Gxeme H7A14G21G1IX

4G-BIT 3.3V
PARALLEL SLC-NAND FLASH

Overview

The H7A14G21G1IX is a single 3.3V 4Gbit NAND Electrically Erasable and Programmable Read-Only Memory
(NAND E2PROM) organized as (4096 + 256) bytes x 64 pages x 2048 blocks. The device has two 4352-byte
static registers which allow program and read data to be transferred between the register and the memory

cell array in 4352-byte increments. The Erase operation is implemented in a single block unit

(256 Kbytes + 16 Kbytes: 4352 bytes x 64 pages).

The H7A14G21G1IX is a serial-type memory device which utilizes the 1/0 pins for both address and data
input/output as well as for command inputs. The Erase and Program operations are automatically executed
making the device most suitable for applications such as solid-state file storage, voice recording, image file
memory for still cameras and other systems which require high-density non-volatile memory data storage.

Device Features

e Single Level per Cell (SLC) Technology

e ECC requirement: 8bit/512Bytes

e Power Supply Voltage

- Voltage range: 2.7V ~ 3.6V

e Organization

- Page size: x8 (4096 + 256) bytes; 256- bytes spare area
- Block size: x8 (256k + 16k) bytes

- Plane size: 2048 Blocks per Plane or (256M + 16M) bytes
- 2008 block (min) ~2048 block (max)

e Modes

- Read, Reset, Auto Page Program, Auto Block Erase, Status Read, Page Copy
- Multi Page Program, Multi Block Erase, Multi Page Copy, Multi Page Read
e Access time

- Cell array to register: 25us (max)

- Serial Read Cycle: 25 ns (min) (CL=50pF)

e Page Read / Program

- Random access: 25 ys (Max)

- Sequential access: 25 ns (Min)

- Program time / Multiplane Program time: 300 us (Typ)

e Block Erase

- Block Erase time: 3.5 ms (Typ)

e Operating current

- Read (25 ns cycle) 30 mA max.

- Program (avg.) 30 mA max / Erase (avg.) 30 mA max

- Standby 50 pA max

¢ Reliability

10 Year Data retention (Typ) , Blocks zero are valid
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Ordering Information

Part No Density Package Grade
H7A14G21G1IX 4G-bit(512Mx8) TSOP48 12x20mm Industrial

Pad Configuration

MC ] 1 . 48 [ NC
NC 1 2 47 1 NC
NC T 3 46 [ NC
NC T 4 45 |3 NC
we ] 5 44 07
e 6 43 [ /o6
BB 7 42 [1jos
RE 1 & a1 [/ /o4
CEC— 4 . 40 [ NC
= 48-pin TSOP W=k
M 11 38 N

voo ] 12 37— wee
e 1 Standard Type BV
NC ] 14 35 [ NC
NC ] 15 12mm x 20mm 34 [ NC
CLE ] 16 33 [ NC
Ale 17 32 /03
WE 1 18 31 o2
wp—] 19 30 /o1
NC ] 20 29 [0
NC ] 21 28 [ NC
NC ] 22 27 [ NC
NC | 23 26 [ NC
we T 24 15 [ NC

Pin Description (Simplified)

Pin Name Description

1/01-1/08 (x8) | Inputs/Outputs. The |/O pins are used for command input, address input, data input, and data
output. The I/O pins float to High-Z when the device is deselected or the outputs are disabled.

CLE Command Latch Enable. This input activates the latching of the /O inputs inside the Command

Register on the rising edge of Write Enable (WE#).
ALE Address Latch Enable. This input activates the latching of the I/O inputs inside the Address Register

on the rising edge of Write Enable (WE#).

CE# Chip Enable. This input controls the selection of the device. When the device is not busy CE# low

selects the memory.
WE# Write Enable. This input latches Command, Address and Data. The I/O inputs are latched on the

rising edge of WE#.

Read Enable. The RE# input is the serial data-out control, and when active drives the data onto the

RE# I/O bus. Data is valid tREA after the falling edge of RE# which also increments the internal column
address counter by one.

WPH# Write Protect. The WP# pin, when low, provides hardware protection against undesired data
modification (program / erase).

R/B# Ready Busy. The Ready/Busy output is an Open Drain pin that signals the state of the memory.

VCC Supply Voltage. The VCC supplies the power for all the operations (Read, Program, Erase). An
internal lock circuit prevents the insertion of Commands when VCC is less than VLKD.

V55 Ground.

NC Not Connected.

- —
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Logic Diagram

VCC VCCQ
CEf ——C l{::> I/01~1/08
WEfs ——(
AEg —C O——R/B#
ALE
CLE
WP§ ——(
VS8S VSSQ
Block Diagram
Vee Vss
‘ Status register  [€— T T
1101 © :> Address register . Column buffer
to Cont£locircuit Column decoder
1/0g © Command register @ Data register
{} | Sense amp —
CE o— 5 |
ALE O0—| 25| ©
WE Logic control Control circuit %E E Memory cell array
WP o——| o o
RY/BY {}
D;:] }— RY/BY HV generator
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Array Organization

Schematic Cell Layout and Address Assignment

The Program operation works on page units while the Erase operation works on block units.

ar

o '.,/J—‘,""O‘

s o g I
—olf00 , . .
Dats Cache | 058 I 258 L/H/ 4 papgs conmete of 42352 bytes 1n which 4096 bytss are
)

- ) uged for maln memary storage and 256 bytes are for
Al R redundancy or for other uses.
Page Buffer| 086 256 L/]]/ | page - 4952 bytes
P L i a 1 block - 4352 bytes » 64 pages = (356K + 16K) bytes
p : 1Lt / Capacty = 4354 bytes = Gdpages = 2048 blocks
""""""""""""""" |} 64 Pages-1 plock
Ve
131072
pagess . -~
2048 blocks
o
i Ele
4352
An address izread in via the I port cver five
eongecutive dlock cycles,
Addressing

/08 o7 lroe /o5 o4 1/03 /02 1101
First cycle CA7 CAB CAS CA4 CA3 CA2 CA1 CAD
Second cycle L L L L CA11 CA10 CA9 CA8
Third cycle PAY PAB PAS PA4 PA3 PA2 PA1 PAD
Fourth cycle PA15 PA14 PA13 PA12 PA11 PA10 PAS PA8
Fifth cycle L L L L L L L PA16

CAO to CA11: Column address
PAO to PA16: Page address
PAG6 to PA16: Block address
[ PAO to PAS: NAND address in block ]
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Absolute Maximum Ratings

SYMBOL RATING VALUE UNIT
Vee Power Supply Voltage -06t0 46 v
VIN Input Voltage -06t0 46 v
Vio Input /Output Voltage -06toVec+03(46V) Vi
PD Power Dissipation 0.3 W
TsoLDER Soldering Temperature (10 s) 260 °C
TsTG Storage Temperature -551t0 150 °C
Topr Operating Temperature -40 to 85 °C
H — o —
Capacitance *(Ta = 25°C, f = 1 MHz)
SYMBOL PARAMETER CONDITION MIN MAX UNIT
CiN Input ViN=0V — 10 pF
Cout Output Vour=0V —_ 10 pF
NOTE:
1. This parameter is periodically sampled and is not tested for every device.
Valid Blocks
SYMBOL PARAMETER MIN TYP. MAX UNIT
Nvg Number of Valid Blocks 2008 — 2048 Blocks
NOTE:

1. The device occasionally contains unusable blocks.

2. The first block (Block 0) is guaranteed to be a valid block at the time of shipment.
3. The specification for the minimum number of valid blocks is applicable over lifetime.

4. The number of valid blocks is on the basis of single plane operations, and this may be decreased with two plane

operations.

