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THREE DIMENSIONAL MEMORY AND ing to an embodiment of the invention . Memory cells 110 
METHODS OF FORMING THE SAME can be arranged in rows and columns along with access lines 

123 ( e.g. , wordlines having signals WL0 through WLM ) and 
PRIORITY APPLICATION lines 124 ( e.g. , bit lines having signals BLO through BLN ) . 

5 Memory device 100 uses lines 124 and 128 to transfer This application is a continuation of U.S. application Ser . information within memory cells 110. Memory cells 110 can No. 16 / 125,242 , filed Sep. 7 , 2018 , which is a continuation be physically located in multiple device levels such that one of U.S. application Ser . No. 15 / 722,580 , filed Oct. 2 , 2017 , group of memory cells 110 can be stacked on one or more now issued as U.S. Pat . No. 10,090,324 , which is a con groups of other memory cells 110. Row decoder 132 and tinuation of U.S. application Ser . No. 15 / 188,273 , filed Jun . 
21 , 2016 , now issued as U.S. Pat . No. 9,780,115 , which is a 10 column decoder 134 decode address signals A0 through AX 
continuation of U.S. application Ser . No. 14 / 041,928 , filed on lines 125 ( e.g . , address lines ) to determine which memory 

cells 110 are to be accessed . Row and column level decoders Sep. 30 , 2013 , now issued as U.S. Pat . No.9,379,005 , which 
is a divisional of U.S. application Ser . No. 12 / 825,211 , filed 136 and 138 of row and column decoders 132 and 134 , 
Jun . 28 , 2010 , now issued as U.S. Pat . No. 8,803,214 , all of respectively , determine which of the multiple device levels 
which are incorporated herein by reference in their entire- 15 of memory device 100 that the memory cells 110 to be 
ties . accessed are located . 

A sense amplifier circuit 140 operates to determine the 
BACKGROUND value of information read from memory cells 110 and 

provide the information in the form of signals to lines 124 
Non - volatile memory devices such as flash memory 20 and 128. Sense amplifier circuit 140 can also use the signals 

devices are used in many computers and electronic devices on lines 124 and 128 to determine the value of information 
to store information . A flash memory device usually has a to be written to memory cells 110. Memory device 100 can 
write operation to store information ( e.g. , data and instruc- include circuitry 150 to transfer information between 
tion codes ) , a read operation to retrieve the stored informa memory array 102 and lines ( e.g. , data lines ) 126. Signals 
tion , and an erase operation to clear information from the 25 DQO through DQN on lines 126 can represent information memory . As demand for higher density memory device read from or written into memory cells 110. Lines 126 can increases , three - dimensional ( 3D ) memory devices have include nodes within memory device 100 or nodes ( e.g. , pins been proposed . An example of a conventional 3D memory or solder balls ) on a package where memory device 100 device is described by Jiyoung Kim et al . in an article titled 
“ Novel 3 - D Structure for Ultra High Density Flash Memory resides . Other devices external to memory device 100 ( e.g. , 
with Vertical - Array - Transistor ( VRAT ) and Planarized Inte- 30 a memory controller or a processor ) may communicate with 
gration on the same Plane ( PIPE ) ” , published in the 2008 memory device 100 through lines 125 , 126 , and 127 . 
Symposium on VLSI Technology Digest of Technical Memory device 100 performs memory operations such as 
Papers , pages 22-23 . Since 3D memory devices are rela a read operation to read information from memory cells 110 
tively new , manufacturing these devices can pose fabrication and a write operation ( sometime referred to as a program 
process challenges . 35 ming operation ) to store information into memory cells 110 . 

A memory control unit 118 controls the memory operations 
BRIEF DESCRIPTION OF THE DRAWINGS based on control signals on lines 127. Examples of the 

control signals on lines 127 include one or more clock 
FIG . 1 shows a block diagram of a memory device having signals and other signals to indicate which operation , ( e.g. , 

a memory array with memory cells , according to an embodi- 40 a write or read operation ) that memory device 100 performs . 
ment of the invention . Other devices external to memory device 100 ( e.g. , a pro 

FIG . 2 shows a schematic diagram of a portion of a cessor or a memory controller ) may control the values of the 
memory device having data lines located below memory control signals on lines 127. Specific values of a combina 
cells , according to an embodiment of the invention . tion of the signals on these lines can produce a command 
FIG . 3 shows a three - dimensional view of a portion of the 45 ( e.g. , a write or read command ) that causes memory device 

memory device of FIG . 2 , according to an embodiment of 100 to perform a corresponding memory operation ( e.g. , a 
the invention . write or read operation ) . 

FIG . 4 shows a portion of a control gate and a memory Each of memory cells 110 can store information repre 
cell of the memory device of FIG . 3 , according to an senting a value of a single bit or a value of multiple bits such 
embodiment of the invention . 50 as two , three , four , or other numbers of bits . For example , 
FIG . 5 through FIG . 29 show various processes of form- each of memory cells 110 can store information representing 

ing a memory device having data lines located below a binary value “ O ” or “ 1 ” of a single bit . In another example , 
memory cells , according to an embodiment of the invention . each of memory cells 110 can store information representing 

FIG . 30 shows a schematic diagram of a portion of a a value of multiple bits , such as one of four possible values 
memory device having data lines located above memory 55 “ 00 ” , “ 01 ” , “ 10 ” , and “ 11 ” of two bits , one of eight possible 
cells , according to an embodiment of the invention . values “ 000 ” , “ 001 " , " 010 " , “ 011 ” , “ 100 ” , “ 101 ” , “ 110 ” and 
FIG . 31 shows a three - dimensional view of a portion of “ 111 , or one of other values of other number of multiple bits . 

the memory device of FIG . 30 , according to an embodiment Memory device 100 can receive a supply voltage , includ 
of the invention . ing supply voltage signals Vec and Vss , on lines 141 and 
FIG . 32 through FIG . 38 show various processes of 60 142 , respectively . Supply voltage signal Vss may operate at 

forming a memory device with data lines located above a ground potential ( e.g. , having a value of approximately 
memory cells , according to an embodiment of the invention . zero volts ) . Supply voltage signal Vcc may include an 

external voltage supplied to memory device 100 from an 
DETAILED DESCRIPTION external power source such as a battery or an alternating 

