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OEIC Transmitter Fabricated by Planar Integration Process
H.Nobuhara, T.Sanada, M.Kuno, M.Makiuchi, T.Fujii, and 0O.Wada
FUJITSU LABOLATORIES LTD.
10-1 Morinosato-Wakamiya, Atsugi 243-01, Japan
An AlGaAs/GaAs OEIC transmitter has been fabricated by our
newly developed planar integration process, in which MBE grown
GRIN-SCH SQW laser was planarily embedded in semi-insulating GaAs
substrate by using ion-beam etching. This planar OEIC process has
improved controllability in lithography, especially in the laser
stripe formation. The fabricated OEIC transmitter has achieved a
low threshold current (10 mA) of the integrated laser and stable
gigabit operation of the overall circuit.
INTRODUCTION
. : (a)
OEIC transmitters and receivers, that
have input/output signal levels matching
with those of available LSI families of
multi-function and are packaged for conve- FHWHHHHWH
nient treatment in both optical and elec- (b)
trical connections, are attractive and
very useful for flexible and systematic
construction of optical communication
networks as well as for compact components (c)
c
of new functional machines. The integrated
structure and fabrication technology of
basic OEICs such as transmitters and % /
receivers, however, have not matured yet (d)
and the fabrication cost is too high for
practical use, mainly due to the low fabri-
= P
cation yield. One of effective approaches to (e) \\\ ///
improve the yield is an introduction of a
planar integration process to the fabrica-
tion of OEIC, because a main bottleneck of
i : i : Fig.1 Planar integration process with
the low fabrication yield is unstable ridge waveguide formation. (a) MBE growth
processes caused by uneven-surface of of GRIN-SCH SQW laser layers on grooved
i i semi-insulating substrate. (b) Formation
conyentionsl integrabed Bbrusture. of photoresist layers for planarization

In this paper, we present a planar
integration process to bury an MBE grown
AlGaAs/GaAs GRIN-SCH SQW laser flat into
semi-insulating GakAs substrate and charac-
teristics of an OEIC transmitter fabricated

by applying this planar integration process.
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and protection of both laser and FET
regions. (c) Planar laser embedded by Ar
ion-beam etching and removal of poly-
crystal on SiO, film. (d) MBE growth of

FET layer and %ormation of Au/Zn/Au contact
and photoresist mask for ridge waveguide.
(e) Ridge waveguide together with p-n iso-
lation groove formed by Ar ion-beam etching.



PLANAR INTEGRATION PROCESS

shows a
GRIN-SCH SQW laser layers

grooved

Figure 1 planar integration

pQrocess. First,

were grown on a semi-insulating
GaAs
(MBE) .

for

substrate by molecular beam
a photoresist mask (AZ4620)
The thick-

ness of a triangle-cross-sectional

epitaxy
Second,
planarization was formed.
photo-
resist layer on the slope of laser layers
was determined so that a total equivalent
of

kept

account of

thickness laser epi and photoresist
the

etching-rate

layers 1is constant on slope,

taking ion-beam
ratio between the laser epi and the photo-
The
protects both laser and FET regions. By Ar
with

beam on a rotating stage,

resist. overlay photoresist mask

ion-beam etching ?blique incident
laser layers

were embedded flat in semi-insulating GaAs
After MBE

of

substrate as shown in Fig.1
of FET

(c).

growth layer and formation

Au/Zn/Au contact,

3 pm—wide ridge waveguide was formed.Then,

a photoresist mask for

again by Ar ion-beam etching, the ridge
waveguide together with p-n isolation
grooves was formed as shown in Fig.1 (e).

Due to stable and fine-line lithography on
the flat
integration process as shown in Fig.1
of
shape of the ridge waveguide has been

surface brought by this planar

(d),
reproducible control cross-sectional
achieved without trenching and shadowing

effects in the Ar ion-beam etching.
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Fig.2 Schematic cross-section of ridge

waveguide GRIN-SCH SQW laser together with
Al fraction in active layer. t_ indicates
the thickness of p-AlGaAs cladding layer

at the ridge shoulder.
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Edge boundary between
laser layers and substrate

aser stripe

(a)

—_
2 pm

(b)

Fig.3 (a) Cross-sectional photomicrograph
of planar embedded GRIN-SCH SQW laser with
ridge waveguide. (b) Magnified view at
edge boundary shown in (a). The position
of boundary line between 3.8 pm-thick
n-GaAs layer and a semi-insulating Gads
substrate is marked by an arrow.

Figure 2 shows a schematic

of

cross-section
the ridge waveguide GRIN-SCH SQOW laser
structure, which corresponds to a magnified
view of the center part of Fig.1 (e). The
is 60 A and the
detailed data about MBE grown layers have

gquantum well thickness

been reported elsewhere. In order to
obtain a low threshold current and a high
differential quantum efficiency of the

ridge waveguide laser, it is important
that the thickness of p-AlGaAs cladding
layer at the ridge shoulder, t as shown
in Fig.2, is controlled to be ag optimum
0.05-0.1 pm. the

above-mentioned planar integration process

thickness, Therefore,

has been very useful to improve both per-
formance and fabrication reproducibilities
of integrated GRIN-SCH SQW lasers.

