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ABSTRACT

This project is initiated and developed in order to the application of * Microcontroller ™
with “ Automatic Control Concept ”

Nowadays, the Automatic Vending Machine having role with us, including the
Automatic Vending — Water Machine. Normally, we saw it in “insert-coin” configurations, that it
is not convenience to consumer for preparing coins.

This project has purposed to make a model of “Automatic Vending - Water Machine by
smart card”. The process of this starts when the buyer insert the smart card into the in machine,
then, the microcontroller will immediately check the account balance. The buyers have to key the
data in Price — Per — Unit (litre). After that the microcontroller will order to open solenoid valve,
at the same time a sensor that have been mounted to measure the rate — of — water will send pulses
to the microcontroller. The microcontroller will get the two data, from the buyer’s key and the
sensor, to compare. If the two data equal, the microcontroller will order to close solenoid valve.

However, the Read — write account balance part, We use the other microcontroller to

contain and to compute the account balance anytime when buying — saling happen.
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Features

* Compatible with MCS-51™ Products

* 8K Bytes of In-System Reprogrammable Downloadable Flash Memory
— SPI Serial Interface for Program Downloading
— Endurance: 1,000 Write/Erase Cycles

2K Bytes EEPROM
— Endurance: 100,000 Write/Erase Cycles

4.0V to 6V Operating Range

Fully Static Operation: 0 Hz to 24 MHz

Three-Level Program Memory Lock

256 x 8-bit Internal RAM

32 Programmable 1/O Lines

Three 16-bit Timer/Counters

Nine Interrupt Sources

Programmable UART Serial Channel

SPI Serial Interface

Low Power Idle and Power Down Modes

Interrupt Recovery From Power Down

Programmable Watchdog Timer

Dual Data Pointer

Power Off Flag

®© © o o © o © o o o o o o

Description

The AT89S8252 is a low-power, high-performance CMOS 8-bit microcomputer with
8K bytes of Downloadable Flash programmable and erasable read only memory and
2K bytes of EEPROM. The device is manufactured using Atmel’s high density nonvol-
atile memory technology and is compatible with the industry standard 80C51 instruc-
tion set and pinout. The on-chip Downloadable Flash allows the program memory to
be reprogrammed in-system through an SPI serial interface or by a conventional non-
volatile memory programmer. By combining a versatile 8-bit CPU with Downloadable
Flash on a monolithic chip, the Atmel AT89S8252 is a powerful microcomputer which
provides a highly flexible and cost effective solution to many embedded control appli-
cations.

The AT89S8252 provides the following standard features: 8K bytes of Downloadable
Flash, 2K bytes of EEPROM, 256 bytes of RAM, 32 1/O lines, programmable watch-
dog timer, two Data Pointers, three 16-bit timer/counters, a six-vector two-level inter-
rupt architecture, a full duplex serial port, on-chip oscillator, and clock circuitry. In
addition, the AT89S8252 is designed with static logic for operation down to zero fre-
quency and supports two software selectable power saving modes. The Idle Mode
stops the CPU while allowing the RAM, timer/counters, serial port, and interrupt sys-
tem to continue functioning. The Power Down Mode saves the RAM contents but
freezes the oscillator, disabling all other chip functions until the next interrupt or hard-
ware reset.

The Downloadable Flash can be changed a single byte at a time and is accessible
through the SPI serial interface. Holding RESET active forces the SPI bus into a serial
programming interface and allows the program memory to be written to or read from
unless Lock Bit 2 has been activated.

8-Bit
Microcontroller
with 8K Bytes
Flash

AT89S58252

0401D-A-12/97
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Pin Configurations

PDIP
A\
(T2)P1.00J1 40[avce
(T2EX) P1.1[] 2 39 [1P0.0 (ADO)
P1.203 38 [1P0.1 (AD1)
P1.30Q4 37[1P0.2 (AD2)
(8S)P1.4005 36 [1P0.3 (AD3)
(MOSI)P1.5 6 35 [1P0.4 (AD4)
(MISO)P1.6 ] 7 34 [1P0.5 (AD5)
(scK)P1.70]8 33 [1P0.6 (AD6)
RSTO9 32[1P0.7 (AD7)
(RXD) P3.0 ] 10 31 [JEAVPP
(TXD) P3.1 ] 11 30 [1ALE/PROG
(INT0) P3.2 ] 12 29 [1PSEN
(INT1)P3.30]13 28 [1P2.7 (A15)
(TO) P3.4 0] 14 27 [AP2.6 (A14)
(T1)P3.50] 15 26 [1P2.5 (A13)
(WR)P3.6 ] 16 25[1P2.4 (A12)
(RD)P3.7[] 17 24[1P2.3 (A11)
XTAL2[] 18 23[1P2.2 (A10)
XTAL1 ] 19 22[1P2.1(A9)
GND 20 21[1P2.0 (AB)
PQFP/TQFP
_ & 8T8 ®
B gE 288¢
T M N - O Oor~raNN®M
- -+ —-000c0 oo
aooo0QZ>000a
_nnnonoonononon
IQJSTeRBHB8BI
(MOSI)P1.5]1 33[1P0.4 (AD4)
(MISO) P1.6 ]2 32[1P0.5 (ADS5)
(SCK)P1.70]3 31[1P0.6 (AD6)
RST[]4 30[1P0.7 (AD7)
(RXD) P3.0005 29 [JEANPP
NCcO6 28[ANC
(TXD) P3.104 7 27 [1ALEIPROG
(INTO)P3.2 08 26 [1PSEN
(INT1)P3.309 25[1P2.7 (A15)
(To) P3.4 L] 10 24[1P2.6 (A14)
(T1)P3.50 11 23[1P2.5 (A13)
o xulh o PR A
OOoU0gouoooong
ONN-QQO-N®T
o6 dFZZooaaa
ca gL pgpaanaan
g X X 55w
R € z

Pin Description

Vee

Supply voltage.
GND

Ground.

Port 0

Port 0 is an 8-bit open drain bidirectional 1/0 port. As an
output port, each pin can sink eight TTL inputs. When 1s
are written to port 0 pins, the pins can be used as high-
impedance inputs.

