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The purpose of this project is to create a system enabling the operations to alert local
people to the sudden tlood. At present, many areas are affected by heavy rain due to weather
change. As a result, floods and landslides have caused damage to people’s lives as well as their
property. Therefore, the concept of creating the alanming system by collecting data, analyzing the
data and transferring the data to alert the people to the coming disaster is crealed, The data will be
collected from many sources such as the movement of the earth and rainfall. These data will be
stored in the Data Logger. After that, the Data Logger will categorize the data, record the time
receiving the dafa and analyze the data. After processing the whole data, if there is any possibility
of the flood, the Data Logger will transfer the data to warn the local people of a possibly

dangerous flood as soon as possible. This will help mitigate the potcntié] loss of life and property.
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2.2.1 AUONIAVOI ATmega8515L
« RISC Architecture
— 130 Powerful Instructions — Most Single Clock Cycle Execution
— 32 x 8 General Purpose Working Registers
— Fully Static Operation
— Up to 16 MIPS Throughput at 16 MHz
- On-chip 2-cycle Multiplier
» Nonvolatile Program and Data Memories
— 8K Bytes of In-System Self-programmable F]ashr
Endurance: 10,000 Write/Erase Cycles
— Optional Boot Code Section with Independent Lock bits
In-System Programming by On-chip Boot Program
True Read-While-Write Operation
— 512 Bytes EEPROM
Endurance: 100,000 Write/Erase Cycles
— 512 Bytes Internal SRAM
—Up to 64K Bytes Optional External Memory Space
~ Programming Lock for Software Secunty
 Peripheral Features

— One 8-bit Timer/Counter with Separate Prescaler and Compare Mode

—One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture

Mode
— Three PWM Channels
— Programmable Serial USART
— Master/Slave SPI Serial Interface
— Programmable Watchdog Timer with Separate On-chip Oscillator

— On-chip Analog Comparator
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* Special Microcontroller Features
— Power-on Reset and Programmable Brown-out Detection
— Internal Calibrated RC Oscillator
- External and Internal Interrupt Sources
— Three Sleep Modes: 1dle, Power-down and Standby
¢ 1/O and Packages
— 35 Programmable I/O Lines
— 40-pin PDIP, 44-lead TQFP, 44-lead PLCC, and 44-pad MLF
» Operating Voltages
—2.77T-5.5V for ATmega8515L
—4.5-535V for ATmega8515
» Speed Grades
—~0-8 MHz for ATmega8515L.

—0- 16 MHz for ATmega8515
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4.1.4 ¥1971 4 : Output
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4.2 NONMTNANDY
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4.2.3 Port 11 3 : fan319duaNUB UGN (Analog to Digital) A1uazBea 8 bit
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o o .
VI3HAN 4 : Input port 4 uaz udasaMsaRILYBIgUNIol Tng

AMUNTIVDIUTTNAN 4 — [4]=0/255[H] §295299UM51HHE0UAY89AY LU Digital(Port 4)

TaoldsdenTudes [ Munds 1 a5l High[H)
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File Edit Format View Help
$A000B0CODOOOEQOOF064116/05/09 19:12:23
$A005B80CODOODECOOFCOQ0! 16 /05/09 19:13:06
$A005B0CODO00EOOOF064 1 16/05/09 19:13:22
$A000BOCODOQOEOOOF065116,/05/09 23:18:20
- |$A000BOCODOOOEQG4F000!16/05/09 23:18:39
[$A005B0OCODOO0OEOOOFOQ0!116/05/09 23:19:22 |}
1$A005B0CODO0O0OEQOOF065!116/05/09 23:19:36 .}
|$A005BOCODO0OOEL28F000!16/05/08 23:19:51
1$A010BOCODOOOEOOOFO00!16/05/09 23:20:21
$A01080COD192EQ00QOF000!16/05/09 23:21:08
$A010BOCODOOOEO64F000!16/05/09 23:21:19
$A010BOCODOOOEOOOF064116/05/09 23:21:31
$A015B0CODOOOEQQOOFO00!16/05/09 23:22:14
$A005BO0CODO0OEQOOFO00!116/05/09 23:29:33
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MANUIN N,

myasldsunsu

1, Msfiadalilsunsy CodeVisionAVR

¥
1). Aaea 11l5un54 CodeVision AVR 2301 PC Taoila 14 set up aunn

setup.exe .
CodeYisionAYR C Compile
HP InfoTechs.kl. -

gﬂﬁ 1.1 setup.exe file

2). enNYna “I accept the agreement” LAINA next

15 Setup - CodeVisionAVR C Compiler

License Agreement
Please read lhe following impantant infaimation before continuing

Please read the [ollowing License Agieement You must accept the terms of this
agreement before continuing with lhe installation-

SOFTWARE LICENCE L}

The use ot CodeVisionAVR indicates your understanding and acceplance ot the -~
followwing terms and conditions. This license shell supersede any verhal or

prior verbal or wwritten, statement or agresment 1o the confrary.

If yyou do not undersiend or accept these terms | or your local regulations

prohibi “after sale” icense agreements or imite d disi:latrners, you must

cease and desist using this product immediately.

This producd is (C) Copyright 1998-2008 Pavel Haiduc and HP InfoTech srl., " :

£33 1 accepl the abreement -

11 do not accept the agreemerit

[ < Back ]l Neat > ]I Cancel J

gﬂ‘ﬁ 1.2 Setup — CodeVisionAVR Complier(1)



—

39

9 1 5 = {
3). M5 1d password a9'l1] 1A 2ABNN next

21 - BT LI T i
]3‘ wecteag Cpede e 2 D Snn ity Ea

Passwaqd
This"stallation is password protected.

Please provide the password, then click Next to conlinue. Passwords are case-sensitive.

Password:

= password.a - Notepnd (- JIOJ

Fde Edit Format Yiew Help

gt3p719ct4335wkyg

[ < Back Jl Nexl > ][ Cancel

31.Iﬁ 1.3 Setup — CodeVisionAVR Complier{(2)

s Y d’l 1 8 s
4). ARN next I.‘]JLS@EJ‘]ﬁ]uﬂ'J’l%xﬁ]f]ﬁu'lWNﬂQﬂ'l‘W

9 Setup - CodeVisionAVR C Compiler - @7

Completing the CodeVisionAVR C
Compiler Setup Wizard

Setup has fmishad nstaling CodeVisionAYR C Compiler on youw
computer. The apphcalion may be launched by selecting the
installed icons.

Click Finish Lo el Setup.

Launch CodeVisionAVR C Compiler

3111 1.4 Sctup — CodeVisionAVR Complier(3)
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5). i1013 Copy license.dat 1/'13% CaCvavr m1mfuhins IMPORT fammdiuais

& CodeVisionAVR License

Your Serial Nun:nbel-is:
C211-A263-4BB2-9593

and it has been copied to the clipboatd

To purchase a icense, please sorwd Lhis

Serial Number lo HP InfoTech s.r.L at
offica(@ hpinfotech.ia

Il you alieady purchased the program,

then you must lmport the icense from
a vakd CodeVisionAVR nstalation

topot J| X Cance |
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B-porl License File -

Lock it I J cvan

b
I

MyRecenl

Documerty

Dasktop

My Documants

i
3
My Comprater

hJ

MyNe(w\:rk
Places

L ol § -
T .
- )Cede Templaes
examples
Sk
keense dot
unins000 dat
Fil rotnex liceme.dat - - Dpen
Fiss ol [Licanss fles [dat] =] Cancel [}

j‘l.l‘?l 1.5 Setup — CodeVisionAVR Complier(4)

6). M OPEN File license.dat 9103 UNH OK

|__::<| |

= alklele| =)

Nawgal

ﬂmgﬂe@ --

— &Y CodsVisionAVR

Mo Projecl
Other Files

gﬂ‘ﬁ 1.6 Setup — CodeVisionAVR Complier(5) |



2. 113 Burn 1sunsy

1). aogunsalanw

41

31 2.1 Setup — AVR ISP Burn (1)

2). wlallsunsy CodeVisionAVR

" HP IntoTach

Code VisionA VR

C Compller Integrated Develupment En\nmnment
Automatic Program Generator and In-System Progrﬂmmer
for the Atmel AVR Family of Mlcrncuntmllers

Version 1.24.8b Professional
# Copyright 1998-2006 Pavsl Haiduc HP [nfDTech s rl.
hitp:/ fewew hpinfotech. com . .

Licensed to: F4CG
F4CG
C211 .ﬁ?ﬁﬁl 4832 9593 -

U 2.2 Setup — AVR ISP Bum (2)

N S S 0 L AT R T DA
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3). 1115 Open Object 1 Ida 510113

. LCD ="' & cf E-

Fie name: ILCD_pq'

Fdes of typa: IPro;a:i fles " pi}

4). MM set MOIWNTH

3‘1]'?1 2.3 Setup — AVR ISP Burn (3)

ey

) s ol:alo];

883%&2862%%838&

Hodor 1Rk

ICLQJ.!“‘\:.O"
ICC11?=Dx'\ N

i~ Hags dataTiom a AOM Fio for FLASH Programming

-+~ Chip Programming O pions —

" PLASH Lock Bits~~ = P Progrten Fuse Bifs}
L6 Ho Prdtedmn‘ T LRSELOU
. . I ckseLo -
Lot (‘ nganurm disabled F&ggt:ﬂ
¥ab 'ngarnrrng and Veiification dissbled F gﬂp‘]:g
b [ BODEN-0
"BwlLuck Bit 0—- ~Boat Lock Bit 1— {I” BODLEVEL=D
L ABMA1B0A1 | & R8I F By
|| ¢ BOI-0BOZ-1 | | ¢ BrI-0BT2= | [ BOOTSZI0
(e i I EESAVE=D
;€ BUI0BOZ-0 | | € BI0B12:0 | [T CKOPT=D
i oBm=1am-0 | | © BI<1812:0 F‘E&GEE,.E]
W CheckSnggalue r [‘.heckEname |= PlesenreEEPRDM P' Ve«i‘y
ook || X Gence | P e |

gﬂﬁ 2.4 Setup — AVR ISP Bumn

(4)
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5). ¥M3 set MAMAN 1IRTNINS burn Wsunsuidiounldaslunosa

N i M N A e g e R e it et A A

— ot wr = e s —— e s

dndews T lslp

T

=l aln) 220

CCRLE=0x00;
CoRALE=0xAN:
CHI1H=2x00;
TCHT1L=0x20;
ICRIH=0x00;

ICRIL=2x007

OCRLER=0x09;
CORIAL=0xQ9;
CCRLIBR=0x040;
SURIBL=0x00;

T
T

#7 TimezrsCounmr
/F Cleek zeuz
7 Cleekx welu
47 Hede:r Herm
ZF DTE eunpue
ESER=0RGY;
TCCRZ2=0x%00;
TCHTZ=0n2;
SCAZ=0x0D;

77 EZxcernzl T
Ff LHId: &I
A INTL: OZIf
/¢ IWTZ: T==
HCUCA=9x00D;
HACUCEA=0x00,

£f Tixeris: it
TIMSE=In09;

¢/ Enzleg Com
;i Anzlag Cox
F7 Anzlog Com

i Iformation
Compier lAs*semb!el] Programmer |

Chip: ATmega32

Program lype: Application
Memory model Small

O plimize for. Size

slprintf features: int, width
sjscan] leatures: inl, widlh
Promote char to int No

char is unsigned: Yes

3 bit erums: Yes

Enhanced core mskuctions: On
lAutomatic register allocation: On

596 line[s) compiled
No enois
No wanings

Bit variables size: O byte(s)

Data Slack area: &0hlo 25Fh

Data Gtack size: 512 byte(s)

E stimated Data Stack usage: 7 byte(s)

Global vaiiables area: 260h (o 263h
Global vaitables size: 4 byte{s)

Hardware Stack area 264h to B5Fh
Hardwars Stack size: 1532 byle(s)

Heap size. 0 bide(s)

EEPADM usage: 0 bylefs) (0.0% of EEPROM)
Program size: 410 words [2.5% of FLASH]

ECSA=0uE0;
SEISA=0x00;

E% Program the chip i| Xgance‘|
]

31]1“';

2.5 Setup — AVR ISP Burn (5)

plel|s) Emim| 2|

43



‘., i

44

3, Data Sheet ATmega8515L,
Features

+ High-performance, Low-power AVR® 8-bit Microcontroller

*» RISC Architecture

— 130 Powerful Instructions — Most Single Clock Cycle Execution
— 32 x 8 General Purpose Working Registers

— Fully Static Operation

— Up to 16 MIPS Throughput at 16 MHz

— On-chip 2-cycle Multiplier

* Nonvolatile Program and Data Memories

— 8K Bytes of In-System Self-programmable Flash

Endurance: 10,000 Wrile/Erase Cycles

— Optional Beot Code Section with Independent Lock bits
In-System Programming by On-chip Boot Program

True Read-While-Write Operation

— 512 Bytes EEPROM

Endurance: 100,000 Write/Erase Cycles

— 512 Bytes Internal SRAM

— Up to 64K Bytes Optional External Memory Space

— Programming Lock for Software Security

-. Peripheral Features

— Onc 8-bit Timer/Counter with Separate Prescaler and Compare Mode
— One 16-bit Timer/Counter with Separate Prescaler, Compare Mode,__and Capture
Mode

— Three PWM Channels

— Programmable Serial USART

— Master/Slave SPI Serial Interface

— Programmable Watchdog Timer with Separate On-chip Oscillator

— On-chip Analog Comparator



« Special Microcontroller Features

— Power-on Reset and Programmable Brown-out Detection
— Internal Calibrated RC Oscillator

— External and Internal Interrupt Sources

— Three Sleep Modes: Idle, Power-down and Standby

» [/O and Packages

— 35 Programmable 1/O Lines

— 40-pin PDIP, 44-lcad TQFP, 44-lead PLCC, and 44-pad MLF
* Operating Voltages

—2.7-5.5V for ATmega8515L

—4.5-5.5V for ATmega8515

* Speed Grades

—0 -8 MHz for ATmega8515L

—0-16 MHz for ATmegag515
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The ATmega8515 is a low-power CMOS 8-bit microcontroller based on the AVR
cnhanced RISC architecture. By executing powerful instructions in a single clock cycle,

the ATmega85135 achieves throughputs approaching 1 MIPS per MHz allowing the system

designer to optimize power consumption versus processing speed.
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The AVR core combines a rich instruction set with 32 general purpose working registers.
All the 32 registers are directly connected to the Arithmetic Logic Unit (ALU), allowing two
independent registers to be accessed in one single instruction executed in one clockcycte. The
resulting architecture is more code efficient while achieving throughputs up toten times faster
than conventional CISC microcontrollers.

