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DYNAMIC SINGLE TO MULTIPLE BIT PER CELL MEMORY 

FIELD OF THE INVENTION: 

The present invention relates to storing data in a memory 
device, and more specifically to a dynamically switchable single bit per cell 
to multiple bit per cell memory system. 

BACKGROUND OF THE INVENTION: 

Memory devices have numerous applications for storing 
data. Some memory devices store a specific state by altering characteristics 
pertaining to the threshold of conduction of the device. Typically, in order 
to program data into the memory device, the threshold of conduction for 
the memory device is configured such that the conduction of current 
represents a first state and the non-conduction of current represents a 
second state. However, such a memory device is configurab_le to store a 
range of threshold levels, thereby permitting storage of analog data. The 
storing of analog data permits storage of multiple bits of data in a single 
memory cell. This is known as a multi-level cell . 

. _ There are prior patents that discuss multi-level storage. U.S. 
Patent No. 5,043,940 of Harrari for Flash EEPROM Memory Systems 
Having Multistate Storage Cells ("Harrari") defines multi-level states in 
terms of the threshold voltage Vt of a split-channel flash electrically 
erasable read only memory (EEPROM) memory cell. Using these four 
states, Harrari is able to store two bits of data per memory cell by applying 
multiple programming pulses to each memory cell. U.S. Patent No. 
5,163,021 of Mehrota et al. for Multi-State EEPROM Read And Write 
Circuits And Techniques ("Mehrota") also describes multilevel memory 
system. Like Harrari, Mehrota defines four states in terms of memory cell 
threshold voltage. 

However, when storing more than a single bit per cell, the 
reliability of the memory system is diminished. Therefore, it is desirable 
to increase the reliability of a memory system capable of storing more than 
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a single bit per cell. The integrity of data storage for some types of data 
may be increased through the use of error correctional coding. However1 
other types of data, such as code, is more difficult to ~ncode for operation 
with an error correction system. Because the integrity-of data storage is 
more critical for some types of data than for others, it is desirable to store 
some types of data in a low density ·memory while storing other types of 
data in a high density memory. 
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SUMMARY AND OBJECTS OF THE INVENTION 

Therefore, it is an object of the present invention to store 

more than a single bit per flash memory cell. 

It is another object of the present invention to permit a user 

to store more than a single per cell in portions of a memory while storing 

a single bit per cell in other portions of the memory. 
It is a further object of the present invention to implement a 

memory system that dynamically switches from storing a single bit per cell 

to storing multiple bits per cell. 
These and other objects are realized in a memory system 

having a plurality of memory cells for storing one of a plurality of 

threshold levels in the memory cells. The threshold levels demarcate zn 
number of windows for designating states to represent storage of "n" bits 

of data for the memory cells. The memory system also contains a switch 

control to permit selection of an operating mode for the memory system 

including a multi-level cell mode and a standard cell mode. The memory 

system further includes a reading circuit to read a single bit per cell when 

operating in the standard cell mode, and to read multiple bits of data per 

memory cell when operating in the multi-level cell mode. 

In order to program the memory cells, the memory system 

contains a program controller. The program controller programs a single 

bit of data per memory cell for addressed memory cells when the switch 

control indicates selection of the standard cell mode, and programs 

multiple bits of data per memory cell for addressed memory cells when 

the switch control indicates selection of the multi-level cell mode. A 

program aligner selectively programs a portion of addressed memory cells 

to accommodate storing multiple bits per cell when the switch control 

indicates selection of the multi-level cell mode, and selectively programs 

the addressed memory cells when the switch control indicates selection of 

the standard cell mode. The program circuit also includes verify logic 

coupled to the reading circuit for comparing the threshold levels stored in 

the addressed memory cells to desired data. The verify logic identifies 

memory cells that require additional programming. 

iiiiiiiiDf 
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Other objects, features and advantages of the present 
invention will be apparent from the accompanying drawings, and from 
the detailed description that follows below. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The objects, features, and advantages of!the present 
invention will be apparent from the following detailed description of the 
preferred embodiment of the invention with references to the following 
drawings. 

Figure 1 is a high level block diagram illustrating a memory 
system and microprocessor. 

Figure 2 is a high level block diagram illustrating one 
embodiment of the memory system of the present invention. 

Figure 3 illustrates an array load and memory array 
configured in accordance with one embodiment of the memory system. 

Figure 4 illustrates a sensing system configured in accordance 
with one embodiment of the present invention. 

Figure 5 illustrates a select circuit and a comparator circuit for 
an odd and even output line configured in accordance with one 
embodiment of the present invention. 

Figure 6 is a high level block diagram illustrating the 
program/verify portions of the memory system. 

Figure 7 illustrates a program aligner configured in 
accordance with a memory system sensing sixteen bits simultaneously. 
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DEWLED DESCRIPTION ... 

The present invention in~ludes a memqry system that is . . . . . ·' . . . 

dynamicaUy switchable between a standard cell mod~ and a multi-level 
cell (MLC) mode. When operating in the MLC mode, the memory system 
stores multiple bits per cell. The mem_ory systeil\ stores a single bit.per cell 

·. . : . . . -. ~ : . . . . .· .. 

when operating in the standard cell mode. In one ernboc:liment, the 
multi-level memory of the present invention stores two bits per cell when 
operating in the MLC mode. The prese_nt invention. permits dyn_amic 
switching between storing a single bit per c_ell in por_tions of the memory 
_and storing multiple bits pe:r cell in other portions. of the memory. 

. . . . : 

Although the presel)t invention is described in conjunction . . . ~ . . . . 

with a memory system storing two bits per c_ell~ any number of bits per cell 
may be stored in a single cell by increasing thenum}?er of threshold levels 
without deviating from the spirit and scope ()f_the preseritinvention. The 
memory system of the present invention is described in conjunction with 

. : . . 

a memory system that is dynamically switcha~le between a standard cell 
mode and a multi-level cell (MLC) mode. In ~ddition, a memory system 

. . 

that is dynamically switchable among a pl~rality of storage modes, such as 
storing 1 bit per cell, 1.5 bits per cell, 2 bits per cell, etc~, may be used 
without deviating from the spirit and scope of the invention. 

The ability to switch between storing a single bit per cell and 
·multiple bits per cell within a single memory has many applications. For 
example, the dynamic single bit per cell to multiple bit per cell memory 
permits the ability to manufacture one device that offers at least two 
densities. In addition, the dynamic single bit per cell to multiple bit per 
cell memory has use in mass storage applications. For example, if storing 
data in multiple bits per cell exhibits a lower read .and write reliability, 
then a balance is struck between reliability and density. 

