
efficiency and little side effects of this kind of treatment method.
With the aforementioned benefits, PMCT will be widely used in
treating different tumors. In this letter, the principle and geometry
of one improved MPC system are investigated in this article; the
main parts of the system are briefly introduced. The improved
MPC takes the features of convenience of operation and mainte-
nance. A large number of experiments on porcine liver are carried
out, and the temperature distribution within the liver are measured
and illustrated, for cases of different injected microwave power
and ablation time. Based on a large amount of measured data from
the in-vitro experiments, the graphics of the coagulation area in
porcine livers are reconstructed, demonstrating obvious change
from conglobulation to ellipsoid. The minimum diameter of coag-
ulation area is about 2 cm, and it can reach 6 cm with the increase
of microwave output power of the instrument (i.e., MPC), while
the transverse diameter can reach �3.5 cm. These experimental
researches can probably provide some useful reference to the clinic
treatment of the liver cancer using MPC system.
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ABSTRACT: An opto-electronic integrated circuit based on the hy-
brid scheme for an optical receiver front-end is presented in this ar-
ticle. The proposed integrated circuit adopts the CMOS technology
as the vehicle to integrate the InP-based waveguide photodetector
into the transimpedance amplifier (TIA) circuit. A regulated cascade
structure is used to reduce the input impedance of the TIA. Hence,
the proposed integrated circuit can achieve a very high bandwidth
provided that the parasitic capacitance of the photodetector is up to
1 pF. The 3-dB bandwidth and the transimpedance gain of the pro-
posed circuit are 1 GHz and 64.5 dB�, respectively. © 2008 Wiley
Periodicals, Inc. Microwave Opt Technol Lett 50: 2430 –2434, 2008;
Published online in Wiley InterScience (www.interscience.wiley.com).
DOI 10.1002/mop.23693

Key words: photodetector; transimpedance amplifier; regulated cas-
cade; OEIC

1. INTRODUCTION

The CMOS technology has been a promising solution for the
Si-photonics integrations because of low cost, high yield, and
capability to realize the mass production. However, the poor
light-generating property of the silicon material makes the optical
component hard to be implemented by the CMOS technology. On
the contrary, the materials which possess the efficient light gener-
ation, such as III-V quantum, will suffer from the poor mobility of
carriers. Thus, the integration of the conventional opto-electronic
integrated circuits (OEICs) is usually realized on a board level, and
consequently the frequency response will be degraded by the
serious parasitics.

To eliminate the burden on the frequency response imposed
by the board-level integration, a more effective scheme is to
carry out the integration on a chip scale. The schemes for the
chip-scale integration in recent researches are mainly focused
on two schemes: the monolithic scheme [1, 2] and the hybrid
scheme. The monolithic scheme usually adopts the III-V mate-
rial as the substrate to fabricate the optical components. Then,
selective area etching is employed to define an area for regrow-
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 amplifier

photodetector

this work

clock and
data recovery

LA CDR
to digital

circuit

Figure 1 The architecture of a conventional optical receiver front-end
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ing the electronic components. Although the monolithic scheme
can realize the integration on a single substrate, the III-V
technology can not compete with the CMOS technology in
terms of the yield, the cost, and the volume of circuits. On the
contrary, the hybrid scheme uses different technologies to fab-
ricate the optical components and the electronic components,
respectively. Then, all of the components are integrated by
wafer bounding. As the choice of the technology for each
component is not limited to the same material, the performance
of the hybrid scheme is considered to be better than the mono-
lithic scheme.

The hybrid scheme platform has been recently proven as an
excellent solution to the integration of optical elements and
passive electronic elements [3–5]. However, the realization of
the OEICs based on the hybrid scheme has never been physi-
cally demonstrated in prior works. This article presents an
OEIC that integrates the InP photodetector and the CMOS
transimpedance amplifier (TIA) circuit into a single chip.

