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A Low-Power ECC Check Bit Generator
Implementation in DRAMSs

Sang-Uhn Cha’, Yun-Sang Lee™, and Hongil Yoon"

Abstract—A low-power ECC check bit generator is
presented with competent DRAM implementation
with minimal speed loss, area overhead and power
consumption. The ECC used in the proposed scheme

is a variant form of the minimum weight column code.

The spatial and temporal correlations of input data
are analyzed and the input paths of the check bit
generator are ordered for the on-line adaptable
power savings up to 24.4% in the benchmarked cases.
The chip size overhead is estimated to be under 0.3%
for a 80nm 1Gb DRAM implementation.

Index Terms—Error correction code, single error
correction, low power, input ordering, on-line,
memory, DRAM

1. INTRODUCTION

As the market for mobile devices has rapidly grown,
low-cost DRAMs are finding wide applications in
portable devices. As such, it has become imperative to
reduce the power consumption in mobile DRAMs [1].
Meanwhile, with the rapid advance of the semiconductor
processing technology enabling low-voltage operations,
the reliability of the device is jeopardized as the
vulnerability to the alpha particles and cosmic radiation
grows. These soft errors are undoubtedly becoming one
of the most serious threats to high-performance memory
systems.
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For highly reliable memory systems, tolerance to
potential hazards caused by these soft errors must be
gracefully provided. On-chip error correction code
(ECC) techniques are being used to enhance the
reliability of memory systems by strengthening the user
systems against random soft errors. As one of the
remedies to enhance the reliability of DRAMs, ECC
processing circuits can be naturally adopted in DRAMs.
However, the ECC processing circuit has often proven to
be unworthy due to unacceptable amount of power
consumption. Therefore, the recent research on ECC for
memory has to focus on the reduction of the power
consumption.

ECC processing circuit mainly consists of four units:
1) check bit generator, 2) syndrome generator, 3)
decoder and 4) corrector. The check bit generator
produces the check bits which
characteristics of data bits. The syndrome generator

represent  the

compares the read check bits with write check bits, and
the result is used to determine the location of error bits in
the decoder. Finally, the corrector amends for the
necessary modifications in the faulty data. Among these
units, the check bit generator is most complex and
consumes the largest amount of power [2]. In this paper,
we propose an efficient input data ordering scheme to
effectuate the implementation of low power ECC check
bit generator.

II. PREVIOUS WORK

1. Minimum Odd Weight Column Code

The minimum odd weight column code is the most
commonly used ECC for single error correction (SEC)
and double error detection (DED). The minimum odd
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weight column code can be expressed in various shapes
of the H-matrix. According to the feature of the H-matrix,
the speed, power and area overhead of the check bit
generator can be determined. Hence, by optimizing the
H-matrix, the check bit generator bearing the desired
attributes can be implemented. It can be noted that the
H-matrix of the minimum odd weight column code has
the following constraints for SEC and DED [3]:

1) The number of 1°s in the H-matrix should be
minimized.

2) The number of 1’s in a row of the H-matrix should
be equal or close to the average number of 1’s
among all rows.

3) Every column should have an odd number of 1’s.

2. Off-line Input Ordering Technique to Reduce
Power Consumption

The power consumption of the check bit generator can
be reduced by changing appropriate columns of the H-
matrix. The shape of the H-matrix determines the order
of data inputted into the check bit generator. Based on
this fact, an off-line input ordering technique which
minimizes the power consumption has been proposed
previously [4].

The off-line input ordering technique consists of two
steps. In the first step, the spatial and temporal
correlations of input data are analyzed using the genetic
algorithm (GA) and simulated annealing (SA). In the
second step, the optimal H-matrix that minimizes the
power consumption is selected using the information
from the previous step. The whole process is conducted
off-line because the execution time is fairly long.
Therefore, the aforementioned off-line input ordering
technique is not an efficient adaptation scheme.

II1. PROPOSED SCHEME

In this section, a new scheme for the low-power check
bit generator implementation is proposed. The proposed
scheme is conducted on-line so that the check bit
generator can efficiently find the best condition with the
least amount of power budget.

1. Minimum Weight Column Code

So far many codes that can correct single error and
detect double errors have been suggested. However, in
the practical aspect, multiple error detection without
correction has an over-paid budget because it cannot
really improve the real-time reliability of the memory
device, while a surplus area overhead in excess of the
SEC only implementation is necessary. We propose a
simple code called the minimum weight column code
which conducts only SEC. It can be noted that the
minimum weight column code’s H-matrix follows the

constraints to be described below:

1) The number of 1°s in the H-matrix should be
minimized.

2) The number of 1’s in a row of the H-matrix should
be equal or close to the average number of 1’s
among all rows.

3) Every column should have a minimum number of 1’s.

The first constraint enables the check bit generator to
keep the minimum power consumption and area
overhead. The second constraint guarantees the shortest
delay in the check bit generator. Finally, the third
constraint enforces that the H-matrix implements only
SEC. Consequently, the column weights as well as the
total number of weights are minimized, resulting in the
reduction of both area and power for the ECC processing
circuit.

Fig. 1 shows an example of the H-matrix of the
minimum weight column code for 8-bit data width. Table
1 shows the implementational attributes for the proposed
minimum weight column code and some other
conventional codes for 64-bit data width. The minimum
weight column code requires only seven check bits,
while the SEC-DED codes require eight check bits,
thereby decreasing the area overhead of the check bit
memory core by 12.5%. The reduction of the total
weights in H-matrix practically means the reduction of
the total inputs of the inner elements of the check bit
generator. As a consequence, the area overhead is
decreased by about 14% as well as the power
consumption in comparison to the implementation using
the odd weight column code. By balancing the row
weight close to an equal number, the level of the XOR
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Fig. 1. Example of the H-matrix of the minimum weight
column code for 8-bit data width.

