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Abstract - A 10 Gb/s communication chipset is realized for
the first time in 0.18 pm generic CMOS. It comprises (all
fully differential):

(i) a transimpedance amplifier: gain=1300 Q, bandwidth =
9 GHz optical.

(ii) a limiting amplifier: 7, £, < 23 ps; sensitivity = § mV
at BER =102,

(iii) a laser driver: adjustable Iy,; (up to 40 mA) and 7,,,;
(up to 35 mA), driving a laser module with Z,,=50 Q.

1. INTRODUCTION

Advent of multimedia applications, which require
data links with ever-increasing capacity, is necessitating
high-speed optical communication systems. A variety of
applications, including telecommunication (OC-192), data
communication (10 Gb/s Ethernet) and Fibre Channel
standards are demanding more transmission links at 10
Gb/s. An important consideration for applications to local
and metropolitan area networks (LANs and MANS),
however, is cost competitiveness. Although various
solutions have been offered for these applications in SiGe
{1, Si bipolar [2] and compound semiconductor
technologies [3-4], the interest in using CMOS-based ICs
for applications in optical communications has risen,
particularly for LANs and MANs, where the use of low-
cost and high-volume processes, such as CMOS, is
desirable [5-11]. Figure 1 shows the system block diagram
for an optoelectronic transceiver. In this manuscript, we
report on the physical media dependent (PMD) layer
chipset comprising the transimpedance amplifier (TIA),
the limiting post-amplifier (LIA) and the laser driver
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Fig. 1.  System block diagram for an optoelectronic receiver.
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amplifier (LDA). To the best of authors’ knowledge, this
report represents the first PMD layer chipset for 10 Gb/s
communication, realized in standard digital 0.18 pm
CMOS process. The following are some of the key design
considerations that have enabled the successful
implementation of highly analog front-end functions in a
generic digital CMOS process:

(i) Choice of technology with sufficient performance
margin: f, > 45 GHz at the operating point for the
transistors in the high-speed path.

(ii) Attention to detail in layout techniques: careful
observation, minimization, and simulation of layout
parasitics, particularly those in the high-speed path of the
circuitry. '

(iii) Fully differential implementation for best noise
immunity, wideband operation and reduced sensitivity to
external parasitics.

(iv) Careful modeling and creation of an active and
passive component library.

II. TRANSIMPEDANCE AMPLIFIER

A. Design:

A critical part of an optical receiver is the TIA as its
noise, gain and frequency performance largely determines
the overall data rate and the sensitivity that can be
achieved in an optical system. TIA designs present an
additional challenge in that to be able to accommodate
wideband data, the amplifier has to have a wideband
frequency response, extending from dc to high
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Block diagram of the fully differential TIA.

Fig. 2.
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Fig.3. Relative optoelectronic response of the photodetector
and the TIA combination, indicating a 3-dB optical bandwidth in
excess of 9 GHz.

Fig.4. 10 Gb/s optical eye diagrams of the TIA for 0 dBm
(top) and -15 dBm (bottom) input optical power levels. The
outputs were observed differentially. y-scale: 200 mV/div (top),
10 mV/div (bottom), x-scale: 20 ps/div.
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frequencies, while maintaining mirimum in-band ripple
and phase distortion. We have implemented the TIA in a
fully differential configuration for good noise immunity
and wide-band operation [8] (Figure 2). A feedback loop
comprising a high-gain opamp stage (9], which samples
the TIA output and adjusts the input current drive, enables
a wide optical input power range. An output buffer is
designed with a 50 Q output impedance for easy
interfacing with subsequent amplification stages.

B. Measurements:

The TIAs were first measured on-wafer with an HP
8510B vector network analyzer (VNA) between 0.045 ~
20 GHz. Differential microwave probes were utilized for
signal input and output. Unused complementary ports
were terminated in 50 Q to preserve the balanced mode of
operation. The TIA consumes 60 mA from a 1.8 V power
supply. Its differential transimpedance, Z, into a 50 Q
load, which is calculated from its measured S-parameters,
is 1300 Q. The output of the TIA is well matched to 50 Q
(Is22] < -10 dB) in the entire measurement band. The
performance of the operational amplifier feedback loop
was also tested by feeding one of the inputs with a current
source and by measuring the output offset. The TIA offset
between the complementary outputs was maintained to
less than 7 mV up to an input current drive of 3 mA. Next,
a TIA and a high-speed photodetector were packaged
together to characterize the TIA’s optoelectronic (OE)
response and eye diagrams. Unused input of the TIA was
terminated in an on-chip capacitor for balanced loading of
its input stage. An Agilent 8703B Lightwave Component
Analyzer was utilized for measurements. A system OE
bandwidth in excess of 9 GHz is obtained, which includes
a photodetector with 150 fF capacitance (Figure 3). This
bandwidth is sufficient for operation up to 12.5 Gb/s.
Figure 4 demonstrates optical eye diagrams of the TIA at
10 Gb/s for two different input optical power levels.

