
US 20070002624Al 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2007/0002624 A1 

Ju (43) Pub. Date: Jan. 4, 2007 

(54) FLASH MEMORY DEVICE FOR REDUCING (30) Foreign Application Priority Data 
ERROR OCCURRENCE RATIO IN 
PROGRAM OPERATION AND METHOD OF Jun. 29, 2005 (KR) ..................................... .. 2005-57277 
CONTROLLING PROGRAM OPERATION 
THEREOF Publication Classi?cation 

(75) Inventor: Gi Seok Ju, Kyeongki-do (KR) (51) Int- Cl 
G11C 16/04 (2006.01) 

Correspondence Address: G11 C 11/34 (2006-01) 
& U-S. .................................................... .. 

233 S. WACKER DRIVE, SUITE 6300 
SEARS TOWER 

CHICAGO, IL 60606 (US) (57) ABSTRACT 

(73) Assignee: HYNIX SEMICONDUCTOR INC., 
lcheon-si (KR) 

A ?ash memory device and method of controlling a program 
(21) App1_NO_j 11/306,350 operation thereof, includes page buiTers divided into a 

predetermined number of groups and a program operation is 
(22) Filed: Dec. 23, 2005 performed on a group basis. 

10g‘ 
110 
\ MEMORY CELL BLOCK 

g3 %% 
mm $533.53 ‘555 ma?a-2|"; mm 

m m m a: or: 53 

PB PB , PB 120 P81 PBN (NH) PBBN (ZNH PBJN (SNH) PB4N 

I MICRO PGM LOGIC .PGMI I 
PROGRAMTCONTROMMR CIRCUIT 123 

I f’ I PGMZ 
E 121 122 i 
. CIRCUIT 124, 

i CIRCUIT 125% 
i / § PGM4 
@ CIRCUIT ; 
________________________________________________ _.| 



Patent Application Publication Jan. 4, 2007 Sheet 1 0f 6 US 2007/0002624 A1 

FIG. 1 
(PRIOR ART) 

10 

/ 
11 

MEMORY CELL BLOCK / 

BLel BLol - 4 - BLek BLok 

BSLe BSLo -- ,112 BSLe BSLo -+ )2 
’ PAGE ’ PAGE 

VIRPWR —-—> VIRPWR -— 

PGM T . T l 
YG1 - - ' YGK 

FIG. 2 
(PRIOR ART) 

WLl ‘_________/jf \__’ 
PGM I 1- _____.. 

BSLe r l ._ 

DISCHE m r’" 

VIRPWR , 



Patent Application Publication Jan. 4, 2007 Sheet 2 0f 6 US 2007/0002624 A1 

5mm 
z 
53 

zmmm 

zmmm 

NWIH 
mafia 

(mama 
NSO'IH 
M8918 

(mama 83 

(M1019 E; 
(I+N)9'I8 

N018 
N918 

I918 

V805 $5 $252 



Patent Application Publication Jan. 4, 2007 Sheet 3 0f 6 US 2007/0002624 A1 

C29 C27 



Patent Application Publication Jan. 4, 2007 Sheet 4 0f 6 US 2007/0002624 A1 

FIG. 6 



Patent Application Publication Jan. 4, 2007 Sheet 5 0f 6 US 2007/0002624 A1 

?n.mwmwwwwwwm ....... -HHHHHHHHHHHHHHH‘Mmu ..................................................................................... - - ._ 

“H mw> x _ T/ 

1 W q ............ .1. mm: 
m “"561; @N 7 m m 

x.-- .... 1_‘ mm :5“ E $.58 

mg 

ammviéa? 00> 



Patent Application Publication Jan. 4, 2007 Sheet 6 0f 6 US 2007/0002624 A1 

FIG. 8 

wL1_______/IFJj \__ 
PGMl 
PGMZ 
PGM3 
PGM4 
BSLe 

DISCHe 

VIRPWR 



US 2007/0002624 A1 

FLASH MEMORY DEVICE FOR REDUCING 
ERROR OCCURRENCE RATIO IN PROGRAM 
OPERATION AND METHOD OF CONTROLLING 

PROGRAM OPERATION THEREOF 

BACKGROUND 

[0001] This disclosure relates to semiconductor memory 
devices, and more particularly, to ?ash memory devices. 

