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FEATURES

[MCP]

@ Operation Temperature

- -30°C ~ 85°C

@ Packcage

- 149-ball FBGA - 10.0x14.0mm2, 1.2t, 0.8mm pitch
- Lead & Halogen Free

[ NAND Flash ]
@ Multiplane Architecture
@ Supply Voltage

-Vec=1.7-195V
@ Memory Cell Array

- (1K + 32) words x 64 pages x 2048 blocks
@ Page Size

- (1K+ 32 spare) Words
@ Block Size

- (64K + 2K spare) Words
@ Page Read / Program

- Random access : 25us (max.)

- Sequential access : 45ns (min.)

- Page program time : 250us (typ.)

- Multi-page program time (2 pages) : 250us (typ.)
@ COPY BACK PROGRAM

- Automatic block download without latency time
@ FAST BLOCK ERASE

- Block erase time: 2.0ms (typ.)

- Multi-block erase time (2 blocks) : 2.0ms (typ.)
@ CACHE READ

- Internal (2048 + 64) Byte buffer to improve the read
throughtput.
@ STATUS REGISTER

- Normal Status Register (Read/Program/Erase)

- Extended Status Register (EDC)
@ BLOCK PROTECTION

- To Protect Block against Write/Erase
@ HARDWARE DATA PROTECTION

- Program/Erase locked during Power transitions.
@ DATA RETENTION

- 100,000 Program/Erase cycles

(with 1bit/528byte ECC)
- 10 years Data Retention

H8BCSOSIOBAR series
NAND 2Gb(x16) / mobile DDR 1Gb(x16)

[ DDR SDRAM ]
@ Double Data Rate architecture
- two data transfer per clock cycle

@® x16 bus width

@ Supply Voltage
-vDD/VDDQ =1.7-195V

@ Memory Cell Array
- 16Mb x 4Bank x 16 I/O

@ Bidirectional data strobe (DQS)
@ Input data mask signal (DM)

@ Input Clock
- Differential Clock Inputs (CK, /CK)

@® MRS, EMRS
- JEDEC Standard guaranteed

@ CAS Latency
- Programmable CAS latency 2 or 3 supported

@ Burst Length
- Programmable burst length 2 / 4 / 8 with both sequen-
tial and interleave mode
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ORDERING INFORMATION

H8BCSOSIOBAR series
NAND 2Gb(x16) / mobile DDR 1Gb(x16)

Memory - .
Part Number Combination Operation Voltage Density Speed Package
HSBCSOSIOBAR- NAND Flash 1.8V 2Gb (128Mb x16) 45ns 149Ball FBGA
46M (Lead & Halogen
mobile DDR 1.8v 1Gb (64Mb x16) DDR333 Free)
HSBCSOSIOBAR- NAND Flash 1.8V 2Gb (128Mb x16) 45ns 149Ball FBGA
4EM (Lead & Halogen
mobile DDR 1.8v 1Gb (64Mb x16) DDR400 Free)
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H8BCSOSIOBAR series
NAND 2Gb(x16) / mobile DDR 1Gb(x16)

hymix
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Pin Description

H8BCSOSIOBAR series

NAND 2Gb(x16) / mobile DDR 1Gb(x16)

| SYMBOL

DESCRIPTION

< 2Gb (128Mb x16) NAND Flash >

1/00 ~ I/O15

Data Input / Output

CLE Command Latch Enable
ALE Address Latch Enable
CE Chip Enable

WE Write Enable

RE Read Enable

WP Write Protect

R/B Ready / Busy Out

VCC Supply Voltage

VSS Ground

< 1Gb (64Mb x16) mobile DDR >

CK, CK Differential Clock Inputs
CKE Clock Enable
cs Chip Select
RAS, CAS, WE Command Inputs
BAO, BA1 Bank Address Inputs
A0 ~ A13 Address Inputs
DQO ~ DQ15 Data Bus
LDM, UDM Input Data Mask
LDQS, UDQS Data Strobe
VDD Power Supply
VSS Ground
VDDQ 1/0 Power Supply
VSSQ 1/0 Ground
< Common >
DNU Do Not Use
NC No Connection
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PACKAGE INFORMATION

149 Ball 0.8mm pitch 10.0mm x 14.0mm FBGA /[t = 1.2mm max]
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2Gb(128Mbx16) NAND FLASH B-Die
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h nmix NAND 2Gb(x16) / mobile DDR 1Gb(x16)

1.SUMMARY DESCRIPTION

The Hynix NAND Flash has 2Gbit with spare 8Mx8 bit capacity. The device is offered in 1.8V Vcc Power Supply, and
with x16 I/0 interface 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 device contains 2048 blocks, composed by 64 pages. A program operation allows to write the 2112-byte page in
typical 250us and an erase operation can be performed in typical 2.0ms on a 128K-byte block.

Data in the page can be read out at 45ns cycle time per byte. The I/O pins serve as the ports for address and data
input/output as well as command input.

This interface allows a reduced pin count and easy migration towards different densities, without any rearrangement
of footprint. Commands, Data and Addresses are synchronously introduced using CE, WE, RE, ALE and CLE input pin.
The on-chip Program/Erase Controller automates all read, program and erase functions including pulse repetition,
where required, and internal verification and margining of data. The modify operations can be locked using the WP
input. The output pin R/B (open drain buffer) signals the status of the device during each operation. In a system with
multiple memories the R/B pins can be connected all together to provide a global status signal.

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. Copy back operation automatically executes embedded error detection operation: 1bit error out
of every 264-word can be detected. Due to this feature, it is no more nor necessary nor recommended to use external

2-bit ECC to detect copy back operation errors. Data read out after copy back read (both for single and multiplane
cases) is allowed.

Even the write-intensive systems can take advantage of the Hynix NAND Flash extended reliability of 100K program/
erase cycles by supporting ECC (Error Correcting Code) with real time mapping-out algorithm. The chip supports CE
don't care function. This function allows the direct download of the code from the NAND Flash memory device by a
microcontroller, since the CE transitions do not stop the read operation.

This device includes also extra features like OTP/Unique ID area, Read ID2 extension, and Block Protection.
Especially Block Protection allows protection on Block 0 or OTP area of the device against Write/Erase operations on
that block.

1.1 Product List

Rev 1.0 /Aug. 2009 9
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vCC

VSS

Figurel: Logic Diagram

1015 - 100 Data Input / Outputs
CLE Command latch enable
ALE Address latch enable
CE Chip Enable

RE Read Enable

WE Write Enable

WP Write Protect

R/B Ready / Busy

Vce Power Supply

Vss Ground

NC No Connection

Table 1: Signal Names

Rev 1.0 /Aug. 2009 10



H8BCSOSIOBAR series

|/ll/| nix NAND 2Gb(x16) / mobile DDR 1Gb(x16)

1.2 PIN DESCRIPTION

Pin Name Description
DATA INPUTS/OUTPUTS
100-1015(1) The IO pins allow to input command, address and data and to output data during read / program
) operations. The inputs are latched on the rising edge of Write Enable (WE). The I/O buffer float to
High-Z when the device is deselected or the outputs are disabled.
COMMAND LATCH ENABLE
CLE This input activates the latching of the IO inputs inside the Command Register on the Rising edge of
Write Enable (WE).
ADDRESS LATCH ENABLE
ALE This input activates the latching of the IO inputs inside the Address Register on the Rising edge of
Write Enable (WE).
CE CHIP ENABLE
This input controls the selection of the device.
_ WRITE ENABLE
WE This input acts as clock to latch Command, Address and Data. The IO inputs are latched on the rise
edge of WE.
READ ENABLE
RE The RE input is the serial data-out control, and when active drives the data onto the I/O bus. Data is
valid tREA after the falling edge of RE which also increments the internal column address counter by
one.
- WRITE PROTECT
WP The WP pin, when Low, provides an Hardware protection against undesired modify (program / erase)
operations.
R /E READY BUSY
The Ready/Busy output is an Open Drain pin that signals the state of the memory.
vee SUPPLY VOLTAGE
The Vcc supplies the power for all the operations (Read, Write, Erase).
Vss GROUND
NC NO CONNECTION
Table 2: Pin Description
NOTE:

1. For x16 version only

2. A 0.1uF capacitor should be connected between the Vcc Supply Voltage pin and the Vss Ground pin to decouple
the current surges from the power supply. The PCB track widths must be sufficient to carry the currents required
during program and erase operations.

3. An internal voltage detector disables all functions whenever VCC is below 1.1V (1.8V version) to protect the device
from any involuntary program/erase during power transitions.
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H8BCSOSIOBAR series

NAND 2Gb(x16) / mobile DDR 1Gb(x16)

100 101 102 103 104 105 106 107 11/00185-
1st Cycle A0 Al A2 A3 A4 A5 A6 A7 LM
2nd Cycle A8 A9 A10 LM L® LD LM LD L1
3rd Cycle All Al12 Al13 Al4 Al5 Al6 Al7 A18 LD
4th Cycle Al19 A20 A21 A22 A23 A24 A25 A26 L@
5th Cycle A27 LM L@ L@ L L L@ LD L
Table 4: Address Cycle Map(x16)
NOTE:
1. L must be set to Low.
FUNCTION 1st CYCLE | 2nd CYCLE | 3rd CYCLE | 4th CYCLE | Acceptable command
during busy
READ1 00h 30h
READ FOR COPY-BACK 00h 35h
READ ID 90h -
RESET FFh - Yes
PAGE PROGRAM 80h 10h
COPY BACK PGM 85h 10h
MULTI PLANE PROGRAM 80h 11h 81h
MULTI PLANE COPYBACK 85h 11h 81h
PROGRAM
BLOCK ERASE 60h DOh
BLOCK ERASE 60n 6h Doh
READ STATUS REGISTER 70h - Yes
RANDOM DATA INPUT 85h -
RANDOM DATA OUTPUT 05h EOh
READ CACHE (RANDOM) 00h 31h
READ CACHE (SEQUENTIAL) 31h -
READ CACHE END 3Fh -
READ EDC STATUS REGISTER 7Bh -
Table 5: Command Set
Note:
1. READ EDC STATUS REGISTER is only available on Copy Back operation.
12
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H8BCSOSIOBAR series
NAND 2Gb(x16) / mobile DDR 1Gb(x16)

CLE ALE CE WE RE wp MODE

H L L Rising H X Command Input

Read Mode
L H L Rising H X Address Input(5 cycles)
H L L Rising H H Command Input

Write Mode
L H L Rising H H Address Input(5 cycles)
L L L Rising H H Data Input
L L LM H Falling X Sequential Read and Data Output
L L L H 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 0V/Vcc Stand By

Table 6: Mode Selection
NOTE:

1. With the CE high during latency time does not stop the read operation

Rev 1.0 /Aug. 2009
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2. BUS OPERATION

There are six standard bus operations that control the device. These are Command Input, Address Input, Data Input,
Data Output, Write Protect, and Standby.

Typically glitches less than 3ns on Chip Enable, Write Enable and Read Enable are ignored by the memory and do not
affect bus operations.

2.1 Command Input

Command Input bus operation is used to give a command to the memory device. Command are accepted with Chip
Enable low, Command Latch Enable High, Address Latch Enable low and Read Enable High and latched on the rising
edge of Write Enable. Moreover for commands that starts a modify operation (write/erase) the Write Protect pin must
be

high. See Figure 4 and Table 13 for details of the timings requirements. Command codes are always applied on 107:0.

2.2 Address Input

Address Input bus operation allows the insertion of the memory address. Five cycles are required to input the
addresses

for the 4Gbit devices. Addresses are accepted with Chip Enable low, Address Latch Enable High, Command Latch
Enable

low and Read Enable High and latched on the rising edge of Write Enable. Moreover for commands that starts a modi-
fying operation (write/erase) the Write Protect pin must be high. See Figure 5 and Table 13 for details of the timings
requirements. Addresses are always applied on 107:0.

2.3 Data Input

Data Input bus operation allows to feed to the device the data to be programmed. The data insertion is serial and
timed by the Write Enable cycles. Data are accepted only with Chip Enable low, Address Latch Enable low, Command
Latch Enable low, Read Enable High, and Write Protect High and latched on the rising edge of Write Enable. See Figure
6 and Table 13 for details of the timings requirements.

2.4 Data Output

Data Output bus operation allows to read data from the memory array and to check the status register content, the
EDC

register content and the ID data. Data can be serially shifted out by toggling the Read Enable pin with Chip Enable low,

Write Enable High, Address Latch Enable low, and Command Latch Enable low. See Figure 7,8,10,11,12 and Table 13
for details of the timings requirements.

2.5 Write Protect

Hardware Write Protection is activated when the Write Protect pin is low. In this condition modifying operation does
not start and the content of the memory is not altered. Write Protect pin is not latched by Write Enable to ensure the
protection even during the power up.

2.6 Standby
In Standby mode the device is deselected, outputs are disabled and Power Consumption is reduced.

Rev 1.0 /Aug. 2009 14
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3. DEVICE OPERATION

3.1 Page Read

This operation is operated by writing 00h and 30h to the command register along with five address cycles.

Two types of operations are available: random read, serial page read. The random read mode is enabled when the
page address is changed. The 1056 words of data within the selected page are transferred to the data registers in less
than 25us(tR). The system controller may detect the completion of this data transfer (tR) by analyzing the output of R/
B pin. Once the data in a page is loaded into the data registers, they may be read out in 45ns cycle time by sequen-
tially pulsing RE. The repetitive high to low transitions of the RE clock make the device output the data starting from
the selected column address up to the last column address.

The device may output random data in a page instead of the sequential data by writing random data output command.
The column address of next data, which is going to be out, may be changed to the address which follows random data
output command. Random data output can be operated multiple times regardless of how many times it is done in a

page.

3.2 Page Program

The device is programmed by page. The number of consecutive partial page programming operation within the same
page without an intervening erase operation must not exceed 8 times. The addressing should be done on each pages
in a block. A page program cycle consists of a serial data loading period in which up to 2112bytes of data may be
loaded into the data register, followed by a non-volatile programming period where the loaded data is programmed
into the appropriate cell. The serial data loading period begins by inputting the Serial Data Input command (80h), fol-
lowed by the five cycle address inputs and then serial data. The bytes other than those to be programmed do not need
to be loaded. The device supports random data input in a page.

