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Semiconductor Devices for Fiber Optic
Communication Systems

Leda M. Lunardi

Abstract - We review the state-of-the-art of heterojunction- [I. COMPONENTS ANDREQUIREMENTS
based integrated circuit technologies that have potential

applications for time division multiplexing (TDM) and

wavelength division multiplexing (WDM). The key element in optical communications,

responsible for the translation between the optical and
electronic domain is the transceiver. Figure 1 displays a
complete optical transceiver. On the upper part of the

In the | f h luti £ transceiver schematic, it is the transmitter where streams of
_In the last few years, the evolution o ?rgedigital data are assembled into a single high data rate serial
capacity fiber optic networks has been basicall

L L . ) SiCalltream, then encoding this information on the output of a
progressing in two directions: high-speed time divisio

. ) R . ; . The multiplexer performs the multiplex operation
multiplexing (TDM) and wavelength division multiplexing while may encode the data or add error checking and
(WDM)'I DM high d | . framing bits. The number of digital input channels required
n . systems, ligh-spee optog ectroniGyy the multiplexer may range from 4 to 16. With the
processing exists between origin and destination of ticreased number of channels, the complexity and total
opt!ca: s(,j|gn_als. S_orr|1edof the advantggesl of TDM overr]_ ower dissipation becomes an important factor in deciding
optical devices Include compact size, lower cost, high;q technology will be suitable for the transceiver.
reliability and versatility in the operation. However the The output of the multiplexer is delivered to the laser

optimgm-p.erformgncg or t?“‘"j!te dgpends on the Speedo?fver circuitry. Thedriver module modulates the optical
each individual circuit, which is primarily limited by the

signal and establishes electronic and thermal bias

semiconductor technology used. In general, a TDM syste,yitions required for stable operation. To date, for high
has an economical advantage if high-speed electron

labl 'S5eed rates, theodulator and laser optical power-control
compon%nts ﬁre a\r/]al ah €. 4 WDM h b circuits have not been integrated but rather are separate
n the other hand, systems have Decomgiies. For rates higher than 10 Gb/s, it is very difficult to

the _popular solution for the bandwidth _crunch. Wiﬂ] plement directly modulated laser (except for short links)
multiple wavelengths, WDM systems provide aggregat ause of impairments such as chirp so external

speeds much higher than those obtained for single chan dulation technologies using waveguide electrooptic
TDM. . modulators have been widely adopted. Typically, the
At lower individual channel rates, there are f‘:“Wefnodulator driver circuit has multiple amplifier stages with
demands on th? electronic components -a.nd e.asgﬁﬁgle or differential outputs with broadband operation over
chromatic dispersion compensation due to minimal flbesr veral decades in the frequency domain. For example, the
non-linear effects. Nevertheless, upgrading with additiongl.: -\ niobate (LINbQ) technology requires about 5 té)

wavelengths means also closer channel spacing, which i3\ hile semiconductor-based modulators (either bulk or

challenge. I ' ly half of th -4V) f
With the development of broadband erbium dope peecrtgggna.lbsorptlon type) need only half of that (3-4V) for

fiber amplifiers (EDFA), simultaneous amplification for On the lower ; ;

: ; ) part of the transceiver schematic,
bath high-speed TDM and WDM signals became possml_ epicted in Figure 1, is the receiver side. The first
Pr_esently, most of the optical networks_ have_ a hyb” lectronic components are theansimpedance amplifier
mixture of TDM and WDM technologies with f'ber;k'rlA) and mainamplifier. Basically the TIA converts the

I. INTRODUCTION

dispersion management and depending on the architeCtg e rrent output of the photodetector to a voltage as
may include interfaces with high-speed physical lay Brge as possible with an absolute minimum electrical
electronics [1]- ) noise. This particular component requires broad bandwidth,
_In this paper, the state-of-the-art of integrate¢,; \\nise and high gain. The main amplifier converts the
circuit technologies will be reviewed, focusing mainly onA qutnut to a suitable lever for signal processing. Either

hetgrostructure transistors that have potential applicatioaain control or high gain limiting configuration needs to be
for lightwave systems. implemented in the design of the main amplifier, since the
L. M. Lunardi is with JDS Uniphase Corporation., 6250utput of the TIA can span a wide range of amplitude

Industrial Way West, Eatontown, NJ 07724-2213, USA, E-mailvalues, because of the difference in laser output, repeater
leda.lunardi@jdsu.com spacing and detector sensitivity.
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Figure 1: Diagram of a high-speed optical transponder.

