EN71SN10F

EN71SN10F

1.8V NAND Flash + 1.8V Mobile DDR SDRAM Multi-Chip Package

Features

o Multi-Chip Package
- NAND Flash Density: 1-Gbits
- Mobile DDR SDRAM Density: 512-Mbit

¢ Device Packaging
- 107 balls FBGA
Area: 10.5x13 mm; Height: 1.2 mm

NAND FLASH

¢ Voltage Supply: 1.8V (1.7V ~ 1.95V)
¢ Organization
- Memory Cell Array :
(128M + 4M) x 8bit for 1Gb
- Multiplexed address/ data
- Data Register : (2K + 64) x 8bit
o Automatic Program and Erase
- Page Program : (2K + 64) bytes
- Block Erase : (128K + 4K) bytes
e Page Read Operation
- Page Size : (2K + 64) bytes
- Random Read : 25ps (Max.)
- Serial Access : 45ns (Min.)
e Memory Cell: 1bit‘Memory Cell
o Fast Write Cycle Time
- Page Program Time : 250us (Typ.)
- Block Erase Time : 2ms (Typ.)
o Command/Address/Data Multiplexed I/O Port
e Hardware Data Protection

- Program/Erase Lockout
Transitions
¢ Reliable CMOS Floating-Gate Technology
e Endurance:
- 100K Program/Erase Cycles (with 1 bit/528
bytes ECC)
- Data Retention: 10 Years
o Command Register Operation
o Automatic Page 0 Read at Power-Up Option
- Boot from NAND support
- Automatic Memory Download
¢ NOP: 4 cycles
e Cache Program/Read Operation
e Copy-Back Operation
e EDO mode
o OTP Operation

During Power

e Operating Voltage
-NAND : 1.7V to 1.95V
- Mobile DDR SDRAM : 1.7V to 1.95V

e Operating Temperature :-25 °C to +85 °C

Mobile DDR SDRAM

e Density: 512M bits

e Organization: 8M words x16 bits x 4 banks

o Power supply: Vpp/Vppg= 1.70~1.95V

e Speed: 400Mbps (max.) for data rate

o 2KB page size
- Row address: A0 to A12
- Column address: A0 to A9

e Four internal banks for concurrent operation

e Interface: LVCMOS

e BurstLength: 2,4, 8,0r 16

e Burst Type : Sequential and Interleave

o CAS# Latency (CL): 3

e Precharge: auto precharge option for each
burst access

e Drive Strength: normal, 1/2, 1/4, 1/8

¢ Refresh: auto Refresh and self-refresh

¢ Refresh cycles: 8192 cycles/64ms

e Optional Partial Array Self Refresh (PASR)

e Auto Temperature Compensated Self Refresh
(ATCSR) by built-in temperature sensor

e Deep Power Down Mode

e Burst termination by burst stop command and
precharge command

e DLL in not implemented

e Double-data-rate architecture, two data access
per clock cycle

o The high-speed data transfer is realized by the
2 bits prefetch pipelined architecture

¢ Bidirectional data strobe (DQS) is transmitted
/received with data for capturing data at the
receiver

e DQS edge-aligned with data for READSs;
center-aligned with data for WRITEs

¢ Differential clock inputs (CLK and CLK# )

o Commands entered on each positive CLK edge;
data and data mask referenced to both edges
of DQS

o Data mask (DM) for write data
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EN71SN10F
Ordering Information
NAND Flash Mobile DDR SDRAM Operation
Product ID Package Temperature
Configuration Speed [Configuration |Speed Range
EN71SN10F-45CFwWpP |1 CP 45ns  [212Mb (4 Banks |y, 1107 ball FBGA |Wireless

(128M X 8 bits)

X 8M X 16 bits)

MCP Block Diagram
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EN71SN10F
Ball Configuration
(TOP VIEW)
(FBGA 107, 10.5mmx13mmx1.2mm Boby, 0.8mm Ball Pitch)
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Table 1. Ball Description

Pin Name Type Function
NAND
VCC Supply Supply Voltage
VSS Supply Ground
1/00-7 Input/output | Data input/outputs, address inputs, or command inputs
ALE Input Address Latch Enable
CLE Input Command Latch Enable
CE# Input Chip Enable
RE# Input Read Enable
WE# Input Write Enable
WP# Input Write Protect
R/ B# Output Ready/Busy (open-drain output)
Mobile DDR SDRAM
VDD Supply Power Supply
VSSD Supply Ground
VDDQ Supply DQ’s Power Supply: Isolated on the die for improved noise immunity.
VSSQ Supply Ground
CLK and CLK# are differential clock inputs. All address and control input signals are
CLK. CLK# Input sampled on the crossing.of the positive edge of CLK and negative edge of CLK# .
’ Input and output data is referenced to the crossing of CLK and CLK# (both
directions of crossing). Internal clock signals are derived from CLK, CLK#
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 POWERDOWN
CKE Input (row ACTIVE in any bank). CKE is synchronous for all functions except for SELF
REFRESH EXIT, which is achieved asynchronously. Input buffers, excluding CLK,
CLK# and CKE, are disabled during power-down and self refresh mode which are
contrived for low standby power consumption.
CS# enables (registered LOW) and disables (registered HIGH) the command
cs# Input decoder. All commar?ds are masked when CS# is registered HIQH. CS# provides for
external bank selection on systems with multiple banks. CS# is considered part of
the command code.
RAS# , ) i ,
CAS# , WE# Input CAS#, RAS# , and WE# (along with CS# ) define the command being entered.
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
AD-A12 Input the memory array in the respective bank. The address inputs also provide the
opcode during a MODE REGISTER SET command.
BAO and BA1 define to which bank an ACTIVE, READ, WRITE or PRECHARGE
BAO, BA1 Input . ) :
command is being applied.
DQO-15 I(QE’:thut / Data Input/Output pins operate in the same manner as on conventional DRAMs.
Input / Output with read data, input with write data. Edge-aligned with read data, centered
LDQS, ubDQS Output with write data. Used to capture write data. LDQS corresponds to the data on DQO-
DQ7, UDQS corresponds to the data on DQ8-DQ15.
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
LDM, UDM Input edges of DQS. Although DM pins are input-only, the DM loading matches the DQ

and DQS loading. LDM corresponds to the data on DQ0-DQ7, UDM corresponds to
the data on DQ8-DQ15.
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PACKAGE DIMENSION
107-BALL FBGA (10.5x13 mm )

Pin #1

E

Detail A

[

0000
0000
o000
[ORORONE]
o000
O000

(ORORORS)
ONONONO]
OO0
COo0O0

o000
o000
o000
o000
o000
0000

O

o000
cOoO0

O
o0

D1

0000
0000

o000
@]

™ Pin #1

Detail B

<L

1 g

[

".Seating Plane y|eee|C
Detail A
Solder Ball

Detail B

Dimension in mm Dimension in inch

Symbol Min Norm Max Min Norm Max
A 1.07 1.14 1.21 0.042 0.045 0.048
Ay 0.35 0.40 0.45 0.014 0.016 0.018
&b 0.45 0.50 0.55 0.018 0.020 0.022
D 12.90 13.00 13.10 0.508 0.512 0.516
E 10.40 10.50 10.60 0.409 0.413 0.417

D, 10.40 BSC 0.409 BSC

E, 7.20 BSC 0.283 BSC

e 0.80 BSC 0.031 BSC
cce — — 0.10 — — | 0.004

Controlling dimension : Millimeter.
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NAND Flash Memory Operations

General Description

The NAND Flash is a 128Mx8bit with spare 4Mx8bit capacity. The NAND Flash is offered in 1.8V VCC
Power Supply. Its NAND cell provides the most cost-effective solution for the solid state mass storage
market. The memory is divided into blocks that can be erased independently so it is possible to preserve
valid data while old data is erased.

The NAND Flash contains 1024 blocks, composed by 64 pages consisting in two NAND structures of
32 series connected Flash cells. A program operation allows to write the 1056-Word page in typical
250us and an erase operation can be performed in typical 2ms on a 128K-Byte for device block.

Data in the page mode can be read out at 45ns cycle time per Byte. The I/O pins serve as the ports for
address and command inputs as well as data input/output. The copy back function allows the
optimization of defective blocks management: when a page program operation fails the data can be
directly programmed in another page inside the same array section without the time consuming serial
data insertion phase. The cache program feature allows the data insertion in the cache register while
the data register is copied into the Flash array. This pipelined program operation improves the program
throughput when long files are written inside the memory. A cache read feature is also implemented.
This feature allows to dramatically improving the read throughput when consecutive pages have to be
streamed out. This NAND Flash includes extra feature: Automatic Read at Power Up.
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Table 2. Pin Description

Symbol Pin Name Function

The I/O pins are used to input command, address and data, and
I/00 - I/07 Data Inputs/Outputs [to output data during read operations. The I/O pins float to Hi-Z
when the chip is deselected or when the outputs are disabled.

The CLE input controls the activating path for commands sent to

CLE Command Latch the command register. When active high, commands are latched
Enable into the command register through the 1/0O ports on the rising edge
of the WE# signal.

The ALE input controls the activating path for address to the
internal address registers. Addresses are latched on the rising
edge of WE# with ALE high.

The CE# input is the device selection control. When the device is
in the Busy state, CE# high is ignored, and the device does not
CE# Chip Enable return to standby mode in program or erase operation. Regarding
CE# control during read operation, refer to ’Page read’ section of|
Device operation.

The RE# input is the serial data-out control, and when active
drives the data onto the 1/O bus. Data is valid trea after the falling

Address Latch

ALE Enable

RE# Read Enable edge of RE# which also increments the internal column address
counter by one.
WE# Write Enable The WE# input controls writes to the 1/0O port. Commands,

address and data are latched on the rising edge of the WE# pulse.
The WP# pin provides inadvertent program/erase protection
WP# Write Protect during power transitions. The internal high voltage generator is
reset when the WP# pin is active low.

The R/B# output indicates the status of the device operation.
When low, it indicates that a program, erase or random read
R/B# Ready/Busy Output  |operation is in process and returns to high state upon completion.
It is an open drain output and does not float to Hi-Z condition
when the chip is deselected or when outputs are disabled.

Vee Power Supply Ve is the power supply for device.
Vss Ground
NC No Connection Lead is not internally connected.

Note: Connect all V¢c and Vss pins of each device to common power supply outputs. Do not leave Vcc
or Vgg disconnected.
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Block Diagram
Vecce —»
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—>
A12 - A27 X-Buffers 1,024M + 32M Bit for 1Gb
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Array Organization

B4K Pageg R

=1,024 Blocks

- 1 Block= 64 Pages
© (128K + 4K) Bytes

1 Page = (2K + 64) Bytes

1 Block = (2K + 64) Bytes x 64 Pages
= (128K + 4K) Byles
- 1 Device = (2K + 64) Byles x 64 Pages
) ¥ 1024 Blocks
8 bits = 1056 Mbits
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Address Cycle Map

/OO0 | I/O1 |I/O2 [I/O3 [I/0O4 |1/O5 |1/O6 |1/O7 | Address

1st Cycle | AO A1 A2 A3 A4 A5 A6 A7 Column Address

2nd Cycle | A8 A9 A10 | A1 | L* L* L* L* Column Address

3rd Cycle | A12 | A13 | A14 | A15 | A16 | A17 | A18 | A19 | Row Address

4th Cycle | A20 | A21 | A22 | A23 | A24 | A25 | A26 | A27 | Row Address

Note:

1. Column Address : Starting Address of the Register.
2. * L must be set to “Low”.
3. * The device ignores any additional input of address cycles than required.

Product Introduction

The NAND Flash is a 1,056Mbit memory organized as 64K rows (pages) by 2,112x8 columns. Spare
64x8 columns are located from column address of 2,048~2,111. A 2,112-byte data register is connected
to memory cell arrays accommodating data transfer between the 1/0O buffers and memory during page
read and page program operations. The program and read operations are executed on a page basis,
while the erase operation is executed on a block basis. The memory array consists of 1,024 separately
erasable 128K-byte blocks. It indicates that the bit-by-bit erase operation is prohibited on the NAND
Flash.

The NAND Flash has addresses multiplexed into 8 1/0s. This scheme dramatically reduces pin counts
and allows system upgrades to future densities by maintaining consistency in system board design.
Command, address and data are all written through 1/O's by bringing WE# to low while CE# is low.
Those are latched on the rising edge of WE#. Command Latch Enable (CLE) and Address Latch Enable
(ALE) are used to multiplex command and address respectively, via the 1/0 pins. Some commands
require one bus cycle. For example, Reset Command, Status Read Command, etc require just one
cycle bus. Some other commands, like page read and block erase and page program, require two
cycles: one cycle for setup and the other cycle for execution.

In addition to the enhanced architecture and interface, the NAND Flash incorporates copy-back program
feature from one page to another page without need for transporting the data to and from the external
buffer memory.
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Command Set

Function 1st Cycle 2nd Cycle Acceptable Command during Busy

Read 00h 30h

Read for Copy Back 00h 35h

Read ID 90h -

Reset FFh - (0]

Page Program 80h 10h

Copy-Back Program 85h 10h

Block Erase 60h DOh

Random Data Input M 85h -

Random Data Output “ 05h EOh

Read Status 70h - (0]

Cache Program 80h 15h

Cache Read 31h -

Read Start for Last Page 3Fh )

Cache Read

Note:

1. Random Data Input / Output can be executed in a page.

Absolute Maximum Ratings

Parameter Symbol Rating Unit

Vee -0.6 to +2.45

Voltage on any pin relative to Vss VN -0.6 to +2.45 \%
Vio -0.6 to VCC + 0.3 (< 2.45)

Temperature Under Bias Teias -40 to +125 C

Storage Temperature Tste -65 to +150 T

Short Circuit Current los 5 mA

Note:

1. Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional
operation should be restricted to the conditions as detailed in the operational sections of this data
sheet. Exposure to absolute maximum rating conditions for extended periods may affect reliability.

RECOMMENDED OPERATING CONDITIONS
(Voltage reference to GND, T=—25°C to 85°C)

Parameter Symbol Min. Typ. Max. Unit
Supply Voltage Vee 1.7 1.8 1.95 \%
Supply Voltage Vss 0 0 0 \%
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DC AND OPERATION CHARACTERISTICS

(Recommended operating conditions otherwise noted)

Parameter Symbol Test Conditions Min. Typ. Max. Unit
Operating Fage Read Wi | 1o | tec=45ns, CE# =V, lour=0mA - 15 30
Current Program leco - - 15 30 mA
Erase lces - - 15 30
Stand-by Current (TTL) Isg1 CE# =V, WP# =0V/Vc - - 1 mA
Stand-by Current (CMOS) Isg2 CE# = V¢ -0.2, WP# =0V/ Ve - 10 50 uA
Input Leakage Current I Vin=0 to V¢c (max) - - +10 uA
Output Leakage Current Lo Vout=0 to V¢c (max) - - +10 uA
Input High Voltage Vi - 0.8 x Ve - Ve #0.3 |V
Input Low Voltage, All inputs Vi M - -0.3 - 0.2 X Ve \%
Output High Voltage Level Vo lon=-100uA Ve -0.1 - - \%
Output Low Voltage Level VoL lo.=+100uA - - 0.1 \
Output Low Current (R/B#) loL (R /B#) Vo =0.1V 3 4 - mA

Note:
1. V)L can undershoot to -0.4V and V|4 can overshoot to V¢c+0.4V for durations of 20ns or less.
2. Typical value are measured at Ve =1.8V, Ta=25C. And not 100% tested.