65 current to direct - current ( AC - DC ) converter circuitry . 
FIG . 1 shows a block diagram of a memory device 100 Circuitry 150 of memory device 100 can include a select 

having a memory array 102 with memory cells 110 accord- circuit 152 and an input / output ( I / O ) circuit 116. Select 
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circuit 152 responds to signals SELO through SELn to select To help focus on the description herein , the description 
the signals on lines 124 and 128 that can represent the herein omits detailed description of operations of memory 
information read from or written into memory cells 110 . device , such as write , read , and erase operation . One skill in 
Column decoder 134 selectively activates the SELO through the art would recognize these operations . For example , in an 
SELn signals based on address signals All through AX . 5 erase operation of memory device 200 , a voltage of approxi 
Select circuit 152 selects the signals on lines 124 and 128 to mately 20 volts can be applied to data lines 251 , 252 , and 
provide communication between memory array 102 and I / O 253 while control gates 221 , 221 , and 223 , select lines 241 , 
circuit 116 during read and write operations . 242 , and 243 , and select lines 261 , 262 , and 263 can be 
Memory device 100 can be a non - volatile memory device “ floated ” ( e.g. , leave unconnected to a voltage ) . In this erase 

and memory cells 110 can be non - volatile memory cells operation , electrons from memory elements of memory cells 
such that memory cells 110 can retain information stored 210 , 211 , and 212 may move to data lines 251 , 253 , and 253 . 
thereon when power ( e.g. , Vcc or Vss , or both ) is discon- FIG . 3 shows a 3D view of a portion of memory device 
nected from memory device 100. For example , memory 200 , according to an embodiment of the invention . FIG . 3 
device 100 can be a flash memory device such as a NAND also shows X , Y , and Z directions , and device levels 301 , 
flash or a NOR flash memory device , or other kinds of 302 , and 303 arranged in the Z - direction . Memory cells 210 
memory devices , such as a variable resistance memory of the same group can be arranged in rows and columns in 
device ( e.g. , phase change random - access - memory the X - direction and Y - direction . Each group of memory cells 
( PCRAM ) , resistive RAM ( RRAM ) , etc. ) . is located in different device levels 301 , 302 , or 303. For 
One skilled in the art may recognize that memory device 20 example , the group having memory cells 210 is located in 

100 may include other features that are not shown in FIG . 1 , device level 301. The group having memory cells 211 is 
to help focus on the embodiments described herein . located in device level 302. The group having memory cells 
Memory device 100 may include at least one of the 212 is located in device level 303 . 

memory devices and memory cells described below with As shown in FIG . 3 , memory cells 210 , 211 , and 212 in 
reference to FIG . 2 through FIG . 38 . 25 each string ( e.g. , memory cells between transistors 231 and 

FIG . 2 shows a schematic diagram of a portion of a 232 ) are substantially vertically aligned in the Z - direction 
memory device 200 having data lines 251 , 252 , and 253 with respect to a substrate underneath data lines 251 , 252 , 
located below memory cells 210 , 211 , and 212 , according to and 253. The substrate is not shown in FIG . 3 , but can be 
an embodiment of the invention . Memory cells 210 , 211 , and similar to substrate 503 of FIG . 5 and FIG . 6. FIG . 3 also 
212 can be grouped into groups , such as a group of memory 30 shows a channel 241 and a conductive material portion 242 
cells 210 , a group of memory cells 211 , and a group of extending vertically in the Z - direction and through memory 
memory cells 212. As shown in FIG . 2 , the memory cells in element 430 of memory cells 210 , 211 , and 212 in the same 
each group share the same control gate , such as control gate string between transistors 231 and which corresponds 
221 , 222 , or 223 ( with associated signals WLO , WL1 , and to transistors 231 and 232 of FIG . 2. As shown in FIG . 3 , 
WL2 ) . The memory cells are coupled in series as strings , 35 transistor 231 can include a double - gate coupled to a body 
such as strings 215 and 216. Each string can include one of 391 ( e.g. , transistor channel ) to control ( turn on or off ) the 
the memory cells from different groups and is coupled transistor . The structure of the double - gate can include two 
between one of transistors 231 and one of transistors 232 . segments of the same select line 241 ( as shown in FIG . 3 ) , 
As shown in FIG . 2 , transistors 231 have gates coupled to such that the two segments are located on only two respec 

select lines 241 , 242 , and 243 ( with associated signals 40 tive sides of body 391 . 
SGDO , SGD1 , and SGD2 ) . Transistors 231 have nodes ( e.g. , Memory device 200 in FIG . 3 also can include contacts 
sources ) coupled to data lines 251 , 252 , and 253 ( with 329 , 349 , and 359. Contacts 329 provide electrical connec 
associated signals BLO , BL1 , and BL2 ) . Data lines 251 , 252 , tions to control gates 221 , 222 , and 223. Contacts 349 
and 253 sometimes correspond to bit lines or sense lines of provide electrical connections to select lines 241 , 242 , 243 , 
a non - volatile memory device . 45 and 244. Contacts 359 provide electrical connections to and 

Transistors 232 have gates coupled to select lines 261 , from data lines 251 , 252 , and 253. Select line 244 and the 
262 , and 263 ( with associated signals SGSO , SGS1 , and memory cell associated with it in the Z - direction are not 
SGS2 ) . Transistors 232 have nodes ( e.g. , drains ) coupled to shown in FIG . 2 . 
a common source 270 of memory cell strings in a non- FIG . 4 shows a portion of control gate 221 and a memory 
volatile memory device . 50 cell 210 of memory device 200 of FIG . 3. Control gates 222 
FIG . 2 shows three groups of memory cells with associ- and 223 and memory cells 211 and 212 of FIG . 2 have 

ated components coupled to them , as an example . The structures similar to control gate 221 and memory cell 210 , 
number of groups of memory cells and their associated respectively . As shown in FIG . 4 , control gate 221 can 
components ( e.g. , control gates and data lines ) can vary . include a homogenous material with cavities 420 , each 
Memory device 200 uses control gates 221 , 221 , and 223 55 cavity being filed with various components , including mate 

to control access to memory cells 210 , 211 , and 212 during rials different from the homogenous material . The various 
a read operation to sense ( e.g. , read ) information stored in components include : a memory element 430 ; a channel 441 , 
memory cells 210 , 211 , and 212 , and during a write opera- a conductive material portion 442 , and dielectrics 421 and 
tion to store information into memory cells 210 , 211 , and 427. Dielectric 421 can include multiple materials 422 , 423 , 
212. Memory device 200 uses data lines 251 , 252 , and 253 60 and 424 arranged as different layers . As shown in FIG . 4 , 
to transfer the information read from these memory cells memory element 430 of each memory cell 210 has a ring 
during a read operation . shape ( e.g. , donut shape ) with an inner side 451 and an outer 

