UnilC

SCNO1ISAITIAITA

3.3V 2Gb SLC
NAND Flash Memory

Data Sheet

Rev.C

——



hﬁl Datasheet
4 SCNO1SA1T1AI7A
UnilC 2-Gb SLC NAND

Revision History
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2018/08 C
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UnilC

Datasheet
SCNO1SA1T1AI7A
2-Gb SLC NAND

The following chapter gives an overview of the 2Gb SLC PPI-NAND product
and describes its main characteristics.
Memory Cell: (2112 x 8bit)/page x 64 page/block x 2048 block/device Or 2112 X 128K X 8bit

Register: 2112 X 8
Page Size: 2112 Byte

Features

Voltage Supply: 3.3V (2.7V~3.6V)
Operating condition:

- Commercial Temperature: 0~ 70°C
- Industrial Temperature: -40 ~ 85°C
Organization(x8):

- Memory Cell Array: (256M + 8M) x 8bit
- Data Register: 2K + 64) x 8bit
Automatic Program and Erase(x8):

- Page Program: (2K + 64) Byte

- Block Erase: 128K + 4K) Byte

Page Read Operation

- Page Size: (2K + 64) Byte (X8)

- Random Read: 25us (Max.)

- Serial Access: 25ns (Min.) (x8)
Memory Cell: 1bit/Memory Cell

Fast Write Cycle Time

- Program time: 300us - typical

- Block Erase time: 3ms - typical
Command/Address/Data Multiplexed 1/0
Port

Hardware Data Protection

Block Size: (128K + 4K) Byte
Device: 2048 block

- Program/Erase Lockout During Power
Transitions

Reliable CMOS Floating Gate Technology
- ECC Requirement: X8 - 4bit/512Byte,

- 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 Operation for High
Performance Program

Cache Read Operation

Copy-Back Operation

EDO mode

OTP Operation

Two-Plane Operation

Bad-Block-Protect

2. Product List
Part Number Vcc Range Organization Package
SCNO1SA1T1AI7A 2.7V~3.6V x8 TSOP48
2018-08 3
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3. Description

The UnilC SCNO1SA1T1AI7A is a 256Mx8bit with spare 8Mx8bit capacity. The device is
offered in 3.3V 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 2048 blocks, composed by 64 pages consisting in two NAND structures
of 32 series connected Flash cells. A program operation allows to write the 2,112-Byte page in
typical 400us and an erase operation can be performed in typical 3ms on a 128K-Byte for X8
device block.

Data in the page mode can be read out at 25ns cycle time per Byte. The I/O pins serve as the
ports for address and command inputs as well as data input/output. The copy back function
allows the optimization of defective blocks management: when a page program operation fails
the data can be directly programmed in another page inside the same array section without the
time consuming serial data insertion phase. The cache program feature allows the data insertion
in the cache register while the data register is copied into the Flash array. This pipelined program
operation improves the program throughput when long files are written inside the memory. A
cache read feature is also implemented. This feature allows to dramatically improving the read
throughput when consecutive pages have to be streamed out. This device includes extra feature:

Automatic Read at Power Up.

UnilC _techdoc, rev.C 2018-08 4
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4. Pin Configuration
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5. Pin Description

Pin Name Pin Function
DATA INPUTS/OUTPUTS
The 1/0 pins are used to input command, address and data, and to output data
I/00 ~1/07 (X8)|, . . . . o
during read operations. The I/O pins float to high-z when the chip is deselected
or when the outputs are disabled.
COMMAND LATCH ENABLE
CLE The CLE input controls the activating path for commands sent to the internal
command registers. Commands are latched into the command register through
the 1/O ports on the rising edge of the WE# signal with CLE high.
ADDRESS LATCH ENABLE
The ALE input controls the activating path for addresses sent to the internal
ALE . . .
address registers. Addresses are latched into the address register through the
I/O 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
CE# 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
RE# The RE# input is the serial data-out control, and when it is active low, it drives
the data onto the 1/0O bus. Data is valid tREA after the falling edge of RE# which
also increments the internal column address counter by one.
WRITE ENABLE
WEH# The WE# input controls writes to the I/0 ports. Commands, address and data
are latched on the rising edge of the WE# pulse.
WRITE PROTECT
WP The WP# pin provides inadvertent write/erase protection during power
transitions. The internal high voltage generator is reset when the WP# pin is
active low.
READY/BUSY OUTPUT
The R/B# output indicates the status of the device operation. When low, it
R/BH indicates that a program, erase or random read operation is in progress and
returns to high state upon completion. It is an open drain output and does not
float to high-z condition when the chip is deselected or when outputs are
disabled.
VCC POW.ER .
VCC is the power supply for device.
VSS GROUND
N.C. 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.

UnilC _techdoc, rev.C 2018-08 7
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6. Block Diagram
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Figure Array Organization (x8)
/00 |1/01|1/0O2|1/0O3 |I/0O4 |I1/O5|1/06|1/07 Address

1st cycle AO Al A2 A3 A4 A5 A5 A7 Column Address

2nd cycle | A8 A9 A10 | Al1 *L *L *L *L Column Address

3rdcycle | A12 | A13 | Al14 | Al15 | Ale | Al7 | A18 | A19 Row Address

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

5th CYCIG A28 x| *[ *[ *[ *|_ *[ *[ Row Address

NOTE: a.Column Address: Starting Address of the Register. b.*L must be set to “Low”.
C.The device ignores any additional input of address cycles than required.
Table Array Address (x8)

UnilC _techdoc, rev.C 2018-08 8
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7. Product Introduction
The SCNO1SA1T1AI7A is a 2Gbit memory organized as 128K 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 2,048 separately erasable 128K-byte blocks. It indicates that the
bit-by-bit erase operation is prohibited on the SCNO1SA1T1AI7A.

The SCNO1SA1T1AI7A has addresses multiplexed into 8 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 1/O's by bringing WE#
to low while CE# is low. Those are latched on the rising edge of WE#. Command Latch Enable (CLE)
and Address Latch Enable (ALE) are used to multiplex command and address respectively, via the
I/O 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.

UnilC _techdoc, rev.C 2018-08 9
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Function 1st Cycle | 2nd Cycle Acceptal:.ble Command
during Busy
Read 00h 30h
Read for Copy-Back 00h 35h
Read ID 90h -
Reset FFh - 0
Page Program 80h 10h
Copy-Back Program 85h 10h
Block Erase 60h DOh
Random Data Input (1) 85h -
Random Data Output (1) 05h EOh
Read Status 70h - 0
Read Status2 Flh - 0
Two-Plane Read(B) 60h-60h 30h
Two-Plane Read for Copy-Back 60h-60h 35h
Two-Plane Random Data Output(l) v 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 31h -
Read Start For Last Page Cache Read 3Fh -
Two-Plane Cache Read(s) 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.

Table Command Set

2018-08
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7.1 Absolute Maximum Ratings

Parameter Symbol Rating Unit
Vcc -0.6 to +4.6
\Voltage on any pin relative to VSS VIN -0.6to +4.6 Vv
VI/O -0.6 to Vcc+0.3(<4.6)
Temperature Under Bias TBIAS -40 to +125 T
Storage Temperature TSTG -65 to +150 T
Short Circuit Current 10S 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.

