]

S SN " by S. Lida, pp. 768-771. A photolithographic nask is then used to -
cVer jall areas except those where the next layer, 209 in FIG 2, is.to be
rexoved. Layers 209, 210 and 211 are 30 then renoved where they are

exposed. A new photolithographic mask is then used to cover al| areas
except where the next layer; 208 in=FI& 2, is to be renoved, and |ayer 208

is then etchemveweu wvycac phvRoiedhographic masihéﬁcapﬂoﬁﬁéréShéﬁ@@ated fors™

th 0 t di el ect fil

231" such as B3 08siEef for uhbing elentripel Pontaet 40 kot or and is |
- covered by asemiconducsgrapbyersnst petups ahpoeeﬂdbystheepﬁeniawm for

making el ect @&%&ngoattags tOTBESeSEHISQnQPStQEcﬁ d&%eec g Sed by

t he previous etchi ese holes_are etc e |n t

and net aP® COHHHCFPﬁglfFPE@“?IQ“&nGiQEB 252808021 3 o %feqmlkﬂ¥ﬁ¢]°%ﬁ
chron1unmand1¢00ﬁ[emrhh@hmgﬁhdhnareoenﬂpe:ageﬂdpvefetéwa é%ed/\

photollthogra C t he Q e d for
electrical iMt 8# 3ﬁﬁe§ﬂ'§ﬁ ang Pﬁ@gﬂifﬁﬁoéﬁ%gﬁ’g% Tﬂ% ﬁ%’é

et ched away. toheoweirethesmeliah atzipescused terleyedyri@alnprove the ohn1c
cont act bet e 0 C T, ﬁ%?g re finally
.separ at ed a“gﬁﬁogﬁggkeﬁﬁiggc gegﬂH %8%;1 Gﬁtbfsﬁ %E*ﬂﬁﬁﬁscrlbed

her ei naB&e 1§ BECBPY 8WAYE| usirative enbodi ment of the present invention. ¢
Numer ous departuresmﬂaywhceﬁade hhethGEtSkre&eddlOaltﬁyéd) ¥¢é t hout

-departing fr h entio exa, e top _
cl addi ng Iay 8BB @LB§ gﬂﬁiggﬁnﬂﬁhggﬁ? %%ﬁ%% ys?W\ ?ﬂﬂ&?Q%EES ;
wher e : The 1ndividua1 chips are rinally separate@ and a
" mounted in packages. | - : - e

15 What has been described hereinabove is merely an o a

.illustrative“ehbediment of'the present inventien.- _
Numerous departures may be made by those skilled in the
art without departing from the seope or the present
invention. For example, the top cladding layer 211

20 may be entirely.absent_especially in those cases where

the primary guiding layer 210_is_expee£ed_to'guide more g
than a single mode, In those'cases, primary Iayer 210 T
nay be exposed to the air or covered by the oxide _ *
- f£ilm 231, | |
25
3
30 - -
35



the primary guiding layer 210 is expected to guide nore than a single node.

tn those cases, primary |ayer 210 nmay be exposed to the air or co d by ..~
tve oxide film231. 25 30 35 38 CLAIM5 1. An electro-optic in ed” /'
circuit wherein light is generated, guided and detected includi K
substrate having.-a plurality of epitaxigl 5 layers grown thereoni—the

eplraX|aI | ayers including a first primary | ayer having a.bandgap suitable
for ‘optical detection, a second pringEk&IM8yer having a w der bandgap

oy | aver s S0 Lh Id%r ??‘rs'f‘“%L°*’“‘%a5.“°gf°m§&%f&‘W ‘TS larger
than the bandgé&‘e(ﬁeit“h&i oft§ §¥P ¥§eflay5'r‘£|$6$ ?H@ ‘?? ‘i5| on of the
l'ight, and at |isedmdimg laagabsitratechaeing aaplundlﬁttam:&repnaxny | ayers
with a band er n ndg f e rimar
layers. 2. p q{é’%t rogcz)Ip?tu?‘ctlhg ggrﬁét gg Qi, i‘af 1+£&rre§iimu E‘n? d
wher ei n the f| mtﬁmmmnayelaysrt hevtnesesbaodsmrwiwe tfcplt he
Furthest T emve fr"?t" O o e g e circuit
as clained in ™ AR ﬁ“&i‘i@*’gﬁl §3§I g*“’l%?/’é?ﬁaﬁ')nﬂ Lﬁ#én“atﬂh*rrow stripe
| ayer forned asthatr Iedgebevdetenoedhbydtpelmargtlpqianar;?aayer, a4. An
el ectro- Opgt ¢ IeHed ?ﬁ-@gnaw iH&EraﬁaGiﬂbr@dbaﬂd&Lﬁ“ fhatt e Rl fpdal1e Stripe

I*ayer has
than the bandgap of the second primary layer for the

2. transmission of the light, and at least one layer

. | between each pair of adjacent primary layers with a
3 ' bandgap.greater than the bandgap'of each of the

& 15 adjaeent primary layers,

2. An electro-optic integrated eirouit as
claimed in claim 1 wherein the first primary_layer_is
the closest primary layer to the substrate, and the
third primary layer is the'primary layer that ie

20 furthest removed from the substrate. , o
3. An electro-optic integrated circuit as
. ' claimed in claim 2 wherein the epitaxial layers include

5 ' a narrow stripe layer formed as a ridge over the third
primary layer. '
25 4. An electro-optic integrated circuit as

' claimed in claim 3 wherein the stripe layer has at
"least one termination in the form of a taper which
'extends into the third primary layer so as to optically
couple the third primary layer with the first or second
30 primary layer. _
- B - 5. ‘An electro-optie integrated circuit as
. - claimed in any of the preceding claims wherein the
substrate is composed primarily of indium and phosphorus,
and the epitaxial layers are composed primarily of
35 indium, phosphorus, gallium and arsenic.
R 6. An electro-optic integrated cireuit as
_' elaimed in any of the preceding claims wherein the
38 epitaxial layers include at least two epitaxial layers-
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