HWA LING TECHNOLOGY

5/52

HWA LING TECHNOLOGY



6X9me H7A14G21G1IX

Recommended DC Operating Conditions

SYMBOL PARAMETER MIN TYP. MAX UNIT
Vee Power Supply Voltage 27 — 36 \
VIH High Level input Voltage Vee x 0.8 — Vee + 0.3 v
ViL Low Level Input Voltage -0.3* — Veex 02 \

NOTE:
1. -2 V (pulse width lower than 20 ns)

DC Characteristics (Ta=-40t0 85, VCC = 2.7 to 3.6V)

SYMBOL PARAMETER CONDITION MIN TYP. MAX UNIT
L Input Leakage Current ViN=0VtoVce —_ —_ +10 pA
Lo QOutput Leakage Current Vout = 0VitoVce —_ —_ +10 pA

Icco1 Serial Read Current CE# = VIL, louT = 0 mA, tcycle = 25 _-— — 20 mA
Icco2 Programming Current — — — 30 mA
Iccos Erasing Current — — _ 30 mA
lces Standby Current CE# = Vcc-0.2V, WPE = 0 VIVCe —_— —_— 50 pA
VoH High Level Output Voltage loH = -0.1 mA Vec—-02 — — v
VoL Low Level Output Voltage loL = 0.1 mA — — 02 Y
I -
oL Output current of RY/BY pin VoL=02V _ 4 _ mA
(RY/BY )

e —
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AC CHARACTERISTICS AND RECOMMENDED OPERATING

(Ta=-40to 85, VCC = 2.7 to 3.6V)

SYMBOL PARAMETER MIN MAX UNIT
tcis CLE Setup Time 12 — ns
tcLH CLE Hold Time 5 — ns
ics CE#  Setup Time 20 — ns
tcH CE# Hold Time 5 — ns
twp Write Pulse Width 12 — ns
taLS ALE Setup Time 12 — ns
tALH ALE Hold Time 5 — ns
iDs Data Setup Time 12 — ns
tDH Data Hold Time 5 — ns
twe Write Cycle Time 25 — ns
twH WE#  High Hold Time 10 — ns
v WP# Highto WE# Low 100 — ns
tRR Readyto REZ Falling Edge 20 — ns
trw Ready to WE# Falling Edge 20 — ns
trp Read Pulse Width 12 — ns
tRe Read Cycle Time 25 — ns
tREA RE# Access Time — 20 ns
tclr CLElLowto RE# Low 10 — ns
tAR ALE Lowto RE# Low 10 — ns

tRHOH RE# High to Output Hold Time 25 — ns
tRLOH RE#  Low to Qutput Hold Time 5 — ns
tRHZ RE#  High to Qutput High Impedance — 60 ns
toHZ CE#  High to Output High Impedance — 20 ns
tcsp CE# HightoALE or CLE Don't Care 0 — ns
IREH RE#  High Hold Time 10 — ns
iR Qutput-High-impedance-to- RE#  Falling Edge 0 — ns
IRHW RE# Highto WE# Low 30 — ns
tWHC WE# HightoCE# Low 30 — ns
tWHR WE# Highto RE# Low 60 — ns
trR Memory Cell Array to Starting Address — 25 us
tDCBSYRI Data Cache Busy in Read Cache (following 31h and 3Fh) — 25 us
tDCBSYR2 Data Cache Busy in Page Copy (following 3Ah) — 30 us
twB WE# High to Busy — 100 ns
tRsT Device Reset Time (Ready/Read/Program/Erase) — 55/10/500 us
NOTE:
1. tCLS and tALS can not be shorter than tWP
2. tCS should be longer than tWP + 8ns.
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AC Test Conditions

CONDITION
PARAMETER
Veeo: 2.7 to 3.6V

Input level Ve -02V,02V
Input pulse rise and fall time 3ns

Input comparison level Veo/ 2
Qutput data comparison level Veo/ 2
Output load CL(50pF) +1TTL

NOTE:
1. Busy to ready time depends on the pull-up resistor tied to the RY/BY# pin.

Programming and Erasing Characteristics

(Ta=-40t0 857, VCC = 2.7 to 3.6V)

SYMBOL PARAMETER MIN TYP. MAX UNIT NOTES
tPrROG Average Programming Time — 300 700 ps
tbcBSYW 1 Data Cache Busy Time in Write Cache (following 11h) — — 10 ps
tbcBsYw? Data|Cache Busy Time in Write Cache (following 15h) — — 700 Hs (2)
N Number of Partial Program Cycles in the Same Page — — 4 (1)
{BERASE Block Erasing Time - 35 10 ms

NOTE:
1. Refer to Application Note (12) toward the end of this document.
2. tDCBSYW?2 depends on the timing between internal programming time and data in time.

Data Output

When tREH is long, output buffers are disabled by /RE=High, and the hold time of data output depend on tRHOH
(25ns MIN). On this condition, waveforms look like normal serial read mode.

When tREH is short, output buffers are not disabled by /RE=High, and the hold time of data output depend on
tRLOH (5ns MIN). On this condition, output buffers are disabled by the rising edge of CLE, ALE, /CE or falling edge
of /WE, and waveforms look like Extended Data Output Mode.

Mode Selection

The operation modes such as Program, Erase, Read and Reset are controlled by command operations shown in
Table 3. Address input, command input and data input/output are controlled by the CLE, ALE, /CE, /WE, /RE and
/WP signals as shown below logic table.

e —
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Logic Table
CLE ALE CE WE RE wp
Command Input H L L i H *
Data Input L L L nill H H
Address input L H L 1 H =
Serial Data Output L L L H 3 I .
Duning Program (Busy) * * * * * H
Dunng Erase (Busy) . * " * * H
+ P H B * P
Dunng Read (Busy)
* * L H(*2) H(*2) .
Program, Erase Inhibit . . . . . L
Standby * * H . * 0VVee

H: VIH, L VL, *: VIH or VL

1. *1: Refer to Application Note (10) toward the end of this document regarding the WP signal when Program or Erase Inhibit

2. *2CEislow during read busy, WE and RE must be held High te avoid unintended command/address input to the device or read to device. Reset or

Status Read command can be input during Read Busy.

Command table (HEX)

First Cycle Second Cycle Acceptable while Busy

Seral Data Input 80 —
Read 00 30
Column Address Change in Serial Data Output 05 E0
Read with Data Cache 31 —
Read Start for Last Page in Read Cycle with Data Cache 3F —
Auto Page Program 80 10
Column Address Change in Serial Data Input 85 —
Auto Program with Data Cache 80 15

80 11
Multi Page Program a1 15

81 10
Read for Page Copy (2) with Data Out 00 3A
Auto Program with Data Cache during Page Copy (2) 8C 15
Auto Program for last page during Page Copy (2) 8C 10
Auto Block Erase 60 DO
1D Read 90 —
Status Read 70 — °
Status Read for Muli-Page Program or Muifi Block Erase 71 — °
Reset FF — °

HEX data bit assignment
Serial Data Input: 80h
—_— 1

(Example)

M

A

-

a4 ™

[1]ofofofofo]o]o]
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Read mode operation states

CLE ALE CE WE RE /01 to /08 Power
Output select L L L H L Data output Active
Output Deselect L L L H H High impedance Active

H: ViH, L VIL

Device Operation
Read Mode

Read mode is set when the "00h" and “30h” commands are issued to the Command register. Between the two
commands, a start address for the Read mode needs to be issued. After initial power on sequence, “00h”
command is latched into the internal command register. Therefore read operation after power on sequence is
executed by the setting of only five address cycles and “30h” command. Refer to the figures below for the
sequence and the block diagram.

ce_ M\ i
= \ DA DD DD 777z, DB D
VARVAAVAVAVAVAWY.

ALE / \

%

RE
RY /BY Column Address M Page Address N Busy tr
o —oom— H H K A e M e +2)- - -~
- —~— - Page Address N
Start-address input
M m A data transfer operation from the cell array to the Data
Data Cache | i 7 i N Cache via Page Buffer starts on the rising edge of WE in the

1 30h command input cycle (after the address information has
Page Buffer | }- | heen latched). The device will be in the Busy state during this
transfer period.

Selet[fl page After the transfer period, the device returns to Ready state

Cell array

N Serial data can be output synchronously with the RE clock
from the start address designated in the address input cycle.

/01 to B: m=4351

- —
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Random Column Address Change in Read Cycle

ae /\ [\ [\ [\
\éﬂﬂﬂﬂé% A AbDARAADR

H7/A14G21G1IX

al

%

Start-address input Start from Col. M Start from Col. M
M M During the serial data output from the Data Cache, the column
| N address can be changed by inputting a new column address
L, * * } using the 05h and EOh commands. The data is read out in serial
[ r} ] starting at the new column address. Random Column Address
4 Change operation can be done multiple times within the same
Select Pa@e_qz‘ PP P P P F S i} page
N o
T T

Read Operation with Read Cache

The device has a Read operation with Data Cache that enables the high speed read operation shown below. When
the block address changes, this sequence has to be started from the beginning.

as /| A\ [\ [\

. Colmn o Page Address N Page Address N+ 1 Page Address N +2
Cata Cache

— e |:|:>Pagew+1 ——
Page Buflr EET—— @ =T O
e ®
o |
30h

PageN+1 //
_ Page N+ 2 77277777777
3th& RE clock 3h& RE clock 3Fh& RE clock
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If the 31h command is issued to the device, the data content of the next page is transferred to the Page Buffer
during serial data out from the Data Cache, and therefore the tR (Data transfer from memory cell to data register)
will be reduced.

1. Normal read. Data is transferred from Page N to Data Cache through Page Buffer. During this time period, the
device outputs Busy state for tR max.

2. After the Ready/Busy returns to Ready, 31h command is issued and data is transferred to Data Cache from
Page Buffer again. This data transfer takes tDCBSYR1 max and the completion of this time period can be
detected by Ready/Busy signal.

