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VS28F016SV, MS28F016SV FlashFile™ MEMORY

m VS28F016SV
~ —40°C to +125°C
—SE2 Grade

m MS28F016SV
- —55°C to +125°C
— QML Certified
- - SE1 Grade

@ SmartVoltage Technology
— User-Selectable 3.3V or 5V V¢
— User-Selectable 5V or 12V Vpp

B Three Voltage/Speed Options
- =—80 ns Access Time, 5.0V + 5%
— 85 ns Access Time, 5.0V + 10%
— 120 ns Access Time, 3.3V + 10%

B 1 Million Erase Cycles per Block
Typical

N 14.3 MB/sec Burst Write Transfer Rate

Intel's VS/MS28F016SV, 16-Mbit FlashFile™ Memo

Contigurable x8 or x16 Operation

56-Lead, 0.8mm x 13.5mm SSOP Plastic
Package .

Backwards-Compatible with VE28F008,
M28F008 and 28F016SA Command Set

Revolutionary Architecture

- — Multiple Command Execution

~— Write During Erase

— Command Super-Set of the Intel
VE28F008, M28F008

— Page Buffer Write

Multiple Power Savings Modes
Two 256-Byte Page Buffers

State-of-the-Art 0.6 um ETOX™ |V
Flash Technology

ry is the latest member of Intel’s high density; high per-

formance memory family for the Industrial, Special Environment, and Military markets. Its user selectable Voo
and Vpp (SmartVoltage Technology), innovative capabilities, 100% compatibility with the VE28F008 and
M28F008, multiple power savings modes, selective block locking, and very fast read/write performance make
it the ideal choice for any applications that need a high density and a wide temperature range memory device.
The VS/MS28F016SV is the ideal choice for designers who need to break free from the dependence on slow

rotating media or battery backed up memory arrays.

With two product grades (SE1: —55°C to +125°C, and SE2: —40°C to +125°C) available, the
VS/MS28F016SV is perfect for the non-PC industries fike Telecommunications, Embedded/Industrial, Auto-
motive, Navigation, Wireless Communication, Commerciai Aircraft, and all Military programs.

The VS/MS28F016SV's x8/x16 architecture allows for the optimization of the memory to processor interface.

The flexible block locking options enable bundling of executa
(RFA), PCMCIA Memory or ATA Cards or Memory modules

The VS/MS28F016SV is offered in a 56-lcad SSOP

Intel’s 0.6 um ETOX™ IV process technology.

bie application software in a Resident Flash Array

(Shrink Small Outline Package) and is manufactured on

M 4826175 0151320 T?9 M
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1.0 INTRODUCTION

The documentation of the Intel VS/MS28F016SV
memory device includes this data sheet, a detailed
user's manual, and a number of application notes,
all of which are referenced at the end of this data
sheet.

The data sheet is intended to give an overview of
the chip feature-set and of the operating AC/DC
specifications. The 28F016SA (compatible with
VS/MS28F016SV) User's Manual provides com-
plete descriptions of the user modes, system inter-
face examples and detailed descriptions of all princi-
ples of operation. It also contains the full list of
software algorithm flowcharts, and a brief section on
compatibility with the intel VE28F008 and M28F008.

1.1 Enhanced Features

The VS/MS28F016SV is backwards compatible with
the VE28F008 and M28F008 and offers the follow-
ing enhancements:

* SmartVoltage Technology
— Selectable 5.0V or 12.0V Vpp
® Vpp Level Bit in Block Status Register
¢ Internal 3/5V Detection Citcuitry
¢ Additional RY/BY # Configuration
— Pulse-On-Write/Erase

* Additional Upload Device Information Command
Feedback

— Device Revision Number
— Device Proliferation Code
— Device Configuration Code
® x8/x16 Architecture
* Improved Read/Write Performance
¢ Block Locking
* Simplified Processor Interface
® 2 Page Buffers
¢ Instruction Queuing

1.2 Product Overview

The VS/MS28F016SV is a high-performance,
16-Mbit (16,777,216-bit) block erasable, non-volatile
random access memory, organized as either
1 Mword x 16 or 2 Mbyte x 8. The VS/MS28F016SV
includes thirty-two 64-KB (65,536 byte) blocks or
thirty-two 32-KW (32,768 word) blocks. A chip mem-
ory map is shown in Figure 3.

M 4825175 0151322 841 WE
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The implementation of a new architecture, with
many enhanced features, will improve the device op-
erating characteristics and result in greater product
reliability and ease of use.

The VS/MS28F016SV incorporates SmartVoitage
technology, providing: Vo operation at both 3.3V
and 5.0V and program and erase capability at Vpp =
12.0V or 5.0V. Operating at Vgg = 3.3V, the
VS/MS2BF016SV consumes approximately one-half
the power consumption at 5.0V Vec, while 5.0V Ve
provides highest read performance capability. Vpp
= 5.0V operation eliminates the need for a separate
12.0V converter, while Vpp = 12.0V maximizes
write/erase performance. In addition to the fiexible
program and erase voltages, the dedicated Vpp
gives complete code protection with Vpp < Vppik.

Depending on system design specifications, the
VS/MS28F016SYV is capable of supporting

— B0 ns access times with a Vg of 5.0V +5% and
loading of 30 pF '

— 85 ns access times with a Vg of 5.0V +10%
and loading of 100 pF

— 120 ns access times with a Vg of 3.3V £10%
and loading of 50 pF

Internal 3.3V or 5.0V Vg detection automatically
configures the device internally for optimized 3.3V or
5.0V Read/Write operation.

A Command User Interface (CUI) serves as the sys-
tem interface between the microprocessor or micra-
controller and the internal memory operation.

Internal Algorithm Automation allows Byte/Word
Writes and Block Erase operations to be executed
using a Two-Write command sequence to the CU! in
the same way as the VE28F008 or M28F008 8-Mbit
FlashFile memory.

A super-set of commands has been added to the
basic VE28F008 or M28F008 command-set to
achieve higher write performance and provide addi-
tional capabilities: These new commands and fea-
tures include:

* Page Buffer Writes to Flash

* Command Queuing Capability

* Automatic Data Writes during Erase

* Software Locking of Memory Blocks

* Two-Byte Successive Writes in B-bit Systems
* Erase All Unlocked Blocks




VS28F016SV, MS28F016SV FlashFile™ Memory

Writing of memory data is performed in either byte or
word increments typically within 6 usec (12.0V Vep)
~ a 33% improvement over the VE28F008 or
M28F008. A Block Erase operation erases one of
the 32 blocks in.typically 0.6 sec (12.0V Vpp), inde-
pendent of the other blocks, which is about a 65%
improvement over the VE28F008 or M28F008.

Each block can be written and erased a minimum of
100,000 cycles. Systems can achieve one million
Block Erase Cycles by providing wear-leveling algo-
rithms and graceful block retirement. These tech-
niques have already been employed in many flash
file systems and hard disk drive designs.

The VS/MS28F016SV incorporates two Page Buff-
ers of 256 bytes (128 words) each to allow page
data writes. This feature can improve a system write
performance by up to 4.8 times over previous flash
mernory devices, which have no Page Buffers.

Al operations are started by a sequence of Write
commands to the device. Three Status'Registers
(described in detail later in this data sheet) and a
RY/BY # output pin provide information on the prog-
ress of the requested operation. :

While the VE28F008 or M28F008 requires an opera-
tion to complete before the next operation can be
requested, the VS/MS28F016SV allows queuing of
the next operation while the memory executes the

current operation. This eliminates system overhead

when writing several bytes in a row to the array or
erasing several blocks at the same time. The
VS/MS28F016SV can also perform Write operations
to one block of memory while performing Erase of
another block. :

The VS/MS28F016SV provides selectable block
focking to protect code or data such as Device Driv-
ars, PCMCIA card information, ROM-Executable
0/S or Application Code. Each block has an associ-
ated non-volatile lock-bit which determines the
fock status of the block. In addition, the
VS/MS28F016SV has a master Write Protect pin
(WP #) which prevents any modifications to memory
blocks whose lock-bits are set.

The VS/MS28F016SV contains three types of
Status Registers to accomplish various functions:

e A Compatible Status Register (CSR) which is
100% compatible with the VE28F008 or
M28F008 FlashFile memory Status Register. The
CSR, when used alone, provides a straightfor-
ward upgrade capability to the VS/ MS28F016SV
from a VE28F008- or M28F008-based design.

B 482b175 0151323 744 1N
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o A Global Status Register (GSR) which informs
the system of command Queue status, Page
Buffer status, and overall Write State Machine
(WSM) status.

e 32 Block Status Registers (BSRs) which provide '
block-specific’ status information such as the
block lock-bit status.

The GSR and BSR memory maps for Byte-Wide and
Word-Wide modes are shown in Figures 4 and 5.

The VS/MS28F016SV incorporates an open drain
RY/BY# output pin. This feature allows the user to
OR-tie many RY/BY# pins togsther in a multiple
memory configuration such as a Resident Flash Ar-
ray.

Other configurations of the RY/BY# pin are en-
abled via special CUI commands and are described
in detail in the 28F016SA User's Manual.

The VS/MS28F016SV’s Upload Device Information
command is enhanced cornpared to the VE28F008
or M28F008, providing access to additional device
information. This command uploads the Device Re-
vision Number, Device Proliferation Code and De-
vice Configuration Code. The Device Proliferation
Code for the VS/MS28F016SV is 01H, and the De-
vico Configuration Code identifies the current
RY/BY # configuration. Section 4.4 documents the
exact page buffer address locations for all uploaded
information. A subsequent Page Buffer Swap and
Page Buffer Read command sequence is necessary
to read the correct device information.

