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Advance Information

Notice On Data Sheet Designations

Spansion LLC issues data sheets with Advance Information or Preliminary designations to advise
readers of product information or intended specifications throughout the product life cycle, includ-
ing development, qualification, initial production, and full production. In all cases, however,
readers are encouraged to verify that they have the latest information before finalizing their de-
sign. The following descriptions of Spansion data sheet designations are presented here to
highlight their presence and definitions.

Advance Information

The Advance Information designation indicates that Spansion LLC is developing one or more spe-
cific products, but has not committed any design to production. Information presented in a
document with this designation is likely to change, and in some cases, development on the prod-
uct may discontinue. Spansion LLC therefore places the following conditions upon Advance
Information content:
“This document contains information on one or more products under development at Spansion LLC. The
information is intended to help you evaluate this product. Do not design in this product without con-

tacting the factory. Spansion LLC reserves the right to change or discontinue work on this proposed
product without notice.”

Preliminary

The Preliminary designation indicates that the product development has progressed such that a
commitment to production has taken place. This designation covers several aspects of the product
life cycle, including product qualification, initial production, and the subsequent phases in the
manufacturing process that occur before full production is achieved. Changes to the technical
specifications presented in a Preliminary document should be expected while keeping these as-
pects of production under consideration. Spansion places the following conditions upon
Preliminary content:

“This document states the current technical specifications regarding the Spansion product(s) described
herein. The Preliminary status of this document indicates that product qualification has been completed,
and that initial production has begun. Due to the phases of the manufacturing process that require
maintaining efficiency and quality, this document may be revised by subsequent versions or modifica-
tions due to changes in technical specifications.”

Combination

Some data sheets will contain a combination of products with different designations (Advance In-
formation, Preliminary, or Full Production). This type of document will distinguish these products
and their designations wherever necessary, typically on the first page, the ordering information
page, and pages with the DC Characteristics table and the AC Erase and Program table (in the
table notes). The disclaimer on the first page refers the reader to the notice on this page.

Full Production (No Designation on Document)

When a product has been in production for a period of time such that no changes or only nominal
changes are expected, the Preliminary designation is removed from the data sheet. Nominal
changes may include those affecting the number of ordering part numbers available, such as the
addition or deletion of a speed option, temperature range, package type, or Vig range. Changes
may also include those needed to clarify a description or to correct a typographical error or incor-

rect specification. Spansion LLC applies the following conditions to documents in this category:
“This document states the current technical specifications regarding the Spansion product(s) described
herein. Spansion LLC deems the products to have been in sufficient production volume such that sub-

sequent versions of this document are not expected to change. However, typographical or specification
corrections, or modifications to the valid combinations offered may occur.”

Questions regarding these document designations may be directed to your local AMD or Fujitsu
sales office.
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SPANSION"

ADVANCE
INFORMATION

Distinctive Characteristics

MCP Features

m Power supply voltage of 1.7 to 1.95V
High Performance

of:
]

Flash access time: 80ns

Flash burst frequency: 54 MHz, 66MHz, 80MHz
Mobile SDRAM burst frequency: 104 MHz

Package:

— 9.0x12.0 mm
Operating Temperature

— -25°C to +85°C (wireless)

General Description
The S73WS series is a product line of stacked Multi-Chip Product (MCP) packages and consists

One or two (in this case, one die is used as code and the other as data) flash

memory die

One Mobile SDRAM die

Shared address/data bus for Flash and Mobile SDRAM: 96-ball pinout

The products covered by this document are listed in the table below. For details about their
specifications, please refer to the individual constituent datasheets for further details:

Flash Memory Density

256Mb 512Mb
Mobile 128Mb S73WS256ND0 | S73WS256NDE
SDRAM
Density 256Mb S73WS256NEE

Publication Number S73WS256N_00

Revision A Amendment 3
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| Product Selector Guide

Flash Flash
Density | Density | Flash Initial/Burst | SDRAM | SDRAM burst
Device-Model# Code Data Speed (ns/IMHz Densi Speed (MHz Supplier DYB Package
(Code) | (Data) | Speed ( ) ty | Speed (MHz) PP g
S73WS256NDOBAWA7 1
256 Mb| — 80ns/54MHz | 128 | 104 MHz sector | 9x12x1.2
S73WS256NDOBAWAB 2 unprotected | 137-ball
S73WS256NDEBAWT? 1
128
S73WS256NDEBAWTB 2
256 Mb | 256 Mb |  80ns/54MHz 104 MHz sector | 9x12x1.4
S73WS256NEEBAWT7 1 unprotected | 137-ball
256
S73WS256NEEBAWTB 2
S73WS256NDOBFWA7 1
256 Mb| — 80ns/54MHz | 128 | 104 MHz sector | 9x12x1.2
S73WS256NDOBFWAB 2 unprotected | 137-ball
S73WS256NDEBFWT7 1
128
S73WS256NDEBFWTB 2
256 Mb | 256 Mb |  80ns/54MHz 104 MHz sector | 9x12x1.4
S73WS256NEEBFWT7 1 unprotected | 137-ball
256
S73WS256NEEBFWTB 2
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2 MCP Block Diagram

Vecf I l
_ max +1*
A23 - A0 > Vce ViD _I16

DQ15 to DQO <

CLK —————— > CLK
WP#fl ——————»|WP#

ACC ——— »|acc Flash1
(Note 1) CE#fl ————»[CE# Flash 2
OE# — | 0E# (Note 2

WE# ———————»|WE#
RESET# ——— | RESET#
AVD# —————»|AVD#

CE#f2 > [

RDY » RD

v DQ15 to DQO >

>Vss
D-Vee
D-Vceq l
Al12 - AO D-max + 1%
> Ve Vecq
D-CLK CLK 16
D-CE# *|CE# bQ1s to DQOK——Z/—
D-WE# WE#
D-BAO BAO
D-BAl —————»|BAl
D-CKE »|CKE
D-RAS# — »lpasy SDRAM
D-CAS# »|CAS#
D-DM0 ——————»|pM0
D-DM1] ——————|DM1
VssQ
—————— > D-
D-Vssq
* Amax = A23

D-Amax = Al12

Notes:

1. For a one-Flash configuration, CE#f1 = CE#.
For a two-Flash configuration, CE#f1 = CE for Flash 1 and CE#f2 = CE for Flash 2; CE#f2 is the
chip-enable pin for the second Flash.

2. Flash and SDRAM share common A12-A0 and DQ15-DQO.

3. Applicable only for the S73WS256NDE and S73WS256NEE devices.
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3 Connection Diagrams

3.1 2x256Mb Flash with 256Mb SDRAM

137-ball Fine-Pitch Ball Grid Array
(Top View, Balls Facing Down)

{"\ {"\ {"\ {"\ {"\ ( N\
A3 A4 A5 A6 A7 A8
VBl M) oss) \re) () e
D-CKE D-CLK  DNU DNU DNU DNU DNU DNU  D-VSS D-CE#
N TN TN TN TN TN
B3) B4 ) B5 ) B6 ) B7) B8) B9 1
N NS N NS N N <
D-RAS# D-WE#  pNU oNU oNU N N N RFU D-CAS#
{’\ ',—\\ ’,—\ /’—\\ //—\\ ’,—\‘ {’\
ct) 'C5 ' cer ' C71 ' C8 1 ' C91cCio)
\ NTo N N N AR \_’
DNU AVD# VSS CLK RFU RFU RF! RFU RFU  DNU
(o) @ © @Qco | o
DNU  WP# A7 D-DMO  ACC WE# A8 AL F2-CE# DNU
-\ AR {’\
[ ) ' E6 ) E10 )
\_ N7 \N_ Flash/SDRAM Shared
DNU A3 A6 D-DM1 F-RST#  RFU A19 A12 A15  DNU
-~ (N
’\n ) (F10)
DNU A2 A5 A18 RDY A20 A9 A13 A21  DRNU SDRAM only
-\ -\ // N
@D 0@ WO @ |
- ~_7
DNU Al A4 A17 A23 A10 Al4 A22  DNU Reserved for
-\ TN -\ Future Use
{Hl} 1 H8 ) \HlO}
\ S -
DNU A0 VSS D1 DQ6 RFU Al6  DNU
N TN TN
{ 31} {e {J10} Data Flash only
\_ N \_’
DNU F1-CE#  OE# DQ9 DQ3 DQ4 DQ13  DQ15 RFU  DNU Q
’-\ PR I‘\
4 \
{\Kl } " K2 K @ @ @ {\KlO} Flash/Data Shared
DNU  RFU DQO DQI0 F-VCC D-VC DQi2  DQ7 V5SS  DNU
{’\ I,—\ I,—\‘ {’\
L) VL6 1 L9y (L10)
N e o N Code Flash Onl
DNU D-vCC  DQs DQ2 DQ11 RFU DQ5 DQ14 RFU  DNU ode Flash Only
{’\ /’-\\ //—\\ //—\\ //—\\ /’-\\ //—\\ {’\ /’-\
Ml} ' M2 v M3 't M61 v M7 1 v M8 11 v M9 fM10
\-’ N N N N N N \_’ \ l
DNU  RFU RFU VSS F-VCC  RFU RFU RFU RFU  DNU ~
P - .-
, Nl\ {" \ {" AN ( N\ {" \ {" N\ {" N\ T Do Not Use
\ 1 N10
Jeiee) () (e ) ns) (we) Qor) (ne ) (0) (o)
RFU D-BAO DNU DNU DNU DNU DNU DNU D-BA1 RE.U
.~ \\ {’-\ {’\ {’\ {’.\ {’.\ {’\ e \‘ e N
\PL P3) P4 ) P5) P6 ) P7) P8 ) | P9 1'\PLO!
<~ N/ N N N N N Ve MLt
RFU D-VSS  DNU DNU DNU DNU DNU DNU RFU  RFU

Notes:
1. Tie the SDRAM VSS and VSSQ to D'Vss.

2. Tie the SDRAM VCC and VCCQ to D'Vcc.

Special Handling Instructions For FBGA Package
Special handling is required for Flash Memory products in FBGA packages.

Flash memory devices in FBGA packages may be damaged if exposed to ultra-
sonic cleaning methods. The package and/or data integrity may be compromised
if the package body is exposed to temperatures above 150°C for prolonged peri-
ods of time.
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3.2

2 x 256Mb Flash with 128Mb SDRAM

137-ball Fine-Pitch Ball Grid Array
(Top View, Balls Facing Down)

N TN O TN
Bl sl re) )
D-CKE D-CLK DNU DNU DNU DNU DNU DNU  D-VSS D-CE#
N L,7N 7N 7N TN TN T
\
1\53) 1\54) I\BS) 1\86) 1\57) l\BS) l\B9,'
- - - - - - ==

D-RAS# D-WE# DNU DNU DNU DNU DNU DNU RFU  D-CAS#

’-\ LSRN 7N LSRN LSRN 7N ’-\
/ \ \ ’ [ \

ICl) @‘C5"C6"C7"C8"C9'IC10)
\-‘ Ny N N N Ny \_‘
DNU  AVD# VSS CLK RFU RFU RFU RFU RFU  DNU
-\

(or) @ © (o10)
DNU  Wp# A7 D-DMO  ACC WE# A8 A1l F2-CE# DNU
f'\ TN

s

OIOJOJOX TOX X X IO

- AN
DNU A3 A6 D-DM1  F-RST#  RF A19 A12 A15 DNU
N\

( F1) lFlO)
N
DNU A2 A5 A18 RDY A20 A9 A13 A21 DNU
-\

@@ @ @ @“'Gw

-—
DNU Al A4 Al7 A23 A10 AL4 A22 DNU
-\

[ 11 . H8 , lHlO

\
- ~ =
DNU AO VSS DQ1 DQ6 RFU A16 DNU
l/‘\ Iz"\ l/‘\
\31) 139 J1o)
N
- ~ =
DNU F1-CE#  OE# DQ9 DQ3 DQ4 DQ13  DQ15 RFU  DRU
f'\ Iz"\ f'\
@i () @ @ @ @ ) @)
N /
DNU  RFU DQ0 DQl0 FVCC D-WCcC DQi2 D7 VSs  DNU
f'\ F RS TN f'\
/ s

OIOJOXOIORIOIOROID)
- AN AN -
DNU D-VCC  DQ8 DQ2 DQ11 RFU DQ5 DQ14 RFU  DNU
-\ R ;7T ;7T ;77 ;7T ;7T -\

\ \ \ \
lMl)IMZ:IM3:@IM:I 7:lM8:IM9:lM10)

\_‘ N N N N N N \_‘
DNU  RFU RFU VSS F-VCC RFU RFU RFU RFU  DNU
LN l/‘\ l/‘\ l"\ l/‘\ -\ l/‘\ I/"\

\
N1 N1

@ V) e) sl el v N
RFU D-BAO  DNU DNU DNU DNU DNU DNU D-BA RFU
o (TN TN TN TN TN TN SN T
L P \P3) I\P4) \PS) \P6) \P7) \P8) '\ P9 ri P10
== — - - - - - ~ - ==
RFU  D-VSS DNU DNU DNU DNU DNU DNU FU RFU

Notes:

1. Tie the SDRAM VSS and VSSQ to D-Vss.

2. Tie the SDRAM VCC and VCCQ to D'Vcc.

Special Handling Instructions For FBGA Package

Special handling is required for Flash Memory products in FBGA packages.

A\

Legend

Flash/SDRAM Shared

O

SDRAM only

AR

N\

-~

\4/

Reserved for
Future Use

Data Flash only

O

Flash/Data Shared

O

Code Flas

o=

h Only
\
]
—
Do Not Use

-~

Flash memory devices in FBGA packages may be damaged if exposed to ultra-
sonic cleaning methods. The package and/or data integrity may be compromised
if the package body is exposed to temperatures above 150°C for prolonged peri-
ods of time.
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3.3 256MbFlash with 128Mb SDRAM

137-ball Fine-Pitch Ball Grid Array
(Top View, Balls Facing Down)

NN N TN T D
A3 A4 A5 A6 A7 A8
\_,) \_,) \,) \_,) \_,) \_,)
D-CKE D-CLK U DNU DNU DNU DNU DNU  D-VSS D-CE#
TN L,7N 7N 7N ,TN TN T
IB3)IB4)IBS)IBG)IB7)IBS)‘Bg’
\-f \-4 \-f \-f \-f \-f \" ’,
D-RAS# D-WE#  pNu DNU DNU DNU DNU DNU RFU  D-CAS#
l’-\ /, \\ I,—\\ I,—\\ /,—\\ ’,—\\ l’-\
c1) @ 'C5! ' Ce1 ' C71 ' C81 ' C91Cl0)
\-’ Ny N N N Ny \_‘
DNU AVD# VSS CLK RFU RFU RFU RFU RFU  DNU
l/‘ AN /, - \‘ - AN
D1 v D9 1 I'pio Legend
\ \
N /
DNU  Wp# A7 D-DMO  ACC WE# A8 A1l RFU  DNU
l/‘ AN I, - \‘ l/‘ AN
E1 ) \ E6 @ @ E10 )
\N_ N \N_ Flash/SDRAM Shared
DNU A3 A6 D-DM1 F-RST#  RFU A19 A12 A15  DNU
() 2 o &) &) o)
DNU A2 A5 AlS RDY  A20 A9 AL3 A2l  DRNU SDRAM only
(o) (o) o
|
1) 2 S &) () (o) L
DNU Al A4 A17 A23 A10 Al4 A22  DNU Reserved for
LN RO l" N\ Future Use
1H1) T @ H10))
A YA AR \.¢
DNU A0 VSS DQ1 DQ6 RFU A16  DNU O
I’ N /, = \‘ l/‘ AN
1) 139 10 J10) Code Flash Only
A YA AR \.¢
DNU F1-CE#  OE# DQ9 DQ3 DQ4  DQ13  DQ15 RFU  DNU -\
()i ©) (o) <
K1 ) K2 K10
\-‘) N ’/’ \’) —
DNU  RFU DQO DQI0 F-VCC D-VC DQi2  DQ7 VSS  DNU Do Not Use
I’\ I/"\ Iz"\‘ l"\
L) v L6 1 Lo (Lo
A AN AN -
DNU D-VCC  DQ8 DQ2 DQ11 RFU DQ5  DQl4 RFU  DNU
l’-\ I,—\\ I,—\\ R ,—\\ I,—\\ R l’-\
\ 1 \ 1 1 1 \ 1 \ 1 | 1
\Ml) M2 M3 M6 M7 M8 M9 \M1o)
N d N d N A 7 A /
DNU  RFU RFU VSS F-VCC  RFU RFU RFU RFU  DNU
PN l/‘\ l/‘\ l"\ l/‘\ l/‘\ l/‘\ PN
’ \ ’
N1 N1
@ Vel ) st ) v ) e N
RFU D-BAO DNU DNU DNU DNU DNU DNU D-BA RFU
PR ,"\ ,"\ ,"\ ,"\ I"\ ,"\ PO NI
L \P3) \P4) \PS) P6 ) \P7) \P8) ' P9 ri P10
=~ - - -— -— -— -— -— ~ - =~ -
RFU D-VSS  DNU DNU DNU DNU DNU DNU FU  RFU

Notes:
1. Tie the SDRAM VSS and VSSQ to D'Vss.
2. Tie the SDRAM VCC and VCCQ to D-Vcc.

Special Handling Instructions For FBGA Package
Special handling is required for Flash Memory products in FBGA packages.

Flash memory devices in FBGA packages may be damaged if exposed to ultra-
sonic cleaning methods. The package and/or data integrity may be compromised
if the package body is exposed to temperatures above 150°C for prolonged peri-
ods of time.
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3.4 Lookahead Diagram on Shared Bus

| —
—
ju—

®
®

© ©

Legend:

D-CKE D-CLK DNU DNU DNU DNU DNU DNU D-VSS D-CE# O
(Reserved for
D-RAS# D-WE# DNU DNU DNU DNU DNU DNU D-DQS3 D-CAS# Future Use)
DNU - - F-CLK# R-OE# F2-OE# DNU Code Flash Only

b
<
®:0
H*
<
)
]
(@]
-
=
hul
N
0
m
**
m
<
Q
(@]

®
'O
®
(5]
' ®
o

©

D-DMO,

DNU WP# D-A7  DOMO/ acc WE# A8 A1l F3-CE# DNU MirrorBit Data
® @ @ ® 6 ® © © © &
DNU A3 A6 DDMY F-RST# R-CE2  A19 A12 A15 DNU

Flash/Data
»® @ @ @ ©® ©® ®© © O ®
DNU A2 A5 A18 RDY/WAIT# A20 A9 A13 A21 DNU '
© @ @ O ®© © © © Fiash/xRAM
DNU Al A4 A17 A23 A10 Al4 A22 DNU / Shared

e

DNU VSS DQ1 DQ6 A24 Al6 DNU PSRAM Only

®
@ :0

<]
o
®

®

O

DNU F1-CE# OE# DQ9  DQ3  DQ4 DQI3 DQI5 SRE. pwu
XRAM Shared
DNU R-CE1# DQO DQ10 F-VCC R-vCC DQi2 DQ7 VSs DNU O
©©® 0 00
DNU  R-VCC  DQ8 DQ2  DQi1 A25 DQ5 DQ14  WP# DNU
DNU A27 A26 VSS  F-VCC F4-CE# R-VCCQ F-VCCQ DD-CLK# DNU
F-DQS0  D-BAO  pNU DNU DNU DNU DNU DNU  D-BA1 F-DQS1

]
v
O
0]
o
o
<
)
]
9
b4
c
g
=
c

®
®
2@
®
®
®
@
2

=2
c
=)
=2
c
w)
=2
c
lw)
W)
o
[}
N
lw)
[w)
e}
(9]
=

—
T o

Notes:
1. In addition to being defined as F2-CE#, Ball C5 can also be assigned as F1-CE2# for code flash that
has two chip enable signals.

2. F1 and F2 denote XIP/Code Flash, while F3 and F4 denote Data/Companion Flash.
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4 Input/Output Descriptions

A23-A0
A12-A0
DQ15-DQO
CE#f2

CE#f1
OE#

WE#
Veea
Vss
RFU
RDY

CLK

AVD#

RESET#

WP#

ACC

D-CLK
D-CE#

D-CKE
D-BA1-BAO
D-RAS#
D-CAS#
D-DM1-D-DMO
D-WE#

D-VSS
D-VSSQ
D-VCCQ
D-VCC

Flash Address inputs
SDRAM Address inputs
Flash and SDRAM shared bus input/output

Flash Chip-enable input # 2. Asynchronous relative
to CLK for burst mode.

Flash Chip-enable input #1. Asynchronous relative
to CLK for Burst Mode.

Flash Output Enable input. Asynchronous relative to
CLK for Burst mode.

Flash Write Enable input.

Flash device power supply (1.7 V - 1.95V).
Input/Output Buffer power supply.

Ground

Reserved for Future Use

Flash ready output. Indicates the status of the Burst
read. VOL = data valid.

Flash Clock. The first rising edge of CLK in
conjunction with AVD# low latches the address
input and activates burst mode operation. After the
initial word is output, subsequent rising edges of
CLK increment the internal address counter. CLK
should remain low during asynchronous access.

Flash Address Valid input. Indicates to device that
the valid address is present on the address inputs.

VIL = for asynchronous mode, indicates valid
address; for burst mode, causes starting address to
be latched on rising edge of CLK.

VIH= device ignores address inputs

Flash hardware reset input. VIL= device resets and
returns to reading array data

Flash hardware write protect input. VIL = disables
program and erase functions in the four outermost
sectors.

Flash accelerated input. At VHH, accelerates

programming; automatically places device in unlock
bypass mode. At VIL, disables all program and erase
functions. Should be at VIH for all other conditions.

SDRAM System Clock

SDRAM Chip Select

SDRAM Clock Enable

SDRAM Bank Select

SDRAM Row Address Strobe
SDRAM Column Address Strobe
SDRAM Data Input/Output Mask
SDRAM Write Enable input

SDRAM Ground

SDRAM Input/Output Buffer ground
SDRAM Input/Output Buffer power supply
SDRAM device power supply

16
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5 Logic Symbol for MCP

A\

—>|WE#
— |RESET#
—>|AVD#

—|WP#
—>|ACC

—>|D-CLK#
—>|D-CE#
—|D-CKE
—>|D-BAL-BAO
—>(D-DM1-DMO
—(D-RASH#

—| D-CAS#
—»|D-WE#
—»|D-A12-A0

16

(&

— > DQ15-DQO

RDY[—>
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6 Ordering Information

The order number is formed by a valid combinations of the following:

ST3WS 256 N DE BA W A 7 0
"L PACKING TYPE

0 = Tray
2 = 7" Tape and Reel
3 = 13" Tape and Reel

MODEL NUMBER
(sector unprotected)

(sector unprotected)

PACKAGE MODIFIER

SDRAM DENSITY

PROCESS TECHNOLOGY
N = 110 nm, MirrorBit™ Technology

CODE FLASH DENSITY
256 = 256Mb

PRODUCT FAMILY
S73WS Multi-chip Product (MCP)

EE = 256 Mb SDRAM, 256 Mb Data Flash
DE = 128 Mb SDRAM, 256 Mb Data Flash
DO = 128 Mb SDRAM, No Data Flash

7 = SDRAM type 1, 104 MHz-DYB'’s default to ones (1's) after power up

B = SDRAM type 2, 104 MHz-DYB'’s default to ones (1's) after power up

A = 9x12.0mm, 1.2 mm height, 137 balls, FBGA

T = 9x12.0 mm, 1.4 mm height, 137 balls, FBGA
TEMPERATURE RANGE

W = Wireless (-25°C to +85°C)

PACKAGE TYPE

BA = Very-thin Fine-pitch BGA Lead (Pb)-free compliant package
BF = Very-thin Fine-pitch BGA Lead (Pb)-free package

1.8-volt Simultaneous Read/Write, Burst Mode Flash Memory and Mobile

SDRAM on Shared Address/Data Bus

18 S73WS256N Based MCPs

ST3WS256N_00_A3 December 16, 2005



Advance

Inf

ormation

SPANSION"

A N
S73WS256NDO Valid Combinations FLash SDRAM
Initial/ SDRAM B t Pack T Package
Base Ordering Package & Model Packing Burst Supplier urs ackage 1yPe | marking
Part Number Temperature | Number Type Speed Speed
A7 0,23 Supplier 1 9x12x1.2mm
S73WS256NDO0 BAW, BFW ' 70ns/54 MHz 104 MHz " Note 2
AB (Note 1) / Supplier 2 137-ball ( )
Notes:

1. Type O is standard. Specify other options as required.
2. BGA package marking omits leading "S” and packing type
designator from ordering part number.

Valid Combinations

Valid Combinations list configurations planned to be supported in vol-
ume for this device. Consult your local sales office to confirm avail-
ability of specific valid combinations and to check on newly released
combinations.

S73WS256NDE Valid Combinations FLash SDRAM
Initial/ SDRAM Package
Base Ordering Package & Model Packing Burst Supplier Burst Package Type Marking
Part Number Temperature | Number Type Speed Speed
T7 0,23 Supplier 1 9x12x1.4mm
S73WS256NDE BAW, BFW Lt 70ns/54 MHz 104 MHz " Note 2
B (Note 1) / Supplier 2 137-ball ( )
Notes:

1. Type 0 is standard. Specify other options as required.
2. BGA package marking omits leading "S” and packing type
designator from ordering part number.

Valid Combinations

Valid Combinations list configurations planned to be supported in vol-
ume for this device. Consult your local sales office to confirm avail-

ability of specific valid combinations and to check on newly released
combinations.

S73WS256NEE Valid Combinations FLash SDRAM
Initial/ SDRAM Package
Base Ordering Package & Model Packing Burst Supplier Burst Package Type Marking
Part Number Temperature | Number Type Speed Speed
T7 0,23 Supplier 1 9x12x1.4mm
S73WS256NEE BAW, BFW L 70ns/54 MHz 104 MHz " Note 2
B (Note 1) / Supplier 2 137-ball ( )
Notes:

1. Type 0 is standard. Specify other options as required.
2. BGA package marking omits leading "S” and packing type
designator from ordering part number.

Valid Combinations

Valid Combinations list configurations planned to be supported in vol-
ume for this device. Consult your local sales office to confirm avail-

ability of specific valid combinations and to check on newly released
combinations.

December 16,2005 ST3WS256N_00_A3
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7 Physical Dimensions

7.1

Aots]c |

%) i

|

|

S I ——— .

|

\

INDEX MARK ‘
PIN A1
CORNER

TOP VIEW

A\

137X @ b

SIDE VIEW

//1020|C
[2[os][C]

TLDI37—I37-ball Fine-Pitch Ball Grid Array (FBGA) 9 x 12.0 mm Package
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[¢]

o
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00000
00000
00000
00000

0ooo0o0O0
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o
00000
00000
00000
00000
00000

°
z
=
-
=
o
[0
-
m

BOTTOM VIEW

NOTES:

PACKAGE TLD 137
JEDEC N/A
DxE 12.00 mm x 9.00 mm
PACKAGE
SYMBOL | MIN NOM MAX NOTE
A 1.20 | PROFILE
Al 017 — | BALL HEIGHT
A2 0.81 0.97 | BODY THICKNESS
(D] 12.00 BSC. BODY SIZE
[E] 9.00 BSC. BODY SIZE
b1 10.40 BSC. MATRIX FOOTPRINT
[E1] 7.20 BSC. MATRIX FOOTPRINT
MD 14 MATRIX SIZE D DIRECTION
ME 10 MATRIX SIZE E DIRECTION
n 137 BALL COUNT
ob 0.35 0.40 0.45 | BALL DIAMETER
leE] 0.80 BSC. BALL PITCH
leD 0.80 BSC BALL PITCH
SD/SE 0.40 BSC. SOLDER BALL PLACEMENT
G5,H5,H6 DEPOPULATED SOLDER BALLS

1.

o~ 0N

> >

?ﬁ

o
o

@

> OO00O0

DIMENSIONING AND TOLERANCING METHODS PER

ASME Y14.5M-1994.

ALL DIMENSIONS ARE IN MILLIMETERS.

BALL POSITION DESIGNATION PER JESD 95-1, SPP-010.
E REPRESENTS THE SOLDER BALL GRID PITCH.
SYMBOL "MD" IS THE BALL MATRIX SIZE IN THE "D"

DIRECTION.

SYMBOL "ME" IS THE BALL MATRIX SIZE IN THE

"E" DIRECTION.

n IS THE NUMBER OF POPULTED SOLDER BALL POSITIONS

FOR MATRIX SIZE MD X ME.

DIMENSION "b" IS MEASURED AT THE MAXIMUM BALL
DIAMETER IN A PLANE PARALLEL TO DATUM C.

SD AND SE ARE MEASURED WITH RESPECT TO DATUMS A
AND B AND DEFINE THE POSITION OF THE CENTER SOLDER

BALL IN THE OUTER ROW.

WHEN THERE IS AN ODD NUMBER OF SOLDER BALLS IN THE

OUTER ROW SD OR SE = 0.000.

WHEN THERE IS AN EVEN NUMBER OF SOLDER BALLS IN THE

OUTER ROW, SD OR SE =[e/2

"+" INDICATES THE THEORETICAL CENTER OF DEPOPULATED

BALLS.
N/A

A1 CORNER TO BE IDENTIFIED BY CHAMFER, LASER OR INK
MARK, METALLIZED MARK INDENTATION OR OTHER MEANS.

3393\ 16-038.22a
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1.2  FTFI37—I37-ball Fine-Pitch Ball Grid Array (FBGA) 9 x 12.0 x .4 mm Package

ml D1l
- =
SIEE | r |
T
@X) I 10 bddo00000000006b
9 ooooooo‘ooooooo
‘ sl ooooooolooooooo A
\ ¢ .|ocoooooo0ooo0o0000
—&@oooooﬂoooooo&—
4777777‘77774k7 [E] *?zfoTofoiofﬁéﬁéoiffif Efﬂ
‘ 4/ coooo0o00coo0000
‘ [eE] ooooooo‘ooooooo
,]ooooooolooooooo
i 1oooooo%oooooood
INDEX MARK ‘ PNMLKJ GFEDCBA\
PIN A1
CORNER B /N PIN A1
CORNER
TOP VIEW Slos[c]
L @) BOTTOM VIEW
A A2 i ! ! //]o20]cC
PToba

/6\ SIDE VIEW

DIMENSIONING AND TOLERANCING METHODS PER
ASME Y14.5M-1994.

ALL DIMENSIONS ARE IN MILLIMETERS.

BALL POSITION DESIGNATION PER JEP95, SECTION
4.3, SPP-010.

E REPRESENTS THE SOLDER BALL GRID PITCH.

SYMBOL "MD" IS THE BALL MATRIX SIZE IN THE "D"
DIRECTION.

SYMBOL "ME" IS THE BALL MATRIX SIZE IN THE
"E" DIRECTION.

n IS THE NUMBER OF POPULTED SOLDER BALL POSITIONS
FOR MATRIX SIZE MD X ME.

A DIMENSION "b" IS MEASURED AT THE MAXIMUM BALL

DIAMETER IN A PLANE PARALLEL TO DATUM C.

SD AND SE ARE MEASURED WITH RESPECT TO DATUMS A
AND B AND DEFINE THE POSITION OF THE CENTER SOLDER
BALL IN THE OUTER ROW.

WHEN THERE IS AN ODD NUMBER OF SOLDER BALLS IN THE
OUTER ROW SD OR SE = 0.000.

WHEN THERE IS AN EVEN NUMBER OF SOLDER BALLS IN THE
OUTER ROW, SD OR SE =

"+" INDICATES THE THEORETICAL CENTER OF DEPOPULATED

137X @ b
o[22 GIETE
NOTES:
PACKAGE FTF 137 ]
JEDEC N/A
DxE 12.00 mm x 9.00 mm NOTE 2.
PACKAGE 3.
SYMBOL | MIN NOM MAX
A 1.40 | PROFILE 4
Al 0.17 — | BALL HEIGHT 5.
A2 1.02 1.17 | BODY THICKNESS
(D] 12.00 BSC. BODY SIZE
[E] 9.00 BSC. BODY SIZE
1] 10.40 BSC. MATRIX FOOTPRINT
[E1 7.20 BSC. MATRIX FOOTPRINT
MD 14 MATRIX SIZE D DIRECTION /A
ME 10 MATRIX SIZE E DIRECTION
137 BALL COUNT
b 0.35 0.40 0.45 | BALL DIAMETER
0.80 BSC. BALL PITCH
0.80 BSC BALL PITCH
SD/SE 0.40 BSC. SOLDER BALL PLACEMENT 8.
G5,H5,HB DEPOPULATED SOLDER BALLS

BALLS.

A A1 CORNER TO BE IDENTIFIED BY CHAMFER, LASER OR INK

MARK, METALLIZED MARK INDENTATION OR OTHER MEANS.
3532 16-038.211 12.13.05
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S29WS-N MirrorBit™ Flash Family

S29WS256N, S29WSI28N /-\
256/128 Megabit (16/8 M x 16 bit) CMOS 1.8 Volt-only SPANSION"
Simultaneous Read/Write, Burst-mode Flash Memory

Data Sheet PRELIMINARY

I!

General Description

The Spansion S29WS256/128 are Mirrorbit™ Flash products fabricated on 110 nm process technology. These burst
mode Flash devices are capable of performing simultaneous read and write operations with zero latency on two sepa-
rate banks using separate data and address pins. These products can operate up to 80 MHz and use a single V¢ of
1.7 V to 1.95 V that makes them ideal for today’s demanding wireless applications requiring higher density, better per-
formance and lowered power consumption.

Distinctive Characteristics

m Single 1.8 V read/program/erase (1.70-1.95 V) B Command set compatible with JEDEC (42.4)
® 110 nm MirrorBit™ Technology standard
® Simultaneous Read/Write operation with zero ® Hardware (WP#) protection of top and bottom
latency sectors
B 32-word Write Buffer ®  Dual boot sector configuration (top and bottom)
B Sixteen-bank architecture consisting of 16/8 B Low V¢ write inhibit
Mwords for WS256N/128N, respectively m Persistent and Password methods of Advanced

® Four 16 Kword sectors at both top and bottom of Sector Protection

memory array m Write operation status bits indicate program and
B 254/126 64 Kword sectors (WSZSGN/128N) erase operation completion
B Programmable linear (8/16/32) with or without
wrap around and continuous burst read modes
B Secured Silicon Sector region consisting of 128
words each for factory and customer programming time

= 20-y-ear data retention (typical) m Synchronous or Asynchronous program operation,
®  Cycling Endurance: 100,000 cycles per sector independent of burst control register settings

(typical) ACC input pin to reduce factory programming time
B RDY output indicates data available to system Support for Common Flash Interface (CFI)

m Suspend and Resume commands for Program and
Erase operations

®  Unlock Bypass program command to reduce

Performance Characteristics

Read Access Times Current Consumption (typical values)

Speed Option (MHz) 80 66 54 Continuous Burst Read @ 80 MHz 38 mA

Max. Synch. Latency, ns (tiacc) 80 80 80 Simultaneous Operation (asynchronous) 50 mA

Max. Synch. Burst Access, ns (tgacc) 9 11.2 13.5 Program (asynchronous) 19 mA

Max. Asynch. Access Time, ns (tacc) 80 80 80 Erase (asynchronous) 19 mA

Max. Asynch. Page Access Time, ns (tpacc) 20 20 20 Standby Mode (asynchronous) 20 pA

Max CE# Access Time, ns (tcg) 80 80 80

Max OE# Access Time, ns (tog) 13.5 13.5 13.5
Single Word Programming 40 us
Effective Write Buffer Programming (Vcc) Per Word 9.4 ps
Effective Write Buffer Programming (Vacc) Per Word 6 us
Sector Erase (16 Kword Sector) 150 ms
Sector Erase (64 Kword Sector) 600 ms

Publication Number S29WS-N_mO Revision | Amendment 0 Issue Date December 3, 2005

This document states the current technical specifications regarding the Spansion product(s) described herein. The Preliminary status of this document indicates that
product qualification has been completed, and that initial production has begun. Due to the phases of the manufacturing process that require maintaining efficiency and
quality, this document may be revised by subsequent versions or modifications due to changes in technical specifications.
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8 Input/Output Descriptions & Logic Symbol

Table 8.1 identifies the input and output package connections provided on the device.

Table 8.1 Input/Output Descriptions

Symbol Type Description
A23-A0 Input Address lines for WS256N (A22-A0 for WS128).
DQ15-DQ0 1/0 Data input/output.
CE# Input Chip Enable. Asynchronous relative to CLK.
OE# Input Output Enable. Asynchronous relative to CLK.
WE# Input Write Enable.
Vee Supply Device Power Supply.
VSS 1/0 Ground.
NC No Connect | Not connected internally.
RDY Output Ready. Indicates when valid burst data is ready to be read.
CLK Input Clock Input. In burst mode, after the initial word is output, subsequent active edges of CLK
P increment the internal address counter.
Address Valid. Indicates to device that the valid address is present on the address inputs.
When low during asynchronous mode, indicates valid address; when low during burst
AVD# Input mode, causes starting address to be latched at the next active clock edge.
When high, device ignores address inputs.
RESET# Input Hardware Reset. Low = device resets and returns to reading array data.
WP# Input Write Protect. At V., disables program and erase functions in the four outermost sectors.
P Should be at Vi for all other conditions.
Acceleration Input. At V, accelerates programming; automatically places device in
ACC Input unlock bypass mode. At Vy,, disables all program and erase functions. Should be at Vy for
all other conditions.
RFU Reserved Reserved for future use (see MCP look-ahead pinout for use with MCP).

December 3, 2005 S29WS-N_m0_10
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9 Block Diagram

v DQ15-DQO0
CC —>»
5SS —» RDY
Buffer ——» RDY
_ Erase Voltage Input/Output
- Generator Buffers
A AN
WE# —
RESET# —> State
WP# —» Control /1
ACC ——
Command \, v
Register
_| PGM Voltage
- Generator
1 Chip Enable > Data
CE# _ Output Enable Latch
- > Logic
OE# »
Yy ¥
> Y-Decoder > Y-Gating
Y
Vee Timer =
Detector =
|8
v o % X-Decoder > Cell Matrix
AVD# > Burst ?grst §
State Address
CLK Control Counter
Amax—A0*
* WS256N: A23-A0 T
WS128N: A22-A0
Figure 9.1. S29WS-N Block Diagram
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10 Additional Resources

Visit www.spansion.com to obtain the following related documents:

Application Notes
B Using the Operation Status Bits in AMD Devices

B Understanding Burst Mode Flash Memory Devices

B Simultaneous Read/Write vs. Erase Suspend/Resume

B MirrorBit™ Flash Memory Write Buffer Programming and Page Buffer Read
B Design-In Scalable Wireless Solutions with Spansion Products

|

Common Flash Interface Version 1.4 Vendor Specific Extensions

Specification Bulletins
Contact your local sales office for details.

Drivers and Software Support
B Spansion low-level drivers

B Enhanced Flash drivers

m Flash file system

CAD Modeling Support
®m  VHDL and Verilog

m  [BIS

m ORCAD

Technical Support
Contact your local sales office or contact Spansion LLC directly for additional technical support:

US: (408) 749-5703
Japan (03) 5322-3324

Spansion LLC Locations

915 DeGuigne Drive, P.O. Box 3453
Sunnyvale, CA 94088-3453, USA
Telephone: 408-962-2500 or
1-866-SPANSION

Spansion Japan Limited

Cube-Kawasaki 9F/10F,

1-14 Nisshin-cho, Kawasaki-ku, Kawasaki-shi,
Kanagawa, 210-0024, Japan

Phone : 044-223-1700

December 3,2005 S29WS-N_m0_10 25
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Product Overview

The S29WS-N family consists of 256, 128 Mbit, 1.8 volts-only, simultaneous read/write burst
mode Flash device optimized for today’s wireless designs that demand a large storage array, rich
functionality, and low power consumption.

These devices are organized in 16 or 8 Mwords of 16 bits each and are capable of continuous,
synchronous (burst) read or linear read (8-, 16-, or 32-word aligned group) with or without wrap
around. These products also offer single word programming or a 32-word buffer for program-
ming with program/erase and suspend functionality. Additional features include:

B Advanced Sector Protection methods for protecting sectors as required

B 256 words of Secured Silicon area for storing customer and factory secured information. The
Secured Silicon Sector is One Time Programmable.

Il.I Memory Map
The S29WS256/128N Mbit devices consist of 16 banks organized as shown in Table 11.1-Table
11.2.
Table Il.I S29WS256N Sector & Memory Address Map
Bank Sector | Sector Size Sector/
Size Count (KB) Bank Sector Range Address Range Notes
SA000 000000h-003FFFh
4 32 SA001 004000h-007FFFh Contains four smaller sectors at
2 MB 0 SA002 008000h—-00BFFFh bottom of addressable memory.
SA003 00C000h-00FFFFh
15 128 SA004 to SA018 010000h-01FFFFh to 0FO000h-0FFFFFh
2 MB 16 128 1 SA019 to SA034 100000h-10FFFFh to 1FO000h-1FFFFFh
2 MB 16 128 2 SA035 to SA050 200000h-20FFFFh to 2FO000h-2FFFFFh
2 MB 16 128 3 SA051 to SA066 300000h-30FFFFh to 3FO000h-3FFFFFh
2 MB 16 128 4 SA067 to SA082 400000h-40FFFFh to 4F0000h-4FFFFFh
2 MB 16 128 5 SA083 to SA098 500000h-50FFFFh to 5F0000h-5FFFFFh
2 MB 16 128 6 SA099 to SA114 600000h-60FFFFh to 6F0000h-6FFFFFh
2 MB 16 128 7 SA115 to SA130 700000h-70FFFFh to 7F0000h-7FFFFFh PattemAfll)rl iscthr Zzgtr"g;' range
2 MB 16 128 8 SA131 to SA146 800000h-80FFFFh to 8F0000h-8FFFFFh is XXO(ggghn'ﬁ';FFFh-
2 MB 16 128 9 SA147 to SA162 900000h-90FFFFh to 9F0000h-9FFFFFh
2 MB 16 128 10 SA163 to SA178 A00000h-AOFFFFh to AFO000h-AFFFFFh
2 MB 16 128 11 SA179 to SA194 B00000h-BOFFFFh to BFOO0O0Oh-BFFFFFh
2 MB 16 128 12 SA195 to SA210 C00000h-COFFFFh to CFO000h-CFFFFFh
2 MB 16 128 13 SA211 to SA226 D00000h-DOFFFFh to DFO000h-DFFFFFh
2 MB 16 128 14 SA227 to SA242 E00000h-EOFFFFh to EFO000h-EFFFFFh
15 128 SA243 to SA257 FO0000h-FOFFFFh to FEOO0Oh-FEFFFFh
SA258 FFO000h-FF3FFFh
2 MB 4 3 15 SA259 FF4000h-FF7FFFh Contains four smaller sectors at
SA260 FF8000h-FFBFFFh top of addressable memory.
SA261 FFC000h-FFFFFFh

Note: This table has been condensed to show sector-related information for an entire device on a single page. Sectors and their address ranges
that are not explicitly listed (such as SAO05-SA017) have sector starting and ending addresses that form the same pattern as all other sectors
of that size. For example, all 128 KB sectors have the pattern xx00000h-xxFFFFh.
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Table 11.2. S29WSI28N Sector & Memory Address Map
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Sector | Sector Size Sector/
Bank Size | Count (KB) Bank Sector Range Address Range Notes
32 SA000 000000h-003FFFh
4 32 SA001 004000h-007FFFh Contains four smaller sectors at
1 MB 32 0 SA002 008000h—-00BFFFh bottom of addressable memory.
32 SA003 00C000h-00FFFFh
7 128 SA004 to SA010 010000h-01FFFFh to 070000h-07FFFFh
1 MB 8 128 1 SA011 to SA018 080000h-08FFFFh to 0FO000h-0FFFFFh
1 MB 8 128 2 SA019 to SA026 100000h-10FFFFh to 170000h-17FFFFh
1 MB 8 128 3 SA027 to SA034 180000h-18FFFFh to 1FO000h-1FFFFFh
1 MB 8 128 4 SA035 to SA042 200000h-20FFFFh to 270000h-27FFFFh
1 MB 8 128 5 SA043 to SA050 280000h-28FFFFh to 2F0000h-2FFFFFh
1 MB 8 128 6 SA051 to SA058 300000h-30FFFFh to 370000h-37FFFFh
1MB 8 128 7 SA059 to SA066 380000h-38FFFFh to 3F0000h-3FFFFFh PattemAfll,rl §§CfoBr :ggtr%fs' range
1 MB 8 128 8 SA067 to SA074 400000h-40FFFFh to 470000h-47FFFFh is Xxo(ggghn-gtgFFFh-
1 MB 8 128 9 SA075 to SA082 480000h-48FFFFh to 4F0000h-4FFFFFh
1 MB 8 128 10 SA083 to SA090 500000h-50FFFFh to 570000h-57FFFFh
1 MB 8 128 11 SA091 to SA098 580000h-58FFFFh to 5F0000h-5FFFFFh
1 MB 8 128 12 SA099 to SA106 600000h-60FFFFh to 670000h-67FFFFh
1 MB 8 128 13 SA107 to SA114 680000h-68FFFFh to 6FO000h-6FFFFFh
1 MB 8 128 14 SA115 to SA122 700000h-70FFFFh to 770000h-77FFFFh
7 128 SA123 to SA129 780000h-78FFFFh to 7E0000h-7EFFFFh
32 SA130 7F0000h-7F3FFFh
1MB 4 32 15 SA131 7F4000h-7F7FFFh Contains four smaller sectors at
ED) SA132 7F8000h-7FBFFFh top of addressable memory.
32 SA133 7FC000h-7FFFFFh

Note: This table has been condensed to show sector-related information for an entire device on a single page. Sectors and their address ranges
that are not explicitly listed (such as SAO05-SA009) have sector starting and ending addresses that form the same pattern as all other sectors
of that size. For example, all 128 KB sectors have the pattern xx00000h-xxFFFFh.

December 3,2005 S29WS-N_m0_10
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12 Device Operations

This section describes the read, program, erase, simultaneous read/write operations, handshak-
ing, and reset features of the Flash devices.

Operations are initiated by writing specific commands or a sequence with specific address and
data patterns into the command registers (see Tables 17.1 and 17.2). The command register
itself does not occupy any addressable memory location; rather, it is composed of latches that
store the commands, along with the address and data information needed to execute the com-
mand. The contents of the register serve as input to the internal state machine and the state
machine outputs dictate the function of the device. Writing incorrect address and data values or
writing them in an improper sequence may place the device in an unknown state, in which case
the system must write the reset command to return the device to the reading array data mode.

12. Device Operation Table

The device must be setup appropriately for each operation. Table 12.1 describes the required
state of each control pin for any particular operation.

Table 12.1 Device Operations

Operation CE# OE# WE# Addresses DQI5-0 RESET# CLK AVD#
Asynchronous Read - Addresses Latched L L H Addr In Data Out H X _r
Asynchronous Read - Addresses Steady State L L H Addr In Data Out H X L
Asynchronous Write L H L Addr In 1/0 H X L
Synchronous Write L H L Addr In 1/0 H |
Standby (CE#) H X X X HIGH Z H X X
Hardware Reset X X X X HIGH Z L X X
Burst Read Operations (Synchronous)

Load Starting Burst Address L X H Addr In X H _f_ _r
e ustio et e e | L | x| G e | |
Terminate current Burst read cycle H X H X HIGH Z H _f_ X
Terminate current Burst read cycle via RESET# X X H X HIGH zZ L X X
;irr?!r;:gzcctilrcint Burst read cycle and start new L X H Addr In 1/0 H _r _r

Legend: L = Logic 0, H = Logic 1, X = Don't Care, I/O = Input/Output.

12.2 Asynchronous Read

All memories require access time to output array data. In an asynchronous read operation, data
is read from one memory location at a time. Addresses are presented to the device in random
order, and the propagation delay through the device causes the data on its outputs to arrive
asynchronously with the address on its inputs.

The device defaults to reading array data asynchronously after device power-up or hardware re-
set. To read data from the memory array, the system must first assert a valid address on A5~
A0, while driving AVD# and CE# to Vy . WE# must remain at Viy. The rising edge of AVD#
latches the address. The OE# signal must be driven to Vi, once AVD# has been driven to Viy.
Data is output on A/DQ15-A/DQO pins after the access time (tgg) has elapsed from the falling
edge of OE#.
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12.3 Page Read Mode

The device is capable of fast page mode read and is compatible with the page mode Mask ROM
read operation. This mode provides faster read access speed for random locations within a page.
The random or initial page access is tycc or tcg and subsequent page read accesses (as long as
the locations specified by the microprocessor falls within that page) is equivalent to tppcc. When
CE# is deasserted (= Viy), the reassertion of CE# for subsequent access has access time of tacc
or tcg. Here again, CE# selects the device and OE# is the output control and should be used to
gate data to the output inputs if the device is selected. Fast page mode accesses are obtained
by keeping Anax — A2 constant and changing Al - AO to select the specific word within that
page.

