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Product Feature

l Multi Level Cell(MLC) Technology

Hl NAND Interface

- x8 bus width

- Multiplexed address/data

- Pin-out compatibility for all densities

H Supply Voltage
-Vec=27V~36V

H Organization

- Page size : 8832 (8192+640spare)bytes
- Block size : 256 pages (2M+160K)bytes
- Plane size : 1024 + 22 blocks

- Device size : 2048 + 44 Blocks

H Page Read Time
- Random Read Time(tR) : 60us / 80 us (Typ. / Max.)
- Sequential Access(tRC/tWC) : 16ns (Min.)

H Write Time
- Page program : 1500us(Typ.)

M Block Erase Time
- Block erase : 5ms (Typ.)

H Multi-Plane Architecture

- Two independent planes architecture

- Parallel operations on both planes available,
effectively halving program, read and erase time

Hl Command Set

- ONFI 1.0 Compliant Command Set
- Interleaved Copyback Program

- Read Unique IDs

H Package

- Package type : TSOP

- Chip count : SDP(1CE, Single) = 1stack
- Pin Count : 48

- Size : 12mm x 20mm x 1.2mm

H Electronic Signature

- 1st cycle : Manufacturer code

- 2nd cycle : Device code

- 31 cycle : Internal chip number, Cell type,
Number of simultaneously programmed pages

- 4th cycle : Page size, Block size, Organization,
Spare size

- 5th cycle : Multi-plane information

- 6t cycle : Technology, EDO, Interface

H Hardware Data Protection
- Program/Erase locked during Power transitions

H Chip Enable Don’t Care
- Simple interface with microcontroller

W Reliability
- TBD
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1. Summary Description

The product part NO.H27UBG8T2CTR-BC is a single 3.3V 32Gbit NAND flash memory. The Device contains 2
planes in a single die. Each plane is made up of the 1,044 blocks. Each block consists of 256 programmable
pages. Each page contains 8,832 bytes. The pages are subdivided into an 8,192 byte main data storage area

with a spare 640 byte district.

Page program operation can be performed in typical 1,500us, and a single block can be erased in typical 5ms

1.1. Product List

PART NUMBER

ORGANIZATION

OPERATING RANGE

PACKAGE

H27UBG8T2CTR-BC

X8

2.7 to 3.6V

TSOP-48/SDP

Table 1 : List of supported versions / packages

Rev 0.2 / Mar. 2012
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1.2. Pin Descriptions

Pin Name Description
DATA INPUTS/OUTPUTS
I/00— The I/O pins is used to COMMAND LATCH cycle, ADDRESS INPUT cycle, and DATA in-out
I1/07 cycles during read / write operations. The I/O pins 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 I/O inputs inside the Command Register on the Rising
edge of Write Enable (WE#).
ADDRESS LATCH ENABLE
ALE This input activates the latching of the I/O inputs inside the Address Register on the Rising
edge of Write Enable (WE#).
CHIP ENABLE
This input controls the selection of the device. When the device is busy, CE# low does not
CE# deselect the memory. The device goes into Stand-by mode when CE# goes High during the
device is in Ready state. The CE# signal is ignored when device is in Busy state, and will not
enter Standby mode even if the CE# goes high.
WRITE ENABLE
WE# This input acts as clock to latch Command, Address and Data. The I/O 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
The WP# pin, when Low, provides a hardware protection against undesired write operations.
WP# Hardware Write Protection is activated when the Write Protect pin is low. In this condition
modify operation do 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 phases.
R/B# READY / BUSY
The Ready/Busy output is an Open Drain pin that signals the state of the memory.
Vv SUPPLY VOLTAGE
cc The VCC supplies the power for all the operations. (Read, Write, and Erase).
Vss GROUND
NC NO CONNECTED

Table 2 : Signal descriptions

NOTE: 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.

Rev 0.2 / Mar. 2012 7
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VCC

ce# —()
we# ———()
RE#t —()

ALE

CLE

wpr#t ———()

@looqm

(O—— R/B#

VSS

Figure 1 : Pin diagram(SDP)
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1.4. Pin Assignments
oo Y wh:
NC : NC
NC : NC
e =ha
R[] %vos
RE [ [ Jvos
= =
v'iiE ;> NANDFlash é:;
vss (] 13 TSOP1 36 [Jvss
ne [ [ Inc
ne [ (X8,1CE) Inc
cLe [ —Inc
ae gvos
o o o
NC : 1700
NC E : NC
NC :NC
w24 25 B
N
O 48 l /"r‘
¢ A2/ : A
D B L }{_L\—w
! A1 a 'LJ
24 25 DIE
E1 - .
E T __,L(‘(_ik ’ jh'\‘ ?
| t 2lcP
Figure 2 : 48-pin TSOP
milimeters
Szl Min Typ Max
A 1.200
Al 0.050 0.150
A2 0.980 1.030
B 0.170 0.250
(o 0.100 0.200
CcP 0.100
D 11.910 12.000 12.120
E 19.900 20.000 20.100
El 18.300 18.400 18.500
e 0.500
L 0.500 0.680
alpha 0 5

Table 3 : Package Mechanical Data

Rev 0.2 / Mar. 2012
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1.5. Block Diagram
Vec o—» Program/Erase
Vss O—» Controller
L
HV generation
4 "
D NAND FLASH
Al14-A32 ) XA%Z(;ng: ' ) E Memory Array
register 8 (8,192 + 640) bytes x 256 pages x 2092 blocks
44 E =36,953,088 Kbits
R
AO-A13 Y Decoder
N—p  Address
register
A
ALE o© > - Data Register & Sense Amp
SIEE o—»{ Command Column Decoder
RE# o— Interface Logic
WE# o—»
WP# o—»
* 10 Buffer & latch
Command
register
* Globbuaf:( :rata ~&—output driver, > |/0<7:0>

Figure 3 : Block diagram(SDP)

1.6. Array Organization

-4——8,832 bytes ——— > 4———8832 bytes———»

1107
Cache register | 8,192 | 640 | 8,192 | 640 116 0

Data register | 8,192 | 640 | 8,192 | 640

1 page = (8,192 + 640 bytes)

1 block = (8,192 + 640) bytes x 256 pages

1046 blocks/plane 1 Block 1 Block = (2M + 160K) bytes

2092 blocks/device 1 device = (8,192 + 640) bytes x 256 pages x 2092blocks
= 36,953,088 Kbits

\ I J
N N

Plane 0 Plane 1

Figure 4 : Array organization
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1.7. Addressing
Bus cycle I/00 I/01 I1/02 I/03 I/04 I/05 I/06 I1/07
1st Cycle A0 Al A2 A3 A4 A5 A6 A7
2 Cycle A8 A9 Al10 All Al12 Al13 LM L
3rd Cycle Al4 Al5 Al6 Al7 Al8 Al19 A20 A21
4th Cycle A22 A23 A24 A25 A26 A27 A28 A29
5t Cycle A30 A31 A32 A33 LM LM L™ LMD
Notes:

1. L must be set to Low.

2. The device ignores any additional address input cycle than required.

3. The Address consists of column address (A0~A13), page address (A14~A21), plane address (A22),
and block address (A23~the last address).

1.8. Extended Blocks Arrangement

The device offers 44 extented blocks to increase valid blocks. These blocks can be accessed when the block
address A33 is ‘High’

Row Address
(Hexadecimal)

000000h ~
Block 0
000100h
Block 1
000200h
Block 2
000300h
Block 3
000400h
000500h Block 4
Block 5 Main Blocks
s (2048 Blocks)
07FDO0ON
Block 2045
07FEOON
Block 2046
07FF00Nh
Block 2047 )
080000h <
Block 2048
Block 2049
- Extended Blocks
(44 Blocks)
082A00h
Block 2090
082B00Nh
Block 2091
082BFFh _

Figure 5 : Extended Blocks Arrangement
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1.9. Command Set

