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Very-Low-Current Operation of Mesa-Stripe-Geometry Double-Heterostructure 

Injection Lasers 

T. Tsukada, H. Nakashima, J. Umeda, S. Nakamura, N. Chinone, R. Ito, and O. Nakada 
Central Research Laboratory, Hitachi, Limited, Kokubunji, Tokyo, Japan 

(Received 20 December 1971) 

Mesa-stripe-geometry double-heterostructure lasers which operate at a low-current level 
have been fabricated. Lasers of this geometry are made by etching the heterostructure lay-
ers, leaving a stripe region with a width ranging from 10 to 40 /.1m. Tbe current-spreading 
effect inherent in stripe-geometry lasers is eliminated in this structure. As a result of the 
small active region and the low-threshold current density, a significant reduction of total 
threshold current has been realized. The lowest-threshold current is 50 rnA in pulsed oper-
ation, and 75 rnA in dc. The thermal resistance of the diode of this structure is nearly as 
low as that of the stripe-geometry laser. 

Hayashi et al. reported the continuous operation of in-
jection lasers at room temperature by the use of a four-
layer double-heterostructure (DH) wafer grown on an n-

GaAs substrate by liquid-phase epitaxy. 1 Ripper et al. Z 

applied stripe geometry to the DH laser and obtained 
continuous operations above room temperature up to 
82°C owing to its better thermal properties than conven-

tional or broad contact lasers. In a stripe-geometry 
laser, however, there exists spreading of current in the 
active region and the threshold current density J tb at the 
contact becomes higher compared with that of a conven-

tional laser. If current spreading is eliminated without 
damaging other features, the performance of stripe-

geometry DH lasers is expected to be greatly improved. 
D' Asaro et al. 3 fabricated stripe-geometry lasers by 
the proton bombardment method and reduced spreading 

of current, obtaining the threshold current denSities 
typically a factor of 2 lower than the oxide-insulated 
lasers. In this letter, we describe the fabrication and 
characteristics of mesa-stripe-geometry lasers in 
which the current-spreading effect is eliminated by a 
mesa-etching method. The active regions of these 
lasers are as small as those of stripe-geometry lasers, 

having lower-threshold current densities than the stripe 
ones. As a result, a very-low-current operation has 

been achieved. 

DH epitaxial layers, n-Gao.7Alo.aAs (doped with Te and 
- 5 /.Lm thick), p-GaAs (Si, - 0.5 /.Lm), P-Gao.7AlO.aAS 
(Zn, - 1 /.Lm), and P-GaAs (Zn, 2 /.Lm), were grown 
sequentially on a heavily doped n-GaAs substrate by a 
Sliding liquid-phase-epitaxial method as described in 
Ref. 1. A P+ layer about 0.7 /.Lm deep was formed to 
provide a better contact with the electrode by diffusing 
Zn for 4 min at 750°C. 

Mesa-stripe-geometry lasers, as shown in Fig. 1, were 
fabricated by etching the epitaxial layers photolitho-
graphically, leaving the stripe region, its width ranging 
from 10 to 40 /.Lm. The etchant was HZS04 :HzOa:HzO 

Appl. Phys. Lett., Vol. 20, No.9, 1 May 1972 

= 4: 1: 1, and phosphosilicate glass (PSG) was used as a 
maSking oxide. Mesa etching was effected up to the first 
epitaxial layer (n-GaAlAs) to establish the required 
electrical and optical isolation of the active region. 

After removing PSG used as the mesa-etching mask, 
PSG was redeposited and reetched to be used as a mask 
of selective evaporation. The etching width of the Oxide 
on the mesa-stripe region was slightly narrower than 

the stripe width. Metallic contacts to the diode were 
made by evaporating Cr « o. 1 /.Lm thick) and Au 

(-1 /.Lm) on the P Side, and Au-Ge-Ni (-0.5 /.Lm) on the 
n Side. For continuous operation at and above room 

temperature, diode chips were bonded with the P side 
down onto metallized II a diamond heat sinks mounted 

on copper blocks. The diamond was metallized by se-
quentially evaporating Cr, Au, and Sn (-1 /.Lm). Mesa-
stripe geometry with a narrow stripe width may seem 
to be inadequate for assuring a fiat bonding to a heat 
sink; practically, however, no mechanical and electri-
cal difficulties were experienced in measurements of 

the mesa-stripe diode bonded to a heat sink. 

