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1. Title of Talk:
ESD Protection: System-Level ESD Test vs. Chip-Level ESD Test

Speaker: Prof. Ming-Dou Ker (fi]BHiE), IEEE FELLOW
(2) Distinguished Professor (£fHE21%),
Institute of Electronics, National Chiao-Tung University (32#8 A£2), Hsinchu, Taiwan.

(2) Chair Professor and Vice President (i152EIf5 &),
Dept. of Electronic Engineering, I-Shou University (557 AX£2), Kaohsiung, Taiwan.
e-mail: mdker@ieee.org

2. Abstract:

The reliability of IC products has become one of major competitive issues in IC industry.
Especially, the electrostatic discharge (ESD) events frequently cause the damage and/or
malfunction in the microelectronics products. When the CMOS technology developed into
nano-scale era, the gate-oxide thickness of MOSFET is only 10~15A for operating with
sub-1V power supply. Such thinner gate oxide is very easily ruptured by electrostatic
discharge (ESD) events, which frequently happen in our environments with the voltage level
of hundreds or even thousands volts. How to design the on-chip ESD protection circuits to
effectively protect the integrated circuits realized by the nano-scale CMOS devices with thin
gate oxide is a quite difficult challenge to IC industry.

To verify the ESD robustness of IC products in chip level, there are already some industry
ESD standards developed, such as Human Body Model (HBM), Machine Model (MM), and
Charged Device Model (CDM). Typically, the ESD robustness for commercial IC products has
been requested to sustain the ESD levels of £2kV in the HBM ESD test, £200V in the MM
ESD test, and +1kV in the CDM ESD test. Besides, when the ICs are inserted into a
microelectronic products (such as cellular phone or a notebook), the microelectronic products
are verified by the system-level ESD test with the IEC 61000-4-2 standard. In system-level
ESD test, the microelectronic products are zapped by the ESD gun with ESD voltage of up to
8kV in the contact-discharge mode and 15kV in the air-discharge mode (for the specification
of level 4). As comparing to these two main ESD tests (chip-level ESD test vs. system-level
ESD test), the testing conditions and testing standards are totally different. But, the customers
are often unclear to understand the big difference between these two ESD testing conditions.
Therefore, the IC design houses were gotten the request to provide the system-level ESD
specification in the chip-level ESD protection design. Recently, some ESD equipment
providers even co-worked together to come out one new standard, Human Metal Model
(HMM), in which the ESD gun of IEC 61000-4-2 standard is used to zap the metal trace on the
PCB module that directly connected to the pins of ICs.

1



In summary, there are totally five ESD testing standards publicly announced in the IC
industry, but the testing conditions and the ESD energy / specifications are quite different
among them. In this talk, a whole view to well understand these five ESD tests is clearly
presented. The useful solutions to overcome the different ESD test standards in the chip level,
the board level, and the system level are suggested. Moreover, some ESD questions
collected in advance from AE and customers will be answered.

3. Biography of Speaker:
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in 1993.

He was ever worked as the Department Manager with the VLSI Design
Division, Computer and Communication Research Laboratories,
Industrial Technology Research Institute (ITRI), Hsinchu, Taiwan. Since
2004, he has been a Full Professor with the Nanoelectronics and
Gigascale Systems Laboratory, Department of Electronics Engineering
and Institute of Electronics, National Chiao-Tung University, Hsinchu,
Taiwan. From 2008, he was rotated to be Chair Professor (G&REZ1%)
and Vice President (if72EI#Z £) of I-Shou University, Kaohsiung, Taiwan. Now, he has been the
Distinguished Professor (%ff£#(#%) in the Department of Electronics Engineering, National
Chiao-Tung University. He also serves as the Executive Director (#{7+) of National Science
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technical field of reliability and quality design for microelectronic circuits and systems, he has
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