Ordering number : EN3#%5129A

CMOS LSl

[ No.  5120A /L LE28C1001M, T-90/12/15

SAN

1MEG (131072 words x 8 bits) Flash Memory

Preliminary

Overview Package Dimensions

The LE28C1001M, T series ICs are 1 MEG flash memory  unit: mm
products that feature a 131072-word x 8-bit organization 3205-SOP32
and 5 V single-voltage power supply operation, CMOS

peripheral circuits are adopted for high speed, low power [LE2BC1001M]
dissipation, and ease of use. A 128-byte page rewrite 2 202 3
function provides rapid data rewriting, NABARARAARAAARA g -
Features q
* Highly reliable 2-layer polysilicon CMOS flash = 4

EEPROM process O
* Read and write operations using a 5 V single-voltage EEELEEERRLLEAL

power supply ! i ]
* Fast access time: 90, 120, and 150 ns — 2.4 _J.QL
* Low power dissipation { Y

"— Operating current (read): 30 mA (maximum) (UIRIRIRININIER N 2R 2

— Standby current: 20 LA (maximum) jg
* Highly reliable read/write - SANYO: S0P32

— Erase/write cycles: 10%/103 cycles

~— Data retention: 10 years unit: mm
* Address and data laiches 3224-TSOP32
» Fast page rewrite operation

— 128 bytes per page [LE2BC1001T)

— Byte/page rewrite time: 5 ms (typical) 20 " —

— Chip rewrite time: 5 s (typical) rr

* Automatic rewriting using internally generated Vpp
* Rewrite complete detection function
— Toggle bit
— Data polling
* Hardware and software data protection functions
* All inputs and outputs are TTL compatible.

18.40

200

8
* Pin assignment conforms to the JEDEC byte-wide M‘S ) =
EEPROM standard.
* Package "
SOP 32-pin (525 mil) plsticpackage: LE28C1001M Lk
TSOP 32-pin (8 x 20 mm)plastic package : LE28C1001T B SANYO: TSOP32 (TYPE-I)

I These FLASH MEMORY products incorporate technology licensed Silicon Storage Technology, Inc.

SANYO Electric Co., Ltd. Semiconductor Business Headquarters
TOKYO OFFICE Tokyo Bldg., 1-10, 1 Chome, Ueno, Taito-ku, TOKYO, 110 JAPAN

D3096HA (OT)N3095HA (OT) No. 5129-1/14



LE28C1001M, T-90/12/15

Block Diagram
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Pin Functions
Symbol Pin Function
) Supply the memory address to these pins.
Al610 AD Address input The address Is latched internally during a write cycle.
These pins output data during a read cycle and input data during a write cycle.
DQ7 to DQO | Data input and cutpyt Data is latched internatly during a write cycle. s
Qutputs go to the high-impedance state when either OE or CE is high,
cE Chio enabl The device is active when CE is low.
p enable When CE is high, the devica becomes unselected and goes to the standby state.
— Makes the data output buffers aclive.
OE Output enable OE is an active low input,
— . Makes the write operation active.
WE Write enabla WE is an active-low input.
Voo Power supply Apply 5V (+10%) to this pin.
Vsg Ground
N.C. No connection These pins must be left open.
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LE28C1001M, T-90/12/15

Function Logic

- Mode CE | OE | WE A16 to AD DQ7 10 DQO
Read Vi | Ve | ViH [ Aw Dout
Write V"_ VlH V"_ AlN DIN
Standby Vi X X X High-Z
X v X X High-2/D,
Wite Inhibit * T our
X X VIH X HIgh-ZfDOUT
Software chip erase (5 V, single voltage) V)L ViH ViL | AN O
AIB10AI0=Vy, ABTo AT =V, Manufacturer cods (BF)
" Ag=12V,AD=V
Product identification VL VL Viy
A16 1o A10 =V||_, AB to A1 =V||_, Device code (07)
A9= 12 V, AO=V|H

Software Data Protection Command

Set protection Reset protection
Byte sequence
Address Data Address Data
Write 0 5555 AA 5555 AA
Write 1 2AAA 5% 2AAA 55
Write 2 5555 AD 5555 B0
Write 3 5555 AA
Write 4 ZAAA 55
Write 5 5555 20

Mote: Address format A14 to AQ (hex.)

