1S34ML02G084
1IS35ML02G084

2Gb SLC-4b ECC
3.3V X8 NAND FLASH MEMORY STANDARD NAND INTERFACE



1ssi]

1S34/35ML02G084

2Gb(x8) 3.3V NAND FLASH MEMORY with 4b ECC

FEATURES

Flexible & Efficient Memory
Architecture

Organization: 256Mb x8

- Memory Cell Array: (256M + 8M) x 8bit
- Data Register: (2K + 64) x 8bit

- Page Size: (2K + 64) Byte

- Block Erase: (128K + 4K) Byte

- Memory Cell: 1bit/Memory Cell

Highest performance

Read Performance

- Random Read: 25us (Max.)

- Serial Access: 25ns (Max.)
Write Performance

- Program time: 300us - typical

- Block Erase time: 3ms — typical

Low Power with Wide Temp. Ranges
Single 3.3V (2.7V to 3.6V) Voltage
Supply

10 mA Active Read Current
8 YA Standby Current
Temp Grades:

- Industrial: -40°C to +85°C

- Extended: -40°C to +105°C

- Automotive, Al: -40°C to +85°C

- Automotive, A2: -40°C to +105°C

Reliable CMOS Floating Gate
Technology

ECC Requirement: X8 - 4bit/512Byte
Endurance: 100K Program/Erase cycles
Data Retention: 10 years

Efficient Read and Program modes

Command/Address/Data Multiplexed 1/0
Interface

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

Advanced Security Protection

Hardware Data Protection:

- Program/Erase Lockout during Power
Transitions

Industry Standard Pin-out & Packages
T =48-pin TSOP (Type I)
B =63-ball VFBGA
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GENERAL DESCRIPTION

The 1S34/35ML2G084 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 2,048 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 300us
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 Word. 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.
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1. PIN CONFIGURATION

48-pin TSOP (Type |)

NC[]1 48[ Jvss”
NC[ | NC
N[ ] NC
NC[ | NC
NC [ ] /07
NC[ | /06
R/B#[ | /05
RE#[ | /04
CE# NC
|: @)
NC[ | vee
NC [ ] NC
vee [ 12 37| Jvcc
vss[ |13 36| |Vss
NC NC
NC E vee”
CLE[ | NC
ALE[ | /03
WE#[_| /02
wp# | /01
NC[ | /00
NC [ | NC
NC[] HLE
NC[ | HLe
NC [ |24 25| |vss®

Note:

1. These pins might not be bonded in the package; however it is recommended to connect these pins to the designated
external sources for ONFI compatibility.

Integrated Silicon Solution, Inc.- www.issi.com 6
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63-ball VFBGA
Balls Down, Top View

AL WA2 \A9 \10/
NC NC NC NC
.’\'\Bl,,j Bg :\19,"’
NC NC NC

{ca}  {cay  {cs} {ce’  {cry  {cs}
WP# ALE VSS CE# WE# R/BH#
(o3}  {pa)  {ps}  {pe}  {or}  {ps}
NC RE# CLE NC NC NC
(e3y  {ea) (e} (e}  {er}  {Es]
NC NC NC NC NC NC
(r3y {F) (e {Fey (R} {Fej
‘\__,'( \‘~__,’( \\;__,’ \‘~__,’( \‘__’//(1) \\\__a,l
NC NC NC NC VSS NC
(c3y  f{eay  {es; (e}  {e7)  {es)
NC vec? NC NC NC NC
(w3 {wa)  (ms)  {me) (W} {He)
NC 1100 NC NC NC vce
{3 {4 {5 {36 {7} {8
NC /01 NC vee 1105 1107
(ka)  (xay (ks (ke {kry  {k8)
VSS 102 1103 1104 1106 VsS
GRS VRN,
NC NC NC NC
.’\'\Ml,,j (‘\szl,‘; M9 (\\}9/,)
NC NC NC NC

Note:

1. These pins might not be bonded in the package; however it is recommended to connect these pins to the designated
external sources for ONFI compatibility.

Integrated Silicon Solution, Inc.- www.issi.com 7
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2. PIN DESCRIPTIONS

Pin Name Pin Function
I/00 ~ /07 (X8) |DATA INPUTS/OUTPUTS
The 1/O pins are used to input command, address and data, and to output data
during read operations. The I/O pins float to high-z when the chip is deselected or
when the outputs are disabled.

CLE COMMAND LATCH ENABLE

The CLE input controls the activating path for commands sent to the internal
command registers. Commands are latched into the command register through the
1/0O ports on the rising edge of the WE# signal with CLE high.

ALE ADDRESS LATCH ENABLE

The ALE input controls the activating path for addresses sent to the internal
address registers. Addresses are latched into the address register through the I1/O
ports on the rising edge of WE# with ALE high.

CE# CHIP ENABLE

The CE# input is the device selection control. When the device is in the Busy state,
CE# high is ignored, and the device does not return to standby mode in program or
erase operation. Regarding CE# control during read operation, refer to 'Page read’
section of Device operation.

RE# READ ENABLE

The RE# input is the serial data-out control, and when it is active low, it drives the
data onto the 1/O bus. Data is valid tREA after the falling edge of RE# which also
increments the internal column address counter by one.

WE# WRITE ENABLE
The WE# input controls writes to the 1/0O ports. Commands, address and data are
latched on the rising edge of the WE# pulse.

WP# WRITE PROTECT
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.

R/B# READY/BUSY OUTPUT

The R/B# output indicates the status of the device operation. When low, it indicates
that a program, erase or random read operation is in 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 POWER

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.

Integrated Silicon Solution, Inc.- www.issi.com 8
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3. BLOCK DIAGRAM

Voo —
Vss —»

——
A12-A29 X_Buffera 2048M+64M Bits for 2Gb
Ié.-'.llg'::her::| HAMD Flash
ecoders ARRAY
Al-AT1 Y-Buffers
Latches

& Decoders Data Register & S/A

| T Y¥-Gating

E
Command
- Command .
Register ]
p— VO Buffers & Latches | Vec
I I l_ Vas
CE# = Control Logic [~ r
RE# & High Voltage o o
WE# Generator »| Global Buffers Pt

T11 ]

CLE ALE wP#

Figure 3.1 Functional Block Diagram

- - .1 Block= 64 Pages
s < {128K + 4K) Bytes
126K Pages N{ﬂ/yr/’ 1 Page = (2K + 64) Bytes
=2048 Blocks 78 A R e e e e e e 1 Block = [CQK + 54:] Ely"teg % B4 Pageg
- = (128K + 4K) Bytes
T 1 Device = (21< + 64) Bytes % 64 Pages
’ ) % 2048 Blooks
& bits = 2112 Mbits
“on-107
Figure 3.2 Array Organization
Integrated Silicon Solution, Inc.- www.issi.com 9
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Table 3.1 ARRAY Address (x8)
/OO0 |[I/O1 |I/O2 [I/O3 [I/O4 |I/O5 |I/O6 |I/O7 | Address
1st cycle Ao A1 Az As Aq As As A7 Column Address
2" cycle As Ao Ao Aur *L *L *L *L Column Address
3 cycle A1z Az Aug Ais Aus A7 Aig Aig Row Address
4t cycle A20 A2 A2 Azs Az4 Aazs Az A2z Row Address
5t cycle Azg *L *L *L *L *L *L *L Row Address

Notes:

1. Column Address: Starting Address of the Register.

2. *L must be set to “Low”.

