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(57) ABSTRACT 

A NAND flash memory in which a command/address pin is 
separated from a data input/output pin. The NAND flash 
memory includes a memory cell array used for storing data, a 
command/address pin through which a command and an 
address are received for transmitting data in the memory cell 
array, and a data input/output pin through which data are 
transmitted in the memory cell array. The command/address 
pin is separated from the data input/output pin in the NAND 
flash memory. Data input/output speed is increased. Further 
more, the NAND flash memory can perform a bank interleav 
ing operation with a minimal delay time. 
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Fig. 6 
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Fig. 11 
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NAND FLASH MEMORY HAVING CAA PIN 
AND FLASH MEMORY SYSTEM INCLUDING 

THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority under 35 U.S.C. 
S119 to Korean Patent Application No. 10-2006-0137629, 
filed on Dec. 29, 2006, the entire contents of which are hereby 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Technical Field 
0003. The present disclosure relates to a memory device, 
and more particularly, to a NAND flash memory having a 
command/address (C/A) pin and a flash memory system 
including the same. 
0004 2. Discussion of the Related Art 
0005 Semiconductor memory devices are storage devices 
for storing data. Semiconductor memory devices can be clas 
sified as a random access memory (RAM) and a read only 
memory (ROM). A RAM is a volatile memory device that 
requires power to maintain stored data. A ROM is a nonvola 
tile memory device that can maintain stored data even when 
not powered. 
0006 Examples of RAMs include a dynamic RAM 
(DRAM) and a static RAM (SRAM). Examples of ROMs 
include a programmable ROM (PROM), an erasable pro 
grammable ROM (EPROM), an electrically erasable pro 
grammable ROM (EEPROM), and a flash memory. Examples 
of flash memories include aNOR flash memory and a NAND 
flash memory. NAND flash memories are widely used for 
mobile communication terminals, portable media players, 
digital cameras, and mobile storage media. 
0007 FIG. 1 illustrates a conventional NAND flash 
memory 100, and FIG. 2 is a table providing descriptions of 
pins of the NAND flash memory 100. Referring to FIG. 1, the 
NAND flash memory 100 includes control pins such as RnB, 
ALE, CLE, nWE, and nGE pins that are formed on a first 
surface 110 of the NAND flash memory 100. The NAND 
flash memory 100 further includes data pins such as DQ0 
through DQ7 pins formed on a second surface 120. 
0008. The pin structure of the NAND flash memory 100 
shown in FIG. 1 is a structure for a thin Small outline package 
(TSOP). However, since the control pins are formed on one 
surface of the NAND flash memory 100, board structure for 
the NAND flash memory 100 is complicated. Furthermore, 
when a memory module is formed using a plurality of NAND 
flash memories having the pin structure illustrated in FIG. 1, 
the structure of a printed circuit board (PCB) for the memory 
module is complicated. 
0009 FIG.3 is a block diagram illustrating a flash memory 
system 200 having a multi-bank architecture using the NAND 
flash memory 100 of FIG. 1. Referring to FIG. 3, the flash 
memory system 200 may include a flash controller 250, first 
bank 210, second bank 220, third bank 230, and fourth bank 
240. 

0010. Each of the banks 210, 220, 230, and 240 includes 
four NAND flash memories. For example, the first bank 210 
includes four NAND flash memories 211, 212, 213, and 214. 
The second bank 220 includes four NAND flash memories 
221, 222, 223, and 224. The third bank 230 includes four 
NAND flash memories 231, 232, 233, and 234. The fourth 
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bank 240 includes four NAND flash memories 241,242, 243, 
and 244. The flash controller 250 is connected to the banks 
210, 220, 230, and 240 through four channels 1 through 4. 
Here, each of the channels 1 through 4 connects correspond 
ing NAND flash memories of the banks 210, 220, 230, and 
240. For example, channel 1 connects NAND flash memories 
211, 221, 231, and 241 of the banks 210, 220, 230, and 240, 
respectively. Similarly, channel 2 connects NAND flash 
memories 212, 222,232, and 242. Channel 3 connects NAND 
flash memories 213, 223, 233, and 243, Channel 4 connects 
NAND flash memories 214, 224, 234, and 244. 
0011. The controller 250 performs a bank interleaving 
operation using chip enable signals nCE0-nCEX (where X is 
a positive integer). In so doing, the controller 250 receives as 
many enable signals and read and busy signals RnB0-RnBX 
as there are NAND flash memories. As used herein, bank 
interleaving is a data reading or writing operation performed 
between banks of a memory system in which two or more 
banks share a common channel. For example, in a bank inter 
leaving operation, the flash controller 250 reads data from 
and/or writes data to the NAND flash memories 211, 221, 
231, and 241 connected to channel 1 while moving between 
the NAND flash memories 211, 221, 231, and 241. 
0012. As described above, as many chip enable signals 
nCE0 to nCEX and ready and busy signals RnB0 to RnBX are 
used as the number of flash memory chips for a bank inter 
leaving operation. Therefore, when the flash memory system 
200 uses all the four channels 1 to 4, sixteen chip enable 
signals nCE0 to nGE15 and sixteen read and busy signals 
RnB0 to RnB15 are used for a bank interleaving operation. 
Accordingly, the structure of the flash memory system 200 
becomes more complicated as the numbers of banks and flash 
memory chips increase. 
0013. A conventional NAND flash memory receives 
address and command signals through a data input/output 
(DQ) pin. Therefore, when address and command signals are 
input to the NAND flash memory, data cannot be input to or 
output from the NAND flash memory. This results in a data 
delay time. Data input/output is especially delayed when a 
bank interleaving operation is performed. 
0014 Furthermore, when data is written to or read from a 
cell array of a conventional NAND flash memory, RnB sig 
nals are generated. In this case, a flash controller cannot 
perform any operation until the writing/reading operation is 
completed. This reduces the performance of a flash memory 
system. 

