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THREE - DIMENSIONALLY STACKED a hole extending through these layers is formed by , for 
NONVOLATILE SEMICONDUCTOR example , a reactive ion etching ( RIE ) method . In this hole , 

MEMORY charge storage layers and the columnar active layers are 
formed . The formed hole and the components formed in this 

5 hole are subject to an aspect ratio . This aspect ratio greatly Matter enclosed in heavy brackets [ ] appears in the depends on the number of stacked memory cells in the BiCS 
original patent but forms no part of this reissue specifica memory . That is , in the BiCS memory , due to an increase in 
tion ; matter printed in italics indicates the additions the number of stacked layers , there may be a difference , 
made by reissue ; a claim printed with strikethrough between the upper side ( bit line side ) and the lower side 
indicates that the claim was canceled , disclaimed , or held 10 ( semiconductor substrate side ) of the hole , in the diameter of 
invalid by a prior post - patent action or proceeding . the columnar active layers and in the thickness of a gate 

insulating film or the charge storage layer deposited on the 
CROSS - REFERENCE TO RELATED side surface of the hole . 

APPLICATIONS As a result , even in the case of the memory cells formed 
15 on the side surface of the same one active layer , there is a 

This application is a continuation of U.S. Reissue appli difference in electric properties including threshold voltages 
cation Ser . No. 14 / 261,601 filed Apr. 25 , 2014 , which is between the memory cells on the upper side of the active 
continuation of U.S. application Ser . No. 13 / 164,938 filed layer and the memory cells on lower side of the active layer . 
Jun . 21 , 2011 ( now U.S. Pat . No. 8,228,733 issued Jul . 24 , 
2012 ) , each of the foregoing applications is also an appli- 20 BRIEF SUMMARY OF THE INVENTION 
cation for the reissue of U.S. Pat . No. 8,228,733 , which 
corresponds to U.S. application Ser . No. 12 / 553,266 filed A three - dimensionally stacked nonvolatile semiconductor 
Sep. 3 , 2009 , thus the present application is a continuation memory of an aspect of the present invention comprising : a 
reissue application . memory cell array provided in semiconductor substrate ; 

This application is a continuation of and claims the benefit 25 four or more conductive layers stacked on the semiconduc 
of priority under 35 U.S.C. $ 120 from U.S. Ser . No. 12/553 , tor substrate in the memory cell array in such a manner as 
266 filed Sep. 3 , 2009 , and claims the benefit of priority to be insulated from one another ; a bit line which is disposed 
under 35 U.S.C. $ 119 from Japanese Patent Application No. on the four or more conductive layers in such a manner as 
2008-271279 filed Oct. 21 , 2008 , the entire contents of each to be insulated from the conductive layers and which has a 
of which are incorporated herein by reference . 30 straight planar shape extending in a first direction ; a semi 

conductor column which extends through the four or more 
BACKGROUND OF THE INVENTION conductive layers and which has an upper end connected to 

the bit line and a lower end connected to the semiconductor 
1. Field of the Invention substrate ; two or more word lines for which the conductive 
The present invention relates to a three - dimensionally 35 layers among the four or more conductive layers except for 

stacked nonvolatile semiconductor memory . the uppermost and lowermost conductive layers are used and 
2. Description of the Related Art which have a plate - like planar shape ; memory cells provided 
A bit cost scalable ( BiCS ) technique is known as a at intersections of the two or more word lines and the 

technique for achieving higher capacity by a three - dimen semiconductor column , respectively ; a register circuit which 
sional structure to reduce a bit cost ( e.g. , refer to Jpn . Pat . 40 retains operation setting information for the memory cell 
Appln . KOKAI Publication No. 2007-266143 ) . array and which has information to supply a potential 

A nonvolatile semiconductor memory to which the BiCS suitable for each of the word lines , and a potential control 
technique is applied ( hereinafter referred to as a BiCS circuit which controls the potentials supplied to the word 
memory ) does not merely use a three - dimensional structure lines and which reads the information retained in the register 
but also uses a device structure and a process technique that 45 circuit in accordance with an input address signal of a word 
are elaborately designed . This enables bit cost scalability line and which supplies a potential suitable for the word line 
whereby the bit cost decreases in proportion to an increase corresponding to the address signal . 
in the number of stacked layers . A three - dimensionally stacked nonvolatile semiconductor 

For example , in the case of a NAND - type flash memory memory of an aspect of the present invention comprising : a 
to which the BiCS technique is applied ( hereinafter referred 50 memory cell array provided in a semiconductor substrate ; 
to as a BiCS - NAND flash memory ) , the number of cells three or more first conductive layers stacked on the semi 
constituting a NAND array is longitudinally increased due to conductor substrate in the memory cell array in such a 
the increase in the number of stacked layers , thereby obtain manner as to be insulated from one another ; three or more 
ing a memory capacity far above the limit of the memory second conductive layers which are adjacent to the first 
capacity of a two - dimensionally structured NAND - type 55 conductive layers in a first direction and which are stacked 

on the semiconductor substrate in the memory in 
However , the BiCS memories including the BiCS - NAND such a manner as to be insulated from one another ; a straight 

flash memory have unique device structures . There are bit line which is disposed on the first and second conductive 
therefore many problems to solve in order to put such layers in such a manner as to be insulated from the first and 
memories into practical use . 60 second conductive layers and which extends in the first 

One of the problems lies in characteristic variations of the direction ; a straight source line which is provided between 
memory cells due to variations in shape . the bit line and the uppermost second conductive layer and 

In the BiCS memory , cell units constituting a memory cell which extends in a second direction intersecting with the 
array are formed on the side surfaces of a plurality of first direction ; a first semiconductor column which extends 
columnar active layers extending longitudinally to a semi- 65 through the plurality of first conductive layers and which has 
conductor substrate . For example , after a plurality of con an upper end connected to the bit line ; a second semicon 
ductive layers and insulating layers are alternately stacked , ductor column which extends through the plurality of second 

flash memory . cell array 
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conductive layers and which has an upper end connected to FIG . 21 is a diagram for explaining the application of the 
the source line and a lower end connected to the first embodiment of the present invention . 
semiconductor column ; two or more first straight word lines 
for which the conductive layers among the three or more first DETAILED DESCRIPTION OF THE 
conductive layers except for the uppermost conductive layer INVENTION 
are used and which extend in the second direction ; two or 
more second straight word lines for which the conductive An embodiment of the present invention will hereinafter 
layers among the three or more second conductive layers be described in detail with reference to the drawings . 
except for the uppermost conductive layer are used and 
which extend in the second direction ; memory cells pro 1. Embodiment 
vided at intersections of the two or more first word lines and ( 1 ) BiCS Memory the first semiconductor column and at intersections of the First , the basic configuration of a BiCS memory is two or more second word lines and the second semiconduc described as an example of a three - dimensionally stacked tor column , respectively ; a register circuit which retains 15 nonvolatile semiconductor memory according to the operation setting information for the memory cell array and embodiment of the present invention . 
which has information to supply a potential suitable for each FIG . 1 shows a bird's - eye view of the BiCS - NAND flash of the first and second word lines ; and a potential control memory . 
circuit which controls the potentials supplied to the first and The BiCS - NAND flash memory is composed of , for 
second word lines and which reads the information retained 20 example , a plurality of blocks each serving as one unit for 
in the register circuit in accordance with an input address erasure . Here , two blocks BK < i > , BK < i + 1 > are shown . 
signal of a word line and which supplies a potential suitable For example , one common source diffusion layer 24 
for the word line corresponding to the address signal . formed in a semiconductor substrate is provided for all the 

blocks . The source diffusion layer 24 is connected to a 
BRIEF DESCRIPTION OF THE SEVERAL 25 source line SL · M1 via a contact plug Psl . Further , three or 

VIEWS OF THE DRAWING more conductive layers made of , for example , conductive 
polysilicon are stacked on the source diffusion layer 24 ( in 

FIG . 1 is a bird's - eye view of a BiCS memory ; this example , a six - layer structure ) . 
FIG . 2 is an equivalent circuit diagram of a memory cell Except for the uppermost layer , the remaining five con 

30 ductive layers are plate - shaped in one block BK < i + 1 > . The array ; 
FIG . 3 is a diagram for comparison between a BiCS ends of the five conductive layers except for the uppermost 

NAND and a two - dimensional NAND ; layer in the x - direction are stepped to allow contact with 
FIG . 4 is a bird's - eye view of a NAND cell unit ; each of these layers . The lowermost layer serves as a source 
FIG . 5 is a sectional view showing the structure of the line side select gate line ( second select gate line ) SGS , and 

NAND cell unit ; 35 the remaining four conductive layers except for the lower 
most and uppermost layers serve as word lines WL < O > , FIG . 6 is a plan view showing the structure of the NAND WL < 1 > , WL < 2 > , WL < 3 > . cell unit ; The uppermost layer is composed of a plurality of linear FIG . 7 is a block diagram showing the overall configu ( straight ) conductive interconnections extending in the x - di ration of a memory system using the BiCS memory ; 40 rection ( a second direction ) . For example , six conductive FIG . 8 is a block diagram showing the inside of a BiCS interconnections are arranged in one block BK < i + 1 > . For memory chip ; example , six conductive interconnections in the uppermost 

FIG . 9 is a diagram for explaining reading of data in the layer serve as bit line side select gate lines ( first select gate 
BiCS memory ; lines ) SGD < O > to SGD < 5 > . 

FIG . 10 is a diagram for explaining writing of data in the 45 Furthermore , a plurality of active layers ( active areas ) AA 
for constituting a NAND cell unit ( memory cell unit ) are 

FIG . 11 is a circuit diagram schematically showing the formed to be columnar in the z - direction ( a direction per 
configuration of internal circuits in the BiCS memory ; pendicular to the surface of the semiconductor substrate ) so 

FIG . 12 is a flowchart for explaining a first adjustment that these active layers reach the source diffusion layer 24 
example ; 50 through the plurality of conductive layers . 