VALID BLOCK
Symbol Min. Typ. Max. Unit
Nys 1,004 - 1,024 Blocks
Note:

1. The device may include initial invalid blocks when first shipped. Additional invalid blocks may
develop while being used. The number of valid blocks is presented as first shipped. Invalid blocks
are defined as blocks that contain one or more bad bits which cause status failure during program
and erase operation. Do not erase or program factory-marked bad blocks. Refer to the attached
technical notes for appropriate management of initial invalid blocks.

2. The 1st block, which is placed on 00h block address, is guaranteed to be a valid block at the time of
shipment and is guaranteed to be a valid block up to 1K program/erase cycles with 1 bit/528 bytes
ECC.

AC TEST CONDITION
(Ta=—25°C to 85°C, Vcc=1.7V~1.95V)

Parameter Condition
Input Pulse Levels 0V to Ve
Input Rise and Fall Times S5ns
Input and Output Timing Levels Vee /2
Output Load 1 TTL Gate and C_=30pF

Note:

* Refer to Ready / Busy# section, R/B# output’'s Busy to Ready time is decided by the pull-up resistor (Rr) tied to
R/B# pin.
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CAPACITANCE
(Ta=25°C, Vcc=1.8V, f =1.0MHz)
Item Symbol Test Condition Min. Max. Unit
Input / Output Capacitance Cio Vi =0V - 10 pF
Input Capacitance Cin Vin =0V - 10 pF
Note: Capacitance is periodically sampled and not 100% tested.
MODE SELECTION
CLE ALE CE# WE# RE# WP# Mode
H L L H X Command Input
—I—+_ Read Mode
L H L | f H X Address Input (4 clock)
H L L H H Command Input
—I—+_ Write Mode
L H L | f H H Address Input (4 clock)
L L L BES H H Data Input
L L L H i X Data Output
X X X X H X During Read (Busy)
X X X X X H During Program (Busy)
X X X X X H During Erase (Busy)
X X @ X X X L Write Protect
X X H X X OV/Vec® | Stand-by
Note:
1. XcanbeV, or V.
2. WP# should be biased to CMOS high or CMOS low for stand-by.
Program / Erase Characteristics
Parameter Symbol Min. Typ. Max. Unit
Program Time trroG - 250 700 us
Dummy Busy Time for Cache
Program teesy - 3 700 us
Number of Partial Program Cycles
in the Same Page Nor ) . 4 Cycle
Block Erase Time tRERS - 2 10 ms

Note:

1. Typical program time is defined as the time within which more than 50% of the whole pages are
programmed at 1.8V V¢ and 25°C temperature.
2. tproc is the average program time of all pages. Users should be noted that the program time
variation from page to page is possible.
3. Max. time of tcgsy depends on timing between internal program completion and data in.
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AC Timing Characteristics for Command / Address / Data Input

Parameter Symbol Min. Max. Unit
CLE Setup Time tos 25 - ns
CLE Hold Time toL 10 - ns
CE# Setup Time tes!! 35 - ns
CE# Hold Time tcH 10 - ns
WE# Pulse Width twp 25 - ns
ALE Setup Time tas' 25 - ns
ALE Hold Time taLH 10 - ns
Data Setup Time tDs(” 20 - ns
Data Hold Time toH 10 - ns
Write Cycle Time twe 45 - ns
WE# High Hold Time twH 15 - ns
ALE to Data Loading Time taoL® 100 - ns

Note:

1. The transition of the corresponding control pins must occur only once while WE# is held low.
2. tapL is the time from the WE# rising edge of final address cycle to the WE# rising edge of first data
cycle.
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AC Characteristics for Operation

Parameter Symbol Min. Max. Unit
Data Transfer from Cell to Register tr - 25 us
ALE to RE# Delay tar 10 - ns
CLE to RE# Delay tolr 10 - ns
Ready to RE# Low trr 20 - ns
RE# Pulse Width trp 25 - ns
WE# High to Busy twe - 100 ns
WP# Low to WE# Low (disable mode)
- tww 100 - ns
WP# High to WE# Low (enable mode)
Read Cycle Time tre 45 - ns
RE# Access Time treA - 30 ns
CE# Access Time tcea - 45 ns
RE# High to Output Hi-Z trHzZ - 100 ns
CE# High to Output Hi-Z terz - 30 ns
CE# High to ALE or CLE Don’t Care tesp 0 - ns
RE# High to Output Hold tRHOH 15 - ns
RE# Low to Output Hold trLOH 5 - ns
CE# High to Output Hold tcon 15 - ns
RE# High Hold Time treH 15 - ns
Output Hi-Z to RE# Low tir 0 - ns
RE# High to WE# Low trRuw 100 - ns
WE# High to RE# Low twhr 60 - ns
Read - 5 us
Device Resetting Program - 10 us
Time during ... Erase test - 500 us
Ready - 50 us
Cache.Busy in Read Cache tocasyR ) 30 us
(following 31h and 3Fh)

Note:

1.

If reset command (FFh) is written at Ready state, the device goes into Busy for maximum 5us.
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NAND Flash Technical Notes

Mask Out Initial Invalid Block(s)

Initial invalid blocks are defined as blocks that contain one or more initial invalid bits whose reliability is
not guaranteed by Eon. The information regarding the initial invalid block(s) is called as the initial invalid
block information. Devices with initial invalid block(s) have the same quality level as devices with all
valid blocks and have the same AC and DC characteristics. An initial invalid block(s) does not affect the
performance of valid block(s) because it is isolated from the bit line and the common source line by a
select transistor. The system design must be able to mask out the initial invalid block(s) via address

mapping.

The 1st block, which is placed on 00h block address, is guaranteed to be a valid block up to 1K
program/erase cycles with 1 bit/528 bytes ECC.

Identifying Initial Invalid Block(s) and Block Replacement Management

Unpredictable behavior may result from programming or erasing the defective blocks. The under figure
illustrates an algorithm for searching factory-mapped defects, and the algorithm needs to be executed
prior to any erase or program operations.

A host controller has to scan blocks from block 0 to the last block using page read command and check
the data at the column address of 0 or 2,047. If the read data is not FFh, the block is interpreted as an
invalid block. The initial invalid block information is erasable, and which is impossible to be recovered
once it has been erased. Therefore, the host controller must be able to recognize the initial invalid block
information and to create a corresponding table to manage block replacement upon erase or program
error when additional invalid blocks develop with Flash memory usage.
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Algorithm for Bad Block Scanning

s

The first block

Read FFh check
colurmn 0 or 2047
of the first page

Block N — Block N+1
F 3

Read FFh check
column 0 or 2047
of the last page

No

Fail

Fail

T

For (i=0; i<Num_of_LUs; i++)
For (j=0; j<Blocks_Per_LU; j++)

Defect_Block_Found=False;

Read_Page(lu=i, block=j, page=0);
If (Data[coloumn=0]!=FFh)  Defect_Block_Found=True
If (Data[coloumn=First_Byte_of_Spare_Area]!=FFh)

Read_Page(lu=i, block=j, page=Page_Per_Block-1);
If (Data[coloumn=0]I=FFh) Defect_Block_Found=True
If (Data[coloumn=First_Byte_of Spare_Area]!=FFh)

If (Defect_Block_Found) Mark_Block_as_Defective(

Defect_Block_Found=True;

Defect_Block_Found=True;

lu=i, block=j);
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Error in Write or Read Operation

Within its lifetime, the additional invalid blocks may develop with NAND Flash memory. Refer to the
qualification report for the actual data. The following possible failure modes should be considered to
implement a highly reliable system. In the case of status read failure after erase or program, block
replacement should be done. Because program status fail during a page program does not affect the
data of the other pages in the same block, block replacement can be executed with a page-sized buffer
by finding an erased empty block and reprogramming the current target data and copying the rest of the
replaced block. In case of Read, ECC must be employed. To improve the efficiency of memory space, it
is recommended that the read or verification failure due to single bit error be reclaimed by ECC without
any block replacement. The additional block failure rate does not include those reclaimed blocks.

Failure Detection and Countermeasure sequence
Write Erase Failure Read Status after Erase — Block Replacement
Program Failure Read Status after Program — Block Replacement
Read Single Bits Failure Verify ECC — ECC Correction
Note:

1. Error Correcting Code --> Hamming Code etc.
2. Example: 1bit correction / 528 Byte
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Program Flow Chart

CMD 80h

'

Write Address

A

Write Data

A

CMD 10h

A

Read Status Register

A

\

1106 =172 No
orRIB=17?
If program operation results in an error,
map out the block including the page in Yes
error and copy the target data to another A 4

block

Program Error
¢ Yes

Mark Bad Block &

Program
Replace Block Completed
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Erase Flow Chart

If erase operation results in an error,
map out the failing block and replace

it with another block

START

CMD 60h

'

Write Block Address

'

CMD DOh

'

Read Status Register

I‘
<

1106 =1?
orRBB=17?

Mark Bad Block

Erase
Completed
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Read Flow Chart
START

CMD 00h

'

Write Address

'

CMD 30h

'

Read Data

'

ECC Generation

Reclaim the No
Error

Yes

Page Read
Completed
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Block Replacement
Block A

nth — AN Error occurs.

page

Block B

(n-1jth

nth —# An error occurs.

page

Addressing for program operation

1st

{n-1)th

®

Buffer memory of the
controller

* Step 1
When an error happens in the nth page of the Block 'A° during
erase or program operation.
* Step 2
Copy the data in the 1st ~ {n-1jth page to the same location of
another free block. (Block "B")
* Step 3
Then, copy the nth page data of the Block "A" in the buffer
memory to the nth page of the Block "B".
* Step 4
Do not erase or program to Block "A" by creating an “invalid hlock'
table or other appropriate scheme.

Within a block, the pages must be programmed consecutively from the LSB (Least Significant Bit) page
of the block to MSB (Most Significant Bit) pages of the block. Random page address programming is
prohibited. In this case, the definition of LSB page is the LSB among the pages to be programmed.
Therefore, LSB page doesn’t need to be page 0.

Page 63 (64)
Page 31 32)
Page 2 (3)
Page 1 (2)
Page 0 (1)

_>| Data register

Erom the LSB page to MSB page

DATA IN: Data (1) =— Data (64)

Page 63

Page 31

Page 2
Page 1
Page O

(64)

(1)

(3
(32
(2)

_,l Data register

Ex.) Random rogram (Prohibition

DATA IN: Data (1) — Data (64)
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System Interface Using CE# don’t-care

For an easier system interface, CE# may be inactive during the data-loading or serial access as shown
below. The internal 2,112 bytes page registers are utilized as separate buffers for this operation and the
system design gets more flexible. In addition, for voice or audio applications that use slow cycle time on
the order of u-seconds, de-activating CE# during the data-loading and serial access would provide
significant savings in power consumption.

Program / Read Operation with “CE# not-care”

CE*}DHHHEUDHCM@HDU =

JUug U
) SR ST

tCS | tCH tCEA | —
CE# —\F— m—pf CE# —\q—u /
| | !
|

|
tREA
WE# 'C WP j RE# ﬁ' /
II.IO,(

= | B 000 [ | IHHWH

CE# do not care

Data Input

Fy

Ey
o
H

I'Ox 00k Start Address (4Cyelas) 30k ‘ll { Drata Output >7

Address Information

DATA /0 ADDRESS
Data In / Out I/0Ox Col. Add1 Col. Add2 Row Add1l Row Add2
2,112 bytes /100~ 1/07 A0 ~ A7 A8 ~ A11 A12 ~ A19 A20 ~ A27
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Command Latch Cycle

CLE

ALE

WWER

103

HTCS—F

p—{CH

r—tﬂ«LS EE—

I-tAI..Hb1

HtCLS 4b>—b| 1CLH
/ \

PP —>

Address Latch Cycle

CE#
CLE

ALE

WEH

CE#

CLE

ALE

WYER

0

HtCS —M
k

7

FTDS—DL—E‘ 1DH

| ——

tALH

r—tﬂLS —
7/

P —— g 1VH — P —

S S e S N
I SOH BDH MOH
FtDS —rT FtDS —rT rtos —I-T FTDS —rT
Input Data Latch Cycle
p—tCH—]
) F
P—1{CLH
55 o
Fms—r
B )
s tiH
R >—brr:rp 41—-‘ P r—» AP
7 R R D) R
OH tOH DH tOH
U ot
(DIND ) DINF
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Serial access Cycle after Read (CLE =L, WE#=H, ALE=1L)
CE# ! +
REHM B tCHZ
HtRCL ]| tCOH
RE# b, LN / 55 ), /

t—b tRHOH
tREA piRHZIM

1REA tREA b3 IRHZ
o f{, o
r—tRH +‘
R/B# / W

Note:

1. Dout transition is measured at +200mV from steady state voltage at /O with load.

2. trnon starts to be valid when frequency is lower than 20MHz.

Serial access Cycle after Read (EDO Type CLE =L, WE#=H, ALE = L)

CBY 7777 )
trcC - tcHz
tre _, tREH !
RER __\_J’_L / t \ /
J tRHZ
tREA REA
= tRHOH
tCEA - )
/_ I 17
10% Dout Z >@( Dout —
s i
tRR o
‘: 14
RIE#

Note:

1. Transition is measured at £200mV from steady state voltage with load.

2. This parameter is sampled and not 100% tested.
3. trion is valid when frequency is higher than 20MHz.

4. tryon starts to be valid when frequency is lower than 20MHz.
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Status Read Cycle

M—{CH

htCSH HtCEA—P

HCLH

r—tCLS—h p———— I LR———

CLE /— _\\

r—mrp s

WER N hi

tWHR

.
r—tDS -:TDH r—m—r‘

RE#

Read Operation

tRP e tCHZ
—piCOH

tREA t: tRHOH
tRHZ

WOx { Status Output

cEr —, N \
b 0L
wE Ay £ 4
¥R

me is—w-t_' 0

?-—ll.-\-t—hl p—tR—— "
e TN N X AT - %

| r-—t?c—ﬂ. 1RHE
RE# R il Juw
Column Address o Address tWE r-bl 1RR
vor [ von W ool Andl W Col AodZ X RowAnd X RowAddl Y a0h oo - 9 (_E,r) —(Doutw__——
R/Bi# A BUGY )
Read Operation (Intercepted by CE#)
e Ty - —
™ LR MCED
CLE i 7 . _
4R B a0

L %—y_t_. r_

r—wc—-| r—m—-
et e e e S e a

r—u:.c—hi i 1CHE
R S o S
Column Address Fow Address e l'—bl Ll | 1C0H

v [ non Wool Addl W col Add? W Rowadd] ¢ Rowaddz 20k ———+——{0DoutH 3—{DoutN+1 F—{Douthez F——

R Y BUBY a




Random Data Output In a Page
A ) :
b ICLF I
e TN T S
Bt 1
e f L — :
i ——— r_ e A—
WE# S S S S S a3 | L
R | [ Ty
Columm Address b Fow Address H.".Bh} P—bl i :
vee [ oon Mool aaml colAmdl W Rowaddl W Roweddz ok 3on 3—————— Doty F—£Doutn 5
RIE BugY S ;
1=
1 1 1
CE# __J
: ru R
CLE 1y 7 5
|
[
BLE 1 7 5
— R :bl = tUHE
VWER 1 ¥ % g % /
RE# £ : L S
I Column Mddress W RE®
Wow :l—:— {05k A Col Addh i Col Add2 W Eh b——{DOouit 3 —{Douitl 3
F.B# :
|
11 1
-
Page Program Operation
CE# [&
CLE 4 —
ALE 7 * §
e — e RO

RE# L-—-‘.-‘DL-—'I ’

10 [ sh W oolAdll W Coladiz ) RowAddl ¥ Rowddiz _b—{ OinH )(:‘t. WOinM__ —i10n
RiB& ')l}

W00 =0 Sucesstl Program
WO0 =1 Errof in Prodrain

Note: tap. is the time from WE# rising edge of final address cycle to the WE# rising edge of first data
cycle.
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Page Program Operation with Random Data Input

CER T % 0
e 4 % ':.( 7 kS
ALE . { \

A A A

RE# W

Columnsddrass M R Adilras s B——140L—» Colpmn Addiess ) A0l ——»

1o Y EOh Yol Addl S Col Addd W RowAddl % RowAdds ) Din M 5:'}5 H D y—+ 85k 3 Col pdd1 3 Col Aidd_3—{ Din J

FE# :

T S S

==
" il 1
N { M-
CE# \
—
CLE g 1 X
ALE 7 1 'y
1 1
L S S R i
1 IAHR
. | bony
RE# 1 * ¥
Calurin Mcfess W oL
1D 8an W ol Adel i colAddz_}—{Dind Tih
]
R/B# ] 0 =0 Sueeasstil Piogram
=i 120 =1 Errorin Program
i1l 1
el

Note: tap. is the time from WE# rising edge of final address cycle to the WE# rising edge of first data
cycle.

