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Abstract : Design and fabrication of a parallel optical transmitter are reported. The optimized 12 channel parallel opti-
cal transmitter ,with each channel’ s data rate up to 3Ghit/ s,is designed ,assembled ,and measured. A top-emitting
850nm vertical cavity surface emitting laser (VCSEL) array is adopted as the light source ,and the VCSEL chip is di-
rectly wire bonded to a 12 channel driver IC. The outputs of the VCSEL array are directly butt coupled into a 12
channel fiber array. Small form factor pluggable (SFP) packaging technology is used in the module to support hot
pluggable in application. The performance results of the module are demonstrated. At an operating current of 8mA ,
an eye diagram at 3Ghit/ sis achieved with an optical output of more than 1mw.
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1 Introduction

The rapid growing request for high bandwidth
promotes the increase and development of optical
internetworking. Asaresult ,more and more optical
links have been set up in the current network. In
most of these links,data rates are required to be up
to 10 40Ghit/ s. At the same time,the link dis
tance is actually less than hundreds of meters,as
most of the network equipments are co-located
within the same building. As we know , the link
configuration in a specia caseis determined by the
cost of the transceivers and fibers,the complexity
of the matching electronics,and the assembly con-
dition. For short distances,the cost of transceivers
is dominant™!. When the number of the optical
connectionsis relatively large ,the modules have a
strong economic impact on the overall network.
How to reduce the cost of the modulesin short dis
tancesis a very important question on to the serv-
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ice providers. Compared with the expensve tradi-
tional serial optical modules,the use of a parallel
optical transmitter isa more effective solution to a
chieve higher data throughput and lower cost!®.
The parallel optical systems are also called space
divisonr-multiplex ,for the sgnals are transported
in parallel through different optical links.

The use of VCSEL is an egecially cost-effec
tive way to develop parallel optical transmitters.
These devices are consdered to be the best light
sources due to their excellent uniformity ,low-cost
fabrication, efficient fiber-coupling,low threshold
current ,convenient device testing,and high modu-
lation bandwidth™® . At 850nm,VCSEL has been
widely used in parallel-fiber optical data communi-
cation over short distances.

2 Hectrical and optical characteris
tics of VCSEL

The characteristics of VCSEL are strongly in-
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fluenced by the epitaxial structure and fabrication
process. A 12 channel oxide-confined V CSEL array
is adopted as the light source of our module due to
their excellent electrical and optical confinement of
carriers. This VCSEL array chip is 32 m wide,
297Q m long and 15Q m thick with a 25Q m pitch.
Table 1 shows the typical characteristics of the
high frequency bandwidth VCSEL arrays which
can be used up to 4GHz per unit.

Table1 Electrical and optical characteristics of VC-
SEL arrays
Parameter Symbol Value
Threshold current Ith 4mA
Output power Po 1mW (lg=8mA)
Jope dficiency n 0. 3W/ A
Wavelength Ap 830 860
Series res stance Rs 50
Beam divergence 0 15°
Capacitance C 0. 5pF
Bandwidth f 3do 4GHz

Figure 1 shows the typica light output and
voltage versus current (L-1-V) curves for the 12
channel VCSEL array. Excellent device perform-
ance and uniformity have been achieved with low
operating voltage and high power. The operating
voltage across the VCSEL array at 1mW power is
about 2V ,which is suitable for 3 3V transmitter
applications.

Output power/mW

FHg.1 Typical L-1-V curvesfor the 1 x12 VCSEL ar-
ray

3 Module structure and fabrication

Figure 2 shows the structure of the VCSEL-

based module. The module consistsof a VCSEL ar-
ray chip ,a laser driver array chip,a fiber ribbon
with M T ferrule ,and metal packaging. Driving V C-
SEL array at reasonable speed requires driver ar-
rays’’. The laser driver array chip is designed and
fabricated in a commercia 0. 33 m CMOS (MO-
SIS process technology and operated under a3 3V
supply. The driver input is PECL compatible and
should be AC coupled. The output is set with high
impedance to realize the current modulation of the
V CSEL array.

