ESMT

F59D4G81A / F59D4G161A

Flash

4 Gbit (512M x 8 / 256M x 16)
1.8V NAND Flash Memory

FEATURES

« Voltage Supply: 1.8V (1.7V ~ 1.95V)
« Organization
x8:
- Memory Cell Array: (512M + 8M) x 8bit
- Data Register: (2K + 64) x 8bit
x16:
- Memory Cell Array: (256M + 4M) x 16bit
- Data Register: (1K + 32) x 16bit
« Automatic Program and Erase
x8:
- Page Program: (2K + 64) Byte
- Block Erase: (128K + 4K) Byte
x16:
- Page Program: (1K + 32) Word
- Block Erase: (64K + 2K) Word
« Page Read Operation
- Page Size: (2K + 64) Byte (x8)
Page Size: (1K + 32) Word (x16)
- Random Read: 25us (Max.)
- Serial Access: 45ns (Min.)
« Memory Cell: 1bit/Memory Cell
« Fast Write Cycle Time
- Program time: 350us (Typ.)
- Block Erase time: 3.5ms (Typ.)

ORDERING INFORMATION

« Command/Address/Data Multiplexed 1/O Port
« Hardware Data Protection
- Program/Erase Lockout During Power Transitions

« Reliable CMOS Floating Gate Technology
- ECC Requirement: x8 - 4bit/512Byte
x16 - 4bit/256Word
- Endurance: 100K Program/Erase cycles
- Data Retention: 10 years

« Command Register Operation

« Automatic Page 0 Read at Power-Up Option
- Boot from NAND support
- Automatic Memory Download

« NOP: 4 cycles

« Cache Program/Read Operation
« Copy-Back Operation

« Two-Plane Operation

« EDO mode

« Bad-Block-Protect

Product ID | Speed ‘ Package | Comments
x8:
F59D4G81A-45TG | 45ns | 48pinTSOPI |  Pb-free
x16:
F59D4G161A-45TG | 45ns | 48pinTSOPI |  Pb-free

GENERAL DESCRIPTION

The device is a 512Mx8bit with spare 16Mx8bit capacity (or
256Mx16bit with spare 8Mx16bit capacity). The device is offered
in 1.8V Vcc Power Supply. Its NAND cell provides the most
cost-effective solution for the solid state mass storage market.
The memory is divided into blocks that can be erased
independently so it is possible to preserve valid data while old
data is erased.

The device contains 4096 blocks, composed by 64 pages
consisting in two NAND structures of 32 series connected Flash
cells. A program operation allows to write the 1056-Word page in
typical 350us and an erase operation can be performed in typical
3.5ms on a 128K-Byte for X8 device block (or 64K-Word for X16
device block).

Data in the page mode can be read out at 45ns cycle time per

Word. The 1/O pins serve as the ports for address and command
inputs as well as data input/output. The copy back function
allows the optimization of defective blocks management: when a
page program operation fails the data can be directly
programmed in another page inside the same array section
without the time consuming serial data insertion phase. The
cache program feature allows the data insertion in the cache
register while the data register is copied into the Flash array.
This pipelined program operation improves the program
throughput when long files are written inside the memory. A
cache read feature is also implemented. This feature allows to
dramatically improving the read throughput when consecutive
pages have to be streamed out. This device includes extra
feature: Automatic Read at Power Up.
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PIN CONFIGURATION (x8) (TOP VIEW)
(TSOPI 48L, 12mm X 20mm Body, 0.5mm Pin Pitch)

NCC——1 0 48 1 NC
NC——2 vy O m— (o
NC——3 46 [ 1 NC
NC——4 45 1 NC
NC 5 4 1107
NC—16 43 1 1/06
RBC—7 42 ——1105
REC8 41 [————11/04
CEC—19 40 1 NC
NC[——1 10 39 [ 1NC
NCC—1Mn 38 ——1NC
Vece 112 37 ———1vVcec
vss C—113 36 [ vyss
NCC—114 35— 1 NC
NCC—1]15 34 [ 1NC
CLEC—1 16 33 —1NC
ALEC— 117 32 —— 103
WELC—1 18 3M ———1 02
WP/ 119 30— 01
| Vo) nm— 7)) 29— 100
NC 1 21 28 ———1NC
NCc 122 27 ——1NC
NCc 23 26— 1NC
Vo) — Y 25— 1 NC
PIN CONFIGURATION (x16) (TOP VIEW)
(TSOPI 48L, 12mm X 20mm Body, 0.5mm Pin Pitch)
NC—11 0O 48 [ 1 Vss
NC— 2 47 1 1/015
NC—3 46 1107
NC—14 45 1 1/014
NC—15 4 ™ 11/06
NC—16 43 1 1/013
RBC—7 42 —1y05
REC—18 41— 1012
CEC—/9 40 [ 11/04
NC[——/—1 10 39 [ 1NC
NCC—— 11 38 [ 1NC
Vee 112 37 [ 1vcc
vss————113 36 NC
NCC—114 35— 1NC
NCC—115 34 [ 1NC
CLEC— 16 33 [—1 yon
ALE 17 32 — 103
WELC— 118 31 —1 010
WP 119 30— 02
NCcE—— 20 29 —— 1yo9
NC —— 21 28 ——— 101
NCC——122 27 —os
NcC——J23 26 —— 100
NC———1 24 25 [ 1yss
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Pin Description

Symbol

Pin Name

Functions

1/00~1/O7 (x8)
1/00~1/015 (x16)

Data Inputs / Outputs

The I/O pins are used to input command, address and data, and to output data
during read operations. The 1/O pins float to Hi-Z when the chip is deselected
or when the outputs are disabled.

CLE

Command Latch
Enable

The CLE input controls the activating path for commands sent to the internal
command register. Commands are latched into the command register through

the 1/0O ports on the rising edge of the WE signal with CLE high.

ALE

Address Latch Enable

The ALE input controls the activating path for addresses sent to the internal
address registers. Addresses are latched into the address register through the

I/0O ports on the rising edge of WE  with ALE high.

Chip Enable

The CE input is the device selection control. When the device is in the Busy
state, CE high is ignored, and the device does not return to standby mode in

program or erase operation. Regarding CE control during read operation,
refer to 'Page read’ section of Device operation.

Read Enable

The RE input is the serial data-out control, and when it is active low, it 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 Enable

The WE input controls writes to the 1/0 port. Commands, address and data
are latched on the rising edge of the WE pulse.

Write Protect

The WP pin provides inadvertent program/erase protection during power

transitions. The internal high voltage generator is reset when the WP pin is
active low.

R/B

Ready / Busy Output

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

Vce

Power

Vcc is the power supply for device.

Vss

Ground

NC

No Connection

Lead is not internally connected.

Note: Connect all Vcc and Vss pins of each device to common power supply outputs. Do not leave Vcc or Vss disconnected.
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BLOCK DIAGRAM (x8)

Vee —»
Vas » —
AZ2-A20 X_Buffers 4,“95”"’123”‘ Bitfor 4Gh
Latches NAND Flash
& Decoders >
ARRAY
AO-A11 Y-Buffers *
Latches
& Decoders Data Register & S/A
i - Y-Gating
A
Command
» Command ’
» Register »
Ly — /O Buffers & Latches I Vee
b Y Vasg
CE » Control Logic — ] L S J l_
RE * & High Voltage 100
A= > » Output  |o o
WE Generator Global Buffers Driver [T :
. L 2
v
CLE ALE WP
ARRAY ORGANIZATION (x8)
1 Block = 64 Pages
(128K + 4K) Byte
o
///
4.096 blocks for 4Ghlziiiiiiiiiriatiiiaiiiiiis ity 7 : Eﬁ:ii z (él}:: %1)]%);25)( 64 Pages
= (128K + 4K) Bytes
- 1 Device = (2K+64)B x 64Pages x 4,096 Blocks
8 bit = 4,224 NMbits for 4Gb
2K Bytes i " 64 Bytes
//
o
e e
E_’”//”/”'Page Register 222 ///. = oo-~o7
) 2K Bytes " 64 Bytes
Array Address (x8)
1100 1101 1102 /03 1104 /05 1106 1107 Address
1st cycle A0 Al A2 A3 A4 A5 A6 A7 Column Address
2nd cycle A8 A9 Al10 All L* L* L* L* Column Address
3rd cycle Al2 Al3 Al4 Al5 Al6 Al7 Al8 Al9 Row Address
4th cycle A20 A21 A22 A23 A24 A25 A26 A27 Row Address
5th cycle A28 A29 L* L* L* L* L* L* Row Address
NOTE:

Column Address: Starting Address of the Register.