Copy-Back Program Operation with Random Data Input

CE# T A L) ;
b 1
CLE # - SR i I
. [}
r—b R
ALE / A § !
r—mc Ih-—lﬁ—t 1
WEE T N N T T § ;
s piee |
RE# N 1 P L ! N
Cabmn Address R hddress Wi 1
#Cr. I oot W Col Aol K ColAddz W Rowdad]  J RowAddz K 350 {Doutil_b—f Dot hiel +—f 8 5 Doul W _,'-—l—
b RF :
RE# HLEY
L 1
L-J
CE#__, N A
1
CLE _:_f—\ L Ry
I
ALE_ | / % A
1 P-—LADL—II
WET L O A S F-’_\ A
| MHPI-'
REX | % [ S
I Ceobamn Address Raw Ackress —InE
1A : H ol Addl W Col fodi ) RowAddl o Rowddds» {Oind Y WTink ¥ A0h H fih  +—mn 3 —
1 RO —H
REE — ) e 7
rl 1 ¥OO= 0 Successiul Program

L-‘ ¥OC= 1 Emorin Frogram




Gy
8 EN71SNI10OF

Cache Program Operation

CEE T, g

CLE_ ., /X

alE_ ! /! R )
I

r——tw:.—n|. n-—mr —r| HCESY

= .
1 u 5':1 1
[} [ | ]
RE# — :
' L J ] b) -
hnal Dats Inpit Cammand -tADL :
[Fe0s o Wcoladg! X Col Adi? W RowAddl X RowAdd? y—— (Db K W WoinM_ y-{15n |} 'i'} I (Bon
: Colurmn Addmas Fape Row Addrass 1 14p 832,113 Byt Dta 58 il input — WAE :
RB# 1 BLISY !
1 lh 1

Max. 63 timas repeatabls _

= 0 0
CoCom
m m
rr
=
-“‘
o
1
1

|
WERTN SN SN SN f_\ o N o Ry
1 | ‘\‘-'.IHI?—Di
RE# L T S
| WOL—» Head Ststus Cornmand

liox — (i W CoLaodl Y ColAsdz Y Rawaadl W Fowhddl ) —{DinA —{:un —'ﬂ—,—(mh y

Column ABdress Fage Row ANIress

(won 3
1000 w01 Siecees sfill Progam
Lo =1 Enor iri P o gram

'-1-: Lastpage input and program

Cache Read Operation

CE# A A | A
CLE T # ' # % : A T
ALE _ R H
..—.‘\n'l"ﬂ1 i
WE# PR B S L T Y o i
I — DCES P SR 1 IDCESTRe
- ;r
RE# L WA AN A [ |—
i AL —# T o e | 0 1 B
vox 7.0 N e Y me e Y e Yo @1— e O — G |
Swg o addrsgn B i
RIB# . # - M 1I i
L1
ce# . 4 = 4 - \
CLE T [ . 4 X th
ALE | [ [ i
WE# | S | y_ i
LR A LU ET--p HR i R
r R | g ats o] e
RE# L LIPANPAN AN L AWANPAR A LAATAN L
i il | Cell KB R | Lolagan Col L. B
Vox  [7.01 {on | GO -G e TG o ———
Puge Add-rin Wil | Page Addredd Ma 2 Page Adiderdd Wi
RIB# N L % L b} p 0
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Block Erase Operation

CE#

ALE o A ,-
wer

£ NN

RE#

Auto Block Erase

Setup Command Row Address
vox [ 6on ¥ Row Add1 X RowAdd2 ) DOh ) | {7on__ y—{woo y——
RiB# Erace BUSY M0 =0 Successful Erase

Command 100 =1 Errar in Erase

Read ID Operation

CE# _Lﬁ
CLE S
ALE
wer T/
R -bl
R I S e e S
l4Crx [l {Cstoye, ) {andeve. 3 {3t e it ove St ——
Regd 1D Cammant Address Toyele Waker Code Device Code
ID Definition Table
ID Access command = 90h
1% Cycle 2" Ccycle .
: 3" Cycl 4" Cycl 5" Cycl
(Maker Code) | (Device Code) ycle ycle ycle
C8h Ath 80h 15h 40h
Description

1% Byte Maker Code

2" Byte Device Code

g Byte Internal Chip Number, Cell Type, Number of Simultaneously Programmed Pages,

etc.
4" Byte Page Size, Block Size, Redundant Area Size, Organization, Serial Access Minimum.
5™ Byte Plane Number, Plane Size
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3rd ID Data
Description | /07 1/06 I/05 /04 1/03 /02 /01 1/00
1 0 0
. 2 0 1
Internal Chip Number 4 1 0
8 1 1
2 Level Cell 0 0
4 Level Cell 0 1
Cell Type 8 Level Cell 1 0
16 Level Cell 1 1
Number of ! 0 0
. 2 0 1
Simultaneously 4 y 0
Programmed Page 8 1 1
Interleave Program Not Support 0
Between multiple
chips Support 1
Not Support 0
Cache Program Support y
4th ID Data
Des"n”p“o o7 | voe | wos | woa | wos | wo2 | woi | oo
1KB 0 0
Page Size 2KB 0 1
(w/o redundant area) 4KB 1 0
8KB 1 1
Redundant Area Size 8 0
(byte/512byte) 16 1
64KB 0 0
Block Size 128KB 0 1
(w/o redundant area) 256KB 1 0
512KB 1 1
L x8 0
Organization 16 1
45ns 0 0
Serial Access Reserved 0 1
Minimum Reserved 1 0
Reserved 1 1
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5th ID Data
Description /07 1/106 I/05 /04 1/103 /02 /01 1/00
1 bit ECC/512Byte 0 0
2 bit ECC/512Byte 0 1
ECC Level 4 bit ECC/512Byte 1 0
Reserved 1 1
1 0 0
2 0 1
Plane Number 4 1 0
8 1 1
64Mb 0 0 0
128Mb 0 0 1
256Mb 0 1 0
Plane Size 512Mb 0 1 1
(w/o redundant area) 1Gb 1 0 0
2Gb 1 0 1
4Gb 1 1 0
8Gb 1 1 1
Reserved Reserved 0

DEVICE OPERATION

Page Read

Upon initial device power up, the device defaults to Read mode. This operation is also initiated by
writing 00h command, four-cycle address, and 30h command. After initial power up, the 00h command
can be skipped because it has been latched in the command register. The 2,112Byte of data on a page
are transferred to cache registers via data registers within 25us (tgr). Host controller can detect the
completion of this data transfer by checking the R/B# output. Once data in the selected page have been
loaded into cache registers, each Byte can be read out in 45ns cycle time by continuously pulsing RE#.
The repetitive high-to-low transitions of RE# clock signal make the device output data starting from the
designated column address to the last column address.

The device can output data at a random column address instead of sequential column address by using
the Random Data Output command. Random Data Output command can be executed multiple times in
a page.

After power up, device is in read mode so 00h command cycle is not necessary to start a read operation.

A page read sequence is illustrated in under figure, where column address, page address are placed in
between commands 00h and 30h. After t read time, the R/B# de-asserts to ready state. Read Status
command (70h) can be issued right after 30h. Host controller can toggle RE# to access data starting
with the designated column address and their successive bytes.
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Read Operation

o 1 B,A 0 |
ac [ | 1 [ ]
ALE | . |
wee L L L L L

| | LT

1 - L

R/B# L R |

LOx 4( 00h X Address (4cycles) X 30h >— 4( Data Output( Serial Access) >~

Col. Add. 1.2 & Row Add. 1.2

Data Field

v -
Spare Field

—>[ | ——
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Random Data Output In a Page

RE#

R/b#

-

L= ]

|
T
I
Data Output( Serial Access) >—L
i

LOx —( 00h X Address 4 cycles {
Col. Add. 1.2 & Row Add. 12 1]
Le—a
-
Data Field
—
v =
Spare Field
o ML LT
| | |
|
R/B#
I \ [
) 05h XC 1.1XC 1.2>(£Uh Data Qutput( Serial A >
LOx ‘!—< ) ] II,- \ ata Output( Serial Access)
L Col. Add. 1,2
[ - _! R
-
Data Field
-
Spare Field
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Page Program

The device is programmed based on the unit of a page, and consecutive partial page programming on
one page without intervening erase operation is strictly prohibited. Addressing of page program
operations within a block should be in sequential order. A complete page program cycle consists of a
serial data input cycle in which up to 2,112 byte of data can be loaded into data register via cache
register, followed by a programming period during which the loaded data are programmed into the
designated memory cells.

The serial data input cycle begins with the Serial Data Input command (80h), followed by a four-cycle
address input and then serial data loading. The bytes not to be programmed on the page do not need to
be loaded. The column address for the next data can be changed to the address follows Random Data
Input command (85h). Random Data Input command may be repeated multiple times in a page. The
Page Program Confirm command (10h) starts the programming process. Writing 10h alone without
entering data will not initiate the programming process. The internal write engine automatically executes
the corresponding algorithm and controls timing for programming and verification, thereby freeing the
host controller for other tasks. Once the program process starts, the host controller can detect the
completion of a program cycle by monitoring the R/B# output or reading the Status bit (I/O6) using the
Read Status command. Only Read Status and Reset commands are valid during programming. When
the Page Program operation is completed, the host controller can check the Status bit (1/00) to see if
the Page Program operation is successfully done. The command register remains the Read Status
mode unless another valid command is written to it.

A page program sequence is illustrated in under figure, where column address, page address, and data

input are placed in between 80h and 10h. After trrog program time, the R/B# de-asserts to ready state.
Read Status command (70h) can be issued right after 10h.

Program & Read Status Operation

R/B#

1i0x @@ddress& Data Input E )

Col. Add. 1,2 & Row Add. 1,2
Data

- -
I tPROG

Fail

Random Data Input In a page

-t
R/G# L tPROG T
Y Address & O { Address &
10 &0h 10h
Ddl.d InpuL \_Data Input ./

Col. Add 1,2 & Row Add. 1,2 Col. Add 1,2
Data Data

Fail
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Cache Program

Cache Program is an extension of Page Program, which is executed with 2,112 byte data registers, and
is available only within a block. Since the device has 1 page of cache memory, serial data input may be
executed while data stored in data register are programmed into memory cell.

After writing the first set of data up to 2,112 bytes into the selected cache registers, Cache Program
command (15h) instead of actual Page Program (10h) is inputted to make cache registers free and to
start internal program operation. To transfer data from cache registers to data registers, the device
remains in Busy state for a short period of time (tcgsy) and has its cache registers ready for the next
data-input while the internal programming gets started with the data loaded into data registers. Read
Status command (70h) may be issued to find out when cache registers become ready by polling the
Cache-Busy status bit (I/O6). Pass/fail status of only the previous page is available upon the return to
Ready state. When the next set of data is inputted with the Cache Program command, tcgsy is affected
by the progress of pending internal programming. The programming of the cache registers is initiated
only when the pending program cycle is finished and the data registers are available for the transfer of
data from cache registers. The status bit (1/05) for internal Ready/Busy may be polled to identity the
completion of internal programming. If the system monitors the progress of programming only with R/B#,
the last page of the target programming sequence must be programmed with actual Page Program
command (10h).

Cache Program (available only within a block)

| tCBSY tCBSY I
- -
RIE# ‘ ‘ I |
@— Address & Data Input J—@—@\F + Address & Data Input :'—(
Col. Add. 1,2 & Row Add. 1,2 Col. Add. 1,2 & Row Add. 1.2 !
Diata Diata ==
e ettt TP » 1)
Max. 63 times repeatable
| - -
RIE# | tPROG
I
1Ox 80h — Address & Data Input —Q
! Col. Add. 1,2 & Row Add. 1,2
[ Data
' o -

Last Page Input and Program

Note:

1. Since programming the last page does not employ caching, the program time has to be that of Page
Program. However, if the previous program cycle with the cache data has not finished, the actual
program cycle of the last page is initiated only after completion of the previous cycle, which can be
expressed as the following formula.

2. tprog = Program time for the last page + Program time for the (last-1)th page — (Program command
cycle time + Last page data loading time)
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Copy-Back Program

Copy-Back Program is designed to efficiently copy data stored in memory cells without time-consuming
data reloading when there is no bit error detected in the stored data. The benefit is particularly obvious
when a portion of a block is updated and the rest of the block needs to be copied to a newly assigned
empty block. Copy-Back operation is a sequential execution of Read for Copy-Back and of Copy-Back
Program with Destination address. A Read for Copy-Back operation with “35h” command and the
Source address moves the whole 2,112byte data into the internal buffer. The host controller can detect
bit errors by sequentially reading the data output. Copy-Back Program is initiated by issuing Page-Copy
Data-Input command (85h) with Destination address. If data modification is necessary to correct bit
errors and to avoid error propagation, data can be reloaded after the Destination address. Data
modification can be repeated multiple times as shown in under figure. Actual programming operation
begins when Program Confirm command (10h) is issued. Once the program process starts, the Read
Status command (70h) may be entered to read the status register. The host controller can detect the
completion of a program cycle by monitoring the R/B# output, or the Status bit (1/06) of the Status
Register. When the Copy-Back Program is complete, the Status Bit (I/O0) may be checked. The
command register remains Read Status mode until another valid command is written to it.

