IS28F010

131,072 x 8 CMOS FLASH MEMORY

FEATURES

¢ High performance
- 45 ns maximum access time
* CMOS low power consumption
- 30 mA maximum active current
- 100 pA maximum standby current
* Compatible with JEDEC-standard byte-wide
pinouts
- 32-pin DIP
- 32-pin PLCC
- 32-pin TSOP
* Program and erase voltage 12.0V + 5%
* Maximum latch-up immunity through
advanced CMOS process

PRELIMINARY
NOVEMBER 1995

Flash electrical bulk chip-erase

- One second typical chip-erase
Fast-pulse programming algorithm

- 10 ps (typical) byte-program

- 2 second chip-program

Command register architecture for micro-
processor/microcontroller compatible write
interface

On-chip address and data latches for
programming

Advanced CMOS flash memory technology
- Low cost single transistor memory cell
Integrated program/erase stop timer
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IS28F010

DESCRIPTION

The ISST1S28F010 is a high-speed, low-power,131,072 bytes
of eight bits CMOS flash memory. It offers the most cost-
effective and reliable alternative for read/write nonvolatile
RAM.

The 1S28F010 adds electrical chip-erasure and reprogram-
ming to familiar EPROM technology. Memory contents can be
rewritten in a test socket; PROM-programmer socket; on-
board during subassembly test; in-system during final test; PIN CONFIGURATIONS
and in-system after-sale. Finally, the highest degree of latch- 32-Pin DIP

up protection is achieved with special layout. Prevention of

latch-up is provided for stresses up to 100 mA on address and -,
data pins from -1V to Vecc + 1V. ver 1 @ 32[] vee
The 1S28F010 is available in 32-pin DIP, 32-lead PLCC and A16 [ 2 31[d WE (W)
32-pin TSOP packages. Pin assignments conform to JEDEC a5 [ 3 0[] Ne
standards for byte-wide EPROMS.
A12 [ 4 29[] A14
PIN DESCRIPTIONS A7 [ 280 A13
A6 []6 270 A8
AD-A16 Address Inputs a5 7 2] A9
DQO-DQ7 Data Inputs/Outputs a4 []s 2511 A11
CE (E) Chip Enable Input A3 [y 24[] OE @)
OE (G) Output Enable Input A2 [] 10 23[] Ato
WE (W) Write Enable Input At Qo 2211 CE ()
A0 [] 12 21{] a7
Vce Power Supply Voltage Do [ 13 20[] pas
Vep " Program Supply Voltage DQ1 [ 14 19[] DQs
GND Ground DQ2 [] 15 18}] DQ4
NC No Internal Connection GND ] 16 17{J DQ3
32-Pin PLCC 32-Pin TSOP
B3
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A7[0s 'Y 29[] A14 ae O3 »B cE@
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A4 []5 28] DQs6
Asl}7 271 A8 =L 27%DQ5
A4[]s 26 [1 A9 WE(W) E 7 26 = DQ4
VCC 8 25 DQ3
As[]o 251 A1 vep 9 2411 GND
Az 1o 24{1 OE (G) A6 [] 10 23] DQ2
‘ A15 [ 11 2] pat
At 28 A0 A2 O 12 217 pao
Ao[]12 22[1 CE () A7 E 13 20 % AQ
A6 [] 14 19[7] A1
paof13 21 [0 pQ7
14 15 16 17 18 19 20 A5 115 1811 A2
T A4 []16 17 A3
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IS28F010

PRINCIPLES OF OPERATION

ISSTs 1S28F010 flash memory augments EPROM func-
tionality with in-circuit electrical erasure and reprogram-
ming. The IS28F010 uses a command register to manage
this functionality. The command register allows for 100%
TTL-level control inputs and fixed power supply levels
during erasure and programming, while maintaining maxi-
mum EPROM compatibility.

With the Vpp pin at a low voltage level, the 1IS28F010is a
read-only memory. With the Vpp pin ata high voltage level,
the same EPROM read, standby, and output disable
operations are available along with enabling erasure and
programming operations. All functions associated with
altering memory contents—ISSI identifier, erase, erase
verify, program, and program verify—are accessed via the
command register.

Command codes are written to the command register
using standard microprocessor write timings. Contents of
the command register serve as instruction codes input to
an internal state-machine which controls the erase and
programming circuitry. With the appropriate command
codes written to the register, standard microprocessor
read timings may output array data, access the 1SS!
identifier codes, or output data for erase and program
verification. Table 2 defines these 1528F010 command
codes.

Integrated Stop Timer

The program or erase time durations are normally termi-
nated by associated program or erase verify commands.
An integrated stop timer provides simplified timing control
over these operations; thus eliminating the need for maxi-
mum program/erase timing specifications. Programming
and erase pulse durations are minimums only. When the
stop timer terminates a program or erase operation, the
device enters an inactive state and remains inactive until
receiving the appropriate verify or reset command.

