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1. Device Overview

1.1 Description

The 43nm 8GB / 16GB / 32GB 4LC 3V NAND Flash Memory contains 2, 4, or 8 32Gb NAND Flash
Memory dies in a 52-lead 14 x 18 LGA package.

Each 32Gb NAND Flash Memory has two 8568-byte static registers, which allow program and read data
to be transferred between the register and the memory cell array in 8568-byte increments. The device is
organized as (8192 + 376) bytes x 128 pages x 4096 blocks. A single block unit consists of 1 Mbyte +
47 Kbytes = 8568 bytes x 128 pages.

This serial-type memory device makes use of 1/O pins for command inputs, as well as for both address
and data input/output. Erase and Program operations are executed automatically, making the device
highly suited for applications such as solid-state file storage, image file memory for still cameras, voice
recording, and other systems that require high-density non-volatile memory data storage.

1.2 Features

Feature 32Gb (4LC)

Organization:
Memory Cell Array | 8568 x 512K x 8 per die
Number of Registers | 8568 x 8 per die
Number of Planes | 2 per die
Block Size | (1M + 47K) bytes
Page Size | (8192 + 376) bytes = 8568 bytes
Number of Pages per Block | 128

Read, Multi Page Read, Single Page Program, Auto Page Program,
Modes Multi Page Program, Page Copy, Multi Page Copy, Single Block
Erase, Multi Block Erase, ID Read, Status Read, Reset

Serial input/output
Command control

Mode Control

Number of Valid Blocks Max 4096 blocks per die; Min 3933 blocks per die

Power Supply VCC =2.7V to 3.6V

Cell Array to Register: 200 pys max
Serial Read Cycle: 25 ns min

Access Time

Auto Page Program: 1600 us/page typ.

Program/Erase Time ,
Single Block Erase: 3 ms/block typ.

Read (30 ns cycle): 50 mA max
Program (avg.): 50 mA max
Erase (avg.): 50 mA max
Standby: 50 pA max

Operating Current *

Package 14mm x 18mm x 1.0mm LGA 52-Pin

* Measured per selected active die at VCC = 3.6V, 30 ns Read/Write cycle time.

Preliminary Version, rev1.3 SanDisk Proprietary and Confidential page 5
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1.3 Pin Assignment

Top View
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Figure 1: 14 x 18 52-Pin LGA Pinout
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1.4 52-Pin LGA Package Outline Drawing
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Figure 2: 52-Pin Package Outline Drawing
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1.5 Pin Functions

This serial access memory device makes use of timesharing for input of address information.

Pin Name Type Description

Chip Enable: The device goes into a low-power Standby mode when CE goes High
— while the device is in Ready state. The CE signal is ignored when the device is in Busy

CE Input state (RY/@ = L), such as during a Program, Erase, or Read operation, and does not
enter Standby mode even if the CE input goes High.
W_E Input Write Enable: TheWE signal is used to control the acquisition of data from the I/O port.

Read Enable: The_R_E signal controls serial data output. Data is available tREA after
RE Input the falling edge of RE. The internal column address counter is also incremented
(Address = Address + 1) on this falling edge.

Command Latch Enable: The CLE input signal is used to control loading of the
operation mode command into the internal command register. The command is latched
into the command register from the 1/0O port on the rising edge of the WE signal while
CLE is High.

CLE Input

Address Latch Enable: The ALE signal is used to control loading address information into
ALE Input the internal address register. Address information is latched into the address register from
the 1/O port on the rising edge the WE signal while ALE is High.

Write Protect: The WP signal is used to protect the device from accidental

WP Input programming or erasing. The internal voltage regulator is reset when WP is Low. This
signal is usually used for protecting the data during the power-on/off sequence, when

input signals are invalid.

Ready/Busy: The RY/BY output signal is used to indicate the operating condition of the
. device. The RY/BY signal is in Busy state (RY/E( = L) during Program, Erase, and
RY/BY Output | Read operations, and it returns to Ready state (RY/BY = H) after completion of the
operation. The output buffer for this signal is an open drain and must be pulled up to
Vcc with an appropriate resistor.

VCC Supply | Power Supply, 2.7 to 3.6V
VSS Supply | Ground
/00 to 1/07 /0 !/O Ports: The 1/O0 to 7 pins are use_d as a port for transferring address, command, and
input/output data to and from the device.
NC Do Not Connect

There are 4 CE, 4 RY/BY, 2 RE, 2 CLE, 2 ALE, 2 WE, and 2 WP pins. There are two 8-bit-wide data 1/O
buses, with CE1 and CE3 mapped to the 1/0-1 bus, and CE2 and CE4 mapped to the 1/0-2 bus, per the
ONFI 2.0 specification. See the “Pin Decoding Tables* section for pin decoding information for 2, 4, and
8-die packages.

Preliminary Version, rev1.3 SanDisk Proprietary and Confidential page 8
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1.6 Pin Decoding Tables

Pin Decoding for 8-Die Package with 4 CE Pins

Pad Name NAND Flash Memory Device

#1 #2 #3 #4 #5 #6 #7 #8

CE CE1 CE2 CE3 CE4 CE1 CE2 CE3 CE4
RY/BY RyBY1 | RyBY2 | RY/BY3 | RYBY4 | RVBY1 | RYBY2 | RYBY3 | RY/BY4
RE RE1 RE2 RET RE2 RE' RE2 ‘RE RE2
CLE CLE1 CLE2 CLE1 CLE2 CLE1 CLE2 CLE1 CLE2
ALE ALE1 ALE2 ALE1 ALE2 ALE1 ALE2 ALE1 ALE2
WE WET1 WE2 WE1 WE2 WET WE2 WET1 WE2
WP WP WP2 WP1 WP2 WP1 WP2 WP WP2
100 100-1 100-2 100-1 100-2 100-1 100-2 100-1 100-2
101 101-1 101-2 101-1 101-2 101-1 101-2 101-1 101-2
102 102-1 102-2 102-1 102-2 102-1 102-2 102-1 102-2
103 103-1 103-2 103-1 103-2 103-1 103-2 103-1 103-2
104 104-1 104-2 104-1 104-2 104-1 104-2 104-1 104-2
105 105-1 105-2 105-1 105-2 105-1 105-2 105-1 105-2
106 106-1 106-2 106-1 106-2 106-1 106-2 106-1 106-2
107 107-1 107-2 107-1 107-2 107-1 107-2 107-1 107-2
Pin Decoding for 4-Die Package with 4 CE Pins Pin Decoding for 2-Die Package with 2 CE Pins
NAND Flash Memory Device NAND Flash

Pad Name Pad Name Memory Device

#1 #2 #3 #4 #1 #2
CE CE1 CE2 ‘CE3 CE4 CE CE1 CE2

RY/BY RYBY1 | rRyBY2 | RYBY3 | RYBY4 RYBY | rvBY1 | rviBY2

RE RE1 RE2 RE1 RE2 RE RE1 RE2
CLE CLE1 CLE2 CLE1 CLE2 CLE CLE1 CLE2
ALE ALE1 ALE2 ALE1 ALE2 ALE ALE1 ALE2
WE WE1 WE?2 WE1 WE2 WE ‘WET1 WE?2
WP WP1 WP2 WP1 WP2 ‘WP WP1 WP2
100 100-1 100-2 100-1 100-2 100 100-1 100-2
101 101-1 101-2 101-1 101-2 101 101-1 101-2
102 102-1 102-2 102-1 102-2 102 102-1 102-2
103 103-1 103-2 103-1 103-2 103 103-1 103-2
104 104-1 104-2 104-1 104-2 104 104-1 104-2
105 105-1 105-2 105-1 105-2 105 105-1 105-2
106 106-1 106-2 106-1 106-2 106 106-1 106-2
107 107-1 107-2 107-1 107-2 107 107-1 107-2

Preliminary Version, rev1.3 SanDisk Proprietary and Confidential page 9
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1.7 Power-On/Off Sequence

The device is configured such that it does NOT go into automatic self initialization during power on. It is
highly recommended that the Write Protect signal should go high during the initial power-on and power-off
sequence (as shown in the diagram below) for protecting against data corruption.

1.8 Power On Reset

Since some input signals might not be stable at power on, performing an FFh Reset after power up is
necessary. During the FFh Reset Busy period, each selected die in the device consumes a maximum
current of 50mA (lccoo). Only the selected die is reset by the FFh command.

For the 2-die device with 2 Chip Enable control pins and the 4-die device with 4 Chip Enable control pins,
one die is selected by each Chip Enable control pin. For the 8-die device with 4 Chip Enable control pins,
two die are selected by each Chip Enable control pin. The maximum current consumed during the Reset
Busy period is 50mA per die selected by the Chip Enable control pin(s). Therefore, for 2-die and 4-die
devices, the maximum current consumed during the Reset Busy period is 50mA when one Chip Enable
control pin is asserted; and for 8-die devices, the maximum current consumed during the Reset Busy
period is 100mA when one Chip Enable control pin is asserted.
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ov 1 1 1
1 1 1
1 1 1
1 1
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1
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— i y )
WPy |
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1.9 Write Protect Signal

Erase and Program operations are automatically reset when the Write Protect signal goes Low. The
operations are enabled and disabled, as follows:

Enable Programming

D
J
e

RY/BY
tyywy (100 ns MIN)

Disable Programming

50 e

)g

DIN 80 10
| \.._,./ \-_.-/
WP \
RY/BY (Low)
>

tyw (100 ns MIN)

Enable Erasing

D
J
e

RY/BY

St

tyw (100 ns MIN)

Disable Erasing

T S
)

(o)

RY/BY (Low)

tywaw (100 ns MIN)
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1.10 Absolute Maximum Ratings

SYMBOL RATING VALUE UNIT
Vce Power Supply Voltage —-0.6t04.6 \
Vin Input Voltage —-0.6t04.6 V
Vio Input/Output Voltage —0.6 to Vec + 0.3 (£4.6) \Y
Pp Power Dissipation 0.3 w
TsoLper Soldering Temperature (10 s) 260 °C
Tsta Storage Temperature -55to 150 °C
Torr Operating Temperature 0to 70 °C
1.11 Capacitance
(Ta=25°C,f=1MHz)
SYMBOL PARAMETER CONDITION MIN TYP. MAX UNIT
Cn? Input Vn=0V - 5 10 pF
COUT * Output VOUT =0V - 5 10 pF
* This parameter is per die, is periodically sampled, and is not tested for every device.
1.12 Valid Blocks
SYMBOL PARAMETER MIN TYP. MAX UNIT
Nye Number of Valid Blocks per Die 3933 - 4096 Blocks

NOTE: The device occasionally contains unusable blocks. Refer to Application Note (6) toward the end of
this document.

