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Abstract
Conventional wireline connectors are unreliable and failure-prone components of systems, as

they have metal contacts that are susceptible to contamination, fatigue, and wear. In addition, if
they are applied to the multi-drop bus configuration, the data rate is limited due to severe signal
reflections generated at each connector. Non-contact interface can solve above problems. Since
it has no exposed metal contacts, it provides immunity to mechanical damages caused by
vibration/friction and isolation from water/chemicals while reducing fabrication costs.
Transmission line coupler (TLC) is impedance matched and terminated wide-bandwidth coupler
enabling signal branching without signal reflections. Previously, design techniques of TLCs for
point-to-point applications were discussed. However, coupler design techniques for multi-drop
bus applications and area reduction techniques for mobile terminals have not been discussed.
Also, techniques to improve electromagnetic compatibility of the non-contact interface are
required for mobile and automotive applications where strong noise immunity and less noise
radiations are required. This dissertation focuses on to improve connection reliability of systems
by using TLC-based non-contact interface. For that purpose, following three techniques are
developed: 1) coupler design techniques for multi-drop busses, 2) coupler size reduction
techniques, and 3) communication system and circuit techniques to reduce noise radiation and
improve noise immunity.

In Chapter 1, issues of conventional mechanical connectors and advantages of non-contact
communication using transmission line couplers are discussed.

In Chapter 2, analysis and design techniques of basic TLC are presented.

In Chapter 3, a non-contact multi-drop bus system using TLC is proposed. By using TLC at
each signal branching point, signal reflections are suppressed so the data rate is improved by a
factor of 2.5. Coupler and transceiver design techniques for multi-drop busses are discussed.

In Chapter 4, area-efficient coupler design techniques are described. Two links can be
established in one coupler by using the directional coupling, thus the area efficiency is
improved by a factor of 2. Two-fold transmission line coupler is also prosed. By using both
forward and backward couplings, the coupling gain is improved by 9 dB. Since the number of
electrodes is reduced by half, the overall coupler size is reduced to less than 1/8.

In Chapter 5, communication system and circuit techniques to reduce noise radiation and to
improve noise immunity are presented. For the automotive application, N-x Manchester
signaling is proposed. Evaluations confirmed that specifications concerning noise immunity and
noise radiation are satisfied. The bi-phase pulse transceiver which employs edge counting clock
recovery and synchronous receiving is proposed for the mobile applications. The evaluation
confirmed that the communication is established without bit error rate degradation under 30
dBm Wi-Fi signals at a separation of 2 mm away from TLC, and there is no affection to the
global positioning system receiver at a separation of 10 mm away from TLC.

In Chapter 6, the summary of this dissertation is described.