FIG . 13 is a graph for explaining the first adjustment The upper ends of the plurality of columnar active layers 
example ; ( semiconductor columns ) AA are connected to a plurality of 

FIG . 14 is a circuit diagram schematically showing the bit lines BL < O > to BL < m > extending in the y - direction ( a 
configuration of the internal circuits in the BiCS memory ; first direction ) . Moreover , the source line side select gate 

to a lead - out FIG . 15 is a circuit diagram schematically showing the 55 line SGS is connected , via a contact plug Ps 
configuration of the internal circuits in the BiCS memory ; line SGS.M1 extending in the x - direction . The word lines 

WL < O > to WL < 3 > are connected , via contact plugs PWL < O > FIG . 16 is a flowchart for explaining a third adjustment to PWL WL < 3 > , lead - out lines WL < O > • M1 to WL < 3 > • M1 example ; extending in the x - direction , respectively . FIG . 17 is a flowchart for explaining the third adjustment Furthermore , the bit line side select gate lines SGD < O > to example ; SGD < 5 > are connected , via contact plugs Ps SGD < O > to 
FIG . 18 is a diagram for explaining a modification of an PsGD < 5 > , lead - out lines SGD < I > • M1 to SGD < 5 > • M1 

embodiment of the present invention ; extending in the x - direction , respectively . 
FIG . 19 is a diagram for explaining an application of the The plurality of bit lines BL < O > to BL < m > and the 

embodiment of the present invention ; 65 lead - out lines SGS.M1 , WL < O > • M1 , WL < 1 > • M1 to 
FIG . 20 is a diagram for explaining the application of the WL < 3 > • M1 , SGD < I > • M1 to SGD < 5 > • M1 , SL · M1 are 

embodiment of the present invention ; and formed of , for example , a metal . 

BiCS memory ; 

SGS , 

60 



US RE47.866 E 
5 6 

FIG . 2 shows an equivalent circuit diagram of a memory As described above , the columnar active layers AA are 
cell array . The BiCS - NAND flash memory has a three formed in the hole extending through the plurality of stacked 
dimensional structure . Accordingly , an equivalent circuit is conductive layers and insulating layers . Therefore , when the 
three - dimensionally illustrated . hole is formed by the reactive ion etching ( RIE ) method , the 

A greater number of memory cells constituting a NAND 5 sectional shape of the hole tends to be tapered if the aspect 
string can make a greater contribution to higher capacity . ratio of the hole is high . As a result , the active layers AA 
However , due to the characteristics of the BiCS structure , embedded in this hole are also tapered . FIG . 6 shows the 
the characteristics of the memory cells may vary in a planar structures of the lower side ( semiconductor substrate 
manufacturing process along with an increase in the number side ) first word line WL < I > and the upper side ( bit line side ) 
of memory cells constituting the NAND string . 10 fourth word line WL < 3 > . The planar structures of the word 

FIG . 3 is a diagram showing the BiCS - NAND flash lines WL < O > , WL < 3 > schematically shown in FIG . 6 cor 
memory and a two - dimensional NAND flash memory in respond to sections ( x - y planes ) parallel with the surface of 
comparison with each other . the semiconductor substrate . 

In the two - dimensionally structured NAND type flash As described above , the active layers AA tend to be 
memory ( referred to as a two - dimensional NAND ) , one 15 tapered , so that there may be a dimensional difference in 
NAND cell unit in one block is connected to one bit line BL . shape between the memory cell provided on the upper side 
In contrast , in the BiCS - NAND , a plurality of NAND cell ( the word line WL < 3 > ) and the memory cell provided on the 
units in one block are connected to one bit line BL . lower side ( the word line WL < O > ) . For example , a hole 

Thus , in writing or reading operation , one of the plurality diameter D1_WL < 3 > at the position where the fourth word 
of cell units in one block connected to one bit line BL is 20 line WL < 3 > is formed tends to be equal to or more than a 
selected by the bit line side select gate lines SGD < O > to hole diameter D1_WL < b > at the position where the first 
SGD < 5 > word line WL < O > is formed . A pillar diameter D2_WL < 3 > 

FIG . 4 shows a bird's - eye view of the NAND cell unit . of the active layer AA at the position where the fourth word 
One characteristic of the three - dimensionally structured line WL < 3 > is formed also tends to be equal to or more than 

NAND cell unit is that the source line side select gate line 25 a pillar diameter D2_WL < I > of the active layer AA at the 
SGS , the word lines WL < O > to WL < 3 > and the bit line side position where the first word line is formed . 
select gate lines SGD < I > to SGD < 5 > are structured to The insulating film ( ONO film ) 110 formed along the side 
enclose the side surface of the columnar active layer AA . surface of the hole is more difficult to deposit on the lower 

Therefore , even if , for example , the plurality of active side surface of the hole than on the upper side surface of the 
layers AA are thinned to form more active layers AA on a 30 hole . Thus , a thickness t_WL < 3 > of the insulating film at the 
semiconductor substrate 23 for higher capacity , a sufficient position where the fourth word line WL < 3 > is formed may 
driving force can be ensured for transistors constituting the be equal to or more than a thickness t_WL < I > of the 
NAND cell unit . insulating film the position where the first word line 

FIG . 5 shows an example of the structure of a NAND cell WL < O > is formed . 
unit NU of the BiCS - NAND flash memory . A plurality of 35 The plurality of active layers AA are laid out in the 
memory cells MC and select transistors ST constituting one x - direction or y - direction at predetermined intervals ( pitch 
NAND cell unit are stacked in the z - direction via an inter Ptc_WL < 3 > , Ptc_WL < I > ) . However , if the active layers 
layer insulating film 120 . AA are tapered , an interval ( Ptc_WL < 3 > -D1_WL < 3 > ) 

The memory cell MC has a MONOS structure . The between adjacent active layers at the position where the 
MONOS structure means a gate structure including an 40 fourth word line WL < 3 > is formed may also be different 
insulator such as nitride as a charge storage layer . That is , as from an interval ( Ptc_WL < O > -D1_WL < O > ) between adja 
shown in FIG . 5 , the memory cell MC includes , for example , cent active layers at the position where the first word line 
an oxide - nitride - oxide ( ONO ) film 110 having a structure in WL < I > is formed . Specifically , the pillar diameter 
which a charge storage layer 111 is held between two D2_WL < I > and the thickness t_WL < O > at the position 
insulating films ( oxide ) 112 , 113. The insulating film 112 45 where the first word line WL < O > is formed tend to be 
intervenes between the charge storage layer 111 and the smaller than the pillar diameter D2_WL < 3 > and the thick 
active layer AA . The insulating film 112 functions as a ness t_WL < 3 > at the position where the fourth word line 
tunnel insulating film during writing of data . The insulating WL < 3 > is formed , so that the interval ( Ptc_WL < O > 
film 112 also functions as a block insulating film for pre D1_WL < O > ) between the active layers at the position where 
venting the leakage of a charge into the active area AA 50 the first word line WL < O > is formed tends to be greater than 
during retention of data . The insulating film 113 intervenes the interval ( Ptc_WL < 3 > -D1_WL < 3 > ) between the active 
between the charge storage layer 111 and a gate electrode layers at the position where the fourth word line WL < 3 > is 
144. The insulating film 113 functions as a block insulating formed . 
film for preventing the leakage of a charge trapped by the Furthermore , even the memory cells connected to the 
charge storage layer 111 into a gate electrode 144. The gate 55 same word line are not necessarily uniform in the size of the 
electrode 144 functions as the word line WL < 3 > . In addi active areas ( holes ) adjacently formed in the x - direction or 
tion , the memory cell MC may be a memory cell of a MNOS y - direction or in the thickness of the ONO film 110 . 
structure which is not provided with the block insulating ( 2 ) Overall Configuration 
film 113 . FIG . 7 schematically shows a memory chip 1 using the 

The select transistor ST has , for example , the same 60 BiCS memory ( hereinafter referred to as a BiCS memory 
structure as that of the memory cell MC . However , a gate chip 1 ) , and a controller 2 and a host 3 which control the 
insulating film 115 of the select transistor ST intervening BiCS memory chip 1 . 
between the active layer AA and the source line side select The BiCS memory chip 1 has control pins 11A to 11G and 
gate line SGS ( a gate electrode 130 ) may have a structure an I / O pin 11H . The input / output of data between the 
different from that of the memory cell MC , that is , may have 65 memory chip 1 and the controller 2 and the control the 
a structure with no charge storage layer ( e.g. , a single silicon operation of the memory chip 1 are performed by the pins 
oxide film ) . 11A to 11G . 
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A device selection signal ( ICE ) is input to the control pin pins 11A to 116 and the I / O pin 11H . The address decoder 
11A . A write enable signal ( WE ) for bringing the I / O pin 32B temporarily retains these addresses . 
11H into an input state is input to the control pin 11B . A read A register circuit ( e.g. , a RAM ) 33 retains the setting 
enable signal ( / RE ) for outputting data from the I / O pin 11H information for the memory chip 1 read from a storage area 
is input to the control pin 11C . An address latch enable signal 5 in the memory cell array 30 or setting information provided 
( ALE ) is input to the control pin 11D . The address latch from the outside of the memory chip 1. The register circuit enable signal is a signal for determining whether a signal 33 in the present embodiment retains , as one kind of setting provided to the I / O pin 11H is data or an address . A information , values corresponding to a write potential suit command latch enable signal ( CLE ) is input to the control 
pin 11E . The command latch enable signal ( CLE ) is a signal 10 line supply potential such as a nonselection potential . able for each of the plurality of word lines WL and a word 
for writing an operation command provided to the I / O pin 
11H into a command decoder . A write protect signal ( / WP ) A state machine 34 controls the operation of the whole 
for prohibiting writing or erasing operation is input to the memory chip 1 including reading , writing and erasing in the 
control pin 11F . A ready / busy signal ( R / B ) for allowing the memory cells , in accordance with outputs from the control 
internal operation state of the memory chip 1 to be externally 15 circuit 31 and the command decoder 32A . 
recognized is output to the control pin 116. The I / O pin 11H The operation of a potential control circuit 35 is con 
is in charge of data input / output . Although one I / O pin is trolled by the state machine 34. The potential control circuit 
shown in FIG . 7 , it should be understood that a plurality of 35 generates potentials to be supplied to a selected word line 
I / O pins 11H may be provided on the chip . In addition , other and nonselected word lines , in accordance with an address 
pins may be provided without limiting to the control pins 20 signal ADR input from the address decoder 32B . The 
and the I / O pin . potential control circuit 35 generates a supply potential in 

The controller 2 is connected to the memory chip 1 via an accordance with a value which indicates a supply potential 
interface 15 . suitable for each of the plurality of word lines and which is 

The interface 15 includes pins corresponding to the con retained in the register circuit 33 . 
trol pins 11A to 11G and the I / O pin 11H of the BiCS 25 A row control circuit 36A selects one of the plurality of 
memory chip 1 , and sets an agreement for enabling com word lines WL in accordance with a command signal CMD 
munication with the memory chip 1. In addition , the inter input from the state machine 34 and the address signal ADR 
face 15 may not only have hardware such as control pins but input from the address decoder 32B . 
also software for interfacing with the memory chip 1 . A word line driver 37 controls the potential of the word 