The first block (Block 0) is guaranteed to be a valid block at the time of shipment.

The specification for the minimum number of valid blocks is applicable over the device lifetime.

Preliminary

Version, rev1.3 SanDisk Proprietary and Confidential
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1.13 Recommended DC Operating Conditions

SYMBOL PARAMETER MIN TYP. MAX UNIT
Vee Power Supply Voltage 2.7 - 3.6 Vv
Viu High-Level Input Voltage 2.7V £V <36V 0.8xVvCC| --- |VCC+0.3 \Y
Vi Low-Level Input Voltage 2.7V <V c<3.6 V -0.3* - |1 0.2xVCC \%

* -2V (pulse width less than 20 ns)

1.14 DC Characteristics

(Ta=0to 70°C,VCC =2.7V1to 3.6V)

SYMBOL PARAMETER CONDITION MIN | TYP. | MAX [ UNIT
n Input Leakage Current Vin=0VtoVce 10 | pA
lLo Output Leakage Current Vour =0V to Ve +10 | pA

lccoo * | Power On Reset Current During FFh command input after Power On 50 mA
lccot * | Serial Read Current CE =V, lour=0mA, tcycle =30 ns 50 | mA
lcco2 * | Programming Current - 50 mA
lccos * | Erasing Current - 50 | mA
locs ** | Standby Current CE=Vcc-0.2V, WP =0 V/Vgc 50 | pA

Von High-Level Output Voltage lon=—04mA 27V <V, c<3.6V) 24 \%

VoL Low-Level Output Voltage loo=2.1mA 27V <V c<3.6V) 0.4 Y
(R\l(c/);_Y) Output Current of RY/BY Pin VoL=04V (27V<V,<36V) 8 mA

*

*%

per selected active die in the package

per die in the package

Preliminary

Version, rev1.3
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1.15 AC Characteristics and Recommended Operating Conditions

(Ta=0to70°C, VCC =2.7 V0 3.6 V)

SYMBOL PARAMETER MIN MAX UNIT
tcLs CLE Setup Time 0 —_ ns
tcLse CLE Setup Time 30 —_ ns
toLH CLE Hold Time 5 — ns
tcs CE Setup Time 8 — ns
tess CE Setup Time 20 — ns
tcH CE Hold Time 5 — ns
twe Write Pulse Width 12 — ns
taLs ALE Setup Time 0 — ns
taLH ALE Hold Time 5 — ns
tos Data Setup Time 10 — ns
toH Data Hold Time 5 — ns
twe Write Cycle Time 25 — ns
twH WE High Hold Time 10 — ns
tAHW * WE High Hold Time from final address to first data 80 —_ ns
tww WP Highto WE Low 100 — ns
tRR Readyto RE Falling Edge 20 — ns
tRw Readyto WE Falling Edge 20 — ns
trp Read Pulse Width 12 —_ ns
tre Read Cycle Time 25 —_ ns
tREA RE Access Time — 20 ns
tcr CE Lowto RE Low 10 — ns
teLr CLE Lowto RE Low 10 — ns
tar ALE Lowto RE Low 10 — ns
tRHOH Data Output Hold Time from RE High 30 —_ ns
tRLOH Data Output Hold Time from RE Low 5 _ ns
tRHZ RE High to Output High Impedance — 60 ns
tcHz CE High to Output High Impedance — 30 ns
teLHZ CLE High to Output High Impedance — 30 ns
tREH RE High Hold Time 10 — ns
tir Output-High-impedance-to- RE Falling Edge 0 — ns
tRHW RE Highto WE Low 30 — ns
twHC WE High toCE Low 30 — ns
tWHR WE Highto RE Low 120 — ns
tr Memory Cell Array to Starting Address — 200 us
tocBsYR1 Data Cache Busy in Read Cache (following 31h and 3Fh) — 200 us
tbceBsyYR2 Data Cache Busy in Page Copy (following 3Ah) —_ 205 us
twe WE High to Busy — 100 ns
trsT Device Reset Time (Ready/Read/Program/Erase) — 10/10/30/500 us

* twhw is the time from the WE rising edge of the final address cycle to the WE falling edge of the first data cycle.

Preliminary Version, rev1.3
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1.16 AC Test Conditions

CONDITION
PARAMETER

27VENVpo£36Y
Input level 0Vto Ve
Input pulse rise and fall time 3ans
Input comparison level 112 Vee
Output data comparison level 12 Ve
Output load CL(530pF)+1TTL

Note:  Busy to ready time depends on the pull-up resistor tied to the RY /BY pin.

RY / BY : Termination for the Ready/Busy Pin (RY/BY)

A pull-up resistor must be used for termination, because the RY/BY buffer consists of an open drain circuit.

Vee

Voo

Device

(1
1

i
Vss

Ve =33V
s 1.5 ps - Ta=25°C 1 15ns
. tf Cp =50 pF
tr 10 ps — T 10ns tf
This data might vary from device to device. 0.5 ps ) - - —|ons
Using this data as a reference when selecting T | l l
a resistor value is recommended. 0 1KO 2KOQO 3KOQO 4 KO
R
1.17 Programming and Erasing Characteristics
(Ta=0to 70°C,VCC=2.7V1to 3.6V)
SYMBOL PARAMETER MIN TYP. MAX UNIT NOTES

tPROG Average Programming Time — 1600 3000 us

IDCBSYW1 Data Cache Busy Time in Write Cache (following 11h) — — 5 us

iDCBSYW? Data Cache Busy Time in Write Cache (following 15h) — — 3000 us (2)

N Number of Partial Program Cycles in the Same Page — — 0 (1)

{BERASE Block Erasing Time — 3 10 ms

(1) Partial page programming is not supported.

(2) tpcesyw? depends on the timing between internal programming time and data in time.
Preliminary Version, rev1.3 SanDisk Proprietary and Confidential page 15
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SDZNMM(B/C/D)HER-0(08/16/32)G
43nm 8GB / 16GB / 32GB 4LC 3V NAND Flash Memory Data Sheet

2. Address Assignment

Page Address
(PA19 - 0)
(~ 00000h Block 0 (Plane 0) Page 0
00080h Block 1 (Plane 1) Page 1
00100h Block 2 (Plane 0) Page 2
00180h Block 3 (Plane 1)
Main Blocks < 00200h Block 4 (Plane 0)
(4096 Blocks) :
00280h Block 5 (Plane 1) Page 125
Page 126
Page 127
7FFO0h | Block 4094 (Plane 0)
\_7FF80h | Block 4095 (Plane 1) (128 Pages)
:' _F; r_ 3;&3_ ~ 7~ 80000h Block 4096 (Plane 0) - E
 Only: 80080h | Block 4097 (Plane 1) |
: Main Blocks .< :
| (4096 Blocks) |
: FFFOOh |  Block 8190 (Plane 0) :
i FFF80h | Block 8191 (Plane 1) i
e ____ € 2 Nf__
Table 1: Addressing
1107 | 1106 | 1105 | 104 | 1103 | Vo2 | 1101 | 1100
First Cycle CA7 | CA6 | CA5 | CA4 | CA3 | CA2 | CA1 | CAO
Second Cycle L L |CA13|[CA12|CA11|CA10| CA9 | CA8
Third Cycle PA7 | PA6 | PA5 | PA4 | PA3 | PA2 | PA1 | PAD
Fourth Cycle | PA15 [ PA14 [ PA13 | PA12|PA11 | PA10 | PA9 | PAS
Fifth Cycle L L L L |PA19|PA18 | PA17 [ PA16

Byte 0

Byte 1

Byte 2

Byte 8190

Byte 8191

Byte 8192

Byte 8565

Byte 8566

Byte 8567

AN

S

-

Main Bytes
(8192 Bytes)

ECC Bytes
(376 Bytes)

CAO to CA13: Column Address

PAO to PA6:  Page Address

PA7 to PA19: Block Address

Preliminary Version, rev1.3

SanDisk Proprietary and Confidential
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SDZNMM(B/C/D)HER-0(08/16/32)G

-
SaID].Sk 43nm 8GB / 16GB / 32GB 4LC 3V NAND Flash Memory Data Sheet

3. Timing Diagrams
3.1 Write Timing

s . tcH
cLe YOO D 000 G
L tcLs | | tCLH
ALE X000 OO
| tALS | | tALH |
twe s
WP WEH X
WE \ / \
L tDS i tDH
uo X X
3.2 Read Timing
___ tCEA
E X¥ o Z XXX
tCR
tCLEA
CLE XXX¥ - >
 {CLR.
tALEA
ALE XXX% >
tAR
WE X/
tRC tRC
tWHR  tRP_ . tREH 3 {RP tREH
S — i~y ——
RE \ / \ N / ~__ /
tREA tREA tRHZ tCHZ
tRLOH tRLOH: tRLOH tRHOH i tRLOH tCHOH
4 . 4+ > 4+ L r L ‘_’
o XXX e XX o @REECTI & RRRX X
tRR |
e
RYBY X/
Notes:

1. Hold time from RE rising edge is determined by the shorter one of either tRHOH or tREH + tRLOH.
2. When tREH is long, output buffers are disabled by ﬁE=High, and the hold time of data output depends on

tRHOH (30 ns MIN). On this condition, waveforms look like normal serial read mode. (For instance, when tREH

= 30ns, it is tRHOH = 30ns.)