3. The device ignores any additional input of address cycles than required.
4. Asgis for Plane Address setting.

Integrated Silicon Solution, Inc.- www.issi.com
Rev. A3
11/29/2017
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4. OPERATION DESCRIPTION

The 1S34/35ML02G084 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 I/O 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
1S34/35ML02G084.

The device has addresses multiplexed into 8 1/0Os. 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 1/0'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.

Integrated Silicon Solution, Inc.- www.issi.com 11
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Table 4.1 Command Set

Function 15t Cycle 2"9 Cycle | Acceptable Command during
Busy
Read 00h 30h
Read for Copy-Back 00h 35h
Read ID 90h -
Reset FFh - O
Page Program 80h 10h
Copy-Back Program 85h 10h
Block Erase 60h DOh
Random Data Input @ 85h -
Random Data Output @ 05h EOh
Read Status 70h - (0]
Read Status 2 Fih - (0]
Two-Plane Read® 60h-60h 30h
Two-Plane Read for Copy-Back 60h-60h 35h
Two-Plane Random Data Output® 00h-05h EOh
Two-Plane Page Program® 80h-11h 81h-10h
Two-Plane Copy-Back Program®@) 85h-11h 81h-10h
Two-Plane Block Erase 60h-60h DOh
Cache Program 80h 15h
Cache Read 31lh -
Read Start For Last Page Cache Read 3Fh -
Two-Plane Cache Read® 60h-60h 33h
Two-Plane Cache Program® 80h-11h 81h-15h

Notes:

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.

Integrated Silicon Solution, Inc.- www.issi.com
Rev. A3
11/29/2017
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5. ELECTRICAL CHARACTERISTICS
5.1 ABSOLUTE MAXIMUM RATINGS ®

Storage Temperature -65°C to +150°C

) Standard Package 240°C 3 Seconds
Surface Mount Lead Soldering Temperature

Lead-free Package 260°C 3 Seconds

Input Voltage with Respect to Ground on All Pins -0.6V to +4.6V
All /0 Voltage with Respect to Ground -0.6V to Vce + 0.3V(< 4.6V)
Vce -0.6V to +4.6V
Short Circuit Current 5mA
Electrostatic Discharge Voltage (Human Body Model)® -2000V to +2000V

Notes:

1. Applied conditions greater than those listed in “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at these or any other conditions above
those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect reliability.

2. ANSI/ESDA/JEDEC JS-001

5.2 RECOMMENDED OPERATING CONDITIONS

Part Number IS34/35ML02G084

Operating Temperature (Industrial Grade) -40°C to 85°C

Operating Temperature (Extended Grade) -40°C to 105°C

Operating Temperature (Automotive Grade Al) -40°C to 85°C

Operating Temperature (Automotive Grade A2) -40°C to 105°C

Vce Power Supply 2.7V (VMIN) — 3.6V (VMAX); 3.3V (Typ)
Integrated Silicon Solution, Inc.- www.issi.com 13
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5.3 DC CHARACTERISTICS
(Under operating range)
Parameter Symbol Test Conditions Min Typ. Max Unit
Operating \I/DvﬁﬁesgﬁgldAccess ICC1 tCIZQIEC;#_:t\IjI?,WIn(,)UT:OmA i 15
Current [Program Icc2 - - 15 30 A
Erase ICC3 - - 15
Stand-by Current (TTL) ISB1 [CE#=VIH, WP#=0V/VCC - - 1
Stand-by Current (CMOS) ISB2 \(/:vi#::\c/)(\:/%/gé - 10 50
Input Leakage Current ILI VIN=0 to Vcc (max) - - +/-10 UA
Output Leakage Current ILO [VOUT=0 to Vcc (max) - - +/-10
Input High Voltage VIH @ 0.8xVCC - Vce+0.3
Input Low Voltage, All inputs VIL @ -0.3 - 0.2xvVCC
Output High Voltage Level VOH [IOH=-400 uA 2.4 - - v
Output Low Voltage Level VOL |IOL=2.1mA - - 0.4
Output Low Current (R/B#) (FIQ?B;) \VOL=0.4V 8 10 - mA

Notes:

1. VIL can undershoot to -2.0V and VIH can overshoot to VCC + 2.0V for durations of 20 ns or less.
2. Typical value are measured at Vcc=3.3V, TA=25C. Not 100% tested.

5.4 VALID BLOCK

Parameter

Symbol Min

Typ.

Max

Unit

I1S34/35ML02G084

NVB 2,008

2,048

Block

Notes:

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.

Integrated Silicon Solution, Inc.- www.issi.com
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1S34/35ML02G084
5.5 AC MEASUREMENT CONDITION
Symbol Parameter Min Max Units
CL Output Load 1 TTL GATE and CL = 50pF pF
TR, TF Input Rise and Fall Times 5 ns
VIN Input Pulse Voltages 0V to Vce \%
VREFI Input Timing Reference Voltages 0.5Vce \%
VREFO Output Timing Reference Voltages 0.5Vce \%
Note:
1. Refer to 8.16 Ready/Busy#, R/B#'s Busy to Ready time is decided by pull up register (Rp) tied to R/B# pin.
5.6 AC PIN CAPACITANCE (TA = 25°C, VCC=3.3V, 1MHZ)
Symbol Parameter Test Condition Min Typ Max Units
Cin Input Capacitance Vin =0V - - 8 pF
Cio Input /Output Capacitance Vio = 0V - - 8 pF
Note:
1. These parameters are characterized and not 100% tested.
5.7 MODE SELECTION
CLE ALE CE# WE# RE# WP# Mode
H L L LA H X Command Input
Read Mode
L H L L H X Address Input (5 clock)
H L L LA H H Command Input
Write Mode
L H L L H H Address Input (5 clock)
L L L L H H Data Input
L L L H \ X Data Output
X X X X H X During Read (Busy)
X X X X X H During Program (Busy)
X X X X X H During Erase (Busy)
X X X X X L Write Protect
X X H X X 0V/Vcc®  |Stand-by
Notes :

1. Xcan be VIL or VIH.
2. WP# should be biased to CMOS high or CMOS low for standby.
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5.8 ROGRAM/ERASE PERFORMANCNE
(Industrial: Ta=-40 to 85°C, Automotive, Al: Ta=-40 to 85°C, Vcc=2.7V ~ 3.6V)

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

Notes:

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.

