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PRELIMN ARY

MX28F1000

A1M-BIT (128K x 8) CMOS FLASH MEMORY

FEATURES

131,072 bytes by 8-bit organization

Fast access time: 90/120/150 ns

Low power consumption

~ 50mA maximum active current

~ 100pA maximum standby current

Programming and erasing voltage 12V + 5%

Command register architecture

~ Byte Programming (10us typical)

— Chip Erase (1 sec typical)

~ Auto chip erase 5 seconds typical
(including preprogramming time)

~ Block Erase (16384 bytes by 8 blocks)

s Auto Erase (chip & block) and Auto Program

GENERAL DESCRIPTION

The MX28F1000 is a 1-mega bit Flash memory organ-
ized as 128K bytes of 8 bits each. MXIC's Flash
memories offer the most cost-effective and reliable
read/write non-volatile random access memory. The
MX28F 1000 is packaged in 32-pin PDIP, PLCC, SOP
and TSOP. It is designed to be reprogrammed and
erased in-system or in-standard EPROM program-
mers.

The standard MX28F1000 offers access times as fast
as 90 ns, allowing operation of high-speed micropro-
cessors without wait states. To eliminate bus conten-
tion, the MX28F1000 has separate chip enable (CE)
and output enable (OE ) controls.

MXIC's Fiash memories augment EPROM functional-
ity with in-circuit electrical erasure and programming.
The MX28F1000 uses a command register to manage
this functionality, while maintaining a standard 32-pin
pinout. The command register allows for 100% TTL
level control inputs and fixed power supply levels dur-
ing erase and programming, while maintaining maxi-
mum EPROM compatibility.

MXIC Flash technology reliably stores memory con-
tents even after 10,000 erase and program cycles.
The MXIC cell is designed to optimize the erase and
programming mechanisms. [n addition, the combina-
tion of advanced tunnel oxide processing and low
internal electric fields for erase and programming op-
erations produces reliable cycling. The MX28F1000
uses a 12.0V + 5% VPP supply to perform the High

-~ DATA polling
- Toggle bit
10,000 minimum erase/program cycles
Latch-up protected to 100mA from -1 to VCC+1V
Advanced CMOS Fiash memory technology
Compatible with JEDEC-standard byte-wide 32-pin
EPROM pinouts
* Package type:
— 32-pin piastic DIP
32-pin PLCC
32-pin SOP
32-pin TSOP (Type 1)

Reliability Erase and auto Program/Erase algorithms.

The highest degree of latch-up protection is achieved
with MXIC's proprietary non-epi process. Latch-up
protection is proved for stresses up to 100 milliamps
on address and data pin from -1V to VCC + 1V,

P/N: PM0253
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PIN CONFIGURATIONS

32 PDIP
vee ]t ~ afowee
A ]2 31 [© WE
A5 )3 30 [0 NC
A2 ] s 29 [ At
a1 s 28 [ A3
A8 (] 8 § 27 [1A8
AS 17 - 206 [ A9
M 8 25 [ A1
A3 e 24 |5 OE
A2 7110 23 [~ A10
AT 22 [ CE
Ao ] 12 2 [Jar
Qo ] 13 20 [ 0B
Q1 (] 14 191105
02 (|15 18] Q4
GND (] 18 1708

32 SOP
VPP :{6 “""&5":1 vee
A8 | 2 2 | WE
A5 ) 3 30 [2 NC
a2l 4 zay 1 A4
A7 )5 28 [ A3
21 e 27 | A8
as :\‘1 g »[m
Mcdle 2 25! At
A3e 24 [ OE
A2 i) 10 23 [ A10
AN 22 |5 CE
A0 12 21 |7 a7
Qo 13 20 Qe
Qt il 14 s} s
@ ] 15 18 Q4
GaND (]l1s sz lf @3

32PLCC

o AL2
- A15
I ate
- vpp
:‘ vee
[ WE
TNC

N [ ERE
ar s 29[ A4
as (] [l A
As (] [ A8
A ] [ A8
A3 ]e  MX28F1000 2513 anr
A2 ] [ oe
a1 J [ A10
A0 (] [* cE
002'13‘ 17 J'bm

L L 0 5 5 9 B 0

5948388

TSOP (TYPE 1)
Al 17 18 [ A4
A2 .1 18 15 {71 A5
At .1 18 14 A8
A0 "1 20 13 . A7
Q ]2 12 ! A12
Qt o] 22 11 [) AtS
Q _ ] 23 10 |7 A8
GND [ ] 24 8 [.1 VPP
] % MX28F1000 s I+ vee
o4 ] 2 7| wE
Qs ! 27 6 NC
Q6 "] 28 5 Atd
(o7 ] 4 A13
CE '] 30 3 C A8
a0 0 |3 O 2 A9
O€ 1 a2 1 ANl
(NORMAL TYPE)
Ad ] 18 17 i A3
AS [ ] 15 18 A2
A8 14 19 Al
A7 13 20 1 AD
A12 12 21 i Q0
A5 " 2 T Qt
A6 7 1 10 23 Q2
vPp 9 MX28F1000 24 GND
vee 8 25 a3
WE ! 7 26 i Q4
NC ] 27 ' Qs
Al4 5 28 e ]
A3 1] 4 23| Q7
A8 3 O 30 i+ CE
A8 ]2 3 A0
AN 1 32 OE
(REVERSE TYPE)
PIN DESCRIPTION:
SYMBOL PIN NAME
___AD-~A18 ___Address input =
___Qo-~-qQ7 _Data Input/Qutput
CE Chip Enable Input
OE Output Enable input o
WE Write enable Pin
VPP Program Supply Voltage
VvCC Power Supply Pin (+5V)
GND Ground Pin
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BLOCK DIAGRAM
CE CONTROL PROGRAM/ERASE MODE
OE INPUT -
GE — > HIGH VOLTAGE LOGIC
WE LOGIC =
P A —
= STATE
O | MX28F1000 REGISTER
ADDRESS g | FLAsH
LATCH 2 ARRAY | ARRAY
AQ-A16_ D SOURCE T
AND : " COMMAND
P
BUFFER % Y-PASS GATE L DECODER
| e