The column address of next data, which will be entered, may be changed to the address which follows random data
input command (85h). Random data input may be operated multiple times regardless of how many times it is done in
a page. The Page Program confirm command (10h) initiates the programming process. Writing 10h alone without pre-
viously entering the serial data will not initiate the programming process. The internal write state controller automati-
cally executes the algorithms and timings necessary for program and verify, thereby freeing the system controller for
other tasks. Once the program process starts, the Read Status Register command may be entered to read the status
register. The system controller can detect the completion of a program cycle by monitoring the R/B output, or the Sta-
tus bit (I/O 6) of the Status Register. Only the Read Status command and Reset command are valid while programming
is in progress. When the Page Program is complete, the Write Status Bit (I/O 0) may be checked. The internal write
verify detects only errors for "1"s that are not successfully programmed to "0"s.

The command register remains in Read Status command mode until another valid command is written to the com-
mand register. Figure 14 details the sequence.
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3.3 Multi Plane Program
Device supports multiple plane program: it is possible to program in parallel 2 pages, one per each plane.

A multiple plane program cycle consists of a double serial data loading period in which up to 4224bytes of data may be
loaded into the data register, followed by a non-volatile programming period where the loaded data is programmed
into the appropriate cell. The serial data loading period begins by inputting the Serial Data Input command (80h), fol-
lowed by the five cycle address inputs and then serial data for the 1st page. Address for this page must be within 1st
plane (A<18>=0). The data of 1st page other than those to be programmed do not need to be loaded. The device
supports random data input exactly like page program operation. The Dummy Page Program Confirm command (11h)
stops 1st page data input and the device becomes busy for a short time (tDBSY). Once it has become ready again, 81h
command must be issued, followed by 2nd page address (5 cycles) and its serial data input. Address for this page
must be within 2nd plane (A<18>=1). The data of 2nd page other than those to be programmed do not need to be
loaded. Program Confirm command (10h) makes parallel programming of both pages start. User can check operation

status by R/B pin or read status register command, as if it were a normal page program; status register command is
also available during Dummy Busy time (tDBSY). In case of fail in 1st or 2nd page program, fail bit of status register

will be set: Device supports pass/fail status of each plane. Figure 19 details the sequence.

3.4 Block Erase

The Erase operation is done on a block basis. Block address loading is accomplished in there cycles initiated by an
Erase Setup command (60h). Only address A17 to A27 is valid while A11 to A16 is ignored. The Erase Confirm com-
mand (DO0h) following the block address loading initiates the internal erasing process. This two step sequence of setup
followed by execution command ensures that memory contents are not accidentally erased due to external noise con-
ditions. At the rising edge of WE after the erase confirm command input, the internal write controller handles erase
and erase verify.

Once the erase process starts, the Read Status Register command may be entered to read the status register.

The system controller can detect the completion of an erase by monitoring the R/B output, or the Status bit (I/O 6) of
the Status Register. Only the Read Status command and Reset command are valid while erasing is in progress. When

the erase operation is completed, the Write Status Bit (I/O 0) may be checked.
Figure 18 details the sequence.

3.5 Multi Plane Erase

Multiple plane erase, allows parallel erase of two blocks, one per each memory plane.

Block erase setup command (60h) must be repeated two times, each time followed by 1st block and 2nd block address
respectively (3 cycles each). As for block erase, DOh command makes embedded operation start. Multiplane erase
does not need any Dummy Busy Time between 1st and 2nd block address insertion. Address limitation required for

multiple plane program applies also to multiple plane erase, as well as operation progress can be checked like for mul-
tiple plane program. Figure 20 details the sequence
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3.6 Copy-back Program
Copy-Back program with Read for Copy-Back is configured to quickly and efficiently rewrite data stored in one page

without data reloading when the bit error is not in data stored. Since the time-consuming re-loading cycles are
removed, the system performance is improved. The benefit is especially obvious when a portion of a block is updated
and the rest of the block also needs to be copied to the newly assigned free block. Copy-Back operation is a sequen-
tial execution of Read for Copy-Back and of copy-back program with the destination page address. A read operation
with "35h" command and the address of the source page moves the whole 2112byte data into the internal data buffer.
A bit error is checked by sequential reading the data output. In the case where there is no bit error, the data do not
need to be reloaded. Therefore Copy-Back program operation is initiated by issuing Page-Copy Data-Input command
(85h) with destination page address. Actual programming operation begins after Program Confirm command (10h) is
issued. Once the program process starts, the Read Status Register command (70h) may be entered to read the status
register. The system controller can detect the completion of a program cycle by monitoring the R/B output, or the Sta-
tus bit(I/O 6) of the Status Register.

When the Copy-Back Program is complete, the Write Status Bit(I/O 0) may be checked(Figure 16 & Figure 17). The
command register remains in Read Status command mode until another valid command is written to the command
register. During copy-back program, data modification is possible using random data input command (85h) as shown
in Figurel?.

Copy-back program operation is allowed only within same plane.

3.7 Multi-Plane Copy-Back Program

The copy-back program is configured to quickly and efficiently rewrite data stored in one page without utilizing an
external memory. Since the time-consuming cycles of serial access and re-loading cycles are removed, the system
performance is greatly improved. The benefit is especially obvious when a portion of a block needs to be updated and
the rest of the block also need to be copied to the newly assigned free block.

The operation for performing a copy-back program is a sequential execution of page-read without serial access and
copying-program with the address of destination page. A read operation with "35h" command and the address of the
source page moves the whole 2112byte data into the internal data buffer. As soon as the device returns to Ready
state, optional data read-out is allowed by toggling RE (See Figure 21), or Copy Back command (85h) with the
address cycles of destination page may be written. The Program Confirm command (10h) is required to actually begin
the programming operation. Data input cycle for modifying a portion or multiple distant portions of the source page is
allowed as shown in Figure 21.

Most NAND devices require 2 bit external ECC only due to copy back operation while 1 bit ECC can be enough for all
other operation. Reason is that during read for copy back + copy back program sequence a bit error due to charge
loss is not checked by external error detection/correction scheme. On the contrary, 2Gbit NAND includes automatic
Error Detection Code during copy back operation: thanks to this, 2 bit external ECC is no more required, with signifi-
cant advantage for customers that can always use single bit ECC. More details on EDC operation are available in sec-
tion 3.8.
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3.8 EDC Operation

Error Detection Code check automatically starts immediately after device becomes busy for a copy back program oper-
ation (both single and multiple plane). In the x16 version EDC allows detection of 1 single bit error every 264 words,
where each 264 word group is composed by 256 words of main array and 8 words of spare area (see Table 20,21). So
described 264 word area is called * EDC unit”.

To Properly use EDC, some limitations apply:

- Random data input can be used only once in copy back program or page program or multiple page program, unless
user inputs data for a whole EDC unit (or more whole EDC units).

- Any page program operation must be done on whole page basis, or on whole EDC unit.

EDC result can be checked only during copy back program through 7Bh (specific Read EDC register command, Table 22)

3.9 Read Status Register
The device contains a Status Register which may be read to find out whether, program or erase operation is completed,
and whether the program or erase operation is completed successfully. After writing 70h command to the command

register, a read cycle outputs the content of the Status Register to the 1/O pins on the falling edge of CE or RE, which-

ever occurs last. This two line control allows the system to poll the progress of each device in multiple memory connec-
tions even when R/B pins are common-wired. RE or CE does not need to be toggled for updated status. Refer to table

14 for specific Status Register definitions. The command register remains in Status Read mode until further commands
are issued to it. Therefore, if the status register is read during a random data output, the read command (00h) should
be given before starting read cycles.

3.10 Read EDC Status Register

The operation is available only in copy back program and it allows the detection of errors occurred during read for copy
back. In case of multiple plane copy back, it is not possible to know which of the two read operation caused the error.
After writing 7Bh command to the command register, a read cycle outputs the content of the EDC Register to the I/O
pins on the falling edge of CE or RE, whichever occurs last.

Operation is same read status register command. Refer to below Table 22 for specific EDC Register definitions.

3.11 Read ID.

The device contains a product identification mode, initiated by writing 90h to the command register, followed by an
address input of 00h. Five read cycles sequentially output the manufacturer code (ADh), and the device code and 3rd,
4th, 5th cycle ID, respectively. The command register remains in Read ID mode until further commands are issued to
it. Figure 22 shows the operation sequence, while tables 15 explain the byte meaning.

3.12 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. Refer to table
14 for device status after reset operation. If the device is already in reset state a new reset command will not be

accepted by the command register. The R/B pin goes low for tRST after the Reset command is written. Refer to Figure
25.
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3.13 Cache Read
Cache read can be used to increase the read operation speed when accessing sequential pages within a block.

First, issue a normal page read (00-30h). See figure 13.

The R/B signal goes low for tR during the time it takes to transfer the first page of data from the memory to the data
register. After R/B returns to high (31h) command is latched into the command register. R/B goes low while data is
being transferred from the data register to the cache register. After the data register contents are transferred to the
cache register, another page read is automatically started as part of the 31h command. Data is transferred from the
next sequential page of the memory array to the data register during the same time data is being read serially from
the cache register. If the total time to output data exceeds tR, then the page read is hidden.

The second and subsequent pages of data are transferred to the cache register by issuing additional 31h commands.
R/B will stay low. This time can vary, depending on whether the previous memory-to-data-register transfer was com-
pleted prior to issuing the next 31h command.

If the data transfer from memory to the data register is not completed before the 31h command is issued, R/B stays
low until the transfer is complete.

It is not necessary to output a whole page of data before issuing another 31h command. R/B will stay low until the
previous page read is complete and the data has been transferred to the cache register.

To read out the last page of data (3Fh) command is issued. This command transfers data from the data register to the
cache register without issuing another page read.
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4, OTHER FEATURES

4.1 Data Protection & Power On/Off Sequence
The device is designed to offer protection from any involuntary program/erase during power-transitions. An internal

voltage detector disables all functions whenever Vcc is below about 1.1V(1.8V device). WP pin provides hardware pro-
tection and is recommended to be kept at VIL during power-up and power-down. A recovery time of minimum 10us is
required before internal circuit gets ready for any command sequences as shown in Figure 26. The two-step command
sequence for program/erase provides additional software protection.

4.2 Ready/Busy.

The device has a Ready/Busy output that provides method of indicating the completion of a page program, erase,
copy-back and random read completion. The R/B pin is normally high and goes to low when the device is busy (after a
reset, read, program, erase operation). 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 (Fig 27). Its value can be determined by the following guidance.
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NAND 2Gb(x16) / mobile DDR 1Gb(x16)

Parameter Symbol Min Typ Max Unit
Valid Block NVB 2008 - 2048 Blocks
Number
Table 7 : Valid Blocks Numbers
NOTE:
1. The 1st block is guaranteed to be a valid block at the time of shipment.
Symbol Parameter Value Unit
T Ambient Operating Temperature (Commercial Temperature Range) 0to 70 T
A
Ambient Operating Temperature (Industrial Temperature Range) -40 to 85 T
Tgias Temperature Under Bias -50 to 125 T
Ts16 Storage Temperature -65 to 150 \%
vio® Input or Output Voltage -0.6 to 2.7 V
Vcc Supply Voltage -0.6 to 2.7 Vv
Table 8: Absolute maximum ratings
NOTE:

1. Except for the rating “Operating Temperature Range”, stresses above those listed in the Table “Absolute
Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and operation of
the device at these or any other conditions above those indicated in the Operating sections of this specification is

not implied. Exposure to Absolute Maximum Rating conditions for extended periods may affect device reliability.
Refer also to the Hynix SURE Program and other relevant quality documents.

2. Minimum Voltage may undershoot to -2V during transition and for less than 20ns during transitions.
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Figure 3: Block Diagram
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u
|/ll/| MixX NAND 2Gb(x16) / mobile DDR 1Gb(x16)
1.8Volt
Parameter Symbol Test Conditions - Unit
Min Typ Max
Sequential trc=45ns
Ica —=_ _ - 10 20 mA
Operating Read CE=ViL, Iout=0mA
Current Program Icc2 - - 10 20 mA
Erase Icc3 - - 10 20 mA
E=VIH,
Stand-by Current (TTL) Icc4 WP=0V/Vce - 1 mA
CE=Vcc-0.2,
Stand-by Current (CMOS) Iccs WP=0V/Vcc - 10 50 uA
Input Leakage Current I ViIN=0 to Vcc (max) - - + 10 uA
Output Leakage Current Io Vout =0 to Vcc (max) - - + 10 uA
Input High Voltage VIH - 0.8xVcc - Vce+0.3 \
Input Low Voltage ViL - -0.3 - 0.2xVcc \"
Output High Voltage Level VOH IoH=-100uA Vce-0.1 - - \"
Output Low Voltage Level VoL IoL.=100uA - - 0.1 \"
Output Low Current (R/B) (II;/%) VoL=0.2V 3 4 - mA

Table 9: DC and Operating Characteristics

Value
Parameter
1.8Volt
Input Pulse Levels 0V to VCC
Input Rise and Fall Times 5ns
Input and Output Timing Levels VCC/2
Output Load (1.7V - 1.95V) 1 TTL GATE and CL=30pF

Table 10: AC Conditions
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|/ll/| MixX NAND 2Gb(x16) / mobile DDR 1Gb(x16)
Item Symbol Test Condition Min Max Unit

Input / Output Capacitance Cr/o ViL=0V - 10 pF

Input Capacitance CIN VIN=0V - 10 pF

Table 11: Pin Capacitance (TA=25C, F=1.0MHz)

Parameter Symbol Min | Typ | Max | Unit
Program Time / Multi-Plane Program Time tPrOG - 250 | 700 us
Dummy Busy Time for Two Plane Program toBsy - 0.5 1 us
Number of partial Program Cycles in the same page NOP - - 8 Cycles
Block Erase Time / Multi-Plane Block Erase Time tBERS - 2 2.5 ms
Read Cache Busy Time trBSY - 3 tR us