5.9 AC CHARACTERISTICS FOR ADDRESS/ COMMAND/DATA INPUT

Parameter Symbol Min Max Unit
CLE Setup Time tCLS® 12 - ns
CLE Hold Time tCLH 5 - ns
CE# Setup Time tCs® 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 tDS® 12 - ns
Data Hold Time tDH 5 - ns
Write Cycle Time twWC 25 - ns
WE# High Hold Time tWH 10 - ns
Address to Data Loading Time tADL®@ 700 - 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.
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5.10 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
\WP# Low to WE# Low (disable mode)
WP# High to WE# Low (enable mode) WW 100 ) ns
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
Device |Read - 5 us
Resetting [Program - 10 us
Time Erase RST - 500 us
during... Ready - ) us
Cache Busy in Read Cache
(following 31h and 3Fh) (DCBSYR } 30 us

Note: If reset command (FFh) is written at Ready state, the device goes into Busy for maximum 5us.
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6. TIMING DIAGRAMS
6.1 COMMAND LATCH CYCLE

HtCS —»p—{CH

HICLS %P—bl tCLH
3‘

CLE o

HU\LS —#ptALH
tDH

r—tWP —»
WER# 5 14

r—lDS ADL—D|

Figure 6.1 Command Latch Cycle

6.2 ADDRESS LATCH CYCLE

tcLs

tcs
o [e——wce twic twc twic
CE %S
_ [—twe [e—twe — [—TwWP — WP
WE 7 1 1
et —s et e twn —-“ LMH —

falH tars  talH tals  falH taLs  talH fars lALH_

tos A tos w2 tDg s tDS-»} Em»}
WOx Jﬂﬂ;ﬂnl. Addi W{:OL Mtﬂmw Aﬂd'l%}?w Add2 Row Add3

Figure 6.2 Address Latch Cycle
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6.3 INPUT DATA LATCH CYCLE

b—tCH

CE# ﬂﬂ —’17/-
B——tCLH

CLE m _’[/_

tALS —
> §
O (epmm— tH
AP »—-br A.L—o‘ twP r—> tP

WER 3. A % S A
tDH
tD
1iOx (DIND
Figure 6.3 Input Data Latch Cycle
6.4 SERIAL ACCESS CYCLE AFTER READ (CLE=L, WE#=H, ALE=L)
CE# 1S +
REHM ¥ tCHZ
htm ¥ tCOH
RE# 55 4

t—b tRHOH
tREA P—b‘ tREA tRHZ tREA RHZhI

D 5 T SE—
rtRR

RiB# # 55
Note:
1. Dout transition is measured at £200mV from steady state voltage at I/O with load.
2. trHOH Starts to be valid when frequency is lower than 33MHz.

Figure 6.4 Serial Access Cycle after Read
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6.5 SERIAL ACCESS CYCLE AFTER READ (EDO TYPE CLE=L, WE#=H, ALE=L)

o /
CE# /// //A/// -
tRC . tcHz
tre . tREH
RE# 7—\ J—\ s
S — -/ tRHZ
tREA tREA , - .
1RLOH RHOH
tcEA > N T
— LLs -
1O Dout 7 7 Dout —
ry
tRR -
1}
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

Figure 6.5 Serial Access Cycle after Read (EDO Type CLE=L, WE#=H, ALE=L)

6.6 STATUS READ CYCLE

tCLR
\

CLE X
I fCLS

>

tC5—
=F i S
ce \ 7 7

_ twp—»
WE
tCEA tCHZ

tWHR
RE Ll
tDs—rﬂtﬂ —tIR [REA Rz
1RHOKR"
10X | 7onFin 7 Status Output|}
Figure 6.6 Status Read Cycle
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6.7 READ OPERATION (ONE PAGE)
teL
CE '_'II.I"\ ﬁ /j}" / 4
e —
WE ‘{7 hﬁL j—‘ :_\ﬂ /_\ Y I—\._/ _\_; U@ﬂ L- tcso

twe
144
tar
= \ £ /ffli* 72
N \ Vi A
tRHZ
e tR— tRC
RE . J; AR
e L J -'III ') "
tRR [+
Vo @( 00n Yol adet Y ol Acs2 Y Row Add \'\(.%ow.ﬂ-dd"\:l’! V' agn ( N —Daut N 1'-—f"_{:_"" {Dout
) ¥ Col. Adaz 1) 2 3 { DoutN HD — — DeutM ——
X F\UD ‘}(\ o JFow A . \.FCIVMCQ ’.3“-,_ n ) , Dout out M+ A, ou
Column Address Row Address '
— L f
R/B Busy

Figure 6.7 Read Operation (One Page)

6.8 READ OPERATION (INTERCEPTED BY CE#)

fcLR

e/ /o % P

e\ £
WE *I\_.-"'f*\'--_fr If_\"'\ h\x ,—\_,_\_f’_\_ r@ etz

e

taR tcoH

f Y Iz
ALE / \ /‘l[:'
.

M

]
tRC =
== A A B A /
RE L/ Jr» l / W
tRRL
11Ox % f{ 00h :::{:cm..sdd-!.:: Cal. .-!a:IdEJff:Row#dcl:}{r?:wmdz:::l:llwde}{ 30h : flr:outN\'!—.,i'_.ou-. N+H|:mt N+:2:.
Column Address Row Address T
————
R/B 'qlBusy;;
Figure 6.8 Read Operation (Intercepted by CE#)
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6.9 RANDOM DATA OUTPUT IN A PAGE

CLE—I/ "-\‘ / '\,‘ ;ﬁg / \

WET\ T\ T\ N S\ N\ i
V) N,
B tRHW ik
tar e
| \ / !
|-——1R—- tRC tREA
RE :L \
'/ 0
tRR
110x [ ot st ¥ col ez ) s Y W Row a3 ). \ [ { ornait ¥ catediz ¥ E0
0o oot saan ) col Mazkr‘a»pdm}.\Ruwnﬂaz)\mmauﬁf.n\mnfﬁn, | DoutN —Pout N+ 050} caladdt ) ColAddZ }  EOH Dout M ot M+
\ ) / / / I
Column Address Row Address T Column Address T
—
RB Yousd

Figure 6.9 Random Data Output in a Page

6.10 PAGE PROGRAM OPERATION

CLE _/_\ / %’ \_
\

CE
WE N\
j PROGK
TWHR
ALE

re |
110X 3:.| MmX:o. mﬂEXﬁcw .qm}(ﬁm- am%(ma—mu::@_@ 70h

SerialData 1 upfom Byle Program Read Status I

Input Command Column Address Fow Address Serial Input Command Command

= \

1100=0 Successful Program
1/00="1 Errar in Pregram

Figure 6.10 Page Program Operation
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6.11 PAGE PROGRAM OPERATION WITH RANDOM DATA INPUT
e/ \ [\ / Y \

tWe —»|
J U( Wy Y
taoL +tWE *PROG ¥

RE A
T ) ) e e v HED - CI Gl e, D@_@ =)
— P

Senal Data = - I Random Dats ¢ " i rogram Read Status
Inout Command  woMmN Address Row Address Serial h:uthn.“ dom DAtz Golumn Address Serial Input Commnund Read Stat
B \
RIB e V00=0 Successful Program

1Qo=1 Error in Program
Note: tapL is the time from the WE# rising edge of final address cycle to the WE# rising edge of the first data cycle.