Page Copy-Back Program Operation

T
RiB# iR {PROG
) Address - Address
L'Ox 00h 35h Data cutput 85h 1
. 4Cycles _/F\\ @ { 4Cycles : \
B — _'Ll_ — A —

Col. Add. 1.2 & Fow Add. 1,2 Col. Add. 1.2 & Row Add. 1.2 Pazs
Source Address Destination Address "1

Page Copy-Back Program Operation with Random Data Input

et -

R/B# R I
W W
) Address - Address "k
vox — ooh H ACycles J)—\\_’ljh Data EJithput — 831._1/,{ ACycles / D%;a

Col. Add. 1.2 & Row Add. 12 Col. Add. 1,2 & Row Add. 1.2
Source Address Destination Address

N

11
L

reE# |
Lo :G D{ Address )—C D t‘ilL 0 -’101;\‘
/Ox | 3 _/. 2Cycles aa‘illoutput _/f \\_ _/.'
- Col. Add. 1,2
e -

There is no limitation for the
number of repetition
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Block Erase

The block-based Erase operation is initiated by an Erase Setup command (60h), followed by a two-cycle
row address, in which only Plane address and Block address are valid while Page address is ignored.
The Erase Confirm command (DOh) following the row address starts the internal erasing process. The
two-step command sequence is designed to prevent memory content from being inadvertently changed
by external noise. At the rising edge of WE# after the Erase Confirm command input, the internal
control logic handles erase and erase-verify. When the erase operation is completed, the host controller
can check Status bit (I/O0) to see if the erase operation is successfully done. The under figure illustrates
a block erase sequence, and the address input (the first page address of the selected block) is placed in
between commands 60h and DOh. After tzerase erase time, the R/B# de-asserts to ready state. Read
Status command (70h) can be issued right after DOh to check the execution status of erase operation.

Block Erase Operation

R/B# tBERS

Row Add. 1.2 '

10 ! ﬁﬂhﬁ\'- '/_ Address Input FJ!'}P;\l C?ﬁﬂ\' V "
|F

Read Status

A status register on the device is used to check whether program or erase operation is completed and
whether the operation is completed successfully. After writing 70h command to the command register, a
read cycle outputs the content of the status register to I/O pins on the falling edge of CE# or RE#,
whichever occurs last. These two commands allow the system to poll the progress of each device in
multiple memory connections even when R/B# pins are common-wired. RE# or CE# does not need to
toggle for status change.

The command register remains in Read Status mode unless other commands are issued to it. Therefore,

if the status register is read during a random read cycle, a read command (00h) is needed to start read
cycles.

Status Register Definition for 70h Command

/10 g Block Erase Read Cache Read Definition
Program
. . Pass: 0
1/100 Pass / Fail Pass / Fail NA NA Fail: 1
1101 NA NA NA NA Don'’t cared
1102 NA NA NA NA Don’t cared
/03 NA NA NA NA Don’t cared
1104 NA NA NA NA Don’t cared
Busy: 0
1105 NA NA NA True Ready / Busy Ready: 1
Busy: 0
1106 Ready/Busy | Ready/Busy | Ready/Busy Ready / Busy
Ready: 1
1107 Write Protect Write Protect Write Protect Write Protect Protected: 0
Not Protected: 1
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Read ID

The device contains a product identification mode, initiated by writing 90h to the command register,
followed by an address input of 00h. Four read cycles sequentially output the manufacturer code (C8h),
and the device code and 3rd, 4th and 5th cycle ID respectively. The command register remains in Read
ID mode until further commands are issued to it.

Read ID Operation

CE# _St
CLE P
r—}‘F—ﬁ
ALE ¥ .
WER R S
- FL:-.—' b R -b1

ret e S e S s N e SR
o G ) (e ) (e ) (e ) (e (G

Fewd |0 Camiman s Rodres s evEe Maker Cone DEvER Come

ID Definition Table
Maker Code | Device Code | 3™ Cycle 4™ Cycle 5" Cycle
C8h A1lh 80h 15h 40h

Reset

The device offers a reset feature, executed by writing FFh to the command register. When the device is
in Busy State during random read, program or erase mode, the reset operation will abort these
operations. The contents of memory cells being altered are no longer valid, as the data will be partially
programmed or erased. The command register is cleared to wait for the next command, and the Status
Register is cleared to value COh when WP# is high. If the device is already in reset state a new reset
command will be accepted by the command register. The R/B# pin changes to low for trst after the
Reset command is written. Refer to Figure below.

Reset Operation

- -
/B tRST
110x { FFh -
Device Status Table
After Power-up After Reset

Operation mode 00h Command is latched Waiting for next command
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Cache Read

Cache Read is an extension of Page Read, and is available only within a block. The normal Page Read
command (00h-30h) is always issued before invoking Cache Read. After issuing the Cache Read
command (31h), read data of the designated page (page N) are transferred from data registers to cache
registers in a short time period of tpcasyr, and then data of the next page (page N+1) is transferred to
data registers while the data in the cache registers are being read out. Host controller can retrieve
continuous data and achieve fast read performance by iterating Cache Read operation. The Read Start
for Last Page Cache Read command (3Fh) is used to complete data transfer from memory cells to data
registers.

Read Operation with Cache Read
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Ready/Busy#

The device has an R/B# output that provides a hardware method of indicating the completion of a page
program, erase and random read completion. The R/B# pin is normally high but transitions to low after
program or erase command is written to the command register or random read is started after address
loading. It returns to high when the internal controller has finished the operation. The pin is an open-
drain driver thereby allowing two or more R/B# outputs to be Or-tied. Because pull-up resistor value is
related to tr (R/B#) and current drain during busy (ibusy), an appropriate value can be obtained with the
following reference chart. Its value can be determined by the following guidance.

Ready/ Busy# Pin Electrical Specifications

Rp | ibusy

! Ready Veal
R/B#

open drain output

Voo : 0.0V, Vou:Veo 0.1 v

Mo BUSY #g
LFd

1

.-o—o-: .
LI tr
N0 77
- 'E ~ " " " Device
Fig. Rp vs tr, tf & Rp vs ibusy
@WVoo=1.8V, Ta=26"C, CL.=30pF
200n == 1.7 4 2m
ihusy
= 120 _
= >
5 1oon4 + 1m 8
O O O
] i I ]
ik 2k 3k 4k
Rp (ohm)
Rp value guidance
. Vce(Max.) - VoL(Max.) 1.85V
Rp (min) = = -
loL + ZIL 3mA + ZIL

where |, is the sum of the input currents of all devices tied to the R/ B# pin.
Rp (max) is determined by maximum permissible limit of tr
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Data Protection & Power-up sequence

The timing sequence shown in the figure below is necessary for the power-on/off sequence.

The device internal initialization starts after the power supply reaches an appropriate level in the power
on sequence. During the initialization the device R/B# signal indicates the Busy state as shown in the
figure below. In this time period, the acceptable commands are 70h.

The WP# signal is useful for protecting against data corruption at power on/off.

AC Waveforms for Power Transition

1.7V 45 ]

4 N

15V
V. \
v J I

Don't 4 " N Don't

CE=, WEE, RE&Z care care
CLE. ALE

ViH

WP# ViL ViL

1 ms max
100 s max Operation

T .
Don't
care

SO 7

Write Protect Operation

Enabling WP# during erase and program busy is prohibited. The erase and program operations are
enabled and disabled as follows:

Enable Programming:

n

A

1
WE# :
| | 7 Y { \
1Ox 80h 10h
| T —— NS
| |
WP :
RyE# | |

-
tWW (Min 100ms)

NOTE: WP# keeps “High” until programming finish.
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Disable Programming:

i1

1
| ¥
WWER |
I | 7o ooy
110 80h I -
" | |\ N
I I
WP !
1 1
R/B# - —
tWW (Min 100ms)
Enable Erasing:
1 1
i)
| L
WWER |
| 7  oon )
110 Gih Doh -
" T \ >
| I
WWP# :
R/B# | |
- -
tWW (Min 100ms)
NOTE: WP keeps “High” until erasing finish.
Disable Erasing:
! : 3
| T
WE# |
I |~ VR
1/0n 60h Doh -
* | 2t "/
I I
WWP# :
R/B# | '

- — -
tWW (Min. [00mng)y
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One-Time Programmable (OTP) Operations

This flash device offers one-time programmable memory area. Thirty full pages of OTP data are
available on the device, and the entire range is guaranteed to be good. The OTP area is accessible only
through the OTP commands.

The OTP area leaves the factory in an unwritten state. The OTP area cannot be erased, whether it is
protected or not. Protecting the OTP area prevents further programming of that area.

The OTP area is only accessible while in OTP operation mode. To set the device to OTP operation
mode, issue the Set Feature (EFh-90h-01h) command. When the device is in OTP operation mode,
subsequent Read and/or Page Program are applied to the OTP area. When you want to come back to
normal operation, you need to use EFh-90h-00h for OTP mode release. Otherwise, device will stay in
OTP mode.

To program an OTP page, issue the Serial Data Input (80h) command followed by 4 address cycles.
The first two address cycles are column address. For the third cycle, select a page in the range of 00h
through 1Dh. The fourth cycle is fixed at 00h. Next, up to 2,112 bytes of data can be loaded into data
register. The bytes other than those to be programmed do not need to be loaded. This device supports
Random Data Input (85h) command, which can be operated multiple times in a page. The column
address for the next data to be entered may be changed to the address follows the Random Data Input
command. The Page Program confirm (10h) command initiates the programming process. The internal
control logic automatically executes the programming algorithm, timing and verification. Please note that
no partial-page program is allowed in the OTP area. In addition, the OTP pages must be programmed in
the ascending order. A programmed OTP page will be automatically protected.

Similarly, to read data from an OTP page, set the device to OTP operation mode and then issue the
Read (00h-30h) command. The device may output random data (not in sequential order) in a page by
writing Random Data Output (05h-EOh) command, which can be operated multiple times in a page. The
column address for the next data to be output may be changed to the address follows the Random Data
Output command.

All pages in the OTP area will be protected simultaneously by issuing the Set Feature (EFh-90h-03h)
command to set the device to OTP protection mode. After the OTP area is protected, no page in the
area is programmable and the whole area cannot be unprotected.

The Read Status (70h) command is the only valid command for reading status in OTP operation mode.

OTP Modes and Commands

Set feature Command
: Read EFh-90h-01h 00h-30h
TP

OTP Operation mode Page Program EFh-90h-01h 80h-10h
OTP Protection mode Program Protect EFh-90h-03h 80h-10h
OTP Release mode Leave OTP mode EFh-90h-00h
OTP Area Details
Description Value
Number of OTP pages 30
OTP page address 01h - 1Eh
Number of partial page programs for each page in the OTP area 1
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Mobile DDR SDRAM Memory Operations
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Electrical Specifications
e All voltages are referenced to VSS (GND).
e After power-up, wait more than 200 ps and then, execute power on sequence and CBR (Auto) refresh

before proper device operation is achieved.

Absolute Maximum Rating

Parameter Symbol Value Unit
Voltage on any pin relative to Vsg Vin, Vout -05~23 \
Voltage on Vpp supply relative to Vss Vb -0.5~23 \%
Voltage on Vppq supply relative to Vss Vbba -05~23 \
Short circuit output current los 50 mA
Power dissipation Pp 1.0 W
Operating ambient temperature Ta -25 ~ +85 °C
Storage temperature (plastic) Tste -55 ~ +125 °C

Caution:

Exposing the device to stress above those listed in Absolute Maximum Ratings could cause permanent
damage. The device is not meant to be operated under conditions outside the limits described in the
operational section of this specification. Exposure to Absolute Maximum Rating conditions for extended
periods may affect device reliability.

Recommended DC Operating Conditions
Recommended operating conditions unless otherwise noted, Vpp / Vppg = 1.7~1.95V

Parameter Pins Symbol Min Typ. Max Unit Note

Supply voltage Voo / Vbpa 1.7 1.8 1.95 \Y, 1
Vss/ Vssa 0 0 0 \Y,

Input high voltage All  other \/m 0.8 x Vppa - Vppg + 0.3 \Y

Input low voltage input pins Vi 0.3 - 02XVopa | V

DC input voltage Vin -0.3 - Vbpg + 0.3 \

DC input differential voltage CLK, Vp (DC) 0.4 x Vppq Vbpq + 0.6 \Y

AC input differential voltage CLK# Vip (AC) 0.6 X Vppq Vbpq + 0.6 \

Mot volinge o oross Vi (AC) | 04X Vopa | 0.5xVopa | 06X Vopa | V 6

DC input high voltage Viup (DC) | 0.7 x Vppa Vppg + 0.3 \

DC input low voltage DQ, DM, Vo (DC) -0.3 0.3 X Vbpq \

AC input high voltage DQS Vo (AC) | 0.8 X Vopa Vopa + 0.3 | V

AC input low voltage Vb (AC) -0.3 0.2 X Vppa \

Note:

1. VDDQ must be equal to VDD.

2. VIH (max.) = 2.3V (pulse width < 5ns).
3. VIL (min.) = -0.5V (pulse width < 5ns).
4. All voltage referred to VSS and VSSQ must be same potential.
5. VID (DC) and VID (AC) are the magnitude of the difference between the input level on CLK and the input level on

CLK#.

6. The value of VIX is expected to be 0.5 x VDDQ and must track variations in the DC level of the same.
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DC Characteristics 1

Recommended operating conditions unless otherwise noted, Vpp / Vppg = 1.7~1.95

Parameter Symbol | Max. Unit Test Condition Note
One bank active-prechange, trc= trc (Min); tck = tck
Operating Current | 85 mA (min); CKE = HIGH; CS# = HIGH between valid
(ACT-PRE) bDo commands; address inputs are SWITCHING; data
input signals are STABLE
. All banks idle, CKE = LOW; CS# = HIGH, tck = tck
S(t)w:r?gocv:vli]rﬁgtdz lop2p 0.8 mA (min); address & control inputs are SWITCHING;
P data input signals are STABLE
Standbv Current in All banks idle, CKE = LOW; CS# = HIGH, CLK =
ower—c}i/own mode Iop2ps 0.6 mA LOW, CLK# = HIGH; address & control inputs are
P SWITCHING; data input signals are STABLE
All banks idle, CKE = HIGH; CS# = HIGH, tck = tck
Standby Current in Ibpan 7 mA (mln)_; addrgss & control inputs are SWITCHING;
data input signals are STABLE
non power-down -
mode All banks idle, CKE = HIGH; CS# = HIGH, CLK =
Ibp2ns 2 mA LOW, CLK# = HIGH; address & control inputs are
SWITCHING; data input signals are STABLE
Active Standby One bank active, CKE = LOW; CS# = HIGH, tck =
Current in power- lbp3p 3 mA tck (min); address & control inputs are SWITCHING;
down mode data input signals are STABLE
potive standby One bank active, CKE = LOW: CS# = HIGH, CLK =
down modg with Ibpsps 2 mA LOW, CLK# = HIGH; address & control inputs are
; data input signals are
SWITCHING; data input signal STABLE
clock stop
Active Standby One bank active, CKE = HIGH, CS# = HIGH, tck =
Current in non lbpan 10 mA tck (min); address & control inputs are SWITCHING;
power-down mode data input signals are STABLE
potive Standby One bank active, CKE = HIGH; CS# = HIGH, CLK=
ower-down mode Ibpans 7 mA LOW, CLK# = HIGH; address & control inputs are
; ; data input signals are
P SWITCHING; data input signal STABLE
with clock stop
Operating Current | 135 A One. bank active; BL.=4; CI__=3; th = tck .(mln);
(Burst Mode) DD4 m continuous read bursts; Ioyt = 0 mA; address inputs
are SWITCHING; 50% data changing each burst
CKE = HIGH; tck = tck (min); trrc = trrc (Min);
éﬂtr?eiffreSh Ibps 80 mA address and control inputs are SWITCHING; data
input signals are STABLE
Deep Power-down Address and control pins are disable;
IDDS 10 uA

Current

data input signals are STABLE
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Advanced Data Retention current ( Voo/Vope=1.70~1.95V)
Parameter . i
(Self Refresh Current) Symbol Max. Unit Condition Note
PASR="000" (full) 250 uA
PASR="001" (2BK) loos 220 uA | S, T r0c
PASR="010" (1BK) 200 uA
PASR="000" (full) 480 uA
PASR="001" (2BK) loos 350 uA ET(OESL ~+70c
PASR="010" (1BK) 280 uA
PASR="000" (full) 600 uA
PASR="001" (2BK) Ioe 400 WA | eC e
PASR="010" (1BK) 300 uA

Note: 1. Ipp specifications are tested after the device is properly initialized.