* L must be set to “Low”.

* The device ignores any additional input of address cycles than required.

A18 is for Plane Address setting.
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BLOCK DIAGRAM (x16)

Voo —=
Veg —» *
A11-A29 X_Buffers 4,096M+128M Bit for 4Gh
> Latches HAND lash
& Decoders *
AREAY
AD-A10 Y-Buffers *
*  Latches
& Decoders Data Register & S/A
* » ¥.Gating
A
Command >

» Command -

> Register »

» —] V0 Buffers & Latches | Voo

b [ Vss
C__E * Control Logic — 9 r
RFE * & High Voltage oo
r= » » Output [
WE Generator Global Buffers Driver :
T F'y L ]
15
CLE ALE WP

ARRAY ORGANIZATION (x16)

1 Block = 64 Pages
- (B4K + 2K)Word

1 Page = (1K + 32)Word
1 Block = (1K + 32)Word x 64 Pages
= (64K + 2K)Words
1 Device = (1K + 32)Word x 64Pages x 4,096 Blocks

4 096 blocks for dGbfr7rm7777777777 77777 777777 777 77 7P 7

- = 4,224 Mbits for 4Gb
16 bit
A
1K Words 32 Words
v 7
g/ 4
E//////////:Page Registerw//_ A // Vo0 ~1oTs
’ 1K Words '32 Words
Array Address (x16)
1/100 1/01 1102 1/103 1/04 1/05 1106 1107 1/08~1/1015 Address
1st cycle AO Al A2 A3 A4 A5 A6 A7 L* Column Address
2nd cycle A8 A9 A10 L* L* L* L* L* L* Column Address
3rd cycle All Al2 A13 Al4 Al5 Al6 Al7 A18 L* Row Address
4th cycle A19 A20 A21 A22 A23 A24 A25 A26 L* Row Address
5th cycle A27 A28 L* L* L* L* L* L* L* Row Address

NOTE:

Column Address: Starting Address of the Register.

* L must be set to “Low”.

* The device ignores any additional input of address cycles than required.
A17 is for Plane Address setting.
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Product Introduction

The device is a 4,224Mbit memory organized as 64K rows (pages) by 2,112x8 columns. Spare 64x8 columns are located from column
address of 2,048~2,111. A 2,112-byte data register is connected to memory cell arrays accommodating data transfer between the 1/0
buffers and memory during page read and page program operations. The program and read operations are executed on a page basis,
while the erase operation is executed on a block basis. The memory array consists of 4,096 separately erasable 128K-byte blocks. It
indicates that the bit-by-bit erase operation is prohibited on the device.

The device has addresses multiplexed into 8 or 16 1/Os . This scheme dramatically reduces pin counts and allows system upgrades to
future densities by maintaining consistency in system board design. Command, address and data are all written through I/O's by

bringing WE to low while CE is low. Those are latched on the rising edge of WE . Command Latch Enable (CLE) and Address
Latch Enable (ALE) are used to multiplex command and address respectively, via the 1/0 pins. Some commands require one bus cycle.
For example, Reset Command, Status Read Command, etc require just one cycle bus. Some other commands, like page read and
block erase and page program, require two cycles: one cycle for setup and the other cycle for execution.

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

Command Set

Function 1st Cycle 2nd Cycle Accegta?le CELIERE
uring Busy
Read 00h 30h
Read for Copy Back 00h 35h
Read ID 90h -
Reset FFh - (0]
Page Program 80h 10h
Copy-Back Program 85h 10h
Block Erase 60h DOh
Random Data Input® 85h -
Random Data Output™ 05h EOh
Read Status 70h - o
Read Status 2 F1lh - (0]
Two-Plane Read® 60h-60h 30h
Two-Plane Read for Copy-Back 60h-60h 35h
Two-Plane Random Data Output ® 00h-05h EOh
Two-Plane Page Program(z) 80h-11h 81h-10h
Two-Plane Copy-Back Program(z) 85h-11h 81h-10h
Two-Plane Block Erase 60h-60h DOh
Cache Program 80h 15h
Cache Read 31lh -
Read Start For Last Page Cache Read 3Fh -
Two-Plane Cache Read® 60h-60h 33h
Two-Plane Cache Program(z) 80h-11h 81h-15h

NOTE:

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

2. Any command between 11h and 80h/81h/85h is prohibited except 70h/F1h and FFh.

3. Two-Plane Random Data Output must be used after Two-Plane Read operation or Two-Plane Cache Read operation.

Elite Semiconductor Memory Technology Inc. Publication Date: May 2014
Revision: 1.4 6/54
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ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Rating Unit
Vce -0.6 to +2.54
Voltage on any pin relative to Vss ViN -0.6 to +2.54 \%
Vio -0.6 to Vcc + 0.3 (< 2.54V)
Temperature Under Bias Teias -40 to +125 T
Storage Temperature Tste -65 to +150 T
Short Circuit Current los 5 mA

NOTE:

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

RECOMMENDED OPERATING CONDITIONS
(Voltage reference to GND, Ta=0to 70C)

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

DC AND OPERATION CHARACTERISTICS

(Recommended operating conditions otherwise noted)

Parameter Symbol Test Conditions Min. Typ. Max. Unit
Current Program lcc2 - - 15 20
Erase Iccs - - 15 20
Stand-by Current (TTL) Ise1 CE =Vjy, WP =0V/NVcc - - 1 mA
Stand-by Current (CMOS) Ise2 CE = Vcc 0.2, WP =0V/ Ve - 10 50 uA
Input Leakage Current I ViN=0 to Vcc (max) - - *10 UA
Output Leakage Current ILo Vour=0 to Vce (max) - - 110 UA
Input High Voltage viy® - 0.8 X Ve - Vec+0.3 | V
Input Low Voltage, All inputs V|L(1) - -0.3 - 0.2 X Ve \Y
Output High Voltage Level Vou lon=-100uA Vee - 0.1 - - \%
Output Low Voltage Level VoL lor=+100uA - - 0.1 \%
Output Low Current (R/B) lo (R/B) | Vo=0.2V 3 4 - mA

NOTE:
1. V. can undershoot to -0.4V and V4 can overshoot to Vcc + 0.4V for durations of 20 ns or less.
2. Typical value are measured at Vcc=1.8V, Ta=25C. Not 100% tested.

VALID BLOCK

Symbol Min. Typ. Max. Unit
Nvs 4,016 - 4,096 Block

NOTE:

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

2. The 1st block, which is placed on 00h block address, is guaranteed to be a valid block at the time of shipment.
3. The number of valid block is on the basis of single plane operations, and this may be decreased with two plane operations.
Elite Semiconductor Memory Technology Inc. Publication Date: May 2014
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ESMT F59D4G81A / F59D4G161A

AC TEST CONDITION
(TA=0to 70°C, Vcc=1.8V~1.95V, unless otherwise noted)
Parameter Condition
Input Pulse Levels 0V to Vee
Input Rise and Fall Times 5ns
Input and Output Timing Levels Vee 12
Output Load 1 TTL Gate and C =30pF
CAPACITANCE
(Ta=25C, Vcc=1.8V, f=1.0MHz)
Item Symbol Test Condition Min. Max. Unit
Input / Output Capacitance Cio ViL=0V - 10 pF
Input Capacitance Cin Vin = 0V - 10 pF

NOTE: Capacitance is periodically sampled and not 100% tested.

