
!"#$%&'()*'+$&)(',-.*/0,*/1-/2"%3*'
4/"5*-67'1-/' ,89*0:;!* '<<=7'

!"#$%&'()*%
!!"#$%&'()*#+,%-./01#+,0,1.%#

!232)&0+&/&0#40)5#

Flash Memory Summit 2017 
Santa Clara, CA 

 
1 



<<='>*?%&'@A-(B��

 
2 Flash Memory Summit 2017 

Santa Clara, CA 

<C4C'<<='/*DE"3$%&'A=='
F! <*GH'+*"5'IJKK'!LD7 '
F! <*GH'M/$(*'IJKK'!LD7 '

,89*'<<='/N%%$%&'1"7(*/'
F! <*GH'+*"5'IOKKK'!LD7 '

F! <*GH'M/$(*'IPJKK'!LD7 '



!"#$%&'<<='@8--EB��

n!<C4C'(-',89*Q'D-.*/'RN5&*('7SEE'3-%7(/"$%*5'
•! TH&H'2"U'VHJC'WOHO;'X+,-./ Y'-/'2"U'PHZC'WJ;'X+/ Y'

n![-.'D-.*/'<<='5*7$&%'2"\*/7'
•! :-('7N6*/$%&'()*/2"E'$77N*'

•! TU(*%5$%&'R"\*/]'E$1*S2*'

 
3 Flash Memory Summit 2017 

Santa Clara, CA 



!"^-/',-.*/7'-1'8-%7$5*/"S-% ��

 
4 Flash Memory Summit 2017 

Santa Clara, CA 

C3S_*'
`' !LD7 'D*/'M"\'

<E**D'
`'[-.*7('D-.*/'

C_*/"&*'
`'C_*/"&*'D-.*/'



a*]',-.*/'9%5*U ��

 
5 Flash Memory Summit 2017 

Santa Clara, CA 

0#123%45678 9/:%
`'PKKb'PVcaL'<*GH'M/$(*'

;<337%4=/ :%
`'=T;<[,'-/'[PHV ��

023>(*3%4=/ :%
`' !-R$E*!"/# 'VKPd��

;0?0%;;@%XJPV>LY' ABC3%;;@%XJPV>LY'

VHK��

eZ��

PJK��
*H&H'JVc!LD7'WOHJM��

f ��

f ��

f ��



,-.*/'8-%7N2DS-%'$%'C<98��

 
6 Flash Memory Summit 2017 

Santa Clara, CA 

,-.*/'''g''' , =]%"2$3''''''h'''''' , <("S3��

3i; Vi1' ;i9E*"#'

=-2$%"(*'"3S_*'D-.*/' =-2$%"(*'7E**D'D-.*/'



C3S_*',-.*/'j'C5_"%3*5',/-3*77 ��

n!, =]%"2$3'kg'3i; Vi1'
•! [-.*/'7NDDE]'_-E("&*'/*5N3*7'D-.*/'7$&%$l3"%(E]'

•! A$&)*/'5*_*E-D2*%('3-7('

 
7 Flash Memory Summit 2017 

Santa Clara, CA 

55nm�� 40nm�� 28nm�� 16nm��

Voltage (V)�� 1.2�� 1.1�� 0.9�� 0.75��

Power�� 100%�� 84%�� 56%�� 39%��



TU(*/%"E'
=+C!��

:C:='mE"7)��

C3S_*',-.*/'j'8)"%&$%&0>"S%&'8E-3#7��

 
8 Flash Memory Summit 2017 

Santa Clara, CA 

<<='8-%(/-EE*/��

<]7(*208,n��

T88'
T%&$%*��:C:='8E-3#7'

<]7(*208,n'
8E-3#7'

T88'T%&$%*'
8E-3#7'



<E**D',-.*/'j'[*"#"&*',-.*/ ��

n!, <("S3'kg';i9[*"# '

•! [-.*/'5-.%'7NDDE]'_-E("&*'(-'/*5N3*'D-.*/'

n!C5_"%3*'D/-3*77'E*"57'(-')$&)*/'3*EE'E*"#"&*'
•! JJ%2'XPoY'FI'dK%2'XIPHZoY'FI'Vc%2'XIOHVoY'WVJ8'

•! +*5N3*'9[*"# 'R]'D-.*/'5-2"$%'D"/SS-%'

 
9 Flash Memory Summit 2017 

Santa Clara, CA 



<E**D',-.*/'j',-.*/'=-2"$%7',"/SS-% ��

 
10 Flash Memory Summit 2017 

Santa Clara, CA 

A@%DE%

A@%DF%

A@%D-%

F! !"^-/'E-&$3'
F! ,-.*/F-6'

.)*%'$%"3S_*��

F! =**D'7E**D'
F! <)N(5-.%'

8,n0=+C!'

