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Abstract

Abstract

Vertical-cavity surface-emitting laser (VCSEL) is researched as the promising
application for many advantages and it is a potential device for optical communication,
laser printing, optical sensing and so on. Compared with the conventional edge
emitting lasers, the unique point of VCSEL is that the lasing light emits outside
perpendicular to the substrate. This special physical structure provides VCSEL with
many advantages, such as low threshold current, high efficiency and high modulation
velocity, small and circular divergence angle. It is easily coupled with fibers, integrated
in big scale and could be tested on wafer level.

However, there are several problems to this novel device because of the
particularity of structure. First of all, the transverse size of resonant cavity is wide and
the restriction of the optical field is so weak that much more modes can exist at the
same time, while the distributions of modes are different and they usually have an area
or a range in common with each other, so the strong competition of modes will be
caused and it is bad for the switching characteristic. Secondly, most of the high-order
modes will be enhanced with the injection current increased, and the change with
distribution of carrier density results to the phenomena such as spatial hole burning or
thermal lensing effects, which deteriorate the property of mode. Generally speaking,
most of devices of the VCSEL need the higher output power in single mode for better
performance, so we must do some research about the mode in order to improve their
practicability.

Supported by 973 project (Grant No:2006CB604902) . National Natural
Foundation of China and Beijing (Grant No: 60506012), the mode of VCSEL was
investigated and several models were founded such as the spatial distribution of mode,
effective indexes and so on. Depending on the theoretics of laser, the spatio-temporal
rate equation was solved and the distribution of carrier can be explained effectively.
Then we discussed the factors that affect the mode characteristic, and some measures
were hold about the optimization for structure.

The main work can be summarized as following:
1. The conceptions of mode were summarized and the difference of mode
between VCSEL and the conventional edge emitting lasers was discussed,
then according to the theoretics of polarization, we acquired the

conception about LP mode that belong to VCSEL, and the weakly index

-I1I-



Bl B N e e e VA9

guiding structure was defined. At last, some problems about the mode
were solved such as the split of frequency.

2. The expression of mode for VCSEL was calculated and the contents of it
referred as the Bessel functions were simulated at the same time. Then the
model of the distribution of mode was founded using the weakly index
guiding structure and three slabs waveguide structure, then we build the
operable interface in order to observe the factors that affect the
distribution of mode.

3. The indexes of the core and cladding regions also play important roles to
the characteristic of mode for VCSEL, and according to the transfer
matrix method, the values of indexes can be calculated accurately. The
effective indexes of the single-active-region 980nm VCSEL and
double-active-region 980nm VCSEL were simulated and we found that
the double-active-region structure took advantage of mode.

4. The factors that affect the mode were discussed in this part, such as the
injection current, resonant wavelength and so on. Basing on the
spatio-temporal rate equation, the injection parameters dependences of the
transverse mode characteristics of weakly index guiding vertical cavity
surface emitting lasers were theoretically researched by integrating the
spatially dependent part, furthermore, the phenomena such as spatial hole
burning or thermal lensing effects were explained at the same time.

5. The problems which occurred to the measurement about the far-field and
near-field were analysed. Because the large oxidated aperture take
disadvantage of the mode, so the mode of devices in our lab is difficult to
measure. At last, we put forward some methods to improve the mode
characteristic such as the photonic crystal structure and so on.

By these research jobs on the thesis, the job of mode for VCSEL, which is part
of National “973” and National Nature Foundation of China and Beijing, has been
completed well. Several model were founded and the factors the affect the mode were
discussed accurately. And five papers have been published, which published as the first
author has been embodied by SCI, and the copyright of software about the mode is
being applied.

Key words: mode; vertical cavity surface emitting laser; effective index; rate equation;
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VCSEL (Vertical Cavity Surface Emitting Laser, fij#% VCSEL).

1.1 VCSEL By % RRid1E

VCSELAE - SARBOGAS P s i R e BRI, HILAE 30 47 o I Ta] Bk
JETE A AR HAE 1962 i NFe T filid e H s A E oL as eI,
EJE BT I szt 77K0F, Bkoh R 55— U VCSELSEAE 1977 SEHRIA
(Soda) T (Iga)55 ANBIHEIHH KR, e R A SMEB AR 15 X S2HL T InGaAsP/InP
MELZRFIIVCSEL, X2t L —AVCSEL# . A8 K 1.3um,
BIE R 900mA, BT R SEEG 4, BASEAMART R, PRI %R
ik ((80%). 1982 4F, fH4N4(Burnharm). ZE 33 (Scifres) T 38 7 (Streifer) 2
fett T VCSELsA RIAME BT LA, Horp R 5 494 gt o+
FRABL, ARSI R AME A T 208 A 2 DORE i & X PP 4544 . 1983 A48 T 55—
HMEAEKI B, LLS IR 28 CAESE B0 T SO R XA 20001 1 BRI
SERIRNZ 29T IR SO B B ME A AR RO BE,  DMEIRAT S i SO 3, 7EIX
—IFIgaB# il H GaAs/AlGaAst BE R VI VCSELTE 77K T Bkt TAE, BIE A
TN 350mA. [FAESEHL TSI, MR TN 1.2A, UCEERE]T 310mA PRI
1985 FIFUHKHIMBEE K VCSEL,  HKg ko TAE T~ B BIE B 150mA,
1M H B kil 4 VCSEL B

1988 4P T-HE I 1 A SO A8 R Ul 2 28 L AR T 1Y), PROAfEIX — 4 FEVCSEL
WA T SRRV PRk Joe , A I SR FH [0 T 3L e o 2485 KA R R B A PR, %K 850nm
GaAs/AlGaAsH kI R FIVCSEL I i 4 4 TAFE1S 2 5 IS, [RI4EAT&T DL/R
FUE NI .LIewell ML AEPico Light Inc.)5 N K VCSELH AR ks A U5 2 11 )2 2 45
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FE VCSELsHE[A 17, S2BLILRT AP 1999 4F Wy [ 52 5206 = 0 ) AL 5
e, WHFCHIVE T RS 868nmP K M /N s FURE & BiAH 41 VCSELs, 1X— K&
4 LA By % VCSELs A JEAh (¥ 2 5 7 T %t 2000 4F 5 HSE8L 1300nm
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Koo Brgit, SOHERTRAEIE T2, SR RBOR MR S5 T 4R S 5% AT
iTo

i1 T VCSEL [RDAEFFE, Lk, A RSmIEH 2w F15E H K
— UGS IS T HION VCSEL (RS CR A e adb AT T K 1) 1A, WS [H EMCORE
/v F]« Honeywell 28 &) . Motorolas HP E20 A A Nova Crystals A A 325 Lucent
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WA BN K24, Cornell K2~ Sandia 525 %, HAR 4 Tk K2,
AXT 7). =HEHA A NEC AT, Seiko A . Epson A]; 1 [F Infineon 2
F]F1 Ulm K225 5[ BTL A w4, HAFSTEEE AN ER IS LA AP B AL
B SRSt ARt tERessE 2 071, 2005 FLUS, HTX) VCSEL W &
SKRIPE 2 sk, B ARG T3 B R AR BOGAAR L DR R S5 TR B TAS
Wraes, Wl A s e HoAth Pk e AR (M AT T A R4 6] VCSEL BRI T 1
RIS, e iR H S5 4 A VCSEL SEHL AR T 26 H S e it
TAHIIBRIE.

