Chinese Physical Society
ME#!E Acta Physica Sinica :

€D Institute of Physics, CAS

SHERE BT E & ST REUE K

XEH NNk TFH i KRR

Multi-transverse-mode and wavelength split characteristics of vertical cavity surface emitting laser
Guan Bao-Lu Liu Xin Jiang Xiao-Wei Liu Chu Xu Chen

5| 18 & Citation: Acta Physica Sinica, 64, 164203 (2015) DOI: 10.7498/aps.64.164203

7 2% )13 View online:  http://dx.doi.org/10.7498/aps.64.164203
2114 25 View table of contents: http://wulixb.iphy.ac.cn/CN/Y2015/V64/116

AT RERH B B S &
Articles you may be interested in

T2 RARIR L O & B 80 e XU 1 VR R A
High speed bidirectional dual-channel chaos secure communication based on semiconductor ring lasers
YH % 4.2015, 64(15): 154205  http://dx.doi.org/10.7498/aps.64.154205

243 nm FRAIAE £ 5 o AR O AR
A narrow linewidth diode laser at 243 nm
Y3 2242 2015, 64(13): 134205  http://dx.doi.org/10.7498/aps.64.134205

WU HOG TR R R GE R A 20 22 4 It BEATT 5T
Performance of chaos synchronization and security in dual-chaotic optical multiplexing system
YE = 4.2015, 64(12): 124206  http://dx.doi.org/10.7498/aps.64.124206

AHUBOCH BE AT R IR 5 8
Current reflearch and future development of organic laser materials and devices
PP 27 H%.2015, 64(9): 094202  http://dx.doi.org/10.7498/aps.64.094202

S R JEE o AR 5 e A RO 2 VR R R AR R BE AL BB 41 1P e ) R )

Influence of feedback strength on the characteristics of the random number sequence extracted from an
external-cavity feedback semiconductor laser

YE = 4.2015, 64(8): 084204  http://dx.doi.org/10.7498/aps.64.084204


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.64.164203
http://dx.doi.org/10.7498/aps.64.164203
http://wulixb.iphy.ac.cn/CN/Y2015/V64/I16
http://wulixb.iphy.ac.cn/CN/abstract/abstract64994.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract64994.shtml
http://dx.doi.org/10.7498/aps.64.154205
http://wulixb.iphy.ac.cn/CN/abstract/abstract64517.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract64517.shtml
http://dx.doi.org/10.7498/aps.64.134205
http://wulixb.iphy.ac.cn/CN/abstract/abstract64440.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract64440.shtml
http://dx.doi.org/10.7498/aps.64.124206
http://wulixb.iphy.ac.cn/CN/abstract/abstract64170.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract64170.shtml
http://dx.doi.org/10.7498/aps.64.094202
http://wulixb.iphy.ac.cn/CN/abstract/abstract63885.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63885.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63885.shtml
http://dx.doi.org/10.7498/aps.64.084204

¥ 32 % R  Acta Phys. Sin. Vol. 64, No. 16 (2015) 164203

LR E H IR E A SRR BRI
kEm oK TEE 6

/ =

=4

(b Tl K2, e FH ARSI B A E B E TR, b 100124)
(2015 4E 2 9 HYLE]; 2015 4F 3 7 12 HYEME IR )

BT PR 1) Y P o o L TR RO 8% (VOSEL) Z5K %t B9 7 VCSEL 1 2 B4y A S HAS
P RS BB R PRI R R, AR SEIR A b 35 7 A R i A R, IR Y b e 2 i e
25 REHPEAREIR L, 73 BRI T A AL A R AL LA VOSEL BB R A SR PEREAT BB 7T, 57
B EIAFTAR LR 10 2 MO e 2 A s 00, (RIS D045 B s B s 2 At o6, o 7 kB, Ak AL T%

IRA B AR, 362 3 B MR AR 4

AFL AZUETTIA 0.037 nm. [FIN, BEE A FLZ T

FEOR, WA o R0 2 B e, BRI T R R S A AL AR, BF TE 4 ROt — b S B S A PR A 2

VCSEL 2 RBUE R Mt 7 7 m S B L.

