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RESUMO

O trabalho visa o desenvolvimento e construgdo de um dispositivo
microcontrolado capaz de receber sinais por uma porta infravermelha, provenientes
de um controle remoto de TV, celular, PDA ou outro dispositivo compativel com
IrDA, interpreta-los e enviar sinais de comando através de uma porta serial RS232 a
um robd desenvolvido no Departamento. Esses sinais podem ser desde simples
comandos como “avango” até seqiiéncias de comandos, como percorrer uma
trajetéria pré-determinada. Inclui ainda a programagéo de um software em PalmOS
para envio de sinais infravermelhos ao dispositivo.

O dispositivo devera conter um microcontrolador, que podera ser conectado
diretamente a um transceiver, ¢ uma UART implementada, para fazer a interface
RS232.
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ABSTRACT

The project conststs of development and construction of a microcontrolled
device capable of recetving infrared signals, from a remote control, a PDA or another
IrDA compatible device, and sending control commands, through a RS232 serial port
to a robot developed at USP. These signals can be single commands or a sequence of
multiple commands. The project also includes programming a software for PalmOS
to send infrared data to the device.

The device will have a microcontroller, witch can be connected directly to a

transceiver, and an implemented UART, for the RS232 interface.



- INTRODUCAO

Este trabalho consiste no projeto e construgio de uma interface
microprocessada entre sinais seriais RS232, padrio nos PCs atuais, e sinais
infravermelhos compativeis com IrDA (Infrared Data Association), amplamente
utilizados por celulares, computadores portateis, impressoras, PDAs (Personal Data
Assistants) e outros dispositivos capazes de realizar comunicagfio wireless, para
enviar sinais de comando a um robd desenvolvido no Departamento. Esse robd ja
possui uma porta RS232 habilitada para receber comandos de dire¢do e velocidade.

Sendo assim, o trabalho envolve o estudo de dois tipos de comunicagdo
amplamente utilizados na industria atual, a escolha e implementagio de um
microcontrolador, além das programacgdes do mesmo ¢ de um PDA para envio de
sinais infravermelho, e o projeto e construgdio de um circuito elétrico, atingindo

véarias areas de interesse no estudo da engenharia mecatronica.



I1- REVISAO DA LITERATURA

1 - COMUNICACAO SERIAL — RS232

O padrdo RS232 descreve um método de comunica¢do capaz de operar em
diferentes condigSes de operagdo, podendo, por exemplo, operar numa grande faixa
de voltagens. Na especificagfio original, as possibilidades técnicas daquela época
foram levadas em consideragio, como por exemplo, na taxa méxima de
transferéncia, de 20 kbps. Com os componentes atuais, como o 16550A UART,
velocidades de 1,5 Mbps sdo permitidas. As especificagdes elétricas estio definidas

na EIA (Eletronics Industry Association).
1.1 - Sinal:
O nivel do sinal dos pinos do RS232 podem apresentar dois estados. O nivel

"HIGH" ¢ identificado por uma voltagem negativa, e o nivel 'LOW’ ¢ identificado

por uma voltagem positiva. Os limites de voltagem sfo mostrados na tabela 1.

Nivel Transmissor (V) Receptor (V)
Légico )" +5 .. +15 +3 .. 425
Légico '1° -5..-15 -3...-25
Indefinido - -3...+3

Tabela 1 - Valores de voltagem do RS232

Apesar das altas voltagens presentes, nio é possivel danificar a porta serial

com um pequeno curto-circuito. Apenas aplicando voltagens externas com altas

correntes pode-se eventualmente queimar os chips do driver.




1.2 — Velocidades entre DTE / DCE:

Os dispositivos que utilizam cabos seriais para comunicagio podem ser
divididos em dois grupos: DTE (Data Terminal Equipment) e DCE (Data
Communications Equipment). Um exemplo tipico de DTE € o computador, e de
DCE € o modem. Assim temos dois valores de velocidades: entre DTE e DCE e entre
DCE e DCE. A velocidade DTE-DCE ¢ a velocidade de comunicagfo entre o
computador ¢ 0 modem, e a velocidade DCE-DCE ¢ a velocidade de comunicacéio
entre dois modems, também chamada de velocidade da linha.

Atualmente ¢ comum encontrar dispositivos e softwares de comunicagfio com
compresséio de dados. Com isso, em um modem de 28,8 kbps ¢ uma taxa de
compressdo de aproximadamente 1 : 4, pode-se transmitir um arquivo de texto a uma
velocidade de 115,2 kbps, sendo entdo necessaria uma velocidade DTE-DCE de
115,2 kpbs, mesmo com a velocidade DCE-DCE de 28,8 kbps. Por esse motivo a
velocidade DTE-DCE deve ser muito maior que a velocidade DCE-DCE.



1.3 — Conector RS232:

O conector RS8232 foi originalmente projetado para usar 25 pinos. Nessa
pinagem foram feitas provisdes para um segundo canal de comunica¢gio. Na pratica,
apenas um canal de comunicacdo esta presente. Por essa razdo, a versdo menor, de 9
pinos, ¢ mais comum hoje em dia. As figuras 1 e 2 mostram a pinagem desses dois

tipos de conectores, e a fungéo dos pinos estd descrita na tabela 2.

//I’C:— Protectwe groull;l;:l

14 O=———— Tranamit dat if_
20—+ Transmit data
15C——7— Transmitter clock (DCE)

Figura 1 - Conector DB9

15 301 Pecewe datta
-t J’i'\l":-_J ( | ] | J
E 40+ Reques1 to send
g 10—+ Deta carrter detect 17 0———Receiver cloc
BC——-—Deta set ready 50— Clear to send
2" 20~ Receive data B[18o—
ﬁ 7 O———1—Request to send 7] BO——Data sef rea_dy
30— Transmit data £ | 190——1—Request to send (2)
£ |go——Clearto send = 7O+ Sl nal ground
= | 40— Dataterminal ready g [200———1— Data terminal reag?f
e |[9Oo——— Ring indicator P 8O Data carrier dete
=1} — Signal grouned N quality detector
& P A
Protective ground o
230-——Deta si anl rete detector
110+

24 0~——1— Transmitter clock cEDTE)
1201 Date carrier dete

e
130—— Clear to send (2)

Figura 2 - Conector DB25




Abreviacio | Nome Funcio
Completo
TD Transmit Data | Saida de Dados Seriais (TXD).
RD Receive Data | Entrada de Dados Seriais (RXD).
CTS Clearto Send | Esta linha indica que o modem estd pronto para
trocar dados.
DCD Data Carrier | Quando 0 modem detecta um “carrier” do modem do
Detected outro lado da linha de telefone, esta linha se torna
ativa.
DSR Data Set | Esta linha diz 8 UART que o modem esta pronto para
Ready estabelecer uma conex3o.
DTR Data Terminal | Esta linha diz ac modem que a UART est4 pronta
Ready para estabelecer uma conexdo.
RTS Request to | Esta linha informa ao modem que a UART esta
Send pronta para trocar dados.
RI Ring Indicator | Esta linha se torna ativa quando o modem detecta

uma chamada do PSTN (Public Switched Telephone
Network).