MODE SELECTION
CLE ALE CE WE RE WP Mode
H L L ) H X Command Input
Read Mode
L H L [ H X Address Input (5 clock)
H L L H H Command Input
E N Write Mode P
L H L ) H H Address Input (5 clock)
L L L ) H H Data Input
L L L H ¥ X Data Output
X X X X H X During Read (Busy)
X X X X X H During Program (Busy)
X X X X X H During Erase (Busy)
X x® X X X L Write Protect
X X H X X OVIVec® | Stand-by
NOTE:

1. XcanbeV or V.
2. WP should be biased to CMOS high or CMOS low for standby.

Elite Semiconductor Memory Technology Inc. Publication Date: May 2014
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ESMT F59D4G81A / F59D4G161A

Program / Erase Characteristics

Parameter Symbol Min. Typ. Max. Unit
Average Program Time trroOG - 350 750 us
Dummy Busy Time for Cache Operation teesy - 3 700 us
Number of Partial Program Cycles in the ) .
Same Page Nop 4 Cycle
Block Erase Time tBERS - 3.5 10 ms
Dummy Busy Time for Two-Plane Page topsy 05 1 us
Program
NOTE:
1. Typical program time is defined as the time within which more than 50% of the whole pages are programmed at 1.8V Vcc and 25°C
temperature.
2. tproc is the average program time of all pages. Users should be noted that the program time variation from page to page
is possible.

3. tecesy max. time depends on timing between internal program completion and data-in.

AC Timing Characteristics for Command / Address / Data Input

Parameter Symbol Min. Max. Unit
CLE Setup Time ters™ 25 - ns
CLE Hold Time teLn 10 - ns
CE Setup Time tes™ 35 - ns
CE Hold Time ten 10 - ns
WE Pulse Width twp 25 - ns
ALE Setup Time tas? 25 - ns
ALE Hold Time taLH 10 - ns
Data Setup Time tps? 20 - ns
Data Hold Time ton 10 - ns
Write Cycle Time twe 45 - ns
WE High Hold Time twH 15 - ns
Address to Data Loading Time tapL® 100¥ - ns

NOTE:
1. The transition of the corresponding control pins must occur only once while WE is held low.
2. tapo is the time from the WE rising edge of final address cycle to the WE rising edge of first data cycle.

Elite Semiconductor Memory Technology Inc. Publication Date: May 2014
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AC Characteristics for Operation

Parameter Symbol Min. Max. Unit
Data Transfer from Cell to Register tr - 25 us
ALE to RE Delay tar 10 - ns
CLEto RE Delay teir 10 - ns
Ready to RE Low trr 20 - ns
RE Pulse Width trp 25 - ns
WE High to Busy tws - 100 ns
E Low to VE Low (disable mode) o 100 ) ns
WP Highto WE Low (enable mode)
Read Cycle Time tre 45 - ns
RE Access Time tReA - 30 ns
CE Access Time tcea - 45 ns
RE High to Output Hi-Z trHz - 100 ns
CE High to Output Hi-Z tehz - 30 ns
CE High to ALE or CLE Don’t Care teso 0 - ns
RE High to Output Hold tRHOH 15 - ns
RE Low to Output Hold trLOH 5 - ns
CE High to Output Hold tcon 15 - ns
RE High Hold Time treH 15 - ns
Output Hi-Z to RE Low tr 0 - ns
RE High to WE Low trRHW 100 - ns
WE Highto RE Low twHR 60 - ns
Read - 5 us
Device Resetting Program - 10 us
. ) trsT
Time during ... Erase - 500 us
Ready - 5@ us
Cache Busy in Read Cache (following )
31h and 3Fh) tocesyr 30 us

NOTE: 1. If reset command (FFh) is written at Ready state, the device goes into Busy for maximum 5us.

Elite Semiconductor Memory Technology Inc. Publication Date: May 2014
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NAND Flash Technical Notes
Mask Out Initial Invalid Block(s)

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

The 1st block, which is placed on 00h block address, is guaranteed to be a valid block up to 1K program/erase cycles with 4bit/512Byte
(4bit/256Word) ECC.

Identifying Initial Invalid Block(s) and Block Replacement Management

All device locations are erased (FFh) except locations where the initial invalid block(s) information is written prior to shipping. The initial
invalid block(s) status is defined by the 1st byte in the spare area. ESMT makes sure that either the 1st or 2nd page of every initial
invalid block has non-FFh data at the 1st byte column address in the spare area.

Do not erase or program factory-marked bad blocks. The host controller must be able to recognize the initial invalid block information
and to create a corresponding table to manage block replacement upon erase or program error when additional invalid blocks develop
with Flash memory usage.

Elite Semiconductor Memory Technology Inc. Publication Date: May 2014
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[ st |

| set Ellucl-cﬂl.dd;ess: 0|

Increase
Block
Address
'
Create Initia Check “FFh” at the 1st Byte column address in
Invalid Block the spare area of the 1st and 2nd page in the
Table block.

no
Last Block?

YRS

For (i=0; i<Num_of_LUs; i++)
{
For (j=0; j<Blocks_Per_LU; j++)
{
Defect_Block_Found=False;
Read_Page(lu=i, block=j, page=0);
If (Data[coloumn=First_Byte_of_Spare_Area]!=FFh) Defect_Block_Found=True;
Read_Page(lu=i, block=j, page=1);
If (Data[coloumn=First_Byte_of Spare_Area]!=FFh) Defect Block_Found=True;
If (Defect_Block_Found) Mark_Block_as_Defective(lu=i, block=j);
}
}
Elite Semiconductor Memory Technology Inc. Publication Date: May 2014
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Error in Write or Read Operation

Within its lifetime, additional invalid blocks may develop with NAND Flash memory. Refer to the qualification report for the actual data.
The following possible failure modes should be considered to implement a highly reliable system. In the case of status read failure after
erase or program, block replacement should be done. Because program status fail during a page program does not affect the data of
the other pages in the same block, block replacement can be executed with a page-sized buffer by finding an erased empty block and
reprogramming the current target data and copying the rest of the replaced block. In case of Read, ECC must be employed. To
improve the efficiency of memory space, it is recommended that the read or verification failure due to single bit error be reclaimed by

ECC without any block replacement. The additional block failure rate does not include those reclaimed blocks.

Failure Mode

Detection and Countermeasure sequence

Writ Erase failure Read Status after Erase — Block Replacement
rite

Program failure Read Status after Program — Block Replacement
Read Up to 4 bits failure Verify ECC — ECC Correction

NOTE: Error Correcting Code — RS Code or BCH Code etc.

Example: 4bit / 512Byte (4bit / 256Word)

Program Flow Chart

Mo

YWy'rite BOh

Witite Data

WWrite 10h

Read Status
Register

Mo
=[]7
1f0 0=07 >

Prograrm Errot

tlark Bad Block
Frogram Completed % Peplace Block
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Erase Flow Chart

YWitite GOk

Address

Read
Status
Reister

Read Flow Chart

Wirite
Address

S

Write Block

Mo

Mo Erase Error
. —

Erase Completed fark Bad Block

ECC Generation

Heclaim the Ertar

Fage Read
Completed
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Block Replacement
Block A

1zt

(n-1) th

nth — An ertor ocours.

page @

Block B Buffer memory of the
controller
1st @

(n-1) th

nth  —fp An error occuts.
* Step 1
When an ervor happens o the nth page of the Block "A' during erase or program
operation.

page * Step 2
Copy the data in the 1st ~ (n-1)th page to the same location of another free
block. (Block 'BY)
* Step 3

Then, copy the nth page data of the Block "A' in the buffer memory to the nth
page of the Block 'B'

* Step 4

Do not erase of program to Block "A' by creating an "invalid block” table or
other appropriate scheme.

Addressing for program operation

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

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

_>| Data register _,l Data register

From the LSB MSB Ex.) Random page program (Prohibition)

DATA IN: Data (1) —> Data (64) DATA IN: Data (1) — Data (64)

Elite Semiconductor Memory Technology Inc. Publication Date: May 2014
Revision: 1.4 15/54



ESMT

F59D4G81A / F59D4G161A

System Interface Using

CE

Don’t Care

For an easier system interface, CE may be inactive during the data-loading or serial access as shown below. The internal 2,112byte
(1,056word) data registers are utilized as separate buffers for this operation and the system design gets more flexible. In addition, for

voice or audio applications that use slow cycle time on the order of u-seconds, de-activating CE during the data-loading and serial
access would provide significant savings in power consumption.

Program/Read Operation with »CE not-care”

.