The VS/MS28F016SV also incorporates a dual chip-
enable function with two input pins, CEo# and
CE #. These pins have exactly the same functional-
ity as the regular chip-enable pin, CE#, on the
VE28F008 or M28F008, For minimum chip designs,
CE4# may be tied to ground and use CEq# as the
chip enable input. The VS/MS28F0168V uses the
logical combination of these two signals to enable or
disable the entire chip. Both CEq# and CE4# must
be active low to enable the device. If either one be-
comes inactive, the chip will be disabled. This fea-
ture, along with the open drain RY/BY # pin, allows
the system designer to reduce the number of control
pins used in a large array of 16-Mbit devices.

The BYTE# pin allows either x8 or x16 read/writes
to the VS/MS28F016SV. BYTE# at logic low se-
lects B-bit mode with address Ag selecting between
low byte and high byte. On the other hand, BYTE#

ADVANGE [NFORMATION I
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at logic high enables 16-bit operation with address
Aq becoming the lowest order address and address

Ag is not used (don't care). A device block diagram
is shown in Figure 1.

The VS/MS28F016SV is specified for a maximum
access time of 80 ns (tagc) at 5.0V operation (4.75V
to 5.25V) in either the SE1 or SE2 grades. A corre-
sponding maximum access time of 120 ns at 3.3V
(3.0V to 3.6V) is achieved for reduced power con-
sumption applications.

The VS/MS28F016SV incorporates an Automatic
Power Saving (APS) feature which substantially re-
duces the active current when the device is in static
mode of operation (addresses not switching). In APS
mode, the typical lgc current is 1 mA at 5.0V (0.8 mA
at 3.3v).

A deep power;down mode of operation is invoked

when the RP# (called PWD # on the VE28F008 or
M28F008) pin transitions low. This mode brings the

M 4326175 0151324 bLiy mm
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device power consumption to less than 30.0 MA, typ-
ically, and provides additional write protection by
acting as a device reset pin during power transitions.
A reset time of 500 ns (5.0V Vg operation) is re-
quired from RP# switching high until outputs are
again valid. In the Deep Power-Down state, the
WSM is reset (any current operation will abort) and
the CSR, GSR and BSR registers are cleared,

A CMOS standby mode of operation is enabled
when either CEq# or CE1# transitions high and
RP# stays high with all input control pins at CMOS
levels. In this mode, the device typically draws an
Icc standby current of 70 pA at 5V Vg

2.0 DEVICE PINOUT

The VS/MS28F016SV 56L-SSOP pinout configura-
tion is shown in Figure 2.

45
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2.1 Lead Descriptions

VS28F016SV, MS28F016SV FlashFileT™M Memory

Symbol

Type

Name and Function

Ag

INPUT

BYTE-SELECT ADDRESS: Selects between high and low byte when
device is in x8 mode. This address is latched in x8 Data Writes. Not
used in x16 mods (i.e., the Ap input buffer is turned off when BYTE #
is high).

A1-Ass

INPUT

WORD-SELECT ADDRESSES: Select a word within one 64-Kbyte
block. Ag.15 selects 1 of 1024 rows, and A5 selects 16 of 512
columns. These addresses are latched during Data Writes.

Atg- A

INPUT

BLOCK-SELECT ADDRESSES: Select 1 of 32 Erase blocks. These
addresses are latched during Data Writes, Erase and Lock-Block
operations.

DQyp - DQy

INPUT/QUTPUT

LOW-BYTE DATA BUS: Inputs data and commands during CUI write
cycles. Outputs array, buffer, identifier or status data in the
appropriate read mode. Floated when the chip is de-selected or the
outputs are disabled.

DQg - DQ15

INPUT/QUTPUT

HIGH-BYTE DATA BUS: Inputs data during x16 Data-Write
operations. Outputs array, buffer or identifier data in the appropriate
read mode; not used for Status Register reads. Floated when the
chip is de-selected or the outputs are disabled.

CEg#, CE1 #

INPUT

CHIP ENABLE INPUTS: Activate the device’s control logic, input
buffers, decoders and sense amplifiers. With either CEq# or CE4 #
high, the device is de-selected and power consumption reduces to
standby levels upon completion of any current Data-Write or Erase
operations. Both Cg#, CE1 # must be low to select the device.
All timing specifications are the same for both signals. Device
Selaction occurs with the latter falling edge of CEg# or CE4 #. The
first rising edge of CEq# or CE4 # disables the device.

RP#

INPUT

RESET/POWER-DOWN: RP # low places the device in a Deep
Power-Down state. All circuits that burn static power, even those
circuits enabled in standby mode, are turned off. When returning from
Deep Power-Down, a racovery time of 500 ns at 5.0V V¢ is required
to allow these circuits to power-up.

When RP# goes low, any current or pending WSM operation(s) are
terminated, and the device is reset. All Status Registers return to
ready (with all status flags cleared).

Exit from Deep Power-Down places the device in read array mode.

OE#

INPUT

OUTPUT ENABLE: Gates device data through the output buffers

when low. The outputs float to tri-state off when OE# is high.
NOTE:

CE, # overrides OE #, and OE # overrides WE #.

WE#

INPUT

WRITE ENABLE: Controls access to the CUI, Page Buffers, Data
Queue Registers and Address Queue Latches. WE # is active low,
and latches both address and data (command or array) on its rising
edge. Page Buffer addresses are latched on the falling edge of WE #.

M 4826175 0151326 497 HE
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2.1 Lead Descriptions (Continued)

Symbol

Type

Name and Function

RY/BY #

OPEN DRAIN
OUTPUT

READY/BUSY: Indicates status of the internal WSM. When low, it indicates
that the WSM is busy performing an operation. RY/BY # high indicates that
the WSM is ready for new operations (or WSM has compieted all pending
operations), or Erase is Suspended, or the device is in deep power-down
mode. This output is always active (i.e., not floated to tri-state off when OE #
or CEg#, CE4# are high), except if a RY/BY # Pin Disable command is
issued.

WP #

INPUT

WRITE PROTECT: Erase blocks can be locked by writing a non-volatile
lock-bit for each block. When WP # is low, those locked blocks as reflected
by the Block-Lock Status bits (BSR.6), are protected from inadvertent Data
Writes or Erases. When WP # is high, all blocks can be written or erased
regardless of the state of the lock-bits. The WP # input buffer is disabled
when RP # transitions low (deep power-down mode).

BYTE#

INPUT

BYTE ENABLE: BYTE # low places device in x8 mode. All data is then input
or output on DQg.7, and DQg_15 float. Address Ag selects between the high
and low byte. BYTE # high places the device in x16 mode, and turns off the
Ag input buffer. Address A4, then becomes the lowest order address.

Vep

SUPPLY

WRITE/ERASE POWER SUPPLY (12.0V + 0.6V, 5.0V + 0.5V): For
erasing memory array blocks or writing words/bytes/pages into the flash
array.
Connection to 12.0V t+ 0.6V maximizes Write/Erase Performance. Write
and Erase attempts are inhibited with Vpp at or below 2.0V.

NOTE:
Write and Erase attempts with Vpp between 2.0V and 4.5V, between 5.5V
and 11.4V, and above 12.86V produce spurious results and should not be
attempted.

Vee

SUPPLY

DEVICE POWER SUPPLY (3.3V + 0.3V, 5.0V + 0.5V; 5.0V + 0.25V):
Internal detection configures the device for 3.3V or 5.0V operation. To
switch 3.3V to 5.0V (or vice versa), first ramp Vog down to GND (0 Volts),
and then power to the new V¢ voltage.

Do not leave any power pins floating.

GND

SUPPLY

GROUND FOR ALL INTERNAL CIRCUITRY:
Do not leave any ground pins floating.

NC

NO CONNECT:
No internal connection to die, lead may be driven or left floating.

B 4826175 0151327 323 M
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NOTE:

= 2 0O ~NOU A NN
-

O

VS28F016SV
MS28F016SV

24mm x 13.5mm 0.8mm Lead Pitch

Top View

56-Lead SSOP Mechanical Diagrams and dimensions are shown at the end of this data sheet.

271312-2

M 482L175 0151328 26T M
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Figure 2. SSOP Pinout Configuration
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3.0 MEMORY MAPS

A(20-0) )
- 31
oon | 64-Kbyte Block 31 rango | 32-Kword Block
- lock 30
| 64-Kbyte Block 30 ranoo 32-Kword Bloc
W 64-Kbyte Block 29 tagpp | 327Kword Block 29
e B [T 5 2-Kword Block 28
g e 2 B [ word Block 27
=Kw
180000 64-Kbyte Block 27 osa00 —
W 64-Kbyte Block 26 ovooo | 32~Kword Bloc
‘@F"r‘t)'? ] CFFFF 32~-Kword Block 25
isose 64-Kbyte Block 25 ]
“moo 64-Kbyte Block 24 C:,é‘:? word Blo
"™ 1 64-Kbyte Block 23 anaoo | 32-Kword Block 23
170000 B7FFF
'SP g4-Kbyte Block 22 w0000 | 32 Kword Block 22
b 64-Kbyte Block 21 o | 32-Kward Block 21
A
150000 N
4FFFF - 32-Kword Block 20
e | 64-Kbyte Block 20 i
P g4-Kbyte Block 19 o | 32-Kword Block 19
130000 S7FFF
FEFF 32-Kword Block 18
| 64-Kbyte Block 18 00000 wo
VPP 64-Kbyte Block 17 e | 32-Kword Block 17
880
R 64-Kbyte Block 16 * soop |__32-Kword Block 16
S T byte Blook 15 o] 32-Kword Block 15
o 64-Kbyte Block 14 e | 32-Kword Block 14
7
Borret [50 b te Block 13 oo | 32-Kword Block 13
680
S [~ 54 Kbyte Block 12 o | 32-Kword Block 12
G 6yt Block 11 oo | 32-Kword Block 11
580
i 64-Kbyte Block 10 > |_32-Kword Block 10
500
i 64-Kbyte Block 9 oo | 32Kword Block 9
4
vy 64-Kbyte Block 8 o | 32-Kword Block 8
4000
Citeee 54-Kbyte Block 7 X1 32-Kword Block 7
33000
i 64-Kbyte Block 6 ::;;; 32-Kword Block &
e 64-Kbyte Block & #t ] 32-Kword Block 5
28000
Gareer 64-Kbyte Block 4 ”"; 32-Kword Block 4
2000
i 64-~Kbyte Block 3 ‘:;;; 32-Kword Block 3
1
Sareer 64-Kbyte Block 2 ";’;" 32-Kword Block 2
10000
Fireer 64-Kbyte Block 1 OFFFF Y 32-Kword Block 1
08000
, Sorrer 64-Kbyte Block © O7FFF 32-Kword Block 0
o0 " Word-Wide (x16) Mods
Byte-Wide (x8) Mode Word-Wide (x 271312-3