Qo0-q7 (== >| VO BUFFER

Tz
SENSE j (ﬁéﬁ:<

AMPLIFIER | | Hv
IR
|

PROGRAM

DATA LATCH <

COMMAND |
DATA LATCH
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MX28F1000

AUTOMATIC PROGRAMMING

The MX28F 1000 is byte programmable using the Auto-
matic Programming algorithm. The Automatic Program-
ming algorithm does not require the system to time out
or verify the data programmed. The typical room tem-
perature chip programming time of the MX28F1000 is
less than 5 seconds.

AUTOMATIC CHIP ERASE

The entire chip is bulk erased using 10 ms erase pulses
according to MXIC's High Reliability Chip Erase algo-
rithm. Typical erasure at room temperature is accom-
plished in less than one second. The device may also
be erased using the Automatic Erase algorithm. The
Automatic Erase algorithm automatically programs the
entire array prior to electrical erase. The timing and
verification of electrical erase are controlled internal to
the device.

AUTOMATIC BLOCK ERASE

The MX28F1000 is block(s) erasable using MXIC's Auto
Block Erase algorithm. Block erase modes aliow one to
8 blocks of the array to be erased in one erase cycle.
Each block comprises 16K bytes memory cells and is
selected by addresses A14-A16. The Automatic Biock
Erase algorithm automatically programs the specified
block(s) prior to electrical erase. The timing and verifi-
cation of electrical erase are controlled internal to the
device.

AUTOMATIC PROGRAMMING ALGORITHM

MXIC’s Automatic Programming algorithm requires the
user to only write a program set-up command and a
program command {program data and address). The
device automatically times the programming pulse
width, provides the program verify, and counts the
number of sequences. A status bit similar to DATA
polling, provides feedback to the user as to the status of
the programming operation.

AUTOMATIC ERASE ALGORITHM

MXIC's Automatic Erase algorithm requires the user to
only write an erase set-up command and erase com-
mand. The device will automatically pre-program and
verify the entire array. Then the device automatically
times the erase pulse width, provides the erase verify,
and counts the number of sequences. A status bit,
similarto DATA polling, provides feedback to the user as
to the status of the erase operation.

Commands are written to the command register using
standard microprocessor write timings. Register con-
tents serve as inputs to an internal state-machine which
controls the erase and programming circuitry. During
write cycles, the command register internally latches
address and data needed for the programming and
erase operations. For system design simpfification, the
MX28F1000 is designed to support either WE or CE
controlled writes. During a system write cycle, ad-
dresses are latched on the falling edge of WE or CE
whichever occurs last. Data is latched on the rising edge
of WE or CE whichever occur first. To simplify the
following discussion, the WE pin is used as the write
cycle control pin throughout the rest of this text. All setup
and hold times are with respect to the WE signal.

MXIC's Flash technology combines years of EPROM
experience to produce the highest levels of quality,
reliability, and cost sffectiveness. The MX28F1000 elec-
trically erases all bits simultaneousty using Fowler-Nord-
heim tunneling. The bytes are programmed one byte at
atime using the EPROM programming mechanism of hot
electron injection.
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TABLE 1. COMMAND DEFINITIONS
COMMAND BUS FIRST BUS CYCLE SECOND BUS CYCLE
CYCLES| OPERATION ADDRESS DATA| OPERATION ADDRESS DATA
Read Memory 1 Write X 00H
Read Identified codes 2 Write X 90H Read 1A ID
Setup Erase/ 2 Write X 20H Write X 20H
Erase (chip)
e — f*’ PR U —— . - . —
Setup Erase/ 2 Write X 80H Write EA 60H
Erase (block)
Erase verify 2 Write EVA AOH Read X EVD
Setup auto erase/ 2 Write X 30H Write X 30H
auto erase (chip)
Setup auto erase/ 2 Write X 20H Write EA DOH
auto erase {biock)
Setup auto program/ 2 Write X 40H Write PA PD
program
Reset 2 Write X FFH Write X FFH
Note
IA = Identifier address
EA = Block of memory location to be erased
PA = Address of memory location to be pro-
grammed
ID = Data read from location IA during device iden-
tification
PD = Data to be programmed at location PA
EVA = Address of memory location to be read during

erase verify.

EVD = Data read from location EVA during erase

verify.
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COMMAND DEFINITIONS

When low voltage is applied to the VPP pin, the con-
tents of the command register default to 00H, enabling

read-only operation.

