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Low-Loss Bragg-Reflector Lateral-Transverse-Mode 
Confinement in AlGaInP Red Laser 

Yoshiyasu Ueno 

Abstract-A low-loss Bragg-reflector-waveguide (BRW) struc- 
ture is proposed for AlGaInP red lasers. This BRW laser uses 
(AIGaInP/GaAs), Bragg-reflector (BR) block layers in place 
of conventional GaAs block layers. Propagating-mode calcula- 
tions reveal that an aluminum content ( x )  lower than 0.2 for 
(AI,Gal-,)o sIno SP in the BR block layers is sufficient for 
reducing mode loss together with confining the lateral transverse 
mode. Mode loss in the (AIGaInP/GaAs),, BR region is reduced 
resonantly to one-third that of a conventional GaAs block region. 
This reduction originates from a combination of Bragg reflec- 
tion and the low absorption loss in the AlGaInP crystal. The 
refractive-index step, formed at the edge of a ridge stripe by the 
BR block layers, is around 1 x 10W2. 

I .  INTRODUCTION 

UCH research has focused on AlGaInP lasers for use M in optical-disk memory systems and laser printers, 
because their laser wavelengths are significantly shorter than 
those of conventional AlGaAs lasers. For practical appli- 
cations, mode confinement is necessary in stabilizing the 
laser-beam shape. Earlier, a refractive-index-guided AlGaInP 
laser structure with GaAs block layers was reported [ 11, where 
the GaAs block layers were selectively grown outside a ridge 
stripe. This structure has been used for both high-power lasers 
[2]-[7] and lasers with wavelengths below 640 nm [8]-[l l]. 
Its mode loss is large, however, because the GaAs block layers 
absorb much of the propagating laser light along the cavity. 

Replacement of the GaAs block layers with transparent 
(AlzGa~- , )o .~In0,~P block layers is believed to reduce this 
loss. An aluminum content (x) of at least 0.6 is needed 
to stabilize the fundamental transverse mode. It is difficult, 
however, to selectively grow AlGaInP crystals with such a 
high aluminum content. Several other refractive-index-guided 
laser structures have been developed reducing the mode loss 
[ 121-[ 141. These structures, however, are likely to have prob- 
lems regarding crystal quality and stress induced by electrodes. 

In order to develop a practical low-loss laser structure, the 
author tumed his attention to an AlGaInP block layer with an 
aluminum content lower than 0.2. This block layer, which is 
almost transparent for 630- to 690-nm laser light, should be 
easier to grow selectively. The problem is that a laser structure 
with these block layers will not guide the propagating-mode 
light because their refractive index is higher than that of the 
cladding layers. 
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This paper introduces a new Bragg-reflector-waveguide 
(BRW) laser structure which can be used to overcome this 
problem. In this structure a reflection function is added to the 
low-aluminum AlGaInP block layers to guide the propagating- 
mode light. GaAs is used in the altemate Bragg-reflector (BR) 
block layers because it is easy to grow selectively. Even though 
absorptive GaAs is used, propagating-mode calculations reveal 
a significant reduction in resonant mode loss. A laser structure 
with block layers consisting of altemating AlGaInP layers with 
different aluminum contents has already been reported by I. 
Kidoguchi et al. [ 151. The altemating layers, however, were 
not designed quarter-wave thick, and the structure formed a 
negative refractive-index step. In contrast, the BRW structure 
forms a sufficient positive index step and therefore the laser 
should emit a fundamental-transverse-mode light without any 
side lobes. The concept behind the BRW laser structure is also 
applicable to 11-VI blue-green lasers and AlGaAs lasers. 

