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(57) ABSTRACT 

There are provided a boosted Voltage generating circuit and 
a Semiconductor memory device having the boosted Voltage 
generating circuit which includes a booster circuit for out 
putting high Voltage obtained by boosting the power Supply 
Voltage, a regulator circuit Supplied with the high Voltage, 
for generating Voltage whose Voltage value is Smaller than 
the value of the high voltage and which is variably set to at 
least two values based on the high Voltage at the operating 
time, and a equalizer circuit connected to the booster circuit 
and regulator circuit, for Short-circuiting an output node of 
the booster circuit and an output node of the regulator circuit 
in response to a first control Signal, wherein the operative 
period of the regulator circuit and the short-circuiting opera 
tion period of the equalizer circuit do not overlap each other. 

  

SK hynix Ex. 1012, Page 1 of 22



Patent Application Publication Mar. 16, 2006 Sheet 1 of 10 US 2006/0055452 A1 

Wd WS 
Floating gate O 

76 

71 

F. G. 1 

P-Sub Strate 

BO Blm 

WL 

F. G. 2 

SL 

    

  

SK hynix Ex. 1012, Page 2 of 22



Patent Application Publication Mar. 16, 2006 Sheet 2 of 10 US 2006/0055452 A1 

gate voltage (Wg) 

WCC 
O 

F. G. 4 Wpp 
REGE 

WRFY C Cut 

WCC 

EQLE WPPE B00 ster Circuit 

L. lu REGE 
PROG Regulator Wreg 
WRFY C r C t 12 

F. G. 6 

  

  

  

  

  

SK hynix Ex. 1012, Page 3 of 22



Patent Application Publication Mar. 16, 2006 Sheet 3 of 10 US 2006/0055452 A1 

  

SK hynix Ex. 1012, Page 4 of 22



SK hynix Ex. 1012, Page 5 of 22



Patent Application Publication Mar. 16, 2006 Sheet 5 of 10 US 2006/0055452 A1 

Wreg 

29 

REGE 

OUT 

F. G. 10 QN 9 

EQLE 

Wreg 

  

  

  

SK hynix Ex. 1012, Page 6 of 22



Patent Application Publication Mar. 16, 2006 Sheet 6 of 10 US 2006/0055452 A1 

37 5W 5W 
O) 

36 - Wpp s 9P13 QP 14 
Ixit N/ f 
ON12) QP 5 

3. - DX QN13 Wpp 
NWT 

Wr ef E. Wreg 'ON3 R DD E26 
35 g 27 QN4/- R3 

32 

)) NOR1 y R4 - 12 
33 Z-7 - 34 PROG- R 

...) A - REGE = R5 VPPE-D RFY-IN-QN5 

  

SK hynix Ex. 1012, Page 7 of 22



Patent Application Publication Mar. 16, 2006 Sheet 7 of 10 US 2006/0055452 A1 

WPPE 

REGE 

EQLE 

PROG 

WRFY 

Wpp, 
Wreg 

WCC 

WPPE 1 ERSE 
4 

Circuit 

EQLE 

REGE 

WRFY Circuit 
12 

F. G. 15 

  

  

  

SK hynix Ex. 1012, Page 8 of 22



SK hynix Ex. 1012, Page 9 of 22



Patent Application Publication Mar. 16, 2006 Sheet 9 of 10 US 2006/0055452 A1 

WL V 0 it age Wpp=1 OW 

Number of bits 

, After era sing 

3W 4W 65W WL Woltage 

F G. 18 After weak-programming 

  

SK hynix Ex. 1012, Page 10 of 22



US 2006/0055452 A1 

| 0 | S | Sue J | 332 | | 0 A MOT] | n 0 ) | 0 

|| 0 || M.S || 0 \\ 

10] S | Sueu | 032) | OA || 3 || 

Patent Application Publication Mar. 16, 2006 Sheet 10 of 10 

  

SK hynix Ex. 1012, Page 11 of 22



US 2006/0055452 A1 

BOOSTED VOLTAGE GENERATING CIRCUIT 
AND SEMCONDUCTOR MEMORY DEVICE 

HAVING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 10/866,131, filed Jun. 14, 2004, which is a 
divisional of U.S. application Ser. No. 10/464,462, filed Jun. 
19, 2003 (now U.S. Pat. No. 6,771.547, issued Aug. 3, 
2004), which is a continuation of U.S. application Ser. No. 
10/265,727, filed Oct. 8, 2002 (now U.S. Pat. No. 6,605,986, 
issued Aug. 12, 2003), which is a divisional of U.S. appli 
cation Ser. No. 09/864,181, filed May 25, 2001 (now U.S. 
Pat. No. 6,487,120, issued Nov. 26, 2002), which is based 
upon and claims the benefit of priority from the prior 
Japanese Patent Application No. 2000-154983, filed May 
25, 2000, the entire contents of which are incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

0002 This invention relates to a boosted voltage gener 
ating circuit for boosting power Supply Voltage and a Semi 
conductor memory device having the same and more par 
ticularly to a Semiconductor memory device having memory 
cells and a boosted Voltage generating circuit for generating 
high Voltage used at the data erasing or programming time 
of the memory cell. 
0003) A flash memory is provided as one type of a 
semiconductor memory device. FIG. 1 shows the cross 
Sectional construction of one memory cell element of the 
flash memory. In FIG. 1, an N-type well region (N-well) 72 
is formed in a P-type semiconductor substrate (P-Substrate) 
71. Further, a P-type well region (P-well) 73 is formed in the 
N-type well region 72. In the P-type well region 73, Source 
and drain regions 74, 75 of a memory cell which are formed 
of n-type regions are separately formed. A floating gate 
electrode 76 is formed above the channel region between the 
Source and drain regions 74 and 75 with an insulating film 
disposed therebetween and a control gate electrode 77 is 
formed above the floating gate electrode 76 with an insu 
lating film disposed therebetween. 
0004 Further, a contact region 78 formed of a p-type 
region is formed on the P-substrate 71, a contact region 79 
formed of an n-type region is formed on the N-type well 
region 72 and a contact region 80 formed of a p-type region 
is formed on the P-type well region 73. 
0005. At the operating time, gate voltage Vg, drain volt 
age Vd and Source Voltage Vs are respectively applied to the 
control gate electrode 77, drain region 75 and Source region 
74. Further, the same voltage as the source voltage Vs is 
applied to the contact regions 79 and 80 and a ground 
voltage of OV is applied to the contact region 78. 
0006. The above memory cell stores data of “1” or “0” 
level according to the amount of electrons accumulated in 
the floating gate electrode 76. The threshold voltage as 
viewed from the control gate electrode 77 is changed 
according to the level of the Stored data. 
0007. A memory cell array is constructed by use of a 
plurality of memory cells which have the Same construction 
as the above memory cell. FIG. 2 shows an example of a 
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circuit of the memory cell array of a NOR type flash 
memory. A plurality of memory cells MC are arranged in a 
matrix form and the control gate electrodes of the memory 
cells MC arranged on the same row are commonly con 
nected to a corresponding one of a plurality of word lines 
WL0 to WLn. Further, the drains of the memory cells MC 
arranged on the same column are commonly connected to a 
corresponding one of a plurality of bit lines BL0 to BLm. 
Generally, the memory cells are divided into a plurality of 
blocks and the sources of the memory cells MC in the same 
block are commonly connected to a corresponding one of a 
plurality of source lines SLi which is provided for the block. 
0008 FIG.3 shows the relation between the gate voltage 
(Vg) applied to the control gate electrode and a drain current 
flowing in the memory cell at the operating time. In this 
example, the State in which the amount of electrons accu 
mulated in the floating gate electrode is relatively large, that 
is, the state in which the threshold voltage Vt of the memory 
cell is high is defined as “0” data (the memory cell storing 
“0” data is referred to as a “0” cell) and the state in which 
the amount of accumulated electrons is relatively Small, that 
is, the state in which the threshold voltage Vt of the memory 
cell is low is defined as “1” data (the memory cell storing “1” 
data is referred to as a “1” cell). 
0009. One example of the voltage bias condition at the 
data readout time, program time and erase time is shown in 
the following table 1. 

TABLE 1. 

Readout Program Erase 

Vg 5 V 9 V -7 V 
Vd 1 V 5 V(1) Floating 

O V(0) 
Vs OW O V 10 V 

0010 That is, the table 1 shows one example of values of 
the voltages Vg, Vd, Vs Supplied to the memory cell. At the 
data readout time, Vg, Vd, Vs are respectively set at 5V, 1V, 
OV. At the data program time, Vg, VS are respectively Set at 
9V, OV and Vd is set at 5V for the memory cell into which 
data is programmed and at OV for the other memory cells (in 
which original “1” data is kept). Further, at the data erase 
time, Vg, Vs are respectively set at -7V, 10V and Vd is set 
in the electrically floating State. 

