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5Gb/s 0. 25 m CMOS Limiting Amplifier’
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Abstract: A limiting amplifier (LA) IC implemented in TSMC standard 0. 25um CMOS technology is deseribed. Ac-

tive inductor loads and direct—coupled technology are employed to increase the gain, broaden the bandwidth, reduce

the power dissipation, and keep a tolerable noise performance. Under a 3. 3V supply voltage, the LA core achieves a

gain of 50-dB with a power consumption below 40mW. T he measured input sensitivity of the amplifier is better

than 5mV . It can operate at bit rates up to 7Gh/s with an rms jitter of 0.03 UI or less. The chip area is only

0. 70mm X 0. 70mm. According to the measurement results, this IC is expected to work at the standard bit rate

levels of 2.5, 3.125, and 5Gh/s.
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1 Introduction

Wide-band,

(LAs) are widely used in fiber-optical communica-

high-speed limiting amplifiers
tions, space communications, and radar systems. In
fiber-optical links,a LA has several possible appli-
cations such as the main amplifier of an optical re—
ceiver, the input and output buffer for data and
clock signal reforming. The design of a high-speed
LA with a high gain and a wide dynamic range is
therefore an essential task for the realization of
high-speed data systems' ",

Most ICs operating at Gb/s data rates used to
be realized in GaAs and Si bipolar technologies
with higher DC power and cost. As the feature size

gradually scaled down, deep submicron CMOS
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technologies can be used to realize high—-perfor-
mance and high-speed ICs. In this work, the TSM C
0.25um CMOS technology was used to design a
LA for the use of SDH/SONET systems.

[n the past, much work has been done to im-
prove the performance of CMOS LAs. Compared
with the preceding works'” *, the CMOS LA pre-
sented in this paper achieves higher bit rates and
consumes a lower DC power. The structure exam-
ined in this paper introduces active inductor loads
that make it possible for the LA to get large gain-—
bandwidth product and employs direct-coupled
gain stages without source followers that reduce
the power consumption nearly 50 percent. In fol-
lowing sections, the circuit architecture will be ana-
lyzed in detail, the fabrication aspects will be given

briefly and the measurement results will be dis—
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cussed.

2 Circuit design

As shown in Fig. 1, the fully differential cir-
cuit consists of an input buffer for 50Q impedance
match and level-shifting. The LA core includes sev-
eral similar cascaded gain stages. An output buffer
is used for driving 50Q transmission lines. A pair of

networks of total feedback is inserted for DC offset

canceling.
s
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Fig. 1 Block diagram of the limiting amplifier

Direct-coupled gain stages are utilized to
achieve high gain and low power. As illustrated in
Fig. 2, the typical gain stage with NMOS loads is
difficult to operate at high bit rates due to its large
load capacitance.
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Fig. 2

Conventional gain stage schematic

An effective way to increase the gain-band-
width product is to introduce an inductive compo—
nent into the loads of the NMOS differential pairs,
which is known as the shunt peaking technique. By
partly tuning out the capacitive loading, the pole of
each stage can be moved to a higher frequency.
With suitable choice of inductors, both a maximal
flat response and a substantial bandwidth exten—

sion can be obtained simultaneously.

An inductive load can be implemented with a
spiral inductor or an active inductor (see Fig. 3). It
is difficult to design a spiral inductor with high in-
ductance but keeping the self-resonance outside the
pass-band. Furthermore, a spiral inductor is not
compact. In contrast, an active inductor is able to
work at higher frequencies with an acceptable chip-
area. For the application in a broadband amplifier, a
high Q-factor is not necessary. The schematic of
each gain stage with active inductor loads is illus—
trated in Fig. 3. T he small-signal model of an active

inductor is shown in Fig. 4 (a).

Fig. 3

Gain stage with active inductors

To simplify the calculation, Cs, Cis, gos can be
neglected under the conditions of Ce® Cu, Ces>
Cis, and gn® gu.. The simplified model is illustrated

in Fig. 4(b).

