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Abstract

We have devel oped a compact low-cost optical module that has four 10-Gbit/s transmission channels
of different wavel engths giving atotal throughput of 40 Ghit/s. The target applications of the module are
short-reach links such asinter-rack connectionsin POP (point of presence) and WDM (wavelength divi-
sion multiplexing) access networks. Although 40-Gbit/s laser modulators, photodiodes, and driver LSIs
(large-scale integrated circuits) are available, they are still expensive. However, a 10-Gbit/s optical link
can be made using cheap direct-modulation laser diodes and low-cost CMOS (complementary metal
oxide semiconductor) driver LSIs. Thus, afour-channel CWDM (coarse wavelength division multiplex-
ing) link is the most cost-effective way to achieve 40-Ghit/s transmission. Our module has a compact
package size of 33 x 30 x 6.3 mm3 and is assembled using asimple optical alignment process based on
anovel silicon platform technique to reduce the assembly cost. We verified CWDM transmission over a
10-km fiber with apair of commercial available CWDM multiplexer/demultiplexer filters.

1. Introduction

A CWDM (coarse wavelength division multiplex-
ing) link has great potential to reduce network costs
because it can carry multiple applications on an opti-
cal fiber and is less expensive than a dense WDM
(DWDM) link, which requires costly light sources
and expensive optical filters with high wavelength
accuracy. These days, the application areas for
CWDM links are growing. One example of a new
application is the WDM PON (passive optical net-
work) system (Fig. 1), which is a point-to-multipoint
subscriber access network that provides higher band-
width than PONs based on time-division-multiplex-
ing. Another application is VSR (very short reach)
interconnection in POP (point of presence) (Fig. 2).
An A (implementation agreement) for an OC-768
VSR link using four-wavelength CWDM has been
published by the Optical Internetworking Forum
(OIF) [1]. An example configuration of the CWDM
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Fig. 1. WDM PON system.

VSR module is shown in Fig. 3. This configuration
using multiple 10-Gbit/s units will enable a cost-
effective 40-Gbit/s modul e because 10-Gbit/s optical
links can be made using cheap direct-modulation
laser diodes (L Ds) and low-cost CM OS (complemen-
tary metal oxide semiconductor) driver LSIs (large-
scale integrated circuits).

Although CWDM has great potentia to reduce the
link cost, thereis still one major issue. A convention-
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Fig. 2. Typical configuration of a POP (point of presence).
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Fig. 3. Example configuration of CWDM VSR module.

a CWDM link system requires as many transmitter
and receiver modules as there are wavelengths, as
showninFig. 3. Thisrequiresalarge amount of board
space and results in a high system cost. For applica-
tions such as the OC-768 link and optical line termi-
nal (OLT) in the WDM-PON system, a compact
multi-channel optical module (Fig. 4) would reduce
the number of optical modules for the CWDM links
and make the system compact and inexpensive.

We have developed compact low-cost 4-ch x 10-
Ghit/s optical transmitter and receiver modules for
such CWDM applications. Each module has a total
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Fig. 4. A compact multi-channel optical module would
reduce the number of optical modules and make
the system compact.

Fig. 5. Photograph of the 4-ch x 10-Gbit/s module.

Table 1. Module specifications.

Data rate per channel up to 10 Gbit/s

Number of channels 4

Package size 33 mm x 30 mm x 6.3 mm

Output power per channel | >+4 dBm

Receiver sensitivity —17 dBm

Transmission distance 10 km

Laser diode Direct-modulation DFB-LD
Photodiode PIN PD

Wavelengths 1275.7, 1300.2, 1324.7, 1349.3 nm

throughput of 40 Ghit/s and its volume is only 6.2
cmd. It is assembled using asimple optical alignment
process based on a novel silicon platform technique,
whichwe call the PALC (passive-alignment laser col-
limator) bench.

2. Module construction

A photograph of the moduleis shown in Fig. 5, and
its specifications are shown in Table 1. The transmit-
ter and receiver are separate modules and have the
same appearance. Each modul e has four transmission
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Fig. 6. Exploded view of the transmitter module.

channels, each of which can carry data at arate of up
to 10 Ghit/s. The lasers in the transmitter are direct-
modulation distributed-feedback laser diodes (DFB-
LDs), and the photodetectors in the receiver are PIN
(positive-intrinsic-negative) PDs (photodiodes). The
transmitter has LD driver LSIsand monitor PDs. The
receiver has transimpedance amplifier (TIA) LSIs.
The transmission distance is up to 10 km, which is
enough for inter-rack interconnections and most
access networks.