2. DESIGN OF THE PROPOSED OEIC BASED ON THE
HYBRID SCHEME

Figure 1 shows the architecture of a conventional optical re-
ceiver, where the optical input is converted into a tiny pho-
tocurrent by the photodetector, which is then amplified as a
voltage signal by the TIA. As the input stage of the optical
receiver, the TIA dominates the overall bandwidth and noise
performance. Besides, the input impedance of the TIA must be
small enough to avoid the bandwidth being dominated by the
input pole resulted from the large junction capacitance of the
photodiode.

Figure 2 depicts the structure of the proposed opto-elec-
tronic circuit on a single chip for optical communication appli-
cations, where an InP-based waveguide photodetector and a
CMOS TIA circuit are integrated on a single substrate. The TIA
circuit is implemented by a standard 0.35-�m CMOS technol-
ogy. A portion of the area with the depth of 7 �m is removed
by selective etching to expose the silicon substrate for wafer
bounding. The waveguide photodetector with a 7 �m thickness
is bounded onto the CMOS silicon substrate. The photocurrent
generated by the waveguide photodetector is coupled to the TIA
circuit via the coplanar waveguide (CPW) line, where the CPW
lines are arranged as a G-S-G (ground-signal-ground) type to
shield the photocurrent signal.

Figure 3 shows the schematic of the TIA circuit adopted in
this work, which is composed of an input stage and a gain stage.
The input stage is in charge of converting the photocurrent
signal into a voltage signal. The gain stage provides a sufficient
gain to amplify the voltage signal. Because the stability and the
bandwidth are our primary concerns in the TIA design, a
feedback network constructed by Rf is introduced to extend the
bandwidth and lower the noise. The input stage is a regulated
cascade (RGC) circuit [6], which has the characteristics of
small input impedance, large output impedance, and large band-
width. The transistor M1 converts the input current into a
voltage signal, where a local feedback loop composed of M1
and MB reduces the input impedance. The input impedance of
the RGC circuit can be expressed as

Zin�0� � 1/gml�1 � gmBRB�, (1)

7 mm
6 mm

7 mm

waveguide photodetectors
high-speed CPW LINE

To termination TIA

Figure 4 The layout of the proposed OEIC. [Color figure can be viewed
in the online issue, which is available at www.interscience.wiley.com]
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Figure 2 The structure of the proposed optic-electronic integrated cir-
cuits. [Color figure can be viewed in the online issue, which is available at
www.interscience.wiley.com]
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where the gm1 is the transconductance of M1. According to Eq.
(1), we can find the input impedance to be very small to
virtually isolate the large parasitic capacitance of the photode-
tector.

The gain stage is composed of three common drain (CD)
amplifiers and a common source (CS) amplifier. The last two
CD amplifiers consist of a voltage buffer to drive the load. The
first CD amplifier shifts the output signal of the input stage to
a proper voltage level for the following n-type CS amplifier
which has a higher mobility. Besides, the small parasitic ca-
pacitance Cgd can also prevent the pole at the input node of the
first CD amplifier from dominating the BW due to the large
output resistance of the RGC circuit.

3. IMPLEMENTATION

The proposed work adopts the hybrid scheme to implement a
opto-electronic integrated circuit, where the CMOS-based plat-
form and the TIA circuit are carried out by a standard 0.35-�m
CMOS technology. The photodetector is realized by using the
InP-based waveguide photodetector. Figure 4 shows the layout of
the proposed OEIC, where the die area of the silicon part is 7 � 7
mm2, including a TIA array (7 � 1 mm2) and a substrate for wafer
bounding (7 � 6 mm2). An InP-based waveguide photodetector
with the area of 7 � 6 �m2 is aligned to the TIA circuits and then
is bounded to the substrate.