Placing high voltage on the VPP pin enables read/write
operations. Device operations are selected by writing
specific data patterns into the command register. Ta-
ble 1 defines these MX28F1000 register commands.

Table 2 defines the bus operations of MX28F1000.

TABLE 2. MX28F1000 BUS OPERATIONS

OPERATION VPP(1) A0 A9 CE OE WE DQO-DQ7
READ-ONLY  Read VPPL A0 A9 ViL ViL X Data Out
Output Disable VPPL X X CVIL VIH VIH_ Trh-State
) Standby __ WPPL_ XX VM X X TiStae
Read Silicon ID (Mir)(2) VPPL  VIL vID(3) VIL VIL  VIH  Data=C2H
Read Siticon ID (Device)(2) VPPL VIH VID(3) VIL VIL - VIAH o D;ta‘=41r1H‘(-
READ/WRITE Read VPPH A0 A9 VL  VIL  VH  DataOutd)
Standby(5) VPPH X X VIH X X Tri-State
Write VPPH AQ A9 VIL VIH VIL Data In(6)
NOTES:
1. VPPL may be grounded, a no-connect with a resistor tied 3. VID is the Silicon-ID-Read high voltage.(11.5V to 13v)

to ground, or < VCC + 2.0V. VPPH is the programming
voltage specified for the device. When VPP = VPPL,
memory contents can be read but not written or erased.
2. Manufacturer and device codes may also be accessed
via a command register write sequence. Refer to Table

1. All other addresses are low.

N o

Read operations with VPP = VPPH may access array
data or Silicon ID codes.

With VPP at high voltage, the standby current equals ICC
+ IPP (standby).

Refer to Table 1 for valid Data-in during a write operation.
X can be VIL or VIH.
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READ COMMAND

While VPP is high, for erasure and programming,
memory contents can also be accessed via the read
command. The read operation is initiated by writing 00H
into the command register. Microprocessor read cycles
retrieve array data. The device remains enabled for
reads until the command register contents are aitered.

The default contents of the register upon VPP power-up
is OOH. This default value ensures that no spurious
alteration of memory contents occurs during the VPP
power transition. Where the VPP supply is hard-wired to
the MX28F1000, the device powers up and remains
enabled for reads until the command register contents
are changed.

SILICON-ID-READ COMMAND

Flash-memories are intended for use in applications
where the local CPU alters memory contents. As such,
manufacturer- and device-codes must be accessible
while the device resides in the target system. PROM
programmers typically access signature codes by rais-
ing A9 to a high voltage. However, multiplexing high
voltage onto address lines is not a desired system-
design practice.

The MX28F 1000 contains a Silicon-ID-Read operation
to supplement traditional PROM-programming method-
ology. The operation is initiated by writing 90H into the
command register. Following the command write, a
read cycle from address 0000H retrieves the manufac-
turer code of C2H. A read cycle from address 0001H
returns the device code of 11H.

SET-UP CHIP ERASE/ERASE COMMANDS

Set-up Chip Erase is a command-only operation that
stages the device for electrical erasure of ali bytes in the
array. The set-up erase operation is performed by
writing 20H to the command register.

To commence chip erasure, the erase command (20H)
must again be written to the register. The erase opera-
tion begins with the rising edge of the WE puise.

This two-step sequence of set-up followed by execution

ensures that memory contents are not accidentally
erased. Also, chip-erasure can only occur when high
voltage is applied to the VPP pin. In the absence of this
high voltage, memory contents are protected against
erasure.

SET-UP BLOCK ERASE/ERASE COMMANDS

Set-up Block Erase is a command-only operation that
stages the device for electrical srasure of all selected
block(s) in the array. The set-up erase operation is
performed by writing 60H to the command register.

To enter block-erasure, the block erase command 60H
must be written again to the command ragister. The
biock erase mode allows 1 to 8 blocks of the array to be
erased in one internal erase cycle. Internally, there are
8 registers (flags) addressed by A14 to A16. First block
address is loaded into internal registers on the 2-nd
falling of WE. Each successive block load cycles,
started by the falling edge of WE, must begin within
30us from the rising edge of the preceding WE. Other-
wise, the loading period ends and internal block
erase cycle starts. Whenthe dataon DQ7is"1" atwhich
time auto erase ends and the device returns to the Read
mode.

ERASE-VERIFY COMMAND

After sach erase operation, all bytes must be verified.
The erase verify operation is initiated by writing AOH into
the command register. The address for the byte to be
verified must be supplied as it is latched on the faliing
edge of the WE pulse.

The MX28F 1000 applies an internally generated margin
voltage to the addressed byte. Reading FFH from the
addressed byte indicates that all bits in the byte are
erased.

The erase-verify command must be written to the com-
mand register prior to each byte verification to latch its
address. The process continues for each byte in the
array until a byte does not return FFH data, or the last
address is accessed.
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In the case where the data read is not FFH, another
erase operation is performed. (Refer to Set-up Erase/
Erase). Verification then resumes from the address of
the last-verified byte. Once all bytes in the array have
been verified, the erase step is complete. The device
can be programmed. At this point, the verify operation
is terminated by writing a valid command (e.g. Program
Set-up) to the command register. The High Reliability
Erase algorithm, illustrates how commands and bus
operations are combined to perform electrical erasure of
the MX28F1000.

