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Introduction

LEA

communications and datastorage

cver increasing demands on:
* data quantity

* speed

* reliability

we already have:

* high performance transmission media
(ibers)

* high performance sources (laserdiodes)

* high performance receivers (detectors)

* high performance electronics

Introduction I @

Important field of application:

Optical transmission

light-
source
driver- detector
circuit circuwt

detector

|| } optical fiber | { ||

clectro-oplic optic-clectro
converter converter

cmitlor 1 transmission medium : Teceiver

optical communications (fibers)
optical nctworks (LAN)
optical interconncct
optical computing




Introduction el

integration soon leads to
very complex circuits

integrated receiver for
coherent communication

__—PIN-phowdiode

butt-joint
3 dB coupler
signal
\\ & mult-electrode DFB-laser

(NTT-Japan, AT&T-USA)
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Building blocks | >\

Electronic components

* transistors

| Si- GaAs -...

Optoelectronic components

* light sources

* detectors

| 1LV - Si-...

Optical components
* waveguides

* optical switches

LLiNbO3 - 1I-V -....

| Building blocks |@

Electronic components

bipolar - field effect (FET)

JFET Si -
GaAs ..

MOSFET Si (N) (P) (C) MOs, ...
GaAs

‘ MESF?T glaAs |
rSi, M-V |

Si: integration = matcrials problem

GaAs: integration = structural problem




2 - Building blocks

MESFEqraéi HBT | Optoelectronic components

N Lasers, LED's, Detectors
Id

vd '
1I-V
150 nm i Vo
&
substrate 400 m

-Vt Vit
emiltor-contact r
mesi- base- ‘,
isolation  contact PECVD- ;
;

5i02

A n+ - GaAs
n-GaAs substrate n - AlGaAs

p - GaAs e
collector-contact n - GaAs

POVAN DALTE TV MICROFLECTRONICS - Strasbonrg 307 11790 13 P. VAN DAELE 11E-V MICROELECTRONICS - Sizasbourg 3/ £/ 00 i1



L

SLM LASERS
DISTRIBUTED FEEDBACK (DFB) LASER

active layer

DCPBH - LASER

TUVTEGRATION BOF LASER DIoDES
THE CAVITY LEVGTH PROBLEM

<3i®O0 >
Al

"ROBLEM: _

ﬂle — —_—
/ 7 Orp.mu EnL.mr = _O.mn.‘ .&asﬂﬁe

cleaved obheaw
..Troﬂg

S m.gc.k."k

imser

t f

SLUTIioNS

curved TIR wmirror DER Licer Swriac

Wty uide laase
& Sty -V = v iy

laser




Building blocks

LEA

2 - Building blocks

LEA

Optical components

Passive elements (waveguides, splitters,...)
111-V, Si, LINbO?3, glass, polymers,...

Active elements (switches, modulators,...)
[1I-V, LiNbO3, polymers,...

n upper 4
2 cladding - - ‘H;'.::;Es-:_é :

RIE-etched waveguide

. VAN DAFLE 11V MICROELECTRONICS - Stasbourg, 30/ WA




2 - Building blocks I Vi

Waveguides for integrated optics:
' directional coupler

I VAN DALLE ]I-V MICROELECTRONICS - Strasbourg 30/ 11 790 19

2 - Building blocks I @

Waveguides for integrated optics:
directional coupler

e
iZZig AN ﬁﬁm
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| Mﬁ/%

..................

P. VAN DAELE UI-V MICROELECTRONICS - Swrasbourg 30/ 1§ /40

20

I ke



Sb,mw.z\ Y‘\_.Qc\aﬂ.u.ﬁ _w.S\.Q
Q»).er\umu o %r.)t@%u S‘wUnJ.v\UJ. mw.ow...c_‘ﬁ.dn\\fo‘urﬁu ®
1z JUQ, wb....w\ud ABDU SQ...LL\JB\QSJ J¢30;® .