Tabela 2 - Funcbes dos Pinos do RS232




1.4 — UART:

Um UART (Universal Asynchronous Receiver / Transmitter) € o responsavel
por executar as principais tarefas em uma comunicagfo serial. Esse dispositivo
converte a informagdo recebida em paralelo em informagédo serial, a qual pode ser
enviada para a linha de comunicagdo. Um segundo UART pode ser usado para
receber informacdes. O UART executa todas as tarefas, temporizagfo, checagem de
paridade etc, necessérias para a comunicagdo. Os inicos dispositivos extras sdo chips
de drivers capazes de transformar sinais de nivel TTL em voltagens de linha e vice-
versa. A comunicagdo entre o processador e a UART ¢é controlada completamente
por 12 registradores. Estes registradores podem ser lidos e escritos para checar ou

mudar o comportamento do dispositivo de comunicagdo. Cada registrador tem um

tamanho de 8 bits.

1.5 — Microcontroladores:

Também ¢é possivel utilizar microcontroladores para transmitir e receber
dados seriais. Alguns microcontroladores possuem, entre outras coisas, UARTs
implementadas. Muitos microcontroladores, como o 68HC05J1A e o PIC16C84, tém
um niimero menor de pinos comparados a UART de 40 pinos. Isso nfo sé torna o
projeto menor em tamanho, como também reduz a complexidade do circuito da

placa.



1.6 — Caracteres ASCII:

Os caracteres ASCII tém sido adotados como o padrdo para troca de

informagdes. Os primeiros 32 caracteres e o ultimo sfo codigos de controle, e os

outros sio caracteres imprimiveis. A tabela 3 mostra o conjunto de caracteres ASCII

e a tabela 4 mostra o significado dos cédigos de controle.

0 1 [ 2 | 3 a [ 5 [ 6 | 7
0 I.<nul> .aﬁ;é-<st:{;!<etx> <_e—<;€;_<em_q_>_i<ack>. <bel>_
<bs> | <ht> | <1f> | <vt> | <ff> | <er> | <so> | <si>
16 i<d1e> <dcl> [<dc2> iéd?b <dc4> !<nak>';<s;h'> <etb>
—24 i<can>- <em> (<sub> :_<e;> d—<_f-sT_<gs_>"-i <J§> <us>
32 | <sp> | ! " ¥ | s | s | & | °
40 [ ) * . | -1 - T 7
48 0 1 2 3 4 5 | 6 7
56 8 o | ; < = > ?
64 @ A B C D E F G
72 H il J K i M N 0
80 | p | o | R 5 T U v W
88 | x Y z [ \ ] : _
96 : a b c d e f g
104 h i .| k 1 m n o)
112 [ q__ x s T ¢ | u v | w
120 y Z { I } ~ Pael>

Tabela 3 - Conjunto de caracteres ASCII



Valor Nome Comentéario

0 [<nul> Null -

1 Fé_oh; Start of header
| 2 |<stx> Startof text
3 |<etx> End of text

4 1—<_eot>'lEnci oftransmisgon
"5 |<eng> |Enquiry
—r ch;[kckﬁswlga_gment

7 <bel> Bell
TFE> |Ba£sp_a“; -

9 | <ht> IHonzontal tab
10 | <1f> ?Linefeed N

1 <vt_>—-rVertica| tab o

12 [ <£e> Form feéa__ o
—_13-“ <cr> |Carrlage retua

14 [ <so> |shift out
15 [<si> [shitin
_'i—s—zdle> Data link éécape
17 |<dcl> iDevice control 1

18 |<dc2> | Device control 2
19 |<dc3> Device control 3
F_zo—@zb Device controt 4

21 r—<nak> Neggt—ive acknowlétdg;ment
| 22 ‘F<S;;> Synél_'z"r—onajs idle

23 [_<"etb> “E_n—dat_ra;;mgs_lon block
Mot lecanlicancl '
25 | <em> |[Endof medium
_Es_r<sub> Sub—sﬁitute—ch;acter




27 |<esc> |Escape

28 | <fs> |File separator
29 <gs> |Group separator
30 | <rs> |Record separator
31 | <us> |Unit separator
127 [<del> |Delete

Tabela 4 - Codigos de Controle
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2 - COMUNICACAO POR INFRAVERMELHO — IrDA

2.1 — Introducfio
2.1.1 - 1IrDA:

Assim que comunicagiio de dados por infravermelho, baseada no padrio da
ItDA  (Infrared Data Association), se tornou amplamente disponivel em
computadores pessoais e periféricos, passou a existir uma grande oportunidade de
comunicag¢io sem fio em sistemas incorporados e dispositivos de todos os tipos que
seja efetiva e barata.

A Infrared Data Association (IrDA) é um grupo industrial de mais de 160
companhias que desenvolveram padrdes de comunicagfio especialmente para baixo
custo, baixo alcance, plataforma cruzada, comunicag¢fio ponto a ponto em uma grande
faixa de velocidades. Esses padrdes tém sido implementados em vdrias plataformas
computacionais e, mais recentemente, estdo disponiveis em vérias aplicagdes
incorporadas.

O padrio atual da camada fisica do IrDA estd na vers3o 1.3 (margo de 2001).
A versio 1.4 esté prevista para breve e adicionard o padrSo de 16 Mbit/s o qual,
atualmente, ¢ coberto por outra documentagdio. A versio 1.4 substitui a versdo 1.3.
As versBes 1.0 a 1.2 sdio versBes obsoletas e hoje apenas descrevem passos histéricos

do desenvolvimento da rDA.

2.1.2 — Funcionamento da IrDA:

A transmissfio em um modo compativel com IrDA (algumas vezes chamada
SIR, serial infrared) usa, no caso mais simples, a porta RS232, um padrio incluido
em todos os computadores compativeis com PC. Com uma interface simples,
encurtando o comprimento do pulso para um méaximo de 3/16 do comprimento
original para atender requisitos de baixo consumo, um diodo emissor de

infravermelho € usado para transmitir um sinal dptico para o receptor.
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Esse tipo de comunicagiio cobre a faixa de transmissio de dados de até 115,2
kbit/s, a qual é a méxima taxa de transmissdo suportada por uma UART padrio. A
velocidade de transmissfio minima € de 9600 bit/s. Todas as transmissdes devem ser
comecadas nesta freqiiéncia para habilitar compatibilidade. Velocidades mais altas
sdo uma questéo de negociagdo entre as portas depois de estabelecida a conexdo.

