
Journal of Thennal Analysis, VoL 36 (1990) 1039-1047 

THERMAL OPTIMIZATION OF A CONSTRUCTION OF A 
DOUBLE-HETEROSTRUCTURE GaAs/(AIGa)As DIODE LASER 

A. Korzeniowski and W. Nakwaski 

INSq'IIU'IE OF PHYSICS TECHNICAL UNIVERSITY OF LODZ U L  WOLCZANSKA 219 
93-005 LODZ, POLAND 

(Received december 5, 1989) 

Analytical as well as computer  aided thermal optimization of a construction of a stripe- 
geometry double-heteros t ructure  GaAs/(AIGa)As diode laser were performed in the present 
work. The influence of various construction parameters  of the laser on its thermal resistance 
is shown. 

As a rule of thumb, the mean-time-to-failure (MTTF) of an electronic 
device (e. g. a diode laser) is reduced by a factor of two as the operating 
temperature, i. e. the temperature of its active area, increases by 10 K [1, 2]. 
Heading toward this direction, it is obvious that the heat must be dissipated 
effectively in a device to achieve a high performance. 

The aim of this work is to perform a thermal optimization of a construc- 
tion of a stripe-geometry double-heterostructure GaAs/(AIGa)As diode 
laser without oxide barriers from a point of view of a minimal increase in its 
active area temperature. The calculations have been carried out for room 
temperature (To = 300 K). 

Assumption 

The schematic representation of a diode laser under consideration is 
shown in Fig. 1. Its typical construction parameters (let us say: nominal set 
of the parameters) are presented in Table 1, whereas values of thermal con- 
ductivities of the materials used are listed in Table 2. 

Construction parameters, whose values are optimized to achieve a mini- 
mal temperature increase in an active area, are presented in Table 3 with 
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Fig. l Schematic representation of a stripe-geometry double hcterostructurc  GaAs/ (AIGa)As  
diode laser without oxide barriers. Not to scale. Notation system is explained in Table 1. 

Table I Typical construction of the stripe-geometry double heterostructurc GaAs/(AIGa)AS diode 
lasers without oxide barriers: nominal set of data for numerical calculations 

P a r a m e t e r  Nota t ion  Value  Un i t  

Lase r  chip d imensions :  

length  L 500 /~m 

width W 300 /~m 

Stripe width S 10 /~m 

Th ickness  o f  the  layers: 

s emiconduc to r  layers 

n - G a A s  subs t ra te  d s  93.8 /*m 

N - ( A l G a ) A s  conf inemen t  dNN 2 /~m 

A - p (n )  active dA 0.2 /~m 

P - ( A l G a ) A s  conf inemen t  dpp 2 /~m 

p - GaAs )  capping dp 2 /~m 

contact  layers 

Ti  dTl 0.1 /~m 

Pt  dPT 0.3 /~m 

Au dAU 0.3 /zm 

in so lder  layer din 10 /~m 

A l A s  mole  fract ion in AlxGal-x AS 

conf inemen t  layers X 0.25 - 
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ranges of their variation. Lower bounds of thicknesses of the P and N con- 
finement layers are established to confine losses connected with leaking of 
radiation field beyond these layers [3]. An analogous bound of a thickness of 
the p capping layer is related to technological problems in preparing a p- 
side contact of a device [4]. A minimal considered value of the AlAs mole 
fraction of the confinement layers is determined in order to keep to a mini- 
mum the penetration of a radiation field into these layers [5]. 

