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Abstract

Modal Transmission-line theory is utilized to analyze the power coupling of optical directional

coupler composed by two parallel guiding slabs. By defining a coupling efficiency 7 amenable to
rigorous supermodes and boundary conditions of modal functions, we evaluate the power transfer
for TE mode of gainy coupler. The results reveal that optimized power exchange occurs at a novel
wavelength Ao, which is generally different from minimum gap Ami» between rigorous modes and

phase-matching condition Aps.

I.ME

AFEALE 0|83 F Af AR5 2us FEA
4 913 AAB3} (integrated optics)EolollA L&
g Z e Tl AAEeltk 1 AAE $9
szt HaskAl ¥ F £9 (slabs) o2& TAE W
B Agplelch. 199 & &M Al AFo)
WS e (even)BE9} ] THAY 7]
(odd) 2= Alele] AHAJ (power coupling) o=
lated Aol (coupling length)E 313§t ¥ o}
T €398 AYS A o] AxpIgH A

Y IEER, ERIRORL ERE TN

(School of Elec. Eng., Halla Institute of Technology)
** IEgR, BEA S BRETTE

(Schoal of Elec. Eng., Konkuk Univ)

BT HT198F2A9H, 748199846 A5 H

(641)

A RxolZ (coupled-mode theory)'!! =& )
APy (beam propagation method) '2) 3} zke-
ka3 wbgel 2Fle] EAMEs Ao gitth o)
HAHEL AEA o] UR}F (weak-coupling) T
Zgol o5 (gain)elvt &4 (loss)o] §lv %
(passive) % FZES] sidd] HEA]} 3] #AH
ANES AR 73E Aj (strong-coupling) &
Aot o}5/EAE TP 5% (active) AF T
ZEA iRl A7 7] EEH BAES s
lolle B33t

aejBE, o]5el Al B4 X3 29F
2 TAE % uEK Ao o AREAE s}
A s3] S8t HZ S B dosln e
AL A 2= "z s (Modal
Transmission-Line Theory)$ <7]d st}
Pt o] S AHER =3 (modal solutions)

i

¥

N

=0
=2




26

9 AAA A (boundary value problem)$& =HE:
ke delY AR} (grating) T2EL H7ks] 938
o] Tamir'®' o 93} #Ag 7ASEAT, Ho'*!
o &3l o]5& xilehes EAER ™ 5F A
F T2 Ao AeEy WA=

o] =idlA e 2 AHS AT shir} o5
£ ZE Gads AR AHL UE A$ 2
(layers)5& ALGa-AsE TAT 3 w3y A3
9] A BAE dstmAl joh ol st 23
AE GaAs/ALGa-AsE TAR & w3k A3
9] 1 AsMke (propagation factors)ell 713+ TE
B BAEA (dispersion curves)S 2481%3, o)
EAE s3] 4’ 3wksF 33127 (transverse
resonance condition)& A3} o] A =
AL 2 AR @YY 7I2E o)Fe F8%
FAA oIt 3= 2] HASAoE e AH
g g5l 3 Al o AH¥AF B4E 34
37 i’k 2= Az s asiRa ol
7123+ AEE (coupling efficiency) & Ao)sksich
o8o), 71 & AY AS BAAE e 1,9
A 2 ZFZ (lasing)¥4-S M3l 18l B =
ol gt FF={d AHE 473l Atk

=
=

o
=

Y

o.

B4 FElel HuSY

ojln
L.

A2 AT $4 e W] A &9
(slab) =3}=2e) oJsle] FAR 3 Wy A&
a9 14 ZAEIY o] % Al F8E ne, T
ta2] GaAsZ A% 715 (primary) €93 F4E
ng, ¥ 8 AlGaAs (=005 TAHT BZF
(secondary) €3-& ol83le ARG o] ¥ &
Ao AHATE A7) St 2 Aol FHE
Nu na®t 9 t,, ta] AlGaAs (x=0.05, 0.15)7} 8
A=E9s 24HE nS AlGaAs (x=0.15) 7|9
(substrate)® ZHE n8 AlGads (x=0.35) A=
AAHARL. H8e], 2 ¥ 4 (input region)F
23 99 (output region)2 ¥#)¥ (isolated) <73
L2 FAR ALTRE Zon, skp) BdeA]
(discontinuity) &£} HAZp=EeE FAsig =
gl 23 1elx] HRo] Aol I ¥ Mz &

