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Ef 1 PRESS S29WS128N
PERFDRM 256/128 Mbit (16/8 M x 16 bit), 1.8 V,

Simultaneous Read/Write, Burst Flash

This product family has been retired and is not recommended for designs. For new and current designs, the S29WS128P and
S29WS256P supersede the S29WS128N and S29WS256N respectively. These are the factory-recommended migration paths.
Please refer to the S29WS-P Family data sheet for specifications and ordering information.

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 separate 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 performance and lowered power consumption.

Distinctive Characteristics

B Single 1.8 V read/program/erase (1.70-1.95 V) B Hardware (WP#) protection of to d bottom sectors
® 110 nm MirrorBit™ Technology B Dual boot sector configuratign @d bottom)
B Simultaneous Read/Write operation with zero latency B Offered Packages
B 32-word Write Buffer B WS256N/128N: 84-ball @(8 mm x 11.6 mm)
B Sixteen-bank architecture consisting of 16/8 Mwords for WS256N/ B ow Ve write inhi@
128N, respectively B Persistent and Passwdrd methods of Advanced Sector Protection
W Four 16 Kword sectors at both top and bottom of memory array B Write operat@us bits indicate program and erase operation
W 254/126 64 Kword sectors (WS256N/128N) completio
B Programmable linear (8/16/32) with or without wrap around and B Suspendiand Resume commands for Program and Erase
continuous burst read modes opera%ns
B Secured Silicon Sector region consisting of 128 words each for u G@ Bypass program command to reduce programming time
factory and customer &y chronous or Asynchronous program operation, independent of
B 20-year data retention (typical) urst control register settings
B Cycling Endurance: 100,000 cycles per sector (typical) Qh ACC input pin to reduce factory programming time
B RDY output indicates data available to system Q B Support for Common Flash Interface (CFl)
B Command set compatible with JEDEC (42.4) standard @
Performance Characteristics Q
Read Access Times ’.O‘ Current Consumption (typical values)
Speed Option (MHz) 8b§J 66 54 Continuous Burst Read @ 80 MHz 38 mA
Max. Synch. Latency, ns (tjacc) 4@9?’ 80 80 Simultaneous Operation (asynchronous) 50 mA
Max. Synch. Burst Access, ns (tgacc) \ N 9 11.2 13.5 Program (asynchronous) 19 mA
Max. Asynch. Access Time, ns (tacc) \O 80 80 80 Erase (asynchronous) 19 mA
Max. Asynch. Page Access Time, ns cC. 20 20 20 Standby Mode (asynchronous) 20 pA
Max CE# Access Time, ns (tcg) 80 80 80
Max OE# Access Time, ns (tog) 13.5 135 135 Typical Program & Erase Times
Single Word Programming 40 ps
Effective Write Buffer Programming (V¢c) Per Word 9.4 us
Effective Write Buffer Programming (Vacc) Per Word 6 us
Sector Erase (16 Kword Sector) 150 ms
Sector Erase (64 Kword Sector) 600 ms
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1. Ordering Information
The order number is formed by a valid combinations of the following:

S29WS 256 N 0S BA w 01 O

—[ Packing Type
0 Tray (standard; (Note 1))
2 7-inch Tape and Reel
3 = 13-inch Tape and Reel

Model Number (Note 3)

(DYB Protect/Unprotect After Power-up)
01 = DYB Unprotect

11 = DYB Protect

Temperature Range (Note 3)
W = Wireless (—25°C to +85°C)

L Package Type & Material Set . QQ
BA = Very Thin Fine-Pitch BGA, Lead (Pb)-free Compliant Pac%
BF = Very Thin Fine-Pitch BGA, Lead (Pb)-free Package @

