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ABSTRACT

Recent developments of BICMOS Si-MMIC's for
wireless communication applications are reviewed.
Among these MMIC's, on-chip matching Si-MMIC's are
suitable for use in compact transceivers. The use of
coplanar waveguide (CPW) type spiral inductors is one of
the solutions to achieve low loss matching circuits on a low
resistive Si substrate used in standard BiCMOS process.
An on-chip matching Si-MMIC front-end has been
fabricated, in which CPW type spiral inductors are
employed. The measured performance at 1.9GHz with low
d.c. power consumption shows the possibility of
application to mobile handset terminals. In addition, the
feasibility to implement the system on-chip concept is
discussed by referring to an IF / PLL IC fabricated in the
same process.

L. INTRODUCTION

The performance of Si-MMIC's fabricated in
BiCMOS process is approaching to commercial production
level[1]-[6]. Since bipolar junction transistors (BIJT's)
have shown adequate RF performance with extremely low
d.c.supply power to wireless communication handset
terminals, they began to take the place of GaAs MESFET's
in the field of receiving section which consists of discrete
chip elements without any RF-IC.

There are two main features of Si-MMIC's
fabricated in BiCMOS process. One is low production
cost. By using conventional BiCMOS process[7], the chip
cost per unit area is about 1/10 of that of GaAs MMIC's[8].
Second is the possibility to realize system on-chip concept.
Since the device fabrication process of BiCMOS Si-
MMIC's is compatible with that of IF / PLL / analog
baseband(BB) IC's, all of these circuits can be integrated
on single-chip without difficulties.

In section 11, recent developments of BiCMOS Si-
MMIC's for wireless application are reviewed. The states
of art for low noise amplifier's (LNA's) NF and gain versus
d.c. power consumption are presented. In section 111, on-
chip matching Si-MMIC is introduced. On-chip matching
15 one of the key concept (o accomplish ultra compact
mobile communication terminals. There, coplanar
waveguide (CPW) type spiral inductors are introduced to
achieve lower insertion loss on-chip matching circuits.

By using CPW type spiral inductors, a 1.9GHz-band on-chip
matching Si-MMIC front-end has been fabricated, which
includes T/R MOSFET switch, two stage BJT LNA, and a
down converter BJT mixer on single chip. The measured
performance is also described. In section IV, the block
diagram of RF / IF /PLL section for personal handy phone
system (PHS) is presented and the possibility for obtaining
single-chip transceiver IC is discussed, making reference to the
developed BiCMOS IF/ PLL IC[9] and the Si-MMIC front-end
described in Section III. The measurement system and method
are also presented.

IL. RECENT DEVELOPMENTS OF BICMOS SI-MMIC
FOR WIRELESS APPLICATION

From the point of view of LNA, recent studies are
reviewed. Figure 1 shows NF versus d.c. power consumption
and Fig. 2 shows the gain versus the d.c. power consumption.
In both figures, the plots are categorized into three, i.e. external
matching BJT based Si-MMIC's [1]-[4], on-chip matching BJT
based Si-MMIC's[5]-{6] and MOSFET based Si-MMIC's
[1][10]. The performance of both external and on-chip
matching BJT based Si-MMIC's is approaching to competitive
level with commercial GaAs-MMIC's for mobile terminal
use[11]. The development of MOSFET based Si-MMIC's
stands at the starting point and it will take time to catch up with
the BJT based Si-MMIC's.
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Fig.1 NF versus d.c. power consumption of BiCMOS / CMOS LNA.
(Performance of BJT based is at 1.9GHz, and that of NMOSFET based is at
1.5GHz)
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Fig.2 Gain versus d.c. power consumption of BICMOS / CMOS LNA.
(Performance of BJT based is at 1.9GHz, and that of NMOSFET based
is at 1.5GHz)

II1. ON-CHIP MATCHING SI-MMIC

On-chip matching circuits are strongly desired to
realize ultra compact and low production cost handset
terminals.  Since the standard BiCMOS process uses

relatively low resistive Si substrate (about 10 Qcm), the
loss of on-chip matching circuits, especially that of spiral
inductors is quite high due to the dielectric loss of Si
substrate at microwave frequency range. CPW type spiral
inductor is  capable of reducing its attenvation in
comparison with conventional microstrip line (MS) type
one. Table I shows the extracted equivalent circuit
parameters and the attenuation of CPW and MS type four-
turn spiral inductors at 1.9GHz. In order to extract the
parameters, the equivalent circuits, shown in Fig. 3, are
used. The reduction of Rp in the case of CPW indicates
reduction effect on the dielectric loss of the substrate.