0011 Readout data is determined according to whether a 
cell current flows or not when voltage Vread (in this 
example, 5V) is applied to the control gate electrode while 
preset Voltage (in this example, 1V) is being applied to the 
drain. The above determination is made by comparing the 
cell current with a reference current (Iref) flowing in a 
reference cell by use of a Sense amplifier (not shown). 
0012. The erase operation is simultaneously effected for 
a plurality of memory cells which commonly have the 
P-well 73 (shown in FIG. 1). At the erase time, all of the 
memory cells Subjected to the erase process are Set into “1” 
cells by causing electrons to flow from the floating gate 
electrodes 76 thereof into the P-type well region 73 accord 
ing to the Fowler-Nordheim (F-N) tunneling phenomenon. 
0013 The program operation is effected for each memory 
cell. The bit line connected to the memory cell in which “0” 
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data is programmed is biased to 5V So as to inject electrons 
of high energy generated by the channel hot electron phe 
nomenon into the floating gate electrode 76 of the memory 
cell. The bit line connected to the “1” cells in which original 
“1” data is maintained is set at OV. As a result, no electrons 
are injected into the floating gate electrode 76 and the 
threshold Voltage Vt is kept unchanged in the non-pro 
grammed memory cell. 
0.014 Further, in the flash memory, the program verify 
operation and erase verify operation are effected at the 
program time and erase time to confirm the extent to which 
data is programmed and erased. In the program verify 
operation, the “0” readout operation is effected by Setting the 
voltage of the control gate electrode at high voltage VpV (for 
example, 7V) in comparison with the voltage Vread (in this 
example, 5V) set at the readout time. Then, the program 
operations and program verify operations are repeatedly and 
alternately effected and the program operation is terminated 
when data items of the memory cells to be programmed are 
all set to “O’. 

0.015. At the erase time, the “1” readout operation is 
effected by Setting the Voltage of the control gate electrode 
77 at low voltage Vev (for example, 3.5V) in comparison 
with the voltage Vread set at the readout time. Then, the 
erase operations and erase verify operations are repeatedly 
and alternately effected and the erase operation is terminated 
when data items of the memory cells Subjected to the erase 
proceSS are all Set to “1”. As a result, a Sufficiently large cell 
current Icell can be attained. 

0016. Thus, the voltage applied to the control gate elec 
trode of the memory cell is set to various values such as 9V, 
7V, 5V, 3.5V according to the various operation modes. 
Among the above voltages, 9V, 7V, 5V are higher than the 
power Supply Voltage Supplied from the exterior. 
0017 Conventionally, in order to generate various volt 
ages such as 9V, 7V, 5V which are higher than the power 
Supply Voltage Supplied from the exterior, a required number 
of booster circuits for boosting the power Supply Voltage are 
provided and one of the outputs of the plurality of booster 
circuits is adequately Selected by use of a Switch and the 
Selected output is applied to the control gate electrode of the 
memory cell. 

0.018. However, since the booster circuit necessitates 
elements Such as capacitors which occupy a large area on the 
chip, there occurs a problem that the chip area becomes large 
if a plurality of booster circuits are provided. Further, Since 
the consumption current in the booster circuit is relatively 
large, a problem that the consumption current in the whole 
portion of the chip becomes large occurs. 

BRIEF SUMMARY OF THE INVENTION 

0.019 AS described above, since a plurality of booster 
circuits are provided in the conventional Semiconductor 
memory device which requires various Voltages higher than 
the power Supply Voltage Supplied from the exterior, prob 
lems that the chip area becomes large at the time of 
integrating the device and the consumption current becomes 
large occur. 
0020. Accordingly, an object of this invention is to pro 
vide a boosted Voltage generating circuit capable of gener 
ating various Voltages higher than the power Supply Voltage 
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Supplied from the exterior without making the chip area 
larger at the time of integration and increasing the consump 
tion current. 

0021 Further, another object of this invention is to pro 
vide a Semiconductor memory device capable of generating 
various Voltages higher than the power Supply Voltage 
Supplied from the exterior without making the chip area 
larger at the time of integration and increasing the consump 
tion current. 

0022. According to this invention, there is provided a 
boosted Voltage generating circuit comprising a first voltage 
output circuit for receiving first voltage and outputting 
Second Voltage obtained by boosting the first voltage; a 
Second Voltage output circuit coupled with the first voltage 
output circuit, for generating third voltage whose Voltage 
value is Smaller than the value of the Second Voltage and 
which is variably set to at least two values based on the 
Second Voltage; and a equalizer circuit coupled with the first 
and Second Voltage output circuits, for Short-circuiting an 
output node of the Second Voltage and an output node of the 
third voltage in response to a first control Signal. 

0023. Further, according to this invention, there is pro 
Vided a Semiconductor memory device comprising a 
memory cell array having a plurality of data-erasable 
memory cells having gate electrodes, for Storing data, a 
plurality of word lines coupled with the gate electrodes of 
the plurality of memory cells, a first voltage output circuit 
for receiving first Voltage and outputting Second Voltage 
obtained by boosting the first voltage; a Second Voltage 
output circuit coupled with the first Voltage output circuit, 
for generating third voltage whose Voltage value is Smaller 
than the value of the second voltage and which is variably 
Set to at least two values based on the Second Voltage; a 
equalizer circuit coupled with the first and Second Voltage 
output circuits, for Short-circuiting an output node of the 
Second Voltage and an output node of the third voltage in 
response to a first control Signal; and a row decoder circuit 
coupled with the Second Voltage output circuit, for Setting 
potentials of the plurality of word lines based on the third 
Voltage. 

0024. Additional objects and advantages of the invention 
will be set forth in the description which follows, and in part 
will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realized and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

0025 The accompanying drawings, which are incorpo 
rated in and constitute a part of the Specification, illustrate 
presently preferred embodiments of the invention, and 
together with the general description given above and the 
detailed description of the preferred embodiments given 
below, Serve to explain the principles of the invention. 

0026 FIG. 1 is a view showing the cross sectional 
Structure of one memory cell in a flash memory; 
0027 FIG. 2 is a diagram showing an example of the 
circuit of a memory cell array of a NOR type flash memory; 
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0028 FIG. 3 is a characteristic diagram showing the 
relation between gate Voltage applied to the control gate 
electrode of a memory cell and a drain current of the 
memory cell; 
0029 FIG. 4 is a block diagram showing a general 
boosted Voltage generating circuit; 
0030 FIG. 5 is a timing chart showing one example of 
the operation of the circuit shown in FIG. 4; 
0.031 FIG. 6 is a block diagram showing a boosted 
Voltage generating circuit according to a first embodiment of 
this invention; 
0.032 FIG. 7 is a timing chart for illustrating one 
example of the operation of the circuit shown in FIG. 6; 
0.033 FIG. 8 is a circuit diagram showing one example 
of the concrete construction of a booster circuit shown in 
FIG. 6; 
0034 FIG. 9 is a circuit diagram showing one example 
of the concrete construction of a regulator circuit shown in 
FIG. 6; 
0.035 FIG. 10 is a circuit diagram showing one example 
of the concrete construction of a comparator shown in FIG. 
9; 
0.036 FIG. 11 is a circuit diagram showing one example 
of the concrete construction of a equalizer circuit shown in 
FIG. 6; 
0037 FIG. 12 is a timing chart for illustrating one 
example of the operation which is different from the opera 
tion shown in FIG. 7; 
0.038 FIG. 13 is a circuit diagram showing the concrete 
construction of the regulator circuit shown in FIG. 6 accord 
ing to a modification of the first embodiment of this inven 
tion together with another circuit including a control Signal 
generating circuit, 
0.039 FIG. 14 is a timing chart for illustrating one 
example of the operation of the circuit shown in FIG. 13; 
0040 FIG. 15 is a block diagram showing a boosted 
Voltage generating circuit according to a Second embodi 
ment of this invention; 
0041 FIG. 16 is a block diagram showing the whole 
construction of a memory formed when this invention is 
applied to a flash memory; 
0.042 FIG. 17 is a waveform diagram showing the rela 
tion between the word line Voltage and a equalizing control 
signal EQLE in the memory shown in FIG. 16; 
0.043 FIG. 18 is a diagram showing the state of distri 
bution of the threshold voltage of the memory cell after data 
erasing; 

0044 FIG. 19 is a cross sectional view showing the 
structure of part of the flash memory shown in FIG.16; and 
004.5 FIG. 20 is a timing chart at the time of erase 
operation of the flash memory shown in FIG. 16. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0.046 FIG. 4 shows the construction of a boosted voltage 
generating circuit of a Semiconductor memory device dis 
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closed in Jpn. Pat. Appln. KOKAI Publication No. 10-11987 
in a block form. For example, the circuit shown in FIG. 4 
is contained in a flash memory to generate various Voltages 
applied to the control gate of the memory cell in various 
operation modes as described before. The boosted Voltage 
generating circuit includes a booster circuit 11 and regulator 
circuit 12. 