2. Input slew rate is specified by Test Conditions.

3. Definitions for

IDD:

LOW is defined as VIN < 0.1 * V ppq;
HIGH is defined as V IN =2 0.9 * V ppq;
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;
Data bus inputs: DQ changing between HIGH and LOW once per clock cycle; DM and DQS are

STABLE.

DC Characteristics

2

Recommended operating conditions unless otherwise noted, Vpp / Vppg = 1.7~1.95

Parameter Symbol Min Max. Unit Pins Note
Input leakage current I -2 2 uA 0<Vn<Vppa
0 = Vour = Vppa
Output leakage current Lo 1.5 1.5 uA DQ = disable
Output high voltage Vou 0.9 X Vppaq V lop=-0.1mA
Output low voltage VoL - 0.1x VDDQ \ lor=0.1mA
Pin Capacitance
Parameter Pins Symbol MIN MAX Unit Notes
CLK, CLK# Ci1 1.5 3.5 pF 1
Input capacitance:
All other input-only pins Ci2 1.5 3.0 pF 1
CLK, CLK# Cor1 - 0.25 pF 1
Delta Input capacitance
All other input-only pins Coi2 - 0.5 pF 1
Data Input/output capacitance DQs, DQS, DM Cio 2.0 4.5 pF 1,2
Delta Input/output capacitance: DQs, DQS, DM Coio - 0.5 pF 1

Note:

1. These parameters are measured on conditions: f = 100MHz, Voyr = Vppa/2, AVoyt = 0.2V, TA = +25°C.

2. Doy circuits are disabled.
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AC Characteristics (Reference)

Recommended operating condition unless otherwise noted, Voo/Voba = 1.7~1.95V, Ta =-25 to 85C

200MHz

Parameter Symbol - Unit Note
min max
Clock cycle time tck 5.0 ns
CLK high-level width ten 0.45 0.55 tek
CLK low-level width toL 0.45 0.55 tek
CLK half period Thp Min (tcp, toL) - tck
DQ output access time from CLK, CLK# tac 20 5.0 ns 2,8
DQS-in cycle time tbsc 0.9 1.1 tck
gSKS# output access time from CLK, toasck 20 5.0 ns 2.8
DQ-out high-impedance from CLK, CLK# thz - 5.0 ns 58
DQ-out low-impedance from CLK, CLK# tz 1.0 - ns 6,8
DQS to DQ skew tbasa - 0.4 ns 3
DQ/DQS output hold time from DQS tan thp —tans - ns 4
Data hold skew factor tans - 0.5 ns
DQ and DM input setup time tos 0.5 - ns
DQ and DM input hold time ton 0.5 - ns
DQ and DM input pulse width toipw 1.6 - ns
Read Preamble trPRE 0.9 1.1 tek
Read Postamble trpsT 0.4 0.6 tck
Write preamble setup time tweres 0 - ns
Write preamble twere 0.25 - tck
Write postamble twesT 0.4 0.6 tck 7
x\;rrl;fseitigrc])mmand to first DQS latching toass 0.75 1.95 tex
DQS falling edge to CLK setup time tbss 0.2 - tek
DQS falling edge hold time from CLK tosH 0.2 - tek
DQS input high pulse width toasH 0.4 - tek
DQS input low pulse width toasL 04 - tek
Address and control input setup time tis 0.9 - ns
Address and control input hold time iy 0.9 - ns
Address and control input pulse width tipw 2.3 - ns
Mode register set command cycle time tvrD 2 - tek
Active to precharge command period tras 40 120000 ns
Active to Active/Auto-refresh command period tre 55 - ns
Qg:icc))-éefresh to Active/ Auto-refresh command trrc 96 _ ns
Active to Read/Write delay trep 15 - ns
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200MHz )
Parameter Symbol Unit Note
min max

Precharge to Active command period trp 15 - ns
Column address to column address t y ) t
delay CCD CK
Active to Active command period trrD 10 - ns
WRITE recovery time twr 15 ns
Auto precharge write recovery and t ) ) 9
precharge time DAL
Self-Refresh exit period tsrex 120 - ns
Power-down entry tPoEN 2 - tek
Power-down exit to command input tPpEX 1 - tek
Internal Write to READ command delay twrr 2 - tek
Refresh period trer - 64 ms
Average periodic refresh interval trer 7.8 us
CKE minimum pulse width tcke 2 - tck
Write to pre-charge command delay )
(same bank) twep 4+BL12 fox
Read to pre-charge command delay )
(same bank) trep BL/2 ek
Write to read command delay (to input all
oo, y (toinp fwro 3+BL/2 - te
Burst stop command to write command t 3 ) t
delay (CL=3) BSTW oK
Burst stop command to DQ high-Z t 3 ) t
(CL=3) BSTZ CK
Read command to write command delay
(to output all data) (CL=3) twro 3+BL/2 - ek
Precharge command to high-Z (CL=3) thzp 3 - tek
Mode register set command cycle time tvrD 2 - tek

Note:

1.

2.

3.
4.

5.

6.

7.

8.
9.

On all AC measurements, we assume the test conditions shown in “Test conditions” and full driver strength is
assumed for the output load, that is both A6 and A5 of EMRS is set to be “L”".

This parameter defines the signal transition delay from the cross point of CK and CK#. The signal transition is
defined to occur when the signal level crossing Vpba/2.

The timing reference level is Vopa/2.

Output valid window is defined to be the period between two successive transition of data out signals. The signal
transition is defined to occur when the signal level crossing Voba/2.

tHz is defined as Dourt transition delay from low-Z to high-Z at the end of read burst operation. The timing reference
is cross point of CK and CK#. This parameter is not referred to a specific Dourt voltage level, but specify when the
device output stops driving.

t.zis defined as Dourt transition delay from high-Z to low-Z at the beginning of read operation. This parameter is
not referred to a specific Dourt voltage level, but specify when the device output begins driving.

The transition from low-Z to high-Z is defined to occur when the device output stops driving. A specific reference
voltage to judge this transition is not given.

tac, tbasck, tHz and tLz are specified with 15pF bus loading condition.

Minimum 3 clocks of toaL (= twr + trP) is required because it need minimum 2 clocks for twr and minimum 1 clock
for trp. toaL = (twrftck) + (tre/tck): for each of the terms above, if not already an integer, round to the next higher
integer.
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Test Conditions

Parameter Symbol Value Unit Note
Input high voltage VIH (AC) 0.8 X Vppaq \Y 1
Input low voltage VIL (AC) 0.2 X Vppq \Y 1
Input differential voltage, CLK and CLK# VID (AC) 14 Vv 1
inputs )
Input differential cross point voltage, VIX (AC) Vv with Ven=V Vv
CLK and CLK# inputs bpa/2 bD™¥bDQ
Input signal skew rate SLEW 1 V/ ns 1
Output load CL 15 pF
Note:
1. Vpp=Vbpa.
CLK#
CLK
iz tAc D
— e T -
slew rate = M= V)
paout — ¢ Q1 \ Q2 >— vDDQ2
(DQOUT)

Test Condition (Wave form and Timing Reference)

!

Output Load

VIH

VIL
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Block Diagram
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CLK# — 5 §
CKE—|8 §
| Bank 3
| Bank 2

Address, BAD, BA1 |

Mode
register

I

CS§—
RAS# —
CASHE —

WE# —

Command decoder

NS
Control logic

Row
address
buffer
and
refresh
counler

Bank 1

Row decoder

Memory cell array
Bank 0

Sense amp.

Column
address
buffer
and
burst
counter

Column decoder

Data control circuit

Latch circuit

2N
- Ia

Input & Output buffer

DQs

DM
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PIN FUNCTION

CLK, CLK# (input pins)

The CLK and the CLK# are the master clock inputs. All inputs except DMs, DQSs and DQs are referred
to the cross point of the CLK rising edge and the CK# falling edge. When a read operation, DQSs and
DQs are referred to the cross point of the CLK and the CLK#. When a write operation, DMs and DQs
are referred to the cross point of the DQS and the VDDQ/2 level. DQSs for write operation are referred
to the cross point of the CLK and the CLK#. The other input signals are referred at CLK rising edge.

CS# (input pins)

When CS# is low, commands and data can be input. When CS# is high, all inputs are ignored. However,
internal operations (bank active, burst operations, etc.) are held.

RAS#, CAS#, and WE# (input pins)

These pins define operating commands (read, write, etc.) depending on the combinations of their
voltage levels. See "Command operation".

AOQ to Al12 (input pins)

Row address (AX0 to AX12) is determined by the A0 to the A12 level at the cross point of the CK rising
edge and the CK# falling edge in a bank active command cycle. Column address is loaded at the cross
point of the CK rising edge and the CK# falling edge in a read or a write command cycle (See “Address
Pins Table”). This column address becomes the starting address of a burst operation

Address Pins Table

Page size Organization Row address Column address

2KB x 16 bits AXO0 to AX12 AYO0 to AY9

A10 (AP) (input pin)

A10 defines the precharge mode when a precharge command, a read command or a write command is
issued. If A10 = high when a precharge command is issued, all banks are precharged. If A10 = low
when a precharge command is issued, only the bank that is selected by BA1/BAO is precharged. If A10
= high when read or write command, auto precharge function is enabled.

BAO and BAL1 (input pins)

BAO and BA1 are bank select signals (BA). The memory array is divided into bank 0, bank 1, bank 2
and bank 3. (See Bank Select Signal Table)

Bank Select Signal Table

BAO BA1
Bank 0 L L
Bank 1 H L
Bank 2 L H
Bank 3 H H

Remark: H: V\y and L:V .




EN71SN10F

CKE (input pin)

CKE controls power-down mode, self-refresh function and deep power-down function with other
command inputs. The CKE level must be kept for 2 clocks at least, that is, if CKE changes at the cross
point of the CLK rising edge and the CLK# falling edge with proper setup time t;s, by the next CLK rising
edge CKE level must be kept with proper hold time .

DQO to DQ15 (input/Output pins)

Data are input to and output from these pins.

UDQS and LDQS (input and output pins)

DQS provides the read data strobes (as output) and the write data strobes (as input). Each DQS pin
corresponds to eight DQ pins, respectively (See DQS and DM Correspondence Table).

UDM and LDM (input pins)

DM is the reference signals of the data input mask function. DM is sampled at the cross point of DQS
and Vppgp- When DM = high, the data input at the same timing are masked while the internal burst
counter will be counting up. Each DM pin corresponds to eight DQ pins, respectively (See DQS and DM
Correspondence Table).

DQS and DM Correspondence Table

Organization DQS Data mask DQs
LDQS LDM DQO to DQ7
X16 bits Q Q0o DQ
ubDQS UDM DQ8 to DQ15

Vobs Vss, Vbpg and Vssq (power supply)

Vpp and Vss are power supply pins for internal circuits. Vppg and Vssq are power supply pins for the
output buffers. Vpp must be equal to Vppq.
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COMMAND OPERATIONS

Command Truth Table

CKE
Name (Function) Symbol CS# | RAS# | CAS# | WE# | BA1 | BAO ;| AP | ADDR
n-1 n

Ignore command DESL H H H X X X X X X X
No operation NOP H H L H H H X X X X
Burst stop command BST H H L H H L X X X X
Column address and read READ H H L H L H v v L v
command
Read with auto precharge READA H H L H L H V \% H \%
Column address and write WRIT H H L H L L Vv v L Vv
command
Write with auto precharge WRITA H H L H L L Vv \% H Vv
Royv address strobe and bank ACT H H L L H H Vv Vv Vv Vv
active
Precharge selected bank PRE H H L L H L \% \% L X
Precharge all banks PALL H H L L H L X X H X

REF H H L L L H X X X X
Refresh

SELF H L L L L H X X X X

MRS H H L L L L L L L \Y,
Mode register set

EMRS H H L L L L H L L \%

Remark: H: Vi, L: Vi, X: Don’t care, and V: Valid address input

Notes:
1. The CKE level must be kept for 1 CK cycle at least.

Ignore command [DESL]

When CS# is high at the cross point of the CLK rising edge and the CLK# falling edge, all input signals
are neglected and internal state is held.

No operation [NOP]

As long as this command is input at the cross point of the CLK rising edge and the CLK# falling edge,
address and data input are neglected and internal state is held.

Burst stop command [BST]

This command stops a current burst operation.

Column address strobe and read command [READ]

This command starts a read operation. The start address of the burst read is determined by the column
address (See “Address Pins Table” in Pin Function) and the bank select address. After the completion
of the read operation, all output buffers become high-Z.

Read with auto precharge [READA]

This command starts a read operation. After completion of the read operation, precharge is
automatically executed.
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Column address strobe and write command [WRIT]

This command starts a write operation. The start address of the burst write is determined by the column
address (See “Address Pins Table” in Pin Function) and the bank select address.

Write with auto precharge [WRITA]

This command starts a write operation. After completion of the write operation, precharge is
automatically executed.

Row address strobe and bank activate [ACT]

This command activates the bank that is selected by BAO and BA1 (See Bank Select Signal Table) and
determines the row address (Address Pins Table in “Pin Function”).

Precharge selected bank [PRE]

This command starts precharge operation for the bank selected by BAO and BA1. (See Bank Select
Signal Table)

Precharge all banks [PALL]

This command starts a precharge operation for all banks.

Refresh [REF/SELF]

This command starts a refresh operation. There are two types of refresh operation, one is auto-refresh,
and another is self-refresh. For details, refer to the CKE truth table section.

Mode register set/Extended mode register set [MRS/EMRS]

The DDR Mobile RAM has the two mode registers, the mode register and the extended mode register,
to define how it works. The both mode registers are set through the address pins in the mode register
set cycle. For details, refer to "Mode register and extended mode register set”




EN71SN10F

Function Truth Table

The following tables show the operations that are performed when each command is issued in each
state of the DDR Mobile RAM.