Velocidades mais altas necessitam de interfaces especiais que operam a 1,152
Mbit/s e usam um processo de encurtamento do pulso similar ao do modo
relacionado a RS232, mas com uma redugfio do pulso de 1/4 do comprimento
original. A taxa maxima de dados suportada pela IrDA ¢é de 4.0 Mbit/s (geralmente
chamada de FIR, fast infrared), operando com pulsos de 125 ns em um modo 4 PPM

(Pulse-Position Modulation). Uma interface tipica para os varios modos é mostrada

na Figura 3.
; Output driver IR output
In= i
# Up 10 115.2 Kbit's  [ottbemipo and IRED -
Active output
Vo o 1152mbis |, ] IR transceiver héeilace
0.576 Mbit's module
Active input
; interface
4.0 Mbits et Detector Bl
and receiver IR output

Figura 3 - Diagrama de bloco de uma ponta da conexio para taxas de até 4
Mbit/s

A poténcia de saida e a sensibilidade de entrada sfo configuradas para um
nivel no qual uma atividade apontar-e-disparar (£ 15°) € suficiente para comunica¢io
ponto a ponto, mas previne a poluigo do ambiente nfio desperdicando energia.
Transmissfio até uma distincia de 1 m ¢ garantida. O detector recebe o sinal
transmitido, reformata o sinal e 0 manda para a porta. O sistema trabalha num modo
half-duplex, o qual permite apenas uma dire¢éo de transmissio estar ativa por vez.

Para freqiiéncias de até 115,2 kbit/s, a intensidade de saida minima é de 40
mW/sr. Para velocidades mais altas, uma intensidade minima maior, de 100 mW/sr, é
usada. Conseqlientemente, as sensitividades de 40 mW/m? e 100 mW/m? sdo usadas,
respectivamente, para SIR ¢ FIR.

O comprimento de onda escolhido para o padrio é entre 850 nm e 900 nm.
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O padrio VFIR (Very Fast Infrared, 16 Mbit/s para mais de 1 m) foi
estabelecido em 1999.

O modo mais simples de interfaceamento éptico no modo SIR ¢ mostrado na
Figura 4. Deve ser usado um dispositivo para reformatar e recuperar pulsos, como o
TOIM3000 ou TOIM3232 da Vishay Telefunken. A transmissfio e recepgdo devem
ser realizadas, por exemplo, por um transceiver, como o TFDS4500. Um
amplificador é usado no receptor para amplificar a entrada. Sua saida é alimentada na
entrada de um comparador, cujo nivel de referéncia é ajustado para suprimir ruido e
interferéncia do ambiente eficientemente.

Adicionalmente, um circuito formatador de pulso deve ser inserido para
encurtar o pulso para ser emitido em 1.6 ps (3/16 do comprimento do bit a 115
kbit/s) e recuperar pulsos do sinal detectado para atender o padrdo [tDA. Apenas os
bits 'LOW" (0) sdo transmitidos. Em alguns transceivers, esses circuitos ja vem
implementados, como € o caso do ZHX1810, da Zilog, mostrado na Figura 5. Com
esse transceiver & possivel montar um circuito ligando-o diretamente no

microcontrolador, como mostra a Figura 6.

IR output
w{ Pulse shaping w]  Transmitter -
y_— - TOIM3000 ar A00D series
Fulse recovery e Receiver =
IR input

Figura 4 - Diagrama de bloco de uma ponta de uma conexao



5D C

O
GND

Figura 5 - Diagrama de bloce do ZHX1810

033 pF cermmilc
Voor=241055V L Plyce within 3 wen of pls,
T L
=R
L o~g sj——_-
LEDA Ve

2
enabled1) | IRTSD £ TXD
mior)-
msp 4
controlle, —— | 3D
AFIC, 3 ZHXI1B810
ENDEC IRR<D RxD

L

Vu oD

| 6

I

Figura 6 - Circuito com um ZHX1810
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2.2 — Especificacdes
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Os protocolos de comunicagio lidam com vérios assuntos, e por isso sdo

geralmente divididos em camadas, onde cada camada lida com um conjunto de

responsabilidades e fornece capacidades necessarias as camadas abaixo e acima.

Quando as camadas s3o colocadas uma sobre as outras, temos o que € chamada uma

pilha de protocolos. Uma pilha de protocolos da IrDA € dividida em camadas de

conjuntos de protocolos destinados particularmente comunicagdo infravermelho

ponto a ponto ¢ as aplicagdes necessirias nesse ambiente. Na Figura 7 temos as

camadas de protocolos da xDA.

IAS | AN | OBEX

[rC ONM

Tiny TP

[rL.MP

AP

Physical Layer

Figura 7 - Protocolos da IrDA

Os protocolos desta pilha podem ser divididos em dois grupos: protocolos

necessarios e opcionais.

Os protocolos necessarios incluem os seguintes:

v Camada fisica: especifica caracteristicas opticas, codificagdo de dados, e

separagiio em blocos de dados para transmissdo em vérias velocidades;

v IrLAP: Link Access Protocol. Estabelece a conexfo béasica;

v IrLMP:; Link Management Protocol. Multiplexa servigos e aplicagdes na

conexdo ITLAP;

v IAS: Information Access Service. Formnece uma “paginas amarelas™ de

servigos em um dispositivo.

Os protocolos opcionais sd0:



15

v" TinyTP: Tiny Transport Protocol. Adiciona controle de fluxo por canal. Esta
¢ uma fungio muito importante e é necessaria em muitos casos;

v" IrOBEX: Object Exchange Protocol, Transferéncia facil de arquivos e outros
objetos de dados;

v Ir'COMM: emulagio de portas paralela e serial, habilitando aplicacBes
existentes que usam portas paralela e serial a usar infravermelho sem
mudancas.

v IrLAN: acesso 4 LAN (Local Area Network).

Quando essas camadas sfo integradas a um sistema incorporado, elas podem

ser dispostas como mostra a Figura 8.

/

I
\l

U

er Layer AP

Driver Mode

Interrapt
Mode

\1

Figura 8 - Disposicio das camadas em um sistema

2.2.1 — Camada fisica:

No modo SIR, os dados s3o representados por pulsos 6pticos entre 1.6 us e
3/16 do tamanho do bit de um pulso de uma RS232, como mostra a Figura 9. Essa
reducdio de pulsos também é aplicada a modos de freqliéncias mais altas, e os limites
da duraggo dos pulsos sio mostrados na Tabela 5. Uma interface serial infravermelba

IrDA deve operar a 9.6 kbit/s. As velocidades adicionais sfio opcionais.
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— UART Frame —
s B Data Bits i‘ Slop e
Bit Bit
o 0 o | 0 o]
UART Frame
g IR Frame
~—asl Start m— Data Bits Stop p—
Bit Bit
J 0 e IR Frame |._
Bit Time Pulse Width = 3716 Bit Time
Figura 9 - Formato do frame em UART e infravermelho
_ Tolerancia Duracao Duragiio Duraciio
Fregqiiéncia do
S % da minima do Nominal do maxima do
ina
fregiiéncia pulso pulso pulso
2.4 kbit/s +0.87 1.41 pus 78.13 us 88.55 ps
9,6 kbit/s 10.87 1.41 ps 19.53 ps 22.13 ps
19.2 kbit/s +0.87 1.41 ps 9.77 us 11.07 ps
38.4 kbit/s 0.87 1.41 ps 4.88 ps 5.96 ps
57.6 kbit/s +0.87 1.41 ps 3.26 ps 4.34 ps
115.2 kbit/s +0.87 1.41 ps 1.63 ps 2.23 ps
0.576 Mbit/s +0.1 295.2 ns 434.0 ns 520.8 ns
1.152 Mbit/s 0.1 147.6 ns 217.0 ns 260.4 ns

Tabela 5 - Especificaciio da freqiiéncia e duraciio do sinal

A intensidade da radiagdo e a sensibilidade sdo ajustadas para garantir uma

transmisséo ponto

-a-ponto em um cone de £15° a uma distancia de pelo menos 1m.

