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Abstract—This letter demonstrates a -band Si BJT MMIC
single-chip receiver based on the masterslice 3-D MMIC tech-
nology. The fabricated receiver MMIC on a chip of 1.8 mm by 1.8
mm integrates a low-noise amplifier, an image-rejection mixer,
and an IF hybrid associated with an IF amplifier. The fabricated
components on the chip are designed by using reactive matching
method due to both broadband and low-voltage operation. The
receiver MMIC achieves a conversion gain of 13.5 dB, a noise
figure of 5.2 dB, and an image rejection ratio of 30.6 dB at
5.2 GHz. This receiver also has a flat gain characteristic in the

-band. The power consumption of this MMIC is 115 mW with 2
V collector supply voltage.

Index Terms—MMIC low-voltage, Si bipolar, single-chip
receiver, three-dimensional.

I. INTRODUCTION

M ANY -band wireless applications have been proposed
and developed. Wireless LAN applications operate in

the 5.2 GHz- and 5.8 GHz-bands. Intelligent transportation
systems (ITS), use the 5.8 GHz-band to offer Electric toll col-
lection system (ETC) and vehicle-to-roadside communication
both which are radio frequency identification (RFID) services.
Obviously, the commercial market for -band applications
will increase rapidly. These applications require cost-effective
and highly integrated MMIC’s with low power, as do mobile
communication systems in the under 2-GHz band. In addition,
broadband MMIC’s that covered the-band are very effective
in reducing the equipment cost. These applications are well
supported by our Si 3-D MMIC technology [1]–[3] and key
components, such as a low-noise amplifier and a mixer have
been reported [3]. This technology realizes Si MMIC’s that
offer high-frequency, broadband, and low-voltage operation
using a production-level Si device process. In addition, Si
MMIC’s that cover these application bands offer lower cost.
This letter demonstrates a-band single-chip receiver MMIC
that is designed by utilizing the reactive matching method. The
receiver is fabricated on a single 1.8 mm1.8 mm chip. The
fabrication process is 0.25-m Si bipolar technology with low
resistive Si wafers = 20 cm) [4].
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Fig. 1. Basic structure of Si 3-D MMIC.

II. Si 3-D MMIC TECHNOLOGY USING BJT

Fig. 1 shows the basic structure of the Si 3-D MMIC [1].
BJT’s, resistors, lower (first-level) aluminum metals of MIM ca-
pacitor, passivation layer, and second-level aluminum metals are
formed on a Si wafer using a standard Si IC process. The three-
dimensional (3-D) passive structure, consisting of four layers of
2.5- m thick polyimide film and 1- m-thick gold metal (top-
level metal is 2- m thick), is formed on the top level metal
using a Si IC process. This structure isolates the microwave
passive circuits from the low resistivity Si wafer, resulting in
low-loss passive circuits. The loss of the thin-film microstrip
(TFMS) line using 10-m thick substrate is 75% less than that
of the coplanar waveguide with 20-m width signal line on a
Si wafer. The Si bipolar transistor used was fabricated using the
0.25- m Si bipolar technology [4] of NTT Electronics Corp.
and the emitter size of its unit transistor is 0.3m 8 m. The
measured and are 40 GHz and 62 GHz at 1 V collector
bias voltage, respectively. Some of key parameters of the tran-
sistor are = 41 , = 44. The MIM capacitor is composed
of an 800 Å thick silicon-nitride film to obtain high capacitance
(0.74 fF/ m , and more efficient space utilization.

III. CIRCUIT DESIGN AND PERFORMANCE

The block diagram of the Si 3-D MMIC single-chip receiver
is shown in Fig. 2(a). The receiver incorporates a 2-stage low-
noise amplifier (LNA), an image rejection mixer. IF amplifiers
and an IF 90 hybrid are followed by the image-rejection mixer.
Fig. 2(b) shows a photograph of the fabricated receiver. The chip
size is just 1.8 mm 1.8 mm and holds eight 0.3m 8 m
emitter BJT’s (amplifiers) and sixteen 0.3m 8 m emitter
BJT’s (mixers). The supply voltages are 2 V for RF amplifica-
tion, 0.3 V for the mixer, and 1 V for the IF amplifier.
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Fig. 2. Fabricated Si 3-D MMIC single-chip receiver. (a) Block diagram of
receiver. (b) Photograph.

The LNA is a 2-stage common-emitter BJT configuration
amplifier with reactive matching circuits consisting of TFMS
lines. The input matching circuit consists of TFMS lines with a
10- m thick polyimide substrate to obtain a low loss circuit. The
inter-stage and output matching circuit consist of a TFMS line
and a thin-film triplate (TFT) line that are stacked above and
below the middle layer ground plane to achieve compactness.
The matching circuits were designed to achieve broadband op-
eration. The LNA achieves 17.5 dB1.5 dB gain and less than
4 dB noise figure over the range of 4.5 GHz to 6 GHz. The base
bias is supplied through a resistor to obtain the same value as
the collector bias. The supplied collector and base biases and
the power consumption are 2 V and 64 mW, respectively.

The image rejection mixer consists of an active power divider
with common-emitter BJT’s, a broadside coupler, collector LO
injection mixers, and associated IF amplifiers with IF-band 90
combiner. The broadside coupler consists of two/8 wave-

length broadside couplers and the upper line is connected to the
lower line. This configuration results in a coupler with good

TABLE I
PERFORMANCECOMPARISON OFRECENTLY REPORTEDC-BAND SINGLE-CHIP

MMIC RECEIVERS ANDTRANSCEIVERS(RECEIVE PATH)

Fig. 3. Measured performance of receiver.

balance performance. For the mixer, RF and LO ports are de-
signed by stacking reactive matching circuits above and below
the middle ground plane to achieve compactness. The IF circuits
were designed using the RC matching configuration.

The measured performance of the fabricated receiver MMIC
is shown in Fig. 3. The conversion gain and the image rejec-
tion ratio are 13 dB 0.5 dB and more than 25 dB over the
range of 4.5 GHz to 6 GHz, respectively. The noise figure is less
than 5.3 dB. The input third-order intercept point is24 dBm.
The local input power, the RF input power, and the IF frequency
are 5 dBm, 50 dBm, and 400 MHz, respectively. The power
consumption of the MMIC is 115.5 mW. Table I compares the
performance of recently reported single-chip MMIC receivers
and transceivers (receive path). The fabricated receiver MMIC
achieves the lowest noise figure and the widest operating range
of the Si MMIC’s reported to data. Its performance is competi-
tive with that of GaAs MESFET MMIC’s, despite its 2 V oper-
ation.

These results indicate that the Si 3-D MMIC technology can
offer cost-effective single-chip solutions to-band applica-
tions.

IV. CONCLUSIONS

This letter demonstrated a-band single-chip receiver 3-D
MMIC. Its performance approaches that of GaAs MESFET
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MMIC’s despite its 2 V operation. This demonstration indi-
cates that the Si 3-D MMIC technology has high potential in
reducing the cost of -band MMIC’s.
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