WAHM\UI\W J.Mni. 0\.& Oﬁ{ul\h P

PXOIP INI3T0

&US ‘JO“J@ Vi NSNS TE S S W e i
(s42y>297pP
asf 3y Bazn ty100)
ms..NLJ.ZUIb
S R A ARl A A
ppf gwreveeR e
N

WS.QL._JQJ Vm.!w o 7 7 77 \\M\\\\\\ \ -

SHTIND INYM
INISSYL, INVY  30142¢ FROLIEL DM1T400D

wpTw -
A.Wﬁﬁuudﬂgn 5«.\6@ %.. bkuuxvv . _

..O.U.uu%vd\ g..w. f— wwclw \us.. Pu | dadd (4 ~-w

%s?mo.uds. oM <—  Tu-'w & - 'w

u¢6f\\ B ¥ \u!‘ T &
™ A

s Hop Eamn AJ S

w:‘ T /

. mI\NnTJQU I°P T

{ 20y TpO M >erred »erssed.  aoro

sgaiNP IAYM
TAICS S X aat1 1OH ~gZaM AT DQ\JL\DDJ



Techniques @ , - Techniques I @_:

Different techniques can be used:

[ transistors ]

l lasers
LED
possible 7? ‘\‘

* hybrid integration

* monolithic integration

homo-epitaxial growth

hetero-epitaxial growth

detectors

INTEGRATION

waveguides
switches

Allernatives:

‘ * flip-chip integration
T * epi-lift-off




Techniques @ ; 3 - Techniques

hybrid integration monolithic integration

Integration of different chips:

-eration of diffcrent chips: , :
Integration of diffcrent chip via "crystalline” growth

by means of epoxy / solder _
on the same carrier

on the same carrier _ , .
interconnections on chip-level

interconnections via wires

Structure of high speed modulation laser diode

POy

Momidr cocun tatmr dinng cacamt

B TS g BT or:
S i waveguide / .

wavcgd.i.d-c crossing ; :
. —
0 8%men 4
Si VLSI
P Z
v/
L 47

Si VLSI ok V1
/(:ucml circuil
ey

/s 7
1

Si L

substrate

7 7
Lo PO. Sem mulaing GaAs subsuate LO laser dwrde

PO photudiode

P. VAN DAELE I11-V MICROELECTRONICS - Strashoury 30/ 11 /90 )



Techniques I -@

monolithic integration

problems:
* materials incompatibility
(GaAs on Si1, GaAs on InP,...)
* different layerstructures
(Laser + waveguide,...)

* chip processing difficulty

* lasers are power hungry devices

Techniques I @

flip-chip integration

contact paths chip 1

nterconnection

substrate solder bumps




Example o / 3.LED epi-lift-off \

GaAs on Si integration | ELO strategy 2] using a wax carrier

GaAs device

Sicireuit S - ELO etch in HE:DI (1:5)

WX

%

Si substrate GaAs substrate - - A S
\ / GaAs subsirate

GaAs device

Si ¢ircuit

- Deposition of AuGe/Ni for backside contacl
AuGe/Ni

Si substrate - ‘ /

Advantages
- GaAs and Si devices optimized separatly
- final integration similar to monolithic integration - Adhesion to Si silver
(using heteroepitaxy) AuGe/Ni cpory GaAs device

GaAs device

Problems Y E.—i—._':i‘;

- very fragile ELO film (to be supported) : r or

- alignement .

Fast attoymg ar 450 7C with stlver cpoxy

- dearadation
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LEA

Processing

Igw
aao(on)

3d7 STINDINHO3L
(e) INVLSNOD 30ILLYT TVYOILNZQ ANIW3HIND3Y

e JOILLVT
- TVLSAHD
alessqns V\ jensqns
SVED 1 syep
, SYey
SVedlv a3dogu
suonounfosaay suonodunfowoy

TVLSAHO LNIHIS410 HO JWVS NO
TVIHILVN INITTIVLSAHOONOW 40 HLMOYD

HLMOHDO TVIXV.ild3

- epitaxial growth
- lithography

- metallisations

- etching

* change processes

* change design
Problems can differ very much
creativity and flexibility required