T E7EVCSELs 7 1 i St B S T AR RE R, H #i B N M FH VCSELsHFFT 1
A FEER PRI R . KT, SR, dbt R8s, s HAE #s
O] RCRFAAE T TR 22 AT . 19994, WRRIGE- SARBT I T XU
TR BRI 4T ) VCSEL, I HLI0.25mA, e KA Zh it 0.3mW, 3Kk
650—670nm! 1, 20034 I HLAR B 1F 24 w04 e ME RE 8 50nm A fh R i
VCSEL, 9um% 4k fL12VCSELEIER0.82mW/mA , = i 55 K% IR 16mW
Sum% 4L fLAEVCSEL, HI{E L ST0pA, HORHH IIHS.5mW; 12umAl16um 45,
AL S FL B3 790 A 35QA125Q, A R U SRR E Rl 5EbE, nl N H
T1.25Gbit/s diim s, 2E980nm e L VCSEL /5 T LA T B K SEmE, 20044
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IR TR SR sk, B H AR R B SN RS 1, TR
WINBFITE P LD, HE 2 25 FE I .

H AT FRATT S0 = Ui 401 B 1 45 740 98 0nmifk B F1850nmik B ¥ VCSEL
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PZSAFE LS mA IR MK PP 4F T, it D)Z8.1mW,  BI{E 0. 1mA, 7E5mAE
WA NS TAE93SANN fa, HOGDI R G SHOEARRFEAER, 1EVERE
faE R BRSBTS ARSI = I VCSEL R R FR bR, oA
MR BEACREPE A, AT i pAs X 7 TR ) R, 32 = VESEL A8 A

1.2 VCSEL RE#ER T EAIML A

I PR THT A SO A 2 H 6 7 i) T T A I ) — BB AL I o S ARoE RS,
A VR DR R AN A AT RS RS BE(DBRA . 5 ARG 132 R S O s A
bt, VCSEL P A0 e iR A TAMEA K1 R it Bz 1], BrLUR BTG R
M TR, AL g &S, 1IE& M T VCSEL MUke o g i i LAy
IRGEZNEY

1 OB RIEARRURAN, 2 F e A s s, [ A 4m S8 DR 4533 vy TR A S0
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HE R BARERRD AR, [ Ay SeAE i, SORHE AR T oA, JF HL
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3. VCSEL I 3RTFHRAK M F 4w, nIHEMER . VCSELR 3 2427 i Honeywell
A AP VCSELHEAT T SIS 2 0, #4075 e O Hn D) ¥ 2dB 3
W, WZE 25°CH 10mA TAERLIL F, VCSELI V4T %4y (MTFF) ik %
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PEBEI B TG R T Eo e,



Bl B N e e e VA9

4, PEERE, HROCHRME . VCSEL AR A5 TR T HUR D,
AW HIRFE AT DO e, A PR Th e, AR e, Hos B R R
T 3Gbit/s, T HAFEIRAC, H T rmd M 2 AL 4

5. 5 TOCHIEEM(OEIC), Jf H 5 KBS sk 7E 1.2 EHA RIF A
PE.

VCSELsHFFT I — AN T B 7 [n] o AR BIE W, — 7 1 Al LU R MOCVDEY
MBE R fff 48 il S8 %8 AF K A5 21 B A7 v 3 25 2 B0 U5 DR 5 SO #2 1) R DBR Uy
DSEIL, i NS PSS R E S S, R T ST RHT A AR,
AINEYR X A R, DASHLEA B . B R TR EE ORI H I 1278
VCSELH TP Jst B ) 45 K4 1R J LA SR 1) 2 T2 25, 18 ] 243 B
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R, AR TP R, AR e A BRAE AN XS P

(b) 7 S AE R Sl AL AR, b2 40 B 257 SR ZI P (CAIBE) 3R V. 2 1
ZIVP(RIE), JERAEEIA & B & 1, R R 2 3RS 23S R K T iR 2=,
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BE, —MOXPhE I 2R T AR Shabh, IXPhlE V- Th 45 b 1 A3 B 2 1 i 1R
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() B FHENRL: o B N iR AE - TH 46 A v SR 1) W ) R i i 1k
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ProFRp T, MR TR OB L F T2 A L5 RS 1 2 M i A =2 AN 11

(d) FEHL LAY AL AR X G IR 58 A1 BRI AR BT S e AR
SEIL TR R (R R GRS, SR AT AR S . A VCSELs n SEILARE AR,
BB AU L 2R A

()AL BRI AL 52T A V5 X 1 ALASER 55 AL 23 (1 Al Gay AsEE T 1
b, TERPERERSE, MAAGYELF, TRl T o R AR ALO ALY
AT LLJ7 (7 VCSELs H T i L o BRI RT3 3 3 5 . PR R CE Bl B
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Fig.1-1 Semiconductor material systems used for VCSELs and output wavelengths
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Fig.1-2 The characteristic of polarization with the optical feedback changed.
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Figl-3. The peculiar VCSELs for improving the characteristic of mode.
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E _ L E, (2-14)
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3. Y o= 8 2mr+n/2 (m=0, 1, 2...) W, AR (2-11) (2-12), B}
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on 0 0
s = 3 R
I
B { } (222)
0

(2-22) [P A RO SRR PR s IR T e e FE 3
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23-



Bl B N e e e VA9

TSR AEHAR DY A2, SR G R oy AL, i — AN iR i
A UIE IRy Ty Rk
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TM R thT n=0, FrLL (2-40) RAL A%, %5 B=D=n, 133

24-



B2 5 LIRS WOLE B B A

5 2w Ky@)
& puJy (1) oK, ()
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02 12
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31 FREEN=RESEHERESSH

L1 AN =RESSEHEE
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[4] 3-1 VCSEL Fll i/t 4 347
Fig3-1 The distribution of the refractive indexes for VCSEL

PR RE AR AR A0 B IO G, 1inr AR VCSELITE A LA
TSR = 2k SRR AT ISR, RIS AKX (3-1)

2 2

© O E(r,t)