VCSEL array,

Metal substrate

e

Driver array

Fig.2 Structure of the VCSEL-based module

The module is fabricated in several steps.
Firstly ,usng conducting resin ,the VCSEL array is
attached to a meta substrate ,and the driver is at-
tached to a printed circuit board PCB at the pos-
tion designated by alignment marks. The PCB with
the driver is then mounted on the metal substrate.
The VCSEL array and driver array are interconnec
ted by bond wires on a 25Q1 m pitch. To achieve
high modulation speed ,the connecting wire should
be kept short to reduce paradtic inductance. Next ,
the output light of the VCSEL array should be well
coupled into the 12 channel fiber array with lower
loss. The light-emitting apertures on the VCSEL
array have a 254 m pitch ,1Qu m diameters and 15°
divergence angles. To achieve better coupling effi-
ciency ,the lights are directly butt-coupled into the
fiber array with a 250 m pitch. In our module,a
standard M T multi-fiber (62 5/12% m) connector
ferrule isfixed by microscope to align with the VC
SEL array. In order to reduce the reflection, the
coupling end of the ferrule has an 8 angle!® . The
other ends of the fiber array are 12 fan-out fibers
with FC adaptorswhich could be directly connected
to a power meter. By watching the display of the
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power meter ,we could adjust relative position and
angle of the VCSEL array to the M T ferrule. At
proper postion and angle,the best coupling effi-
ciency of 1 to 12 channel is achieved® . After accu-
rate location ,the M T ferrule isfixed to the assem-
bly by EOONSresn. Finaly ,all the electronic and
optical components are packaged into a metal pack-
aging to get better signal integrity and better star
bility. The packaging is desgned as the small form
factor (SFP) pluggable package technology ,which
isusualy usedin serial optical transceivers. Anin-
dustry standard edge connector is adopted to trans
mit electrical sgnalsfrom the boards to the mod-
ules. Thisadvance allowsthefeature of hot plugga
ble to parallel optical links. The design parameters
for our parallel optical transmitter are summarized
in Table 2.

Table 2 Design parametersfor the module

Parameter Value
Light source V CSEL array (850nm)
Data rate/ ch 3Ghit/ s
Number of channd's 12
Supply voltage 3.3V
Package SFP
Hectrical interface PECL
Optical connector M T (12 channd)
Fiber type 62 5/ 129 m MM fiber
Module dimension 45mm x 23 2mm x 8 8mm

4 Characterisics

To gain the capabilities and limits of the paral-
lel optical module,small-signal analysis and large
signal analysis have been done. The output signals
from thefan-out cable are separately sent to a pho-
todetector (NEW FOCU S Model1580) ,then to the
measurement equipment. Figure 3 shows the fre-
quency response for one channel of the module
measured by a network analyzer (HP8757C). As
can be seen from the plot ,the maximum 3dB band-
width obtained from the instrument is greater than
3GHz at 8mA.

Figure 4 shows a 3Ghit/ s eye diagram for one
channel of the module. The stream generated from
the pulse pattern generator (Advantest D3166) is

hp CH1:A SA-3.15dB SEARCH
10.0 dB/ REE-12.70 dBm VALUE
SEARCH
SRCHa-03.15 dB LEFT
+3.0050G Hz SEARCH
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] BAND-
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1
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Fg.3 Smal-sgna freguency response for one channel
of the module

made usng a 2* - 1 NRZ (non return to zero)
PRBS(pseudo random bit sequence) . The eye dia
gram is obtained at a wide-bandwidth oscilloscope
(Agilent Infiniium DCA 86100A) with a bias cur-
rent of 8mA. The wide open eye pattern shows
good modulation performance.

Fig.4 Eye diagram for the module at 3 Ghit/ s

5 Conclusion

We have developed 12 channel V CSEL-based
parallel optical transmitters that are capable of
transmitting 36Ghit/ s of data throughput. They
use the small form factor pluggable packaging to a
chieve the' hot pluggable” solution to the parallel
optical transmisson systems. These pluggable
modules with high bandwidth and cost-effective-
ness are very attractive for backplane and short
range datacom applications. In the coming years,
continuing technology advances will improve the

performance (bandwidth and distance) of V CSEL-
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based parallel transceivers and widen their market
gpace dgnificantly.
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