FHgE By ¥ F O M Vol. 14, No. 11
1994 4 11 3 ACTA OPTICA SINICA November, 1994

SR T T o
L%

(LB ERENHYEER, ¥ 200030)

m R AARBEEERMTERFTHEIFTFRESMIEHIHE, SETEHISTRES
HECURTEBOT R, HEE T WKBEMMRRE. BELENSEREN, XPHBLAMHR
BTG WKB MR BRI .

*xWiE TR GEVE.

1 5 7

ERBEMMETFRESTE P, ERITHELI A ERESFHITE—ITRIEEY
RE. BHBAE, REFRMILEBTERS A, ¥, B, D ERs F%, 7
HRRBERNSRBEDN TR, BREBEEH IR S R EHBEESEMERE
WKBE I FRHAEENBITAXMENNDEEBYTRE  ZHNE. BEERERTSE
OBER, MTEETRIENRARBRIES, WKBEUREEZ®. ks, a5 %050
RO RIS ERRARAITHRLIFEEN, FERROFREY. SERZEHBGE
L (CE) S ME #RATEAL(HG)™, HX BRI MRMBERN, TRRRINN. HF XL
FEU, EGER TR SR XS .

AXEABESSFRESSN —RINITHEELETLHMB, RN HREN 2X2
HBEREMENART %G, SHTEATFERTHEI T FRESHBITGRTE. %
BENEAS=Z=RHRESHENEFEFBEE -8 NTHEITRLEHRG. XPFERBHT
FHERRBHEE, B THNMAR. AHEAXBINBRITAR, E—1M L, &
HERIRETEHESAEEEE. FUERMRHITE X208, 5 WKB EElr kst
TTEERLE, IEHBINAXSHERERT S BRI

2 S&ER |

FIBE 1 AR ERFH RS A FRES, HF 0, o 2R IFEZENFRATT
SE, 7 HPEIFREITHE. 2 HHEFTRALHLEE. A THAEBERERRE, Ti€a 0K (%
B, B—/PRIRAEEN b, Bl z=0. W3 TE K, HETFE j NP FEBERRU

WRE 199346 A 9H; WRIBMRH: 199348 A9H



1224 ¥ 2 o # 14 %

nm) |r cos Kk _ 1 sin K;J’si :
= | K’. \ (j: 1;2939"'9‘!) (1)
\J& sin Kk cos K,h .

| K, = (kin? — )% ' (2)
AP K, ABEEERER L, RSB EE T B ey %
WEHEG bo=2n/2 FHBZRBTEI 2 MK FH -
=0 M z WL FFM, AIBBIITHEES R
Fig. 1 Plot of a planar waveguide _; Eg; |= ]1 ! [i Zi;]
b () TE BB R 400, B, () B A 2 R 5 1
() 7E 2<C0 Ml 2>z KB BB HH
’ Agexp (Pox) (z < 0)
E () = (4)
\A;ﬂexp — Pz —2a)] (x>a)
_ = (f* — king)™ (5)
A A Ao HFFERY. & THF ﬁ?f‘ﬁ‘jf%ﬂ SE J&E AT fE?FﬂF ERIERUER. AT

MEEEA R RE L LR S LR RS, THRERRE Pe TTHE TRE L.

Ej .l‘ x
(3

with arbitrary refractive index

profile

Pror = 1/’:%4.5 JP VB — kin(z)da (62
FERAMBXE:TE /P KE ERB AW FEE. &6 5EET
J VB — kKai(z)dr = 1 7
HAWABUTEERER:
}\rlhz m:rr+tg_1(P0/'K1) +tg_'](P2/iK1} (m= 0,1|2,‘") (8)
P,= Ktg [tg7"(P,.\/K,) — K,k (7 =2,3,+,0) (9)

BE, (8, (DR, HEME (), MATELWER 1 FFRIEHSTERESOIERPEE,
AR AR, (8). (DX RWFEA L. K T™M B, 7T F 554 600 4 T 45 7.