The ATmega8515 provides the following features: 8K bytes of In-System Programmable
Flash with Read-While-Write capabilities, 512 bytes EEPROM, 512 bytes SRAM, an External
memory interface, 35 general purpose [/O lines, 32 general purpose working registers, two
flexible Timer/Counters with compare modes, Internal and External interrupts, a Serial
Programmable USART, a programmable Watchdog Timer with internal Oscillator, a SPI serial
port, and three software selectable power saving modes. The Idle mode stops the CPU while
allowing the SRAM, Timer/Counters, SPI port, and Interrupt system to continue functioning. The
Power-down mode saves the Register contents but freezes the Oscillator, disabling all other chip
functions until the next interrupt or hardware reset. In Standby mode, the crystal/resonator
Oscillator is running while the rest of the device is sleeping. This allows very fast start-up
combined with low-power consumption.

The device is manufactured using Atmel’s high density nonvolatile memory technology.
The On-chip ISP Flash allows the Program memory to be reprogrammed In-System through an
SPI serial interface, by a conventional nonvolatile memory programmer, or by an On-chip Boot
program running on the AVR core, The boot program can use any interface to download the
application program in the Application Flash memory. Software in the Boot Flash section will
continue to run while the Application Flash section i.s updated, pi‘ovidi'ng true Read-While-Write
operation. By combining an 8-bit RISC CPU with In-System Self-programmable Flash on a
monolithic chip, the Atmel ATmega8515 is a powerful microcontroller that provides a highly
flexible and cost effective solution to many embedded control applications.

The ATrmega8515 is supported with a full suite of program and system developiment
tools including: C Compilers, Macro assemblers, Program debugger/simulators, In-circuit

Emulators, and Evaluation kits.
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Disclaimer
Typical values contained in this datasheet are based on simulations and characterization
of other AVR microcontrollers manufactured on the same process technology. Min and Max

values will be available after the device is characterized.

AT908S4414/8515 and ATmega8515 Compatibliity

The ATmega8515 provides all the features of the AT90S4414/8515. In addition, several
new features arc added. The ATmega8515 is backward compatible with AT90S4414/8515 in
most cases. However, some incompatibilities between the two microcontrollers exist. To solve
this problem, an AT9054414/8515 compatibility mode can be selected by programming the
S8515C Fuse. ATmega8515 is 100% pin compatible with AT90S4414/8515, and can replace the
AT9084414/8515 on current printed circuit boards. However, the location of Fuse bits and the

electrical characteristics differs between the two devices,

AT9084414/8515 Compatibility Mode

Programming the S8515C Fuse will change the following functionality:

* The timed sequence for changing the Watchdog Time-out period is disabled. See “Timed
Sequences for Changing the Configuration of the Watchdog Timer” on page 52 for details.

*» The double buftering of the USART Receive Registers is disabled. See “AVR USART vs. AVR
UART — Compatibility” on page 135 for details.

+ PORTE(2:1) will be set as output, and PORTED will be set as input

Pin Descriptions
VCC  Digital supply voltage.

GND  Ground.

Port A (PA7..PAD) Port A is an 8-bit bi-directional I/O port with internal pull-up resistors
(selected foreach bit). The Port A cutput buffers have symmetrical drive characteristics with both
high sink and source capability. When pins PAO to PA7 are used as inputs and are externally
pulled low, they will source current if the internal pull-up resistors are activated. The Port A pins
are tri-stated when a reset condition becomes active, even if the ¢lock is not running. Port A also

serves the functions of various special features of the ATmcga8515.as listed on page 66.
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Port B (PB7..PB0) Port B is an &-bit bi-directional I/O port with internal pull-up resistors
(selected for each bit). The Port B output buffers have symmetrical drive characteristics with both
high sink and source capability. As inputs, Port B pins that are externally pulled low will source
current if the puli-up resistors are activated. The Port B pins are tri-stated when a reset condition
becomes active, even if the clock is not running. Port B also serves the functions of various

special features of the ATmega8515 as listed on page 66.

Port C (PC7..PCO0) Port C is an 8-bit bi-directional I/O port with internal pull-up resistors
(selected for each bit). The Port C output buffers have symmeirical drive characteristics with both
high sink and source capability. As inputs, Port C pins that arc externally pulled low will source
current if the pull-up resistors are activated. The Port C pins are tri-stated when a reset condition

becomes active, cven if the clock is not running.

Port D (PD7..PD0) Port D is an &-bit bi-directional I/O port with internal pull-up resistors
(selected for each bit). The Port I3 output buffers have symmetrical drive characteristics with both
high sink and source capabilily. As inputs, Port D pins that are externally pulled low will source
current if the pull-up resistors are activated. The Port D pins are tri-stated when a reset condition
beecomes active, even if the clock is not running. Port D also serves the functions of various

special features of the ATmega8515 as listed on page 71.

Port E(PE2.PEQ) Port E is an 3-bit bi-directional I/O. port with internal pull-up resistors
(selected fof each bit). The Port E output buffers have symmetrical drive characteristics wifh both'
high sink and source capability. As inputs, Port E pins that are externally pulled low will source
current if the pull-up resistors are activated. The Port E pins are tri-stated when a reset

condition becomes active, even if the clock is not unning. Port E also serves the functions of

various special features of the ATmega8515 as listed on page 73.

RESET Reset input. A low level on this pin for longer than the minimum pulse length will -
generate a reset, even if the clock is not munning, The minimum pulse length is given in Table

18 on page 45. Shorter pulses are not gearanteed to generate a reset.
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XTAL1 Input to the inverting Oscillator amplifier and input to the internal clock operating

circuit.

XTAL2 Output from the inverting Oscillator amplifier.

Register summary
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3. Some of the Status Flags are cleared by writing a logical one to them. Note that the
CBI and SBI instructions will operate on all bits in the I/Q Repgister, writing a one back into any
flag read as set, thus clearing the flag. The CBI and SBI instructions work with registers $00 to
$1F only.

Instruction Ser Summary
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Mnemonics | Operands | Description Operation Flags #Clocks

DATA TRENIFER IRBTRUCTIONS

e 315 Moe Bitaten Ragiien Re. Ar Nam

BIVK ERE Capy Regele Yeees RgelAfe Rrelfir Nam

Ordering Information

Speed (MHz) Power Supply Ordering Code Package*! Operation Range
ATmegab515L-6AC dd4A
ATmegab515L-6PC 40P Commercial
ATmeaB515L-8JC 444 {@°Cto 70°C)
Almegabs15L-8MC 44M1
& 27-55%
Almega8515L-8al 444
ATmegad515L-8P| 40Pg Industriat
ATmegag515L-8Ji 444 i-40°C 10 85°C)
ATmegag515L-6il 44141
ATmegads15-18aC 444
ATmeaad515-16PC 40P% Commergial
ATmegaB515-16JC 44 {0°C to 70°C)
ATmegaB515-16MC 441
16 4.5.55%

ATmegab515-154 444
ATmeqab515-16P] 0P8 Industrial
ATmegag515-184i 44) {-40°C 10 85°C})
ATmeqas515-16MI 44M1

Note: 1. This device can also b supalied in wafer form. Plaase contact your local Atmel sales office for detalled ordering information

and nummum quantities.
Package Type
4A 44-lead, Thin (1.0 ) Prastic Gull ‘ing Quad Flat Package (TQFP}
40P 40dzad, 0 600" Wide, Plastic Dual Infine Package iPDIP)
44) 44 Jead, Plastic J-Leaded Chip Camier (PLCC)
44M1 44-pad, T x 72 1.0 mns body. f2ad pitch 0.5 mm, Micro Lead Frame Package (MLF}
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Errata The revision letter in this section refcrs to the revision of the ATmega8515 device.

ATmega8515(L) Rev. B Therc are no errata for this revision of ATmega8515.
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Datasheet Change Log for ATmega8515
Please note that the referring page numbers in this section are referring to this document.

The referring revision in this section are referring to the document revision,

Changes from Rev.

2512F-12/03 to Rev.

2512E-09/03

1. Updated “Calibrated Internal RC Oscillator” on page 38.

Changes from Rev,

2512D-02/03 to Rev.

2512E-09/03

. Removed “Preliminary” from the datasheet,

2, Updated Table 18 on page 45 and “Absolute Maximum Ratings™ and “DC
Characteristics” in “Electrical Characteristics” on page 195.

3. Updated chapter “ATmega8515 Typical Characteristics” on page 205,
Changes from Rev.

2512C-10/02 to Rev.

2512D-02/03

1. Added “EEPROM Write During Power-down Sleep Mode” on page 22,

2. Improved the description in “Phase Correct PWM Mode” on page 8.7.

3. Corrected OCn waveforms in Figure 53 on page 1 10.7

4. Added note under “Filling the Temporary Buffer (page léading)” on page 171
about writing to the EEPROM during an SPM page load.

5. Updated Table 93 on page 193.

6. Updaied “Packaging Information” on page 12.

Changes from Rev.

2512B-09/02 to Rev.

2512C-10/02

I. Added “Using all Locations of External Memory Smaller than 64 KB” on page
30. | o
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2. Removed all TBD.

3. Added description about calibration values for 2, 4, and 8 MHz.

4. Added variation in frequency of “External Clock” on page 39.

5. Added note about VBOT, Table 18 on page 45.

6. Updated about “Unconnected pins” on page 63.

7. Updated “16-bit Timer/Counter!™ on page 96, Table 51 on page 118 and Table
52 on page [ 19.

8. Updated “Enter Programming Mode” on page 182, “Chip Erase” on page 182,
Figure 77 on page 185, and Figure 78 on page 186.

9. Updated “Electrical Characteristics” on page 195, “External Clock Drive” on
page 197, Table 96 on page 197 and Table 97 on page 198, “SPI Timing Characteristics”
on page 198 and Table 98 on page 200.

10. Added “Eirata” on page 16.

Changes from Rev.
2512A-04/02 to Rev.
2512B-09/02

1. Changed the Endurance on the Flash to 10,000 Write/Erase Cycles.
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4. Data Sheet ET-MINI DS51307
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5. Data Sheet PCF8574 Remote 8-bit I/O expander for 12C-bus
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Philips Semiconductors

Product specification

Remote §-bit !0 expander for 12C-bus

PCF8574

1 FEATURES
Operating supgly voltage 2.5t 8

Low standly cummant consumption of 10 A maximum

(2C-hus to parallel port expander

Qpen-drain interrupt cutput
8-bit remete 10 port for the (2C-bus
Compatible Wwith mast microcontrellers

Latched cutputs with high currant drive capability for
direclly driving LEDs

Address by 3 hardware address pins for use of up o
§ devices (up to 18 with PCFE574A)

DIP16, or space-saving SOIG or SSOP20 packages.

2  GENERAL GESCRIPTIOHN

The PCFB574 is asilicon CMOS cireuit. It provides general
purpese remole /0 expansien for most microcontrolier
families via the two-line bidirectional bus (12 -bus).

3 ORDERING IHFORMATION

The device consists of an 8-bit quasi-hidirectional port and
an [2C-hus interface. The PCFE574 has a low curment
consumption and includes latched outpuls with hioh
current drive capahility lor directly driving LEDs. it also
possasses aninterrupt line (IHT) which canbe connactad
to the intgrrupt logic of the microcontrofer. By sending an
interrupt signal on this fine, the remote WG can inform the
micrecentrallerifthers is incoming data on iis ports without
having to communicate via the [2C-bus. This means that
the PCFE574 can remain 3 simpls slave device,

The PCFEST4 and PCFE3T4A versions differ enly in their
slave address as shown in Fig. 10,

PACKAGE

TYPE HUMBER .

HAME DESCRIPTION VYERSION
PCFEST4P. CiP16 plastic dualindine packags; 16 leads (300 mil) SOT0-4
PCF8574apP
PCFBSTAT, 516 plagtic small oulline package; 16 leads; hody width 7.5 mm S0OT162-1
PCFEST4AT
PCFE574TS; SSOP20 | plastic shrink small outling package; 20 leads; body width 4.4 mm | SQT266-1
PCFA574ATS
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Phitips Semiconductors Product specification
Remote 8-hit O expander for 12C-bus PCF8574
4 BLOCK DIAGRAM
3 iNTERRUPT
T 4
o LF FILTER
1 PCFS574
A:'_]
A! 2 ‘
lE IRt
¥ l = — Pl
oL L ¥ FEN + : » P2
[MPUT FC-PUS 7]
soaed | ALER [T] coMROL [ s ey o [P
AEZSTER ) FORT  fe—=1 4 py
A !u
4 1 ¥ PS5
.l .1 » P
é ! 2 * P7
3
YRITE puse
v 16 READ putse
S ™ POASER-ON [
vas ——] RESET
WAL
Fig.i Block diagram ipin numbers apply fo DIP 16 and SC16 packages).
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Philips Semiconductors Praduct specification
Remote 8-bit KO expander for 12C-hus FCF8574
§  PINHIMG
61 DIP1¢ and 8016 packages
SYMBOL PIN DESCRIPTION
AQ 1 address input 0
A 2 address input
a2 3 address input 2
PO 4 quasi-bidirsctonal M0 0
P 5 quasi-bidirectional 1O 1
p2 6 quasi-bidirectional /G 2
P3 7 quasi-bidirectional 11C 3
Yae B supply ground
A P4 q quasi-bidirectional 11O 4
Ps 10 quast-hidirgcttanal G 5
P4 11 quast-bidirectional kG 6
P7 12 quasi-bidirectional KO 7
HT i3 intemupt output (aclive LOW)
SCL 14 serial clock line
5D4a 15 serial data kne
Yoo 18 supply voltags
2011 U El oD An E I\_J EI Vo
A [2] 12] 504 p[2 %] 04
A2 2 EI 3CL Az[2 4| geL
: - P[] perastap [R)NT Po[2] | poraszar [RINT
) p1 [z [PCFB574AP T o7 Fi{e PpFuﬁTJAT Bl
r2[a 11 7a F2(g] 11} Pa
Pz S r2(7] B
\rs‘s;lz 7| re 55‘3@ EF‘A .
vEnet Vg ET
Fig.2 Pin configuration [DIP1G). Fig3 Pin configuration (SCH8).

y
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Product specification

Remote §-bit I/0 expander for 12C-bus

PCF8574

5.2 $S0OP20 package
SYMBOL PIN DESCRIPTION
INT 1 interrupt output factive LOW)
5CL 2 senal clock line
n.c 3 net connscted
SDA 4 gerial data line.
Yoo 5 supply vollags
a0 (1 address input &
a 7 address input 1
n.c. & not conngcted
n2 ] address input 2
PO 10 quasi-bidirectional /0 0
1 11 quasi-tidirectional O 1|
P2 12 quasi-bidirectional [1C 2
n.t. 13 not connected
P3 14 quasi-bidirectional 1% 3
Vag 5 supply ground
P4 18 quasi-hidirgctional VG 4
Pa 17 quasi-lndirectional VO 5
n.c. 18 not connecied
Pd 19 quasi-kidirectional HC §
Py 20 quasi-bidirectional Q7
WT[H) (5 i) Ld
soL[2] B
ne E E nc.
son [4] i
Yoo 2] peraszars [1E17
4D [ [PCFB5T4ATS ’zl Vag
M[T] 4] R
ne (5] " ne
Az 9] iz] P2
FD @ 7] P:

Rty

Fig.4 Pin configurabon

(550P20}.
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Product specification

Remote &-bit 'O expander for 12C-bus

PCF8574

f CHARACTERISTICS QF THE 2C-BUS

The 12C-bus 5 for 2-way, 2-line communication babwesn
different |Cs or modules. The two lines are a senal data
fine ISDAYand a s&nial clock line (SCL). Both lines must be
cannacted to a positive supply via a pufl-up resistor when
cennectad to the outpul stages of a device. Data transfer
may be initiated anly when the bus is not husy.