F! CE."]7F-%'
F! T%7N/*'1"7('

/*7N2* ��



,89*0:;!* ',-.*/'!"%"&*2*%( ��

n!C<,! 'j'C3S_*'<("(*',-.*/'!"%"&*2*%('
•! =]%"2$3'3-%(/-E'-1',89*'E$%#'D-.*/'/*5N3S-%'

n!C,<4'j'CN(-%-2-N7',-.*/'<("(*'4/"%7$S-%'
•! 9%(*EE$&*%('3-%(/-E'-1'"3S_*'"%5'7E**D'D-.*/'7("(*7'

 
11 Flash Memory Summit 2017 

Santa Clara, CA 



C<,!'j' ,89*'[$%#',-.*/'+*5N3S-%��

n!A"/5."/*F"N(-%-2-N7 '

•! =]%"2$3'E$%#'D-.*/'/*5N3S-%'
.$()-N('<M'$%(*/_*%S-%'

•! 4/"%7$S-%'S2*'-1'N7'E*_*E'

n! :**5'/-RN7(' ,89*',Ap'5*7$&%'

"%5'&--5'3-2D"SR$E$(]'

•! C5^N7('(-'"5"D('(-')-7('DE"q-/2��

 
12 Flash Memory Summit 2017 

Santa Clara, CA 

[K��

[K7�� [P��

[$%#'4/"$%$%&'
+*3-_*/] ��

m"7('TU$(��



C,<4'j'C3S_*0<E**D',-.*/'<("(*'4/"%7$S-%��

 
13 Flash Memory Summit 2017 

Santa Clara, CA 

,-.*/'

<("(*'



rD*/"S-%"E'

<("(*'

'

!"UH'

,-.*/'

'

TU$('

["(*%3]'

'

A;F G38 JM F

A;E G38 dM sPKN7'

A;-  G38 OM sPKN7

A;H IJ  JK2M  sPK27

A;K IJ  VHJ2M sJK27

,<K��

,<O��

,<d��

95E*'4$2*'

,/$-/'(-'

4/"%7$S-%'

4/"%7$S-%F(-'

,-.*/'<("(*'

'

JKK27 ,<O

JKK27 ,<O

JKK27 ,<O

PKQKKK27 ,<d

F F

C,<4'4"RE*��,-.*/'<("(*'4"RE* ��

C9L%(#12"MN%

>3O'38M%(>>"238��

CP<3%F,.8��

CP<3%EF8��



TU"2DE*'-1',-.*/'<("(*7'=*7$&%��

 
14 Flash Memory Summit 2017 

Santa Clara, CA 

IQ53 %
AJR3>%;M(M3

ABC3%
S")$%;M(M'8

L73>(1J)(<%
5(T%

AJR3>%
U)M>N%

S(M3)#N%
UT"M%

S(M3)#N%
IJM3%

A;F SF%9%SF8%9%SE G38 JM F F mNEEF7D**5'C3S_*

A;E SF%9%SF8%9%SE%G38 dM sPKN7 sPKN7' [$&)('4)/-\E* 

A;-  SF%9%SF8%9%SE G38 OM sPKN7 sPKN7 A*"_]'4)/-\E* 

A;H SE%9%SE,E%9%SE,- IJ  JK2M  sJ27  sPK27 [$&)('<E**D

A;K SE,- IJ  VHJ2M sPK27 sJK27 =**D'<E**D



,-.*/'<("(*7'4/"%7$S-%'.$()'C,<!0C,<4 ��

 
15 Flash Memory Summit 2017 

Santa Clara, CA 

,<K�� ,<P�� ,<V��
,<O�� ,<d��

C<,!'
X[K70[PY��

C<,!'
X[K70[PY��

C<,!'
X[K70[PY��

4)*/2"E'
4)/-\E*��

4)*/2"E'
4)/-\E*��

C,<4��
95E*�� 95E*��

90r'C3S_$(]��

:-%FrD*/"S-%"E��

rD*/"S-%"E��



TU3*EE*%(',-.*/'9%5*U'-1',89*0:;!* ��

 
16 Flash Memory Summit 2017 

Santa Clara, CA 

0#123%45678 9/:%
`'PKKb'PVcaL'<*GH'M/$(*'

;<337%4=/ :%
`'=T;<[,'-/'[PHV ��

023>(*3%4=/ :%
`' !-R$E*!"/# 'VKPd��

;0?0%;;@%XJPV>LY' ABC3%;;@%XJPV>LY'

VHK��

eZ��

PJK��
*H&H'JVc!LD7'WOHJM��

VHO��

JJ��

dcP��
*H&H'VVPO!LD7'WdHZM��



<N22"/] ��

n![-.'D-.*/' ,89*0:;!* '<<='"_"$E"RE*'

n![-.'D-.*/'C<980mM'(*3)%$GN*7'1-/'"3S_*07E**D'
•! C5_"%3*5'D/-3*77Q'&"S%&03)"%&$%&'3E-3#7Q'"%5'D-.*/'5-2"$%7'

n!,89*0:;!* 'D-.*/'2"%"&*2*%('.$()'C<,!0C,<4'
•! A$&)'7D**5'"3S_*'2-5*'.$()'2-5*/"(*'D-.*/'(-'7*/_*'90r'

•! CN(-%-2-N7'E-.'D-.*/'7("(*7'(/"%7$S-%'(-'7"_*'D-.*/'
 

17 Flash Memory Summit 2017 
Santa Clara, CA 



?V()$%GJ'��

)\Dt00...H7$E$3-%2-S-%H3-2��

Flash Memory Summit 2017 
Santa Clara, CA 


