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NOTICE

JEDEC standards and publications contain material that has been prepared, reviewed, and
approved through the JEDEC Board of Directors level and subsequently reviewed and approved
by the JEDEC legal counsel.

JEDEC standards and publications are designed to serve the public interest through eliminating
misunderstandings between manufacturers and purchasers, facilitating interchangeability and
improvement of products, and assisting the purchaser in selecting and obtaining with minimum
delay the proper product for use by those other than JEDEC members, whether the standard isto
be used either domestically or internationally.

JEDEC standards and publications are adopted without regard to whether or not their adoption
may involve patents or articles, materials, or processes. By such action JEDEC does not assume
any liability to any patent owner, nor does it assume any obligation whatever to parties adopting

the JEDEC standards or publications.

The information included in JEDEC standards and publications represents a sound approach to
product specification and application, principally from the solid state device manufacturer
viewpoint. Within the JEDEC organization there are procedures whereby a JEDEC standard or
publication may be further processed and ultimately become an ANSI/EIA standard.

No claimsto be in conformance with this standard may be made unless al requirements stated in
the standard are met.

Inquiries, comments, and suggestions relative to the content of this JEDEC standard or
publication should be addressed to JEDEC at the address below, or call (703) 907-7559 or
www.jedec.org
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JEDEC Standard No. 60A

A PROCEDURE FOR MEASURING P-CHANNEL MOSFET HOT-CARRIER-
INDUCED DEGRADATION UNDER DC STRESS
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Introduction

Hot-carrier-induced change of MOSFET parameters over time is an important reliability concern
in modern microcircuits. High-energy carriers, also called hot carriers, are generated in the
MOSFET by the large channel electric fields near the drain region. These hot carriers transfer
energy to the lattice through phonon emission and break bonds at the Si/SIO interface. The
electric fields accelerate locally the carriers to effective temperatures well above the lattice
temperature. Carriers also areinjected into the SiO2 and can be trapped there. The trapping or
bond breaking creates oxide charge and interface traps that affect the channel carrier mobility and
the effective channel potential.

In this document we will describe a procedure to characterize the hot-carrier-induced degradation
of P-MOSFETSs during channel conduction (i.e., Ves< 0V, Vps< 0V). Inthe case of p-channel
devices, electrons, generated by impact ionization, can be trapped in the gate oxide near the
drain region where the channel electric fields are maximum. These trapped electrons attract
positive charge to the oxide interface and shorten the effective channel length. Depending on the
device sensitivity to short channel effects, the electron-trapping enhances the p-channel

MOSFET drive current, increases the channel mobility and transconductance, and decreases the
absolute magnitude of the threshold voltage with consequent increase in off-state current.

In advanced submicron CM OS technol ogies (gate length < 0.25 um, gate oxide thickness < 20-
30 Angstroms), the p-channel devices' hot-carrier-induced damage has been observed to be
dominated by hot-hole injection . This hot carrier degradation mechanism resultsin interface-
state generation as well as positive fixed charge formation. P-MOSFET devices stressed under
the hot-hole injection exhibit decreased p-channel MOSFET drive current, decreased channel
mobility and transconductance, and increased absol ute magnitude of the threshold voltage.

Both electron and hole injection can be a problem depending on the device operation in the
circuit. The physical damage mechanism depends on the oxide thickness, vertical and channel
electric field as well as the injection conditions.

Oxide (both positive and negative) charge and interface traps affect transistor performancein all
operating regimes. Parameters such as threshold voltage, input and output transconductance, and
drive currents are commonly monitored to identify performance change. The rate of change of
each parameter is determined by the MOSFET design and IC process details. Both p- and n-
channel MOSFETSs are affected by hot carriers. This document addresses only p-channel
MOSFETs that are operating with a conducting channel.
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