Table 1. Comparison of the proposed code with some
conventional codes for 64-bit data width.

SEC SEC-DED

Proposed Hamming code Modified 0dd weight
code 9 hamming code | column code

Check bits 7 7 8 8
Total weights of H-matrix 179 205 269 208
Maximum data bits for
one check bit 26 32 64 26

generation (M)

Level of 3-input XOR tree
Tog,M™

trees in the check bit generator is minimized. In the
proposed code, the total delay can be decreased roughly
by 25%.

2. On-line Input Ordering Scheme to Reduce Power
Consumption

The input data correlation of DRAMs will vary
according to the specific systems and their particular
applications. If the input data ordering is conducted off-
line, it is not guaranteed that the check bit generator will
always consume the minimum power. In this sense, on-
line input ordering is the only available means to adjust
H-matrix to varying input data effectively.
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Fig. 2. Block diagram of the proposed scheme.
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Fig. 3. Block diagram of the correlation detector.

Fig. 2 illustrates the block diagram of the proposed
scheme. Bidirectional data [/Os are assumed as in
DRAMs. The scheme includes the basic building blocks
for the ECC processing: 1) check bit generator, 2)
syndrome generator, 3) decoder and 4) corrector. In
addition,
technique, three components are devised: 1) correlation
detector, 2) path selector and 3) path de-selector. The

to implement on-line input data ordering

correlation detector analyzes the spatial and temporal
correlations of input data using the number of input data
transitions. The path selector orders input data paths
according to the analysis from the correlation detector.
The path de-selector reorders the input and returns the
order to the original state.

Fig. 3 shows the block diagram of the correlation
detector. It counts the number of the transitions of each
input data and sends the correlation signal to the path
selector. It consists of a pulse generator to detect the
timing for each input data transition and a counter to
count the number of data transitions.

The path selector is illustrated in Fig. 4. With an
account of the correlation signals from the correlation
detector, the path selector orders the input data path of
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Fig. 4. Block diagram of the path selector.
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Fig. 5. Timing diagram of the correlation detector and the path
selector.

the check bit generator to minimize the power
consumption. For the minimum weight column code of
64-bit data width, all ,C,=21 of the weight-2 and all ;C;
=35 of the weight-3 are used, but only eight of the
4C-=35 possible weight-4 columns are used. When the
eight weight-4 columns out of thirty five are selected, the
row weight of the H-matrix should be similar so as to
minimize the delay. Therefore, the check bit generator
has three groups of data paths for column weight-2,
column weight-3 and column weight-4, respectively.
Based on the spatial correlation, each group of input data
is linked to the input path groups which have similar
number of transitions. Higher transition data is
connected to the input path group with smaller column
weight and lower transition data is connected to the input
path group with larger column weight for reduction in
the power consumption [5].

Fig. 5 shows the functional timing diagram of the
correlation detector and the path selector. The input
waveforms in the region (A) are analyzed in the
correlation detector then the correlation signals shown in
the region (B) are generated. Finally, the input data is
ordered based on the correlation signals as illustrated in
the region (C). The ordered data is asserted into the
check bit generator.

The functional steps for the path de-selector are in the
reverse order compared to those for the path selector. It
can be simply viewed by changing the direction of inputs
and outputs of the path selector.

Once the check bit generator is modified on-line, the
check bits which are already generated should be
updated to correlate with the new check bit generator.
The updating operation, however, is conducted only
when the check bit generator is modified and it takes
only a minimal time. The consumed reconfiguration

power is very small in comparison with the total of ECC-
operated power which is considerably reduced by the
proposed scheme. Moreover, if the modification interval
can be maintained to be long enough, the advantage will
ZIrOw.

IV. EXPERIMENTAL RESULTS

We measured the power benefits in our proposed
scheme using the input data abstracted from “gcc” and
“g0” benchmarks from SPEC 1995 and 2000 [6]. First,
logic simulation was conducted so as to examine the
input path ordering. Afterwards, the power consumed by
the proposed check bit generator was evaluated using H-
spice. We used TSMC’s 0.25um process and the
experiments were conducted with Vee values of 1.8V,
2.5V and 3.3V.

Table 2 shows the experimental results demonstrating
the power savings in the range from 17.0% to 24.4% for
the proposed scheme.

Table 2. Power consumption measured with varying Vec.

Vee=1.8V Vee=2.5V Vee=3.5V
[+ i Proposed | C | | Proposed | Conventional Proposed
Bench- | gee 15 12 6.0 47 8.5 64
marked
power
mw) | 9° 15 13 6.0 48 8.3 6.6
V. CONCLUSIONS

In this paper, a low-power ECC check bit generator is
presented by employing the proposed minimum weight
column code for on-line input data ordering. With the
capability for SEC, the area overhead and power
consumption are reduced. Based on the proposed code,
the input data correlation of the check bit generator is
analyzed and the input data paths are ordered. The check
bit generator implemented adopting the proposed scheme
reduces the power by about 17.0~24.4% for the
benchmarked cases in variable voltage ranges. The
additional hardware for the correlation detector, path
selector and path de-selector accounts for only 0.3% of
the total die size of an 80nm 1Gb DRAM.
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