OXIDE 
p-GoAs 

p-GaAIAs 
p-GoAs 

METAL 

n-GoA I As----l .. _ 

n-GoAs 

METAL 

FIG. 1. Mesa-stripe-geometry DH lasers: The width of the 
stripe region is ranging from 10 to 40 /.1m. The cavity length of 
a diode is varying from 200 to 600 /.1m. 
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Visible GaAIAs V-channeled substrate inner stripe laser with stabilized mode 
using p-GaAs substrate 

s. Yamamoto, H. Hayashi, S. Yano, T. Sakurai, and T. Hijikata 
Central Research Laboratories, Sharp Corporation, Tenri, Nara 632, Japan 

(Received 29 October 1981; accepted for publication 7 December 1981) 

A new visible laser, the ¥-channeled substrate inner stripe laser, is developed. This laser can 

internally confine the current into the V channel by using a thin n-GaAs layer grown on thep-

GaAs substrate. cw threshold currents were 35-45 rnA in the visible spectral range of770-790 

nm. And highly stable transverse and single longitudinal mode operation were observed because 

the built-in optical waveguide was formed within the V channel. 

PACS numbers: 42.55.Px, 42.80.Lt, 68.55. + b 

In recent years, visible coherent light sources are re-

quired for various applications. It is presently thought that 

GaAIAs double heterojunction (DH) lasers are the most suit-

able for such visible light sources. The channeled substrate 

planer (CSP) laser,\ the transverse junction stripe (TJS) la-

ser,2 and the terraced substrate (TS) laser3 have been report-

ed for visible GaAIAs lasers controlling the lateral mode. 

However, the fabrication procedure of these lasers is compli-

cated because mask alignments and Zn diffusion are neces-

sary. Mask alignments often cause misalignment between 

the stripe for a current channel and the built-in optical wave-

guide. The control ofZn diffusion is difficult particularly for 

visible lasers because of the fast diffusion rate of Zn or the 

nonuniformity of diffusion front in the cladding layer with 

AlAs mole fraction higher than 0.4.4 Such a complexity of 

the fabrication procedure not only reduces the laser yield but 

also deteriorates the reliability. 

In this letter, we demonstrate the new visible GaAIAs 

laser, V -channeled substrate inner stripe (VSIS) laser, which 

can be easily produced without mask alignments and Zn dif-

fusion. The VSIS laser used the p-type substrate for the first 

time among DH lasers reported so far. The VSIS laser has 

low threshold current because the current is perfectly con-

fined in the V channel by the inner stripe. And it shows 

fundamental transverse and single longitudinal mode oper-

ation because the built-in optical waveguide is formed within 

the V channel. 

Figures l(a) and l(b), respectively, show a schematic 

representation of the VSIS laser and a scanning electron mi-

croscope (SEM) photograph of the cleaved facet of the VSIS 

laser, in which the channel width We is about 4 f.lm and the 

inner stripe width Wj is about 2 f.lm. Outside the channel, the 

VSIS laser has five layers: n-GaAs current blocking layer 

(thickness do = 0.6 f.lm),p-Ga\ _ y Aly As first-cladding layer 

(d\ = 0.15 f.lm),p-Gal _ xAlx As active layer (d2 = 0.08f.lm), 

noGal _yAlyAs second-cladding layer (d3 = I f.lm), and n-

GaAs cap layer (d4 = 3/lm). The composition of each layer 

is also shown in Fig. 1. 

