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2. Abstract: 
To verify the reliability and quality of IC products to ESD robustness for safe 

applications, there are already some industry ESD standards developed, such as Human 

Body Model (HBM) and Charged Device Model (CDM), to verify the ESD robustness of IC 

products. Typically, for safe production of ICs, the ESD robustness for commercial IC 

products has been requested to sustain the ESD levels of ±2kV in the HBM ESD test and 

±1kV in the CDM ESD test. Besides, in the IEC 6100-4-2 standard, the electronic products 

are zapped by the ESD gun with ESD voltage of up to 15kV in the air-discharge mode. 

How to design the on-chip ESD protection circuits to effectively protect the integrated 

circuits realized by the nanoscale CMOS devices is a quite difficult challenge in IC industry. 

The on-chip ESD protection circuit must be included in the beginning phase of chip design. 

On-chip ESD protection design is not only the process issue but also highly dependent to 

the circuit design issue.   

In this talk, we focus on the design methods to reduce the leakage current in the 

active power-rail ESD clamp circuit. The gate tunneling effect impacts drastically in the 

leakage current of the traditional power-rail ESD clamp circuit realized with the RC-based 

ESD detection circuit in the nanoscale CMOS technology. The leakage current of the 

traditional power-rail ESD clamp circuit could be scaled up to several hundred 

microamperes, as reported in some articles that were verified in 65-nm CMOS technology. 

Circuit design techniques can successfully reduce the leakage current of the power-rail 

ESD clamp circuit to the nanoamperes (nA) order, without significant area overhead, and 

also without decreasing ESD robustness. The methods to reduce the leakage current 

among the power-rail ESD clamp circuits are reviewed in this talk, which include (1) using 

the thick gate oxide (dual gate-oxide process), (2) using the high-k / metal gate, (3) using 

the parasitic capacitance (between metal layers), (4) reducing the voltage drop across the 

MOS capacitor, (5) reducing the gate area of the MOS capacitor, (6) capacitor-less design, 

(7) using SCR (no gate structure) as main ESD clamp device.  
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