3. When tREH is short, output buffers are not disabled by R_E=High, and the hold time of data output depends on

tRLOH (5ns MIN). On this condition, output buffers are disabled by the rising edge of CLE, ALE, CE, or the

falling edge of WE, and waveforms look like Extended Data Output Mode. (For instance, when tREH = 10ns, itis

tRHOH = tREH + tRLOH = 15ns.)

Preliminary Version, rev1.3

SanDisk Proprietary and Confidential
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SDZNMM(B/C/D)HER-0(08/16/32)G

-
San)lSk 43nm 8GB / 16GB / 32GB 4LC 3V NAND Flash Memory Data Sheet

3.3 Latch Timing for Command/Address/Data

Hold Time

/

tos toH

WE

l[e]

% Vg or V)L

3.4 Command Input Cycle Timing

CLE
fcLs tcLH
tcs t

CH

s & g

WE \ /

taLH
V

t toH

% Vg or VL

Preliminary Version, rev1.3 SanDisk Proprietary and Confidential page 18
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SDZNMM(B/C/D)HER-0(08/16/32)G
43nm 8GB / 16GB / 32GB 4LC 3V NAND Flash Memory Data Sheet

3.5 Address Input Cycle Timing

fcLs

fcLH

. tcs tcH. tcs twe twe tcH
0\ A pl a2l Bl =
twe twH twe twH twp twH twe twH twe
WE \ / \ / \ / \ / \ /
e _— ] ] ] /]
taLs tALH
ALE l

tDs

toH tps | tDH fbs | tDH

tDs

tDH

tps

DH

= ;
% CAOto7 %CABIO 13 %

3.6 Data Input Cycle Timing

fcLs

r
% PAOto7 %
F

+ PABto 15 %P}HB to 19

% Vg or VL

toLH

=

7
e \_/’/_\\_/_%_\\_/

SV or VL

Preliminary Version, rev1.3

SanDisk Proprietary and Confidential
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- . SDZNMM(B/C/D)HER-0(08/16/32)G
San)lSk 43nm 8GB / 16GB / 32GB 4LC 3V NAND Flash Memory Data Sheet

3.7 Serial Read Cycle Timing

t
t RC tcr
CR
TE /
%} Vi
trp tREH trp trp fcHz
RE \ / \ / \ /
\__/ tRHOH \_/IRHOH \__/ fRHOH
tREA tRHZ trREA tRHZ tREA tRHZ
/0 45 >
trRR

A
=
@
2

tcLr
CLE \
tcLs tcLH
fcs
= U 2
twp | tcH
WE \ /
/] twhHe tcr tcHz
tWHR
e NI
t tRHOH
tos | toH ) tir tREA
tRHZ
Status
10 70h* output
RY/BY /
#. 70h represents the hexadecimal number % Vi or Vi

Preliminary Version, rev1.3 SanDisk Proprietary and Confidential page 20
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SDZNMM(B/C/D)HER-0(08/16/32)G

43nm 8GB / 16GB / 32GB 4LC 3V NAND Flash Memory Data Sheet

3.9 Read Cycle Timing

ICLR
Lo i
tcLs t% gg)_s tcLH &
tos tcH tcs fCcH
AN gl -
J— ',/n'
twe
we L | J [ \JE \j [ \ J
U U \J
falH taLs tALH tALS
ALE [ {
]
R fRC.
- = U
Ips|ibH Ips|toH IDS|IDH IDS|tDH 1DS|IDH DS |IDH Ips | tDH tRrR| | tREA
| |
o CAD CA8 PAD PAS PA16 \ DouT\ {Dout
Vo % 0oh %to? %mm%to? %mﬂa %mm %% 30n N AN
- | |
- ~ - Data out from
Col. Add. N Col. Add. N
R\fﬂﬁ B_ z_
3.10 Read Cycle Timing: When Interrupted by Command Enable
ficLr
oo e
e tcls  tou AEEI;S tcLH é////
tcs tcH tcs fCH
4—% ﬁ > CR E
2 )
= h Hh D D) . /
twe
P
R }"J\j\_}'\j U
U L/ U
taLH taLs | tALH_tALs tcHz
ALE [
]
tr fRc tRHZ
RE twe 1‘ ] J( [
tsz tDHI ps|ipH fps|ioH tps|ipH iDs|iDH DS |tDH Ips | toH tRR| |'REA RHQH
| |
7 CAD CA8 PAD PAS PA16 \ DouT\ /DouT!
|
Cal. #:dd. N Col. Add. N
RY/BY 1 I

Preliminary Version, rev1.3 SanDisk Proprietary and Confidential
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SDZNMM(B/C/D)HER-0(08/16/32)G

43nm 8GB / 16GB / 32GB 4LC 3V NAND Flash Memory Data Sheet

3.11 Read Cycle with Data Cache Timing (1/2)

San)isk

H ‘Indul pueLuWwED Y| ¢ ayy Aq ( 0} 19581 S| SSEIPPE UWN[0D BYL  «
1
1
1
1
0°PPY 10D \ H 0'PPYI0D | \ i \ AG/ AN
2 1 -
L+ “ |\l ssaippe abed W N
ssaippe abgd h ssaippe abed $S3IPPE ULWINOD)
. { , | , 0 , |
0 1 o I 0 610} Gl 0} L0} €10} 20}
HimoH, HerbaHuroo B BB E
| , ,
1 ! , , ,
LEL] ) 1 L Yy HGy SOy HOQy| sy Hdy|SqQy HQysGy HM|sG HOySQy HGy|sqy HQy Sy
1
1 > PR—
T 1 | amy amy 3d
— ’ r
LHASEO) ! M) 1YASE0q) N
T —
1 Enl
] \ A
1
1 L — > +
uo) ! Hy M) STy HY) STy, HI
! al N alla N o
" j W AU AW AW A 0 A U =
1
1 Oy
'l
' IR R AR I v U d4d Y
32
1 ElS)
_ 2 ]
Hoy| s HO | [soy | [0y o | [s0
e | [Ros B
H1D; STy H10;y §710y
‘ﬂ “ﬁ 1o
1
1) ! U1y
1

page 22
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SDZNMM(B/C/D)HER-0(08/16/32)G
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SaID].Sk 43nm 8GB / 16GB / 32GB 4LC 3V NAND Flash Memory Data Sheet

3.12 Read Cycle with Data Cache Timing (2/2)

-

Doy
8567

ouT
Page addres;M + X

1

fREA
ou
0

tre,

v
Col. Add. 0

fcLr
tcr =

tRR
) i
_J

tcLs
tcs

tcLH
€]
% jilily
tDCBSYR1
twe
tps|toH

U

)T
(Note) Make sure to terminate the operation with 3Fh command.

F o
wy
£
=2 o~
Loty Shul E=
L]
o=
o
<« [ ® °
o Q A ok 3
4 & — z
©
—+ Q
& I =
o
2 § o 5 2
L >
w
5
[s]
(=]
I§“ 2| |g

ItDS tDH

tcLs [CLHit
| Pa——
tcH

tcs

trRg,
fREA
ou outy/
0 1 . 8
Page address M + 1
Col. Add. 0

@
o
(]
o
@
=
=
[s)
. | .
= | ] o
= - i E
o b 5
2 > =
w) L n
3 o g
[a] @ £
EI ::1& = z| z =
al © = B
-~ = L - LOJ
[7]
B 8
=
9 @ =
g 24 R U S I .. v SO,
—
T
3) = z «

RY/BY
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- . SDZNMM(B/C/D)HER-0(08/16/32)G
San)].Sk 43nm 8GB / 16GB / 32GB 4LC 3V NAND Flash Memory Data Sheet
3.13 Column Address Change in Read Cycle Timing (1/2)

CLE ;[ T { \
tcrs  toiH tcrs  tem)
o]

ics tcH

=LA A A A AN T ALA

IcLR

CELE R R R R ]

A

WE
IR AT AR ERVERY I
TALH  ftaLs tatH ., [tALg
ALE J J(
R tRe
RE tws \ f J / J}\_/_
1
tps |tDH tps|toH tps|toH tos|tbH tps|tbH tDs|tobH  tbs|toH lRR| tREA 1
] e = be—»] |« > 1
1
1
Z CAD CA8 PAD PAS PA16 ouT\Dout\ a0
"’Oﬁ%;‘—%? to 13 KA to 7 KA\ to 15 K \io 19N " A Nas 1P
1
Column address Page address Page address
A P P 1
_ [ l 1
RY/BY \ :
_J !
1
Column address 1
1
1
1
1

Hl

Continues to of next page

Preliminary Version, rev1.3 SanDisk Proprietary and Confidential page 24



- . SDZNMM(B/C/D)HER-0(08/16/32)G
Sa.IDISk 43nm 8GB / 16GB / 32GB 4LC 3V NAND Flash Memory Data Sheet

3.14 Column Address Change in Read Cycle Timing (2/2)

Column Address Change in Read Cvcle Timing Diagram (2/2

i tolr
CLE | N ! / \
i Jtcis toLH) Tteis  torl
' <> e e
: tcs ten tes|  [teH
- 1 ‘ e
CE ! ‘\ \
i tRHW twe S keten
WE
' (VIR VERVERVERVERV AR
' taLs taLs
1 + t
; taLH ALH—>
ALE H
; trc
=4 4
E tps tDI—: ItDs tD}—i tps|ton tos|ton tos|tod ItDs tDI—: ItDs toH

e tREA
' fo / cao WV eas\Vrao Vrrs\[V/rate 5
! 0 ou ou
Vo -‘”. \ Uﬁh*:)k w07 o 1A N to 7 A\ fo 150\ Ko 19*:* EOn 5 /\B+1 ’.