Table 12: Program / Erase Characteristics
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1.8V
Parameter Symbol Unit
Min Max
CLE Setup time tcs 25 ns
CLE Hold time tcLH 10 ns
CE setup time tcs 35 ns
CE hold time tcH 10 ns
WE pulse width twp 25 ns
ALE setup time taLs 25 ns
ALE hold time tALH 10 ns
Data setup time tps 20 ns
Data hold time toH 10 ns
Write Cycle time twc 45 ns
WE High hold time twH 15 ns
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 25 ns
RE Pulse Width trP 25 ns
WE High to Busy tws 100 ns
Read Cycle Time trC 45 ns
RE Access Time tREA 30 ns
RE High to Output High Z tRHZ 100 ns
CE High to Output High Z tcHz 50 ns
CE High to Output hold tcoH 15 ns
RE High to Output Hold tRHOH 15 ns
RE Low to Output Hold tRLOH 5 ns
RE High Hold Time tREH 10 ns
Output High Z to RE low tR 0 ns
CE Low to RE Low ter 10 ns
Address to data loading time tADL 100 ns
WE High to RE low tWHR 60 ns
RE High to WE low tRHW 100 ns
Device Resetting Time (Read / Program / Erase) trsT 5/10/500(1) us
Write Protection time tww@ 100 ns

NOTE:

Table 13: AC Timing Characteristics

1. If Reset Command (FFh) is written at Ready state, the device goes into Busy for maximum 5us

2. Program / Erase Enable Operation : WP high to WE High.
Program / Erase Disable Operation : WP Low to WE High.
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I0 Page Program Block Erase Read Cache Read CODING

0 Pass / Fail Pass / Fail NA NA Pass: ‘0 Fail: ‘1’

1 NA NA NA NA -

2 NA NA NA NA -

3 NA NA NA NA -

4 NA NA NA NA -

5 Ready / Busy Ready / Busy RE?J?;/ Ready/Busy Busy: ‘0’ Ready:'1’

6 Ready / Busy Ready / Busy RE?J?;/ Ready/Busy Busy: ‘0’ Ready:'1’

7 Write Protect Write Protect Write NA Protected: *0’
Protect Not Protected: ‘1’

Table 14 : Status Register Coding

DEVICE IDENTIFIER CYCLE DESCRIPTION
1st Manufacturer Code
2nd Device Identifier
3rd Internal chip number, cell Type, etc.
4th Page Size, Block Size, Spare Size, Organization
5th Multiplane information
Table 15: Device Identifier Coding
Device Voltage B.us 1st cycle 2n!:I cycle 3rd 4th 5th
Width | (Manufacture Code) | (Device Code) | cycle cycle cycle
NAND Flash 1.8V x16 ADh BAh 10h 55h 44h

Table 16: Read ID Data Table
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u
|/ll/| MixX NAND 2Gb(x16) / mobile DDR 1Gb(x16)
Description 107 106 I05 104 | I03 102 | 101 IOO0
1 00
. 2 01
Die / Package 4 10
8 11
2 Level gell 00
4 Level Cell 01
Cell Type
8 Level Cell 10
16 Level Cell 11
Number of 1 00
) 2 01
Simultaneously
Programmed Pages 4 10
9 9 8 11
Interleave program Not 0
Between multiple chips | Supported 1
. Not 0
Write Cache Supported 1
Table 17: 3rd Byte of Device Idendifier Description
Description 107 106 105-4 103 102 101-0
1KB 00
Page Size 2KB 01
(Without Spare Area) | 4KB 10
8KB 11
Spare Area Size 8 0
(Byte / 512Byte) 16 1
50ns 0 0
. ) 30ns 0 1
Serial Access Time 25ns 1 0
Reserved 1 1
64K 00
Block Size 128K 01
(Without Spare Area) | 256K 10
512KB 11
- X8 0
Organization X16 1

Table 18: 4th Byte of Device Identifier Description
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Description 107 106 105 104 I03 102 101 100

1 0 0

Plane Number ‘21 (1) é

8 1 1
64Mb 0 0 O
128Mb 0 0 1
256Mb 0 1 o0
Plane Size 512Mb 0o 1 1
(w/o redundant Area) 1Gb 1 0 0
2Gb 1 0 1
4Gb 1 1 0
8Gb 1 1 1

Reserved 0 0 0
Table 19: 5rd Byte of Device Idendifier Description
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o Main Field (2,048 Byte) .~ Spare Field (64 Byte) -
- L | -
AT area ‘B area “CTarsa ‘D" arza “E" area “F" area “G" arsa “H*arza
{15t sactor) (2nd sector) (3rd s=ctor) [4th sectar) {1st sactor] | (Ind sector) | (3rd sector) | (4th sector)
258 Words 258 Words 256 Words 2568 Words & Words 8 Words 2 Words & Words
Main Field {Column 0~1, 1023) Spare Field (Column 1,024~1,055)
Sector
Area Name Column Address Area Name Column Address
1st 2684 Words Sector AT 0~ 255 “E" 1,024 ~ 1,031
2nd 284 Words Sector “B" 256 ~ 511 F 1.032 ~ 1,038
3rd 264 Words Sector “cT 512 ~ 787 gy 1,040 ~ 1,047
4th 264 Words Sector "D 768 ~ 1,023 H 1,048 ~ 1,085

Table 21: Page organization in EDC units (x16)

10 Copy back Program CODING

0 Pass/Fail Pass: ‘0’ Fail: ‘1’

1 EDC status NO error: ‘0’

2 EDC Validity Invalid: ‘0" Valid: ‘1’

3 NA -

4 NA -

5 Ready/Busy Busy: ‘0’ Ready: ‘1’

6 Ready/Busy Busy: ‘0’ Ready: ‘1’

7 Write Protect Protected: ‘0’ Not Protected: ‘1’

Table 22: EDC Register Coding
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CLE
\l< tCS pletCH o
— N T/
CE A /
twp
WE * ;/
< tALS ol tALH
ALE \ /
tDS tDH
I/O x L Command k
Figure 4: Command Latch Cycle
tCLS
CLE
tCS
T twc twe twe tWC
CE
—tWP—s| —tWP—> tWP—, tWP—
WE ! [ | i . ] - [ \
, tALS FALH tALS  tALH tALS  tALH tALS  ALH tALS | tALH
tD tD| , th_} . tDSJ ity
tDS E tDS tDS tDS
I/0x Col.Add1 Col.Add ow Add ow Add ow Add

Figure 5: Address Latch Cycle
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Figure 6: Input Data Latch Cycle
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tRC
CE t
tCHZ
tREH-»]
RE \ {REA REA tREA ltco+
| | |
tRHZ tRHZ
‘tRHOI-‘

tRR—>

R/B
Notes: Transition is measured at +/-200mV from steady state voltage with load.
This parameter is sampled and not 100% tested. (tCHZ, tRHZ)
tRHOH starts to be valid when frequency is lower than 33MHz.
Figure 7: Sequential Out Cycle after Read (CLE=L, WE=H, ALE=L)
— tCR
CE ! /
tRC tCHZ
tRP | tREH < tCOH N
J— 1l
RE \ , 1 \ /
tREA tREA < tRHZ
) ! tRLOH ; tRHOH ]
1l
I/Ox Dout ><:>< Dout ~ )—
Ll
tRR !
H
R/B

Notes: Transition is measured at +/-200mV from steady state voltage with load.
This parameter is sampled and not 100% tested. (tCHZ, tRHZ)
tRLOH is valid when frequency is higher than 33MHz.
tRHOH starts to be valid when frequency is lower than 33MHz.

Figure 8: Sequential Out Cycle after Read (EDO Type CLE=L, WE=H, ALE=L)

Rev 1.0 /Aug. 2009 32



H8BCSOSIOBAR series

l/l |/| n iX NAND 2Gb(x16) / mobile DDR 1Gb(x16)
tCLR
CLE * tcLs \\
tCLH
. fcs
CE \ Iy i
tCH
—_— tWP-’l
WE F ) «~— {CR — fCHZ
AWHR tCOH
RE \ /
I/'tDS_’ {DH \|7 iR {REA t;s:i
1/0x \ 70h ) Status Output | X

Figure 9: Status Read Cycle
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Figure 10: Readl1 Operation (Read One Page)
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R/ E -xBusy;l

Figure 11: Read1 Operation intercepted by CE
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CLE \ / | W
CE / \
WE \_/ \_/
tWB —<—tPROG | [+ tWHR»|
ALE / \
RE X
Col. Col. Row Row Row D
1/0x @. Add1 A Add2 XAdd1 X Add2 X Add3 @ 10 Jon @
Serial Data 1 up to m Byte Program Read Status
Input Command Column Address Row Address ggrial Inpa,tt Com?nand Command
R/B \ 7(

1/00=0 Successful Program
_ o 1/00=1 Error in Program
NOTES : tADL is the time from the WE rising edge of final address cycle to the WE rising edge of first data cycle.

Figure 14: Page Program Operation
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Erase Command Command I/00=1 Error in Erase

Figure 18: Block Erase Operation (Erase One Block)
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Figure 20 : Multiple plane erase operation
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CLE _/_\

tAR

ALE / \E_.
RE ) S\

tREA
1/0 {_90h ) 00h ADh }— BCh }— 10h }— 55h }~ 54h }—
Read ID Command Address 1 cycle Maker Code Device Code  3rd Cycle 4th Cycle  5th Cycle

Figure 22: Read ID Operation
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System Interface Using CE E don't care
To simplify system interface, CE signal is ignored during data loading or sequential data-reading as shown below.
So, it is possible to connect NAND Flash to a microprocessor. The only function that was removed from standard NAND

ae [\ mn

CE don't-care

« \ AAAAAQ A AAAAAA A
RV AVAT AV A VA VAV IR TAVAVAY

e BRVAVAVAVIR
I/0x —<80h>—< Start Add.(5Cycle) >—< Data Input >—< Data Input

Figure 23: Program Operation with CE don't-care.

CLE /_\ /—\

If sequential row read enabled,

CE must be held low during tR. CE don't-care
e JUAAA @A AAAAARDA M
* IATATAATATATA '
L AVATRVATA
R/E t tR j
aimialaValaial
I/Ox Start Add.(5Cycle) >—( 30h )—( Data Output(sequential) )—

Figure 24: Read Operation with CE don't-care.
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ALE
CLE _/_\
RE
107:0 FFh
t
B < RST b
R/B \ /|
Figure 25: Reset Operation
4 ()(> N
/ N
VCC
(( N—
oV
) )) ,
don’t / \\ don’t
care i i E care
CE ViH
Vi 1ms max Operation v,
WP -
100u smax ((
Invalid )) AN don't
care
ReadyBusy /

Figure 26: Power On and Data Protection Timing

VTH = 1.5 Volt for 1.8 Volt Supply devices
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ibusy

Ready Vcc:

R/B
open drain output

0.8V Busy ,,
4

1

Fig. Rp vs tr, tf & Rp vs ibusy

@ Vce = 1.8V, Ta = 25°C, CL.=30pF

ibusy
@ 300n—+ 4 3m
<
= 200 3 om &
s} n-4- A m
120 32
> 0.85 90 2
100n 4 30 60 057 43 4 1m
L)
1 1 1 1
T T T T
1k 2k 3k 4k
Rp (ohm)
Rp value guidence
Rp (min) = Vcc (Max.) - VoL (Max.) _ 1.85Vv
ToL + 3IL 3mA + 311

where IL 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

Figure 27: Ready/Busy Pin electrical specifications
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Page 63 (64)
Page 31 (32)
Page 2 (3)
Page 1 (2)
Page O (1)
F N

Data register

DATA IN : Data (1) — Data (64)

Page 63

Page 31

Page 2
Page 1
Page 0

Data register

Ex.) Random page program (Prohibition)
DATA IN : Data (1) — Data (64)

Figure 28: page programming within a block
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Bad Block Management

Devices with Bad Blocks have the same quality level and the same AC and DC characteristics as devices where all the
blocks are valid. A Bad Block does not affect the performance of valid blocks because it is isolated from the bit line and
common source line by a select transistor. The devices are supplied with all the locations inside valid blocks erased(FFh).
The Bad Block Information is written prior to shipping. Any block where the 1st Byte(1st word) in the spare area of the
1st or 2nd th page (if the 1st page is Bad) does not contain FFh is a Bad Block. The Bad Block Information must be read
before any erase is attempted as the Bad Block Information may be erased. For the system to be able to recognize the
Bad Blocks based on the original information it is recommended to create a Bad Block table following the flowchart
shown in Figure 29. The 1st block, which is placed on 00h block address is guaranteed to be a valid block.

START
Block Address=
Block 0
Increment
Block Address
A
Update

Bad Block table

Last
block?

END

Figure 29: Bad Block Management Flowchart
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Bad Block Replacement

Over the lifetime of the device additional Bad Blocks may develop. In this case the block has to be replaced by copying
the data to a valid block. These additional Bad Blocks can be identified as attempts to program or erase them will give
errors in the Status Register.

Unlike the case of odd page which carries a possibility of affecting previous page, the failure of a page program oper-
ation does not affect the data in other pages in the same block, the block can be replaced by re-programming the cur-
rent data and copying the rest of the replaced block to an available valid block.

Refer to Table 23 and Figure 30 for the recommended procedure to follow if an error occurs during an operation.