Figure 1 illustrates a system block diagram configured in 
accordance with one embodiment of the present invention. The 
dynamically switchable memory system has application for use in any 
system utilizing a multi-level memory, such a computer system. A 
portion of such a computer system including a microprocessor 100, bus 103 

J 
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and memory system 102 is shown in Figure 1. A memory system 102 

contains a program controller 105 and a memory 150. The microprocessor 

100 coupled, via the bus 103, to the program controller 105. The p~ogram 

controller 105 provides the necessary operations to control the memory 

150. In one embodiment, the program controller 105 and memory 150 are 

located on a single integrated circuit die. The program controller 105 

contains a command state machine 110, synchronizer 120, status register 

130 and a control engine 140. The operations of the program controller 105 

may be executed by the microprocessor 100. The memory 150 contains the 

memory array as will be described more fully below. 

In operation, the microprocessor 100 generates commands to 

program, erase and read the cells within the memory 150. Through use of 

the command structure, the microprocessor 100 specifies the type of 

operation (e.g. read, program/verify, erase/verify), an address specifying 

the memory cells for the operation, and data for a program/ verify 

operation. The command state machine 110 receives the commands from 

the microprocessor 100. For a write or program operation, the command 

state machine 110 directs the control engine 140 to execute a 

program/verify operation in the memory 150. For a read operation, the 

command state machine 110 provides the necessary address and control 

information to the memory 150. 

In one embodiment, the control engine 140 comprises a 

microcontroller that executes micro code stored in a memory. The control 

engine 140 generates the necessary timing, control, data and addresses for a 

program/verify operation to the memory 150. The synchronizer 120 

permits asynchronous or synchronous operation of the memory 150 with 

the microprocessor 100. The status register 130 stores status information 

pertaining to the memory system 102. For a further description of an on­

chip program controller, such as program controller 105, see U.S. Patent 

_Application Serial No. 07 /655,650, filed February 11, 1991, entitled Flash 

Memory Erase Suspend and Resume, inventor Fandrich, (attorney docket 

number 42390.P713). 

The present invention has application for use in a memory 

system capable of storing more than a single bit of information in each 
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cell. In one embodiment, the cells of the memory d~vice are constructed 
as flash electrical erasable programmable read 6Illy memory (flash 
EEPROM) cells. Although the present invention ls d~~~ribed in _ 
conjunction with flash EEPROM cells, other cells, such as.read only 
memory CROM), erasable programmable read only ~emory (EPROM), 
conventional electrical erasable programmable read only memory­
(EEPROM), or dynamic random access memory (DRAM) may be 
·substituted without deviating from the spirit and: scope of the invention. 

The flash EEPROM memo~y device is. -prganized in sectors of 
EEPROM cells, wherein· a particular-secfor is programmed.and erased f 
simultaneously. The flash EEPROM devices are. non-volatile memory 
devices such that once programmed by a user, the EEPROM cells retain the 
state programmed until erased. -In one embodiment, the flash EEPROM 
cells consist of a single transistor having a select gate, a floating gate, a 
source, and a drain. The source and drain reside on the substrate, and the 
substrate is grounded. The floating gate· is insulated from the select gate 
and the channel region of the cell by a non-conductive oxide to permit .. 
retention of charge on the floating gate. . . _ 

The flash EEPROM memory cell is turned on and off by-the 
absence or presence of charge on the floating g~te. During programlriing, 
the electrons are placed on the floating gate, and are trapped by 
surrounding non-conductive oxide. If electrons reside on the floating 

. . . . . 

gate, the field effect generated by the excess electro:11s results in a high 
threshold of conductivity for the memory cell. When a voltage is applied 
to the select gate of such a memory cell, the memory cell is turned off, 
thereby storing a first logic state~ When no excess electrons are trapped on 
the floating gate; however, the memory cell e~hibits a lower threshold of 
conduction, and the memory ceil conducts eurrent to represent a different 
logic state. 

The floating gate can retain a range of charges, and therefore 
the memory cell can be progra~med to exhibit. m(ihiple thresholds of 
conduction or multiple threshold levels (Vt>· By storing multiple 
thresholds levels on the floating gate of the ~ell, th~ memory cell may be 

. .. . . . 

programmed to store more than a single bit. In order to discern the 
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multiple threshold levels, the memory system designates threshold 

windows. Each threshold window specifies a memory state of the cell. 

The multiple threshold levels demarcate zn number !Of windows for 

designating states to represent storage of "n" bits of data for the memory 

cells. The present invention is described in conjunction with a memory 

cell capable of storing four states to represent two bits. However, the 

present invention applies to a memory cells storing three or more states. 

In order to read the state stored in an addressed flash 

EEPROM memory cell, an operating voltage is placed across the source and 

drain, and on the control gate to address the cell. The state of the 

addressed cell is measured by detecting the level of current flowing 

between the source and drain. The level of current flowing between the 

source and drain is proportional to the threshold level of the addressed 

EEPROM memory cell. The level of current flowing from the addressed 

cell is compared against a reference current generated from a reference cell. 

In one embodiment, the reference cell is also an EEPROM cell, and the cell 

is one time programmable to a proper threshold of conduction. A sensing 

scheme for the memory 150 is described more fully below. 
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·As discussed above, a flash EEPROM memory cell, as well as 
other types of memory cells, is configurable to store multiple threshold 
levels (Vt>· In a memory cell capable of storing two bYts·p~r cell, four 
threshold levels (Vt) are required. Consequently, two bits are des~gnated 
for each threshold level. Table 1 illustrates logic lev~l designations for 
four threshold levels (Vt> configured in accordance with one embodiment 
of the present invention. 

Tablet 

Logic Level 
.. 

Vt Levels B·it1 Bito ·. 

Level 0 0 0 

Level 1 l 0 

Level 2 0 1 

Level 3 1 1 

For the threshold levels shown in Table 1, level 0 is the highest threshold 
level, and level 3 is the lowest threshold level. Although the present 
invention is described in conjunction with the logic level designations for 
the threshold levels {Vt) as set forth in Table 1, other logic level 

designations for the Vt threshold levels may be used without deviating 
from the spirit or scope of the invention. 