Address bits A5 — A2 select a 4-word page, and address bits A1 — AO select a specific word
within that page. This is an asynchronous operation with the microprocessor supplying the spe-
cific word location. See Table 12.2 for details on selecting specific words.

The device is automatically set to reading array data after device power-up. No commands are
required to retrieve data. Each bank is ready to read array data after completing an Embedded
Program or Embedded Erase algorithm.

Reads from the memory array may be performed in conjunction with the Erase Suspend and Pro-
gram Suspend features. After the device accepts an Erase Suspend command, the corresponding
bank enters the erase-suspend-read mode, after which the system can read data from any non-
erase-suspended sector within the same bank. The system can read array data using the stan-
dard read timing, except that if it reads at an address within erase-suspended sectors, the device
outputs status data. After completing a programming operation in the Erase Suspend mode, the
system may once again read array data with the same exception. After the device accepts a Pro-
gram Suspend command, the corresponding bank enters the program-suspend-read mode, after
which the system can read data from any non-program-suspended sector within the same bank.

The de-assertion and re-assertion of AVD# creates a new tycc. The user must keep AVD# low
during and between page reads on address A(1:0).

During Simultaneous Operation (SO), the user needs to de-assert and re- assert either /CE# or
/AVD# when performing data polling to SO read.

Table 12.2 Word Selection within a Page

Word Al AO
Word 0 0 0
Word 1 0 1
Word 2 1 0
Word 3 1 1

12.4 Synchronous (Burst) Read Mode & Configuration Register

When a series of adjacent addresses needs to be read from the device (in order from lowest to
highest address), the synchronous (or burst read) mode can be used to significantly reduce the
overall time needed for the device to output array data. After an initial access time required for
the data from the first address location, subsequent data is output synchronized to a clock input
provided by the system.

The device offers both continuous and linear methods of burst read operation, which are dis-
cussed in subsections 12.4.1 and 12.4.2, and 12.4.3.

Since the device defaults to asynchronous read mode after power-up or a hardware reset, the
configuration register must be set to enable the burst read mode. Other Configuration Register
settings include the number of wait states to insert before the initial word (tjpcc) of each burst
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access, the burst mode in which to operate, and when RDY indicates data is ready to be read.
Prior to entering the burst mode, the system should first determine the configuration register
settings (and read the current register settings if desired via the Read Configuration Register
command sequence), and then write the configuration register command sequence. See Section
12.4.4, Configuration Register, and Table 17.1, Memory Array Commands for further details.

Power-up/
Hardware Reset

\

Asynchronous Read

Mode Only
A
[

Set Burst Mode Set Burst Mode
Configuration Register Configuration Register
Command for Command for
Synchronous Mode Asynchronous Mode
(CR15 = 0) (CR15 =1)

Y T

Synchronous Read
Mode Only

Figure 12.1. Synchronous/Asynchronous State Diagram

The device outputs the initial word subject to the following operational conditions:

B t;5cc specification: the time from the rising edge of the first clock cycle after addresses are
latched to valid data on the device outputs.
B configuration register setting CR13-CR11: the total number of clock cycles (wait states)

that occur before valid data appears on the device outputs. The effect is that tjacc is
lengthened.

The device outputs subsequent words tgacc after the active edge of each successive clock cycle,
which also increments the internal address counter. The device outputs burst data at this rate
subject to the following operational conditions:

B starting address: whether the address is divisible by four (where A[1:0] is 00). A divisible-
by-four address incurs the least humber of additional wait states that occur after the initial
word. The number of additional wait states required increases for burst operations in which
the starting address is one, two, or three locations above the divisible-by-four address (i.e.,
where A[1:0] is 01, 10, or 11).

B boundary crossing: There is a boundary at every 128 words due to the internal architecture
of the device. One additional wait state must be inserted when crossing this boundary if the
memory bus is operating at a high clock frequency. Please refer to the tables below.

B clock frequency: the speed at which the device is expected to burst data. Higher speeds
require additional wait states after the initial word for proper operation.

In all cases, with or without latency, the RDY output indicates when the next data is available to
be read.

Tables 12.3-12.8 reflect wait states required for S29WS256/128N devices. Refer to the Config-
uration Register table (CR11 - CR14) and timing diagrams for more details.
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Table 12.3 Address Latency (S29WS256N)
Word | Wait States Cycle
0 X WS DO D1 D2 D3 D4 D5 D6 D7 D8
1 X WS D1 D2 D3 1 ws D4 D5 D6 D7 D8
2 X WS D2 D3 1ws 1 ws D4 D5 D6 D7 D8
3 X WS D3 1ws 1ws 1 ws D4 D5 D6 D7 D8
Table 12.4 Address Latency (S29WSI28N)
Word | Wait States Cycle
0 5,6,7ws DO D1 D2 D3 D4 D5 D6 D7 D8
1 5,6,7ws D1 D2 D3 1 ws D4 D5 D6 D7 D8
2 5,6,7ws D2 D3 1ws 1 ws D4 D5 D6 D7 D8
3 5,6,7ws D3 1ws 1ws 1ws D4 D5 D6 D7 D8
Table 12.5 Address/Boundary Crossing Latency (S29WS256N @ 80MHz)
Word | Wait States Cycle
0 7 ws DO D1 D2 D3 1ws 1ws D4 D5 D6
1 7 wWs D1 D2 D3 1ws 1ws 1 ws D4 D5 D6
2 7 ws D2 D3 1 ws 1ws 1ws 1 ws D4 D5 D6
3 7 ws D3 1ws 1 ws 1ws 1ws 1ws D4 D5 D6
Table 12.6 Address/Boundary Crossing Latency (S29WS256N @ 66 MHz)
Word | Wait States Cycle
0 6 ws DO D1 D2 D3 1ws D4 D5 D6 D7
1 6 ws D1 D2 D3 1ws 1ws D4 D5 D6 D7
2 6 ws D2 D3 1 ws 1ws 1ws D4 D5 D6 D7
3 6 ws D3 1ws 1 ws 1ws 1ws D4 D5 D6 D7
Table 12.7 Address/Boundary Crossing Latency (S29WS256N @ 54MHz)
Word | Wait States Cycle
0 5ws DO D1 D2 D3 D4 D5 D6 D7 D8
1 5ws D1 D2 D3 1ws D4 D5 D6 D7 D8
2 5ws D2 D3 1 ws 1ws D4 D5 D6 D7 D8
3 5ws D3 1ws 1ws 1ws D4 D5 D6 D7 D8
Table 12.8 Address/Boundary Crossing Latency (S29WSI28N)
Word | Wait States Cycle
0 5,6,7ws DO D1 D2 D3 1ws D4 D5 D6 D7
1 5,6,7ws D1 D2 D3 1 ws 1ws D4 D5 D6 D7
2 5,6,7ws D2 D3 1ws 1ws 1ws D4 D5 D6 D7
3 5,6, 7 ws D3 1ws 1ws 1ws 1ws D4 D5 D6 D7
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Note: Setup Configuration Register parameters

Write Unlock Cycles:
Address 555h, Data AAh Unlock Cycle 1
Address 2AAh, Data 55h Unlock Cycle 2

j a

Write Set Configuration Register
Command and Settings:
Address 555h, Data DOh Command Cycle
Address X00h, Data CR CR = Configuration Register Bits CR15-CRO

S i ________________________________

Load Initial Address
Address = RA

RA = Read Address

Read Initial Data RD = Read Data
RD = DQ[15:0]

l

Wait X Clocks:
Additional Latency Due to Starting
Address, Clock Frequency, and
Boundary Crossing

Refer to the Latency tables.

Y

Read Next Data
RD = DQ[15:0]

Delay X Clocks

12.4.1

Crossing
Boundary?

End of Data?
Yes

Completed

Figure 12.2. Synchronous Read

Continuous Burst Read Mode

In the continuous burst read mode, the device outputs sequential burst data from the starting
address given and then wrap around to address 000000h when it reaches the highest address-
able memory location. The burst read mode continues until the system drives CE# high, or
RESET= V.. Continuous burst mode can also be aborted by asserting AVD# low and providing
a new address to the device.

If the address being read crosses a 128-word line boundary (as mentioned above) and the sub-
sequent word line is not being programmed or erased, additional latency cycles are required as
reflected by the configuration register table (Table 12.10).

If the address crosses a bank boundary while the subsequent bank is programming or erasing,
the device provides read status information and the clock is ignored. Upon completion of status
read or program or erase operation, the host can restart a burst read operation using a new ad-
dress and AVD# pulse.
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12.4.2 8-, 16-, 32-Word Linear Burst Read with Wrap Around

In a linear burst read operation, a fixed number of words (8, 16, or 32 words) are read from
consecutive addresses that are determined by the group within which the starting address falls.
The groups are sized according to the number of words read in a single burst sequence for a
given mode (see Table 12.9).

For example, if the starting address in the 8-word mode is 3Ch, the address range to be read
would be 38-3Fh, and the burst sequence would be 3C-3D-3E-3F-38-39-3A-3Bh. Thus, the de-
vice outputs all words in that burst address group until all word are read, regardless of where
the starting address occurs in the address group, and then terminates the burst read.

In a similar fashion, the 16-word and 32-word Linear Wrap modes begin their burst sequence on
the starting address provided to the device, then wrap back to the first address in the selected
address group.

Note that in this mode the address pointer does not cross the boundary that occurs every 128
words,; thus, no additional wait states are inserted due to boundary crossing.

Table 12.9 Burst Address Groups

Mode Group Size Group Address Ranges
8-word 8 words 0-7h, 8-Fh, 10-17h,...
16-word 16 words 0-Fh, 10-1Fh, 20-2Fh,...
32-word 32 words 00-1Fh, 20-3Fh, 40-5Fh,...

12.4.3 8-, 16-, 32-Word Linear Burst without Wrap Around

If wrap around is not enabled for linear burst read operations, the 8-word, 16-word, or 32-word
burst executes up to the maximum memory address of the selected number of words. The burst
stops after 8, 16, or 32 addresses and does not wrap around to the first address of the selected
group.

For example, if the starting address in the 8- word mode is 3Ch, the address range to be read
would be 39-40h, and the burst sequence would be 3C-3D-3E-3F-40-41-42-43h if wrap around
is not enabled. The next address to be read requires a new address and AVD# pulse. Note that
in this burst read mode, the address pointer may cross the boundary that occurs every 128
words, which will incur the additional boundary crossing wait state.

12.4.4 Configuration Register

The configuration register sets various operational parameters associated with burst mode. Upon
power-up or hardware reset, the device defaults to the asynchronous read mode, and the con-
figuration register settings are in their default state. The host system should determine the
proper settings for the entire configuration register, and then execute the Set Configuration Reg-
ister command sequence, before attempting burst operations. The configuration register is not
reset after deasserting CE#. The Configuration Register can also be read using a command se-
quence (see Table 17.1). The following list describes the register settings.
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Table 12.10 Configuration Register
CR Bit Function Settings (Binary)
CR15 Set Device Read 0 = Synchronous Read (Burst Mode) Enabled
Mode 1 = Asynchronous Read Mode (default) Enabled
CRi4 Reserved 1 = S29WS256N at 6 or 7 Wait State setting
0 = All others
54 MHz | 66 Mhz | 80 MHz
S29WS128N 011 = Data valid on 5th active CLK edge after addresses
CR13 0 1 1 latched
S29WS256N 100 = Data valid on 6th active CLK edge after addresses
S29WS128N latched _ ‘
CR12 1 0 0 101 = Data valid on 7th active CLK edge after addresses
Programmable S29WS256N latched (default)
Wait State 110 = Reserved
S29WS128N 111 = Reserved
CR11 1 0 1 Inserts wait states before initial data is available. Setting
greater number of wait states before initial data reduces
S29WS256N latency after initial data.
(Notes 1, 2)
! 0 = RDY signal active low
CR10 RDY Polarity 1 = RDY signal active high (default)
CR9 Reserved 1 = default
0 = RDY active one clock cycle before data
CRS RDY 1 = RDY active with data (default)
When CR13-CR11 are set to 000, RDY is active with data
regardless of CR8 setting.
CR7 Reserved 1 = default
CR6 Reserved 1 = default
CR5 Reserved 0 = default
CR4 Reserved 0 = default
0 = No Wrap Around Burst
CR3 Burst Wrap Around 1 = Wrap Around Burst (default)
Ignored if in continuous mode
000 = Continuous (default)
CR2 010 = 8-Word Linear Burst
CR1 Burst Length 011 = 16-Word Linear Burst
CRO 100 = 32-Word Linear Burst
(All other bit settings are reserved)

Notes:
1. Refer to Tables 12.3 - 12.8 for wait states requirements.
2. Refer to Synchronous Burst Read timing diagrams

3. Configuration Register is in the default state upon power-up or hardware reset.

Reading the Configuration Table. The configuration register can be read with a four-cycle com-
mand sequence. See Table 17.1 for sequence details. A software reset command is required after
reading or setting the configuration register to set the device into the correct state.
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12.5 Autoselect

The Autoselect is used for manufacturer ID, Device identification, and sector protection informa-
tion. This mode is primarily intended for programming equipment to automatically match a
device with its corresponding programming algorithm. The Autoselect codes can also be ac-
cessed in-system. When verifying sector protection, the sector address must appear on the
appropriate highest order address bits (see Table 12.11). The remaining address bits are don't
care. The most significant four bits of the address during the third write cycle selects the bank
from which the Autoselect codes are read by the host. All other banks can be accessed normally
for data read without exiting the Autoselect mode.

B To access the Autoselect codes, the host system must issue the Autoselect command.

B The Autoselect command sequence may be written to an address within a bank that is either
in the read or erase-suspend-read mode.

B The Autoselect command may not be written while the device is actively programming or
erasing. Autoselect does not support simultaneous operations or burst mode.

B The system must write the reset command to return to the read mode (or erase-suspend-
read mode if the bank was previously in Erase Suspend).

See Table 17.1 for command sequence details.

Table I12.11 Autoselect Addresses
Description Address Read Data
Manufacturer ID (BA) + 00h [0001h
Device ID, Word 1 (BA) + 01h |227Eh

2230 (WS256N)

2231 (WS128N)

Device 1D, Word 3 (BA) + OFh |2200

DQ15 - DQ8 = Reserved

DQ?7 (Factory Lock Bit): 1 = Locked, 0 = Not Locked

DQ6 (Customer Lock Bit): 1 = Locked, 0 = Not Locked

DQ5 (Handshake Bit): 1 = Reserved, 0 = Standard Handshake

Indicator Bits DQ4, DQ3 (WP# Protection Boot Code): 00 = WP# Protects both Top Boot and
(BA) + 03h | Bottom Boot Sectors. 01, 10, 11 = Reserved
(See Note)

DQ2 = Reserved

DQ1 (DYB Power up State [Lock Register DQ4]): 1 = Unlocked (user option),
0 = Locked (default)

DQO (PPB Eraseability [Lock Register DQ3]): 1 = Erase allowed,
0 = Erase disabled

Device ID, Word 2 (BA) + OEh

Sector Block Lock/
Unlock

Note: For WS128N and WS064, DQ1 and DQO are reserved.

(SA) + 02h | 0001h = Locked, 0000h = Unlocked
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Cycle Operation Byte Address Word Address Data
Unlock Cycle 1 Write BAXAAAh BAX555h 0x00AAh
Unlock Cycle 2 Write BAx555h BAx2AAh 0x0055h
Autoselect Command Write BAXAAAh BAX555h 0x0090h

Table 12.13 Autoselect Exit
(LLD Function = Ild_AutoselectExitCmd)

Cycle Operation Byte Address Word Address Data

Unlock Cycle 1 Write base + XXXh base + XXXh 0x00FOh

Notes:

1. Any offset within the device works.
2. BA = Bank Address. The bank address is required.

3. base = base address.

The following is a C source code example of using the autoselect function to read the manufac-
turer ID. Refer to the Spansion Low Level Driver User’s Guide (available on www.amd.com and
www.fujitsu.com) for general information on Spansion Flash memory software development
guidelines.

/* Here is an example of Autoselect mode

/* Define UINT16 example:

UINT16 manuf_id;

/* Auto

*( (UINT16 *)bank_addr + 0x555
*( (UINT16 *)bank_addr + Ox2AA
*( (UINT16 *)bank_addr + 0x555

Select Entry */

0x00AA;
0x0055;
0x0090;

/* multiple reads can be performed after entry */

manuf_id

/* Autoselect exit */

*( (UINT1l6 *)base_addr + 0x000

= *( (UINT16 *)bank_addr + 0x000

= 0x00FO0;

/* read manuf.

/* exit autoselect

(getting manufacturer ID) */
typedef unsigned short UINT16;

/* write unlock cycle 1 */
/* write unlock cycle 2 */
/* write autoselect command */

id */

(write reset command) */
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12.6 Program/Erase Operations

These devices are capable of several modes of programming and or erase operations which are
described in detail in the following sections. However, prior to any programming and or erase
operation, devices must be setup appropriately as outlined in the configuration register (Table
12.9).

For any program and or erase operations, including writing command sequences, the system
must drive AVD# and CE# to Vy_, and OE# to Viy when providing an address to the device, and
drive WE# and CE# to Vy, and OE# to Viy when writing commands or programming data.

Addresses are latched on the last falling edge of WE# or CE#, while data is latched on the 1st
rising edge of WE# or CE#.

Note the following:

B When the Embedded Program algorithm is complete, the device returns to the read mode.

B The system can determine the status of the program operation by using DQ7 or DQ6. Refer
to the Write Operation Status section for information on these status bits.

®m  A“0” cannot be programmed back to a “1.” Attempting to do so causes the device to set DQ5
= 1 (halting any further operation and requiring a reset command). A succeeding read shows
that the data is still *0.” Only erase operations can convert a "0” to a “1.”

B Any commands written to the device during the Embedded Program Algorithm are ignored
except the Program Suspend command.

B Secured Silicon Sector, Autoselect, and CFI functions are unavailable when a program oper-
ation is in progress.

B A hardware reset immediately terminates the program operation and the program command
sequence should be reinitiated once the device has returned to the read mode, to ensure
data integrity.

B Programming is allowed in any sequence and across sector boundaries for single word pro-
gramming operation.

12.6.1 Single Word Programming

Single word programming mode is the simplest method of programming. In this mode, four Flash
command write cycles are used to program an individual Flash address. The data for this pro-
gramming operation could be 8-, 16- or 32-bits wide. While this method is supported by all
Spansion devices, in general it is not recommended for devices that support Write Buffer Pro-
gramming. See Table 17.1 for the required bus cycles and Figure 12.3 for the flowchart.

When the Embedded Program algorithm is complete, the device then returns to the read mode
and addresses are no longer latched. The system can determine the status of the program op-
eration by using DQ7 or DQ6. Refer to the Write Operation Status section for information on
these status bits.

B During programming, any command (except the Suspend Program command) is ignored.

B The Secured Silicon Sector, Autoselect, and CFI functions are unavailable when a program
operation is in progress.
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B A hardware reset immediately terminates the program operation. The program command se-
quence should be reinitiated once the device has returned to the read mode, to ensure data

integrity.
Write Unlock Cycles:
Address 555h, Data AAh untock gﬂz !
Address 2AAh, Data 55h
Write Program Command: Setup Command
Address 555h, Data AOh
'
Program Address (PA),
Program Data to Address: Program Data (PD)
PA, PD
\i
Perform Polling Algorithm
(see Write Operation Status <
flowchart)
Polling Status
= Busy?
Polling Status
= Done?
Error condition
(Exceeded Timing Limits)
\
PASS. Device is in FAIL. Issue reset command
read mode. to return to read array mode.

Figure 12.3. Single Word Program
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Software Functions and Sample Code

Table 12.14. Single Word Program
(LLD Function = lld_ProgramCmd)

Cycle Operation Byte Address Word Address Data
Unlock Cycle 1 Write Base + AAAh Base + 555h 00AAh
Unlock Cycle 2 Write Base + 554h Base + 2AAh 0055h
Program Setup Write Base + AAAh Base + 555h 00AO0h

Program Write Word Address Word Address Data Word

Note: Base = Base Address.

The following is a C source code example of using the single word program function. Refer to the
Spansion Low Level Driver User’s Guide (available on www.amd.com and www.fujitsu.com) for
general information on Spansion Flash memory software development guidelines.

/* Example: Program Command */
*( (UINT1l6 *)base_addr + 0x555 ) = 0x00AA; /* write unlock cycle 1 */
*( (UINT16 *)base_addr + Ox2AA ) = 0x0055; /* write unlock cycle 2 */
*( (UINT1l6 *)base_addr + 0x555 ) = 0x00AO0; /* write program setup command */
*( (UINT16 *)pa ) = data; /* write data to be programmed */

/* Poll for program completion */

12.6.2 Write Buffer Programming

Write Buffer Programming allows the system to write a maximum of 32 words in one program-
ming operation. This results in a faster effective word programming time than the standard
“word” programming algorithms. The Write Buffer Programming command sequence is initiated
by first writing two unlock cycles. This is followed by a third write cycle containing the Write
Buffer Load command written at the Sector Address in which programming occurs. At this point,
the system writes the number of “word locations minus 1” that are loaded into the page buffer
at the Sector Address in which programming occurs. This tells the device how many write buffer
addresses are loaded with data and therefore when to expect the “Program Buffer to Flash” con-
firm command. The number of locations to program cannot exceed the size of the write buffer
or the operation aborts. (Number loaded = the number of locations to program minus 1. For ex-
ample, if the system programs 6 address locations, then 05h should be written to the device.)

The system then writes the starting address/data combination. This starting address is the first
address/data pair to be programmed, and selects the “write-buffer-page” address. All subse-
quent address/data pairs must fall within the elected-write-buffer-page.

The “write-buffer-page” is selected by using the addresses Ayax - A5.

The “write-buffer-page” addresses must be the same for all address/data pairs loaded into the
write buffer. (This means Write Buffer Programming cannot be performed across multiple “write-
buffer-pages.” This also means that Write Buffer Programming cannot be performed across mul-
tiple sectors. If the system attempts to load programming data outside of the selected “write-
buffer-page”, the operation ABORTSs.)

After writing the Starting Address/Data pair, the system then writes the remaining address/data
pairs into the write buffer.

Note that if a Write Buffer address location is loaded multiple times, the “address/data pair”
counter is decremented for every data load operation. Also, the last data loaded at a location
before the “Program Buffer to Flash” confirm command is programmed into the device. It is the
software's responsibility to comprehend ramifications of loading a write-buffer location more
than once. The counter decrements for each data load operation, NOT for each unique write-
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buffer-address location. Once the specified number of write buffer locations have been loaded,
the system must then write the “Program Buffer to Flash” command at the Sector Address. Any
other address/data write combinations abort the Write Buffer Programming operation. The de-
vice goes “busy.” The Data Bar polling techniques should be used while monitoring the last
address location loaded into the write buffer. This eliminates the need to store an address in
memory because the system can load the last address location, issue the program confirm com-
mand at the last loaded address location, and then data bar poll at that same address. DQ?7,
DQ6, DQ5, DQ2, and DQ1 should be monitored to determine the device status during Write
Buffer Programming.

The write-buffer “embedded” programming operation can be suspended using the standard sus-
pend/resume commands. Upon successful completion of the Write Buffer Programming
operation, the device returns to READ mode.

The Write Buffer Programming Sequence is ABORTED under any of the following conditions:

B Load a value that is greater than the page buffer size during the "Number of Locations to
Program” step.

B Write to an address in a sector different than the one specified during the Write-Buffer-Load
command.

B Write an Address/Data pair to a different write-buffer-page than the one selected by the
“Starting Address” during the “write buffer data loading” stage of the operation.

B Write data other than the “Confirm Command” after the specified number of “data load” cy-
cles.

The ABORT condition is indicated by DQ1 = 1, DQ7 = DATA# (for the “last address location

loaded”), DQ6 = TOGGLE, DQ5 = 0. This indicates that the Write Buffer Programming Operation

was ABORTED. A “Write-to-Buffer-Abort reset” command sequence is required when using the

write buffer Programming features in Unlock Bypass mode. Note that the Secured Silicon sector,

autoselect, and CFI functions are unavailable when a program operation is in progress.

Write buffer programming is allowed in any sequence of memory (or address) locations. These
flash devices are capable of handling multiple write buffer programming operations on the same
write buffer address range without intervening erases.

Use of the write buffer is strongly recommended for programming when multiple words are to
be programmed. Write buffer programming is approximately eight times faster than program-
ming one word at a time.
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Table 12.15. Write Buffer Program
(LLD Functions Used = lld_WriteToBufferCmd, lld_ProgramBufferToFlashCmd)

Cycle Description Operation Byte Address Word Address Data
1 Unlock Write Base + AAAh Base + 555h 00AAh
2 Unlock Write Base + 554h Base + 2AAh 0055h
3 Write Buffer Load Command Write Program Address 0025h
4 Write Word Count Write Program Address Word Count (N-1)h
Number of words (N) loaded into the write buffer can be from 1 to 32 words.
5to 36 Load Buffer Word N Write Program Address, Word N Word N
Last Write Buffer to Flash Write Sector Address 0029h
Notes:

1. Base = Base Address.

2. Last = Last cycle of write buffer program operation; depending on number of
words written, the total number of cycles may be from 6 to 37.

3. For maximum efficiency, it is recommended that the write buffer be loaded with
the highest number of words (N words) possible.

The following is a C source code example of using the write buffer program function. Refer to the
Spansion Low Level Driver User’s Guide (available on www.amd.com and www.fujitsu.com) for
general information on Spansion Flash memory software development guidelines.

/* Example: Write Buffer Programming Command */

/* NOTES:

Write buffer programming limited to 16 words. */

/* All addresses to be written to the flash in */

/* one operation must be within the same flash */

/* page. A flash page begins at addresses */

/* evenly divisible by 0x20. */
UINT16 *src = source_of_data; /* address of source data */
UINT16 *dst = destination_of_data; /* flash destination address */
UINT16 wc = words_to_program -1; /* word count (minus 1) */
*( (UINT1l6 *)base_addr + 0x555 ) = 0x00AA; /* write unlock cycle 1 */
*( (UINT1l6 *)base_addr + Ox2AA ) = 0x0055; /* write unlock cycle 2 */
*( (UINT1l6 *)sector_address ) = 0x0025; /* write write buffer load command */
*( (UINT16 *)sector_address ) = wc; /* write word count (minus 1) */

loop:
*dst = *src; /* ALL dst MUST BE SAME PAGE */ /* write source data to destination */
dst++; /* increment destination pointer */
sSrc++; /* increment source pointer */
if (wc == 0) goto confirm /* done when word count equals zero */
we--; /* decrement word count */
goto loop; /* do it again */

confirm:
*( (UINT16 *)sector_address ) = 0x0029; /* write confirm command */
/* poll for completion */

/* Example: Write Buffer Abort Reset */
*( (UINT1l6 *)addr + 0x555 ) = 0x00AA; /* write unlock cycle 1 */
*( (UINT1l6 *)addr + Ox2AA ) = 0x0055; /* write unlock cycle 2 */
*( (UINT1l6 *)addr + 0x555 ) = 0x00FO; /* write buffer abort reset */
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12.6.3

Write Unlock Cycles:
Address 555h, Data AAh
Address 2AAh, Data 55h

!

Issue
Write Buffer Load Command:
Address 555h, Data 25h

Unlock Cycle 1
Unlock Cycle 2

Y

Load Word Count to Program
Program Data to Address: wc = number of words - 1
SA = wc

Confirm command:

SA = 0x2%h
Wait 4 us
Write Next Word, (Recommended)
Decrement wc:
PA < data, wc=wc-1 A

Perform Polling Algorithm
> (see Write Operation Status
flowchart)

Write Buffer
Abort? Polling Status

= Done?

FAIL. Issue reset command
to return to read array mode. No

RESET. Issue Write Buffer Y
Abort Reset Command PASS. Device is in

read mode.

Figure 12.4. Write Buffer Programming Operation

Sector Erase

The sector erase function erases one or more sectors in the memory array. (See Table 17.1,

Memory Array Commands; and Figure 12.5, Sector Erase Operation.) The device does not re-
quire the system to preprogram prior to erase. The Embedded Erase algorithm automatically
programs and verifies the entire memory for an all zero data pattern prior to electrical erase.
After a successful sector erase, all locations within the erased sector contain FFFFh. The system
is not required to provide any controls or timings during these operations.
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After the command sequence is written, a sector erase time-out of no less than tgga occurs. Dur-
ing the time-out period, additional sector addresses and sector erase commands may be written.
Loading the sector erase buffer may be done in any sequence, and the number of sectors may
be from one sector to all sectors. The time between these additional cycles must be less than
tsea. Any sector erase address and command following the exceeded time-out (tgga) may or may
not be accepted. Any command other than Sector Erase or Erase Suspend during the time-out
period resets that bank to the read mode. The system can monitor DQ3 to determine if the sector
erase timer has timed out (See the DQ3: Sector Erase Timeout State Indicator section.) The
time-out begins from the rising edge of the final WE# pulse in the command sequence.

When the Embedded Erase algorithm is complete, the bank returns to reading array data and
addresses are no longer latched. Note that while the Embedded Erase operation is in progress,
the system can read data from the non-erasing banks. The system can determine the status of
the erase operation by reading DQ7 or DQ6/DQ2 in the erasing bank. Refer to Write Operation
Status for information on these status bits.

Once the sector erase operation has begun, only the Erase Suspend command is valid. All other
commands are ignored. However, note that a hardware reset immediately terminates the erase
operation. If that occurs, the sector erase command sequence should be reinitiated once that
bank has returned to reading array data, to ensure data integrity.

Figure 12.5 illustrates the algorithm for the erase operation. Refer to the Erase and Programming
Performance section for parameters and timing diagrams.

Software Functions and Sample Code

Table 12.16. Sector Erase
(LLD Function = lld_SectorEraseCmd)

Cycle Description Operation Byte Address Word Address Data
1 Unlock Write Base + AAAh Base + 555h 00AAh
2 Unlock Write Base + 554h Base + 2AAh 0055h
3 Setup Command Write Base + AAAh Base + 555h 0080h
4 Unlock Write Base + AAAh Base + 555h 00AAh
5 Unlock Write Base + 554h Base + 2AAh 0055h
6 Sector Erase Command Write Sector Address Sector Address 0030h
Unlimited additional sectors may be selected for erase; command(s) must be written within tgg,.

The following is a C source code example of using the sector erase function. Refer to the Spansion
Low Level Driver User’s Guide (available on www.amd.com and www.fujitsu.com) for general in-
formation on Spansion Flash memory software development guidelines.

/* Example: Sector Erase Command */
*( (UINT16 *)base_addr + 0x555 ) = 0x00AA; /* write unlock cycle 1 */
*( (UINT1l6 *)base_addr + O0x2AA ) = 0x0055; /* write unlock cycle 2 */
*( (UINT16 *)base_addr + 0x555 ) = 0x0080; /* write setup command */
*( (UINT16 *)base_addr + 0x555 ) = 0x00AA; /* write additional unlock cycle 1 */
*( (UINT1l6 *)base_addr + O0x2AA ) = 0x0055; /* write additional unlock cycle 2 */
*( (UINT1l6 *)sector_address ) = 0x0030; /* write sector erase command */
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Write Unlock Cycles:
Address 555h, Data AAh
Address 2AAh, Data 55h

'

Write Sector Erase Cycles:

Address 555h, Data 80h
Address 555h, Data AAh
Address 2AAh, Data 55h
Sector Address, Data 30h

Select
Additional
Sectors?

Write Additional
Sector Addresses

Unlock Cycle 1
Unlock Cycle 2

Command Cycle 1
Command Cycle 2
Command Cycle 3
Specify first sector for erasure

Poll DQ3.
DQ3 = 1?

Last Sector
Selected?

Wait 4 us
(Recommended)

!

Perform Write Operation
Status Algorithm
(see Figure 12.6)

Y

No

No

e Each additional cycle must be written within tsgs timeout
o Timeout resets after each additional cycle is written

e The host system may monitor DQ3 or wait tggp to ensure
acceptance of erase commands

e No limit on number of sectors

e Commands other than Erase Suspend or selecting
additional sectors for erasure during timeout reset device
to reading array data

Status may be obtained by reading DQ7, DQ6 and/or DQ2.

Error condition (Exceeded Timing Limits)

to reading array.

PASS. Device returns

FAIL. Write reset command
to return to reading array.

Notes:

1. See Table 17.1 for erase command sequence.
2. See the section on DQ3 for information on the sector erase timeout.

Figure 12.5. Sector Erase Operation
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12.6.4 Chip Erase Command Sequence

Chip erase is a six-bus cycle operation as indicated by Table 17.1. These commands invoke the
Embedded Erase algorithm, which does not require the system to preprogram prior to erase. The
Embedded Erase algorithm automatically preprograms and verifies the entire memory for an all
zero data pattern prior to electrical erase. After a successful chip erase, all locations of the chip
contain FFFFh. The system is not required to provide any controls or timings during these op-
erations. The “"Command Definition” section in the appendix shows the address and data
requirements for the chip erase command sequence.

When the Embedded Erase algorithm is complete, that bank returns to the read mode and ad-
dresses are no longer latched. The system can determine the status of the erase operation by
using DQ7 or DQ6/DQ2. Refer to “Write Operation Status” for information on these status bits.

Any commands written during the chip erase operation are ignored. However, note that a hard-
ware reset immediately terminates the erase operation. If that occurs, the chip erase command
sequence should be reinitiated once that bank has returned to reading array data, to ensure data
integrity.

Software Functions and Sample Code

Table 12.17. Chip Erase
(LLD Function = lld_ChipEraseCmd)

Cycle Description Operation Byte Address Word Address Data
1 Unlock Write Base + AAAh Base + 555h 00AAh
2 Unlock Write Base + 554h Base + 2AAh 0055h
3 Setup Command Write Base + AAAh Base + 555h 0080h
4 Unlock Write Base + AAAh Base + 555h 00AAh
5 Unlock Write Base + 554h Base + 2AAh 0055h
6 Chip Erase Command Write Base + AAAh Base + 555h 0010h

The following is a C source code example of using the chip erase function. Refer to the Spansion
Low Level Driver User’s Guide (available on www.amd.com and www.fujitsu.com) for general in-
formation on Spansion Flash memory software development guidelines.

/* Example: Chip Erase Command */
/* Note: Cannot be suspended */

*( (UINT16 *)base_addr + 0x555 ) = 0x00AA; /* write unlock cycle 1 */
*( (UINT16 *)base_addr + Ox2AA ) = 0x0055; /* write unlock cycle 2 */
*( (UINT1l6 *)base_addr + 0x555 ) = 0x0080; /* write setup command */
*( (UINT16 *)base_addr + 0x555 ) = 0x00AA; /* write additional unlock cycle 1 */
*( (UINT1l6 *)base_addr + O0x2AA ) = 0x0055; /* write additional unlock cycle 2 */
*( (UINT16 *)base_addr + 0x000 ) = 0x0010; /* write chip erase command */

12.6.5 Erase Suspend/Erase Resume Commands

When the Erase Suspend command is written during the sector erase time-out, the device im-
mediately terminates the time-out period and suspends the erase operation. The Erase Suspend
command allows the system to interrupt a sector erase operation and then read data from, or
program data to, any sector not selected for erasure. The bank address is required when writing
this command. This command is valid only during the sector erase operation, including the min-
imum tggp time-out period during the sector erase command sequence. The Erase Suspend
command is ignored if written during the chip erase operation.
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When the Erase Suspend command is written after the tgga time-out period has expired and dur-
ing the sector erase operation, the device requires a maximum of tgg, (erase suspend latency)
to suspend the erase operation. Additionaly, when an Erase Suspend command is written during
an active erase operation, status information is unavailable during the transition from the sector
erase operation to the erase suspended state.

After the erase operation has been suspended, the bank enters the erase-suspend-read mode.
The system can read data from or program data to any sector not selected for erasure. (The de-
vice “erase suspends” all sectors selected for erasure.) Reading at any address within erase-
suspended sectors produces status information on DQ7-DQ0. The system can use DQ7, or DQ6,
and DQ2 together, to determine if a sector is actively erasing or is erase-suspended. Refer to
Table 12.26 for information on these status bits.

After an erase-suspended program operation is complete, the bank returns to the erase-sus-
pend-read mode. The system can determine the status of the program operation using the DQ7
or DQ6 status bits, just as in the standard program operation.

In the erase-suspend-read mode, the system can also issue the Autoselect command sequence.
Refer to the “Write Buffer Programming Operation” section and the “Autoselect Command Se-
quence” section for details.

To resume the sector erase operation, the system must write the Erase Resume command. The
bank address of the erase-suspended bank is required when writing this command. Further
writes of the Resume command are ignored. Another Erase Suspend command can be written
after the chip has resumed erasing.

Software Functions and Sample Code

Table 12.18. Erase Suspend
(LLD Function = lld_EraseSuspendCmd)

Cycle Operation Byte Address Word Address Data

1 Write Bank Address Bank Address 00BOh

The following is a C source code example of using the erase suspend function. Refer to the Span-
sion Low Level Driver User’s Guide (available on www.amd.com and www.fujitsu.com) for general
information on Spansion Flash memory software development guidelines.

/* Example: Erase suspend command */

*( (UINT1l6 *)bank_addr + 0x000 ) = 0xO0O0BO; /* write suspend command */

Table 12.19. Erase Resume

(LLD Function = lld_EraseResumeCmd)

Cycle Operation Byte Address Word Address Data

1 Write Bank Address Bank Address 0030h

The following is a C source code example of using the erase resume function. Refer to the Span-
sion Low Level Driver User’s Guide (available on www.amd.com and www.fujitsu.com) for general
information on Spansion Flash memory software development guidelines.

/* Example: Erase resume command */

*( (UINT1l6 *)bank_addr + 0x000 ) = 0x0030; /* write resume command */
/* The flash needs adequate time in the resume state */
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Program Suspend/Program Resume Commands

The Program Suspend command allows the system to interrupt an embedded programming op-
eration or a “Write to Buffer” programming operation so that data can read from any non-
suspended sector. When the Program Suspend command is written during a programming pro-
cess, the device halts the programming operation within tpg, (program suspend latency) and
updates the status bits. Addresses are “don't-cares” when writing the Program Suspend
command.

After the programming operation has been suspended, the system can read array data from any
non-suspended sector. The Program Suspend command may also be issued during a program-
ming operation while an erase is suspended. In this case, data may be read from any addresses
not in Erase Suspend or Program Suspend. If a read is needed from the Secured Silicon Sector
area, then user must use the proper command sequences to enter and exit this region.

The system may also write the Autoselect command sequence when the device is in Program
Suspend mode. The device allows reading Autoselect codes in the suspended sectors, since the
codes are not stored in the memory array. When the device exits the Autoselect mode, the device
reverts to Program Suspend mode, and is ready for another valid operation. See “Autoselect
Command Sequence” for more information.

After the Program Resume command is written, the device reverts to programming. The system
can determine the status of the program operation using the DQ7 or DQ6 status bits, just as in
the standard program operation. See “Write Operation Status” for more information.

The system must write the Program Resume command (address bits are “don't care”) to exit the
Program Suspend mode and continue the programming operation. Further writes of the Program
Resume command are ignored. Another Program Suspend command can be written after the de-
vice has resumed programming.

Software Functions and Sample Code

Table 12.20. Program Suspend
(LLD Function = Ild_ProgramSuspendCmd)

Cycle

Operation

Byte Address

Word Address

Data

1

Write

Bank Address

Bank Address

00BOh

The following is a C source code example of using the program suspend function. Refer to the
Spansion Low Level Driver User’s Guide (available on www.amd.com and www.fujitsu.com) for
general information on Spansion Flash memory software development guidelines.

/* Example: Program suspend command */

*( (UINT1l6 *)base_addr + 0x000 ) = 0x00BO; /* write suspend command */
Table 12.2]. Program Resume
(LLD Function = Ild_ProgramResumeCmd)
Cycle Operation Byte Address Word Address Data
1 Write Bank Address Bank Address 0030h

The following is a C source code example of using the program resume function. Refer to the
Spansion Low Level Driver User’s Guide (available on www.amd.com and www.fujitsu.com) for
general information on Spansion Flash memory software development guidelines.

/* Example: Program resume command */

*( (UINT1l6 *)base_addr + 0x000 ) = 0x0030; /* write resume command */
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12.6.8

Accelerated Program/Chip Erase

Accelerated single word programming, write buffer programming, sector erase, and chip erase
operations are enabled through the ACC function. This method is faster than the standard chip
program and erase command sequences.

The accelerated chip program and erase functions must not be used more than 10
times per sector. In addition, accelerated chip program and erase should be performed at room
temperature (25°C £10°C).

If the system asserts Vyy on this input, the device automatically enters the aforementioned Un-
lock Bypass mode and uses the higher voltage on the input to reduce the time required for
program and erase operations. The system can then use the Write Buffer Load command se-
quence provided by the Unlock Bypass mode. Note that if a “"Write-to-Buffer-Abort Reset” is
required while in Unlock Bypass mode, the full 3-cycle RESET command sequence must be used
to reset the device. Removing V4 from the ACC input, upon completion of the embedded pro-
gram or erase operation, returns the device to normal operation.

B Sectors must be unlocked prior to raising ACC to Vyy.

B The ACC pin must not be at V for operations other than accelerated programming and ac-
celerated chip erase, or device damage may result.

B The ACC pin must not be left floating or unconnected; inconsistent behavior of the device
may result.

B ACC locks all sector if set to Vy; ACC should be set to Vi for all other conditions.

Unlock Bypass

The device features an Unlock Bypass mode to facilitate faster word programming. Once the de-
vice enters the Unlock Bypass mode, only two write cycles are required to program data, instead
of the normal four cycles.

This mode dispenses with the initial two unlock cycles required in the standard program com-
mand sequence, resulting in faster total programming time. The "Command Definition
Summary” section shows the requirements for the unlock bypass command sequences.

During the unlock bypass mode, only the Read, Unlock Bypass Program and Unlock Bypass Reset
commands are valid. To exit the unlock bypass mode, the system must issue the two-cycle un-
lock bypass reset command sequence. The first cycle must contain the bank address and the
data 90h. The second cycle need only contain the data 00h. The bank then returns to the read
mode.

Software Functions and Sample Code

The following are C source code examples of using the unlock bypass entry, program, and exit
functions. Refer to the Spansion Low Level Driver User’s Guide (available soon on www.amd.com
and www.fujitsu.com) for general information on Spansion Flash memory software development
guidelines.

Table 12.22. Unlock Bypass Entry
(LLD Function = Ild_UnlockBypassEntryCmd)

Cycle Description Operation Byte Address Word Address Data
1 Unlock Write Base + AAAh Base + 555h 00AAh
2 Unlock Write Base + 554h Base + 2AAh 0055h
3 Entry Command Write Base + AAAh Base + 555h 0020h
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/* Example: Unlock Bypass Entry Command */
*( (UINT1l6 *)bank_addr + 0x555 ) = 0x00AA; /* write unlock cycle 1 */
*( (UINT16 *)bank_addr + Ox2AA ) = 0x0055; /* write unlock cycle 2 */
*( (UINT1l6 *)bank_addr + 0x555 ) = 0x0020; /* write unlock bypass command */
/* At this point, programming only takes two write cycles. */
/* Once you enter Unlock Bypass Mode, do a series of like */
/* operations (programming or sector erase) and then exit */
/* Unlock Bypass Mode before beginning a different type of */
/* operations. */

Table 12.23. Unlock Bypass Program
(LLD Function = lld_UnlockBypassProgramCmd)

Cycle Description Operation Byte Address Word Address Data
1 Program Setup Command Write Base + xxxh Base +xxxh 00AOh
2 Program Command Write Program Address | Program Address Program Data

/* Example: Unlock Bypass Program Command */

/* Do while in Unlock Bypass Entry Mode! */
*( (UINT16 *)bank_addr + 0x555 ) = 0x00AO0; /* write program setup command */
*( (UINT1l6 *)pa ) = data; /* write data to be programmed */
/* Poll until done or error. */
/* If done and more to program, */
/* do above two cycles again. */

Table 12.24. Unlock Bypass Reset
(LLD Function = lld_UnlockBypassResetCmd)

Cycle Description Operation Byte Address Word Address Data
1 Reset Cycle 1 Write Base + xxxh Base +xxxh 0090h
2 Reset Cycle 2 Write Base + xxxh Base +xxxh 0000h

/* Example: Unlock Bypass Exit Command */
*( (UINT16 *)base_addr + 0x000 ) = 0x0090;
*( (UINT16 *)base_addr + 0x000 ) = 0x0000;

12.6.9 Write Operation Status

The device provides several bits to determine the status of a program or erase operation. The
following subsections describe the function of DQ1, DQ2, DQ3, DQ5, DQ6, and DQ7.

DQ7: Data# Polling. The Data# Polling bit, DQ7, indicates to the host system whether an Em-
bedded Program or Erase algorithm is in progress or completed, or whether a bank is in Erase
Suspend. Data# Polling is valid after the rising edge of the final WE# pulse in the command se-
quence. Note that the Data# Polling is valid only for the last word being programmed in the
write-buffer-page during Write Buffer Programming. Reading Data# Polling status on any word
other than the last word to be programmed in the write-buffer-page returns false status
information.

During the Embedded Program algorithm, the device outputs on DQ7 the complement of the
datum programmed to DQ7. This DQ7 status also applies to programming during Erase Suspend.
When the Embedded Program algorithm is complete, the device outputs the datum programmed
to DQ7. The system must provide the program address to read valid status information on DQ7.
If a program address falls within a protected sector, Data# polling on DQ?7 is active for approxi-
mately tpgp, then that bank returns to the read mode.

During the Embedded Erase Algorithm, Data# polling produces a “0” on DQ7. When the Embed-
ded Erase algorithm is complete, or if the bank enters the Erase Suspend mode, Data# Polling
produces a “1” on DQ7. The system must provide an address within any of the sectors selected
for erasure to read valid status information on DQ7.
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After an erase command sequence is written, if all sectors selected for erasing are protected,
Data# Polling on DQ7 is active for approximately tagp, then the bank returns to the read mode.
If not all selected sectors are protected, the Embedded Erase algorithm erases the unprotected
sectors, and ignores the selected sectors that are protected. However, if the system reads DQ7
at an address within a protected sector, the status may not be valid.

Just prior to the completion of an Embedded Program or Erase operation, DQ7 may change asyn-
chronously with DQ6-DQO0 while Output Enable (OE#) is asserted low. That is, the device may
change from providing status information to valid data on DQ7. Depending on when the system
samples the DQ7 output, it may read the status or valid data. Even if the device has completed
the program or erase operation and DQ7 has valid data, the data outputs on DQ6-DQ0 may be
still invalid. Valid data on DQ7-D00 appears on successive read cycles.

See the following for more information: Table 12.26, Write Operation Status, shows the outputs
for Data# Polling on DQ7. Figure 12.6, Write Operation Status Flowchart, shows the Data# Poll-
ing algorithm; and Figure 16.18, Data# Polling Timings (During Embedded Algorithm), shows
the Data# Polling timing diagram.
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(Note 1)

Device BUSY,
Re-Poll
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Re-Poll

Read 3

Device BUSY,
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Write Buffer
Operation
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YES
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(Note 2)
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(Note 1)

YES
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Operation?
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Operation
Complete
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Erase
Operation
Complete

Program
Operation
Failed

(Note 5)

DEVICE
ERROR

Device in
Erase/Suspend
Mode

1) DQ6 is toggling if Read2 DQ6 does not equal Read3 DQ6.
2) DQ2 is toggling if Read2 DQ2 does not equal Read3 DQ2.
3) May be due to an attempt to program a 0 to 1. Use the RESET

command to exit op

eration.

4) Write buffer error if DQ1 of last read =1.
5) Invalid state, use RESET command to exit operation.
6) Valid data is the data that is intended to be programmed or all 1's for

an erase operation.

7) Data polling algorithm valid for all operations except advanced sector

protection.

Figure 12.6. Write Operation Status Flowchart

December 3,2005 S29WS-N_m0_10

51



SPANSION"

AN

Preliminary

DQG6: Toggle Bit I . Toggle Bit I on DQ6 indicates whether an Embedded Program or Erase algo-
rithm is in progress or complete, or whether the device has entered the Erase Suspend mode.
Toggle Bit I may be read at any address in the same bank, and is valid after the rising edge of
the final WE# pulse in the command sequence (prior to the program or erase operation), and
during the sector erase time-out.

During an Embedded Program or Erase algorithm operation, successive read cycles to any ad-
dress cause DQ6 to toggle. When the operation is complete, DQ6 stops toggling.

After an erase command sequence is written, if all sectors selected for erasing are protected,
DQ6 toggles for approximately tagp [all sectors protected toggle time], then returns to reading
array data. If not all selected sectors are protected, the Embedded Erase algorithm erases the
unprotected sectors, and ignores the selected sectors that are protected.