Speed Option (Burst Frequency)
0S = 80 MHz

OP = 66 MHz $
54 MHz

. <
Process Technology
N = 110 nm MirrorBit™ Technology &

Flash Density

256= 256 Mb ‘\O

128= 128 Mb t

Product Family

S29WS =1.8 Volt-only,Si neous Read/Write, Burst Mode Flash Memory

S

1.1 Valid Combinations

Valid Combinations list configurations planned to ported in volume for this device. Consult your local sales office to confirm
availability of specific valid combinations and to k on newly released combinations.
y_2
S29WS-N Valid Combinﬁw(l), @, 3
< DYB Power
Base Ordering Product Speed K&we Type, Material, | Model Packing | Up state Package Type (2)
Part Number Status Option Temperature Range Number Type
o y 01 Unprotect
S29WS256N Prefiminary | 0S, BAW (Lead (Pb)-free 11 Protect 8 mm x 11.6 mm
X 0,2,3
Compliant), o 84-ball
R 01 Unprotect X i
S29WS128N | Preliminary | 0s,0p,0L | W (Lead (Pb)-free) MCP-Compatible
11 Protect

Notes:
1. Type 0 is standard. Specify other options as required.

2. BGA package marking omits leading “S29” and packing type designator from ordering part number.
3. For other boot option contact your local sales office.

Document Number: 002-01825 Rev. *B Page 3 of 79
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2. Input/Output Descriptions & Logic Symbol

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

Input/Output Descriptions

Symbol Type Description
A23-A0 Input Address lines for WS256N (A22-A0 for WS128).
DQ15-DQO 110 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 110 Ground. ~
. hd
NC No Connect Not connected internally. (\\
RDY Output Ready. Indicates when valid burst data is ready to be read. G\
Clock Input. In burst mode, after the initial word is output, subsequent actlve ed ?6LK increment
CLK Input
the internal address counter.
Address Valid. Indicates to device that the valid address is present on th aMs inputs.
When low during asynchronous mode, indicates valid address; when@uring burst mode, causes
AVD# Input starting address to be latched at the next active clock edge. @
When high, device ignores address inputs. i
RESET# Input Hardware Reset. Low = device resets and returns to Je array data.
Write Protect. At V), disables program and erase fuan the four outermost sectors. Should be at
WP# Input
V) for all other conditions.
ACC Inout Acceleration Input. At V, accelerates progr m; automatically places device in unlock bypass
P mode. At V|, disables all program and er tions. Should be at V| for all other conditions.
RFU Reserved Reserved for future use (see Figure 4.@35 Look-ahead Diagram on page 8).

¥
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3. Block Diagram

DQ15-DQO0
Vee —» Q Q
V. > RDY
ss Buffer > RDY
_ | Erase Voltage Input/Output
Generator Buffers
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RESET# ___,| State
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Register »| PGM Voltage N

Y
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4. Physical Dim lons/Connection Diagrams

This section shows the 1/0 designations and package specifications for the S29WS-N.

4.1 Related Documents

The following documents contain information relating to the S29WS-N devices. Click on the title or go to www.amd.com/flash (click
on Technical Documentation) or www.fujitsu.com to download the PDF file, or request a copy from your sales office.

B Migration to the S29WS256N Family Application Note

B Considerations for X-ray Inspection of Surface-Mounted Flash Integrated Circuits

4.2 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 ultrasonic cleaning methods. The package and/or data
integrity may be compromised if the package body is exposed to temperatures above 150°C for prolonged periods of time.

Document Number: 002-01825 Rev. *B Page 5 of 79
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Figure 4.1 84-ball Fine-Pitch Ball Grid Array (S29WS256N, S29WS128N)