The controller 2 has an MPU 12 , a ROM 13 and a RAM 30 line WL , including the transfer of a potential to the word line 
14. The MPU 12 controls the operations of the memory chip WL and the discharge of a potential of the word line WL . 
1 and the controller 2. The MPU 12 reads firmware ( control The potential generated by the potential control circuit 35 is 
program ) stored in the ROM 13 or setting information for input to the word line driver 37 via the row control circuit 
the memory chip 1 onto RAM 14 in order to execute 36A . The word line driver 37 then transfers the input predetermined processing . 35 potential to the memory cells connected to the word lines 
Moreover , data input / output is performed between the WL . In addition , the word line driver 37 controls the 

controller 2 and the external device 3 such as the host via potentials of the select gate lines SGD , SGS as well as the 
interfaces 16 , 19 . potentials of the word lines WL , and also controls the 

The host 3 includes hardware and software for accessing turning on / off of the select transistor . 
the controller 2. The host 3 includes software 17 such as an 40 A column control circuit 36B receives outputs from the 
application and an operating system . The software 17 potential control circuit 35 and the state machine 34 , and 
instructs a file system 18 to input / output data in accordance then controls the operation of a data cache / sense amplifier 
with an instruction from a user to input / output data to / from 38 . 
the memory chip 1. The file system 18 is a system for The data cache / sense amplifier 38 is controlled by the 
managing files ( data ) recorded in a recording medium to be 45 column control circuit 36B in accordance with the address 
managed . The file system 18 records management informa signal ADR . Moreover , the data cache / sense amplifier 38 
tion into a storage area of the memory chip 1 , and uses the temporarily retains data to be written into the memory cells 
management information to manage the files . and data read from the memory cells . The data cache / sense 

FIG . 8 is a block diagram showing the circuit configura amplifier 38 transfers a potential corresponding to the data 
tion of the BiCS memory chip 1 using the BiCS memory . 50 to the bit line , or senses the potential of the bit line 

A memory cell array 30 is composed of the BiCS - NAND corresponding to the data . The data cache / sense amplifier 38 
flash memories described with FIGS . 1 to 6. Data is stored also temporarily retains data during the verification of a 
in a nonvolatile manner in each of the memory cells con write . 
stituting the memory cell array 30 . The data to be written into the memory cells is input to the 

Write data is input to the memory chip 1 from the outside 55 data cache / sense amplifier 38 from the data input buffer 
of the chip 1 via the I / O pin 11H . A data input buffer 39A 39A . The data read from the memory cells is output to the 
temporarily retains the write data . A data output buffer 39B data output buffer 39B from the data cache / sense amplifier 
temporarily retains data read from the memory cell array 30 . 38 . 

A control circuit 31 recognizes the states ( e.g. , high ( H ) / The potentials supplied to the word lines WL , the bit lines 
low ( L ) ) of the control pins 11A to 11G , and controls the 60 BL and the select gate lines SGS , SGD in the memory cell 
operations of the internal circuits in the memory chip 1 . array 30 are controlled by the configuration described above , 

A command decoder 32A decodes an instruction provided such that data is written into a selected memory cell or data 
from the outside of the chip via the control pins 11 A to 11G is read from a selected memory cell . In the writing operation 
and the I / O pin 11H . and reading operation in the memory cell array 30 , the 

An address decoder 32B decodes the addresses of , for 65 potentials of the word lines WL and the select gate lines 
example , write , read or erasure target word lines or memory SGD , SGS are controlled , for example , as shown in FIGS . 
cells provided from the outside of the chip via the control 9 and 10 . 
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FIG . 9 shows one example of set potentials for the word different in thickness , the write potential is different for each 
lines and the select gate lines in the NAND cell unit to which memory cell . The nonselection potentials for preventing 
a selected memory cell ( hereinafter referred to as a selected erroneous writing / reading also vary . 
cell ) belongs during reading of data . In the three - dimensionally stacked nonvolatile semicon 

In FIG . 9 , there are shown set potentials for the word lines 5 ductor memory ( BiCS memory ) according to the embodi 
WL < I > to WL < 3 > and the select gate lines SGD < 5 > , SGS ment of the present invention , the register circuit 33 retains , 
for reading of data from the memory cell connected to the as one kind of setting information , information for generat 
fourth word line WL < 3 > and for reading of data from the ing supply potentials which are adjusted in intensity for the 
memory cell connected to the first word line WL < O > . respective word lines so that write potentials or nonselection 

During the reading operation , a potential VDD ( e.g. , a 10 potentials suitable for the plurality of word lines WL < O > to 
power supply potential ) is applied to the select gate lines WL < 3 > may be supplied . Further , the potential control 
SGD < 5 > , SGS . Thus , the select transistors connected to the circuit 35 reads the setting information for the supply 
bit line side and source line side select gate lines SGD < 5 > , potentials retained in the register circuit 33 in accordance 
SGS are turned on . with an input address signal , and supplies the word lines 

A read selection potential VSS ( e.g. , a ground potential ) 15 WL < I > to WL < 3 > with the potentials suitable therefor . 
is applied to the word line WL < 3 > ( or the word line WL < 0 > ) This compensates for the characteristic variations of the 
selected as a read target . memory cells in the three - dimensionally stacked nonvolatile 

For example , read nonselection potentials semiconductor memory in the present embodiment . 
Vread_WL < 1 > S , Vread_WL < 1 > D , Vread_WL < 2 > S , For example , in the example shown in FIG . 9 , for reading 
Vread_WL < 2 > D are applied to the word lines which are not 20 data from the memory cell connected to the fourth word line 
selected as read targets such as the word lines WL < 1 > , WL < 3 > , the register circuit 33 retains , as the setting infor 
WL < 2 > . This prevents erroneous reading from nonselected mation for the supply potentials suitable for the respective 
cells during the reading operation . word lines , information for generating read nonselection 

FIG . 10 shows one example of set potentials for the word potentials Vread_WL < I > S , Vread_WL < 1 > S , 
lines and the select gate lines in the NAND cell unit to which 25 Vread_WL < 2 > S which are adjusted in consideration of the 
a selected cell belongs during writing of data . manufacturing variations ( size variations ) of the memory 

In FIG . 10 , there are shown set potentials for the word cells . 
lines WL < O > to WL < 3 > and the select gate lines SGD < 5 > , The potential control circuit 35 reads the setting informa 
SGS for writing of data into the memory cell connected to tion in the register circuit 33 in accordance with the address 
the fourth word line WL < 3 > and for writing of data into the 30 signal ADR , generates potentials based on this information , 
memory cell connected to the first word line WL < O > . and supplies the word lines WL < I > to WL < 2 > which are not 

During the writing operation , for example , the potential selected for reading with the potentials suitable therefor . 
VDD is applied to the bit line side select gate line SGD < 5 > , Similarly , when data is read from the memory cell con 
while the ground potential VSS is applied to the source line nected to the first word line WL < O > , nonselection potentials 
side select gate line SGS . 35 Vread_WL < 1 > D , Vread_WL < 2 > D , Vread_WL < 3 > D suit 

Write potentials Vpgm_WL < 3 > , Vpgm_WL < I > are able for the nonselected word lines WL < 1 > to WL < 3 > are 
applied to the word lines WL < 3 > , WL < O > selected as write generated in accordance with an address signal and the 
targets . setting information in the register circuit 33 , and the gen 
On the other hand , write nonselection potentials erated potentials are supplied to the word lines WL < 1 > to 

Vpass_WL < 1 > S , Vpass_WL < 1 > D Vpass_WL < 2 > S , 40 WL < 3 > . 
Vpass_WL < 2 > D are applied to the word lines ( memory Moreover , the nonselected word lines WL < O > , WL < 3 > 
cells ) which are not selected as write targets such as the word during reading shown in FIG.9 are not necessarily provided 
lines WL < 1 > , WL < 2 > . Channels of the nonselected cells are with the same potential , and may be provided with potentials 
boosted up by the nonwrite potentials Vpass_WL < 1 > S , suitable therefor in accordance with the setting information 
Vpass_WL < 1 > D , Vpass_WL < 2 > S , Vpass_WL < 2 > D such 45 retained in the register circuit 33 . 
that erroneous writing is prevented . For the writing operation , the register circuit 33 retains , as 
As described with FIG . 6 , variations in the parameters of the setting information , information for the word line supply 

physical shapes such as the sizes ( pillar diameters ) of the potentials adjusted to be suitable for the word lines WL < O > 
active layers AA and the thickness of the ONO film 110 to WL < 3 > , as in the case of the reading operation . Then , the 
cause variations in the potential application time necessary 50 potential control circuit 35 generates potentials based on this 
for reading from the respective memory cells even if the setting information , and supplies the generated potentials to 
same read potential is supplied to the word lines WL < O > to the word lines WL < O > to WL < 3 > . 
WL < 3 > during reading of data . Moreover , the variations in For example , in the example shown in FIG . 10 , the 
the parameters of physical shapes may result in variations in potential control circuit 35 generates , in accordance with the 
the speed of writing into the respective memory cells even 55 setting information retained in the register circuit 33 , the 
if the same write potential is supplied to the word lines write potential Vpgm_WL < 3 > suitable when the fourth 
WL < I > to WL < 3 > during writing of data . word line WL < 3 > is selected and the write potential Vpg 

Furthermore , in the memory cells for each word line , a m_WL < I > suitable when the first word line WL < O > is 
difference of writing or reading reliability may be made selected . The potential control circuit 35 then supplies the 
between the selected / nonselected cells . For example , in the 60 potentials to the word lines WL < 3 > , WL < O > . 
tapered active layers AA , there is a difference of pillar On the other hand , when the fourth word line WL < 3 > is 
diameter between the bit line side ( upper side ) and the selected , write nonselection potentials Vpass_WL < I > S , 
source line side ( lower side ) . Therefore , even the memory Vpass_WL < 1 > S , Vpass_WL < 2 > S generated in accordance 
cells formed on the same active layer AA have variations in with the setting information in the register circuit 33 are 
on - resistance and are different in read current . If the charge 65 provided to the nonselected word lines WL < O > , WL < 1 > , 
storage layer 111 , the gate insulating film 112 and the block WL < 2 > as nonselection potentials suitable therefor . Simi 
insulating film 113 constituting the ONO film 110 are larly , when the first word line WL < O > is selected , write 
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non - selection potentials Vpass_WL < 1 > D , output to the potential control circuit 35. In the present 
Vpass_WL < 2 > D , Vpass_WL < 3 > D are also generated in embodiment , there are four word lines , and the four registers 
accordance with the setting information and provided to the 330 to 333 corresponding to the four word lines WL < O > to 
nonselected word lines WL < 1 > , WL < 2 > , WL < 3 > as non WL < 3 > are therefore shown here . It goes without saying that 
selection potentials suitable therefor . 5 the number of registers corresponding to the number of word 

