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(Optical Waveguides Fabrication‘ Methods)
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WAVEGUIDE FaABrRICATION: (from D.L Lee)

1
1

The {abrication process for any given slab waveguide depends

on the materials wed and on the physical geometry (2D or 3DD.

The slab waveguides can be separated (nio 2 main categories:
| 8) the dielectric slab waveguides, and (b) the semiconductor slab|
| -t !
waveguides. In each category we Can dts-!-ingu.ish 2 different !

types of waveguides: @ the step-tndex and (@ the graded-index

waveguwdes. Thus the slab wavcgw'des and their corvezponding

Lfabrication processes cen be summarized as follows:

sLab Wavegquides

Dielectric Semiconductor

] |

i Step-Index Gracled-Index Step-lndex Graded-incex

I []
|. . | : : . | > < N/A |
Sputtered-Film Im.Ht%ahﬂn Liquid-Phase Epriaxiel
mer-Film Proton Yapor-Phase Epitavial
Roly | '} xcRange por-P p 1
Hetal In-diffusion Molecular-Beam Zpitaxial -
Jon- Implanted |

|

|

A brief of each one of the above Mmentioned techniguas wll

be discussed next. -:
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Dielectric Slak Waveguides:
ele =) a wud

A. Step - Index Waveguwides:

Step-index dielectric waveguides consists of a thin £ilm Lag:r

of high permitlivity on the top of a subsisie of lower perme:Ej
|
|

v;"!::’. The film can be either amorphous or pciﬂnﬂsta.fﬁine_

5. Spuiter:d - Film Naveaw’des:

Sputtering (s the process of ejecting 3toms or molecules
from 3 solid source target, in 3 vacuum, by bombardment
| with other hish kKinetic energy 3loms or Cons { with energies |
(n the range of 10eV to 2keV). The EJEC'EECI atoms or mni&!
cules are then allowed to impinge on a nesrby subsirste produ-

r.ins a thin Laud,o.r which form: the film 133&:’ of thle wavegw‘de.

In +hae qim—di:charge sputtering method. ihe presiure is redained

fow ( 10-20mTorr) with 3 ?iqwing cas (Lilke Ar). For ionization

of ihe g== ceveral E;anai:li of an{,agﬂ could bSe apph'e::;. For :'r"ns:u.,f'b

[ 7]
el —

ting target: an RF instead of a DC voltage is applied.

The sputtering depositien rate is 3 Funcilon of a number of para- |
|

meters including "targlf composition, ©@n kinetic enerau, 934 presjure, |
o | | L= |

| Qas type, substrate -{u—{arrg(e‘c se€paretion ond orentation, and
' substrate temperature, EPU‘E‘[‘EriﬂE rates are rcf-s_{in.lxé Zowr .

= !
tn the order of tens or hundrmds of A per minwde . The |

!film grmu{}w rate is a Qa'nqar function of 4time anrd thus cmr\fmﬂaliz

gjﬁim thicknesser carn be arown. An fon gun con alro oe used to!
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hawﬁr Traures:

Alrernatve

" /mm jon gun
SCanner Substrate
k@ /C//'/,O’ SR
Target
- I‘m"*
O o
Shuytter Tyt

QLG&-J—':-“:CIFEN‘EA soutRenng {on- cearn. SpusEnng
-t i - i . =

. 3| 4 ' f fl pofF " ir
When g metal oxica .a-n". s Neesea QXY ?Ar «JJ- LS Inciuwad InTo Tnd