Figure 3. VS/MS28F016SV Memory Maps (Byte-Wide and Word-Wide Modes)
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3.1 Extended Status Registers Memory Map

x8 MODE A[20-0] x16 MODE A[20-1]
1FOO0SH FBO03H
RESERVED RESERVED
1F0005H
SR SR
1F00Q4H F80Q2ZH
RESERVED RESERVED
1F0003H
BSR 31 BSR 31
1FO002H F8001H
RESERVED RESERVED
1FO00 tH
RESERVED RESERVED
1FODOOH F8000H
» ) ]
a a
a a
010002H ' 0800 1H
RESERVED RESERVED
000008H 00003H
RESERVED RESERVED
000005H
SR &SR
000004H 00002H
RESERVED RESERVED
000003H
BSR 0 B5R 0
000002H 0000 1H
RESERVED RESERVED
00000 1H
REStRVED | RESERVED |
271312-4 ‘ 00" anat12-5

Figure 4. Extended Status Register Memory Map Figure 5. Extended Status Register Memory Map
{Byte-Wide Mode) (Word-Wide Mode)

B 4826175 0151330 918 IN
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4.0 BUS OPERATIONS, COMMANDS AND STATUS REGISTER DEFINITIONS

4.1 Bus Operations for Word-Wide Mode (BYTE # = Vy)

Mode Notes | RP# | CE{# | CEg# | OE# | WE# Ay | DQg.q5 | RY/BY#
Read 12,7 VIH ViL ViL ViL ViH X Dout X
Output Disable 167 | Vim | W Vi | Vu | Vim | X | Highz X
Standby 167 | Vm | viL | Vm X X X | Highz X
VIH ViL
ViH VIH
Deep Power-Down 1,3 ViL X X X X X High Z VoH
Manufacturer ID 4 Vi | v vii | vie | v | v | oossH Vou
Device ID 4 ViH ViL ViL ViL ViH ViH | 66A0H VoH
Write 1,56 VIH ViL ViL VIH ViL X Din X

4.2 Bus Operations for Byte-Wide Mode (BYTE# = V)1)

Mode Notes | RP# | CE(# | CEg# | OE# | WE# | Ag { DQgy | RY/BY#
Read 1,2,7 ViH ViL ViL ViL ViH X Dour X
Output Disable i,6,7 ViH ViL ViL ViH VIH X High Z X
Standby 1,6,7 ViH ViL VIH X X X High Z X
ViH | Vi
ViH ViH
Deep Power-Down 1,3 ViL X X X X X High Z Vou
Manufacturer ID 4 ViH ViL ViL ViL ViH ViL 89H VoH
Device ID 4 VIH ViL ViL ViL ViH ViH AOH VoH
Write 1,56 VIH ViL ViL VIH ViL X Din X

NOTES: ’

1. X can be Vjy or V)_ for address or control pins except for RY/BY #, which is either Vo or Von.

2. RY/BY# output is open drain. When the WSM is ready, Erase is suspended or the device is in deep power-down mode.
RY/BY# will be at Vou if it is tied to Vog through a resistor. RY/BY# at Voy is independent of OE# while a WSM
operation is in progress.

3. RP# at GND = 0.2V ensures the lowest deep power-down current.

4. Ag and Aq at V,_ provide device manufacturer codes in x8 and x16 modes respectively. Ag and Ay at Viy provide device
1D codes in x8 and x16 modes respectively. All other addresses are set to zero.

5. Commands for Erase, Data Write, or Lock-Block operations can only be completed successfully when Vpp = Vppyqor
Vep = Vpph2.

6. While the WSM is running, RY/BY # in level-mode (default) stays at Vo until all operations are complete. RY/BY # goes
to Vou when the WSM is not busy or in erase suspend mode.

7. RY/BY# may be at VoL while the WSM is busy performing various operations. For example, a Status Register read
during a Write operation.

B 4426175 0151331 A5y WA
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4.3 VE28F008 and M28F008 Compatible Mode Command Bus Definitions

Command Notes First Bus Cycle Second Bus Cycle
Oper Addr Data Oper Addr Data
Read Array Write X FFH Read AA AD
Intelligent Identifier 1 Write X 90H | Read A D
Read Compatible Status Register 2 Write X 70H Read X CSRD
Clear Status Register 3 Write X 50H
Word/Byte Write Write X 40H Write WA wD
Alternate Word/Byte Write Write X 10H Write WA WD
Block Erase/Confirm Write X '20H Wirite BA DOH
Erase Suspend/Resume Write X BOH Write X DOH
ADDRESS DATA
AA = Array Address AD = Array Data
BA = Block Address CSRD = CSR Data
IA = |dentifier D= Identifier Data
Address WD =  Wirite Data

WA = Write Address

X = Don’t Care
NOTES:
1. Following the Intelligent identifier command, two Read operations access the manufacturer and device signature codes.
2. The CSR is automatically available after device enters Data Write, Erase, or Suspend operations.
3. Clears CSR.3, CSR.4 and CSR.5. Also clears GSR.5 and all BSR.5 and BSR.2 bits. See Status Register definitions.

B 462L175 0151332 790 M
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intel.

4.4 VS/MS28F016SV-Performance Enhancement Command Bus Definitions

First Bus Cycle Second Bus Cycle Third Bus Cycle
Command Mode | Notes
Oper | Addr | Data| Oper | Addr| Data |Oper|Addr| Data
Read Extended . ‘ GSRD
Status Register 1 Write| X | 71H |Read| RA BSRD
Page Buffer Swap 7 Write| X | 72H
Read Page Buffer Write| X | 75H |Read| PA PD
Single Load to Page Write| X |74H |write| PA | PD
Buffer
Sequential Load to x8 | 4,610 {Write| X |EOH |Writa| X BCL |Write| X BCH
Page Buffer x16 |4,56,10|Write| X |EOH|Write| X | WCL [write| X | WCH
Page Buffer Write to x8 |[3,4,9,10|Write| X |OCH|Write| Ag | BC(LH) |Write| WA [ BC(H,L)
Flash x16 | 4510 |write| X |ocH|write| X | wcL |write| WA | WCH
Two-Byte Write x8 3 Write] X | FBH [Write| Ag |WD(LH)|Write| WA | WD(H,L)
Lock Block/Confirm Write] X | 77H |Write| BA DOH
Upload Status 2 |write| x [o7H |wite] X | DoH
Bits/Confirm
Upload Device wiite| X |ooH |write| X | DoH |Read| PA | PD
Information/Confirm
Erase All Unlocked . .
Blocks/Confirm Write| X | A7H|Write| X DOH
RY/BY # Enable to 811 |Write| X |96H |write| X | o1H
Level-Mode
RY/BY # . .
Puise-On-Write 8,11 Wn’ge X | 96H | Write| X 02H
RY/BY # 811 |Write| X |96H |write| X | 03H
Pulse-On-Erase
RY/BY # Disable 8,11 [Write] X | 96H [Write| X 04H
RY/BY # . .
Pulse-On-Write/Erase 8,11 |Write|] X | 96H |Write| X O5H
Sleep Write{ X | FOH
Abort Write] X | 80H
ADDRESS DATA
BA = Block Address AD = Array Data WC (L,H) = Word Count
PA = Page Buffer Address PD = Page Buffer Data (Low, High)
RA = Extended Register BSRD = BSR Data BC (L,H) = Byte Count
Address GSRD = GSR Data (Low, High)
WA = Wirite Address t WD (L,H) = Write Data
X = Don’t Care {Low, High)

4-14
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NOTES:

1. RA can be the GSR address or any BSR address. See Figures 4 and 5 for Extended Status Register memory maps.

2. Upon device power-up, all BSR lock-bits come up locked. The Upload Status Bits command must be written to reflect the
actual lock-bit status.

3. Ag is automatically complemented to load second byte of data. BYTE# must be at V). Ag value determines which
WD/BC is supplied first: Ag = 0 looks at the WDL/BCL, Ag = 1 looks at the WDH/BCH.

4. BCH/WCH must be at 00H for this product because of the 256-byte (128-word) Page Buffer size, and to avoid writing the
Page Buffer contents to more than one 256-byte segment within an array block. They are simply shown for future Page
Buffer expandability. ’

5. In x16 mode, only the lower byte DQg.7 is used for WCL and WCH. The upper byte DQg.15 is a don't care.

6. PA and PD (whose count is given in cycles 2 and 3) are supplied starting in the fourth cycle, which is not shown.

7. This command allows the user to swap between’ available Page Buffers (0 or 1).

8. These commands reconfigure RY/BY # output to one of two pulse-modes or enable and disable the RY/BY # function.
9. Write address, WA, is the Destination address in the flash array which must match the Source address in the Page Buffer.
Refer to the 28F016SA User’s Manual.

10. BCL = 00H corresponds to a byte count of 1. Similarly, WCL = 00H cormesponds to a word count of 1.

11. After writing the Upload Device Information command and the Confirm command, the following information is output at
Page Buffer addresses specified below:

Device Information

Address Information
06H, 07H (Byte Mode) Device Revision Number
03H (Word Mode) Device Revision Number
1EH (Byte Mode) Device Configuration Code
OFH (DQy.7) (Word Mode) Device Configuration Code
1FH (Byte Mode) Device Proliferation Code (01H)
OFH (DQg.15) (Word Mode) Device Proliferation Code (01H)

The contents of all other Page Buffer locations, after the Upioad Device Information command is written, are reserved for
future implementation by Intel Corporation. See Section 4.8 for a description of the Device Configuration Code. This code
also corresponds to data written to the VS/MS28F016SV after writing the RY/BY # Reconfiguration command.

