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Abstract — A fully integrated 2.4 GHz CMOS transceiver
IC for the low power wireless personal area network
(WPAN) is reported. This is based on a dual-conversion
architecture receiver and transmitter which are suitable for
silicon integration. The frequency synthesizer offering 1.92
GHz and 480 MHz quadrature LO signals are also integrated 
on the radio chip. In the proposed transceiver, linearity is
improved by using current mirror amplifier based mixer. The 
optimization between dynamic range and current
consumption has been achieved by the interleaved analog
filter-amplifier chain. The fully integrated transceiver is
fabricated in 0.18 µm CMOS technology and the die area of
the single-chip IC is 3.7 mm × 3.6 mm. It consumes only 31
mW in the receiver mode and 42 mW in the transmitter mode 
with 1.8-V supply.

Index Terms — 2.4-GHz single-chip transceiver, low
power RF CMOS transceiver, current amplifier, linearization.

I. INTRODUCTION

Recently single chip low power CMOS transceivers

operating in the 2.4 GHz band draw great attention due to

the demand of longer battery life and lower cost solutions. 

A new wireless communication with higher density of

nodes, simple protocol for low-data-rate distributed sensor 

network application and industrial control is standardized

as IEEE 802.15.4 [1]. A Bluetooth (IEEE 802.15.1) radio

is relatively expensive and consumes too much power for

this purpose.

Our design focus is more emphasis on the

linearity/power rather than the sensitivity. The linearity

performance requirement becomes more critical in modern 

RF communication systems. Especially, for the use at

unlicensed 2.4 GHz industrial, scientific, and medical

(ISM) bands, highly linear receiver is required for the

immunity to the various interferer signals of different

standards. Besides, personal area network (WPAN) is to

serve personal area space at the ISM band where lots of

RF signals may exist, linearity is much more important

than the sensitivity. Since IIP3 is approximately

proportional to the DC power consumption, it is a great

challenge to achieve high linearity at low power. In this

paper, design of a RF transceiver IC for IEEE 802.15.4

operating at 2.4 GHz and the fabrication result in 0.18 µm

CMOS process are reported.

II. RF TRANSCEIVER ARCHITECTURE

Fig. 1 shows the architecture of a proposed transceiver

chip, which fully integrates a receiver chain, a transmitter

chain, and a frequency synthesizer. 
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Fig. 1. Fully integrated 2.4 GHz transceiver chip architecture.

(a) Receiver. (b) Transmitter. (c) Frequency synthesizer.

Among the various receiver architectures, the direct

conversion receiver (DCR) is a viable candidate solution

for low cost and low power. However, there are several



problems in using DCR such as large DC offset, LO

leakage, 1/f noise and I/Q mismatch. To alleviate these

problems, the dual-conversion architecture has been

proposed which combines the advantage of both the super-

heterodyne and DCR architectures [2]. In the dual-

conversion architecture, the input signal is down-converted

to a first IF and then directly converted to the baseband.

With the use of relatively high IF, filter requirement for

the image frequency can be relaxed and substantial

filtering can greatly be achieved by the on chip image

rejection filters. Selection of the IF frequency is an

important issue in the dual conversion architecture. It is

basically a compromise between the amount of the image

rejection requirement and I/Q mismatch of the second

mixer. Following the analysis in [3], we found that this

lower side band heterodyne system has strong immunity

against various interferences. 

The transmitter adopts a dual-conversion I/Q

modulation with up-mixer. Baseband I/Q symbol signals

are transmitted to a digital-to-analog converter (DACs)

followed by the low-pass filters (LPFs). Two identical

mixers up-convert the baseband quadrature signals to 480

MHz IF and then up-convert to 2.4 GHz, which is

combined by current summing at the output. Since

OQPSK modulation with half sine wave shaping is a

constant envelop modulation, a nonlinear drive amplifier

with high efficiency can be used. 

For generating 1.92 GHz and 480 MHz I/Q LO signals

with 5 MHz channel spacing, an integer-N frequency

synthesizer derived from a 16-MHz crystal with ±20 ppm

accuracy is implemented. A 1.92 GHz LO signal is

generated by a voltage controlled oscillator (VCO) and

then the 480 MHz I/Q LO signals are generated by a

divide-by-four circuit.

