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Abstract

Motivation

Low power applications are more and more popular in recent
years, such as sensor networks, biomedical devices, aerospace
technology and portable electronic products. Ultra-low-
voltage operation is one of the effective ways to extend the
lifetime of batteries. Many embedded systems need large-
capacity read only memories (ROM) for storing fixed programs
and data with complex algorithms. ROM has the advantages
of small size, high reliability, low cost and low power
consumption. Read only memory is a critical functional block
in common system chips. NOR-ROMs provide low VDD and
high speed for small-capacity applications with a short bit-
line (BL); a NAND-ROM is superior for standby-dominate low-
voltage applications because of lower standby current. NAND-
ROM is a better choice for large-capacity and low-power

applications.

Introduction

As CMOS process scaling down, the space between metal
lines are compressed and induce critical coupling effect.
In conventional NAND-ROM, the coupling noise, charge
sharing effect and bit-line leakage current will lead to read-
1 failure. A common approach to prevent this failure is to
reduce the reference voltage (Vig), however, due to wide cell
current distribution caused by process variation, a larger read-

0 margin is required. Thus, read-0 failure gets more serious.
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The proposed Dynamic Split Source-Lines (DSSL) scheme
is implemented to split the even source-lines and the odd
source-lines. While reading, the unselected source-lines are
held at VDD for forming the barrier of neighboring bit-lines,
which prevent the selected bit-lines from coupling noise
interference and eliminate the leakage current of the other
unselected bit-lines in the meantime, such that read-1 failure
can be canceled. Moreover, the proposed Data-Aware Sensing
Reference (DASR) scheme provides feedback to Vg to enlarge
read-0 margin. As data-0 is detected, Ve Will be raised through
the feedback path and enlarge read-0 margin. To further
achieve lower VDDmin, we propose a Code-Processing (CP)
scheme, The CP scheme reverses the worse-case code-pattern
to reduce the body effect and improve the read current. By
combining the three schemes, the elimination of read-1 noise
and the enlargement of read-0 margin and read current can
be done, so as to reduce YDDmin and accelerate operation

speed.

Expected Results

We develop two 256Kb NAND-type ROM macros, “DSSL+DASR”
and “"DSSL+DASR+CP’, to achieve low-VDD, low-power, high-
speed and 100% code-pattern coverage. The minimum VDD
of these two macros is lower than 0.3V and the operating

frequency is higher than 50MHz at 0.5V.