B 438°E175 0151334 53 W
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4.5 Compatible Status Register

| wsms | Ess | Es | ows VPPS R | R | R |
7 6 5 4 3 2 1 0
NOTES:

CSR.7 = WRITE STATE MACHINE STATUS
1 = Ready :
0 = Busy

CSR.6 = ERASE-SUSPEND STATUS
1 = Erase Suspended
0 = Erase In Progress/Completed
CSR.5 = ERASE STATUS
1 = Error In Biock Erasure
0 = Successful Block Erase
CSR.4 = DATA-WRITE STATUS
1 = Emor in Data Write
0 = Data Write Successful
CSR.3 = Vpp STATUS
1 = Vpp Error Detect, Operation Abort
0 = Vpp OK

CSR.2-0 = RESERVED FOR FUTURE ENHANCEMENTS
These bits are reserved for future use; mask them out when polling the CSR.

RY/BY # output or WSMS bit must be checked to
determine completion of an operation (Erase, Erase
Suspend, or Data Write) before the appropriate Status. bit
(ESS, ES or DWS) is checked for success.

If DWS and ES are sst to 1" during an erase attempt, an
improper command sequence was entered. Clear the
CSR and attempt the operation again.

The VPPS bit, unlike an A/D converter, does not provide
continuous indication of Vpp level. The WSM interrogates
Vpp's level only after the Data-Write or Erase command
sequences have been entered, and informs the system if
Vpp has not been switched on. VPPS is not guaranteed to
report accurate feedback between Vpp (max) and
VppH1(min) and between Vppi(max) and Vppa(min).

B 4826175 0151335 yTT W
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4.6 Global Status Register

VS28F016SV, MS28F016SV FlashFileT™ Memory

| wsms | oss | pos [ obss

| os PBAS PBS PBSS |

7 6 5 4

3 2 1 0

GSR.7 = WRITE STATE MACHINE STATUS
1 = Ready
0 = Busy

GSR.6 = OPERATION SUSPEND STATUS
1 = Operation Suspended
0 = Operation in Progress/Completed
GSR.5 = DEVICE OPERATION STATUS
1 = Operation Unsuccessful
0 = Operation Successful or Currently
Running
GSR.4 = DEVICE SLEEP STATUS
1 = Device in Sleep
0 = Device Not in Sleep

MATRIX 5/4 .
0 0 = Operation Successful or Currently
Running
01 = Device in Slesp mode or Pending
Sleep

1 0 = Operation Unsuccessful
1 1 = Operation Unsuccessful or Aborted

GSR.3 = QUEUE STATUS
1 = Queue Full
0 = Queue Available
GSR.2 = PAGE BUFFER AVAILABLE STATUS
‘ 1 = One or Two Page Buffers Available
0 = No Page Buffer Available
GSR.1 = PAGE BUFFER STATUS
1 = Selected Page Buffer Ready
0 = Selected Page Buffer Busy

GSR.0 = PAGE BUFFER SELECT STATUS
1 = Page Buffer 1 Selected
0 = Page Buffer 0 Selected

NOTES:
[1] RY/BY # output or WSMS bit must be checked to
determine completion of an operation (Block Lock,
Suspend, any RY/BY # raconfiguration, Upload Status
Bits, Erase or Data Write) before the appropriate Status
bit (0SS or DOS) is checked for success.

If operation currently running, then GSR.7 = 0.

If device pending sleep, then GSR.7 = 0.

Operation aborted: Unsuccessful due to Abort
command. :

The device contains two Page Buffers.

Selected Page Buffer is currently busy with WSM
operation

NOTE:

1. When multiple operations are queued, checking BSR.7 only provides indication of completion for that particular block.
GSR.7 provides indication when all queued operations are completed.
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4.7 Block Status Register

BS | BS | BOoS | BOaAs

Qs ves | wpL | R

7 6 5 4

3 2 1 0

BSR.7 = BLOCK STATUS
= Ready
0 = Busy

BSR.6 = BLOCK LOCK STATUS
1 = Block Unlocked for Write/Erase
0 = Block Locked for Write/Erase
BSR.5 = BLOCK OPERATION STATUS
1 = Operation Unsuccessful
0 = Operation Successful or
Currently Running
BSR.4 = BLOCK OPERATION ABORT STATUS
1 = Operation Aborted
0 = Operation Not Aborted

MATRIX 5/4
0 0 = Operation Successful or
Currently Running

0 1 = Not a Valid Combination
1 0 = Operation Unsuccessful
1 1 = Operation Aborted
BSR.3 = QUEUE STATUS
1 = Queue Full
0 = Queue Available
BSR.2 = Vpp STATUS
1 = Vpp Error Detect, Operation Abort
0 = Vpp OK
BSR.1 = Vpp LEVEL
1 = Vpp Detected at 5.0V £ 10%
0 = Vpp Detected at 12.0V £+ 5%

NOTES:
[1] RY/BY # output or BS bit must be checked to
determine completion of an operation (Block Lock,
Suspend, Erase or Data Write) before the appropriate
Status bits (BOS, BLS) is checked for success.

The BOAS bit will not be set until BSR.7 = 1.

Operation halted via Abort command.

BSR.1 is not guaranteed to report accurate feedback
between the Vppp1 and Vppy2 voltage ranges. Writes
and erases with Vpp between Vpp_(max) and Vppy1
(min), between Vppy¢(max) and Vppya(min), and
above VppH2(max) produce spurious results and
should not be attempted. BSR.1 was a RESERVED bit
on the 28F016SA.

BSR.0 = RESERVED FOR FUTURE ENHANCEMENTS
These bits are reserved for future use; mask them out when polling the BSRs.

NOTE:

1. When muitiple operations are queued, checking BSR.7 only provides indication of completion or that particular block.
GSR.7 provides indication when all queued operations are completed.

4826175 0151337 272 N
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4.8 Device Configuration Code

l R | R | R | R ] n RB2 RB1 RBO
7 6 5 4 3 2 1 0
NOTES:
DCC.2-DCC.0 = RY/BY# CONFIGURATION (RB2-RB0)  Undocumented combinations of RB2-RBO
001 = Level Mode (Default) are reserved by Intel Corporation for future
010 = Pulse-On-Write implementations and should not be used.

011 = Pulse-On-Erase

100 = RY/BY # Disabled

101 = Pulse-On-Write/Erase
DCC.7-DCC.3 = RESERVED FOR FUTURE ENHANCEMENTS
These bits are reserved for future use; mask them out when reading the Device Configuration Code.
Set these bits to “0” when writing the desired RY/BY # configuration to the device.

B u4A2LL?5 0151338 109 W
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5.0 ELECTRICAL SPECIFICATIONS

5.1 Absolute Maximum Ratings

Temperature Under Bias

—SE1 ... —556°Cto +125°C
—SE2 ... —40°Cto +125°C
Storage Temperature ............ —65°to +125°C

Vee = 3.3V t 0.3V Systems(4)

intel.

NOTICE: This data sheet contains information on
products in the sampling and initial production phases
of development. The specifications are subject to
change without notice. Verify with your local Intal
Sales office that you have the latest data shest be-
fore finalizing a design.

*WARNING: Stressing the device beyond the “Absolute
Maximum Ratings” may cause permanent damage.
These are stress ratings only. Operation beyond the
“Operating Conditions” is not recommended and ex-
tended exposure beyond the “Operaling Conditions”
may affect device reliability. o

Sym Parameter Notes | Min Max | Units | Test Conditions
Tase2 | Operating Temperature, SE2 —40 | +125 °C
Tase1 | Operating Temperature, SE1 —-55 | +126 °C
Vee Ve with Respect to GND 1 -0.2 7.0 \'
Vep Vpp Supply Voltage with Respect to GND 1,2 -0.2 | 14.0 \
\ Voltage on any Pin (except Vo, Vpp) with 4 —05 Veo Vv
Respect to GND +0.5
| Current into any Non-Supply Pin +30 mA
lout Output Short Circuit Current 3 100 mA
Vee = 5.0V £ 0.5V, Voo = 5.0V £ 0.25V Systems(4, 5)
Sym Parameter Notes | Min Max | Units | Test Conditions
Tasez | Operating Temperature, SE2 —40 { +125 °C
Taseq | Operating Temperature, SE1 —55 | +125 °C
Vee Ve with Respect to GND 1 -0.2 7.0 v
Vpp Vpp Supply Voltage with Respect to GND 1,2 -02| 140 \
\ \ézlst:gztt_)tg gnl\ilgm (except Vo, Vpp) with 1 —20 70 v
| Current into any Non-Supply Pin +30 mA
lout Output Short Circuit Current 3 100 mA
NOTES:

1. Minimum DC voltage is —0.5V on input/output pins. During transitions, this level may undershoot to —2.0V for periods
<20 ns. Maximum DC voltage on input/output pins is Vgg + 0.5V which, during transitions, may overshoot to Vgg + 2.0V
for periods <20 ns.
2. Maximum DC voltage on Vpp may overshoot to +14.0V for periods <20 ns.

3. Output shorted for no more than one second. No more than one output shorted at a time. _

4. AC specifications are valid at both voltage ranges. See DC Characteristics tables for voltage range-specific specifications.
5. 6% V¢ specifications refer to the VS/MS28F016SV-80 in its high speed test configuration.

B 4825175 0151339 0u5 W
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5.2 Capacitance
For a 3.3V System:

Sym Parameter Notes | Typ | Max | Units Test Conditions

CiN Capacitance Looking into an 1 6 8 pF Ta = 25°C,f = 1.0 MHz
Address/Control Pin

Cout Capacitance Looking into an 1 8 12 pF Ta = 25°C,f = 1.0 MHz
Output Pin .