[0002] In general, a ?ash memory device includes a page 
buffer for programming or reading a large quantity of data 
Within a short time. Therefore, the program operation or read 
operation of the ?ash memory device is performed by the 
page buffer on a page basis. 

[0003] FIG. 1 is a schematic block diagram of a ?ash 
memory device in the related art. It should be noted that only 
a memory cell block 11 and page buffers 12 of a ?ash 
memory device 10 are shoWn in FIG. 1. 

[0004] The memory cell block 11 is connected to each of 
the page buffers 12 through a plurality of bit lines BLe1, 
BLo1 to BLeK, BloK (Where K is an integer). In the 
program operation of the ?ash memory device 10, data to be 
programmed (not shoWn) are stored in the page buffers 12. 
The page buffers 12 output data to memory cells (not shoWn) 
of the memory cell block 11 through the corresponding bit 
lines BLe1 to BLeK or BLo1 to BloK in response to a 
program control signal (PGM) output from a control unit 
(not shoWn). For example, a case Where the memory cells 
connected to the bit lines BLe1 to BleK are programmed Will 
be described in more detail With reference to FIG. 2. 

[0005] As shoWn in FIG. 2, in the program operation, 
When a bit line control signal (VIRPWR) is enabled, a 
discharge signal (DISCHe) is enabled. As a result, the bit 
lines BLe1 to BleK are precharged With a voltage (VCC) 
level according to the bit line control signal (V IRPWR). 
Thereafter, the discharge signal (DISCHe) is disabled and bit 
line select signals (BSLel to BSLeK) and the program 
control signal (PGM) are enabled. As a result, the bit lines 
BLe1 to BleK are connected to sensing nodes (not shoWn) 
of the page buffers 12, respectively. 

[0006] In the case Where data “0” is stored in each of the 
page buffers 12, i.e., memory cells of a corresponding page 
are all programmed, current ?oWs to the ground through a 
current path having the bit lines BLe1 to BLeK, the sensing 
nodes and a latch circuit (not shoWn) of the page buffer, so 
that the bit lines BLe1 to BleK are discharged to a ground 
voltage level. In the case Where the page buffers 12 output 
data “0” to the bit lines BLe1 to BLeK at the same time 
according to the program control signal (PGM) as described 
above (i.e., the bit lines BLe1 to BLeK are discharged at the 
same time), the ground voltage of the ?ash memory device 
10 may rise to a positive voltage. This Will be described 
beloW in more detail. 

[0007] For example, in the case Where memory cells 
included in one page of the memory cell block 11 is 2 
Kbytes, a peak current, Which ?oWs to the ground through 
page buffers having a number corresponding to that of 
memory cells in the program operation, is increased. If the 
increased current ?oWs to the ground through the page 
buffers 12, the ground voltage level of the ?ash memory 
device 10 rises due to a voltage drop generated by the load 
of the page buffers 12 themselves. That is, a ground voltage 
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bouncing phenomenon is generated. If the ground voltage 
rises as described above, a problem arises because a ?ash 
memory device malfunctions. More particularly, problems 
incurred by the ground voltage bouncing phenomenon is 
more profound in a cache program operation using a page 
bulfer having a dual latch structure. 

[0008] To be more speci?c, in the cache program opera 
tion, a data output operation in Which a program is per 
formed and a data input operation in Which neW data are 
received are performed at the same time in the page buffer 
having the dual latch structure. That is, While data stored in 
a main latch (not shoWn) are programmed into memory 
cells, neW data for a next program operation are input to a 
cache latch (not shoWn). 