0047 The booster circuit 11 is operated when a booster 
activation signal VPPE is activated and boosts power supply 
Voltage Vcc Supplied from the exterior to output Voltage Vpp 
having a value larger than the power Supply Voltage. The 
Voltage Vpp is Supplied to the regulator circuit 12. 
0048. The regulator circuit 12 outputs voltage Vreg 
whose Voltage value is Smaller than Vpp and which is 
variably Set to a plurality of values based on the Voltage Vpp. 
The operation of the regulator circuit 12 is controlled 
according to a regulator activation Signal REGE, a program 
ming Signal PROG activated at the program operation time 
of the memory cell, and a verifying signal VRFY activated 
at the program Verify operation time of the memory cell. 
0049 Next, one example of the operation of the circuit of 
FIG. 4 is explained with reference to the timing chart of 
FIG. 5. Before time to in FIG. 5, it is assumed that both of 
the Voltages Vpp and Vreg are Set at the readout Voltage of 
5V, for example. 
0050. If the booster activation signal VPPE is activated at 
time to, the booster circuit 11 starts the operation to start the 
boosting operation of the power Supply Voltage Vcc Supplied 
from the exterior. After this, the Voltage Vpp rises. 
0051) When the operation of the booster circuit 11 
becomes Stable, the Voltage Vpp reaches a Specified value 
and becomes stable. The specified value of the voltage Vpp 
is Set at 10V, for example, and it is the same as the Source 
Voltage Vs applied to the Source region when the erase 
process is effected in the memory cell. The Voltage Vpp of 
1OV can be used as the source voltage Vs applied to the 
Source region at the time of erase operation. 
0052 The regulator activation signal REGE is activated 
at time t0, and at the same time, the programming Signal 
PROG is activated. As a result, the regulator circuit 12 is 
operated and the Voltage Vreg rises towards a value of 9V, 
for example, which is lower than the Voltage Vpp and 
becomes stable after it has reached 9V. The voltage of 9V 
output as the voltage Vreg while the signal PROG is kept at 
the “H” level is used as the voltage Vg applied to the control 
gate electrode of the memory cell at the time of erase 
operation. 

0053 Next, the programming signal PROG is deactivated 
at time t1 and the verifying signal VRFY is activated. As a 
result, the output Voltage Vreg of the regulator circuit 12 
starts to be lowered from 9V to 7V and becomes stable after 
it has reached 7V. The voltage of 7V output as the voltage 
Vreg while the signal VRFY is kept at the “H” level is used 
as the Voltage VpV applied to the control gate electrode of 
the memory cell at the time of program verify operation. 

0054) When the verifying signal VRFY is deactivated at 
time t2, the output voltage Vreg of the regulator circuit 12 
starts to be lowered from 7V towards 5V at which the 
Voltage was initially Set. Further, when the booster activation 
signal VPPE is deactivated at time t3, the operation of the 
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booster circuit 11 is terminated and the Voltage Vpp Starts to 
be lowered towards 5V at which the voltage was initially set. 
0.055 Thus, in the boosted voltage generating circuit of 
FIG. 4, the voltages with different values applied to the 
control gate electrode of the memory cell in the various 
operation modes of the memory cell are generated by using 
the voltage Vpp output from the booster circuit 11 and 
Sequentially changing the value of the Voltage Vpp by use of 
the regulator circuit 12. Therefore, it is unnecessary to 
provide booster circuits of the number corresponding to the 
number of different levels of the voltages generated. Thus, 
the occupancy area in the chip occupied by the booster 
circuit at the time of integration can be made Small and a 
consumption current can be reduced. 
0056. However, with the boosted voltage generating cir 
cuit of FIG. 4, the magnitude of a current flowing between 
the node of the Voltage Vpp and the ground Voltage node in 
the regulator circuit 12 immediately after the program 
operation is started becomes large, thereby causing the rise 
of the voltage Vpp and the rise of the voltage Vreg to be 
delayed in Some cases. 
0057 Therefore, in the boosted voltage generating circuit 
according to this invention, attention is paid to eliminate the 
delay of the rise of the Voltage Vpp, Vreg. 
0.058 FIG. 6 is a block diagram of a boosted voltage 
generating circuit according to a first embodiment of this 
invention. The boosted voltage generating circuit is con 
tained in a flash memory and generates various Voltages 
applied to the control gate electrode of the memory cell in 
various operation modes. 
0059 Like the boosted voltage generating circuit shown 
in FIG. 4, the above boosted Voltage generating circuit 
includes a booster circuit 11 and regulator circuit 12 and 
further includes a equalizer circuit 13. The booster circuit 11 
and regulator circuit 12 have the same construction and 
function as those of the booster circuit 11 and regulator 
circuit 12 shown in FIG. 4, and therefore, the explanation 
thereof is omitted. The equalizer circuit 13 which is newly 
provided is connected to the booster circuit 11 and regulator 
circuit 12, the operation thereof is controlled by a equalizing 
control signal EQLE and the node of the voltage Vpp and the 
node of the Voltage Vreg are short-circuited by the equalizer 
circuit 13 when the signal EQLE is activated (“H” level). 
0060 Next, one example of the operation of the circuit 
shown in FIG. 6 is explained with reference to the timing 
chart of FIG. 7. Also, in this case, it is assumed that both of 
the Voltages Vpp and Vreg are Set at the readout Voltage of 
5V, for example, before time to in FIG. 7. 
0061) If the booster activation signal VPPE is activated at 
time t0, the booster circuit 11 starts the operation and the 
Voltage Vpp Starts to rise. At the same time, the equalizing 
control Signal EQLE is activated and the node of the Voltage 
Vpp and the node of the Voltage Vreg are short-circuited by 
the equalizer circuit 13. AS a result, the Voltage Vreg rises in 
the same manner as the Voltage Vpp. 
0.062 Next, when the equalizing control signal EQLE is 
set to the “L” level at time t1, the short-circuiting state set 
by the equalizer circuit 13 is released. After this, the output 
Voltage Vpp of the booster circuit 11 reaches a Specified 
value and becomes Stable. The Specified value of the Voltage 
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Vpp is Set at 10V, for example, and it is the same as the 
Source Voltage Vs applied to the Source region when the 
erase proceSS is effected in the memory cell. The Voltage of 
10V obtained at this time can be used as the source voltage 
VS applied to the Source region at the time of erase opera 
tion. 

0063. The regulator activation signal REGE is activated 
at time t2 which comes after the Voltage Vreg rises to Some 
extent. The programming Signal PROG is activated at the 
Same time as activation of the booster activation Signal 
VPPE. The regulator circuit 12 is operated by activation of 
the signal REGE and the voltage Vreg is controlled and set 
to 9V, for example, which is lower than the voltage Vpp. 
0064. Next, the programming signal PROG is deactivated 
at time t3 and the verifying signal VRFY is activated. As a 
result, the output Voltage Vreg of the regulator circuit 12 
starts to be lowered from 9V to 7V and becomes stable after 
it has reached 7V. 

0065. When the verifying signal VRFY is deactivated at 
time tall, the output voltage Vreg of the regulator circuit 12 
starts to be lowered from 7V towards 5V. Further, when the 
booster activation signal VPPE is deactivated at time tS, the 
operation of the booster circuit 11 is terminated and the 
voltage Vpp starts to be lowered towards 5V at which the 
Voltage was initially Set. 

0066 FIG. 8 shows one example of the concrete circuit 
construction of the booster circuit 11 of FIG. 6. The booster 
circuit 11 includes an oscillator 21, charge pump 22 and 
Voltage detector 23. 

0067. The oscillator 21 includes a negative feedback 
circuit having a NAND gate NA1 and two inverters IV1, 
IV2, the operation of the negative feedback circuit is con 
trolled according to an oscillator activation Signal OSCE 
output from the voltage detector 23 and the oscillator 
oscillates at a preset frequency when the negative feedback 
circuit is operated. 