Port 0 can also be configured to be the multiplexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode, P0 has internal pul-
lups.
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RST[] 10 36 [1P0.7 (AD7)
(RXD) P3.0[] 11 35[0 EANVPP
NCc 12 34[ANC
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Port 0 also receives the code bytes during Flash program-
ming and outputs the code bytes during program verifica-
tion. External pullups are required during program verifica-
tion.

Port 1

Port 1 is an 8-bit bidirectional /O port with internal pullups.
The Port 1 output buffers can sink/source four TTL inputs.
When 1s are written to Port 1 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current (I, ) because of the internal pullups.

Some Port 1 pins provide additional functions. P1.0 and
P1.1 can be configured to be the timer/counter 2 external
count input (P1.0/T2) and the timer/counter 2 trigger input
(P1.1/T2EX), respectively.

AT89S8252 e s s s e o S TS
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Features

e Compatible with MCS-51™ Products

* 4K Bytes of Reprogrammable Flash Memory
- Endurance: 1,000 Write/Erase Cycles

3.0V to 6V Operating Range

Fully Static Operation: 0 Hz to 24 MHz

Two-level Program Memory Lock

128 x 8-bit Internal RAM

15 Programmable I/O Lines

Two 16-bit Timer/Counters

Six Interrupt Sources

Programmable Serial UART Channel

Direct LED Drive Outputs

On-chip Analog Comparator

Low-power Idle and Power-down Modes

Brown-out Detection

Description

The AT89C4051 is a low-voltage, high-performance CMOS 8-bit microcomputer with
4K bytes of Flash programmable and erasable read only memory (PEROM). The
device is manufactured using Atmel's high-density nonvolatile memory technology
and is compatible with the industry-standard MCS-51 instruction set. By combining a
versatile 8-bit CPU with Flash on a monolithic chip, the Atmel AT89C4051 is a power-
ful microcomputer which provides a highly-flexible and cost-effective solution to many
embedded control applications.

The AT89C4051 provides the following standard features: 4K bytes of Flash, 128
bytes of RAM, 15 I/O lines, two 16-bit timer/counters, a five vector two-level interrupt
architecture, a full duplex serial port, a precision analog comparator, on-chip oscillator
and clock circuitry. In addition, the AT89C4051 is designed with static logic for opera-
tion down to zero frequency and supports two software-selectable power saving
modes. The ldle Mode stops the CPU while allowing the RAM, timer/counters, serial
port and interrupt system to continue functioning. The power-down mode saves the
RAM contents but freezes the oscillator disabling all other chip functions until the next
hardware reset.

Pin Configuration

PDIP/SQOIC
5

RST/VPP O] 1 20 [avce

(RXD) P3.0 ] 2 19[dpP1.7

(TXD) P3.1 ] 3 18 [1P1.6

XTAL2 [ 4 17[dP1.5

XTAL1O5 16 [1P1.4

(INTO) P32 6 15[0P1.3

(INT1)P3.30]7 14[dP1.2
(TO) P3.4[] 8 13 [IP1.1 (AIN1)
(T1yP3.509 12 [1P1.0 (AINO)

GND [} 10 11[1P3.7

—_— AW

R (P

8-bit
Microcontroller
with 4K Bytes
Flash

AT89C4051

Rev. 1001C-02/00
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SIEMENS

|Cs for Chip Cards

SLE 4432/42
Intelligent 256-Byte EEPROM

SLE 4440
Intelligent 64-Byte EEPROM

SLE 4441
Intelligent 128-Byte EEPROM

Data Sheet 09.98
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SLE 4432/40/41/42 Data Sheet Extension
Revision History:  Original Version 09.98

Previous Releases:

Page Subjects (changes since last revision)

Important. ~ For further information please contact:
Siemens Semiconductor Group in Munich, Germany,
Security & Chip Card ICs,
Fax +49 89 636-22360

The supply of this component does not include a license for its use in smart
card applications. This license is due to INNOVATRON Patents
137 Boulevard de Sébastopol, 75002 Paris, France, Fax +33 1 4013 3909

Published by Siemens AG, Bereich Halbleiter, HL CC Applications Group
Balanstr. 73, D-81541 Minchen

© Siemens AG 1998. All Rights Reserved.
Attention please!

As far as patents or other rights of third parties are concerned, liability is only assumed for components, not for
applications, processes and circuits implemented within components or assemblies.

The information describes the type of component and shall not be considered as assured characteristics.
Terms of delivery and rights to change design reserved.

For questions on technology, delivery, and prices please contact the Semiconductor Group Offices in Germany or the
Siemens Companies and Representatives world-wide (see address list).

Due to technical requirements components may contain dangerous substances. For information on the types in
question please contact your nearest Siemens Office, Semiconductor Group.

Siemens AG is an approved CECC manufacturer.
Packing

Please use the recycling operators known to you. We can also help you — get in touch with your nearest sales office.
By agreement we will take packing material back, if it is sorted. You must bear the costs of transport.

For packing material that is returned to us unsorted or which we are not obliged to accept, we shall have to invoice you
for any costs incurred.

Components used in life-support devices or systems must be expressly authorized for such purposel

Critical components'/ of the Semiconductor Group of Siemens AG, may only be used in life-support devices or
systems?) with the express written approval of the Semiconductor Group of Siemens AG.

1) A critical component is a component used in a life-support device or system whose failure can reasonably be
expected to cause the failure of that life-support device or system, or to affect its safety or effectiveness of that
device or system

2) Life supparl devices or systams are in
maintain and sustain human life. If they
endangered.

tend a) to be implanted in the hyman b y and/
feﬁﬁ :‘t )ls 0reasc;m.-zpble to assume that theocl%a?t';\ ‘g ttgestl.':%%?nma’;' t?j



SIEMENS

SLE 4432
SLE 4442
SLE 4440
SLE 4441

Intelligent 256-Byte EEPROM with Write Protect Function

Intelligent 256-Byte EEPROM with Write Protect Function
and Programmable Security Code (PSC)

Features

256 x 8-bit EEPROM organization
Byte-wise addressing

Irreversible byte-wise protection of lowest 32 addresses
(Byte 0...31)

32 x 1-bit organization of protection memory
Two-wire link protocol

End of processiny indicated at data output
Ambient temperature Tp -35... +80°C

Supply voltage 5V -5/ +10 %

Supply current <10 mA

EEPROM programming time 5 ms

ESD protection typical 4000 V

Endurance minimum 105 write/erase cycles / bit")

Data retention for minimum of 10 years")

SLE 4432
SLE 4442

M3

Contact configuration and Answer-to-Reset (synchronous transmission) in accordance

to ISO standard 7816

Additional Feature of SLE 4442

o Data can only be changed after entry of the correct 3-byte programmable security code

Type | Ordcring Code |Package

SLE4432 M3 |onrequest  |Wire-Bonded Module M3
SLE 4432C  |on request Chip

SLE 4442 M3 —onﬁr“’eq“uest Wire-Bonded M—(‘)dule M3
SLE4442C  onrequest  [Chip

Semiconductor Group 3

1) Values are temperature dependent, for further information please refer to your Siemens Sales Office.

