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Mode LocKking of Semiconductor Laser with External Cavity

by Qin Xiaocrong, Fang Teao, Zeng Hansheng, Gao Yizhi
(Qinghua University)

Paper receivea on September 1, 1986.

Mogs locxing of semiconductor laser with externa!
cavily has been observed by optoelectronic
f

eedbhacii. -4, ()77

In the Jast few years, the super-short puise generalec by
semiconouctor laser (LI) 1s exiremely encouraging. The siznes of

this sort of device are small; it can be appiied in the fieros of
fioer oplic communications, high speec electronics, and resporse
time inspection for a detector as well as time domain measureme:.”
for fiver optics. Tnere are three types of super-short piiss
generating methods for a semlconductor: 1. Locking moge of &
semiconduntor laser with external cavity. When a moouiatec
alternating current (AC), frequency {,, flows across a
semiconductor laser, and if fi is equal to or integer times of tr.
frequency of the longitudinal mode, an active locking mode rcan b
achieved (1l1. A passive ilocking mode can be accompliished by using
an aged LD or an LD whose end surface has been subjected to proton
bombardment [23. 2. Dirert electric excitation {37. A sunrner-short

light pulse can be obtained due to gain switching effects when &
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strong current of tens times the pulse width or a =trong sine
current is appliec to a LD. 3. Uptcelectronic feedback 4]

After the output light from a self-puleing LD 1s converteo to

electric signal by passing it through a photodiode, tne signai is

‘ then ampiified and fedback to the LD, an optical pulse of 10 20 p=

can then be cbtained (as shown in Fig. 1). The optical and tnhe

power suppiy systems are simplified by adopting this method;

however, a strong self-pulsing LD is required.

It is inevitable to have impurity and defects existing in o
semiconductor cryzgtal which forms electron traps in trne fortlcsien

band. Wnen a pcsitive current flows across the semiconductor, 1ne

erecireon population increases in the conduction bana, at

time, the electron itrap wiil be able to catch some electrons. T

electron naught by tne trap can escape from 1t and jumps to the

conductlion bantd after abhsorbing a photon, which increases tne

carrier censity. The higher the light intensity, thne larger "L

erfect. Moreover, 1he eleciron trap can caich additiona;

ejiectrons while the electron in the condition band maxkes o
non-radiant jump to the valence band. The physical processes

statea above, as well as the saturating gain effect, can induce an

periodical adjustment of the carrier density in the LD, ana

consequently generate a light pulse (as shown in Fig. 2). The
pulse amplitude depends upon the electron trap density, 'T,. If T,
is too small, the pulse will be too weak to be detected This
) sort of LD can not be used in an optoelectronic feedback to

generate a super-short pulse.
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Fig. 1 The block diagram of Fig. 2 Illustration of a

the optoelectronic feedback self-pulsing process.
principie. n: eiectron density, 4: prota
Kev: 13 Photodiode; density,. T: empty electron
(2) Microwave amplifier. trap density, t: time.

Thiz paper presents a super-short pulse generating method ny
feecding tne light-induced pulse, which is generated vy =
semiconductor laser with external cavity., back to the LI arter
rassing ithrough an optoelectronic conversion. Wnen an externas!
cavity is formed by an LD and an external mirror, an oscillatirng
gain in the LD wiil be estanlished by the periodic photo feeaos
anct the elestronic trap effect, and consequently create an indiuc e
self-puising. The cavity length has a direct bearing on tue
freguency, amplitude and pulse width of the induced self puising.
i71. The seif-puising wil, be suppressed when the pulse is
short. The self-pulising strength can be increased if the cavity
is over a certain length. Even for those LDs without a
self-pulsing, a stronger self-pulsing can be obtained after an
external cavity is attached. The test has proved that an LD wili
be able to generate an induced self-pulsing generally after an

external cavity is added. Therefore, the concept of the

optoelectronicr feedback method for a semiconductor laser witih an
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external cavity makes sense. The fregquency of the inaucco
self-pulsing., & - mu/2L, L ig the ewternal cavity lengtih.

light speed, m =1, 2, 3 - - - , the magnitude of m depenas o5 1
cavity lengin and the current. The freguency of the feedciacr
electric pulse will be equal to or integer times of the frequenuy
of light which travels back and forth in the external cavity. it

the feedback is strong enough, an active mode-locking effect i~ar,

be achieved. The mechanism of creating an induced self-pulsing i=

simitar to Hur nnt exantiy the same as the passive [ockKing mode:
In an experiment, the lorking condition can be shown on a
microwave gpactrum. Wirnen 1t has not  yet been lockeo, the
microwave spectrum iz wice because the frequency intervais o ine
jongitudinal mode are not even. Tne spectrum wiain wi:: t«
narfowing winl le being locked. The experiment shows triat ine
tongituding: oo will b2 lookea when the sirength of tne inouces
self-puising increases 10 a certain level, and this inoucec
self-mwicsing wiil be converten to a passive locking mooe. ir o
electiran trap density in an LD is high, or the gensity or i«
saturating abhsorption center 15 increased by using an articic. 2!
meihng st as photlon bomoardment, etc., the passive lork ing moce
can be obtained.  Tnus the optoelectronic feedback can leada %o an

active-passive self-adjusting lockKing mode.