The way of the internal current confinement has al-

ready been available in the separated multiclad layer (SML) 

laser,5 the double-current-confinement channelled-sub-

strate planer (DCC-CSP) laser,6 and so on. 7 But these lasers 

need to grow multilayers for blocking the current outside the 

inner stripe. For instance, p-GaAIAs and n-GaAs in the 

SLM laser, and p-GaAs and n-GaAs in the DCC-CSP laser 

are indispensable for blocking the current. If we intend to use 

a single GaAs layer as the current-blocking layer (CBL) out-

side the inner stripe, then we must grow the CBL with the 

thickness (do) larger than the minority-carrier diffusion 

length (Lo). The reason is explained as follows. The light 

radiated from the active layer is absorbed in the CBL, and 

electron-hole pairs are generated therein. If do < Lo, then mi-

nority carriers diffuse away to both sides of the CBL, and 

majority carriers accumulated in the CBL cause the reduc-

tion of the potential barrier of the CBL. Accordingly, the 

current flows in the whole area of the laser, so the current 

confinement becomes impossible. If do> L o, then the poten-

tial barrier is maintained outside the inner stripe since elec-

trons and holes recombine in the CBL. In this case, there-

fore, the current confinement is possible. Meanwhile, it is 

necessary to grow a CBL thinner than 1 f.lm so as to make the 

channel narrower than 5 /lm by chemical etching for stabi-

lizing the lateral mode. The hole diffusion length (L h ) is 

======== ___ Au-Ge-Ni 
__ n-GaAs 

--------__ n-Gal-yAlyAs 

P-Gal-xAlxAs 
P-Gal-yAlyAs 

I I n-GaAs 

lal 

(bl 

SUb. 

'---Au-Zn 

n-GaAs 

n-GaQs,AIQ49As 
p-Gao.ssAlQ1SAs 
P-Gao.slA1o.4gAs 

n-GaAs 

P-GaAs Sub. 

FIG. 1. (a) Schematic representation ofa VSIS laser. (b) SEM photograph of 

the cleaved facet of a VSIS laser. 
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Fig. 3. The schematic structure of the distributed-feedback laser. 

111. RESULTS AND DISCUSSION 

A .  Spectral Characteristics 

The  emission spectra  of a typical  injection laser is shown in 

Fig. 4, where the  period  of  the  corrugation is 3470 a, the 

length of the active region is 1050 pm,  and  the  threshold  cur- 

rent  density is 750  A/cm*. In this figure the  spontaneous 

emission has a broad  peak  centered  at  8255 a. Just above the 

threshold  (390  mA), a narrow peak of stimulated emission ap- 

pears at  8225 8. The  linewidth of the  stimulated emission is 

0.5 8. The  diode lased in a single longitudinal  mode, whose 

wavelength was stable with respect to changes of  excitation 

level from  threshold  to over four  times  the  threshold.  The 

lasing light was polarized with  the electric-field vector parallel 

to  the  junction plane. 

Lasers in which the  length of the  unexcited waveguide was 

less than 1 mm  exhibited  the  coexistence of two oscillations: 

one due to  the grating and  the  other  to  feedback involving the 

end  surface. The oscillation  by  grating feedback was identified 

by the small temperature  dependence of the lasing wavelength. 

When the  unexcited waveguide is longer than 2 mm, which is 

the case in  the following experiments,  the  influence of the  end 

surface is not observed  in the emission spectrum. 

Fig. 5 shows the  spectrum  of a typical laser as a function  of 

temperature.  The laser, whose  length was 630  pm,  required a 

threshold  current  density  of  1.8  kA/cm2  at 80 K and of 8.6 

kA/cm2  at  145 K. The  current was chosen  to be about 1.05 

times  the  threshold  at each temperature.  In  this figure, the 

peak  wavelength of the  spontaneous emission at 80 K is shorter 

by 78 a than  that  of  the  stimulated emission. As the  tempera- 

ture increases, the  peak  of  the  spontaneous emission shifts  more 

rapidly than  the  peak of the  stimulated emission does.. At 

145 K, the  peak wavelength of the  spontaneous emission is 

longer by  17 a than  that  of  the  stimulated emission. 

A small auxiliary peak is seen in the  spectrum  of Fig. 5 .  

We have no  satisfactory  explanation as to  its origin, since its 

temperature  dependence is inconsistent  with  either  that of a 

normal  Fabry-Perot (FP) mode  or higher order DFB modes. 

It  could, possibly, represent some hybrid  combination.  This 

peak is absent in  lasers possessing longer  unpumped  corrugated 

end sections. Typical of the  latter  category is the laser whose 

spectrum is shown in Fig. 4. 