O BER (Bit Error Ratio) nfo deve ultrapassar 10%, e é medido conforme teste
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definido na Especificagdo da Camada Fisica da IrDA. A conexdo deve operar e
obedecer 3 especificagdo para o BER no alcance especificado. A intensidade de
radiagfio ptica ¢ limitada 2 um maximo de 500 mW/sr ¢ um angulo de +30° a fim de
habilitar operagdes independentes de mais de um sistema em uma sala. O campo de

toleréncia da emissdo de um transmissor € mostrada na Figura 10.

550
500
- 450
7]
3 400
E
% 300 { DA erancoTicld |
&
...E. 250
§ 200 Typical charactaristc |
E 150
100

50

I I
N 5 & 45 -m A5 D 15 0 45 60 75 80
Angle of emission { )

Figura 10 - Campo de tolerdncia de uma emissiio angular

A distincia méxima da transmissdo como fung¢fio da sensibilidade (irradiagdo
necessaria no detector) é mostrada na Figura 11. Por exemplo, uma sensibilidade de
40 mW/m?, combinada com uma intensidade de 40 mW/sr, resulta em uma distincia
de emissdo de 1 metro. A combinacdo de um detector com uma irradiagdo minima de

10 mW/m? e um emissor com 250 mW/sr pode transmitir por quase 5 metros.
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Figura 11 - Distincia de transmissdo da IrDA

2.2.2 — IrLAP — Link Access Protocol:

O Link Access Protocol fornece caminhos para uma conexdo na qual o
software procura por outras méquinas para conectar (sniffing), reconhece as outras
magquinas (discovery), resolve conflitos de enderego, inicia uma conexio e troca de
informacgdes, e gerencia a desconexdo. Durante a transferéncia de dados, o Ir'LAP ¢
responsavel em prover uma detecgio de etro confidvel, refransmissdo e controle de
fluxo.

A conexdo opera essencialmente da seguinte maneira:

Um dispositivo (primério) deseja conectar-se a outro dispositivo (por
reconhecimento automatico ou por pedido direto do usuario). Uma conexdo de dados
envolve pelo menos uma estagio priméria e uma ou mais secundarias, as quais o
ItLAP tem a responsabilidade de gerenciar. A estagiio primaria ¢ responsavel pela

conexdo de dados. Toda transmissdo em uma conexdo de dados ou provém ou véo
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para a estagdio primdria e podem ser ponto-a-ponto cu ponto-a-multipontos. Sempre
ha apenas uma estag@o primaria, enquanto todas as outras estagdes sdo secundarias.
Depois de obedecer as regras de conexdo, o primario manda informagdes de
pedido de conexdo a 9600 bit/s para os outros dispositivos, como seu endereco e
outras capacidades como velocidades de transmiss3o possiveis etc. O dispositivo que
ir4 responder assume posigdo de secundario e, depois de obedecer as regras de
conexao, retorna informag8es que contém seu endereco e outras capacidades. Entdo o
primario e o secunddrio irdo mudar suas velocidades de transmissio e outras
especificagdes para um valor comum definido pela troca de informagdes. O primério
entdio transmite dados para o secundério confirmando a velocidade de transmisséo e
capacidades. Apds isso, os dois dispositivos estdo conectados e os dados sdo
transmitidos entre primdrio e secundario sobre controle completo do secundario.
Qualquer estagdo capaz pode assumir o papel de primario, o qual ¢
determinado dinamicamente quando a conex3o ¢é estabelecida e continua até que a

conexio € terminada.

Sniff -Opan

Connect __)I Information _,IDismnnecl
Transfer j

F ¢
Address Conflict Reset
Resolution

Figura 12 - Procedimentos de operaciio do IrLAP

2.2.3 — IrLMP — Link Management Protocol:

Uma vez que a conexdo ¢ estabelecida, o rLMP gerencia as fungGes

disponiveis e aplicagbes entre os dispositivos de comunicagéo. O 'L MP determina
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as capacidades dos dispositivos conectados e gerencia a negociagio de pardmetros da
conexdo e transferéncia correta de dados.

O IrLMP é responsavel por:

v Multiplexar servigos na conexdo, através do JrLMP Multiplexer (LM-MUX);
v' Localizacdo de componentes suportados pelo IrLMP Information Access Service
(LM-IAS).

O LM-MUX fornece canais multiplexados no topo de uma conexéo IrLAP.
Cada uma dessas conexdes, chamadas de Link Service Access Point, ou conexdes
LSAP, carrega separadamente uma informagéo logica.

O LM-IAS € um cliente direto do LM-MUX . Componentes de aplicativos
que desejam estar disponiveis para outros dispositivos se “descrevem” criando um
objeto cujos atributos carregam os pardmetros essenciais necessarios para sua
utilizagdo. Um componente de aplicativo procurando por conexdes as procura dentre
os objetos do LM-IAS remoto. Assumindo que um objeto adequado existe, os

parametros da conexio sio trocados e ficam acessiveis no topo do LM-IAS.
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3 - Microcontroladores da familia MCS-51

3.1 — Intreducio

O microcontrolador 8051 é o membro original da familia MCS-51, ¢ estd em
produgdo desde 1981. Todos os membros da familia MCS-51 executam o mesmo
conjunto de instrugdes, as quais sdo otimizadas para aplicagdes de controle 8-bit.

Todos os microcontroladores MCS-51 possuem um oscilador on-chip, que
pode ser usado caso desejado como fonte de clock para a CPU. O gerador de clock
interno define a seqliéncia de estados que monta um ciclo de maquina.

Um ciclo de maquina consiste de uma seqiiéncia de seis estados, onde cada
estado tem duragdo de dois perfodos do oscilador. Logo, um ciclo de maquina tem

duragéio de 12 periodos do oscilador.

3.2 — Interrupgdes

O 8051 possui cinco fontes de interrupgdo: duas externas, duas de timer ¢ a
interrupcio da porta serial. Cada uma das interrupg¢des pode ser habilitada ou
desabilitada individualmente acionando um bit da palavra de controle chama IE

(Interrupt Enable). Esse registrador possui ainda um bit para desabilitar todas as

interrupg¢des.
(MSB) (LSB)
EA - - ES ET1 | EX1 | ETO | EX0

Figura 13 - Registrador IE (Interrupt Enable)
EA — desabilita todas as interrupgdes;
ES — habilita ou desabilita a interrupcdo da porta serial/
ET1 — habilita ou desabilita o TIMER1;
EX1 — habilita ou desabilita a Interrupgio Externa 1;
ETO — habilita ou desabilita o TIMERO;
EXO - habilita ou desabilita a Interrupgio Externa 0.
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3.3 — Timers/Contadores

Todos os timers dos microcontroladores MCS-51 podem ser configurados
para serem usados ou como timers ou como contadores.