The system can use DQ6 and DQ2 together to determine whether a sector is actively erasing or
is erase-suspended. When the device is actively erasing (that is, the Embedded Erase algorithm
is in progress), DQ6 toggles. When the device enters the Erase Suspend mode, DQ6 stops tog-
gling. However, the system must also use DQ2 to determine which sectors are erasing or erase-
suspended. Alternatively, the system can use DQ7 (see the subsection on DQ7: Data# Polling).

If a program address falls within a protected sector, DQ6 toggles for approximately tpap after the
program command sequence is written, then returns to reading array data.

DQ6 also toggles during the erase-suspend-program mode, and stops toggling once the Embed-
ded Program Algorithm is complete.

See the following for additional information: Figure 12.6, Write Operation Status Flowchart; Fig-
ure 16.19, Toggle Bit Timings (During Embedded Algorithm), and Tables 12.25 and 12.26.

Toggle Bit I on DQ6 requires either OE# or CE# to be de-asserted and reasserted to show the
change in state.

DQ2: Toggle Bit II . The “Toggle Bit II” on DQ2, when used with DQ6, indicates whether a par-
ticular sector is actively erasing (that is, the Embedded Erase algorithm is in progress), or
whether that sector is erase-suspended. Toggle Bit II is valid after the rising edge of the final
WE# pulse in the command sequence. DQ2 toggles when the system reads at addresses within
those sectors that have been selected for erasure. But DQ2 cannot distinguish whether the sector
is actively erasing or is erase-suspended. DQ6, by comparison, indicates whether the device is
actively erasing, or is in Erase Suspend, but cannot distinguish which sectors are selected for
erasure. Thus, both status bits are required for sector and mode information. Refer to Table
12.25 to compare outputs for DQ2 and DQ6. See the following for additional information: Figure
12.6, the "DQ6: Toggle Bit I” section, and Figures 16.18-16.25.
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Table 12.25. DQ6 and DQ2 Indications

If device is and the system reads then DQ6 and DQ2

programming, at any address, toggles, does not toggle.

at an address within a sector

selected for erasure, toggles, also toggles.
actively erasing,
at an address within sectors not toqdl d t togal
selected for erasure, 0ggles, 0€s not toggle.
at an address within a sector
does not toggle, toggles.

selected for erasure,

erase suspended, returns array data. The system can

returns array data, |read from any sector not selected for
erasure.

at an address within sectors not
selected for erasure,

programming in

erase suspend at any address, toggles, is not applicable.

Reading Toggle Bits DQ6/DQ2. Whenever the system initially begins reading toggle bit status,
it must read DQ7-DQO at least twice in a row to determine whether a toggle bit is toggling. Typ-
ically, the system would note and store the value of the toggle bit after the first read. After the
second read, the system would compare the new value of the toggle bit with the first. If the tog-
gle bit is not toggling, the device has completed the program or erases operation. The system
can read array data on DQ7-DQO on the following read cycle. However, if after the initial two
read cycles, the system determines that the toggle bit is still toggling, the system also should
note whether the value of DQ5 is high (see the section on DQ5). If it is, the system should then
determine again whether the toggle bit is toggling, since the toggle bit may have stopped tog-
gling just as DQ5 went high. If the toggle bit is no longer toggling, the device has successfully
completed the program or erases operation. If it is still toggling, the device did not complete the
operation successfully, and the system must write the reset command to return to reading array
data. The remaining scenario is that the system initially determines that the toggle bit is toggling
and DQ5 has not gone high. The system may continue to monitor the toggle bit and DQ5 through
successive read cycles, determining the status as described in the previous paragraph. Alterna-
tively, it may choose to perform other system tasks. In this case, the system must start at the
beginning of the algorithm when it returns to determine the status of the operation. Refer to Fig-
ure 12.6 for more details.

Note:

®m  When verifying the status of a write operation (embedded program/erase) of a memory
bank, DQ6 and DQ2 toggle between high and low states in a series of consecutive and con-
tiguous status read cycles. In order for this toggling behavior to be properly observed, the
consecutive status bit reads must not be interleaved with read accesses to other memory
banks. If it is not possible to temporarily prevent reads to other memory banks, then it is
recommended to use the DQ7 status bit as the alternative method of determining the active
or inactive status of the write operation.

m Data polling provides erroneous results during erase suspend operation using DQ2 or DQ6
for any address changes after CE# asseration or without AVD# pulsing low. THe user is re-
quired to pulse AVD# following an address change or assert CE# after address is stable dur-
ing status polling. See Figure 16.21 through 16.24 .
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DQ5: Exceeded Timing Limits. DQ5 indicates whether the program or erase time has exceeded
a specified internal pulse count limit. Under these conditions DQ5 produces a “1,” indicating that
the program or erase cycle was not successfully completed. The device may output a “*1” on DQ5
if the system tries to program a “1” to a location that was previously programmed to “0.” Only
an erase operation can change a “0” back to a “1.” Under this condition, the device halts the
operation, and when the timing limit has been exceeded, DQ5 produces a “1.”Under both these
conditions, the system must write the reset command to return to the read mode (or to the
erase-suspend-read mode if a bank was previously in the erase-suspend-program mode).

DQ3: Sector Erase Timeout State Indicator. After writing a sector erase command sequence,
the system may read DQ3 to determine whether or not erasure has begun. (The sector erase
timer does not apply to the chip erase command.) If additional sectors are selected for erasure,
the entire time-out also applies after each additional sector erase command. When the time-out
period is complete, DQ3 switches from a “0” to a “1.” If the time between additional sector erase
commands from the system can be assumed to be less than tgga, the system need not monitor
DQ3. See Sector Erase Command Sequence for more details.

After the sector erase command is written, the system should read the status of DQ7 (Data#
Polling) or DQ6 (Toggle Bit I) to ensure that the device has accepted the command sequence,
and then read DQ3. If DQ3 is “1,” the Embedded Erase algorithm has begun; all further com-
mands (except Erase Suspend) are ignored until the erase operation is complete. If DQ3 is “0,”
the device accepts additional sector erase commands. To ensure the command has been ac-
cepted, the system software should check the status of DQ3 prior to and following each sub-
sequent sector erase command. If DQ3 is high on the second status check, the last command
might not have been accepted. Table 12.26 shows the status of DQ3 relative to the other status
bits.

DQ1: Write to Buffer Abort. DQ1 indicates whether a Write to Buffer operation was aborted.
Under these conditions DQ1 produces a “1”. The system must issue the Write to Buffer Abort
Reset command sequence to return the device to reading array data. See Write Buffer Program-
ming Operation for more details.
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Table 12.26. Write Operation Status
DQ7 DQ5 DQ2 DQI
Status (Note 2) DQ6 (Note I) DQ3 (Note 2) (Note 4)
Standard | Embedded Program Algorithm DQ7# Toggle 0 N/A No toggle 0
Mode Embedded Erase Algorithm 0 Toggle 0 1 Toggle N/A
INVALID INVALID INVALID | INVALID INVALID INVALID
Program | Reading within Program Suspended Sector (Not (Not (Not (Not (Not (Not
Sl:’lspsnd Allowed) Allowed) Allowed) | Allowed) | Allowed) Allowed)
ode
(Note 3) | Reading within Non-Program Suspended Data Data Data Data Data Data
Sector
Erase
1 No toggle 0 N/A Toggle N/A
Erase Erase-Suspend- Suspended Sector 99 99
Suspend Read .
Mode Non-Erase Suspended Data Data Data Data Data Data
Sector
(Note 6)
Erase-Suspend-Program DQ7# Toggle 0 N/A N/A N/A
. BUSY State DQ7# Toggle 0 N/A N/A 0
Write to
Buffer Exceeded Timing Limits DQ7# Toggle 1 N/A N/A 0
(Note 5)
ABORT State DQ7# Toggle 0 N/A N/A 1
Notes:

1. DQ5 switches to '1” when an Embedded Program or Embedded Erase operation has exceeded the maximum timing limits. Refer to the
section on DQ5 for more information.

DQ7 and DQ2 require a valid address when reading status information. Refer to the appropriate subsection for further details.

Data are invalid for addresses in a Program Suspended sector.

DQ1 indicates the Write to Buffer ABORT status during Write Buffer Programming operations.

The data-bar polling algorithm should be used for Write Buffer Programming operations. Note that DQ7# during Write Buffer Programming
indicates the data-bar for DQ7 data for the LAST LOADED WRITE-BUFFER ADDRESS location.

For any address changes after CE# assertion, re-assertion of CE# might be required after the addresses become stable for data polling
during the erase suspend operation using DQ2/DQ6.

R WN

a
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12.7 Simultaneous Read/Write

The simultaneous read/write feature allows the host system to read data from one bank of mem-
ory while programming or erasing another bank of memory. An erase operation may also be
suspended to read from or program another location within the same bank (except the sector
being erased). Figure 16.29, Back-to-Back Read/Write Cycle Timings, shows how read and write
cycles may be initiated for simultaneous operation with zero latency. Refer to the DC Character-
istics (CMOS Compatible) table for read-while-program and read-while-erase current
specification.

12.8 Writing Commands/Command Sequences

When the device is configured for Asynchronous read, only Asynchronous write operations are
allowed, and CLK is ignored. When in the Synchronous read mode configuration, the device is
able to perform both Asynchronous and Synchronous write operations. CLK and AVD# induced
address latches are supported in the Synchronous programming mode. During a synchronous
write operation, to write a command or command sequence (which includes programming data
to the device and erasing sectors of memory), the system must drive AVD# and CE# to Vy, and
OE# to Viy when providing an address to the device, and drive WE# and CE# to Vy, and OE#
to Viy when writing commands or data. During an asynchronous write operation, the system
must drive CE# and WE# to Vy_ and OE# to Viy when providing an address, command, and data.
Addresses are latched on the last falling edge of WE# or CE#, while data is latched on the 1st
rising edge of WE# or CE#. An erase operation can erase one sector, multiple sectors, or the
entire device. Tables 11.1-11.2 indicate the address space that each sector occupies. The device
address space is divided into sixteen banks: Banks 1 through 14 contain only 64 Kword sectors,
while Banks 0 and 15 contain both 16 Kword boot sectors in addition to 64 Kword sectors. A
“bank address” is the set of address bits required to uniquely select a bank. Similarly, a “sector
address” is the address bits required to uniquely select a sector. Ic¢; in "DC Characteristics” rep-
resents the active current specification for the write mode. “AC Characteristics-Synchronous”
and “AC Characteristics-Asynchronous” contain timing specification tables and timing diagrams
for write operations.

12.9 Handshaking

The handshaking feature allows the host system to detect when data is ready to be read by sim-
ply monitoring the RDY (Ready) pin, which is a dedicated output and controlled by CE#.

When the device is configured to operate in synchronous mode, and OE# is low (active), the ini-
tial word of burst data becomes available after either the falling or rising edge of the RDY pin
(depending on the setting for bit 10 in the Configuration Register). It is recommended that the
host system set CR13-CR11 in the Configuration Register to the appropriate humber of wait
states to ensure optimal burst mode operation (see Table 12.10, Configuration Register).

Bit 8 in the Configuration Register allows the host to specify whether RDY is active at the same
time that data is ready, or one cycle before data is ready.
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12.10 Hardware Reset

The RESET# input provides a hardware method of resetting the device to reading array data.
When RESET# is driven low for at least a period of tgp, the device immediately terminates any
operation in progress, tristates all outputs, resets the configuration register, and ignores all read/
write commands for the duration of the RESET# pulse. The device also resets the internal state
machine to reading array data.

To ensure data integrity the operation that was interrupted should be reinitiated once the device
is ready to accept another command sequence.

When RESET# is held at Vgg, the device draws CMOS standby current (Icc4). If RESET# is held
at V., but not at Vgg, the standby current is greater.

RESET# may be tied to the system reset circuitry which enables the system to read the boot-up
firmware from the Flash memory upon a system reset.

See Figures 16.5 and 16.13 for timing diagrams.

12.11 Software Reset
Software reset is part of the command set (see Table 17.1) that also returns the device to array
read mode and must be used for the following conditions:
1. to exit Autoselect mode

2. when DQ5 goes high during write status operation that indicates program or erase cycle was
not successfully completed

3. exit sector lock/unlock operation.
to return to erase-suspend-read mode if the device was previously in Erase Suspend mode.
5. after any aborted operations

Software Functions and Sample Code

Table 12.27. Reset
(LLD Function = lld_ResetCmd)

Cycle Operation Byte Address Word Address Data

Reset Command Write Base + xxxh Base + xxxh 00F0Oh

Note: Base = Base Address.

The following is a C source code example of using the reset function. Refer to the Spansion Low
Level Driver User’s Guide (available on www.amd.com and www.fujitsu.com) for general informa-
tion on Spansion Flash memory software development guidelines.

/* Example: Reset (software reset of Flash state machine) */
*( (UINT16 *)base_addr + 0x000 ) = 0xO00FO;

The following are additional points to consider when using the reset command:
B This command resets the banks to the read and address bits are ignored.
B Reset commands are ignored once erasure has begun until the operation is complete.

B Once programming begins, the device ignores reset commands until the operation is com-
plete

B  The reset command may be written between the cycles in a program command sequence
before programming begins (prior to the third cycle). This resets the bank to which the sys-
tem was writing to the read mode.
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If the program command sequence is written to a bank that is in the Erase Suspend mode,
writing the reset command returns that bank to the erase-suspend-read mode.

The reset command may be also written during an Autoselect command sequence.

If a bank has entered the Autoselect mode while in the Erase Suspend mode, writing the
reset command returns that bank to the erase-suspend-read mode.

If DQ1 goes high during a Write Buffer Programming operation, the system must write the
"Write to Buffer Abort Reset" command sequence to RESET the device to reading array data.
The standard RESET command does not work during this condition.

To exit the unlock bypass mode, the system must issue a two-cycle unlock bypass reset com-
mand sequence [see command table for details].
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I3 Advanced Sector Protection/Unprotection

The Advanced Sector Protection/Unprotection feature disables or enables programming or erase
operations in any or all sectors and can be implemented through software and/or hardware
methods, which are independent of each other. This section describes the various methods of
protecting data stored in the memory array. An overview of these methods in shown in Figure

13.1.
Hardware Methods Software Methods
Lock Register
(One Time Programmable)
ACC = Vy_
(Al sectors locked) Password Method Persistent Method
(DQ2) (DQ1)
WP# = VL y
L (All boot
sectors locked)
64-bit Password
(One Time Protect)

Y
PPB Lock Bit'**

—

. Bit is volatile, and defaults to “1” on
reset.

2. Programming to “0" locks all PPBs to
0 = PPBs Locked 1 = PPBs Unlocked their current state.

3. Once programmed to “0”, requires
hardware reset to unlock.

Persistent Dynamic
Protection Bit Protection Bit
Memory Array (PPB)** (DYB)*"®
Sector 0 < PPB 0 < DYB 0
Sector 1 - PPB 1 - DYB 1
Sector 2 - PPB 2 < DYB 2
— e\ e\
] ] ]
Sector N-2 < PPB N-2 < DYB N-2
Sector N-1 - PPB N-1 - DYB N-1
Sector N’ < PPB N < DYB N
3. N = Highest Address Sector. 4. 0 = Sector Protected, 6. 0 = Sector Protected,
1 = Sector Unprotected. 1 = Sector Unprotected.
5. PPBs programmed individually, 7. Protect effective only if PPB Lock Bit
but cleared collectively is unlocked and corresponding PPB

is “1” (unprotected).

8. Volatile Bits: defaults to user choice
upon power-up (see ordering
options).

Figure 13.1. Advanced Sector Protection/Unprotection
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13. LockR

egister

As shipped from the factory, all devices default to the persistent mode when power is applied,

a

nd all sectors are unprotected, unless otherwise chosen through the DYB ordering option. The

device programmer or host system must then choose which sector protection method to use.

P
b

rogramming (setting to “0”) any one of the following two one-time programmable, non-volatile
its locks the part permanently in that mode:

B Lock Register Persistent Protection Mode Lock Bit (DQ1)
B Lock Register Password Protection Mode Lock Bit (DQ2)

Table I3.1 Lock Register
Device DQI5-05 DQ4 DQ3 DQ2 DQI DQO
Password Persistent Customer
S29WS256N 1 1 1 Protection Protection SecSi Sector
Mode Lock Bit | Mode Lock Bit | Protection Bit
DYB Lock Boot Bit PPB One-Time
0 = sectors Programmable Bit
power up _ Password Persistent .
S29WS128N | Undefined protected c?)n: nﬁg npdpgiseargls:d Protection Protection Psriiglct?oer?tgirt
_ Mode Lock Bit | Mode Lock Bit
1p;v\f§r°tlf’£s 1 = All PPB Erase
unprotected command enabled

For programming lock register bits refer to Table 17.2.

Notes

1. If the password mode is chosen, the password must be programmed before setting the cor-
responding lock register bit.

2. After the Lock Register Bits Command Set Entry command sequence is written, reads and
writes for Bank 0 are disabled, while reads from other banks are allowed until exiting this
mode.

3. If both lock bits are selected to be programmed (to zeros) at the same time, the operation
aborts.

4. Once the Password Mode Lock Bit is programmed, the Persistent Mode Lock Bit is perma-

nently disabled, and no changes to the protection scheme are allowed. Similarly, if the Per-
sistent Mode Lock Bit is programmed, the Password Mode is permanently disabled.

5. During erase/program suspend, ASP entry commands are not allowed.

When the device lock register is programmed (PPB mode lock bit is programmed, password
mode lock bit is programmed, or the Secured Silicon Sector lock bit is programmed) all DYBs
revert to the power-on default state.

. Lock register programming operation:

A. Data Polling can be done immediately after the lock register programming command
sequence (no delay required). Note that status polling can be done only in bank 0 and
the recommended 4-us delay is for backward compatibility and is not required. This rec-
ommendation will be noted as such in the next revision of the data sheet.

B. Reads from other banks (simultaneous operation) are not allowed during lock register
programming. This restriction applies to both synchronous and asynchronous read oper-
ations.

C. The above clarifications are true for programming any bits of the Lock Register.
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After selecting a sector protection method, each sector can operate in any of the following three
states:

1. Constantly locked. The selected sectors are protected and can not be reprogrammed unless
PPB lock bit is cleared via a password, hardware reset, or power cycle.

2. Dynamically locked. The selected sectors are protected and can be altered via software
commands.

3. Unlocked. The sectors are unprotected and can be erased and/or programmed.
These states are controlled by the bit types described in Sections 13.2-13.6.

13.2 Persistent Protection Bits

The Persistent Protection Bits are unique and nonvolatile for each sector and have the same en-
durances as the Flash memory. Preprogramming and verification prior to erasure are handled by
the device, and therefore do not require system monitoring.

Notes
1. Each PPB is individually programmed and all are erased in parallel.

2. PPB program/erase operation: Reads from other banks (simultaneous operation) are not al-
lowed during PPB programming/erase operation. This restriction applies for both
synchronous and asynchronous read operations.

Entry command disables reads and writes for the bank selected.

All Reads must be performed using the Asynchronous mode.

The specific sector address (A23-A14 WS256N, A22-A14 WS128N) are written at the same
time as the program command.

3
4. Reads within that bank return the PPB status for that sector.
5
6

7. If the PPB Lock Bit is set, the PPB Program or erase command does not execute and times-
out without programming or erasing the PPB.

8. There are no means for individually erasing a specific PPB and no specific sector address is
required for this operation.

9. Exit command must be issued after the execution which resets the device to read mode and
re-enables reads and writes for Bank 0

10. The programming state of the PPB for a given sector can be verified by writing a PPB
Status Read Command to the device as described by the flow chart shown in Figure 13.2.
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Enter PPB
Command Set.
Addr = BA

Program PPB Bit.
Addr = SA

Read Byte Twice
Addr = SAO

DQ6 =
Toggle?

Wait 500 ps
Read Byte Twice
Addr = SA0
Y

DQ6 = No Read Byte.

Toggle? Addr = SA
Yes

No DQO =

'1' (Erase)
'0' (Pgm.)?

FAIL

PASS

'

Exit PPB
Command Set

Figure 13.2. PPB Program/Erase Algorithm
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13.3 Dynamic Protection Bits

Dynamic Protection Bits are volatile and unique for each sector and can be individually modified.
DYBs only control the protection scheme for unprotected sectors that have their PPBs cleared
(erased to “1”). By issuing the DYB Set or Clear command sequences, the DYBs are set (pro-
grammed to “0”) or cleared (erased to “1"), thus placing each sector in the protected or
unprotected state respectively. This feature allows software to easily protect sectors against in-
advertent changes yet does not prevent the easy removal of protection when changes are
needed.

Notes
1. The DYBs can be set (programmed to “0”) or cleared (erased to “1”) as often as needed.

When the parts are first shipped, the PPBs are cleared (erased to “1”) and upon power up or
reset, the DYBs can be set or cleared depending upon the ordering option chosen.

2. If the option to clear the DYBs after power up is chosen, (erased to “1”), then the sectors
may be modified depending upon the PPB state of that sector (see Table 13.2).

3. The sectors would be in the protected state If the option to set the DYBs after power up is
chosen (programmed to “0”).

4. It is possible to have sectors that are persistently locked with sectors that are left in the
dynamic state.

5. The DYB Set or Clear commands for the dynamic sectors signify protected or unprotected
state of the sectors respectively. However, if there is a need to change the status of the per-
sistently locked sectors, a few more steps are required. First, the PPB Lock Bit must be
cleared by either putting the device through a power-cycle, or hardware reset. The PPBs can
then be changed to reflect the desired settings. Setting the PPB Lock Bit once again locks
the PPBs, and the device operates normally again.

6. To achieve the best protection, it is recommended to execute the PPB Lock Bit Set command
early in the boot code and protect the boot code by holding WP# = V.. Note that the PPB
and DYB bits have the same function when ACC = Vyy as they do when ACC =V

13.4 Persistent Protection Bit Lock Bit

The Persistent Protection Bit Lock Bit is a global volatile bit for all sectors. When set (pro-
grammed to “0"), it locks all PPBs and when cleared (programmed to “1”), allows the PPBs to be
changed. There is only one PPB Lock Bit per device.

Notes

1. No software command sequence unlocks this bit unless the device is in the password pro-
tection mode; only a hardware reset or a power-up clears this bit.

2. The PPB Lock Bit must be set (programmed to “0”) only after all PPBs are configured to the
desired settings.

13.5 Password Protection Method

The Password Protection Method allows an even higher level of security than the Persistent Sec-
tor Protection Mode by requiring a 64 bit password for unlocking the device PPB Lock Bit. In
addition to this password requirement, after power up and reset, the PPB Lock Bit is set “"0” to
maintain the password mode of operation. Successful execution of the Password Unlock com-
mand by entering the entire password clears the PPB Lock Bit, allowing for sector PPBs
modifications.
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10.

11.

12.
13.
14,

15.

16.

17.

18.

There is no special addressing order required for programming the password. Once the Pass-
word is written and verified, the Password Mode Locking Bit must be set in order to prevent
access.

The Password Program Command is only capable of programming “0”s. Programming a “1”
after a cell is programmed as a “0” results in a time-out with the cell as a “0”.

The password is all “"1”s when shipped from the factory.
All 64-bit password combinations are valid as a password.
There is no means to verify what the password is after it is set.

The Password Mode Lock Bit, once set, prevents reading the 64-bit password on the data
bus and further password programming.

The Password Mode Lock Bit is not erasable.

The lower two address bits (A1-AQ) are valid during the Password Read, Password Program,
and Password Unlock.

The exact password must be entered in order for the unlocking function to occur.

The Password Unlock command cannot be issued any faster than 1 us at a time to prevent
a hacker from running through all the 64-bit combinations in an attempt to correctly match
a password.

Approximately 1 us is required for unlocking the device after the valid 64-bit password is
given to the device.

Password verification is only allowed during the password programming operation.
All further commands to the password region are disabled and all operations are ignored.

If the password is lost after setting the Password Mode Lock Bit, there is no way to clear the
PPB Lock Bit.

Entry command sequence must be issued prior to any of any operation and it disables reads
and writes for Bank 0. Reads and writes for other banks excluding Bank 0 are allowed.

If the user attempts to program or erase a protected sector, the device ignores the command
and returns to read mode.

A program or erase command to a protected sector enables status polling and returns to read
mode without having modified the contents of the protected sector.

The programming of the DYB, PPB, and PPB Lock for a given sector can be verified by writing
individual status read commands DYB Status, PPB Status, and PPB Lock Status to the device.
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Write Unlock Cycles:
Address 555h, Data AAh
Address 2AAh, Data 55h

!

Write
Enter Lock Register Command:
Address 555h, Data 40h

Unlock Cycle 1
Unlock Cycle 2

Y

Program Lock Register Data XXXh = Address don't care

Address XXXh, Data AGh * Not on future devices
Address 77h*, Data PD Program Data (PD): See text for Lock Register
definitions
v Caution: Lock register can only be progammed
Wait 4 us once.
(Recommended)
Y

Perform Polling Algorithm
(see Write Operation Status

<

flowchart)
Yes
No
No - . L
Error condition (Exceeded Timing Limits)
Yes
y
PASS. Write Lock Register FAIL. Write rest command
Exit Command: to return to reading array.
Address XXXh, Data 90h

Address XXXh, Data 00h
Device returns to reading array.

Figure 13.3. Lock Register Program Algorithm
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13.6 Advanced Sector Protection Software Examples

Table 13.2 Sector Protection Schemes

Unique Device PPB Lock Bit Sector PPB Sector DYB

0 = locked 0 = protected 0 = protected

| = unlocked | = unprotected | = unprotected Sector Protection Status
Any Sector 0 0 X Protected through PPB
Any Sector 0 0 X Protected through PPB
Any Sector 0 1 1 Unprotected
Any Sector 0 1 0 Protected through DYB
Any Sector 1 0 X Protected through PPB
Any Sector 1 0 X Protected through PPB
Any Sector 1 1 0 Protected through DYB
Any Sector 1 1 1 Unprotected

Table 13.2 contains all possible combinations of the DYB, PPB, and PPB Lock Bit relating to the
status of the sector. In summary, if the PPB Lock Bit is locked (set to “0”), no changes to the
PPBs are allowed. The PPB Lock Bit can only be unlocked (reset to “1”) through a hardware reset
or power cycle. See also Figure 13.1 for an overview of the Advanced Sector Protection feature.

13.7 Hardware Data Protection Methods

13.7.1

13.7.2

The device offers two main types of data protection at the sector level via hardware control:
B When WP# is at Vq, the four outermost sectors are locked (device specific).
® When ACC is at Vq, all sectors are locked.

There are additional methods by which intended or accidental erasure of any sectors can be pre-
vented via hardware means. The following subsections describes these methods:

WP# Method

The Write Protect feature provides a hardware method of protecting the four outermost sectors.
This function is provided by the WP# pin and overrides the previously discussed Sector Protec-
tion/Unprotection method.

If the system asserts Vy_on the WP# pin, the device disables program and erase functions in the
“outermost” boot sectors. The outermost boot sectors are the sectors containing both the lower
and upper set of sectors in a dual-boot-configured device.

If the system asserts Viy on the WP# pin, the device reverts to whether the boot sectors were
last set to be protected or unprotected. That is, sector protection or unprotection for these sec-
tors depends on whether they were last protected or unprotected.

Note that the WP# pin must not be left floating or unconnected as inconsistent behavior of the
device may result.

The WP# pin must be held stable during a command sequence execution

ACC Method

This method is similar to above, except it protects all sectors. Once ACC input is set to Vy, all
program and erase functions are disabled and hence all sectors are protected.
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13.7.3 Low V¢ Write Inhibit

When V¢ is less than V| ko, the device does not accept any write cycles. This protects data dur-
ing Vcc power-up and power-down.

The command register and all internal program/erase circuits are disabled, and the device resets
to reading array data. Subsequent writes are ignored until V¢ is greater than V kgo. The system
must provide the proper signals to the control inputs to prevent unintentional writes when V¢
is greater than V ko.

13.7.4 Write Pulse “Glitch Protection”

Noise pulses of less than 3 ns (typical) on OE#, CE# or WE# do not initiate a write cycle.

13.7.5 Power-Up Write Inhibit

If WE# = CE# = RESET# = V_and OE# = Viy during power up, the device does not accept
commands on the rising edge of WE#. The internal state machine is automatically reset to the
read mode on power-up.
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14 Power Conservation Modes

14.1

Standby Mode

When the system is not reading or writing to the device, it can place the device in the standby
mode. In this mode, current consumption is greatly reduced, and the outputs are placed in the
high impedance state, independent of the OE# input. The device enters the CMOS standby mode
when the CE# and RESET# inputs are both held at Vcc * 0.2 V. The device requires standard
access time (tcg) for read access, before it is ready to read data. If the device is deselected dur-
ing erasure or programming, the device draws active current until the operation is completed.
Icc3 in "DC Characteristics” represents the standby current specification

14.2 Automatic Sleep Mode

The automatic sleep mode minimizes Flash device energy consumption while in asynchronous
mode. the device automatically enables this mode when addresses remain stable for tycc + 20
ns. The automatic sleep mode is independent of the CE#, WE#, and OE# control signals. Stan-
dard address access timings provide new data when addresses are changed. While in sleep
mode, output data is latched and always available to the system. While in synchronous mode,
the automatic sleep mode is disabled. Note that a new burst operation is required to provide new
data. Iccg in DC Characteristics (CMOS Compatible) represents the automatic sleep mode cur-
rent specification.

14.3 Hardware RESET# Input Operation

The RESET# input provides a hardware method of resetting the device to reading array data.
When RESET# is driven low for at least a period of tgp, the device immediately terminates any
operation in progress, tristates all outputs, resets the configuration register, and ignores all read/
write commands for the duration of the RESET# pulse. The device also resets the internal state
machine to reading array data. The operation that was interrupted should be reinitiated once the
device is ready to accept another command sequence to ensure data integrity.

When RESET# is held at Vgg + 0.2 V, the device draws CMOS standby current (Icc4). If RESET#
is held at Vy but not within Vgg + 0.2 V, the standby current is greater.

RESET# may be tied to the system reset circuitry and thus, a system reset would also reset the
Flash memory, enabling the system to read the boot-up firmware from the Flash memory.

14.4 Output Disable (OE#)

When the OE# input is at Vi, output from the device is disabled. The outputs are placed in the
high impedance state.
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I5 Secured Silicon Sector Flash Memory Region

The Secured Silicon Sector provides an extra Flash memory region that enables permanent part
identification through an Electronic Serial Number (ESN). The Secured Silicon Sector is 256
words in length that consists of 128 words for factory data and 128 words for customer-secured
areas. All Secured Silicon reads outside of the 256-word address range returns invalid data. The
Factory Indicator Bit, DQ7, (at Autoselect address 03h) is used to indicate whether or not the
Factory Secured Silicon Sector is locked when shipped from the factory. The Customer Indicator
Bit (DQ6) is used to indicate whether or not the Customer Secured Silicon Sector is locked when
shipped from the factory.

Please note the following general conditions:

B While Secured Silicon Sector access is enabled, simultaneous operations are allowed except
for Bank 0.

®  On power-up, or following a hardware reset, the device reverts to sending commands to the
normal address space.

Reads can be performed in the Asynchronous or Synchronous mode.

Burst mode reads within Secured Silicon Sector wrap from address FFh back to address 00h.
Reads outside of sector 0 return memory array data.

Continuous burst read past the maximum address is undefined.

Sector 0 is remapped from memory array to Secured Silicon Sector array.

Once the Secured Silicon Sector Entry Command is issued, the Secured Silicon Sector Exit
command must be issued to exit Secured Silicon Sector Mode.

B The Secured Silicon Sector is not accessible when the device is executing an Embedded Pro-
gram or Embedded Erase algorithm.

Table I5.1 Secured Silicon Sector Addresses

Sector Sector Size Address Range
Customer 128 words 000080h-0000FFh
Factory 128 words 000000h-00007Fh

I5.1 Factory Secured Silicon Sector

The Factory Secured Silicon Sector is always protected when shipped from the factory and has
the Factory Indicator Bit (DQ7) permanently set to a “1”. This prevents cloning of a factory locked
part and ensures the security of the ESN and customer code once the product is shipped to the
field.

These devices are available pre programmed with one of the following:
B A random, 8 Word secure ESN only within the Factory Secured Silicon Sector

B Customer code within the Customer Secured Silicon Sector through the Spansion™ program-
ming service.

B Both a random, secure ESN and customer code through the Spansion programming service.

Customers may opt to have their code programmed through the Spansion programming ser-
vices. Spansion programs the customer's code, with or without the random ESN. The devices are
then shipped from the Spansion factory with the Factory Secured Silicon Sector and Customer
Secured Silicon Sector permanently locked. Contact your local representative for details on using
Spansion programming services.
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15.2 Customer Secured Silicon Sector

The Customer Secured Silicon Sector is typically shipped unprotected (DQ6 set to “0”), allowing
customers to utilize that sector in any manner they choose. If the security feature is not required,
the Customer Secured Silicon Sector can be treated as an additional Flash memory space.

Please note the following:

B Once the Customer Secured Silicon Sector area is protected, the Customer Indicator Bit is
permanently set to “1.”

B The Customer Secured Silicon Sector can be read any number of times, but can be pro-
grammed and locked only once. The Customer Secured Silicon Sector lock must be used with
caution as once locked, there is no procedure available for unlocking the Customer Secured
Silicon Sector area and none of the bits in the Customer Secured Silicon Sector memory
space can be modified in any way.

B The accelerated programming (ACC) and unlock bypass functions are not available when
programming the Customer Secured Silicon Sector, but reading in Banks 1 through 15 is
available.

B Once the Customer Secured Silicon Sector is locked and verified, the system must write the
Exit Secured Silicon Sector Region command sequence which return the device to the mem-
ory array at sector 0.

15.3 Secured Silicon Sector Entry/Exit Command Sequences

The system can access the Secured Silicon Sector region by issuing the three-cycle Enter Se-
cured Silicon Sector command sequence. The device continues to access the Secured Silicon
Sector region until the system issues the four-cycle Exit Secured Silicon Sector command
sequence.

See Command Definition Table [Secured Silicon Sector Command Table, Appendix
Table 17.1 for address and data requirements for both command sequences.

The Secured Silicon Sector Entry Command allows the following commands to be executed

B Read customer and factory Secured Silicon areas
B Program the customer Secured Silicon Sector

After the system has written the Enter Secured Silicon Sector command sequence, it may read
the Secured Silicon Sector by using the addresses normally occupied by sector SAO within the
memory array. This mode of operation continues until the system issues the Exit Secured Silicon
Sector command sequence, or until power is removed from the device.

Software Functions and Sample Code

The following are C functions and source code examples of using the Secured Silicon Sector Entry,
Program, and exit commands. Refer to the Spansion Low Level Driver User’s Guide (available
soon on www.amd.com and www.fujitsu.com) for general information on Spansion Flash memory
software development guidelines.
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Table 15.2. Secured Silicon Sector Entry
(LLD Function = Ild_SecSiSectorEntryCmd)
Cycle Operation Byte Address Word Address Data
Unlock Cycle 1 Write Base + AAAh Base + 555h 00AAh
Unlock Cycle 2 Write Base + 554h Base + 2AAh 0055h
Entry Cycle Write Base + AAAh Base + 555h 0088h
Note: Base = Base Address.
/* Example: SecSi Sector Entry Command */
*( (UINT16 *)base_addr + 0x555 ) = 0x00AA; /* write unlock cycle 1 */
*( (UINT16 *)base_addr + Ox2AA ) = 0x0055; /* write unlock cycle 2 */
*( (UINT1l6 *)base_addr + 0x555 ) = 0x0088; /* write Secsi Sector Entry Cmd */
Table 15.3. Secured Silicon Sector Program
(LLD Function = lld_ProgramCmd)
Cycle Operation Byte Address Word Address Data
Unlock Cycle 1 Write Base + AAAh Base + 555h 00AAh
Unlock Cycle 2 Write Base + 554h Base + 2AAh 0055h
Program Setup Write Base + AAAh Base + 555h 00AOh
Program Write Word Address Word Address Data Word
Note: Base = Base Address.
/* Once in the SecSi Sector mode, you program */
/* words using the programming algorithm. */
Table 15.4. Secured Silicon Sector Exit
(LLD Function = Ild_SecSiSectorExitCmd)
Cycle Operation Byte Address Word Address Data
Unlock Cycle 1 Write Base + AAAh Base + 555h 00AAh
Unlock Cycle 2 Write Base + 554h Base + 2AAh 0055h
Exit Cycle Write Base + AAAh Base + 555h 0090h
Note: Base = Base Address.
/* Example: SecSi Sector Exit Command */
*( (UINT1l6 *)base_addr + 0x555 ) = 0x00AA; /* write unlock cycle 1 */
*( (UINT16 *)base_addr + Ox2AA ) = 0x0055; /* write unlock cycle 2 */
*( (UINT1l6 *)base_addr + 0x555 ) = 0x0090; /* write SecSi Sector Exit cycle 3 */
*( (UINT16 *)base_addr + 0x000 ) = 0x0000; /* write SecSi Sector Exit cycle 4 */
71
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16 Electrical Specifications

16.1 Absolute Maximum Ratings

Storage Temperature

Plastic Packages . . . . . . . .. i i e e -65°C to +150°C
Ambient Temperature
with Power Applied . . ... .. e -65°C to +125°C

Voltage with Respect to Ground:
All Inputs and I/Os except

asnoted below (Note 1) ............. ... .. ... ... -0.5VtoVec+ 0.5V
Vec(Note 1), .o o -0.5Vto +2.5V
ACC (NOtE 2) o v vt e e e e e -0.5Vto +9.5V
Output Short Circuit Current (Note 3) . . . . ... it e e s 100 mA
Notes:

1. Minimum DC voltage on input or I/Os is -0.5 V. During voltage transitions, inputs or
I/0Os may undershoot Vsg to -2.0 V for periods of up to 20 ns. See Figure 16.1.
Maximum DC voltage on input or I/Os is V¢ + 0.5 V. During voltage transitions
outputs may overshoot to V¢ + 2.0 V for periods up to 20 ns. See Figure 16.2.

2.  Minimum DC input voltage on pin ACC is -0.5V. During voltage transitions, ACC may
overshoot Vsg to -2.0 V for periods of up to 20 ns. See Figure 16.1. Maximum DC
voltage on pin ACC is +9.5 V, which may overshoot to 10.5 V for periods up to 20 ns.

3.  No more than one output may be shorted to ground at a time. Duration of the short
circuit should not be greater than one second.

4. Stresses above those listed under "Absolute Maximum Ratings” may cause permanent
damage to the device. This is a stress rating only; functional operation of the device at
these or any other conditions above those indicated in the operational sections of this
data sheet is not implied. Exposure of the device to absolute maximum rating conditions
for extended periods may affect device reliability.

20 ns 20 ns 20 ns

+0.8V Vee . _ _ _ _ _
XX oy
-0.5V Vee
SRR X
20V — —l— — _
0 1.0V

20 ns 20 ns 20 ns
Figure 16.1. Maximum Negative Overshoot Figure 16.2. Maximum Positive Overshoot
Woaveform Woaveform

Note:The content in this document is Advance information for the S29WS128N. Content in this docu-
ment is Preliminary for the S29W256N.

72 S29WS-N_m0_I0 December 3, 2005



Preliminary

16.2 Operating Ranges

Wireless (W) Devices

Ambient Temperature (Ta) .« v v v v vt oo e e

Supply Voltages

Vec Supply Voltages .. . oo oo
Notes: Operating ranges define those limits between which the functionality of the device

is guaranteed.

16.3 Test Conditions

Device
Under
Test

Figure 16.3.

1.
Il

Test Setup

Table 16.1 Test Specifications

reference levels

Test Condition All Speed Options | Unit

Output Load Capacitance, C,
! L ) 30 pF

(including jig capacitance)

. ! 3.0 @ 54, 66 MHz
Input Rise and Fall Times ns

2.5 @ 80 MHz

Input Pulse Levels 0.0-Vc v
Input timing measurement Vo2 vV
reference levels
Output timing measurement Ve/2 v

SPANSION"
A\

-25°C to +85°C

+1.70 Vto +1.95V
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16.4 Key to Switching Waveforms

Waveform Inputs Outputs

Steady

_m_ Changing from Hto L

_m_ Changing from L to H

XX‘X‘X‘XX Don't Care, Any Change Permitted Changing, State Unknown

% Does Not Apply Center Line is High Impedance State (High Z)

16.5 Switching Waveforms

Vee
All Inputs and Outputs Input Vge/2 %{47 Measurement Level —> %VCC/Z Output
0.0V

Figure 16.4. Input Waveforms and Measurement Levels

16.6 V¢ Power-up

Parameter Description Test Setup Speed Unit
tves Ve Setup Time Min 1 ms
Notes:

1. All Ve¢ signals must be ramped simultaneously to ensure correct power-up.

2. S29WS128N: V¢ ramp rate is > 1V/ 100 us and for Vec ramp rate of <1V /
100 us a hardware reset is required.

<«— tvcs —»

RESET# /

A

Figure 16.5. V¢ Power-up Diagram
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16.7 DC Characteristics (CMOS Compatible)

Parameter Description (Notes) Test Conditions (Notes 1, 8) Min Typ Max Unit
Iy Input Load Current Vin = Vsg to Ve, Vee = Veemax +1 MA
ILO Output Leakage Current (2) VOUT = VSS to Vcc, VCC = VccmaX +1 A

CE# = Vg, OE# = Vi, 54 MHz 27 54 mA
WE# = Vy, burst length | 66 MHz 28 60 mA
=8 80 MHz 30 66 mA
CE# = Vg, OE# = Vi, 54 MHz 28 48 mA
WE# = Vy, burst length | 66 MHz 30 54 mA
=16 80 MHz 32 60 mA
Icce V¢ Active burst Read Current SV %5 P A
CE# = Vi, OE# = Viy,, z m
WE# = Vy, burst length | 66 MHz 32 48 mA
=32 80 MHz 34 54 mA
4 MH 2 A
CE# = Vi, OE# = Vg, |20 M2 3 36 m
WE# = Vy, burst length | 66 MHz 35 42 mA
= Conti
ontinuous 80 MHz 38 48 mA
10 MHz 34 45 mA
Vcc Active Asynchronous CE# =V, OE# = Vyy,
Iecr Read Current (3) WE# = Viy > MHz 7 26 mA
1 MHz 4 7 mA
. . CE# =V, OE# = V Vacc 1 5 HA
I Ve Active Write Current (4) W IH
ce2 ce ACC = Viy Vee 24 52.5 mA
CE# = RESET# = Vacc 1 5 HA
I Ve Standby Current (5, 6
cc3 cc y (5, 6) Ve £ 0.2V Voo 3% 20 A
Icca Vcc Reset Current (6) RESET# =V CLK = Vy_ 70 250 HA
Vcc Active Current CE# =V, OE# = Vi, ACC = Vi @
Iees (Read While Write) (6) 5 MHz >0 60 mA
Icce Vcc Sleep Current (6) CE# =V, OE# = Vi 2 70 pA
Iccy Vcc Page Mode Read Current | OE# = Vyy, CE# = Vp_ 12 mA
Tnce Accelerated Program Current | CE# = Vy, OE# =V, Vacc 6 20 mA
(7) Vacc = 9.5V Vee 14 20 mA
Vi Input Low Voltage Vee = 1.8V -0.5 0.4 \
Vin Input High Voltage Vee = 1.8V Vee - 0.4 Vee + 0.4 \
VoL Output Low Voltage IoL = 100 pA, Vee = Vee min 0.1 \Y
VOH Output ngh VoItage IOH = -100 pA, VCC = VCC min VCC \%
Voltage for Accelerated
VHH Program 8.5 9.5 v
Viko Low V¢ Lock-out Voltage 1.4 \"
Notes:

1. Maximum I-c specifications are tested with V¢ = Vcmax.

2. CE# must be set high when measuring the RDY pin.

3. The Ic current listed is typically less than 3.5 mA/MHz, with OE# at V.
4. Icc active while Embedded Erase or Embedded Program is in progress.
5

Device enters automatic sleep mode when addresses are stable for tycc + 20 ns.
Typical sleep mode current is equal to Iccs.

VIH = VCC + 0.2 Vand VIL >-0.1V.

Total current during accelerated programming is the sum of Vcc and Ve
currents.

N D

8. VACC = Vyy on ACC input.
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16.8 AC Characteristics

16.8.1 CLK Characterization

Parameter Description 54 MHz 66 MHz 80 MHz Unit
fok CLK Frequency Max 54 66 80 MHz
tok CLK Period Min 18.5 15.1 12.5 ns
teH CLK High Time

Min 7.4 6.1 5.0 ns
teL CLK Low Time
ter CLK Rise Time

Max 3 3 2.5 ns
ter CLK Fall Time

Note: Not 100% tested.

a
=
Y

< tCH -|< tcL

CLK —/ /

Figure 16.6. CLK Characterization
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16.8.2 Synchronous/Burst Read
Parameter

JEDEC | Standard Description 54 MHz 66 MHz 80 MHz Unit
tiancc | Latency Max 80 ns

tgacc | Burst Access Time Valid Clock to Output Delay | Max 13.5 11.2 9 ns

tacs Address Setup Time to CLK (Note 1) Min 5 4 ns

tacH Address Hold Time from CLK (Note 1) Min 7 6 ns

tepH Data Hold Time from Next Clock Cycle Min 4 3 ns

ter Chip Enable to RDY Valid Max 13.5 11.2 9 ns

toe Output Enable to Output Valid Max 13.5 11.2 ns

teez Chip Enable to High Z (Note 2) Max 10 ns

toez Output Enable to High Z (Note 2) Max 10 ns

tces CE# Setup Time to CLK Min 4 ns

troys | RDY Setup Time to CLK Min 5 4 3.5 ns

tracc | Ready Access Time from CLK Max 13.5 11.2 8.5 ns

teas CE# Setup Time to AVD# Min 0 ns

tave AVD# Low to CLK Min 4 ns

tavp AVD# Pulse Min 7 ns

tavon |AVD# Hold Min 3 ns
foik Minimum clock frequency Min 1 ‘ 1 ‘ 1 MHz

Notes:

1. Addresses are latched on the first rising edge of CLK.
2. Not 100% tested.

Table 16.2 Synchronous Wait State Requirements

Max Frequency Wait State Requirement
01 MHz < Freq. < 14 MHz 2
14 MHz < Freq. < 27 MHz 3
27 MHz < Freq. < 40 MHz 4
40 MHz < Freq. < 54 MHz 5
54 MHz < Freq. < 67 MHz 6
67 MHz < Freq. < 80 MHz 7
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16.8.3 Timing Diagrams

5 cycles for initial access shown.

—> = tces 18.5 ns typ. (54 MHz) teez -
CE# —
1 2 3 T 4 5 6 7

i Aamlin

~
S~

C —p <—. ’I'I
AVD#
— ~—Ttavp
— tavoH
tacs —o| (=

/1L

Addresses ) Aa i

t 17

—{ tacH |=e— — BACC
Hi-Z
oat (o SO DO D@ DB
tiacc 1 Da Da+1 Da + 2 Da + 3 Da+n
—»| |- tgpy toez <

OE# N /1

I

—| toF | —| tracc - .,
Hi-z A 11/ Hi-Z

RDY (n) \ j‘
— ter —— <
trovs
Y 2> 2> > > Hi-Z
pata (n + 1) D D D D T s
Da Da+1 Da +2 Da + 2 Da +n

RDY (n + 1) == 7 / \_/_'I'l_\—'“'Z

7 7 7 T Hi-Z
Data (n + 2) XX HRX ORI - OBy
Da

Da+1 Da+1 Da+1 Da+n

i % i-
RDY (n + 2) == 1 \_—_/—\—/_f ==

Ve e =7 e Hi-Z
Data (n + 3) NN D D s D 5D s oD 55wy
Da Da Da Da Da+n
Hi-Z /_\ Hi-Z
RDY (n + 3) q \ /L / —=
Notes:

1. Figure shows total number of wait states set to five cycles. The total number of
wait states can be programmed from two cycles to seven cycles.

2. If any burst address occurs at "address + 17, “address + 2”, or "address + 37,
additional clock delay cycles are inserted, and are indicated by RDY.

3. The device is in synchronous mode.

Figure 16.7. CLK Synchronous Burst Mode Read

78 S29WS-N_m0_I0 December 3, 2005



Preliminary SPANSION"

] le— tces 7 cycles for initial access shown.

CE# »

CLK L

—+~| [=tavc
je— tAVDH /L
AVD# T
e

tacs —~ =
IIII
Addresses ac [ by
tacH lee— > — teacc
Data XXX K1
- tiacc DC DD DE DF D8 DB

OE#

RDY

top  |e— —tRacC (e tRA% — E
17

— =

trovs

Notes:

1.

Figure shows total number of wait states set to seven cycles. The total number of wait states can be programmed from two cycles to seven
cycles.