0068 The charge pump 22 includes three I-type (intrinsic 
type: the threshold voltage thereof is approximately OV) 
MOS transistors QI1 to QI3 whose source-drain paths are 
Serially connected between the Supply node of the power 
Supply Voltage Vcc and the output node of the Voltage Vpp, 
a capacitor C1 connected between the Series connection 
node of the transistors QI1 and QI2 and the output node of 
the inverter IV2 of the oscillator 21, and a capacitor C2 
connected between the Series connection node of the tran 
sistors QI2 and QI3 and the output node of the inverter IV1 
of the oscillator 21. 

0069. The oscillator activation signal OSCE output from 
the Voltage detector 23 is Supplied to the gate of the 
transistor QI1 which is disposed in a position closest to the 
Supply node of the power Supply Voltage Vcc and the gates 
of the other transistors QI2, QI3 are respectively connected 
to their own Sources or one-side ends of the capacitorS C1, 
C2. 

0070 The voltage detector 23 includes an inverter IV3 
supplied with the booster activation signal VPPE, an inverter 
IV4 supplied with an output signal of the inverter IV3, a 
level shift circuit 24 which has P-channel MOS transistors 
OP1, OP2 and N-channel MOS transistors ON1, QN2 and in 
which the outputs of the inverters IV3, IV4 are respectively 
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supplied to the gates of the N-channel MOS transistors QN1, 
QN2, a P-channel MOS transistor QP3 whose gate is Sup 
plied with an output of the shift circuit 24 and which is 
connected at one end of the Source-drain path to the output 
node of the Voltage Vpp, two Voltage dividing resistors R1, 
R2 Serially connected between the other end of the source 
drain path of the transistor QP3 and the Supply node of the 
ground Voltage and a comparator 25 for comparing a divided 
voltage Vdiv obtained by use of the resistors R1, R2 with 
reference Voltage Vref and generating the oscillator activa 
tion signal OSCE. 

0071. In the booster circuit 11, when the booster activa 
tion signal VPPE is set to the “H” level, the output of the 
inverter IV3 of the voltage detector 23 is set to the “L” level, 
the output of the inverter IV4 is set to the “H” level, and the 
output of the level shift circuit 24 is set to the “L” level. 
Then, the P-channel MOS transistor OP3 is turned ON and 
the voltage Vpp is divided by the two resistors R1,R2. The 
divided voltage Vdiv thus obtained is compared with the 
reference voltage Vref by the comparator 25. 

0.072 Since the voltage Vpp is low immediately after the 
booster circuit 11 is operated, the relation of Vref>Vdiv is set 
up and the oscillator activation signal OSCE which is the 
output of the comparator 25 is set at the “H” level. When the 
oscillator activation signal OSCE is set at the “H” level, the 
oscillator 21 oscillates at a preset frequency. Further, when 
the signal OSCE is set at the “H” level, the transistor QI1 of 
the charge pump 22 is turned ON and the oscillation signal 
of the oscillator 21 is Supplied to the Sources of the transis 
tors QI2, QI3 of the charge pump 22 via the capacitors C1, 
C2. Therefore, positive charges are Sequentially transferred 
to the output node of Vpp to Sequentially raise the Voltage 
value of Vpp. 

0.073 When the voltage Vpp rises and exceeds the speci 
fied value, the relation of Vref<Vdiv is set up and the 
oscillator activation signal OSCE is set at the “L” level. As 
a result, the oscillation operation of the oscillator 21 is 
interrupted and the charge transfer operation by the charge 
pump 22 is also interrupted. If the Voltage Vpp is lowered 
and becomes lower than the Specified value in this State, the 
oscillator activation signal OSCE is set at the “H” level 
again, the oscillation operation is started again and the 
charge transfer operation by the charge pump 22 is started 
again. The above operations are repeatedly effected in a 
period in which the booster activation signal VPPE is kept 
at the “H” level and the boosted voltage is output from the 
output node of the Voltage Vpp. 

0.074 FIG. 9 shows one example of the concrete circuit 
construction of the regulator circuit 12 of FIG. 6. The 
regulator circuit 12 includes two comparators 26, 27 whose 
activation States are controlled by a regulator activation 
signal REGE, a P-channel MOS transistor QP4 having a 
Source connected to the Supply node of the Voltage Vpp and 
a gate electrode connected to the drain thereof, a P-channel 
MOS transistor QP5 having a source connected to the Supply 
node of the Voltage Vpp, a gate electrode commonly con 
nected to the gate of the transistor QP4 and a drain con 
nected to the output node of the Voltage Vreg and consti 
tuting a current mirror circuit in cooperation with the 
transistor QP4, an N-channel MOS transistor QN3 having a 
drain connected to the drain of the transistor OP4, a Source 
connected to the ground Voltage node and a gate electrode 
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Supplied with an output of the comparator 26, an N-channel 
MOS transistor QN4 having a drain connected to the drain 
of the transistor QP5, a source connected to the ground 
Voltage node and a gate electrode Supplied with an output of 
the comparator 27, three voltage-dividing resistors R3, R4, 
R5 serially connected between the output node of the 
Voltage Vreg and the ground Voltage node, an N-channel 
MOS transistor QN5 having a source-drain path connected 
between the resistor R5 among the three resistors R3, R4, R5 
which is disposed in a position closest to the ground Voltage 
node and the ground Voltage node and a gate electrode 
supplied with a verifying signal VRFY, and an N-channel 
MOS transistor QN6 having a source-drain path connected 
between the series connection node of the resistors R4 and 
R5 among the three resistors R3, R4, R5 and the ground 
Voltage node and a gate electrode Supplied with a program 
ming signal PROG. 
0075. The reference voltage Vref is supplied to the non 
inverting input terminal (+) of the comparator 26 and the 
inverting input terminal (-) of the comparator 27 and the 
divided Voltage at the Series connection node of the two 
resistorS R3, R4 is Supplied to the inverting input terminal 
(-) of the comparator 26 and the non-inverting input termi 
nal (+) of the comparator 27. The comparators 26, 27 are 
operated to compare the input voltages when the regulator 
activation signal REGE is set at the “H” level. 
0076. In the regulator circuit 12, the regulator activation 
signal REGE is set at the “L” level in a period between times 
t0 and t1 shown in FIG. 7, the two comparators 26, 27 are 
Set in the deactivated State and neither of them are operated. 
0077. If the regulator activation signal REGE is set at the 
“H” level at time t2 in FIG. 7, the two comparators 26, 27 
are activated and both Set into the operative State. If the 
programming signal PROG is set to the “H” level at time t0 
earlier than t1, the transistor QN6 is turned ON, the voltage 
Vreg is divided by the two resistors R3 and R4 and the 
divided Voltage obtained at this time is input to the com 
parators 26, 27. 
0078. In this case, the node of the voltage Vreg is 
connected to the Supply node of the Voltage Vpp by the 
equalizer circuit 13, the Voltage Vreg is Sufficiently raised, 
the divided voltage obtained by dividing the voltage Vreg by 
use of the two resistors R3, R4 becomes higher than the 
voltage Vref, the output of the comparator 26 is set to the “L” 
level and the output of the comparator 27 is set to the “H” 
level. As a result, the transistor ON4 is turned ON and the 
transistor QN3 is turned OFF, the node of the voltage Vreg 
is discharged towards the potential of the ground Voltage 
node via the transistor QN4 and thus the voltage Vreg starts 
to be lowered. 

0079. When the voltage Vreg is lowered and becomes 
lower than 9V which is set as the specified value, the divided 
Voltage at the Series connection node of the resistorS R3 and 
R4 becomes lower than the reference voltage Vref, and as a 
result, the output of the comparator 26 is inverted from the 
“L” level to the “H” level and the output of the comparator 
27 is inverted from the “H” level to the “L level. At this 
time, the transistor ON3 is turned ON and the transistor ON4 
is turned OFF and a current I1 shown in FIG. 9 flows from 
the node of the Voltage Vpp towards the ground Voltage node 
via the transistors QP4 and QN3. By causing the current I1 
to flow, a current I2 shown in FIG. 9 flows from the node 
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of the voltage Vpp (the specified value is 10V) towards the 
node of the voltage Vreg via the transistor QP5 so as to 
charge the node of the Voltage Vreg. As a result, the Voltage 
Vreg which has become lower than 9V starts to rise. 
0080 Thus, the divided voltage at the series connection 
node of the resistors R3 and R4 and the reference voltage 
Vref are compared with each other by the comparators 26, 
27, the ON/OFF states of the N-channel MOS transistors 
QN3, QN4 are controlled according to the result of com 
parison and the Voltage Vreg is controlled So as to be always 
Set equal to the specified value (9V) at the program time by 
charging/discharging the node of the Voltage Vreg. 
0081. In a period between times t3 and tA of FIG. 7 in 
which the programming signal PROG is set at the “L” level 
and the verifying signal VRFY is set at the “H” level, the 
transistor ON6 is turned OFF and the transistor ON5 is 
turned ON, and therefore, the voltage Vreg is divided by the 
three resistors R3, R4. R5 and the divided voltage obtained 
based on the resistance dividing ratio which is Smaller than 
that at the program time is input to the comparators 26, 27. 
In this case, the resistances of the resistors R3, R4, R5 are 
So Set that the divided Voltage obtained when the Voltage 
Vreg reaches 7V which is lower than 9V set as the specified 
value will become equal to the divided voltage obtained 
when the voltage Vreg is set at 9V. 
0082 Therefore, at the time of verify, the divided voltage 
generated at the series node of the resistors R3 and R4 is 
compared with the reference voltage Vref by the compara 
tors 26, 27, the ON/OFF states of the N-channel MOS 
transistors QN3, QN4 are controlled according to the result 
of comparison, and the Voltage Vreg is controlled So as to be 
always set equal to the specified value (7V) at the time of 
Verify by charging/discharging the node of the Voltage Vreg. 

