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ERROR DETECTION FOR MULTI-BIT 
MEMORY 

BACKGROUND 

1. Field of Invention 
Embodiments of the present invention relate generally to 

error detection and, more speci?cally, in one embodiment, to 
error detection for a multi-bit memory. 

2. Description of Related Art 
Generally, memory devices include an array of memory 

elements and associated sense ampli?ers. The memory ele 
ments store data, and the sense ampli?ers read the data from 
the memory elements. To read data, for example, a current is 
passed through the memory element, and the current or a 
resulting voltage is measured by the sense ampli?er. Conven 
tionally, the sense ampli?er measures the current or voltage 
by comparing it to a reference current or voltage. Depending 
on Whether the current or voltage is greater than the reference, 
the sense ampli?er outputs a value of one or Zero. That is, the 
sense ampli?er quantiZes (e.g., digitiZes) the analog signal 
from the memory element into one of tWo logic states. 
Many types of memory elements are capable of assuming 

more than just tWo states. For example, some memory ele 
ments are capable of muti-bit (e.g., more than tWo state) 
storage. For instance, rather than outputting either a high or 
loW voltage, the memory element may output four or eight 
different voltage levels, each level corresponding to a differ 
ent data value. HoWever, conventional sense ampli?ers often 
fail to distinguish accurately betWeen the additional levels 
because the difference betWeen the levels (e.g., a voltage 
difference) in a multi-bit memory element is often smaller 
than the difference betWeen the levels in a single-bit (i.e., tWo 
state) memory element. Thus, conventional sense ampli?ers 
often cannot read multi-bit memory elements. This problem 
may be increased as high performance multi-bit memory 
elements become increasingly dense, thereby reducing the 
siZe of the memory elements and the difference betWeen the 
levels (e.g., voltage) to be sensed by the sense ampli?ers. 
A variety of factors may tend to prevent the sense ampli?er 

from discerning small differences in the levels of a multi-bit 
memory element. For instance, noise in the poWer supply, 
ground, and reference voltage may cause an inaccurate read 
ing of the memory element. The noise may have a variety of 
sources, such as temperature variations, parasitic signals, data 
dependent effects, and manufacturing process variations. 
This susceptibility to noise often leads a designer to reduce 
the number of readable states of the memory element, Which 
tends to reduce memory density and increase the cost of 
memory. 

Conventional sense ampli?ers present similar problems in 
imaging devices. In these devices, an array of light sensors 
output a current or voltage in response to light impinging 
upon the sensor. The magnitude of the current or voltage 
typically depends upon the intensity of the light. Thus, the 
capacity of the sense ampli?er to accurately convert the cur 
rent or voltage into a digital signal may determine, in part, the 
?delity of the captured image. Consequently, noise affecting 
the sense ampli?er may diminish the performance of imaging 
devices. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 illustrates an electronic device in accordance With 
an embodiment of the present invention; 

FIG. 2 illustrates a memory device in accordance With an 
embodiment of the present invention; 
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2 
FIG. 3 illustrates a memory array in accordance With an 

embodiment of the present invention; 
FIG. 4 illustrates a memory element in accordance With an 

embodiment of the present invention; 
FIG. 5 illustrates I-V traces of memory elements storing 

different values, in accordance With an embodiment of the 
present invention; 

FIG. 6 illustrates noise in the bit-line current during a read 
operation; 

FIG. 7 illustrates a quantiZing circuit in accordance With an 
embodiment of the present invention; 

FIG. 8 illustrates a delta-sigma sensing circuit in accor 
dance With an embodiment of the present invention; 

FIGS. 9 and 10 illustrate current ?oW during operation of 
the quantiZing circuit of FIG. 8; 

FIGS. 11-13 illustrate voltages in the quantiZing circuit of 
FIG. 8 When sensing small, medium, and large currents, 
respectively; 

FIG. 14 is a graph of bit-line current versus counter output 
for the quantiZing circuit of FIG. 8; 

FIG. 15 is a graph of count versus quantiZing circuit output 
in accordance With an embodiment of the present invention; 

FIG. 16 illustrates an example of an error detection module 
in accordance With an embodiment of the present invention; 

FIG. 17 is a ?owchart illustrating the operation of the error 
detection module of FIG. 16; 

FIG. 18 illustrates an example of an error correction mod 
ule in accordance With an embodiment of the present inven 
tion; 

FIG. 19 is a ?owchart illustrating the operation of the error 
correction module of FIG. 18; and 

FIG. 20 illustrates an example of a system that includes the 
electronic device of FIG. 2. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

Various embodiments of the present invention are 
described beloW. In an effort to provide a concise description 
of these embodiments, not all features of an actual implemen 
tation are described in the speci?cation. It should be appre 
ciated that in the development of any such actual implemen 
tation, as in any engineering or design project, numerous 
implementation-speci?c decisions must be made to achieve 
the developers’ speci?c goals, such as compliance With sys 
tem-related and business-related constraints, Which may vary 
from one implementation to another. Moreover, it should be 
appreciated that such a development effort might be complex 
and time consuming but Would nevertheless be a routine 
undertaking of design, fabrication, and manufacture for those 
of ordinary skill having the bene?t of this disclosure. 
Some of the subsequently described embodiments may 

address one or more of the problems With conventional sense 
ampli?ers discussed above. Some embodiments include a 
quantiZing circuit con?gured to detect small differences in 
voltages and/or currents. As explained beloW, the quantiZing 
circuit may sample the measured electrical parameter on mul 
tiple occasions and ?lter, e.g., average or sum, the samples to 
reduce the impact of noise. As a result, in some embodiments, 
the quantiZing circuit may resolve small differences betWeen 
voltage or current levels in multi-bit memory elements and/or 
light sensors, Which may alloW circuit designers to increase 
the number of bits stored per memory element and/ or the 
sensitivity of an imaging device. 
Some of the embodiments described herein are con?gured 

to detect errors that may arise When Writing to or reading from 
a memory element. Speci?cally, the FIG. 16 illustrates a 






