3. Data of Page N + 1 is transferred to Page Buffer from cell while the data of Page N in Data cache can be read
out by /RE clock simultaneously.

4. The 31h command makes data of Page N + 1 transfer to Data Cache from Page Buffer after the completion of
the transfer from cell to Page Buffer. The device outputs Busy state for tDCBSYR1 max. This Busy period
depends on the combination of the internal data transfer time from cell to Page buffer and the serial data out
time.

5. Data of Page N + 2 is transferred to Page Buffer from cell while the data of Page N + 1 in Data cache can be
read out by /RE clock simultaneously.

6. The 3Fh command makes the data of Page N + 2 transfer to the Data Cache from the Page Buffer after the
completion of the transfer from cell to Page Buffer. The device outputs Busy state for tDCBSYR1 max.. This
Busy period depends on the combination of the internal data transfer time from cell to Page buffer and the
serial data out time.

7. Data of Page N + 2 in Data Cache can be read out, but since the 3Fh command does not transfer the data from
the memory cell to Page Buffer, the device can accept new command input immediately after the completion
of serial data out.

e —
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Multi Page Read Operation

The device has a Multi Page Read operation and Multi Page Read with Data Cache operation.

(1) Multi Page Read without Data Cache
The sequence of command and address input is shown below.
Same page address (PAO to PA5) within each district has to be selected.

Command
input (3 cycle) (3 cycle)
@ Address input @ Address input 30 @
Page Address Fage Address
PAD to FA1E PAD to PATE

(District 0) (District 1) R
®

RY/BY \ /

Carmrmand
input (5 cycle) (2 cycle)
e @ Addressinput @ Address input @ Data output
Colurmn + Page Address Column Address (District 0)
CADto CA12, PAD to PATB CADto CA12
(District 0) (District 0)
_ E
RYiBY @ O
Command
input 5 cycle
9 @ Addressinput @ Address input @ Diata output I—
Column + Page Address Column Address (Oistrict 1)
CAQto CA12 PADto PA1E CAQ to CA12
(District 1) {District 1)
RY/IBY @

District 0 District 1

5 l 5
) z

I . | [ . |
"1 Reading \
Selected o ’

page /| selected

EELITTTIELTLIIELITL IS

page

The data transfer operation from the cell array to the Data Cache via Page Buffer starts on the rising
edge of WE in the 30h command input cycle (after the 2 Districts address information has been
latched). The device will be in the Busy state during this transfer period.

After the transfer period, the device returns to Ready state. Serial data can be output synchronously
with the RE clock from the start address designated in the address input cycle.
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(2) Multi Page Read with Data Cache

When the block address changes (increments) this sequenced has to be started from the beginning.
The sequence of command and address input is shown below.

Same page address (PAO to PA5) within each district has to be selected.

Command
Input
@ Address input @ Address input a0 @
Fage Address Fage Addrass
PAD to PATH FAD to PATE
(Page mi; District 0) (Page no; District 1) fi=}
. " ®
RYIBY
Comrmand
input
a 0 @ Address input @ Address input @ Data output
Column + Page Address Colurmn Address (District O)
CADto CATZ, PAD to FATE CADto CA12
OCESYR (Fage mO ; District 0) (Diistrict 0)
. = ®
RYIBY

Command
inpLt
e (o0 ) adaress mput (—~ 05— aadress nput |~ E0 ) Data output
Calumn + Page Address Colurmn Address (District 1)
CAD toCA1Z, FAl o PATE Calto CAT2
(Page no ; District 1) (Dis‘[ricth]
. ® o
RYBY
Feturnto A
Command Repeat 3 max of B3 times
input
o 6 @ Address input @ Address input @ Diata output |—®
Colurnn + Page Address Colurmn Address (District 0}
CAD to CA12, PAD to FA 16 CAN D CAtd
t{DCBSYR1 [Page B3 ; District 0) ([District 0
_ @ ®
RyABY \_/
Caormmand
input
o @ Address input @ Address input @ Data outpuc I—
Column + Page Address Column Address (District 1)
CAD W CA1Z, PAD IO FA 16 CAD 10 CA12
(Page nB3 ; District 1) (District 1)

R @

i —
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(3) Notes

(a) Internal addressing in relation with the Districts
To use Multi Page Read operation, the internal addressing should be considered in relation with the District.
The device consists from 2 Districts.
Each District consists from 1024 erase blocks.
« The allocation rule is follows.
District O: Block 0, Block 2, Block 4, Block 6,-:-, Block 2046
District 1: Block 1, Block 3, Block 5, Block 7,---, Block 2047

(b) Address input restriction for the Multi Page Read operation
There are following restrictions in using Multi Page Read;

(Restriction)

Maximum one block should be selected from each District.

Same page address (PAO to PA5) within two districts has to be selected.

For example;

(60) [District 0, Page Address 0x00000] (60) [District 1, Page Address 0x00040] (30)
(60) [District 0, Page Address 0x00001] (60) [District 1, Page Address 0x00041] (30)

(Acceptance)

There is no order limitation of the District for the address input.
For example, following operation is accepted;

(60) [District 0] (60) [District 1] (30)

(60) [District 1] (60) [District 0] (30)

It requires no mutual address relation between the selected blocks from each District.

(c) /WP signal
Make sure /WP is held to High level when Multi Page Read operation is performed

i —
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Auto Page Program Operation

The device carries out an Automatic Page Program operation when it receives a "10h" Program command after
the address and data have been input. The sequence of command, address and data input is shown below.

CLE _/_\ ) [\ [\

RY/EY X /
vo —{eon X XXX )Hpm)om)oin)
I‘_Y_’\' ~ v -

~
Col-M Page P Data
Data mput —f———— ]
{ The data is transferred (programmed) from the Data Cache via
the Page Buffer to the selected page on the rising edge of WE
Program | | Read& venfication following input of the “10h™ command. After programming, the
Selacted N programmed data is transferred back to the Page Buffer to be

page automatically verified by the device. If the programming does not

succeed. the Program/Verify operation is repeated by the device
until success is achieved or until the maximum leop number set in
the device is reached.

Random Column Address Change in Auto Page Program Operation

The column address can be changed by the 85h command during the data input sequence of the Auto Page
Program operation.

Two address input cycles after the 85h command are recognized as a new column address for the data input.
After the new data is input to the new column address, the 10h command initiates the actual data program into
the selected page automatically. The Random Column Address Change operation can be repeated multiple times

within the same page.

EH OO E-H X)) OrS

Col. M Page N Col. M Busy
Col. M Col. M
Daainput [ ——— —— ]
7
|  w ]
[
Program|, | Reading & venfication
Selected N
page

HWA LING TECHNOLOGY 16 /52 HWA LING TECHNOLOGY



6xeme H7A14G21G1IX

Multi Page Program

The device has a Multi Page Program, which enables even higher speed program operation compared to Auto
Page Program. The sequence of command, address and data input is shown below.

Although two planes are programmed simultaneously, pass/fail is not available for each page by "70h" command
when the program operation completes. Status bit of I/0O 1 is set to “1” when any of the pages fails. Limitation in
addressing with Multi Page Program is shown below.

tDCBS YW PROG.
RY/BT [‘ i A i
TN P D e — P SN0
Jo1-8 I\_BDh )l g\ﬂ.ddress&Data Input \\11h } I\El1hj} -\.ﬂddress & Data Inputjf- 1Dh/| L 7Ok ) <IIO1 Y *» Pass
T cACAIZ vald 0 Camecalz valld \'K

PAO~PAS - Valid PRO~PAE - walid _

PG : District)' PAG - District] Fail

FRA~EAT1E Vald! PA~PRIG CWalid

NOTE Ary cormmand bebween 110 and 311 is prohibited except TOh and FRA.

o TN AN o
{ 8oh ) nny (sin 10h
i) W) (8 D,
Input | — > |
Planen Flane 1
{1024 Block) {1024 Block)
BlockD Elock 1 |
Block2 Block 3 |
Elock 2044 Block 2045
Elock 2045 Block 2047

Auto Page Program Operation with Data Cache

The device has an Auto Page Program with Data Cache operation enabling the high speed program operation
shown below. When the block address changes this sequenced has to be started from the beginning

“ A AWARNA UL N A
TUIARARL A E ARREIARAD, AAA R A AERAAALL, & 2

=

—_— r.r' .I.I '.'l? f'_l_
RYIBY ]\ /
Utncsswfz U tocesrwz teR0E (WOTE)
10 e nfor. - EEEEEEE R E—EHD
s A ————

I S I ¥ ¥

Page N @ @ Sm.s Cutput I::Jga N+1 @ @ Status Output PageN+P @ @ Status Cutput
or— Q== = === I |

Data Cache _ [DobforFags | I 2ia for Pags N < 1 aka Tor Fage F 1 P

Page Buffer IDﬁrEfﬁFﬁﬁ L [etor Page N+ 1] | | [ ‘? |

Vi R Ty | | | |
Cal Page N : d b ===== | |
ol Amay V0 | | !© /

PageN+1 T L/

RE

- —
HWA LING TECHNOLOGY 17 /52 HWA LING TECHNOLOGY



6xeme H7A14G21G1IX

Issuing the 15h command to the device after serial data input initiates the program operation with Data Cache

1. Data for Page N is input to Data Cache.

2. Data is transferred to the Page Buffer by the 15h command. During the transfer the Ready/Busy outputs Busy
State (tDCBSYW?2).