Figure 6.11 Page Program Operation with Random Data Input

6.12 COPY-BACK OPERATION WITH RANDOM DATA INPUT

A [ A [ A\

=\ A\ £\

_ twe

WE — —
VRNV el Y atilaValalaVaVatal A

[+ PROG

ALE twe By
_/ \ / \

R —

w taDl J

ClS (o e/ e T NS TR e

_ Column Address Row Address Calurmn Address Row Address Rekd Status Command
R/B \ -
g L/
Busy Busy
Copy-Back Data
Input Command
Figure 6.12 Copy-Back Operation with Random Data Input
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6.13 CACHE PROGRAM OPERATION

1
ces T ! i
I T
cE £ X 7 |
ALE 1 \ 1
I F\wc —bl Ftwc —ﬂ p—tcesy :
wee TN SN N N NS L T ST S '
1 1
. | .
RE® | ) » !
SLrlal Data Input Command p—1ADL :
1o (80h W ColAddl ¥ Col.Addz ) RowAddl ¥ RowAddz »—(DinN_ ¥ W ¥oinm__ y—{15h '{} t 80n
: Column Address Page Row Address 1 up 02,112 Byte Data Serial Input e :
RiB# T BUSY # T
. _ § s, .
Max. 63 times repeatable e
1
1
CE® J
CLE
ALE
1
WE# s
1
! |
RE® | »
1 tADL
1

Aead Status Command

1
wox  —{8oh W Col Ada1 W Col aaaz_ ¥ Rowhddl X Rowadaz y—{onn__ ¥ & ¥omm d-{ion —%——r
3}
1 s i we 1 1100 =0 Successiul Program
L Column Address Page Row Address L /00 =1 Error in Program
RIE# 1 % Busy ';g_/ 1
et e e L >
: 1! Last page input and program
1
| R

Figure 6.13 Cache Program Operation

6.14 BLOCK ERASE OPERATION

SN\ A\

7

CLE
e\ Vi) 7
twc
WE Nz
tWwp —sp—IBERS —
twi
e /S \ N ™
RE iy l /
Ox @JH Ah :ll:Fm.-m)(w.-.xz:[:ﬁmmuel Dioh 1"', { Toh ¥ { voo b
‘[ Fiow Address ‘[ ‘[ T
RB "E:‘Eusy' . ff | |
Auto Block Erase Erase Command 1100=0 Successhul Erase
Setup Command Read Status  1/00=1 Emor in Erase
Command

Figure 6.14. Block Erase Operation
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6.15 CACHE READ OPERATION

L]
—I — 1 '—i. :‘—u
CLE ! 1 X i 1 i |
| | ; \
I
1
tE | ;
1
[T & i
I
= v L 1 1 1 I
"liE ‘_.. _.. i |_ ._.: L I_. ) | W
I
1
I
ALE | !
I
L TR Lo : FOCEETR
s ‘ |
s 2 AN . .Wi T
RE e 1 L \_ oA I #il o
P — 1 —s
1
1
WA T S
1 1
BOx e OO f e Juml:l!:l:a e e G (R Y £28,31h 'nuxn_ut_mir—:{{& Hh 0o}
Pl agdge 1 g Pl W
1
Col Add & 1 Cod Add T
) | . | S S
RIB 1
B m —d
i
— — |
CLE ﬂl Y { / \
|
i
3 : FRE S FiE
i
I —— —
WE Lyl | b
: - j. L
1
ALE ;
] AR [C HICEE R 1RC IDCEER =R
1 = L +
. [} ! [, ~ - 5 al ®r ——
! \"f. f 3 L1 " B
RE ! i A L/ Y _IIr (] ot Fou JII 1l ] I Uy
Lk P LY
I HA HH- KH
1
— g s T e Tvre == e —
vor - fou—amm) (oot —EEw (B0 He—E, S
] F'¥Mmﬂl.' Ardrome U] Tape Addrmee Wlid
|
: el Add O al fdd O Cal ded 0
pie i I
FE 1 ] | L
Ji[
Figure 6.15 Cache Read Operation
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6.16 READ ID OPERATION

CE# *
CLE _7/_\\

r—tf’\R M

ALE A
m—pREA r—tRC—ﬂ
Ret {L/—\ 2 T e S S S
[110}3 90h -00h 1stoye 2nd cye. 3th oye. -—-(-dlhcyc J—{athoye. p——
Read ID Command Address 1oycle Maker Code Device Code

Figure 6.16 Read ID Operation
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6.17 TWO-PLANE PAGE READ OPERATION WITH TWO-PLANE RANDOM DATA OUT

cer I—\ . |
" — 7 N —

RE# I p—tR———>

vox 10 D 60n Y ra1 Y RA2 Y RA3 ) —— (60n X RA1T Y RA2 ) RA3 X 30h)

< Row Address — < Row Address — - _.I
Paﬁe address : Pqit M Paﬁe address : Paﬁe M
R‘B . . e mign
> Block address : Block N Block address : Block N : Busy 3
CE® |
CLE | A A /j_/j

LICLRI‘-

ALE | S S R IRC —»)

LT\NC)'I !P-t\f‘ﬁ—{ﬂ-b H IRHW

RE# | \ ,_J[_—\f
D-LHR‘ EA

Wox 10— oon X ca1 X cA2 ¥ RAa1 X RA2 X RA3)

{o5n Y car ¥ caz2 EOh)

RiEB® O
CE# ! 5
1
CLE ! D - S A S A M
: ICLR
e S N £ 0 %
wes 101 ; £ N A 4 A NH N N b tRC—»
1
r—l—bl tRHW LN\/C Pl L—q WHR
1
RE# ! 1 S 4L B o
: REA
vox 10— {oon Y Car X caz X RAT X RA2 X RA3 ) {o5h X ca1 X caz ) Eonh )— o) —— R —
1 } — S Row Address — N =
umn A_dd:ess 3 Column Address

Columpn address : Valid

! i oW
AgE accress i FPage
RB# O 2 Piane address  :Fined High'

Figure 6.17 Two Plane Page Read Operation with Two-Plane Random Data Out
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6.18 TWO-PLANE CACHE READ OPERATION
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Notes:

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 I/O6
(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 6.18 Two-Plane Cache Read Operation
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6.19 TWO-PLANE PROGRAM OPERATION

&
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Figure 6.19 Two-Plane Program Operation
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6.20 TWO-PLANE CACHE PROGRAM OPERATION
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Figure 6.20 Two-Plane Cache Program Operation
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6.21 READ TWO PLANE BLOCK ERASE OPERATION