There are two different approaches to constructing
amultichannel optical module: using device arraysor
discrete devices. Optical devicearraysand LS arrays
can minimize the size of a multichannel module, but
optical device arrays are intrinsically expensive
because of their low product yield. On the other hand,
single-channel LD drivers and TIAs have a broad
market and are getting cheaper. However, 10-Ghit/s
driver arraysand TIA arraysare not availableyet, and
when they are, they will be expensive because of their
limited market. The use of single-channel deviceshas
another advantage. It suppresses inter-channel
crosstalk, whichis a seriousissue in arrayed devices,
especially for multi-gigabit-per-second transmission.
Thus, we chose an independent-channel structure,
which uses single-channel optical devicesand LSs.

An exploded view of the transmitter (Tx) moduleis
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Fig. 7. Photograph of the ceramic-metal hybrid package.

shown in Fig. 6. To reduce the cost, we designed it as
simply as possible. A Tx optical subassembly (OSA)
or receiver (Rx) OSA is assembled in advance and
mounted in a package. Optical aignment is complet-
ed on the OSA, so the package does not require
mechanical accuracy for optical aignment. The dri-
ver LSIsor TIA LSIs are mounted on an LSI carrier
and connected to the OSA and high-speed signal lines
on the ceramic wiring board with gold wires. The LSl
carrier is separated from the OSA, so that heat from
the LSIsis not conducted to the optical devices. The
Tx module has monitor PDs. A monitor PD mounting
bar, which contains four monitor PDs, is mounted on
the ceramic package to receive back illumination
from four LDs.

2.1 Package

A photograph of the ceramic-metal hybrid package
is shown in Fig. 7. A ceramic wiring board and a
metal fiber guide with fiber grooves are soldered to a
metal base plate. The OSA and the LSl carrier are
placed on the baseplate. The wiring board contains
ground coplanar lines for 10-Gbit/s signals and feed-
through electrodes that allow hermetic sealing. The
packageis designed to be easy to seal. Thefiber feed-
through is hermetically sealed just by placing metal-
ized fibers in the grooves of the fiber guide and sol-
dering the lid on; the whole package is sedled at the
same time. The S-parameters of the package are
shown in Fig. 8. The -3 dB bandwidth of S21 is
greater than 20 GHz, and S11 is better than —15 dB at
10 GHz, so the package can handle 10-Ghit/s signals.
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2.2 Optical subassemblies

A simple optical coupling structure is the most
effective way to reduce the cost of the module
because the dominant cost is for optical alignment.
We have developed new Tx and Rx OSAsusing asil-
icon technique that greatly simplifies optical align-
ment. Details are given below.
221 TxOSA

We chose a two-lens optical configuration for the
Tx OSA to obtain high coupling efficiency because
the output power of a CWDM Tx module must be
higher than that of anon-CWDM module to compen-
sate for optical loss of CWDM filters. A high cou-
pling efficiency aso enables us to reduce the laser
current and the power to thelaser drivers. Thisresults
in lower power consumption, which helps with ther-
mal management. However, the alignment process
for two-lens optics is much more complex than that
for single-lens optics. To simplify the alignment, we
invented a new optical platform for the Tx OSA,
which we call the PALC bench (Fig. 9) [2]. It consists
of a silicon optical platform, four LDs, and four 1st
lenses. The LDs and 1st lenses are mounted on the
platform by a passive aignment process. The silicon
optical platform hasfour lens pocketsfor the 1st lens-
esand four electrode patternsto mount LDs. TheLDs
are mounted on the electrode pattern by flip-chip
bonding and a visual alignment technique having
positional accuracy within 1 um [3]. The lens pock-
ets are made by cutting the silicon bench with adic-
ing saw. The 1st lenses, which have a cubic shape are
put in the lens pockets and pushed against the pocket
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Fig. 8. S-parameters of the package.
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walls, so they are aligned mechanically by the edges
of the pockets. These lens pockets enable us to mount
the 1st lenses without a complex active alignment
process. A schematic of the Tx OSA isshownin Fig.
10. The PALC bench and four fiber-with-lens assem-
blies are mounted on the L-shaped metal bracket.
Four fiber-with-lens modules are mounted using an
active alignment technique, which does not require
submicrometer accuracy because the £1-dB tolerance
of the fiber-with-lens module is nearly £10 um. This
wide tolerance comes from the large beam size emit-
ted from the PAL C bench, which is over 500 pum, and
drastically reduces the time required for active align-
ment. A photograph of the complete Tx OSA in the
packageisshownin Fig. 11. The Tx OSA is soldered
onto the package baseplate and connected electrical-
ly to the driver LSIswith gold wires.
222 RxOSA