Fig. 6  shows the wavelength of the stimulated-emission peak 

, 
0 

8200  8300 

Wavelength ( i ) 

Fig. 4. The emission spectra of a  typical laser. The period and  the 
depth of the  corrugation are 3470 A and 1800 A,  respectively. The 
threshold current  density is 750 A/cm2 at 80 K. 
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Fig. 5 .  Temperature  dependence of the emission spectrum. The current 
is chosen to be -1.05 times the  threshold for  each temperature. 
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Fig. 6. The lasing wavelength as a function of temperature. 
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Scientific Use of Fiber-Optic Submarine Telecommunications Cable Systems 
  

Rhett Butler 
Director, IRIS Ocean Cable 

1200 New York Avenue NW, Suite 800 
Washington, DC 20005 

rhett@iris.edu 
 

Introduction.  The first generation of fiber optic submarine cables began a revolution for telecommunication. The 
bandwidth available in these systems truly created the information superhighway across the oceans between North 
America, Europe, Japan, and other centers of digital culture. The development and installation cost of these systems 
exceeded $2,000,000,000. These electro-optical systems, though state-of-the-art in their time, have now been 
surpassed by purely optical systems with vastly greater capabilities. Because the second-generation systems are 
purely optical, using in-line lasers to amplify the signals rather than electro-optical regenerators, they may be 
upgraded “in place”—by changing only the terminal equipment the bandwidth may be increased by 1-2 orders of 
magnitude. This versatility coupled with the current underutilization of existing fiber capacity (estimated at less than 
a 10%), has led to the decision of telecommunications companies to retire their first generation fiber optic systems 
more than decade earlier than originally planned. This presents an extraordinary opportunity for science. 
 
Cabled Seafloor Observatories are essential to the Ocean Sciences (NRC, 2000), and the intellectual merit and 
broader impacts of these observatories have been discussed in a succession of NSF workshops and NRC reports. 
These fiber optic telecommunications cables being retired by the telecommunication industry are now being offered 
for scientific reuse by AT&T, and are in discussions with the overseas owners. These Cable Systems include three 
Pacific systems—Hawaii-4, Trans-Pacific Cable-3 (TPC-3), Guam-Philippine-Taiwan (GPT)—and four Atlantic 
Systems—Trans-Atlantic-8 (TAT-8), TAT-9, TAT-10, and TAT-11 (Figure 1). The transfer of these systems to 
science is currently in negotiations (July, 2003). A facility for ownership transfer is IRIS Ocean Cable, Inc. (IOC), a 
not-for-profit corporation formed by The IRIS Consortium in consultation with the National Science Foundation to 
acquire ownership of retired telephone cables for science. IOC currently owns two retired coaxial telephone cables: 
TPC-1 (Guam-Japan) with the University of Tokyo (Kasahara et al., 1998) and Hawaii-2, which serves the NSF-
funded Hawaii-2 Observatory (H2O) (Butler et al., 2000).  
 

 
Figure 1.  The TPC-1 and Hawaii-2 coaxial submarine telephone cables were transferred for scientific use in the 
1990’s. Seven first generation fiber optic Cable Systems are now being retired, and are being considered for 
scientific use. 
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					ISLC-4				Atlanta							Discussion	topics												1974	
	
*	DH	laser	reliability:	dark-line-defect	DLD	/	transient	effects	
	
*	DH	&	SCH	laser	performance:	opMmal	acBve	layer	thickness	
		
*		Cryogenic	Lead-Salt	lasers	operaMng	in	the	mid-infrared				
	
*	New	2D	waveguide	structure		

	 	 	 											buried	heterojuncMon	BH	
	
*	New	1D	acBve	region	

corrugated	waveguide	
wide	aperture	surface	emission	

	 	 	 	GraBng	Coupled	Surface	EmiYng	Laser	GCSEL			
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ZORY  AND COMERFORD: GRATING-COUPLED DH AlGaAs DIODE  LASERS 453 

- GAIN IN  Si-GaAs LAYER 
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Fig. 2; Dependence of the TEo-mode gain coefficient on buffer-layer 
thickness for  the cases where the  contact (defined in Fig. 1) is either 
gold or thick GaAs. 

or  gold, p o  is the  exponential decay factor of the  TEo  mode in 
the  buffer  layer, t b  is the buffer-layer  thickness, and wo is 
the effective waveguide thickness  or  mode  width - ( 2 / p 0 )  t 
tg (gain-layer thickness). 