Write Protection

The 1528F010 uses a two-step program/erase write se-
guence to the command register which provides additional
software write protections. The command register is active
when Vep = VerH, When Vrp = VpPprL, the contents of the
command register default to 00H, making the IS28F010 a
read-only memory. The system designer may choose to
make the Vrp power-supply switchable or to “hardwire”
Ver = VrrH. The IS28F010 is designed to accommodate
either design practice, and to encourage optimization of
the processor-memory interface,

BUS OPERATIONS

Read

The 1S28F010 has CE and OE control signals. To obtain
data at the output, both control signals must be brought
low. Chip-Enable (CE) is used for device selection. Qut-
put-Enable (GE) is used to gate data from the output pins,
when the device is selected by asserting CE LOW. Refer
to AC read timing waveforms.

When Vrp is HIGH (Vrrr), the read operation can be used
to access array data, to output the ISSI identifier codes,
and to access data for program/erase verification. When
Ve is LOW (VrrL), the read operation can only access the
array data.

Output Disable
When OE is HIGH (ViH), device output is disabled. The
output pins are placed in a high-impedance state.

Standby

When CE is HIGH, the standby operation disables most of
the 1S28F010’s circuitry and substantially reduces device
power consumption. The outputs are placed in a high-
impedance state, independent of the Output Enable sig-
nal. If the IS28F010 is deselected during erasure, pro-
gramming, or program/erase verification, the device draws
active current until the operation is terminated.

ISSI Identifier Operation

The ISSI identifier operation outputs the manufacturer
code (D5H) and device code (B4H). Programming equip-
ment automatically matches the device with its proper
erase and programming algorithms.

With CE and OE both LOW, raising A9 to high voltage, Vio
activates the 1SSI identifier operation. Data read from
locations 0000H and 0001H represent the manufacturer's
code and the device code, respectively.

The manufacturer code and device code can also be read
viathe command register, for example, whenthe [S28F010
is erased and reprogrammed in the target system. Follow-
ing a write of 90H to the command register, a read from
address location 0000H outputs the manufacturer code
(D5H). A read from address 0001H outputs the device
code (B4H).

Integrated Silicon Solution, Inc.
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IS28F010

TABLE 1. IS28F010 BUS OPERATIONS(1

Pins
Operation Vep?  AD A9 CE OE WE DQo-DQ7
READ-ONLY Read VepL A0 A9 L L H Data Out
Output Disable VPPL X X L H H Tri-State
Standby VepL X X H X X Tri-State
1SSI Identifier Mfr VrPL L Vip® L L H Data = D5H
ISSI Identifier Device VeeL H Vip® L L H Data=B4H
READ/WRITE Read VPPH AOQ A9 L L H Data Out®
Output Disable VerH X X L H H Tri-State
Standby VePH X X H X X Tri-State
Write VerH  AC Ag L H L Data In®
NOTES:
1. L=V, H=Vi; X =Don't Care
2. Refer to DC Characteristics.
3. Viois the 1SS identifier high voltage. Refer to DC Characteristics.
4. Read operations with Ver=VrrH may access array data or the 1SS! identifier codes.
5. Refer to Table 2 for valid Data-In during a write operation.
TABLE 2. COMMAND DEFINITIONS
Bus
Cycles FirstBusCycle SecondBusCycle
Command Req’'d Operation™ Address® Data®?® Operation®” Address® Data®
Read Memory 1 Write X 00H
Read I1SSI Identifier 3 Write X 90H Read 0000H b5H
Codes (Mri/Dev) 0001H B4H
Setup Erase/Erase 2 Write X 20H Write X 20H
Erase Verify 2 Write EA AOH Read X EVD
Setup Program/Program 2 Write X 40H Write PA PD
Program Verify 2 Write X COH Read X PVD
Reset 2 Write X FFH Write X FFH
NOTES:
1. Bus operations are defined in Table 1.
2. EA = Address of memory location to be read during erase verify.
PA = Address of memory location to be programmed.
EVD = Data read from location EA during erase verify.
PD = Data to be programmed at location PA. Data is latched on the rising edge of Write-Enable.
PVD = Data read from location PA during program verify. PA is latched on the program command.
6-4 Integrated Silicon Solution, Inc.
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Write

With the Ve pin at high voitage level, device erasure and
programming are accomplished via the command regis-
ter. The contents of the command register serve as input
to the internal state-machine. The state-machine outputs
dictate the function of the device.

The command register itself does not occupy an addres-
sable memory location. The registeris a latch used to store
the command, along with address and data information
needed to execute the command.

The command register is written by bringing WE low (ViL),
while CE is LOW. Addresses are latched on the falling
edge of WE, while data is latched on the rising edge of the
WE pulse. Standard microprocessor write timings are
used. Refer to AC Write Characteristics and the Erase/
Programming Waveforms for specific timing parameters.