Column address Page address Page dereSS
B P

RY/BY i
: Column address
B

Continues from of last page
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SDZNMM(B/C/D)HER-0(08/16/32)G

43nm 8GB / 16GB / 32GB 4LC 3V NAND Flash Memory Data Sheet

3.15 Data Output Timing

\
CLE [ T
] tcLs2 (I
a—
tcr tos2 teLH
CE
tcHz
—
WE | |
\ J
ALE Low
trRP tREH RP tRp tRHZ
RE \ / tos toH
tRe tREA | IREA teLHz [ .
fREA tRLOH tRLOH
110 Dout Dout Dout
tRR tRHOH Comman
{J(J
RY/BY

Preliminary Version, rev1.3

SanDisk Proprietary and Confidential
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- . SDZNMM(B/C/D)HER-0(08/16/32)G
San)lSk 43nm 8GB / 16GB / 32GB 4LC 3V NAND Flash Memory Data Sheet

3.16 Single Page Program Operation Timing

tcLs

CLE |
tcLs tcLH

tcs tgs

CE_V( )

wE )

fcH twHw

U tALH \_} tALH \_]

taLs

]

taLs

ALE

D toH  ipsiD
|

Z
7 CAD CAS F'AO
Vo ﬁ% 8on % t0 7 M\to |3 to ?

Column address

RY /BY

- Do not input data while data is being output.
% “ViH or Vi

#)  M: up to 8567

Preliminary Version, rev1.3 SanDisk Proprietary and Confidential page 27
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SDZNMM(B/C/D)HER-0(08/16/32)G
43nm 8GB / 16GB / 32GB 4LC 3V NAND Flash Memory Data Sheet

3.17 Auto Page Program with Data Cache Operation Timing (1/3)

fcLs
§ o
CLE f
toLs folH |\ ‘
= LN
fcs
tcs “_ (
cF J : . )\
2
tcH bHW
WE X s
\Ntan N\
faLs
taLs
ALE
{(
R 1
RE

S| tpH  ipgiDH.

tps

CABXPAOXPAS )_(Pma)_ D
to 13/\to 7 AAto 15/ \to 19

M Do not input data while data is being output.

ViH or V)L

CAD to CA12is 0 in this diagram.

1

Continues to m of next page

Preliminary Version, rev1.3
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SDZNMM(B/C/D)HER-0(08/16/32)G
43nm 8GB / 16GB / 32GB 4LC 3V NAND Flash Memory Data Sheet

San)isk

3.18 Auto Page Program with Data Cache Operation Timing (2/3)

fcLs
CLE i _\_
tdLs tcLH \
? tcs
tcs|f <
CE { / % % @
tcH tWHW ' ' :
A TV AVAVAVAV A ¥ o1 A\ \J
tALS | tocesyw2
taLs f
ALE \ H
\ :
)T H
RE %
tpg ftps
0S| tpy  tps|tDH F

CAB\ PAD \f PAB \JPA16
o130 to7 A\to 15\ to 19

o 7 CAD

|

RY /BY

Repeat a max of 127 times (in order to program pages 1 to 128 of a block).

Continues from m of last page

Vi or VL

- Do not input data while data is being output

Continues  to of next page

Preliminary Version, rev1.3
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Sa.n)].Sk 43nm 8GB / 16GB / 32GB 4LC 3V NAND Flash Memory Data Sheet

3.19 Auto Page Program with Data Cache Operation Timing (3/3)

tcLs

[
CLE 4‘ ; ![ / W \
. tas CLH g

=1 W

wE )

twHw

tALH \_](_\_/_\_/_\_/_\_} tALH J (
taLs tPROG (*1)
taLs B

] g “&*a
TU)

|
Lﬁ_i

ALE

DS/tpH  tDgtDH
|

80h CAD VY CAB\/ PAD \f PAS
to 7 Mo 13/ to7 Ato 15

Al
m

Dn8567

T

RY/BY i
: @ - Do not input data while data is being output
E % SV or VL
2
Continued from of last page (*1) tprOG: Since the last page programming by the 10h command is initiated after the previous

cache program, the tprog during cache programming is given by the following equation.
tPROG = tPROG of the last page + tPROG of the previous page - A
A= (command input cycle + address input cycle + data input cycle time of the last page)

If “A” exceeds the tprp of previous page, tpro of the last page is terpog max.
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3.20 Multi Page Program with Data Cache Operation Timing (1/4)

tcLs
CLE i
e o — T\
s tcs
itcs < g
Sulll yw W
i [cH tyyHy
wi aVa aVa
P\ At ( /)
taLs tDCBSYW!
taLs B

ALE }

E

Ips

'DS| tpH  tpg/iDH.

P N
F i
1o ;:’g a0h cAo0 Y cas X PAO \/ PAs >_<PA‘1 6) /DIN,
“ to7 Mo 13/\to 7 /\to 15/ \to 19 0

.

Page Address M
Plane-0

Continues to m of next page
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SDZNMM(B/C/D)HER-0(08/16/32)G

43nm 8GB / 16GB / 32GB 4LC 3V NAND Flash Memory Data Sheet

3.21 Multi Page Program with Data Cache Operation Timing (2/4)

lcLs

tcs
tcs <
CE ] [ % % ﬁ
tcH twHW h ' i
W \ / \ /-\_/-\_/-\_/-\_/ V
¥ tas NS taH | , \ W
taLs A tbcesyw?2
taLs '
ALE \ H
\ « H
)T H
)y . H
RE :
tps W EtDS{_
0S| tpy  tps |toH DH :
b | N )
o % cao VY cas\/ Pao\f Pas \/PA16 .z k
’é% 80“%@? to 13/ to 7 Ato 1510 19 ’é”; , ]
Page Address M H
Plane-1 DINBSET H
o :
RY /BY »
___________________________________________________________ > §
] Repeat a max of 127 times (in order to program pages 1 to 128 of a block). 2

Continues from m of last page

Vg or Vi

- Do not input data while data is being output.

Continues to of next page
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3.22 Multi Page Program with Data Cache Operation Timing (3/4)

tcLs
H ( H
H 2 H
CLE = / 7 :
i /|lcLs [cLH \ (G : \
i fcs :
fcs <
CE J
icH tWHW
wei Y 4/ 0\
\tan N\ tALH
taLs
taLs
ALE
RE
Ds
Ds| tpyy  tpston
77 CA0 Y CA8 XPAD PA8 >_(PA1 6)
o
Vo gﬁ%mh%to? to 13\ to 7 /\to 15/ \to 19
Page Address M+n :
Plane-0 Din8567 :
\ A
RY/BY : i
' : Do not input data while data is being output. \ f :
777] - ViH orviL
2 3
Continues from of last page Continues to m of next page
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SDZNMM(B/C/D)HER-0(08/16/32)G

43nm 8GB / 16GB / 32GB 4LC 3V NAND Flash Memory Data Sheet

3.23 Multi Page Program with Data Cache Operation Timing (4/4)

CLE : i
ts ICLH
-

ALE

RY/BY

fcLs

g\

LM

tcs|: 'es|_
. {cH fwy Hvw
I TaVavalaim
{—}tALH \_J fALH

taLs

taLs

(¢

EM I

tDH
(R

iDs|tpy  tpg
h

a0 CAD \/ CAB\/ PAD \/ PAB \/PA16
to7 Mo 13/ to7 MAto 15 \to 19

Page Address M+n
Plane-1

Ds

[ton
)

DINB56T

3

"Wy or VL

Continued from of last page

(Note)

- Do not input data while data is being output.

A

(*1) tprog Since the last page programming by the 10h command is initiated after the previous cache
program, the tprog durnng cache programming is given by the following equation.

tPROG = tPROG of the last page + tPROG of the previous page - A

A= (command input cycle + address input cycle + data input cycle time of the last page)

If “A” exceeds the tprog of previous page, tprog of the last page is tprog Max.

Make sure to terminate the operation with an 80h-10h command sequence.

If the operation is terminated by an 80h-15h command sequence, monitor /05 (Ready / Busy) by issuing a Status
Read command (70h), and make sure the previous page program operation has completed. If the page program
operation has completed, issue an FFh reset before the next operation.

Preliminary Version, rev1.3
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3.24 Single Block Erase Timing

CLE {tCLS 5\ / \%//A’é%//////ﬁ%/ \
S T .. W\

v \(

taLH
taLs {BERASE
iy

. S

RE
tps|tDH
f—
-7 con Y Pro Y Pas \/Pate
Vo f% t07 \to 15 /\ 10 19
_ Bus:
RY /BY _/ Auto Block Erase Start\ Y _/ Status Read
Erase Setup command \—f command
command

- Do not input data while data is being output.