Transistors 231 and 232 are responsive to signals SGDO , side 452. Each of the other memory cells 211 and 212 shown 
SGD1 , and SGD2 , and signals SGSO , GS1 , and SGS2 , in FIG . 3 also has a ring shape . As shown in FIG . 3 , within 
respectively , to selectively couple the memory cells to data 65 memory cells 210 , 211 , and 212 in the same string ( e.g. , 
lines 251 , 252 , and 253 and common source 270 during a between transistors 231 and 232 ) , the entire ring - shape 
read or write operation . memory element 430 of each memory cell is substantially 
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vertically aligned ( in the Z - direction ) with the entire ring- FIG . 7 shows memory device 500 after pillars 705 have 
shape memory element of each of the other memory cells in been formed in area 701 of memory device 500. Pillars 705 
the same string . are not formed in area 702 of memory device 500. For 

Each memory element 430 can store information , such as simplicity , FIG . 7 through FIG . 29 do not show substrate 503 
based on the amount of charge ( e.g. , number of electrons ) 5 of FIG . 6. In FIG . 7 , a process such as etching ( e.g. , dry etch ) 
therein . In each such memory element 430 , the amount of can be used to remove portions of device structures 605 to 
charge corresponds to the value of information store that form trenches 711 , 712 , and 713 in the Y - direction , perpen 
memory element . The amount of charge can be controlled in dicular to trenches 511 and 512 , such that pillars 705 can be 
a write operation or in erase operation . For example , elec formed as shown in FIG . 7. A mask ( not shown in FIG . 7 ) 
trons from channel 441 or conductive material portion 442 , 10 having separate openings extending in the Y - direction can be 
or both , can move to memory element 430 during a write used to form trenches 711 , 712 , and 713. Each pillar 705 can 

include a height in the Z - direction of approximately 20 to 50 operation due to a tunneling effect known to those skilled in nanometers . As shown in FIG . 7 , pillars 705 are arranged in the art . In an erase operation , electrons from memory rows and columns ( e.g. , in a matrix ) in the X - direction and element 430 can move back to channel 441 or conductive 15 Y - direction . For simplicity , FIG . 7 does not show a dielectric 
material portion 442 , or both , to data lines 251 , 253 , and 253 material filled in trenches 511 and 512. However , forming 
( FIG . 2 and FIG . 3 ) . Alternative embodiments might use a memory device 500 in FIG . 7 also can include forming a 
memory element 430 that can store information , such as dielectric material ( e.g. , silicon oxide ) to fill trenches 511 
based on the resistance of the element 430 , for example . and 512 up to a top surface 715 of device structure 605 . 
Memory device 200 of FIG . 3 can be formed using 20 FIG . 8 shows memory device 500 after dielectric 831 and 

processes similar to or identical to those described below select lines 841 , 842 , 843 , and 844 have been formed . Select 
with reference to FIG . 5 through FIG . 29 . lines 841 , 842 , 843 , and 844 can correspond to select lines 
FIG . 5 through FIG . 29 show various processes of form- 241 , 242 , 243 , and 244 , respectively , of FIG . 3. In FIG . 8 , 

ing a memory device 500 having data lines located below dielectrics 831 are formed to electrically isolate select lines 
memory cells , according to an embodiment of the invention . 25 841 , 842 , 843 , and 844 from pillars 705. Dielectrics 831 can 
Memory device 500 ( shown in more details in FIG . 29 ) can be formed by , for example , depositing a dielectric material 
correspond to memory device 300 of FIG . 3 . ( e.g. , silicon oxide ) on at least two sides of each pillar 705 
FIG . 5 shows memory device 500 having a substrate 503 , by oxidizing pillars 705. After dielectrics 831 are formed , 

which can include materials 501 and 502 arranged as layers . select lines 841 , 842 , 843 , and 844 can be formed by , for 
Material 501 can include bulk silicon or could be another 30 example , depositing a conductive material over pillars 705 
semiconductor material . Material 502 can be a dielectric and trenches 711 , 712 , and 713 ( FIG . 7 ) and then removing 
material , for example , silicon oxide . FIG . 5 also shows ( e.g. , etching ) a portion of the conductive material to form 
materials 504 and 505 formed over substrate 503. Forming select lines 41 , 842 , 843 , and 844 having the structure 
materials 504 and 505 can include depositing a conductive shown in FIG . 8. Examples of the conductive materials for 
material over substrate 503 and then depositing another 35 select lines 841 , 842 , 843 , and 844 include polysilicon , 
conductive material over material 504. Material 504 can metal , or other conductive materials , such as TiN and TaN . 
include a metal or other conductive materials . Material 505 FIG . 8 also shows doped regions 833 , which can be 
can include undoped polysilicon or doped polysilicon , such formed by inserting ( e.g. , implanting ) n - type impurities into 
as p - type silicon or another conductive materials . selective portions of device structure 605. Examples of 
FIG . 5 also shows an X - direction , a Y - direction perpen- 40 n - type impurities include elements such as phosphorus ( P ) 

dicular to the X - direction , and a Z - direction perpendicular to or arsenic ( As ) . The remaining portion of device structures 
both the X - direction and the Y - direction . As shown in FIG . 605 that has not been inserted with n - type impurities may 
5 , materials 504 and 505 can be formed as different layers , maintain its original material , such as p - type silicon , as 
one layer over ( e.g. , on ) one or more other layers in the described above with reference to FIG . 5 . 
Z - direction . FIG . 9 shows memory device 500 with select lines 941 , 
As used herein , the term “ on ” used with respect to two or 942 , 943 , and 944 , which are alternative structures for select 

more materials , one “ on ” the other , means at least some lines 841 , 842 , 843 , and 844 of FIG . 8. In FIG . 8 , opposite 
contact between the materials , while “ over ” or “ overlaying ” sides of each pillar 705 are associated with two different 
could refer to either a material being “ on ” another material segments of the same select line 841 , 842 , 843 , or 844. In 
or where there is one or more additional intervening mate- 50 FIG . 9 , except for the top surfaces of pillars 705 , each pillar 
rials between the materials ( e.g. , contact is not necessarily 705 can be completely surrounded by the material of one of 
required ) . The term " on " , " over ” , or " overlying ” does not the select line 941 , 942 , 943 , or 944 ( e.g. , four sides of each 
imply any directionality as used herein unless otherwise pillar 705 are associated with four different segments of the 
explicitly stated as such . same select line ) . Higher efficient memory device may be 
FIG . 6 shows memory device 500 after data lines 651 , 55 achieved with select lines 941 , 942 , 943 , and 944 in com 