CE#

CLE

ALE

WE#
RE#
L= ‘ B0k Row Add1 Row Addz RowAddG*}-'é 60h % RowAddTH Row AddZh Row AddZ¥ DOh FOh/F1h oo
Row Address Row Address Read Statuss: 1/00=0 Sucecessful Program
Black Erase Setup Commandi Block Erase Setup Commandz Command 1£00=1 Bror In Program
tBu;
RiB# sy 74
Figure 6.21 Two-Plane Block Erase Operation
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7. 1D Definition Table
90 ID: Access command = 90H
1% Cycle 2" Cycle rd th th th _ gth
Part No. (Maker (Device Code) 3@ Cycle 4™ Cycle 5" Cycle | 6™ ~ 8™ Cycle
Code)
1S34/35ML02G084(X8) 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, ECC Level
6t Byte JEDEC Maker Code Continuation Code, 7Fh
7th Byte JEDEC Maker Code Continuation Code, 7Fh
8th Byte JEDEC Maker Code Continuation Code, 7Fh
39 D Data
Item Description /07 |I/O6 |l/O5 |I/O4 |I/O3 |I/02 |[l/O1 |I/O0
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 1 0 0
Simultaneously 2 0 1
Programmed Pages 4 1 0
8 1 1
Interleave Program Not Support 0
Between Multiple Chips Support 1
Cache Program Not Support 0
Support 1
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1IS34/35ML02G084
4% D Data
Iltem Description /07 |I/O6 |I/O5 (/04 [I/O3 |I/02 |I/O1 [I/O0
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 X8 0
X16 1
45ns 0 0
. . Reserved 0 1
Serial Access Time 251 1 0
Reserved 1 1
5% 1D Data
Iltem Description /07 [I/O6 |I/O5 |I/O4 [I/0O3 |I/0O2 |[l/O1 [l/O0
ECC Level 4bit/512B 0 0
2bit/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
8Gh 1 1 1
Reserved Reserved 0
6th ~ 8 |D Data
Item Description /07 |lI/O6 [I/O5 |I/O4 |I/O3 [I/02 ([l/O1 |I/O0
JEDEC Maker Code Continuation 7E 0 1 1 1 1 1 1 1
Code
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8. DEVICE OPERATION
8.1 PAGE READ OPERATION

Upon initial device power up, the device defaults to Read mode. This operation is also initiated by
writing 00h command, five-cycle address, and 30h command. After initial power up, the 00h command
can be skipped because it has been latched in the command register. The 2,112Byte 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.

co [ E,A M |
ce [ ] 1 [

A\Y

ALE \ |

WE# )
A\
RE# S o

-l
-

A\Y
S | tR |

\

R/B#

\ [ ; >>
1/Ox 4< 00h >< Address (5cycles) >< 30h / \ Data Output( Serial Access)
Col. Add. 1,2 & Row Add. 1,2,3
(00h Command)
Data Field
v o
Spare Field
I > ] T -
[ Lot B I |
Figure 8.1 Read Operation
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[
1
I
Data Output( Serial Access) >—l>

\ [
1/Ox 4< 00h >< Address 5 cycles >< 30h / \
Col. Add. 1,2 & Row Add. 1,2,3 i1
| ——,
Data Field
>
\ e
Spare Field
—> | [ ]
1
RE# ) ce
}
R/B#
‘:—< 05h ><Co| lXCO| 2>< EOh ) [ Data Output( Serial Access) >>
ox : : / \ p
11! Col. Add. 1,2
. —
Data Field
-
Spare Field
I > | [ |
Figure 8.2 Random Page Operation
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8.2 PAGE PROGRAM

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

The serial data input cycle begins with the Serial Data Input command (80h), followed by a five-cycle
address input and then serial data loading. The bytes not to be programmed on the page do not need to
be loaded. The column address for the next data can be changed to the address follows Random Data
Input command (85h). Random Data Input command may be repeated multiple times in a page. The
Page Program Confirm command (10h) starts the programming process. Writing 10h alone without
entering data will not initiate the programming process. The internal write engine automatically executes
the corresponding algorithm and controls timing for programming and verification, thereby freeing the
host controller for other tasks. Once the program process starts, the host controller can detect the
completion of a program cycle by monitoring the R/B# output or reading the Status bit (I/O6) 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# tPROG
) CETD ()
1/0x Address & Data Input 10h ﬂh/ 1/00 >
Pass
Col. Add. 1,2 & Row Add. 1,2,3 “pr

Data
Fail

Figure 8.3 Program and Read Status Operation

R/B# tPROG
Address & Address &
o (1) ()
Col. Add. 1,2 & Row Add. 1,2,3 Col. Add. 1,2
Data Data

Fail

Figure 8.4 Random Data Input In a Page
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8.3 CACHE PROGRAM

The 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 (tcssy) and has its cache registers ready for the next data-
input while the internal programming gets started with the data loaded into data registers. Read Status
command (70h) may be issued to find out when cache registers become ready by polling the Cache-
Busy status bit (I/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 (1/0O5) 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).

l tCBSY tCBSY |
R/B# | |
1/0x @ Address & Data Input @ @ Address & Data Input @

Col. Add. 1,2 & Row Add. 1,2,3 Col. Add. 1,2 & Row Add. 1,2,3 |
Data Data T

| Col. Add. 1,2 & Row Add. 1,2,3
=) Data

o
ot
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. teroc = Program time for the last page + Program time for the (last-1)th page — (Program command cycle time + Last page
data loading time)

Figure 8.5 Fast Cache Program (Available only within a Block)
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8.4 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# IEI tPROG

p
Fail

Address Address
Vox 5Cycles 5Cycles @
Col. Add. 1,2 & Row Add. 1,2,3 Col. Add. 1,2 & Row Add. 1,2,3
Source Address Destination Address

Figure 8.6 Page Copy-Back Program Operation

Address Address Dot
SCvcles SCveles B

Col. Add, 1.2 & Row Add. 1,23 Col. Add. 1.2 & Row Add. 12,3
Souree Address Deestination Address r -I T

= s

-+
IPROG i

Fuil

There is oo limitation for the
number of repetition

Figure 8.7 Page Copy-Back Program Operation with Random Data Input
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8.5 BLOCK ERASE

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

At the rising edge of WE# after the Erase Confirm command input, the internal control logic handles
erase and erase-verify. When the erase operation is completed, the host controller can check Status bit
(I/00) 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
1/0x @ Address Input DOh 70h 1/00 -
\ J o
Row Add. 1,2,3 1 Pass
Fail

Figure 8.8 Block Erase Operation

8.6 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/F1h command to the command
register, a read cycle outputs the content of the status register to I/O 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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Table 8.1 Status Register Definition for 70h Command
IO Page Program | Block Erase |Cache Program |Read Cache Read Definition
100 | Pass/Fail Pass/Fail Pass/Fail(N) NA NA PFZSEIS'_: 10
/01 NA NA Pass/ Fail (N-1) NA NA Don'’t cared
NA ;
1/0 2 (Pass/Fail,OTP) NA NA NA NA Don’t cared
/03 NA NA NA NA NA Don't cared
/0 4 NA NA NA NA NA Don't cared
True True Busy: 0
V05 NA NA Ready/Busy NA Ready/Busy Ready: 1
/10 6 Ready/Busy Ready/Busy Ready/Busy Ready/Busy Ready/Busy Ifeuascily: _01
/07 | Write Protect Write Protect Write Protect Write Protect Write Protect Protected :O,
Not Protected : 1

