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The temperature sensitive behaviour of the threshold current I and the

th
external guantum efficiency Mgyt 10 InGaAsP/InP lasers imposes severe
limitations on the applications at high ambient temperature. Recently, Adams
et al. 1) explained the large temperature dependence of Ith and Moyt IR 1.6 um
lasers by intervalence band absorption model. Similar temperature dependence
has been observed also in 1.3 um InCaAsP/InP lasers.z) In their model, the
internal absorption loss o is remarkably temperature dependent. This implies
that the large temperature sensitive behaviour of InGaAsP/InP lasers is
determined by those materials of which the lasers are made and there is almost
no possibility to improve the temperature sensitive characteristics. However,
no measurement of the temperature dependence of internal loss o has actually
been done so far both in 1.6 and 1.3 um lasers. We estimated the temperature
dependence of @ in 1.3 um InGaAsP/InP BC{Buried Crescent) laser in the
temperature range of 20 ~ 80°C by changing the reflectivity of the mirror facet
with reflective coating and examined the possibility of improving the temperature
sensitive characteristics.

The reflectivity was increased by coating three or five-layer Si/SiO2

films on the rear end mirror of the laser. The external differential quantum

efficiency is then expressed as

1
Ei'ln Rer
Tasey = fp ¥ A, = Ty 1 (1)
@ - —-1n R_R
o1, I e

where ne and n, are the external differential quantum efficiencies of front
facet and rear facet, respectively, U is the internal quantum efficiency, L

is the cavity length of the laser and Rf and Hr are the reflectivities of the
front and rear end mirrors, respectively. Rf= 0.31. Rr is nearly equal to 0.61
for three-layer coating and 0.92 for five-layer coating. Rf and Rr have no
temperature dependence. When A is defined as A = né1)/nf(0)’ where the
superscripts (0) and (1) denote uncoated and coated condition, respectively,

o is given as a function of A and the temperature dependence of o is reduced

to that of A,

The temperature dependencies of néo), n§1) and A are shown in Fig,1. Though
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ﬂéo) and r§1) decrease with increasing temperature, ﬂ§1)/réo)( = A) has almost

no temperature dependence. The average value of A is 1.36 and the standard
deviation is 0.05. For three and five-layer reflective coatings, the standard
deviations of A's were also very small for five samples in each case and it is
understood that the A's are almost independent of temperature.

Calculated temperature dependencies of © are shown in Fig.2. Small
scattering of A's leads to a relatively large scattering of calculated o . But
in both cases apparent temperature dependencies are not observed in the
temperature range of 20~80°C. This implies that the temperature sensitive
behaviour of the threshold current in 1.3 im InGaAsP/InP laser diode is not due
to the temperature dependence of internal loss in this temperature range. The
average values of @ are about 18 cm-‘I in both cases. This value of o could be
explained by free carrier absorption loss and scattering loss.

From equation (1), the observed decrease in 7 __, can be interpreted as due
to the decrease in ﬂi. Its cause is not well known at this stage, but it might
be considered that some leakage current which flows through the InP p-n
junctions adjacent to the active region reduces the internal quantum efficiency.
In this case there is a possibility to reduce the large temperature dependence
of next or Ith by improving the structure of the lasers.

In conclusion, the internal loss of BC laser is about 18 cm_1 and apparent
temperature dependence was not observed in the temperature range of 20~80 °C.
This implies that the temperature sensitive behaviour of the threshold current
in 1.3 ym InGaAsP/InP laser diode is not due to the temperature dependence of
internal loss. There is a possibility to reduce the large temperature

dependent characteristics by improving the structure of the lasers.

References
(1) A. R. hdams et al.; Jpn. J. Appl. (2) H. Ishikawa et al.; Electron. Lett.,
Phys., 19, L621(1980). 17, 465(1981).
T T T T T T T T 60 v
10 LD 2805 =10 .
—~ [ (3-Layer Coating) ° |.{fm ] 50 © 3 Layer Coating
%.é . a rﬂ’ ] i A 5 #
E3c: L o Ax 4O
2.05 —A -5 ;-40-
o = A J -
28 A E
8> L ~o o 8 4 &30}
2{15 " o = a < g s A A o
Z= F -] 4 020_0 o
xs o & - a A o
l'uh. ® R
1 -1
] 0 . . : . " .
L 1 1 1 1 1 L 1 20 30 40 50 60 70 80 90
10 20 30 40 50 60 70 80 90 100 TEMPERATURE(°C)
TEMPERATURE (°C)
Fig.2 Temperature dependencies of
) a for 3- and 5-layer reflective
Fig.1 Temperature dependencies coatings. ZEach point cor-
ﬂ(o n(1) and A responds to an average value
£ * * of a for five lasers.
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