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1 GENERAL DESCRIPTION

winbond

W7INW11GC1DW

The W71NW series is a Multi-Chip Package (MCP) memory product family that consists of a 1.8V NAND
Flash Memory device and a 1.8V Low Power SDRAM device in one convenient VFBGA package.

W71INW11GC1DW consists of:
e  W29NO1GW

e WO949D6KK
130 Ball VFBGA
2 FEATURES

W29N01GW NAND Flash Memory

e Basic Features
— Density : 1Gbhit (Single chip solution)
—Vcc: 1.7V to 1.95V
— Bus width : x16
— Operating temperature
= Industrial: - 40°C to 85°C
e Single-Level Cell (SLC) technology.
e Organization
— Density: 1G-bit/128M-byte
— Page size:1,056 words(1024 +32 words)
— Block size:64 pages(64K +2K words)

e Highest Performance
— Read performance (Max.)
= Random read: 25us
= Sequential read cycle: 35ns
— Write Erase performance
= Page program time: 300us(typ.)
= Block erase time: 2ms(typ.)
— Endurance 100K Erase/Program Cycles?
— 10-years data retention

e Command set
— Standard NAND command set
— Additional command support
= Sequential Cache Read
= Random Cache Read
= Cache Program
= Copy Back

= OTP Data Program, Data Lock by Page

and Data Read
— Contact Winbond for block Lock feature
e Lowest power consumption
— Read: 10mA(typ.)
— Program/Erase: 10mA(typ.)
— CMOS standby: 10uA(typ.)
Note:

- 1.8V 1G-Bit x16-BIT NAND Flash Memory
- 1.8V 512M-Bit Low Power DDR SDRAM
- Dimension 8x9x1mm, ball pitch 0.65-mm, ball diameter 0.3-mm

W949D6KK Low Power DDR SDRAM

¢ Voltage Supply
- VDD = 1.7~1.95V
- VDDQ = 1.7~1.95V;
¢ Data width: x16
e Clock rate: 200MHz (-5),166MHz (-6)
¢ Standard Self Refresh Mode
o Partial Array Self-Refresh(PASR)
o Auto Temperature Compensated Self-
Refresh(ATCSR)
¢ Power Down Mode
e Deep Power Down Mode (DPD Mode)
e Programmable output buffer driver strength
¢ Four internal banks for concurrent operation
e Data mask (DM) for write data
¢ Clock Stop capability during idle periods
¢ Auto Pre-charge option for each burst access
¢ Double data rate for data output
o Differential clock inputs (CK and #CK)
e Bidirectional, data strobe (DQS)
o #CAS Latency: 2 and 3
¢ Burst Length: 2, 4, 8 and 16
¢ Burst Type: Sequential or Interleave
¢ 64 ms Refresh period
e Interface: LVCMOS compatible
e Operating Temperature Range
- Industrial (-40°C ~ 85°C)

1. Endurance specification is based on 1bit/528 byte ECC (Error Correcting Code).
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3 BALL CONFIGURATION
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Figure 3-1 W71INW11GC1DW, 130 Ball VFBGA Package (Balls facing down)
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3.1 130-Ball Description for W29NO1GW NAND Flash Memory

Ball NO. v /0 FUNCTION
A7 WEn# I Write Enable
B3 WP# I Write Protect
B4 ALE I Address Latch Enable
A4 CLE I Command Latch Enable
A6 CE# I Chip Enable
A3 RE# I Read Enable
B6 R/B# I Ready/#Busy
M1 100 I/0 Data Input Output 0
M2 101 I/0 Data Input Output 1
M3 102 I/0 Data Input Output 2
L5 103 I/0 Data Input Output 3
N7 104 I/0 Data Input Output 4
L6 105 I/0 Data Input Output 5
M6 106 I/0 Data Input Output 6
L8 107 I/0 Data Input Output 7
N2 108 I/0 Data Input Output 8
N3 109 I/0 Data Input Output 9
M4 1010 I/0 Data Input Output 10
N4 1011 I/0 Data Input Output 11
N5 1012 I/0 Data Input Output 12
M7 1013 I/0 Data Input Output 13
L7 1014 I/0 Data Input Output 14
M8 1015 I/0 Data Input Output 15
A5, M5 VCCn Power Supply NAND
A9, B1, B5, B10, C9,
G9, Ei,ohg,ghﬁo K10, VSS Ground
L2, L9, M10, N6, N9
F3, G3 DNU Do Not Use
Multiple NC No Connection
Table 3-1 W29N0O1GW VFBGA-130 Ball Description
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3.2 130-Ball Description for W949D6KK Low Power DDR SDRAM

W7INW11GC1DW
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BALL NO. SavE | 1o FUNCTION
H2 Cs# I Chip Select
D3 CKE I Clock Enable
F8 CLK | ﬁlsuat\;d CK# are differential clock
Gs CLK# | ﬁ};uetl;d CK# are differential clock
El Al2 I DDR Address Input
E2 All I DDR Address Input
J3 Al10 I DDR Address Input
C4 A9 I DDR Address Input
D2 A8 I DDR Address Input
C3 A7 I DDR Address Input
D1 A6 I DDR Address Input
c2 A5 I DDR Address Input
B2 A4 I DDR Address Input
K3 A3 I DDR Address Input
K2 A2 I DDR Address Input
K1 Al I DDR Address Input
J4 A0 I DDR Address Input
J2 BAl I Bank Select
H3 BAO I Bank Select
D7 UDM I Input Data Mask
H8 LDM I Input Data Mask
D5 UDQS | I/O | Data Strobe
H7 LDQS I/O | Data Strobe
B7 DQ15 I/O | Data Inputs/Output
B8 DQ14 I/O | Data Inputs/Output
Cc7 DQ13 I/O | Data Inputs/Output
C8 DQ12 I/O | Data Inputs/Output
C6 DQ11 I/O | Data Inputs/Output
D8 DQ10 I/O | Data Inputs/Output
C5 DQ9 I/O | Data Inputs/Output
E6 DQ8 I/O | Data Inputs/Output
J5 DQ7 I/O | Data Inputs/Output
J7 DQ6 I/O | Data Inputs/Output
Publication Release Date: July 28, 2015
-6- Preliminary — Revision E



WT71INW11GC1DW

Y/ / winbond [ / 4

BALL NO. NBAAJ\I;III‘E I/0 FUNCTION
K8 DQ5 I/O | Data Inputs/Output
J8 DQ4 I/O | Data Inputs/Output
K7 DQ3 I/O | Data Inputs/Output
K6 DQ2 I/O | Data Inputs/Output
K5 DQ1 I/O | Data Inputs/Output
K4 DQO I/O | Data Inputs/Output
F2 RAS# I Row Address Strobe
G2 CAS# I Column Address Strobe
J1 WEd# I Write Enable
A8, C1, G1, G10, L1, N8, VCCd Power Supply
B9, C10, D9, E10, F9, H10, J9, K9, L10, M9, | VCCQd I/O Power Supply
A9, B1, B5, B10, C9, D10, E9, F10
GO, H1, H9, J10, K10, L2, L9, M10, N6, N9 | VS5 Ground
Table 3-2 W949D6KK VFBGA-130 Ball Description
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4 Block Diagram
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Figure 4-1 W71INW11GC1DW MCP Flash & LPDDR SDRAM Block Diagram
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5 Package Specification
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5.1 VFBGA130 Ball (8X9mm*2, Ball pitch:0.65mm, @=0.3mm)
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Figure 5-1 130 Ball VFBGA 8x9mm Package
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6 MCP ORDERING INFORMATION
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Winbond Standard Product
W: Winbond

Product Family
71: MCP Product

Voltage
NW: 1.8V ONFI NAND Flash

Product Density
1: 1Gb

NAND 1/O bits
1: 16 bit

Flash Generation
G=WEC 4X Technology Node

RAM Density
C=512Mb LPDDR

RAM Option Information
1: 4X Technology *16

Package Type
D: 130 Balls FBGA

Grade & Temperature
W: Industrial: -40°C to 85°C

Figure 6-1 MCP Ordering Information

Publication Release Date: July 28, 2015
-10- Preliminary — Revision E



WT71INW11GC1DW

Y/ / winbond [ / 4

7 Revision History

VERSION DATE PAGE DESCRIPTION
A 11/26/13 New Create Preliminary
B 02/24/14 n/a Change DDR2 text to DDR
C 09/09/14 5 Updated NAND ball description
D 06/08/15 3&10 Temperature Range Correction
E 07/28/2015 9 Update POD

Table 7-1 Revision History

Preliminary Designation

The “Preliminary” designation on a Winbond datasheet indicates that the product is not fully
characterized. The specifications are subject to change and are not guaranteed. Winbond or an
authorized sales representative should be consulted for current information before using this product.

Trademarks

Winbond and SpiFlash are trademarks of Winbond Electronics Corporation.
All other marks are the property of their respective owner.

Important Notice

Winbond products are not designed, intended, authorized or warranted for use as components in
systems or equipment intended for surgical implantation, atomic energy control instruments, airplane or
spaceship instruments, transportation instruments, traffic signal instruments, combustion control
instruments, or for other applications intended to support or sustain life. Furthermore, Winbond products
are not intended for applications wherein failure of Winbond products could result or lead to a situation
wherein personal injury, death or severe property or environmental damage could occur.

Winbond customers using or selling these products for use in such applications do so at their own risk
and agree to fully indemnify Winbond for any damages resulting from such improper use or sales.

Flease note that all data and specifications are subject to change without notice.
All the trademarks of products and companies mentioned in this datasheet belong to their respective owners.
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1. GENERAL DESCRIPTION

The W29N01Gx (1G-bit) NAND Flash memory provides a storage solution for embedded systems with
limited space, pins and power. It is ideal for code shadowing to RAM, solid state applications and storing
media data such as, voice, video, text and photos. The device operates on a single 1.7V to 1.95V power
supply with active current consumption as low as 25mA and 10uA for CMOS standby current.

The memory array totals 138,412,032 bytes, and organized into 1,024 erasable blocks of 135,168 bytes.
Each block consists of 64 programmable pages of 2,112-bytes each. Each page consists of 2,048-bytes
for the main data storage area and 64-bytes for the spare data area (The spare area is typically used for
error management functions).

The W29N01GX supports the standard NAND flash memory interface using the multiplexed 8-bit bus to
transfer data, addresses, and command instructions. The five control signals, CLE, ALE, #CE, #RE and
#WE handle the bus interface protocol. Also, the device has two other signal pins, the #WP (Write
Protect) and the RY/#BY (Ready/Busy) for monitoring the device status.

2. FEATURES
¢ Basic Features e Command set
— Density : 1Gbit (Single chip solution) — Standard NAND command set
—Vcce: 1_.7V to 1.95V — Additional command support
—Bus w@th :x8 x16 = Sequential Cache Read
— Operating temperature = Random Cache Read
= Commercial: 0°C to 70°C = Cache Program
= Industrial: - 40°C to 85°C = Copy Back
¢ Single-Level Cell (SLC) technology. = OTP Data Program
¢ Organization » OTP Data Lock by Page
— Density: 1G-bit/128M-byte » OTP Data Read
— Page size — Contact Winbond for block Lock feature
* 2,112 bytes (2048 + 64 bytes) e Lowest power consumption
= 1,056 words(1024 +32 words) — Read: 10mA(typ.)
— Block size — Program/Erase: 10mA(typ.)
= 64 pages (128K + 4K bytes) — CMOS standby: 10uA(typ.)

" 64 pages(64K +2K words) e Space Efficient Packaging

e Highest Performance _ 48-ball VFBGA
— Read performance (Max.) — Contact Winbond for stacked
* Random read: 25us packages/KGD

= Sequential read cycle: 35ns

— Write Erase performance
= Page program time: 300us(typ.)
= Block erase time: 2ms(typ.)

— Endurance 100,000 Erase/Program
Cycles(1)

— 10-years data retention

Note:

1. Endurance specification is based on 1bit/528 byte ECC (Error Correcting Code).

Release Date: October 22, 2013
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3. PIN CONFIGURATIONS

3.1 Pin Descriptions

PIN NAME 1/0 FUNCTION

#WP | Write Protect
ALE | Address Latch Enable
#CE | Chip Enable
#WE | Write Enable

RY/#BY (0] Ready/Busy
#RE I Read Enable
CLE | Command Latch Enable

1/0[0-7]

/O[0-15] 110 Data Input/Output (x8 x16)
Vce Supply Power supply
Vss Supply Ground
DNU - Do Not Use: This pins are unconnected pins.
N.C - No Connect

Table 3.1 Pin Descriptions
Note:

1. Connect all Vcc and Vss pins to power supply or ground. Do not leave Vcc or Vss disconnected.

Release Date: October 22, 2013
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4. PIN DESCRIPTIONS

4.1 Chip Enable (#CE)

#CE pin enables and disables device operation. When #CE is high the device is disabled and the 1/O pins
are set to high impedance and enters into standby mode if not busy. When #CE is set low the device will
be enabled, power consumption will increase to active levels and the device is ready for Read and Write
operations.

4.2 Write Enable (#WE)

#WE pin enables the device to control write operations to input pins of the device. Such as, command
instructions, addresses and data that are latched on the rising edge of #WE.

4.3 Read Enable (#RE)

#RE pin controls serial data output from the pre-loaded Data Register. Valid data is present on the I/O
bus after the tREA period from the falling edge of #RE. Column addresses are incremented for each #RE
pulse.

4.4 Address Latch Enable (ALE)

ALE pin controls address input to the address register of the device. When ALE is active high, addresses
are latched via the 1/O pins on the rising edge of #WE.

4.5 Command Latch Enable (CLE)

CLE pin controls command input to the command register of the device. When CLE is active high,
commands are latched into the command register via 1/O pins on the rising edge of #WE.

4.6 Write Protect (#WP)

#WP pin can be used to prevent the inadvertent program/erase to the device. When #WP pin is active
low, all program/erase operations are disabled.

4.7 Ready/Busy (RY/#BY)

RY/#BY pin indicates the device status. When RY/#BY output is low, it indicates that the device is
processing either a program, erase or read operations. When it returns to high, those operations have
completed. RY/#BY pin is an open drain.

4.8 Input and Output (I/0Ox)

I/Ox bi-directional pins are used for the following; command, address and data operations.

Release Date: October 22, 2013
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5. BLOCK DIAGRAM

I/0 A N
1/0x¢
Control \ Y
||
JL JL Sl
Status | Command | Address > 2 2 2 NAND Flash
Register Resister Register £ _C'C-’ S Array
3|8 8
#CE —» S|©
ALE —» >
CLE —» Logic
HRE —» Control - >
HWE—> High Voltage Row Decoder
#WP—> — Generator ——»
RY/#B

}7

Figure 5-1 NAND Flash Memory Block Diagram
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6. MEMORY ARRAY ORGANIZATION

6.1 X8 Array Organization

1 page = 2048+64 bytes
Total
1024 blocks 1 block = 64 pages
= (128K+4K) bytes
l 1 device =1024 blocks
= (128M + 4M) bytes
2048 Data register 64
100 ~ 107 2048 Cache register 64
N
2112 bytes

Figure 6-1 Array Organization(X8)

/07 1/06 I/05 /04 I/03 /102 /01 1/00
1% cycle A7 A6 A5 A4 A3 A2 Al A0
2" cycle L L L L All Al0 A9 A8
3" cycle Al19 A18 Al7 Al16 A15 Al4 Al3 Al12
4" cycle A27 A26 A25 A24 A23 A22 A21 A20

Table 6.1 Addressing(X8)
Notes:
1. “L” indicates alow condition, which must be held during the address cycle to insure correct processing.

2. AOto All during the 1st and 2nd cycles are column addresses. A12 to A27 during the 3rd and 4th cycles are row
addresses.

3. The device ignores any additional address inputs that exceed the device’s requirement.

Release Date: October 22, 2013
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6.2 X16 Array Organization

W29N01GX

1 page = 1024+32 words
Total
= (64K+2K) words
1 device =1024 blocks
= (64M + 2M) words
1024 Data register 32
100 ~ 1015 1024 Cache register 32
1056 words
Figure 6-2 Array Organization(X16)
1/08~15 1107 1/06 I/05 /04 I/03 1/02 /01 1/00
1% cycle L A7 A6 A5 A4 A3 A2 Al A0
2 cycle L L L L L L Al0 A9 A8
3 cycle L Al8 Al7 Al6 Al5 Al4d Al3 Al2 All
4" cycle L A26 A25 A24 A23 A22 A21 A20 Al9
Table 6.2 Addressing(X16)
NOTE

*“L” must to be held Low during the address cycle is inputted

* A0 to A10 of 1% and 2" cycle are column address, A1l to A26 of 3 and 4" cycle are row address

* The device ignores any additional address input than the device is required

12
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7. MODE SELECTION TABLE

3
2
=

MODE

0
—
m
>
—
m
H*
@)}
m

#WE #RE

Read Command input
mode

Address input

Write Command input
mode

Address input

I T T xT|xT

Data input

Sequential Read and Data output

During read (busy)

During program (busy)

I | T | X |X|T|T|T|X|X

During erase (busy)

X[ X|X|X|rr|rr|lr|IT|—|XI
X[ X|X|X|rr|r|lZT|rr|XIT|rr

Write protect
Standby

SRR o

T|IX|X|X|X|rr|rr|r|jr|jr|r
X|X|X|X|I

0V/Vcc

X
X

Table 7.1 Mode Selection
Notes:
1. “H” indicates a HIGH input level, “L” indicates a LOW input level, and “X" indicates a Don’t Care Level.
2.  #WP should be biased to CMOS HIGH or LOW for standby.

Release Date: October 22, 2013
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8. COMMAND TABLE

COMMAND 1 CYCLE 2" CYCLE Acceptable during

busy

PAGE READ 00h 30h

READ for COPY BACK 00h 35h

SEQUENTIAL CACHE READ 31h

RANDOM CACHE READ 00h 31h

LAST ADDRESS CACHE READ 3Fh

READ ID 90h

READ STATUS 70h Yes

RESET FFh Yes

PAGE PROGRAM 80h 10h

PROGRAM for COPY BACK 85h 10h

CACHE PROGRAM 80h 15h

BLOCK ERASE 60h DOh

RANDOM DATA INPUT® 85h

RANDOM DATA OUTPUT® 05h EOh

READ PARAMETER PAGE ECh

READ UNIQUE ID EDh

GET FEATURES EEh

SET FEATURES EFh

OTP DATA PROTECT A5h 10h

OTP DATA PROGRAM AOh 10h

OTP DATA READ AFh 30h

Table 8.1 Command Table
Notes:
1. RANDOM DATA INPUT and RANDOM DATA OUTPUT command is only to be used within a page.

2. Any commands that are not in the above table are considered as undefined and are prohibited as inputs.

Release Date: October 22, 2013
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9. DEVICE OPERATIONS

9.1 READ operation

9.1.1 PAGE READ (00h-30h)

When the device powers on, the default is READ mode. This operation can also be entered by writing 00h
command to the command register, and then write four address cycles, followed by writing 30h command.
After writing 30h command, the data is transferred from NAND array to Data Register during tR. Data
transfer progress can be done by monitoring the status of the RY/#BY signal output. RY/#BY signal will
be LOW during data transfer. Also, there is an alternate method by using the READ STATUS (70h)
command. If the READ STATUS command is issued during read operation, the Read (00h) command
must be re-issued to read out the data from Data Register. When the data transfer is complete, RY/#BY
signal goes HIGH, and the data can be read from Data Register by toggling #RE. Read is sequential from
initial column address to the end of the page. (See Figure 9-1)

CLE _ /" \ /N
HCE N\ LN LN LN PN PN L

awe U U/ W/ \/ \/ \/

AE_ [ \
tR

-~ )
HRE \_fLﬂ w

|/OX —< 00h >—< Address >—< 30h > 4 Data output >

(4 cycles) (Serial access)

%,

Don’ t care

Figure 9-1 Page Read Operations
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9.1.2 CACHE READ OPERATIONS

To obtain a higher degree of performance read operations, the device’s Cache and Data Register can be
used independent of each other. Data can be read out from the Cache Register, while array data is
transferred from the NAND Array to the Data Register.

The CACHE READ mode starts with issuing a PAGE READ command (00h-30h) to transfer a page of
data from NAND array to the Cache Register. RY/#BY signal will go LOW during data transfer indicating a
busy status. Copying the next page of data from the NAND array to the Data Register while making the
Cache Register page data available is done by issuing either a SEQUENTIAL CACHE READ (31h) or
RANDOM CACHE READ (00h-31h) command. The SEQUENTIAL CACHE READ mode will copy the
next page of data in sequence from the NAND array to the Data Register or use the RANDOM CACHE
READ mode (00h-31h) to copy a random page of data from NAND array to the Data Register. The
RY/#BY signal goes LOW for a period of tRCBSY during the page data transfer from NAND array to the
Data Register. When RY/#BY goes HIGH, this means that the Cache Register data is available and can
be read out of the Cache Register by toggling #RE, which starts at address column 0. If it is desired to
start at a different column address, a RANDOM DATA OUTPUT (05h-EOh) command can be used to
change the column address to read out the data.

At this point in the procedure when completing the read of the desired number of bytes, one of two things
can be chosen. Continue CACHE READ (31h or 00h-31h) operations or end the CACHE READ mode
with a LAST ADDRESS CACHE READ (3Fh) command.