Number Number Acceptable

FUNCTION . i :Ttﬁ't 2 = igatuat 3 | command
Cycle | Address <I:,Ies Cycle | Address zles Cycle | During

cycles cy cycles cy busy
PAGE READ 00h 5 - 30h - - - No
READ FOR COPY-BACK 00h 5 - 35h - - - No
RANDOM DATA OUTPUTY 05h 2 - EOh - - - No
SINGLE/MULTI-PLANE ) ) ) ) ) ]
CACHE READ 5) 31h No
SINGLE/MULTI-PLANE ] ] i i i i
CACHE READ END 3Fh No
READ ID 90h 1 - - - - - No
READ STATUS REGISTER 70h - - - - - - Yes
PAGE PGM (start)/ ) B .
CACHE PGM 9 (end) 80h 5 Yes 10h No
RANDOM DATA INPUTD 85h 2 Yes - - - - No
COPY-BACK PGM 85h 5 option 10h - - - No
CACHE PGM (start)> 80h 5 Yes 15h - - - No
BLOCK ERASE 60h 3 - DOh - - - No
RESET FFh - - - - - - Yes
MULTI-PLANE PAGE READ 60h 3 - 60h 3 - 30h No
MULTI-PLANE CACHE READ
START 5) 6 60h 3 - 60h 3 - 33h No
MULTI-PLANE READ FOR
COPY-BACK 60h 3 - 60h 3 - 35h No
MULTI-PLANE BLOCK ERASE | 60h 3 - 60h 3 - DOh No
MULTI-PLANE RANDOM
DATA GUTPUT D 3 00h 5 - 05h 2 - EOh No
MULTI-PLANE READ
STATUS REGISTER 78h 3 ; - - - - ves
MULTI-PLANE READ _— ) ) ) ) ) ) Yes
STATUS REGISTER (legacy)
MULTI-PLANE PAGE PGM/
MULTI-PLANE CACHE PGM 80h 5 Yes |11h-81h 2 5 Yes | 10h No
(end)
E"GUP';ITI'PLANE COPY-BACK 85h 5 option | 11h-81h 2 5 option | 10h No
MU"TI'_E LANE CACHE PGM 80h 5 Yes | 11h-81h 2 5 Yes | 15h No
(start) >
CACHE READ ENHANCED 00h 5 - 31h - - - No
MULTI-PLANE CACHE READ
ENHANCED 60h 3 - 60h 3 - 31h No

Rev 0.2 / Mar. 2012 12
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Notes:

1. Random Data Input/Output must be performed in a selected page.
2. Any command between 11h and 81h is prohibited except 70h, 78h, 75h and FFh.
3. Multi-plane Random data-out must be used after multi plane read operations
(Multi Plane Page Read, Multi Plane Cache Read and Multi Plane Read for Copy Back).
4. Do not change plane address order when using all MULTI-PLANE operations.
5. All cache operation (cache program, cache read) is available only within a block.
6. It's possible to confirm the multi-plane cache read first step using both 30h and 33h.

Caution:

1. Any undefined command inputs are prohibited except for above command set.
2. Multi plane page read, multi plane cache read, and multi plane read for copy-back must be used
after Multi plane programmed page, multi plane cache program, and multi plane copy-back program.

1.10. Mode Selection

CLE ALE CE# WE# RE# WP# MODE
H L L 1.4 H X Command Input
L H L T F H X Read Mode Address Input ( 5 Cycles )
H L L 14 H H _ Command Input
L HY L 1.4 H H Write Mode Address Input ( 5 Cycles )
L L L 1F H H | Data Input
L LY L H ¥ [ X Sequential Read and Data Output
X X X H3) H3 X During Read (Busy)
X XV X X X H During Program (Busy)
X X X X H During Erase (Busy)
X X X X L Write Protect
X H X X 0V/Vcc?| Stand-By
Notes:

1. X can be V}, or V. H = Logic level “"High".

2. WP# should be biased to CMOS high or CMOS low for stand-by mode.

3. WE# and RE# during Read Busy must be keep on high to prevent unplanned
command/address/data input or to avert unintended data out. In this time, only Reset,
Read Status, and Multi Plane Read Status can be inputted to the device.

L = Logic level “Low".

Rev 0.2 / Mar. 2012
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1.11. 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 in the
spare area of the First and Last page 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 6. The 1st block, which is placed on 00h block address, is guaranteed to

be a valid block at the time of shipment.

Block No =0

Read FFh
check column 8192
of the 1st page

Fail

Block No. = Block No.+1 Pass

A

Read FFh
check col. 8192
of the last page

Fail

y

Pass Entry Bad Block

Last Block

Yes

Figure 6 : Bad block management flow chart

Notes:
1. Do not perform program and erase operation in invalid block, it is impossible to guarantee the

Input data and to ensure that the function is normal.
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1.12. Bad Block Replacement

This device may have the invalid blocks when shipped from factory. An invalid block is one that contains one or
more bad bits. 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.

The failure of a page program operation does not affect the data in other pages in the same block. Bad block can
be replaced by re-programming the current data and copying the rest of the replaced block to an available valid
block. Refer to Table 4 and Figure 7 for the recommended procedure to follow if an error occurs during an
operation.

Operation Recommanded Procedure
Erase Block Replacement
Program Block Replacement
Read ECC

Table 4 : Block failure

Block A Block B ,
1% Page (2) 1% Page
Data |9 Data

(3)

Nth Page Failure Nth Page

FFh FFh

Controller

Figure 7 : Block replacement

Notes:
1. An error occurs on nth 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. Nth page of block A which is in controller buffer memory is copied into nth page of Block B
4. Bad block table should be updated to prevent from erasing or programming Block A.

Rev 0.2 / Mar. 2012 15
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2. Electrical Characteristics

2.1. Valid Blocks

Preliminary

H27UBGS8T2CTR-BC
32Gb(4096M x 8bit) Legacy MLC NAND Flash

Symbol Min Typ Max Unit
Valid Block Number Nyg 2024 2092 Blocks
Notes:
1. The 1st block is guaranteed to be a valid block at the time of shipment.
2. This single device has a maximum of 68 invalid blocks.
3. Invalid blocks are one that contains one or more bad bits. The device may contain bad blocks
upon shipment.
2.2. Absolute Maximum Rating
Symbol Parameter Val_ue Unit
Min
Ambient Operating Temperature o
) 0to70 C
(Commercial Temperature Range)
Ambient Operating Temperature ) o
Ta (Extended Temperature Range) 2510 85 C
Ambient Operating Temperature ) o
(Industrial Temperature Range) 40 to 85 C
Taias Temperature Under Bias -50 to 125 T
Torg Storage Temperature -65 to 150 T
Vio Input or Output Voltage -0.6 to 4.6 Vv
Vee Supply Voltage -0.6to 4.6 \"
Notes:

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 SK hynix SURE Program and other relevant quality documents.

2. Minimum Voltage may undershoot to -2V during transition and for less than 20ns during transitions.
Maximum voltage may overshoot to Vcc+2.0V during transition and for less than 20ns during transitions.

Rev 0.2 / Mar. 2012
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2.3. DC and Operating Characteristics

Test 3.3v .
Parameter Symbol oL . Units
Conditions Min Typ Max
FFh command 50 per
Power on reset current Tcco input after - - d P mA
evice
power on
trc= tre(min),
Read Icc]_ CE#=VILI = = 50 mA
Operating Tour=0 m
Current Program I - - - 50 mA
Erase Iecs - - - 50 mA
Stand-by Current I CE#=Vy,, - ) 1 mA
(TTL) cca WP#=0V/Vc
Stand-by Current CE#=V0.2,
(CMOS) Tecs WP#=0V/Vec . 10 >0 uA
Input Leakage Current Viy=0 to Vecmax) i - +10 uA
Output Leakage Current Io Vour=0 to Vecmax i - +10 uA
Input High Voltage Vi - Vcex0.8 - Vcc+0.3 Vv
Input Low Voltage Vi - -0.3 - 0.2xVcc Vv
Output High Voltage Level Vou Ion=-400 pA 2.4 - - \"
Output Low Voltage Level VoL Io,=2.1 mA - - 0.4 \'
Output Low Current (R/B#) Io. (R/B#) Vg =0.4V 8 10 - mA
2.4. AC Test Conditions
Value
Parameter
2.7V = VccQ = 3.6V
Input Pulse Levels 0Vto Ve
Input Rise and Fall Times 5ns
Input and Output Timing Levels Vee/ 2
Output Load (2.7V-3.6V) 1 TTL GATE and CL=50pF
Note:

These parameters are verified device characterization and are not 100% tested.
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2.5. Pin Capacitance (T,=257T, F=1.0M)

Symbol Parameter Test Condition Min Max Unit
Cin Input Capacitance Vi = 0V - 10 pF
Cyo Input/Output Capacitance V=0V - 10 pF

2.6. Program/ Read / Erase Characteristics

Parameter Symbol Min Typ Max Unit
Program (following 10h) teroc - 1500 4000 us
Cache Program (following 15h) teasyw - 4000 us