10

CLE

ALE

TE o sl care

=

Start Address (5Cycles)

Diata Inpuz

—

Diata Input

\ REA ! lI
Il"“‘ {}7

[

—

CLE

- ]

TE o ot gare

i I R
e
LT
L0 Start Address 15Cycles) { [rata Crutpan }7
Address Information
Device 1/10 DATA ADDRESS
1/0x Data In / Out Col. Add1 Col. Add2 Row Add1 Row Add2 Row Add3

F59I?):18(§;81A 1/00~7 2,112 Byte AO ~ A7 A8 ~ All Al2 ~ A19 A20 ~ A27 A28 ~ A29
FSQI?)?]%:)LGJ'A 1/00~15 1,056 Byte AO ~ A7 A8 ~ Al10 All ~ A18 Al19 ~ A26 A27 ~ A28
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Timing Diagrams

Command Latch Cycle
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Input Data Latch Cycle

CLE

ALE

¥

h—tCH—>|
D e
h—tCLH—>|
5 2
r—tﬂ«LS—b
B: H
AT ——— o t1H —m
b P R >—>‘ P r—b P
S N % o s e o
t0H iOH tOH tOH
T ot
Serial Access Cycle after Read (CLE=L, ALE=1L, WE = H)
) /
REHM I tCHZ
r—tRCL | 10 0H

¥

RE

NOTE:
1. Dout transition is measured at +200mV from steady state voltage at I/0O with load.

L S L

>—>| tREA Lb‘ tRHZ

tREA
- Dout 3 ¢ Dout }

N

t—b tRHOH
tREA MRHIM

lI.'—_
- Dout g

r—tRR—b‘ -

_

2. truon Starts to be valid when frequency is lower than 20MHz.
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F59D4G81A / F59D4G161A

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

[ o
CE o /
Z I
trRC , tcHz _
L {REH i
RE E—*—L , 2 \
TREA tRea iz
<RLOH tRHOH |
. tcEA | 2
/O Dout @( Dout -
iRR ¢
11
RIE
NOTE:

1. Transition is measured at £200mV from steady state voltage with load.
This parameter is sample and not 100% tested. (tchz, truz)

2. trion is valid when frequency is higher than 20MHZ.
trHoH Starts to be valid when frequency is lower than 20MHZ.

Status Read Cycle

toHL

CH
o 15 » o HCEA, »
T N
W CLH
p—icLs— {CLR
CLE A 3
p—tiP—»
WE 3 A
P——tRP e
2 tiHR 4“ M OH
RE N
M DH tREA
p-iDS - p—R
o Cron D { Status Outout

tRHOH
tRHZ
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F59D4G81A / F59D4G161A

Read Operation (Read One Page)

CE X /. «
e A Eﬂ
L—b tCLR
r—b R
e I 7 R %
r—mro—>| r—tR—b
WE TN AN AN AN AN F N A - S
r—tRC—b-|
RHZ
Colurmn Address Row Address p—w RR RHZ
x| 00h JCCol Add1 9 Col AddZ O Row Add1 3 Row AddZ 3¢ Row Adda )¢ 30h & 48
>—>|mrE=
RiB SopusY o %
Read Operation (Intercepted byﬁ)
E AT o
tCHZ
CLE _ X RS A L
LtCLRb »I
r—m—» tcgD
me R L
WL AN AN AN AN AN SN -
——th——f
e P
L—tRC—b‘
wox ¢ 0oh 3 Col Addl ¥ ColAdd2 W Rowadd! 3 Rowadd2 3 RowAdd3  3{30h DoutN_ 3 —+ Dout M+1 33— Dout+2
Column Address Fow Address —w tRR T

e

RIE

%EUSY 7"-
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Random Data Output In a Page

e i 7 !
e N oA !
ALE 7 \
r—tWD—DI :
WE raR e Fa Fa Fal Ay b '
taR I
I
1CLR i PR
Fe N '
|
I
o | ook K Coliddl b Col fid? ¥ Fowfedl  H Fow Add % Row #dd3 7% 30b 3 {Dou N {_Dout sl 3
b R I
HW&-| L—p tRR :
R/B e BUSY 7 T [
CE _|
cLe ! i ke # b
ALE 7
|
I
wE S S Lo S
| Lr—tﬂ;j
I \
: r—tHH 1iH
Y/ S S
: tREA
140 | 05h ¥_Col. Add1 # Col. Add? # Eh 4 _Dout b #—{_Dout i1 =
I
|
I
R
[1]
Page Program Operation
CE % 'l,.",.
CE SN {n{.
ALE A \.l g‘i
r— Y
RE

LMLJ i

HA

G- —

-( fh o fad 1 ol i Zlow sdd 14 Rew sdd@ow#dd3 b—F g by )q‘:.
b

OO0 =0 Swoces=ul Program
fO0 =1 Error in Program

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

= i
e { =
ALE ! ‘\

RE iﬁ i

Colum n Address R Addre 55 p—tOL— Cood
Ui ‘ &0h ){cd #dd f'r;(cd .a.uu:}{n.ow.a.uu t{mmuz}{mmua} ! Din M ].: 5 ¥ Din M :| - {_E'n y
RIB W o
L1
|
CE [ !
cE /1N «
ALE : 4 ", 'f,,{
p— i !

W AN S W

RE % L A
Codunmn Address | —1a01 W
Uox {_pin w )-{_ghn ¥ oona0 1o aauz ) {ong X En":. Aonk F—{1m ) i Cm {uoo.
RiB BB W \.ausz‘;‘:_/
1
NOTE: tap. is the time from the WE rising edge of final address cycle to the WE rising edge of the first data cycle.
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Copy-Back Operation with Random Data Input
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— Refad Status Commahd
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Busy Busy
Copy-Back Data
Input Command
Cache Program Operation
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Cache Read Operation
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Block Erase Operation

BERS-

-t C- }I
WE _’\\_’j—\

RE

p

S
p—LT-.-“-:'HH
e - il Km_ﬁnu1}{ﬂw.ﬁ.ﬂd2 }{:Rw.anua:l{ Dk K/l { T0R }‘( e }—

R

Read ID Operation

CLE £ b
r—tAR—b
ALE 7 b
WE % S
B—BtREL r—tRC—b-|
e N e S e S e S e S
e a0 oo 15t oye, 2nd cye. [ ath cyc. 4th cyc. Latheye, 3 ——
Read ID Command Address 1oycle Maker Code Device Code
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Two-plane Page Read Operation with Two-plane Random Data Out

&= i— .
ALE I / N, r . 18 - :
B ol el

€ 60h ¥ RA1 X RA2 X RA3 X 30h )

vox 10 D 60h ) Ra1 Y RA2 Y RA3)-

"< Row Address — "< Row Address — B
= rPlaeaddres-s:P e M Page address : P, i;\l'lmn _.l
RE o Block acdress : Block N Block address : Block N
CE |
CLE | A Y A % { 3 b \
L‘C LRM
/ Y % (T ;

FMHR+ H IRHW
P T

pLHnEA

O—O—@

VOx 10—(oon X cA1 X ca2 XRa1 X RA2 X RA3)

£05h X CA1 X CA2 X EOh )

&

_ H—.l IRHWW LWL:.Dl L—’ HR T
Lo . g B 5
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vox 10 :—(unh Y car Y caz Y rRa1 Y Rra2 Y RA3 ) ——(05h Y ca1 X caz Y Eoh ) — Oy —— Py —

| Column Address o ess Column Address

_ | - 5 n address : Valid
AgE AGOress :
RIB = [z Ei,a:n_e address E?:Eegu High*
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ESMT

Two-plane Cache Read Operation
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Two-plane Page Program Operation

ESMT
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Two-plane Cache Program Operation
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Two-plane Block Erase Operation

I

WIVE
RE
Lt ‘ GOk 7\-‘% RouuAdd1'>€ RowAddZ‘}é Rou Add3>-€ Goh * Rom Add1'>< RowAddZ},‘e Rou Add3‘>€ DOh FOhfF1h 10
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F59D4G81A / F59D4G161A

ID Definition Table

ID Access command = 90H
1%t Cycle 2" cycle d th th
Product ID (Maker Code) | (Device Code) 3" Cycle 4" Cycle 5" Cycle
F59D4G81A (x8) C8h ACh 90h 15h 54h
F59D4G161A (x16) C8h BCh 90h 55h 54h
Description
1° Byte Maker Code
2" Byte Device Code
3 Byte Internal Chip Number, Cell Type, etc
4" Byte Page Size, Block Size, etc
5 Byte Plane Number, Plane Size, ECC Level
3rd ID Data
Description 1107 1106 1105 1104 1103 1102 1/01 1/00
1 0 0
. 2 0 1
Int | Chip Numb
nternal Chip Number 4 1 0
8 1 1
2 Level Cell 0 0
4 Level Cell 0 1
Cell Type 8 Level Cell 1 0
16 Level Cell 1 1
Number of ! 0 0
) 2 0 1
Simultaneously 4 1 0
Programmed Page
8 1 1
Interleave Program Not Support 0
Between multiple chips | Support 1
Not Support 0
Cache Program Support 1
4th ID Data
Description 1107 1106 1105 1104 1103 1102 1/01 1/00
1KB 0 0
Page Size 2KB 0 1
(w/o redundant area) 4KB 1 0
8KB 1 1
Redundant Area Size 8 0
(byte/512byte) 16 1
64KB 0 0
Block Size 128KB 0 1
(w/o redundant area) 256KB 1 0
512KB 1 1
. x8 0
Organization %16 1
45ns 0 0
. . Reserved 0 1
Serial Access Time Reserved 1 0
Reserved 1 1

Elite Semiconductor Memory Technology Inc.

