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16- Channel 0. 35um CMOS/ VCSEL Transmission Modules
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Abstract: The vertical cavity surface emitting laser ( VCSEL) arrays and VCSEL-based optical transmission modules are
investigated. It includes the VCSEL’ s spectral characteristic, modulation characteristic, high frequency characteristic, and
compatibility with microelectronic circuit. The module consists of 1 x 16 VCSEL array and 16 channel lasers driver with

0. 354m CMOS circuit by hybrid integration. During the test process, the module operates well at more than 2GHz in -

3dB frequency bandwidth.
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1 Introduction

Optoelectronic integrated circuits ( OEICs) are
key devices for advanced optical interconnects and op-
tical switching networks. We can achieve good immu-
nity against electromagnetic interference ( EMI) be
cause of their very short interconnects, reducing of
chip area, improved in reliability, the cost reducing, -
3dB bandwidth increasing, and so on. The high densr
ty and high performance of OEICs are expected to be
used in optical interconnects massively parallel proces
sors and optical switching networks of data communi
cation. An optoelectronic -VLSI ( OE-VLSI) circuit
technology now exists for providing thousands of opti-

cal input and output to foundry-grade very large scale

integration ( VLSI) silicon CMOS circuitry. The
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technique provides a method for optoelectronic inte
gration of optical elements and microelectronic VLSI
silicon I1C” s. The OFE-VLSI hybrid integration offers
the potential for both high speed and high complexr
ty.

As a light source, vertical cavity surface emitting
lasers ( VCSELs) offer the great advantages over comr
ventional edge emitting lasers, such as extremely low
threshold current, single longitudinal mode, especially
surface emission laser with very small beam diver
gence and simple fabrication in large two- dimensional
(2D) arrays, which make VCSEL-based components
that integrated photonic devices and microelectronic
circuits, suit high density parallel optical interconnects
and optical switching networks very well.

The most important feature of VCSEL-based

photonic devices is the capability of two dimensional
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integration, which can be integrated with state of-the
art electronic circuits. Another important merit is low-
cost production, because VCSELs can be made by o
wafer mirror growth, o wafer processing, onwafer
testing, and on-wafer screening, all of which result in
high yields and low costs!'!.

Since VCSELs can not be grown directly onto
silicon substrates, they must be attached by the hybrid
integration techniques. Therefore the key to success
for CMOS is the development of a reliable/ manufac-
turable hybrid process that can bond the VCSELs dir
rectly to the circuits. Flipr chip soldering is used to hy-
bridly integrate the optoelectronic chip epitaxial side
down with silicon CMOS. In this paper, we report
some investigations on vertical cavity surface emitting
laser arrays and VCSEL-based optoelectronic photonic
multiple chip modules (M CM), consisting of vertical
cavity surface emitting laser array and 16 channel
lasers driver 0. 35Wm CMOS circuit. The hybrid inte
grated MCM based on VCSEL are operated at more
than 2GHz in — 3dB frequency bandwidth, which
could be used in free space optical interconnects

(FSOT).

2 VCSEL structure

The performance characteristics of VCSELs are
strongly influenced by the epitaxial struture and fabri-
cation processes that are employed, so the processing
technologies producing laser structures have signifi-
cant impact. The device cross section of a vertical cav-
ity surface emitting laser is shown in Fig. 1. The epr
taxial structure is grown on a m GaAs substrate by
metalorganic chemical vapor deposition (MOCVD). It
consists of a 32-pair mdoped Aly g Gag 1 As/ GaAs
quarterwave distributed Bragg reflector ( DBR), a
one wavelength Aly 3 Gag 7 As/ GaAs/ Ing 2 Gag g As
resonant cavity, a one wavelength p-doped contact
layers formed from Alg o3 Gag g2 As current constric
tion layer and GaAs intra cavity contact layer and a
22-pair Alg 9 Gap | As/ GaAs quarterwave DBR. The
active region contains three Ing 2 Gap g As quantum

wells of thickness 8nm with adjacent GaAs barriers of
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thickness 10nm. The main VCSEL processing steps
include etching the circular mesas of the p-type GaAs
contact and the current constriction layer for oxida
tion, lateral oxidation in wet-oxidation and evaporate
the metals for prtype and mtype contacts. First, the
top DBR is selectively wet etched into diameter of
28Hm circular mesas to the prtype GaAs contact lay-
er. Then diameter of 50Mm circular mesas are formed
by wet chemical etching. A current aperture defining
the active diameter of 10Mm is provided by selective
oxidation. This is a good device structure for studying
the reflectivity- dependent laser characteristics because
the top DBR is composed of binary materials (Alp o
Gap, 1As/ GaAs) with abrupt interfaces and can be se-
lectively removed one pair oncel**!. The VCSEL is
operated at 850nm wavelength, 3mA threshold cur
rent, and 1~ 3mW output optical power. In practical
application, we can fabricate a variety of linear arrays
or two-dimensional arrays based on different needs. In

our experiment, we adopted the 1 x 16 linear array.
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Fig. 1