7.2 Recommended Operating Condition

UnilC _ techdoc , rev. C

Parameter Symbol Min Typ Max Unit
Supply Voltage Vce 2.7 33 3.6 \
Supply Voltage Vss 0 0 0 \"
7.3 Recommended Operating Condition(Recommended
operating conditions otherwise noted)
Parameter Symbol [Test Conditions Min Typ. Max Unit
Page Read tRC=25ns,
ICC1 - 15
Operating |with Serial Access CE#=VIL, IOUT=0mA
Current  |Program IcC2 . - 15 30 |mA
Erase ICC3 - - 15
Stand-by Current (TTL) ISB1 |CE#=VIH, WP#=0V/VCC - - 1
CE#=VCGC-0.2,
Stand-by Current (CMOS) 1SB2 - 10 50
WP#=0V/NCC
uA
Input Leakage Current ILI WIN=0 to Vce (max) - - +/-10
Output Leakage Current ILO  |WOUT=0 to Vcc (max) - - +/-10
Input High Voltage VIH D.8xVCC| - Vee+0.3
Input Low Voltage, All inputs viL ™ 0.3 -
0.2xVCC | V
Output High Voltage Level VOH  lOH=-400 uA 24 - -
Output Low Voltage Level VOL  lOL=2.1mA - - 04
10L
Output Low Current (R/B#) VOL=0.4V 8 10 - mA
(R/B#)

NOTE : 1. VIL can undershoot to -0.4V and VIH can overshoot to VCC + 0.4V for
durations of 20 ns or less. 2. Typical value are measured at Vcc=3.3V, TA=25C. Not

2018-08
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100% tested.
7.4 Valid lock
Parameter Symbol Min Typ Max Unit
SCNO1SA1T1AI7A NVB 2008 — 2048 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 and is guaranteed to be a valid block up to 1K
program/erase cycles with 4bit/512Byte ECC.

7.5 AC Test Condition
(Commercial: TA:O to 70°C, Industrial: TA:—40 to 85°C, Vcc=2.7V ~ 3.6V)

Parameter SCNO1SA1T1AI7A

Input Pulse Levels 0V to Vcc

Input Rise and Fall Times 5ns

Input and Output Timing Levels \Vce/2

Output Load* 1 TTL GATE and CL=50pF

NOTE: Refer to 11.10 Ready/Busy#, R/B# output's Busy to Ready time is decided by the pull-up resistor
(Rp) tied to the R/B# pin.

7.6 Capacitance (T =25°C, V_=3.3V, f=1.0MHz)

Test
ltem Symbol Min Max Unit
y Condition
Input/Output Capacitance Cl/O VIL=0V - 8 pF
Input Capacitance CIN VIN=0V - 8 pF

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

UnilC _techdoc, rev.C 2018-08 12
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7.7 Mode Selection

CLE IALE CEH# WE# RE# \WP# Mode
H L L f H X Command Input
Read Mode
L H L £ H X IAddress Input (4 clock)
H L L 0 H H Command Input
Write Mode
L H L |1 H H IAddress Input (4 clock)
L L L ’ H H Data Input
L L L H vl X Data Output
X X X X H X During Read (Busy)
X X X X X H During Program (Busy)
X X X X X H During Erase (Busy)
X X X X X L Write Protect
X X H X X ov/vec? Istand-by
NOTE :

1. X can be VIL or VIH.
2. WP# should be biased to CMOS high or CMOS low for standby.

7.8 Program/Erase Characteristics
(Commercial: T =0to 70°C, Industrial: T =-40t0 85°C, Vce=2.7V ~ 3.6V)

Item Symbol Min | Typ Max | Unit
Average Program Time tPROG - 300 750 us
Dummy Busy Time for Cache Operation tCBSY - 3 750

Number of Partial Program Cycles in the Same Page NOP - - 4 cycle
Block Erase Time tBERS - 3 10 ms
Dummy Busy Time for Two-Plane Page Program tDBSY - 0.5 1 us
NOTE :

1. Typical program time is defined as the time within which more than 50% of the whole pages are

programmed at 3.3V Vcc and 25°C temperature.

2. tPROG is the average program time of all pages. Users should be noted that the program time

variation from page to page is possible.

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

UnilC _techdoc, rev.C 2018-08 13
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7.9 AC Timing Characteristics for Command / Address / Data

Input
Parameter Symbol Min Max Unit
CLE Setup Time tcLs™ 12 - ns
CLE Hold Time tCLH 5 - ns
CE# Setup Time tcst 20 - ns
CE# Hold Time tCH 5 - ns
WE# Pulse Width twp 12 - ns
ALE Setup Time tALS"™ 12 - ns
ALE Hold Time tALH 5 - ns
Data Setup Time tDSt" 12 - ns
Data Hold Time tDH 5 - ns
Write Cycle Time tWC 25 - ns
WE# High Hold Time tWH 10 - ns
IAddress to Data Loading Time tADL™ 70® - ns

NOTE :

1. The transition of the corresponding control pins must occur only once while WE# is held low.

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

cycle.

UnilC _techdoc, rev.C 2018-08
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7.10  AC Characteristics for Operation

Parameter Symbol Min Max |Unit
Data Transfer from Cell to Register tR - 25 us
ALE to RE# Delay tAR 10 - ns
CLE to RE# Delay tCLR 10 - ns
Ready to RE# Low tRR 20 - ns
RE# Pulse Width tRP 12 - ns
WE# High to Busy twB - 100 ns
o Hih oWt Low (enable mode) wW oo s
Read Cycle Time tRC 25 - ns
RE# Access Time tREA - 20 ns
CE# Access Time tCEA - 25 ns
RE# High to Output Hi-Z tRHZ - 100 ns
CE# High to Output Hi-Z tCHZ - 30 ns
CE# High to ALE or CLE Don’t care tCSD 0 ns
RE# High to Output Hold tRHOH 15 - ns
RE# Low to Output Hold tRLOH 5 ns
CE# High to Output Hold tCOH 15 - ns
RE# High Hold Time tREH 10 - ns
Output Hi-Z to RE# Low tiR 0 - ns
RE# High to WE# Low tRHW 100 - ns
WE# High to RE# Low tWHR 60 - ns
Read 5 us
Device Resetting Time during... Program tRST - 10 =
Erase 500 us
Ready 5 us
o o | o

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

UnilC _techdoc, rev.C 2018-08 15
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8. NAND Flash Technical Notes
8.1 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 UnilC. 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 ECC.

8.2 ldentifying Initial Invalid Block(s) and Block Replacement

Management
Unpredictable behavior may result from programming or erasing the defective blocks.

Figure below illustrates an algorithm for searching factory-mapped defects, and the algorithm
needs to be executed prior to any erase or program operations.

A host controller has to scan blocks from block 0 to the last block using page read
command and check the data at the column address of 2048. If the read data is not FFh, the
block is interpreted as an invalid block. 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.

UnilC _techdoc, rev.C 2018-08 16
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[ Start ]
9
| setBlock address =0 |

Increase

Block +

Address

Create Initial
Irvalid Block
Table

yes

no
Last Block?