Software Chip Erase Command (5 V single-voltage power supply)

Byte sequence Address Data
Write 0 5555 AA
Writa 1 2AAA 55
Write 2 5555 BO
Write 3 5555 AA
Write 4 2AAA 55
Wrile 5 5555 10

Note: Address format A14 to AD {nex.)

Software Product ID Entry Command and Exit Command Codes

Protect 1D Entry Protect ID Exit
Byta sequence
Addrass Data Address Data
Wirile 0 5555 AA 5555 AA
Write 1 2AAA 55 2AAA 55
Write 2 5555 80 5555 FO
Write 3 5555 AA
Write 4 2AAA 55
Write 5 5555 60

Notes on software Product ID Command Code:
1. Command Code Address format: A14 to AQ {hex.)
2. WithA14to A1 = V|L'
Manulacturer Code Is read with A = V| to be BFH
LE28C1001M, T series Device Code is read with AD = V), to be 07H
3 The device does not remain in Softwara Product 1D Mode if powered down.
4. Al6and A5 are Viyor V)

No. 51209-3/14




LE28C1001M, T-90/12/15

Device Operation

This Sanyo 1 MEG flash memory allows electrical rewrites using a 5 V single-voltage power supply. The LE28C1001M,
T series products are pin and function compatible with the industry standards for this type of product,

Read

The LE28C1001M, T series read operations are controlled by CE and OE. The host must set both pins to the low level to
acquire the output data. CE is used for chip selection. When CE is at the high level, the chip will be in the unselected
state and only draw the standby current. OE is used for output control. The output pins go to the high-impedance state
when either CE or OE is high, See the timing waveforms (Figure 1) for details.

Page Write Operation

The write operation starts when both CE and WE are at the low level, and furthermore OE is at the high level. The write
operation is executed in two stages. The first stage is a byte load cycle in which the host writes to the LE28C1001M, T
series internal page buffers. The second stage is an internal programming cycle in which the data in the page buffer is
written to the nonvolatile memory cell array. In the byte load cycle, the address is latched on the falling edge of either
CE or WE, whichever occurs later, The input data is latched on the rising edge of either CE or WE, whichever occurs
first. The internal programming cycle starts if either WE or CE remains high for 200 ps {tsLco). Once this programming
cycle starts, the operation continues until the programming operation is completely done. This operation executes within
5 ms (typical). Figures 2 and 3 show the WE and CE control write cycle timing diagrams, and Figure 10 shows the
flowchart for this operation,

In the page write operation, 128 bytes of data can be written to the LE28C1001M, T series internal page buffer before
the internal programming cycle. All the data in the page buffer is written to the memory cell array during the 5 ms
(typical) internal programming cycle. Therefore the LE28C1001M, T series page write function can rewrite all memory
cells in 5 seconds (typical). The host can perform any other activities desired, such as moving data at other locations
within the system and preparing the data required for the next page write, during the period prior to the completion of the
internal programming cycle. In a given page write operation, all the data bytes loaded into the page buffers must be for
the same page address specified by address lines A7 through A16. All data that was not explicitly loaded into the page
buffer is set to FFH.

Figure 2 shows the page write cycle timing diagram. If the host loads the second data byte into the page buffer within the
100 ps byte load cycle time (tgy ) after the first byte load cycle the LE28C1001M, T series stop in the page load cycle
thus allowing data to be loaded continuously. The page load cycle terminates if additional data is not loaded into the
internal page buffer within 200 ps (tg; co) after the previous byte load cycle, as in the case where WE does not switch
from high to low after the last WE rising edge. The data in the page buffer can be rewritten in the next byte load cycle.
The page load period can continue indefinitely as long as the host continues to load data into the device within the
100 ps byte load cycle. The page that is loaded is determined by the page address of the last byte loaded.

