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A 75-dB � 10-Gb/s Transimpedance Amplifier in
0.18-�m CMOS Technology

Jun-De Jin and Shawn S. H. Hsu, Member, IEEE

Abstract—A six-stage transimpedance amplifier (TIA) was re-
alized in a 0.18- m complementary metal–oxide–semiconductor
process. By adopting an effective gain-bandwidth product (GBW)
enhancement technique, -type inductor peaking, the measured
��, transimpedance gain, and bandwidth are 41 dB, 75 dB �,

and 7.2 GHz, respectively, in the presence of an on-chip photo-
diode capacitance of 450 fF at the input. The 10-Gb/s TIA can op-
erate under a maximum output swing of 800 mV�� and achieve a
recorded GBW per DC power of 441.1 GHz � mW.

Index Terms—Complementary metal–oxide–semiconductor
(CMOS), gain-bandwidth product (GBW), inductor peaking,
photodiode, transimpedance amplifier (TIA).

I. INTRODUCTION

T HE FIRST gain stage of an optical–electrical receiver
is the transimpedance amplifier (TIA), which converts

the small input current into a large output voltage [1]. The
main design issues include circuit sensitivity, transimpedance
gain, operation speed, and output voltage swing [2]–[6]. In
addition, a good design should feature a high gain-band-
width product (GBW) per DC power GBW to relax
the design specifications of other circuit blocks in the re-
ceiver chain. Many GBW enhancement techniques have been
proposed for high-performance TIAs using 0.18- m com-
plementary metal–oxide–semiconductor (CMOS) technology
[7]–[10]. Among them, the maximum transimpedance gain

achieved was 62.3 dB using the technique of shunt-in-
ductor peaking [7]. The highest GBW achieved was
115.1 GHz mW by using series-inductor peaking [8].

In this letter, a 75-dB TIA with an output voltage swing
of 800 mV is demonstrated by employing a more effective
GBW enhancement technique, -type inductor peaking (PIP)
[11], [12]. The proposed TIA presents the highest among
the published results using CMOS technology for 10-Gb/s
applications. With an operation speed of 10-Gb/s, a recorded
GBW of 441.1 GHz mW is achieved.

This letter is organized as follows. Section II presents the de-
tails of the proposed TIA including the design for the multistage
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Fig. 1. Circuit topology for the 75-dB � � 10-Gb/s TIA.

amplifier and the PIP technique. The measured results are shown
in Section III, and Section IV concludes this work.

II. TIA DESIGN

Fig. 1 shows the proposed circuit topology of the TIA. The
common-source (CS) stage in cascade is adopted to produce a
high . The CS configuration was chosen owning to the low
bias voltage allowed comparing with the commonly used cas-
cade topology for high-frequency design. In addition, the PIP
inductors can create two zeros and two pairs of complex con-
jugate poles in the transfer function resulting in significantly
enhanced bandwidth [12]. Note that the PIP topology only al-
ters the frequency response, whereas the DC power consump-
tion remains unchanged compared to the basic CS amplifier
without the PIP inductors. As a result, the proposed approach
can achieve a remarkable GBW value. For a cascaded am-
plifier with identical first-order gain stages, the optimal stage
number to achieve a maximized circuit bandwidth can
be estimated by a simple equation of , where
is the total voltage gain [13]. Note that is equivalent to the
overall under the matched input and output impedances of
50 . For the proposed TIA with an of 41 dB (75 dB ), the
calculated is 9. Under a fixed bandwidth of about 7 GHz for
the 10-Gb/s operation, the nine-stage design has a large GBW
but also consumes a huge . We observe a trend by simula-
tion that GBW increases with the reduced stage number
owing to a faster reduction rate of than that of the gain. This
trend keeps until a maximum GBW achieved with a stage
number of 6 in our design. As the stage number continuously re-
duces, the trend reverses (gain drops faster than ) and thus
GBW reduces. Consequently, the finally designed stage
number is 6 with a of 91.8 mW.