Check “FFh” at column address 2048 of
the first page and the second page

{
{

If (Defect_Block_Found)

For (i=0; isNum_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]l=FFh) Defect_Block_Found=True;

Read_Page(lu=i, block=j, page=1);
If (Data[coloumn=First_Byte_of_Spare_Area]l=FFh) Defect_Block_Found=True;

Mark_Block_as_Defective(lu=i, block=j);

UnilC _ techdoc , rev. C
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8.3 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
. Erase failure Read Status after Erase --> Block Replacement
write Program failure Read Status after Program -->Block Replacement
Read Up to 1 bit failure Verify ECC -->ECC Correction

NOTE: Error Correcting Code [1 RS Code or BCH Code etc.
Example: 1bit correction / 512 Byte

Program Flow Chart

Wite Data
Frogram Error

Mlark Bad Block
& Replace Block

Program Completed

Read Status
Register

UnilC _techdoc, rev.C 2018-08 18
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Erase Flow Chart

Write BOh

Write Block
Address

Write DOh

Read
Status
Register

Read Flow Chart

UnilC _ techdoc , rev. C
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Block Replacement

Block A
Ist
(n-1)th
nth  —— An error oceurs.
®
Block B Buffer memory of the
controller
Ist @

(n-1)th

nth  —— An error oceurs.
*Step |
When an error happens in the nth page of the Block 'A' during crase or progiaun
operation,

page * Stlf.‘p 2
Copy the data in the 1st ~(n-1th page to the same location of another free
block. (Block 'BY)
*Step3
Then, copy the nth page data of the Block 'A" in the buffer memory to the nth
page of the Block 'B'
*Stepd
Do not erase or program to Block 'A' by creating an ‘invalid block' table or
other appropriate scheme.

UnilC _techdoc, rev.C 2018-08 20
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8.4 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 31 (32)
Page 2 (3)
Page 1 [
Page 0 (1}
E -
Data register

From the L SB page to MSB page

DATA IN: Data (1) — Data (54)

UnilC _techdoc, rev.C 2018-08

21

Page 63

Page 31

Page 2
Page 1
Page 0

Ex.) Random page program {Prohibition)

(64)

m

(3)

32)

(2)

Data register

DATA IN: Data (1) — Data (54)
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8.5 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 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 pu-seconds, de-activating CE# during the

data-loading and serial access would provide significant savings in power consumption.

l'WﬂHHHI ﬂﬂﬂ NN

ﬂ

LES di sl o

Start Address (30ycles)

Address Information

w

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

Date 1/0 Address
Devide Col. Col. Row Row Row
Date In/Out|l/O
ate In/Out|l/Ox Add1 Add2  |Add1 Add2 Add3
SCNO1SA1T1AI7A[2,112Byte [I/O 0~I/O 7 |AQ ~ A7 A8~ All |A12 ~A19 |A20~ A27 |A28
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9. Timing Diagrams
9.1 Command Latch Cycle

Htos ———#p-{CH
ce ) (.
r—tc LS —b>—>| tCLH
CLE ra B
Hw_s —————mptalH
r—w\rp —>
WE# A 7
r—tDS —>L—>‘ 1DH

Figure Command Latch Cycle

9.2 Address Latch Cycle

tcLs
w74

tcs
o J——twic e twic twe
CE %5
- l—twe le—twe WP - +tWP
WE . 1 1 k
TwiH —-k\ le—tWH —tWVH —» TWH —

talH tals  tAlH tals  falH tals  tald tars  [taLH

f fals >
ALE } %f Z? %i é? \
tDs nt—D- tDs +-‘9- tnsutg-fI DS+ o DS+ fop
Iox Acm. Addlt Wm. MGZM?W Aud1@£nm MMRW And:%

Figure Address Latch Cycle

9.3 Input Data Latch Cycle

p—tCH
CE# [,(, _.171_
p—tCLH
cLE % ﬂl%‘
r—tALS—b i
ALE B KK
HHC ——» p—tiH i
B P SR 41—-‘ tP - r—» tP
e . A A ) N
tDH tDH tDH tDH
3 s
1i0x DIND DINF

Figure Input Data Latch Cycle
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9.4 Serial Access Cycle after Read (CLE=L, WE#=H, ALE=L)

CE# I L
REH i B ICHZ
r—tRC | tCOH
= . T e ¢ S
tRHOH
% REA L»‘ tREA L»‘ tRHZ L»‘ REA t;Hz:
190 Dout Dout f)f} Dout T
r—tRR—b‘
RIBR# 4 55
NOTE:

1. Dout transition is measured at +200mV from steady state voltage at /O with load.
2. tRHOH starts to be valid when frequency is lower than 33MHz.
Figure Sequential Out Cycle after Read

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

7)) /
CB* 00K ”
tRC . tCHZ
tre tREH
RE# 74& ﬁ T s Y I
/ trRHZ
tREA tREA
tRLOH tRHOH
tcEA : N
— 1
17O Dout % Dout —
JL
tRR *
JL
RIB#
NOTE:

1. Transition is measured at +/-200mV from steady state voltage with load.
This parameter is sample and not 100% tested. (tCHZ, tRHZ)
2. tRLOH is valid when frequency is higher than 33MHZ.
tRHOH starts to be valid when frequency is lower than 33MHZ.
Figure Sequential Out Cycle after Read (EDO Type CLE=L, WE#=H, ALE=L)
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9.6 Status Read Cycle

tCLR

CLE X \
L {CLS e
—tcs —|
= V77 7
CE * 1 Y
fcH
_ tWP—s
WE i[ )
tCEA tCHZ
tWHR
RE S
1DH fREA tRHZ
tDS —w—s, 1R
RHOH
lox { 7onF1n %ﬁ%ﬁgﬁ Status Output )

Figure Status Read Cycle

9.7 Read Operation

tcLR
CLE _ | - %
CE \ ﬁ/ffﬁ
A
X [ tCSD
IE]
tar
7z Z
/f%- I
trRHZ
—tR— trc
RE 1 J: o/
[ L J -.’!I i
IRR |+
E \'\g"-ﬂ AR Y o/ 0/ Y a— /- _\'—\’_‘a—f'—. —
1WOx % 0oh .f\“'ol" ddij\(.\ ._,c:I.A::lc:zfl\%cw Add ;{\%cm #dd_fﬁfcl\-mcaﬁ 30h / \ DoutN }—'.,:.out M}. _{._‘_" CoutM ——
Column Addrass Row Address .
_ i f
RIB rBusy+

Figure Read Operation (Read One Page)
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9.8Read Operation(intercepted by CE#)

CLE _/ \ / \\ Fi E%

N \\ ]
cE )
[+ tCSD

J— /— ."\.
WE —\_/ \_/_\ / \ il

R tcoH 7
ALE / 1] %:‘a.

tRC
_ Y I."ﬁ:L vg/
RE .‘_‘.'/_i»f ."/ ﬁﬁf
tRR/«|
1lox % 00k XCGI..!dd' ¥ Cal MdE:{Rm.ﬂ-dﬂX?deG f:mmaa {  30h / [ DoutN )—éou: M+ 1—Daut M )
)
Column Address Row Address T
. I _

R/B rBuSy?