(Top View, Balls Facing Down, MCP Compatible)
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Figure 4.2 VBH084—84-ball Fine-Pitch Ball Grid Array (FBGA) 8 x 11.6 mm MCP Compatible Package
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‘
Al $
SEATING PLANE
SIDE VIEW E @
s@; NOTES:
PACKAGE VBH 084
1. DIMENSIONING AND TOLERANCING PER ASME Y14.5M-1994.
JEDEC N/A
@ 2. ALL DIMENSIONS ARE IN MILLIMETERS.
11.60 mm x 8.00 mm NOM 3. BALL POSITION DESIGNATION PER JESD 95-1, SPP-010 (EXCEPT
PACKAGE AS NOTED).
SYMBOL | MIN NOM | MAX ( \Tore 4. [] REPRESENTS THE SOLDER BALL GRID PITCH.
A 100 | OVERABTHICKNESS 5. SYMBOL "MD" IS THE BALL ROW MATRIX SIZE IN THE
AL 0.18 — JEMITEIGHT “D" DIRECTION.
A2 0.62 - OA*;‘%DY THICKNESS SYMBOL "ME" IS THE BALL COLUMN MATRIX SIZE IN THE
— N "E" DIRECTION.
D 1160 BSC. N, Y BODY SIZE
= \ N IS THE TOTAL NUMBER OF SOLDER BALLS.
E 8.00 BSC\S | BODY SIZE
= O /6\ DIMENSION "b" IS MEASURED AT THE MAXIMUM BALL
2] 8.80 BSC, BALL FOOTPRINT DIAMETER IN A PLANE PARALLEL TO DATUM C.
[E1 770pSe’ BALL FOOTPRINT A SD AND SE ARE MEASURED WITH RESPECT TO DATUMS
MD (2 N4 ROW MATRIX SIZE D DIRECTION A AND B AND DEFINE THE POSITION OF THE CENTER
SOLDER BALL IN THE OUTER ROW.
ME ¥ o ROW MATRIX SIZE E DIRECTION
\ > WHEN THERE IS AN ODD NUMBER OF SOLDER BALLS IN
N 84 TOTAL BALL COUNT THE OUTER ROW PARALLEL TO THE D OR E DIMENSION,
NGO | 0.43 |BALL DIAMETER RESPECTIVELY, SD OR SE = 0.000.
b 0.80 BSC. BALL PITCH WHEN THERE IS AN EVEN NUMBER OF SOLDER BALLS IN
N THE OUTER ROW, SD OR SE =
SD/s 0.40 BSC. SOLDER BALL PLACEMENT
8. NOT USED.
(A2-A9, B10-L10, DEPOPULATED SOLDER BALLS
M2-M9, B1-L1) 9. "+ INDICATES THE THEORETICAL CENTER OF DEPOPULATED
BALLS.

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

3339\ 16-038.25b

Note:
BSC is an ANSI standard for Basic Space Centering.

4.3 MCP Look-ahead Connection Diagram

Figure 4.3 on page 8 shows a migration path from the S29WS-N to higher densities and the option to include additional die within a
single package. Spansion Inc. provides this standard look-ahead connection diagram that supports

B NOR Flash and SRAM densities up to 4 Gigabits
B NOR Flash and pSRAM densities up to 4 Gigabits
B NOR Flash and pSRAM and data storage densities up to 4 Gigabits

Document Number: 002-01825 Rev. *B Page 7 of 79
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The following multi-chip package (MCP) data sheet(s) are based on the S29WS-N. Refer to these documents for input/output
descriptions for each product:

Publication Number S71WS256_512NCO.

The physical package outline may vary between connection diagrams and densities. The connection diagram for any MCP,
however, is a subset of the pinout in Figure 4.3.

In some cases, outrigger balls may exist in locations outside the grid shown. These outrigger balls are reserved; do not connect

them to any other signal.

For further information about the MCP look-ahead pinout, refer to the Design-In Scalable Wireless Solutions with Spansion Products

application note, available on the web or through a Spansion sales office.