If 6, = 1  in (l), implying  an AlGaAs-air corrugated  inter- 
face,  then  two  oppositely  directed  leaky waves are  generated 
from  unidirectional  TEo light  propagating  in the waveguide. 
The wave which  appears on  the air side of the interface is 
called the  transmitted  leaky wave and  the  one  which  appears 
on  the AlGaAs  side of  the  interface is  called the reflected 
leaky  wave.  The  sum  of the loss coefficients  due to  the 
transmitted  leaky wave a(,-'*) and  the  reflected  leaky wave 
a$-'R) is equal to  the expression for a$-') given in (1). They 
are  related  by  the  equation [ 181 

.$-'R) = n,a(,-'T). ( 2 )  

If it is assumed that ka = 0.31 (about one-half the  maximum 
value which can  be  achieved if selective etching is used to 
make  the grating [ 191 ) and  that t b  is 41 5 nm,  then a(;1T) is 
about 1  cm-' (see the Appendix  for  other values  used in  the 
computation). This  implies that in  this  configuration  it  takes  a 
distance of 100  ym to convert  about 1 percent of the power  in 
a  unidirectional  TEo  mode  into  transmitted leaky-wave  power 
traveling normal to  the waveguide plane.  Although the loss co- 
efficient  associated with  the reflected  leaky wave is about 3.5 
times larger than  that associated  with the  transmitted leaky 
wave, the reflected wave  is not easily utilized since its  emis- 
sion  direction is into  the relatively thick (-100-pm) lossy 
GaAs substrate  normally  present in these devices.  If 6, = 0 in 
(l), implying an AlGaAs-gold corrugated  interface,  then  only 
one  leaky wave  is generated,  the reflected  leaky wave.  In this 
case, the associated  loss  coefficient a&-1R) = a&-') is equal to 
about 6 cm-' . Since its  direction is the same as the reflected 
leaky wave generated  at the AlGaAs-air corrugated  interface, 
the  power  in  the beam cannot be fully  utilized  unless  a  win- 
dow is opened  for  its  exit  through  the  lossy GaAs substrate. 
The  evanescent wave interaction giving rise to these  leaky 
waves is depicted  in Fig. 3 for  the case where two  counter- 
running  TEo waves, Ro and So ,  are  propagating  in the wave- 
guide.  In  drawing Fig. 3, it  has been  assumed that h is not 
quite  equal to  nod, as was  previously assumed. In this case, 
the  leaky waves associated  with R ,  and So, viz., RL-l) and 
Si- ' ) ,  are  not  emitted  normal to  the waveguide plane,  and 
consequently  are  distinguishable  from  each  other.  The emis- 

Fig. 3. Leaky  waves RA-l) and S6-l) generated by  the evanescent wave 
interaction of the counter-propagating waves Ro and SO with the cor- 
rugated interface. R6-l T ,  and S6-l *) have spot sizes  in the focal 
plane of the lens equal to  the product of the lens focal length F and 
the  beam divergence AO. Aperture A mentioned  in  text is the  open- 
ing between  the gold contact pads. 

sion angle e&-') for  first-order  leaky waves which  escape into 
the air (in  this case, the  transmitted  leaky waves emitted 
through  aperture A ,  viz., RL-' *) and Si-' ')), is given by [ 5 ]  

For  the case shown it is assumed that no 2 h/d, so that  the 
leaky waves are  forward waves rather  than  backward waves. 
A forward  leaky wave is one  whose component  in  the plane 
of  the waveguide has  the same direction  as the guided wave 
from  which  it is generated [ 151 . 