Table 8.2 Status Register Definition for F1lh Command

I/O Page Program | Block Erase |Cache Program Read Cache Read Definition
/O 0 | Chip Pass/Fail | Chip Pass/Fail | Chip Pass/Fail(N) NA NA PFZS"Sflo
Plane0 Plane0 . Pass : 0
Vo1 Pass/Fail Pass/Fail Plane0 Pass/Fail(N) NA NA Fail : 1
Planel Planel . Pass : 0
Vo2 Pass/Fail Pass/Fail Planel Pass/Fail(N) NA NA Fail : 1
. Pass: 0
/10 3 NA NA Plane0 Pass/Fail(N-1) NA NA Fail - 1
IO 4 NA NA Planel Pass/Fail(N-1) | NA NA PFZS"S_:lo
True Busy : 0
/105 NA NA True Ready/Busy NA Ready/Busy Ready : 1
/0 6 Ready/Busy Ready/Busy Ready/Busy Ready/Busy| Ready/Busy F?eu;gy: _01
. . . Write . Protected : O
I/O7 | Write Protect | Write Protect Write Protect Protect Write Protect Not Protected : 1
Note:

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

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

CE# b
CLE _7/—.\
r—mR—r
ALE s .
WWER NS h f
B—PREA r—tRC—b|
e {L/—\ N
icy 90h 00k 1st oy, 2nd oy, Irdeyc, 4th oy, gth oy,
Read ID Command Address 1ovcle Maker Code Device Code
Figure 8.9 Read ID Operation
Table 8.3 ID definition Table
15t Cycle 2"d Cycle » 5 i
Part No. (Maker Code) | (Device Code) 3" Cycle 4™ Cycle 5% Cycle
1S34/35ML02G084(X8) C8h DAh 90h 95h 44h
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8.8 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
WPH# 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# tRST
1/0x { FFh } >
\__/
Figure 8.10 Reset Operation
Table 8.4 Device Status Table
After Power-up After Reset
Operation Mode 00h Command is latched Waiting for next command
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8.9 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 tbCBSYR, 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

NN EYEY R | J-EFnL 3 EYEY I =
- - - 1 (S S S Il—l'. '_.-' | S, — | | S W S— .'n_l u‘ !
Cogrs Fage Fow & f _ Page Ackibma N | Fage Addross He1 | P e dod w4

- i | |
adms | Mde L Pire 1] s oim

RE ¥ ": ¥/ 2

‘=, = = = =
0] 0) 0] 0

PagaBufer

Cdl g

Page N

Paei+1

PagM+2

Pagp N+

Figure 8.11 Read Operation with Cache Read
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8.10 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.

R EE—

RIB# N\ F
1/0x Address Address 30h
(3 Cycle) (3 Cycle)

| e - =

Row Add. 1,2,3 Row Add. 1,2,3 ==
11 ]
Page address: Page M Page address: Page M L--
Plane address: Fixed 'Low" Plane address: Fixed 'High'
Block address: Block N Block address: Block N
| |
R/B# I |
|
1o [ Address Address Data O
X (5 Cycle) (2 Cycle) ata Output
| Col. Add. 1,2 & Row Add. 1,2,3 Col. Add. 1,2 I
.'-i-: Column address: Fixed ‘Low' Column address: Valid .'-2-:
b-w Page address: Page M b-w
Plane address: Fixed 'Low'
Block address: Block N
1
R/B# |
|
Address Address
o (5 Cycle) (2.Cycle) Daacups_)—
! Col. Add. 1,2 & Row Add. 1,2,3 Col. Add. 1,2
:-2-: Column address: Fixed 'Low' Column address: Valid
| Ep——

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

Figure 8.12 Two-Plane Page Read
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8.11 TWO-PLANE CACHE READ

RB \". 18 i J|
— !
I'Ox |
[
Fow Add 1.2.3 Fow Add. 1.2.3 r —i -
1 I
Page address: Page M Page address: Page M ==
Plane address: Fixed Low' Plane address: Fixed High'
Block address: Block N Block address: Block N
. |
tDCBSY
e .
I'Ox I Address Address |
® (3 Cycle) (2 Cycle)
| Col. Add. 1.2 & Fow Add 1.23 Col Add 1.2
r - S Column address: Fixed Tow' Column address: Vahd
! Ly Page address: Page M
- Plane address: Fixed Low’
Block address: Block N |
]
R/B# I |
!
| Address Address
| Col Add 1.2 & Fow Add 123 Ceol. Add. 1.2 !
r S Cobunmn address: Fixed Low' Column address: Valid T ; S
12 Page address: Page M ]
L= Plane address: Fixed High'
Block address: Block N
1 Xk |
WDCBSY
res | U .
| |
\ Address Address
| Col. Add. 1.2 & Fow Add 1.23 Col Add 1.2 |
r -: = Column address: Fixed Tow’ Colwmn address: Valid i 2 -
L2 Page address: Page M- :.i.'
Plane address: Fixed Tow’
Block address: Block N
[
R/B# |
; | Address Address
ros  Cycle) @ Cyels)
| Col. Add. 1.2 & Fow Add 1,23 Col. Add. 1.2
Z_ Colunmn address: Fixed Tow' Column address: Valid
HE Page address: Page M+n

Plane address: Fixed High'
Block address: Block N

Figure 8.13 Two-Plane Cache Read
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8.12 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 (I1/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.

LS

| P

Cerlumm acdedress: Valad Note Column address: Valid
Pape address: Page M ) Page address: Page 3 .
Plare address: Fixed™ Low™ Plane address: Fixed™ High® Fail
Block address; Block ™ Blisck sddress: Block ™
Dara
Tt { Bon ) {1in Yy {ain {10y
— = — =
Tk |_m|_1
— e — —=
Plane Plane 1
Figure 8.14 Two-Plane Page Program
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8.13 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 EE—

\ tr /

R/B#

1/0x Address Address 35h
(3 Cycle) (3 Cycle)

Row Add. 1,2,3 Row Add. 1,2,3

]
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

I
| Address Address |
e
| Col. Add. 1,2 & Row Add. 1,2,3 Col. Add. 1,2 |
r== Column address: Fixed ‘Low" Column address: Valid re=
Lia Page address: Page M L2
Plane address: Fixed ‘Low"
Block address: Block N
| |
T T
R/B# | |
| Address Address |
D ) o G D o e
I Col. Add. 1,2 & Row Add. 1,2,3 Col. Add. 1,2 I
r=- Column address: Fixed ‘Low* Column address: Valid ==
12, Page address: Page M 13,
L-- Plane address: Fixed 'High' L--
Block address: Block N
| - S
toBsy trrOG
R/B# | \ / \ /

1/0x Address Address 10h
| (5 Cycle) (5 Cycle)

Destination Address -
Col. Add. 1,2 & Row Add. 1,2,3 Note
Column address: Fixed ‘Low"
Page address: Page M
Plane address: Fixed 'Low'
Block address: Block N

