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Cavity-Length—-Dependent Spectral and Temporal Characteristics of the

Quantum Wire Laser

Young-Chul Choi, Tae-Geun Kim
Gwangwoon Univ.

Abstract

In this paper, the cavity-length-dependent spectral and temporal characteristics of a V-groove
AlGaAs-GaAs quantum wire (QWR) laser at each subband were investigated. At short cavity lasers
less than 300 im, a discrete wavelength switching from the n=1 to the n=2 subband occurred due to
the increased threshold gain, resulting from the increased cavity loss. Using the characteristic of the
wavelength shift from n=1 to the n=2 subband with shortening the cavity length, ultrafast lasing
behaviors under gain switching at the n=1 and the n=2 subband transition were demonstrated and

compared.
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2%  F¥2  AA(ultrashort optical pulse
generation) 71&€< 234 FEAN AA2g®g of
g 2and 24 AX, B 24H AN2d, F 4EFH
Azd Bol EYA 88 £ A7 dE Fe
32 4" (short photon lifetime)® ¥& wEolS
(high differential gain)& 2zt #HoJAE AlL3Y
&34 ATFEHY gl 28 FEAE A
7l 9% 71€2 € o5 293 (gain- switching), Q-
2% 3 (Q-switching), ZE=-Z7 (mode-locking) &
g3 7hx] Wye] gloy, o] FeA o5 Ao
743 e dyoz A4EA dxm, 53 vEelH
2 o5 293 WA F H2ZE(optical pulse
width) € AR = S Fehugein,
%2H9-E(quantum well: QW) #HojAE ¥& &
o] 5 (diffenential gain)® & FA E=(photon
density)& zt7] W& 234 F3H 2 FEA
BofolAq 7HE 29 FHE2 A FHA &
£50 gt} M, AT FELD Yt UEA &
2} (quantum wire: QWR), %A (quantum dot:
QD) F&E ZALE Fz9 HFIY WS L

A o5& v e FA dxEw FEITHE
olE ARE ol&dd =7, 714, FAF ey,
£E BoM $4% 4 #E 29 FH2 AA
JtHed Aoz didrH2]l ey olH® olEF
Q) dAdE EFsn £ 54E 2 A4, &
A4 HolAE AFed ooz QUstd F3F
(dynamic) §A¢ tie A7 olF7AA 0FSH 4
Aol

EEdHE V-AY SFugdFuis-ZEY
A (AlGaAs-GaAs) FAA #olH g F317](cavity)
Zo] Wald wg A=ty BEd&FHA B3
HEE FE3UT, °F 29% WHE o] &3ld
z4zte] oy FeMe 2FEY ST AT
0E 53 54& AT

2.4 4
B dFd AHgd V-AF AlGaAs-GaAs ¥4
HolAxe A% BZY(flow-rate modulation
epitaxy : FME)o| 98l A&sach 28 1& o]
5 293L 98t AR SR #HolAe AF
A R&T &3 Md(setup)E RAFC. ZHzbe
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259 29 4242 ¢ 8 nm FAS% 80 nmF
€ 7Kz e ReE FAHIAAR] &A= &2
549 #4944 (uniformity)S BAF3t7] H3te] #2
dolH 2R AU, @A 02 nmEFH 1
mm7tA FZ7] dele WEztE FoUr}
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o5 A9 stdA FH 54 FAHE Hstd @
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g A =v] 15 VE e A7EA 94 447)
o 93 ¥ (pumping)HIAh 2T FH2= A&
A% HHY JHE Fv]) Hste 350404 700 ps
Za 10004 15 V] Eol& ZE AV Hae
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TAE e vlolo)x(bias)-T FH HZE T3
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HAth o5 293 wAS o835 Y4E 2@
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a9 2 Ha RO Add 3E A3y F
A7) dole) ZAd mE MHEWME Ho| WA A9
EY o]F BHE HYFr} 800 me] 71 F37] 4