snould ke mentlaneg +hat tre

\ . n S
chamber. As 3 acneraf rermaar< 4

| $ilm sputieans Drou . Mains O mecnanifan Droce ss.
ﬁ, SUummand 0o° e Mo ‘L' COWmy T ‘,m-t“‘rﬁ'{{'n_'. BN k] 'rh*'«f‘-_._.!':.f'\..';h (s '.t"",}z-_yr.-:
(o the follow g +abla:
Film Material Film n Substratc Material Substrate a Attenuation (dE/cm)
Barium silacate 1.48=1.62 @ 0.63 um Fused quoarntz (a) 1.512 @& 0.63 um 1.2
glass (a) Microscope slide (a) -
Ta.0, (2) 2.2 (0 0.63 pm Corning 7059 glass () 1.5285 G 0.63 pm 0.9
$i0.~Ta.0, 1.46-2.08 @ 0.63 um Coming Vycor 1.457 G 0.63 pm 0.8
mixture (a) glass {a)
NbO. (2) 2.1-2.3 @@ 0.63 pm T059 glass (a) 1.5285 @@ 0.63 um 1.0-2.0
Ta.0, (a) 2.2 o 0.63 pm LiTa0, (x) with 207, 2218 () 1.0
Si0. buffer layer
Zn0 (p) — Fused quartz (a) 1.512 {0 0.63 pm -
Ge, (a) 1.6059 (& 0.55 pm Microscope slide (a) 1.5158 @ 0.55 pm 0.7
Corming 7059 1.53-1.61 (@ 0.63 pm T059 glass (a) 1.5285 @@ 0.63 pm 1.0
glass (a)

Notes. (a) Amorphous material, (p) polycrystalline maserial; (x) crystalhne matcrial; (1) retractive index depends on guided-mods polarization.
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2. Pclﬂmer - Film Waveguides:

Tn these sep-index warequuides ¢ commer (3U8r L DEPOIITEA on |

. |

1 [ P t | g T | [ : 3 i =r | s
top of a subsirate. In the solution depozit dechrigua tre subzdrat |

ir covered by 2 polymer goluiiron ard fhe Dauig <egar 11 controlled
(| I -
":3 spinning the cubzirate a2t a rate of seveoral Ahouiaand romm LN an 3Xis
- i
1 - - [ g ] L e
perpendicular 4o iz turfaw. Thin, depenaing on <ne polymer wyedl

; T T O e s s paviin el B0
the {ilmr are dried anc BLakzo 21 @mpereTwres (N INE renlk o s0°C

1o 100°C .and for times of Smin to 70 A, LOw attenuation waveau.h

I

|

' . . 1

{ des (0.1-0.3 r_isfcrr} can bBe {acricat®d with thiz melnoa |
- ]

A second meihod (nvolves 3 siezrma pofumerizatiion. process. A
b 1 » -

! ”"\ w !
EEEC‘}HC d:'SChcr'g,z 90 enviromenT of momnarmrars Collies ir»grﬂtn‘f‘é'!‘lt::.m

-

and rebondino of ihe OoOroMmers 1o Doluymerz a3y Jgre &Ef,ﬁuf_?d {
- <
1 i
on the subsirate.

Using the solubion 2echniour o 12 rather dirficaus fo conirol tine |
L 3 |

unii‘ufm:‘h_.j and the thicknesz: of ihe fiim. Us'ng 1r2 ve Gum JiSCNe-

'-‘%c the qram*‘.’n rates are Lincar 273 ‘Lfﬂ_} Fasul: dare ot AL order o
d

-

s : . :
1000 A Imin. The fzapi ofiOw LT AaAriZe T ot s S puh;,i\;_:rrjr mvﬂamw
|

Film type Refractive index Attenuation (dB/¢m)

Polystyrenc 15860, TE modes -
15888, T™ modecs

PMMA-SAN mixture 1.490-1.565 0.2 |
Polyurethane i
Type 9653-1 1.555 0.8 i
Type LX500 1.573 4 ;
|
Epouy 1.581 0.3 :
Photoresist (KPR) 1.615 7.0 .

VTMS-HMDS mixture 1.4838-1.528 0.04-0.3




Table 7.1 Composition and Optical Propertics of a Number of Step-Index Dielectnic Waveguides

Film Material Film n Substrate Material Substrate n Attenuation (dB/cm)

Barium silicate 1.48-1.62 G 0.63 pm Fused quarnz (a) 1.512 @ 0.63 um 1.2

glass (a) Microscope shide (a) —

Ta.0; (2) 2.2 @ 0.63 pm Comning 7059 glass (a) 1.5285 @ 0.63 pm 0.9

5i0-Ta.0, 1.46=2.08 @ 0.63 pm Coming Vycor 1.457 @ 0.63 pm 08

mixmre (a) glass (a)