SUMMARY OF THE INVENTION 

00.15 Exemplary embodiments of the present invention 
provide a NAND flash memory having fast data input/output. 
0016 Exemplary embodiments of the present invention 
provide a flash memory system that performs a bank inter 
leaving operation while minimizing delay time. 
0017 Exemplary mbodiments of the present invention 
provide NAND flash memories including a memory cell array 
used for storing data, a command/address pin through which 
a command and an address are received for inputting data to 
or outputting data from the memory cell array, and a data 
input/output pin through which data are input to or output 
from the memory cell array. 
0018. In some exemplary embodiments, the NAND flash 
memory further includes a status register receiving a status 
read command through the command/address pin and provid 
ing an operational status of the NAND flash memory to a flash 
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controller. The flash controller sends the status read command 
to the NAND flash memory when the NAND flash memory 
operates, before the NAND flash memory operates, or after 
the NAND flash memory operates. The status register sends a 
status signal SQ to the flash controller to inform the flash 
controller whether the NAND flash memory is internally 
operational. The flash controller controls the internal opera 
tion of the NAND flash memory in response to the status 
signal SQ. 
0019. In some exemplary embodiments, the data is input/ 
output through the data input/output pin depending upon the 
toggling of a data Strobe signal DOS. The data is input/output 
through the data input/output pin by a DDR (double data rate) 
transmission method. The NAND flash memory further 
includes a command/address buffer receiving the command 
and address transmitted through command/address pin. The 
NAND flash memory further includes a control unit control 
ling the reception of the command and address. The control 
unit receives a chip enable signal nCE and a load signal 
nLOAD from a flash controller and controls the reception of 
the command and address 
0020. In some exemplary embodiments of the present 
invention, there are provided flash memory systems including 
a flash controller and a flash memory module formed of a 
plurality of NAND flash memories. Each of the NAND flash 
memories includes a memory cell array used for storing data, 
a command/address pin through which a command and an 
address are received from the flash controller for inputting/ 
outputting data to/from the memory cell array and a data 
input/output pin through which data are input to and output 
from the memory cell array. 
0021. In some exemplary embodiments, each of the 
NAND flash memories further includes a status register 
receiving a status read command through the command/ad 
dress pin and providing an operational status of the NAND 
flash memory to the flash controller. The flash controller 
sends the status read command to the NAND flash memory 
when the NAND flash memory operates, before the NAND 
flash memory operates or after the NAND flash memory 
operates. The status register sends a status signal SQ to the 
flash controller to inform the flash controller whether the 
NAND flash memory is internally operational. The flash con 
troller controls the internal operation of the NAND flash 
memory in response to the status signal SQ.. The data input/ 
output through the data input/output pin is performed accord 
ing to a toggling of a data strobe signal DQS. The data 
input/output through the data input/output pin is performed 
by a DDR transmission method. Each of the NAND flash 
memories further includes a command/address buffer receiv 
ing the command and address transmitted through command/ 
address pin. Each of the NAND flash memories further 
includes a control unit controlling the reception of the com 
mand and address. The control unit receives a chip enable 
signal nCE and a load signal nLOAD from the flash controller 
and controls the reception of the command and address. 

