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A new type of opticd switching device is developed For a semiconductolase amplifier with a
shallow-etchd bendirg ridge waveguide the lase bean could propagat alorng the bending
direction or the straigh direction Switching betwee the two directiors is characterizedwith the
device fabricatel on the substra¢ with two quantun wells of different widths switching
characteristis are found to significanty depemnl on the spectraseparatia of the two lasing modes.
© 1997 American Institute of Physics [S0003-695(97)02140-3

Two-mocke opticd switching has potentid applications
in opticd communicatios ard opticd signd processing
The two oscillating modes may be two wavelength€, TE and
TM polarization states;™ or two spatialy distinct but cross
coupla lase diodes®~® Among them the spatiall distinct
lase outpu is preferrel becaus of its compatibility with
intensiy modulatel opticd signals Although efficient
switching has been achieve in spatialy distind cross
couplal lase diodes’® complicatel structures and process-
ing techniqus are requiral therein In this work, we repot a
new type of two spatially distind mode switching We use a
weakly index-guidel bendirg waveguick to provide asimple
ard efficiernt metha for switching betweea the bendirg di-
rection and the straight-propagatiodirection Switching be-
tween the two directiors is characterizedWith the devices
fabricatel on the substrag¢ with two quantun wells of differ-
ent widths, switching characteristis significanty depeml on
the spectrh separatia of the two lasing modes.

The devices were fabricatel on a gradel index separated
confinemenheterostructue (GRINSCH) substras with dual
GaAs quantum wells of differert widths separaté by a 150
A Aly 1 Gay gAs barrig layer. Figure 1 shows the layer
structue of the substrateA schemat of the device is shown

in Fig. 2(a). It has a5-um-wide ridge waveguide that con-

sists of a 200 um straight section and @500 um bending
section The bendirg sectio is formed by 35 segmers that

connet one after another Each segmen is oriented at an

increasily angk with respet to the direction of the straight
section The segmenhnearesto the outptt face is oriented at

an angk of 7° from the normd of the cleavel facet Chemi-

cd etchirg was usal to creae the ridge structure but was

stopp@l at abou 0.7 um above the active layer. A SjO
insulation layer was deposite after the etching Then this

layer was etchel away on top of the ridge waveguia for

p-conta¢ metallization The fabrication was completel by

n-conta¢ metallization and the devices were then cleaved
apart.

The shallow-etchd deph leads to a smal difference of
the refractive indices betwee the ridge and its neighboring
regions so the guiding effed of the ridge waveguic is
weak The wea guiding effed then causs the light to pos-
sibly propaga¢ along two paths The reasm is explainal as
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follows. Due to the we& guiding effect the light will not be

well guided along the bendirg sectilm when it propagates
from the straigh sectio to the bendirg section Sone por-

tion of the light continues to propaga¢ alorg the straight

path as indicated by the dashe lines in Fig. 2(a), while the

othe portion is still guided along the bendirg ridge wave-

guide Two near-fietl bean spos could then be observe at

the output face of the bendirg ridge waveguide One corre-

spond to the bendirg mode and the othe correspondto the

straight-propagatio mode.

Figures 2(b) and 2(c) show the near-fietl outpu beam
spos of the device measurd by a charge coupled device
(CCD) cameafor the injection curren belov and abowe 103
mA, respectively This observatio shows the switching from
the bendirg moce to the straight-propagatio moce as the
injection currert increasesThes bean spot were nat well
focusel due to the limitation of our opticd setup The left

1 GaAs p=5*10"cm™ 0.25um
g Graded AS2LAS p=10cm®  800A
3 AlsGagsAs  p=9*10""cm™> 1.5um
4 Gra;j(:g ?g_((;)ag_xAs undoped  2000A
5 GaAs undoped 75A

6 Alg 18Gag goAS undoped 1 50A
7 GaAs undoped 40A

g Craded AkGaAS undoped 20004
9 AlgsGagsAs  n=7*10"cm® 1.5um
10 Croded ACaLAS 1=10"%m> 10004
11 GaAs n=10"cm>  0.5pm

12 n-GaAs substrate

FIG. 1. The layer structue of the substra¢ with dud quantun wells of
differert widths.
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FIG. 2. (a) A schemat of the opticd switching device with bendirg wave-
guide (b) The bean spos at the output face of the device at low injection
current (c) The sane bean spos at large injection current (left spob
straight-propagatio mode (right spoy bendirg mode.

ard right bean spot are emitted from the straight-
propagatio path and the bendirg waveguide respectively.
The centes of the two light spot are separate for abou 30
um becaus the bendirg waveguig deviates from the
straight-propagatiopath for ~30 um at the output facet. At
the low injection current the straight-propagatio moce is
observe to be dimme than the bendirg mode for two rea-
sons First, this light experience more loss becaus ther is
no dired conta¢ betwea the metd and the highly doped
p-type GaAs layer alorng the straight-propagatio pah indi-
catal by the dashe lines in Fig. 2(a), ard thus no currert is
directly injected into this region Secongbecaus the light is
mainly polarized along the junction plane it is less transmit-
ted at the normd incidence As the injection currert in-
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FIG. 3. The experimenthsetyp of the external-cavig semiconductolaser
for observig the switching betwea the bendirg mode ard the straight-
propagatio mode.

creass to 103 mA, the straight-propagatio mode stars to
lase at arourd 848 nm, ard this mode become much more
intense than the bendirg mode It appeas to be impossibk to
hawe the light lasing along the pat indicatal by the dashed
lines in Fig. 2(a) becaus this pat is nat directly pumped.
However the large radius of curvatue of the bendirg ridge
wavegui@ makes it stay close to the straight-propagation
path for quite along distance Then the large curren spread-
ing in the shallow-etchd ridge waveguid@ causs the
straight-propagatiopath tha is close to the pumpel bending
waveguicek to be partially pumped Therefore resonance
alorg this path betwea the two cleavel faces could occur.