To continue with the read operations, execute the CACHE READ (31h or 00h-31h) command. The
RY/#BY signal goes LOW for the period of tRCBSY while data is copied from Data Register to the Cache
Register and the next page of data starts being copied from the NAND array to the Data Register. When
RY/#BY signal goes HIGH signifying that the Cache Register data is available, at this time #RE can start
toggling to output the desired data starting at column O address or using the RANDOM DATA OUPUT
command for random column address access.

To terminate the CACHE READ operations a LAST ADDRESS CACHE READ (3Fh) command is issued,
RY#BY signal goes LOW and the Data Register contents is copied to the Cache Register. At the
completion of the Data Register to Cache Register transfer, RY/#BY goes HIGH indicating data is
available at the output of the Cache Register. At this point Data can be read by toggling #RE starting at
column address 0 or using the RANDOM DATA OUPUT command for random column address access.
The device NAND array is ready for next command set.

Release Date: October 22, 2013
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9.1.2.1. SEQUENTIAL CACHE READ (31h)

The SEQUENTIAL CACHE READ (31h) copies the next page of data in sequence within block to the
Data Register while the previous page of data in the Cache Register is available for output. This is done
by issuing the command (31h), RY/#BY signal goes LOW and the STATUS REGISTER bits 6 and 5 =
“00” for the period of tRCBSY. When RY/#BY signal goes HIGH and STATUS REGISTER bits 6 and 5 =
“10", data at the Cache Register is available. The data can be read out from the Cache Register by
toggling #RE, starting address is column O or by using the RANDOM DATA OUPUT command for random
column address access.

CLE /\ /\ /N /\
#CE . N A N
L AV AV AV AVAVAVS \/ \/
ALE /7 \
tR CBIEY_ _lﬁCB%
RY/HBY M Yo
#RE NV aVaVavil e VeV a VAV AV
I/Ox < 00h > <30h > <31h > D—@ Data output

(4 cycles) {Serial access) (Serial access)

Don tcare

Figure 9-2 Sequential Cache Read Operations
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9.1.2.2. RANDOM CACHE READ (00h-31h)

The RANDOM CACHE READ (00h-31h) will copy a particular page from NAND array to the Data Register
while the previous page of data is available at the Cache Register output. Perform this function by first
issuing the 00h command to the Command Register, then writing the four address cycles for the desired
page of data to the Address Register. Then write the 31h command to the Command Register. Note; the
column address bits are ignored.

After the RANDOM CACHE READ command is issued, RY/#BY signal goes LOW and STATUS
REGISTER bits 6 and 5 equal “00” for the period of tRCBSY. When RY/#BY signal goes HIGH and
STATUS REGISTER bits 6 and 5 equal “10", the page data in the Cache Register is available. The data
can read out from the Cache Register by toggling #RE, the starting column address will be 0 or use the
RANDOM DATA OUTPUT (05h-EOh) command change the column address to start reading out the data.

CLE N\ N\ /\ N\ N\ /\

HCE N\ I\ V70 V2N

C A VAVAVAVAVAV AR VAVAVAVAVAV/ \VAVAVAVAVAV

ALE / \ / \ /N

tR tRCBSY tRCBSY

[} y! g/

H#RE \/\ |/_\_/ \WAN
/0x - T et ST T >G> [T i <G>

Page L Page M
Data Qut (4 cycles) Data Out

%

Don’ t care

(4 cycles) (4 cycles)

Figure 9-3 Random Cache Read Operation
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9.1.2.3. LAST ADDRESS CACHE READ (3Fh)

The LAST ADDRESS CACHE READ (3Fh) copies a page of data from the Data Register to the Cache
Register without starting the another cache read. After writing the 3Fh command, RY/#BY signal goes
LOW and STATUS REGISTER bits 6 and 5 equals “00” for the period of tRCBSY. When RY/#BY signal
goes HIGH and STATUS REGISTER bits 6 and 5 equals “11", the Cache Register data is available, and
the device NAND array is in ready state. The data can read out from the Cache Register by toggling #RE,
starting at address column 0 or RANDOM DATA OUTPUT (05h-EOh) command to change the column
address to read out the data.

CLE AN Ial
HCE s X
LAVAVAVAY, v,
ALE Y
tRCBSY tRCBSY

RY/#BY -
HRE VaVaVaViVanV, VaVAVAYL Y ammm——
I/ox T | S S

Address {5enal acoess) I Data Oul

14 cycdes)

7/

Jon' t care

Figure 9-4 Last Address Cache Read Operation
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9.1.3RANDOM DATA OUTPUT (05h-EOh)

The RANDOM DATA OUTPUT allows the selection of random column addresses to read out data from a
single or multiple of addresses. The use of the RANDOM DATA OUTPUT command is available after the
PAGE READ (00h-30h) sequence by writing the 05h command following by the 2 cycle column address
and then the EOh command. Toggling #RE will output data sequentially. The RANDOM DATA OUTPUT
command can be issued multiple times, but limited to the current loaded page.

CLE  _/ '\ / LN H /\ /N

#CE \ LN H

we T\ NN\ A e Ve Van

ALE [\ Y AIDN | / \
RY/#BY 1T H H

HRE \ W \WAVAY/,

Address ata out Address EO ata out
ox ~I >G> s | & DG | p——
)

Figure 9-5 Random Data Output
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9.1.4 READ ID (90h)

READ ID command is comprised of two modes determined by the input address, device (00h) or ONFI
(20h) identification information. To enter the READ ID mode, write 90h to the Command Register followed
by a 00h address cycle, then toggle #RE for 5 single byte cycles, the W29N01Gx pre-programmed code
includes the Manufacturer ID, Device ID, and Product-Specific Information (see Table 9.1). If the READ
ID command is followed by 20h address, the output code includes 4 single byte cycles of ONFI identifying
information (see Table 9.2). The device remains in the READ ID mode until the next valid command is
issued.

ae—" "\

#CE
#WEﬁL

tAR
ALE ’:
#RE
tWHR 3L/_¥/_\_/_¥/_¥/—
.TREA
1/0x < 50h > 00h Bite 0 >—<Brie 1 >—orte 2 >—<Brie3 >
(or 20h)
Address, 1 cycle
Figure 9-6 Read ID
# of 1st 2nd 3rd 4th 5th
Byte/Cycles | Byte/Cycle | Byte/Cycle | Byte/Cycle Byte/Cycle Byte/Cycle
X8 EFh Alh 80h 15h. 00h.
X16 EFh Blh 80h 55h 00h
Page Size:2KB
Cache Spare Area Size:64b
Description MFR ID Device ID | Programming | BLK Size w/o Spare:128KB
Supported Organized:X8 X16
Serial Access:35ns

Table 9.1 Device ID and configuration codes for Address 00h

15t ond 3rd 4t
# of Byte/Cycl
ot byte/L.ycles Byte/Cycle | Byte/Cycle | Byte/Cycle Byte/Cycle
Code 4Fh 4Eh 46h 49h

Table 9.2 ONFI identifying codes for Address 20h
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9.1.5READ PARAMETER PAGE (ECh)

READ PARAMETER PAGE can read out the device’s parameter data structure, such as, manufacturer
information, device organization, timing parameters, key features, and other pertinent device parameters.
The data structure is stored with at least three copies in the device's parameter page. Figure 9-7 shows
the READ PARAMETER PAGE timing. The RANDOM DATA OUTPUT (05h-EOh) command is supported
during data output.

W29N01GX

CLE _ /" \L
HWE ./
ALE /7 N\
#RE ANV ANV ANV A N2
1/0[7:0 < e >—< o> P > < o< <G>
I R |
RY/#BY "R—}<
Figure 9-7 Read Parameter Page
Byte Description Value
0-3 Parameter page signature 4Fh, 4Eh, 46h, 49h
4-5 Revision number 02h, 00h
67 Features W29N01GZ (x8) 10h, 00h
supported W29NO1GW (x16) 11h, 00h
8-9 Optional commands supported 37h, 00h
10-31 Reserved 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, O0h,
00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h
32-43 Device manufacturer 57h, 49h, 4Eh, 42h, 4Fh, 4Eh, 44h, 20h, 20h, 20h, 20h,
20h
57h, 32h, 39h, 4Eh, 30h, 31h, 47h, 5Ah, 20h, 20h, 20h,
W29NO1GZ (8) 20h, 20h, 20h, 20h, 20h, 20h, 20h, 20h, 20h
44-63 Device model
57h, 32h, 39h, 4Eh, 30h, 31h, 47h, 57h, 20h, 20h, 20h,
W29NO1GW( X16) 20h, 20h, 20h, 20h, 20h, 20h, 20h, 20h, 20h
64 Manufacturer ID EFh
65-66 Date code 00h, 00h
67-79 Reserved 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h,
00h, 00h
80-83 # of data bytes per page 00h, 08h, 00h, 00h
84-85 # of spare bytes per page 40h, 00h
86-89 # of data bytes per partial page 00h, 02h, 00h, 00h
90-91 # of spare bytes per partial page 10h, 00h
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Byte Description Value
92-95 # of pages per block 40h, 00h, 00h, 00h
96-99 # of blocks per unit 00h, 04h, 00h, 00h
100 # of logical units 01lh
101 # of address cycles 22h
102 # of bits per cell 01lh
103-104 Bad blocks maximum per unit 14h, 00h
105-106 | Block endurance 01h, 05h
107 Zl:;\;\nteed valid blocks at beginning of 01h
108-109 lIi)llcc:gllzsendurance for guaranteed valid 00h, 00h
110 # of programs per page 04h
111 Partial programming attributes 00h
112 # of ECC bits 01h
113 # of interleaved address bits 00h
114 Interleaved operation attributes 00h
115-127 | Reserved 882 882 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 0Oh,
128 1/0O pin capacitance 0Ah
129-130 | Timing mode support 07h, 00h
131-132 | Program cache timing 07h, 00h
133-134 | Maximum page program time BCh, 02h
135-136 | Maximum block erase time 10h, 27h
137-138 | Maximum random read time 19h, 00h
139-140 | tCCS minimum 46h, 00h
00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h,
141-163 Reserved 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h,
00h
164-165 | Vendor specific revision # 01h,00h
166-253 | Vendor specific 00h
254-255 | Integrity CRC Set at shipment
256-511 | Value of bytes 0-255
512-767 | Value of bytes 0-255
>767 Additional redundant parameter pages

Table 9.3 Parameter Page Output Value
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9.1.6 READ STATUS (70h)

The W29N01GX has an 8-hit Status Register which can be read during device operation. Refer to Table
9.3 for specific Status Register definitions. After writing 70h command to the Command Register, read
cycles will only read from the Status Register. The status can be read from I/O[7:0] outputs, as long as
#CE and #RE are LOW. Note; #RE does not need to be toggled for Status Register read. The Command
Register remains in status read mode until another command is issued. To change to normal read mode,
issue the PAGE READ (00h) command. After the PAGE READ command is issued, data output starts
from the initial column address.

#CE \
. tCLR
CLE / *
HWE A4 tReA
>
#RE N /
|/OX { 70h > Status output

Figure 9-8 Read Status Operation
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SR bit Page Read Cache Read |Page Program Cache Block Erase Definition
Program
0=Successful
Program/Erase
/00 Not Use Not Use Pass/Fail Pass/Fail(N) Pass/Fail 1=Error

in Program/Erase

0=Successful
/01 Not Use Not Use Not Use Pass/Fail(N-1) Not Use Program
1=Error in Program

/O 2 Not Use Not Use Not Use Not Use Not Use 0
/O3 Not Use Not Use Not Use Not Use Not Use 0
/O 4 Not Use Not Use Not Use Not Use Not Use 0
/105 Ready/Busy | Ready/Busy: | Ready/Busy Ready/Busy Ready/Busy :j:;)i:ol
/0 6 Ready/Busy Re;a;(/:gisyz Ready/Busy Re:\:c?;/gisy Ready/Busy :j::i:ol

Unprotected = 1
Protected = 0

I/O 7 | Write Protect | Write Protect | Write Protect | Write Protect | Write Protect

Table 9.4 Status Register Bit Definition
Notes:

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

2. SRbit6is 1 when the Cache Register is ready to accept new data. RY/#BY follows bit 6.
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9.1.7 READ UNIQUE ID (EDh)

The W29N01GX NAND Flash device has a method to uniquely identify each NAND Flash device by using
the READ UNIQUE ID command. The format of the ID is limitless, but the ID for every NAND Flash
device manufactured, will be guaranteed to be unique.

Numerous NAND controllers typically use proprietary error correction code (ECC) schemes. In these
cases Winbond cannot protect unique ID data with factory programmed ECC. However, to ensure data
reliability, Winbond will program the NAND Flash devices with 16 bytes of unique ID code, starting at byte
0 on the page, immediately followed by 16 bytes of the complement of that unique ID. The combination of
these two actions is then repeated 16 times. This means the final copy of the unique ID will resides at
location byte 511. At this point an XOR or exclusive operation can be performed on the first copy of the
unique ID and its complement. If the unique ID is good, the results should yield all the bits as 1s. In the
event that any of the bits are 0 after the XOR operation, the procedure can be repeated on a subsequent
copy of the unique ID data.

CLE /" \ I

#wWe — \/ ./ H

ALE VRN ||

#RE N AR
/017:0] —<EF>—<T> e D> | PG>

| tR | Unique ID data

RY/#BY 5'( 7‘(

Figure 9-9 Read Unique ID
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9.2 PROGRAM operation
9.2.1 PAGE PROGRAM (80h-10h)

The W29N01Gx Page Program command will program pages sequentially within a block, from the lower
order page address to higher order page address. Programming pages out of sequence is prohibited. The
W29N01GX supports partial-page programming operations up to 4 times before an erase is required if
partitioning a page. Note; programming a single bit more than once without first erasing it is not
supported.

9.2.2 SERIAL DATA INPUT (80h)

Page Program operation starts with the execution of the Serial Data Input command (80h) to the
Command Register, following next by inputting four address cycles and then the data is loaded. Serial
data is loaded to Cache Register with each #WE cycle. The Program command (10h) is written to the
Command Register after the serial data input is finished. At this time the internal write state controller
automatically executes the algorithms for program and verifies operations. Once the programming starts,
determining the completion of the program process can be done by monitoring the RY/#BY output or the
Status Register Bit 6, which will follow the RY/#BY signal. RY/#BY will stay LOW during the internal array
programming operation during the period of (tPROG). During page program operation, only two
commands are available, READ STATUS (70h) and RESET (FFh). When the device status goes to the
ready state, Status Register Bit O (1/00) indicates whether the program operation passed (Bit0=0) or failed
(Bit0=1), (see Figure 9-10). The Command Register remains in read status mode until the next command
is issued.

| tPROG |

RY/#BY M

1/Ox Ao > o i 7o

{4 cycles) 1/00 =0 pass
1/00 =1 fail

Figure 9-10 Page Program
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9.2.3RANDOM DATA INPUT (85h)

After the Page Program (80h) execution of the initial data has been loaded into the Cache Register, if the
need for additional writing of data is required, using the RANDOM DATA INPUT (85h) command can
perform this function to a new column address prior to the Program (10h) command. The RANDOM Data
INPUT command can be issued multiple times in the same page (See Figure 9-11).

CLE /"\ "\ S LN SN\

#CE \ " WL ON

AV ARVAVAVAVAVAV RV ARRVAV ARV AV AR AN /77 Y
ALEm

4RE " NIZZ77777 /T

tPROG

1/0x <Cson > 8 >~y e X e <o ><Cioh 70h
%
//

Don’ t care

WL LN

Figure 9-11 Random Data Input

9.2.4 CACHE PROGRAM (80h-15h)

CACHE PROGEAM (80h) command is started by writing the command to the Command Register. The
next writes should be four cycles of address, and then either writing a full or partial page of input data into
the Cache Register. Issuing the CACHE PROGRAM (15h) command to the Command Register, starting
transferring data from the Cache Register to the Data Register on the rising edge of #WE and RY/#BY will
go LOW. Programming to the array starts after the data has been copied into the Data Register and
RY/#BY returns to HIGH.

When RY/#BY returns to HIGH, the next input data can be written to the Cache Register by issuing
another CACHE PROGRAM command series. The time RY/#BY goes LOW, is typical controlled by the
actual programming time. The time for the first programming pass equals the time it takes to transfer the
data from the Cache Register to the Data Register. On the second and subsequent programming passes,
data transfer from the Cache Register to the Data Register is held until Data Register content is
programming into the NAND array.

The CACHE PROGRAM command can cross block address boundaries. RANDOM DATA INPUT (85h)
commands are permitted with CACHE PROGRAM operations. Status Register's Cache RY/#BY Bit 6
(I/0B6) can be read after issuing the READ STATUS (70h) command for confirming when the Cache
Register is ready or busy. RY/#BY, always follows Status Register Bit 6 (1/06). Status Register's RY/#BY
Bit 5 (1/05) can be polled to determine whether the array programming is in progress or completed for the
current programming cycle.

If only RY/#BY is used for detecting programming status, the last page of the program sequence must
use the PAGE PROGRAM (10h) command instead of the CACHE PROGRAM (15h) command. If the
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CACHE PROGRAM (15h) command is used every time, including the last page programming, Status
Register’s Bit 5 (1/05) must be used to determine when programming is complete.

Status Register’'s Pass/Fail, Bit 0 (1/00) returns the pass/fail status for the previous page when Status
Register’s Bit 6 (I/06) equals a “1” (ready state). The pass/fail status of the current PROGRAM operation
is returned with Status Register’s Bit 0 (1/00) when Bit 5 (I/O5) of the Status Register equals a “1” (ready
state) as shown in Figure 9-12 and 9-13.

Note: The CACHE PROGRAM command cannot be used on blocks 0-3 if used as boot blocks.

CLE _/\ . /N N\ " /NN " /\

#CE '\ " LN " LLZN T VAN
RV ARVAVAVAVARWY, \VARVAVAVAVARY. VARVAVAVAVARWY

ALE /X /N /N

HRE i

. tCBSY . CBSY ) 1CBSY

RY/HBY i Vel I s I s
ox —Ca o) G——

%,

Don' t care

Figure 9-12 Cache Program Start

ce /\ " /SN \ " SN\ " /\
HCE \ i LN I VAN i LN
AV ARVAVAVAVARV, \VARVAVAVAVARVY, VARVAVAVAVARV,
ALE /N /X /N
#RE " " !
. tCBSY ) tcasY ) tLPROG
RY/#BY " N4 " N4 ! 7

Don’ t care

Figure 9-13 Cache Program End
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9.3 COPY BACK operation

Copy Back operations require two command sets. Issue a READ for COPY BACK (00h-35h) command
first, then the PROGRAM for COPY BACK (85h-10h) command.

9.3.1 READ for COPY BACK (00h-35h)

The READ for COPY BACK command is used together with the PROGRAM for COPY BACK (85h-10h)
command. To start execution, READ for COPY BACK (00h) command is written to the Command
Register, followed by the four cycles of the source page address. To start the transfer of the selected
page data from the memory array to the Cache Register, write the 35h command to the Command
Register.

After execution of the READ for COPY BACK command sequence and RY/#BY returns to HIGH marking
the completion of the operation, the transferred data from the source page into the Cache Register may
be read out by toggling #RE. Data is output sequentially from the column address that was originally
specified with the READ for COPY BACK command. RANDOM DATA OUTPUT (05h-EOh) commands
can be issued multiple times without any limitation after READ for COPY BACK command has been
executed (see Figures 9-14 and 9-15).

At this point the device is in ready state to accept the PROGRAM for COPY BACK command.

9.3.2 PROGRAM for COPY BACK (85h-10h)

After the READ for COPY BACK command operation has been completed and RY/#BY goes HIGH, the
PROGRAM for COPY BACK command can be written to the Command Register. The command results in
the transfer of data from the Cache Register to the Data Register, then internal operations start
programming of the new destination page. The sequence would be, write 85h to the Command Register,
followed by the four cycle destination page address to the NAND array. Next write the 10h command to
the Command Register; this will signal the internal controller to automatically start to program the data to
new destination page. During this programming time, RY/#BY will go LOW. The READ STATUS
command can be used instead of the RY/#BY signal to determine when the program is complete. When
Status Register Bit 6 (I/O6) equals to “1", Status Register Bit 0 (1/00) will indicate if the operation was
successful or not.

The RANDOM DATA INPUT (85h) command can be used during the PROGRAM for COPY BACK
command for modifying the original data. Once the data is copied into the Cache Register using the
READ for COPY BACK (00h-35h) command, follow by writing the RANDOM DATA INPUT (85h)
command, along with the address of the data to be changed. The data to be changed is placed on the
external data pins. This operation copies the data into the Cache Register. Once the 10h command is
written to the Command Register, the original data and the modified data are transferred to the Data
Register, and programming of the new page commences. The RANDOM DATA INPUT command can be
issued numerous times without limitation, as necessary before starting the programming sequence with
10h command.

Since COPY BACK operations do not use external memory and the data of source page might include a
bit errors, a competent ECC scheme should be developed to check the data before programming data to
a new destination page.
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Figure 9-14 Copy Back Program Operation
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Figure 9-15 Copy Back Operation with Random Data Input
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9.4 BLOCK ERASE operation

9.4.1 BLOCK ERASE (60h-DOh)

Erase operations happen at the architectural block unit. This W29N0O1GX has 1024 erase blocks. Each
block is organized into 64 pages (2112 bytes/page,1056words/page), 132K bytes (128K + 4K
bytes)/block,66Kwords(64K+2K words)/block The BLOCK ERASE command operates on a block by
block basis.