652 , and 653 and device structures 605 have been formed . parison to select lines 841 , 842 , 843 , and 844. Select lines 
A process such as etching ( e.g. , dry etching ) can be used to 941 , 942 , 943 , and 944 can also be alternative structures for 
remove portions of materials 504 and 505 ( FIG . 5 ) to form select lines 241 , 242 , 243 , and 244 , respectively , of FIG . 3 . 
trenches 511 and 512 , which have trench bottoms at material Thus , each transistor 231 of FIG . 2 and FIG . 3 can include 
502. Each of data lines 651 , 652 , and 653 and each of device 60 a surrounded gate with a structure shown in FIG . 9. Thus , 
structures 605 has a greater dimension ( e.g. , length ) extend- instead of a double - gate shown in FIG . 3 , each transistor 231 
ing in the X - direction . A mask ( not shown in FIG . 6 ) having of FIG . 3 can alternatively include a surrounded gate having 
separate openings extending in the X - direction can be used four different segments of the same select line ( such as select 
to form trenches 511 and 512. As shown in FIG . 6 , trenches line 941 ) surrounding body 391 ( FIG . 3 ) . 
511 and 512 divide material 504 ( FIG . 5 ) into separate data 65 FIG . 10 shows memory device 500 after materials 1001 
lines 651 , 652 , and 653 , which can correspond to data lines through 1007 are formed over pillars 705 and select lines 
251 , 252 , and 253 of FIG . 2 . 841 , 842 , 843 , and 844. Materials 1001 through 1007 can be 
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formed in both areas 701 and 702 of memory device 500 . 1220 of FIG . 11 being arranged in rows and columns in the 
However , to focus on the description herein , FIG . 10 does X - direction and Y - direction . Each cavity 1220 can include a 
not show some portions of materials 1001 through 1007 in sidewall 1225 . 
area 702. The description below with reference to FIG . 28 FIG . 14 and FIG . 15 shows memory device 500 after 
and FIG . 29 describes forming additional components ( e.g. , 5 dielectrics 1421 and memory elements 1430 have been 
components similar to contacts 329 of FIG . 3 ) in area 702 of formed in cavities 1220. For simplicity , FIG . 15 does not 
memory device 500 . show dielectrics 1421 and memory elements 1430 in all 

In FIG . 10 through FIG . 29 , for simplicity , some number cavities 1220. Each dielectric 1421 can be formed on 
designations associated with some components of memory sidewall 1225 , such that each dielectric 1421 and can be 
device 500 may not be repeated from one figure to another 10 located between the material of control gate 1221 and memory figure . In FIG . 10 , before forming materials 1001 through element 1430 , and such that memory element 1430 

can be electrically isolated from the material of control gate 1007 , a dielectric material ( not shown in FIG . 10 ) , such as 1221 by at least a portion of dielectric 1421. Forming silicon oxide , can be formed to fill gaps 1041 , 1042 , and dielectric 1421 can include forming multiple materials 1422 , 1043. Forming materials 1001 through 1007 can include 15 1423 , and 1424 ( FIG . 15 ) at different times , one material alternately depositing dielectric material and conductive after another . Forming material 1422 can include oxidizing 
material in an interleave fashion , such that these materials a portion ( e.g. , a surface ) of sidewall 1225 to form dielectric 
are alternately stacked over each other in the Z - direction , as material ( e.g. , silicon oxide ) on sidewall 1225. Alternatively , 
shown in FIG . 10. Materials 1001 , 1003 , 1005 , and 1007 can forming material 1422 can include depositing dielectric 
include dielectric materials , such as silicon oxide . Materials 20 material ( e.g. , silicon oxide ) on sidewall 1225. Forming 
1002 , 1004 , and 1006 can include conductive materials , material 1423 can include depositing dielectric material 
such as metal or polysilicon ( e.g. , n - type silicon for p - type ( e.g. , silicon nitride ) on material 1422 , wherein a portion of 
silicon ) . As shown in FIG . 10 , materials 1001 through 1007 that dielectric material may also form on sidewall 1425 of 
are formed such that materials 1002 , 1004 , and 1006 are each cavity 1110. Forming material 1424 can include depos 
electrically isolated from each other by materials 1001 , 25 iting dielectric material ( e.g. , silicon oxide ) on material 
1003 , 1005 , and 1007 . 1423 . 
FIG . 11 shows memory device 500 after openings ( e.g. , Memory elements 1430 can be formed after dielectrics 

holes ) 1101 have been formed in material 1002 through 1421 are formed . As shown in FIG . 15 , each memory 
1107. Holes 1101 are formed such that each hole 1101 can element 1430 has a ring shape ( e.g. , a donut shape ) with an 
be aligned substantially directly over a corresponding pillar 30 inner side 1451 and an outer side 1452 of FIG . 14. Forming 
705 , as illustrated in FIG . 11. Forming holes 1101 can memory elements 1430 can include depositing a material in 

holes 1101. Since cavities 1220 of FIG . 14 are substantially include removing ( e.g. , etching ) a portion of each of mate aligned with cavities 1110 , the material ( that forms memory rials 1002 through 1007 , stopping at material 1001 , such that element 1430 ) may fill both cavities 1110 and 1120. Then , a 
at least a portion of material 1001 or the entire material 1001 35 portion ( e.g. , center portion in each hole ) of the material that remains to separate holes 1101 from pillars 705. Forming forms memory elements 1430 can be removed ( e.g. , by holes 1101 results in forming cavities 1110 in each of etching in the same , single , etching step ) such that the 
materials 1003 , 1005 , and 1007 , and cavities 1120 in each of material in cavities 1110 can be removed ( e.g. , completely 
materials 1002 , 1004 , and 1006. As shown in FIG . 12 , removed ) and the material in cavities 1220 is not completely 
cavities 1110 in the materials 1003 , 1005 , and 1007 are 40 removed but partially removed . As shown in FIG . 14 , after 
substantially aligned directly over cavities 1120 in the other the material that forms memory elements 1430 is removed 
materials 1002 , 1004 , and 1006. Each cavity 1110 and each from cavities 1110 , a portion of dielectric material 1423 
cavity 1120 may have substantially the same diameter , D1 . ( e.g. , silicon nitride , that was formed on material 1422 ) may 
Diameter D1 can also be considered the diameter of each be exposed . As shown in FIG . 14 , after the material that 
hole 1101 at the location of each cavity 1110 and each cavity 45 forms memory elements 1430 is partially removed from 
1120 . cavities 1220 , memory element 1430 ( formed by the remain 
FIG . 12 shows memory device 500 after cavities 1220 ing material in a cavity 1220 ) associated with the same hole 