[0009] In general, When data are input to the cache latch, 
data I/O nodes YG1 to YGK become a ground voltage level. 
As a result, data “0” is input to the cache latch. As data 
stored in the main latch is programmed into the memory 
cells, hoWever, a ground voltage level rises. Therefore, 
unWanted erroneous data may be input to the cache latch. 
That is, even though data “0” must be input to the cache 
latch, data “1” can be input to the cache latch as the ground 
voltage level rises. As a result, since erroneous data is 
programmed into the memory cells, the error occurrence 
ratio rises in the program operation of the ?ash memory 
device. 

SUMMARY 

[0010] In one aspect, a ?ash memory device includes a 
memory cell block including memory cells that share a 
plurality of groups of bit line pairs, a plurality of groups of 
page buffers, Where each group of page buffers is connected 
to a respective group of bit line pairs and is arranged to 
output program data to memory cells connected to part of the 
bit line pairs of corresponding groups in response to a 
program control signal, and a program control unit arranged 
to consecutively generate the program control signals for 
each group of page buffers at a predetermined time distance 
during a program operation. During the program operation, 
While each of the page buffers of one of the plurality of 
groups of page buffers outputs the program data to the 
memory cells connected to any one of a corresponding bit 
line pair, the page buffers of the remaining groups of page 
buffers do not output the program data. 

[0011] In another aspect, a method of controlling a pro 
gram control of a ?ash memory device includes storing ?rst 
program data in a main latch of each of a plurality of groups 
of page buffers, Wherein each group of page buffers is 
connected to ?rst to a respective group of bit line pairs, 
outputting an internal program signal in response to a 
program command, consecutively generating program con 
trol signal for each group of page buffers at a predetermined 
time distance in response to the internal program signal, 
Whenever one of the program control signals is generated, 
outputting ?rst program data stored in page buffers of any 
one of the plurality of groups of page buffers to memory 
cells of a selected page connected to part of bit line pairs of 
any one of the plurality of groups of bit line pairs in response 
to the generated program control signal, and While the 
program control signals are consecutively generated, out 
putting second program data to cache latches of each of the 
plurality of groups of page bu?fers. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a schematic block diagram of a ?ash 
memory device in the related art; 

[0013] FIG. 2 is a timing diagram of signals related to the 
program operation of the ?ash memory device shoWn in 
FIG. 1; 

[0014] FIG. 3 is a schematic block diagram of a ?ash 
memory device; 

[0015] FIG. 4 is a detailed circuit diagram of a ?rst delay 
circuit shoWn in FIG. 3; 

[0016] FIG. 5 is a detailed circuit diagram of a second 
delay circuit shoWn in FIG. 3; 

[0017] FIG. 6 is a detailed circuit diagram of a third delay 
circuit shoWn in FIG. 3; 

[0018] FIG. 7 is a detailed circuit diagram of part of the 
memory cell block and a ?rst group of page bu?fers, Which 
are shoWn in FIG. 3; and 

[0019] FIG. 8 is a timing diagram of signals relates to the 
program operation of the ?ash memory device shoWn in 
FIG. 3. 

DETAILED DESCRIPTION 

[0020] FIG. 3 is a schematic block diagram of a ?ash 
memory device. For the simpli?cation of the draWing, parts 
that are not directly related to the operation described herein 
are not shoWn in FIG. 3. 

[0021] Referring to FIG. 3, a ?ash memory device 100 
includes a memory cell block 110, ?rst to fourth groups of 
page bulfers PB1 to PB4N and a program control unit 120. 
The memory cell block 110 includes memory cells (not 
shoWn) that share bit line pairs BLe1, BLo1 to BLe4N, 
BLo4N of the ?rst to fourth groups. The page bulfers PB1 
to PB4N of the ?rst to fourth groups are connected to the bit 
line pairs BLe1, BLo1 to BLe4N, BLo4N of the ?rst to 
fourth groups, respectively. 