Multi-Plane Program / Multi-Plane Cache Program /

Multi-Plane Copy-Back Program (following 11h) tossy ) 0.5 3 us
Cache Read / Multi-Plane Cache Read ¢ 3 80 s
(following 31h/3Fh) CBSYR

Block Erase / Multi-Plane Block Erase taers - 5 10 ms
Number of partial Program Cycles NOP ] ] ) oycles

in the same page

Notes:
Typical value is measured at V-=3.3V, T,=25C. Not 100% tested.
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2.7. AC Timing Characteristics

Parameter Symbol - 3.3V Unit
Min Max

CLE setup time tes 6 ns
CLE Hold time te 2 ns
CE# setup time tes 20 ns
CE# hold time ten 5 ns
WE# pulse width twp 8 ns
ALE setup time tas 6 ns
ALE hold time tan 2 ns
Data setup time tos 6 ns
Data hold time ton 2 ns
Write cycle time twc 16 ns
WE# high hold time tw 6 ns
Data transfer from cell to register tr 80 us
ALE to RE# delay tar 10 ns
CLE to RE# delay tar 10 ns
Ready to RE# low trr 20 ns
RE# pulse width trp 8 ns
WE# high to busy tws 100 ns
Read cycle time tre 16 ns
RE# access time trea 16 ns
RE# high to output high Z truz 100 ns
CE# high to output high Z tenz 50 ns
RE# high to output hold trHoH 15 ns
RE# low to output hold trioH 5 ns
RE# or CE# high to output hold teon 15 ns
RE# high hold time tren 6 ns
WE+# high to RE# low twhr 80 ns
WE# high to RE# low for Random data out twhre 200 ns
RE# high to WE# low truw 100 ns
Output high Z to RE# low tir 0 ns
CE# low to RE# low ter 10 ns
Address to data loading time tanL 200 ns
Device resetting time (Read/Program/Erase) trst 20/30/500 us
Write protection time tww 100 ns
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Notes:
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.
3. The transition of the corresponding control pins must occur only while WE# is held low.
4. t,p, is the time from the WE# rising edge of final address cycle to the WE# rising edge of first
data cycle.

2.8. Status Register Coding

2.8.1. Status Register Coding For 70h/78h command

Page Block Cache Cache Coding
I/0 Read
Program Erase Read Program 70h / 78h
. . Pass / N page
0 Pass / Fail | Pass / Fail N/A N/A Fail (N) Pass : 0’ Fail : ‘1’
Pass / N -1 page
1 N/A N/A N/A N/A Fail (N-1) Pass : ‘0" Fail : ‘1’
2 N/A N/A N/A N/A N/A 0’
3 N/A N/A N/A N/A N/A 0’
4 N/A N/A N/A N/A N/A ‘0’
Ready / Ready / Ready / Busy
> N/A N/A N/A Busy Busy Busy : ‘0’ Ready : ‘1’
6 Ready / Ready / Ready / Ready / Ready / Data Cache Ready / Busy
Busy Busy Busy Busy Busy Busy : ‘0’ Ready : ‘1’
v Write Write Write Write Write Protected : ‘0’
Protect Protect Protect Protect Protect Not Protected : ‘1’
Notes:

1. I/00: This bit is only valid for Program and Erase operations. During Cache Program operations, this

bit is only valid when I/05 is set to one.

2. I/O1: This bit is only valid for cache program operations. This bit is not valid until after the second

15h command or the 10h command has been transferred in a Cache program sequence.
When Cache program is not supported, this bit is not used.

3. I/05: If set to one, then there is no array operation in progress. If cleared to zero, then there is a
command being processed (I/06 is cleared to zero) or an array operation in progress. When
overlapped interleaved operations or cache commands are not supported, this bit is not used.

4. 1/06: If set to one, then the device or interleaved address is ready for another command and all
other bits in the status value are valid. If cleared to zero, then the last command issued is not
yet complete and Status Register bits<5:0> are invalid value. When cache operations are in
use, then this bit indicates whether another command can be accepted, and I/O5 indicates
whether the last operation is complete.
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2.8.2. Status Register Coding For 75h command
Page Block Cache Cache Coding
L) Program Erase e Read Program 75h
Chip Pass / | Chip Pass / Chip N page
0 ; . N/A N/A Pass / AN Bl L N7
Fail Fail ! Pass : ‘0’ Fail : ‘1
Fail (N)
Plane 0
Plane 0 Plane 0 N page
1 . . N/A N/A Pass / AR Bl L N7
Pass / Fail Pass / Fail Fail (N) Pass : ‘0’ Fail : ‘1
Plane 1
Plane 1 Plane 1 N page
2 . . N/A N/A Pass / ol A
Pass / Fail Pass / Fail Fail (N) Pass : ‘0’ Fail : ‘1
Plane 0 N -1 page
3 N/A N/A N/A N/A Pass / R i
Fail (N-1) Pass : '0" Fail : '1
Plane 1 N -1 page
4 N/A N/A N/A N/A Pass / AR gy
Fail (N-1) Pass : '0" Fail : '1
Ready / Ready / Ready / Busy
> N/A N/A N/A Busy Busy Busy : ‘0’ Ready : ‘1’
6 Ready / Ready / Ready / Ready / Ready / RDatCzIa Ca;he
Busy Busy Busy Busy Busy eady / Busy
Busy : ‘0’ Ready : ‘1’
7 Write Write Write Write Write Protected : ‘0’
Protect Protect Protect Protect Protect Not Protected : ‘1’
2.9. Device Identifier Coding
Parameter Symbol
Device Identifier Byte Description
1st Manufacturer Code
2nd Device Identifier
3 Internal chip number, cell Type, Number of Simultaneously
Programmed Pages, Interleaved Program, Write Cache.
4th Page size, Block size, Redundant area size
5th Plane Number, ECC Level
6th Technology (Design Rule), EDO, Interface
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2.10. Read ID Data Table

Voltage | Bus Manufacture | Device rd th th th
Part Number | "y v | width Code Code | 3% | 4" | 5" | 6
H27UBG8T2CTR-BC 3.3V X8 ADh D7h 94h | 91h | 60h | 44h

2.10.1. 37 Byte of Device Identifier Description

31 cycle Description | I/07 | 1/06 | I/O5 | 1/04 | I/03 | 1/02  I/O01 |1I/00
1 0 0
) 2 0 1
Internal Chip Number 4 1 0
8 1 1
2 Level Cell 0 0
4 Level Cell 0 1
Cell Type 8 Level Cell 1 0
16 Level Cell 1 1
1 0 0
Number of Simultaneously i (1) (1)
Programmed Pages 8 1 1
Interleaved Program Not 0
Between Multiple die Supported 1
. Not 0
Write Cache Supported 1
2.10.2. 4t Byte of Device Identifier Description
4th cycle Description | I/O07 | I/06 | I/O5 | I/04 | I/O03 | I/02 | I/O01 | I/00
4KB 0 0
Page Size 8KB 0 1
(Without Spare Area) 16KB 1 0
32KB 1 1
128KB 0 0 0
256KB 0 0 1
512KB 0 1 0
Block Size 768KB 0 1 1
(Without Spare area) 1MB 1 0 0
2MB 1 0 1
4MB 1 1 0
8MB 1 1 1
640Bytes 0 0 0
448Bytes 0 0 1
224Bytes 0 1 0
. 128Bytes 0 1 1
Redundant Area Size 64Byte 1 0 0
32Byte 1 0 1
16Byte 1 1 0
Reserved 1 1 1
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2.10.3. 5t Byte of Device Identifier Description

5th cycle Description I/07 | 1/06 | I/O5 | I/04 | I/03 | I/02 | I/O01 | I/00
2 0 0
4 0 1
Plane Number 8 1 0
16 1 1
1bit/512Bytes 0 0 0
2bit/512Bytes 0 0 1
4bit/512Bytes 0 1 0
8bit/512Bytes 0 1 1
ECC Level 24bit/1KBytes 1 0 0
32bit/1KBytes 1 0 1
40bit/1KBytes 1 1 0
100bit/1KBytes 1 1 1
Reserved 0 0 0
2.10.4. 6t Byte of Device Identifier Description
6t cycle Description I/07 1I/06 1I/05|1I/04|1/03 I/02 1I/01 I/00
48nm 0 0 0
41nm 0 0 1
32nm 0 1 0
26nm 0 1 1
NAND Technology 2ynm 1 0 0
1xnm 1 0 1
Reserved 1 1 0
Reserved 1 1 1
Not Support 0
EDO Support Support 1
NAND Interface 0
Reserved 0 0 0
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3. Timing Diagram

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.

