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Features

e Micron NAND Flash and LPDDR2 components
¢ RoHS-compliant, “green” package

e Separate NAND Flash and LPDDR?2 interfaces
* Space-saving multichip package (MCP)

¢ Low-voltage operation (1.70-1.95V)

e Industrial temperature range: —40°C to +85°C

NAND Flash-Specific Features
Organization
» Page size
— x8:2112 words (2048 + 64 bytes)
o 1.8V (Ve 1.70-1.95V)
* Block size: 64 pages (128K + 4K bytes)

LPDDR2-Specific Features

e Ultra-low-voltage 1.2V core power supply
1.2V HSUL-compatible inputs
Programmable READ and WRITE latencies
Programmable burst lengths: 4, 8, or 16
Partial-array self refresh (PASR)

Figure 1: MCP Block Diagram
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Note: 1. For physical part markings, see Part Num-

bering Information (page 2).

Table 1: Key Timing Parameters

* Deep power-down (DPD) mode Clock

e Selectable output drive strength Speed Rate Data Rate| READ WRITE

¢ Adjustable clock frequency and clock stop capabilities Grade (MHz) |(Mbis/pin)| Latency | Latency
-18 533 1066 8 4

Table 2: S4 Configuration Addressing

Architecture 64 Meg x 32

Die configuration

2 x 8 Meg x 16 x 8 banks

Row addressing

8K (A[12:0])

Column addressing 1K (A[9:0])
Number of die 2
Die per rank 2

Ranks per channel’

1

Note: 1.

A channel is a complete LPDRAM interface, including command/address and data pins.
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Table 3: Part Number References

MCP NAND Discrete NAND READ ID Parameter
MT29RZ4B2DZZHHWD-181.84F MT29F4G08 MT29F4GO8ABBDA 4Gb, x8, 1.8V

Note: 1. While this is the NAND 1.8V device, the lock pin is not supported, and the LOCK feature does not apply.
Part Numbering Information

Micron NAND Flash and LPDRAM devices are available in different configurations and densities. The MCP/PoP
part numbering guide is available at www.micron.com/numbering.

Figure 2: Part Number Chart

MT 29RZ 4B 2D Zz* H H WD -18 .84F

Micron Technology j —|; Die Revision Code

Product Family Production Status
29R = LPDDR2-54 + SLC NAND Blank = Production

Operating Temperature Range

N4'§'\BGC§?§ | = Industrial (-40°C to +85°C)

LPDDR Code LPDDR2 SDRAM Speed Grade

2D = 2Gb, x32 -18 = 533 MHz, CL =8 (LPDDR 1066)
e.MMC Density Package Codes

and Controller WD = 162-ball, 8mm x 10.5mm x 0.9mm
Operating Voltage Range Chip Count Code

, H = 1 NAND Flash; 2 LPDRAM
H = NAND V 1.8V; LPDDR2 Vi, 1.2V, Vppq 1.2V

*Z = a null character used as a placeholder.

Device Marking

Due to the size of the package, the Micron-standard part number is not printed on the top of the device. Instead,
an abbreviated device mark consisting of a 5-digit alphanumeric code is used. The abbreviated device marks are
cross-referenced to the Micron part numbers at the FBGA Part Marking Decoder site: www.micron.com/decoder.
To view the location of the abbreviated mark on the device, refer to customer service note CSN-11, “Product Mark/
Label,” at www.micron.com/csn.
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IMCP General Description

Micron MCP products combine NAND Flash and Mobile LPDRAM devices in a single
MCP These products target mobile applications with low-power, high-performance,
and minimal package-footprint design requirements. The NAND Flash and Mobile
LPDRAM devices are also members of the Micron memory products portfolio.

The NAND Flash and Mobile LPDRAM devices are packaged with separate interfaces
(no shared address, control, data, or power balls). This bus architecture supports an op-
timized interface to processors with separate NAND Flash and Mobile LPDRAM buses.
The NAND Flash and Mobile LPDRAM devices have separate core power connections
and share a common ground (that is, Vgg is tied together on the two devices).

The bus architecture of this device also supports separate NAND Flash and Mobile
LPDRAM functionality without concern for device interaction.
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Figure 3: 162-Ball FBGA (x8, x16 NAND; x32 LPDDR2) Ball Assignments
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Table 4: NAND Ball Descriptions

Symbol Type Description
ALE Input Address latch enable: When ALE is HIGH, addresses can be transferred to the on-chip ad-
dress register.
CE# Input Chip enable: Gates transfers between the host system and the NAND device.
CLE Input Command latch enable: When CLE is HIGH, commands can be transferred to the on-chip
command register.
RE# Input Read enable: Gates information from the NAND device to the host system.
WE# Input Write enable: Gates information from the host system to the NAND device.
WP# Input Write protect: Driving WP# LOW blocks ERASE and PROGRAM operations.
1/0[7:0] Input/ Data inputs/outputs: The bidirectional I/Os transfer address, data, and instruction infor-
(x8) output |mation. Data is output only during READ operations; at other times the 1/Os are inputs.l/
. 1 i
VO[15:0] 0[15:8] are RFU! for NAND x8 devices.
(x16)
R/B# Output |Ready/busy: Open-drain, active-LOW output that indicates when an internal operation is
in progress.
Ve Supply  |Vcc: NAND power supply.

Note: 1. Balls marked RFU may or may not be connected internally. These balls should not be
used. Contact factory for details.

Table 5: LPDDR2 Ball/Pad Descriptions

Symbol Type Description

CA[9:0] Input Command/address inputs: Provide the command and address inputs according to the
command truth table.

CK_t, CK_c Input Clock: Differential clock inputs. All CA inputs are sampled on both rising and falling
edges of CK. CS and CKE inputs are sampled at the rising edge of CK. AC timings are ref-
erenced to clock.

CKEO Input Clock enable: CKE HIGH activates and CKE LOW deactivates the internal clock signals, in-
put buffers, and output drivers. Power-saving modes are entered and exited via CKE tran-
sitions. CKE is considered part of the command code. CKE is sampled on the rising edge of

CK.
CS_n Input Chip select: Considered part of the command code and is sampled on the rising edge of
CK.
DM[3:0] Input Input data mask: Input mask signal for write data. Although DM balls are input-only,

the DM loading is designed to match that of DQ and DQS balls. DM[3:0] is DM for each of
the four data bytes, respectively.

DQI[31:0] 110 Data input/output: Bidirectional data bus.
DQS[3:0]_t, 1/0 Data strobe: Bidirectional (used for read and write data) and complementary (DQS_t
DQS[3:0]_c and DQS_q). It is edge-aligned output with read data and centered input with write data.
DQS[3:0]_t/DQS[3:0]_c is DQS for each of the four data bytes, respectively.
Vbba Supply DQ power supply: Isolated on the die for improved noise immunity.
Vssq Supply |DQ ground: Isolated on the die for improved noise immunity.

Vpp1 Supply Core power: Supply 1.
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(p/'? ICron 4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP

Ball Assignments and Descriptions

Table 5: LPDDR2 Ball/Pad Descriptions (Continued)

Symbol Type Description
Vpbp2 Supply |Core power: Supply 2.
Vss Supply |Common ground.
VRercas VREFDQ Supply Reference voltage: Vgcp is reference for command/address input buffers, Vgeepq is ref-

erence for DQ input buffers.

ZQo0, zQ1 Reference |External reference ball for output drive calibration: This ball is tied to an external
240Q resistor (RZQ), which is tied to Vssq.

Table 6: Non-Device-Specific Descriptions

Symbol Type Description
Vss Supply  |Vss: Shared ground.
Symbol Type Description
DNU - Do not use: Must be grounded or left floating.
NC - No connect: Not internally connected.
RFU' - Reserved for future use.

Note: 1. Balls marked RFU may or may not be connected internally. These balls should not be
used. Contact factory for details.

09005aef865411f3 1 7 Micron Technology, Inc. reserves the right to change products or specifications without notice.
162ball_nand_Ipddr_j84f.pdf — Rev. C 06/16 EN © 2015 Micron Technology, Inc. All rights reserved.



Micron Confidential and Proprietary

(p/'? ICron 4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP

Electrical Specifications

Electrical Specifications

Table 7: Absolute Maximum Ratings

Parameters/Conditions Symbol Min Max Unit
Vcc supply voltage relative to Vss Ve -0.6 2.4 Vv
Vpp1 supply voltage relative to Vgg Vbp1 -0.4 2.3 Y,
Vpp3y supply voltage relative to Vss Vpp2 -0.4 1.8 Y,
Vbbea and Vppq supply voltage relative Vbbeas Vbba -0.4 1.6 \%
to Vss

Voltage on any pin relative to Vss Vin -0.4 1.6 or (Vppq + 0.3), \%

whichever is less
Storage temperature range - =55 +125 °C

Stresses greater than those listed under “Absolute Maximum Ratings” may cause per-
manent damage to the device. This is a stress rating only, and functional operation of
the device at these or any other conditions above those indicated in the operational sec-
tions of this specification is not implied. Exposure to absolute maximum rating condi-
tions for extended periods may affect reliability.

Table 8: Recommended Operating Conditions

Parameters Symbol Min Typ Max Unit
Supply voltage Ve 1.70 1.80 1.95 Y,
Supply voltage Vpp1 1.70 1.80 1.95 Vv
Supply voltage Vpp2 1.14 1.20 1.30 Y,
I/0 supply voltage Vbpea/ Vbba 1.14 1.20 1.30 Y,
Operating temperature range - -40 - +85 °C

Note: 1. This operating temperature range pertains to this MCP device. Other temperature rang-
es mentioned in data sheet apply to discrete components, respectively.
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Device Diagrams

Device Diagrams

Figure 4: Functional Block Diagram
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NAND Flash
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Package Dimensions

Package Dimensions

Figure 5: 162-Ball VFBGA (Package Code: WD)
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Notes: 1. Solder ball material: SAC302 (96.8% Sn, 3% Ag, 0.2% Cu).
2. All dimensions are in millimeters.
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4Gb, 8Gb: x8, x16 NAND Flash Memory

4Gb, 8Gb: x8, x16 NAND Flash Memory

Features

¢ Open NAND Flash Interface (ONFI) 1.0-compliant!
¢ Single-level cell (SLC) technology
e Organization
— Page size x8: 2112 bytes (2048 + 64 bytes)
Page size x16: 1056 words (1024 + 32 words)
Block size: 64 pages (128K + 4K bytes)
Plane size: 2 planes x 2048 blocks per plane
— Device size: 4Gb: 4096 blocks; 8Gb: 8192 blocks
e Asynchronous I/0 performance
- 'RC/'WC: 20ns (3.3V), 25ns (1.8V)
e Array performance
— Read page: 25pus?
— Program page: 200us (TYP: 1.8V, 3.3V)?
— Erase block: 700us (TYP)
e Command set: ONFI NAND Flash Protocol
e Advanced command set
— Program page cache mode3
— Read page cache mode?
— One-time programmable (OTP) mode
— Two-plane commands?
— Interleaved die (LUN) operations
— Read unique ID
— Blocklock (1.8V only)
- Internal data move
e Operation status byte provides software method for detecting
— Operation completion
— Pass/fail condition
— Write-protect status
* Ready/Busy# (R/B#) signal provides a hardware method of detecting operation com-
pletion
WP# signal: Write protect entire device
Block 0 requires 1-bit ECC if PROGRAM/ERASE cycles are less than 1000
RESET (FFh) required as first command after power-on
Alternate method of device initialization (Nand_Init) after power-up (contact factory)
Internal data move operations supported within the plane from which data is read
Quality and reliability
— Data retention: 10 years, JEDEC JESD47G-compliant
— Endurance: 100,000 PROGRAM/ERASE cycles
e Operating voltage range
— Vee: 2.7-3.6V
~ Vee: 1.7-1.95V
e Operating temperature
— Commercial: 0°C to +70°C
— Industrial (IT): —40°C to +85°C

Notes: 1. The ONFI 1.0 specification is available at www.onfi.org.

2. See Electrical Specifications — Program/Erase Characteristics (page 121) for 'rR_ECC and
PROG_ECC specifications.

09005aef865411f3 2 1 Micron Technology, Inc. reserves the right to change products or specifications without notice.
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4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP
General Description

3. These commands supported only with ECC disabled.

General Description

Micron NAND Flash devices include an asynchronous data interface for high-perform-
ance I/0 operations. These devices use a highly multiplexed 8-bit bus (I/Ox) to transfer
commands, address, and data. There are five control signals used to implement the
asynchronous data interface: CE#, CLE, ALE, WE#, and RE#. Additional signals control
hardware write protection and monitor device status (R/B#).

This hardware interface creates a low pin-count device with a standard pinout that re-
mains the same from one density to another, enabling future upgrades to higher densi-
ties with no board redesign.

A target is the unit of memory accessed by a chip enable signal. A target contains one or
more NAND Flash die. A NAND Flash die is the minimum unit that can independently
execute commands and report status. A NAND Flash die, in the ONFI specification, is
referred to as a logical unit (LUN). There is at least one NAND Flash die per chip enable
signal. For further details, see Device and Array Organization.

This device has an internal 4-bit ECC that can be enabled using the GET/SET features.
See Internal ECC and Spare Area Mapping for ECC for more information.

09005aef865411f3
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Architecture

Architecture

These devices use NAND Flash electrical and command interfaces. Data, commands,
and addresses are multiplexed onto the same pins and received by I/0 control circuits.
The commands received at the I/0 control circuits are latched by a command register
and are transferred to control logic circuits for generating internal signals to control de-
vice operations. The addresses are latched by an address register and sent to a row de-
coder to select a row address, or to a column decoder to select a column address.

Data is transferred to or from the NAND Flash memory array, byte by byte (x8) or word
by word (x16), through a data register and a cache register.

The NAND Flash memory array is programmed and read using page-based operations
and is erased using block-based operations. During normal page operations, the data
and cache registers act as a single register. During cache operations, the data and cache
registers operate independently to increase data throughput. The status register reports
the status of die operations.

Figure 6: NAND Flash Die (LUN) Functional Block Diagram

Ve Vss
A
N
1/0x< ﬁ; 170 o _ ,
control ress register !
Status register k
-1
| Command register |
CE# —» — | JL
cLE - » Column decode
ALE >  Control .
e — logic +| 8 | NAND Flash
o - array
e g (2 planes)
LOCK! —p R
Data register
- » Cache register
» \,—
ECC

Note: 1. The LOCK pin is used on the 1.8V device.
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Device and Array Organization

Device and Array Organization

Figure 7: Array Organization - MT29F4G08 (x8)

<+—2112 bytes —»<«— 2112 bytes —»

- - DQ7
Cache Register ’ 2048 | 64‘ 2048 64 DGO
DataRegister | 2048 64 2048 64
. 1page = (2K + 64 bytes)
2048 blocks } 1 block : ﬁgz;}?z%/t:;tzsm pages
per plane 1 block 1 block
4096 blocks 1 plane = (128K + 4K) bytes x 2048 blocks
. = 2112Mb
per device
1 device = 2112Mb x 2 planes
L = 4224Mb
L A J
Y YT
Plane of Plane of
even-numbered blocks odd-numbered blocks
(0,2,4,6,..,4092,4094) (1,3,5,7, ..., 4093, 4095)
Table 9: Array Addressing - MT29F4GO08 (x8)
Cycle 1107 1/06 1/05 1/04 1/03 1/02 1/01 1/00
First CA7 CA6 CA5 CA4 CA3 CA2 CA1 CAO0
Second LOwW LOwW LOow LOw CA11 CA10 CA9 CA8
Third BA7 BA6 PA5 PA4 PA3 PA2 PA1 PAO
Fourth BA15 BA14 BA13 BA12 BA11 BA10 BA9 BA8
Fifth Low Low Low LOW LOW LOW BA17 BA16

Notes: 1. Block address concatenated with page address = actual page address. CAx = column ad-
dress; PAx = page address; BAx = block address.
2. If CA11is 1, then CA[10:6] must be 0.
3. BA6 controls plane selection.
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Device and Array Organization

Figure 8: Array Organization - MT29F4G16 (x16)

<+—1056 words —»<— 1056 words —>»

= =

e - DQ15
Cache Register 1024 32 1024 132 DQO
! !
Data Register 1024 } 32 1024 132
e 1 page = (1K + 32 words)
1 block = (1K + 32) words x 64 pages
2048 blocks } = (64K + 2K) words
per plane 1 block 1 block
2096 blocks 1 plane : ésﬁlél\jltZ)K) words x 2048 blocks
per device
1 device = 2112Mb x 2 planes
= 4224Mb
N
L A J
' '
Plane of Plane of
even-numbered blocks odd-numbered blocks
0, 2, 4,6, ..., 4092, 4094) (1,3,5,7, ..., 4093, 4095)
Table 10: Array Addressing - MT29F4G16 (x16)

Cycle 1/0[15:8] 1/07 1/06 1/05 /04 1/03 1/02 1/01 1/00
First LOW CA7 CA6 CA5 CA4 CA3 CA2 CA1 CAO0
Second LOW LOW LOW LOW LOW LOW CA10 CA9 CA8
Third LOW BA7 BAG6 PA5 PA4 PA3 PA2 PA1 PAO
Fourth LOW BA15 BA14 BA13 BA12 BA11 BA10 BA9 BA8
Fifth LOW LOW LOW LOW LOW LOW LOW BA17 BA16

Notes: 1. Block address concatenated with page address = actual page address. CAx = column ad-
dress; PAx = page address; BAx = block address.

2. If CA10 =1, then CA[9:5] must be 0.
3. BAG6 controls plane selection.
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Device and Array Organization

Figure 9: Array Organization - MT29F8G08 and MT29F16G08 (x8)

Die 0 Die 1
A A
f Y \
<4 2112 bytes —»4—2112 bytes —»4—2112 bytes —>»«—2112 bytes —»
) e e s - 1107
Cache Register | 2048 le4] 2048 lea] 2048 lea] 2048 64 100
Data Register | 2048 64 2048 64| 2048 64| 2048 64
1 page = (2K + 64 bytes)
2048 blocks }1 block = ($§8T(64L|t2y'i)estx 64 pages
per plane 1 block 1 block 1 block 1 block = (128K + 4K) bytes
2096 blocks 1 plane : (2112182|T\AL4K) bytes x 2048 blocks
per die
1die =2112Mb x 2 planes
= 4224Mb
L v A ~ A > A ~ J
Plane 0: even- Plane 1: odd- Plane 0: even- Plane 1: odd- 1 device = giigmg x 2 die
numbered blocks numbered blocks numbered blocks numbered blocks -
0,2,4,6, .., (1,3,57, .., (4096, 4098, ..., (4097, 4099, ...,
4092, 4094)1 4093, 4095) 8188, 8190) 8189, 8191)

Note: 1. Die 0, Plane 0: BA18 = 0; BA6 = 0. Die 0, Plane 1: BA18 = 0; BA6 = 1.
Die 1, Plane 0: BA18 = 1; BA6 = 0. Die 1, Plane 1: BA18 = 1; BA6 = 1.

Table 11: Array Addressing - MT29F8G08 and MT29F16G08 (x8)

Cycle 1/07 1/06 1/05 1/04 1/03 1/02 1/01 1/00
First CA7 CA6 CA5 CA4 CA3 CA2 CA1 CAO

Second LOW LOW LOW LOW CAT1 CA10 CA9 CA8

Third BA7 BA6 PA5 PA4 PA3 PA2 PA1 PAO

Fourth BA15 BA14 BA13 BA12 BA11 BA10 BA9 BA8
Fifth LOW LOW LOW LOW LOW BA183 BA17 BA16

Notes: 1. CAx = column address; PAx = page address; BAx = block address.
2. If CA11is 1, then CA[10:6] must be 0.
3. Die address boundary: 0 = 0-4Gb; 1 = 4Gb-8Gb.
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Aicron

Figure 10: Array Organization - MT29F8G16 (x16)

Die 0 Die 1
A A
f Y \
4+-1056 words —»<— 1056 words —»4— 1056 words —»<— 1056 words —»
- e - e 1107
Cache Register | 1024 132 1024 132] 1024 132] 1024 132 1100
Data Register | 1024 32 1024 32 1024 32] 1024 132
1 page = (1K + 32 words)
2048 blocks }1 block = (1K + 32) words x 64 pages
per plane 1 block 1 block 1 block 1 block = (4K + 21 words
4096 bIocl_(s 1 plane : (2112182|T\AL4K) bytes x 2048 blocks
per die
1die =2112Mb x 2 planes
C e X e J = 4224Mb
Y Y Y Y . .
Plane 0: even- Plane 1: odd- Plane 0: even- Plane 1: odd- 1 device = giigmg x 2 die
numbered blocks numbered blocks numbered blocks numbered blocks -
0,2,4,8, ..., (1,3,57, ... (4096, 4098, ..., (4097, 4099, ...,
4092, 4094)1 4093, 4095) 8188, 8190) 8189, 8191)
Note: 1. Die 0, Plane 0: BA18 = 0; BA6 = 0. Die 0, Plane 1: BA18 = 0; BA6 = 1.
Die 1, Plane 0: BA18 = 1; BA6 = 0. Die 1, Plane 1: BA18 = 1; BA6 = 1.
Table 12: Array Addressing - MT29F8G16 ( x16)
Cycle 1/0[15:8] 1/07 1/06 1/05 1/04 1/03 1/02 1/01 1/00
First LOW CA7 CAb6 CA5 CA4 CA3 CA2 CA1 CAO0
Second LOW LOW LOW LOW LOW LOW CA10 CA9 CA8
Third LOW BA7 BAG6 PA5 PA4 PA3 PA2 PA1 PAO
Fourth LOW BA15 BA14 BA13 BA12 BA11 BA10 BA9 PA8
Fifth LOW LOW LOW LOW LOW LOW BA183 BA17 BA16
Notes: 1. Block address concatenated with page address = actual page address. CAx = column ad-

dress; PAx = page address; BAx = block address.
2. If CA10 =1, then CA[9:5] must be 0.
3. Die address boundary: 0 = 0-4Gb; 1 = 4Gb-8Gb.
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Asynchronous Interface Bus Operation

Asynchronous Interface Bus Operation

The bus on the device is multiplexed. Data /0O, addresses, and commands all share the
same pins. I/0[15:8] are used only for data in the x16 configuration. Addresses and
commands are always supplied on I/0[7:0].

The command sequence typically consists of a COMMAND LATCH cycle, address input
cycles, and one or more data cycles, either READ or WRITE.

Table 13: Asynchronous Interface Mode Selection

Mode' CE# CLE ALE WE# RE# 1/0x WP#
Standby? H X X X X X OV
Command input L H L | § H X H
Address input L L H | § H X H
Data input L L L | § H X H
Data output L L L H _Ll' X X
Write protect X X X X X X L

Notes: 1. Mode selection settings for this table: H = Logic level HIGH; L = Logic level LOW; X = V|
or V||_.

2. WP# should be biased to CMOS LOW or HIGH for standby.

Asynchronous Enable/Standby

When the device is not performing an operation, the CE# pin is typically driven HIGH
and the device enters standby mode. The memory will enter standby if CE# goes HIGH
while data is being transferred and the device is not busy. This helps reduce power con-
sumption.

The CE# “Don’t Care” operation enables the NAND Flash to reside on the same asyn-
chronous memory bus as other Flash or SRAM devices. Other devices on the memory
bus can then be accessed while the NAND Flash is busy with internal operations. This
capability is important for designs that require multiple NAND Flash devices on the
same bus.

A HIGH CLE signal indicates that a command cycle is taking place. A HIGH ALE signal
signifies that an ADDRESS INPUT cycle is occurring.

Asynchronous Commands

An asynchronous command is written from I/0[7:0] to the command register on the ris-
ing edge of WE# when CE# is LOW, ALE is LOW, CLE is HIGH, and RE# is HIGH.

Commands are typically ignored by die (LUNSs) that are busy (RDY = 0); however, some
commands, including READ STATUS (70h) and READ STATUS ENHANCED (78h), are
accepted by die (LUNs) even when they are busy.

For devices with a x16 interface, I/0O[15:8] must be written with zeros when a command
is issued.
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Asynchronous Interface Bus Operation
e

Figure 11: Asynchronous Command Latch Cycle
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Asynchronous Interface Bus Operation

Asynchronous Addresses

An asynchronous address is written from I/0[7:0] to the address register on the rising
edge of WE# when CE# is LOW, ALE is HIGH, CLE is LOW, and RE# is HIGH.

Bits that are not part of the address space must be LOW (see Device and Array Organiza-
tion). The number of cycles required for each command varies. Refer to the command
descriptions to determine addressing requirements.

Addresses are typically ignored by die (LUNSs) that are busy (RDY = 0); however, some
addresses are accepted by die (LUNs) even when they are busy; for example, like ad-
dress cycles that follow the READ STATUS ENHANCED (78h) command.

Figure 12: Asynchronous Address Latch Cycle
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Asynchronous Interface Bus Operation

Asynchronous Data Input

Data is written from I/0[7:0] to the cache register of the selected die (LUN) on the rising
edge of WE# when CE# is LOW, ALE is LOW, CLE is LOW, and RE# is HIGH.

Data input is ignored by die (LUNs) that are not selected or are busy (RDY = 0). Data is
written to the data register on the rising edge of WE# when CE#, CLE, and ALE are LOW,
and the device is not busy.

Data is input on I/0[7:0] on x8 devices and on I/0[15:0] on x16 devices.

Figure 13: Asynchronous Data Input Cycles
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Asynchronous Interface Bus Operation

Asynchronous Data Output

Data can be output from a die (LUN) if it is in a READY state. Data output is supported
following a READ operation from the NAND Flash array. Data is output from the cache
register of the selected die (LUN) to I/0[7:0] on the falling edge of RE# when CE# is
LOW, ALE is LOW, CLE is LOW, and WE# is HIGH.

If the host controller is using a ‘RC of 30ns or greater, the host can latch the data on the
rising edge of RE# (see the figure below for proper timing). If the host controller is using
a 'RC of less than 30ns, the host can latch the data on the next falling edge of RE#.

Using the READ STATUS ENHANCED (78h) command prevents data contention follow-
ing an interleaved die (multi-LUN) operation. After issuing the READ STATUS EN-
HANCED (78h) command, to enable data output, issue the READ MODE (00h) com-
mand.

Data output requests are typically ignored by a die (LUN) that is busy (RDY = 0); howev-
er, it is possible to output data from the status register even when a die (LUN) is busy by
first issuing the READ STATUS or READ STATUS ENHANCED (78h) command.

Figure 14: Asynchronous Data Output Cycles
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4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP
Asynchronous Interface Bus Operation

Figure 15: Asynchronous Data Output Cycles (EDO Mode)
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tRR

RDY 7l; Z Z

Write Protect#

Don't Care

The write protect# (WP#) signal enables or disables PROGRAM and ERASE operations
to a target. When WP# is LOW, PROGRAM and ERASE operations are disabled. When
WP# is HIGH, PROGRAM and ERASE operations are enabled. When WP# is LOW or tog-
gled LOW during a READ operation, read will be performed as normal. It is recommen-
ded that the host drive WP# LOW during power-on until V ¢ is stable to prevent inad-
vertent PROGRAM and ERASE operations (see Device Initialization for additional de-
tails).

If WP# is toggled during PROGRAM or ERASE (while RB# is LOW), then the following
will occur

e The PROGRAM or ERASE operation is aborted

* In asynchronous mode, toggling WP# LOW during a NAND PROGRAM or ERASE op-
eration will act like a RESET (FFh) command. In synchronous mode, it will act like a
SYNCHRONOUS RESET (FCh) command

e The data that was being programmed or erased (targeted page or block) is not valid
anymore

» The status register will be set to 60h until a RESET, new operation, or new power up
command is given

After a command sequence is complete and the target is ready, WP# can be transi-
tioned. After WP# is transitioned, the host must wait 'WW before issuing a new com-
mand.

The WP# signal is always an active input, even when CE# is HIGH. This signal should
not be multiplexed with other signals.
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M ICron 4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP

Asynchronous Interface Bus Operation

Ready/Busy#

The ready/busy# (R/B#) signal provides a hardware method of indicating whether a tar-
get is ready or busy. A target is busy when one or more of its die (LUNs) are busy

(RDY = 0). A target is ready when all of its die (LUNSs) are ready (RDY = 1). Because each
die (LUN) contains a status register, it is possible to determine the independent status
of each die (LUN) by polling its status register instead of using the R/B# signal (see Sta-
tus Operations for details regarding die (LUN) status).

This signal requires a pull-up resistor, Rp, for proper operation. R/B# is HIGH when the
target is ready, and transitions LOW when the target is busy. The signal's open-drain
driver enables multiple R/B# outputs to be OR-tied. Typically, R/B# is connected to an
interrupt pin on the system controller.

The combination of Rp and capacitive loading of the R/B# circuit determines the rise
time of the R/B# signal. The actual value used for Rp depends on the system timing re-
quirements. Large values of Rp cause R/B# to be delayed significantly. Between the 10%
and 90% points on the R/B# waveform, the rise time is approximately two time con-
stants (TC).

Tc=RxC
Where R = Rp (resistance of pull-up resistor), and C = total capacitive load.
The fall time of the R/B# signal is determined mainly by the output impedance of the

R/B# signal and the total load capacitance. Approximate Rp values using a circuit load
of 100pF are provided in Figure 21 (page 37).

The minimum value for Rp is determined by the output drive capability of the R/B# sig-
nal, the output voltage swing, and V.
Ve (MAX) - Vg, (MAX)
loL + 2y
Where X, is the sum of the input currents of all devices tied to the R/B# pin.

09005aef865411f3 34 Micron Technology, Inc. reserves the right to change products or specifications without notice.
162ball_nand_Ipddr_j84f.pdf — Rev. C 06/16 EN © 2015 Micron Technology, Inc. All rights reserved.



Aicron

Figure 16: READ/BUSY#
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4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP
Asynchronous Interface Bus Operation
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1. 'Fall and tRise calculated at 10% and 90% points.

2. 'Rise dependent on external capacitance and resistive loading and output transistor im-
pedance.

3. 'Rise primarily dependent on external pull-up resistor and external capacitive loading.

4. 'Fall = 10ns at 3.3V.

5. See TCvalues in Figure 21 (page 37) for approximate Rp value and TC.
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Asynchronous Interface Bus Operation

Figure 18: tFall and *Rise (1.8V V()
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1. tFall and 'Rise are calculated at 10% and 90% points.

2. ™Rise is primarily dependent on external pull-up resistor and external capacitive loading.
3. 'Fall = 7ns at 1.8V.

4. See TCvalues in Figure 21 (page 37) for TC and approximate Rp value.

Notes:

Figure 19: Ig. vs. Rp (Vcc = 3.3V Vo)
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(p/'? ICron 4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP

Asynchronous Interface Bus Operation

Figure 20: Ig, vs. Rp (1.8V V()
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Figure 21: TC vs. Rp
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Device Initialization

Device Initialization

Micron NAND Flash devices are designed to prevent data corruption during power
transitions. V¢ is internally monitored. (The WP# signal supports additional hardware
protection during power transitions.) When ramping V ¢, use the following procedure
to initialize the device:

1. Ramp V(.

2. The host must wait for R/B# to be valid and HIGH before issuing RESET (FFh) to
any target. The R/B# signal becomes valid when 50us has elapsed since the begin-
ning the V¢ ramp, and 10ps has elapsed since V¢ reaches V¢ (MIN).

3. If not monitoring R/B#, the host must wait at least 100us after V¢ reaches V¢
(MIN). If monitoring R/B#, the host must wait until R/B# is HIGH.

4. The asynchronous interface is active by default for each target. Each LUN draws
less than an average of 10mA (Igy) measured over intervals of 1ms until the RESET
(FFh) command is issued.

5. The RESET (FFh) command must be the first command issued to all targets (CE#s)
after the NAND Flash device is powered on. Each target will be busy for 1ms after a
RESET command is issued. The RESET busy time can be monitored by polling
R/B# or issuing the READ STATUS (70h) command to poll the status register.

6. The device is now initialized and ready for normal operation.

Figure 22: R/B# Power-On Behavior

50ps (MIN) )
| |
Vee = Vee (MIN) —f—
Ve —— — — | Z Z
10ps
(MAX)
R/B# ) B
| T
I
V¢ ramp ' 100us (MAX) Reset (FFh)
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m Invalid
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(p/'? ICron 4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP

Command Definitions

Command Definitions

Table 14: Command Set

Number of
Valid Data Valid While | Valid While
Command Address Input Command | Selected LUN | Other LUNs
Command Cycle #1 Cycles Cycles Cycle #2 is Busy' are Busy? | Notes
Reset Operations
RESET FFh 0 - - Yes Yes
Identification Operation
READ ID 90h 1 - - No No
READ PARAMETER PAGE ECh 1 - - No No
READ UNIQUE ID EDh 1 - - No No
Feature Operations
GET FEATURES EEh 1 - - No No
SET FEATURES EFh 1 4 - No No
Status Operations
READ STATUS 70h 0 - - Yes
READ STATUS EN- 78h 3 - - Yes Yes
HANCED
Column Address Operations
RANDOM DATA READ 05h 2 - EOh No Yes
RANDOM DATA INPUT 85h 2 Optional - No Yes
PROGRAM FOR 85h 5 Optional - No Yes 3
INTERNAL DATA MOVE
READ OPERATIONS
READ MODE 00h 0 - - No Yes
READ PAGE 00h 5 - 30h No Yes
READ PAGE CACHE SE- 31h 0 - - No Yes 4,5
QUENTIAL
READ PAGE CACHE 00h 5 - 31h No Yes 4,5
RANDOM
READ PAGE CACHE LAST 3Fh 0 - - No Yes 4,5
Program Operations
PROGRAM PAGE 80h 5 Yes 10h No Yes
PROGRAM PAGE CACHE 80h 5 Yes 15h No Yes 4,6
Erase Operations
ERASE BLOCK 60h 3 - DOh No Yes
Internal Data Move Operations
READ FOR INTERNAL 00h 5 - 35h No Yes 3

DATA MOVE
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Table 14: Command Set (Continued)

4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP
Command Definitions

Number of
Valid Data Valid While | Valid While
Command Address Input Command | Selected LUN | Other LUNs
Command Cycle #1 Cycles Cycles Cycle #2 is Busy are Busy? | Notes
PROGRAM FOR INTER- 85h 5 Optional 10h No Yes
NAL DATA MOVE
Block Lock Operations
BLOCK UNLOCK LOW 23h - - No Yes
BLOCK UNLOCK HIGH 24h 3 - - No Yes
BLOCK LOCK 2Ah - - - No Yes
BLOCK LOCK-TIGHT 2Ch - - - No Yes
BLOCK LOCK READ 7Ah 3 - - No Yes
STATUS
One-Time Programmable (OTP) Operations
OTP DATA LOCK BY 80h 5 No 10h No No 7
PAGE (ONFI)
OTP DATA PROGRAM 80h 5 Yes 10h No No 7
(ONFI)
OTP DATA READ (ONFI) 00h 5 No 30h No No 7
Notes: 1. Busy means RDY = 0.

2.

These commands can be used for interleaved die (multi-LUN) operations (see Interleaved
Die (Multi-LUN) Operations (page 109)).

. Do not cross plane address boundaries when using READ for INTERNAL DATA MOVE and

PROGRAM for INTERNAL DATA MOVE.

4. These commands supported only with ECC disabled.

Issuing a READ PAGE CACHE series (31h, 00h-31h, 3Fh) command when the array is busy
(RDY =1, ARDY = 0) is supported if the previous command was a READ PAGE (00h-30h)
or READ PAGE CACHE series command; otherwise, it is prohibited.

. Issuing a PROGRAM PAGE CACHE (80h-15h) command when the array is busy (RDY =1,

ARDY = 0) is supported if the previous command was a PROGRAM PAGE CACHE
(80h-15h) command; otherwise, it is prohibited.

OTP commands can be entered only after issuing the SET FEATURES command with the
feature address.
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Table 15: Two-Plane Command Set

Note 4 applies to all parameters and conditions

4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP
Command Definitions

Number of Number of
Com- Valid Com- Valid Com- | Valid While | Valid While
mand Address mand Address mand Selected | Other LUNs
Command Cycle #1 Cycles Cycle #2 Cycles Cycle #3 | LUN is Busy | are Busy |Notes
READ PAGE TWO- 00h 5 00h 5 30h No Yes
PLANE
READ FOR TWO- 00h 5 00h 5 35h No Yes 1
PLANE INTERNAL
DATA MOVE
RANDOM DATA 06h 5 EOh - - No Yes 2
READ TWO-PLANE
PROGRAM PAGE 80h 5 11h-80h 5 10h No Yes
TWO-PLANE
PROGRAM PAGE 80h 5 11h-80h 5 15h No Yes
CACHE MODE TWO-
PLANE
PROGRAM FOR 85h 5 11h-85h 5 10h No Yes 1
TWO-PLANE INTER-
NAL DATA MOVE
BLOCK ERASE TWO- 60h 3 D1h-60h 3 DOh No Yes 3
PLANE
Notes: 1. Do not cross plane boundaries when using READ FOR INTERNAL DATA MOVE TWO-
PLANE or PROGRAM FOR TWO-PLANE INTERNAL DATA MOVE.
2. The RANDOM DATA READ TWO-PLANE command is limited to use with the PAGE READ
TWO-PLANE command.
3. D1h command can be omitted.
4. These commands supported only with ECC disabled.
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M ICron 4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP

Reset Operations

Reset Operations

RESET (FFh)

The RESET command is used to put the memory device into a known condition and to
abort the command sequence in progress.

READ, PROGRAM, and ERASE commands can be aborted while the device is in the busy
state. The contents of the memory location being programmed or the block being
erased are no longer valid. The data may be partially erased or programmed, and is in-
valid. The command register is cleared and is ready for the next command. The data
register and cache register contents are marked invalid.

The status register contains the value EOh when WP# is HIGH; otherwise it is written
with a 60h value. R/B# goes LOW for 'RST after the RESET command is written to the
command register.

The RESET command must be issued to all CE#s as the first command after power-on.
The device will be busy for a maximum of 1ms.

Figure 23: RESET (FFh) Operation

Cycle type Command

1/0[7:0] \ FF >

R/B# M
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4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP
Identification Operations

Identification Operations

READ ID (90h)

The READ ID (90h) command is used to read identifier codes programmed into the tar-
get. This command is accepted by the target only when all die (LUNSs) on the target are
idle.

Writing 90h to the command register puts the target in read ID mode. The target stays in
this mode until another valid command is issued.

When the 90h command is followed by an 00h address cycle, the target returns a 5-byte
identifier code that includes the manufacturer ID, device configuration, and part-spe-
cific information.

When the 90h command is followed by a 20h address cycle, the target returns the 4-byte
ONFI identifier code.

Figure 24: READ ID (90h) with 00h Address Operation

Note:

Cycle type Address ¢ Dour >‘< Dour >‘< Dour >‘< Dour >‘< Dour >_

tWHR ‘
1/0[7:0] 00h i Byte WK Byte 1 ) Byte 2 ) Byte 3 >—< Byte 4 >—

1. See the READ ID Parameter tables for byte definitions.

Figure 25: READ ID (90h) with 20h Address Operation

tWHR

1/0[7:0] 20h | 4Fh >< 4Eh >< 46h >< 49h >—

Cycle type i {_Pour X Pour X Pour X Pour )—

Note: 1. See READ ID Parameter tables for byte definitions.
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READ ID Parameter Tables

READ ID Parameter Tables

Table 16: READ ID Parameters for Address 00h

b = binary; h = hexadecimal

| Options | v07 | w06 | W05 | W04 | KO3 | W02 | W01 | 10O | Value
Byte 0 - Manufacturer ID
Manufacturer | Micron | 0 | 0 | 1 | 0 | 1 | 1 | 0 | 0 | 2Ch
Byte 1 - Device ID
MT29F4GOS8ABADA 4Gb, x8, 3.3V 1 1 0 1 1 1 0 0 DCh
MT29F4G16ABADA 4Gb, x16, 3.3V 1 1 0 0 1 1 0 0 CCh
MT29F4GO8ABBDA 4Gb, x8, 1.8V 1 0 1 0 1 1 0 0 ACh
MT29F4G16ABBDA 4Gb, x16, 1.8V 1 0 1 1 1 1 0 0 BCh
MT29F8GOSADBDA 8Gb, x8, 1.8V 1 0 1 0 0 0 1 1 A3h
MT29F8G16ADBDA 8Gb, x16, 1.8V 1 0 1 1 0 0 1 1 B3h
MT29F8GOS8ADADA 8Gb, x8, 3.3V 1 1 0 1 0 0 1 1 D3h
MT29F8G16ADADA 8Gb, x16, 3.3V 1 1 0 0 0 0 1 1 C3h
MT29F16GO8AJADA 16Gb, x8, 3.3V 1 1 0 1 0 0 1 1 D3h
Byte 2
Number of die per CE 1 0 0 00b
2 0 1 01b
Cell type SLC 0 0 00b
Number of simultaneously 2 0 1 01b
programmed pages
Interleaved operations be- Not supported 0 0b
tween multiple die
Cache programming Supported 1 1b
Byte value MT29F4GOSABADA 1 0 0 1 0 0 0 0 90h
MT29F4G16ABADA 1 0 0 1 0 0 0 0 90h
MT29F4GO8ABBDA 1 0 0 1 0 0 0 0 90h
MT29F4G16ABBDA 1 0 0 1 0 0 0 0 90h
MT29F8GOSADBDA 1 1 0 1 0 0 0 1 D1h
MT29F8G16ADBDA 1 1 0 1 0 0 0 1 D1h
MT29F8GOSADADA 1 1 0 1 0 0 0 1 D1h
MT29F8G16ADADA 1 1 0 1 0 0 0 1 D1h
MT29F16GO8SAJADA 1 1 0 1 0 0 0 1 D1h
Byte 3
Page size 2KB 0 1 01b
Spare area size (bytes) 64B 1 1b
Block size (without spare) 128KB 0 1 01b
Organization x8 0 0Ob
x16 1 1b
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A{(!? ICron 4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP

READ ID Parameter Tables

Table 16: READ ID Parameters for Address 00h (Continued)

b = binary; h = hexadecimal

Options 1/07 | 1/06 | 1/05 | 1/04 | 1/03 | 1/02 | 1/01 | 1/00 | Value
Serial access 1.8V 25ns 0 0 0xxx0b
(MIN) 3.3V 20ns 1 0 1xxx0b
Byte value MT29F4AGOSABADA 1 0 0 1 0 1 0 1 95h
MT29FAG16ABADA 1 1 0 1 0 1 0 1 D5h
MT29F4GOS8ABBDA 0 0 0 1 0 1 0 1 15h
MT29F4G16ABBDA 0 1 0 1 0 1 0 1 55h
MT29F8GOSADBDA 0 0 0 1 0 1 0 1 15h
MT29F8G16ADBDA 0 1 0 1 0 1 0 1 55h
MT29F8GOSADADA 1 0 0 1 0 1 0 1 95h
MT29F8G16ADADA 1 1 0 1 0 1 0 1 D5h
MT29F16GOSAJADA 1 0 0 1 0 1 0 1 95h
Byte 4
Internal ECC level 4-bit ECC/512 (main) + 1 0 10b
4 (spare) + 8 (parity)
bytes
Planes per CE# 2 0 1 01b
4 1 0 10b
Plane size 2Gb 1 0 1 101b
Internal ECC ECC disabled 0 Ob
ECC enabled 1 1b
Byte value MT29F4AGOSABADA 0 1 0 1 0 1 1 0 56h
MT29FAG16ABADA 0 1 0 1 0 1 1 0 56h
MT29F4GOS8ABBDA 0 1 0 1 0 1 1 0 56h
MT29F4G16ABBDA 0 1 0 1 0 1 1 0 56h
MT29F8GOSADBDA 0 1 0 1 1 0 1 0 5Ah
MT29F8G16ADBDA 0 1 0 1 1 0 1 0 5Ah
MT29F8GOSBADADA 0 1 0 1 1 0 1 0 5Ah
MT29F8G16ADADA 0 1 0 1 1 0 1 0 5Ah
MT29F16GOSAJADA 0 1 0 1 1 0 1 0 5Ah
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READ ID Parameter Tables

Table 17: READ ID Parameters for Address 20h

h = hexadecimal

Byte Options 1/07 1/06 1/05 1/04 1/03 1/02 1/01 1/00 Value
0 0" 0 1 0 0 1 1 1 1 4Fh
1 “N” 0 1 0 0 1 1 1 0 4Eh
2 “F" 0 1 0 0 0 1 1 0 46h
3 1 0 1 0 0 1 0 0 1 49h
4 Undefined X X X X X X X X XXh
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READ PARAMETER PAGE (ECh)

READ PARAMETER PAGE (ECh)

The READ PARAMETER PAGE (ECh) command is used to read the ONFI parameter page
programmed into the target. This command is accepted by the target only when all die
(LUNSs) on the target are idle.

Writing ECh to the command register puts the target in read parameter page mode. The
target stays in this mode until another valid command is issued.

When the ECh command is followed by an 00h address cycle, the target goes busy for 'R.
If the READ STATUS (70h) command is used to monitor for command completion, the
READ MODE (00h) command must be used to re-enable data output mode. Use of the
READ STATUS ENHANCED (78h) command is prohibited while the target is busy and
during data output.

To insure data integrity, x8 devices contain at least eight copies of the parameter page,
and x16 devices contain at least four copies of the parameter page. Each parameter
page is 256 bytes. If the initial READ PARAMETER PAGE (ECh) command fails to retrieve
a correct copy of the parameter page, the command can be reissued until a correct copy
is retrieved. If desired, the RANDOM DATA READ (05h-E0Oh) command can be used to
change the location of data output.