3. Data is programmed to the selected page while the data for page N + 1 is input to the Data Cache.

4. By the 15h command, the data in the Data Cache is transferred to the Page Buffer after the programming of
page N is completed. The device output busy state from the 15h command until the Data Cache becomes empty.
The duration of this period depends on timing between the internal programming of page N and serial data input
for Page N + 1 (tDCBSYW?2).

5. Data for Page N + P is input to the Data Cache while the data of the Page N + P - 1 is being programmed.

6. The programming with Data Cache is terminated by the 10h command. When the device becomes Ready, it
shows that the internal programming of the Page N + P is completed.

NOTE: Since the last page programming by the 10h command is initiated after the previous cache program, the
tPROG during cache programming is given by the following;

tPROG = tPROG for the last page + tPROG of the previous page — ( command input cycle + address input cycle +
data input cycle time of the last page)

Pass/fail status for each page programmed by the Auto Page Programming with Data Cache operation can be
detected by the Status Read operation.

.1/01 : Pass/fail of the current page program operation.

.1/02 : Pass/fail of the previous page program operation.

The Pass/Fail status on 1/01 and /02 are valid under the following conditions.

. Status on I/O1: Page Buffer Ready/Busy is Ready State.

The Page Buffer Ready/Busy is output on I/06 by Status Read operation or RY / BY pin after the 10h command
. Status on I/02: Data Cache Read/Busy is Ready State.

The Data Cache Ready/Busy is output on /07 by Status Read operation or RY / BY pin after the 15h command.

Example
oz =» Invalid Page1 ! Fagel Page N-2 invalid Page -1
Vo1 = Invalid Invalid 1 Page 2 ' Invvalid invalid Paga M
T T
T T 0 T T T
EOBHEOBRE O OBED-OBO®
1 1
Page 1 Page? i | PageN-1 Fage N
1
L
RYEY pin L ! 3 |
1
I ]
Data Cache Busy < < : : o <
s | |
e 9 ! 1
Page Buffer Busy Page 1 . I
Page2 | ' ===
] 1 Page N -1
| ] Paga N
. ;

If the Page Buffer Busy returns to Ready before the next 80h command input, and if Status Read is done during
this Ready period, the Status Read provides pass/fail for Page 2 on 1/01 and pass/fail result for Pagel on 1/02

i —
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Multi Page Program with Data Cache

The device has a Multi Page Program with Data Cache operation, which enables even higher speed program
operation compared to Auto Page Program with Data Cache as shown below. When the block address
change(increments) this sequenced has to be started from the beginning.

The sequence of command, address and data input is shown below.

Data input Data input

Durn command  program with Durnrmy command Auto Page
Data input Program (07 MUIT-PA0E  Darg Cache  Datainput Prograrm for multi-page Program
command command  Program command  command command  Proar@Am command
H._)H_) .;Y_"H_} H_/H,_/ LY_)H,_)

Address  Data input Address Data input Address  Data input Address  Data input

input 0 to 4351 input  0to 4351 input 0 to 4351 fnp.ut D to 4351

(District 0) (District 1 (District 0} (District1)

Ry By \_/ \_/ U \—/

After “15h” or “10h” Program command is input to device, physical programing starts as follows. For details of
Auto Program with Data Cache, refer to “Auto Page Program with Data Cache”.

District 0 District 1
| x| | |
Program ( ]Reading & veriﬁcalion{ \
Selected \ ’/ K )
page

S/ 2 o o

The data is transferred (programmed) from the page buffer to the selected page on the rising edge of
/WE following input of the “15h" or “10h" command. After programming, the programmed data is
transferred back to the register to be automatically verified by the device. If the programming does not
succeed, the Program/Verify operation is repeated by the device until success is achieved or until the
maximum loop number set in the device is reached.

Starting the above operation from 1st page of the selected erase blocks, and then repeating the operation total
64 times with incrementing the page address in the blocks, and then input the last page data of the blocks, “10h”
command executes final programming. Make sure to terminate with 81h-10h- command sequence.

In this full sequence, the command sequence is following.

1st

|

63th

{

64th

|

- —
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After the “15h” or “10h” command, the results of the above operation is shown through the “71h”Status Read
command.

Pass

Status Read Fail
command

RY/BY ﬁ /

The 71h command Status description is as below.

STATUS QUTPUT
1101 Chip Status1 : Pass/Fail Pass: 0 Fail: 1 VO describes Pass/Fail condition of
oz District O Chip Status1 : Pass/Fall |Pass: 0 Fail: 1 district 0 and 1(OR data of 1/02 and 1/03).
If one of the districts fails during multi
ek District 1 Chip Status1 : Pass/Faill |Pass: 0 Fail: 1 page program operation, it shows “Fail".
1104 District O Chip Status2 : Pass/Fal |Pass: 0 Fail: 1 .
/02 to 5 shows the Pass/Fail condition of
1105 District 1 Chip Status2 : Pass/Fail |Pass: 0 Fail: 1 each district. For details on “Chip Status1”
- ] and “Chip Status2”, refer to section
11086 Ready/Busy Ready: 1 Busy: 0 “Gtatus Read”.
1107 Data Cache Ready/Busy Ready: 1 Busy: 0
/108 Write Protect Protect: 0 Not Protect: 1

Internal addressing in relation with the Districts

To use Multi Page Program operation, the internal addressing should be considered in relation with the
District.
« The device consists from 2 Districts.
+ Each District consists from 1024 erase blocks.
« The allocation rule is follows.
District O: Block 0, Block 2, Block 4, Block 6,-:-, Block 2046
District 1: Block 1, Block 3, Block 5, Block 7,-++, Block 2047

Address input restriction for the Multi Page Program with Data Cache operation
There are following restrictions in using Multi Page Program with Data Cache;

(Restriction)

Maximum one block should be selected from each District.

Same page address (PAO to PA5) within two districts has to be selected.

For example;

(80) [District 0, Page Address 0x00000] (11) (81) [District 1, Page Address 0x00040] (15 or 10)
(80) [District 0, Page Address 0x00001] (11) (81) [District 1, Page Address 0x00041] (15 or 10)
(Acceptance)

There is no order limitation of the District for the address input.

For example, following operation is accepted;

(80) [District 0] (11) (81) [District 1] (15 or 10)

(80) [District 1] (11) (81) [District 0] (15 or 10)

It requires no mutual address relation between the selected blocks from each District.

i —
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Operating restriction during the Multi Page Program with Data Cache operation

(Restriction)

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

Once the operation is started, no commands other than the commands shown in the timing diagram is allowed
to be input except for Status Read command and reset command

Page Copy (2)
By using Page Copy (2), data in a page can be copied to another page after the data has been read out. When the
block address changes (increments) this sequenced has to be started from the beginning.

Command @ @
input
© (G e ] s | Bt -G ) 00 [ - G| b o —(2)

Address N Gol = 0 start Address Wihan shangng s, '\ Address Ay Caol =0 start
CAQ o CATL FAD lo PA1E CAQto CA, PAO IO PAIG oo soate mpur. | CAlto CAI, PAD D PAIG

[Page N) J@ (Page M) ) @ {Page N+P1) j ®
RYIBY U = Uu:c BEYIND U

(&)

IpcesvR2

{ ; ] Data for Pa§h—P1
]

Data Cache
Page Buffer

@ Data far Page I @ Diata for Fage @ Data for Fage M @
'NI L 1 T
[ ] [ 1 [ ]

Cell Array

AADCURANIAN

ARSI EELE

Pag= N

Page Copy (2) operation is as following.

. Data for Page N is transferred to the Data Cache.

. Data for Page N is read out.

. Copy Page address M is input and if the data needs to be changed, changed data is input.

. Data Cache for Page M is transferred to the Page Buffer.

. After the Ready state, Data for Page N + P1 is output from the Data Cache while the data of Page M is being
programmed.

