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About the Industry Council on ESD Target Levels
The Council was initiated in 2006 after several major U.S., European, and Asian

semiconductor companies joined to determine and recommend ESD target levels. The goal

was to set ESD requirements on IC products for safe handling and mounting in ESD
protected areas while addressing the constraints from silicon technology scaling and I1C
design. The Council now consists of representatives from active full member companies
and numerous associate members from various support companies. The total membership
represents 1C suppliers, contract manufacturers (CMs), ESD tester manufacturers, ESD
consultants and ESD IP companies. In terms of product shipped, the member IC
manufacturing companies represent 8 of the top 10 companies, and 12 of the top 20

companies, and over 70% of the total volume of product shipped by the top 20 companies,

as reported in the EE Times issue of August 6, 2007. Membership on the Industry Council
is continuously growing and interested parties should contact the Chairmen.
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Mission Statement

The mission of the Industry Council on ESD Target Levels is to review the ESD
robustness requirements of modern IC products to allow safe handling and mounting in an
ESD protected area. While accommodating both the capability of the manufacturing sites
and the constraints posed by the downscaled process technologies on practical protection
designs, the Council will provide a consolidated recommendation for the future ESD target
levels. The Council Members and Associates will promote these recommended targets for
adoption as company goals. Being an independent institution, the Council will present the
results and supportive data to all interested standardization bodies.

Disclaimers

The Industry Council on ESD Target Levels is not affiliated with any standardization body
and is not a working group sponsored by JEDEC, ESDA, JEITA, IEC, or AEC.

This document was compiled by recognized ESD experts from numerous semiconductor
supplier companies and contract manufacturers. The data represents CDM and field failure
information collected from a large variety and volume of IC products; no specific
components are identified. The readers should not construe this information as evidence
for unrelated field failures resulting from electrical overstress events or system level ESD
incidents. The document only refers to component level ESD recommendations which
should have no impact on system level ESD requirements.

The Industry Council, while providing these recommendations, does not assume any
liability or obligations for parties who do not follow proper ESD control measures.
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Executive Summary

It is now well understood in the IC industry that the Charged Device Model (CDM) ESD
is the ESD model which best describes real world component level ESD events during IC
manufacturing and handling. See Chapter 1 for details. In contrast to HBM, where basic
ESD control measures at the factory level ensure a single safe and realistic specification
level (i.e. 1000V HBM as reported in White Paper | [1]), CDM protection requires
additional degrees of ESD control such as managing against the charging of insulators, at
specific process steps, to ensure safe and realistic levels for all product designs.

Some important aspects of the CDM challenge must be understood:

1. IC Design / Development Constraints which result from: silicon technology scaling,
IC high speed circuit design requirements, and larger IC package size trends. See
Chapter 2 for details. These constraints are inhibiting the ESD design methodology
required to meet the commonly customer specified 500V CDM level. This is especially
true for very high speed high performance pin design types, which have limitations in CDM
discharge peak current. As a result, practical designs are restricted to 2-6 Amps of peak
CDM current, which translates to a 200-400V CDM voltage level for many advanced
technology products (depending on pin-count). Table | below contains representative cases
that illustrate the peak current limitation for CDM protection based on high-speed pin
design constraints, including the corresponding CDM voltage levels.

Table I: Advanced Circuit Design Impact on Achievable CDM Levels

Technology Design Type CDM Peak | Package Size | CDM Level
Current

65nm High Speed Serial Link |[5-6 Amps >300 Pins 300-400V

45nm High Speed Serial Link [4-5 Amps >300 Pins 250-300V

45nm Radio Frequency (RF) [2-3 Amps >200 Pins 200-250V

2. Perceived CDM regquirements of 500V or greater. These no longer can be routinely
met for the reasons discussed above, often leading to delays in qualification and time-to-
market. The more important focus should be that the designs can no longer support these
previous levels and that with the available CDM control methods there is no need for higher
CDM levels that make the designs impossible for circuit performance.

3. Improved state-of-the-art CDM _ESD control methods that are in practice in the
industry today. These controls allow safe handling for devices with CDM pass voltage
levels as low as 100V. This work has revealed several important findings that need to be
considered before recommending a safe and practical CDM level
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. Field returns data from 11 billion IC devices show that customer returns can occur
for products with CDM pass levels from 200V to 2000V, meaning control of CDM
at production sites is more important than a specific performance target level. See
Chapter 5.

. Field failures also can occur when proper CDM control is not established during a
product ramp-up (pre-qualification), meaning that production failures must be
addressed by correcting the CDM control methods at critical process steps rather
than requiring the designs to pass at higher voltages than are achievable by design.
See Chapter 3.

. CDM control measures are available throughout the industry to meet safe
manufacturing and handling of products at 100V or above, meaning that products
designed for CDM levels at 250V or 500V are equally safe and reliable with good
margin. See Chapter 3.

. Thus, any product with a CDM passing level of 250V or higher can be handled
safely and reliably in a facility with basic CDM control measures. This level of
protection should result in minimal impact on design and IC circuit performance
requirements, and make them compatible with current technology trends. See
Chapter 6.

. As future IC technologies are enabled, there should be a continuous improvement
of CDM control with even more advanced methods coming into practice.

4. Recommended CDM Levels: Based on this extensive study, a safe and practical CDM

passing level of 250V is recommended at this time as outlined in Table 1l below. Products
with a CDM level lower than 250V should implement additional process-specific measures
for CDM control, especially during product ramp-up.

Table 1I: New Recommended CDM Classification Based on Factory CDM Control

CDM classification level ESD control requirements
(tested acc. to JEDEC)

Vcbowm = 250V « Basic ESD control methods with grounding of metallic

machine parts and control of insulators

125V < Vcpwm < 250V  Basic ESD control methods with grounding of metallic

machine parts and control of insulators +
* Process specific measures to reduce the charging of the
device OR to avoid a hard discharge (high resistive

material in contact with the device leads).
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5. Future Roadmap for continued silicon technology scaling. As technology further
scales towards the 22nm range and beyond, even this recommended 250V safe level will not
be achievable by design due to impending further scaling effects and the drive towards
higher circuit speed performance at data rates reaching 40 Gb/sec or more. We therefore
envision that within the next five years, CDM levels into the 125V range would become the
new practical targets as indicated in the roadmap of Figure 1. As a consequence,
continuously improved CDM control and monitoring at the production areas must become
a routine practice. Judging from the factory control methods and the expertise that are
available today, this would not be and should not be an issue. As an important note, CDM
control to 50V has already been successfully achieved in certain production areas. A
continuous improvement in CDM control methods aimed at the 50V level as indicated below
in Figure 1 is not only expected but is also imperative for future IC technologies.

CDM Target CDM Roadmap
Level

CDM Control Methods

500nm 250nm 180nm 130nm 90nm  65nm 45nm 28nm 22nm 16nnT=—>

Figure 1: Technology scaling effects on practical CDM levels and the associated CDM control
requirements

[1] White Paper 1: “A Case for Lowering Component Level HBM/MM ESD Specifications and
Requirements,” August 2007, www.esdtargets.blogspot.com.
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[1] White Paper 1: “A Case for Lowering Component Level HBM/MM ESD Specifications and
Requirements,” August 2007, www.esdtargets.blogspot.com.
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