0083 FIG. 10 shows one example of the concrete circuit 
construction of the comparators 26, 27 shown in FIG. 9. The 
Source of a P-channel MOS transistor OP6 is connected to 
the Supply node of the power Supply Voltage Vcc. The 
Sources of two P-channel MOS transistors OP7, OP8 are 
connected to the drain of the transistor QP6. The gate 
electrodes of the transistors OP7, OP8 are connected 
together and the drain of the transistor QP8 is connected to 
the common connection node of the gate electrodes. The 
drain of the transistor OP7 is connected to the drain of an 
N-channel MOS transistor QN7. The gate electrode of the 
transistor QN7 is used as the inverting input terminal (-). 
The drain of the transistor OP8 is connected to the drain of 
an N-channel MOS transistor QN8. The gate electrode of the 
transistor QN8 is used as the non-inverting input terminal 
(+). The sources of the transistors QN7, QN8 are connected 
together and a current Source 28 is connected between the 
Source common connection node and the ground Voltage 
node. That is, the transistors OP6, OP7, QP8, ON7, QN8 and 
current Source 28 are combined to constitute a current mirror 
load type differential amplifier. 
0084. The regulator activation signal REGE is input to an 
inverter 29 and the output of the inverter 29 is input to the 
gate electrode of the P-channel MOS transistor QP6. Fur 
ther, the output of the inverter 29 is input to the gate 
electrode of an N-channel MOS transistor ON9. The Source 
of the MOS transistor QN9 is connected to the output node 
OUT of the differential amplifier which is the drain common 
connection node of the P-channel MOS transistor OP7 and 
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N-channel MOS transistor ON6 and the drain thereof is 
connected to the ground Voltage node. 

0085. When the regulator activation signal REGE is set at 
the “L” level in the comparator 26 (27), the output of the 
inverter 29 is set to the “H” level to turn OFF the P-channel 
MOS transistor OP6 and turn ON the N-channel MOS 
transistor QN9. At this time, the differential amplifier is not 
operated, the output node OUT is connected to the ground 
voltage node via the transistor QN9 and a signal of the 
output node OUT is set to the “L” level irrespective of the 
voltages input to the inverting input terminal (-) and non 
inverting input terminal (+). 
0086. When the regulator activation signal REGE is set at 
the “H” level, the output of the inverter 29 is set to the “L” 
level to turn ON the P-channel MOS transistor OP6 and the 
differential amplifier is Set into the operative State So that the 
voltages input to the inverting input terminal (-) and non 
inverting input terminal (+) can be compared with each other 
by the differential amplifier. At this time, if the voltage input 
to the non-inverting input terminal (+) is higher than the 
voltage input to the inverting input terminal (-), the N-chan 
nel MOS transistor QN8 is turned ON and the signal of the 
output node OUT is set to the “H” level. On the other hand, 
if the Voltage input to the non-inverting input terminal (+) is 
lower than the Voltage input to the inverting input terminal 
(-), the N-channel MOS transistor QN7 is turned ON and 
the signal of the output node OUT is set to the “L” level. 

0087 FIG. 11 shows one example of the concrete circuit 
construction of the equalizer circuit 13 in FIG. 6. The 
equalizer circuit 13 includes an inverter IV5 Supplied with a 
equalizing control Signal EQLE, an inverter IV6 Supplied 
with an output of the inverter IV5, a level shift circuit 30 
which has P-channel MOS transistors QP9, OP10 and 
N-channel MOS transistors ON10, ON11 and in which the 
outputs of the inverters IV5, IV6 are input to the gates of the 
N-channel MOS transistors ON10, QN11, and a P-channel 
MOS transistor QP11 having a gate electrode supplied with 
an output of the level shift circuit 30, a source connected to 
the output node of the Voltage Vpp and a drain connected to 
the output node of the Voltage Vreg. 
0088. In the equalizer circuit 13, when the equalizing 
control signal EQLE is set at the “H” level, the output of the 
inverter IV5 is set at the “L” level and the output of the 
inverter IV6 is set at the “H” level so that the transistors 
ON10 will be turned OFF, the transistor ON11 will be turned 
ON and the output of the level shift circuit 30 will be set at 
the "L' level. As a result, the transistor OP11 is turned ON 
to short-circuit the node of the voltage Vpp and the node of 
the Voltage Vreg. 

0089. On the other hand, when the equalizing control 
signal EQLE is set at the “L” level, the output of the inverter 
IV5 is set at the “H” level and the output of the inverter IV6 
is set at the "L' level so that the transistors ON10 will be 
turned ON, the transistor ON11 will be turned OFF and the 
output of the level shift circuit 30 will be set at the “H” level 
(Vpp). As a result, the transistor QP11 is turned OFF to 
Separate the node of the Voltage Vpp and the node of the 
Voltage Vreg from each other. 

0090 Thus, like the boosted voltage generating circuit of 
FIG. 4, in the boosted voltage generating circuit of FIG. 6, 
Voltages of different values applied to the control gate 
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electrode of the memory cell in various operation modes of 
the memory cell are generated by using the Voltage Vpp 
output from the booster circuit 11 and variously Setting the 
value of the Voltage Vpp by use of the regulator circuit 12, 
the following effect can be obtained in addition to the same 
effect obtained in the circuit of FIG. 4. 

0091. In the circuit of this embodiment shown in FIG. 6, 
the regulator circuit 12 is kept inoperative immediately after 
the boosting operation of the booster circuit 11 is Started and 
the equalizer circuit 13 is operated instead So as to short 
circuit the node of the voltage Vpp and the node of the 
voltage Vreg. That is, as shown in FIG. 7, the operation 
period of the regulator circuit 12 and the Short-circuiting 
operation period of the equalizer circuit 13 do not overlap 
each other. Therefore, a large current (current I1 in FIG.9) 
which flowed into the ground Voltage node at the rise time 
of the voltage Vpp does not flow so that the voltage Vpp and 
Voltage Vreg can rise at higher Speed. Further, Since a large 
current which flowed into the ground Voltage node imme 
diately after the boosting operation of the booster circuit 11 
is started does not flow, the consumption current can be 
Significantly reduced in comparison with that in the case of 
FIG. 4. 

0092. In the above explanation for the operation of the 
embodiment, a case wherein the operative period of the 
regulator circuit 12 and the Short-circuiting operation period 
of the equalizer circuit 13 do not overlap each other as 
shown in the timing chart of FIG. 7 is explained, but as 
shown in the timing chart of FIG. 12, the timing at which the 
equalizing control signal EQLE falls to the “L” level can be 
delayed to the timing at which the programming Signal 
PROG falls to the “L” level (13 in FIG. 12). In this case, the 
operative period of the regulator circuit 12 and the short 
circuiting operation period of the equalizer circuit 13 partly 
overlap each other. 
0093. Thus, by setting the period in which the equalizing 
control Signal EQLE is activated equal to the period in which 
the programming Signal PROG is activated, the Voltage of 
the control gate of the memory cell at the program time and 
the well Voltage at the erase time can be set equal to each 
other when the Voltage Vpp is Supplied to the well region. 

0094) Next, a modification of the first embodiment is 
explained below. FIG. 13 shows another example of the 
concrete circuit construction of the regulator circuit 12 of 
FIG. 6 together with a control circuit such as a control signal 
generating circuit for generating the regulator activation 
Signal REGE and equalizing control signal EQLE. 

0.095 The regulator circuit 12 shown in FIG. 13 is 
different from that of FIG. 9 in that the activating operation 
of the comparator 27 is not controlled by the regulator 
activation signal REGE but by another control Signal gen 
erated by a signal generating circuit which will be described 
later. 