[0022] For example, the ?rst group of the page bulfers 
PB1 to PBN is connected to the ?rst group of the bit line 
pairs BLe1, BLo2 to BLeN, BLoN, respectively. More 
particularly, the page bulfer PB1 is connected to the bit line 
pairs BLe1, BLo1 and the page bulfer PBN is connected to 
the bit line pairs BLeN, BIoN. The ?rst to fourth groups of 
the page bulfers PB1 to PB4N output program data (not 
shoWn) to memory cells connected to part of bit line pairs of 
a corresponding group in response to the ?rst to fourth 
program control signals (PGM1 to PGM4), respectively. 

[0023] To be more concrete, the ?rst group of the page 
bulfers PB1 to PBN performs the output operation of the 
program data in response to the ?rst program control signal 
(PGM1). The second group of the page bulfers PB(N +1) to 
PB2N performs the output operation of the program data in 
response to the second program control signal (PGM2). 
Furthermore, the third group of the page bulfers PB(2N+1) 
to PB3N performs the output operation of the program data 
in response to the third program control signal (PGM3). The 
fourth group of the page bulfers PB(3N+1) to PB4N per 
forms the output operation of the program data in response 
to the fourth program control signal (PGM4). To be more 
speci?c, for example, each of the ?rst group of the page 
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bulfers PB1 to PBN outputs program data to the memory 
cells connected to some BLe1 to BLeN or BLo1 to BLoN of 

the ?rst group of the bit line pairs BLe1, BLo1 to BLeN, 
BLoN in response to the ?rst program control signal 
(PGM1). Each of the ?rst to fourth groups of the page 
bulfers PB1 to PB4N has a dual latch structure including a 
main latch and a cache latch. 

[0024] The construction and operations of the ?rst to 
fourth groups of the page bulfers PB1 to PB4N Will be 
described in more detail With reference to FIG. 7. The 
constructions and operations of the ?rst to fourth groups of 
the page bulfers PB1 to PB4N are substantially the same. 
Therefore, only the ?rst group of the page bulfers PB1 to 
PBN Will be described for simplicity. Furthermore, the 
constructions and operations of the page bulfers PB1 to PBN 
are substantially the same. Therefore, only the page bulfer 
PB1 Will be described for simplicity. 

[0025] Referring to FIG. 7, the ?rst group of the bit line 
pairs BLe1, BLo1 to BLeN, BLoN are respectively con 
nected to the memory cells Me1, Mo1 to MeN, MoN. 
Furthermore, to the bit lines BLe1, BLo1 are connected to 
the page bulfer PB1. The page buffer PB1 includes a bit line 
select unit 210, a precharge circuit 220, a main register 
circuit 230, a cache register circuit 240, a data input circuit 
250 and sWitches 260, 270 and 280. 

[0026] The precharge circuit 220 can be formed using a 
PMOS transistor. Each of the sWitches 260, 270 and 280 can 
be formed using an NMOS transistor. The bit line select unit 
210 includes NMOS transistors 211 to 214. The NMOS 
transistors 211, 212 precharge or discharge the bit lines 
BLe1, BLo1 With a voltage level of the bit line control signal 
(V IRPWR) in response to the discharge signals (DISCHe, 
DISCHo), respectively. One of the NMOS transistors 213, 
214 is turned on in response to the bit line select signals 
(BSLe, BSLo). As a result, one of the bit lines BLe1, BLo1 
is connected to a sensing node SO. The precharge circuit 220 
precharges the sensing node SO With a voltage (VCC) level 
in response to the precharge control signal (PRECHb). 

[0027] The main register circuit 230 includes a sensing 
circuit 231, a main latch 232 and a main latch reset circuit 
233. The sensing circuit 231 includes NMOS transistors 
234, 235. The sensing circuit 231 senses a voltage level of 
the sensing node SO in response to a main latch signal 
(MLCH) and outputs a sensing data (QBb) to a node D1 
according to the sensing result. The main latch 232 includes 
inverters 236, 237. The inverter 236 includes a PMOS 
transistor P31 and an NMOS transistor N31. The inverter 
237 includes a PMOS transistor P32 and an NMOS transis 
tor N32. The main latch 232 latches the sensing data (QBb) 
received from the sensing circuit 231 and outputs inverted 
data (QB) to a node D2. The main latch reset circuit 233 
initialiZes the main latch 232 in response to a main latch 
reset signal (MRST). 
[0028] The cache register circuit 240 includes a sensing 
circuit 241, a cache latch 242 and a cache latch reset circuit 
243. The cache latch 242 includes inverters 246, 247 con 
nected betWeen nodes D3, D4. The construction and opera 
tion of the cache register circuit 240 is the same as those of 
the main register circuit 230. Description thereof Will be 
omitted. 