ol Ze #HolAY A, n=1 MEWE=9] 4z3}
¥ A dx HA9 heavy-hole(le-lhh) & Alo
9] Holx 8377 nmollA WE mFo] LASH)
oy 220 me) &S FR7] Aolg e HolA
9 A%, n=2 AEw=9 gastd F HAA Az}
heavy-hole(2e-2hh) &9 Ale]e] Helx W& #73F
o] 8265 nmZ FAsA WA n=1Z 5
n=2 ez Ho| WHE HAsr] At &
£ A% ZAb(effective mass approximation)S ©]
£ 7% 849 E AE3to 239 FH9A FF
WAgAe FojEozn AP #HolA FRAAY]
AErws iz EHE A .
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Fig. 2. Subband transition emission spectra
achieved in pulsed mode at different
cavity lengths.
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zoA 713 A& A9 ¥WE(potential fluctuation)
& 77 B 2HEYY ojFo] A +E EE
Age o2 B AFe & &£40] glo] ¥xd
% 913, n=l MEWME=dX Ho[Ho] n=2 AHHu}
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Fig. 3. subbnad energy state characteristics at
different bias levels under continuous
wave an gain switching.

A< 2 zAAN FAA dHelAE 71A 4
(fundamental state)2F€ wzle] Aoy F
JAFUI = 12In)7F /Mol weh & AEU=
22E T e ux AREYO FAHID 2
g 28 vt ti AHYF ZA FEHE
e 44 234 BYsE d(heat) A HELR
AZtAT =F o5 2$Ad AT HIPY M7
Z71d] we}, 944 233 oA E A £

ZRH g AEdz= £42 I3 A2HEY] o

A o W o5 =44 g3 A4HE =HE
e FAAAe d4 @A) vde 3~4 nm F
% blue shiftdt gled o]RL & FY IF=
Q13 wi= A& (band filling) A W&o | &
e ge 53 ZoA AARHJYY. oo F 29
EYd FZ(ump)BAS 29 204 =% vieh o
PR3 4=

Azt g olF 2937 54 W3E =437
sle] oY 4% ol Iy He] W3 &
wgd  FHExe WA E(full-width at  half
maximum: FWHM)S W3l ~E¥ jldzte] 7]
Z(trace)& UEINRT} ZHZHe] n=2 M E¥ME(a)$}
n=1 MEW=(b)AM Hg FH2t A2 & H
g 2104 #FEEHUCY n=1 HERSAN F2E
HY P XNEL AF uiolojx 2 mA, 27
15V, & 350 ps 2 28 1 KHzE 3= 713
9 " AelelA 21 psPe™, n=2 AEHEE=A
Fag Hg Hao WMXNEL FAF uiejojzg ¢l
7tglel =) 14V, & 350 ps ¥ HHE-& | KHzE
Zre AZIAQY " AHA 29 psE #FEFHACG
Byxo MXEe FAV9 Holst Bagd met
Ao} FH(carrier lifetime)ol A& #4FE
7Age Bolxg, FA7) Ao|rt & 350 m °]7t
HY whx)Fo] oA FUtete AE #EE ¢ UY
o} o)Ae gA AFH TR Hol9 Had @
n=1 AEME2RE n=2 JEH=22] Ho| o4z
9 o]l AN Ug Ao A

2EY slvagle 71&5& ¥Ry FA7 Zelst
350 i) AS, FoIR FHPY 2P FelN HAF
o] 21 ps¢! Fue FEA BEHIHJYL FHe, F
& (frequency chirp)& 5 Av|gte]lth

§71R] Bo] AGtE AAE FHU2Y &Y & E
< 43 #9 2 HYta)E FWstgan, Y29
£29A7+e g 500 psel Aot HdE AA}7] 9
sty ZAF wloloj2E UMty & A7 £E
ZE ANFH) B2E FELIIRAT W AY
BAER Gt o|HLE B Ao ALH oA
7t ol 293& A8 Azt UA ¥PolAM R,
L C 59 #A7HA 714 847 2A £AE E9
ol AN Ux T2 ZE BFEY EE 9
E(modal gain) W&l RAeg Azdc ¥4 T
7] Aol7t 220 m AF, n=17 n=2 AEWE= T
of M2 BWEld n=l) A= FojAe] ojuixAgl,
Moz A4A5 n=22ME #o]Fe] dojrt
A 5 #zbe] ol Ylcompetition)o] Lot Aol
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FEHA ol AL n=17} n=2 HEWHE Ale]efA
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Fig 4. Streak camera trace of QWR laser
(a) time-resolved dynamic characteristics,
(b) measured spectral characteristics.
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