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Coaep:xkaHue OOKJIaaa

[MpeabicTopua nogasneHmna WGM nasepos
MoTuBauus paboThbl

[uckoBble nasepbl (~2 um) Ha OCHOBE HaHO-
pa3mepHbIX CTPYKTYp AlGaAsSb/GalnAsSb

OneKkTpontoOMUHECLIEHTHbIE CBOMCTBA
[nckoBble nasepbl C yceYeHHbIM PE30HATOPOM

ONEKTPONOMUHECLIEHTHbIE CBOMCTBA OAUCKOBbIX
na3epoB C yCeYeHHbIM Pe30HaTOPOM
[lepectpanBaemsble no yactote WGM nasepebl 3a
CYET HarpeBaHUa TOKOM

[lepecTpanBaemble no Yactote WGM nasepsl €
ynpasrdemMbIM NOrnoTuTenem

MexaHnam yactoTHou nepectponkn WGM-nasepa ¢
yrnpaBnaemMbiM MOrnoTuTenem

3aknoyeHume
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CXII. 7'he Problemi of the Whispering Gallery.
By Lord RayLeiGr, O.M., F.R.S.*
YHE phenomena of the whispering gallery, of which
there is a good and accessible example in St. Paul’s
cathedral, indicate that sonorous vibrations have a tendency
to cling to a concave surface. They may be reproduced
upon a moderate scale by the use of sounds of very high
pitch (wave-length=2 em.), such as are excited by a bird-
call, the percipient being u high' pressure sensitive flame f.
Especially remarkable is the narrowness of the obstacle, held
close to the concave surface, which is competent to intercept
most of the effect.
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MoTuBanus

Bbicokasi fobpoTHOCTb Q
FP ~ 300 < WG ~10°

[1NNHHBIN pe3oHaTop

PaboTta npn KOMHaTHOW
TeMmnepartype

OnTrU4ecKkni KoMNbIOTEP

YnpaBneHne cnekTpom
n3nyyeHmna WGM — nasepa

HennHenHble addeKTLI B
don3unke nasepos



Moaer menuymeit ranepen (WGM).

N3 mpOCTHIX TEOMETPUUECKUX COOOpaKEHUIM
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DHEPreTHUECKUE ruarpaMMbl jJa3epoB (2-2.4 um)

Ha ocHoBe QW AlGaAsSbh/GalnAsSh, BeipanieHHEIX
metonom MBE
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KOHCTPpYKIUA JUCKOBBIX JIA3€POB

W3 co3maHHBIX CTPYKTYpP METOAOM (oToauTorpaduu M KUAKOCTHOTO XHMHYECKOTO TPaBICHUS
W3rOTaBIIMBAJIMCH JIA3EPHBIC YHITHI C PE30HATOPOM MIIMHApUIeCcKor Gopmbl quamerpom 300 um u
200 um BeIcoTOM 15 pum.
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Xpam «HeOa» U JUCKOBBIM JIa3ep

Tucvma 6 KT ., 34(21), pp.27-32, 2008.



CIIEKTPBI JUCKOBBIX J1a3€POB,
BbhIpalllcHHBIX MeTogoM MBE
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WGM nasepsl cpeanero UK nuama3ona.

(Pe3onamop 6 éuode oucka uiu lebua)




CriekTphbl J1a3epoB ¢ Pe30HATOPOM B BH/I€ KOJIbIA
1 JUCKA, BbIpaleHHbix MeTogom MBE
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WGM na3zepsi (2-2.4 pm) ,

BbIpalieHHbIx MeToa0oM MBE

JINCKOBBIE J1a3ephl

mesa

A\ cal

A exp.

mesa

(um) (A) (A) (um)
300 18 18-19 292
200 25 24-27 190
100 53 51 92

Adwem

KoJblieBbI€ J1a3ephl

Orresa A cal AX exp. Opesa
(um) (A) (A) (1m)
300 18 18-20 293
200 25 24-27 192
100 53 52 94
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BriBog uznyuenus u3z WGM
J1a3€poB

Leaking part of the WGMs ‘

Substrate \
L= —————— e —



NudpakpacHOe N300pakeHUE
JIUCKOBOTO J1azepa (2-2.4 um)

Spontaneous emission

Laser emission

Bu co CTOPOHBI AMUTAKCHAIBHOM Buj co croponsl momnoxkkn GaSbh
CTPYKTYPHI



Pemenue ypaBHeHus 1 enbMrobiia a1 yCEYUEHHOTO
[UJIMHIPUIECKOTO JIA3EPHOr0 pe30HaATOpA

Qo

PelweHne YPaBHEHUA:

Pa3genenveM  mEepeMEHHBIX B IWJIHMHAPUYECKHUX
KOOpJIMHATaX, JTO YPaBHEHHUE CBOJUTHCA K TPEM
OObIYHBIM U dEepeHITNATEHBIM YPABHEHUSM '

E, = ZZ(Z)CD((D)R(p)
d’Z _ 2,
dz?

