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Abstract — This project descrbes and
designs three bulding block for radio
frequency transcerver front-end integrated
crewts. (1) A 3V 19GHz CMOS
low-distortion direct-conversion quadrature
modulator with a RF amphfier is described[1].
The circwit 1s implemented using 05 m
DPDM CMOS technology and dissipates only
95mW (include power dissipation of RF
amplifier) under 3V power supply voltage. The
unwnated lower sideband is below -30dBc
when the 0dB normalized deswed upper
sideband is set at 1. 9GHz, corresponding to a
small signal path mismatch. Moreover, the LO
feedthrough and the second-order
intermodulation are less than -80dB. The
third-order intermodulation of -60dB 1s
obtamed. A curent 1reuse techmque 1is
employed to save the power dissipation of RF
amplifier that the current in the negative
resistor is reused in the gain stage. The gain of
RF amplfier 1s 23dB at 19GHz center
frequency. The power disspation of RF
amplifier is only 9mW and smaller than resent
publication.

(2 A 24GHz low-noise low-power
single-to-cifferential bandpass amplfier 1s
mmplemented i 0.5um CMOS process. In this
bandpass amplifier, the compact tunable
posttive-feedback circuit is connected to the

Integrated spiral inductor to enhance its Q value.

The simple diode varactor circut is adopted for
center frequency tuning[2]. Two parallel spiral
Inductors are used to reduce the effectve
inductance and raise the center frequency.
HSPICE simulation has been performed to
venfy the performance of the designed
bandpass amplfier. It has been shown that the
amplifier has a gain of 15dB at Q=45 under 2V
power supply with 39mW power disspation.
The noise figure 1s 4.36dB 1n the passband. The
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tunable frequency range is between 2.369GHz
and 2.422GHz. The gain difference and phase
cifference between the two differential output
nodes are 00011905dB and 179932°

respectvely, at 2. 4GHz.

(3) A new CMOS fully differential
bandpass amplifier (BPA) based on the
structure of transresistance (Rm) amplifier and
capacitor 1s proposed and analyzed. In this

design, the Rm amplifier is realized by a simple
mverter with tunable shunt-shunt feedback
MOS resistor and tunable negative resistance
realized by the cross-coupled MOS transistors
In parallel with a current source.  The
capacitor 1s In series with the mput of Rm
amplifier, which realize the filter function and
block the dc voltage. Under a 2-V supply
voltage, the post-tuning capability of the gain
can be as high as 90 dB whereas the tunable
frequency range 1s between 41MHz and
178MHz. The power consumption is 11 mw
and the dynamic range (DR) 1s 50 dB. The
cifferential-mode gain 15 20 dB and the
common-mode gain is —-25 dB so that the
CMRR 1s 45 dB. Simple structure, good
frequency response, and low power dissipation
make the proposed bandpass amplifier quite
feasible in the applications of IF stage for RF
receIvers.
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2. Introduction

In recent years, the rapid growth of mobile
radio systems has led to an increasing demand
of low-cost high-performance communication
integrated circuits (ICs). The operational
frequency bands of the modem mobile systems
such as advance mobile phone service (AMPS)
and Pan European Group special mobile (GSM)
are 900 MHz, and 19 GHz for the personal
communication networks (PNC) and digital
Euwropean cordless telephone (DECT) [3]. To

mplement such a high frequency system, a
multi-technology scheme which uses bipolar or
BiCMOS ICs as the
radio-frequency/intermediate-frequency (RF/IF)
sections [3] and CMOS ICs as the baseband
section [4 15 often employed Tlis
multi-technology scheme contains many ICs
and  discrete  components. Thus  the
disadvantages of high cost and large size are
mevitable. As to the consumers’ demand for
smaller-size lower-weight handheld equipment,
a single technology scheme 1s preferred for the
maximum Integration level To realize this
scheme, low-cost high-integration all-CMOS
implementation 1s one of the most attractmve
solutions.

Generally, an RF system can be divided
into three functional blocks, namely, receiver,
transmitter, and baseband processor. The
recerver performs amplification,
downconversion, and demodulation on the
received signals. The transmutter performs
modulation, upconversion, and transmission on
the transmutted signals. The baseband processor
performs both baseband signals processing and
human-machine-interface processing. The key
factor to obtain a high integration all-CMOS
communication system 1s the availability of
lhigh performance recerver, transmutter, and
baseband processor.