Figure 26: READ PARAMETER (ECh) Operation

Cycle type { Doyt >‘< Doyt >‘< Doyt >‘< Doyt >‘< Dour >‘< Douyr >_
1/0[7:0] o0n PO, KX Plg X . X Py X Py X —
|

twg R tRR

R/B# % 7~Z
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4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP
Bare Die Parameter Page Data Structure Tables

Table 18: Parameter Page Data Structure

Byte |[Description Value
0-3 Parameter page signature 4Fh, 4Eh, 46h, 49h
4-5 Revision number 02h, 00h
6-7 Features supported MT29FAGOS8ABBDA3W 18h, 00h
MT29F4G16ABBDA3W 19h, 00h
MT29F8GOSBADBDA3W 1Ah, 00h
MT29F8G16ADBDA3W 1Bh, 00h
MT29F4GO0SBABADA3W 18h, 00h
MT29F4G16ABADA3W 19h, 00h
MT29F8GOSBADADA3W 1Ah, 00h
MT29F8G16ADADA3W 1Bh, 00h
8-9 Optional commands supported 3Fh, 00h
10-31 |Reserved 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h,
00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h
32-43 |Device manufacturer 4Dh, 49h, 43h, 52h, 4Fh, 4Eh, 20h, 20h, 20h, 20h, 20h,
20h
44-63 |Device model MT29F4GO8ABBDA3W 4Dh, 54h, 32h, 39h, 46h, 34h, 47h, 30h, 38h, 41h, 42h,
42h, 44h, 41h, 33h, 57h, 20h, 20h, 20h, 20h
MT29F4G16ABBDA3W 4Dh, 54h, 32h, 39h, 46h, 34h, 47h, 31h, 36h, 41h, 42h,
42h, 44h, 41h, 33h, 57h, 20h, 20h, 20h, 20h
MT29F8GOSADBDA3W 4Dh, 54h, 32h, 39h, 46h, 38h, 47h, 30h, 38h, 41h, 44h,
42h, 44h, 41h, 33h, 57h, 20h, 20h, 20h, 20h
MT29F8G16ADBDA3W 4Dh, 54h, 32h, 39h, 46h, 38h, 47h, 31h, 36h, 41h, 44h,
42h, 44h, 41h, 33h, 57h, 20h, 20h, 20h, 20h
MT29F4GO8SABADA3W 4Dh, 54h, 32h, 39h, 46h, 34h, 47h, 30h, 38h, 41h, 42h,
41h, 44h, 41h, 33h, 57h, 20h, 20h, 20h, 20h
MT29F4G16ABADA3W 4Dh, 54h, 32h, 39h, 46h, 34h, 47h, 31h, 36h, 41h, 42h,
41h, 44h, 41h, 33h, 57h, 20h, 20h, 20h, 20h
MT29F8GOSADADA3W 4Dh, 54h, 32h, 39h, 46h, 38h, 47h, 30h, 38h, 41h, 44h,
41h, 44h, 41h, 33h, 57h, 20h, 20h, 20h, 20h
MT29F8G16ADADA3W  |4Dh, 54h, 32h, 39h, 46h, 38h, 47h, 31h, 36h, 41h, 44h,
41h, 44h, 41h, 33h, 57h, 20h, 20h, 20h, 20h
64 Manufacturer ID 2Ch
65-66 |Date code 00h, 00h
67-79 |Reserved 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h,
00h, 00h
80-83 |Number of data bytes per page 00h, 08h, 00h, 00h
84-85 |Number of spare bytes per page 40h, 00h
86-89 |Number of data bytes per partial page 00h, 02h, 00h, 00h
90-91 |[Number of spare bytes per partial page 10h, 00h
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Table 18: Parameter Page Data Structure (Continued)

Byte |Description Value
92-95 [Number of pages per block 40h, 00h, 00h, 00h
96-99 [Number of blocks per unit 00h, 10h, 00h, 00h

100 Number of logical units |MT29F4GO8ABBDA3W 01h
MT29F4G16ABBDA3W 01h
MT29F8GOS8ADBDA3W  |02h
MT29F8G16ADBDA3W 02h
MT29F4GO8ABADA3W  |01h
MT29F4G16ABADA3W 01h
MT29F8GOS8ADADA3W  |02h
MT29F8G16ADADA3W 02h

101 Number of address cycles 23h
102 Number of bits per cell 01h
103-104 |Bad blocks maximum per unit 50h, 00h
105-106 [Block endurance 01h, 05h
107 Guaranteed valid blocks at beginning of target 01h
108-109 [Block endurance for guaranteed valid blocks 00h, 00h
110 Number of programs per page 04h
11 Partial programming attributes 00h
112 Number of bits ECC bits 04h
113 Number of interleaved address bits 01h
114 Interleaved operation attributes OEh
115-127 |Reserved 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h,
00h, 00h
128 I/0 pin capacitance MT29F4GOSABBDA3W 0Ah

MT29F4G16ABBDA3W 0Ah
MT29F8GOSADBDA3W 14h
MT29F8G16ADBDA3W 14h
MT29F4AGOSABADA3W 0Ah
MT29F4G16ABADA3W 0Ah
MT29F8GOSADADA3W 14h
MT29F8G16ADADA3W 14h
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Bare Die Parameter Page Data Structure Tables

Byte |Description Value
129-130 |Timing mode support MT29F4AGOSABBDA3W 1Fh, 00h
MT29FAG16ABBDA3W 1Fh, 00h
MT29F8GOSADBDA3W 1Fh, 00h
MT29F8G16ADBDA3W 1Fh, 00h
MT29FAGOS8ABADA3W 3Fh, 00h
MT29F4G16ABADA3W 3Fh, 00h
MT29F8GOBADADA3W  [3Fh, 00h
MT29F8G16ADADA3W 3Fh, 00h
131-132 |Program cache timing MT29F4GOSABBDA3W 1Fh, 00h
mode support MT29F4G16ABBDA3W 1Fh, 00h
MT29F8GOS8ADBDA3W 1Fh, 00h
MT29F8G16ADBDA3W 1Fh, 00h
MT29FAGOS8ABADA3W 3Fh, 00h
MT29F4G16ABADA3W 3Fh, 00h
MT29F8GOSBADADA3W  [3Fh, 00h
MT29F8G16ADADA3W 3Fh, 00h
133-134 [tPROG (MAX) page program time 58h, 02h
135-136 |'BERS (MAX) block erase time B8h, 0Bh
137-138 |'R (MAX) page read time 19h, 00h
139-140 |*CCs (MIN) 64h, 00h
141-163 |Reserved 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h,
00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h,
00h
164-165 |Vendor-specific revision number 01h, 00h
166-253 |Vendor-specific 01h, 00h, 00h, 02h, 04h, 80h, 01h, 81h, 04h, 01h, 02h,
01h,0Ah, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h,
00h, 00h,00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h,
00h, 00h, 00h,00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h,
00h, 00h, 00h, 00h,00h, 00h, 00h, 00h, 00h, 00h, 00h,
00h, 00h, 00h, 00h, 00h,00h, 00h, 00h, 00h, 00h, 00h,
00h, 00h, 00h, 00h, 00h, 00h,00h, 00h, 00h, 00h, 00h,
00h, 00h, 00h, 00h, 00h, 00h, 00h,00h, 00h, 00h, 00h
254-255 |Integrity CRC Set at test
256-511 |Value of bytes 0-255
512-767 |Value of bytes 0-255
768+ |Additional redundant parameter pages
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READ UNIQUE ID (EDh)

The READ UNIQUE ID (EDh) command is used to read a unique identifier programmed
into the target. This command is accepted by the target only when all die (LUNs) on the
target are idle.

Writing EDh to the command register puts the target in read unique ID mode. The tar-
get stays in this mode until another valid command is issued.

When the EDh command is followed by an 00h address cycle, the target goes busy for
{R. If the READ STATUS (70h) command is used to monitor for command completion,
the READ MODE (00h) command must be used to re-enable data output mode.

After 'R completes, the host enables data output mode to read the unique ID. When the
asynchronous interface is active, one data byte is output per RE# toggle.

Sixteen copies of the unique ID data are stored in the device. Each copy is 32 bytes. The
first 16 bytes of a 32-byte copy are unique data, and the second 16 bytes are the comple-
ment of the first 16 bytes. The host should XOR the first 16 bytes with the second 16
bytes. If the result is 16 bytes of FFh, then that copy of the unique ID data is correct. In
the event that a non-FFh result is returned, the host can repeat the XOR operation on a
subsequent copy of the unique ID data. If desired, the RANDOM DATA READ (05h-EOh)
command can be used to change the data output location.

The upper eight I/Os on a x16 device are not used and are a “Don’t Care” for x16 devi-
ces.

Figure 27: READ UNIQUE ID (EDh) Operation

Cycle type { Pour >‘< Dour >‘< Dour >‘< Dour >‘< Dour >‘< Dour >_
|/O[7:0]w u, X Ute .o X uo W ouy KL —

| twe R tRR

R/B# XI: 7IZ
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Feature Operations

The SET FEATURES (EFh) and GET FEATURES (EEh) commands are used to modify the
target's default power-on behavior. These commands use a one-byte feature address to
determine which subfeature parameters will be read or modified. Each feature address
(in the 00h to FFh range) is defined in below. The SET FEATURES (EFh) command
writes subfeature parameters (P1-P4) to the specified feature address. The GET FEA-
TURES command reads the subfeature parameters (P1-P4) at the specified feature ad-
dress.

When a feature is set, by default it remains active until the device is power cycled. It is
volatile. Unless otherwise specified in the features table, once a device is set it remains
set, even if a RESET (FFh) command is issued. GET/SET FEATURES commands can be
used after required RESET to enable features before system BOOT ROM process.

Internal ECC can be enabled/disabled using SET FEATURES (EFh). The SET FEATURES
command (EFh), followed by address 90h, followed by four data bytes (only the first da-
ta byte is used) will enable/disable internal ECC.

The sequence to enable internal ECC with SET FEATURES is EFh(cmd)-90h(addr)-
08h(data)-00h(data)-00h(data)-00h(data)-wait(tFEAT).

The sequence to disable internal ECC with SET FEATURES is EFh(cmd)-90h(addr)-
00h(data)-00h(data)-00h(data)-00h(data)-wait(tFEAT). The GET FEATURES command
is EEh.

Table 19: Feature Address Definitions

Feature Address Definition
00h Reserved
01h Timing mode
02h-7Fh Reserved
80h Programmable output drive strength
81h Programmable RB# pull-down strength
82h-FFh Reserved
90h Array operation mode
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Table 20: Feature Address 90h - Array Operation Mode

Feature Operations

Subfeature
Parameter Options 1/07 1/06 1/05 1/04 1/03 1/02 1/01 /00 | Value | Notes
P1
Operation Normal Reserved (0) 0 00h 1
mode option | oTp Reserved (0) 1 01h
operation
oTP Reserved (0) 1 1 03h
protection
Disable ECC Reserved (0) 0 00h 1
Enable ECC Reserved (0) 1 0 0 0 08h 1
P2
Reserved | Reserved (0) | 00h |
P3
Reserved | Reserved (0) | 00h |
P4
Reserved | Reserved (0) | 00h |

1. These bits are reset to 00h on power cycle.

SET FEATURES (EFh)

The SET FEATURES (EFh) command writes the subfeature parameters (P1-P4) to the
specified feature address to enable or disable target-specific features. This command is
accepted by the target only when all die (LUNSs) on the target are idle.

Writing EFh to the command register puts the target in the set features mode. The target
stays in this mode until another command is issued.

The EFh command is followed by a valid feature address. The host waits for ‘ADL before
the subfeature parameters are input. When the asynchronous interface is active, one
subfeature parameter is latched per rising edge of WE#.

After all four subfeature parameters are input, the target goes busy for ‘FEAT. The READ
STATUS (70h) command can be used to monitor for command completion.

Feature address 01h (timing mode) operation is unique. If SET FEATURES is used to
modify the interface type, the target will be busy for ITC.

Figure 28: SET FEATURES (EFh) Operation

|

/DIN>'<DIN>'<DIN>'<DIN\

P1 >—<P2>—<P3>—<PI4
I

ItWB  FEAT

I
Cycle type —<Command><Address

tADL

vor7:0 — EFh X FA

R/B#
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GET FEATURES (EEh)

The GET FEATURES (EEh) command reads the subfeature parameters (P1-P4) from the
specified feature address. This command is accepted by the target only when all die
(LUNSs) on the target are idle.

Writing EEh to the command register puts the target in get features mode. The target
stays in this mode until another valid command is issued.

When the EEh command is followed by a feature address, the target goes busy for 'FEAT.
If the READ STATUS (70h) command is used to monitor for command completion, the
READ MODE (00h) command must be used to re-enable data output mode.

After ‘FEAT completes, the host enables data output mode to read the subfeature pa-
rameters.

Figure 29: GET FEATURES (EEh) Operation

Cycle type < Dour >< Dour >‘< Dour >‘< Dour >_

1/0x EEh FA P1 >< P2 >< P3 >< P4 >_

| twe  YrEAT  TRR

R/B#
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Table 21: Feature Addresses 01h: Timing Mode

Subfeature
Parameter Options 1107 1/06 1/05 /04 /03 1/02 /01 1/00 | Value | Notes
P1
Timing mode Mode 0 Reserved (0) 0 0 0 00h 1,2
(default)
Mode 1 Reserved (0) 0 0 1 01h 2
Mode 2 Reserved (0) 0 1 0 02h 2
Mode 3 Reserved (0) 0 1 1 03h 2
Mode 4 Reserved (0) 1 0 0 04h 2
Mode 5 Reserved (0) 1 0 1 05h 3
P2
| Reserved (0) | | | | 00h |
P3
| Reserved (0) | | | | 00h |
P4
| Reserved (0) | | | | 00h |
Notes: 1. The timing mode feature address is used to change the default timing mode. The timing
mode should be selected to indicate the maximum speed at which the device will re-
ceive commands, addresses, and data cycles. The five supported settings for the timing
mode are shown. The default timing mode is mode 0. The device returns to mode 0
when the device is power cycled. Supported timing modes are reported in the parame-
ter page.
2. Supported for both 1.8V and 3.3V.
3. Supported for 3.3V only.
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Table 22: Feature Addresses 80h: Programmable 1/0 Drive Strength

Subfeature

Parameter Options 1107 1/06 1/05 /04 /03 1/02 /01 1/00 | Value | Notes

P1

I/O drive strength |Full (default) Reserved (0) 0 0 00h 1
Three-quarters Reserved (0) 0 1 01h
One-half Reserved (0) 1 0 02h
One-quarter Reserved (0) 1 1 03h

P2
| | Reserved (0) | | | | 00h |

P3
| | Reserved (0) | | | | 00h |

P4
| | Reserved (0) | | | | 00h |

Note: 1. The programmable drive strength feature address is used to change the default I/0
drive strength. Drive strength should be selected based on expected loading of the
memory bus. This table shows the four supported output drive strength settings. The
default drive strength is full strength. The device returns to the default drive strength
mode when the device is power cycled. AC timing parameters may need to be relaxed if
I/0 drive strength is not set to full.

Table 23: Feature Addresses 81h: Programmable R/B# Pull-Down Strength

Subfeature
Parameter Options 1107 1/06 1/05 /04 /03 1/02 /01 1/00 | Value | Notes
P1
R/B# pull-down Full (default) 0 0 00h 1
strength Three-quarters 0 1 01h
One-half 1 0 02h
One-quarter 1 1 03h
P2
| | Reserved (0) | 00h |
P3
| | Reserved (0) | 00h |
P4
| | Reserved (0) | 00h |

Note: 1. This feature address is used to change the default R/B# pull-down strength. Its strength
should be selected based on the expected loading of R/B#. Full strength is the default,
power-on value.
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Status Operations

Each die (LUN) provides its status independently of other die (LUNs) on the same target
through its 8-bit status register.

After the READ STATUS (70h) or READ STATUS ENHANCED (78h) command is issued,
status register output is enabled. The contents of the status register are returned on I/
0[7:0] for each data output request.

When the asynchronous interface is active and status register output is enabled,
changes in the status register are seen on 1/0O[7:0] as long as CE# and RE# are LOW,; it is
not necessary to toggle RE# to see the status register update.

While monitoring the status register to determine when a data transfer from the Flash
array to the data register (‘R) is complete, the host must issue the READ MODE (00h)
command to disable the status register and enable data output (see Read Operations).

The READ STATUS (70h) command returns the status of the most recently selected die
(LUN). To prevent data contention during or following an interleaved die (multi-LUN)
operation, the host must enable only one die (LUN) for status output by using the READ
STATUS ENHANCED (78h) command (see Interleaved Die (Multi-LUN) Operations).

With internal ECC enabled, a READ STATUS command is required after completion of
the data transfer (‘R_ECC) to determine whether an uncorrectable read error occurred.

Table 24: Status Register Definition

SR Program Program Page Page Read
Bit Page Cache Mode Page Read Cache Mode | Block Erase Description
7 Write protect | Write protect | Write protect | Write protect |Write protect|0 = Protected
1 = Not protected
6 RDY RDY' cache RDY RDY' cache RDY 0 = Busy
1 = Ready
5 ARDY ARDY? ARDY ARDY? ARDY Don't Care
- - - - - Don't Care
3 - - Rewrite - - 0 = Normal or uncorrectable
recommended3 1 = Rewrite recommended
2 - - - - - Don't Care
FAILC (N - 1) FAILC (N - 1) Reserved - - Don't Care
0 FAIL FAIL (N) FAIL4 - FAIL 0 = Successful PROGRAM/
ERASE/READ
1 = Error in PROGRAM/
ERASE/READ
Notes: 1. Status register bit 6 is 1 when the cache is ready to accept new data. R/B# follows bit 6.

2. Status register bit 5 is 0 during the actual programming operation. If cache mode is
used, this bit will be 1 when all internal operations are complete.

3. Astatus register bit defined as Rewrite Recommended signifies that the page includes
acertain number of READ errors per sector (512B (main) + 4B (spare) + 8B (parity). A re-
writeof this page is recommended. (Up to a 4-bit error has been corrected if internal
ECC was enabled.)

4. A status register bit defined as FAIL signifies that an uncorrectable READ error has oc-

curred.
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READ STATUS (70h)

The READ STATUS (70h) command returns the status of the last-selected die (LUN) on
a target. This command is accepted by the last-selected die (LUN) even when it is busy
(RDY =0).

If there is only one die (LUN) per target, the READ STATUS (70h) command can be used
to return status following any NAND command.

In devices that have more than one die (LUN) per target, during and following inter-
leaved die (multi-LUN) operations, the READ STATUS ENHANCED (78h) command
must be used to select the die (LUN) that should report status. In this situation, using
the READ STATUS (70h) command will result in bus contention, as two or more die
(LUNSs) could respond until the next operation is issued. The READ STATUS (70h) com-
mand can be used following all single-die (LUN) operations.

Figure 30: READ STATUS (70h) Operation

YWHR

[
i

READ STATUS ENHANCED (78h)

The READ STATUS ENHANCED (78h) command returns the status of the addressed die
(LUN) on a target even when it is busy (RDY = 0). This command is accepted by all die
(LUNSs), even when they are BUSY (RDY = 0).

Writing 78h to the command register, followed by three row address cycles containing
the page, block, and LUN addresses, puts the selected die (LUN) into read status mode.
The selected die (LUN) stays in this mode until another valid command is issued. Die
(LUNSs) that are not addressed are deselected to avoid bus contention.

The selected LUN's status is returned when the host requests data output. The RDY and
ARDY bits of the status register are shared for all planes on the selected die (LUN). The
FAILC and FAIL bits are specific to the plane specified in the row address.

The READ STATUS ENHANCED (78h) command also enables the selected die (LUN) for
data output. To begin data output following a READ-series operation after the selected
die (LUN) is ready (RDY = 1), issue the READ MODE (00h) command, then begin data
output. If the host needs to change the cache register that will output data, use the
RANDOM DATA READ TWO-PLANE (06h-EOh) command after the die (LUN) is ready.

Use of the READ STATUS ENHANCED (78h) command is prohibited during the power-
on RESET (FFh) command and when OTP mode is enabled. It is also prohibited follow-
ing some of the other reset, identification, and configuration operations. See individual
operations for specific details.
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Figure 31: READ STATUS ENHANCED (78h) Operation

Cycle type —<Command>-<Address>—<Address>—<Addlress/ | @—
YWHR
vox — 78h W R X R2 X R3 |-SR
[
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Column Address Operations

The column address operations affect how data is input to and output from the cache
registers within the selected die (LUNs). These features provide host flexibility for man-
aging data, especially when the host internal buffer is smaller than the number of data
bytes or words in the cache register.

When the asynchronous interface is active, column address operations can address any
byte in the selected cache register.

RANDOM DATA READ (05h-EOh)

The RANDOM DATA READ (05h-E0h) command changes the column address of the se-
lected cache register and enables data output from the last selected die (LUN). This
command is accepted by the selected die (LUN) when it is ready (RDY = 1; ARDY = 1). It
is also accepted by the selected die (LUN) during CACHE READ operations

(RDY =1; ARDY = 0).

Writing 05h to the command register, followed by two column address cycles containing
the column address, followed by the EOh command, puts the selected die (LUN) into
data output mode. After the EOh command cycle is issued, the host must wait at least
‘WHR before requesting data output. The selected die (LUN) stays in data output mode
until another valid command is issued.

In devices with more than one die (LUN) per target, during and following interleaved
die (multi-LUN) operations, the READ STATUS ENHANCED (78h) command must be
issued prior to issuing the RANDOM DATA READ (05h-EOh). In this situation, using the
RANDOM DATA READ (05h-E0h) command without the READ STATUS ENHANCED
(78h) command will result in bus contention because two or more die (LUNs) could
output data.

Figure 32: RANDOM DATA READ (05h-EOh) Operation

Cycle type —< Doyt >—< DOIUT >—<Comrlnand>< Address ><Address ><Comrlnand>—|< Dout >—< Doyt >< Dout >—

tRHW tWHR

1/0[7:0] —< Dn >—<Dn+1>—< 05h >< cl >< & >< EOh >—|< Dk >—<Dk+1><Dk+2>—
T T T

SR[6]
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RANDOM DATA READ TWO-PLANE (06h-EOh)

The RANDOM DATA READ TWO-PLANE (06h-E0Oh) command enables data output on
the addressed die’s (LUN'’s) cache register at the specified column address. This com-
mand is accepted by a die (LUN) when it is ready (RDY = 1; ARDY = 1).

Writing 06h to the command register, followed by two column address cycles and three
row address cycles, followed by EOh, enables data output mode on the address LUN’s
cache register at the specified column address. After the EOh command cycle is issued,
the host must wait at least 'WHR before requesting data output. The selected die (LUN)
stays in data output mode until another valid command is issued.

Following a two-plane read page operation, the RANDOM DATA READ TWO-PLANE
(06h-E0h) command is used to select the cache register to be enabled for data output.
After data output is complete on the selected plane, the command can be issued again
to begin data output on another plane.

In devices with more than one die (LUN) per target, after all of the die (LUNSs) on the
target are ready (RDY = 1), the RANDOM DATA READ TWO-PLANE (06h-E0h) command
can be used following an interleaved die (multi-LUN) read operation. Die (LUNSs) that
are not addressed are deselected to avoid bus contention.

In devices with more than one die (LUN) per target, during interleaved die (multi-LUN)
operations where more than one or more die (LUNs) are busy (RDY = 1; ARDY = 0 or
RDY = 0; ARDY = 0), the READ STATUS ENHANCED (78h) command must be issued to
the die (LUN) to be selected prior to issuing the RANDOM DATA READ TWO-PLANE
(06h-EOh). In this situation, using the RANDOM DATA READ TWO-PLANE (06h-E0Oh)
command without the READ STATUS ENHANCED (78h) command will result in bus
contention, as two or more die (LUNs) could output data.

If there is a need to update the column address without selecting a new cache register
or LUN, the RANDOM DATA READ (05h-E0h) command can be used instead.

Figure 33: RANDOM DATA READ TWO-PLANE (06h-EOh) Operation
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RANDOM DATA INPUT (85h)

The RANDOM DATA INPUT (85h) command changes the column address of the selec-
ted cache register and enables data input on the last-selected die (LUN). This command
is accepted by the selected die (LUN) when it is ready (RDY = 1; ARDY = 1). It is also ac-
cepted by the selected die (LUN) during cache program operations

(RDY = 1; ARDY = 0).

Writing 85h to the command register, followed by two column address cycles containing
the column address, puts the selected die (LUN) into data input mode. After the second
address cycle is issued, the host must wait at least ADL before inputting data. The se-
lected die (LUN) stays in data input mode until another valid command is issued.
Though data input mode is enabled, data input from the host is optional. Data input
begins at the column address specified.

The RANDOM DATA INPUT (85h) command is allowed after the required address cycles
are specified, but prior to the final command cycle (10h, 11h, 15h) of the following com-
mands while data input is permitted: PROGRAM PAGE (80h-10h), PROGRAM PAGE
CACHE (80h-15h), PROGRAM FOR INTERNAL DATA MOVE (85h-10h), and PROGRAM
FOR TWO-PLANE INTERNAL DATA MOVE (85h-11h).

In devices that have more than one die (LUN) per target, the RANDOM DATA INPUT
(85h) command can be used with other commands that support interleaved die (multi-
LUN) operations.

Figure 34: RANDOM DATA INPUT (85h) Operation
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PROGRAM FOR INTERNAL DATA INPUT (85h)

The PROGRAM FOR INTERNAL DATA INPUT (85h) command changes the row address
(block and page) where the cache register contents will be programmed in the NAND
Flash array. It also changes the column address of the selected cache register and ena-
bles data input on the specified die (LUN). This command is accepted by the selected
die (LUN) when it is ready (RDY = 1; ARDY = 1). It is also accepted by the selected die
(LUN) during cache programming operations (RDY = 1; ARDY = 0).

Write 85h to the command register. Then write two column address cycles and three
row address cycles. This updates the page and block destination of the selected device
for the addressed LUN and puts the cache register into data input mode. After the fifth
address cycle is issued the host must wait at least ‘ADL before inputting data. The selec-
ted LUN stays in data input mode until another valid command is issued. Though data
input mode is enabled, data input from the host is optional. Data input begins at the
column address specified.

The PROGRAM FOR INTERNAL DATA INPUT (85h) command is allowed after the re-
quired address cycles are specified, but prior to the final command cycle (10h, 11h, 15h)
of the following commands while data input is permitted: PROGRAM PAGE (80h-10h),
PROGRAM PAGE TWO-PLANE (80h-11h), PROGRAM PAGE CACHE (80h-15h), PRO-
GRAM FOR INTERNAL DATA MOVE (85h-10h), and PROGRAM FOR TWO-PLANE IN-
TERNAL DATA MOVE (85h-11h). When used with these commands, the LUN address
and plane select bits are required to be identical to the LUN address and plane select
bits originally specified.

The PROGRAM FOR INTERNAL DATA INPUT (85h) command enables the host to mod-
ify the original page and block address for the data in the cache register to a new page
and block address.

In devices that have more than one die (LUN) per target, the PROGRAM FOR INTERNAL
DATA INPUT (85h) command can be used with other commands that support inter-
leaved die (multi-LUN) operations.

The PROGRAM FOR INTERNAL DATA INPUT (85h) command can be used with the
RANDOM DATA READ (05h-EO0h) or RANDOM DATA READ TWO-PLANE (06h-EOh)
commands to read and modify cache register contents in small sections prior to pro-
gramming cache register contents to the NAND Flash array. This capability can reduce
the amount of buffer memory used in the host controller.

The RANDOM DATA INPUT (85h) command can be used during the PROGRAM FOR
INTERNAL DATA MOVE command sequence to modify one or more bytes of the origi-
nal data. First, data is copied into the cache register using the 00h-35h command se-
quence, then the RANDOM DATA INPUT (85h) command is written along with the ad-
dress of the data to be modified next. New data is input on the external data pins. This
copies the new data into the cache register.
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Figure 35: PROGRAM FOR INTERNAL DATA INPUT (85h) Operation
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Read Operations

The READ PAGE (00h-30h) command, when issued by itself, reads one page from the
NAND Flash array to its cache register and enables data output for that cache register.

During data output the following commands can be used to read and modify the data in
the cache registers: RANDOM DATA READ (05h-EOh) and RANDOM DATA INPUT (85h).

Read Cache Operations

To increase data throughput, the READ PAGE CACHE series (31h, 00h-31h) commands
can be used to output data from the cache register while concurrently copying a page
from the NAND Flash array to the data register.

To begin a read page cache sequence, begin by reading a page from the NAND Flash ar-
ray to its corresponding cache register using the READ PAGE (00h-30h) command.
R/B# goes LOW during 'R and the selected die (LUN) is busy (RDY = 0, ARDY = 0). After
R (R/B#is HIGH and RDY = 1, ARDY = 1), issue either of these commands:

e READ PAGE CACHE SEQUENTIAL (31h) - copies the next sequential page from the
NAND Flash array to the data register

e READ PAGE CACHE RANDOM (00h-31h) - copies the page specified in this command
from the NAND Flash array to its corresponding data register

After the READ PAGE CACHE series (31h, 00h-31h) command has been issued, R/B#
goes LOW on the target, and RDY = 0 and ARDY = 0 on the die (LUN) for ‘RCBSY while
the next page begins copying data from the array to the data register. After 'RCBSY,
R/B# goes HIGH and the die’s (LUN’s) status register bits indicate the device is busy
with a cache operation (RDY = 1, ARDY = 0). The cache register becomes available and
the page requested in the READ PAGE CACHE operation is transferred to the data regis-
ter. At this point, data can be output from the cache register, beginning at column ad-
dress 0. The RANDOM DATA READ (05h-E0Oh) command can be used to change the col-
umn address of the data output by the die (LUN).

After outputting the desired number of bytes from the cache register, either an addi-
tional READ PAGE CACHE series (31h, 00h-31h) operation can be started or the READ
PAGE CACHE LAST (3Fh) command can be issued.

If the READ PAGE CACHE LAST (3Fh) command is issued, R/B# goes LOW on the target,
and RDY = 0 and ARDY = 0 on the die (LUN) for ‘RCBSY while the data register is copied
into the cache register. After 'RCBSY, R/B# goes HIGH and RDY =1 and

ARDY =1, indicating that the cache register is available and that the die (LUN) is ready.
Data can then be output from the cache register, beginning at column address 0. The
RANDOM DATA READ (05h-E0h) command can be used to change the column address
of the data being output.

For READ PAGE CACHE series (31h, 00h-31h, 3Fh), during the die (LUN) busy time,
‘RCBSY, when RDY = 0 and ARDY = 0, the only valid commands are status operations
(70h, 78h) and RESET (FFh). When RDY = 1 and ARDY =0, the only valid commands
during READ PAGE CACHE series (31h, 00h-31h) operations are status operations (70h,
78h), READ MODE (00h), READ PAGE CACHE series (31h, 00h-31h), RANDOM DATA
READ (05h-EOh), and RESET (FFh).
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Two-Plane Read Operations

Two-plane read page operations improve data throughput by copying data from more
than one plane simultaneously to the specified cache registers. This is done by pre-
pending one or more READ PAGE TWO-PLANE (00h-00h-30h) commands in front of
the READ PAGE (00h-30h) command.

When the die (LUN) is ready, the RANDOM DATA READ TWO-PLANE (06h-EOh) com-
mand determines which plane outputs data. During data output, the following com-
mands can be used to read and modify the data in the cache registers: RANDOM DATA
READ (05h-EOh) and RANDOM DATA INPUT (85h).

Two-Plane Read Cache Operations

Two-plane read cache operations can be used to output data from more than one cache
register while concurrently copying one or more pages from the NAND Flash array to
the data register. This is done by prepending READ PAGE TWO-PLANE (00h-00h-30h)
commands in front of the PAGE READ TWO-PLANE CACHE (00h-00h-31h) command.

To begin a two-plane read page cache sequence, begin by issuing a READ PAGE TWO-
PLANE operation using the READ PAGE TWO-PLANE (00h-00h-30h) and READ PAGE
(00h-30h) commands. R/B# goes LOW during ‘R and the selected die (LUN) is busy
(RDY =0, ARDY = 0). After 'R (R/B# is HIGH and RDY = 1, ARDY = 1), issue either of these
commands:

e READ PAGE CACHE SEQUENTIAL (31h) — copies the next sequential pages from the
previously addressed planes from the NAND Flash array to the data registers.

e READ PAGE TWO-PLANE (00h-00h-30h) [in some cases, followed by READ PAGE
TWO-PLANE CACHE (00h-00h-31h)] — copies the pages specified from the NAND
Flash array to the corresponding data registers.

After the READ PAGE CACHE series (31h, 00h-00h-31h) command has been issued,
R/B# goes LOW on the target, and RDY = 0 and ARDY = 0 on the die (LUN) for ‘RCBSY
while the next pages begin copying data from the array to the data registers. After
‘RCBSY,

R/B# goes HIGH and the LUN’s status register bits indicate the device is busy with a
cache operation (RDY = 1, ARDY = 0). The cache registers become available and the pa-
ges requested in the READ PAGE CACHE operation are transferred to the data registers.
Issue the RANDOM DATA READ TWO-PLANE (06h-EOh) command to determine which
cache register will output data. After data is output, the RANDOM DATA READ TWO-
PLANE (06h-EOh) command can be used to output data from other cache registers. Af-
ter a cache register has been selected, the RANDOM DATA READ (05h-E0h) command
can be used to change the column address of the data output.

After outputting data from the cache registers, either an additional TWO-PLANE READ
CACHE series (31h, 00h-00h-31h) operation can be started or the READ PAGE CACHE
LAST (3Fh) command can be issued.

If the READ PAGE CACHE LAST (3Fh) command is issued, R/B# goes LOW on the target,
and RDY = 0 and ARDY = 0 on the die (LUN) for ‘RCBSY while the data registers are cop-
ied into the cache registers. After ‘RCBSY, R/B# goes HIGH and RDY = 1 and ARDY =1,
indicating that the cache registers are available and that the die (LUN) is ready. Issue the
RANDOM DATA READ TWO-PLANE (06h-E0Oh) command to determine which cache
register will output data. After data is output, the RANDOM DATA READ TWO-PLANE
(06h-E0h) command can be used to output data from other cache registers. After a
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cache register has been selected, the RANDOM DATA READ (05h-EOh) command can
be used to change the column address of the data output.

For READ PAGE CACHE series (31h, 00h-31h, 3Fh), during the die (LUN) busy time,
‘RCBSY, when RDY = 0 and ARDY = 0, the only valid commands are status operations
(70h, 78h) and RESET (FFh). When RDY = 1 and ARDY = 0, the only valid commands
during READ PAGE CACHE series (31h, 00h-31h) operations are status operations (70h,
78h), READ MODE (00h), two-plane read cache series (31h, 00h-00h-30h, 00h-00h-31h),
RANDOM DATA READ (06h-EO0h, 05h-EOh), and RESET (FFh).

READ MODE (00h)

The READ MODE (00h) command disables status output and enables data output for
the last-selected die (LUN) and cache register after a READ operation (00h-30h,
00h-3Ah, 00h-35h) has been monitored with a status operation (70h, 78h). This com-
mand is accepted by the die (LUN) when it is ready (RDY = 1, ARDY = 1). It is also accep-
ted by the die (LUN) during READ PAGE CACHE (31h, 00h-31h) operations

(RDY =1 and ARDY = 0).

In devices that have more than one die (LUN) per target, during and following inter-
leaved die (multi-LUN) operations, the READ STATUS ENHANCED (78h) command
must be used to select only one die (LUN) prior to issuing the READ MODE (00h) com-
mand. This prevents bus contention.

READ PAGE (00h-30h)

The READ PAGE (00h—30h) command copies a page from the NAND Flash array to its
respective cache register and enables data output. This command is accepted by the die
(LUN) when it is ready (RDY =1, ARDY = 1).

To read a page from the NAND Flash array, write the 00h command to the command
register, then write n address cycles to the address registers, and conclude with the 30h
command. The selected die (LUN) will go busy (RDY = 0, ARDY = 0) for 'R as data is
transferred.

To determine the progress of the data transfer, the host can monitor the target's R/B#
signal or, alternatively, the status operations (70h, 78h) can be used. If the status opera-
tions are used to monitor the LUN's status, when the die (LUN) is ready

(RDY =1, ARDY = 1), the host disables status output and enables data output by issuing
the READ MODE (00h) command. When the host requests data output, output begins
at the column address specified.

During data output the RANDOM DATA READ (05h-EOh) command can be issued.

When internal ECC is enabled, the READ STATUS (70h) command is required after the
completion of the data transfer (‘R_ECC) to determine whether an uncorrectable read
error occured. (‘R_ECC is the data transferred with internal ECC enabled.)

In devices that have more than one die (LUN) per target, during and following inter-
leaved die (multi-LUN) operations the READ STATUS ENHANCED (78h) command
must be used to select only one die (LUN) prior to the issue of the READ MODE (00h)
command. This prevents bus contention.

The READ PAGE (00h-30h) command is used as the final command of a two-plane read
operation. It is preceded by one or more READ PAGE TWO-PLANE (00h-00h-30h) com-
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mands. Data is transferred from the NAND Flash array for all of the addressed planes to
their respective cache registers. When the die (LUN) is ready

(RDY =1, ARDY = 1), data output is enabled for the cache register linked to the plane
addressed in the READ PAGE (00h-30h) command. When the host requests data output,
output begins at the column address last specified in the READ PAGE (00h-30h) com-
mand. The RANDOM DATA READ TWO-PLANE (06h-EOh) command is used to enable
data output in the other cache registers.

Figure 36: READ PAGE (00h-30h) Operation
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Figure 37: READ PAGE (00h-30h) Operation with Internal ECC Enabled
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READ PAGE CACHE SEQUENTIAL (31h)

The READ PAGE CACHE SEQUENTIAL (31h) command reads the next sequential page
within a block into the data register while the previous page is output from the cache
register. This command is accepted by the die (LUN) when it is ready

(RDY =1, ARDY = 1). It is also accepted by the die (LUN) during READ PAGE CACHE
(31h, 00h-31h) operations (RDY = 1 and ARDY = 0).

To issue this command, write 31h to the command register. After this command is is-
sued, R/B# goes LOW and the die (LUN) is busy (RDY = 0, ARDY = 0) for '‘RCBSY. After
‘RCBSY, R/B# goes HIGH and the die (LUN) is busy with a cache operation

(RDY =1, ARDY = 0), indicating that the cache register is available and that the specified
page is copying from the NAND Flash array to the data register. At this point, data can
be output from the cache register beginning at column address 0. The RANDOM DATA
READ (05h-E0Oh) command can be used to change the column address of the data being
output from the cache register.

The READ PAGE CACHE SEQUENTIAL (31h) command can be used to cross block
boundaries. If the READ PAGE CACHE SEQUENTIAL (31h) command is issued after the
last page of a block is read into the data register, the next page read will be the next logi-
cal block in which the 31h command was issued. Do not issue the READ PAGE CACHE
SEQUENTIAL (31h) to cross die (LUN) boundaries. Instead, issue the READ PAGE
CACHE LAST (3Fh) command.
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Figure 38: READ PAGE CACHE SEQUENTIAL (31h) Operation
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READ PAGE CACHE RANDOM (00h-31h)

The READ PAGE CACHE RANDOM (00h-31h) command reads the specified block and
page into the data register while the previous page is output from the cache register.
This command is accepted by the die (LUN) when it is ready (RDY = 1, ARDY = 1). It is
also accepted by the die (LUN) during READ PAGE CACHE (31h, 00h-31h) operations
(RDY =1 and ARDY = 0).

To issue this command, write 00h to the command register, then write n address cycles
to the address register, and conclude by writing 31h to the command register. The col-
umn address in the address specified is ignored. The die (LUN) address must match the
same die (LUN) address as the previous READ PAGE (00h-30h) command or, if applica-
ble, the previous READ PAGE CACHE RANDOM (00h-31h) command.

After this command is issued, R/B# goes LOW and the die (LUN) is busy

(RDY = 0, ARDY = 0) for ‘RCBSY. After ‘RCBSY, R/B# goes HIGH and the die (LUN) is busy
with a cache operation (RDY = 1, ARDY = 0), indicating that the cache register is availa-
ble and that the specified page is copying from the NAND Flash array to the data regis-
ter. At this point, data can be output from the cache register beginning at column ad-
dress 0. The RANDOM DATA READ (05h-E0Oh) command can be used to change the col-
umn address of the data being output from the cache register.

In devices that have more than one die (LUN) per target, during and following inter-
leaved die (multi-LUN) operations the READ STATUS ENHANCED (78h) command fol-
lowed by the READ MODE (00h) command must be used to select only one die (LUN)
and prevent bus contention.
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Figure 39: READ PAGE CACHE RANDOM (00h-31h) Operation
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READ PAGE CACHE LAST (3Fh)

The READ PAGE CACHE LAST (3Fh) command ends the read page cache sequence and
copies a page from the data register to the cache register. This command is accepted by
the die (LUN) when it is ready (RDY = 1, ARDY = 1). It is also accepted by the die (LUN)
during READ PAGE CACHE (31h, 00h-31h) operations (RDY = 1 and ARDY = 0).

To issue the READ PAGE CACHE LAST (3Fh) command, write 3Fh to the command reg-
ister. After this command is issued, R/B# goes LOW and the die (LUN) is busy

(RDY =0, ARDY = 0) for ‘RCBSY. After ‘RCBSY, R/B# goes HIGH and the die (LUN) is
ready (RDY =1, ARDY = 1). At this point, data can be output from the cache register, be-
ginning at column address 0. The RANDOM DATA READ (05h-EOh) command can be
used to change the column address of the data being output from the cache register.

In devices that have more than one LUN per target, during and following interleaved die
(multi-LUN) operations the READ STATUS ENHANCED (78h) command followed by
the READ MODE (00h) command must be used to select only one die (LUN) and pre-
vent bus contention.

Figure 40: READ PAGE CACHE LAST (3Fh) Operation
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READ PAGE TWO-PLANE 00h-00h-30h

The READ PAGE TWO-PLANE (00h-00h-30h) operation is similar to the PAGE READ
(00h-30h) operation. It transfers two pages of data from the NAND Flash array to the da-
ta registers. Each page must be from a different plane on the same die.

To enter the READ PAGE TWO-PLANE mode, write the 00h command to the command
register, and then write five address cycles for plane 0 (BA6 = 0). Next, write the 00h
command to the command register, and five address cycles for plane 1 (BA6 = 1). Final-
ly, issue the 30h command. The first-plane and second-plane addresses must meet the
two-plane addressing requirements, and, in addition, they must have identical column
addresses.

After the 30h command is written, page data is transferred from both planes to their re-
spective data registers in 'R. During these transfers, R/B# goes LOW. When the transfers
are complete, R/B# goes HIGH. To read out the data from the plane 0 data register,
pulse RE# repeatedly. After the data cycle from the plane 0 address completes, issue a
RANDOM DATA READ TWO-PLANE (06h-EOh) command to select the plane 1 address,
then repeatedly pulse RE# to read out the data from the plane 1 data register.

Alternatively, the READ STATUS (70h) command can monitor data transfers. When the
transfers are complete, status register bit 6 is set to 1. To read data from the first of the
two planes, the user must first issue the RANDOM DATA READ TWO-PLANE (06h-EOh)
command and pulse RE# repeatedly.

When the data cycle is complete, issue a RANDOM DATA READ TWO-PLANE (06h-EOh)
command to select the other plane. To output the data beginning at the specified col-
umn address, pulse RE# repeatedly.

Use of the READ STATUS ENHANCED (78h) command is prohibited during and follow-
ing a PAGE READ TWO-PLANE operation.
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Figure 41: READ PAGE TWO-PLANE (00h-00h-30h) Operation
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Program Operations

Program operations are used to move data from the cache or data registers to the NAND
array. During a program operation the contents of the cache and/or data registers are
modified by the internal control logic.

Within a block, pages must be programmed sequentially from the least significant page

address to the most significant page address (0, 1, 2, ....., 63). During a program opera-
tion, the contents of the cache and/or data registers are modified by the internal control
logic.

Program Operations

The PROGRAM PAGE (80h-10h) command, when not preceded by the PROGRAM PAGE
TWO-PLANE (80h-11h) command, programs one page from the cache register to the
NAND Flash array. When the die (LUN) is ready (RDY = 1, ARDY = 1), the host should
check the FAIL bit to verify that the operation has completed successfully.

Program Cache Operations

The PROGRAM PAGE CACHE (80h-15h) command can be used to improve program op-
eration system performance. When this command is issued, the die (LUN) goes busy
(RDY =0, ARDY = 0) while the cache register contents are copied to the data register,
and the die (LUN) is busy with a program cache operation (RDY = 1, ARDY = 0. While
the contents of the data register are moved to the NAND Flash array, the cache register
is available for an additional PROGRAM PAGE CACHE (80h-15h) or PROGRAM PAGE
(80h-10h) command.

For PROGRAM PAGE CACHE series (80h-15h) operations, during the die (LUN) busy
times, 'CBSY and 'LPROG, when RDY = 0 and ARDY = 0, the only valid commands are
status operations (70h, 78h) and reset (FFh). When RDY = 1 and ARDY = 0, the only valid
commands during PROGRAM PAGE CACHE series (80h-15h) operations are status op-
erations (70h, 78h), PROGRAM PAGE CACHE (80h-15h), PROGRAM PAGE (80h-10h),
RANDOM DATA INPUT (85h), PROGRAM FOR INTERNAL DATA INPUT (85h), and RE-
SET (FFh).

Two-Plane Program Operations

The PROGRAM PAGE TWO-PLANE (80h-11h) command can be used to improve pro-
gram operation system performance by enabling multiple pages to be moved from the
cache registers to different planes of the NAND Flash array. This is done by prepending
one or more PROGRAM PAGE TWO-PLANE (80h-11h) commands in front of the PRO-
GRAM PAGE (80h-10h) command.

Two-Plane Program Cache Operations

The PROGRAM PAGE TWO-PLANE (80h-11h) command can be used to improve pro-
gram cache operation system performance by enabling multiple pages to be moved
from the cache registers to the data registers and, while the pages are being transferred
from the data registers to different planes of the NAND Flash array, free the cache regis-
ters to receive data input from the host. This is done by prepending one or more PRO-
GRAM PAGE TWO-PLANE (80h-11h) commands in front of the PROGRAM PAGE
CACHE (80h-15h) command.
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PROGRAM PAGE (80h-10h)

The PROGRAM PAGE (80h-10h) command enables the host to input data to a cache reg-
ister, and moves the data from the cache register to the specified block and page ad-
dress in the array of the selected die (LUN). This command is accepted by the die (LUN)
when it is ready (RDY = 1, ARDY = 1). It is also accepted by the die (LUN) when it is busy
with a PROGRAM PAGE CACHE (80h-15h) operation (RDY = 1, ARDY = 0).

To input a page to the cache register and move it to the NAND array at the block and
page address specified, write 80h to the command register. Unless this command has
been preceded by a PROGRAM PAGE TWO-PLANE (80h-11h) command, issuing the 80h
to the command register clears all of the cache registers' contents on the selected target.
Then write n address cycles containing the column address and row address. Data input
cycles follow. Serial data is input beginning at the column address specified. At any time
during the data input cycle the RANDOM DATA INPUT (85h) and PROGRAM FOR IN-
TERNAL DATA INPUT (85h) commands may be issued. When data input is complete,
write 10h to the command register. The selected LUN will go busy

(RDY = 0, ARDY = 0) for 'PROG as data is transferred.

To determine the progress of the data transfer, the host can monitor the target's R/B#
signal or, alternatively, the status operations (70h, 78h) may be used. When the die
(LUN) is ready (RDY = 1, ARDY = 1), the host should check the status of the FAIL bit.

In devices that have more than one die (LUN) per target, during and following inter-
leaved die (multi-LUN) operations, the READ STATUS ENHANCED (78h) command
must be used to select only one die (LUN) for status output. Use of the READ STATUS
(70h) command could cause more than one die (LUN) to respond, resulting in bus con-
tention.

The PROGRAM PAGE (80h-10h) command is used as the final command of a two-plane
program operation. It is preceded by one or more PROGRAM PAGE TWO-PLANE
(80h-11h) commands. Data is transferred from the cache registers for all of the ad-
dressed planes to the NAND array. The host should check the status of the operation by
using the status operations (70h, 78h).

When internal ECC is enabled, the duration of array programming time is ‘PROG_ECC.
During 'PROG_ECC, the internal ECC generates parity bits when error detection is com-
plete.

Figure 42: PROGRAM PAGE (80h-10h) Operation
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PROGRAM PAGE CACHE (80h-15h)

The PROGRAM PAGE CACHE (80h-15h) command enables the host to input data to a
cache register; copies the data from the cache register to the data register; then moves
the data register contents to the specified block and page address in the array of the se-
lected die (LUN). After the data is copied to the data register, the cache register is availa-
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ble for additional PROGRAM PAGE CACHE (80h-15h) or PROGRAM PAGE (80h-10h)
commands. The PROGRAM PAGE CACHE (80h-15h) command is accepted by the die
(LUN) when it is ready (RDY =1, ARDY = 1). It is also accepted by the die (LUN) when
busy with a PROGRAM PAGE CACHE (80h-15h) operation (RDY = 1, ARDY = 0).

To input a page to the cache register to move it to the NAND array at the block and page
address specified, write 80h to the command register. Unless this command has been
preceded by a PROGRAM PAGE TWO-PLANE (80h-11h) command, issuing the 80h to
the command register clears all of the cache registers' contents on the selected target.
Then write n address cycles containing the column address and row address. Data input
cycles follow. Serial data is input beginning at the column address specified. At any time
during the data input cycle the RANDOM DATA INPUT (85h) and PROGRAM FOR IN-
TERNAL DATA INPUT (85h) commands may be issued. When data input is complete,
write 15h to the command register. The selected LUN will go busy

(RDY = 0, ARDY = 0) for 'CBSY to allow the data register to become available from a pre-
vious program cache operation, to copy data from the cache register to the data register,
and then to begin moving the data register contents to the specified page and block ad-
dress.