2. If any burst address occurs at “"address + 1”, "address + 2”, or “address + 3”, additional clock delay cycles are inserted, and are indicated
by RDY.
3. The device is in synchronous mode with wrap around.
4. D8-DF in data waveform indicate the order of data within a given 8-word address range, from lowest to highest. Starting address in figure
is the 4th address in range (0-F).
Figure 16.8. 8-word Linear Burst with Wrap Around
] f— tces 7 cycles for initial access shown.
CE# .,
1 2 3 4 5 6 7 T
CLK [
—| |——— tpyc
j—tavoH /L
AVD# Y
| - tap
tacs —b|  |m—
/L
Addresses ac [ o
117
| tACH [=e—
Data DK
< tiacc DB
OE# /L
< —>tracc e i tracc
RDY "
— f——
troYs
Notes:
1. Figure shows total number of wait states set to seven cycles. The total number of wait states can be programmed from two cycles to seven
cycles. Clock is set for active rising edge.
2. If any burst address occurs at "address + 1”, "address + 2”, or “address + 3”, additional clock delay cycles are inserted, and are indicated
by RDY.
3. The device is in asynchronous mode with out wrap around.
4. DC-D13 in data waveform indicate the order of data within a given 8-word address range, from lowest to highest. Starting address in figure

is the 1st address in range (c-13).

Figure 16.9. 8-word Linear Burst without Wrap Around
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— le— tcgs 6 wait cycles for initial access shown. teez — «
CE# /
1 5 6 7 e
CLK 22 | 22 I |_1 u |_1 _1 I_i |_/ /— I_J
—» |~=—tayc
p=—tavDH 7/
AVD# Y
%>‘ ~—tavp
tacs —-| =
IIII
Addresses > Aa 'y
17
| ]| tacH lee— —> — teacc
-~ tiacc Da Da+1 Da+2 Da+3 Da +n
— |- {
. BDH togy —m] |=—
— |} — —
OF# 1 | tracCC Wy
117
> teR |e— t
—>| loE |==—
Hi-Z \ { Hi-Z
RDY ——88™™ X /
—> |=— tppys

Notes:

1. Figure assumes 6 wait states for initial access and synchronous read.
2. The Set Configuration Register command sequence has been written with CR8=0, device outputs RDY one cycle before valid data.

Figure 16.10. Linear Burst with RDY Set One Cycle Before Data

16.8.4 AC Characteristics—Asynchronous Read

Parameter
JEDEC | Standard Description 54 MHz | 66 MHz | 80 MHz | Unit
tee Access Time from CE# Low Max 80 ns
tacc Asynchronous Access Time Max 80 ns
tavpp AVD# Low Time Min ns
taavps  |Address Setup Time to Rising Edge of AVD# Min ns
taavpH |Address Hold Time from Rising Edge of AVD# Min 6 ns
toe Output Enable to Output Valid Max 13.5 ns
Read Min 0 ns
t Output Enable Hold Time
i Datas poling | M1 10 ns
toez Output Enable to High Z (see Note) Max 10 ns
teas CE# Setup Time to AVD# Min 0 ns
tpacc Page Access Time Max 20 ns
ton Output HoId_ Time From Addresses, CE# Min 0 ns
or OE#, whichever occurs first (Note 2)
teez Chip Enable to Output Tristate Max 10 ns
Notes:

1. Not 100% tested.

2. togy = 1 ns for S29WS128N.
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CE#

OE#

WE#

Data

Addresses

AVD#

<— ToeH

top>

~— tce —— toez
(L vatigro 15

SPANSION"
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< tacc —>

RA
tcas > > i<<7tAAVDH
- tavop
—> taavos

Note: RA = Read Address, RD = Read Data.

22

Figure 16.11.

Asynchronous Mode Read

A22-A2 )
/ . Same Page Address X
AL-A0 ) AO Al A2 A3 X
tce
CE# \
tacc === tcoez
_\_ Optional 1
AVD# . : 1 /
) ' tog,
— tpacc|" 1
OE# \ : '
22 T OEZ
: '
WE# h ' ;
/ : 1 tpacc
1 1
Data 2R D2 D3 >>
—|
toH

Figure 16.12. Four-Word Page-Mode Operation
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16.8.5 Hardware Reset (RESET#)
Parameter
JEDEC Std. Description All Speed Options Unit
trp RESET# Pulse Width Min 30 us
trH Reset High Time Before Read (See Note) Min 200 ns

Note: Not 100% tested.

CE#, OE#

<ty

RESET# \ /

<—tRP4>

Figure 16.13. Reset Timings
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16.8.6 Erase/Program Timing
Parameter
JEDEC | Standard Description 54 MHz | 66 MHz | 80 MHz | Unit
tavav twe Write Cycle Time (Note 1) Min 80 ns
Synchronous 5 ns
tavwL tas Address Setup Time (Notes 2, 3) Min
Asynchronous 0 ns
twiax taH Address Hold Time (Notes 2, 3) Synchronous Min ns
Asynchronous 20
tavpp AVD# Low Time Min 8 ns
tovwH tps Data Setup Time Min 45 20 ns
twHDX toH Data Hold Time Min 0 ns
teHwL tGHWL Read Recovery Time Before Write Min 0 ns
tcas CE# Setup Time to AVD# Min 0 ns
twHEH ten CE# Hold Time Min 0 ns
twLwH twp Write Pulse Width Min 30 ns
twHwL tweH Write Pulse Width High Min 20 ns
tsr/w Latency Between Read and Write Operations Min 0 ns
tvip Vacc Rise and Fall Time Min 500 ns
tvips Vacc Setup Time (During Accelerated Programming) Min 1 us
teLwL tes CE# Setup Time to WE# Min 5 ns
tavsw AVD# Setup Time to WE# Min 5 ns
tavHW AVD# Hold Time to WE# Min 5 ns
tavsc AVD# Setup Time to CLK Min 5 ns
tavHc AVD# Hold Time to CLK Min 5 ns
tesw Clock Setup Time to WE# Min 5 ns
twep Noise Pulse Margin on WE# Max 3 ns
tsea Sector Erase Accept Time-out Max 50 us
tesL Erase Suspend Latency Max 20 us
tpsL Program Suspend Latency Max 20 us
tasp Toggle Time During Erase within a Protected Sector Typ 0 us
tpsp Toggle Time During Programming Within a Protected Sector Typ 0 us
Notes:

1. Not 100% tested.

2. Asynchronous read mode allows Asynchronous program operation only. Synchronous read mode allows both Asynchronous and
Synchronous program operation.

3. In asynchronous program operation timing, addresses are latched on the falling edge of WE#. In synchronous program operation timing,
addresses are latched on the rising edge of CLK.

4. See the "Erase and Programming Performance” section for more information.

5. Does not include the preprogramming time.
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CLK

AVD#

Addresses

Data

OE#

|
I
ViH |
I
V- //// :
tavop |

\_/ //_r\_/
/ I
<> fay I
tas | :

—LK 2AAh SA
555h for 10h for
chip erase chip erase
I
55h 30 XXXXK0
<< tpg > ' :
tDH—> o |
cer / \ / \
/]
| toy 7/
_>tWP

Preliminary

Erase Command Sequence (last two cycles)

Read Status Data
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Figure 16.14. Chip/Sector Erase Operation Timings

84

S29WS-N_m0_10 December 3, 2005



Preliminary SPANSION"
A N

Program Command Sequence (last two cycles) Read Status Data

J
|
ViH /f :
CLK I

ViL //// X

AVD# M\ jf—\ /—/ /_i\_/ \_/

tAs — |

'
1

[\ / !
Addresses 555h { PA ) ,/—4-—<I VA p—
|
/]!
Data AOh PD l { Prolgnress ) Complete

|
—»=| { —— |
tCASAP — DS |

cer /\ ]

OE# ten ==
|a—tyyp—= Py

WE# /am s \ /( 7/
‘\—/' -

3 tCS < < tWPH —

'
i
1
]
SL G

[ E——— tWC —_—
*‘ le— tvcs

7
Vee  / !
Notes:

1. PA = Program Address, PD = Program Data, VA = Valid Address for reading status bits.

2. "In progress” and “complete” refer to status of program operation.

3. A23-A14 for the WS256N (A22-A14 for the WS128N) are don’t care during command sequence unlock cycles.
4. CLK can be either Vy or V.
5

. The Asynchronous programming operation is independent of the Set Device Read Mode bit in the
Configuration Register.

Figure 16.15. Program Operation Timing Using AVD#
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Program Command Sequence (last two cycles) Read Status Data

—  |=tayen !
ok — T | f l //_IJ—\—T—|—
—» tas = |
— -~ tAH :
tavsc —f  f /1]
— 7
AVD# \: 7 \_/ /_?-\_/ \_/
|
|
= =1 tavop |
pitreses —{ [ssh — Fr (m) M —Ca——
|
|
/]
Data { AOh ) <r PD W% I { Prog;ess ) Complete )}—
7 |
—>| =« teas < tos = |
toy —>= == S
|
ce# X / A /
I
Jy
—> tey e ]
OE# — etcsw :
|
—— twp /[ 1
\ 1T |
WE / \ / - ! twHwHl ———>
tWPH‘» :
- twe ] l
|
|
|
|
|
|
|
|

> | tycs /)
17
Vee
Notes:

PA = Program Address, PD = Program Data, VA = Valid Address for reading status bits.

"In progress” and “"complete” refer to status of program operation.

A23-A14 for the WS256N (A22-A14 for the WS128N) are don't care during command sequence unlock cycles.
Addresses are latched on the first rising edge of CLK.

Either CE# or AVD# is required to go from low to high in between programming command sequences.

RS N

The Synchronous programming operation is dependent of the Set Device Read Mode bit in the Configuration
Register. The Configuration Register must be set to the Synchronous Read Mode.

Figure 16.16. Program Operation Timing Using CLK in Relationship to AVD#
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CE#

AVD# ﬁ‘# \_/
N o U S

Addresses >< PA ><
Data Don't Care >< AOh >< Don't Care >< PD >< Don't Care

OE# —> <—1typs \_

ACC Vip
> < tyip

Vi orViy
Note: Use setup and hold times from conventional program operation.

Figure 16.17. Accelerated Unlock Bypass Programming Timing

AVD# \ / " \ /

< tCE — - tCEZ
CE# /‘— /[ /
=t top | e _>‘_4— toez
/
OE# \r / /[ \ /
<« topy——> "

WE# _/'- 1/

tACC —

Addresses VA / 4 VA S High Z

High Z
Data @ Status Data EH/ \< Status Data >\

Notes:
1. Status reads in figure are shown as asynchronous.

2. VA = Valid Address. Two read cycles are required to determine status. When the Embedded Algorithm operation is complete, and Data#
Polling outputs true data.

Figure 16.18. Data# Polling Timings (During Embedded Algorithm)
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AVD# \ / " \ /

<—tCE—>
CE# /c

—» (= tcgz

—> |ty > [ toez

OE# = _§ - /_;/ \ /]

- toen >
WE# - 1/
—/ tACC_>

Addresses VA // VA N

High Z

High Z
Data g Status Data E>—// <K _Status Data 2\,

Notes:

1. Status reads in figure are shown as asynchronous.

2. VA = Valid Address. Two read cycles are required to determine status. When the Embedded Algorithm operation is complete, the toggle bits
stop toggling.

Figure 16.19. Toggle Bit Timings (During Embedded Algorithm)

cEx  \ / /\ L /

ax LA L L L L L A T T

I
i
/ | /L
1
L

ADE TN\ / 7 \_i / 4

//

/
A X 7/, X_VA X ;//

Addresses X Vi

OE# 4_\7// /

SwstaE O i

\_/// /S

i tacc | tiacc
Data ; ~ { Status Data ) A ( Status Data  )——
RDY ] A / I~/
Notes:

1. The timings are similar to synchronous read timings.

2. VA = Valid Address. Two read cycles are required to determine status. When the Embedded Algorithm operation is complete, the toggle bits
stop toggling.

3. RDY is active with data (D8 = 1 in the Configuration Register). When D8 = 0 in the Configuration Register, RDY is active one clock cycle before
data.

Figure 16.20. Synchronous Data Polling Timings/Toggle Bit Timings
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OP% | \‘qus\ \‘49qs\ \‘BPqS\ \‘SPqS\ \‘199n§\ ‘1?qn§ \‘1ﬁqn? \‘1§qn§\ ‘1?9“? “ZOOns

ADDRY X X

CE#

AVD#

OE# \ /

Note: DQ2 does not toggle correctly during erase suspend if AVD# or CE# are held low after valid
address.

Figure 16.21. Conditions for Incorrect DQ2 Polling During Erase Suspend

oS [2ns, | |*0ns, , (60, [BDns,  [1POne, |EROne  [LIOn |16 |1Bns, 200N 2

ADDR| )(
cer|]  \ [

AVD#

OE# \ /

Note: DQ2 polling during erase suspend behaves normally if CE# pulses low at or after valid Address,
even if AVD# does not.

Figure 16.22. Correct DQ2 Polling during Erase Suspend #l

OP% | \‘zpqs\ \‘4qu\ \‘6qu\ \‘BPqS\\ ‘199n§ \‘1?qn§ \‘1ﬁqn§\ ‘lﬁqn% \‘1§9n§ \‘29qn§\

ADDR| X ¥

CE# /
AVD# \ /

OE# \ [ ]

Note: DQ2 polling during erase suspend behaves normally if AVD# pulses low at or after valid Address,
even if CE# does not.

Figure 16.23. Correct DQ2 Polling during Erase Suspend #2

Ops [0, [4Pns, , [60ns, , [Bns, |, [10On , [12qns | |140nS , 1605 , [28Qne , 2PN
X
—

ADDR

| X

cex|  \

aoxl O\ /
OE# \ [ ]

Note: DQ2 polling during erase suspend behaves normally if both AVD# and CE# pulse low at or after
valid Address.

Figure 16.24. Correct DQ2 Polling during Erase Suspend #3
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EmEbr:atgged Erase Enter Erase Erase
Erasing Suspend Suspend Program Resume
WE# |||||||||||| Erase |_| Erase Suspend |||||||| Erase Erase Suspend|_| Erase Erase
Read Suspend Read Complete

Program

Note: DQ2 toggles only when read at an address within an erase-suspended sector. The system may use OE# or CE#
to toggle DQ2 and DQ6.

Figure 16.25. DQ2 vs. DQ6

Address boundary occurs every 128 words, beginning at address
00007Fh: (0000FFh, 00017Fh, etc.) Address 000000h is also a boundary crossing.
I

I I
Cl24  C125  C126  C127 _ C127 _ Ci28 _ C129 _ C130 _ Ci31

ST T S s s s s O

Address (hex) 7C 7D 7E 7F 7F 80 81 82 83

AVD# (stays high)

tracc ‘_;| ~— tracc
RDY(1) | latency |
tracc <—'| ~—>| tracc

RDY(2) | latency |
Data X p124 X p125s X D126 X D127 X p128 X p129 X p130 X

(] =2
CE# (stays low)

Notes:

RDY(1) active with data (D8 = 1 in the Configuration Register).

RDY(2) active one clock cycle before data (D8 = 0 in the Configuration Register).

Cxx indicates the clock that triggers Dxx on the outputs; for example, C60 triggers D60.
Figure shows the device not crossing a bank in the process of performing an erase or program.
RDY does not go low and no additional wait states are required for WS < 5.

U R WN =

Figure 16.26. Latency with Boundary Crossing when Frequency > 66 MHz
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Address boundary occurs every 128 words, beginning at address
00007Fh: (0000FFh, 00017Fh, etc.) Address 000000h is also a boundary crossing.

I_I_I

C124 C125 C126 C127 C127

ax I L1 I I A s O O R

Address (hex) 7C 7D 7E 7F 7F

AVD# (stays high)

RDY(1) I latency I

tracc <—>| ~—] tracc

RDY(2) | latency I

Data X p124 X D125 X D126 X D127 X Read Status
OF#, 7 = > " TTTTTTTTTToToToooosomsmsmsommmomoe
CE# (stays low)

Notes:

1. RDY(1) active with data (D8 = 1 in the Configuration Register).

2. RDY(2) active one clock cycle before data (D8 = 0 in the Configuration Register).

3. Cxx indicates the clock that triggers Dxx on the outputs; for example, C60 triggers D60.

4. Figure shows the device crossing a bank in the process of performing an erase or program.
5. RDY does not go low and no additional wait states are required for WS < 5.

Figure 16.27. Latency with Boundary Crossing into Program/Erase Bank
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Data et
S (o0 X_o

Rising edge of next clock cycle

AVD# following last wait state trigger
next burst data

; ; . total number of clock cycles
I I following addresses being latched

OE# : : ----- T T | T T T
1 1 1 1 1 | 1 1 / 1
I I T T T T T T | I
A S 2, 3 ., 4 5 . 6 /J 7

CLK F N F N S r N 'S L S A r' S

o
=
N

A
ARG S S

number of clock cycles
programmed

Wait State Configuration Register Setup:

D13, D12, D11 = "111” = Reserved

D13, D12, D11 = "110” = Reserved

D13, D12, D11 = "101” = 5 programmed, 7 total

D13, D12, D11 = "100” = 4 programmed, 6 total

D13, D12, D11 = "011” = 3 programmed, 5 total

Note: Figure assumes address DO is not at an address boundary, and wait state is set to "101”.

Figure 16.28. Example of Wait States Insertion
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Last Cycle in Read status (at least two cycles) in same bank Begin another
Program or and/or array data from other bank write or program
Sector Erase command sequence

Command Sequence

1
'€— twrite Cycle —»'€—— lRead Cycle —): '€«—— tRead Cycle ——Pr€— twrite Cycle —»

i | '
| | 1 1
1 1 1 ! !
: Lo l l
1 1
ces \l | AN | |
) | L : :
1 1 1 1
| | | | ! !
| | - |’I,I | ! !
] ] ] ] ! !
OF# ! ! N\ /] - N :
1 1
| . toE—| e Lo <« tehw —» :
: ‘I—tOEH—> : : | |
' ! - E |
WE# t: il t H : :
1 —» 1
< VIVPH twr | tacc 0EZ | ! !
! —» ps | | ! |
! —>{ [ toy —> toen | |
Data ! N d 7 ! . X
o o P 0w -
7] - 1 1
| | Lo ' '
| | t | | ! !
e - ! !
s N 1 I I
N 7 1
1
—>
1

- ,
AVD# ' \_/
Note: Breakpoints in waveforms indicate that system may alternately read array data from the "non-busy bank” while

checking the status of the program or erase operation in the “busy” bank. The system should read status twice to ensure
valid information.

Figure 16.29. Back-to-Back Read/Write Cycle Timings
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16.8.7 Erase and Programming Performance
Parameter Typ (Note ) Max (Note 2) Unit Comments
64 Kword Vee 0.6 3.5
Sector Erase Time S
16 Kword VCC <0.15 2
Excludes 00h
Vee 153.6 (WS256N) 308 (WS256N) programming prior
77.4 (WS128N) 154 (WS128N) to erasure (Note 4)
Chip Erase Time S
ACC 130.6 (WS256N) 262 (WS256N)
65.8 (WS128N) 132 (WS128N)
Single Word Programming Time Vee 40 400 us
(Note 7) ACC 24 240
Effective Word Programming Time Vee 9.4 94
o . us
utilizing Program Write Buffer ACC 6 60
Total 32-Word Buffer Programming Vee 300 3000
Time HS
ACC 192 1920
v 157.3 (WS256N) 314.6 (WS256N)
CC | 78.6 (WS128N) | 157.3 (WS128N) Excludes system
Chip Programming Time (Note 3) S level overhead
ACC 100.7 (WS256N) | 201.3 (WS256N) (Note 5)
50.3 (WS128N) 100.7 (WS128N)

Notes:

1. Typical program and erase times assume the following conditions: 25°C, 1.8 V V¢, 10,000

cycles,; checkerboard data pattern.

2. Under worst case conditions of 90°C, V¢ = 1.70 V, 100,000 cycles.

3. Typical chip programming time is considerably less than the maximum chip programming
time listed, and is based on utilizing the Write Buffer.

4. In the pre-programming step of the Embedded Erase algorithm, all words are programmed
to 00h before erasure.

5. System-level overhead is the time required to execute the two- or four-bus-cycle sequence
for the program command. See the Appendix for further information on command
definitions.

6. Refer to Application Note “Erase Suspend/Resume Timing” for more details.

7. Word programming specification is based upon a single word programming operation not
utilizing the write buffer.
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16.8.8 BGA Ball Capacitance

Parameter
Symbol Parameter Description Test Setup Typ. Max Unit
Cin Input Capacitance Vin=0 5.3 6.3 pF
Cout Output Capacitance Vour =0 5.8 6.8 pF
Cin2 Control Pin Capacitance Vin=0 6.3 7.3 pF
Notes:

1. Sampled, not 100% tested.
2. Test conditions Ty = 25°C; f = 1.0 MHz.
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17 Appendix

This section contains information relating to software control or interfacing with the Flash device.
For additional information and assistance regarding software, see the Additional Resources sec-
tion on page 25, or explore the Web at www.amd.com and www.fujitsu.com.
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Table 17. Memory Array Commands
2 Bus Cycles (Notes 1-5)
Command Sequence 3 First Second Third Fourth Fifth Sixth
(Notes) e Addr Data | Addr | Data Addr Data Addr Data Addr Data Addr | Data

Asynchronous Read (6) 1 RA RD
Reset (7) 1 XXX FO

% |Manufacturer ID 4 555 AA 2AA 55 [BA]555 90 [BA]X00 | 0001
g%’ Device ID (9) 6 555 AA 2AA 55 [BA]555 90 [BAIX01 | 227E | BA+XO0E | Data | BA+XOF | 2200
<§ Indicator Bits (10) 4 555 AA 2AA 55 [BA]555 90 [BA]X03 | Data
Program 4 555 AA 2AA 55 555 A0 PA PD
Write to Buffer (11) 6 555 AA 2AA 55 PA 25 PA wC PA PD WBL PD
Program Buffer to Flash 1 SA 29
Write to Buffer Abort Reset (12) 3 555 AA 2AA 55 555 FO
Chip Erase 6 555 AA 2AA 55 555 80 555 AA 2AA 55 555 10
Sector Erase 6 555 AA 2AA 55 555 80 555 AA 2AA 55 SA 30
Erase/Program Suspend (13) 1 BA BO
Erase/Program Resume (14) 1 BA 30
Set Configuration Register (18) 4 555 AA 2AA 55 555 DO X00 CR
Read Configuration Register 4 555 AA 2AA 55 555 Cé X00 CR
CFI Query (15) 1 | [BA]555 98
@ Entry 3 555 AA 2AA 55 555 20
§ o |Program (16) 2 XXX A0 PA PD
gg CFI (16) 1 XXX 98
T |Reset 2| xxx 90 | xxx | 00
s Entry 3 555 AA 2AA 55 555 88
=2 _ |Program (17) 4 555 AA 2AA 55 555 A0 PA PD
g % Read (17) 1 SA Data
sn
g Exit (17) 4 555 AA 2AA 55 555 90 XXX 00
Legend:
X = Don’t care. SA = Sector Address. WS256N = A23-A14; WS128N = A22-A14.
RA = Read Address. BA = Bank Address. WS256N = A23-A20; WS128N = A22-A20.
RD = Read Data. CR = Configuration Register data bits D15-DO.

PA

= Program Address. Addresses latch on the rising edge of the

AVD# pulse or active edge of CLK, whichever occurs first.
PD = Program Data. Data latches on the rising edge of WE# or CE#
pulse, whichever occurs first.

Notes:

1. See Table 12.1 for description of bus operations.

2. All values are in hexadecimal.

3. Shaded cells indicate read cycles.

4. Address and data bits not specified in table, legend, or notes are

v

10.
11.

12.

don’t cares (each hex digit implies 4 bits of data).

Writing incorrect address and data values or writing them in the
improper sequence may place the device in an unknown state.
The system must write the reset command to return the device
to reading array data.

No unlock or command cycles required when bank is reading
array data.

Reset command is required to return to reading array data (or to
the erase-suspend-read mode if previously in Erase Suspend)
when a bank is in the autoselect mode, or if DQ5 goes high
(while the bank is providing status information) or performing
sector lock/unlock.

The system must provide the bank address. See Autoselect
section for more information.

Data in cycle 5 is 2230 (WS256N) or 2231 (WS128N).

See Table 12.10 for indicator bit values.

Total number of cycles in the command sequence is determined
by the number of words written to the write buffer.

Command sequence resets device for next command after write-
to-buffer operation.

WBL = Write Buffer Location. Address must be within the same write
buffer page as PA.
WC = Word Count. Number of write buffer locations to load minus 1.

13.

14.

15,

16.

17.

18.

System may read and program in non-erasing sectors, or enter
the autoselect mode, when in the Erase Suspend mode. The
Erase Suspend command is valid only during a sector erase
operation, and requires the bank address.

Erase Resume command is valid only during the Erase Suspend
mode, and requires the bank address.

Command is valid when device is ready to read array data or
when device is in autoselect mode. Address equals 55h on all
future devices, but 555h for WS256N/128N.

Requires Entry command sequence prior to execution. Unlock
Bypass Reset command is required to return to reading array
data.

Requires Entry command sequence prior to execution. Secured
Silicon Sector Exit Reset command is required to exit this mode;
device may otherwise be placed in an unknown state.

Requires reset command to configure the Configuration Register.
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Table 17.2. Sector Protection Commands

Bus Cycles (Notes 1-4)

1)
Command Sequence § First Second Third Fourth Fifth Sixth Seventh
(Notes) O | Addr | Data | Addr Data Addr | Data | Addr | Data |Addr| Data |Addr| Data |Addr|Data
Command Set Entry (5) 3| 555 AA 2AA 55 555 40
Rég"ig't(er Program (6, 12) 2| XX | A0 |77/00| data
Bits Read (6) 1 77 data
Command Set Exit (7) 2| XX 90 XX 00
Command Set Entry (5) 3| 555 AA 2AA 55 555 60
Program [0-3] (8) 2| xX A0 00 |PWD[0-3]
Ff’rajtse“c’gg‘:] Read (9) 4[0...00 | PWDO | 0...01 | PWD1 | 0..02 | PWD2 | 0...03 | PWD3
Unlock 7| 00 25 00 03 00 PWDO | 01 |PWD1| 02 |PWD2| 03 |PWD3 | 00 | 29
Command Set Exit (7) 2 XX 90 XX 00
Command Set Entry (5) 3| 555 AA 2AA 55 [BA]S55( CO
Non-Volatile | PPB Program (10) 2| XX A0 SA 00
Sector All PPB Erase (10, 11) 2| XX 80 00 30
Protection (PPB) [PPB Status Read 1| SA | RD(0)
Command Set Exit (7) 2 XX 90 XX 00
Global Command Set Entry (5) 3| 555 AA 2AA 55 [BA]555( 50
Volatile Sector PP Tock Bit Set 2| XX | A0 XX 00
Prgrteegf” PPB Lock Bit Status Read | L | BA | RD(0)
(PPB Lock) Command Set Exit (7) 2 XX 90 XX 00
Command Set Entry (5) 3| 555 AA 2AA 55 [BA]S55| EO
Volatile Sector | DYB Set 2| XX | A0 SA 00
Protection DYB Clear 2| XX A0 SA 01
(DYB) DYB Status Read 1] SA [ RD(0)
Command Set Exit (7) 2 XX 90 XX 00

Legend:

X = Don't care.

RA = Address of the memory location to be read.

PD(0) = Secured Silicon Sector Lock Bit. PD(0), or bit[0].

PD(1) = Persistent Protection Mode Lock Bit. PD(1), or bit[1], must

be set to '0’ for protection while PD(2), bit[2] must be left as '1".

PD(2) = Password Protection Mode Lock Bit. PD(2), or bit[2], must

be set to '0’ for protection while PD(1), bit[1] must be left as '1".
PD(3) = Protection Mode OTP Bit. PD(3) or bit[3].

SA = Sector Address. WS256N = A23-A14; WS128N = A22-A14.
Notes:

1. All values are in hexadecimal.

2. Shaded cells indicate read cycles.

3. Address and data bits not specified in table, legend, or notes are

don'’t cares (each hex digit implies 4 bits of data).

4. Writing incorrect address and data values or writing them in the
improper sequence may place the device in an unknown state.
The system must write the reset command to return the device

to reading array data.

5. Entry commands are required to enter a specific mode to enable

instructions only available within that mode.
6. If both the Persistent Protection Mode Locking Bit and the

Password Protection Mode Locking Bit are set at the same time,

the command operation aborts and returns the device to the

default Persistent Sector Protection Mode during 2nd bus cycle.

Note that on all future devices, addresses equal 00h, but is

currently 77h for the WS256N only. See Tables 13.1 and 13.2 for

explanation of lock bits.
7. Exit command must be issued to reset the device into read
mode; device may otherwise be placed in an unknown state.

BA = Bank Address. WS256N = A23-A20; WS128N = A22-A20.
PWD3-PWDO = Password Data. PD3-PDO present four 16 bit
combinations that represent the 64-bit Password

PWA = Password Address. Address bits A1 and A0 are used to select
each 16-bit portion of the 64-bit entity.

PWD = Password Data.

RD(0), RD(1), RD(2) = DQO, DQ1, or DQZ2 protection indicator bit. If
protected, DQO, DQ1, or DQ2 = 0. If unprotected, DQO, DQ1,

DQ2 = 1.

8. Entire two bus-cycle sequence must be entered for each portion
of the password.

9. Full address range is required for reading password.

10. See Figure 13.2 for details.

11. “All PPB Erase” command pre-programs all PPBs before erasure
to prevent over-erasure.

12. The second cycle address for the lock register program operation
is 77 for S29WS256N,; however, for WS128N this address is 00.
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17.1 Common Flash Memory Interface

The Common Flash Interface (CFI) specification outlines device and host system software inter-
rogation handshake, which allows specific vendor-specified soft-ware algorithms to be used for
entire families of devices. Software support can then be device-independent, JEDEC ID-indepen-
dent, and forward- and back-ward-compatible for the specified flash device families. Flash
vendors can standardize their existing interfaces for long-term compatibility.

This device enters the CFI Query mode when the system writes the CFI Query command, 98h,
to address (BA)555h any time the device is ready to read array data. The system can read CFI
information at the addresses given in Tables 17.3-17.6) within that bank. All reads outside of
the CFI address range, within the bank, returns non-valid data. Reads from other banks are al-
lowed, writes are not. To terminate reading CFI data, the system must write the reset command.

The following is a C source code example of using the CFI Entry and Exit functions. Refer to the
Spansion Low Level Driver User’s Guide (available on www.amd.com and www.fujitsu.com) for
general information on Spansion Flash memory software development guidelines.

/* Example: CFI Entry command */
*( (UINT16 *)bank_addr + 0x555 ) = 0x0098; /* write CFI entry command */

/* Example: CFI Exit command */
*( (UINT16 *)bank_addr + 0x000 ) = 0x00FO0; /* write cfi exit command */

For further information, please refer to the CFI Specification (see JEDEC publications JEP137-A
and JESD68.01and CFI Publication 100). Please contact your sales office for copies of these

documents.
Table 17.3. CFIl Query Identification String
Addresses Data Description
10h 0051h
11h 0052h Query Unique ASCII string “"QRY”
12h 0059h
}iﬂ 888%2 Primary OEM Command Set
15h 0040h .
16h 0000h Address for Primary Extended Table
17h 0000h _ )
18h 0000h Alternate OEM Command Set (00h = none exists)
19h 0000h _ )
1Ah 0000h Address for Alternate OEM Extended Table (00h = none exists)
Table 17.4. System Interface String
Addresses Data Description
Vce Min. (write/erase)
1Bh 0017h D7-D4: volt, D3-D0: 100 millivolt
Vce Max. (write/erase)
1Ch 0019h D7-D4: volt, D3-D0: 100 millivolt
1Dh 0000h Vpp Min. voltage (00h = no Vpp pin present)
1Eh 0000h Vpp Max. voltage (00h = no Vpp pin present)
1Fh 0006h Typical timeout per single byte/word write 2" ps
20h 0009h Typical timeout for Min. size buffer write 2" ys (00h = not supported)
21h 000Ah Typical timeout per individual block erase 2" ms
22h 0000h Typical timeout for full chip erase 2" ms (00h = not supported)
23h 0004h Max. timeout for byte/word write 2"times typical
24h 0004h Max. timeout for buffer write 2"times typical
25h 0003h Max. timeout per individual block erase 2" times typical
26h 0000h Max. timeout for full chip erase 2" times typical (00h = not supported)
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Table 17.5. Device Geometry Definition

Addresses Data Description

0019h (WS256N) . o

27h 0018h (WS128N) Device Size = 2" byte

28h 0001h _ —

29h 0000h Flash Device Interface description

2Ah 0006h Max. number of bytes in multi-byte write = 2"

2Bh 0000h (00h = not supported)

2Ch 0003h Number of Erase Block Regions within device

2Dh 0003h

2Eh 0000h ) )

2Fh 0080h Erase Block Region 1 Information

30h 0000h

31h 00FDh (WS256N)
007Dh (WS128N)

32h 0000h Erase Block Region 2 Information

33h 0000h

34h 0002h

35h 0003h

36h 0000h ) )

37h 0080h Erase Block Region 3 Information

38h 0000h

39h 0000h

3Ah 0000h _ _

3Bh 0000h Erase Block Region 4 Information

3Ch 0000h
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Table 17.6. Primary Vendor-Specific Extended Query

Addresses Data Description
40h 0050h
41h 0052h Query-unique ASCII string “PRI”
42h 0049h
43h 0031h Major version number, ASCIL
44h 0034h Minor version number, ASCII
Address Sensitive Unlock (Bits 1-0)
45h 0100h 0 = Required, 1 = Not Required
Silicon Technology (Bits 5-2) 0100 = 0.11 ym
Erase Suspend
46h 0002h 0 = Not Supported, 1 = To Read Only, 2 = To Read & Write
Sector Protect
47h 0001h 0 = Not Supported, X = Number of sectors in per group
Sector Temporary Unprotect
48h 0000h 00 = Not Supported, 01 = Supported
Sector Protect/Unprotect scheme
49h 0008h 08 = Advanced Sector Protection
4Ah 00F3h (WS256N) | Simultaneous Operation
007Bh (WS128N) | Number of Sectors in all banks except boot bank
Burst Mode Type
48h 0001h 00 = Not Supported, 01 = Supported
Page Mode Type
4Ch 0000h 00 = Not Supported, 01 = 4 Word Page, 02 = 8 Word Page, 04 = 16 Word
Page
ACC (Acceleration) Supply Minimum
4Dh 0085h
00h = Not Supported, D7-D4: Volt, D3-D0: 100 mV
ACC (Acceleration) Supply Maximum
4Eh 0095h
00h = Not Supported, D7-D4: Volt, D3-D0: 100 mV
Top/Bottom Boot Sector Flag
4Fh 0001h )
0001h = Dual Boot Device
50h 0001h Program Suspend. 00h = not supported
Unlock Bypass
51h 0001h
00 = Not Supported, 01=Supported
52h 0007h Secured Silicon Sector (Customer OTP Area) Size 2"bytes
Hardware Reset Low Time-out during an embedded algorithm to read
53h 0014h .
mode Maximum 2"ns
Hardware Reset Low Time-out not during an embedded algorithm to read
54h 0014h )
mode Maximum 2"ns
55h 0005h Erase Suspend Time-out Maximum 2"ns
56h 0005h Program Suspend Time-out Maximum 2"ns
57h 0010h Bank Organization: X = Number of banks
58h 883;2 Ewgiggm Bank 0 Region Information. X = Number of sectors in bank
59h 88322 Ewgiggmg Bank 1 Region Information. X = Number of sectors in bank
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Table 17.6. Primary Vendor-Specific Extended Query (Continued)

Addresses Data Description
5Ah 88(1)32 Ewgiggm Bank 2 Region Information. X = Number of sectors in bank
5Bh 88(1)32 Ewgiggm Bank 3 Region Information. X = Number of sectors in bank
5Ch 88(1)32 Ewgiggm Bank 4 Region Information. X = Number of sectors in bank
5Dh 88(1)32 Ewgiggm Bank 5 Region Information. X = Number of sectors in bank
5Eh 8833? Ewgiggm Bank 6 Region Information. X = Number of sectors in bank
5Fh 8833? Ewgiggm Bank 7 Region Information. X = Number of sectors in bank
60h 8833? Ewgiggm Bank 8 Region Information. X = Number of sectors in bank
61h 8833? Ewgiggm Bank 9 Region Information. X = Number of sectors in bank
62h 883% Ewgiggm Bank 10 Region Information. X = Number of sectors in bank
63h 883% Ewgiggm Bank 11 Region Information. X = Number of sectors in bank
64h 883% Ewgiggm Bank 12 Region Information. X = Number of sectors in bank
65h 883% Ewgiggm Bank 13 Region Information. X = Number of sectors in bank
66h 883% Ewgiggm Bank 14 Region Information. X = Number of sectors in bank
67h 0013h (WS256N) | gank 15 Region Information. X = Number of sectors in bank

000Bh (WS128N)
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Revisions
Revision F (October 29, 2004)

Data sheet completely revised. Changed arrangement of sections; edited explanatory text,
added flowcharts. This document supersedes Revision E+1, issued August 9, 2004; only the
changes specified for Revision F in this section affect the document or device. All other device
specifications remain the same as presented in Revision E+1.

Deleted product selector guide.

16.8.2, Synchronous/Burst Read

Deleted typg and tapy from table. Modified Note 1.
Table 17.4, System Interface String

Changed data at address 23h from 0003h to 0004h.

Revision G (January 27, 2005)
Global
Updated tiacc, teaces toe, CFI address 4Ah, and the Configuration Register.

Added Figure 13.2, PPB Program/Erase Algorithm.
Revision H (July 8, 2005)
All references to Vig changed to V¢
Removed all references to the S29WS064N
Changed CR14 to Reserved. It is pre-programmed at the factory
Updated: tasp tpsp, Icc1s Iccsr Iccar Icce specifications
Removed tpoe and added fyy specifications
Updated address latency tables
Revision | (December 3, 2005)
Added Page Mode Read information
Revised tgacc from 9 to 8.5 ns and tayp from 8 to 7 ns
Incorporated specification bulletin's changes, clarifications and errata
Added the 128 Mbit 80 MHz OPN and revised from Advanced to Preliminary Specifications
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Features

Temperature compensated self refresh
(TCSR)

Fully synchronous; all signals registered on
positive edge of system clock

Internal pipelined operation; column address
can be changed every clock cycle

Internal banks for hiding row access/
precharge

Programmable burst lengths: 1, 2, 4, 8, or full
page

Auto Precharge, includes concurrent auto
precharge, and Auto Refresh Modes

Speed Options

Speed Grade Clock Frequency Access Time Setup Time Hold Time
CL=2 CL=3
75 133 MHz — 5.4 ns 2.5ns 1ns
100 MHz 6 ns — 2.5ns 1ns
-10 104 MHz — 7 ns 2.5ns 1ns
83.3 MHz 8 ns — 2.5ns 1ns
Address Table
8Mx 16
Configuration 2 M x 16 x 4 banks
Refresh Count 4K
Row Addressing 4K (A0-A11)
Bank Addressing 4 (BAO, BA1)
Column Addressing 512 (A1-A8)

Self Refresh Mode; standard and low power
64ms, 4,096-cycle refresh

LVTTL-compatible inputs and outputs

Low voltage power supply

Partial array self refresh power-saving mode
Deep power-down mode

Programmable output drive strength
Operating temperature range:

— Extended (-25°C to +85°C)

Vpp/Vppg: 1.8 V/1.8V

Publication Number SDRAM_0I

Revision A Amendment 3

Issue Date November 8, 2005



Preliminary SPANSION"
A N

19 General Description

The 128Mb SDRAM is a high-speed CMOS, dynamic random-access memory con-
taining 134,217,728 bits. It is internally configured as a quad bank DRAM with a
synchronous interface (all signals are registered on the positive edge of the clock
signal, CLK). Each of the x16s 32,554,432-bit banks is organized as 4,096 rows
by 512 columns by 16 bits.

Read and write accesses to the SDRAM are burst oriented; accesses start at a
selected location and continue for a programmed number of locations in a pro-
grammed sequence. Accesses begin with the registration of an Active command,
which is then followed by a Read or Write command. The address bits registered
coincident with the Active command are used to select the bank and row to be
accessed (BAO, BA1 select the bank; AO-Al1lselect the row). The address bits
registered coincident with the Read or Write command are used to select the
starting column location for the burst access.

The SDRAM provides for programmable read or write burst lengths of 1, 2, 4, or
8 locations, or the full page, with a burst terminate option. An auto precharge
function may be enabled to provide a self-timed row precharge that is initiated at
the end of the burst sequence.

The 128Mb SDRAM uses an internal pipelined architecture to achieve high-speed
operation. This architecture is compatible with the 2n rule of prefetch architec-
tures, but it also allows the column address to be changed on every clock cycle
to achieve a high speed, fully random access. Precharging one bank while access-
ing one of the other three banks will hide the precharge cycles and provide
seamless high-speed, random-access operation.

The 128Mb SDRAM is designed to operate in 1.8V, low-power memory systems.
An auto refresh mode is provided, along with a power-saving, Deep Power-Down
Mode. All inputs and outputs are LVTTL-compatible.

SDRAMs offer substantial advances in DRAM operating performance, including
the ability to synchronously burst data at a high data rate with automatic column-
address generation, the ability to interleave between internal banks in order to
hide precharge time and the capability to randomly change column addresses on
each clock cycle during a burst access.
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20 Functional Block Diagram

BA1 BAO Bank '
H 0 0 0 :
0 1 1 '
; 1 0 2 5
CKE —»Q—| 1 1 3 H
CLK —»6——| :
cs#—ro—| CONTROL ;
H Suw LOGIC H
WE# —»Q0—] 38 H
cas#—»G— H it o AN ;
RAS#_pd | O BANKL :
: ROW- | 15 { BANKO :
: ADDRESS % ROW- BANKO :
H ADDRESS MEMORY 2 2 '
H 4096 '

' LATCH ARRAY (Qe— DQML,

& (4,096 x 512 x 16) I I
DECODER :

DATA

VM

512| REGISTER|
COLUMN

(x16
DECODER

COLUMN-

ADDRESS
8 COUNTER/
LATCH

5

' SENSE AMPLIFIERS :
! ! 16 OUTPUT :
1409 REGISTER| :
H 16, H
' ! 1/0 GATING DQo-
' ! DQM MASK LOGIC DQ15
' ' BANK READ DATA LATCH H
A0-A11, 14 ADDRESS e CONTROL[——— WRITE DRIVERS H
BAO, BAL REGISTER LoGIC DATA H
: 2 16 INPUT H

Figure 20.1 Block Diagram
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2] Pin Descriptions
Symbol Type Description
Clock: CLK is driven by the system clock. All SDRAM input signals are
CLK Input sampled on the positive edge of CLK. CLK also increments the internal

burst counter and controls the output registers.

Clock Enable: CKE activates (High) and deactivates (Low) the CLK signal.
Deactivating the clock provides Precharge Power-Down and Self Refresh
operation (all banks idle), Active Power-Down (row active in any bank),
Deep Power Down (all banks idle), or Clock Suspend operation (burst/
CKE Input access in progress). CKE is synchronous except after the device enters
power-down and self refresh modes, where CKE becomes asynchronous
until after exiting the same mode. The input buffers, including CLK, are
disabled during power-down and self refresh modes, providing low standby
power. CKE may be tied High.

Chip Select: CS# enables (registered Low) and disables (registered High)
the command decoder. All commands are masked when CS# is registered

cS# Input High. CS# provides for external bank selection on systems with multiple
banks. CS# is considered part of the command code.
CAS#,RAS#, I Command Inputs: CAS#, RAS#, and WE# (along with CS#) define the
nput ;
WE# command being entered.

Input/Output Mask: DQM is sampled High and is an input mask signal for
write accesses and an output enable signal for read accesses. Input data is
masked during a Write cycle. The output buffers are placed in a High-Z
state (two-clock latency) when during a Read cycle. LDQM corresponds to
DQO0-DQ7, UDQM corresponds to DQ8-DQ15. LDQM and UDQM are
considered same state when referenced as DQM.

LDQM, UDQM Input

Bank Address Input(s): BAO and BA1 define to which bank the Active,
BAO, BA1 Input Read, Write or Precharge command is being applied. These pins also select
between the mode register and the extended mode register.

Address Inputs: A0O-A11 are sampled during the Active command (row
address A0-A11) and Read/Write command (column-address A0-A7; with
A10 defining auto precharge) to select one location out of the memory
AO-Al11l Input array in the respective bank. A10 is sampled during a Precharge command
to determine if all banks are to be precharged (A10 High) or bank selected
by BAO, BA1 (Low). The address inputs also provide the op-code during a
Load Mode Register command.

DQO0-DQ15 /0 Data Input/Output: Data bus

Internally Not Connected: These could be left unconnected, but it is

NC - recommended they be connected or VSS. G1 is a no connect for this part
but may be used as A12 in future designs.

Vbpq Supply DQ Power: Provide isolated power to DQs for improved noise immunity.

Vssq Supply DQ Ground: Provide isolated ground to DQs for improved noise immunity.

Vop Supply Core Power Supply.

Vss Supply Ground.

22 Functional Description

In general, the 128Mb SDRAMs (2 M x 16 x 4 banks) are quad-bank DRAMs that
operate at 1.8V and include a synchronous interface (all signals are registered on
the positive edge of the clock signal, CLK). Each bank (x16 32,554,432-bit) is or-
ganized as 4,096 rows by 512 columns by 16 bits.

Read and write accesses to the SDRAM are burst oriented; accesses start at a
selected location and continue for a programmed number of locations in a pro-
grammed sequence. Accesses begin with the registration of an Active command,
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which is then followed by a Read or Write command. The address bits registered
coincident with the Active command are used to select the bank and row to be
accessed (BAO and BA1 select the bank, A0O-A11 select the row). The address bits
(A1-A8) registered coincident with the Read or Write command are used to select
the starting column location for the burst access.

Prior to normal operation, the SDRAM must be initialized. The following sections
provide detailed information covering device initialization, register definition,
command descriptions and device operation.

23 Initialization

SDRAMs must be powered up and initialized in a predefined manner. Operational
procedures other than those specified may result in undefined operation. Power
should be applied to Vpp and Vppq simultaneously. This time delay should not
exceed 2ms. Once the power is applied to Vpp and Vppg, and the clock is stable
(stable clock is defined as a signal cycling within timing constraints specified for
the clock pin), the SDRAM requires a 100us delay prior to issuing any command
other than a Command Inhibit or NOP. Starting at some point during this 100us
period and continuing at least through the end of this period, Command Inhibit
or NOP commands should be applied.

Once the 100pus delay has been satisfied with at least one Command Inhibit or
NOP command having been applied, a Precharge command should be applied. All
banks must then be precharged, thereby placing the device in the all banks idle
state.

Once in the idle state, two Auto refresh cycles must be performed. After the Auto
refresh cycles are complete, the SDRAM is ready for mode register programming.
Because the mode register will power up in an unknown state, it should be loaded
prior to applying any operational command.

24 Mode Register Definition

In order to achieve low power consumption, there are two mode registers in the
Mobile component, Mode Register and Extended Mode Register. The mode regis-
ter is illustrated in Figure 25.1, Mode Register Definition, on page 111 (the
extended mode register is illustrated in Figure 33.1).

The mode register defines the specific mode of operation of the SDRAM, including
burst length, burst type, CAS latency, operating mode and write burst mode. The
mode register is programmed via the Load Mode Register command and will re-
tain the stored information until it is programmed again or the device loses
power.

Mode register bits MO—M2 specify the burst length, M3 specifies the type of burst
(sequential or interleaved), M4-M6 specify the CAS latency, M7 and M8 specify
the operating mode, M9 specifies the write burst mode, and M10, and M11 should
be set to zero. M12 and M13 should be set to zero to prevent extended mode
register.

The mode register must be loaded when all banks are idle, and the controller
must wait the specified time before initiating the subsequent operation. Violating
either of these requirements will result in unspecified operation.
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25 Burst Length

Read and write accesses to the SDRAM are burst oriented, with the burst length
being programmable, as shown in Figure 33.1, "Mode Register Definition” section
on page 111. The burst length determines the maximum number of column lo-
cations that can be accessed for a given Read or Write command. Burst lengths
of 1, 2, 4, or 8 locations are available for both the sequential and the interleaved
burst types, and a full-page burst is available for the sequential type. The full-
page burst is used in conjunction with the Burst Terminate command to generate
arbitrary burst lengths.

Reserved states should not be used, as unknown operation or incompatibility with
future versions may result.