2 B3 dAEe] 9ol AdFHel (coupling
length) z,5 AT Fol| 7|F &YP& 53l 2=

548 % Adrle 22

x

(642)

L

42 Ay BXE it

oz ek o) /FH 999 AsTEe WY
slaxl she 2o A e ule} Ao F
A 5 gled, B sRdiE I¥ 19 e Re
AL ssidel a7 19 F AlE Ak
459 F2ES & T35 A7F 087 mmsl A
Sol| olefs} 2L Sellmeir T4 1% & o] 431d A
Abslsich

=2

-

Aly 0GaosAS (11,)

£=0.1525 um

tll

=0.2 um

1,=0.5 um
£,=0.53 ym

———
z

Region !

|
| Region

Region

3 1. F e E R AF Fom FAE G

A A7)

Fig. 1. Configuration of optical directional coupler
consisted of two asymmetric guiding layers.
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Fig. 2. Dispersion curves of optical coupler as a

function of wavelength.

Al (2)eA FoIR FARAE o]83l fEle o
3 20 TE Zxof gt o 24k 548 =A%t

Yollx] BEo] A (solid-line)& (¥ «de] 3
e} &8 g9 JulE 2 F Ee]% (isolated)
g2 1 FAEAES Yy o Halee 7
Zt Ba, B2 FoAILh A= o et 2A4E
EEE Ze F 299 AdTre B 45
App=088 pmdlx A& wAse EAS Yehid
o] AHE 2= AT =4 (phase-matching
condition)o]2ti &= o] WA F A=
Az RTh (Ba = By 29, 71F £399 Bx &9
o] FAl A= B, B8 AWTE = F
Roe A2 SAEY A Ba, Bt FHEE
(supermodes)”} o}t 183 S F Ady) 49
(coupling region)ellx] vJehds 23 20 HA (da-
shed-lines)22 FAEIATE ©o] F AHEF (rigor-

(643)

E£IHE DE BTH 27
ous) Bx9 AIPE 1,in=0822 pmold 713
ZARE 3& 7 22" (isolated) AT 3
A Az At 98 EEE B4S Jehit
B e Boad AFTE 2+ FHRE (supermodes)
= 28 394 BZe] 9 471 (even field) Eeu(x)
2} 7] A7)A (odd field) Eoa(x)9] B4& ZHe =
£ T3t o] F A Aol A 3 AW
B3l Aushe A% A71A (coupled field) Ee,
)+Eoa(x)& 4%} asjuz, $/7] 71E
EYolA M2 A= 2z S M2 At
AHL Bz S9%e B3l ¥ AA (input
boundary)ellA] lAlElL) o] glalwl AHele 9)eje)
Afe| z5 AP Foll 180 YAFHo] (phase-
shift)d 7] 2=l 7|8l 7|E &elxle A=
Asla Bz Selie AR A=Y 3 A3

1
ReA=R

™

x

%

s

'}Iﬁg

T
L]
[}
L]
]
P
T 0.1 o
'y | A
< 0.05 , \§ ¢RE
i AN
e [] ] [} ~..
T 0 RN
1 | \\I 1 1'/
0.05l i oM ]
' ] ] ‘\ | "(— E,4%)
1 1] l‘l~‘
¥R ] S N LY B
15 1 05 0 05 1 15 2 25
X/A —»

a7 3. Y AARANS RRE 7N, S
Ae £S5 AARE el

Field distribution at input boundary, where
vertical dashed-lines is the boundaries of

guiding slabs.

