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Introduction

lon'beam milling and deposition techniques have found increasing application in semiconductor

device processing. With these methods, sputter deposition can be performed under high vacuum

conditions combined with in situ etching, giving excellent adherence and pure thin films 11-21. This

paper reports on ion-beam techniques utilized in metallization and passivation of MO-CVD-grown D-H

GaAs/GaAlAs lasers.

Metallization

The ion'beam technique in combination with annealing was used to form PtTi ohmic contacts to the

p+ contact layer of the laser structure. The specific contact resistance on Zn.doped !x1g19 cm-3 GaAs

is shown in Fig. 1' The annealing time was 5, 15 and 30 minutes, and the annealing temperature varied

between 360 and 480"C. Two typical samples having different metal thickness, as indicated in the

figure, illustrate the annealing behavior. The difference in contact resistance originates from the

spuitering process, resuliing in suriace damage ceniers aciing as donor-iike traps [Oj. lt is shown that

the contact resistance decreases with increasing annealing temperature and time. Moreover, the

difference between samples decreases with increasing temperature due to out-leaking of the damage

centers. Consequently, the ion beam technique in combination with annealing produces a contact

formation process growing from and beyond the surface damages and is thus highly reproducible. The

fowest specific contact resistance we obtained was 2.4x10'5 0 cm2. This low value is in the same order

as the state-of'the'art of PtSi and Gr contacts reported on Si and, to our knowledge, the lowest

resistance reported on p'type GaAs [4-5j. The Auger depth profile after annealing in 4g0.C for five

minutes of the PlTi/p+'GaAs system is shown in Fig. 2. The titanium is S0O A and the platinum mOO A

in thickness' The Ti film is shown to be a sufficient barrier for reaction between Pt and GaAs substrate,

and there is no evidence of As out-diffusion.

In this wdY'a series resistance of 5 O was obtained for a 4 pm wide stripe contact laser with a cavity

length of 250 pm, in good agreement with the present investigation.

Passivation

A passivation method to encapsulate the laser mirrors and other vulnerable parts on the laser diode

have been developed using the ion-beam technique. Before coating, the lasers were in spu ion beam

milled. The effect of different ions in milling performance is iltustrated in the L-l curve for a laser diode

before and after milling (see Fig. 3). After milling with relatively heavy ions, the threshold current
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increases. Continuing milling with comparably lighter ions results in a decrease in threshold. This is

due to the fact that the heavier ions create rnore damage, which is then removed with the lighter ions.

Following milling, the device is coated with a l,/4-thick Al2Os film and a l/4-thick Si.N* film. The

Al2Og reduces interfacial stress and SiaNo resists corrosive actions from the surrounding atmosphere.

MO-CVD-grown GaAs lasers passivated in this way show low degradation rate during 1000 hours of

accelerated aging, indicating no mirror degradation after 350 hours of burn-in (see Fig. 4) (Al lop't 3

O.5o/o kh-1, g mW, B2S K). Moreover, lasers have been operated underwater with 3 mW continuous light

output for several days. In comparison, lasers without passivation or solely mirror coating operate only

minutes in similar environment.
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Fig.l Specific contact resistance of

PtTi/p+-GaAs using lon-beam deposition.

０。

９。

８。

７０

６。

５０

４。

３０

２０

１。

。

Ш
Ｏ
く
卜
Ｚ
Ш
Ｏ
∝
Ш
」
０
一巨
Ｏ
卜
く

コ
く
卜
２
］
Σ
Ш
コ
Ш

♂
　
　
　
　
　
　
　
♂

（
¨
Ｅ
ｏ
Ｃ

）

Ш
０
２
く
卜
∽
一∽
Ш
∝

卜
０
く
卜
２
０
０

〇
一Ｌ
一Ｏ
Ш
Ｌ
∽

―――Ti
Ga

―――As
―― Pt

ANNEALED
480° C′ 5 min

0

Fig.2

788    1576   2364   3152   3940
SPUTTER:NG DEPTH(A)

Auger depth profile of Pt丁 i/p ‐GaAs

（ゞ

）
３
く
「

（３
Ｅ
）

∝
Ш
３
０
Ｌ
　
卜
つ
Ｌ
卜
っ
０

AC B
A BEFORE MiLLING
B MiLLED: HEAVY :ONS
c MILLED: LiGHT iONS

o 50 100

CURRENT (rnA}

Fig.3 Mirror milling performance

coat i ng.

150

prior

0

Fig.4

coated

400    600
0PERAT:NG

Accelerated I ife
I asers.

8oo 1000 1200
HOURS

testing of

0:5%kh・ 1

Pout=3 mW
T。 目 52.5。 C
、/2(A1203+SiON4)

-38-