Data Sheet Extension £9.238




SIEMENS SLE 4432
SLE 4442
SLE 4440
SLE 4441
Intelligent 64-Byte EEPROM with Write Protect Function SLE 4440

and Programmable Security Code (PSC)

Intelligent 128-Byte EEPROM with Write Protect Function SLE 4441
and Programmable Security Code (PSC)

e 64 x 8-bit EEPROM organization (SLE 4440)
o 128 x 8-bit EEPROM organization (SLE 4441) Iy

yae

e Byte-wise addressing T~
e Irreversible byte-wise protection of lowest 32 addresses : e &/V
(Byte 0...31) g s

e 32 x 1-bit organization of protection memory
M3

e Two-wire link protocol

o End of processing indicated at data output

e Ambient temperature Tp -35... +80°C

o Supply voltage 5V -5/ +10 %

e Supply current < 10 mA

e EEPROM programming time 5 ms

e ESD protection typical 4000 V

e Endurance minimum 105 write/erase cycles / bit")
o Data retention for minimum of 10 years"

e Contact configuration and Answer-to-Reset (synchronous transmission) in accordance
to ISO standard 7816

o Data can only be changed after entry of the correct 3-byte programmable security code

Type “Tordering Code |Package

SLE 4440 M3 Bn rreqa»esrl 7 Wire-anded Mgdule M3

SLE 4440 C N on reqﬁgst Chip “

SLE 4441 M3 |onroquest Wire-Bonded Module M3
'SLE4441C  |onrequest  |Chip I

1) Values are temperalurc dependent, for further information please refer to your Siemens Sales Office.

Semiconductor Group 4 Data Sheet Extension 09.98



SIEMENS SLE 4432
SLE 4442
SLE 4440
SLE 4441

Introduction

This document describes changes and extensions of the Data Sheet 07.95 of
SLE 4432 / SLE 4442. All information of the Data Sheet 07.95 are also valid for SLE 4440 and
SLE 4441 (e.g. operational information) except the data mentioned in this document.

In detail the following items are added or changed
Memory size SLE 4440

Memory size SLE 4441

Ambient temperature To —35°C...+80°C

ESD protection min. 1500 V, typical 4000 V
Endurance minimum 100000 write/erase cycles / bit
Package: Module M3

Coding information

Especially the transmission protocol (2-wire) and commands are fully compatible for all chip
types.

1. Memory Overview

The memory is organized in a Main Memory of
e 64 byte for SLE 4440

e 128 byte for SLE 4«41

e 256 byte for SLE 4432 and SLE 4442

Each of the first 32 bytes of the Main Memory can be irreversibly protected against data change
by writing the corresponding bit in the Protection Memory (32 bit). Dependent on the state of the
protection bit the memory is read only (ROM) or may be erased and written again (EEPROM).
Change of the manufacturer code is only possible by the chip manufacturer.

Change of data of the Main Memory and write a bit of the Protection Memory is only possible
after a correct verification of the Programmable Security Code (PSC) for SLE 4440, SLE 4441
and SLE 4442.

Semiconductor Group 5 Data Sheet Extension 09.98



SIEMENS SLE 4432
SLE 4442

SLE 4440
SLE 4441

224 byte

@ 11O Read Main Memory
N R $ W R R T R

Unprotected
Data Memory

NV/W””"’%}’M}WM%%%

- “Update I\/Iain;ﬁ“
Memory

Write Protection
Memory |

_ 32 byte
32 bit Protectable
_ Data memory
/ Memory Application ID
. Read Protectign (PROM)

Chip Coding

R R A

Memory

Figure 1 Memory Overview SLE 4432

224 byte

. Read Main Memory

§ Unprotected
i

Data Memory

B
%; L] Security Logic B
-
. 2 g
2 £
n: o Programmable
v = Seé]urit Code : 32 byte
g d 32 bit Protectable
i Error Counter ) Data memory
=] Protection :
Memory Application ID

(PROM)

Chip Coding

Figure 2 Memory Overview SLE 4442
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SIEMERNS SLE 4432
SLE 4442

SLE 4440
SLE 4441

Read Main Memory 32 byte
5 R -
Unprotected
Data Memory
. O i H
L Bl | Security Logic
. 9 o E
AN Programmable
Lo 2 Security Code 32 bit 32 byte
: § Protectable
E Data memo
‘ N wen  Protection @@@ ry
Memory Application ID
Read Protection (PROM)
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Figure 3 Memory Overview SLE 4440
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Figure 4 Memory Overview SLE 4441
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SIEMERNS SLE 4432
SLE 4442
SLE 4440
SLE 4441

2, Coding

SLE 4432, SLE 4442, SLE 4440 and SLE 4441 are delivered with a customer related unique
code in order to allow an unambiguous identification of the application. Thus a terminal can
clearly accept or reject a card after reading the Answer-to-Reset and the identification data. The
Answer-to-Reset (ATR) for synchronous IC cards according to ISO/IEC 7816 is a standardized
procedure allowing to identify an IC card (ICC) supporting the synchronous Answer-to-Reset. The
Answer-to-Reset data allow an interface device to select the appropriate chip type and operate
the ICC according to the data sheet of the chip.

