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NONVOLATILE FERROELECTRIC MEMORY 
DEVICE HAVING MULTI-BIT CONTROL 

FUNCTION 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention generally relates to a non 
volatile ferroelectric memory device having a multi-bit 
control function, and more speci?cally, to a technology for 
storing and sensing multi-bit data in a ferroelectric memory 
cell. 

[0003] 2. Description of the Prior Art 

[0004] Generally, a ferroelectric random access memory 
(hereinafter, referred to as ‘FRAM’) has attracted consider 
able attention as neXt generation memory device because it 
has a data processing speed as fast as a Dynamic Random 
Access Memory DRAM and conserves data even after the 
poWer is turned off. 

[0005] The FRAM having structures similar to the DRAM 
includes the capacitors made of a ferroelectric substance, so 
that it utiliZes the characteristic of a high residual polariZa 
tion of the ferroelectric substance in Which data is not 
deleted even after an electric ?eld is eliminated. 

[0006] The technical contents on the above FRAM are 
disclosed in the Korean Patent Application No. 2002-85533 
by the same inventor of the present invention. Therefore, the 
basic structure and the operation on the FRAM are not 
described herein. 

[0007] In the conventional nonvolatile ferroelectric 
memory, a sensing reference voltage is set to have a proper 
level When cell data are sensed. 

[0008] HoWever, as a chip operation voltage of the 
FeRAM becomes loWer, the level of the reference voltage to 
sense a cell also becomes loWer. When the sensing voltage 
level of the cell data is loW, a voltage margin betWeen the 
sensing voltage and the reference voltage is reduced. As a 
result, it is dif?cult to determine data. Also, a sensing margin 
is reduced by a voltage level change of the reference voltage. 
Therefore, it is dif?cult to obtain a rapid operation speed of 
the FeRAM chip having a 1T1C (ltransistor, lcapacitor). 

[0009] As a semiconductor memory device becomes 
smaller, the siZe of cell also becomes smaller. As a result, a 
technology for storing a plurality of multi-bit data in a cell 
is required to improve the ef?ciency of the cell siZe. 

SUMMARY OF THE INVENTION 

[0010] Accordingly, it is an object of the present invention 
to generate different sensing critical voltages in a sense 
ampli?er array unit to detect a plurality of data levels. 

[0011] It is another object of the present invention to 
detect a plurality of data levels depending on a plurality of 
level sensing output voltages in different timing strobe 
intervals, thereby storing a plurality of data bits in a cell. 

[0012] It is still another object of the present invention to 
store a plurality of read/Written data through a register, 
thereby improving data access time. 

[0013] In an embodiment, a nonvolatile ferroelectric 
memory device having a multi-bit function comprises a 
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plurality of cell array blocks, a data register array unit and 
a common data bus unit. The plurality of cell array blocks 
generate a plurality of different sensing critical voltages in a 
reference timing strobe interval, and compare the plurality of 
sensing critical voltages With a plurality of cell data sensing 
voltages applied from a main bitline. Here, each of the 
plurality of cell array blocks comprises a nonvolatile ferro 
electric memory. The data register array unit stores the 
plurality of bit data applied from the plurality of cell array 
blocks in different timing intervals, and converts a plurality 
of inputted bit data or the plurality of bit data into analog 
reference level signals. The common data bus unit, con 
nected in common to the plurality of cell array blocks, 
controls data eXchange betWeen the plurality of cell array 
blocks and the data register array unit. 

[0014] In another embodiment, a nonvolatile ferroelectric 
memory device having a multi-bit control function com 
prises a plurality of cell array blocks and a data register array 
unit. The data register array unit sequentially stores a 
plurality of cell data sensing voltages applied from the 
plurality of cell array blocks through a common data bus 
unit. Here, each of the plurality of cell array blocks com 
prises a sense ampli?er array unit for generating a plurality 
of sensing critical voltages in response to a plurality of 
sensing enable signals having a predetermined time interval 
activated sequentially in a reference timing strobe interval, 
and for comparing the plurality of cell data sensing voltages 
applied from the common data bus unit With the plurality of 
sensing critical voltages. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a diagram illustrating a nonvolatile 
ferroelectric memory device having a multi-bit control func 
tion according an embodiment of the present invention. 

[0016] FIG. 2 is a block diagram of a cell array block of 
FIG. 1. 

[0017] FIG. 3 is a circuit diagram of a main bitline pull-up 
controller of FIG. 2. 