Figure Read Operation Intercepted by CE#

9.9 Random Data Output In a Page
cle [\ / '\,\ & / \

\ / \
|-——tR—- {RC
tRR

10x SN o Yoo s e o Yoo s s (-t o
\ \ A A A A AN / LY B S N _

Column Address Row Address T Column Address
A — _|—’—T

RB Y ousid
Figure Random Data Output
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9.10 Random Data Output In a Page

CLE
CE A
- twic
wE w 2/
twe *iPROGH
twHR
ALE ]

= [
110X :=.| MCHX:O. m:Xﬁ:wma 1}(ma—:~m¥ﬁm m:@_@ oh

Irpﬁ?ﬂiﬁnd Column Address Fow Address 1 up to m Byte Frogram Read Stalus

Seral Input Command Command

1100=0 Successful Program
1#20=1 Error in Program

Figure Page Program Operation

9.11 Page Program Operation with Random Date Input

CLE_/_\ /_\ f W U
e\ AR\

twe e WG —
WE o L{ W\
tADL taoL HtWE +RtPROG &
ALE / / \

1 D S O CTR oy 8 7l {2

[[e’}
Serial Data o I & Random Datz o » N Program Feat Sk
Input Commang  COMMN Address Row Address Serial Input, RO DAt Column Address Seralhput  paort Read Stat
B \ Y |
" i VQ0=0 Successful Program

WCa=1 Errer in Program

NOTE: t, is the time from the WE# rising edge of final address cycle to the WE# rising edge of the first
data cycle.

Figure Random Data Input
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9.12

Copy-Back Operation with Random Data Input

[ A [ A\

JAN

v WMM%MWP o

e twHR

Colmn Address  Row Address

Colurn Address Row Address

/o

Dm0

Read Status Commahnd

9.13

CE#
CLE

Vox

RiB#

CE#
CLE
ALE

WE#

(3

RiB#

UnilC _ techdoc

iy

\
NS Y
Busy Busy
Copy-Back Data
Input Command

Figure Copy-Back Operation with Random Data Input

Cache Program Operation

X

s

1

I
——
1 FMIL -—OI r—-’v\lkl —b1 r—l BS'
oAl ofF e ETN S Ry W \_/_\_/_‘-;( e
: | :
. J » » !
gbrial Data Input Command ——tA0L :
80h X Col.addt X Col.Add2 X RowAddt X Rowadd2 )—(DinN_ X \§ KoinM__ )—(15n ')[) + 80h
: Column Address Page Row Address 1 up 102,112 Byte Data Serial Input P—> WB :
1 : T
: ] ) Neusy ((/ .
Max. 63 times repeatable I
B e e e > ! 1
i 1 1 1
1 1 | ]
1 \ 1
1 \ 1
B — T

1 tPROG I
wwm; TR
I | ’ | L—mwn—»l
| » » | o I
1 HADL Head Status Command
1 1
—(Emn XCol Addi X Col Add2 Y RowAdd1 X Rowhddz )—(BinN X ) Xonm )—(ion — G
: Column Address Page Row Address b—» we : :I‘;g = z:;'fs;':‘c':fr"’l'am
| Busy ]
T —— . . o
:-i-: Last page input and program
| R

rev. C

2018-08

Figure Cache Program Operation
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9.14

Cache Read Operation

CLE __lI 1 f I \ I N I
I
]
TE [ ) ! )
e :
1
WE I| |I ', | l |I+I| __."_-"| _,'rhl| lI | I| : I|
i
]
ALE I ] .
]
[ Y : BCESTR
]
" -, ve, ik AT T ¥
1
1
FE 1 o]
T 1
W T 00n Y ot e M o o e o 3 D (DR sy min oo ———
P Ay M : %‘Hﬂ
Cutl Mdd € : (=0 N
RE - E N
1
CLE : | [\ h /| \
1
! ]
3 : A ) £
1
1
— ! '
WE 1 I|_ I|_| L
1
ME :
1 EEA [ 1cEm RC DI L
1 —iy
[ B I PRSI | o [
0 . :‘L e, _‘L U = P LYY
: L. ] [ ] [ ]
1 —
. I"I | — |'EI_"_' — '_‘_|';_l_‘ ' o | =1 =
LI T 0 0 e E 6 oo W) A
| k. 1 e - e b
1
: [~ ] il A ol Al
ﬁ : h | i
Figure Cache Read Operation
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9.15 Block Erase Operation

ae _/ N\ [\ A [\ Vi
e\ V) 7
ae SN ._?HB _"_Wmm 2 mﬂ.|

RE iy, i_/

i

IOx zzzz% B0k :‘{Fm'-'-:m )(-'xcw -'-IEKHM' mmi Doh \f . Toh i VoD f
W Fiow Address ‘[ W 1
rRE ‘ | Ei Buszy i ‘ |
Auto Block Erase Erase Command u 1100=0 Sucoessful Erase
Setup Command Read Status  1/00=1 Emor in Erase
Command
Figure Block Erase Operation
9.16 Read ID Operation
CE# !
CLE
Hm—»
ALE
WER
B REA Htﬁc—ﬂ
RE# T E
17O 90h 00h I 1steyc 2nd cye. 3th cye. 4ih cyc. ath cyc.

Read ID Command Address 1cycle Maker Code Device Code

Figure Read ID Operation
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9.17 Two-plane Page Read Operation with Two-plane Random

Data Out
CE# l—\
CLE | LA A X A X -\_:_

Lcwc»l vacvl :
RE# | > > 1
1
1
¥ox 10 (60n ) RA1 ) RAZ X(RA3) —— (B0n X RAT X RAZ Y} RAZ X 30h ) L
. Row Address —~ " Row Address —~ »MB_.I |
Page address : Pace M Page address : Page M
RIBF¥:'0 Block address : Block N
CE# |
CLE | 7‘ N ;/, \, / \, / \
tCLR M
RC—p! 5

J‘NREA

vox 10— (5o KA1 XS X RAT X RAZ XA —— (98 X(eAt X em XEom) — () —( )—(@m)

RiB% O
cez |
o LN N
. A
ALE 11 A A R
wez |1 £ 3 £  ; 4 3 3 p—IRC
pliten Lo i
rREZ |, T . S
]

i REA

1fOX 10}:—(uon Y car )(caz Y ra1 Y Raz Y} RA3 ) ——(05nh Y ca1 Y caz Y Eoh ) —( Pg) —— Py —
~ =

| S~ —" < Row Address —

Column Address Column Address
o SR
RiB# O 2 Ha‘neaeﬂrﬂs ':E?x‘edﬁlzh'
cex |
1
cLe | ! [/ ¥ A N ___ F£X
: L—h ICLR
ALE (| A \—/—\
wez |1 £ 3 X ; 3 % 3 p—IRC
1
r—'ﬁ—.l tRHW L!\NCPI L—’ WWHR
1
RE# ! 1 7 7
1
i REA

1fOX 10}:—~(uon Y car Y caz Y ra1 ) Raz Y} Ra3 ) ——(05nh Y ca1 Y caz Y Eoh ) —( Pg) —— Py —

N = A Addr o~ -
! Column I_wdress Row ess Column Address

oW’ Column address : Valid

1
RE# 03 al oo ’:‘s??:ulimm

Figure Two-plane Page Read Operation with Two-plane Random Data Out
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UnilC

Two-plane Cache Read Operation

9.18
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NOTE:

1. The column address will be reset to 0 by the 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 operation is terminated by 31h
command, monitor 1/06 (Ready/Busy) by issuing Status Read Command (70h) and make sure the
previous page read operation is completed. If the page read operation is completed, issue FFh reset

before next operation.

