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Abstract—This letter demonstrates aC-band Si BJT MMIC B;%%dfé?e e e Ly
single-chip receiver based on the masterslice 3-D MMIC tech- p\ T
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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 N
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figure of 5.2 dB, and an image rejection ratio of 30.6 dB at N e ,-'\\ ‘ ranSIS_ e
5.2 GHz. This receiver also has a flat gain characteristic in the I AN .. wafer|
C-band. The power consumption of this MMIC is 115 mW with 2 Via hole  Ground

V collector supply voltage.

- . . Fig. 1. Basic structure of Si 3-D MMIC.
Index Terms—MMIC low-voltage, Si bipolar, single-chip 9 1c structy '

receiver, three-dimensional.
Il. Si 3-D MMIC TECHNOLOGY USING BJT

. INTRODUCTION Fig. 1 shows the basic structure of the Si 3-D MMIC [1].

ANY C-band wireless applications have been propos&i]T'S: resistors, lower (first-level) aluminum metals of MIM ca-

and developed. Wireless LAN applications operate jpacitor, passivation layer, and second-level aluminum metals are
the 5.2 GHz- and 5.8 GHz-bands. Intelligent transportatidd'med on a Si wafer using a standard Si IC process. The three-
systems (ITS), use the 5.8 GHz-band to offer Electric toll cofimensional (3-D) passive structure, consisting of four layers of
lection system (ETC) and vehicle-to-roadside communicatign®#M th'Ck_ polylmldg f|Im. and 1xm-thick gold metal (top-
both which are radio frequency identification (RFID) serviceéev_eI metgl is 2pm thick), IS formed on the top Ievel_metal
Obviously, the commercial market far'-band applications using a S_' IC_ process. This stru_ctl_Jr_e |sqlates the microwave
will increase rapidly. These applications require cost—ef‘l‘ectifeass've cwcwfcs frqm the low resistivity Si wa fe_r, resgltmg n
and hiahlv intearated MMIC’s with low power. as do mobileow—loss passive circuits. The loss of the thin-film microstrip

ghly integ . P ' ... (TFMS) line using 10=m thick substrate is 75% less than that
communication systems in the under 2-GHz band. In addltlo0 the coplanar waveguide with 2am width signal line on a
broadband MMIC's that covered tl&-band are very effective b 9 9

in reducing the equ_ipment cost. These applications are Wﬁ.bsym Si bipolar technology [4] of NTT Electronics Corp.
supported by our Si 3-D MMIC technology [1]-[3] and Key, the emitter size of its unit transistor is @ x 8 um. The
components, such as a low-noise amph_ﬁer anq a mixer h%asured‘T and ... are 40 GHz and 62 GHz at 1 V collector
been reported [3]. This technology realizes Si MMIC's thgljag yoltage, respectively. Some of key parameters of the tran-
offer high-frequency, broadband, and low-voltage operatiQfsior are, = 419, hrx = 44. The MIM capacitor is composed

using a production-level Si device process. In addition, gfan 800 A thick silicon-nitride film to obtain high capacitance
MMIC's that cover these application bands offer lower costo.74 fFj:m?), and more efficient space utilization.

This letter demonstrates@-band single-chip receiver MMIC
that is designed by utilizing the reactive matching method. The

Si wafer. The Si bipolar transistor used was fabricated using the

receiver is fabricated on a single 1.8 mm1.8 mm chip. The IIl. CIRCUIT DESIGN AND PERFORMANCE
fabrication process is 0.2bm Si bipolar technology with low  The block diagram of the Si 3-D MMIC single-chip receiver
resistive Si wafergp = 20 2cm) [4]. 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.

Manuscript received March 9, 2000; revised April 27, 2000. Fig. 2(b) shows a photograph of the fabricated receiver. The chip
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IFout TABLE |
PERFORMANCE COMPARISON OFRECENTLY REPORTEDC'-BAND SINGLE-CHIP

MMIC RECEIVERS AND TRANSCEIVERS(RECEIVE PATH)
IF 90°HYB
. ; Operating .
Device Conversion| Supply
RFin O Reference technology frezqeu:;)cy NF (dB) gain (dB) | voltage (V)
. 0.25 ym
This work | o bipolar 45-6 |5.25+0.5 13+0.5 <2
0.4 um R
NEC [5] | gicmos | 554 7 18 26-5
Rockwell | 0.35 um R
6] CMOS 5.2 8 5 3.3
IBM SiGe
. Nortel [7] HBT 5 59 19 35
RF 90°HYB O LOin
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Fig. 3. Measured performance of receiver.

1.8 mm x 1.8 mm

balance performance. For the mixer, RF and LO ports are de-
signed by stacking reactive matching circuits above and below
(b) the middle ground plane to achieve compactness. The IF circuits
were designed using the RC matching configuration.
Fig. 2. Fabricated Si 3-D MMIC single-chip receiver. (a) Block diagram of The measured performance of the fabricated receiver MMIC
receiver. (b) Photograph. . . . . . . .
is shown in Fig. 3. The conversion gain and the image rejec-

The LNA is a 2-stage common-emitter BJT configuratiort1Ion ratio are 13 dit 0.5 dB and more than 25 dB over the

. ) ; . - . ange of 4.5 GHz to 6 GHz, respectively. The noise figure is less
amplifier with reactive matching circuits consisting of TFM han 5.3 dB. The input third-order intercept pointi&4 dBm.

lines. The input matching circuit consists of TFMS lines with The local input power, the RF input power, and the IF frequency
10-um thick polyimide substrate to obtain a low loss circuit. The ' '

o . S . . are—5dBm,—50 dBm, and 400 MHz, respectively. The power
inter-stage and output matching circuit consist of a TFMS Imcg)nsumption of the MMIC is 115.5 mW. Table | compares the

and a thin-film triplate (TFT) line that are stacked above an . . .
) . erformance of recently reported single-chip MMIC receivers
below the middle layer ground plane to achieve compactnegs

. o ; . and transceivers (receive path). The fabricated receiver MMIC
The matching circuits were designed to achieve broadband P o : .
. . . chieves the lowest noise figure and the widest operating range
eration. The LNA achieves 17.5 dB1.5 dB gain and less than . , . .
L of the Si MMIC's reported to data. Its performance is competi-
4 dB noise figure over the range of 4.5 GHz to 6 GHz. The ba§e . i o
. ) . . Ive with that of GaAs MESFET MMIC's, despite its 2 V oper-
bias is supplied through a resistor to obtain the same valuea :
the collector bias. The supplied collector and base biases an
the power consumption are 2 V and 64 mW, respectively.
The image rejection mixer consists of an active power divid s
with common-emitter BJT's, a broadside coupler, collector L ‘
injection mixers, and associated IF amplifiers with IF-band 90
°combiner. The broadside coupler consists of twé8 wave-
length broadside couplers and the upper line is connected to th&his letter demonstrated @-band single-chip receiver 3-D
lower line. This configuration results in a coupler with goodMMIC. Its performance approaches that of GaAs MESFET

hese results indicate that the Si 3-D MMIC technology can
olffer cost-effective single-chip solutions tG-band applica-

IV. CONCLUSIONS
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MMIC’s despite its 2 V operation. This demonstration indi- [5]

cates that the Si 3-D MMIC technology has high potential in
reducing the cost of’-band MMIC'’s.
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