Figure 3

shows a cross-sectional

photomicrograph and electron
micrograph of the planar embedded GRIN-SCH

SQw the total

a scanning

laser. Laser layers with



Fig.4 Photomicrograph of completed OEIC
transmitter chip, including an MCF laser,
a power-monitor photodiode, three FETs and
an impedance-matching resistor. The chip
is 2 x 1 mm square.

thickness

of 8.5 pm were buried flat and

smoothly. Au/AuGe (n-type) contact was

formed in a small rectangular hole,
the

where
This tech-
Si-
AlGaAs and GaAs
on the slope of grooved GaAs

n-GaAs layer was exposed.
nigue was used because we found that
doped (amphoteric dopant)
MBE layers
substrate was p-type when E?e slope angle
was larger than 30 degree. The n-contact

holes with sufficiently gentle slopes
showed no harmful effects on the following
the bottom AlGaAs/ GaAs

layers of the laser are Be-doped (p-type)

processes. If

and the top layers at the ridge waveguide

are Si-doped, p-contact of the bottom
layer would be formed on the flat surface
at the edge boundary region, which is

shown in Fig.3 (a).
Figure 4 shows a completed OEIC trans-
A GRIg—SCH SQW laser with a

micro-cleaved facet,

mitter chip.
a power-monitor
photodiode and a driving circuit consisting
of three FETs (2 pm-long gate) and an
impedance matching resistor (50 ohm) are
monolithically integrated on a 2x1 mm
square chip. Layout and dimensions of

components are same as ever reported.
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OEIC CHARACTERISTICS

Light

emission

output-current characteristic

and spectrum of an integrated
GRIN-SCH SQW laser is shown in Fig.5. The
threshold current and differential gquantum
and 45 %/facet,
respectively, under CW operation. The

coated

efficiency are 10 mA

laser has

with a

a micro-cleaved facet

and a
with
The thickness of

5i3N4 ECR-plasma CVD film
conventionally cleaved facet coated
an AlZO3 sputtered film.
the coating films is a quarter of the

The light output

spectrum were measured on the facet con-

lasing wavelength, and
ventionally cleaved.
of 13 ma,

nearly

At the injection

current the longitudinal mode

was single and the lasing wave-

length was 834 nm,
the

being consistent with
The
the
of the thickness t as

quantum well thickness of 60 3.
obtained high performance is due to
optimum control
mentioned in the previous section (Fig.Z).
The power-monitor photodiode, which faced
the micro-cleaved facet of the laser at a
60 pm-seperation, had a sensitivity of

3 pA/mW at the reverse bias voltage of 6 V.
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Fig.5 Light output-current characteristic
of integrated GRIN-SCH SQW laser, which
has a micro-cleaved facet coated with

conven-

Si, N ECR-plasma CVD film and a
tignglly cleaved facet coated with Al.O
sputtered film. Light output and spect%u%
were measured at conventionally cleaved
facet.
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Fig.6 (a) Eye diagram of transmitter
light output obtained when 2 Gb/s random
pulses were fed into input-FET gate VG2‘
(b) OEIC transmitter circuit.

The OEIC transmitter chip, which
incorporated 50 ohm impedance matching

resistor monolithically, was mounted in a

chip carrier together with supply bypass
capacitors for high-speed operation.
Figure 6 (a) shows an eye diaram of trans-

mitter light output obtained when 2 Gb/s
random pulses were fed into the input-FET
gate VGZ' which is shown in OEIC trans-

mitter circuit (b). This result confirms
gigabit modulation ability of this

mitter

trans-
chip. The maximum operating speed

of the transmitter was found to be limited

by relaxation freguency of the integrated
GRIN-SCH SQW laser, since the operating
speed of the driving circuit exceeded

2 Gb/s in our separate experiment.
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CONCLUSION
An AlGaAs/GaAs OEIC transmitter has
been fabricated by our newly developed
planar integration process. Due to improved
controllability in lithography, high per-
formance of the OEIC transmitter has been
demonstrated. The presented planar integ-
ration process to embed MBE grown lasers
flat in a semi-insulating substrate is one
of the most attractive approaches to surface-

flat OEIC with larger integration scale.

ACKNOWLEDGEMENT

The thank

H. Hamaguchi for helpful discussions, and

authers would like to

K. Dazai and T. Sakurai for continuous

encouragement.
REFERENCES
1)0.Wada, S.Miura, H.Machida, K.Nakai,
and T.Sakurai; J. Electrochem. Soc. 132

(1985) 1966.

2)H.Nobuhara,
and O.Wadaj;
(1985) 650.

M.Kuno, M.Makiuchi, T.Fujii,
Technical Digest of IEDM 85,

3)T.Sanada, M.kuno,
to be published.

T.Fujii, and O.Wada;

4)H.Nobuhara, M.Makiuchi, T.Fujii, and
0.Wada; to be published.

W.I.Wang,
L.Esakij;

E.E.Mendez,
Appl. Phys.

T.S.Kuan, and
Lett. 47 (1985) 826
Lett.

D.L. Miller; 47

1309.

Appl. Phys. (1985)

5)H.Nobuhara, 0O.Wada,
Electron. Lett. 21

and T.Fujii;
(1985) 718.