BRIEF DESCRIPTION OF THE FIGURES 

0022. The above and other features of the present disclo 
Sure will become more apparent by describing in detail exem 
plary embodiments of the present invention with reference to 
the attached drawings in which: 
0023 FIG. 1 illustrates a conventional NAND flash 
memory; 
0024 FIG. 2 is a table illustrating pins of the NAND flash 
memory of FIG. 1; 
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0025 FIG.3 is a block diagram illustrating a flash memory 
system with a multi-bank architecture using the NAND flash 
memory of FIG. 1; 
(0026 FIG. 4 illustrates an NBX NAND flash memory 
according to an exemplary embodiment of the present inven 
tion; 
0027 FIG. 5 is a table providing descriptions of pins of the 
NBX NAND flash memory of FIG. 4, according to an exem 
plary embodiment of the present invention; 
(0028 FIG. 6 is a block diagram of an NBX NAND flash 
memory system illustrating the NBXNAND flash memory of 
FIG.4, according to an exemplary embodiment of the present 
invention; 
0029 FIG. 7 is a timing diagram showing how data are 
erased from the NBXNAND flash memory of FIG. 6, accord 
ing to an exemplary embodiment of the present invention; 
0030 FIG. 8 is a timing diagram for explaining how data 
are written into the NBX NAND flash memory of FIG. 6, 
according to an exemplary embodiment of the present inven 
tion; 
0031 FIG. 9 is a timing diagram for explaining how data 
are read from the NBX NAND flash memory of FIG. 6, 
according to an exemplary embodiment of the present inven 
tion; 
0032 FIG. 10 is a diagram illustrating an NBX NAND 
flash memory system according to an exemplary embodiment 
of the present invention; 
0033 FIG. 11 is a block diagram illustrating an NBX flash 
module of the NBX NAND flash memory system of FIG. 10, 
according to an exemplary embodiment of the present inven 
tion; 
0034 FIG. 12 is a block diagram illustrating an internal 
structure of the NBX flash module of FIG. 11, according to an 
exemplary embodiment of the present invention; 
0035 FIGS. 13 through 15 are timing diagrams illustrat 
ing a bank interleaving operation of the NBX flash memory 
system of FIG. 10, according to an exemplary embodiment of 
the present invention; 
0036 FIG. 16 illustrates a thin small outline package 
(TSOP) of an NBX NAND flash memory according to an 
exemplary embodiment of the present invention; and 
0037 FIG. 17 is a table illustrating pins of the TSOP of 
FIG. 16, according to an exemplary embodiment of the 
present invention. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

0038 Exemplary embodiments of the present invention 
will be described below in more detail with reference to the 
accompanying drawings. The present invention may, how 
ever, be embodied in different forms and should not be con 
structed as limited to the exemplary embodiments set forth 
herein. 

0039 FIG. 4 illustrates a NAND flash memory 300 
according to an exemplary embodiment of the present inven 
tion, and FIG. 5 is a table illustrating pins of the NBX NAND 
flash memory 300 according to an exemplary embodiment of 
the present invention. The NAND flash memory 300 includes 
additional command/address pins C/A0 to C/A3. The NAND 
flash memory 300 further includes a data strobe pin DQS in 
addition to data input/output pins DQ0 to DQ7 for input/ 
output data synchronization. Input signals of the NAND flash 
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memory 300 are synchronized with a clock (CLK) signal. The 
NAND flash memory 300 of FIG. 4 will now be referred to as 
a NAND bus scalable (NBX) NAND flash memory. 
0040. Referring to FIG. 5, the command/address pins 
C/A0 to C/A3 are used for inputting command and address 
signals. Although four command/address pins C/A0 to C/A3 
are shown in FIG. 5, the number of command/address pins 
C/A0 to C/A3 can be increased. The nLOAD pin is used for 
loading a command or address signal to the NAND flash 
memory 300. The nCE pin is a chip enable pin. The CLK pin 
is a clock pin. The Vcc pin is a power Voltage pin, and the VSS 
pin is a ground Voltage pin. 
0041. The SQ pin indicates which operation is being per 
formed or is completed in the NBXNAND flash memory 300. 
For example, a high SQ signal indicates that an operation is 
completed in the NBX NAND flash memory 300 and the 
NBX NAND flash memory 300 is ready for the next opera 
tion. A low SQ signal indicates that an operation is being 
performed in die NBX NAND flash memory 300. The SQ 
signal is output in Synchronization with a CLK signal. As 
described above, the DQSpin is a data strobe pin used for data 
input/output, and the DQ0 to DQ7 pins are data input/output 
p1.ns. 
0042 FIG. 6 is a block diagram of an example of the NBX 
NAND flash memory of FIG. 4, according to an exemplary 
embodiment of the present invention. The NBX NAND flash 
memory 420 is electrically connected to a flash controller 
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410. The NBXNAND flash memory 420 receives address and 
command signals from the flash controller 410 through a C/A 
pin and receives data from and sends data to the flash con 
troller 410 through a data input/output pin. 
0043. Referring to FIG. 6, the NBX NAND flash memory 
420 includes a memory cell array 421, a command address 
buffer 422, a page buffer 423, a data input/output circuit 424, 
a control unit 425, and an SQ register 426. 
0044) The memory cell array 421 includes a plurality of 
memory blocks (not shown). Each of the memory blocks 
includes a plurality of pages (not shown). Each of the pages 
includes a plurality of memory cells that share a word line. 
The size of each page may be 512 bytes, 2 KB, or 4KB, The 
size of page varies according to the type of the flash memory. 
In the NBX NAND flash memory 420, data are erased in units 
of a block, and data are read and written in units of a page. 
0045. The command address buffer 422 is connected to the 
memory cell array 421 through a word line WL. The com 
mand address buffer 422 receives a command or address 
signal from the flash controller 410. The control unit 425 
receives control signals nGE and n OAD and controls the 
command address buffer 422. 
0046. The command signal is input to the NBX NAND 
flash memory 420 when the control signals nGE and nLOAD 
are low. Table 1 shows examples of command and control 
signals used in the NBX NAND flash memory system 400. In 
Table 1, nCKE denotes a clock enable signal. 