Erase Setup command (60h) is written to the Command Register. Next, the two cycle block address is
written to the device. The page address bits are loaded during address block address cycle, but are
ignored. The Erase Confirm command (DOh) is written to the Command Register at the rising edge of
#WE, RY/#BY goes LOW and the internal controller automatically handles the block erase sequence of
operation. RY/#BY goes LOW during Block Erase internal operations for a period of tBERS,

The READ STATUS (70h) command can be used for confirm block erase status. When Status Register
Bit6 (1/06) becomes to “1”, block erase operation is finished. Status Register Bit0 (I/O0) will indicate a
pass/fail condition (see Figure 9-16).

CLE  /\, /T \ /7 N\
HCE N\ A I LSS LSS N
HWE ./ v Y \/ W/

e T
tBERS

e —

HRE /S
yox —Co— G

1/00 =0 pass

-1 fai //
1/00 =1 fail /

Don’t care

Figure 9-16 Block Erase Operation
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9.5 RESET operation

9.5.1 RESET (FFh)

READ, PROGRAM, and ERASE commands can be aborted by the RESET (FFh) command during the
time the W29NO01GX is in the busy state. The Reset operation puts the device into a known status. The
data that is processed in either the programming or erasing operations are no longer valid. This means
the data can be partially programmed or erased and therefore data is invalid. The Command Register is
cleared and is ready to accept next command. The Data Register and Cache Register contents are
marked invalid.

The Status Register indicates a value of EOh when #WP is HIGH; otherwise a value of 60h when #WP is

LOW. After RESET command is written to the command register, RY/#BY goes LOW for a period of tRST
(see Figure 9-17).

e /N

#CE —\—/

tWB

HWE \ ][
tRST
RY/#BY \ |z

1/0x FFh

RESET
command

Figure 9-17 Reset Operation

Release Date: October 22, 2013
33 Advance Information — Revision A



W29N01GX

V / / winbond [/ 4

9.6 FEATURE OPERATION

The GET FEATURES (EEh) and SET FEATURES (EFh) commands are used to change the NAND Flash
device behavior from the default power on settings. These commands use a one-byte feature address to
determine which feature is to be read or modified. A range of 0 to 255 defines all features; each is
described in the features table (see Table 9.4 thru 9.7). The GET FEATURES (EEh) command reads 4-
Byte parameter in the features table (See GET FEATURES function). The SET FEATURES (EFh)
command places the 4-Byte parameter in the features table (See SET FEATURES function).

When a feature set is volatile, meaning it remains active by default until the device is powered off. The set
feature remains the set even if a RESET (FFh) command is issued.

Feature address Description
00h N.A
01h Timing mode
02h-7Fh Reserved
80h Vendor specific parameter : Programmable 1/O drive strength
81h Vendor specific parameter : Programmable RY/#BY pull-down strength
82h-FFh Reserved

Table 9.5 Features
Feature Address 01h: Timing Mode

Sub feature Options /07 | /06 | 1/O5 | /04 | /O3 | 1/02 | 1/O1 | /OO0 Value Notes
parameter
P1
Timing mode | Mode O (default) Reserved (0) 0 0 0 00h 1
Mode 1 Reserved (0) 0 0 1 01lh 1
Mode 2 Reserved (0) 0 1 0 02h 1
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 2
P2
‘ ‘ Reserved (0) ‘ ‘ ‘ | 00h ‘
P3
‘ ‘ Reserved (0) ‘ ‘ ‘ | 00h ‘
P4
‘ ‘ Reserved (0) ‘ ‘ ‘ | 00h ‘

Table 9.6 Feature Address 01h

Notes:

1. Timing mode is set to mode 0 by default. The timing mode should be selected to indicate the maximum speed at
which the device will receive addresses, commands, and data cycles. The five supported settings for the timing
mode are shown. The device returns to mode 0 when a power cycle has occurred. Supported timing modes are
reported in the parameter page.

2. Not supported.
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Feature Address 80h: Programmable 1/O Drive Strength

Sub feature Options /07 | /06 | I/O5 | 1/O4 | /O3 | /02 | I/O1 | I/O0 Value Notes
parameter
P1
1/0 Full (default) Reserved (0) 0 0 00h 1
drive strength | 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 ‘
Table 9.7 Feature Address 80h
Note:

1. The default drive strength setting is Full strength. The Programmable I/O Drive Strength mode is used to change
from the default I/O 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 device returns to the default drive
strength mode when a power cycle has occurred. AC timing parameters may need to be relaxed if I/O drive
strength is not set to full.
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Feature Address 81h: Programmable RY/#BY Pull-down Strength

W29N01GX

winbond

Sub feature Options /107 1/06 1/05 1/04 1/03 1102 /01 1/00 Value Notes
parameter
P1
RY/#BY Full (default) Reserved (0) 0 0 00h 1
pull-down Three-quarters Reserved (0) 0 1 01h
strength 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 ‘
Table 9.8 Feature Address 81h
Note:

1. The default programmable RY/#BY pull-down strength is set to Full strength. The pull-down strength is used to
change the RY/#BY pull-down strength. RY/#BY pull-down strength should be selected based on expected
loading of RY/#BY. The four supported pull-down strength settings are shown. The device returns to the default
pull-down strength when a power cycle has occurred.
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9.6.1 GET FEATURES (EEh)

The GET FEATURES command returns the device feature settings including those previously set by the
SET FEATURES command. To use the Get Feature mode write the command (EEh) to the Command
Register followed by the single cycle byte Feature Address. RY/#BY will goes LOW for the period of
tFEAT. If Read Status (70h) command is issued for monitoring the process completion status, Read
Command (00h) has to be executed to re-establish data output mode. Once, RY/#BY goes HIGH, the
device feature settings can be read by toggling #RE. The device remains in Feature Mode until another
valid command is issued to Command Register. See Figure 9-18.

CLE / \

#CE \

HWE —/\ 7/ \ ¥
ALE / I\

#RE \_/_\_/_\_/_\_/
yox —<@ 2

Feature addrks:

1 cycle
{FEAT
RY/#BY ¥

Figure 9-18 Get Feature Operation
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9.6.2 SET FEATURES (EFh)

The SET FEATURES command sets the behavior parameters by selecting a specified feature address.
To change device behavioral parameters, execute Set Feature command by writing EFh to the Command
Register, followed by the single cycle feature address. Each feature parameter (P0-P3) is latched at the
rising edge of each #WE. The RY/#BY signal will go LOW during the period of tFEAT while the four
feature parameters are stored. The Read Status (70h) command can be issued for monitoring the
progress status of this operation. The parameters are stored in device until the device goes through a
power on cycle. The device remains in feature mode until another valid command is issued to Command
Register.

CLE / \

#CE \

HWE \__/ /S S S\ F
ALE SN

#RE
1/Ox EFh FA P1 2 >—< B D P4
Feature address,
1cycle tFEAT
RY/#BY

Figure 9-19 Set Feature Operation
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9.7 ONE TIME PROGRAMMABLE (OTP) area

The device has One-Time Programmable (OTP) memory area comprised of ten pages (2112 bytes/page).
This entire range of pages is functionally guaranteed. Only the OTP commands can access the OTP
area. When the device ships from Winbond, the OTP area is in an erase state (all bits equal “1"). In the
OTP area, programming or partial-page programming is done only by programming “0” bits. The OTP
area cannot be erased, therefore protecting the area only prevent further programming.

OTP area programming and protection have two separate commands. The OTP DATA PROGRAM (AOh-
10h) command is used to program an OTP page. Programming an entire page as one operation or up to
four partial-page programming sequences is available. Programming other OTP pages can be done in the
same way. The OTP DATA PROTECT (A5h-10h) command will permanently protected the OTP area
from further programming operations. The OTP DATA READ command (AFh-30h) can read the OTP area
with or without protection set. Note; there is no erase command for OTP area.

9.7.10TP DATA PROGRAM (AOh-10h)

Programming the OTP area can be done using the OTP DATA PROGRAM (AOh-10h) command. An
entire page can be programmed at once or up to four partial page programming sequences per page.

This command enables programming into the offset of an OTP page by using the two bytes of Column
Address [11:0]. If OTP area is protected by OTP DATA PROTECT command, the programming the OTP
area will not be executed, and RY/#BY goes LOW for a period of tOBSY.

To use this command sequence, the AOh command is written to Command Register. Then issue the four
address cycles that are column address of first two cycles and range page address[0B:02] of the two
remaining cycles. Then write 1 to 2112 bytes of data, followed by program confirmation command (10h) is
written to Command Register. At this point the internal controller automatically executes the algorithms for
program and verify. The RY/#BY will go LOW during the program execution for the period of (tPROG).
Program verification only detects 1's that are not successfully programmed to 0’s.

If OTP area is not protected, RANDOM DATA INPUT commands can be used during OTP program
operations.

READ STATUS (70h) command is valid during the OTP program operation. For this operation, Status
Register Bit5 and Bit6 (I/0O5 and 1/06, respectively) will follow same state as RY/#BY. If the OTP area is
protected, Status Register Bit7 (1/07) will equal “0”; otherwise it is a “1". After the device is in the ready
state, Status Register BitO (I/00) indicates whether the operation passed or failed.
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Figure 9-20 OTP Data Program
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9.7.20TP DATA PROTECT (A5h-10h)

To protect the data in OTP area used the OTP DATA PROTECT (A5h-10h) command. After the OTP
area is protected, the OTP area cannot be unprotected and no additional data can be programmed to the
OTP area.

To use this command, Abh is written to the Command Register. Then issues the four address cycles with
the following address code: 00h-00h-01h-00h. Finalized by writing the protect confirmation command
(10h) to the Command Register. The RY/#BY signal will go LOW during this protection process, a period
similar with page program time (tPROG).

READ STATUS (70h) command is valid during the OTP protect operation. For this operation, Status
Register Bit5 and Bit6 (I/O5 and I/O6, respectively) will indicate same state as the RY/#BY. After the
device go to the ready state, Status Register BitO (I/O0) indicates whether the operation passed or failed.

CLe  / \ / \e 4 \
#CE \ /A7 A
tWC
e R \_L\’/ 77777\
W
tPROG

ALE 4/ \ /
#RE
I/0x —=<ASh> {66 >< 56 ><01h ><00h I <1oh> Zohy Status

OTP DATA PROGRAM| READ STATUS

PROTECT OTP address command command

command

RY/#BY X - OTP dat
/ —— — protec?e?i //
/]

Don't care

Figure 9-21 OTP Data Protect
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9.7.30TP DATA READ (AFh-30h)

This command can read the data from OTP pages. The read capability from OTP area is available with or
without OTP area protection.

To use this command sequence, AFh command is written to Command Register. Then issue four address
cycles comprised of the column address (first two cycles) and the range page address [0B:02] for the
remaining two cycles. Once the address is written, perform the read confirmation command (30h) to the
Command Register. The RY/#BY signal will go LOW while the OTP data is transferred from OTP area to
Data Register during the period of (tR). The RANDOM DATA OUTPUT command can use during OTP
data read operations. Read timing of OTP data read is the same as the typical PAGE READ timing.

READ STATUS and RESET command are valid during OTP data read operation. For this operation,
Status Register Bit5 and Bit6 (I/O5 and 1/06, respectively) indicate the same as the RY/#BY signal.
Additional OTP pages can be read by repeating OTP DATA READ command.

If OTP DATA READ command is followed by CACHE READ operation, the RESET command has to be
executed prior to issuing the CACHE READ commands. RESET time can be up to 5ps.

#CE T\ LN )
| L
awe ./ S S \WAY4 h
ALE ) / \ Yo\ .
IR
HRE N\ G
1/0x < Afh > al ><abll2 > faffe >< 000 >y 30h >
OTP address
Busy

RY/#BY g -
%

1:0TP page must be within the range 02h — OBh

Don’t care

Figure 9-22 OTP Data Read
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9.8 WRITE PROTECT

#WP pin can enable or disable program and erase commands preventing or allowing program and erase
operations. Figure 9-23 to 9-28 shows the enabling or disabling timing with #WP setup time (tWW) that is
from rising or falling edge of #WP to latch the first commands. After first command is latched, #WP pin
must not toggle until the command operation is complete and the device is in the ready state. (Status
Register Bit5 (1/05) equal 1.

HWE \ 7 = 7
tww

1/ox  ——<s0n >—1 oo

#wp A -

RY/#BY 1 \

HWE \ /]

l/ox —+—<60h >—

#wp T X .
RY/#BY H
Figure 9-24 Erase Disable
HWE \__ 7 =/
" tww
1/0x 80h T <30h >
(or 15h)
#wp
RY/#BY t \

Figure 9-25 Program Enable
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HWE T N\ / 1 \ /
tww
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#HWP T X .
RY/HBY 1

Figure 9-26 Program Disable

HWE N N/

tWw
lfox ——<ssh_>— | 10h
swp S '
RY/#BY 1 \

Figure 9-27 Program for Copy Back Enable

HWE ] I\ /
tww

1/Ox 85h it 10h

HWP T X% .

RY/#BY .

Figure 9-28 Program for Copy Back Disable
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9.9 BLOCK LOCK

The device has block lock feature that can protect the entire device or user can indicate a ranges of
blocks from program and erase operations. Using this feature offers increased functionality and flexibility
data protection to prevent unexpected program and erase operations. Contact to Winbond for using this
feature. To disable block lock feature, the LOCK pin is set to a low level.
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10. ELECTRICAL CHARACTERISTICS

10.1 Absolute Maximum Ratings

PARAMETERS SYMBOL CONDITIONS RANGE UNIT
Supply Voltage VCC -0.6to+2.4 \%
Voltage Applied to Any Pin VIN Relative to Ground -0.6to+2.4 \%
Storage Temperature TSTG —65 to +150 °C
Short circuit output current, I/Os 5 mA

Table 10.1 Absolute Maximum Ratings
Notes:
1. Specification for W29N01GX is preliminary. See preliminary designation at the end of this document.

2. This device has been designed and tested for the specified operation ranges. Proper operation outside of these
levels is not guaranteed. Exposure to absolute maximum ratings may affect device reliability. Exposure beyond
absolute maximum ratings may cause permanent damage.

10.2 Operating Ranges

SPEC
PARAMETER SYMBOL CONDITIONS UNIT
MIN MAX
Supply Voltage VCC 1.7 1.95 \
Ambient Temperature, A Commercial 0 +70 oc
Operating Industrial -40 | +85

Table 10.2 Operating Ranges
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10.3 Device power-up timing

The device is designed to avoid unexpected program/erase operations during power transitions. When
the device is powered on, the system has to wait until the ready state. #WP is recommended to VIL for
preventing unexpected Program and Erase operations during power-transition until Vcc is stable. The
RY/#BY will become valid after 50us from the Vcc ramp start, and at least 10us after Vcc reaches
minimum Vcc level. The first command has to be a RESET command after the device is powered on.
Before issuing RESET command, the system has to wait until the RY/#BY goes HIGH, or wait at least
100us after Vcc reaches minimum Vcc. After issuing the RESET command, the busy time is 1ms
maximum. RY/#BY polling or READ STATUS command can monitor the reset busy period. After
completing this procedure, the device is initialized and ready for the operation (See Figure 10-1).

50 4 s (Min) RESET command
Ved = Vee_min-~t=
Vee 10us
(MAX)

oy (R 1

Vcc ramping start

100 us (Max) 1

K5

Undefined

Figure 10-1 RY/#BY Behavior During Power-On
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SPEC
PARAMETER SYMBOL CONDITIONS UNIT
MIN TYP MAX

tRC=tRC MIN

Sequential Read current lccl #CE=VIL - 10 25 mA
IOUT=0mA
Program current Icc2 - - 10 25 mA
Erase current Icc3 - - 10 25 mA
#CE=VIH

Standby current (TTL) IsB1 - - 1 mA

#WP=0V/Vcc

#CE=Vcc — 0.2V

Standby current (CMOS) I1sB2 - 10 50 HA

#WP=0V/Vcc
Input leakage current ILi VIN=0 V to Vcc - - +10 HA
Output leakage current ILo VouTt=0V to Vcc - - +10 HA

. I/07~0, #CE #WE #RE,
. - + 0.

Input high voltage VIH #WP.CLE ALE.RY/4BY. 0.8 x Vcc Vcc + 0.3 \%
Input low voltage VIL - -0.3 - 0.2 x Vcc
Output high voltage®™ VOH |OH=--100pA Vce-0.1 - -
Output low voltage®™ VoL |OL=100pA - - 0.1
Output low current IOL(RY/#BY) VoL=0.2V 3 4 mA

Note:

Table 10.3 DC Electrical Characteristics

1. VOH and VOL may need to be relaxed if I/O drive strength is not set to full.

2. I0OL (RY/#BY) may need to be relaxed if RY/#BY pull-down strength is not set to full
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10.5 AC Measurement Conditions

SPEC
PARAMETER SYMBOL UNIT
MIN MAX

Input Capacitance™ @ CIN - 10 pF
Input/Output Capacitance®” @ Cio - 10 pF
Input Rise and Fall Times TR/TF - 5 ns

Input Pulse Voltages - 0to VCC \%
Input/Output timing Voltage - Vcel/2 \%
Output load @ CL 1TTL GATE and CL=30pF -

Table 10.4 AC Measurement Conditions
Notes:
1. Verified on device characterization , not 100% tested
2. Test conditions TA=25'C, f=1MHz, VIN=0V
10.6 AC timing characteristics for Command, Address and Data Input
SPEC
PARAMETER SYMBOL UNIT
MIN MAX

ALE to Data Loading Time tADL 100 - ns

ALE Hold Time tALH 10 - ns

ALE setup Time tALS 15 - ns

#CE Hold Time tCH 10 - ns

CLE Hold Time tCLH 5 - ns

CLE setup Time tCLS 15 - ns

#CE setup Time tcs 25 - ns

Data Hold Time tDH 5 - ns

Data setup Time tDS 15 - ns

Write Cycle Time twcC 35 - ns

#WE High Hold Time tWH 15 - ns

#WE Pulse Width tWP 17 - ns

#WP setup Time tww 100 - ns

Table 10.5 AC timing characteristics for Command, Address and Data Input

Note:

1. tADL is thetime from the #WE rising edge of final address cycle to the #WE rising edge of first data cycle.
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SPEC
PARAMETER SYMBOL UNIT
MIN MAX
ALE to #RE Delay tAR 10 - ns
#CE Access Time tCEA - 30 ns
#CE HIGH to Output High-z® tCHZ - 45 ns
CLE to #RE Delay tCLR 10 - ns
#CE HIGH to Output Hold tCOH 15 - ns
Cache Busy in Cache Read mode tRCBSY - 3 us
Output High-Z to #RE LOW tIR 0 - ns
Data Transfer from Cell to Data Register tR - 25 us
READ Cycle Time tRC 35 - ns
#RE Access Time tREA - 25 ns
#RE HIGH Hold Time tREH 15 - 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
#RE LOW to output hold tRLOH 5 - ns
#RE Pulse Width tRP 17 - ns
Ready to #RE LOW tRR 20 - ns
Reset Time (READ/PROGRAM/ERASE)® tRST - 5/10/500 us
#WE HIGH to Busy® twB - 100 ns
#WE HIGH to #RE LOW tWHR 80 - ns

Table 10.6 AC timing characteristics for Operation

Notes:

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

tested

2.  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 5 ¢s.

3. Do notissue new command during tWB, even if RY/#BY is ready.
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10.8 Program and Erase Characteristics

SPEC
PARAMETER SYMBOL UNIT
TYP MAX

Number of partial page programs NoP - 4 cycles
Page Program time tPROG 300 700 us
Busy Time for Cache program @ tCBSY 3 700 us
Busy Time for SET FEATURES /GET FEATURES tFEAT - 1 us
Busy Time for program/erase at locked block tLBSY - 3 us
Busy Time for OTP program when OTP is protected tOBSY - 30 us
Block Erase Time tBERS 2 10 ms
Last Page Program time ® tLPROG - - -

Table 10.7 Program and Erase Characteristics
Note:
1. tCBSY maximum time depends on timing between internal program complete and data-in.

2. tLPROG = Last Page program time (tPROG) + Last -1 Page program time (tPROG) — Last page Address,
Command and Data load time.
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11. TIMING DIAGRAMS

CLE 7‘ *
tCLS [tCLH

we 2N W
HWE X ;'
we 27777708t 0

1/ox G Gy s,
/)

Don’ t care

Figure 11-1 Command Latch Cycle
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tCS

HCE L L i -

tWP tWH

H#WE ’E X

_tALS tALH .