Detecting the Write Operation State

The LE28C1001M, T series products provide two functions for detecting the completion of the write cycle. These
functions are used to optimize the system write cycle time. These functions are based on detecting the states of the Data
polling bit (DQ7) and the toggle bit (DQ6).

Data Polling (DQ7)

The LE28C1001M, T series products output to DQ7 the inverse of the Jast data loaded during the page and byte load
cycles when the internal programming cycle is in progress. The last data loaded can be read from DQ7 when the internal
programming cycle completes. Figure 4 shows the Data polling cycle timing diagram and Figure 11 shows the flowchart
for this operation.

Toggle Bit (DQ8)

Data values of 0 and 1 are output alternately for DQ6, that is DQ6 is toggled between 0 and 1, during the internal
programming cycle. When the internal programming cycle completes this toggling is stopped and the device becomes
ready to execute the next operation. Figure 5 shows the toggle bit timing diagram and Figure 11 shows the flowchart for
this operation.

No. 5129-4/14
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Data Protection
Hardware Data Protection

Noise and glitch protection: The LE28C1001M, T series do not execute write operations for WE or OE pulses that are 15
ns or shorter.

Power (V) on and culoff detection: The programming operation is disabled when Ve is 2.5V or lower.

Write inhibit mode: Writing is disabled when OE is low and either CE is high or WE is high. Use this function to prevent
writes from occurring when the power is being turned on or off.

Software Data Protection

The LE28C1001M, T series implement the optional software data protection function recognized by JEDEC. This
function requires a 3-byte load operation to be performed before a write operation data load. The 3-byte load sequence
starts a page load cycle without activating any write operation. Thus this is an optimal protection scheme for unintended
write cycles triggered by noise associated with powering the chip on or off. Note that the LE28C1001M, T series are
shipped with the software data protection function disabled.

The software data protection circuit is activated by executing a 3-byte byte load cycle in advance of the data sequence in
the page load cycle. (See Figure 6.) This causes the device to automatically enter data protection mode. After this, write
operations require a 3-byte byte load cycle to be executed in advance. A 6-byte write sequence is required to switch the
device out of this protection mode. Figure 7 shows the timing diagram. If a write operation is attempted in software
protection mode, all device functions are disabled for 200 ps. Figure 12 shows the flowchart for this operation.

Chip Erase

The LE28C1001M, T series provide a chip erase mode that erases all of the memory cell array and sets each bit to the 1
state. This mode can be effective when it is necessary to erase all data quickly.

5 V Single-Voltage Power Supply Software Chip Erase

The software chip erase mode operation is started by executing a specially defined 6-byte byte load sequence, similar to
page mode operation under software protection. After the load cycle is executed, the device enters an internal
programming cycle similar to the write cycle. Figure 8 shows the timing diagram and Figure 14 shows the flowchart for
this operation.

Product Identification

The device identification code is used for recognizing the device and its manufacturer. This mode can be used by
hardware and software. The hardware operating mode is used to recognize algorithms that match the device when an
external programming unit is used. Also, user systems can recognize the product number using software product
identification mode. Figure 13 shows the flowchart for this operation. The manufacturer and device codes are the same
in both modes.

Ne. §129-5/14
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Specifications
Absolute Maximum Ratings at Ta 25°C

Parameter Symbol Ratings Unit Note
Supply voltage Voo -0.510+6.0 v 1
Input pin voltage Viy —0.5t0 Vo +0.5 v 2
DQ pin voltage Vour —0.5t0 Vo +0.5 v .2
Af pin voltage Vag -0.510 +14.0 v 1.3
Allowable power dissipation Pd max 600 mw 1,4
Operating tempaerature Topr 0to+70 °C 1
Sterage temperature Tstg ~65 to +150 °C 1
Mote: 1. The device may be dastroyed by the application of strasses in excess of the absolute maximum ratings.

