| Ordering number : ENA2068 |

Wy SANYO Semiconductors
SA%/ o DATA SHEET

An ON Semiconductor Company
CMOS IC

LE24L.042CS-B — Two Wire Serial Interface EEPROM
(4k EEPROM)

Overview
The LE24.042CS-B is a2-wire serial inerface EEPRM. It realizes lgh speedard ahigh level reliakility by
incorporating SANYO’s high performance CMC8 EEPROM techndogy. This deviceis canpatible with 1°C memory
protocol, therefore it ishest suted for application thatrequires snall-scalere-writade norvolatile parametermemory.

Functions
e Camcity: 4kbits (512 x 8 bits)
¢ Sinde suply voltage: 1.7V to 3.6V
« Interface: o wire seial interface(I’C Bus*)
¢ Operating clock frequency: 400kHz
¢ Low power mnsumption
: Stardby: 2uA (max)
: Active (Read): 0.5 (max)
¢ Automatic page write mode: 16 Bytes
¢ Read mde: Sequential réaand randomread
o EraseMrite cycles: 16 cydes
¢ Data Retetion: 20 years
¢ Highreliaklity: Ad opts SANYQ'’s proprietary synmetric memory array cafiguration (USP687325)
Noise filters comectedto SQ. andSDA pins
Incorporaesa feaureto prohibit write opeations uinde low voltage conditions.

* I°C Bus is a trademark of Philips Corporation.

* This product is licensed from Silicon Storage Technology, Inc. (USA), and manufactured and sold by
SANYO Semiconductor Co., Ltd.

MW Any and all SANYO Semiconductor Co.,Ltd. products described or contained herein are, with regard to
"standard application", intended for the use as general electronics equipment. The products mentioned herein
shall not be intended for use for any "special application" (medical equipment whose purpose is to sustain life,
aerospace instrument, nuclear control device, burning appliances, transportation machine, traffic signal system,
safety equipment etc.) that shall require extremely high level of reliability and can directly threaten human lives
in case of failure or malfunction of the product or may cause harm to human bodies, nor shall they grant any
guarantee thereof. If you should intend to use our products for new introduction or other application different
from current conditions on the usage of automotive device, communication device, office equipment, industrial
equipment etc. , please consult with us about usage condition (temperature, operation time etc.) prior to the
intended use. If there is no consultation or inquiry before the intended use, our customer shall be solely
responsible for the use.

W Specifications of any and all SANYO Semiconductor Co.,Ltd. products described or contained herein stipulate
the performance, characteristics, and functions of the described products in the independent state, and are not
guarantees of the performance, characteristics, and functions of the described products as mounted in the
customer's products or equipment. To verify symptoms and states that cannot be evaluated in an independent
device, the customer should always evaluate and test devices mounted in the customer's products or
equipment.

SANYO Semiconductor Co., Ltd.

http://semicon.sanyo.com/en/network
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Package Dimensions

unit : mm (typ)
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Pin Assignment

Top view

Pin Descriptions

PIN.A1 SDA

Serial data input/output

PIN.A2 GND Ground

PIN.BL VpD

Power supply

PIN.B2 SCL

Serial clock input

Block Diagram

Ball side view

HONO,
® ©

1

0.79 x 1.06 tmax:0.50mm

| Write controller |—>| High voltage generator

!
X decoder

— EEPROM Array

| Y decoder & Sense AMP |

SCL O— _
5 — —
= o
> [e] —
[N 51 Q .
- Q ° o
> 2 = =
a ) = ©
c o} c —
] cr— Q= O
o c
il - ©
= @© [o)]
o =
c o) a
— 18] 9 |8
et
— °
L kel
5 <
=
=}
m
SDA O—{o
=