COMMAND DEFINITIONS

Withthe Vrr pin at the low voltage level, the contents of the
command register default to 00H, enabling read-only
operations. With the Vrp pin at high voltage, enabling read/
write operations. Device operations are selected by writing
specific command codes to the command register. Table
2 defines these IS28F010 register commands.

Read Command (00H)

While Ver = VprH, for erasure and programming, memory
contents can be accessed via the read command. The
read operation is initiated by writing O0OH to the command
register. Standard microprocessor read cycles retrieve
array data. The device remains enabled for reads until the
command register contents are altered.

Upon Ver power-up, the default value of the command
register is 00H. This default value ensures that no spuricus
alteration of memory contents occurs during the Vep power
transition. Where the Vpp supply is hard-wired to the
IS28F010, the device powers-up and remains enabled for
reads until the command-register content is changed.
Refer to the AC Read Characteristics and Waveforms for
specific timing parameters.

ISSI Identifier Command (90H)

The ISSl's IS28F010 flash memory is intended for use in
applications where the local CPU alters memory contents.
As such, manufacturer- and device-codes must be acces-
sible while the device resides in the target system.

The I1S28F010 contains an ISS| identifier operation to
supplementtraditional PROM-programming methods. This
operation is initiated by writing 90H to the command
register. Following the command write, a read cycle from
address 0000H retrieves the manufacturer code of DSH. A
read cycle from address 0001H returns the device code of
B4H. To terminate the operation, it is necessary to write
another valid command to the register.

Setup Erase/Erase Commands (20H/20H)

Two-step sequence of setup erase operation followed by
erase cperation ensures that the memory content is not
accidentally erased.

The setup erase operation is initiated by writing 20H to the
command register. Setup erase is a command-only opera-
tion that instructs the device for electrical erasure of all
bytes in the array.

The erase command (20H) must again be written to the
register. The erase command erases all bytes of the array
in parallel. The erase operation begins with the rising edge
of the Write-Enable pulse and terminates with the rising
edge of the next Write-Enable pulse (i.e., Erase-Verify
Command). Referto AC Erase Characteristics and Wave-
forms for specific timing parameters.

Erase-Verify Command (AOH)

After sach erase operation, all bytes must be verified. The
erase-verify operation is initiated by writing AOH into the
command register prior to each byte verification to latch its
address. The address for the byte to be verified must be
ready asitislatched onthefalling edge of the Write-Enable
control signal. The 1S28F010 applies an internally-gener-
ated margin voltage to the addressed byte. Reading FFH
from the addressed byte indicates that all bits in the byte
are erased. The process continues for each byte in the
array until a byte does not return data FFH , or the last
address is accessed.

In the case where the data read is not FFH, user should
perform another erase operation. (Refer to Setup Erase/
Erase). Then verification can resume 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 he
reprogrammed. At this point, the verify operation is termi-
nated by writing a valid command (e.g., Program Setup)} to
the command register. Figure 2, the Fast-Erase algorithm,
illustrates how commands and bus operations are com-
bined to perform electrical erasure of the IS28F010. Refer
to AC Erase Characteristics and Waveforms for specific
timing parameters.

intearated Silicon Solution. Inc.
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Setup Program/Program Commands (40H)

The setup program operation is initiated by writing 40H to
the command register. It is a command-only operation that
instructs the device for byte programming. Once the setup
program operation is performed, the next Write-Enable
pulse causes a transition to an active programming opera-
tion. Addresses are internally latched on the falling edge of
the Write-Enable pulse. Data is internally latched on the
rising edge of Write-Enable pulse. The rising edge of
Write-Enable alsobegins the programming operation. The
[S28F010 is programmed on a byte-by-byte basis. Byte
programming may occur sequentially or at random. The
programming operation terminates with the next rising
edge of Write-Enable that used to write the program-verify
command. Refer to AC Programming Characteristics and
Waveforms for specific timing parameters.

Program-Verify Command (COH)
Following each programming operation, the byte just pro-
grammed must be verified.

The program-verify operation is initiated by writing COH to
the command register. It instructs the device for verifica-
tion ofthe byte last programmed. The IS28F010 applies an
internally-generated margin voltage to the byte. A stan-
dard microprocessor read cycle may output the data. If a
comparison between the programmed byte and the true
datais successful, programming then proceeds to the next
desired byte location. Figure 1, the IS28F010 Fast-Pulse
programming algorithm, illustrates how commands are
combined with bus operations to perform byte program-
ming. Referto AC Programming Characteristics and Wave-
forms for specific timing parameters.

Reset Command (FFH)

A reset command is used to abort the erase- or program-
command sequences safely . Following either setup erase
operation or.setup program operation with two consecu-
tive writes of FFH will safely abort the operation. Memory
contents will notbe altered. A valid command must then be
written to place the device in the desired state.