3.1. Command Latch Cycle Timings

CLE

CE#

WE#

ALE

Preliminary
H27UBGS8T2CTR-BC
32Gb(4096M x 8bit) Legacy MLC NAND Flash

tCLS tCLH '\
/ < tcs = fcn =/
///z /A
twe /
tas | tan /
_tos | tow
v :Don'tcare

Note:

Figure 8 : Command latch timings

All command except Reset, Read Status, and Multi Plane Read Status is issued to command
register on the rising edge of WE#, when CLE is high, CE# and ALE is low, and device is not

busy state

3.2. Address Latch Cycle Timings

CLE

CE#

WE#

ALE

1/0x

tois

tes

Y

twe

twp

twe

twe

twp

tais

tas

twn

twp

tas

tain

tais

—

[/

1

/]

%

tos | ton tos | tow tos |ton tos | ton tos | ton
e mm—
/*Col.;&dm //A Col.Add2 L\// RowAA;%/J Row.Add2 }/% Row.Add3 k/
v/ :Don'tcare

Figure 9 : Address latch timings
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3.3. Input Data Latch Cycle Timings

t

CE# W

ALE /// L,
%

- t‘NC - V)

WE# iy twe of ity Yo fwp twp

NN PN
N N

-4

tos | tow tos | ton tos | ton
7 .
110 7 % DIN 0 ’/W DINT ¥ DIN final
X inal %

v/ .Don'tcare

Figure 10 : Input data cycle timings
Note:

Data Input cycle is accepted to data register on the rising edge of WE#, when
CLE and CE# and ALE are low, and device is not Busy state.

3.4. Data Output Cycle Timings (CLE=L, WE#=H, ALE=L, WP#=H)

CE# R0 - .
)
«
tren
trea tren trea
RE# - > - -
| —], fruz |
tF\'HZ
trHoH
I/Ox = Dout Dout e— Dout —
!
R/B#

Figure 11 : Data output cycle timings
Notes:
1. Transition is measured +/-200mV from steady state voltage with load.
This parameter is sampled and not 100% tested. (tcuz, truz)
2. tpion is valid when frequency is higher than 10 MHz .
truon Starts to be valid when frequency is lower than 10 MHz.
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3.5. Data Output Cycle Timings (EDO type, CLE=L, WE#=H, ALE=L)

CE* 7%

4 tchz
\~
RE# truz
ts = trHoH
1/Ox _ tR: >% % Dout —

v/ :Don'tcare

Figure 12 : Data output cycle timings (EDO)

Notes:

1. Transition is measured +/-200mV from steady state voltage with load.
This parameter is sampled and not 100% tested. (tcyz triz)

2. tyon is valid when frequency is higher than 10 MHz.
truon Starts to be valid when frequency is lower than 10 MHz.

3.6. Read Status Cycle Timings

CLE fos | o \e—(GLR

CE# 7 fos - / ,‘tCR’ W///

WE# E _ fonz

twHr o - >

\
4
-

|

RE# AtRF-A s £ trHz 2
tps

1/Ox ///////// 70h %// //» Sta:us outpu:

v/} :Don'tcare

R

Figure 13 : Read status timings
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3.7. Multi Plane Read Status Timings

CLE F tois tém%
CE# o fes ten tcr ]V
tyy
t t / \
WE# -t ot | /N tewz
t
ALE tatm l/ tas [ \I tar <o
N
tRE)’\ tRHZ
RE# twhr
Los | tow /] tReon
1/Ox %k 78h Row.Add1><Row.Add2><Row.Add3 f Status —

vV :Don'tcare
Figure 14 : Multi plane read status timings

3.8. Page Read Operation Timings (Read One Page)

cEr | 2 )( )(

CLE f \ I \ /V :; 4 )()(

ALE <oy \ T — (¢

WE# L/_\ twe tre 7 truz
RE# 5 [
o - FHE

"
R/BH# i i )j

V7] :Don'icare

Figure 15 : Page read operation timings
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3.9. Page Read Operation Timings (Intercepted by CE#)
Y= B B B B H % %
BET > |eterz
ae % [\,
P Lil s >

WE# \ 1 tog g teon

tRC
RE# L
<=
R R R Dout D Doul
(a1 o Hadé1 Moz Haads)— 2" N e (e ———

R/BH# L "

v/ : Don't care

Figure 16 : Page read operation timings

3.10. Page Read Operation Timings with CE# don’t care

[F====="a CE# don't care

e \__H B hh b b %%é%%%%%%%%%%

ae [ ) [\ ((
ne 999 9\ (¢

RE#

o — (@ HEHE

R/B#

B VW W W W W Vi el

i
|
i
i
T
|
|
|
|
i
|
i
|
|
|
i
|
tRL T
>

1
S ]
1

1 E—— V//// : Don't care (Vi or V)

Figure 17 : Page read operation timings with CE# don't care
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3.11. Random Data Output Timings

CE#

RE#

R/B#

\

)

[\

\

e

Y

twhre | trea

—

trr

L s A S AR s i € = ﬂ@.ﬂhﬁﬂ. W)
[ Column address (N) |COIumn address (M) A
< L >
V///) :Don'tcare

Figure 18 : Random data output timings

3.12. Multi Plane Page Read Operation with Random Data output Timings

CE#

CLE

ALE

WE#

RE#

1/Ox

1/Ox

R/B#

2l ) -]
N \ '

] J \

YA VAR

Column address : Fixed ‘Low’
Page address : page M

Page address : page M
Plane address : Fixed 'High'

Page address : page M

Plane address : Fixed ‘Low’ Column address : Valid

Block address : block J Block address : block K Plane address : Fixed ‘Low’

Block address : block J

tren

Column address : Fixed ‘Low’

Page address : page M Column address : Valid

Plane address : Fixed 'High’
Block address : block K
)

: Don't care

Figure 19 : Multi plane page read operation timings with random data output

Notes:

1. Multi Plane Page addresses are required to be the same.

2. Multi-plane Random data-out must be used after multi plane read operations.

3. Multi plane page read must be used after Multi plane programmed page,
multi plane cache program, and multi plane copy-back program.
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3.13. Cache Read Operation Timings

CE#

CLE

ALE

WE#

RE#

1/0Ox

R/B#

CE#

CLE

ALE

WE#

RE#

1/0x

R/B#

Preliminary
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[&]

557

I

e
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\ V) ) (¢ )
_/\ [\ [\ ( [\
twe
ety \ | g A
SR UAWAWAWAWAWN ™Y e ey - oy
t;ig" (31’ S_
00n )~ agon{mz ) {a) P HCTOH S e st D—
Page Address M Page Address M+1
Column Address 00h  Page Address M Col.Add.0 Col.Add.0
tr 2 teasyr )()( tepsyr
- ) )
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) ) ot———
/ \ (( / \ (( / \
)) ))
( g |
ing tre ® \_bﬂi tre w4 twe i :
——{oou-{am =TS OHoH o+ H T Doz +— EHE-00—
ol gage Address M+2 ol oPage Address M+3 RO Page Address M+4
® % ¥ . 0l E
teasvr )()( toasvr )()( teasvr )(
: Don't care
Figure 20 : Cache read operation timings
Notes:

The column address will be reset to 0 by the 31h/3Fh command input.
Cache read operation is available only within a block.
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3.14. Multi Plane Cache Read Operation Timings

m Y

Page address :
Plane address : Fixed ‘Low’

oz )

Page address : page M
Plane address : Fixed ‘High'

page M

Block address : block J

Block address : block K

CLE

ALE

ey [ \

[\

WE#

‘
tre

RE#

1/Ox 31h

o ol \ /Row.\ /Row.
dd1/\Add2/" \Add1/ \Add2
Column address : Fixed 'Low’
Page address : page M

ow.
dd3

ol ol ou
o5h dd1 dd2, Eoh M

Column address : Valid

ol ol\ /Row.\ /Row.\ /Row.
Add1/ \Add2/ \Add1/ \Add2/ \Add3,
Column address : Fixed ‘Low’

Page address : page M

05h }{,*° 5

a1/ \adaz/ ™\ EO°

Column address : Valid

R/B#

CE#

Plane address : Fixed "Low”

Block address : block J Max 255 times repeatable

Plane address : Fixed "High"
Block address : block K

CLE

ALE

WE#

RE#

1/Ox

Column address : Fixed ‘Low’

Page address : page M+n Column address : Valid

Column address : Fixed ‘Low’
Page address : page M+n

Column address : Valid

R/B#

Plane address : Fixed "Low"
Block address : block J

Plane address : Fixed 'High’
Block address : block K

)

Figure 21 : Multi plane cache read operation Timings

Notes:

1. The column address will be reset to 0 by the 31h/3Fh command input.

2. Cache read operation is available only within a block.

3. Make sure to terminate the operation with 3Fh command. If the page read
operation is completed, issue FFh reset before next operation.

v oA

Multi Plane Page addresses are required to be the same.
Multi plane cache read must be used after Multi plane programmed page,

multi plane cache program, and multi plane copy-back program

: Don't care
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3.15. Read ID Operation Timings

CE# _\

CLE / \
v/ - twHr
tar

ALE / % ] treA

L IAVAYAVAVA Ve

1/Ox —<90h >_< 00h >__ ADh Devce >_< 3rd Mh Sth

6th

cyc. cyc. cyc.

