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Abstract: We report a low power ASK IF receiver for short-range wireless systems, which includes an AGC loop

that compensates the channel attenuation and an ASK detector. A novel current-limited transconductor and feed-

forward differential peak detector have been designed to maintain a high compression ratio and fast response for

the AGC with lower power consumption. A storage unit with a zero and a feed-forward structure have been intro-

duced into the peak detector to control the damping characteristic of the AGC loop. A rectifier and low-pass filter

included in the ASK detector have been integrated into a more compact structure to further lower the power con-

sumption. The simulation results show the feasibility of the proposed technique.
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1 Introduction

Nowadays, low-power low-cost short-range
wireless data communication systems,such as im-
plantable electronic devices (IEDs)' and wireless
sensor networks™* , are becoming more and more
popular,and they are likely to expand dramatical-
ly in the future. Because amplitude shift-keying
(ASK) modulation enables much simpler system
architecture, which means low power consumption
and low cost,it is an attractive candidate modula-
tion scheme for these systems,in which power ef-
ficiency rather than spectrum is the specification
of greatest concern.

In a receiver for ASK modulation, the signal
strength has to be well controlled in order for the
ASK detector to compensate the attenuation in-
duced by the unstable channel. Because the infor-
mation is carried in the amplitude of the ASK sig-
nal,an automatic gain control (AGC) loop,which
performs a linear controlling, must be used.
Therefore, the design of an AGC loop that con-
sumes lower power without loss path gain is an is-
sue of interest.

This paper presents an ASK IF receiver con-
taining an AGC loop and an ASK detector, which
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features low power consumption, compact size,
and robust demodulation. Though the IF receiver
is designed for a wireless endoscopy capsule sys-
tem" ,where a 10MHz ASK IF signal with 40dB
dynamic range has to be demodulated, the pro-
posed techniques are not limited to the applica-
tion.

2 Circuit descriptions

The proposed ASK IF receiver is shown in
Fig.1. A two-stage variable gain amplifier (VGA)
and a constant gain amplifier (CGA) compose the
forward gain path. while a differential peak de-
tector (PeakDET) and a transconductor with lim-
ited output current (LimGm) compose the feed-
back path.Both forward and feedback paths form
the AGC loop, by which the IF ASK signal with
variable strength is amplified to a signal with
well-defined amplitude whose envelope is set by a
tunable reference generator (RefGen). The out-
put of the AGC is then discriminated by an ASK
detector ( ASKDET). Two OTA-C integrators
around VGA and CGA regulate the frequency
characteristics of the forward gain path to 2nd-
order band pass, which enables compact DC-cou-
pling between the VGA and CGA and reduces the
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Fig.1 Block diagram of the proposed receiver

Since the AGC is a closed loop system, the
stability is a critical issue. Because the average
power of the ASK signal varies with the amount
of information carried,only the peak value can be
used to tune the gain of the VGA. Since the peak
detector is unilateral, the stability requirement is
more rigorous, because any overshoot makes the
loop lose track of the input signal until the peak
value storage capacitor has discharged enough,
which normally occurs rather slowly. Convention-
ally,the VGA gain is controlled by a voltage pro-
duced by an error amplifier, where the error be-
tween the detector’s output and a setpoint voltage
is amplified"**'. If the error amplifier has a low
gain,the AGC output is not so well-defined, which
means a higher error bit rate. If it has a high
gain, the induced pole cannot be ignored. For
keeping such a loop stable, either a large capaci-
tor, which results in a lagged response, or high
power consumption is necessary. The proposed
AGC loop circumvents this tradeoff by using a
transconductor with limited output current and a
current-controlled VGA. The transconductor con-
verts the error between V and V,(Fig.1) to a
controlling current, with which the gain of the
VGA is tuned to a suitable value. For having no
high voltage gains, the transconductor introduces
no notable poles when it is loaded by diodes. Fur-
thermore, the error of the AGC output can be
lowered enough when the transconductance is
high enough.