! Serial-Parallel converter |

Downloaded fronDatasheet.su

No0.A20682/11



LE24L042CS-B

Specifications

Absolute Maximum Ratings

Parameter Symbol Conditions Ratings Unit
Supply voltage Vce -0.5to +4.6 \
DC input voltage -0.5t0 Vpp+0.5 \
Over-shoot voltage Below 20ns -1.0to Vpp+1.0 \Y
Storage temperature Tstg -65 to +150 °C
Note: If andedrica stressexceding the meximum ratingis appied, thedevice maybe damaged
Operating Conditions
Parameter Symbol Conditions Ratings Unit
Operating supply voltage 1.7t0 3.6 \
Operating temperature -40 to +85 °C
DC Electrical Characteristics
Parameter Symbol Conditions - Vpp=1.7V10 3.6V Unit
min typ max
Supply current at reading lccl f=400kHz 0.5 mA
Supply current at writing lcc2 f=400kHz, tyyc=10ms 3 mA
Standby current IsB VIN=VDp or GND 2 pA
Input leakage current I VIN=GND to Vpp -2.0 +2.0 uA
Output leakage current (SDA) ILo VouT=GND to Vpp -2.0 +2.0 pA
Input low voltage ViL Vpp*0.2 \Y;
Input low voltage (CMOS) ViLc 0.2 \Y
Input high voltage VIH Vpp*0.8 \Y
Input high voltage (CMOS) VIHC Vpp-0.2 \Y
10L.=0.7MA,Vpp=1.7V 0.2 %
Output low voltage VoL IoL=L0MAV pp=2.5V 04 v
Capacitance/Ta=%5°C, f=1MHz
Parameter Symbol Conditions max Unit
In/Output pin capacitance Cyo Vi/0=0V (SDA) 10 pF
Input pin capacitance C V|N=0V (other than SDA) 10 pF
Note: Ths parameter is sampled andnot 100% tested.
VbD
AC Electric Characteristics
Input pulse level 0.1xVpp to 0.9xVpp R=3.0kQ
Input pulse rise / fall time 20ns SDA
Output detection voltage 0.5xVpp
Output load 50pF+Pull up resistor 3.0kQ l C=50pF
Output Load Circuit
No0.A20683/11
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Vpp=1.7V to 3.6V

Parameter Symbol - unit

min typ max

Slave mode SCL clock frequency fscLs 0 400 kHz
SCL clock low time tLow 1200 ns
SCL clock high time tHIGH 600 ns
SDA output delay time tAA 100 900 ns
SDA data output hold time tDH 100 ns
Start condition setup time tsu.STA 600 ns
Start condition hold time tHD.STA 600 ns
Data in setup time tSU.DAT 100 ns
Data in hold time tHD.DAT 0 ns
Stop condition setup time tsu.sTO 600 ns
SCL SDA rise time R 300 ns
SCL SDA fall time tg 300 ns
Bus release time tBUE 1200 ns
Noise suppression time tsp 100 ns
Write cycle time twe 10 ms

Bus Timing

SCL

HIGH

fLow

tsu.sTA

HD.STA

SDA/IN

tHD.DAT

/

i tan

SDA/OUT

X

Write Timing

\

/

A

Write data Acknowledge

Pin Functions

SCL (serial clocknput) pin

Stop
condition

/

Start
condition

\

The SCLpin is a serial ack input pin that processes sigls at tle rising ard falling edges of SCL clak sigrals.
This pin must be pulled upby a esistorto the Vpp level andwired-ORa with an open drain (or opercollector)

outputdevice for use

SDA (serialdata input/output) pin

The SDA pin is wsedto trarsfer serial dta to the inpu/output, ard it corsists d a sgnal inpu pin andn-chanrel

transstor open drain output pin.

Like the SAL pin, the SDA pin must bepulled up by aresstor to the Vpp level and wired-ORedwith an open drain

(or open aolledor) output device fa use.
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Functional Description

1 Start condion
Whenthe SCL lire is at tle highlevel, the strt condgtion is estblished by changing the SDA line from high to low.
The operationof the EEPROM as a slawsarts inthe start codition.

2 Sop condtion
Whenthe SCL lire is at tle highlevel, the sbp condtion is estabshed by changing the SDA line from low to high.
When the device is set ufior the rea sequence, he readoperationis suspend&when the sbp condition is receed,
ard the deviceis set tostardby mode. Whenit is set g for the write seqience, he capure ofthe wiite data is engtl
whenthe sbp condition is receied, andthe EEPROM internal write operation is started

: 1, . .
i 'su.sTA i "HD.STA : ie—i tsUSTO

SDA /

Start Stop
condition condition

3 Datatransfer
Datais trarsferred by changing the SDA line while the SCL lire is low.When tte SDA line is charged while the SCL
line is hgh, the resliing condtion will be recanized aslie startor stop codition.