III. CIRCUIT DESIGN

A. Receiver

The linearity of the LNA and the mixer directly related

to that of the receiver front end. The nonlinearity of the

latter stages becomes more critical because the third-order

intercept point (IP3) of the each stage is effectively scaled

down by the total gain preceding that stage. Usually, the

nonlinearity of the receiver front-end is limited by that of

the down-conversion mixer and thus a highly linear mixer

is required. The linearity requirement of the mixer

becomes more critical in dual-conversion receiver because 

its gain in the preceding stages is larger than the direct-

conversion receiver. In the receiver front-end, the cascode

feedback LNA with inductive source degeneration is used
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Fig. 2. Receiver dual-conversion mixers using the current mirror 

amplifier between two switching stages. (a) 1st RF mixer (b) 2nd

IF mixer.

for better trade-off between noise performance and

linearity at low power consumption. The linearity of the

conventional Gilbert cell based mixer is not good mainly

because of the V-I converter non-linearity, which becomes

more serious especially at lower bias current. Therefore,

we replaced I-V and V-I converter between the first and

second mixer by the current amplifier based on current

mirror [4]. This is shown in Fig. 2. Because the current

mirror based current amplifier is highly linear in regardless 

of bias current, we expect much better linearity.  The gain

of the current mirror amplifier can be easily set through

appropriate scaling factor (N) in current mirror amplifier. 

In the first mixer shown in Fig. 2(a), nonlinearity is

limited by the RF input transconductor. In this paper, we

adopt the multiple gated transistor (MGTR) to linearize it

as proposed in [5]. Using the folded structure, the bias

current is separated between the transconductor and the

LO switch. Therefore, the optimum bias condition for each 

stage is obtained independently. In Fig 2(a), the RF open

load such as LC load or RF choke is used to keep the

current signal between input transconductor and first

switching, which also functions as image rejection filter.

To design the optimum analog baseband chain,

alternating filter and gain stages are used which allows

better trade-offs between noise figure and linearity for

each stage. Active RC implementations of the low-pass

filters and the op-amp based programmable gain amplifiers

(PGA) are used due to excellent linearity performance.

The gain control is realized by switching the feedback

resistors and the resistors in the forward path. The gain of

the PGA in decibels changes linearly by the digitally



Fig. 3. Up-conversion mixer schematic with the current mirror

amplifier between two switching stages.

Fig. 4. Drive amplifier schematic. 

Fig. 5. VCO (a) and divide-by-two circuit (b) schematic.

controlled 5-bit switch with a resolution of 1 dB. A global 

servo loop is used for DC offset cancellation. To keep the

constant high pass corner frequency for different gain

setting, a programmable gain in the feedback integrator is

used.

B. Transmitter

The transmitter adopts a dual-conversion I/Q

modulation. In this architecture, the 4-bit current–steering

digital-to-analog converter (DAC), the current mode filter, 

and the current amplifier based up-conversion mixer are

used to reduce the number of V-I converters that result in

non-linearity. The current mode filter is consists of

second-order low-pass filter and current mirror. The

current signals from DAC that has many unwanted signal

and many spurs, are low-pass filtered and are amplified by

the current mirror. The up-conversion mixer is shown in

Fig. 3. The I/Q baseband signals are first up-converted to

480 MHz and added together. Then amplification is

performed by the current mirror amplifier without

transconductor nonlinearity and up-converted to 2.4 GHz

by double balanced mixer which has 1.92 GHz LO

frequency. LC tank load is used to reduce image signal at

1.44 GHz. Capacitors of LC tank can be tuned by control

signal to reduce process variations. The transmitter gain

can be easily set through appropriate scaling factor in a

current amplifier. 

The drive amplifier is a cascode type with the external

RF choke load as shown in Fig 4. The cascode

configuration is used for better isolation between input and 

output stage. Its gain is controlled digitally by switching

the transconductance of the parallel array of input

transistor.