Nb,O; (a) 2.1-2.3 (@ 0.63 um T059 glass (a) 1.5285 @ 0.63 pm 1.0-2.0

Ta,Oy (a) 2.2 (& 0.63 pm LiTa0, (x) with 2.17. 218 (t) 1.0
510, buffer layer

Za0 (p) — Fused quartz (a) 1.512 @ 0.63 pm —

Ge0: (a) 1.6059 @ 0.55 pm Microscope shde (a) 1.5158 @ 0.55 pm 0.7

Coming 7059 1.53=1.61 @ 0.63 pm 7059 glass (a) 1.5285 @ 0.63 um 1.0

glass (a)

Notes. {a) Amorphous material, (p) polycrystalline material: {x) erystalline material; (1) retractive index depends on guided-mode polasization.

Table 7.2 Optical Properties of a Number of Polymer Film
Step-Index Waveguides

Film type

Refractive index

Attenuation (dB/cm)

Polystyrene
PMMA-SAN mixrure
Type 9653-1
Type LX500
Epoxy
Photoresist (KPR)

VTMS-HMDS mixmerc

1.5860. TE modes
1.5888, TM modes

1.490-1.565

1.555
1,573

1.581
1.615

1.488—1 528

g

0.3
1.0

0.04-0.3
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B. Graded - Irnadex Wav

(4]
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[
L
4]
i

Graded -index waveguides are produced by the modification of the

r (s surface by in-chffuszion,

n
-

refractive (ndex of W2 sussrate me
. o " . i .

or kinetic trmpact, or excnange o zamez atoms with others. The
. a I . oot ; P i ; !

*‘Eh&&'lﬂg reiracitive LOoox pra:‘:.‘r.; i theae Ccases has @ continuour

variation.

1. IDn-Mtgraﬂaﬂ Wavegu_ides:

Maﬁ(j 31655 '.:Hpﬁ_?; Comtaim M xtures o S0, with metal oxides

such s L, 0, N30, K,0 and ALO; . By diffusing tons such ss

'
v

{fusea region can be rade

= + |l ; : -
Aa-i_ 4 TE*J‘ GII .Il": H I‘ﬂ.tr‘:' _r-i:n|e 3.355 s JLr"';\-." '-:lll
to have H‘;‘]L\Ef reiractive WWaex than the undiffused 3?34:-.
An exarmple of diffusing Ag” it shown (n the figure, The maxi-

murm increase of the (ndex of |

-
Ground
Alurminum film I K " .
reiraction near +he surface (=
AT AL : i
Substrate 0.L. The diffuzon process |

i I : ; ;
Carn of aCfQﬂEratEQ wirth +hg |

\-Multenﬁus:ﬂﬂa ﬁeE{: -.:1—.:? an aPPEied e,Iec-[-riC

field. The waveswide lossis wiih thic method ar of 4he order of

& .Fm tenths of o3& / cm.

2. Proton- Excharnas Waveguides: i

LINBO3 and LiTa0z have good elecdro-antic , acousto-optic, and

f

piffceﬂzc-ihc Pvoperties. Thuws, tadrication of mgu-eau_u'des T,
o

il

[ £ oo, . . 5 - ’ .. : |
These cnjaia,mwr_.- materiadd i 0f Qareat (nterest. prf::rtoﬁ-cxf‘nu'ng_-
|



LS a b.‘-:cl-méqm similar to ior‘uem"gra{fan- Trne differency s that
Eiﬁs{‘eacf of w0y other metad ions (L ﬂ\ﬁ"') hfj-c:irogxﬁn ioN: are |
used. Thus , metel lons from LiNbO; LiTeQ; are replacad by hr:fdm_l
e n Cons. The procadure inveolves the placing of the substmte n

a SQLu+|'an of benzoic acd which is heated 4o ~200°C. The HT

;:; |are created by fistociation of +the acid:

ity - -+

i3 CegHs COOH CeHsCOQ™ + H

FEEE Tne number of protons (H™) depends only on the demperature.

{ﬁ Then L' s replaced .f.rcm LiNbO3 or Li TaOgs.
1 For these materials the proton Excharﬁ%ﬂ. has signifrcant effect
only on the extracrdinany (ndex of refraction. The Chanca,e of tha

Qk{'raﬂ‘rﬂn'ﬁav‘j brncly iz~ 0,12 (at Ja =0. 6328]-’!‘*"}, Tha prﬁma

s very rap'd. Tha waveguide Llosses zre a5 dow a3y O.94B/cm.