Figure 2 is a high level block diagram illustrating one 
embodiment of the memory 150. The memory 150 includes a switch 
control 205 for switching between operation in the MLC mode and the 
standard cell mode. The memory 150 contains a reading system 211, and a 

memory array 200. The reading system 211 receives both a buffered MLC 
addr and the MLC control .signals to permit reading in both modes. The 
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reading system 211 contains array loads 210 (Figure 3) and sensing system 

220 (Figure 4). The memory array 200, coupled to the reading system 211, 

contains the memory cells for storing data. In order to program and erase 

the memory cells, the memory 150 further includes a program circuit 

comprising verify logic 227 and program aligner 221. The verify logic 227 

receives data from the reading system 211, and generates "program in" 

data for input to the program aligner 221. In turn, the program aligner 221 

generates "program out " data to selectively program memory cells in the 

memory array 200. 
The memory 150 further includes an address buffer 223 for 

storing a multi-level cell address (MLC addr). In one embodiment, the 

MLC addr is received from an input pin on the memory system 102. In an 

alternative embodiment, the MLC addr is input to the address buffer 223 

from the program controller 105. In the alternative embodiment, the MLC 

addr is specified in a command when the memory is operating in the MLC 

mode. 
In general, the control switch 205 generates an active MLC 

control signal to indicate that the memory 150 is operating in the MLC 

mode. In one embodiment, the switch control 205 contains CAM fuse 

cells 207 and 209. The CAM cells 207 and 209 are factory programmable. 

When the CAM cell 209 is programmed or blown, the memory 150 is 

configured to operate in the MLC mode. The programming of CAM cell 

207 permits switching of the memory 150 between the MLC mode and the 

standard mode via a command. A register 208, coupled to the command 

state machine 110, permits selection between the MLC mode and the 

standard cell mode through the command control interface. 

The switch control 205 also contains AND gates 201, 202, and 

an OR gate 203. The control engine 140 is coupled to the AND gates 201 

and 202 to permit the control engine 140 to override the current selection 

of the operating mode stored in the register 208. The ability for the control 

engine 140 to control selection of the MLC and standard cell modes is 

useful in both testing and system applications. For example, during an 

erase operation, all cells in an erase block are erased to a common state. 

the control engine 140 may operate more efficiently on cell levels than on 

iliiNHf 
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a bit basis. Consequently, the switch control 205 :generates a MLC control 
signal via the command state machine 110 or control. engine 140 to select 
operation of the MLC mode or the stanqard cell .. ~o~e. 

Because the memory circuit of the, pr~sent invention perJnits 
operation in both the MLC and the standard cell !node~, an addressing· 
scheme to access the memory in both modes i~ r.equired. In one 
embodiment,. th~. addr_essing scheme maintains address coherency 
between operation in the MLC and standard cell modes. For a memory .. 
system capable of storing two bits per cell, an extra C\9,,~ress, entitled the 
multi-level cell address (MLC addr), is provided. to aq;ess the additional 
memory locations generated by storing more than a _single bit per cell. In 
the stand_ard cell mode, each address identifies.~· ~n.~q~e word in the 
memory array 200. In the MLC mode, the sal'!le aciciress identifies the 

. . 

same word in the memory array 200 as when operating in the standard.cell 
mode. However, in the MLC mode, the MLC address identifies half of the 
cells that store the same amount of data. 

If a memory system stores two bHs per c~ll :when operating in 
: . . ,. . . . . . 

the MLC ,mode, thei:i the memory system stores twice the data _when 
operating in the MLC mode than when operating in the stand~rd cell 
mode. For example, a memory array operating in the standard cell mod~ 
that stores 16 bit words requires 16 cells to store the 16 bit word. For the 
same memory array operating in the MLC mode and storing two bits per 
cell, only 8 cells are required to store the same16 bit word. Thf!.refore, if a 
single address identifies the 16 bit word when qpe~(lting in the standard . . . ~· .· . . 

cell mode, then an additional address bit is requi~ed when operating in the 
MLC mode to identify which of the 8 cells store· the l6 bits. The operation 
of selecting cells within a wordline for operation in the MLC mode is 
described more fully below. . 

By utilizing the .MLC address to select 8 cells within the 16 
. . . ; . . . 

cells. address.able by the standard addressing mod~, address coherency is 
maintained between the multi-level cell mode and standard modes. In a 
first embodiment, the MLC address is provided. through an additional pin 
on the program controller 105. In a second embodiment, the MLC address 

. . . . . ~ . : 

is received from the program controller 105 via a command. For a further 

f 
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description of addressing for a memory device capable of operating in both 
a MLC and standard modes, see [A TTY DOCKET 42390.PlSOO], filed 
concurrently with the present application, and assigned to assignee of the 
present invention, Intel Corporation, Santa Clara, California. 

Figure 3 illustrates an array load and memory array 
configured in accordance with one embodiment of the memory system of 
the present invention. The memory 150 includes array loads 210, a 
column decoder 225, a row decoder 230, and memory array 200. The array 
loads 210 generate, in part, J output line loads or column loads for J 
selected bit lines in the memory array 200. By generating column loads, 
the array loads 210 output to the sensing system 220 (Figure 4) a voltage 
representing the level of conductivity exhibited by the addressed cells of 
memory array 200. In one embodiment, sixteen memory cells are accessed 
for a read operation. 

The memory array 200 is arranged as having k words and m 
columns. The column decoder 225 receives a column address from the 
program controller 105, and couples the column loads from the array loads 
210 to the selected bit lines in memory array 200. The row decoder 230 
receives a row address from the program controller 105, and selects the 
specified word within the memory array 200. The column decoder 225 and 
row decoder 230 are intended to represent a broad category of decoders 
used to select bit lines and word lines in memory arrays which are well 
known in the art and will not be described further. 

Each output line in the array loads 210 contains a column 
load 212 and a drain bias 214. The column load 212 provides a resistance to 
generate a voltage, Voi., in accordance with the conduction of current in a 
selected memory cell. In one embodiment, the column load 212 is 
implemented with a metal oxide field effect transistor (FET) operating in 
the saturated or pinch-off region. The column load is coupled to a source 
voltage, such as V cc· The drain bias 214 biases the corresponding output 
line to generate the proper drain voltage for the addressed memory cell in 
the memory array 200. In one embodiment, the drain bias 214 is 

configured as a cascade circuit. The array loads 210 also contain a select 
circuit 216 for every two output lines (e.g. each odd and even output line 
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are input to one select circuit 216). The select· circuit 216 receives the .MLC 
control signal, program out data, and the MLC addr. I~ general, the select 
circuit 216 con~eqs the column loads 212· and drain biases 2i4 on the 
output lines to the selected cells in the memory array 200 to support ·. 
operation of the memory in both .the MLC and standard cell modes. The 
operation of the select circuit 216 is described more fully below. 

