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Abstract: Both the vertical cavity surface emitting diodes and detectors are fabricated by using the epitaxial wafer

with resonant cavity structure. Their characteristics are analyzed. T he light emitters have high spectral purity of

4. 8nm and high electroluminescence intensity of 0. 7TmW while injection current is 50mA. A 1X 16 array of surface

emitting light device is tested on line by probes and then used for module. T he light detectors have wavelength se—

lectivity and space selectivity. The required difference in input mirror reflectivity between emitters and detectors

can easily be achieved though varying the numbers of top DBR period by etching.
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1 Introduction

Optical interconnects are more and more im-
portant in the application fields for their great po-
tential of achieving large data throughput and re-
lieving bottlenecks associated with electrical inter—
connects''". The channel density of optical intercon—
nects is inherently two-dimensional (2-D) scaling
with chip size to be suitable for board-to-board and
chip-to-chip interconnects. To utilize the 2-D na-
ture of optical interconnects, it is desirable to have
arrays of integrated emitters and detectors' .

By placing the active device structure inside a
Fabry—Perot resonant cavity, the performance of

optoelectronic devices has been enhanced large—

Iy'""". The increased optical field allows photodetec—
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tors to be made thinner and therefore faster, mak-
ing them ideal for wavelength division multiplexing
(WDM). In the case of emitters, the cavity modi-
fies the spontaneous emission of light emitting
diodes improving their spectral purity and directivi-
ty, allowing more efficient coupling of the electro-
luminescence (EL) into an optical fiber. Using the
epitaxial wafer whose fundamental structure is
multiple quantum wells sandwiched between two
high—reflectivity DBR (distributed Bragg reflector)
mirrors, the high-density arrays for surface light
emitting devices and detecting devices can be fabri-
cated with the corresponding technology. The rela-
tively simple monolithic integration can be real-
ized.

[n this paper, the epitaxial wafers with struc-—
tures were grown by the metal organic chemical va-

por deposition (MOCVD). Using the program in-
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cluding selective oxidation and precisely chemical
etching ete. , the surface light emitters and arrays
with vertical cavity were fabricated, and their light
emission characteristics were measured. We also
fabricated the light detectors by using the same
epitaxial wafer. The experimental and theoretical
analysis had been done mainly for the detector re-

sponse.

2 Device structure

The designed device structure is shown in Fig.
1. The bottom mirrors are composed of 32 periods
of n-doped GaAs/AlooGao1As DBR. The middle
part is a lA optical resonant cavity consisting of
three undoped Ino2GaosAs/GaAs quantum wells
and AlosGao7As confined lavers. Thev are cladded
by AloesGao.02As layers, which are used for oxida-
tion to form the current constriction. The top mir-
rors are composed of 22 periods of p-doped GaAs/
Alo.oGao.1As DBR. Both the most top layer and the
upper layer of active region are p* ~doped GaAs for

p-type ohmic contact.
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Fig. 1 Layer structure of epitaxial wafer

Figure 2(a) is the typically measured micro—
spot reflectance spectrum for the grown epitaxial
wafer. The resonant mode was designed as 980nm

originally. The variation of mode wavelength is

caused by inevitable deviation of structure thick-
ness. T hrough calculating the reflectivity of given
structure, we find that about 10nm wavelength de-
viation of the practical resonant mode to the de-
signed will be caused by 1% thickness deviation of
the grown structure to designed value. The charac-
teristic of resonant mode shows great sensitivity to
the thickness variation of epitaxial structure. T he

experimental result of resonant mode distribution
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Fig. 2

(a) M easured reflectance spectrum: (b) Mea—
sured distribution of resonant mode wavelength in a

growin w afler

in a 50mm diameter wafer is shown in Fig. 2
(b).We measure a series of reflectance spectra of
eptaxial layers which lie in two perpendicular radi-
als equidistantly. It can be seen that the resonant
wavelengths over the wafer are distributed in a
range of 940 ~ 1040nm; from the center to the
edge, the variation ratio of mode wavelength to dis—

tance increases obviously. In the region around
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980nm, the ratio is about 4nm/mm. The distribu—
tion of mode shows great regularity, which is ac—
cordant to the thickness variation of layers grown

by MOCVD.

3 Light emitting diode and array

Using similar structure wafer grown by MBE,
we had already obtained vertical-cavity surface—
emitting laser with lateral oxedation current con-
finement

structure operating at wavelength of

980nm, with threshold current about several hun-
dred of micron ampere'”.

