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Abstract

For reliability and safety concern, system-level electrostatic discharge (ESD)
protection to electronic devices is absolutely necessary. The electronic devices must
have the ESD protection design nearby the 1/O interfaces to against IEC61000-4-2
contact (or air) discharge stress. Moreover, direct pin injection of ESD stress at 1/0
ports had been used to emulate the cable discharged event (CDE) for the interface
integrated circuits (ICs). Due to the difference of capacitor and resistor in the
equivalent circuit, the maximum current of system-level ESD in IEC-61000-4-2 is 5
times higher than that of human-body-model (HBM) at the same zapping voltage. The
basic specification of IEC-61000-4-2 is + 8 kV, where the maximum current is around
20 times higher than that of the basic 2 kV HBM specification. In general, on-chip
ESD protection design to sustain HBM stress is necessary for the integrated circuit.
For the IEC6100-4-2 system-level ESD protection, on-chip ESD protection devices or

additional off-chip transient voltage suppressor (TVS) devices are the necessary for



the sufficient protection capability.

The system-level ESD protection by on-chip TVS device embedded in the
functional IC has benefits for the system designers. They do not have to take care of
the TVS device specification and the PCB layout for ESD protection, which can save
developing time and valuable for portable devices with small PCB size. In Chapter 2,
a novel on-chip TVS integrated with the silicon-based transceiver IC has been
proposed and verified in a 0.8-um Bipolar CMOS DMOS (BCD) process for IEC
61000-4-2 system-level ESD protection. The structure of on-chip TVS is a high
voltage dual silicon-controlled-rectifier (DSCR) with high holding voltage (Vy) and
holding current (I). The RS232 transceiver IC with-proposed on-chip TVS has been
evaluated to pass the IEC61000-4-2 contact £12 kV stress without any hardware
damages and latch-up issue. Moreover, the proposed RS232 transceiver IC has been
verified to well protect the system over the IEC 61000-4-2 contact +20 kV stress
(class B) in the notebook applications.

The TVS device is much difficult to be embedded with on-chip design in an
advanced CMOS or silicon-on-insulator (SOI) process due to the poor ESD
robustness per unit silicon area in these processes. The silicon area is unreasonable by
cost consideration for the embedded on-chip TVS to bypass IEC61000-4-2 ESD stress.
In Chapter 3, a co-packaged methodology using TVS chips and a controller area
network (CAN) bus transceiver to ensure IEC 61000-4-2 system-level ESD protection
has been proposed. The design methodology is verified in a high-voltage SOI process
for CAN transceiver chip and an 0.8-um bipolar process for TVS chips. The design
target of parasitic inductance by bonding wires is calculated to meet the clamping
voltage requirement. The CAN bus transceiver IC with TVS chips co-packaged has

been evaluated to pass the IEC61000-4-2 contact £15 kV stress without any hardware



damages and latch-up issues.

To future avoid the degradation of ESD protection capability of the TVS chip by
parasitic inductances from bonding wires, a design scheme to integrate TVS devices
and functional 1Cs in three-dimension integrated circuit (3D IC) package is proposed
in Chapter 4. The proposed co-packaged design in 3D IC can use different process to
fabricate the functional chip and the TVS chip for reducing the fabrication cost.
Moreover, the on-chip ESD protection design on functional chip also can be removed
since the TVS chip also provide the on-chip HBM and machine-model (MM) ESD
protection capability in the 3D 1C package.

With the continuous miniaturization of CMOS. transistors, ESD protection has
become a tough challenge of-integrated circuits with the era of advanced nano-scale
CMOS technology. A reduction-of ESD target levels was proposed for today’s on-chip
ESD protection design in industry. During the automatic final test for the IC products,
the lower on-chip ESD robustness will cause damage of electronic. components if the
static control technology is not improved. In Chapter 5, the novel test process and
devices to eliminate ESD stress during automatic final test of IC products are
proposed. The present test method and devices can remove the electrostatic charges
causing damage to the tested IC without modifying the tester.

Chapter 6 concludes the main results of this thesis, and suggests several future
works in this research field. In this thesis, several novel designs have been verified for
system-level ESD protection. These designs also have been published in international

journal papers and applied for patents.
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