In addition , the BiCS memory in the embodiment of the lines is provided in the register circuit 33 . 
present invention supplies the plurality of word lines with The potential control circuit 35 includes a selector ( arith 
the potentials suitable therefor in accordance with the setting metic unit ) 350 , a D / A converter 351 , a comparator 352 and 
information during the writing or reading operation . Thus , a VPP pump ( potential generator ) 353 . 
during the writing operation , a potential suitable for the 10 The selector 350 uses the address signal ADR as a 
writing of data has only to be supplied to the selected word selection signal to select a potential code corresponding to a 
line , so that the write potential Vpgm_WL < I > for the first write potential Vpgm_WL < n > of a selected word line from 
word line WL < I > may be the same as or different from the among the potential codes VVpgm_WL < O > to VVpg 
write potential Vpgm_WL < 3 > for the fourth word line m_WL < 3 > retained in the registers 330 to 333. Then , the 
WL < 3 > . Similarly , the read nonselection potentials 15 selector 350 converts a selected one of the potential codes 
Vread_WL < 2 > D , Vread_WL < 1 > D when the first word line VVpgm_WL < O > to VVpgm_WL < 3 > into a digital signal 
WL < I > is selected may be the same as or different due to Dig_Vpgm , and outputs the digital signal Dig_Vpgm to the 
interference between adjacent cells from the read nonselec D / A converter 351. In this example , the number of word 
tion potentials Vread_WL < 2 > S , Vread_WL < 1 > S when the lines is four , so that n = 0 , 1 , 2 , 3 . 
fourth word line WL < 3 > is selected . The D / A converter 351 has a variable resistor 351A and 

Furthermore , even in the case of the write nonselection a fixed resistor 351B . The resistance value of the variable 
potentials for the same word line WL < 1 > , the write nonse resistor 351A is changed in accordance with the digital 
lection potential Vpass_WL < 1 > S when the fourth word line signal Dig_Vpgm selected by the selector 350 . 
WL < 3 > is selected may be the same as or different due to The comparator 352 compares the output from the D / A 
interference between adjacent cells from the nonselection 25 converter 351 with a reference potential ( reference value ) 
potential Vpass_WL < 1 > D when the first word line WL < O > Vref to control the potential generated by the VPP pump 
is selected . 353 . 

Thus , according to the three - dimensionally stacked non The VPP pump 353 outputs the write potential 
volatile semiconductor memory in the embodiment of the Vpgm_WL < n > to the row control circuit 36A in accordance 
present invention , potentials suitable for the plurality of 30 with the output of the comparator 352 and a write command 
word lines are generated in accordance with the address signal CMD_PGM . The write command signal CMD_PGM 
signal and the setting information , and the generated poten is a signal for a writing operation instruction . Moreover , a 
tials are supplied the word lines . Consequently , in the read command signal CMD_READ shown in FIG . 11 is a 
memory cell array in which the memory cells are three signal for a reading operation instruction . 
dimensionally arranged , even when the shapes of the active 35 The row control circuit 36A has a plurality of switch 
layers AA and the thickness of the ONO film 110 are circuits 36A0 to 36A3 . The plurality of switch circuits 36A0 
different due to the structure and manufacturing process of to 36A3 are controlled by the address signal ADR and the 
the memory cell array , it is possible to compensate for external command signals CMD_PGM , CMD_READ . 
variations in electric properties of the memory cells due to Under this control , the plurality of switch circuits 36A0 to 
the three - dimensional structure , such as variations in writing 40 36A3 supply a potential to the word line indicated by the 
speed or bias application time and variations in writing address signal via common interconnections CG < O > to 
reliability . CG < 3 > of the blocks in the memory cell array and via the 

( 3 ) Generation and Adjustment of Word Line Supply word line driver 37 . 
Potentials For example , during writing operation , the row control 

With reference to FIGS . 11 to 17 , a circuit configuration 45 circuit 36A controls switches SW1 < O > to SW1 < 3 > in the 
and a method are described below wherein the potentials to switch circuits 36A0 to 36A3 in accordance with the address 
be supplied to the word lines are adjusted to potentials signal ADR for the selected word line and the write com 
suitable therefor , and the suitable potentials are supplied to mand signal CMD_PGM so that the write potential 
the word lines . Write potentials are mainly described below Vpgm_WL < n > may be supplied to the selected word line 
by way of example . 50 WL < n > . At this moment , switches SW2 < O > to SW2 < 3 > are 

( 3.1 ) First Adjustment Example controlled so that the nonselection potentials Vpass may be 
A first adjustment example in the embodiment of the supplied to nonselected word lines . 

present invention is described with FIGS . 11 to 13 . Furthermore , during reading operation , switches SW3 < O > 
Circuit Configuration to SW3 < 3 > are controlled so that the nonselection potentials 

FIG . 11 shows the configuration of the circuits for sup- 55 Vread may be supplied to nonselected word lines except for 
plying potentials to the word lines . FIG . 11 schematically a selected word line . At this moment , the ground potential 
shows one example of the internal configurations of the Vss , for example , is supplied to the word line selected for 
register circuit 33 , the potential control circuit 35 and the reading 
row control circuit 36A out of the internal circuits in the Although not shown in FIG . 11 , the nonselection poten 
BiCS memory chip 1 . 60 tials Vpass , Vread during the writing operation and the 

The register circuit 33 has a plurality of registers 330 to reading operation are separately generated using circuits 
333. The registers 330 to 333 retain , as setting information , substantially similar to the circuits 33 , 35 for generating the 
values ( hereinafter referred to as potential codes ) VVpg write potential Vpgm_WL < n > 
m_WL < O > to WVpgm_WL < 3 > , respectively , which are In the first adjustment example of the present embodi 
suitable for the corresponding word lines WL < I > to 65 ment , when the first word line WL < O > , for example , is the 
WL < 3 > . The potential codes VVpgm_WL < I > to VVpg selected word line , the potential code VVpgm_WL < I > 
m_WL < 3 > for the word lines retained in the registers are retained in the register 330 of the register circuit 33 is 
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selected in accordance with the address signal ADR as the WL < 3 > is also greater than the potential provided to the 
selection signal of the selector 350. The potential code lower side word line WL < O > . 
VVpgm_WL < O > retained in the register 330 indicates the Specifically described here is an operation wherein in the 
value of the write potential Vpgm_WL < I > to be supplied to step of testing the BiCS memory chip 1 , an initial write 
the selected word line WL < I > indicated by the address 5 potential iniVpgm_WL < n > provided to the word line is 
signal ADR . adjusted so that a write potential which allows writing of 

The selector 350 outputs the selected potential code to the data to be finished within a predetermined writing time is set 
D / A converter 351 as a digital value Dig_Vpgm , and the as a write potential suitable for each of the word lines 
D / A converter 351 ( variable resistor 351A ) outputs an WL < O > to WL < 3 > ( hereinafter referred to as trimming 
analog value to the comparator 352 in accordance with the 10 processing ) . 
input digital value Dig_Vpgm . First , as shown in FIG . 12 , the address signal ADR and a 

The comparator 352 compares the output value of the D / A value ( potential code ) indicating the intensity of the initial 
converter 351 with the reference potential Vref to control the write potential iniVpgm_WL < n > are input to the internal 
operation of the VPP pump 353. Under the control of the circuits in the BiCS memory chip 1 from outside of the 
comparator 352 , the VPP pump 353 then generates the write 15 memory chip 1 ( e.g. , the controller 2 ) via the control pins 
potential Vpgm_WL < O > to be supplied to the selected word 11A as to 116 and the I / O pin 11H . 
line WL < I > The address signal ADR indicates the addresses of the 

Thus , the potential control circuit 35 generates a supply selected word line and the selected cell , and is input to the 
potential suitable for the selected word line WL < O > in potential control circuit 35 and the row / column control 
accordance with the potential code ( setting information ) for 20 circuits 36A , 36B . 
each word line retained in the register circuit 33 , and the The potential code indicating the intensity of the initial 
generated potential is supplied to the selected word line write potential iniVpgm_WL < n > is retained in the registers 
WL < I > via the row control circuit 36A and the word line 330 to 333 of the register circuit 33 in accordance with the 
driver 37 . input address signal ADR ( step ST1 ) . This initial write 

Similarly , the registers 331 to 333 in the register circuit 33 25 potential iniVpgm_WL < n > is a potential of given intensity 
correspond to the second to fourth word lines WL < 1 > to applied to a certain word line WL < n > ( in the present 
WL < 3 > , respectively . In accordance with the address signal embodiment , n = 0 , 1 , 3 , 4 ) . 
ADR input to the selector 350 , the potential codes VVpg In accordance with the input address signal ADR and the 
m_WL < 1 > to VVpgm_WL < 3 > retained in the registers 331 potential code ( setting information ) , the initial write poten 
to 333 are selected , and the potential Vpgm_WL < n > suit- 30 tial iniVpgm_WL < n > is generated by the potential control 
able for each of the word lines WL < 1 > to WL < 3 > is circuit 35 shown in FIGS . 8 and 11. Further , the row / column 
generated by the potential control circuit 35. Then , the control circuits 36A , 36B shown in FIG . 8 drive the word 
generated potential is supplied the selected word line . line driver 37 and the data cache / sense amplifier 38 , and the 
As described above , the supply potential ( e.g. , a write word line and the bit line indicated by the address signal 

potential ) suitable for each of the word lines WL < O > to 35 ADR are selected . 
WL < 3 > is generated by the circuits shown in FIG . 11 in Using the initial write potential iniVpgm_WL < n > , given 
accordance with the potential code retained in the register write data separately input from the I / O pin 11H is written 
circuit , and the generated potential can be supplied to the into the selected cell connected to the selected word line 
selected word line . ( here , the first word line WL < I > ) ( step ST2 ) . 