6.1 Bit transfer

One data bl is transferred during each clock pulse. The
data on the SDA ling must remain stable during the HIGH
period of tha clock pulse as changes inthe data line a1 this
time will be interpreted as control signals (see Fig.5).

6.2  Startand stop conditions

Both data and clock lines remain HIGH when the bus is not
husy. A HIGH-t0-LOW transition of tha data line, while the
clock is HIGH is defined as the start condition (5).

A LOW-lo-HIGH transition of the data line while the clock
is HIGH is defined as the stop condition (P} (see Fig.6}

© 6.3 System configuration

A device generaling a niessage is a ‘transmitter’, a device
receiving is tne receiver. The device that controls the
nigssage it the ‘'master and the devices which are
controlled by the master are the ‘slaves’ (see Fig.7).

1 | |
dxzling | change |
|' =hable; | efdata |
| dafavalid  alowsd | MR
Fig.5 Bit ranafer.

J

I—

o g s / , sl

13 ] 1 P
START condtior TSP mendviom
Fi3.8 Definiion of start and stop conditions.
3DA
3L I l
WASTER - TLAVE MAETER
{AVE MASTER
TRAMSMITTER Cntiidd TRANEMITTER! Py - TRANSMITTER !
RECEVER RECENER RECEAER TRANGMITIER | | TRecenen
MEgdd
Fig.7 System configuration.
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Product specification

Remote §-bit I'0 expander for 12C-bus

PCF8574

6.4  Acknowledge

The nember of data bytes transferred bebreen the stari
and the step conditions from transmitter to receiver is not
limited. Each byte of eight Iyits is fallowed by ons
acknowledge bit see Fig.3). Toe acknowledge bitis a
HIGH lsvel put ¢n the bus by the tranamitter whereas the
niaster generates an extra acknowledge related clock
pulse,

A slave receivar which is addressed must generate an
acknowledge after the reception of each byle. Also a
master musi generats an acknowledge afterthe reception

of each byte that has been clocked out of the slave
transmittsr. The device thal acknowledges has to pull
down the SRA line during the acknowiedge clock pulse, o
that the SDA line is slabls LOW during the HIGH period of
the acknowledge related clock pulse, sat-up and held
times must b taken into account.

A masier receiver must signal an end of data to the
transmitter by not generating an acknowledge on the last
byts that has been clocked out of the slave. In this event
the transmitter mustleave the data ling RIGH to enable the
master ta generate a stog condition,

DATA CUTPUT |
BY TRANSKITTER

;xfj X

X NG

I

I
DATA GUTPUT |
BY RECEVER l
I

{

N adnc\-.!e-:ge:
o - % B lf

acknwde-;’ge"'

|
/ —f—] S £ _ -
e AN R S AN A A, f?\__

L2 ]
> clock pulse for
START 3
G b acknowledpsment

MEL AT

Fig.8 Acknowtedgment on the 12C-bus.
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Remote 8-bit I'O expander for 12C-bus PCF8474

7 FUNCTIONAL DESCRIPTION

e puse . — B VoD
i | ,—Q°_|El ab |
daz from N C o >c )

R

shi regaee o = I
o8 j ! {:l Filto PT
. T ] A
oy =/ 1

vag

FF
}— C
rexd pulss —b—j l;_:,
I ——lﬁ_ > to ribermuct
data la Al P
shift regsts- ; 1 W) ‘ogie
Fig.8 Simplifiad schematic diagram of each 1O,
T4 Addressing
For addreesing see Figs 10, 11 and 12
Save wid ess SF5T Igdrass
o Ao Y s A ™,
T T T T T T T T
[3]% 00 A AL 4D UIAI fefo, ot 1 s a asfafa
1 L 1 1 1 ] 1 i
7 ) iyt
a. PCFS574. ) b, PCFBSTA.
Fig 10 PCF8574 and PCF85744 slave addresses.

Each of the PCFG574's gight Os can be independanty usad as an inpul or outputl. Input data is transferred from the

port to the microcontroller by the READ mede (sae Fig.12). Output dala is tranamitied to the pont by the WRITE mode
{see Fig.11). ‘
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Philips Semiconductors

Product specification

Remote 8-bit I'0 expander for 12C-bus

PCFB574

7.2 Interrupt output

The PCF38574 provides an open-drain output (INT) which
can he fed to & corespending input of the microcontroller
{see Figs +2 and 14}, This gives these chips atype of
master function ‘which can initiate an action elzewhere in
the system.

Aninterruplis generated by any rising or falling edge ofthe
portinputsinthe input mode, After ime £, the signal INT is
wvalid.

Resatling and reactivating the interrupt circuit is achieved
when data on the port is changed to the orginal setting or

data is read from or written 1o the pertwhich has generaled
the interrupt.

Resetting cccurs as follows:

+ |Inthe READ mode atthe acknowiladge bit after the rizing
edge of the SCL signal

» In the *¥RITE mode at the acknowledas hit after the
HIGH-ta-LOW transiton of the SCL signal

» Interrupts which occur during the acknowladge clock
pulse may ba losl (or very short) due to the resetting of
the intermupt during this pulss. -

Each change of the KOs after resetiing will be detectad
and, after the next rising clock edga, will be lransmified as
TNT. Reading trom ar wniting to another device dogs not
affect the interrupt circuit.

73 Quasi-bidirectional FOs

Aquasi-idirectional VO can b2 vssd a5 an input or output
without the use of a control signal for data direction

{z=2 Fig.15). Al power-on the 105 are HIGH. In this niode
anly a cumenl source ta YVpp is active. An addiional strong
pull-up to \pn allows fast rising edges inta neavily 19adad
gutputa. These devices fum on when an ouiput is written
HIGH, and are switchad ofl by the negative edge of SCL.
The [fQs should be HIGH hefors heing used as inputs,

PCFEEF4  PCFEETA PCF35TA
Yoo i1 2} Ha)
MICROCCHTIRCULLER
THT THT NT INT

(XL
Fig.13 Applicatior of multiple PCFR5745 wilh interrupt.
$lave et (PCREET <363 from port
A . ~ .
bl 'a '\.
. | I N LU T T L T T T T |
cDAISIG 1IDL{7IM1A11A°|!|IA| Loty ‘1|P—I
I
1 b }
ELHT DONRC TN R lacknovhzoge PR slop
:frm1 sy adnon

L MUERUR RSP T UL U U L UL

DATA INTC
FE

Fig_14 Interrupl generated by a changé of input i0 G P5.

|
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Fig. 15 Transent pullup current lo whilé P3 changes from LOW-to-HIGH and back lo LOW.




,
-

Philips Semiconductors Product spacification

Remote &-bit /0 expander for 12C-bus PCFB574

§ LIMITING VALUES
In accordance with the Abaclute Maximum Rating System {IEC 50134},

SYMBOL PARAMETER MIH. MAX. UNIT
Von supply voltage -0.5 +7.0 v
Y input voltage Ves - 0.5 Yon+ 0.5 A
Iy DC input current - 20 méa
I DC output current - 25 ma
Ieo supply current ~ +100 ma
gz supply current - +100 A
P total power dissipation . 400 mw
Pe power dissipation per output - 100 my
Tatg storage temperature -6% +150 C
Tamd amiisnt temperature -40 +45 €

9  HAHNDLING

Inputs and outputs are protected againat electrostatic discharge in nermal handling. Hewever it is good practce to take
normal gracautions approgfate o handling MOS devices (sze “Handling MOS devices™).

10 DC CHARACTERISTICS
Yoo=25106Y Ve =0, Tegp = 40 to +857C- unless otherwise specified.

SYMBOL PARAMETER COHDITIONS Mt TYP. MAX, Ut
Supply
Yo supply veltage 25 - 6.0 Y
Ico supply current operating mode; vpn= 6V, [- 40 100 WA

ne lead; V= Yoo or ¥es
{re = 100 kHz _ _
o standby currant standhy mode; Yo =6, |- 25 10 NA

ne lead; ¥ =Ypp or Y23

YapR Ponver-on rssst voltage Voo = 6 Y, no load; - 1.3 24 Y
’ Y) =Vppor Vs nots 1

Input SEL: input’output $DA

WL LY level input voltaga 05 - 03 |V
Yy HI5H level input voltage ' 07 |- Vop+ 05 |V
I LMY level output current You=04Y 3 - - mi
It |sakage current Y =Yppor¥ss -1 - R &

G input capacitance Y] =5 - - 7 pF



Philips Semiconductors Product specification

Remote 8-bit I/0 expander for 12C-bus PCF8L74
SYMBOL PARAMETER CONDITIONS M. TYP. MAX, UHIT
i0s
Wi LW level inout voltage 05 - 0.3 |V
¥H HIGH leval input voliage 0.7%pn - Vop+# 0.5 |V
lHLrax) maximuni allowed input Y Zpp or V) £ Van - - =400 1A
current tirough protectien
diode
lo LOW ievel outot current VoL=1¥.Vpp=5"Y 10 20 ~ ma
IoH HIEH levet output current  ¥ou=Vas 30 - 300 A
IgH: transient pull-up coment HIGH during acknowdadge |- -1 - mA
{see Fig.15); You = ¥as:
Vop=25Y
Ci input capacitance - = 10 pF
Gy output capacitance - - 10 pF

Part timing; Cp = 100 pF (see Figs 11 and 12}

tow output data valid - - 4 n
tey input data sat-up time 0 = - IS
b input data hald time 4 - - us
Interrupt [HT {see Fig.14)

low LCW level output current Vo=04Y 18 - - ma
I laakage currsnt Yi=VpoorVss -1 - + [LA
TIvING, C € 100 pF

ty |inputdata valid ime . - - 4 us
tir reset delay time - - - 4 us

Selectinputs Ad to A2

Y LOW level input voltage -05 N ke b
Viy HIGH level input voltags 0. - fvppr05 |V
0 input leakage currant pin at Vpp or Vas =250 - +250 na
Mote

1. The Power-on feset eireuit rasets the 12C-bus logic atYpp < Yrog and sets all [10s ta logie 1 (with current source to
LY} .
Y00}
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Remote 8-hit 1/0 expander for 12C-bus PCFB574

11 2C.BUS TIMING CHARACTERISTICS

SYMBOL PARAMETER [ an | owe | owax | wuni
I2C-bus Uming (s2e Fig. 18; note 1]

ferp SCL ¢lock frequency - - 100 kHz
tew tolerable spike width on bus - - 100 ng
teus bus freg ime 4.7 - - us
e START condition set-up time 4.7 — - us
o aTaA START candition hold time 4.0 - - s
Lo SCL LOW time 4.7 - - ts
oy SCL HIGH time 4.0 = - us
ty SCL and SDA rise ime - - 10 us
ts SCL and SDA fall time - = 03 us
t5UDaT data set-up time 250 = - ns
I DaT data hold time 0 - - ns
bDDaT SCL LOW to data out valid - L 34 us
tsuaTo STOP condition set-up ima 4.0 - - us
Note

1. Allthe iming values are valid within the operating supply voltage and ambient temperature range and refer to ¥
and %y wilh an input vollage swing of Vg 10 Voo

START BTT BTé§ BITO | ACKMOW.ECGE STCP
PROTOCOL SONTON YL (48] L5B 14y CORGETION
2! A7) ) . IRV P
LeissTa how  thad e
- FECL —
—_— '-—‘—"!' :_—
2L { . !
!
L i S
guE -
- i . _
304 Y )I >\ /
R L ..
Lpys, oy taip a0

