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Abstract This paper presents a channel-select 

filter for 2.4GHz low-IF Bluetooth transceiver ap- 

plication. Besides of channel selection, image sig- 

nal rejection, automatic gain control (AGC) and 

signal strength indication functions are all inte- 

grated. High frequency accuracy and large signal 

dynamic range is given as the switched-capacitor 

(SC) structure. Circuit techniques like multiple 

clock rate, filter capacitance scaling, and sirnpli- 

fied op-amp structure are employed for power rnin- 

irnization. Measurement results indicate that the 

image rejection and the adjacent channel selectivity 

are better than 40dB and 60dB respectively. With 

a 0.25tm1 lP5M CMOS technology the proposed 

filter dissipates 11.8rnA from a single 2.5V supply 

voltage. 

I. Introduction 

Channel selection is a delicate function in wireless 
transceiver design since it has to extract the obscure 
signal from large adjacent channels and other interfer- 
ences. A low-IF architecture, as shown in Fig. 1, is pro- 
posed to alleviate these difficulties. At the last stage of 
frequency down conversion, the desired band is shifted 
to a relevmt low frequency as half channel bandwidth 
aw;ly from DC. Therefore, low frequency of&et voltage 
caused by circuitry mismatch which rmy also degrade 
the receiver sensitivity cm be avoided. On the other 
hand, the adjacent channel known as the mirror signal 
will also be mixed down to the mme low-IF frequency. 
Therefore, image rejection function associated with the 
channel selection is required. 

Different from using high-Q bandpass filter in high- 
IF, me method to achieve image rejection is using com- 
plex signal processing in low-IF architecture. There are 
several approaches mailable in active complex filter de- 
sign [1][2]. However, most of them are continuous-type. 
Tuning or trimming circuits are necessary to overcmle 
the process variation for VLSI realization. The SC 
type, with its advmtages of high frequency accuracy 
and large dynamic range, is very suitable for low IF 
application. Since the absolute capacitor values are in- 
dependent of frequency, there is no need of large RC 
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Figure 1: Trmsceiver block diagram. 

components which saves chip area. In addition, it takes 
m advmtage of accurate gain adjusting by changing 
capacitor value. The AGC function cm be incorpo- 
rated with the filter architecture to reduce the signal 
dynamic range for the following demodulation. It cm 
simultaneously be a received signal strength indicator 

(RSSI). 

II. Architecture and circuits design 

A. Awhitecturs design 

Fig. 2 shows the architecture of the proposed active 
channel select filter. It includes three complex biquad 
filters, two first order highpass filter, me highpass bi- 
quad at signal path. A loop is closed for AGC function. 
MATLAB is used as the simulation platform to decide 
the type and order of the filter. The Butterworth-type 
is selected for its characteristic of small group delay. 
A bandpass transfer function composed of sixth-order 
lowpass and fourth-order highpass is used to reject the 
adjacent channel and DC of&et voltage. The sixth- 
order lowpass filter is implemented with a cascade of 
three biyuadratic sections. These arrangements will 
help circuit designs more flexible on optimizing over- 
all dynamic range, power consumption, and noise re- 
duction [3] [4]. A mong these biquads, two first order 
highpass filters are inserted to cancel the local DC off- 

set. A second-order highpass filter serve as il buffer 
before output, and combines the quadrature signals at 
the mme time. 
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In this filter, the multi-rate strategy is employed to 
release the specifications of the preceding antialiasing 
filter [5]. Except for the first biquad that uses fast 
26MHz sampling clock, all the others use 13MHz sys- 
tematic clock. 

Figure 2: Block diagram of the novel image-rejection 
channel-select filter. 

Instead of the traditional SC filter design methodol- 
ogy, directly implemer~titing the filter with a z-domain 
transfer function. The concept of complex bandpass 
filter is frequency shifting from a real lowpass one. In 
z-domain, the operation is described as the following 
equation: 

Xbp(X) = x&-~“z) 
,-9 = case - jsid (1) 

where 8 = 2fc/fs, fc is the shifting frequency as cen- 
tral frequency of complex bandpass filter and fs is the 
sampling frequency. Fig. 3(a) and (b) show the archi- 
tecture of the complex biquad filter quadrature paths 
I and Q respectively. In order to avoid the closed feed- 
back loop, each biquad comprise an inverting integra- 
tor followed by a noninverting one. Since this circuit is 
directly derived from the z-domain transfer function, 
the stability cm be guaranteed [5]. Moreover, utilizing 
SC type filter compresses efficiently the wanted signal 
called positive frequency and image signal call negative 
frequency crosstalk [l] due to the accurate matching of 
unit capacitance. Therefore, desirable image rejection 
cm be achieved without auxiliary circuits. 

The AGC function shown in Fig. 2 includes three 
complex biaquad filters as variable gain amplifiers, a 
rectifier and a lowpass filter as an amplitude detector, 
an integrator, and an A/D converter as an RSSI. TO 
cover large dynamic range, the capacitor Cl and ClC 
of each biquad shown in Fig. 3 are binary capacitor 
arrays for gain control SO that the gain is charged by 
6dB per step. While the AGC loop is in steady state, 
output voltage is not constant instead of slowly peri- 
odic changing between two gain steps to achieve the 

(b) 

Figure 3: Block diagram of’ the complex biyuad filter. (a) 
is the in-phase signal path arid (b) is the quadrature-phase 
s&pal path. 

output average value equal to setup voltage. Adjust- 
ing the pole location of lowpass filter and integrator 
unit-gain frequency cm optimize the loop settling time. 
The analog output of integrator is digitized to 7 bits to 
control the capacitor array. At the same time, an en- 
coder transfers the digitized signal to 3-bit RSSI signal 
output for overall transceiver power control. 