Figure 4.3 MCP Look-ahead Diagram

96-ball Fine-Pitch Ball Grid Array (Top View, Balls Facl@Down)
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5. 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

B Common Flash Interface Version 1.4 Vendor Specific Extensions

Specification Bulletins Q
Contact your local sales office for details. .\g
Drivers and Software Support ®6

B Spansion low-level drivers Q

B Enhanced Flash drivers $

B Flash file system E @

CAD Modeling Support

m VHDL and Verilog ‘\OK

®m ORCAD bgb

Technical Support
Contact your local sales office or contact Spansion Ir@ttly for additional technical support:

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

Spansion Inc. Locations 0

915 DeGuigne Drive, P.O. Box 3453 @
Sunnyvale, CA 94088-3453, USA Q ~
Telephone: 408-962-2500 or

1-866-SPANSION EO

Spansion Japan Limited

Cube-Kawasaki 9F/10F,

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

Phone : 044-223-1700

Document Number: 002-01825 Rev. *B Page 9 of 79
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6. 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 programming 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.

6.1 Memory Map
The S29WS256/128N Mbit devices consist of 16 banks organized as shown in Table —Table . Q
O

>

S29WS256N Sector & Memory Address Map 6
2.
Bank | Sector Sector Sector/ &7
Size Count | Size (KB) Bank Sector Range Address Range R Notes
SA000 000000h—003FFFh K
SA001 004000h—007FEEh Contains four smaller
4 32 sectors at bottom of
2 MB 0 SA002 008000h—00BFFFh addressable memory.
SA003 OOCOOOh—OOFFFF)g\\
15 128 SA004 10 SA018 |  010000h-01FFFFh to OF0BQORDFFFFFh
2MB | 16 128 1 |SA019toSA034| 100000h-10FFFFh to @qpoéh—lFFFFFh
2MB | 16 128 2 |SA035105A050 |  200000n-20FFREH(S 2F0000-2FFFFFh
2MB | 16 128 3 | sA051 to SA066 300000h—30Wo 3F0000h—3FFFFFh
2MB | 16 128 4 | SA0671t0SA082 |  400000hAPERFFh to 4F0000h-4FFFFFh
2MB | 16 128 5 |SA083t05A098 |  50009§NNBOFFFFh to 5F0000-5FFFFFh
2MB | 16 128 6 | SA099 to SAL14 Wﬁ—soFFFFh to 6F0000h-6FFFFFh
8 All 128 KB sectors.
2MB | 16 128 7 | SA115 to SA130 [~ 100000h-70FFFFh to 7FO000h-7FFFFFh | pattern for sector address
2MB 16 128 8 |SA131to SAl@ 800000h—80FFFFh to 8F0000h—8FFFFFh | fange is xx0000h—xxFFFFh.
— (See Note)
amB | 16 128 9 |sA147eshdG2|  900000n-90FFFFh to 9F0000-9FFFFFh
2MB | 16 128 10 3A16M§178 AO0000h—AOFFFFh to AFO000h—AFFFFFh
2MB | 16 128 11 | 9AL79t0 SA194| BO000Oh-BOFFFFh to BFOO0Oh-BFFFFFh
2MB | 16 128 ]@Sﬁfgs to SA210 | CO0000h—COFFFFh to CFO000h-CFFFFFh
2MB | 16 128 13 N SA211 to SA226 |  DO00OOh-DOFFFFh to DFO000h-DFFFFFh
2MB | 16 128 14 |SA227toSA242| E00000h—EOFFFFh to EFO000h—EFFFFFh
15 128 SA243t0 SA257 | F00000h-FOFFFFh to FEOOOOh—FEFFFFh
SA258 FFO000h—FF3FFFh
2 MB 15 SA259 FF4000h—-FF7FFFh Contains four smaller
4 32 sectors at top of
SA260 FF8000h-FFBFFFh addressable memory.
SA261 FFCO00h-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 SA005-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.