CLoap | Load Capacitance Driven by 1 50 pF For Voo = 3.3V £ 0.3V
Qutputs for Timing Specifications
Equivalent Load Timing Circuit 25 ns 501 transmission line

delay

For a 5.0V System:

Sym Parameter Notes | Typ | Max | Units Test Conditions

CiN Capacitance Looking into an 1 6 8 pF Ta=25°C, f = 1.0 MHz
Address/Control Pin

Cout Capacitance Looking into an 1 8 12 pF Ta = 25°C,f = 1.0 MHz
Output Pin

Croap | Load Capacitance Driven by 1 100 pF For Voo = 5.0V + 0.5V
Outputs for Timing Specifications 30 pF For Ve = 5.0V + 0.25V
Equivalent Testing Load Circuit for 25 ns 250 transmission line
Voe £ 10% . delay
Equivalent Testing Load Circuit for 25 ns 850 transmission line
Voo £ 5% delay

NOTE&

1. Sampled, not 100% tested.

M 4482175 0151340 BL? WW
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i imina-Nome tce teLqv time(t) from CE# (E) going low (L)
8.3 Timing Nomenclature to the outputs (Q) becoming valid (V)
All 3.3V system timings are measured from where toE tgLqy time(t) from OE # (G) going low (L)
signals cross 1.5V. to the outputs (Q) becoming valid (V)

tacc tavayv time(i) from address (A) valid (V) to

For 5.0V systems use the standard JEDEC cross the outputs (Q) becoming valid (V)

point definitions.

tas tavwH time(t) from address (A) valid (V) to
Each timing parameter consists of 5 characters. WE# (W) going high (H) -
Some common examples are defined as follows: toH twhpx time(t) from WE# (W) going high
(H) to when the data (D) can become un-
defined (X) .
Pin Characters Pin States
A Address Inputs H High
D Data Inputs ~L Low
Q Data Qutputs v Valid
E CE# (Chip Enable) X Driven, but not necessarily valid
F BYTE# (Byte Enable) z High Impedance
G OE # (Output Enabls)
w . WE# (Write Enable)
P RP # (Deep Power-Down Pin)
R RY/BY # (Ready Busy)
\ Any Voltage Level
5V Ve at 4.5V Minimum
v Ve at 3.0V Minimum

B 4326175 0151341 773 W
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C

2.4 5 ¢
2.0 7.0
INPUT >TEST Pomrs( ouTPUT
0.8 cc 0.8
7 J

0.45

2713126
AC test inputs are driven at Vg (2.4 VTTL) for a Logic “1” and Vg, (0.45 VTTL) for a Logic “0.” Input timing begins at
ViH (2.0 VTTL) and V)_ (0.8 VTTL). Output timing ends at V4 and Vyi. Input rise and fall times (10% to 90%) <10 ns.

Figure 6. Transient Input/Output Reference Waveform (Vgc = 5.0V + 10%)

3'0 J I
INPUT X.SQ—TEST POINTS =——p X61.5  OUTPUT
0.0

— G
rd

271312-7
AC test inputs are driven at 3.0V for a Logic “1” and 0.0V for a Logic “0.” Input timing begins, and output timing ends, at
1.5V. Input rise and fall times (10% to 90%) <10 ns.

Figure 7. Transient Input/Output Reference Waveform (Ve = 3.3V + 10%)
High Speed Reference Waveform (Vgg = 5.0V + 5%)
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2.5 ns of 25} Transmission Line
From Qutput ( D Test
Under Tes? ) (

Point

Total Capacitance = 100 pF

—

271312-8

Figure 8. Transient Equivalent Testing Load Circuit (Voo = 5.0V +10%)

2.5 ns of 500} Transmission Line
From Qutput

Test
) )———s
Under Test C

Point

Total Capacitance = 50 pF

271312-9

Figure 9. Transient Equivalent Testing Load Circuit (Voc = 3.3V £ 10%)

2.5 ns of 832 Transmission Line
From Output C Y Test
Under Test 2 (

Point

Total Capacitance = 30 pF

271312-10

Figure 10. High Speed Transient Equivalent Testing Load Circuit (Vo = 5.0V +5%)
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5.4 DC Characteristics
Voo = 3.3V £ 0.3V, Tagez = —40°C to +125°C, Tasg1 = —55°Cto +125°C

Sym Parameter Notes | Min | Max | Units Test Conditions

Iy Input Load Current 1 1 pA Voo = Voo Max,
Vin = Voo or GND

Lo Output Leakage Current 1 +10 pA Voo = Voo Max,
VIN = Voo or GND

lccs Ve Standby 1,5 130 pA Veo = VocMax,

Current CEg#,CE#,RP# = Vcg
+ 0.2V
BYTE#, WP# = Voot 0.2V
orGND % 0.2V
4 mA Vee = Voo Max,

CEo#,CE1#,RP# = V|
BYTE#,WP# = V)yorV)_

lcco Ve Deep Power- 1 50 pA RP# = GND * 0.2V

Down Current ' BYTE# = Vgg £ 0.2Vor

GND £ 0.2V
lccr1 Ve Read Current 1,4,5 60 mA Vog = Voo Max

CMOS: CEg#,CE 1 # = GND
+0.2v
BYTE# = GND + 0.2V or
Vg £ 0.2V
Inputs = GND £ 0.2V or
Voo £ 0.2V

TTL: CEg#,CE1# = V),
BYTE# = V|_LorVi4
INPUTS = Vj or Viy,
f = 8 MHz, oyt = 0 mA

lccr2 | Vcc Read Current 1,4,5 40 mA Veeo = Voo Max

CMOS: CEg#, CE1# = GND
+ 0.2V

BYTE# = GND * 0.2V or
Vee + 0.2V -

Inputs = GND * 0.2V or
Vgg = 0.2V

TTL: CEg#,CE1# = V|,
BYTE# = VjLor Vi
INPUTS = Vi or Vi,

f = 4 MHz, loyT = O MA

M 4826175 0151344 402 mm
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5.4 DC Characteristics (Continued)

intgl.

Voo = 3.3V £ 0.3V, Tagez = —40°C to +125°C, Taggy = —55°C to +125°C

Sym Parameter Notes Min Max Units Test Conditions
lcow Vg Write Current 1 12 mA Word/Byte Write in Progress
Vpp = 12.0V £ 5%
17 mA Word/Byte Write in Progress
Vpp = 6.0V * 10%
lcce V¢ Block Erase 1 12 mA Block Erase in Progress
Current Vpp = 12.0V £ 5%
17 mA Block Erase in Progress
Vpp = 5.0V £ 10%
lcces Vcc Erase 1,2 6 mA CEp#,CE1# = Viy
Suspend Current Block Erase Suspended
Ipps Vpp Standby/Read 1 +15 BA Vpp < Vo
IppR Current 200 pA Vep > Voo
lppp Vpp Deep Power- 1 . 50 pA RP# = GND t 0.2V
Down Current
Ippw Vpp Write Current 1 15 mA Vpp = 12.0V * 5%
Word/Byte Write in Progress
25 mA Vpp = 5.0V + 10%
Word/Byte Write in Progress
pPE Vpp Erase Current 1 10 mA Vpp = 120V £ 5%
Block Erase in Progress
20 mA Vpp = 5.0V = 10%
Block Erase in Progress
lpres | Vpp Erase 1 200 pA VPP = VPPH1 or VPPH2,
Suspend Current Block Erase Suspended
ViL Input Low Voltage -03 08 \
ViH Input High Voltage Vee
2.0 + v
0.3
VoL Output Low 0.4 \' Vee = Vg Minand
: Voltage loL= 4 mA

B 4826175 0151345 349 IM
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5.4 DC Characteristics (Continued)
Voo = 3.3V £ 0.3V, Tagep = —40°Cto +125°C, Taggy = —55°C to +125°C

Sym Parameter Notes Min Max Units Test Conditions
Von'l Qutput High : 2.4 \ loy= —2.0mA
Voltage Vee = Voo Min
Vor2 Veg—0.2 \ low = —100 pA
Vee = Vee Min
VpPpPLK Vpp Erase/Write 3 0.0 1.8 \
Lock Voltage
VPPH1 Vpp during 3 4.5 55 \'
Write/Erase
Operations
VppH2 Vpp during 3 114 126 \
Wirite/Erase
Operations
Viko Vg Erase/Wirite 1.8 Vv
Lock Voltage
NOTES:

1. All currents are in RMS unless otherwise noted. These currents are valid for all product versions (package and speeds).
2. lcces is specified with the device de-selected. If the device is read while in erase suspend mode, current draw is the sum
of loces and Iccn. : )

3. Block Erases, Word/Byte Writes and Lock Block operations are inhibited when Vpp < Vppik and not guaranteed in the
ranges between Vpp| k(max) and Vppp1(min), between Vppy1(max) and Vpppa(min) and above Vppya(max).