(LSS

Fig. 16 1°C-bus timing diagram.
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Philips Semiconductors Product spacification
Remote 8-bit !0 expander for 12C-bus PCF8574
12 PACKAGE DUTLINES
DIP18: plastic dual in-line package; 16 leads {300 mil) SOT38-4
D
E
3 ! |
AN ! | f
R R, b
R A T A N R S N N S A
3 i -f—'\,——‘ "'I’*L‘“u'—ll“—i"‘:j——l I f!
i ~— B S R } }n
] [l A i
I A I C 1”
L_- V) Hy o A/ . |i|
-z [ ARG
{2, | —
E-
| “‘ Qr— My
_L T _n -n
al Zal R Il
et
N i o P
iy Ji= e 1._1
5
0 L) ‘Ammn
i L 11 1 1 1 1 1 a1 1
5.3
DIMENSIONS {ineh dimensions are derived from the original mm dimensions)
)]
U f A L bz o b | B e oM BN e [ e | L | Me M| w | EY
| - o | :72 |08 | t2z [ 0% | 920 | 828 | ooy | —an | 360 | 825 | 00 |-
mr | 22N 0AV ) 32 ) e | o | afs | om feear | eoo | EFH| T | apa | 7e1 | en [FEF| 07
e L |omea a0z [ oo oo [ o foze |, Li4 | 032 | 5%
CEE LT RO D0 ) gaey | cove | osa | oooe | T3 | o4 | 90| 00 [ pyz | o5 | qm | 00 0030
Note .
1. Plaste or metd protrusons ¢ 0.25 mme max mam per s.6¢ are not nduaed,
OUTLNE REFERENCES EURDPEAN
VERSION e EveC Bl PROJECTION | ISSUEDATE
N -4 preTeey
07254 =3 -{{*‘j- P
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Philips Semiconductors Product spacification
Remote 8-bit ;0 expander for 12C-bus PCF3574
S016: plastic small outling package: 16 leads: body width 7.5 mm 50T1621
= D = I L A
-‘—E|—r—, - []
. / \{ ‘\\r .
7 ; —3 !
ci‘: cf-’f Lt ‘I — ,,"\k_.,‘ ":Jr!
-, v
! Hz — =] v (&]a]
AN 1B
I / \ Q 1
e o e
]
S R ] 4
~—ch
t AN T
-
b 4 10mm
L .3 ) r | T 1 1 |
scde
DHAENSIONS [inch dimensiens are derived from the criginal mim dimensions)
T [ A LA | [ A [ b | o [omfen] e |m || |a]w|w]|y [z
aae |02 248 g4e foz | ws] 72 | .. [ 12es 11 ] 11 o | n. | OF
e | 285 | gig | 226 | 0% (923 (023 |0 | Te [T [wGoa| ¢ |0k | 10 |02 0E 0 [aaq o
iehes | oog |0012] 026 ] 40, [omE [o0ia| 04t [ 230 |4 gen | 2419]  ges 0043 | 043 _[ams] O
imches | 2% {0054 0dea | 29" oona |00 | 042 | aZe |00%%| 05 [ 0955 01z | ooz | 091 | 241 |00 [55is
Note .
1. Flaste or mety protres ons & 0.15 me maxmam par s-oe are nod indudze.
QUTLINE REFERENCES EURGPEAN
155 UE DATE
VERSION e JEDEC T PROJECTION
soTIeR 7E0s M348 =34 | ¥os
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Product specification

Remote 8-hit /0 expander for 12C-bus PCF8574
S80P20: plastic shrink amall outline package: 20 leads: body width 4,4 mm S0T265-1
D 4—-—5—-——-—
A
-..i?—- \.”
tL,:{J x—|_\r4 ey f
Vi S -
oy b He =] v i2]A]
—I]z
HRRERAREER
i il VL
i AT
]
! 1
| I =1 r
0
1
As H_‘__ — f | »
At it Bt et e e e e = = hl 'A ] -~
|>?n1in:"a_!_' ST |
~ Sl
R ' ! : BEE
S Sy i i
TR “
1., ]a - 1313
TR
—_ '.I! WQ,_-
a 2
i} 5 5mm
| I T T T [ T S N T |
soals
DIMENSIONS frm are the criginal dimensions) )
uar [ A LA A f A b e fom]En | e e L ||y fw]y |2
B E R A I N S TR T
LR sz |9 [am | an2 ] a4 e |CF ez | '? |oar|oas | 22 {99 o]
Note
1. Plaste oo meta pranos ong o° 0,00 e maximom ger s Je are not induzzd.
OUTLINE REFERENCES EURDPEAN
ISSUE DA
VERSION e JEDEC P PROJECTION DATE
5oTa4- Ma-152 =34 | Bey
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Product spacification

Remote &-bit 1/O expander for 12C-bus

PCF8574

13 SOLDERING
134 Introduction

This texi gives a very brigfinsight to a complex technology.
A mere in-depth account of soldering ICs can be found in
our *Data Handbaok IC28; Integrated Circuit Packages”
{document order number 9398 652 90011},

There is no soldaring method that is ideal for alf IC
packages, Wave scldering is ofien preferred when
through-hale and surface mount components are mikedon
one printed-cireuit board. Wave soldering can still be used
for certain surface mount KCs, but it is not suitable for fine
pitch SMDs. In these situations reflow soldenng ig
recommended.

132 Through-hole mount packages
132.1  SOLDERING BY DIPPING OR BY SOLDER WAVE

The maximum pemiszible lemperature of the solder is
260 *C; solder at this temperature must not be in contact
with the joints fer more than 5 seconds. The tefal contact
bBme of successive solder waves must not exceed

S seconds.

The device may be mounted up to the seating plane, bhut
the temperature of the plastic body must not sxcead the
specified maumum storage temperature (Toymy). if the
printed-circuit board has been pre-heatad. forced cooling
niay be nacessary immediately after soldenng to keep the
temperatare within the permissible limit.

1322 MaNUEL SCLDERING

Apply the seldenngiron (24 ¥ or lessy to the lead{s) of the
package, either below the seating plane or not mofe than
2 mm ahove it. If the temperature of the soldsring iren bit
is lese than 300 C it may remain in centact for ug 0

10 seconds. If the bil tamperature is hstyaen

200 and 400 “C, contact may he up to £ seconds.

133 Surface mount packages
13.3.1  REFLOW SDLDERING

Reflow seidenng requires soldsr paste (a suspension of
fine solder particles, fux ond binding agent) t¢ he apglead

to theprinted-sircuit board sy screen printing, stencilling or

preasure-syringe dispensing befors package placement.

Several methods exist for refiowing; for example,
canvection or convectondinfrared heating in a conveyar
type avan. Throughput fimes (prehaating soldening and
caoling) vary batween 100 and 200 seconds depending
on heating method,

Typical reflow peak temperatures range from

21510 250 "C. The top-surface temperature of the
packages should preferalile he kapt helow 220 °C for
thick/large packages, and helow 235 “C for smallithin
packages.

1332 CWAVE SOLDERNG

Conventional single wave soldering is not recommendsd
far surface mount devices (SMDs) or printed-circuit beards
witih @ high companent density, as solder bridging and
ron-wetting can present major problems,

To overcome these problems the double-wave seldsring
method was specifically developed.

Ifwave seldering is used the following conditions must be
ohserved for optimal results:;

» lge a dounle-wave soldering nmethad compnsing a
turllent wave with high voward pressure followed by a
smooth laminar wave.

For packages with leads on hwo sides and a pitch {g);

~ larger than or aqual to 1.27 mm, the footprint
longitudinal axis is preferred to be parallel to the
transport direction of the printed-circuit oard;

— smaller than 1.27 mm, the foolprint longitudinal axis
must be paralfel to the ransport direction of the
printed-circuit board.

The footprint must incorporate solder thieves af the
downstraam end.

w

For packages with |zads ar four sides, he footprint must
he ptaced at a 457 anale to the transport direction of the
printsd-circuit baard. The foolprint must incarporate
solder thizves downsiream and at the side comers.

During placement and befors soidenng, the package must
e fixed with a droplet of adhesive. The adhesive can be
applied by screen printing, pin transfer or syrings
dispensing. The package can he soldered after the
adhesive is cured.

Typical dwelltime is 4 seconds at 25¢ “C.
A mildhy-activated flux will liminate the need for removal
of cormsive residues in most applications.

1333 MAaNUAL 3CLOERING

Fix the component by first soldering tao
diagonalty-opposite end leads. Uee a low valtage (24 ¥ or
12651 soldenng iron applied to the fiat part of the l2ad.
Contact time must he imited to 10 seconds atup o

300 °C. When using a dadicated tool, all other leads can
be soldered in ona oparation within 2 [a & seconds
hetween 270 and 320 °C.
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Remote &-bit ' expander for 12C-hus PCFB474

134  Suitability of I packages for wave, reflow and dipping soldering methods

SOLDERING METHOD
WAVE REFLOWIZ | DIPPING

MOUNTING PACKAGE!

Through-hole mount [ GBS, DIF, HOIP, 501, SIL suitablg!™! - |suitable

Surface mount BGA, LBGA, LFBGA, SQFP TFBGA, YFBGA | not suitable suitable -

HBCC, HBGA, HLOFP HSQFR HSGP, not suitable™! suitable -
HTQFP. HTSSOR, HYQFN, HYSON, SMS

PLCCH 50, 50J suitable suilabte [~
LQFP QFP TOFP not recammended®®A% | sutatte -
S0P TS50P VS0 not recommended®! | suitable -

Hotes

1.

Formare detailed information on the BGA packages rafer to the GLFIBGA Appication Note® (AND1026}, ordar a copy
from your Philips Semiconductors sales office.

Alt surface meunt (SMD) packages are moisture sensilive. Depending upon the moisture content, the maxinum
temperature (With respect to time) and body size of the package, there is 3 risk that intemal or external package
cracks may oceur due to vaponrzation of the moisture in them {lhe se called popcorn effect). For details, refer to the
Drypack infomation in the Data Handbook 1028, Integrated Ciroult Packages; Section: Packing Methods™

Far SDIP packages. the lengitudinal axis must e parallel to the transpert direction of the printed-eircuit board.
Tnese packages are nof suitable for wave soldering. Gn varsions with tha heatsink on the bottom side, the solder

*cannod penatrate between the printed-circuit board and the hzatsink. On versions with the heatsink on the fop side,

the solder might 52 d2pasited on the heatsink surface.

& Ifwave solderidg is consigered, tnen the package must be placed at a 45" angle to the solder wave direction.

The package feolpnnt must incorporate solder tisves downstream and at e side corners.
‘frave soldening is suitalie for LOFP. QFP and TQFP packages with a pitch {e) largar than 0.8 mny; itis definitely agt
sutable for packages with a piteh (2} equal to or smallzr than 0.85 mm.

Wave soldering is suitable for SSOP and TSSOP packages with a pitch () egual to or farger than .85 mny; it is
definitely not suitable for packages with a piteh (2) equal to or smaller than 0.5 mm.
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14 DATA SHEET STATUS

DATA SHEET | PRODUCT

STATUS! | STATUSKYY
} Chjective data | Developmient | This data sheet contains data front the objective spacification for product
development. Phitips Semiconductors reserves the right to change the
specification in any manner without notice.

Il Preliminary data | Qualification | This data sheat containg data from the preliminary spacification.
Supplementary data will be published at a fater date. Philips
Semiconduclors reserves the right to changs the specification without
netice, in order to imprave tha design and supply the best pogsibla
praduzt.

LEVEL DEFINITIOHN

il Product data Production This dala sheet containg data from the product spscification. Philips
Semiconductors reserves the right o make changes at any time in order
ta improve the design, manufacluring and supply. Relavant ehanges wil
e communicated via a Customer Product/Process Change Nolification

{CPCH).

Hotes

1. Flease consult the most recently issued data sheet before iniiating or completing a dezign.

2. The product states of the devicers} described in this data sheet may have changed since this data sheet was
pullished. The fatest infermation is availabls on the Internet al URL hitpfisnww semiconductors. phitips. con.

3 Fordata sheets describing muliiple type nunibers, the highest-level product status detemmines the data shest status.

15 BEFIMITIONS

Short-form specification — The data in a shot-fam
spacification is extracted fram a full data sheet with the
same type number and litle. For detailed information see
the relevant data sheet or data handbook.

Limiting valuss definition — Lmvting values given arein
accardance with the Abgolute Maximum Raling System
{IEC 80134). Stress above one or more of the limiting
valugs may cause permanent damage to the device.
These are stress ratings only and operation of the device
atthese oratany other conditions above those givenin the
Charactenstics sectons ofthe spacification is notimgliad.
Expaosure to limiting valuss for extended periods may
affzct device reliability.

Application infermation — Applications that are
deseribad harein for any of thesa praducts are for
ilfustrative purposes onty, Philips Semicenductors make
no representation o warranty that such applications willbs
suttable for the specified use without further testing er
modification.

16 DISCLAIMERS

Life support applications — Thase products are not
designed for use in life suppont appliances, devicas, or
systems where malfunction of these products ¢an
reasanably be expected to resultin personal injury. Philips
Semiconductors customears using or sslling these products
for use in such applications do so at their own risk and
agrae to fully indémnify Philips Semicanductars for any
damages resulting from such application.

Right to make changes — Philips Semiconductors
reserves the right 10 make changes in the produets -
including circuits, standard cells, andfor software -
described or contained herein in order to improve design
andiar performanca. When the productis in full production
{status ‘Praduction’), relevant changes will he
communicated via a Customer Product/Process Changs
Netification {CPCN). Philips Semiconduclors assumes no
respansibility or liability for the use of any of thess
produets, conveys no kcencs or tile under any patent,
copyright, er mask work right to these products, and
niakes no reprezentations or warrantiss that thase
products are free fram patent, copyright, or mask work
right infingement. unless otheryise specified.




g1

+5V-Powered, Multichannel RS-232

General Description
The MAXZZ3-MAX249 family of jine driversireceners is
intendied for al: EIATIA-232F and V.28/Y.24 ccmmunicg-

ticns interlagas. parlicularly applications where =12V s

ncl availabli,

These oarls are especialy usalul in hattery-powersd sys.

tams, smce the ‘aw-pawer shuldown moce reducas

power diss ipation to less than 5pW The HAX225,

RAX233. MAI\EE‘: and MAX245/MAXZ46IMAY247 use
a exlarngl compongnts and are recommended for apgi-
catizns where printed cirgil board space is critical.