The top emitting light devices and arrays with
vertical cavity structures as shown in Fig. 1 were
fabricated using the wafer grown by MOCVD. The
steps of fabrication were mainly: p mirror etching;
laterally selective oxidation of Alo.os Gao.oz As; p-
type intracavily contact; n-type contact and alloy.
Forming the p-type intracavity contact is helpful to
reduce the series resistance and so to improve the
thermal performance of emission devices. Selective—
ly wet nitrogen oxidation for Alo.esGaonAs layers
to form about 10pm diameter current aperture in—
creases the injected current density and reduces
light generation below the top contact. Finally, the
vertical cavity surface emitting diodes array was
formed with a period distance of 250um.

We measured the characteristics of light emit—
ter and gave the power-current curve and voltage—
current curve as shown in Fig. 3. The output light
power is 0.7mW while the injection current is
50mA. The inset shows the EL spectra with differ—
ent injection current at room temperature. As cur—
rent increases, the FWHM remains constant while
the intensity increases. The EL has a peak at
970nm with the FWHM of 4.8nm. It is accordant
to the resonant mode characteristics that are shown
in the measured reflectivity.

The EL FWHM and wavelength are basically
independent of the forward current over a wide
range. The resonant cavity enhanced light emitters

have higher spectral purity and higher emission in-
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Fig.3 P and V4 characteristics of light emitter
The inset shows the measured EL spectra at different

injection current.

tensity as compared to conventional light emitting
devices. The cavity also improves the directivity,
allowing more efficient coupling of the EL into an
optical fiber'®.

Because the light is out from top surface of de-
vice and the direction of light emission is parallel to
the direction of current injection. The fabrication of
one or two-dimensional array of light emitter be-
comes easy. And devices in the fabricated chip can
be tested conveniently and quickly in processing.
Figure 4 shows the all P4 and V- curves mea—

sured by probes for a 1X16 array of surface emit—
16

12

IfmA

Fig.4 P+ and V- curves for 1X16 light emis—

sion array

ting light devices. We can get relatively uniform
light output by altering the injection current of
each device. This array chip is bonded with the
CMOS driver circuit chip to make a light emission

module.
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4 Light detector

Using the same epitaxial wafer, we fabricated
top detecting devices with vertical cavity. Because
of the absorption region being placed in a resonant
cavity, the detector response shows wavelength se-
lectivity and absorption enhancement behavior as
compared to conventional light detectors'”

Figure 5 shows measured photocurrent spectra
of the light detector. For detector with the whole

structure as grown, the peak photocurrent is at
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Fig. 5

Experimental photocurrent spectra with

different top DBR's periods being etched away

958. 2nm with the FWHM of 2nm. With the pre-
cisely controllable etching to alter the reflectivity
of input DBR step by step, we measured the optical
response respectively. T he five lines in Fig. 5 repre-
sent the different photocurrent spectra while 0, 2,

8, 12, and 16 periods of top DBR being etched away
in turn. It can be seen that with light input mirror
reflectivity decreasing as a result of the top DBR"s
periods lessening, the FWHM of response increases
accordingly, while the peak photocurrent increases
first and decreases later (in our case, the reached
maximum quantum efficiency was about 35%).

The theoretical analysis has indicated this result'®.

With the proper choice of input mirror reflectivity,

the detector can have both a reasonably optical
bandwidth and adequate responsivity. The required
different Ri of vertical cavity surface emitters and

detectors that compatible for monolithic integra—

tion can easily be achieved.

The resonant cavity enhanced (RCE) photode-
tectors not only have great wavelength selectivity,
but also have interesting space selectivity. The
space direction selectivity is very helpful in the
practical use of RCE detectors. We studied the
space angle dependence of RCE detector, and suc—
cessfully varied the resonant wavelength by con-
trolling the angle of incident light on detector sur-
face. Figure 6 shows the experimental and theoreti-
cal results of RCE detector that was fabricated us—
ing another grown wafer. For normal light input,
the detector had Awste at 1084nm; with the incident
angle being changed from 0° to 80° the Auwe was

red-shifted about 45nm.
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Fig. 6 Measured and calculated resonant

wavelength varying with the angle of incident

light in space

S Conclusion

We have grown the epitaxial wafer with reso-
nant cavity structure by MOCVD, and identified
the wafer’s characteristics, mainly, the micro-spot
reflectance spectra and mode distribution in the
whole scale of the wafer. Using the wafer, the sur—
face emitting light devices and arrays with vertical
cavity are fabricated, and their light emission char-
acteristics are measured. The EL spectrum of an
emitter in the array as an example has a peak at
970nm with the FWHM of 4. 8nm; its intensity is
0. 7mW while excitation is 30mA. The top detect—

ing devices are also fabricated by using the same
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epitaxial wafer. The experimental and theoretical
analyses have been done on the optical response of
detector with wavelength selectivity and space se—
lectivity. The dependence of quantum efficiency on
the input mirror reflectivity of detector are also

discussed.
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