Two different coding schemes apply

e Extended coding using encoded BER-TLV data objects according to ISO/IEC 7816-4

e 16-bit manufacturer code registered at Pro Electron

Both schemes identify the application by the registered application provider identifier RID
according to ISO/IEC 7816-5

21. Registered Application Provider Identifier RID

The application is gcnerally identified by the customer specific 5-byte registered application
provider identifier RID according to ISO/IEC 7816-5 using the registration category values ‘A’ and
‘D’. The RID is a part of the AID. Thus the AID is constructed as following:

Application identifier AID

Registered appliCation provird'er identifier Proprietary application provider identifier
RID (5 byte) extension PIX (<11 byte)

e Registered application provider identifier RID
Customer specific RID provided by the registration authority to the applicant

RID Meaning Comment

‘A x xx xx xx xx" | International registration RID is registered by Tele Denmark

‘D ¢ cC XX XX XXLJ National registration RID is registered by a national authority
‘cec | Country indicator —— ‘| Country code according to ISO 3166

XX XX XX |/\pp|ication provider sequence no. |Provided by national registration authority

e Proprictary application provider identifier extension PIX
Extension for the KID holder in order to diversify own applications

Application forms for a RID are printed in the Annex A of ISO/IEC 7816-5.

e For international registration one has to apply at the acting registration authority Tele Denmark
for a RID indicated by ‘A’. The contact address is printed in ISO/IEC 7816-5

e For national registration one has to apply at the relevant national standardization body or its
acting registration authority for a RID indicated by ‘D’ followed by the country code

The RID is provided by the customer to Siemens.

Semicondductor Group 8 Data Sheet Extension 09.98



SIEMERNS SLE 4432
SLE 4442
SLE 4440
SLE 4441

2.2. Extended Coding Scheme

Due to the available memory space the coding principle according to ISO/IEC 7816-4 applies for
SLE 4432, SLE 4442, SLE 4440 and SLE 4441. Data are coded according to the ASN 1 data
objects basic encoding rules using the structure Tag - Length - Value (BER TLV).

| ATR header ATR data DIR data APPLICATION data
[ P [ — - - e
RID |PIX
H1|H2 [H3 [H4 | TM|LM [ICMICT| - -+ | TA|LA AID TD|LD
A !
- | g |l | B
LM LA LD

' AID  Application identifier LA Length of AID
- ATR Answer-to-Reset LD  Length of application data area
" DIR Directory PIX  Proprietary appl. identifier extension |
- H1,H2  ATR protocol bytes RID Registered appl. provider identifier |
| H3,H4 ATR historical bytes e \\(Fagol Al S Vi

i TD  Tag of application data area

Figure 5 Structurc of a Mono- Application Memory IC Card with a simple DIR-Structure

TWO coding principlcs apply

e Extended Coding Scheme (Compressed)
[H1]H2[H3 | H4 | TM]LM]icMicT| TA[LA]  RID [PIX|

e Extended Coding Scheme (according to German Health Insurance)
[H1[H2H3[Ha [ rm[eMiem]icT] . [TT[LT[TA[tA]  RD |PIX]

The byte definition is cxplained in the following:

ATR header

Byte H1:  Protocol type = ‘A2'indicating two-wire link protocol

Byte H2:  Protocol parameter

Byte H3:  Historical byte “Category Indicator” = *10” indicating that the following byte H4 will be a
DIR data reference

Byte H4:  Historical byte “DIR data reference” = a pointer (byte address) to the first byte of the
direclory section (i.e. TA for Extended Coding Scheme - Compressed or TT for
Extended Coding Scheme - according to German Health Insurance)

Semiconduclor Group 9 Data Sheet Extension 09.98




SIEMENS SLE 4432
SLE 4442
SLE 4440
SLE 4441

ATR data section

Byle TM: Tag manufacturing data object (‘pre-issuing data’) = ‘46’

Byte LM:  Length of manufacturing data

Byte ICM: IC manufacturer = ‘05'. For existing applications ICM = "81" is still available
Byte ICT: IC Type

DIR data section
The DIR data section contains according to ISO/IEC 7816-5 data objects for application
selection. The following variants are possible:

e The IC card is a mono application card and only the data object ‘application identifier’ (tag
TA ='4F) is present in the DIR data section. > Extended Coding Scheme (Compressed)

e The IC card is a mono application card with the data object ‘application template’ (tag
TT ='61) in the DIR data section. The application template can contain along with the
application identifier (tag TA ='4F’) further data objects (e.g. application label - tag ‘50" or
diccretionary data - tag '53'). > Extended Coding Scheme (according to German Health
liiourance)

Notc: Byles H1, H2, H3, H4, ICM, ICT and the customer specific RID are programmed by
Siemens and protected against further changes.

2.3. 16-bit Coding Scheme

For applications requiring only a unique coding the following construction applies

2 byte 1 byle 5 byte
Meanulfaclurer Code | Manufac- | Registered application provider
turer data identifier RID

e Manufacturer Code registered at Pro Electron
10-bit code provided by Siemens, fix for SLE 4432, SLE 4442, SLE 4440 and SLE 4441

e Mnanufacturer data

D fierentiation of chip types SLE 4432, SLE 4442, SLE 4440 and SLE 4441
e Ragistered application provider identifier RID

Customer specific RID provided by the registration authority to the applicant

Note: The above mentioned 8 bytes are programmed by Siemens and protected against further
charqes.
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2.4.

Codes Overview

SLE 4432
SLE 4442
SLE 4440
SLE 4441

SLE 4432, SLE 4442, SLE 4440 and SLE 4441 are available with the coding schemes.

Please note

that according

to

ISO/IEC 7816-6  Amendment 1

ICM

‘05’ for new

implementations. For existing applications ICM ='81" is still available. It is recommended that
terminals accept both IC manufacturer codes.