ERASE/PROGRAM CYCLING

The IS28F010 is programmed and erased using 1SSI’s
Fast-Pulse programming and Fast-Erase algorithms. The
algorithmic approach uses a series of pulses, along with
byte verification, to completely and reliably erase and
program the device.

FAST-PULSE PROGRAMMING ALGORITHM

The 1S28F010 is programmed on a byte-by-byte basis
using 10 ps duration programming pulse in accordance
with 1SSI’'s Fast-Pulse programming algorithm. Each op-
eration is followed by a byte verification to determine when
the addressed byte has been successfully programmed.
The algorithm allows for up to 25 programming operations
per byte, although most bytes verify on the first or second
operation. The entire sequence of programming and byte
verification is performed with Vee at high voltage. Figure 1
illustrates the Fast-Pulse Programming algorithm.

FAST-ERASE ALGORITHM

The erase operation erases all bytes of the array in
parallel. The entire device is butk erased using 10 ms
duration erase pulse in accordance with ISSI's Fast-Erase
algorithm. The Fast-Erase algorithm yields fast and reli-
able electrical erasure of memory contents. The algorithm
employs a Fowler-Nordheim tunneling to simultaneously
remove charge from all bits in the array.

Erasure begins with a read of memory contents. The
IS28F010 is erased when shipped from the factory. Read-
ing FFH data from the device would immediately be
followed by device programming.

Fordevices being erased and reprogrammed, uniform and
reliabie erasure is ensured by first programming all bits in
the device to their charged state (Data=00H). This is
accomplished, using the Fast-Pulse Programming algo-
rithm, in approximately two seconds.

Erase execution then continues with aninitial erase opera-
tion. Erase verification (Data=FFH) begins at address
0000H and continues through the array to the lastaddress,
or until data other than FFH is encountered. With each
erase operation, an increasing number of bytes verify to
the erased state. Erase efficiency may be improved by
storing the address of the last byte verified in a register.
Following the next erase operation, verification starts at
that stored address location. Erasure typically occurs in
one second. Figure 2 illustrates the Fast-Erase algorithm.

B 9004404 0u0029) 0L WA

Downloaded from Elcodis.com electronic components distributor

Integrated Silicon Solution, Inc.

PRELIMINARY DATA Rev. F 1195
FL81995SEC10



http://elcodis.com/parts/6445536/IS28F010-120PL.html

1IS28F010

FIGURE 1. IS28F010 FAST-PULSE PROGRAMMING ALGORITHM()

Start
Programming!!)

Vﬁiﬂé, Standby Wait for Verp Ramp to VrpH2)

r—»

PLSCNT =0 Initialize Pulse Count

Bus
Operation Command Comments

-«
p\:\égﬁrieéuﬁd Write lEe-:‘t-up Data = 40H
* rogram
wgﬁ; (rg%é;m Write Program Valid Address/Data
T v Standby Duration of Program
+ Operation (twHwH1)
W\rli:zerif';rg?rr\?im Write Program Data = COH; Stops Program
* Verify® Operation®®
Tméeu?m Standby twHGL
Read Dat . .
from Device Read Read Byte to Verify Programming

No

g Standby Compare Data Output to Data
=257 Expected

Yes

Ingrement
Address

A V\grigm g Write Read Data = O0H, Resets the
= Register for Read Operations
Y Y
\mil(%) VAPPPT(%; Standby Wait for Vee Ramp to Vee

Programming Program
Complete Error

NOTES:
1. The algorithm MUST BE FOLLOWED to ensure proper and reliable operation of the device.
See DC Characteristics for the value of VepH and VepL.

2.

3. Program Verify is only performed after byte programming. A final read/compare may be performed (optional) after the register is
written with the Read command.

4. Refer to principles of operation.

Integrated Silicon Solution, Inc. 6-7
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FIGURE 2. IS28F010 FAST-ERASE ALGORITHM()

Bus
Operation Command Comments

Entire Memory Must = 00H
Before Erasure

Use Fast-Pulse
Program Al Programming Algorithm

2yes o 01 Initialize Pulse Count
~
o, Standby Wait for Ver Ramp to VepH®@

ADDR = 00H
PLSCNT =0

Initialize Addresses and

PEm—
Pulse Count
Soton e Write Eetup Data = 20H
+ rase
Erase &md Write Erase Data = 20H
Time Out Standby Duration of Erase Operation (twHwHz)
¥
Vary g Write Erasel) Addr = Byte to Verify;
¥ Verify Data = AQOH; Stops Erase Operation®
'rirgeu Em Standby twHGL
(head Data Read Read Byte to Verify Erasure

No inc
@ Zﬁ?@ Standby Compare Output to FFH
Increment Pulse Count

Yes Yes
Last
i 1
e
Yes
Roniie Write Read Data = O0H, Resets the
+ v Register for Read Operations
ooy, ool Standby Wait for Ver Ramp to VepL@

