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ABSTRACT

Motivation

For providing the global-positioning services in different
applications, in 2001, the COPUOS (Committee on the Peaceful
Uses of Outer Space) started to hold the development on Global
Navigation Satellite System (GNSS), which is almost based on
nation's development including US' GPS, EU's Galileo, Russia's

GLONASS, China's BeiDou/Compass, and other regions systems.

Therefore, how to (1) utilize the pros of each system in viewpoint
of design; (2) be suitable with process immigration in viewpoint of
manufacturing; and (3) follow the green-power trend for our Earth.
If the above points can be achieved, we can provide a complete,

practical, and attractive solution!

Idea

Our target focuses on the L1 (1575.42 MHz) and L5 (117645 MHz)
bands in GNSS, which are all CDMA (Code-Division Multiple Access)
systems; totally 11 different signals can be captured by our receiver.
Because of different applications, the signal bandwidth is different;
they are 4.092 (L1) and 2046 (L5) MHz. While the GNSS signals are
relatively weak (-168 dBm) comparing to other communication
systems, the flicker noise (corner frequency ~ 1 MHz) may has a
big impact on the signals and then degrade the sensitivity; thus,
our receiver architecture is low-IF (Inter-mediate Frequency)
which can avoid the low-frequency noise after down-conversion.
In RF (Radio Frequency) part of the receiver, the LNA (Low-Noise
Amplifier) can select wanted band and the image-reject mixer
will down-converts the RF signal to required IF location. In analog
part, we use the discrete-time filtering technique to design
and implement a bandwidth-programmable filter by digitally
controlling a programmable capacitor array. The programmability
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of the systematic receiver can be integrated and controlled by the
DSP (Digital-Signal Processing); when we lose the tracking to the
arbitrary satellites, the receiver can rapidly switch and re-track the
signals which are more environmentally resistive. Therefore, the

overall performance can be enhanced!

In addition to the programmability, the discrete-time (D.T.) receiver
uses less analog components (i.e. resistor), and applies many MOS
switches and capacitors. Because the analog components are
easy to vary with the PV.T. (Process, Voltage, and Temperature),
traditional analog filters need trimming after the chips are
back from foundry. In our design, the discrete-time filter has a
characteristic, which depends on the ratio value, and the ratio can
be precisely controlled in modern CMOS process! Further, the D.T.
filter is under digital control, so it has no static power consumption!
Besides, in the viewpoint of process, the MOS device and capacitor
will become smaller as the process immigrates. The D.T. filter,
which utilizes the switches and capacitor array, will also be smaller
in area, following process immigration! Just like digital circuits! We

can predict that the cost will be decreased!

Results

We use 0.18-um 1P6M CMOS process to design and implement
a fully-integrated receiver, which contains switchable LNA and
image-reject mixer at RF, a frequency synthesizer, and bandwidth-
programmable DT. filter. Especially in DT. filter, (1) we can filter out
4.092-MHz and 10.23-MHz signals by digital control; (2) excellent
process tolerance keeps the difference between simulation and
implementation small; (3) with less analog components, our design
can follow the process immigration, so the cost will be decreased;

(4) due to digital control, no static power consumption!
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