<

—
A —
@

En Ve U!ﬁ. —_ GV

d

@®

Ve i
et —
Co [ +
R, / L. Ve vV
d
o)

Fig. 4 (a) Smallsignal model of an active induc—
tor; ( b) Simplified small-signal model of an active in-

ductor
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Therefore, the equivalent impedance of an ac—
tive inductor can be written as

7 1+ RESCE!
Zn= Hm + SCg:: ( ])

Thus, the equivalent inductance L and serial

resistance R are obtained as

(2)

(3)

where wr is the unity current-gain angular frequen-
cy. To stabilize the operation of the LA, the DC op-
erating points of each stage are often kept un-
changed for both input and output, and they are de—
termined bv gw of NMOS load with fixed current
source . As a result, the adjustment of an active
inductor is mainly realized by altering the value of
R.. Equation (2) suggests that the equivalent in—
ductance increases with the resistance R.. But this
increase is restricted. T o avoid undesirable peaking
in the frequency response, the optimum inductance
should be

1

7!{26
1+ 2

Loy = (4)

where the equivalent serial resistor R=~1/gw if w<

wr. In this case, the bandwidth of the stage is about
1. 72 times as large as that of the same stage with-
out peaking. If the optimum value is exceeded much
more, a phase distortion” will occur, which is re-
sponsible for the bit errors. In addition, the self-
resonance frequency will decrease, which constrains
the working speed of the LA. Hence, the resistance
R¢ should be chosen carefully according to the ca-
pacitive loads of each gain stage and trans-conduc—
tance of NMOS loads.

The DC gain of each stage with active induc—
tors is primarily determined by the geometrical ra—
tio of two NMOS transistors: MN1 and MRI or
MN2 and MR2 in Fig. 3, namely,

|
_ogan [ Wan
A= guri N W (5)

for Luxi= Luni. The DC gain is insensitive to pro-
cess, temperature, and bias. Figure 5 shows the e-
quivalent inductance of active inductors in this de-
around

9GHz, much higher than bandwidth required, and

sign. The self-resonance frequency is
the equivalent inductance is over 10nH from low
frequency to 5GHz, which ensures the working

speed of the LA up to 5Gb/s.
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Fig.5 Equivalent inductance of an active inductor

3 Fabrication aspects

The limiting amplifier was realized in TSMC
0.25um CMOS technology through the MOSIS
program of the University of South California,
USA. The chip microphotograph is shown in Fig.
6. The chip area is only 0. 70mm X0. 70mm.

Fig. 6 Chip photograph of the LA

4 Measurement results

The performance of the IC was evaluated via
on-wafer probes, using differential input voltage

signals at various bit rates. Figures 7 (a), (b) and



12 4 Hu Yan et al.:

5Gb/s 0.25um CMOS Limiting Amplifier 1253

Figs.8 (a) and (b) show the eye-diagrams of one
single-ended output of the LA measured at the bit
rates of 2.5Gb/s, 5Gb/s with input signals of
SmVyp and 500mV ., respectively. The output volt—
age swing is limited at 400mV,,. Figure 9 shows

the eye—diagram at 7 Gb/s. Very little intersymbol
interference is present in the eyes and the measured
rms jitter is 0. 03 UI or less (unit interval) , consis—
tent with s-parameter analysis of the active induc-

tor.
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Fig. 8

Fig.9 Eye-diagram of single-end output at 7Gh/s

The DC current under the 3.3V supply is
28mA. The current needed for the LA core without
the buffers is only 12mA, corresponding to a power
consumption of less than 40mW, significantly low -
er than that of commercially available stand-alone
LAs (165~ 500mW ). Based on the measurement
results above, this LA with active inductor loads

can operate well at the standard bit rates of 2.5,

Eye-diagrams of single-end output at 500mV, input at bit rates of 2. 5Gb/s (a) and 5Gb/s (b)

3. 125, and 5Gb/s.

5 Conclusion

A limiting amplifier has been realized in a
standard 3.3V 0.25um CMOS
TSMC. Directed-coupled gain stages and active in—

technology of

ductor loads have been used to broaden the band-
width, reduce the power consumption, and enhance
the process and temperature insensitivity of the
gain. T he IC has an input dynamic range of 40dB, a
differential output voltage of 800mV,; across a 50Q
load, a power consumption of ~ 40mW, and a time
jitter of =<0.03UI. These results meet the specifi-
cations of STS-48/STM-16 at 2.5Gb/s and STS-
96 systems at 5Gh/s.
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integrated circuits for optical fiber communicationthe limit-
ing amplifier and data decision circuit. Second Joint Sympo-—
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