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Study on Image Rejection of GNSS CMOS Receiver for Triple-band Signal
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RF front—end architecture has been studied for global positioning system (GPS). GPS has been used most widely
among various global navigation satellite system (GNSS) application systems. The receiver studied in this
work can receive simultaneously the multi-band signals for the positioning information with high—accuracy
like ocean—remote-sensing. Through proposed method, real time kinematic different global positioning system
(RTK DGPS) can be realized with high-positioning—accuracy. In this study, RF front—end architecture which
can receive triple-band GPS signal (L1, L2, and L5) was designed and evaluated.

Chapter 1 introduced the study. It mentioned the basic concept of GNSS, and explained the motivation and
main goal of the study, and described the organization of the thesis.

In chapter 2, equivalent circuit with high—accuracy was described. Especially, the gate-electrode resistance
including vertical current paths is focused, which is important to achieve input impedance matching condition
in design of a low—noise—amplifier (LNA) covering the wide frequency range including triple-band signals.
Multi-fingers effects at gate were mentioned. In addition, extracted non—quasi—static gate resistance was
also discussed. Through those progresses, the effect of the gate resistance to input condition of LNA can
be estimated accurately.

In chapter 3, a RF front—end architecture for triple—band GPS signal was proposed. The architecture has only
single RF path and uses image rejection technique based on Weaver architecture. Independent signal separation
was realized as inserting second—-stage poly—-phase filter (PPF) into conventional Weaver structure. The
behavior—level simulation results verified the feasibility of the proposed architecture. Digital compensation
technique and its theoretical explanation were also studied to improve the degraded image rejection ratio
(IMRR) of L2 and L5 band signal.

In chapter 4, the circuit blocks composing proposed RF front-end were described. A LNA, active— and
passive—mixers, PPF, and balun were used for these circuit blocks. The LNA has the frequency characteristic
which can receive triple—band signal. Proper noise figure is required, which limits receiving sensitivity
as well. Input device characteristics determining frequency features, as mentioned in chapter 2, was used
in design. All blocks were designed with balanced structure. Especially, the amplitude and phase balance of
output signals were mainly considered during designing. The receiving capability of whole blocks was verified
through IMRR which is calculated from imbalance ratios of output signals. Through circuit simulations, it
is demonstrated that the RF front—end can receive triple—-band GPS signal concurrently

Chapter 5 described experimental results of RF front—end integrated circuit fabricated with a 130—nm CMOS
process and a 1.2-V supply voltage. The measurements were carried out with 3 steps. RF features of bare chip
were measured firstly with probe station and manual tuner. From those results, the promised value of external
inductor for input stage was calculated. As the second step, bare chip were packaged and module board were
fabricated with the promised external inductor, analog—digital converter (ADC) and low-pass filter.
Experimental results revealed that the fabricated RF front—-end integrated circuit can receive simultaneously
the triple—band GPS signal through a single path. The received signals were separated individually at each
band port as well. As final step, the improved IMRR of output signal was observed through digital compensation
method from ADC’ s output signals. It is demonstrated that degraded IMRR was improved over 10 dB.

Finally, Chapter 6 describes the conclusion of this study.
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