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‘Abstract: In this paper, a 12-channel 60-Gb/s advanced
common gate (ACG) trans-impedance amplifier (TIA) is
realized in a 0.18-um standard CMOS technology. The
-layout simulation results demonstrate that a single
nnel ACG TIA achieves 56-dBQ) trans-impedance gain
(TZ gain), 5-Gb/s operations with 3-GHz bandwidth for
1.5-pF input parasitic capacitance including photodiode
capacitance and ESD protection pad capacitance, and 34-
pA/sqrt(Hz) input noise spectral density that corresponds to
-18-dBm sensitivity for 10 BER. Total power
consumptions is 48-mW from a single 1.8-V supply The
whole chip occupies the area of 4.55 x 1.49mm’ including
ESD protection pads.

1. Introduction

In an optical receiver, the front-end preamplifier is the
:mast critical component affecting the whole system speed
and noise-sensitivity. Traditionally, -V materials such
s GaAs and InP have been exploited to realize this
preamplifier for high speed applications due to their high

ff frequency and low noise characteristics. However,
licon deep-submicron CMOS technologies become more
“necessary to realize more cheap optical systems.

The inductive-peaking technique is very popular methods
to enhance the bandwidth, such as LC-ladder filter
guration. The previous work said the inductive-
king technique can achieve about 3 times larger
dwidth[1],[2]. However, passive inductor has very large
, for example, only 1-nH inductor demonstrates about
x 02mm’. Therefore we exploit the bond-wire
ctance as an inductor of the LC-ladder filter.

In this paper, we describe the design of a 12-ch 60-Gb/s

anced common-gate TIA array exploiting LC-ladder
ter network, which is realized by bond-wire inductance,
0.18-ym standard CMOS technology.

2. TIA Design

The conventional common-source TIA has a number of
offs between bandwidth, photodiode capacitance, TZ
, and sensitivity. Especially, since the photodiode
acitance siginificantly limits the bandwidth, the efficient
configuration for the isolation from the photodiode
tance is essential for the high speed operation. It is
known that the common-gate input configuration and
dified version can achieve better isolation of the
todiode capacitance than other configurations. ,

figure 1. shows the entire block diagram of the proposed
. where all building blocks are designed to be
erential so that common-mode noises can be effectively
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reduced. It consists of LC-ladder filter network, the CG
input stage including local feedback stage, the common-
source voltage-gain stage, and the DC offset cancellation
output buffer. The first-order LC-ladder filter network
consists of Cpp, bond-wire inductance, and on-chip
capacitor (ESD protection pad capacitance + inserted
capacitance). For the minimum peaking and optimal data
transmnission, inserted capacitor is determined into 0.1-pF
for 1-pF photodiode capacitance and 1.6-nH estimated
bondwire inductance. One input of the TIA is connected to
a PIN photodiode and the other is connected to an off-chip
capacitor (Cyx) of which value is selected to be same as that
of the photodiode.

The input impedance of the conventional CG stage is
~1/gmi. However, the conventional CG stage cannot totally
isolate the input parasitic capacitance due to the poor device
characteristics of the CMOS such as small g, Figure. 2
shows the CG TIA including local feedback stage. This
input configuration provides the virtual-ground input
impedance of 1/(1+gmwsRp)gm, where (1-+gusRy) is the
voltage gain of the local feedback stage.

3. TIA Layout and performance summary

Post-layout simulations were conducted for the proposed
advanced CG TIA by using a 0.18-um standard CMOS
technology. The total input parasitic capacitance becomes
1.5-pF including a 1-pF photodiode parasitic capacitance
and a 0.5-pF ESD protection diode capacitance. As shown
in Figure. 3, the 12-ch 60-Gb/s ACG TIA array was
carefully laid out to eliminate the unexpected effects such
as common-mode noise, signal delay, and crosstalk.
Substrate contacts and well contacts are used between each
channel for channel crosstalk isolation. The entire chip
occupies the area of 4.55 x 149mm’ including ESD
protection diode pads.

Figure 4. illustrates the frequency response of the CG TIA,
exhibiting 3-GHz bandwidth and 56-dBQ TZ gain with 0.8-
dB peaking. The bandwidth is optimized considering
tradeoffs between noise and 18I performance for 5-Gb/s
operations. As shown in Figure. 5, the average input noise
spectral density is achieved to be ~34-pA/sqrt(Hz), which
corresponds to the optical sensitivity of -18-dBm for 1077
BER. The eye diagram for 5-Gb/s input stream is shown in
Figure. 6.

4. Conclusion

A 12-channel 60-Gb/s differential advanced CG TIA array
has been implemented in a standard 0.18-um CMOS
technology. Each channel consists of input LC-ladder filter
networks and advanced CG TIA with DC-balanced output
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buffer. The input parasitic capacitance, the bondwire
inductance, and inserted on-chip capacitor are used in
ladder filter networks, whereas the conventional inductive-
peaking techniques exploit the passive inductor, which has
very large area. Inserting only 0.1-pF on-chip capacitor, it
can be found that the -3-dB bandwidth of the propopsed
filter networks is 1.25-times than that without inserting
capacitance. And advanced CG input configuration
including local feedback stage can achieve more effective
isolation from the input parasitic capacitance than the
conventional input stage.
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