A Study on the Development of RF Transceiver
Using PLL
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Abstract

The wireless local oop system developed from the mobile communication technology as
core equipment of the future radio communication technology can provide high speed data
transmission services and it is expected to put into commercial services using W-CDMA in
domestic region in 1999, The subscribers and base stations at a commercial scale level are being
designed and manufactured on the basis of TTA recommendation (W-CDMA common air
interface for WLL systems using the frequency range of 23GHz and it is also planned to
develop the common air interface for WLL compatable with the domestic radio environment

through  continuous tests between test-bed base stations and subscribers.

The dissertation deals with the research work involved in the development of an RF
transceiver which was designed and realized. The common air interface and the design
spectfications as follows. First. modulation. demodulation and frequency synthesiser on the
wide bandwidth could be achieved. Second. considering complicated radio environment,
spurious characteristics which can transceive radio waves within the allocated bandwidth is

emphasized. Third. considering fading from the radio environment, automatic gain control
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characteristics could be realized. And refering to the system requirements of DACOM and the

data from the existing subscribers, transceiver specifications ware established.

After designing the framework, the intermediate frequencies and the frequency of local
oscillator have been decided at the design stage of the receiver. After designing each block and
allocating the gain and the loss corresponded to the receiver sensitivity and the intercept point at
each block, the power burget has been audited, suitable devices selected and then the circuits
designed. Especially I selected the size of the devices and the devices, themselves, after

consideration of the subscribers characteristcs and the operating voltage.

The intermediate frequency of the transmitter has been established according to the
frequency arrangement decided at the receiver and then each block has been designed. After
then we allocated the gain and the loss to each block and selected suitable devices of the
transmitter. Especially the output power, the transform efficiency, and the linearity were taken

into account during the design of the power amplifier.

A computer simulation has been carried out to verify the conformance of the transceiver
design. The software, HP EEsof is used, VSWR and gain have been performed for the receiver
index, noise and gain and power for the transmitter. The Library of devices which is not
provided by the program packages is designed by carrying out block tuning. The results of the
computer simulation accomplished by the insertion of s-parameter have exhibited an excellent

agreement with the design value.

The programmable counter and the loop filter are designed by using the PLL chip with the
dual modulus prescale and charge pomp in the course of designing the frequency synthesizer. A
third order passive filter attached with a reference suppression filter is used for the design of the
loop filter and the value of the loop filter is selected via the decision of the open loop bandwidth

and the phase margin for the benefit of superior noise characteristics.
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The transceiver was made on a 4 layer FR4 PCB with reference to the application circuit
provided by the device manufacturer. The matching circuit has been designed by tuning when

designing the power amplifier of transmitter and the low noise amplifier of receiver.

From the test result, it was known that the transceiver exhibited superior performance
¢nough to handle the received signal level variation caused by fading. It also exhibited superior
characteristics over the spurious radiation in the range of the inband and outband because the
range of automatic gain control for receiving has a gain of 60dB for transceiving. The maximum
transmitting power was 15.6dBm and spurious rariation was -17dBc at the point separated
SMHz from the transmission band and -26dBc at the point at the point separated 10MHz from
the transmission band. Power control of the closed loop and the frequency precision
demonstrated stable characteristics.

The W-CDMA RF transceiver using frequency svathesis which is developed in this
dissertation will be used for the common air interface test among the base station and
subscribers of the WLL system and it is expected to contribute to the development of the
domestic standards for business services using W-CDMA for the first time in the world. [f
devices operated on wide band will be developed consistantly in the future, it is expected that
many more superior transceivers can be developed once. The minimal performance
specifications of the subscribers based on the final common air interface are established
optimized values of RF parameters based on these specifications will be determined and from
that it is expected that the development of commercial level transceivers will be in the near

future.
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