Fig. 3.

oixjEte R a9 1o AdAE 3 Al A
33 (optimized) A7 |AEEE el A2 Ast
EAE ZAAsr 13 4elld BRe] slAb AAe
A A AHe 3 Ajr)e] BBl 8L ARs)
< T T 15p=087 pmelA 7B =& AR
FE AL Yl A,904] BE AR
£l £2xH gl 7|E £¥fde FAR

i



% 234
HER 2 g Rte] EAR, o)l wal, 9
A BYEA Jpsh AR B2 Aole] At g %

0.18
T 0.14
< 01}
T
0.06}
0.02}
1.5 -1 -015
x[um] —»
a7 4. i AAGNA ] W) g YAE
¥
Fig. 4. Field distributions along the variation of
wavelength at input boundary.
500
T 400+
« 300}
N
200
100+
%3 0 05 T 15
X/A —»
O8 5. F A$ Apdaele) ALRALE JehE §
A
Fig. 5. Contour exhibiting the power transfer be-

tween two guiding channels.

B, B =ioA AAE a2¥ 19 F Al
ApdlA 7V T8 AYREN S D= A= 53
ol & 4 gtk ofERt 5L A 4EA §
W F A9 Al 718l SHE=S HspS p
w, BoZt 71 AR FA A mncliA AREAC] 7
A Fobe Ze) oE2n 3 A dAY AEE
EF (criterion)2 & 449 & gjr}d o8|k Rz
&S E3ld 1Y AN A FEL b v

€ F 2We 2= ASAE H4Y

(644)

Bt& 5t

E Zo] (beat-length)vlc} 71F <95 vz &9
AlelollA] FrlH ez ARG ALl ol9f 2 A
o APEAe] ¥ 5o ASAAY
(contour) 2.2 E3HA| ZA=dch

==
T-;’—A\_

m. Mut 2= HEgEE

P& < nE &9 Aols] WPAEL ¥

—_—

At Agree 2314 (9/0y=0)0)a BE &
< B3l AYe] shxda JHgsich o, =

AFAE el oJste] B 3 wigk 2= A
(transverse modal fields)2 $/53 Y44
TE 2= tfa}e] ofefst zro] Aejgich ),

E(x,2)=V,(2)e,(x) 4)

M, Ve AR AYENE dehi
e(x)2 & W3 =2z 34 (transverse modal

function)e|t}. 2|3, olell Az} r& 13 <G4
r=in®Z £ JAoME rmourE AHogt} ut
Ao, B AP|dMe o A$ 2ce 34 o
(surface waves)E8 9% 2¥EZH (continuous
spectrum)B Bt m /1Y Bdd A4 EY (discrete
spectrum)E9] §o=2 FA=.

E(x,2)= ; Va(2)en(x) (5)

vl BE AAAQ A le] F Al Yoz
7A4% 3 A= 24 7|2 2= (fundamental
mode)9} ©h& A4 (next highorder)®] Zzol 1

AEge Adele oM AEse zggll
29 18 F AWl 2 FA oelE 2E A

o] 34 m=e} ¥ele $ mesh 7] meolk 29
B2, 2% o] AR okis 2] waw
o

Ex,2) =V, (2)e.,(x) + Vy(z)eu(x) (6)

3714, Ay =3 (voltage modal function)&
V(2)=V, expliks ;, 2)2 FR=H $/7] 2= o
e 47 tmev/odR Fol Aok =3y Ample
kP A (3)ell Aeisle] vt

BE &39S B3] 91y AN i meEe
A4 (orthogonality)d] FH==g 3 Agr|d] &



1998% 7H BFLBEHGE

T
T

At o] FHE=E o5 A4S T3he A
FTEel W} A Ao Fbs ZsEie
255 vl A& APt Foll 7)FE &AL 53}
of Mgt aeing iy AAHAAY 2k} (re-

flection)Z FAl8lz A% (boundary condition)

< o]43hd ofi¢t e SrIEAA S e

o)

T

Vil®) € ()= Vo (0) e () + Vou(0) egu(x) (7

2)9] A (7)o B ALTEo] 83 ARIEH A
ql AA Az (field orthogomality condition)®}
Ay A3tEA (power normalization condition)
< Agsie] g9

V;(O) = Tin,:Vin(O) (8)
2 Fox|z, 2 Y WIS (input transformer
constant)+ ¢lefj¢} 2k