Following the main amplifier, the componentseven higher data rate systems will be part of our lives in the
include functions for reshaping, time extraction and signalkear future [2]. Even for WDM systems, the ultimate
regeneration (the so-called 3R for reshaping, retiming amggregated capacity and deployment will probably relay to
regenerating). Theiming circuit has to regenerate theavailability of the electronic components and their
system clock and distinguish or restore even a noisperformance [3]. A variety of factors determine the
obscured signal between digital ONE and ZERO. ultimate circuit speed but mostly of all is the intrinsic

The clock recovery module depends on the datadevice speed [4]. Figure 2 summarizes the evolution of the
format and is a mixed signal circuit with a voltagegate delay or toggle frequency among the different
controlled oscillator (VCO) or phase locking-feedback loopemiconductor technologies.

(PLL) that operates at the data rate. The data recovery For 10 Gb/s applications, the state-of-the-art
usually involves a decision circuit, basically a toggle circugemiconductor technologies available today include Si,
(D-flip-flop) with amplifier stages for data and clock inputCMOS, SiGe, GaAs and InP transistors. To compare these
data. The operating speed in this case is limited by thechnologies some figures-of-merit are directly related to
maximum toggle speed of the logical gate that as discusdbe individual transistor technology and semiconductor
in the next session is related to the individual transistonaterial combination yielding the final speed for a given
technology. The output of the data and clock recovemlectronic circuit. For example, toggle frequencies or gate
module feeds the multiplexing module basically digitatwitching times are related to digital circuits like frequency
referred as thdemultiplexer. dividers, multiplexers and demultiplexers while the unity

The data processing, the serial/deserializggower gain (related to the maximum frequency of
(SERDEY), is the physical layer interface with standards fooscillation, fmax) is more suitable to predict analog circuits
data format providing the critical connection between thike amplifiers.
local electronic traffic and the high speed components. The
SERDES module is also developed for framer and forwar

error correction functions. gm
As discussed, most of the components are based ¢ = -
integrated circuit technologies, with the exception of the[ i
retiming circuit. However the speed limitation can be ﬁ“’-
translated to the semiconductor device technology a| % g
discussed below. = ﬁ
T -
[1l. DEVICE TECHNOLOGY AND L : - - .
PERFORMANCEL IMITATIONS = - :; e -

From a purely optical point-of-view, one COUIdFigure 2: Evolution of the toggle frequency (or also gate delay)
calcula.te the maXImum ampunt of mformatlpn thf”‘t can tigr the major semiconductor technologies during the last 20 years.
transmitted over optical fiber, therefore implying tha
lightwave technology can vyield robust, long-term and

o9 - o Another figure-of-merit is the breakdown voltage of
scalable communications networks. Theoretically, |t%’

e transistors variation with the RF performance.

possible to send 100 terabits of information, or roughly pecifically for optical modulators drivers, an integrated

billion one-page e-mails, simultaneously per strand qf_ _ . . :
' i ’ ircuit that requires large transistor breakdown, as
fiber. So, it seems reasonable to expect that 100 Gb/s or 9 9
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discussed in the previous session. Figure 3 summarizes tiser of those specialized circuits, the performance also

relationship between reported values for the differemeeds to include lower power dissipation, lower cost and

semiconductor technologies [4-11]. more compact chips. Optical communications systems as
With short gate lengths, field effect transistorend user will certainly benefit independent of the

(FETs) have higher speed for compound semiconducttachnology that eventually dominates.

materials than for silicon because of higher electron

mobility leading to higher device transconductance. REFERENCES
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