Integration (monolithic, ELO,...):
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4 - Processing Processing I Eﬁ§

lithografie

epitaxial growth

selective and/or non planar growth: non-planarity results in problems for:

formation of different crystallographic

minimum feature size

planes and polycrystalline mate

N ",

ral

- T

= 4 - s eA—

i. VAN DAELE 11I-V MICROELECTRONICS - Strasbourg 30/11/50 35



4 - Processing

LEA

4 - Processing

resist profile for lift off lithografie

after deposition of metal

advanced resists and lithography: NEPPOS

M . spinning flood exp. baking

— — —p

over - develop. development eXposure l

I ] 2 O [ Ny e S L

P VAN DAFLE -V MICROELECTRONICS - Strashourg 307 11 /90 37 P. VAN DAELE 11V MICROELECTRONICS - Strashourg 30/11/90 3R



| Processing I @

metallisations

Different materials required:

ohmic contacts (Au, Ge, Ni, Zn, Ti,
Pt, Pd, Ge, ...)

Schottky contacts (Ti, W, ...)
interconnection (Al, Au, ...)
extra (Cu, Ag, In,...)

all must be compatible:
with each other

with used materials

. - Processing I @

etching

Different materials require:

* yariety on etchants
(selective and non-selective)

* perfect control on etched profile

(crystallographic orientation,
layerstructure)




\ Processing I @

etching

influcnce of layerstructure
on etched profile

n - GaAs
n - Ga30A170As

..... j——’\) - Ga70AI30As —5<a
—X e p - Ga30AI70As

undoped GaAs substrate
hv

interconnect

n - contact
pP- contact

\ ' Processing I -@

etching

Dry etching processes

i Several forms:

- Reactive Ion Etching (RIE)

- Reactive Jon Beam Etching (RIBE)
- Ion Beam Milling

Tons hit surface with certain velocity
Combination of impact and chemical effect

+ strongly anisotropic etching possible

+ independent etching of different materials
- damage effects

- low selectivity




Processing 42\

Reactive Ion Etching

 lop electrode

‘ gas inlet
i

botiom electrode

T P —————
18um300KkY I20E3

L]
SQ78-87 RUG~LEM

1Bum<ianre., | . 22

SR268-37 RUG-LEM
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4 - Processing

Reactive Ion Etching of quantum dots

TAD
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COMBINATONS

MATERAL

“FIC

“Fosmcoe

!q C,t'l.'o!_. OF

t(.caﬁ&c q [T

¥ reporks

dt.m:c.e,

w&%w‘d{z

mon 02" a“'c.

TP

Ta?

mouoa'er-\..‘c_

GuAs

GuAs

Aru-n - O J.Eh-

<

(P'la ol o

GQAS

mo.uc.au.:ic.

ar

TuF

'n.a brod / ELO

GeAs

[ L 4

TP

Examples

receiver:
* general performances
* photoreceiver via flip-chip

SOurce:

* Laser - waveguide
* GaAs on InP transmitter

systems:
* IBM optoelectronic lnk
* optically coupled 3D memory




S- Example\s

LEA

receiver:

* general performances

I VAN DALL

Received optical power (dBm)

'_!O T 7 7T T T 1T T rYrry T

NRZ, BER = 1072

o A= 1.3 ym
e A= 08 pm &{'

/’ . OOF J
-20 | AR 1987
I’ ,
\(HEMTJ

MA'T'O (Hetroepi) ,

5TC

NEC 1985

| .
\ NEC™ o
0 j(ﬂlp Chlp)
- 3 O -

CNET S SMTHEMT)

T 1TTT

(9.
NEC

NE BEST

% ener {F-C) PL hybrid
o. o PIN/FET
_40 ATT 4IBM 2 InGaAs APD |
s 1y 91 1 11 1 b1 Ly

Ol | 10

Bit rate (Gb/s)

E-¥Y MICROELFCTRONICS - Strasbourg, 30/ 11 /90 51

S - Examples @

receiver:

* photoreceiver via flip-chip

GoInAs PIN/GaAs amplifier receiver

GaInAs PIN-PD
GaAs FET
S G D
2\
p-contact
SI-GaAs sub. 1

Makiuchi et al. (Fujitsu), Electr. Let. vol 24 No 16

P. VAN DAELE IIt-¥V MICRQELECTRONICS - Strashourg 30/ 11 /90 52
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DISCRETE LASER

p* - GaAs

/4]