3. Metal In-Diffuaion Wsvegwides:

T.n f,|"‘|:|'5 -me-f'Hc:ci = ‘E_hl-'r'\ mq*ﬁ-a.ﬁﬁjc -forlm F.‘rf: ‘Lht'ckhess r@ngxmg r_f;"mrr-
150-1500 A (s spuwhtered or evaporated on tha top of tha sub-
strate . Then the subsdrate is heated (n irnert (or cambinations

cf inertT and oxugen ) atmos hre at ~1000°C for 3 perfod of seve-
. <49 P =

ral howes . Thuy, the metal s diffused into the subsinte creating |

I the il 13{39,»:-. Usually , = Gauasian index distribution is produced. |
| The method hsy been wned on LINLO, & LiTaOs. For LiTa Oy

| Nb W wed while for LiNbO: TV wa wed for 4ha metedlic »&aﬂq* i'

|
Maxirmum chan%m of thy refrichive indix is 1% -3L i %:O,Egﬁﬁmj

Pmpaamﬁsn Uosses 2ve Cuy then 4dB /o,



4, Ton - ITreslan-ea Waveauuaes :

. 1z ] ‘. - !
-Ih Jrhl'-r gl N3 ENgroldnt WUOnsS LMy aQing On a Swoftral
C ! il o)

' } - & ol i B e e - =
o Cawne 1he TOCTreahe o= wg inaex O YEIriCouidn. na TaNs rereaae
£ : ‘) 5 _| 3 £ A, o - . - B
their kinetic energu thruwah a Senes or colddisions and finally, Come
s | ol 3 .

Il —

1o rest inside dha subsirate, The kinetic energies OF ihd adcelaraira

lons ayt of the order of 10 - 500 keV, Tre rewuwlding index pwliis
depends on ihs (0n flux arna kinehc energu. EXamply -IZ,-,ﬂ—_,-'_'JI;EE G

He® i ]ant P Liicoey Sy el W Bl .
.ﬂ"-.p anT= VTS Tt O ke dre TAOWINY LN Lee oilavuing  Ti1awres,
i e

s 1.010 -
1 % 10'8/em? : Ng=6x 105/em? 1 300 kev
5 = g e
1 e v — e _._...l.__..-'-:_'
1005 |_6%10 > 1005 = . 350 keV
4 x 1013 = g gy =
e e S — = :
2 x 1015 ) : 100 keV
1:000 ;'5 1.000 1 3
’ 0 0.5

[
i

Depth {um)

Jon-implented waveguudes (n fused stlica heve meen fabbricated wa N3 e 'ﬂJ‘.'L‘;L.
range of ions . i'ﬂr;EM::‘}"n_E H—EJ Li, C ., P X2, ana
Ton- implantetion wai A jons cuch as N, Q, B,Ne ,H, and He has afca
been Wred 1o cwete waveowoes (n LiNBOa arg L Talz. For 4hase

¥ ' ] l 1} - ] | ! 1 P 3 i,
mafnai'.. Nowigvyer Lne tpianyaTion Cefat@l reQ'Dms o+ iOWEY DErmmiTh-

r * o . ~ . 1 i < e
‘w“'j. An Sxarn i -"‘E-‘;’-rar_‘l'fure index Ir_‘:.':-«:::": e 12 Inown (n Tty Piext gl
S



o
My
A FTD AL

E = 200 keV
—al Ny=3x1080cme

| I | | ] |
0 0.2 0.4 06 0.8 1.0 ‘

Depth (um)

Losies (n ton-implanted waveawides can vamy -“romm S - O.L4B fom.