Publication Date: May 2014

Revision: 1.4

31/54



ESMT F59D4G81A / F59D4G161A

5th ID Data

Description 1107 1106 1105 1104 1/103 1102 1101 1/00
1 0 0
2
4
8

Plane Number

P PO
=N

64Mb
128Mb
256Mb
Plane Size 512Mb
(w/o redundant area) 1Gb
2Gb
4Gb
8Ghb

PRPRPPLPOOOCO
PPRPOOREFLOO
POPFRPOPFR,ORFrO

Reserved Reserved 0 0 0
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DEVICE OPERATION
Page Read

Upon initial device power up, the device defaults to Read mode. This operation is also initiated by writing 00h command, five-cycle
address, and 30h command. After initial power up, the 00h command can be skipped because it has been latched in the command
register. The 2,112Byte (1,056Word) of data on a page are transferred to cache registers via data registers within 25us (tg). Host

controller can detect the completion of this data transfer by checking the R/B output. Once data in the selected page have been
loaded into cache registers, each Byte can be read out in 45ns cycle time by continuously pulsing RE . The repetitive high-to-low
transitions of RE clock signal make the device output data starting from the designated column address to the last column address.

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

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

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

Read Operation

e L0 M0 ]

.

I
ALE L |

WE |
REY .
_ Al
RI u -
w e L
RE w | R
! Y \ \ i !
1% I,I 0ch :,:, Address (Seyches) }:. 30h } :. Crana Crumput Serial Access) :'—
Col, Add. 1,2 & Row Add. 1,203
{00h Command)
-} -
Diata Field
-
\ .
Spare Field
= -
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Random Data Output In a Page

- 1
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Page Program

The device is programmed based on the unit of a page, and consecutive partial page programming on one page without intervening
erase operation is strictly prohibited. Addressing of page program operations within a block should be in sequential order. A complete
page program cycle consists of a serial data input cycle in which up to 2,112byte (1,056word) of data can be loaded into data register
via cache register, followed by a programming period during which the loaded data are programmed into the designated memory cells.

The serial data input cycle begins with the Serial Data Input command (80h), followed by a five-cycle address input and then serial data
loading. The bytes not to be programmed on the page do not need to be loaded. The column address for the next data can be changed
to the address follows Random Data Input command (85h). Random Data Input command may be repeated multiple times in a page.
The Page Program Confirm command (10h) starts the programming process. Writing 10h alone without entering data will not initiate
the programming process. The internal write engine automatically executes the corresponding algorithm and controls timing for
programming and verification, thereby freeing the host controller for other tasks. Once the program process starts, the host controller

can detect the completion of a program cycle by monitoring the R/B output or reading the Status bit (1/06) using the Read Status
command. Only Read Status and Reset commands are valid during programming. When the Page Program operation is completed,
the host controller can check the Status bit (I/O0) to see if the Page Program operation is successfully done. The command register
remains the Read Status mode unless another valid command is written to it.

A page program sequence is illustrated in following figure, where column address, page address, and data input are placed in between
80h and 10h. After tproc program time, the R/B de-asserts to ready state. Read Status command (70h) can be issued right after 10h.

Program & Read Status Operation

— - tPROG »
R/B
/Ox Address & Data Inp@—@ Pass
Col. Add.1,2 & Row Add. 1,23
Ciata :
Fail
Random Data Input In a page
— +—{[PROG—*
R/B
lHox @ Address & Data Irw)—@—(ﬂddress & Data Inpu*)—Lmr:)-
Col. Add.1,2 & Row Add1,2,3 Col. Add. 1,2
Cata Data
Fail
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Cache Program

Cache Program is an extension of Page Program, which is executed with 2,112 byte (x8) or 1,056 bytes (x16) data registers, and is
available only within a block. Since the device has 1 page of cache memory, serial data input may be executed while data stored in
data register are programmed into memory cell.

After writing the first set of data up to 2,112 bytes (x8) or 1,056 bytes (x16) into the selected cache registers, Cache Program command
(15h) instead of actual Page Program (10h) is inputted to make cache registers free and to start internal program operation. To transfer
data from cache registers to data registers, the device remains in Busy state for a short period of time (tcgsy) and has its cache
registers ready for the next data-input while the internal programming gets started with the data loaded into data registers. Read Status
command (70h) may be issued to find out when cache registers become ready by polling the Cache-Busy status bit (I/0O6). Pass/fall
status of only the previous page is available upon the return to Ready state. When the next set of data is inputted with the Cache
Program command, tcesy is affected by the progress of pending internal programming. The programming of the cache registers is
initiated only when the pending program cycle is finished and the data registers are available for the transfer of data from cache
registers. The status bit (1/05) for internal Ready/Busy may be polled to identity the completion of internal programming. If the system

monitors the progress of programming only with R/E, the last page of the target programming sequence must be programmed with
actual Page Program command (10h).

Cache Program (available only within a block)

I ICBRY 1OBEY I
i - - 1
RE !
™y ™y
[/ I tilfflh h" (‘ulell ess de Data fnpu[/,l—| 15 H tilfflh rJ'u'.ItII ess e Data [|1r.-ut’), ':: Eh '—:l-'-
| Caol. Add. 1,2 & Row Add 1,23 Caola Add. 1,2 & Row Add. 1,23 1
Data Data ‘il
- - 1
Max, 63 times repeatable
} - -
RE (PROG
N, __'\
L/ Jl-i 8[]I33 k‘u.leln_“& Drata Inpat I——|\ 104 _,f'
1 Caol, Add, 1.7 & Row Add 1.3.3
Fat [Data
| g — —— — — ——— — -
= Last Page Input and Program

NOTE:

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

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

Copy-Back Program is designed to efficiently copy data stored in memory cells without time-consuming data reloading when there is
no bit error detected in the stored data. The benefit is particularly obvious when a portion of a block is updated and the rest of the block
needs to be copied to a newly assigned empty block. Copy-Back operation is a sequential execution of Read for Copy-Back and of
Copy-Back Program with Destination address. A Read for Copy-Back operation with “35h” command and the Source address moves
the whole 2,112byte (1,056word) data into the internal buffer. The host controller can detect bit errors by sequentially reading the data
output. Copy-Back Program is initiated by issuing Page-Copy Data-Input command (85h) with Destination address. If data modification
is necessary to correct bit errors and to avoid error propagation, data can be reloaded after the Destination address. Data modification
can be repeated multiple times as shown in the following figure. Actual programming operation begins when Program Confirm
command (10h) is issued. Once the program process starts, the Read Status command (70h) may be entered to read the status

register. The host controller can detect the completion of a program cycle by monitoring the R/B output, or the Status bit (I/O6) of the
Status Register. When the Copy-Back Program is complete, the Status Bit (I/00) may be checked. The command register remains
Read Status mode until another valid command is written to it.