SWVIH or VL
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3.25 Multi Block Erase Timing

T I\, \
=X PF 0. bH.

v \J( AV
ALE i _;D(_ E | /}y////ﬁy ﬁ ﬂ
=T N

?1h>—< \>_

1
7 Pa0 \/ P28 \/PA16
1o 7 60h Doh ¥
E%‘ to7 X b15Xt019% /
1
1

1 Status
1 output

[ [

RY/BY _/ : Auto Block : Erase Start\\ Busy }{ Status Read

1 Erase Setup 1 command command

: command :

1 1

1 1

1 1

1 1

: Repeat 2 times (Plane-0, Plane-1) :

[ |

“ViH or V)L

- Do not input data while data is being output.
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3.26 ID Read Operation Timing

tcLs
CLE
tcLs
tcs tcs tcH tcr
A A
]
WE \ J \ J
WE I
\_; tars \/|tac
tALH taR
ALE
RE /
fDH
tos | REA tREA
. / \ See \
110 —<FFh >—< 90h 00h Table 5
\ / |\ able 5/
Reset ID Read Address Maker code Device code
command command 00

% - ViH or VL
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4. Operation Mode: Logic and Command Tables
4.1 Logic Table

Operation modes such as Program, Erase, Read, and Reset are controlled by command operations shown in
Table 3. Address input, command input, and data input/output are controlled by the CLE, ALE, CE, WE,
RE, and WP signals, as shown in Table 2.

Table 2. Logic Tahble

CLE ALE CE WE RE we |
Command Input H L L A H ®
Data Input L L L 4 H H
Address input L H L Y H *
Serial Data Output L L L H ~ [ o
During Program (Busy) U * * * H
During Erase (Busy) * * o * H
* H } E
During Read (Busy)
* # L H (={=2] H (42) %
Program, Erase Inhibit ¥ * * # L
Standby * H e 0 VIVee

H: Vg, L VL, * Vig or VL

#1. Refer to the "Write Protect Signal” section for details regarding Program and Erase operations when the WP signal goes Low.

#2- If CEislow during read busy;, WE and RE must be held High to avoid unintended command/address input to the device or
read to device. Reset or Status Read commands can be input during Read (Busy).
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4.2 Command Table
Table 3: Command Table (HEX)

Command First | Second | Third Acgeptable
Cycle | Cycle |Cycle | while Busy

Auto Page Program with Data Cache (See note 1.) 80 15 -

Column Address Change in Serial Data Output 05 EO -

Column Address in Serial Data Input 85 - -

ID Read 90 - -

Multi Block Erase 60 60 DO

Multi Page Program 80 11 -

Multi Page Read 60 60 30

Multi Page Read during Multi Page Copy (2) 60 60 3A

Read for Page Copy (2) 00 3A -

Read Start for Last Page in Read cycle with Data Cache 3F - -

Read with Data Cache 31 - -

Reset FF - - O
Serial Data Input 80 - -

Single Block Erase 60 DO -

Single Page Program 80 10 -

Single Page Program during Multi Page Copy (2) (See note 1.) 8C 11 -

Single Page Program for last page during Page Copy (2) (See note 1.) 8C 10 -

Single Page Program with Data Cache during Page Copy (2) (See note 1.) 8C 15 -

Single Page Read 00 30 -

Status Read 70 - - (0]
Status Read for Multi Page Program or Multi Block Erase 71 - - (0]
Notes: 1. Input of a command other than those specified in Table 3 is prohibited. Stored data

can be corrupted if an unknown command is entered during the command cycle.
2. During the Busy state, do not input any command except 70h(71h) and FFh.

HEX data bit assignment
(Example) Serial Data Input: 80h

J

A A

- AN ™
[1]ofefoofofoo]
7 6 5 4 3 2 1 100

Table 4 shows the operation states for Read mode, when tREH is long.
Table 4. Read Mode Operation States

CLE ALE CE WE RE /00 to 1/07 Power
Output select L L L H L Data output Active
Output Deselect L L L H H High impedance Active
H: ViH, L VL
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5. Device Operation

5.1 Read Mode

Read mode 1s set when the "00h" and “30h"” commands are issued to the Command register. Between the two
commands, a start address for the Read mode needs to be issued. Refer to the figures below for the sequence and
the block diagram (Refer to the detailed timing chart.).

cE b bbb DD 0772 /)

RY/BY Column Address M Page Address N \/ Busy f 1R
@..... M 2y ==

Page Address N

Start- address input
M| A data transfer operation from the cell array to the Data

Data Cache [ & = n‘1 Cache via Page Buffer starts on the rising edge of WE in the
|
I 30h command input cycle (after the address information has
Page Buffer | }v | been latched). The device will be in the Busy state during this
Select page _ i ] transfer period. _
N b Cell array After the transfer period, the device returns to Ready state
= erial data can be output synchronously with the clocl
‘“r ‘T Serial d b 1) h | hthe RE clock

1100 to 1/O7- m = 8567 from the start address designated in the address input cycle.

5.2 Random Column Address Change in Read Cycle

ae [\ M\ N\ [\
CE\AM\BHB o hh AARARAAA A ARRA

e | \ / \

Col. M Page N
Start from Col. M Start from Col. M’
Start-address input
M M During the serial data output from the Data Cache, the column
7N address can be changed by inputting a new column address
[, &—— —|— using the 05h and EOh commands. The data is read out in serial
| i' | starting at the new column address. Random Column Address
i Change operation can be done multiple times within the same

U N
Select page P pade.
N L

i
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5.4 Multi Page Read Operation

The device has a Multi Page Read operation and Multi Page Read with Data Cache operation..

(1) Multi Page Read without Data Cache
The sequence of command and address input iz shown below.
Same page address (PAO to PA6) within each Plane must be selected.

Command
input
@ Address input @ Address input 30 @
Page Address Page Address
PAO to PA19 PAO to PA19
(Plane 0) (Plane 1) R

®

RY/BY N/
Address input Data output

Column + Page Address (Plane 0)
CAOD to CA13, PAD to PA19

_ (Plane 0)
RY/BY @

®

Column + Page Address (Plane 1)
CAO to CA13, PAD to PA19
(Plane 1)

RY/BY

®
e @ Address input @ Data output
®

Plane 0 Plane 1

Selected
page Selected

page

Vo o o g g o

The data transfer operation from the cell array to the Data Cache via Page Buffer starts on the rising
edge of WE in the 30h command input cycle (after the 2 Planes address information has been
latched). The device will be in the Busy state during this transfer period.

After the transfer period, the device returns to Ready state. Serial data can be output synchronously
withthe RE clock from the start address designated in the address input cycle.
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(2) Multi Page Read with Data Cache

When the block address changes (increments) this

sequence must be started from the beginning.

The sequence of command and address input is shown below.
Same page address (PAO to PA6) within each Plane must be selected.

Command
input

Address input

(Page m0 ; Plane 0)

RY/BY

Page Address
PAD to PA19

Address input

®

Page Address

-
PAO to PA19

(Page n0 ; Plane 1)

tDCBSYR1

\/
RY/BY Q

RY/BY O

tDCBSYR1

U/
RY/BY @

v ©

®

Address input

Column + Page Address
CAD to CA13, PAD to PA19
(Page m0 ; Plane 0)

Data output
(Plane 0)

© ©

o

Address input

Column + Page Address
CAO to CA13, PAQ to PA19
(Page n0 ; Plane 1)

Data output
(Plane 1)

Return to A _
Repeat a max of 127 times

Column + Page Address
CAOD to CA13, PAD to PA19
(Page m127 ; Plane 0)

Address input Data output

(Plane 0}

© ©

Address input Data output

(Plane 1)

Column + Page Address
CAO to CA13, PAOD to PA19
(Page n127 ; Plane 1)
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(3) Notes
(a) Internal addressing in relation to the Planes

When using a Multi Page Read operation, internal addressing should be considered in relation to the Plane.
e The device consists of 2 Planes.
e Each Plane consists of 2048 erase blocks.
¢ The allocation rule is as follows:
Plane 0 Block 0, Block 2, Block 4, Block 6, -+, Block 4094
Plane 1 Block 1, Block 3, Block 5, Block 7, -+, Block 4095

+  For 32GB with 4 CE control pins, each Plane has 4096 erase blocks:
Plane 0: Block 0, Block 2, Block 4, Block 6,---, Block 8190
Plane 1: Block 1, Block 3, Block 5, Block 7,---, Block 8191

(b) Address input restriction for the Multi Page Read operation

The following restrictions exist when using Multi Page Read:

(Restriction)

A maximum of one block should be selected from each Plane.

The same page address (PAO to PA6) within each Plane must be selected.

For example:

(60) [Plane 0, Page Address 0x00000] (60) [Plane 1, Page Address 0x00000] (30)
(60) [Plane 0, Page Address 0x00001] (60) [Plane 1, Page Address 0x00001] (30)

(Acceptance)

There iz no order limitation on the Plane for the address input.
An address from either Plane can be entered first.

For example, either one of the following operations is accepted:
(60) [Plane 0] (60) [Plane 1] (30)

(60) [Plane 1] (60) [Plane 0] (30)

Any valid block address from each Plane can be entered. The selected block addresses from the two Planes
do not need to be related.