V2E(r,t) =1L . ’
(1) c? 0t

. (3-1)
G Ty EEn? (koni,, = B)-E(x,3)=0
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s n A JZ MR, kIR TR AN P A
Ho K= 2P =D RAAAS] (3-1D X, RBEIAA (3-2):

8—21-"?(?C)+(k2 ~ ) E(x)=0
82 E (x)=Aexp(-y,x) 0<x<o0

aa—E(x)jt(k2 —~B*)-E(x)=0 |:> E (x) = Bcos(kx) + Csin(kx) —d <x<0

pe E (x)=Dexply(x+d)] ~0o<x<-d
—5 E(x)+(kgn; = ) E(x) =0
o (3-2)
Py 1) O 3 BT 8RS W R AL, y oy o as R A S, By
I ER T ) BR80T . B=(0ona/cy-B7, yi’=B~(omlc)s y'=B~(ons/c)
A A RS EFA A 2) T I R AP A 50 (3-3):
E (x)=C'exp(-y,x)exp(—iffz) 0<x<o0
E (x)=C'"Tcos(kx)—(y, / k)sin(kx)]exp(-ifiz) —d<x<0 (3-3)
E (x)=C'[cos(kd) + (y,/ k)sin(kd)]exp[y;(x + d)]exp(—iffz) —0o<x<-d

WRIEt G o> BOTRE L T2, BA T LA 2] A0 (3-4)

tan(kd) =2 *75) (3-4)
k™ =ny;s
R FiR AR LL R =(wno/c) -7, y*=B~(on/c), yi*=f(wnilc)’, & CHIT
W ny, ny, ong, KA WAL RS G-4) KX, BATTLOHESS
BAE, FEAAEARN Ry, psh KA, XA A K33 4S5 50, FIHMATLAB
AT BRATTR T A IR FH A% G2 = 20 S @A B A K .

3.1.2 BERN =BRSEWEE

St FF 3-1 SEBR I VCSELFI TR B, RIFAZLIT K, WH 2r~4~10um, £
JR BARSE S B 2R=125um, {H & i FAEIL S B Ik, AL AR
X AR AN, WO e R O PR EDGBS . SRS =R (3-2)
AHBATRIE, 3281250 (3-5)

Ex)=Cexp(y,x)+C,exp(=y,x) 0<x<(D-d)/2

E(x)= A,cos(kx)+ A,sin(kx) —d<x<0

E(x)= Bexply,(x+d)|+ Bexp[-y,(x+d)] (-D-d)/2<x<-d

(3-5)

X, dABZES, D AWZEES. IR FSESNESAT, AT LUK
B34, 420 Biy Boy Cpv Co3Ri, RS TEIE G =R 3904 .
N BRAE Beneore=3.35 Netai=3.29, 1=0.9, d=3umi KB4, LALPy; .
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Fig 3-2 The distribution of LPy;+ LP;;. LP;; for VCSEL (a)2-D (b)3-D
RINAE, XA B IER =28 T @B 70 A1 1 TR i 45 R 5
A7 R0, AR SRR RV - N 2 B FE S5 A4 (1) VCSEL Hids i A7 78 R o
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3-3 FIME IE =23 S A SRAFIKLPs ) A
Fig3-3 The distribution of LP5; for VCSEL.
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321 BRSO mIER

1 550 6 PR SR F BRI 5 R0 3 AN SEARHE
(1) FEAEATHARAE, B o)A ] 4 B B A R I exp(iBz). I

(flj = [Zj(x, y)e'rs (3-6)

FoA B2 ORIk — 25 23 S G 1) 23 RO ) 20 SRR, )
€=€t+€z
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M Cepr b TEAT AR R IR M T — D . TATTHIE, ASF R ARFR R
K FEARKTIRE, ARSI R WA EAT 2 A- bR R i (A
PR A AR ARAE 22D, AT4R

(3-7

e =e te,
(3-8)
h.=h.+h,
KRR AT RNy, T SRR (ED M2, OB R ERL
(2) I e, B WL FFIRBE BT RE:
e
{vf+m%ﬁ-g5%}j=o (3-9)
ZTRE TN In) o3 S AR m) o AT i, B
(VI+(Kn* = p*)e. =0 (3-10a)
{(VI+(Kn* =B} h =0 (3-10b)
(VI+(Kn* = B)}e =0 (3-10¢)
{(VI+(Kn* =B} h, =0 (3-10d)

JiRE (3-100 HIRT A AR RE, RPN AR R, AREJIRE (3-10a) A
(3-10b) I o F T LSRR, EAEAAAR R R, BN REITRE (3-100)
F(3-10d) R ET R0 (e epr hys hy) WIFRHETFEEATREN, X4
A3 IR BER B Tl oy AR R 0 KOG R, MOXPMRIEAR O K ik,
I, R SR R BE I 73 i s b i T R A BB RIS PRI, Ky
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(3)  RFREM, ERFEARR T, B 0 SRR RIRR,
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"o @ue-p0 or  r op
i Oe oh
“= é—ﬁz{gaz et 87’2}
s v (3-12)
h=—o-» ﬂ%.,.%%
o u,E—-pf or r op
P B V-
o u,e—PB | r op or
XIT VCSEL ki, HAAZOGLE N, BT /28500 iums, R

A AT SRR 28 BRTiE, HAOCRIEINE TIPSR (3-10a) AT (3-10b),
FoAt oy T g o BRI ] 2r R RSN (3-12) 3K

PR S, A EAIER SEe. () 50T, FrURA (3-10a) 2, &
A2 T it A i) —4E o A o

e.(r)= 4 (3-13)
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bK (—r) r>a
a

L m—H IR

J—H— I DUIE IR ek 5L

K——3 Z R N FE R ek 4K

ap, b—FFE R
HEANLE
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B FERBE (nyy nyy @) CHARE, VIERC T RSP Rk, MyE—A %k
MEATR (R, BN — bR, sk b AU BRI, AR RS 4k, Bl
iTLMGEIb,= (UW) ago IXFE, GIRBAMFNE P FEMn, ny a, FIHBEK,
Babgnzey, B Rm, FATH AT UL VCSELEE R — 4t oy A, [WEE, FIH
R I7E, BATT LS8 = 4RO 635 504 -
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a
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A, o HAEAE, HAd fin (p) =cos (mp) 1K, fin (p) =sin (mp) HHL,
P In) HL7 0 B o PR PR R AT R BB, RO AR B Bl A

EZ AT E T F, FRATCAHES TRAETTRE, wxC (2-18) Fios, ARFEFFE
Jik, BATT DA BIA FERE I EO R &, wiEaT o, UET 1.