11. LASER STRUCTURE 
Fig. 1 shows a waveguide structure of a BRW laser. This 

BRW structure is similar to a conventional self-aligned- 
structure refractive-index-guided AlGaInP red laser [ 11, [2] 
except that conventional GaAs block layers are replaced with 
BR block layers. The BR block layer consists of several 
pairs of (A1)GaInP and GaAs layers. The thickness of each 
of these (AI)GaInP and GaAs layers is tuned to a quarter 
of the transverse wavelength in each layer, as defined in (8) 
in Section 111, to satisfy the Bragg-reflection condition. The 
aluminum content (x) needed for the (AlZGa~-,)o.5In~.5P 
layers is 0 to 0.2, and depends on the laser wavelength. For 
a 680-nm laser, (GaInP/GaAs) a BR block layers are used as 
shown in Fig. 1. No aluminum is used, because the GaInP 
layer is almost transparent for a 680-nm light. So, this BR 
block layer should be very easy to selectively grow by using 
MOVPE. For a 630-nm laser, an aluminum content (x) of 
0.2 is needed. More details on the aluminum content are 
discussed in Section V. 

The laser cavity of a 680-nm BRW laser consists of a 
60-nm-thick Gao.5Ino.sP active layer sandwiched by 1.0- 
pm-thick (Alo.~Gao.~)o,5In0,sP cladding layers, and cleaved 
mirrors. The optical confinement factor (I?) for the active 
layer is 0.18. The cladding layer sandwiched by the BR 
layer and the active layer is 200-nm thick. For this laser 
cavity, the optimum quarter-wavelength layer thicknesses of 
GaInP and GaAs in the BR block layers are 146 nm and 92 
nm, respectively. Attempts to equalize the heights of the top 
surfaces of the cladding layer and the BR layers determined 
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Fig. 1 .  Waveguide structure for a Bragg-reflector-waveguide (BRW) Al- 
GaInP red laser. A pair of (AlGaInP/GaAs),, Bragg-reflector (BR) block layers 
are formed outside a ridge stripe. BR block layers for a 680-nm laser consist 
of GaInP and GaAs layers, without aluminum, as shown in this figure. Those 
for a 630-nm laser consist of A l o . 2 G ~ . ~ ) o . s I n o . s P  and GaAs layers. The 
thickness of each of these (AI)GaInP and GaAs layers is tuned to a quarter 
of the transverse wavelength in each layer to satisfy the Bragg-reflection 
condition. 
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where 

2T 
ko - 

X L  

(3) 

(4) 

ni and ai are the refractive index and the absorption coefficient 
for the ith layer, respectively. XL is the laser wavelength. The 
complex propagation constant ( p )  and distribution coefficients 
(ui and vi) are obtained after numerically solving a system 
of equations consisting of boundary conditions at the ten 
interfaces and at positive- and negative-infinite distances. 
Thus, the mode loss ( Q B R )  is obtained as two times the 
imaginary part of the propagation constant, 

TABLE I 

AN ABSORPTION COEFFICIENT FOR Gao.sIuo.sP IN 
A BR BLOCK LAYER IS DISCUSSED I N  SECTION v. 

MATERIAL PARAMETERS USED FOR THE CALCULATION. 

CYBR = 211~1(p). ( 5 )  

Refractive Index Absorption Coefficient (cm-') The mode loss approximately equals the sum of absorption 
losses in all layers 

G%.sInoJP (in a BR block layer) 3.530 500. 

(Ab.6GhdoJ41JP 3.321 0. 

3.790 moo. 

where r; is the confinement factor for the ith layer. 
The important structural parameters are the thicknesses of 

the GaInP ( t " )  and GaAs (tb) intermediate layers in the BR 
block layer. They are tuned to quarter wavelengths in the 
vertical z direction in these two kinds of layers. Therefore, 
thicknesses normalized by these wavelengths are useful. In 
this paper, it is assumed that 

ta tb - 
(7) 

The t,-dependencies of the mode confinement and mode loss 
are shown in Section Iv. The z-direction wavelengths for 
GaInP (A,) and GaAs 

- - - A, = t,. 
that the BR layers have three periods. These surfaces are 
'Overed with a GaAs cap layer to form an Ohmic 'Ontact 

with an electrode. Results of propagating-mode calculations 
on this 680-nm BRW laser are shown in Section IV, where 
the dependencies of mode confinement and mode loss on BR 

are expressed as 

layer thickness are presented. 