SU.DAT ¢ %HD.DAT
LOUDAT: i HDDAT

S S N/
SDA X

4 Acknowledge
During data trasfer, 8 bits @e tran$erred in succesion, and then in theninth clock cycle peod thedevice on the
systen bus receining the data sets tle SDA lire to low, andsend the acknevledge sigral indicatingthat the data has
been receied. The a&knowledge gjnal isnot senduringan EEPROM internal write opeation.

SCL :
(EEPROM input) 1

(Mastseng\utput) 4\ / X ’: X /
SDA : . Acknowledge

’ { bit output ]
(EEPROM output) | St \pitoutput ¢

condition

=i taA -} o

No0.A20685/11
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5 Deviceaddressing
For the pupaoses of conmunication, the master avice in thesysten generates tle start cadition for the slae device.
Communicaton with apaticular shve device s endled by serding albngthe SDA bus the device aldresswhich is7
bits long, ard the readwrite canmard cade,which is 1 bit long, immedately following the start codition.
Theuppe four bits of the device addessarecaled the device calewhich, for this produd, is fixed as “1010.” This
device hasthe uppe 2-bit of the Shve Device addres as e Shve aldres (SL, S2), which fixed internally. Thevalue
of Slaveaddres areS1=0, S2=0.
When the device code input fron$DA and the slae aldreses areconparedwith theproducts devce odeard shve
addresses thtwere set at tamourting sageard foundto match, the pioductserds the ackmowledge signalduring
the rinth clock cycle griod, ard initiates the read omwrite operationin accadance with the read omwrite coanmard
code If they do not match, the EEPROM returns o standby mode.When area opeationis peformed immediately
after the slavedevice hasbeen switched, the random read ommand nrust beuse.

. Slave Memory

<+— Device code ——»<—Address— < Address

LE24L042 1 0 1 0 S2 S1 A8 R/W
MSB LSB

<«+————— Device Address word ——»

No0.A20686/11
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6 EEPROMwrite operation

6-1. Byte writing
When the EEPROM receesthe 7-bit deice addressral write command ode“0” after thestart ondition, it
geneates a akknowledge sinal.After this, if it receivesthe 8-bitword addess generats an acknowlggesignal,
receiveshe 8-bit write datageneates a adknowledge ginaland hen reeives thestopcondition, he internal write
operationof the EEPROM in the desigratedmemory address will start. Bwriting is conpletedin the tyyc peiod
after thestop ondition. During anEEPROM internalwrite opeation, no input is acgéed and no aknowledge

signak are generated.
Word_Address Data
— ¥
I: | S N U I A a
SDA 1 01 OSZS1MW A7{AGiA5{A4iA3{A2} A1i A0 D7{D6{D5;D4;{D3{D2;D1; D0 2
\ACK \ACK \ACK

R/W

6-2. Pag writing
This product erables pages with upto 16bytes tobe written. The basic data trarsfer prawedure is he same as fdyyte
writing: Fdlowing the start cadition, the7-bit device adiress andvrite canmard code“0,” word addess (i), ard
data (n) are inpu in this order while confirming acknavledge “0” every 9 bits. Tle page write mode is estabshed if,
afterdata (n) is irput, the write data (n+1) is input without inputting the st condtion. After this, the write data
equivalent b the largespagesize can beecived by acontinuousprocesf repeatirg the receiving of he 8-bit
write data andgeneratingthe ackhowledg signals.
At the point when tre write data (/1) has beeninput, the lower 4 bits (A0-A3) of the word addresse ae
autonatically increnented tdform the (r+1) addres. In this way, he write data cabe siccessivelymput, and the
word aldresson thepage isincrenmenteal each tine the write data isiput. If the write dataexceels 16 bytesr the
last adiressof the page is exceeckd, the wordaddress orthe pege is rolled over. Write data will ke inpu into the
sarmre address wo or nore times, btiin such cases thwrite data thatwas input lastwill take effect. Fnaly, the
EEPROM nternal write opertgon corregponding to thepage size for whib thewrite datiis received starts froitme
desigrated nemory addresswhenthe sbp condition is receied.