Applicatlons

Portacie Computers

Low-Power Modems

imerface Transiation
Battery-Powared RS-232 Syslers
Mullidron RS-232 Halwarks

o

AuteShuldown and U5 are fracemarks of Maim Infsgrated
Products ine

Drivers/Receivers

Next-Generatlon
Device Features

+ For Low-Yoltage, Integrated ESD Applications
MAX3222E4AX3232E/MAXI23TEIMAX 3241 E/
MAX3246E: +3.0V to +5.5V, Low-Power, Up to
1Mbps, True R$-232 Transceivers Using Four
0.14F External Capacitors (MAX3246E Available
in a UCSP™ Package)

¢ For Low-Cost Applications
MAX221E: +15kV ESD-Protected, +5V, 1pA,
Single R5-232 Transceiver with AutoShutdown™

Ordering Information

PART TEMP RANGE PIN-PACKAGE
MAX220CFE G io +70°C 16 Plazlic DIF
WAXZZOCSE #Clo+ 70 16 Marrcw 50
MAXZZ00WE ﬂ°C to +70°C 16 Whde 50
MAXZ200D0 Clo 705G Dice
FANZAIERE -40'(3 to +85°C 16 Piactic DiF
WAX2Z0ESE A0 16 +85°C 16 Marrow S0
MAX220EY, S50 50 850 16 Wide 50
FANEZOEJE A0°C ) +55°C 16 CERCIP
WAXZ2ONE EFCI0 1250 16 CERCIP

Ordering Inforimation continued at end of data sheet,
‘Confarlfacksy lor dice specifcatons,

Selection Table

Power No. of Nominal  SHDN  Rx
Pant Supply RS-232  No.of Cap.Value & Three- Activein Data Rate
Number Drivers/x Exl Caps  (pF) State SHDN _ (kbps) Features
MAX2RG - ety 4 QTS Mo - 125 Uirg-iow
Maxaps o 4 4l Yo — P
MAXZ23{WAXZ 5 A5 4 ERGHIRS h{=4 v P
35 3 L= v 13
SANI3 (MAX2IT) 50 | oY Yo - izl G0 Wi shutdoan
MAXDI | (WAXZD a2 2 ALty ok 12 Duardad « & o Batlery supgles;
132 = a5 MAXZ3?
'tn‘xbf"”(l JAX202) 22 | HEH I Mo - 150 (B4 drd
22 4 )t M 200 5o, ol Caps
.|A;311 H‘r‘u"ﬁ 22 { — He V&
| aaxpaas 32 & %k 20 1071 50 TR
MAXD 2 IISFA) 40 BE] 00y R 1%
MAXZS AT 35 ] fra — 126 Ho exdeing cass
MANZ2E (1A (E‘FJ 3 £3 4 Yoo - 120 Shuzp s, el Bale
RIAYEIT (MAX20T - 23 4 125 1% i 5 1B PC soralpoe
MAX2A2 IMA L) 24 4 M — 12 Rep‘a 45& ang 1453
MAXZIF AR ~Sand ki 2 b A 12¢ L2 l‘.ullL ﬂuLp{ B
<7122 2
MANDAT 43 55 4 L Yo {2
MAY2ZT(WAXZ Y -5 25 4 40 Ye: 122
MAX22) +5 22 q a1 fis v iy
KaAx223 =3 2 4 0.l M - 2 motles canlrg
A2 -5 & 4 ! t - 125 b
MaN323 -5 & i - jisd v 12 1 CADE, TND ENREIAT TOds
Maxze -5 O — Yol v 125 : 5
MAX 227 -£ 22 a Yes v A2
Maxzed -3 38 4 14 Yoo v [lex C )
MAX 222 - £ 1 Lo ez v AR fyelabz inouad daioack backale
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ABSOLUTE MAXIMUM RATINGS—MAX220/222/232A/233A/242/243

Supety Vekage Mook AW e +EY 8 (&-Fin Flashs DIP (derate 1 1imWEC abive +70°C). qu'n
Wa (Mole 1) ch [} W) Lo +14Y 20-Pin Flastic DIP fderate 8.00mWFC above £ 70°C) | 4d0miy
V-{loe W - 40.3V ta +14V JL Pin Marroy 50 [darate 8.70m\W/C above +70°C) _896m
Iripad Yoltages 16-Plin Wide 80 iderzie 952mWEC above +70°C)....75 Qm\".’
| X YT LAY lchcc 0.34) 18-Pin Wide S0 {dsrate 9.52mWFC abave <7G°C) . T62mN
RgiExoept MAXZZD) . e 23N zﬂ PinWide SO (derze 1€.00mNC above <70°C) . 5

R {RAXEZ0)... Friay Z0-Pin S50P (derate 8.00mC above +70°C) .G

Tou (Freept Mak?-w[ Lol Pl 16V $§Pin | CERDIP (darate 10.00mNFC above +70°C). .. 800m
Tour (MAXZ2G). . OO S b ' 18-Pin CERDIP {deraia 1053mWFC above +7¢°C) . 842mY
Outoul Yollages Operaling Terperature Flanqes
TOUT oo e e e 215V I'f‘l‘-\k A HM(D_“C_ _ e GO 70T
Rour.... LAVt u{Vrr +0.3Y) Mo AE  MAX2 B AFC lo 4857
OrverRecereer Cupul Shart Cirg uted 1o GND ......... Continuows MAY2 AN MAXZ M A5G0 +125°C
Corfinuous Powsr Drssipation (Ty = <70°C) Sorage fﬁm*-ralum Hanm» LAFC e 41670
16-Pin Flacti;: DIF [derate 10, ﬁ’m‘.ﬂ' C above +70°C).84mmy . Lead Temperalure {soldering, | Ds) (Hotn 3] ................. +300°C

Note 1: For tha MAX22ZC. ¥+ and V- can have a maximum magnitudz of 7V, but thair absalva differance carnol exceed 12V,

Note 2: Inpui vollage measured win Tout in highvimpedance stale, SHOM ar ee = OV,

Note 3: Maximun reflow temzeralure for the MAX233A 5 +225°C,

Boyond Moo keled under “Abaniie Mawrum Ratge” l'?"\:j GEI2C DERNANGTE JET30 3 & i divize, Theat &8¢ slres falngs only, a0 Risciona!
: &G 8RR OF oy Ot condions bc;wa i INe eonlaional seching of he sptedicatins ig e ipted Epostie o

a!x OWIIG PR VIR 134nG CORaIONE ol 6 IENTea pereds may allect dovke relanitly

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243

(Voo = +8V 210%. C1-C4 = 0,14k KAX220, €1 = .047pF, C2-C4 = 0300, Ty = Tany te Taav, un'ess cthenwise noted )

PARAMETER | CONDITIONS N TYP MAX | UNTS
RS-232 TRANSMITTERS
Qulput Yeltags Swing All ransmitler outputs fnaded with 3kQ to GND 0 =8 ¥y
Input Logic Threshald Low 14 na Y
L Alldzvicas except HAX220 2 14
Input Legic Theechald High R Y
: WAX22: Voo = 5.0V 24
Al excepl MAXEZD. romal operaan § an
Logic Pullupincut Carrert SHDN = GV, MAX2220 84242 snuidonn, U,
e - 0.0 £}
WAX22G
Voo = 85V SHOM = 0% Vour = £15¢ 001 0
MAX222:HAX242 B
Quipu: Leazane Uirent : A
F R (T 001 20 |
Voo = SHOHW = O —
MAX22D, Yoyr = 2 1V : =25
Uata Hate 700 LB kbps
Transmitler Curpat Resislance Voo = Ve =¥ o 0V Your = £2¥ ' Mmoo 0
o : Youur = 0¥ £7 +22
Clleut Sher-Ciecull Currant Ve = OV = A
f ’ | WAXZZ0 =G0
RS-232 RECEIVERS
175232 lpst Viellage Oparaling Fange = Y
32 g Vellage Uparaling Range MAx220 - 25 |
A pcap MA42 A2 08 13 .
HS-232 [npat Threshold Low Voo =B i L - 2 Y
KAR243 Ry fHlote 4) 3
_ All excopt MAXM2 02y 15 24
R5-232 bt Threshald High o Vg =AY il : r - ¥,
) MAK243 R2p itete &) L N
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ELECTRICAL CHARACTERISTICS—MAX220/222/2324/233A/242/243 (continued)

(Voo = =5V 2 16% C3-Cd =01k, MAXZ20. 01 = 0.047pF. C2 C4 = G33UF. Ta = Tapgta Togav, uniess othetwice nated )

83

PARAMETER CONDITIONS MIN  TYP  MAX | UNITS
All pxcapt WAXR2OMAXRA3 Voo =5V o
e 02 bh 10
5232 bt Hy kysteresis in SHON v )
3232 bt Hysleresis ¥
b MAX220 03
MAX243 1
5 : ey 35 7
H5-232 bt Fesislance & (MAX220) - - - kQ
byt = 3.2mh 0z e
TILCIOS Culpur Vetage Low =0 y
i = 1.6mé {t4ax220) 0.4
TTLCDS Gualpwst Vitags Hah lout = -10mA 25 Y02 ¥
- . o Sourcing Voo = GHD -2 -0
TTLAKIOS Culpu Shod-Circwit Cursnt. H——— mA
Sinking Your = Voo 0 30
~ SHOM = Ve of EM = Yo (SHDN = 0V for .
o tlesage N ) =] ;
TTLACHIS Cuipue Leakage Current MAXZ22). 0% < Vour < Ve 005 10 pd
EH lopal Threshold Law flAY242 1.4 08 V
EH npat Threshald High RIAR242 24 14 ¥
Operatng Supply Yoltage 45 hE by
MAX220 05 2
Nelos AN ZE2MAK 202 AMAX 20
Lo Ty ; Ax 2l AYR4Y ! 10
Yoo Suppty Carrent (SHON = Yool WMAX2a2MAK242 )
Figares 5, 6. 11. 19 MAX220 12 b
Ak oad both [ —
Inguis Az e A 2 AMAX 2304 "
. MAXZ420AX243 h
Tp=+25C 0 {1l
T Koo 5= 0C 10 +70°C 2 D .
IR SUpply LN F
wtdzan Suppy Curen L1 el o080 S 0 pa
fa=-00 i 1250 3 0o
SHDM Iapt Leakage Cureenl MAX 2228145242 +! LA
SHDN Theashold Low MAXZ22ARR 242 1.4 08 ¥
SHIN Theeshoid High MAKZZ2MAR242 28 1.4 Y
Co=iipbte  fumoosmnowpaiiew |
2600pF B = 30 Paxoaomaxeds vooe
, § 07 Yop = AV -
. | Trarsticn Slew Rate s g s
A Ve
measurad fom MAK220 15 3 K4TH
+3Y10-2¥ or -3V
MAK222MAXZE2AN X221 5 ac
et MAX242MA%243 <
Transvifer Fropaganen Celay Tl 0 FAX220 4 f .
HS-232 itormal Dpersiiont. Frgura | MAX222MAXZ32AN AX23Y | o ¢
i 3.5
FHT MAX24ZMAX243
MAX20 4 i

Note d: MAX243 B2our i cuaranlzed 1o be fow when F2pns = 0V o is thaling
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ELECTRICAL CHARACTERISTICS—MAX220/222/232A7233A/242/243 (continued)

(Voo = =5Y £10%, Ci-Cd = 01pF KAXZ20, C1 = 08475k, C2 C4 = 0.350F. Ta = Ty lo Taiax, unlass othenvise notad )

PARAMETER CONDITIONS MIN  TYP  MAX | UNITS
MA222MA2IZANAY2 Y 05 .
{PHR RAK242MAX243 ~ ‘
Receiver Prapagation Defay AS-232 to MAX220 06 3 "
TLE tNormal Operation), Figurs 2 MAYZ22MAK 32 AN A2 0 . '
PR KK 242MAR243 ' ’
MAK220 08 3
iP5 KAX242 05 i
Receiver Propagation Delay 85-222 1o ’ : .
TLL {Srutdewn). Figure 2 He
tped 5 HAY2L2 25 10
Recaier-Gutpul Enable Tme. Fgure 3 |35 IAx242 125 500 ns
ReceiverDutpul [hzabie Time, Figure 3 | R MAX242 (GO i3
‘ e MEXZ22MAX242, G TUF
Transmiter-Cutpa Enatle Time (SHOM f, e i\“ N -
Goas Hinh Faure 2 T caps (nchidas charge-pump 20 us
=038 Hg. 119 star-up)
Tranamitler-Culput Dizabla Time (SHDN | MAK222048%242, 604 s
Gioas Low), Figure 4 o . 14F cage - °
MAYZ2ZMRXZI2AMANLY 20
Trarsmitter + 10 - Propagation Delay ol 2N MAX242MAK243 I _
Differerize (Mormal Gesralion} i o i | fis
Max225 2000
JAX222AK 232 AN 23 .
Recaiver + In - Propagation Delay fo,? E,H'. e E'i} y 100
Differenica iMomal Cperalicn; A - e Ll W e
‘ : MK 22

Typlcal Operating Characteristics
MAX220/MAX222/MAX232AIMAX233A/MAX 242/MAX 243

AVAILABLE OUTPUT GURRET MAX222MAX242
OUTPUT YOLTAGE vs. LOAD CURRERT vs. DATA RATE OH-TIME EXITING SHUTDOWN
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ABSOLUTE MAXIMUM RATINGS—MAX223/MAX230-MAX241

VE0 s DB 0 48Y 20-Pin Vide S0 {darate 10.00mWEC above +70°CH. . B00MWY

LSOO £ /5yt (16 /] U RS B 24-Pin Wide S0 (darate 11.76mWEC above +70°Ch...... 04 1miY
Vot s e S0 D 1Y 2P0 Wi SO (derate 12.50mWC above +70°C . W
inpu: ‘szages 44-Fin Piastc FP iderate 11.11mWC above +70°0) . g8

AN e+ 0.3 14-Pin CERDAR {derate 9.00mWIC above +70°C) ... 727mY

P

... OO 114 16-Pin CERDNP {derale 10.00mWFC above +76°C)...... 800mAY
Oufpat ”cukaq 25 20-Pn CERINF {derale 11 1mWFC above +76°C) ... 830mW

ol . SO 4 2 o o (3 B AR UL 24-Pin Mareow CERDIP

Aaar.... e W0 e + 0.3Y) (derate 12.50mWC above +70°C) . .. Y
ShortCirue EJra‘wﬂ T . Lentinucds 24-Pin Sidebraze {darate 20.0mWFC above :-?D:C}........_ ._bw
Contrupus Power Dissipation "T;*. =470 C) 8Fin 507 derate 9.52mWFC above +70°C)... . 762mY

14Pin Fasic OiP {darate 1£.00mC above +70°C, 800wy Ciceralng Ten.Der ure Ranges '

6-Fin Pasti: DiP {derate 1€ 53mi4eC ahove +70°C). 842niY MAXZ  C LClo+70C

20-Pin Frasue OiF {derats +1 1170 shovs +70°07.. 380miY Mz € 4ﬂ Clo+85°C

24-Pin Hamow Pasie DIP MAZ R AEC 04125

fderate 13.33mWFC abova +70°C) 100 Sorage Temperaiuze Bange e 65 C o +160°C
24-Pip Plassic [P (derate 908mi T abc'.e+ Gi’}...,..i-!ililm‘e‘r’ Laad Tamperalure {soldening, ‘Ds) (Nﬂle 4] A0
18- Wice 50 {darale 252NN above +70°C L TB2mW

Note 4: Maximar reflow lenperature for e MAYZ23RAXE3 is +225°C.