SET-UP AUTOMATIC CHIP ERASE/ERASE
COMMANDS

The automatic chip erase does not require the device to
be entirely pre-programmed prior to excuting the Auto-
matic set-up erase command and Automatic chip erase
command. Upon executing the Automatic chip erase
command, the device automatically will program and
verify the entire memory for an ali-zero data pattern.
When the device is automatically verified to contain an
all-zero pattern, a self-timed chip erase and verity begin.
The erase and verify operations are complete when the
data on DQ7is "1" at which time the device returns to the
Read mode. The system is not required to provide any
control or timing during these operations.

When using the Automatic Chip Erase algorithm, note
that the erase automatically terminates when adequate
erase margin has been achieved for the memory
array(no erase verity command is required). The margin
voltages are internally generated in the same manner as
when the standard erase verify command is used.

The Automatic set-up erase command is a command-
only operation that stages the device for automatic
electrical erasure of all bytes in the array. Automatic set-
up erase is performed by writing 30H to the command
register.

To command automatic chip erase, the command 30H
must be written again to the command register. The
automatic chip erase begins on the rising edge of the WE
and terminates when the data on DQ7 is “1" at which
time the device returns to the Read mode.

SET-UP AUTOMATIC BLOCK ERASE/ERASE
COMMANDS

The automatic block erase does not require the device
to be entirely pre-programmed prior to executing the
Automatic set-up block erase command and Automatic
block erase command. Upon executing the Automatic
block erase command, the device automatically will
program and verify the block(s) memory for an all-zero
data pattern. The system is not required to provide any
controls or timing during these operations.

When the block(s) is automatically verified to contain an
all-zero pattern, a self-timed block erase and verify
begin. The erase and verify operations are complete
when the data on DQ7 is "1" at which time the device
returns to the Read mode. The system is not required
to provide any control or timing during these operations.

When using the Automatic Block Erase algorithm, note
that the erase automatically terminates when adequate
erase margin has been achieved for the memory array
(no erase verify command is required). The margin
voltages are internally generated in the same manner as
when the standard erase verify command is used.

The Automatic set-up block erase command is a com-
mand only operation that stages the device for automatic
electrical erasure of selected blocks in the array. Auto-
matic set-up sector erase is performed by writing 20H to
the command register.

To enter automatic sector erase, the user must write the
command DOH to the command register. Block ad-
dresses selected by A14-A16 are loaded into internal
register on the 2nd falling edge of WE. Each successive
block load cycles, started by the falling edge of WE, must
begin within 30us from the rising edge of the preceding
WE. Otherwise, the loading period ends and internal
auto block erase cycle starts. When the data on DQ7 is
1" at which time auto erase ends and the device returns
to the Read mode.
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SET-UP AUTOMATIC PROGRAM/PROGRAM
COMMANDS

The Automatic Set-up Program is a command-only
operation that stages the device for automatic program-
ming. Automatic Set-up Program is performed by
writing 40H to the command register.

Once the Automatic Set-up Program operation is per-
formed, the next WE pulse causes a transition to an
active programming operation. Addresses are internally
latched on the falling edge of the WE pulse. Data is
internally latched on the rising edge of the WE pulse.
The rising edge of WE also begins the programming
operation. The system is not required to provide further
controls or timings. The device will automatically pro-
vide an adequate internally generated program pulse
and verify margin. The automatic programming opera-
tion is completed when the data on DQ7 is equivalent to
data written to this bit at which time the device returns to
the Read mode (no program verify command is re-
quired).

RESET COMMAND

A reset command is provided as a means to safely abort
the erase- or program-command sequences. Following
either set-up command (erase or program) with two
consecutive writes of FFH will safely abort the operation.
Memory contents will not be altered. A valid command
must then be written to place the device in the desired
state.

WRITE OPERATON STATUS
TOGGLE BIT-DQ6

The MX28F1000 features a "Toggle Bit" as a method to
indicate to the host sytem that the Auto Program/Erase
algorithms are either in progress or completed.

While the Automatic Program or Erase algorithm is in
progress, successive attempts to read data from the
device will result in DQ6 toggling between one and zero.
Once the Automatic Program or Erase algorithm is
completed, DQ6 will stop toggling and valid data will be
read. The toggle bit is valid after the rising edge of the

second WE pulse of the two write pulse sequences.

DATA POLLING-DQ7

The MX28F 1000 also features Data Polling as a method
to indicate to the host system that the Automatic Pro-
gram or Erase algorithms are seither in progress or
completed.

While the Automatic Programming algorithm is in
operation, an attempt to read the device will
produce the compliment data of the data last
written to DQ7. Upon completion of the Automatic
Program aligorithm an attempt to read the device
will produce the true data last written to DQ7. The
Data Polling feature is valid after the rising edge of the
second WE pulse of the two write pulse sequences.

While the Automatic Erase algorithm is in operation,
DQ7 will read "0" until the erase operation is completed.
Upon completion of the erase operation, the dataon DQ7
will read "1". The Data Polling feature is valid after the
rising edge of the second WE pulse of two write pulse
sequences.

The Data Polling feature is active during Automatic
Programming/Erasing algorithms and High-reliability
Erasing.