RHiA): e E IO oS, AR, BRI, B2

PACS: 42.55.Px, 42.79.Ag, 42.60.Fc

15 =

e B IR SO (VCSEL) 1 A E 1)
SHBOCEOCIE L —, MHEHEE B m R R
ANHEZ]) e B L B PROGE A HOR (T8 AR 15 8k
R R B R K e AR A R A
7€ (mode-locking, ML) VCSEL &R # 4 A\ A1t
FURIDGE 12 Jl i B VCSELs (¥ 84N s 2 A
PR, AT LUME VCSEL 7= A4 e A 4 £L 22 b 4 1
e S RO, IR ATH A R A |, JT B AR
FABIG AT ZA 1) i 1 AR, ) R TR O
B AR T LLAOG IR, (B2 T IR 06
T A B AR B & ) S, 7R AlGaAs FAL
B ) FLAR T B R v 28 5 P AR AR AR, LR
HUVCSEL ik s A A3 51 Bl kel A T
/N VCSEL HOt & BE L, AFE R AELE
KN RS R AR B 051 0L T R A AL B
I, mARA 7 AlGaAs R A EF & [m] 7L E N
G, P I B SR A L AR B 4 A IR A (O,

DOI: 10.7498 /aps.64.164203

N T 5 M A B - s A = ) 2 AR T R A
I, R T A [ A SRR 8 S A A S, AR [ TR AR AL
FL48 VCSEL [ 8 17 455 X 43 A7 LA K AH 48 5% =) B
BRASZAOFRABBEXEE. BHil, o R
IFRE T EALBR #1) VCSEL MR AR R 7T, 451,
L %5 170 75 St b S 21 7 3K 0 24U % Zhang
S BURF I 7 Ha XU 3 R A 24 2L e, i
BT AEAMINHIS R AN 1E 28 7 1) 9 K R I 2 1) B
F. HIX LR A BARE AL AR B Ay
SRFRIRZIA A5 A2 T i YRS 1 23 A DA B i K 70 34
TSI 5 R AR TE

45 VCSEL & FI FHAE A4 0% 2 1) 2 R AR 2
D5 FE R SRS o0 A )] E 2 G B T X T 5
FAFLE IS TR AR B A A S F T R
AR S, Rk, A SO/ IR b,
SERRIRIE A AT S 2B IR Rsoft A4 X}
VCOSEL [ 2 B REPEEAT B BT, 5 28443 2R
[ T A FLAE 2 BRI 37 A58 5 1) — 4~ T 3 A7 A
AL LR AT A AT S R A, ISR R
HHAT T XL,

* [HKHARER G T ERER S (S 60908012) LF TR LIH (Ht#E5: KM201010005030) FA1L I 178 M4 246 i 2

RN 51 5 535 0H R B B UR A
T #{E/E#H. BE-mail: gbl@bjut.edu.cn
© 2015 FEYIEF S Chinese Physical Society

http://wulizb.iphy.ac.cn

164203-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.164203
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 16 (2015) 164203

2 ANFRH A VOSEL iy 45 4 3% 1t

1 (a) 9850 nm AL B ! VCSEL ) A
T 7 & &, 1% VCSEL K Ml 2 J& A LAk 221 H
EMITBRAEKER, HEESEHWDT: H4A,
fEn B 441 GaAs AT EAMEA K 34 X%F A\ /4 )&
FE 1 AIO.12G30.88AS/A10.9Ga0.1AS R TE TR
&85 (DBR); 4 K35 7.2 nm JE ) GaAs &
TBEATS nm JE [ Aly 3Gag 7 As 5 22 H il A Y8 X
oy AR A AR IR X BT AR K 20 % A /4 5 RE )
Alp.12Gag.ssAs/Alg 9Gag.1As BT DBR. [F] I,
FEAVE X RITHE DBR Z A4 K — 2 JF B 30 nm
(1AL IR 1) )2 (Alg 03 Gag.o2As), £ R AN T
25 AT B0 HL IR Y 3 R I LA R AR FE A AL
FLaz 0,

3R VOSEL #il 4 T2~ ERIEIME

IET AR

\ Ti-Au

AlgnGagssAs/
Alg.o0Gag.i0As

AR

Ti/ZDBR

FEEDBR{ Aly.12Gag ssAs/Ajg.90Gag.10AS

i GaAs
Au-Ge-Ni-A
T peTE

(a)

Fr B, R ARER BN PR« B IRR  DUEUK &
ETFAK =1:3:1:5FDBRJEMK, %%
H R TE &, KT 2.7 um, {85046 R 2
Alp.osGag o2 As I EE 78 43 55 i oK. JRJ5 £ 400 °C
PR AR T AT 4L, B2 a8 8, 10, 15
20 pm. @I 5 B A 3 5 Ak 2 S TERRVE AR
—J2 400 nm 51 SiOo VE NBIAL 2, Wb 350 nm [
Ti-Au p B, G2 H AR BT, 15 1 A i ek 8
2120 pm, WS Au-Ge-Ni-Au FF1E 430 °C TRk
35 s, & Min B I H K. EAFLR W E 1 (b)
FioR, nITEWEE B B S AR TR A MG B
BT, T A AEIRTE. 3X & BT [011] & Wl s e
B, Zoah A B A BRI R T s MO 2R, 15 (011
i 1) PR ARG RN T [011] SR 1A ALk =R ) F
FEAE R 5y Al JE O T T — AN AR [ TE 1
AALFLAR 12 Forp (011 J5 i A 466 [ 1 4 b 1,
[011] 77 7] g i 53] F4) .ty 77 1

10 X 100f%

1 (MFEE) et VCSEL 45 H R Bk R 1) AL FLAR TR IR

Fig. 1. (color online) Structure of VCSEL and elliptical oxide aperture.
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Fig. 2. (color online) Distribution of transverse mode of elliptical oxide aperture VCSEL.