1. ZmAR 0, BIEEA AL V) =0

2. HmA O, MU, V) =0 (BHEV=0)

W e A 52 Lhm 2 2 AR A/ BRI IR e na AT D, BIATRE 2 ] D 4 A5
LPdATHEF o EATT LS50 A

m=0 J, (V) =0, 3.83, 7.01

m=1 Jy (V) =0, 2.4048, 5.5201

m=2 J, (V) =0, 383, 7.01 ...
ML I INARE K LPo1» LPy1» LPoys LPyys LPp.......
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Fig 3-4 The relationship between the different modes and the different

positions of the Bessel function

TR 3-1 B T AR R R (1 VA BUE TS -

-34-



B3 AR SHEOL S A KRS

Uk | v AR | #Obg \Y R IR
J=0 | 0 LPy, Jg=0 | 030 P,

Jy=0 | 2405 Lp,, J=0 | 7016 LP;

J=0 | 3.882 Py, J=0 | 7088 LPs,
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J0=() 5.520 LP Iz

% 3-1 AR AR B VAR
Table3-1 The relationship between the V-parameter and the mode

Wk RN RIAg R, AT LS 2 PTA T 2R B A XA 24
i, B2 BWEIHE, nn EEHRARITH RN, TN 20X T7H
T, A Ta, B, BB om, #ub4&hv. T i 2R
WAL A DA B A P 3 T

AL (3-13) F (3-14) RERATRIL,  LEASIULEE B IR T A 5RO G A RS
3o A, BT RS — 2 DUZE IR pR A A 5 A R LS K R BT o AT A
ft. EHESR, TATAT DRSS — S VI FE Rk El . 5 AR DL IR R B 1) 4
FIERM, AR (3-15) F1(3-16) FiR:

m 27

J,(2) =;—” I exp(-i* z*cos(60))*cos(m*60)d o (3-15)
0

K, (z)= J.:exp(-z*cosh(t))*cosh(m*t)dt (3-16)
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JEFTT SR BN AUEZAT V) X WSS IR e U B A A AE R L B s, AN
(K] m CAL VA ] LA BUANR] 73 At DURIRBE. B 3-5 (a) (b) Jhdldties T ANRIBY
RIS R ILZER B 2 2R VLT /R R B 5 L o KK, AEPT A 441
HSCLENRRTOL T, BATTRT 38 L I A SO A IR AT A TR
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Fig3-5 The distribution of Bessel with different stages
(a) Bessel function of the first kind (b) Modified Bessel function of the second kind
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Fig6-8 The distribution of near-field for 980nm VCSEL (a) 6mA (b) 10mA (c) 20mA

MK 6-8 AT LA, I EASARER, AR KA 6
FISREE . AR RS — M52, AT Rl b o B AT T BUACEL, B 0 A
HRKAEEAE . —BAGOUT, T FAR RS I R sost 28cm 1 BRI RE ) 1T B,
VI 2 iR B X AL SR A5 A T H S AT T B S I A H AT B, 1 L AR
AL Z T3 o An i ok, B BXAE O, RIAEFRA AT A Wi, X 281 BA &L
IR e A ST L), X g FRAT DI X At ok 77— 5 I IR A

i IR e @ LAAE, b A S R e A . K] 6-9 S TAEH
Jih 15mA I 2805 1503014 5 TAERLIR 10mA B2 1504103 (KT 37 B0t L«

=

(a) (b
¥ 6-9 ARl VCSEL Wiz s ik b (a) 1503014 15SmA (b) 1504103 10mA
Fig6-9 The comparison of the different near-filed for VCSELs
(a) 1503014 15mA (b) 1504103 10mA

-77-



Bl B N e e e VA9

MR IATRT UG H, 1504103 #5£F7E 10mA R 21 H 308 2 005 A7, B
LP 5T, 117 1503014 S8 A1HAE 15mA TAESAT N AT ALP, {HAE 7 RENA IR
A AT M B A B TR, BT IR T E R I
K, ik 6-10 Fror:

60 -40 20 O 20 40 60 60 -40 20 O 20 40 60
. A
e, 371 A
oot d Gl
) P i
nl R
® oml u ®
Wi _ Hhi#
P . il e ! |
FI £V
7 & 2 1 ] )
r » e K]
; i/

E | ————leed \-.----
60 -40 20 0 20 40 60 60 -40 20 0 20 40 60
Angle Angle
(a) (b)

Kl 6-10 AW VCSEL 1z sy Xt (a) 1503014 15mA (b) 1504103 10mA
Fig6-10 The comparison of the different far-filed for VCSELSs
(a) 1503014 15mA (b) 1504103 10mA

M P FRATT AT LAFE 48 A4 1503014 (530454 1504103 S5 M7, M 6-10(b)
HIRATR IO G o AT K R 99 22 W e, SR Erh KD A il IME S A GO i
KAERIZERRAR R, Fr LA SR As B ] LOSLIN 2 FE 4 B X0 70 2215 D T 6-10
(a) Yo/ ME S B OREAHERART, 0 Im AR FOULIAR], FoATTJCEAS 21 WIS
S ENR . B BIXRME GG, A TN AT LS IR, BRSO
SR, AT MEAL B TR, ERIRATIGZO I BRI R 1k X, B
SRS AT T TR, H o TR X IR D OO g AR, AT AT A4S 21

A AR ) 702G 0 o S AT AT DA B 1 B b — R BRIV RN o

6.2 BRI TR
T REE LR R OGO, FATL S0 VCSEL 1B

BTG . IRk, A VCSEL Wiy & A, FLARSS ISR S B ASX
PACHIER Z N HRAT A B -

6.2.1 TR WL

-78-



556 5 BRI TR 2 (K i) 7R o M U P R T i

1. e iAgs FaPC-VCSELIH )

AT 6T i B0 VCSEL B e A A, PRI BAT 45 T T
PORMARAE S B T R E R T LUK FEERAR, 11 T RADRLLE R 2 e
CEMNRF PR D FUPER IS 7, e S 7R ST 20 B 5
VA= Wb L AR R A 1 N G ) o Vs sWAVD I 9 % S 11 5 % | W B
VCSEL #1013 DBR il F i B 15 2 /N L AR S VCSEL 26 4F 451
Pro P, B

A. PC-VCSEL {3 S0

J6F- i PRI TS T A OB AR I A BREE M, FER BRI O R A
(1o L B3 A P

av P FH PC-VCSEL: HFHHLEE RS (TIR). XFh&it i —4E
A ALMRE A R, ZA AL B LA AL, SRR R TR

b GBS PC-VCSEL: H-SBIHLEIE By, (PBG). M 44h
R SAL ™ AR BB, X B 5 S B A s PO iR dRay b, O AR
Bifris g T2, Pl TIR BRARASGE FHRARREIXFIHLAGL, 1h7 81 i AL IS
25 0 FHOG T S AR E A 7 A AR T S ) o