Memory_Address(n) Data(n) Data(n+1)
/7
I: _i
SDA 1 0|1 OS2S1MW A7:A6:A5:A4:A3:A2:A1:A0 D7:D6:D5:D4:D3:D2:D1:D0 D7:D6: -+ iD1:DO|- - -
\ACK \ ACK \ ACK \ ACK
R/W
Data(n+x)
Q.
---|D7:D6: - iD1:D0 D7:D6: -+ :D1: D0 D7:D6: - :D1:D0 D7:D6: - :D1:DO0 M
«
\ ACK 7 \Ack A\ AcK

6-3. Acknowledge pdling
Acknowledge palling is usedto find out whenthe EEPROM internal write operationis canpleted Whenthe stop
condition is receied andthe EEPROM starts rewritingall operations areprohibited, and noresporse carbe given to
the spgnals set by the master devee. Therdore, in order to find out whenthe EEPROM interral write operationis
completed the start conlition, device address andrite commard code aresert from the master évice tothe
EEPROM (slave devte), and the respnseof theslavedevice is detected.
In otherwords, if theslavedevice doesna serd the ackmwledge sgnal, it mears that the inlerral write ogerationis
in progress; conersely, if it does sendhe ackowledge signal, it mears that tle internal write operation tes been
completed

During Write During Write No Write

*i ? P i‘
1 0|1 08281MW
Y\ \NoAck Y \NoAack N \ack
RW RW RW

No0.A20687/11
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7 EEPROM read opeations

7-1. Current addressrealing
The adressequivalent® the memory address accessklad +1 isheld aslie intenal addressof the EEPROM for
both write* andreadoperatons. Therebre,provided that the mester avice tes recgnizedthe pcsition of the
EEPROM address pinter, dat canberead from the memory addresswith the aurrentaddresspointer without
specifying thewvord aldress.
As with writing, current address refing involves receivig the7-bit device addressrd read ommand codé'l”
following the start codition, at which time the EEPROMgererates arackrowledge signal. After tlis, the 8-bit data
of the (n+1) addressis outputserialy starting with the highestbits. After the 8 bits havebeenoutput, by notserding
anacknowledge sigal andinputing the stopcondition, the EEPROM conpletes the readoperation andis set ©
stardby mode.
If the previousreadaddress Bthe lastaddress the aldres for the current addressrealing is rolled over to bemme
addres9.

*: If the writedata is1 or more bytes bu less tlan 16 bytes, the aurrent addressafter page writing is the addres
equivaent to the number of bytes tobe writtenin the specified word addess +1. If he write data is 16or more bytes,
it isthe desgnated word address. f the lastaddess(A3-A0=1111H on the pagehas beendesgnated by byte write as
the word addess, tle first addres§A3-A0=0000b) onthe page senes astlie internal address aftewriting.

Device_Address Data(n+1)
—
SDA 1 0|1]0iS2iS1|A8| R D7:D6:D5:D4:D3:D2:D1: D0 %
ACK NO ACK
R/W

7-2. Randomread
Randomread § a node in which any mmory addresss ecified and itsdata red. The addresss gedfied by a
dummy write input.
First,whenthe EEPROM receiwes the 7-ht device addessand write canmand code “0” fo llowing the start cowlition,
it geneates an ackrowledge sgnal It then receives he 8-bit word address andgenerates an a&nowledge signal.
Through theseopeaations, he word address § loaded into the addresounter insidehe EEPROM.
Next, the startcondition is input again and tle curert read isinitiated This cases tie data é the word addess tlat
was npu using the dunmy write inpd to be ouput. If, after the data is ouput, anackrowledge sgnal is nat sert and
the stopcordition is input, readng is canpleted and the EEPROMreturns tostardby maode.