2. -1.0Vto Vo + 1.0 V for pulses less than 20 ns
3. —1.0 V1o +14 V for pulses less than 20 ns

DC Recommended Operating Ranges at Ta = 0 to +70°C

Parameter Symbol min typ max Unit
Supply voltage Vee 4.5 5.0 55 v
Input low-level vallage ViL 0.8 v
Input high-level voltage Vi 20 A4
DC Electrical Characteristics at Ta = 0 to +70°C, Voo =5V £ 10%

Parameter Symbol Conditions min typ max Unit
: CE = OE = V|, WE = V), all DQ pins open,
Current drain during read lcen address inputs = V| or V), operating Irequency = 30 mA
1nF|C (minlmurn), VCC = Vcc max
Current drain during write lccw | CE=WE =V, OF = Vi, Vg = Voo max 50 mA
TTL standby current Isg1 CE = OF = WE =V, Vg = Vo max 3 mA
CE=0E = W:Vcc =03V,

CMOS standby current lsmz Vg = Veg max 20 pA
Input leakage current Iy Vin = Vgg 1o Vo, Vg = Vg max 10 HA
Output lsakage current ILo Vin = Vg5 10 Vee, Vg = Voo max 10 HA
Output fow-level voltage VoL loL = 2.1 mA, Ve = Vgp min 0.4 v
Cutput high-level voltage Vo lox = =400 pA, Voo = Ve min 24 v
Input/output Capacitances at Ta =25°C, Vo =5 V+10%, f= 1 MHz

Parameter Symbol Condltions max Unit
Inputioutput capacitance Cpa Vpg=0V 12 pF
Input capacitance Cin Vin=0V 6 pF
Power on Timing

Parameter Symbol Conditlons max Unit
Time from power on until first read operation lpy-READ 100 us
Time from power on until first write oparation tPU-wRITE 5 ms

No. 5129-6/14
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AC Electrical Characteristics at Ta =0 to +70°C, Vec=5V+10%

AC Testing Conditions (See Figure 9)

Input rise and fall times: ................ 10 ns (max.}
Output load: .....ccccveviiviicrrea, 1 TTL gate + 100 pF
Read Cycle
LE28C1001M, T
Parameter Symbol -80 -12 =15 Unit
min max min max min max
Read cycle time the 90 120 150 ns
CE access time toe 80 120 . 150 ns
Address accaess time taa 80 120 150 ns
OF access time loe 50 60 70 ns
Output low-impedance time from CE oz 0 0 ns
Output low-impedance time from OE toLz 0 i} ns
Output high-impedance time from GE tchz 40 40 40 ns
Output high-Impedance time from OF loHz 40 40 40 ns
Output valid time from address Input ton 0 0 0 ns
Page Write Cycle
Parameter Symbol min typ* max Unit
Write cycle time (erase and program) twe 5 10 ms
Address setup time las 0 ns
Address hold time tan 50 ns
CE selup time tcs ] ns
CE hold time 16H o ns
OE setup time loEs 0 ns
CF hotd time toEH ] ns
CE pulse width top 70 ns
WE pulse width twp 70 ns
Data selup time thg 45 ns
Data hold time oH 0 ns
Byte load cycle time taLe 0.05 100 us
Byte load timeout time laLco 200 us
Note: * typ is a reference value at Vg = 5.0, Ta = 25 °C.
thc
tce
o \_
toE tan
OE
v —toLz “oHz
IH
WE
~oH < toHz —
M toLz™
DQ7 1o DQO Hagh-z DATA VALID | DATA vaLID | High-z

Figure 1 Read Cycle

AOB761
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t
Six-byte seguence for disebling Software Data Protection HC

A1610 AD X 5555 X = 2AAA Xsﬁss >< 5556 X 2aaa Y 5555 M@m

N

DG7 1o DQ0 AA X 55 X 80 X AA X 55 >< a0 > //
= TN/ D D SN D T
= /W WW W W

N7 77

Internal progrem sterts to diseble Softwere Data Protection ]