A schematic of the Rx OSA, which has four Rx
optical benches, isshownin Fig. 12. Each bench con-
sists of a silicon platform with a VV-groove, a fiber
with an angled facet, and aPD. The PD ismounted on
the silicon bench using a visua alignment process.

1stlens Electrode  Silicon platform

Lens pocket
Fig. 9. Passive alignment laser collimator (PALC) bench.

L-shaped metal bracket

1st lens

PALC bench

Fiber-with-lens assembly

Fig. 10. Transmitter optical subassembly (Tx OSA).
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Fig. 12. Rx OSA.

The fiber is aligned aong the V-groove. Input signal
light is reflected at the angled facet of the fiber and
thereby coupled to the PD. This simple configuration
makes the Rx OSA module inexpensive. The com-
plete Rx OSA mounted on the package is shown in
Fig. 13. The Rx OSA is aso connected to the TIA
LSIs with gold wire after being soldered onto the

baseplate.

3. Evaluation results

Filtered eye diagrams for the Tx module at 10
Ghit/swith a pseudorandom binary sequence (PRBS)
2231 pattern are shown in Fig. 14. The left column
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Fig. 13. Rx OSA mounted on the package.

with 1 channel operating with 4 channels operating

Fig. 14 . Eye diagrams for the Tx module.

shows eye diagrams when only one channel was
operating, while the right one shows eye diagrams
when all the channels were operating. The diagrams
all show good eye openings, and the waveforms are
almost the same regardl ess of the number of channels
operating. These results show that crosstalk is quite
low, even at 10 Ghit/s.

Figure 15 shows eye diagrams for the receiver for
input power of —20 dBm without signals on the adja-
cent channels (@), when the input power to the adja-
cent channel was also —20 dBm (b), and when it was
—10 dBm (c). Even when the power to a neighboring
channel was 10 dB higher than that to the observed
channel, very little jitter due to crosstalk was
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observed. These results demonstrate that the crosstalk
in the moduleis quite low.

A block diagram of the CWDM transmission eval-
uation system is shown in Fig. 16. Optical outputs
from the four-wavelength Tx module were wave-
length-division multiplexed by acommercialy avail-
able CWDM multiplexer (MUX) module and trans-
mitted on a single-mode fiber. The transmitted WDM
signal was demultiplexed by a CWDM demultiplexer
(DEMUX) module and received by the Rx module.
The spectrum of the Tx output after the CWDM MUX
module is shown in Fig. 17. There are four peaks,
which correspond to the channel output wavelengths.

The bit-error-rate (BER) characteristicsat 10 Ghit/s
areshownin Fig. 18. At aBER of 1072, the received
power was —17 dBm. Thisindicates that the sensitiv-
ity of thereceiver moduleishigh enough. In addition,
al thelines nearly overlap regardless of the transmis-
sion distance and number of operating channels.
From this result, we can conclude that the module is
suitablefor transmission over adistance of 10 km and
that the crosstalk is very low.

Fig. 15. Eye diagrams of Rx output in 10-Gbit/s operation. 4. Conclusion
Received power of the observed channel was —20

dBm. (a) No input on the disturbance channel. (b) :
—20 dBm on the disturbance channel. (c) =10 We have developed a compact low-cost optical

dBm on the disturbance channel. module for CWDM applications. It has four 10-
Gbit/s transmission channels of different wave-

10 Gbit/s

— A2 CWDM CWDM A2 s
N A3 MUX DEMUX A3 RX
— A4 A to M A I

Fig. 16. Block diagram of the CWDM evaluation system.
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Fig. 17. Tx output spectrum after the CWDM MUX module.
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Fig. 18. Bit-error-rate characteristics for CWDM

transmission.

lengths giving a total throughput of 40 Gbit/s. We
designed the new transmitter and receiver OSASs to
reduce the assembly time and cost. We verified that
the module is suitable for 40-Gbit/s 10-km CWDM
transmission.
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