Device_Address Memory_Address Device_Address Data(n)

oy —
I | t
SDA 1001 03231MW D7:D6:D5:D4:D3:D2;D1:D0 5”_)“ 1]0]1]0is2is1|A8|R D7:D6: -+ :D1:D0
\ ACK \ AcK ACK NO ACK
R/W R/W

. CurrentRead —mM8M —

Stop

Dummy Write

7-3. Squentia read
In this mode, he dat is readconinuowsly, and sequential readoperations canbe peiformed with both aurrentaddres
read andandomread If, after the 8-it data has beenoutput, ackrowledge “0” is input andreadng is corinued
without issung the sbp condtion, the addess is ierenmentd, and the dat of the next address § output.
If acknowledge “0 continues tobe inpu after the data has beenoutput in this way, the data is stcessiely output
while theaddress is imemented When the last addresss reached, it isolled ove to addres$, and he data
coninuesto bereal. As with curentaddres read and random read, he operaton is completed by inputing the sbp
condition withou sendng anacknowledg signal.

Device_Address Data(n) Data(n+1) Data(n+2) Data(n+x)
b= s
SDA 1710110 82381 A8| R D7:D6: - :D1:D0 D7:D6: ---iD1:D0 D7:D6: - :D1:D0 D7:D6: - :D1:DO0 %
i g
ACK \ACK \ACK \ACK NO ACK
RW
No0.A20688/11
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Application Notes

1) Softwarereset function
Sdtware resefstart candition + 9 dunmy clock cycles + srt condtion), shownin the figure below, is execuedin
orderto avoid erroneous operation dter power-on ard to resetwhil e the ammmand inpu sequience During the
dummy clock inpu period, the SDA bus nust beopenel (setto high by a pull-up resisor). Since t is passble for
the ACK output ard readdata to be output from the EEPROM during the dummy clack period, forcibly erteringH
will resut in anovercurrert flow.
Note that ths sdtwareresetfunction doesnot work duing the interral write cycle.

Dummy clock =9

SCL

Start Start
condition condition

2) Rull-upresstor of SDA pin
Dueto the dermands of the I1°C bus protocol funcion, the SDA pin must be conneced to a pull-up resitor (with a
resistancérom seveal kQ to se\eral ters of kQ) without fail. The appopriate value nust ke selectedor this
resistance (Ry) on the basis ofthe V| andl|_ of the microcontroller ard cther devices cofrolling this product as
well as tle Vo —loL characeristics d the produet. Gererally, whentheresistance is too high, tlperating
frequency will be restricted conversely, wienit is toolow, the operatirg curernt corsumption will increase.

Rpy maximum resistance
The maximum resistace nust ke set inswcha way that the bus patertial, which is determired by the sun total (1)
of the inpu leaks of the devicesconnectedd theSDA bus and by Rpy, cancompletely satisf the input hgh level
(V1H min) of the microcatroller ard EEPROM. However, a resistacevaue thatsatisfies SDAise time R andfall

time tg must be set.

Rpy maximum value = (Vpp - VIH)/IL

Exanple: When Vpp=2.5V and I|_ = 2uA

Rpy maximum value = (2.5V — 25V x 0.8)/2uA =250k RpU
Rpy minimum value SDA
A resistae correspoding to the low-level output Master — = [ — EEPROM
voltage (VoL max) of SANYO' s EEPROM must be set. Dewce( Caus ﬁ
L ;7[ IL
Rpy minimum value =(Vpp — VoL)/loL

Exanple: When Vpp=2.5V, VoL =04V and oL = ImA
Rpy minimum value =(2.5V — 04)/1mA = 2.1kQ

Recommended B settirg
Rpy is setto gtrike agoodbdance betveen the qoerating frequency requirements andpower consumption. If it is
assuned that the SDA laad capacitarce is50pF ard the SDA ouput data strolke time is500ns, Rey will be abaut

RpU = 500rs/50pF = 10kQ.