Document Number: 002-01825 Rev. *B Page 10 of 79
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S29WS256N
S29WS128N

Size | count | sive (<B) | B3| sector Range Address Range Notes
32 SA000 000000h—003FFFh
. 32 SA001 004000h—007FFFh Cszf;ttz'rgsgfsgtf;":':)eff
1MB 32 0 SA002 008000h—00BFFFh addressable memory.
32 SA003 00C000h—00FFFFh
7 128 SA004 to SA010 | 010000h—-01FFFFh to 070000h-07FFFFh
1MB 8 128 1 SA011 to SA018 | 080000h—-08FFFFh to 0FO000h—OFFFFFh
1MB 8 128 2 | SA019to SA026 | 100000h—10FFFFh to 170000h—17FFFFh
1MB 8 128 3 | SA027to SA034 | 180000h—18FFFFh to 1F0000h—1FFFFFh
1MB 8 128 4 | SA035t0SA042 | 200000h—20FFFFh to 270000h—27FFFFh
1MB 8 128 5 | SA043to SAD50 | 280000h—28FFFFh to 2F0000h—2FFFFFh . QQ
1MB 8 128 6 | SAO51toSA058 | 300000h-30FFFFh to 370000h-37FFFFh N
1MB 8 128 7 | SA059to SA066 | 380000h-38FFFFh to 3F0000h-3FFFFFh | p & v seBctsf,C ;%rjr'ess
1MB 8 128 8 SA067 to SA074 | 400000h—40FFFFh to 470000h—47FFFFh S xx0000h—xxFFFFh.
1MB 8 128 9 | SAO75to SA082 | 480000h—48FFFFh to 4F0000h—4FFFFFh‘,\ (See Note)
1MB 8 128 10 | SA083to SA090 | 500000h-50FFFFh to 570000h—575|:(y‘\
1MB 8 128 11 | SAD91to SA098 | 580000h-58FFFFh to 5F0000h@‘#ﬁ
1MB 8 128 12 | SA099to SA106 | 600000h-60FFFFh to 67000({-67¥FFFh
1MB 8 128 13 | SA107to SAl114 | 680000h—68FFFFh to eQ@feFFFFFh
1MB 8 128 14 | SA115to SA122 | 700000h-70FFFFh No&mh—nFFFFh
7 128 SA123 to SA129 780000h—78FF\FR?;}'?EOOOOhJEFFFFh
32 SA130 7R0000R—7F3FFFh
1MB 32 15 SA131 n“th—ﬂ:w:FFh Contains four smaller
4 sectors at top of
32 SA132 \CJ7F8000h—7FBFFFh addressable memory.
32 SA133 AN\ 7FCO00h-7FFFFFh
Note: A N

This table has been condensed to show sector-related inf n for an entire device on a single page. Sectors and their address ranges that are not explicitly listed

(such as SA0O05-SA009) have sector starting and endin

pattern xx00000h—xxFFFFh.

%O

Q.

N
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7. Device Operations

This section describes the read, program, erase, simultaneous read/write operations, handshaking, 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 Table on page 72 and Table on page 46). 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 command. 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.

7.1 Device Operation Table
The device must be setup appropriately for each operation. Table describes the required state of e@control pin for any particular

operation. Q

Device Operations

]
Operation CE# | OE# WE# | Addresses DQ15-0 | RESE "CLK AVD#
B Vv
Asynchronous Read - Addresses Latched L L H Addr In Data Out ; H X _r
“

Asynchronous Read - Addresses Steady State L L H Addr In Dataﬂ » T H X L
Asynchronous Write L H L Addr In w L
Synchronous Write L " L Addr I&(D\I/O | _r _r
Standby (CE#) H X X XN, | HIGHZ H X X
Hardware Reset X X X HIGH Z L X

, N7
Burst Read Operations (Synchronous) 0
Load Starting Burst Address L X @\ Addr In X H _r _r

- - -
Advance Burst to next address with appropriate & Burst
Data presented on the Data Bus L A X Data Out H —r H
- ~
Terminate current Burst read cycle H(-‘& H X HIGH Z H _r X
Terminate current Burst read cycle via RESET# 0, X H X HIGH Z L X X
-

Terminate current Burst read cycle and start n o~
Buret readl eycle " L X H Addr In o | _F | b

N2

Legend: O
L= Logic 0, H = Logic 1, X = Don't C(‘%: Input/Output.