TABLE 1 

nCKE nCE nLOAD DQS DQ Clock Cycle 

H X High-Z High-Z L -> H 

H X X High-Z X X(after in cycles) 

H H X High-Z High-Z Stead State Aftern 
cycles 

L High-Z High-Z L -> H, 1 cycle: Read in 
(after that address in) 

L. Toggle Data L-> H, 1 cycle: Read 
Out enable (after that read 

data out) 
L High-Z High-Z L -> H, 1 cycle: Program 

Command (after that 
address in) 

L. Toggle Data- L-> H, 1 cycle: 
in command in (after that 

program the page) 
High-Z High-Z L -> H, 1 cycle 

High-Z High-Z L -> H, 1 cycle 

Toggle Data L -> H, 1 cycle: cmd in 
Out 

Toggle Data L -> H, 1 cycle: cmd in 
l (after that configuration 

or n cycles) 
High-Z High-Z L -> H, 1 cycle: cmd in, 

2" cycle: status data out 

L L High-Z High-Z After in cycles 
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0047 Referring to Table 1, Read is a command for starting 
a read operation. Read Enable is a command for reading data. 
Write is a command for starting a write operation. Write 
Enable or Program Enable is a command for writing data into 
the memory cell array 421. 
0048 Status Read is a command for checking the opera 
tion status of the NBX NAND flash memory 420. Reset is a 
command for initializing the NBXNAND flash memory 420. 
0049. For example, a read command is input to the NBX 
NAND flash memory 420 in one clock cycle when nGE and 
nLOAD signals are low. Next, an address is input to the NBX 
NAND flash memory 420. Other commands are input to the 
NBX NAND flash memory 420 in the same manner. 
0050 Referring again to FIG. 6, the NBX NAND flash 
memory 420 includes the SQ register 426. The SQ register 
426 stores the status of the NBX NAND flash memory 420. 
When a status read command is input, the SQ register 426 
sends a status signal SQ to the flash controller 410 under the 
control of the control unit 425. 
0051. The status signal SQ is sent to the flash controller 
410 to inform the flash controller 410 of the status of the NBX 
NAND flash memory 420. For example, when the NBX 
NAND flash memory 420 does not performany operation, the 
status signal SQ is high, and when the NBX NAND flash 
memory 420 performs an operation, the status signal SQ is 
low. The status signal is generated in Synchronization with a 
CLK signal. Referring to Table 1, after a status read command 
is input and one cycle passes, a state signal SQ is output. The 
flash controller 410 can provide the status signal SQ to the 
flash memory at anytime. 
0052 An address is input from the first clock cycle after a 
command is input. The bit size of the address is determined by 
an nLOAD signal. Erase, write, and read operations of the 
NBX NAND flash memory 420 of FIG. 6 will now be 
described with reference to FIGS. 7 through 9. 
0053 FIG. 7 is a timing diagram illustrating how data are 
erased from the NBX NAND flash memory 420 of FIG. 6, 
according to an exemplary embodiment of the present inven 
tion. Referring to FIG.7, when an inCE signal and an nLOAD 
signal are low, a command or an address is input through a 
C/A pin. 
0054 Referring to FIG. 7. S denotes a status read com 
mand, E denotes an erase command. A denotes an address, 
and EE denotes an erase enable command. The status read 
command S can be input regardless of whether an erase 
operation is performed. When the status read command S is 
input, the NBX NAND flash memory 420 generates a status 
signal SQ after one clock cycle. 
0055. The NBX NAND flash memory 420 starts a read 
operation in response to an erase command. When an erase 
command is input, an address A is input through the C/A pin. 
After the address is completely input, an erase enable com 
mand EE is input. The NBX NAND flash memory 420 erases 
data from a memory block corresponding to the address A in 
response to the erase enable command EE. 
0056. During the erase operation, the NBX NAND flash 
memory 420 generates a status signal SQ in response to a 
status read command S to indicate its status (erase status). 
After the erase operation, the NBXNAND flash memory 420 
generates a status signal SQ in response to a status read 
command S to indicate its status (end of erase operation). 
0057 FIG. 8 is a timing diagram for explaining how data 
are written into the NBXNAND flash memory 420 of FIG. 6, 
according to an exemplary embodiment of the present inven 
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tion. Referring to 8, when an inCE signal and an nLOAD 