No0.A20689/11
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3) Precautionsvhen turning on thepowe

This product contains apower-on reset aicuit for preventing the inadvertert writing of data wien the power is
turned on The following corditions must ke met inorder to ersure stale operationof this circiit. No data
guaantees argjiven in the eventof an instartaneaus power failure duing the interral write operation

Vpp=1.7 to 3.6V
Item Symbol unit
min typ max
Power rise time RISE 100 ms
Power off time tOEE 10 ms
Power bottom voltage Vbot 0.2 \
IRISE
VDD _— iy
tOFF | ;
- > { ¥ Vbot
ov

Notes:
1) The SDA pin must be seto high and the SCL pin to low or high.
2) Stepsmust be tken to ensure that the SDA and SCL pins arenot placel in a high-inpedancestate

A. Ifitis not possie  satisfy tle instruction 1 inNote albve, andSDA is set tdow during powerrise
After the power hasstabilized the SQL and SDA pins must be controlled as $iown below, with both pins setto high.

VDD / VDD /
fLow
SCL SCL
SDA SDA
tDH tSUDAT M

tSUDAT

B. If it is not posside © satisfy tle instructian 2 inNote alove

After thepowe has sthilized, softwae resetmust be exeated.

C. Ifitisnot possilde b satisfy the instructions bath 1 ard 2 in Note alove

After thepowe has sthilized, thesteps in A must beexeawted, the software reet nust be &ecutel.
4) Noaisefilter for the SCL andSDA pins

This product contains dilter circuit for eliminating noiseatthe SCL andSDA pins. Puses of100rs or less are no
recanized beeause ofthis function.

5) Function to irhibit writing when supjy voltage is low

This product contains a suply voltage monitoring circuit that inhibits inadvertert writing below the guarateed
opeating updy voltagerange. The dat is protecied by ensuring thatwrite gperatons ae rot started atvoltages
(typ.) of 1.3V ard below.

No0.A2068410/11
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6) Sawe address settings
This product doesnot come with ary slave address pns, but the information of the SQ S1andS2slave addesses is
held internally. SL =0 and S = O were seffor the skhve aldresgs before shipment. During device aldressig, these
slave aldress odes nmust be execued following the devicecode

B SANYO Semiconductor Co.,Ltd. assumes no responsibility for equipment failures that result from using
products at values that exceed, even momentarily, rated values (such as maximum ratings, operating condition
ranges, or other parameters) listed in products specifications of any and all SANYO Semiconductor Co.,Ltd.
products described or contained herein.

M Regarding monolithic semiconductors, if you should intend to use this IC continuously under high temperature,
high current, high voltage, or drastic temperature change, even if it is used within the range of absolute
maximum ratings or operating conditions, there is a possibility of decrease reliability. Please contact us for a
confirmation.

B SANYO Semiconductor Co.,Ltd. strives to supply high-quality high-reliability products, however, any and all
semiconductor products fail or malfunction with some probability. It is possible that these probabilistic failures or
malfunction could give rise to accidents or events that could endanger human lives, trouble that could give rise
to smoke or fire, or accidents that could cause damage to other property. When designing equipment, adopt
safety measures so that these kinds of accidents or events cannot occur. Such measures include but are not
limited to protective circuits and error prevention circuits for safe design, redundant design, and structural
design.

M In the event that any or all SANYO Semiconductor Co.,Ltd. products described or contained herein are
controlled under any of applicable local export control laws and regulations, such products may require the
export license from the authorities concerned in accordance with the above law.

M No part of this publication may be reproduced or transmitted in any form or by any means, electronic or
mechanical, including photocopying and recording, or any information storage or retrieval system, or otherwise,
without the prior written consent of SANYO Semiconductor Co.,Ltd.

MW Any and all information described or contained herein are subject to change without notice due to
product/technology improvement, etc. When designing equipment, refer to the "Delivery Specification” for the
SANYO Semiconductor Co.,Ltd. product that you intend to use.

M Upon using the technical information or products described herein, neither warranty nor license shall be granted
with regard to intellectual property rights or any other rights of SANYO Semiconductor Co.,Ltd. or any third
party. SANYO Semiconductor Co.,Ltd. shall not be liable for any claim or suits with regard to a third party's
intellectual property rights which has resulted from the use of the technical information and products mentioned
above.

This catalog provides information as of Jun, 2012. Specifications and information herein are subject
to change without notice.
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