To achieve a wider gain tuning range and
keep a relatively stable loop dynamic under dif-
ferent input signal strengths®',a two-stage VGA

with almost exponential gain control is used,
which is the cascade of the circuit proposed by
Huang et al." . Since the gain control curve of
the VGA becomes steeper than an exponential
curve when the differential control current is too
large. which could destabilize the AGC loop, the
output current of the transconductor (LimGm in
Fig.1) should be limited. Figure 2 (a) shows a
schematic of LimGm. When [y << I s MP6 and
MP7 are switched off and MPS8 is turned on, Ion
cannot be less than Iy . When Iy > I5 s MP8 is
switched off and Iyps = Iyna — Is2sand then Iony =
I'vina = (Iune — Iw) stherefore Ioy cannot be larger
than I . When T4 << Iwne << Iy » both MP7 and
Ai.lop is
limited with the same behavior. The simulation

MP8 arc Shut dOWn,SO ION = IMN4 = IBO -

result of the gain control curve is shown in Fig. 2
(b). It is evident that the gain has been limited
within * 30dB. Palmisano’s amplifier'” is used as
the CGA. When the AGC loop is closed, the dif-
ferential peak value of the AGC output is set at
V,— Vi (Fig.D.
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Fig.2 (a) Schematic of the limiting transconductor;

(b) VGA gain control curve
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To prevent the common-mode fluctuation
from debasing the accuracy of the AGC output
strength, the differential peak value is used to
control the VGA. For the conventional peak de-
tector'® detecting a single-end signal only, two of
such detectors, which detect peak and valley value
respectively,have to be used. The proposed detec-
tor shown in Fig. 3 detects the differential peak
value directly, which means higher power effi-
ciency. It is a feed-forward differential difference
amplifier followed by a current mirror used as a
rectifier. When the output current of MP8 is inte-
grated by the storage unit and V. is fed back,
Vo = Vew will converge at the peak value of the
differential signal between IP1 and IN1. Two gain
stages have been cascaded to keep the error of the
peak value low enough. MN5 and MP6 compose
the feed forward path, which compensates the
phase without a capacitor. The storage unit is
composed of C,, C,,and R,. R, induces a zero
which, cooperating with the feed-forward struc-
ture, helps to control the AGC loop’s damping
characteristic, which has been achieved conven-
tionally by increasing loop components’ band-
width meaning higher power cost.
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Fig.3 Schematic of the peak detector

The proposed ASK detector,in which a recti-
fier and subsequent low-pass filter have been inte-
grated into a more compact structure, resulting in
lower power consumption,is shown in Fig. 4. All
four transconductors,annotated as G, ;are identi-
cal. The voltage signal is converted by G, to a
current signal, which is rectified to I, by MP1~
MP4. I... is then filtered and converted back to a
voltage that indicates the signal strength by G,
and C,.,.The voltage is given by

Viour = Veom + 2A ~ Veou +0.64A (1)
b

where A is the envelope amplitude of the differ-
ential input. Vioyr is compared with V. by a hys-
teresis comparator to regenerate the information
carried by the ASK. V., is set at V; (Fig. 1) by
RefGen.
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Fig.4 Schematic of ASK detector

3 Simulation results

The scheme by which the IF receiver demod-
ulates the ASK signal with a 10MHz carrier has
been implemented in a UMC 0.18ym CMOS
process. The whole chip draws about 4mA current
from a 1. 8V power supply. The die area,including
buffers for test and PADs, is about 1.3mm X
1. 5mm. The layout is shown in Fig.5.

Fig.5 Layout of the chip

The AGC compression characteristic is shown
in Fig. 6. The figure indicates that the AGC stabi-
lizes the output when input signal’s amplitude is
between 60V and 50mV. Outside the range, the
VGA controlling current is limited,so any change
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Fig.6 Simulated AGC characteristic

in input results in an identical change in AGC out-
put,until the forward path is saturated. Figure 7
gives the step response of the AGC loop, where
Figure 7(a) is the AGC input, Figure 7(b) is the
response of the proposed AGC,and Figure 7(c) is
the response of the same AGC but with no feed-
forward in the peak detector and no R,. It is
shown that the overshoot appearing in Fig. 7 (c)
has been erased in Fig. 7 (b), which means that
the loop damping characteristic has been adjusted
by R, and the feed-forward structure. The simula-
ted results of the ASK detector are given in Fig. 8,
where information has been recovered correctly.
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Fig.7 Simulated loop dynamic of AGC loop
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Fig.8 Simulated results of ASK detector

4 Conclusion

An ASK IF receiver with some improved cir-
cuits has been presented. The conventional error
amplifier in AGCs,which suffers the tradeoff be-
tween lagging response and high power consump-
tion,is replaced by a current-limited transconduc-
tor,and then a fast response with lower power
cost can be achieved. A novel peak detector that
can detect the differential peak value directly has
been presented. Compared with the conventional
methods, where peak and valley values are detec-
ted respectively,the proposed detector saves pow-
er. A compact ASK detector and some techniques
for damping adjustment without additional power
cost have also been proposed. The feasibility of
the proposed circuits has been verified by simula-
tions.
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