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Abstract

USB Type-C has drawn much attention due to the advantages of high power
delivery, fast charging, and high-speed data transmission. Therefore, it will most
probably become the unified input/output interface of electronic devices in the future.
The CC (configuration channel) pin in USB Type-C plays an important role to achieve
those functions mentioned above by system protocol. In order to achieve fast charging,
the Vgus pin is needed to be raised up to a maximum level of 20 V. However, owing
to the shrinking space between the pins of the connector, the CC pin next to the Vus
pin takes higher risks of EOS events when shorting to Vgus pin during plugging or



unplugging operations. Besides, high power delivery makes the USB Type-C interface
system be in the risk of surge damage, especially for the power management
integrated circuit (PMIC) which contains Vpus pins and CC pins. Hence, a new
proposed over-voltage protection (OVP) circuit is used to detect the voltage of the CC
pin. When the voltage onto the CC pin is raised to a specific value, the OVP circuit is
triggered to turn OFF the HVNMOS pass transistor. Thus, the internal circuit of the CC
pin can be prevented from being damaged by EOS or surge events, and the robustness
against hot carrier degradation can be improved significantly.

This thesis can be divided into four parts, the first part is the introduction of the
USB Type-C interface and the CC pin. The EOS and surge events in the USB Type-C
interface being focused in this thesis are pointed out as well. The second part
introduces some prior arts of over-voltage protection circuits in the USB Type-C
interface.

The third part is to investigate the hot carrier degradation (HCD) on the
HVNMOS with both events respectively. The measurement results confirm that the
EOS and surge events do cause HCD after many times zapping on the drain side when
the HVNMOS is in ON-state. Therefore, the HVNMOS used as a pass transistor at the
CC pin is requested to keep in OFF-state during EOS and surge events.

The fourth part is the verification of the new proposed OVP circuits with two
types. The main function of the proposed OVP circuits is to turn OFF the gate when
EOS or surge events happening on the CC pin and limit the unexpected high voltage
entering into the internal circuit of the CC pin. The proposed OVP circuits are
successfully verified in a 0.15-pum BCD technology. As a result, the OVP circuit can
be fully on-chip integrated into the USB Type-C IC products to enhance the reliability

against EOS and surge events.



