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Revision History 
 

Version Revision Date Changes 

Preliminary 0.3 01/09/09 Initial release. 

Preliminary 1.0 01/14/09 Added Package Marking Spec; minor changes. 

Preliminary 1.1 02/10/09 Updated timing diagrams. 

Preliminary 1.2 03/09/09 

Updated the following sections to clarify the Power On Reset 
current consumption:  

• 1.7    Power-On/Off Sequence 
• 1.8    Power On Reset 
• 1.14  DC Characteristics  

Updated the following sections to clarify the parameter value 
in multi-die package:  

• 1.2    Features 
• 1.11  Capacitance 
• 1.12  Valid Blocks 
• 1.14  DC Characteristics  

 

Preliminary 1.3 03/11/09 Updated Package Marking Specification. 
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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 × 128 pages × 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 I/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 

Number of Registers 
Number of Planes 

Block Size 
Page Size 

Number of Pages per Block 

 
8568 x 512K x 8 per die 
8568 x 8 per die 
2 per die 
(1M + 47K) bytes 
(8192 + 376) bytes = 8568 bytes 
128 

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

Mode Control 
Serial input/output  
Command control 

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

Power Supply VCC = 2.7V to 3.6V 

Access Time 
Cell Array to Register:  200 μs max  
Serial Read Cycle:  25 ns min  

Program/Erase Time 
Auto Page Program:  1600 μs/page typ.  
Single Block Erase:  3 ms/block typ. 

Operating Current * 

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

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. 
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1.3 Pin Assignment 
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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 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

All Dimensions in Millimeters 
 

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 

CE Input 

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 
state (RY/BY = L), such as during a Program, Erase, or Read operation, and does not 
enter Standby mode even if the CE input goes High. 

WE Input Write Enable:  The WE signal is used to control the acquisition of data from the I/O port. 

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

CLE Input 

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 I/O port on the rising edge of the WE signal while 
CLE is High. 

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

WP Input 

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

RY/BY Output 

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/BY = L) during Program, Erase, and 
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 

I/O0 to I/O7 I/O I/O Ports:  The I/O0 to 7 pins are used 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 I/O 
buses, with CE1 and CE3 mapped to the I/O-1 bus, and CE2 and CE4 mapped to the I/O-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. 
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1.6 Pin Decoding Tables 
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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 (ICCO0).  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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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: 
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1.10 Absolute Maximum Ratings 
 

SYMBOL RATING VALUE UNIT 

VCC  Power Supply Voltage –0.6 to 4.6 V 

VIN  Input Voltage –0.6 to 4.6 V 

VI/O  Input/Output Voltage –0.6 to VCC + 0.3 (≤ 4.6) V 

PD  Power Dissipation 0.3 W 

TSOLDER  Soldering Temperature (10 s) 260 °C 

TSTG Storage Temperature –55 to 150 °C 

TOPR Operating Temperature 0 to 70 °C 

 
 
 

1.11 Capacitance 
(Ta = 25° C, f = 1 MHz) 
 

SYMBOL PARAMETER CONDITION MIN TYP. MAX UNIT

CIN * Input  VIN = 0 V --- 5 10 pF 

COUT * Output  VOUT = 0 V --- 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 

NVB  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. 
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1.13 Recommended DC Operating Conditions 
 