[0029] The data input circuit 250 includes NMOS transis 
tors 251, 252. The NMOS transistor 251 is connected 
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between a node D4 and a data l/O node Y1 and is turned on 
or off according to a data input signal (D1). The NMOS 
transistor 252 is connected betWeen the node D3 and the data 
l/O node Y1 and is turned on or off according to a data input 
signal (nDI). When data is input to the data input circuit 250, 
the data l/O node Y1 is set to a ground voltage level. If the 
NMOS transistor 251 is turned on, data of logic “1” is input 
to the cache latch 242. If the NMOS transistor 252 is turned 
on, data of logic “0” is input to the cache latch 242. 

[0030] The sWitch 260 is connected betWeen the sensing 
node SO and the node D2 and is turned on or off according 
to the ?rst program control signal (PGM1). In the program 
operation, if the sWitch 260 is turned on, it outputs the 
inversed data (QB) (i.e., program data, Which is received 
from the cache latch 232, to the sensing node S0. The sWitch 
270 is connected betWeen the node D2 and the data l/O node 
Y1 and outputs the inversed data (QB) (i.e., read data), 
Which is received from the main latch 232, to the data l/O 
node Y1 in response to a control signal (PBDO) in the read 
operation. The sWitch 280 is connected betWeen the node D3 
and the sensing node SO and is turned on or off according 
to a control signal (PDUMP). When the sWitch 280 is turned 
on, the sWitch 280 outputs the sensing data (QAb), Which is 
received from the cache latch 242, to the sensing node SO. 

[0031] Referring back to FIG. 3, the program control unit 
120 includes a micro controller 121, a logic circuit 122 and 
?rst to third delay circuits 123 to 125. The micro controller 
121 outputs an internal program signal (PGM) in response to 
a program command (PROGRAM). The logic circuit 122 
outputs the ?rst program control signal (PGM1) in response 
to the internal program signal (PGM). The ?rst delay circuit 
123 delays the ?rst program control signal (PGM1) for a ?rst 
setting time (T1, see FIG. 8) and outputs the delayed signal 
as the second program control signal (PGM2). The second 
delay circuit 124 delays the ?rst program control signal 
(PGM1) for a second setting time (T2, see FIG. 8) and 
outputs the delayed signal as the third program control 
signal (PGM3). 
[0032] The third delay circuit 125 delays the ?rst program 
control signal (PGM1) for a third setting time (T3, see FIG. 
8) and outputs the delayed signal as the fourth program 
control signal (PGM4). The third setting time (T3) can be 
longer than the second setting time (T2) and the second 
setting time can be longer than the ?rst setting time (T1). For 
example, When the ?rst setting time (T1) is set to 50 ns, the 
second setting time (T2) can be set to 100 ns and the third 
setting time (T3) can be set to 150 ns. 

[0033] A case Where the program control unit 120 gener 
ates the ?rst to fourth program control signals (PGM1 to 
PGM4) has been described as an example With reference to 
FIG. 3. HoWever, the number of the program control signals 
generated by the program control unit 120 can be increased 
or decreased, if appropriate. This can be realiZed by increas 
ing or decreasing the number of delay circuits included in 
the program control unit 120. Furthermore, When the num 
ber of program control signals generated by the program 
control unit 120 is increased or decreased, the number of 
groups of page bulfers can be increased or decreased cor 
responding to the number of the program control signal. 

[0034] FIG. 4 is a detailed circuit diagram of the ?rst delay 
circuit 123 shoWn in FIG. 3. 