have been formed in materials 1002 , 1004 , and 1006 ( used 1101 may have its inner side 1451 substantially aligned with 
to form control gates 1221 , 1222 , and 1223 ) . Forming sidewall 1425 ( or sidewall 1425 with portions of materials 
cavities 1220 can include enlarging the size of cavities 1120 50 1422 and 1423 of cavities 1110 ) of cavities 1110 . 
( FIG . 11 ) while keeping the size of cavities 1110 substan- The material of memory elements 1430 can include , for 
tially unchanged ( e.g. , remaining substantially at diameter example , semiconductor material ( e.g. , polysilicon ) , dielec 
D1 ) . For example , enlarging the size of cavities 1120 ( FIG . tric charge trapping material , such as silicon nitride or other 
11 ) can include selectively removing ( e.g. , selective wet or dielectric charge trapping materials , or a variable resistance 
dry etching ) a portion of each of materials 1002 , 1004 , and 55 material , such as a phase change material ( e.g. , GST ) . 
1006 at each cavity 1120 ( FIG . 11 ) such that the diameter of During removing ( e.g. , etching ) a portion of the material that 
each cavity 1220 increases to substantially diameter D2 , forms memory elements 1430 , portions 1401 of material 
while the diameter D1 at each cavity 1110 remains substan- 1001 located over pillars 705 can also be removed to reduce 
tially unchanged . Diameter D2 is greater than diameter D1 . the thickness of portions 1401 . 
Forming cavities 1120 in materials 1002 , 1004 , and 1006 60 FIG . 16 and FIG . 17 show memory device 500 after 
also form control gates 1221 , 1222 , and 1223 , which can dielectric 1627 has been formed on inner side 1451 of 
correspond to control gates control gates 221 , 222 , and 223 memory element 1430 and in cavities 1110. Forming dielec 
of FIG . 2 . tric 1627 can include depositing dielectric material ( e.g. , 
FIG . 13 shows more details of control gate 1221 of FIG . silicon oxide ) on inner side 1451. Alternatively , forming 

12. Control gates 1222 and 1223 of FIG . 12 have a similar 65 dielectric 1627 can include oxidizing a portion ( e.g. , inner 
structure as control gate 1221. As shown in FIG . 13 , control side 1451 ) of memory element 1430. Forming dielectric 
gate 1221 can include a homogenous material with cavities 1627 ( e.g. , by oxidation ) may also consume material 1423 
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( FIG . 14 ) formed on material 1422 , which formed on ( e.g. , implanting ) n - type impurities into top portions of 
sidewall 1425 of cavities 1110. Thus , dielectric 1627 may conductive material 2501. Forming select lines 2661 , 2662 , 
also form in cavities over material 1422 . and 2663 can include removing parts of dielectric material 
FIG . 18 and FIG . 19 show memory device 500 after 2101 and conductive material portion 2260 to form trenches 

channels 1841 have been formed on dielectrics 1627 in both 5 2602 , which have trench bottoms partially extending into 
cavities 1110 and 1220. Forming channels 1841 can include material 1007. As shown in FIG . 26 , trenches 2602 separate 
depositing a conductive material on dielectrics 1627. An conductive material portion 2260 into select lines 2661 , 
etching process can be used to reduce the thickness of the 2662 , and 2663 , which can correspond to select lines 261 , 
conductive material after it is deposited . The conductive 262 , and 263 of FIG . 2 . 
material of channels 1841 can include doped polysilicon , 10 FIG . 27 shows memory device 500 after material 2701 
which can have the same material type ( e.g. , p - type ) as and a common source 2770 have been formed . Forming 
pillars 705. FIG . 18 also shows a formation of openings material 2701 can include depositing a dielectric material 
1801 , which can be formed by removing ( e.g. , by etching ) ( e.g. , silicon dioxide ) over material 2101 , such that the 
portions 1401 ( FIG . 14 ) located over pillars 705. As shown dielectric material fills trenches 2602. Then , a top portion of 
in FIG . 19 , channel 1841 is facing memory elements 1430 15 the dielectric material can be removed by , for example , 
and is electrically isolated from memory element 1430 by at etching back the dielectric material or by CMP . Forming 
least a portion of dielectric 1627 . common source 2770 can include depositing a conductive 
FIG . 20 shows memory device 500 after a conductive material ( e.g. , metal ) over materials 2701 and 2101 . 

material 2001 has been formed by , for example , depositing FIG . 28 shows memory device 500 after materials 1001 
undoped or lightly doped polysilicon to place channels 1841 20 through 1007 in area 702 ( FIG . 10 ) are processed ( e.g. , by 
in electrical communication with pillars 705. As shown in patterning ) to form a stair like pattern with material between 
FIG . 20 , conductive material 2001 forms a continuous the stairs are not shown in FIG . 28. As mentioned above in 
conductive path between channels 1841 and data lines 651 , the description of FIG . 10 , some portions of materials 1001 
652 , and 653 through pillars 705 . through 1007 are omitted from area 702 of FIG . 10 through 
FIG . 21 shows memory device 500 after dielectric mate- 25 FIG . 27 for clarity . FIG . 28 shows material 1001 through 

rial 2101 ( e.g. , silicon oxide ) has been formed over conduc- 1007 in area 702 after they have been processed to form the 
tive material 2001 . stair like pattern . As shown in FIG . 28 , control gates 1221 , 
FIG . 22 shows memory device 500 after a formation of 1222 , and 1223 are formed from materials 1002 , 1004 , and 

openings ( e.g. , holes 2201 ) , a conductive material portion 1006 , respectively , which are formed in the stair like pattern . 
2260 , and conductive material portions 2241. Holes 2201 30 FIG . 29 shows memory device 500 after contacts 2929 , 
are formed such that each hole 2201 can be aligned sub- 2949 , and 2959 have been formed . Contacts 2929 provide 
stantially directly over channels 1841 , as illustrated in FIG . electrical connections to control gates 1221 , 1222 , and 1223 . 
22. Forming holes 2201 can include removing ( e.g. , etching ) Contacts 2949 provide electrical connections to select lines 
a portion of dielectric material 2101 and a portion of 841 , 842 , 843 , and 844. Contacts 2959 provide electrical 
conductive material 2001 ( FIG . 21 ) , stopping at a location in 35 connections to and from data lines 651 , 652 , and 653 . 
material 1007. Holes 2201 can be formed such that after a As shown in FIG . 29 , memory device 500 can include 
portion of conductive material 2001 is removed during the components and memory cells 2910 , 2911 , and 2912 similar 
formation of holes 2201 , conductive material 2001 is sepa- to or identical to components and memory cells 210 , 211 , 
rated into conductive material portion 2260 and conductive and 212 of memory device 300 described above with 
material portions 2241 , as illustrated in FIG . 22 . 40 reference to FIG . 2 and FIG . 3 . 
FIG . 23 shows memory device 500 after doped regions One skilled in the art may readily recognize that addi 