To determine the progress of 'CBSY, the host can monitor the target's R/B# signal or, al-
ternatively, the status operations (70h, 78h) can be used. When the LUN’s status shows

that it is busy with a PROGRAM CACHE operation (RDY = 1, ARDY = 0), the host should
check the status of the FAILC bit to see if a previous cache operation was successful.

If, after 'CBSY, the host wants to wait for the program cache operation to complete,
without issuing the PROGRAM PAGE (80h-10h) command, the host should monitor AR-
DY until it is 1. The host should then check the status of the FAIL and FAILC bits.

In devices with more than one die (LUN) per target, during and following interleaved
die (multi-LUN) operations, the READ STATUS ENHANCED (78h) command must be
used to select only one die (LUN) for status output. Use of the READ STATUS (70h) com-
mand could cause more than one die (LUN) to respond, resulting in bus contention.

The PROGRAM PAGE CACHE (80h-15h) command is used as the final command of a
two-plane program cache operation. It is preceded by one or more PROGRAM PAGE
TWO-PLANE (80h-11h) commands. Data for all of the addressed planes is transferred
from the cache registers to the corresponding data registers, then moved to the NAND
Flash array. The host should check the status of the operation by using the status opera-
tions (70h, 78h).
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Figure 43: PROGRAM PAGE CACHE (80h-15h) Operation (Start)
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Figure 44: PROGRAM PAGE CACHE (80h-15h) Operation (End)
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PROGRAM PAGE TWO-PLANE (80h-11h)

The PROGRAM PAGE TWO-PLANE (80h-11h) command enables the host to input data
to the addressed plane's cache register and queue the cache register to ultimately be
moved to the NAND Flash array. This command can be issued one or more times. Each
time a new plane address is specified that plane is also queued for data transfer. To in-
put data for the final plane and to begin the program operation for all previously
queued planes, issue either the PROGRAM PAGE (80h-10h) command or the PROGRAM
PAGE CACHE (80h-15h) command. All of the queued planes will move the data to the
NAND Flash array. This command is accepted by the die (LUN) when it is ready

(RDY =1).

To input a page to the cache register and queue it to be moved to the NAND Flash array
at the block and page address specified, write 80h to the command register. Unless this
command has been preceded by a PROGRAM PAGE TWO-PLANE (80h-11h) command,
issuing the 80h to the command register clears all of the cache registers' contents on the
selected target. Write five address cycles containing the column address and row ad-
dress; data input cycles follow. Serial data is input beginning at the column address
specified. At any time during the data input cycle, the RANDOM DATA INPUT (85h) and
PROGRAM FOR INTERNAL DATA INPUT (85h) commands can be issued. When data
input is complete, write 11h to the command register. The selected die (LUN) will go
busy (RDY = 0, ARDY = 0) for ‘DBSY.

To determine the progress of ‘DBSY, the host can monitor the target's R/B# signal or,
alternatively, the status operations (70h, 78h) can be used. When the LUN's status
shows that it is ready (RDY = 1), additional PROGRAM PAGE TWO-PLANE (80h-11h)
commands can be issued to queue additional planes for data transfer. Alternatively, the
PROGRAM PAGE (80h-10h) or PROGRAM PAGE CACHE (80h-15h) commands can be is-
sued.

When the PROGRAM PAGE (80h-10h) command is used as the final command of a two-
plane program operation, data is transferred from the cache registers to the NAND
Flash array for all of the addressed planes during ‘PROG. When the die (LUN) is ready
(RDY =1, ARDY = 1), the host should check the status of the FAIL bit for each of the
planes to verify that programming completed successfully.

When the PROGRAM PAGE CACHE (80h-15h) command is used as the final command
of a program cache two-plane operation, data is transferred from the cache registers to
the data registers after the previous array operations finish. The data is then moved
from the data registers to the NAND Flash array for all of the addressed planes. This oc-
curs during 'CBSY. After {CBSY, the host should check the status of the FAILC bit for
each of the planes from the previous program cache operation, if any, to verify that pro-
gramming completed successfully.

For the PROGRAM PAGE TWO-PLANE (80h-11h), PROGRAM PAGE (80h-10h), and PRO-
GRAM PAGE CACHE (80h-15h) commands, see Two-Plane Operations for two-plane ad-
dressing requirements.

Figure 45: PROGRAM PAGE TWO-PLANE (80h-11h) Operation
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Erase Operations

Erase operations are used to clear the contents of a block in the NAND Flash array to
prepare its pages for program operations.

Erase Operations

The ERASE BLOCK (60h-D0h) command, when not preceded by the ERASE BLOCK
TWO-PLANE (60h-D1h) command, erases one block in the NAND Flash array. When the
die (LUN) is ready (RDY = 1, ARDY = 1), the host should check the FAIL bit to verify that
this operation completed successfully.

TWO-PLANE ERASE Operations

The ERASE BLOCK TWO-PLANE (60h-D1h) command can be used to further system
performance of erase operations by allowing more than one block to be erased in the
NAND array. This is done by prepending one or more ERASE BLOCK TWO-PLANE (60h-
D1h) commands in front of the ERASE BLOCK (60h-D0h) command. See Two-Plane
Operations for details.

ERASE BLOCK (60h-D0Oh)

The ERASE BLOCK (60h-D0h) command erases the specified block in the NAND Flash
array. This command is accepted by the die (LUN) when it is ready (RDY = 1, ARDY = 1).

To erase a block, write 60h to the command register. Then write three address cycles
containing the row address; the page address is ignored. Conclude by writing DOh to the
command register. The selected die (LUN) will go busy (RDY = 0, ARDY = 0) for '‘BERS
while the block is erased.

To determine the progress of an ERASE operation, the host can monitor the target's
R/B# signal, or alternatively, the status operations (70h, 78h) can be used. When the die
(LUN) is ready (RDY =1, ARDY = 1) the host should check the status of the FAIL bit.

In devices that have more than one die (LUN) per target, during and following inter-
leaved die (multi-LUN) operations, the READ STATUS ENHANCED (78h) command
must be used to select only one die (LUN) for status output. Use of the READ STATUS
(70h) command could cause more than one die (LUN) to respond, resulting in bus con-
tention.

The ERASE BLOCK (60h-D0h) command is used as the final command of an erase two-
plane operation. It is preceded by one or more ERASE BLOCK TWO-PLANE (60h-D1h)
commands. All blocks in the addressed planes are erased. The host should check the
status of the operation by using the status operations (70h, 78h). See Two-Plane Opera-
tions for two-plane addressing requirements.

Figure 46: ERASE BLOCK (60h-DOh) Operation
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ERASE BLOCK TWO-PLANE (60h-D1h)

The ERASE BLOCK TWO-PLANE (60h-D1h) command queues a block in the specified
plane to be erased in the NAND Flash array. This command can be issued one or more
times. Each time a new plane address is specified, that plane is also queued for a block
to be erased. To specify the final block to be erased and to begin the ERASE operation
for all previously queued planes, issue the ERASE BLOCK (60h-D0h) command. This
command is accepted by the die (LUN) when it is ready (RDY = 1, ARDY = 1).

To queue a block to be erased, write 60h to the command register, then write three ad-
dress cycles containing the row address; the page address is ignored. Conclude by writ-
ing D1h to the command register. The selected die (LUN) will go busy (RDY = 0, ARDY =
0) for 'DBSY.

To determine the progress of 'DBSY, the host can monitor the target's R/B# signal, or
alternatively, the status operations (70h, 78h) can be used. When the LUN's status
shows that it is ready (RDY = 1, ARDY = 1), additional ERASE BLOCK TWO-PLANE (60h-
D1h) commands can be issued to queue additional planes for erase. Alternatively, the
ERASE BLOCK (60h-D0h) command can be issued to erase all of the queued blocks.

For two-plane addressing requirements for the ERASE BLOCK TWO-PLANE (60h-D1h)
and ERASE BLOCK (60h-D0h) commands, see Two-Plane Operations.

Figure 47: ERASE BLOCK TWO-PLANE (60h-D1h) Operation
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Internal Data Move Operations

Internal data move operations make it possible to transfer data within a device from
one page to another using the cache register. This is particularly useful for block man-
agement and wear leveling.

The INTERNAL DATA MOVE operation is a two-step process consisting of a READ FOR
INTERNAL DATA MOVE (00h-35h) and a PROGRAM FOR INTERNAL DATA MOVE
(85h-10h) command. To move data from one page to another on the same plane, first
issue the READ FOR INTERNAL DATA MOVE (00h-35h) command. When the die (LUN)
isready (RDY =1, ARDY = 1), the host can transfer the data to a new page by issuing the
PROGRAM FOR INTERNAL DATA MOVE (85h-10h) command. When the die (LUN) is
again ready (RDY = 1, ARDY = 1), the host should check the FAIL bit to verify that this
operation completed successfully.

To prevent bit errors from accumulating over multiple INTERNAL DATA MOVE opera-
tions, it is recommended that the host read the data out of the cache register after the
READ FOR INTERNAL DATA MOVE (00h-35h) completes and prior to issuing the PRO-
GRAM FOR INTERNAL DATA MOVE (85h-10h) command. The RANDOM DATA READ
(05h-E0h) command can be used to change the column address. The host should check
the data for ECC errors and correct them. When the PROGRAM FOR INTERNAL DATA
MOVE (85h-10h) command is issued, any corrected data can be input. The PROGRAM
FOR INTERNAL DATA INPUT (85h) command can be used to change the column ad-
dress.

It is not possible to use the READ FOR INTERNAL DATA MOVE operation to move data
from one plane to another or from one die (LUN) to another. Instead, use a READ PAGE
(00h-30h) or READ FOR INTERNAL DATA MOVE (00h-35h) command to read the data
out of the NAND, and then use a PROGRAM PAGE (80h-10h) command with data input
to program the data to a new plane or die (LUN).

Between the READ FOR INTERNAL DATA MOVE (00h-35h) and PROGRAM FOR INTER-
NAL DATA MOVE (85h-10h) commands, the following commands are supported: status
operations (70h, 78h) and column address operations (05h-EOh, 06h-EOh, 85h). The RE-
SET operation (FFh) can be issued after READ FOR INTERNAL DATA MOVE (00h-35h),
but the contents of the cache registers on the target are not valid.

In devices that have more than one die (LUN) per target, once the READ FOR INTER-
NAL DATA MOVE (00h-35h) is issued, interleaved die (multi-LUN) operations are pro-
hibited until after the PROGRAM FOR INTERNAL DATA MOVE (85h-10h) command is
issued.

Two-Plane Read for Internal Data Move Operations

Two-plane internal data move read operations improve read data throughput by copy-
ing data simultaneously from more than one plane to the specified cache registers. This
is done by issuing the READ PAGE TWO-PLANE (00h-00h-30h) command or the READ
FOR INTERNAL DATA MOVE (00h-00h-35h) command.

The INTERNAL DATA MOVE PROGRAM TWO-PLANE (85h-11h) command can be used
to further system performance of PROGRAM FOR INTERNAL DATA MOVE operations
by enabling movement of multiple pages from the cache registers to different planes of
the NAND Flash array. This is done by prepending one or more PROGRAM FOR INTER-
NAL DATA MOVE (85h-11h) commands in front of the PROGRAM FOR INTERNAL DA-
TA MOVE (85h-10h) command. See Two-Plane Operations for details.
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READ FOR INTERNAL DATA MOVE (00h-35h)

The READ FOR INTERNAL DATA MOVE (00h-35h) command is functionally identical to
the READ PAGE (00h-30h) command, except that 35h is written to the command regis-
ter instead of 30h.

Though it is not required, it is recommended that the host read the data out of the de-
vice to verify the data prior to issuing the PROGRAM FOR INTERNAL DATA MOVE
(85h-10h) command to prevent the propagation of data errors.

If internal ECC is enabled, the data does not need to be toggled out by the host to be
corrected and moving data can then be written to a new page without data reloading,
which improves system performance.

Figure 48: READ FOR INTERNAL DATA MOVE (00h-35h) Operation

Cycle type —<Command>< Address ><Address ><Address ><Address ><Address ><Command Doyt >< Dout >< Doyt >—
vo[7:0]— ooh X c X @ X R X R X R} X =) ( Dn X Dns1 X D2 )—

twe_ R TtRR

RDY

Figure 49: READ FOR INTERNAL DATA MOVE (00h-35h) with RANDOM DATA READ (05h-EOh)

Cycle type —<Command>< Address >< Address >< Address >< Address >< Address ><Command { Dout >< DOUTX Dout >——

|/o[7:0]—< 00h >< al >< 1) >< R1 >< R2 >< R3 >< 3Th { Do >< ><Dj+n>—

WB_ _ R__RR

RDY \ /

Cycle type ——<Command>< Address >< Address >—<Comlmand l $ DOUT>—< DOUT>—< DOUT/
"WHR
1/0[7:0] —< 05h >< 1 >< ) >—< EOh I { bk >—<Dk+ 1>—<Dk +2)
RDY

[]
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Figure 50: INTERNAL DATA MOVE (85h-10h) with Internal ECC Enabled

TR_ECC PROG_ECC
R/B#

PRy (Y CED S T (T OO S ] () () S G (P9 )

Source address SR bit 0 = 0 READ successful Doyt is optional  Destination address SR bit 0 = 0 READ successful
SR bit 1 = 0 READ error SR bit 1 =0 READ error

Figure 51: INTERNAL DATA MOVE (85h-10h) with RANDOM DATA INPUT with Internal ECC Enabled

fR_ECC tPROG_ECC
| |
R/B#

. Address Address Address
vo17:0) ooy g Yas)————7on_status ) oon)———our | (a5 X%t @ata) oo X B en ot 1on) (o)
Source address SR bit 0 = 0 READ successful Doyr is optional  Destination address \ J

SR bit 1 = 0 READ error Column address 1, 2
(Unlimitted repetitions are possible)

PROGRAM FOR INTERNAL DATA MOVE (85h-10h)

The PROGRAM FOR INTERNAL DATA MOVE (85h-10h) command is functionally iden-
tical to the PROGRAM PAGE (80h-10h) command, except that when 85h is written to the
command register, cache register contents are not cleared.

Figure 52: PROGRAM FOR INTERNAL DATA MOVE (85h-10h) Operation

Cycle type —<Command>< Address XAddress XAddress XAddress XAddress Xiommand

|/o[7;o]—< 85h X a X @ X R1 X R2 X R3 X 1(;h

RDY

twe tPROG
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Figure 53: PROGRAM FOR INTERNAL DATA MOVE (85h-10h) with RANDOM DATA INPUT (85h)

Cycle type —<Command>< Address >< Address >< Address >< Address ><Add.ress ) l D m —

tWHR
I/O[7:0]—< 85h >< a >< @ >< R1 >< R2 >< R3 Di

RDY

Cycle type——<Command><Address ><Adt;ress>—|< By >—< By >—< Bl >—<Command>—
'WHR
I/O[7:0]—< 85h >< al >< e ) <o >—<Dj+1>—<Dj+2>—< 10h )

tws  tPrOG

RDY

[]

PROGRAM FOR INTERNAL DATA MOVE TWO-PLANE (85h-11h)

The PROGRAM FOR INTERNAL DATA MOVE TWO-PLANE (85h-11h) command is func-
tionally identical to the PROGRAM PAGE TWO-PLANE (85h-11h) command, except that
when 85h is written to the command register, cache register contents are not cleared.
See Program Operations for further details.

Figure 54: PROGRAM FOR INTERNAL DATA MOVE TWO-PLANE (85h-11h) Operation

Cycle type —@ommand>-<Address>—<Address>—<Address>—<Address>—<Add.ress D‘IN >—< Dy >-< Dy >—<Command Command

tADL

Wor7:0l — 8sh W <1 K @ W R X R X R3 Do K .. X on T 85h ><:>-

twg tDBSY
RDY
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Block Lock Feature

The block lock feature protects either the entire device or ranges of blocks from being
programmed and erased. Using the block lock feature is preferable to using WP# to pre-
vent PROGRAM and ERASE operations.

Block lock is enabled and disabled at power-on through the LOCK pin. At power-on, if
LOCK is LOW, all BLOCK LOCK commands are disabled. However if LOCK is HIGH at
power-on, the BLOCK LOCK commands are enabled and, by default, all the blocks on
the device are protected, or locked, from PROGRAM and ERASE operations, even if WP#
is HIGH.

Before the contents of the device can be modified, the device must first be unlocked.
Either a range of blocks or the entire device may be unlocked. PROGRAM and ERASE
operations complete successfully only in the block ranges that have been unlocked.
Blocks, once unlocked, can be locked again to protect them from further PROGRAM
and ERASE operations.

Blocks that are locked can be protected further, or locked tight. When locked tight, the
device’s blocks can no longer be locked or unlocked.

WP# and Block Lock
The following is true when the block lock feature is enabled:

* Holding WP# LOW locks all blocks, provided the blocks are not locked tight.

o [fWP# is held LOW to lock blocks, then returned to HIGH, a new UNLOCK command
must be issued to unlock blocks.

UNLOCK (23h-24h)

By default at power-on, if LOCK is HIGH, all the blocks are locked and protected from
PROGRAM and ERASE operations. The UNLOCK (23h) command is used to unlock a
range of blocks. Unlocked blocks have no protection and can be programmed or erased.

The UNLOCK command uses two registers, a lower boundary block address register and
an upper boundary block address register, and the invert area bit to determine what
range of blocks are unlocked. When the invert area bit = 0, the range of blocks within
the lower and upper boundary address registers are unlocked. When the invert area bit
=1, the range of blocks outside the boundaries of the lower and upper boundary ad-
dress registers are unlocked. The lower boundary block address must be less than the
upper boundary block address. The figures below show examples of how the lower and
upper boundary address registers work with the invert area bit.

To unlock a range of blocks, issue the UNLOCK (23h) command followed by the appro-
priate address cycles that indicate the lower boundary block address. Then issue the
24h command followed by the appropriate address cycles that indicate the upper boun-
dary block address. The least significant page address bit, PAO, should be set to 1 if set-
ting the invert area bit; otherwise, it should be 0. The other page address bits should be
0.

Only one range of blocks can be specified in the lower and upper boundary block ad-
dress registers. If after unlocking a range of blocks the UNLOCK command is again is-
sued, the new block address range determines which blocks are unlocked. The previous
unlocked block address range is not retained.
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Figure 55: Flash Array Protected: Invert Area Bit = 0

Protected
Block 4095 area
Block 4094
Block 4093
Block 4092 FFCh Upper block boundary | Unprotected
Block 4091 area
Block 4090
Block 4089 <
Block 4088 FF8h Lower block boundary
Block 4087
Protected
area
Block 0002 J
Block 0001
Block 0000
Figure 56: Flash Array Protected: Invert Area Bit = 1
Unprotected
Block 4095 Area
Block 4094
Block 4093
Block 4092 FFCh Upper block boundary Protected
Block 4091 area
Block 4090
Block 4089
Block 4088  FF8h Lower block boundary
Block 4087
\ Unprotected
area
Block 0002 J
Block 0001
Block 0000
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Table 25: Block Lock Address Cycle Assignments

ALE Cycle | 1/0[15:8]" 1107 /06 1/05 1/04 /03 1/02 1/01 1/00
First LOW BA7 BAG6 LOwW LOW LOW LOwW LOwW Invert area bit?
Second LOW BA15 BA14 BA13 BA12 BA11 BA10 BA9 BAS8
Third LOW LOW LOW LOwW LOW LOW LOwW BA17 BA16

Notes: 1. 1/O[15:8] is applicable only for x16 devices.

2. Invert area bit is applicable for 24h command; it may be LOW or HIGH for 23h com-
mand.

Figure 57: UNLOCK Operation

WP#
CLE
CE#
WE#
ALE
RE#
Block \/ Block \/ Block / Block \V Block \/ Block
Vox 23h add 1 A\ add2 A\ add 3 24h add 1 A\ add2 A\ add3
Unlock Lower boundary Upper boundary
R/B#
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LOCK (2Ah)

By default at power-on, if LOCK is HIGH, all the blocks are locked and protected from
PROGRAM and ERASE operations. If portions of the device are unlocked using the UN-
LOCK (23h) command, they can be locked again using the LOCK (2Ah) command. The
LOCK command locks all of the blocks in the device. Locked blocks are write-protected
from PROGRAM and ERASE operations.

To lock all of the blocks in the device, issue the LOCK (2Ah) command.

When a PROGRAM or ERASE operation is issued to a locked block, R/B# goes LOW for
{LBSY. The PROGRAM or ERASE operation does not complete. Any READ STATUS com-
mand reports bit 7 as 0, indicating that the block is protected.

The LOCK (2Ah) command is disabled if LOCK is LOW at power-on or if the device is
locked tight.

Figure 58: LOCK Operation

CLE _/_\
CE# _\

WE# _\_/
1/0Ox —< 2Ah

LOCK command
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The LOCK TIGHT (2Ch) command prevents locked blocks from being unlocked and al-
so prevents unlocked blocks from being locked. When this command is issued, the UN-
LOCK (23h) and LOCK (2Ah) commands are disabled. This provides an additional level
of protection against inadvertent PROGRAM and ERASE operations to locked blocks.

To implement LOCK TIGHT in all of the locked blocks in the device, verify that WP# is
HIGH and then issue the LOCK TIGHT (2Ch) command.

When a PROGRAM or ERASE operation is issued to a locked block that has also been
locked tight, R/B# goes LOW for 'LBSY. The PROGRAM or ERASE operation does not
complete. The READ STATUS (70h) command reports bit 7 as 0, indicating that the
block is protected. PROGRAM and ERASE operations complete successfully to blocks
that were not locked at the time the LOCK TIGHT command was issued.

After the LOCK TIGHT command is issued, the command cannot be disabled via a soft-
ware command. Lock tight status can be disabled only by power cycling the device or
toggling WP#. When the lock tight status is disabled, all of the blocks become locked,
the same as if the LOCK (2Ah) command had been issued.

The LOCK TIGHT (2Ch) command is disabled if LOCK is LOW at power-on.

Figure 59: LOCK TIGHT Operation
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Figure 60: PROGRAM/ERASE Issued to Locked Block

1 BSY
R/B#
- \ o\ Leor)
/Ox —( PROGRAM or ERASE )—  Address/datainput  }— CONFIRM ) {70hY——60h)
Locked block READ STATUS

BLOCK LOCK READ STATUS (7Ah)

The BLOCK LOCK READ STATUS (7Ah) command is used to determine the protection
status of individual blocks. The address cycles have the same format, as shown below,
and the invert area bit should be set LOW. On the falling edge of RE# the I/0 pins output
the block lock status register, which contains the information on the protection status
of the block.

Table 26: Block Lock Status Register Bit Definitions

Block Lock Status Register Definitions 1/0[7:3] 1/02 (Lock#) 1101 (LT#) 1/00 (LT)
Block is locked tight X 0 0 1
Block is locked X 0 1 0
Block is unlocked, and device is locked tight X 1 0 1
Block is unlocked, and device is not locked tight X 1 1 0

Figure 61: BLOCK LOCK READ STATUS

CLE
CE#
WE#
tWHR
ALE
RE# \Q /
7Ah —Add 1 X Add 2 X Add 3 Status
1/0x X X
BLOCK LOCK Block address
READ STATUS
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Figure 62: BLOCK LOCK Flowchart
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One-Time Programmable (OTP) Operations

This Micron NAND Flash device offers a protected, one-time programmable NAND
Flash memory area. Thirty full pages (2112 bytes per page) of OTP data are available on
the device, and the entire range is guaranteed to be good. The OTP area is accessible
only through the OTP commands. Customers can use the OTP area any way they
choose; typical uses include programming serial numbers or other data for permanent
storage.

The OTP area leaves the factory in an unwritten state (all bits are 1s). Programming or
partial-page programming enables the user to program only 0 bits in the OTP area. The
OTP area cannot be erased, whether it is protected or not. Protecting the OTP area pre-
vents further programming of that area.

Micron provides a unique way to program and verify data before permanently protect-
ing it and preventing future changes. The OTP area is only accessible while in OTP oper-
ation mode. To set the device to OTP operation mode, issue the SET FEATURE (EFh)
command to feature address 90h and write 01h to P1, followed by three cycles of 00h to
P2-P4. For parameters to enter OTP mode, see Features Operations.

When the device is in OTP operation mode, all subsequent PAGE READ (00h-30h) and
PROGRAM PAGE (80h-10h) commands are applied to the OTP area. The OTP area is as-
signed to page addresses 02h-1Fh. To program an OTP page, issue the PROGRAM PAGE
(80h-10h) command. The pages must be programmed in the ascending order. Similarly,
to read an OTP page, issue the PAGE READ (00h-30h) command.

Protecting the OTP is done by entering OTP protect mode. To set the device to OTP pro-
tect mode, issue the SET FEATURE (EFh) command to feature address 90h and write
03h to P1, followed by three cycles of 00h to P2-P4.

To determine whether the device is busy during an OTP operation, either monitor R/B#
or use the READ STATUS (70h) command.

To exit OTP operation or protect mode, write 00h to P1 at feature address 90h.

Legacy OTP Commands

For legacy OTP commands, OTP DATA PROGRAM (AOh-10h), OTP DATA PROTECT
(A5h-10h), and OTP DATA READ (AFh-30h), refer to the MT29F4GxxAxC data sheet.
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OTP DATA PROGRAM (80h-10h)

The OTP DATA PROGRAM (80h-10h) command is used to write data to the pages within
the OTP area. An entire page can be programmed at one time, or a page can be partially
programmed up to eight times. Only the OTP area allows up to eight partial-page pro-
grams. The rest of the blocks support only four partial-page programs. There is no
ERASE operation for OTP pages.

PROGRAM PAGE enables programming into an offset of an OTP page using two bytes of
the column address (CA[12:0]). The command is compatible with the RANDOM DATA
INPUT (85h) command. The PROGRAM PAGE command will not execute if the OTP
area has been protected.

To use the PROGRAM PAGE command, issue the 80h command. Issue n address cycles.
The first two address cycles are the column address. For the remaining cycles, select a
page in the range of 02h-00h through 1Fh-00h. Next, write from 1-2112 bytes of data.
After data input is complete, issue the 10h command. The internal control logic auto-
matically executes the proper programming algorithm and controls the necessary tim-
ing for programming and verification.

R/B# goes LOW for the duration of the array programming time (‘PROG). The READ
STATUS (70h) command is the only valid command for reading status in OTP operation
mode. Bit 5 of the status register reflects the state of R/B#. When the device is ready;,
read bit 0 of the status register to determine whether the operation passed or failed (see
Status Operations). Each OTP page can be programmed to 8 partial-page programming.
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RANDOM DATA INPUT (85h)

After the initial OTP data set is input, additional data can be written to a new column
address with the RANDOM DATA INPUT (85h) command. The RANDOM DATA INPUT

command can be used any number of times in the same page prior to the OTP PAGE
WRITE (10h) command being issued.

Figure 63: OTP DATA PROGRAM (After Entering OTP Operation Mode)

CLE )) Y
CE# R %N

twc

VA VA AV AV AV ANV AN &/

'WB  tPROG
ALE ? 2

RE# ( (
/Ox 80h FHEDE T ED 70h Status )

OTP DATA INPUT L ~ J 1 up to m bytes PROGRAM READ STATUS
command OTP address! serial input command command
B { L
x8 device: m = 2112 bytes OTP data written

x16 device: m = 1056 words (following good status confirmation)

% Don’t Care

Note: 1. The OTP page must be within the 02h-1Fh range.
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Figure 64: OTP DATA PROGRAM Operation with RANDOM DATA INPUT (After Entering OTP Opera-
tion Mode)
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INPUT command INPUT command command command

R/B# L

Don't Care

OTP DATA PROTECT (80h-10)

The OTP DATA PROTECT (80h-10h) command is used to prevent further programming
of the pages in the OTP area. To protect the OTP area, the target must be in OTP opera-
tion mode.

To protect all data in the OTP area, issue the 80h command. Issue n address cycles in-
cluding the column address, OTP protect page address and block address; the column
and block addresses are fixed to 0. Next, write 00h data for the first byte location and
issue the 10h command. R/B# goes LOW for the duration of the array programming
time, ‘PROG.

After the data is protected, it cannot be programmed further. When the OTP area is pro-
tected, the pages within the area are no longer programmable and cannot be unprotec-
ted.

The READ STATUS (70h) command is the only valid command for reading status in OTP
operation mode. The RDY bit of the status register will reflect the state of R/B#. Use of
the READ STATUS ENHANCED (78h) command is prohibited.

When the target is ready, read the FAIL bit of the status register to determine if the oper-
ation passed or failed.

If the OTP DATA PROTECT (80h-10h) command is issued after the OTP area has already
been protected, R/B# goes LOW for 'OBSY. After 'OBSY, the status register is set to 60h.
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Figure 65: OTP DATA PROTECT Operation (After Entering OTP Protect Mode)
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Note: 1. OTP data is protected following a good status confirmation.
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OTP DATA READ (00h-30h)

To read data from the OTP area, set the device to OTP operation mode, then issue the
PAGE READ (00h-30h) command. Data can be read from OTP pages within the OTP area
whether the area is protected or not.

To use the PAGE READ command for reading data from the OTP area, issue the 00h
command, and then issue five address cycles: for the first two cycles, the column ad-
dress; and for the remaining address cycles, select a page in the range of 02h-00h-00h
through 1Fh-00h-00h. Lastly, issue the 30h command. The PAGE READ CACHE MODE
command is not supported on OTP pages.

R/B# goes LOW ('R) while the data is moved from the OTP page to the data register. The
READ STATUS (70h) command is the only valid command for reading status in OTP op-
eration mode. Bit 5 of the status register reflects the state of R/B# (see Status Opera-
tions).

Normal READ operation timings apply to OTP read accesses. Additional pages within
the OTP area can be selected by repeating the OTP DATA READ command.

The PAGE READ command is compatible with the RANDOM DATA OUTPUT (05h-EOh)
command.

Only data on the current page can be read. Pulsing RE# outputs data sequentially.

Figure 66: OTP DATA READ
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Note: 1. The OTP page must be within the 02h-1Fh range.
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Figure 67: OTP DATA READ with RANDOM DATA READ Operation

cLe VN
N

CE#

WE#
twa
-
ALE
RE#
Col Col OTP
/Ox ;9-<add 1 xadd 2><paqe1>< Wi >< Wl
%f_} t
Column address R Column addresm
Busy
R/B# \1
Don’t Care
Note: 1. The OTP page must be within the range 02h-1Fh.
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Two-Plane Operations

Each NAND Flash logical unit (LUN) is divided into multiple physical planes. Each
plane contains a cache register and a data register independent of the other planes. The
planes are addressed via the low-order block address bits. Specific details are provided
in Device and Array Organization.

Two-plane operations make better use of the NAND Flash arrays on these physical
planes by performing concurrent READ, PROGRAM, or ERASE operations on multiple
planes, significantly improving system performance. Two-plane operations must be of
the same type across the planes; for example, it is not possible to perform a PROGRAM
operation on one plane with an ERASE operation on another.

When issuing two-plane program or erase operations, use the READ STATUS (70h)
command and check whether the previous operation(s) failed. If the READ STATUS
(70h) command indicates that an error occurred (FAIL = 1 and/or FAILC = 1), use the
READ STATUS ENHANCED (78h) command to determine which plane operation failed.

Two-Plane Addressing

Two-plane commands require multiple, five-cycle addresses, one address per opera-
tional plane. For a given two-plane operation, these addresses are subject to the follow-
ing requirements:

e The LUN address bit(s) must be identical for all of the issued addresses.

* The plane select bit, BA[6], must be different for each issued address.

* The page address bits, PA[5:0], must be identical for each issued address.

The READ STATUS (70h) command should be used following two-plane program page
and erase block operations on a single die (LUN).
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Figure 68: TWO-PLANE PAGE READ
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Notes: 1. Column and page addresses must be the same.

2. The least significant block address bit, BA6, must be different for the first- and second-
plane addresses.
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Figure 69: TWO-PLANE PAGE READ with RANDOM DATA READ
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Figure 70: TWO-PLANE PROGRAM PAGE
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Two-Plane Operations

Figure 71: TWO-PLANE PROGRAM PAGE with RANDOM DATA INPUT
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Figure 72: TWO-PLANE PROGRAM PAGE CACHE MODE
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Figure 73: TWO-PLANE INTERNAL DATA MOVE

4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP
Two-Plane Operations

162ball_nand_Ipddr_j84f.pdf — Rev. C 06/16 EN

R iDBSY
R/B# DZ
1/0x @ Address (5 cycles @ Address (5 cycle$ @ @ Address (5 cycle$)<11h i
1st-plane source 2nd-plane source 1st-plane destination ‘

| tPROG
RiBY |
1/0x @ Address (5 cycles @ @ Status

‘ 2nd-plane destination

09005aef865411f3 1 05 Micron Technology, Inc. reserves the right to change products or specifications without notice.

© 2015 Micron Technology, Inc. All rights reserved.



Micron Confidential and Proprietary

(p/'? ICron 4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP

Two-Plane Operations

Figure 74: TWO-PLANE INTERNAL DATA MOVE with TWO-PLANE RANDOM DATA READ
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Figure 75: TWO-PLANE INTERNAL DATA MOVE with RANDOM DATA INPUT

R

|
R/B# G |

1/0x Address (5 cycIesAddress (5 cycles\’_D_it_a—/ @ @ m

1st-plane source 2nd-plane source 1st-plane destinatio®ptional Unlimited number
of repetitions ‘

| O

tDBSY tPROG

R/B#

von -+—— 57~ e R )

2nd-plane destinatio@ptional Unlimited number
‘ of repetitions
T 1

09005aef865411f3 1 07 Micron Technology, Inc. reserves the right to change products or specifications without notice.
162ball_nand_Ipddr_j84f.pdf — Rev. C 06/16 EN © 2015 Micron Technology, Inc. All rights reserved.



Micron Confidential and Proprietary

(p/'? ICron 4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP

Two-Plane Operations

Figure 76: TWO-PLANE BLOCK ERASE
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Figure 77: TWO-PLANE/MULTIPLE-DIE READ STATUS Cycle
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Interleaved Die (Multi-LUN) Operations

In devices that have more than one die (LUN) per target, it is possible to improve per-
formance by interleaving operations between the die (LUNs). An interleaved die (multi-
LUN) operation is one that is issued to an idle die (LUN) (RDY = 1) while another die
(LUN) is busy (RDY = 0).

Interleaved die (multi-LUN) operations are prohibited following RESET (FFh), identifi-
cation (90h, ECh, EDh), and configuration (EEh, EFh) operations until ARDY =1 for all of
the die (LUNs) on the target.

During an interleaved die (multi-LUN) operation, there are two methods to determine
operation completion. The R/B# signal indicates when all of the die (LUNs) have finish-
ed their operations. R/B# remains LOW while any die (LUN) is busy. When R/B# goes
HIGH, all of the die (LUNs) are idle and the operations are complete. Alternatively, the
READ STATUS ENHANCED (78h) command can report the status of each die (LUN) in-
dividually.

If a die (LUN) is performing a cache operation, like PROGRAM PAGE CACHE (80h-15h),
then the die (LUN) is able to accept the data for another cache operation when status
register bit 6 is 1. All operations, including cache operations, are complete on a die
when status register bit 5 is 1.

During and following interleaved die (multi-LUN) operations, the READ STATUS (70h)
command is prohibited. Instead, use the READ STATUS ENHANCED (78h) command to
monitor status. This command selects which die (LUN) will report status. When two-
plane commands are used with interleaved die (multi-LUN) operations, the two-plane
commands must also meet the requirements in Two-Plane Operations.

See Command Definitions for the list of commands that can be issued while other die
(LUNSs) are busy.

During an interleaved die (multi-LUN) operation that involves a PROGRAM series
(80h-10h, 80h-15h) operation and a READ operation, the PROGRAM series operation
must be issued before the READ series operation. The data from the READ series opera-
tion must be output to the host before the next PROGRAM series operation is issued.
This is because the 80h command clears the cache register contents of all cache regis-
ters on all planes.
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Error Management

Each NAND Flash die (LUN) is specified to have a minimum number of valid blocks
(NVB) of the total available blocks. This means the die (LUNs) could have blocks that
are invalid when shipped from the factory. An invalid block is one that contains at least
one page that has more bad bits than can be corrected by the minimum required ECC.
Additional blocks can develop with use. However, the total number of available blocks
per die (LUN) will not fall below NVB during the endurance life of the product.

Although NAND Flash memory devices could contain bad blocks, they can be used
quite reliably in systems that provide bad block management and error-correction algo-
rithms. This type of software environment ensures data integrity.

Internal circuitry isolates each block from other blocks, so the presence of a bad block
does not affect the operation of the rest of the NAND Flash array.

NAND Flash devices are shipped from the factory erased. The factory identifies invalid
blocks before shipping by attempting to program the bad block mark into every loca-
tion in the first page of each invalid block. It may not be possible to program every loca-
tion with the bad block mark. However, the first spare area location in each bad block is
guaranteed to contain the bad block mark. This method is compliant with ONFI Factory
Defect Mapping requirements. See the following table for the first spare area location
and the bad block mark.

System software should check the first spare area location on the first page of each
block prior to performing any PROGRAM or ERASE operations on the NAND Flash de-
vice. A bad block table can then be created, enabling system software to map around
these areas. Factory testing is performed under worst-case conditions. Because invalid
blocks could be marginal, it may not be possible to recover this information if the block
is erased.

Over time, some memory locations may fail to program or erase properly. In order to
ensure that data is stored properly over the life of the NAND Flash device, the following
precautions are required:

* Always check status after a PROGRAM or ERASE operation

e Under typical conditions, use the minimum required ECC (see table below)

e Use bad block management and wear-leveling algorithms

The first block (physical block address 00h) for each CE# is guaranteed to be valid
with ECC when shipped from the factory.

Table 27: Error Management Details

Description Requirement
Minimum number of valid blocks (NVB) per LUN |4016
Total available blocks per LUN 4096
First spare area location x8: byte 2048
x16: word 1024
Bad-block mark x8: 00h
x16: 0000h
Minimum required ECC 4-bit ECC per 528 bytes
09005aef865411f3 110 Micron Technology, Inc. reserves the right to change products or specifications without notice.

162ball_nand_Ipddr_j84f.pdf — Rev. C 06/16 EN

© 2015 Micron Technology, Inc. All rights reserved.



Micron Confidential and Proprietary

(p!? ICron 4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP

Error Management

Table 27: Error Management Details (Continued)

Description Requirement
Minimum ECC with internal ECC enabled 4-bit ECC per 516 bytes (user data) + 8
bytes (parity data)

Minimum required ECC for block 0 if PROGRAM/ |1-bit ECC per 528 bytes
ERASE cycles are less than 1000
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Internal ECC and Spare Area Mapping for ECC

Internal ECC enables 5-bit detection and 4-bit error correction in 512 bytes (x8) or 256
words (x16) of the main area and 4 bytes (x8) or 2 words (x16) of metadata I in the spare
area. The metadata II area, which consists of two bytes (x8) and one word (x16), is not
ECC protected. During the busy time for PROGRAM operations, internal ECC generates
parity bits when error detection is complete.

During READ operations the device executes the internal ECC engine (5-bit detection
and 4-bit error correction). When the READ operaton is complete, read status bit 0 must
be checked to determine whether errors larger than four bits have occurred.

Following the READ STATUS command, the device must be returned to read mode by
issuing the 00h command.

Limitations of internal ECC include the spare area, defined in the figures below, and
ECC parity areas that cannot be written to. Each ECC user area (referred to as main and
spare) must be written within one partial-page program so that the NAND device can
calculate the proper ECC parity. The number of partial-page programs within a page
cannot exceed four.

Figure 78: Spare Area Mapping (x8)

Max Byte | Min Byte
Address | Address | ECC Protected | Area |Description

1FFh 000h Yes Main 0 |User data
3FFh 200h Yes Main 1 |User data
5FFh 400h Yes Main 2 |User data
7FFh 600h Yes Main 3 |User data
801h | 800h No Reserved )
803h 802h No User metadata Il
807h 804h Yes Spare 0 |User metadata |
80Fh 808h Yes Spare 0 |ECC for main/spare 0
811h 810h No Reserved
813h 812h No User metadata Il
817h 814h Yes Spare 1 |User metadata | Bad Block ECC User Data
81Fh 818h Yes Spare 1 |ECC for main/spare 1 > Information|  Parity | (Metadata)
821h 820h No Reserved 2 bytes 8 bytes 6 bytes
823h 822h No User metadata Il
827h 824h Yes Spare 2 |User metadata |
82Fh 828h Yes Spare 2 |ECC for main/spare 2
831h 830h No User data
833h 832h No User metadata Il
837h 834h Yes Spare 3 |User metadata |
83Fh 838h Yes Spare 3 |ECC for main/spare 3 D,
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Figure 79: Spare Area Mapping (x16)

Max word|Min word
Address | Address | ECC Protected | Area |Description
OFFh 000h Yes Main 0 |User data
1FFh 100h Yes Main 1 |User data
2FFh 200h Yes Main 2 |User data
3FFh 300h Yes Main 3 |User data
400h 400h No Reserved )
401h 401h No User metadata Il
403h 402h Yes Spare 0 |User metadata |
407h 404h Yes Spare 0 |ECC for main/spare 0
408h 408h No Reserved
409h 409h No User metadata Il
40Bh 40Ah Yes Spare 1 |User metadata | Bad Block ECC User Data
40Fh 40Ch Yes Spare 1 |ECC for main/spare 1 > Information Parity (Metadata)
410h 410h No Reserved 1 word 4 words 3 words
411h 411h No User metadata Il
413h 412h Yes Spare 2 |User metadata |
417h 414h Yes Spare 2 |ECC for main/spare 2
418h 418h No User data
419h 419h No User metadata Il
41Bh 41Ah Yes Spare 3 |User metadata |
41Fh 41Ch Yes Spare 3 |ECC for main/spare 3 D,
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Electrical Specifications

Stresses greater than those listed can cause permanent damage to the device. This is
stress rating only, and functional operation of the device at these or any other condi-
tions above those indicated in the operational sections of this specification is not guar-
anteed. Exposure to absolute maximum rating conditions for extended periods can af-
fect reliability.

Table 28: Absolute Maximum Ratings

Voltage on any pin relative to Vss

Parameter/Condition Symbol Min Max Unit
Voltage input 1.8V Vin -0.6 24 \Y
3.3V -0.6 4.6 Y,
Vcc supply voltage 1.8V Ve -0.6 24 \Y
3.3V -0.6 4.6 Y
Storage temperature Tstg -65 150 °C
Short circuit output current, I/Os - - 5 mA

Table 29: Recommended Operating Conditions

Parameter/Condition Symbol Min Typ Max Unit
Operating temperature |Commercial Ta 0 - 70 °C
Industrial -40 - 85 °C
Vcc supply voltage 1.8V Ve 1.7 1.8 1.95 Vv
3.3V 2.7 33 3.6 Y,
Ground supply voltage Vss 0 0 0 Vv

Table 30: Valid Blocks

Parameter Symbol Device Min Max Unit Notes
Valid block NVB MT29F4G 4016 4096 Blocks 1,2
number MT29F8G 8032 8192 Blocks 1,2,3

Notes: 1. Invalid blocks are blocks that contain one or more bad bits. The device may contain bad
blocks upon shipment. Additional bad blocks may develop over time; however, the total
number of available blocks will not drop below NVB during the endurance life of the
device. Do not erase or program blocks marked invalid by the factory.

2. Block 00h (the first block) is guaranteed to be valid with ECC when shipped from the
factory.
3. Each 4Gb section has a maximum of 80 invalid blocks.
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Table 31: Capacitance

Notes 1-3 apply to all parameters and conditions

Description Symbol Max Unit
Input capacitance Cin 10 pF
Input/output capacitance (I/0) Co 10 pF

Notes: 1. These parameters are verified in device characterization and are not 100% tested.
2. Test conditions: Tc = 25°C; f = 1 MHz; V) = OV.

3. Capacitance (Cy = C,o = 20pF) for MT29F8G and (Cjy = C,o = 40pF) for MT29F16G.

Table 32: Test Conditions

Parameter

Value Notes

Input pulse levels 0.0V to Vcc
Input rise and fall times 1.8V 2.5ns

3.3V 5.0ns
Input and output timing levels Vcc/2
Output load 1 TTL GATE and CL = 30pF (1.8V) 1

1 TTL GATE and CL = 50pF (3.3V)

Output load 1 TTL GATE and CL = 30pF (1.8V) 1

1 TTL GATE and CL = 50pF (3.3V)

Note: 1. Verified in device characterization, not 100% tested.
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Electrical Specifications - DC Characteristics and Operating Conditions

Table 33: DC Characteristics and Operating Conditions (3.3V)

Parameter Conditions Symbol Min Typ Max Unit Notes
Sequential READ current |'RC =tRC (MIN); CE# =V, ; lcc - 25 35 mA
IOUT =0mA
PROGRAM current - lcca - 25 35 mA
ERASE current - lees - 25 35 mA
Standby current (TTL) CE# =V, lsg1 - - 1 mA 1
WP# = OV/V ¢
Standby current (CMOS) CE#=Vcc-0.2V; lsg2 - 20 100 A
WP# = OV/V¢c
Staggered power-up cur- Rise time = 1ms lst - - 10 per die mA 2
rent Line capacitance = 0.1pF
Input leakage current Viny = 0V to Ve I - - 10 A
Output leakage current Vout =0V to V¢ lLo - - +10 A
Input high voltage I/0[7:0], /0[15:0], Vi 0.8 x V¢ - Vcc+0.3 \
CE#, CLE, ALE, WE#, RE#,
WP#
Input low voltage, all in- - Vi -0.3 - 0.2 x V¢c Y,
puts
Output high voltage lon = -400pA VoH 0.67 x Vcc - - Y,
Output low voltage lo.=2.TmA VoL - - 0.4 Y,
Output low current VoL = 0.4V loL (R/B#) 8 10 - mA 4

Notes:

N

Isg1 = 15mA if operating temperature is 105°C.

2. Measurement is taken with 1ms averaging intervals and begins after V¢ reaches

Vcc(MIN).

w

Von and Vo may need to be relaxed if I/0 drive strength is not set to full.

4. lo. (R/B#) may need to be relaxed if R/B pull-down strength is not set to full.
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Table 34: DC Characteristics and Operating Conditions (1.8V)

Parameter Conditions Symbol Min Typ Max Unit Notes
Sequential READ current |'RC ='RC (MIN); CE# =V ; Icct - 13 20 mA 1,2
|OUT =0mA
PROGRAM current - lcca - 10 20 mA 1,2
ERASE current - lecs - 10 20 mA 1,2
Standby current (TTL) CE# =V|y; lsg1 - - 1 mA
WP# = OV/V(c
Standby current (CMOS) CE# =Vcc- 0.2V, lsg2 - 10 50 HA
WP# = 0V/Vcc
Staggered power-up cur- Rise time = 1ms lst - - 10 per die mA 3
rent Line capacitance = 0.1pF
Input leakage current VN =0V to Vcc I - - +10 HA
Output leakage current Vout = 0V to V¢ Lo - - +10 A
Input high voltage I/0[7:0], 1/0O[15:0], Vi{ 0.8 x Vcc - Vcc+0.3 Y,
CE#, CLE, ALE, WE#, RE#,
WP#
Input low voltage, all in- - Vi -0.3 - 0.2 x V¢c \Y,
puts
Output high voltage lon = -100pA VoH Ve - 0.1 - - Y, 4
Output low voltage loL = +100pA VoL - - 0.1 Y,
Output low current (R/B#) VoL =0.2V loL (R/B#) 3 4 - mA 5

Notes: 1. Typical and maximum values are for single-plane operation only. If device supports dual-
plane operation, values are 20mA (TYP) and 40mA (MAX).