To increase the GBW of each gain stage, the PIP technique
with three peaking inductors is employed. The concept of PIP

is illustrated by the small-signal circuit model of
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TABLE I
COMPARISON OF THE STATE-OF-THE-ART TIAS IN 0.18-�m CMOS/BICMOS TECHNOLOGY

Fig. 2. Small-signal circuit model of a CS stage with PIP ��� � ���.

a CS stage as shown in Fig. 2. Without considering the induc-
tors, the GBW ) of this circuit is limited by
the equivalent drain capacitance and the load capacitance

, where describes the equivalent gate capacitance of the
next stage in a cascaded CS topology and is the device
transconductance. The ratio of to is around 3 for an RF
N-MOSFET in a 0.18- m CMOS technology [11], [12]. By in-
serting , as can be seen, , , and form a third-order
low-pass filter. The drain resistors and can be treated as
the source and load resistors of the two-port network, and de-
signed to be equal for impedance matching between different
stages. Theoretically, the GBW of this two-port network can be
maximally enhanced up to if [9],
and the resulted bandwidth enhancement ratio (BWER) is 4.
However, the imbalance between and causes
the third-order filter to be asymmetric, which degrades the ex-
pected BWER to be 2.15. By inserting two more shunt-peaking
inductors ( and ) in series with and , the BWER
can be further improved by resonating with and in par-
allel. Based on the transfer function of the low-pass filter,
the required inductances can be estimated as: ,

, and , and a BWER of 3.31 can
be obtained for a CS stage without disturbing the low frequency
gain [11], [12].

To accommodate the PIP inductors ( , and ,
) in each gain stage, two matching resistors and two

Fig. 3. Measured � , � , and � .

drain resistors are adopted. The input and output im-
pedances are both matched to 50 through . With a resistor

of 200 , the drain voltage of is biased to be
. The gate width of is designed as 80 m,

while that of is enlarged as 96 m to increase the driving
capability and the output voltage swing. Based on the equa-
tions shown above for the initial values and the assistance of
the CAD tool, the finally employed PIP inductances are as fol-
lows: nH, nH, nH, and

nH. Although is not shown in the figures, the sim-
ulated results confirm that the TIA with PIP shows an overall
improvement of 7.4 in bandwidth compared to that without
any bandwidth enhancement technique in this design. In addi-
tion, a GBW improvement of 7.4 can also be obtained
since the DC power remains unchanged in the PIP configura-
tion.

III. MEASUREMENT RESULTS

The TIA was measured on-wafer by the
ground–signal–ground probes for -parameters and
transient measurements. From the measured -parameters,
the , , and are 41 dB, 75 dB , and 51 at low
frequencies, as shown in Fig. 3. The 3-dB bandwidth of
is 7.2 GHz in the presence of an on-wafer of 450 fF at
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Fig. 4. Measured eye diagram for 10-Gb/s 231-1 PRBS at 400 �A .

the input. Note that is used to account for the photodiode
parasitic capacitance, which should be applied for practical TIA
design consideration. A 10-Gb/s pseudorandom binary
sequence (PRBS) is used to measure the transient response of
the TIA. For an input current of 400 A , the eye diagram of
the TIA with PIP is shown in Fig. 4. The measured maximum
output voltage swing is around 800 mV . From the measured
bit-error rate (BER), the extrapolated sensitivity at a BER of

is 16.4 dBm. The circuit consumes a DC power of
91.8 mW from a 1.8-V power supply, and demonstrated a
GBW of 441.1 GHz mW. The circuit performances
of the proposed TIA with the PIP configuration are summarized
in Table I together with the state-of-the-art TIAs using a similar
technology [7]–[10]. As can be seen, the proposed TIA with
a cascaded CS configuration and PIP technique presents the
highest and GBW among the published TIAs. On the
other hand, sensitivity of the proposed TIA is slightly lower
than those in [9] and [10]. The TIA presented in [9] used the
feedback topology. A low sensitivity is relatively easier to
achieve, whereas the GBW product is generally smaller. Note
that the sensitivity of [10] may be significantly reduced if an
input capacitance (450 fF in this case) was considered,
which can lower the input impedance resulting in an increased
input-referred noise current.

IV. CONCLUSION

With the proposed GBW enhancement technique of PIP and
the optimized stage number considering the tradeoff between
gain and power consumption, a 10-Gb/s TIA with a of
75 dB and a GBW of 441.1 GHz mW was realized
in a 0.18- m CMOS technology. The high and sufficient
output voltage swing make the proposed TIA to be easily
integrated with the post-stage mixed-mode and digital circuit
blocks in an optical receiver chain.
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