2301 have been formed . Forming doped regions 2301 can tional processes may be performed to form additional fea 
include inserting ( e.g. , implanting ) n - type impurities into top tures of a memory device , such as memory device 500 
parts of conductive material portions 2241. Doped regions described above . Thus , to help focus on the embodiments 
2301 can provide a relatively low resistance connection 45 described herein , FIG . 5 through FIG . 29 described above 
between channels 1841 and other components of memory and FIG . 30 through FIG . 38 described below show only 
device 500 . some of the features of a memory device , such as memory 
FIG . 24 shows memory device 500 after dielectrics 2401 device 500 . 

and channels 2402 have been formed . Dielectrics 2401 ( e.g. , FIG . 30 shows a schematic diagram of a portion of a 
silicon oxide ) is formed on sidewalls of conductive material 50 memory device 300 having data lines 251 , 252 , and 253 
portion 2260 at the location of holes 2201. Channels 2402 located above memory cells 210 , 211 , and 212 , according to 
are formed on sidewalls of dielectric material 2101 and on an embodiment of the invention . Memory device 300 can 
dielectrics 2401 . include components similar to those of memory device 200 
FIG . 25 shows memory device 500 after conductive of FIG . 3. Thus , for simplicity , similar or same components 

material 2501 has been formed in each of holes 2201 , such 55 between memory device 200 and memory device 3000 are 
that channel 2402 can be electrically coupled to channel given the same number designations . The detailed descrip 
1841 through conductive material 2501 , doped region 2301 , tion of these similar components is not repeated in FIG . 30 . 
and conductive material portion 2241. Forming conductive Main differences between memory device 3000 and memory 
material 2501 in each of holes 2201 can include depositing device 200 include the locations of data lines 251 , 252 , and 
a conductive material ( e.g. , polysilicon ) over material , such 60 253 and common source 3070 of memory device 3000 to 
that the conductive material fills holes 2201. Then , a top enable global erase operation . As shown in FIG . 30 , data 
portion of the conductive material can be removed by , for lines 251 , 252 , and 253 are located above memory cells 210 , 
example , etching back the conductive material or by chemi- 211 , and 212. Common source 3070 is located below 
cal mechanical planarization ( CMP ) . memory cells 210 , 211 , and 212 and can couple directly to 
FIG . 26 shows memory device 500 after doped regions 65 at least a portion of a substrate of memory device 3000 ( e.g. , 

2601 and select lines 2661 , 2662 , and 2663 have been substrate 3101 in FIG . 31 ) . This main difference may allow 
formed . Forming doped regions 2601 can include inserting voltages to be applied to various components of memory 
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device 3000 in a different way during an erase operation and FIG . 34 shows memory device 3200 after material 3401 
memory device 3000 function differently ( e.g. , during the and trenches 3411 , 3412 , and 3413 , and device structures 
global erase operation ) in comparison with the erase opera- 3460 have been formed . Forming material 3401 can include 
tion ( e.g. , local erase operation ) of memory device 200. For depositing dielectric material ( e.g. , silicon oxide , or silicon 
example , in an erase operation of memory device 3000 , a 5 nitride ) over substrate 3201 and material 3301. Forming 
voltage of approximately 20 volts can be applied to common trenches 3411 , 3412 , and 3413 can include removing ( e.g. , 
source 3070 , while control gates 221 , 221 , and 223 , data etching ) portions of substrate 3201 , material 3301 , and 
lines 251 , 252 , and 253 , select lines 241 , 242 , and 243 , and material 3401. Device structures 3460 are formed as a result 
select lines 261 , 262 , and 26 can be “ floated ” . In this erase of the formation of trenches 3411 , 3412 , and 3413 . 
operation , electrons from memory elements of memory cells 10 FIG . 35 shows memory device 3200 after a formation of 
210 , 211 , and 212 may move ( e.g. , by tunneling ) to common doped regions 3501 , material 3502 , and select lines 3561 , 
source 3070 ( e.g. , global erase ) . In memory 200 , as 3562 , and 3563. Forming doped regions 3501 can include 
described above with reference to FIG . 2 , FIG . 3 , and FIG . inserting ( e.g. , implanting ) n - type impurities into selective 
4 , during an erase operation , electrons from memory ele- portions of substrate portion 3271. Material 3502 ( e.g. , 
ments of memory cells 210 , 211 , and 212 may move to data 15 silicon oxide ) can be formed on both sides of each device 
lines 251 , 253 , and 253 ( e.g. , local erase ) structure 3460 to electrically isolate select lines 3561 , 3562 , 
FIG . 31 shows a 3D view of a portion of the memory and 3563 from device structures 3460. Materials of select 

device 3000 of FIG . 30 , according to an embodiment of the lines 3561 , 3562 , and 3563 can include one or more con 
invention . As shown in FIG . 31 , data lines 251 , 252 , and 253 ductive materials , such as one or more metals , alloys , other 
are located above memory cells 210 , 211 , and 212 , common 20 conductive materials , or a combination thereof . Select lines 
source 3070 is located below memory cells 210 , 211 , and 3561 , 3562 , and 3563 can correspond to select lines 261 , 
212 and is coupled to a substrate 3101. Substrate 3101 can 262 , and 263 of memory device 3000 of FIG . 30 . 
include semiconductor material , such as p - type silicon . FIG . 36 shows memory device 3200 after material 3601 
As shown in FIG . 31 , memory cells 210 , 211 , and 212 in have been formed in trenches 3411 , 3412 , and 3413. Form 