0096. A control signal generating circuit 31 generates the 
regulator activation Signal REGE, equalizing control Signal 
EQLE and the like according to the programming Signal 
PROG, verifying signal VRFY and the like. The circuit 31 
includes a comparator 32 for comparing the reference Volt 
age Vref with a divided Voltage at the Series connection node 
of the resistors R3 and R4 in the regulator circuit 12, an 
inverter 33 supplied with the booster activation signal 
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VPPE, two NOR gates NOR1, NOR2 whose one-side input 
terminals are respectively Supplied with the outputs of the 
comparator 32 and the inverter 33, the other input terminals 
and output terminals thereof being cross-coupled to consti 
tute a latch circuit 34, a NOR gate NOR3 Supplied with the 
output of the NOR gate NOR2 and the output of the inverter 
33, a NOR gate NOR4 supplied with the programming 
signal PROG and verifying signal VRFY, and an inverter 35 
supplied with the output of the NOR gate NOR4. 

0097. The regulator activation signal REGE is generated 
from the NOR gate NOR2. The regulator activation signal 
REGE is input to the comparator 26 in the regulator circuit 
12. The equalizing control Signal EQLE is generated from 
the NOR gate NOR3 and input to the equalizer circuit 13 
shown in FIG. 6. Further, the output of the inverter 35 is 
input as an activation signal to the comparator 27 in the 
regulator circuit 12. 

0098. A voltage setting circuit 36 sets the node of the 
Voltage Vreg and the node of the Voltage Vpp to boosted 
Voltage, for example, 5V before the boosting operation of 
the booster circuit 11 is started and after the boosting 
operation is terminated. The circuit 36 includes an inverter 
IV7 Supplied with the output of the inverter 35 in the control 
Signal generating circuit 31, a level shift circuit 37 which has 
P-channel MOS transistors OP12, OP13 and N-channel 
MOS transistors QN12, QN13 and in which the outputs of 
the inverters 35 and IV7 are supplied to the gates of the 
N-channel MOS transistors ON12, ON13, a P-channel MOS 
transistor QP14 having a gate electrode Supplied with the 
output of the level shift circuit 37, a source connected to the 
5V Supply node and a drain connected to the node of the 
voltage Vreg, and a P-channel MOS transistor QP15 having 
a Source connected to the 5V Supply node and a drain 
connected to the node of the Voltage Vpp. 
0099 Next, one example of the operation of the circuit 
shown in FIG. 13 is explained with reference to the timing 
chart of FIG. 14. First, since the programming signal PROG 
and verifying signal VRFY are both set at the “L” level 
before time to, the output of the NOR gate NOR4 in the 
Signal generating circuit 31 is Set at the “H” level and the 
output of the inverter 35 supplied with the output of the 
NOR gate NOR4 is set at the “L” level. Further, the output 
of the inverter IV7 of the voltage setting circuit 36 which is 
supplied with the output of the inverter 35 is set at the “H” 
level. At this time, the N-channel MOS transistors ON12 and 
QN13 of the level shift circuit 37 in the voltage setting 
circuit 36 are respectively turned OFF and ON and the 
output of the level shift circuit 37 is set to the “L” level. As 
a result, the two P-channel MOS transistors OP14, OP15 
whose gates are Supplied with the output of the level shift 
circuit 37 are turned ON so as to permit a voltage of 5V to 
be Supplied to the node of the Voltage Vreg and the node of 
the Voltage Vpp, and thus the Voltages Vreg and Vpp are 
both set at 5V. 

0100 If the booster activation signal VPPE is activated 
(“H” level) at time to, the booster circuit 11 starts the 
boosting operation and the Voltage Vpp Starts to rise. Fur 
ther, when the signal VPPE is set at the “H” level, the output 
of the inverter 33 in the Signal generating circuit 31 is Set to 
the "L' level. ASSuming now that the regulator activation 
signal REGE which is the output of the NOR gate NOR2 
constructing the latch circuit 34 is previously set at the “L” 
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level, the equalizing control signal EQLE which is the 
output of the NOR gate NOR3 is set at the “H” level. As 
described before, the transistor QP11 of the equalizer circuit 
13 of FIG. 11 is turned ON in response to the signal EQLE 
to short-circuit the node of the voltage Vpp and the node of 
the Voltage Vreg. 
0101 When the programming signal PROG is set at the 
“H” level at time to, the output of the NOR gate NOR4 in 
the signal generating circuit 31 is inverted to the “L” level 
and the output of the inverter 35 is inverted to the “H” level 
So that the N-channel MOS transistors ON12 and ON13 of 
the level shift circuit 37 in the voltage setting circuit 36 will 
be respectively turned ON and OFF and the output of the 
level shift circuit 37 will be inverted to the “H” level. As a 
result, the two P-channel MOS transistors OP14, OP15 
whose gate electrodes are Supplied with the output of the 
level shift circuit 37 are turned OFF so as to separate the 
nodes of the voltages Vreg and Vpp from the 5V supply 
node. Therefore, the Voltage Vreg and the output voltage 
Vpp of the booster circuit 11 gradually rise. 
0102) The output voltage Vreg of the regulator circuit 12 
rises as the output voltage Vpp of the booster circuit 11 rises, 
and if the voltage Vreg reaches a specified value (9V) at time 
t1 and the divided voltage obtained by use of the two 
resistors R3, R4 in the regulator circuit 12 exceeds the 
reference voltage Vrefas described before, the output of the 
comparator 32 of the control Signal generating circuit 31 is 
Set to the “H” level, and as a result, the regulator activation 
signal REGE which is the output of the NOR gate NOR2 of 
the latch circuit 34 is inverted from the “L level to the “H” 
level and the comparator 26 in the regulator circuit 12 is 
activated. At this time, Since the programming Signal PROG 
is set at the “H” level, the output of the NOR gate NOR4 of 
the Signal generating circuit 31 is Set at the "L' level and the 
output of the inverter 35 is set at the “H” level, then the 
comparator 27 of the regulator circuit 12 is also activated. 
Therefore, after this, as described before, the ON/OFF states 
of the N-channel MOS transistors ON3, QN4 are controlled 
by the outputs of the two comparators 26, 27 to perform the 
control operation for Stabilizing the Voltage Vreg. 
0103) If the regulator activation signal REGE is inverted 
to the “H” level, the equalizing control signal EQLE which 
is the output of the NOR gate NOR3 is set to the “L” level. 
AS a result, the Short-circuiting State by the equalizer circuit 
13 is released. 

0.104) Next, at time t2, the programming signal PROG is 
set to the “L” level and the verifying signal VRFY is set to 
the “H” level. At this time, since the output of the inverter 
35 of the Signal generating circuit 31 is kept unchanged at 
the “H” level, the comparator 27 in the regulator circuit 12 
is kept active. At this time, the N-channel MOS transistor 
ON5 is turned ON instead of the N-channel MOS transistor 
QN6 in the regulator circuit 12 to change the division ratio 
of the Voltage Vreg as described before. As a result, the 
voltage Vreg is lowered from 9V to 7V as described before 
and is then controlled to be stably set at 7V. 
0105) Next, at time t3, the booster activation signal VPPE 
is deactivated (“L” level). As a result, the booster circuit 11 
terminates the boosting operation. Further, if the Signal 
VPPE is set to the “L” level, the output of the inverter 35 in 
the signal generating circuit 31 is set to the “H” level and the 
regulator activation signal REGE which is the output of the 
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NOR gate NOR2 constructing the latch circuit 34 is set to 
the “L” level to terminate the operation of the regulator 
circuit 12. Further, the verifying signal VRFY is set to the 
"L' level at the same time as deactivation of the booster 
activation Signal VPPE. At this time, Since the programming 
signal PROG is already set at the “L” level, the output of the 
NOR gate NOR4 of the signal generating circuit 31 is set to 
the “H” level and the output of the inverter 35 is set to the 
"L' level, and therefore, as described before, the two 
P-channel MOS transistors QP14, QP15 of the voltage 
setting circuit 31 are both turned ON, a voltage of 5V is 
Supplied to the nodes of the Voltages Vreg and Vpp So that 
the Voltages Vreg and Vpp can be both Set at 5V again. 

0106 Thus, in the circuit shown in FIG. 13, the equal 
izing control Signal EQLE rises in Synchronism with the rise 
of the booster activation signal VPPE, the equalizing control 
signal EQLE falls and the regulator activation signal REGE 
rises after the voltage Vreg reaches 9V which is the specified 
value. As a result, a period of wasteful time from the time 
when the equalizing control Signal EQLE falls until the 
regulator activation signal REGE rises can be Substantially 
eliminated. Therefore, it is unnecessary to make the period 
for activation of the regulator activation signal REGE 
unnecessarily long in comparison with a case shown in the 
timing chart of FIG. 7 and it becomes possible to operate the 
regulator circuit 12 at adequate timing. 