Erasure Erase
Complete Error

NOTES:
1. The algorithm MUST BE FOLLOWED to ensure proper and reliable operation of the device.
2. See DC Characteristics for the value of VrrH and VrpL,
3. Program Verify is only performed after byte programming. A final read/compare may be performed (optional) after the register is
written with the Read command.
4. Refer to principles of operation.
5. Erase Verify is performed only after chip-erasure. A final read/compare may be performed (optional) after the register is written with
the Read command.
6-8 Integrated Silicon Solution, Inc.
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ABSOLUTE MAXIMUM RATINGS™

Symbol Parameter Value Unit
VTERM Termina!l Voltage with Respect to GND
During Erase/Program —2.0to +14.0% \%
Any Pin -2.0t0 +7.0® \
A9 —2.0to +13.5@3 \Y
Vee -2.0to +7.0@ Vv
Ta Commercial Operating Temperature
During Read 0 to +70 °C
During Read 0to+70 °C
Ta Industrial Operating Temperature
During Read —40 to +85 °C
During Read —40 to +85 °C
Taias Temperature Under Bias -101t0 +80 °C
Tsta Storage Temperature —65to +125 °C
Notes:

1. Stress greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at these or any other conditions above
those indicated in the operational sections of this specification is not implied. Exposure to absotute maximum
rating conditions for extended periods may affect reliability.

2. Minimum DC input voltage is —0.5V. During transitions, inputs may undershoot to —2.0V for periods less than 10
ns. Maximum DC voitage on output pins is Vec + 0.5V, which may overshoot to Vec + 2.0V for periods less than
10 ns.

3. Maximum DC voltage on A9 or Vrp may overshoot to +14.0V for periods less than 20 ns.

4. No more than one output shorted at one time. Duration of short shall not exceed one second.

OPERATING RANGE

Range Ambient Temperature Vce

Commercial 0°C to +70°C 5V + 10%

Industrial™ —40°C to +85°C 5V £ 10%
Note:

1. Operating ranges define those limits between which the
functionally of the device is guaranteed.

CAPACITANCE
Symbol Parameter Conditions Typ. Max. Unit
Cin Input Capacitance ViN =0V — 6 pF
Cout Qutput Capacitance Vout = 0V — 12 pF
integrated Silicon Solution, Inc. 6-9
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DC CHARACTERISTICS: TTL/NMOS COMPATIBLE

Symbol  Parameter Description Test Conditions Min. Max. Unit
Iui Input Leakage Current Vee = Vee Max., — +1.0 A
ViN = Vcc or GND
ILo Output Leakage Current Vec = Voo Max., —_ +10 A
Vour = Vce or GND
Iccs Vcc Standby Current Vece = Vee Max., CE = ViH — 1.0 mA
lect Vce Active Read Current Vce = Vee Max., CE = Vi, OE = ViH — 30 mA
lout = 0 mA, at 6 MHz
lcc2 Vce Programming Current CE=VL Com. — 10 mA
Programming in Process Ind. — 30
loc3 Vee Erase Current CE = Vi Com. — 15 mA
Erasure in Process Ind. - 30
icc4 Vce Program Verify Current VPP = VPPH Com. —_ 15 mA
Program Verify in Process Ina. — 30
Iccs Vce Erase Verify Current VPP = VPPH Com. — 15 mA
Erase Verify in Process Ind. — 30
IpPs Vep Leakage Current Ver £ Vee — +10 pA
IPP1 Vpp Read Current Vpr > Vce —_ 200 nA
Vrp £ Vece — +10
tpP2 Vep Programming Current VPP = VPPH — 30 mA
Programming in Process
IPP3 Vrp Erase Current Vep = VPPH — 30 mA
Erasure in Process
IppPa Vpre Program Verify Current VPP = VPPH — 5.0 mA
Program Verify in Process
IPP5 Vrp Erase Verify Current Vpp = VPPH — 5.0 mA
Erase Verify in Process
ViL Input Low Voltage ~05 0.8 \'
ViIH Input High Voltage 20 Vee+05 V
VoL Output Low Voltage loL = 5.8 mA, Vcc = Vec Min. — 0.45 vV
VoH1 Output High Voltage lonH = 2.5 mA, Vcc = Vee Min. 2.4 —_ Vv
Vip AQ Auto Select Voltage A9 =V 11.5 13.0 \Y
o A9 Auto Select Current A9 = Vip Max., Vec = Vec Max. — 200 LA
VPPL Vep During Read-Only Note: Erase/Program are 00 Vcc+20 V
Operations inhibited when Vrp = VepL
VPPH Vep During Read/Write 11.4 12.6 Vv
Operations
Viko Vcc Erase/Write Lock Voltage 25 —_ Vv
6-10 ' Integrated Silicon Solution, inc.
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DC CHARACTERISTICS: CMOS COMPATIBLE