Consequently , according to the BiCS memory ( three- 40 At this point , whether the data has been written within a 
dimensionally stacked nonvolatile semiconductor memory ) predetermined period is judged ( step ST3 ) . The writing time 
in the first adjustment example of the embodiment of the is judged in such a manner that the controller 2 ( or the host 
present invention , the characteristic variations of the 3 ) provided outside the memory chip 1 performs monitoring 
memory cells can be compensated for . at predetermined time intervals . This monitoring is per 

( b ) Adjustment Method 45 formed in accordance with the output from the control pin 
A method of acquiring a potential suitable for each of the 116 which is provided in the memory chip 1 and which 

word lines is described with FIG . 12. In addition , the method corresponds to the ready / busy signal ( R / B ) or in accordance 
is described here using FIGS . 7 , 8 and 11 . with a busy status judgment obtained via the I / O pin 11H . 

FIG . 12 is a flowchart for explaining the operation of In addition , the threshold voltage of the memory cell after 
adjusting the word line supply potential to a potential 50 writing shows a given distribution shape depending on how 
suitable for each of the word lines . FIG . 13 is a graph the data is stored therein . Thus , it is possible to use a method 
showing one example of the relation between the time of wherein the controller 2 ( or the host 3 ) acquires the distri 
potential application to the word line and the intensities of bution shape of the threshold voltage to judge whether data 
the supply potentials during writing of data . has been written in the predetermined distribution shape 
For example , the BiCS - NAND flash memory is config- 55 within a given time by the initial write potential used for 

ured to complete writing with a constant pulse width and a writing . 
constant number of pulses so that the writing speed ( writing When writing of the data is completed within the prede 
time ) of the memory cell may be constant . Therefore , when termined writing time ( predetermined period ) , the initial 
there are variations in shape as shown in FIG . 6 , the write write potential iniVpgm_WL < n > provided to the selected 
potential provided to the upper side ( bit line side ) word line 60 word line WL < O > is judged to be a potential suitable as the 
WL < 3 > is greater than the potential provided to the lower write potential for the selected word line WL < I > . Then , this 
side ( semiconductor substrate side ) word line WL < O > if initial write potential iniVpgm_WL < O > is set as the write 
writing of data is set to be achieved within the constant potential Vpgm_WL < O > for the selected word line WL < O > . 
writing time as shown in FIG . 13. In the case of the When writing of the data is not completed within the 
nonselection potential Vpass for sufficiently boosting up the 65 predetermined period , the initial write potential iniVpg 
channel area of the nonselected cell during the writing m_WL < O > provided immediately before the writing is 
operation , the potential provided to the upper side word line judged to be unsuitable . Then , in order to obtain a potential 
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suitable for a write potential to be provided to the selected defective blocks , a certain percentage of defective bits or 
word line ( the first word line WL < O > ) , the value provided defective blocks may also be contained in the test step that 
immediately before the writing is replaced with another uses the trimming processing as in this example . When it is 
value to reset a new initial write potential ( step ST4 ) . detected in the process of inspecting the arithmetic result 

Furthermore , data is written again into the memory cell 5 that a block includes an abnormal value and it is judged that 
connected to the same selected word line WL < O > , and the block should be treated as a defective cell ( defective whether the writing has been finished within the predeter block ) , defect processing is separately performed , including , 
mined time is judged ( steps ST2 , ST3 ) . In this manner , the for example , replacement with a redundant block or bad operation from step ST2 to step ST4 is repeated until an block processing . initial write potential which allows writing of data to be 10 After it is judged by the inspection step ST8 that the finished within the predetermined period is obtained . 

For example , when writing of data considerably exceeds obtained potential Vpgm_WL < n > is a proper trimming 
the predetermined period , the set initial write potential value , this trimming value is treated as a potential suitably 
iniVpgm_WL < I > is judged to be too low , and the value of supplied to the word line WL < I > which has been subjected 
this initial write potential is increased to run a test again . In 15 to the trimming processing . Then , a potential code corre 
contrast , when writing of data is considerably shorter than sponding to this potential ( trimming value ) is written into 
the predetermined period , this means good writing charac the setting information area ( not shown ) of the memory cell 
teristics of the memory cell , and there is no need to reset the array 30 in the BiCS memory chip 1 or into the register 
initial write potential . However , considering deterioration circuit 33 in accordance with a command signal from the 
over long - term use , a more suitable write potential Vpg- 20 controller 2 ( or the host 3 ) ( step ST9 ) . 
m_WL < O > may also be obtained when writing of data is Thus , the trimming processing for the word line targeted 
much shorter than the predetermined period . for the adjustment of the supply potential ends . 

When it is judged that data has been written within the As described above , the initial write potential 
predetermined period , whether to perform the trimming iniVpgm_WL < n > is adjusted so that the write potential 
processing for the same word line again is judged consid- 25 Vpgm_WL < n > suitable for each of the plurality of word 
ering statistical variations and manufacturing variations of lines ( in the present embodiment , four word lines ) in the 
the plurality of memory cells connected to one word line memory cell army 30 may be obtained . 
( step ST5 ) . In addition , whether to perform the trimming Therefore , according to the BiCS memory in the first 
processing for the same word line may be judged consider adjustment example of the embodiment of the present inven 
ing the time required for the test and the accuracy of the test . 30 tion , the characteristic variations of the memory cells con 
When it is judged that the trimming processing is per stituting the BiCS memory can be compensated for . 

formed again for the same word line , a potential code having In the case described in the present adjustment example , 
a value obtained by the trimming processing in steps ST1 the potential provided to the first word line WL < O > is 
ST4 is stored in a setting information storage area ( not adjusted and set . However , it goes without saying that the 
shown ) of the memory cell array 30 in the BiCS memory 35 potentials provided to the second to fourth word lines 
chip 1 or stored in a storage area ( not shown ) of the WL < 1 > to WL < 3 > can also be adjusted and set to suitable 
controller 2 or the host 3 outside the BiCS memory chip in potentials by use of steps ST1 to ST9 shown in FIG . 12 . 
order to obtain a more desirable trimming value of the write Moreover , although the trimming processing for the write 
potential by use of averaging processing or minimum value potential provided to each of the plurality of word lines has 
searching processing ( step ST6 ) . 40 been illustrated in the present adjustment example , the 

Subsequently , the trimming processing is performed again non - selection potential Vpass for writing operation or the 
for , for example , the word line for which the supply potential selection potential / nonselection potential for reading opera 
( write potential ) has been once adjusted . When the trimming tion can also be adjusted and set to a potential suitable for 
processing is thus performed more than one time for the each of the word lines by use of a similar circuit configu 
same word line , the trimming processing may be performed 45 ration and method . 
more than one time for the same memory cell connected to ( 3.2 ) Second Adjustment Example 
the same word line or for a different memory cell connected ( a ) Circuit Configuration 
to the same word line . A second adjustment example for the potentials provided 
When it is judged in step ST5 in FIG . 12 that the trimming to the word lines is described with FIG . 14. It should be 

processing is not performed again for the same word line , 50 noted that in the present adjustment example , the same 
arithmetic processing such as the averaging processing , the symbols are assigned to the same components as the com 
minimum value searching processing and abnormal value ponents in the first adjustment example described above and 
exclusion is performed by the controller 2 ( or the host 3 ) a detailed description of such components are given as 
provided outside the BiCS memory chip 1 in order to obtain needed . 
a trimming value suitable for the word line which has been 55 FIG . 14 shows the configuration of the circuits used in the 
subjected to the trimming processing ( step ST7 ) . A potential second adjustment example of the embodiment of the pres 
Vpgm_WL < n > is obtained as a result of the arithmetic ent invention . 
processing . In the case where a suitable potential is obtained The register circuit 33 in the present adjustment example 
by the trimming processing one time , the flow may move to has a plurality of registers 335 to 338. One ( first register ) 335 
the next step without performing the above - mentioned arith- 60 of these registers retains a reference value of a potential 
metic processing . suitable for use in writing or reading . This reference value is , 

Furthermore , the arithmetic result is inspected with regard for example , a value which indicates a potential to be 
to the word line which has been subjected to the trimming supplied to a certain word line , and in the description of this 
processing by use of the trimming value ( step ST8 ) . The example , a potential code VVpgm_WL < I > indicating a 
arithmetic result is thus inspected for the following reason . 65 write potential to be supplied to the first word line WL < O > 
As a BiCS memory having high storage capacity is generally is the reference value ( hereinafter referred to as a reference 
shipped permitting a certain number of defective bits and code ) . 
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The other registers ( second registers ) 336 , 337 , 338 reference value is set and generated , so that the circuit 
provided in the register circuit 33 respectively retain poten configuration includes the adder 356. This can make a 
tial codes ( hereinafter referred to as difference codes ) DVpg contribution to easier control of the circuits and to the 
m_WL < I > , DVpgm_WL < 2 > , DVpgm_WL < 3 > . Each of reduction in circuit scale . On the contrary , when the potential 
these potential codes DVpgm_WL < 1 > , DVpgm_WL < 2 > , 5 supplied to the fourth word line WL < 3 > is the reference 
DVpgm_WL < 3 > corresponds to a difference value between value , the write potential supplied to the fourth word line 
the potential serving as the reference value and supplied to tends to be higher than the write potentials for the other word 
the first word line WL < O > and the write potential to be lines . Therefore , in this case , write potentials equal to or 
supplied to each of the other word lines WL < 1 > , WL < 2 > , lower than the reference value are set and generated for the 
WL < 3 > 10 other word lines WL < O > to WL < 2 > , so that a circuit 

Instead of the selector 350 in FIG . 11 , a selector 355 and configuration which uses a subtracter instead of the adder 
an adder 356 are provided in the potential control circuit 35 356 is preferable . 
in FIG . 14 . ( b ) Adjustment Method 

The selector ( arithmetic unit ) 355 uses an address signal In the second adjustment example , a write potential 
ADR as a selection signal to select one of the inputs from the 15 suitable for each word line is adjusted and set by an 
registers 336 to 338 , and outputs the selected input to the operation substantially similar to that in steps ST1 to ST9 
adder ( arithmetic unit ) 356. In addition , the write potential shown in FIG . 12 . 
for the first word line WL < O > is the reference value , so that As described above , in this example , the supply potential 
when an address signal ADR indicating the first word line for a certain word line ( e.g. , the first word line WL < O > ) is 
WL < O > is input , the selector 355 outputs “ O ” to the adder 20 used as the reference value ( reference code VVpg 
356 . m_WL < O > ) , and for the supply potential for each of the 