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

£
N BH—i
3 Ell
[ — 1 i
3 =& 55
:‘Tl sli | 2o
| 88
]
2 =i g 1
El r_'r'E
d 3
9
=
5
LE
2
e
=
— 3
ot '15':1
=] % #ng
E5F 8
Q 558
,rl‘""‘
i
i
i
g H
3<
r"" ”.-ﬁ-_“-‘
3 |4 |g I & g '2

Figure Two-plane Page Program Operation
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9.20 Two-plane Cache Program Operation

CE# b
CLE ! e : k
ALE .

Wk ‘\r_mi::'i_/_{__w;::'\_i \_/_\_/—\_/—55 r_m;_i 7 -" :_WC/-

RE#
tADL =]

iox e 3(Col_ Add1 ) Col Add2 ) Row Asd1 ) RowAdda ) RowAdds }—(Dinn % W& Woinw 3—(1n | 57@

p—DCESY

RiB# L'  BUSY RRJ

FI\NC 4h| FIDCE 5Y FWVC 4h|
wer TN LN S AN SN S /_\_/_SF\\_/_\_/_X-;’ R S

s —

vk —ath 3 Col_Ada1 ) Col Addz ) RowAdd ) RowAdd2 ) Fow Agda y—(Dini_ %W, 3Dinm _—{1en r?r) 50h W ca
Program Commang (Cache)
RIB# 5') Eusy

e Jﬁ—L

L—j e
vox  ——f80h (ol a1 Col.Agd2 3¢ Raw Addl 3 RowAdd2 ¥ RewAdds j—(DINN 9 Uy WO 3—€11h 3 —55— "g1h ¥
RIB# b A Busy Ss #£

CE# -
CLE
ALE i .

] Hm

liox  —{81h ¢ Col Add1 ) Col Add2 ) Row Add1 ) Row Add2 ¢ Row Add3 3—{ DINN_ ) 5'] WoINM 3 —{10n [)[)

Program Confirm Command (True)

RiB lh S Busy 53]57

Figure Two-plane Cache Program Operation

9.21 Two-plane Block Erase Operation

W0 Row Ada 1/_Row Adaz Row Ades/QIINH 60n__Jh Row Ada 1Y Row Addz¥ Row Addzlt DOh FORE1h oo
Row Address Row Address Read Statuss: 1/00=0 Successful Program
Block Erase Setup Commandi Block Erase Setup Command? Command 1700=1 Eer In Program
1B
RiB% Busy

Figure Two-plane Block Erase Operation
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10. 1D Definition Table
90 ID : Access command = 90H

Part Number 1st Cycle 2nd Cycle
) 3rd Cycle | 4th Cycle | 5th Cycle | 6th ~ 8th Cycle
(Maker Code) | (Device Code)
SCNO1SA1T1AI7A C8h DAh 90h 95h 44h 7Fh
Description
1st Byte Maker Code
2nd Byte Device Code
3rd Byte Internal Chip Number, Cell Type, etc
4th Byte Page Size, Block Size, etc
5th Byte Plane Number, Plane Size
6th Byte JEDEC Maker Code Continuation Code, 7Fh
7th Byte JEDEC Maker Code Continuation Code, 7Fh
8th Byte JEDEC Maker Code Continuation Code, 7Fh
th
3 ID Data
Item Description /O7 |l/O6 |/O5 |/04 |I/03 |l/02 |I/01 |l/00
Internal Chip Number 1 0 0
2 0 1
4 1 0
8 1 1
Cell Type 2 Level Cell 0 0
4 Level Cell 0 1
8 Level Cell 1 0
16 Level Cell 1 1
Number of Simultaneously 1 0 0
Programmed Pages 2 0 1
4 1 0
8 1 1
Interleave Program Not Support 0
Between Multiple Chips Support 1
Cache Program Not Support 0
Support 1
th
4 ID Data
Item Description /07 (/O6 |/O5 (HO4 (O3 [l/02 (/01 (/OO0
Page Size 1KB 0 0
(w/o redundant area) 2KB 0 1
4KB 1 0
8KB 1 1
Redundant Area Size 8 0
{Byte/512Byte) 16 1
Block Size 64KB 0 0
{w/o redundant area) 128KB 0 1
256KB 1 0
512KB 1 1
Organization Xxe 0
X16 1
45ns 0 0
. Reserved 0 1
Serial Access Time 26ns 1 0
Reserved 1 1

UnilC _ techdoc , rev. C
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th
5 ID Data
ltem Description o7 |I/o6 (YOS5 [(Io4 (103 (1102 (I/O1 |I/00
ECC Level 4bit'512B 0 0
2bi'512B 0 1
1bit'512B 1 0
Reserved 1 1
Plane Number 1 0 0
2 0 1
4 1 0
8 1 1
Plane Size(without Redundant 64Kb 0 0 0
Area) 128Kb 0 0 1
256Kb 0 1 0
512Kb 0 1 1
1Gb 1 0 0
2Gb 1 0 1
4Gb 1 1 0
8Gb 1 1 1
Reserved Reserved 0
th th
6 ~8 ID Data
Item Description |I/O7 (/06 (I/O5 [I/O4 (O3 |l/O2 |IIO1 (/OO0
JEDEC Maker Code Continuation
Code TF 0 1 1 1 1 1 1 1
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11.Device Operation
11.1 Page Read

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

w 10 @, [ |

RE# \ ce
Ny

A
\J

Data Output( Serial Access) }7

e

00h Address (5cycles) 30h \

Col. Add. 1.2 & Row Add. 1,2.3
(00h Command)

A
Y

Data Field

\ ey
Spare Field

|.._‘\ | —
| I S |

Figure Read Operation
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RE#

:

R/B# r

Data Output( Serial Access)

1Ox Address 5 cycles X 30h ){ (
Col. Add. 1,2 & Row Add. 1,2,3
Data Field
L
v i
Spare Field

[ | ‘ ‘ |
L Ll |

i el

L

o
£
f=1
Uy
e}
2
e}
=3
i
<
fes]
=
L
e —

Data Output( Serial Access)

A
Y

Data Field

-
Spare Field

Figure Random Data Output in a Page
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11.2  Page Program

The device is programmed based on the unit of a page. 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 of data can be loaded into data
register via cache register, followed by a programming period during which the loaded data
are programmed into the designated memory cells.