T b WN PR

Gommand
input

OFC> il € S G L] S €D S Lo e G & T o L e

Address \Whan changing dain Address Y Cal=0start Addreas Cel =0 stat
CAD D CAT], PAD IO PATE e ot i s \ CAlto CATI, PAD D PATE | CAl o CAT1, PADto PATE |
{Page MsR1) )® (Page N+F2) J {Paga N+Pn) @
& Vi ®
RYIBY U foeBsvne tocasyR2 DcasyRz

@ Erggruggﬁ;ﬂ @ Digtn for Popa M+ Rl . Dua for Poge N 4 P2
Diata Cache {
— [ ] [ ]

Paige Buffier

Cell Array
Page M

Paga M + P

6. Copy Page address (M + R1) is input and if the data needs to be changed, changed data is input.

. After programming of page M is completed, Data Cache for Page M + R1 is transferred to the Page Buffer.

8. By the 15h command, the data in the Page Buffer is programmed to Page M + R1. Data for Page N + P2 is
transferred to the Data cache.

9. The data in the Page Buffer is programmed to Page M + Rn - 1. Data for Page N + Pn is transferred to the Data
Cache.

~

- —
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Command
input
Address input I—l Data input

Address
CAD to CA11, PAD to PATE
(Page M+Rmn)

_® \ :
RY/BY trroc (1)

@ Data for Page M + Rn @ Diata for Page M + Rn
Data Cache ] Cljl

Page Buffer 1 1>
e R
Page M+Rn-1
Cell Array DO,
R e
FilF T FFF T

A A A A A AT AT
Ry

10. Copy Page address (M + Rn) is input and if the data needs to be changed, changed data is input.

11. By issuing the 10h command, the data in the Page Buffer is programmed to Page M + Rn.

(*1) Since the last page programming by the 10h command is initiated after the previous cache program, the
tPROG here will be expected as the following,

tPROG = tPROG of the last page + tPROG of the previous page — ( command input cycle + address input cycle +
data output/input cycle time of the last page)

NOTE) This operation needs to be executed within District-0 or District-1.

Data input is required only if previous data output needs to be altered.

If the data has to be changed, locate the desired address with the column and page address input after the 8Ch
command, and change only the data that needs be changed.

If the data does not have to be changed, data input cycles are not required.

Make sure WP is held to High level when Page Copy (2) operation is performed.

Also make sure the Page Copy operation is terminated with 8Ch-10h command sequence

i —
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Multi Page Copy (2)

By using Multi Page Copy (2), data in two pages can be copied to another pages after the data has been read out.
When the each block address changes (increments) this sequenced has to be started from the beginning.
Same page address (PAO to PA5) within two districts has to be selected.

Cornmand
input
Address nput Address input @ @ Address nput @ Address nput @ o
Address Address Address Address
P&l o PATE FAD 0 F&16 | Calo CATZ, FAD o PA16 CAl 1 CAT2
[Page mil, Cistrict 0) (Page n0, Cistrict 1) | [Page mi) (Col=0)

/

RiET \ 4 { "
Address input Address |n|:|uL Data output @ Address input Diatz input 1

Address Address Addrecs

CAD o CATZ FAD to PA1G CAD b CATZ CADEo CAYN2 FAD o PAIE
(Fage nd| [Col =0y (Fage M0, District 0)

RET @ \‘/ [ ncRRvm

Address Address Address
CADmCATZ PAD D PA1S | FAL D P16 FAto FA1E i
O {Page MO ; District 1) { (Page rrl ; Distnes 0 (Fage nl ; Dismes 1) J.'
rugy \B

/
\’i/ lpcasnAe \"" [ tocesvRz
Address input Address input Data output Address input Address input Data output

(B)—(Go)-[rasress s Co—@D T SIS I S E, O

ALodress Address Address Address
Calto CATZ, PAD 1o PATE Gl GAT2 CADto CA12, Pl PaIE CADt CAT2
[Fage m1) (Cal =0y {Page nl] [Col =)
BT @

O €2 RIS XL @b N G ©)

&ddress Address
CADto CATD FAD I PAYE \ CAltn CAT2, PAD o PAE
O [Fage W1 Disrict 0] |.‘ [Fage N1 ; District 13 ‘
e S @
sy \,j { tocasm \ / toces v

Addrass input Address ngut }—Q—.—| Address Ut Acdress UL

Address Address Adress #ddress
FA0 0 Pa16 Pal o PATE Calto CA1Z FADo FATE CADt Cal?
{Page mi3; Distrct 0] (Page nB2 ; Distnct 13 J (Pape rEz] [Col =0

©)

!
— (@ /
RY/BY U [E—

w Address input |—.—| Address input }—.—' Dzta output Address input

Address Adiress Address
CADto CAID PAD to PATE CAD o CA1Z CADto CA1Z, &0 m PAIE

@

(Fage nB3) (Col =0y [Fage MBS, Dvsrict O0) )I

RTIBT @ \./ { tocosim

®

O @ EmE)

Address Hote)
CADto CAT2, PAD to PATE | Thiz pperation needs 1o be executed within ezch Cistrict,
(Fags NE3; District 1) |
_ @ / Diats mput 15 regquired oy F presious data output needs to be slt=red.
RYBY \/ { tPROG T If the data has 1o be changed, [ocate the desired address with te colurmn and page adde ss input aiter

the BCH comireand, and change anty the data tat needs be changed.
1 tppae Since the st page progearnming by 100 command is initiated afer the presdous cache |fthe dats does not hawe to be changed, datz input cycles are not reguirsd.
prograr, te trRace during cache programming is given by the following eguation
ke sure VIF is il to High levelwhen Mulli Pace Copy (2) operation (s performed.
'PROG = tPrOG 0T the |25 page + tproc 0 he previous page-s &l=0 rmake sure the Multi Page Copy operation | erminated wath SCh-100 command sequence
A= [command input cycle + zddress input oytle + datz outputinput cyde bme of the |ast page)
If "A” esxceeds the tpgag of previous fage, tpo of the last page is oRog mas

Auto Block Erase

The Auto Block Erase operation starts on the rising edge of WE# after the Erase Start command “DOh” which
follows the Erase Setup command “60h”. This two-cycle process for Erase operations acts as an extra layer of
protection from accidental erasure of data due to external noise. The device automatically executes the Erase and
Verify operations.

= —
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<@
Block Address  Eraee Start Status Read ﬁ{ail

input: 3 cycles command

command

RY/BY \ Busy /

Multi Block Erase

The Multi Block Erase operation starts by selecting two block addresses before DOh command as in below diagram.
The device automatically executes the Erase and Verify operations and the result can be monitored by checking
the status by 71h status read command. For details on 71h status read command, refer to section “Multi Page
Program with Data Cache”.

( 60 ) \_/‘60‘ /‘_‘\‘DO, @ /I/ft:.)\ Pass
Block Address Block Address Erase Start Status Read ml
input: 3 cycles input: 3 cycles command command
District 0 District 1
RY/BY Busy

Internal addressing in relation with the Districts

To use Multi Block Erase operation, the internal addressing should be considered in relation with the District.
« The device consists from 2 Districts.

+ Each District consists from 1024 erase blocks.

« The allocation rule is follows.

District O: Block 0, Block 2, Block 4, Block 6,::-, Block 2046

District 1: Block 1, Block 3, Block 5, Block 7,-++, Block 2047

Address input restriction for the Multi Block Erase

There are following restrictions in using Multi Block Erase
(Restriction)
Maximum one block should be selected from each District.

For example;
(60) [District 0] (60) [District 1] (D0)
(Acceptance)

There is no order limitation of the District for the address input.

For example, following operation is accepted;

(60) [District 1] (60) [District 0] (DO)

It requires no mutual address relation between the selected blocks from each District.

Make sure to terminate the operation with DOh command. If the operation needs to be terminated before DOh
command input, input the FFh reset command to terminate the operation.

- —
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The device contains ID codes which can be used to identify the device type, the manufacturer, and features of the
device. The ID codes can be read out under the following timing conditions:

CLE , h

CEA
«\_A B
Z
W A
tar
ALE
RE 1 / \ f \| I/ “ If \ /
tREA
[ \ { \ f 1 \ [ zes | { see | | Sae \
!
o Rl | | 98h f DAh \table 5/ \tatle 5/ \tabie 5/
ID Read Address 00 Maker code  Device code 3rd Data 4th Data Sth Data
command
Code table
Description o8 o7 /06 l[el} 104 o3 1102 1101 Hex Data
1st Data Maker Code 1 0 0 1 1 0 0 98h
2nd Data Device Code 1 1 0 1 1 0 0 DCh
3rd Data Chip Number, Cell Type 1 0 0 1 0 0 0 90h
4th Data Page Size, Block Size, 0 0 1 0 0 1 0 26h
110 Width
bth Data Plane Number 0 1 1 1 0 1 0 76h
3rdData
Description ([[e]:} 1107 [[[e]] 1105 o4 o3 o2 1101
1 0 0
Internal Chip Number 2 0 1
4 1 0
8 1 1
2 level cell 0 0
Cell Type 4 level cell 0 1
8 level cell 1 0
16 level cell 1 1
Reserved 1 0 0 1
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4th Data
Description I[e}:} o7 [[e]] /05 o4 1103 o2 o1
Page Size 1 KB 0 0
2KB 0 1
(without redundant area) 4 KB 1 0
8 KB 1 1
Block Size 64 KB 0 0
128 KB 0 1
(without redundant area) 256 KB 1 0
512KB 1 1
0
/O Width X8
x16 1
Reserved 0 0 1
5th Data
Description /o8 1107 [l[e]] /05 /04 /03 1102 1101
1 Plane 0 0
Plane Number 2 Plane 0 1
4 Plane 1 0
8 Plane 1 1
Reserved 0 1 1 1 1 0
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Status Read

The device automatically implements the execution and verification of the Program and Erase operations. The
Status Read function is used to monitor the Ready/Busy status of the device, determine the result (pass /fail) of a
Program or Erase operation, and determine whether the device is in Protect mode. The device status is output via
the 1/0 port using RE# after a “70h” command input. The Status Read can also be used during a Read operation to
find out the Ready/Busy status.