Table 2 Thermal conductivities of materials 

Material Thermal conductivity, Reference 
W/InK 

GaAs 45 [12] 
Alo.zsGao.75As 13.15 [12] 
AixGal-xAs 100/[2.27 + 28.83X-30.0 X 2] [12-14] 
Ti 22 [151 
Pt 73 [15] 
Au 318 115] 
In 87 [15] 
C u 400 ]15] 

Table 3 Acceptable range of the contruction parameters considered in the model 

Parameter Range Unit 

S 3-25 /~m 

X 0.15-0.40 

dp 1-4 pm 

dpp 1--4 /~m 

dNN 1--4 Mm 

Calculation 

Let us introduce the position-dependent thermal resistance RT(y): 

at(v) = a ra  O,)/Q (I) 

In Eq. (1), ATa (y) is an increase in the active-area temperature and Q is the 
power of heat generation in diode lasers under consideration which may be 
expressed in the following form [6]: 

~ Anat., 36 199o 
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Q = S L U  {jTH § ( ] - - jTH)D- -aE- -  (1--ai)asPfT]} (2) 

where S and L are the stripe width and the resonator length, respectively, j 
a n d  jTH are the supply current density and the threshold current density, 
respectively, U is the voltage drop at the p-n junction, asp, aE and ai are the 
internal quantum efficiencies of the spontaneous emission, the external dif- 
ferential quantum efficiency of the lasing and the internal quantum efficien- 
cy of the lasing, respectively. 

The coefficient fT describes a fraction of the spontaneous radiation 
which is transferred by radiation from the active area through the wide-gap 
confinement layers and may be for the DH structure expressed as follows [7] 

2sin {O/E)arcsin E1 - 0 .62 .  (x ,nR ) 2 }  (3) 

where n R  = 3.59 is the refractive index of the active area material. 
The spontaneous radiation transferred radiatively from the active area is 

absorbed in the capping p-GaAs layer and in the lower part of the substrate. 
Therefore the distribution of the heat generation in diode lasers is a func- 
tion of the AlAs mole fraction X in the confinement layers to a considerable 
extent. Strictly speaking, an increase in the X parameter causes a cor- 
responding decrease in the importance of the radiative transfer in the whole 
energy transport phenomenon in the laser. On the other hand, the above in- 
crease in X causes a decrease in the thermal conductivity of the confinement 
layers (e. f. Table 2). Both these effects have been taken into account in the 
present model. 

In Reference 8, the position-dependent thermal resistance of a diode 
laser under consideration is shown to be of the following form: 

A cos z [B. lyl r ] for ly I <-- s / 2  
RT(y)  = aretan[ly [ /L]  for lY [ > S / 2  

(4) 

where A, B, C, D and L are the coefficients dependent  on the construction 
parameters. 

In order to determine the condition for the minimal increase in the active 
area temperature it is necessary to consider only the parameter A: 

A = fA(S, dp, dee, d ~ ,  X) (5) 

because 
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RT (y = O) = fA (6) 

ThefA function appears to be in the following form: 

r (S  (dp ) f  ) f  (d, cN ) f  (X ) 
fA = A o  pA (s  n )pd (dP,N )pA (dpp# V )t~ (dNn, N )pd (XN ) (7) 

where Ao = 23.64 K/W, SN, dP, N, dPgN, dNN, N and XN compose the nominal 
set of the parameters (Table 1), and pa  are the appropriate Newton's inter- 
polation polynomials: 

pa (o) = Wo + (,o -po) + w2 -po)(O - m )  + 
+. . .  + I'VN Q9 --t9o).. (p -- PN-1) (8) 

whose parameters IV/and nodal points pi are listed in Table 4. 

Results 

Searching for the conditions for a minimal increase in the active area 
temperature corresponds to searching for the condition for a minimal value 
of the fA function (c. f. eq. (6)). ThefA function is expressed in a form of a 
product of five polynomials (see eq. (7)). Its minimal value occurs for the 
set of the considered parameters for which all the polynomials have their 
minimal values. This set is listed in the first row of Table 5. 

The thermal resistance of the optimal construction of a diode laser is 
equal to: 

RT, OPT(y = O) = 8.25 K/W (9) 

For comparison, thermal resistances of other laser constructions are listed 
in Table 6. Their values may be as high as 20 K/W, or even higher. 