Funcionando como timer, o registrador é incrementado a cada ciclo de
maquina. Logo, podemos pensar nele como contando ciclos de maquina.

Ja funcionando como contador, o registrador é incrementado em resposta a
uma transi¢go 1-para-0 em seu pino externo correspondente. Nessa fungfo, a entrada
externa ¢ adquirida a cada ciclo de maquina.

Esses timers possuem quatro modos de operagéo:

- Modo 0:

Nesse modo o timer funciona como um contador de 8-bits. Nesse modo, o
registrador € configurado como um registrador de 13-bits. Quando a contagem passa
de todos 1s para todos 0s, a bandeira de interrupg&o do timer TF1 € acionada.

- Modo 1:

O modo 1 ¢ idéntico a0 modo 0, porém nesse modo o registrador do timer
funciona com todos os 16-bits.

- Modo 2:

O modo 2 configura o registrador do timer como um contador de 8-bits com
recontagem automatica. Um overflow nfo sé define TF1, como também reinicia a
contagem.

- Modo 3:

Esse modo estabelece TLO e THO como dois contadores separados. Ele ¢
destinado para aplicacdes que requerem um timer ou contador de 8-bits extra.

O funcionamento é selecionado nas palavras de controle TMOD e TCON.
(MSB) (LSB)
GATE | ¢/T | Ml MO0 |GATE! ¢/T | Ml MO

TIMER1 TIMERO

Figura 14 - Registrador TMOD
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GATE — habilita controle pela porta “INTx”;

C/T -Seletor de Timer ou Contador;
M1 MO0 — Seletor de modo.

(MSB) (LSB)
TF1 | TR1 | TFO | TRO | IE1 | IT1 | IEO | ITO

Figura 15 - Registrador TCON
TF1 — Bandeira de overflow do Timer 1. Acionada por hardware;

TR1 — Bit de controle para ligar o Timer 1. Acionada por software;

TFO — Bandeira de overflow do Timer 0. Acionada por hardware;

TRO — Bit de controle para ligar o Timer 0. Acionada por software;

IE1 — Bandeira da Interrupgdo Externa 1. Ligada por hardware quando a
interrupgdio é detectada. Desligada quando a interrupgdo € processada;

IT1 - Bit de controle de tipo de interrupgfio. Acionada por software para
determinar interrupg¢do por nivel ou por borda;

IE0 - Bandeira da Interrupgio Externa 0. Ligada por hardware quando a
interrupgfo ¢ detectada. Desligada quando a interrupgéio € processada;

ITO — Bit de controle de tipo de interrup¢io. Acionada por software para

determinar interrup¢do por nivel ou por borda.

3.4 — Interface Serial

A porta serial é full duplex, ou seja, pode transmitir e receber dados
simultaneamente. Ela também possui um buffer de recebimento, de modo que e¢la
pode iniciar o recebimento de um segundo byte antes que o primeiro tenha sido lido.

A porta serial pode operar em 4 modos:

- Modo 0:

Os dados seriais entram e saem através do RXD. TXD fornece o sinal de
clock. A taxa de transmissdo ¢ fixada em 1/12 da freqiiéncia do oscilador.

- Modo 1:
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10 bits sdo transmitidos, pelo TXD, ou recebidos, pelo RXD: um start bit (0),
os 8 bits do dado (o bit menos significativo primeiro), e um stop bit (1). A taxa de
transmissdo € variada.

- Modo 2:

11 bits sdo transmitidos e recebidos: um start bit (0), os 8 bits do dado (o bit
menos significativo primeiro), um nono bit programavel, e um stop bit (1). A taxa de
transmissdo é de 1/32 ou 1/64 da freqiiéncia do oscilador.

- Modo 3:

11 bits sio transmitidos e recebidos: um start bit (0), os 8 bits do dado (o bit
menos significativo primeiro), um nono bit programével, e um stop bit (1). De fato,
esse modo ¢ idéntico ao modo 2, exceto pelo fato de que a taxa de transmissdo é
variada.

O controle da porta setial é feito através do registrador SCON.

(MSB) (LSB)
SMO | SMI | SM2 | REN | TB8 | RB8 TI RI

Figura 16 - Registrador SCON

SMO0 SM1 — selegio de modo da porta serial;

SM2 — habilita a caracteristica de comunicagdo multiprocessada nos modos 2
e3;

REN - habilita comunicagdo serial. Acionada por software;

TB8 — é o 9° bit que sera transmitido nos modos 2 e 3;

RB8 — é o 9° bit que sera recebido nos modos 2 € 3;

TI — Bandeira de interrupgiio de transmissdo. Ligada por hardware. Deve ser
desligada por software;

RI — Bandeira de interrupcio de recepgfo. Ligada por hardware. Deve ser

desligada por software;

Para utilizar um baud rate especifico deve-se utilizar o timer 1. Para isso, a

interrupgfio desse timer deve ser desabilitado.
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IIT1 - MATERIAIS E METODOS

O dispositivo é composto por duas portas de comunicagfo: uma serial RS232
e uma serial infravermelha. A porta serial RS232 ¢ ligada a um conector molex que
por sua vez é ligado a um conector DB9, para comunicagio com o robd. A porta
infravermelha receberd sinais de um dispositivo IrDA, como por exemplo um
controle rtemoto ou um PDA, através de um transceiver.

Para o desenvolvimento deste projeto, foram adquiridas gratuitamente
amostras de transceivers IrDA ZHX10Xi/1810 da Zilog, junto a Graftec Eletronics
Sales, Inc., distribuidor oficial da Zilog em Séo Paulo.

Devido & diferenga na quantidade de bytes enviados por instrugfo entre
marcas de controle remoto, bem como seus valores, o dispositivo possui um modo de
se escolher qual controle remoto, ou PDA, serd usado para envio de sinais
infravermelho. Esses sinais foram tabelados previamente, quando foram
especificadas teclas que correspondem aos comandos desejados para execucgéo pelo
robd. Esses comandos sdo: parar, aumentar ou diminuir a velocidade, ¢ mudar a
dire¢do do movimento. Essa escolha ¢ feita através de um botdo no dispositivo, ¢ a
opgio escolhida é sinalizada através de LEDs. Um segundo botio ¢ usado para

escolha entre comunicagio com um computador ou com 0 robd.
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1-TESTE DE BANCADA COM O TRANSCEIVER

O circuito do transceiver ZHX10Xi/1810 estd esquematizado na Figura 17.

c
4 L ANV
R.é R
—— 1 5§ —
. LEDA Vec
2 2 ™
2 4
SO 71X 10000
; 5| 2810
1 wiRa
R,
GND
5 Te

Figura 17 - Circuito do Transceiver ZHX10Xi/1810

Nesse circuito, a resisténcia R; original era de 2,7 ohms, responsavel pelo
controle de corrente no emissor de infravermelho com uma alimentacéio de 3 volts.
Como no dispositivo a alimentagio € de 5 volts, foi necessério substitui-la por uma
resisténcia de 8,2 ohms.