Symbot!  Parameter Description Test Conditions Min. Max. Unit

] Input Leakage Current Vee = Vee Max., — +1.0 LA
ViN = Ve or GND

Lo Output Leakage Current Vee = Vee Max., — +10 MA
Vout = Vce or GND

lccs Vee Standby Current Vec = Vec Max., CE = Vec £ 0.2V — 100 uA

lcc Voc Active Read Current Vce = Vec Max., CE = ViL, OF = ViH — 30 mA
lout =0 mA, at 6 MHz

Icc2 Voe Programming Current CE=Vi Com. — 15 mA
Programming in Process Ind. — 30

lccs Vece Erase Current CE=Vi Com, — 15 mA
Erasure in Process Ind. — 30

lcca Vcc Program Verify Current VPP = VPPH Com. — 15 mA
Program Verify in Process ind. — 30

lccs Vce Erase Verify Current Vep = VPPH Com. — 15 mA
Erase Verify in Process ind. — 30

IpPs Vep Leakage Current Vpp < Vo — +10 LA

IPP1 Vpp Read Current Vep > Vece — 200 pA

IpP2 Vep Programming Current Vpp = VPPH — 30 mA
Programming in Process

IPP3 Vrp Erase Current Vep = VPPH — 30 mA
Erasure in Process

IPP4 Vrp Program Verify Current Vpp = VPPH — 5.0 mA
Program Verify in Process

IpP5 Vrp Erase Verify Current Vrp = VPPH — 5.0 mA
Erase Verify in Process

Vie Input Low Voltage -05 0.8 \

ViH Input High Voltage 0.7Vcc Vec+05  V

VoL Output Low Voltage joL = 5.8 mA, Vcc = Vee Min. — 0.45 \

VOH1 Output High Voitage loH = —-2.5 mA, Vce = Ve Min, 0.85xVee — \Y

VoH1 Output High Voitage loH = —100 pA, Vce = Ve Min. Vece-04 — \

Vip A9 Auto Select Voltage A9 = Vio 11.5 13.0 \%

o A9 Auto Select Current A9 = Vio Max., Vcc = Ve Max. — 200 LA

VPPL Vprp During Read-Only Note: Erase/Program are 00 Vcc+20 V

Operations inhibited when Vee = VPpPL
VPPH Vpp During Read/Write 11.4 12.6 v
Operations
VLKO Vce Erase/Write Lock Voltage 25 — v
Integrated Silicon Solution, Inc. 6-11
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1IS28F010

SWITCHING CHARACTERISTICS: READ ONLY (Over Operating Range)

JEDEC  Std. -45 70 50 -120
Symbol Symbol Parameter Min. Max. Min. Max. Min. Max. Min. Max. Unit
tavav tRC Read Cycle Time 465 — 0 — 90 — 120 — ns
terav tce  Chip Enable Access Time — 45 - 70 — 90 — 120 ns
tavay tacc  Address Access Time — 45 - 70 — 90 — 120 ns
tatav toe  Output Enable Access Time — 2 — 25 — 35 — 50 ns
teLax tz Chip Enable to Output in Low Z 0 - 0 - 0 — ¢ - ns
teHaz tor  Chip Disable to Output in High Z - 2 — 28 — 25 — 30 ns
toLox toz  OQutput Enable to Outputin Low Z 0 - 0 — 0 - ¢ - ns
taHoz tor  Output Disable to Quiput in High Z — 20 — 23 — 25 — 30 ns
txax  ton  Output Hold from First of 0 - 0 - 0 - 0 — ns
Address, CE or OE Change
twHaL Write Recovery Time before Read 6 — 5 — 6 - 6 — js
Notes:
1. Output load: 1 TTL Gate and CL = 30 pF, input Rise and Fali times: < 10 ns, input pulse levels: 0to 3 V,
timing measurement reference level: Inputs: 1.5V

Cutputs: 1.5V

SWITCHING WAVEFORM: READ ONLY

Device and Qutputs Data
Power-up, Standby Address Selection Enabled  Valid Standby, Power-down
rovmess TSI saen S MEKKX
~————tavav (iRC) >

ce® /N —/ —

/ - »-tEHQZ (IDF)
(E(a) ‘ ‘\\— ----------- _// \
—— {WHGL —»
- = tGLQV (tOE) - » tGHQZ (tDF)
WEW) «— tELQV (tCE) —» L
tGLQX —m - tAXQX (tOH) = -
(toLz)
DATA(DQ)  pygnz tELOX(2) el ___| oz
(L output vaiid D

~«—— tAvav (tacc) —»

5.0V
VGG / \
ov

6-12 Integrated Silicon Solution, Inc.
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IS28F010

SWITCHING CHARACTERISTICS: WRITE/ERASE PROGRAM (Over Operating Range)