2. Values are for single-die operations. Values could be higher for interleaved-die opera-
tions.

3. Measurement is taken with 1ms averaging intervals and begins after V¢c reaches
Vcc(MIN).

4. Test conditions for Vo and Vgy.

5. DC characteristics may need to be relaxed if R/B# pull-down strength is not set to full.
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Electrical Specifications - AC Characteristics and Operating Conditions

Table 35: AC Characteristics: Command, Data, and Address Input (3.3V)

Note 1 applies to all

Parameter Symbol Min Max Unit Notes
ALE to data start tADL 70 - ns 2
ALE hold time TALH 5 - ns

ALE setup time TALS 10 - ns

CE# hold time tCH 5 - ns

CLE hold time tCLH 5 - ns

CLE setup time tCLS 10 - ns

CE# setup time tcs 15 - ns

Data hold time DH 5 - ns

Data setup time DS 7 - ns

WRITE cycle time Qe 20 - ns

WE# pulse width HIGH YWH 7 - ns

WE# pulse width Wwp 10 - ns

WP# transition to WE# LOW Www 100 - ns

Notes: 1. Operating mode timings meet ONFI timing mode 5 parameters.

2. Timing for 'ADL begins in the address cycle, on the final rising edge of WE#, and ends
with the first rising edge of WE# for data input.

Table 36: AC Characteristics: Command, Data, and Address Input (1.8V)

Note 1 applies to all

Parameter Symbol Min Max Unit Notes
ALE to data start tADL 70 - ns 2
ALE hold time tALH 5 - ns

ALE setup time tALS 10 - ns

CE# hold time tCH 5 - ns

CLE hold time tCLH 5 - ns

CLE setup time tCLs 10 - ns

CE# setup time tCS 20 - ns

Data hold time DH 5 - ns

Data setup time DS 10 - ns

WRITE cycle time W 25 - ns

WE# pulse width HIGH YWH 10 - ns

WE# pulse width Wwp 12 - ns

WP# transition to WE# LOW WwWw 100 - ns

Notes: 1. Operating mode timings meet ONFI timing mode 4 parameters.

2. Timing for tADL begins in the address cycle on the final rising edge of WE#, and ends
with the first rising edge of WE# for data input.
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Electrical Specifications - AC Characteristics and Operating

Conditions
Table 37: AC Characteristics: Normal Operation (3.3V)
Note 1 applies to all
Parameter Symbol Min Max Unit Notes
ALE to RE# delay TAR 10 - ns
CE# access time tCEA - 25 ns
CE# HIGH to output High-Z tCHZ - 50 ns 2
CLE to RE# delay tCLR 10 - ns
CE# HIGH to output hold tCOH 15 - ns
Output High-Z to RE# LOW YR 0 - ns
READ cycle time RC 20 - ns
RE# access time REA - 16 ns
RE# HIGH hold time REH 7 - ns
RE# HIGH to output hold tRHOH 15 - ns
RE# HIGH to WE# LOW TRHW 100 - ns
RE# HIGH to output High-Z tRHZ - 100 ns 2
RE# LOW to output hold fRLOH 5 - ns
RE# pulse width RP 10 - ns
Ready to RE# LOW RR 20 - ns
Reset time (READ/PROGRAM/ERASE) tRST - 5/10/500 ys 3
WE# HIGH to busy tWB - 100 ns
WE# HIGH to RE# LOW "WHR 60 - ns

Notes: 1. AC characteristics may need to be relaxed if /0 drive strength is not set to full.

2. Transition is measured +200mV from steady-state voltage with load. This parameter is
sampled and not 100% tested.

3. The first time the RESET (FFh) command is issued while the device is idle, the device will
go busy for a maximum of 1ms. Thereafter, the device goes busy for a maximum of 5ps.

Table 38: AC Characteristics: Normal Operation (1.8V)

Note 1 applies to all

Parameter Symbol Min Max Unit Notes
ALE to RE# delay tAR 10 - ns

CE# access time tCEA - 25 ns

CE# HIGH to output High-Z tCHZ - 50 ns 2
CLE to RE# delay tCLR 10 - ns

CE# HIGH to output hold tCOH 15 - ns

Output High-Z to RE# LOW YR 0 - ns

READ cycle time RC 25 - ns

RE# access time ‘REA - 22 ns

RE# HIGH hold time ‘REH 10 - ns

RE# HIGH to output hold tRHOH 15 - ns

RE# HIGH to WE# LOW TRHW 100 - ns
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4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP
é.y ICron Electrical Specifications - AC Characteristics and Operating

Conditions
Table 38: AC Characteristics: Normal Operation (1.8V) (Continued)
Note 1 applies to all
Parameter Symbol Min Max Unit Notes
RE# HIGH to output High-Z RHZ - 65 ns 2
RE# LOW to output hold tRLOH 3 - ns
RE# pulse width RP 12 - ns
Ready to RE# LOW RR 20 - ns
Reset time (READ/PROGRAM/ERASE) RST - 5/10/500 ys 3
WE# HIGH to busy "WB - 100 ns
WE# HIGH to RE# LOW YWHR 80 - ns

Notes: 1. AC characteristics may need to be relaxed if /O drive strength is not set to full.

2. Transition is measured +200mV from steady-state voltage with load. This parameter is
sampled and not 100% tested.

3. The first time the RESET (FFh) command is issued while the device is idle, the device will
be busy for a maximum of 1ms. Thereafter, the device is busy for a maximum of 5ys.
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Electrical Specifications - Program/Erase Characteristics

Table 39: Program/Erase Characteristics

Parameter Symbol Typ Max Unit Notes
Number of partial-page programs NOP - 4 cycles 1
BLOCK ERASE operation time 'BERS 0.7 3 ms

Busy time for PROGRAM CACHE operation tCBSY 3 600 s 2
Cache read busy time tRCBSY 3 25 s

Busy time for SET FEATURES and GET FEATURES operations tFEAT - 1 ps

Busy time for OTP DATA PROGRAM operation if OTP is pro- tOBSY - 30 ps

tected

Busy time for PROGRAM/ERASE on locked blocks 1BSY - 3 s

PROGRAM PAGE operation time, internal ECC disabled tPROG 200 600 ys 8
PROGRAM PAGE operation time, internal ECC enabled PROG_ECC 220 600 ps 3,8
Data transfer from Flash array to data register, internal ECC R - 25 ys 6,7
disabled

Data transfer from Flash array to data register, internal ECC tR_ECC 45 70 ps 3,5
enabled

Busy time for OTP DATA PROGRAM operation if OTP is pro- tOBSY_ECC - 50 ps

tected, internal ECC enabled

Busy time for TWO-PLANE PROGRAM PAGE or TWO-PLANE tDBSY 0.5 1 us

BLOCK ERASE operation

Notes:

1.

kA wN

N o

Four total partial-page programs to the same page. If ECC is enabled, then the device is
limited to one partial-page program per ECC user area, not exceeding four partial-page
programs per page.

tCBSY MAX time depends on timing between internal program completion and data-in.
Parameters are with internal ECC enabled.

Typical is nominal voltage and room temperature.

Typical 'R_ECC is under typical process corner, nominal voltage, and at room tempera-
ture.

Data transfer from Flash array to data register with internal ECC disabled.

AC characteristics may need to be relaxed if /0 drive strength is not set to full.

Typical program time is defined as the time within which more than 50% of the pages
are programmed at nominal voltage and room temperature.
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Asynchronous Interface Timing Diagrams

Figure 80: RESET Operation
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Asynchronous Interface Timing Diagrams

Figure 82: READ STATUS ENHANCED Cycle
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Figure 83: READ PARAMETER PAGE
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Asynchronous Interface Timing Diagrams

Figure 84: READ PAGE
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Asynchronous Interface Timing Diagrams

Figure 85: READ PAGE Operation with CE# “Don’t Care”
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Figure 86: RANDOM DATA READ
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Figure 87: READ PAGE CACHE SEQUENTIAL
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Figure 88: READ PAGE CACHE RANDOM
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Figure 89: READ ID Operation
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Figure 90: PROGRAM PAGE Operation
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Figure 91: PROGRAM PAGE Operation with CE# “Don’t Care”
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Figure 92: PROGRAM PAGE Operation with RANDOM DATA INPUT
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Figure 93: PROGRAM PAGE CACHE
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Figure 95: INTERNAL DATA MIOVE
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Figure 96: INTERNAL DATA MOVE (85h-10h) with Internal ECC Enabled
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Figure 97: INTERNAL DATA MOVE (85h-10h) with Random Data Input with Internal ECC Enabled
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Figure 98: ERASE BLOCK Operation
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1Gb: x16, x32 Mobile LPDDR2 SDRAM

1Gb: x16, x32 Mobile LPDDR2 SDRAM

Features

e Ultra low-voltage core and I/O power supplies
— Vppy = 1.14-1.30V
~ Vppea/Vppg = 1.14-1.30V
— Vpp; = 1.70-1.95V
* Clock frequency range
- 533-10 MHz (data rate range: 106620 Mb/s/pin)
e Four-bit prefetch DDR architecture
e Eight internal banks for concurrent operation
e Multiplexed, double data rate, command/address inputs; commands entered on ev-
ery CK edge
* Bidirectional/differential data strobe per byte of
data (DQS/DQS#)
Programmable READ and WRITE latencies (RL/WL)
Programmable burst lengths: 4, 8, or 16
Per-bank refresh for concurrent operation
Partial-array self refresh (PASR)
Deep power-down mode (DPD)
Selectable output drive strength (DS)
Clock stop capability

Table 40: S4 Configuration Addressing

Architecture 64 Meg x 16 32 Meg x 32 64 Meg x 32 64 Meg x 64

Die configura- 8 Meg x 16 x 8 banks 4 Meg x 32 x8 banks | 2x8 Meg x 16 x 8 banks | 4 x 4 Meg x 32 x 8 banks
tion

Row addressing 8K (A[12:0]) 8K (A[12:0]) 8K (A[12:0]) 8K (A[12:0])
Column ad- 1K (A[9:0]) 512 (A[8:0]) 1K (A[9:0]) 512 (A[8:0])
dressing

Number of die 1 1

Die per rank 1 1

Ranks per chan- 1 1 1

nel

Note: 1. Achannel is a complete LPDRAM interface, including command/address and data pins.

General Description

The 1Gb Mobile Low-Power DDR2 SDRAM (LPDDR2) is a high-speed CMOS, dynamic random-access memory
containing 1,073,741,824 bits. The LPDDR2-54 device is internally configured as an eight-bank DRAM. Each of the
x16’s 134,217,728-bit banks is organized as 8192 rows by 1024 columns by 16 bits. Each of the x32’s 134,217,728-bit
banks is organized as 8192 rows by 512 columns by 32 bits.

General Notes

Throughout the data sheet, figures and text refer to DQs as “DQ.” DQ should be interpreted as any or all DQ collec-
tively, unless specifically stated otherwise.
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“DQS” and “CK” should be interpreted as DQS, DQS# and CK, CK# respectively, unless specifically stated other-
wise. “BA” includes all BA pins used for a given density.

In timing diagrams, “CMD” is used as an indicator only. Actual signals occur on CA[9:0].
VREF indicates VREFCA and VREFDQ~

Complete functionality may be described throughout the entire document. Any page or diagram may have been
simplified to convey a topic and may not be inclusive of all requirements.

Any specific requirement takes precedence over a general statement.

Any functionality not specifically stated herein is considered undefined, illegal, is not supported, and will result in
unknown operation.

09005aef865411f3 1 3 5 Micron Technology, Inc. reserves the right to change products or specifications without notice.
162ball_nand_Ipddr_j84f.pdf — Rev. C 06/16 EN © 2015 Micron Technology, Inc. All rights reserved.



Micron Confidential and Proprietary

M ICron 4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP

LPDDR2 Array Configuration

LPDDR2 Array Configuration

The 1Gb Mobile Low-Power DDR2 SDRAM (LPDDR?2) is a high-speed CMOS, dynamic
random-access memory containing 1,073,741,824-bits. The device is internally config-
ured as an eight-bank DRAM. Each of the x16’s 134,217,728-bit banks is organized as
8,192 rows by 1024 columns by 16 bits. Each of the x32’s 134,217,728-bit banks is organ-
ized as 8,192 rows by 512 columns by 32 bits.

General Notes

Throughout the data sheet, figures and text refer to DQs as “DQ.” DQ should be inter-
preted as any or all DQ collectively, unless specifically stated otherwise.

“DQS” and “CK” should be interpreted as DQS_t, DQS_c and CK_t, CK_c respectively,
unless specifically stated otherwise. “BA” includes all BA pins used for a given density.

Complete functionality may be described throughout the entire document. Any page or
diagram may have been simplified to convey a topic and may not be inclusive of all re-
quirements.

Any specific requirement takes precedence over a general statement.

Any functionality not specifically stated herein is considered undefined, illegal, is not
supported, and will result in unknown operation.
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Ipp Specifications

Ipp Specifications

Table 41: Ipp Specifications (32 Meg x 32)

Vpp2: Vobar Vopea = 1.14-1.30V; Vpp; = 1.70-1.95V

Speed Grade i

Parameter Supply Unit
-1D

Ippo1 Vpp1 6 mA
Ibpo2 Vb2 30
Ibbo,in Vbpcea + Vobq 1
Ipp2p1 Vb1 600 HA
Ipp2p2 Vbp2 1600
Ibp2pin Vbpca + Vbpq 100
Ipp2pst Vbp1 600 pA
Ibp2ps2 Vb2 1600
Ipb2ps,in Vbpcea + Vbbq 100
Ipp2nt Vb1 0.6 mA
Ipp2n2 Vbp2 20
Ibp2N,in Vbpca + Vbpq 1
Ipp2nst Vpp1 0.6 mA
Ibp2ns2 Vb2 12
IpD2NS,in Vbbcea + Vbbq 1
Ipp3p1 Vpp1 1.4 mA
Ipp3p2 Vbp2 5
Ibp3pin Vbpca + Vbpq 0.1
Ipp3Ppst Vbp1 1.4 mA
Ipp3ps2 Vbp2 5
Ipb3Ps,in Vbpcea + Vbbq 0.1
Ipp3nt Vpp1 1.5 mA
Ipp3n2 Vbb2 22
IbD3N,in Vbpca + Vopq 1
Ipp3Nst Vpp1 1.5 mA
Ipp3ns2 Vbp2 14
IpD3NS,in Vbpcea + Vbbq
Ibpar1 Vb1 2 mA
Ippar2 Vbp2 180
IpDa4R,in Vbpca
IDpawn Vpp1 2 mA
Ibpaw? Vbp2 200
IDDAW,in Vbpcea + Vbbq 1
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Ipp Specifications

Table 41: Ipp Specifications (32 Meg x 32) (Continued)

Vop2: Vooa. Vopea = 1.14-1.30V; Vpp; = 1.70-1.95V

Speed Grade X
Parameter Supply s Unit
Ipps1 Vb1 20 mA
Ipps2 Vbp2 70
Ipps,in Vbpca + Vbpa 1
Ippspe1 Vbp1 2 mA
Ippspa2 Vb2 23
IbD5PB,in Vbpea + Vobq
IppsAB1 Vb1 2 mA
IppsAB2 Vbb2 23
Ipp5AB,In Vbpca + Vbpq 1
Ipps1 Vbb1 50 pA
Ipps2 Vb2 50
IpDs,in Vbpea + Vobq 20

Table 42: Ipp Specifications (64 Meg x 16)
Vb2, Voo, Vobea = 1.14-1.30V; Vppq = 1.70-1.95V

Speed Grade

Parameter Supply Unit

-1D
Ippo1 Vbp1 6 mA
Ippo2 Vbp2 30
Ippo,in Vbpea + Vbpa 1
Ipp2p1 Vbp1 600 pA
Ipp2p2 Vbp2 1600
Ibp2pin Vbpea + Vopq 100
Ipp2psi Vbp1 600 HA
Ipp2ps2 Vbp2 1600
Ibb2ps,in Vbbcea + Vbbq 100
Ipp2nt Vpp1 0.6 mA
Ipp2n2 Vpb2 20
IDD2N,in Vbpca + Vopq 1
Ipp2nst Vbp1 0.6 mA
Ipp2ns2 Vbp2 12
Ipp2ns,in Vbpea + Vopq 1
Ipp3p Vpp1 1.4 mA
Ippsp2 Vbp2 5
Ibb3Rin Vbpea + Vopq 0.1
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Ipp Specifications

Table 42: Ipp Specifications (64 Meg x 16) (Continued)

Vop2: Vooa. Vopea = 1.14-1.30V; Vpp; = 1.70-1.95V

Speed Grade X
Parameter Supply s Unit
Ipp3ps1 Vbp1 1.4 mA
Ipp3ps2 Vbp2 5
IbD3PS,in Vbbca + Vbpq 0.1
Ipp3Nt Vbp1 15 mA
Ipp3n2 Vb2 22
IpD3N,in Vbpea + Vobq 1
Ipp3nst Vpp1 1.5 mA
Ipp3ns2 Vbp2 14
Ibp3Ns,in Vbbca + Vbpq 1
IpDar1 Vbp1 2 mA
Ibpar2 Vb2 140
IbDa4R,in Vbbea
Ippaw1 Vb1 2 mA
Ippaw2 Vbp2 155
Ibpaw,in Vbpea + Vopa 1
Ipps1 Vbp1 20 mA
Ipps2 Vb2 70
IpDs,in Vbpea + Vopq
Ippspa1 Vb1 2 mA
Ippspe2 Vbp2 23
IbD5PB,in Vbpca + Vbpa 1
IppsABY Vbp1 2 mA
Ippsag2 Vb2 23
Ipp5AB,in Vbpcea + Vopq 1
Ipps1 Vb1 50 HA
Ipps2 Vbp2 50
IbD8,in Vbpca + Vbpq 20

Table 43: Ipp Specifications (64 Meg x 32, 64 Meg x 641)

Voo, Voo, Vooca = 1.14-1.30V; Vppq = 1.70-1.95V

Speed Grade :
Parameter Supply Unit
-1D
Ibpo1 Vb1 12 mA
Ibpo2 Vo2 60
IbD0,in Vbpca + Vopa 2
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Ipp Specifications

Table 43: Ipp Specifications (64 Meg x 32, 64 Meg x 641) (Continued)

Voo, Vopar Vooea = 1.14-1.30V; Vppq = 1.70-1.95V

Speed Grade
Parameter Supply Unit
-1D

Ipp2p1 Vb1 1200 HA
Ipp2p2 Vbp2 3200

Ibb2pin Vbpca + Vbpq 200

Ipp2pst Vbp1 1200 pA
Ipp2ps2 Vb2 3200

Ipb2ps,in Vbpcea + Vobq 200

Ipp2nt Vb1 1.2 mA
Ipp2n2 Vbb2 40

IbD2N,in Vbpca + Vbpa 2

Ipp2nst Vbb1 1.2 mA
Ipp2ns2 Vb2 24

Ipp2Ns,in Vbpea + Vbbq 2

Ipp3p1 Vb1 2.8 mA
Ipp3p2 Vbp2 10

Ibp3pin Vbpca + Vbpq 0.2

Ipp3pst Vbp1 2.8 mA
Ibp3ps2 Vb2 10

IbD3Ps,in Vbpea + Vopq 0.2

Ipp3nt Vb1 3 mA
Ipp3n2 Vbp2 44

IbD3N,in Vbpca + Vbpq

Ipp3Nst Vbp1 3 mA
Ibp3ns2 Vb2 28

IpD3NS,in Vbpea + Vobq 2

Ippars Vpp1 4 mA
Ippara2 Vbp2 280

Ippa4R,in Vbpca 4

IDpawn Vbp1 4 mA
Ibpaw:2 Vb2 310

IDDaw,in Vbpea + Vobq 2

Ipps1 Vb1 40 mA
Ipps2 Vbp2 140

IbDs,in Vbpca + Vbpq 2

Ippspe1 Vbp1 4 mA
Ippspa2 Vbp2 46

IpD5PB,in Vbpea + Vobq 2
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Ipp Specifications

Table 43: Ipp Specifications (64 Meg x 32, 64 Meg x 641) (Continued)

Voo, Vopar Vooea = 1.14-1.30V; Vppq = 1.70-1.95V

Speed Grade X
Parameter Supply s Unit
IppsABY Vpp1 4 mA
Ippsag2 Vbp2 46
IbD5AB,In Vbpca + Vbpq 2
Ippg1 Vbp1 100 HA
Ipps2 Vb2 100
Ipps,in Vbpea + Vbbq 40

Note: 1.

Actual Ipp for the 64M x 64 QDP device is dependant on the specific states in which the
memory controller operates each of the two ranks. Consult Micron's Power Calculator
for LPDDR2.

Table 44: Ippg Partial-Array Self Refresh Current

Vbb2: Vopar Vobe

a=1.14-1.30V; V

op1 = 1.70-1.95V

Ippe Partial-Array Self Refresh Current
32 Meg x 32

PASR Supply 64 Meg x 16 64 Meg x 32 64 Meg x 64 Unit
Full array Vbp1 230 460 920 MA

Vbp2 700 1400 2800

Vppi 20 40 80
1/2 array Vpp1 200 400 800

Vpp2 500 1000 2000

Vopi 20 40 80
1/4 array Vpp1 190 380 760

Vbp2 400 800 1600

Vppi 20 40 80
1/8 array Vpp1 185 370 740

Vbp2 360 720 1440

Vopi 20 40 80

Note: 1. LPDDR2-S4 SDRAM devices support both bank-masking and segment-masking. Ippg PASR

currents are measured using bank-masking only.
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Figure 99: Vpp Typical Self-Refresh Current vs. Temperature (Per Die)
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Figure 100: Vpp, Typical Self-Refresh Current vs. Temperature (Per Die)
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4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP
Functional Description

Functional Description

Mobile LPDDR?2 is a high-speed SDRAM internally configured as a 4- or 8-bank memory
device. LPDDR2 devices use a double data rate architecture on the command/address
(CA) bus to reduce the number of input pins in the system. The 10-bit CA bus is used to
transmit command, address, and bank information. Each command uses one clock cy-
cle, during which command information is transferred on both the rising and falling
edges of the clock.

LPDDR2-54 devices use a double data rate architecture on the DQ pins to achieve high-
speed operation. The double data rate architecture is essentially a 4n prefetch architec-
ture with an interface designed to transfer two data bits per DQ every clock cycle at the
170 pins. A single read or write access for the LPDDR2-5S4 effectively consists of a single
4n-bit-wide, one-clock-cycle data transfer at the internal SDRAM core and four corre-
sponding n-bit-wide, one-half-clock-cycle data transfers at the I/0 pins.

Read and write accesses are burst oriented; accesses start at a selected location and
continue for a programmed number of locations in a programmed sequence.

Accesses begin with the registration of an ACTIVATE command followed by a READ or
WRITE command. The address and BA bits registered coincident with the ACTIVATE
command are used to select the row and bank to be accessed. The address bits regis-
tered coincident with the READ or WRITE command are used to select the bank and the
starting column location for the burst access.

Figure 101: Functional Block Diagram
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Power-Up

Power-Up

The following sequence must be used to power up the device. Unless specified other-
wise, this procedure is mandatory (see Figure 102 (page 146)). Power-up and initializa-
tion by means other than those specified will result in undefined operation.

1. Voltage Ramp

While applying power (after Ta), CKE must be held LOW (0.2 x Vppca), and all other
inputs must be between Vi i, and Vigmax. The device outputs remain at High-Z while
CKE is held LOW.

On or before the completion of the voltage ramp (Tb), CKE must be held LOW. DQ, DM,
DQS, and DQS# voltage levels must be between Vsgq and Vppq during voltage ramp to
avoid latchup. CK, CK#, CS#, and CA input levels must be between Vggcp and Vppca dur-
ing voltage ramp to avoid latchup.

The following conditions apply for voltage ramp:

* Tais the point when any power supply first reaches 300mV.
* Noted conditions apply between Ta and power-down (controlled or uncontrolled).

e Tb is the point at which all supply and reference voltages are within their defined op-
erating ranges.

e Power ramp duration INITO (Tb - Ta) must not exceed 20ms.

 For supply and reference voltage operating conditions, see the Recommended DC
Operating Conditions table.

* The voltage difference between any of Vg, Vssq, and Vgsca pins must not exceed
100mV.

Voltage Ramp Completion
After Ta is reached:

* Vpp; must be greater than Vpp, - 200mV

* Vpp; and Vppy must be greater than Vppca - 200mV

* Vpp; and Vpp, must be greater than Vppg - 200mV

e Vyer must always be less than all other supply voltages

Beginning at Tb, CKE must remain LOW for at least ‘INIT1 = 100ns, after which CKE can
be asserted HIGH. The clock must be stable at least INIT2 = 5 x 'CK prior to the first
CKE LOW-to-HIGH transition (Tc). CKE, CS#, and CA inputs must observe setup and
hold requirements (IS, TH) with respect to the first rising clock edge (and to subse-
quent falling and rising edges).

If any MRRs are issued, the clock period must be within the range defined for {CKb
(18ns to 100ns). MRWs can be issued at normal clock frequencies as long as all AC tim-
ings are met. Some AC parameters (for example, 'DQSCK) could have relaxed timings
(such as 'DQSCKDb) before the system is appropriately configured. While keeping CKE
HIGH, NOP commands must be issued for at least ‘INIT3 = 200us (Td).

2.RESET Command

After 'INITS3 is satisfied, the MRW RESET command must be issued (Td). An optional
PRECHARGE ALL command can be issued prior to the MRW RESET command.

Wait at least 'INIT4 while keeping CKE asserted and issuing NOP commands.
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Power-Up

3.MRRs and Device Auto Initialization (DAI) Polling

After 'INIT4 is satisfied (Te), only MRR commands and power-down entry/exit com-
mands are supported. After Te, CKE can go LOW in alignment with power-down entry
and exit specifications (see Power-Down (page 198)).

The MRR command can be used to poll the DAI bit, which indicates when device auto
initialization is complete; otherwise, the controller must wait a minimum of ‘INIT5, or
until the DAI bit is set, before proceeding.

Because the memory output buffers are not properly configured by Te, some AC param-
eters must use relaxed timing specifications before the system is appropriately config-
ured.

After the DAI bit (MRO, DAI) is set to zero by the memory device (DAI complete), the
device is in the idle state (Tf). DAI status can be determined by issuing the MRR com-
mand to MRO.

The device sets the DAI bit no later than INIT5 after the RESET command. The control-
ler must wait at least INIT5 or until the DAI bit is set before proceeding.

4.7Q Calibration

After INIT5 (Tf), the MRW initialization calibration (ZQ calibration) command can be
issued to the memory (MR10).

This command is used to calibrate output impedance over process, voltage, and tem-
perature. In systems where more than one Mobile LPDDR2 device exists on the same
bus, the controller must not overlap MRW ZQ calibration commands. The device is
ready for normal operation after '"ZQINIT.

5.Normal Operation

After (Tg), MRW commands must be used to properly configure the memory (output
buffer drive strength, latencies, etc.). Specifically, MR1, MR2, and MR3 must be set to
configure the memory for the target frequency and memory configuration.

After the initialization sequence is complete, the device is ready for any valid command.
After Tg, the clock frequency can be changed using the procedure described in Input
Clock Frequency Changes and Clock Stop with CKE HIGH (page 207).
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Figure 102: Voltage Ramp and Initialization Sequence
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Note: 1. High-Z on the CA bus indicates valid NOP.
Table 45: Initialization Timing Parameters
Value
Parameter Min Max Unit |Comment
YNITO - 20 ms Maximum voltage ramp time
fNITY 100 - ns Minimum CKE LOW time after completion of voltage ramp
YNIT2 5 - tCK Minimum stable clock before first CKE HIGH
YNIT3 200 - Us Minimum idle time after first CKE assertion
UNIT4 1 - Ms Minimum idle time after RESET command
YNITS - 10 Js Maximum duration of device auto initialization
ZQINIT 1 - us ZQ initial calibration (S4 devices only)
tCKb 18 100 ns Clock cycle time during boot

Note: 1. The YNITO maximum specification is not a tested limit and should be used as a general
guideline. For voltage ramp times exceeding YINITO MAX, please contact the factory.

Initialization After RESET (Without Voltage Ramp)

Power-Off

If the RESET command is issued before or after the power-up initialization sequence,
the reinitialization procedure must begin at Td.

While powering off, CKE must be held LOW (£0.2 x Vppca); all other inputs must be be-
tween Vi min and Vigmax. The device outputs remain at High-Z while CKE is held LOW.
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Mode Register Definition

DQ, DM, DQS, and DQS# voltage levels must be between Vggg and Vppq during the
power-off sequence to avoid latchup. CK, CK#, CS#, and CA input levels must be be-
tween Vggca and Vppea during the power-off sequence to avoid latchup.

Tx is the point where any power supply drops below the minimum value specified in
the Recommended DC Operating Conditions table.

Tz is the point where all power supplies are below 300mV. After Tz, the device is pow-
ered off.

Required Power Supply Conditions Between Tx and Tz:

e Vpp; must be greater than Vpp, - 200mV

* Vppj must be greater than Vppca - 200mV

* Vpp; must be greater than Vppg - 200mV

* Vyer must always be less than all other supply voltages

The voltage difference between Vg, Vg, and Vggca must not exceed 100mV.

For supply and reference voltage operating conditions, see Recommended DC Operat-
ing Conditions table.

Uncontrolled Power-Off
When an uncontrolled power-off occurs, the following conditions must be met:

e At Tx, when the power supply drops below the minimum values specified in the Rec-
ommended DC Operating Conditions table, all power supplies must be turned off and
all power-supply current capacity must be at zero, except for any static charge re-
maining in the system.

¢ After Tz (the point at which all power supplies first reach 300mV), the device must
power off. The time between Tx and Tz must not exceed 'POFE During this period, the
relative voltage between power supplies is uncontrolled. Vpp; and Vpp, must de-
crease with a slope lower than 0.5 V/ps between Tx and Tz.

An uncontrolled power-off sequence can occur a maximum of 400 times over the life of
the device.

Table 46: Power-Off Timing

Parameter Symbol Min Max Unit

Maximum power-off ramp time POFF - 2 sec

Mode Register Definition

LPDDR2 devices contain a set of mode registers used for programming device operating
parameters, reading device information and status, and for initiating special operations
such as DQ calibration, ZQ calibration, and device reset.

Mode Register Assignments and Definitions

The MRR command is used to read from a register. The MRW command is used to write
to a register. An “R” in the access column of the mode register assignment table indi-
cates read-only; a “W” indicates write-only; “R/W” indicates read or write capable or
enabled.
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4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP
Mode Register Definition

Notes 1-5 apply to all parameters and conditions
MR# MA[7:0] Function Access | OP7 | OoP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OPO Link
0 00h Device info R RFU RzQl DNVI | DI DAI [go to MRO
1 01h Device feature 1 w nWR (for AP) WC BT BL go to MR1
2 02h Device feature 2 W RFU RL and WL go to MR2
3 03h I/0 config-1 w RFU DS go to MR3
4 04h SDRAM refresh R TUF RFU Refresh rate go to MR4
rate
5 05h Basic config-1 R LPDDR2 Manufacturer ID go to MR5
6 06h Basic config-2 R Revision ID1 go to MR6
7 07h Basic config-3 R Revision 1D2 go to MR7
8 08h Basic config-4 R I/0 width Density Type go to MR8
9 09h Test mode wW Vendor-specific test mode go to MR9
10 0Ah I/0 calibration % Calibration code go to MR10
11-15 | O0Bh = OFh Reserved - RFU go to MR11
16 10h PASR_Bank % Bank mask go to MR16
17 11h PASR_Seg w Segment mask go to MR17
18-19 12h-13h Reserved - RFU go to MR18
20-31 14h-1Fh Reserved for NVM MR20-MR30
32 20h DQ calibration R See Table 84 (page 194). go to MR32
pattern A
33-39 21h-27h Do not use go to MR33
40 28h DQ calibration R See Table 84 (page 194). go to MR40
pattern B
41-47 29h-2Fh Do not use go to MR41
48-62 30h-3Eh Reserved - RFU go to MR48
63 3Fh RESET W X go to MR63
64-126 | 40h-7Eh Reserved - RFU go to MR64
127 7Fh Do not use go to MR127
128-190 | 80h-BEh Reserved for vendor use RVU go to MR128
191 BFh Donotuse | go to MR191
192-254 | COh-FEh Reserved for vendor use RVU go to MR192
255 FFh Donotuse | go to MR255
Notes: 1. RFU bits must be set to 0 during MRW.

2. RFU bits must be read as 0 during MRR.

3. For READs to a write-only or RFU register, DQS will be toggled and undefined data is
returned.

4. RFU mode registers must not be written.
5. WRITEs to read-only registers must have no impact on the functionality of the device.
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Mode Register Definition

Table 48: MRO Device Information (MA[7:0] = 00h)

OoP7 OP6 OP5 OP4 | OoP3 oP2 OP1 OPO

RFU RzQl DNVI DI DAI

Table 49: MRO Op-Code Bit Definitions

Notes 1-4 apply to all parameters and conditions

information

Register Information Tag Type OoP Definition
Device auto initialization DAI Read-only OPO 0b: DAI complete
status 1b: DAl in progress
Device information DI Read-only OP1 0b
1b: NVM
Data not valid information| DNVI |Read-only OoP2 Ob: DNVI not supported
Built-in self test for RZQ RZQl |Read-only OP[4:3] |00b: RZQ self test not supported

01b: ZQ pin might be connected to Vppca or left float-
ing
10b: ZQ pin might be shorted to ground

11b: ZQ pin self test complete; no error condition de-
tected

Notes:

. If RZQl is supported, it will be set upon completion of the MRW ZQ initialization calibra-
tion.

2. If ZQ is connected to Vppca to set default calibration, OP[4:3] must be set to 01. If ZQ is

not connected to Vppca, either OP[4:3] = 01 or OP[4:3] = 10 could indicate a ZQ-pin as-
sembly error. It is recommended that the assembly error be corrected.

In the case of a possible assembly error (either OP[4:3] = 01 or OP[4:3] = 10, as defined
above), the device will default to factory trim settings for Roy and will ignore ZQ cali-
bration commands. In either case, the system might not function as intended.

4. |f aZQ self test returns a value of 11b, this indicates that the device has detected a resis-

tor connection to the ZQ pin. Note that this result cannot be used to validate the ZQ
resistor value, nor does it indicate that the ZQ resistor tolerance meets the specified lim-
its (240 ohms +=1%).

Table 50: MR1 Device Feature 1 (MA[7:0] = 01h)

OoP7 OP6 OP5 OP4 OoP3 oP2 OP1 OPO

nWR (for AP) WC BT BL

Table 51: MR1 Op-Code Bit Definitions

Feature

BL = burst length

Type oP Definition Notes
Write-only OP[2:0] 010b: BL4 (default)
011b: BL8
100b: BL16

All others: Reserved
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Mode Register Definition

Table 51: MR1 Op-Code Bit Definitions (Continued)

Feature Type oP Definition Notes
BT = burst type Write-only OP3 Ob: Sequential (default)
1b: Interleaved

WC = wrap control Write-only OP4 Ob: Wrap (default)

1b: No wrap

nWR = number of 'WR clock| Write-only OP[7:5] 001b: NWR = 3 (default) 1
cycles 010b: nWR =4
011b: NWR =5
100b: NWR =6
101b: NWR =7
110b: NWR =8

All others: Reserved

Note: 1. The programmed value in nWR register is the number of clock cycles that determines
when to start internal precharge operation for a WRITE burst with AP enabled. It is de-
termined by RU (‘WR/'CK).

Table 52: Burst Sequence by Burst Length (BL), Burst Type (BT), and Wrap Control (WC)

Notes 1-5 apply to all parameters and conditions

Burst Cycle Number and Burst Address Sequence
BL | BT ([ C3(C2|/C1|(cO(wWC | 1|2 |3|4|5|6 |7 |89/ 1|11 12|13 |14|15]| 16
4 | Any | X X | Ob | Ob |Wrap| O 2 |3
X X 1b | Ob 2 0 1
Any | X X X | 0b| No | y |y+|y+|y+
wrap 1 2 3
8 Seq| X | Ob | Ob | Ob [Wrap| 0 | 1 2 (3|4 |5|6]|7
X | 0b | 1b | Ob 2|34 |56 |7]|]0]1
X | 1b | Ob | Ob 4 | 5|6 |7 |01 |2]3
X | 1b | 1b | Ob 6| 7|01 |2]|3]|4]5
Int | X | Ob | Ob | Ob o|1|2|3|4|5]|6]|7
X | Ob | 1b | Ob 23|01 |(6|7]|4]|5
X | 1b | Ob | Ob 4 | 5|6 |7 |01 |2]3
X | 1b | 1b | Ob 6 |7 |4 |52 |3]|]0]1
Any | X X X | Ob | No lllegal (not supported)
wrap
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Table 52: Burst Sequence by Burst Length (BL), Burst Type (BT), and Wrap Control (WC) (Continued)

Notes 1-5 apply to all parameters and conditions

Burst Cycle Number and Burst Address Sequence
BL | BT |[C3|C2|CcC1|cO|wWC |1|2 |3 |4|5|6 |7 |8|9 1|11 (1213|1415 |16
16 | Seq | Ob | Ob | Ob | Ob |Wrap| O | 1 |2 |3 |4|5|6|7|8|9|A|B|C|D|E]|F
Ob | Ob | 1b | Ob 2|(3|4|5|6|7|8|9|A|B|C|D|E]|F]|O0]M1
Ob | 1b | Ob | Ob 4 | 5|/6|7|8|9|A|B|C|D|E|JF|O|1]2]3
Ob | 1b | 1b | Ob 6|7|8|9|A|B|C|D|E|F|O|1T]2]|3|4]5
1b | Ob | Ob | Ob 8/ 9| A|B|C|D|E|JF|O|1T|2|3|4]|5)|6]7
1b | Ob | 1b | Ob A|B|C|D|E|F|O|1T|2]|3|4|5|6]|7|8]29
1b | 1b | Ob | Ob c|bD|E|F|O|1]|2|3|4|5|6|7|8|9|A]|B
1b | 1b | 1b | Ob E|F|O0O|1|2|3|4|5|6|7|8|]9|A|B|C|D
Int | X X X | Ob lllegal (not supported)
Any | X X X | Ob | No Illegal (not supported)
wrap

CO input is not present on CA bus. It is implied zero.
For BL = 4, the burst address represents C[1:0].

For BL = 8, the burst address represents C[2:0].

For BL = 16, the burst address represents C[3:0].

For no-wrap, BL4, the burst must not cross the page boundary or the sub-page boun-
dary. The variable y can start at any address with CO equal to 0, but must not start at any
address shown in the following table.

uihwN =

Table 53: No-Wrap Restrictions

Width 64Mb 128Mb/256Mb 512Mb/1Gb/2Gb 4Gb/8Gb
Cannot cross full-page boundary
x16 FE, FF, 00, 01 1FE, 1FF, 000, 001 3FE, 3FF, 000, 001 7FE, 7FF, 000, 001
x32 7E, 7F, 00, 01 FE, FF, 00, 01 1FE, 1FF, 000, 001 3FE, 3FF, 000, 001
Cannot cross sub-page boundary
x16 7E, 7F, 80, 81 OFE, OFF, 100, 101 1FE, 1FF, 200, 201 3FE, 3FF, 400, 401
x32 None None None None

Note: 1. No-wrap BL =4 data orders shown are prohibited.

Table 54: MR2 Device Feature 2 (MA[7:0] = 02h)

oP7 oP6 OP5 | oP4 oP3 | oP2 oP1 oPO
RFU RL and WL
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Table 55: MR2 Op-Code Bit Definitions

Feature Type oP Definition
RL and Write-only OP[3:0] 0001b: RL3/WL1 (default)
WL 0010b: RL4/WL2

0011b: RL5/WL2
0100b: RL6/WL3
0101b: RL7/WL4
0110b: RL8/WL4
All others: Reserved

Table 56: MR3 1/0 Configuration 1 (MA[7:0] = 03h)

oP7 OoP6 oP5 | oP4 oP3 | oP2 | oP1 OPO
RFU DS

Table 57: MR3 Op-Code Bit Definitions

Feature Type oP Definition

DS Write-only OP[3:0] 0000b: Reserved

0001b: 34.3 ohm typical

0010b: 40 ohm typical (default)
0011b: 48 ohm typical

0100b: 60 ohm typical

0101b: Reserved

0110b: 80 ohm typical

0111b: 120 ohm typical

All others: Reserved

Table 58: MR4 Device Temperature (MA[7:0] = 04h)

oP7 oP6 ors | opa | op3 or2 | oP1 OPO
TUF RFU SDRAM refresh rate
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Table 59: MR4 Op-Code Bit Definitions

Notes 1-10 apply to all parameters and conditions

Feature

Type

OoP Definition

SDRAM refresh
rate

Read-only

OP[2:0] |000b: SDRAM low temperature operating limit exceeded

001b: 4 x 'REFI, 4 x 'REFIpb, 4 x tREFW

010b: 2 x 'REFI, 2 x 'REFIpb, 2 x tREFW

011b: 1 x 'REFI, 1 x 'REFIpb, 1 x tREFW (<85°C)

100b: Reserved

101b: 0.25 x 'REFI, 0.25 x 'REFIpb, 0.25 x 'REFW, do not derate SDRAM AC
timing

110b: 0.25 x 'REFI, 0.25 x 'REFIpb, 0.25 x 'REFW, derate SDRAM AC timing
111b: SDRAM high temperature operating limit exceeded

Temperature up-
date flag (TUF)

Read-only

OP7 Ob: OP[2:0] value has not changed since last read of MR4

1b: OP[2:0] value has changed since last read of MR4

Notes:

10.

A MODE REGISTER READ from MR4 will reset OP7 to 0.

OP7 is reset to 0 at power-up.

If OP2 = 1, the device temperature is greater than 85°C.

OP7 is set to 1 if OP[2:0] has changed at any time since the last MR4 read.

The device might not operate properly when OP[2:0] = 000b or 111b.

For specified operating temperature range and maximum operating temperature, refer
to the Operating Temperature Range table.

LPDDR2 devices must be derated by adding 1.875ns to the following core timing param-
eters: 'RCD, 'RC, RAS, RP, and 'RRD. The 'DQSCK parameter must be derated as speci-
fied in AC Timing. Prevailing clock frequency specifications and related setup and hold
timings remain unchanged.

The recommended frequency for reading MR4 is provided in Temperature Sensor

(page 191).

While the AT grade product is guaranteed to operate from Tcasg —40°C to 105°C, the
temperature sensor accuracy relative to this is not guaranteed. The temperature sensor
embedded in the LPDDR2 device is not an accurate reflection of the DRAM Tcase operat-
ing temperature. Sampling of the sensor has shown up to a +7°C variance from actual
Tease-

The temperature sensor does not work above 105°C, but the functionalities here descri-
bed in this datasheet are guaranteed for products range up to 125°C (AUT).

Table 60: MR5 Basic Configuration 1 (MA[7:0] = 05h)

oP7 oP6 ors | opa | op3 | or2 | oP1 oPO

LPDDR2 Manufacturer ID

Table 61: MR5 Op-Code Bit Definitions

Feature Type oP Definition

Manufacturer ID Read-only OP[7:0] 0000 0011b:

All others: Reserved
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Table 62: MR6 Basic Configuration 2 (MA[7:0] = 06h)

OP7 OP6 ops | opa | op3 | op2 | oP1 OPO
Revision ID1
Note: 1. MR6 is vendor-specific.
Table 63: MR6 Op-Code Bit Definitions
Feature Type oP Definition
Revision ID1 Read-only OP[7:0] 0000 0000b: Version A
0000 0001b: Version B
0000 0010b: Version C
0000 0011b: Version D
Table 64: MR7 Basic Configuration 3 (MA[7:0] = 07h)
OP7 oP6 ops | opa | op3 | or2 | oP1 OPO
Revision ID2
Table 65: MR7 Op-Code Bit Definitions
Feature Type oP Definition
Revision ID2 Read-only OP[7:0] 0000 0000b: Version A
Note: 1. MR7 is vendor-specific.
Table 66: MR8 Basic Configuration 4 (MA[7:0] = 08h)
OP7 OP6 ops | opa | op3 | opr2 oP1 OPO
I/0 width Density Type
Table 67: MR8 Op-Code Bit Definitions
Feature Type oP Definition
Type Read-only OP[1:0] 00b
01b
10b: NVM
11b: Reserved
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Table 67: MR8 Op-Code Bit Definitions (Continued)

Feature

Type

oP

Definition

Density

Read-only

OP[5:2]

0000b:

64Mb

0001b:

128Mb

0010b:

256Mb

0011b:

512Mb

0100b:

1Gb

0101b:

2Gb

0110b:

4Gb

0111b:

8Gb

1000b:

16Gb

1001b:

32Gb

All others: Reserved

I/0 width

Read-only

OP[7:6]

00b: x32

01b: x16
10b: x8

Notes:

11b: not used

Table 68: MR9 Test Mode (MA[7:0] = 09h)

oP7 or6 | oOP5 | oPa | oP3 | OP2 oP1 oPO

Vendor-specific test mode

Table 69: MR10 Calibration (MA[7:0] = 0Ah)

oP7 or6 | ops | opa | op3 | oP2 oP1 OPO
sS4 Calibration code

Table 70: MR10 Op-Code Bit Definitions

Notes 1-4 apply to all parameters and conditions
Feature Type OoP Definition

OP[7:0]

Calibration code | Write-only OxFF: Calibration command after initialization

0xAB: Long calibration
0x56: Short calibration

0xC3: ZQRESET

All others: Reserved

1. Host processor must not write MR10 with reserved values.

2. The device ignores calibration commands when a reserved value is written into MR10.
3. See AC timing table for the calibration latency.
4

. If ZQ is connected to Vssca through Rzq, either the ZQ calibration function (see MRW ZQ
Calibration Commands (page 196)) or default calibration (through the ZQRESET com-
mand) is supported. If ZQ is connected to Vppca, the device operates with default cali-
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bration, and ZQ calibration commands are ignored. In both cases, the ZQ connection
must not change after power is supplied to the device.

Table 71: MR[11:15] Reserved (MA[7:0] = 0Bh-0Fh)

or7 | opée | ops | opa | op3 | op2 | oP1 oPO
Reserved

Table 72: MR16 PASR Bank Mask (MA[7:0] = 010h)

oP7 OP6 OP5 | oP4 | oP3 | oP2 oP1 OPO
Bank mask (4-bank or 8-bank)

Table 73: MR16 Op-Code Bit Definitions

Feature Type OoP Definition
Bank[7:0] mask Write-only OP[7:0] Ob: refresh enable to the bank = unmasked (default)
1b: refresh blocked = masked

Note: 1. For 4-bank devices, only OP[3:0] are used.

Table 74: MR17 PASR Segment Mask (MA[7:0] = 011h)

oP7 oP6 ops | opa | op3 | or2 | oP1 oPO
Segment mask

Note: 1. This table applies for 1Gb to 8Gb devices only.

Table 75: MR17 PASR Segment Mask Definitions

Feature Type oP Definition
Segment[7:0] mask Write-only OP[7:0] |Ob: refresh enable to the segment: = unmasked (default)
1b: refresh blocked: = masked
Table 76: MR17 PASR Row Address Ranges in Masked Segments
1Gb 2Gb, 4Gb 8Gb
Segment OoP Segment Mask R[12:10] R[13:11] R[14:12]
0 0 XXXXXXX1T 000b
1 XXXXXXTX 001b
2 2 XXXXXTXX 010b
3 3 XXXXTXXX 011b
4 4 XXXTXXXX 100b
5 5 XXIXXXXX 101b
6 6 XIXXXXXX 110b
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Table 76: MR17 PASR Row Address Ranges in Masked Segments (Continued)

1Gb 2Gb, 4Gb 8Gb
Segment oP Segment Mask R[12:10] R[13:11] R[14:12]
7 7 TXXXXXXX 111b

Note: 1. Xis “Don’t Care” for the designated segment.
Table 77: Reserved Mode Registers
Mode Reg-
ister MA Address Restriction| OP?7 OP6 OP5 OoP4 OP3 OP2 OP1 OPO
MR[18:19] MA[7:0] [12h-13h RFU Reserved
MR[20:31] 14h-1Fh NVM'
MR[33:39] 21h-27h DNU'
MR[41:47] 29h-2Fh
MR[48:62] 30h-3Eh RFU
MR[64:126] 40h-7Eh RFU
MR127 7Fh DNU
MR[128:190] 80h-BEh RVU'
MR191 BFh DNU
MR[192:254] COh-FEh RVU
MR255 FFh DNU

Note: 1. NVM = nonvolatile memory use only; DNU = Do not use; RVU = Reserved for vendor use.

