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Student: Zi-Hong Jiang  Advisor: Dr. Ming-Dou Ker
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Abstract

Latch-up issues have been an inherent concern with bulk CMOS ICs due to the parasitic
silicon-controlled rectifier (SCR) structure, and the latch-up state can result in unrecovered chip
failure. As the development of the manufacturing process size continues to shrink, and more
complicated circuitry implementations, such as mixed-signal, multiple power supplies, Radio
frequency (RF), system on a chip (SoC), and so on, the environment in which CMOS devices
are located will more easily suffer from a high level of noise from both the interior and exterior
of ICs. What's more, in some harsh environments, such as industrial applications or automotive
applications, the latch-up specification is required to be a higher target. Latch-up is indeed one
of the primary concerns regarding the reliability of CMOS IC products. To promote IC products,
IC manufacturers may have even stricter specifications than the JEDEC standard for CMOS IC
latch-up immunity levels. Hence, cost-efficient solutions are required by the IC industry to
further enhance latch-up immunity.

In Chapter 2, the electrical stimulation circuits for implanted neuro-modulation
applications were designed to operate with both positive and negative voltage sources. To allow
circuit operation with a negative voltage source, a deep n-well (DNW) layer has been
introduced to the CMOS process to isolate the negative-voltage devices from the p-type

substrate. For latch-up prevention and/or noise reduction, the guard ring of grounded P+
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diffusion is commonly drawn around the whole DNW layer in chip layout. A parasitic latch-up
path from the grounded p+ guard ring (p+ GR) to the N+ diffusion of the stacked-nMOS
(STnMOS) biased at negative voltage source in a DNW may cause a latch-up issue in
stimulation circuits operating with negative voltage sources. The holding voltage (Vh) of such
a parasitic latch-up path is proportional to the spacing between the p+ GR and the N+ diffusion
of STnMOS, as well as to the series resistance that connects the isolation ring of DNW to
ground. Furthermore, the magnitude of Vh is decreased when the operating temperature is
increased.

In Chapter 3, as the high-voltage (HV) and low-voltage (LV) circuits are integrated
together in a common silicon substrate, the parasitic latch-up path between neighboring HV and
LV circuits with limited spacing in layout would be triggered into latch-up state to cause
unrecoverable failure in the chip. The isolation ring of HV n-well (HVNW) / N-buried layer
(NBL) with Schottky-embedded junction to overcome the lateral HV-to-LV latch-up path was
proposed and verified in a 0.18um HV bipolar-CMOS-DMOS (BCD) technology. From the
experiment results of the proposed Schottky-embedded isolation ring, the holding voltage (Vh)
in the lateral HV-to-LV parasitic latch-up path can be increased to be greater than the voltage
difference between the different power supplies of the neighboring HV and LV circuits.
Furthermore, the layout spacing between the neighboring HV and LV circuits can be
significantly reduced to save chip area. The proposed Schottky-embedded isolation ring is a
cost-effective solution to provide good latch-up immunity among the HV-to-LV circuit blocks
with a short layout distance.

In Chapter 4, the devices located at the I/O pads must be surrounded by guard rings, as
specified by the design rules of the foundry, to overcome the latch-up issues at the pads. When
the trigger current was injected to the I/O pad, several portions of the trigger current would
escape from the guard rings into the common substrate, and then flow toward the internal core

circuit to induce latch-up failure inside the chip. In a 0.18-um 1.8/3.3-V CMOS technology, a
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novel design of an auto-detector circuit to stop latch-up occurrence for latch-up prevention was
proposed and successfully verified. By adding a hole/electron detector between 1/O pads and
internal circuits, the latch-up trigger current injected toward the internal circuits can be detected.
When an abnormal current is injected from the I/O pads to the internal circuits, this event can
be detected by the proposed auto-detector circuit. The output of the auto-detector circuit is used
to shut down the voltage regulator which supplies the power to the internal circuits. Thus, the
latch-up current in the internal circuits can be fully stopped to avoid the burned-out failure.
When the latch-up trigger current disappears, the voltage regulator will return back to its normal
function to supply the power for internal circuits. With this proposed method of circuit design,
the whole-chip latch-up prevention can be fully achieved. Moreover, the distance from I/O cells
to the internal circuits can be further reduced to save the silicon area.

Chapter 5 summarizes the main results of this dissertation. Future work and the expansion
of the proposed designs have also been discussed in this section.

Additionally, the relevant papers have been published or submitted to a number of

international publications.
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