JEDEC  Std. -45 -70 -90 -120

Symbol Symbol Parameter Min. Max. Min. Max. Min. Max. Min. Max. Unit
tavay twe  Write Cycle Time 45 - 70 - 80 - 120 — ns
tavwL tas Addess Setup Time 0 - 0 - 0 - 0 - ns
twiax taH Address Hold Time B — 04 — 0 — 50 — ns
tovwH tos Data Setup Time B — 0 — 0 — 5 — ns
tWHDX toH Data Hold Time 10 — 10 — 10 — 10 — ns
twHGL twr  Write Recovery Time before Read g — B - 6 — 6§ — us
taHwL Read Recovery Time before Write 0 - c - 0 — 0 — T
tELWL tcs Chip Enable Setup Time before Write 20 — 20 — 20 — 20 — ns
WHEH tch  Chip Enable Hold Time 0 — 0 — 0 — 0 — ns
tWLwH twe Write Pulse Width a4 - 40 - 40 — 60 — ns
twiwe  twen  Write Pulse Width HIGH 20 - 2 - 20 — 20 — ns
twWHWH1 Duration of Programming Operation® 10 — 10 — 10 — 0 — us

twHWH2 Duration of Erase Operation® 85 — 95 — 95 — 95 — ms
tvPEL Ver  Setup Time to Chip Enable LOW 10 — 10 — 1.0 — 1.0 — us

Notes:

1. Read timing characteristics during read/write operations are the same as during read-only operations. Refer to AC Characteristics

for Read Only operations.
2. The integrated stop timer terminates the programming/erase operations, thereby eliminating the need for a maximum specification.
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IS28F010 ISS1

SWITCHING WAVEFORM: ERASE OPERATION

Power-up Setup Erase Erase Erase-Verify Erase Standby/
& Standby Command Command Erasing Command Verification Power-down
aooress XXX 00\
a— tAVAV{IWC) — -1t > tavav(twe -t
(twc) tAVAV(tWCM)VWL(tAS) <_( ) tavav(trc)
—] |4— twLAX(1AH)
- tELWL e-tEL Wi | EELWL
— (tcs) (tcs) (tcs)
CE(E) / [ \
‘ — |-<— i — |<— | |
tWHEH tWHEH IWHEH
{tcH) (icH) (tcH)
&® S TF ' T/ L
tGHWL —->| - - » — tWHWH?2 | — tWHGL — “—» IGHQZ
TWHWL (toF)
{twpH)
wew / N f \
tWLWH tWLWH t(%%;/ tﬁéﬂi‘
IWLWH —» —» - — . B | P
tDVWH — tDVWH =i | tDVWH =  |4a %%&x -
HIGH Z DATA IN DATAIN Y DATAIN VALID Y
DATA(DQ) / =20H =204 =ACH DATA OUT ii—L
- o I
e S e O o
tWHDX twHDX TWHDX - - tELQV
(tcE)
5.0V
Veo \
ov tVPEL |
VPPH y
Vep \
VPPL
6-14 Integrated Silicon Solution, Inc.
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IS28F010

SWITCHING WAVEFORM: PROGRAMMING OPERATION

Power-up  Setup Program Program Command Program-Verity Program Standby/
& Standby Command Latch Address & Data Programming  Command Verification Power-down
et— LAVAV(IWC) —ot » tavav(twe -
{twe) ‘AVAV(tWtC) ' 4_( ) tAVAV(tRC)
AW (tAS) — ‘4— twLAX(tAH)
- tELWL A (SR —-| . ELWL
_ (tcs) (tcs) (tcs)
CE(E) / [ \
' — lq— ' — |<— — |-
tWHEH tWHEH IWHEH
{tcH) (tcH) (tch)
— -} L
OE(G) / 1’ \ / \
tGHWL—M - - »- ~— tWHWH1 | — tWHGL —™ — {GHQZ
tWHWL {toF)
{twPH)
wew) /[ ! f \
(W) tGLAY  |iavax
tWLWH tWLWH J10E) 1(on)
TWLWH —| — — - — ] e -—
tDVWH —| |— 1OVWH - |- DVWH ! [& ttGLQX -
HIGH Z DATA IN DATAIN Y -DATA INY oLz) VALD ¥
DATA{DQ) / =20H =20H AOH \_DATAOUT
| tELOX - t—
— - — ~-— —] (tz) I -y
twHDX tWHDX tWHDX - > (%S/
5.0V
Vee / \
ov tVPEL
VPPH
ver N \_
VPPL

Integrated Silicon Solution, Inc.
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IS28F010

SWITCHING CHARACTERISTICS:
ALTERNATIVE CE-CONTROLLED WRITES" (Over Operating Range)