7.2 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 reset. To read data from the memory
array, the system must first assert a valid address on Ay, ,,—AO, while driving AVD# and CE# to V, . WE# must remain at V.. The
rising edge of AVD# latches the address. The OE# signal must be driven to V,, once AVD# has been driven to V|y. Data is output
on A/DQ15-A/DQO pins after the access time (tog) has elapsed from the falling edge of OE#.

Document Number: 002-01825 Rev. *B Page 12 of 79
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7.3 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 of tcg and subsequent page
read accesses (as long as the locations specified by the microprocessor falls within that page) is equivalent to tpacc. When CE# is
deasserted (= V), the reassertion of CE# for subsequent access has access time of tycc 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 A1 — AO to select the specific word within that page.

Address bits A — 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 specific word location. See Table 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 PrograimSuspend features. After the
device accepts an Erase Suspend command, the corresponding bank enters the erase-suspen -ode, after which the system
can read data from any non-erase-suspended sector within the same bank. The system canr rrdy data using the standard read
timing, except that if it reads at an address within erase-suspended sectors, the device out&tatus data. After completing a
programming operation in the Erase Suspend mode, the system may once again read & ata with the same exception. After the
device accepts a Program Suspend command, the corresponding bank enters theazgr -suspend-read mode, after which the

system can read data from any non-program-suspended sector within the same bark:

The de-assertion and re-assertion of AVD# creates a new tacc. It does not if AVD stays low or toggles once. However, the
address input must always be valid and stable if AVD# is low during the pa{e ad. The user must keep AVD# low during and

between page reads on address A(1:0). O
During Simultaneous Operation (SO), the user needs to de-assert d%s— assert either /CE# or /AVD# when performing data polling
to SO read. 68
Word Selection within a Page b
O\
Wword AL (3 A0

Word 0 (Qv 0
Word 1 0 1
.rQ
Word 2 (\\ 1 0
b
word 3 O 1 1

N

%O

Document Number: 002-01825 Rev. *B Page 13 of 79
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7.4 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. Asynchronous
read mode can be automatically enabled for burst mode by setting the configuration register to enter Synchronous mode. 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 discussed in Continuous Burst Read Mode
on page 17 and 8-, 16-, 32-Word Linear Burst Read with Wrap Around on page 17, and 8-, 16-, 32-Word Linear Burst without Wrap
Around on page 17.

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
(t,acc) of each burst 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 cukgent register settings if desired
via the Read Configuration Register command sequence), and then write the configuration reglst mand sequence. See
Configuration Register on page 18, and Table on page 72, for further details. 6\

Figure 7.1 Synchronous/Asynchronous State @

N
nchronous Read

6 Mode Only

N ‘

"
t Burst Mode Set Burst Mode
< iguration Register Configuration Register

Command for Command for
0 Synchronous Mode Asynchronous Mode
(CR15 = 0) (CR15=1)

Q° ,
Y
O Synchronous Read
Mode Only

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

B t5cc 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 tjpcc 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 number
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.

Document Number: 002-01825 Rev. *B Page 14 of 79
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W 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.

Table on page 15 to Table on page 16 reflect wait states required for S29WS256/128N devices. Refer to the table (CR11 - CR14)
and timing diagrams for more details.