4. Automatic Power Savings (APS) reduces Igcp to less than 3 mA in static operation.

5. CMOS Inputs are either Vo + 0.2V or GND £ 0.2V. TTL Inputs are sither Vy_or V.
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5.5 DC Characteristics
Vog = 5.0V £ 0.5V, Tagep = —40°C to +125°C, Tagey = —55°Cto +125°C

Sym Parameter Notes Min Max Units Test Conditions
he Input Load Current 1 +1 HA Vee = Voo Max
Vin= Vgc or GND

o Output Leakage 1 +10 pA Veg= Ve Max

Current VinN = Vgcor GND
lces Ve Standby 1,5 130 wA Vo= Vge Max

Current CEop#,CE1#,RP# = Voot

‘ ‘ 0.2v

BYTE#,WP# = Vgt
0.2Vor GND % 0.2V

4 mA Vo= Vo Max
CEo#,CE1#,RP# = V|4
BYTE#, WP# _ViyorV).

locp Ve Deep Power- 1 50 BA RP# = GND = 0.2v -

Down Current BYTE# = Voo £ 0.2Vor

GND £ 0.2v
lccrl Vcg Read Current 1,4,5 135 mA Vee = Voc Max,

CMOS:CEg#,CE1# = GND
0.2v
BYTE# = GND £ 0.2V or
Vg £ 0.2V
Inputs = GND + 0.2Vor
Vee £ 0.2V

TTL: CEp#,CE1 # = V),
BYTE# = Vj_LorViy
Inputs = V|_or V|,

f =10 MHz, loyT = 0mA

lccr2 Vec Read Current 1,4,5 90 mA Ve = Voo Max,
CMOS:CEp#, CE1# = GND £
0.2v .
BYTE# = GND £ 0.2V or
Vg £ 0.2V

inputs = GND % 0.2V or

Ve £ 0.2V

TTL: CEp#, CEq# = V|,
BYTE# = VjLorVi

Inputs = V| or Vi,

f = 5MHz, loyTr = O0mA

M 4826175 0151347 111 MM
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5.5 DC Characteristics (Continued)
Voo = 5.0V £0.5V, Tagea = —40°C to +125°C, Taggy = —55°C to +125°C

Sym Parameter Notes Min Max Units Test Conditions
locw Ve Write Current 1 35 mA Word/Byte in Progress
Vpp = 12.0V £5%
40 mA Word/Byte in Progress
. Vpp = 5.0V £10%
lece Ve Block Erase 1 25 mA Block Erase in Progress
Current Vpp = 12.0V £5%
30 mA Block Erase in Progress
Vpp = 50V +10%
lcces V¢c Erase 1,2 10 mA CEp# ,CE1# = Vi
Suspend Current Block Erase Suspended
Ipps Vpp Standby/Read 1 +15 pA Vpp € Voo
IPPR Current 200 A Vpp> Ve
IpPp Vpp Deep Power- 1 30 PA RP# = GND 0.2V
Down Current
lppw Vpp Write Current 1 12 mA Vpp = 12.0V £5%
Word/Byte Write in Progress
22 mA Vpp = 5.0V £10%
Word/Byte Write in Progress
lppE Vpp Block Erase 1 10 mA Vpp = 12.0V +5%
Current Block Erase in Progress
20 mA | Vpp = 5.0V £10%
Block Erase in Progress
lppes | Vpp Erase 1 200 pA Vpp = Vppu1 Of VppH2,
Suspend Current Block Erase Suspended
ViL input Low Voltage -05 | 08 v
ViH Input High Voltage 2.0 Veo \
+0.5

B 4826175 0151348 056 MH
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5.5 DC Characteristics (Continued) _ ,
Voo = 5.0V + 0.5V, Tagez = —40°C to +125°C, Tages = —55°C to +125°C

integl.

Sym Parameter Notes Min Max Units Test Conditions
VoL Output Low 0.45 \' Vo= Vee Min
Voltage loL= 5.8mA
Von1 Output High 0.85 v loH= —2.5mA
Voltage Vee Ve = Ve Min
Von2 Ve loH= —100 A
—-04 Ve = Ve Min
VppLK Vpp Write/Erase 3 0.0 1.8 v
Lock Voltage
VPPH1 Vpp during 45 5.5 v
Write/Erase
Operations
VPPH2 Vpp during 114 12.6 \
Write/Erase
Operations
Viko Vg Write/Erase 1.8 \'
Lock Voltage
NOTES:

1. All currents are in RMS unless otherwise noted. These currents are valid for all product versions (package and speeds).

2. Icces is specified with the device de-selected. If the device is read while in erase suspend mode, current draw is the sum

of Iccesand IccR.
3. Block Erases, Word/Byte Writes and Lock Block operations are inhibited when Vpp < Vpp k and not guaranteed in the

ranges between Vppy k(max) and Vppp1(min), between Vppyi(max) and Vppz(min) and above VppHa(max).

4, Automatic Power Saving (APS) reduces Iccg to less than 1 mA in Static operation.

5. CMOS Inputs are either Voo + 0.2V or GND + 0.2V, TTL Inputs are either Vy_or Viy.

BN 482L175 0151349 T94 M
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5.6 AC Characteristics—Read Only Operations(1)
Ve = 3.3V * 0.3V, Tagez = —40°C to +125°C, Taggy = —55°C to +125°C, Load = 50 pF

Versions
Units
Sym Parameter Notes Min Max
tavav Read Cycle Time 120 ns
tAVEL Address Setup to CE# Going Low 3 0
tavGL Address Setup to OE# Going Low 3 0
tavav Address to Output Delay (Tacc) : 120 ns
teLav CE# to Output Delay (Tcg) 2 120 ns
tPHQV RP # High to Output Delay 620 ns
taLav OE # to Output Delay (Tog) 2 45 ns
teLax CE# to Outputin Low Z 3 0 ns
tEHQZ CE+# to Output in High Z 3 50 ns
taLax OE# to Outputin Low Z 3 0 ns
tgHQZ OE# to Output in High Z 3 30 ns )
toH Output Hold from Address, CE# or OE # 3 0 ns
Change, Whichever Occurs First
trLqQv BYTE# to Output Delay 3 120 ns
tFHQV
trLaz BYTE# Low to Output in High Z 3 30 ns
tELFL CE# Low to BYTE # High or Low 3 5 ns
tELFH

M 4826175 0151350 70L WA
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5.6 AC Characteristics—Read Only Operations(1) (Continued)
Vo = 5.0V t 0.25V, Tagea = —40°C to +125°C, Taggr = —55°C to +125°C, Load = 30 pF
Voo = 5.0V + 0.5V, Tages = —40°C to +126°C, Taggr = —55°C to +125°C, Load = 100 pF

Versions(4) Ve £ 5%6) Vog + 10%(6) Onit

Sym Parameter Notes Min Max Min Max

tavay | Read Cycle Time 80 85 ns
taveL | Address Setup to CE# Going Low 3 0 0 ns
tavgL | Address Setup to OE# Going Low 3 0 0 ns
tavqv | Address to Output Delay (Tacc) 80 85 ns
teLqv | CE# to Output Delay (Tce) 2 80 85 ns
tpuqy | RP# to Output Delay 400 } 480 ns
taLqv | OE# to Output Delay (Tog) 2 30 35 ns
teLax CE# to Output in Low Z 3 0 0 ns
teHaz | CE# to Outputin High Z 3 25 30 ns
tgLox | OE# to Outputin Low Z 3 0 0 ns
tgHaz | OE# to Outputin High 2 3 25 30 ns
toH Output Hold from Address, 3 0 0 ns

CE# or OE# Change,
Whichever Occurs First

trLav | BYTE# to Output Delay 3 80 85 ns
trHav

trLqz | BYTE# Low to Output in High Z 3 ‘ 25 . 30 ns
teLrL | CE# Low to BYTE# High or Low 3 5 5 ns
tELFH )

NOTES:

‘CEx# is defined as the latter of CEg# or CEq# going low, or the first of CEg# or CEy+# going high.
1. See AC Input/Qutput Reference Waveforms for timing measurements, Figures 6 and 7.
2. OE# may be delayed up to tg qv-tgLav after the falling edge of CE#, without impacting teiqv.
3. Sampled, not 100% tested.
4. Device speeds are defined as:
80/85 ns at Voo = 5.0V equivalent to
120 ns at Voc = 3.3V )
5. See the high speed AC Input/Qutput Reference Waveforms and AC Testing Load Circuit.
6. See the standard AC Input/Qutput Reference Waveforms and AC Testing Load Circuit.
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V.. POWER-UP STANDBY DEVICE AND OUTPUTS ENABLED STANDBY
e ADDRESS SELECTION DATA VALID Ve POWER-DOWN
Vin T
ADDRESSES (A) ><><><><><><><X ADDRESSES STABLE
Vo . ——————
‘ tavay
Yiu \ .
cex# (£)(V _/ N N \
L taveL
U > ten
AN
Vi !
O# (6) / ) t \
AVGL K /le
v —————
IL 'cuaz.H
Yiy —————
WE# (W) / ‘\
v [ toiov —H
t — Loy —»
toLax= j— .
v fe——— e Qx ——p] OH=] ¢
oH ———
HIGH Z .2 ]
DATA (D/0) < L VALID QUTPUT B—;— Heh 2
Voo - 3 - 3
tavay
5.0V
Voo / \
GND
< tpuay »
v
L] '
RP# (P) j
Vi
~ 271312-11
NOTE:
CEx# is defined as the latter of CEp# or CE4 # going low, or the first of CEq# or CE4 # going high.

Figure 11. Read Timing Waveforms

/i
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Yin
ADDRESSES (A) XXW ADDRESSES STABLE
v
t avay
* - "
Vi . 4
cexs (£)( 1) ‘ _/ \t / \
v taveL™ Yo
v tenoz
" - _h__
OE# (6) / —2VE )] \ . / J \
Yo PRLTN tonaz
t vgL
Viu s Lriav = tavay .
\ . AV
BYTE# (F) "t
Vo T | WFTT
tGLax
W o sl le
Vou tenax
HIGH Z &'A -
DATA (DQ0-047) Ll DATA OUTPUT s % HIGH Z
Yo A N\ - -
Vou tavov trgz J
DATA (0QB-DA15}  higH 2 f7 27‘ DATA \ HIGH Z
You 5 \ \ 4| ot )
271312-12
NOTE:
CEx# is defined as the latter of CEg# or CE4# going low, or the first of CEqg# or CE4# going high.