Address | 0| 1] 23|45 |67 ]8]9]|10]..]|14 |15 |(dec)
Address | O 1 2 31415 6 7 8 9 | A } l E | F |(hex)
Meaning | H1 | H2 | H3 | H4 | TM|LM |ICM|ICT| TA | LA RID PIX
Data | A2 |13 10|88 |46 |02 |05 |05 |4F RID SLE 4432
Data | A2| 13|10 |88 |46 0205 |15 |4F RID SLE 4442
Data A2 | 03|10 |88 |46 |02 | 05| 17 | 4F RID SLE 4440
Data A2 | 0B | 10|88 | 46|02 | 05] 16 | 4F RID SLE 4441
Figure 6 Extended Coding Scheme (compressed)
Address |0 | 1] 2345|867 17118 119]20 | 21| ... | 25|26 |(dec)
Addross |0 | 1|2 3]4|5]6|7][..[11]12]13]14 15‘ | ‘19 1A |(hex)
Meaning (11 [H2[H3 [H4 [TM[LM[ICM]ICT| | TT[LT [TA|LA RD  |PIX
Datc A2 113110 |91 05 | 05 RID SLE 4432
Dali A2 |13 |10 191 05 |15 RID SLE 4442
Data  |A2]03]10] 91 05 [ 17 RID SLE 4440
Daln |A2]0B]10]91 05 | 16 2 RID SLE 4441
Fig: « 7 Extended Coding Scheme (according to German Health Insurance)
Adtss 0 NN\ 2 39 Al | st
Me:ii g ' Manufacturer Code | Manufac- Registered application provider

! turer data identifier RID
Dala | 31 74 01 RID SLE 4432
Da. | 381 | 174 02 RID SLE 4442
Dat: | 281 74 04 RID SLE 4440
Dala | 31 74 08 RID SLE 4441
Ficure 8 16-bit Coding Scheme

The shad:d hytes are programmed by Siemens and protected against further changes.

Semicone

fuctor Group
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SLE 4432
SLE 4442
SLE 4440
SLE 4441

3. Operational Information
3.1. Memory WMap SLE 4440
Address | Main Memory | Protection Memory Security Memory
(deciinal)
64 Data Byte 64 (D7..00) |
+. | Data Byte 32 (D7...D0)
31 Data Byte 31 (D7...D0) | Protection Bit 31 (D31
4 | Data Byle 4 (D7...D0) Protection Bit 4 (D31)
3 Data Byte 3 (D7...D0) Protection Bit 3 (D3) Reference Data Byte 3 (D7...D0)
Data Byle 2 (D7...00) | Protection Bit 2 (D2) | Reference Data Byte 2 (D7...D0)
- 1Data Byle 1(D7...00) [Protection Bit 1 (D1) | Reference Data Byte 1 (D7...D0)
v | Data Byle 0 (D7...D0) Protection Bit 0 (DO) Error Counter
The Data bytes 0 to 31 can be protected against further changes by programming the associated
pro! ion Lit 0 to 31. The SLE 4440 allows data changing only after correct verification of the
Rei :. - Data byles. Reading of the Data bytes and of the associated protection bits is always
pos
3.2. Memory Map SLE 4441
Adiioss ‘! Nain Memory Protection Memory Security Memory
g ]
| Data Byte 128 (D7...D0)
1 N\
| Data Byle 32 (D7...D0)
L | Data Byle 31 (D7...D0) Protection Bit 31 (D31)
|
- | . . ) X ~ TP
L ]D ta Byle 4 (D7...00) Protectlon Bit 4 (D31)
L Dwta Byte 3 @7 DO) Protection Bit 3 (D3) Reference Data Byte 3 (D7...D0)
L | 7:__By ¢ 2 (D7...D0) Protection Bit 2 (D2) Reference Data Byte 2 (D7...D0)
| Data Byte 1 (D7 DO) Protection Bit 1 (D1) Reference Data Byte 1 (D7...D0)
IDqta Byte 0 (D7...D0) Protection Bit 0 (DO) Error Counter
The o bytes 0to 31 can be protected against further changes by programming the associated
pro- o1 bil0 to 31. The SLE 4441 allows data changing only after correct verification of the
Ref. Data byles. Reading of the Data bytes and of the associated protection bits is always
po:
Sen ictor Group 12 Data Sheet Extension 09.98
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4, Electrical Characteristics

The lic'~¢ characteristics are ensured over the operating range of the integrated circuit. Typical

chara istics specify mean values expected over the production spread. If not otherwise
spe.i |, typical characteristics apply at T, = 25°C and the give supply voltage.
4.1. Absolute Maximum Ratings

Stresses above those listed may cause permanent damage to the device. This is a stress rating
only ar ' iinclional operation of the device at these or any other conditions above those indicated

in the « .-ational sections of this data sheet is not implied. Exposure to absolute maximum rating
cor ' for exlended periods may effect device reliability, including EEPROM data retention
and ... ‘grase endurance.
Parim or |Symbol | Limit Values  |Unit |Test Condition
min. |typ. |max.
ESD prt clion Vg 1500 | 4000 \ ISO/IEC 7816-1
En v - 2D 10° —
(wi~ ¢ cycles/bit)
Da!- - ition 1) 10 years | —
1) "l are temperature dependent, for further information please refer to your Siemens Sales
4.%. Operation Range
Pz ¢ ' Symbol Limit Values Unit | Test Condition
min. |typ. |max.
Ambi mperature Ta -35 +80 |°C —
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5. Package
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Figure 9 Package Outlines Wire-Bonded Module M3

Semiconductor Group 14 Data Sheet Extension 09.98




Sensors

RPR-359F

Reflective photosensor (photoreflector)

RPR-359F

The RPR-359F is a reflective photosensor. The emitter is a GaAs infrared light emitting diode and the detector is a
hiah-sensitivity, silicon planar phototransistor. A plastic lens is used for high sensitivity. In addition, since it is molded in
plastc with a visible light filter, there is almost no effect from stay light.

@ Application
Copiers, Compact disc players

®External dimensions (Units : mm)

87404 Notes :
1. Unspecified tolerance shall be +0.2.
05| 360536 |05 2. Dimension in parenthesis are show
[3 Iorre(lgence.
= e = Cathod
®F alores : H 5 - Ara\:JdDeE
1) csliclens is used for high sensitivity. NN il
2) A tualt-in visible light filter minimizes the influence of 8
o
st light., 035
3) L« ¢ wollector-emitter saturation voltage. T
4)1 . weightand compact. Z
[CB) (2.5)
g
r%l 4-030.540.1
@ M olute maximum ratings (Ta=25°C)
Parameter Symbol Limits ko Unit
Forward current I 50 mA
i‘ J Reverse voltage VR 3 j Vv
Power dissipation Po 80 . omw
Collector-emitter voltage Vceo 30 Vv
Ourpat Emitter-collector voltage Veco 4.5 \%
(! ) NS A NS | IS o
" 1or) Collector current le 30 mA
Collector power dissipation Pc 100 mWwW
O ing temperature Topr -25~+85 ‘C
g ¢ temperature Tstg -40~+100 ‘C