T2
13,
Lo

Plane0

Destination Address

Col. Add. 1,2 & Row Add. 1,2,3
Column address: Fixed ‘Low"
Page address: Page M

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

Planel

A

Y

Data Field

A

Y

Data Field

Target page

Target page

v
o
=
=
a
@
H
(=]
@

Figure 8.15 Two-Plane Copy Back Program

Fail

(1): Two-Plane Read for Copy Back
(2): Two-Plane Random Data Out
(3): Two-Plane Copy Back Program
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I
- \
. i I I I
RE= L ! [
IO Address Sk Address - |
{8 ){ & cyem G Cycle) [N |
Fow Add. 123 Row 4dd. 1,23 i
i1y
Page addrass: Paga M Page address: Page M -
Plane address: Fived Low' Plane address: Fined 'High'
Elock address: Block 2 Block addrass: Block I
1 |
RB# | |
I [
i Address - Addrass
L0 — 00k —y {5 Cycle) 05k (2 Cyela) @ Dara Oufput
| Col. Add. 1,2 & Row Add. 1,23 Col. Add. 1.2 [
r== Cohmon address: Fixed Tow' Cohmm address: Valid =S
! _] i Paze address: Page M t=a
Plane address: Fixed Low'
Block addrass: Block I4
| !
RB#
| |
| Addess Address
Lim (5 Cyele) >_._< (2 Cyela) Elh Dam Qutput
| Col Add 1,2 & Fow Add. 1,23 Col Add 12 |
';—I Cobnnn addrass: Fized Tow' Coliwom address: Valid [
[ Page address: Page M ! f_|
Plane address: Fixed High'
Block address: Block I
| T . *
RB2 | | .I'II |
l |
TOm | fagyh, [ Addmss Diara < Address Dam ) {11 |
| (5 cycles) (2 cycles) K U |
. Drestinaton Address Diestination Addrass -t "
F37  ColAdd 12&RowAdd. 123 Col. Add. 1,2 Tote r==
Lol Column zddress: Valid Colamn address: Valid 13
Page addres:: Page M
Plape address: Fixed "Low'
Block address: Block M
I PROG
REE | \ |
|
10 . r.:hi.a'l.nzss Data :-:c.dd.resi Dam N Mo
I (5 cycles) (2 cycles) r A
——® Destinagon Address Diestination Address
T 1', Col. Add 12 & Row Add. 1,23 Mote Col Add 1.2
Lo Colun sddress: Valid Colamn address: Valid
Page address: Page M
Plape address: Fixed High'
Block address: Block M1
Figure 8.16 Two-Plane Copy Back Program with Random Data Input
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8.14 TWO-PLANE CACHE PROGRAM

—_ .
RIE tI:IEI =Y toa2Y

—_—
i) § |, BOh K Address & Catzinput 4170 81n ,C.:}d'ess & Dala Irpl‘_-;,}'f\ 15n

colmn address : Vald column address : Valid
page address: Fage M oage address . Page M III
plans sddress: Fload Low' clane address: Flxed "High'
biack adoress Slock M block address: Elock M
toEsY tPROG

RIB
O : —{ & “)@‘m\_:‘—(_ﬁ Adarece & Data input ) 10n )

' '\Il:ﬂe ¥
column asdress : Valkl calumn a:l;ess- Wallg
III page aodraes - Page k+n pags admess: Fage M+
planz address: Flxed "Low' plane address: Flxed ‘Highr
block agdrass: Block M biock adoress: Slock M

—_— 4 —
(ean ) {1 (2 b = {@37

Cache register I 4 > | v I 2 L | Ty
, p, -
Data register | | "'_\.3. | | -.\.3
Plane O ! Plane 1 ,-"
(2043 Blozk) - {2045 Block) b
Block O Block 1
Block 2 Block 3
Block 4092 Block 4003
Block 4094 Elock 4005
Figure 8.17 Two-Plane Cache Program
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8.15 TWO-PLANE BLOCK ERASE

D EEE—
w N
T'Ox Address Address Doh
(3 Cycle) (3 Cycle)

Row Add 1.2.3 Row Add 1.2.3

page address: Fix Low page address: Fix Low
plane address: Fix Low plane address: Fix High
block address: Block N block address: Block N

Figure 8.18 Two-Plane Block Erase
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8.16 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

_ Rp ibugy
Vee
Fg-——-————- T
o AW device - Voo i 0.4Y, Von 2.4V
Ready Vee

1

|

b —

| RE | /-
apen drain output \ VoL: 0.4V, Vor: 2.4V ~ VOH

1 \

|

|

|

|

|

|

|

|

_I_C' . \;‘_,\-’OL ‘2 '/

P e e e e e e — —

/ l
. Busy !
I Lo
GND STTT
Device
Rp vs tgaog vs Co.
@ Veew 3.3V, Ta m 26°C , Gy = B0pF
24
0
200 \Qusv o 2m
X //n -
5 |rv:|’_/’ <
5 2 A oy
\E\{/ ;
100n]_ 100 o o 08 | am
i t[,./‘j \'“Eﬂ.h .
W —~3
;(_6. It 38 3.k ,O':
f I i |
1K 2K 3K 4K
Rplehm)
Ep value guidance
) Voo(Max.) - Vou(Max.) 3.2V
Rp(min, 3.3V part) = =
oL+ ZIL 8mA + ZIL

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

Figure 8.19 Ready/Busy# Pin Electrical Specifications

Integrated Silicon Solution, Inc.- www.issi.com 52
Rev. A3
11/29/2017



m 1S34/35ML02G084

8.17 DATA PROTECTION AND 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.

23V T 2.3V
Vie | |

A
iy
Wl
}
Dot eare 3 ms max Operation |
wWEE s A ——————— el = »|
| I
, [nvalid “.—-‘
R q Don' care —¢
L
e !
100 us
Figure 8.20 AC Waveforms for Power Transition
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8.18 WRITE PROTECT OPERATION

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

Enable Programming

A\
«

I
|
WE# |
I e N e N
1/0x 80h 10h >
I I/ N
I I
f
WP# I
f f
R/B# ' |
<+ >

tWW (Min. 100 ns)
Note: WP# keeps “High” until programming finish

Disable Programming

A\
L8

I
|
WE# |
I e N e N
1/0x 80h 10h |
I I \ J \___/
I I
|
WP# |
f f
R/B# | 1
<>
tWW (Min. 100 ns)
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Enable Erasing

A\
«

I
|
WE# |
I | 7 \ / \
110 >
X | T 60h } { DOh }
I I
f
WP# I
i i
R/B# ' |

<+ -
tWW (Min. 100 ns)

NOTE: WP# keeps “High” until erasing finish

Disable Erasing

A\

-

I
|
WE# |
I | VS
1/0x 60h DOh >
[ I\ N
I I
I
WP# |
RIB# ' !

<+ -
tWW (Min. 100 ns)

Figure 8.21 Enable/Disable Programming and Enable Erasing
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9. INVALID BLOCK AND ERROR MANAGEMENT
9.1 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 ISSI. 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.

9.2 IDENTIFYING 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 2,048. 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.

Integrated Silicon Solution, Inc.- www.issi.com 56
Rev. A3
11/29/2017



1S34/35ML02G084

[ Stat |

| SetBlock Address =0 |

Increase
Block
Address

Create Initial
[rvalid Block
Tahle

no
Last Block?