Current state CS# RAS# CAS# WE# Address Command Operation
H X X X X DESL NOP
L H H H X NOP NOP
L H H L X BST ILLEGAL *11
. L H L H BA, CA, A10 | READ/READA ILLEGAL 11
Precharging L H L L BA, CA, A10 | WRIT/WRITA ILLEGAL *11
L L H H BA, RA ACT ILLEGAL 11
L L H L BA, A10 PRE, PALL NOP
L L L X X ILLEGAL
H X X X X DESL NOP
L H H H X NOP NOP
L H H L X BST NOP
L H L H BA, CA, A10 | READ/READA ILLEGAL 11
dle L H L L BA, CA, A10 | WRIT/WRITA ILLEGAL 11
L L H H BA, RA ACT Activating
L L H L BA, A10 PRE, PALL NOP
L L L H X REF, SELF Refresh/Self-refresh 12
L L L L MODE MRS Mode register set *12
H X X X X DESL NOP
L H H H X NOP NOP
Refresh (auto- H H H L X BST ILLEGAL
refresh) L H L X X ILLEGAL
L L X X X ILLEGAL
H X X X X DESL NOP
L H H H X NOP NOP
L H H L X BST ILLEGAL *11
L L H L H BA, CA, A10 | READ/READA ILLEGAL 11
Activating L H L L BA, CA, A10 | WRIT/WRITA ILLEGAL 11
L L H H BA, RA ACT ILLEGAL =11
L L H L BA, A10 PRE, PALL ILLEGAL *11
L L L X X ILLEGAL
H X X X X DESL NOP
L H H H X NOP NOP
L H H L X BST NOP
- L H L H BA, CA, A10 READ/READA Start read operation
Active *5 L H L L BA, CA, A10 | WRIT/WWRITA | _ Start write operation
L L H H BA, RA ACT ILLEGAL 11
L L H L BA, A10 PRE, PALL PRECHARGE
L L L X X ILLEGAL
H X X X X DESL NOP
L H H H X NOP NOP
L H H L X BST Burst stop
Interrupting burst read
L H L H BA, CA, A10 READ/READA operation to start new
Read ® read
L H L L BA, CA, A10 | WRIT/WRITA ILLEGAL *13
L L H H BA, RA ACT ILLEGAL =11
L L H L BA, A10 PRE, PALL Interrupting burst read
operation to precharge
L L L X X ILLEGAL
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Current state CS# RAS# CAS# WE# Address Command Operation
H X X X X DESL NOP
L H H H X NOP NOP
L H H L X BST ILLEGAL
Read with auto- L H L H BA, CA, A10 | READ/READA ILLEGAL
precharge 7 L H L L BA, CA, A10 | WRIT/WRITA ILLEGAL
L L H H BA, RA ACT ILLEGAL *11
L L H L BA, A10 PRE, PALL ILLEGAL 11
L L L X X ILLEGAL
H X X X X DESL NOP
L H H H X NOP NOP
L H H L X BST Burst stop
Interrupting burst write
L H L H BA, CA, A10 READ/READA operation to start read
operation
Write Interrupting burst write
L H L L BA, CA, A10 WRIT/WRITA operation to start new
write operation
L L H H BA, RA ACT ILLEGAL 11
L L H L BA, A10 PRE, PALL Op;?;‘;g;‘ﬁg”g’re"gfaerge
L L L X X ILLEGAL
H X X X X DESL NOP
L H H H X NOP NOP
L H H L X BST ILLEGAL
. . L H L H BA, CA, A10 | READ/READA | Starting read operation
}éVrlte recovering Starting new write
L H L L BA, CA, A10 | WRIT/WRITA aperation
L L H H BA, RA ACT ILLEGAL =11
L L H L BA, A10 PRE, PALL ILLEGAL =11
L L L X X ILLEGAL
H X X X X DESL NOP
L H H H X NOP NOP
L H H L X BST ILLEGAL
Write with auto- L H L H BA, CA, A10 | READ/READA ILLEGAL
precharge "° L H L L BA, CA, A10 | WRIT/WRITA ILLEGAL
L L H H BA, RA ACT ILLEGAL *11
L L H L BA, A10 PRE, PALL ILLEGAL 11
L L L X X ILLEGAL

Remark: H: Vi, L: V|, and X: Don’t care

Notes:

1. The DDR Mobile RAM is in "Precharging" state for tRP after precharge command is issued.
The DDR Mobile RAM reaches "IDLE" state trp after precharge command is issued.
The DDR Mobile RAM is in "Refresh" state for trrc after auto-refresh command is issued.
The DDR Mobile RAM is in "Activating” state for tgrcp after ACT command is issued.
The DDR Mobile RAM is in "Active" state after "Activating" is completed.

The DDR Mobile RAM is in "READ" state until burst data have been output and DQ output circuits are turned

ook wd

off.

N

The DDR Mobile RAM is in "READ with auto precharge" from READA command until burst data has been
output and DQ output circuits are turned off.

8. The DDR Mobile RAM is in "WRITE" state from WRIT command to the last burst data are input.
9. The DDR Mobile RAM is in "Write recovering" for twr after the last data are input.
10. The DDR Mobile RAM is in "Write with auto precharge" until twg after the last data has been input.
11.  This command may be issued for other banks, depending on the state of the banks.
12.  Not bank-specific; requires that all banks are idle and no bursts are in progress.
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13. Before executing a write command to stop the preceding burst read operation, BST command must be issued.
All states and sequences not shown are reserved and/or illegal.

CKE Truth Table

Current state Command CKE CS# | RAS# | CAS# | WE# | Address | Notes
n-1 [ n
Auto-refresh command
Idle (REF) H H L L L H X 2
Idle Self-refresh entry (SELF) H L L L L H X 2
Active/Idle Power-down entry PDEN) 1 b L H H H X 2
H L H X X X X
Deep power-down entry H L L H H L X
Idle Self-refresh (DPDEN) L H L H H H X
Self-refresh exit (SELFX) L H H X X X X
L H L H H H X
P -d - i
ower-down Power-down exit (PDEX) L H H X X X X
Deep power-  pouerdown exit OPDEX) L H X X X X X
down
Notes:

1. H: Vju. L: V.. X: Don’t care.
2. All the banks must be in IDLE and no bursts in progress before executing this command.
3. The CKE level must be kept for 1 clock cycle at least.

Auto-refresh command [REF]

This command executes auto-refresh. The bank and the ROW addresses to be refreshed are internally
determined by the internal refresh controller. The output buffer becomes high-Z after auto-refresh start.
Precharge has been completed automatically after the auto-refresh. The ACT or MRS command can be
issued trrc after the last auto-refresh command. The average refresh interval is 7.8us. To allow for
improved efficiency in scheduling, some flexibility in the absolute refresh interval is provided. A
maximum of eight auto-refresh commands can be posted to the DDR Mobile RAM or the maximum
absolute interval between any auto-refresh command and the next auto-refresh command is 8 x tREFI.

Self-refresh entry [SELF]

This command starts self-refresh. The self-refresh operation continues as long as CKE is held low.
During the self-refresh operation, all ROW addresses are repeated refreshing by the internal refresh
controller. A self-refresh is terminated by a self-refresh exit command.

Power-down mode entry [PDEN]

tPDEN (= 2 clocks) after the cycle when [PDEN] is issued, the DDR Mobile RAM enters into power-
down mode. In power-down mode, power consumption is suppressed by deactivating the input initial
circuit. Power-down mode continues while CKE is held low. No internal refresh operation occurs during
the power-down mode.

Deep power-down mode entry [DPDEN]

After the command execution, deep power-down mode continues while CKE remains low. Before
executing deep power-down, all banks must be precharged or in idle state.

Self-refresh exit [SELFX]

This command is executed to exit from self-refresh mode. tSREX after [SELFX], the device will be into
idle state.

Power-down mode exit [PDEX]

The DDR Mobile RAM can exit from power-down mode tPDEX (1 cycle min.) after the cycle when
[PDEX] is issued.

Deep power-down mode exit [DPDEX]

As CKE goes high in the deep power-down mode, the DDR Mobile RAM exits from the deep power-
down mode through deep power-down exiting sequence.
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SIMPLIFIED STATE DIAGRAM

POWER _,_ﬂ:-&
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ALL BANKS
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WRITEA |
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Operation of the DDR Mobile RAM

Initialization

The DDR Mobile RAM is initialized in the power-on sequence according to the following.

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

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

3.  There must be at least 200us of valid clocks before any command may be given to the DRAM.

During this time NOP or deselect (DESL) commands must be issued on the command bus.

Issue a precharge all command.

Provide NOPs or DESL commands for at least tRP time.

Issue an auto-refresh command followed by NOPs or DESL command for at least trrc time. Issue

the second auto-refresh command followed by NOPs or DESL command for at least tgec 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, load the base mode register. Set the desired operating modes.

Provide NOPs or DESL commands for at least tyrp time.

. Using the MRS command, program the extended mode register for the desired operating modes.

0. Provide NOP or DESL commands for at least tyrp time.

1. The DRAM has been properly initialized and is ready for any valid command.

oo M

Mode Register and Extended Mode Register Set

There are two mode registers, the mode register and the extended mode register so as to define the
operating mode. Parameters are set to both through the A0 to the A12 and BAO and BA1 pins by the
mode register set command [MRS] or the extended mode register set command [EMRS]. The mode
register and the extended mode register are set by inputting signal via the A0 to the A12 and BAO and
BA1 pins during mode register set cycles. BAO and BA1 determine which one of the mode register or
the extended mode register are set. Prior to a read or a write operation, the mode register must be set.

Mode register
The mode register has four fields;
Reserved : A12 through A7 CAS# latency : A6 through A4 Wrap type : A3 Burst length : A2 through A0

Following mode register programming, no command can be issued before at least 2 clocks have
elapsed.

CAS# Latency
CAS# latency must be setto 3

Burst length

Burst Length is the number of words that will be output or input in a read or write cycle. After a read
burst is completed, the output bus will become high-Z. The burst length is programmable as 2, 4, 8 and
16.

Wrap type (Burst sequence)

The wrap type specifies the order in which the burst data will be addressed. This order is programmable
as either "Sequential” or “Interleave”. “Burst Operation” shows the addressing sequence for each burst
length for each wrap type.
Extended mode register

The extended mode register has three fields;
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Reserved : A12 through A7, A4, A3 Driver Strength : A6 through A5 Partial Array Self-Refresh : A2
through AO

Following extended mode register programming, no command can be issued before at least 2 clocks
have elapsed.

Driver strength

By setting specific parameter on A6 and A5, driving capability of data output drivers is selected.

Auto Temperature Compensated Self-Refresh (ATCSR)

The DDR Mobile RAM automatically changes the self-refresh cycle by on die temperature sensor. No
extended mode register program is required. Manual TCSR (Temperature Compensated Self-Refresh)
is not implemented.

Partial Array Self-Refresh

Memory array size to be refreshed during self-refresh operation is programmable in order to reduce
power. Data outside the defined area will not be retained during self-refresh.

Deep Power-Down Exit Sequence

In order to exit from the deep power-down mode and enter into the idle mode, the following sequence is

needed, which is similar to the power-on sequence.

(1) A 200us or longer pause must precede any command other than ignore command (DESL).

(2) After the pause, all banks must be precharged using the precharge command (the precharge all
banks command is convenient).

(3) Once the precharge is completed and the minimum tgp is satisfied, two or more Auto-refresh must be
performed.

(4) Both the mode register and the extended mode register must be programmed. After the mode
register set cycle or the extended mode register set cycle, tyrp (2 clocks minimum) pause must be
satisfied.

Remarks:

1. The sequence of Auto-refresh, mode register programming and extended mode register

programming above may be transposed.

2.  CKE must be held high.

Power-Down Mode and CKE Control

DDR Mobile RAM will be into power-down mode at the second CLK rising edge after CKE to be low
level with NOP or DESL command at first CLK rising edge after CKE signal to be low.

CLK
CLK#

CKE :- i i 5 - |
: . \ : ] / i
: .

Command %&\ and*>@< NOP W NDP>®<VaIid‘>@<NDP>€

1
I |
i i i

i
g _
' Power-down mode

Notes:

1. Valid*1 can be either Activate command or Precharge command, When Valid*1 is Activate command,
power-down mode will be active power-down mode, while it will be precharge power down mode, if
Valid*1 will be Precharge command.
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2. Valid*2 can be any command as long as all of specified AC parameters are satisfied.

Power-Down Entry and Exit

However, if the CKE has one clock cycle high and on clock cycle low just as below, even DDR Mobile
RAM will not enter power-down.

CLK
CLK#

CKE

conms TNeEYN v Y e Y W

Note: Assume PRE and ACT command is closing and activating same bank.

CKE Control

Mode Register Definition

BA1 BAD A12 a11 A10 AS A8 A7 A6 A5 A4 A3 A2 A1 AD

[o oo |of[ofo[o] o] vimope [wr] BL Mode Register Set
Bits2-0 WT=0 WT =1
000 R R
001 2 2
Bits6-4 | /CAS latency 010 4 <
000 R L Burstlength | 011 B 8
001 R 100 16 16
010 R 101 R R
Latency 011 3 110 R R
mode 100 R T R R
101 R
110 R 0 | Sequential
111 R Wrap type 1 Interieave

BA1 BAD A12 A1 A0 A8

AB A7 AB AS A4 A3 A2 A1 AD
L+ JofJofofJofofo]

os | o | o] PASR Extended Mode Register Set

o

Bits2-0 | Refresh Array

000 All banks

001 Bank A & Bank B (BA1=0)

o010 Bank A (BAD=BA1=0)

Bits6-5 | Strength Partial Amay ™01 R

00 | Normal SeffRefresh 400 | R

Driver Strength 01 112 strength 101 R
10 1/4 strength 110 R

11 1/ strength 111 R

Remark: R: Reserved
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Burst Operation

The burst type (BT) and the first three bits of the column address determine the order of a data out.

Burst Length

Starting Column Address
(A3, A2,A1,A0)

Burst type = Sequential A3 =0

Burst type = Interleaved A3 =1

5 0000 0,1 0,1
0001 1,0 1,0
0000 0,1,2,3 0,1,2,3
4 0001 1,2,3,0 1,0,3,2
0010 2,3,0,1 2,3,0,1
0011 3,0,1,2 3,2,1,0
0000 0,1,2,3,4,5,6,7 0,1,2,3,4,5,6,7
0001 1,2,3,4,5,6,7,0 1,0,3,2,5,4,7,6
0010 2,3,4,5,6,7,0,1 2,3,0,1,6,7,4,5
8 0011 3,4,5,6,7,0,1,2 3,2,1,0,7,6,5,4
0100 4,5,6,7,0,1,2,3 4,5,6,7,0,1,2,3
0101 5,6,7,0,1,2,3,4 5,4,7,6,1,0,3,2
0110 6,7,0,1,2,3,4,5 6,7,4,5,2,3,0,1
0111 7,0,1,2,3,4,5,6 7,6,5,4,3,2,1,0
0000 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
0001 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
0010 2,3,45,6,7,8,9AB,CD,EF,0,1 2,3,0,1,6,7,4,5A,B,89,E,F,CD
0011 3,4,5,6,7,89,AB,C,D,EF,0,1,2 3,2,1,0,7,6,5,4,B,A,9,8,FED,C
0100 4,5,6,7,8,9,AB,C,D,E,F,0,1,2,3 4,5,6,7,0,1,2,3,C,D,E,F,89AB
0101 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,9,8B,A
0110 6,7,8,9,AB,C,D,E,F0,1,2,3,4,5 6,7,4,5,2,3,0,1,E,F,C,D,AB,8,9
16 0111 7,8,9,AB,C,D,EF,0,1,2,3,4,5,6 7,6,5,4,3,2,1,0,F,E,D,C,B,A9,8
1000 8,9,A,B,C,D,E,F,0,1,2,3,4,56,7 8,9,A,B,C,D,E,F,0,1,2,3,4,5,6,7
1001 9,AB,C,D,EF,0,1,2,3,4,5,6,7,8 9,8,B,AD,CF,EN,03,254,7,6
1010 AB,CD,EF,0,1,2,3,4,5,6,7,8,9 AB,8,9,E,F,CD,23,0,1,6,7,4,5
1011 B,C,D,E,F,0,1,2,3,4,5,6,7,8,9,A B,A9,8,F,ED,C,3,2,1,0,7,6,54
1100 C,D,E,F,0,1,2,3,4,5,6,7,8,9,AB C,D,E,F,8,9A,B,4,56,7,0,1,2,3
1101 D,E,F,0,1,2,3,4,5,6,7,8,9,A,B,C D,CF,E, 98B,A54,7,6,1,0,3,2
1110 E,F,0,1,2,3,4,5,6,7,8,9,A,B,C,D E,F,.C,D,AB,8,9,6,7,4,5,2,3,0,1

1111

F,0,1,2,3,4,5,6,7,8,9,A,B,C,D,E

F.E,D,C,B,A9,8,7,6,5,4,3,2,1,0
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Read/Write Operations

Bank Active

A read or a write operation begins with the bank active command [ACT]. The bank active command
determines a bank address and a row address. For the bank and the row, a read or a write command
can be issued trcp after the ACT is issued.