Maker code

Figure 22 : Read ID operation timings

3.16. Page Program Operation Timings

CE# _*4&» “ )
e fal) (« T\ T
ALE |/ \ . 0
e\ F\J\MJULWM wd 0\ Jo
RE# tDH‘WC > PN Y i/
1/Ox 80h m m m m m m m 70h }—{ Status
trroG
R/B# Ioo_g
100=1 fail
U/ :Don'tcare
Figure 23 : Page program operation timings
Note:

tapL is the time from the WE# rising edge of final address cycle to the WE#

rising edge of first data cycle.
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Page Program Operation Timings with CE# don't care

r— —[ CE# don't care
e /) — (1
v Y999 ! ,
AW AW AW AW e WA WA A e W Wal ) W W
——5 M)

b oo sz ) i'ﬂibll’i'ﬂ EHea HIHE o)

i, J

V) :Don'tcare

Figure 24 : Page program operation timings with CE# don’t care

Note:

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

3.18. Random Data Input Timings

RE#

1/0x

R/B#

f— { {§ .
=] (e  gm
|/ : \ / \ )

—wmﬂwww A\ NN N [l \
twe Yot )

1,
L] )) )
oo o e e S H ) S o W S 5 on)
) S s

100 =0, pass
100 =1, fail

: Don't care

Figure 25 : Random data input timings

Notes:

1. typ is the time from the WE# rising edge of final address cycle to the WE# rising
edge of first data cycle.
2. Random data input can be performed in a page.
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3.19. Multi Plane Page Program Operation Timings

CE# \

R/B# AO0-A13 : Valid >> ) /

A14-A21 : Valid( Page M)

A22 : Fixed ‘Low’
A A23 ~A33 : Valid (Block J)

(s
ae | [\ (N [\
ALE | / \ P
WE# m%w m; twe,| . trros L}tww

<200, | (( D ~ i
RE# ))

ox 1 70h Status
R/B# \
A0-A13 : Valid 5 > NI 100 :‘(;, pass
A14-A21 : Valid( Page M) 100 = 1, fail
A22 : Fixed ‘High’
A23 ~A33 : Valid (Block K) [ ] Don'tcare

Figure 26 : Multi plane page program operation timing

Notes:
1. Any command between 11h and 81h is prohibited except 70h, 78h, 75h and FFh

2. typ, is the time from the WE# rising edge of final address cycle to the WE# rising edge
of first data cycle.

3. Multi Plane Page addresses are required to be the same.
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3.20. Copy-Back Program Operation Timings with Random Date Input

CE# "x\ - ’W 2. (( '/7//2&

G gl \ / \ / 72
=Rl Na PR ol ) \ \ \: TN Ty \ )\ M\ R |
/A VY WD VY S VY A W L e ” v y T I el VI /o \ \ (VR W PN % //f \_(‘_""“-
( ( I 4
RE# / A\ ) / /
ol 7 L/
\_/Tal\ /Tal"\ /Row.\ /Row.\ /Row.\ / \ | /Doury ’]FCT‘ [Tor\_[Row.\ [Row:\ Row-\ 'V aWer lroi\—Vsaac)
10x 00' Hadd1Hadd2Haddt) (5(,(,2 {adda)— 35" ) J*‘ 85h Hadd1/\addz/N\ada1/\agezHadaa/\ 1 ) ) /| ) “i"{is_’g
tenoa
R/B# \§ ]
4 100 =0, pass
100 =1, fai

W :Dontcare

Figure 27 : Copyback program operation timing with random data input

Note:
Copy back operation is allowed only within the same memory plane.

3.21. Cache Program Operation Timings

| A
o ( . ( w7
S my L cae B Y B :
T AN | |
o LN NN S e MMMLF\m AV
o —o) GBSO @ E S @B IO E

. v (CES - ; CCCCC | —
I Last page -1 {
i 1
A
a1 4 7 |
CLE __V—\ e, {( \ t / \ V7] :Don'tcare
ALE | fetue \ “ ;
. T 7
wer T (_\_//_\_“/—\_/—\_/ ‘ L/f:j
| |
RE# [ I v/
o 1B E R H O B )6
v ] “ |
| e
|
|

Figure 28 : Cache program operation timings

Note:
terog = Program time for the last page + Program time for the (last -1)th page
- (command input cycle time + address input cycle time + Last page data loading time)
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3.22. Multi Plane Cache Program Operation Timings

Preliminary
H27UBGS8T2CTR-BC
32Gb(4096M x 8bit) Legacy MLC NAND Flash
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Al14-A21 : Valid (Page M)
A22 : Fixed ‘Low’

AO0-A13 : Valid
Al14-A21 : Valid( Page M)
A22 : Fixed ‘High’

E A23 ~A33 : Valid (Block J) A23 ~A33 : Valid (Block K)
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‘\/_/—\_/—\_/—\_/—\_AL\—\_/ g = : g
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Al14-A21 : Valid( Page M+n)
A22 : Fixed ‘Low’

A23 ~ A33 : Valid (Block J)

toBsy

A0-A13 : Valid

A14-A21 : Valid( Page M+n)
A22 : Fixed ‘High’

A23 ~A33 : valid (Block K)

[ ] :Don'tcare

Figure 29 : Multi plane cache program operation timings

Notes:

1. tprog = Program time for the last page + Program time for the (last -1)th page -
(command input cycle time + address input cycle time + Last page data loading time)

2. Make sure to terminate the operation with 80h-10h- command sequence. If the operation is
terminated by 80h-15h command sequences, monitor I/05 (Ready/Busy) and I/06 (Data Cache
Ready/Busy) by issuing Read Status Command (70h) and make sure the previous and current
Cache Page Program operation is completed. If the page program operation is completed, issue
FFh reset before next operation.

3. Selected Page address except A22 within two blocks must be same.

3.23. Block Erase Operation Timings

CE# \

CLE / \

/

\ 7777 1

ALE f

\

V%0

| I

/;M \ J twhr

RE# < e 5 W / \_/
1/Ox 60h 3:1' c?;vé Agé”é Doh ) 70h Status
- taers
R/BH# . 5 o Y
100 =0, pass
100 =1, fail

V) :Don'tcare
Figure 30 : Block erase operation timings
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3.24. Multi Plane Erase Operation Timings

ALE o twe

S

[\ /o

\

wer 4 T U

\ 4 twhr
—

RE#

Row.
1/Ox 4< 60h >—<Addl

L

R/B#

Row.\ /Row. Row.\ /Row.\ /Row.
Add2 Add3>—< 6on >_<Add1 Add2 Add3>_< D°h> 70h }— Status
tBERS
A14-A21 : Fixed ‘Low” Al14-A21 : Fixed ‘Low” 100 =‘6’ pass
A22 : Fixed ‘Low’ A22 : Fixed ‘High’ 100 =1, fail
A23 ~ A33 : Valid (Block N) A23 ~ A33 : Valid (Block M)
[ ] :Don'tcare

Figure 31 : Multi plane erase operation timings

3.25. Reset Timings

CE# I/

CLE —/—\

WE# \ { twe

1/Ox @

R/B# TN

Figure 32 : Reset timings
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4. Device Operation

4.1. Page Read

This operation is initialized by 00h-30h to the command register along with followed by five address input cycles.
The 8,832 bytes of data within the selected page are transferred to the data registers in less than t;. The system
controller may detect the completion of this data transfer t; 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 16ns cycle time by sequentially 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 consecutive 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.