No teste do transceiver analisou-se o sinal de saida do transceiver IrDA ao
receber sinais de infravermelho provenientes de um PDA (Palm m105) e de controles
remotos de diferentes marcas.

O sinal de saida estd nas figuras abaixo.

’“'r!"l"'l..."I||!1!vff|l

Figura 18 - Sinal de saida do transceiver ao receber sinais de um Palm
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Figura 19 - Sinal de saida do transceiver ao receber sinais de um contrele remoto

Como podemos notar, o sinal proveniente do Palm ¢ exatamente como
especificado pela IrDA. Ja o sinal proveniente de alguns controles remotos vem
modulado. Porém, como veremos mais adiante, esse fato néo influencia no projeto,

pois o sinal ser4 analisado pela sua primeira borda de descida.
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2 — ESTUDO DAS FUNCOES QUE SERAQO IMPLEMENTADAS NO
MICROCONTROLADOR

A fim de se determinar qual microcontrolador serd utilizado neste projeto,
foram feitos algoritmos das fungSes que serfo implementadas, de modo a se
determinar o niimero de interrupgdes, timers e tamanho aproximado do programa que
serdo necessarios no microcontrolador. Para isso, optou-se por utilizar um
microcontrolador compativel com um 8051, com uma UART implementada, para a
comunicag¢do serial com o robd.

Uma vez que o menor pulso possivel de se receber dura apenas 1,41 us, nio é
possivel analisé-lo por uma porta de 1/0. Isso porque um ciclo de méaquina (tempo
minimo necessdrio para executar uma instru¢io) de um microcontrolador que opera a
24 MHz € de 0,5 ps (12 ciclos do oscilador), fazendo com que nfio seja sempre
possivel a deteccfo desse pulso pelo programa. Entdio, para garantir que todos os
pulsos serdio detectados, a saida do transceiver serd ligada ao microcontrolador
acionando uma interrup¢3io externa, que por sua vez sera configurada para ser
sensivel a borda de descida do sinal.

Para garantir que ndo sejam detectados possiveis ruidos entre um pulso e
outro, serd usado um timer que funcionari ciclicamente toda vez que um novo byte
for recebido, a uma freqii€ncia um pouco maior que a méxima freqiiéncia do sinal.
Desse modo o programa consegue determinar quantos bits estdo chegando,
eliminando ruidos e o problema referente 3 modulagdo do sinal dos controles
remotos.

Os bytes que chegam sfo colocados em um buffer, que possui dois indices,
como mostra a Figura 20: um com a posi¢do do ultimo byte recebido, e outro com a
posicdo do tltimo byte lido. Para saber quantos bytes chegaram basta entdo analisar a

diferenca entre esses dois indices.
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buffer de chegada:
aF
bvies )
lidos = bytes
AS e récebidos
I 1
I 1
| 1
E3
82

Figura 20 - Esquema do buffer de chegada
Assim, um possivel algoritmo do programa principal é descrito a seguir:

Inicializa as varidveis do programa, as interrupgdes e os timers;

Mostra a opgéo padrio do dispositivo IrDA através de LEDs;

Entra em LOOP verificando existéncia de novos dados no buffer de chegada,
ou mudanga no dispositivo IrDA através de um botfo ligado a um bit de I/O;
Na chegada de novos dados, para o LOOP;

Compara os novos dados com valores tabelados de acordo com o dispositivo
selecionado;

Em caso de dados vélidos, envia o respectivo comando pela porta serial para
o robd (8 bits de diregio e 8 bits de velocidade a 9600 bits/s);

Volta para o LOOP.

A interrupgfio acionada externamente pelo transceiver (IE0) € a responsavel

por montar o byte recebido. Um possivel algoritmo é:

verifica niimero de bits ja recebidos (cont):
o secont=0:
» habilita TIMERO;
* byte recebido = FF;
= desabilita IEO.
o secont>0:
= gravaum 0 em byte recebido[cont];
» desabilita IEQ.
Um timer (TIMERO), € responsével por guardar os bytes recebidos no buffer:
habilita IEQ;



e cont=cont+1;

e secont=9:

O

o]

(o]

grava byte_recebido no buffer de chegada;
cont=0;

incrementa indice de bytes recebidos;
desabilita TIMERQO.

30
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3 - ESCOLHA DO MICROCONTROLADOR

De modo a ser possivel implementar os algoritmos descritos no item anterior,

foram levadas em consideragio as seguintes caracteristicas na escolha do

microcontrolador:

Compativel com 8051;

Interface serial (UART) implementada, ¢ um timer para gerar o baud rate;
para recep¢do de dados do transceiver: uma interrup¢io acionada
externamente, € uma acionada por timer;

tamanho da memoria flash;

ntimero de linhas de 1/0.

Assim, o microcontrolador escolhido foi o AT89C4051, da Atmel. Esse

microcontrolador, j& disponivel no laboratério, possui as seguintes caracteristicas:

compativel com MCS 51;
memoria flash de 4 kbytes;
memoria RAM de 128 bytes;
trabalha até a 24 MHz;

15 linhas de /O programéveis;
Canal serial UART programavel;
6 fontes de interrup¢éo;

2 timers/counters de 16 bits.
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4 - PROJETO DO HARDWARE

O dispositivo proposto neste trabalho deve fornecer uma interface entre
dispositivos IrDA e RS232. Assim sendo, deve conter um microcontrolador, um
transceiver infravermelho capaz de receber sinais compativeis com IrDA, e botdes e
LEDs para permitir uma interface com o usuério. O diagrama de blocos do sistema

esta na Figura 21.

Usudrio

it

r Botfies
e LEDs

S ~

§i

e ™y
Dispositivo Transceiver Microcontrotador Computador/
DA "{ ZHX10XA810 ’—‘ ATBICADS] :{ MAX233 }: Robs
\ J

Figura 21 - Diagrama de Blocos de Sistema

A partir desse diagrama de blocos, foi feito um esquema do hardware. Entio,
o hardware foi montado em uma protoboard, onde foram realizados alguns testes, e,
com o auxilio de um software de CAD eletrénico, foi feito o projeto da placa, que foi

fabricada em seguida.

4.1 — Desenho esquemdtico do hardware;

A partir do Diagrama de Blocos da Figura 21, foi feito um desenho
esquematico do hardware, mostrado na Figura 22, no software EAGLE Layout
Editor, da CadSoft.
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Figura 22 - Desenho esquemético do Hardware

4.2 — Montagem em protoboard e testes:

Com o esquema do hardware pronto, o mesmo foi montado em uma

protoboard, para a realizagio de alguns testes, antes da fabricacdo da placa.