each string ( e.g. , memory cells between transistors 231 and 25 ing material 3601 can include depositing dielectric material 
232 ) are substantially vertically aligned in the Z - direction ( e.g. , silicon dioxide ) to fill trenches 3411 , 3412 , and 3413 . 
with respect to substrate 3101. Transistor 232 can include a Then , a top portion of the dielectric material can be removed 
double - gate or surrounded gate similar to the double - gate by , for example , etching back the conductive material or by 
( FIG . 3 ) or surrounded gate ( FIG . 9 ) of transistor 231 of FIG . CMP , stopping at substrate portion 3270 . 
3. FIG . 31 also shows a channel 441 and a conductive 30 FIG . 37 shows memory device 3200 after grooves 3701 
material portion 442 extending vertically in the Z - direction have been formed by removing ( e.g. , by wet etching ) a top 
and through memory element 430 of memory cells 210 , 211 , portion of the material used to form select lines 3561 , 3562 , 
and 212 in the same string between transistors 231 and 232 , and 3563. Alternatively , forming grooves 3701 can be 
which corresponds to transistors 231 and 232 of FIG . 30 . omitted . 
Memory element 430 in each of memory cells 210 , 211 , 35 FIG . 38 shows memory device 3200 after other compo 

and 212 has a ring shape . As shown in FIG . 31 , within nents have been formed . The processes for forming the 
memory cells 210 , 211 , and 212 in the same string , the entire components of memory device 3200 in FIG . 38 can include 
ring - shape memory element 430 of each memory cell is similar or identical processes for forming the component of 
substantially vertically aligned ( in the Z - direction ) with the memory device 500 described above with reference to FIG . 
entire ring - shape memory element of each of the other 40 10 through FIG . 29. For example , control gates 3821 , 3822 , 
memory cells in the same string . and 3823 of FIG . 38 can be formed using processes similar 

FIG . 32 through FIG . 38 show various processes of to or identical to those of forming control gates 1221 , 1222 , 
forming a memory device 3200 having data lines located and 1223 of memory device 500 described above with 
above memory cells , according to an embodiment of the described above with reference to FIG . 5 through FIG . 29 . 
invention . Memory device 3200 ( shown in more details in 45 Data lines 3851 , 3852 , and 3853 of FIG . 38 , can correspond 
FIG . 38 ) can correspond to memory device 3000 of FIG . 31 . to data lines 251 , 252 , and 253 of FIG . 30 and FIG . 31. As 
FIG . 32 shows memory device 3200 having a substrate shown in FIG . 38 , memory device 3200 can include memory 

3201 and trenches 3211 , 3212 , and 3213 , and substrate cells 3810 , 3811 , and 3812 , which can be formed using 
portions 3270 and 3271 formed on a top portion of substrate processes similar to or identical to those of forming memory 
3201. Substrate 3201 can include semiconductor material , 50 cells 2910 , 2911 , and 2912 of memory device 500 described 
such as bulk silicon . Top substrate portions 3270 and 3271 above with reference to FIG . 5 through FIG . 29 . 
can be formed by inserting ( e.g. , implanting ) p - type impu- One or more embodiments described herein include a 
rities into a top portion of substrate 3201. Thus , substrate memory device and methods of forming the memory device . 
portions 3270 and 3271 can include p - type silicon . Forming One such memory device can include a first group of 
trenches 3211 , 3212 , and 3213 and substrate portion 3270 55 memory cells , each cell of the first group being formed in a 
can include removing ( e.g. , etching ) a portion of substrate respective cavity of a first control gate located in one device 
portion 3271. During a write or read operation of memory level of the memory device . The memory device also can 
device 3200 , substrate portion 3270 can be coupled to a include a second group of memory cells , each cell of the 
potential , such as to ground . During an erase operation of second group being formed in a cavity of in a second control 
memory device 3200 , substrate portion 3270 can be coupled 60 gate located in another device level of the memory device . 
to a voltage , for example , approximately 20 volts . Additional apparatus and methods are described . Other 
FIG . 33 shows memory device 3200 after material 3301 embodiments including additional apparatus and methods 

has been formed in trenches 3211 , 3212 , and 3213 ( FIG . 32 ) . are described above with reference to FIG . 1 through FIG . 
Forming material 3301 can include depositing dielectric 38 . 
material ( e.g. , silicon oxide ) over substrate 3201 to fill 65 The illustrations of apparatus such as memory devices 
trenches 3211 , 3212 , and 3213. Then , a top portion of the 100 , 200 , 500 , 3000 , and 3200 , and memory cells 210 , 211 , 
dielectric material can be removed by , for example , CMP . 212 , 2910 , 2911 , 2912 , 3010 , 3811 , and 3812 are intended to 

Micron Ex. 2062, p. 48 
YMTC v. Micron 
IPR2025-00500



20 

US 10,872,903 B2 
13 14 

provide a general understanding of the structure of various 6. The apparatus of claim 1 , further comprising a data line 
embodiments and not a complete description of all the coupled to the conductive channel , wherein the data line is 
elements and features of the apparatus that might make use located between the substrate and the first and second 
of the structures described herein . memory cells . 

The apparatus of various embodiments may include or be 5 7. The apparatus of claim 1 , further comprising a data line 
included in electronic circuitry used in high - speed comput- coupled to the conductive channel , wherein the first and 
ers , communication and signal processing circuitry , memory second memory cells are located between the data line and 
modules , portable memory storage devices ( e.g. , thumb the substrate . 
drives ) , single or multi - processor modules , single or mul- 8. The apparatus of claim 1 , wherein the memory element 
tiple embedded processors , multi - core processors , data 10 comprises polysilicon . 
switches , and application - specific modules including multi- 9. The apparatus of claim 1 , wherein the memory element 
layer , multi - chip modules . Such apparatus may further be comprises a dielectric material . 
included as sub - components within a variety of electronic 10. An apparatus comprising : 
systems , such as televisions , cellular telephones , personal a first conductive pillar and a second conductive pillar 
computers ( e.g. , laptop computers , desktop computers , 15 extending outward from a substrate ; 
handheld computers , tablet computers , etc. ) , workstations , a first data line coupled to the first and second conductive 
radios , video players , audio players ( e.g. , MP3 ( Motion pillars , the first data line located between the first and 
Picture Experts Group , Audio Layer 3 ) players ) , vehicles , second conductive pillars and the substrate ; 
medical devices ( e.g. , heart monitor , blood pressure monitor , a third conductive pillar and a fourth conductive pillars 
etc. ) , set top boxes , and others . extending outward from the substrate ; 

The above description and the drawings illustrate some a second data line coupled to the third and fourth con 
embodiments of the invention to enable those skilled in the ductive pillars , the second data line located between the 
art to practice the embodiments of the invention . Other third and fourth conductive pillars and the substrate ; 
embodiments may incorporate structural , logical , electrical , a first memory cell string formed over the first conductive 
process , and other changes . Examples merely typify possible 25 pillar ; 
variations . Portions and features of some embodiments may a second memory cell string formed over the second 
be included in , or substituted for those of others . Many other conductive pillar ; 
embodiments will be apparent to those of skill in the art a third memory cell string formed over the third conduc 
upon studying and understanding the above description . tive pillar ; 