POWER-UP SEQUENCE

The MX28F1000 powers up in the Read only mode. In
addition, the memory contents may only be altered after
successful completion of a two-step command sequence.
Power up sequence is not required.
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ABSOLUTE MAXIMUM RATINGS

NOTICE:
Stresses greater than those listed under ABSOLUTE MAXI-

RATING VALUE MUM RATINGS may cause permanent damage to the de-
X X vice. This is stress rating only and functional operational
Ambient Operating Temperature  0°Ct070°C sections of this specification is not implied. Exposure to ab-
Storage Temperature -65°C to 125°C solute maximum rating conditions for extended period may
TR et T B affect reliability.
Applied Input Voltage ~ -08Vio7.0V NOTICE:
Applied Output Voltage 0.5V to 7.0V Specifications contained within the following tables are sub-
R T e ject to change.
__VCC1oGround Potential  -0.5Vto70v
A9 & VPP -0.5V to 13.5V
CAPACITANCE TA =25°C,f=1.0 MHz
SYMBOL PARAMETER MIN. TYP MAX. UNIT CONDITIONS
CIN input Capacitance 14 pF VIN = oV
COouT Output Capacitance 16 pF VOUT = 0V
READ OPERATION
DC CHARACTERISTICS TA =0°C TO 70°C, VCC =5V t 10%, VPP = GND to VCC
SYMBOL PARAMETER MIN. TYP MAX. UNIT CONDITIONS
1Ll Input Leakage Current 10 pHA VIN = GND to VCC
ILO Output Leakage Current 10 RA VOUT = GND to VCC
IPP1{ VPP Current 1 100 HA VPP =55V
1SB1 Standby VCC current 1 mA CE = VIH
ISB2 1 100 uA CE = VCC + 0.3V
icct ~ Operating VCC current 30 mA  10UT=0mA f=IMHz
Icc2 50 mA IOUT = OmA, f=8MHz
VIL Input Low Voltage -0.3(NOTE 1) 08 \
ViH Input High Voltage 24 VCC+03 V
VvOL Output Low Voltage 0.45 v IOL=2.1mA
VOH Output High Voltage 2.4 \ IOH = -400pA
NOTES:

1. VIL min. = -1.0V for pulse width <50 ns.
VIL min. = -2.0V for pulse width < 20 ns.

2. VIH max. = VCC + 1.5V for pulse width < 20 ns
If VIH is over the specified maximum value, read operation
cannot be guaranteed.
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AC CHARACTERISTICS TA = 0°C to 70°C, VCC = 6V + 10%, VPP = GND to VCC
28F1000-90 28F1000-12 _ 28F1000-15

SYMBOL PARAMETER MIN. MAX. MIN. MAX. MIN. MAX. UNIT CONDITIONS
_WACC  AddresstoOutputDelay %0 120 150 ns _ CE=OE=VIL
_1CE CEtoOuputDelay . % 120 150 _ns _ OE=VIL
1B OEtoOuputDelay 3% 50 55 _nms  CEevL

tDF O—E High to Output Float (Note1) 0 20 0 30 0 35 ns C_E=V|L
T1oH  AddresstoOuputhed 0 0 0 ns CE=OE=VL
TEST CONDITIONS: NOTE:
¢ Input puise levels: 0.45V/2.4V 1. tDF is defined as the time at which the output achieves the
¢ Input rise and fall times: < 10ns open circuit condition and data is no longer driven.

e OQutput load: 1 TTL gate + 100pF (Including scope and jig)
» Reference levels for measuring timing: 0.8V, 2.0V

READ TIMING WAVEFORMS
ADDRESS >L
I\
WE
CE
STANDBY MODE ACTIVE MODE STANDBY MODE
-« {CE >
OF
LIOE —_—
- tACC —
DATA OUT \ DATA OUT VALID
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COMMAND PROGRAMMING/DATA PROGRAMMING/ERASE OPERATION
DC CHARACTERISTICS TA =0°C to 70°C, VCC = 5V + 10%, VPP = 12.0V £ 5%

SYMBOL PARAMETER MIN. TYP MAX. UNIT CONDITIONS
LI Input Leakage Current 10 RA VIN=GND to VCC
o Output Leakage Current B 10 pA ~ VOUT=GND 10 VCC
ISB1 Standby VCC Current 1 mA CEviH
ISB2 1 100 pA CE=VCC 03V
ICC1 (Read) Operating VCC Current 30 mA IOUT=0mA, f=1MHz
ICC2 50 mA 10UT=0mA, F=8MHz
ICC3 (Program) 50 mA In Programming
ICC4 (Erase) 50 mA In Erase
ICC5 (Program Verify) 50 mA In Program Verify
ICC6 (Erase Verify) 50 mA In Erase Verify
7 IPP1 (Read) VPP Current 20 HA VPP=12.6V
IPP2 (Program) 50 mA In Programming
IPP3 (Erase) 50 mA In Erase
IPP4 (Program Verify) 50 mA In Program Verify
IPP5 (Erase Verify) 50 mA In Erase Verify
vIL Input Voltage -0.3 (Note 5) 08 v '
VIH 24 VCC+0.3V V
(Note 6)
voL  Output Voltage ’ 045 v I0L=2.1mA
VOH 24 ) IOH=-400pA
NOTES:

1. VCC must be applied before VPP and remove after VPP.
2. VPP must not exceed 14V including overshoot.

3. Aninfluence may be had upon device reliability i the device
is installed or removed while VPP=12V.
4. Do not alter VPP either VIL to 12V or 12V to VIL when

CE=VIL.