signal are low, a command or an address is input through a 
C/A pin. 
0058. In FIG. 8, W denotes a write command, Adenotes an 
address, and WE denotes a write enable command. Here, a 
status read command S can be input regardless of whether a 
write operation is performed. When the status read command 
S is input, the NBX NAND flash memory 420 generates a 
status signal SQ after one clock cycle. 
0059. The NBX NAND flash memory 420 starts a write 
operation in response to a write command W. After a write 
command W and an address A are input, a write enable 
command WE is input. After that, the NBX NAND flash 
memory 420 receives data through a data input/output (DQ) 
pin according to the toggling of a data strobe (DQS) signal. 
Data are input to or output from the NBX NAND flash 
memory 420 in synchronization with the DQS signal. Refer 
ring to FIG. 8, data are transferred twice per one period of the 
DQS signal by a double data rate (DDR) transmission 
method. 
0060. After the data are received, the NBX NAND flash 
memory 420 performs programming on a page corresponding 
to the address A using the received data. During the write 
operation, the NBX NAND flash memory 420 generates a 
status signal SQ in response to a status read command S to 
indicate its status (write status). After the write operation, the 
NBX NAND flash memory 420 generates a status signal SQ 
in response to a status read command S to indicate its status 
(end of write operation). 
0061 FIG. 9 is a timing diagram for explaining how data 
are read from the NBX NAND flash memory 420 of FIG. 6, 
according to an exemplary embodiment of the present inven 
tion. In FIG. 9, R denotes a read command, A denotes an 
address, and RE denotes a read enable command. A status 
read command S can be input regardless of whether a read 
operation is performed. When the status read command S is 
input, the NBX NAND flash memory 420 generates a status 
signal SQ after one clock cycle. 
0062. The NBX NAND flash memory 420 starts a read 
operation in response to a read command R. After a read 
command R and an address A are input, the 420 reads data 
from a page corresponding to the address A and stores the data 
in the page buffer 423 (refer to FIG. 6). The NBXNAND flash 
memory 420 outputs a status signal SQ in response to a status 
read command S indicating that the NBX NAND flash 
memory 420 is ready for data transmission. 
0063. The NBXNAND flash memory 420 outputs the data 
stored in the page buffer 423 in response to a read enable 
command RE. The NBX NAND flash memory 420 outputs 
the data through a DQ pin according to the toggling of a DQS 
signal. Data are output from the NBX NAND flash memory 
420 in synchronous with the DQS signal. Referring to FIG.9. 
data are read from the NBX NAND flash memory 420 at 
double data rate (DDR). 
0064. As explained above, the NBX NAND flash memory 
of the present invention includes separate C/A and DQ pins. 
Furthermore, the NBX NAND flash memory includes the SQ 
register to generate a status signal SQ whenever the flash 
controller sends a status read command S. Since the CA pin 
and the DQ pin are separate, read and write speeds can be 
increased. Furthermore, command and address buses can 
have a width different from that of a data bus. 
0065 FIG. 10 is a diagram illustrating an NBX NAND 
flash memory system 500 according to an exemplary embodi 
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ment of the present invention. Referring to FIG. 10, the NBX 
NAND flash memory system 500 includes a flash controller 
550 and a plurality of NBX flash modules 510,520,530, and 
540. In the exemplary embodiment of FIG. 10, four NBX 
flash modules are illustrated. 

0066. The NBX flash modules 510,520,530, and 540 are 
connected to flash sockets 501, 502, 503, and 504, respec 
tively, and the flash sockets 501, 502, 503, and 504 are con 
nected to the flash controller 550 through a data bus (DQ bus). 
The NBX flash modules 510,520, 530, and 540 receive a 
bank selection (nBS) signal from the flash controller 550. 
Furthermore, data (DQ) and control (CTRL) signals are trans 
mitted between the flash controller 550 and the NBX flash 
modules 510, 520, 530, and 540. Each of the NBX flash 
modules 510,520, 530, and 540 includes a plurality of NBX 
NAND flash memories. In the exemplary embodiment shown 
in FIG. 10, each of the NBX flash modules 510,520,530, and 
540 includes sixteen NBX NAND flash memories 511. 