2 (1)
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d’R 1dR (w* V°
>+——+| ——— |[R=0
dp® pdp (C° p
C rpaHN4YHBIMK YCITIOBUSAMM:
2(0) =Z(h) =R(R;) =®(0) = @(¢,) =0 (2)

Z = Asin(kz), R=1J,(2p), @ =sin(vp),raev

nony4aercsa u3 ypaBHeHus sin(vepy)=0 n o 13

JU(‘”Rojzo (3)



MeKMOJ0BOE PACCTOSIHUE Y J1a3€POB C
YCEUCHHBIM [MUJIHHIPHUISCKUM PE30HATOPOM

MexMO010BOE PACCTOSHUE 1T (Pp= T U (Pp= T/2:

12
~27Rn’ (4)

Jlyist ueTBepTH nHcKa ypaBHeHUE (3) CBOAUTCS:

‘]2m [QROJ :O’

AL

C
1€ M MOJIOKHUTEIBHOE IEJIOC YUCII0. MEeXKMOIOBOE PACCTOSHUE ISl TOCTATOYHO OOJIBIINX MHICKCOB
M MOXeET OBITh MOJYYEHO U3 M3BECTHOW aCUMITOTHYCCKOM OIICHKH IMOJIOKEHUS TIEPBOTO KOPHS
dynkuus Beccens: 1 J (X)=0 n x=m, crenosarensro: A = 27R, /M
To ecTh MEXKMOIOBOE PACCTOSHUE B YECTBEPTh-TUCKOBOM PE30HATOPE YABOCHO :

2
Aﬂ%ZﬂRo(i— 1 j;Z A
m m+2 27R,N

Jlist mazepoB, uznydaroniux B Auanazone 2.0-2.4 mm, ¢ nuametrpom aucka 200mm u nmokaszareiaem
npesomieHus N=3.7 pacueTHOE MEXMOJOBOE PACCTOSAHHE Moiydaercs 1.25 NM ajist mMoJHOTO U
MOJIOBUHKH Jcka B 2.50 NM 17151 4eTBEPTh-AUCKOBOTO JIa3epa.



Uccnexyemsbie nazepsl (2-2.4 um).

Ith = 48-55 mA Ith = 75-80 mA Ith = 57-60 mA
(Jth = 75-85 Alcm**2) (Jth = 175 Alcm**2) (Jth = 350 Alcm**2)



CIIEKTPBI U3TYYCHUS

AN exp = 11.7 A
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3aBHUCUMOCTH MOIITHOCTHU U3JIyUYEHU JIa3ePOB
Pa3JIMYHOM reOMETPUH JTUCKA OT TOKA
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NuadpakpacHoe nzoopaxenune WGM nazepa c
OJIOBUHOM JIUCKA (CO CTOPOHBI CKOJIA)

V-107#14 d=300mkm
side view

APL., 94, 051102, 2009.



IlepecTtpanBaembrit WGM gazep, padoTaromuii npu

KOMHATHOHU TeMIieparype
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IlepecTrpanBaembiii WGM na3zep, padorarommii npu

KOMHATHOHU TeMIieparype
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IlepecTpanBaembiii WGM sa3ep ¢ ynpapisieMbIM
MOrJ0TUTEIEM

Intensity (a.u.)
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Wavelength (um)

The spectra of the laser under different biases on the control contact.



IlepecTrpanBaembiii WGM na3ep ¢ ynpasisieMbIM
IOIJIOTUTEIEeM
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The spectra of the laser under different
Sketches of the zone diagram and optical amplification-absorption spectra for a single-well biases on the control contact.
semiconductor laser. (A) —in a lasing regime, (B) — under zero bias and (C) — total amplification

spectrum when the control contact is grounded.

[-V characteristic.



3aKJII0UYECHHUE

Cozaanpl WGM nazepsl (2-2.4 MKM), paboTaroIiue npu KOMHAaTHOM
temneparype B CW pexume.

HaOmromanuce MOJIbl IEMYYIIEH Talepen B JUCKOBBIX JIa3epax pa3IMuHON
r€OMETPHUM: KaK B II€JIOM, TAK U B YCEUEHHOM JINCKOBOM pe30HATOpE (Ha
npumepe 2.0 MKM Jazepa).

MG}KMOI[OBOC paCCTOﬂHHC JINCKOBBIX J'IaSCpOB OHpCI[CJ’IﬁGTCﬂ BBIpa)KeHI/IGM
JJI HEJI0T0 U IT0JI-JIMCKA
12
Adyem =
GM
277Rn

" 3TO PACCTOAHHNUC YABAUBACTCA MJII YHCTBCPTH AMCKA.

Pemiena npo06ieMa BbIBOJA U3IyUYCHUS M3 JUCKOBBIX JIA3€POB 3a CUET
HCIIOJIb30BaHHUSI JUCKOBBIX PE30HATOPOB C YCEUSHHOM T€OMETpHUEH HUiTn
pe30HaTopa KOHYCOOOpa3HOM (POPMBEL.

Coznansl nepectpanBaembie o yactore WGM a3zepsl 3a cyeT HarpeBa
KOpoTKuMH uMitynbca Toka (0.2-1. us ). Jluanason nepectpoiiku nasepos 30 A.

Coznansl nepectpanBaemsbie 1o yactore WGM na3epsl ¢ ynpapisieMbIM
MOMIOTUTENEM. /[namma3oH mepecTporku Takux ja3zepoB 400 A.