. Page Program | j Read
Definition Block Erase ; Cache Program Cache Read
o1 Chip Status1 _ Pass/Fail Pass/Fail Invalid
Pass: 0 Fail: 1
1102 Chip Status 2 _ Invalid Pass/Fail Invalid
Pass: 0 Fail: 1
/03 Not Used 0 0 0
1104 : Not Used 0 0 0
1105 Not Used 0 0 0
:P Buffer Ready/B
1106 ER:ZZy:L: eriea yB:s? 0 ;ReadyIBusy ;Readeusy ;ReadWBus‘f
EData Cache Ready/Busy
o7 ‘Ready: 1 Busy: 0 :Readnyusy :Readya’Busy :Readeusy
I Write Protect | - | I | inrs
/08 'Not Protected 1 Protected: 0 :Wnte Protect :Wnte Protect __Wnte Protect

The Pass/Fail status on /01 and 1/02 is only valid during a Program/Erase operation when the device is in the
Ready state.

Chip Status 1:

During a Auto Page Program or Auto Block Erase operation this bit indicates the pass/fail result.

During a Auto Page Programming with Data Cache operation, this bit shows the pass/fail results of the current
page program operation, and therefore this bit is only valid when 1/06 shows the Ready state.

Chip Status 2:

This bit shows the pass/fail result of the previous page program operation during Auto Page Programming with
Data Cache. This status is valid when 1/07 shows the Ready State.

The status output on the 1/06 is the same as that of I/07 if the command input just before the 70h is not 15h or
31h.

- —
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An application example with multiple devices is shown in the figure below.

CE1| CEz| ESL = c_gq_”’
1 i) C o] C
CLE
ALE Device Device Device Device Device
WE — 1 - 2 0 3 — M = I T
ﬁ Lo ] Lo d O
Vo1 t | i T | I
1o 1/08 |
RY/BY . l

CBN \ }
RE \_/ J
(o] { 70h } { } { T0h » { ¥
A AN
Status on Device 1 Status on Device N

System Design Note: If the RY / BY# pin signals from multiple devices are wired together as shown in the diagram,
the Status Read function can be used to determine the status of each individual device.

Reset

The Reset mode stops all operations. For example, in case of a Program or Erase operation, the internally
generated voltage is discharged to 0 volt and the device enters the Wait state.

Reset during a Cache Program/Page Copy may not just stop the most recent page program but it may also stop
the previous program to a page depending on when the FF reset is input.

The response to a “FFh” Reset command input during the various device operations is as follows:

When a Reset (FFh) command is input during programming

Internal Vep !

RY /BY \ j

trsT (max 10 ps)
-

- —
HWA LING TECHNOLOGY 28 /52 HWA LING TECHNOLOGY



axeme H7A14G21G1IX

When a Reset (FFh) command is input during erasing

Internal erase :
voltage / N—
RY/BY \ |

traT (max 500 us)

When a Reset (FFh) command is input during Read operation

RY/BY \‘

freT fmay 5okl

When a Reset (FFh) command is input during Ready

1\
LS

RY /BY

—

trgT (Max 3 ps)

When a Status Read command (70h) is input after a Reset

— I status: Pass/Fail — Fass

CEEDY

'\._.-r}
— . Ready/Busy — Read
RY/BY \| ,‘ ¥ ¥ y

When two or more Reset commands are input in succession

(1 2] (3)
Y CEE Y

D
RY/BY \
The second @ command is invalid, but the third @ command is valid
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Timing Diagrams

Latch Timing Diagram for Command/Address/Data

igé// " .

WE \ )i

tps toH

= Vi or Vi

Command Input Cycle Timing Diagram

€« . &< . @ @@ .

=
ha

ALE 7 /4 %////%//‘// //22/7/ 7 /

g 7 7 e o A e P O A e
07 f {/@Lﬂ %%’ . 'l lkl

:Vin or VL
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Address Input Cycle Timing Diagram

. fos

E/%L N | % % % %
Cte |t tee | Bap B | P
S B W U e W N

5 tDHI ItDS toH
0w %C\ABIDW

% PAOLOT

FAB to 15% FA18 %

Data Input Cycle Timing Diagram

tcis

:V|H or WL

toin

)

tes

g =

«

tarH
e

twp

WE

/]

fos
B

0 ///M
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Serial Read Cycle Timing Diagram

fre
rp tReH tre trp icHz
\ / \ % ' /
RE L
\_/ trHZ \—/ trRHZ tRHZ
|IREA trHoH| |lREA tRHOH trea tRHOH
fcea tcea
o ) 4 N
tRR
45
RY/BY
VZZ] - Vik or Vi
Status Read Cycle Timing Diagram
teLr
CLE
fcLs fcLH
ics
* T ZA
o X 7 7
CE J } ‘
| twe | fcH tcea
WE 4
W
. J\_/ twHC e
IWHR
"E N /
\——/ RHOH
DS | IDH ) R
tREA tRHZ
o 70n* E’Lﬁ:ﬁ X

RY/BY /

:V|HD(V||_

* 70h represents the hexadecimal number

HWA LING TECHNOLOGY 32/52 n%



axeme H7A14G21G1IX

Read Cycle Timing Diagram

tCLR
CLE
fcs toLH tels  tCLH
fcs  |tcH tcg tCH
¥
=12 B pnonH B
twC
"\ L ]s U\
TALH AL talH tALS
ALE } ji
tR tRC.
= LU
tDs|tDH DS|DH DS|IDH 1DS|tDH DS|tDH DS |tDH DS [1DH tRR ICEA

o DT e = 2

- — - Data out from
Col. Add. N Col Add N

RY/BY

Read Cycle Timing Diagram: When Interrupted by /CE

ICLR
CLE @
fCls  tCLH tcLS CLH
tcs  |tcH fcs  |IcH
=_1/A A DA} | |
bwe le>{CSD
RV VRV VIR VIT AR
L Y
tALH TALS fALH tALS
w_ | \ A
R RC , tchz
RE bW ! / J‘ ;f
tRHZ
{ns |toH tog|toH ts|ton tos|iod tps|tod tos|tod tos|toH tems | TEEA  thhon
[~ ko
can N cas N PAD PAE WNFATE READ T\ Dourl
"0%0%7 %mu%m? %ms% % N HN+1
Col. Add. N Col. Add. N
RY/BY T i
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Read Cycle with Data Cache Timing Diagram (1/2)

toip

i ‘Ei”j

:

HICLS

=

C_

R BT

'
)
1
]
L
'
]
I
: IGEA
]
'
]
I
il lOrEETRI IrC i D RSYR1
. 1
' 1
s, o, Lﬂ_/_\_ﬁ\_/ P L
Ins |l Ing |1 Inz|ioH Ios|ioH tns | tnz |1 Ing |1 i tng i
03|ioH 0 o IPB“IDH 0|ioH  10s)ioH - [ ik 03 |oH 0 | 1oH LR | lirea ! foglod ann JIREA
: H
’ 1/ DouT
1] 3h 0 21h
] 0 e 5
Colurnn address Fane address - ’ : Page address
e M Fage address W \ M+ 1
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1
]
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* The column acidress will be reseto 0 by the 31h command input. El
Continues o of next pzge
Read Cycle with Data Cache Timing Diagram (2/2)
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=
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\

—
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E ARl | tREA R | L trea ARl | TREA
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@ A s Ty PO 31h um ot Fh auibey
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1 - Fage address -
! Page address M + 1 gN + 7 Fage ardress M +x
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I [ coagin
: Col.&dd. 0 Cal.&dd. 0
]
]

Coritinue s from of previous page
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Column Address Change in Read Cycle Timing Diagram (1/2)

LR

1

CLE [l !
oLs WLH cLs WelH 1
L 1
tes  [iH = i

> 1

=_TA A A A AN TEZ AL M
UV U

i
i
1
TaLH, JALS o, bas i
1
ALE s i
] tr TRe: i
i
= v ¥ Js [\
tDs_lDH tDE;‘tDH tDSHtDH tDSHtDH tDsKtDH tDSHtDH tDS}EDH IRR|. | tREA !
1
1
ORI

1
Fage address Fage address
P F

Ry (BT _\_} l

1

1

1

Column address :
o 1
1

1

1

Continues to of next page

Column Address Change in Read Cycle Timing Diagram (2/2)

: W R
1
CLE 1
: 1“5 tCLJFl ltcLs teLH
| }
: tcs foH tcs tcH "
= A 1h h A b Dbh
i TRHw T | IEA
1
WE | 1 \ f
1
: TALH DN tald  fals
1
ALE 1
i f
1
! bR |tRC
=1\ VAYEY!
1
1
: tDE‘;EDH tDs_EDH tDs;lDH tDE‘).EDH 1| trEA
Doury/Dour .