YEs5

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

For (i=0; i<Num_of _LUs; i++)

{
For (j=0; j<Blocks_Per_LU; j++)

{
Defect_Block_Found=False;
Read_Page(lu=i, block=j, page=0);

Read_Page(lu=i, block=j, 1);

If (Defect_Block_Found) Mark Block as_Defective(lu=i, block=j);

If (Data[coloumn=First_Byte of_Spare_Area]'=FFh) Defect_Block_Found=True;

If (Data[coloumn=First_Byte of_Spare_Area]'=FFh) Defect_Block_Found=True;

Figure 9.1 Algorithm for Bad Block Scanning
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9.3 ERROR IN READ OR WRITE OPERATION

Within its lifetime, additional invalid blocks may develop with NAND Flash memory. Refer to the
gualification 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
Write Erase failure Read Status after Erase = Block Replacement
Program failure Read Status after Program - Block Replacement
Read Up to 4 bit failure Verify ECC - ECC Correction

Note: Error Correcting Code > RS Code or BCH Code etc.
Example: 4bit correction / 512 Byte
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Write 80k

White Data

Yes

Frogram Error

Y'tite 10h

hark Bad Block
Program Completed 2 Replace Block

Read Status
Register

Figure 9.2 Program Flow Chart
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Erase Error

Write DOh
Read
Slatus

Erase Completed Mark Bad Block

Figure 9.3 Erase Flow Chart
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ECC Genetation

Wirite
Address

Reclaim the Error

Page Read

| Completed

Figure 9.4 Read Flow Chart
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Block A

1st

(n-1) th

nth  —p An error occurs.

page @

Block B Buffer memory of the
controller
1st @
(n-1) th
nth  —p An error occurs.
*Step 1
When an error happens in the nth page of the Block 'A' during erase or program
operation.
page * Step 2

Copy the data in the 1st ~ (n-1)th page to the same location of another free
block. (Block 'B')

* Step 3

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

* Step 4

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

Figure 9.5 Blcok Replacement
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9.4 ADDRESSING FOR PROGRAM OPERATION

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

Data register

From the L SB page to MSB page
DATA IN: Data (1) — Data (54}

Figure 9.6 Addressing for Program Operation

Page 63

Page 31

Page 2
Page 1
Page 0

(54)

(1

(3

32)

(2)

Data register

Ex.) Random page program (Prohibition)
DATA IN: Data (1) — Data (64)
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9.5 SYSTEM INTERFACE USING CE# NOT CARE OPERATION

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 y-seconds, de-activating CE# during the data-loading and serial access would provide
significant savings in power consumption.

- LI )

CLE

L

Start Address (3C0yeles)

@7

Figure 9.7 Program/Read-Operation with CE# Not-Care Operation

Address Information

Data /1O Address
Device
Col. Col. Row Row Row
beta ot | o Add1 Add2 Add1 Add2 Add3
IS34/35ML02G084 | 2.112Byte | /0 0-/07 | AO~A7 | A8-A11 | A2~ A20 ~ A28
112Byt A19 A27
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10 PACKAGE TYPE INFORMATION
10.1 48-PIN TSOP (TYPE I) PACKAGE (T)

AHAAARAAARAARAAAAAAAAEA

iELEEEEL L G L

o

o

==== —======—===== == —

P —— semmmmmmemms e

“ DETAIL A

R W—

SAETING PLANE . .,_,.ﬁ ]

A2
= 7D

DIMENSION N MM
SYMEOL MIN | NOM | MAX
A 1.20
A1 005 0.15
b 017 (0,22 | 027
c_[010 0.21
D |19.80 |20.00 |20.20
D1 [18.20 [1840[18.60
E_ [1180]1200]12.20

e 050 BSC.
L |os0 [060 [070

L1 0.25 BSC.

ZD 0.25 REF.
e Jol& s

NOTE :

1. Controlling dimenslon : mm

2, Dlmenslon D1 adn E do not Include mold protruslon ,

3. DImenslon b does not Include dambar protruslon/intruslon,
4, Formed |eads shall be planar wlth respect to one another within 0,1mm

at the seating plane after final test,

TITLE

48L 12x20mm TSOP-1
Package Outline

ReV.| (| DATE

02/17/2017
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10.2 63-BALL VFBGA PACKAGE (B)

PIN Al
CORMER

TOP WIEW

1

mna

34 3 6 7 8 910

O

LW L LW rL._.r\_._r.._ [

BOTTOM WIEW PIN &1
CORNER
0% 8 7 6 5 4 3 2 1
A
® O o0 |a evumoy | EVENSON P | oluensionwew
i a0 O | B R YT (ST P P e
000|000 S s £ ) o P e
TN aTa il Rl B !
COO000O0 D b | 040|045 | 050 [ooteooa/aze
D D O D O_ O E O |10.80]11.00]11.10] 0u428] 0433 | 04T
OO0 O0 F o .80 BSC 1346 BSC
B ”_H_ ”_u.._. D D 0”@ O D G E aan _ 2400 _ 8,10 | 0380 _.....‘uup__...u..mm.
*l D «.rJ”.,. O D D O I E1 720 BSE 4283 BSC
~ . ] 080 BSG. 0.031 BSC.
o @000 0C0 J
CEoNelleNeNe K *
_ ﬂ\ o0 O C L Hha
® ® 7 o® v |
- I I
o=
EL
_ ~[=[o0]c NOTE -
T :
1 A 1
T SEATING PLANE 1. CONTROLLING DIMENSION : M
2. REFERENCE DOCUMENT - JEDEC MO-207
3. THE DIAMETER OF PRE-REFLOW SOLDER
AL BALL |S #0.42mm
TITLE 63L 9x11x1.0mm VF-BGA REV > DATE lo1/18/2016
. . 18/
Package Outline

66

Integrated Silicon Solution, Inc.- www.issi.com

Rev. A3

11/29/2017



m 1S34/35ML02G084

11 ORDERING INFORMATION - Valid Part Numbers

IS34ML02G 084 _- TILI

L TEMPERATURE RANGE
| = Industrial (-40°C to +85°C)
E = Industrial (-40°C to +105°C)
Al = Automotive Grade (-40°C to +85°C)
A2 = Automotive Grade (-40°C to +105°C)

S PACKAGING CONTENT
L = RoHS compliant

PACKAGE Type
T = 48-pin TSOP (Type 1)
B = 63-ball VFBGA

Die Revision
Blank = First Gen.

ECC Requirement
4 = 4-bit ECC

Bus Width
08 = x8 NAND

Density
02G = 2 Gigabit

VDD
L=3.3V

Technology
M = Standard NAND (SLC)

Product Family
34 = NAND
35 = Automotive NAND

BASE PART NUMBER
IS = Integrated Silicon Solution Inc.
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VDD Density | Bus Temp. Grade Order Part Number Package
IS34ML02G084-TLI 48-pin TSOP (Type I)
Industrial
1S34ML02G084-BLI 63-ball VFBGA
IS34ML02G084-TLE 48-pin TSOP (Type I)
Extended
1S34ML02G084-BLE 63-ball VFBGA
3.3V 2Gb X8
IS35ML02G084-TLAL 48-pin TSOP (Type I)
Automotive (A1)®
1IS35ML02G084-BLAL 63-ball VFBGA
IS35ML02G084-TLA2 48-pin TSOP (Type I)
Automotive (A2)®
1IS35ML02G084-BLA2 63-ball VFBGA
Note:
1. Automotive Grade meets AEC-Q100 requirements with PPAP.
Temp Grades: Al=-40 to 85°C, A2=-40 to 105°C
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