(c)WP signal
Make sure WP is held to High when a Multi Page Read operation is performed.
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5.5 Single Page Program Operation

The device carries out an automatic Single Page Program operation when it receives a "10h" Program
command after the address and data have been input. The sequence of command, address, and data mnput 1s
shown below. (Refer to the detailed timing chart.)

ae [ A M
=\ ABAAA A AAARD 777

[
1M

= VU VUV Y,

. T
= \
45
RY/BY
70h

HE—

CoI M F’age P Data
Data input
The data is transferred (programmed) from the Data Cache via
the Page Buffer to the selected page on the rising edge of WE
Program Read& verification following input of the “10h” command. After programming, the
Selected programmed data is transferred back to the Page Buffer to be
page s automatically verified by the device. If the programming does not

succeed, the Program/\erify operation is repeated by the device
until success is achieved or until the maximum loop number set in
the device is reached.

5.6 Random Column Address Change in Single Page Program Operation

The column address can be changed by the 85h command during the data input sequence of the Single
Page Program operation.

Two address input cycles after the 85h command are recognized as a new column address for the data input.
After the new data is input to the new column address, the 10h command initiates the actual data program into the
selected page automatically. The Random Column Address Change operation can be repeated multiple times within

the same page.

09000800,00040000000;,0 OO CnunCiS
e e

H_/

Col. M Page N Col. M’ Page N Busy
Col. M Col. M’
LY LY
Datainput [ ¥ T |
7
| % |
[
Program Reading & verification
Sl
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5.8 Multi Page Program with Data Cache Operation

The device has a Multi Page Program with Data Cache operation, which enables even higher speed program
operation compared to Auto Page Program with Data Cache, as shown below. When the block address
changes (increments), this sequence must be started from the beginning.

The sequence of command, address, and data input is shown below. (Refer to the detailed timing chart.)

Dummy Program with Dummy Auto Page
Data input Program  Data input Data Cache Data input Program Data input Program
command command command command  command command command command
Address Data input Address Data input Address Data input Address Data input
input 0 to 8567 input 0 to 8567 input 0 to 8567 input 0 to 8567
(Plane 0) (Plane 1) (Plane 0) (Plane 1)

o \/ \J/ \/ \/

After a “15h” or “10h” Program command is input to the device, physical programing starts, as follows. For
details about Single Program with Data Cache, refer to the “Single Page Program with Data Cache” section.

Plane 0 Plane 1
| X | .
Program { ]Reading & veriﬂcatior\/ \
SeleCted e e i e e }
page

A A A 7 P 7

The data is transferred (programmed) from the page buffer to the selected page on the rising edge of
WE, following input of the “15h” or “I10h” command. After programming, the programmed data is
transferred back to the register to be automatically verified by the device. If the programming does not
succeed, the Program/Verify operation is repeated by the device until success is achieved, or until the
maximum loop number set in the device is reached.
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Starting the above operation from the first page of the selected erase blocks, and then repeating the
operation a total of 128 times with the page address incrementing in the blocks, after inputting the last page
of the data blocks, the “10h” command executes final programming. Make sure to terminate with an
80h-10h command sequence.

In this full sequence, the command sequence is as follows:

£

1st

127th

128th

After the “15h” or “10h” command, the results of the above operation are shown using the “71h” Status Read

command.
TN Py Pass
10 or15 71 110
—Cooris> D
Status Read Fail
command
RY/BY —\ /
The 71h command Status description is provided below.
STATUS OUTPUT
/00 Chip Status1 : Pass/Fail Pass: 0 Fail: 1 /00 describes Pass/Fail condition of
/01 Plane 0 Chip Status1 : Pass/Fail Pass: 0 Fail: 1 Plane 0 and 1 (OR data of I/O1 and I/O2).
If one of the Planes fails during a multi
/02 Plane 1 Chip Status1 : Pass/Fail Pass: 0 Fail: 1 page program operation, it shows “Fail”.
/03 Plane 0 Chip Status2 : Pass/Fail Pass: 0 Fail: 1 . .
I/O1 to 4 show the Pass/Fail condition

/04 Plane 1 Chip Status2 : Pass/Fail Pass: 0 Fail: 1 of each Plane. For details on “Chip

] Status1” and “Chip Status2”, refer to
1105 Ready/Busy Ready: 1 Busy: D the “Status Read” section.
/06 Data Cache Ready/Busy Ready: 1 Busy: 0
/o7 Write Protect Protect: 0 Not Protect: 1
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Internal Addressing in Relation to the Planes

To use the Multi Page Program operation, the internal addressing should be considered in relation to the
Plane.
¢  The device consists of 2 Planes.
¢ FEach Plane consists of 2048 erase blocks.
¢ The allocation rule is as follows:
Plane 0: Block 0, Block 2, Block 4, Block 6, -+, Block 4094
Plane 1: Block 1, Block 3, Block 5, Block 7, -, Block 4095

«  For 32GB with 4 CE control pins, each Plane has 4096 erase blocks:
Plane 0: Block 0, Block 2, Block 4, Block 6,--, Block 8190
Plane 1: Block 1, Block 3, Block 5, Block 7,---, Block 8191

Address Input Restriction for Multi Page Program w/ Data Cache Operation

Restrictions when using Multi Page Program with Data Cache are as follows:

(Restriction)

Maximum one block should be selected from each Plane.

Same page address (PAO to PA6) within each Plane must be selected.

For example:

(80) [Plane 0, Page Address 0x00000] (11) (80) [Plane 1, Page Address 0x00000] (15 or 10)
(80) [Plane 0, Page Address 0x00001] (11) (80) [Plane 1, Page Address 0x00001] (15 or 10)

(Acceptance)

There is no order limitation on the Plane for the address input. An address from either Plane can be entered
first. For example, the following operation is accepted:

(80) [Plane 0] (11) (80) [Plane 1] (15 or 10)

(80) [Plane 1] (11) (80) [Plane 0] (15 or 10)

Any valid block address from each Plane can be entered. The selected block addresses from the two Planes do not
need to be related.
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Operating Restriction During Multi Page Program w/ Data Cache Operation

(Restriction)

The operation must be terminated with a “10h” command.

Once the operation is started, no commands other than the commands shown in the timing diagram are allowed
to be input, except for a Status Read or a Reset command. If an FF reset command is input before a write
operation to page B is complete, it can cause damage to data: not only to the programmed page, but also to the
adjacent page A. Regarding page A and B, see the table below:

Page A Page B Page A Page B

0 2 : H

1 4 : :

3 6 : :

5 8 97 100
7 10 99 102
9 12 101 104
11 14 103 106
13 16 105 108
15 18 107 110
17 20 109 112
19 22 111 114
21 24 113 116
23 26 115 118
25 28 117 120
27 30 119 122
: 121 124
: 123 126
: 125 127
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5.9 Page Copy (2)

By using Page Copy (2), data in a page can be copied to another page after the data has been read out.
When the block address changes (increments) this sequenced has to be started from the beginning.

Command @ @
mput
Address |npul Data output |—.—| Address input I—I Data intput e @ Address input @ e
Address Col = 0 start Address When changing data, Address Col =0 start
CAOQ to CA13, PAO to PA19 " CAQ to CA13, PAO 10 PA19  yonoed datais input. CAO to CA13, PAQ to PA19 "
(Page N) (Page M)

@ j@

(Page N+P1) j @

RY/BY tDCBSsz

S——

ERTITDCRRRRRON

Data Cache
Page Buffer

@ Data for Page N @ Data for Page N @ Data for Page M
[ =, ] L 1 i jl
[ ] [ ] ———

Cell Array
Page M

Page N+ P1

Page N

Page Copy (2) operation is as following.
1 Data for Page N is transferred to the Data Cache.

2 Data for Page N is read out.
3 Copy Page address M is input and if the data needs to be changed, changed data is input
4 Data Cache for Page M is transferred to the Page Buffer.
5 After the Ready state, Data for Page N + P1 is output from the Data Cache while the data of Page M is being programmed
Command
input

Address input H Data intput

Address When changing data, \
CAD to CA13, PAD 10 PA19  anged data is input CAD to CA13, PAD to PA19 CAQ to CA13, PAO to PA19
(Page M+R1) (Page N+P2) (Page N+Pn)

© ®

tDCBSYRZ

( ; ? DataiorPa%eN+Pl

—

ORI,

G @ Address input @ Data output @ Address input @ e
\ Address v Col=0start Address \ Col = 0 start

©

RY/BY @

\_/ tDcBsYW?2 \_J tocesvrz

Data Cache
Page Buffer

Data for Fa?e M+R1 Data for Pa?e M+R1 ( ; ! Data for Pa?e N+ P2

EOCRNIODNE

AR

F]

- - - =Page M+ Rn -1
Page M+ R1 [SEESSIIRrTrmsreeeTTy

RODOIRNRNNNOORRNRNRY

Cell Array

ENERRNRNRO0NNN

Page M ESRSae] \\\\\\\\\\\\\\\\\\\\

] Page N+ Pn
TS,

A

A

AL LS AIL

Page N + P2 EZZ2ZZ
TR ALLLLLLL

Page N + P1 e
|

LS

AL

@

Copy Page address (M + R1) is input and if the data needs to be changed, changed data is input

After programming of page M is completed, Data Cache for Page M+ R1 is transferred to the Page Buffer.

By the 15h command, the data in the Page Buffer is programmed to Page M + R1. Data for Page N + P2 is transferred to the Data cache
The data in the Page Buffer is programmed to Page M + Rn — 1. Data for Page N + Pn is transferred to the Data Cache.