5. VIL min. = -0.6V for puise width < 20ns.
6. If VIH is over the specified maximum value, programming
operation cannot be guranteed.

38-12



.?||

MX28F1 000

é

AC CHARACTERISTICS TA =0°C to 70°C, VCC = 5V £ 10%, VPP =12V £ 5%
26F1000-90 28F1000-12 28F1000-15
SYMBOL PARAMETER MIN. MAX. MIN. MAX. MIN. MAX. UNIT CONTIONS
WtVPS ) VVPP segup time 100 e ) 100» ) 7 7100 ns

tOES OE setup time

1CWC Command programming cycle 90 120 150 ns

tCEP _ E?rpgramTing Eulse wif:lth ] - 457 50 ] ) 60 ns ”‘7 - )

_ tCEPH1  WEprogramming pluse widthHigh 20 20 2 s
tCEPH2  WE programming pluse width High 100 100 100 ns

V “tAS 7 Addlr';srs setup tinr‘\iei o o 0 B 1] L - 0 ) ns o
tAH Address hold time 45 50 60 ns

 WAM1 Address hold time for DATA POLLING o o 0 s o

7 10S - Da;a setuptimeﬂi - o 45: N ‘750 - zi— d";\sr -

VtDH - Da;é holc;l time S - "777170 - 10” 7 - 10 ‘ o r;si; ) o
tCEgP (TE_ set;lp time be'or;mr ;éliinékoggle t;it 106 7 17007 o IOA - ns i . o

}pE? CE setup time - 9o 0o 0 s
tCESC CE setup time before command write 100 100 100 ns

| ICESV  GE setup time befars verfy e & 6  ws

tVPH VVPtholdlime - B 100 100 o 100 ns
tDF Output disable time (Note 3) 20 30 35 ns

tOPA DATA polling/toggle bit access time 90 120 150 ns

tVA Verify access time 90 o 120 150 ns

tAETC Total erase time in auto chip erase 5(TYP.) 5(TYP.} 5(TYP.) s

tAETB Total erase time in auto block erase 5(TYP.) 5(TYP.) S5(TYP.) s
tAVT Total programming time in auto verity 15 300 15 300 15 300 us

ET Standby time in erase 10 10 10 ms
tBALC Block address load cycle

tBAL Block address load time 100 100 100 ps

tCH CE Hold Time 0 0 0 ns

1Cs CE setup to WE going low 0 0 0 ns

NOTES:

1. CE and OE must be fixed high duting VPP transition from 5V
to 12V or from 12V to 5V.

2. Refer to read operation when VPP=VCC about read opera-
tion while VPP 12V.

3. tDF defined as the time at which the output achieves the open
circuit condition and data is no longer driven.
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MACROND, WG, MX28F1 000

SWITCHING TEST CIRCUITS

DEVICE 1.8KQ o

UNDER - ' *
TEST

DIODES = IN3064

. (
T § 6.2KQ OR EQUIVALENT

CL = 100 pF Including jig capacitance

SWITCHING TEST WAVEFORMS

2.4V

0.45v
INPUT OUTPUT

AC TESTING: Inputs are driven at 2.4V for a logic "1 and 0.45V for a logic "0“.
Input pulse rise and fall times are < 20ns.
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AUTOMATIC PROGRAMMING TIMING WAVEFORM

Onebyte datais programmed. Verify infastalgorithmand
additional programming by external control are not re-
quired because these operations are excuted automati-
cally by internal control circuit. Programming completion
can be verified by DATA polling after automatic verify

starts. Device outputs DATA during programming and
DATA after programming on Q7. QO to Q5 (Q6 is for
toggle bit; see toggle bit, DATA polling, timing waveform)
are in high impedance.

Command #40H

Setup auto program/
program command Auto program & DATA polling
Vee 5V
12v
Vpp tVPH
ov VPS
AD - A16 Aress
— 1AS ||
WE ————— Jﬂ y . ILA‘H1
_ ICWC ) 1AVT
CE /
e
1OES tCEP | ICEPH1 tCEP | (CESP |ICES 1CE
S | oy
—
OE
0 | |1oH) oS | [iDH \DPA 1DF
a7 (Command inp<| Datain p——1——DATAX DATA p——
- - DATA polling
Q0-Q5 ————— Commandin Data in — DATA
1

AUTOMATIC PROGRAMMING ALGORITHM FLOWCHART

START

]

Wrile Se1 up aulo pgrm Command (40H)

C

Write Aulo pgm Command(A/D)

!

Dsta PoH Device

Programming Compleiad
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MX28F1 000

AUTOMATIC CHIP ERASE TIMING WAVEFORM

All data in chip are erased. External erase verify is not
required because datais erased automatically by internal
control circuit. Erasure completion can be verified by
DATA polling after automatic erase starts. Device out-

puts 0 during erasure and 1 after erasure on Q7. QO to
Q5 (Q6 is for toggle bit; see toggle bit, DATA polling,
timing waveform) are in high impedance.