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

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

<>
R/B# ‘ {PROG
m “@
110x @ Address & Data Input 10h @/ 1100 >
P
Col. Add. 1,2 & Row Add. 1,2,3 “qn ass
Data

Fail

Figure Program & Read Status Operation
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-
R/B# PROG

) Address & Address &
o (1) (1)

Col. Add. 1,2 & Row Add. 1,2.3
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11.3  Page Program

Cache Program is an extension of Page Program, which is executed with 2,112 byte(x8)
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) 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 (tCBSY)
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 (1/06).
Pass/fail status of only the previous page is available upon the return to Ready state. When the
next set of data is inputted with the Cache Program command, tCBSY is affected by the
progress of pending internal programming. The programming of the cache registers is
initiated only when the pending program cycle is finished and the data registers are available
for the transfer of data from cache registers. The status bit (1/05) for internal Ready/Busy may
be polled to identity the completion of internal programming. If the system monitors the
progress of programming only with R/B#, the last page of the target programming sequence

must be programmed with actual Page Program command (10h).

tCBSY tCBSY
| - - |
R/B# I I
1/0x :
1 Col. Add. 1.2 & Row Add. 1,23 Col. Add. 1.2 & Row Add. 1,2.3 ]
Data Data ‘b |
Y
- - .
Max. 63 times repeatable
| -
L]
R/B# I ‘ tPROG ‘
1/Ox I m Address & Data Input 10h \\b 1700 -
[ o
i Col. Add. 1,2 & Row Add. 1.2,3 ' Pass
i Data Fail
| - -
-

Last Page Input and Program

NOTE:

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

2. tPROG = Program time for the last page + Program time for the (last-1)th page — (Program command

cycle time + Last page data loading time)

Figure Cache Program
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114  Copy-Back Program

Copy-Back Program is designed to efficiently copy data stored in memory cells without
time-consuming data reloading when there is no bit error detected in the stored data. The
benefit is particularly obvious when a portion of a block is updated and the rest of the block
needs to be copied to a newly assigned empty block. Copy-Back operation is a sequential
execution of Read for Copy-Back and of Copy-Back Program with Destination address. A
Read for Copy-Back operation with “35h” command and the Source address moves the whole
2,112byte data into the internal buffer. The host controller can detect bit errors by sequentially
reading the data output. Copy-Back Program is initiated by issuing Page-Copy Data-Input
command (85h) with Destination address. If data modification is necessary to correct bit
errors and to avoid error propagation, data can be reloaded after the Destination address. Data
modification can be repeated multiple times as shown in Figure below. Actual programming
operation begins when Program Confirm command (10h) is issued. Once the program process
starts, the Read Status command (70h) may be entered to read the status register. The host
controller can detect the completion of a program cycle by monitoring the R/B# output, or the
Status bit (1/06) of the Status Register. When the Copy-Back Program is complete, the Status
Bit (1/00) may be checked. The command register remains Read Status mode until another

valid command is written to it.

< ‘;

R/B# tR tPROG
Address Address
(o)—(m) @ :
Col. Add. 1.2 & Row Add. 1.,2.3 Col. Add. 1,2 & Row Add. 1,2.3

Source Address Destination Address
le

Figure Page Copy-Back Program Operation

<l -
-

R/B# R :
Address Address
o X EEHE I -
Col. Add. 1,2 & Row Add. 1,2,3 Col. Add. 1,2 & Row Add. 1,2,3 |
Source Address Destination Address 4 -1_:
Lo
|
R/B#
| Address m
I/Ox 2Cyeles Data output @
- Col. Add. 12
1!
Lttt —— >

There is no limitation for the
number of repeltition

Figure Page Copy-Back Program Operation with Random Data Input
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115 Block Erase

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

At the rising edge of WE# after the Erase Confirm command input, the internal control
logic handles erase and erase-verify. When the erase operation is completed, the host
controller can check Status bit (I/O0) to see if the erase operation is successfully done. Figure
below 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 tBERS 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.

-
R/B# ‘ tBERS ‘
o) -
Row Add. 1,2,3 1 Pass
Fail

Figure Block Erase Operation

11.6 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.

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.
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IO |Page Program | Block Erase Cache Read Cache Read | Definition
Program
YO0 | Pass/Fail Pass/Fail | Pass/Fail(N) NA NA PFZSHS, : 10
/O 1 NA NA Pass/Fail(N-1) NA NA Don't cared
NA ,
/O 2 (Pass/Fail, OTP) NA NA NA NA Don't cared
/O 3 NA NA NA NA NA Don't cared
/O 4 NA NA NA NA NA Don't cared
True True Busy : 0
Vo5 NA NA Ready/Busy NA Ready/Busy Ready : 1
I/O6 | Ready/Busy | Ready/Busy | Ready/Busy | Ready/Busy | Ready/Busy IEeL;Sc}/y: _01
Protected :0
I/O 7 | Write Protect | Write Protect | Write Protect | Write Protect | Write Protect Not
Protected : 1
Table Status Register Definition for 70h Command
Page . .
o P Block Erase | Cache Program Read Cache Read Definition
rogram
/O 0 |Chip Pass/Fail|Chip Pass/Fail| Chip Pass/Fail(N) NA NA F’Fafiff ,]0
) Plane0 Plane0 Plane0 Pass: 0
Vo Pass/Fail Pass/Fail Pass/Fail(N) NA NA Fail .1
. Planea1 Plane Planel Pass -0
o2 Pass/Fail Pass/Fail Pass/Fail(N) NA NA Fail 1
r Plane0 Pass -0
s NA NA Pass/Fail(N-1) NA NA Fail - 1
; Plane1 Pass: 0
Vo4 NA NA Pass/Fail(N-1) NA NA Fail - 1
; , True Busy - 0
110 5 NA NA True Ready/Busy NA Ready/Busy Ready - 1
/0 6 | Ready/Busy | Ready/Busy Ready/Busy Ready/Busy | Ready/Busy RB‘;;SJ},:.QI
/O 7 | Write Protect | Write Protect Write Protect Write Protect|Write Protect Protected :D_
Not Protected - 1
Table Status Register Definition for F1h Command
NOTE :

1. I/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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11.7 ReadID

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.

CE#

CLE _7/—\

ALE &

r—!AF"—b

£ e

WER E

RE#

S A

b-TREA ; r—tR C -—b-|-

&th cyc.

WO 90h

00h

Read ID Command

Address Teycle

1stoyc 2nd cve. Srdeye. 4th cye.

Maker Code Device Code

Figure Read ID Operation

1st Cycle 2nd Cycle
Part Number . 3rd Cycle 4th Cycle 5th Cycle
(Maker Code) (Device Code)
SCNO1SA1T1AI7A C8h DAh 90h 95h 44h
Table 1D Definition Table
11.8 Reset

The device offers a reset feature, executed by writing FFh to the command register.

When the device is in Busy state during random read, program or erase mode, the reset

operation will abort these operations. The contents of memory cells being altered are no

longer valid, as the data will be partially programmed or erased. The command register is

cleared to wait for the next command, and the Status Register is cleared to value COh when

WP# is high. If the device is already in reset state a new reset command will be accepted by

the command register. The R/B# pin changes to low for tRST after the Reset command is

written. Refer to Figure below.

« >
R/B# (RST
10y (Crmn ) >
Figure Reset Operation
After Power-up After Reset
Operation Mode |00h Command is latched Waiting for next command
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119 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 tDCBSYR, 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.