When a Read or Write command is issued, a block of columns equal to the burst
length is effectively selected. All accesses for that burst take place within this
block, meaning that the burst will wrap within the block if a boundary is reached.
The block is uniquely selected by A1-A8 when the burst length is set to two; by
A2-A8 when the burst length is set to four; and by A3-A8 when the burst length
is set to eight.
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Table 25.1 Burst Definition
Burst Length - Order of I-\-ccesses Within A Burst
Starting Column Address Type = Sequential Type = Interleaved
A0
2 0-1 0-1
1-0 1-0
Al AO
0 0 0-1-2-3 0-1-2-3
4 0 1 1-2-3-0 1-0-3-2
1 0 2-3-0-1 2-3-0-1
1 1 3-0-1-2 3-2-1-0
A2 Al A0
0 0 0 0-1-2-3-4-5-6-7 0-1-2-3-4-5-6-7
0 0 1 1-2-3-4-5-6-7-0 1-0-3-2-5-4-7-6
0 1 0 2-3-4-5-6-7-0-1 2-3-0-1-6-7-4-5
8 0 1 1 3-4-5-6-7-0-1-2 3-2-1-0-7-6-5-4
1 0 0 4-5-6-7-0-1-2-3 4-5-6-7-0-1-2-3
1 0 1 5-6-7-0-1-2-3-4 5-4-7-6-1-0-3-2
1 1 0 6-7-0-1-2-3-4-5 6-7-4-5-2-3-0-1
1 1 1 7-0-1-2-3-4-5-6 7-6-5-4-3-2-1-0
Cn, Cn+1,
Full Page (y) n = A0-A8 (location 0-y) CS:Z.Z:,(??(;%,I, Not Supported
Cn...
Notes:
1. For full-page accesses: y = 512.
2. For a burst length of two, A1-A8 select the block-of-two burst; A0 selects the
starting column within the block.
3. For a burst length of four, A2-A8 select the block-of-four burst; AO-A1 select the
starting column within the block.
4. For a burst length of eight, A3-A8 select the block-of-eight burst; AO-A2 select the

starting column within the block.

5. For a full-page burst, the full row is selected and AO-A8 select the starting column.

Whenever a boundary of the block is reached within a given sequence above, the
following access wraps within the block.

For a burst length of one, AO-A8 select the unique column to be accessed, and
mode register bit M3 is ignored.
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BA1 BAO A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0 Address Bus
M13 M12 M11 M10 M9 M8 M7 M6 M5 M4 M3 M2 M1 MO
13 /12 /11/10 / 9 8 7 6 5 4 3 2 1 0 Mode Register (Mx)
Reserved** |Reserved* ‘WB| Op Mode‘ CAS Latency ‘ BT ‘ Burst Length‘
\
*Should program Burst Length
M10 =0, 0"
to ensure compatibility M2 M1 MO M3 =0 M3=1
with future devices. 00 0 1 1
0 0 1 2 2
010 4 4
\l
01 1 8 8
** BA1, BAO = "0, 0"
to prevent Extended 1 00 Reserved Reserved
Mode Register.
10 1 Reserved Reserved
110 Reserved Reserved
11 1 Full Page Reserved
M3 Burst Type
0 Sequential
1 Interleaved
M6 M5 M4 CAS Latency
0 0 0 Reserved
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 Reserved
1.0 1 Reserved
11 0 Reserved
11 1 Reserved
M8 M7 M6-MO Operating Mode
0 0 Defined Standard Operation
All other states reserved
M9 Write Burst Mode
0 Programmed Burst Length
1 Single Location Access
Figure 25.I Mode Register Definition
The remaining (least significant) address bit(s) is (are) used to select the starting
location within the block. Full-page bursts wrap within the page if the boundary
is reached.
26 Burst Type
Accesses within a given burst may be programmed to be either sequential or in-
terleaved; this is referred to as the burst type and is selected via bit M3.
The ordering of accesses within a burst is determined by the burst length, the
burst type and the starting column address, as shown in Table 25.1.
27 CAS Latency
The CAS latency is the delay, in clock cycles, between the registration of a Read
command and the availability of the first piece of output data. The latency can be
set to one, two, or three clocks.
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If a Read command is registered at clock edge n, and the latency is m clocks, the
data will be available by clock edge n + m. The DQs will start driving as a result
of the clock edge one cycle earlier (n + m - 1), and provided that the relevant
access times are met, the data will be valid by clock edge n + m. For example,
assuming that the clock cycle time is such that all relevant access times are met,
if @ read command is registered at TO and the latency is programmed to two
clocks, the DQs will start driving after T1 and the data will be valid by T2, as
shown in Figure 27.1, CAS Latency. Table 27.1: CAS Latency, indicates the oper-
ating frequencies at which each CAS latency setting can be used.

Reserved states should not be used as unknown operation or incompatibility with

future versions may result.

TO T1

T2 T3

S S S

L4

|

| |
commanp X" reap WX Nop X
fz

DQ

toH

CAS Latency = 2

T0 T1

T2 T3 T4

S S e S

S T Y

|
command " reap WX nop XX

| |
iz

bQ

T o B

CAS Latency = 3

DON'T CARE

XX UNDEFINED

Figure 27.1 CAS Latency
Table 27.1 CAS Latency
Allowable Operating Frequency MHz
Speed CAS Latency =2 CAS Latency =3
-75 <100 <133
-10 <83.3 <104

28 Operating Mode

The normal operating mode is selected by setting M7 and M8 to zero; the other
combinations of values for M7 and M8 are reserved for future use and/or test
modes. The programmed burst length applies to both read and write bursts.

Test modes and reserved states should not be used because unknown operation
or incompatibility with future versions may result.
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29 Write Burst Mode

When M9 = 0, the burst length programmed via M0-M2 applies to both Read and
Write bursts; when M9= 1, the programmed burst length applies to Read bursts,
but write accesses are single-location (nonburst) accesses.

30 Extended Mode Register

The Extended Mode Register controls the functions beyond those controlled by
the Mode Register. These additional functions are special features of the Mobile
device. They include Temperature Compensated Self Refresh (TCSR) Control,
Partial Array Self Refresh (PASR), and Output Drive Strength. Not programming
the Extended Mode Register upon initialization, will result in default settings for
the Low Power features. The Extended Mode will default to the +85°C setting for
TCSR, full drive strength, and full array refresh.

The Extended Mode Register is programmed via the Mode Register Set command
(BA1 = 1, BAO = 0) and retains the stored information until it is programmed
again or the device loses power.

The Extended Mode Register must be programmed with E6 through E11 set to
“0”. It must be loaded when all banks are idle and no bursts are in progress, and
the controller must wait the specified time before initiating any subsequent op-
eration. Violating either of these requirements results in unspecified operation.

Once the values are entered the Extended Mode Register settings will be retained
even after exiting Deep Power-Down.

31 Temperature Compensated Self Refresh

Temperature Compensated Self Refresh (TCSR) allows the controller to program
the Refresh interval during Self Refresh mode, according to the case temperature
of the Mobile device. This allows great power savings during Self Refresh during
most operating temperature ranges. Only during extreme temperatures would
the controller have to select the maximum TCSR level. This would guarantee data
during Self Refresh.

Every cell in the SDRAM requires refreshing due to the capacitor losing its charge
over time. The refresh rate is dependent on temperature. At higher temperatures
a capacitor loses charge quicker than at lower temperatures, requiring the cells
to be refreshed more often. Historically, during Self Refresh, the refresh rate has
been set to accommodate the worst case, or highest temperature range
expected.

Thus, during ambient temperatures, the power consumed during refresh was un-
necessarily high, because the refresh rate was set to accommodate the higher
temperatures. Adjusting the refresh rate by setting E4 and E3 allows the SDRAM
to accommodate more specific temperature regions during Self Refresh. There
are four temperature settings, which will vary the Self Refresh current according
to the selected temperature. This selectable refresh rate will save power when
the SDRAM is operating at normal temperatures.

32 Partial Array Self Refresh

For further power savings during Self Refresh, the Partial Array Self Refresh
(PASR) feature allows the controller to select the amount of memory that will be
refreshed during Self Refresh. The refresh options are all banks (banks 0, 1, 2,
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and 3); two banks (banks 0 and 1); and one bank (bank 0). Also included in the
refresh options are the 1/2 bank and 1/4 bank partial array self refresh (bank 0).
Write and Read commands occur to any bank selected during standard operation,
but only the selected banks in PASR will be refreshed during Self Refresh. It is
important to note that data in unused banks, or portions of banks, will be lost
when PASR is used. Data will be lost in banks 1, 2, and 3 when the one bank op-
tion is used.

33 Driver Strength

Bits E5 and E6 of the extended mode register can be used to select the driver
strength of the DQ outputs. This value should be set according to the application
requirements. Full drive strength was carried over from standard SDRAM and is
suitable to drive higher load systems. Full drive strength is not recommended for
loads under 30pF. Half drive strength is intended for multi-drop systems with var-
ious loads. This drive option is not recommended for loads under 15pF. Quarter
drive strength is intended for lighter loads or point-to-point systems.

BA1BAOA11A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0 Address Bus

SARAREARRARAR

E13 E12 E11 E10 E9 E8 E7 E6 ES E4 E3 E2 El EO
13/12/11,/10/9 /8 /7/6 /5/4/3/2/1/0 / Extended Mode
| 1 | 0 |A|I must be set to "0" | DS | TCSR | PASR Register (Ex)

| -

E6|E5|Driver Strength| |E4 | E3 |Maximum Case Temp
0| O|Full Strength 3 1| 1 85°C?

0| 1 [Half Strength 0| O 70°C

1| 0 |Quarter Strength o 1 45°C

1| 1 |Reserved 1| 0 15°C

m
N
m
iy
m
o

Self Refresh Coverage

1/2 Bank (Bank 0)*
1/4 Bank (Bank 0)°
RFU

0 0 0 Four Banks3

0 0 1 Two Banks (Bank 0,1)
0 1 0 One Bank (Bank 0)
0 1 1 RFU

1 0 0 RFU

1 0 1

1 1 0

1 1 1

Figure 33.1 Extended Mode Register

Notes:
1. E13 and E12 (BA1 and BAO) must be "1, 0” to select the extended mode register
(vs. the base mode register).

RFU: Reserved for future use.

Default EMR values are full array for PASR, Full Drive Strength, and 85° for TCSR.
E11 =0.

E10, E11 = 0.

uokh LN
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34 Commands

Table 34.1 provides a quick reference of available commands. This is followed by
a written description of each command. Three additional Truth Tables appear fol-
lowing the Operation section; these tables provide current state/next state

information.
Table 34.1 Truth Table | - Commands and DQM Operation

Name (Function)
Command Inhibit (NOP) H X X X X X X
No Operation L H H H X X X

. . Bank/

Active (Select bank and activate row) L L H H X Row X 3
Read (Select bank and column, and start Read burst) H L H | L/H | Bank/Col X
Write (Select bank and column, and start Write burst) L H L L |L/H | Bank/Col | Valid 4
Burst Terminate or Deep Power Down
(Enter deep power down mode) L H H L X X X 9,10
Precharge (Deactivate row in bank or banks) L L H L X B:?g’ X 5
Auto Refresh or Self Refresh (Enter self refresh mode) L L L H X X X 6,7
Load Mode Register/Load Extended Mode Register L L L L X | Op-Code X
Write Enable/Output Enable X X X X L X Active
Write Inhibit/Output High-Z X X X X H X High-Z 8

Notes:
1. CKE is High for all commands shown except Self Refresh and Deep Power Down.
. A0-A11 define op-code written to mode register.

2
3. A0-A11 provide row address, and BAO, BA1 determine which bank is made active.
4

. A1-A8 provide column address; A10 High enables the auto precharge feature (non
persistent), while A10 Low disables the auto precharge feature; BAO, BA1 deter-
mine which bank is being read from or written to.

5. A10 Low: BAO, BA1 determine the bank being precharged. A10 High: All banks
precharged and BAO, BA1 are "Don’t Care.”

This command is Auto Refresh if CKE is High, Self Refresh if CKE is Low.

7. Internal refresh counter controls row addressing; all inputs and I/Os are "Don’t
Care” except for CKE

8. Activates or deactivates the DQs during Writes (zero-clock delay) and Reads (two-
clock delay). DQML controls DQO-7, DQMH controls DQ8-15.

9. This command is Burst Terminate when CKE is high and Deep Power Down when
CKE is low.

10. The purpose of the Burst Terminate command is to stop a data burst, thus the
command could coincide with data on the bus. However the DQs column reads a
don't care state to illustrate that the Burst Terminate command can occur when
there is no data present.

35 Command Inhibit

The Command Inhibit function prevents new commands from being executed by
the SDRAM, regardless of whether the CLK signal is enabled. The SDRAM is ef-
fectively deselected. Operations already in progress are not affected.

36 No Operation (NOP)

The No Operation (NOP) command is used to perform a NOP to an SDRAM which
is selected (CS# is Low). This prevents unwanted commands from being regis-
tered during idle or wait states. Operations already in progress are not affected.
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37 Load Mode Register

The mode register is loaded via inputs AO-A11, BAO, BAl. See mode register
heading in the Register Definition section. The Load Mode Register and Load Ex-
tended Mode Register commands can only be issued when all banks are idle, and
a subsequent executable command cannot be issued until tygp is met.

The values of the mode register and extended mode register will be retained even
when exiting deep power-down.

38 Active

The Active command is used to open (or activate) a row in a particular bank for
a subsequent access. The value on the BAO, BA1 inputs selects the bank, and the
address provided on inputs A0O-A11 selects the row. This row remains active (or
open) for accesses until a precharge command is issued to that bank. A pre-
charge command must be issued before opening a different row in the same
bank.

39 Read

The Read command is used to initiate a burst read access to an active row. The
value on the BAO, BA1 inputs selects the bank, and the address provided on in-
puts A1-A8 selects the starting column location. The value on input A10
determines whether or not auto precharge is used. If auto precharge is selected,
the row being accessed will be precharged at the end of the read burst; if auto
precharge is not selected, the row will remain open for subsequent accesses.
Read data appears on the DQ subject to the logic level on the DQM inputs two
clocks earlier. If a given DQM signal was registered High, the corresponding DQ
will be High-Z two clocks later; if the DQM signal was registered Low, the DQ will
provide valid data.

40 Write

The Write command is used to initiate a burst write access to an active row. The
value on the BAO, BA1 inputs selects the bank, and the address provided on in-
puts A1-A8 selects the starting column location. The value on input A10
determines whether or not auto precharge is used. If auto precharge is selected,
the row being accessed will be precharged at the end of the write burst; if auto
precharge is not selected, the row will remain open for subsequent accesses.
Input data appearing on the DQ is written to the memory array subject to the
DQM input logic level appearing coincident with the data. If a given DQM signal
is registered Low, the corresponding data will be written to memory; if the DQM
signal is registered High, the corresponding data inputs will be ignored, and a
write will not be executed to that byte/column location.

41 Precharge

The Precharge command is used to deactivate the open row in a particular bank
or the open row in all banks. The bank(s) will be available for a subsequent row
access a specified time (tgp) after the precharge command is issued. Input A10
determines whether one or all banks are to be precharged, and in the case where
only one bank is to be precharged, inputs BAO, BA1 select the bank. Otherwise
BAO, BA1 are treated as “Don’t Care.” Once a bank has been precharged, it is in
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the idle state and must be activated prior to any Read or Write commands being
issued to that bank.

42 Auto Precharge

Auto precharge is a feature which performs the same individual-bank precharge
function described above, without requiring an explicit command. This is accom-
plished by using A10 to enable auto precharge in conjunction with a specific Read
or Write command. A precharge of the bank/row that is addressed with the Read
or Write command is automatically performed upon completion of the Read or
Write burst, except in the full-page burst mode, where auto precharge does not
apply. Auto precharge is non persistent in that it is either enabled or disabled for
each individual Read or Write command.

Auto precharge ensures that the precharge is initiated at the earliest valid stage
within a burst. The user must not issue another command to the same bank until
the precharge time (trp) is completed. This is determined as if an explicit Pre-
charge command was issued at the earliest possible time, as described for each
burst type in the Operation section of this data sheet.

43 Burst Terminate

The Burst Terminate command is used to truncate either fixed-length or full-page
bursts. The most recently registered Read or Write command prior to the Burst
Terminate command will be truncated, as shown in the Operation section of this
data sheet.

44 Auto Refresh

Auto Refresh is used during normal operation of the SDRAM and is analogous to
CAS#-BEFORE-RAS# (CBR) refresh in conventional DRAMs. This command is non
persistent, so it must be issued each time a refresh is required. All active banks
must be PRECHARGED prior to issuing an Auto Refresh command. The Auto Re-
fresh command should not be issued until the minimum tgp has been met after
the Precharge command as shown in the operation section.

The addressing is generated by the internal refresh controller. This makes the ad-
dress bits “"Don’t Care” during an Auto Refresh command. The 128Mb SDRAM
requires 4,096 Auto Refresh cycles every 64ms (tgrgp). Providing a distributed
Auto Refresh command every 15.625us will meet the refresh requirement and
ensure that each row is refreshed. Alternatively, 4,096 Auto Refresh commands
can be issued in a burst at the minimum cycle rate (tgrgc), once every 64ms.

45 Self Refresh

The Self Refresh command can be used to retain data in the SDRAM, even if the
rest of the system is powered down, as long as power is not completely removed
from the SDRAM. When in the self refresh mode, the SDRAM retains data without
external clocking. The Self Refresh command is initiated like an Auto Refresh
command except CKE is disabled (Low). Once the Self Refresh command is reg-
istered, all the inputs to the SDRAM become “"Don’t Care” with the exception of
CKE, which must remain Low.

Once self refresh mode is engaged, the SDRAM provides its own internal clocking,
causing it to perform its own auto refresh cycles. The SDRAM must remain in self
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refresh mode for a minimum period equal to tgag and may remain in self refresh
mode for an indefinite period beyond that.

The procedure for exiting self refresh requires a sequence of commands. First,
CLK must be stable (stable clock is defined as a signal cycling within timing con-
straints specified for the clock pin) prior to CKE going back High. Once CKE is
High, the SDRAM must have NOP commands issued (a minimum of two clocks)
for tysp because time is required for the completion of any internal refresh in
progress.

Upon exiting the self refresh mode, Auto Refresh commands must be issued
every 15.625us or less as both Self Refresh and Auto Refresh utilize the row re-
fresh counter.

46 Deep Power-down

The operating mode deep power-down achieves maximum power reduction by
eliminating the power of the whole memory array of the device. Array data will
not be retained once the device enters deep power-down mode.

This mode is entered by having all banks idle then CS# and WE# held low with
RAS# and CAS# held high at the rising edge of the clock, while CKE is low. This
mode is exited by asserting CKE high.

47 Operation

47.1 Bank/Row Activation

Before any Read or Write commands can be issued to a bank within the SDRAM,
a row in that bank must be “opened.” This is accomplished via the Active com-
mand, which selects both the bank and the row to be activated (see Figure 47.1,
Activating a Specific Row in a Specific Bank Register).

After opening a row (issuing an Active command), a Read or Write command may
be issued to that row, subject to the tpcp specification. trep (miny Should be di-
vided by the clock period and rounded up to the next whole number to determine
the earliest clock edge after the Active command on which a Read or Write com-
mand can be entered. For example, a tgcp specification of 20ns with a 125 MHz
clock (8ns period) results in 2.5 clocks, rounded to 3. This is reflected in
Figure 47.2, which covers any case where 2 < trcp (min)/tck < 3. (The same pro-
cedure is used to convert other specification limits from time units to clock
cycles.)

A subsequent Active command to a different row in the same bank can only be
issued after the previous active row has been “closed” (precharged). The mini-
mum time interval between successive Active commands to the same bank is
defined by tpc.

A subsequent Active command to another bank can be issued while the first bank
is being accessed, which results in a reduction of total row-access overhead. The
minimum time interval between successive Active commands to different banks
is defined by tgpp.
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CLK l

CKE HIGH

cs# D
RAS# YU
cast LI
we# 77
no-a10, a11 7777777777777y

R
D

>

BAO, BAL /111111 Agélﬁgss .
DON'T CARE

Figure 47.1 Activating a Specific Row in a Specific Bank Register

TO T1 T2 T3 T4

ax | Y |
COMMAND 9< ACTIVE >@< NOP >@< NOP >@< READ or >@<

tRcD

////| DON'T CARE

Figure 47.2. Meeting tRCD (MIN) when 2 < tRCD (MlN)/tCKS 3

47.2 Reads

Read bursts are initiated with a Read command, as
shown in Figure 47.2.

The starting column and bank addresses are provided with the Read command,
and auto precharge is either enabled or disabled for that burst access. If auto pre-
charge is enabled, the row being accessed is precharged at the completion of the
burst. For the generic Read commands used in the following illustrations, auto
precharge is disabled.

During Read bursts, the valid data-out element from the starting column address
will be available following the CAS latency after the Read command. Each subse-
quent data-out element will be valid by the next positive clock edge. Figure 27.1,
“CAS Latency,” on page 112, shows general timing for each possible CAS latency
setting.
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Upon completion of a burst, assuming no other commands have been initiated,
the DQ will go High-Z. A full-page burst will continue until terminated. (At the end
of the page, it will wrap to column 0 and continue.)

Data from any Read burst may be truncated with a subsequent Read command,
and data from a fixed length Read burst may be immediately followed by data
from a Read command. In either case, a continuous flow of data can be main-
tained. The first data element from the new burst follows either the last element
of a completed burst or the last desired data element of a longer burst that is
being truncated. The new Read command should be issued x cycles before the
clock edge at which the last desired data element is valid, where x equals the CAS
latency minus one.

This is shown in Figure 47.2, “Consecutive Read Bursts,” on page 122, for CAS
latencies of two and three; data element n + 3 is either the last of a burst of four
or the last desired of a longer burst. The 128Mb SDRAM uses a pipelined archi-
tecture and therefore does not require the 2n rule associated with a prefetch
architecture. A Read command can be initiated on any clock cycle following a pre-
vious Read command. Full-speed random read accesses can be performed to the
same bank, as shown in Figure 47.3, "Random Read Accesses,” on page 122, or
each subsequent Read may be performed to a different bank.

Data from any Read burst may be truncated with a subsequent Write command,
and data from a fixed length Read burst may be immediately followed by data
from a Write command (subject to bus turnaround limitations). The Write burst
may be initiated on the clock edge immediately following the last (or last desired)
data element from the Read burst, provided that I/O contention can be avoided.
In a given system design, there may be a possibility that the device driving the
input data will go Low-Z before the SDRAM DQ go High-Z. In this case, at least
a single cycle delay should occur between the last read data and the Write
command.
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CLK {

CKE  HIGH i
cs# N i
.
RAS# ; Y
CAS# N i /
!
WE# ; W
AO-A8 4 ESB:LF’{E'QS

A9, Al1l X /%/

DISABLE AUTO PRECHARGE
BANK
BAO, 1 /X ADDRESS

DON'T CARE

Figure 47.1 Read Command
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inlnlininlnlnlniin
w i i i i i i i
! I I I I I I I
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o 3o 3 oo 3 o 3T o

TRANSITIONING DATA///] DON'T CARE
Figure 47.2. Consecutive Read Bursts

Note: Each Read command may be to any bank. DQM is Low.
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i
! | | | | |
! | | | | |
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wooess (B CHED D DD T

|
! |
|

bQ ﬁ—i« B >< D >< Dar >\'< ED)
|

‘ CAS Latency = 2 ‘

TO T1 T2 T3 T4 T5 T6
S I I o B e B e B e B o I
! | | | | | |
! | | | | | |
! | | | | | |
COMMAND READ READ READ READ NOP NOP NOP

I I I I I I

! | | | | | |

I L Il L

BANK, BANK, BANK, BANK, /)
ADDRESS ¢oLn coLa COLx coLm ‘/ ‘ M‘ M‘ M
I
| | | | |
I 7k L
| 7L Dor N bowr N _Dor N7 Dosr |

! \3: n_ /A_a Ny x / '<‘ m >>

TRANSITIONING DATA DON'T CARE

Figure 47.3. Random Read Accesses

DQ —

CAS Latency = 3

Note: Each Read command may be to any bank. DQM is low.

The DQM input is used to avoid I/O contention, as shown in Figure 47.4 and
Figure 47.5. The DQM signal must be asserted (High) at least two clocks prior to
the Write command (DQM latency is two clocks for output buffers) to suppress
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data-out from the Read. Once the Write command is registered, the DQ will go
High-Z (or remain High-2Z), regardless of the state of the DQM signal, provided
the DQM was active on the clock just prior to the Write command that truncated
the Read command. If not, the second Write will be an invalid Write. For example,
if DQM was Low during T4 in Figure 47.6, then the Writes at T5 and T7 would be
valid, while the Write at T6 would be invalid.

The DQM signal must be de-asserted prior to the Write command (DQM latency
is zero clocks for input buffers) to ensure that the written data is not masked.
Figure 47.5 shows the case where the clock frequency allows for bus contention
to be avoided without adding a NOP cycle, and shows the case where the addi-
tional NOP is needed. A fixed-length Read burst may be followed by, or truncated
with, a Precharge command to the same bank (provided that auto precharge was
not activated), and a full-page burst may be truncated with a Precharge com-
mand to the same bank. The Precharge command should be issued x cycles
before the clock edge at which the last desired data element is valid, where x
equals the CAS latency minus one. This is shown in Figure 47.6 for each possible
CAS latency; data element n + 3 is either the last of a burst of four or the last
desired of a longer burst. Following the Precharge command, a subsequent com-
mand to the same bank cannot be issued until tgp is met. Note that part of the
row precharge time is hidden during the access of the last data element(s).

In the case of a fixed-length burst being executed to completion, a Precharge
command issued at the optimum time (as described above) provides the same
operation that would result from the same fixed-length burst with auto pre-
charge. The disadvantage of the Precharge command is that it requires that the
command and address buses be available at the appropriate time to issue the
command; the advantage of the Precharge command is that it can be used to
truncate fixed-length or full-page bursts.

COMMAND -< READ >-< NOP >.< NOP >_< NOP >-< WRITE ><
! |
ADDRESS—%(/‘ X = 6

| | | Ltk

| | : Tz
S = F==

| | | T~ s

Figure 47.4. Read to Write

November 8, 2005 SDRAM_0I_A3 Mobile SDRAM Type | 123



SPANSION" Preliminary

A

COMMAND s X

ADDRESS —{ Eé’{'f; K s

DON'T CARE

Figure 47.5. Read to Write with Extra Clock Cycle

Note: A CAS latency of three is used for illustration. The Read command may be to
any bank, and the Write command may be to any bank.
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f
I
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I
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TRANSITIONING DATA m DON'T CARE

Figure 47.6. Read to Precharge

Note: DQM is low.
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Figure 47.7. Terminating a Read Burst

Note: DQM is low.
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Full-page Read bursts can be truncated with the Burst Terminate command, and

fixed-length Read bursts may be truncated with a Burst Terminate command,

provided that auto precharge was not activated. The Burst Terminate command
should be issued x cycles before the clock edge at which the last desired data el-
ement is valid, where x equals the CAS latency minus one. This is shown in
Figure 47.7 for each possible CAS latency; data element n + 3 is the last desired

data element of a longer burst.

Writes
Write bursts are initiated with a Write command, as shown in Figure 47.1.

The starting column and bank addresses are provided with the Write command,
and auto precharge is either enabled or disabled for that access. If auto pre-
charge is enabled, the row being accessed is precharged at the completion of the
burst. For the generic Write commands used in the following illustrations, auto

precharge is disabled.

During Write bursts, the first valid data-in element will be registered coincident

with the Write command. Subsequent data elements will be registered on each

successive positive clock edge. Upon completion of a fixed-length burst, assum-
ing no other commands have been initiated, the DQ will remain High-Z and any
additional input data will be ignored (see Figure 47.3). A full-page burst will con-
tinue until terminated. (At the end of the page, it will wrap to column 0 and

continue.)
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Figure 47.1 Write Command

Data for any Write burst may be truncated with a subsequent Write command,
and data for a fixed length Write burst may be immediately followed by data for
a Write command. The new Write command can be issued on any clock following
the previous Write command, and the data provided coincident with the new
command applies to the new command. An example is shown in Figure 47.4.
Data n + 1 is either the last of a burst of two or the last desired of a longer burst.
The 128Mb SDRAM uses a pipelined architecture and therefore does not require
the 2n rule associated with a prefetch architecture. A Write command can be ini-
tiated on any clock cycle following a previous Write command. Full-speed random
write accesses within a page can be performed to the same bank, as shown in
Figure 47.4, or each subsequent Write may be performed to a different bank.
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COMMAND < WR‘ITE >< NOP >< NOP >< NOP >_<
| | | |

ADDRESS%{/ ‘ M‘ Y ‘ |
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o ENENI T~

DON'T CARE

Figure 47.2. Write Burst

Note: Burst length = 2. DQM is low.

TO T1 T2

CLK

I I I
I I I
COMMAND { WRITE >< NOP >< WRITE K
I I I
I I I
BANK, BANK, \/
ADDRESS 8GN/ —&s—K
| | |
| |

Dy \/ D \/ Oy
0 A nFl N b

/] DON'T CARE

Figure 47.3. Write to Write

T~

DQ

Note: DQM is low. Each Write command may be to any bank.

Data for any Write burst may be truncated with a subsequent Read command,
and data for a fixed length Write burst may be immediately followed by a Read
command. Once the Read command is registered, the data inputs will be ignored,
and writes will not be executed. An example is shown in Figure 47.5. Data n + 1
is either the last of a burst of two or the last desired of a longer burst.

Data for a fixed-length Write burst may be followed by, or truncated with, a Pre-
charge command to the same bank (provided that auto precharge was not
activated), and a full-page Write burst may be truncated with a Precharge com-
mand to the same bank. The Precharge command should be issued tWR after the
clock edge at which the last desired input data element is registered. The auto
precharge mode requires a tyr of at least one clock plus time, regardless of
frequency.

In addition, when truncating a Write burst, the DQM signal must be used to mask
input data for the clock edge prior to, and the clock edge coincident with, the Pre-
charge command. An example is shown in Figure 47.6. Data n + 1 is either the
last of a burst of two or the last desired of a longer burst. Following the Precharge
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command, a subsequent command to the same bank cannot be issued until tgp
is met.

! | | |
! | | |
COMMAND«< WRITE >< WRITE >< WRITE >< WRITE >C
I
| | | |
I} I} I}
< BANK, }/ BANK, \ / BANK, \/ BANK, \//
ADDRESS COLn _/ \ CQLa \ CQLx / co‘Lm /\é
I

b \/
bQ A

I -

E

™~
=)

E

L

=)

=

|

DON'T CARE
Figure 47.4. Random Write Cycles

Note: Each Write command may be to any bank. DQM is low.

TO T1 T2 T3 T4 T5

COMMAND WRITE NOP >_< READ NOP >< NOP NOP

wooress BN/ B 1IN TN T

oo SN TN G

DON'T CARE
Figure 47.5. Write to Read

Note: The Write command may be to any bank, and the Read command may be to
any bank. DQM is low. CAS latency = 2 for illustration.

In the case of a fixed-length burst being executed to completion, a Precharge
command issued at the optimum time (as described above) provides the same
operation that would result from the same fixed-length burst with auto pre-
charge. The disadvantage of the Precharge command is that it requires that the
command and address buses be available at the appropriate time to issue the
command; the advantage of the Precharge command is that it can be used to
truncate fixed-length or full-page bursts.

Fixed-length or full-page Write bursts can be truncated with the Burst Terminate
command. When truncating a Write burst, the input data applied coincident with
the Burst Terminate command will be ignored. The last data written (provided
that DQM is Low at that time) will be the input data applied one clock previous to
the Burst Terminate command. This is shown in Figure 47.2, where data n is the
last desired data element of a longer burst.
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Figure 47.6. Write to Precharge

Note: DQM could remain low in this example if the Write burst is a fixed length of two.

47.4 Precharge

The Precharge command (see Figure 47.3) is used to deactivate the open row in
a particular bank or the open row in all banks. The bank(s) will be available for a
subsequent row access some specified time (tgp) after the precharge command
is issued. Input A10 determines whether one or all banks are to be precharged,
and in the case where only one bank is to be precharged, inputs BAO, BA1 select
the bank. When all banks are to be precharged, inputs BAO, BA1 are treated as
“Don’t Care.” Once a bank has been precharged, it is in the idle state and must
be activated prior to any Read or Write commands being issued to that bank.

47.5 Power-down

Power-down occurs if CKE is registered low coincident with a NOP or Command
Inhibit when no accesses are in progress. If power-down occurs when all banks
are idle, this mode is referred to as precharge power-down; if power-down occurs
when there is a row active in any bank, this mode is referred to as active power-
down. Entering power-down deactivates the input and output buffers, excluding
CKE, for maximum power savings while in standby. The device may not remain
in the power-down state longer than the refresh period (64ms) since no refresh
operations are performed in this mode. The power-down state is exited by regis-
tering a NOP or Command Inhibit and CKE High at the desired clock edge
(meeting tcks). See Figure 47.1.
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CKE
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COMMAND nor X }/ 7K nop >@< ACTIVE >@

All banks idle trRCD
Input buffers gated off tRAS
Enter power-down mode. Exit power-down mode. tRC

Figure 47.1. Power-Down

TO T1 T2

‘
COMMAND < wrins XTEEaﬁTE}QOSm DK
ADDRESS %‘“ﬁﬁ(/ M“"m“t’s’%@
WQ?AL @&ﬂ%
rransiTIoninG DATA. /] oon'T cane

Figure 47.2. Terminating a Write Burst

Note: DQMs are low.
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Figure 47.3. Precharge Command
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47.6 Deep Power-down

Deep Power Down mode is a maximum power savings feature achieved by shut-
ting off the power to the entire memory array of the device. Data on the memory
array will not be retained once Deep Power Down mode is executed. Deep Power
Down mode is entered by having all banks idle then CS# and WE# held low with
RAS# and CAS# high at the rising edge of the clock, while CKE is low. CKE must
be held low during deep power-down.

In order to exit Deep Power Down mode, CKE must be asserted high. After exit-
ing, the following sequence is needed in order to enter a new command. Maintain
NOP input conditions for a minimum of 100us. Issue Precharge commands for all
banks. Issue eight or more AUTOREFRESH commands. The values of the mode
register and extended mode register will be retained upon exiting deep power-
down.

47.7 Clock Suspend

The clock suspend mode occurs when a column access/burst is in progress and
CKE is registered low. In the clock suspend mode, the internal clock is deacti-
vated, “freezing” the synchronous logic.

For each positive clock edge on which CKE is sampled Low, the next internal pos-
itive clock edge is suspended. Any command or data present on the input pins at
the time of a suspended internal clock edge is ignored; any data present on the
DQ pins remains driven; and burst counters are not incremented, as long as the
clock is suspended. (See examples in Figure 47.4, and Figure 47.5.)

Clock suspend mode is exited by registering CKE High; the internal clock and re-
lated operation will resume on the subsequent positive clock edge.

47.8 Burst Read/Single Write

The burst read/single write mode is entered by programming the write burst
mode bit (M9) in the mode register to a logic 1. In this mode, all Write commands
result in the access of a single column location (burst of one), regardless of the
programmed burst length. Read commands access columns according to the pro-
grammed burst length and sequence, just as in the normal mode of operation
(M9 = 0).
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INTERNALM
CLOCK
COMMAND< NOP >< WRITE W M M NOP >< NOP >—<

ADDRESSW W M M I M

DINW /;)( mﬁN >/é M />< nnivl /\ nD-;-NZ >
DON'T CARE

Figure 47.4. Clock Suspend During Write Burst

Note: For this example, burst length = 4 or greater, and DM is low.

! 1 1 1 1 1 1

! l l l l l l

! | | | | | |

CKE | ! w ! ! ! !

! | | | | |

! l l l l l

: | | | | |
INTERNAL |
CLOCK !

‘
COMMAND READ NOP NOP W »—< NOP NOP NOP
i | | | | | |
| | | | | |
BANK 7
! | | | | | |
| | | | | |
. ' D s Dout T Do D
DQ ‘ ; AN e Tne2 AT nt3

[/} DON'T cARE
Figure 47.5. Clock Suspend During Read Burst

Note: For this example, CAS latency = 2, burst length = 4 or greater, and DQM is low.

47.9 Concurrent Auto Precharge

The SDRAM devices support Concurrent Auto precharge, which allows an access
command (Read or Write) to another bank while an access command with auto
precharge enabled is executing. Four cases where concurrent auto precharge oc-
curs are defined below.

47.9.1 Read with Auto Precharge

1. Interrupted by a Read (with or without auto precharge): A Read to bank m
will interrupt a Read on bank n, two or three clocks later, depending on CAS
latency. The precharge to bank n will begin when the Read to bank m is reg-
istered (Figure 47.6).

2. Interrupted by a Write (with or without auto precharge): When a Write to
bank m registers, a Read on bank n will be interrupted. DQM should be used
two clocks prior to the Write command to prevent bus contention. The pre-
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charge to bank n will begin when the Write to bank m is registered
(Figure 47.7).

TO T1 T2 T3 T4 T5 T6 T7

! | | | | | | |

I} L L L L L L L
READ - AP' READ - AP!

COMMAND NOP BANK NOP BANK m ‘NOP ‘NOP ‘NOP ‘NOP C
R I e e I L R PR R EEERE .
: BANK n ‘ Page Active l READ with Burst of 4 } Interrupt Burst, Precharge | Idle .

'
+ Internal | ! ! ! | tRe-BANKn ! tRp - BANK ®
! | | | | | | <
'
. States BANK M ‘ Page Active | READ with Burst of 4 Precharge:
'

B Y d----i----h----\.----

ADDRESS// ﬂ\B’SgLKJ‘ X B’éﬁfé" quminianing

I I

\ L L

| |_Dour |__Dou
T a T
I

bQ

T
CAS Latency = 3 (BANK/n)
|

CAS Latency = 3 (BANKm)

DON'T CARE
Figure 47.6. Read with Auto Precharge Interrupted by a Read

Note: DQM is low.

TO T1 T2 T3 T4 T5 T6 T7
: | | | | | | |
. . . . . . .
READ - AP WRITE - A
COMMAND  ( RERD- ) (" nop NoP NoP BANKm'> noP NOP NoP C
PP T R R L TR TE T, T T ,
. BANKn ‘:ggjel READ with Burst of 4 >| Interrupt Burst, Precharge | et
» Internal | i i | | | R -BANKn YWR -BANKm*
. States ! | | | | | | | :
' BANK m ‘ Page Active | WRITE with Burst of 4 | Write-Back
e eemeeaaena. }--.-4--.-4--.-4.----\. ...................
BANKn, BANK
e S IV T S TN W

I I I I I I

1 L | \ | | |

o {7/, ! ! ! ! ! !

I I | | | | |

. ! ! [DBour \  [bw\ 'Diy 'Div Div
e ! N VS W Y S VES ¥ QR ¥ RV E
| I ! ! ! *

CAS Latency = 3 (BANKn)

DON'T CARE
Figure 47.7. Read with Auto Precharge Interrupted by a Write

Note: DQM is high at T2 to prevent Dpoyr-a+1 from contending with Dyy-dat T4.

47.10 Write with Auto Precharge

1. Interrupted by a Read (with or without auto precharge): When a Read to
bank m registers, it will interrupt a Write on bank n, with the data-out ap-
pearing 2 or 3 clocks later, (depending on CAS latency). The precharge to
bank n will begin after tyr is met, where tyr begins when the Read to bank
m is registered. The last valid Write to bank n will be data-in registered one
clock prior to the Read to bank m (Figure 47.8).

2. Interrupted by a Write (with or without auto precharge): When a Write to
bank m registers, it will interrupt a Write on bank n. The precharge to bank
n will begin after tyyr is met, where tyr begins when the Write to bank m is
registered. The last valid data Write to bank n will be data registered one
clock prior to a Write to bank m (Figure 47.9).
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TO T1 T2 T3 T4 T5 T6 T7
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Figure 47.8. Write with Auto Precharge Interrupted by a Read

Note: DQM is low.

TO T1 T2 T3 T4 T5 T6 T7
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[
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[
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Figure 47.9. Write with Auto Precharge Interrupted by a Write

Note: DQM is low.
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Table 47.1 Truth Table 2 - CKE
CKE,-1 | CKE, Current State Command, Action, Notes
Power-Down X Maintain Power-Down
Self Refresh X Maintain Self Refresh
- - Clock Suspend X Maintain Clock Suspend
Deep Power-Down X Maintain Deep Power-Down 8
Power-Down Command Inhibit or NOP Exit Power-Down 5
L H Deep Power-Down X Exit Deep Power-Down 8
Self Refresh Command Inhibit or NOP Exit Self Refresh 6
Clock Suspend X Exit Clock Suspend 7
All Banks Idle Command Inhibit or NOP Power-Down Entry
H L All Banks Idle Burst Terminate Deep Power-Down Entry 8
All Banks Idle Auto Refresh Self Refresh Entry
Reading or Writing Valid Clock Suspend Entry
H H See Truth Table 3
Notes:

1. CKE, is the logic state of CKE at clock edge n; CKE,.; was the state of CKE at the
previous clock edge.

2. Current state is the state of the SDRAM immediately prior to clock edge n.

3. Command, is the command registered at clock edge n, and Action, is a result of
Command,,

4. All states and sequences not shown are illegal or reserved.

5. Exiting power-down at clock edge n will put the device in the all banks idle state
in time for clock edge n + 1 (provided that tcxs is met).

6. Exiting self refresh at clock edge n will put the device in the all banks idle state
once tysg is met. Command Inhibit or NOP commands should be issued on any

clock edges occurring during the tysg period. A minimum of two NOP commands
must be provided during tysg period.

7. After exiting clock suspend at clock edge n, the device will resume operation and
recognize the next command at clock edge n + 1.

8. Deep power-down is a power-saving feature of this Mobile SDRAM device. This
command is Burst Terminate when CKE is high and Deep Power Down when CKE
is low.
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Table 47.2 Truth Table 3 - Current State Bank n, Command to Bank n
Current State CS# RQS CAS# V:tE Command (Action) Notes
H X X X Comm_and Inhibit (NOP/Continue previous
Any operation)
L H H H | No Operation (NOP/Continue previous operation)
L L H H | Active (Select and activate row)
Idle L L L H | Auto Refresh 7
L L L L |Load Mode Register 7
L L H L |Precharge 11
L H L H |Read (Select column and start Read burst) 10
Row Active L H L L | Write (Select column and start Write burst) 10
L L H L |Precharge (Deactivate row in bank or banks) 8
L H L H |Read (Select column and start new Read burst) 10
Read L H L L | Write (Select column and start Write burst) 10
(Auto precharge disabled) L L H L |Precharge (Truncate Read burst, start Precharge)
L H H L |Burst Terminate 9
L H L H |Read (Select column and start Read burst) 10
Write L H L L | Write (Select column and start new Write burst) 10
(Auto precharge disabled) L L H L |Precharge (Truncate Write burst, start Precharge) 8
L H H L |Burst Terminate 9
Notes:

1. This table applies when CKE,.; was High and CKE, is High (see Table 47.1) and
after tysg has been met (if the previous state was self refresh).

2. This table is bank-specific, except where noted; i.e., the current state is for a spe-
cific bank and the commands shown are those allowed to be issued to that bank
when in that state. Exceptions are covered in the notes below.

3. Current state definitions:
Idle: The bank has been precharged, and tgp has been met.
Row Active: A row in the bank has been activated, and tgcp has been met. No
data bursts/accesses and no register accesses are in progress.
Read: A Read burst has been initiated, with auto precharge disabled, and has not
yet terminated or been terminated.
Write: A Write burst has been initiated, with auto precharge disabled, and has not
yet terminated or been terminated.

4. The following states must not be interrupted by a command issued to the same
bank. Command Inhibit or NOP commands, or allowable commands to the other
bank should be issued on any clock edge occurring during these states. Allowable
commands to the other bank are determined by its current state and Table 47.2,
and according to Table 47.3.

Precharging: Starts with registration of a Precharge command and ends when tpp
is met. Once tgp is met, the bank will be in the idle state.

Row Activating: Starts with registration of an Active command and ends when
trcp is met. Once tgcp is met, the bank will be in the row active state.

Read w/Auto Precharge Enabled: Starts with registration of a Read command with
auto precharge enabled and ends when tpp has been met. Once trp is met, the
bank will be in the idle state.

Write w/Auto Precharge Enabled: Starts with registration of a Write command
with auto precharge enabled and ends when

tgp has been met. Once trp is met, the bank will be in the idle state.

5. The following states must not be interrupted by any executable command; Com-
mand Inhibit or NOP commands must be applied on each positive clock edge dur-
ing these states.

Refreshing: Starts with registration of an Auto Refresh command and ends when
trc is met. Once tyc is met, the SDRAM will be in the all banks idle state.
Accessing Mode Register: Starts with registration of a Load Mode Register com-
mand and ends when tyrp has been met.

Once tygrp is met, the SDRAM will be in the all banks idle state.
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Precharging All: Starts with registration of a Precharge All command and ends
when tgp is met. Once tgp is met, all banks will be in the idle state.
All states and sequences not shown are illegal or reserved.
Not bank-specific; requires that all banks are idle.
May or may not be bank-specific,; if all banks are to be precharged, all must be in
a valid state for precharging.
9. Deep Power-Down is power-saving feature of this Mobile SDRAM device. This
command is Burst Terminate when CKE is high and Deep Power Down when CKE
is low.
10. Reads or Writes listed in the Command (Action) column include Reads or Writes
with auto precharge enabled and Reads or Writes with auto precharge disabled.
11. Does not affect the state of the bank and acts as a NOP to that bank.
Table 47.3 Truth Table 4 - Current State Bank n, Command to Bank m
Current State cs# | RAS [cas# | ViF Command (Action) Notes
H X X X Command Inhibit (NOP/Continue previous
Any operation)
L H H H | No Operation (NOP/Continue previous operation)
Idle X X X X | Any Command Otherwise Allowed to Bank m
L L H H |Active (Select and activate row) 7
Row Activating, L H L H |[Read (Select column and start Read burst) 7
Active, or Precharging L H L L | write (Select column and start Write burst)
L L H L |Precharge
L L H H |[Active (Select and activate row)
Read L H L H |Read (Select column and start Read burst) 7,10
(Auto precharge disabled) L H L L | write (Select column and start Write burst) 7,11
L L H L |Precharge 9
L L H H |Active (Select and activate row)
Write L H L H |Read (Select column and start Read burst) 7,12
(Auto precharge disabled) L H L L [write (Select column and start new Write burst) 7,13
L L H L |Precharge 9
L L H H | Active (Select and activate row)
Read L H L H |Read (Select column and start new Read burst) 7,814
(with Auto precharge) L H L L | write (Select column and start Write burst) 7,8,15
L L H L |Precharge 9
L L H H | Active (Select and activate row)
Write L H L H |Read (Select column and start Read burst) 7,8,16
(with Auto precharge) L H L L [write (Select column and start new Write burst) 7,8, 17
L L H L |Precharge 9

Notes:

1. This table applies when CKE,_; was high and CKE,, is high (see Table 47.1) and
after tysg has been met (if the previous state was self refresh).

2. This table describes alternate bank operation, except where noted; i.e., the cur-
rent state is for bank n and the commands shown are those allowed to be issued
to bank m (assuming that bank m is in such a state that the given command is
allowable). Exceptions are covered in the notes below.

3. Current state definitions:
Idle: The bank has been precharged, and tgp has been met.
Row Active: A row in the bank has been activated, and tgcp has been met. No
data bursts/accesses and no register accesses are in progress.
Read: A Read burst has been initiated, with auto precharge disabled, and has not
yet terminated or been terminated.
Write: A Write burst has been initiated, with auto precharge disabled, and has not
yet terminated or been terminated.
Read w/Auto Precharge Enabled: Starts with registration of a Read command with
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auto precharge enabled, and ends when tgp has been met. Once tgp is met, the
bank will be in the idle state.

Write w/Auto Precharge Enabled: Starts with registration of a Write command
with auto precharge enabled, and ends when tgpp has been met. Once tgp is met,
the bank will be in the idle state.

4. Auto Refresh, Self Refresh and Load Mode Register commands may only be issued
when all banks are idle.

5. A Burst Terminate command cannot be issued to another bank; it applies to the
bank represented by the current state only.

All states and sequences not shown are illegal or reserved.

7. Reads or Writes to bank m listed in the Command (Action) column include Reads
or Writes with auto precharge enabled and Reads or Writes with auto precharge
disabled.

8. Concurrent Auto Precharge: Bank n will initiate the auto precharge command
when its burst has been interrupted by bank m burst.

9. Burst in bank n continues as initiated.

10. For a Read without auto precharge interrupted by a Read (with or without auto
precharge), the Read to bank m will interrupt the Read on bank n, CAS latency
later (Figure 47.2).

11. For a Read without auto precharge interrupted by a Write (with or without auto
precharge), the Write to bank m will interrupt the Read on bank n when registered
(Figure 47.4, and Figure 47.5). DQM should be used one clock prior to the Write
command to prevent bus contention.

12. For a Write without auto precharge interrupted by a Read (with or without auto
precharge), the Read to bank m will interrupt the Write on bank n when registered
(Figure 47.5), with the data-out appearing CAS latency later. The last valid Write
to bank n will be data-in registered one clock prior to the Read to bank m.