CLE

M 9
CE# ‘\ % % )()(
ALE / \ (\

((
))

\. te J
RIB# l\ 4

WAV W
{
1/0x 4< 00h >—< Address (5 cycle) >< 30h Data Outpul& \ (Serial Access)

Figure 33 : Page read

Random data output

Random data output operation changes the column address from which data is being read in the page register.
Random data output only is issued in Ready state. Refer to Figure 34.

i o 5
S av.ve

Address Address
1/Ox ~< 00h >—< (5 cycle) >—< 30h >—< Datag SOutput>—< 05h (2 cycle) H EOh >——< DataS SOutput>—

Figure 34 : Random data output

((
2
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4.2. Cache Read (available only within a block)

To improve page read throughput, cache read operation is used within a block. First step is same as normal page
read, issuing a page read sequence (00-30h). After random access (R/B# returns to high), 31h command is
latched into the command register. Data is being transferred from the data register to the cache register. While
cache register data is outputted, next page is transferred from memory cell to data register. R/B# will stay low
during present page random accessing and previous page transferring to cache register. Because it is not
necessary to output a whole page data before issuing another 31h command, if serial data output time exceeds
random access time (tz), the random access time can be hidden. The subsequent pages are issued additional
31h commands. To terminate cache read, 3Fh command should be issued. This command transfer data from
data register to the cache register without issuing next page read. During the Cache Read Operation, device
doesn't allow any other command except Cache Read command (31h), Read Status (70h, 78h, 75h), Read (00h),
and Reset (FFh). To carry out other operations after cache operation, cache read must be ended by 3Fh
command or issue reset (FFh) before next operation.

As defined for Read
-

ae [ i [\ [\
wer \/ \/ \/ \J
Re# (WYY W AT AW W AW AW
50 - o)) (o0 COH{on)(@m) (o))
R/B# & teasyr | i \i teasvr {r i I teasvr | ¢

! : l Column 0 Column 0 Column 0

Figure 35 : Cache read

4.3. Cache Read Enhanced (available only within a block)

This command extends the Cache Read command. While, by issuing a Cache Read command, the next page
address of the next page is automatically incremented by 1, the next page address of the next page is given
arbitrarily by the user. The Cache Read Enhanced command sequence consists of a 00h command, five address
cycles and a 31h command, which replaces the single 31h command of the Cache Read command sequence.
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4.4. Multi Plane Page Read

Multi-Plane Page Read is an extension of Page Read, for a single plane with 8,832byte page registers. Since the
device is equipped with two memory planes, activating the two sets of 8,832byte page resisters enables a
random read of two pages. Multi-Plane Page Read is initiated by repeating command 60h followed by three
address cycles twice. In this case, only same page of each block can be selected from each plane.

After Read Confirm command (30h) the 17,664bytes of data within the selected two pages are transferred to the
data registers in less than t; . The system controller can detect the completion of data transfer t; by monitoring
the output of R/B# pin.

Once the data is loaded into the data registers, the data output of first plane can be read out by issuing
command 00h with Five Address Cycles, command 05h with two column address and finally EOh. The data
output of second plane can be read out using the identical command sequences. The restrictions for Multi-Plane
Page Read are shown in Figure 36. Multi-Plane Page Read must be used in the block which has been
programmed with Multi-Plane Page Program.

Page address : Page M Page address : Page M
Plane address : Fixed “ Low”  Plane address : Fixed " High”
Block address : Block J Block address : Block K
< > < Address < Address \
1/0x 60h (3 cycle) >—< 60h > 3 cycle) >—< 30h )
R/B# \|[\ tr /|l/
Column address : Fixed “Low”
Page address : Page M
Plane address : Fixed “ Low” )
Block address : Block J Column address : valid @
Address Address
IOx ‘——( 00h 5 oy ) osh H oy —{ EOn Disfaroutpyt —
RB# |
Column address : Fixed “Low”
Page address : Page M
Plane address : Fixed “ High”
Block address : Block K Column address : valid
Address Address
1/Ox ‘—< 00h e >_< 05h >_L(2 ] >_< EOh >_< Data output >7
R/B#

Figure 36 : Multi plane page read
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4.5. Multi Plane Cache Read (available only within a block)

The device supports multi-plane cache read, which enables high read throughput by reading two pages in
parallel. Figure 37 shows the command sequence for the multi-plane cache read operation. Both confirm
commands, 30h and 33h, are valid for the first page read sequence.

Page address : Page M Page address : Page M
Plane address : Fixed “ Low”  Plane address : Fixed “ High”
Block address : Block J Block address : Block K
( Address Address \
1/Ox h h 33h
60! >_< (3 cycle) %0 > 3 cycle) /
R/B# l|< tr )
Column address : Fixed “Low” /I
Page address : Page M
Plane address : Fixed “ Low” )
Block address : Block J Column address : valid E
31h / Address Address EOh > <
1/Ox \ 00h >—< (5 cycle) 05h 2 cycle) Data output
RIB# teesyr |

Column address : Fixed “Low”
Page address : Page M

Plane address : Fixed “ High"
Block address : Block K

1/Ox 00h >—< Address 05h Address EOh >—< Data output
(5 cycle) 2 cycle

Column address : valid

S~

R/B#

Figure 37 : Multi plane cache read

Notes:

plane 0 and plane 1 should be selected within the same chip

Only one block should be selected from the each plane.

Multi plane cache read is available only within a block per plane.

Selected Page address except A22 within two blocks must be same.

The operation has to be terminated with “3Fh” command.

It's possible to confirm the multi-plane cache read first step using both 30h and 33h.

ounhwnE

4.6. Multi Plane Cache Read Enhanced (available only within a block)

This command is a multi-plane extension of the Cache Read Enhanced command.
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4.7. Read ID

The device contains a product identification mode, initiated by writing 90h to the command register, followed by
an address input of 00h. Six read cycles sequentially output the manufacturer code (ADh), and the device code
and 3rd, 4th, 5th, 6th cycle ID, respectively. The command register remains in Read ID mode until further
commands are issued to it. Figure 38 shows the operation sequence, while 2.10 READ ID DATA TABLE explain
the byte meaning.

CLE ﬂ
WE# \ /
twhr

ALE

TANAYAYAYaV
ox  —{ 90h }——00h }——{ ADh )}~ D7h )}~ 94h }~ 91h )~ 60h ) 44h )——

Figure 38 : Read ID
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4.8. Read Status Register

The device contains a Status Register which may be read to find out whether read, program or erase operation is
completed, and whether the program or erase operation is completed successfully. After writing Read Status
(70h) or Multi Plane Read Status (78h,75h) command to the command register, a read cycle outputs the content
of the Status Register to the I/O pins only if CE# and RE# are low, whichever occurs last. This two line control
allows the system to poll the progress of each device in multiple memory connections even when R/B# pins are
common-wired. Refer to 2.8. STATUS REGISTER CODING for specific Status Register definitions and Figure 39,
Figure 40 for Read Status. The command register remains in Read Status mode until further commands are

issued to it. Therefore, if the status register is read during a random read cycle, the read command (00h) should
be given before starting read cycles.

WE# \ /

RE# _\_/

Figure 39 : Read status

CLE 4/—\ / \

RE# \ /

1/Ox 78h Row.Add1><Row.Add2 ><R0w,Add3\ Status

Figure 40 : Multi plane read status
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4.9. Page Program

The device is programmed as a page unit. The number of consecutive partial page programming operation within
the same page without an intervening erase operation must not exceed 1 times. The program addressing should
be done in sequential order in a block. A page program cycle consists of a serial data loading period in which up
to 8,832 bytes 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), followed by the five cycle address inputs and then serial data.
The words 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 previously entering the serial data will not initiate the programming process.
The internal write state controller automatically 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 Status
bit (I/0 6) of the Status Register. Only the Read Status command and Reset command are valid while
programming is in progress. The Write Status Bit (I/O 0) is valid, when all internal operations are complete
(status bit I/O 6 = high).

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
command register. Figure 41 and Figure 42 details the sequence.

CLE

)
1/0x % 80h >—< Address 5 cycle >—< Data Inp& >—< 10h 70h
)
R/B# « teroc
1/0 0 = 0 PROGRAM Pass
/0 0 = 1 PROGRAM Fail

Figure 41 : Page Program

Column address
1/Ox Address Data Address Data
< g0n >< (5 cycle) Input 8 (2 cycle) Input 10h / 70h Status
e  i—

Figure 42 : Random data input
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4.10. 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 17,664bytes 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), followed by the five cycle address inputs and then serial data for the 1st page. Address for this
page must be within first plane (A<22>=0). The data of first 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
(tpesy)- Once it has become ready again, 81h command must be issued, followed by second page address (5
cycles) and its serial data input. Address for this page must be within second plane (A<22>=1). The data of
second 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 (tpgsy)- In case of fail in first plane or second plane page program, fail bit of status register will be set:
Pass/Fail status of each plane can be checked by Multi Plane Read Status. Figure 43 details the sequence.