Operation Recommended Procedure
Erase Block Replacement
Program Block Replacement
Read ECC (with 1bit/528byte)

Table 23: Block Failure

Block A Block B
2
Data @ > Data
n" page Failure () n page
(3)
FFh FFh

Buffer memory of the controller

Figure 30: Bad Block Replacement

NOTE :

1. An error occurs on nt page of the Block A during program or erase operation.

2. Data in Block A is copied to same location in Block B which is valid block.

3. N* data of block A which is in controller buffer memory is copied into n page of Block B
4. Bad block table should be updated to prevent from eraseing or programming Block A
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Write Protect Operation

The Erase and Program Operations are automatically reset when WP goes Low (tWW = 100ns, min). The operations
are enabled and disabled as follows (Figure 31~34)

I/1Ox — 80h 10h

R/B \

Figure 31: Enable Programming

WE \ /
tww

1/0x — 80h 10h

Figure 32: Disable Programming
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1/0x

R/B

1/0x

R/B

tww

60h

H8BCSOSIOBAR series

DOh

™

Figure 33: Enable Erasing

tww

{ 60h )

./

DOh

Figure 34: Disable Erasing

NAND 2Gb(x16) / mobile DDR 1Gb(x16)
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1Gb (64Mbx16) Mobile DDR A-Die
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DESCRIPTION

The Hynix Mobile DRAM is 1,073,741,824-bit CMOS Low Power Double Data Rate Synchronous DRAM (Mobile DDR
SDRAM), ideally suited for mobile applications which use the battery such as PDAs, 2.5G and 3G cellular phones with
internet access and multimedia capabilities, mini-notebook, hand-held PCs. It is organized as 4banks of 16,777,216
x16.

The Hynix Mobile DRAM is uses a double-data-rate architecture to achieve high-speed operation. The double data rate
architecture is essentially a 27 prefetch architecture with an interface designed to transfer two data per clock cycle at
the I/O pins.

The Hynix Mobile DRAM is offers fully synchronous operations referenced to both rising and falling edges of the clock.
While all address and control inputs are latched on the rising edges of the CK (Mobile DDR SDRAM operates from a dif-
ferential clock . the crossing of CK going HIGH and CK going LOW is referred to as the positive edge of CK), data, data
strobe and data mask inputs are sampled on both rising and falling edges of it (nput data is registered on both edges
of DQS, and output data is referenced to both edges of DQS, as well as to both edges of CK). The data paths are inter-
nally pipelined and 2-bit prefetched to achieve high bandwidth. All input voltage levels are compatible with LVCMOS.

Read and write accesses to the Low Power DDR SDRAM (Mobile DDR SDRAM) are burst oriented; accesses start at a
selected location and continue for a programmed number of locations in a programmed sequence. Accesses begin with
the registration of an ACTIVE command, which is then followed by a READ or WRITE command. The address bits reg-
istered coincident with the ACTIVE command are used to select the bank and the row to be accessed. The address bits
registered coincident with the READ or WRITE command are used to select the bank and the starting column location
for the burst access.

The Low Power DDR SDRAM (Mobile DDR SDRAM) provides for programmable read or write bursts of 2, 4 or 8 loca-
tions. An AUTO PRECHARGE function may be enabled to provide a self-timed row precharge that is initiated at the end
of the burst access.

As with standard SDRAM, the pipelined and multibank architecture of Low Power DDR SDRAM (Mobile DDR SDRAM)
allows for concurrent operation, thereby providing high effective bandwidth by hiding row precharge and activation
times.

The Low Power DDR SDRAM (Mobile DDR SDRAM) also provides for special programmable Self Refresh options which
are Partial Array Self Refresh (full, half, quarter and 1/8 and 1/16 array) and Temperature Compensated Self Refresh.

A burst of Read or Write cycles in progress can be interrupted and replaced by a new burst Read or Write command on
any cycle (this pipelined design is not restricted by a 2N rule). Only Read bursts in progress with auto precharge disa-
bled can be terminated by a burst terminate command. Burst Terminate command is undefined and should not be
used for Read with Autoprecharge enabled and for Write bursts.

The Hynix Mobile DRAM is has the special Low Power function of Auto TCSR (Temperature Compensated Self Refresh)
to reduce self refresh current consumption. Since an internal temperature sensor is implemented, it enables to auto-

matically adjust refresh rate according to temperature without external EMRS command.

All inputs are LVCMOS compatible. Devices will have a VDD and VDDQ supply of 1.8V (nominal).
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Mobile DDR SDRAM PIN DESCRIPTIONS

SYMBOL

TYPE

DESCRIPTION

CK, CK

INPUT

Clock: CK and CK are differential clock inputs. All address and control input signals are
sampled on the crossing of the positive edge of CK and negative edge of CK. Output (read)
data is referenced to the crossings of CK and CK (both directions of crossing).

CKE

INPUT

Clock Enable: CKE HIGH activates, and CKE LOW deactivates internal clock signals, device
input buffers and output drivers. Taking CKE LOW provides PRECHARGE POWER-DOWN

and SELF REFRESH operation (all banks idle), or ACTIVE POWER-DOWN (row ACTIVE in
any bank). CKE is synchronous for all functions except for SELF REFRESH EXIT, which is

achieved asynchronously.

INPUT

Chip Select: CS enables (registered LOW) and disables (registered HIGH) the command
decoder. All commands are masked when CS is registered HIGH. CS provides for external
bank selection on systems with multiple banks. CS is considered part of the command
code.

INPUT

Command Inputs: RAS, CAS and WE (along with CS) define the command being entered

BAO, BA1

INPUT

Bank Address Inputs: BAO and BA1 define to which bank an ACTIVE, READ, WRITE or
PRECHARGE command is being applied. BAO and BA1 also determine which mode register
is to be loaded during a MODE REGISTER SET command (MRS, EMRS).

A0 ~ A13

INPUT

Address inputs: Provide the row address for ACTIVE commands, and the column address
and AUTO PRECHARGE bit for READ/WRITE commands, to select one location out of the
memory array in the respective bank. The address inputs also provide the op-code during
a MODE REGISTER SET command. A10 sampled during a PRECHARGE command deter-
mines whether the PRECHARGE applies to one bank (A10 LOW) or all banks (A10 HIGH).
If only one bank is to be precharged, the bank is selected by BAO, BA1.

For 1Gb (x16), Row Address: A0 ~ A13, Column Address: A0 ~ A9

Auto-precharge flag: A10

DQO ~ DQ15

I/0

Data Bus: data input / output pin

LDM ~ UDM

INPUT

Input Data Mask: DM is an input mask signal for write data. Input data is masked when

DM is sampled. HIGH along with that input data during a WRITE access. DM is sampled

on both edges of DQS. Data Mask pins include dummy loading internally, to match the DQ
and DQS loading.

For x16 devices, LDM corresponds to the data on DQ0-DQ7, and UDM corresponds to the
data on DQ8-DQ15.

LDQS ~ UDQS

I/0

Data Strobe: Output with read data, input with write data. Edge-aligned with read data,
center-aligned with write data. Used to capture write data.

For x16 device, LDQS corresponds to the data on DQ0-DQ7, and UDQS corresponds to the
data on DQ8-DQ15.

VDD

SUPPLY

Power supply

Vss

SUPPLY

Ground

VDDQ

SUPPLY

1/O Power supply

VsSsQ

SUPPLY

I/O Ground

NC

No Connect: No internal electrical connection is present.
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FUNCTIONAL BLOCK DIAGRAM

4banks x 16Mbit x 16 I/0 Mobile DDR SDRAM

H8BCSOSIOBAR series

NAND 2Gb(x16) / mobile DDR 1Gb(x16)

PASR -
Extended
Mode || Selfrefresh Write Data Register | {6 —
Register logic & timer 2-bit Prefetch Unit |€ B
A -
(vs)
v 32 S«—Ds
Internal Row @
Counter 2
il
o
JCLK —> ] 16Mx16 Bank3 | =
16Mx16 Bank2
CLK —p » Row | L |
Row Active pre > ® 16Mx16 Bank1 |
=
CKE —, »| Decoder | 1o\ 2 16Mx16 Bank0
g I I
[a)
K@ Sle 3 P ’
5 a8 » $ o) ' |
= Refresh B E 2 5 I I
Q o =
/RAS — § ’ 418le Memory o = : !
= ole > & |
3 4|8 Cell 2 @ | |
— & Arra ol 32|16 ! I
JCAS —P| 3 Y/ o o} | |
Column Active > Column L S ) : I
WE — Pre o g ) ' :
LDM | Decoder | T (>5[ '\2_1/1
~UDM - d Column decoders L
7 A A
Column Add
Bank Select N Counter 1D
A 4 ubQs
A0 —P > Address A4
Register Burst
Al —> > Data Strobe
a »| Counter Transmitter |
] b w
* 25 DS | Data Strobe
A13 —p %: v i CAS ' Receiver
Laten
BA1L 3 Mode Register I—Cy>| Data Out Control I—
BAQ — P
57

Rev 1.0 /Aug. 2009



hyunix

REGISTER DEFINITION I

Mode Register Set (MRS) for Mobile DDR SDRAM

H8BCSOSIOBAR series
NAND 2Gb(x16) / mobile DDR 1Gb(x16)

BA1l | BAO | A13 | A12 | A11 | A10 | A9 A8 A7 A6 A5 Ad | A3 A2 | Al AO
0 0 0 0 0 0 0 0 0 CAS Latency BT Burst Length
Burst Type
A3 Burst Type
0 Sequential
1 Interleave
CAS Latency Burst Length
A6 A5 A4 CAS Latency Burst Length
A2 Al AO
0 0 0 Reserved A3 =0 A3=1
0 0 1 Reserved 0 0 0 Reserved Reserved
0 1 0 2 0 0 1 2 2
0 1 1 3 0 1 0 4 4
1 0 0 Reserved 0 1 1 8 8
1 0 1 Reserved 1 0 0 Reserved Reserved
1 1 0 Reserved 1 0 1 Reserved Reserved
1 1 1 Reserved 1 1 0 Reserved Reserved
1 1 1 Reserved Reserved
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REGISTER DEFINITION II

Extended Mode Register Set (EMRS) for Mobile DDR SDRAM

BAl1 | BAO | A13 | A12 | A11 | A10 | A9 A8 | A7 A6 A5 A4 | A3 A2 | Al AO

1 0 0 0 0 0 0 0 DS 0 0 PASR

DS (Drive Strength)
A7 | A6 | A5 Drive Strength

0 0 0 | Full(Default)
0 0 1 Half

0 1 0 Quarter

0 1 1 Octant

1 0 0 Three-Quarters

PASR (Partial Array Self Refresh)
A2 | A1 | AO | Self Refresh Coverage

0 0 0 | All Banks (Default)

0 0 1 | Half of Total Bank (BA1=0)

0 1 0 | Quarter of Total Bank (BA1=BA0=0)
0 1 1 | Reserved

1 0 0 | Reserved

1 0 1 | Reserved

1 1 0 | Reserved

1 1 1 | Reserved
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COMMAND TRUTH TABLE
Function CS | RAS | CAS | WE | BA |A10/AP |ADDR | Note

DESELECT (NOP) H X X X X X X 2
NO OPERATION (NOP) L H H H X X X 2
ACTIVE (Select Bank and activate Row) L L H H \" Row Row

READ (Select bank and column and start read burst) | L H L H Y L Col

READ with AP (Read Burst with Autoprecharge) L H L H \" H Col 3
WRITE (Select bank and column and start write L H L L v L Col

burst)

WRITE with AP (Write Burst with Autoprecharge) L H L L Vv H Col 3
BURST TERMINATE L H H L X X X 4,5
PRECHARGE (Deactivate Row in selected bank) L L H L Vv L X 6
PRECHARGE ALL (Deactivate rows in all Banks) L L H L X H X 6
AUTO REFRESH or enter SELF REFRESH L L L H X X X 78,9
MODE REGISTER SET L L L L \Y Op code 10
DM TRUTH TABLE

Function DM DQ Note
Write Enable L Valid 11
Write Inhibit H X 11

Note:

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

2. DESLECT and NOP are functionally interchangeable.

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

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

5. This command is BURST TERMINATE if CKE is High.

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

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

8. All address inputs and I/0 are "don't care" except for CKE. Internal refresh counters control Bank and Row addressing.

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

10. BAO and BA1 value select among MRS, EMRS and SRR.

11. Used to mask write data, provided coincident with the corresponding data.

12. CKE is HIGH for all commands shown except SELF REFRESH.
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CKE TRUTH TABLE
CKEn-1 CKEn Current State COMMAND? ACTIONN Note
L L Power Down X Maintain Power Down
L L Self Refresh X Maintain Self Refresh
L H Power Down NOP or DESELECT Exit Power Down 5,6,8
L H Self Refresh NOP or DESELECT Exit Self Refresh 5,7,9
H L All Banks Idle NOP or DESELECT Precharge Power 5
Down Entry
H L Bank(s) Active NOP or DESELECT | Active r;%\;v;r Down | 5
H L All Banks Idle AUTO REFRESH Self Refresh entry
H H See the other Truth Tables
Note:
1. CKEn is the logic state of CKE at clock edge 7, CKEn~1 was the state of CKE at the previous clock edge.
2. Current state is the state of LP DDR immediately prior to clock edge n.
3. COMMAND~ is the command registered at clock edge n, and ACTION# is the result of COMMAND~.
4. All states and sequences not shown are illegal or reserved.
5. DESELECT and NOP are functionally interchangeable.
6. Power Down exit time (txP) should elapse before a command other than NOP or DESELECT is issued.
7. SELF REFRESH exit time (tXSR) should elapse before a command other than NOP or DESELECT is issued.
8. The clock must toggle at least one time during the txp period.
9. The clock must toggle at least once during the txsR time.
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CURRENT STATE BANK/7” TRUTH TABLE (COMMAND TO BANK 1)

Command
Current State | = Action Notes
CS | RAS | CAS | WE Description
H X X X | DESELECT (NOP) Continue previous Operation
Any L H H H | NOP Continue previous Operation
L L H H | ACTIVE Select and activate row
L L L H | AUTO REFRESH Auto refresh 10
tdle L L L L | MODE REGISTER SET Mode register set 10
L L H H | PRECHARGE No action if bank is idle
L H L H | READ Select Column & start read burst
Row Active L H L L | WRITE Select Column & start write burst
L L H L | PRECHARGE Deactivate Row in bank (or banks) 4
L H L H | READ -srtr:rrgcr?ésvieeaa?jsl;urst >6
(Witrﬁ)el?tdAUtO L H L L | WRITE -srtr: rrt] Cr?(:sv F\{Isii(tjegt)u rst >6,13
recharge)
L L H L | PRECHARGE Truncate Read, start Precharge
L H H L | BURST TERMINATE Burst terminate 11
et B U R P
L L H L | PRECHARGE Truncate Write, start Precharge 12

Note:

1. The table applies when both CKEn1 and CKEn are HIGH, and after tXSR or tXP has been met if the previous state was Self Refresh

or Power Down.