0107 FIG. 15 shows a boosted voltage generating circuit 
according to a second embodiment of this invention. Like 
the boosted voltage generating circuit of FIG. 6, the boosted 
Voltage generating circuit of this embodiment includes a 
booster circuit 11, regulator circuit 12 and equalizer circuit 
13 and it further includes a well Switch circuit 14. 

0108. The well Switch circuit 14 is connected to the 
booster circuit 11. The well Switch circuit 14 selects voltage 
Vpp output from the booster circuit 11 according to an erase 
Selection signal ERSEi at the erase time and outputs the 
selected voltage to a source line Sli shown in FIG. 2. 
0109 That is, in the boosted voltage generating circuit of 
this embodiment, the voltage Vpp of 10V obtained by the 
booster circuit 11 is used as Source Voltage Vs Supplied to 
the source line Sli at the erase time of the memory cell. In 
this case, the “H” level of the erase selection signal ERSEi 
is Vpp. 

0110 FIG. 16 is a block diagram showing the whole 
construction of the memory when this invention is applied to 
a flash memory. An address buffer 41 receives an external 
address and outputs an internal address corresponding to a 
memory cell to be Subjected to the readout process, program 
process or erase process. An I/O buffer 42 outputs data of a 
memory cell to be sensed by a sense amplifier 43 to the 
exterior at the readout time and inputs program data Supplied 
from the exterior to a program circuit 44 at the program time. 
The program circuit 44 Supplies program Voltage to a 
corresponding one of bit lines in a memory cell array 46 via 
a column gate circuit 45. 
0111. A command register 47 holds commands such as 
program and erase commands Supplied from the exterior and 
a controller 48 receives the command held in the command 
register 47 and outputs control Signals for controlling Vari 
ous circuits in the memory. A row decoder 49 receives the 
internal address output from the address buffer 41 to select 
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a corresponding one of word lines in the memory cell array 
46. A column decoder 50 receives the internal address output 
from the address buffer 41 to selectively drive the column 
gate in the column gate circuit 45 according to the internal 
address. AS a result, the Selected bit line in the memory cell 
array 46 is connected to the sense amplifier 43 via the 
column gate circuit 45. 
0112 Abooster circuit 51 includes a charge pump circuit 
and the like, generates positive Voltages Vpp, Vddlp higher 
than the external power Supply Voltage by boosting or 
raising the external power Supply Voltage and generates OV 
or negative voltage Vbb. The voltage Vddlp generated from 
the booster circuit 51 is supplied to the program circuit 44. 
The voltage Vpp generated from the booster circuit 51 is 
supplied to the regulator circuit 12. The function of the 
regulator circuit 12 is the same as described before and the 
explanation thereof is omitted. The equalizer circuit 13 
described before is connected between the booster circuit 51 
and the regulator circuit 12. Also, the function of the 
equalizer circuit 13 is the same as described before and the 
explanation thereof is omitted. 
0113. The voltage Vpp generated from the booster circuit 
51 is also supplied to the well Switch circuit 52. The well 
Switch circuit 52 corresponds to the well Switch circuit 14 
shown in FIG. 15, selects the voltage Vpp output from the 
booster circuit 51 according to the internal address output 
from the address buffer 41 at the erase time and outputs the 
Selected Voltage to the Source line SLi in the memory cell 
array 46 shown in FIG. 2. 
0114. The negative voltage Vbb generated from the 
booster circuit 51 is supplied to the row decoder 49. 
0115) In the flash memory with the above construction, 
Since the Voltage Vreg with various values to be Supplied to 
the word line, that is, the control gate electrode of the 
memory cell at the program time or readout time of the 
memory cell is obtained by using Voltage generated from 
one booster circuit (charge pump circuit) and changing the 
Voltage to Voltage having a plurality of values Smaller than 
that of the above Voltage by use of the regulator circuit 12, 
it becomes unnecessary to use a plurality of charge pump 
circuits. As a result, the whole area of the chip can be 
prevented from becoming large. In addition, Since a rela 
tively large current flows in the charge pump circuit and the 
consumption current is large, the whole consumption current 
can be reduced by reducing the number of charge pump 
circuits. The voltage Vreg is supplied to the word line WL 
of the memory cell array 46, that is, the control gate 
electrode of the memory cell via the row decoder 49. 
0116. The following table 2 indicates the relation 
between the various operation modes of the flash memory of 
FIG. 16 and the voltages Vpp, Vreg, Vddp, Vbb. 

TABLE 2 

Operation mode Vpp Vreg Vddp Vbb 

Readout 5 V 5 V Vcc O V 
Program 10 V 7 to 10 V 5 V O V 

(0.5 V step up) 
Program Verify 10 V 6.5 V 5 V O V 
Erase 10 V 2.5 V 5 V -5 to -7.5 V 

(0.5 V 
step up) 
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TABLE 2-continued 

Operation mode Vpp Vreg Vddp Vbb 

Erase Verify 10 V 4 V 5 V -1 V 
Excessive Erase 10 V 2.5 V 5 V -1 V 
Verify 
Weak Program 10 V 2.5 to 5 V 5 V -1 V 

(0.5 V step up) 

0117 The program operation is performed according to 
the step-up program for raising the word line Voltage (con 
trol gate voltage of the memory cell) bit by bit. The relation 
between the word line (WL) voltage by the program opera 
tion based on the Step-up program and the equalizing control 
Signal EQLE for controlling the operation of the equalizer 
circuit 13 is shown in FIG. 17. 

0118. In this example, the voltage Vreg generated from 
the regulator circuit 12 is stepped up by 0.5V at one time in 
a Voltage range of 7V to 10V in Such a manner as indicated 
by 7V, 6.5V, 7.5V, 6.5V,..., 10V. In this case, the equalizing 
control signal EQLE is activated only at the time of level 
change at which the program Voltage rises in the range of the 
program voltage from 7V to 9.5V. Further, when the pro 
gram Voltage is Set at the same Voltage of 10V as the boosted 
Voltage Vpp, the equalizing control Signal EQLE is activated 
while the program Voltage is kept Set at the Voltage of 10V. 

0119) The program verify mode is a mode in which 
whether or not data is Sufficiently programmed after pro 
gramming is determined by reading out data and, in the 
program Verify mode, the Voltage Vreg or the Voltage 
Supplied to the control gate electrode of the memory cell is 
set at 6.5V which is lower than in the case of program mode. 
Likewise, the erase verify mode is a mode in which whether 
or not data is Sufficiently erased after erasing is determined 
by reading out data and, in the erase verify mode, the Voltage 
Vreg or the Voltage Supplied to the control gate electrode of 
the memory cell is set at 2.5V which is lower than in the case 
of erase mode. 

0120) The threshold voltage of the memory cell imme 
diately after data erasing is widely distributed as shown by 
broken lines in FIG. 18, for example. If the threshold 
Voltage is excessively lowered, a leak current flows in the bit 
line connected to the memory cell. In this case, if the 
memory cells other than the memory cell whose threshold 
Voltage is excessively lowered are Set in the programmed 
state (“0”), data is regarded as “1” as viewed from the sense 
amplifier when data of the memory cell Set in the pro 
grammed State is read out and thus an erroneous operation 
is effected. In order to prevent this problem, a weak program 
process for slightly re-programming the memory cell Set in 
the excessively erased State is effected. The weak program 
mode is a mode in which the weak program process is 
effected. Low word line Voltage is Supplied to a memory cell 
in which data becomes “1” by the excessive erase verify 
process to raise the threshold Voltage thereof. The excessive 
Verify process and weak program proceSS are repeatedly 
effected until the Satisfactory excessive erase verify proceSS 
is effected. At this time, in order to reduce time for the weak 
program process, the word line Voltage is raised by 0.5V 
each time the weak program process is effected. Then, if the 
excessive erase Verify process is Satisfactorily effected for 

SK hynix Ex. 1012, Page 20 of 22



US 2006/0055452 A1 

all of the memory cells in the block subjected to the erase 
process, the weak program operation is terminated. 

0121 FIG. 19 is a cross sectional view showing the 
construction of part of the flash memory of FIG. 16. N-type 
well regions 62, 63 are formed in a P-type semiconductor 
substrate 61. AP-type well region 64 is formed in the N-type 
well region 62. The memory cells MC in the memory cell 
array 46 shown in FIG. 16 are formed in the P-type well 
region 64. In FIG. 19, only one of the memory cells MC is 
shown for brevity of the drawing. 