7 )

tDS tDH

R R KR KKK 7
D

v

Don’tcare  Undefined

1/0x XRRRARKKNXKAXIKHXLKAIKK Address

XXX XXX

Figure 11-2 Address Latch Cycle
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Figure 11-3 Data Latch Cycle

7,

Don’ t care

tCEA
e Z222270%
tREA tREA
_IREAL e tREA  tcHz
tRP | tREH | _,|tc0|-|
_'
HRE X F
. A U .
tRHA tRHOH _
1/0x Dout Dout 1 —— Dout

tRR

tRC

RY/H#BY 7|‘

#CE 7/;27/:;/;/:;,2227/:7/:;A\

Figure 11-4 Serial Access Cycle after Read
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Figure 11-5 Serial Access Cycle after Read (EDO)
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Figure 11-6 Read Status Operation
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Figure 11-11 Cache Read Operation (2/2)

See Table 9.1 for actual value.
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Figure 11-15 Page Program with Random Data Input
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Figure 11-18 Block Erase

CLE / \

#CE \ /

#WE \ -

ENE tRST

RY/#BY 3; qﬁ

1/0x < FFh >

RESET
command

Figure 11-19 Reset

60

Release Date: October 22, 2013
Advance Information — Revision A



W29N01GX

V /[ winbond [/ 4

12. INVALID BLOCK MANAGEMENT

12.1 Invalid blocks

The W29N01GX may have initial invalid blocks when it ships from factory. Also, additional invalid blocks
may develop during the use of the device. Nvb represents the minimum number of valid blocks in the total
number of available blocks (See Table 12.1). An invalid block is defined as blocks that contain one or
more bad bits. Block 0, block address 00h is guaranteed to be a valid block at the time of shipment.

Parameter Symbol Min Max Unit

Valid block number Nvb 1004 1024 blocks

Table 12.1 Valid Block Number

12.2 Initial invalid blocks

Initial invalid blocks are defined as blocks that contain one or more invalid bits when shipped from factory.

Although the device contains initial invalid blocks, a valid block of the device is of the same quality and
reliability as all valid blocks in the device with reference to AC and DC specifications. The W29N01GX
has internal circuits to isolate each block from other blocks and therefore, the invalid blocks will not affect
the performance of the entire device.

Before the device is shipped from the factory, it will be erased and invalid blocks are marked. All initial
invalid blocks are marked with non-FFh at the first byte of spare area on the 1% or 2™ page. The initial
invalid block information cannot be recovered if inadvertently erased. Therefore, software should be
created to initially check for invalid blocks by reading the marked locations before performing any program
or erase operation, and create a table of initial invalid blocks as following flow chart

| Start |
Set block
Address=0
- Increment
- Block address
Check “FFh” at 1st byte of spare area ] A

of the 1st and 2nd page in the block Update

Bad block table

Check “FFh”

Last block? No

| End |

Figure 12-1 flow chart of create initial invalid block table
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12.3 Error in operation

Additional invalid blocks may develop in the device during its life cycle. Following the procedures herein is
required to guarantee reliable data in the device.

After each program and erase operation, check the status read to determine if the operation failed. In
case of failure, a block replacement should be done with a bad-block management algorithm. The system
has to use a minimum 1-bit ECC per 528 bytes of data to ensure data recovery.

Operation Detection and recommended procedure
Erase Status read after erase - Block Replacement
Program Status read after program - Block Replacement

Read Verify ECC - ECC correction

Table 12.2 Block failure

Block A Block B
1st page 2)
Data ' Data
{n-1)th page
nth page | An error happens (1) nth page
{3)

Buffer memory of the controller
Figure 12-2 Bad block Replacement

Note:
An error happens in the nth page of block A during program or erase operation.
Copy the data in block A to the same location of block B which is valid block.

Copy the nth page data of block A in the buffer memory to the nth page of block B

> w e

Creating or updating bad block table for preventing further program or erase to block A

12.4 Addressing in program operation

The pages within the block have to be programmed sequentially from the lower order page address to the
higher order page address within the block. The lower order page is defined as the start page to program,
does not need to be page 0 in the block. Random page programming is prohibited.
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13. REVISION HISTORY

VERSION DATE PAGE DESCRIPTION
A 10/22/2013 New Create Preliminary

Table 16.1 History Table

Preliminary Designation

The “Preliminary” designation on a Winbond datasheet indicates that the product is not fully
characterized. The specifications are subject to change and are not guaranteed. Winbond or an
authorized sales representative should be consulted for current information before using this product.

Trademarks

Winbond is trademark of Winbond Electronics Corporation.
All other marks are the property of their respective owner.

Important Notice

Winbond products are not designed, intended, authorized or warranted for use as components in systems
or equipment intended for surgical implantation, atomic energy control instruments, airplane or spaceship
instruments, transportation instruments, traffic signal instruments, combustion control instruments, or for
other applications intended to support or sustain life. Furthermore, Winbond products are not intended for
applications wherein failure of Winbond products could result or lead to a situation where in personal
injury, death or severe property or environmental damage could occur.

Winbond customers using or selling these products for use in such applications do so at their own risk
and agree to fully indemnify Winbond for any damages resulting from such improper use or sales.

Flease note that all data and specifications are subject to change without notice.
All the trademarks of products and companies mentioned in this datasheef belong to their respective owners.
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W949D6KB / W949D2KB
Y/ winbond /] 4

512Mb Mobile LPDDR
1. GENERAL DESCRIPTION
W949D6KB / W949D2KB is a high-speed Low Power double data rate synchronous dynamic
random access memory (LPDDR SDRAM), An access to the LPDDR SDRAM is burst oriented.
Consecutive memory location in one page can be accessed at a burst length of 2, 4, 8 and 16 when
a bank and row is selected by an ACTIVE command. Column addresses are automatically
generated by the LPDDR SDRAM internal counter in burst operation. Random column read is also
possible by providing its address at each clock cycle. The multiple bank nature enables interleaving
among internal banks to hide the pre-charging time. By setting programmable Mode Registers, the
system can change burst length, latency cycle, interleave or sequential burst to maximize its
performance. The device supports special low power functions such as Partial Array Self Refresh
(PASR) and Automatic Temperature Compensated Self Refresh (ATCSR).

2. FEATURES

e VDD =1.7-1.95V ¢ Differential clock inputs (CK and C_K)
e VDDQ = 1.7~1.95V;

e Data width: x16 / x32

e Clock rate: 200MHz (-5),166MHz (-6)
e Standard Self Refresh Mode

o Partial Array Self-Refresh(PASR)

e Bidirectional, data strobe (DQS)

e CAS Latency: 2 and 3
e Burst Length: 2, 4, 8 and 16
e Burst Type: Sequential or Interleave
e 64 ms Refresh period
e Auto Temperature Compensated Self-Refresh(ATCSR)
e Interface: LVCMOS compatible
e Power Down Mode

e Support package:
Deep Power Down Mode (DPD Mode)

60 balls VFBGA (x16)
90 balls VFBGA (x32)

Programmable output buffer driver strength

Four internal banks for concurrent operation .
e Operating Temperature Range :

Extended (-25°C ~ +85°C)
Industrial ( -40°C ~ +85°C)

Data mask (DM) for write data
¢ Clock Stop capability during idle periods
¢ Auto Pre-charge option for each burst access

¢ Double data rate for data output

Publication Release Date : Sep, 21, 2012
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3. PIN DESCRIPTION

3.1 Ball Assignment : LPDDR X16

W949D6KB / W949D2KB
winbond

512Mb Mobile LPDDR

60 BALL VFBGA

3.2 Ball Assignment : LPDDR X32

1 2 3 415|6 7 8 9
A VSS DQ15 | VSSQ VDDQ DQO VDD
B vVDDQ | DQ13 | DQ14 DQ1 DQ2 VSSQ
C VSSQ | DQ11 | DQ12 DQ3 DQ4 VDDQ
D VDDQ DQ9 DQ10 DQ5 DQ6 VSSQ
E VSSQ | UDQS DQ8 DQ7 LDQS | vDDQ
F VSS UDM NC NC LDM VDD
G CKE CK CK WE CAS RAS
H A9 All Al2 CS BAO BAl
J A6 A7 A8 Al10/AP A0 Al
K VSS A4 A5 A2 A3 VDD
(Top View) Pin Configuration
90 BALL VFBGA
1 2 3 41516 7 8 9

A VSS DQ31 | VSSQ VDDQ | DQ16 | vDD
B VDDQ | DQ29 | DQ30 DQ17 | DQ18 | VSSQ
C VSSQ | DQ27 | DQ28 DQ19 | DQ20 | vDDQ
D VDDQ | DQ25 | DQ26 DQ21 | DQ22 | VSSQ
E VSSQ | DQS3 | DQ24 DQ23 | DQS2 | vDDQ
F VDD DM3 NC NC DM2 VSS
G CKE CK CK WE CAS RAS
H A9 All Al2 CS BAO BAl
J A6 A7 A8 Al10/AP A0 Al
K A4 DM1 A5 A2 DMO A3
L VSSQ | DQS1 | DQS8 DQ7 DQSO0 | VDDQ
M VDDQ DQ9 | DQ10 DQ5 DQ6 | VSSQ
N VSSQ | DQ11 | DQ12 DQ3 DQ4 | vDDQ
P VDDQ | DQ13 | DQ14 DQ1 DQ2 | VSSQ
R VSS DQ15 | VSSQ VDDQ DQO VDD

(Top View) Pin Configuration

Publication Release Date : Sep, 21, 2012
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4. PIN DESCRIPTION
4.1 Signal Descriptions

Signal Name | Type Function Description

Provide the row address for ACTIVE commands, and the column
address and AUTO PRECHARGE bit for READ/WRITE
commands, to select one location out of the memory array in the

An:0] Input Address respective bank. The address inputs also provide the opcode
during a MODE REGISTER SET command.
A10 is used for Auto Pre-charge Select.
BAO, BAL Input Bank Select Define to which bank an ACTIVE, READ, WRITE or

PRECHARGE command is being applied.
Data Input/ Data bus: Input / Output.

DQO0~DQ15 (x16)

DQO0~DQ31 (x32) Vo Output

CS enables (registered LOW) and disables (registered HIGH)

L the command decoder. All commands are masked when CS is

CS Input Chip Select registered HIGH. CS provides for external bank selection on
systems with multiple banks. CS is considered part of the
command code.

RAS Input Row Address RAS,CAS and WE (along with CS) define the command

Strobe being entered.

= Column Address RA

CAS Input Strobe Referred to S

WE Input | Write Enable |[Referred to RAS

Input Data Mask: DM is an input mask signal for write data. Input
data is masked when DM is sampled HIGH along with that input
data during a WRITE access. DM is sampled on both edges of
UDM / LDM(x16); nout Inbut Mask DQS. Although DM pi_ns are input-only, the DM loading matches
DMO to DM3 (X32) p p the DQ and DQS Ioadlng.

x16: LDM: DQO - DQ7, UDM: DQ8 — DQ15

x32: DMO: DQO - DQ7, DM1: DQ8 - DQ15,

DM2: DQ16 — DQ23, DM3: DQ24 — DQ31.

CK and CK are differential clock inputs. All address and control
input signals are sampled on the crossing of the positive edge of

CK /CK Input | Clock Inputs | CK and negative edge of CK .Input and output data is referenced

to the crossing of CK and & (both directions of crossing).

Internal clock signals are derived from CK/C_K.

Publication Release Date : Sep, 21, 2012
-5- Revision : A01-001
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W949D6KB / W949D2KB
4

512Mb Mobile LPDDR

Signal Name | Type Function Description
CKE HIGH activates, and CKE LOW deactivates internal clock
signals, and device input buffers and output drivers. Taking CKE
LOW provides PRECHARGE, POWER DOWN and SELF
REFRESH operation (all banks idle), or ACTIVE POWER DOWN
CKE Input | Clock Enable (row ACTIVE in any bank). CKE is synchronous for all functions
except for SELF REFRESH EXIT, which is achieved
asynchronously. Input buffers, excluding CK, CK and CKE, are
disabled during power down and self refresh mode which are
contrived for low standby power consumption.
Output with read data, input with write data. Edge-aligned with
LDOS, UDQS(x16): read data, centered with write data. Used to capture write data.
D QSO b %3()( 32)' I/O Data Strobe [x16: LDQS: DQ0O~DQ7; UDQS: DQ8~DQ15.
QS0-DQS3 (x32) x32: DQSO0: DQO~DQ7; DQS1: DQ8~DQ15;
DQS2: DQ16~DQ23; DQS3: DQ24~DQ31.
VDD Supply Power Power supply for input buffers and internal circuit.
VSS Supply Ground Ground for input buffers and internal circuit.
VDDQ Supply Power for 1/O Power supply separated from VDD, used for output drivers to
Buffer improve noise.
Ground for /0 | Ground for output drivers.
VSSQ Supply Buffer
NC - No Connect | No internal electrical connection is present.
4.2 Addressing Table
Iltem 512 Mb
Number of banks 4
Bank address pins BAO,BAl
Auto precharge pin A10/AP
Type Package
Row addresses AO-A12
X16 Column addresses AO0-A9
tREFI(us) 7.8
Row addresses A0-A12
x32 Column addresses AO0-A8
tREFI(us) 7.8

Publication Release Date : Sep, 21, 2012
Revision : A01-001



5. BLOCK DIAGRAM

5.1 Block Diagram

W949D6KB / W949D2KB
winbond

512Mb Mobile LPDDR

COLUMN DECODER
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CELL ARRAY
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SENSE AMPLIFIER

SV
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=
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I—,

o

ITMoUBVOOMO SO®

COLUMN DECODER

CELL ARRAY
BANK #3

SENSE AMPLIFIER

DQO - DQ15 (x16)
DQO - DQ31 (x32)

UDM / LDM (x16)
DMn (x32)

UDQS / LDQS (x16)
DQSh (x32)
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5.2 Simplified State Diagram

W949D6KB / W949D2KB
winbond

512Mb Mobile LPDDR

All banks
»| precharged

READ

READA

ACT =Active

EMRS= Ext.Mode Reg.Set
BST = Burst Terminate
CKEL= Enter Power-Down
CKEH=Exit Power - Down
DPDS= Enter Deep Power Down
DPDSX = Exit Deep Power Down

REFSX = Exit Self Refresh
MRS = Mode Register Set

PRE = Precharge

REFA = Auto Refresh

WRITEA
REFS = Enter Self Refresh

SRR = Status Register Read

Automatic Sequence
Command Sequence

READ = Read w/o Auto Precharge
READA = Read with Auto Precharge
PREALL = Precharge All Bank WRITE = Write w/o Auto Precharge

= Write with Auto Precharge

Note: Use caution with thisdiagram . It isindented to provide afloorplan of the possible state transitions and commands to control them s not
al details.In particular situations involving more than one bank are not captured in full detall .
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6. FUNCTION DESCRIPTION
6.1 Initialization

LPDDR SDRAM must be powered up and initialized in a predefined manner. Operations procedures other than those
specified may result in undefined operation. If there is any interruption to the device power, the initialization routine
should be followed. The steps to be followed for device initialization are listed below.

The Mode

Register and Extended Mode Register do not have default values. If they are not programmed during the

initialization sequence, it may lead to unspecified operation. The clock stop feature is not available until the device has
been properly initialized from Step 1 through 11.

e Step 1.

e Step 2:

e Step 3:

e Step 4:
e Step 5:
e Step 6:

e Step 7:
e Step 8:
e Step 9:

Provide power, the device core power (VDD) and the device 1/0O power (VDDQ) must be brought up
simultaneously to prevent device latch-up. Although not required, it is recommended that VDD and VDDQ
are from the same power source. Also Assert and hold Clock Enable (CKE) to a LVCMOS logic high level

Once the system has established consistent device power and CKE is driven high, it is safe to apply stable
clock.

There must be at least 200us of valid clocks before any command may be given to the DRAM. During this
time NOP or DESELECT commands must be issued on the command bus.

Issue a PRECHARGE ALL command.
Provide NOPs or DESELECT commands for at least tRP time.

Issue an AUTO REFRESH command followed by NOPs or DESELECT command for at least tRFC time.
Issue the second AUTO REFRESH command followed by NOPs or DESELECT command for at least
tRFC time. Note as part of the initialization sequence there must be two Auto Refresh commands issued.
The typical flow is to issue them at Step 6, but they may also be issued between steps 10 and 11.

Using the MRS command, program the base mode register. Set the desired operation modes.
Provide NOPs or DESELECT commands for at least tMRD time.

Using the MRS command, program the extended mode register for the desired operating modes. Note the
order of the base and extended mode register programmed is not important.

e Step 10: Provide NOP or DESELECT commands for at least tMRD time.

e Step 11: The DRAM has been properly initialized and is ready for any valid command.

Publication Release Date : Sep, 21, 2012
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6.1.1 Initialization Flow Diagram

VDD and VDDQ Ramp: CKE must be held high

Apply stable clocks

Wait at least 200us with NOP or DESEL ECT on command bus

PRECHARGE ALL

Assert NOP or DESELCT for trp time

Issue two AUTO REFRESH commands each followed by
NOP or DESELECT commands for tRFc time

Configure Mode Register

Assert NOP or DESELECT for tMRD time

Configure Extended Mode Register

10

Assert NOP or DESELECT for tMRD time

11

LPDDR SDRAM isready for any valid command

Publication Release Date : Sep, 21, 2012

-10 -

Revision : A01-001



W949D6KB / W949D2KB

-/ winbond

512Mb Mobile LPDDR

6.1.2 Initialization Waveform Sequence

I I “ I “ I N\ |

A1'||\Z) : )) —

XN |
A10
\)\) T / Bapks T \Y T \Y T

B : :< 200us * tck * trP * trRFC * trFC * tMRD * tMRD »{
= R N R R .
cK:XWX\X??/. L
| | | | | | | |
! | I N [ A H O AN
0 Y B SVARV VARV VAR VAR VAR VAR
| | | | | | | |
| | | | | | | | |
Command X )) NOP X XPRE)( 25 X ARF ARF MRS MRS ACT
| A\
|

Address \)\) | | \)\) | \)\) | \)e)éoIDEX: RA

SEO)G]

26

PAOBAL I \)\) I I \)\) I \)\) I \)\) XBA_[J:LX::X;;;_X: oA
. I Lo BAR BARH
DM ) | oy )y
oo 1y | YRR
(High-2) I I I I I I I
PAPs R ¢ ¢ v ¢ v
4 A4
XE?(ZSSS powerelp Mo;(;ageg. Ext.ML(?df Reg..
|:|=Don't Care

6.2 Mode Register Set Operation

The Mode Register is used to define the specific mode of operation of the LPDDR SDRAM. This definition includes

the definition of a burst length, a burst type, a CAS latency as shown in the following figure.

The Mode Register is programmed via the MODE REGISTER SET command (with BA0O=0 and BA1=0) and will retain
the stored information until it is reprogrammed, the device goes into Deep Power Down mode, or the device loses

power.

Mode Register bits A0-A2 specify the burst length, A3 the type of burst (sequential or interleave), A4-A6 the CAS
latency. A logic 0 should be programmed to all the undefined addresses bits to ensure future compatibility.

The Mode Register must be loaded when all banks are idle and no bursts are in progress, and the controller must wait
the specified time tMRD before initiating any subsequent operation. Violating either of these requirements will result in

unspecified operation.

Reserved states should not be used, as unknown operation or incompatibility with future versions may result.

Publication Release Date : Sep, 21, 2012
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6.3 Mode Register Definition

|BA1|BAO|  An.A7(seeNoel) | A6 | A5 | A4 | A3 | A2 | A1 | AO | Address Bus
v
| 0 | 0 | 0 (see Note 2) | CAS Latency | BT | Burst Length Mode Register
A6 | A5 | A4 | CAS Latency A3 Burst Type A2 | A1 | A0 | BurstLength
0 0 0 Reserved 0 Sequential 0 0 0 Reserved
0 0 1 Reserved 1 Interleave 0 0 1 2
0 1 0 2 0 1 0 4
0 1 1 3 0 1 1 8
1 0 0 Reserved 1 0 0 16
1 0 1 Reserved 1 0 1 Reserved
1 1 0 Reserved 1 1 0 Reserved
1 1 1 Reserved 1 1 1 Reserved
NOTE:

1.MSB depends on LPDDR SDRAM density.
2.Alogic 0 should be programmed to all unused / undefined address bits to future compatibility.

6.3.1 Burst Length

Read and write accesses to the LPDDR SDRAM are burst oriented, with the burst length and burst type being
programmable.

The burst length determines the maximum number of column locations that can be accessed for a given READ or
WRITE command. Burst lengths of 2, 4, or 8 locations are available for both the sequential and the interleaved burst
types.

When a READ or WRITE command is issued, a block of columns equal to the burst length is effectively selected. All
accesses for that burst take place within the block, meaning that the burst will wrap within the block if a boundary is
reached.

The block is uniquely selected by A1-An when the burst length is set to two, by A2-An when the burst length is set to 4,
by A3-An when the burst length is set to 8 (where An is the most significant column address bit for a given
configuration). The remaining (least significant) address bit(s) is (are) used to select the starting location within the
block. The programmed burst length applies to both read and write bursts.