Page Copy-Back Program Operation

— = +—PROG

Col. Add. 1.2 & Row Add.1,2,3 Col, Add 1.2 & Row Add 1,23 \]1/
Source Address Destination Address

Mote: 1. Copy-Back Program operation is allowed only within the same memory plane

Page Copy-Back Program Operation with Random Data Input

tFROG
— IR —
R/B
HOx Add (5Cycles) Add (2Cycles)
Col. Add. 1.2 & Row Agd. 1,23 Col. Add. 1,2 & Row Add.1,2.3 Col. Add.1,2
Source Address Desfination Address - — -
There is no lintitaton for the number of repatition,
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Block Erase

The block-based Erase operation is initiated by an Erase Setup command (60h), followed by a three-cycle row address, in which only
Plane address and Block address are valid while Page address is ignored. The Erase Confirm command (DOh) following the row
address starts the internal erasing process. The two-step command sequence is designed to prevent memory content from being
inadvertently changed by external noise.

At the rising edge of WE after the Erase Confirm command input, the internal control logic handles erase and erase-verify. When the
erase operation is completed, the host controller can check Status bit (I/O0) to see if the erase operation is successfully done. The
following figure illustrates a block erase sequence, and the address input (the first page address of the selected block) is placed in

between commands 60h and DOh. After tgers erase time, the R/B de-asserts to ready state. Read Status command (70h) can be
issued right after DOh to check the execution status of erase operation.

Block Erase Operation

-
T IRERS

o (@ ©

Fow Add. 1,23

Read Status

A status register on the device is used to check whether program or erase operation is completed and whether the operation is
completed successfully. After writing 70h command to the command register, a read cycle outputs the content of the status register to
1/0 pins on the falling edge of CE or RE, whichever occurs last. These two commands allow the system to poll the progress of each

device in multiple memory connections even when R/B pins are common-wired. RE or CE does not need to toggle for status
change.

Read Status command 70h is used to retrieve operating status of commands like page read, page program and block erase. Similarly,
Read Status Two-plane Command F1h is used to retrieve operating status of two-plane commands.

The command register remains in Read Status mode unless other commands are issued to it. Therefore, if the status register is read
during a random read cycle, a read command (00h) is needed to start read cycles.

Status Register Definition for 70h Command

1/10 Page Program | Block Erase | Cache Program Read Cache Read Definition
1100 Pass / Fail Pass/Fail | Pass/Fail (N) NA NA E;T,sf, 1'(')
/01 NA NA Pass / Fail (N-1) NA NA Pass: "0
Fail: "1
1102 NA NA NA NA NA Don't cared
1/03 NA NA NA NA NA Don't cared
1104 NA NA NA NA NA Don't cared
1/05 NA NA True Ready / NA True Ready/ | Busy: 0 ”
Busy Busy Ready: "1
Ready / Ready / Busy: "0”
1106 Ready / Busy Busy Ready / Busy Busy Ready / Busy Ready: 1"
1107 Write Protect Write Protect Write Protect Write Protect Write Protect Protected: "0 o
Not Protected: "1
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Status Register Definition for F1Ih Command

110 Page Program | Block Erase PCache Read Cache Read Definition
rogram
Chip Pass / Chip Pass / Chip Pass / Pass: "0”
/o0 Fail Fail Fail (N) NA NA Fail: *1”
Plane0 Pass/ | Plane0 Pass/ | Plane0 Pass/ Pass: "0”
Vo1 Fail Fail Fail (N) NA NA Fail: "1”
Planel Pass/ | Planel Pass/ | Planel Pass/ Pass: "0”
/o2 Fail Fail Fail (N) NA NA Fail: "1"
Plane0 Pass / Pass: "0”
1/03 NA NA Fail (N-1) NA NA Fail: "1”
Planel Pass / Pass: "0”
1/04 NA NA Fail (N-1) NA NA Fail: "1”
True Ready / True Ready / Busy: "0”
/05 NA NA Busy NA Busy Ready: "1”
Ready / Busy: "0”
1/06 Ready / Busy Ready / Busy Ready / Busy Busy Ready / Busy Ready: "1”
1107 Write Protect Write Protect Write Protect | Write Protect Write Protect Protected: "0 -
Not Protected: "1
NOTE:

1. 1/Os defined NA are recommended to be masked out when Read Status is being executed.
2. n:current page, n-1 : previous page.
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Read ID

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

Read ID Operation

CE y
CLE " B
r—TAR—b
ALE 4 L
WWE Ay i X
> REA r—tRC—b|
RE A 7/ : Fi Y £ Y i 4
T
1 40k ululy] - =t oye. d—— 2ndoye.  p—— 3thoye, — 4th oy, F—ath oy, F———
Read ID Command Address 1oycle Maker Code Device Code

ID Definition Table

1% Cycle 2" Cycle rd th th
Product ID (Maker Code) | (Device Code) 3" Cycle 4" Cycle 5" Cycle
F59D4G81A (x8) C8h ACh 90h 15h 54h
F59D4G161A (x16) C8h BCh 90h 55h 54h
Reset

The device offers a reset feature, executed by writing FFh to the command register. When the device is in Busy state during random
read, program or erase mode, the reset operation will abort these operations. The contents of memory cells being altered are no longer
valid, as the data will be partially programmed or erased. The command register is cleared to wait for the next command, and the

Status Register is cleared to value COh when WP is high. If the device is already in reset state a new reset command will be

accepted by the command register. The R/B pin changes to low for trst after the Reset command is written. Refer to the following
figure.

- -
REB (RST
F
[0x [ FFh ) >
N
Device Status
After Power-up After Reset
Operation mode 00h Command is latched Waiting for next command
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Cache Read

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

to complete data transfer from memory cells to data registers.

Read Operation with Cache Read

CLE

Data Cache @(: @(: TP&geN @CE TPageNﬂ @(: TPaqemz (: TPaqama

Call Aray
Paga N
Paga M +1
Paga M +2
PagaM+3
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Two-Plane Page Program

Two-plane Page Program is an extension of Page Program, and which utilizes the two sets of 2,112byte (1,056word) data registers to
enable simultaneous programming of same page of same block from each plane.

After writing the first set of data (up to 2,112 bytes (1,056 words)) into the selected data registers, Dummy Page Program command

(11h) instead of Page Program command (10h) is input to finish data loading for the first memory plane. R/B remains in Busy state for
a short period of time (tpssy). Read Status (70h) may be issued to find out when the device returns to Ready state by polling the Status
bit I/0O6. The second set of data for the other memory plane is loaded after the 81h command and address sequence. After that, the
Page Program command (10h) must be issued to start the programming process. Refer to Page Program command for the operation

of R/IB and Read Status. The Status bit 1/00 is set to “1” when either page fails. The following figure shows the restriction in
addressing with Two-plane Page Program.

Read Command Sequence of Two-plane Page Program

- |
10x i o,/ Address :hm‘ J Addiess ;‘E-\ :
/)_< Hf_‘kt"]‘-] ..- > l:".-lf_hz.]t_] ';"-‘ ‘J,."' i
Row Add. 1,23 Fow Add. 1,23 ==
11 1
Page address: Page M Page address: Page M E--
Plane addressz Fixed 'Low" Plane address: Fixed 'High'
Block address: Block ™ Block address: Block ™
| |
Address Address A, \
L3 T/—\ (5 Cycle) >—<ﬁ>—< (2 Cycle) >_<ﬂ-"_"\ Data Cutput I.-"’_I_
| Col, Add, 1,2 & Row Add. 1,23 Col. Add. 1,2 I
:_|-: Column address: Fixed "Low! Column addresss Valid :__.j_:
Page address: Page M Fi
Plane address: Fixed Tow'
Block address: Block ™
o
RB I
Address | / , / Addrees N kY
A0 ik \ (5 Cycle) )—(__..ﬂihl__,—\ (2 Cydle) Hﬂf_f\;_ Data Output ,.-"3_
I Col, Add, 1,2 & Row Add. 1,23 Col. Add. 1,2
:_j-: Column address: Fixed "Low! Column addresss Valid
b= Page address: Page M
Plane address: Fixed "High'
Block address: Block ™
NOTE: Any command between 11h and 81h is prohibited except 70h/F1h and FFh.
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Two-Plane Page Read

The Two-plane Page Read sequence and its restrictions are shown in the following figure. Two-plane Page Read is initiated by
repeating command 60h followed the three address cycles twice, and only same page of same block can be selected from each plane.
Once the data is loaded into the cache registers, the data output of the first plane can be read out by issuing command 00h with five
address cycles, command 05h with two-cycle column address and finally EOh. The data output of the second plane can be read out
using the identical command sequence. Two-plane Read command can only must be used in a block which has been
programmed with Two-plane Page Program operation.