Figure 4 illustrates a sensing system configured in accordance· 
with one embodiment of the present invention. The sensing system 22.0 
contains a reference circuit 240 and a comparator circuit 235. The reference 
circuit 240 generates a plurality of reference voltages (Vref). The 
comparator circuit 235 receives the output line voltages (VoL) generated 
by the addressed cells in the memory array 200, and compares the output 
line voltages (VbL) with the reference voltages (Vrcf) generated froII\_'the 
reference circuit 240. The output of the comparator circuit 235 is the data 
sensed from the memory system. 

. . 

The reference ·circuit 240 generates a pluraUty of reference 
voltages (Vref) for use in comparison with the output line voltages '(voL>· 
Alternatively, if current sensing is utilized, a reference circuit 240 may be 
configured to generate reference currents. The referenc;:e cireuit 240 
generates "n-1" reference voltages for "n" states or levels stored iri the 
multi-level memory cells. Therefore, in a memory system capable of 
storing four states to represent 2 bi ts, the reference circuit 240 generates 
three voltage levels, VrcfO, Vrcfl, and Vrcf2· 

In order to generate the reference volta~e levels, the reference 
circuit 240 contains a reference cell 330 for each reference voltage. The 
reference cells are constructed with one-time trimmable EEPROM cells. 
Each reference cell 330 includes a corresponding column load 310 and 
drain bias 320. The operation of the column load 310 and the drain bias·· 
320 is analogous with the operation of the column load 212 and drain bias 
214 contained in the array loads 210. The rderencc voltages (V ref) are · 
equal to a voltage drop across the column load 310 wh1ch is proportional 
to the conduction of current in the corresponding reference cell 330 .. 

Figure 5 illustrates the select circuit 216 and the comparator 
circuit 235 for an odd and· even output line configured in accordanee· With 
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one embodiment of the present invention. As shown in Figure 5, even 
and odd output lines are input to the select circuit 216. In order to sense 
the state of an addressed cell, the select circuit 216 contains a pass transistor 
for each output line. In one embodiment, the select circuit 216 contains a 
n-channel field effect transistor (FET) 405 to control conduction of current 
in the even output line, and an-channel FET 410 to control conduction of 
current in the odd output line. The select circuit 216 also contains a pass 
transistor 415. The transistor 415 couples the odd output line to the even 
output line, and the gate of transistor 415 is coupled to the MLC control 
signal. 

The select circuit 216 includes select logic 500. The select logic 
500 receives as inputs the MLC control and MLC addr signals and 

generates, as outputs, an MLC<cvcn) signal and an MLC(odd> signal. The 

MLCceven) signal is coupled to the gate of transistor 405, and the MLCcodd) 

signal is coupled to the gate of transistor 410. Table 2 illustrates a truth 
table for the select logic 500. 

Table2 

Input Output 

MLCADDR MLCCONTROL MLC (even} MLC (odq) 

- 0 1 1 

0 1 1 0 

1 1 0 1 

When operating in the MLC mode as indicated by a high logic level on the 
MLC control signal, the select logic 500 sets the MLC(evcn) and MLC(odd) 

signals based on the state of the MLC (e.g. a high logic level selects the odd 

output line and a low logic level selects the even output line). When 
operating in the standard cell mode as indicated by a low logic level on the 
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MLC control signal, the select logic 500 sets both the MLC(cven) and 
MLC(odd) signals to a high logic level. 

. In order to sense an addressed cell in the memory system . 
when operating in the MLC mode, the MLC control signal biases transistor 
415 to electrically couple the even output line ~o the odd output line. The 
MLC address selects either the even output lin,e or the odd output line, 
thereby electrically coupling the comparator circuit 235 to the selected odd 
or even memory cell. When operating in the MLC mode, either the odd 
or the even memory cell is coupled to both of the odd and even output 

' ' 

lines based on the MLC address. In standard mode, the MLC control rums =C 

off the transistor 415. Consequently, the even memory cell is electrically 
coupled to the comparator drcuit 235 via the even output line, and the .. 
odd memory eel.I is electrically coupled to the comparator circuit 235 via 
the odd output line. 

For every odd and even output lines,. tl:ie comparator cir~t 
235 contains two comparators, comparators 325 and 330, and a multiplexor 
(MUX) 320. The comparator 3~0 receives, as inputs, the even output line 
voltage, VoLe, and the Vrcfl voltage r~ference for comparison.· The output· 
of the comparator 330 is designated as BITo. For a memory array capable.·· .. · 
of storing four states per memory cell, the MUX 320 receives as inputs the 
voltage references generated fr~m the referenc~ ~ircuil 240 (_e.g. Vrefo, 
Vrefl, and Vref2). The MUX 320 outputs a reference voltage Vrefo, Vrefl, or. 
Vref2, based on the state of the MLC control and the output of comparator 
330. The comparator 325 receives, as inputs, the odd output line voltage, 
VoL0 , and the selected voltage reference (e.g. VrcfO, Vrcfl, and Vref2) for 
comparison. The output of the comparator 325 is designated as BIT1. 

When operating in the MLC mode, the even output line is 
coupled to the odd output line (e.g. the Vole.• voltage level is equal to the 
VoLo voltage level). If the VoLl' voltage level generated by the selected c~ll 
is greater than the V rcfl voltage level, then a "1" or. high logic level is 
output from the comparator 330 .. Alternatively, if the Vole voltage level 
is less than theVref1 voltage level, then a "O" or low logic level is output 
from the comparator 330. The output of the comparator 330 and the MLC 
control signals are utilized, as the select for the MUX 320. If the output of 
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the comparator 330 is a low logic level and the MLC control is active high 
indicating the memory is operating in the MLC mode, then the V refO 

voltage level is selected for comparison with the Voto· If the VoLo voltage 
level is greater than the VrcfO voltage level, then the output of comparator 
325 is a high logic level. Alternatively, if the VoLo voltage level is less 
than the VrefO voltage level, then the output of comparator 325 is a low 
logic level. If the output of comparator 330 is a high logic level and the 
MLC control signal is active, then the V rcf2 voltage level is selected for 
comparison against the VoLo· If the VoLo voltage level is less than the 
Vref2 voltage level, then the output of comparator 325 is a low logic level. 