RO M
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RPR-359F

Sersors
®L - irical and optical characteristics (Ta=25°C)
Parameter Symbol  Min. = Typ. Max Unit Conditions
Inpe Forward voltage Vr - 13 16 V' Ir=50mA
chiv ioristics | Roverse current IR = = 10 WA Vr=5V
Outini Dark current Iceo - - 0.5 HA | Vce=10V
chariwristics | peak sensitivity wavelength Ap = 800 - nm
A iy ] ! I ' L et e RN g
Collector current lc 200 | 500 ' 1800 pA | Vee=5V, IF=20mA, Ri=100Q, d=3.5mm
gt sl i I8 ; et | : " AR o R NG Stk e o e
T e | Collector-emitter saturation volage  Veeeay — — L0103V Ir=20mA, lc=1004A
Response time trtf - 10 - us | Vee=10V, Ir=20mA, Ri=100Q
* St paper (90% reflection)
& ical and optical characteristic curves
1A 5 - 2.0
L Pe \ Ta=25°C |2
S £ i 216
[} g PD T: ;
{ i ke i
; " > 2 1.2
; N 0 A " S
o 2 = —{ 10mA_|
3 o —T—1mA
.
z A [a) 8 0.8
C o <
F
b - & ===t 2
g ] S==rl = C 04
v e ' uw
u.
o ]
o 0.1 0
g 20 a0 60 80 100 08 A0ii@. N /B BiBupaal 0 20 40 60 80 100
&8 AMBIENT TEMPERATURE : Ta (°C) FORWARD VOLTAGE : V (V) AMBIENT TEMPERATURE : Ta (°C)
i "ower dissipation / collector power Fig.2 Forward current Fig.3 Forward voltage
‘lissipation vs. ambient temperature vs. forward voltage vs. ambient tempereture
Vee=5V 24 Standard paper =
= ——|~|=I"H Standard paper ~ 22 (90% reflection)
< — 1] (90% reflection) L d=3.5mm
3 A dsdiomm E 20 TTTT] < 4
L = 218 A 2 1 Vee=30V
5 B TH = ol
3 = 5 16 bpma g N § S AV
) ] —— PN r 111
[ ~ Z 144 o= T 5
g ‘ 3 124 et
o ' | o = . « 7
o I g 10 = Ll 3 )/l
© i = 0.8 20mA--| ™
¢ 7 | & W =1 = A Z0.01 =
u H | W06 15mA <V =
pret g ! =4 L o
8 Ertrt e | g V4 10mA - Vi
! —/ l 02|14 S
i I oltt 11T 0.001
1 10 100 0 5 10 15 20 25 100 -0 -60 40 -20 0 20 40 60 B0 100 120 10
I ORWARD CURRENT : I (mA) COLLECTOR-EMITTER VOLTAGE : Ve (V) AMBIENT TEMPERATURE : Ta (°C)
ig.4 Collector current Fig.5 Output characteristics Fig.6 Dark current
vs. forward current vs.ambient temperature
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RPR-359F
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LM124/LM224/LM324/LM2902

Connection Diagram (continued)

Note 3: See STD Mil DWG 5962R99504 for Radiation Tolerant Device

OUTPUT 1 [_—_‘2 ° :::‘1 OUTPUT 4
INPUT 1= [ 1 INPUT 4~
INPUT 1+ :j u:l INPUT 4+
v LMizaw g0
INPUT 2+ I:s i__lmpuno
INPUT 2- :5 9:mpun-
OUTPUT 2 :’ 5: OUTPUT 3

DS009299-33

Order Number LM124AW/883, LM124AWG/883, LM124W/883 or LM124WG/883
LM124AWRQML and LM124AWRQMLV(Note 3)
See NS Package Number W14B
LM124AWGRQML and LM124AWGRQMLV(Note 3)
See NS Package Number WG14A

Schematic Diagram (gach Ampiifier)

INPUTS

DS009299-2
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Absolute Maximum Ratings note 12)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage, V*
Differential Input Voltage
Input Voltage
Input Current
(Vin < -0.3V) (Note 6)
Power Dissipation (Note 4)
Molded DIP
Cavity DIP
Small Outline Package
Output Short-Circuit to GND
(One Amplifier) (Note 5)
V* <15V and T, = 25°C
Operating Temperature Range
LM324/LM324A
LM224/LM224A
LM124/LM124A
Storage Temperature Range
Lead Temperature (Soldering. 10 seconds)
Soldering Information
Dual-In-Line Package
Soldering (10 seconds)
Small Outline Package
Vapor Phase (60 seconds)
Infrared (15 seconds)

LM124/LM224/LM324
LM124A/LM224A/LM324A
32V
32V
-0.3V to +32V

50 mA

1130 mW
1260 mwW
800 mW

Continuous

0'C to +70°C
-25°C to +85°C
=-55"C to +125°C
-65C to +150°C

260°C

260°C

215°C
220°C

LM2902
26V
26V
-0.3V to +26V
50 mA
1130 mw

1260 mwW
800 mwW

Continuous
-40°C to +85°C

-65°C to +150°C

260°C

260°C

215°C
220°C

See AN-450 "Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering surface mount

devices.
ESD Tolerance (Note 13) 250V 250V
Electrical Characteristics
V* = +5.0V, (Note 7), unless otherwise stated
Parameter Conditions e gt ol Units
Min Typ Max |Min Typ Max |[Min Typ Max
Input Offset Voltage (Note 8) Ty =25 C 1 2 1 3 2 3 mV
Input Bias Current l’,NH oF hineen Ve = 0V, o1 50 0 - 45 o ai
(Note 9) Ta=25C
Input Offset Current Iings) OF Iinggers Vem = 0V, 2 10 2 15 5 30 nA
Ta=25C
Input Common-Mode V' = 30V, (LM2902, V' = 26V), 0 V'-15 0 V*-1.5 0 V*-15 \Y
Voltage Range (Note 10) Ta=25C
Supply Current Over Full Temperature Range
R = = On All Op Amps mA
V' = 30V (LM2902 V* = 26V) 1.5 3 1.5 3 1.5 3
V' = 5V 0.7 1.2 0.7 1.2 0.7 1.2
Large Signal V' = 15V, Ryz 2kQ, 50 100 50 100 25 100 VimV
Voltage Gain (Vo = 1V 10 11V), Ta = 25C
Common-Mode DC. Vew = 0V to V* - 1.5V, 70 85 70 85 65 85 dB
Rejection Ratio Ta =25C

www.national.com
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LM124/LM224/1 M324/LM2902