[0035] Referring to FIG. 4, the ?rst delay circuit 123 
includes resistors R11, R12 and capacitors C11 to C16. The 
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resistors R11, R12 are connected in series. The capacitors 
C11, C12 are connected to one terminal of the resistor R11 
in parallel. The capacitors C15, C16 are connected to one 
terminal of the resistor R12 in parallel. Each of the capaci 
tors C11, C13 and C15 can be formed using an NMOS 
transistor and each of the capacitors C12, C14 and C16 can 
be formed using a PMOS transistor. 

[0036] Furthermore, the capacitors C13, C14 are con 
nected to the resistors R11, R12 in parallel. The ?rst program 
control signal (PGM1) is delayed for the ?rst setting time 
(T1) after passing through the resistors R11, R12 and the 
capacitors C11 to C16, so that the delayed signal is output 
as the second program control signal (PGM2). 

[0037] FIG. 5 is a detailed circuit diagram of the second 
delay circuit 124 shoWn in FIG. 3. 

[0038] Referring to FIG. 5, the second delay circuit 124 
includes resistors R21 to R24 and capacitors C21 to C32. 
The construction and operation of the second delay circuit 
124 are the same as those of the ?rst delay circuit 123, Which 
have been described With reference to FIG. 4, except for the 
number of the resistors and the capacitors included in the 
second delay circuit 124. Description thereof Will be omit 
ted. 

[0039] FIG. 6 is a detailed circuit diagram of the third 
delay circuit 125 shoWn in FIG. 3. 

[0040] Referring to FIG. 6, the third delay circuit 125 
includes resistors R31 to R36 and capacitors C41 to C58. 
The construction and operation of the third delay circuit 125 
are same as those of the ?rst delay circuit 123, Which have 
been described With reference to FIG. 4, except for the 
number of the resistors and the capacitors included in the 
third delay circuit 125. Description thereof Will be omitted. 

[0041] The program operation process of the ?ash 
memory device 100 Will be further described With reference 
to FIG. 8. FIG. 8 is a timing diagram of signals related to the 
program operation of the ?ash memory device shoWn in 
FIG. 3. 

[0042] The ?rst program data (QB) is stored in the main 
latch 232 of each of the ?rst to fourth groups of the page 
bulfers PB1 to PB4N. More particularly, the data (QA or 
QAb) is stored in the cache latch 242 through the data input 
circuit 250 and the sWitch 280 transfers the data (QA or 
QAb) to the main latch 232 through the sensing node SO. As 
a result, the ?rst program data (QB) is stored in the main 
latch 232. 

[0043] As shoWn in FIG. 8, the discharge signal (DlSCHe) 
and the bit line control signal (VIRPWR) are enabled. As a 
result, the bit lines BLe1 to BLe4N are precharged With a 
voltage level of the bit line control signal (V IRPWR) by 
means of the bit line select unit 120 of the ?rst to fourth 
groups of the page bulfers PB1 to PB4N. Furthermore, 
though not shoWn in FIG. 8, When the bit lines BLe1 to 
BLe4N are precharged, the bit lines BLo1 to BLo4N are also 
precharged With a voltage level of the bit line control signal 
(V IRPWR). 
[0044] MeanWhile, a program voltage (not shoWn) is 
supplied to a Word line (e.g., WL1) of a selected page of the 
plurality of pages of the memory cell block 110. Further 
more, as the bit line select signal (BSLe) is enabled, the bit 
lines BLe1 to BLe4N are connected to the sensing nodes SO 
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of the ?rst to fourth groups of the page bulfers PB1 to PB4N, 
respectively, by means of the bit line select units 210 of the 
?rst to fourth groups of the page bulfers PB1 to PB4N. 