Tie= [ en(x)ds ©)

xz-H  (cross—
ZAH A AR

714, s EEZF RS
section)& YERich A=, §lH
A FHRee oo 2 AAH (accessible
terminal) z.ol4 71E €W =v BE £9S F31o
E95d. oo, oo & A (output
boundary)elX ZAZRZS 2435t ofle} e #
AxE et

Vout(zo)eout(x); Vev(zo)eeu(x) + Vod(zo)eod(x) (10)
Al (10)0 &9 2xe] Ay Asteide H4spa
V out k20 k1020
V. = Tin,eu Taut,eve +Tin,odTout,ode (11)

Hz, €% w3 (output transformer
constant) T 2 A 99 en(x)E eal)Z
sl QoA TElEe $ule TE mod A
A4S A M3 AR A2 Agas
(coupling efficiency) FAA] 7 & A 4 9ot
o] AFESL 1Y A digk 23 AHY vE=
# ZHE,

°]

— Re(kz out) . IVoutI
7= Re(kz.in) | Vinl (12)

A7, ket ke e A HH 99T 2H 99

(645)

BB % DiE BT%H 29
oAlMe]l a2 Az} AEelc TE =xe] ZJPFEES
fr=dl7] ffste] A7 74 AF% 2 BF E= AF
AR e S0 "ApErt a8 69 AAHEHA 2
AlEle] gt} of AHPARNA o WE7] (trans-
former)®} &% Wil 4] (9ol Hol=] s, 7}
Z3ApdAAY] A =3 (voltage modal func-
2 A (42} (6)] ZH Foize)

=
=2

tions)

Input Transformer
Output Transformer

a3 6. # R Ao St Az 1
Fig. 6. Equivalent transmission-line network
optical directional coupler.

of

P
O~
F78.2 um™\,
7 N,

25+t y
n,' = 02—

\
T ?| / )
i A
/ \

715
1

05 ¢

100
zlum] —»
3 7. 4=087 gmolAd o]5e] wisld] ©E AfE

+

Coupling efficiency along with gain at A
=087 um.

Fig. 7.

f1e] Al (12)e Folxl AFELS 7P MNP A

A BEE 1,087 pmelA o5 wgle] u}
g 1 BAS s sigich ¥ 7elA BRe)

ne =094 71%& €L ol50] gloer o 3 ZA¥
7le % A472) "ok o % AR B2
AL Faled gAkE 1 (W] Al Ay
Zxlo] glo] AR 2742 pmE AP T
15 €9 53l 1 AYE - A 23
A AFRe] P AR AR EEE Jehile

=
)

wfy

N



30 FEAE 3 A9 =
AopolAe] AL o] AAoelellA A2 99 %2
AAFo] dofuhs Ao® Y} tgol,
mﬂﬂ s =0.1 9] & 7% AgHel= 7]
99 a4 FAE 718l n7 =09 A$
y_c} tht FRE 22745 pmelA] sl en o
% 4 AWE B3 AYshe mEe

71E

"1‘.‘_0

T3l el BES] pne=13208 FFst
n”, =022] 79l olzldt date] tle dAsA et

v A3Hdole =792 pmz Rl Y Y
7 ma=2.8%2 FEZFQch o] $AkFde] (phase-
shift) s} = B4 Sy} g7 gl ¢ &
ZAF #1A4Y  (simplified approaches)dllA] o}717]
AR Zeo] ol FAECIth

vpEto B el ¥ 79 Mz EXAEEL

gl olafalr] fsked 2 8o olSe) Wspel w}

L.

L

& I AR 22E mAslgth o] Iyl o]Se)
71l et J1E £9e Bl AdEe =z

AFo] A FEHE ¥AFT Utk o] FFH 7|F
Zo] A7 RS osted vz Soa akEl
&2 n|lEZo] (beat-length)E A Ps}= 4k =

EFxo] 7E £ 3] £ o] E9A w4
& 3 544 7] (optical amplifier) Aol 4
4344 ol8E = gich
018 :
To.14- 5
= |
x 0.1 i !
= P
00q] L
0.02} Eoo
-1.5 -1 -0‘.5 6 Oé

33 8. i AAHNAM o159 Wil wE HAR
X o474, A=087 um

Fig. 8. Field distribution along with the variation of
gain at input boundary, where A=087 #m.