Figure 5 shows the transimpedance gain and the 3-dB band-
width of the TIA, where the transimpedance gain and 3-dB
bandwidth are found to be 64.5 dB� and 1.02 GHz, respec-
tively. Figure 6 shows the input impedance and the output
impedance of the TIA, where the input impedance and the
output impedance are 49.5 and 77.1 �, respectively. Figure 7

shows the eye diagram at 1 Gbps for a given 215-1 pseudo-
random binary sequence (PRBS) input, where the height and
width of the eye are 160 mV and 920 ps, respectively. Table 1
shows the comparison of the TIA with several prior works.
Though capacitance of the photodetector is up to 1 pF, the
proposed design can still achieve a desirable 3-dB bandwidth.
However, the proposed design possesses the largest transim-
pedance gain compared with the prior works.

4. CONCLUSION

An opto-electronic integrated circuit based on the hybrid
scheme for optical receivers is proposed in this article. The
proposed circuit integrates the InP-based waveguide photode-
tector into the CMOS-based platform, which can provide a low
cost, high-speed optical-to-electrical (EO) conversion. To re-
solve the difficulties emerged in the EO conversion, the RGC
circuit is adopted to reduce the input impedance. Hence, the
proposed integrated circuit can realize both the low input im-
pedance and high bandwidth without sacrificing any transim-
pedance gain.

ACKNOWLEDGMENTS

The authors express their deepest gratefulness to CIC (Chip Im-
plementation Center) of NAPL (National Applied Research Lab-
oratories), Taiwan, for their thoughtful chip fabrication service.
The authors also thank “Aim for Top University Plan”’ project of
NSYSU and MOE (grant number: 95C030133), Taiwan, for par-
tially supporting this investigation.

10 100 1K 10K 100K 1M 10M 100M 1G

Frequency (Hz)
1

20

30

10

40

50

60

70

80

90

G
ai

n 
(d

B
   

  )

100

Figure 5 The simulation result of the proposed TIA. [Color figure can be viewed in the online issue, which is available at www.interscience.wiley.com]

2432 MICROWAVE AND OPTICAL TECHNOLOGY LETTERS / Vol. 50, No. 9, September 2008 DOI 10.1002/mop



10 100 1K 10K 100K 1M 10M 100M 1G

Frequency (Hz)

Zi
n 

(  
   

)

60

70

80

90

100

110

120

130

140

150

160

170

180

190

50

1

10 100 1K 10K 100K 1M 10M 100M 1G

Frequency (Hz)
1

Zo
ut

 ( 
   

 )

78

80

82

84

86

88

90

92

94

96

98

100

102

104

76

106

(a)

(b)
Figure 6 (a) The simulated input impedance of the TIA. (b) The simulated output impedance of the TIA. [Color figure can be viewed in the online issue,
which is available at www.interscience.wiley.com]

DOI 10.1002/mop MICROWAVE AND OPTICAL TECHNOLOGY LETTERS / Vol. 50, No. 9, September 2008 2433



REFERENCES

1. G. Orengo, E. Limiti, G. Acciari, and F. Giannini, Gain enhancement
and input parasitic compensation in MMIC transimpedance amplifiers
for optical receivers, Microwave Opt Technol Lett 17 (1998), 65–70.

2. F.-T. Chien, C.-W. Kuo, and Y.-J. Chan, Monolithically integrated
optoelectronic receivers by AlGaAs/InGaAs doped-channel heterostruc-
tures, Microwave Opt Technol Lett 27 (2000), 79–80.

3. A.W. Fang, H. Park, R. Jones, O. Cohen, M.J. Paniccia, and J.E.
Bowers, A continuous-wave hybrid AlGaInAs-silicon evanescent laser,
IEEE Photon Technol Lett 18 (2006), 1143–1145.

4. H. Park, A.W. Fang, S. Kodama, and J.E. Bowers, Hybrid silicon
evanscent laser fabricated with a silicon waveguide and III-V offset
quantum wells, Opt Express 13 (2005), 9460–9464.