Table 78: MR63 RESET (MA[7:0] = 3Fh) - MRW Only
oP7 or6 | ops | opa | op3 oP2 oP1 oPO
X
Note: 1. For additional information on MRW RESET see MODE REGISTER WRITE Command
(page 195).
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ACTIVATE Command

The ACTIVATE command is issued by holding CS# LOW, CA0 LOW, and CA1 HIGH at the
rising edge of the clock. The bank addresses BA[2:0] are used to select the desired bank.
Row addresses are used to determine which row to activate in the selected bank. The
ACTIVATE command must be applied before any READ or WRITE operation can be exe-
cuted. The device can accept a READ or WRITE command at ‘RCD after the ACTIVATE
command is issued. After a bank has been activated, it must be precharged before an-
other ACTIVATE command can be applied to the same bank. The bank active and pre-
charge times are defined as 'RAS and 'RP, respectively. The minimum time interval be-
tween successive ACTIVATE commands to the same bank is determined by the RAS cy-
cle time of the device (‘RC). The minimum time interval between ACTIVATE commands
to different banks is '‘RRD.

Figure 103: ACTIVATE Command

Tn Tn+1

CA[9:0] <rgjv"§g‘d><kow add>< >< Xrge\?la(g'dXRow add>< C%T’;'Q’QXCN add>—2 2 -< Bankn >< >< >< >< >< Xrgsvn;(;dXRow add)

CK#
CK

m
\\/

S — e

CMD -/\ ACTIVATE >—( NOP )—’ ACTIVATE \-( READ /\)——8 Z—( PRECHARGE )-’\ NOP Pal NOP ,\ ACTIVAT

Notes: 1. 'RCD =3, 'RP =3, 'RRD = 2.
2. A PRECHARGE ALL command uses ‘RPab timing, and a single-bank PRECHARGE com-
mand uses 'RPpb timing. In this figure, 'RP is used to denote either an all-bank PRE-
CHARGE or a single-bank PRECHARGE.

8-Bank Device Operation

Two rules regarding 8-bank device operation must be observed. One rule restricts the
number of sequential ACTIVATE commands that can be issued; the second provides ad-
ditional RAS precharge time for a PRECHARGE ALL command.

The 8-Bank Device Sequential Bank Activation Restriction: No more than four banks
can be activated (or refreshed, in the case of REFpb) in a rolling 'FAW window. To con-
vert to clocks, divide 'FAW[ns] by 'CK[ns], and round up to the next integer value. For
example, if RU('"FAW/!CK) is 10 clocks, and an ACTIVATE command is issued in clock 7,
no more than three further ACTIVATE commands can be issued at or between clock
n+1and n + 9. REFpb also counts as bank activation for purposes of ‘FAW.

The 8-Bank Device PRECHARGE ALL Provision: 'RP for a PRECHARGE ALL command
must equal '‘RPab, which is greater than ‘RPpb.

09005aef865411f3 1 58 Micron Technology, Inc. reserves the right to change products or specifications without notice.
162ball_nand_Ipddr_j84f.pdf — Rev. C 06/16 EN © 2015 Micron Technology, Inc. All rights reserved.



Micron Confidential and Proprietary

M iIcron 4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP

Read and Write Access Modes

Figure 104: tFAW Timing (8-Bank Devices)

Tn+ Tm+

CK#fm L/_\ﬂ ]
= N — N M — M

cmdmmmmm

tRRD tRRD tRRD

Note: 1. Exclusively for 8-bank devices.

Read and Write Access Modes

After a bank is activated, a READ or WRITE command can be issued with CS# LOW, CA0
HIGH, and CA1 LOW at the rising edge of the clock. CA2 must also be defined at this
time to determine whether the access cycle is a READ operation (CA2 HIGH) or a
WRITE operation (CA2 LOW). A single READ or WRITE command initiates a burst
READ or burst WRITE operation on successive clock cycles.

A new burst access must not interrupt the previous 4-bit burst operation when BL = 4.
When BL = 8 or BL = 16, READs can be interrupted by READs and WRITEs can be inter-
rupted by WRITEs, provided that the interrupt occurs on a 4-bit boundary and that
'CCD is met.

Burst READ Command

The burst READ command is initiated with CS# LOW, CA0 HIGH, CA1 LOW, and CA2
HIGH at the rising edge of the clock. The command address bus inputs, CA5r-CA6r and
CA1f-CA9f, determine the starting column address for the burst. The read latency (RL)
is defined from the rising edge of the clock on which the READ command is issued to
the rising edge of the clock from which the 'DQSCK delay is measured. The first valid
data is available RL x ‘CK + 'DQSCK + 'DQSQ after the rising edge of the clock when the
READ command is issued. The data strobe output is driven LOW ‘RPRE before the first
valid rising strobe edge. The first bit of the burst is synchronized with the first rising
edge of the data strobe. Each subsequent data-out appears on each DQ pin, edge-
aligned with the data strobe. The RL is programmed in the mode registers.

Pin input timings for the data strobe are measured relative to the crosspoint of DQS and
its complement, DQS#.
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Figure 105: READ Output Timing - tDQSCK (MAX)

RL + BL/2

tcH tcL

r————=n

tDQSCKmax
1LZ(DQS) ‘RPRE ‘RPST
DQS# ' o Bl \ rem N - -
bas U S G G
tQH tQH
:QQSQmax EQSQmax
DQ = Pour ~,\‘<DOUT>.'-,<D0UT>~,‘,'\-,‘\DOUV )
'LZ(bQ) | *HZ(DQ)

Transitioning data

Notes: 1. 'DQSCK can span multiple clock periods.
2. An effective burst length of 4 is shown.

Figure 106: READ Output Timing - tDQSCK (MIN)

RL-1 RL RL + BL/2
K =\
(@) |/ | S ) VE— | N ——— | V') | S " V') | S V) G ———
DQS#
DQS N\ U SRR
tQH tQH
tDQSQmax tDQSQmax
o e
1t [} ’V' N Tu
DQ ||< - Pour -".<DOUT>.' ',<D0UT>-~'; ~-\Pout)-}
'LZ(DQ) tHZ(DQ)
)

Transitioning data

Note: 1. An effective burst length of 4 is shown.
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Figure 107: Burst READ - RL = 5, BL = 4, 'DQSCK > 'CK
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Figure 109: tDQSCKDL Timing

Tn TTn+1

CK#“ X %\-__

-
| | |
| | |
\ \ |

I

CA /Bank

[9:0] cc?r;dngCOI addr><
\ \ \
[ \ \ \ \ [ [ \ \ \ \ \ \ \ \ \ \

[TTTTT T T T /T T T T T T T /T T T T T T T N\ /TTTTTTTTT [ TTT T T T T T [T T T T T T /[ TTT T T T T T /[ TTT T T T T T N /TTTT T T
CMD{ READ )X NOP = NOP M NOP » NOP > NOP X NOP X  NOP X NOPz Z )
i I et B B e I o A et B e B e At it

[ [ [ [ [ [ [ [ [ [ [ ! [ [ [ [ [
! ! ! ! ! ! | | | | | 'DQSCKn | \ ! !
| | | | | | | | | | [ T —— L L

DQs# | | | | | | | | | | | \ / >_2 %_

DQS | | | | | | | | | | | ___
| | | | | | | | | | | | | \ | \ |
! ! ! ! ! ! ! ! ! ! ! ! ! \ !
| | | | | | | | | | | | | |
| | | | | | | | | | | | |

DQ i i i i i i i T T T T T T éou‘r“} <ouTA1> éourA2> éOUTA%\ 2 Z‘—

| | | | | | | | | | | | | f
| | | | | | | | | | | | | |
[ [ [ [ [ [ [ [ [ [ | ‘ ‘ ‘
| | | | | | | | | | | | | |

! [ ! ! [ [ ! [ ! [ ! [ ! !
! ! ! ! ! ! ! ! ! ! ! ! ! !
| I I I I I | | | | | | | | |
Il Il Il Il Il Il Il Il Il Il Il Il Il Il
CA Bank n ><:>
ool (& ader“' addf)( X X X X X XX X X X X X X X
\ \ \ \ \
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
[TTT T T T T T, AR \ [T T T T T T N\ /TTTTTTTTT \ /TT T T T T T T \ [T T T T T T \ [T T T T T [T T T T T T '\\ _________ \
cvMD/ H4 READ )< NOP 4 NOP M NOP 4 NOP X NOP X NOP X NOP 4 NOP )
R e et e B B e o e ot B e B A Eet e o /
[ [ [ [ [ [ [ [ [ [ [ ! [ [ [ [ [
| | | | | | | | | | I DQSCKm | | | |
| | | | | | | | | | [ [p——— oL L oL
DQS#Z ) | | | | | | | | | | | v / X_\_>7
DQS( ( | | | | | | | | | | | N\ ___ N
| | | | | | | | | | | | | | | | |
[ [ [ [ [ [ [ [ [ [ [ [ [ \ \ \ [
! ! ! ! ! ! ! ! ! ! ! ! ! !
[ [ [ [ [ [ [ [ [ [ [ [ I/ \
DQZ 2 T T T T T T T T T T T T T \'éOUTA(> <DOUTA'> éOUTA2> éOUTA%>—
! ! ! ! ! ! ! ! ! ! ! ! !
) ! |'...32ms maximum ! ! ! ! ! ! ! : : : ‘ ‘ i
( | | ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

Notes: 1.

Transitioning data

tDQSCKDL = (*DQSCKn - tDQSCKm).
DQSCKDL (MAX) is defined as the maximum of ABS (‘DQSCKn - tDQSCKm) for any
(*DQSCKn, tDQSCKm) pair within any 32ms rolling window.
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A{(!? ICron 4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP

Burst READ Command

Figure 110: 'DQSCKDM Timing

Tn+5 Tn+6 Tn+7 Tn+8

S0 G BN G B aS el

[9%?2?25&@'8“')( X_ >< >< >< XX >< >< >< >< >< >< >< X >Q[

/
CMD ~

DQS#
DQS

DQ

@@@@@@@w4%

I 1.6ps maximum... ! ) Z_

el

[9%2@5?2%'&)(“'“‘*)( >< X >< >< >< XX >< >< >< >< >< X_ >< X

/N / \,

/mmTT T N /T \ /T T \ /T \ /T Tooomm N A NI \ /T AN ittt \
CMDZ Z——/\ READ ~ NOP /)—/\ NOP M NOP — NOP ~ NOP ~ NOP X NOP )J\ NOP /

i It R i i e e e B e H e e e et B | T
| | | | | | | | | | | ! | | | | |
| | | | | | | | | | I DQSCKm | | | |
| | | | | | | | | | [ [——— L __1
DQS#Z ) l l l l l l l l l l l v \ 4 \
DQS( ( | | | | | | | | | | | \ ! N
[ [ [ [ [ [ [ [ [ [ [ [ | \ | \ |
| | | | | | | | | | | | | \ |
| | | | | | | | | | | | | |
| | | | | | | | | | | | |
DQZ 2 T T T T T T T T T T T T T éOUTA(> <DOUTA1> <DOUTA2> éOUTA%/
| | | | | | | | | | | | | T f
| | ; | | | | | | | | | \ | |
) ‘ ‘ ...1.6ps maximum ‘ ‘ ‘ ‘ ‘ ‘ | | | | | ‘ |
| | | | | | | | | | | | | |

Transitioning data

Notes: 1. 'DQSCKDM = (!DQSCKn - 'DQSCKm).
2. 'DQSCKDM (MAX) is defined as the maximum of ABS (*DQSCKn - tDQSCKm) for any
(*DQSCKn, tDQSCKm) pair within any 1.6ps rolling window.
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A{(!? ICron 4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP

Burst READ Command

Figure 111: tDQSCKDS Timing

n Tn+1 Tn+2 Tn+3 Tn+4 Tn+5 Tn+6 Tn+7 Tn+8

CK#__ X___%Z\-__

-
| | |
| | |
\ \ |

|

CA /Bank
[9:0] coal';dngColaddr><

N>

[TTT T T T T T [T T T T TT T [T T T T T T N\ /TTTTTTTTT ST T T T T [TTTT T T T T N /TTT T T T T T N\ /TTTT T T T T N /TTT T T T T
CMD 4 READ <  NOP >—/\ NOP M NOP  »—~ NOP = NOP X NOP X NOP X NOPU
B \_1_____7_ A e e i ittt Rt e e i i bts ittt el

|

|

S S

T T
| 160ns maximum. !
| | | |

soll $%®¢ww®< X X X X X XA X X X X X X X X

[TTT T T T T T, \ [TTT T T T T T \ [T T T T T T N\ /TTTTTTTTT \ [/ TTT T T T T T \ [T T T T T T '\\ [T T T T T T N7
CMD -/\ READ —~ NOP - NOP b NOP )—(\ NOP = NOP hal NOP
B I e e e ettt I ottt I e R

|
| | 'DQSCKm |

XX
A p— \

| | | |
| | | | |
| | | | |
T O O X Y O X 0 X O O 0 X O O 0 X S X
ouT /A ouT M ouT ouT ouT ‘)\ ouT n ouT ‘/\_ ouT N\ out A ouT <\ ouT A ouT LA ouT /° " OUT ‘A ouT ‘/\ ouT
| | |
Il Il ‘
| | |

4444\7444

|
|
|

= EEER
_2 N I...160ns maximum :
| | ‘

|i_| Transitioning data

Notes: 1. 'DQSCKDS = (tDQSCKn - tDQSCKm).
2. 'DQSCKDS (MAX) is defined as the maximum of ABS (tDQSCKn - tDQSCKm) for any
('DQSCKn, tDQSCKm) pair for READs within a consecutive burst, within any 160ns rolling
window.
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(p/'? ICron 4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP

Burst READ Command

Figure 112: Burst READ Followed by Burst WRITE-RL=3,WL=1,BL=4

CA[9:0] C%TriléngColaddr>< >< >< >< >< >< >< >< >< >< X?f,ggngcmader >< >< D

/ ./ \ 7 \ 7 N ’ AN \ 7 N4 \
CMD 4 READ < NOP /)—/ NOP X NOP )—(\ NOP ~ NOP /-( WRITE X NOP b NOP v

R I e e e e A = Ve SORSEEEEEE NS g

| | | ! | |
\ [ | 'DQSSmin | |

st B = e

DQS | | o\ N—
| | | | | |
| | | | | |
| | | | | |
| | | Ve

DQ T T T .
\ \ |

Transitioning data

The minimum time from the burst READ command to the burst WRITE command is
defined by the read latency (RL) and the burst length (BL). Minimum READ-to-WRITE
latency is RL + RU('DQSCK(MAX)/'CK) + BL/2 + 1 - WL clock cycles. Note that if a READ
burst is truncated with a burst TERMINATE (BST) command, the effective burst length
of the truncated READ burst should be used for BL when calculating the minimum
READ-to-WRITE delay.

Figure 113: Seamless Burst READ -RL = 3, BL = 4, 'CCD = 2

L= ‘

CAL9:0] stﬁés,XColaddr)( X )Q?f:éc?,}(co'addr)( XA XA XK XX X

[TTT T T T T T ST T T T T T, [TTT T T T T T T \ /T T T TTTTT [T T T T T [T T T T T T [T T T T T T N /TTT T T T T T AN /TTTTTTTT
CMD 4{ READ < NOP >-/ READ M NOP ‘;—(\ NOP ~ NOP )J\ NOP X NOP H NOP
“‘F““ﬂ_l \_‘1_____T_ i e e B I 'F_/ R s Ml ettt Bty Rttt ettt ettt /

| | | | | | |

|

|

| | | | | |
DQs# | 1 1 1 1 1
DQS | | | | | |
| | | | | | | | |
| | | | | | | | |
| | | | | | | | |
| | | | | | | | |
DQ T T T T T T T T \ p T
| | | | | | | | T T T ! 1 1 1 1 |
Transitioning data
A seamless burst READ operation is supported by enabling a READ command at every
other clock cycle for BL = 4 operation, every fourth clock cycle for BL = 8 operation, and
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2 ) 4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP
ép’ Icron Burst WRITE Command

every eighth clock cycle for BL = 16 operation. This operation is supported as long as the
banks are activated, whether the accesses read the same or different banks.

READs Interrupted by a READ

A burst READ can be interrupted by another READ with a 4-bit burst boundary, provi-
ded that 'CCD is met.

Figure 114: READ Burst Interrupt Example -RL = 3, BL=8, {CCD = 2

TO T1 T2 T3
CK# ~ 7y T T
cK I I I ! \““x 7\4“‘
| | | RL=3 | | |
ool @@ X @ X X O OO D
| | tcp=2 | | | | | | | | | | | | | | |
T

/ \ / N4 \ 7/ \ / \ \ / A4 \ / r \
CMD 4  READ 7~ NOP />—/ READ \—(\ NOP —~ NOP ~ NOP /-(\ NOP X NOP b NOP |
R e \__1_____T_ TTTTTTTTr T [ e I 'F_/ R e e et b e e i il

|

| | | | | | | | | |
/éOUT A°>Z<DOUT A1>X§’OUT A2>:‘<’OUT A3>Y'<JOUT B‘>: éom B1>Y<JOUT B%Iéou‘r B—’}X{)om B‘>2<’OUT B5>>

T T T T T T T T T T
Transitioning data

Note: 1. READs can only be interrupted by other READs or the BST command.

Burst WRITE Command

The burst WRITE command is initiated with CS# LOW, CA0 HIGH, CA1 LOW, and CA2
LOW at the rising edge of the clock. The command address bus inputs, CA5r—-CA6r and
CA1f-CA9f, determine the starting column address for the burst. Write latency (WL) is
defined from the rising edge of the clock on which the WRITE command is issued to the
rising edge of the clock from which the ‘DQSS delay is measured. The first valid data
must be driven WL x ‘CK + ‘DQSS from the rising edge of the clock from which the
WRITE command is issued. The data strobe signal (DQS) must be driven LOW ‘WPRE
prior to data input. The burst cycle data bits must be applied to the DQ pins ‘DS prior to
the associated edge of the DQS and held valid until 'DH after that edge. Burst data is
sampled on successive edges of the DQS until the 4-, 8-, or 16-bit burst length is com-
pleted. After a burst WRITE operation, ‘WR must be satisfied before a PRECHARGE
command to the same bank can be issued.

Pin input timings are measured relative to the crosspoint of DQS and its complement,
DQS#.
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(p!? ICron 4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP

Burst WRITE Command

Figure 115: Data Input (WRITE) Timing

"WPRE IDQSH DQSL tWPST
DQS Al — =<~ — - R | R \
DQsH / \ / W 62222227
DQs# T — S K 7/ N 7 /
Vinao IH(DC) VIH(AC) Viko)
% J

DQ

;. Diy l_< >_7 Diy :l ( Diy )

ViLao|_Ds |‘DH ViLpo) DS |‘DH ) VIL(AC) s [ H |Viipo) | s | DH
' ViH(aQ) ' Vikoo) ' Vineag ' >/IH(DC)
Y — ), - 0, -
ViLag ViLoo ViLao ViLpo)
Don't Care
Figure 116: Burst WRITE-WL =1, BL=4
TO T1 T2 T3 TX + 1 Ty + 1

CAI9:0] <;nggr><c°laddr>< % | % | % | % | X | X >QD<M">< ng;é;dg%owaddx ><:>

/
|
|
|
I

___________________________________________________
\

/ / / \ 7 /TTTT T\ YN /T T T IO /T /
CMD 4 WRITE < NOP >—/ NOP M NOP )—(\ NOP_Z )—( PRECHARGE \,-( NOBZ ,\-( ACTIVATE \/-/\ NOP /\1

——— \__T’;_;_:__ ___'TF_;_:I: __;rr_______.": —_—— - __:,:______T; —_ _". —_— _’_-‘_‘;'r;“_--_rr-_’ ;_."___:__7__
| | | |

|Case 1 "DdSSmax‘ | DQSSmax | | IDSS) | IDSS| Completlon of burst WRITE | | | | | | |

joost L L T N S Y A S S S

| DQS \ \ \ \ ( \ | | (Ci | | | |

| \ \ \ \ | | | | | [ \ \ \ \ \ \ \ L

| | | | | | | | | | tWR | | | | | | | | I
[ [ [ [ [ [ [ [ ————— ] [ [ [ [ [ [ [

| | | | | | % 7 \/ \l )) | | | ))! | | | I
DQ T T T T <DIN A°> Diy A1>’ '<DIN A2> <DIN A3> T T T T T T T T
| ! | \ Q N {\ 4 (( \ (( | |

|===t====LF==J"=====#==’\===¢==-’-‘===l‘==="==#==‘===L'==J’===‘===FL==J’===‘=I

Case 2: 'IDQSSmin | | \ | | | tRP | | | | |

] DQS# | [ i [ )\) [ T T ) )\ \ [ [ L
! ! ! ! ! ! ! ! ! ! ! !

| DQS I I I | (( | | | (Cr | | | [

| \ \ \ \ [ \ \ \ \ \ \ \ )
[ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [

| \ \ \ \ \ \ \ \ u_tWR_g \ \ \ \ \ \ Fl

| | | | Y V] v Ve \ | 1) | | | 1) | | | Ly

LR T e e )
e [ o o ] o ] o o ——

Transitioning data
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(p/'? ICron 4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP

Burst WRITE Command

Figure 117: Burst WRITE Followed by Burst READ -RL=3,WL=1,BL=4

| |
} | RL=3] !
| | |

catgo <:r::;raxco~d«ax KO xzzzz:xo'amx OO

/ / \ 7/ / / N/ \ 7/ a7
CMD 4 WRITE ‘,—< NOP >-/ NOP M NOP ‘;—(\ NOP hoy NOP )J\ READ M NOP h NOP )
"‘!‘““1‘/ _‘1_____T_ B e e e [ e \_‘1_____7_/ T \_T_____T_j \_T _____ T
| | | | | | | | | | | | | | | |

[ [
\ \ \
\ [ \
:,(:<D,N A0>I<D,N A1> <D,N A2>A.<D|N A3 /‘
| | \

Transitioning data

Notes: 1. The minimum number of clock cycles from the burst WRITE command to the burst READ
command for any bank is [WL + 1 + BL/2 + RUWTR/CK)].

2. Y“WTR starts at the rising edge of the clock after the last valid input data.

3. If a WRITE burst is truncated with a BST command, the effective burst length of the
truncated WRITE burst should be used as BL to calculate the minimum WRITE-to-READ
delay.

Figure 118: Seamless Burst WRITE-WL =1, BL=4, {CCD =2

TO T1 T2 T3
CK# ~ 7| m T
cK [ I I \““x 7\{‘ I I I I I I I I I I
! _ ! ! ! ! ! ! ! ! ! ! ! ! ! ! !
HLN I \ I I I I I I I I I I I I
) SEnlean Il Il Il Il Il Il Il Il Il Il Il Il Il
st @IER X @RER X X O XD
| | | | | | | | | |
\ \ tCCD 2 \ \ [ [ [ \ \ \
I T [l T | \ \ | | | | | | | | | |
/T T T T T T T, \ /T T T T T T T N\ /TTT T T T T N\ /TTTTTTTTT \ /T T T T T T \ /T T T T "\ /T T T T T T T T N /T TT T T T T ‘\ /TTTTT T TN \
CMD{ WRITE > NOP  { WRITE M NOP < NOP { NOP X NOP X NOP 4 NOP
“_V_____T_/ \_7_____T_ i E i [ I \__\ _____ T / \_7_____T_/ [ i \_T_____T_l R /
| | | | | | | | | |
[ [ [ [ [ [ [ [ [
oost || g U I S
DQS | | | | | | | |
\ \ \ \ \ \ \ \
\ \ \ \ \ \ \ \
[ [ [ [ [ [ [ [
[ [ [ [ [ [ [ [
DQ T T T T T T T T
| | | | | | | |
Transitioning data
Note: 1. The seamless burst WRITE operation is supported by enabling a WRITE command every
other clock for BL = 4 operation, every four clocks for BL = 8 operation, or every eight
clocks for BL = 16 operation. This operation is supported for any activated bank.
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M ICron 4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP

BURST TERMINATE Command

WRITEs Interrupted by a WRITE

A burst WRITE can only be interrupted by another WRITE with a 4-bit burst boundary,
provided that ‘CCD (MIN) is met.

AWRITE burst interrupt can occur on even clock cycles after the initial WRITE com-
mand, provided that ‘CCD (MIN) is met.

Figure 119: WRITE Burst Interrupt Timing-WL =1, BL=8, tCCD = 2

TO T1 T2 T3

CK# — 7y T T
cK [ I I \““x 7\{‘ I I I I I I I I I I
Lt

ezl @@ X @@ X O OC X OO

\ | | | | | | | | | | |
\ \ tCCD 2 \ [ [ [ \
I T T T \ \ | | | | | | | | | | |

_________________________________________________________________________________

\ 7/ / / / \ 7/ /
CMDJ WRITE < NOP />-/ WRITE > NOP ‘;—(\ NOP X NOP H Nop X NOP Y NOP )
‘_T____j_l \__\_____T_ s e [ . e 'F_/ \'__\_____T_j il s i \_T_____T_I bl /
| | | | | | | | |
|

DQS# } } } } FTT
bQs | | | | | | | ! ! ! ! ! ! ! ! | ‘
DQ “/ DIN A0> <DIN A1>V<D|N A2> <DIN A3> <DIN BO> <DIN B1> <DIN BZ> <DIN B3>V<D|N B4> <DIN BS> <DIN BS> <DIN B7>>‘7

. Tra nsitioning data

Notes: 1. WRITEs can only be interrupted by other WRITEs or the BST command.

2. The effective burst length of the first WRITE equals two times the number of clock cycles
between the first WRITE and the interrupting WRITE.

BURST TERMINATE Command

The BURST TERMINATE (BST) command is initiated with CS# LOW, CA0 HIGH, CA1
HIGH, CA2 LOW, and CA3 LOW at the rising edge of the clock. A BST command can only
be issued to terminate an active READ or WRITE burst. Therefore, a BST command can
only be issued up to and including BL/2 - 1 clock cycles after a READ or WRITE com-
mand. The effective burst length of a READ or WRITE command truncated by a BST
command is as follows:

e Effective burst length = 2 x (number of clock cycles from the READ or WRITE com-
mand to the BST command).

e If a READ or WRITE burst is truncated with a BST command, the effective burst length
of the truncated burst should be used for BL when calculating the minimum READ-
to-WRITE or WRITE-to-READ delay.

e The BST command only affects the most recent READ or WRITE command. The BST
command truncates an ongoing READ burst RL x 'CK + 'DQSCK + 'DQSQ after the ris-
ing edge of the clock where the BST command is issued. The BST command truncates
an ongoing WRITE burst WL x 'CK + 'DQSS after the rising edge of the clock where the
BST command is issued.
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A{(!? ICron 4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP

BURST TERMINATE Command

* The 4-bit prefetch architecture enables BST command assertion on even clock cycles
following a WRITE or READ command. The effective burst length of a READ or WRITE
command truncated by a BST command is thus an integer multiple of four.

Figure 120: Burst WRITE Truncated by BST - WL = 1, BL = 16

TO T1
CK# ~ 7\
CK

/

-
| |

I e
oW
e

|

CAID it -- O X XXX X XX

[ [ [ [ [ [ [ [
[ [ [ | WL x tCK + "DQSS [

CMD ~ "JvETT_E" “ "'NBE'" “ "_Es_T""‘J“K:BE"'“}( "'ﬁBE"",n<’"'N&B"“x"“ﬁél?"",
\'_T_____i_ “_T_____T __V_____'F_ __\ _____ T_" it ittt it ettt el it /
| | } | | | }
DQS# | | | / | | | |
pas T A /___d\ —
| | | | | | | | |
| | | | | \ \ \ \ \ \ | | | | |
| | | | | | | | | |
| | | | | | | |
DQ 1 1 \ 1 \<D|N A°> <DIN A1> <DIN A2> '<DIN A3> <DIN A4> <DIN A5> <DIN AG> <DIN A7 \ 1 1 \ \
| | | | | | | |
- BST prohibited Transitioning data
Notes: 1. The BST command truncates an ongoing WRITE burst WL x 'CK + 'DQSS after the rising
edge of the clock where the BST command is issued.
2. BST can only be issued an even number of clock cycles after the WRITE command.
3. Additional BST commands are not supported after T4 and must not be issued until after
the next READ or WRITE command.
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Write Data Mask

Aicron

Figure 121: Burst READ Truncated by BST-RL =3, BL = 16

TO
CK# ~ 7y,
CK

| |
. Bank
catsa
| | | | | | | |
| | | | | | | |
/oo T \ jmmm \ ’ \ NS \ 7 N/
CMD 4 READ [ NOP ) BST X NOP 3 NOP X  NOP W
B e T \__\ _____ 'F_/ Dt Bttt \__r____'[_" e et et

NOP )
P /
} } } } } } } } } } RL x 'CK + 'DQSCK + 'DQsQ | l }
DQs# | 1 1 1 1 1 Y A e A VA
DQS | | | | | | X____>\ /<____/ |
| | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | |
| | | | | | | | 3 y A % |
DQ i i i i i i i i \éOUT Aéy.{%m A'>,\".éom AZ}iéOUT A—’y%’om A‘>I<’OUT A5>_Iéom Af}\?éom A>\ T
| | | | | | | | f f 1 1 f f |

- BST prohibited Transitioning data

. The BST command truncates an ongoing READ burst (RL x 'CK + '!DQSCK + 'DQSQ) after
the rising edge of the clock where the BST command is issued.

BST can only be issued an even number of clock cycles after the READ command.

Additional BST commands are not supported after T4 and must not be issued until after
the next READ or WRITE command.

Write Data Mask

On LPDDR2 devices, one write data mask (DM) pin for each data byte (DQ) is suppor-
ted, consistent with the implementation on LPDDR SDRAM. Each DM can mask its re-
spective DQ for any given cycle of the burst. Data mask timings match data bit timing,
but are inputs only. Internal data mask loading is identical to data bit loading to ensure
matched system timing.

Figure 122: Data Mask Timing

oot IS YT
DQ { \ { \
ow (T I,

Don't Care
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} ) 4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP
C.E' Icron PRECHARGE Command

Figure 123: Write Data Mask - Second Data Bit Masked

-
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oo /////////////////////////////////////////ﬁ
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Note: 1. For the data mask function, WL = 2, BL = 4 is shown; the second data bit is masked.

PRECHARGE Command

The PRECHARGE command is used to precharge or close a bank that has been activa-
ted. The PRECHARGE command is initiated with CS# LOW, CA0 HIGH, CA1 HIGH, CA2
LOW, and CA3 HIGH at the rising edge of the clock. The PRECHARGE command can be
used to precharge each bank independently or all banks simultaneously. For 4-bank de-
vices, the AB flag and bank address bits BAO and BA1 are used to determine which
bank(s) to precharge. For 8-bank devices, the AB flag and the bank address bits BAO,
BA1, and BA2 are used to determine which bank(s) to precharge. The precharged
bank(s) will be available for subsequent row access ‘RPab after an all bank PRECHARGE
command is issued, or '‘RPpb after a single-bank PRECHARGE command is issued.

To ensure that 8-bank devices can meet the instantaneous current demand required to
operate, the row precharge time (‘RP) for an all bank PRECHARGE in 8-bank devices
(‘RPab) will be longer than the row precharge time for a single-bank PRECHARGE
(‘RPpb). For 4-bank devices, ‘RPab is equal to ‘RPpb.

ACTIVATE to PRECHARGE timing is shown in ACTIVATE Command.
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Table 79: Bank Selection for PRECHARGE by Address Bits

BA2 BA1 BAO Precharged Bank(s) | Precharged Bank(s)

AB (CA4r)| (CA9r) (CASr) (CA7r) 4-Bank Device 8-Bank Device
0 0 0 0 Bank 0 only Bank 0 only
0 0 0 1 Bank 1 only Bank 1 only
0 0 1 0 Bank 2 only Bank 2 only
0 0 1 1 Bank 3 only Bank 3 only
0 1 0 0 Bank 0 only Bank 4 only
0 1 0 1 Bank 1 only Bank 5 only
0 1 1 0 Bank 2 only Bank 6 only
0 1 1 1 Bank 3 only Bank 7 only
1 Don't Care | Don’t Care | Don't Care All banks All banks

READ Burst Followed by PRECHARGE

For the earliest possible precharge, the PRECHARGE command can be issued BL/2
clock cycles after a READ command. A new bank ACTIVATE command can be issued to
the same bank after the row precharge time (‘RP) has elapsed. A PRECHARGE com-
mand cannot be issued until after ‘RAS is satisfied.

The minimum READ-to-PRECHARGE time (‘RTP) must also satisfy a minimum analog
time from the rising clock edge that initiates the last 4-bit prefetch of a READ com-
mand. ‘RTP begins BL/2 - 2 clock cycles after the READ command.

If the burst is truncated by a BST command, the effective BL value is used to calculate
when RTP begins.

Figure 124: READ Burst Followed by PRECHARGE - RL = 3, BL = 8, RU(*RTP(MIN)/*CK) = 2

\
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E Transitioning data
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Figure 125: READ Burst Followed by PRECHARGE - RL = 3, BL = 4, RU(*RTP(MIN)/*CK) = 3
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Transitioning data

WRITE Burst Followed by PRECHARGE

For WRITE cycles, a WRITE recovery time (‘WR) must be provided before a PRECHARGE
command can be issued. 'WR delay is referenced from the completion of the burst
WRITE. The PRECHARGE command must not be issued prior to the 'WR delay. For
WRITE-to-PRECHARGE timings, see the PRECHARGE and Auto Precharge Clarification
table.

These devices write data to the array in prefetch quadruples (prefetch = 4). An internal
WRITE operation can only begin after a prefetch group has been completely latched.

The minimum WRITE-to-PRECHARGE time for commands to the same bank is WL +
BL/2 + 1 + RU(*WR/'CK) clock cycles. For untruncated bursts, BL is the value set in the
mode register. For truncated bursts, BL is the effective burst length.
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Figure 126: WRITE Burst Followed by PRECHARGE - WL =1, BL=4
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Transitioning data

Auto Precharge

Before a new row can be opened in an active bank, the active bank must be precharged
using either the PRECHARGE command or the auto precharge function. When a READ
or WRITE command is issued to the device, the auto precharge bit (AP) can be set to
enable the active bank to automatically begin precharge at the earliest possible mo-
ment during the burst READ or WRITE cycle.

If AP is LOW when the READ or WRITE command is issued, then normal READ or
WRITE burst operation is executed and the bank remains active at the completion of
the burst.

If AP is HIGH when the READ or WRITE command is issued, the auto precharge func-
tion is engaged. This feature enables the PRECHARGE operation to be partially or com-
pletely hidden during burst READ cycles (dependent upon READ or WRITE latency),
thus improving system performance for random data access.

READ Burst with Auto Precharge

If AP (CAO0f) is HIGH when a READ command is issued, the READ with auto precharge
function is engaged.

These devices start an auto precharge on the rising edge of the clock BL/2 or BL/2 - 2 +
RU(‘RTP/'CK) clock cycles later than the READ with auto precharge command, which-
ever is greater. For auto precharge calculations, see the PRECHARGE and Auto Pre-
charge Clarification table.
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Following an auto precharge operation, an ACTIVATE command can be issued to the
same bank if the following two conditions are satisfied simultaneously:

* The RAS precharge time (‘RP) has been satisfied from the clock at which the auto pre-
charge begins.

* The RAS cycle time (‘RC) from the previous bank activation has been satisfied.

Figure 127: READ Burst with Auto Precharge - RL = 3, BL = 4, RU(*RTP(MIN)/*CK) = 2
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Transitioning data

WRITE Burst with Auto Precharge

If AP (CAO0f) is HIGH when a WRITE command is issued, the WRITE with auto precharge
function is engaged. The device starts an auto precharge at the clock rising edge 'WR
cycles after the completion of the burst WRITE.

Following a WRITE with auto precharge, an ACTIVATE command can be issued to the
same bank if the following two conditions are met:

e The RAS precharge time (‘RP) has been satisfied from the clock at which the auto pre-
charge begins.

* The RAS cycle time (‘RC) from the previous bank activation has been satisfied.
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Figure 128: WRITE Burst with Auto Precharge-WL =1, BL=4
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Transitioning data

Table 80: PRECHARGE and Auto Precharge Clarification

From
Command To Command Minimum Delay Between Commands Unit | Notes
READ PRECHARGE to same bank as READ BL/2 + MAX(2, RU(tRTP/tCK)) - 2 CLK 1
PRECHARGE ALL BL/2 + MAX(2, RU(RTP/tCK)) - 2 CLK 1
BST PRECHARGE to same bank as READ 1 CLK 1
PRECHARGE ALL 1 CLK 1
READ w/AP |PRECHARGE to same bank as READ w/AP BL/2 + MAX(2, RU(tfRTP/tCK)) - 2 CLK 1,2
PRECHARGE ALL BL/2 + MAX(2, RU(RTP/tCK)) - 2 CLK 1
ACTIVATE to same bank as READ w/AP BL/2 + MAX(2, RU(tRTP/*CK)) - 2 + RU(tRPpb/ CLK 1
tCK)
WRITE or WRITE w/AP (same bank) Illegal CLK 3
WRITE or WRITE w/AP (different bank) RL + BL/2 + RU('DQSCKmax/tCK) - WL + 1 CLK 3
READ or READ w/AP (same bank) Illegal CLK 3
READ or READ w/AP (different bank) BL/2 CLK 3
WRITE PRECHARGE to same bank as WRITE WL + BL/2 + RU(*'WR/CK) + 1 CLK 1
PRECHARGE ALL WL + BL/2 + RU('WR/CK) + 1 CLK 1
BST PRECHARGE to same bank as WRITE WL + RU('WR/CK) + 1 CLK 1
PRECHARGE ALL WL + RU(*'WR/CK) + 1 CLK 1
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Table 80: PRECHARGE and Auto Precharge Clarification (Continued)

From

Command To Command Minimum Delay Between Commands Unit | Notes

WRITE w/AP |PRECHARGE to same bank as WRITE w/AP |WL + BL/2 + RU("WR/CK) + 1 CLK 1,2
PRECHARGE ALL WL + BL/2 + RU(*'WR/CK) + 1 CLK 1
ACTIVATE to same bank as WRITE w/AP WL + BL/2 + RU(WR/CK) + 1 + RU(*RPpb/tCK) CLK 1
WRITE or WRITE w/AP (same bank) Illegal CLK 3
WRITE or WRITE w/AP (different bank) BL/2 CLK 3
READ or READ w/AP (same bank) Illegal CLK 3
READ or READ w/AP (different bank) WL + BL/2 + RUCWTRACK) + 1 CLK 3

PRECHARGE |PRECHARGE to same bank as PRECHARGE |1 CLK 1
PRECHARGE ALL 1 CLK 1

PRECHARGE |[PRECHARGE 1 CLK 1

ALL PRECHARGE ALL 1 CLK | 1

Notes:

1. For a given bank, the PRECHARGE period should be counted from the latest PRECHARGE
command—either a one-bank PRECHARGE or PRECHARGE ALL—issued to that bank.
The PRECHARGE period is satisfied after 'RP, depending on the latest PRECHARGE com-
mand issued to that bank.

2. Any command issued during the specified minimum delay time is illegal.

3. After READ with auto precharge, seamless READ operations to different banks are sup-
ported. After WRITE with auto precharge, seamless WRITE operations to different banks
are supported. READ with auto precharge and WRITE with auto precharge must not be
interrupted or truncated.

REFRESH Command

The REFRESH command is initiated with CS# LOW, CA0 LOW, CA1 LOW, and CA2 HIGH
at the rising edge of the clock. Per-bank REFRESH is initiated with CA3 LOW at the ris-
ing edge of the clock. All-bank REFRESH is initiated with CA3 HIGH at the rising edge of
the clock. Per-bank REFRESH is only supported in devices with eight banks.

A per-bank REFRESH command (REFpb) performs a per-bank REFRESH operation to
the bank scheduled by the bank counter in the memory device. The bank sequence for
per-bank REFRESH is fixed to be a sequential round-robin: 0-1-2-3-4-5-6-7-0-1-.... The
bank count is synchronized between the controller and the SDRAM by resetting the
bank count to zero. Synchronization can occur upon issuing a RESET command or at
every exit from self refresh.

A bank must be idle before it can be refreshed. The controller must track the bank being
refreshed by the per-bank REFRESH command.

The REFpb command must not be issued to the device until the following conditions
have been met:

e 'RFCab has been satisfied after the prior REFab command

e 'RFCpb has been satisfied after the prior REFpb command

* 'RP has been satisfied after the prior PRECHARGE command to that bank
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* 'RRD has been satisfied after the prior ACTIVATE command (if applicable, for exam-
ple after activating a row in a different bank than the one affected by the REFpb com-
mand)

The target bank is inaccessible during per-bank REFRESH cycle time (‘RFCpb), howev-
er, other banks within the device are accessible and can be addressed during the cycle.
During the REFpb operation, any of the banks other than the one being refreshed can
be maintained in an active state or accessed by a READ or WRITE command.

When the per-bank REFRESH cycle has completed, the affected bank will be in the idle
state.

After issuing REFpb, the following conditions must be met:

 'RFCpb must be satisfied before issuing a REFab command

 'RFCpb must be satisfied before issuing an ACTIVATE command to the same bank
e 'RRD must be satisfied before issuing an ACTIVATE command to a different bank
¢ 'RFCpb must be satisfied before issuing another REFpb command

An all-bank REFRESH command (REFab) issues a REFRESH command to all banks. All
banks must be idle when REFab is issued (for instance, by issuing a PRECHARGE ALL
command prior to issuing an all-bank REFRESH command). REFab also synchronizes
the bank count between the controller and the SDRAM to zero. The REFab command
must not be issued to the device until the following conditions have been met:

e 'RFCab has been satisfied following the prior REFab command
e '/RFCpb has been satisfied following the prior REFpb command
 RP has been satisfied following the prior PRECHARGE commands

After an all-bank REFRESH cycle has completed, all banks will be idle. After issuing RE-
Fab:

e 'RFCab latency must be satisfied before issuing an ACTIVATE command
¢ 'RFCab latency must be satisfied before issuing a REFab or REFpb command

Table 81: REFRESH Command Scheduling Separation Requirements

Minimum
Delay
Symbol From To Notes
tRFCab REFab |REFab
ACTIVATE command to any bank
REFpb
tRFCpb REFpb |REFab
ACTIVATE command to same bank as REFpb
REFpb
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Table 81: REFRESH Command Scheduling Separation Requirements (Con-
tinued)

Minimum
Delay
Symbol From To Notes
‘RRD REFpb | ACTIVATE command to a different bank than REFpb
ACTIVATE |REFpb 1
ACTIVATE command to a different bank than the prior
ACTIVATE command

1. A bank must be in the idle state before it is refreshed, so REFab is prohibited following
an ACTIVATE command. REFpb is supported only if it affects a bank that is in the idle
state.

Mobile LPDDR2 devices provide significant flexibility in scheduling REFRESH com-
mands as long as the required boundary conditions are met (see the ‘SRF Definition fig-
ure).

In the most straightforward implementations, a REFRESH command should be sched-
uled every 'REFL. In this case, self refresh can be entered at any time.

Users may choose to deviate from this regular refresh pattern, for instance, to enable a
period in which no refresh is required. As an example, using a 1Gb LPDDR2 device, the
user can choose to issue a refresh burst of 4096 REFRESH commands at the maximum
supported rate (limited by ‘REFBW), followed by an extended period without issuing
any REFRESH commands, until the refresh window is complete. The maximum suppor-
ted time without REFRESH commands is calculated as follows: 'REFW - (R/8) x ‘REFBW
=REFW - R x 4 x 'RFCab.

For example, a 1Gb device at T < 85°C can be operated without a refresh for up to 32ms
- 4096 x 4 x 130ns = 30ms.

Both the regular and the burst/pause patterns can satisfy refresh requirements if they
are repeated in every 32ms window. It is critical to satisfy the refresh requirement in
every rolling refresh window during refresh pattern transitions. The supported transi-
tion from a burst pattern to a regular distributed pattern is shown in the Supported
Transition from Repetitive REFRESH Burst figure. If this transition occurs immediately
after the burst refresh phase, all rolling 'REFW intervals will meet the minimum re-
quired number of REFRESH commands.

A nonsupported transition is shown in Figure 131 (page 183). In this example, the regu-
lar refresh pattern starts after the completion of the pause phase of the burst/pause re-
fresh pattern. For several rolling ‘REFW intervals, the minimum number of REFRESH
commands is not satisfied.

Understanding this pattern transition is extremely important, even when only one pat-
tern is employed. In self refresh mode, a regular distributed refresh pattern must be as-
sumed. Micron recommends entering self refresh mode immediately following the
burst phase of a burst/pause refresh pattern; upon exiting self refresh, begin with the
burst phase (see the Recommended Self Refresh Entry and Exit figure).
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Figure 129: Regular Distributed Refresh Pattern
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Compared to repetitive burst REFRESH with subsequent REFRESH pause.
As an example, in a 1Gb LPDDR2 device at T¢ < 85°C, the distributed refresh pattern has
one REFRESH command per 7.8ys; the burst refresh pattern has one REFRESH command
per 0.52ps, followed by = 30ms without any REFRESH command.

Notes: 1.
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Figure 130: Supported Transition from Repetitive REFRESH Burst
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Notes: 1. Shown with subsequent REFRESH pause to regular distributed refresh pattern.
2. As an example, in a 1Gb LPDDR2 device at T¢ < 85°C, the distributed refresh pattern has
one REFRESH command per 7.8s; the burst refresh pattern has one REFRESH command
per 0.52us, followed by = 30ms without any REFRESH command.
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Figure 131: Nonsupported Transition from Repetitive REFRESH Burst
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Notes: 1. Shown with subsequent REFRESH pause to regular distributed refresh pattern.

2. There are only = 2048 REFRESH commands in the indicated 'REFW window. This does not
provide the required minimum number of REFRESH commands (R).
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Figure 132: Recommended Self Refresh Entry and Exit
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1. In conjunction with a burst/pause refresh pattern.

REFRESH Requirements

1. Minimum Number of REFRESH Commands

Mobile LPDDR2 requires a minimum number, R, of REFRESH (REFab) commands with-
in any rolling refresh window (‘REFW = 32 ms @ MR4[2:0] = 011 or T < 85°C). For actual
values per density and the resulting average refresh interval (‘REFI), see Refresh Re-
quirements.

For ‘REFW and 'REFI refresh multipliers at different MR4 settings, see the MR4 Device
Temperature (MA[7:0] = 04h) table.

For devices supporting per-bank REFRESH, a REFab command can be replaced by a full
cycle of eight REFpb commands.

2.Burst REFRESH Limitation

To limit current consumption, a maximum of eight REFab commands can be issued in
any rolling ‘REFBW (‘REFBW = 4 x 8 x 'RFCab). This condition does not apply if REFpb
commands are used.

3. REFRESH Requirements and Self Refresh

If any time within a refresh window is spent in self refresh mode, the number of re-
quired REFRESH commands in that window is reduced to the following:

t t
R’:RU[ﬁ} :R-RU[RX &}
(REFI (REFW

Where RU represents theround-up function.
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Figure 133: 'SRF Definition
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Notes: 1. Time in self refresh mode is fully enclosed in the refresh window (tfREFW).