AU WN

. DESELECT and NOP are functionally interchangeable.

. All states and sequences not shown are illegal or reserved.
. This command may or may not be bank specific. If all banks are being precharged, they must be in a valid state for precharging.
. A command other than NOP should not be issued to the same bank while a READ or WRITE Burst with auto precharge is enabled.
. The new Read or Write command could be auto precharge enabled or auto precharge disabled.
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7. Current State Definitions:
Idle: The bank has been precharged, and tRP has been met.
Row Active: A row in the bank has been activated, and tRCD has been met.
No data bursts/accesses and no register accesses are in progress.
Read: A READ burst has been initiated, with AUTO PRECHARGE disabled, and has not yet terminated or been terminated.
Write: a WRITE burst has been initiated, with AUTO PRECHARGE disabled, and has not yet terminated or been terminated.
. The following states must not be interrupted by a command issued to the same bank.
DESELECT or NOP commands or allowable commands to the other bank should be issued on any clock edge occurring
during these states. Allowable commands to the other bank are determined by its current state and Truth Table3,
and according to Truth Table 4.
Precharging: Starts with the registration of a PRECHARGE command and ends when tRP is met.
Once tRP is met, the bank will be in the idle state.
Row Activating: Starts with registration of an ACTIVE command and ends when trRCD is met.
Once tRCD is met, the bank will be in the "row active" state.
Read with AP Enabled: Starts with the registration of the READ command with AUTO PRECHARGE enabled and ends
when tRP has been met. Once tRP has been met, the bank will be in the idle state.
Write with AP Enabled: Starts with registration of a WRITE command with AUTO PRECHARGE enabled and ends
when tRP has been met. Once tRP is met, the bank will be in the idle state.

[ee]

9. The following states must not be interrupted by any executable command; DESELECT or NOP commands must be applied
to each positive clock edge during these states.
Refreshing: Starts with registration of an AUTO REFRESH command and ends when tRFC is met.
Once tRFC is met, the LP DDR will be in an "all banks idle" state.
Accessing Mode Register: Starts with registration of a MODE REGISTER SET command and ends when tMRD has been met.
Once tMRD is met, the LP DDR will be in an "all banks idle" state.
Precharging All: Starts with the registration of a PRECHARGE ALL command and ends when tRP is met.
Once tRP is met, the bank will be in the idle state.
10. Not bank-specific; requires that all banks are idle and no bursts are in progress.
11. Not bank-specific. BURST TERMINATE affects the most recent READ burst, regardless of bank.
12. Requires appropriate DM masking.

13. A WRITE command may be applied after the completion of the READ burst; otherwise, a Burst terminate must be used to end
the READ prior to asserting a WRITE command.
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CURRENT STATE BANK/” TRUTH TABLE (COMMAND TO BANK m)

Command
Current State [ — — Action Notes
CS | RAS | CAS | WE Description
H X X X | DESELECT (NOP) Continue previous Operation
Any
L H H H | NOP Continue previous Operation
Idle X X X X | ANY Any command allowed to bank m
L L H H | ACTIVE Activate Row
Row Activating, | L H L H | READ Start READ burst 8
Active, or Pre-
charging L H L L | WRITE Start WRITE burst 8
L L H L | PRECHARGE Precharge
L L H H | ACTIVE Activate Row
Read with Auto | | H L H |READ Start READ burst 8
Precharge dis-
abled L H L L | WRITE Start WRITE burst 8,10
L L H L | PRECHARGE Precharge
L L H H | ACTIVE Activate Row
Write with Auto | | H L H | READ Start READ burst 8,9
precharge dis-
abled L H L L | WRITE Start WRITE burst 8
L L H L | PRECHARGE Precharge
L L H H | ACTIVE Activate Row
Read with Auto | L H L H | READ Start READ burst 5,8
Precharge L H L L | WRITE Start WRITE burst 5,8,10
L L H L | PRECHARGE Precharge
L L H H | ACTIVE Activate Row
Write with Auto | L H L H | READ Start READ burst 5,8
precharge L H L L | WRITE Start WRITE burst 5,8
L L H L | PRECHARGE Precharge
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Note:
1. The table applies when both CKE/+1 and CKEn are HIGH, and after txSR or txP has been met if the previous state was
Self Refresh or Power Down.
2. DESELECT and NOP are functionally interchangeable.
. All states and sequences not shown are illegal or reserved.
4. Current State Definitions:
Idle: The bank has been precharged, and tRP has been met.
Row Active: A row in the bank has been activated, and tRCD has been met. No data bursts/accesses and
no register accesses are in progress.
Read: A READ burst has been initiated, with AUTO PRECHARGE disabled, and has not yet terminated or been terminated.
Write: a WRITE burst has been initiated, with AUTO PRECHARGE disabled, and has not yet terminated or been terminated.
5. Read with AP enabled and Write with AP enabled: The read with Autoprecharge enabled or Write with Autoprecharge
enabled states can be broken into two parts: the access period and the precharge period. For Read with AP, the
precharge period is defined as if the same burst was executed with Auto Precharge disabled and then followed with the
earliest possible PRECHARGE command that still accesses all the data in the burst. For Write with Auto precharge, the
precharge period begins when twR ends, with twR measured as if Auto Precharge was disabled. The access period starts
with registration of the command and ends where the precharge period (or tRP) begins. During the precharge period,
of the Read with Autoprecharge enabled or Write with Autoprecharge enabled states, ACTIVE, PRECHARGE, READ, and
WRITE commands to the other bank may be applied; during the access period, only ACTIVE and PRECHARGE commands
to the other banks may be applied. In either case, all other related limitations apply (e.g. contention between READ data
and WRITE data must be avoided).
. AUTO REFRESH, SELF REFRESH, and MODE REGISTER SET commands may only be issued when all bank are idle.
7. A BURST TERMINATE command cannot be issued to another bank;
it applies to the bank represented by the current state only.
8. READs or WRITEs listed in the Command column include READs and WRITEs with AUTO PRECHARGE enabled and
READs and WRITEs with AUTO PRECHARGE disabled.
9. Requires appropriate DM masking.
10. A WRITE command may be applied after the completion of data output, otherwise a BURST TERMINATE command
must be issued to end the READ prior to asserting a WRITE command.

w

(o))
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ABSOLUTE MAXIMUM RATING

H8BCSOSIOBAR series
NAND 2Gb(x16) / mobile DDR 1Gb(x16)

Parameter Symbol Rating Unit
Operating Case Temperature TC -30 ~ 85 °C
Storage Temperature TSTG -55 ~ 150 °C
Voltage on Any Pin relative to VSS VIN, VOUT -0.3 ~ VDDQ+0.3 \"
Voltage on VDD relative to VSS VDD -0.3~27 \Y
Voltage on VDDQ relative to VSS VDDQ -0.3~27 \"
Short Circuit Output Current I0s 50 mA
Power Dissipation PD 0.7 W
AC and DC OPERATING CONDITIONS
OPERATING CONDITION
Parameter Symbol Min Typ Max Unit Note
Supply Voltage VDD 1.7 1.8 1.95 \" 1
1/0 Supply Voltage VDDQ 1.7 1.8 1.95 \Y 1
Operating Case Temperature TC -30 85 °C
CLOCK INPUTS (CK, CK)
Parameter Symbol Min Max Unit Note
DC Input Voltage VIN -0.3 VDDQ+0.3 \"
DC Input Differential Voltage VID(DC) 0.4*VDDQ VDDQ+0.6 Vv 2
AC Input Differential Voltage VID(AC) 0.6*VDDQ VDDQ+0.6 Vv 2
AC Differential Crosspoint Voltage VIX 0.4*VDDQ 0.6*VDDQ \" 3
Address And Command Inputs (A0~An, BAO, BA1, CKE, CS, RAS, CAS, WE)
Parameter Symbol Min Max Unit Note
Input High Voltage VIH 0.8*VDDQ VDDQ+0.3 \"
Input Low Voltage VIL -0.3 0.2*VDDQ Vv
Data Inputs (DQ, DM, DQS)
Parameter Symbol Min Max Unit Note
DC Input High Voltage VIHD(DC) 0.7*VDDQ VDDQ+0.3 \"
DC Input Low Voltage VILD(DC) -0.3 0.3*VDDQ \Y
AC Input High Voltage VIHD(AC) 0.8*VDDQ VDDQ+0.3 Vv
AC Input Low Voltage VILD(AC) -0.3 0.2*VDDQ \"
Data Outputs (DQ, DQS)
Parameter Symbol Min Max Unit Note
DC Output High Voltage (IOH = -0.1mA) VOH 0.9*VDDQ - \Y
DC Output Low Voltage (IOL = 0.1mA) VoL - 0.1*VDDQ Vv
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Leakage Current

Parameter Symbol Min Max Unit Note
Input Leakage Current IL -1 1 UuA 4
Output Leakage Current ILo -1.5 1.5 UuA 5

Note:

1. All voltages are referenced to VSS = 0V and VSSQ must be same potential and VDDQ must not exceed the level of VDD.
2. VID(DC) and VID(AC) are the magnitude of the difference between the input level on CK and the input level on CK.

3. The value of VIX is expected to be 0.5*VDDQ and must track variations in the DC level of the same.

4. VIN = 0 to 1.8V. All other pins are not tested under VIN=0V.

5. DOUT is disabled. VOuT= 0 to 1.95V.

AC OPERATING TEST CONDITION

Parameter Symbol Value Unit Note
AC Input High/Low Level Voltage VIH /VIL | 0.8*VDDQ/0.2*VDDQ \"
Input Timing Measurement Reference Level Voltage Vitrip 0.5*VDDQ Vv
Input Rise/Fall Time tR / tF 1 ns
Output Timing Measurement Reference Level Voltage Voutref 0.5*VDDQ \"
Output Load Capacitance for Access Time Measurement CL pF 1

Note: 1. The circuit shown on the right represents the timing
load used in defining the relevant timing parameters of

the pa.rt. It is not inFended to be eiFher a precise repre- Output @ IM 20-500

sentation of the typical system environment nor a depic-

tion of the actual load presented by a production tester. L
System designers will use IBIS or other simulation tools —
to correlate the timing reference load to system environ- Test Load for Full Drive Strength Buffer

ment. Manufacturers will correlate to their production (20 pF)

(generally a coaxial transmission line terminated at the Test Load for Half Drive Strength Buffer

tester electronics). For the half strength driver with a (10 pF)

nominal 10pF load parameters tAC and tQH are

expected to be in the same range. However, these

parameters are not subject to production test but are

estimated by design and characterization. Use of IBIS or other simulation tools for system design validation is suggested.

Input / Output Capacitance

Speed
Parameter Symbol Unit Note
Min Max
Input capacitance, CK, CK CCK 1.5 3.5 pF
Input capacitance, all other input-only pins CI 1.5 3.0 pF
Input/output capacitance, DQ, DM, DQS CIO 2.0 4.5 pF 4

Note:

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

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

3. Input capacitance is measured according to JEP147 procedure for measuring capacitance using a vector network analyzer. VDD,
VDDQ are applied and all other pins (except the pin under test) floating. DQ's should be in high impedance state. This may be
achieved by pulling CKE to low level.

4. Although DM is an input-only pin, the input capacitance of this pin must model the input capacitance of the DQ and DQS pins. This
is required to match signal propagation times of DQ, DQS and DM in the system.
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Mobile DDR OUTPUT SLEW RATE CHARACTERRISTICS

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

Note:
1. Measured with a test load of 20pF connected to VSSQ

2. Output slew rate for rising edge is measured between VILD(DC) to VIHD(AC) and for falling edge between VIHD(DC) to VILD(AC)
3. The ratio of pull-up slew rate to pull-down slew rate is specified for the same temperature and voltage, over the entire temperature
and voltage range. For a given output, it represents the maximum difference between pull-up and pull-down drivers due to process

variation.

Mobile DDR AC OVERSHOOT / UNDERSHOOT SPECIFICATION

Parameter Specification

Maximum peak amplitude allowed for overshoot

0.5V

Maximum peak amplitude allowed for undershoot 0.5v
The area between overshoot signal and VDD must be less than or equal to 3V-ns
The area between undershoot signal and GND must be less than or equal to 3V-ns

Note:
1. This specification is intended for devices with no clamp protection and is guaranteed by design.

2.5V _——_—_————_—— - -
2.0V Ove%hoot

S L5V Z

" /

g 1.0V .