Since  each  leaky wave has a  well-defined  emission direction, 
they  can be  focused to different  locations  in  the  back  focal 
plane of a  lens  as  shown  in Fig. 3. The spot size AX,  or equiv- 
alently the  beam divergence, A0 AXIF,  depends  on a  super- 
position of two divergence functions: Ae(A)-the  divergence 
due to the  finite  spatial  width A of  the  output  aperture A ;  and 
A6(Ah)-the divergence due basically to the  finite  spectral 
width  Ah  of  the laser oscillation.' An approximate expression 
for A0(A) is [20] 

AB@) = h/A (4) 

and  an  approximate expression for AO(Ah), obtained  from 
(31, is 

A6(Ah) z IAn(Ah)l t lAh/dl. (5 1 
In  writing ( 9 ,  it  has  been assumed that  the  mode dispersion is 
normal, i.e., n increases as h decreases, so that  the  two  terms 
on  the  right-hand side of ( 5 )  always add.  In  typical AlGaAs 
lasers, the dispersion term  An(Ah) is dominated  by  the  Ah/d 

2 In computing A8 ( A h )  for a given laser, it will be assumed that A h  is 
equal to  the full width  at half height of the laser-power spectral- 
envelope function. 
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Laser oscillation from quantum states in very thin 
GaAs-Alo.2Gao.aAs multilayer structures 

J. P. van der Ziel, R. Dingle, R. C. Miller, W. Wiegmann, and W. A. Nordland Jr. 

Bell Laboratories. Murray Hill. New Jersey 07974 

(Received 9 January 1975) 

We report optically pumped laser oscillation from multilayer heterostructures consisting of alternating 

layers of GaAs and Alo.2GIIo.8As. Very thin GaAs layers (50-500 A) exhibit one-dimensional bound 

states above the band gap of bulk GaAs. The laser oscillation occurs at energies which are slightly 

below the exciton associated with the lowest energy n = I bound state. 

PACS numbers: 42.60.1, 42.50. 

Recent developments in the molecular beam epitaxy 

(MBE) technique have enabled us to grow multiple very 

thin alternating layers of GaAs and AlxGal_"As in a high-

ly reproducible manner .l,a The band gap of Al"Ga1_"As 

increases with x so that a thin GaAs layer sandwiched 

between Al"Gal_"As layers acts as a one-dimensional 

potential well for electrons and holes. Tunneling be-

tween the GaAs layers is strongly dependent on the 

Al"Gal_"As layer thickness, and in the structures 

studied here the GaAs layers are electrically isolated 

from each other. The characteristics of the multilayer 

structures are then determined by the widths of the 

individual GaAs layers and the aluminum content of the 

isolation layers. Such layers have interesting optical3 

and electrical characteristics. 4 In this letter we report 

the initial observation of optically pumped laser oscil-

lation from multilayered structures as shown in Fig. 

1(a). This work was stimulated in part by the observa-

tion that the quantum effects modify the density of 

states. 5 

The energy levels of electrons and holes in very thin 

GaAs layers sandwiched between the larger-band-gap 

Alo.aGao.aAs layers consist of a discrete number of 

bound states within the well, and a continuum for ener-

gies above the well [Fig. 1(b».3 The energies of the 

bound states of a particle of mass m* in a well of depth 

V, of width L. in the crystal direction, are given by the 

solution of 

where E.n is measured from the bottom of the well, and 

the tan (cot) term yields states, identified by the quan-

tum numbers n = 1, 2, ... , which have even (odd) parity 

with respect to the center of the well. 6 In other direc-

tions the particle remains free, and the total energy is 

(2) 

The low-temperature absorption spectrum of bulk 

GaAs consists of a strong exciton line at 1. 515 eV and 

continuum band-to-band absorption above the 1. 5192-

eV band gap. For very thin layers, the electron-hole 

interaction yields an exciton for each E"n with a binding 

energy of 4-7 meV. These excitons appear as peaks in 

the absorption spectrum and have been used to study 

the nature of the potential wells. 3 From measurements 
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on a large number of GaAs layers separated by 

Alo.aGao.aAs the depths of the potential wells for elec-

trons and holes were found to be 0.22 and 0.03 eV, 

respectively [Fig. l(b)]. Thus, for example, with an 

electron mass - O. 0665m an 80-A -thick GaAs layer 

contains two bound electron states. There are also two 

hole bands, having effective masses - O. 45m and 

- O. 08m, so that an 80-A -thick layer contains two heavy-

hole and a single light-hole bound states. 