. Alternatively, if the VoLo voltage level is greater than the Vref2 voltage 
level, then the output of comparator 325 is a high logic level. When 
operating in the MLC mode, the BITo and BIT1 bits represent the state of a 
single cell. 

If the multi-level memory system 102 is operating in the 
standard cell mode, then the VoLc.• voltage level on the even output line is 

generated from the selected even memory cell, and the VoLo voltage level 
on the odd output line is generated from the selected odd memory cell. 
An inactive MLC control signal selects the Vrcfl voltage level at MUX 320 
for input to the comparator 325. In this way, the VOL<.' voltage level is 
compared against the Vrcfl voltage level in comparator 330, and the VoLo 

voltage level is compared against the V r<.'fl voltage level in comparator 
325. Therefore, the output of comparator circuit 235 represents two bits, 

wherein the first bit is read from the selected even memory cell, and the 
second bit is read from the selected odd memory cell. 

In one embodiment, a command architecture for 
programming and erasing the memory cells is utilized. Programming and 
erasing also involves verifying that the cells have been properly 

·programmed and erased, respectively. The command state machine 110 is 
coupled to accept instructions from the microprocessor 100. In general, 
instructions written into the command state machine 110 provide the 
necessary commands to generate control signals for erasing and 
programming the memory as well as verifying the contents after the erase 
and program operations have been executed. Operating in conjunction 
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with the command state machine 110, the control engine 140 programs the 
selected memory cells according a "desired data" bit pattern. 

In one embodiment, a program sequence includes sett~ng ~p 
a program/verify command, loading addresses to the memory_ 150, and 
programming the selected memory cells. An erase sequence consists of . . 

writing an erase/verify command, and executing the erasure during an 
erase cycle. In order to verify the erasure, the erase verify operation is· 
executed during a read cycle. 

Figure 6 is a high level block diagram illustrating the 
program/verify and erase/verify system configured in accordance with 
orie embodiment of the present invention. Figure 6 illustrates . . 
programming of sixtee~·bits for each wordiine. However., any number of 
memory cells may he used without deviating from the spirit and :scope of 
the invention. In order to program me~ory cells in the memory array 
200, the control engine 140 stores desired data for prograr.nming. When 
operating in the MLC mode, the program aligner 221 selects only a portion 
of the cells identified by the address for programming. . . 

In operation, verify logic 227 receives sensed data, "bits out", 
· from the sensing system 220, and generates ,;program in'.' data to inq.icate 

which cells in the memory array 200 require additional programming .. · For 
e~ample, for a: me~ory system that senses 16 bits simulta~eously, the. 
output of the sensing system' 2ZO is a 16 bit w~rd. When operating i~ tne 
MLC mode, the verify logic 227 generates 8 l?its of "program in" data to· .. 
identify which cells, that store the 16 bit word, require additional 
programming. When operating irt the standard cell mode, the verify logic 
227 generates 16 bits of ... program in'; data corresponding to the 16 bits 
selected (not shown). Consequently, when operating in the standard cell 

. . . . ' . 

mode, the program aligner 221 directly passes the "program in" data as the 
"program out" data. 

In order to select the proper 8 ceUs for programming in the 
MLC mode, the programming aligner 221 receives the MLC addr. Based 
on the MLC addr, the program aligner 221outputs16 bits of "program out" 

. . . 

data to enable programming of the selected 8 memory cells. As discussed 
above, when operating in the MLC mode, either the even output lines or 
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the odd output lines are selected. For example, if the even cells are 
selected, then the program aligner 221 generates program out data that 
enables only the even output line memory cells that require additional 
programming. 

The verify logic 227 incorporates a compare function. In the 
standard cell mode, the verify logic 227 performs a single bit comparison to 
determine whether a memory cell requires programming to the "O" state. 
In the MLC mode, the compare function involves an analog comparison 
of the threshold levels stored in the memory cells with the desired digital 
data. The verify logic 227 compares the desired data with the current data 
sensed from the sensing system 220, and determines whether the memory 
cells require additional programming. Table 3 illustrates the analog 
comparison function for MLC mode operation configured in accordance 
with the threshold levels disclosed in Table 1. As shown in Table 1, the 
level 0, the highest level, corresponds to bits 1100", and the level 3, the 
lowest level, corresponds to bits "11". A "ltt output indicates that the 
memory cell requires additional programming. For example, to program 
bits noo11 in a single cell that currently stores bits "101

', the verify logic 227 
outputs a 1 "program in" data bit. The 1 "program in" data bit indicates 
that the memory cell requires additional programming to go from level 1 
to level O. 
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Table 3 

"De.sired" "Current" "Output" 

00 00 O· 

00 01 1 
00 10 .1 
00 l1 1 
01 OU · .. 0 

Ol Ul 0 
01 10 1 
01 11 1 
10 00 0 
10 01 l .. 

10 10 0 
10 11 1 

11 00 0 
11 01 0 
11 10 0 

.11 11 ·o 

Figure 7 illustrates the program aligner 221 configured in 
accordance with a memory system sensing 16 bits simultaneously. The 
program aligner 221 receives the 8 "program in" bits from the verify logic 
227, and generates the 16 "program out" bits based on the MLC addr. The 
program aligner 221 contains two NAND gates, 705 and 710, for each 
"program in" input bit. In addition, the program aligner 221 contains an 
inverter 725 that receives the MLC addr, and selects the odd or even 
memory cells. Table 4 illustrates a truth table for the program aligner 
circuit 221. A "1" program out indicates that the corresponding output 
line is enabled for programming. 
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Table4 

MLCADDR Program In Program Out Program Out 
(even) (odd) 

0 0 0 0 

0 1 1 0 

1 0 0 0 

1 1 0 1 

The "program out" data from the program aligner 221 is 

input to the select circuit 216 for each pair of output lines in the memory 

system. As shown in Figure 5, in order to program. the memory cells, each 

select circuit 216 contains transistors 510 and 520. In one embodiment, the 

transistors are implemented with n-channel FET devices. The transistor 

520 couples the programming voltage, V PP' to the even output line, and 

the transistor 510 couples the programming voltage Vpp to the odd output 

line. The program out(cvcn> signal controls the gate of transistor 520, and 

the program out(odd) signal controls the gate of transistor 510. In 

operation, when a high logic level appears on either program out(cven) or 

program out(odd), then the programming voltage V pp is coupled to the 

corresponding output line permitting additional programming to occur 

on the selected cell. 
Although the present invention has been described in terms 

of specific exemplary embodiments, it will be appreciated that various 

modifications and alterations might be made by those skilled in the art 

without departing from the spirit and scope of the invention as set forth 

in the following claims. 
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CLAIMS 

What is claimed is: 

1. A memory system comprising: 

. . lni$ tirlEET HAS BEEN 
· •. REPLACED 

a plurality of memory cells for storing one ofa;plurality of 
. . . . . 

threshold levels in said memory cells~. wherein said 
threshold levels demarcate 2n number ·tjf windows for 
designating states to represent storage ()f "n" bits of data for 
said memory cells; 

a switch control for permitting selection of an operating mode for 
said memory system including a multi-~evel c:ell mode and a 
standard cell mode; and 

a reading circuit coupled to said switch control and said memory 
cells for reading a single bit per cell °Whep said switch control 
indicates selection of said standard cell mode, and for reading 
multiple bits of data per memory cell 'w~en said switch 
control indicates selection of said multi-level· cell mode. 