0067. The flash controller 550 controls write, read, and 
erase operations of the NBX NAND flash memories of the 
NBX flash modules 510,520,530, and 540. Furthermore, the 
flash controller 550 performs bank interleaving between 
banks using the nBS signal. 
0068. When it is necessary to update SQ registers of the 
NBX NAND flash memories of the NBX flash modules 510, 
520, 530, and 540, the flash controller 550 can transmit a 
register value that can be commonly used for all the NBX 
flash modules 510,520, 530, and 540. This function of the 
flash controller 550 is referred to as a broadcasting function. 
After simultaneously enabling nBS signals for all banks, the 
flash controller 550 provides a register configuration com 
mand (refer to Table 1). The register configuration command 
is simultaneously provided to each of the NBX NAND flash 
memories through a C/A pin. Then, the flash controller 550 
writes a register value to an SQ register using the C/A pin. 
0069 FIG. 11 is a block diagram illustrating an NBX flash 
module of the NBX NAND flash memory system 500 of FIG. 
10, according to an exemplary embodiment of the present 
invention. in FIG. 11, reference numeral 510a denotes a front 
Surface of the NBX flash module 510 of the NBXNAND flash 
memory system 500, and reference numeral 510b denotes a 
back Surface of the NBX flash module 510. 

0070 Referring to FIGS.11(a) and (b), eight NBXNAND 
flash memories 511a are formed in the front surface 510a of 
the NBX flash module 510, and eight NBX NAND flash 
memories 511b are formed on the back; surface 510b of the 
NBX flash module 510. The eight NBX NAND flash memo 
ries 511a form one bank, and the eight NBX NAND flash 
memories 511b form another bank. For example, one NBX 
flash module includes two banks. When each of the NBX 
NAND flash memories 511a and 5.11b has an 8-bit bus width, 
one bank has a 64-bit bus width. 

0071. An electrically erasable programmable read only 
memory (EEPROM)512 for status presence detection (SPD), 
a clock buffer 513, a buffer 514 for C/A and control signals, 
and an interface 516a are formed on the front surface 510a of 
the NBX flash module 510. The EEPROM512 is used to Store 
data (SPD data) necessary for the flash controller 550 (refer to 
FIG. 10) to access the NBX flash module 510. The clock 
buffer 513 is used for distributing a clock signal to the NBX 
NAND flash memories 5.11a and 5.11b. The buffer 514 is used 
for distributing command, address, and control signals to the 
NBX NAND flash memories 511a and 5.11b. 
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(0072 Fast enable transfer (PET) switches 515 and an 
interface 516b are formed on the back Surface 510b of the 
NBX flash module 510. The FET switches 515 are used to 
reduce loads on data buses, thereby enabling high-speed data 
transmission. Since a DDR transmission method is used for 
the NBX NAND flash memories 511a and 5.11b, the FET 
switches 515 are used to facilitate the use of the DDR trans 
mission method. Each of the FET switches 515 can latch 10 
bits: 8 bits for data (DQ), 1 bit for a DQS signal, and 1 bit for 
a SQ signal. When assembled, the interfaces 516a and 516b 
of the NBX flash module 510 are connected to the flash socket 
510 (refer to FIG. 10). 
0073 FIG. 12 is a block diagram illustrating an internal 
structure of the NBX flash module 510 of FIG. 11, according 
to an exemplary embodiment of the present invention. As 
illustrated in FIG. 11, the NBX flash module 510 includes the 
NBXNAND flash memories 511a and 5.11b (first and second 
banks), the EEPROM 512 for SPD, the clock buffer 513, the 
buffer 514 for C/A and control signals, the FET switches 515, 
and the interface 516. 
0074 The interface 516 receives a command, an address, 
data, first and second bank selection signals nBS1 and nBS2, 
and an nLOAD signal from the flash controller 550 (refer to 
FIG. 10). Here, the nBS1 signal is used for selecting the first 
bank 5.11a, and the nBS2 signal is used for selecting the 
second bank 5.11b. 
0075. The nBS1 signal is provided as a chip enable signal 
nCE for the NBX NAND flash memories of the first bank 
511a. The nBS2 signal is provided as a chip nCE signal for the 
NBX NAND flash memories of the second bank 5.11b. The 
buffer 514 for C/A and control signals is used to temporarily 
store a command, an address, and annLOAD signal and sends 
them to a selected bank. 