K3 (MTIEM) HEALALE VCSEL Tt A

Fig. 3. (color online) Distribution of transverse mode of circular oxide aperture VCSEL.
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Fig. 4. (color online) Distribution of wavelength corre-

sponding to each transverse mode in different diameter

size of circular oxide aperture VCSEL.

3.3012 = (a) [Oil]
3.3010 | [011]
A 3.3008 - |
=
§ 3.3006 |
g 4
3.3004 -
3.3002 | i
A
~10 -8 -6 —4 -2 0 2 4 6 8 10
AR SEE /pm
T T T T
3.3012 | (¢) [Oil]
3.3010 ——[011] 7
M 3.3008 | N
J\,E
= 3.3006
g 4
3.3004
3.3002 |
—-15 —10 —5 0 5 10 15
AL SR /um

5 (PITIRA) AN R 5 T8 AL FLAR IO 37 5 4% 1) 2 A

(¢) a=15 pm, b=12 ym; (d) @ =20 pm, b =17 ym

LP B DR A [B5E i P, B
B F RIS IE 2270 A R AR X, F BAEAS
B A A IE S R & E M R &
H A LP A KB Ik 77 A 7E K FJ7 11 ) 50 A vl
PLI% I cos(jo) Bisin(jo) ZREAT# &, BIHIZ R
B E WA LA o B0 AR SR, ol DLy S0
fedf. PRI, X TR LP B S bR B A 4 5 A
I 0 A, BRIERS. (H2, X T8 ALt
ANEHAEARHERI R FR G5, T2 AT R 1 45 4
M H, 2 LP BEAE PN IE 22 5 1) 3 A i, AR 5 i3
SRR BRI 3 A0 1% 1 R & 3 BOW A IESE
T A R B P A 2R S IR R AL AL AR AE
[011] A1 [011] 77 [ )7 858 26 43 A1i v Ao g [19)

1 1 2 g?
mo(14+39°) =5 (G 52):
22 2
n(z,y)= (; + Z—Q < 1)7 (5)
22 2
ng — on, (E+Z_2>].)

Horba MRIRPE T B 5 b o R, S E IR
no = 3.30, g A SEEM KNG SEL, It 2k
%6, = 0.01.

3.3012 | (b)

3.3010 |

3.3008

3.3006

LG ES

3.3004

3.3002

—10 10

3.3012 |

3.3010

3.3008 |

3.3006

ARTE

3.3004

3.3002

-20 10 0 10 20
AAALERI FERE /um

(a) a =8 pm, b =6 pm; (b) a = 10 ym, b = 8 um;

Fig. 5. (color online) The distribution of refractive index of the elliptical oxide aperture with different diameter:

(a) a=8 um, b =6 pm; (b) a =10 pm, b =8 pum; (c) a =15 pm, b = 12 um; (d) @ = 20 pm, b = 17 pm.
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Fig. 9. (color online) Near-field emission patterns of a = 8 pm and b = 6 pm elliptical oxide aperture VCSEL.
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Multi-transverse-mode and wavelength split
characteristics of vertical cavity surface emitting laser”

Guan Bao-Lu' Liu Xin Jiang Xiao-Wei Liu Chu Xu Chen

(Laboratory of Opto-electronics Technology, College of Electronic Information and Control Engineering, Beijing University of

Technology, Beijing 100124, China)

( Received 9 February 2015; revised manuscript received 12 March 2015 )

Abstract

We study the multi-transverse mode distributions and the wavelength splittings with different designed oxide aper-
tures of the oxide-confined VCSEL. By developing the effective index model and BPM algorithm theory, the charac-
teristics of transverse optical field distribution are calculated with circular aperture and ellipsoid aperture, which are
compared with our experimental results of multi-wavelength spectra of high-order transverse modes. The results show
that the orthogonality of the different crystal orientation modes will be broken by the oxidation-induced ellipsoid aper-
ture, and the maximum wavelength spltting of the degenerated high-order mode is 0.037 nm, which can be reduced as
the diameter of aperture increases. The results in this paper will provide a useful reference for multi-transverse mode
locking of oxide-confined VCSELSs.

Keywords: vertical cavity surface emitting lasers, oxide apertures, transverse mode, wavelength split
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