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The needs for increasing speeds and
capacitiesin modern data communication
systems have lead to increasing hopes for
theintroduction of optical communication
in awide range of communication net-
works. However, while the optical com-
munication transceiver, which is the key
component in such systems, makes high-
speed communication possible, it remains
an extremely expensive device. Thusthe
difficulty of reducing costs has become
the largest problem hindering the adop-
tion of optical communication technol o-
giesin awider range of applications.
Independently of these issues, Sony has
been developing, for many years, laser
diodes and laser couplers for use in the
miniature thin-form optical pickups used
in optical disc players and drives. The
application of these proven laser diode
process and optical integration technolo-
gies should be extremely effective at
reducing costsin the transceivers required
in optical communication systems.

>

¥ Office Network
(LAN)

Gigabit Ethernet

D

Gigabit Ethernet
IEEE1394

~,
’E\

Sony is now developing optical commu-
nication transceivers that can be deployed
in awide range of applications, and that
achieve gigabit class high-speed transmis-
sion at low cost based on this approach.
Inthisarticle, we present photodiodes and
laser diodes that are the subject of new
development efforts currently in progress,
and technologies for optical communica-
tion transceivers and front end modules
that will use those laser diodes and
photodiodes.

Sony has developed an 850 hm band
laser for use as the light source in the
transmission side of an optical communi-
cation transceiver. Figure 2 shows the
structure of this device. This device uses
Sony’s unique separated double
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heterostructure (SDH) technology. With
the SDH structure, an embedded
heterostructure, which normally requires
two or more crystal growth process steps,
can beformed with asingle crystal growth
process step by forming a mesa-stripe
before the growth step. This device hasa
short resonator length of 200 um to
achieve high-speed modulation, and
furthermore aims at reduced device
capacitance by forming separation
grooves on both sides of the laser beam
emitting point. To make electrode forma-
tion easier, the separation grooves are
embedded evenly with polyimide. As a
result, the laser developed in this project
achievesthe low device capacitance of 12

N-side electrode

pF. Another feature of the laser devel oped
in this project is the adoption of a
window structure that prevents optical
loss at the optical emission surface
through modifications to the mesa-stripe
geometry. Figures 3 and 4, and table 1,
present representative characteristics of
thisdevice. Thelow threshold current and
high differential efficiency are obtained.
The temperature characteristics have also
been improved, and increases in the
threshold current and degradation of the
differential efficiency are held to amini-
mum, even at high temperatures. This
means that modules using this device will
achieve reduced power consumption and
high operating stability regardless of the
operating conditions.

Sony has developed an 850 hm band
photodiode as the signal reception device
in an optical communication transceiver.
Figure 5 shows the structure of this
device. A PIN structureis formed on a
GaAs substrate. The optical reception
surfaceisadisc 100 um in diameter. An
anti-reflection film is formed on the opti-
cal reception surface and an insulating
filmisformed under the P-side electrode
to reduce the device capacitance. Table 2
liststhe characteristics of the device. Like
the laser diode, the device capacitanceis
held to an absolute minimum to achieve
high-speed transmission.
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m Figure 3 Laser Diode Representative Characteristics
m Table 1 Laser Diode Main Characteristics
Item Symbol T\)I/gliggl Unit
Threshold current Ith 3.1 -
Operating current lop 7.2
Operating voltage Vop 1.6 \%
Oscillation wavelength Ap 850 nm
Parallel to
Fata ¢] 14
Radiation| Junction ! deg
angle | Perpendicular o 24
Insulating film fo junction
Optical reception surface Differential efficiency nD 0.7 mW/mA
/ll-;bz?rption Conditions: Tc = 25°C, Po = 3 mW @CW
P-side v

GaAs

N-side electrode

m Figure 5 Photodiode Chip Structure

substrate

m Table 2 Photodiode Main Characteristics

Item Symbol | Typical | ynit
Optical sensitivity R 0.62 AW
Dark current Id <1 nA
Breakdown voltage Vbd >40 \Y
Capacitance C 1.2 pF

A =850 nm, Optical receptor size: 100 pm



—'EATURING

- |

m Component Structure of the
Unified Transmission/Reception
Type Device

One mgjor feature of the optical commu-
nication transceiver developed in this
project is the front end module structure
that unifies the transmission and recep-
tion blocks. Figure 6 shows the structures
of conventional front end modulesand the
front end module developed in this
project. Since conventional modules use
laser and photodiodes that are mounted
in individual can packages and are
constructed from discrete components
including lenses and sleeves, the number
of componentsis large and assembly is
difficult, leading to higher costs. In con-
trast, the module devel oped in this project
achieves a significant reduction in the
parts count and simplified assembly by
mounting the laser and photodiode in the
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same package and by forming the lensand
sleeve assemblies as acompletely unified
single molded structure. Also, for the
laser system, the 45° mirror, which brings
the laser optical path up to the vertical
direction, and the output monitor photo-
diode are mounted on a submount which
isformed as asingle unified structure.
The reception photodiode is mounted in
the same package as the preamplifier IC
to achieve increased sensitivity. (See
figure7.)