Electrical Characteristics (continued)

V* = +5.0V, (Note 7), unless otherwise stated

Parameter Conditions e LM2247 = i L Units
Min Typ Max |[Min Typ Max |[Min Typ Max
Power Supply V* = 5V to 30V
Rejection Ratio (LM2902, V' = 5V to 26V), 65 100 65 100 65 100 dB
Ta = 25C
Amplifier-to-Amplifier = 1 kHz t0 20 kHz, Tp = 25°C -120 -120 -120 dB
Coupling (Note 11) {Input Referred)
Qutput Current Source | V' = 1V, Vg = 0V, 20 40 20 40 20 40
V=15V, Vg = 2V, Tp = 25C mA
Sink Vi = V. V™ = 0V, 10 20 10 20 10 20
VY= 15V, Vg = 2V, Ta = 25°C
Ve = 1V, V' = 0V, 12 50 12 50 12 50 pA
V' = 15V, Vg = 200 mV, Tp = 25C
Short Circuit to Ground (Note 5) V* =15V, T = 25°C 40 60 40 60 40 60 mA
Input Offset Voltage (Note 8) 4 4 5 mV
Vos Drift Rg = 0Q 7 20 7 20 7 30 |upvi'C
Input Offset Current Ing) = ling=y Vom = OV 30 30 75 nA
log Drift Rg = 0Q 10 200 10 200 10 300 | pA/C
Input Bias Current lingey OF lingg=) 40 100 40 100 40 200 nA
Input Common-Mode V' = 430V 0 V-2 0 V-2 0 vt-2 \
Voltage Range (Note 10) (LM2902, V' = 26V)
Large Signal V' = +15V (VoSwing = 1V to 11V)
Voltage Gain R, 2 2kQ 25 25 15 VimV
Output Voltage Vou VT = 30V R = 2 kQ 26 26 26 v
Swing (LM2902, V' = 26V) R = 10 kQ 27 28 27 28 27 28
Voo V' = 8V, R = 10 kQ 5 20 g 20 5 20 mV
Output Current Source Ve = 2V Vin' = +1V, 10 20 10 20 10 20
I o
Sink Vi = +1V, 10 15 5 8 5 8
Vg~ = 0V,
V' =15V
Electrical Characteristics
V* = +5.0V, (Note 7), uniess otherwise stated
Parameter Conditions 2 L7241 M2op Ve L2902 Units
Min Typ Max [Min Typ Max |Min Typ Max
Input Offset Voltage (Note 8) Ty =25C 2 5 2 7 2 7 mV
Input Bias Current F.—NM or g Vem = 0V, e ”o 45 S5 45 250 L
(Note 9) To =25°C
Input Offset Current Iingsy OF iy Vom = 0V, 3 30 5 50 5 50 nA
Tp = 25'C
Input Common-Mode VT = 30V, (LM2902, V' = 26V), 0 V=15 0 V*-1.5 0 V*-1.5 Y
Voltage Range (Note 10) Tp=25C
Supply Current Over Full Temperature Range
R; = = On All Op Amps mA
Vo= B0V (LM2902 V' = 26V) 1.5 3 ) 3 15 3
AR\ 0.7 ) 0.7 12 0.7 1.2
Large Signal V' o= 15V, Rz 2k, 50 100 25 100 25 100 VimV
Voltage Gain (Ve = 1V to11V), Ty = 25C
Common-Mode DC. Vey =0V o V' - 1.5V, 70 85 65 85 50 70 dB
Rejection Ratio Tp=25C
Power Supply V* = 5V to 30V
Rejection Ratio (LM2902, V' = 5V to 26V). 65 100 65 100 50 100 dB
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Electrical Characteristics (continuedq)

COGCINTYZENT/PZZNIPCLINT

V* = +5.0V, (Note 7), unless otherwise stated
Parameter Conditions LM124/LM224 LM324 Lea Units
Min Typ Max |Min Typ Max |Min Typ Max
Ta=25C
Amplifier-to-Amplifier f=1kHzto 20 kHz, To =25°C -120 -120 -120 dB
Coupling (Note 11) (Input Referred)
Output Current Source | Viy' =1V, Vi~ = 0V, 20 40 20 40 20 40
V' =15V, Vg = 2V, Ta =25°C mA
Sink Vin™ = 1V, V' = 0V, 10 20 10 20 10 20
V' =15V, Vg = 2V, Tp = 25'C
Vin™ = V. V' = 0V, 12 50 12 50 12 50 pA
V' =15V, Vg, = 200 mV, T = 25°C
Short Circuit to Ground (Note 5) V* = 15V, Tp = 25'C 40 60 40 60 40 60 mA
Input Offset Voltage (Note 8) 7 9 10 mV
Vos Drift Rg = 0w 7 7 7 uvrc
Input Offset Current inge) = oy Vew =07 100 150 45 200 | nA
los Drift Rg = 00 10 10 10 pAI'C
Input Bias Current linges OF dir, 40 300 40 500 40 500 nA
Input Common-Mode Vo= 430V 0 V-2 0 V-2 0 V-2 \%
Voltage Range (Note 10) (LM2902, V' = 26V)
Large Signal V' = +15V (VpSwing = 1V to 11V)
Voltage Gain R 2 2 kQ 25 15 15 VimV
Output Voltage Vor V" = 30V Ry =2 k@ 26 26 22 Y
Swing (LM2902, V" = 26V) R =10 kQ 27 28 27 28 23 24
Voo V' =5V, R = 10 kQ 5 20 5 20 5 100 | mv
Output Current Source | Vi =2V Vin® = +1V, 10 20 10 20 10 20
gy 0
Sink Vin® = +1V 5 8 5 8 5 8
Vs

Note 4: For operating at high temperalures, the LM324/LM324A/L.M2902 must be derated based on a +125°C maximum junction temperature and a thermal resis-
tance of 88°C/W which applies for the device soldered in a printed circuit board, operating in a still air ambient, The LM224/LM224A and LM124/LM124A can be de-
rated based on a +150°C maximum junclion temperature. The dissipalion is the total of all four amplifiers — use external resistors, where possible, to allow the am-
plifier to saturate of lo reduce lhe power which is dissipated in the integraled circuit

Note 5: Short circuits from the output to V' can cause excessive healing and evenlual destruction. When considering short circuils to ground, the maximum output
current is approximately 40 mA independent of the magnitude of V7 At values of supply vollage in excess of +15V, conlinuous shorl-circuils can exceed the power
dissipation ralings and cause eventual destiuction. Destructive dissipation can resull from simultaneous shorls on all amplifiers.