The adder 356 adds the reference code VVpgm_WL < O > other word lines WL < 1 > to WL < 3 > , a difference value 
to one of the difference codes DVpgm_WL < 1 > to DVpg ( difference code DVpgm_WL < 1 > , DVpgm_WL < 1 > , 
m_WL < 3 > output from the selector 355. This additional DVpgm_WL < 3 > ) with respect to the reference value VVpg 
value is provided to the variable resistor 351A forming the 25 m_WL < b > is obtained . 
D / A converter 351 , as a digital value Dig_Vpgm for a write Thus , the write potential Vpgm_WL < O > suitable for the 
potential to be supplied to the selected word line . first word line WL < I > and serving as the reference value is 

Thus , in the present adjustment example , a potential set by the trimming processing shown in FIG . 12 . 
suitable for each of the word lines WL < I > to WL < 3 > is In the trimming processing for the second to fourth word 
generated in accordance with the reference code VVpg- 30 lines WL < 1 > to WL < 3 > , given difference codes DVpg 
m_WL < O > for a write potential and the difference code m_WL < 1 > to DVpgm_WL < 3 > are added to the reference 
DVpgm_WL < 1 > , DVpgm_WL < 2 > , DVpgm_WL < 3 > , and code VVpgm_WL < I > , such that the supply potentials are 
the potential is supplied to the selected word line . adjusted , and supply potentials suitable for the other word 

In the present adjustment example , the potential to be lines WL < 1 > to WL < 3 > are set . 
supplied to a certain word line ( here , the first word line 35 Then , the reference code indicating the supply potential 
WL < O > ) is set as the reference value ( reference code ) . In ( reference potential ) suitable for the referential word line , 
this case , the potential to be supplied to each of the other and the difference codes DVpgm_WL < 1 > to DVpg 
word lines WL < 1 > to WL < 3 > can be retained in each m_WL < 3 > indicating the difference values between the 
register as a difference value ( difference code ) with respect reference potential and the supply potentials suitable for the 
to the reference value . 40 other word lines WL < 1 > to WL < 3 > are stored in the register 

For example , when a write potential is represented by 8 circuit 33 and the memory cell array 30 . 
bits , a register of 8 bits is needed for each of the word lines As described above , in the second adjustment example as 
in the first adjustment example . well , a potential of given intensity can be adjusted to set a 

In contrast , in the present adjustment example , although it word line supply potential suitable for each of the word lines 
depends on the extent that a write potential is represented , 45 WL < I > to WL < 3 > . 
the difference code can be represented by a smaller number Thus , in the second adjustment example of the embodi 
of bits than the reference code . For example , when the ment of the present invention , each of the word lines WL < O > 
reference code is represented by 8 bits , the registers 336 to to WL < 3 > of the BiCS memory can be supplied with the 
338 for retaining the difference codes can supply potentials potential suitable therefor as in the first adjustment example . 
suitable for the respective word lines as in the first adjust- 50 Consequently , in the second adjustment example of the 
ment example if these registers can indicate a maximum of embodiment of the present invention , the characteristic 
7 bits . Thus , the storage capacities of the registers 336 to 338 variations of the memory cells can be compensated for as in 
can be lower , such that the registers 336 to 338 can be the first adjustment example . 
smaller in size . ( 3.3 ) Third Adjustment Example 

Thus , according to the second adjustment example , the 55 A BiCS memory according to a third adjustment example 
characteristic variations of the memory cells can be com of the embodiment of the present invention is described with 
pensated for by the reference code indicating the reference reference to FIGS . 15 to 17. It should be noted that the same 
value of the supply potential retained in the register circuit symbols are assigned to the same components as the com 
33 and by the difference codes , and the size of the memory ponents in the first and second adjustment examples and 
chip can be reduced . 60 such components are described as needed . 

In addition , in the present adjustment example , the write As has been described with FIGS . 5 and 6 , in the BiCS 
potential used as the reference value and supplied to the first memory , fabrication dimensions such as the diameter of the 
word line WL < O > tends to be lower than the write potentials hole in which the active layers are embedded tend to be 
for the other word lines WL < 1 > to WL < 3 > ( see FIG . 13 ) . smaller on the lower side ( semiconductor substrate side ) 
Therefore , when the write potential supplied to the first word 65 than on the upper side . For example , when the addresses 
line serves as the reference value as in the present adjust ( formation positions ) of the word lines WL < O > to WL < 3 > 
ment example , a write potential equal to or higher than the are correlated with the variations in the hole diameter , the 
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addresses of the word lines and several coefficients are word lines , thereby making it possible to compensate for the 
provided to acquire an approximation function , and this characteristic variations of the memory cells and contribute 
approximation function may be used to enable the supply of to the size reduction of the memory chip . 
potentials suitable for the word lines . ( b ) Adjustment Method 

In the illustration of the present adjustment example , 5 In this example , a method of acquiring the coefficients A , 
variations in shape ( fabrication ) are represented by an B of the linear function used as the approximation function 
approximation function , and a potential suitable for each of is described with FIGS . 16 and 17. In the method described 
the word lines is set and supplied using the approximation here , trimming processing is performed for at least two 
function . In addition , approximation using a linear function different word lines , and an approximation function for 
is illustrated in this example . 10 providing a potential suitable for each of the word lines is 

( a ) Circuit Configuration derived from the difference between the addresses of the 
FIG . 15 shows the configuration of the circuits used in the word lines and the difference between write potentials 

third adjustment example of the embodiment of the present obtained by the trimming processing . 
invention . The two coefficients A , B are indeterminate before the 

The register circuit 33 in this example has registers 339A , 15 trimming processing . Therefore , in the example described 
339B for retaining coefficients A , B of a linear function . In here , an arithmetic operation to acquire the coefficients A , B 
this example , potentials supplied to the word lines are is performed by use of the separately provided address 
adjusted and set by the linear function , so that there are signal ADR serving as the variable X , wherein the coeffi 
provided two registers for retaining the coefficient A indi cient B corresponding to the intercept of the linear function 
cating the inclination of the linear function and the coeffi- 20 is fixed at a given value , while the coefficient A is changed . 
cient B indicating the intercept of the linear function . First , as shown in FIG . 16 , the operation of acquiring the 
However , it goes without saying that the number of registers coefficient A is executed for the word line corresponding to 
varies depending on the order of the approximation function . the address signal ADR = X1 ( ST11 ) . This search for the 

In the potential control circuit 35 , an arithmetic circuit coefficient A is performed by steps ST11-1 to ST11-9 shown 
357 is provided instead of the selector and the adder . The 25 in FIG . 17. Specifically , this operation is as follows : 
coefficients A , B output from the register circuit 33 and an As shown in FIG . 17 , an initial value al is provided to a 
address signal ADR of a selected word line are input to the coefficient A1 , and an initial value 0 is provided to the 
arithmetic circuit 357. In this example , the address signal coefficient B ( ST11-1 ) . 
ADR is a variable X. This arithmetic circuit 357 executes Then , using the address signal X1 indicating a certain 
arithmetic processing , for example , on the basis of a linear 30 word line ( selected word line ) and write data , data is written 
function Y = AX + B . More specifically , in the case of Y = AXX into the memory cell connected to the selected word line 
( X - ADR ) + B , the multiplication AxX is first performed and ( ST11-2 ) . Further , for example , as in the trimming process 
then the addition of the coefficient B is performed in the ing described in the first adjustment example , whether the 
arithmetic circuit 357 . data has been written within a predetermined period is 

Furthermore , the arithmetic circuit 357 outputs the cal- 35 judged ( ST11-3 ) . Here , when writing of the data is not 
culated value Y to the D / A converter 351 as a digital value completed within the predetermined period , the initial value 
Dig_Vpgm . al is an inappropriate value . Thus , a value different from the 

Thus , when the calculated value Y = Dig_Vpgm ) can be value al is reset ( ST11-4 ) , and an initial value al which 
represented by the linear function of the write selection allows writing of the data to be completed within the 
address signal ADR , the coefficient A corresponding to the 40 predetermined period is searched for . 
inclination and the coefficient B corresponding to the inter When writing of the data has been completed within the 
cept are set , so that the potential suitable for each of the word predetermined period , it is judged as in the first adjustment 
lines can be supplied . example whether to reset the coefficient Al to a different 

In the case of the present adjustment example , the two value for the same memory cell belonging to the same word 
coefficients are treated as setting information for supplying 45 line or a different memory cell belonging to the same word 
the potentials suitable for the respective word lines . There line to perform writing ( ST11-5 ) . 
fore , the present adjustment example requires neither the use When sampling of the coefficient Al is performed again , 
of the registers 330 to 333 for retaining the potential codes the coefficient A1 obtained by steps ST11-1 to ST11-4 are 
of the potentials suitable for the respective word lines for all temporarily stored in , for example , a storage outside the chip 
of the word lines WL < I > to WL < 3 > as in the first adjust- 50 1 ( ST11-6 ) . 
ment example nor the use of the registers 335 to 338 for When it is judged in step ST11-5 that sampling of the 
retaining the reference code and the difference codes for the coefficient Al is not performed again , the search for the 
respective word lines as in the second adjustment example . coefficient A for the word line corresponding to the address 
That is , when the characteristic variations are approximated X1 is ended . When sampling of the coefficient A1 is per 
by the linear function as in the present adjustment example , 55 formed a plurality of times , arithmetic processing such as 
two registers 339A , 339B have only to be disposed in the averaging processing for a plurality of coefficients , the 
register circuit 33 . minimum value searching processing and abnormal value 

Therefore , the present adjustment example enables a exclusion is performed , so that the coefficient A1 is stan 
reduction in the number of registers , that is , a reduction in dardized ( ST11-7 ) . When the sampling process of the coef 
the scale of the register circuit 33. Especially , the effects of 60 ficient A1 is performed only once , the obtained value is set 
the present adjustment example are greater , for example , as a coefficient A1 . 
when the number of word lines is increased along with the Subsequently , if necessary , the coefficient Al is inspected 
increase of storage capacity . to exclude any abnormal value ( ST11-8 ) . Then , the coeffi 

Therefore , according to the third adjustment example of cient Al suitable for the address signal X1 is temporarily 
the embodiment of the present invention , the potential 65 retained in the storage area ( not shown ) provided in the 
supplied to each of the word lines is represented by the linear controller 2 or in the setting information area of the memory 
function so that the potential may be suitable for each of the cell array 30 ( ST11-9 ) . 
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As a result , the coefficient A = A1 suitable for the address In FIG . 18 , for example , four memory chips 1 are con 
signal X1 is acquired , and the search for the coefficient A1 nected in parallel to one controller 2. In this configuration , 
for the address signal X1 is completed . instructions for writing , erasing or reading in the memory 

