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Vertical Integration of an LED and a Yertical Transistor Using Selectiye MOCVD
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A GaAs vertical optoelectronic integrated circuit is fabricated using a selective
atmosphere pressure MOC\ID. It consists of a surface emitting LED and a vertical
FET employurg the embedded schottky contacts. As the drain current of the FET also
flows through the LED structure, the light output of the LED is effectively controlled
by the gate bias of the driver FET. This device operates as a three terminal optical
device controlled by an electric input.

I. Introduction

Many efforts have been made to develop

optoelectronic integrated circuits (OEICs) because

they have many advantages in performance, func-

tionality and reliability[1]. Most efforts of OEICs

are actually aimed at optical communication. How-

ever, they are also expected to be useful for the opti.

cal interconnection between boards and/or chips, and

even within the chip. Recently, vertical cavity surface

emitting laser diodes with high reflectance stacked

mirrors has drawn attentions for various applications

such as parallel signal processing and high speed opti-

cal interconnections[2,3]. Although the horizontal

integration schemes are generally used, there are

many problems to be overcome such as step coverage

and device matching between electronic and optical

devices. The fabrication process of the driver FET in

D-3-4

an OEIC should be compatible with those of optical

devices. The semiconduct or-met al-semiconductor(SMs)

structure can be used for the electronic device, partic-

ularly, the driver FET in OEIC. By fabricating opti-

cal devices on top of the SMS structure[4], the

OEIC can be vertically integrated. The advantages of

the vertical OEIC over those of the horizontal one

are easy controllability of the optical output by the

electronic input and the closer matching between the

electronic and the optical parts. In addition, the

vertical electronic devices such as PBT (or SIT) and

vertical FET have smaller parasitics compared to the

conventional MESFET used for horizontal integration

and their operating frequerrcies become higher. In

this paper we report the vertical integration of an

surface emitting LED and a vertical FET employrng

embedded fthottky contacts.
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II. Device Fabrication

Figure L shows the schematic diagram of the

fabricated vertical OEIC. The key structure of this

device is a tungsten grating embedded into an epitax-

ial GaAs layer. The OEICs are made with the fol-

lowing fabrication steps. First, MOCVD is used to

grow a -l.0pm-thick n-GaAs ot o* (100) GaAs

substrate. Next the SiO2 mask pattern which is used

for the gate-pad area is formed. The thickness of

the SOz film deposited by RF sputtering is about

100nm. Conventional optical lithography is then used

to define a 3pm-period grating pattern m AL52L4

photoresist. This photoresist layer is used as a lift-

off mask to pattern an RF sputtered tungsten film of

70nm thickness. The grating direction has an angle

of 10-300 from the <011> direction on GaAs sub

strate. After cleaning in a sulfuric acid, 5 epitaxial

layers are subsequently overgro\ur on the exposed

region having tungsten gratings selectively by atmo

sphere pressure(AP) MOCVD. The V/III ratio is

about 25 and the total flow rate is kept at 2.2 SLM'

The growth rate is 0.04pm/min and the growth tem-

perature is 650oC. The grown layers are FET chan-

nel layer (n-GaAs; undoped, -2pm); lower cladding

layer (n-Als.rGao.rAs; Si doped to 2xL0r7 cm-3,

1pm); active layer (GaAs; undoped, 0.5r.rm); upper

cladding layer (pAls.3Gas.rAs; 7^ dop"d to

1x1018cm-3, 1pm); and cap layer (p+-GaAs; 71

dop"d to 1x101'"--t, 0.1pm). After the MOCVD

growth, speckles of polycrptalline GaAs on the SiO2

gate pad area are occasionally deposited. Those

speckles are successfully removed by HCI-

CH3COOH-KrCrrO, solution. After defining the

active region by wet etching, the ohmic contact open-

ings for the drain and the gate are formed on the

PR mask. Au-Zn for the drain and the gate metalli-

zation is deposited at the same time. For N-ohmic

metallization, Ar.r/Ge-Ni is evaporated on the backside

surface. Alloying is performed at 450oC for 2.5min.

III. Results and discussions

For the device application, the surface morphol-

ogy of the selectively groum layer should be srnooth

and flat. Lateral overgrowth on tungsten has also

been found to be difficult to successfully accomplish

using AP-MOC\ID because the single crptalline

deposition on tungsten gratings is very sensitive to the

surface conditions. Also the dependence of the lateral

overgrowth with tungsten grating orientation is

strongly exhibited. A cross-sectional SEM photo'

graph is shown in Fig.2. The triangular voids are

shown above tungsten gratings. But, the precise

effect of the voids has not yet been made clear. For

the evaluation of the transistor we fabricate a mesa

isolated vertical FET with 30 x 30pm2 active region

without LED layer. The characteristics of the FET

can be divided into an pentode-like region and an

triode-like region[5]. By varying the grating width and

doping densities of the grown layers, we get two types

mentioned above. The I-V characteristics of the

pentode-like FET is shourn in Fig.3. The doping

concentration of the undoped GaAs layer is about

1x1016cm-3. The transconductance at Vr:0V is

13.6mS/(30p-)t and the threshold voltage is -2.1V.
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Figure 4 shows the I-V characteristics of the driver

FET in the proposed OEIC which has an the active

region 110 x 1.50pm2. Because of the close place-

ment of an optical device and an electronic one, it is

possible that the transistor action is affected by the

emitted light. As we increase the magnitude of the

gate bias, the drain current is abruptly increased.

This phenomena may be due to the optoelectronic

feedback. The light output versus Vog characteristics

with Vo, as a parameter are shown in Fig.5. With

the gate voltage, the light output of the LED is

readily modulated. But when Vcs fu reduced below

-2V, modulation characteristics are degraded because

they have a large leakage current and a breakdown

voltage which is lower than expected. These degrada-

tions may be due to the crptal defect introduced at

the interface between tungsten and GaAs during the

process. Therefore, to improve these, the optimiza-

tion of the process conditions is needed. This struc-

ture can be used to fabricate high po\iler and high

speed OEIC with a laser diode as an optical device.

IV. Conclusions

A GaAs vertical OEIC which consists of a sur-

face emitting LED and a vertical FET with SMS

structure is fabricated using selective MOC\ID. The

close placement of an LED and an FET makes it

easy to control the light output.
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Fig.l. Schematic diagram of the proposed vertical
OEIC.
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