The electron and hole bound states with the same n 
have the largest wave-function overlap. Consequently, 

the strongest tranSitions obey the selection rule n. = nh • 

At relatively low temperatures photoexcited electrons 

condense into the lowest energy n = 1 state, and the 

holes condense in the n = 1 heavy-hole state. For a 

(001) layer the heavy and light holes correspond to the 

j z = ± and ± valence bands, respectively, and the 

MULTILAYERS BUFFER SUBSTRATE 

1.67eV 

(a) 

\. BOA LAYERS(507 Go As 

\ 

n=l-bJ. bd 

T Alo.2Goo.eAs 

Eg=1.765 eV GoAs 

___ 

(b) 0.03eV 

1.536 eV 1.509 eV 

FIG. 1. (a) Configuration used to obtain laser oscillation from 

the multilayer film. The 1. 67-eV pump radiation is absorbed 

in the GaAs multilayers and the buffer layer. Oscillation is 
detected from the end faces at 1. 536 and 1. 509 eV. (b) Band 

structure of SO-A.-thick GaAs layers separated by 240-A. 

Alo•2Gao•sAs layers. There are two one-dimensional bound 
electron states labeled n=l and 2. The potential well for holes 
contains three hole states which are discussed in the text, but 
are not shown. 
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					ISLC-5			Nemu-No-Sato			Discussion	topics			1976	
	
*	EliminaBon	of	“Kinks”	in	Output	Power	vs	Current	Profiles	
							AlGaAs/GaAs	Structures	for	stabilizing	2D	waveguide	modes		
									 	“Simple”	very	narrow	stripe	2D	waveguides:	
	 	 	 	 	gain/loss,	implanted	ions,	dielectric	layers			
									 	Complex	structure	2D	waveguides:	
							 		 			transverse	juncMon	stripe	TJS,	embedded,	loaded					
	
*	Corrugated	waveguide	structures:		

	 	 	single	frequency	DFB	lasers		/	surface	emission	GCSELs	
		

Long	distance	fiber	communicaBon	potenBal	
Paper	L-V-7					Lincoln	Lab	USA	

“(InGa)	(AsP)	/	InP	DH	structure	Lasers”	
λ=	1.1µm	@	3000K	

Applied	Physics	Lejers			v28			p283			1976	
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*	Long	Wavelength	InGaAsP	lasers:		~		30%	of	total	papers	
		 	 	 	 										9	general	type	papers	

					9	papers	directly	related	to	temperature	sensiBvity		
	 	 		

*	Reliability	issues:	
								now	mostly	InGaAsP/InP	lasers					AlGaAs/GaAs	proven	
	
*	Mode	hopping	noise	in	single	longitudinal	mode	SLM	lasers	

	 	 	stabilized	2D	waveguide	mode	AlGaAs	lasers	
	
*	New	type	of	acBve	region	

“Surface	EmiYng	InjecBon	Laser”		
later	to	be	known	as	the	VCSEL	
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					ISLC-8				Otawa									Discussion	Topics			 					1982	



			ISLC-8			VerBcal	Cavity	Surface	EmiYng	Laser			1982					
VCSEL	

	
ISLC-8			Ojawa					paper	37					Tokyo	Inst	Technology		

“SLM	OscillaMon	of	10	µm	cavity-length	Surface	Emiqng	InjecMon	Lsr”	
	Japanese	J	Appl	Phys			v18			p2329			1979	

	

				λ	≅1.22	µm	@	800K	
	

	 		
				d	≅	2900	nm		
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		AcBve	Region	



*	Most	controversial	issue			
	 	 	What’s	the	best	SLM	structure	for	long	distance	opMcal	
		 	 	fiber	communicaMon	systems?						the	CHIRP	problem																										
											present	modulaMon	bandwidth	~	10GHz				
						 	 		
*	Most	Popular	topics:								15	papers	each		

	high	power	and	single	longitudinal	SLM	mode	lasers 		
	
*	Quantum	Well	QW	lasers:		9	papers	

	 	 							Temperature	dependence	of	threshold	T0	
	
*High	Power	

Non-absorbing	mirror	NAM	laser	
1.5	Wat	-	100ns	pulse	-	high	quality	beam	

	

					ISLC-9			Rio	de	Janeiro			Discussion	Topics			1984	
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					ISLC-9				Hgh	Pwr	Non-Absorbing	Mirror	NAM	Lsr			1984 	
	 	 	1984	

		
	