2. The memory syskm as set forth in claim 1, further comprising a 
program circuit coupled to said switch control and said memory celis for 
programming a single bit of data per memory cell when said switch 
control indicates selection of said standard cell mode, and for 
programming multiple bits of data per memory ceff'when said switch 
control indicates selection of said multi-level cell mode. 

3. The memory system as set forth in claim 2, wherein said 
program circuit comprises a program aligner coupled to said memory cells 
and said switch control for selectively programmin& a portion ofadciressed 
memory cells to accommodate storing multiple bits 'per cell when said 
switch control indicates selection of said multi-level cell mode, and for 
selectively programming addressed memory cells when said switch 
control indicates selection of said standard cell mode.· 

f 
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4. The memory system as set forth in claim 2, wherein said 

program circuit comprises verify logic coupled to said reading circuit for 

comparing said threshold levels stored in addressed .memory cells to 

desired data and for identifying memory cells that require additional 

programming. 

5. The memory system as set forth in claim 1, wherein said 

memory cells comprise flash electrically erasable programmable read only 

memory (EEPROM) cells. 

6. The memory system as set forth in claim 1, wherein said 

threshold levels demarcate four windows for designating four states to 

represent storage of two· bits per memory cell. 

7. The memory system as set forth in claim 1, wherein said switch 

control comprises a factory programmable cell for enabling operation of 

said memory system in said multi-level cell mode. 

8. The memory system as set forth in claim 1, wherein said switch 

control. comprises: 
a factory programmable cell for enabling selection of said multi­

level cell mode and said standard cell mode; and 

a register for permitting a user, via a command interface, to select 

between said multi-level cell mode and said standard cell mode. 

9 The memory system as set forth in claim 2, wherein said switch 

control comprises circuitry for enabling said program circuit to select 

between said multi-level cell mode and said standard cell mode thereby 

overriding said operating mode selected from said switch control. 

10. A method for storing data comprising the steps of: 

storing one of a plurality of threshold levels in each of a plurality of 

memory cells, wherein said threshold levels demarcate 2n 

·---------------
781 Q }~ 
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number of windows for designating stat~s to represent 
'storage of "n" bits of data for said mem6ry cells; 

selecting an operating mode for storing said· d~ta including a multi­
level cell mode and a standard cell mode; 

reading a single bit per cell when said standard cell mode is selected; 
and 

reading multiple bits of data per memory cell \vhen said multi-level 
cell mode.is selected. 

11. The method as set forth in claim 10, furtl~er comprising the 
steps of: 

programming a single bit of data per memorr '~ell for addre5sed 
memory cells when said standard cell 'mode.is selected; and 

programming multiple bits of data per memory cell for addressed 
memory ceils when said · multi-level cell mode is selected. 

12. The method as set forth in claim 11, wherein: 
the step of programming multiple bits of data per memory cell 

comprises the step of selectively programming a portion of 
said addressed memory cells to accommodate stQring 
multiple bits.per cell; and 

the step of programming a single bit of data per memory cell 
comprises the step of selectively programming said addressed 
memory cells when said switch control indicates selection of 
said standard cell mode. 

13. The method as set forth in claim 11, wherein the step of 
programming comprises the steps of: 

comparing said threshold levels stored in said addressed memory 
cells to desired data; and 

identifying said addressed memory cells that require additional 
programming. 
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14. The method as set forth in claim 10, wherein said memory cells 
comprise flash electrically erasable programmable read only memory 
(EEPROM) cells. 

15. The method as set forth in claim 10, wherein said threshold 
levels demarcate four windows for designating four states to represent 
storage of two bits per memory cell. 

16. The method as set forth in claim 10, wherein the step of 
selecting an operating mode comprises the step of programming a factory 

programmable cell for enabling operation of said memory system in said 
multi-level cell mode 

17. The method as set forth in claim 10, wherein the step of 
selecting an operating mode comprises the steps of: 

programming a factory programmable cell for enabling selection of 
said multi-level cell mode and said standard cell mode via a command 

interface; and 

permitting a user, via said command interface, to select between 
said multi-level cell mode and said standard cell mode. 

18. The method as set forth in claim 17, wherein the step of 

selecting an operating mode comprises the step of enabling selection 
between said multi-level cell mode and said standard cell mode thereby 
overriding said operating mode selected from said command interface. 

--------. 

liiUT 
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SUMMARY ANO OBJECTS OF THE INVENTION 

Therefore, it is an object of the present invention to store more than a single 

bit per flash memory cell. 

It is another object of the present invention to permit a user to store more than 

a single bit per cell in portions of a memory while storing a single bit per cell in other 

portions of the memory. 

It is a further object of the present invention to implement a memory system 

that dynamically switches from storing a single bit per cell to storing multiple bits per 

cell. 

These and other objects are realized in a memory system having a plurality of 

memory cells for storing one of a plurality of threshold levels in the memory cells. 

The threshold levels demarcate 2° number of windows for designating states to 

represent storage of "n" bits of data for the memory cells. The memory system also 

contains a switch control to permit selection of an operating mode for the memory 

system including a multi-level cell mode and a standard cell mode. The memory 

system further includes a reading circuit to read a single bit per cell when operating in 

the standard cell mode, and to read multiple bits of data per memory cell when 

operating in the multi-level cell mode. 