2. At self refresh entry.

3. Atself refresh exit.

4. Several intervals in self refresh during one 'REFW interval. In this example, 'SRF = 'SRF1 +
'SRF2.

Figure 134: All-Bank REFRESH Operation
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SELF REFRESH Operation

Figure 135: Per-Bank REFRESH Operation
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Notes: 1. Prior to TO, the REFpb bank counter points to bank 0.

2. Operations to banks other than the bank being refreshed are supported during the
tRFCpb period.

SELF REFRESH Operation

The SELF REFRESH command can be used to retain data in the array, even if the rest of
the system is powered down. When in the self refresh mode, the device retains data
without external clocking. The device has a built-in timer to accommodate SELF RE-
FRESH operation. The SELF REFRESH command is executed by taking CKE LOW, CS#
LOW, CA0 LOW, CA1 LOW, and CA2 HIGH at the rising edge of the clock.

CKE must be HIGH during the clock cycle preceding a SELF REFRESH command. A
NOP command must be driven in the clock cycle following the SELF REFRESH com-
mand. After the power-down command is registered, CKE must be held LOW to keep
the device in self refresh mode.

Mobile LPDDR2 devices can operate in self refresh mode in both the standard and ex-
tended temperature ranges. These devices also manage self refresh power consumption
when the operating temperature changes, resulting in the lowest possible power con-
sumption across the operating temperature range. See Table 96 (page 219) for details.

After the device has entered self refresh mode, all external signals other than CKE are
“Don’t Care.” For proper self refresh operation, power supply pins (Vpp1, Vpp2, Vbpo,
and Vppca) must be at valid levels. Vppq can be turned off during self refresh. If Vpp( is
turned off, Vggrpq must also be turned off. Prior to exiting self refresh, both Vppg and
VRrerpg must be within their respective minimum/maximum operating ranges (see the
Single-Ended AC and DC Input Levels for DQ and DM table). Vrgrpq can be at any level
between 0 and Vppq; Vrerca can be at any level between 0 and Vppca during self re-
fresh.

Before exiting self refresh, Vygrpg and Vygrca must be within specified limits (see AC
and DC Logic Input Measurement Levels for Single-Ended Signals (page 223)). After en-
tering self refresh mode, the device initiates at least one all-bank REFRESH command
internally during ‘CKESR. The clock is internally disabled during SELF REFRESH opera-
tion to save power. The device must remain in self refresh mode for at least ‘CKESR. The
user can change the external clock frequency or halt the external clock one clock after
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self refresh entry is registered; however, the clock must be restarted and stable before

the device can exit SELF REFRESH operation.

Exiting self refresh requires a series of commands. First, the clock must be stable prior
to CKE returning HIGH. After the self refresh exit is registered, a minimum delay, at least
equal to the self refresh exit interval ('*XSR), must be satisfied before a valid command
can be issued to the device. This provides completion time for any internal refresh in
progress. For proper operation, CKE must remain HIGH throughout 'XSR. NOP com-

mands must be registered on each rising clock edge during *XSR.

Using self refresh mode introduces the possibility that an internally timed refresh event
could be missed when CKE is driven HIGH for exit from self refresh mode. Upon exiting
self refresh, at least one REFRESH command (one all-bank command or eight per-bank
commands) must be issued before issuing a subsequent SELF REFRESH command.

Figure 136: SELF REFRESH Operation
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Notes: 1. Input clock frequency can be changed or stopped during self refresh, provided that
upon exiting self-refresh, a minimum of two cycles of stable clocks are provided, and the
clock frequency is between the minimum and maximum frequencies for the particular

speed grade.

2. The device must be in the all banks idle state prior to entering self refresh mode.

w

tXSR begins at the rising edge of the clock after CKE is driven HIGH.

4. Avalid command can be issued only after XSR is satisfied. NOPs must be issued during

XSR.

Partial-Array Self Refresh - Bank Masking

Devices in densities of 64Mb-512Mb are comprised of four banks; densities of 1Gb and
higher are comprised of eight banks. Each bank can be configured independently
whether or not a SELF REFRESH operation will occur in that bank. One 8-bit mode reg-
ister (accessible via the MRW command) is assigned to program the bank-masking sta-
tus of each bank up to eight banks. For bank masking bit assignments, see the MR16

PASR Bank Mask (MA[7:0] = 010h) and MR16 Op-Code Bit Definitions tables.

The mask bit to the bank enables or disables a refresh operation of the entire memory
space within the bank. If a bank is masked using the bank mask register, a REFRESH op-
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eration to the entire bank is blocked and bank data retention is not guaranteed in self
refresh mode. To enable a REFRESH operation to a bank, the corresponding bank mask
bit must be programmed as “unmasked.” When a bank mask bit is unmasked, the array
space being refreshed within that bank is determined by the programmed status of the
segment mask bits.

Partial-Array Self Refresh - Segment Masking

Programming segment mask bits is similar to programming bank mask bits. For densi-
ties 1Gb and higher, eight segments are used for masking (see the MR17 PASR Segment
Mask (MA[7:0] = 011h) and MR17 PASR Segment Mask Definitions tables). A mode reg-
ister is used for programming segment mask bits up to eight bits. For densities less than
1Gb, segment masking is not supported.

When the mask bit to an address range (represented as a segment) is programmed as
“masked,” a REFRESH operation to that segment is blocked. Conversely, when a seg-
ment mask bit to an address range is unmasked, refresh to that segment is enabled.

A segment masking scheme can be used in place of or in combination with a bank
masking scheme. Each segment mask bit setting is applied across all banks. For seg-
ment masking bit assignments, see the tables noted above.

Table 82: Bank and Segment Masking Example

Segment Mask (MR17) | Bank 0 | Bank 1 | Bank 2 | Bank 3 | Bank 4 | Bank 5 | Bank 6 | Bank 7
Bank Mask (IMIR16) 0 1 0 0 0 0 0 1
Segment 0 0 - M - - - - - M
Segment 1 0 - M - - - - - M
Segment 2 1 M M M M M M M M
Segment 3 0 - M - - - - - M
Segment 4 0 - M - - - - - M
Segment 5 0 - M - - - - - M
Segment 6 0 - M - - - - - M
Segment 7 1 M M M M M M M M

Note: 1. This table provides values for an 8-bank device with REFRESH operations masked to
banks 1 and 7, and segments 2 and 7.
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MODE REGISTER READ

The MODE REGISTER READ (MRR) command is used to read configuration and status
data from SDRAM mode registers. The MRR command is initiated with CS# LOW, CA0
LOW, CA1 LOW, CA2 LOW, and CA3 HIGH at the rising edge of the clock. The mode reg-
ister is selected by CA1f—~CAO0f and CA9r—-CA4r. The mode register contents are available
on the first data beat of DQ[7:0] after RL x 'CK + 'DQSCK + 'DQSQ and following the ris-
ing edge of the clock where MRR is issued. Subsequent data beats contain valid but un-
defined content, except in the case of the DQ calibration function, where subsequent
data beats contain valid content as described in the Data Calibration Pattern Descrip-
tion table. All DQS are toggled for the duration of the mode register READ burst.

The MRR command has a burst length of four. MRR operation (consisting of the MRR
command and the corresponding data traffic) must not be interrupted. The MRR com-
mand period (‘MRR) is two clock cycles.

Figure 137: MRR Timing - RL = 3, tMRR = 2

DQ[7:0]3
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DQ[MAX:8]

. Transitioning data @ Undefined

Notes: 1. MRRs to DQ calibration registers MR32 and MR40 are described in Data Calibration.

2. Only the NOP command is supported during tMRR.

3. Mode register data is valid only on DQ[7:0] on the first beat. Subsequent beats contain
valid but undefined data. DQ[MAX:8] contain valid but undefined data for the duration
of the MRR burst.

4. Minimum MRR to write latency is RL + RU(PDQSCKmax/tCK) + 4/2 + 1 - WL clock cycles.

5. Minimum MRR to MRW latency is RL + RU('DQSCKmax/tCK) + 4/2 + 1 clock cycles.

READ bursts and WRITE bursts cannot be truncated by MRR. Following a READ com-
mand, the MRR command must not be issued before BL/2 clock cycles have completed.
Following a WRITE command, the MRR command must not be issued before WL + 1 +
BL/2 + RU(WTR/'CK) clock cycles have completed. If a READ or WRITE burst is trunca-
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ted with a BST command, the effective burst length of the truncated burst should be
used for the BL value.

Figure 138: READ to MRR Timing - RL = 3, 'MRR = 2
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Notes: 1. The minimum number of clock cycles from the burst READ command to the MRR com-
mand is BL/2.
2. Only the NOP command is supported during tMRR.
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Figure 139: Burst WRITE Followed by MRR-RL=3,WL=1,BL=4
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Notes: 1. The minimum number of clock cycles from the burst WRITE command to the MRR com-
mand is [WL + 1 + BL/2 + RUCWTR/CK)].

2. Only the NOP command is supported during *tMRR.

Temperature Sensor

Mobile LPDDR2 devices feature a temperature sensor whose status can be read from
MRA4. This sensor can be used to determine an appropriate refresh rate, determine
whether AC timing derating is required in the extended temperature range, and/or
monitor the operating temperature. Either the temperature sensor or the device operat-
ing temperature can be used to determine whether operating temperature require-
ments are being met (see Operating Temperature Range table).

Temperature sensor data can be read from MR4 using the mode register read protocol.
Upon exiting self-refresh or power-down, the device temperature status bits will be no
older than 'TSI.

When using the temperature sensor, the actual device case temperature may be higher
than the operating temperature specification that applies for the standard or extended
temperature ranges (see table noted above). For example, Tssg could be above 85°C
when MR4[2:0] equals 011b.

To ensure proper operation using the temperature sensor, applications must accommo-
date the parameters in the temperature sensor definitions table.
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Table 83: Temperature Sensor Definitions and Operating Conditions

Parameter Description Symbol Min/Max Value Unit
System temperature |Maximum temperature gradient experi- TempGradient| MAX | System-dependent| °C/s
gradient enced by the memory device at the temper-
ature of interest over a range of 2°C
MR4 READ interval Time period between MR4 READs from the ReadInterval MAX | System-dependent| ms
system
Temperature sensor |Maximum delay between internal updates TSI MAX 32 ms
interval of MR4
System response Maximum response time from an MR4 READ | SysRespDelay MAX | System-dependent| ms
delay to the system response
Device temperature |Margin above maximum temperature to TempMargin MAX 2 °C
margin support controller response

Mobile LPDDR2 devices accommodate the temperature margin between the point at
which the device temperature enters the extended temperature range and the point at
which the controller reconfigures the system accordingly. To determine the required
MR4 polling frequency, the system must use the maximum TempGradient and the max-
imum response time of the system according to the following equation:

TempGradient x (ReadInterval + 'TSI + SysRespDelay) < 2°C

For example, if TempGradient is 10°C/s and the SysRespDelay is 1ms:

10°C

—~—~ x (ReadInterval + 32ms + 1ms) < 2°C

S

In this case, ReadInterval must not exceed 167ms.
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Figure 140: Temperature Sensor Timing
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DQ Calibration

Mobile LPDDR2 devices feature a DQ calibration function that outputs one of two pre-
defined system timing calibration patterns. For x16 devices, pattern A (MRR to MRR32),
and pattern B (MRR to MRR40), will return the specified pattern on DQO and DQ8; x32
devices return the specified pattern on DQO, DQ8, DQ16, and DQ24.

For x16 devices, DQ[7:1] and DQ[15:9] drive the same information as DQO during the
MRR burst. For x32 devices, DQ[7:1], DQ[15:9], DQ[23:17], and DQ[31:25] drive the
same information as DQO during the MRR burst. MRR DQ calibration commands can
occur only in the idle state.
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Figure 141: MR32 and MR40 DQ Calibration Timing - RL
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Transitioning data |:| Optionally driven the same as DQO or Ob

Only the NOP command is supported during tMRR.

1.

Note:

Description

Reads to MR32 return DQ calibration pattern A

Reads to MR40 return DQ calibration pattern B

3
0

1

2

1

Bit Time | Bit Time | Bit Time | Bit Time

0

MR#
MR32

MR40

Table 84: Data Calibration Pattern Description

Pattern

Pattern A
Pattern B
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MODE REGISTER WRITE Command

The MODE REGISTER WRITE (MRW) command is used to write configuration data to
the mode registers. The MRW command is initiated with CS# LOW, CA0 LOW, CA1 LOW,
CA2 LOW, and CA3 LOW at the rising edge of the clock. The mode register is selected by
CA1f-CAOf, CA9r—CA4r. The data to be written to the mode register is contained in
CA9f-CA2f. The MRW command period is defined by ‘'MRW. MRWs to read-only regis-
ters have no impact on the functionality of the device.

MRW can only be issued when all banks are in the idle precharge state. One method of
ensuring that the banks are in this state is to issue a PRECHARGE ALL command.

Figure 142: MODE REGISTER WRITE Timing - RL = 3, tMRW =5
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Notes: 1. Attime Ty, the device is in the idle state.
2. Only the NOP command is supported during tMRW.

Table 85: Truth Table for MRR and MRW

Current State Command Intermediate State Next State
All banks idle MRR Reading mode register, all banks idle All banks idle
MRW Writing mode register, all banks idle All banks idle

MRW (RESET) Resetting, device auto initialization All banks idle
Bank(s) active MRR Reading mode register, bank(s) idle Bank(s) active
MRW Not allowed Not allowed

MRW (RESET) Not allowed Not allowed

MRW RESET Command

The MRW RESET command brings the device to the device auto initialization (reset-
ting) state in the power-on initialization sequence (see 2. RESET Command under Pow-
er-Up (page 144)). The MRW RESET command can be issued from the idle state. This
command resets all mode registers to their default values. Only the NOP command is
supported during 'INIT4. After MRW RESET, boot timings must be observed until the
device initialization sequence is complete and the device is in the idle state. Array data
is undefined after the MRW RESET command has completed.

For MRW RESET timing, see Figure 102 (page 146).
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MRW ZQ Calibration Commands

The MRW command is used to initiate a ZQ calibration command that calibrates output
driver impedance across process, temperature, and voltage. LPDDR2-S4 devices sup-
port ZQ calibration. To achieve tighter tolerances, proper ZQ calibration must be per-
formed.

There are four ZQ calibration commands and related timings: ZQINIT, ZQRESET,
ZQCL, and ZQCS. "ZQINIT is used for initialization calibration; ZQRESET is used for
resetting ZQ to the default output impedance; ZQCL is used for long calibration(s); and
ZQCS is used for short calibration(s). See the MR10 Calibration (MA[7:0] = 0Ah) table
for ZQ calibration command code definitions.

ZQINIT must be performed for LPDDR2 devices. ZQINIT provides an output impe-
dance accuracy of +15%. After initialization, the ZQ calibration long (ZQCL) can be used
to recalibrate the system to an output impedance accuracy of +15%. A ZQ calibration
short (ZQCS) can be used periodically to compensate for temperature and voltage drift
in the system.

ZQRESET resets the output impedance calibration to a default accuracy of +30% across
process, voltage, and temperature. This command is used to ensure output impedance
accuracy to +30% when ZQCS and ZQCL commands are not used.

One ZQCS command can effectively correct at least 1.5% (ZQ correction) of output im-
pedance errors within 'ZQCS for all speed bins, assuming the maximum sensitivities
specified in Table 116 and Table 117 (page 237) are met. The appropriate interval be-
tween ZQCS commands can be determined using these tables and system-specific pa-
rameters.

Mobile LPDDR2 devices are subject to temperature drift rate (Tqyifate) and voltage drift
rate (Vgrifiate) in Various applications. To accommodate drift rates and calculate the
necessary interval between ZQCS commands, apply the following formula:

ZQcorrection

(Tsens X Tdriftrate) + (Vsens X Vdriftrate)

Where Tepns = MAX (dRondT) and Vgens = MAX (dRgndV) define temperature and volt-
age sensitivities.

For example, if Tgeng = 0.75%/°C, Vgens = 0.20%/mV, T griftrate = 1 C/sec, and V grigrrate =
15 mV/sec, then the interval between ZQCS commands is calculated as:

1.5 _
(0.75x 1) + (0.20 x 15)

0.4s

A ZQ calibration command can only be issued when the device is in the idle state with
all banks precharged.

No other activities can be performed on the data bus during calibration periods
(*ZQINIT, ZQCL, or 'ZQCS). The quiet time on the data bus helps to accurately calibrate
output impedance. There is no required quiet time after the ZQRESET command. If
multiple devices share a single ZQ resistor, only one device can be calibrating at any giv-
en time. After calibration is complete, the ZQ ball circuitry is disabled to reduce power
consumption.
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MODE REGISTER WRITE Command

In systems sharing a ZQ resistor between devices, the controller must prevent ZQINIT,
ZQCS, and ZQCL overlap between the devices. ZQRESET overlap is acceptable. If the
ZQ resistor is absent from the system, ZQ must be connected to Vppca. In this situation,
the device must ignore ZQ calibration commands and the device will use the default
calibration settings.

Figure 143: ZQ Timings

| | | | | | | | | | | | | | |
| | | | | | | | | | | | | | |
—— i ————————————————————— i ——————— i ——————— o — — — — —— [ — —
Izamim | | | | | | | | | | | | | | | | |
|
, SRR DN N S N 17 N S (N S NN SG E S N SR A
I /_J._____L /_J_____J._\ /__l_____J._\ __l_____J._\ /_J_____J._\ /__\____ [ R GRS Hp _d L /_J._____L
I CMD{_ MRW )< NOP - NOP M NOP < NOP NOP} Z/}( valid M A /1
I B e e Rt A N T A B B T |
| | | | | | | | | | | | | | | | | |
I | | | | | | | | | | | | | | | | | | I
————\——-‘-——d———\——-‘-——l———t——-‘-——d———l——-‘-——l———h——-‘-——\———h——i———\—l
R e e e e et e
ZQCS \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ |
I | | | | | | tZ(\)CS | | | | | | | | | | | I
| | | | | | | | | | | | | | | | |
| [ T T T T T T T T T T T | \ \ \ \ Lo
[T T T T T /2 N A AN 2 N [TTTT T TN /T T A2 Y 2
I'emp{" wrw < nop X NOP M NOP  —~  NOP X NOP:Z Z )4 valid X W )
I L_Y'_____\_/ I I B e B e i e \'__\____ | __V_____'Y_" \'_'F_____T_'I i 'F_/I
| | | | | | | | | | | | | | | | | |
: | | | | | | | | | | | | | | | | | | I
| | | | | | | | | | | | | | | | | \_I
- o - - I L o - - I - O - - I - Lo IOz Z-—z-C-ozD
| | | | | | | | | | | | | | | | | |
:ZQCL | | | | | | | | | | | | | | | | | | :
| | | | | | ! | | | | | | | | | | |
| | \ ! \ \ \ zQcL \ \ \ \ \ \ \ \ \ \ \
S Y [ S S AR B /__\_____\__l
\
: CMD4{  MRW < NOP »{ NOP M NOP < NOP X Nopj Z/\r( valid X A )
e b e [ R B T e e i B R B Bt e |
| | | | | | | | | | | | | | | | | |
: | | | | | | | | | | | | | | | | | | I
— e e o o el o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
— — — —— — —— e —— —— i —— — —— —— i —— ——— —— e —— ——— —— e — ——— o —— e — — —
|ZQRESET | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
: [ [ [ [ [ | tZQRESET ! [ [ [ [ [ [ [ [ [ o
I t t t t t T t t t t t | | | | | |
/_J._____l_.\ /__L_____J._ /__I_____J._ —_——d L /__L_____J._ /__\____ (. /__L_____J._ /__L_____J._.\ /_J._____A__.I
I' cmp« ) Ny b p; ) 3 i ) )
I (__MRW o~ _NOP X __NOP M _NOP = _ NOP A NOP((A__ Vaid X _________ AN /
| | | | | | | | | | | | | | | | | | I
I | | | | | | | | | | | | | | | | | | I
I | | | | | | | | | | | | | | | | | \_I
Notes: 1. Only the NOP command is supported during ZQ calibrations.
2. CKE must be registered HIGH continuously during the calibration period.
3. All devices connected to the DQ bus should be High-Z during the calibration process.
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Power-Down

ZQ External Resistor Value, Tolerance, and Capacitive Loading

Power-Down

To use the ZQ calibration function, a 240 ohm (+1% tolerance) external resistor must be
connected between the ZQ pin and ground. A single resistor can be used for each device
or one resistor can be shared between multiple devices if the ZQ calibration timings for
each device do not overlap. The total capacitive loading on the ZQ pin must be limited
(see the Input/Output Capacitance table).

Power-down is entered synchronously when CKE is registered LOW and CS# is HIGH at
the rising edge of clock. A NOP command must be driven in the clock cycle following
power-down entry. CKE must not go LOW while MRR, MRW, READ, or WRITE opera-
tions are in progress. CKE can go LOW while any other operations such as ACTIVATE,
PRECHARGE, auto precharge, or REFRESH are in progress, but the power-down Ipp
specification will not be applied until such operations are complete.

If power-down occurs when all banks are idle, this mode is referred to as idle power-
down; if power-down occurs when there is a row active in any bank, this mode is refer-
red to as active power-down.

Entering power-down deactivates the input and output buffers, excluding CK, CK#, and
CKE. In power-down mode, CKE must be held LOW; all other input signals are “Don’t
Care.” CKE LOW must be maintained until 'CKE is satisfied. Vrgpca must be maintained
at a valid level during power-down.

Vbpq can be turned off during power-down. If Vppq is turned off, Vgygrpg must also be
turned off. Prior to exiting power-down, both Vppq and Vggrpg must be within their re-
spective minimum/maximum operating ranges (see AC and DC Operating Conditions).

No refresh operations are performed in power-down mode. The maximum duration in
power-down mode is only limited by the refresh requirements outlined in REFRESH
Command.

The power-down state is exited when CKE is registered HIGH. The controller must drive
CS# HIGH in conjunction with CKE HIGH when exiting the power-down state. CKE
HIGH must be maintained until 'CKE is satisfied. A valid, executable command can be
applied with power-down exit latency XP after CKE goes HIGH. Power-down exit laten-
cy is defined in the AC Timing section.
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Power-Down

Figure 144: Power-Down Entry and Exit Timing

2 fek(min)
oo T LA s i
- o e R a0
. T W//////////////////////////////////////////////W////Wm ‘

o I
“ItXP(MIN)‘ o

|
L tCKEMMIN) ! !
S e R e
Enter power-down mode Exit power-down mode

Don’t Care

Note: 1. Input clock frequency can be changed or the input clock stopped during power-down,
provided that the clock frequency is between the minimum and maximum specified fre-
quencies for the speed grade in use, and that prior to power-down exit, a minimum of
two stable clocks complete.

Figure 145: CKE Intensive Environment

Note: 1. The pattern shown can repeat over an extended period of time. With this pattern, all
AC and DC timing and voltage specifications with temperature and voltage drift are en-
sured.
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Power-Down

Figure 147: READ to Power-Down Entry

TO T1 T2 Tx Tx+ 1 Tx + 2 Tx+3 Tx+4 Tx+5 TX+ 6 Tx+7 Tx+8 Tx+9

TO T1 T2 Tx Tx+ 1 TX + 2 Tx+3 Tx+4 Tx+5 TX+6 TxX+7 Tx+8 TxX+9

|
YSCKE!
f———|

Notes: 1. CKE must be held HIGH until the end of the burst operation.

2. CKE can be registered LOW at (RL + RU(PDQSCK(MAX)/'CK) + BL/2 + 1) clock cycles after
the clock on which the READ command is registered.
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Power-Down

Figure 148: READ with Auto Precharge to Power-Down Entry

TO T1 T2 Tx Tx+ 1 Tx+2 Tx+3 Tx+4 Tx+5 Tx+6 Tx+7 Tx+8 Tx+9

/_\ _____

\ / \
CMD —‘—/\READW/AP/‘\—‘—/\ PRE4 ) ‘

TO T1 T2 Tx Tx+ 1 Tx+2 Tx+3 Tx+4 Tx+5 Tx+6 Tx+7 Tx+8 Tx+9

tISCKE}

I
/T T \
CMD ————(READ w/AP)

LU

|
| | | |
| | | | | | |
0Q +—————— oo o o) o) o
| | | | | | |
| | | | | | | |
DQS# } } } ——————— : -\ -4 -1 =L
DQS | | |
| | | | | | |
Notes: 1. CKE must be held HIGH until the end of the burst operation.
2. CKE can be registered LOW at (RL + RU(*DQSCK/*CK)+ BL/2 + 1) clock cycles after the
clock on which the READ command is registered.
3. BL/2 with 'RTP = 7.5ns and tRAS (MIN) is satisfied.
4, Start internal PRECHARGE.
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Power-Down

Figure 149: WRITE to Power-Down Entry

TO T1 Tm Tm+1 Tm+2 Tm+3 Tx Tx+ 1 Tx + 2 Tx+3 Tx+4 Tx+5 TX+6
[

| | | | i \ \ \ | |
| | | | | | | | | |

s 7 R R e A R A B
R e s p e A e N R R B
| | | | | | | T T T T T T
e A

B =N N S N Y S N S S B R

CMD | \ WRITE —1( | | (0 | | | | | |
| | | | | | | | | | | | |

| : | | | . | | | | | | |

| | | | | | | | |

D T D D T T T T T T T T
Q\ ( N mm LA | | | | | |

| | | | | | | | |

| | | | | | |

| | | | | | |

TO T1 Tm Tm+m1l Tm+2 Tm+3 Tm+4 Tm+5 Tx Tx + 1 Tx +2 Tx+3 Tx+4

| I | | | I |
| | | | | | | |
S e SV S S S R H I R
cKe' | W | | | 0 | | | |
| | | | | | | | | T T T T
I I I I I I I I tWR I I I I
| | | | | | | } : | | | |
B | | | oy B
CMD | \ WRITE (¢ | | | | (O | | | |
| | | | | | | | | | | | |
| | | | | | | | | | | | |
| | | | | | | | | | | | |
0+ — @ ENEREEDEED
| | | | | | | | |
| | | | | | | | | | | | |
past Ly, oy
DQS | I I I I [ | |
| | | | | | | |
Note: 1. CKE can be registered LOW at (WL + 1 + BL/2 + RU("WR/'CK)) clock cycles after the clock
on which the WRITE command is registered.
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Power-Down

Figure 150: WRITE with Auto Precharge to Power-Down Entry

TO T1 Tm Tm+1 Tm+2 Tm+3 Tx Tx+1 Tx +2 Tx+3 Tx+4 Tx+5 TxX+6

TO T1 m Tm+1 Tm+2 Tm+3 Tm+4 Tm+5 Tx Tx+ 1 Tx + 2 Tx+ 3 Tx+4

I | | | | | | | |
| | | | | | | | |
| | 1 BL/2 1 1 | | | | SaE | |
cKE! | T T T T T T T T | | |
O O S
| | | | | | | | tWR | | | |
| | | | | | | f . ! | | |
| P \ ‘) | | | | | ) \ /,.1____.\ \ | |
{ | | | | | | 2 | | |
CMD | WRITE WAR—( | | | | (O _PRET T | |
| | | | | | | | | | | | |
| | | | | | | | | | | | |
| | | | | | | | | | | | |
| | | | | | | |
0+ R R R R R e o)
| | | | | | | | |
| | | | | | | | | | | | |
post |y S P I N S N
DQS | I I I I | |
| | | | | | |
Notes: 1. CKE can be registered LOW at (WL + 1 + BL/2 + RU(*"WR/'CK + 1) clock cycles after the
WRITE command is registered.
2. Start internal PRECHARGE.
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Power-Down

Figure 151: REFRESH Command to Power-Down Entry

Note: 1. CKE can go LOW YHCKE after the clock on which the REFRESH command is registered.

Figure 152: ACTIVATE Command to Power-Down Entry

Note: 1. CKE can go LOW at 'IHCKE after the clock on which the ACTIVATE command is regis-
tered.

Figure 153: PRECHARGE Command to Power-Down Entry

|
!
\ utci,\
[ |
[
|
[

|

|

|

YSCKE }

CKE1 t|HCKE \ .‘. |
\ : T T
|

|

|

|

|

e ——

Note: 1. CKE can go LOW YHCKE after the clock on which the PRECHARGE command is regis-
tered.
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Deep Power-Down

Figure 154: MRR Command to Power-Down Entry

TO T1 T2 Tx Tx+ 1 Tx +2 Tx+3 Tx+4 Tx+5 Tx+6 Tx+7 Tx+8 Tx+9

Note: 1. CKE can be registered LOW at (RL + RU('DQSCK/tCK)+ BL/2 + 1) clock cycles after the
clock on which the MRR command is registered.

Figure 155: MRW Command to Power-Down Entry

Note: 1. CKE can be registered LOW *MRW after the clock on which the MRW command is regis-
tered.

Deep Power-Down

Deep power-down (DPD) is entered when CKE is registered LOW with CS# LOW, CA0O
HIGH, CA1 HIGH, and CA2 LOW at the rising edge of the clock. The NOP command
must be driven in the clock cycle following power-down entry. CKE must not go LOW
while MRR or MRW operations are in progress. CKE can go LOW while other operations
such as ACTIVATE, auto precharge, PRECHARGE, or REFRESH are in progress, however,
deep power-down Ipp specifications will not be applied until those operations com-
plete. The contents of the array will be lost upon entering DPD mode.

In DPD mode, all input buffers except CKE, all output buffers, and the power supply to
internal circuitry are disabled within the device. Vggrpq can be at any level between 0
and Vppq, and Vggrca can be at any level between 0 and Vppca during DPD. All power

09005aef865411f3 205 Micron Technology, Inc. reserves the right to change products or specifications without notice.
162ball_nand_Ipddr_j84f.pdf — Rev. C 06/16 EN © 2015 Micron Technology, Inc. All rights reserved.



Micron Confidential and Proprietary

M ICron 4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP

Input Clock Frequency Changes and Stop Events

supplies (including Vggr) must be within the specified limits prior to exiting DPD (see
AC and DC Operating Conditions).

To exit DPD, CKE must be HIGH, ISCKE must be complete, and the clock must be sta-
ble. To resume operation, the device must be fully reinitialized using the power-up initi-
alization sequence.

Figure 156: Deep Power-Down Entry and Exit Timing

|
CK/CK# j(_u
}‘IH‘CKE‘

—- [ |
CKE }|§ N
|

11 /ﬁ//////////////////////////////////////////////// NERERRIERN

)
\ Z‘CK (MIN)‘ bl
[
[
[
|
[

} Input clock frequency can be changed ‘ ‘INIT‘31 2‘
| or the input clock can be stopped during DPD
|
|

I I

e . | U&Lﬁl

Ui i W W

i
oo G VLR @ i

Enter DPD mode Exit DPD mode

Don’t Care

Notes: 1. The initialization sequence can start at any time after Tx + 1.

2. UNIT3 and Tx + 1 refer to timings in the initialization sequence. For details, see Mode
Register Definition.

Input Clock Frequency Changes and Stop Events

Input Clock Frequency Changes and Clock Stop with CKE LOW

During CKE LOW, Mobile LPDDR2 devices support input clock frequency changes and
clock stop under the following conditions:

¢ Refresh requirements are met
e Only REFab or REFpb commands can be in process

e Any ACTIVATE or PRECHARGE commands have completed prior to changing the fre-
quency

* Related timing conditions,'RCD and ‘RB, have been met prior to changing the fre-
quency

* The initial clock frequency must be maintained for a minimum of two clock cycles af-
ter CKE goes LOW

 The clock satisfies 'CH(abs) and ‘CL(abs) for a minimum of two clock cycles prior to
CKE going HIGH

For input clock frequency changes, ‘CK(MIN) and '‘CK(MAX) must be met for each clock
cycle.

After the input clock frequency is changed and CKE is held HIGH, additional MRW
commands may be required to set the WR, RL, etc. These settings may require adjust-
ment to meet minimum timing requirements at the target clock frequency.
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NO OPERATION Command

For clock stop, CK is held LOW and CK# is held HIGH.

Input Clock Frequency Changes and Clock Stop with CKE HIGH

During CKE HIGH, LPDDR2 devices support input clock frequency changes and clock
stop under the following conditions:

REFRESH requirements are met

Any ACTIVATE, READ, WRITE, PRECHARGE, MRW, or MRR commands must have
completed, including any associated data bursts, prior to changing the frequency

e Related timing conditions, 'RCD, 'WR, 'WRA, ‘RP, 'MRW, and ‘MRR, etc., are met
e CS# must be held HIGH
Only REFab or REFpb commands can be in process

The device is ready for normal operation after the clock satisfies ‘CH(abs) and ‘CL(abs)
for a minimum of 2 x 'CK + XP.

For input clock frequency changes, ‘CK(MIN) and ‘CK(MAX) must be met for each clock
cycle.

After the input clock frequency is changed, additional MRW commands may be re-
quired to set the WR, RL, etc. These settings may require adjustment to meet minimum
timing requirements at the target clock frequency.

For clock stop, CK is held LOW and CK# is held HIGH.

NO OPERATION Command

The NO OPERATION (NOP) command prevents the device from registering any unwan-
ted commands issued between operations. A NOP command can only be issued at
clock cycle N when the CKE level is constant for clock cycle N-1 and clock cycle N. The
NOP command has two possible encodings: CS# HIGH at the clock rising edge N; and
CS# LOW with CA0, CA1, CA2 HIGH at the clock rising edge N.

The NOP command will not terminate a previous operation that is still in process, such
as a READ burst or WRITE burst cycle.

Simplified Bus Interface State Diagram

The state diagram (see Figure 157 (page 208)) provides a simplified illustration of the
bus interface, supported state transitions, and the commands that control them. For a
complete description of device behavior, use the information provided in the state dia-
gram with the truth tables and timing specifications.

The truth tables describe device behavior and applicable restrictions when considering
the actual state of all banks.
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NO OPERATION Command

Figure 157: Simplified Bus Interface State Diagram

Power
applied

Resetting

Power-on Automatic sequence

Command sequence

Self

MR reading

Resetting
power-down

refreshing

Idle REF

MR reading

{ Refreshing

ACT
Active Active PR
power-down MR reading
Active
PR = PRECHARGE
PRA = PRECHARGE ALL
ACT = ACTIVATE . Reading
WR(A) = WRITE (with auto precharge)
RD(A) = READ (with auto precharge)
BST = BURST TERMINATE
RESET = RESET is achieved through
MRW command
MRW = MODE REGISTER WRITE
MRR = MODE REGISTER READ Writing Reading
PD = enter power-down with with
- auto precharge auto precharge
PDX = exit power-down
SREF = enter self refresh
SREFX = exit self refresh Precharging
DPD = enter deep power-down
DPDX = exit deep power-down
REF = REFRESH
Note: 1. All banks are precharged in the idle state.
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Truth Tables

Truth Tables

Truth tables provide complementary information to the state diagram. They also clarify
device behavior and applicable restrictions when considering the actual state of the
banks.

Unspecified operations and timings are illegal. To ensure proper operation after an ille-
gal event, the device must be powered down and then restarted using the specified initi-
alization sequence before normal operation can continue.

Table 86: Command Truth Table

Notes 1-11 apply to all parameters conditions

Command Pins CA Pins
CKE cK
Command CK(n-1) | CK(n) | CS#| CAO | CA1 | CA2 | CA3 | CA4 | CA5 | CA6 | CA7 | CAS | CA9 | Edge
MRW L | L L L L | MAO | MA1 | MA2 | MA3 | MA4 | MAS | _fF
H H X | MA6| MA7 | oPo | oP1 | oP2 | oP3 | oP4 | OPs | OP6 | OP7 |
MRR H H L | L L L H | MAO | MA1 | MA2 | MA3 | MA4 | MAS | _f
H H X [MA6 |MA7 X T
REFRESH H H L | L L H | L | X £
(per bank) H H X X =N
REFRESH H H L | L | L | H | H | X £
(all banks) H H X X =N
Enter self H L Ll L[ L] H| X £
refresh X L X X =N
ACTIVATE H H L | L H | R8 | Ro | R10 | R11 | R12 | BAO | BAT | BA2 | _F
(bank) H H | x| RO | RT | R2Z| R | R4 | RS | R6 | R7 | R13 | R14 | L
WRITE (bank) H H L | H L L |RFU|RFU| €1 | c2 | BAO | BAT | BA2 | _F
H H X | ap| 3| ca| | ||| co|colc| L
READ (bank) H H L | H L H |RFrU | RFU | c1 | 2 | BAO | BAT | BA2 | _F
H H X | ap| 3| ca| | | 7| 8| co|cwolfcn|
PRECHARGE H H L | H H L H | AB | X | x |Bao|Ba1|BA2 ]| _f
(bank) H H | X X <+
BST H H L | H | H | L | L | X £
H H | X X e
Enter DPD H L L | H | H | L | X K
X L X X T
NOP H H L | H | H | H | X £
H H X X T
Maintain PD, L L L | H | H | H | X £
SREF, DPD, . L X 5 =
(NOP)
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Truth Tables

Table 86: Command Truth Table (Continued)

Notes 1-11 apply to all parameters conditions

Command Pins CA Pins
CKE CcK
Command CK(n-1) | CK(n) |CS#| CAO | CA1 | CA2 | CA3 | CA4 | CA5 | CA6 | CA7 | CA8 | CA9 | Edge
NOP H H H X 4
H H X X B
Maintain PD, L L H X _xr
SREF, DPD, L L X X v
(NOP)
Enter power- H L H X £
down X L | x X T
Exit PD, SREF, L H H X £
DPD X H | X X R
Notes: 1. All commands are defined by the current state of CS#, CAO, CA1, CA2, CA3, and CKE at
the rising edge of the clock.
2. Bank addresses (BA) determine which bank will be operated upon.
3. AP HIGH during a READ or WRITE command indicates that an auto precharge will occur
to the bank associated with the READ or WRITE command.
4. Xindicates a “Don’t Care” state, with a defined logic level, either HIGH (H) or LOW (L).
5. Self refresh exit and DPD exit are asynchronous.
6. Vger must be between 0 and Vppq during self refresh and DPD operation.
7. CAxr refers to command/address bit “x” on the rising edge of clock.
8. CAxf refers to command/address bit “x” on the falling edge of clock.
9. CS# and CKE are sampled on the rising edge of the clock.
10. Per-bank refresh is only supported in devices with eight banks.
11. The least-significant column address CO0 is not transmitted on the CA bus, and is inferred

Table 87: CKE Truth Table

to be zero.

Notes 1-5 apply to all parameters and conditions; L = LOW, H = HIGH, X = “Don’t Care”

Command

Current State CKEn-1 CKEn CS# n Operation n Next State Notes
Active L L X X Maintain active power-down Active
power-down power-down

L H H NOP Exit active power-down Active 6,7
Idle power-down L L X X Maintain idle power-down Idle

power-down

L H H NOP Exit idle power-down Idle 6,7
Resetting idle L L X X Maintain resetting power-down Resetting
power-down power-down

L H H NOP Exit resetting power-down Idle or resetting | 6, 7, 8
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Truth Tables

Table 87: CKE Truth Table (Continued)

Notes 1-5 apply to all parameters and conditions; L = LOW, H = HIGH, X = “Don’t Care”

Command
Current State CKEn-1 CKEn CS# n Operation n Next State Notes
Deep power- L L X X Maintain deep power-down Deep
down power-down
L H H NOP Exit deep power-down Power-on 9
Self refresh L L X X Maintain self refresh Self refresh
L H H NOP Exit self refresh Idle 10, 11
Bank(s) active H L H NOP Enter active power-down Active
power-down
All banks idle H L H NOP Enter idle power-down Idle
power-down
H L L Enter self |Enter self refresh Self refresh
refresh
H L L DPD Enter deep power-down Deep
power-down
Resetting H L H NOP Enter resetting power-down Resetting
power-down
Other states H H Refer to the command truth table
Notes: 1. Current state = the state of the device immediately prior to the clock rising edge n.

All states and sequences not shown are illegal or reserved unless explicitly described
elsewhere in this document.

CKEn = the logic state of CKE at clock rising edge n; CKEn-1 was the state of CKE at the
previous clock edge.

4. CS#=the logic state of CS# at the clock rising edge n.

9.
10.
11.

Command n = the command registered at clock edge n, and operation n is a result of
command n.

Power-down exit time (XXP) must elapse before any command other than NOP is issued.
The clock must toggle at least twice prior to the tXXP period.

Upon exiting the resetting power-down state, the device will return to the idle state if
YNIT5 has expired.

The DPD exit procedure must be followed as described in Deep Power Down.
Self refresh exit time (YXXSR) must elapse before any command other than NOP is issued.
The clock must toggle at least twice prior to the ™SR time.

Table 88: Current State Bank n to Command to Bank n Truth Table

Notes 1-5 apply to all parameters and conditions

Current State Command Operation Next State Notes

Any NOP

Continue previous operation Current state
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Truth Tables

Table 88: Current State Bank n to Command to Bank n Truth Table (Continued)

Notes 1-5 apply to all parameters and conditions

Current State Command Operation Next State Notes
Idle ACTIVATE Select and activate row Active
Refresh (per bank) |Begin to refresh Refreshing (per bank) 6
Refresh (all banks) |Begin to refresh Refreshing (all banks)
MRW Load value to mode register MR writing
MRR Read value from mode register Idle, MR reading
RESET Begin device auto initialization Resetting 7,8
PRECHARGE Deactivate row(s) in bank or banks Precharging 9,10
Row active READ Select column and start read burst Reading
WRITE Select column and start write burst Writing
MRR Read value from mode register Active MR reading
PRECHARGE Deactivate row(s) in bank or banks Precharging 9
Reading READ Select column and start new read burst Reading 11,12
WRITE Select column and start write burst Writing 11,12, 13
BST Read burst terminate Active 14
Writing WRITE Select column and start new write burst Writing 1,12
READ Select column and start read burst Reading 11,12, 15
BST Write burst terminate Active 14
Power-on MRW RESET Begin device auto initialization Resetting 7.9
Resetting MRR Read value from mode register Resetting MR reading
Notes: 1. Values in this table apply when both CKEn -1 and CKEn are HIGH, and after 'SR or *XP
has been met, if the previous state was power-down.
2. All states and sequences not shown are illegal or reserved.
3. Current state definitions:
Idle: The bank or banks have been precharged, and 'RP has been met.
Active: A row in the bank has been activated, and 'RCD has been met. No data bursts or
accesses and no register accesses are in progress.
Reading: A READ burst has been initiated with auto precharge disabled and has not yet
terminated or been terminated.
Writing: A WRITE burst has been initiated with auto precharge disabled and has not yet
terminated or been terminated.
4. The states listed below must not be interrupted by a command issued to the same bank.

NOP commands or supported commands to the other bank must be issued on any clock
edge occurring during these states. Supported commands to the other banks are deter-
mined by that bank’s current state, and the definitions given in the following table.

Precharge: Starts with registration of a PRECHARGE command and ends when RP is
met. After RP is met, the bank is in the idle state.

Row activate: Starts with registration of an ACTIVATE command and ends when 'RCD is
met. After 'RCD is met, the bank is in the active state.
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Truth Tables

READ with AP enabled: Starts with registration of a READ command with auto pre-
charge enabled and ends when 'RP is met. After RP is met, the bank is in the idle state.

WRITE with AP enabled: Starts with registration of a WRITE command with auto pre-
charge enabled and ends when 'RP is met. After 'RP is met, the bank is in the idle state.

The states listed below must not be interrupted by any executable command. NOP com-
mands must be applied to each rising clock edge during these states.

Refresh (per bank): Starts with registration of a REFRESH (per bank) command and ends
when 'RFCpb is met. After tRFCpb is met, the bank is in the idle state.

Refresh (all banks): Starts with registration of a REFRESH (all banks) command and ends
when RFCab is met. After tRFCab is met, the device is in the all banks idle state.

Idle MR reading: Starts with registration of the MRR command and ends when 'MRR is
met. After tMRR is met, the device is in the all banks idle state.

Resetting MR reading: Starts with registration of the MRR command and ends when
'MRR is met. After tMRR is met, the device is in the all banks idle state.

Active MR reading: Starts with registration of the MRR command and ends when tMRR
is met. After tIMRR is met, the bank is in the active state.

MR writing: Starts with registration of the MRW command and ends when tMRW is met.
After tMIRW is met, the device is in the all banks idle state.

Precharging all: Starts with registration of a PRECHARGE ALL command and ends when
tRP is met. After 'RP is met, the device is in the all banks idle state.

Bank-specific; requires that the bank is idle and no bursts are in progress.
Not bank-specific; requires that all banks are idle and no bursts are in progress.
Not bank-specific.

This command may or may not be bank specific. If all banks are being precharged, they
must be in a valid state for precharging.

If a PRECHARGE command is issued to a bank in the idle state, 'RP still applies.

. A command other than NOP should not be issued to the same bank while a burst READ

or burst WRITE with auto precharge is enabled.

The new READ or WRITE command could be auto precharge enabled or auto precharge
disabled.

A WRITE command can be issued after the completion of the READ burst; otherwise, a
BST must be issued to end the READ prior to asserting a WRITE command.

Not bank-specific. The BST command affects the most recent READ/WRITE burst started
by the most recent READ/WRITE command, regardless of bank.

A READ command can be issued after completion of the WRITE burst; otherwise, a BST
must be used to end the WRITE prior to asserting another READ command.

Table 89: Current State Bank n to Command to Bank m Truth Table

Notes 1-6 apply to all parameters and conditions

Current State

of Bank n Command to Bank m Operation Next State for Bank m Notes
Any NOP Continue previous operation Current state of bank m

Idle Any Any command supported to bank m - 7
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Table 89: Current State Bank n to Command to Bank m Truth Table (Continued)

Notes 1-6 apply to all parameters and conditions

Truth Tables

Current State

or ¥XP has been met; and both CKEn -1 and CKEn are HIGH.
2. All states and sequences not shown are illegal or reserved.

of Bank n Command to Bank m Operation Next State for Bank m Notes
Row activating, ACTIVATE Select and activate row in bank m Active 8
active, or pre- READ Select column and start READ burst Reading 9
charging from bank m
WRITE Select column and start WRITE burst to Writing 9
bank m
PRECHARGE Deactivate row(s) in bank or banks Precharging 10
MRR READ value from mode register Idle MR reading or active |11, 12, 13
MR reading
BST READ or WRITE burst terminates an on- Active 7
going READ/WRITE from/to bank m
Reading READ Select column and start READ burst Reading 9
(auto precharge from bank m
disabled) WRITE Select column and start WRITE burst to Writing 9, 14
bank m
ACTIVATE Select and activate row in bank m Active
PRECHARGE Deactivate row(s) in bank or banks Precharging 10
Writing READ Select column and start READ burst Reading 9,15
(auto precharge from bank m
disabled) WRITE Select column and start WRITE burst to Writing 9
bank m
ACTIVATE Select and activate row in bank m Active
PRECHARGE Deactivate row(s) in bank or banks Precharging 10
Reading with READ Select column and start READ burst Reading 9,16
auto precharge from bank m
WRITE Select column and start WRITE burst to Writing 9, 14, 16
bank m
ACTIVATE Select and activate row in bank m Active
PRECHARGE Deactivate row(s) in bank or banks Precharging 10
Writing with READ Select column and start READ burst Reading 9, 15, 16
auto precharge from bank m
WRITE Select column and start WRITE burst to Writing 9, 16
bank m
ACTIVATE Select and activate row in bank m Active
PRECHARGE Deactivate row(s) in bank or banks Precharging 10
Power-on MRW RESET Begin device auto initialization Resetting 17,18
Resetting MRR Read value from mode register Resetting MR reading
Notes: 1. This table applies when: the previous state was self refresh or power-down; after tXXSR
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Truth Tables

Current state definitions:
Idle: The bank has been precharged and 'RP has been met.

Active: A row in the bank has been activated, tRCD has been met, no data bursts or ac-
cesses and no register accesses are in progress.