Colurm address Page addmess
E F

l

Calumn address
B

Continues from lI‘ of previous page
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Data Output Timing Diagram

=l
.
h
=
&

taLH

R 1'CFE
= I"P Lt tEH Lol tHP o tm:l Rl 1H|-E
) ‘ I i
RE !
ICEA IREA IREA tps |toH
rea | _JRLOH gLoH
o Dout Dout ommand
'R RHOH tRHOH
— [ i
RYIBY i

Auto-Program Operation Timing Diagram

Colurnn address
kW

Cha not input d ata while data 1= being output.
7] vinorvi

*) W upto 4351 (hyte input data for =8 device).

—

-
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Auto-Program Operation with Data Cache Timing Diagram (1/3)

oIS

CLE
Aters ey /_W
g les .
b G
1]

Ev /
IcH
AV RVIVAVAVAYRY
I'N_S -

P

e
ALE
. [
RE
oz i
oH
STRANSD
b¥ L 1
! H
 DpgEsl H
Ry BT N ‘-
- D ot imput data while cata is being outpot :
H
E 7] i E
CAD o CAal2 iz 0 this diagram El

Continues 1o E of next page

Auto-Program Operation with Data Cache Timing Diagram (2/3)
= o=

Ios tcs
E ‘wi * *
. IrH

“_rE_\'_ft.aLH

I
ts |
ALE
|'.|’

R BT } /
o . R R R - -
Repest a mex of 62 dmes [in order to program pages 1w 52 of a block).
Continues frarm [T] of previous page cortinuesto [ of next page

Do notinput dats while dats is being output

:U|H ar L

= —
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Auto-Program Operation with Data Cache Timing Diagram (3/3)

1L o
e fh o 7 \

lcg

(%)

4
_,‘__15__

A
3.

I
=
m

PTTTLTCLLEr PETPRE)

DarA 261

i

: Do mot input datz whilz datais being oumut.

ZVIH or YL

[ [ (TSRS T—

[*1) teppe: Since the last page programming by 100 commznd 15 intiated sfter the previous cache
Continues from of previous page Rrograim, the tppoe during cache programming is given by the following equation.

tppoz = tppoc of the last page + tppog of the previous page - &
A, = [tommand input cyde + addressinput cyde + data input cycle time of the lzst page)

" & exceeds the tppgz Of previous pege, tpra e of the last paoe isippog max

(Note) Make sure to terminate the operation with 80h-10h- command sequence. If the operation is terminated by 80h-15h command
sequence, monitor I/O 6 (Ready / Busy) by issuing Status Read command (70h) and make sure the previous page program operation is

completed. If the page program operation is completed issue FFh reset before next operation.
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Multi-Page Program Operation with Data Cache Timing Diagram (1/4)

LaLH TaLH [_\_/_\ w /_\_/7

ta g L IDCBE S
ALE )

[in)
Page Address M : \
i Ditrict-0 Dina351 !
1 L 1
Y e \
Cio not input data while datz is being output f

Continues to m of next page

Multi-Page Program Operation with Data Cache Timing Diagram (2/4)

s %

Page Address M b
Dictrict-1 D251
I

Continues from [T] of presious page Cantinues ta af next p

Do niot input data while data is being outmut.

RUTE YT

= —
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Multi-Page Program Operation with Data Cache Timing Diagram (3/4)

loLs

& cLs folH

(LT

§
:

el et

1oH

= U \
La ALK

-
TaLS
&LE

=

[}
Page &ddress M+n i':
Diszict-0 O 381
=k4 Y
Rris [0 not input data while data 1= being outout ,f

S oE YL

2

Continues from El of previous page

[CECTETETETEEEEE ETEYTE!

L

Continues to E of next page

Multi-Page Program Operation with Data Cache Timing Diagram (4/4)

o5

G\

CLE +
41(_@5 ECLH |
™

= Ie.g

Sl

aT

Y W\

R BTN AVAVAVAT AW

‘t'ﬂ'LS’-
ALE

IPRAG (1)
»

[

05|y tog toH

Fage Address M+n
District-1

Ing

o
o T R N D <O

)
Dy 351

WiH or

3

Continues from E of prewous pane
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(*1) tPROG: Since the last page programming by 10h command is initiated after the previous cache program, the

tPROG during cache programming is given by the following equation.

tPROG = tPROG of the last page + tPROG of the previous page - A

A = (command input cycle + address input cycle + data input cycle time of the last page)
If “A” exceeds the tPROG of previous page, tPROG of the last page is tPROG max.

(Note) Make sure to terminate the operation with 81h-10h- command sequence.

If the operation is terminated by 81h-15h command sequence, monitor I/O 6 (Ready / Busy) by issuing Status
Read command (70h) and make sure the previous page program operation is completed. If the page program
operation is completed issue FFh reset before next operation.

Auto Block Erase Timing Diagram

[\ \
g7 b 0

= \( N\ /
e BERASE

taLs .

e e [

\\h\

il
§\\§\

tps|ton

7 % pa 3
W0 7§ eon | PAO Y PAa mw)@? ) bon

r

RY/BY Auta Block Erase Start

Erase Setup command command
command
% M orVy W : Do not input data while data s being output.

—

-
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Multi Block Erase Timing Diagram

(S f 2 \__ £

leLH

e L b [
\{%/ \J

'\rI
\
N

: Do not input data while data is being output.

ID Read Operation Timing Diagram

toLs
CLE
to1s
! _fes Jken foEa
A A
TCHJ
M
AN A
lals LALH
talH tap
ALE £ L
aE \ /
IoH
‘03 trEs .| tREA tREA, tREA,
/ \ \ g8 BE \ SeE
lis] 80h  0oh ) aeh ) D I\Tab|e5/ r\-rameﬁ’, Nrebie 5
IDRead Address Maker code Dewce code 3rd Data 4th Data Eth Data
comma nd oo

7772 R or v

-
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Application Notes and Comments

(1) Power-on/off 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 Ready/Busy signal indicates the Busy state as shown in the figure
below. In this time period, the acceptable commands are FFh or 70h.

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

ViH |
S 1w T
w —

1 memax i 1 ms max

100 ps max . | Cperaton 100 us max ..,

Irvalid ] Irvalkd Inwakd
p /
Ready/Busy 7

(2)Power-on Reset The following sequence is necessary because some input signals may not be stable at power-on.

Power an @

Resat

(3) Prohibition of unspecified commands

The operation commands are listed in Table 3. Input of a command other than those specified in Table 3 is
prohibited. Stored data may be corrupted if an unknown command is entered during the command cycle.
(4) Restriction of commands while in the Busy state.

During the Busy state, do not input any command except 70h(71h) and FFh.

(5) Acceptable commands after Serial Input command “80h”

Once the Serial Input command “80h” has been input, do not input any command other than the Column Address
Change in Serial Data Input command “85h”, Auto Program command “10h”, Multi Page Program command “11h”,
Auto Program with Data Cache Command “15h”, or the Reset command “FFh”.

WE L1 [

Address input

- —
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If a command other than “85h” , “10h” ,”11h”, “15h” or “FFh” is input, the Program operation is not performed
and the device operation is set to the mode which the input command specifies.

H
MWode specified by the command.

Command other than
IIEEhDI |l.1uh:l , I..11 hDI 1 1 Ehl ﬂr [ FFh'

©

Programming cannot be executed.