Then , for an address X2 indicating a word line different cells in each of the memory chips 1 are given by the 
from the initially selected word line , a coefficient A = A2 5 command issued by the controller 2. At the same time , for 
suitable for this word line is searched for by an operation example , the setting and adjustment of the supply potentials 
similar to the operation in ST11-1 to ST11-9 for obtaining described in the first to third adjustment examples may also 
the coefficient A1 ( ST12 ) . Thus , the coefficient A = A2 suit be carried out using the I / O pin 11H and the control pins 11A 
able for the word line corresponding to the address signal X2 to 11G so that a suitable potential is supplied to each of the 
is acquired . 10 selected word lines . Moreover , the write voltages of the 

In the case of the approximation to the linear function as word lines may also be adjusted by the command from the 
in this example , the coefficients A , B are obtained by using , host 3 . 
for example , a two - point approximation ( ST13 ) . Thus , the devices outside the memory chip 1 such as the 
As the coefficient A indicates the inclination of the linear controller 2 and the host 3 can be used to adjust the supply 

function , the coefficient A is calculated here from sample 15 potential for each of the word lines . 
data for the two points ( two address signals ) X1 , X2 by the Consequently , in the modification of the embodiment of 
following equation : the present invention , the characteristic variations of the 

memory cells can be compensated for . A = ( A2 - A1 ) / ( X2 - X1 ) 

Furthermore , the coefficient B indicates the intercept of 20 3. Application 
the linear function , the coefficient B is calculated by the 
following equation using , for example , the calculated coef The technique of the present invention is advantageous to 
ficient A , the address X1 and a sample value Y1 at the a BiCS - NAND flash memory in which one cell unit is 
address X1 : composed of a plurality of serially connected memory cells 

25 ( NAND strings ) to achieve bit cost scalability . While one 
B = Y1 - AxX1 example of the BiCS - NAND flash memory has been 

Consequently , the linear function Y = AX + B as an approxi described with FIGS . 1 to 4 , the BiCS memory used in the 
mation function is obtained . In addition , the coefficient B embodiment of the present invention is not limited thereto . 
may be obtained by the following equation : For example , the embodiment of the present invention can 

30 also be applied to a BiCS - NAND flash memory shown in 
FIGS . 19 to 21. It should be noted that the same symbols are 

Subsequently , the obtained approximation function is assigned in FIGS . 19 to 21 to members substantially similar 
inspected ( ST14 ) , and the coefficients A , B of the approxi in function to the members shown in FIGS . 1 to 4 . 
mation function are stored ( ST15 ) . FIG . 19 shows a bird's - eye view of the BiCS - NAND flash 

As described above , in the third adjustment example of 35 memory different in configuration from the example shown 
the embodiment of the present invention as well , character in FIG . 1. FIG . 20 shows a bird's - eye view of an extraction 
istic variations are represented by the approximation func of a block ( memory cell array ) . Further , FIG . 21 shows an 
tion , so that the characteristic variations of the memory cells equivalent circuit diagram of one NAND cell unit provided 
can be compensated for . in the block . 

Although the coefficients A , B are calculated by the 40 In the BiCS - NAND flash memory of the configuration 
two - point approximation here , the number of samples may shown in FIGS . 19 and 20 as well , three or more conductive 
be increased to improve accuracy . layers made of , for example , conductive polysilicon are 
Moreover , the example shown here illustrates one method stacked ( in this example , a six - layer structure ) . Further , a 

of setting the coefficients A , B suitable for the approximation plurality of active layers ( active areas ) UAA extend through 
function for providing potentials suitable for the respective 45 the plurality of stacked conductive layers . Moreover , a 
word lines . As long as the characteristic variations of the memory cell is formed at the intersection of the active layer 
memory cells can be compensated for using the approxima and the conductive layer . While the lowermost one of the 
tion function , the present invention is not limited to the stacked conductive layers is plate - shaped in the BiCS 
example in FIGS . 16 and 17 . NAND flash memory shown in FIGS . 19 and 20 , the other 

50 conductive layers except for the lowermost conductive layer 
2. Modification are linearly shaped . In addition , as shown in FIG . 19 , the 

ends of the stacked conductive layers in the x - direction are 
A modification of the embodiment of the present inven stepped to allow contact with each of these layers as in the 

tion is described with FIG . 18. It should be noted that the example shown in FIG . 1 . 
same symbols are assigned to the same members as the 55 In the BiCS - NAND flash memory shown in FIGS . 19 and 
members described above and such members are described 20 , the plurality of active layers UAA are U - shaped when 
as needed . viewed from , for example , the x - direction . As shown in FIG . 

In the configurations described in the first to third adjust 20 , the U - shaped active layer UAA is structured so that the 
ment examples , the internal circuits provided in the memory lower ends of two semiconductor columns SP are connected 
chip 1 such as the register circuit 33 and the potential control 60 together by a joint portion JP . 
circuit 35 are used to adjust and set the potential provided to Accordingly , the source line SL is provided on the side of 
each of the word lines to a suitable potential . However , in the the semiconductor substrate 23 in the configuration shown in 
embodiment of the present invention , an instruction ( com FIGS . 1 to 4. In contrast , in the configuration shown in 
mand ) from the controller 2 or the host 3 may be output to FIGS . 19 to 20 , a source line SL is provided in a layer higher 
the memory chip 1 via the pads 11A to 11H to adjust the 65 than drain side select gate lines SGD < 4 > , SGD < 5 > which 
supply potential for each of the word lines to a potential are provided on the upper end side of the active layers UAA . 
suitable therefor . More specifically , in the BiCS memory shown in FIGS . 19 
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and 20 , the source line SL is provided between a layer in WL < 6 > and between the word line WL < I > and the word 
which bit lines BL < O > to BL < m > are provided and a layer line WL < 7 > as long as the two word lines are located at the 
in which the drain side select gate lines SGD < 4 > , SGD < 5 > same position in the z - direction . 
are provided . The source line SL extends in the x - direction , Thus , the embodiment of the present invention can be 
and is connected to one of the two semiconductor columns 5 applied to the BiCS memory shown in FIGS . 19 to 21 . 
SP constituting one U - shaped active layer UAA . Further , Moreover , as shown in FIGS . 19 to 21 , even if the number 
one source line SL is shared by two NAND cell units NU of memory cells ( the number of word lines ) constituting one 
adjacent in the y - direction . NAND cell unit is increased , the switch circuit and the 

Source line side select gate lines SGS < 4 > , SGS < 5 > are register are shared by the word lines having the same 
provided , for example , in the same layer as the bit line side 10 characteristic tendency , so that an increase in circuit scale 
select gate lines SGD < 4 > , SGD < 5 > , and are linear ( straight ) can be inhibited . 
conductive interconnections extending in the x - direction . However , it goes without saying that the number of 

In the example shown in FIGS . 19 and 20 , word lines registers provided in the register circuit 33 or the number of 
WL < I > to WL < 7 > are linear ( straight ) conductive intercon switch circuits in the row decoder circuit 36A , for example , 
nections extending in the x - direction . 15 may be changed in accordance with the number ( e.g. , eight ) 

Thus , in the BiCS - NAND flash memory shown in FIGS . of word lines in the BiCS - NAND flash memory shown in 
19 and 20 , one NAND cell unit NU includes two semicon FIGS . 19 to 21 . 
ductor columns SP , so that the number of memory cells in The embodiment of the present invention is not only 
one NAND cell unit is large ( eight in this example ) as shown applicable to the BiCS - NAND flash memories shown in 
in FIG . 21. In addition , four memory cells MC are provided 20 FIGS . 1 to 19 but also to a three - dimensionally stacked 
in one semiconductor column SP . nonvolatile semiconductor memory to which the BiCS tech 

As in the example shown in FIGS . 20 and 21 , the joint nique is applied . 
portion JP may be connected to a back gate line BG via a Furthermore , as the memory cell structure of the BiCS 
back gate transistor BGTr . A conductive layer serving as the memory , a MONOS type or MNOS type structure in which 
back gate line BG is located in a layer lower than a 25 a charge storage layer is made of an insulator ( e.g. , nitride ) 
conductive layer serving as the word line , and the plane is considered effective . However , the present invention is not 
shape of the back gate line BG is in the shape of , for limited to this example and can also be applied to a floating 
example , a plate two - dimensionally expanding on the semi gate type structure in which a charge storage layer is made 
conductor substrate 23. The back gate transistor BGTr is of conductive polysilicon . 
provided at the intersection of the joint portion JP and the 30 Moreover , a data value stored in one memory cell may be 
plate - shaped back gate line BG . The joint portion JP serves binary or multi - level equal to or more than ternary . 
as the channel area of the back gate transistor BGTr . The 
back gate transistor BGTr for example , the same 4. Alternatives 
structure as the memory cell MC . In addition , in the case of 
the configuration provided with the back gate line BG as in 35 The trimming processing for the write potential has been 
this example , the joint portion JP is not electrically con mainly described in the embodiment of the present inven 
nected to the semiconductor substrate 23 . tion . However , a similar configuration and method can be 

Thus , the BiCS - NAND flash memory shown in FIGS . 19 employed to various potentials provided to the word line , 
to 21 also has the configuration in which the memory cells such as a supply potential for a selected word line during 
are three - dimensionally stacked , so that there are variations 40 reading operation , a supply potential for a nonselected word 
in element characteristics between the memory cell on the line during writing or reading operation , or a supply poten 
side of the select gate lines SGD < 5 > , SGS < 5 > and the tial for a word line during erasing operation . 
memory cell on the side of the semiconductor substrate 23 In the embodiment of the present invention , processing in 
( back gate line BG ) . the test step during the manufacture of a memory chip has 

In the BiCS - NAND flash memory shown in FIGS . 19 to 45 been described by way of example . However , in a user 
21 , the circuit configuration and coordination method service environment , the optimum value of the write voltage 
described in the first to third adjustment examples of the may change due to the deterioration of writing characteris 
embodiment of the present invention can be used to com tics associated with the deterioration of memory cells . 
pensate for the variations in element characteristics . Accordingly , the present embodiment can also be applied to 