In the first biquad stage of the filter, the capacitors 
are relevantly large to reduce the thermal noise (kT/C) 
of SC circuit. The capacitors in subsequent stages cm 
be scaled down to optimize the power consumption 
[6]. According to the value of the capacitors, different 
switch device sizes are designed for better driving ca- 
pability. The operational amplifier circuit used in the 
filter is a one-stage folded-cascade structure suitable 
for high speed application. Because of the capacitor 
scaling and multiple sampling rate strategies, the unit 
gain frequency of operational amplifiers in each filter 
stage are adjusted for power optimization. 
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The amplitude detector, as shown in Fig. 4(a), com- 
prises a rectifier circuit and a lowpass filter. Associated 
with the channel-select filter structure, the detector 
takes an advantage to extract the pair of quadrature 
signals simultaneously. Fig. 4(b) shows the simula- 
tion result of this amplitude detector with and without 
quadrature inputs. The ripple of the amplitude detec- 
tor with yuadratures inputs is much less while employ- 
ing the same lowpass filter. A lowpass filter of relaxed 
specification can be used to improve the settling time 
of the AGC loop. 

(b) 

Figure 4: (a) Circuit diagram of the amplitude detector 
ad integrator. (b) Simulatior~ results of’ the amplitude 
detector with arid without the quadrature signals. 

The A/D converter shown in Fig. 5 is a flash archi- 
tecture. It operates under a 13MHz sampling clock. 
The comparator used in the A/D cm drive output 
with rail-to-rail [7]. Transistors Mrl and Mr2 control 
the gain in tracking mode and improve the recovery at 
output nodes when the circuit goes from latching to 
tracking mode. 

Figure 5: Circuit diagram of the A/D converter. 

with 42.5dB dynamic range (3mV,,-400mV,,). The 
AGC loop cm settle within 6ps. 

The out-of-band third-order distortion is shown in 
Fig. 9. IIP3 is better than 20dBV. At each I/Q path 
the input referred voltage noise is 57nV/&. Table 
1 is the performance summary of the overall circuitry. 

Techrdogy 

Central Frequency fC 

Bandwidth 

Sampling Rate fs 
Gain 
Stvpband attenuatim 
Image rejection 

IIP3 

Supply Voltage 
Input refernd noise 

Power Cmsurr~ptim 

0.25pm lP5M MIM CMOS 
500KH2. 

900KH2. w/ AGC 
810KHc w/o AGC 

26MHq13MHz 
14.4-50.8dB 

> 60dB 

40dB~500KHx 
2OdBV 
2.5-V 

57riVIJHx 
0.56mA/pole (filter core circuits) 

1.8mA (AGC feedback circuits) 

Table 1: Performarlce summary of the proposed image- 
rejectiorl charudselect filter. 

III. Measurerrlent Results 
IV. Conclusions 

Fig. 6 is the die photo of the proposed channel-select 
filter with image rejection and AGC functions. Using 
0.25pm CMOS technology it occupies 1.777~77~~. The 
frequency response of the overall filter is shown in Fig. 
7. The image rejection at 500KHz is about 40dB. Fig. 
8 shows outputs versus different inputs. The gain of 
the filter cm vary from 14.4dB to 50.8dB while input 

A proposed channel-select filter with image rejection 
and automatic gain control for the 2.4GHz Bluetooth 
receiver application is presented in this paper. It uses 
switched-capacitor type to achieve high frequency ac- 
curacy and dynamic range of signal. Applying quadra- 
ture signals to the amplitude detector, the AGC is with 
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fast settling behavior by 6ps. Multiple function are in- 
tegrated in the filter while little area and power over- 
head are incorporated. This filter architecture with 
good channel selectivity while low power consumption 
is suitable for low-IF wireless communication system. 

Figure 6: Die photo of the image-rejection channel-select 
filter. 

Figure 7: Freyuerxy response of wanted sigml arid image 
signal. 

References 

[l] Jan Crols and Michiel Steyaert, “CMOS Wireless 
Transceiver Design” I Boston: Kluwer Academic 
Publishers, 1997. 

[2] B. J. Minnis, et., al, “A Low-IF Polyphase Receiver 
for GSM Using Log-Domain Signal Processing” I in 
Proc. Radio Frequency Integrated Circuits (RFIC) 
Symposium, Jun. 2000, pp. 83 -86. 

[3] Farbod Behbahani, et., al, “A Broad-Band Tunable 
CMOS Channel-Select Filter for a Low-IF Wireless 
Receiver”, IEEE 1. Solid-St& Circuits, vol. 35, no. 
4, pp. 476-489, Apr. 2000. 

Figure 9: IIP3 measuremerlt result while two tone at 1.5 
ad 2.5MHx. 

[4] Paul J. Chang, et., al, “A CMOS Channel-Select 
Filter for a Direct-Conversion Wireless Receiver” I 
IEEE J. Solid-St& Circuits, vol. 32, no. 5, pp. 
722-729, May. 1997. 

[5] Roubik G re orian and Gabor C. Teme, “Analog g 
MOS Integrated Circuits for Signal Processing” I 
New York : Wiley, 1986. 

[6] Jacques C. Rudell, et., al, “A 1.9GHz Wide-Band 
IF Double Conversion CMOS Receiver for Cord- 
less Telephone Applications” I IEEE 1. Solid-St& 
Circuits, vol. 32, no. 12, pp. 2097-2104, Dec. 1997. 

[7] Behzad Razavi, ” Principles of Data Conversion 
System Design ” I New York : IEEE Press, 1995. 

0-7803-6540-2/01/$10.00(C)2001 IEEE 


	IMS 2001
	Return to Main Menu