Figure 12. BYTE # Timing Waveforms
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5.7 Power-Up and Reset Timings

VCC POWER-UP
RP# —__/
*®) '
v e ,
30V v )
Vee W_/.‘_. h
3V.5Vv) ] ' ' . ot
taven to sy
’ —————
A XOO000000G000M0) VALD NNNNNNNMNN VALID
:_’: .'_ﬁ_\l/QV :_’. tavay
DATA y VALID \ /: VALID
@ \ L 3.3V QUTPUTS / N 5.0V OUTPUTS
— —
' ey, ‘pHQV
: .
271312-13
Figure 13. V¢ Power-Up and RP # Reset Waveforms
Sym Parameter Notes| Min |Max|Unit Test
Y » Conditions
tpLsy [RP# Low to Vg at 4.5V minimum (to Vo at 2 0 us
tpLay | 3.0V min or 3.6V max)
tavay | Address Valid to Data Valid for Vog = 5.0V + 10%| 3 80 | ns
tprqv | RP# High to Data Valid for Vog = 5.0V + 10% 3 480 | ns
tsypH | Vog at 4.5V (minimum) to RP # High 1 2 2 | ps | CMOS (Vgc £0.2V)
0.002| 1.5 | ms | TTL (ViH gviyy = 2.0V)
tavpH | Voc at 4.5V (minimum) to RP # High 1 2 s
NOTES:

CEq#, CE1# and OE# are switched low after Power-Up.

1. The tgypy and/or taypy times must be strictly followed to guarantee all other read and write specifications for the
VS/MS28F016SV.

2. The power supply may start to switch concurrently with RP# going low.

3. The address access time and RP# high to data valiid time are shown for 5.0V Ve operation. Refer to the AC Character-
istics-Read Only Operations, 3.3V Vgg.
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5.8 AC Characteristics for WE #—Controlled Command Write Operations(1)
Voo = 3.3V * 0.3V, Tagea = —40°C to +125°C, Tages = —55°C to +125°C, Load = 50 pF

Versions
Unit
Sym Parameter Notes Min Max
tavav Write Cycle Time 120 ns
tvPWH Vpp Setup to WE # Going High 3 100 ns
tPHEL RP# Setup to CE# Going Low 480 ns
teLwL CE# Setup to WE# Going Low 10 ns
tAVWH Address Setup to WE# Going High 26 75 ns
tovwH Data Setup to WE# Going High 26 75 ns
tWLWH WE # Pulse Width 75 ns
twHDX Data Hold from WE # High . 2 10 ns
tWHAX Address Hold from WE# High 2 10 ns
tWHEH CE# Hold from WE # High 10 ns
tWHWL WE # Pulse Width High 45 ' ns
tGHWL Read Recovery before Write ) 0 ns
twHRL WE # High to RY/BY # Going Low 100 ns
tRHPL RP# Hold from Valid Status Register (CSR, 3 0 ’ ns
GSR, BSR) Data and RY/BY # High
tPHWL RP# High Recovery to WE# Going Low 480 ns
tWHGL Write Recovery before Read 95 ns
tavvL Vpp Hold from Valid Status Register (CSR, 3 0 ps
«| GSR, BSR) Data and RY/BY # High

twHavl Duration of Word/Byte Write Operation 4,5 5 ps
twHav2 Duration of Block Erase Operation 4 0.3 10 sec

M 482L175 0151355 2984 A
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5.8 AC Characteristics for WE #—Controlled Command Write Operations(?)
(Continued)

Vge = 5.0V £ 0.25V, Tagep = —40°C to +125°C, Tage1 = —55°C to +125°C, Load = 30 pF
Voo = 5.0V £ 0.5V, Tagep = —40°C to +125°C, Tagg1 = —55°C to +125°C, Load = 100 pF

Versions Vec £ 5%
Vee £ 10% | Unit
Sym Parameter Notes | Min | Max | Min Max
tavav Write Cycle Time 80 85 ns
tvpwH | Vpp Setup to WE# Going High 3 100 100 ns
tPHEL RP # Setup to CE# Going Low 480 480 ns
teewe | CE# Setup to WE# Going Low 0 0 ns
tavwH | Address Setup to WE # Going High 2,6 50 50 ns
tovwH | Data Setup to WE # Going High 2,6 50 50 ns
twiwH | WE# Pulse Width 40 50 ns
twHDpx | Data Hold from WE # High 2 0 0 ns
twHax | Address Hold from WE # High 2 10 10 ns
twhHen | CE# Hold from WE# High 10 10 ns
twhHwL | WE# Pulse Width High 30 30 ns
taHwL | Read Recovery before Write 0 0 ns
twHrL | WE# Highto RY/BY # Going Low 100 100 ns
tRHPL RP+# Hold from Valid Status Register 3 0 0 ns
(CSR, GSR, BSR) Data and RY/BY # High
tpHwL | RP# High Recovery to WE # Going Low 1 1 1S
twHGL | Write Recovery before Read 60 65 ns
tovwi | Vpp Hold from Valid Status Register 3 0 0 T
'| (CSR, GSR, BSR) Data and RY/BY # High
twHav1 | Duration of Word/Byte Write Operation 45 45 4.5 ) ns
twHav2 | Duration of Block Erase Operation 4 0.3 10 0.3 10 sec

NOTES:

CE# is defined as the latter of CEg# or CE1# going low or the first of CEqg# or CE4# going high.
1. Read timings during write and erase are the same as for normal read.

2. Refer to command definition tables for valid address and data values.

3. Sampled, not 100% tested.

4. Write/Erase durations are measured to valid Status Register (CSR) Data.

5. Word/Byte Write operations are typically performed with 1 Programming Pulse.

6. Address and Data are latched on the rising edge of WE# for all Command Write operations.

B 432k175 0151356 124 M
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271312-14
NOTES:

1. This address string depicts Data-Write/Erase cycles with corresponding verification via ESRD.

2. This address string depicts Data-Write/Erase cycles with corresponding verification via CSRD.

3. This cycle is invalid when using CSRD for verification during Data Write/Erase operations.

4. CEx# is defined as the latter of CEg# or CE4# going low or the first of CEq# or CE4# going high.
5. RP# low transition is only to show trpy; not valid for above Read and Write cycles.

6. Vpp voltage during Write/Erase operations valid at both 12.0V and 5.0V.

7. Vpp voltage equal to or below Vppyk provides complete flash memory array protection.

Figure 14. AC Waveforms for Command Write Operations
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5.9 AC Characteristics for CE # —Controlled Command Write Operations(1) .
Vgo = 3.3V * 0.3V, Tagea = —40°C to +125°C, Taggy = —55°C to +125°C, Load = 50 pF

Verslons
Unit
Sym Parameter Notes Min Max
tavav Write Cycle Time 120 ns
tPHWL RP# Setup to WE # Going Low 480 ns
tvPEH Vpp Setup to CE# Going High 3 100 ns
CtwieL WE # Setup to CE# Going Low 0 ns
tAVEH Address Setup to CE# Going High 2,6 75 . ns
tovEH Data Setup to CE# Going High 2,6 75 ns
teLEN CE +# Puise Width 75 ns
teHDX Data Hold from CE # High 2 10 ns
teEHAX Address Hold from CE# High 2 10 ns
tEHWH WE hold from CE# High 10 ns
tEHEL CE # Pulse Width High 45 ns
tGHEL Read Recovery before Write 0 ns
tEHRL CE# High to RY/BY # Going Low 100 ns
trRHPL RP# Hold from Valid Status Register (CSR, 3 0 ns
GSR, BSR) Data and RY/BY # High
tPHEL RP# High Recovery to CE# Going Low 480 ns
tEHGL Write Recovery before Read 95 ns
tavwL Vpp Hold from Valid Status Register (CSR, 0 s
GSR, BSR) Data and RY/BY # High
teHQV Duration of Word/Byte Write Operation 4.5 5 ns
tEHQV2 Duration of Block Erase Operation 4 0.3 10 sec

B 482L175 0151358 TT7? M

I ADVANCE INFORMATION 4-39




]
VS28F016SV, MS28F016SV FlashFile™ Memory - |nte| o

5.9 AC Characteristics for CE #—Controlled Command Write Operations(1)
(Continued)

Voo = 5.0V £ 0.25V, Tagea = —40°C to +125°C, Tagey = —55°C to +126°C, Load = 30 pF
Voo = 5.0V + 0.5V, Tagee = —40°C to +125°C, Taggr = —55°C to +125°C, Load = 100 pF

Versions(4) Vec * 5%
Vee £ 10% | Unit
Sym Parameter Notes | Min Max Min Max
tavav | Write Cycle Time 80 85 ns
teuwL | RP# Setup to WE# Going Low 3 480 480 ns.
tvpen | Vep Setup to CE# Going High 3 100 100 ns
twLer | WE# Setup to CE# Going Low 0 0 ns
taveH | Address Setup to CE# Going High 2,6 50 50 ns .
tpveH | Data Setup to CE# Going High . 2,6 50 50 ns
teLen | CE# Pulse Width 40 50 ns
teqpx | Data Hold from CE# High 2 0 0 ns
tenax | Address Hold from CE# High 2 10 10 ns
tenwH | WE Hold from CE# High 10 10 ns
teqeL | CE# Pulse Width High 30 30 ns
tueL | Read Recovery before Write 1 o 0 ns
teqnt | CE# High to RY/BY # Going Low 100 100 ns
trupL | RP# Hold from Valid Status Register 3 0 0 ns
(CSR, GSR, BSR) Data and RY/BY # High
tpHeL | RP# High Recovery to CE# Going Low 1 1 s
tengL | Write Recovery before Read 60 65 ns
tawwL | Vee Hold from Valid Status Register 0 0 [
(CSR, GSR, BSR) Data at RY/BY # High
tenqy1 | Duration of Word/Byte Write Operation 4,5 4.5 4.5 p©s
tenav2 | Duration of Block Erase Operation 4 0.3 10 0.3 10 sec

NOTES:

CE# is defined as the latter of CEg# or CE{# going low or the first of CEg# or CE4# going high.
1. Read timings during write and erase are the same as for normal read.