Figure 4 shows a schematic diagram of the IC
front-end. This IC consists of MOSFET T/R switch[12],
two-stage BJT LNA, and down converter BJT mixer. T/R
switch: Enhancement mode N type MOSFET's are used,
and they are switched by the gate control voltage of OV
(OFF state) / 3V (ON state). In order to achieve higher
isolation in OFF state, the FET's are series-shunt
connected. LNA: The input port is NF matched, and the
output port is gain matched to 50 () by using CPW type
spiral inductors. Mixer: The BJT's of the same emitter
size are connected in series. RF and LO ports are
internally matched to 50 Q, whereas IF port requires
external matching circuits.

Figure 5 shows a photograph of fabricated RF
front-end Si-MMIC. The chip size is 2mm X2mm, and the

IC is fabricated in standard 0.8um BiCMOS process[7].

The aluminum metal surrounding strip line and transistors

is the ground metal of CPW.

Table 1 Extracted equivalent circuits parameters and attenuation of CPW
and MS type four-turn spiral inductors. (Outer size: 300um X 300um,
conductor thickness: 3.5um, stripline width: 11ium, line space: 10um)

Pl crw MS
Ls (nH) 42 42
Cp (pF) 0.4 0.46
RS (Q) 4.6 33
Rp (Q) 136 246
Altggg?tion 15 1.8
Ls Rs

a1y AW -
-[ C -[ Cp

p

Rp Rp

Fig.3 Equivalent circuit of spiral inductors fabricated on low resistive Si
substrate. Rs represents the conductor loss, Rp represents the dielectric loss
of the spiral inductor, Ls represents the inductance component of the spiral
inductor and Cp represents the stripline - substrate capacitance.

T/R Switch : Mixer

Fig.4 Schematic diagram of on-chip matching Si-MMIC front-end.

T/R Switch Mixer

LNA

Fig.5 Photograph of fabricated Si-MMIC front-end.(Chip size: 2mmx 2mm)

Figure 6 shows the small signal characteristics of the
T/R switch. Figure 7 shows the transfer characteristics of the
switch at 1.9GHz. Figure 8 shows the frequency dependence
of gain and NF of the two-stage BJT LNA. The bias condition
is Vee=2V, Ice(LNA total)=4mA. The gain is 17.1dB and the
NFis 2.9dB at 1.9GHz. Figure 9 shows the frequency
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Fig.6 Small signal characteristics of T/R
MOSFET switch. (Control voltage of 0 /3V)
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Fig.9 Frequency dependence of return
loss of two-stage BJT LNA. (2V,4mA)
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Fig.12 Two-tone transfer characteristics of

BJT mixer. (2V, 1.7mA)
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Fig.7 Transfer characteristics of T/R MOSFET

switch measured at 1.9GHz. The control voltage is

OV (off state) and 3V (on state).
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Fig.10 Two-tone transfer characteristics of
two-stage BIT LNA. (2V,4mA)
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the two-tone transfer characteristics of the LNA at 1.9GHz.
Figure 11 shows the frequency dependence of conversion

gain and NF of BJT mixer. Figure 12 shows the two-tone
transfer characteristics of the LNA at 1.9GHz. By using
this IC, the RF front-end having NF of 6.6dB, including
the loss of the T/R switch, can be realized at 1.9GHz with
11.4mW d.c. power consumption as shown in Fig.13.
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Fig.8 Frequency dependence of gain and
NF of two-stage BJT LNA. (2V,4mA)
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Fig.11 Frequency dependence of conversion
gain and NF of BJT mixer. (2V, 1.7mA)
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Fig.13 Block diagram and performance of Si-MMIC front-end.

IV.FEASIBILITY OF IMPLEMENTING SINGLE-CHIP
TRANSCEIVER IC

Since BiCMOS process is widely used for IF / PLL /
analog BB IC's, the BiICMOS RF-IC's are capable of being
merged into the same chip. Figure 14 shows a block diagram of
RF /IF /PLL section of PHS handset.

By combining two BiCMOS Si-IC's, Si-MMIC mentioned in



BPF 0,
™

BPF

WA

—
. ®_ SPE MZMIF

LNA

Fig.14 Block diagram of RF / IF /PLL section of PHS handset

section 1II and IF / PLL IC (M64820FP, Mitsubishi)[9],
almost all active / control circuits except an HPA, VCOI1
for 1st local, and IF amplifier for receiver can be integrated
on single Si-chip.

V. CONCLUSION

In recent years, the performance of BiCMOS Si-
MMIC's is approaching to commercial product level for
wireless application. Among these IC's, on-chip matching
IC has an attractive feature to achieve ultra compact
handset. A 1.9GHz-band on-chip matching Si-MMIC
front-end has been introduced. The IC consists of a T/R
switch, a two-stage LNA, and a down converter mixer.
The fabricated Si-MMIC operates with only 11.4mW
supplied d.c. power and the measured performance
indicates the feasibility of application to mobile handset
terminals. By integrating with IF / PLL IC fabricated in
the same process, it will be possible to realize a single-
chip transceiver IC.
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