Setup auto chip erase/ R
erase command Auto chip erase & DATA polling
Vee 5V
12v
Vpp tVPH
ov tVPS
A0 ~ A6
WE
tCWC _MWETC
CE h— ] -
{OES tCEP | |CEPH1 [tCEP| {CESP |ICES tCESC
OE !
tDS tDH tDS tDH tDPA tDF
Q7 Command in Command in T N
- N DATA polling
Q0-~-Q5 Command in Command in
Command #30  Command #30

AUTOMATIC CHIP ERASE ALGORITHM FLOWCHART

Apply VppH

Write Set up auto chip

Erase Command (30H) ’

!

Wate Auto chip Erase Command(30H) )

]

I

l
|

Daia Poll from Device

L

Erasure Completed

]
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MX28F1 000

AUTOMATIC BLOCK ERASE TIMING WAVEFORM

Block data (16Kbyte) indicated by A14 to A16 are erased.
External erase verify is not required because data are
erased automatically by internal control circuit. Erasure
completion can be verified by DATA polling after auto-

matic erase starts. Device outputs 0 during erasure and
1 after erasure on Q7. QO to Q5 (Q6 is for toggle bit; see
toggle bit, DATA polling, timing waveform) are in high
impedance.

Setup auto block erase/erase command
- J

Vee 5V

R - R o

Auto block erasa & DATA polling

12v

Vpp

o VRS
- >

VP
-

A4~ A16 X

N
-
Block
address # '

tAS 1AH
ICWC =~ = TBALC
- R -

\|
1OES ICEP ICEP ICEPH2
B

CE /—.T
P AW WAWA WA a
CESC

» AHT 4

- BALy IAETB

& _/

DS 1DH DS 1DH
- - -

/S

tDF

Command #20 Command #D0

10PA -
Qr —<Gommand I}-{‘ > \_/1
—— —— 'DATA polling ———,
Qo-~Q5 € a /4

38-17
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MACRONIX, INC.

MX28F1 000

AUTOMATIC BLOCK ERASE ALGORITHM FLOWCHART

START

Apply VppH

I Write Set up auto biock Erase Command (20H) |

|

l Write Auto block Erase Command(DOH) l

!

LOAD OTHER SECTORS ADDRESS
IF NECESSARY
(LOAD OTHER SECTOR ADDRESS)

]

Data Poll from Device

Data = FFH

r Erasure Completed
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MX28F1 000

FAST HIGH-RELIABILITY CHIP ERASE
This device can be applied the fast high-reliability chip

erase algorithm shown in the following flowchart. This
algorithm allows to obtain faster erase time without any

FAST HIGH-RELIABILITY CHIP ERASE FLOWCHART

voltage stress to the device nor deterioration in reliability
of data.

ALL BITS
PGM 0

ea—|

CHIP ERASE FLOW

APPLY
VPP = VCC

CHIP ERASE
COMPLETE

ALL BITS VERIFIED

N =N+t l

YES

CHIP ERASE FAIL

CHIP ERASE FLOW

Apply
VPP = VPPH

WRITE SETUP CHIP ERASE COMMAND
(20H)

T

WRITE CHIP ERASE COMMAND
(20H)

WAIT
10 ms

38-19
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MX28F1000

ERASE VERIFY FLOW

START

APPLY
VPP = VPPH

ADDRESS =
FIRST ADDRESS OF ERASED BLOCKS
OR LAST VERIFY FAILED ADDRESS

R

WRITE ERASE VERIFY COMMAND
(AOH)

T

WAIT 6 us

|

NO
I INCREMENT ADDRESS ‘

LAST ADDRESS ?

YES
ERASE VERIFY
COMPLETE

GO TO ERASE FLOW
AGAIN OR ABORT
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|

FAST HIGH-RELIABILITY CHIP ERASE TIMING WAVEFORM

All data in chip are erased. Control verification and tion can be verified by DATA polling. Device outputs 0
additional erasure externally according to fast high-relia- during erasure and 1 after erasure on Q7. Q0 to Q6 are
bility chip erase flowchart. Successful erasure comple- in high impedance state.

Setup chip erase/

erase command Chip erase & DATA polling Erase Verity
- - - -

Vec 5V —

— 1AS K
VA
{CESV
o WC - €T - -
o 2o o
1
10ES ICEPCEPH1 ICEP 1CESP 1CES ICEP 1CES ICESC
- e e e e e . -
& _/ \_/_—\_/_—
DS tOH DS tDH (DPA DF 1S (OH VA o
iy - - e - e o

o
><!Wp:n| 9

Command #20 Command #20 Command #A0

38-21
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MX28F1 000

FAST HIGH-RELIABILITY BLOCK ERASE

This device can be applied to the fast high-reliability block
erase algorithm shown in the following flowchart. This
algorithm allows to obtain faster erase time by the block

FAST HIGH-RELIABILITY BLOCK ERASE FLOWCHART

(16K byte x 8 block) without any voltage stress to the
device nor deterioration in reliability of data.

For selected block(s)

All bits PGM 0"

BLOCK ERASE FLOW

APPLY
VPP = VCC

BLOCK ERASE
COMPLETE

ALL BITS VERIFIED

L

BLOCK ERASE FLOW

WRITE SETUF BLOCK ERASE COMMAND
{60H)

WRITE BLOCK ERASE COMMAND
11 OAD FIRST SECTOR ADDRESS . @0H )

7 8on

‘ LOAD OTHER

. NECESSARY
(1L.OAD OTHER SECTOR ADDRESS )

SECTORS ADDRESS ]

A
C == D
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MX28F1 000

ERASE VERIFY FLOW

START

APPLY
VPP = VPPH

ADDRESS =
FIRST ADDRESS OF ERASED BLOCKS
OR LAST VERIFY FAILED ADDRESS

|

1

WRITE ERASE VERIFY COMMAND

WAIT 6 ps

I INCREMENT ADDRESS 1

1

NO

LAST ADDRESS ?