ADST76Y

Figure 7 Disable Software Data Protection

t
Six-byte code for Softwere chip erese WC

2ZAAA X 5555 X 5555 >< ZAAA >< 55655 m@mc

T\ [
/ ]

X
/D /7771,
7 77

 AlB10 AD X 5555

DQ7 to DQO AA

>

AA

B
SRS

= X =
/N
A\

SESES

e N\ L/ i/

le... Internal
Erese starts

405768
Figure 8 Software Chip Erase
2.4 [
2.0 ;) 2.0
INPUT REFERENCE PODINTS < QUTPUT
c.e 0.8
0.4 [
J J ADS7E9

, AC testinputs are driven at Vo (2.4 V) for a logic 1 and at Vi (0.4 V) for a logic 0. The #/O measurement reference points are Vi (2.0 V) and V{08 V).
The input rise and fall times (10% <« 90%) must be 10 ns or shorter.

Figure 9 AC I/O Reference Waveform
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Figure 10 Write Algorithm
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Figure 11 Write Operating State Detection
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Software Data Protect
Enable Command Sequence

Write data : AA
Address : 5555

i

Write data : 55
Address: 2AAA

Write data: AO
Address : 5555

Load 0 to
127 Bytes
of page data

Optional Page Load

SDP Enabled

Operation

Software Data Protect
Disable Command Sequence

Wrile data: AA
Address : 5555

\

Wrile data: 55
Address: 2AAA

1

Write data : 80
Address; 5555

Wrile data: AA
Address : 5655

Wrile data: 55
Address: 2AAA

Y

Write data : 20
Address: 5655

Wail twg

A

SDP Disabled

Figure 12 Software Data Protection Flowcharts
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Software Product ID Entry
Command Sequence

Software Product ID Exit

Software Chip-Erase
Command Sequence

Command Sequence

Write data: AA
Address : 5555

Write data: AA
Address : 5555

Write data ; 55
Address: 2AAA

Write data ; AA
Address: 5555

\

Write data : 55
Address: 2ZAAA

A

Write data : 80
Address : b555

¥

Write data : 55
Address: 2AAA

Y

Write data: FO
Address : 5555

Write data : AA
Address: 5555

Write data : 80
Address: 5555

Pause 10us

A

Write data : 55

Y

Write data: AA
Address: 5555

Return to normal

A

Write data : 55

Address: 2ZAAA operation Address: 2AAA
Write data : 60 Wrile data : 10
Address: 5555 . Address: 5555

Pause 10us Wait lwg
Chip Erase lo
Read Software 11D FFH
Figure 13 Product ID Flowcharts Figure 14

Software Chip-Erase Flowchart

B No products described or contained herain are intended for use in surgical implants, life-support systems, asrospace
equipment, nuclear power control systems, vehicles, disaster/crime-prevention equipment and the like, the failure of
which may directly or indirectly cause injury, death or property loss.

B Anyone.purchasing any products described or contained herein for an above-mentionad use shall:

@ Accept full responsibility and indemnify and defend SANYO ELECTRIC CO., LTD., its affiliates, subsidiaries and
distributors and all thelr officers and employees, jointly and severally, against any and all claims and litigation and all
damages, cost and expenses associated with such use:

@ Not impose any responsibility for any fault or negligence which may be cited in any such claim or litigation on
SANYO ELECTRIC CO., LTD., its affillates, subsidiaries and distributors or any of their officers and employees
jointly or severally.

B information (including circuit diagrams and circuit parameters) herein is for example only; it is not guaranteed for
volume production. SANYO beliaves information herein is accurate and reliable, but no guarantees are made or implied
regarding its use or any infringements of Intellectual property rights or other rights of third parties.

This catalog provides information as of December, 1996, Specifications and information herein are subject to
change without notice.
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