[0018] FIG. 4 is a circuit diagram of a main bitline sensing 
load unit of FIG. 2. 

[0019] FIG. 5 is a circuit diagram of a Write sWitching unit 
of FIG. 2. 

[0020] 
FIG. 2. 

[0021] FIG. 7 is a diagram of a sense ampli?er array unit 
of FIG. 2. 

FIG. 6 is a circuit diagram of a sub cell array of 

[0022] FIG. 8 is a timing diagram of a sense ampli?er 
array unit of FIG. 7. 

[0023] 
FIG. 1. 

[0024] FIG. 10 is a diagram of a data register of FIG. 9. 

[0025] FIG. 11 is a circuit diagram of a data register of 
FIG. 10. 

[0026] FIG. 12 is a timing diagram of a data register array 
unit of FIG. 9. 

[0027] FIG. 13 is a diagram of a D/A converter of FIG. 9. 

FIG. 9 is a diagram of a data register array unit of 
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[0028] FIG. 14 is a circuit diagram of a reference level 
generator of FIG. 13. 

[0029] FIG. 15 is a circuit diagram of a common data bus 
driving unit of FIG. 13. 

[0030] FIG. 16 is a timing diagram of the D/A converter 
of FIG. 9. 

[0031] FIG. 17 is a timing diagram illustrating the Write 
mode of the nonvolatile ferroelectric memory device having 
a multi-bit control function. 

[0032] FIG. 18 is a timing diagram illustrating the read 
mode of the nonvolatile ferroelectric memory device having 
a multi-bit control function. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0033] The present invention Will be described in detail 
With reference to the accompanying draWings. 

[0034] FIG. 1 is a diagram illustrating a nonvolatile 
ferroelectric memory device having a multi-bit control func 
tion according an embodiment of the present invention. 

[0035] In an embodiment, the nonvolatile ferroelectric 
memory device comprises a read/Write data buffer unit 100, 
a data buffer bus unit 200, a data register array unit 300, a 
plurality of cell array blocks 400 and 402 and a common 
data bus unit 500. 

[0036] Each of the cell array blocks 400 and 402 com 
prises a plurality of bitline cell arrays each having a multi 
bitline structure comprising sub bitlines and a main bitline. 
The multi-bitline structure cell array converts a sensing 
voltage of the sub bitline into current, and induces a main 
bitline sensing voltage. 

[0037] Here, the plurality of cell array blocks 400 and 402 
are symmetrically arranged on a basis of the common data 
bus unit 500. The plurality of cell array blocks 400 and 402 
share the common data bus unit 500. 

[0038] The read/Write data buffer 100 is connected to the 
data register array unit 300 through the data buffer bus unit 
200. The data register array unit 300 determines data “high” 
and “loW” based on When a voltage level of data passes a 
sensing critical voltage in sensing data of the common data 
bus unit 500. 

[0039] In a read mode, data read from the cell array blocks 
400 and 402 are stored in the data register array unit 300 
through the common data bus unit 500. The read data stored 
in the data register array unit 300 are outputted into the 
read/Write data buffer unit 100 through the data buffer bus 
unit 200. 

[0040] In a Write mode, input data inputted through the 
read/Write data buffer unit 100 are stored in the read/Write 
data register array unit 300 through the data buffer bus unit 
200. The input data or read data stored in the data register 
array unit 300 are Written in the cell array blocks 400 and 
402 through the common data bus unit 500. 

[0041] FIG. 2 is a block diagram of the cell array block 
400 or 402 of FIG. 1. 

[0042] The cell array block 400 comprises a main bitline 
(MBL) pull-up controller 410, a main bitline sensing load 
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unit 420, a plurality of sub cell arrays 430, a Write sWitching 
unit 440 and a sense ampli?er array unit 450. 

[0043] Here, main bitlines MBL of a plurality of sub cell 
arrays 430 are connected to the sense ampli?er array unit 
450 through the Write sWitching unit 440, and the sense 
ampli?er array unit 450 is connected to the common data bus 
unit 500. 

[0044] FIG. 3 is a circuit diagram of the main bitline 
pull-up controller 410 of FIG. 2. 

[0045] The MBL pull-up controller 410 comprises a 
PMOS transistor P1 for pulling up a main bitline MBL in a 
precharge mode. The PMOS transistor P1 has a source 
connected to a poWer voltage VCC (or VPP) terminal, a 
drain connected to the main bitline MBL and a gate to 
receive a main bitline pull-up control signal MBLPUC. 