13. For a Write without auto precharge interrupted by a Write (with or without auto
precharge), the Write to bank m will interrupt the Write on bank n when regis-
tered (Figure 47.3). The last valid Write to bank n will be data-in registered one
clock prior to the Read to bank m.

14. For a Read with auto precharge interrupted by a Read (with or without auto pre-
charge), the Read to bank m will interrupt the Read on bank n, CAS latency later
(Figure 47.6). The Precharge to bank n will begin when the Read to bank m is reg-
istered.

15. For a Read with auto precharge interrupted by a Write (with or without auto pre-
charge), the Write to bank m will interrupt the Read on bank n when registered
(Figure 47.7). DQM should be used two clocks prior to the Write command to pre-
vent bus contention. The Precharge to bank n will begin when the Write to bank
m is registered.

16. For a Write with auto precharge interrupted by a Read (with or without auto pre-
charge), the Read to bank m will interrupt the Write on bank n when registered,
with the data-out appearing CAS latency later (Figure 47.8). The Precharge to
bank n will begin after tyg is met, where tyr begins when the Read to bank m is
registered. The last valid Write bank n will be data-in registered one clock prior
to the Read to bank m.

17. For a Write with auto precharge interrupted by a Write (with or without auto pre-
charge), the Write to bank m will interrupt the Write on bank n when registered.
The Precharge to bank n will begin after tyg is met, where tyr begins when the
Write to bank m is registered (Figure 47.9). The last valid Write to bank n will be
data registered one clock to the Write to bank m.
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48 Absolute Maximum Ratings
Stresses greater than those listed 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 specifi-
cation is not implied. Exposure to absolute maximum rating conditions for
extended periods may affect reliability.
Voltage on Vpp/Vppq Supply Relativeto Vgg . . .. .. ..o .o L. -0.35V to +2.8V
Voltage on Inputs, NC or I/O Pins RelativetoVSS ... ... ... -0.35V to +2.8V
Operating Temperature Tp (Extended) . ... ............. -25°C to +85°C
Storage Temperature (plastic) . . .. ......... ... .. . .. -55°C to +150°C
Table 48.1 DC Electrical Characteristics and Operating Conditions
-75 -10 .
Parameter Symbol . . Units Notes

Min Max Min Max
Supply Voltage Vpbp 1.7 1.95 1.7 1.9
I/0 Supply Voltage Vbpo 1.7 1.95 1.7 1.9
Input High Voltage: Logic 1; All inputs Viy 0.8 x Vppq | Vpp + 0.3] 0.8 x Vppq | Vpp + 0.3 v 4
Input Low Voltage: Logic 0; All inputs Vi -0.3 +0.3 -0.3 +0.3 4
Output High Voltage: All inputs VoH 0.9 x Vppg — 0.9 x Vppq —
Output Low Voltage: All inputs VoL — 0.2 — 0.2
Input Leakage Current:
Any input OV < Viy <Vpp I -1.0 1.0 -1.0 1.0 HA
(All other pins not under test = 0V)
Output Leakage Current: DQ disabled; _ _
OV < Vour £Voog Ioz 1.5 1.5 1.5 1.5 HA

Notes:
1. All voltages referenced to Vss. Vpp = Vppg = +1.8V £0.1V.

2. The minimum specifications are used only to indicate cycle time at which proper
operation over the full temperature range (-25°C < T, < +85°C for standard parts;
-40°C < T4 < +85°C for IT parts) is ensured.

3. Aninitial pause of 100us is required after power up, followed by two Auto Refresh
commands, before proper device operation is ensured. (Vpp and Vppg must be
powered up simultaneously. Vsg and Vssg must be at same potential.) The two
Auto Refresh command wake-ups should be repeated any time the tger refresh
requirement is exceeded.

4. Vyyovershoot: Viy max) = Vppo + 2V for a pulse width < 3ns, and the pulse width
cannot be greater than one third of the cycle rate. Vy undershoot: Vi () = -
2V for a pulse width < 3ns.

5. ESD Immunity: Spansion Flash memory Multi-Chip Products (MCPs) may con-
tain component devices that are developed by Spansion and component devices
that are developed by a third party (third-party components). Spansion compo-
nents are tested and guaranteed to the ESD immunity levels listed in the corre-
sponing Spanion Flash memory Qualification Database. Third-party components
are neither tested nor guaranteed by Spansion for ESD immunity. However, ESD
test results for third-party components may be available from the component
manufacturer. Component manufacturer contact information is listed in the Span-
sion MCP Qualification Report, when available. The Spanion Flash memory Qual-
ification Database and Spansion MCP Qualification Report are available from
Spansion and Fujitsu sales offices.
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Table 48.2 AC Electrical Characteristics and Operating Conditions
Parameter Symbol Min Max Units | Notes
Input High Voltage: Logic 1; All inputs ViH 1.4 - \"
Input Low Voltage: Logic 0; All inputs Vi - +0.4 Vv
Table 48.3 Electrical Characteristics and Recommended AC Operating
Conditions
AC Characteristics -75 -10 Units | Note
Parameter Symbol Min Max Min Max s
Access time from CLK (pos. CL=3| tac (3) 5.4 7 27
edge) CL=2| tac(2) 6 8
Address hold time tan 1 1
Address setup time tas 2.5 2.5
CLK high-level width ten 2.5 3
CLK low-level width teL 2.5 3
) CL=3| tcx(3) 7.5 100 9.6 100 6
Clock cycle time
CL=2| tcx(2) 10 100 12 100 6
CKE hold time tekH 1 1
CKE setup time teks 2.5 2.5
CS#, RAS#, CAS#, WE#, DQM hold ¢ 1 1
time CMH
ns
gi;i RAS#, CAS#, WE#, DQM setup tems 25 25
Data-in hold time toH 1 1
Data-in setup time tps 2.5 2.5
o ] CL=3| tyz (3) 5.4 7 7
Data-out high-impedance time
CL=2| tyz(2) 6 8 7
Data-out low-impedance time t 2 1 1
Data-out hold time (load) ton 3 2.5
Data-out hold time (no load) toHN 1.8 1.8 8
Active to Precharge command tras 45 120,000 50 120,000
Active to Active command period tre 80 100
Active to Read or Write delay trep 22.5 20
Refresh period (4,096 rows) trREF 64 64 ms
Auto Refresh period trRrc 80 100
Precharge command period trp 22.5 20 ns
Active bank a to Active bank b command trrD 15 20
Transition time tr 0.3 1.2 0.3 1.2 9
twr () 1 CLK + 1 CLK + _ 10
7.5ns 5ns
Write recovery time
twr (M) 15 15 11
ns
Exit Self Refresh to Active command txsr 80 100 12

Notes:

1. The minimum specifications are used only to indicate cycle time at which proper
operation over the full temperature range (-25°C < T4 < +85°C for standard parts;
-40°C < Ty < +85°C for IT parts) is ensured.

2. An initial pause of 100us is required after power up, followed by two Auto Refresh
commands, before proper device operation is ensured. (Vpp and Vppg must be
powered up simultaneously. Vss and Vssg must be at same potential.) The two
Auto Refresh command wake-ups should be repeated any time the tgger refresh re-
quirement is exceeded.

3. In addition to meeting the transition rate specification, the clock and CKE must
transit between Vi and Vy (or between Vy and Vi) in @ monotonic manner.

4. Outputs measured for 1.8V at 0.9V with equivalent load:
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5. AC timing and IDD tests have Vy and Vi, with timing referenced to Vy/2 = cross-
over point. If the input transition time is longer than tr yax), then the timing is
referenced at Vi (myax) and Vi min) @nd no longer at the Vy/2 crossover point.

6. The clock frequency must remain constant (stable clock is defined as a signal cy-
cling within timing constraints specified for the clock pin) during access or pre-
charge states (Read, Write, including tyg, and Precharge commands). CKE may be
used to reduce the data rate

7. tyzdefines the time at which the output achieves the open circuit condition; it is
not a reference to Vgy or Vg,. The last valid data element will meet toy before
going High-Z.

8. Parameter guaranteed by design.

9. AC characteristics assume ty = 1ns.

10.Auto precharge mode only. May not exceed limit set for precharge mode.
11.Precharge mode only.

12.CLK must be toggled a minimum of two times during this period.

Table 48.4 AC Functional Characteristics

Parameter Symbol _730& " | Units | Notes
Read/Write command to Read/Write command tcep 1 7
CKE to clock disable or power-down entry mode tekep 1 8
CKE to clock enable or power-down exit setup mode tpep 1 8
DQM to input data delay tbqp 0 7
DQM to data mask during Writes toom 0 7
DQM to data high-impedance during Reads tbqz 2 7
Write command to input data delay towp 0 7
Data-in to Active command toaL 5 tex 9,10
Data-in to Precharge command topL 2 11, 10
Last data-in to burst Stop command tepL 1 7
Last data-in to new Read/Write command tepL 1 7
Last data-in to Precharge command trpL 2 11, 10
Load Mode Register command to Active or Refresh command tMrRD 2 12
o CL=3 tron (3) 3 7
Data-out to high-impedance from Precharge command
CL=2 tron (2) 2 7

Notes:

1. The minimum specifications are used only to indicate cycle time at which proper
operation over the full temperature range (-25°C < T4 < +85°C for standard parts;
-40°C < T4 < +85°C for IT parts) is ensured.

2. An initial pause of 100us is required after power up, followed by two Auto Refresh
commands, before proper device operation is ensured. (Vpp and Vppg must be
powered up simultaneously. Vss and Vssg must be at same potential.) The two
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Auto Refresh command wake-ups should be repeated any time the trpgr refresh re-
quirement is exceeded.

3. AC characteristics assume tr = 1ns.

4. In addition to meeting the transition rate specification, the clock and CKE must
transit between Vi and Vy (or between Vy and Vyy) in @ monotonic manner.

5. Outputs measured for 1.8V at 0.9V with equivalent load:

@ L 30pF

6. ACtiming and Ipp tests have V5 and Vi, with timing referenced to VIH/2 = cross-
over point. If the input transition time is longer than tr yax), then the timing is
referenced at Vi (myax) and Vi min) @nd no longer at the Vy/2 crossover point.

7. Required clocks are specified by JEDEC functionality and are not dependent on any
timing parameter.

8. Timing actually specified by tcks; clock(s) specified as a reference only at mini-
mum cycle rate.

9. Timing actually specified by tyg plus tgp; clock(s) specified as a reference only at
minimum cycle rate.

10.Based on te = 9.6ns for -10.
11.Timing actually specified by tyg.
12.JEDEC and PC100 specify three clocks.

Table 48.5 IDD Specifications and Conditions

Symbo| -75 -10

Parameter/Condition I Units Notes
Max Max

Operating Current: Active Mode;

Burst = 2; Read or Write; tpc = tpc (MIN) Ipp1 >0 >0 mA 67,89

Standby Current: Power-Down Mode; All banks idle; CKE = Low | Ipp> 220 150 HA 9

Standby Current: Active Mode;

CKE = High; CS# = High; All banks active after tgcp met; Ipps 5 30 6,12,8,9

No accesses in progress

Operating Current: Burst Mode; Continuous burst;

Read or Write; All banks active Ippa >0 80 mA 6,7,89
tre = trrc Iops | 105 | 120

Auto Refresh Current (MIN) 6 12 7.8 9 10

CKE = High; CS# = High trrc = I 5 3 12, 7,6,9,
15.625us DD6

Deep Power Down 177 10 10 MA 11

Notes:

1. All voltages referenced to Vss. Vpp = Vppg = +1.8V +0.1V.

2. The minimum specifications are used only to indicate cycle time at which proper
operation over the full temperature range (-25°C < T4 < +85°C for standard parts;
-40°C < T4 < +85°C for IT parts) is ensured.

3. An initial pause of 100us is required after power up, followed by two Auto Refresh
commands, before proper device operation is ensured. (Vpp and Vppg must be

powered up simultaneously. Vss and Vssg must be at same potential.) The two
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Auto Refresh command wake-ups should be repeated any time the trpgr refresh re-
quirement is exceeded.
4. AC timing and Ipp tests have Vy and Vy, with timing referenced to VIH/2 = cross-
over point. If the input transition time is longer than tr yax), then the timing is
referenced at Vy (max) and Viy miny @and no longer at the Vyy/2 crossover point.
5. Ipp specifications are tested after the device is properly initialized.
6. Ipp is dependent on output loading and cycle rates. Specified values are obtained
with minimum cycle time and the outputs open.
7. The Ipp current will increase or decrease proportionally according to the amount
of frequency alteration for the test condition.
8. Address transitions average one transition every two clocks.
9. For-10, CL = 3 and tcx = 9.6ns.
10.CKE is High during refresh command period tgec (min) €/se CKE is Low. The Ippg
limit is actually a nominal value and does not result in a fail value.
11.Deep power down current is a nominal value at 25°C. The parameter is not tested.
Table 48.6 Ippy - Self Refresh Current Options
Temperature Compensated Self Refresh Max _ _ .
Parameter/Condition Temperature 75 10 Units Notes
85°C 220 200
Self Refresh Current: 70°C 175 160
CKE < 0.2V - 4 Banks Open 45°C 150 140
15°C 125 120
85°C 160 160
Self Refresh Current: 70°C 125 130
CKE < 0.2V - 2 Banks Open 45°C 125 120
15°C 85 110
85°C 130 130
Self Refresh Current: 70°C 105 120 A 2
CKE < 0.2V - 1 Bank Open 45°C 90 110 H
15°C 75 100
85°C TBD 120
Self Refresh Current: 70°C TBD 110
CKE < 0.2V - 1/2 Bank Open 45°C TBD 100
15°C TBD 90
85°C TBD 115
Self Refresh Current: 70°C TBD 105
CKE < 0.2V - 1/4 Bank Open 45°C TBD 95
15°C TBD 90
Notes:

1. VDD = VDDQ = +18V :|:01V
2. Enables on-chip refresh and address counters.
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Table 48.7 Capacitance
Parameter Symbol Min Max Units | Notes
Input Capacitance: CLK Cn 1.5 4.0 pF 229
Input Capacitance: All other input-only pins Cp 1.5 4.0 pF 3
Input/Output Capacitance: DQ Cio 3.0 6.0 pF 4
Notes:

1. This parameter is sampled. Vpp, Vppg = +1.8V; TA = 25°C; pin under test biased
at1.4v. f=1 MHz.

2. PC100 specifies a maximum of 4pF.
3. PC100 specifies a maximum of 5pF.
4. PC100 specifies a maximum of 6.5pF

o S DA A dpcs @ez% w @

@/// 0 A A

i tAs taH

A0-A9, A1 @)/ /// /}:/ @k cope 9@% cope @% Ej/ ij/ é% )
A10 @é// : ALL 5 (é@( CODE %Z%Z}( CoDE )(22 Alf_Bi’\fi ) /ay /(j) RA >@

\ tAS tAH tas taH tAS tAH
‘ ( (( (« (
BAO = L, BAO = L
@y// T e =D I T ST
:
b0 ' High-Z | (( (( (( (( (( ((
) ' ) ) )] ) )) )]
T * 100ps ! ‘
<4t—> ! -— e e S —
. 1 ; tRP tMRD tMRD tRp tRFC tRFC
ower-up:
VoD andp Load Extended Load Mode
Mode Register Register
CLK stable 9 9 DON'T CARE

Figure 48.1 Initialize and Load Mode Register

Notes:
1. The two Auto Refresh commands at T9 and T19 may be applied before either Load
Mode Register (LMR) command.

2. PRE = Precharge command, LMR = Load Mode Register command, AR = Auto Re-
fresh command, ACT = Active command, RA = Row Address, BA = Bank Address.

3. Optional refresh command.

4. The Load Mode Register for both MR/EMR and 2 Auto Refresh commands can be
in any order. However, all must occur prior to an Active command.

5. Device timing is -10 with 104 MHz clock.
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A10 o K8 X,
SINGLE BANK ))
E bl (C
BAO, BA19k B\NK(S)% A TIX_sa X
))
High-Z (
)
Two clock cycles Input buffers gated off while in

All banks idle, enter,

Precharge all j
power-down mode

active banks

j power-down mode

) All banks idle
Exit power-down mode

(/)] DON'T CARE

Figure 48.2. Power Down Mode

Note: Violating refresh requirements during power-down may result in a loss of data.
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a e S e e INY SN D W NS S AN S Y G D S H S
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fems| temy
COMMAND §< READ W NOP >@< NOP W NOP NOP NOP WRITE /, m NOP @
s | | |
DQMU, DQML )
s | ar_ | | | | |
A0-A9, A1l %cm MN mzw MCOLU NeZW
volw, | ] | | | | |
AL0 Xx )/ / / / %
N | | | | | | |
BAQ, BAIX HANK >k/ W EETNY,
tac
we o ‘ﬂ, tos| o
DQ thmw Dourm ﬁk Ddure % /%Dcure+1 >@
DON'T CARE
@ UNDEFINED
Figure 48.3. Clock Suspend Mode
Notes:

1. For this example, the burst length = 2, the CAS latency = 3, and auto precharge
is disabled.

2. A9 and A11 = "Don’t Care.”

146 Mobile SDRAM Type | SDRAM_01_A3 November 8, 2005



Preliminary

SPANSION"

November 8, 2005 SDRAM_0I_A3

A\
TO TL T2 . Tn+1 . To+1
t
I e ) D S R e I
| (
S/ /A4 Uy i T
tcks | tekH
tgﬂi tcMH (
COMMAND ?k PRECHARGE>@< NOP >@<JAE%TR2$H ///@ NOP >@< R’EléTRESH ><22>< Nopéc‘rlvs X&X
(¢ ((
DQMU, DQML Wil W
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tRP ‘ tRFCt tRFct
I
7
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Figure 48.4. Auto Refresh Mode
Note: Each Auto Refresh command performs a refresh cycle. Back-to-back com-
mands are not required.
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Precharge all
active banks
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Enter self refresh mode {
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Figure 48.5.

Exit self refresh mode

(Restart refresh time base)
CLK stable prior to exiting

Self Refresh Mode

DON'T CARE

Note: Each Auto Refresh command performs a refresh cycle. Back-to-back com-
mands are not required.
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Figure 48.6. Read - Without Auto Precharge

Notes:
1. For this example, the burst length = 4, the CAS latency = 2, and the Read burst
is followed by a "manual” Precharge.

2. A9 and A11 = "Don’t Care.”
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Figure 48.7. Read - With Auto Precharge
Notes:

1. For this example, the burst length = 4, the CAS latency = 2.
2. A9 and A11 = "Don’t Care.”
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Figure 48.8. Single Read - Without Auto Precharge
Notes:

1. For this example, the burst length = 4, the CAS latency = 2, and the Read burst
is followed by a "manual” Precharge.

2. A9 and A11 = "Don’t Care.”

3. Precharge command not allowed or tpas would be violated.
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Figure 48.9. Single Read - With Auto Precharge
Notes:

1. For this example, the burst length = 4, the CAS latency = 2, and the Read burst
is followed by a "manual” Precharge.

2. A9 and A11 = "Don’t Care.”

3. Precharge command not allowed or tpas would be violated.
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Figure 48.10. Alternating Bank Read Accesses
Notes:

1. For this example, the burst length = 4, the CAS latency = 2.
2. A9 and A11 = "Don’t Care.”
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Figure 48.1l. Read - Full-Page Burst
Notes:

1. For this example, the CAS latency = 2.
2. A9 and A11 = "Don’t Care.”

3. Page left open; no tgp.
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Figure 48.12. Read - DQM Operation

Notes:

1. For this example, the CAS latency = 2.
2. A9 and A11 = "Don’t Care.”
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Figure 48.13. Werite - Without Auto Precharge

Notes:
1. For this example, the burst length = 4, and the Write burst is followed by a

“manual” Precharge.
2. 15ns is required between <DIN m + 3> and the Precharge command, regardless
of frequency.

3. A9 and A11 = "Don’t Care.”
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Figure 48.14. Write - With Auto Precharge

Notes:
1. For this example, the burst length = 4.

2. A9 and A11 = "Don’t Care.”
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0 . T . 7] LE] T4 5 6 7 8 9
K L
cx ?1 S e = SV W Y NN R SN S S S S SO S Y S
KS‘ tcKH ‘
)
oe 77 W N /4 ' N/ AR/ AR /4
fems| tem
COMMAND y< ACTIVE W NOP WRITE >@< NOP NOP >@< NOP >@< NOP %PRECHARGW NOP >@< ACTIVE
‘ tcMs| temH
DQMU, DQML /) s | 2T, D
o | | | | |
AO-AQ,AII% Row >W couymmd/) ) IK W X,
fas|_ta ‘ ‘ ‘ ALLB‘ANKS
o KA NI / 1 Y
tas| tan DISABLE AUTO PRECHARGE ‘ ‘ ‘ ‘ SINGLE BANK
BAO, BAly HANK % / BANK % M BANK W BANK W
tbs| tbH  tbs| tbH tbs| toH tbs| toH
DQ % Divm Mﬁm—ﬂj@kmwm+3% /)
tRCD twr? tRp
tRAS
RC

DON'T CARE

Figure 48.15. Single Write - Without Auto Precharge

Notes:
1. For this example, the burst length = 1, and the Write burst is followed by a

“manual” Precharge.

2. 15ns is required between <DIN m> and the Precharge command, regardless of
frequency.

3. A9 and A11 = "Don’t Care.”

4. Precharge command not allowed else tpas would be violated.
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A

To T1 T2 T3 T4 Ts T6 17 T8 T9
CLK {ftc'( }&,F_.
tcH
sl | \ \ \ \ \ \ \ \
e 7 | uw |
fems | femy
COMMAND ACTIVE nop? NoP3 Nop3 >@< WRITE >@< NOP NOP NOP >@< ACTIVE NOP
tcms [ temH
DQMU, DQML % }/
A0-A9, A1l Row //Xcoulmn meX(/) X R X
fas| tan ENABLE AUTO PRECHARGE
AL0 Row 74 X R X
BAO, BAlﬂ HANK % BANK BANK W
tos| toH
DQ 7 /J/ rwm% 7
ReD tWR ) RP
RAS
tRC ‘
DON'T CARE
Figure 48.16. Single Write with Auto Precharge
Notes:

1. For this example, the burst length = 1, and the Write burst is followed by a

“manual” Precharge.

2. 15ns is required between <DIN m> and the Precharge command, regardless of
frequency.

3. A9 and A11 = "Don’t Care.”
4. Write command not allowed else tpas would be violated.
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T0 t T1 - T2 T3 T4 T5 T6 T7 T8 T9
w b
toxs| to
SV A/ /4 \//4
feMs | temH
COMMAND y ACTIVE W NoP WRITE NOP /N ACTIVE >@< NOP >@< WRITE >@< NOP NOP ACTIVE
| cus| o

pQMy, DQHL 1, A0 111 N R/ 1 L N 11 N1/ N /)

tas| taH ‘ ‘ ‘ ‘

AO-A9, Ally Row % 7)ot MNsz »/( How 7 Mcm MN"ZW Ton
fﬁs, ﬂ ENABLE AUTO PRECHARGE ENABLE AUTO PRECHARGE
Y T 7 KT K TR

tas| taH ‘ ‘ ‘ ‘
BAO, BAlX BANKO)/ NS BaNK 1 (/) BANK 1 BANK 0

‘ tos| toH tos‘ toH tos| toH tos| toH tDS‘ toH tDS‘ toH tos |toH tos| toH

L} Il |
DQ /&k omm >@ DiNm + lj@k DiNm + 2>@k Dr m+3>@k Dinb W Dmb+lm Dinb + ZW Dr b+3j@<:

tRCD - BANK 0 YWR - BANK 0 tRP - BANK 0 tRCD - BANK 0
tRAS - BANK 0

fRC - BANK 0

tRRD fRCD - BANK 1 YWR - BANK 1

DON'T CARE

Figure 48.17. Alternating Bank Write Accesses

Notes:
1. For this example, the burst length = 4.
2. A9 and A11 = "Don’t Care.”
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T0 T1 T2 T3 T4 T5 ( Tn+1 T +2 Tn+3
_tcL | 1. ek ] }
K ) RS v — | L] l ( l l .
kS| o « ‘
CKE 77 ,
4 / N4 ) ey )
tcMs| tcmH
COMMAND ACTIVE NOP >@< WRITE >@< NOP >@< NOP >@< NOP >§@< NOP WBURSTTERM
tcms | teMH
DQMU, DQML % )Z%Z} 422%7}) ﬂé&
tas| taH («
AO-A9, Allx Row % /XCOLLMleW /y
))
tas| taH «
A10 y ROW % K/
)Y
tas| taH («
BAO, BAL y BANK W W EETNY, 0
)Y
tbs| tH tbs| tH tbs| tH tbs| tbH  ts| DH
RCD
I Full-page burst does not
7 512 (x16) locations within same rpw Ssﬂgggrrr_}ﬁli_:r}g}l%\‘gag use
DONT CARE Full page completed—" command to stop:
Figure 48.18. Write - Full Page Burst
Notes:

1. A9 and A11 = "Don’t Care.”
2. tyr must be satisfied prior to Precharge command.

3. Page left open; no tgp.

160

Mobile SDRAM Type |

SDRAM_0I_A3 November 8, 2005



Preliminary

SPANSION"

AN
T0 . T1 . T T3 T4 T T7
T T e e arveve IR W Y S R S [ .
x|t
S/ N/ R/ A U/ AR/ N/ A
tems| temu
COMMAND X ACTIVE >@< NOP >@< WRITE >@< NOP >@< NOP >@< NOP %% NOP >@< NOP >@
| clon ] T
DQMU, DQML % /l/ NN D
el wi | |
AO-A9,A11>k ROW W %COLLMNmZW
tas| taH ‘
—— ENABLE AUTO PRECHARGE
A10 %k ROW %
41:55> tAH DISABLE AUTO PRECHARGE ‘
BAO, BAlx HANK % m HANK W
Eg DH tos| toH tps| toH
DQ ﬁk INM % »K Dxnm+2W Dwm+3>W
Rep
DON'T CARE
Figure 48.19. Write - DQM Operation
Notes:
1. For this example, the burst length = 4.
2. A9 and A11 = "Don’t Care.”
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49 Revision Summary

49.1 Revision A0 (April I, 2005)

Initial Release

49.2 Revision Al (April 25, 2005)
Added 133 MHz speed grade option

49.3 Revision A2 (April 25, 2005)

Added revision history

49.4 Revision A3 (April 25, 2005)

Added a note on ESD Immunity to the DC Electrical Characteristics and Operating
Conditions table.
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Mobile SDRAM Type 2
2M x 16Bit x 4 Banks SDRAM

/TN

SPANSION"

PRELIMINARY

Features

1.8V power supply.

LVCMOS compatible with multiplexed address.

Four banks operation.

MRS cycle with address key programs.

— CAS latency (1, 2 & 3).

— Burst length (1, 2, 4, 8 & Full page).

— Burst type (Sequential & Interleave).

EMRS cycle with address key programs.

All inputs are sampled at the positive going edge

of the system clock.

Burst read single-bit write operation.

Special Function Support.

— PASR (Partial Array Self Refresh).

— Internal TCSR (Temperature Compensated Self
Refresh)

— DS (Driver Strength)

DQM for masking.

Auto refresh.

64ms refresh period (4K cycle).

Extended Temperature Operation (-25°C ~ 85°C)

Publication Number SDRAM_00 Revision A Amendment 0

Issue Date May 25, 2004
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50 Absolute Maximum Ratings

Parameter Symbol Value Unit
Voltage on any pin relative to Vgg Vine VouT -1.0~ 2.6 Vv
Voltage on Vpp supply relative to Vgg Vopr Vopg -1.0~ 2.6 v
Storage temperature Ts16 -55 ~ +150 °C
Power dissipation Po 1.0 w
Short circuit current Ios 50 mA

Notes:

1. Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded.
2. Functional operation should be restricted to recommended operating condition.
3. Exposure to higher than recommended voltage for extended periods of time could affect device

reliability.

51 DC Operating Conditions

Recommended operating conditions (Voltage referenced to Vgg = 0V, Ty = -25°C ~ +85°C.

Parameter Symbol Min Typ Max Unit Note
Vbp 1.65 1.8 1.95
Supply voltage
Vbpq 1.65 1.8 1.95
Input logic high voltage Vin 0.8 x Vppq 1.8 Vppg + 0.3 v 1
Input logic low voltage Vi -0.3 0 0.3 2
Output logic high voltage Von Vppq -0.2 — — Ioy = -0.1mA
Output logic low voltage VoL — . 0.2 IoL = 0.1mA
Input leakage current I -10 — 10 HA

Notes:

1. Viy (max) = 2.2V AC.The overshoot voltage duration is < 3ns.
2. Vy (min) = -1.0V AC. The undershoot voltage duration is < 3ns.
3. Any input OV < Vi < Vppo- Input leakage currents include Hi-Z output leakage for all bi-directional

buffers with tri-state outputs.

4. Doutis disab/ed, oV < VOUT < VDDQ'

52 Capacitance

(Vpp = 1.8V, TA = 23°C, f = 1MHz, Vger =0.9V % 50 mV)

Pin Symbol Min Max Unit Note
Clock CCLK 2.0 4.0
RAS#, CAS#, WE#, CS#, CKE, DQM Cin 2.0 4.0
Address Cron 2.0 4.0 PF
DQO ~ DQ15 Cout 3.0 6.0
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53 DC Characteristics
Parameter Symbol Test Condition Value | Unit | Note
Burst length = 1
Operating Current (One Bank Active) Icci  |tre 2tre (Min) 35 mA 1
Io =0mA
Precharge Standby Current in power- | IccoP | CKE <Vp (max), tec = 10ns 0.3 | mA
down mode IccPS | CKE & CLK < Vy (max), tee = o 0.3 | mA
LN CKE 2 Viy(min), CS# > Viy(min), tcc = 10ns Input 10 mA
Precharge Standby Current in non CC2™% | signals are changed one time during 20ns
power-down mode CKE > Viy(min), CLK < Vy (max), tee = o
IccaNS Input signals are stable 1 mA
Active Standby Current in power- IccsP | CKE <V (max), tec = 10ns 5 mA
down mode IccsPS | CKE & CLK < Vy (max), tce = o 1 mA
I N CKE 2 Viy(min), CS = Viy(min), tcc = 10ns 20 mA
Active Standby Current in non power- | 3" |Input signals are changed one time during 20ns
down mode (One Bank Active) CKE > Viy(min), CLK < Vy (max), tee = o
IeeaNS Input signals are stable > mA
I0 =0mA
. Page burst
Operating Current (Burst Mode) Icc4 4Banks Activated 50 mA 1
tCCD = 2CLKs
Refresh Current Icc5 | tarec 2 tarpc(min) 85 mA 2
Internal TCSR Max 40| °C
Self Refresh Current Icc6 |CKE<0.2v Full Array 100
1/2 of full array 90 A
1/4 of full array 85

Notes:
1. Measured with outputs open.

2. Refresh period is 64ms.
3. Unless otherwise noted, input swing Ievel is CMOS(V1y /Vi=Vppo/Vsso)-

54 AC Operating Test Conditions

VDD = 1.8V £ 0.15V, TA = -25°C ~ +85°C

Parameter Value Unit

AC input levels (Vin/Vi) 0.9 x Vppq / 0.2 v
Input timing measurement reference level 0.5 x Vppq
Input rise and fall time tr/tf = 1/1 ns
Output timing measurement reference level 0.5 x Vppq Vv
Output load condition See Figure 54.2

o 1.8V

13.9K

VOH (DC) = VDDQ - 0.2V, IOH = -0.1mA
»

Output © ]
VOL (DC) = 0.2V, IOL = 0.1mA

106K - 30PF

e

Figure 54.I DC Output Load Circuit
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o Vtt=0.5 x VDDQ

ouput o z0=50 ) i

__ 30pF

Figure 54.2 AC Output Load Circuit

55 Operating AC Parameter

(AC operating conditions unless otherwise noted)

Parameter Symbol Value Unit | Note
Row active to row active delay trrp(min) 19
RAS# to CAS# delay trep(min) 28.5 ns 1
Row precharge time trp(min) 28.5
Row active time tras(min) €0

tras(max) 100 us

Row cycle time tre(min) 88.5 ns
Last data in to row precharge trpL(min) 15 ns 2
Last data in to Active delay tpaL(min) trpL + trp —
Last data in to new col. address delay tepL(min) 1 CLK )
Last data in to burst stop tgpL(min) 1 CLK
Auto refresh cycle time tarrc(min) 80 ns
Exit self refresh to active command tsrpx(min) 120 ns
Col. address to col. address delay teep(min) 1 CLK 3
Number of valid output data CAS latency=3 2
Number of valid output data CAS latency=2 1 ea 4
Number of valid output data CAS latency=1 0

Notes:

1. The minimum number of clock cycles is determined by dividing the minimum time required with
clock cycle time and then rounding off to the next higher integer.

2. Minimum delay is required to complete write.

All parts allow every cycle column address change.

4. In case of row precharge interrupt, auto precharge and read burst stop.

W
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56 AC Characteristics
(AC operating conditions unless otherwise noted)
Parameter Symbol Min Max Unit Note

CLK cycle time CAS latency=3 9.5
CLK cycle time CAS latency=2 tee 15 1000 ns 1
CLK cycle time CAS latency=1 25
CLK to valid output delay CAS latency=3 7
CLK to valid output delay CAS latency=2 tsac 8 ns 1,2
CLK to valid output delay CAS latency=1 20
Output data hold time CAS latency=3
Output data hold time CAS latency=2 ton 2.5 ns 2
Output data hold time CAS latency=1
CLK high pulse width ten 3.5 3
CLK low pulse width teL 3
Input setup time tss 3.0 3
Input hold time tsy 1.5 ns 3
CLK to output in Low-Z tsiz 1 2

CAS latency=3 7
CLK to output in Hi-Z CAS latency=2 tshz 8

CAS latency=1 20

Notes:

1. Parameters depend on programmed CAS latency.
2. If clock rising time is longer than 1ns, (tr/2-0.5)ns should be added to the parameter.

3. Assumed input rise and fall time (tr & tf) = 1ns.

If tr & tf is longer than 1ns, transient time compensation should be considered,

i.e., [(tr + tf)/2-1]ns should be added to the parameter.

May 25,2004 SDRAM_00_AO
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57 Simplified Truth Table

Command CKEn-l | CKEn | CS# | RAS# | CAS# | WE# | DQM | BAO,I | AIO/AP | AIll,A9~A0 | Note
Register Mode Register Set H X L L L L X OP CODE 1,2
Auto Refresh H 3
H L L L H X X
Entry L 3
Refresh Self C m m m 3
Refresh | Exit L H X X
H X X X 3
Bank Active & Row Addr. H X L L H H X \% Row Address
Auto Precharge
Read & Disable ¢ L Column 4
Column Alto Prech H X L H L H X \ Address
Address uto Precharge ~
Enable H (A0O~AB8) 4,5
Auto Precharge
Write & Disable 9 L Column 4
Column Aito Prach H X L H L L X \% Address
Address uto Precharge ~
Enable H (A0~A8) 45
Burst Stop H X L H H L X X 6
Bank Selection \% L
Precharge H X L L H L X X
All Banks X
Ent H L H X X X X
Clock Suspend or ntry
Active Power Down L v v v X
Exit L H X X X X X
H X X X
Entry H L X
Precharge Power L H H H X
Down Mode H X X X
Exit L H X
L \Y Y \Y
DQM H X \Y X 7
H X X X
No Operation Command H X X X
L H H H

Legend: V = Valid, X = Don’t Care, H = Logic High, L = Logic Low
Notes:

1.

2.

o

OP Code: Operand Code
A0 ~ A11 & BAO ~ BA1: Program keys. (@MRS)

MRS can be issued only at all banks precharge state.

A new command can be issued after 2 CLK cycles of MRS.

Auto refresh functions are the same as CBR refresh of DRAM.

The automatic precharge without row precharge command is meant by “"Auto”.

Auto/self refresh can be issued only at all banks precharge state.

Partial self refresh can be issued only after setting partial self refresh mode of EMRS.

BAO ~ BA1: Bank select addresses.

During burst read or write with auto precharge, new read/write command can not be issued.
Another bank read/write command can be issued after the end of burst.

New row active of the associated bank can be issued at tRP after the end of burst.

Burst stop command is valid at every burst length.

DQM sampled at the positive going edge of CLK masks the data-in at that same CLK in write
operation (Write DQM latency is 0), but in read operation, it makes the data-out Hi-Z state after 2
CLK cycles. (Read DQM latency is 2).

58 Mode Register Field Table to Program Modes

Address BAO ~ BAI All ~AIO/AP | A9 (Note 2) | A8 | A7 | A6 | A5 | Ad4| A3 A2| Al | A0
Function 0 Settlr;?ngr Normal RFU W.B.L Test Mode | CAS Latency BT Burst Length
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59 Normal MRS Mode

Test Mode CAS Latency Burst Type Burst Length
A8 | A7 Type A6 | A5 | A4 Latency A3 Type A2 | Al | AO BT=0 BT=Il
0 0 | Mode Register Set | 0 | 0 | O | Reserved 0 Sequential 0 0 0 1 1
0|1 Reserved 0|01 1 1 Interleave 0 0 1 2 2
110 Reserved of(1]|0 2 Mode Select 0 110 4 4
1 1 Reserved 0o|1(1 3 BAI | BAO Mode 0 1 1 8 8
Write Burst Length 1| 0| 0 | Reserved 1 0 | 0 | Reserved | Reserved
A9 Length 1| 0| 1 | Reserved Setting 1 0 1 | Reserved | Reserved
0 0 for Normal
0 Burst 1| 1| 0 | Reserved MRS 1 1 0 | Reserved | Reserved
Single Bit 1| 1] 1| Reserved 1 1 1 | Full Page | Reserved
Note: Full Page Length x 16: 64Mb(256), 128Mb(512), 256Mb(512), 512Mb(1024)
Register Programmed with Extended MRS
Address BAI | BAO | All~AIO/AP | A9 [A8| A7 | A6 |A5| A4 | A3 | A2|Al| A0
Function Mode Select RFU (Note 1) DS RFU (Note 1) PASR

60 EMRS for PASR (Partial Array Self Ref) & DS (Driver Strength)

Mode Select Driver Strength | PASR

BAI BAO Mode A6 | A5 Driver Strength A2 Al A0 Refreshed Area

0 0 Normal MRS 0|0 Full 0 0 0 Full Array
0 1 Reserved 0|1 1/2 0 0 1 1/2 of full array
1 0 EMRS for Mobile SDRAM | 1 | 0 1/4 0 1 0 1/4 of full array

1 1 Reserved 1 1 1/8 0 1 1 Reserved

Reserved Address 1 0 0 Reserved

AIlI~AIO/AP A9 A8 | A7 A4 A3 1 0 1 Reserved

0 0 ol o 0 0 1 1 0 Reserved

1 1 1 Reserved

Notes:

1. RFU(Reserved for future use) should stay "0” during MRS cycle.
2. If A9 is high during MRS cycle, "Burst Read Single Bit Write” function will be enabled.

Partial Array Self Refresh

1. In order to save power consumption, Mobile SDRAM has PASR option.

2. Mobile SDRAM supports 3 kinds of PASR in self refresh mode: Full Array,
1/2 of full array, and 1/4 of full array.

BA1=0 BA1=0 BA1=0 | BA1=0 BA1=0 | BA1=0
BAO=0 BAO=1 BAO=0 | BAO=1 BAO=0 | BAO=1
BAl1=1 | BA1=1 BAl=1 | BAl=1 BAl=1 | BA1l=1
BA0O=0 | BAO=1 BAO=0 | BAO=1 BAO=0 | BAO=1

- Full Array - 1/2 of full Array - 1/4 of full Array

I:I Partial Self Refresh Area
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62 Internal Temperature Compensated Self Refresh (TCSR)

Self Refresh Current (Icc 6)
Temperature Range Full Array 112 of full array 1/4 of full array Unit
Max. 40°C 100 90 85 VA
Max. 85°C 250 210 190

Notes:

1. In order to save power consumption, Mobile-SDRAM includes the internal temperature sensor and
control units to control the self refresh cycle automatically according to the two temperature ranges;
Max. 40°C, Max. 85°C.

2. If the EMRS for external TCSR is issued by the controller, this EMRS code for TCSR is ignored.

63 Power Up Sequence

1. Apply power and attempt to maintain CKE at a high state and all other inputs may be unde-
fined.
- Apply VDD before or at the same time as VDDQ.

Maintain stable power, stable clock and NOP input condition for a minimum of 200us.
Issue precharge commands for all banks of the devices.
Issue 2 or more auto-refresh commands.

Issue a mode register set command to initialize the mode register.

I

Issue a extended mode register set command to define DS or PASR operating type of
the device after normal MRS.

EMRS cycle is not mandatory and the EMRS command needs to be issued only when DS or PASR
is used.

The default state without EMRS command issued is half driver strength and all full array
refreshed.

The device is now ready for the operation selected by EMRS.
For operating with DS or PASR, set DS or PASR mode in EMRS setting stage.

In order to adjust another mode in the state of DS or PASR mode, additional EMRS set is required
but power up sequence is not.

needed again at this time. In that case, all banks have to be in idle state prior to adjusting EMRS
set.

64 Burst Sequence

64.1 Burst Length =4

Initial Address

Al A0 Sequential Interleave
0 0 0 1 2 3 0 1 3
0 1 1 2 3 0 1 0 2
1 0 2 3 0 1 2 3 1
1 1 3 0 1 2 3 2 0
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64.2 Burst Length =8

Initial Address

A2 | Al | AO Sequential Interleave
0|0 0 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
0|0 1 1 2 3| 4 5 6 7 0 1 0 3 2 5 4 7 6
0 1 0 2 314 5 6 7 0 1 2 3 0 1 6 7 4 5
0 1 1 3 4 5 6 7 0 1 2 3 2 1 0 7 6 5 4
110 0 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3
110 1 5 6 | 7 0 1 2 3 4 5 4 7 6 1 0 2 3
1 1 0 6 7 0 1 2 3 4 5 6 7 4 5 2 3 0 1
1 1 1 7 0 1 2 3 4 5 6 7 6 5 4 3 2 1 0

65 Device Operations

65.1 Addresses of 64Mb

65.1.1

65.1.2

Bank Addresses (BAO ~ BA1l)

:In case x 16. This SDRAM is organized as four independent banks of 1,048,576 words x 16 bits
memory arrays. The BAO ~ BA1 inputs are latched at the time of assertion of RAS# and CAS# to
select the bank to be used for the operation. The bank addresses BAO ~ BA1 are latched at bank
active, read, write, mode register set and precharge operations.

: In case x 32. This SDRAM is organized as four independent banks of 524,288 words x 32 bits
memory arrays. The BAO ~ BA1 inputs are latched at the time of assertion of RAS# and CAS# to
select the bank to be used for the operation. The bank addresses BAO ~ BA1 are latched at bank
active, read, write, mode register set and precharge operations.

Address Inputs (A0 ~ Al11)

: In case x 16. The 20 address bits are required to decode the 1,048,576 word locations are mul-
tiplexed into 12 address input pins (A0 ~ Al11). The 12 bit row addresses are latched along with
RAS# and BAO ~ BA1l during bank activate command. The 8 bit column addresses are latched
along with CAS#, WE# and BAO ~ BA1 during read or write command.

: In case x 32. The 19 address bits are required to decode the 524,288 word locations are mul-
tiplexed into 11 address input pins (A0 ~ A10). The 11 bit row addresses are latched along with
RAS# and BAO ~ BA1 during bank activate command. The 8 bit column addresses are latched
along with CAS#, WE# and BAO ~ BA1 during read or write command.

65.2 Addresses of 128Mb

65.2.1

Bank Addresses (BAO ~ BA1)

:In case x 16. This SDRAM is organized as four independent banks of 2,097,152 words x 16 bits
memory arrays. The BAO ~ BA1 inputs are latched at the time of assertion of RAS# and CAS# to
select the bank to be used for the operation. The bank addresses BAO ~ BA1 are latched at bank
active, read, write, mode register set and precharge operations.

:In case x 32. This SDRAM is organized as four independent banks of 1,048,576 words x 32 bits
memory arrays. The BAO ~ BA1 inputs are latched at the time of assertion of RAS# and CAS# to
select the bank to be used for the operation. The bank addresses BAO ~ BA1 are latched at bank
active, read, write, mode register set and precharge operations.
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65.2.2 Address Inputs (A0 ~ Al11)

: In case x 16. The 21 address bits are required to decode the 2,097,152 word locations are mul-
tiplexed into 12 address input pins (A0 ~ Al11). The 12 bit row addresses are latched along with
RAS# and BAO ~ BA1l during bank activate command. The 9 bit column addresses are latched
along with CAS#, WE# and BAO ~ BA1 during read or write command.

:In case x 32. The 20 address bits are required to decode the 1,048,576 word locations are mul-
tiplexed into 12 address input pins (A0 ~ Al11). The 12 bit row addresses are latched along with
RAS# and BAO ~ BA1l during bank activate command. The 8 bit column addresses are latched
along with CAS#, WE# and BAO ~ BA1 during read or write command.

65.3 Clock

The clock input is used as the reference for all SDRAM operations. All operations are synchronized
to the positive going edge of the clock. The clock transitions must be monotonic between Vy and
V1. During operation with CKE high all inputs are assumed to be in a valid state (low or high) for
the duration of set-up and hold time around positive edge of the clock in order to function well Q
perform and ICC specifications

65.4 Clock Enable (CKE)

The clock enable(CKE) gates the clock onto SDRAM. If CKE goes low synchronously with clock
(set-up and hold time are the same as other inputs), the internal clock is suspended from the
next clock cycle and the state of output and burst address is frozen as long as the CKE remains
low. All other inputs are ignored from the next clock cycle after CKE goes low. When all banks are
in the idle state and CKE goes low synchronously with clock, the SDRAM enters the power down
mode from the next clock cycle. The SDRAM remains in the power down mode ignoring the other
inputs as long as CKE remains low. The power down exit is synchronous as the internal clock is
suspended. When CKE goes high at least "1CLK + tgg"“before the high going edge of the clock,
then the SDRAM becomes active from the same clock edge accepting all the input commands.

65.5 NOP and Device Deselect

When RAS#, CAS# and WE# are high, the SDRAM performs no operation (NOP). NOP does not
initiate any new operation, but is needed to complete operations which require more than single
clock cycle like bank activate, burst read, auto refresh, etc. The device deselect is also a NOP and
is entered by asserting CS# high. CS# high disables the command decoder so that RAS#, CAS#,
WE# and all the address inputs are ignored.

65.6 DQM Operation

The DQM is used to mask input and output operations. It works similar to OE# during read oper-
ation and inhibits writing during write operation. The read latency is two cycles from DQM and
zero cycle for write, which means DQM masking occurs two cycles later in read cycle and occurs
in the same cycle during write cycle. DQM operation is synchronous with the clock. The DQM sig-
nal is important during burst interruptions of write with read or precharge in the SDRAM. Due to
asynchronous nature of the internal write, the DQM operation is critical to avoid unwanted or in-
complete writes when the complete burst write is not required. Please refer to DQM timing
diagram also.

65.7 Mode Register Set (MRS)

The mode register stores the data for controlling the various operating modes of SDRAM. It pro-
grams the CAS latency, burst type, burst length, test mode and various vendor specific options
to make SDRAM useful for variety of different applications. The default value of the mode register
is not defined, therefore the mode register must be written after power up to operate the SDRAM.
The mode register is written by asserting low on CS#, RAS#, CAS# and WE# (The SDRAM should
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be in active mode with CKE already high prior to writing the mode register). The state of address
pins A0 ~ An and BAO ~ BA1l in the same cycle as CS#, RAS#, CAS# and WE# going low is the
data written in the mode register. Two clock cycles is required to complete the write in the mode
register. The mode register contents can be changed using the same command and clock cycle
requirements during operation as long as all banks are in the idle state. The mode register is di-
vided into various fields depending on the fields of functions. The burst length field uses A0 ~ A2,
burst type uses A3, CAS latency (read latency from column address) use A4 ~ A6, vendor specific
options or test mode use A7 ~ A8, A10/AP ~ An and BAO ~ BA1l. The write burst length is pro-
grammed using A9. A7 ~ A8, A10/AP ~ An and BAO ~ BA1 must be set to low for normal SDRAM
operation. Refer to the table for specific codes for various burst length, burst type and CAS
latencies.

