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Abstract

With the development of the semiconductor industry, the manufacturing process is
shrinking at an astonishing speed. Due to the gate-oxide of the transistor becoming thinner, the
electrostatic discharge (ESD) protection has been known as one of the important issues in the
various reliability specifications. However, in the implanted biomedical devices, any erroneous
operation caused by the damaged of internal circuit is possible to endanger the life of patient.
Considering the requirement of high reliability for the implanted biomedical devices, the ESD
protection circuits should be installed between any power pin to avoid the damage caused by
ESD stresses.

In the implanted biomedical devices, the voltage bias is usually higher than that of the
normal operation. Furthermore, the negative voltage has also been widely applied in the circuit
of implanted biomedical devices. In order to protect the negative-voltage pins of the implanted
silicon chip from the ESD damage, the ESD protection circuit should be carefully designed to
avoid any wrong current path under normal circuit operation with the negative voltage. In

Chapter 2, a new power-rail ESD clamp circuit for the application with an operating voltage of



-6 V has been proposed. With the proposed ESD detection circuit, the turn-on speed of the main
ESD clamp device can be greatly enhanced. In addition, a bi-directional device has also been
proposed in this chapter, which can be installed between the I/O port and GND of +3 V
application to protect the internal circuit from the ESD stresses. Thus, after combining the
power-rail ESD clamp circuits and the bi-directional devices, the whole chip ESD protection
design for implanted biomedical devices can be realized.

In Chapter 3, a test structure has been fabricated to investigate the latch-up issue in the
negative voltage application. In order to supply the negative voltage source for circuit
operations in the silicon chip with the grounded common p-type substrate, the isolation rings
configured with n-well (NW) and deep n-well (DNW) layers must be used to isolate the circuits
of nMOS devices operating with negative voltage from the common P-substrate. Such
NW/DNW isolation rings in the circuit layouts are often connected to GND (0V) for the circuit
operations with a negative voltage source. However, a parasitic p-n-p-n path from I/O pMOS
to this grounded NW/DNW isolation ring may be formed, which may put the circuits at high
risk of the latch-up issue. In this chapter, a novel method to improve latch-up immunity against
such parasitic p-n-p-n path in the circuits with grounded NW/DNW isolation ring is proposed.
By using the Schottky junction, the holding voltage (V1) of the parasitic p-n-p-n path can be
significantly increased, and the latch-up immunity can be effectively improved.

The silicon-controlled rectifier (SCR) has been reported to protect CMOS integrated
circuits (IC’s), due to the high ESD robustness within a small silicon area. However, the holding
voltage (Vn) of the SCR device was too low to endure the latch-up issue. Thus, the Vi value of
the SCR device must be improved to become greater than the circuit operating voltage for safe
applications. In Chapter 4, the Schottky-embedded modified lateral silicon-controlled rectifier
(SMLSCR) with high holding voltage for ESD protection was proposed. By using the Schottky
barrier junction, the Vi, value of the SCR device can be improved by the reverse-bias Schottky

barrier diode (SBD) that is embedded into the SCR device structure. Among those experimental



results, the SMLSCR device can demonstrates a good ESD protection capability.

The FinFET architecture has been widely used in the digital circuit application, due to the
good short channel effect control and driving current boost. However, the low-level thermal
dispassion and smaller effective silicon volume would cause significant impact during the
circuits under ESD event. Thus, the ESD protection device should be installed into the high-
speed digital circuit to enhance the ESD robustness. To avoid affecting the circuit performance,
the parasitic capacitance of the ESD device must be as low as possible. In Chapter 5, a Fin-
diode-triggered rotated SCR with a dual ESD current path has been proposed. The proposed
devices have better current-handling capability, sufficiently low parasitic, compact layout area,
and low leakage current.

In summary, the proposed power-rail ESD clamp circuit and the bi-directional device can
be applied to the implantable biomedical circuits, where can operate under negative voltage
applications. Simultaneously, the latch-up issue that may be encountered under negative voltage
applications can also be solved by the Schottky junction. The Schottky-embedded SCR
architecture also has a sufficiently high holding voltage and is suitable for the implantable
biomedical circuit ESD protection device under high voltage application. Therefore, after
equipped the proposed ESD protection devices at GND-to-VSSH and I/O-to-GND of implanted

biomedical circuit, the whole-chip ESD protection design can be truly realized.
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