The relative influence of the values of the construction parameters con- 
sidered in the model on a value of the thermal resistance RT(y = 0) is il- 
lustrated in Figs 2 and 3 with respect to the nominal set of the parameters 
and to the optimal set of  the parameters, respectively. As one can see, the 
influences of the stripe width and of the P confinement layer thickness are 
more pronounced than that of the other parameters. 

z Themua An~, 36, 1990 
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Table 4 Parameters of the polynomial used in tha calculations 

Parameter i F,~ pi 

S 0 13.1 25 
1 - 0.42 20 
2 -0.027 15 
3 2.10 -4 10 
4 5.10 -4 8 
5 5.10 -5 

X 

dp 

dNN 

dpp 

0 20.3 0.15 
1 35.2 0.20 
2 -36 0.25 
3 -466 0.30 
4 -4733 0.35 
5 3.104 

0 22.59 1 
1 1.23 1.5 
2 -0.1 3 
3 0.014 

0 22.11 1 
1 1.71. 1.5 
2 -0.31 3 
3 0.049 

0 19.17 1 
1 4.91 1.5 
2 -0.7 3 
3 0.12 

To verify the above analytical calculations,  a compute r  a ided optimiza- 

t ion [9] has been carr ied  out with an IBM PC/AT computer .  The results, 

listed in the second row of Table 5, are in a very good agreement  with the set 
obtained analytically. 

Addit ionally,  compute r  aided opt imizat ion has been  used to determine 

the op t imum set of  the construct ion parameters  f rom the point  of  view of a 

minimal averaged increase in the active area tempera ture .  The results, 

p resen ted  in the third row of Table 5, differ f rom those in the previous two 

rows only in one position: the optimal value of  the stripe width is equal to 
23.6 p m  whereas the previous values are a little greater .  

J. Thermal Anal., 36, 1990 
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Table $ Optimal sets of the constuction parameters 

Method Aim S~um X dp,.um dpp,~um dNN,~um 

Analytical 

optimization 

Computer aided 

optimization 

Computer aided 

optimization 

Minimal increase in the 

active area temperature 25 0.15 1 1 I 

Minimal increase in the 
active area temperature 24.7 0.15 1 1 1 

Minimal increase in the 

active area temperature 23.6 0.15 1 1 1 

Table 6 Thermal resistances of lasers of various constructions 

S,~um X dp, ~um dpp, .um dNN, /am RT (y = 0), 

K/N 

10 0.15 1 1 1 14.75 

10 0.25 2 2 2 23.64 

25 0.25 2 2 2 13.10 

10 0.15 2 2 2 20.30 

10 0.25 1 2 2 22.60 

10 0.25 2 1 2 19.10 

10 0.25 2 2 1 22.11 

ts 

n -  

1.0 

2 
Factor by which parameter 
is scaled, 9/9N 

Fig. 2 Relative influence of the values of the construction parameters considered in the model 
on a value of the thermal resistance R r  (y -- 0) with respect to the nominal set of the 
parameters (Table 1). For each curve only the indicated parameter is changed, the rest 
being constant and equal to their nominal values 

Z Thermal AnaL, 3~ ]990 
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Fig. 3 Relative influence of the values of the construction parameters considered in the model 
on a value of the thermal resistance RT (y = 0) with respect to the optimal set of the 
parameters (Table 5). For each curve only the indicated parameter is changed, the rest 
being constant and equal to their optimal values 

Conclusion 

The results of a thermal optimization of a construction of a stripe- 
geometry double-heterostructure GaAs/(A1Ga)As diode laser without oxide 
barriers are in agreement with our anticipation. The presented model 
enables us to evaluate the relative influence of various construction 
parameters on the value of a laser thermal resistance. Now we can predict to 
what extent a value of a considered construction parameter may be changed 
without a noticeable deterioration of the laser thermal properties. 

This work was carried out under the Polish Central Program for Fundamental Research 

CPBP 01.06., 6.04. 
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Zusammenfassung  - -  Die Konstruktion eines doppelt-heterostrukturellen GaAs/(AIGa)As 
Diodenlasers mit Streifengeometrie wurde sowohl analytisch als auch computergest•tzt ther- 
misch optimiert.  Es wurde tier relative Einflu8 verschiedener Konstruktionsparameter auf 
die Hitzebest~indigkeit des Lasers gezeigt. 
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