Cross section of VCSEL device

3 Hybrid integrated CMOS/ VCSEL
multiple chip modules

VCSEL-based transmission modules are opto-
electronic devices that have some optical units and
electronic processing circuitry. In the transmission
module, each VCSEL requires a driver circuit whose
current drive capacity matches the characteristics of
the VCSEL. VCSEL arrays in a surface normal opti
cal fashion become important to improve the VCSEL~
based OE-VLSI technology, which are integrated op-

toelectronic circuits by providing the VCSEL arrays
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with state of the art silicon CMOS circuitry. Design-
ing VCSEL-based transmission modules, not only re
quires high performance components and techniques
of integrating, but also requires consideration of meth-
ods for the optical I/0 routing, array mounting, and
thermal heat sinking. In addition the cost, size,
weight, testability, and manufacturability play impor
tant roles in the design of such a commercial product.
For example, in order to conserve space, the VCSEL
should be placed on the top of upper dielectric layer
and located in or very near the pixel to reduce para
sitic factors and lead length.

We design and fabricate the hybrid integrated
CMOS/VCSEL multiple chip modules. The circuits
are designed using 0.35Hm CMOS (MOSIS) tech-
nics. For CMOS circuits, the processing functions of
the transmission utilize minimum size transistors in
order to conserve space, increase speed, and reduce
power dissipation. These transistors have low current
sinking capability, but the VCSELs require several
milliamps of drive current'?). Thus, a buffer circuit
must be provided to match the processing circuit to
the VCSEL. In addition it is necessary to provide a
current to bias the VCSEL to /. Figure 2 shows our
circuit schematic of 1-channel VCSEL driver. M 1 and
M2, M9 and M3, M 10 and M4, M 11 and M 12 form a
current source separately. M 13 and M 14 form a phase
inverter. By changing the value of V,, we can control
the drain voltage. Because M 11( M 12) situate at linear
working area, the drain current would be changed
with drain voltage. M3(M 10) act as constant current
source for their saturation state. The W/ L of M9 is
much larger than that of M3, so the output current of
M9 is larger too. Changing the W/ L of M9(M3),
2mA current( threshold current) can be got. The way
to generate modulation current is in a similar way.
The voltage range of Vy, and V018 O~ 5V. We also
designed and fabricated 16 channel 0.35Hm CMOS
VCSEL driver circuit chip by MOSIS, the photo is
shown in Fig. 2.

We have investigated the match and compatibili-
ty of VCSEL and CMOS driver circuits, the integra-

tion of OEICs, and the hybrid integration of photonics
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devices and multiple chips. The hybrid integrated V C-
SEL-based optical transmitter modules are fabricated
successfully. Some optoelectronic characteristic of the
modules are measured. Figure 3 is the L-I-V charac
teristic of 1 x 16 VCSEL array. At the same time, we

demonstrate the 16-channel laser simultaneous work-
ing in the hybrid integrated CM 0S/V CSEL multiple
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Fig. 2 Circuit schematic of 1-channel VCSEL
driver and 16 channel 0. 35Hm CMOS circuit chip
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Fig.3 L-I-V characteristic of 1 x 16 VCSEL array
chip modules, as shown in Fig. 4. The modules have
approved optoelectronic characteristics and uniformi
ty. Figure 5 shows the frequency characteristics of the
modules measured by the HP8757C scalar network

analyzer. The measurement of the — 3dB frequency
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bandw idth is more than 2GHz.
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16-channel laser simultaneous working in the

Fig. 4
hybrid CMOS/ VCSEL modules
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Fig. 5
CM OS5/ VCSEL modules

Frequency characteristic of the hybrid

4 Conclusions

Vertical cavity surface emitting lasers have u
nique features and the capability of two dimensional

integrated with state of-the-art  electronic  cir
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cuits' 3. But there are still many special problems
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about OEICs process to solve. At present, the investi
gation is in its growing period and has large perspec
tive. Now many corporations are developing their re-
search projects about it. In the future, VCSEL-based
transmission components integrating photonic devices
and microelectronic circuits would be very well suit-
able for high density parallel optical interconnects and

optical switching networks.
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