In order to program the memory cells, the memory system contains a program 

controller. The program controller programs a single bit of data per memory cell for 

addressed memory cells when the switch control indicates selection of the standard 

cell mode, and programs multiple bits of data per memory cell for addressed memory 

cells when the switch control indicates selection of the multi-level cell mode. A 

program aligner selectively programs a portion of addressed memory cells to 

accommodate storing multiple bits per cell when the switch control indicates selection 

of the multi-level cell mode, and selectively programs the addressed memory cells 

when the switch control indicates selection of the standard cell mode. The program 
-

circuit also includes verify logic coupled to the reading circuit for comparing the 

threshold levels stored in the addressed memory cells to desired date. The verify 

logic identifies memory cells that require additional programming. 
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and memory system 102 is shown in Figure 1. A memory system 102 

contains a program controller 105 and a memory 150. The microprocessor 

100 coupled, via the bus 103, to the program controller 105. The program 

controller 105 provides the necessary operations to control the memory 

150. In one embodiment, the program controller 105 and memory 150 are 

located on a single integrated circuit die. The program controller 105 

contains a command state machine 110, synchronizer 120, status register 

130 and a control engine 140. The operations of the program controller 105 

may be executed by the microprocessor 100. The memory 150 contains the 

memory array as will be described more fully below: 

In operation, the microprocessor 100 generates commands to 

program, erase and read the cells within the memory 150. Through use of 

the command structure, the microprocessor 100 specifies the type of 

operation (e.g. read, program/verify, erase/verify), an address specifying 

the memory cells for the operation, and data for a program/ verify 

operation. The command state machine 110 receives the commands from 

the microprocessor 100. For a write or program operation, the command 

state machine 110 directs the control engine 140 to execute a 

program/verify operation in the memory 150. For a read operation, the 

command state machine 110 provides the necessary address and control 

information to the memory 150. 

In one embodiment. the control engine- 140 comprises a 

microcontroller that executes micro code stored in a memory. The control 

engine 140 generates the necessary timing, control, data and addresses for a 

program/verify operation to the memory 150. The synchronizer 120 

permits asynchronous or synchronous operation of the memory 150 with 

the microprocessor 100. The status register 130 stores status information 

pertaining to the memory system 102. For a further description of an on­

chip program controller, such as program controller 105, see U.S. Patent 

Application Serial No. 07 /655,650, filed February 11, 1991, entitled Flash 

Memory Erase Suspend and Resume, inventor Fandrich, {attorf'tey docket 

numbef 42390.P713). 

TI1e present invention has application for use in a memory 

system capable of storing more than a single bit of information in each 

SHEET 
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reading system 211 contains array loads 210 (Figure 3) and sensing system 

220 (Figure 4). The memory array 200, coupled to the reading system 211; 

contains the memory cells for storing data. In order to program and erase 

the memory cells, the memory 150 further includes a program circuit 

comprising verify logic 227 and program aligner 221. The verify logic 227 

receives data from the reading system 211, and generates "program in" 

data for input to the program aligner 221. In turn, the program aligner 221 

generates "program out " data to selectively program memory cells in the 

memory array 200. 

The memory 150 further includes an address buffer 223 for 

storing a multi-level cell address (MLC addr). In one embodiment, the 

MLC addr is received from an input pin on the memory system 102. In an 

alternative embodiment, the MLC addr is input to the address buffer 223 

from the program controller 105. !n the alternativ~ embodiment, the MLC 

addr is specified in a command when the memory is operating in the MLC 

mode. 

In general, the control switch 205 generates an active MLC 

control signal to indicate that the memory 150 is operating in the MLC 

mode. In· one embodiment, the switch control 205 contains CAM fuse 

cells 207 and 209. The CAM cells 207 and 209 are factory programmable. 

When the CAM cell 209 is programmed or blO\Yn, the memory 150 is 

configured to operate in the MLC mode. The programming of CAM cell 

207 permits switching of the memory 150 between the MLC mode and the 

standard mode via a command. A register 208, coupled to the command 

state machine 110, permits selection between the MLC mode and the 

standard cell mode thro_ugh the command control interface. 

The switch control 205 also contains AND gates 201, 202, and 

an OR gate 203. The control engine 140 is coupled to the AND gates 201 

and 202 to permit the control engine 140 to override the current selection 

of the opera.ting mode_ stored in the register 208. The ability for the control 

engine 140 to control selection of the MLC and standard cell modes is 

useful in both testing and system applications. For example, during an 

erase operation, all cells in an erase block are erased to a common state. 

The control engine 140 may operate more efficiently _on cell levels than on 

- ·-======:. 
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description of addressing for a memory device capable of operating in both a MLC and 

standard modes, see U.S. Patent Application Serial Number 08/252,920, inventors: 

Stephen E. Wells, et al., and Entitled Addressing Modes for a Dynamic Single Bit Per 

Cell to Multiple Bit Per Cell Memory, filed concurrently with the present application, 

and assigned to assignee of the present invention, Intel Corporation, Santa Clara, 

California. 

Figure 3 illustrates an array load and memory array configured in accordance 

with one embodiment of the memory system of the present invention. The memory 

150 includes array loads 210, a column decoder 225, a row decoder 230, and 

memory array 200. The array loads 210 generate, in part, J output line loads or 

column loads for J selected bit lines in the memory array 200. By generating column 

loads, the array loads 210 output to the sensing system 220 {Figure 4) a voltage 

representing the level of conductivity exhibited by the addressed cells of memory 

array 200. In one embodiment, sixteen memory cells are accessed for a read 

operation. 

The memory array 200 is arranged as having k words and m columns. The 

column decoder 225 receives a column address from the program controller 105, and 

couples the column f oads from the array loads 210 to the selected bit lines in memory 

array 200. The row decoder 230 receives a row address from the program controller 

105, and selects the specified word within the memory array 200. The column 

decoder 225 and row decoder 230 are intended to represent a broad category of 

decoders used to select bit lines and word lines in memory arrays which are well 

known in the art and will not be described further. 