Strcaser boyond thase Selod wackr Al Mavoi R_r'“'f,‘, iy CAUEE pEmianen! damage o e dovive, Thess 2 8lrcss falings only, 66 funciona!
OOGRAI O W6 i 8 thess o any ohier Condlion? boyoend Mo Rokaled i e cporatond aeckiane of ihe Spocfioaions s it moved Dyposurc lo
EBORIS MRANM AliAg COnang foy eAded ponnd may affeet devi retal .

ELECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241

(MAX223230/232204/2361237:238 2400240 Ve = +5V £10%: f’}’i):ﬂ 238 Voo = BV =R%, C1-Cd = 1 uF MAX2IINAXZ39,
Voo = BY #10%: Yo = 7oV o 1328 Ta = Typy o0 T urdess girenuiee noted )

PARAMETER CONDITIONS MN  TYP MAX | UNITS
(gt Veitage Suing Al trangen der calpwrs doadsd with 34} 2 greund #0273 H
MAX232232 5 0
Vi Powar-Supply Currerit HL 'Uijﬁ WMAK22312 30254 - 2381240024 7 ih mA
e &\-1,-\,(233;2:@ TR
. . 23 ' i &
V+ Power-upply Currer: TR . : m mA
ohutdzwn Supply Curren: | T = +25°C m{‘_gﬂ, - __ b _ 0 pA
AN 2300230/ 238:240 247 1 10
Ingu: Logic Thiashold Low | Ty BN SHON (MAX233% EN. SHIN (MAXZ30/236-241} 08 ¥
iy 20
input Legic Trrashold High | £ ,L LN (hAG223) 7 ’4 y
HON (MAX231235:2367240241; '
Legie Fullup Current Tyl A M0 gtk
scevar nout Voltaos
Epe'e:l rrolr;:'ltr,;f l“ = +0 i
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ELECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241 (continued)

(MAX223230:23212 24 2302372 200240124

86

I Voo = 40V £10%; MAXZ3IMANZES. Voo = BV 6%, C1-Cd = 1. JyF: NAX22 1N AX230,

Voo = Y 10%: Vo = 5V 10 13,2V T4 = Ty 10 i unkess othenmise noted )
PARAMETER CONDITIONS MN  TYP  MAX [UNITS
Normal operation
SHON = 2V iHAX223) ng 12
‘ Taz <050 SHEN = 0V (MAX23RI236/240i241
R5-232 inpitl Theeshold Lowy o ‘ ¥
o= shudon 22
SHON = Y, 06 15
FH = 5V (Ra, RS )
Normal operalion
SHEN = 8V {RAX223) 1724
. Ta= =25 SHEN = 0V (MAX235/2361240/241)
RS-232 input Tr2shoid High =t ¥
C0=5Y | Shudgin (A2
SHON = 0V, 14 24
EN = 5V (Rd . B5y)
RS-232 npat Hyzteresis Vi = B, na hysleresis n enatdean 0z 0h [ Y
RS-232 Inpat Razislarce T4 =+2C N = BY K| 5 7 k0
TTLCKOS Cutpul Veltage Low lyar = 1.6mA (MAX231232233, laur = 3.2mA) n4 ¥
TTLCKOS Cutpul Yoltage High [ lpur = -1mA 35 Yee-04 Y
R 0¥ < Rour « Voo, BN = OV (KAX223); . ,
TTLCKOE ; — o ‘ i + A
LCHOS Cutpul Leakags Curres E Ve MN03 241 105 16| uh
T MAX223 606
Rezeiver Outpy: Enable Time N-m.a{ ‘ — - ns
aparaliz MAX235/238: 23024024 4Im)
A k223 am
Recaivar Jutey: Dizakle Timg fn}cma_l _ : 5
eperalicn MAX 230235230 240:24: 250
| R‘SQ 21l Harma! aperalion 05 10
Fropagalion Delay M5 CUT Shon = oy el d 0 us
SR S IV er P B an
'u‘.”&'"“” RBUMAZE-2 Ta = 20 Voo = TV,
Bl = 33 to 7k, CL = 50pF te 25600F measured from | 2 B il
o =W o-Iar-Wto+V 7
Transiion Reguon Sl Hate - ‘ Vigis
MAXZZUHARZI2MAKZES, Ty = +25°C. Vg = 5Y.
| B = 38 o 7k, Cp = 50pF b 2500pF, maaoured from {4 AN
<310 -3 or-a¥lo +2¥
Transmetlss Cuipul Registanca Voo = Ve 2o 2OV Yoy = 2 k¥ ]
Transmitler Cuiput Short-Circul " i;
~ | Current £ m
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Typical Operating Characteristics
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+5V-Powered, Multichannel RS-232
Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX225/MAX244-MAX249

Supply Velage Vor) e O Y Lo 6V Crntinuces Pawer Dissipation (Ty, = <70°C)

InputVohages 2a-Pin VWide S0 [deraie 125070l C above +70°C) . TW
Ty ENA-ENB. ENR, ENT, ENRA, 40-Pin Flastic DIP (dsrats 1.7 3aWEC above +JG“C1 unm
ENRE. ENTA. ENTE... O 14 lﬂ{":cc + 0.3V 44-Pin FLCC {darate 13.23mW°C above +76°C) ... 0.07W
Br .. U 7°1:1 Cpsreting Tamperalure Rangas
Tourd Hoef . x15Y MAXZZEC_ _ MARZA L PG S T0PC
ey . v ll‘:!.fg; +03V) MAXPASE  MAX24 E o AI0PC 0 <BECT

Shar Circuit (me culpul ai a I|rrﬂ' Starage Iemparamre Range . B S 1B0°C
Tept B GHD e DARNINUSUS Lead Femparaiure isoldoning. 1Cs [H'»tﬂ 6) IR LIS

Rout te GND - Coninuaus

Note 5: mpdt vatiage measurad wih raismit cr suipal in a figh-impedancs stale, shidown, or V
Note B: Maximum reflawv lamoeralurs for tne MAXZEE MAX2IRAAX 246 MAXR4T is 20570,
Ltrezecs boyohg (RO led bider ADR0IC Mavinsnt Raings ' (RGY CAURG POSHanEn: GSNAgE 10 ihe &ovis, Thoto 30 sless 1 AR Gy, 80 lnctosa!
CRGIANON O G aevie @ theat Of Gy ofhc! Conaian? Doyond hese naicaled n the oo iakiona) aochans of the Spaclicatons Iz and mokod ExDosuiG Yo
aheckile MIWUm fayng codions for evierndea pends may ot devics rciably.

ELECTRICAL CHARACTERISTICS—MAX225/MAX244-MAX 249

(MARZEE Voo = D0V 25%: MAXZ44- WAKRSR, Vi = +5.0V 210%. exlamal capacilars C1-0d = 1pF: T = Titt to Tatdo: undess oth-
ervase nolad.)

II
=)
T

PARAMETER I CONDITIONS I MIN - TYP  HAX | UNITS
RS-232 TRANSMITTERS
Irpu; Logic Threshold Low 1.4 ca v
Irput Logic Threshcld High ? 1.4 ¥
Marmal operation 1 5
Logiz Pullupdapal Currert Tahles ta-1d £y
“ e ‘ Sundevin =001 x1 ¥
Daalae Tab%s 1a 1d. normal operation 120 G4 kaps
ipus Yellage Swing Alltrarsnitar cutpuls foaded with 3k(} 1o GRHD =3 75 ¥
ENA, ENB. ENT, ErNTA ENTE = 01 o7
. ) T Yoo Vet = £18Y
Qutpur Legkage Current (Shuidoemi - | Tables ta 14 , ) pé
Voo =GV - -
"JOUT = i]E“-’ ‘:'\.'.G‘I i.‘ff}
Transmeler Chilpy, Resistanze Yoo = Ve =V sV Vigur = 22V iHole T | o 1o fl
Clgur Saort-Circait Cutrent Vo = 0% =7 EXH 18
RS-232 REGEIVERS
H3-232 lpu: Voltage Operaing Rangs +25 ¥
15-232 Ingu: Thrsshohd Lo Voo = 8V (] 13 Y
§5-232 Ingu: Thresncld High Voo =8V 18 2.4 '
£15-222 Input Hysterasis Voo = 5Y 0.2 I i W
#2232 Input Resistance i 4 7 1]
TILACHDS Gupul Yollage Low It = 2.2mA 02 G4 ¥
TTLAZRIOS Curput Yollage High lcur =-1.0mA - 358 Vee-02 ¥
. souremy Vg1 = GHD -2 -10
FILCHGS Catput SaedCircuit Curen A . - mh
Siakineg Yoyt = Yoo n an
dme ‘ Hoemal eperation, sutpuls disabisd o
TTLEKEDS Qi -axage Curent G Ce =005 010
TLERES Cuput Leacage Curen Tazzes la-1d. OV < Voor < Voo ENR_ =V 10101 pA
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+5V-Powered, Multichannel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX225/MAX244-MAX249 (continued)

(MAXZ25, Yoo = 5.0V 25%; MAZA4-KAX240 Voo = 450V £10%. extamal capaciloes C1-C4 = 15 Ta = T to Tyay; urless oln-
ervize noted.) :

PARAMETER | CONDITIONS | MN  TYP  HAX [UNITS
POWER SUPPLY AND CONTROL LOGIC
N 1AN2Z3 475 5% |
Cparaling Supply Yellage '
perang SURPly Totes KAK214-KAX240 15 65
MAXZZ5 ‘ 1G 20
He load -
Ve Suppty Currenl AN Z4d- X240 11 39 A
{Mormal Cperation) o - }!.‘\}’gg:\ I i
&l outpuls AAKZA KIAK240 a7
Tp= =250 8 25
Shatdewn Supply Current - UA
T = Ty 0 Thoax 53
Leakage curren: +i ih
Contred Ingus Thesshold low i 08 v
Tnrgsnols high 4 i
AC CHARACTERISTICS
I Gy = 50cF 40 2500pF. R = 3kt Tk, Voo = 5Y
ailion Slew Rate R 0% i a 3 Y
Trarsiton Slew R T4 = +25°C, measured from +3V lo-3 o -3V o Y, I J ik
Transmitter Propagation Dalay T i3 35
TLL t2 RS-232 (Harmal Cperation). s
Pigare 1 PPLHT Hie) 35
Recewer Fropanation Lelay TR 06 15
TLL to R5-232 {Heemal Cperatizn), us
Figdes HR 06 1.5
' Ra:ei‘ver-Propc.qd ica Cslay P45 1
TLL to BB-222 {Low-Power Hod*a l, e
higare 2 . PHS _ 20 1
Transmiter + (o - Fropaganen ) . : -
Delay Giterence (Normal Gperabery | 7717 F-HT IR *
Recener + lc - Fropagation , . : .
Delay Diference (Normal Croeraton) | 778" IFthe 39 ’ =
Fereier-Ouput Eralfa Tave. Fiquee 3 | 3 00 8 ) om
Fecewar-Outpa: Disable Tima, Rgure 3 | o 103 o0 ns
WAX246 MAY24D ; .
ol s e Uz
) . fanclides Cra'ge-ouT0 S}
Transmiiter Enable Time T - — :
: WAXZZRTMEES MAX249 (G )
{roudes chage-pamp slanio) N me
Traremitar Cizable Time, Faare-d i 0 ns

Note 7: The 300¢) minimums specificalion comrplies with EIATIA- 932E bul e actual tagistarca when in shutéown made of Vog =
Vi 10KQ 55 i inalied by the laak aga spacificaion,
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A Typical Operating Characteristics
MAX225/MAX244-MA X249

TAANSMITTER OUTPUT YOLTAGE {V+. ¥-}
TRANSMITTER SLEW RATE OUTPUT YOLTAGE vs. LOAD GAPACITANGE AT
vs. L0AD CAPACITANCE vs. LOAD CURRENT FOR V+ AHD V- DIFFERERT DATA RATES

16 T T ] R EY] —
I - M Yo - 5 ATIH AL TEALSMITTERS DG |2
R 3 ——— 3 LOADED B
L I i ¥ 83 LOAGLE - §¢ LA H
o \ l : —+—1 EMHE2Y. OB . - [
N B L FLANE BT ¥ E [l - \\ \‘-\
W, IS 3
SO I U (e w
0 pATRRIEN TS = \
B, LAk LnAD = N
H SRR -3 13 (2 4] §5 -
= I 1 1 V-1GACED \
: L. L/ 59 ¢ T —
X £ Y- EDY LD =] e Kb -u.\
£ =3 BAN
R ) Y. LA Lg [PLLCHYCTIOR
< =0 2
¢ - N 3 4 B R o : z 3 H 5

L0 CARACIENLE (oF

LCRAD SRZATTANCE of

- X
Y y NG
’ ] i i N
i i : : N
! i — P (77 Q
i i % T v Ly i 5 1
I 4 i g P e =
= o N o "B D
P v e 3
ky —l-’ i —0-' L‘—I,._ M
B
1o

Figure ¥ Transmilicr Propagation-Delay Tarng Figuee 2 Recover Fropagation-Dely Tinng

A} TEST CIAGUIT

A ‘ i

bl TEST CIRCUIT

£} DISABLE TIMING '

A Figure 3 Recaver-GulputEnabie and fhsabie Timys; Frgure @ Transmiler-Cutput Disabie Fimina