Figura 23 - Montagem do hardware em protoboard
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Os testes realizados incluem recepg¢io e envio pela porta serial RS232 do

dispositivo, e recepgdo pela porta IR.

4.3 — Projeto da placa:

O projeto da placa foi feito a partir do esquema do hardware, também com ©

auxilio do software EAGLE Layout Editor, da CadSoft.

Figura 24 - Projeto da placa
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Figura 25 - Projeto do circnito

Paralelamente ao projeto ¢ fabricagdo da placa, foram mapeados botSes de

diferentes controles remotos com a montagem em protoboard.

4.4 — Fabricacfio da placa:

Para a fabricagdo da placa o circuito foi impresso em uma transparéncia, e
entdo colocado acima de uma placa de silicio com um material photoresist aplicado.
O conjunto foi entdo exposto i luz ultra-violeta durante certo tempo, e banhada com

material corrosivo em seguida. Com isso obteve-se o circuito da Figura 26.
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Figura 26 - Foto de circuito

Nesse circuito foram soldados os componentes, originando a placa da Figura
27. Apbs a soldagem foi aplicado um verniz préprio para circuitos, para evitar a

oxidacdo das trilhas de cobre.
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Figura 27 - Foto da placa
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4.5 — Montagem no robo:

O dispositivo foi montado no robé Base Mével para controla-lo ao receber
comandos de um dispositivo IrDA (Figura 28). Para esse projeto foram usados um

controle remoto ¢ um Palm m105.

Figura 28 - Fotos do dispositivo no robd
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5 PROGRAMACAQO DO SOFTWARE PARA PALMOS

5.1 — Introducao:

Programar aplicagdes para PDAs ¢ um pouco diferente de programar
aplicagdes para computadores de mesa, uma vez que a plataforma do PalmOS é
diferente da de um computador de mesa. Além disso, 0s usudrios interagem
diferentemente com um PDA do que com um computador de mesa.

Alguns dos aspectos importantes a serem observados sfio apresentados a
seguir.

Tamanho da tela: a tela de um Palm possui apenas 160x160 pixels, logo a
interface deve ser projetada cuidadosamente com diferentes prioridades e objetivos
que as usadas em uma tela maior.

Tempo de resposta: em um computador de mesa o usuario ndo se importa em
esperar alguns segundos para obter uma resposta do sistema. Entretanto, aplica¢des
para PDA sfio usadas freqiientemente, vérias vezes ao dia, em espagos de tempo
muito curtos. Por esse motivo a velocidade do aplicativo se torna uma parte critica do
projeto de aplicagdes para PDAs.

Entrada de dados: uma vez que a entrada de dados em um PDA se da atraves
de uma caneta, nfio ¢ conveniente requerer que o usudrio entre com uma quantidade
grande de dados.

Memdrig: devido & limitacio de energia e memodria em um PDA, a
otimizagio da aplicagio se torna outro fator critico do projeto.

Sistema de arquivos: por causa da capacidade limitada de armazenamento, 0
PalmOS$ ndo usa um sistema de arquivos convencional. Os dados sdo guardados em
bancos de dados, e nfio em arquivos. Logo, é recomendavel editar bancos de dados
alocados em memdria ao invés de cria-los em RAM e entdo armazena-los, de modo a
economizar espago de meméria.

Existem varias ferramentas de programago para construir e testar aplicativos
para PalmOS. A ferramenta mais comumente utilizada € o CodeWarrior Interactive

Development Environment (IDE), que utiliza C ¢ C++ como linguagem de
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programagdo. Por ser essa a ferramenta de programagdo oficial da Palm, possui uma
ampla documentagfio na internet. Por esses motivos essa foi a ferramenta utilizada

para o projeto do aplicativo.

5.2 — Comunicacio Infravermelho:

O PalmOS possui trés niveis de suporte para comunicagdo infravermelho:

- O Exchange Manager fomece uma interface de alto-nivel que lida com todos
os detalhes da comunicagéo transparentemente;

. O Serial Manager fornece um drive virtual que implementa o protocolo
IrComm,

- A IR Library fornece capacidades de comunicagéo de baixo-nivel, e direta a
interface infravermelha. E direcionada para aplicages que precisem de um
acesso direto & porta infravermelha e por esse motivo € a que foi utilizada
nesse projeto. O suporte infravermelho fornecido pelo PalmOS esta de acordo

com as especificagdes IDA.
5.3 — Interface com o usudrio:

O programa ¢ composto de duas partes: a primeira destina-se ao estudo da
comunicagdio infravermelho, onde se pode receber e enviar caracteres em ASCII ou
hexadecimal pela porta infravermelha, em diversos baud rates (2400, 4800, 9600,
19200, 38400, 57600 e 115200 bps), ¢ a segunda destina-se ao controle a distancia
do robd, onde se pode escolher a velocidade do robd, bem como a dire¢io de seu

movimento.
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Figura 29 - Telas do programa para PalmOS
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O controle do 8051 ¢ feito, na maior parte, por Registros de Fungdo Especial

(SFRs — Special Function Registers).

BFBEH

OFGH

DESH

DEOH

bCeH

ODCH

oceH

OCoH

CBeH

DBOH

DABH

P

96H

|

B82H

204

00000000

ACC
[iliTy v xc

PSW
00000000

1P
XXX 00060

F3
LRERRRRE!

iE
ORXOC00

SCON
DODO000G

SBUF
XXX

P1
11111114

TCON
00000000

THOD
2000060

TLo
00000000

TLA
AEOG0a00E

THO
OI00004

THI
00003000

8P
Coog01 11

DFL
(0000000

DPH
22000000

PCON
OX X000

Figura 30 - Mapa de enderecos dos SFRs do AT89C4051

OFFH

OF7TH

0EFH

REZH

ODFH

0ETH

DCFH

8CTH

0BFH

0BTH

DAFH

OATH

9FH

gH

8FH

a7H

P1 e P3: posigdes na RAM que contém os dados das portas de /O do

microcontrolador, caso as mesmas sejam utilizadas para esse fim. Se for feita uma

escrita em um desses registros, o contetido nos pinos correspondentes & porta serd

automaticamente alterado. Ja uma leitura dos mesmos verifica o estado dos pinos.

SP: ¢ o apontador de pilha (Stack Pointer), que aponta para o alto da pilha.

DPL ¢ DPH: em conjunto formam o DPTR, utilizado para enderegamento
indireto de 16 bits.
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PCON: o registro PCON (Power Controly permite adaptar o
microcontrolador para redugéio de consumo com seguranga.

TCON ¢ TMOD: registros dos Temporizadores/Contadores. Permitem a
programacéo dos mesmos.

TLO, THO, TL1 ¢ THI: sio os registros dos dados dos dois
Temporizadores/Contadores (T0 e T1).

SCON e SBUF: registros para uso da porta de comunicagio serial.

IE e IP: registro para programagdo (habilitagio/desabilita¢iio, prioridade etc.)
das interrupgdes.