)

E Max. Amplitude = 0.5V Max. Area = 3V-ns

0.5V \ 4

0.0v ec
Under$hoot
-0.5vV

Time (ns)
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DC CHARACTERISTICS (Symbols)

H8BCSOSIOBAR series
NAND 2Gb(x16) / mobile DDR 1Gb(x16)

Parameter Symbol
Operating one bank active-precharge current 1DDO
Precharge power-down standby current IDD2P
Precharge power-down standby current with clock stop IDD2PS
Precharge non power-down standby current IDD2N
Precharge non power-down standby current with clock stop IDD2NS
Active power-down standby current IDD3P
Active power-down standby current with clock stop IDD3PS
Active non power-down standby current IDD3N
Active non power-down standby current with clock stop IDD3NS
Operating burst read current IDD4R
Operating burst write current IDD4W
Auto Refresh Current IDD5
Self Refresh Current IDD6
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H8BCSOSIOBAR series

|/ll/| nix NAND 2Gb(x16) / mobile DDR 1Gb(x16)
DC CHARACTERISTICS
Max
Symbol Test Condition DDR | DDR | DDR | DDR | DDR | Unit | Note

400 | 370 | 333 | 266 | 200

tRC = tRC(min); tCK = tCK(min); CKE is HIGH;
IDD0 [CS is HIGH between valid commands; address inputs are 80 70 60 50 40 mA 1
SWITCHING; data bus inputs are STABLE

all banks idle; CKE is LOW; CS is HIGH;
IDD2P |tCK = tCK(min); address and control inputs are SWITCHING; 0.4 mA
data bus inputs are STABLE

all banks idle; CKE is LOW; CS is HIGH;
IDD2PS |CK = LOW; CK = HIGH; address and control inputs are 0.4 mA
SWITCHING; data bus inputs are STABLE

all banks idle; CKE is HIGH; CSis HIGH,
IDD2N |tCK = tCK(min); address and control inputs are SWITCHING; 12
data bus inputs are STABLE

all banks idle; CKE is HIGH; CS is HIGH;
IDD2NS |[CK = LOW; CK = HIGH; address and control inputs are 6
SWITCHING; data bus inputs are STABLE

one bank active; CKE is LOW; CS is HIGH;
IDD3P |tCK = tCK(min); address and control inputs are SWITCHING; 3
data bus inputs are STABLE

one bank active; CKE is LOW; CS is HIGH;
IDD3PS |CK = LOW; CK = HIGH; address and control inputs are 2
SWITCHING; data bus inputs are STABLE

one bank active; CKE is HIGH; CS is HIGH;
IDD3N |tCK = tCK(min); address and control inputs are SWITCHING; 12 mA
data bus inputs are STABLE

one bank active; CKE is HIGH; CS is HIGH;
IDD3NS |[CK = LOW; CK = HIGH; address and control inputs are 8 mA
SWITCHING; data bus inputs are STABLE

one bank active; BL=4; CL=3; tCK=tCK(min);
IDD4R |continuous read bursts; Iout=0mA; address inputs are 135 100 90 80 70 mA
SWITCHING, 50% data change each burst transfer

mA

mA

1
one bank active; BL=4; tCK=tCK(min); continuous write
IDD4W |bursts; address inputs are SWITCHING; 50% data change 130 95 85 75 65 mA
each burst transfer
tRFC=
200 72ns
tRC=tRFC(min); tCK=tCK(min); burst refresh; CKE is HIGH; o
IDD5 |address and control inputs are SWITCHING; data bus inputs 120 mA thlfiJng
are STABLE
tRFC=
110 138ns

CKE is LOW; CK=LOW; CK=HIGH;
IDD6 |Extended Mode Register set to all 0's; address and control in- See Next Page UuA 2
puts are STABLE; data bus inputs are STABLE
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Note:
1. IDD specifications are tested after the device is properly initialized
2. Input slew rate is 1V/ns
3. Definitions for IDD:
LOW is defined as VIN < 0.1 * VDDQ
HIGH is defined as VIN > 0.9 * VDDQ
STABLE is defined as inputs stable at a HIGH or LOW level
SWITCHING is defined as
- address and command: inputs changing between HIGH and LOW once per two clock cycles
- data bus inputs: DQ changing between HIGH and LOW once per clock cycle
DM and DQS are STABLE
4. All IDD values are guaranteed by full range of operating voltage and temperature.
VDD, VDDQ = 1.7V ~ 1.95V. Temperature = -30°C ~ +85°C

DC CHARACTERISTICS - IpD6

Temp. Memory Array .
o Unit
(°C) 4 Banks 2 Banks 1 Bank
45 450 350 300 uA
85 900 650 500 uA
Note:

1. Related numerical values in this 45°C are examples for reference sample value only.

2. With a on-chip temperature sensor, auto temperature compensated self refresh will automatically adjust the interval of self-refresh
operation according to case temperature variations.
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AC CHARACTERISTICS (Symbols - Sheet 1 of 2)

Parameter Symbol Unit
DQ Output Access Time (from CK, CK) tAC ns
DQS Output Access Time (from CK, CK) tDQSCK ns
Clock High-level Width tCH tCK
Clock Low-level Width tcL tCK
Clock Half Period tHP ns
CL=3 tCck3 ns
System Clock Cycle Time
CL=2 tck2 ns
DQ and DM Input Setup Time tDS ns
DQ and DM Input Hold Time tDH ns
DQ and DM Input Pulse Width tDIPW ns
Address and Control Input Setup Time tis ns
Address and Control Input Hold Time tiH ns
Address and Control Input Pulse Width tipw ns
DQ & DQS Low-impedance time from CK, CK tLz ns
DQ & DQS High-impedance time from CK, CK tHz ns
DQS - DQ Skew tDQSQ ns
DQ / DQS output hold time from DQS tQH ns
Data Hold Skew Factor tQHS ns
Write Command to 1st DQS Latching Transition tDQSS tCK
DQS Input High-Level Width tDQSH tCK
DQS Input Low-Level Width tDQSL tCK
DQS Falling Edge of CK Setup Time tDSS tCK
DQS Falling Edge Hold Time from CK tDSH tCK
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AC CHARACTERISTICS (Symbols - Sheet 2 of 2)

Parameter Symbol Unit

MODE REGISTER SET Command Period tMRD tCK
Write Preamble Setup Time tWPRES ns
Write Postamble twWPST tCK
Write Preamble tWPRE tCK

CL=3 tRPRE3 tCK
Read Preamble

CL=2 tRPRE2 tCK
Read Postamble tRPST tCK
ACTIVE to PRECHARGE Command Period tRAS ns
ACTIVE to ACTIVE Command Period tRC ns
AUTO REFRESH to ACTIVE/AUTO REFRESH
Command Period tRFC ns
ACTIVE to READ or WRITE Delay tRCD ns
PRECHARGE Command Period trRP ns
ACTIVE Bank A to ACTIVE Bank B Delay tRRD ns
WRITE Recovery Time tWR ns
Auto Precharge Write Recovery + Precharge Time tDAL tCK
Internal Write to Read Command Delay tWTR tCK
Self Refresh Exit to next valid Command Delay tXSR ns
Exit Power Down to next valid Command Delay txp ns
CKE min. Pulse Width (High and Low) tCKE tCK
Average Periodic Refresh Interval tREFI us
Refresh Period tREF ms
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H8BCSOSIOBAR series
NAND 2Gb(x16) / mobile DDR 1Gb(x16)

AC CHARACTERISTICS (AC operating conditions unless otherwise noted) (Sheet 1 of 2)

DDR400 DDR370 DDR333 DDR266 DDR200
Symbol Unit | Note
Min Max Min Max Min Max Min Max Min Max
taC 2.0 5.0 2.0 5.0 2.0 5.0 2.5 6.0 2.5 7.0 ns
tDQSCK 2.0 5.0 2.0 5.0 2.0 5.0 2.5 6.0 2.5 7.0 ns
tCH 0.45 0.55 0.45 0.55 0.45 0.55 0.45 0.55 0.45 0.55 tCK
tCcL 0.45 0.55 0.45 0.55 0.45 0.55 0.45 0.55 0.45 0.55 tCK
tCL, tCL, tCL, tCL, tCL,
tHP tCH - tCH - tCH - tCH - tCH - ns 1,2
(Min) (Min) (Min) (Min) (Min)
tCcK3 5 - 5.4 - 6.0 - 7.5 - 10 - ns
tck2 12 - 12 - 12 - 12 - 15 - ns ’
tDS 0.48 - 0.54 - 0.6 - 0.8 - 1.1 - ns 4,5,6
tDH 0.48 - 0.54 - 0.6 - 0.8 - 11 - ns 4,5,6
tDIPW 1.8 - 1.8 - 1.8 - 1.8 - 2.2 - ns 7
tIs 0.9 - 1.0 - 11 - 1.3 - 1.5 - ns 6,8,9
tiH 0.9 - 1.0 - 1.1 - 1.3 - 1.5 - ns 6,8,9
tipw 2.3 - 2.3 - 2.3 - 2.6 - 3.0 - ns 7
tLz 1.0 - 1.0 - 1.0 - 1.0 - 1.0 - ns 10
tHz - 5.0 - 5.0 - 5.0 - 6.0 - 7.0 ns 10
tDQSQ - 0.4 - 0.45 - 0.5 - 0.6 - 0.7 ns 11
L I B I i Y N
tQHS - 0.5 - 0.5 - 0.65 - 0.75 - 1.0 ns 2
tDQSS 0.75 1.25 0.75 1.25 0.75 1.25 0.75 1.25 0.75 1.25 tCK
tDQSH 0.4 - 0.4 - 0.4 - 0.4 - 0.4 - tCK
tDQSL 0.4 - 0.4 - 0.4 - 0.4 - 0.4 - tCK
tDSs 0.2 - 0.2 - 0.2 - 0.2 - 0.2 - tCK
tDSH 0.2 - 0.2 - 0.2 - 0.2 - 0.2 - tCK
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AC CHARACTERISTICS (AC operating conditions unless otherwise noted) (Sheet 2 of 2)

DDR400 DDR370 DDR333 DDR266 DDR200
Symbol Unit Note
Min Max Min Max Min Max Min Max Min Max

tMRD 2 - 2 - 2 - 2 - 2 - tCK

tWPRES 0 - 0 - 0 - 0 - 0 - ns 12
twWPST 0.4 0.6 0.4 0.6 0.4 0.6 0.4 0.6 0.4 0.6 tCK 13
tWPRE 0.25 - 0.25 - 0.25 - 0.25 - 0.25 - tCK

tRPRE3 0.9 1.1 0.9 1.1 0.9 1.1 0.9 1.1 0.9 1.1 tCK 14
tRPRE2 0.5 1.1 0.5 1.1 0.5 1.1 0.5 1.1 0.5 1.1 tCK 14
tRPST 0.4 0.6 0.4 0.6 0.4 0.6 0.4 0.6 0.4 0.6 tCK

tRAS 40 70,000 42 70,000 42 70,000 45 70,000 50 70,000 ns

tRC 55 - 58.2 - 60 - 75 - 80 - ns

tRFC 72 - 72 - 72 - 72 - 72 - ns

tRCD 20 - 16.2 - 18 - 22,5 - 30 - ns 15
trRP 15 - 16.2 - 18 - 22.5 - 30 - ns 15
tRRD 10 - 10.8 - 12 - 15 - 15 - ns

twR 12 - 12 - 12 - 12 - 12 - ns

tDAL (tWR/tCK) + (tRP/tCK) tCK 16
tWTR 2 - 2 - 1 - 1 - 1 - tCK

tXSR 140 - 140 - 140 - 140 - 140 - ns

txp 1CLK - 1CLK - 1CLK - 1CLK - 1CLK - ns

tCKE 1 - 1 - 1 - 1 - 1 - tCK

tREFI - 7.8 - 7.8 - 7.8 - 7.8 - 7.8 us 17
tREF - 64 - 64 - 64 - 64 - 64 ms
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Note:
1. Min (tCL, tCH) refers to the smaller of the actual clock low time and the actual clock high time as provided to the device
(i.e. this value can be greater than the minimum specification limits for tCL and tCH)

2. tQH = tHP - tQHS, where tHP = minimum half clock period for any given cycle and is defined by clock high or clock low (tCL, tCH).

tQHS accounts for
1) the pulse duration distortion of on-chip clock circuits; and 2) the worst case push-out of DQS on one transition followed by the
worst case pull-in of DQ on the next transition, both of which are, separately, due to data pin skew and output pattern effects, and
p-channel to n-channel variation of the output drivers.

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

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

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

6. Input slew rate > 1.0 V/ns.

7. These parameters guarantee device timing but they are not necessarily tested on each device.

8. The transition time for address and command inputs is measured between VIH and VIL.

9. A CK/CK differential slew rate of 2.0 V/ns is assumed for this parameter.

10. tHZ and tLz transitions occur in the same access time windows as valid data transitions. These parameters are not referred to a
specific voltage level, but specify when the device is no longer driving (HZ), or begins driving (LZ).

11. tDQSQ consists of data pin skew and output pattern effects, and p-channel to n-channel variation of the output drivers for any
given cycle.

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

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

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

15. Speed bin (CL-tRCD-tRP) = 3-3-3 for DDR200, DDR266, DDR333 and DDR370. Speed bin (CL-tRCD-tRP) = 3-4-3 for DDR400

16. Minimum 3CLK of tDAL(= tWR+tRP) is required because it need minimum 2CLK for tWR and minimum 1CLK for tRP.
tDAL = (tWR/tCK) + (tRP/tCK): for each of the terms above, if not already an integer, round to the next higher integer.

17. A maximum of eight Refresh commands can be posted to any given Low Power DDR SDRAM (Mobile DDR SDRAM), meaning that
the maximum absolute interval between any Refresh command and the next Refresh command is 8*tREFI.

18. All AC parameters are guaranteed by full range of operating voltage and temperature.
VDD, VDDQ = 1.7V ~ 1.95V. Temperature = -30°C ~ +85°C.
19. There must be at least one clock pulse during the tXP period. Please refer to the ‘Power Down Mode’ Section
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Mobile DDR SDRAM OPERATION
State Diagram
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DESELECT

The DESELECT function (CS = High) prevents new commands from being executed by the Mobile DDR SDRAM. The
Mobile DDR SDRAM is effectively deselected. Operations already in progress are not affected.

NO OPERATION .
The NO OPERATION (NOP) command is used to perform a NOP to a Mobile DDR SDRAM that is selected (CS = Low).

This prevents unwanted commands from being registered during idle or wait states. Operations already in progress are
not affected. (see to next figure)

ACTIVE
The Active command is used to activate a row in a particular bank for a subsequent Read or Write access. The value of

the BAO,BA1 inputs selects the bank, and the address provided on A0-A13 (or the highest address bit) selects the row.
(see to next figure)

Before any READ or WRITE commands can be issued to a bank within the Mobile DDR SDRAM, a row in that bank
must be opened. This is accomplished via the ACTIVE command, which selects both the bank and the row to be acti-
vated.

The row remains active until a PRECHARGE (or READ with AUTO PRECHARGE or WRITE with AUTO PRECHARGE) com-
mand is issued to the bank.

A PRECHARGE (or READ with AUTO PRECHARGE or WRITE with AUTO PRECHARGE) command must be issued before
opening a different row in the same bank.

CLK CLK
CLK CLK
CKE CKE
Cs Cs
RAS RAS
CAS CAS
WE WE

]

| Row Address )

' Bank Address

. Don't Care - Don't Care

NOP Command ACTIVE Command
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Once a row is Open (with an ACTIVE command) a READ or WRITE command may be issued to that row, subject to the
tRCD specification. tRCD (MIN) should be divided by the clock period and rounded up to the next whole number to
determine the earliest clock edge after the ACTIVE command on which a READ or WRITE command can be entered.