B. HWi PC-VCSEL 5T N %

av PC-VCSEL &5 LUK RAIFIE: D67 S AT B P TR Ao G s nT LG
BB, SO REUA/N, ARHCRT LA RIS I TE S . K H AL AT BASEI i 2
B, [l A S DA IR A A, FRARHGRE,  MGEEO G I ke AN
R .

b. PC-VCSEL {45k, TEREMAL: PC-VCSEL A B —SE . T
] — A, A LRIt D3RG, AEAR R 2 g A T, LA U ) ke
IRFERR, RSB0 AR G AR, 1S H A OB T 5. AR,
Hh, THAFFEROS, HGTThRBAR. FR, ST S AfLIG N T N R A ECH
FE, PT AR SE TR O R . B 6-11 e ik VCSEL IR 457K~

A

¥ 6-11 PC-VCSEL ({3 i/~ &
Fig6-11 The surface of PC-VCSEL

-79-



AU bR 2 T i S A S

2. I DBR B2 A T R 01
6-12 DBR#B % i {1 VCSEL &5 #y i el U1

a
® et DevieeB P i

o 15um .

¥ 6-12 DBR # Al [} VCSEL #5475 Kl
Fig6-12 The structure of VCSELs whose DBR was injected by Al

SRS BB R SRR R, RIS V=K (n-np®) &%, A
117 A3 s Bt 1 (10 BR A RE 0 A LA RN RIS St 25 A, AT 31 e A
RFPEIRECR

RN BV T ) IfB G LS W

XA TE S I ARG LERRAEL, DU oA wE . SRR R SRR
ftaAocft . Wi AEDBR LB LA VCSEL T S 00 A, SEBLX VCSEL
B EL P 6-13 Al K454 1 VCSELT

Oxide
| aperture
Top contact Surface grating
.
Oxide Top
aperture DER
Active Bottom
region DBR
Bottom Sub-

contact strate

6-13 A RINDEHEE A HY VCSEL /i 1
Fig6-13 The structure of the grating VCSELs
4, ZHVEX L VCSEL iU
WP, TAIC B L& T 2RI R B L%,
HIF 2 AU X VCSEL J2 88 %, Jr LLSAALZ A R 3T 5 560 VCSEL #AA =4
N St AUl = o i S Y/ - N PN V13 2 € B/ R Y N W=7 7 I <X (E R Sl I 75
Prpt R ML AP/, R R A 2R

-80-



556 5 BRI TR 2 (K i) 7R o M U P R T i

6.2.2 L FNFLIZS

FEAALB RSB A EEREE Y —, BIEAR=E (n’n?) o® &
AN E A AL R, BB VAL OB, PR AU 41 R i,
B BT o T T AR N B R (6 b SR N T A, i TR AL
ANPEERE TN, VCSELs i D R Sk R g B . XX AL T, A
(TR T RS LE R, WE 13 (b) B, XRp&i i B A0 R,
B NFLAR SEFLAR A TT, A R T 06304, X8 K T VCSEL I 25
X4, $Em IR E

6.3 RE/NGE

AT TAESERINA VCSEL gy s dn A i Bl 21 1) 1) il o 6ot FEERE X
RRPERAF ) VCSEL #8412 ALAREBOR IS PR R B A T 1) . T
Z A& R VCSEL 2t L 2MGEE . A0 R HO S B it i Th 245 )5 i
fRIPERE, JTLASEEG % H RTAA/ER) VCSEL AUk BRI NFLARAO AR, ke
9T VCSEL M RFIEIG R 1 —E MERE . 25, FRATDR I S8Apske A AT T3 L 4 )
FRECHNEREAT T U, MEE B3R T2 A UK. e ik, Kif
Bk MEMAIETESEE VCSEL AU ) %

-81-



Bl B N e e e VA9

-82-



%
&

% it

AIRICAEFE K “973” WiH . “863” HWiH . K HRFFAIEGMIL G H AR
Rl N, 58 A s 2 fik o A A 47 PR ) 28 = s T A S O 4 R X
M, HEAT TYRAN G EES 20T A ST 5T

B, AR SCEEWARIET A, RIS T AR

BT R —: R B 5935 26 5 5 | 45 b g 3 e s T R SO G s IR o AT
B, RS . BN R =g =4t il, s AL
VEFH, RHEATEM . BT A A0 A S OERAER], ARG
PEEAERL, C&id5 2008SRBJ0974)

BB R 5 AMEHT A B R S OGS M 704 &, KA K
P B I J 5 A S I SRR A AT RE P ARG &, R AR S B2t S A 3T
SRR, SRR OGRS BRI A O R A 0V R 2 . 2T
WA UEBH T 2N R X G5 R AN 2 B AIG T BB IR, e T A D,
i Hi%3% 7 VCSEL b

AV SCHRAS IR B R 32 03 A B RO R P L B 5 458000 A B At
MR 5 R ZE T = AN J5T

BEXE R MBI MBI BRI A, $8H VCSEL £ 7 hfit
P RAHAE, 4347 244 3 T T R SO G AR 7 1 1) - B i, BT
MeRd, DL ) R 2T

%F VCSEL #EA A T-RES AT B g5 5090, PR, B, (w1t E X,
OIHT TP R SR O A PR R e 5 2 ), S FRATT A R
VCSEL 54 1) LP st LT gs, St LP i3k SXitAT T #R o0 b S B
HeS, 131 LP B FIMHE L R SHHOGBs TE. TM S REBME SRR, TE
WL R E PRI TG R . Befa, FRATE 0T8T 2 T A o
A Rl R SO AR B T R E L VTR BRI, A 2 S AT AR R A A
B R  FA AR R A

BB SR AT B e T 2 i i R O a8 I =0 A A
X PRI Z)ZB R0 BT 5935 28 3 | 45 A gt v 2 B I T R SO 2 1)
B AR, Il FIMATLABSA 9 5 T [RAT: 5997756 22 3 5 1 45 1) 1) m] e 4 5
[flo X LPo1~ LPy1+ LPav LPSE 3T B 4T, WSSl 45 SR kAT 01k,
HHe A (A A SRR EE AR e A I s . ArAe, ARAIME S, DL Rt 4
P53 A S5 AH 5 )

HALHRO I AT SRR 454 VCSEL 3F ik . AR

-83-



JERC bR 2 T 2 i S

BEVEHE AT BT S R, UER TS VCSEL TS R A8 . X B XU Y X 3
JE T RSO S R A T S R, MER S S, BRI R, 455
TP TR, X LGERATYRIX VCSELs BHUA RIS A IR R 2 A 1
Do SEECEERRIBES O BZPTHRZRIER, B R 2 5 4Pk
0, BRI O NS A, AR (R AS S L S ™, 17 A0 YR X 454
A R T B TR SO A B R . BRI SLEG | B2 A B 45—