Publication Release Date : Sep, 21, 2012
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Burst | Starting Column Address Order Of Accegses WithihABurst
Length (Hexadecimal Notation)
A3 | A2 ‘ Al A0 Sequential Interleaved
) 0 0-1 0-1
1 1-0 1-0
0 0 0-1-2-3 0-1-2-3
0 1 1-2-3-0 1-0-3-2
4 1 0 2-3-0-1 2-3-0-1
1 1 3-0-1-2 3-2-1-0
0 0 0 0-1-2-3-4-5-6-7 0-1-2-3-4-5-6-7
0 0 1 1-2-3-4-5-6-7-0 1-0-3-2-5-4-7-6
0 1 0 2-3-4-5-6-7-0-1 2-3-0-1-6-7-4-5
0 1 1 3-4-5-6-7-0-1-2 3-2-1-0-7-6-5-4
8 1 0 0 4-5-6-7-0-1-2-3 4-5-6-7-0-1-2-3
1 0 1 5-6-7-0-1-2-3-4 5-4-7-6-1-0-3-2
1 1 0 6-7-0-1-2-3-4-5 6-7-4-5-2-3-0-1
1 1 1 7-0-1-2-3-4-5-6 7-6-5-4-3-2-1-0
0 0 0 0 |0-1-2-3-4-5-6-7-8-9-A-B-C-D-E-F | 0-1-2-3-4-5-6-7-8-9-A-B-C-D-E-F
0 0 0 1 | 1-2-3-4-5-6-7-8-9-A-B-C-D-E-F-0 | 1-0-3-2-5-4-7-6-9-8-B-A-D-C-F-E
0 0 1 0 |2-3-4-5-6-7-8-9-A-B-C-D-E-F-0-1 | 2-3-0-1-6-7-4-5-A-B-8-9-E-F-C-D
0 0 1 1 |3-4-5-6-7-8-9-A-B-C-D-E-F-0-1-2 | 3-2-1-0-7-6-5-4-B-A-9-8-F-E-D-C
0 1 0 0 |4-5-6-7-8-9-A-B-C-D-E-F-0-1-2-3 | 4-5-6-7-0-1-2-3-C-D-E-F-8-9-A-B
0 1 0 1 |5-6-7-8-9-A-B-C-D-E-F-0-1-2-3-4 | 5-4-7-6-1-0-3-2-D-C-F-E-9-8-B-A
0 1 1 0 |6-7-8-9-A-B-C-D-E-F-0-1-2-3-4-5 | 6-7-4-5-2-3-0-1-E-F-C-D-A-B-8-9
16 0 1 1 1 | 7-8-9-A-B-C-D-E-F-0-1-2-3-4-5-6 | 7-6-5-4-3-2-1-0-F-E-D-C-B-A-9-8
1 0 0 0 |8-9-A-B-C-D-E-F-0-1-2-3-4-5-6-7 | 8-9-A-B-C-D-E-F-0-1-2-3-4-5-6-7
1 0 0 1 |9-A-B-C-D-E-F-0-1-2-3-4-5-6-7-8 | 9-8-B-A-D-C-F-E-1-0-3-2-5-4-7-6
1 0 1 0 | A-B-C-D-E-F-0-1-2-3-4-5-6-7-8-9 | A-B-8-9-E-F-C-D-2-3-0-1-6-7-4-5
1 0 1 1 | B-C-D-E-F-0-1-2-3-4-5-6-7-8-9-A | B-A-9-8-F-E-D-C-3-2-1-0-7-6-5-4
1 1 0 0 | C-D-E-F-0-1-2-3-4-5-6-7-8-9-A-B | C-D-E-F-8-9-A-B-4-5-6-7-0-1-2-3
1 1 0 1 | D-E-F-0-1-2-3-4-5-6-7-8-9-A-B-C | D-C-F-E-9-8-B-A-5-4-7-6-1-0-3-2
1 1 1 0 | E-F-0-1-2-3-4-5-6-7-8-9-A-B-C-D | E-F-C-D-A-B-8-9-6-7-4-5-2-3-0-1
1 1 1 1 | F-0-1-2-3-4-5-6-7-8-9-A-B-C-D-E | F-E-D-C-B-A-9-8-7-6-5-4-3-2-1-0

-13 -

Publication Release Date : Sep, 21, 2012
Revision : A01-001




W949D6KB / W949D2KB
Y/ winbond /] 4

512Mb Mobile LPDDR

Notes:

1. For a burst length of two, A1-An selects the two data element block; A0 selects the first access within the block.

2. For a burst length of four, A2-An selects the four data element block; A0-Al selects the first access within the block.

3. For a burst length of eight, A3-An selects the eight data element block; A0-A2 selects the first access within the block.

4. For the optional burst length of sixteen, A4-An selects the sixteen data element block; A0-A3 selects the first access within the
block.

5. Whenever a boundary of the block is reached within a given sequence, the following access wraps within the block.
When a READ or WRITE command is issued, a block of columns equal to the burst length is effectively selected. All accesses for
that burst take place within the block, meaning that the burst will wrap within the block if a boundary is reached.

The block is uniquely selected by A1-An when the burst length is set to two, by A2-An when the burst length is set to 4, by A3-An
when the burst length is set to 8 and A4-An when the burst length is set to 16(where An is the most  significant column address
bit for a given configuration). The remaining (least significant) address bit(s) is (are) used to select the starting location within the
block. The programmed burst length applies to both read and write bursts.

6.3.3 Burst Type

Accesses within a given burst may be programmed to be either sequential or interleaved; this is referred to as the
burst type and is selected via bit A3. The ordering of accesses within a burst is determined by the burst length, the
burst type and the starting column address, as shown in the previous table.

6.3.4 Read Latency

The READ latency is the delay between the registration of a READ command and the availability of the first piece of
output data. The latency should be set to 2 or 3 clocks.

If a READ command is registered at a clock edge n and the latency is 3 clocks, the first data element will be valid at n +
2 tCK + tAC. If a READ command is registered at a clock edge n and the latency is 2 clocks, the first data element will
be valid at n + tCK + tAC.

6.4 Extended Mode Register Description

The Extended Mode Register controls functions beyond those controlled by the Mode Register; these additional
functions include output drive strength selection and Partial Array Self Refresh (PASR). PASR is effective in Self
Refresh mode only.

The Extended Mode Register is programmed via the MODE REGISTER SET command (with BA1=1 and BA0=0) and
will retain the stored information until it is reprogrammed, the device is put in Deep Power Down mode, or the device
loses power.

The Extended Mode Register must be loaded when all banks are idle and no bursts are in progress, and the controller
must wait the specified time tMRD before initiating any subsequent operation. Violating either of these requirements
will result in unspecified operation.

Address bits A0-A2 specify PASR, A5-A7 the Driver Strength. A logic 0 should be programmed to all the undefined
addresses bits to ensure future compatibility.

Reserved states should not be used, as unknown operation or incompatibility with future versions may result.

Publication Release Date : Sep, 21, 2012
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6.4.1 Extended Mode Register Definition

|BA1 | BAO| An...A8 (1) | A7 ~ A5 | Al | A3 | A2 | Al | AO | Address Bus
| 1 | 0 | 0(2) | DS | Reserved | PASR |Extended Mode Reg.
A7 A6 | A5 Drive Strength A2 Al AO PASR
0 0 0 |Full Strength Drlyer (default) 0 0 0 Al banks
0 0 1 |Half Strength Driver
0 1 0 |Quarter Strength Driver 0 0 1 1/2 array (BA1=0)
0 1 1 |Octant Strength Driver 0 1 0 1/4 array (BA1=BA0=0)
1 0 0 |[Three-Quarters Strength Driver 0 1 1 Reserved
1 0 0 Reserved
1 0 1 Reserved
1 1 0 Reserved
1 1 1 Reserved

NOTES:
1.MSB depends on mobile DDR SDRAM density.
2.A logic 0 should be programmed to all unused / undefined bits to ensure future compatibility.

6.4.2 Partial Array Self Refresh

With partial array self refresh (PASR), the self refresh may be restricted to a variable portion of the total array. The
whole array (default), 1/2 array, or 1/4 array could be selected. Data outside the defined area will be lost. Address bits
A0 to A2 are used to set PASR.

6.4.3 Automatic Temperature Compensated Self Refresh

The device has an Automatic Temperature Compensated Self Refresh feature. It automatically adjusts the refresh rate
based on the device temperature without any register update needed.

6.4.4 Output Drive Strength

The drive strength could be set to full, half, quarter, three-quarter, octant strength via address bits A5 and A6. The half
drive strength option is intended for lighter loads or point-to-point environments.

6.5 Status Register Read

Status Register Read (SRR) is an optional feature in JEDEC, and it is implemented in this device. With SRR, a method
is defined to read registers from the device. The encoding for an SRR command is the same as a MRS with
BA[1:0]="01". The address pins (A[n:0]) encode which register is to be read. Currently only one register is defined at
A[n:0]=0. The sequence to perform an SRR command is as follows:

Publication Release Date : Sep, 21, 2012
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All reads/writes must be completed
All banks must be closed

MRS with BA=01 is issued (SRR)
Wait tSRR
Read issued to any bank/page
CAS latency cycles later the device returns the registers data as it would a normal read
The next command to the device can be issued tSRC after the Read command was issued.

W949D6KB / W949D2KB
winbond

The burst length for the SRR read is always fixed to length 2.

6.5.1 SRR Register Definition
Default: (A[n:0] = 0)

512Mb Mobile LPDDR

[ x

16]15

13 [12]11]10

8| 7 4

| 3 0 | Rising Edge of DQ Bus

v

v v

v

v v

v

Reserved(0) [ Density |DT

DW

Refresh Revision
Rate Identification

Manufacturer
Identification

—

|

'

SRR Register 0

Note 3 :
Note 4 :
Note 5 :

Low temperature out of range.
The refresh rate multiplier is based on the memory’s temperature sensor.
Required average periodic refresh interval = tREFI * multiplier

DQ15| DQ14|DQ13 | Density DQ3 | DQ2 | DQ1 | DQO | Manufacturer
0 0 0 128 )
0 0 1 256 1 0 0 0 Winbond
0 1 0 512
0 1 1 1024
1 0 0 2048
1 0 1 Reserved
1 1 0 Reserved
1 1 1 64
DQ12 | Device Type
0 LPDDR
1 Reserved
h 4 -
DQ7:4 Revision ID
DQ10 DQ9 DQ8 Refresh Rate
DO11 Device 1 1 1 0.25 (See Note 2) (See Note 1)
Width 1 1 0 0.25
0 16 bits 1 0 1 0.5 Note 1 : The manufacture’s revision number
1 32 bits 1 0 0 1 starts at ‘0000’ and increments by ‘0001’ each
0 1 1 2 time a change in the manufacturer’s
0 1 0 4 specification(AC timings, or feature set), IBIS
0 0 X 4 (See Note 3) (pull up or pull down characteristics), or
process occurs.
Note 2 : High temperature out of range - no refresh rate can guarantee functionality.
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6.5.2 Status Register Read Timing Diagram

| u _
Cannen XChI/le f1P) xMRs [ READXj(
BA1,BA0](IX_)(IX_)( X_XIU
00000

T

AAl x x x

DOS

00

i |

| |

L1 4

O ;\DQ Reg out

PCHA, or PCH |:| DontCare

Notes :

1.SRR can only be issued after power-up sequence is complete.

2.SRR can only be issued with all banks precharged.

3.SRR CL is unchanged from value in the mode register.

4.SRR BL is fixed at 2.

5.tSRR = 2 (min).

6.tSRC = CL + 1; (min time between read to next valid command)

6.No commands other than NOP and DES are allowed between the SRR and the READ.

Publication Release Date : Sep, 21, 2012
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6.6 Commands
All commands (address and control signals) are registered on the positive edge of clock (crossing of CK going high and

CK ' going low).

6.6.1 Basic Timing Parameters for Commands

< {ck tCH thL

| | lis , t|H

Input:x Va;lid X ){ VaI|d j( X vaid X

NOTE: Input = AQ - An, BAO, BAL, CKE, CS, RAS, CAS, WE; *Don't Care

Publication Release Date : Sep, 21, 2012
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6.6.2 Truth Table - Commands

Name (Function) CS |RAS |ICAS| WE | BA | A10/AP | Addr | Notes
DESELECT (NOP) H X X X X X X 2
NO OPERATION (NOP) L H H H X X X 2
ACTIVE (Select Bank and activate row) L L H H | Valid Row Row
READ (Select bank and column and start read burst) L H L H | Valid L Col
READ with AP (Read Burst with Auto Precharge) L H L H | Valid H Col 3
WRITE (Select bank and column and start write burst) L H L L | Valid L Col
WRITE with AP (Write Burst with Auto Precharge) L H L L | Valid H Col 3
BURST TERMINATE or enter DEEP POWER DOWN L H H L X X X 4,5
PRECHARGE (Deactivate Row in selected bank) L L H L | Valid L X 6
PRECHARGE ALL (Deactivate rows in all banks) L L H L X H X 6
AUTO REFRESH or enter SELF REFRESH L L L H X X X 7,89
MODE REGISTER SET L L L L | Vvalid Op-code 10

Notes:

1.All states and sequences not shown are illegal or reserved.

2.DESELECT and NOP are functionally interchangeable.

3.Auto precharge is non-persistent. A10 High enables Auto precharge, while A10 Low disables Auto precharge.

4.Burst Terminate applies to only Read bursts with Autoprecharge disabled. This command is undefined and should not be used for
Read with Auto precharge enabled, and for Write bursts.

5.This command is BURST TERMINATE if CKE is High and DEEP POWER DOWN entry if CKE is Low.

6.1f A10 is low, bank address determines which bank is to be precharged. If A10 is high, all banks are precharged and BAO~BA1 are
don't care.

7.This command is AUTO REFRESH if CKE is High and SELF REFRESH if CKE is low.

8.All address inputs and I/O are ‘don’t care’ except for CKE. Internal refresh counters control bank and row addressing.

9.All banks must be precharged before issuing an AUTO-REFRESH or SELF REFRESH command.

10.BA0 and BAL1 value select between MRS and EMRS.

11.CKE is HIGH for all commands shown except SELF REFRESH and DEEP POWER-DOWN.

Publication Release Date : Sep, 21, 2012
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6.6.3 Truth Table - DM Operations

Function DM DQ Notes
Write Enable L Valid 1
Write Inhibit H X 1
Notes:Used to mask write data, provided coincident with the corresponding data.
6.6.4 Truth Table - CKE
CKEn-1 | CKEn Current State COMMANDN ACTIONN Notes
L L Power Down X Maintain Power Down
L L Self Refresh X Maintain Self Refresh
L L Deep Power Down X Maintain Deep Power Down
L H Power Down NOP or DESELECT Exit Power Down 56,9
L H Self Refresh NOP or DESELECT Exit Self Refresh 57,10
L H Deep Power Down NOP or DESELECT Exit Deep Power Down 5,8
H L All Banks Idle NOP or DESELECT Precharge Power Down Entry 5
H L Bank(s) Active NOP or DESELECT Active Power Down Entry 5
H L All Banks Idle AUTO REFRESH Self Refresh Entry
H L All Banks Idle BURST TERMINATE Enter Deep Power Down
H H See the other Truth Tables

Notes:

1.CKEn is the logic state of CKE at clock edge n; CKEn-1 was the state of CKE at the previous clock edge.

2.Current state is the state of LPDDR immediately prior to clock edge n.

3.COMMANDRN is the command registered at clock edge n, and ACTIONn is the result of COMMANDN.

4 .All states and sequences not shown are illegal or reserved.

5.DESELECT and NOP are functionally interchangeable.

6.Power Down exit time (tXP) should elapse before a command other than NOP or DESELECT is issued.

7.SELF REFRESH exit time (tXSR) should elapse before a command other than NOP or DESELECT is issued.

8.The Deep Power-Down exit procedure must be followed as discussed in the Deep Power-Down section of the Functional
Description.

9.The clock must toggle at least once during the tXP period.

10.The clock must toggle at least once during the tXSR time.

Publication Release Date : Sep, 21, 2012
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Current State CS | RAS |CAS|WE| Command Action Notes
Any H X X X |DESELECT NOP or Continue previous operation
L H H H |No Operation NOP or Continue previous operation
L L H H |ACTIVE Select and activate row
Idle L L L H |AUTO REFRESH |Auto refresh 10
L L L L MRS Mode register set 10
L H L H |READ Select column & start read burst
Row Active L H L L |WRITE Select column & start write burst
L L H L |PRECHARGE Deactivate row in bank (or banks) 4
L H L H |READ Select column & start new read burst 5,6
Read (Auto precharge L H L L |WRITE Select column & start write burst 5,6, 13
Disabled) L L H L |PRECHARGE Truncate read burst, start precharge
L H H L 'EI'SILEJIEI\S/I-IFNATE Burst terminate 11
L H L H |READ Select column & start read burst 5,6, 12
\é\/i;i;(i)l(:(\ju)to precharge L L L |WRITE Select column & start new write burst 56
L L H L |PRECHARGE Truncate write burst & start precharge 12
Notes:

1.The table applies when both CKEn-1 and CKEn are HIGH, and after tXSR or tXP has been met if the previous state was Self
Refresh or Power Down.
2.DESELECT and NOP are functionally interchangeable.
3.All states and sequences not shown are illegal or reserved.
4.This command may or may not be bank specific. If all banks are being precharged, they must be in a valid state for precharging.
5.A command other than NOP should not be issued to the same bank while a READ or WRITE burst with Auto Precharge is enabled.
6.The new Read or Write command could be Auto Prechrge enabled or Auto Precharge disabled.
7.Current State Definitions:
Idle: The bank has been precharged, and tRP has been met.
Row Active: A row in the bank has been activated, and tRCD has been met. No data bursts/accesses and no register accesses are
in progress.
Read: A READ burst has been initiated, with Auto Precharge disabled, and has not yet terminated or been terminated.
Write: A WRITE burst has been initiated, with Auto Precharge disabled, and has not yet terminated or been terminated.
8.The following states must not be interrupted by a command issued to the same bank. DESEDECT or NOP commands or allowable
commands to the other bank should be issued on any clock edge occurring during these states. Allowable commands to the other
bank are determined by its current state and this table, and according to next table.
Precharging: Starts with the registration of a PRECHARGE command and ends when tRP is met. Once tRP is met, the bank will
be in the idle state.
Row Activating: Starts with registration of an ACTIVE command and ends when tRCD is met. Once tRCD is met, the bank will be
in the ‘row active’ state.
Read with AP Enabled: Starts with the registration of the READ command with Auto Precharge enabled and ends when tRP has
been met. Once tRP has been met, the bank will be in the idle state.
Write with AP Enabled: Starts with registration of a WRITE command with Auto Precharge enabled and ends when tRP has been
met. Once tRP is met, the bank will be in the idle state.
9.The following states must not be interrupted by any executable command; DESEDECT or NOP commands must be applied to
each positive clock edge during these states.
Refreshing: Starts with registration of an AUTO REFRESH command and ends when tRFC is met. Once tRFC is met, the LPDDR
will be in an ‘all banks idle’ state.
Accessing Mode Register: Starts with registration of a MODE REGISTER SET command and ends when tMRD has been met.
Once tMRD is met, the LPDDR will be in an ‘all banks idle’ state.

Publication Release Date : Sep, 21, 2012

-21- Revision : A01-001



W949D6KB / W949D2KB

Y/ winbond 7/
512Mb Mobile LPDDR

Precharging All: Starts with the registration of a PRECHARGE ALL command and ends when tRP is met. Once tRP is met, the
bank will be in the idle state.

10.Not bank-specific; requires that all banks are idle and no bursts are in progress.

11.Not bank-specific. BURST TERMINATE affects the most recent READ burst, regardless of bank.

12.Requires appropriate DM masking.

13.A WRITE command may be applied after the completion of the READ burst; otherwise, a BURST TERMINATE must be used to
end the READ prior to asserting a WRITE command.

6.6.6 Truth Table - Current State BANKn, Command to BANKm

Current State | CS | RAS |CAS | WE Command Action Notes
H X X X |DESELECT NOP or Continue previous Operation
Ay L H H H |[NOP NOP or Continue previous Operation
Idle X X X X |ANY Any command allowed to bank m
L L H H |ACTIVE Select and activate row
ROVX (;Ati(\:/teivit:ng' L H L H |READ Select column & start read burst
Prechar,ging L H L L [WRITE Select column & start write burst
L L H L |PRECHARGE Precharge
L L H H |ACTIVE Select and activate row
Read with Auto | | H L H |READ Select column & start new read burst 8
Precharge :
disabled L H L L [WRITE Select column & start write burst 8,10
L L H L |PRECHARGE Precharge
L L H H |ACTIVE Select and activate row
Write with Auto | H L H |READ Select column & start read burst 8,9
Precharge .
disabled L H L L [WRITE Select column & start new write burst 8
L L H L |PRECHARGE Precharge
L L H H |ACTIVE Select and activate row
Read with Auto| L H L H |READ Select column & start new read burst 58
Precharge L H L L [WRITE Select column & start write burst 5,8,10
L L H L |PRECHARGE Precharge
L L H H |ACTIVE Select and activate row
Write with Auto | L H L H |READ Select column & start read burst 58
Precharge L H L L [WRITE Select column & start new write burst 58
L L H L |PRECHARGE Precharge
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Notes:

1.The table applies when both CKEn-1 and CKEn are HIGH, and after tXSR or tXP has been met if the previous state was Self
Refresh or Power Down.

2.DESELECT and NOP are functionally interchangeable.

3.All states and sequences not shown are illegal or reserved.

4.Current State Definitions:
Idle: The bank has been precharged, and tRP has been met.
Row Active: A row in the bank has been activated, and tRCD has been met. No data bursts/accesses and no register accesses are
in progress.
Read: A READ burst has been initiated, with Auto Precharge disabled, and has not yet terminated or been terminated.
Write: A Write burst has been initiated, with Auto Precharge disabled, and has not yet terminated or been terminated.