111. PROPAGATING-MODE CALCULATION 
The mode loss and mode distribution for the propagating 

mode in a BR block region were calculated, using wave 
equations in an 11-layer slab waveguide [16]. Material pa- 
rameters are listed in Table I. The absorption coefficient 
for these Gao.sIno.sP layers is assumed to be 500 cm-', 
which is discussed in Section V. The refractive indexes 
for (AlZGal-,)o.5Ino.SP [17] are slightly modified to fit 
the radiation angles measured for our lasers. The refractive 
index and the absorption coefficient of GaAs at 680 nm are 
extrapolated using data from a previous report [ 181. 

The lateral y-direction component of the electric-field dis- 
tribution in the ith layer for a propagating transverse-electric 
mode is expressed as 

E,y(z) = U & & X  + ,UU,ek7X, ( i  = 1 , 2 , .  . . , ll),  (1) 

These wavelengths for GaInP (584 nm) and GaAs (368 nm) 
are longer than the laser wavelength in the waveguide in the 
longitudinal z direction (27rp M 200 nm). 

To consider lateral-transverse-mode confinement in a 
two-dimensional BRW laser structure, effective refractive 
indexes were calculated from the standpoint of the equivalent- 
refractive-index approximation. An effective refractive index 
( n , ~ )  for a slab waveguide is expressed, using a propagation 
constant (p) ,  as 

A refractive-index step is defined as the difference of effective 
refractive indexes for inside and outside the ridge stripe. 
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Fig. 2. Comparison of power distributions of the propagating-mode light 
in block regions outside ridge stripes for three kinds of lasers. In a GaAs 
block region for a conventional laser (b), the propagating mode is confined 
by the strong absorption of GaAs. A less-absorptive GaInP block layer 
does not confine the mode (c). In contrast to the GaInP block layer, the 
X / 1  -thick-(GaInP/GaAs)s BR block layer (a), whose average absorption 
coefficient is still lower than GaAs, confines the mode as much as the 
conventional GaAs block layer does. 

IV. RESULTS 

A .  Mode Confinement 
Fig. 2 shows a calculated power distribution of a propagat- 

ing mode in the vertical 3; direction in the (GaInP/GaAs)3 BR 
block region, as compared to distributions in a conventional 
GaAs block region and in a GaInP block region. The arrows 
indicate the laser-light propagating directions. This figure 
qualitatively shows the mode confinement caused by the 
BR block layer in the BRW laser. In a conventional GaAs 
block region, the mode is confined by the strong absorption 
of GaAs, although the refractive index of GaAs is higher 
than that of the cladding layers [Fig. 2(b)]. A less-absorptive 
GaInP block layer, whose refractive index is also higher 
than that of the cladding layers, does not confine the mode 
[Fig. 2(c)]. In contrast to the GaInP block layer, the quarter- 
wavelength-thick-GaInP/GaAs BR block layer, whose average 
absorption coefficient is still lower than GaAs, confines the 
mode [Fig. 2(a)] as much as the conventional GaAs block 
layer does. 

Fig. 3 shows the BR-layer-thickness ( t p )  dependency of a 
mode distribution. The details of the mode distributions are 
magnified in the vicinity of the BR block layer. The layer 
thickness t, is defined in (7), where the layer-thickness ratio 
between GaInP and GaAs layers is kept constant. The origin 
of the z axis is the center of the active layer. The dashed lines 
show the refractive-index profiles for those layer structures. 
Leakage of the mode into the BR block layer is the most 
suppressed at a quarter-wavelength thickness ( t p  = 0.25). 
this means that a mode is the most confined at t, = 0.25. 
This layer-thickness dependency of mode confinement proves 
that the confinement originates not from absorption, but from 
Bragg reflection. 