CLE [
E ’ ‘. :'..'. 'Ii _:'1'1 -C1 L:.IlI 3 1il I|I s ::. 'I!\ -:'[ I-:I! ”-':
wE . U ™, \f _-"\\
______ x'. - - - L
ALE |
A R VA AV YAV e VA VAYAYAYA \ / N/
uuuuuu kv = [~ B - —_ i~ — [ (=
i .  p— 4 b 1
- A ——i——t g 1 {23 ) ih—td 0 ) 1M 2 Y 3 2y T
vor e OO0 . I 0608 8100808 850000880
:;-r'- :-: e | - Ir _ Page Ao N | Page dddess 1 | Page dddms et
T e . L & 8 L
_ L LLHR e ﬂfi:_ﬁ
RB 7 U ¥ v
Data Cache | | | | _.pg el — PageNti —f PagzN+2 — PageN+3
of of (:' ® @(:' 0 (: ©
PageBufiar

3 | | | Paga N | PagN\ PagN?

PageN+ 1

PagaN+2

Page N+ 3

Figure Read Operation with Cache Read
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11.10 Two-Plane Page Read

Two-Plane Page Read is an extension of Page Read, for a single plane with 2,112 byte
data registers. Since the device is equipped with two memory planes, activating the two sets
of 2,112 byte data registers enables a random read of two pages. Two-Plane Page Read is
initiated by repeating command 60h followed by three address cycles twice. In this case, only
same page of same block can be selected from each plane.

After Read Confirm command(30h) the 4,224 bytes of data within the selected two page
are transferred to the cache registers via data registers in less than 25us(tR). The system
controller can detect the completion of data transfer (tR) by monitoring the output of R/B pin.

Once the data is loaded into the cache 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.

- |
t
R/B# \ ‘ / |
L/Ox Address Address )
(3 Cycle) (3 Cycle) i
Row Add. 1,2.3 Row Add. 1,2,3 I‘l -1
11
Pagc address: Page M Pagc address: Page M b=
Plane address: Fixed 'Low" Plane address: Fixed "High'
Block address: Block N Block address: Block N
|
R/B# |
|
Address Address
l Col. Add. 1,2 & Row Add. 1,2,3 Col. Add. 1,2
:-2-: Column address: Fixed T.ow" Column address: Valid
ek Page address: Page M
Plane address: Fixed 'High'
Block address: Block N
| I
RB# ) |
| I
Address Address
| Col. Add. 1,2 & Row Add. 1,2,3 Col. Add. 1,2 |
:-1-: Column address: Fixed Low" Column address: Valid :-2-:
. Page address: Page M b

Plane address: Fixed Low'
Block address: Block N

Figure Two-Plane Page Read
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11.11 Two-Plane Cache Read

Two-Plane Cache Read is an extension of Cache Read, for a single plane with 2,112 byte
data registers. Since the device is equipped with two memory planes, the two sets of 2,112
byte data registers enables a cache read of two pages. Two-Plane Cache Read is initiated by
repeating command 60h followed by three address cycles twice. In this case only same page
of same block can be selected from each plane.

After Read Confirm command(33h) the 4,224 bytes of data within the selected two page
are transferred to the cache registers via data registers in less than 25us(tR). After issuing
Cache Read command(31h), read data in the data registers is transferred to cache registers for
a short period of time(tDBSY). Once the data is loaded into the cache registers from 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.
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|
- N
BB "'. i 8 f :
T0x Address Address \ |
600 )= (3 Cycle) @ (3 Cycle) /220 |
Row Add 123 Row Add. 123 r_i_'
1 1
Page address: Page M Page address: Page M ==
Plane address: Fixed Tow' Plane address: Fixed High'
Block address: Block N Block address: Block N
R/B#
. ddress
o (5 Cycle)
| Col. Add. 1.2 & Row Add 123 Col Add 1.2 |
T = = Colunn address: Fixed Tow’ Column address: Valid N 2 -
' 1 Page address: Page M ! 1,
T Plane address: Fixed Low’ o
Block address: Block N |
1
R/B# | |
I |
) Address
| Col. Add. 1.7 & Row Add 123 Col. Add 1.2 |
r S Colunm address: Fixed Low' Column address: Vald T _3 S
129 Page address: Page M L2d
L= Plane address: Fixed High'
Block address: Block N
| : |
WDCBSY
R/B# |
) ddress Address
Tox (5 Cyele) (2 Cycle)
| Col. Add. 1.2 & Row Add 1,23 Col Add 1.2 |
P -: o Column address: Fixed Tow’ Colmmn address: Valid i z 3
[, Page address: Page M-n :.i_.
Plane address: Fixed Low’
Block address: Block N
]
R/B# |
. | ddreas Address
rox 6 Cyi et
| Col. Add. 1.2 & Row Add 123 Col. Add 1,2
r I Colunm address: Fixed Tow’ Colunm address: Valid
1

UnilC _ techdoc , rev. C

Page address: Page M+n
Plane address: Fixed High'
Block address: Block N

Figure Two-Plane Cache Read
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11.12 Two-Plane Page Program

Two-Plane Page Program is an extension of Page Program, for a single plane with 2,112
byte data registers. Since the device is equipped with two memory planes, activating the two
sets of 2112 byte data registers enables a simultaneous programming of two pages.

After writing the first set of data up to 2,112 byte into the selected data registers via
cache registers, Dummy Page Program command (11h) instead of actual Page Program
command (10h) is inputted to finish data-loading of the first plane. Since no programming
process is involved, R/B remains in busy state for a short period of time(tDBSY). Read Status
command (70h) may be issued to find out when the device returns to ready state by polling
the R/B status bit(I/O 6). Then the next set of data for the other plane is inputted after 81h
command and address sequences. After inputting data for the last page, actual True Page
Program(10h) instead of dummy Page Program command(11h) must be followed to start the
programming process. The operation of R/B and Read Status is the same as that of Page
Program. Although two planes are programmed simultaneously, pass/fail is not available for
each page when the program operation completes. Status bit of I/O 0 is set to ““1” when any of

the pages fails.

B

Column address: Valid
Pape address Page address: Page M

Plame address: Fived™ Low” Plane address: Fixed™ High” Fail
Block address: Block ™ Block wddress: Black ™

= T, O, O
4:’ @

= || | ==

Plane 0 Plane 1

Figure Two-Plane Page Program
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11.13 Two-Plane Copy-Back Program

Two-Plane Copy-Back Program is an extension of Copy-Back Program, for a single
plane with 2,112 byte data registers. Since the device is equipped with two memory planes,

activating the two sets of 2,112 byte data registers enables a simultaneous programming of

two pages.
- '
R/Bi/ \ " / |
1/0x !
|
Row Add. 1,23 Row Add. 1,2,3 |—1—|
1 ]
Page address: Page M Page address: Page M -
Plane address: Fixed "Low' Plane address: Fixed "High'
Block address: Block N Block address: Block N
| |
R/Bif I |
I Address Address |
I Col. Add. 1,2 & Row Add. 1,2.3 Col. Add. 1,2 |
Naded | Column address: Fixed "Low" Column address: Valid "=
I_l__' Page address: Page M L i:
Plane address: Fixed 'Low’
Block address: Block N
| |
R/Bi# I I
Address Address
I Col, Add. 1,2 & Row Add. 1,2,3 Col. Add. 1.2 |
=1 Column address: Fixed "Low' Column address: Valid =1
12 Page address: Page M 2 30

Plane address: Fixed 'High'
Block address: Block N

t

\ tonsy [ ROG .