5.Read with AP enabled and Write with AP enabled: The read with Auto Precharge enabled or Write with Auto Precharge enabled
states can be broken into two parts: the access period and the precharge period. For Read with AP, the precharge period is
defined as if the same burst was executed with Auto Precharge disabled and then followed with the earliest possible
PRECHARGE command that still accesses all the data in the burst. For Write with Auto precharge, the precharge period begins
when tWR ends, with tWR measured as if Auto Precharge was disabled. The access period starts with registration of the
command and ends where the precharge period (or tRP) begins. During the precharge period, of the Read with Auto Precharge
enabled or Write with Auto Precharge enabled states, ACTIVE, PRECHARGE, READ, and WRITE commands to the other bank
may be applied; during the access period, only ACTIVE and PRECHARGE commands to the other banks may be applied. In either
case, all other related limitations apply (e.g. contention between READ data and WRITE data must be avoided).

6.AUTO REFRESH, SELF REFRESH, and MODE REGISTER SET commands may only be issued when all bank are idle.

7.A BURST TERMINATE command cannot be issued to another bank; it applies to the bank represented by the current state only.

8.READs or WRITEs listed in the Command column include READs and WRITEs with Auto Precharge enabled and READs and
WRITESs with Auto Precharge disabled.

9.Requires appropriate DM masking.

10.A WRITE command may be applied after the completion of data output, otherwise a BURST TERMINATE command must be
issued to end the READ prior to asserting a WRITE command.

7. OPERATION
7.1. Deselect

The DESELECT function (& = high) prevents new commands from being executed by the LPDDR SDRAM. The
LPDDR SDRAM is effectively deselected. Operations already in progress are not affected.

7.2. No Operation

The NO OPERATION (NOP) command is used to perform a NOP to a LPDDR SDRAM that is selected (EzLow).
This prevents unwanted commands from being registered during idle or wait states. Operations already in progress are
not affected.
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7.2.1 NOP Command

CKE (High)

s I\
we [y

A AEER

AO-An
-
|
BAO,BA1 X
[[] = Don't Care

7.3 Mode Register Set

The Mode Register and the Extended Mode Register are loaded via the address inputs. The MODE REGISTER SET
command can only be issued when all banks are idle and no bursts are in progress, and a subsequent executable
command cannot be issued until tMRD is met.

7.3.1 Mode Register Set Command

AO-An X cédeX
I
BAO,BA1 X C:)deX
[[] = Don't Care
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7.3.2 Mode Register Set Command Timing

conmena [ s IIX_nor YT vati X
|«—{MRD| >
Address:x Cogle X X . X X Va!id X

[] : Don't Care

NOTE:Code=Mode Register / Extended Mode Register selection
(BAO,BA1)and op-code (AO-An)

7.4. Active

Before any READ or WRITE commands can be issued to a bank in the LPDDR SDRAM, a row in that bank must be
opened. This is accomplished by the ACTIVE command: BAO and BA1 select the bank, and the address inputs select
the row to be activated. More than one bank can be active at any time.

Once a row is open, a READ or WRITE command could be issued to that row, subject to the tRcD specification.

A subsequent ACTIVE command to another row in the same bank can only be issued after the previous row has been
closed. The minimum time interval between two successive ACTIVE commands on the same bank is defined by trc.

7.4.1 Active Command

TK
cK "t
CKE (High)
cs \ |/
I
RAS \ |/
T
CAS / 1\
L
WE / 1\
I
AO-An X RA X
|
BAO,BA1 X BA X
[ = Don't Care
BA=BANK Address, RA=Row
Address

A subsequent ACTIVE command to another bank can be issued while the first bank is being accessed, which results in
a reduction of total row-access overhead. The minimum time interval between two successive ACTIVE commands on
different banks is defined by tRRD.

The row remains active until a PRECHARGE command (or READ or WRITE command with Auto Precharge) is issued
to the bank.

A PRECHARGE (or READ with Auto Precharge or Write with Auto Precharge) command must be issued before
opening a different row in the same bank.
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7.4.2 Bank Activation Command Cycle
X /_\ /_\ /_\_/_\_/"_\_/"_\_/V_
Command )( ACT X:X NOP X:X ACT X:X NOP X:X NOP X:XRD/WRX:X NOP )[

AO-An :XR?WX:X | X:XR?WX:X I X:X X:ch"X:X : X:
BAO,BA1 )(BA'\XX:X . X:XBA:yX:X ' OC 00 )OC X

| | |
¢ tRRD pid¢ —tRCD— D |

[]=Don't Care

7.5. Read

The READ command is used to initiate a burst read access to an active row, with a burst length as set in the Mode
Register. BAO and BAL select the bank, and the address inputs select the starting column location. The value of A10
determines whether or not Auto Pre-charge is used. If Auto Pre-charge is selected, the row being accessed will be
pre-charged at the end of the read burst; if Auto Pre-charge is not selected, the row will remain open for subsequent
accesses.

7.5.1 Read Command
CK
oK A
|
CKE T tHigh)1
== I
CsS \ | /
I
RAS / : \
I
CAS \ | /
I
= I
we L/
I
AO-An X ca X
Enable AP
A10 X AP X
Disalble AP
BAO,BAT X BA X
|:|=Don'tdare
BA=BANK Address CA=Coulmn Address AP=Auto
Precharge

The basic Read timing parameters for DQs are shown in following figure; they apply to all Read operations.
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7.5.2 Basic Read Timing Parameters

o Cmax | e
DQS tRPRE—E—bl( \ / |4_jl_
E tDQSQmax _»: 2 :
o vy
DQ : : : : tLZQ _NI(I DOn ﬂ(oo n+1)§(Do n+2 il DO n+3); }—
g <«
| | Lok | taH
, S EtDQSCK, ; iZDQSCK ;
DQS — tACmin !IRPRE Wﬂuﬁp ;
tDQSQr%wax
€ | it
tac <_j|>! | ‘iz’l
DQ ; ; K ( DOn ﬂDOnHWDOm%DOmS ) }—
tLz <—bl: téQH | I‘_tQ_H’I

1)DO n=Data Out from column n D =Don;t Care
2)All DQ are vaild tAC after the CK edge.
All DQ arevaid tDQSQ after the DQS edge, regardless of tAC

During Read bursts, DQS is driven by the LPDDR SDRAM along with the output data. The initial Low state of the DQS
is known as the read preamble; the Low state coincident with last data-out element is known as the read post-amble.
The first data-out element is edge aligned with the first rising edge of DQS and the successive data-out elements are
edge aligned to successive edges of DQS. This is shown in following figure with a CAS latency of 2 and 3.

Upon completion of a read burst, assuming no other READ command has been initiated, the DQs will go to High-Z.
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7.5.3 Read Burst Showing CAS Latency

& I I I I I I I I I I
CK

Command:XRE:ADX XN(:)PX:XN(:)PX:XN(:)PX:XN(:)PX:XN(:)PX:
SN )t 0

e | ] ]
23 W W W
: ol 1)

I< . ICL=3I IN | I | I |
S N
0 [0 N )

' l I | | | | | .
DO n=Data Out from column n []=Don't Care

)

)BA,Col n =Bank A,Columnn
)Burst Length=4;3 subsequent elements of Data Out appear inthe programmed order following DO n
)

1
2
3
4)Shown with nominal tAC, tDQSCK and tDQSQ

7.5.4 Read to Read

Data from a read burst may be concatenated or truncated by a subsequent READ command. The first data from the
new burst follows either the last element of a completed burst or the last desired element of a longer burst that is being
truncated. The new READ command should be issued X cycles after the first READ command, where X equals the
number of desired data-out element pairs (pairs are required by the 2n-prefetch architecture). This is shown in following
figure.
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S S U S U S WD S W S U A
CK

|
Command:X READ X X NOP X ' X READ X '
| | | | |

XN(;)PX;XN;OPX;XN(;)PX:

X

Address :X BA,T:oIn X X X X | X

IXIXI

i i i i i i
1) DO n (or b)=Data Out from column n (or column b)

3) Read bursts are to an active row in the bank
4) Shown with nominal tAC, tDQSCK and tDQSQ

DQSgr—\ CT2 il | | | | | : |
o I ) - - - ) .-

> : p CL=3,4 I I I I |
pas \ o N N N
DQ X(DOnl)ﬂ( W I)}&(Do?)}&(

2) Burst Length=4,8 or 16 (if 4, the bursts are concatenated; if 8 or 16, the second burst interrupts the first)

i | |
[[]=Don't Care

7.5.6 Non-Consecutive Read Bursts

A READ command can be initiated on any clock cycle following a previous READ command. Non-consecutive Reads

are shown in following figure.

TK I I I I I I I

«_ /N4 S N/ S

Command:XRE;ADX XN?PXIXN?PXIXREIADXI

T o e

X

X

X

Address :X BACinY X X

X  XBacobX X

D oLz | | |
S W Y ) NV W s NV A W
oo I B CT) G G S S CD) |
< } + CL=3+ > | | | | |
o0 V| — "
00 (D -

| | | | | | |
1) DO n (or b) =Data Out from column n (or column b)
2) BA,Col n (b) =Bank A,Column n (b)

4) Shown with nominal tAC, tDQSCK and tDQSQ

3) Burst Length=4; 3 subsequent elements of Data Out appear in the programmed order following DO n (b)

| |
[] =Don't Care
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Full-speed random read accesses within a page or pages can be performed as shown in following figure.

YD S N S U S G S U S W G
CK

command _ ¥ ReAD ¥ X READX X READ X | X READX X Nop X X Nop YT

Address :X BA, Col nX_ XBA, CoI x X

XBACoIbX X

G 0 G

P CLE2 :>| | | | | | | |
S Y A ' o
DQ I I IXIDOn)}S{(DOn)}&(DOX)}S{(DOX)ﬂ(DOb)}&(DOb')}&(DOQ)ﬂ(DOg'
p b .
pas [0 \ ./—m
DQ I I X(DOn )}S{(Do nlmDOXmDOxm DO b)}&( DO b

1) DO n ,etc. = Data Out from column n, etc.
n', X', etc. = Data Out elements, according to the programmed burst order
2) BA, Col n =Bank A, Column n

4) Reads are to active rows in any banks

3) Burst Length=2,4,8 or 16 in cases shown (if burst of 4,8 or 16, the burst is interrupted)

' [ = Don't Care

7.5.8 Read Burst Terminate

Data from any READ burst may be truncated with a BURST TERMINATE command, as shown in figure. The BURST
TERMINATE latency is equal to the read (CAS) latency, i.e., the BURST TERMINATE command should be issued X

cycles after the READ command where X equals the desired data-out element pairs.

SN D S U S W S D S W S
CK | |

XNIOPX:

Command Y READX \ BST ¥ \ N(;)P X

e

Address :XBA,CoInX X X X X l X

X

X

S~

o
O
=<
BS
==

4

/—r\/

DQS \
|

| | <'>&< )

DQ

=

I I I I I I
1) DO n = Data Out from column n

2) BA,Col n =Bank A, Column n

3) Cases shown are bursts of 4,8 or 16 terminated after 2 data elements.

4) Shown with nominal tAC, tDQSCK and tDQSQ

| |
[]=Don't Care
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Data from READ burst must be completed or truncated before a subsequent WRITE command can be issued. If
truncation is necessary, the BURST TERMINATE command must be used, as shown in following figure for the case of

nominal tDQSS

5 SR SR N SR U S Y SR U SR W S
CK

Command:X READ X X BST X X Nop X XWRllTEX | X N(l)P X | X NCl)P X:

. CL|E2
DQS \ I

:

Address :X BA,(f)oI n X X f X X X X BA,Col b X X : X X ; X:

- Iba

[T

DQ X(pon W X

DM

Command :X READX X BST X X NOP X X N(ljp X

Address :X BA,(::ol n X X : X X X X

| | |
I I I
[ CLE3 I I Ly [ I [
bas \
g I I I I IDO nI I I
T T T T i | |
DM

i i i i i
1) DO n = Data Out from column n; DI b= Data In to column b

3) Shown with nominal tAC, tDQSCK and tDQSQ

2) Burst length = 4, 8 or 16 in the cases shown; If the burst length is 2, the BST command can be omitted

[[]=Don't Care
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A Read burst may be followed by or truncated with a PRECHARGE command to the same bank (provided Auto
Pre-charge was not activated). The PRECHARGE command should be issued X cycles after the READ command,
where X equal the number of desired data-out element pairs. This is shown in following figure. Following the
PRECHARGE command, a subsequent command to the same bank cannot be issued until tRp is met. Note that part of
the row pre-charge time is hidden during the access of the last data-out elements.

In the case of a Read being executed to completion, a PRECHARGE command issued at the optimum time (as
described above) provides the same operation that would result from Read burst with Auto Pre-charge enabled. The
disadvantage of the PRECHARGE command is that it requires that the command and address buses be available at
the appropriate time to issue the command. The advantage of the PRECHARGE command is that it can be used to

truncate bursts.

T T
CK | | | | | | | | | |
| |

Command:X RElAD ' N(I)P X l

G

|
X Bank
(aorall)

Address :XBA,ClloInX X l X l

O

¢ cLkr—]

| |

DQS \ |
| |

DQ | | )((I oon Jf

|
|
DQS \ |
|

DQ

CD @ &

| | | |
1) DO n=Data Out from column n

)
)
3) Shown with nominal tAC tDQSCK and tDQSQ
4)
5)
6)

2) Cases shown are either uninterrupted of 4, or interrupted bursts of 8 or 16

Precharge may be applied at (BL/2) tCK after the READ command.
Note that Precharge may not be issued before tRAS ns after the ACTIVE command for applicable banks.
The ACTIVE command may be applied if tRC has been met.

I I
[[]=Don't Care
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7.5.11 Burst Terminate of Read

The BURST TERMINATE command is used to truncate read bursts (with Auto Pre-charge disabled). The most recently
registered READ command prior to the BURST TERMINATE command will be truncated. Note that the BURST
TERMINATE command is not bank specific.

This command should not be used to terminate write bursts.

oK )4

CKE (High)i
s\ [
|
s 07 1\
|
s 7 1\
|
I | T
I
|
ano,ea1 KX
|
[[] = Don't Care

7.6 Write

The WRITE command is used to initiate a burst write access to an active row, with a burst length as set in the Mode
Register. BAO and BAL select the bank, and the address inputs select the starting column location. The value of A10
determines whether or not Auto Pre-charge is used. If Auto Pre-charge is selected, the row being accessed will be
pre-charged at the end of the write burst; if Auto Pre-charge is not selected, the row will remain open for subsequent
accesses.

7.6.1 Write Command
CK
CK )|/
CKE (High):
cs \ 1/
|
BSAC T
Ras L/ )
|
CAS \ |/
T
J— |
e\ | [T
|
AO-An X ca X
Enable AP
A10 X Aap X
Disai.JIeAP
BAO,BA1 X BA X
[] = Don't Care
BA=BANK Address
CA=Coulmn Address
AP=Auto Precharge
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7.6.2 Basic Write Timing Parameters

Basic Write timing parameters for DQs are shown in figure below; they apply to all Write operations.

Input data appearing on the data bus, is written to the memory array subject to the DM input logic level appearing
coincident with the data. If a given DM signal is registered Low, the corresponding data will be written to the memory; if
the DM signal is registered High, the corresponding data inputs will be ignored, and a write will not be executed to that
byte / column location.

: I I I tosH : I IH tosH I
Case 1: PR ;:4 gt p: | : | : :
0SS = A o T ey
o9 = I | twpst |
min DQS \ | m /
' |
b
I

o B0 B 0

n
I : : I T ST : toss &P
Case 2: I Iooss; | Mo toobH y 1 .
DQSS = ¢ I O «——
max DQS : ‘\ | | | r
I .

[
:tWPREs<—I—>| : o L T
| . L I : :
20 Hemn
7 | | X:X X |

[]=Don't Care

1) DI n=Data In for column n

2) 3 subsequent elements of Data In are applied in the programmed order following DI n.

3) tDQSS: each rising edge of DQS must fall within the +/-25% window of the corresponding positive
clock edge.
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7.6.3 Write Burst (min. and max. tDQSS)

During Write bursts, the first valid data-in element will be registered on the first rising edge of DQS following the WRITE
command, and the subsequent data elements will be registered on successive edges of DQS. The Low state of DQS
between the WRITE command and the first rising edge is called the write preamble, and the Low state on DQS
following the last data-in element is called the write post-amble.

The time between the WRITE command and the first corresponding rising edge of DQS (tDQss) is specified with a
relatively wide range - from 75% to 125% of a clock cycle. Following figure shows the two extremes of tDQss for a burst
of 4, upon completion of a burst, assuming no other commands have been initiated, the DQs will remain high-Z and any
additional input data will be ignored.

CK | |

Command:XWRllTEX X N(l)P X X N(|)P X X N(l)P X X N(l)P X X N(l)P X:
Address:XBA,(ll‘ole X . X . Y X X X \

' fpassmin | |

e W W W W ' '
I tbQssmax! _ | | |
s TN 1\ L/

Pa | XOOOCOOCC | |
o [ A AL A

I
1) DI b = Data In to column b. D = Don't Care
2) 3 subsequent elements of Data In are applied i nthe programmed order following DI b.

3) A non-interrupted burst of 4 is shown.

4) A10 is LOW with the WRITE command (Auto Precharge is disabled)

7.6.4 Write to Write

Data for any WRITE burst may be concatenated with or truncated with a subsequent WRITE command. In either case,
a continuous flow of input data, can be maintained. The new WRITE command can be issued on any positive edge of
the clock following the previous WRITE command.

The first data-in element from the new burst is applied after either the last element of a completed burst or the last
desired data element of a longer burst which is being truncated. The new WRITE command should be issued X cycles
after the first WRITE command, where X equals the number of desired data-in element pairs.
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7.6.5 Concatenated Write Bursts
An example of concatenated write bursts is shown in figure below.

o TN NN NN
Command | X WR’IITE X X N(I)P X X WR’IITE X X N(IDP X X N(I)P X X N(I)P X
Address | X BA,Col b X X X BA,(I:ol n X X X X X X X_

| tDassmin I

DQs \

DM

1) DI b (n)= Data in to column b (column n) |:| = Don’t Care

2)3 subsequent elements of Data In are applied in the programmed order following DI b.
3 subsequent elements of Data In are applied in the programmed order following DI n.

3) Non-interrupted bursts of 4 are shown.

4) Each WRITE command may be to any active bank

7.6.6 Non-Consecutive Write Bursts
An example of non-consecutive write bursts is shown in figure below.

CK

Command:XWRITEX X NOP X X NOP X XWRITEX X NOP X X NOP X:

Address :X BA, CoI bX X

A

X XBACoInX X

AKX

X

tDQSSmax

DQS \

g

[\

[\

-

m
X O X0 .

2) 3 subsequent elements of Data In are applied in the programmed order following DI b.
3 subsequent elements of Data In are applied in the programmed order following DI n.
3) Non-interrupted bursts of 4 are shown.

> DDDDD(
H I I I I

DM AW AN WA /_\ [

1) DI b (n)= Data in to column b (or column n) D DontCare

4) Each WRITE command may be to any active bank and may be to the same or different devices.
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7.6.7 Random Write Cycles
Full-speed random write accesses within a page or pages can be performed as shown in figure below.
I I I I

CK | | | |

!
Command :X WRITE X X WRITE X X WRITE X X WRITE X X WRITE X X NOP X:
Address :XBACoIbX XBAConX XBACoInX XBACoIaX XBACoIgX X X:
|4 tDQSSmaxI > i i i i
| | |

MBOEHOBOE0NE

DQ |

on T AA A AL AL A

[]=Don't Care

1) DI b etc.= Data in to column b, etc.;

b’, etc.= the next Data In following DI b, etc. according to the programmed burst order
2) Programmed burst length = 2, 4, 8 or 16 in cases shown. If burst of 4,8 or 16, burst would be truncated
3) Each WRITE command may be to any active bank and may be to the same or different devices.

7.6.8 Write to Read
Data for any Write burst may be followed by a subsequent READ command.

7.6.9 Non-Interrupting Write to Read
To follow a Write without truncating the write burst, twTR should be met as shown in the figure below.

Command :XWRITEX XNOPX XN|OP ) nop ) XREADX W Nop YT Y Nor )T

X
Address :X BA, CoI bX X X X X X X X BA, co| "X X : X X I X:
tDQSSfnag — twr CL=3 | >

s T Mot o N

oo I S —

all AAAA/
I I ' I I I I

1) DI b = Data in'to column b ' ' ' !

3 subsequent elements of Data In are applied in the programmed order following DI b. |:| = Don't Care
) A non-interrupted burst of 4 is shown.
) twrr is referenced from the positive clock edge after the last Data In pair.
) A10 is LOW with the WRITE command (Auto Precharge is disabled)
) The READ and WRITE commands are to the same device but not necessarily to the same bank.

Sy

2
3
4
5
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cated by a subsequent READ command as shown in the figure below. Note that

the only data-in pairs that are registered prior to the twTR period are written to the internal array, and any subsequent

data-in must be masked with DM.

K T

N S N S N S N S N

Command:XWRITEX X NCIJP X X NCI)P X XREADX X NCI)P X X N(I)P X X N?P X:

X

X

K

|
Address :X BAColb Y X

Y D

|
< tbaSSmax > | twrr
|

CL=3

/

X

emmi TV

[T

DQ

ool )

DM

\ [\ L7 T\

1) DI b = Data in to column b. DO n=Data out from column n.
2) An interrupted burst of 4 is shown, 2 data elements are written.

