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Spectral analysis of three—dimensional photonic quantum
ring laser with equilateral triangle—shaped microcavity
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PQR #HolAE IS4 7F AF B 2% A5 0d& 339 A §A4S 7HAT %o, A 9@
o] AZto] 7hgdte] AAG d2Egoe] A, FEA E PR 79 YN 2AZXNY FAPE BH
s QIth'? 9|, AwkAQ PRy vlolaz FAVE FM =32 537 evanescent wave 2HE o
o, % A& Agst wl$ Zojd £ Yo FF48 Add/Drop ZH, electrical-optical 1% &x T2
B2z Bopdl g3tele AFEe AP Yot I F4AE 2P PQR HolAE UM AF
& PQR #lolA ¢ AAZAY wlo]az FX719 Aol AH FFH 29 F&o FY Aotk
ole] & AT7dAME PH4ZE toroidal PQR #ojA o] U3l R=o dste] £431%t.

A4r2+E toroidal PQR #olA 9 Az& $3] AL8-3 o3& MOVPE (Metal Organic Vapor Phase
Epitaxy) o2 43sgion], 80 nm BAS AT AlbsGapsAs/GaAs TE9 A /Y FA $E
o2 wtot 7z 9] DBRs (Distributed Bragg Reflectors) ¥HAl3to] @A &S ol W F2E 23
2 Aok AAZE toroidal PQR #HolA Y A|FE $3t9 CAIBE (Chemically Assisted Ion Beam
Etching)& o} 439 A44ZAE RFo=z vAE W24 A7t 18] passivationS $13] SiNxE 3
Fatn AAd Ja3E st Egov=E TR T, Yot n-, p-electrodeE FF3ch
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AE Z9] envelope¢te] o2 7le] 3% /g =58 ¥33 5 ¢} Enveloped & fiber-probe
9] Numerical Apertured] H|#[3t] @2t A 4 Uk 29 194 & F AR A =7t ¥gsy
Zt 29 E 9 enveloped] X7t ¥3}sltietE envelopeo] A2 HAE e MY =g 53 4=
o} RA3A ME AL A= RAE B & AW ol BALY toroidal PQR #H o)A 9 emission
emission wavelength®} angle°l quantization®©] &< 9rjsiy], WA 2=+ 2319 Fi448 F37)
o] W3 whispering-gallery ¥ 229 ZAAZZAH} off-normal Fabry-Perot 33 27& A#FozH
t}e A3} o] 339 RFP (Rayleigh-Fabry-Perot) 33712 nda3d 4 9o}l
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(An : quantized wavelengths, 8, : quantized emission angles, A : vertical emission?] wavelength, ny :
9] effective index, An2] effective refractive index)

ag 2@)%E (D)o 259 40 /im ZF 449 emission 2HEPA ZAE emission wavelength
(empty symbols)¢} 3x+9 RFP 3%7] Rd& o83 A4t emission wavelength (solid lines)®] t}.
PN & F Xl 44y Ao ZAHI dloleet AL go] A dAFE AL & F AL
9 AoAM & 4 gl%o] 42 W3l emission mode ZHE mode?] YEV} v)$- %3 moded 740
gugoz Zog 7iAA(mode A7 F7F HEA) A HolAe AL & 4 Uuh. =3I, PQR #Hol
A 32HY RFP 337N 2322 Ztzhe] wd B2 9] 2o 93 quantized® emission angle
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7}A 9, emission angle< emission wavelength® A3 QHF A ASE ¢ 4 Aok 27 2(b)
(L)o] 259} 40 ym Zt AAE 2] emission E=ol T3 emission angleE YERATE Solid symbolsE-&
A =343 wavelengthol 93l 73 R =9] emission angle©] i, solid linesEe ¢ 2& o] &34
A+g emission anglelth. AN & F R0l F A& F F79 diolHst A dAs= A
S 2 5 Q) 29edAe] 2 1A ulIJIX 2 emission angle® EE Ago] dis] A Aoz
Z718le AL ¢ 4 deon, 2 =A% dolHZ¥-E T3 emission angle ¥3t&2 Z+7 25 ym Ak
0.64°/mode, 40 mm 2A: 040 °/mode® #ZHSth

B d7de A4ZHE toroidal PQROIA Q] B R=S59 EAE 934 344 RFP ¥7|24
43l i, 4% emission wavelength?} angle2 o] a3 F dx3HS & 4 Qloh waA o] ZdLe
PQR d#o]A 9] o]4A ¢l thulA emission angle EX ¢} angle-wavelength do] FAE & A Foh
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