B. Semiconductor Wareguides :

B 1 =0 .
The procedures ured to fabricate waveguides on semiconductor
matercals resuldt (0 Bﬁp—iﬂde* wWareguades,
-
By controllling the waveguuda g,n:nmef‘m ard a2lloy Ccomposihons and
— d — i
dG_P\nE we can tadlor nof anby  the perrn TT /:':1 buwt also (Mmportant
; e_.ﬂ $ : oo sy SR ) i - ~
OptoelecTronics paramerers sucn 3h canc-935, Carcer Confinement,
Camer kranz p::r'JCJ anal GP'HHE 3osorptiion.
Twio pPrimany semicanducting maternals arm wyed (a ini‘fgﬁ*‘rt‘d ophics:|

Gal..x Aly As and Gahx 'E-nx ;\E,I_ﬁ PJ LX,d ave rooll {ra chions .

| 1 | 1 r o b ] v g
The mosT Commonly Ufed mMezTnoss Tor 72 orfsTing ware guides (n

thase femicanducdor dre Surmmmrmanzed mext

L. Liguid -Phase Epiiexial Film Wavequides:

quLQd—PhaSQ Epffaxj (LPE DY 5 ths L{_f‘c:ﬂﬂ:qLLﬁ_ bﬂi which arn_

t‘pi{eﬂﬁ.ﬁ- i‘r‘gﬂeﬁ,ﬁjm fdiﬂ.;r LS Orown on a .1"-1’.%£A~cv'~js‘i‘a£ subitnle
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| and quaﬁrna\ﬁj ﬂjmg,.«. of GalnAsP orn InP subctrates,

these parsmeters can produce repeat a'bl.z_{ﬂar'ns of predre Compo-

;"'LEN?E.V&JL(\.&'!“ES. This method (s compatble m:’fh.iarﬁe—scaﬁl commeveial]

by solidification of 3 molien soludion +hat is satureted at Lhe

growth interface. LPE is extensively uned for the fabricabion of |

Singft-cryshl, Byers of dernany sllogs of GeAlAs on Gaks subshrates

The primary facters controlling the properbies of LPE grown £lms
ave Substrate orientakion, melt and subsirade temperatures. oA

CGmpoT:'{:l'an, Dﬂm”ﬂg 'r'a‘{:eJ and Smu-t-h e, A[‘CL-W@/{:_E- D::)‘ﬂ‘l'roﬂ of

sithion and thickness .

.:?.._ Chemical Vapor Dre'pc-s-"i:{on Epitaxial WQwﬁm&ES:

Chemical Va',}{av.ékpnsl't{gn (cvnD) (or vapor-phase epliaxy VPE) |’
refers to thu process of growing crystello graphically orented |

Jilms on a substrate by the reaction of chemicad vaporr at high

pmw{h%. The twoe mosd chit.ﬂ.t_)j wied Cwh pw:u..du'rﬂh B L
a. Hydnda / Chioride CTvND for GaIn AsP Compounds !
s, Matal Organic CvDp (MOcvD) for both GalnAszP and

Gablas Campoun ds.

A

*Hpa' af Film growth nter are of the order of 3ococo A A ppiny:

- 3. Moleaufar- Ream Epitaxial Wawvequides: i

Moleaular ~beam eprtexy (MBE) iz the proam bj. which epitaxial |
Flms 3y growan fvom beams of .E,‘E‘c:nmi' or moleauden ‘a'j their

resction  ith a engstelline sur face under uﬁr[:rahfgrﬂa vacuwm conditions.
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Substrate
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High-energy
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| Thermocouples
Lmuud Heater control
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The molecular beams are +rurmali 'é:ﬁ?'(;}l:-:é (n Small oren: known
as effusicn s, The molecular fiuxes ave controllied bu orificu or
Shw'b‘r\"_’\"i.

Veny accunsie composition and Thittres: comtral can oo achieved

'm;n% MR E, The 3mm*‘|—k rate iz slow (4-10 ':"‘f“-':‘:“ﬁ:ﬁ;é,‘.l\__r,ﬁf.f {se¢

THREE - DIMENSIONAL WAVEGUIDE T :

ThT‘EE_d{:mEﬂgiﬁnaﬁ Luave_ﬁl.,‘_;_.{dES Cars oe ‘rr.ci;ﬂﬁ.':a:",":'ff} LLJI.‘".:E; £ mﬂ‘l-tﬂ.ae'.fs

dancnoed preﬂaww&j and sellictie matkien and edching 12 val Tarey .
e L
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