1I. LIMITING POST-AMPLIFIER

A. Design:

The output of the TIA in an optical receiver is generally
small compared to the amplitude requirements for driving
the succeeding clock and data recovery (CDR) and
demultiplexer stages. The limiting post-amplifier (LIA),
cascaded to the output of the TIA, performs the following
functions: (i) provides additional voltage gain, (ii) cleans
up the incoming signal, and (iii) presents a fixed output
level independent of the input amplitude variations. The
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Fig. 6.
with 15 mV peak-to-peak differential input signal. y-scale: 100
mV/div, x-scale: 25 ps/div.

LIA was implemented by cascading several fully
differential wide-band stages to obtain the required gain-
bandwidth product [10] (Figure 5). An offset cancellation
scheme involving a low-pass filter was also utilized. The
LIA has 50 Q input and output impedances.

B. Measurements

On-wafer measurements of the LIA demonstrate a
small-signal bandwidth and gain of 11.9 GHz and 40 dB,
respectively. The chip draws a total of 200 mA from a 1.8
V power supply. Figure 6 demonstrates an eye diagram at
the data rate of 10 Gb/s for a differential input signal
amplitude of 15 mV peak-to- peak. For this measurement,
the LIA output signal has a rise and fall time of better than
23 ps with a peak-to-peak jitter of better than 12 ps. The
amplifier works at differential input signals up to 1.8 V
peak-to-peak, with the same limited output amplitude of
600 mV differential peak-to-peak. A bit error rate (BER)
of 10 has also been achieved with a differential input
signal as low as 5 mV peak-to-peak. This signifies that the
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Fig.7.  Block diagram of the fully differential laser driver with

laser bias current generator.
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Fig.8. 10 Gb/s output eye diagram of the laser driver
amplifier with 500 mV peak-to-peak differential input signal.
The modulation current setting was 30 mA peak-to-peak. y-
scale: 375 mV/div, x-scale: 20 ps/div.

LIA successfully operates within an input signal dynamic
range of 51 dB.

III. LASER DRIVER AMPLIFIER

A. Design:

The laser driver amplifier converts input signal coming
from the digital multiplexer into a sufficiently large output
current to modulate the laser in the optical transmitter. In
addition to providing the modulation current drive, the
LDA also supplies the dc bias current to keep the laser
operation above threshold. The LDA comprises a
wideband input gain stage, which is followed by an
intermediate amplification stage. A final cascaded
amplifier stage provides the large modulation current
drive. The driver has 50 Q on-chip input and output
terminations for optimal interfacing with preceding
amplification stages and a laser diode module with a 50 Q
input impedance [11] (Figure 7).



B. Measurements:

The LDA is able to supply modulation currents between

1.7 — 35 mA peak-to-peak into an external load of 50 Q.
At a modulation current drive of 30 mA peak-to-peak, the
driver draws a current of 114 mA from the input power
supply, V,,, of 2.5 V and 63 mA from the output (laser
diode) power supply, V.. of 3.3 V. Figure 8 depicts the
eye-diagram at 10 Gb/s of a packaged LDA, as observed

by a high-speed digitizing oscilloscope (Z, = 50 Q). A

20% — 80% rise time, ¢,, and a fall time, £, of 31 ps, and an
rms jitter of 2.0 ps are measured respectively. The
particular modulation current drive setting for this
measurement was 30 mA peak-to-peak. Based on the
measurements at this and other modulation current
settings, it is inferred that an alternative output stage
design with direct coupling into the laser diode (instead of
the 50 Q on-chip back termination) would be capable of
supplying a modulation current drive of up to 70 mA
peak-to-peak into a laser diode with 25 Q input
impedance.

IV. CONCLUSION

We have reported the first front-end chipset realized in
0.18 pm standard digital CMOS technology, suitable for
10 Gb/s communication. The chipset comprises a
transimpedance amplifier (TIA), a limiting post-amplifier
(LIA), and a laser driver amplifier (LDA), all in fully
differential topology. The performance inherent in the
chosen technology along with attention to detail in active
and passive device modeling, layout techniques and the
choice of fully differential architecture have enabled the
successful implementation of these highly analog front-
end functions in a generic digital CMOS process.

The TIA has a differential gain of 1300 Q over an
optical bandwidth in excess of 9 GHz, and can sustain a 3
mA (average) input current overload. The LIA accepts
differential input voltages as small as 15 mV peak-to-peak
and amplifies them to a differential output swing of 0.6 V
peak-to-peak. The output signal level does not change for
input levels as large as 1.8 V peak-to-peak. A BER of 10
has also been achieved at a differential input level of §
mV peak-to-peak, signifying successful operation of the
LIA within a 51 dB input signal dynamic range. The rise
and fall times are better than 23 ps at 10 Gb/s operation.
The LDA can drive a laser diode module with a 50 Q

input impedance. It has separately controllable laser pre-
bias and modulation current outputs, which can be set up
to 40 mA and up to 35 mA peak-peak, respectively. An
alternative output stage design with direct coupling into
the laser diode (instead of the 50 Q on-chip back
termination) is capable of supplying a modulation current
drive of up to 70 mA peak-to-peak into a laser diode with
25 Q input impedance.
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