L8
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p - AlGaAs

L3

L\

Examples =
source:
* Laser (GaAs) - waveguide (polymers)

plype contact  SiNx isolation kayer

Al r ;:m'
_I .,

e

n-type contact

nGaAs B oched - waet elch for removal

— laser facat of GaAs spikes
' bt 0ot aovd mpwnglle Sdged powid
ook privngi i, il ol a)
H
s 0 clnpn] e Ll
3=
Sa
}
| )
i L]
3 Pak
aciive layer :
. Ll
RIE-etched . %W M
waveguiding region Curmart ()
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S - Examples )\

LEA

source:

* Laser - waveguide (I1I-V)

L ] ) R —
10um302kU 262E3 276@ 39 RUG~LEM

P VAN DAELE N1V MICROFLECTRONICS - Strasbourg 30/ 11 /90
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S - Examples

LEA

source:
* GaAs on InP transmitter

n-GaAs
non doped-GaAs
Auln
T ’
\ ——Au/Ti N\N./Auc;oz
’n'-InGaAsP ! /
+
=
| L=/
Si=InP (0ii)
PBH-LD GaAs-FET

Suzuki et al., Techn Dig. ECOC'88

P. VAN DAELE -V MICROELECTRONICS - Strasbourg 3th/ 11 /90
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Conclusions @

INTEGRATION OF
OPTOELECTRONIC
COMPONENTS

necessary for:

keeping high performances of individual

components in complete systems |
reduce power consumption ;
eliminate sensitivity to environment
incteased functionality

slowed giown by:
huge problems during fabrication

but:
feasability is proven
high expectations (performance, cost,..)
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MODELLING AND DESIGN OF

" INTEGRATED OPTIC CIRCUITS .
- Introduction Basic IOC's Components :

«  Passive
- waveguides
- bends
- Y-junctions
- crossings
- directional couplers
- structures with gratings

»  Electrooptic

- phase and intensity modulators

- space switches

KOUmrEZO\yZODmmmOZOw . . . .
INTEGRATED OPTIC CIRCUITS Basic MOO § OOSﬁOH—m—,—nm *

- Introduction <<m—<mm=mﬁ~mm
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DELLING AND DESIGN OF . 's Components :
LEGRATED OPTIC CIRCUITS Basic I0C p

stroduction Directional couplers

I\Il/T...

g
i -
wavelength
IODELLING AND DESIGN OF : ' .
~TEGRATED OPTIC CIRCUITS Basic IOC m. Ooavouum:”m *
Introduction gratings (1)

e “wavelength
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YDELLING AND DESIGN OF
FEGRATED OPTIC CIRCUITS

stroduction

Basic IOC's Components
Electrooptic space switches
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ODELLING AND DESIGN OF
‘TEGRATED OPTIC CIRCUITS
'd mode solvers

Optical Waveguide Modes :

definitions

Maxwell's equations

[time-dependence : exp (o) ]
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+ continuity conditions for E, H

+ radiation condition at oo

guided mode substrate
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ODELLING AND DESIGN OF Optical Waveguide Modes :
"TEGRATED OPTIC CIRCUITS

'd mode solvers definitions

Simplification of vectorial modes ——* scalar approximation

. . W
« Typical planar waveguide : i |
- width W > height H

guide AL

- lateral index change small substrate dH
——= vectorial modes srqu—y
E,H
scalar modes
- —
H E
= i :
X
quasi - TE quasi - TM
- — — - — — — — — —
GEL 18, 1)>>dE |, 1E] [HD dud, g h>>du,l, K[, [ED
JODELLING AND DESIGN OF : . .
TEGRATED OPTIC CIRCUITS O—uﬂ_nw_ <<m<mm-.=m—m Modes :
d mode solvers Qmm—.:n_O—.—m

Example : equations for quasi - TE mode

-

E, =0

- Viect(oe —p)e=0

* e =0 (ascalar function)
* (e, hy, hy, h,) can be computed
* small lateral index variations :
_ 0 h B
—e,=0, hy=0,hy=