Read: A READ burst has been initiated with auto precharge disabled and the READ has
not yet terminated or been terminated.

Write: A WRITE burst has been initiated with auto precharge disabled and the WRITE
has not yet terminated or been terminated.

4. Refresh, self refresh, and MRW commands can only be issued when all banks are idle.

10.

11.
12.
13.

14.

15.

16.

17.
18.

A BST command cannot be issued to another bank; it applies only to the bank represen-
ted by the current state.

. The states listed below must not be interrupted by any executable command. NOP com-

mands must be applied during each clock cycle while in these states:

Idle MRR: Starts with registration of the MRR command and ends when *MRR has been
met. After 'MRR is met, the device is in the all banks idle state.

Reset MRR: Starts with registration of the MRR command and ends when 'MRR has been
met. After tMRR is met, the device is in the all banks idle state.

Active MRR: Starts with registration of the MRR command and ends when *MRR has
been met. After tIMRR is met, the bank is in the active state.

MRW: Starts with registration of the MRW command and ends when 'tMRW has been
met. After 'MRW is met, the device is in the all banks idle state.

BST is supported only if a READ or WRITE burst is ongoing.

fRRD must be met between the ACTIVATE command to bank n and any subsequent
ACTIVATE command to bank m.

READs or WRITEs listed in the command column include READs and WRITEs with or
without auto precharge enabled.

This command may or may not be bank-specific. If all banks are being precharged, they
must be in a valid state for precharging.

MRR is supported in the row-activating state.

MRR is supported in the precharging state.

The next state for bank m depends on the current state of bank m (idle, row-activating,
precharging, or active).

A WRITE command can be issued after the completion of the READ burst; otherwise a
BST must be issued to end the READ prior to asserting a WRITE command.

A READ command can be issued after the completion of the WRITE burst; otherwise, a
BST must be issued to end the WRITE prior to asserting another READ command.

A READ with auto precharge enabled or a WRITE with auto precharge enabled can be
followed by any valid command to other banks provided that the timing restrictions in
the PRECHARGE and Auto Precharge Clarification table are met.

Not bank-specific; requires that all banks are idle and no bursts are in progress.

RESET command is achieved through MODE REGISTER WRITE command.

09005aef865411f3
162ball_nand_Ipddr_j84f.pdf — Rev. C 06/16 EN

21 5 Micron Technology, Inc. reserves the right to change products or specifications without notice.
© 2015 Micron Technology, Inc. All rights reserved.



Micron Confidential and Proprietary

A{(!? ICron 4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP

Truth Tables

Table 90: DM Truth Table

Functional Name DM DQ Notes
Write enable L Valid 1
Write inhibit H X 1
Note: 1. Used to mask write data, and is provided simultaneously with the corresponding input
data.
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Electrical Specifications

Electrical Specifications

Absolute Maximum Ratings

Stresses greater than those listed below may cause permanent damage to the device.
This is a stress rating only, and functional operation of the device at these or any other
conditions outside those indicated in the operational sections of this document is not
implied. Exposure to absolute maximum rating conditions for extended periods may
adversely affect reliability.

Table 91: Absolute Maximum DC Ratings

Parameter Symbol Min Max Unit Notes
Vpp1 supply voltage relative to Vsg Vpp1 -0.4 +2.3 Y, 1
Vpp3> supply voltage relative to Vss Vpp2 (1.2V) -0.4 +1.6 \ 1
Vppca supply voltage relative to Vssca Vbbea -0.4 +1.6 \Y, 1,
Vbbpgq supply voltage relative to Vssq Vbbaq -0.4 +1.6 \ 1,
Voltage on any ball relative to Vs Vine Vout -0.4 +1.6 Vv
Storage temperature Tstg -55 +125 °C 4
Notes: 1. See 1. Voltage Ramp under Power-Up (page 144).

2. VRerca 0.6 < Vppca; however, Vgrerca may be = Vppea provided that Vggpea < 300mV.

3. VRgerpq 0.6 < Vppq; however, Vgerpq may be 2 Vppqg provided that Vggepg < 300mV.

4. Storage temperature is the case surface temperature on the center/top side of the de-

vice. For measurement conditions, refer to the JESD51-2 standard.

Input/Output Capacitance

Table 92: Input/Output Capacitance

Note 1 applies to all parameters and conditions

LPDDR2 1066-466 LPDDR2 400-200
Parameter Symbol MIN MAX MIN MAX Unit Notes
Input capacitance, CK and CK# Cex 1.0 2.0 1.0 2.0 pF 2,3
Input capacitance delta, CK and CK# Cbck 0 0.20 0 0.25 pF 2,3,4
Input capacitance, all other input- q 1.0 2.0 1.0 2.0 pF 2,3,5
only pins
Input capacitance delta, all other input- Cpi -0.40 +0.40 -0.50 +0.50 pF 2,3,6
only pins
Input/output capacitance, DQ, DM, DQS, Co 1.25 2.5 1.25 2.5 pF 2,3,7,8
DQS#
Input/output capacitance delta, DQS, Cbpas 0 0.25 0 0.30 pF 2,3,8,9
DQS#
Input/output capacitance delta, DQ, DM Cpio -0.5 +0.5 -0.6 +0.6 pF 2,3,8 10
Input/output capacitance ZQ Czq 0 2.5 0 2.5 pF 2,3, 11

Notes: 1. TC -40°C to +105°C, VDDQ =1.14-1 3V, VDDCA =1.14-1 3V, VDD1 =1.7-1 95V, VDD2 =1.14-
1.3V.
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Electrical Specifications - Ipp Specifications and Conditions

2. This parameter applies to die devices only (does not include package capacitance).

3. This parameter is not subject to production testing. It is verified by design and character-
ization. The capacitance is measured according to JEP147 (procedure for measuring in-
put capacitance using a vector network analyzer), with Vpp1, Vpp2, Vopar Vss, Vssca, and
Vssq applied; all other pins are left floating.

meLVWX N U A

_

Absolute value of Cci - Ccga-
C, applies to CS#, CKE, and CA[9:0].
Cpi =G - 0.5 x (Cek + Ceh).
DM loading matches DQ and DQS.
MR3 I/O configuration drive strength OP[3:0] = 0001b (34.3 ohm typical).
Absolute value of Cpqs and Cpgss-

Cpio = Cio - 0.5 x (Cpqs + Cpqs#) in byte-lane.
Maximum external load capacitance on ZQ pin: 5pF.

Electrical Specifications - Ipp Specifications and Conditions

The following definitions and conditions are used in the Ipp measurement tables unless
stated otherwise:
* LOW: VN £ ViLDCymax

* HIGH: VN 2 VigDo)min

Table 93: Switching for CA Input Signals

Notes 1-3 apply to all parameters and conditions

STABLE: Inputs are stable at a HIGH or LOW level
SWITCHING: See the following three tables

CK Rising/ | CK Falling/ | CK Rising/ | CK Falling/ | CK Rising/ | CK Falling/ | CK Rising/ | CK Falling/
CK#Falling | CK# Rising | CK#Falling | CK# Rising | CK#Falling | CK# Rising | CK#Falling | CK# Rising

Cycle N N+ 1 N+ 2 N+ 3

CS# HIGH HIGH HIGH HIGH

CAO H L L L L H H H

CA1 H H H L L L L H

CA2 H L L L L H H H

CA3 H H H L L L L H

CA4 H L L L L H H H

CA5 H H H L L L L H

CA6 H L L L L H H H

CA7 H H H L L L L H

CAS8 H L L L L H H H

CA9 H H H L L L L H

Notes: 1. CS# must always be driven HIGH.

2. For each clock cycle, 50% of the CA bus is changing between HIGH and LOW.

3. The noted pattern (N, N+ 1, N + 2, N + 3...) is used continuously during Ipp measure-
ment for Ipp values that require switching on the CA bus.
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Electrical Specifications - Ipp Specifications and Conditions

Table 94: Switching for Ippsr

Clock Cycle
Clock CKE CS# Number Command CA[2:0] CA[9:3] All DQ
Rising H L N Read_Rising HLH LHLHLHL L
Falling H L N Read_Falling LLL LLLLLLL L
Rising H H N +1 NOP LLL LLLLLLL H
Falling H H N+1 NOP HLH LHLLHLH L
Rising H L N+2 Read_Rising HLH LHLLHLH H
Falling H L N+2 Read_Falling LLL HHHHHHH H
Rising H H N+3 NOP LLL HHHHHHH H
Falling H H N+ 3 NOP HLH LHLHLHL L

Notes: 1. Data strobe (DQS) is changing between HIGH and LOW with every clock cycle.
2. The noted pattern (N, N + 1...) is used continuously during Ipp measurement for Ippag.

Table 95: Switching for Ippaw

Clock Cycle
Clock CKE CS# Number Command CA[2:0] CA[9:3] All DQ
Rising H L N Write_Rising LLH LHLHLHL L
Falling H L N Write_Falling LLL LLLLLLL L
Rising H H N +1 NOP LLL LLLLLLL H
Falling H H N+1 NOP HLH LHLLHLH L
Rising H L N+2 Write_Rising LLH LHLLHLH H
Falling H L N+2 Write_Falling LLL HHHHHHH H
Rising H H N+3 NOP LLL HHHHHHH H
Falling H H N+3 NOP HLH LHLHLHL L

Notes: 1. Data strobe (DQS) is changing between HIGH and LOW with every clock cycle.
2. Data masking (DM) must always be driven LOW.
3. The noted pattern (N, N + 1...) is used continuously during lIpp measurement for Ippaw-

Table 96: Ipp Specification Parameters and Operating Conditions

Notes 1-3 apply to all parameters and conditions

Parameter/Condition Symbol Power Supply | Notes
Operating one bank active-precharge current (SDRAM): 'CK = tCKmin; Ibpo1 Vpp1
tRC = 'RCmin; CKE is HIGH; CS# is HIGH between valid commands; CA bus in- 15002 Vopa
puts are switching; Data bus inputs are stable

Ippoin Vbpcas Vbbq 4
Idle power-down standby current: 'CK = tCKmin; CKE is LOW; CS# is HIGH; IbD2p1 Vbp1
All banks are idle; CA bus inputs are switching; Data bus inputs are stable I5D2p2 Vob2

Ipp2pin Vbbpcar Vpbq 4
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Electrical Specifications - Ipp Specifications and Conditions

Table 96: Ipp Specification Parameters and Operating Conditions (Continued)

Notes 1-3 apply to all parameters and conditions

Parameter/Condition Symbol Power Supply | Notes
Idle power-down standby current with clock stop: CK = LOW, CK# = Ibp2ps1 Vpp1
HIGH; CKE is LOW; CS# is HIGH; All banks are idle; CA bus inputs are stable; loD2PS2 Vb2
Data bus inputs are stable
P IpD2ps,in Vbbcar Vobq 4
Idle non-power-down standby current: 'CK = t*CKmin; CKE is HIGH; CS# is Ibp2N1 Vpp1
HIGH; All banks are idle; CA bus inputs are switching; Data bus inputs are sta- l5D2N2 Vpb2
ble
Ipp2n,in Vbbear Vobg 4
Idle non-power-down standby current with clock stopped: CK = LOW; IbD2Ns1 Vpb1
CK# = HIGH; CKE is HIGH; CS# is HIGH; All banks are idle; CA bus inputs are IDD2NS2 Vb2
stable; Data bus inputs are stable
IpD2NS,in Vbbcar Vobq 4
Active power-down standby current: 'CK = *CKmin; CKE is LOW; CS# is Ibp3p1 Vpp1
HIGH; One bank is active; CA bus inputs are switching; Data bus inputs are I5D3p2 Vob2
stable
Ipb3pin Vbbear Vobg 4
Active power-down standby current with clock stop: CK = LOW, CK# = Ibp3ps1 Vpp1
HIGH; CKE is LOW; CS# is HIGH; One bank is active; CA bus inputs are stable; loD3PS2 Vb2
Data bus inputs are stable
P IpD3Ps,in Vbbcar Vobq 4
Active non-power-down standby current: 'CK = tCKmin; CKE is HIGH; CS# Ibp3NT Vpp1
is HIGH; One bank is active; CA bus inputs are switching; Data bus inputs are loD3N2 Vpb2
stable
Ipp3n,in Vbbear Vobg 4
Active non-power-down standby current with clock stopped: CK = IbD3NS1 Vpb1
LOW, CK# = HIGH CKE is HIGH; CS# is HIGH; One bank is active; CA bus inputs IoD3NS2 Vb2
are stable; Data bus inputs are stable
IpD3NS,in Vbbcar Vbbq 4
Operating burst READ current: 'CK = 'CKmin; CS# is HIGH between valid IbD4RA Vb1
commands; One bank is active; BL = 4; RL = RL (MIN); CA bus inputs are IDD4R2 Vpb2
switching; 50% data change each burst transfer
IpD4R,in Vbbea
IpDarq Vbbq 5
Operating burst WRITE current: 'CK = tCKmin; CS# is HIGH between valid IoDaw1 Vb1
commands; One bank is active; BL = 4; WL = WLmin; CA bus inputs are switch- loDaw2 Vpb2
ing; 50% data change each burst transfer
Ippaw,in Vbbear Vobg 4
All-bank REFRESH burst current: 'CK = t*CKmin; CKE is HIGH between valid IbDs1 Vbp1
commands; RC = 'RFCabmin; Burst refresh; CA bus inputs are switching; Data loDs2 Vb2
bus inputs are stable
P IppsiN Vbbcar Vobq 4
All-bank REFRESH average current: 'CK = 'CKmin; CKE is HIGH between IbD5AB1 Vb1
valid commands; RC = 'REFI; CA bus inputs are switching; Data bus inputs are IoD5AB2 Vpb2
stable
IpD5AB,iN Vbbpcar Vppq 4
Per-bank REFRESH average current: 'CK = tCKmin; CKE is HIGH between IpDsPR1 Vbp1
H -t -t . H H H . H
valldtcct;rlnmands, RC = 'REFI/8; CA bus inputs are switching; Data bus inputs IbDSPE2 Vb2
are stable
IpD5PB,in Vbbcar Vobq 4,6
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Table 96: Ipp Specification Parameters and Operating Conditions (Continued)

Notes 1-3 apply to all parameters and conditions

Parameter/Condition Symbol Power Supply | Notes
Self refresh current (-25°C to +85°C): CK = LOW, CK# = HIGH; CKE is LOW; Ibpe1 Vpp1 7
CA bus inputs are stable; Data bus inputs are stable; Maximum 1x self refresh loD62 Vb2 7
rate

Ipp6IN Vbbcar Vobq 4,7
Self refresh current (+85°C to +105°C): CK = LOW, CK# = HIGH; CKE is IpD6ET1 Vpp1 7,8
LOW; CA bus inputs are stable; Data bus inputs are stable IoD6ET2 Vb2 7.8

IDD6ET, in Vbpcas Vbba 4,7,8

Deep power-down current: CK = LOW, CK# = HIGH; CKE is LOW,; CA bus in- Ibpg1 Vpb1 8
puts are stable; Data bus inputs are stable Ioos2 Vooa 8

IppaiN Vbbcar Vobq 4,8

Notes:

w N

© N~

Ipp values are the maximum of the distribution of the arithmetic mean.
Ipp current specifications are tested after the device is properly initialized.

The 1x self refresh rate is the rate at which the device is refreshed internally during self
refresh, before going into the extended temperature range.

Measured currents are the sum of Vppg and Vppca.

Guaranteed by design with output reference load and Roy = 40 ohm.

Per-bank REFRESH is only applicable for LPDDR2-54 device densities 1Gb or higher.
This is the general definition that applies to full-array self refresh.

IppseT @and Ippg are typical values, are sampled only, and are not tested.

AC and DC Operating Conditions

Operation or timing that is not specified is illegal. To ensure proper operation, the de-
vice must be initialized properly.

Table 97: Recommended DC Operating Conditions

LPDDR2-S4B
Symbol Min Typ Max Power Supply Unit
Vo1 1.70 1.80 1.95 Core power 1 \%
Vpb2 1.14 1.20 1.30 Core power 2 \Y
Vpbca 1.14 1.20 1.30 Input buffer power Vv
Vbbaq 1.14 1.20 1.30 I/0 buffer power \Y
Note: 1. Vppg uses significantly less power than Vpp;.

09005aef865411f3

162ball_nand_Ipddr_j84f.pdf — Rev. C 06/16 EN

22 1 Micron Technology, Inc. reserves the right to change products or specifications without notice.
© 2015 Micron Technology, Inc. All rights reserved.



Aicron

Micron Confidential and Proprietary

4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP
AC and DC Operating Conditions

Table 98: Input Leakage Current

Parameter/Condition Symbol Min Max Unit Notes
Input leakage current: For CA, CKE, CS#, CK, CK#; I -2 2 MA 1
Any input OV < V| < Vppcas (All other pins not under

test = 0V)

VREF supply Ieakage current: VREFDQ = VDDQ/Z’ or lVREF -1 1 UA 2
VRrerca = Vppea/2; (All other pins not under test = 0V)

Notes:

1.

Although DM is for input only, the DM leakage must match the DQ and DQS/DQS# out-
put leakage specification.

The minimum limit requirement is for testing purposes. The leakage current on Vggrca
and Vggepq pins should be minimal.

Table 99: Operating Temperature Range

Parameter/Condition Symbol Min Max Unit
IT temperature range Tease! -40 +85 °C
AT temperature range -40 +105 °C

Notes:

1.

Operating temperature is the case surface temperature at the center of the top side of
the device. For measurement conditions, refer to the JESD51-2 standard.

Some applications require operation in the maximum case temperature range, between
85°C and 105°C. For some LPDDR2 devices, derating may be necessary to operate in this
range (see the MR4 Device Temperature (MA[7:0] = 04h) table).

Either the device operating temperature or the temperature sensor can be used to set
an appropriate refresh rate, determine the need for AC timing derating, and/or monitor
the operating temperature (see Temperature Sensor). When using the temperature sen-
sor, the actual device case temperature may be higher than the Tcase rating that applies
for the operating temperature range. For example, Tcase could be above 85°C when the
temperature sensor indicates a temperature of less than 85°C.
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AC and DC Logic Input Measurement Levels for Single-Ended Signals

Table 100: Single-Ended AC and DC Input Levels for CA and CS# Inputs

LPDDR2-1066 to LPDDR2-466

LPDDR2-400 to LPDDR2-200

CA and CS# inputs

Symbol Parameter Min Max Min Max Unit | Notes
Vincanao |ACinput logic HIGH Vrer + 0.220 Note 2 Vrer + 0.300 Note 2 \% 1,2
Viicaiae)  |AC input logic LOW Note 2 VRer - 0.220 Note 2 VRer - 0.300 \% 1,2
Vincapeo |DCinput logic HIGH Vrer + 0.130 Vpbca VRer + 0.200 Vpbca \% 1
Viicapo) | DC input logic LOW Vssca VRer - 0.130 Vssca Vger - 0.200 v 1
Verercae) |Reference voltage for 0.49 x Vppca | 0.51 x Vppca | 0.49 x Vppca | 0.51 x Vppca Y, 3,4

Table 101:

Notes: 1.

For CA and CS# input-only pins. Vger = VRerca(o)-

2. See Overshoot and Undershoot Definition.
3. The AC peak noise on Vggrca could prevent Vrgrca from deviating more than 1% Vppca

from Veereapo) (for reference, approximately +12mvV).

4. For reference, approximately Vppca/2 £12mV.

Single-Ended AC and DC Input Levels for CKE

Symbol Parameter Min Max Unit | Notes
VIHCKE CKE input HIGH level 0.8 x VDDCA Note 1 \ 1
VlLCKE CKE input LOW level Note 1 0.2 x VDDCA \Y 1

Note: 1. See Overshoot and Undershoot Definition.
Table 102: Single-Ended AC and DC Input Levels for DQ and DM
LPDDR2-1066 to LPDDR2-466 | LPDDR2-400 to LPDDR2-200

Symbol Parameter Min Max Min Max Unit | Notes

VIHDQ(AC) AC input |OgiC HIGH VREF + 0.220 Note 2 VREF + 0.300 Note 2 \% 1,2

VlLDQ(AC) AC input |OgiC LOW Note 2 VREF -0.220 Note 2 VREF -0.300 Vv 1, 2

VIHDQ(DC) DC input |OgiC HIGH VREF +0.130 VDDQ VREF +0.200 VDDQ \% 1

VlLDQ(DC) DC input |OgiC LOW VSSQ VREF -0.130 VSSQ VREF - 0.200 \% 1

VREFDQ(DC) Reference voltage for 0.49 x VDDQ 0.51 x VDDQ 0.49 x VDDQ 0.51 x VDDQ \% 3,4

DQ and DM inputs

Notes: 1.

For DQ input-only pins. Vger = VRerpq0)-

2. See Overshoot and Undershoot Definition.
3. The AC peak noise on Vggrpq could prevent Vgeepq from deviating more than +1% Vppq

from Veerpq(oo) (for reference, approximately +12mvV).

4. For reference, approximately. Vppg/2 £12mV.
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Vrer Tolerances

The DC tolerance limits and AC noise limits for the reference voltages Vggrca and
Vgerpq are illustrated below. This figure shows a valid reference voltage Vggg(t) as a
function of time. VDD is used in place OfVDDCA for VREFCA’ and VDDQ for VREFDQ' VREF(DC)
is the linear average of Vypp(t) over a very long period of time (for example, 1 second)
and is specified as a fraction of the linear average of Vppq or Vppca, also over a very long
period of time (for example, 1 second). This average must meet the MIN/MAX require-
ments in Table 100 (page 223). Additionally, Vigg(t) can temporarily deviate from
VRermc) by no more than £1% Vpp. Vggg(t) cannot track noise on Vppg or Vppcy if doing
so would force Vygr outside these specifications.

Figure 158: Vggr DC Tolerance and Vggr AC Noise Limits

A

VRer(ac) NOIse

VREF(t)

VRrer(DO)

Voltage

VREF(DOmin

VSS

Time

-

The voltage levels for setup and hold time measurements Viyac), Virme), ViLac), and
Vi e are dependent on Vygg.

Vrer DC variations affect the absolute voltage a signal must reach to achieve a valid
HIGH or LOW, as well as the time from which setup and hold times are measured. When
Vrer is outside the specified levels, devices will function correctly with appropriate tim-
ing deratings as long as:

° VREF is maintained between 0.44 XVDDQ (orVDDCA) and 0.56 XVDDQ (OI'VDDCA), and
e the controller achieves the required single-ended AC and DC input levels from instan-
taneous Vg (see Table 100 (page 223)).

System timing and voltage budgets must account for Vg deviations outside this range.

The setup/hold specification and derating values must include time and voltage associ-
ated with Vggr AC noise. Timing and voltage effects due to AC noise on Vggg up to the
specified limit (+1% Vpp) are included in LPDDR2 timings and their associated derat-
ings.
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Input Signal

Figure 159: LPDDR2-466 to LPDDR2-1066 Input Signal

V| and V,, levels with ringback

1.550V

Vpp + 0.35V
narrow pulse width

1.200V v
Minimum V, and V|, levels bb
\Y
0.820V L) 0.820V Vibao
0.730V 0.730V ViHDo)

0.624Vv
0.612V
0.600V
0.588Vv
0.576V

0.624V
0.612Vv
0.600V
0.588Vv
0.576V

<t— Ve + AC noise
<¢— Vg + DCerror

~4— Vi - DCerror
--¢— Vi - AC noise

0.470V 0.470V ViLoo
0.380V 0.380V ViLao
ViLao)
0.000V Vs
-0.350V Vs - 0.35V

narrow pulse width

Notes: 1. Numbers reflect typical values.

2. For CA[9:0], CK, CK#, and CS# Vpp stands for Vppca. For DQ, DM, DQS, and DQS#, Vpp
stands for Vppq.

3. For CA[9:0], CK, CK#, and CS# Vs stands for Vssca. For DQ, DM, DQS, and DQS#, Vsg
stands for Vssq.
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Figure 160: LPDDR2-200 to LPDDR2-400 Input Signal

V| and V, levels with ringback

1.550V

Vpp + 035V
narrow pulse width

1.200V

Minimum V, and V, levels Voo
V
0.900V Ll 0.900V Vinao
Vinoo
0.800V 0.800V Vinoo

0.624V
0.612V
0.600V
0.588Vv
0.576V

0.624V
0.612V
0.600V
0.588Vv
0.576V

~t— Ve + AC noise
|«¢— Ve + DCerror

|<— Ve - DCerror
~-— Ve - AC noise

0.400V 0.400V ViLoo
0.300V 0.300V ViLao
ViLao
0.000V Vo
-0.350V Vg - 0.35V

narrow pulse width

Notes: 1. Numbers reflect typical values.
2. For CA[9:0], CK, CK#, and CS# Vpp stands for Vppca. For DQ, DM, DQS, and DQS#, Vpp
stands for Vppq.
3. For CA[9:0], CK, CK#, and CS# Vss stands for Vssca. For DQ, DM, DQS, and DQS#, Vs
stands for Vssq.

09005aef865411f3 226 Micron Technology, Inc. reserves the right to change products or specifications without notice.
162ball_nand_Ipddr_j84f.pdf — Rev. C 06/16 EN © 2015 Micron Technology, Inc. All rights reserved.



Aicron

Micron Confidential and Proprietary

4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP
AC and DC Logic Input Measurement Levels for Differentialal
Signals

AC and DC Logic Input Measurement Levels for Differential Signals

Figure 161: Differential AC Swing Time and *‘DVAC
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Time >
Table 103: Differential AC and DC Input Levels
For CK and CK#, Ve = VRrercapay: For DQS and DQS# Veer = VRerpQ(do)
LPDDR2-1066 to LPDDR2-466 LPDDR2-400 to LPDDR2-200
Symbol Parameter Min Max Min Max Unit | Notes
Vindiffac) | Differential input | 2 x (Viyac) - Vrer) Note 1 2 x (Vo) - Vrer) Note 1 \% 2
HIGH AC
VIL,dif‘f(AC) Differential input Note 1 2 % (VREF - VIL(AC)) Note 1 2 % (VREF - VIL(AC)) \ 2
LOW AC
Vindifipe) | Differential input | 2 x (Viypc) - Vrer) Note 1 2 x (Vo) - Vrer) Note 1 \% 3
HIGH
VIL,dif‘f(DC) Differential input Note 1 2 x (VREF - VIL(DC)) Note 1 2 x (VREF - VIL(DC)) V 3
LOW
Notes: 1. These values are not defined, however the single-ended signals CK, CK#, DQS, and DQS#

must be within the respective limits (Viypcymax ViLpcomin) for single-ended signals and
must comply with the specified limitations for overshoot and undershoot (see Overshoot
and Undershoot Definition).
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2. For CK and CK#, use V|4/V| (ac) of CA and Vgeecas for DQS and DQS#, use Vu/V (ac) of DQ
and Vggppq. If @ reduced AC HIGH or AC LOW is used for a signal group, the reduced
voltage level also applies.

3. Used to define a differential signal slew rate.

Table 104: CK/CK# and DQS/DQS# Time Requirements Before Ringback

(*DVACQ)
tDVAC (pS) at V,u/V ILdiff(AC) = tDVAC (pS) at V,u/V ILdiff(AC) =
440mV 600mV
Slew Rate (V/ns) Min Min

>4.0 175 75
4.0 170 57
3.0 167 50
2.0 163 38
1.8 162 34
1.6 161 29
1.4 159 22
1.2 155 13
1.0 150

<1.0 150

Single-Ended Requirements for Differential Signals

Each individual component of a differential signal (CK, CK#, DQS, and DQS#) must also
comply with certain requirements for single-ended signals.

CK and CK# must meet Vsgpacymin/ VSEL(AC)max i €very half cycle. DQS, DQS# must
meet Vsgacmin/ VSEL(C)max i €very half cycle preceding and following a valid transi-
tion.

The applicable AC levels for CA and DQ differ by speed bin.
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Figure 162: Single-Ended Requirements for Differential Signals
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Note that while CA and DQ signal requirements are referenced to Vggp, the single-ended
components of differential signals also have a requirement with respect to
VDDQ/2 for DQS, and VDDCA/2 for CK.

The transition of single-ended signals through the AC levels is used to measure setup
time. For single-ended components of differential signals, the requirement to reach
VSEL(AC)max OF VsEH(AC)min has no bearing on timing. This requirement does, however,
add a restriction on the common mode characteristics of these signals (see "Single-
Ended AC and DC Input Levels for CA and CS# Inputs" for CK/CK# single-ended re-
quirements, and "Single-Ended AC and DC Input Levels for DQ and DM" for DQ and
DQM single-ended requirements).

Table 105: Single-Ended Levels for CK, CK#, DQS, DQS#

LPDDR2-1066 to LPDDR2-466 LPDDR2-400 to LPDDR2-200
Symbol Parameter Min Max Min Max Unit | Notes
Vsenac) |Single-ended HIGH (Vppa/2) +0.220 Note 1 (Vppg/2) + 0.300 Note 1 \Y, 2,3
level for strobes
Single-ended HIGH | (Vppca/2) + 0.220 Note 1 (Vbpcal2) + 0.300 Note 1 \Y, 2,3
level for CK, CK#
Vserac) |Single-ended LOW Note 1 (Vbpo/2) - 0.220 Note 1 (Vppg/2) -0.300 | V 2,3
level for strobes
Single-ended LOW Note 1 (Vbpca/2) - 0.220 Note 1 (Vbpca/2) -0.300 | V 2,3
level for CK, CK#

Notes: 1.

These values are not defined, however, the single-ended signals CK, CK#, DQS0, DQS#0,
DQS1, DQS#1, DQS2, DQS#2, DQS3, DQS#3 must be within the respective limits
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(Vinomax! ViLpomin) for single-ended signals, and must comply with the specified limi-
tations for overshoot and undershoot (See Overshoot and Undershoot Definition).

2. For CK and CK#, use Vsgp/Vse (ac) of CA; for strobes (DQS[3:0] and DQS#(3:0]), use
Vin/ViLac) of DQ.

3. Vihao and Viyac) for DQ are based on Vgerpq; Vsenac) and Vsg ac) for CA are based on
VRgerca- If a reduced AC HIGH or AC LOW is used for a signal group, the reduced level
applies.

Differential Input Crosspoint Voltage

To ensure tight setup and hold times as well as output skew parameters with respect to
clock and strobe, each crosspoint voltage of differential input signals (CK, CK#, DQS,
and DQS#) must meet the specifications in Table 105 (page 229). The differential input
crosspoint voltage (Vix) is measured from the actual crosspoint of the true signal and its
and complement to the midlevel between Vpp and V.

Figure 163: V|x Definition

Vobcar Vobq

CK#, DQS#

VDDCA/ 2,
Vppo/2

CK, DQS J

VSSCA’ VSSQ

Voocar Vobq

CK#, DQS#

Vix

VDDCA/Z’
Vppo/2

VIX

CK, DQS

VSSCA’ VSSQ

Table 106: Crosspoint Voltage for Differential Input Signals (CK, CK#, DQS, DQS#)

LPDDR2-1066 to LPDDR2-200
Symbol Parameter Min Max Unit Notes
Vixcaac) |Differential input crosspoint voltage rela- -120 120 mV 1,2
tive to Vppca/2 for CK and CK#
Vixpqac) | Differential input crosspoint voltage rela- -120 120 mV 1,2
tive to Vppq/2 for DQS and DQS#

Notes:

1. The typical value of Vix(ac) is expected to be about 0.5 x Vpp of the transmitting device,
and it is expected to track variations in Vpp. Vix(ac) indicates the voltage at which differ-
ential input signals must cross.

2. For CK and CK#, VRer = VREFCA(DC)- For DQS and DQS#, VREer = VREFDQ(DC)-
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Input Slew Rate

Table 107: Differential Input Slew Rate Definition

Measured'
Description From To Defined by
Differential input slew rate for rising VL, diff,max VIH,diff, min [ViH,diff,min = ViL,diff,max] / ATRits
edge (CK/CK# and DQS/DQS#)
Differential input slew rate for falling V1, diff, min VL, diff,max [VIH,diff,min = VIL diff, max] / ATFgiff
edge (CK/CK# and DQS/DQS#)

Note: 1. The differential signals (CK/CK# and DQS/DQS#) must be linear between these thresh-
olds.

Figure 164: Differential Input Slew Rate Definition for CK, CK#, DQS, and DQS#
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Output Characteristics and Operating Conditions
Table 108: Single-Ended AC and DC Output Levels
Symbol Parameter Value Unit |Notes
Vouno |AC output HIGH measurement level (for output slew rate) VRer + 0.12 Vv
Voriac) |AC output LOW measurement level (for output slew rate) VRer - 0.12 Y
Voupe |DCoutput HIGH measurement level (for I-V curve linearity) 0.9 x Vppq Vv
Voipe) |DCoutput LOW measurement level (for |-V curve linearity) 0.1 x Vppq \Y 2
loz Output leakage current (DQ, DM, DQS, DQS#); DQ, MIN -5 PA
DQS, DQS# are disabled; 0V < Voyr < Vppq MAX +5 A
MMpupd |Delta output impedance between pull-up and pull- [MIN -15 %
down for DQ/DM MAX +15 %

Notes: 1. lgpy =-0.TmA.
2. IOL =0.TmA.
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Table 109: Differential AC and DC Output Levels

Symbol Parameter Value Unit
Vonditiiac) |AC differential output HIGH measurement level (for output SR) + 0.2 x Vppq Vv
Voudifiae) |AC differential output LOW measurement level (for output SR) - 0.2 x Vppq Y

Single-Ended Output Slew Rate

With the reference load for timing measurements, the output slew rate for falling and
rising edges is defined and measured between Vg ac) and Vopac) for single-ended
signals.

Table 110: Single-Ended Output Slew Rate Definition

Measured
Description From To Defined by
Single-ended output slew rate for rising edge VoL VoH(Aao) [Vonao - Vorao] / ATRse
Single-ended output slew rate for falling edge VoHao) VoL [Vonac) - Vorao] / ATFse

Note: 1. Output slew rate is verified by design and characterization and may not be subject to
production testing.

Figure 165: Single-Ended Output Slew Rate Definition
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Table 111: Single-Ended Output Slew Rate
Notes 1-5 apply to all parameters conditions
Value
Parameter Symbol Min Max Unit
Single-ended output slew rate (output impedance = 40Q +30%) SRQse 1.5 35 V/ns
Single-ended output slew rate (output impedance = 60Q +30%) SRQse 1.0 2.5 V/ns
Output slew-rate-matching ratio (pull-up to pull-down) 0.7 1.4 -

Notes: 1. Definitions: SR = slew rate; Q = output (similar to DQ = data-in, data-out); SE = single-
ended signals.
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2. Measured with output reference load.

3. The ratio of pull-up to pull-down slew rate is specified for the same temperature and
voltage over the entire temperature and voltage range. For a given output, the ratio
represents the maximum difference between pull-up and pull-down drivers due to proc-
ess variation.

4. The output slew rate for falling and rising edges is defined and measured between
VoL(ac) and Von(ag)-

5. Slew rates are measured under typical simultaneous switching output (SSO) conditions,
with one-half of DQ signals per data byte driving HIGH and one-half of DQ signals per
data byte driving LOW.

Differential Output Slew Rate

With the reference load for timing measurements, the output slew rate for falling and
rising edges is defined and measured between Vg, gifracy and Vory gisrac) for differential
signals.

Table 112: Differential Output Slew Rate Definition

Measured
Description From To Defined by
Differential output slew rate for rising edge VoL diff(ac) VoM, diff(AC) [Vou,difiac) - VoL diffacy)] / ATRgis
Differential output slew rate for falling edge VoH,diff(AC) VoL diff(Ac) [Von,diffac) - VoL ditfac)] / ATFgife

Note: 1. Output slew rate is verified by design and characterization and may not be subject to
production testing.

Figure 166: Differential Output Slew Rate Definition
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Table 113: Differential Output Slew Rate

Value

Parameter Symbol Min Max Unit
Differential output slew rate (output impedance = 40Q +30%) SRQugiff 3.0 7.0 V/ns
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Output Characteristics and Operating Conditions

Table 113: Differential Output Slew Rate (Continued)

Value
Parameter Symbol Min Max Unit
Differential output slew rate (output impedance = 60Q +30%) SRQuqiff 2.0 5.0 V/ns

Notes: 1. Definitions: SR = slew rate; Q = output (similar to DQ = data-in, data-out); SE = single-

ended signals.

2. Measured with output reference load.

3. The output slew rate for falling and rising edges is defined and measured between
Vouac) and Vouao)-

4. Slew rates are measured under typical simultaneous switching output (SSO) conditions,
with one-half of DQ signals per data byte driving HIGH and one-half of DQ signals per
data byte driving LOW.

Table 114: AC Overshoot/Undershoot Specification

Applies for CA[9:0], CS#, CKE, CK, CK#, DQ, DQS, DQS#, DM

Parameter 1066 | 933 800 667 533 400 333 | Unit
Maximum peak amplitude provided for overshoot area 035 | 035 | 035 | 0.35 | 0.35 | 0.35 | 0.35 Vv
Maximum peak amplitude provided for undershoot area| 0.35 0.35 0.35 0.35 0.35 0.35 0.35 Y
Maximum area above Vpp' 0.15 0.17 0.20 0.24 0.30 0.40 0.48 V/ns
Maximum area below Vsg? 0.15 0.17 0.20 0.24 | 0.30 | 0.40 0.48 | V/ns

Notes: 1. Vpp stands for Vppca for CA[9:0], CK, CK#, CS#, and CKE. Vpp stands for Vppq for DQ,
DM, DQS, and DQS#.
2. Vgs stands for Vgsca for CA[9:0], CK, CK#, CS#, and CKE. Vs stands for Vsgq for DQ, DM,
DQS, and DQS#.

Figure 167: Overshoot and Undershoot Definition

Maximum amplitude
Overshoot area

e

Time (ns)

Volts (V)

Undershoot area
Maximum amplitude

Notes: 1. Vpp stands for Vppca for CA[9:0], CK, CK#, CS#, and CKE. Vpp stands for Vppq for DQ,
DM, DQS, and DQS#.
2. Vss stands for Vssca for CA[9:0], CK, CK#, CS#, and CKE. Vs stands for Vssq for DQ, DM,
DQS, and DQS#.
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Output Driver Impedance

HSUL_12 Driver Output Timing Reference Load

The timing reference loads are not intended as a precise representation of any particu-
lar system environment or a depiction of the actual load presented by a production test-
er. System designers should use IBIS or other simulation tools to correlate the timing
reference load to a system environment. Manufacturers correlate to their production
test conditions, generally with one or more coaxial transmission lines terminated at the
tester electronics.

Figure 168: HSUL_12 Driver Output Reference Load for Timing and Slew Rate

LPDDR2
Veer [ 0.5 x Vppq

50Q
Output I ANV Vir=0.5xVppq

/];CLOAD = 5pF

Note: 1. All output timing parameter values (tDQSCK, tDQSQ, *QHS, tHZ, 'RPRE etc.) are reported
with respect to this reference load. This reference load is also used to report slew rate.

Output Driver Impedance

Output driver impedance is selected by a mode register during initialization. To achieve
tighter tolerances, ZQ calibration is required. Output specifications refer to the default
output drive unless specifically stated otherwise. The output driver impedance Rgy is
defined by the value of the external reference resistor Ry, as follows:

V, -V
R - VpDQ - Vour
ONPU = —7¢ Tour)

When Rqypp is turned off.

Vour

R, =___0OULl
ONPD ABS(IOUT)

When Ryypy is turned off.
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Output Driver Impedance

Figure 169: Output Driver
Chip in Drive Mode
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Output Driver Impedance Characteristics with ZQ Calibration

Output driver impedance is defined by the value of the external reference resistor Ry,.
Typical Ry is 240 ohms.

Table 115: Output Driver DC Electrical Characteristics with ZQ Calibration

Notes 1-4 apply to all parameters and conditions

Ronnom Resistor Vour Min Typ Max Unit Notes
343Q RoN34pD 0.5 x Vppq 0.85 1.00 1.15 Rzo/7
RoN3apu 0.5 x Vppg 0.85 1.00 1.15 Rzo/7
40.0Q RoN4oPD 0.5 x Vppq 0.85 1.00 1.15 Rzo/6
RoN40PU 0.5 x Vppg 0.85 1.00 1.15 Rzq/6
48.0Q Ron4sPD 0.5 x Vppq 0.85 1.00 1.15 Rzo/5
RoN4spU 0.5 x Vppg 0.85 1.00 1.15 Rzo/5
60.0Q RoN6oPD 0.5 x Vppq 0.85 1.00 1.15 Rzo/4
RoN60PU 0.5 x Vppg 0.85 1.00 1.15 Rzq/4
80.0Q RoNSoPD 0.5 x Vppq 0.85 1.00 1.15 Rzo/3
RoNgoPU 0.5 x Vppg 0.85 1.00 1.15 Rzo/3
120.0Q RON120PD 0.5 x Vppq 0.85 1.00 1.15 Rzo/2
RoN120pU 0.5 x Vppg 0.85 1.00 1.15 Rzo/2

Mismatch between MMpypp -15.00 +15.00 % 5
pull-up and pull-down

Notes: 1. Applies across entire operating temperature range after calibration.
2. Rzq=240Q.
3. The tolerance limits are specified after calibration, with fixed voltage and temperature.
For behavior of the tolerance limits if temperature or voltage changes after calibration,
see Output Driver Temperature and Voltage Sensitivity.
4. Pull-down and pull-up output driver impedances should be calibrated at 0.5 x Vppq.
5. Measurement definition for mismatch between pull-up and pull-down, MMppp:
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Aicron

Measure Ronpy and Ronpp, both at 0.5 x Vppq:

Ronpu — Roned & 100

MMeypp = R
ON,nom

For example, with MMpypp (MAX) = 15% and Ronpp = 0.85, RONpy must be less than 1.0.

Output Driver Temperature and Voltage Sensitivity

If temperature and/or voltage change after calibration, the tolerance limits widen.

Table 116: Output Driver Sensitivity Definition

Resistor Vour Min Max Unit
85 — (dRondT - |AT]) = (dRondV - |AV)) 115 + (dRondT - |AT]) = (dRopndV - |AV)) %

Ronpp 0.5 x Vppq

Ronpu

Notes: 1. AT =T-T (at calibration). AV = V - V (at calibration).
2. dRondT and dRondV are not subject to production testing; they are verified by design
and characterization.

Table 117: Output Driver Temperature and Voltage Sensitivity

Symbol Parameter Min Max Unit
RondT Ron temperature sensitivity 0.00 0.75 %/°C
Rongv Ron Vvoltage sensitivity 0.00 0.20 %/mV

Output Impedance Characteristics Without ZQ Calibration

Output driver impedance is defined by design and characterization as the default set-
ting.

Table 118: Output Driver DC Electrical Characteristics Without ZQ Calibration

RON,om Resistor Vout Min Typ Max Unit
34.3Q Ron3app 0.5 x Vppq 0.70 1.00 1.30 Rzq/7
Ron3apu 0.5 x Vppg 0.70 1.00 1.30 Rzo/7

40.0Q Ronaord 0.5 x Vppq 0.70 1.00 1.30 Rzq/6
Ronaopu 0.5 x Vppg 0.70 1.00 1.30 Rzo/6

48.0Q Ronagpp 0.5 x Vppq 0.70 1.00 1.30 Rzq/5
Ronaspu 0.5 x Vppg 0.70 1.00 1.30 Rzo/5

60.0Q RonsorD 0.5 x Vppq 0.70 1.00 1.30 Rzqf4
RoNeoPU 0.5 x Vppg 0.70 1.00 1.30 Rzo/4

80.0Q Rongord 0.5 x Vppq 0.70 1.00 1.30 Rzq/3
RoNsoPU 0.5 x Vppg 0.70 1.00 1.30 Rzo/3

120.0Q Ron120pD 0.5 x Vppq 0.70 1.00 1.30 Rzq/2
RoN120pU 0.5 x Vppg 0.70 1.00 1.30 Rzof2

Notes: 1. Applies across entire operating temperature range without calibration.
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Table 119: I-V Curves

4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP
Output Driver Impedance

2. Rgq =2400Q.

Ron =240Q (Rzq)

Pull-Down

Pull-Up

Current (mA) / Roy (ohms)

Current (mA) / Roy (0hms)

Default Value after Default Value after
ZQRESET With Calibration ZQRESET With Calibration
Voltage (V) | Min (mA) | Max (mA) | Min (mA) | Max (mA) | Min (mA) | Max (mA) | Min (mA) | Max (mA)

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.05 0.19 0.32 0.21 0.26 -0.19 -0.32 -0.21 -0.26
0.10 0.38 0.64 0.40 0.53 -0.38 -0.64 -0.40 -0.53
0.15 0.56 0.94 0.60 0.78 -0.56 -0.94 -0.60 -0.78
0.20 0.74 1.26 0.79 1.04 -0.74 -1.26 -0.79 -1.04
0.25 0.92 1.57 0.98 1.29 -0.92 -1.57 -0.98 -1.29
0.30 1.08 1.86 1.17 1.53 -1.08 -1.86 -1.17 -1.53
0.35 1.25 2.17 1.35 1.79 -1.25 -2.17 -1.35 -1.79
0.40 1.40 2.46 1.52 2.03 -1.40 -2.46 -1.52 -2.03
0.45 1.54 2.74 1.69 2.26 -1.54 -2.74 -1.69 -2.26
0.50 1.68 3.02 1.86 2.49 -1.68 -3.02 -1.86 -2.49
0.55 1.81 3.30 2.02 2.72 -1.81 -3.30 -2.02 -2.72
0.60 1.92 3.57 2.17 2.94 -1.92 -3.57 -2.17 -2.94
0.65 2.02 3.83 2.32 3.15 -2.02 -3.83 -2.32 -3.15
0.70 2.11 4.08 2.46 3.36 -2.11 -4.08 -2.46 -3.36
0.75 2.19 4.31 2.58 3.55 -2.19 -4.31 -2.58 -3.55
0.80 2.25 4.54 2.70 3.74 -2.25 -4.54 -2.70 -3.74
0.85 2.30 4.74 2.81 3.91 -2.30 -4.74 -2.81 -3.91
0.90 2.34 4.92 2.89 4.05 -2.34 -4.92 -2.89 -4.05
0.95 2.37 5.08 2.97 4.23 -2.37 -5.08 -2.97 -4.23
1.00 2.41 5.20 3.04 433 -2.41 -5.20 -3.04 -4.33
1.05 2.43 5.31 3.09 4.44 -2.43 -5.31 -3.09 -4.44
1.10 2.46 5.41 3.14 4.52 -2.46 -5.41 -3.14 -4.52
1.15 2.48 5.48 3.19 4.59 -2.48 -5.48 -3.19 -4.59
1.20 2.50 5.55 3.23 4.65 -2.50 -5.55 -3.23 -4.65
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Output Driver Impedance

Figure 170: Output Impedance = 240 Ohms, I-V Curves After ZQRESET
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Figure 171: Output Impedance = 240 Ohms, I-V Curves After Calibration
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Clock Specification

Clock Specification

The specified clock jitter is a random jitter with Gaussian distribution. Input clocks vio-
lating minimum or maximum values may result in device malfunction.