© m ~

TR
DA

ORI,
HRRATIT

S

\ J IpcBsYR2

@ Data for Pa?e N+Pn

C

==

AN
=
AT,

AL SIS S LSS

A
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Command
input
Address input H Data intput

Address
CAD to CA13, PAD to PA19
(Page M+Rn)

RY/BY @

@ Data for Page M+ Rn @ Data for Page M = Rn
Data Cache ———— | (:

Page Buffer ( : ;)

‘ — AR ALY
Page M+Rn -1
Cell Array NN NN
—— —
NN NN

Page M + Rn

VT TTTITIIFS

GAILA LS SIS IS LSS STS.
Vo

SASALA LSS S TS LSLSISS.
Vo

10 Copy Page address (M + Rn) is input, and if the data must be changed, changed data is input.
11 By issuing the 10h command, the data in the Page Buffer is programmed to Page M + Rn

(*1) Since the last page programming by the 10h command is initiated after the previous cache program, the tproG here is expected as follows:
tPROG = tPROG of the last page + tPROG of the previous page — ( command input cycle + address input cycle + data output/input cycle time of the last page)

NOTE) This operation needs to be executed within each Plane.
Data input is required only if previous data output must be altered
If the data must be changed, locate the desired address with the column and page address input after the 8Ch command, and change only the data that must be changed

If the data does not have to be changed, data input cycles are not required.

Make sure WP is held to High when a Page Copy (2) operation is performed.
Also, make sure the Page Copy operation is terminated with an 8Ch-10h command sequence.
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5.10 Multi Page Copy (2)

By using Multi Page Copy (2), data in two pages can be copied to another pages after the data has been read out.
When each block address changes (increments), this sequence must be started from the beginning.
Same page address (PAO to PAG) within two Planes must be selected.

Command
input
@ Address input @ Address input @ @ Address input @ o
Address Address Address
PAO to PA19 PAQ to PA19 | CAD to CA13, PAD to PA19
(Page m0 ; Plane 0) (Page n0 ; Plane1) (Page m0 ; Col =0)

@

RY/BY \_I iR
e @ Address input @ @ AddresomputH Data input |—©

®

Address Address i
CAD to CA13, PAD to PA19 CAO to CA13, PAO to PA19
(Page n0d ; Col =0) (Page MO ; Plane 0)

__ LA
RY/BY O iDcesYW1

OO o e -GH—CD @ <>

®

Address Address Address
CAQO to CA13, PAD to PA19 PAOD to PA19 PAD to PA19
(Page NO ; Plane 1) (Page m1 ; Plane 0) (Page n1; Plane 1)
_® \// \/ ©
RY/BY tocesyw2 IDCBSYR2
o @ Address input @ @ Address input @ Data output @
Address Address
CAD to CA13, PAD to PA19 CAQ to CA13, PAO to PA19
(Page m1; Col =0) (Page n1; Col=0)
_© O,
RY/BY

Preliminary Version, rev1.3 SanDisk Proprietary and Confidential page 54



SDZNMM(B/C/D)HER-0(08/16/32)G

-
San)].Sk 43nm 8GB / 16GB / 32GB 4LC 3V NAND Flash Memory Data Sheet
Address lnputH Data input Address inputH Data input |_®——-----®

Address \ Address
CAO to CA13, PAD to PA19 CAD to CA13, PAO to PA19

O (Page M1 ; Plane 0) (Page N1 ; Plane 1)
- G v Vi @
RY/BY tDCRSYW1 tbcesyw2

e @ Address input @ Address input @ @ Address input @ Data output

Address Address N Address
PAD to PA19 PAD to PA19 | CAQ to CA13, PAD to PA19
(Page m127 ; Plane 0) (Page n127 ; Plane 1) (Page m127 ; Col = 0)

0, ®
RYBY \_/ tpcesYR2
o @ Address input @ @ AddresainputH Data input |—® @
\
©

Address Address \
CAD to CA13, PAO to PA19 CAQO to CA13, PAD to PA19

(Page n127 ; Col = 0) (Page M127 ; Plane 0)

__\F
RY/BY O \¢ | tocesyw1
Address input H Data input

Address \ Note)
CAO to CA13, PAD to PA19 This operation needs to be executed within each Plane
(Page N127 ; Plane 1)
_ O Data input is required only if previous data output must be altered.
RY/BY \_/ PROG (*1) If the data must be changed, locate the desired address with the column and page
address input after the 8Ch command, and change only the data that must be
(*1) tproa: Since the last page programming by 10h command is initiated after the previous cache changed. If the data does not have to be changed, data input cycles are not required

program, the tprog* during cache programming is given by the following equation.

Make sure WP is held to High when a Multi Page Copy (2) operation is performed.
tprOG = tPROG Of the last page + tprog of the previous page-A Also, make sure the Multi Page Copy operation is terminated with an 8Ch-10h
A= (command input cycle + address input cycle + data output/input cycle time of the last page) command sequence.

If “A” exceeds the tprog of previous page, tprog of the last page is tprog max

5.11 Single Block Erase

Single Block Erase

The Single Block Erase operation starts on the rising edge of WE after the “D0h” Erase Start command, which
follows the “60h” Erase Setup command. This two-cycle process for Erase operations acts as an extra layer of
protection against accidental erasure of data due to external noise. The device automatically executes the Erase
and Verify operations.

Pass
Block Address Erase Start Status Read Fail
input: 3 cycles command command
RY/BY \ Busy /
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5.12 Multi Block Erase

The Multi Block Erase operation starts by selecting two block addresses before a DOh command, as in the below
diagram. The device automatically executes the Erase and Verify operations, and the result can be monitored by
checking the status with a 71h status read command. For details on the 71h status read command, refer to the
“Multi Page Program with Data Cache” section.

Block Address Block Address Erase Start Status Read \Ig"
input: 3 cycles input: 3 cycles command command
Plane 0 Plane 1

RY/BY \ Busy [

Internal Addressing in Relation to the Planes

When using a Multi Block Erase operation, internal addressing should be considered in relation to the Plane.
e The device consists of 2 Planes.
e Each Plane consists of 2048 erase blocks.
e The allocation rule is as follows:
Plane 0: Block 0, Block 2, Block 4, Block 6, -+, Block 4094
Plane 1: Block 1, Block 3, Block 5, Block 7, -+, Block 4095

«  For 32GB with 4 CE control pins, each Plane has 4096 erase blocks:
Plane 0: Block 0, Block 2, Block 4, Block 6,---, Block 8190
Plane 1: Block 1, Block 3, Block 5, Block 7,---, Block 8191

Address Input Restriction for Multi Block Erase Operation

Restrictions when using Multi Block Erase are as follows:

(Restriction)

A maximum of one block should be selected from each Plane.
For example:

(60) [Plane 0] (60) [Plane 1] (DO)

(Acceptance)

There is no order limitation on the Plane for the address input. An address from either Plane can be entered first.
For example, the following operation is accepted:

(60) [Plane 1] (60) [Plane 0] (D0)

Any valid block address from each Plane can be entered. The selected block addresses from the two Planes do not
need to be related.

Make sure to terminate the operation with a DOh command. If the operation must be terminated before a D0Oh
command input, input the FFh reset command to terminate the operation.
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5.13 ID Read

The device contains ID codes which can be used to identify the device type, the manufacturer, and
features of the device. The ID codes can be read out under the following timing conditions:

CLEJ

S \_A B

WE

|

(W

.

tREA

\

\

[

[

[

[

[

[

[

=

o ~e—{E—)

See

( 45h > <Table 5

See
Table 5

See
Table 5

See
Table 5

See
Table 5

See
Table 5

See
Table 5

Reset ID Read Maker
Command Command Address 00 Code
Table 5: CMD 90h ID Code
Address
Chip 00h 01h 02h 03h 04h 05h 06h 07h
Maker Device Multi- Block Plane Technology
Code Code * Die * Size Info * Code Reserved | Reserved
45h D7h 94h 32h 76h 54h
8GB
SanDisk 32Gb 1-die 1MB 2-plane 43nm
45h D7h 94h 32h 76h 54h
16GB
SanDisk 32Gb 1-die 1MB 2-plane 43nm
45h DEh 95h 32h 7Ah 54h
32GB
SanDisk 64Gb 2-die 1MB 4-plane 43nm
* Per CE pin
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5.14 Status Read

The device automatically implements the execution and verification of the Program and Erase operations.
The Status Read function is used to monitor the Ready/Busy status of the device, determine the result
(pass / fail) of a Program or Erase operation, and determine whether the device is in Protect mode. The
device status is output via the I/O port using RE after a “70h” command input. The Status Read can also
be used during a Read operation to find out the Ready/Busy status.

The resulting information is outlined in Table 6.
Table 6: Status Output

Definition Page Program Cache Cache Read
Block Erase Program

oo | Chip Status1 , Pass/Falil Pass/Fail Invalid
Pass: 0 Fail: 1
Chip Status2 . : .

1101 Pass: 0 Fail- 1 Invalid Pass/Fail Invalid

1102 Not Used 0 0 0

1/03 Not Used 0 0 0

1104 Not Used 0 0 0
Page Buffer Ready/Busy

1/05 Ready: 1 Busy: 0 Ready/Busy Ready/Busy Ready/Busy
Data Cache Ready/Busy

1/06 Ready: 1 Busy: 0 Ready/Busy Ready/Busy Ready/Busy
Write Protect . . .

1107 Not Protected -1 Protected: 0 Write Protect Write Protect Write Protect

The Pass/Fail status on 1/00 and 1/01 is valid only during a Program/Erase operation when the device is
in the Ready state.

Chip Status 1:
During a Single Page Program or Single Block Erase operation, this bit indicates the pass/fail result.

During a Auto Page Programming with Data Cache operation, this bit shows the pass/fail results of the
current page program operation, and therefore this bit is valid only when I/05 shows the Ready state.