[0045] The micro controller 121 of the program control 
unit 120 outputs the internal program signal (PGM) in 
response to the program command (PROGRAM). The logic 
circuit 122 outputs the ?rst program control signal (PGM1) 
in response to the internal program signal (PGM). The 
sWitch 260 of each of the ?rst group of the page bulfers PB1 
to PBN is turned on according to the ?rst program control 
signal (PGM1). As a result, the ?rst program data (QB) 
stored in each of the main latch 232 of the page bulfers PB1 
to PBN are output to the memory cells Mel to MeN 
respectively connected to the bit lines BLe1 to BLe4N. 

[0046] After the ?rst setting time (T1) elapses since the 
logic circuit 122 outputs the ?rst program control signal 
(PGM1), the ?rst delay circuit 123 outputs the second 
program control signal (PGM1). The second group of the 
page bulfers PB(N+1) to PB2N outputs the ?rst program 
data stored therein to the memory cells Me(N +1) to Me2N 
connected to the bit lines BLe(N +1) to BLe2N, respectively, 
in response to the second program control signal (PGM1) in 
the same manner as the ?rst group of the page bulfers PB1 
to PBN. 

[0047] Furthermore, after the second setting time (T2) 
elapses since the logic circuit 122 outputs the ?rst program 
control signal (PGM1), the second delay circuit 124 outputs 
the third program control signal (PGM3). The third group of 
the page bulfers PB 2N+l to PB3N outputs the ?rst program 
data stored therein to the memory cells Me(2N+l) to Me3N 
connected to the bit lines BLe(2N+l) to BLe3N, respec 
tively, in response to the third program control signal 
(PGM3) in the same manner as the ?rst group of the page 
bulfers PB1 to PBN. 

[0048] Furthermore, after the third setting time (T3) 
elapses since the logic circuit 122 outputs the ?rst program 
control signal (PGM1), the third delay circuit 125 outputs 
the fourth program control signal (PGM4). The fourth group 
of the page bulfers PB(3N+1) to PB4N outputs the ?rst 
program data stored therein to the memory cells Me(3N+l) 
to Me4N connected to the bit lines BLe(3N+l) to BLe4N, 
respectively, in response to the fourth program control signal 
(PGM4) in the same manner as the ?rst group of the page 
bulfers PB1 to PBN. MeanWhile, While the ?rst to fourth 
program control signals (PGM1 to PGM4) are sequentially 
output by the program control unit 120, the second program 
data (QAb) for a next program operation are stored in the 
cache latch 242 of each of the ?rst to fourth groups of the 
page bulfers PB1 to PB4N. 

[0049] As described above, in the ?ash memory device 
100, in the program operation, the page bulfers PB1 to PB4N 
do not output program data at the same time, but only part 
of (PB1 to PBN or PB(N+1) to PB2N or PB(2N+1) to PB3N 
or PB(3N+1) to PB4N of the page bulfers PB1 to PB4N 
output program data. As a result, the amount of current 
?oWing to the ground through the sensing nodes SO, the 
sWitch 260 and the main latch 232 corresponding to some of 
the bit lines BLe1 to BLeN or BL(N+1) to BL2N or 
BL(2N+1) to BL3N or BL(3N+1) to BL4N is reduced. This 
can reduce the rise of the ground voltage. Therefore, during 
a program cycle, When data are input to the cache latch 242 
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of the page bulfers PB1 to PB4N, erroneous data can be 
prevented from being input to the cache latch 242 of the 
page bulfers PB1 to PB4N. 

[0050] As described above, according to a ?ash memory 
device and program operation control method thereof, page 
buffers are divided into a predetermined number of groups 
and a program operation is performed on a group basis. 
Therefore, in a cache program operation, a ground voltage 
can be prevented from rising and erroneous data can be 
prevented from being input to a cache latch. 

[0051] Although certain examples of methods and appa 
ratus constructed in accordance With the teachings of the 
invention have been described herein, the scope of coverage 
of this patent is not limited thereto. On the contrary, this 
patent covers all embodiments of the teachings of the 
invention fairly falling Within the scope of the appended 
claims literally or under the doctrine of equivalents. 