Note 6: This input current will only exist when the vallage al any of the inpul leads is driven negalive. It is due 1o the collector-base junction of the input PNP tran-
sistors becoming forward biased and thereby acling as input diode clamps. In addition to this diode action, there is also lateral NPN parasitic transistor aclion on the
IC chip. This transistor action can cause the oulpul vollages of the op amps to go to the V*voltage level (or to ground for a large overdrive) for the time duration that
an input is driven negative. This is nol desiructive and normal oulpul states will re-establish when the input voltage, which was negative, again returns lo a value
greater than -0.3V (at 25°C)

Note 7: These specificalions are limiled to =55 C = T4 < +125 C for the LM124/LM124A. With the LM224/LM224A. all temperature specifications are limited to —25'C
< Tp € +85°C, the LM324/LM324A tlemperalure specilications are limiled lo 0°C < T, < +70°C, and the LM2902 specifications are limited to -40°C < Ta < +85°C.

Note 8: Vg ~ 1.4V, Rg = 0L wilth V" from 5V to 30V: and over the full input common-mode range (OV to V* = 1.5V) for LM2902. V* from 5V to 26V.

Note 9: The direction of the input current is oul of the IC due lo the PNP input stage. This current is essenlially constant, independent of the stale of the output so
no loading change exisls on the input lines

Note 10: The inpul common-mode vollage of either inpul signal voltage should not be allowed lo go negalive by more than 0.3V (al 25°C). The upper end of the
common-mode vollage range is V" - 1.5V (al 25 C). but either or both inpuls can go lo +32V without damage (+26V for LM2902), independent of the magnitude of
vt

Note 11: Due fo proximity of external components. insure that coupling is nol originating via stray capacitance between these external parts. This typically can be
detected as this type of capacitance increases at higher frequencies.

Note 12: Refer to RETS124AX for LM124A military specifications and refer lo RETS124X for LM124 mililary specifications.

Note 13: Human body model, 1.5 k) in series with 100 pF
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LM124/LM224/LM324/LM2902

Input Voltage Range

Typical Performance Characteristics

Input Current
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Typical Performance Characteristics (continued)
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LM124/LM224/L M324/LM2902

Typical Performance Characteristics (Continued)

Input Current (LM23902 only)
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Application Hints

The LM124 series are op amps which operate with only a
single power supply voltage, have true-differential inputs,
and remain in the linear mode with an input common-mode
voltage of 0 V... These amplifiers operate over a wide range
of power supply voltage with little change in performance
characteristics. At 25°C amplifier operation is possible down
to a minimum supply voltage of 2.3 V.

The pinouts of the package have been designed to simplify
PC board layouts. Inverting inputs are adjacent to outputs for
all of the amplifiers and the outputs have also been placed at
the corners of the package (pins 1, 7, 8, and 14).
Precautions should be taken to insure that the power supply
for the integrated circuit never becomes reversed in polarity
or that the unit is not inadvertently installed backwards in a
test socket as an unlimited current surge through the result-
ing forward diode within the IC could cause fusing of the in-
ternal conductors and result in a destroyed unit.

Large differential input voltages can be easily accommo-
dated and. as input differential voltage protection diodes are
not needed, no large input currents result from large differen-
tial input voltages. The differential input voltage may be
larger than V' without damaging the device. Protection
should be provided to prevent the input voltages from going
negative more than =0.3 V. (at 25°C). An input clamp diode
with a resistor to the IC input terminal can be used.

To reduce the power supply drain. the amplifiers have a
class A output stage for small signal levels which converts to
class B in a large signal mode. This allows the amplifiers to
both source and sink large oulput currents. Therefore both
NPN and PNP external current boost transistors can be used
to extend the power capability of the basic amplifiers. The
output voltage needs to raise approximately 1 diode drop
above ground to bias the on-chip vertical PNP transistor for
output current sinking applications.

For ac applications, where the load is capacitively coupled to
the output of the amplifier, a resistor should be used, from
the output of the amplifier to ground to increase the class A
bias current and prevent crossover distortion.
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Voltage Gain (LM2902 only)
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Where the load is directly coupled, as in dc applications,
there is no crossover distortion.

Capacitive loads which are applied directly to the output of
the amplifier reduce the loop stability margin. Values of
50 pF can be accommodated using the worst-case
non-inverting unity gain connection. Large closed loop gains
or resistive isolation should be used if larger load capaci-
tance must be driven by the amplifier.

The bias network of the LM124 establishes a drain current
which is independent of the magnitude of the power supply
voltage over the range of from 3 Vp¢ to 30 Vpe.

Output short circuits either to ground or to the positive power
supply should be of short time duration. Units can be de-
stroyed, not as a result of the short circuit current causing
metal fusing, but rather due to the large increase in IC chip
dissipation which will cause eventual failure due to exces-
sive junction temperatures. Putting direct short-circuits on
more than one amplifier at a time will increase the total IC
power dissipation to destructive levels, if not properly pro-
tected with external dissipation limiting resistors in series
with the output leads of the amplifiers. The larger value of
output source current which is available at 25°C provides a
larger output current capability at elevated temperatures
(see typical performance characteristics) than a standard IC
op amp.

The circuits presented in the section on typical applications
emphasize operation on only a single power supply voltage.
If complementary power supplies are available, all of the
standard op amp circuits can be used. In general, introduc-
ing a pseudo-ground (a bias voltage reference of V*/2) will
allow operation above and below this value in single power
supply systems. Many application circuits are shown which
take advantage of the wide input common-mode voltage
range which includes ground. In most cases, input biasing is
not required and input voltages which range to ground can
easily be accommodated.