3. Results and Discussions

3.1 Quadrature Modulator and RF
Amplifier

The HSPICE simulation of the proposed
low-distortion  direct-conversion quadrature
modulator usimg 05 m DPDM CMOS
technology is performed. Fig. 1 shows the
circwt diagram of the quadrature modulator.
Fig. 2 shows the circuit diagram of the RF
amplifier. The over-all circuits are simulated
under 3V batteries supply voltage. The
amplitude of modulated signal 1s 400mV when
100mV baseband and 400mV LO are applied.

The frequency of baseband signal 1s
20MHz. The unwanted lower sideband and
other spurious components include LO
feedthrough, second-order intermodulation are
less than —80dB when the deswed upper



sideband 1s tuned at 1 9GHz. The third-order
intermodulation are small than —60dB. The
current drain including that in the RF amplfier
1s 31.7mA under 3V supply. The voltage gain
of 23dB 1s achieved i the RF amplifier,
whereas the quality factor is about 78.

The chip of the proposed circuit is now
under fabrication. In the experimental chip, all
of the function blocks including cuadurture
modulator, quadrature VCO, RF amplifier and

output buffer are integrated on the same chip
for test consideration.

3.2 Bandpass Amplifier

The HSPICE simulation on the
designed bandpass amplifier is performed by
using the transistor parameters of 0.5um
double-poly-double-metal CMOS technology.
The supply voltage is 2V. Fig. 3 shows the
overall circuit. The simulated results of the
bandpass amplifier are summarnzed in Table I.
It can be seen that S;; and S,, are below —10dB
around the passband as required. The simulated
noise figure of bandpass amplifier tuned at
Q=45 1s 436dB. The overall gain variations n
the temperature range of 0 ~ 80 °C is 19dB.
The third-order mtercept points IP; 1s about
0dB.

A 2V 24GHz low-noise low-power
single-to-differential bandpass amplifier has
been proposed and analyzed. It 1s quite feasible
to apply the designed bandpass amplifier in a
RF CMOS receiver IC.

3.3 IF Bandpass Amplifier

Fig. 4 shows the basic cwcwt, the fully
differential IF BPA can be realized by direcly
cascading 3 stages of the bicquadratic BPAs.
Fig. 5 shows the HSPICE simulated frequency
responses of the fully differential 6™ order of
Rm-C IF BPA with v, =01, v, =185/, and
v, =01V, and the supply voltage ,,=2v. The

cifferential-mode gam 1s 20 dB whereas the
common-mode gain 18 —25 dB so that the
CMRR is 45 dB. It has an out-of-band s1gnal
suppression comparable to the ideal 6™ order
BPF. When the IF BPA 1s applied to a
dual-conversion RF receiver, the mirror signal

suppression of 20dB can be obtaimed.
Thus the control voltage v, may be used to

perform the automatic gain control (AGC). In
the tunung of the IF BPA, the imtial values of

the controlled wvoltages are V,=0I ,
v,=185v, and v,=075 . After finding the

optimal values, one of the controlled voltages
canbe kept constant while the other is adjusted
to perform the fine tune. The simulated center
frequency of the BPA vanes from 41 MHz to
178 MHz whereas there is no gain varation in
the passband.  Under the condition of
V,=0W, v, =179~2V, and V,=01~12V, the

tunability of the center frequency 1s 137 MHz.
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Fig. 3 The complete circuit ciagram
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PARAMETERS VALUE
Q 45
SUPPLY VOLTAGE 2V
Power Gain 15dB
Center Frequency| 2.4GHz
Noise Figure 4.36dB
I1P; 0dB

VDD

Su -30dB

Sy -34dB

DC Power 39mw
Gain Varation 19dB

Tablel Simulation results of the bandpass

amplifier
Fig. 4. The circuit diagram of Rm-C
IF biquadratic BPA
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Fig.5. The HSPICE simulated
frequency response of the fully
differential 6™-order Rm-C IF
BPA when Voo=2V,
Venr=1.75V, V¢p=0.1V, and
V=0.75V