A subsequent ACTIVE command to a different row in the same bank can only be issued after the previous active row
has been closed (precharge). The minimum time interval between successive ACTIVE commands to the same bank is

defined by tRC.

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

/CLK
CLK

A

X

X

ae

Command .<9

ank A rite A

ith A/

tRC

Y

Don't Care

Once a row is Open(with an ACTIVE command) a READ or WRITE command may be issued to that row, subject to the
tRCD specification. tRCD (MIN) should be divided by the clock period and rounded up to the next whole number to
determine the earliest clock edge after the ACTIVE command on which a READ or WRITE command can be entered.
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READ / WRITE COMMAND

The READ command is used to initiate a Burst Read to an active row. The value of BAO and BA1 selects the bank and
address inputs select the starting column location.

The value of A10 determines whether or not auto precharge is used. If auto precharge is selected, the row being
accessed will be precharged at the end of the read burst; if auto precharge is not selected, the row will remain open
for subsequent access. The valid data-out elements will be available CAS latency after the READ command is issued.
The Mobile DDR drives the DQS during read operations. The initial low state of the DQS is known as the read preamble
and the last data-out element is coincident with the read postamble. DQS is edge-aligned with read data. Upon com-
pletion of a burst, assuming no new READ commands have been initiated, the I/O's will go high-Z.

The WRITE command is used to initiate a Burst Write access to an active row. The value of BAO, BA1 selects the bank
and address inputs select the starting column location.

The value of A10 determines whether or not auto precharge is used.If auto precharge is selected, the row being
accessed will be precharged at the end of the write burst; if auto precharge is not selected, the row will remain open
for subsequent access. Input data appearing on the data bus, is written to the memory array subject to the DM input
logic level appearing coincident with the data. If a given DM signal is registered low, the corresponding data will be
written to the memory; if the DM signal is registered high, the corresponding data-inputs will be ignored, and a write
will not be executed to that byte/column location. The memory controller drives the DQS during write operations. The
initial low state of the DQS is known as the write preamble and the low state following the last data-in element is write
postamble. Upon completion of a burst, assuming no new commands have been initiated, the I/O's will stay high-Z
and any additional input data will be ignored.

High to enable !
[ Low to disable 1

Auto Precharge

BAO, BA1 BAO, BA1

Don't C
Read Command Bl contcare Write Command

READ / WRITE COMMAND
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READ

The basic Read timing parameters for DQ are shown next figure (Basic Read Timing Parameters). They apply to all
Read operations. During Read bursts, DQS is driven by the Mobile DDR SDRAM along with the output data. The initial
Low state of the DQS is known as the read preamble; the Low state coincident with last data-out element is known as
the read postamble.

~ tCK i tCK i tCH i tCL R
D 'S e & &
CLK
tACmax . ‘tDQSC > ‘tDQSCK‘ tRPST
bQs (RPRE R \ /7 » >
tDQSQ max CitHZ!
tACTT YT T >
< , tQH -

0 L Jo T 36)

Ttz i iTQH “Qh
= tDQSCK tQQSEK
tACmin {RPRE ] > tipsT

DQS > \ / <

< tDQSQ rax
tAC tHZ .

DQ ;(Do‘n%on+%on+%on+)}—
<—>'~<——h ——» ’
tLZ':  tQH tQH

Don't C
1) Do »n : Data Out from column n - ontcare

2) All DQ are vaild tAC after the CK edge
All DQ are vaild tDQSQ after the DQS edge, regardless of tAC

Basic Read Timing Parameters
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The first data-out element is edge aligned with the first rising edge of DQS and the successive data-out elements are
edge aligned to successive edges of DQS. This is shown in next figure with a CAS latency of 2 and 3.
Upon completion of a read burst, assuming no other READ command has been initiated, the DQ will go to High-Z.

/CLK
X

CLK

Address BA,
Col n
oo A /A

3

(@]
—
1l
w

A 4

DQS

' ' ' ' [l Don't Care

1) Don : Data out from column n
2) BA, Col n = Bank A, Column n
3) Burst Length = 4; 3 subsegnent elements of Data Out appear in the programmed order following Do 7

4) Shown with nominal tAC, tDQSCK and tDQSQ

Read Burst Showing CAS Latency
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READ to READ

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

/CLK
CLK ><
Address BA, BA,
Col n Col b

CL =3 .

- Don't Care

1) Don (or b): Data out from column n (or column b)

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

3) Burst Length = 4 or 8 (if 4, the bursts are concatenated; if 8, the second burst interrupts the first)
4) Read bursts are to an active row in any bank

5) Shown with nominal tAC, tbQSCK and tDQSQ

Consecutive Read Bursts

A READ command can be initiated on any clock cycle following a previous READ command. Non-consecutive Reads are
shown in the first figure of next page. Random read accesses within a page or pages can be performed as shown in
second figure of next page.
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/CLK

CLK

DQS

DQ

/CLK

CLK

Command

Address

DQS

- Don't 'Care

1) Don (or b): Data out from column n (or column b)

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

3) Burst Length = 4; 3 subsequent elements of Data Out appear in the programmed order following Do 7 ()
4) Shown with nominal tAC, tDQSCK and tDQSQ

Non-Consecutive Read Bursts

Il pon't Care
1) Don, etc: Data out from column n, etc
n', x', etc : Data Out elements, accoding to the programmd burst order
2) BA, Col n = Bank A, Column n
3) Burst Length = 2, 4 or 8 in cases shown (if burst of 4 or 8, the burst is interrupted)
4) Read are to active rows in any banks

w
e

w
-

Random Read Bursts
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READ BURST TERMINATE

Data from any READ burst may be truncated with a BURST TERMINATE command. The BURST TERMINATE latency is
equal to the read (CAS) latency, i.e., the BURST TERMINATE command should be issued X cycles after the READ com-
mand where X equals the desired data-out element pairs.

/CLK

CLK ><
BURST
BA,

.
:

)
o
| |
(@]
—
| I
w
" I I

- [N ()G

- Don't lCare

1) Don : Data out from column n

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

3) Cases shown are bursts of 4 or 8 terminated after 2 data elements
4) Shown with nominal tAC, tDQSCK and tDQSQ

Terminating a Read Burst

"
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READ to WRITE

Data from READ burst must be completed or truncated before a subsequent WRITE command can be issued. If trun-
cation is necessary, the BURST TERMINATE command must be used, as shown in next fig. for the case of nominal
tDQss.

/CLK ><
CLK

BA. BA,
Address Col Col b

o A y eV
.

A
A4

~

BA, BA,

. CL =3 .
oo | AR
DQ
DM

- Don't Care

1) DO n = Data Out from column n; DI b = Data In to column b
2) Burst length = 4 or 8 in the cases shown; if the burst length is 2, the BST command can be ommitted
3) Shown with nominal tAC, tDQSCK and tDQSQ

Read to Write
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READ to PRECHARGE

A Read burst may be followed by or truncated with a PRECHARGE command to the same bank (provided Auto Pre-
charge was not activated). The PRECHARGE command should be issued X cycles after the READ command, where X
equal the number of desired data-out element pairs.

Following the PRECHARGE command, a subsequent command to the same bank cannot be issued until tRP is met.
Note that part of the row precharge time is hidden during the access of the last data-out elements.In the case of a
Read being executed to completion, a PRECHARGE command issued at the optimum time (as described above) pro-
vides the same operation that would result from Read burst with Auto Precharge enabled.

The disadvantage of the PRECHARGE command is that it requires that the command and address buses be available at
the appropriate time to issue the command. The advantage of the PRECHARGE command is that it can be used to
truncate bursts.

/CLK ><
CLK
Address BA, Bank
Col n A or All

.
-

A 4

o I /A

DQ

[l Don't Care
1) DO n = Data Out from column n
2) Cases shown are either uninterrupted burst of 4, or interrupted bursts of 8
3) Shown with nominal tAC, tDQSCK and tDQSQ
4) Precharge may be applied at (BL / 2) tCK after the READ command.
5) Note that Precharge may not be issued before tRAS ns after the ACTIVE command for applicable banks.
6) The ACTIVE command may be applied if tRC has been met.

READ to PRECHARGE
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Write

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

Basic Write timing parameters for DQ are shown in Figure; they apply to all Write operations.

ek 4 tCH | tcL
/CLK ) O )
D C
CLK tDSH tDSH
Case 1: . tDQSS .+ tDQSH - tWPST ¢
tDQSS = min T\ —\{ o
06 ¥ AN
PRES ! ;WF; LtDQSL
' DS
o, o -QQOOQQQ_
Case 2: « tDQSS i tDQSH |itDSS {DS3 .
tDQSS = max — —+\! twpPST !
DQS X
PRES fe—>i, L tDQSL |
* tWPRE tDS | tDH !
Nanag

1) DI n: Data in for column n
2) 3 subsequent elements of Data in are applied in the programmed order following DI n
3) tDQSS : each rising edge of DQS must fall within the +/-25 (percentage) window of the corresponding positive clock edge

Basic Write Timing Parameters

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

The time between the WRITE command and the first corresponding rising edge of DQS (tDQSS) is specified with a rel-
atively wide range - from 75% to 125% of a clock cycle. Next fig. shows the two extremes of tDQSS for a burst of 4.
Upon completion of a burst, assuming no other commands have been initiated, the DQ will remain high-Z and any
additional input data will be ignored.
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JCLK

Y D S G G G &

Address Col b

tDQSSmin
>}

- D @ @ § G

- A A A A S
tDQSSmaxi

- [N @ @ ¢

- A A A A SN

[l pon't Care

1) DI b = Data In to column b

2) 3 subsequent elements of Data In are applied in the programmed order following DI b
3) A non-interrupted burst of 4 is shown

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

Write Burst (min. and max. tDQSS)
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WRITE to WRITE

Data for any WRITE burst may be concatenated with or truncated with a subsequent WRITE command. In either case,
a continuous flow of input data, can be maintained. The new WRITE command can be issued on any positive edge of
the clock following the previous WRITE command.The first data-in element from the new burst is applied after either
the last element of a completed burst or the last desired data element of a longer burst which is being truncated. The
new WRITE command should be issued X cycles after the first WRITE command, where X equals the number of
desired data-in element pairs.

/CLK

CLK >< >< >< >< >< ><
BA, BA,

.

°Q 28 8e e s
-~ BESSA AAAAAAA S

DQ

DM

- Don't Care

1) DI b (n) = Data In to column b (column n)

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

3) Non-interrupted bursts of 4 are shown.

4) Each WRITE command may be to any active bank

Concatenated Write Bursts
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/CLK

CLK >< ><

’

BA, BA, >
Address Col b Coln

tDQSSmax

—>
o A ./ A S S
°Q S 58S g 8 8
- A A A A SN AAA
[l Don't Care
1) DI b (n) = Data In to column b (or column n).
2) 3 subsequent elements of Data In are applied in the programmed order following DI 5.
3 subsequent elements of Data In are applied in the programmed order following DI 7.
3) Non-interrupted bursts of 4 are shown.
4) Each WRITE command may be to any active bank and may be to the same or different devices.
Non-Concatenated Write Bursts
o X X X X X X
CLK
Command -@ITE WRITE WRITE WRITE WRITE NOE>.
Address BA, BA, BA, BA, BA,
Col b Col x Col n Col a Co
tDQSSmax \
h ]
o A ./ |/ . A
0 W EE s R
- NS A AAAAAA SR

1) DI b etc. = Data In to column b, etc.

[l Don't Care

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

Random Write Cycles
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Data for any Write burst may be followed by a subsequent READ command. To follow a Write without truncating the

write burst, tWTR should be met as shown in Figure.

/CLK

CLK

X

Command '@ITE
BA,
Address '@I b

tDQSS max,

0 N ae

Y.

:

- Don"t Care

1) DI b = Data In to column b . 3 subsequent elements of Data In are applied in the programmed order following DI b.
2) A non-interrupted burst of 4 is shown.

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

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

Data for any Write burst may be truncated by a subsequent READ command as shown in Figure. Note that the only
data-in pairs that are registered prior to the twTR period are written to the internal array, and any subsequent data-in
must be masked with DM.
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/CLK ><
CLK
Command -@ITE

BA,
Address Col b

| tDQSSmax
DQ

5

- R A § V U

1) DI 4 = Data In to column b. DO /7 = Data Out from column n.
2) An interrupted burst of 4 is shown, 2 data elements are written.
3 subsequent elements of Data In are applied in the programmed order following DI b.

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

[ pon't Care

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

Interrupting Write to Read
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WRITE to PRECHARGE

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

. X X X X X X
CLK
BA
Add ' BA
ress Col b (A oM

tDQSSmax ) tWR
o R/ /A
0Q o e R

- HENEEA A A A SN

- Dor;'t Care

1) DI b (n) = Data In to column b (column n)
3 subsequent elements of Data In are applied in the programmed order following DI b.
2) A non-interrupted bursts of 4 are shown.
3) tWR is referenced from the positive clock edge after the last Data In pair.
4) A10 is LOW with the WRITE command (Auto Precharge is disabled)

Non-Interrupting Write to Precharge
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Data for any WRITE burst may be truncated by a subsequent PRECHARGE command as shown in Figure.

Note that only data-in pairs that are registered prior to the twR period are written to the internal array, and any subse-
quent data-in should be masked with DM, as shown in next Fig. Following the PRECHARGE command, a subsequent
command to the same bank cannot be issued until tRP is met.

/CLK

CLK >< >< >< >< >< ><

BA, BA
Address Col & @ orw

tDQSS max HWR

F
;
;

DQS

DQ

DM
*1

- Dor;'t Care

1) DI b = Data In to column b .

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

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

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

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

Interrupting Write to Precharge
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BURST TERMINATE

The BURST TERMINATE command is used to truncate read bursts (with auto precharge disabled). The most recently
registered READ command prior to the BURST TERMINATE command will be truncated, as shown in the Operation sec-
tion of this datasheet. Note the BURST TERMINATE command is not bank specific. This command should not be used
to terminate write bursts.