V. &2 8

At FHEC Q/FY AARNY Be A%
Aol 7123 RE A2 Hage olgsle] 3 wb

(646)

/\
o

2 Ay BrE 4t
"‘J““‘ 2719 A¥AS XS st R F
AREARE Jehli= S-S 2] 9lsk £
3 7873—7'&54 F AW1Y o $AFAE EEis,
olE o83l UY HAHANAY AR BEE B4
ek tigo], muEe] A¥AFogRE HAYPae
< FEIEE JH £ AEEALS gAY 24
Aot A} Rz Zo] sl SR 2Rt
Amin®]l oPd 2L L 204 PR 7ds)
Sk 2222 A} (rigorous) BT A$AZ &)
A 23 ®colE (coupled-mode theory)olut
Wl Asds (beam propagation method)d Z-& &
Ab SR 2AR 5 gle AR BAES
AT Et ol HFEE o847 F 22} A
Hold Z2oen dwelEez o)4d 5 gk

&

rek

e

[1] D. Marcuse, “Directional Couplers Made of
Nonidentical Asymmetric Slabs. Part L
Synchronous Cougplers,” J. Lightwave
Technol. vol. LT-5, pp. 113-118, 1987.
W. P. Huang, C. L. Xu, S. T. Chy, S. K.
Chaudhuri, “The Finite-Difference Vector
Beam Propagation Method: Analysis and
Assessment,” J. Lightwave Technol. vol.
LT-10, pp. 295~305, 1992.

T. Tamir, S. Zhang, “Modal Transmi-
ssion-Line Theory of Multilayered Grating
Structures,” J. Lightwave Technol vol.
LT-14, pp. 914-927, 1996.

K. C. Ho, G. Griffel, T. Tamir,
“Polarization = Splitting in Lossy/Gainy
MQW Directional Couplers,” J. Lightwave
Technol. vol. LT- 15, pp. 1233-1240, 1997.
G. Griffel, K. C. Ho, “Equivalent Network
Approach of Planar VerticalCavity Surface
-Emitting Lasers,” to be published in
IEEE ]. Quantum Electron., 1998.

J. T. Boyt, “Theory of parametric
oscillation phase matched in GaAs thin-
film waveguides,” IEEE J. Quantum
Electron., vol. QE-8, pp. 788-796, 1972.
L. B. Felsen and N. Marcuvitz, Radiation
and scattering of waves, pp. 187-190, IEEE

(2]

[3]

[4]

(5]

[6]

(7]



1998 7H EFTRRELH % 5% DE %7 M 31

Press, 1994.
[8] T. Tamir, “Leaky Waves in Planar Optical
Waveguides,” Nouv. Rev. Optique, no. 5,

E ¥t HEgR)

19629 124 394 198549 29 A
St AAREtE AL 1987 29
7= AxEE} AA) 19884 349
~ 19909 7¢ STARRER AR
skt AY7RAE 19939 99 Poly-
technic University in Brooklyn,
Electrophysics(M.S.). 1996 9% Polytechnic
University, Electrical Engineering(Ph.D.). 19963 9
¥ ~ 199749 64 Polytechnic University, Post-Doc
Research Associate. 19973 749 ~ 19984 2% 3=
B4l AT YT 19989 39 ~ A
et AAREEE AL FElEeke 334
ZA12] A 2 A, M/W REEES] AA|, M/W s}

=5 s

£ B H(EGR) % 324 Al % 3R 21

(647)

X XA 7

pp. 273-284, 1975.
[91 R. E. Collin, Field Theory of Guided
Waves, pp. 333-337, IEEE Press, 1991.

& # BOERR)
1967 49 2494, 1994d 29 A
o AAgst gl 1996 24
Ao AAFE} Ak 19964 39
~ qA) A=) AR} AL,
FRYRoRE F /T B4, B
Ao} 47 2 s