C. Frequency Synthesizer

An integer-N frequency synthesizer is designed as

shown in Fig. 1(c). The 480 MHz differential I/Q LO

signals are obtained by dividing the differential signals

from an integrated 1.92 GHz LC VCO. In the VCO,

PMOS and NMOS cross-coupled pairs are used for

symmetry with a differential on-chip inductor in the tank

circuit as shown in Fig. 5(a). The 4-bit capacitor array is

switched for tuning of the oscillation frequency. A divide

by two circuit consisting of two latches in a negative

feedback loop is used as shown in Fig. 5(b). The resistive

loads are used in the 1.92-GHz divide-by-two circuit,

allowing small areas without on-chip spiral inductor loads. 

The current-mode-logic dividers are used at high

frequencies. The loop bandwidth for the phase-locked loop 

(PLL) is 100 KHz adjusted by external resistor and

capacitors, with the settling time of the synthesizer less

than 40 µS.

Fig. 6. Transceiver chip microphotograph.

IV. EXPERIMENTAL RESULTS

A transceiver chip microphotograph, fabricated using

0.18 µm single-poly six-metal CMOS technology is shown 

in Fig. 6. All the transceiver building block including radio,

modem and MAC sections have been integrated into a



Fig. 7. Phase noise at the PLL output.

0 10 20 30 40 50
0

20

40

60

80

100

 High gain mode

 Low gain mode

V
o

lt
a
g

e
 G

a
in

 [
d

B
]

PGA Gain Setting

Fig. 8. Receiver chain gain with the PGA control.

Fig. 9. Spectrum measured at the transmitter output.

single chip. The die size of the single-chip IC is 3.7 mm ×
3.6 mm and the radio consumes 31 mW in the receive

mode and 42 mW in the transmit mode with 1.8-V supply. 

The synthesizer achieves the phase noise of -100

dBc/Hz at 1MHz offset as shown in Fig. 7. The receiver

gain to the differential output of the baseband analog chain 

is about 91 dB at the maximum gain setting and 6 dB at

the minimum gain setting. The receiver total gain control

range is 85 dB with 38 dB front-end gain control and 47

dB analog baseband chain gain control as shown in Fig. 8.

The frequency response characteristic of the receiver chain

shows that the adjacent channel (5MHz) rejection of about 

62 dB is achieved and the alternate channel (10MHz)

rejection of 102 dB is obtained. The spectrum at the output 

of a drive amplifier satisfies the required spectrum mask as 

shown in Fig. 9. 

TABLE 1.

SUMMARY OF THE MEASURED PERFORMANCE.

Supply voltage 1.8 V

Tx chain current (Pout=1dBm ) 15 mA 

Rx chain current 9 mA 

Synthesizer current 8.5 mA 

Rx chain noise figure 8 dB

IIP3 (RF front-end) - 15 dBm (high gain mode)

On chip image rejection 32 dBc

Adj. Ch. rejection @ 5MHz 62 dBc

Alt. Ch. rejection @ 10MHz 102 dBc

Tx output power -24 ~ 1 dBm

Synthesizer phase noise -100 dBc/Hz @ 1MHz 

PLL lock time 50 µS

Die size (single-chip IC) 3.7 mm × 3.6 mm

Technology 1P-6M, 0.18 µm CMOS

The measured performance results of the fabricated

transceiver are summarized in Table I.

V. CONCLUSION

A fully integrated 2.4 GHz radio for the low-power

WPAN (IEEE 802.15.4) is reported. It is implemented in

0.18 µm CMOS technology and the die area of the single-

chip IC is 3.7 mm × 3.6 mm. It consumes 31 mW in the

receive mode and 42 mW in the transmit mode with 1.8-V

supply. The receiver adopts the dual-conversion

architecture. It has a highly linear RF front-end using a

current mirror amplifier based mixer and a

transconducatance linearization technique. The dual-

conversion I/Q modulation transmitter and the frequency

synthesizer offering 1.92-GHz differential and 0.48-GHz

quadrature LO signals are integrated on the transceiver

chip.
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