“Non-absorbing-Mirror	NAM	CDH-LOC	Lasers”	
IEEE	Spectrum			v22			p43			June	1985	

Constricted	DH	Large	OpBcal	Cavity	LOC	AcBve	Region		

	
AcBve	
Region	
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10	µm	 ISLC-9		Rio		paper	C-2		RCA	Labs	
	



					ISLC-11				Boston							Discussion	Topics																							1988	
	

	
	

*	Most	Popular	Topic	
													27%	of	papers	had	DFB/DBR	acronym	in	Mtle;	popularity	due	to	
													both	long	distance	telecom	&	coherent	communicaMons	needs	
	
*	High	Power:			
														first	100mW	VCSEL	-		order	of	magnitude	improvement	
														first	strained	QW	laser	paper	at	an	ISLC	conference	
	
*	Quantum	Well	QW	lasers	
	
*	High	Speed	ModulaBon	/	Tunable	lasers		
															high-speed,	direct	detecMon,		

	 			coherent	heterodyne	detecMon	systems	
	 			wavelength-division-mulMplexing	WDM	
	 			photonic	Integrated	circuit	PIC	
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					ISLC-11			 						Tunable	MQW	DBR	PIC											1988		

hhhh	

λ	=	1.53	μm		
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4	InGaAs	QWs	
d	=	8	nm		

235	nm	
	

											ISLC-5				Boston						paper	J1				AT&T	Bell	Labs		
	“High	Performance	Tunable	1.5	µm	InGaAs/InGaAsP	MQW	DBR	Lasers”																		

Applied	Physics	Lejers			v53			p1036		1988	
	

Complex	
	AcBve		
Region	



					ISLC-12					 	 	Davos				Switzerland	 	 	 	 				 	1990	
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					ISLC-12				Davos								Discussion	Topics			 					1990	
	

*	The	Big	QuesMon	Not	Answered	at	ISLC-12		
Why	aren’t	QW	lasers	as	fast	as	predicted?	

	
*	High	Power:		E2	facet	treatment	process	“eliminates”		

	 	 	 					catastrophic	opMcal	damage	COD	
	
*	Strained	QW	Lasers	
	 	 	 	sub-mA	threshold	in	λ =	1.5	µm	region		

	 	 	InGaAsP/InP	laser	performance	enhanced			
	 	 	 	 	using	tensile	or	compressive	strained	QW	
	 	 	tunable	VCSEL 	 		
	 	 	narrow	line-width,	single	InGaAs	QW	VCSEL			
	 	 	 	 	sub-mA	CW	threshold	at	3000K			
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					ISLC-12				CW	3000K	VCSEL			single	QW	acBve	layer		1990		

	
	 ISLC-12			Davos					paper	B-1					UC	Santa	Barbara		

					“Narrow	Linewidth,	Low	Threshold	VCSELs”											
Applied	Physics	Ljrs			v57			p1605			1990	

Complex		
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				 	 	 	 	 	1st	Diode	Laser	

		

US	Patent	3,245,002			filed	24	October	1962			R.	N.	Hall			General	Electric	
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d	≈	2000	nm		
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HomojuncMon	Lasers	
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Colin	Gooch	
UK	

	
	

	1969		



ISLC				InternaBonal	Semiconductor	Laser	Conference	
																					1967	to	1990																						commercially	available	
			#									Year								AcBve	Layer									CW	Power						Digital	Speed	

	 	 	 												thk	‘d’	nm	 				quality	beam 												Mb/s	
				1								1967										≈	2000	 			 					reliable	mW 	 	 	 	 		
				2											‘69 						≈	1000 	 					 	 	 	 	 				
				3											’72															200									 	 		 	 																							0.01														
				4											’74																	 	 	 	 	 	 	 	 	 	 	 															
				5											’76															100	 	 		 									5	 																		
				6											’78 	 	 				 	 	 	 	 																			 								45	
				7											’80													 	 	 	 	 								15			 		 												275	
				8											’82 	 	 	 	 	 	 	 	 	 	 	 	 	 					
				9 	 	’84	 	 	 	 	 		 	 								20 	 	 	 	400									
		10											’86 	 						10 	 		 	 	 	 	 	 	 																					
		11											’88 	 	 	 	 	 	 	 		40																																			
		12											’90 	 	 		5 	 	 												100					 			 						1000									
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