[0046] FIG. 4 is a circuit diagram of the main bitline 
sensing load unit 420 of FIG. 2. 

[0047] The main bitline sensing load unit 420 comprises a 
PMOS transistor P2 for controlling sensing load of the main 
bitline MBL. The PMOS transistor P2 has a source con 
nected to a poWer voltage VCC terminal, a drain connected 
to the main bitline MBL and a gate to receive a main bitline 
control signal MBLC. 

[0048] FIG. 5 is a circuit diagram of the Write sWitching 
unit 440 of FIG. 2. 

[0049] The Write sWitching unit 440 comprises an NMOS 
transistor N1 and a PMOS transistor P3. The NMOS tran 
sistor N1, connected betWeen the main bitline MBL and the 
common data bus unit 500, has a gate to receive a Write 
sWitching signal WSN. The PMOS transistor P3, connected 
betWeen the main bitline MBL and the common data bus 
unit 500, has a gate to receive a Write sWitching signal WSP. 

[0050] FIG. 6 is a circuit diagram of the sub cell array 430 
of FIG. 2. 

[0051] Each main bitline MBL of the sub cell array 430 is 
selectively connected to one of a plurality of sub bitlines 
SBL. When a sub bitline selecting signal SBSW1 is acti 
vated, an NMOS transistor N6 is turned on, thereby acti 
vating a sub bitline SBL. One sub bitline SBL is connected 
to a plurality of cells C. 

[0052] The sub bitline SBL is pulled doWn to a ground 
level in response to a sub bitline pull-doWn signal SBPD 
When an NMOS transistor N4 is turned on. The sub bitline 
pull-up signal SBPU is to control poWer supplied to the sub 
bitline SBL. In a loW voltage, a voltage higher than the 
poWer voltage VCC is supplied to the sub bitline SBL. 

[0053] An NMOS transistor N5 controls connection 
betWeen a sub bitline pull-up signal SBPU terminal and the 
sub bitline SBL in response to a sub bitline selecting signal 
SBSW2. 

[0054] An NMOS transistor N3, connected betWeen an 
NMOS transistor N2 and the main bitline MBL, has a gate 
connected to the sub bitline SBL. The NMOS transistor N2, 
connected betWeen a ground voltage terminal and the 
NMOS transistor N3, has a gate to receive a main bitline 
pull-doWn signal MBPD, thereby regulating a sensing volt 
age of the main bitline MBL. 
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[0055] FIG. 7 is a diagram of the sense ampli?er array 
unit 450 of FIG. 2. 

[0056] The sense ampli?er array unit 450 comprises a 
multi-level sensing unit 451 and a sensing output unit 453. 
The multi-level sensing unit 451 comprises a sensing volt 
age regulator 452 and an NMOS transistor N7. Here, the 
sensing voltage regulator 452 comprises PMOS transistors 
P4~P6 connected in parallel betWeen the poWer voltage 
VCC terminal and a node SLO. 

[0057] The PMOS transistor P4 is turned on When a 
sensing enable signal S1_EN is disabled, and outputs a 
detecting voltage of the node SLO. The PMOS transistor P5 
is turned on When a sensing enable signal S2_EN is disabled, 
and outputs the detecting voltage of the node SLO. The 
PMOS transistor P6 is turned on When a sensing enable 
signal S3_EN is disabled, and outputs the detecting voltage 
of the node SLO. The sensing enable signals S1_EN~S3_EN 
for controlling the turn-on operation of the PMOS transistors 
P4~P6 are individually activated, and sequentially disabled 
in a predetermined time interval. 

[0058] Channel resistance values of the PMOS transistors 
P4~P6 may be set identically or differently depending on 
voltage levels to be set. 

[0059] The NMOS transistor N7, connected betWeen the 
node SLO and the ground voltage terminal, has a gate 
connected to the main bitline MBL, and the amount of 
current ?oWing through the NMOS transistor N7 is con 
trolled by a voltage of the main bitline MBL. As a result, a 
plurality of detecting voltage levels are generated by a ratio 
of the current applied to the node SLO from the sensing 
voltage regulator 452 and the current applied to the node 
SLO from the NMOS transistor N7. 

[0060] When the main bitline MBL is over a critical 
voltage, the NMOS transistor N7 is turned on, and the node 
SLO becomes “loW”. When the main bitline MBL is beloW 
a critical voltage, the NMOS transistor N7 is kept turned off, 
and the node SLO becomes “high”. 