Tahle 1d. MAX247/MAX248/MAX249 Control Pin Configurations

TRANSMITTERS RECEIVERS
SN PR N S ] MAX247 | TA1-TA4 | TB1-TB4 RA1-RA4 RB1-RB5
ERTR | TG £ [Eg | OFER LN
MAX248 | TA1-TA4 ¢ TB1-TB4 RA1-RA4 RB1-RB4
MAX249 | TA1-TA3 | TH1-TB3 RAt-RA5 RB1-RBs
0 G 0 0 | Morral Oparation AlActive [ Al Aciive | Ml Active All Activa
AR 35laie. evcepl
6] ¢ | & 1| Nemral Operatian Alhcive | AbtAcase | All Active BB slays aclive on
MAK247
i 0 1 0 | Natrral Operaton AlAcive | Ml Acve | AIl3-Slaze A hcliva
Al 3-Stae, excepl
1 1 1| Marmral Oparatsn Al ot | Al Actie | Al 3-Slae AES stays actve on
MKz
i 0 0| Mermrad Operation Al Active | Al 2512k | Al Active Al Actrve
Al 3-Stae. except
a ! ] 1| el Opsration Al Acive | Al :-Stale | All Aclive ABD stays actve on
MEX227
0 1 0| Nomral Operation MAcive | AIStale [ Al 382e Ali Activa
Al 5-5late, icept
i f 1| Nomeal Operatin Al Aciies | M 2-State | Al 3-Slae AES stays active on
' HAL247
1 ¢ ] 0 { Nema Opetation A3-Slate | AlAcie | Al Active Al fiotive
Al 35t except
I I § Remmral Opsratan Al 3-Sate | AlAcive | Al Actve FBA slays active e
MAR247
1 G 1 0| foira Opsratan Al 3-Stale | MlAcie | A 3Btz Al Aglive
Al 3-State. evcapl
! £ 1 1| Konral Qperation A3l | Al Active | Al 3-Gtate RES stays acive en
MAX24T
y . ""Cl N -1 1‘\.\1'1‘.4.
Sl Sutdeen Al 3State | Al3Slate LowFeur o Fﬁ “ )
Receva Mads
Lo P AF -Slate. except
[ a o Smaldan Al 3-State [ A 3State | " T ABY stays actize on
Racewe Mode Vg
MAK24T
2 I I S R v HiaSle | A2 Stle | 139 Low Pover
' ’ ’ ' Receive hlode
Al 3502 exncept
! ! 1 Steon A3 5ate AN 3-Stale | A3-Slae BE5 slays acive on

MAX247

SPTXVYVIN— O X VI



MAX220-MAX249

Detalled Description

The MAX220-MAX249 contain four sections: dual
crarge-pump DC-DC voliage converlers, RS-237 dri-
vers, H3-232 receivers, and receiver and transmitiar
erable conlral inputs.

Dual Charge-Pump Yoitage Converter
The MAX220-MAX249 have two interrel charge-oamps
that convert +0Y to =10V {unlbaded) for RS-232 driver
operation. The first convarier vses capacitor C1 io cou-
ble the +5Y input to +10¥ on C2 at the Y+ oulput. The
second conveter uses capacitor C2 1o invert +10V to
10V o C4 &t the V- cutput.
A small amaunt of power may be drawn from the 10V
iY+) and -10V (V-] oulputs 1o sower exiema: circuilry
(see the Typical Qperaiing Characieristics sestion).
axcepl on the MAX225 ang MAXZA5-MAX247 vhare
these pins are not avalianle. V= ana V- are ~ot regulated.
50 the output voltags diops with increasng load curent.
Do rot load Y+ and V- to a point that viglales the mini-
mum +5Y EIA/TIA-232E driver oulnut voltage when
80u1CiNg Cunet from V- and V- lo axlernal grculyy.
When using the shutdows (eclure in the MAX222,
MAX225, MAX230, MAX235 MAXZ36. MAX240.,
bAXZ41, anc MAX245-MAX243 avoid using Y+ and Y-
10 power axtema circuitry Woen these pats are shul
down, V-fals o OV, and Y+ falis to <5Y. For anolea-
fons where a +10V extarnal suegiy s applied fo the Y+
pin {inslead of using Ihe inlerna: charge pup to cen-
arate +10V), e C1 cagacitor must ~ot be installed and
the SHON nin must e tied to Vor. This is becausa Ve
15 intenally consected lo Vo 1 shutdows mode

: RS:232 Drivers
Tre lyoica! driver ouinut voltage swng is =8V when
loadad with a nomina: 5xQ AS-232 receiver anc WG =
=54 Oulpul swing is guaraniced to meal the BIATIA-
232E and V.26 specificaiion, whics calls for 25V mink-
Mem drver culout avels under worst-case condilinns

Trase include a minmum 3kQ czd Yoo = +4.5¢ and
masimum oparaling terparaie. Unloaged dever cui-
put veliage ranges from (Ve -1.3Y) o (V- <08V,

Inzut threshelds are boi L a~d CMOS compating,
Tre inpuits of unused divers cas 2e lelt unconnected
since 400%Q inpyt pulup resistors 1o Yee @ baltin
(except for tra MAX22D Tre o up resisiors lorce the
oUtpuls of unused drivers low Decause all drivers invet.
The isternal nout pulun fessiors wrcally souce 1204
except in snuigows mode where the pulaps are dis-
abed. Drver cutouls e off and enter & high-mped-
arce state—wnete feaxage curreal s lyplcaliy
microamiperss (maxivum 250A)—-when n shutdown

92

made, i1 {hree-slate mode, of when device power is
removed. Quiputs can ba driven lo £15Y. The power-
suply current typically drops to 8uA n shutdows mode.
The MAX220 does rol hava pullup resistors to force the
outputs of the unysed drivers law. Connect uaused
inputs to GHD o Ve,

Tre MAXZ39 has a receiver three-stale conlrel fine, and
the MAX223, MAX225, MAX235, MAX236, MAX240
and MAX241 have botr a receiver thrze-state control
e and a bw-power shitdown costrol. Table 2 shows
the effecls of the shuidown contro and rece ver lhres-
state control or the recener oslpuis.

Tha receiver TTLICMOS culpuis are in 3 high-imped-
ance, free-stale made wibenaver e thrae-siate enanle
lne s fugh for the MAX225MAX235MMAX236MMAX 230
1EX241), and are also high-mpedance whenever the
shlitdown conlro’fng 15 high,

When 7 igi-paer shuldown mode, the drver aulputs
are turred olf gd thair leakage currentis less than 1A
wilh the crver oulput pulled @ grouad. Tre driver cutpul
lezkage remains less than TpA aven ff the transniitter
output s backdriven tetwsen OV and (Voo + 6Y). Below
DEY. fre ansaviter is dode clamoed to ground with
10 series impedance. Tre fransmitter is also zengr
ciamped (o aoprovimalely YCC + 6V, wits a series
mgedance of 1hQ

Tre grver oulput slew sate s nvlad 1o less tran AWius
as required by the EIMTIA-232E and V.28 specifica-
hiees. Typecal slew ratas are 24Vigs unloaded and
1085 loaded with 302 and 2500pF.

R$:232 Receivers
EIATTIA-232E and V 23 specifications define & voltage
level gresier than 3 as a logic 0. so &l recevers inved
nput threshelds are set ot 8V and 24V, 56 recoivers
reaponc o TTL fve inaals as vl as EIATIA-232E and
V.25 eves, '

Tes rece'ver inpuls witrstand an i~put ovenvoltage up

to =25V and provide inpat terminaling resistors with

Table 2. Three-State Control of Receivers

PART [SHDN{SHDN| EN |EN{R)| RECEIVERS
by | X Hah Impedanca
MALZ22 Hah |lew Aclre

Hgh |Hian High Imgedance

(low | Highimpedance

WRRE | -] - Hah | Active
W235 | Low Low | Hih Impedance
WAKZSE |Lew | _ | _ |Hah [Aclee
WMALRIG [ High X High Imoedanca




roming: 9k values, The racevers implamant Tyos 1
inlerpretation of the fault conditions of V.26 and
EIATIA-232E

The receiver input hysteesis i tyoically (.5Y with a
quarantsed minimum ¢ 0.2Y. This produces clear out-
put lransitions with siow-moving npu! signa’s. even
with moderate amourts of noise and ringing. Tne
receiver propagalo delay is tyoically 60ns and is
indapendent o input swing directon.

Low-Power Receive Mode
The low-oower receive mode fedlure of the MAX223.
KAX242, ana MAXZAE-AX249 puts the [C info shid
down moda but st alows it 1o receive inloration. This
s impedtant for aoplezlions ‘"hcre syslems &re oeriod-
caly asakened [0 look for aciily. Using low-cower
receive mode, the systems can sill receive & sgral that
will aclvate it 0~ commiand anc prepare i for commue:-
cation al fasler data rales. This operalion conserves
System powe’.

Negative Threshold—MAX243
Tre MAX243 i pin comalible wih Ine MAXZ32A, diffar-
ing 0%y in that RS-232 cabie fast orolecton s removed
onone ¢ the two fecever nabts. This means that conlred
iines suzh as CTS and RTS can githar te driven or left
floating weitnod terruptng commenication. Diffasent
canles ara niol ~eaded lainteraca wilh different peces of
equipmer. )
Thl; input frresnold of the recever witnout cable faul
pratection 15 -0.8Y 7alner than +1.4V Ils outour goss
uom ve oy If e input 5 connasted to a contg fne
tral 15 aclivey diven nagative. !" fiot dsven, it gofaults
to the 0 o "OK 1 send” siate. Nomally the MAX243's
othar recever (- 1.4V thasnalg) is used | ‘er e data fine
(TD o RD). whie tre negative thresncld recevar  con-
nacted o the control ine (OTR. DTS, CTS. RTS. ale.)

Other memners of ta RS-232 famsly impement the
oplional cane fault protection as soecified by EIATIA-
232E speciicatons. This moans a recever oulput goas
righ whenaver s nput is driven nagalive, gl "lo#tmg
or shrled lo ground. The nign oulput tells tre serzl
commgicatons IC Lo st sending data. To avod s

‘the conlro Fnes mest eitaer oe driven o con nected
- il umaers o an appre pnaepasuve wiliags level

Shitdown—MAX222-MAX242
On the MEX222, MAXZ35. MAX236, MAX240. and
MAX241, all receivers are disabled during shuidown.
On tha MAXZ23 and MAX242. twio receivers continue to
oparala in a reduced power made when the chip is i
snutdawn. Under tese conditons. e propagation
delay increases o about 255 for a high-to-aw input
transition. When in shuldown. the receiver acts as 2
CHOS inverter with nio hystaresis. Tne MAX223 and
MAX242 also have & receiver culosd enable input (R
far the MAX242 and EN fo- the MAX223J thal aligws
receiver outpit contrel independent of SHON (SHON
for WAX241). Vith &ll olher davices, SHON (SHDN for
MAK241) aiso disshies he receiver cutputs.

The MAX225 provides five transmitters and five
recelvers, while the MAX245 provides ten receivers and
eight transmitlers. Bolh cevices have soparale receiver
and fransmiller-enacle controls. The charge pumps
turn off anctthe devicas saul down when a iogic high is
applied Lo the ENT ingat. In this state, (e stpply Gur-
fenl drops 1o lass than 25k and tha receivers confinue
o cparate in 2 ‘ow-power receive mode. Driver oulputs
enier a high-mpadance state (thres-slate mogs). On
he MAX225, all five racaivers are controled b5 the
ENR nput. On the MAX245. signt o ba recaiver qut-
0als are controied by n s ENR npus whle the romain-
0 two recelvers {RAS and RBS) are aivays active.
RAT-RA4 acg RBI-AB4 are putin a three-stale mode
whes ENF s a ‘ogic 2igh.

Recelver and Transmitter Enable
Control Inputs
Tha RA225 and IAX245-MAX4Q feaiure transmitter
and receiver anable conlrals,
The fe[:eiver° nave 1rraa madies o ooeralion: full-speed
receive (normal actve), threg-slaie (disabled), and low
aovier receiva (enablad receivers conlinue 1o Rusclion
al lower data rales). The receiver enable inputs canirg!
[re Ii2i-speed receive and three-siale modes. The
lransmitlers have twe modas of operaton: ful-speeg
transmt {noimal aclive) and three-stale {disabled). The
ransmitier enable inputs also conlral the shutdows
made. The device enlars srutdown mode when al
fransnitiers are disabled Enadied raconers fincton in
thie xw-pover feceive mode wren in shiuidown,

Gt’ZXVW—OZZXVW



MAX220—MAX 249

Tables 1a-1d define 1ne contro: slates. Tre MAX244
has no contral gins and is notinciuded -~ these tables.
Tre MAXZ6 nas ten recaivers and eig™: drivers wih
two contral pins. each contolling ong side of the
device A logic higr at the Aside canira! input {ENA)
caJses lhe four A-side recevars and drivers to ga inio
a thieg-state mode Smiarly. the B-side contrgl inout
(ENE) causes the four B-side divers and raceivers to
o iste a threa-state mode As it tre MAX245 cne A-
side and one B.side receiver (RAS ad RBS) remann
aclive at &l tmes. The entre device i out ‘oo shut-
down mode when both the A and B sides are disabled
(ENA = ENB = +5Y).
Tne MAX24T provides nine recevers and aignt drivers
with four contre’ ping. Toe ENRA and EMRE renoer
exahle inouts sach contra’ 'osr recelver oulpuis. Tre
E'wa and ENTR tramsmdler enable nputs each costrol
drivers. Tre ainih receiver (RBBY & always acive,
Tfe device enters shuidown maode wilh a logie igh on
bor ENTA and ENTS,
Tre hAX24E provides eight receivers anc eight drivers
with four contrad pins. The ENRA and ENRE racewer
aahle Irputs each contro’ four receiver Sutpus. Tra

ENTA and ENTR transmitler enabie inpuz; contra four

drivers each Tris cant does not ~ave a2t always-active
recever. The device eslars dhdtdswn moce ang ans-
niters gg nlo a three-state moce with & ogic high on
bots ENTA ang ENTB.

94

Tre MAX249 pravides ten recaivers and six drvers vath

‘e cordrol pins. The ENRA and ERB receiver enable
inouts each sonlre! five raceiver aulputs, The ENTA
and ENTB transmiller enatye inpuis conteol freg dri
vers each. There is no always-acive receiver, The
device enters shuidown mode and ransmitiers go into
& three-slate mode with & logie high o both ENTA and
ENTE. In shutdown mode, aclive receivers onerale in a
low-power receve mode al dala rates up to 20kbis.