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 1ws D4 D5 D6 D7 D8
2 X WS D2 D3 1ws 1ws D4 D5 D6 D7 D8
3 X WS D3 1ws 1ws 1ws D4 D5 D6 D7 D8
\\
Address Latency (S29WS128N) ’\
Cn
Word Wait States Cycle @"
0 5,6, 7ws DO D1 D2 D3 D4 D5 D&‘ D7 D8
1 5,6,7ws D1 D2 D3 1ws D4 D5 o | o7 D8
2 5,6, 7ws D2 D3 1ws 1ws D4 D5\ '\6 D7 D8
3 5,6, 7Ws D3 1ws 1ws 1ws D4 QA D6 D7 D8
& N
Address/Boundary Crossing Latency (S29WS256N @ 80MHz) Q\O
Word Wait States Cf@,
0 7 ws DO D1 D2 D3 (s 1ws D4 D5 D6
1 7 ws D1 D2 D3 1 V!?\\) 1ws 1ws D4 D5 D6
2 7 ws D2 D3 1ws o | 1ws 1ws D4 D5 D6
3 7 ws D3 1ws 1ws 10‘\/\'/’3 1ws 1ws D4 D5 D6
N
Address/Boundary Crossing Latency (SZ9@N @ 66 MHz)
Word Wait States n() Cycle
0 6 ws DO @L D2 D3 1ws D4 D5 D6 D7
1 6 ws D1 x XZ D3 1ws 1ws D4 D5 D6 D7
2 6ws nz ()~ o3 1ws 1ws 1ws D4 D5 D6 D7
3 6 ws 1ws 1ws 1ws 1ws D4 D5 D6 D7
N
Address/Boundary Crossing Latency (S29WS256N @ 54MHz)
Word Wait States Cycle
0 5ws DO D1 D2 D3 D4 D5 D6 D7 D8
1 5 ws D1 D2 D3 1ws D4 D5 D6 D7 D8
2 5 ws D2 D3 1ws 1ws D4 D5 D6 D7 D8
3 5ws D3 1ws 1ws 1ws D4 D5 D6 D7 D8

Document Number: 002-01825 Rev. *B
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Address/Boundary Crossing Latency (S29WS128N)

Word Wait States Cycle
0 5,6,7ws DO D1 D2 D3 1ws D4 D5 D6 D7
1 5,6,7ws D1 D2 D3 1ws 1ws D4 D5 D6 D7
2 5,6, 7ws D2 D3 1ws 1ws 1ws D4 D5 D6 D7
3 5,6, 7ws D3 1ws 1ws 1ws 1ws D4 D5 D6 D7

Figure 7.2 Synchronous Read

Note:

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

|

Write Set Configuration Re§

Command and Settin

Address 555h, Dat:

Address X00h, D
>

S

ycle 1

o)

KCycle 2

Command Cycle
CR = Configuration Register Bits CR15-CRO

Setup Configuration Register parameters

LoadsInitia} Address

ress = RA
(N \ l
Wait tiace +

rammable Wait State Setting

}

Read Initial Data

RD = DQ[15:0]
Wait X Clocks:

Additional Latency Due to Starting
Address, Clock Frequency, and
Boundary Crossing

l

o

Delay X Clocks

Document Number: 002-01825 Rev. *B

Read Next Data
RD = DQ[15:0]

Crossing
Boundary?

End of Data?

Completed

RA = Read Address

RD = Read Data

CR13-CR11 sets initial access time
(from address latched to
valid data) from 2 to 7 clock cycles

Refer to the Latency tables.
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7.4.1 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 addressable 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 subsequent word line is not being
programmed or erased, additional latency cycles are required as reflected by the configuration register table (Table on page 18).

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 address and AVD# pulse.

7.4.2 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 cons ivé addresses that are
determined by the group within which the starting address falls. The groups are sized according number of words read in a
single burst sequence for a given mode (see Table on page 17).

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

In a similar fashion, the 16-word and 32-word Linear Wrap modes begin their b quence 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 boundak ccurs every 128 words; thus, no additional wait states

are inserted due to boundary crossing. E
Burst Address Groups >\®
Mode Group Size Group Address W
8-word 8 words 0-7h, 8-Fh, 104i7h.".
16-word 16 words 0-Fh, 10-3Fk, 20-2Fh, .
32-word 32 words 00-16H_26-3Fh, 40-5Fh....
O

If wrap around is not enabled for line read operations, the 8-word, 16-word, or 32-word burst executes up to the maximum
memory address of the selected nq{' 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 a%s in the 8- word mode is 3Ch, the address range to be read would be 39-40h, and the burst
sequence would b