What is claimed as neW and desired to be protected by 
Letters Patent of the United States is: 
1. A ?ash memory device, comprising: 

a memory cell block including memory cells that share a 
plurality of groups of bit line pairs; 

a plurality of groups of page bu?fers, Wherein each group 
of page bulfers is connected to a respective group of bit 
line pairs and is arranged to output program data to 
memory cells connected to part of the bit line pairs of 
corresponding groups in response to a program control 
signal; and 

a program control unit arranged to consecutively generate 
the program control signal for each group of page 
bulfers at a predetermined time distance during a 
program operation, 

Wherein during the program operation, While each of the 
page bulfers of one of the plurality of groups of page 
bulfers outputs the program data to the memory cells 
connected to any one of a corresponding bit line pair, 
the page bulfers of the remaining groups of page bulfers 
do not output the program data. 

2. The ?ash memory device of claim 1, Wherein each of 
the plurality of groups of page bulfers comprises a dual latch 
structure including at least one main latch and at least one 
cache latch. 

3. The ?ash memory device of claim 1, Wherein the 
program control unit comprises: 

a micro controller arranged to output an internal program 
signal in response to a program command; 

a logic circuit arranged to output a ?rst program control 
signal in response to the internal program signal; 

a ?rst delay circuit arranged to delay the ?rst program 
control signal for a ?rst setting time and arranged to 
output the signal delayed for the ?rst setting time as a 
second program control signal; 

a second delay circuit arranged to delay the ?rst program 
control signal for a second setting time and arranged to 
output the signal delayed for the second setting time as 
a third program control signal; and 

a third delay circuit arranged to delay the ?rst program 
control signal for a third setting time and arranged to 
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output the signal delayed for the third setting time as a 
fourth program control signal. 

4. The ?ash memory device of claim 3, Wherein the third 
setting time is longer than the second setting time and the 
second setting time is longer than the ?rst setting time. 

5. The ?ash memory device as claimed in claim 3, 
Wherein each of the ?rst to third delay circuits includes: 

resistors connected in series; and 

capacitors connected in parallel betWeen the resistors, 

Wherein the number of the resistors and the capacitors 
included in the third delay circuit is greater than those 
included in the second delay circuit, and the number of 
the resistors and the capacitors included in the second 
delay circuit is greater than those include in the ?rst 
delay circuit. 

6. A method of controlling a program control of a ?ash 
memory device, comprising: 

storing ?rst program data in a main latch of each of a 
plurality of groups of page bu?‘ers, Wherein each group 
of page bu?ers is connected to a respective group of bit 
line pairs; 

outputting an internal program signal in response to a 
program command; 

consecutively generating a program control signal for 
each group of page bu?ers at a predetermined time 
distance in response to the internal program signal; 

Whenever one of the program control signals is generated, 
outputting ?rst program data stored in page bu?ers of 
any one of the plurality of groups of page bu?ers to 
memory cells of a selected page connected to part of bit 
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line pairs of any one of the groups of bit line pairs in 
response to the generated program control signal; and 

While the program control signals are consecutively gen 
erated, outputting second program data to cache latches 
of each of the plurality of groups of page buffers. 

7. The method of claim 6, further comprising, prior to 
outputting the internal program signal: 

supplying a program voltage to a Word line to Which the 
memory cells of the selected page are connected; and 

connecting part of the plurality of groups of bit line pairs 
to sensing nodes of the plurality of groups of page 
bu?‘ers. 

8. The method of claim 6, Wherein generating the program 
control signals comprises: 

outputting the ?rst program control signal in response to 
the internal program signal; 

delaying the ?rst program control signal for a ?rst setting 
time and outputting the signal delayed for the ?rst 
setting time as a second program control signal; 

delaying the ?rst program control signal for a second 
setting time and outputting the signal delayed for the 
second setting time as a third program control signal; 
and 

delaying the ?rst program control signal for a third setting 
time and outputting the signal delayed for the third 
setting time as a fourth program control signal. 

9. The method of claim 6, Wherein the third setting time 
is longer than the second setting time and the second setting 
time is longer than the ?rst setting time. 

* * * * * 