Read operation

The burst length (BL), the /CAS latency (CL) and the burst type (BT) of the mode register are referred
when a read command is issued. The burst length (BL) determines the length of a sequential output
data by the read command that can be set to 2, 4, 8 or 16. The starting address of the burst read is
defined by the column address, the bank select address (See “Pin Function”) in the cycle when the read
command is issued. The data output timing is characterized by CL and tac. The read burst start (CL-1) x
tck + tac (ns) after the clock rising edge where the read command is latched. The DDR Mobile RAM
outputs the data strobe through DQS pins simultaneously with data. trpre prior to the first rising edge of
the data strobe, the DQS pins are driven low from high-Z state. This low period of DQS is referred as
read preamble. The burst data are output coincidentally at both the rising and falling edge of the data
strobe. The DQ pins become high-Z in the next cycle after the burst read operation completed. tgrpst
from the last falling edge of the data strobe, the DQS pins become high-Z. This low period of DQS is
referred as read postambile.

CLK

i

]

Command  NOP X ACT X NOPSSX READ X NOP '
i T

]

L

A 7 ////////W///////%&V/,///

wasess 7777 77K om
: ! | E ! fRPRE l ! : i ! .
1 ] 1 {)5 ] | "'—-'I ) 1 | : I(.r !
! : ! : : - A A ! : R :
| | Lot : ! T v ! : Lo
1 1 o)) 1 1 1 utDout 1 1 i 1 ,'tl 1
| | BL=2 | : : ! : HRPST | : : !
: : Lot : L_/_\_/_*H : ; b
TS S e
i 5 e — : 5 /futu)@ut1>@um>(omé, 5 5 (G

BL=4 i i | | 1l I i

Das i i : : : : ! : : : : :

DQ 1 1 | ' ] I " [ ]
1 I 1 [ | | ) I i [ |
P M N\
i i HEQ H i i I i
e et eudieuousleusyou)— - —
i | H i | | H | i H i
: : ! : : : : : : ; : '
i i i i | | [ |
; ] IR T\ / \_/ \_/ MS_/_\_f
1 ] 1 ] I I ]
i TR J: ——(ouXouti}outziout3 uts)outs)outry— (34 X3¢
] ] ) ) I ]

CL=3
BL: Burst length

Read Operation (Burst Length)
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t3.5

t3

2.5

NOP

DQSs
DQ

Read Operation (CAS# Latency)
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Write Operation

The burst length (BL) and the burst type (BT) of the mode register are referred when a write command
is issued. The burst length (BL) determines the length of a sequential data input by the write command
that can be set to 2, 4, 8 or 16. The latency from write command to data input is fixed to 1. The starting
address of the burst write is defined by the column address, the bank select address (See “Pin
Function”) in the cycle when the write command is issued. DQS should be input as the strobe for the
input-data and DM as well during burst operation. typre prior to the first rising edge of DQS, DQS must
be set to low. typst after the last falling edge of DQS, the DQS pins can be changed to high-Z. The
leading low period of DQS is referred as write preamble. The last low period of DQS is referred as write
postamble.

CLK# - :' 5 RGO, ! N !
Command NOF' X ACT XNOIPS wan X NOP )
1 1 l |
Address ;;}’;};‘;}}( X@ZZ%X Column %5/ ////// A%zz;/:zz;’zzz;/
; i i 1 tWPRE i i ! . i i
- - (( Lo ; - - N .
: : :” rN : ! R :
e
DQS :BL=4 '5 0 Xt 2 in3 ' ' ) ' '
DQ ! : : v ! ! : : ! :
— O\ N\
gm0 @@@@@@ )4 ———
@@@@@@@ w

BL: Burst length

Write Operation
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Burst Stop

Burst stop command during burst operation

The burst stop (BST) command stops the burst read and sets all output buffers to high-Z. tgstz (= CL)
cycles after a BST command issued, all DQ and DQS pins become high-Z. The BST command is also
supported for the burst write operation. No data will be written in subsequent cycles. Note that bank
address is not referred when this command is executed.

Command

Das

DQ

A
m
1=
)

-
i

t1 t16 12 25 3 t35
i i i | i
1 1 1 1 1
1, 1 1y, 1 1
I N I 14
I K “1 | “1
1 1 1 1 1
1 1 1 | 1
1 1 1 1 1
I i i | 1
1 1 1 1 1
BST NOP

m

w

—
I

Burst Stop during a Read Operation

CL: /CAS latency

U [ R | e
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Auto Precharge

Read with auto precharge

The precharge is automatically performed after completing a read operation. The precharge starts BL/2
(= trep) clocks after READA command input. tras lock out mechanism for READA allows a read
command with auto precharge to be issued to a bank that has been activated (opened) but has not yet
satisfied the tras (min) specification. A column command to the other active bank can be issued the next
cycle after the last data output. Read with auto precharge command does not limit row commands
execution for other bank.

CLK# - R

- tRAS (min) +

]
]
]
1
¢
A
1
[
1
i

-l—————tRP(min) ——

)
-

|
|
I
BL2 (= tRPD)
I
I
|
I
|

Das S S

DQ

tAC tDQSCK

e
e

=
™~

Note: Internal auto-precharge starts at the timing indicated by *

Read with auto precharge

7 1 X |
Command >< ACT \ READA X NOP :( ACT
i
|
i
i
1
t
1
1
1
1
i
1
1
1
i
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Write with auto precharge

The precharge is automatically performed after completing a burst write operation. The precharge
operation is started Write latency (WL) + BL/2 + twr (= twpp) clocks after WRITA command issued.
A column command to the other banks can be issued the next cycle after the internal precharge.

CLK
CLK#

I L
’
. .

NN XA

tRAS (mln

)Y

Command X ACT >6 NOF'XW

tRCD (min)

)

'\J/SS

SO

el

5

RITA X

NOP

!
: RFP

N

-

|
I
WL BU2 +tNR (=

tNPD)

Y,

\

Y,

om 2S00,

DQs

S
T

DQ

™

(
)

S I

(N SR T .

»

———

>

—
.

T

o o))

Note: Internal auto-precharge starts at the timing indicated by ‘

The Concurrent Auto Precharge

Burst Write (BL=4)

L
L
S
Lt

The DDR Mobile RAM supports the concurrent auto precharge feature, a read with auto precharge or a
write with auto precharge, can be followed by any command to the other banks, as long as that
command does not interrupt the read or write data transfer, and all other related limitations apply (e.g.
contention between READ data and WRITE data must be avoided.) The minimum delay from a read or
write command with auto precharge, to a command to a different bank, is summarized below.

To command (different bank, non- Minimum delay (Concurrent AP .
From command . . Units
interrupting command) supported)
Read or Read w/ AP BL/2 tek
Read w/ AP Write or Write w/ AP CL (round up) + (BL/2) tex
Precharge or Activate 1 tck
Read or Read w/ AP 1+ (BL/2) + twTrR tex
Write w/ AP Write or Write w/ AP BL/2 tck
Precharge or Activate 1 tck
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Command Intervals A Read command to the consecutive Read command interval

Destination row of the consecutive read command

Bank address Row Address Status Operation

The consecutive read can be performed after an interval of no less than

Same Same ACTIVE 1 cycle to interrupt the preceding read operation.

Precharge the bank to interrupt the preceding read operation. tre after
the precharge command, issue the ACT command. trep after the ACT
command, the consecutive read command can be issued. See ‘A read
command to the consecutive precharge interval’ section.

Same Different -

The consecutive read can be performed after an interval of no less than

ACTIVE 1 cycle to interrupt the preceding read operation.

Different Any Precharge the bank without interrupting the preceding read operation.
IDLE trp after the precharge command, issue the ACT command. trep after
the ACT command, the consecutive read command can be issued.

t0 tn th+1 tn+2 th+3 tn+4 th+5 th+6

] I I ] | | I |
i i I i [ I i |
I I v o) | 1 I 1
"™ # I I I~ (R 1™ [ I
- \ - -
i i I i | I i |
I I [} I | 1 I |
i I I i [ I I |
L L I 1 ) 1

Command >< ACT ><\; RI:JOPX READ >< READ
T r H | i

wssons X B X (7 oo eaemdV 7 27177 1777770 770 TP
BA D\ é% I

T T

L7 7 7

1 |
| |
1 |
(( E ' : i
\ ! oLl ) oul 0 |
oL (( ) D
! Column=A Column=B ! /U 1 /o
I I | | I I |
: Read : Read ! Column=A | Column=8 |
: : | Dout | Dout ! :
I ] | 1 I I |
(( : | | : ’
DQs i A, t | | [ ]
! ) ] ' | | ' I
Bank0 CL=3
Active BL=4

Read to Read command interval (same ROW address in the same bank)
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10 t1 2 tn tn+1 tn+2 tn+3 tn+4 tn+5 tn+6

I
1
i

[ |
: :
CLK# --"—/1-- "

Gommand AC:‘.T X NOP X A(:‘.T XSBNO@( REIAD REIAD | NOP
Address W/ Row )@ %ﬂolu%nn AYColumn @W/’////////////"///‘///{//////Z
w2 | 7T %%

: {( | E ] out :

ba ! ) ! : a0 Na1XB0XB1 B2 KB
' ! + Column=A Column=8 /o ! o

; | ; Read i  Read Bankl | Bank3| ;

! ! ! ! ! Dout t Dout !
Das : 33 5 ——d I\ NS I\
Bank0 " Bank3 ' Bank0  Bank3 ' ' '  oL=3

Active Active Read Read BL - A

Read to Read command interval (different bank)

A Write command to the consecutive Write command interval

Destination row of the consecutive write command

Bank address Row Address Status Operation

The consecutive write can be performed after an interval of no less than

L Same Same ACTIVE 1 cycle to interrupt the preceding write operation.

Precharge the bank to interrupt the preceding write operation. trp after
the precharge command, issue the ACT command. trcp after the ACT
command, the consecutive write command can be issued. See ‘A write
command to the consecutive precharge interval’ section.

2 Same Different -

The consecutive write can be performed after an interval of no less than

ACTIVE 1 cycle to interrupt the preceding write operation.

3 Different Any Precharge the bank without interrupting the preceding write operation.
IDLE tre after the precharge command, issue the ACT command. trcp after
the ACT command, the consecutive write command can be issued.
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t0 tn tn+1 tn+2 tn+3 n+4 tn+5 tn+6

CLK
CLK# -

Command "\ ACT XNOP\SX WRIT X me X ' : o .
Address % Holumn W/ //////////////// 722277,
oA 2 %@ /7//411//////////////////,{//// 77

0a ———— w@@@@@

I / 5\ ! 1
Column A ' Column B
Write | Write 1
i ( ( i i ; ; ]
pas ——| N\ i
Bank0 BL=4
Active Bank0

Write to Write command interval (same ROW address in the same bank)

CLK
CLK# -
I 1

| I - -l
Command ACT ¥ NOP X ACT )(NOP\ y WRIT )( WRIT X NOP

mWﬁm%wéMﬁ%m%m%ZZZZZ%ZZZ
BAZiW

to t1 t2 tn tn+1 n+2 tn+3 tn+4 tn+b
- i - i
[N 1 (]
[ 1 I 1

I ] ]
= I ]
Ta_ ¢ I Ve _»
1 ] ]
[} I 1
l ]

| | i I ]
| | i i | |
o (| o
| | 1 ] I ]
ba ! ! ! )} ! A @ ﬁ @@ nB ! !
| : ! ! N\ ! !
I | i i Bank0 | Bank3 l i i
| ! i i Write | Write | E i
Das l I : (— M‘ |
N R T A N N AT
Bank0 Bank3 BL=4
Active Active Bank0, 3

Write to Write command interval (different bank)
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A Read command to the consecutive Write command interval with the BST command

Destination row of the consecutive writ command

Bank address Row Address Status Operation

Issue the BST command. tsstw (= testz) after the BST command, the

Same Same ACTIVE . . .
consecutive write command can be issued.

Precharge the bank to interrupt the preceding read operation. trp after
the precharge command, issue the ACT command. trco after the ACT

Same Different ) command, the consecutive write command can be issued. See ‘A read
command to the consecutive precharge interval’ section.
Issue the BST command. tsstw (= testz) after the BST command, the
ACTIVE . . :
consecutive write command can be issued.
Different Any Precharge the bank independently of the preceding read operation. trp
IDLE after the precharge command, issue the ACT command. trco after the
ACT command, the consecutive write command can be issued.
t0 t1

CK ~ .~~~ R
ICK \\_/i/_\i\_/

Command READ X BST :l:l NOP WRIT X NOP

w2t || N A

QUTPUT INPUT

Read to Write command interval
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A Write command to the consecutive Read command interval: to complete the burst operation

Destination row of the consecutive read command

Bank address

Row Address

Status

Operation

1 Same

Same

ACTIVE

To complete the burst operation, the consecutive read command
should be performed twrp after the write command.

Same

Different

Precharge the bank twep after the preceding write command. tre after
the precharge command, issue the ACT command. trcp after the ACT
command, the consecutive read command can be issued. See ‘A read
command to the consecutive precharge interval’ section.

Different

Any

ACTIVE

To complete a burst operation, the consecutive read command should
be performed twrp after the write command.

IDLE

Precharge the bank independently of the preceding write operation. trp
after the precharge command, issue the ACT command. trcp after the
ACT command, the consecutive read command can be issued.

10

Command ><wR|T X_‘

CK
fCK

13

Write to Read command interval




EN71SN10F

A Write command to the consecutive Read command interval: to interrupt the write operation

Destination row of the consecutive read command

Bank address Row Address Status Operation
DM must be input 1 cycle prior to the read command input to prevent
1 Same Same ACTIVE | from being written invalid data. In case, the read command is input in
the next cycle of the write command, DM is not necessary.
2 Same Different - -1

DM must be input 1 cycle prior to the read command input to prevent
ACTIVE | from being written invalid data. In case, the read command is input in

3 Different Any the next cycle of the write command, DM is not necessary.
IDLE *1
Note:
1. Precharge must be preceded to read command. Therefore read command can not interrupt the write operation in
this case.

Write to Read Command Interval (same bank, same ROW address)

t0 t1 2 t3 t4 ts t6 t7 té

Command %' writ X READ X NOP
; e e St et St S St R St R B

LWz /44444

L | HighZ
DQ ——————~inD Xint X in2 — @@@ out3 g L

Data masked CL=3

[Write to Read delay = 1 clock cycle]
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t0 t1 2 t3 t4 ts te t7 t8

r’._L.\ ST TS E E E E : I I I E Hi h-z E
DQ ' — in0C in1 )" in2 3 in3 }— ' - —{outD @@ out3)— '9' !

! High-Z |
DQS { Aoz |

__t t f
Data masked BL=4

[Write to Read delay = 2 clock cycle]

1
i

|

Y e e L
\ »

DQ : ; ‘in2‘:<'in3'; : ' : | : : : @@@

).

Data masked BL=4
Note: twrr is referenced from the first positive CK edge after the last desired data in pair twr.

[Write to Read delay = 4 clock cycle]
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A Write command to the Bust stop command interval: To interrupt the write operation

WRITE to BST Command Interval (Same bank, same ROW address)

CLK
CLK# -

4 or longer

BL=

Following data will not be wnitten.