Mode confinement caused by the BR block layer produces a 
sufficient refractive-index step at the edge of the ridge stripe. 
Fig. 4 shows an effective refractive index for the BR block 
region (solid line), together with an index for the active region 

Refractive Index 
3 4  
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0.0 

0.5 

0.0 
0.0 0.2 0.4 0.0 0.2 0.4 
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Fig. 3. BR yer-thickness dependency of a mode distribution magnifie in 
the vicinity of the BR block layer. The layer thickness t ,  is defined in 
(7), where the layer-thickness ratio between GaInF' and GaAs layers is kept 
constant. Mode leakage into the BR block layer is suppressed the most at 
a quarter-wavelength thickness t ,  = 0.25. The origin of the .I' axis is the 
center of the active layer. 

Layer Thickness, 'p 

Fig. 4. Effective refractive index for the BR block region (solid line), to- 
gether with that for the active region inside the ridge stripe (dashed-and-dotted 
line). An index for a conventional GaAs region (dashed line) is also shown 
for comparison. The BR block region forms a refractive-index step around 
1 x 10-2. 

inside the ridge stripe (dashed-and-dotted line). The index for 
a conventional GaAs block region (dashed line) is also shown 
for comparison. As shown in the figure, the index for the 
BR block region differs from that inside the stripe by about 
1 x at the Bragg-reflection condition (tP = 1/4) and 
the layer-thickness dependency is not large. This refractive- 
index difference (An) in the y direction is sufficient for the 
fundamental transverse mode. 

B. Mode Loss and Waveguide Loss 

Fig. 5 shows mode loss in the BR block region, where the 
absorption coefficient for Gao.sIno.sP layers in the BR block 
layer is assumed to be 500 C I T I - ~ .  The mode loss shows clear 
resonance at 

2 N - 1  , ( N  = 1 ,2 , .  . .). t, = ~ 

4 

Authorized licensed use limited to: IEEE Xplore. Downloaded on November 12, 2008 at 04:37 from IEEE Xplore.  Restrictions apply.



2242 IEEE JOURNAL OF QUANTUM ELECTRONICS, VOL. 30, NO. IO, OCTOBER 1994 

2ooo7 

Layer Thickness, tp 

Fig. 5 .  Mode loss in the BR block region. The mode loss shows clear 
resonance at layer thicknesses ( t p )  of (2X - 1)/4,  where A' indicates 
a positive integer. At a quarter-wavelength thickness ( t p  = 1/4),  the mode 
loss drastically decreases to 31% of that in the conventional GaAs block 
region shown by the dashed line. 

This resonance proves that Bragg reflection plays an important 
role. At a quarter-wavelength thickness ( t p  = 1/4), the 
mode loss decreases drastically to 31% of that in the conven- 
tional GaAs region shown by the dashed line. This mode-loss 
decrease should lead to large improvements in differential 
quantum efficiency, threshold current, output power, etc. 

It should be noted that the (real) refractive-index ratio of 
1.074 between Gao.sIn0.5P and GaAs layers in the BR block 
layer is not as large as the ratio of 1.21 [19] between AlAs and 
GaAs. BR mirrors for vertical-cavity surface-emitting lasers 
consist of the latter [20], [21]. So, the mode-loss decrease to 
3 1 % resulting from BR block layers might seem surprisingly 
large. A function of the Bragg reflection is further discussed 
in Section V. 

Fig. 6 shows mode losses in the BR block region, where 
the absorption coefficient for Gao.sIno.sP layers in the BR 
block layer is assumed to be from zero to 2 x 104cm-l. 
The dashed line shows mode loss in the conventional GaAs 
block region. This figure shows that the mode loss decreases 
as much as that shown in Fig. 5, if the absorption for GaInP 
is smaller than 1000 cm-'. It also shows that the resonance of 
the mode loss at t, = 1/4 is nsot very steep; about a 10% error 
from the optimum value for a layer thickness is permissible. 
Consequently, the author believes that this BRW structure is 
practical. 