1% plane address
A
1/Ox *< 80h >—< Address 5 cycle >——< Data Input >—< 11h |
t
R/B# | DBSY |
2" plane address
Ox 81h ) Address 5 cycle >—< Data Input >—< 10h ) 70h >—< Status >>

| !

R/B# ‘ \| trroc ;l/

Figure 43 : Multi plane page program

Notes:

plane 0 and plane 1 should be selected within the same chip

Only one block should be selected from the each plane.

Selected Page address except A22 within two blocks must be same.

Any command between 11h and 81h is prohibited except 70h/78h/75h and FFh.
Read Status command can be 70h or 78h or 75h.

AN
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4.11. Cache Program (available only within a block)

Cache Program is an extension of the standard page program, which is executed with 8,832 bytes cache
registers and same bytes data register. After the serial data input command (80h) is loaded to the command
register, followed by 5 cycles of address, a full or partial page of data is latched into the cache register, and then
the cache write command (15h) is loaded to the command register. After that sequence, the data in the cache
register is transferred into the data register for cell programming. At this time, the device remains in busy state.
After all data of the cache register is transferred into the data register, the device goes to the Ready state to
load the next data into the cache register by issuing another cache program command sequence (80h-15h).

There are some restrictions for cache program operation.

1. The cache program command is available only within a block.

2. User must give address and data after 80h command.

The Busy time of first sequence equals the time it takes to transfer the data of cache register to the data register.
Cell programming of the data of data register and loading of the next data into the cache register is consequently
processed as a pipeline method. On the second and cascading sequence, transfer from the cache register to the
data register is held off until cell programming of current data register contents has been done.

Read Status command (70h) may be issued to find out when the cache register is ready by polling the Cache-
Busy status bit (I/O 6). In addition, the status bit (I/O 5) can be used to determine when the cell programming
of the current data register contents is complete. Pass/fail status of only the previous page (I/O 1) is available
upon the return to Ready state.

If the system monitors the progress of programming only with R/B#, the last page of the target programming
sequence must be programmed with actual Page Program command (10h). If the Cache Program command (15h)
is used instead, status bit (I/O5) must be polled to find out when the last programming is actually finished before
starting other operations such as read. Pass/fail status is available in two steps. I/O 1 returns with the status of
the previous page upon Ready or I/06 status bit changing to "1", and later I/O 0 with the status of current page
upon true Ready (returning from internal programming) or I/O 5 status bit changing to "1". I/O 1 may be read
together when 1I/0 0 is checked. Refer to 2.8. STATUS REGISTER CODING and Figure 44 for more details.
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Address |
>—< (5 cycle) >—< Data Input >—< 15h /

1/0x

fcesyw

R/B#

t
R/B# cBSYW

1/0x

Address
70h Stat
(5 cycle) >——< Data Input >——< 10h ) >—< us >—

\| teros |/
\ |

R/B#

Address
1/Ox F< 80h (5 cycle) >—< Data Input >—< 15h /)
F‘< 80h

Figure 44 : Cache program

Pass/Fail status for each page programmed by the Cache Program operation can be detected

by the Read Status operation.

- I/00 : Pass/Fail of the current page program operation.

- I/0O1 : Pass/Fail of the previous page program operation.

The Pass/Fail status on I/O 0 and I/O 1 are valid under the following conditions.

- Status on I/0O0 : Ready/Busy is Ready state.

The True Ready/Busy is output on I/O5 by Read Status or R/B# pin after the 10h command.

- Status on I/01 : Data Cache Read/Busy is Ready State.

The Data Cache Ready/Busy is output on I/06 by Read Status or R/B# pin after the 15h command.

Bty

[ lo1=> Invalid Pagel 'Page1 | Page N-2 Invalid

lPage N-1)|

1100 => Invalid Invalid |Pagezl Invalid Invalid

’Page N I|

Page 1 Page 2

topsvw toasvw

RIBHPin H

Data Cache Ready Busy \  /
(1/06)

i

Page 1 Page 2 Page N-1 . Page N

|
|
|
|
|
|
|
i
Ready /Busy \ / :
(105) i
i
|
|
|

During both 1/06 and 1/05 return to high, the Pass/Fail for previous page and current page
can be shown through /01 and 1/00 concurrently.

Figure 45 : Cache Read with Status Read
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4.12. Multi Plane Cache Program (available only within a block)

The device supports multi-plane cache program, which enables high program throughput by programming two
pages. The serial data-loading period begins by inputting the Serial Data Input command (80h), followed by the
five cycle address inputs and then serial data for the first page. Address for this page must be within first plane
(A<22>=0). The data of first 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 (tpgsy). 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 second plane (A<22>=1). The data of second page other than those to be
programmed do not need to be loaded. Cache Program Confirm command (15h) makes parallel programming of
both pages start. And last page inputs Program confirm command (10h). Figure 46 shows the command
sequence for Multi Plane Cache Program operation. After the “15h” or *10h” command, the result per plane of
the operation is shown through the “78h” Multi Plane Read Status command.

Column address : Valid Column address : Valid
Page address : Page M Page address : Page M
Plane address : Fixed ‘Low' Plane address : Fixed ‘High’
Block address : block J Block address : block K

< Address Data > < Address Data
Wik Sh Scycle>< Input >< s Gl (5 cycle) >< Input >< 19

toss t
RIB# g&]k cBsYW

Column address : Valid Column address : Valid

Page address : Page M+n Page address : Page M+n

Plane address : Fixed ‘Low’ Plane address : Fixed ‘High'
Block address : block J Block address : block K

Address Data > < Address Data Address Status
v < o (5 cycle) >< Input >< 11 Gih (5 cycle) >< Input >< 10h > < ek (3 cycle) per plane
RB# ’ \ tossy r * trroc r

Figure 46 : Multi plane cache program

Notes:

plane 0 and plane 1 should be selected within the same chip

Only one block should be selected from the each plane.

Multi plane cache program is available only within a block per plane.

Selected Page address except A22 within two blocks must be same.

The operation has to be terminated with “10h” command.

Any command between 11h and 81h is prohibited except 70h/78h/75h and FFh.
Read Status command can be 70h or 78h or 75h. Reading the Status per plane
is available only 78h.

NounhshwnNe
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4.13. 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 needs to be copied to the newly assigned free block. Copy-Back operation is a
sequential 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 8,832byte 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 Status 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. 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 Figure 47.

Source Address D
A
1/Ox 4< 00h >—< gdg;ifes) >_< 35h > Data output
t
RIB# |= R 7‘V
7 Column
Target Address address 1,2

1/0x Address Address \
Dat 10h
}—< 85h >-< (5 cyele) ata >-< 85h o >—< Data >—< ) 70h Status
R/B# \ trroG [

Figure 47 : Copy-back program
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4.14. Multi-Plane Copy-Back Program

Multi-Plane Copy-Back Program is an extension of Copy-Back Program, for a single plane with 8,832byte page
registers. Since the device is equipped with two memory planes, activating the two sets of 8,832byte page
registers enables a simultaneous programming of two pages. Figure 48 and Figure 49 show command sequence
for the multi-plane copy-back operation. First case, Figure 48, shows random data input of two planes that
started right after finishing random data output of previous two planes. Second case, Figure 49, shows the
random data input of each plane which started right after finishing the random data output of each plane

Page address : Page M Page address : Page M
Plane address : Fixed “ Low"  Plane address : Fixed “ High”
Block address : Block J Block address : Block K
< Address Address A
1/Ox 60h (3 cycle) >—< 60h (3 cycle) >—< 35h /
R/BH# \ te NG
Column address : Fixed “Low” N 7|
Page address : Page M
Plane address : Fixed “ Low”
Block address : Block J Column address 1,2 : Valid @
1/Ox Address Address >
00h (5 cydle) 05h (2 cycle) EOh Data output
R/B# ‘
Column address : Fixed “Low”
Page address : Page M
@ Plane address : Fixed “ High" IE'
Block address : Block K Column address 1,2 : Valid
Address Address
If
Ox *< 00h >—< (5 cycle) >—< 05h >—< (2 cycle) >—< EOh >——< Data output >—
R/B#
Column address : Valid
Page address : Page N
@ Plane address : Fixed “ Low”
Block address : Block P Column address 1,2 : Valid
1/0x Address Address \
h
{80 ) (sepemy A 222 50 K Govomy N0 M)
R/B# toesy
Column address : Valid
Page address : Page N
@ Plane address : Fixed “ High”
Block address : Block Q Column address 1,2 : Valid
1/Ox Address Address \
1h Dat
“< : e Gl s vl s e L
tpros

