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L. Introduction
The bistable laser diode (BSLD) is a

key device for optical memory and optical
logic device which are needed for construct-
ing optical switching and optical computing

systems. For optical memory, the BSLD is
usually set by an opt,ical pulse and reset by

an electrical pulse trt. But the electrical
reset pulse causes eLectrical cross talk
which limits the degree of integration and

switching speed. Therefore, it is desirable
to control BSLD by only optical signals.

In this letter, we study optical set
and reset phenomena. We measured wavelength

dependence of threshold set light intensity
in detail and report new phenomenon that in-
jection light resets the BSLD. We also dem-

onstrate all optical flip-flop operation by

set and reset light pulses.

2. Structure of BSLD

Figure l- shows the structure of the
BSLD we used. It has tandem electrodes to
control hysterisis. The length of gain region

D-5-1

1 is 70 pm, gain region 2 is L90 pm, and the

saturable absorption region is 40 pm. The

active region is embedded with a semi-

insulating(SI) InP layer grown by MOC\D (2). The

resistivity of the SI InP layer is more than
108 Ocm. Thj-s BH laser, which uses an Sf layer,
is superior to conventional p-n junction BH

laser, because for the BSLD of tandem elec-
trodes, it is important to have high resistance
between the two electrodes to control the

injection currents independently. The contact
layer of the saturable absorption region is
removed by chemical etching to increase resis-
tance between the two electrodes. The resis-
tance between the two electrodes is about
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Optical set and reset characteristics of a bistable laser diode (BSLD)
are studied. Resonant phenomenon in wavelength dependence of set light intensity
are observed. New optical reset method that the BSLD can be reset by the light
injection is discorverd. And all optical flip-flop operation of BSLD is
demonstrated.
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Fj-gure 1. Structure of BSLD.



3. Experimental condition
Figure 2 shows an example of current/

light output characteristics. I, and I, are the
currents in gain region 1 and 2. When rz = 38.0

mAr the threshold turn-on current Iroo : 8.3 mA

and turn-off current lror, : 6.0 mA. In the
hysterisis region, peak wavelength in the
Iasing and EL state are about, 1.302 pm and L .30?

tlm. A DFB laser is used as an injected light
source. The wavelenqth of the injected light is
controlled by heat-sink temperature. The in-
tensity of injected light is calculated from

the photo-current of the BSLD, assuming the
facet reflectivity to be 0.3 and internal
quanLum efficiency to be L.0.

I z '38.0mA
hon .8.3mA

ltoff.6.0mA

lror lron

Current I r

Figure 2. Current/Iight output characteristic.

4. Optical set characteristics
It has been reported that the threshold

light intensity to set BSLD litt1e depends on

itts wavelength if the wavelength of the set
light is between the peak wavelengths in lasing
state and EL state (about 1-00 A wide) (1). The

BSLD, however, has a cavity with gain regions.
Therefore, the wavelength dependence of
threshold set light intensity should depend on

the characLeristic of F.P. cavity when the set
light is colinearly injected into the BSLD. We

examined this dependence in detail.

Current bias, frr was set at 7.3 mA (Iro,-

Ir=1.0 mA). Figure 3 shows the experimental
waveleng'th dependence of threshold set light
intensity. The arrows in the figure point to
th€ resonant wavelengths in the EL state of the
BSLD. This shows that threshold set light
intensity strongly depends on it's wavelength

and it has minimums around the resonant wave-

length of the EL state. Minimum and maximum in-
tensities are about 1 pW and 150 !rW.
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Figure 3. Wavelength dependence of
threshold set light intensity.

5. Optical reset characteristics
Optically resetting a BSLD has not been

tried until now. We found that a BSLD can be

reset by in jecting long waveleng:th light.
Figure 4 shows spectral changes j-n BSLD

by longer wavelength light injection. Bias

current I1 is set at 5 . 9 mA ( I1-Irorr:0 . 9 mA) .

Lasing wavelengt,h of the BSLD and the injec-
tion light wavelength were L.3023 and 1.3154

tl:n. a) Firstr w€ set the BSLD in the lasing
state. b) Lasing continued when the injection
Iight intensity was 40 pw. c) When j-njection

light intensity reached 200 pW, the BSLD
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stopped J-asing, and or1Iy the j-njection light
was observed. d) After injection light de-
creased to 0 pw, the BSLD remained off (Er.

state) .

1.30 1.31

Wavelength (F m)

Figure 4. Spectral change in BSID by light
injection of intensity a)0, b)40, clzo},
and d) 0 pw.

We measured the waveleng.th dependence

of the threshold light intensity to reset the
BSLD (figure 5) . fnjection light wavelength was

changed from 1.315 1un t.o 1.316 pm. Maximum

intensity of injection light was about ?00 pW.

Bias current T1 is set at 6.I, 6.5, 6.9
nrA(Alr:fr-Irorr:0.1-, 0.5, 0.9 mA). The arrow
shows the resonant wavelength of t,he BSLD not
in EL state but in the lasing state. fn the
BSLD, they are different, because the carrier
density of the active layer changes between

Lhe two states. The closer the injection light
wavelengrth is to the resonant waveleng'th of the
lasing state, the lower the threshold. reset
light intensity. we also found that the
threshold reset light intensity decreases with
decreasing bias current of BSLD.

The mechanism of optical reset phenome-

non is considered that injected light de-

creases the carrier densities of the gain
regions by amplifying the injected tight by
stimulated emission, therefore the gain of
lasing mode also decreases, and the BSLD stops
lasing. However, light injection with a wave-

Iength close to the lasing peak waveleng'th, can

not reset the BSLD, but the longer wavelength
light injection can reset BSLD. This is because

that both the longer wavelength light and the
light whose wavelength is close to lasing peak,

decrease the carrier density of two gain
regrions, however, the former is less absorbed

by the saturable absorption region than the
latter, therefore as a whole the former more

decrease the net gain of lasing mode than the
latter.
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Figure 5. Wavelength dependence of
threshold reset light intensity.
The arrow points to the resonant
wavelength of BSITD.

6. A11 optical flip-flop operation
Using the phenomena above mentioned, all

optical flip-flop operation of BSLD have been

demonstrated. Figure 5 shows the experimental
setup. The set and reset light $ras coupled by

a fiber coupler then injected into the BSLD

colinearly. The light output of BSLD is
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detectedby a PlNphotodiode. Wavelength of set

and reset light are l-.3044 and 1.3154 pm' and

light intensities are 30 and 90 pw. Pulse

wid.ths are abouE 20 ns. The result is shown in

figure 7. Output light of the BSLD corresponds

to the injection set light signal \\!" r" L"r "0".

Optlcal BSLD ptN
coupler

Set llght
pulse

(1)

(2',)

Reset llght
pulse

Figure 6. Experimental setuP.

50 ns/div.

Figure 7. Optical flip-flop operation of
BSLD.The three traces are set light (upper) 

'reset light (middle), and output light of
BSLD(lower).

7. Conclusion

We measured the wavelength dependence

of the threshold set light intensity and found

that it strongly depends on the relation

between the set light wavelength and the

wavelength of the BSLD in the EL state. We al-so

discovered a new optical reset method in
BSLD, and have operated an all optical flip-
flop operation.
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