CLK
CLK

CKE

AO~A13

BURST TERMINATE COMMAND
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PRECHARGE

The PRECHARGE command is used to deactivate the open row in a particular bank or the open row in all banks.
Another command to the same bank (or banks) being precharged must not be issued until the precharge time (tRP) is
completed.

If one bank is to be precharged, the particular bank address needs to be specified. If all banks are to be precharged,
A10 should be set high along with the PRECHARGE command. If A10 is high, BAO and BA1 are ignored. A PRECHARGE
command will be treated as a NOP if there is no open row in that bank, or if the previously open row is already in the
process of precharging.

Bank . Don't Care
PRECHARGE command

AUTO PRECHARGE

Auto Precharge is a feature which performs the same individual bank precharge function as described above, but with-
out requiring an explicit command.

This is accomplished by using A10 (A10=high), to enable auto precharge in conjunction with a specific Read or Write

command. This precharges the bank/row after the Read or Write burst is complete.

Auto precharge is non persistent, so it should be enabled with a Read or Write command each time auto precharge is
desired. Auto precharge ensures that a precharge is initiated at the earliest valid stage within a burst.

The user must not issue another command to the same bank until the precharge time (tRP) is completed.
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AUTO REFRESH AND SELF REFRESH
Mobile DDR devices require a refresh of all rows in any rolling 64ms interval. Each refresh is generated in one of two
ways: by an explicit AUTO REFRESH command, or by an internally timed event in SELF REFRESH mode:

- AUTO REFRESH.

This command is used during normal operation of the Mobile DDR. It is non persistent, so must be issued each time a
refresh is required. The refresh addressing is generated by the internal refresh controller.The Mobile DDR requires
AUTO REFRESH commands at an average periodic interval of tREFI.

To allow for improved efficiency in scheduling and switching between tasks, some flexibility in the absolute refresh
interval is provided. A maximum of eight AUTO REFRESH commands can be posted to any given Mobile DDR, and the
maximum absolute interval between any AUTO REFRESH command and the next AUTO REFRESH command is 8*tREFI.

-SELF REFRESH.

This state retains data in the Mobile DDR, even if the rest of the system is powered down (even without external clock-
ing). Note refresh interval timing while in Self Refresh mode is scheduled internally in the Mobile DDR and may vary
and may not meet tREFI time.

"Don't Care" except CKE, which must remain low. An internal refresh cycle is scheduled on Self Refresh entry. The pro-
cedure for exiting Self Refresh mode requires a series of commands. First clock must be stable before CKE going high.
NOP commands should be issued for the duration of the refresh exit time (tXSR), because time is required for the com-
pletion of any internal refresh in progress.

The use of SELF REFRESH mode introduces the possibility that an internally timed event can be missed when CKE is
raised for exit from self refresh mode. Upon exit from SELF REFRESH an extra AUTO REFRESH command is recom-
mended. In the self refresh mode, two additional power-saving options exist. They are Temperature Compensated Self
Refresh and Partial Array Self Refresh and are described in the Extended Mode Register section.

The Self Refresh command is used to retain cell data in the Mobile SDRAM. In the Self Refresh mode, the Mobile SDRAM
operates refresh cycle asynchronously.

The Self Refresh command is initiated like an Auto Refresh command except CKE is disabled (Low). The Mobile DDR
can accomplish an special Self Refresh operation by the specific modes (PASR) programmed in extended mode regis-
ters. The Mobile DDR can control the refresh rate automatically by the temperature value of Auto TCSR (Temperature
Compensated Self Refresh) to reduce self refresh current and select the memory array to be refreshed by the value of
PASR (Partial Array Self Refresh). The Mobile DDR can reduce the self refresh current(IDD6) by using these two
modes.
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Auto Refresh Command

CLK
CLK

CKE
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|
. Don't Care

Self Refresh Command
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A10(AP) Pre ow 71
Al

DQ

g;lter Exit (
If Refresh elf Refresh y Command

Mode Mode (Auto Refresh [ Cont't Care
Recommended)

SELF REFRESH ENTRY AND EXIT
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MODE REGISTER SET

The Mode Register and the Extended Mode Register are loaded via the address bits. BAO and BA1 are used to select
among the Mode Register and the Extended Mode Register. See the Mode Register description in the register definition
section. The MODE REGISTER SET command can only be issued when all banks are idle and no bursts are in progress,
and a subsequent executable command cannot be issued until tMRD is met.

CLK
CLK

CKE

AO~A13 Code

|
BAO, BA1 Code - Don't Care
|

MODE REGISTER SET COMMAND

[N G— . JE— p—
CLK R— —
’ tMRD R

Address Code Valid

- Don't Care

Code = Mode Register / Extended Mode Register selection
(BAO, BA1) and op-code (A0 - An)

tMRD DEFINITION
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Mode Register

The mode register contains the specific mode of operation of the Mobile DDR SDRAM. This register includes the selec-
tion of a burst length(2, 4 or 8), a cas latency(2 or 3), a burst type. The mode register set must be done before any
activate command after the power up sequence. Any contents of the mode register be altered by re-programming the
mode register through the execution of mode register set command.

CLK
Precharge Mode c : p

tcK tRP 2 CLK min

A
A
\ 4
A
Y

Mode Register Set

BURST LENGTH

Read and write accesses to the Mobile DDR SDRAM are burst oriented, with the burst length being programmable, as
shown in Page10. The burst length determines the maximum number of column locations that can be accessed for a
given READ or WRITE command. Burst lengths of 2, 4 or 8 locations are available for both the sequential and the
interleaved burst types.

BURST TYPE
Accesses within a given burst may be programmed to be either sequential or interleaved.

CAS LATENCY

The CAS latency is the delay between the registration of a READ command and the availability of the first piece of out-
put data. If a READ command is registered at a clock edge n and the latency is 3 clocks, the first data element will be
valid at 7 + 2tCK + tAC. If a READ command is registered at a clock edge n and the latency is 2 clocks, the first data
element will be valid at 7 + tCK + tAC.
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Extended Mode Register

The Extended Mode Register contains the specific features of self refresh operation of the Mobile DDR SDRAM.

The Extended Mode Register is programmed via the MODE REGISTER SET command (with BA1=1 and BA0O=0) and
will retain the stored information until it is reprogrammed or the device loses power. The Extended Mode Register
should be loaded when all Banks are idle and no bursts are in progress, and subsequent operation should only be ini-
tiated after tMRD. Violating these requirements will result in unspecified operation.

The Extended Mode Register is written by asserting low on CS, RAS, CAS, WE and high on BAQ. The state of address
pins A0 ~ A13 and BAL1 in the same cycle as CS, RAS, CAS and WE going low are written in the extended mode regis-
ter. The Extended Mode Register must be loaded when all banks are idle and no bursts are in progress, and the con-
troller must wait the specified time before initiating any subsequent operation. Violating either of these requirements
will result in unspecified operation.

This register includes the selection of partial array to be refreshed (full array, half array, quarter array, etc.). The
extended mode register set must be done before any activate command after the power up sequence. Any contents of
the mode register be altered by re-programming the mode register through the execution of extended mode register
set command.

PARTIAL ARRAY SELF REFRESH (PASR)
With PASR, the self refresh may be restricted to a variable portion of the total array. The whole array (default), 1/2
array, 1/4 array, 1/8 array or 1/16 array could be selected.

DRIVE STRENGTH (DS)
The drive strength could be set to full or half via address bits A5 and A6. The half drive strength is intended for lighter
loads or point-to-point environments.
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POWER DOWN

Power down occurs if CKE is set low coincident with Device Deselect or NOP command and when no accesses are in
progress. If power down occurs when all banks are idle, it is Precharge Power Down.

If Power down occurs when one or more banks are Active, it is referred to as Active power down. The device cannot
stay in this mode for longer than the refresh requirements of the device, without losing data. The power down state is
exited by setting CKE high while issuing a Device Deselect or NOP command.

A valid command can be issued after tXp. For Clock stop during power down mode, please refer to the Clock Stop sub-
section in Operation section of this datasheet.

NOTE: This case shows CKE low coincident with NO OPERATION.
Alternately POWER DOWN entry can be achieved with CKE low coincident with Device DESELECT.

| | | — | | | | V% |
A A A A

f # # # # ??# # # # # ] #
| \ Precﬁarge \ 2? \ \ H‘eoi’narge \ A&ive 22 A&ive
power power . power power
Precharge  NOP - NOP down down Active down down
Entry 2 Exit Entry D Bt

(NOP)
tXP
e 4

<€ <> <>

tIS tIS tIS tIS
Don’t Care

Mobile DDR SDRAM Power-Down Entry and Exit Timing
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CLK
CLK

CKE

POWER-DOWN ENTRY COMMAND

Rev 1.0 /Aug. 2009 105



. HB8BCSOSIOBAR series
l/ll/]l/l IX NAND 2Gb(x16) / mobile DDR 1Gb(x16)

CAS LATENCY DEFINITION

CAS latency definition of Mobile DDR SDRAM must be must be loaded when all banks are idle, and the controller must
wait the specified time before initiating the subsequent operation.

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

TO0 T1 T2 T2n T3 T3n T4 T4n T5 T5n T6

A
A

324 — tRPST
DQS [T tRPRE J \L J J }
et FICACECRCRCRCRCRCE

CAS LATENCY DEFINITION

NOTE
1. DQ transitioning after DQS transition define tbQSQ window.
2. All DQ must transition by tDQSQ after DQS transitions, regardless of tAC.
3. tAC is the DQ output window relative to CK, and is the long term component of DQ skew.
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Clock Stop Mode
Clock stop mode is a feature supported by Mobile DDR SDRAM devices. It reduces clock-related power consumption
during idle periods of the device.

Conditions: the Mobile DDR SDRAM supports clock stop in case:

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

@ The related timing condition (tRCD, tWR, tRP, tRFC, tMRD) has been met;

@ CKE is held HIGH.

When all conditions have been met, the device is either in "idle" or "row active" state, and clock stop mode may be
entered with CK held LOW and CK held HIGH. Clock stop mode is exited when the clock is restarted. NOPs command
have to be issued for at least one clock cycle before the next access command may be applied. Additional clock pulses
might be required depending on the system characteristics.

Figurel illustrates the clock stop mode:

@ Initially the device is in clock stop mode;

@ The clock is restarted with the rising edge of TO and a NOP on the command inputs;

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

@ Tnis the last clock pulse required by the access command latched with T 7.

@ The timing condition of this access command is met with the completion of Tr; therefore Tn is the last clock pulse
required by this command and the clock is then stopped.

.......

DQ, 3 | i 3
DQS T\k Valid ! ! «
Clock Exit Clock all i TEnter Clock E Don't Care
Stopped Stop Mode Command Stop Mode - r

Clock Stop Mode
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Data mask!:2)

Mobile DDR SDRAM uses a DQ write mask enable signal (DM) which masks write data.

Data masking is only available in the write cycle for Mobile DDR SDRAM. Data masking is available during write, but
data masking during read is not available.

DM command masks burst write data with reference to data strobe signal and it is not related with read data. DM com-
mand can be initiated at both the rising edge and the falling edge of the DQS. DM latency for write operation is zero.
For x16 data I/O, Mobile DDR SDRAM is equipped with LDM and UDM which control DQ0~DQ7 and DQ8~DQ15
respectively.

Note:
1) Mobile SDR SDRAM can mask both read and write data, but the read mask is not supported by Mobile DDR SDRAM.
2) Differences in Functions and Specifications (next table)

Item Mobile DDR SDRAM Mobile SDR SDRAM
Data mask Write mask only Write mask/Read mask
x A K X X X
a
aD WRITE WRITE
tDQSS
DM
Hi-Z \,
D5 N
H-Z
o (oo

Data Masking (Write cycle: BL=4)
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POWER-UP AND INITIALIZATION SEQUENCES

Mobile DDR SDRAM must be powered up and initialized in a predefined manner. Operations procedures other thank

those specified may result in undefined operation. If there is any interruption to the device power, the initialization

routine should be followed. The steps to be followed for device initialization are listed below.

@ Stepl: Provide power, the device core power (VDD) and the device I/O power (VDDQ) must be brought up simulta-
neously to prevent device latch-up. Although not required, it is recommended that VDD and VDDQ are from

the same power source. Also assert and hold CLOCK ENABLE (CKE) to a LVCMOS logic high level.

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

@ Step 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 commands must be issued on the command bus.

@ Step 4: Issue a PRECHARGE ALL command.
@ Step 5: Provide NOPs or DESELECT commands for at least tRP time.
@ Step 6: Issue an AUTO REFRESH command followed by NOPs or DESELECT command for at least tRFC time. Issue
the second AUTO REFRESH command followed by NOPs or DESELECT command for at least tRFC time.
Note as part of the initialization sequence there must be two auto refresh commands issued. The typical
flow is to issue them at Step 6, but they may also be issued between steps 10 and 11.
@ Step 7: Using the MRS command, load the base mode register. Set the desired operating modes.

@ Step 8: Provide NOPs or DESELECT commands for at least tMRD time.

@ Step 9: Using the MRS command, program the extended mode register for the desired operating modes. Note the
order of the base and extended mode register programming is not important.

@ Step 10: Provide NOP or DESELCT commands for at least tMRD time.

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

Rev 1.0 /Aug. 2009 109



- H8BCSOSIOBAR series
l/l l/I mix NAND 2Gb(x16) / mobile DDR 1Gb(x16)

The Initialization flow sequence is below.

VDDQ

VDD II"?
w

T=200usec | tCK | tRP | tRFC | tRFC | tMRD | tMRD
/CLK
CLK
CKE
CMD
ADDR
Al10
b1 d
tIS 'tTH
BAO,
BA1
DM
DQ, LY | High-2Z; N : N 3 : 3 : D) : 3
1 \ 1 i 1 « ' « 1 « ' « I \ ' «
DQS ' ' : : : : : : :
VDD/VDDQ < ( <—> ( (T:ad
Powered up Precharge ™ Auto Auto Load Extended
CLOCK stable All Refresh Refresh Mode Mode
Register Register . DON'T CARE

Initialization Waveform Sequence
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