R I
] : [
I
O i Addioss Address 1
(3 Cwele) (3 Cwele) |
B Add. I:;',?- B Add. I,_E,?- I_Ll
1
Page address: Page M Page address: Page M ===
Plane address: Fived Tow' Plane address: Fixed High'
Block address: Block ™ Block address: Block ™
| I
B I |
I Address Address |
VOx I 00h (5 Cyele) 0h (2 Cwele) _< Data Output >—|_
L Col. Add 1,2 & Row Add. 1,2,3 Col, Add, 1,2 |
:-| : Column adidvess: Fixed "Low” Column address® Walid :_3-:
_——— Pape address: Page M —
Plane address: Fixed Tow"
Block address: Block ™
_ |
B I
) | Address Address ]
| Col. Add 1,2 & Row Add. 1,2,3% Col, Add, 1,2
:-1-: Column address Fixed Low Column address: Valid

Page address: Page M
Plane address: Fixed "High'
Block address: Block ™

Two-Plane Block Erase

Similar to Two-plane Page Program, two symmetric blocks from each plane can be simultaneously erased by using Two-plane Block
Erase command. Following figure illustrates the Two-plane Block Erase sequence.

[ .
SHE 1 trERs ;
[A0 Address Address

(E Cyeley (3 Cyeke)

Row Add 1,23 Row Add 1,3,3
page addeess= Fix Low page addeess: Fix Low
plane addresss Fix Low plane address: Fix High

block address= Block ™ hlock address= Block ™
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Two-Plane Cache Read

The Two-plane Cache Read sequence is shown in below, only same page of same block can be selected from each plane. After Read
Confirm command (33h), the data are transferred to data registers within tr. After issuing Cache Read command (31h), read data in the
data registers are transferred to cache registers within a short period of time (tpcssyr). Once the data are loaded into the cache
registers, the data of both planes can be read out in the same way as the Two-Plane Page Read operation. The host controller shall
use 3Fh instead of 31h to indicate the Two-plane Cache Read operation for the last target pages.

- - !
R/B \ = i
10 / ﬁﬂh\ " Adaress \_/E\_\f Address /) ‘h I
.-"? “ 3 Cyele) /Y (3 Cyele) /47 |
i

Row Add. 1,23 Fow Add 12,3 ==

11,

Page address: Page M Page address: Page M L--

Plane address: Fixed 'Low' Plane address: Fixed High'
Block address: Block Block address: Block I¥

= J—oc 35*: R/ l
EB | \ / |
| —. . : \ |
, k N Addrass - i Address S \
' a / \ / sy R
IO ., 1h ;\ 00k —< (5 Cycle) \_'Iﬁ\?_\'-., (2 Cycle) >—i.£;.—-\\ Data Cutput ,-}—I_
| Col Add. 1.2 & Fow Add 1,23 Col 4dd 1.2 I
I-I-l Column address: Fixed Low' Column address: Vahd '_I_
Ll__! Page address: Fage M LJ__!
Plane address: Freed Low!'
Block address: Bleck I
\ [
—_— L
RE | I
|
. I . Addrass \ Address ! L ! Y
I'0x IZEI:>—'\ (5 Cycla) ) 05h (2 Cyele) )—1 El:lh}:'—':’\ Data Qutput .-"}—|_
| Col. Add. 172 & Row Add. 123 Col. Add 1,2 !
'-I-I Column address: Fixed Tow Column address: Vahd :-3_|
12y Page address: Page M -t
L— Plane address: Fixed 'High'
Block address: Block I
- J_DC B5Y ?._ I
BB | |
N Address Address S \ I
K—;‘ 00k ) (5 Cyele) i 05k (2 Cyels) }_{F‘k 4\ Data Output -
Col Add. 1.2 & Fow Add 123 Col Add 1,2 I
r-l-| Column address: Fixed Tow' Column address: Vahd -
:_i_! Page address: Fage M+n :___!
Plane address: Freed Low'
Block address: Bleck I
|
L]
EB I
. I ~ Address \ Address N/ \
10 \ E”:>_'\ (5 Cycle) /_@ )_/ (2 Cyele) >_‘ Eh— Data Quiput  j——————
| Col. Add. 1.2 & Fow Add. 12,3 Col Add 12
r_l_. Column address: Fixed Low Column address: WVahd
14y Page address: Page M+n
L—- Plane address: Fixed 'High'
Block address: Block I
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Two-Plane Copy-Back Program

1/0x Address Address 15
(3 Cycle) (3 Cycle) St
Row Add. 1.2.3 Row Add. 1,2.3 i
1
I I
Page address: Page M Page address: Page M =
Plane address: Fixed "Low’ Plane address: Fixed "High'
Block address: Block N Block address: Block N
P |
R/'B | [
; | Address Address I
1/Ox —I@_< (5 Cycle) >_@_< (2 Cycle) 4< Data Qutput >T
I Col. Add. 1,2 & Row Add. 1,23 Col. Add. 1.2 I
(bt | Column address? Fixed "Low” Column address: Valid i
L l_‘l Page address: Page M Lel
Plane address: Fixed "Low"
Block address: Block N
| 1
R-'B L 1
| I
} | . .-\' Address Address : . : : |
1/0x I @ (5 Cycle) (2 Cycle) @ Deasa. Ouspus I
Col. Add. 1.2 & Row Add. 1.2.3 Col. Add. 1,2

1 Column address: Fixed "Low Column address: Valid
1 Page address: Page M
= Plane address: Fixed "High'

Block address: Block N

- — -
_ sy
R/B | \ /

==
J L -
Lo

VOx
| Destination Address - Destination Address
:“‘_:‘“: Col. Add. 1.2 & Row Add. 1,2.3 Note Col. Add. 1.2 & Row Add. 1,2,3
Bl Column address: Fixed "Low’ Column address: Fixed "Low'
Page address: Page M Page address: Page M
Plane address: Fixed "Low' Plane address: Fixed "High'
Block address: Block N Block address: Block N
Plana Planel
- - - -
Data Field Data Field
Targel page
Source page | |
————— R it
(i (=l
* 2
Spare Field
| |
_______________________ TS —————=
&: |
NOTE:

1. Copy Back Program operation is allowed only within the same memory plane.
2. Any command between 11h and 81h is prohibited except 70h/F1h and FFh.

Fail

(1): Two=Plane Read for Copy Back
(2): Two=Plane Random Data Out
(3): Two=Plane Copwy Rack Program
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Two-Plane Copy-Back Program with Random Data Input

- »- !
RB = '
|
VOx  _ [gon) Sdaress Sy, Address N (3sn) )
\ ANE Crwvele) ! (3 Cycle) | -, [
Row Add 1,23 Row Add. 1,23 r-;—.
Hly
Page address: Page M Page address: Page M L--
Plane address: Fixed Tow' Plane address: Fixed 'High'
Block address: Block N Block address: Block W
o |
EB | |
I ; — [
) \ ﬂddrevs \_‘f—“ Address LN \
vox  —{00n “—‘f (35 Cycle) > \_/! @2 Cycle) }“x.ﬂf_ﬂ Data Output - j—f—
| Col Add 1.2 & Row Add. 123 Col Add. 1,2 |
r L]
== Columm address: Fixed Low' Column address: Valid r==
:_ 1_ ! Page address: Page M L: !