[0061] The sensing output unit 453 comprises NMOS 
transistors N8 and N9 connected in series betWeen the 
common data bus unit 500 and the ground voltage terminal. 
The NMOS transistor N8 has a gate connected to the node 
SLO, and the NMOS transistor N9 has a gate to receive a 
sensing output enable signal SOUT_EN. 
[0062] The NMOS transistor N9 is kept turned off in a 
normal mode. In the read mode, if the sensing output enable 
signal SOUT_EN is enabled, the NMOS transistor N9 is 
turned on. As a result, the voltage level of the common data 
bus unit 500 is determined depending on the voltage level of 
the node SLO. 

[0063] That is, the common data bus unit 500 is main 
tained at a high level by a bus pull-up unit, and pulled doWn 
by the voltage level of the node SLO. When the voltage level 
of the node SLO is “high”, the common data bus unit 500 is 
pulled doWn to a loW level. On the other hand, When the 
voltage level of the node SLO is “loW”, the common data 
bus unit 500 is maintained at a high level. 

[0064] FIG. 8 is a timing diagram of the sense ampli?er 
array unit 450 of FIG. 7. 

[0065] In an interval T0, a Wordline WL and a plateline PL 
are inactivated, and the main bitline MBL and the read data 
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bus unit 400 are precharged to a high level. Here, the sub 
bitline SBL and the node SLO are precharged to a loW level. 
The sensing enable signal S_EN and the sensing output 
enable signal SOUT_EN are at a disable state. 

[0066] In an interval T1, the Wordline WL and the plate 
line PL are activated to a high level. 4 level (2 bit) data are 
stored in a cell, and multi-data such as data 00, 01, 10 and 
11 are applied to the sub bitline SBL and the main bitline 
MBL to sense voltage levels of the stored cell data. 

[0067] In an interval T2, sensing critical voltages Vsl, Vs2 
and Vs3 are differently set depending on activation of the 
PMOS transistors P1, P2 and P3. Then, the sensing output 
enable signal SOUT_EN becomes at a high level. Four 
sensing voltage levels of the main bitline MBL are compared 
and ampli?ed With the three sensing critical voltages Vsl, 
Vs2 and Vs3 set by the sensing voltage regulator 452. 

[0068] When the interval T2 starts, if the sensing enable 
signal S1 EN is disabled, the PMOS transistor P4 is turned 
on. As a result, the voltage level of the node SLO is 
determined on a basis of the sensing critical voltage Vsl 
having the loWest level. When only the PMOS transistor P4 
is activated and the main bitline MBL has the loWest voltage 
level, the sense ampli?er array unit 450 can determine data 
11 and 10. 

[0069] When the interval T3 starts, if the sensing enable 
signal S2_EN is disabled, the PMOS transistors P4 and P5 
are simultaneously activated. As a result, the voltage level of 
the node SLO is determined on a basis of the sensing critical 
voltage Vs2 having a middle level. When the PMOS tran 
sistors P4 and P5 are activated and the main bitline MBL has 
the middle level, the sense ampli?er array unit 450 can 
determined data 10 and 01. 

[0070] When an interval T4 starts, the sensing enable 
signal S3_EN is disabled, the PMOS transistors P4, P5 and 
P6 are simultaneously activated. As a result, the voltage 
level of the node SLO is determined on a basis of the sensing 
critical voltage Vs3 having the highest level. When the 
PMOS transistor P4, P5 and P6 are all activated and the main 
bitline MBL has the highest voltage level, the sense ampli 
?er array unit 450 can determine data 00 and 01. 

[0071] The multi-data determining intervals are set as 
different timing intervals depending on When the sensing 
enable signals S1_EN~S3_EN are disabled. During the 
reference timing strobe interval (T2~T4), the sensing output 
enable signal SOUT_EN is maintained at an enabled state. 
As a result, the voltage levels of determined data are 
outputted into the common data bus unit 500 depending on 
the voltage level of the node SLO. 

[0072] When an interval T5 starts, the voltage level of the 
node SLO is enabled to a high level regardless of cell data. 
As a result, the voltage level of the common data bus unit 
500 is disabled to a loW level. 

[0073] FIG. 9 is a diagram of the data register array unit 
300 of FIG. 1. 

[0074] The data register array unit 300 comprises a data 
register unit 320 a decoder 330, an encoder 340 and a D/A 
(Digital/Analog) converter 350. 

[0075] The data register unit 320 comprises a plurality of 
data registers 310. The data register unit 320 latches and 