_ Applications Information

gures 5 tfirough 25 show pin confgurations ang lypi-
e agarating cireuils. In applications thal are sensitve
0 power-supply noise, VOO should be decousied to
g nund with a cabacdar ¢f the same value as G1 and
C2 crnrented as close as possible o the device.
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MARNUIN V.

Code v0411)5un53

J ek ek ok ok b ok sk ok Rk okok ok ok kb b kokok ok ok kb kb aokkokok

This program was produced by the

CodeWizardAVR V1.24.8b Professional

Automatic Program Generator

R Copyright 1998-2006 Pavel Haidue, HP InfoTech s.r.l.

http://www hpinfotech.com

Project :

Version :

Date :7/5/2009
Author : FACG

Company : F4CG

Comments:
Chip type : ATmega8515L
Program type : Application

Clock frequency  : 20.000000 MHz
Mecmory model : Small
External SRAM size : 0

.Data Stack size : 128

*****************************************************/

#include <mega8515.h>  //UsemA 14 Library ATmega8515
#include <delay.h> /lszmerldan Library delay M08
#tdefine ADDR_1 0601000000  /f1viua ID Aaae 12C @3N 1

#tdefine ADDR_2 0b01000010  /i¥iua ID Anas 12C A 2
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#define ADDR_3 0601000100 /A 1viua ID Aaf® 12C /99 3

#define ADDR_4 0b01000110  /fitviun ID Aiane 12C @97 4

char ii, DATAOUT[41}; /mlszmeanls i, DATAOUT

intent timer=0; /mlszamdauls cnt_timer
char temp[20}; ilsemadnds emp
int Dataoutl; /lsgmaaanls Datacut!

char readl read2,read3,read4; Hdszmemanals readl,read2,read3,readd
char status_save—0; Milsemadmls  status save

int ent_day,icnt day; /dszaea s cnt_day,icnt day
unsigned char cnt_min=0,cnt_sec=0,cnt_hr=0,icnt_hr;//Als¥madauals

cnt_min=0,cnt sec=0,cnt_hr=0,icnt_hr

char wamingi=0; ilsgnedaunds warning!l
char waming2-0; //5emedauals waming?
char warning3=0: /1/5znmed s warning3

char warningd=0; mlszmeanls waming4

char signl sign2,sign3; imlszmaamals signl,sign?,sign3

char inbit1=0;  /Alszmadauls inbitt

int cnt_signl,cnt_si gn2,c_ntisign3,scntﬁsign1=0;//ﬂi$ GRS

cnt_signl,ent sign2,cnt sign3,scnt signl
/1 12C Bus functions

fasm

equ__i2¢ port=0x15 ;PORTC /fmua 1Anasa ¢ fmhmaadeuu 12¢

equ__sda bi=0  /imunaliwesa C i 01ilu spa
. o Y o = o
equ__scl bit=1 /mmualinwesa ¢ Oa 1434 SCL
#endasm

#include <i2c.h> /)sgmelyan library 12C
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// DS1307 Real Time Clock functions

#include <ds1307.h> Aszmeldau library DS1307

/f Alphanumeric LCD Module functions
ffasm

equ__lcd_port-0x1B ;PORTA /fiiun Wnwosa A vanhfiaaiuee LCD
#endasm

#include <lcd.h> /lszmelya library LCD

/ Standard Input/Output functions
#include <stdio.h> mlszmeldau library stdio

#include <string.h> /mlszmeldau library string

/{ Declare your global variables here
unsigned char hour,minute,second;

unsigned char year,month,date;

int PCF8574 read(char chip) //Waﬁ%uém%ymm PCR574
{
int indata; /mdsemiadnnls indata
Hprintf("stsrt i2c\ri\n");
i2¢ start(); HMprintf{(®write i2¢\r\n"); //L%;Mﬁuaﬂﬁiﬂ 12C
i2¢ write(chip+1);/printf("read\r\n"); lla%msf@gam"lﬂelu chip 12C
indata = i2¢_read(0); //Laﬁ’ay,aﬁa'"lu“lﬁmsﬁuﬁlu indata
i2c_stop(y//printi{"stop i2¢\n");  /MgANIIAAAD 12C
delay ms(50); // RU81 50 ms

return(indata); /&1 indata



// Timer O overflow interrupt service routine
interrupt [TIMO OVF] void timer0_ovf isr(void) /AN Interrupt Timerl
{

#/ Place your code here

cnt_timer++;  /MNITLIN ent_timer Aag 1 150w

if (ent_timer > 180) ik ent_timerNAININNTD 180
N {
) 2 d o .
cnt_timer=0; /AAGO3A1 1UAWT ent_timer

cnt_sec++;  /MINTINN ent sec haz 1 TTooe

/sprintf{temp," Time= %i:%i1:%i %i Days
" (int)ent_hr,(int)ent min,(int)ent_sec,ent_day),

Med gotoxy(5,3); led_puts(temp);

if (status_save) /71N status_save HAWINY 1

{

if (cnt sec >=60) /80 cnt sec 1IAINAIHTOININY 60

{
= J w
ent_sec=0; /AAAYIN Tugauals cnt_sec

. o LA A
cnt_mint+; /VINTYUIN ent_min Nag 1 ]'lﬂ!,‘i'ﬂﬂ"]

if (cnt_min >=60) /81 cnt_min JANNNIMTE AL 60

P {

led_gotoxy(16,3); sprintf{temp,"Save"); led puts(temp); 7977177 save 90N LCD

o8
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e o o
ent_min=0; /AA00TN Tud s cnt_min
ent_hr++; /A1M5UI0 ent_lr Aing 1 TiToaq

icnt_hr++; /91015030 ient_hr Aag 1 TiFoun

if (ent_hr >=24) /&1 UAWNIAY ent_br IAWANATIHT D MIFY 24
{
o , P N oA
cnt_day++; /910715070 ient_day fiag 1 11h5eeq

icnt_day++; /M1M3VIN icnt_day Naz 1 WiFes

void SaveDataToUSB(void) flﬁﬂﬁ‘fi'u save %’ayjam”lﬂﬁlu flash drive

{
printR"ECS\"); /iwhile(UDR !=">"); //dt48nuse ECSinoAnaony 1uga flash drive
printf("TPA\"); //while(UDR = ">"); /raadnuse ECSifieaadani Iilﬂﬂ flash drive
printf{"OPW datalog.txt\r”);//while(lend); /& %J"Nllﬂﬁ{ uazila datalog.txt Wornsiainu
Hoya

I delay ms(2000); // MEIAIEN 2000 ms



—

]
~

N

}

printf("WRF 4 1\r");//while('end); Jimsnuseizidou fe 41 snase
delay ms(2000); /f MU290381 2000 ms

for(ii=0;ii<41;ii++) HA9a9nU5E $1U9U 41 BnYTY

{

putchar(DATAOUTI]D;

delay_ms(100); // M98 100 ms

printf("\"); /AAUDTINA

printf("\«"); /1 3uns9ia

delay ms(1000); // #11291901 1000 ms

printf"CLF datalog.txt\r"); /310 1 datalog.txt iloiuudeyaiase
printfl"\)/A U DT TR

printf("\t"); //while(UDR !=">");// Huussia

status save=0; HNUR status save WAL 0

. s oda Ly .
scnt signl=0; madesanlugunls sent signl

100

led_gotoxy(16,3); sprintfliemp,"Stby"); led_puts(temp); /d9R171 Stby o 'lal# LCD ua7

3 AWHLUIN 16

delay_ms(1000); // #99(981 1000 ms

void main(void) SN FUNED

{

// Declare your local variables herc

/! unsigned char hour,minute,sccond;

/f unsigned char year,month,date;

/ Declare your-local variables here
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int top =0;

/f Input/Output Ports initialization //ﬁWIuﬂﬂ"IL%;‘JJﬁu No3N A

// Port A initialization

/f Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Funcl=In Func0=In
/7 State7=T State6=T State5=T Stated=T State3=T State2=T State1=T State0=T
PORTA=0x00; /fmuamisudu wesa A iy 0x00 Turmugm 16

=y

DDRA=0x00; //fmuanein A vanuadimhiilusuye

// Port B initialization

// Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Func1=In Func0=In
/{ State7=T State6=T State5=T Stated=T State3=T State?=T State1=T State0=T
PORTB=0x00; /S Huaf S udu wasa B i 0x00 Tuaug 16

DDRB=0x00; /fviuanesa B vianuaimiiusumna

# Port C initialization

# Func?=In Func6=In Fune5=In Func4=In Fune3=In Func2=In Funcl=In Func0=In
// State7=T State6=T State5=T State4=T State3=T State2=T State1=T State0=T
PORTC=0x00; /AMuas iy wesa C ik 0x00 lwavgu 16

DDRC=0x0f; //fimuanesn C hanuarimihit D 7-4 ihiedyn n 3-0

/f Port D initialization

/#/ Fune7=In Func6=In Func5=In Func4=In Func3=In Func2=In Funcl=In FuncO=In
/f State7=T State6=T State5=T Stated=T State3=T State2=T Statel=T State0=T
PORTD=0x00;//ﬁmumhf%"ué’fu Wo3n D iy 0x00 Tutaugiv 16

o o 3 o - =
DDRD=0x00; //DTMUANDIR D mﬂuﬂﬂ‘mﬁ’mrﬂuﬂuwﬂ

// Port E initialization
/{ Fune2=In Funci=In Func0=In
/f State?2=T State1=T State0=T

PORTE=0x00;/fMMuafiiudu wesa Bty 0x00 Tuavgiu 16



a 3 r:: o { =
DDRE=0x00; //fvuanesa E navuavimihndluduna

/ Timer/Counter 0 initialization
/f Clock source: System Clock
i Clock value: Timer 0 Stopped
/! Mede: Normal top=FFh

// OCO output: Disconnected
TCCRO=0x04;

TCNTO=0x00;

OCRO=0x00;,

H Timer/Counter ! initialization

# Clock source: System Clock

/f Clock value: Timer 1 Stopped

/ Mode: Normal top=FFFFh

// OC1A oulput: Discon.

// OCI1B output: Discon.

{ Noise Canceler: Off

/f Input Capture on Falling Edge

# Timer 1 Overflow Interrupt: Off
# Input Capture Interrupt: Off -

// Compare A Match Interrupt: Off
// Compare B Match Interrupt: Off
TCCR1A=0x00;
TCCR1B=0x00;

TCNT1H=0x00;

TCNTIL=0x00; .

ICR1H=0x00;

1CR1L=0x00;

OCR1AH=0x00;

OCRIAL=0x00;

102



.‘\)

‘.‘\,

OCR1BH=0x00;
OCR1BL=0x00;

/! External Interrupt(s) initialization
// INTO: Off

/ INT1: Off

/INT2; Off

MCUCR=0x00;

EMCUCR=0x00;

# Timer(s)/Counter(s) Interrupt(s) initialization

TIMSK=0x02;

/ USART initialization /Assadas1daisn lumsdeiudeyasiwesaoynsy i 9600b/s
/f Communication Parameters: 8 Data, 1 Stop, No Parity

# USART Receiver: On

# USART Transmitter: On

# USART Mode: Asynchronous

/f USART Baud rate: 9600

UCSRA=0x00;

UCSRB=0x18;

UCSRC=0x86:

UBRRH=0x00;

UBRRL=0x47;

// Analog Comparator initialization
/f Analog Comparator: Off
// Analog Comparator Input Capture by Timer/Counter 1: Off

ACSR=0x80; -

// 12C Bus Initialization

103
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i2¢_initQ); /AlsemafenduFudu 12¢

// DS1307 Real Time Clock initialization

// Square wave output on pin SQW/QUT: Off

H SQW/OUT pin state: 0 _

He_ init(0,0,0);/ 1samisud 409 DS1307 18 SQW/OUT: hivhau uaz w1 SQW/OUT §i

ADMUZININU 0

& o @ A
rte_set datc(16,5,9); /9N WA IUN

rtec set time(19,10,59}); iR ua

// LCD module initialization

.. o o ° 3 ar
led_init(20); /AT A ruald LD uaaana 20 dnuse

#Hasm("sel"

/printf("hello 9600\\n");

sprintf{ternp," Waiting ! USB "); delay ms(200); HAIRI “Waiting ! USB”00AN1HINTD
LCD V3591A71 161011149 0

led gotoxy(0,1); led puts(temp);

led gotoxy(16,3); sprintf{temp,"Conn"); led_puts(temp); SR “Conn” BDAMIANIIIDD

LCD 1355%ahN 3 Aunia 16

= d Qs
Dataout1=0; imaneinluauls Dataout!

Hread=0;

Tead1=0; //mﬁﬂ{fiﬂuﬁmﬂs readl
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; read2=0; /Ao ludwals read2
read3=0; /ndosmludaals read3

readd=0; /nndosa ludinils reads

while (1)
{
ric_get_date(&date,&month,&year); /8141 T 1Aou T w1910 IC DS1307
ric_gel_time(&hour,&minute,&second);//H1UR ‘fi’ 2109 W% 3R 119n IC DS1307
led_gotoxy(0,0); sprintfitemp,"%2u-%2u-200%u
%2u:%2u:%2u" date,month,year,hour,minute,second);led puis(temp); 7901 31 1fou i ‘]u;l‘ﬂm
Wi 5wt sonmansiive LCD wssiiai o dumis o

1 delay ms(100);

wamning1='0/4nRos e Iuduals  wamingl
warning2="0)' ;//Lﬂaﬁlﬁ‘{ A lusals warning2
waming3='0';//l,ﬂﬁtl‘§ A ludamls warning3

waming4:'0';//!.ﬂ§ﬂ§’?iﬂuﬁ s warning4

y readl = PCF8574_read(ADDR_1); /81An191n PCF8574 629 1 unin 13 lusdwals

readl

signl = ((readl & 0x01) | ((readl & 0x02) >> 1});

if ((sign1==1) && (inbit1==0)) 7 Fun/Tonouidonly duduas o signl==1t uaua
1 (inbit1==0) Nauilu 1
{

o cnt_signl = cni_signl+2; /Jent_signl vana iy liiGoonsas 2
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inbitl=1;

] ¥
sent_signl =sent_signl+2; /sent_sign] wine iy 1)isvensaz 2

if (sent_signl == 50) /8N sent_signl == 50 939

{
/MDataout]==50;

status_save=1; it a%’ay‘a”l