The experiment setup is illustrated in Fig. 3. A strip
GaAlAs bi-impurity LD which has been through the photon

bombardment treatment is used in the experiment. The lengtth of

tne self-foous iz 0023 pitch, and the reflection mirror M,
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coated witn the ruil reflective medium. The current threo..o o ¢
the LD itseif 1s 74 mA, and it pecomes I = 70 mA after a .. - 4
cm external cavity is formed. A dynamometer is usec 1o meniior
the coupling effect of the external cavity. A Textironic 49 |
spectrometer is also used to view the self-pulsing frequenzy. T .-
spectrum of the induced self-pulsing basically reflects the
microwave spectral frequencies of the various modes of the outlywn
light. After the light signal is converted to an electrical
signai in 1ne ATD 1, 1t is then amplified and fed to tne L  Tne

signal is amplified 20 dB in the range of 300 ~ 550 Miz.

(1) )
e »eiy

. | (3)
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APDI LD an ':jg

wig( '
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Fig. 3 111
Key: (13 O

o
Pl
ienz; (42 8§

ustration of the experiment setup.
cillioscope; (2) Dynamometer; (3> Self-
pectrometer: (5) Ampiifier.

100

Tre LD itseif used in the experiment has no self-puising; on.y
the wide band nolse can be detected in the spectrometer. Filgure
4a and 4 show the microwave spectrum of the induced self-pulsing

~

of the semiconductor laser with a L 34cm external cavity, when
the device is subjected to various current conditions. The

self-pulsing frequencies are 430 MHz and 436 MHz, and their

spectral wicth, Af are 18 MHz and 5 MHz, respectively. Figure 4n

and 4-1 show the microwave spectrum which has passed throuph ar

opturiectronic feedback. It cleariy indicates that tne pu!se
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amplitude i1s noticeably increased after the pulse has passec
througih the optoelectronic feedback. The microwave specira
width, At 1s recucea from 18 MHz to 7 MHz ana from 5 Mdn to
KHz, respecitively. Tris phenomennn indicates longiiuaina: moon
locking. When the longitudinal mode is fully locked, the lower
limit of Af should be equal to the the line width of the

longitudinal mode. The line width of the longitudinal mode of

semiconductor laser with a flat external cavity whose length, L is

approximate.y severai centimeters and 1s approximately 1 M=z wiior
is determinec by using the autodyne method. The microwave band
width after the optoelectronic feedback obtained in the exporim-i:
is close to the line width of the longitudinal mode. Owing 1o tne
time lag effect of the feedbank signal, both pulse freguen~ic:s

before anz: after feedback are slightly different.

ey P}

Fig. 4 An induced self-pulsing and the microwave spectrun

of the output light after the optoelectronic feedback.
(aj, (b) X-axis 5 MHz/grid, Y-axis 500 microV/gridg;
(c) X-axis 5 MHz/grid, Y-axis 10 DB/grid;

() X-axis 2 MHz/grid, Y-axis 10 DB/grid.

Figure %a, 5b show the variations of both the pulse amplituae,

A, and microwave band width, 8f, along with the input rurrent,
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I for votn cases witn teedback and without feedback. The
b
curves incicate tnat (1) the pulse amplitude ana moorawave o=

width are re:atea to the input current when the cavity iengii -
fixea. Trie maximuan pulse amplitude ana the minimum microwave -
width can be obtained at a certain current value. Under this
current, the positive carrier density reaches the optimum when tne
feedback light pulse in the external cavity rushes to the L. o1
the current is too small, the carrier density still reaches the
optinmum conaition when the light pulse arrives, anc tne:: Irne poos.
amplituce wijil be low. The low amplitude is not surficient 1o
lock the nparby tongitudinal mode interval at the pear irequency
of the seif-puising; therefore, the microwave bana widtr is
targer. I tne current iz tao great, the carrier denzity noas
reached ite coptimum condition before the lignt pulse arrives, ans:
forms an euwcited radiation. FPart of tne carrier 1s exnanusien wne
ne jight pulse arrives, thus the light pulse is wiwer, anc i1tz
amplitude is smal.er. 121 The optoelectranic feedback mares tqp
pulse amp . iiace increase ana microwave speclirum Qecresss
noticeas.y; conseduently, mode locKing 1s reached at tne optimun
condition. When the pulse amplitude is too small becaucse 0f 1ine
vear. feedback signai, the feedback effect is not noticeanie.
Te—

Conclusion” The noticeable narrowing of the microwave
spectrum explains the mode locking phenomenon which occurs when
the optoelectronic feedback is sufficiently strong. A second
order harmenic relating method or a strip camera can be used to

measure the puisze width in order to positively identify the .
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locking conditi?n. After testing several LDs, the resucts «ria 0
i i I
‘ . T e L « A,
that most of {ne LDs possess a relatively strong incucen )
s {
self-pulsing at 1 GHz. A better result can be achieved 1: & | <o,
¥
amplifier is used and its magnifying power is increasea. Tne :
J
experiment shows that an induced self-pulsing can be obtainen rfron y
!
the LD, which originally has no seif-pulsing, after an externa.
cavity is formed; therefore, the optoelectronic feedback methocd .
for generating an induced self-pulsing is significant. If tne .
semiconaustler las«r with an external cavity reaches tne passive
. - R ‘
locking moae, an atlive-passive self-adjusting locking moae, wiio '
. : . . s : '
ocours owing to the automatic matohing between the adjiusting
\J
’
frequenny ano cavity lengtn, can be achieved affer thne
. . N / : I . / !
optoslestronic Yesahanil. (‘ Coeee I ’ e
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Fig. 5 The variation of the pulse amplitude, A,, and
microwave spectral width, Aaf, vs. 3
{ Ayl /lg, —~Af~ W ia, 0 -- without optoeie~tronic
feedhank, x -- with optoeiectronic feedbark)
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