3) twrr is referenced from the positive clock edge after the last Data In pair.
4)A10 is LOW with the WRITE command (Auto Precharge is disabled)

3 subsequent elements of Data In are applied in the programmed order following DI b.

5) The READ and WRITE commands are to the same device but not necessarily to the same bank.

[[]=Don't Care

7.6.11 Write to Precharge

Data for any WRITE burst may be followed by a subsequent PRECHARGE command to the same bank (provided Auto
Precharge was not activated). To follow a WRITE without truncating the WRITE burst, twr should be met as shown in

the figure below.

7.6.12 Non-Interrupting Write to Precharge

S S N S D S N S W S W S
CK

Command:XWRITEX X nop YT X nop XU X Nnop XTX Nop XX Pre YT

Address:XBACoIbX X X X X X I X

X

X

XBA a (or aII)X:

twr

:4 ossre: : > i E:
s AL\
bQ | | | |
o A A AL

1) DI b = Data in to column b

[[]=Don't Care

3 subsequent elements of Data In are applied in the programmed order following DI b.
2) A non-interrupted burst of 4 is shown.
3) twr is referenced from the positive clock edge after the last Data In pair.
4) A10 is LOW with the WRITE command (Auto Precharge is disabled)
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7.6.13 Interrupting Write to Precharge

Data for any WRITE burst may be truncated by a subsequent PRECHARGE command as shown in figure below. Note
that only data-in pairs that are registered prior to the twr period are written to the internal array, and any subsequent
data-in should be masked with DM, as shown in figure. Following the PRECHARGE command, a subsequent
command to the same bank cannot be issued until tRP is met.

R S D S Y S N S N S N SR
Command :X WR’IlTE X X N?P X X N?P X X : I
Address | XBAColb X X X X X X X BARe X X X
|

| | | |
¢ tbQsSmax >

DQS \ : /I(—\i_/—\ﬁ/—\_/ \_L

DQ : : )@DDDDDDDDDDDDDD(:
| | | | |
DM . . \ [\ / . /7 U/ \J*1 /- \_,_/*1 /1 )

[] = bon't Care

»
>

1) DI b = Data in to column b.

2) An interrupted burst of 4, 8 or 16 is shown, 2 data elements are written.

3) twr is referenced from the positive clock edge after the last desired Data In pair.
4) A10 is LOW with the WRITE command (Auto Precharge is disabled)

5) *1=can be Don't Care for programmed burst length of 4

6) *2=for programmed burst length of 4, DQS becomes Don't Care at this point

7.7 Precharge

The PRECHARGE command is used to deactivate the open row in a particular bank or the open row in all banks. The
bank(s) will be available for a subsequent row access a specified time (tRP) after the PRECHARGE command is issued.
Input A10 determines whether one or all banks are to be precharged. In case where only one bank is to be precharged,
inputs BAO, BA1 select the bank. Otherwise BAO, BA1 are treated as “Don’t Care”.

Once a bank has been precharged, it is in the idle state and must be activated prior to any READ or WRITE command
being issued. A PRECHARGE command will be treated as a NOP if there is no open row in that bank, or if the
previously open row is already in the process of precharging.

7.7.1 Precharge Command

CK
oK i
CKE (High) |
Cs | /
|
RAS \ ! /
T
1
A
|
el N\ L [
|
Address X X
All Banks
A10
One 'ﬁank
BAO,BA1 X Ba X
|
[ = Don't Care
BA=BANK Address
(if A10 = L,otherwise Don't Care)
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7.8 Auto Precharge
Auto Precharge is a feature which performs the same individual bank precharge function as described above, but
without requiring an explicit command. This is accomplished by using A10 (A10 = High), to enable Auto Precharge in
conjunction with a specific READ or WRITE command. A precharge of the bank / row that is addressed with the READ
or WRITE command is automatically performed upon completion of the read or write burst. Auto Precharge is non
persistent in that it is either enabled or disabled for each individual READ or WRITE command.
Auto Precharge ensures that a precharge is initiated at the earliest valid stage within a burst. The user must not issue
another command to the same bank until the precharing time (tRP) is completed. This is determined as if an explicit
PRECHARGE command was issued at the earliest possible time, as described for each burst type in the Operation
section of this specification.

7.9 Refresh Requirements

LPDDR SDRAM devices require a refresh of all rows in any rolling 64ms interval. Each refresh is generated in one of
two ways: by an explicit AUTO REFRESH command, or by an internally timed event in SELF REFRESH mode. Dividing
the number of device rows into the rolling 64ms interval defines the average refresh interval (tReFI), which is a guideline
to controllers for distributed refresh timing.

7.10 Auto Refresh

AUTO REFRESH command is used during normal operation of the LPDDR SDRAM. This command is non persistent,
so it must be issued each time a refresh is required.

The refresh addressing is generated by the internal refresh controller. The LPDDR SDRAM requires AUTO REFRESH
commands at an average periodic interval of tREFI.

7.10.1 Auto Refresh Command

(High) |
|

ﬁ—\:
RAS—\i
C_AS—\i
L

ARRR

AO0-An X
BAO,BA1

[[] = Don't Care
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7.11 Self Referesh

The SELF REFRESH command can be used to retain data in the LPDDR SDRAM, even if the rest of the system is
powered down. When in the Self Refresh mode, the LPDDR SDRAM retains data without external clocking. The
LPDDR SDRAM device has a built-in timer to accommodate Self Refresh operation. The SELF REFRESH command is
initiated like an AUTO REFRESH command except CKE is LOW. Input signals except CKE are “Don’t Care” during Self
Refresh. The user may halt the external clock one clock after the SELF REFRESH command is registered.

Once the command is registered, CKE must be held low to keep the device in Self Refresh mode. The clock is internally
disabled during Self Refresh operation to save power. The minimum time that the device must remain in Self Refresh
mode is tRFC.

The procedure for exiting Self Refresh requires a sequence of commands. First, the clock must be stable prior to CKE
going back High. Once Self Refresh Exit is registered, a delay of at least txs must be satisfied before a valid command
can be issued to the device to allow for completion of any internal refresh in progress.

The use of Self Refresh mode introduces the possibility that an internally timed refresh event can be missed when CKE
is raised for exit from Self Refresh mode. Upon exit from Self Refresh an extra AUTO REFRESH command is
recommended.

In the Self Refresh mode, Partial Array Self Refresh (PASR) function is described in the Extended Mode Register
section.

7.11.1 Self Refresh Command

CK
CK
CKE

!

RAS

CAS

AR

AO-An
BAO,BA1

QPR

[] = Don't Care
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| | | | | |
atlpiaiaialaieinin
T —h—— ———— >
Command:X PRE X:X NoP X:X ARF X:X NOP )@( NOP )D( ARF )D( NOP )@X NOP X:X ACT X:
|
|

7.11.2 Auto Refresh Cycles Back-to-Back

%\

wes OO0

A1 (AP) }/Prd:AIIU | ) | I .

I I
| Highz | | I
DQ | [ [ [

= =
3|
-
+2 s
H
H

[[]=Don' Care
Ba A, Rown=Bank A, Rown

7.11.3 Self Refresh Entry and Exit

S T /(\I\JP_\/\

-
| tsR | tRFC |
4 | > I g

Commanc:X PREX:X NOPX:X ARFX Z) X !
Address :X X:X X:X Z) X X:X .'
A10AP) :}’PreAl(:X X:X // \ ‘

|
- | Highz : l ) | | Y i ) :
| | TI ({ * | (f + ({ |
Enter Exit from Any Command [] =Dort Care
Self Refresh Self Refresh 358 nﬁgr%fé?]sh
Mode Mode '
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7.12 Power Down

Power-down is entered when CKE is registered Low (no accesses can be in progress). If power-down occurs when all
banks are idle, this mode is referred to as precharge power-down; if power-down occurs when there is a row active in
any bank, this mode is referred to as active power-down.

Entering power-down deactivates the input and output buffers, excluding CK, CK and CKE. In power-down mode,
CKE Low must be maintained, and all other input signals are “Don’t Care”. The minimum power-down duration is
specified by tcke. However, power-down duration is limited by the refresh requirements of the device.

The power-down state is synchronously exited when CKE is registered High (along with a NOP or DESELECT
command). A valid command may be applied txp after exit from power-down.

For Clock Stop during Power-Down mode, please refer to the Clock Stop subsection in this specification.

Rp /TD o
commandwﬁw[xmgp[xwfpx D 8 ) 8 .
) 0 0 © O S A A B

R~—

High-z |

——

Power Down Exit from Any Command
Entry Power Down

DQ

: i

A0 (AP) :YPré; A||D( X:X \ / | X:X )@( X:)( Vallid X:
| )
! (

—

Precharge Power-Down mode shown; all banks are idle and tgp

is met when Power-down Entry command is issued [0 = Don' Care
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7.13 Deep Power Down

The Deep Power-Down (DPD) mode enables very low standby currents. All internal voltage generators inside the
LPDDR SDRAM are stopped and all memory data is lost in this mode. All the information in the Mode Register and the
Extended Mode Register is lost.

Deep Power-Down is entered using the BURST TERMINATE command except that CKE is registered Low. All banks
must be in idle state with no activity on the data bus prior to entering the DPD mode. While in this state, CKE must be
held in a constant Low state.

To exit the DPD mode, CKE is taken high after the clock is stable and NOP commands must be maintained for at least
200ps. After 200us a complete re-initialization is required following steps 4 through 11 as defined for the initialization
sequence.

7.13.1 Deep Power-Down Entry and Exit
T0 T1 Tal Tal Ta2

N W g ey e W W e T

ey, |

Command Nc:)P [ DlPDX \ | X X nop X“ N vaid )}
Address N vaid )}

|
DQS
| | | | | |
DQ
| | | | | |
DM
' i i i —
tRP >| | | | T=200US
'Enter DPD : : ' Exit DPD :
Mode Mode
[[]=Don't Care

1) Clock must be stable before exiting Deep Power-Down mode. That is, the clock must be cycling
within specifications by Ta0

2) Device must be in the all banks idle state prior to entering Deep Power-Down mode

3) 200us is required before any command can be applied upon exiting Deep-Down mode

4) Upon exiting Deep Power-Down mode a PRECHARGE ALL command must be issued, followed
by two REFRESH commands and a load mode register sequence
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7.14 Clock Stop

Stopping a clock during idle periods is an effective method of reducing power consumption.
The LPDDR SDRAM supports clock stop under the following conditions:

e the last command (ACTIVE, READ, WRITE, PRECHARGE, AUTO REFRESH or MODE REGISTER SET) has
executed to completion, including any data-out during read bursts; the number of clock pulses per access
command depends on the device’s AC timing parameters and the clock frequency;

e the related timing conditions (tRCD, twR, tRP, tRFC, tMRD) has been met;

e CKE is held High

When all conditions have been met, the device is either in “idle state” or “row active state” and clock stop mode may
be entered with CK held Low and CK held High.

Clock stop mode is exited by restarting the clock. At least one NOP command has to be issued before the next

access command may be applied. Additional clock pulses might be required depending on the system
characteristics.

The following Figure shows clock stop mode entry and exit.
e Initially the device is in clock stop mode
e The clock is restarted with the rising edge of TO and a NOP on the command inputs

e With T1 a valid access command is latched; this command is followed by NOP commands in order to allow for
clock stop as soon as this access command is completed

e Tnis the last clock pulse required by the access command latched with T1
e The clock can be stopped after Tn

7.14.1 Clock Stop Mode Entry and Exit
T0

« hmr&

CKE (

Y

I
|<_ : Timing i _»:

| Condition

Command |\ (:)P X:X CMD X NOP )@( nop X N(:)P \
Address \\ X I X:X VaIid X:X XSX I X:X | X \<

DQ.DQAS ( | : (High-2) i i : (

I + = Dor?')t Care

—>

Clock Exgt(cl) lock Valid Enter Clock
Stopped Mo di Command Stop Mode
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8. ELECTRICAL CHARACTERISTIC

8.1 Absolute Maximum Ratings

Parameter Symbol ; Values Units
Min Max
\oltage on VDD relative to VSS VDD -0.5 2.3 \%
Voltage on VDDQ relative to VSS VDDQ -0.5 2.3 \%
\/oltage on any pin relative to VSS VIN, VOUT -0.5 2.3 \%
Operation Case Temperature Tc ‘21(5) gg °C
Storage Temperature TSTG =55 150 °C
Short Circuit Output Current IOUT +50 mA
Power Dissipation PD 1.0 w

Notes:

Stresses greater than those listed in “Absolute Maximum Ratings” 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 above those indicated in the operational sections of
this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability.

8.2 Input/Output Capacitance

Parameter Symbol | Min | Max | Units Notes
Input capacitance, CK, CK CCK 15 | 3.0 pF
Input capacitance delta, CK, CK CDCK 0.25 pF
Input capacitance, all other input-only pins Cl 15 3.0 pF
Input capacitance delta, all other input-only pins CDI 0.5 pF
Input/ output capacitance, DQ,DM,DQS CIO 3.0 5.0 pF
Input/output capacitance delta, DQ, DM, DQS CDIO 0.50 pF

Notes:

1.These values are guaranteed by design and are tested on a sample base only.

2.These capacitance values are for single monolithic devices only. Multiple die packages will have parallel capacitive loads.

3.Although DM is an input-only pin, the input capacitance of this pin must model the input capacitance of the DQ and DQS pins. This
is required to match signal propagation times of DQ, DQS and DM in the system
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8.3 Electrical Characteristics and AC/DC Operating Conditions

All values are recommended operating conditions unless otherwise noted.

8.3.1 Electrical Characteristics and AC/DC Operating Conditions

Parameter/Condition Symbol Min Max Units | Notes
Supply Voltage VDD 1.70 1.95 \%
I/O Supply Voltage VDDQ 1.70 1.95

Address And Command Inputs (AO~An, BAO,BAl,CKE,@,RAS,CAS,WE)
Input High Voltage VIH 0.8*vDDQ | vDDQ + 0.3 \%
Input Low Voltage VIL -0.3 0.2*VDDQ \%

Clock Inputs (CK, CK )

DC Input Voltage VIN -0.3 VDDQ + 0.3 \%
DC Input Differential Voltage VID (DC) | 0.4*vDDQ | VDDQ + 0.6 \%
AC Input Differential Voltage VID (AC) | 0.6*vDDQ | vDDQ +0.6 \%
AC Differential Crossing Voltage VIX 0.4*vDDQ | 0.6*vDDQ \%
Data Inputs (DQ, DM, DQS)
DC Input High Voltage VIHD (DC) | 0.7*vDDQ | VvDDQ +0.3 \%
DC Input Low Voltage VILD (DC) -0.3 0.3*VDDQ \%
AC Input High Voltage VIHD (AC) | 0.8*vDDQ |VDDQ +0.3 \%
AC Input Low Voltage VILD (AC) -0.3 0.2*VDDQ \%
Data Outputs (DQ, DQS)
DC Output High Voltage (IOH=-0.1mA) VOH 0.9*vDDQ - \Y

DC Output Low Voltage (I0OL=0.1mA) VOL - 0.1*vDDQ Y
Leakage Current

Input Leakage Current liL -1 1 UA

Output Leakage Current loL -5 5 UuA 5

Notes:
1.All voltages referenced to VSS and VSSQ must be same potential.

2. VID (DC) and VID (AC) are the magnitude of the difference between the input level on CK and CK .
3. The value of VIX is expected to be 0.5*VDDQ and must track variations in the DC level of the same.
4. Any input OV < VIN < VDD. All other pins are not tested under VIN=0V.

5. Any output OV < VOUT < VDDQ. DOUT is disabled.
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8.4.1 IDD Specification and Test Conditions (x16)

[Recommended Operating Conditions; Notes 1-4]
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Parameter Symbol Test Condition -5 1 -6 | Unit

Operating one . . ) == .

bank tRC = tRCmin ; tCK = tCKmin ; CKE is HIGH; CS is HIGH

active-precharge IDDO between valid commands; address inputs are SWITCHING; data 40 38 mA

current bus inputs are STABLE

Precharge all banks idle, CKE is LOW; CS is HIGH, tCK = tCKmin :

power-down IDD2P address and control inputs are SWITCHING: data bus inputs are | 9-3 | 03 | mA

standby current STABLE

Precharge ) ) —= . —

power-down all banks idle, CKE is LOW; CS is HIGH, CK=LOW, CK =

standby current IDD2PS HIGH; address and control inputs are SWITCHING; data bus 03 | 03 mA

with clock stop inputs are STABLE

Precharge non all banks idle, CKE is HIGH; CS is HIGH, tCK = tCKmin;

power-down IDD2N address and control inputs are SWITCHING; data bus inputs are | 10 | 10 mA

standby current STABLE

Precharge non ) ) —= . —

power-down all banks idle, CKE is HIGH; CS is HIGH, CK = LOW, CK =

standby current IDD2NS HIGH; address and control inputs are SWITCHING; data bus 3 3 mA

with clock stop inputs are STABLE

Active power-down one bank active, CKE is LOW; CS is HIGH, tCK =

standby current IDD3P tCKmin;address and control inputs are SWITCHING; data bus 3 3 mA
inputs are STABLE

Active power-down one bank active, CKE is LOW; CS is HIGH, CK = LOW, CK

standby current IDD3PS | = HiGH: address and control inputs are SWITCHING; data bus 3 3 mA

with clock stop inputs are STABLE

Active non one bank active, CKE is HIGH; CS is HIGH, tCK = tCKmin;

power-down IDD3N address and control inputs are SWITCHING; data bus inputs are | 29 | 29 mA

standby current STABLE

Active non ] ) - . —

power-down one bank active, CKE is HIGH; CS is HIGH, CK = LOW, CK

standby current IDD3NS = HIGH; address and control inputs are SWITCHING; data bus 15 15 mA

with clock stop inputs are STABLE

Operating burst one bank active; BL = 4; CL = 3 tCK = tCKmin ; continuous read

read current IDD4R bursts; IOUT = 0 mA; address inputs are SWITCHING; 50% data | 75 70 mA
change each burst transfer

Operating burst one bank active;. BL = 4; t CK = t CKmin ; continuous write

write current IDD4W bursts; address inputs are SWITCHING; 50% data change 55 50 mA
each burst transfer

Auto-Refresh tRC = tRFCmin ; tCK = tCK_min ; burst refresh; CKE is

Current IDD5 HIGH; address and control inputs are SWITCHING; data bus 75 75 mA
inputs are STABLE

Deep Power-Down Address and control inputs are STABLE; data bus inputs are

current IDD8(4) STABLE 10 10 uA
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8.4.2 IDD Specification and Test Conditions  (x32)
[Recommended Operating Conditions; Notes 1-4]

Parameter Symbol Test Condition -5 | -6 | Unit
Operating one ) ) . —= .
bank tRC = tRCmin ; tCK = tCKmin ; CKE is HIGH; CS is HIGH
active-precharge IDDO between valid commands; address inputs are SWITCHING; data 40 38 mA
current bus inputs are STABLE
Precharge all banks idle, CKE is LOW; CS is HIGH, tCK = tCKmin ;
power-down IDD2P address and control inputs are SWITCHING; data bus inputs are | 03 | 0-3 mA
standby current STABLE
Precharge ) ] = . —
power-down all banks idle, CKE is LOW; CS is HIGH, CK =LOW, CK =
standby current IDD2PS HIGH; address and control inputs are SWITCHING; data bus 0.3 0.3 mA
with clock stop inputs are STABLE
Precharge non all banks idle, CKE is HIGH; CS is HIGH, tCK = tCKmin;
power-down IDD2N address and control inputs are SWITCHING; data bus 10 10 mA
standby current inputs are STABLE
Egsvcehfégsvgo” all banks idle, CKE is HIGH; CS is HIGH, CK = LOW,
IDD2NS v _ . . . 3 3 mA
standby current CK = HIGH; address and control inputs are SWITCHING; data
with clock stop bus inputs are STABLE
Active one bank active, CKE is LOW; CS is HIGH, tCK = tCKmin;
power-down IDD3P address and control inputs are SWITCHING; data bus inputs are 3 3 mA
standby current STABLE
Active = —
power-down one bank active, CKE is LOW; CS is HIGH, CK = LOW, CK
standby current IDD3PS = HIGH; address and control inputs are SWITCHING; data bus 3 3 mA
with clock stop inputs are STABLE
Active non one bank active, CKE is HIGH; CS is HIGH, tCK = tCKmin:
power-down IDD3N address and control inputs are SWITCHING; data bus inputs are | 2° 25 mA
standby current STABLE
Active non ) ) = . —
power-down one bank active, CKE is HIGH; CS is HIGH, CK = LOW, CK
standby current IDD3NS = HIGH; address and control inputs are SWITCHING; data bus 15 15 mA
with clock stop inputs are STABLE
Operating burst one bank active; BL=4; CL = 3 tCK = tCKmin ; continuous read
read current IDD4R bursts; IOUT = 0 mA, address inputs are SWITCHING; 50% data 75 70 mA
change each burst transfer
Operating burst one bank active;_ BL = 4; t CK = t CKmin ; continuous write
write current IDD4AW bursts; address inputs are SWITCHING; 50% data change 55 50 mA
each burst transfer
Auto-Refresh tRC = tRFCmin ; tCK = tCKmin : burst refresh; CKE is
Current IDD5 HIGH; address and control inputs are SWITCHING; data bus 75 75 mA
inputs are STABLE
Deep Add d I STABLE; data bus i
Power-Down IDD8(4) ress and control inputs are ; data bus inputs are 10 10 UA
current STABLE
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Notes:

2.Input slew rate is 1V/ns.
3.Definitions for IDD:

W949D6KB / W949D2KB
winbond

1.IDD specifications are tested after the device is properly initialized.