Wilg &

.. y
— -+ boundary conditions e

d
TE : ¢, and = continuous
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YDELLING AND DESIGN OF Effective Index Method :
TEGRATED OPTIC CIRCUITS ,H,—amc—.%
d mode solvers
wavegquide
« discretized solution for F(x, y) and neg(x} : \|m|

d’F ) ,
am@ 241 (02 () - i) Fie 0) =0

& (xXk, ¥) = Fiuly) . G(xi)

slab waveguide n4(y) 'slab waveguide N (y)

Noff

ODELLING AND DESIGN OF T .
TEGRATED OPTIC CIRCUITS mnﬂ.@ﬂﬁ—dxm H:Q@N zmﬁ—.—cﬁ— *
’d mode solvers munm-s—u—w

+ channel waveguide in polymers
A = 845 nm
contour plots of _eor E_

(0.05,0.1,0.2, 0.5, 0.8, 0.90, 0.95)
— note rapid transitions of Zvor 5_

W e Sum
LT} a=1.637
633 P e
Bet, o 2:m
S — -
TE ,, (\ L RE
" “ dum
nel 62 - . 4Gum -
Effective Index Method
W m um
nal P 241.537
oei.533 4 M“
((»\ B, + 16270
| 3um
n=1.62 -l Ll

Eftective Index Method
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{ODELLING AND DESIGN OF
NTEGRATED OFTIC CIRCUITS Scalar Finite Difference Method

2d mode solvers

* Finite difference unit cell

IODELLING AND DESIGN OF
YTEGRATED OPTIC CIRCUITS Scalar Finite Difference Method

2d mode solvers

Continuity conditions :

9

a0 continous at boundary between S v
an

Substitution of the discreted form of qﬂme and the continuity conditions into
(1) leads to :

< 2 2
wierw) Pw * sin¥s) s Wierw) | ele+w) & S(n+s)

2 _2_ ( 2

2 2 2
n{n+s) Ve_u+m$+<5 em+ n(n+s) ez (2)

D WNE,+ WSE 5 + BSE 4+ €NE 4

+xo

0p - B0, =0

(e+w) (n+s)
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{ODELLING AND DESIGN OF
‘TEGRATED OPTIC CIRCUITS

2d mode solvers

Scalar Finite Difference Method

EFFECTIVE INDEX METHOD
5% W= 8um
10% __ b=l " 11.637
209 ne=X.633 JIMﬂ.j Wr:.”
B0%
: ' Spm
BO%! pa1e2 i 4Bum
20%
g.
FINITE DIFFERENCE METHOD
"-.“.. n=1 E-snrauq -
20% uwl.633 2
50% .
80% n=1.62 46um
90%
95%
iODELLING AND DESIGN OF . . e . .
ITEGRATED OPTIC CIRCUITS Vectorial Finite Difference Method :

2d mode solvers

Theory

Basic equation :

) V2 h+ (e — B hy=— == x (V, x h)

« finite cross section Y waveguide

+ graded mesh

+ each cell constant permittivity

€] €
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TEGRATED OPTIC CIRCUITS Vectorial Finite Difference Method :
imode soivers —mea_u—m :rib €N<0W=ma~m 1

Waveaude gegmetry

Scalar FDM :

3600nm

mmewO~ n=1.52 600nm <

SiQ, 1 =146 TE —— TM---
A =754nm

Vectorial FDM : Vectorial FDM :

- — TTTriiiaiiiTies
y H
- :: 11
ODELLING AND DESIGN OF . « . .
"TEGRATED OPTIC CIRCUITS Vectorial Finite Difference Method :
*d mode solvers Example : rib waveguide 2
waveguide geometry without material dispersion
nete}
SiO - 2000nm eff ~—— gcalar FD
2 In=1.44 .
||_I||_mo=|5 175 ++ «+ vectorial FD
SigNgin=2 150nm .
mwOm n=1.44 1.65
A = 800 - 1600nm 16
1.55
1.5
145 |
8 9 1 1.1 1.2 13 14 15 16
A (um)

Conclusion : EIM overestimates Ngp
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10DELLING AND DESIGN OF )
NTEGRATED OPTIC CIRCUITS Beam Propagation Method :

beam propagation method mﬂmm:.mnﬂmb-._m

- Simple solution possible if

propagation field is scalar

- _@_AA_
Ny

no backward reflections

angular spectrum limited
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