Table 120: Definitions and Calculations

Symbol Description Calculation Notes
tCK(avg) and The average clock period across any consecutive N
nCK 200-cycle window. Each clock period is calculated |tCK(avg) = [2 tCKJ IN
from rising clock edge to rising clock edge. i=1
. Where N =200
Unit 'CK(avg) represents the actual clock average
tCK(avg)of the input clock under operation. Unit
nCK represents one clock cycle of the input clock,
counting from actual clock edge to actual clock
edge.
tCK(avg)can change no more than +1% within a
100-clock-cycle window, provided that all jitter
and timing specifications are met.
tCK(abs) The absolute clock period, as measured from one 1
rising clock edge to the next consecutive rising
clock edge.
tCH(avqg) The average HIGH pulse width, as calculated N
across any 200 consecutive HIGH pulses. tCH(avg) = [2 tCHJ /(N x TCK(avg))
j=1
Where N =200
tCL(avg) The average LOW pulse width, as calculated N
across any 200 consecutive LOW pulses. tCL(avg) = [2 tCLJ-] /(N x tcK(avg))
j=1
Where N =200
YIT(per) The single-period jitter defined as the largest de- c ) y [t " ] 1
viation of any signal *CK from 'CK(avg). JIT(per) = min/max of [*CK; - CK(avg)
Where i =1to 200
YIT(per),act The actual clock jitter for a given system.
YIT(per), The specified clock period jitter allowance.
allowed
YIT(cc) The absolute difference in clock periods between t ﬁ[ t } 1
two consecutive clock cycles. UIT(cc) defines the JIT(ec) = max of 'CK;, = CK;
cycle-to-cycle jitter.
tERR(nper) The cumulative error across n multiple consecu- i+n-1 1
tive cycles from tCK(avg). tERR(nper) = | 2 tCKJ-] - (n x tcK(avg))
j=i
tERR(nper),act |The actual cumulative error over n cycles for a
given system.
tERR(nper), The specified cumulative error allowance over n
allowed cycles.
‘ERR(nper),min |The minimum *ERR(nper). tERR(nper),min = (1 + 0.68LN(n)) x YUIT(per),min 2

09005aef865411f3

162ball_nand_Ipddr_j84f.pdf — Rev. C 06/16 EN 240

Micron Technology, Inc. reserves the right to change products or specifications without notice.
© 2015 Micron Technology, Inc. All rights reserved.



Micron Confidential and Proprietary

M ICron 4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP

Clock Period Jitter

Table 120: Definitions and Calculations (Continued)

Symbol Description Calculation Notes
tERR(nper),max |The maximum 'ERR(nper). tERR(nper),max = (1 + 0.68LN(n)) x tIT(per),max 2
YIT(duty) Defined with absolute and average specifications |tjt(duty),min =

for *CH and tCL, respectively. MIN((tCH(abs),min — tCH(avg),min),

(tCL(abs),min — tCL(avg),min)) x tCK(avg)

YIT(duty),max =
MAX((tCH(abs),max — tCH(avg),max),
(*CL(abs),max - tCL(avg),max)) x tCK(avg)

Notes: 1. Not subject to production testing.
2. Using these equations, tERR(nper) tables can be generated for each UIT(per),act value.

tCK(abs), tCH(abs), and tCL(abs)

These parameters are specified with their average values; however, the relationship be-
tween the average timing and the absolute instantaneous timing (defined in the follow-
ing table) is applicable at all times.

Table 121: tCK(abs), tCH(abs), and tCL(abs) Definitions

Parameter Symbol Minimum Unit
Absolute clock period tCK(abs) |tCK(avg),min + YIT(per),min ps’
Absolute clock HIGH pulse width tCH(abs) |tCH(avg),min + YIT(duty),minZtCK(avg)min tCK(avg)
Absolute clock LOW pulse width tCL(abs) [tCL(avg),min + UIT(duty),minZtCK(avg)min tCK(avg)

Notes: 1. 'CK(avg),min is expressed in ps for this table.
2. YIT(duty),min is a negative value.

Clock Period Jitter

LPDDR2 devices can tolerate some clock period jitter without core timing parameter
derating. This section describes device timing requirements with clock period jitter
(YIT(per)) in excess of the values found in the AC Timing section. Calculating cycle time
derating and clock cycle derating are also described.

Clock Period Jitter Effects on Core Timing Parameters

Core timing parameters (‘RCD, ‘RP, ‘RTP, 'WR, 'WRA, 'WTR, RC, ‘RAS, ‘RRD, ‘FAW) ex-
tend across multiple clock cycles. Clock period jitter impacts these parameters when
measured in numbers of clock cycles. Within the specification limits, the device is char-
acterized and verified to support (nPARAM = RU['PARAM/!CK(avg)]. During device op-
eration where clock jitter is outside specification limits, the number of clocks or
{CK(avg), may need to be increased based on the values for each core timing parameter.
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Clock Period Jitter

Cycle Time Derating for Core Timing Parameters

For a given number of clocks (‘nPARAM), when 'CK(avg) and ‘ERR(‘nPARAM),act exceed
ERR('nPARAM),allowed, cycle time derating may be required for core timing parame-
ters.

t
cleTimeDerating = max [
o & { thPARAM

PARAM +'ERR(!nPARAM),act - 'ERR(!nPARAM),allowed _ tCK(an)] 0}

Cycle time derating analysis should be conducted for each core timing parameter. The
amount of cycle time derating required is the maximum of the cycle time deratings de-
termined for each individual core timing parameter.

Clock Cycle Derating for Core Timing Parameters

For each core timing parameter and a given number of clocks (‘nPARAM), clock cycle
derating should be specified with JIT(per).

For a given number of clocks (‘nPARAM), when '‘CK(avg) plus (‘(ERR(‘nPARAM),act) ex-
ceed the supported cumulative '‘ERR(‘nPARAM),allowed, derating is required. If the
equation below results in a positive value for a core timing parameter ((\CORE), the re-
quired clock cycle derating will be that positive value (in clocks).

t t t t t
ClockCycleDerating = RU{ PARAM + "ERR( HPARAI\{[%;? - )ERR( nPARAM),allowed} —thPARAM
avg

Cycle-time derating analysis should be conducted for each core timing parameter.

Clock Jitter Effects on Command/Address Timing Parameters

Command/address timing parameters ('IS, TH, ISCKE, ‘THCKE, ‘ISb, THb, ISCKEDb,
THCKED) are measured from a command/address signal (CKE, CS, or CA[9:0]) transi-
tion edge to its respective clock signal (CK/CK#) crossing. The specification values are
not affected by the YIT(per) applied, because the setup and hold times are relative to
the clock signal crossing that latches the command/address. Regardless of clock jitter
values, these values must be met.

Clock Jitter Effects on READ Timing Parameters

‘RPRE

When the device is operated with input clock jitter, 'RPRE must be derated by the
YIT (per),act,max of the input clock that exceeds YIT (per),allowed,max. Output derat-
ings are relative to the input clock:

tRPRE(min,derated) = 0.9 — YIT(per),act,max — YIT(per),allowed, max
{CK(avg)

For example, if the measured jitter into a LPDDR2-800 device has 'CK(avg) = 2500ps,
YIT (per),act,min = -172ps, and YIT(per),act,max = +193ps, then '‘RPRE,min,derated =
0.9 - (JIT(per),act,max - YIT (per),allowed,max) /'CK(avg) = 0.9 - (193 - 100)/2500 =
0.8628 'CK(avg).
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‘LZ(DQ), 'HZ(DQ), ‘DQSCK, ‘LZ(DQS), 'HZ(DQS)

These parameters are measured from a specific clock edge to a data signal transition
(DMn or DQm, where: n=0, 1, 2, or 3; and m = DQ[31:0]), and specified timings must be
met with respect to that clock edge. Therefore, they are not affected by YIT(per).

'QSH, 'QSL

These parameters are affected by duty cycle jitter, represented by 'CH(abs)min and
{CL(abs)min. These parameters determine the absolute data valid window at the device
pin. The absolute minimum data valid window at the device pin = min [(*QSH (abs)min
x {CK(avg)min - ‘'DQSQmax - 'QHSmax), (*QSL(abs)min x 'CK(avg)min - 'DQSQmax -
{QHSmax)]. This minimum data valid window must be met at the target frequency re-
gardless of clock jitter.

‘RPST

RPST is affected by duty cycle jitter, represented by 'CL(abs). Therefore, '‘RPST(abs)min
can be specified by 'CL(abs)min. 'RPST(abs)min = {CL(abs)min - 0.05 = ‘QSL(abs)min.

Clock Jitter Effects on WRITE Timing Parameters
DS, 'DH

These parameters are measured from a data signal (DMn or DQm, where n=0, 1, 2, 3;
and m = DQI31:0]) transition edge to its respective data strobe signal (DQSn, DQSn#: n
=0,1,2,3) crossing. The specification values are not affected by the amount of JIT(per)
applied, because the setup and hold times are relative to the clock signal crossing that
latches the command/address. Regardless of clock jitter values, these values must be
met.

DSS, 'DSH

These parameters are measured from a data strobe signal crossing (DQSx, DQSx#) to its
clock signal crossing (CK/CK#). The specification values are not affected by the amount
of YIT (per)) applied, because the setup and hold times are relative to the clock signal
crossing that latches the command/address. Regardless of clock jitter values, these val-
ues must be met.

'DQSS

DQSS is measured from the clock signal crossing (CK/CK#) to the first latching data
strobe signal crossing (DQSx, DQSx#). When the device is operated with input clock jit-
ter, this parameter must be derated by the actual JIT(per),act of the input clock in ex-
cess of JIT(per),allowed.

tDQSS(min,derated) —0.75- []IT(per),act,rnin—t]IT(per),allowed, min}
{CK(avg)

tDQSS(max,derated) = 1.25 [t]IT(per),act,ma)éc—lz](IT(p;er),allowed, max]
avg

For example, if the measured jitter into an LPDDR2-800 device has ‘CK(avg) = 2500ps,
YIT (per),act,min = -172ps, and YIT(per),act,max = +193ps, then:

DQSS, (min,derated) = 0.75 - (JIT(per),act,min - YIT(per),allowed, min) /*CK(avg) =
0.75-(-172 + 100) /2500 = 0.7788 tCK(avg), and
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Refresh Requirements

DQSS, (max,derated) = 1.25 - (YIT(per),act,max - JIT (per),allowed,max)/'CK(avg) =
1.25 - (193 - 100)/2500 = 1.2128 'CK(avg).

Refresh Requirements

Table 122: Refresh Requirement Parameters (Per Density)

4 x 8 x tRFCab

Parameter Symbol | 64Mb | 128Mb | 256Mb | 512Mb | 1Gb 2Gb 4Gb 8Gb | Unit
Number of banks 4 4 4 4 8 8 8 8

Refresh window: Tcase < 85° tREFW 32 32 32 32 32 32 32 32 ms
Refresh window: tREFW 8 8 8 8 8 8 8 8 ms
85°C < TCASE < 105°C

Required number of REFRESH R 2048 2048 4096 4096 4096 8192 8192 8192
commands (MIN)

Average time be- REFab tREFI 15.6 15.6 7.8 7.8 7.8 3.9 3.9 3.9 Ms
tween REFRESH com- |REFph | tREFIpb | (REFpb not supported below 1Gb) | 0.975 | 0.4875 | 0.4875 | 0.4875 | ps
mands (for reference

onIy) Tease < 85°C

Refresh cycle time RFCab | 90 | 90 | 90 | 90 130 130 130 210 | ns
Per-bank REFRESH cycle time | ‘RFCpb na 60 60 60 90 ns
Burst REFRESH window = tREFBW | 2.88 2.88 2.88 2.88 4.16 4.16 4.16 6.72 us
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AC Timing

Table 123: AC Timing

Notes 1-2 apply to all parameters and conditions. AC timing parameters must satisfy the *CK minimum conditions (in mul-
tiples of 'CK) as well as the timing specifications when values for both are indicated.

Min/ | tcK Data Rate
Parameter Symbol Max [Min| 1066 | 933 | 800 | 667 | 533 | 400 | 333 | Unit | Notes
Maximum frequency - - 533 | 466 | 400 | 333 | 266 | 200 | 166 | MHz
Clock Timing
Average clock period tCK(avg) MIN | - | 1.875|2.15]| 2.5 3 |375| 5 6 ns
MAX | - 100 | 100 | 100 | 100 | 100 | 100 | 100
Average HIGH pulse width tCH(avg) MIN - 0.45 | 0.45| 0.45 | 0.45|0.45 | 0.45 | 0.45 | tCK
MAX | - | 055 | 0.55 | 0.55]0.55 | 0.55 | 0.55 | 0.55 | (avQ)
Average LOW pulse width tCL(avg) MIN - 0.45 | 0.45| 0.45 | 0.45|0.45 | 0.45 | 0.45 | tCK
MAX | - | 0.55 | 0.55 | 0.55]0.55 | 0.55 | 0.55 | 0.55 | (avQ)
Absolute clock period tCK(abs) MIN | - tCK(avg)min = YIT(per)min ps
Absolute clock HIGH pulse width tCH(abs) MIN - | 0.43 | 0.43|0.43|0.43|0.43|0.43|0.43| tcK
MAX | - 0.57 | 0.57 | 0.57 | 057|057 | 0.57 | 0.57 (avg)
Absolute clock LOW pulse width tCL(abs) MIN - | 0.43 | 0.43|0.43|0.43|0.43|0.43|0.43| tcK
MAX | - 0.57 | 0.57 | 0.57 | 057|057 | 0.57 | 0.57 (avg)
Clock period jitter YIT(per), MIN | - -90 | -95 |-100|-110|-120 | -140 | -150 | ps
(with supported jitter) allowed MAX | — 90 95 | 100 | 110 | 120 | 140 | 150
Maximum clock jitter between YIT(cc), MAX | - 180 | 190 | 200 | 220 | 240 | 280 | 300 | ps
two consectuive clock cycles allowed
(with supported jitter)
Duty cycle jitter YIT(duty), | MIN | - MIN ((*CH(abs),min - tCH(avg),min), ps
(with supported jitter) allowed (tCL(abs), min - tCL(avg),min)) x 'CK(avg)
MAX | - MAX ((tCH(abs),max - tCH(avg),max),
(tCL(abs),max - tCL(avg),max)) x *CK(avg)
Cumulative errors across 2 cycles tERR(2per), | MIN - -132 | -140 | -147 | -162 | -177 | -206 | -221 ps
allowed | max | - | 132 | 140 | 147 | 162 | 177 | 206 | 221
Cumulative errors across 3 cycles tERR(3per), | MIN - | -157 | -166 | -175 | -192 | -210 | -245 | -262 | ps
allowed | max | - | 157 | 166 | 175 | 192 | 210 | 245 | 262
Cumulative errors across 4 cycles tERR(4per), | MIN - -175 | -185 | -194 | -214 | -233 | -272 | -291 | ps
allowed | max | - | 175 | 185 | 194 | 214 | 233 | 272 | 291
Cumulative errors across 5 cycles tERR(5per), | MIN - | -188 | -199 | -209 | -230 | -251 | -293 | -314 | ps
allowed | max | - | 188 | 199 | 209 | 230 | 251 | 293 | 314
Cumulative errors across 6 cycles tERR(6per), | MIN - | -200 |-211|-222 | -244 | -266 | -311 | -333 | ps
allowed | max | - | 200 | 211|222 | 244 | 266 | 311 | 333
Cumulative errors across 7 cycles tERR(7per), | MIN - | -209 |-221|-232 | -256 | -279 | -325 | -348 | ps
allowed | max | - | 209 | 221|232 256 | 279 | 325 | 348
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Table 123: AC Timing (Continued)

4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP

AC Timing

Notes 1-2 apply to all parameters and conditions. AC timing parameters must satisfy the *CK minimum conditions (in mul-
tiples of *CK) as well as the timing specifications when values for both are indicated.

Min/ | tCK Data Rate
Parameter Symbol Max [Min| 1066 | 933 | 800 | 667 | 533 | 400 | 333 | Unit | Notes
Cumulative errors across 8 cycles tERR(8per), | MIN - | -217 | -229 | -241 | -266 | -290 | -338 | -362 | ps
allowed | max | - | 217 | 229 | 241 | 266 | 290 | 338 | 362
Cumulative errors across 9 cycles tERR(9per), | MIN - | -224 | -237 | -249 | -274 | -299 | -349 | -374 | ps
allowed | Max | - | 224 | 237 | 249 | 274 | 299 | 349 | 374
Cumulative errors across 10 cycles |tERR(10per), | MIN - | -231 | -244 | -257 | -282 | -308 | -359 | -385 | ps
allowed | pmax | - | 231 | 244 | 257 | 282 | 308 | 359 | 385
Cumulative errors across 11 cycles |tERR(11per),| MIN - | -237 | -250 | -263 | -289 | -316 | -368 | -395 | ps
allowed | pmax | - | 237 | 250 | 263 | 289 | 316 | 368 | 395
Cumulative errors across 12 cycles |ERR(12per),| MIN - | -242 | -256 | -269 | -296 | -323 | -377 | -403 | ps
allowed | pmax | - | 242 | 256 | 269 | 296 | 323 | 377 | 403
Cumulative errors across n = 13, tERR(nper), | MIN tERR(nper),allowed,min = (1 + 0.68In(n)) x ps
14, 15..., 49, 50 cycles allowed YIT(per),allowed,min
MAX tERR(nper), allowed,max = (1 + 0.68In(n)) x
YIT(per),allowed,max
ZQ Calibration Parameters
Initialization calibration time ZQINIT MIN - 1 1 1 1 1 1 1 Ms
Long calibration time tZQCL MIN 6 360 | 360 | 360 | 360 | 360 | 360 | 360 ns
Short calibration time ZQCS MIN 6 90 920 90 90 90 920 920 ns
Calibration RESET time tZQRESET MIN 3 50 50 50 50 50 50 50 ns
READ Parameters?
DQS output access time from tDQSCK MIN - 2500 | 2500 | 2500 | 2500 | 2500 | 2500 | 2500 | ps
CK/CK# MAX | - | 5500 |5500 5500|5500 | 5500 | 5500 | 5500
DQSCK delta short 'DQSCKDS | MAX | - 330 | 380 | 450 | 540 | 670 | 900 | 1080 | ps
DQSCK delta medium 'DQSCKDM | MAX | — | 680 | 780 | 900 | 1050|1350 | 1800|1900 | ps
DQSCK delta long 'DQSCKDL | MAX | - 920 | 1050|1200 | 1400|1800 |2400| - ps
DQS-DQ skew 'DQSQ MAX | — | 200 | 220 | 240 | 280 | 340 | 400 | 500 | ps
Data-hold skew factor tQHS MAX | - 230 | 260 | 280 | 340 | 400 | 480 | 600 | ps
DQS output HIGH pulse width tQSH MIN | - tCH(abs) - 0.05 tCK
(avg)
DQS output LOW pulse width tQsL MIN - tCL(abs) - 0.05 tcK
(avg)
Data half period tQHP MIN | - MIN (*QSH, *QSL) tCK
(avg)
DQ/DQS output hold time from tQH MIN - tQHP - tQHS ps
DQS
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Table 123: AC Timing (Continued)

4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP

AC Timing

Notes 1-2 apply to all parameters and conditions. AC timing parameters must satisfy the *CK minimum conditions (in mul-
tiples of *CK) as well as the timing specifications when values for both are indicated.

Min/ | tCK Data Rate
Parameter Symbol Max (Min| 1066 | 933 | 800 | 667 | 533 | 400 | 333 | Unit | Notes
READ preamble tRPRE MIN | - 09 [ 09|09 | 09|09 |09 tCK 7
(avg)
READ postamble RPST MIN | - tCL(abs) - 0.05 tCK 8
(avg)
DQS Low-Z from clock t1LZ(DQS) MIN | - tDQSCK (MIN) - 300 ps
DQ Low-Z from clock 1LZ(DQ) MIN - IDQSCK(MIN) - (1.4 x tQHS(MAX)) ps
DQS High-Z from clock tHZ(DQS) | MAX | - DQSCK (MAX) - 100 ps
DQ High-Z from clock tHZ(DQ) MAX | - IDQSCK(MAX) + (1.4 x tDQSQ(MAX)) ps
WRITE Parameters3
DQ and DM input hold time (Vggr DH MIN - 210 | 235 | 270 | 350 | 430 | 480 | 600 | ps
based)
DQ and DM input setup time (Vgrer DS MIN - 210 | 235 | 270 | 350 | 430 | 480 | 600 | ps
based)
DQ and DM input pulse width DIPW MIN - 1035 [0.35|0.35|0.35|0.35|0.35|0.35| K
(avg)
Write command to first DQS latch- tDQSS MIN | - | 0.75 [0.75]0.75|0.75| 0.75 | 0.75 | 0.75 | 'CK
ing transition (avg)
MAX | - 1.25 [1.25[1.25|1.25| 1.25 | 1.25 | 1.25 | 'CK
(avg)
DQS input high-level width 'DQSH MIN | - 04 | 04|04 |04|04]|04]| 041K
(avg)
DQS input low-level width tDQSL MIN - 04 | 04|04 |04|04|04]|04] 1K
(avg)
DQS falling edge to CK setup time DSS MIN | - 02 | 02]02)|02]02]|02]02]tK
(avg)
DQS falling edge hold time from DSH MIN | - 02 [ 02]02]02]02]02]02]|¢twK
CK (avg)
Write postamble YWPST MIN | - 04 | 04|04 |04|04]|04]| 041K
(avg)
Write preamble "WPRE MIN - 1035 [0.35|0.35|0.35|0.35|0.35|0.35| K
(avg)
CKE Input Parameters
CKE minimum pulse width (HIGH tCKE MIN 3 3 3 3 3 3 3 3 K
and LOW pulse width) (ava)
CKE input setup time YISCKE MIN | - | 0.25 [0.25|0.25|0.25| 0.25 | 0.25 | 0.25 | 'CK 9
(avg)
CKE input hold time YHCKE MIN | - | 0.25 | 0.25[0.25|0.25 | 0.25 | 0.25 | 0.25 | 'CK 10
(avg)
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Table 123: AC Timing (Continued)

4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP

AC Timing

Notes 1-2 apply to all parameters and conditions. AC timing parameters must satisfy the *CK minimum conditions (in mul-

tiples of *CK) as well as the timing specifications when values for both are indicated.

Min/ | tCK Data Rate
Parameter Symbol | Max |Min| 1066 | 933 | 800 | 667 | 533 | 400 | 333 | Unit | Notes
Command Address Input Parameters?
Address and control input setup s MIN - 220 | 250 | 290 | 370 | 460 | 600 | 740 | ps 11
time
Address and control input hold YH MIN | - 220 | 250 | 290 | 370 | 460 | 600 | 740 | ps 11
time
Address and control input pulse Ypw MIN - | 0.40 | 0.40|0.40 | 0.40 | 0.40 | 0.40 | 0.40 | CK
width (avg)
Boot Parameters (10 MHz-55 MHz)'2 13. 14
Clock cycle time tCKb MAX | - 100 | 100 | 100 | 100 | 100 | 100 | 100 | ns
MIN - 18 18 18 18 18 18 18

CKE input setup time YISCKEb MIN - 2.5 25 (25| 25|25 | 25 | 25 ns
CKE input hold time YIHCKEb MIN - 2.5 25| 25| 25| 25| 25| 25 ns
Address and control input setup tISb MIN | - | 1150 [1150{ 1150|1150 | 1150 | 1150 | 1150 | ps
time
Address and control input hold YHb MIN | - | 1150 [1150{ 1150|1150 | 1150 [ 1150 | 1150 | ps
time
DQS output data access time from | 'DQSCKb MIN - 2.0 20| 20 (20| 20| 20| 20| ns
CK/CK# MAX | - | 10.0 [ 10.0 | 10.0 | 10.0 | 10.0 | 10.0 | 10.0
Data strobe edge to output data DQSQb MAX | - 1.2 1.2 112 (12 12|12 |12 ns
edge
Data hold skew factor tQHSb MAX | - 1.2 1.2 [ 1.2 |12 |12 |12 | 1.2 ns
Mode Register Parameters
MODE REGISTER WRITE IMRW MIN 3 3 3 3 3 3 3 3 tCK
command period (avg)
MODE REGISTER READ 'MRR MIN 2 2 2 2 2 2 2 2 tcK
command period (avg)
Core Parameters'®
READ latency RL MIN | 3 8 7 6 5 4 3 3 | K

(avg)
WRITE latency WL MIN 1 4 4 3 2 2 1 1 tCK

(avg)
ACTIVATE-to-ACTIVATE RC MIN - TRAS + 'RPab (with all-bank precharge), ns 17
command period TRAS + 'RPpb (with per-bank precharge)
CKE minimum pulse width during tCKESR MIN 3 15 15 15 15 15 15 15 ns
SELF REFRESH (low pulse width
during SELF REFRESH)
SELF REFRESH exit to next valid IXSR MIN | 2 tRFCab + 10 ns
command delay
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Table 123: AC Timing (Continued)

4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP

AC Timing

Notes 1-2 apply to all parameters and conditions. AC timing parameters must satisfy the *CK minimum conditions (in mul-
tiples of *CK) as well as the timing specifications when values for both are indicated.

Min/ | tCK Data Rate
Parameter Symbol Max [Min| 1066 | 933 | 800 | 667 | 533 | 400 | 333 | Unit | Notes
Exit power-down to next valid P MIN | 2 75 | 7575|7575 75|75 ns
command delay
CAS-to-CAS delay tCCD MIN 2 2 2 2 2 2 2 2 tCK
(avg)
Internal READ to PRECHARGE tRTP MIN | 2| 75 |75 |75 |75 | 75| 75| 75] ns
command delay
RAS-to-CAS delay tRCD Fast | 3 15 15 | 15 | 15 15 15 | 15 ns
TYP 3 18 18 18 18 18 18 18
Row precharge time (single bank) ‘RPpb Fast | 3 15 15 | 15 | 15 15 15 | 15 ns
TYP 3 18 18 18 18 18 18 18
Row precharge time (all banks) tRPab Fast | 3 15 15 | 15 | 15 15 15 | 15 ns
4-bank | ryp | 3| 18 |18 [ 18 | 18 | 18 | 18 | 18
Row precharge time (all banks) tRPab Fast | 3 18 18 | 18 | 18 | 18 | 18 | 18 ns
8bank | ryp | 3| 21 [ 21 [ 21 | 21 | 21 | 21 | 21
Row active time tRAS MIN | 3 42 42 | 42 | 42 | 42 | 42 | 42 ns
MAX | - 70 70 70 70 70 70 70 bs
WRITE recovery time 'WR MIN 3 15 15 15 15 15 15 15 ns
Internal WRITE-to-READ 'WTR MIN 7.5 75 75|75 |75 10 10 ns
command delay
Active bank a to active bank b ‘RRD MIN 2 10 10 10 10 10 10 10 ns
Four-bank activate window tFAW MIN 50 50 50 50 | 50 | 50 | 60 ns
Minimum deep power-down time 'DPD MIN - 500 | 500 | 500 | 500 | 500 | 500 | 500 | ps
Temperature Derating'®
DQSCK derating tDQSCK MAX | - | 5620 | 6000 | 6000 | 6000 | 6000 | 6000 | 6000 | ps
(derated)
Core timing temperature RCD MIN | - tRCD + 1.875 ns
derating (derated)
RC MIN - RC + 1.875 ns
(derated)
RAS MIN - TRAS + 1.875 ns
(derated)
RP MIN - RP + 1.875 ns
(derated)
‘RRD MIN - tRRD + 1.875 ns
(derated)

Notes: 1.

Frequency values are for reference only. Clock cycle time (*CK) is used to determine de-

vice capabilities.
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AC Timing

2. All AC timings assume an input slew rate of 1 V/ns.

READ, WRITE, and input setup and hold values are referenced to Vgg.

4. 'DQSCKDS is the absolute value of the difference between any two '{DQSCK measure-
ments (in a byte lane) within a contiguous sequence of bursts in a 160ns rolling window.
tDQSCKDS is not tested and is guaranteed by design. Temperature drift in the system is
<10°C/s. Values do not include clock jitter.

5. 'DQSCKDM is the absolute value of the difference between any two 'DQSCK measure-
ments (in a byte lane) within a 1.6ps rolling window. tDQSCKDM is not tested and is
guaranteed by design. Temperature drift in the system is <10°C/s. Values do not include
clock jitter.

6. 'DQSCKDL is the absolute value of the difference between any two 'DQSCK measure-
ments (in a byte lane) within a 32ms rolling window. 'tDQSCKDL is not tested and is
guaranteed by design. Temperature drift in the system is <10°C/s. Values do not include
clock jitter.

For LOW-to-HIGH and HIGH-to-LOW transitions, the timing reference is at the point
when the signal crosses the transition threshold (V7). tHZ and tLZ transitions occur in
the same access time (with respect to clock) as valid data transitions. These parameters
are not referenced to a specific voltage level but to the time when the device output is
no longer driving (for 'RPST, tHZ(DQS) and tHZ(DQ)), or begins driving (for *RPRE,
t1LZ(DQS), t1LZ(DQ)). The figure below shows a method to calculate the point when the
device is no longer driving tHZ(DQS) and tHZ(DQ) or begins driving 'LZ(DQS) and tLZ(DQ)
by measuring the signal at two different voltages. The actual voltage measurement
points are not critical as long as the calculation is consistent. The parameters 'LZ(DQS),
1L.Z(DQ), tHZ(DQS), and tHZ(DQ) are defined as single-ended. The timing parameters
tRPRE and 'RPST are determined from the differential signal DQS/DQS#.

w

Output Transition Timing

Vou

Xy /
Vg - X mV
Vo +2X Y mV 2x X on= M
Vi - 2X X mV
Vo +Y mv t12(DQs), tLz(DQ) on
tual w,
Vi —a—{} tHZ(DQS), tHZ(DQ) Vi
\ Y
Vor - Y mV 2xY /
morm Vo + 2x X mV
Vip-2xY mV Vg, + X mV
— Vv
TIT2 ot 1T2
Start driving point =2 x T1 - T2 End driving point =2 x T1 -T2

7. Measured from the point when DQS/DQS# begins driving the signal, to the point when
DQS/DQS# begins driving the first rising strobe edge.
8. Measured from the last falling strobe edge of DQS/DQS# to the point when DQS/DQS#
finishes driving the signal.
9. CKE input setup time is measured from CKE reaching a HIGH/LOW voltage level to
CK/CK# crossing.
10. CKE input hold time is measured from CK/CK# crossing to CKE reaching a HIGH/LOW
voltage level.
11. Input setup/hold time for signal (CA[9:0], CS#).
12. To ensure device operation before the device is configured, a number of AC boot timing
parameters are defined in this table. The letter b is appended to the boot parameter
symbols (for example, *CK during boot is tCKb).

09005aef865411f3 2 50 Micron Technology, Inc. reserves the right to change products or specifications without notice.
162ball_nand_Ipddr_j84f.pdf — Rev. C 06/16 EN © 2015 Micron Technology, Inc. All rights reserved.



Micron Confidential and Proprietary

M ICron 4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP

CA and CS# Setup, Hold, and Derating

13. Mobile LPDDR2 devices set some mode register default values upon receiving a RESET
(MRW) command, as specified in Mode Register Definition.

14. The output skew parameters are measured with default output impedance settings
using the reference load.

15. The minimum *CK column applies only when tCK is greater than 6ns.

16. Timing derating applies for operation at 85°C to 105°C when the requirement to derate
is indicated by mode register 4 op-code (see the MR4 Device Temperature (MA[7:0] =
04h) table).

17. DRAM devices should be evenly addressed when being accessed. Disproportionate ac-
cesses to a particular row address may result in reduction of the product lifetime.

Figure 172: Command Input Setup and Hold Timing
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Notes: 1. The setup and hold timing shown applies to all commands.

2. Setup and hold conditions also apply to the CKE pin. For timing diagrams related to the
CKE pin, see Power-Down (page 198).

CA and CS# Setup, Hold, and Derating

For all input signals (CA and CS#), the total required setup time ('IS) and hold time (‘TH)
is calculated by adding the data sheet 'IS (base) and 'TH (base) values to the A'IS and
AUH derating values, respectively. Example: US (total setup time) = IS(base) + AUS. (See
the series of tables following this section.)

The typical setup slew rate ('IS) for a rising signal is defined as the slew rate between the
last crossing of Vyggpc) and the first crossing of Vi acymin. The typical setup slew rate
for a falling signal is defined as the slew rate between the last crossing of Vgggpc) and
the first crossing of Vi (acymax- If the actual signal is consistently earlier than the typical
slew rate line between the shaded Vgggpc)-to-(AC) region, use the typical slew rate for
the derating value (see the Typical Slew Rate and 'VAC - IS for CA and CS# Relative to
Clock figure). If the actual signal is later than the typical slew rate line anywhere be-
tween the shaded Vggp(pc)-to-AC region, the slew rate of a tangent line to the actual sig-
nal from the AC level to the DC level is used for the derating value (see the Tangent Line
- 1S for CA and CS# Relative to Clock figure).

The hold ('IH) typical slew rate for a rising signal is defined as the slew rate between the
last crossing of Vi (pcymax and the first crossing of Vgggrpc). The hold (IH) typical slew
rate for a falling signal is defined as the slew rate between the last crossing of Vi (pcymin
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and the first crossing of Vygppc). If the actual signal is consistently later than the typical
slew rate line between the shaded DC-to-Vggrpc) region, use the typical slew rate for
the derating value (see the Typical Slew Rate — 'TH for CA and CS# Relative to Clock fig-
ure). If the actual signal is earlier than the typical slew rate line anywhere between the
shaded DC-to-Vggg(pc) region, the slew rate of a tangent line to the actual signal from
the DC level to Vgggpc) level is used for the derating value (see the Tangent Line — TH
for CA and CS# Relative to Clock figure).

For a valid transition, the input signal must remain above or below Vyy;/ Vi ac) for a
specified time, 'VAC (see the Required Time for Valid Transition — 'VAC > V) and <
VIL(AC) table).

For slow slew rates the total setup time could be a negative value (that is, a valid input
signal will not have reached Vyy1/ Vi ac) at the time of the rising clock transition). A valid
input signal is still required to complete the transition and reach Vyy/ Vi ac)-

For slew rates between the values listed in the AC220 table, the derating values are ob-
tained using linear interpolation. Slew rate values are not typically subject to produc-
tion testing. They are verified by design and characterization.

Table 124: CA and CS# Setup and Hold Base Values (>400 MHz, 1 V/ns Slew Rate)

Data Rate
Parameter 1066 933 800 667 533 466 Reference
tIS (base) 0 30 70 150 240 300 VlHNlL(AC) = VREF(DC) +220mV
fIH (base) 90 120 160 240 330 390 VIHNIL(DC) = VREF(DC) +130mV
Note: 1. AC/DC referenced for 1 V/ns CA and CS# slew rate, and 2 V/ns differential CK/CK# slew

rate.

Table 125: CA and CS# Setup and Hold Base Values (<400 MHz, 1 V/ns Slew Rate)

Data Rate
Parameter 400 333 255 200 Reference
fS (base) 300 440 600 850 VIHNIL(AC) = VREF(DC) +300mV
YH (base) 400 540 700 950 VlHNlL(DC) = VREF(DC) +200mV
Note: 1. AC/DC referenced for 1 V/ns CA and CS# slew rate, and 2 V/ns differential CK/CK# slew

rate.
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Table 126: Derating Values for AC/DC-Based IS/t IH (AC220)

AYS, AtIH derating in ps

CK, CK# Differential Slew Rate
4.0 Vins 3.0 V/ns 2.0 V/ns 1.8 Vins 1.6 V/ns 1.4 Vins 1.2 V/ns 1.0 V/ns
AUS | AYIH | AUS | AYH | AYUS | AUH | AYUS | AUH | AYUS | AYH | AYUS | AYH | AYUS | AUH | AYS | AUH

CA, CS#slew (2.0 [ 110 | 65 [ 110 | 65 | 110 | 65

rateV/ns |15 | 74 | 43 | 73 | 43 | 73 | 43 | 89 | 59
10/ 0|0 | 0| 0| 0| 0|16 ]|16|32]32
0.9 3| 5|35 13]11]20]27] 45| 43
0.8 8 |13 8 | 3 | 24|19 |40 | 35| 5 | 55
0.7 2 | 6| 18| 10|34 |26 |50 | 46 | 66 | 78
0.6 10 | 3 | 26 | 13 | 42 | 33 | 58 | 65
0.5 4 | -4 |20 16 | 36 | 48
0.4 7| 2 [ 17| 34

Note: 1. Shaded cells are not supported.

Table 127: Derating Values for AC/DC-Based 'S/t IH (AC300)
AYS, AtIH derating in ps

CK, CK# Differential Slew Rate
4.0 V/ns 3.0 V/ns 2.0 V/ns 1.8 V/ns 1.6 V/ns 1.4 V/ns 1.2 V/ns 1.0 V/ns
AUS | AYIH | AUS | AYH | AUS | AUH | AYUS | AUH | AYUS | AYH | AYUS | AUH | AUS | AUH | AYS | AUH

CA, CS#slew [2.0 | 150 | 100 | 150 | 100 | 150 | 100

rateV/ns 115 [ 100 | 67 | 100 | 67 | 100 | 67 | 116 | 83
10/ 0|0 | 0o | 0] 0| 01616 |32]32
0.9 4| 8| -4 | 8 |12| 8 |28]24]| 44| 40
0.8 12| -20| 4 | -4 | 20| 12|36 | 28 | 52| 48
0.7 3 |-18[ 13| 2| 29| 14|45 | 34| 61 | 66
0.6 2 |21 18| 5 |34 |15 | 50 | 47
0.5 12|32 4 | -12] 20| 20
0.4 35 | -40 | -11 | -8

Note: 1. Shaded cells are not supported.

Table 128: Required Time for Valid Transition - 'VAC > Vjyac) and < V) (aq)

slew Rate tVAC at 300mV (ps) tVAC at 220mV (ps)
(V/ns) Min Max Min Max
>2.0 75 - 175 -
2.0 57 - 170 -
1.5 50 - 167 -
1.0 38 - 163 -
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Table 128: Required Time for Valid Transition - 'VAC > Vjy(ac) and < V) (ac) (Continued)

slew Rate *'VAC at 300mV (ps) tVAC at 220mV (ps)
(V/ns) Min Max Min Max
0.9 34 - 162 -
0.8 29 - 161 -
0.7 22 - 159 -
0.6 13 - 155 -
0.5 0 - 150 -
<0.5 0 - 150 -

Figure 173: Typical Slew Rate and 'VAC - IS for CA and CS# Relative to Clock

VIH(A(Z)min VREF to AC
region

Viupomn + — — — — + — — — — — — - L _ \_ o

Typical
slew rate

VRerpg — @— — — + — — — — — — 4@ — — — [ — — — — — — — -
Typical
slew rate
Vioomax T 1- W73~~~ "®+r-———-|—-——-—-——-—-———— -
region
VIL(AC)max
Vssca— + — — —F — — — — - — — |- —— — 4 — — — — — — — — — -
E— ATF - E— ATR S
Setup slew rate VREF(DC) - VIL(AC)max Setup slew rate VIH(AC)min - VREF(DC)
falling signal ATF rising signal ATR
09005aef865411f3 2 54 Micron Technology, Inc. reserves the right to change products or specifications without notice.

162ball_nand_Ipddr_j84f.pdf — Rev. C 06/16 EN © 2015 Micron Technology, Inc. All rights reserved.



Micron Confidential and Proprietary

A{(!? ICron 4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP

CA and CS# Setup, Hold, and Derating

Figure 174: Typical Slew Rate - tIH for CA and CS# Relative to Clock
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Figure 175: Tangent Line - !IS for CA and CS# Relative to Clock
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Figure 176: Tangent Line - 'IH for CA and CS# Relative to Clock
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Data Setup, Hold, and Slew Rate Derating

For all input signals (DQ, DM) calculate the total required setup time (‘DS) and hold
time (‘DH) by adding the data sheet 'DS(base) and 'DH (base) values (see the following
table) to the A'DS and A'DH derating values, respectively (see the following derating ta-
bles). Example: ‘DS = 'DS(base) + ADS.

The typical 'DS slew rate for a rising signal is defined as the slew rate between the last
crossing of Vygppc) and the first crossing of Vigacymin- The typical 'DS slew rate for a
falling signal is defined as the slew rate between the last crossing of Vg and the
first crossing of Vi (acymax (see the Typical Slew Rate and 'VAC - ‘DS for DQ Relative to
Strobe figure).

If the actual signal is consistently earlier than the typical slew rate line in the figure,
"Typical Slew Rate and 'VAC - 'IS for CA and CS# Relative to Clock (CA and CS# Setup,
Hold, and Derating), the area shaded gray between the Vygrpc) region and the AC re-
gion, use the typical slew rate for the derating value. If the actual signal is later than the
typical slew rate line anywhere between the shaded Vygrpc) region and the AC region,
the slew rate of a tangent line to the actual signal from the AC level to the DC level is
used for the derating value (see figure "Tangent Line — IS for CA and CS# Relative to
Clock" in CA and CS# Setup, Hold, and Derating).

Th'e typical 'DH slew rate for a rising signal is defined as the slew rate between the last
crossing of Vi (pcymax and the first crossing of Vyggpc). The typical 'DH slew rate for a
falling signal is defined as the slew rate between the last crossing of Viyypcymin and the
first crossing of Vg (see the Typical Slew Rate — DH for DQ Relative to Strobe fig-
ure).

If the actual signal is consistently later than the typical slew rate line between the
shaded DC-level-to-Vyeppc) region, use the typical slew rate for the derating value. If
the actual signal is earlier than the typical slew rate line anywhere between shaded DC-
to-Vgernc) region, the slew rate of a tangent line to the actual signal from the DC level
to the Vgygppc) level is used for the derating value (see the Tangent Line — 'DH for DQ
with Respect to Strobe figure).

For a valid transition, the input signal must remain above or below Vy;/ Vi ac; for the
specified time, 'VAC (see the Required Time for Valid Transition — 'VAC > Vi) Or <
VIL(AC) table).

The total setup time for slow slew rates could be negative (that is, a valid input signal
may not have reached V/ Vi ac) at the time of the rising clock transition). A valid input
signal is still required to complete the transition and reach Viy/ Vi ac)-

For slew rates between the values listed in the following tables, the derating values can
be obtained using linear interpolation. Slew rate values are not typically subject to pro-
duction testing. They are verified by design and characterization.

Table 129: Data Setup and Hold Base Values (>400 MHz, 1 V/ns Slew Rate)

Data Rate
Parameter 1066 933 800 667 533 466 Reference
DS (base) -10 15 50 130 210 230 VIHNIL(AC) = VREF(DC) +220mV
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Table 129: Data Setup and Hold Base Values (>400 MHz, 1 V/ns Slew Rate) (Continued)

Data Rate
Parameter 1066 933 800 667 533 466 Reference
'DH (base) 80 105 140 220 300 320 VlHNlL(DC) = VREF(DC) +130mV

Note: 1. AC/DC referenced for 1 V/ns DQ, DM slew rate, and 2 V/ns differential DQS/DQS# slew
rate.

Table 130: Data Setup and Hold Base Values (<400 MHz, 1 V/ns Slew Rate)

Data Rate
Parameter 400 333 255 200 Reference
DS (base) 180 300 450 700 Vin'ViLac) = Vrerpe) £300mV
DH (base) 280 400 550 800 Vin'ViLoe) = Vrerpe) £200mV

Note: 1. AC/DC referenced for 1 V/ns DQ, DM slew rate, and 2 V/ns differential DQS/DQS# slew
rate.

Table 131: Derating Values for AC/DC-Based 'DS/'DH (AC220)
A'DS, A'DH derating in ps

DQS, DQS# Differential Slew Rate
4.0 Vins 3.0 V/ns 2.0 V/ns 1.8 Vins 1.6 Vins 1.4 Vins 1.2 Vins 1.0 Vins
ADS | A'DH | A'DS | A'DH | AtDS | A'DH | AtDS | A'DH | At'DS | A'DH | A'DS | At'DH | A'DS | AtDH | AtDS | AtDH
DQ, DM |2.0 110 65 110 65 110 65
slew 145 | 74 | 43 | 73 | 43 | 73 | 43 | 89 | 59
\r/";z 10 0o o] oo o] o1 16]32]3
0.9 -3 -5 -3 -5 13 11 29 27 45 43
0.8 -8 -13 8 3 24 19 40 35 56 55
0.7 2 -6 18 10 34 26 50 46 66 78
0.6 10 -3 26 13 42 33 58 65
0.5 4 -4 20 16 36 48
0.4 -7 2 17 34
Note: 1. Shaded cells are not supported.
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Table 132: Derating Values for AC/DC-Based 'DS/'DH (AC300)
ADS, A™DH derating in ps

DQS, DQS# Differential Slew Rate
4.0 Vins 3.0 V/ns 2.0 V/ns 1.8 Vins 1.6 V/ns 1.4 Vins 1.2 Vins 1.0 Vins
A'DS | A'DH | AtDS | At'DH | At!DS | A'DH | A'!DS | A'DH | A'!DS | A'!DH | A'!DS | A'DH | A'DS | A'DH | At!DS | AtDH

DQ, DM [2.0 | 150 | 100 | 150 | 100 | 150 | 100

slew 15 | 100 | 67 [ 100 | 67 | 100 | 67 | 116 | 83

rateVins o T o | o | 0] o | o | o | 16| 16 | 32 | 32
0.9 4 | 8| 4| 8 | 12] 8 | 28] 24| 44| a0
0.8 12| 20| 4| 4] 20] 12]36] 28] 52 ] a8
0.7 3 18| 13| 2 | 29| 14| 45| 3a | 61 | 66
0.6 2 | 21| 18] 5 [ 38 ] 15 | 50 | a7
0.5 1232 a4 [ 1220 ] 20
0.4 4 | 35| 40 | 11] 8

Note: 1. Shaded cells are not supported.

Table 133: Required Time for Valid Transition - 'VAC > Vjy(ac) or < Vi (ac)

tVAC at 300mV (ps) tVAC at 220mV (ps)
Slew Rate (V/ns) Min Max Min Max
>2.0 75 - 175 -
2.0 57 - 170 -
1.5 50 - 167 -
1.0 38 - 163 -
0.9 34 - 162 -
0.8 29 - 161 -
0.7 22 - 159 -
0.6 13 - 155 -
0.5 0 - 150 -
<0.5 0 - 150 -
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Figure 177: Typical Slew Rate and 'VAC - DS for DQ Relative to Strobe

DQS - - - ———-—-—-—————— N
N
DQS#
DS
T
VDDQ ________________________ - - - =
VIH(AC)min
Virer to AC
region
ViHpomn [~ T T T 7 T T T T = = 7 TTypical - T T
slew rate
Veebroo - W - - | - - - - - - W~~~ —
Typical
slew rate
ViLoomax i \ - e e
region
ViLAmax
Vsq ~ T~ -~ T~~~ ~~~—~~—-~—~|—-————— == ——
ATF - R — ATR -—
Setup slew rate _ VRer(pg) - ViLaimax Setup slew rate _ Viagmin - VRer(00)
falling signal ATF rising signal ATR
09005aef865411f3 261 Micron Technology, Inc. reserves the right to change products or specifications without notice.
162ball_nand_Ipddr_j84f.pdf — Rev. C 06/16 EN

© 2015 Micron Technology, Inc. All rights reserved.



Micron Confidential and Proprietary

A{(!? ICron 4Gb: x8 NAND with 2Gb: x32 LPDDR2 MCP

Data Setup, Hold, and Slew Rate Derating

Figure 178: Typical Slew Rate - t'DH for DQ Relative to Strobe
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Figure 179: Tangent Line - 'DS for DQ with Respect to Strobe
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Figure 180: Tangent Line - 'DH for DQ with Respect to Strobe
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Revision History

Rev. C - 06/16

* Corrected Ball Assignments and Descriptions to include ZQ1
e Corrected Functional Block Diagram to include ZQ1 pin
e Changed DRAM component datasheet to the latest embedded U98M datasheet

Rev. B - 02/16

e Updated document status from Preliminary to Production
Updated Write Protect# in Asynchronous Interface Bus Operation section

Rev. A - 07/15

¢ Initial release
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www.micron.com/products/support Sales inquiries: 800-932-4992
Micron and the Micron logo are trademarks of Micron Technology, Inc.
All other trademarks are the property of their respective owners.
This data sheet contains minimum and maximum limits specified over the power supply and temperature range set forth herein.
Although considered final, these specifications are subject to change, as further product development and data characterization some-
times occur.
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