Chip Status 2:

This bit shows the pass/fail result of the previous page program operation during Auto Page Programming
with Data Cache. This status is valid when 1/06 shows the Ready State.

The status output on the I/O5 is the same as that of /06 if the command input just before the 70h is not
15h or 31h.

Preliminary Version, rev1.3 SanDisk Proprietary and Confidential page 58




- . SDZNMM(B/C/D)HER-0(08/16/32)G
San)lSk 43nm 8GB / 16GB / 32GB 4LC 3V NAND Flash Memory Data Sheet

Application Example

An application example with multiple devices is shown in the figure below.

CE1 | CE2 | CE3 | = CEN+1)
CLE
ALE Device Device Device Device Device
WE —< 1 o 2 — 3 N E— N+ 1
RE —< — < I

]

S
—
|

RY/BY \ Busy

Status on Device 1 Status on Device N

System Design Note: If the RY/BY pin signals from multiple devices are wired together as shown in the
diagram, the Status Read function can be used to determine the status of each individual device.

5.15 Reset

The Reset mode stops all operations. For example, in case of a Program or Erase operation, the internally
generated voltage is discharged to 0 volt and the device enters the Wait state.

Reset during a Cache Program/Page Copy may not just stop the most recent page program but it may also
stop the previous program to a page depending on when the FF reset is input.

The response to a “FFh” Reset command input during the various device operations is as follows:

When a Reset (FFh) command is input during programming

>—G @ <
Internal Vpp /
RY/BY \
tRsT (max 30 ps)
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When a Reset (FFh) command is input during erasing

—®

Internal erase
voltage /

©

@

RY/BY \

trsT (Max 500 ps)

When a Reset (FFh) command is input during Read operation

G

0

RY/BY \

trsT (max 10 us)

When a Reset (FFh) command is input during Ready

FF

7

@

RY/BY \

trsT (Max 10 us)

Y
Y

When a Status Read command (70h) is input after a Reset

70 )

@
\_/(\ I/O status: Pass/Fail — Pass

— : Ready/Busy — Read

RY/BY —\—/ y 4 Y

When two or more Reset commands are input in succession

TN TN
_® () \FF<

@

RY/BY \

The second @ command is invalid, but the third @ command is valid.
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6. Application Notes and Comments

Q) Acceptable Commands After a Serial Input “80h” Command

Once the Serial Input command “80h” has been input, no command should be input other than a Column
Address Change in Serial Data Input command “85h”, Single Page Program command “10h”, Multi Page
Program command “11h”, Auto Page Program with Data Cache Command “15h”, or a Reset command “FFh".

G GO

Address input
RY/BY /

If a command other than “85h”, “10h”, “11h”, “15h” or “FFh” is input, the Program operation is not
performed and the device operation is set to the mode specified by the input command.

/-'—‘-\-\ /-'—‘-\-\
80 XX \_E)_/
\T/ Mode specified by the command. Programming cannot be executed.

Command other than
“85h", “10h”", “11h" , “15h" or “FFh”

(2) Addressing for Program Operations

Within a block, the pages must be programmed consecutively from the LSB (least significant bit) page of
the block to MSB (most significant bit) page of the block. Random page address programming is prohibited.

From the LSB page to MSB page (Allowed) Random page program (Prohibited)

DATA IN: Data (1) —> Data (128) DATA IN: Data (1) —> Data (128)

¥* Data register ‘ k}* Data register |
I+ | b

Page 1 (1 Page 1 (2)
Page 2 (2) Page 2 (32)

Page 3 (3) Page 3 (3)

Page 32 (32) Page 32 (1)
Page 128 (128) Page 128 (128)
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3) Status Read During a Read Operation

!

Command @ CV LY ; ;
=)\ _
=\ UV T\

RY/BY \ s [ |
- YAV

Address N Status Read " L 1
command input Status output

Status Read

The device status can be read out by inputting the Status Read command “70h” in Read mode. Once the
device has been set to Status Read mode by a “70h” command, the device does not return to Read mode
unless the Read command “00h” is input during [Al. If the Read command “00h” is input during [A], Status
Read mode is reset, and the device returns to Read mode. In this case, data output starts automatically from
address N and address input is unnecessary.

4) Page Programming Failure
Fail TN
(a0 y——10 70 <G> 80 Y10 )
Address Data Address Data
M input N input
|
@ | 7 | If the programming result for page address M is Fail, do not try to program the

( ( @ page to address N in another block without the data input sequence.
Because the previous input data has been lost, the same input sequence of 80h

M s command, address, and data is necessary.
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(5) When Six Address Cycles Are Input

Although the device can read in a sixth address, it 1s ignored inside the chip.

Read Operation

W W e W W e W W W W'
e \
o DA OH N HH KO

Ignored

Address input

RY/BY
Program Operation

CLE I \

CE \
WE \ / _____
ALE / \

. / \

/O {80h me{ = = = I I —_—_—{ W = V===

1/C ) \

Address input Ignored Data input
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(6) Invalid Blocks (bad blocks)

A device occasionally contains unusable blocks. Therefore, the following issues must be

recognized:

V777777777 — BadBlock e

77777777777 - Bad Block

At the time of shipment, the bad block information is marked
on each bad block. Do not perform an erase operation on bad
blocks; it might be impossible to recover the bad block
information if the information is erased.

Check for any bad blocks after installing the device into the
system. Refer to the test flow for bad block detection. Bad
blocks that are detected by the test flow must be managed as
unusable blocks by the system.

Up to 4% of all blocks available on a die might be marked as
bad blocks throughout the lifetime of the device. The first
logical block on each die is guaranteed to be good, and each
block identified as good at shipment does not have
program/erase status failure upon the first program/erase
cycle. A bad block does not affect the performance of good
blocks, because it is isolated from the bit lines by select gates.

The number of valid blocks over the device lifetime is as follows:

MIN TYP MAX UNITS

Valid (Good) Block Number

3933 — 4096 Block

Bad Block Test Flow

With regard to invalid blocks, the last page of the bad block is not all FFh.

Start

\J
Block No. =1

[

Y

Read FFh Check Fail
Any Byte of
the Last Page

y

Block No. = Block No. + 1 Entry Bad Block *1

A

No

Pass

-

) 4

Last Block?

Yes
) J
End

*1: No erase operations are allowed on detected bad blocks.
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@) Failure Phenomena for Program and Erase Operations

The device might fail during a Program or Erase operation.
The following possible failure modes should be considered when implementing a highly reliable system.

FAILURE MODE DETECTION AND COUNTERMEASURE SEQUENCE
Block Erase Failure Status Read after Erase — Block Replacement
Page Programming Failure Status Read after Program — Block Replacement

Random | Programming Failure

Bit “1t00” Ecc

o ECC: Error Correction Code. 8-bit correction per 512 Bytes is necessary.

o Block Replacement

Program
Error occurs When an error happens in Block A, try to reprogram the
Buffer ™~ W data into another Block (Block B) by loading from an
external buffer. Then, prevent further system accesses
memory : , Block A P v .
to Block A (by creating a bad block table or by using
another appropriate scheme).
} Block B
Erase

When an error occurs during an Erase operation, prevent future accesses to this bad block
(again by creating a table within the system or by using another appropriate scheme).

(8) Power Loss

Do not turn off the power before write/erase operation is complete. Avoid using the device
when the battery is low. Power shortage and/or power failure before a write/erase operation
is complete causes loss of data and/or damage to data.

(9) Reset Command

If an FF reset command is input before completion of a write operation to page B, it might
cause damage to data, not only to the programmed page, but also to the adjacent page A.
For more information about page A and B, see “Operating Restriction During Multi Page
Program w/ Data Cache Operation” on Page 48.
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(10)

Reliability Guidance

Although random bit errors might occur during use, it does not necessarily mean that a block
is bad. Generally, a block should be marked as bad when a program status failure or erase
status failure is detected. The other failure modes might be recovered by a block erase.
ECC treatment for read data is mandatory, due to the following Data Retention and Read
Disturb failures.

Write/Erase Endurance

Write/Erase endurance failures might occur in a cell, page, or block, and are detected by
doing a status read after either an auto program or auto block erase operation. The
cumulative bad block count increases along with the number of write/erase cycles.

Data Retention

The data in memory might change after a certain amount of storage time. This is due to
charge loss or charge gain. After block erasure and reprogramming, the block might
become usable again.

Read Disturb

A read operation might disturb the data in memory. The data might change due to charge
gain. Usually, bit errors occur on other pages in the block, not the page being read. After
a large number of read cycles (between block erases), a tiny charge might build up and
can cause a cell to be soft programmed to another state. After block erasure and
reprogramming, the block might become usable again.

All reliability-related parameters and results are measured using a random data pattern
stored in memory. Results might differ if other data patterns are used.
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7. Package Marking Specification

SanDisk

DYWWZZ2Z2Z77

SDZNMMDHER - 032G

AAAAAA
o CHINA—

7 XXXXXXXXXXXXXXXXXX

_t Pin 1 Identifier

Country of Origin -———

—» Traceability ID (Max 18 char.)

Y = Last Digit of Year
WW = Work Week

27777 = SanDisk Internal Use
SanDisk Part Number (see Table 7) <——

Table 7: SanDisk Internal Codes

SanDisk Supplied Wafer Lot Number <&

———» VVendor Code, broken down as follows:
D = SanDisk Assembly ID Code

Product Description

SanDisk Part Number

SDZNMMBHER - 008G

8GB
16GB SDZNMMCHER - 016G
32GB SDZNMMDHER - 032G
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