SGIBNREAVAL KP 1By 2 Sy A s AL [ R B S RPN E P I 0N K G E
NHLTR S i, fr e KA 6 VCSEL #ialRps, BRIk, Bk i &4
PERIRE ), AR T SIS IR T e T DLCEATTIAR AR A,
FEPUAN R TAESAE R IR T 0 A0, H LU AN TFXEN R AR F =3
ITHWR AT, 19 EIBEE R

BRMR G REST: 27 TELENN VCSEL @iy, s Anint frid £
(TR, PIRG4S TR 22 AR I D R o 0] PR AR R P e 1)
VCSEL #8143 Hid N LA I DI BEC HH BRPR AT [)  f  EeA ok AT T4
H IR U VAR T T8 3], MEhe B3R T2 A . Ja 1 d
. RiB A WEENAARESGE VCSEL B PR 7%

W AR SO TAE, AmsEmk T EK “9737, “8637. H K HARR =AM
Jb 5t BARBE RS RIS VCSEL By H iF TAE, S, sz
WAL G T, R8T, tHe T s, #fiaC =22 A
%, LRRBCSH, UHE—EH KRR 25, L SCTick 1 &, Hsba—
F SCLB 3L I, 5 T2 A1 U7 T ) w ARAG ST H A1 IEAE WA DG R AR
YERL

_84-



W
e
><.
=

10
11

12

13

14

15

16

17

18

19

20

21

B30Ik

K. Iga, F. Koyama, S. Kinoshita. Surface Emitting Semiconductor Lasers. IEEE J. Quantum
Electron.. 1988, 24(9):1845~1855

H. Soda, K. Iga, C. kitahara, and Y. suematsu, GalnAs-P/InP Surface Emitting Injection Lasers.
Japan. J. Appl. Phys.. 1979, 18(5):2329~2320

LLEIP. S0t as. s Tk ML, 2000, 2:170 173 175

PR — /Nl ==K RSO AR Rl MY . R R, 20020 5~7 128 38 52~53
3026

R.S.Geels, S.W.Corzine, L.A.Coldren. InGaAs vertical-cavity surface-emitting

lasers. IEEE J.Quantum Electron. 1991, 27(6): 1359~1367

T.Baba,Y.Yogo, K.Suzuki. Near room temperature continuous wave lasing characteristics of
GalnAsP/InP surface emitting laser. Electron.Lett. 1993, 29(10): 913~914

K.Uomi. Low threshold room temperature pulsed operation of 1.5 B m vertical-cavity
surface-emitting lasers with an optimized multi-quantum well active layer. Photon.Technol.Lett.
1994, 6(3): 317

K.Iga. Possibility of Green/Blue/UV surface emitting lasers. In Int.Symp.Blue Laser Light
Emitting Diodes, 1996, Th-11: 263~266

T BRSO JERRAMAKATR. #Ot L oA E. 1999, 5: 13~17

W, GRATE. T ESIIACN BOGAR AR L. F 7™ i H 5. 2003, 4:12~14
K.D.Choquette, J.F.Klem, A.J.Klem. Electron.Lett. 2000, 36(16): 1388

HSr ). AlGaAs W EUE AL HEARUHT A T PR SHEOG B ROFAR). b5t Tk T2
27183, 2004, 5:1~3 18 34 16 47

XISEHr. T B TR SO A 3 5 R S B 2 A, TIE TR 28 5
2003, 3:1~2

Yue aiwen, Zhang wei, Zhan dunping. High Slope efficiency and high power 850nm oxide
confined vertical cavity surface emitting lasers Chinese Journal of Semiconductors. 2003,
24(7): 693~696

Zom M , Knigge A , Zeimer U. MOVPE growth of visible vertical cavity surface emitting
lasers . J .Crystal Growth . 2003, 248 :186~193.

H.E.Shin, Y.GJu, J.H.Shin.Electron. 780 nm oxidised vertical~cavity surface emitting lasers
with Alg 11Gag goAs quantum wellsLett..1996,32(14): 1287-1288

PR, B BRI AOGHO A — VCSEL. i FIe . 1999, 8:16

TR OGAEAE DGR A R RALAE. bRt iR s 2 AL, 2001:43

Johan S. Gustavsson, Jorgen Bengtsson, Piotr Jedrasik, Asa Haglund, Design and Evaluation of
Fundamental-Mode and Polarization-Stabilized VCSELs With a Subwavelength Surface
Grating. Journal of quantum electronics. Vol.42. No.3, March 2006

Jordi Buesa, Hugo Thienpont, Krassimir Panajotov, Polarization switching and dynamics
induced by optical injection in VCSELs. European Quantum Electronics Conference,2005
Takashi Mori, Yasuhiro Yamayoshi, Experimental demonstration of all-optical regeneration

-85-



Bl B N e e e VA9

22

23

24

25
26

27

28
29

30
31

32
33

34

35

36

37
38
39

40

41

42

43

44

45

using a polarization bistable VCSEL. Conference on Lasers & Electro-Optics (CLEO),2005
WL B L R BE WL 4 VCSEL i 4 AR SCHF PE Y SE IS DF X O i TR 5 &,
Optoelectronic Technology & Information 2003 Jun; 16(3)

W. Nakwaski and R. P. Sarzata, Mode Selectivity in Oxide-Confined Vertical-Cavity
Surface-Emitting Lasers. IEEE, 2005

W. Nakwaski, M. Wasiak, P. Mackowiak, W. Bedyk, M. Osinski etal., Oxidation kinetics of
AlAs and (AlGa)As layers in arsenidebased diode lasers: Comparative analysis of available
experimental data,Semicond. Science and Technol., vol. 19, pp. 333-341, 2004.