SYMBOL PARAMETER MIN TYP. MAX UNIT

VCC  Power Supply Voltage 2.7 --- 3.6 V 

ViH High-Level Input Voltage  2.7 V ≤ VCC ≤ 3.6 V 0.8 x VCC --- VCC + 0.3 V 

ViL  Low-Level Input Voltage  2.7 V ≤ VCC ≤ 3.6 V –0.3 * --- 0.2 x VCC V 

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

1.14 DC Characteristics 
(Ta = 0 to 70°C, VCC = 2.7 V to 3.6 V) 
 

SYMBOL PARAMETER CONDITION MIN TYP. MAX UNIT

IIL Input Leakage Current VIN = 0 V to VCC   ±10 µA 

ILO Output Leakage Current VOUT = 0 V to VCC   ±10 µA 

ICCO0 * Power On Reset Current During FFh command input after Power On   50 mA 

ICCO1 * Serial Read Current CE = VIL ,  IOUT = 0 mA, tcycle = 30 ns   50 mA 

ICCO2 * Programming Current ---   50 mA 

ICCO3 * Erasing Current ---   50 mA 

ICCS ** Standby Current CE = VCC – 0.2 V,  WP = 0 V/VCC   50 µA 

VOH  High-Level Output Voltage IOH = – 0.4 mA (2.7 V ≤ VCC ≤ 3.6 V) 2.4   V 

VOL  Low-Level Output Voltage IOL = 2.1 mA (2.7 V ≤ VCC ≤ 3.6 V)   0.4 V 

IOL  

(RY/BY) 
Output Current of RY/BY Pin VOL = 0.4 V (2.7 V ≤ VCC ≤ 3.6 V)  8  mA 

 
*   per selected active die in the package 

**  per die in the package 
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1.15 AC Characteristics and Recommended Operating Conditions  
(Ta = 0 to 70°C, VCC = 2.7 V to 3.6 V) 

 
* tWHW is the time from the WE rising edge of the final address cycle to the WE falling edge of the first data cycle. 
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1.16 AC Test Conditions 

 

 

1.17 Programming and Erasing Characteristics 
(Ta = 0 to 70°C, VCC = 2.7 V to 3.6 V) 
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2. Address Assignment 
 

Block 0 (Plane 0)00000h

Block 1 (Plane 1)00080h

Block 2 (Plane 0)00100h

Block 3 (Plane 1)00180h

Block 4 (Plane 0)00200h

Block 5 (Plane 1)00280h

Block 4094 (Plane 0)7FF00h

Block 4095 (Plane 1)7FF80h

Block 4096 (Plane 0)80000h

Block 4097 (Plane 1)80080h

Block 8190 (Plane 0)FFF00h

Block 8191 (Plane 1)FFF80h

Page 0

Page 1

Page 2

Page 125

Page 126

Page 127

Byte 0

Byte 1

Byte 2

Byte 8190

Byte 8191

Byte 8192

Page Address
(PA19 - 0)

Main Blocks
(4096 Blocks)

Main Blocks
(4096 Blocks)

Byte 8565

Byte 8566

Byte 8567

Main Bytes 
(8192 Bytes)

ECC Bytes 
(376 Bytes)

(128 Pages)

For 32GB 
Only:

 

 

Table 1:  Addressing 

 I/O7 I/O6 I/O5 I/O4 I/O3 I/O2 I/O1 I/O0 

First Cycle CA7 CA6 CA5 CA4 CA3 CA2 CA1 CA0 

Second Cycle L L CA13 CA12 CA11 CA10 CA9 CA8 

Third Cycle PA7 PA6 PA5 PA4 PA3 PA2 PA1 PA0 

Fourth Cycle PA15 PA14 PA13 PA12 PA11 PA10 PA9 PA8 

Fifth Cycle L L L L PA19 PA18 PA17 PA16

 CA0 to CA13:  Column Address 
 
 PA0 to PA6:  Page Address 
 
 PA7 to PA19:  Block Address 
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3. Timing Diagrams 
3.1 Write Timing 

 

3.2 Read Timing 

 
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 RE=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 RE=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, it is 
tRHOH = tREH + tRLOH = 15ns.)  
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3.3 Latch Timing for Command/Address/Data 

 
 

 

3.4 Command Input Cycle Timing 
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3.5 Address Input Cycle Timing 

 
 

3.6 Data Input Cycle Timing 
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3.7 Serial Read Cycle Timing 

 
 

3.8 Status Read Cycle Timing 
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3.9 Read Cycle Timing 

 

3.10 Read Cycle Timing: When Interrupted by Command Enable 
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3.11 Read Cycle with Data Cache Timing (1/2) 
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3.12 Read Cycle with Data Cache Timing (2/2) 
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3.13 Column Address Change in Read Cycle Timing (1/2) 
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3.14 Column Address Change in Read Cycle Timing (2/2) 
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3.15 Data Output Timing 
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3.16 Single Page Program Operation Timing 
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3.17 Auto Page Program with Data Cache Operation Timing (1/3) 
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3.18 Auto Page Program with Data Cache Operation Timing (2/3) 
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3.19 Auto Page Program with Data Cache Operation Timing (3/3) 
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3.20 Multi Page Program with Data Cache Operation Timing (1/4) 

 

PRELIM
IN

ARY



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

   