In addition , in the BiCS - NAND flash memory shown in 50 such a case where a potential suitably supplied to each of the 
FIGS . 19 to 21 , the diameters of the active layers UAA show word lines is reset . 
about the same tendency ( dimension ) in the word lines Additional advantages and modifications will readily 
which are provided in the same memory cell unit and which occur to those skilled in the art . Therefore , the invention in 
are located at the same position ( height from the semicon its broader aspects is not limited to the specific details and 
ductor substrate 23 ) in the z - direction , for example , the word 55 representative embodiments shown and described herein . 
line WL < 3 > and the word line WL < 4 > . In this case , the Accordingly , various modifications may be made without 
same common switch circuit may be used for the word line departing from the spirit or scope of the general inventive 
WL < 3 > and the word line WL < 4 > out of switch circuits concept as defined by the appended claims and their equiva 
36A0 to 36A3 in a row decoder circuit 36A . Similarly , lents . 
potentials supplied to the word lines WL < 3 > , WL < 4 > can be 60 What is claimed is : 
adjusted using about the same value , so that the same [ 1. A three - dimensionally stacked nonvolatile semicon 
register in the register circuit 33 may be shared between the ductor memory comprising : 
word line WL < 3 > and the word line WL < 4 > . a memory cell array provided in a semiconductor sub 

It goes without saying that , similarly to the two word lines strate ; 
WL < 3 > , WL < 4 > , the switch circuit and the register can be 65 conductive layers stacked above the semiconductor sub 
shared between the word line WL < 2 > and the word line strate in the memory cell array in such a manner as to 
WL < 5 > , between the word line WL < 1 > and the word line be insulated from one another ; 
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a bit line which is disposed above the conductive layers in wherein the potential suitable for each of the word lines 
such a manner as to be insulated from the conductive is set by an instruction from the external device . ] 
layers ; [ 6. The three - dimensionally stacked nonvolatile semicon 

a semiconductor column which extends through the con ductor memory according to claim 1 , wherein 
ductive layers and which has an upper end connected to the potential control circuit has 
the bit line and a lower end connected to the semicon an arithmetic unit which outputs a value indicating the 
ductor substrate ; potential supplied to the one word line in accordance 

word lines for which the conductive layers except for the with an output of the register circuit and the address 
uppermost and lowermost conductive layers are used ; signal , 

memory cells provided at intersections of word lines and 10 a converter which outputs a converted value of the value 
the semiconductor column , respectively ; indicating the potential supplied to the one word line , 

a register circuit which retains operation setting informa a comparator which outputs a comparison value between 
tion for the memory cell array and which has informa a reference value and the converted value , and 
tion to supply a potential suitable for each of the word a potential generator which generates a potential suitable 
lines ; and for each of the word lines in accordance with the 

a potential control circuit which controls the potentials comparison value ] 
supplied to the word lines and which reads the infor [ 7. The three - dimensionally stacked nonvolatile semicon 
mation retained in the register circuit in accordance ductor memory according to claim 1 , wherein 
with a position of a word line in a direction perpen the uppermost conductive layer is a straight first select 
dicular to the surface of the semiconductor substrate 20 gate line extending in a second direction intersecting 
and which supplies a potential suitable for the word line with a first direction , and 
corresponding to an input address signal . ] the lowermost conductive layer is a plate - like second 

[ 2. The three - dimensionally stacked nonvolatile semicon select gate line . ] 
ductor memory according to claim 1 , wherein [ 8. The three - dimensionally stacked nonvolatile semicon 

the register circuit has registers which retain potential 25 ductor memory according to claim 1 , wherein 
codes indicating the potentials suitable for the word the potential supplied to upper one of word lines is equal 
lines , respectively , and to or more than the potential supplied to lower one of 

the potential control circuit selects the potential code the word lines . ] 
corresponding to the input address signal from regis [ 9. The three - dimensionally stacked nonvolatile semicon 
ters , and supplies the suitable potential to the word line 30 ductor memory according to claim 1 , wherein 
corresponding to the input address signal in accordance the memory cell has an insulating film functioning as a 
with the selected potential code . ] charge storage layer . ] 

[ 3. The three - dimensionally stacked nonvolatile semicon [ 10. The three - dimensionally stacked nonvolatile semi 
ductor memory according to claim 1 , wherein conductor memory according to claim 3 , wherein 

the register circuit has the number of bits indicating the difference value in each 
a first register which retains , as a reference code , a value of the second registor is smaller than the number of bits 

indicating the potential suitable for one of the word indicating the reference value in the first registor . ] 
lines , and [ 11. The three - dimensionally stacked nonvolatile semi 

one or more second registers which are respectively conductor memory according to claim 3 , wherein the dif 
provided to correspond to the remaining word lines 40 ference code using writing operation differs from the dif 
except for the one word line corresponding to the ference code using reading operation . ] 
reference code and which retain a difference code [ 12. The three - dimensionally stacked nonvolatile semi 
between the reference code and a value indicating the conductor memory according to claim 1 , wherein 
potential suitable for each of the remaining word lines ; at least one of the operation setting information and the 
and information to supply a potential suitable for each of 

the potential control circuit selects the difference code the word lines includes adjusted values in each of the 
corresponding to the input address signal from the one word lines to supply the potential suitable for the word 
or more second registers , and supplies the suitable line , and the adjusted values are determined based on 
potential to a word line corresponding to the input arithmetic processing for driving results of each of the 
address signal in accordance with a calculation result 50 word lines . ] 
obtained from the selected difference code and the 13. A semiconductor memory comprising : 
reference code . ] a semiconductor substrate ; 

[ 4. The three - dimensionally stacked nonvolatile semicon a stacked body disposed above the substrate , the stacked 
ductor memory according to claim 1 , wherein body including : 

the register circuit has first and second registers which 55 a first conductive layer disposed above the semicon 
retain first and second coefficients of an approximation ductor substrate and configured as a first word line , 
function , respectively , and a second conductive layer disposed above the first 

the potential control circuit uses the input address signal conductive layer and configured as a second word 
as a variable of the approximation function , and sup line , 
plies the suitable potential to the word line correspond- 60 a third conductive layer disposed above the second 
ing to the input address signal in accordance with the conductive layer and configured as a third word line , 
approximation function using the first and second coef and 
ficients . ] a semiconductor column formed in a hole which pen 

[ 5. The three - dimensionally stacked nonvolatile semicon etrates the first conductive layer , the second conduc 
ductor memory according to claim 1 , further comprising : tive layer , and the third conductive layer in the 

an external device which externally controls the operation stacked body , and extends in a first direction per 
of the memory cell array , pendicular to the semiconductor substrate ; 
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a first storage portion which surrounds the semiconductor 16. The semiconductor memory according to claim 13 , 
column , is disposed between the first conductive layer wherein the control circuit is configured to perform the read 
and the semiconductor column , and is configured as a operation on a condition that : 
first memory cell , a gate of the first memory cell being a first un - selection voltage is applied to the first word line 
electrically connected to the first word line , wherein the 5 when the second word line is selected , 
first word line , the first storage portion , and a portion a second un - selection voltage is applied to the second 
of the semiconductor column surrounded by the first word line when the first word line is selected , the first storage portion are disposed along a second direction un - selected voltage being different from the second parallel to the semiconductor substrate ; un - selection voltage , and a second storage portion which surrounds the semicon- 10 a third un - selection voltage different from the first and ductor column , is disposed between the second con 
ductive layer and the semiconductor column , and is second un - selection voltages is applied to the third 
configured as a second memory cell , a gate of the word line when either of the first and second word lines 
second is selected . memory cell being electrically connected to the 
second word line , wherein the second word line , the 15 17. The semiconductor memory according to claim 16 , 
second storage portion , and a portion of the semicon wherein 
ductor column surrounded by the second storage por the first un - selection voltage is lower than the second and 
tion are disposed along the second direction ; third un - selection voltages . 

a third storage portion which surrounds the semiconduc 18. The semiconductor memory according to claim 13 , 
tor column , is disposed between the third conductive 20 wherein 
layer and the semiconductor column , and is configured the control circuit is configured to a perform a program 
as a third memory cell , a gate of the third memory cell operation on a condition that : 
being electrically connected to the third word line , a first program volta is applied to the first word line 
wherein the third word line , the third storage portion , when the first word line is selected , 
and a portion of the semiconductor column surrounded 25 a second program voltage is applied to the second word 
by the third storage portion are disposed along the line when the second word line is selected , the first 
second direction , and wherein the first memory cell , the program voltage being different from the second pro second memory cell , and the third memory cell are gram voltage , and connected in series and configured as a memory string ; a third program voltage different from the first and second and 

a control circuit configured to perform a read operation program voltages is applied to the third word line when 
the third word line is selected . on a condition that a first read voltage for reading first 

level data is applied to the first word line when the first 19. The semiconductor memory according to claim 18 , 
wherein word line is selected , a second read voltage for reading 

the first level data is applied to the second word line 35 the control circuit is configured to perform the program 
when the second word line is selected , or a third read operation on a condition that : 
voltage for reading the first level data is applied to the a first pass voltage is applied to the first word line when 
third word line when the third line is selected , the second word line is selected , 

wherein the third read voltage is larger than the second a second pass voltage is applied to the second word line 
read voltage , and second voltage is larger than the first 40 when the first word line is selected , the first pass 
read voltage , and voltage being different from the second pass voltage , 

wherein a third diameter of the semiconductor column and 
surrounded by the third storage portion in the second a third pass voltage different from the first and second 
direction is larger than a second diameter of the pass voltages is applied to the third word line when 
semiconductor column surrounded by the second stor- 45 either of the first and second word lines is selected . 
age portion in the second direction , and the second 20. The semiconductor memory according to claim 13 , 
diameter of the semiconductor column is larger than a wherein the control circuit is configured to perform a 
first diameter of the semiconductor column surrounded program operation on a condition that : 
by the first storage portion in the second direction . a first program voltage is applied to the first word line 

14. The semiconductor memory according to claim 13 , 50 when the first word line is selected , 
wherein a second program voltage is applied to the second word 

the control circuit is configured to perform the read line when the second word line is selected , the first 
operation on a condition that : program voltage being different from the second pro 

a first un - selection voltage is applied to the first word line gram voltage , and 
when the second word line is selected , a third program voltage different from the first and second 

a second un - selection voltage is applied to the second program voltages is applied to the third word line when 
word line when the first word line is selected , the first the third word line is selected . 
un - selection voltage being different from the second 21. The semiconductor memory according to claim 20 , 
un - selection voltage , and wherein 

a third un - selection voltage different from the first and 60 the control circuit is configured to perform the program 
second un - selection voltages is applied to the third operation on a condition that : 
word line when either of the first and second word lines a first pass voltage is applied to the first word line when 
is selected . the second word line is selected , 

15. The semiconductor memory according to claim 14 , a second pass voltage is applied to the second word line 
wherein when the first word line is selected , the first pass 

the first un - selection voltage is lower than the second and voltage being different from the second pass voltage , 
third un - selection voltages . and 
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a third pass voltage different from the first and second 

pass voltages is applied to the third word line when 
either of the first and second word lines is selected . 

* 


