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Abstract: On the basis of Maxwell’ s equations coupled with the rate equations, the lasing threshold of one-
dimensional photonic band edge laser is investigated by finite-difference time-domain method with the introduced
effective gain distribution factor (EGDF). The size and position in the photonic crystal of gain mdeium directly
influence the output properties of the photonic band edge laser, and the EGDF describes the spatial distribution of
gain medium in photonic crystal. The numerical results show that the lasing threshold of an eigenmode depends on the
EGDF, different eigenmode has different value of EGDF. Those eigenmodes corresponding to higher value of EGDF
have lower threshold. With suitable design of size and position of the gain medium, higher EGDF can be obtained,
which directly leads to a lower value of lasing threshold. This gives a new approach to decrease the lasing threshold of

the photonic band edge laser.
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Fig. 1 One-dimensional photonic crystal structure

il e
Um = de|d5m(x) |2n(x)/[den(x)], D
1l I

@, (2) BAEIR w, BIAAE KB n(2) LI
S T B 23 8] 43 A7 PR K. 3 i 349 5 43 A 1R 3 45 4 R
VRN N

n(x) = {

H
fi
H
1, €& ¥WHENm

0, =z ¢ iR,

am AMUGHE A B R ALE LKA HA R
SRR A K, K 25 A0 B X 3 R R R BT a
KB KRE.

XoF 3 25 2 2R F A% Ge A R B 35 22 43 e TR
BRI RN RE . RAZE RS i RH S #
R RRA G AT, I 25 A B B 2 R ST IR
b Er s AR

VXEZ_@,
dt

(2

(3a)
X H=¢ 2E P (3b)
at at

ARMABTBRAEEE RN TZEAURERS
W, HE R RN

i

N;(x,t)

M :PrNo(xyt) — (43)
dt Ts2
sz(x,t) :Ns (I,t) +E(.§C,t> dP(Jﬁ,t) _
dz T32 ﬁwa dt
Nz(x9t), (4b)
T21
le(x9t) :Nz(l',t)_E(I,t) dP(I,t)_
dt T21 ﬁwa dt
N1(I9t), (4C)
T1o0
dNo(.Iyt) :Nl(-r’t) _PrNo(.Igt)y (4d)

dz
ii_i Pr I%Tfhii_ii$9wa = (Ez _E1)/k %%%%E@

T10



12 #4 £ %

—HE T AR RO ER B R AR T 1815

HL AR A, Ny » No » Nu» No S22 45 BE B9 L7 2o 7oz »
o1 sTi0 M HIIESR 3.2.1 BERHI F . No» Ny BER X
MAETHOERES. T HEHES N, K3
Ny, RIELBHREE N, &, AR5l EHOLRES

N, BREZ P HOERE N B Z RS B el N
REZLR Bl BN HEZS No ARACHRE P i 2 4 F 2K

dZ2P () dP(2)
d#? dz

+ Aw, + wfP(t) = kAN E(),

(5)
Hi AN = N, — N, BHAEFEOE BT RBHR AR
TFEEME, Ao, = U/n +2/T ERRFRIIEIELRE,
T HE TR E] 6 = 6meoc®/ (wita) o
Wt RS EE, RH FDTD B EUEKREIT
FE4 (32),(3b), (4a) ~UD L K (5) R, AT LA 15
BEBLAY T N 25 A [r] B 220 Y B 37 58 BB, 1 B P A 4
JE BT DA R R o S R . XD ARG
RE % S WA X A 5[] 7 A AR A DA B AR K A
55O B E SFOR R . RS EIE N T RITE
AR BME . B BH w. BB A 055
M, SR 5B 251G gl iz s AR P, WL L 3 B AR
16, B3 B — A 08 AR = By W AE, X A il iE R
Pl ARIEMR B E. R FHEENTNSERN
T=2X10""s, N, = iNi = 3.313 X 10* m"?,

i=1
T10:5><10712 S,T21:10710 So T32:10713 S,

3 ZRMVHE
3.1 RTFRKHEE LMK R

K0 T 1 G WO 28 T I L O M 38 T B
WO B A H A E 25 MR T R Y L 1E — % L
AR ZS 18 53 A . B 2 — 9 F T B O A
B BRI R . TG T R R A AT 7 1O U
O A5 0 6 0 5 BB AR T B B LA R A
M AFELAT AT 2 9 25 [ 49 A » S 7R 2 S B 6 B 1
Ak,

TE— 46 F SR, 2R A S T U 2 oR A O 7R
[%+“C’—§"e<x>]@m<x> —o, 6

#%&?Eﬂzica‘é,%f@; (De()®, ()dr — 8. . AL
8 B AAE BB D, () FIARMESTR w, . B 2 B8 T F
HEEHTEN AR, B F I BEE =,
SRITESE 1,2,55 2,3 M58 3,4 w28, B & &A%

RAMEFAIBIRAZE, B 3 R T X AR R 59 ¥
B ORI EUE Y, 25 B RS AR AR B AY B O

/N,

1.6 q
——
g ————E
N
S109y e
508 i
g Hp—
o6t ———
= Sy .
2 O
0.2 R—— d
/./
0.0 o—"""
r K72
B2 AFRENSFEMT MK BE—HEMNXFR
R R FR D

Fig. 2 Bandgap structure of one-dimensional photonic
crystal with I" and K being high symmetric points

in the first Brillouin zone
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Fig. 3 Group velocity of different eigenmodes for

photonic crystal in Fig. 1
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Fig. 4 Spatial profile of the eigenmodes
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