R/B# |

Figure 48 : Multi plane Copyback program (1)
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Page address : Page M Page address : Page M
Plane address : Fixed “ Low” Plane address : Fixed “ High”
Block address : Block J Block address : Block K
Address Address
Vox (o ) Goyvem )9 MG epem 3" )
R/B# \ tr 4
Column address : Fixed “Low” [\ /I
Page address : Page M
Pl dd: : Fixed “ Low”
Blzgs aaddrrgssssz Bllgzk J o Column address 1,2 : Valid E]
Add Address
1/0x ¢—< 00h ® c;zlses) 05h 2 cycle) — EOh »— Data output ——

R/B#
| Column address : Valid

Page address : Page N
D Plane address : Fixed “ Low”
Block address : Block P Column address 1,2 : Valid @

1/0x Address Address he

o0 K Sepeim 02 )4 850 ) Goyemy )4 P K1)

R/B# tossy /
Column address : Fixed “Low”

Page address : Page M

@ Plane address : Fixed “ High” @
Block address : Block K Column address 1,2 : Valid
Address Address
1/O:
% —< 00h >—< (5 cycle) >—'< 05h >—< (2 cycle) >—'< EOh >——< Data output >—
BB Column address : Valid
Page address : Page N
@ Plane address : Fixed “ High”
Block address : Block Q Column address 1,2 : Valid
1/Ox Address Address \
’——< 81h (5 cycle) Data >—< 85h @ cycle) Data >—< 10h /
R/B# ‘

\ trrog r

Figure 49 : Multi plane Copyback program (2)

4.15. Block Erase

The Erase operation is done on a block basis. Block address loading is accomplished in two cycles initiated by an
Erase Setup command (60h). Only address A23 to A33 is valid while A14 to A21 is ignored. The Erase Confirm
command (DOh) 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 conditions.

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/0 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 50 details
the sequence.

Row Add 1,2,3

Address \ / X

1/Ox ‘< 60h >—< (3 cycle) >—-< DOh / N 70h >—< Status /
R/B# \JN taers J/

Figure 50 : Block Erase
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4.16. Multi Plane Block 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 first block and second
block address respectively (3 cycles each). As for block erase, DOh command makes embedded operation start.
Multi plane erase does not need any Dummy Busy Time between first and second 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 Multiple Plane Program. Refer to the detail sequence as shown below.

Page address : Fixed ‘Low” Page address : Fixed ‘Low”
Plane address : Fixed “ Low”  Plane address : Fixed “ High”
Block address : Block N Block address : Block M
Address Address \
o —{ o0 ) (geyeey 15" )4 @ovom O™ ) o
R/B# \ tisss =|/

Figure 51 : Multi plane Block Erase

4.17. 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 EOh when
WP+# is high. Refer to 2.8. STATUS REGISTER CODING for device status after reset operation. If the device is
already in reset state, the command register will not accept a new reset command. The R/B# pin goes low for
tror after the Reset command is written. Refer to Figure 52.

I/Ox FFh

R/B#

e T

tast N
/]

Figure 52 : Reset

Rev 0.2 / Mar. 2012 52



Preliminary
- H27UBGST2CTR-BC
SK 32Gb(4096M x 8bit) Legacy MLC NAND Flash

5. Other Features

5.1. 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 V. is below about 2.0V (3.3V device). WP# pin
provides hardware protection and is recommended to be kept at V; during power-up and power-down.

The reset command (FFh) must be issued to all dies as the first command after device is power up. Each R/B#
will be busy for maximum of 2ms after reset command is issued. In this time, the acceptable command is 70h or
78h or 75h.

3V device = 2.7V

Nl
TN

vce . ){ )( ol
L/ .

CE# / ///:/ N . <§ i
WP# i % %/\ V\/% %/4{]{\
[\ fa—
WE# E E \_7/ 7 i
ALE i |

i |

RE# | / \I
< 0000 K = Y N

[

|
BT !
R/B# SRR ! 2 ms |
LRRLLL
KRR | |

1 |
] | [ Ams(max)
AT | -
| »
! " smax) I % Don’t care Undefined
los0m
I (min) ]

Figure 53 : Data protection and power on / off
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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, and 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 tz (R/B#) and current drain during busy (I,,,), an appropriate value can be
obtained with the following reference chart (Figure 54). Its value can be determined by the following guidance.

RE
open drain output

Rp | ibusy

VoL : 0.4V, Vou @ 2.4V

VoL Busy s,
7/

Fig. Rp vs tr, tf & Rp vs ibusy

@ Vo = 3.3V, Ta = 25°C, CL=50pF

33

ibusy

o 300n—+ 165 290 —+ 3m
s
£ 200nL 4 2m
100n —+ 1m
e & & e’
| | | |
1 1 1 1
1k 2k 3k 4k
Rp (ohm)
Rp value guidence
Vee (Max.) - VoL (Max. 3.2V
Rp (min) = cc (Max.) - VoL (Max.)
ToL+ 2IL 8mA + XL

where IL is the sum of the input currnts of all devices tied to the RfE pin.

Rp(max) is determined by maximum permissible limit of tr

Figure 54 : Ready / Busy

ibusy [A]
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5.3. Write Protect Operation

The Erase and Program Operations are automatically reset when WP# goes Low (ty,, = 100ns, min). The
operations are enabled and disabled as follows (Figure 53 ~ 56).

tww bwwy
vox ——soh ) { 10n ) ox 8o ) 100 )
s WA
RB \ RB
Figure 55 : Enable Programming Figure 56 : Disable Programming
WE \/ WE
tww tww
1IOX { 60h ) {Doh ) 1/0x { 60n ) DOh
WP WP T
RIB \ R/B
Figure 57 : Enable Erasing Figure 58 : Disable Erasing
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6. Application Notes and Comments

6.1. Paired Page Address Information

Paired page in “1st Group™ must has been programmed before page in “2nd Group® program execution.

Paired Page address (Hex code) Paired Page address (Hex code)
1%t Group 2" Group 1% Group 2" Group
00 04 01 05
02 08 03 09
06 0C 07 0D
0A 10 0B 11
OE 14 OF 15
12 18 13 19
16 1C 17 1D
1A 20 1B 21
1E 24 1F 25
22 28 23 29
26 2C 27 2D
2A 30 2B 31
2E 34 2F 35
32 38 33 39
36 3C 37 3D
3A 40 3B 41
3E 44 3F 45
42 48 43 49
46 4C 47 4D
4A 50 4B 51
4E 54 4F 55
52 58 53 59
56 5C 57 5D
5A 60 5B 61
5E 64 5F 65
62 68 63 69
66 6C 67 6D
6A 70 6B 71
6E 74 6F 75
72 78 73 79
76 7C 77 7D
7A 80 7B 81
7E 84 7F 85
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I
Paired Page address (Hex code) Paired Page address (Hex code)
1%t Group 2"¢ Group 1%t Group 2" Group
82 88 83 89
86 8C 87 8D
8A 90 8B 91
8E 94 8F 95
92 98 93 99
96 9C 97 9D
8A A0 9B Al
9E A4 9F A5
A2 A8 A3 A9
A6 AC A7 AD
AA BO AB Bl
AE B4 AF B5
B2 B8 B3 B9
B6 BC B7 BD
BA Co BB C1
BE c4 BF C5
Cc2 C8 C3 Cc9
Cé CC c7 CcD
CA DO CB D1
CE D4 CF D5
D2 D8 D3 D9
D6 DC D7 DD
DA EO DB El
DE E4 DF E5
E2 ES E3 E9
E6 EC E7 ED
EA FO EB F1
EE F4 EF F5
F2 F8 F3 F9
F6 FC F7 FD
FA FE FB FF

When program operation is abnormally aborted (ex. sudden power-off, reset), not only page data under program
but also a coupled row paired page data may be corrupted. For example, during Page Program operation of page
address 05h is aborted by reset or power down, the data of 01h and 05h page address may be spoiled.

Rev 0.2 / Mar. 2012 57