5. http://techresearch.intel.com/articles/Tera-Scale/1448.htm
6. S.-M. Park and H.-J. Yoo, 1.25-Gb/s regulated cascode CMOS trans-

impedance amplifier for Gigabit Ethernet applications, IEEE J Solid-
State Circuits 39 (2004), 112–121.

7. C.-W. Kuo, C.-C. Hsiao, S.-C. Yang, and Y.-J. Chan, 2 Gbit/s transim-
pedance amplifier fabricated by 0.35 �m CMOS technologies, Electron
Lett 37 (2001), 1158–1160.

8. S.S. Mohan, M.D.M. Hershenson, S.P. Boyd, and T.H. Lee, Bandwidth
extension in CMOS with optimized on-chip inductors, IEEE J Solid-
State Circuits 35 (2000), 346–355.

9. T. Yoon and B. Jalali, 1 Gbit/s fiber channel CMOS transimpedance
amplifier, Electron Lett 33 (1997), 588–589.

© 2008 Wiley Periodicals, Inc.

NOVEL SHAPED-BEAM MICROSTRIP
SLOT ARRAY SERIES FED BY
STEPPED-IMPEDANCE LINE

M. A. Hanqing,1 Qing-Xin Chu,2 Zhang Qiuyi2
1 School of Electronic Engineering, Xidian University, Xian, ShaanXi,
China; Corresponding author: vswr@163.com
2 School of Electronic and Information Engineering, South China
University of Technology, Guangzhou, Guangdong, China

Received 1 January 2008

ABSTRACT: A series-fed eight-slot microstrip array antenna operating
at 3.5 GHz with a cosecant-squared shape beam is presented. The
shaped radiation pattern is achieved by changing only the characteristic
impedance of the series fed line between slots. The proposed antenna
has a shaped-beam with elevation coverage of 35°, a gain of 10.86 dBi,
and side lobe levels less than �19 dB. Since the slots and fed strip are fab-
ricated on a single substrate, the antenna is easy to manufacture and low
cost. Experimental results demonstrate the validity of this design. © 2008
Wiley Periodicals, Inc. Microwave Opt Technol Lett 50: 2434–2437, 2008;
Published online in Wiley InterScience (www.interscience.wiley.com).
DOI 10.1002/mop.23662

Key words: series-fed array antenna; shaped beam; microstrip slot an-
tenna

1. INTRODUCTION

In wireless communication systems, antennas with shaped radiation
patterns have been widely used for better power managements.
Shaped radiation patterns are usually realized by parallel feeding
arrays, where the required patterns are shaped by controlling the
feeding amplitudes and phases of array elements or by tuning the
intervals between elements and the phases of elements [1–5]. Parallel-
fed arrays can be easily designed but it may consume more energy in
its parallel feed lines, and then decrease the efficiency of the array.
Moreover, the feeding network and the antenna must be designed and
manufactured separately, which would increase the cost of the an-
tenna. Besides, series-fed arrays have been also reported to achieve
shaped beams [6–8], and in those articles the feeding points or the
structures of radiation elements were adjusted to shape the radiation
beams. Nevertheless, those methods are mostly based on the equiv-

TABLE 1 Comparison of the Proposed Circuit with Prior
Works

[7] [8] [9] [6] This work

Technology 0.35 �m 0.5 �m 0.8 �m 0.6 �m 0.35 �m
3-dB Bandwidth 1.35 GHz 1.2 GHz 660 MHz 860 MHz 1.02 GHz
Photodiode

capacitance N/A 0.6 pF 0.32 pF 1 pF 1 pF
Transimpedance

gain 501 � 800 � 1120 � 800 � 1680 �

Time (sec)

vo
lta

ge
 (V

) Height
80 mV

Width
920 ps

Figure 7 The eye diagram of the TIA given the 215 � 1 PRBS input. [Color figure can be viewed in the online issue, which is available at
www.interscience.wiley.com]
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