A decrease in waveguide loss (a,) for the fundamental 
transverse mode with a decrease in mode loss in the block 
region ( a ~ )  is estimated as follows. The waveguide loss for 
an AlGaInP laser is approximately the sum of mode loss in 
the block region and free-carrier absorption in the active layer 

Lateral confinement factors for the block region (FE) and 
the active region (ract), together with a vertical confine- 
ment factor for the active layer (ra), are obtained from the 
propagation-mode calculation. For a conventional laser with 
a 3- pm-wide stripe, the waveguide loss is estimated to be 
40cm-l, which consists of mode loss in the GaAs block 
region (w30 cm-') and free-carrier absorption (w10 cm-l). 
In contrast, mode loss in the BR block region decreases to 
one third, as shown in Fig. 3. As a result, the waveguide 

B ,001 
t 
L 
0.0 0.2 0.4 0.6 0.8 

Layer Thickness, tp 

Fig. 6 .  Mode losses in the BR block region, where the absorption coefficient 
for GaInP layers in the BR block layer is assumed to be from zero to 
2 x lo4 cm-l. The mode loss decreases as much as that shown in Fig. 5 ,  if 
the absorption coefficient is smaller than IO00 cn-'. 

loss decreases to 20 cm-', consisting of mode loss in the BR 
block region ( ~ 1 0  cm-l) and free-carrier absorption. Thus, 
waveguide loss for a BRW laser is estimated to decrease to 
half that for a conventional laser. 

V. DISCUSSION 

A,  Aluminum Content for AlGaInP in a BR Layer 

The absorption coefficient of (AlZGal-,)o.51no.5P layers 
in a BR block layer for laser light plays an important role in 
decreasing mode loss, as shown in Fig. 6. Here, the absorption 
coefficient of Gao.sIno.sP for a 680-nm light is first discussed 
in relation to its bandgap energy (E,). It is well known 
that the E, of Gao.5Ino.sP lattice-matched to GaAs depends 
on the growth conditions due to group-111-sublattice ordering 
[22], [23]. When a BR block layer is n-type Si-doped, in 
order to confine the injected current like a conventional GaAs 
block layer, the E, for GaInP layers increases to 1.93 eV 
at an electron density of l O ' * ~ m - ~  [23], [24]. This E, 
increase originates partly from Si-induced sublattice disorder 
and partly from Burstein shift which results from high-density 
free electrons. This E, value is 0.1 1 eV higher than the photon 
energy of a 680-nm light (1.82 eV). Thus, the absorption 
coefficient for a Si-doped GaInP layer is estimated to be 
below 500 cm-', by referring to measured absorption spectra 
for n-type-doped GaAs [25]. Based on this estimation, we 
proposed to use Gao,sIno.sP, without aluminum, in BR layers 
for 680-nm AlGaInP lasers. 

For a 630-nm laser, the author proposes a BRW structure 
with ((Alo.2Gao.a)o.sIno.sP/GaAs), BR block layers. The 
photon energy for a 630-nm laser light is 1.97 eV. The E, 
for a Si-doped (AlZGa1-,)o.Jno.5P layer increases from 
1.93 to 2.07 eV by increasing the aluminum content (x) 
from zero to 0.2. Consequently, the absorption coefficient for 
(A10.2Ga0.8)0.5P is estimated to be below 500cm-' for a 630- 
nm light. Similar to the 680-nm BRW laser mentioned above, 
quarter-wavelength-thick (( Alo.2Gao.8)o.sIno.sP/GaAs), BR 
block layers should reduce the mode loss for a 630-nm laser. 
The quarter-wavelength thickness for a 630-nm laser is derived 
from (8). 
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Fig, 7. Mode leakage into the BR block region. The dashed line shows 
leakage into GaInP layers in the BR block layer (T I ) .  The dashed-and-dotted 
line shows leakage into GaAs layers in the BR block layer and into the 
GaAs cap layer (r2). The solid line shows total leakage into the BR block 
layer (l?T = rl + r2). Leakage into the BR layer ( T T )  is minimized at a 
quarter-wavelength thickness (t,, = 1/4),  as expected. The minimum value 
is slightly smaller than leakage into the conventional GaAs block layer shown 
by the dashed line ( r B ) .  Bragg reflection suppresses mode leakage into GaAs 
layers (r2) to 30% of that into a GaAs block layer (l?B), which results 
in the mode-loss decrease. 