JEDEC  Std. -45 -70 -90 -120

Symbol Symbol Parameter Min. Max. Min. Max. Min. Max, Min. Max. Unit
tavav twe  Write Cycle Time 45 — 0 — % — 120 — ns
taveL tas Addess Setup Time 0 - 0 - ¢ — 0 — ns
teLax tan  Address Hold Time » - 45 — 45 - 55 — ns
tover tos  Data Setup Time 3 — 3B — 3B — 4B — ns
teHDX tov  Data Hold Time 10 - 10 — 10 — 10 — ns
tEHGL twr  Write Recovery Time before Read 8 — 6 — B8 — 68 - it
taHEL Read Recovery Time before Write 0 — 0 - 0 — 0 - ps
weeL Write Enable Setup Time before Chip Enable 0 — 0o - 0 - e - ns
tEHWH Write Enable Hold Time 0 - 0 - 0 — ¢ - ns
tELEH twp  Write Pulse Width N — 45 — 45 - 0 — ns
tEHEL twed  Write Pulse Width HIGH 20 -— 20 — 20 — 20 — ns
tEHEH Duration of Programming Operation® 10 — 10 - 10 — 10 — us
{EHEH? Duration of Erase Qperation® 95 — 95 — 95 — 95 — ms
tvpEL Vep Setup Time to Chip Enable LOW 10 — 10 - 10 — 10 — us

Notes:

1. Chip Enable Controlled Writes: Write operations are driven by the valid combination of Chip Enable and Write Enable. in system
where Chip Enable defines the write pulse width all setup, hold and inactive Write Enable times should be measured relative to the
Chip Enable waveform.

2. The integrated stop timer terminates the programming/erase operations, thereby eliminating the need for a maximum specification.

6-16 Integrated Silicon Solution, inc.
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IS28F010

ALTERNATIVE SWITCHING WAVEFORM: PROGRAMMING OPERATION

Power-up  Setup Program Program Command Program-Verify Program Standby/
& Standby Command Latch Address & Data Programming  Command Verification Power-down
VAVAVAVAVAVAVAV, YAVAY YAVAY
ADDRESS XXXX)‘ XAXXXXXXX AAL A/ m_
--— tAVAY (tWC) —o= tavav(twe f———————
( ) tAVAV(tWC) ( ) tAVAV(tHC)
tAVEL{tAS) — - tAVEL
tAS) —» | tELAX(tAH)
1ELAX |  |-— (
twLEL - (taH) | tWLEL
WE(E) [ \ / \
' ->( - {WLEL — (-
tEHWH —| |-a— —| [« tEHWH tEHWH
cE@ [/ Pf ) ) .t L
tGHEL-—»’ - |- - 4— tEHEH1 > -— {EHGL - ~-—»— tGHQZ
{EHEL (toF)
{twPH)
. (‘(‘ y
CEW) _/ ey ey \_
tELEH tELEH {toe) Ion)
tELEH —»= - —] - — - -
tDVEH —~| | {DVEH-»| | DVEH = |4 E%% -
HIGH Z DATAINY: Z DATA INY DATAIN VALID Y
DATA(DQ) / =20H =20H =AQH \_DATA OUT ﬁ_\_
l tELQX t—=
—~ - —- - — - (tLZ) . =l t
tEHDX tEHDX tEHDX - > itEéEQ)V
5.0V
Vee \
ov ~_tvPEL
VPPH
VPP _/ \_
VPPL

Notes:

1. Alternative CE-Controlled Write Timings also apply to Erase Operations.
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1IS28F010

ORDERING INFORMATION

Commerical Range: 0°C to +70°C

Speed (ns)

Order Part No.

Package

45
45
45

IS28F010-45W
1S28F010-45PL
IS28F010-45T

600-mil Plastic DIP
PLCC - Plastic Leaded Chip Carrier
TSOP

70
70
70

|S28F010-70W
IS28F010-70PL
I828F010-70T

600-mil Plastic DIP
PLCC - Plastic L.eaded Chip Carrier
TSOP

90
90
90

I1S28F010-90W
IS28F010-90PL
IS28F010-90T

600-mil Plastic DtP
PLCC — Plastic Leaded Chip Carrier
TSOP

120
120
120

IS28F010-120W
IS28F010-120PL
1S28F010-120T

600-mil Plastic DIP
PLCC - Plastic Leaded Chip Carrier
TSOP

ORDERING INFORMATION

Industrial Range: -40°C to +85°C

Speed (ns)

Order Part No.

Package

45
45
45

1S28F010-45Wi
IS28F010-45PLI
IS28F010-45T1

600-mil Plastic DIP
PLCC — Plastic Leaded Chip Carrier
TSOP

70
70
70

1S28F010-70WI
1IS28F010-70PLI
IS28F010-70TI

600-mil Plastic DIP
PLCC - Plastic Leaded Chip Carrier
TSOP

90
90
90

1S28F010-90WI
1528F010-90PLI
1S28F010-90T!

600-mil Plastic DIP
PLCC - Plastic Leaded Chip Carrier
TSOP

120
120
120

IS28F010-120WI

1S28F010-120PLI

IS28F010-120TI

600-mil Plastic DIP
PLCC - Plastic Leaded Chip Carrier
TSOP
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