YES

ERASE VERIFY
COMPLETE

GO TO ERASE FLOW
AGAIN OR ABORT

38-23




™
MACRONIX, INC.

MX28F1000

FAST HIGH-RELIABILITY BLOCK ERASE TIMING WAVEFORM

Indicated block data (16 Kbyte) are erased. Control
verification and additional erasure externally according to
fast high-reliability block erase flowchart. Successful

erasure completion can be verified by DATA polling.
Device outputs 0 during erasure and 1 after erasure on
Q7. QO to Q6 are in high impedancs.

Setup block erase/erase command
-

Block srase & DATA polling - Erase Verity
-

Vee 5V

12v
Vpp -
ov ‘/rvPs tvPH

EEX X

Block
sddress ¥

s uy

— 1AH1
VAV AVAVAV
LIEWC  _  tBALC IBAL ET AS1AH  ICESY
LAV VAVAVA VY YA
ICEPH? _ICESC_ « -
tOES 1CEP CEPICEPH2 1CES 1GEP tCESC
e ar e Ty - <« « ICES
e/ N /NS
M gn gl e opa OF DS N WA pF

7 oy

RS C=h S EE) =

Command #60 Command #60

Wyﬁ“f:\ Command m>_<<<< Ju v >>>>_

Command ¥AQ
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MX28F1 000

VPP HIGH READ TIMING WAVEFORM

Vee 5V
12v .
Vpp , \
ov - ey
A0 - A16 Address valid
- - cwe . -
WE ‘
N\ /- oo -
CE
tOES +
- (CEP_ JCEPHI 1CE -
OE 7 \
- 0S5 P = IDH = - 10€ tOH = -

coa
00K

Q( Data out valid ) )L )—

VPP LOW ID CODE READ TIMING WAVEFORM

ViD
ag VIH
VIL
A0 /
Al-A8 — -
A10-A16 i1 { gl |
- WCC & -
_ VM uee =
WE
CE —\ ——
- [ 4
i tCE
OE —\
[ - -
T . 1OF
- ' '
0 T o
Qo - Q7 —<<< Manutacturer code k Device code })}——
C2H 11H
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MX. Mmx28F1000

VPP HIGH ID CODE READ TIMING WAVEFORM

Vee 5V

12v
Vpp
ov

- tVPH ’\—
- X Addrass Valid 0 or 1 X [

A1-A16 l | I r

- ad ICWC -

WE
_\_/ - tACC -

. - o tCESC

NV [ o
4IOES . - IOES>

L™ tCEP» ‘tCEPHL - \CE -

© 7\ T

AD

<O
“* 10S ™ <= ©DH > - OF = 1OH - =
CECTTRSYS,
90H C2Hor 11H
RESET TIMING WAVEFORM
Vee 5V
12v
Vep / wps \
ov - > .
AO - A16
WE - tCWC -

lCEP» JCEPHL - ICEP>

OE ;‘
DS O
DS tOH

- .

—< Command in >———< Command in >

FFH FFH

Qo-Q7
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TOGGLE BIT, DATA POLLING TIMING WAVEFORM

Toggle bit appears in Q6, when program/erase is
opperating. DATA polling appears in Q7 during pro-
gramming or erase.

—  HIGH
WE

Vpp 12V
CE —
TOGGLE BIT
Q6 HIGH-Z
DURING P/E h

DATA POLLING

HIGH-Z — —
DURING P
Q7 %/—\_—
DURING E
. DATA POLLING
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MACRONIX,

ORDERING INFORMATION
PLASTIC PACKAGE

PART NO. ACCESS TIME OPERATING CURRENT  STANDBY CURRENT PACKAGE
(ns) MAX.(mA) MAX.(uA)
MX28F1000MC-90 9% s0 100  32PinSOP
MX28F1000MC-12 120 50 100 32 Pin SOP
 MX28F1000MC-15 150 50 7 10 32 Pin SOP
 MX28F1000PC-90 90 50 100 ) 32 Pin DIP
MX28F1000PC-12 120 - 50 100 32 Pin DIP
MX28F1000PC-15 150 50 100 32 Pin DIP
 Mx28F10000C-90 9% 50 100 32 Pin PLCC
MX28F1000QC-12 120 50 100 32 Pin PLCC
MX28F1000QC-15 150 50 ’ 100 32 Pin PLCC
MX28F1000TC-90 90 50 100 32 Pin TSOP
o S o ) (Normal Type)
MX28F1000TC-12 120 50 100 32 Pin TSOP
7 ) B (Normal Type)
MX28F1000TC-15 150 50 100 32 Pin TSOP
S o ] ) (Normal Type)
MX28F1000RC-90 90 50 100 32 Pin TSOP

L o , , (Reverse Type)
MX28F1000RC-12 120 50 100 32 Pin TSOP
o ~ (Reverse Type)

MX28F1000RC-15 150 50 100 32 Pin TSOP
(Reverse Type)
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