B .  Origin of Loss Decrease 
The results of the mode calculation in Section IV showed 

that the mode-loss decrease for a BRW laser originates from 
a combination of Bragg-reflection and the low absorption loss 
of (A1)GaInP layers in BR block layers. This section discusses 
the function of Bragg reflection in order to clarify the origin 
of the loss decrease. 

Fig. 7 shows mode leakage into the BR block layer. The 
dashed line shows leakage into GaInP layers in the BR block 
layer (I‘l). The dashed-and-dotted line shows leakage into 
GaAs layers in the BR block layer and into the GaAs cap layer 
(FZ). The solid line shows total leakage into the BR block 
layer (rT = rl + rz). The dashed line shows mode leakage 
into the conventional GaAs block region (FB) for comparison. 
Mode leakage into the BR block layer (I’T) is minimized 
at a quarter-wavelength thickness ( tp  = 1/4), as expected. 
The minimum value is slightly smaller than the leakage into 
the conventional GaAs block layer ( r B ) .  This means that 
the optimized Bragg reflection compensates for the mode- 
confinement decrease caused by absorptive-layer-thickness 
decrease in the BR block layer, so that mode confinement 
is approximately the same as with a conventional GaAs block 
layer. Consequently, the Bragg confinement suppresses mode 
leakage into the GaAs layers (rz) to 30% of that into a 
conventional GaAs block layer, and results in a mode-loss 
decrease. The mode-leakage decrease agrees well with the 
mode-loss decrease of 3 1 %. 

VI. CONCLUSION 
A new low-loss 630480-nm BRW AlGaInP laser structure 

was proposed. This BRW laser uses (AlGaInP/GaAs), 
BR block layers in place of conventional GaAs block 
layers. An aluminum content (z) lower than 0.2 for 
(AlZGa~-,)o,5In~.5P in the BR block layers is sufficient for 
decreasing mode loss together with confining the fundamental 
transverse mode. The mode calculations revealed that mode 

loss for a BRW laser decreases to 31% of that for a 
conventional laser with GaAs block layers. Waveguide loss 
decreases to approximately one half. The BR block layers 
confine the propagating-mode light as much as conventional 
block layers do, and create a sufficient refractive-index step 
around 1 x lo-’. 

The advantage of this structure is that BR block layers with 
low aluminum content are easier to grow selectively than high- 
aluminum-content AlGaInP block layers. In particular, a BR 
block layer for a 680-nm laser needs no aluminum. 

The mode-loss decrease originates from a combination of 
Bragg reflection and the low absorption loss for an AlGaInP 
crystal. The ( A l , G a ~ - , ) ~ . ~ I n o . ~ P  crystal (0 5 z 5 0.2) is 
almost transparent for laser light due to sublattice disorder and 
Burstein shift. The optimized X/4 Bragg reflection prevents 
the mode-confinement from decreasing with decrease in the 
absorptive-layer thickness in BR block layers. As a result, 
Bragg reflection suppresses mode leakage into GaAs layers to 
one third. This suppression decreases the mode loss. 

The BRW laser structure is also applicable to 11-VI blue- 
green lasers and AlGaAs lasers. 
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