(6) 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) page of the block. Random page address programming is prohibited.

rogram_(Prohibition)

» Data (64)

From the LSB page to M3B page
DATA IN: Data (1) » Data (64)

Ex.) Random page

DATA IN: Data (1)
\

K‘ Data register \““—?* Data register
Fage 0 () Fage 0 (2)
Page 1 2) Page 1 (32)
Page 2 3) Page 2 (3)

Page 31 (32) Page 31 1

Page 63 (64) Page 63 (64)

(7) Status Read during a Read operation
Cormmand @ @ I L

VR VAVAVA VAV, \/
RY/BY \ I] !
RE Address N Status Re-a!d \—/ / | U_U_ )

L= =,
™~ Status output

command input
Status Read

The device status can be read out by inputting the Status Read command “70h” in Read mode. Once the device
has been set to Status Read mode by a “70h” command, the device will not return to Read mode unless the Read
command “00h” is inputted during [A]. If the Read command “00h” is inputted during [A], Status Read mode is
reset, and the device returns to Read mode. In this case, data output starts automatically from address N and
address input is unnecessary
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(8) Auto programming failure

Fail
O——— Co—<13 Gy Cio—

Address Data Address Data
M input N input

@ ﬂ If the programming result for page address M is Fail, do not try to program the

i : 10 page to address N in another block without the data input sequence.

\ Because the previous input data has been lost, the same input sequence of 80h
M e  command, address and data 1s necessary.

(9) RY / BY# : termination for the Ready/Busy pin (RY / BY# )
A pull-up resistor needs to be used for termination because the RY / BY# buffer consists of an open drain circuit.

I—J Reay | |, P
Vi ! :
c«© =R H f

; ] Busy
Dy i
- + RY/BY ;
—i l :
Vss
€L 15 ps - 15 ns
- t
tr 1.0 us T 10ns tf
tr
This data may vary from device to device. 0.5 ps = ) ______-——"’"'_f - ons
We recommend that you use this data as a | | | I

reference when selecting a resistor value. 1K 2KO 3KO 4Ko

(10) Note regarding the WP# signal

The Erase and Program operations are automatically reset when WP# goes Low. The operations are enabled and
disabled as follows:

Enable Erasing

"

RY/BY i

./
DIN b ®7
-

r——n

tyw (100 ns MIN)

- —
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Disable Erasing

DIN@ D
W\

L

RY/BY

L

tww (100 ns MIN)

1

s

RY /BY

3

]
i
i
1
-

twwwy (100 ns MIN)

Disable Programming

ﬁ_\

RY/BY

-

e

tyyw (100 ns MIN)

—

= - ]
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(11) When six address cycles are input
Although the device may read in a fifth address, it is ignored inside the chip.

Read operation

Read operation

e \ /—\_

o ——m )y~ A KK K -

~  lgnored

.ﬁ.ddre;; input
RY/BY

Program operation

ram cperation

CLE ‘l I|I

| d
Address input oo Lana Input

(12) Several programming cycles on the same page (Partial Page Program)
Each segment can be programmed individually as follows:

1st programming Data Pattern 1

2nd programming Data Pattern 2

4th programming Data Pattern 4

Result Data Pattern 1 Data Pattemn2 |  ---—-----mm-mmmmmommoooos Data Pattern 4

—
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(13) Invalid blocks (bad blocks)
The device occasionally contains unusable blocks. Therefore, the following issues must be recognized:

Pleasze do not perform an erase operation to bad blocks. It may be
impossible te recover the bad bleck information if the information is

erased.

s o

/’%W’M/ ~* Bad Block Check if thie device has any bad blocks after installation into the system.
Befer to the test flow for bad block detection. Bad blocks which are
detectad by the test flow must be managed as unusable blocks by the
systen.

bloc T t the pe . s because it i
] ~ oot Aok ot aflct e porormance ofgod Hocks e i

The number of valid blocks over the deviee lifetime is as follows:

MIN ™R WA UNIT

Yahd (Good) Block Numbar 2008 2048 Block

Bad Block Test Flow
Regarding invalid blocks, bad block mark is in whole pages.
Please read one column of any page in each block. If the data of the column is 00(Hex), define the block as a bad

block.
(s )

Bbﬁk Nl:l =1
' Fail
Read Check :
Pass :
Block No. = Block No. + 1 Bad Block *1

*1: No erase operation 1= allowed to detected bad blocks

-
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(14) Failure phenomena for Program and Erase operations

The device may fail during a Program or Erase operation.
The following possible failure modes should be considered when implementing a highly reliable system.

FAILURE MODE

DETECTION AND COUNTERMEASURE SEQUENCE

Block Erase Failure Status Read after Erase — Block Replacement
Page Programming Failure Status Read after Program — Block Replacement
Read Bit Ermor ECC Correction / Block Refresh

* ECC:
* Block Replacement

Error Correction Code. 8 bit correction per 544 Bytes is necessary.

Program
Error occurs When an ermror happens in Block A, try to reprogram the
Buffer |~ ™ \ data into ancther Block (Block B) by loading from an
memory ;xx,q:' —— Biock A external buffer. Then, prevent further system accesses
\“'m.‘_‘_}ﬁ__ [ to Block & ( by creating a bad block table or by using
\\ T ) another appropriate scheme).
\H ﬁ
—s . Block B
Erase

When an error occurs during an Erase operation, prevent future aceeszs2es to this bad block
lagain by ereating a table within the system or by using another appropriate scheme).

(15) Do not turn off the power before write/erase operation is complete. Avoid using the device when the battery
is low. Power shortage and/or power failure before write/erase operation is complete will cause loss of data
and/or damage to data.

(16) The number of valid blocks is on the basis of single plane operations, and this may be decreased with two
plane operations.

(17) Reliability Guidance

This reliability guidance is intended to notify some guidance related to using NAND flash with 8 bit ECC for each
544 bytes. Although random bit errors may occur during use, it does not necessarily mean that a block is bad.
Generally, a block should be marked as bad when a program status failure or erase status failure is detected. The
other failure modes may be recovered by a block erase.

ECC treatment for read data is mandatory due to the following Data Retention and Read Disturb failures.

* Write/Erase Endurance

Write/Erase endurance failures may occur in a cell, page, or block, and are detected by doing a status read after
either an auto program or auto block erase operation. The cumulative bad block count will increase along with
the number of write/erase cycles.

* Data Retention

The data in memory may change after a certain amount of storage time. This is due to charge loss or charge gain.

After block erasure and reprogramming, the block may become usable again. Here is the combined characteristics
image of Write/Erase Endurance and Data Retention.
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E = i
_-\--.___-d--_
~——
i e
|
Data \
Retention \\
[Vears] E S
it bbbl bl

Write/Eraze Endurance [Cycles]

Read Disturb

A read operation may disturb the data in memory. The data may change due to charge gain. Usually, bit errors
occur on other pages in the block, not the page being read. After a large number of read cycles (between block
erases), a tiny charge may build up and can cause a cell to be soft programmed to another state. After block
erasure and reprogramming, the block may become usable again.

HWA LING TECHNOLOGY 50/52 HWA LING TECHNOLOGY



6xeme H7A14G21G1IX

Package Description

TSOP48 12x20mm

I .-‘I"-.. .
= . e =
== = + He=
[ Sy’ =
[ - ‘I - |
= - |
= ' ==
= - |
[ = |
0= =
[ —— -
=~ = = -t = = o ==
= = |
= — -
[ == = - |
| —— = |
== ' ==
|- - - |
=,/ =
1
Cl:_‘\-l + i | F
(== \‘I"/ l ==
I
o ‘
D
1 L
-~
A == f i
(&0 | = i r— y
SEATING PUNE ~ _
DETAIL “A*
tl— R
/_ . VILLMETER NCH
GAUGE PLANE g MIN | Now. Twax | i | wow. [ MAX.
PARALLEL TO SEATING PLANE «——1‘-9 S A 1.20 0.047
"}" Al | 005 0.15 | 0.002 0.006
L A2 | 095 | 100 | 1.05 | 0037 | 0.039 | 0.041
D 20.00 BASIC 0.787 BASIC
DETAIL A D1 18.40 BASIC 0.724 BASIC
_ 12,00 BASIC 0.472 BASKC
017 | 022 | 027 [o007 | 0.009 [ 0.01
A\ A b1 | 017 | 020 | 025 | 0.007 | 0,008 | 0.009
\ c |00 0.21 | 0.004 0.008
A A o 0.16 | 0.004 0.006
b, . 0.50 BASIC 0.020 BASIC
WITH PLATING e L | 050 [o60 [ 070 | 0.020] 0.024 [ 0.028
] u 0.25 BASIC 0.010 BASIC
“ AR [ 008 0.35 | 0.003 0.014
— Ao v | 5 g (1] 5 | 8
BASE METAL JEDEC M0-142 (DD)

NOTE : DIMENSIONS D1 AND E DO NOT INCLUDE MOLD PROTRUSIONS.
D1 AND E ARE MAXIMUM PLASTIC BODY SIZE DIMENSIONS INCLUDING MOLD MISMATCH.
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