0.122 A P-type contact region 65 acting as a contact 
region of the well region 64 is formed in the P-type well 
region 64 and an N-type contact region 66 acting as a contact 
region of the well region 62 is formed in the N-type well 
region 62. The contact regions 65, 66 are connected to the 
Source line SL together with the Sources of the memory cells 
MC and the voltage generated from the well Switch circuit 
52 is commonly supplied to the well regions 62, 64 and the 
Sources of the memory cells MC via the source line SL. The 
drain D of the memory cell MC is connected to a corre 
sponding one of a plurality of bit lines BL. 

0123 The memory cell MC has no overlap area between 
the floating gate electrode and the Source S. 

0.124. In the N-type well region 63, a P-type well region 
67 is formed and N-channel and P-channel MOS transistors 
of a peripheral circuit which is applied with high Voltage in 
the flash memory and requires high breakdown voltage (HV) 
are formed in the semiconductor substrate 61, P-type well 
region 67 and N-type well region 63. 

0.125 Further, in the P-type semiconductor Substrate 61, 
a P-type well region 68 and N-type well region 69 are 
formed. N-channel and P-channel MOS transistors of a 
peripheral circuit of low breakdown voltage (LV) which 
does not require high breakdown voltage in the flash 
memory are formed in the P-type and N-type well regions 
68, 69. 

0126 The transistors shown in FIG. 19 are only part of 
transistors and a large number of transistors are actually 
formed on the semiconductor Substrate 61. 

0127. The readout operation for the flash memory with 
the above construction is effected by Selecting one word line 
WL and applying a Voltage of 5V, for example, to the 
selected word line WL. At this time, a voltage of OV is 
output from the well Switch circuit 52 and the voltage of OV 
is applied to the P-type well region 64 in which the memory 
cells are formed via the Source line SL. Further, since the 
Sources of the memory cells MC are connected to the well 
region 64, the Sources of the memory cells MC are also Set 
at OV. 

0128. On the other hand, preset voltage is applied to the 
bit line BL of the memory cell. At this time, since the 
threshold voltage of the memory cell as viewed from the 
word line WL is 5V or less when the selected cell is a “1” 
cell, a drain current flows in the memory cell. In the case of 
“0” cell, since the threshold voltage of the memory cell as 
viewed from the word line WL is 5V or more, a drain current 
does not flow in the memory cell. The current is Sensed and 
amplified by the Sense amplifier and Sense data is output to 
the exterior. 
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0129. Like the case of the readout operation, in the 
program operation, a Voltage of 7V to 10V is applied to the 
word line WL while it is stepped up by 0.5V at one time. At 
this time, a voltage of OV is output from the well Switch 
circuit 52. 

0.130. At this time, a voltage of 5V is applied to the bit 
line BL according to program data. Therefore, a current 
flows in the drain-source path of the selected cell and hot 
electrons generated at this time are injected into the floating 
gate to raise the threshold voltage of the cell to 5V or more 
and thus the program operation is effected. Since a Voltage 
of OV is applied to the program non-selection bit lines BL 
and no hot electrons are generated, the threshold Voltage is 
kept at 5V or less. 
0131 Next, the erase operation is explained with refer 
ence to the timing chart of FIG. 20. 
0132) First, an erase signal ERASE is set to the “H” level 
at timing T0. At timing T1 after the timing T0, a voltage of 
10V is output from the well Switch circuit 52 so as to start 
to charge the well region 64 via the source line SL. At this 
time, the rising slope of the voltage of 10V is made relatively 
gentle. 

0.133 After the well region 64 is charged to 10V, a 
voltage of -6V is output from the row decoder at timing T2 
so as to start to charge the word line WL by the voltage of 
-6V. 

0134) Then, the erasing process is effected when the well 
region 64 is set at 10V and the word line WL is set at -6V. 
That is, when the word line WL is set at -6V, the floating 
gate electrode is Set at preset negative Voltage whose abso 
lute value is smaller than that of -6V by the capacitive 
coupling between the control gate electrode and the floating 
gate electrode. At this time, a tunnel current flows between 
the floating gate electrode and the whole portion of the 
channel region of the memory cell to extract electrons from 
the floating gate electrode, thereby lowering the threshold 
voltage of the memory cell to 5V or less. Thus, the erase 
operation is effected. 

0135). After the erase process is terminated, a voltage of 
OV is output from the row decoder at timing T3 to reset the 
word line WL to OV. It is also required to slowly effect the 
reset operation. This is because the well Voltage is exces 
Sively raised by the capacitive coupling between the word 
line and the well region and breakdown of the well region or 
junction breakdown occurs if the word line WL is abruptly 
reset to OV. 

0.136. After this, the well region is rest to OV at timing T4. 
It is also required to slowly effect the reset operation. This 
is because the word line potential is made negative by the 
capacitive coupling between word line and the well region 
and becomes lower than the well potential (OV) of the 
N-type MOS transistor constructing the row decoder to 
cause the resultant forward bias State if the reset operation is 
effected at excessively high Speed. 

0137 After this, the erase signal ERASE is set at the “L” 
level at timing T5 to complete the erase operation. 

0.138. Thus, the data erasing operation is effected by 
causing a tunnel current to flow in the whole portion of the 
channel region. Further, Since an overlap area between the 
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floating gate electrode and the Source is not formed, the 
reduction rate of the memory cell size can be enhanced. 
0139. As shown in FIG. 19, the P-type well region 64 in 
which the memory cells MC are formed and the N-type well 
region 62 in which the P-type well region 64 is formed are 
both connected to the source line SL. Since the well region 
64 and the source S of the memory cell are both set at OV 
at the program time and readout time, the well region 64 and 
the Source S can be short-circuited. Further, at the erase time, 
the well region 64 and the source S can be biased to the same 
potential and they may be short-circuited. Thus, Since it is 
not necessary to Separately form the well interconnection 
and the Source interconnection, the interconnection area and 
the drive circuit for the interconnections can be reduced. 

0140) Further, the following table 3 indicates the relation 
between the various operation modes of the memory cell of 
FIG. 19 and the voltages of the selected WL, non-selected 
WL, selected BL (bit line), non-selected BL, selected source 
line and non-Selected Source line. In this example, Voltage is 
applied to the Selected WL at the erase time in a range of 
-5V to -7.5V while it is stepped up by 0.5V at one time. 

TABLE 3 

Non 
Non- Non- select 

selected Select- select- Selected ed 
Operation Selected WORD ed CC SOCC SOCC 
mode WL LINE BL BL line line 

Readout 5 V OW 1 V Floating 0 V O V 
Program 7-10 V OW 5 V Floating 0 V O V 

(0.5 V 
step up) 

Program 6.5 V OW 1 V Floating 0 V O V 
verify 
Erase -5 V to 0 V Floating Floating 10 V 10 V 

7.5 V 
(0.5 V 
step up) 

Erase verify 4 V -1 V 1 V Floating 0 V O V 
Excessive 2.5 V -1 V 1 V Floating 0 V O V 
erase verify 
Weak 25 V to -1 V 1 V Floating 0 V O V 

5 V 
program (0.5 V 

step up) 
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0.141. As described above, according to this invention, a 
Semiconductor device can be provided in which the number 
of booster circuits can be reduced to Suppress an increase in 
the chip area at the time of integration and the consumption 
current can be Suppressed to a Small value Since Voltage 
having variously changing values is generated from the 
regulator circuit by using an output of the booster circuit. 
0142. Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the Specific 
details and representative embodiments shown and 
described herein. Accordingly, various modifications may be 
made without departing from the Spirit or Scope of the 
general inventive concept as defined by the appended claims 
and their equivalents. 

What is claimed is: 
1. A boosted Voltage generating circuit comprising: 
a first Voltage output circuit Supplied with a first Voltage, 

for outputting a Second Voltage obtained by boosting 
the first Voltage; 

a Second Voltage output circuit coupled with the first 
Voltage output circuit, for generating a third voltage 
whose Voltage value is Smaller than a value of the 
Second Voltage, and 

an equalizer circuit coupled with the first and Second 
Voltage output circuits, for short-circuiting an output 
node of the Second Voltage and an output node of the 
third voltage in response to a first control Signal, 

wherein the equalizer circuit Starts an operation for short 
circuiting the output node of the Second Voltage and the 
output node of the third Voltage when the boosting is 
Started by the first Voltage output circuit, and terminates 
the short-circuiting operation after the boosting Starts 
and the Second Voltage reaches a predetermined value. 

2. The boosted Voltage generating circuit according to 
claim 1, wherein an operation period of the Second Voltage 
output circuit and a short-circuiting operation period of the 
equalizer circuit do not overlap each other. 
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