3 i ®
RHTEHFTRG ., OPXL, FEE 2 I ROWEZFRES. H@OMOPAEK, 4F
TR SR EHTER TAERR
Kihy = ma + g7 (Py/K,) + g7} ‘:%tg[tS_I(Pa/sz — Kby}, (10)

K= (kin? — )%, Ko = (kfn} — p)",Po= (B — ki)™, Py= (F — kud)* (11)
B, =) /K] By (K=K /K1 B, QR 2R (10) A7 30— 35 i
EVIREA R K/K 51 ER, WE K/K~1D, BZBRERE = LH 5, MH
QIDEPRIE BN

Kb + Kohs &~ max + tg "(Po/K.) -+ tg "(Pa/K>») (12)
L PEHOE NE CRE, EERMF QOO LAMERL, W@, (DOFAAE



11 3 WES: EHTFRESHERTRE

1225

213 Kih:'=m“+tg_l(PD/Kl} + tg~ (P /KD (13 n (x)

i=1

Wi RSN, HEER A o i, AREESEFSL ™

—HHERRY P BRI RSP KA B A Y B

n, 3 _
tB_I(P:+1/K;)=7‘/49 ?E(I:;)J_:tﬁﬁyf’WKB ﬁ{ﬁlﬂﬁﬁﬂﬁ _
7" ' LT
JK(z)dx=m7r+fr/4 + tg7'(Py/K ) (14) ¢ *‘;1 h;+hz -

Fig. 2 Plot of

D4R T WKB MR RS, FRT R, RS vaveguide
B (DR ORBHEL, RERT RARSHER. &
XHEMZ SMERA T P ERA RN S,

4 FESRGHRK |
HTREAXF P L ARWREE, R TR HEN .
1) *ﬁ'ﬁﬁ}ﬂfg _ n¥(z) = {35 + (af — nE)e)_cp (—z/d) (x>0

a <0
2y _ [REH (= nD) exp (= 2/d) (2> 0)
2 WHAH. 2@ = { ; >0

B ne=1.0, n,=2. 177 M ni—n}=0. 187, d 4EX V BLHBE. HARD. (

a four layered

(15)

(16)
8)FI (DR

BRI EURSHRE. kB SEMUEBMERAJI TR L MR 2 AR 1TUE
4, A, XKV ALEE R, AXTBIIN L HARREYET WKBEM, B3
AF| WKBIELIEM 1/2. 3% 2 MEH A, ZXAXMHRERETF WKBIEM, TH
ERTRZEY. EEBHSEMTE. B4, T 0V HEERSEERD, EERE
ELE WKBEBIEMAMIREEBIERK, MAXFBERTHRENFSBHEY LT

Table 1 Exponential profile

accurate
this paper WKB
| 14 solution
b b AbX 10~ b 46X 10-3
1.5 0. 035007 0. 034251 ~0.76 0. 037833 2.83
2.0 0. 104954 " 0.103507 T .45 0.108613 | 3. 66
2.5 0.171442 0. 169746 —1.70 U 0.175311 3.87
3.0 0. 229188 0.227423 | —1.77 0. 233076 3. 89
3.5 0. 278650 0. 276866 . —1.78 0. 282486 3. 84
4.0 0. 321179 0. 319420 —1.76 0. 324927 3.75
5.0 0. 390292 0. 388602 —1.69 0. 393845  3.55
6.0 0. 444075 0. 442480 —1.60 0. 447436 3. 36
7.0 | 0.487244 0. 485733 —1.51 0. 490429 3.19
8.0 0. 522776 0. 521331 —1.45 0. 525303 .03
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Table 2 Gaussian profile

accurate
I this paper CE HG WKB
soultion
2.0 0.0817 0. 0800 0.0785 0. 0051 0. 0453
3.0 0. 2750 0.2715 0. 2699 0.2163 0. 2538
4.0 0. 4133 0. 4102 0. 4079 0.3702 0. 4008

# # MTEEHRHBELSAHEDSFRES, EXEFRFTAAKHA T ZEHEER, &
BT 4h, WARM T FHRRABMEE, AURR WKBIELIM BRYE, 34 TR
B, BSITEMBRITEBTE. EdBEER, RUEXBIANAXRFHYEHRE.
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Abstract A new method for obtaining the analytical dispersion characteristics of planar
waveguides with arbitrary refractive index profile is presented. The method is based on
the transfer matrix theory and a new interpretation of the WKB approximation is
proposed. A comparison with other methods and the exact numerical results shows that
our method is much more accurate than the ordinary WKB method and other existing
approximate methods.
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