
DEest of Tech. Papers The I ,th Conf. on Solid State Devices' Tokyo

B - 4 - 1 Macroscopic Theory of Injection Lasers

(Invited)
Y. Suematsu

Tokyo Instltute of TechnologY

O-okayama, Meguro-ku, Tokyo 152, Japan

M. Yamada

Kanazawa University

Kodatsuno, Kanazawa 920 , JaPan

Introduction Operating characteristics of the lnjection laser are affected

hrr moii on of the 'i n i eaterl el eetrons. Some theoretlcal conclusions are
wJ vrrv 4rrd

obtained by authors, and summarized in this paper
f -r )Linear Gain \t/ The intra-band electronlc relaxatlon, which is caused by the

el-ectron-el-ectron or electron-photon scattering, 1s counted in the laser galn.

The rrband tail'r of the gain in lightly doped material- i-s explalned by the

relaxation as sfrown in Fig.1.
(1\(?) -' : ]aser eain is suppressed by t. lieldGaln Suppression (t)\1) The laser gain is suppressed by the oscill-atlng I

at lasing condition. Reduction of the amplified spontaneous emission is

explained by this suppression as shown in Fig.2. Such suppresslon reveafs

inhomogeneous and homogeneous gain broadenings in ltghtly and heavily doped

lasers, resPectivelY
/r\/?'

Stabil-ity of Axia] Modes (f)(3) Behavlors of the axial- modes are declded by

three factors, namely, transverse mode control, intra-band relaxation time of

the efectron and thermal stability of the device. Such condltions are.

theoretically analyzed and experimentally confirmed as tr'ig.3.
i/rt \

Frequency Responce of Dlrect Modulation \*/ Red.uction of the resonant peak

at direct modulatlon is anaLyzed with the rate equatlon, considering the effect

of spatla.l- diffusion of electrons as shown in Fie.4' Reductlon 1s eff'ective

when the stripe width is close to the diffusion length
/tr\

Linearity of Direct Modulation \r' Distortion of the linearlty at dlrect

modulatlon 1s anaLyzed by the rate equation as shown in,Fig.!. Llnea'rity is

hampered in phase rel-atj.on rather than 1n amplitude relation.
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l6e=1.33 [Arb.l )
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Fig.1- Linear gain Profile
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Fig.3 Stabilization of the axial mode

Normolized Modutotion FrequencY
f '"s

Fig.4 ModuLated llght lntensLty v's' driving
freguencY

inieCtion current  l― ith 〔mA〕

Fig。 2  0utput power v.s. iniectiOn
■evel Characteristic
■■ lightly dOped AlCaAs
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Fig.5  Modulation band width V.s.
bias current
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