Data will be written

1 clock cycle]

[Write to BST delay

t7

6

t4

NOP

WRIT

Command

Da

DQs

8 or longer

Following data will not be written. BL

Data will be written

2 clock cycle]

[Write to BST delay




G
EN71SNI10OF

I

0"

Command XWRIT X NOP X BS
|

T
I
I
I
I
I
I
I
I
I
I
L
I
i

! BL =8 or longer

Data will be written Following data will not be written.

[Write to BST delay = 3 clock cycle]

A Read command to the consecutive Precharge command interval

Operation by each case of destination bank of the consecutive Precharge command.

Bank address Operation

The PRE and PALL command can interrupt a read operation. To complete a burst read
1 Same operation, trrD is required between the read and the precharge command. Please refer to the
following timing chart.

The PRE command does not interrupt a read command. No interval timing is required

2 Different between the read and the precharge command.
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READ to PRECHARGE Command Interval (same bank): To output all data

To complete a burst read operation and get a burst length of data, the consecutive precharge command
must be issued tgpp (= BL/ 2 cycles) after the read command is issued.

CLK# -+

Command

DQ

DQas

READ to PRECHARGE Command Interval (same bank): To output all data (CL=3, BL=4)

READ to PRECHARGE Command Interval (same bank): To stop output data

A burst data output can be interrupted with a precharge command. All DQ pins and DQS pins become
high-Z t,zp (= CL) after the precharge command.

10 t1 12 t3 4 5 6 t7 t8

High-Z

tHZP

READ to PRECHARGE Command Interval (same bank): To stop output data (CL=3, BL=4, 8)
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A Write command to the consecutive Precharge command interval (same bank)

Operation by each case of destination bank of the consecutive Precharge command.

Bank address Operation

The PRE and PALL command can interrupt a write operation. To complete a burst write
1 Same operation, twep is required between the write and the precharge command. Please refer to the
following timing chart.

The PRE command does not interrupt a write command. No interval timing is required

2 Different between the write and the precharge command.

Write to Precharge command interval (same bank)
The minimum interval twpp is necessary between the write command and the precharge command.

t0 t1 2 t3

CLKE A ‘- . E
|
Command XWR'T X S%RE’F‘ALL : NOP
= = & e - - I 1
] I
i i
| i
i i
1

B
=1

tn + 1 tn+2

. W,

i

I

L

[8
b, "
i

1

]

]

N

.

1
I
vl
%
17 ‘
| -
1
|
1
4

L A

pas ———  / N_ ¥ N
1
bQ —(no ) int X 1n2 )} i3

Last data input

S S
e R

Write to Precharge command interval (same bank) (BL=4)
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CLK
CLK#

"
"
4

Command X WRIT

Das

NOP

tn+2 tn+3

X

NOP

»
-
R
-
\ﬂ
o= === -
H
”

Da

ey

]
Last data
input

L e :; . ‘-
in1 X, in2 £ in3,
. ;

Data

masked

[P Sy Rp——

BL

Write to Precharge command interval (same bank) (BL=4, DM to mask data)

Bank active command interval

Destination row of the consecutive ACT command

Bank address Row Address Status Operation
Two successive ACT commands can be issued at trc interval. In
1 | Same Any ACTIVE | between two successive ACT operations, precharge command should
be executed.
Precharge the bank. tre after the precharge command, the consecutive
ACTIVE .
ACT command can be issued.
2 | Different Any
IDLE trrD after an ACT command, the next ACT command can be issued.
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.f_
o //
(7]
|||||||||||||| b
o (v
m.m < O t==PA -
g2 S =
k)
35
|||||||||||||| IS
g ><:
C .~
©
IS m
8 = o
............. @ = |8 E 3
[41] = C — @
2§ 8 < 2 o<}
55 = "
& 2 g A
............. © ®
< > e bl T il bl L
[5) m 5
||||||||| g - 3
@ T 2
e > 0 a mm
IIIIIIIIIIII () Qo T (— ——— —— 1-.
> E G S =
g =R
lllllllllllllll n e
x g .2
28 5 £ 3 <
o m N
.............. g E &
© c -
a —— . e
B L D 0 ) E
& S = " o| P
m (0] M n_l.v L]
o @ R
[ R — et m e
T (0]
2 22 & 2 M
)
< S} g3 2 =2 _
o RLE ] '
. D 2 4
A S gz x & B @
' o £+
s 3 § 8 g25 93 £ 8
o 3 m - R nm m
[&] £ b=
g <
S

Mode Register Set to Bank Active
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DM Control

DM can mask input data. By setting DM to low, data can be written. UDM and LDM can mask the upper
and lower byte of input data, respectively. When DM is set to high, the corresponding data is not written,
and the previous data is held. The latency between DM

ti @2 < 1 t5 t6
Das — | |

pa — X | XM;st

DM

I
:
:

Write mask latency =0

DM Control

Timing Waveforms

Command and Addresses Input Timing Definition

YO X
(mi?frg:ns{; Ay —— K 55555554055555555

WE, ICS

O s

= Don't care
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Read Timing Definition (1)

CLK
CLK#

Command | X RE:AD X |

DQ . HighZ | ‘ High-Z
(Output) : | |
L tLZ(max)
: | tLZ(min) E
._High-Z < —» 5 High-Z
Das , AR =
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Read Timing Definition (2)

..................... | F
a
g L
L S llat
r g
| >
| ~ & < 2
! }-Im.: IS DR ISR B AU -, -
DIT& o ] @
t
Lo_—__L} 2 .|||W |||||||||||||| - -
: %
B
:

CLK#

CLK e

fAC (min.)

Fastest DQ
(Output)

Slowest DQ

{Output)

Data valid

TAC (max.)

Fastest DQ

(Output)

Slowest DQ
(Output)

window

Data valid

4

BL
= Invalid
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Write Timing Definition

O N e EEE e W
VPRE tDhQSL = tDQSH = tWPST
v s e ; W

tDIPW

BL=4
= Don't care
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Initialization Sequence

\mDJ
vooe 7/

] i ) ]
CLke ‘© | T P
CLK AT AN, O - A A
o 18 necess P i
¥ o " " D O

CKE @ VK : ! mernlmcydals:m necessary i E‘;‘ i E E

m /J‘L”\__/ REEEAN VAR R AN Va RN Va RUVAIN

s VW"' (U MM%@ /’///ﬂm | 22 | 727
I

wer 77770 | \\ LA V//BV///M W//AM 22 | 77 |7

240 f%?yyﬁ//fzw///wwmﬂ//mwa 22 ZZ h—Z
! | | | i i ]
BA1 . : %%3 Z.y ; W7

w0 ] ,‘ 777 %’//////////////W 22 | 22 07

Adaress 7/ Y,////" 707 /%V///// //A"\V//////// D00 .
ow WEW//// WMWWWWAWWW’W///X
Zﬁ?,ﬁ 1K 1I!RF' : nqrc : ; m|i=c ; m?n ﬂ;RD
t ‘ ‘ P ‘ 1 t

= Don't care
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Read Cycle
tCK
CKE f — I\}l\} IRAS; — : i
ws T | V72727725 NN
tIS|tiH tIS|tH | S| tiH | 1S tiH
s | DY | e 7
w7 | A | Yz 772 ;///i*//
N N N A,
S| tiH tIS|tiH | 1S tiH | ! Eﬂﬂf
‘““ZZ%EzﬂijZZZﬁﬁgéa ;é%??%%%???&??%%x AéZZ%?ZZZZZ%?EZ%k :J@?,<
US|t St ! ! | 1Sl tiH
psses 70 J@%@ l , |
DMWWWWJ/////WWM/
005 ot HenZ |(( i IRPRE | _|tDSC _, | [RPST | |
a ) M : | |
DQ (output) High-Z () () ]i C;><:><::;><:/\ I i
Bank 0 Bank 0 | Bank 0 oL=3
Active Read Precharge

BL=4
Bank( Access

=Don't care




Gy
8 EN71SNI10OF

Write Cycle

1CK
1CH {CL
CLK

CLK# L ’

VIH

CKE

tIs |tIH tIS|tiH i E i tIS| tiH E E t1S]tiH
cst —{=- ‘%\L A TR S (0 foeter)———— |
1 R2A W Lol JS_\x_ [ RNy

s A | V//://’//'///////m% e

s |tiH sln S| tiH : i tis| tiH

o 7 | XA L1 777 7077 2z /F Y
e A TN Ok ,;7///// ATV ///A? %

S| tiH ‘ fis|tiH ! tIs| tiH tis

BA%E;? A'@zs tIH/ / : ‘ A@\ V // /3;13
MU%C%&/@%: L‘V/ / / /%@: j//// / ACB@

tIS|tiH tIS| tiH

HHV/
e A Y 2222227027257 777 //@E'}‘l@
e

tDQSS tDQsL  tWPST

, |
Y74y 7/7 N8 SRS ) W/////////////////////

tasH |
tDSr"—"n tDS 1[)

OM 722 /fkééﬂ:ﬁ f A% 54222222223?2222??i22222233%%22222??’2¢222§

|IDH i

DA (input) /1 rAV r 7 AV / / 7
cL=2
Bank 0 Bank 0 E?::hgrge BL=4

Bank0 Access
=Don't care
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Mode Register Set Cycle

POTR P WO T T T oTOTH 2T T T
N AW /777 7 AW77. /4227/7 77X zwxyufx? xzzéy’
s 727 | 0| LT | N, LT Kégéézzﬁézééfggézéé
wes 7| L7720 L7 <7 QV/A I,

BA122%22??355?222$22¢Tmagﬁggf xz;zzgggy: <7 YZZ?’/§§¢§§§§’/§§/

Address /7 ;

valid code R:b C t>}W////// /////// I //// Z
DM //./ // /////// 7 // i ////I'/// . /// / // // ///////./ // 4
s 1 02 1| : 0 A
oo ——gE L - L (OO0
e =~ I I R B
Precharge Mode Bank 3 Bank 3 Bank 3 cL=3
If needed register Active Read Precharge |3|_ =4
set

= Don't care




Eal

EN71SN10F

Read/Write Cycle

T8

T9 TI10 1?1 Tn
1 1

Tn+1 Tn+2 Tn+3 Tn+4

CASH# M : ‘{/:////: AL S : \ZZZA,/ZA/_ZA_
WE# 7] | T | NG
BA777)\ : //' ///"/)\ / i \YASY '////" 7

27777777777,

\TL/L14 /A‘y/

77777777777

Address ///X R a )(’/ o //X C[ a X R b )(’/ //// ///X Cf b X//// ///’/,\

K CEXLZ2 777777,

DM ’///’///// //////’////////// ////////A

i i
i |
,/ I
! ! *Read— “Write—" ! : : \fReadJI—
1 I.IRWDI ] 1 1 ] : l 1 :
< ' : > : ﬂNRD—{———b | : : :
Bank 0 Bank 3 ' Bank3 ' Bank3' !
Read Active Write Read Read cycle
CL=3
BL=4

= Don't care
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Auto-Refresh Cycle

CLKE 0
CLK __lf}_J__ |

CKE —4 VIH — e (( {§

== == -l I,
1,_\_3 j \
i - -d
1
1
1

cs# 1 N\ _| _/ i i NI IV i ) \___4/_35“\_ﬂ_1/

Rast 7200 | 177770 | 7727700 700000 | BT
cast 7] V/////A /7/ ////AV//A//V/ B

‘é%éﬁéééééééééé

77777777

\NE#522§?X 587',49347 ‘Gﬁé’ /687}4%i?§§/ 1427 N4
BA §§//¢Z?’ /55/ ,4ZZ?CA?§9’ /9?’/$¥4467)¢C&. A0 i

WAL,

AZV' /§§§////§

| |
s 77777 ic- W/////////MW/Z/ R n%@(c bX’// 7777777,

| High-Z | : P !
i i i {( ' 1 |
Das — I ) ———_\J
ig i L (( i '
ba — : : ! ! ) ) i X X
| je—ttRP4— ple—t L{RFCH > ! |
Precharge’ Ao Bank 0 Bank0
If needed Refresh Active Read
cL=3
BL=4

@: Don't care
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Self-Refresh Cycle

cé[(: :;(—\_/I | —

CKE ' : : . .
csw—L ﬂv}//;/// 53 \ |/ Lﬁ
wer 2 MWMW /7///// @

BA /// L //’// IS /AV /// s, ////A‘V// ///)\ ///// //A f

padres @@W ////szV///ACW M

DM 5///////// // /// /A WWW///////// /Z/////

|
Das /////// /// //// ////ASWWW///// //////////// // A’
DQ '7/ /////////////////?3 W// 7 ‘17//// // //////// /////?

I
I I ' ' | | | | |
"_" tRP_" L : o L SREX 1l b
l | ! : ' < —» i I | :
' T oo f L : |
Prechar Self Self refresh Barjk 0 Bank 0
If needege re?resh exit Active Read
entry

BL=4
= Don't care
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Power-Down Ent

ry and Exit

CLKH - - =y -~y i,
CLK J—f\_/ s
T

CKE

Cs#

CASH ‘_/‘I,r/j’
WE# %

Y// ///

vm

O L

//// /A’

V/// //})S’/ ///////'J

BA / VL ///////{/////////Am

g T
L0 I

-

Address @4\

- 1%////7///////// Y T

R:c

LIS,

DM // s //// L //////AY’/ . /’///

DAS

DQ Z 2777 77 77T T T T 7 T 7T T

- tRP —»le

; + >
' tPDEN
Precharge Power down
If needed entry

i -
L

tPDEX i
Power BankO0 Bank 0
down  Active Read
exit

BL=4

= Don't care
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Deep Power-Down Entry

TO T T2 T3 Tn  Tntl Tn+2 Tn+3 Tn+d Tndb  Tn+b

CLK D U
CLk# E'

CKE;;;%\iaiii;;“g;.

e T\ | /N | g A
wer 7777 | ]| 777 77 T P 7
e 77700 | O | U7 T 7 7 7 7
MM%MM%M

A10 //////

oM ////////BW///////////////////W/////////;//
Precharge D;ep = Don't care

All Banks Power Down
Command Entry
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Deep Power-Down EXxit

CLK -+ -

| Clucll cycle is nec&ssary ; { H
i VIHSS K } 551 i 45 5
CKE _i_/_ : | tMRD MT‘D i i 2 rel'resh cyldes are necessary
1 1 1

cs# 22227"_4%Tﬁ\ /4?—\ ' / E %E \__J/’ é %i \
s 272780 | 0 20| 277 WW
mw % vn | o, | arrsrra
wet 722702 | 32 70 | |
w0 L1777 VUYL
N |
727750 | O

| Address key Address key

. | |
%@@@W/{///AW/{//////,W/

oM /////ﬁV// 7287222227722 /////////%W/////////}W////////

~—
e
T~
.;__

@@1?&\ .

A10

Address

H'9'*Z| : | : i P : | i
'
e d 3 | 1 R i o i !
200us P | i | RFC! i HRFC | |
! T : i ] ! : ' ' 1
Deep Prechange Maode Extended CBR (Auto) CBR (Auto) Activate
Power Down All Banks Register Set Mode Refresh Refresh Command
Exit Command Command  Register Set  Command Command
Command  isnecessary isnecessary Command s necessary is necessary
is neceasary - Don't care
Note:

The sequence of auto-refresh, mode register programming and extended mode register programming
above may be transposed.
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A Update datasheet version from Preliminary 0.0 to A. 2012/12/07