Each output line in the array loads 210 contains a column load 212 and a drain 

bias 214. The column load 212 provides a resistance to generate a voltage, VoL• in 

accordance with the conduction of current in a selected memory cell. In one 

embodiment, the column load 212 is implemented with a metal oxide field effect 

transistor IFET} operating in the saturated or pinch-off region. The column load is 

coupled to a source voltage, such as Vee· The drain bias 214 biases the 

corresponding output line to generate the proper drain voltage for the addressed 

memory cell in the memory array 200. In one embodiment, the drain bias 214 is 

configured as a cascode circuit. The array loads 210 also contain a select circuit 216 

for every two output lines (e.g. each odd and even output line) 
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CLAIMS 

1. A memory system comprising: 

a plurality of memory cells for storing one of a plurality of threshold levels in 

said memory cells, wherein said threshold levels demarcate 2" number of windows for 

designating states to represent storage of "n"-bits of data for said memory cells; 

a switch control for permitting selection of an operating mode for said memory 

system including a multi-level cell mode and a standard cell mode; 

a reading circuit coupled to said switch control and said memory cells for 

reading a single bit per cell when said switch control indicates selection of said 

standard cell mode, and for reading multiple bits of data per memory cell when said 

switch control indicates selection of said multi-level cell mode; and 

a program circuit coupled to said switch control and said memory cells for 

programming a single bit of data per memory cell when said switch control indicates 

selection of said standard cell mode, and for programming multiple bits of data per 

memory cell when said switch control indicates selection of said multi-level cell mode, 

wherein said program circuit comprises a program aligner coupled to said memory 

cells and said switch control for selectively programming a first set of memory cells to 

accommodate storing multiple bits per cell when said switch control indicates 

selection of said multi-level cell mode, and for selectively programming a second set 

of addressed memory cells when said switch control indicates selection of said 

standard cell mode. 

2. The memory system as set forth in claim 1, wherein said program circuit 

comprises verify logic coupled to said reading circuit for comparing said threshold 

levels stored in addressed memory cells to desired data and tor identifying memory 

cells that require additional programming. 

3. The memory system as set forth in claim 1, wherein said memory cells 

comprise flash electrically erasable programmable read only memory (EEPROM} cells. 
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4. The memory system as set forth in claim 1, wherein said threshold levels 

demarcate four windows for designating four states to represent storage of two bits 

per memory cell. 

5. The memory system as set forth in claim 1, wherein said switch control 

comprises a factory programmable cell for enabling operation of said memory system 

in said multi-level cell mode. 

6. The memory system as set forth in claim 1, wherein said switch control 

comprises: 

a factory programmable cell for enabling selection of said multi-level cell mode 

and said standard cell mode; and 

a register for permitting a user, via a command interface, to select between 

said mufti-level cell mode and said standard cell mode. 

7. A memory system comprising: 

a plurality of memory cells for storing one of a plurality of threshold levels in 

said memory cells, wherein said threshold levels demarcate 2n number of windows for 

designating states to represent storage of "n" -bits of data for said memory cells; 

a switch control for permitting selection of an operating mode for said memory 

system including a multi-level cell mode and a standard cell mode, wherein said 

switch control comprises circuitry for enabling said program circuit to select between 

said multi-level cell mode and said standard cetl mode thereby overriding said 

operating mode selected from said switch control; 

a reading circuit coupled to said switch control and said memory cells for 

reading a single bit per cell when said switch control indicates selection of said 

standard cell mode, and for reading multiple bits of data per memory cert when said 

switch control indicates selection of said multi-level cell mode; and 
. 

a program circuit coupled to said switch control and said memory cells for 

programming a single bit of data per memory cell when said switch control indicates 

selection of said standard cell mode, and for programming multiple 
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bits of data per memory cell when said switch control indicates selection of said 

multi-level cell mode. 

8. In a memory device, a method for dynamically switching between a first mode 

of operation wherein a first number of bits of data is stored by each memory cell of 

the memory device and a second mode of operation wherein a second number of bits 

of data is stored by each memory cell, the method comprising the steps of: 

providing a plurality of memory cells and associated circuitry for accessing the 

memory cells, wherein the associated circuitry is dynamically configurable to 

discriminate between a number of states that varies in response to a mode of 

operation such that the first number of bits of data are stored to and read from each 

memory cell when the memory device is operating in the first mode of operation and 

the second number of bits of data are stored to and read from each memory cell 

when the memory device is operating in the second mode of operation; 

selecting one of the first and second modes of operation; 

reading and storing a single bit per memory cell when the first mode is 

selected; and 

reading and storing multiple bits of data per memory cell when the second 

mode is selected. 

9. The method as set forth in claim 8, wherein the step of selecting an operating 

mode comprises the step of programming a factory programmable cell for enabling 

operation of said memory system in the second mode. 

10. The method as set forth in claim 8, wherein the step of selecting an operating 

mode comprises the steps of: 

programming a factory programmable cell for enabling selection of the first and 

second modes via a command interface; and 

permitting a user, via said command interface, to select between the first and 

second modes. 
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11 . A method for storing data comprising the steps of: 

storing one of a plurality of threshold levels in each of a plurality of memory 

cells, wherein said threshold levels demarcate 2n number of windows for designating 

states to represent storage of 0 n" -bits of data for said memory cells; 

selecting an operating mode for storing said data including a multi-level cell 

mode and a standard cell mode, wherein the step of selecting an operating mode 

comprises the steps of: 

programming a factory programmable cell for enabling selection of said 

multi-level cell mode and said standard cell mode via a command interface; 

permitting a user, via said command interface, to select between said 

multi-level cell mode and said standard cell mode; and 

enabling selection between said multi-level cell mode and said standard 

cell mode thereby overriding said operating mode selected from said command 

interface; 

reading a single bit per cell when said standard cell mode is selected; and 

reading multiple bits of data per memory cell when said multi-level cell mode is 

selected. 

1 2. A memory system dynamically configurable to operate in a first mode wherein 

a first number of bits of data is stored in each memory cell and a second mode 

wherein a second number of bits of data is stored in each memory cell, comprising: 

a plurality of memory cells; and 

circuitry coupled to the plurality of memory cells to access the plurality of 

memory cells, the circuitry including 

a switch control that permits dynamic selection between the first and 

second modes by configuring the circuitry to discriminate between a first 

number of states when accessing the memory cells while operating in the 

first mode and a second number of states while operating in the second mode 

such that the first number of bits of data is stored to and read from each 

memory cell when operating in the standard cell mode and the second 

number of bits of data is stored to and read from each memory cell when 

operating in the multi-level cell mode. 
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AMIC SINGLE TO MULTIPLE BIT PER CELL MEMORY 

A memory system having memory cells (200) for storing 
one of a plurality of threshold levels to store more than a single 
bit per cells is disclosed. The memory system contains a switch 
control (205) to pennit selection of an operating mode including a 
multilevel cell mode and a standard cell mode. The memory system 
further includes a reading circuit to read a single bit per cell when 
operating in the standard cell mode, and to read multiple bits of 
data per memory cell when operating in the multilevel cell mode. 
A program circuit programs a single bit of data per memory cell for 
adressed memory cells when operating in the standard cell mode. 
and programs multiple bits of data per memory cell for addressed 
memory cells when operating in the multilevel cell mode. 
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