R/B# I LPROC If

L/Ox Address
yele (5 Cycle)

I Destination Address - Destination Address
|-3-| Col. Add. 1,2 & Row Add. 1,2,3 Note Col. Add. 1,2 & Row Add. 1,2,3
'__.' Column address: Fixed "Low' Column address: Fixed "Low'
Page address: Page M Page address: Page M
Plane address: Fixed T.ow Plane address: Fixed 'High'
Block address: Block N Block address: Block N
Plane0 Planel
-4 - -4 -
Data Field Data Field
Target page Target page
LR = e (1): Two-Plane Read for Copy Back
4o e e —1__1 (2): Two-Plane Random Data Out
| Source page Source page | (3): Two-Planc Copy Back Program
b — — — — — — — — —t — — = —F - — — = — — — — = = — — — —
-—— (. - (. I
1 £l | ] 3
\ 11 LI N 19 [
- -
Spare Field Spare Field
___________________________________ 5
! I
s s
] ==
121 121
- -
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- !
B Y " I T
- ! / I
I'Ox Address Address - |
{0 ){ g 0 & ey %) I

Fow Add. 12,3 Fow Add. 1,23 r _1 -

LI

Page addrass: Paga M Page address: Page M
Plane address: Freed Tow' Plane address: Fived High'
Elock address: Block W Block address: Block IV

RB: | |
| I
i Address - Address
o (e D - T S
| Col. Add. 1,2 & Fow Add. 1,23 Col Add. 1,2 I
r== Colmnn address: Fixed Tow Column address: Valid ==
Ll_l Page address: Page M e
Plane address: Fixed Tow'
Block address: Block IV
1 |
REE ) |
| Address Address I
0= _r._< (5 Cydle) >_._< {2 Cycle) —{Eon)—( Data Quiput >—|_
| Col. Add. 1,2 & Row Add. 1,23 Col Add 1,2 I
[ Column address: Fived Tow Cohmnn address: Valid [
t-a Page address: Page M 15_,
Plane address: Fixed High'
Block address: Block I
I | MESY —
B2 | \ f |
I |
Tox L@{ fﬂmﬁ >_< Dara < ;delu_cfz ) pa ) {1 |
| _ :,} cycles) hok i ‘Y |
i Destinaton Address Destination Address - ;
37 ColAdd 12 Rowadd 123 Col. Add 12 Nata =
Ll Colmum address: Valid Column address: Valid H j_'
Page address: Page M
Plane address: Fixed 'Low'
Bleck address: Block M
| -

RB# : ‘\I /

Lo plLy AddrEs Dua Address D ) {1om')
I (% cycles) (2 cycles) / Y i

——# Destnaton Address Dresrination Address
1'| Col. Add. 1,2 & Fow Add. 1,23 Mote Col. Add. 1.2
O Colum sddress: Valid Colunn address: Valid

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

Figure Two-Plane Copy-Back Program with Random Data Input
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11.14 Two-Plane Cache Program

Two-Plane Cache Program is an extension of Cache Program, for a single plane with
2,112 byte data registers. Since the device is equipped with two memory planes, activating the

two sets of 2,112 byte data registers enables a simultaneous programming of two pages.

Hn'E toBsY tCaaY

—_—
(w5 H Ada & Data 1 il 15
|_EOn K Adoess & Catainput § 110 310 ,C.:}d'ess&mla Irpl._;),'f\_ sh |
colimn address - Vald column address  Valld
pans address: Page M page address . Page M II[
plane address: Flxed Low’ plane andress: Flxed "High'
, biack adoress Siock M Dlock address: Block N
_ . DBSY tPROG™
R/B H
R '_j(' AT R -
[[{n3 \, B0n Address & Dala Inpus in g1 Jf Addrzes & Data input | 10h

column adoress  Vall
pags aduress: Page M+n
plane address: Fleed ‘High
biock adoress: Slock M

Nofe's
column agdress « Valkd |"—"|
page andress Page M+n

plane address: Flusd Low'
block aodress: Block M

Cache register I 4 * | — I 2 L | et
. J —
Data register | | "'_\.3 | | ._\.3
Pilane D / Flane 1 ,-"
(1024 Bi0ck) - (1024 8lack] A
Block 0 Block 1
Elock 2 Block 3
Block 2044 Block 2045
Block 2046 Block 2047
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11.15 Two-Plane Block Erase

Basic concept of Two-Plane Block Erase operation is identical to that of Two-Plane Page
Program. Up to two blocks, one from each plane can be simultaneously erased. Standard
Block Erase command sequences (Block Erase Setup command 60h followed by three
address cycles) may be repeated up to twice for erasing up to two blocks. Only one block
should be selected from each plane. The Erase Confirm command (DOh) initiates the actual
erasing process. The completion is detected by monitoring R/B pin or Ready/Busy status bit

(1/0 6).
-
R/BY \ o EEe
"0
Vox Address Address .
(3 Cyele) G Cyele) 7Oh/F 1h @
Row Add 1,23 Row Add 1.2.3 o Pass
page address: Fix Low page address: Fix Low -
plane address: Fix Low plane address: Fix High Fail
block address: Block N block address: Block N

Figure Two-Plane Block Erase

11.16 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/B#) and current drain
during busy (ibusy) , an appropriate value can be obtained with the following reference chart.
Its value can be determined by the following guidance.
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Rp Jibusg.I
. 3.3V device - VoL - 0.4V, Voo 2.4V

I
: ! Ready Ved
REB ! .
: openl drain output :'\ Vor: 0.4V, Vew: 2.4V / VCH
I | ! '
I I -G AN | / '
| | ' VoL i \ H
: | - s e
[ [ Lo o
: GND :
'/j;/' " Device
Rp vs tgaog vs CL
@ Vecm 33V, Tam25C, G = E0pF
200n| 4 2m
100n|_ 4 1m =
"
f f f !
1K 2K 3K 4k
Rpjohm)
Rp value guidance
_ Voo(Max. ) - VoL(Max. ) 3.2V
Rp(min, 3.3V part) = =
loL + ZlL BmA + ZIL

where I; 1s the sum of the input currents of all devices tied to the B/B# pin.
Rp (max) 15 determined by maximum permissible limat of tr

Figure Read/Busy# Pin Electrical Specifications
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11.17 Data Protection & Power Up Sequence

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

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

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

W

hi|
Don’t Ulll'% 3ms max tu-.:&ninn |
wEe o et ————- el T >
| i
) Lavalid 7(‘
Ry f

Don't care ——=
} +
leg- !

100 us

Figure AC Waveforms for Power Transition
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11.18 Write Protection Operation
Enabling WP# during erase and program busy is prohibited. The erase and program

operations are enabled and disabled as follows:

Enable Programming

|
1

e

WE#

\

1/0x 80h 10h

WP#

R/B# |
-+ >

tWW (Min. 100 ns)

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

| | N
I T
E
WE I _
| |
1/0x i i 80h 10h >
| |
|
WP |
|
R/BH | |
e

tWW (Min, 100 ns)

Enable Erasing

|
3

R

WE#

 J

1/Ox 60h DOh

WP

R/B# |
- — P

tWW (Min. 100ns)

NOTE: WP# keeps “High” until erasing finish
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Disable Erasing

|
1

WE#

TVox

N S

60h DOh

WP#

Y

R/B#
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- —
fWW (M. 100 ns)
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Figure Erase and Program Operations
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