The Abstract is provided to comply with 37 C.F.R. § 30 a fourth memory cell string formed over the fourth 
1.72 ( b ) requiring an abstract that will allow the reader to conductive pillar ; 
quickly ascertain the nature and gist of the technical disclo- a first control gate formed in a first device level ; 
sure . The Abstract of the Disclosure is submitted with the a second control gate formed in a second device level , 
understanding that it will not be used to interpret or limit the wherein , 
scope or meaning of the claims . the first memory cell string includes a first memory cell 
What is claimed is : having a memory element formed in a first cavity of the 
1. An apparatus comprising : first control gate , and a second memory cell having a 
conductive pillars extending outward from a substrate ; memory element formed in a first cavity of the second 
memory cell strings , each of the memory cell strings is control gate ; 

formed over a respective conductive pillar of the con- 40 the second memory cell string includes a third memory 
ductive pillars ; cell having a memory element formed in a second 

a first control gate formed in a first device level , the cavity of the first control gate , and a fourth memory cell 
memory cell strings including a memory cell string , the having a memory element formed in a second cavity of 
memory cell string including a first memory cell having the second control gate ; 
a memory element formed in a cavity of the first control 45 the third memory cell string includes a fifth memory cell 
gate ; having a memory element formed in a third cavity of 

a second control gate formed in a second device level , the the first control gate , and a sixth memory cell having a 
memory cell string including a second memory cell memory element formed in a third cavity of the second 
having a memory element formed in a cavity of the control gate ; and 
second control gate ; and the fourth memory cell string includes a seventh memory 

a conductive channel extending between the first memory cell having a memory element formed in a fourth cavity 
cell and the second memory cell and electrically of the first control gate , and an eighth memory cell 
coupled to a conductive pillar of the conductive pillars . having a memory element formed in a fourth cavity of 

2. The apparatus of claim 1 , further comprising : the second control gate . 
a first conductive region located on a first side of the 55 11. The apparatus of claim 10 , further comprising : 

conductive pillar and separated from the conductive a first conductive channel coupled to the first conductive 
pillar by a first dielectric material ; and pillar and extending between the first and second 

a second conductive region located on a second side memory cells ; 
opposite from the first side of the conductive pillar and a second conductive channel coupled to the second con 
separated from the conductive pillar by a second dielec- 60 ductive pillar and extending between the third and 
tric material . fourth memory cells ; 

3. The apparatus of claim 2 , wherein the first conductive a third conductive channel coupled to the third conductive 
region is coupled to the second conductive region . pillar and extending between the fifth and sixth 

4. The apparatus of claim 2 , wherein each of the first and memory cells ; and 
second conductive regions comprises polysilicon . a fourth conductive channel coupled to the fourth con 

5. The apparatus of claim 2 , wherein each of the first and ductive pillar and extending between the seventh and 
second conductive regions comprises metal . eighth memory cells . 
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12. The apparatus of claim 10 , further comprising a first a first data line coupled to the first and second memory 
conductive gate including a first segment and a second cell strings , the first and second memory cell strings 
segment coupled to the first segment , wherein : located between the first data line and the substrate ; 

the first segment is located on a first side of each of the a second data line coupled to the third and fourth memory 
first and third conductive pillars and separated from the 5 cell strings , the third and fourth memory cell strings 

located between the second data line and the substrate ; first and third conductive pillars by a first dielectric a first control gate formed in a first device level ; material , and a second control gate formed in a second device level , the second segment is located on a second side of each of wherein , 
the first and third conductive pillars and separated from the first memory cell string includes a first memory cell 
the first and third conductive pillars by a second having a memory element formed in a first cavity of the 
dielectric material . first control gate , and a second memory cell having a 

13. The apparatus of claim 12 , further comprising a memory element formed in a first cavity of the second 
second conductive gate including a third a segment and a control gate ; 
fourth segment coupled to the third segment , wherein : the second memory cell string includes a third memory 

the third segment is located on a first side of each of the cell having a memory element formed in a second 
second and fourth conductive pillars and separated cavity of the first control gate , and a fourth memory cell 

having a memory element formed in a second cavity of from the second and fourth conductive pillars by a third the second control gate ; 
dielectric material , and the third memory cell string includes a fifth memory cell 

the fourth segment is located on a second side of each of 20 having a memory element formed in a third cavity of 
the second and fourth conductive pillars and separated the first control gate , and a sixth memory cell having a 
from the second and fourth conductive pillars by a memory element formed in a third cavity of the second 
fourth dielectric material . control gate ; and 

14. The apparatus of claim 13 , wherein each of the first the fourth memory cell string includes a seventh memory 
and second conductive gates comprises polysilicon . cell having a memory element formed in a fourth cavity 

15. The apparatus of claim 13 , wherein each of the first of the first control gate , and an eighth memory cell 
and second conductive gates comprises metal . having a memory element formed in a fourth cavity of 

the second control gate . 16. The apparatus of claim 10 , wherein the memory 
element of each of the first , second , third , and fourth 18. The apparatus of claim 17 , wherein the memory 
memory cells comprises one of polysilicon and a dielectric 30 element of each of the first , second , third , and fourth 
material . memory cells comprises polysilicon . 

17. An apparatus comprising : 19. The apparatus of claim 17 , wherein the memory 
a first conductive pillar and a second conductive pillar element of each of the first , second , third , and fourth 

extending outward from a substrate ; memory cells comprises a silicon nitride . 
a third conductive pillar and a fourth conductive pillars 35 20. The apparatus of claim 17 , further comprising : 

extending outward from the substrate ; a first conductive channel coupled to the first conductive 
a region including a conductive material , the region pillar and extending between the first and second 

coupled to the first , second , third , and fourth conduc memory cells ; 
tive pillars , the region located between substrate and a second conductive channel coupled to the second con 
the first , second , third , and fourth conductive pillars ; 40 ductive pillar and extending between the third and 

a first memory cell string formed over the first conductive fourth memory cells ; 
pillar ; a third conductive channel coupled to the third conductive 

a second memory cell string formed over the second pillar and extending between the fifth and sixth 
conductive pillar ; memory cells ; and 

a third memory cell string formed over the third conduc- 45 a fourth conductive channel coupled to the fourth con 
tive pillar , ductive pillar and extending between the seventh and 

a fourth memory cell string formed over the fourth eighth memory cells . 
conductive pillar ; 
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