FRAE. FFEHOCE R R, N RIEH 1A, 1989,1: 13~19

IR T AL B P AR AT LA P R U T T A SO G BRI, bR T K A T
2712 3. 2005, 5:1~3 18 34 82

PR, BRE, BN, mE, AR, ot 2R R R B R, Ot
W, 21 %, 71,2001

SKZRE, L AR, R BT RS . 2001,1(3): 55~56

b9, 3B T RSO A i A PR BT ST, AL TP R T S 6 18 3C.2004,
2:1925

sk M, SR, bt mAEEE HARAE. 1985(1) : 50~65

WALAR, BT e A T A SO AR ORI, B 5 TP R T 2 A7 18 3. 2005,10:
89~91

gAY, Dl PR B I REE. 1990(1) 1 15~32

WYL, GRAEE, WA, WEIRI, RS0, RArMR, SUEME, XIE, VCSEL kit 1 BE:
NI HISEIR BT S, D6 THOR, 2006, 1(11)

K.Panajotov, B.Nagler, G.Verschaffelt, A.Georgievski, H.Thienpont, J.Danckaert, and
L.Veretennicoff, Impact of in-plane anisotropic strain on the polarization behavior of
vertical-cavity surface-emitting lasers. Applied physics Letters, 2000,77(11)

G.R.Hadley. Effective index model for wvertical cavity surface emitting lasers.
Opt.Lett.1995(20): 1483~1485

K.J.Ebeling. Analysis of vertical cavity surface emitting laser diodes (VCSEL). Semiconductor
Quantum Optio-electronics[M]. Institute of Physics, London, 1999: 312~330

[l 7p 2 0. DB TRE. BRI 2002: 157~205

RER. JCBCTFEIE. WA AL, 2000: 24~46

PHE. ZHWERAE OIS RO F A RARBOCA T, bR TR 24
W3L.2001,5: 11~22

weiveBs, sRAEE, FhUSE, HA, [RIS0H, H MATLAB BUM =2 PAOR T R E. O
THIA. 2006, 1(11)

A, FRRREL. B G HHRAE. 2002

WA, LB EIE. AERT N RME R AL, 1991

A, WM, TOR, A, BRI HL IR AN HE B T R SOG4 2 BT A [R5
Fe2EHAR. 2006. 32(1)

A.Valle, J. Sarma, and K. A. Shore, Dynamics of transverse mode competition in vertical cavity
surface emitting lasers, Opt. Commun. 1995,115: 297~302

Wei-Choon Ng,Yang Liu, and Karl Hess, Resonant-Wavelength Control and Optical
Confinement Analysis for Graded SCH VCSELSs Using a Self-Consistent Effective-Index

-86-



N

%% ik

46
47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

Method. Journal of lightwave technology, 2003.21(2)

KR . T L T R SN O A TR AR AL e AR SR P R S L O AR AR AR 2000,
20(2):181~185

Yong-Zhen Huang. Influence of Lateral Propagating Modes on Laser Output Characteristics in
Selectively Oxidized Vertical Cavity Surface-Emitting Lasers with Double Oxide Layers. J.
Appl. Phys.. 1999, 86(7):3519~3524

A PO, 3 S I AN O LA G BB A TREVR DG 0 2006.12(17)
Wei-Choon Ng, Yang Liu, Ben Klein, and Karl Hess. Improved Effective Index Method for
Oxide-Confined VCSEL Mode Analysis. Physics and Simulation of Optoelectronic Devices.
2002. 4646 (2002)

RSCEE. B e O D) 2R3 B A ORI T, bRt T R 2118 3. 2003,
34 64~65 75~78

MEBERE, RFTEE. RSP B LR BOR A 1984:278~283 74~78
162~166172~173 174~176 157 156

RICHE, FREE, YoM, 4L B A O a8 I B LA BET B B AR,
2003. 2 (20)

Nam-Heon Kim, Tae-Woo Lee, Ling Bao, Susan C. Hagness, and Luke J. Mawst, Modal
characteristics of large aperture ARROW VCSELSs, Proceedings of SPIE Vol. 5364

AU, W, PO, A, BRIRHTIT LU AN T I I ASHEO G As SRRISA T A .
AR, 2006. 32(1)

Hongbin Zhang, Gerd Mrozynski, Analysis of Transverse Mode Competition of VCSELs
Based on a Spatially Independent Model IEEE Journal of quantum electronics .2004,
40(1):18~24

A. Valle, J. Sarma, and K. A. Shore. Spatial hole burning effects on the dynamics of vertical
cavity surface-emitting laser diodes. IEEE J. Quantum Electron, 1995 ,31: 1423~1431

J. Y. Law and G. P. Agrawal, Effects of spatial hole burning on gain switching in vertical-cavity
surface-emitting lasers,IEEE J. Quantum Electron.1997, 33.:462~468

A.Valle, J. Sarma, and K. A. Shore, Dynamics of transverse mode competition in vertical cavity
surface emitting lasers, Opt. Commun. 1995,115: 297~302

J. Dellunde, M. C. Torrent, J. M. Sancho, and K. A. Shore, Statistics of transverse mode turn-on
dynamics in VCSEL’s. IEEE J. Quantum Electron. 1997,33:1197~1204

A. Valle, Selection and modulation of high-order transverse modes in vertical-cavity
surface-emitting lasers.IEEE J. Quantum Electron, 1998,34: 1924~1932.

A. Valle, L. Pesquera, S. I. Turovets, and J. M. Lopez, Nonlinear dynamics of
current-modulated vertical-cavity surface-emitting lasers. Opt. Commun.2002, 208: 173~182
Shigi Zheng, Zhongyuan Yu, Yan Ren, Jungiang Cheng®, Yan Ren, Jungiang Cheng. The
Multi-mode Behaviour of Vertical-Cavity Surface-Emitting Lasers under a Spatially Periodical
Current Injection. Optoelectronic Materials and Devices for Optical Communications, 2005.
6020(602010)

A. Valle, J. Sarma, and K. A. Shore. Spatial hole burning effects on the dynamics of vertical
cavity surface-emitting laser diodes. IEEE J. Quantum Electron, 1995 ,31: 1423~1431

J. Y. Law and G. P. Agrawal, Effects of spatial hole burning on gain switching in vertical-cavity
surface-emitting lasers,IEEE J. Quantum Electron.1997, 33.:462~468

TR DA Ao ST R LS T A SO s IR B Tk RS A A A A8 S
2003: 23~25

-87-



Bl B N e e e VA9

67

68
69

70

71

72

73

Scott W.corine. Design of Fabry-Perot Surface-Emitting Lasers With a Periodic Gain Structure.
IEEE Jaurnal of quantum electronics. 1989, 25(6): 1513~1523

arweEn, TLARR, SR, Botls B SHOUHEOR, bt T = k. 2003(3).

g I A, DT AR TE S T A SO A S A BT, @RS IE S EOR. 2006 1671~
4776

VP, R, M, BEUS, B, R, BB BRIAIL, Jor o i B A
850nm I KOG ST, BFFTERII.2007: 36(1)

Noriyuki Yokouchi, Aaron J. Danner, Student and Kent D. Choquette, Two-Dimensional
Photonic Crystal Confined Vertical-Cavity Surface-Emitting Lasers. Journal of selected topics
in quantum electronics. 2003.9(5): 1439

Jin-Wei Shi and C.H. Jiang, Single-mode vertical-cavity surface-emitting laser with
ring-shaped light-emitting aperture. Applied physics letters. 2005. 87. 031109

Asa Haglund, Johan S. Gustavsson, Jorgen Bengtsson, Piotr Jedrasik, and Anders Larsson,
Design and Evaluation of Fundamental-Mode and Polarization-Stabilized VCSELs With a
Subwavelength Surface Grating. Journal of quantum electronics. 2006. 42(3)

-88-



Tt 22 (0 3] 1) e R 1R 5 AR L

KLg it B 8 & REVFE AR 1B
(2005 5 9 H-2008 4 6 H)

WM, RS, CESE, TR, PotHh, VRN RS T TS R SO s R A
FEIERIREM, HIBEAEAR. 2008, 57(5),SCI K.