Switching from the straight-propagatio moce to the
bendirg mock is also observedWe usel an extern grating
to form alase cavity for the bendirg waveguide The ex-
perimenta setp is shown in Fig. 3. Becaus the waveguide
isoriental at an oblique angk to the cleavel facet very little
retro-reflectimm is experiencd at this output facet!® There-
fore, the lasing wavelengh of the bendig moce in the
external-caviy configuratia is widely tunable On the other
hand the straight-propagatio mode remairs at ~848 nm.
An additiona grating is used in the outpu of the external-
cavity configuration to separat the straight-propagation
moce and the bendirg mode Figure 4 shows the measured
L—I curve correspondig to such a switching betweea these
two modes The straight-propagatio mode oscillates first
with athreshodl currert of 103 mA. When the pumpirg cur-
rert reachs 116 mA, the bendirg mocde stars to lase In this
measurementhe bendirg mode is tunal to the wavelength
of 835 nm. Becaus the externd grating returrs more power
than the cleaval facet the bendirg mode could be more in-
tene ard then quenchs the straight-propagatio moce as a
resut of the gain competition betwea the two modes Such
a switching could be explainal by the two-mode competition
theory!! For practica use of the device in switching appli-
cations the two bean spos of the straight-propagatiomode
ard the bendirg mode neal to be coupled out separately.
This could possiby be achievel by using fiber coupling tech-
niques or integratirg this device with othe opticd compo-
nents.

It is discoverd tha the switching characteristis depend
on the spectra separatia of the two lasing modes Because
the device is fabricatel on the substrag with dud quantum
wells of different widths the wavelengh of the bending
mode can be tuned over 40 nm!? Carries in both quantum
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FIG. 4. L—I curves of the opticd switching device with the bendirg mode
tuned to the wavelengh 835 nm.

wells could contribue to the stimulatel emission The n=1
transitiors of the two wells separa¢ for abou 50 meV,
which correspond to ~30 nm. The lasing wavelengh 848
nm of the straight-propagatio moce indicates that it is
mainly contributel from the carriess in the wide quantum
well. For the bendirg mode with a wavelengh from 840 to
855 nm, its main contributian also comes from the carriessin
the wide quantun well. In this spectr& range the bending
mode has a lower threshotl currert than the straight-
propagatio mode Becausg the gain in the shar@ gain re-
gion is always first depletel by the bendirg mode as long as
the oscillation starts the straight-propagatio mode obtains
only negligible gain ard has no chane to oscillate.

For the bendirg mocke lasing at a wavelengh between
8275 and 840 nm, carriess in both wells could contribue to
this mode The switching characteristis for this spectral
range are similar to tha measurd at 835 nm excep tha the
bendirg mode has athreshotl currert slightly differernt from
116 mA. Gain competition of the two modes is the main
reasm for sud a switching The physics behird the gain
competition shoutl resut from the strorg interactio of car-
riers in the sarre quantun well becaus the carriess in the
wide quantum well simultaneousi contribue to both modes.

For the bendirg mode with a wavelengh smalle than
8275 nm, it is contributel mainly from carries in the nar-
row quantun well. In this case carriess contributirg to the
bendirg mode and the straight-propagatiomode come from
two uncouple quantun wells? respectively Becaus the
interaction of carries belongirg to different wells is rela-
tively weak no strorg gain competition betwea thes two
modes is experiencedAs aresult the straight-propagation
mode is nat quenchd althoudn it is still influencel by the
bendirg mode as shown in Fig. 5. In this measurementhe
bendirg mode lases at 8225 nm. For the bendirg mock las-
ing at a shorte wavelengththe straight-propagatiomode is
evan less influenced.

Appl. Phys. Lett., Vol. 71, No. 14, 6 October 1997

A Bending

mode
=
E 201 \
2 Straight
2 propagation
ool medg
S
Ly
100 200
Injection current (mA)

FIG. 5. L—I curves of the opticd switching device with the bendirg mode
tuned to the wavelengh 8225 nm.

In conclusion a new type of opticd switching device
with a shallow-etchd bendirg ridge waveguice is devel-
oped With the weakly index-guidel waveguide the laser
bean could possiby propagat along the bendirg direction
or the straigh direction Switching betweea the two direc-
tions is observedIn addition the switching is found to de-
perd on the spectraseparatio of the two modes becaus the
devices are fabricatel on the substra@ with dud quantum
wells of different widths As the carriess resice in the same
well, their strorg interaction cause a strorg gain competi-
tion and so leads to an obvious switching behavior On the
othe hand if the carriess resice in differert wells, their in-
teraction is weak As aconsequencethe gain competition
betweea the two modes is week ard no obvious switching
behavio is observed.
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