2. Refer to command definition tables for valid address and data values.

3. Sampled, not 100% tested.

4. Write/Erase durations are measured to valid Status Data.

5. Word/Byte Write operations are typically performed with 1 Programming Pulse.

6. Address and Data are latched on the rising edge of CE# for all Command Write Operations.
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NOTES:

1. This address string depicts Data-Write/Erase cycles with corresponding verification via ESRD.

2. This address string depicts Data-Write/Erase cycles with corresponding verification via CSRD.

3. This cycle is invalid when using CSRD for verification during Data Write/Erase operations.

4. CEx# is defined as the latter of CEg# or CEq# going low or the first of CEy# or CE¢# going high.
5. RP# low transition is only to show tgypL; not valid for above Read and Write cycles.

6. Vpp voltage during Write/Erase operations valid at both 12.0V and 5.0V.

7. Vpp voltage equal to or below Vppk provides complete flash memory array protection.

Figure 15. Alternate AC Waveforms for Command Write Operations
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5.10 AC Characteristics for WE #—Controlled Page Buffer Write Operations(1)
Vce = 3.3V + 0.3V, Tages = —40°C to +125°C, Taggy = —55°C to +125°C, Load = 50 pF

Versions 28F0165V-120 Unit
Sym Parameter Notes Min Typ Max
tAvwiL Address Setup to WE# Going Low 2 25 - ns
Voc = 5.0V 0.5V, Tasgz = —40°Cto +125°C, Taget = —55°C to +125°C, Load = 50 pF
Voo £5% 28F016SV-080(4)
Versions(3)
Vee £10% 28F0165V-080(5) 28F016SV-085(5) Unit
Sym Parameter Notes Min Typ Max Min Typ Max
tavw Address Setup 2 15 15 ' ns
L
to WE # Going Low

NOTES:
1. All other specifications for WE #—Controlled Write Operations can be found in section 5.8.
2. Address must be valid during the entire WE# low pulse.
3. Device speeds are defined as:

80/85 ns at Voo = 5.0V equivalent to

120 ns at Vg = 3.3V
4. See the high speed AC Input/Output Reference Waveforms and AC Testing Load Circuit.
5. See the standard AC Input/Output Reference Waveforms and AC Testing Load Circuit.
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271312-16

Figure 16. Page Buffer Write Timing Waveforms

B 4826175 0151362 424
ADVANCE INFORMATION 4-43



=
VS28F016SV, MS28F016SV FlashFile™ Memory InU ®

5.11 AC Characteristics for CE #—Controlled Page Buffer Write Operations(1)
Vog = 3.3V £ 0.3V, Tagee = —40°C to +126°C, Taggr = —55°C to +125°C, Load = 50 pF

Versions ‘ 28F016SV-120 Unit
Sym - Parameter Notes Min Typ Max
tAVEL Address Setup to CE# Going Low 2,3 25 ns
Vcc = 5.0V 0.5V, Tagez = —40°C to +125°C, Taggr = —55°Cto +125°C, Loéd = 50 pF
Vee £5% 28F016SV-080(5)
Versions(4)

Vee £10% 28F016SV-080(6) 28F016SV-085(6) Unit

Sym Parameter Notes Min | Typ | Max Min | Typ | Max
taveL | Address Setup 2,3 15 15 ns

to CE# Going Low

NOTES:
1. All other specifications for CE #—Controlled Write Operations can be found in section 5.9.
2. Address must be valid during the entire CE# low pulse.
3. CEx# is defined as the latter of CEp# or CE41# going low, or the first of CEq# or CE¢# going high.
4. Device speeds are defined as:
80/85 ns at Voo = 5.0V equivalent to
120 ns at Vgg = 3.3V
5. See the high speed AC Input/Output Reference Waveforms and AC Testing Load Circuit.
6. See the standard AC Input/Output Reference Waveforms and AC Testing Load Circuit.

A\ ‘
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twieL

Vin __3 / .
CEx# (€) t
NOTE 1 " EHEL
ViL 1

taveL
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ELEH tEnax R
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H / TN
ADDRESSES (A) VALID
N
A 7
toveH ‘ tennx

Vi HIGH 2 3
DATA (D/Q) Dy

AT

Ve
_

271312-20

ViL

NOTE:
1. CEx# is defined as the latter of CEq# or CEq# going low, or the first of CEqg# or CE4# going high.

Figure 17. Controller Page Buffer Write Timing Waveforms
(Loading Data to the Page Buffer)

B 4826175 0151363 3b4 WM
4-a4 ADVANGCE INFORMATION I



'
+

- ,
Intd ° VS28F016SV, MS28F016SV FlashFile™ Memory

5.12 Erase and Word/Byte Write Performance(1,3)
Voo = 3.3V £ 0.3V, Vpp = 5.0V + 0.5V, Tagez = —40°C to +125°C, Taggy = —55°C to +125°C

Sym Parameter Notes Min Typ(1) Max Units Test Conditions
Page Buffer Byte 2 8.0 us
Write Time
Page Buffer Word 2 16 us
Write Time
Byte Write Time 2 29 us
Word Write Time 2 35 T
twHRH2 Block Write Time 2 1.9 sec Byte Write Mode
twHRRHS Block Write Time 2 1.2 ' $6C Word Write Mode
Block Erase Time 2 25 sec
Full Chip Erase Time 2 80 sec

Voo = 3.3V £ 0.3V, Vpp = 12.0V £ 0.8V, Tasez = —40°C to +125°C, Taggy = —55°C to +125°C

Sym Parameter Notes | Min | Typ(1) Max Units Test Conditions
" | Page Buffer Byte 2 22 us
Write Time
Page Buffer Word 2 44 ps
Write Time
twHrH1 |  Word/Byte Write Time 2 9 us
twHrRH2 | Block Write Time 2 0.6 21 sec Byte Write Mode
twHrr3 | Block Write Time 2 0.3 1.0 sec Word Write Mode
Block Erase Time 2 1.8 10 sec
Full Chip Erase Time 2 48 sec
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5.12 Erase and Word/Byte Write Performance(1:3) (Continued)
Voo = 5.0V, Vpp = 5.0V + 0.5V, Taggp = —40°C to +125°C, Tage1 =

integl.

-55°C to +125°C

Sym Parameter Notes Min Typ(1) Max Units " Test Conditions
Page Buffer Byte 2 8 pns
Write Time
Page Buffer Word 2 16 us
Write Time
Byte Write Time 2 20 1S
Word Write Time 2 25 M1s
twhRH2 | Block Write Time 2 14 sec Byte Writa Mode
twHRH3 Block Write Time 2 0.85 sec Word Write Mode
Block Erase Time 2 2 sec
Full Chip Erase Time 2 64 sec

Voe = 5.0V, Vpp = 12.0V £ 0.6V, Tagpz = —40°C to +125°C, Tagg1 = —55° to +125°C

Sym Parameter Notes | Min | Typ(1) | Max | Units Test Conditions
Page Buffer Byte 2 2.1 us
Write Time
Page Buffer Word 2 4.1 us
Write Time
twHrH1 Word Byte/Write Time 2 6 Hs
twHRH2 | Block Write Time 2 0.4 2.1 sec Byte Write Mode
twHRH3 Block Write Time 2 0.2 1.0 sec Word Write Mode
Block Erase Time 2 1.8 10 sec
Full Chip Erase Time 2 48 sec
NOTES:

1. 25°C, and normal voltages.
2. Excludes system-level overhead.

3. These performance numbers are valid for all speed versions.
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6.0 MECHANICAL SPECIFICATIONS

56-Lead Shrink Small Outline Package (SSOP)

LT

A s

271312-17
COPPER ALLOY 194
Control Dimensions in Millimeters Symbol Milimeters Notes Inches Notes
Min Nom Max Min Nom Max
Package Height A 1.80 1.80 0.070 0.075
Standoff Al 0.47 0.018
Package Body Thickness A2 1.18 1.28 1.38 0.046 0.050 0.054
Lead Width B 0.25 0.30 0.40 0.010 0.012 0.016
Lead Thickness C 0.13 0.15 0.20 0.005 0.006 0.008
Package Body Length D 23.40 23.70 24.00 0.921 0.933 0.945
Package Body Width E 13.10 13.30 13.50 0.516 0.524 0.531
Pitch el 0.80 0.0315
Terminal Dimension Hg 15.70 16.00 16.30 0.618 0.630 0.842
Lead Count N 56 56
Lead Tip Length ’ L 0.75 0.80 0.85 0.030 0.031 0.033
Seating Plane Coplanarity Y 0.10 0.004
Lead Height A3 1.30 1.40 1.50 0.051 0.055 0.059
Lead Tip Angle Q 5 5

M 4826175 01513kL 073 WA
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DEVICE NOMENCLATURE

v S 2 8 F 0 1 6 s v — 8 5

M s 2 8 F 0 1 6 S v — 8 5

I | I
VvV = SE2 § = 8§SOP Access Speed
M = SE1 SV = SmartVoltage Technology

Depending' on system design specifcations, the VS/MS28F016SV-70 is capable of supporting
— 80 ns access times with a Vg of 5.0V £5% and loading of 30 pF
— B85 ns access times with a V¢ of 5.0V +10% and loading of 100 pF

" — 120 ns access times with a Vg of 3.3V +10% and loading of 50 pF

ADDITIONAL INFORMATION

Order
Item Number
AP 393 28F016SV Compatibility with 28F016SA 292144
28F016SA User's Manual : 297372
AP 377 28F016SA Software Drivers 292126
AP 378 System Optimization Using the Enhanced Features of the 28F016SA 292127
AP 375 Upgrade Considerations from the 28FO08SA to the 28F016SA 292124
ER 33 ETOX™ Flash Memory Technology—Iinsight to intel’s Fourth Generation 294016
Process Innovation
VE28F008 or M28F008 Data Sheet 271305
M28F008 Datasheet 271232
Please check with Intel Literature for availability.
DATA SHEET REVISION HISTORY
Number Description
001 ' Original Version
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