Preliminary Version, rev1.3 SanDisk Proprietary and Confidential page 32 

3.21 Multi Page Program with Data Cache Operation Timing (2/4) 
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3.22 Multi Page Program with Data Cache Operation Timing (3/4) 
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3.23 Multi Page Program with Data Cache Operation Timing (4/4) 
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3.24 Single Block Erase Timing 
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3.25 Multi Block Erase Timing 
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3.26 ID Read Operation Timing 
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4. Operation Mode: Logic and Command Tables 
4.1 Logic Table 
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4.2 Command Table 
Table 3:  Command Table (HEX) 

Command First 
Cycle 

Second 
Cycle 

Third 
Cycle 

Acceptable 
while Busy

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

Column Address Change in Serial Data Output 05 E0 –  

Column Address in Serial Data Input 85 – –  

ID Read 90 – –  

Multi Block Erase 60 60 D0  

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 D0 –  

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 – – O 

Status Read for Multi Page Program or Multi Block Erase 71 – – O 

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. 

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

Table 4.  Read Mode Operation States 
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5. Device Operation 
5.1 Read Mode 

 

5.2 Random Column Address Change in Read Cycle 
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5.3 Read Operation with Read Cache 
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5.4 Multi Page Read Operation 
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5.5 Single Page Program Operation 

 

5.6 Random Column Address Change in Single Page Program Operation 
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5.7 Auto Page Program with Data Cache Operation 
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5.8 Multi Page Program with Data Cache Operation 
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Internal Addressing in Relation to the Planes 

 

 

Address Input Restriction for Multi Page Program w/ Data Cache Operation 
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Operating Restriction During Multi Page Program w/ Data Cache Operation 
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5.9 Page Copy (2) 
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5.10 Multi Page Copy (2) 
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5.11 Single Block Erase 
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5.12 Multi Block Erase 

 
 

Internal Addressing in Relation to the Planes 

 

 
 

Address Input Restriction for Multi Block Erase 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: 

 

 

 

Table 5: CMD 90h ID Code 

Address 

00h 01h 02h 03h 04h 05h 06h 07h Chip 

Maker 
Code 

Device 
Code * 

Multi- 
Die * 

Block 
Size 

Plane 
Info * 

Technology 
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 
Block Erase 

Cache 
Program Cache Read 

I/O0 
Chip Status1 
Pass: 0  Fail: 1 

Pass/Fail Pass/Fail Invalid 

I/O1 
Chip Status2 
Pass: 0  Fail: 1 

Invalid Pass/Fail Invalid 

I/O2 Not Used 0 0 0 

I/O3 Not Used 0 0 0 

I/O4 Not Used 0 0 0 

I/O5 
Page Buffer Ready/Busy  
Ready: 1  Busy: 0 

Ready/Busy Ready/Busy Ready/Busy 

I/O6 
Data Cache Ready/Busy  
Ready: 1  Busy: 0 

Ready/Busy Ready/Busy Ready/Busy 

I/O7 
Write Protect 
Not Protected :1 Protected: 0 

Write Protect Write Protect Write Protect 

The Pass/Fail status on I/O0 and I/O1 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/O5 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 I/O6 shows the Ready State. 

The status output on the I/O5 is the same as that of I/O6 if the command input just before the 70h is not 
15h or 31h. 
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Application Example 

 
 

5.15 Reset 
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6. Application Notes and Comments 
(1) Acceptable Commands After a Serial Input “80h” Command  

 
 

(2) Addressing for Program Operations 
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(3) Status Read During a Read Operation 

 
 

(4) Page Programming Failure 
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(5) When Six Address Cycles Are Input 
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(6) Invalid Blocks (bad blocks) 

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

• 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. 

Read FFh Check
Any Byte of

the Last Page

Block No. = 1

Start

Last Block?

End

Block No. = Block No. + 1
Pass

Fail

Entry Bad Block *1

*1:  No erase operations are allowed on detected bad blocks.

No

Yes
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(7) Failure Phenomena for Program and Erase Operations 

 
 

(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 
 

 
 

Table 7:  SanDisk Internal Codes 
 

Product Description SanDisk Part Number 

8GB SDZNMMBHER – 008G 

16GB SDZNMMCHER – 016G 

32GB SDZNMMDHER – 032G 
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