m Transmission and Reception
Batch Alignment Mounting

A significant feature of the front end mod-
uledeveloped inthisproject isthat it uses
a unique Sony-developed mounting
method that takes best advantage of
Sony’s laser coupler technology.
Although structures that use lenses to
couple the laser and photodiode to the
optical fiber are the most common in the
optical systems in these modules, this
requires micron-level high-precision
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m Figure 6 Front End Module Structural Comparison

alignment of each device in the module.
When aligning conventional modules, a
technique called active alignment is used.
In this technique, an optical fiber is
attached and the laser and photodiode are
aligned while actually being operated.
Then they are fixed in place at the
positions where the optical coupling isat
the maximum. While this technique is
reliable, connecting the optical fiber and
driving the laser and photodiode are time
consuming. Furthermore, sincethe trans-
mission and reception systemsin conven-
tional modul es are separate structures, the
number of alignment operations is
doubled, and this contributes to higher
total costsfor these products. In contrast,
in the module developed in this project,
the photodiode and laser are mounted in
advance to match the lens pitch, and the
lenses are mounted referenced to the
actually mounted laser and photodiode
devices. By referencing to the positions
of the actually mounted devices them-
selvesin this manner, the influence of the
dimensional precision of the package and
lens molds is held to a minimum. Also,
since the whole alignment operation is
performed using passive alignment,
which uses image processing, the num-
ber of manufacturing stepsin the mount-
ing process can be reduced significantly.
(Seefigure 6.)
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Figure 8 shows the functional block
diagram of the optical communication
transceiver developed in thisproject. This
optical communication transceiver
consists of afront end module and adriver
circuit board. The front end module has a
receptacle structure, and an existing opti-
cal connectors can be attached.

The driver circuit operates from asingle
3.3V power supply, and signal input and
output operate at PECL levels. Laser
enable and signal detect control signals
(TTL outputs) can be set up. The pack-
age has a compact form with external
dimensions of 14 x 50 x10 mm, and
power consumption is approximately 0.56
W with both transmission and reception

Optical transceiver

driven. Also, other specifications and
characteristics were designed assuming
use with the 1000BASE-SX (Gigabit
Ethernet) standard. (See table 3.) Figure
9 shows the optical transmission charac-
teristics (eye pattern). An excellent eye
aperture can be acquired at transmission
speeds of either 1.25 Gbps or 2.5 Gbps,
and it provides adeguate margin for the
standard mask. It also achieves a fully
adequate dew rate with rise and fall times
of under 200 ps. Figure 10 shows the
optical reception characteristics. The
minimum reception sensitivity is under
-20 dBm (@BER = 1 x 10-12) for trans-
mission rates of both 1.25 Gbps and 2.5
Gbps, and it provides adequate sensitiv-
ity for the standard mask. It achieves
excellent waveform quality with ringing
suppressed in the reception waveform,
and can provide an adequate eye aperture.
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Sony is now proceeding with optical
communication transceiver devel opment
projectsto achieve even further miniatur-
ization, even lower power consumption,
and even lower costs by applying Sony’s
laser diode and laser coupler technologies
developed for usein optical disc systems.
Sony is also putting effort into the
development of Sony’s unique optical
communication transceivers, which
supports not only existing networks, but
also awide range of applications such as
home networks and mobile networks.
Keep your eye on Sony for future gigabit
optical communication transceivers.
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m Figure 9 Optical Transmission Characteristics
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m Figure 8 Optical Communication Transceiver Function Block Diagram

m Table 3 Optical Communication Transceiver Setting Characteristics

1.25 Gbps
Input power = =17 dBm

2.50 Gbps
Input power = —-17 dBm

Reception sensitivity
PRBS 27—1/independent reception drive
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-29 -27 -25 -23 -21 -19 -17 -15 -13

1.0E-03
i Typical value Ui (tho00 BASER-eSr)Qasr’rasndard values) 1.0E-04
Transmission rate Up to 2.50 Gbps | 1.25 GhpsU 1.0E-05
Package dimensions 14 x50 x 10 mm I\S/ITI%"ngLTCLaRZ)rreement compatible © 1.0E-06
Fiber used 50/125 GI-MMF Duplex LC connector conformed ? L.OE-07
Transmission distance Up to 500 m | Fiber frequency band: 400 MHz - km % 1.0E-08
Supply voltage +3.3 \% = 1.0E-09
Power consumption 0.56 W !}llgfzenmbsog;i\t,rgﬁsmlssmn and reception 1.0E-10
Center wavelength 850 nm | 770 to 860 nmU 1.0E-11
Transmission | Average optical output -6 dBm |-9.5 to -5.0 dBmUJ 1.0E-12
characteristics : - -
Optical absorption ratio 10 dB [>9dBU 1.0E-13
. Coding error rate 1x10712 PRBS: 2’—1/mark ratio: 1/2
Rﬁcepttlor] tics | Minimum reception O
characteristics sensitivity -20 dBm |<-17 dBm n

Input power [dBm]

Figure 10 Optical Reception Characteristics