Hao Yang, Xia Guo, Baolu Guan, Tongxi Wang, Guangdi Shen, Research on
Influence of Oxidized Aperture on Transverse Mode Characteristics of
Vertical-Cavity Surface-Emitting Lasers, Chin. Phys. Lett (SCI  Received)

Baolu Guan, Xia Guo, Ting Liang, Xiaoling Gu, Jun Deng, Jing Guo, Hao Yang,
Qiaoming Lin, Guangdi Shen. Sacrificial A10.8Ga0.2As Etching for
Microstructures in Integrated Optoelectronic Devices. Journal of Applied Physics.
2006 100:113508

RKEWE, P, Brh, REE, BB, S0, B%E, wmE, ot sERE
[l B TR A S PO A R P A S . WBE2E4R 2007 56(8):4585~4589 SCIA:
=.

KEW, S8, Mk, BOREY, X7, mE, vt rTREG T E AR
B RERRMERIT S, AP O, 2008 8

LUR— AR g’ 1“3 AR IR S B0 A B V10 7, SRAFER
PFEAERL (83K *52008SRBJ0974)

-89-



Bl B N e e e VA9

-90-



BOW

B

AR SOEAE FIMPL I AR FOE Bl EUR K70 T RS, fER R
ORI PCZITIR IR RS, LRI B DI . BB IR AT E ). R RG
FARFEARAERZ I HAGEH AL S5 I TAE P A gt B AR AR
[P AR, P E A AT O 204 7 3Rty SOk T R = R 345
fy 3t 37 VCSEL FEaUBE A I8 B i, O ok R BEWS IE Al el L AL AR AR AR T (1Y
VCSEL A 147 J7 IR ORUIE, AL 1R P 't 1t 883 S5 LA S5 v (R A R B AL )
T o

R R 0 B R B 4 7 IR B AR 3, L 22 AR L R R SRR IR A
AR ) LB o3 A e A RS2 2 TE 9T o FREE AT AN B B — AR
IR AT RN, OB EL, 20X VCSEL B4, ik
HICAESR W7 1), A B D 90 2 T R M B3

R o U v R A REDBT R L AR AR . IR IR A B R B B AE
Fse e AR 2 7 3R S . ARIEE b X BIFIE T, 3k AE T
2, JF HAEAWE EXTBCRVISCH,  IX AR R B AR B SE A Iml 12 2

Rl R e IO R ey [T 9 A oy N 7 0 N o e e o TN R
WeZ Il XA ENIAIR 38 ROCRAEAE TAF e T I SCREANT ), AR T AR
AR AT

YR ) SR s 4 S AR 2 2 DA 2 AR I 88 75 T P SR AN o

YR ) SR O T B T AR B Ty T R e B AT 3 AT A
ERIZOMEAERTIT TARAS 21 TR Kt e

R R 2R AR FRTCTIAN 22 ) S R, 2 At T T SRR AN Sl i FR e
(N S LA N il SR (i i

R K HARB AR oy S 863 tHhl. HSK 973 vhdil. dbntikiZ:
AT BRI SR ey, ARICTARR R T ENIma sk,

B J5 AV AE 3 — A7 K57 SR AE 35 v BIrA SCRp AN 3 Bl o 38 1) 2 A ) 2 S5 DA e
IR0 IR

b
“EF A

-91-



	摘   要 
	 
	Abstract 
	第1章 绪  论 
	1.1 VCSEL的发展过程 
	1.2 VCSEL及其模式方面的优点 
	1.3 VCSEL及其模式的研究现状及主要应用 
	1.3.1 VCSEL的研究现状及主要应用 
	1.3.2 VCSEL模式的研究现状 

	1.4 VCSEL模式研究中存在的问题及解决方案 
	1.4.1 VCSEL模式研究中存在的问题 
	1.4.2解决方法 

	1.5 本论文的研究工作 
	第2章 垂直腔面发射激光器模式的理论基础 
	2.1模式的相关概念及理论基础 
	2.1.1 VCSEL的纵模特性 
	2.1.2 VCSEL的横模特性 
	2.1.3 VCSEL的偏振特性 

	2.2 LP模式的概念 
	2.3 VCSEL与边发射激光器模式上的区别及主要问题 
	2.4本章小结 

	第3章 垂直腔面发射激光器场分布的模拟与测试 
	3.1利用修正的三层波导结构算横模场分布 
	3.1.1传统的三层波导结构算法 
	3.1.2修正的三层波导结构算法 
	3.1.3存在的问题 

	3.2利用柱坐标方法算横模场分布 
	3.2.1理论推导及分布模拟 
	3.2.2对模拟结果的优化 

	3.３横模光场分布的测试 
	3.3.1测试结果同模拟结果的分析 
	3.3.2误差分布 

	3.4可视化界面的编写及连续性分析 
	3.5本章小结 

	第4章 有效折射率模型的建立 
	4.1垂直腔面发射激光器纵向光场分布 
	4.1.1求解纵向光场分布的原因 
	4.1.2纵向光场分布的理论推导 
	4.1.3不同结构VCSEL的纵向光场分布 

	4.2有效折射率的计算 
	4.2.1有效折射率的理论推导 
	4.2.2不同结构VCSEL的有效折射率计算 
	4.2.3不同结构VCSEL的性能对比 
	4.2.4实验测试 

	4.3本章小结 

	第5章 影响模式特性的诸因素分析 
	5.1注入电流对垂直腔面发射激光器模式特性的影响 
	5.1.1速率方程的建立 
	5.1.2载流子分布对模式的影响 
	5.1.3实验测量  

	5.2注入孔径对垂直腔面发射激光器模式特性的影响 
	5.3折射率对垂直腔面发射激光器模式特性的影响 
	5.4激射波长对垂直腔面发射激光器模式特性的影响 
	5.5本章小结 

	第6章 模式测试遇到的问题及改善模式特性的方法 
	6.1模式测试中遇到的问题及分析 
	6.2改善模式特性的方法 
	6.3本章小结 

	结  论 
	参考文献 
	攻读硕士学位期间发表的学术论文 
	致  谢 