(0076. The clock buffer 513 receives a clock signal nCLK 
and generates first and second clock signals CLK1 and CLK2. 
The first clock signal CLK1 is provided to the first bank 5.11a, 
and the second clock signal CLK2 is provided to the second 
bank 5.11b. Furthermore, the clock buffer 513 provides a 
clock signal for the buffer 514 for C/A and control signals. 
The buffer 514 is operated in synchronization with a clock 
signal. 
0077. The EEPROM512 for SPD stores SPD information 
necessary for the flash controller to access the NBX flash 
module 510 For example, the EEPROM 512 for SPD stores 
information about internal delay time necessary for writing 
data to or reading data from the NBX NAND flash memories 
of the first and second banks 511a and 5.11b. In read or write 
operation, the flash controller 550 reads the internal delay 
time information from the EEPROM 512 and outputs signals 
and data according to the read information for read or write 
operation. 
(0078 NBX NAND flash memories included in a given 
bank have the same page size. Information about this page 
size is stored in the EEPROM 512. The page size of a NBX 
NAND flash memory may vary from one bank to another 
bank and/or from one NBX flash module to another NBX 
flash module. The EEPROM 512 for SPD stores this page 
information. When accessing a NBX flash module, the flash 
controller 550 reads the page information from the EEPROM 
512 and operates according to the read page information. 
0079 Banks included in one NBX flash module can have 
different storage capacities. In addition, NBX NAND flash 
memories included in one bank can have different storage 
capacities. The EEPROM 512 for SPD stores information 
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about the bank capacities of banks. When accessing a NBX 
flash module, the flash controller 550 reads the bank capacity 
information from the EEPROM 512 and operates according 
to the readbank capacity information. That is, the flash con 
troller 550 reads SPD information from the EEPROM 512 
and sets itself using the SPD information. 
0080 FIGS. 13 through 15 are timing diagrams for 
explaining a bank interleaving operation of the NBX NAND 
flash memory system 500 of FIG. 10, according to an exem 
plary embodiment of the present invention. Bank interleaving 
is a read, write, or erase operation that is performed alter 
nately on banks. FIG. 13 illustrates an interleaving operation 
between banks for reading data from the banks. FIG. 14 
illustrates an interleaving operation between banks for writ 
ing data to the banks. FIG. 15 illustrates an interleaving 
operation between banks for erasing, writing, and reading. 
I0081 Referring to FIG. 13, a first bank is enabled by a first 
bank selection signal nBS1. For example, when the first bank, 
selection signal nBS1 is at a low level, data are read from the 
first bank. Reading data from the first bank starts in response 
to a read command R. After the read command R and an 
address A is input, data are read from a selected page and 
transmitted to a page buffer. When data corresponding to one 
page is stored in the page buffer, an NBX NAND flash 
memory outputs a status signal SQ in response to a status read 
command S to indicate that it is ready to output data. 
I0082. The NBX NAND flash memory outputs the data 
stored in the page buffer in response to a read enable com 
mand RE. Here, the NBX NAND flash memory outputs the 
data through a data input/output pin DQ according to the 
toggling of a data strobe signal DQS. 
0083. When a second bank selection signal nBS2 is 
changed to a low level during the reading operation for the 
first bank, data are read from a second bank. Similarly, when 
a third bank selection signal nBS3 is changed to a low level 
during the reading operations for the first and second banks, 
data are read from a third bank. The reading operations for the 
second and third banks are performed in the same manner as 
that for the first bank. 
0084. After data are output from the first bank, data are 
output from the second bank without a delay time. Similarly, 
after data are output from the second bank, data are output 
from the first bank. 
I0085. Referring to FIG. 14, when a first bank selection 
signal nBS1 is at a low level, data are written into a first bank. 
Writing data into the first bank starts in response to a write 
command W. After the write command W and an address A 
are input, a write enable command WE is input. An NBX 
NAND flash memory receives data through a data input/ 
output pin DQ according to the toggling of a data strobesignal 
DQS. The received data are stored in a page buffer. 
I0086. After data are stored in the page buffer, the NBX 
NAND flash memory performs internal programming on a 
page of the address A using the stored data. The NBX NAND 
flash memory outputs a status signal SQ in response to a status 
read command S to indicate the end of the write operation. 
0087. When second and third bank selection signals are 
changed to a low level during the write operation for the first 
bank, data are written into second and third banks. The write 
operations for the second and third banks are performed in the 
same manner as that for the first bank. 
0088 Referring to FIG. 14, after data are completely 
loaded from a flash controller to a page buffer of the first bank, 
data are loaded from the flash controller to a page buffer of the 
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second bank without a delay time. Similarly, after the data are 
loaded to the page buffer of the second bank, data are loaded 
from the flash controller to a page buffer of the third bank. 
I0089 Referring to FIG. 15, an erase operation is per 
formed on a first bank, a write operation is performed on a 
second bank, and a read operation is performed on a third 
bank. During the erase operation for the first bank, the write 
operation for the second bank is performed. In addition, dur 
ing the erase and write operations for the first and second 
banks, the read operation for the third bank is performed. 
0090 Since a conventional NAND flash memory uses a 
data input/output pin DQ for receiving command and address 
signals as well as data, a data stream in a data bus or channel 
is often interrupted. Furthermore, a conventional NAND flash 
memory module has a long data delay time during an bank 
interleaving operation. However, as illustrated in FIGS. 13 
through 15, the NBX flash module of exemplary embodi 
ments of the present invention can perform an interleaving 
operation for data input/output without a data delay time, so 
that data can be read from and written to the NBX flash 
module at a high speed. 
0091 FIG. 16 illustrates a thin small outline package 
(TSOF) of an NBX NAND flash memory according to an 
exemplary embodiment of the present invention, and FIG. 17 
is a table providing descriptions of pins of the TSOP of FIG. 
16, according to an exemplary embodiment of the present 
invention. Referring to FIG. 16, the NBX NAND flash 
memory has 48 pins. The 1st to 24th pins are formed on the 
left side, and the 25th to 48th pins are formed on the right side. 
Referring to FIG. 17, all control functions are assigned to the 
left-side pins. According to exemplary embodiments of the 
present invention, the number of pins can be decreased, and 
the NBX NAND flash memory can be designed to have all 
controls pins on one side. Therefore, the NBX NAND flash 
memory can have a simple structure. 
0092. As described above, in the NAND flash memory of 
exemplary embodiments of the present invention, the C/A pin 
is separated from the data input/output pin. Therefore, data 
input/output speed can be improved. Furthermore, the NAND 
flash memory can perform a bank interleaving operation with 
less delay time. 
0093. The above-disclosed subject matter is to be consid 
ered illustrative, and not restrictive. It will be understood by 
those of ordinary skill in the art that various changes in form 
and details may be made without departing from the spirit and 
Scope of the present invention. 
What is claimed is: 
1. A NAND flash memory comprising: 
a memory cell array storing data; 
a command/address pin through which a command and an 