65.8 Extended Mode Register Set (EMRS)

The extended mode register stores the data for selecting driver strength and partial self refresh.
EMRS cycle is not mandatory and the EMRS command needs to be issued only when DS or PASR
is used. The default state without EMRS command issued is half driver strength, and full array
refreshed. The extended mode register is written by asserting low on CS#, RAS#, CAS#, WE#
and high on BA1,low on BAO(The SDRAM should be in all bank precharge with CKE already high
prior to writing into the extended mode register). The state of address pins A0 ~ A1l in the same
cycle as CS#, RAS#, CAS# and WE# going low is written in the extended mode register. Two
clock cycles are required to complete the write operation in the extended mode register. The
mode register contents can be changed using the same command and clock cycle requirements
during operation as long as all banks are in the idle state. A0 - A2 are used for partial self refresh,
A5 - A6 are used for Driver strength, “Low” on BA1 and “High” on BAO are used for EMRS. All the
other address pins except AO~A2, A5~A6, BA1, BAO must be set to low for proper EMRS opera-
tion. Refer to the table for specific codes.

65.9 Bank Activate

The bank activate command is used to select a random row in an idle bank. By asserting low on
RAS# and CS# with desired row and bank address, a row access is initiated. The read or write
operation can occur after a time delay of tgcp(min) from the time of bank activation. tycp is an
internal timing parameter of SDRAM, therefore it is dependent on operating clock frequency. The
minimum number of clock cycles required between bank activate and read or write command
should be calculated by dividing tgcp(min) with cycle time of the clock and then rounding off the
result to the next higher integer.

The SDRAM has four internal banks in the same chip and shares part of the internal circuitry to
reduce chip area, therefore it restricts the activation of four banks simultaneously. Also the noise
generated during sensing of each bank of SDRAM is high, requiring some time for power supplies
to recover before another bank can be sensed reliably. tgrp(min) specifies the minimum time re-
quired between activating different bank. The number of clock cycles required between different
bank activation must be calculated similar to tgcp specification. The minimum time required for
the bank to be active to initiate sensing and restoring the complete row of dynamic cells is deter-
mined by tgas(min). Every SDRAM bank activate command must satisfy tgag(min) specification
before a precharge command to that active bank can be asserted. The maximum time any bank
can be in the active state is determined by tgag(max). The number of cycles for both tgag(min)
and tgas(max) can be calculated similar to tycp specification.

65.10 Burst Read

The burst read command is used to access burst of data on consecutive clock cycles from an ac-
tive row in an active bank. The burst read command is issued by asserting low on CS# and CAS#
with WE# being high on the positive edge of the clock. The bank must be active for at least
trep(min) before the burst read command is issued. The first output appears in CAS# latency
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65.11

AN

number of clock cycles after the issue of burst read command. The burst length, burst sequence
and latency from the burst read command is determined by the mode register which is already
programmed. The burst read can be initiated on any column address of the active row. The ad-
dress wraps around if the initial address does not start from a boundary such that number of
outputs from each I/0 are equal to the burst length programmed in the mode register. The output
goes into high-impedance at the end of the burst, unless a new burst read was initiated to keep
the data output gapless. The burst read can be terminated by issuing another burst read or burst
write in the same bank or the other active bank or a precharge command to the same bank. The
burst stop command is valid at every page burst length.

Burst Write

The burst write command is similar to burst read command and is used to write data into the
SDRAM on consecutive clock cycles in adjacent addresses depending on burst length and burst
sequence. By asserting low on CS#, CAS# and WE# with valid column address, a write burst is
initiated. The data inputs are provided for the initial address in the same clock cycle as the burst
write command. The input buffer is deselected at the end of the burst length, even though the
internal writing can be completed yet. The writing can be completed by issuing a burst read and
DQM for blocking data inputs or burst write in the same or another active bank. The burst stop
command is valid at every burst length. The write burst can also be terminated by using DQM for
blocking data and procreating the bank tRDL after the last data input to be written into the active
row. See DQM OPERATION also.

65.12 All Banks Precharge

All banks can be precharged at the same time by using Precharge all command. Asserting low on
CS#, RAS#, and WE# with high on A10/AP after all banks have satisfied tgag(min) requirement,
performs precharge on all banks. At the end of tgp after performing precharge to all the banks,
all banks are in idle state.

65.13 Precharge

The precharge operation is performed on an active bank by asserting low on CS#, RAS#, WE#
and A10/AP with valid BAO ~ BA1 of the bank to be precharged. The precharge command can be
asserted anytime after tgag(min) is satisfied from the bank active command in the desired bank.
trp is defined as the minimum number of clock cycles required to complete row precharge is cal-
culated by dividing tgp with clock cycle time and rounding up to the next higher integer. Care
should be taken to make sure that burst write is completed or DQM is used to inhibit writing before
precharge command is asserted. The maximum time any bank can be active is specified by
tras(max). Therefore, each bank activate command. At the end of precharge, the bank enters the
idle state and is ready to be activated again. Entry to Power down, Auto refresh, Self refresh and
Mode register set etc. is possible only when all banks are in idle state.

65.14 Auto Precharge

The precharge operation can also be performed by using auto precharge. The SDRAM internally
generates the timing to satisfy tgas(min) and “tgp” for the programmed burst length and CAS la-
tency. The auto precharge command is issued at the same time as burst read or burst write by
asserting high on A10/AP. If burst read or burst write by asserting high on A10/AP, the bank is
left active until a new command is asserted. Once auto precharge command is given, no new com-
mands are possible to that particular bank until the bank achieves idle state.

65.15 Auto Refresh

The storage cells of 64Mb, 128Mb, 256Mb and 512Mb SDRAM need to be refreshed every 64ms
to maintain data. An auto refresh cycle accomplishes refresh of a single row of storage cells. The
internal counter increments automatically on every auto refresh cycle to refresh all the rows. An
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auto refresh command is issued by asserting low on CS#, RAS# and CAS# with high on CKE and
WE#. The auto refresh command can only be asserted with all banks being in idle state and the
device is not in power down mode (CKE is high in the previous cycle). The time required to com-
plete the auto refresh operation is specified by tgc(min). The minimum number of clock cycles
required can be calculated by driving tagpc With clock cycle time and them rounding up to the next
higher integer. The auto refresh command must be followed by NOP's until the auto refresh op-
eration is completed. All banks will be in the idle state at the end of auto refresh operation. The
auto refresh is the preferred refresh mode when the SDRAM is being used for normal data trans-
actions. The 64Mb and 128Mb SDRAM'’s auto refresh cycle can be performed once in 15.6us or a
burst of 4096 auto refresh cycles once in 64ms. The 256Mb and 512Mb SDRAM'’s auto refresh
cycle can be performed once in 7.8us or a burst of 8192 auto refresh cycles once in 64ms.

65.16 Self Refresh

The self refresh is another refresh mode available in the SDRAM. The self refresh is the preferred
refresh mode for data retention and low power operation of SDRAM. In self refresh mode, the
SDRAM disables the internal clock and all the input buffers except CKE. The refresh addressing
and timing are internally generated to reduce power consumption.

The self refresh mode is entered from all banks idle state by asserting low on CS#, RAS#, CAS#
and CKE with high on WE#. Once the self refresh mode is entered, only CKE state being low mat-
ters, all the other inputs including the clock are ignored in order to remain in the self refresh
mode.

The self refresh is exited by restarting the external clock and then asserting high on CKE. This
must be followed by NOP's for a minimum time of tgrpx before the SDRAM reaches idle state to
begin normal operation. In case that the system uses burst auto refresh during normal operation,
it is recommended to use burst 8192 auto refresh cycles for 256Mb and 512Mb, and burst 4096
auto refresh cycles for 128Mb and 64Mb immediately before entering self refresh mode and after
exiting in self refresh mode. On the other hand, if the system uses the distributed auto refresh,
the system only has to keep the refresh duty cycle.

65.17 Basic Feature and Function Descriptions

1) Clock Suspended During Write 2) Clock Suspended During Read (BL=4)
CLK L ek L LU UL U
w0 @® () o
CKE ‘ - Masked by‘CKE ‘ CKE | | ‘ | ‘ ‘ Masked by CKE ‘
W:sz?ﬂ; '"teg'ai'JuJJu Epint
pQreL2) -~ {DofDaj N2} D2) DQOL?) -m-@ |
ooy (o)) Ye)(es)  peey --@@

Not Written Suspended Dout
Figure 65.1 Clock Suspend
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1) Write Mask (BL=4) 2) Read Mask (BL=4)
ek L cw [ LTI LT L L LT L
cvp . (wr) . CMD:::::::::
i L TLL el T ,
. Masked byCKE : : [N Masked by CKE !
SCE QL2 - OO
bQ(eL) m- bQ(EL9) | mL --
DQM to Data-in Mask =0 DQM to Data-out Mask = 2
3) DQM with Clock Suspended (Full Page Read) -Note 2
cLK THMLLIHHJL
cmD (RD) -
CKE.\:\EEE,E\ \E\
SCL T B S R [ S A D _
' ' ' e ' '
peetz) o+ (L ) (T e )H'Z- (o)) @)
pQeLy Mo ) ‘H'Z‘Q3‘ in'25
Flgure 65.2 DQM Operatlon
Notes:
1. CKE to CLK disable/enable = 1CLK.
2. DQM makes data out Hi-Z after 2CLKs which should masked by CKE "L”
3. DQM masks both data-in and data-out.
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1) Read interrupted by Read (BL=4) -Note 1

ax [ U UL

o
a0 (AYB)

baets) 3
octy o, (@

tccp Note 2

2) Write interrupted by Write (BL=2) 3) Write interrupted by Read (BL=2)

ok | CLK
cMD CMD

! *
tCCD 2

oo a
DQ 3 ‘

oo

' tcpL Note 3 ' DQ(CL3)

<«
tcDL Note 3

Figure 65.3 CAS# Interrupt (1)

Notes:

1. By “Interrupt”, it is meant to stop burst read/write by external command before the end of burst.
By "CAS# Interrupt”, to stop burst read/write by CAS# access; read and write.

2. teep: CAS# to CAS# delay. (=1CLK).

3. tcpy: Last data in to new column address delay. (=1CLK).
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(a) CL=2, BL=4
CLK\LJJLJMJL{L
yowo  (ro)(wR) -
DQM R L
0 )
i) CMD - - ! : | |
DQM ‘ S
Q o Z
ii) CMD - . - |
DQM ‘ | ‘
00 iimmmmm
iv) CMD l
0 R HED CN D Co Y
(b) CL=3, BL=4 | | - |
hCcMD E B 1
oo : ———
0Q DS
iy CMD ;
o NI
oo (o)) (oe)(2)
owo s o \
DM | o |
0q :
iv) CMD | 1 ‘ ' ‘
pQu | S |
DQ } "2 (0 ) D1 (D2 )(0s )
9 cmp N |
oM |
0o (@
Figure 65. 4 CAS# Interrupt (2): Read Interrupted by erte & DQM
Notes:

1. To prevent bus contention, there should be at least one gap between data in and data out.
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CLKILHLJLL
cvo 1 (wR) 11 (RE™T
oan —L
DQ m-

‘Masked by DQM
Figure 65.5 Write Interrupted by Precharge & DQM

Notes:

1.

2.
3.

To prevent bus contention, DQM should be issued which makes at least one gap between data in
and data out.

To inhibit invalid write, DQM should be issued.

This precharge command and burst write command should be of the same bank, otherwise it is not
precharge interrupt but only another bank precharge of four banks operation.

1) Normal Write

e | LI LI L LI L L
cmD ~ {PRE
oo ‘
2) Normal Read (BL;4) |
CLK T [ L] | m L]
CMD : E ! E Note2
PR(EL2) ”‘”“
o) Q0 ”°‘“

t_ . Notel
RDL

e

Flgure 65 6 Precharge
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1) Normal Write (BL=4) 2) Normal Read (BL=4)
ew [T e
SRR () cwp

| DQ(CL2)
pq : (Do)(o1)(02)(D3) . -
A T DQEL3) i (X Q@) Q) Q3)

X {ROL =:ZCLK ,
Note 3

CMD

= ! 'Note 4
paL “roL * RP
1 1 '

. A

' - . — Note 3
Auto Precharge Starts@tRDL—ZCLK

'
'
0
'
'
»
'
'
'

| \ \ ! h
! \ . ! \
: : : : : Auto Precharge Starts
! . ! ! .

Figure 65.7 Auto Precharge

Notes:
1. tgp;=2 CLK can be supported.
2. Number of valid output data after row precharge: 1, 2 for CAS Latency = 2, 3 respectively.

3. The row active command of the precharge bank can be issued after tgp from this point. The new
read/write command of other activated bank can be issued from this point. At burst read/write with
auto precharge, CAS interrupt of the same bank is illegal

4. tpa; defined Last data in to Active delay. tpa, =trp;+ trp can be supported.

1) Normal Write
BL=4 & tgp| =2CLK

ok | L J u L1
CMD L
)

DQM
oo (B0 or)(o){ )
t Note 1
2) Write Burst Stop (BL=8) 3) Read Interrupted by Precharge (BL=4)

cx | L] L] L L L L cL
CMD CMD
DQM e DQ(CL2)
DQ -~ (DofDifDzfDs X X ) poety) - {(Q Q)

t Note 2
BDL

[
[
[
[
[
[

4) Read Burst Stop (BL=4)
e [ LU L
cMD :
(o))

DQELy) |
DQELy) i

Figure 65.8 Burst Stop and Interrupted by Precharge
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1) Mode Register Set

CLKJJN%L L L
- - -

2CLK

tRP

Figure 65.9 MRS

Notes:

1. tpp=2 CLK can be supported.

2. tgpi: 1 CLK; Last data in to burst stop delay. Read or write burst stop command is valid at every
burst length.

3. Number of valid output data after row precharge or burst stop: 1, 2 for CAS latency= 2, 3
respectively.

4. PRE: All banks precharge is necessary. MRS can be issued only at all banks precharge state.

1) Clock Suspend (=Active Power Down) Exit 2) Power Down (=Precharge Power Down) Exit
ck L CLK L ﬂ

CKE & CKE o

Inte&r&l Note 1 : : —L Intecr:rllz&l : Note 2 : m :

CMD - cvp {NoPXAcT)

Figure 65.10 Clock Suspend Exit and Power Down EX|t

65.17.1 Auto Refresh

An auto refresh command is issued by having CS#, RAS# and CAS# held low with CKE and WE#
high at the rising edge of the clock (CLK). All banks must be precharged and idle for trp(min)y before
the auto refresh command is applied. No control of the external address pins is required once this
cycle has started because of the internal address counter. When the refresh cycle has completed,
all banks will be in the idle state. A delay between the auto refresh command and the next activate
command or subsequent auto refresh command must be greater than or equal to the tagpc(min).

R

L | | | ‘Adto | \ |

Command (PRE/ \ \ \ Refresh \ \cmMD) \
T | | | l | |

| | | | | | |
CKE:H|gh | | | | | | |
! ! tRP ! e tARFC(min) ! ) !

Figure 65.11 Auto Refresh

65.17.2 Self Refresh

A Self Refresh command is defined by having CS#, RAS#, CAS# and CKE held low with WE# high
at the rising edge of the clock. Once the self Refresh command is initiated, CKE must be held low
to keep the device in Self Refresh mode. After 1 clock cycle from the self refresh command, all of
the external control signals including system clock (CLK) can be disabled except CKE. The clock
is internally disabled during Self Refresh operation to reduce power. To exit the Self Refresh
mode, supply stable clock input before returning CKE high, assert deselect or NOP command and
then assert CKE high. In case that the system uses burst auto refresh during normal operation,
it is recommended to use burst 4096 auto refresh cycle immediately before entering self refresh
mode and after exiting in self refresh mode. On the other hand, if the system uses the distributed
auto refresh, the system only has to keep the refresh duty cycle.
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Command

A
|
|
i
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I

CKE :

[ Self
Refresh

tss

66 About Burst Type Control

| | y
AL A A A A
. — [ Clock I I
gtable Cloc# | ‘
f {NOP f ACT
I | 1
| h tSRFX(min) | g
I I I
} I I
I <> I I

tss

Figure 65.12 Self Refresh

Sequential Counting

At MRS A3 ="0". See the Burst Sequence. (BL=4, 8) BL=1, 2, 4,
8 and full page.

Basic Mode
Interleave Countin At MRS A3 ="1". See the Burst Sequence. (BL=4, 8) BL=4, 8. At
9 BL=1, 2 Interleave Counting = Sequential Counting.
Every cycle Read/Write Command with random column address
Random | Random column Access |can realize Random Column Access.

Mode

tCCD =1 CLK

That is similar to Extended Data Out (EDO) Operation of

conventional DRAM.

67 About Burst Length Control

At MRS A2,1,0 = "000". At auto precharge, tRAS should not be

1 violated.
) At MRS A2,1,0 ="001". At auto precharge, tRAS should not be
violated.
Basic Mode 4 At MRS A2,1,0 ="010"
8 At MRS A2,1,0 ="011".
At MRS A2,1,0 ="111". Wrap around mode (infinite burst
Full Page length) should be stopped by burst stop. RAS# interrupt or
CAS# interrupt.
Special Mode BRSW /ith,EtS a/fft)o préc.hg fgaed ot;’uv:/i?te,lthzl-\,S“;r?éuﬂL::IllnF:)atgtfeV\\I/riggtEfal:jr.St
tgp.= 1, Valid DQ after burst stop is 1, 2 for CAS latency 2, 3
Random Mode Burst Stop respectively Using burst stop command, any burst length

control is possible.

Interrupt
Mode

RAS# Interrupt
(Interrupted by
Precharge)

Before the end of burst, Row precharge command of the same
bank stops read/write burst with Row precharge. tgp = 2 with
DQM, valid DQ after burst stop is 1, 2 for CAS latency 2, 3
respectively. During read/write burst with auto precharge,
RAS# interrupt can not be issued.

CAS# Interrupt

Before the end of burst, new read/write stops read/write burst
and starts new read/write burst. During read/write burst with
auto precharge, CAS# interrupt can not be issued.
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68 Function Truth Table (I)
Current State | CS# | RAS# | CAS# | WE# BA Address Action Note
H X X X X X NOP
L H H H X X NOP
L H H L X X ILLEGAL
Idle L H L X BA CA, A1o/AP |ILLEGAL 2
L L H H BA RA Row (& Bank) Active; Latch RA
L L H L BA A1o/AP NOP
L L L H X X Auto Refresh or Self Refresh 5
L L L L OP code OP code Mode Register Access
H X X X X X NOP
L H H H X X NOP
L H H L X X ILLEGAL 2
. L H L H BA CA, A;o/AP |Begin Read; latch CA; determine AP
Row Active
L L L L BA CA, A1o/AP |Begin Read; latch CA; determine AP
L L H H BA RA ILLEGAL 2
L L H L BA A1o/AP Precharge
L L L X X X ILLEGAL
H X X X X X xcotrvé()tontmue Burst to End --> Row
L H H H X X Xging:ontmue Burst to End --> Row
L H H L X X Term burst --> Row active
Read L H L H BA CA, A1o/AP |Term burst, New Read, Determine AP
L H L L BA CA, A1og/AP | Term burst, New Write, Determine AP 3
L L H H BA RA ILLEGAL
L L H L BA A1o/AP Term burst, Precharge timing for Reads
L L L X X X ILLEGAL
H X X X X X xcotlijvé(;ontmue Burst to End --> Row
L H H H X X Xging:ontmue Burst to End --> Row
L H H L X X Term burst --> Row active
Write L H L H BA CA, A1o/AP |Term burst, New Read, Determine AP 3
L H L L BA CA, A1og/AP | Term burst, New Write, Determine AP 3
L L H H BA RA ILLEGAL 2
L L H L BA A1o/AP Term burst, Precharge timing for Reads 3
L L L X X X ILLEGAL
H X X X X X NOP (Continue Burst to End --> Precharge)
L H H H X X NOP (Continue Burst to End --> Precharge)
Read with Auto | L H H L X X ILLEGAL
Precharge L H L X BA CA, A1o/AP |ILLEGAL
L L H X BA RA, RA;g [ILLEGAL 2
L L L X X X ILLEGAL
H X X X X X NOP (Continue Burst to End --> Precharge)
L H H H X X NOP (Continue Burst to End --> Precharge)
Write with Auto | b | H H L X X ILLEGAL
Precharge L H L X BA CA, A1o/AP |ILLEGAL
L L H X BA RA, RA;g |ILLEGAL 2
L L L X X X ILLEGAL
H X X X X X NOP --> Idle after tgp
L H H H X X NOP --> Idle after tgp
. L H H L X X ILLEGAL 2
Precharging
L H L X BA CA ILLEGAL 2
L L H H BA RA ILLEGAL 2
L L H L BA A1o/AP NOP --> Idle after tpp 4
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Current State | CS# | RAS# | CAS# | WE# BA Address Action Note
L L L X X X ILLEGAL
H X X X X X NOP --> Row Active after trcp
L H H H X X NOP --> Row Active after tprcp
L H H L X X ILLEGAL 2
Row Activating
L H L X BA CA ILLEGAL 2
L L H H BA RA ILLEGAL 2
L L H L BA A10/AP ILLEGAL 2
L L L X X X ILLEGAL
H X X X X X NOP --> Idle after tgc
L H H X X X NOP --> Idle after tgc
Refreshing L H L X X X ILLEGAL
L L H X X X ILLEGAL
L L L X X X ILLEGAL
H X X X X X NOP --> Idle after 2 clocks
) L H H H X X NOP --> Idle after 2 clocks
M erresme (L[ A [ L X X ILLEGAL
L H L X X X ILLEGAL
L L X X X X ILLEGAL

Legend: RA = Row Address, BA = Bank Address, NOP = No Operation Command, CA = Column Ad-
dress, AP = Auto Precharge

Notes:

1.
2.

3.

A

All entries assume the CKE was active (High) during the precharge clock and the current clock cycle.

Illegal to bank in specified state; Function may be legal in the bank indicated by BA, depending on
the state of that bank.

Must satisfy bus contention, bus turn around, and/or write recovery requirements.
NOP to bank precharging or in idle state. May precharge bank indicated by BA (and A;o/AP).
Illegal if any bank is not idle.
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69 Function Truth Table (2)

Current State | CKE (n-l) | CKEn | CS# | RAS# | CAS# | WE# | Address Action Note

Exit Self Refresh --> Idle after
tsrex(ABI)

H X X X X X X

Exit Self Refresh --> Idle after tgrpx
(ABI)

,_
T
T
x
x
x
x

Exit Self Refresh --> Idle after terpy
(ABI)

'_
-
T

Self Refresh

ILLEGAL

ILLEGAL

ILLEGAL

NOP (Maintain Self Refresh)

INVALID

Exit Power Down --> ABI

Exit Power Down --> ABI 7
ILLEGAL 7
ILLEGAL

ILLEGAL

NOP (Maintain Low Power Mode)
Refer to theFunction Truth Table (1)
Enter Power Down

All Banks
Precharge
Power Down

Enter Power Down 8

ILLEGAL 8

XX X[ X[ X| X X X[ X X X X X[ X[ X X| X

All Banks Idle ILLEGAL

RA Row (& Bank) Active

X Enter Self Refresh 8

OP Code | Mode Register Access

||| || I I I({X|I|I|I] T

rfTIT T IT|IT| XXX | |||

X NOP

Refer to Operations in Function Truth
Table (1)

T

Any State

L Begin Clock Suspend next cycle

other than

Listed above

XI X[ X [ X|r|r|r|r|rfr| DX X|r|r|rfr| DX X[ e e
X X| X | X|r| ||| XXX X|X| X[ X| I XIX|X|X|X|r[IT I

r|I| T

H Exit Clock Suspend next cycle 9

X| XX X | X|r|r|r|I|IXTII[X[X|X|r|I|IIIX X|X|r|IflIl T
X| X X[ X | X| | I| | X| | IT|X|X| X| X|X|r|IlX|X|X|X|Xlr

L L

Legend: ABI = All Banks Idle, RA = Row Address
Notes:
6. CKE low to high transition is asynchronous.

7. CKE low to high transition is asynchronous if restarts internal clock. A minimum setup time 1CLK
+ tsg must be satisfied before any command other than exit.

8. Power down and self refresh can be entered only from the all banks idle state.
9. Must be a legal command.

x
x

Maintain Clock Suspend
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70 AC Characteristics

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

/\/\/vvv\ VA VAVVVAVAViVAVAVAVAVAVAVA

CKE

R
v \ [\ / \ /[ NN A—
o TN\ / \ / N A— A

BAO

BAl

\ / \ / \ /
\ T\

AlO/APJ\ \ / \ /

DQ

T
N
T
N

/T 7\ \ [\ [T

DQM ‘High level is necessary i i i \

tRP tARFC 1 | tARFC

& ‘ e % ‘ noo A A
Precharge Auto Auto Normal Extended Row Active
(All Bank) Refresh Refresh MRS MRS (A-Bank)

I:l : Don't care

Figure 70.1 Power Up Sequence for Mobile SDRAM

Notes:

1.

ok LN

Apply power and attempt to maintain CKE at a high state and all other inputs may be undefined.
- Apply Vpp before or at the same time as Vppo.

Maintain stable power, stable clock and NOP input condition for a minimum of 200us.

Issue precharge commands for all banks of the devices.

Issue 2 or more auto-refresh commands.

Issue a mode register set command to initialize the mode register.

Issue a extended mode register set command to define DS or PASR operating type of the device
after normal MRS. EMRS cycle is not mandatory and the EMRS command needs to be issued only
when DS or PASR is used.The default state without EMRS command issued is half driver strength,
all 4 banks refreshed. The device is now ready for the operation selected by EMRS. For operating
with DS or PASR, set DS or PASR mode in EMRS setting stage. In order to adjust another mode in
the state of DS or PASR mode, additional EMRS set is required but power up sequence is not
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needed again at this time. In that case, all banks have to be in idle state prior to adjusting EMRS
set.

tcc I )
tcL
KE ‘ HIGH

c tRAS | IGH U trRP
< trRC > i
*Note 1 | tsH | |
cst \__/ \_/ B S -/
RCD | |
tRCl N ‘ > < , \

tss

s\ 7\ TN T L\ [
o 7 U\ N\ [\ T U

tsH

tss

> < l l l

X
» « [ T T
}Sgte 2 *Note 2,3 : *Note 2,3 *Note 2,3 *Note 4 *Not:e 2 ‘
*Note 3 : *Note 3 *Note 3 *Note 4 : !

AOAP \ / \ /N
R <tsAc tsH 1 1
= fep—( o
BEoton st o

<> |

wei 7\ 7\ T T\ [T
‘ tss tsH L

- <> >
bQw \ / 7 \ /
f A A A T
Row Active Read Write Read Row Active
Precharge
[ ]:Dontcare

Figure 70.2 Single Bit Read-Write-Read Cycle (Same Page) @CAS Latency=3,
Burst Length=I

Notes:
1. All input except CKE & DQM can be don't care when CS# is high at the CLK high going edge.

2. Bank active and read/write are controlled by BAO, BA1.
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CKE j HIGH
tRC ' *Note 1

aoor Y ra X » (Y Yon) |
w\ [\ / N N N —
w\ [\ \ N N \ [
pons e\ \ / / \
(e Ehee, —emem

tSHZ tRDL
(ISAC e Note 4

foH
e

| DD EHED |

tsac tSHZ *Note 4 tRDL
< <

we T \ [ 7 O\ [ \ [
o\ / \ | /—

A T A A A f A
Row Active Read Precharge Row Active Write Precharge
(A-Bank) (A-Bank) (A-Bank) (A-Bank) (A-Bank) (A-Bank)
[ ]:Dontcare

Figure 70.3 Read & Write Cycle at Same Bank @Burst Length=4, tgp; =2CLK

Notes:

1. Minimum row cycle times is required to complete internal DRAM operation.

2. Row precharge can interrupt burst on any cycle. [CAS Latency - 1] number of valid output data is
available after Row precharge. Last valid output will be Hi-Z(tsyy) after the clock.

3. Output will be Hi-Z after the end of burst. (1, 2, 4, 8 & Full page bit burst).
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! tcoL !
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WE#_] \ / \ / Y ‘ \ / \ / \ / / \
*Note 1: *Not‘e 3
bou \ /o /N
A A A ‘ A A T A
Row Active Read Read Write Write Precharge Row Active
(A-Bank) (A-Bank) (A-Bank) (A-Bank) (A-Bank) (A-Bank) (A-Bank)
[ ]:Dontcare
Figure 70.4 Page Read & Write Cycle at Same Bank @Burst Length=4,
trpL=2CLK
Notes:

1. To write data before burst read ends, DQM should be asserted three cycle prior to write command
to avoid bus contention.

2. Row precharge will interrupt writing. Last data input, tgp, before Row precharge, will be written.

3. DQM should mask invalid input data on precharge command cycle when asserting precharge before
end of burst. Input data after Row precharge cycle will be masked internally.

4. tpar, last data in to active delay, is 2CLK + tgp.
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AN
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
CLOCK
CKE- - - - - —HIGH
:*NoteZ:
| \_/ \_/ \_/ \_/
---@ _<
BAO / \ / ; \ ' / : \ [ / \ / \
BAL / ; \ / \ w \_/ \ / / \
3-“ m I /_\ ﬂ /
CL=2:
Di
CL=3-
We# | L/ L/ /N
DQM \ 1 1 1 1 1 | | o/
‘ A f A A f ' A ' ' A \ A \ f A ‘ ‘ ‘
Row Active Read Read Read Read Precharge
(A-Bank) (A-Bank) (B-Bank) (C-Bank) (D-Bank) (D-Bank)
Row Active Row Active Row Active Precharge
(B-Bank) (C-Bank) (D-Bank) (C-Bank)
Precharge Precharge
(A-Bank) (B-Bank)
[ ]:Don'tcare
Figure 70.5 Page Read Cycle at Different Bank @Burst Length=4
Notes:

1. CS# can be don't cared when RAS#, CAS# and WE# are high at the clock high going edge.

2. To interrupt a burst read by row precharge, both the read and the precharge banks must be the
same.
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(A-Bank) (A-Bank) (B-Bank) (D-Bank) (D-Bank) (All Banks)
Row Active Row Active Write
(B-Bank) (C-Bank) (C-Bank)

[ ]:Dontcare
Figure 70.6 Page Write Cycle at Different Bank @Burst Length=4, tgp =2CLK

Notes:
1. To interrupt burst write by Row precharge, DQM should be asserted to mask invalid input data.

2. To interrupt burst write by Row precharge, both the write and the precharge banks must be the
same.
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Row Active Read Precharge Write Read
(A-Bank) (A-Bank) (A-Bank) (D-Bank) (B-Bank)
Row Active Row Active
(D-Bank) (B-Bank)

[ ]:Dontcare
Figure 70.7 Read & Write Cycle at Different Bank @Burst Length=4

Notes:
1. tep; should be met to complete write.
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(A-Bank) Auto Pre  Precharge(B-Bank) (B-Bank) (A-Bank) Auto Precharge
charge Auto Precharge (A-Bank)
(A-Bank) Start Point
Row Active (A-Bank) *Notel

(B-Bank)

[ ]:Dontcare
Figure 70.8 Read & Write Cycle with Auto Precharge | @Burst Length=4

Notes:

1. When Read (Write) command with auto precharge is issued at A-Bank after A and B Bank activation.
- if Read (Write) command without auto precharge is issued at B-Bank before A-Bank auto
precharge starts, A-Bank auto precharge will start at B-Bank read command input point.

- any command can not be issued at A-Bank during tRP after A-Bank auto precharge starts.
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: Don'’t care

Figure 70.9 Read & Write Cycle with Auto Precharge 2 @Burst Length=4

Notes:
1. Any command to A-bank is not allowed in this period. tgp is determined from at auto precharge start
point.
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Figure 70.10 Clock Suspension & DQM Operation Cycle @CAS Latency=2,
Burst Length=4

Notes:
1. DQM is needed to prevent bus contention.
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Figure 70.11 Read Interrupted by Precharge Command & Read Burst Stop
Cycle @Full Page Burst
Notes:

1. At full page mode, burst is finished by burst stop or precharge.

2. About the valid DQs after burst stop, it is same as the case of RAS# interrupt.
Both cases are illustrated above timing diagram. See the label 1, 2 on them.
But at burst write, Burst stop and RAS# interrupt should be compared carefully.
Refer the timing diagram of “Full page write burst stop cycle”.

3. Burst stop is valid at every burst length.
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Figure 70.12 Write Interrupted by Precharge Command & Write Burst Stop
Cycle @ Full Page Burst, tgp; =2CLK

Notes:
1. At full page mode, burst is finished by burst stop or precharge.

2. Data-in at the cycle of interrupted by precharge can not be written into the corresponding memory
cell. It is defined by AC parameter of tgp,.
DQM at write interrupted by precharge command is needed to prevent invalid write.
DQM should mask invalid input data on precharge command cycle when asserting precharge before
end of burst. Input data after Row precharge cycle will be masked internally.

3. Burst stop is valid at every burst length.
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Figure 70.13 Burst Read Single bit Write Cycle @Burst Length=2

Notes:

1. BRSW modes is enabled by setting A9 "High” at MRS (Mode Register Set). At the BRSW Mode, the
burst length at write is fixed to "1” regardless of programmed burst length.

2. When BRSW write command with auto precharge is executed, keep it in mind that tRAS should not

be violated. Auto precharge is executed at the burst-end cycle, so in the case of BRSW write
command, the next cycle starts the precharge.
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Figure 70.14 Active/Precharge Power Down Mode @CAS Latency=2, Burst
Length=4
Notes:

1. All banks should be in idle state prior to entering precharge power down mode.
2. CKE should be set high at least 1CLK + tsg prior to Row active command.
3. Can not violate minimum refresh specification (64ms).
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[ ]:Dontcare
Figure 70.15 Self Refresh Entry & Exit Cycle

1. CS#, RAS# & CAS# with CKE should be low at the same clock cycle.
2. After 1 clock cycle, all the inputs including the system clock can be don't care except for CKE.

3. The device remains in self refresh mode as long as CKE stays "Low”. Once the device enters self
refresh mode, minimum tgas is required before exit from self refresh.

TO EXIT SELF REFRESH MODE

4. System clock restart and be stable before returning CKE high.

CS# starts from high.

5.
6. Minimum tsgex is required after CKE going high to complete self refresh exit.
7. 4K cycle of burst auto refresh is required before self refresh entry and after self refresh exit if the

system uses burst refresh.
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Figure 70.16 Mode Register Set Cycle and Auto Refresh Cycle

Note: All banks precharge should be completed before Mode Register Set cycle and auto refresh cycle.

Notes:
1. CS#, RAS#, CAS#, BAO, BA1 & WE# activation at the same clock cycle with address key will set
internal mode register.

2. Minimum 2 clock cycles should be met before new RAS# activation.
3. Please refer to the Mode Register Field Table to Program Modes
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Figure 70.17 Extended Mode Register Set Cycle

Notes:
1. CS#, RAS#, CAS#, BAO, BA1 & WE# activation at the same clock cycle with address key will set
internal mode register.

2. Minimum 2 clock cycles should be met before new RAS# activation.
3. Please refer to the Mode Register Field Table to Program Modes.

202 S73WS256N Based MCPs SDRAM_00_AO May 25,2004



Preliminary SPANSION"
A N

71 SDRAM Type 2 Revision Summary

Revision A0 (May 25, 2004)

Initial Release
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Mobile SDRAM Type 2
256Mbit (16M x 16 bit) SDRAM S P{N\S? ON"
A\

PRELIMINARY

Features

m 1.8V power supply m  Special Function Support

B LVCMOS compatible with multiplexed address — PASR (Partial Array Self Refresh)

®  Four banks operation — Internal TCSR (Temperature Compensated Self
B MRS cycle with address key programs Refresh)

— DS (Driver Strength)

DQM for masking

Auto refresh.

64ms refresh period (8K cycle)

Commercial Temperature Operation (-25°C - 70°C)
Extended Temperature Operation (-25°C - 85°C)

— CAS latency (1, 2 & 3)
— Burst length (1, 2, 4, 8 & Full page)
— Burst type (Sequential & Interleave)
B EMRS cycle with address key programs
®  All inputs are sampled at the positive going edge
of the system clock
B Burst read single-bit write operation

General Description

The Mobile SDRAM Type 2 is 268,435,456 bits synchronous high data rate Dynamic RAM organized as 4 x 4,196,304
words by 16 bits, fabricated with CMOS technology. Synchronous design allows precise cycle control with the use of sys-
tem clock and I/0 transactions are possible on every clock cycle. Range of operating frequencies, programmable burst
lengths and programmable latencies allow the same device to be useful for a variety of high bandwidth and high perfor-
mance memory system applications.

Publication Number SDRAM_04 Revision A Amendment 0 Issue Date May I2, 2005

This document states the current technical specifications regarding the Spansion product(s) described herein. The Preliminary status of this document indicates that
product qualification has been completed, and that initial production has begun. Due to the phases of the manufacturing process that require maintaining efficiency and
quality, this document may be revised by subsequent versions or modifications due to changes in technical specifications.
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72 Address Table
16M x 16
Configuration 4 M x 16 x 4 banks
Refresh Count 4K
Row Addressing 4K (A0-A12)
Bank Addressing 4 (BAO, BA1)
Column Addressing 512 (A0-A8)
73 Functional Block Diagram
J O < —LWE
‘ Data Input Register « g
S <« LDQM
7 Bank Select ‘ i J
g ] 5 > 4M x 16 0 g
g 2 é — 4Mx 16 2 2
> >» o m > @ ;D> > m <« >DQi
2 g 5 8 > 4M x 16 z S
CLK > & 32 g 3 5
@ c) — 4M x 16
& A A
ADD » & N S
[} PR
= | E— Column Decoder ‘
T O o
5 3 s
@
. % < Latency & Burst Length }7
s § f
LCKE

Programming Register

A
LRAS LCBR LWE LCAS I LWCBR

Timing Register

LDQM
A

T T A A L A A

CLK CKE cs RAS CAS WE L(U)DQM
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74 Absolute Maximum Ratings

Parameter Symbol Value Unit
Voltage on any pin relative to Vgg Vin: Vout -1.0 ~ 2.6 \
Voltage on Vpp supply relative to Vgg Vb, Vbbo -1.0 ~ 2.6 \
Storage temperature Tste -55 ~ +150 °C
Power dissipation Pp 1.0 w
Short circuit current Ios 50 mA

Notes:

1. Permanent device damage may occur if Absolute Maximum Ratings are exceeded.
2. Functional operation should be restricted to recommended operating condition.
3. Exposure to higher than recommended voltage for extended periods of time could affect device

reliability.
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75 DC Operating Conditions

Recommended operating conditions (Voltage referenced to Vgg = 0V, Ty = -25°C to 85°C for
Extended, -25°C to 70°C for Commercial).

SPANSION"

A\

Parameter Symbol Min Typ Max Unit Note

Supply voltage VDD 1.7 1.8 1.95 Y

\VVDDQ 1.7 1.8 1.95 \Y,
Input logic high voltage VIH 0.8 x VDDQ 1.8 VDDQ + 0.3 \ 1
Input logic low voltage VIL -0.3 0 0.3 Y 2
Output logic high voltage VOH VDDQ -0.2 - - Y IOH = -0.1mA
Output logic low voltage VoL - - 0.2 Vv IoL = 0.1mA
Input leakage current ILI -2 - 2 HA 3

Notes:

1. ViH (max) = 2.2V AC.The overshoot voltage duration is < 3ns.
2. Vy (min) = -1.0V AC. The undershoot voltage duration is < 3ns.

3. Any input OV < Vi < Vppg. Input leakage currents include Hi-Z output leakage for all bi-directional
buffers with tri-state outputs.

4. Doyris disabled, 0V < Vour < VDDQ'

76 Capacitance

(VDD = 1.8V, TA = 23°C, f = 1MHz, VREF =0.9V + 50 mV).

Pin Symbol Min Max Unit Note
Clock Ceik 1.5 3.0 pF
RAS#, CAS#, WE#, CS#, CKE, DQM Cin 1.5 3.0 pF
Address CapD 1.5 3.0 pF
DQO - DQ15 Cout 3.0 5.0 pF
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77 DC Characteristics

Recommended operating conditions (Voltage referenced to Vgg = 0V, Ty = -25°C to 85°C for
Extended, -25°C to 70°C for Commercial).

Parameter Symbol Test Condition Value Unit | Note
) Burst length = 1
Operating Current I tor >t 45
i cc1 RC 2 tre(mi mA 1
(One Bank Active) i m(Rm)
Precharge Standby Current | Iccop CKE < Vi (max): tcc = 10ns 0.3 mA
in power-down mode Iccops | CKE & CLK = Vi max)s tec = = 0.3
CKE ZVIH( in)r CS# ZVIH min)s tCC = 10ns
Iccon | Input signals‘are changed one time during 10
Precharge Standby Current 20ns mA
in non power-down mode CKESV K =V T
2 VIH(mjin)r S VL 1 tee = e
Iccans Input sigr1(raT]lsn)are stable (max) 1
Active Standby Current in Iccsp | CKE <Vpi(max)s tcc = 10ns 5 mA
power-down mode Iccaps | CKE & CLK <V (max)ys tec = =
CKE ZV_IH( in)rs CS# >V min)r t_cc = 10ns
Active Standby Current in Iccan | Input signals are changed one time during 20 mA
non power-down mode 20ns
(One Bank Active) CKE >V .y, CLK <V tee =
2 ViH ' < Vi 1 tec
Iceans Input sign(g]'sn)are stable (max) 5 mA
Io = t()) mA
Operating Current Page burst
(Burst Mode) Icca 4Banks Activated 60 mA 1
tCCD = 2CLKs
Refresh Current ICCS tARFC ZtARFC(min) 85 mA 2
Internal TCSR Max 40 Max 70/85| °C
Full Arra 200 450
Self Refresh Current Icce |CKE<0.2V Y
1/2 of Full Array 160 300 HA
1/4 of Full Array 140 250

Notes:
1. Measured with outputs open.

2. Refresh period is 64ms.
3. Unless otherwise noted, input swing Ievel is CMOS(V1y /Vi=Vppo/Vsso)-

78 AC Operating Test Conditions

(Vpp = 1.7V to 1.95V, T, = -25°C to 85°C for Extended, -25°C to 70°C for Commercial).

Parameter Value Unit
AC input levels (V/Vy) 0.9 x Vppq / 0.2 Vv
Input timing measurement reference level 0.5 x Vppg \
Input rise and fall time tr/tf = 1/1 ns
Output timing measurement reference level 0.5 x Vppg \
Output load condition See Figure 78.2
o 1.8V

- 13.9KQ
, VOH (DC) = VDDQ - 0.2V, IOH = -0.1mA
Outputo-—— @@ - - -~ - >
VOL (DC) = 0.2V, IOL = 0.1mA
> 20pF
10.6KQ T <P
e

e
Vi

Figure 78.1 DC Output Load Circuit
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o Vtt=0.5 x VDDQ
(\
— 500
I ~ B
Output © ‘\, 20=50Q I
20pF
Figure 78.2 AC Output Load Circuit
L]
79 Operating AC Parameters
AC operating conditions unless otherwise noted.
Parameter Symbol Value Unit Note
Row active to row active delay tRRD(min) 18 ns 1
RAS# to CAS# delay tRCD(min) 24 ns 1
Row precharge time trRp(min) 24 ns 1
t i 50 ns 1
Row active time RAS(min)
tRAS(max) 100 us
Row cycle time trc(min) 74 ns 1
Last data in to row precharge trRDL(min) 15 ns 2
Last data in to Active delay tpAL(min) trpL + trp -
Last data in to new col. address delay tepL(miny 1 CLK 2
Last data in to burst stop tepL(min) 1 CLK 2
Auto refresh cycle time tARFC(min) 80 ns
Exit self refresh to active command tsrRFX(min) 120 ns
Col. address to col. address delay teep(min) 1 CLK 3
Number of valid output data CAS latency=3 2
Number of valid output data CAS latency=2 1 ea 4
Number of valid output data CAS latency=1 —

Notes:
1. The minimum number of clock cycles is determined by dividing the minimum time required with
clock cycle time and then rounding off to the next higher integer.

2. Minimum delay is required to complete write.
All parts allow every cycle column address change.
4. In case of row precharge interrupt, auto precharge and read burst stop.

W
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80 AC Characteristics

AC operating conditions unless otherwise noted.

Parameter Symbol Min Max Unit Note
) CAS latency=3 tec 9
CLK cycle time 1000 ns 1
CAS latency=2 tec 12
. CAS latency=3 tsac 7
CLK to valid output delay ns 1,2s
CAS latency=2 tsac 9
) CAS latency=3 ton 2.0
Output data hold time ns 2
CAS latency=2 ton 2.0
CLK high pulse width teH 3.0 ns 3
CLK low pulse width teL 3.0 ns 3
Input setup time tss 2.0 ns 3
Input hold time tsy 1 ns 3
CLK to output in Low-Z tsLz 1 ns 2
o CAS latency=3 7
CLK to output in Hi-Z tshz ns
CAS latency=2 9

Notes:
1. Parameters depend on programmed CAS latency.

2. If clock rising time is longer than 1ns, (tr/2-0.5)ns should be added to the parameter.

3. Assumed input rise and fall time (tr & tf) = 1ns. If tr & tf is longer than 1ns, transient time
compensation should be considered, i.e., [(tr + tf)/2-1]ns should be added to the parameter.
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81 Simplified Truth Table
Al2, All,
Command CKEn-I CKEn | CS# | RAS# | CAS# | WE# | DQM | BAO,l | AIO/AP A9 ~ A0 Note
Register Mode Register Set H X L L L L X OP CODE 1,2
Auto Refresh H 3
H L L L H X X
Entry L 3
Refresh Self C m m m 3
Refresh Exit L H X X
H X X X 3
Bank Active & Row Addr. H X L L H H X Vv Row Address
Read & Auto Precharge Disable L Column 4
H X L H L H X \ Address
Column Address
Auto Precharge Enable H (A0-A8) 4,5
. Auto Precharge Disable L Column 4
%Vorllaem% Address H X L H L L X v Address
Auto Precharge Enable H (AO-A8) 4,5
Burst Stop H X L H H L X X 6
Bank Selection \% L
Precharge H X L L H L X X
All Banks X H
Ent H L H X X X X
Clock Suspend or ntry
Active Power Down L v v v X
Exit L H X X X X X
H X X X
Entry H L X
L H H H
Precharge Power Down Mode X
. H X X X
Exit L H X
L Vv Vv Vv
DQM H X Vv X 7
. H X X X
No Operation Command H X X X
L H H H

Legend: V = Valid, X = Don’t Care, H = Logic High, L = Logic Low

Notes:

1. OP Code: Operand Code A0 - A12 & BAO - BA1: Program keys. (@MRS)

2. MRS can be issued only at all banks precharge state. A new command can be issued after 2 CLK
cycles of MRS.

3. Auto refresh functions are the same as CBR refresh of DRAM. The automatically precharge without
row precharge command is meant by Auto. Auto/self refresh can be issued only at all banks
precharge state. Partial self refresh can be issued only after setting partial self refresh mode of
EMRS.

4. BAO - BA1: Bank select addresses.

5. During burst read or write with auto precharge, new read/write command can not be issued.
Another bank read/write command can be issued after the end of burst. New row active of the
associated bank can be issued at tgp after the end of burst.

6. Burst stop command is valid at every burst length.

7. DQM sampled at the positive going edge of CLK masks the data-in at that same CLK in write

operation (Write DQM latency is 0), but in read operation, it makes the data-out Hi-Z state after 2
CLK cycles. (Read DQM latency is 2).

82 Mode Register Field Table to Program Modes

Address BAO ~ BAI Al2 ~ AIO/AP A9” | A8 | A7 Ab | A5 | A4 A3 A2 | Al | A0
- 0 Setting for
Function Normal MRS RFU W.B.L| Test Mode CAS Latency BT Burst Length

Note: Register Programmed with Normal MRS.

May 12,2005 SDRAM_04_A0

S73WS256N Based MCPs 21



SPANSION"

Preliminary

A\
82.1 Normal MRS Mode
Test Mode CAS Latency Burst Type Burst Length

A8 | A7 Type A6 | A5 | A4 Latency A3 Type A2 | Al | AO BT=0 BT=I

0 0 | Mode Register Set| 0 0 0 Reserved 0 Sequential 0 0 0 1 1

0 1 Reserved 0 0 1 1 1 Interleave 0 0 1 2 2

1 0 Reserved 0 1 0 2 Mode Select 0 1 0 4 4

1 1 Reserved 0 1 1 3 BAI | BAO Mode 0 1 1 8 8

Write Burst Length 1 0 0 Reserved Setting 1 0 0 | Reserved | Reserved
A9 Length 1 0 1 Reserved 0 0 for 1 0 1 | Reserved | Reserved
0 Burst 1 1 0 Reserved N|(\)/|rPr\Téal 1 1 0 | Reserved | Reserved
1 Single Bit 1 1 1 Reserved 1 1 1 | Full Page | Reserved
Note: Full Page Length x 16: 64Mb (256), 128Mb (512), 256Mb (512), 512Mb (1024).
Table 82.1 Register Programmed with Extended MRS
Address | BAl ‘ BA0 | Al2~AIOAP ‘ A9 ‘ A8 l A7 A6 | As | A4 ‘ A3 A2 l Al ‘ A0
BAO AlO0
Function Mode Select RFU DS RFU PASR

82.2 EMRS for PASR (Partial Array Self Refresh) and DS (Driver Strength)

Mode Select Driver Strength PASR
BAI BAO Mode Aéb A5 Driver Strength A2 | Al | AO Size of Refreshed Array
0 0 Normal MRS 0 0 Full 0 0 0 Full Array
0 1 Reserved 0 1 1/2 0 0 1 1/2 of Full Array
1 0 EMRS for Mobile SDRAM 1 0 1/4 0 1 0 1/4 of Full Array
1 1 Reserved 1 1 1/8 0 1 1 Reserved
Reserved Address 1 0 0 Reserved
Al2-Al0O/AP A9 A8 A7 A4 A3 1 0 1 Reserved
0 0 0 0 0 0 1 1 0 Reserved
1 1 1 Reserved
Notes:

1. RFU (Reserved for future use) should stay 0 during MRS cycle.
2. If A9 is high during MRS cycle, Burst Read Single Bit Write function will be enabled.