LOW is defined as VIN < 0.1 * VDDQ;
HIGH is defined as VIN = 0.9 * VDDQ;
STABLE is defined as inputs stable at a HIGH or LOW level,
SWITCHING is defined as:

- Address and command: inputs changing between HIGH and LOW once per two clock cycles;

512Mb Mobile LPDDR

- Data bus inputs: DQ changing between HIGH and LOW once per clock cycle; DM and DQS are STABLE.

4.IDD8 is a typical value at 25°C,

IDD6 Conditions :

Self Refresh
Current

IDD6

CKE is LOW; CK = LOW, CK =
HIGH; Extended Mode Register set
to all 0’s; address and control inputs
are STABLE; data bus inputs are
STABLE

PASR Range | 85°C | Units
Full Array 450
1/2 Array 350 UuA
1/4 Array 300

-50 -
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8.5 AC Timings
[Recommended Operating Conditions: Notes 1-9]
-5 -6 )
Parameter Symbol - - Unit | Notes
Min Max Min Max
DQ output access time CL=3 2.0 5.0 2.0 5.0
=, tAC ns
from ck/CK cL=2 2.0 6.5 2.0 6.5
D(_ijS output access time from CL=3 {DOSCK 2.0 5.0 2.0 .0 ns
CL=2 2.0 6.5 2.0 6.5
Clock high-level width tCH 0.45 0.55 0.45 0.55 tCK
Clock low-level width tCL 0.45 0.55 0.45 0.55 tCK
Clock half period tHP Min Min ns 10,11
(tCL, tCH) (CL, tCH)
CL=3 5 6 ns 12
Clock cycle time tCK
CL=2 12 12 ns 12
DQ and DM input setup fast 0.48 0.6 ns 13,14,15
) tDS
time slow 0.58 0.7 ns | 13,14,16
fast 0.48 0.6 ns 13,14,15
DQ and DM input hold time tDH
slow 0.58 0.7 ns 13,14,16
DQ and DM input pulse width tDIPW 1.4 1.6 ns 17
Address and control input | fast (S 0.9 11 ns 15,18
setup time slow 1.1 1.3 ns 16,18
Address and control input fast HH 0.9 11 ns 15,18
hold time slow 1.1 1.3 ns 16,18
Address and control input pulse width tIPW 2.3 2.6 ns 17
DQ & DQS low-impedance time from Lz 10 10 ns 19
ck/ CK
DO & DOS high-i d CL=3 5.0 50
Q &DQS hig “mpCK edance tHZ ns 19
time from CK/ CcL=2 6.5 6.5
DQS-DQ skew tDQSQ 0.4 0.5 ns 20
tHP-t tHP-t
DQ/DQS output hold time from DQS tQH Q Q ns 11
HS HS
Data hold skew factor tQHS 0.5 065 ns 11
Wnte. c?ommand to 1st DQS latching tDQSS 0.75 1.25 0.75 1.5 {CK
transition
DQS input high-level width tDQSH 0.4 0.6 0.4 0.6 tCK
DQS input low-level width tDQSL 0.4 0.6 0.4 0.6 tCK
DQS falling edge to CK setup time tDSS 0.2 0.2 tCK
DQS falling edge hold time from CK tDSH 0.2 0.2 tCK
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-5 -6 .
Parameter Symbol - - Unit | Notes
Min Max Min Max

MQDE REGISTER SET command {MRD 2 5 {tCK
period
Write preamble setup time tWPRES 0 0 ns 21
Write postamble tWPST 0.4 0.6 0.4 0.6 tCK 22
Write preamble tWPRE 0.25 0.25 tCK

CL=3 0.9 1.1 0.9 1.1 tCK 23
Read preamble tRPRE

CL=2 0.5 1.1 0.5 1.1 tCK 23
Read postamble tRPST 0.4 0.6 0.4 0.6 tCK
ACTIVE to PRECHARGE command {RAS 20 70,000 42 70,000 ns
period

tRAS+ tRAS+
ACTIVE to ACTIVE command period tRC ns
tRP tRP

AUTO REFRESH to ACT.IVE/AUTO {REC 72 72 ns
REFRESH command period
ACTIVE to READ or WRITE delay tRCD 15 18 ns
PRECHARGE command period tRP 3 3 tCK
ACTIVE bank A to ACTIVE bank B {RRD 10 12 ns
delay
WRITE recovery time tWR 15 15 ns 24
Auto preche.\rge write recovery + {DAL ) ) tCK o5
precharge time
Internal write to Read command delay tWTR 1 1 tCK
Self Refresh exit to next valid command IXSR 120 120 ns 26
delay
Exit power down to next valid command XP 2 1 tCK 27
delay
CKE m|r1. pulse width (high and low {CKE 1 1 tCK
pulse width)
Refresh Period tREF 64 64 ms
Average periodic refresh interval tREFI 7.8 7.8 us 28,29
MRS for SRR to READ tSRR 2 2 tCK
READ of SRR to next valid command tSRC CL+1 CL+1 tCK
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Notes:
1.All voltages referenced to VSS.
2.All parameters assume proper device initialization.

3.Tests for AC timing may be conducted at nominal supply voltage levels, but the related specifications and device
operation are guaranteed for the full voltage and temperature range specified.

4.The circuit shown below represents the timing reference load used in defining the relevant timing parameters of the
part. It is not intended to be either a precise representation of the typical system environment nor a depiction of the
actual load presented by a production tester. System designers will use IBIS or other simulation tools to correlate the
timing reference load to system environment. Manufacturers will correlate to their production test conditions
(generally a coaxial transmission line terminated at the tester electronics). For the half strength driver with a nominal
10pF load parameters tAC and tQH are expected to be in the same range. However, these parameters are not
subject to production test but are estimated by design / characterization. Use of IBIS or other simulation tools for
system design validation is suggested.

Time Reference Load Zo = 50 Ohms
—_— 20pF

5.The CK/& input reference voltage level (for timing referenced to CK/C_K) is the point at which CK and & Cross;

the input reference voltage level for signals other than CK/& is VDDQ/2.
6.The timing reference voltage level is VDDQ/2.

7.AC and DC input and output voltage levels are defined in the section for Electrical Characteristics and AC/DC
operating conditions.

8.A CK/& differential slew rate of 2.0 V/ns is assumed for all parameters.

g CAS latency definition: with CL = 3 the first data element is valid at (2 * tCK + tAC) after the clock at which the READ

command was registered ; with CL = 2 the first data element is valid at (tCK + tAC) after the clock at which the READ
command was registered

10.Min (tCL, tCH) refers to the smaller of the actual clock low time and the actual clock high time as provided to the
device (i.e. this value can be greater than the minimum specification limits of tCL and tCH)

11.tQH =tHP - tQHS, where tHP = minimum half clock period for any given cycle and is defined by clock high or clock
low (tCL, tCH). tQHS accounts for 1) the pulse duration distortion of on-chip clock circuits; and 2) the worst case
push-out of DQS on one transition followed by the worst case pull-in of DQ on the next transition, both of which are,
separately, due to data pin skew and output pattern effects, and p-channel to n-channel variation of the output
drivers.

12.The only time that the clock frequency is allowed to change is during clock stop, power-down or self-refresh modes.

13.The transition time for DQ, DM and DQS inputs is measured between VIL(DC) to VIH(AC) for rising input signals,
and VIH(DC) to VIL(AC) for falling input signals.

14.DQS, DM and DQ input slew rate is specified to prevent double clocking of data and preserve setup and hold times.
Signal transitions through the DC region must be monotonic.

15.Input slew rate = 1.0 V/ns.

16.Input slew rate 2 0.5 V/ns and < 1.0 V/ns.

17.These parameters guarantee device timing but they are not necessarily tested on each device.
18.The transition time for address and command inputs is measured between VIH and VIL.

19.tHZ and tLZ transitions occur in the same access time windows as valid data transitions. These parameters are not
referred to a specific voltage level, but specify when the device is no longer driving (HZ), or begins driving (LZ).
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20.tDQSQ consists of data pin skew and output pattern effects, and p-channel to n-channel variation of the output
drivers for any given cycle.

21.The specific requirement is that DQS be valid (HIGH, LOW, or some point on a valid transition) on or before the
corresponding CK edge. A valid transition is defined as monotonic and meeting the input slew rate specifications of
the device. When no writes were previously in progress on the bus, DQS will be transitioning from Hi-Z to logic
LOW. If a previous write was in progress, DQS could be HIGH, LOW, or transitioning from HIGH to LOW at this
time, depending on tDQSS.

22.The maximum limit for this parameter is not a device limit. The device operates with a greater value for this
parameter, but system performance (bus turnaround) will degrade accordingly.

23.A low level on DQS may be maintained during High-Z states (DQS drivers disabled) by adding a weak pull-down
element in the system. It is recommended to turn off the weak pull-down element during read and write bursts (DQS
drivers enabled).

24 At least one clock cycle is required during tWR time when in auto precharge mode.

25.tDAL = (t(WR/CK) + (tRP/tCK): for each of the terms, if not already an integer, round to the next higher integer.
26.There must be at least two clock pulses during the tXSR period.

27.There must be at least one clock pulse during the tXP period.

28.tREFI values are dependent on density and bus width.

29.A maximum of 8 Refresh commands can be posted to any given LPDDR, meaning that the maximum absolute
interval between any Refresh command and the next Refresh command is 8*tREFI.

8.5.1 CAS Latency Definition (With CL=3)

10 T1 T2 Tn T3 T T4 T4n T5 Ton T6
I I I I I I I I I I I

Command:XRE'ADX XNC:)PX XN(')PX'XN(')PX XNéPX'XNc:)PX XN(:)PX:

| | | | |
1CL=3 | Lo
| toosoi > | tDQqICK' | | | | oot
I min I min I I I I
| | ] €1 N
| - | | |
DAS — ¢ |\_:_/7 o\ ) )
w0 [ e
I min
All DQ,
o A NN NE R NG NE D
' | | i (|1 1 L0 0 0 | ]
| | Tyl e | | | | | | |

1)DQ transitioning after DQS transition define tDQSQ window.
2)ALL DQ must transition by tDQSQ after DQS transitions, regardless of tAC
tAC is the DQ output window relative to CK,and is the long term component of DQ skew.
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8.5.2 Output Slew Rate Characteristics

Parameter Min Max Unit | Notes
Pull-up and Pull-Down Slew Rate for Full Strength Driver 0.7 2.5 V/ns 1,2
Pull-up and Pull-Down Slew Rate for Three-Quarter Strength Driver 0.5 1.75 V/ns 1,2
Pull-up and Pull-Down Slew Rate for Half Strength Driver 0.3 1.0 V/ns 1,2
Output Slew rate Matching ratio (Pull-up to Pull-down) 0.7 1.4 - 3

Notes:

1.Measured with a test load of 20 pF connected to VssQ.

2.0utput slew rate for rising edge is measured between VILD(DC) to VIHD(AC) and for falling edge between VIHD(DC) to VILD(AC).

3.The ratio of pull-up slew rate to pull-down slew rate is specified for the same temperature and voltage, over the entire temperature and voltage
range. For a given output, it represents the maximum difference between pull-up and pull-down drivers due to process variation.

8.5.3 AC Overshoot/Undershoot Specification

Parameter Specification
Maximum peak amplitude allowed for overshoot 05V
Maximum peak amplitude allowed for undershoot 05V
The area between overshoot signal and VDD must be less than or equal to 3 V-ns
The area between undershoot signal and GND must be less than or equal to 3 V-ns

8.5.4 AC Overshoot and Undershoot Definition

Overshoot Area
2.5
2.0
VDD
1.5
S
(]
8 1.0 v N
E Max Amplitude = 0.5V Max Area = 3V-ns
\ —
VSS
] Undershoot Area
Time
(ns)

Publication Release Date : Sep, 21, 2012
-55- Revision : A01-001



W949D6KB / W949D2KB
Y~/ / winbond /] 4

512Mb Mobile LPDDR

9. REVISION HISTORY

Version Date Page Description
P01-001 | 03/27/2012 All First preliminary release.

2 Add ordering information.
P01-002 | 07/31/2012 18 Update SRR[10:8].

50,51 Update IDDx value.

2 Update ordering information.

All Remove text “Preliminary”.
A01-001 | 09/21/2012

48 Add note in section 8.1.

52 Update IDD6 value.
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Important Notice

Winbond products are not designed, intended, authorized or warranted for use as components in systems or
equipment intended for surgical implantation, atomic energy control instruments, airplane or spaceship
instruments, transportation instruments, traffic signal instruments, combustion control instruments, or for
other applications intended to support or sustain life. Furthermore, Winbond products are not intended for
applications wherein failure of Winbond products could result or lead to a situation where in personal injury,
death or severe property or environmental damage could occur.

Winbond customers using or selling these products for use in such applications do so at their own risk and
agree to fully indemnify Winbond for any damages resulting from such improper use or sales.

Please note that all data and specifications are subject to change without notice.
All the trademarks of products and companies mentioned in the datasheet belong to their respective owners.

Publication Release Date : Sep, 21, 2012
-57 - Revision : A01-001



	W71NW11GC1DW v1.1
	1 GENERAL DESCRIPTION
	2 FEATURES
	3 BALL CONFIGURATION
	3.1 130-Ball Description for W29N01GW NAND Flash Memory
	3.2 130-Ball Description for W949D6KK Low Power DDR SDRAM

	4 Block Diagram
	5 Package Specification
	5.1 VFBGA130 Ball (8X9mm^2, Ball pitch:0.65mm, Ø=0.3mm)

	6 MCP ORDERING INFORMATION
	7 Revision History

	W29N01Gx_MCP v0.1
	1. GENERAL DESCRIPTION
	2. FEATURES
	3. PIN CONFIGURATIONS
	3.1 Pin Descriptions

	4. PIN DESCRIPTIONS
	4.1 Chip Enable (#CE)
	4.2 Write Enable (#WE) 
	4.3 Read Enable (#RE)
	4.4 Address Latch Enable (ALE)
	4.5 Command Latch Enable (CLE)
	4.6 Write Protect (#WP)
	4.7 Ready/Busy (RY/#BY)
	4.8 Input and Output (I/Ox)

	5. BLOCK DIAGRAM
	6. MEMORY ARRAY ORGANIZATION
	6.1 X8 Array Organization
	6.2 X16 Array Organization

	7. MODE SELECTION TABLE
	8. COMMAND TABLE 
	9. DEVICE OPERATIONS
	9.1 READ operation
	9.1.1  PAGE READ (00h-30h)
	9.1.2 CACHE READ OPERATIONS
	9.1.2.1. SEQUENTIAL CACHE READ (31h)
	9.1.2.2. RANDOM CACHE READ (00h-31h)
	9.1.2.3. LAST ADDRESS CACHE READ (3Fh)

	9.1.3 RANDOM DATA OUTPUT (05h-E0h)
	9.1.4 READ ID (90h)
	9.1.5 READ PARAMETER PAGE (ECh)
	9.1.6 READ STATUS (70h)
	9.1.7 READ UNIQUE ID (EDh)

	9.2 PROGRAM operation
	9.2.1 PAGE PROGRAM (80h-10h)
	9.2.2 SERIAL DATA INPUT (80h)
	9.2.3 RANDOM DATA INPUT (85h) 
	9.2.4  CACHE PROGRAM (80h-15h)

	9.3 COPY BACK operation
	9.3.1 READ for COPY BACK (00h-35h)
	9.3.2 PROGRAM for COPY BACK (85h-10h)

	9.4 BLOCK ERASE operation
	9.4.1  BLOCK ERASE (60h-D0h) 

	9.5 RESET operation
	9.5.1  RESET (FFh)

	9.6 FEATURE OPERATION
	9.6.1 GET FEATURES (EEh)
	9.6.2 SET FEATURES (EFh)

	9.7 ONE TIME PROGRAMMABLE (OTP) area
	9.7.1 OTP DATA PROGRAM (A0h-10h)
	9.7.2 OTP DATA PROTECT (A5h-10h)
	9.7.3 OTP DATA READ (AFh-30h)

	9.8 WRITE PROTECT
	9.9 BLOCK LOCK

	10. ELECTRICAL CHARACTERISTICS
	10.1 Absolute Maximum Ratings
	10.2 Operating Ranges
	10.3 Device power-up timing
	10.4 DC Electrical Characteristics
	10.5 AC Measurement Conditions
	10.6 AC timing characteristics for Command, Address and Data Input
	10.7 AC timing characteristics for Operation
	10.8 Program and Erase Characteristics

	11. TIMING DIAGRAMS
	12. INVALID BLOCK MANAGEMENT
	12.1 Invalid blocks
	12.2 Initial invalid blocks
	12.3 Error in operation
	12.4 Addressing in program operation

	13. REVISION HISTORY

	W949DXKB_Datasheet_PKG_A01-001.a1_20120921 MCP v1.0
	1. GENERAL DESCRIPTION
	2. FEATURES
	3. PIN DESCRIPTION
	3.1 Ball Assignment : LPDDR X16
	3.2 Ball Assignment : LPDDR X32

	4. PIN DESCRIPTION
	4.1 Signal Descriptions
	4.2 Addressing Table

	5. BLOCK DIAGRAM
	5.1 Block Diagram
	5.2 Simplified State Diagram

	6. FUNCTION DESCRIPTION
	6.1 Initialization
	6.1.1 Initialization Flow Diagram
	6.1.2 Initialization Waveform Sequence

	6.2 Mode Register Set Operation
	6.3 Mode Register Definition
	6.3.1 Burst Length
	6.3.2 Burst Definition
	6.3.3 Burst Type
	6.3.4 Read Latency

	6.4 Extended Mode Register Description
	6.4.1 Extended Mode Register Definition
	6.4.2 Partial Array Self Refresh
	6.4.3 Automatic Temperature Compensated Self Refresh
	6.4.4 Output Drive Strength

	6.5 Status Register Read
	6.5.1 SRR Register Definition
	6.5.2 Status Register Read Timing Diagram

	6.6 Commands
	6.6.1 Basic Timing Parameters for Commands
	6.6.2 Truth Table - Commands
	6.6.3 Truth Table - DM Operations
	6.6.4 Truth Table - CKE
	6.6.5 Truth Table - Current State BANKn - Command to BANKn
	6.6.6 Truth Table - Current State BANKn, Command to BANKm


	7. OPERATION
	7.1. Deselect
	7.2. No Operation
	7.2.1 NOP Command

	7.3 Mode Register Set
	7.3.1 Mode Register Set Command
	7.3.2 Mode Register Set Command Timing

	7.4. Active
	7.4.1 Active Command
	7.4.2 Bank Activation Command Cycle

	7.5. Read
	7.5.1 Read Command
	7.5.2 Basic Read Timing Parameters
	7.5.3 Read Burst Showing CAS Latency
	7.5.4 Read to Read
	7.5.5 Consecutive Read Bursts
	7.5.6 Non-Consecutive Read Bursts
	7.5.7 Random Read Bursts
	7.5.8 Read Burst Terminate
	7.5.9 Read to Write
	7.5.10 Read to Pre-charge
	7.5.11 Burst Terminate of Read

	7.6 Write
	7.6.1 Write Command
	7.6.2 Basic Write Timing Parameters
	7.6.3 Write Burst (min. and max. tDQSS)
	7.6.4 Write to Write
	7.6.5 Concatenated Write Bursts
	7.6.6 Non-Consecutive Write Bursts
	7.6.7 Random Write Cycles
	7.6.8 Write to Read
	7.6.9 Non-Interrupting Write to Read
	7.6.10 Interrupting Write to Read
	7.6.11 Write to Precharge
	7.6.12 Non-Interrupting Write to Precharge
	7.6.13 Interrupting Write to Precharge

	7.7 Precharge
	7.7.1 Precharge Command

	7.8 Auto Precharge
	7.9 Refresh Requirements
	7.10 Auto Refresh
	7.10.1 Auto Refresh Command

	7.11 Self Referesh
	7.11.1 Self Refresh Command
	7.11.2 Auto Refresh Cycles Back-to-Back
	7.11.3 Self Refresh Entry and Exit

	7.12 Power Down
	7.12.1 Power-Down Entry and Exit

	7.13 Deep Power Down
	7.13.1 Deep Power-Down Entry and Exit

	7.14 Clock Stop
	7.14.1 Clock Stop Mode Entry and Exit


	8. ELECTRICAL CHARACTERISTIC
	8.1 Absolute Maximum Ratings
	8.2 Input/Output Capacitance
	8.3 Electrical Characteristics and AC/DC Operating Conditions
	8.3.1 Electrical Characteristics and AC/DC Operating Conditions

	8.4 IDD Specification Parameters and Test Conditions
	8.4.1 IDD Specification and Test Conditions  (x16)
	8.4.2 IDD Specification and Test Conditions  (x32)

	8.5 AC Timings
	8.5.1 CAS Latency Definition (With CL=3)
	8.5.2 Output Slew Rate Characteristics
	8.5.3 AC Overshoot/Undershoot Specification
	8.5.4 AC Overshoot and Undershoot Definition


	9. REVISION HISTORY