address are received for transmitting data; and 
a data input/output pin through which data are transmitted 

in the memory cell array. 
2. The NAND flash memory of claim 1, further comprising 

a status register receiving a status read command through the 
command/address pin and providing an operational status of 
the NAND flash memory to a flash controller. 

3. The NAND flash memory of claim 2, wherein the flash 
controller sends the status read command to the NAND flash 
memory. 

4. The NAND flash memory of claim 2, wherein the status 
register sends a status signal SQ to the flash controller to 
inform the flash controller whether the NAND flash memory 
is internally operational. 
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5. The NAND flash memory of claim 4, wherein the flash 
controller controls the internal operation of the NAND flash 
memory in response to the status signal SQ. 

6. The NAND flash memory of claim 1, wherein the data 
transmitted through the data input/output pin is transmitted 
according to a toggling of a data strobe signal DQS. 

7. The NAND flash memory of claim 6, wherein the data 
transmitted through the data input/output pin is transmitted 
by a DDR (double data rate) transmission method. 

8. The NAND flash memory of claim 1, further comprising 
a command/address buffer receiving the command and 
address received through command/address pin. 

9. The NAND flash memory of claim 8, further comprising 
a control unit controlling the reception of the command and 
address. 

10. The NAND flash memory of claim 9, wherein the 
control unit receives a chip enable signal nCE and a load 
signal nLOAD from a flash controller and controls the recep 
tion of the command and address. 

11. A flash memory system comprising: 
a flash controller, and 
a flash memory module comprising a plurality of NAND 

flash memories, 
wherein each of the NAND flash memories comprises: 
a memory cell array storing data; 
a command/address pin through which a command and an 

address are received from the flash controller for trans 
mitting data in the memory cell array; and 

a data input/output, pin through which data is transmitted 
in the memory cell array. 

12. The flash memory system of claim 11, wherein each of 
the NAND flash memories further comprises a status register 
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receiving a status read command through the command/ad 
dress pin and providing an operational status of the NAND 
flash memory to the flash controller. 

13. The flash memory system of claim 12, wherein the flash 
controller sends the status read command to the NAND flash 
memory. 

14. The flash memory system of claim 12, wherein the 
status register sends a status signal SQ to the flash controller 
to inform the flash controller whether the NAND flash 
memory is internally operational. 

15. The flash memory system of claim 14, wherein the flash 
controller controls the internal operation of the NAND flash 
memory in response to the status signal SQ. 

16. The flash memory system of claim 11, wherein the data 
transmitted through the data input/output pin is transmitted 
according to a toggling of a data strobe signal DQS. 

17. The flash memory system of claim 16, wherein the data 
transmitted through the data input/output pin is transmitted 
by a DDR (double data rate) transmission method. 

18. The flash memory system of claim 1, wherein each of 
the NAND flash memories further comprises a command/ 
address buffer receiving the command and address received 
through command/address pin. 

19. The flash memory system of claim 18, wherein each of 
the NAND flash memories further comprises a control unit 
controlling the reception of the command and address. 

20. The flash memory system of claim 19, wherein the 
control unit receives a chip enable signal nCE and a load 
signal nLOAD from the flash controller and controls the 
reception of the command and address. 
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