83 Partial Array Self Refresh

In order to save power consumption, Mobile SDRAM has a PASR option. Mobile SDRAM sup-
ports 3 kinds of PASR in self refresh mode: full array, 1/2 of full array, 1/4 of full array. See
Figure 83.1.
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BA1=0 BA1=0 BA1=0 | BA1=0 BA1=0 | BA1=0
BA0=0 BAO=1 BA0O=0 | BAO=1 BAO=0 | BAO=1
BA1=1 | BA1=1 BAl1=1 | BA1=1 BA1=1 | BA1l=1
BAO0=0 BAO=1 BAO=0 BAO=1 BAO0=0 BAO=1

- Full Array - 1/2 of full Array - 1/4 of full Array

I:l Partial Self Refresh Aree

Figure 83.1 Partial Array Self Refresh Areas

83.1 Internal Temperature Compensated Self Refresh (TCSR)

Self Refresh Current (lcc 6)

Temperature Range Unit
Full Array 1/2 of Full Array 1/4 of Full Array
Max. 40 °C 200 160 140 A
Max. 70/85 °C 450 300 250 H
Notes:

1. In order to save power consumption, Mobile-SDRAM includes the internal temperature sensor and
control units to control the self refresh cycle automatically according to the two temperature ranges:
Max 40°C and Max 85°C (for Extended), Max 70°C (for Commercial).

2. If the EMRS for external TCSR is issued by the controller, this EMRS code for TCSR is ignored.

84 Power Up Sequence

7. Apply power and attempt to maintain CKE at a high state and all other inputs may be
undefined.
- Apply VDD before or at the same time as VDDQ.

8. Maintain stable power, stable clock and NOP input condition for a minimum of 200us.
9. Issue precharge commands for all banks of the devices.

10. Issue 2 or more auto-refresh commands.

11. Issue a mode register set command to initialize the mode register.

12. Issue a extended mode register set command to define DS or PASR operating type of
the device after normal MRS

EMRS cycle is not mandatory and the EMRS command needs to be issued only when DS or
PASR is used.

The default state without EMRS command issued is half driver strength and full array
refreshed.

The device is now ready for the operation selected by EMRS.
For operating with DS or PASR, set DS or PASR mode in EMRS setting stage.

In order to adjust another mode in the state of DS or PASR mode, additional EMRS set is re-
quired but power up sequence is not needed again at this time. In that case, all banks have
to be in idle state prior to adjusting EMRS set.
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85 Burst Sequence

85.1 Burst Length =4

Initial Address
Al A0 Sequential Interleave
0 0 0 1 2 3 0 1 2 3
0 1 1 2 3 0 1 0 3 2
1 0 2 3 0 1 2 3 0 1
1 1 3 0 1 2 3 2 1 0
85.2 Burst Length =8
Initial Address
v Al A0 Sequential Interleave
0 0 0 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
0 0 1 1 2 3 4 5 6 7 0 1 0 3 2 5 4 7 6
0 1 0 2 3 4 5 6 7 0 1 2 3 0 1 6 7 4 5
0 1 1 3 4 5 6 7 0 1 2 3 2 1 0 7 6 5 4
1 0 0 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3
1 0 1 5 6 7 0 1 2 3 4 5 4 7 6 1 0 3 2
1 1 0 6 7 0 1 2 3 4 5 6 7 4 5 2 3 0 1
1 1 1 7 0 1 2 3 4 5 6 7 6 5 4 3 2 1 0

86 Device Operations

86.1 Addresses of 256Mb

86.1.1. Bank Addresses (BAO-BA1l)
x 16
This SDRAM is organized as four independent banks of 4,194,304 words x 16 bits memory
arrays. The BAO-BA1 inputs are latched at the time of assertion of RAS# and CAS# to select
the bank to be used for the operation. The bank addresses BAO-BA1 are latched at bank ac-
tive, read, write, mode register set and precharge operations.

x 32

This SDRAM is organized as four independent banks of 2,097,152 words x 32 bits memory
arrays. The BAO-BA1 inputs are latched at the time of assertion of RAS# and CAS# to select
the bank to be used for the operation. The bank addresses BAO-BA1 are latched at bank ac-
tive, read, write, mode register set and precharge operations.

86.1.2 Address Inputs (A0-A12)
x 16
The 22 address bits are required to decode the 4,194,304 word locations are multiplexed into
13 address input pins (A0-A12). The 13 bit row addresses are latched along with RAS# and
BAO-BA1 during bank activate command. The 9 bit column addresses are latched along with
CAS#, WE# and BAO-BA1 during read or write command.

x 32

The 21 address bits are required to decode the 2,097,152 word locations are multiplexed into
12 address input pins (A0-A11). The 12 bit row addresses are latched along with RAS# and
BAO - BA1 during bank activate command. The 9 bit column addresses are latched along with
CAS#, WE# and BAO-BA1 during read or write command.
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86.2 Addresses of 512Mb

86.2.1. Bank Addresses (BAO-BA1l)
x 16
This SDRAM is organized as four independent banks of 8,388,608 words x 16 bits memory
arrays. The BAO-BA1 inputs are latched at the time of assertion of RAS# and CAS# to select
the bank to be used for the operation. The bank addresses BAO-BA1 are latched at bank ac-
tive, read, write, mode register set and precharge operations.

x 32

This SDRAM is organized as four independent banks of 4,194,304 words x 32 bits memory
arrays. The BAO-BAL1 inputs are latched at the time of assertion of RAS3# and CAS# to select
the bank to be used for the operation. The bank addresses BAO-BA1 are latched at bank ac-
tive, read, write, mode register set and precharge operations.

86.2.2 Address Inputs (A0-A12)
x 16
The 23 address bits are required to decode the 8,388,608 word locations are multiplexed into
13 address input pins (A0-A12). The 13 bit row addresses are latched along with RAS# and
BAO-BA1 during bank activate command. The 10 bit column addresses are latched along with
CAS#, WE# and BAO-BA1 during read or write command.

x 32

The 22 address bits are required to decode the 8,388,608 word locations are multiplexed into
13 address input pins (A0-A12). The 13 bit row addresses are latched along with RAS# and
BAO-BA1 during bank activate command. The 9 bit column addresses are latched along with
CAS#, WE# and BA0-BA1 during read or write command.

86.3 Clock (CLK)

The clock input is used as the reference for all SDRAM operations. All operations are synchro-
nized to the positive going edge of the clock. The clock transitions must be monotonic
between V;_and Viy. During operation with CKE high all inputs are assumed to be in a valid
state (low or high) for the duration of set-up and hold time around positive edge of the clock
in order to function well Q perform and ICC specifications.

86.4 Clock Enable (CKE)

The clock enable (CKE) gates the clock onto SDRAM. If CKE goes low synchronously with clock
(set-up and hold time are the same as other inputs), the internal clock is suspended from the
next clock cycle and the state of output and burst address is frozen as long as the CKE re-
mains low. All other inputs are ignored from the next clock cycle after CKE goes low. When
all banks are in the idle state and CKE goes low synchronously with clock, the SDRAM enters
the power down mode from the next clock cycle. The SDRAM remains in the power down
mode ignoring the other inputs as long as CKE remains low. The power down exit is synchro-
nous as the internal clock is suspended. When CKE goes high at least 1CLK + tgg before the
high going edge of the clock, then the SDRAM becomes active from the same clock edge ac-
cepting all the input commands.

86.5 NOP and Device Deselect

When RAS#, CAS# and WE# are high, the SDRAM performs no operation (NOP). NOP does
not initiate any new operation, but is needed to complete operations which require more than
single clock cycle like bank activate, burst read, auto refresh, etc. The device deselect is also
a NOP and is entered by asserting CS# high. CS# high disables the command decoder so that
RAS#, CAS#, WE# and all the address inputs are ignored.
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86.6 DQM Operation

The DQM is used to mask input and output operations. It works similar to OE# during read
operation and inhibits writing during write operation. The read latency is two cycles from DQM
and zero cycle for write, which means DQM masking occurs two cycles later in read cycle and
occurs in the same cycle during write cycle. DQM operation is synchronous with the clock. The
DQM signal is important during burst interruptions of write with read or precharge in the
SDRAM. Due to asynchronous nature of the internal write, the DQM operation is critical to
avoid unwanted or incomplete writes when the complete burst write is not required. Please
refer to Figure 87.3 also.

86.7 Mode Register Set (MRS)

The mode register stores the data for controlling the various operating modes of SDRAM. It
programs the CAS latency, burst type, burst length, test mode and various vendor specific
options to make SDRAM useful for variety of different applications. The default value of the
mode register is not defined, therefore the mode register must be written after power up to
operate the SDRAM. The mode register is written by asserting low on CS#, RAS#, CAS# and
WE# (The SDRAM should be in active mode with CKE already high prior to writing the mode
register). The state of address pins A0O-An and BAO-BA1 in the same cycle as CS#, RAS#,
CAS# and WE# going low is the data written in the mode register. Two clock cycles is required
to complete the write in the mode register. The mode register contents can be changed using
the same command and clock cycle requirements during operation as long as all banks are in
the idle state. The mode register is divided into various fields depending on the fields of func-
tions. The burst length field uses A0-A2, burst type uses A3, CAS latency (read latency from
column address) use A4-A6, vendor specific options or test mode use A7-A8, A10/AP-An and
BAO-BA1l. The write burst length is programmed using A9. A7-A8, A10/AP-An and BAO-BA1
must be set to low for normal SDRAM operation. Refer to the table for specific codes for var-
ious burst length, burst type and CAS latencies.

86.8 Extended Mode Register Set (EMRS)

The extended mode register stores the data for selecting driver strength and partial self re-
fresh. EMRS cycle is not mandatory and the EMRS command needs to be issued only when
DS or PASR is used. The default state without EMRS command issued is half driver strength,
and full array refreshed. The extended mode register is written by asserting low on CS#,
RAS#, CAS#, WE# and high on BA1,low on BAO (The SDRAM should be in all bank precharge
with CKE already high prior to writing into the extended mode register). The state of address
pins A0-A11 in the same cycle as CS#, RAS#, CAS# and WE# going low is written in the ex-
tended mode register. Two clock cycles are required to complete the write operation in the
extended mode register. The mode register contents can be changed using the same com-
mand and clock cycle requirements during operation as long as all banks are in the idle state.
AO0-A2 are used for partial self refresh, A5-A6 are used for Driver strength, Low on BAO and
High on BA1 are used for EMRS. All the other address pins except A0-A2, A5-A6, BA1, BAO
must be set to low for proper EMRS operation. Refer to the table for specific codes.

86.9 Bank Activate

The bank activate command is used to select a random row in an idle bank. By asserting low
on RAS# and CS# with desired row and bank address, a row access is initiated. The read or
write operation can occur after a time delay of trcp(min) from the time of bank activation. tpcp
is an internal timing parameter of SDRAM, therefore it is dependent on operating clock fre-
quency. The minimum number of clock cycles required between bank activate and read or
write command should be calculated by dividing trcp(min) With cycle time of the clock and then
rounding off the result to the next higher integer.
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The SDRAM has four internal banks in the same chip and shares part of the internal circuitry
to reduce chip area, therefore it restricts the activation of four banks simultaneously. Also the
noise generated during sensing of each bank of SDRAM is high, requiring some time for power
supplies to recover before another bank can be sensed reliably. trrp(min) Specifies the mini-
mum time required between activating different bank. The number of clock cycles required
between different bank activation must be calculated similar to tycp specification. The mini-
mum time required for the bank to be active to initiate sensing and restoring the complete
row of dynamic cells is determined by tras(min)- Every SDRAM bank activate command must
satisfy tras(min) Specification before a precharge command to that active bank can be as-
serted. The maximum time any bank can be in the active state is determined by tras(min)-
The number of cycles for both tras(min) @nd trasmax) €a@n be calculated similar to trcp
specification.

86.10 Burst Read

The burst read command is used to access burst of data on consecutive clock cycles from an
active row in an active bank. The burst read command is issued by asserting low on CS# and
CAS# with WE# being high on the positive edge of the clock. The bank must be active for at
least trcp(miny before the burst read command is issued. The first output appears in CAS la-
tency number of clock cycles after the issue of burst read command. The burst length, burst
sequence and latency from the burst read command is determined by the mode register
which is already programmed. The burst read can be initiated on any column address of the
active row. The address wraps around if the initial address does not start from a boundary
such that number of outputs from each I/0O are equal to the burst length programmed in the
mode register. The output goes into high-impedance at the end of the burst, unless a new
burst read was initiated to keep the data output seamless. The burst read can be terminated
by issuing another burst read or burst write in the same bank or the other active bank or a
precharge command to the same bank. The burst stop command is valid at every page burst
length

86.11 Burst Write

The burst write command is similar to burst read command and is used to write data into the
SDRAM on consecutive clock cycles in adjacent addresses depending on burst length and
burst sequence. By asserting low on CS#, CAS# and WE# with valid column address, a write
burst is initiated. The data inputs are provided for the initial address in the same clock cycle
as the burst write command. The input buffer is deselected at the end of the burst length,
even though the internal writing can be completed yet. The writing can be completed by is-
suing a burst read and DQM for blocking data inputs or burst write in the same or another
active bank. The burst stop command is valid at every burst length. The write burst can also
be terminated by using DQM for blocking data and procreating the bank tgp, after the last
data input to be written into the active row. See DQM Operation.

86.12 All Banks Precharge

All banks can be precharged at the same time by using Precharge all command. Asserting low
on CS#, RAS#, and WE# with high on A10/AP after all banks have satisfied trag(min) require-
ment, performs precharge on all banks. At the end of tgp after performing precharge to all
the banks, all banks are in idle state.

86.13 Precharge

The precharge operation is performed on an active bank by asserting low on CS#, RAS#,
WE# and A10/AP with valid BA0-BA1 of the bank to be precharged. The precharge command
can be asserted anytime after tras(min) is satisfied from the bank active command in the de-
sired bank. tgp is defined as the minimum number of clock cycles required to complete row
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precharge is calculated by dividing tgp with clock cycle time and rounding up to the next
higher integer. Care should be taken to make sure that burst write is completed or DQM is
used to inhibit writing before precharge command is asserted. The maximum time any bank
can be active is specified by tras(max)- Therefore, each bank activate command. At the end
of precharge, the bank enters the idle state and is ready to be activated again. Entry to Power
down, Auto refresh, Self refresh and Mode register set etc. is possible only when all banks are
in idle state.

86.14 Auto Precharge

The precharge operation can also be performed by using auto precharge. The SDRAM inter-
nally generates the timing to satisfy trag(miny @nd tgp for the programmed burst length and
CAS latency. The auto precharge command is issued at the same time as burst read or burst
write by asserting high on A10/AP. If burst read or burst write by asserting high on A10/AP,
the bank is left active until a new command is asserted. Once auto precharge command is
given, no new commands are possible to that particular bank until the bank achieves idle
state.

86.15 Auto Refresh

The storage cells of 64Mb, 128Mb, 256Mb and 512Mb SDRAM need to be refreshed every
64ms to maintain data. An auto refresh cycle accomplishes refresh of a single row of storage
cells. The internal counter increments automatically on every auto refresh cycle to refresh all
the rows. An auto refresh command is issued by asserting low on CS#, RAS# and CAS# with
high on CKE and WE#. The auto refresh command can only be asserted with all banks being
in idle state and the device is not in power down mode (CKE is high in the previous cycle).
The time required to complete the auto refresh operation is specified by tarrc(min)- The min-
imum number of clock cycles required can be calculated by driving tagrc With clock cycle time
and them rounding up to the next higher integer. The auto refresh command must be followed
by NOP's until the auto refresh operation is completed. All banks will be in the idle state at
the end of auto refresh operation. The auto refresh is the preferred refresh mode when the
SDRAM is being used for normal data transactions. The 64Mb and 128Mb SDRAM’s auto re-
fresh cycle can be performed once in 15.6us or a burst of 4096 auto refresh cycles once in
64ms. The 256Mb and 512Mb SDRAM'’s auto refresh cycle can be performed once in 7.8us or
a burst of 8192 auto refresh cycles once in 64ms.

86.16 Self Refresh

The self refresh is another refresh mode available in the SDRAM. The self refresh is the pre-
ferred refresh mode for data retention and low power operation of SDRAM. In self refresh
mode, the SDRAM disables the internal clock and all the input buffers except CKE. The refresh
addressing and timing are internally generated to reduce power consumption.

The self refresh mode is entered from all banks idle state by asserting low on CS#, RAS#,
CAS# and CKE with high on WE#. Once the self refresh mode is entered, only CKE state being
low matters, all the other inputs including the clock are ignored in order to remain in the self
refresh mode.

The self refresh is exited by restarting the external clock and then asserting high on CKE. This
must be followed by NOP's for a minimum time of tgggx before the SDRAM reaches idle state
to begin normal operation. In case that the system uses burst auto refresh during normal op-
eration, it is recommended to use burst 8192 auto refresh cycles for 256Mb and 512Mb, and
burst 4096 auto refresh cycles for 128Mb and 64Mb immediately before entering self refresh
mode and after exiting in self refresh mode. On the other hand, if the system uses the dis-
tributed auto refresh, the system only has to keep the refresh duty cycle.
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87 Basic Feature and Function Descriptions

87.1 Clock Suspend

CLK | \
-
CKE

| Masked by CKE
Internal || >

R L L T
pa(eL2)
bQ(eL3)

Not Whtten

Figure 87.1 Clock Suspend During Write

CLK 17717%727717%77
CMD @

CKE} L\ Masked by:(CKE
Internal — i :
s I R R SR I
DQ(CL2) (XX @ Xos)
DQ(CL3)

Suspended Dout

Figure 87.2 Clock Suspend During Read (BL = 4)
87.2 DQM Operation

ck L
CMD | o
pQM . .

: : : : Masll<ed b;; CKE:
pQ(CL2) (Do (o YD)
DQ(CL3): (Do X D1 YK D3) +

DQM to Data-in Mask = 0

Figure 87.] Write Mask (BL = 4)
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cMp; (RD) &L
L S U T
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DQM to Data-out Mask=2
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Figure 87.2 Read Mask (BL =4)
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Notes:
1. CKE to CLK disable/enable = 1CLK.

2. DQM makes data out Hi-Z after 2CLKs which should masked by CKE L.
3. DQM masks both data-in and data-out.

Figure 87.3 DQM with CLock Suspended (Full Page Read)

87.3 CAS# Interrupt |

CLK |
5
aoo (AYE) |

ot
sy

tccp Note 2

Notes:

1. By Interrupt, It is meant to stop burst read/write by external command before the end of burst. By
CAS# Interrupt, to stop burst read/write by CAS# access,; read and write.

2. tecp: CAS# to CAS# delay (= 1CLK).

3. tcpy: Last data in to new column address delay (= 1CLK).

Figure 87.4 Read Interrupted by Read (BL = 4)

CLK

cmp
‘tCCD’NOte 2

ADD

g [

DQ DAo

« >,
tCpL Note 3

Notes:

1. By Interrupt, It is meant to stop burst read/write by external command before the end of burst. By
CAS# Interrupt, to stop burst read/write by CAS# access,; read and write.

2. teep: CAS# to CAS# delay (= 1CLK).

3. tcp: Last data in to new column address delay (= 1CLK).

Figure 87.5 Write Interrupted by Write (BL = 2)
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CLK
cMp  (WRYRD)
‘tCCD’NOteZ
oate
DQ(CL3) DAo

< >
tcpL Note 3

Notes:
1. By Interrupt, It is meant to stop burst read/write by external command before the end of burst. By
CAS# Interrupt, to stop burst read/write by CAS# access,; read and write.

2. tcep: CAS# to CAS# delay (= 1CLK).

3. tcpy: Last data in to new column address delay (= 1CLK).

Figure 87.6 Write Interrupted by Read (BL = 2)
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87.4 CAS# Interrupt 2

(a) CL=2, BL=4

‘raninipigininigisl
1)CMD ~ (RD)YWR) L l

DQM l l : .

0Q (0B )(D2)(B2) |
2010 - o

DQM D 3

0
3 - B
DQM | | - f

o e e
» oo ~(wR)

DQM B

DQ Hi-Z

Not‘e 1

(b) CL=3, BL=4

kL M
1)CMD (RDYWR)

DQM

Q 5
2) QD - . o

DQM ol

pQ
s)cio TR

DQM AR

0 :
nao o o
oM

S e EEE)
5)CMD o L
DQM 1 1 L 1

DQ ’E\NHOLZI

Notes:

1. To prevent bus contention, there should be at least one gap between data in and data out.

Figure 87.7 Read Interrupted by Write and DQM
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tRDL = 2CLK
CLK ,
oo R L e

DQM

0Q | o
' ' ' ' ‘Masked by DQM
Notes:

1. To prevent bus contention, DQM should be issued which makes at least one gap between data in
and data out.

2. To inhibit invalid write, DQM should be issued.

3. This precharge command and burst write command should be of the same bank, otherwise it is not
precharge interrupt but only another bank precharge of four banks operation.

Figure 87.8 W/rite Interrupted by Precharge and DQM

1) Normal Write
BL=4 & tRDL=2CLK

CLK

SRR CYEI D
<

—t

2) Normal Read (BL=4)
cx | L L) L)L) L)L) L L
oo | ([©) e
o -t (@e @y @)
DQ(CL3) l 2

Notes:
1. tgp; = 2 CLK is supported.

2. Number of valid output data after row precharge: 1, 2 for CAS Latency = 2, 3 respectively.

3. The row active command of the precharge bank can be issued after tgp from this point. The new
read/write command of other activated bank can be issued from this point. At burst read/write with
auto precharge, CAS interrupt of the same bank is illegal.

4. tpa; defined Last data in to Active delay. tpa, = trp; + trp is supported.

Figure 87.9 Precharge

May 12, 2005 SDRAM_04_A0 S73WS256N Based MCPs 223



SPANSION" Preliminary

A

1) Normal Write (BL=4) 2) Nomal Read (BL=4)
CLK CLK !
cMD N ) cMD S

oo | (BB B)De) ¢ . PR -
; ! ! : 1 TroL 7201k L DQ(CL3) : : : m :
: : : : L tOAL=ROL +tRp Note 4, ' ' f f f A f : f
' ! ! ! ! X ] . ; Auto Precharge Starts Note 3
: : : : : : Auto‘Pecr\ar'gJeStarté@nRDL=2CLK *3
Notes:

1. tgp; = 2 CLK is supported.
2. Number of valid output data after row precharge: 1, 2 for CAS Latency = 2, 3 respectively.

3. The row active command of the precharge bank can be issued after tgp from this point. The new

read/write command of other activated bank can be issued from this point. At burst read/write with
auto precharge, CAS interrupt of the same bank is illegal.

4. tpa; defined Last data in to Active delay. tps, = trpr + trp is supported.

Figure 87.10 Auto Precharge
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1) Nomal Write
BL=4 & tRDL=2CLK

T
CMD A

i

DQM R |
oo (Do) o) o)l
tRDLNote 1
2) Write Burst Stop (BL=8) 3) Read Interrupted by Precharge (BL=4)

e LML LML e |1 LPLL LU
CMD cvp | (RD) '

DQM S bQEL2) - {Qo)y Qi)
pQ (o X o1 )02 ) 03 YN peets) © 1 {Q)Q)

" tpL Note 2

4) ReadBurst Stop (BL=4)

e [T
cup 1 (RD) ¢ fTop

sacay (@)@
poctsy -+ () i)
Notes:

1. tpp = 2 CLK is supported.

2. tgpy: 1 CLK; Last data in to burst stop delay. Read or write burst stop command is valid at every
burst length.

3. Number of valid output data after row precharge or burst stop: 1, 2 for CAS latency= 2, 3 respec-
tively.

4. PRE: All banks precharge is necessary. MRS can be issued only at all banks precharge state.

Figure 87.11 Burst Stop and Interrupted by Precharge

1) Mode Register Set

: :< ItRPI >:< ZCILK ):

Notes:
1. tppr = 2 CLK is supported.

2. tgpi: 1 CLK; Last data in to burst stop delay. Read or write burst stop command is valid at every
burst length.

3. Number of valid output data after row precharge or burst stop: 1, 2 for CAS latency= 2, 3 respec-
tively.

4. PRE: All banks precharge is necessary. MRS can be issued only at all banks precharge state.

Figure 87.12 Mode Register Set
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1) Clock Suspend (= Active Power Down) Exit 2) Power Down (= Precharge Power Down) Exit
CLK CLK
CKE & CKE <> S5
Internal  Netetl Internal | Note2
CLK CLK

CMD (RD) CMD NOPYACT)

Figure 87.13 Clock Suspend Exit and Power Down Exit

87.5 Auto Refresh

An auto refresh command is issued by having CS+#, RAS# and CAS# held low with CKE and
WE# high at the rising edge of the clock (CLK). All banks must be precharged and idle for
trp(min) before the auto refresh command is applied. No control of the external address pins
is required once this cycle has started because of the internal address counter. When the re-
fresh cycle has completed, all banks will be in the idle state. A delay between the auto refresh
command and the next activate command or subsequent auto refresh command must be
greater than or equal to the tarrc(min)-

CLK 4 4 4 4 4 4 4 . 4 4 4 4
Command|PRE Ao 2 cMD
CKE = High 2
< P e tARFC(min) N

Figure 87.14 Auto Refresh

87.6 Self Refresh

A Self Refresh command is defined by having CS#, RAS#, CAS# and CKE held low with WE#
high at the rising edge of the clock. Once the self Refresh command is initiated, CKE must be
held low to keep the device in Self Refresh mode. After 1 clock cycle from the self refresh
command, all of the external control signals including system clock (CLK) can be disabled ex-
cept CKE. The clock is internally disabled during Self Refresh operation to reduce power. To
exit the Self Refresh mode, supply stable clock input before returning CKE high, assert dese-
lect or NOP command and then assert CKE high. In case that the system uses burst auto
refresh during normal operation, it is recommended to use burst auto refresh cycle immedi-
ately before entering self refresh mode and after exiting in self refresh mode. On the other
hand, if the system uses the distributed auto refresh, the system only has to keep the refresh

duty cycle.
[ 2
CLK 4 4 ) A A 1 P A 4
« Stable Clock
< >
Command retrest 2 NOP 2 ACT
< tSRFX(m?? >
CKE
<> a <>
tss tss

Figure 87.15 Self Refresh
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88 Burst Type Control

A\

Basic
Mode

Sequential Counting

At MRS A3 = 0. See the Burst Sequence Table (BL=4, 8)
BL=1, 2, 4, 8 and full page.

Interleave Counting

At MRS A3 = 1. See the Burst Sequence Table (BL=4, 8)
BL=4, 8. At BL=1, 2 Interleave Counting = Sequential Counting.

Random
Mode

Random column Access
tCCD = 1 CLK

Every cycle Read/Write Command with random column address can realize
Random

Column Access.

That is similar to Extended Data Out (EDO) Operation of conventional DRAM.

89 Burst Length Control

1 At MRS A2,1,0 = 000.
At auto precharge, tgag should not be violated.
2 At MRS A2,1,0 = 001.
) At auto precharge, trps should not be violated.
Basic 4 At MRS A2,1,0 = 010.
Mode
8 At MRS A2,1,0 = 011.
At MRS A2,1,0 = 111.
Full Page Wrap around mode (infinite burst length) should be stopped by burst stop.
RAS# interrupt or CAS# interrupt.
Special At MRS A9 = 1.
BRSW Read burst =1, 2, 4, 8, full page write Burst =1.
Mode At auto precharge of write, tgag should not be violated.
Random Burst Sto tgpL= 1, Valid DQ after burst stop is 1, 2 for CAS latency 2, 3 respectively
Mode P Using burst stop command, any burst length control is possible.
Before the end of burst, Row precharge command of the same bank stops read/
RAS# Interrupt write burst with Row precharge.
(Interrupted by trpL= 2 with DQM, valid DQ after burst stop is 1, 2 for CAS latency 2, 3
Interrupt Precharge) respectively. ) ) )
Mode During read/write burst with auto precharge, RAS# interrupt can not be issued.
Before the end of burst, new read/write stops read/write burst and starts new
CAS# Interrupt read/write burst.
During read/write burst with auto precharge, CAS# interrupt can not be issued.
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90 Function Truth Table |

C;‘:;f:‘ CS# | RAS# | CAS# | WE# BA Address Action Note
H X X X X X NOP
L H H H X X NOP
L H H L X X ILLEGAL 2
L H L X BA CA, A10/AP | ILLEGAL 2
IDLE L L H H BA RA Row (& Bank) Active; Latch RA
L L H L BA A10/AP NOP 4
L L L H X X Auto Refresh or Self Refresh
L L L L OP code | OP code |Mode Register Access 5
H X X X X X NOP
L H H H X X NOP
L H H L X X ILLEGAL 2
Row L H L H BA CA, A10/AP | Begin Read; latch CA; determine AP
Active L H L L BA CA, A10/AP | Begin Read; latch CA; determine AP
L L H H BA RA ILLEGAL 2
L L H L BA A10/AP Precharge
L L L X X X ILLEGAL
H X X X X X NOP (Continue Burst to End --> Row Active)
L H H H X X NOP (Continue Burst to End --> Row Active)
L H H L X X Term burst --> Row active
Read L H L H BA CA, A10/AP | Term burst, New Read, Determine AP
L H L L BA CA, A10/AP | Term burst, New Write, Determine AP 3
L L H H BA RA ILLEGAL 2
L L H L BA A10/AP Term burst, Precharge timing for Reads
L L L X X X ILLEGAL
H X X X X X NOP (Continue Burst to End --> Row Active)
L H H H X X NOP (Continue Burst to End --> Row Active)
L H H L X X Term burst --> Row active
Write L H L H BA CA, A10/AP | Term burst, New read, Determine AP 3
L H L L BA CA, A10/AP | Term burst, New Write, Determine AP 3
L L H H BA RA ILLEGAL 2
L L H L BA A10/AP | Term burst, precharge timing for Writes 3
L L L X X X ILLEGAL
H X X X X X NOP (Continue Burst to End --> Precharge)
L H H H X X NOP (Continue Burst to End --> Precharge)
Rei‘it‘g‘th L H H L X X ILLEGAL
Precharge L H L X BA CA, A10/AP | ILLEGAL
L L H X BA RA, RA10 |ILLEGAL 2
L L L X X X ILLEGAL
H X X X X X NOP (Continue Burst to End --> Precharge)
L H H H X X NOP (Continue Burst to End --> Precharge)
er:it‘;‘”th L H H L X X ILLEGAL
Precharge L H L X BA CA, A10/AP | ILLEGAL
L L H X BA RA, RA10 |ILLEGAL 2
L L L X X X ILLEGAL
H X X X X X NOP --> Idle after tgp
L H H H X X NOP --> Idle after tgp
. L H H L X X ILLEGAL 2
Precharging
L H L X BA CA ILLEGAL 2
L L H H BA RA ILLEGAL 2
L L H L BA A10/AP NOP --> Idle after tpp 4
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Row
Activating

ILLEGAL

NOP --> Row Active after trcp

NOP --> Row Active after trcp

ILLEGAL

ILLEGAL

ILLEGAL

A10/AP

ILLEGAL

NN N|N

X

ILLEGAL

Refreshing

NOP --> Idle after tRC

NOP --> Idle after tRC

ILLEGAL

ILLEGAL

ILLEGAL

Mode
Register
Accessing

NOP --> Idle after 2 clocks

NOP --> Idle after 2 clocks

ILLEGAL

Lt O Y ot sl et sl I sl Y I sl I ol )

I T X|rr|r| I I X ||| I I I X|r
r I I X I I X/ I Ir| I I X r
X| | I| X| X| X| X| X| X| X|r| I X r| I XX

ILLEGAL

-

X| X| X[ X| X| X| X| X| X| X| X

-
x
>

X| X[ X| X| X| X| X| X| X]| X

ILLEGAL

Legend: RA = Row Address, BA = Bank Address, NOP = No Operation Command, CA= Column Ad-
dress, AP = Auto Precharge

Notes:

1. All entries assume the CKE was active (High) during the precharge clock and the current clock cycle.

2. lIllegal to bank in specified state, Function may be legal in the bank indicated by BA, depending on
the state of that bank.

3. Must satisfy bus contention, bus turn around, and/or write recovery requirements.

A

5. Illegal if any bank is not idle.

NOP to bank precharging or in idle state. May precharge bank indicated by BA (and A10/AP).
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91 Function Truth Table 2

Current | CKE | CKE | ooy | RASH | CAS# | WE# | Address Action Note
State (n-1) n
H X X X Exit Self Refresh --> Idle after
L H H X X X X Exit Self Refresh --> Idle after tgrpy 1
L H L H H H X Exit Self Refresh --> Idle after tegrex 1
Resff;fsh L H L H H L X |ILLEGAL
L H L H L X X ILLEGAL
L H L L X X X ILLEGAL
L L X X X X X NOP (Maintain Self Refresh)
H X X X X X X INVALID
Al L H H X X X X Exit Power Down --> ABI
Banks L H L H H H X Exit Power Down --> ABI
Precharge L H L H H L X ILLEGAL 2
Power L H L H L X X |ILLEGAL
Down L H L L X X X |ILLEGAL
L L X X X X X NOP (Maintain Low Power Mode)
H H X X X X X Refer to Function Truth Table 1
H L H X X X X Enter Power Down
H L L H H H X Enter Power Down 3
All H L L H H L X ILLEGAL
der;'és H L L H L X X |ILLEGAL
H L L L H H RA Row (& Bank) Active
H L L L L H X Enter Self Refresh 3
H L L L L L OP Code | Mode Register Access
L L X X X X X NOP
H H X X X X X Refer to Function Truth Table 1
Any State
other H L X X X X X Begin Clock Suspend next cycle 4
thanListeda L H X X X X X Exit Clock Suspend next cycle 4
bove L L X X X X X |Maintain Clock Suspend

Legend: ABI = All Banks Idle, RA = Row Address

Notes:
1. CKE low to high transition is asynchronous.

2. CKE low to high transition is asynchronous if restarts internal clock. A minimum setup time 1CLK
+ tgg must be satisfied before any command other than exit.

3. Power down and self refresh can be entered only from the all banks idle state.
4. Must be a legal command.
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92 Timing Diagrams

0 12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Hi

s+ N\ L/ \_/ \/ \/ \/ L/
rast 1\ / \ / \ / \ / \ / \ [
st/ \ \ / \ / \ / \ / /
ADDR
BAO \ / \ / \ [
BAL \ / /\ \ /[

A10/APJ \ \ / \ /

DQ

L
L

5
N
g
N

wee 1\ / / \ / \ \ / \ / / O\

DQM High level is necessary \

trRP tARFC tarRFC

& < < N A A
Precharge Auto Auto Normal Extended Row Active
(AllBank) Refresh Refresh MRS MRS (A-Bank)

:: Don't care

Notes:
1. Apply power and attempt to maintain CKE at a high state and all other inputs may be undefined.
- Apply Vpp before or at the same time as Vppq-

Maintain stable power, stable clock and NOP input condition for a minimum of 200us.
Issue precharge commands for all banks of the devices.

Issue 2 or more auto-refresh commands.

Issue a mode register set command to initialize the mode register.

Issue a extended mode register set command to define DS or PASR operating type of the device
after normal MRS.

EMRS cycle is not mandatory and the EMRS command needs to be issued only when
DS or PASR is used.

The default state without EMRS command issued is half driver strength and full array
refreshed.

The device is now ready for the operation selected by EMRS.

For operating with DS or PASR, set DS or PASR mode in EMRS setting stage.

In order to adjust another mode in the state of DS or PASR mode, additional EMRS
set is required but power up sequence is not needed again at this time. In that case,
all banks have to be in idle state prior to adjusting EMRS set.

o U A WN

Figure 92.1 Power Up Sequence
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tcc I
<« > ter
CKE tRAS HIGH tRP
j tRC < ;
*Note 1 tsH
S A
tRCD > <
SH tss
rast T\ f / o\ [\ [ \ /
= tsH
cast [\ \> / N/ NN /o \
tsH }tss‘
> <
@Y
tss
*Note 2 *Note 2,3 *Note 2,3 *Note 2,3 *Note 4 *Note 2
*Note 3 *Note 3 *Note 3 *Note 4
womp Y ra ) \ / \ /N [
tsAC JEH

oo fen—Co &)

P <> —»>—<—1ss
tsLz  toH

tss tsH
wer [\ /\ TS /\
tss tsH
bow \ [/ AN \ /
A A A A A A
Row Active Read Write Read Row Active

Precharge

[ ]:Dontcare
Notes:

1. All input except CKE & DQM can be don't care when CS# is high at the CLK high going edge.
2. Bank active & read/write are controlled by BAO, BA1.

Figure 92.2 Single Bit Read-Write-Read Cycle (Same Page) @CAS Latency=3, Burst
Length=I
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0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

CKE HIGH,

*Note 1
< tRC »

o \_ /S (VAREAGVARNYAREE A
et \ [ ]\ \ _/ \ /[ / \ \ [
cast [\ \ / / N\ / O\ / /o
woor X Ra ) . )

w0\ / \ \ / NSNS N
o\ / \ \ [/ NSNS N [
wioe ) ra ) \ \ / [ N\ [

L2 o 0s3

I I

¥ tRDOL
DQ < trRCD > N (tSAC 1o N <tSHZ Note 4
>
=3 D) ) CD ) D e EED
* tRDL
tsac tSHZ *Note 4 '«

v 7T, \ T O\ \ /T
o™\ AR /s

A A A A A A
Row Active Read Precharge Row Active Write Precharge
(A-Bank) (A-Bank) (A-Bank) (A-Bank) (A-Bank) (A-Bank)
[ ]:Don'tcare

Notes:
1. Minimum row cycle times is required to complete internal DRAM operation.

2. Row precharge can interrupt burst on any cycle. [CAS Latency - 1] number of valid output data is
available after Row precharge. Last valid output will be Hi-Z (tsyz) after the clock.

3. Output will be Hi-Z after the end of burst. (1, 2, 4, 8 & Full page bit burst).

Figure 92.3 Read & Write Cycle at Same Bank @Burst Length=4, tgp, =2CLK
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0 1 2

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

VAV aVaVaVaVaVaVaVaVaVaVaVaVaVaVaVavavaVa

CKE

HIGH

fRC ' *Note 1

»

»

-/ \/ \/ \_/ \_/

\ _/ \ [/ /N \ [

/\ /N \_/ / N\

(R0 X Xep)

BAO_\ /

\ [\ / \ [

BAl_\ /

AlO/AP

\ / \ [/
\ / \ / \ [\ / \ [
\ / \ / / \ [

N (IOH

- e 0 ) o
0o « trRCD N L sac oh SHZ *Ndte 4 tROL
> <
s oY w e D EeEs)

tRDL

tsac tSHZ »
le le Note 4

WE# _/ \

AR \ LT\ \ /T

DQM \

A

Row Active
(A-Bank)

Notes:

A A A A A
Read Precharge Row Active Write Precharge
(A-Bank) (A-Bank) (A-Bank) (A-Bank) (A-Bank)
[ ]:Dontcare

1. To write data before burst read ends, DQM should be asserted three cycle prior to write command
to avoid bus contention.

2. Row precharge will interrupt writing. Last data input, tgp, before Row precharge, will be written.

3. DQM should mask invalid input data on precharge command cycle when asserting precharge before
end of burst. Input data after Row precharge cycle will be masked internally.

4. tpalast data in to active delay, is 2CLK + tgp.

Figure 92.4 Read & Write Cycle at Same Bank @Burst Length=4, tgp, =2CLK
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0 1 2 3 4 5 6 7 8 9 100 11 12 13 14 15 16 17 18 19

*Note 1

e\ [\ [ N e N A —
T\

P 0 ) 0 ) ) 20 G0 W ) 2
w\ N TN TN T T

w\ 7\ /N N\ T LT

wone Y\ N O S ——

CL=2
DQ
CL=3
WE#
DQM \ /
A A A A A A A A A A A A
Row Active Read Read Read Read Precharge
(A-Bank) (A-Bank) (B-Bank) (C-Bank) (D-Bank) (D-Bank)
Row Active Row Active Row Active Precharge
(B-Bank) (C-Bank) (D-Bank) (C-Bank)
Precharge Precharge
(A-Bank) (B-Bank)
[ ]:Don'tcare
Notes:

1. CS# can be don't cared when RAS#, CAS# and WE# are high at the clock high going edge.

2. To interrupt a burst read by row precharge, both the read and the precharge banks must be the
same.

Figure 92.5 Page Read Cycle at Different Bank @Burst Length=4
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SV AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVA
wse \ /N /T 7T\ [\ ST N \

oo TN \_/ \ ST\ 7\
S 0 9 ) G0 S G G 8 ) G 0 G2
o\ [N/ \ ST T N
w\ [T\ T\ LT\ LT X

wone _feaa Neewh [\ [N [ T\
0Q ~———————{pra)prar)orszfonapona)penibenafpencioceafpeeifpobrrifpoi—

tcoL tRDL

wee 77 \_/ \ ST\ \/

*Note 1

v\ [

A A A A A A A
Row Active Write Write Row Active Write Precharge
(A-Bank) (A-Bank) (B-Bank) (D-Bank) (D-Bank) (All Banks)
Row Active Row Active Write
(B-Bank) (C-Bank) (C-Bank)

[ ]:Don'tcare

Notes:
1. To interrupt burst write by Row precharge, DQM should be asserted to mask invalid input data.

2. To interrupt burst write by Row precharge, both the write and the precharge banks must be the
same.

Figure 92.6 Page Write Cycle at Different Bank @Burst Length=4, tgp =2CLK
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CKE HIGH

e \ /7NN ] / \_/
st 7\ / / \ \ /A
soor_Ywra)_ Ycra)
/NN ]
/ /U
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*Note 1

- G S s e s S o o)

DQ

s O ) L SRR o o @)
v TN T 7 \_/ VA Y AR
DQM \ / \

/
\

\ /
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teou
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A A A A A A A
Row Active Read Precharge Write Read
(A-Bank) (A-Bank) (A-Bank) (D-Bank) (B-Bank)
Row Active Row Active
(D-Bank) (B-Bank)

[ ]:Dontcare

Notes:
1. tcp, should be met to complete write.

Figure 92.7 Read & Write Cycle at Different Bank @Burst Length=4
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- X
Row Active (A-Bank) *Notel
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Notes:

1. When Read (Write) command with auto precharge is issued at A-Bank after A and B Bank activation.
If Read (Write) command without auto precharge is issued at B-Bank before A-Bank auto precharge
starts, A-Bank auto precharge will start at B-Bank read command input point.

Any command can not be issued at A-Bank during tgp after A-Bank auto precharge starts.

Figure 92.8 Read & Write Cycle with Auto Precharge | @Burst Length=4
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Notes:
1. Any command to A-bank is not allowed in this period. tgp is determined from at auto precharge start
point.

Figure 92.9 Read & Write Cycle with Auto Precharge 2 @Burst Length=4
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Notes:
1. DQM is needed to prevent bus contention.

Figure 92.10 Clock Suspension & DQM Operation Cycle @CAS Latency=2, Burst Length=4
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Notes:
1. At full page mode, burst is finished by burst stop or precharge.
2. About the valid DQs after burst stop, it is same as the case of RAS# interrupt.

Both cases are illustrated above timing diagram. See the label 1, 2 on them.
But at burst write, Burst stop and RAS# interrupt should be compared carefully.

3. Burst stop is valid at every burst length.

Figure 92.11 Read Interrupted by Precharge Command & Read Burst Stop Cycle @Full Page
Burst
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Notes:

1. At full page mode, burst is finished by burst stop or precharge.

2. Data-in at the cycle of interrupted by precharge can not be written into the corresponding memory
cell. It is defined by AC parameter of tpp;. DQM at write interrupted by precharge command is
needed to prevent invalid write. DQM should mask invalid input data on precharge command cycle
when asserting precharge before end of burst. Input data after Row precharge cycle will be masked
internally.

3. Burst stop is valid at every burst length.

Figure 92.12 Write Interrupted by Precharge Command & Write Burst Stop Cycle @ Full
Page Burst, tRDL=2CLK
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Notes:

1. BRSW modes is enabled by setting A9 High at MRS (Mode Register Set). At the BRSW Mode, the
burst length at write is fixed to 1 regardless of programmed burst length.

2. When BRSW write command with auto precharge is executed, keep it in mind that tgag should not
be violated. Auto precharge is executed at the burst-end cycle, so in the case of BRSW write
command, the next cycle starts the precharge.

Figure 92.13 Burst Read Single bit Write Cycle @Burst Length=2

May 12, 2005 SDRAM_04_A0 S73WS256N Based MCPs 243



SPANSION" Preliminary
AN

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

> < tss > < tss > < tss

CKE \ “Note 1 *Note 2 / \ J *Note 2
€ *Notens > .

s /N .\ \_/
RASH ) \ / \ /
cas# 7\ ) 7\
ADDR fl; ,;.(‘
BA . \ / /

AtoAP ! ! \  /

\. ) Toz

wer , /\ ) / A\ \ /

L ~
2]
QO

N A

S
I~
|~

DQM 1 1 \ /
A A A A A A A
Precharge Row Active Read Precharge
Power-down
Entry
Precharge Active Active
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Notes:

1. All banks should be in idle state prior to entering precharge power down mode.
2. CKE should be set high at least 1CLK + tgg prior to Row active command.
3. Can not violate minimum refresh specification (64ms).

Figure 92.14 Active/Precharge Power Down Mode @CAS Latency=2, Burst Length=4
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Notes:
To Enter Self Refresh Mode

1. CS#, RAS# & CAS# with CKE should be low at the same clock cycle.
2. After 1 clock cycle, all the inputs including the system clock can be don't care except for CKE.

3. The device remains in self refresh mode as long as CKE stays Low.
Once the device enters self refresh mode, minimum tg,s is required before exit from self refresh.

To Exit Self Refresh Mode

4. System clock restart and be stable before returning CKE high.

5. CS# starts from high.

6. Minimum tsgex is required after CKE going high to complete self refresh exit.
7

. 4K cycle (64Mb, 128Mb) or 8K cycle (256Mb, 512Mb) of burst auto refresh is required before self
refresh entry and after self refresh exit if the system uses burst refresh.

Figure 92.15 Self Refresh Entry & Exit Cycle
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Mode Register Set Cycle
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1. CS#, RAS#, CAS#, BAO, BA1 & WE# activation at the same clock cycle with address key will set
internal mode register.

2. Minimum 2 clock cycles should be met before new RAS activation.
Please refer to Mode Register Set (MRS).
4. All banks precharge should be completed before Mode Register Set cycle and auto refresh cycle.
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Notes:

1. CS#, RAS#, CAS#, BAO, BA1 & WE# activation at the same clock cycle with address key will set
internal mode register.

2. Minimum 2 clock cycles should be met before new RAS# activation.
3. Please refer to Mode Register Set (MRS).

Figure 92.16 Extended Mode Register Set Cycle
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93 SDRAM Type 2 Revision Summary
Revision A (May 12, 2005)

Initial release.
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94 MCP Revision Summary
Revision A (October 19, 2004)

Initial release.

Revision Al (May 31, 2005)
Added SDRAM Type 2 module

Added FEA137 package diagram

Revision A2 (November 9, 2005)
Updated Flash module and the SDRAM Type 2 module

Changed all RAM module status to Preliminary form Advanced Information

Revision A3 (December 16, 2005)
Corrected package from FEA137 to FTF137

Colophon
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artificial satellite). Please note that Spansion LLC will not be liable to you and/or any third party for any claims or damages arising in connection with above-
mentioned uses of the products. Any semiconductor devices have an inherent chance of failure. You must protect against injury, damage or loss from such
failures by incorporating safety design measures into your facility and equipment such as redundancy, fire protection, and prevention of over-current levels
and other abnormal operating conditions. If any products described in this document represent goods or technologies subject to certain restrictions on ex-
port under the Foreign Exchange and Foreign Trade Law of Japan, the US Export Administration Regulations or the applicable laws of any other country, the
prior authorization by the respective government entity will be required for export of those products.
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