Plane address: Fixed Tow'
Block address: Block N

_ l l
I | Address \ Address NS o
L'Ox { 00L \—J/ (3 Cycle) \—fa\\—f Q Cycle) :___'s—c:\Es]_},;—{\ Data Output fI}—I—
I Col Add 1.2 & Row Add 123 Col. Add. 1.2 I
== Cohumum address: Fixed Low' Column address: Valid ==
:_ij Page address: Page M :_ i !
Plane address: Fixed High'
Block address: Block N
l R —
B | \ S |
" ), Fy ] \ I
LOx _|_( ssu\—{ Address D (85n')( Address } Daa ) 11n) |
5 cyles) v\ 2 cyeles) | W |
' Destmall.,n Address Destination Address = .
:'1'| Col Add 1.2 & Row Add. 1,23 Col Add 1.2 Note ==
] 2
Lol Column address: Valid Colunn address: Valid :_i J
Page address: Page M
Plane address: Fixed Tow'
Block address: Block W
| - -
. | I'. {PROG ."I
| \ /
e \ i =N/ |
x| o { .ﬁdd.isi \ (" Daa TAY, I*dfﬂl? ) ( Data \ { 100
| \ ;% 0 oycle Y N ;4 (L cycles / \ !
——= Destination Address Destmanﬂu Address
: 4‘| Col Add. 1.2 & Row Add. 1,23 Note Col Add 1.2
L- Column address: Valhd Column address: Valid
Page address: Page M
Plane address: Fixed Hgh'
Block address: Block N
NOTE:

1. Copy Back Program operation is allowed only within the same memory plane.
2. Any command between 11h and 81h is prohibited except 70h/F1h and FFh.
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Two-Plane Cache Program Operation

tI:IEI =Y

==l

RIE

—
1o | EOR K Address & Data 1pdt@'—(_wﬁ.:}d'ess & Data Irpl.'.J,'f\_ 15h J

colmn address : Vald
page address: Page M
plane address: Fixed Low"
biack address Skock M

RIB '

page andress FE"E M+
plang address F|5:Elj Lo’
Dlock amdress: Block M

toESY

'\ltﬂt— i

1
iIOx : .\_s hﬁm\_)—C_ﬁ Address & Data Imput :I‘.\ 10h

column asdress : Valkd

M

column address : Valld

page aodress : Page M III
plane aodress: Flxed 'H gl‘
block address: Elack N

tPROG™

calumn a:l,.'e-as Walld
page adoress: Page M+n
plane address Fleed High
binck adoress Slock M

1 —_—
)— o Ga—2 (o) 3

Cache register I

Data register |

4 " . | 2 r | —
o
| - 3. | | +3
Plane [ / Flane 1 ,-'I
(2048 Block) - {2048 Block) e
Block 0 Biomck 1
Block 2 Biock 3
Block 4082 Elock 4083
Block 4024 Elock 4085

NOTE: Any command between 11h and 81h is prohibited except 70h/F1h and FFh.

Elite Semiconductor Memory Technology Inc.

Publication Date: May 2014
Revision: 1.4 47/54



ESMT F59D4G81A / F59D4G161A

Ready/ Busy

The device has a R/B output that provides a hardware method of indicating the completion of a page program, erase and random

read completion. The R/B pin is normally high but transition to low after program or erase command is written to the command
register or random read is started after address loading. It returns to high when the internal controller has finished the operation. The

pin is an open-drain driver thereby allowing two or more R/B outputs to be Or-tied. Because pull-up resistor value is related to tr (R/ﬁ)
and current drain during busy (ibusy), an appropriate value can be obtained with the following reference chart (the following figure). Its
value can be determined by the following guidance.

Read / Busy Pin Electrical Specifications

ibusy
I
I i
I Ready Voo
' , RE
" | open drain output i Voo : 0.1V, Vou:Vec 01 W
I 1 ] :
' | X b NV Busy s
! ! i 7/
1 | i [
' I —s!
i 1 "o,
] 1
: GND S :
i Device
Fig. Rp vs tr, tf & Rp vs ibusy
EVee=18Y, Ta=25"C, Co=30pF
200n = 1.7 4 2m
- Tousy 120
5 B
= 1004 4 im 2
(e O —
t i + i
1k 2k 3k 4k
Rp (ohm)
Rp value guidence
" Voo (Mas.) - VoL (Max. 185V
Rp (min) = (Max.) Max) .
ToL+ 210 Ima + 20
where IL is the sum of the iput currents of all devices tied to the R/B pin.
Rp(max) is determined by maximum permissible limit of tr
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Data Protection & Power Up Sequence
The timing sequence shown in the following figure is necessary for the power-on/off sequence.

The device internal initialization starts after the power supply reaches an appropriate level in the power on sequence. During the

initialization the device R/B signal indicates the Busy state as shown in the following figure. In this time period, the acceptable
commands are 70h.

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

AC Waveforms for Power Transition

17V _y J
1.5V '_\
ver S \
0w (4 | :
Don't / AN Don't
CE ,WE .RE care ', o >, /care
CLE, ALE % )
s T
ViH
W_P Il"lr”_ "\'."IL
1 ms max
100 ps max [y Operation
7 4 .
Invalid /% Don't
Y /care
RB 7 ;// 7
G Z
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Write Protect Operation

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

Enable Programming

|
— [ A
WE
I
I | e
L I — Bk {1k =
| II\h vy N
!
we |
|
ELE [ [

-
W i 100ms)

NOTE: WP keeps “High" until programming finish

Disable Programming

I
— [
WE |
I s ~ —,
A i i ,\\- &l d/,' I'\_\__ 1 (W -/, !
I
W I
|
RB I I
-
W W (Min 100ms)
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Enable Erasing

[
| T
Wi |
| | Ty
10 i 1 ik :' 1 I | -
N S
| |
|
WP |
|
S [ [

-
IWW (Min 100ms)

NOTE: WP keeps “High” until erasing finish

Disable Erasing

| \ g )
L0 i 60h {  Dih -
[ /' o S
I
WP !
=E I [
-
EWW (Min. 100 ns)
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PACKING DIMENSION

48-LEAD  TSOP(I) ( 12x20 mm )

~
)

E

I

[OAannnnnanganoaanmnn

N
=

S | SECTION B-B

\See Detail F B

1

N

Dimension in mm Dimension in inch Dimension in mm Dimension in inch
Symbol Min | Norm | Max | Min | Norm | Max Symbol Min | Norm | Max | Min | Norm | Max
A | e | e 1.20 | =mememm | emeee- 0.047 D 20.00 BSC 0.787 BSC
A1 0.05 | ===---- 0.15 | 0.006 | -=----- 0.002 D1 18.40 BSC 0.724 BSC
A2 0.95| 1.00 | 1.05 | 0.037 | 0.039 | 0.041 E 12.00 BSC 0.472 BSC
b 0.17 | 0.22 | 0.27 | 0.007 | 0.009 | 0.011 @ 0.50 BSC 0.020 BSC
b1 0.17 | 0.20 | 0.23 | 0.007 | 0.008 | 0.009 L 0.50 | 0.60 | 0.70 | 0.020 | 0.024 | 0.028
c 0.10 | ------- 0.21 [0.004 | ------- 0.008 0 [ 8° [ 8°
c1 0.10 | ------- 0.16 | 0.004 | ------- 0.006
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Revision History

Revision Date Description
0.1 2012.10.05 Original
1. Delete "Preliminary"”
1.0 2012.11.22 2. Correct the description of Identifying Initial Invalid
Block(s)
1. Add Bad-Bloack-Protect
2. Modify the description of Identifying Initial Invalid
11 2013.05.30 Block(s) and Block Replacement Management
3. Add Plane Address
1.2 2014.02.25 Modify the specification of tproc and teers(typ.)
1.3 2014.03.14 Add F59D4G161A product
14 2014.05.23 Modify the description of Identifying Initial Invalid Block(s)

and Block Replacement Management
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Important Notice
All rights reserved.

No part of this document may be reproduced or duplicated in any form or
by any means without the prior permission of ESMT.

The contents contained in this document are believed to be accurate at
the time of publication. ESMT assumes no responsibility for any error in
this document, and reserves the right to change the products or
specification in this document without notice.

The information contained herein is presented only as a guide or
examples for the application of our products. No responsibility is
assumed by ESMT for any infringement of patents, copyrights, or other
intellectual property rights of third parties which may result from its use.
No license, either express , implied or otherwise, is granted under any
patents, copyrights or other intellectual property rights of ESMT or
others.

Any semiconductor devices may have inherently a certain rate of failure.
To minimize risks associated with customer's application, adequate
design and operating safeguards against injury, damage, or loss from
such failure, should be provided by the customer when making
application designs.

ESMT's products are not authorized for use in critical applications such
as, but not limited to, life support devices or system, where failure or
abnormal operation may directly affect human lives or cause physical
injury or property damage. If products described here are to be used for
such kinds of application, purchaser must do its own quality assurance
testing appropriate to such applications.
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