PSW: o PSW (Program Status Word — palavra de status do programa) € o
registro dos Flags do 8051.

ACC: € o acumulador.

B: registro auxiliar B.

O programa ¢ composto de uma rotina principal, rotinas de inicializago das
variaveis e das interrupg¢les, rotinas de envio de caracteres em ASCII e em
hexadecimal através da porta serial RS232, e as rotinas das interrupgfes, externa,
serial, e timer 0. Foram utilizadas as linguagens C ¢ assembler para a programagio

do microcontrolador.

6.1 — A comunicacio serial RS232;

A porta serial é configurada para funcionar como uma UART de 8 bits no
modo 1, com baud rate (taxa de transmiss&o) variado, através do Timer 1.

A recepgdio pela porta serial RS232 é feita por interrupcgio, onde os bytes
recebidos sdo guardados em um buffer, e a transmissdo é feita por pooling (wait-for-
flag). Apesar de o robd ndo enviar dados pela porta serial, a recepgio ¢ utilizada no
dispositivo para a comunicagdo com um computador. Assim, foi possivel tabelar os
caracteres enviados por um confrole remoto quando determinados botSes sdo
enviados, bem como analisar a melhor freqiiéncia do Timer 0 na recepgdo dos

caracteres por infravermelho, sem a necessidade de reprogramar o microcontrolador.
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O Timer 1 € configurado para funcionar a uma freqiiéncia o mais préximo

possivel de 9600 Hz, de modo a obter uma comunicago de 9600 bps.

6.2 —~ A comunicacio serial Infravermelha:

A comunicagfo infravermelha ¢ feita através da interrupgdo externa 0 e do
timer 0. O timer 0 é responsivel pela velocidade de recepgdo e contagens dos bits,
podendo-se escolher entre qualquer divisor de 19200bps, ou seja, 19200bps, 9600bps,
4800bps, 2400bps etc.

Para identificagdo do byte recebido tanto o timer 0 como a interrupgdo

externa 0 funcionam como nos algoritmos descritos na selegfio do microcontrolador.

6.3 — A rotina principal:

A rotina principal inicializa as varidveis e as interrup¢Bes utilizadas no
programa, e entra em um LOOP infinito.

Dentro desse LOOP, o programa fica verificando continuamente a chegada de
dados pela porta serial RS232, por infravermeiho ou se algum botdo estd sendo
pressionado. Um botfo ¢ utilizado para mudar o dispositivo IrDA que serd usado
com o dispositivo, o qual ¢ mostrado através de LEDs, e outro botio ¢ utilizado para
a selecionar entre comunicagio com um computador ou com o robd. Na
comunicagio com o robd, caso algum dado seja recebido, ele é comparado com os
dados previamente tabelados na memoria, e em caso de correspondéncia com algum
comando, esse comando ¢ enviado pela porta serial RS232 ao rob6. Na comunicagéo
com o computador, pode-se ver os dados no buffer de recebimento infravermetho,
verificar caracteres IrDA enquanto s3o recebidos, ou ainda mudar o nivel légico de

ur pino da porta 1 de I/O do microcontrolador.
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IV - CONCLUSOES

Foram adquiridas gratuitamente amostras do transceiver IrDA junto a Graftec
Eletronics Sales, Inc.

Foi projetado e construido no Laboratério de Percepcéio Avangada da Escola
Politécnica um dispositivo capaz de receber sinais infravermelhos compativeis com
ItDA, compreendé-los, e receber e enviar sinais por uma porta RS232.

O dispositivo foi testado com sucesso na recepgio de dados em infravermelho
¢ na comunicagio com um computador, e no controle do robd Base Movel do
Laboratdrio de Percepedo Avangada (LPA).

O dispositivo pode ser usado para o controle de qualquer equipamento capaz

de receber comandos por RS232, através de um dispositivo IrDA.
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Features

» Compatible with MCS-51™ Products

» 4K Bytes of Reprogrammable Fiash Memory
— Endurance: 1,000 Write/Frase Cycles

3.0V to 6V Operating Range

Fully Static Operation: 0 Hz to 24 MHz

Two-evel Program Memory Lock

128 x 8-hit Internal RAM

15 Programmable I/O Lines

Two 16-bit Timer/Counters

Six Interrupt Sources

Programmabie Serial UART Channel

Direct LED Drive Outputs

On-chip Analog Comparator

L.ow-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 conirol 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 vactor 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 Idle 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/SOIC
Ly

RST/VPP ] 1 sppvee

(RXD} P3.0O 2 19 QP17

(TX0) P3.103 18OPL6

XTAL20]4 17[Pi5

XTAL15 160 P1.4

(INTO)P3.2[]6 150P1.3

Nt P3.307 14[P1.2
To)P3.4a0s 13 [0 P1.1 (AIN1)
T P59 12 [0 P1.0 (AINO)

GND [ 10 11[P3.7

AMMEL

AImEL

R

NS

8-bit
Microcontroller
with 4K Bytes
Flash

AT89C4051

Rev. 1001C-02/00
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Jin Description

rce
Supply voltage.

3ND
Jround.

Sort 1

3ort 1 is an 8-bit bidirectional /O port. Port pins P1.2 to
21.7 provide internal pullups. P1.0 and P1.1 require exter-
1al pullups. P1.0 and P1.1 also serve as the positive input
'AINO) and the negative input (AIN1), respectively, of the
sn-chip precision analog comparator. The Port 1 output
suffers can sink 20 mA and can drive LED displays directly.
Nhen 1s are written to Port 1 pins, they can be used as
nputs. When pins P1.2 to P1.7 are used as inputs and are
externally pulled low, they will source current {l, ) because
of the internal pullups.

Port 1 also receives code data during Flash programming
and verification.

Port3

Port 3 pins P3.0 to P3.5, P37 are seven bidirectional "o
pins with intemnal puliups. P3.6 is hard-wired as an input o
the output of the on-chip comparator and is not accessible
as a general purpose O pin. The Port 3 output buffers can
sink 20 mA. When 1s are written to Port 3 pins they are
pulled high by the internal pullups and can be used as
inputs. As inputs, Port 3 pins that are externally being
pulled low will source current (1) because of the pullups.

Port 3 also serves the functions of various special features
of the ATBIC4051 as listed below:

Port Pin Atternate Functions
P3.0 RXD {serial input port}
P3.1 TXD {serial oulput port)
P3.2 NTD (external interrupt 0)
P3.3 INTT (external interrupt 1)
P3.4 TO (timer O external input)
P35 T1 (timer 1 extemal input)

Port 3 also receives some control signals for Flash pro-
gramming and verification.

AST

Reset input. All /O pins are reset to 1s as soon as RST
goes high. Hoiding the RST pin high for two machine
cycles while the oscillator is running resets the device.

AlmEL

Each machine cycle takes 12 oscillator or clock cycles.

XTALA1
Input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2
Output from the inverting oscillator ampfitier.

Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier which can be configured for use as
an on-chip oscillator, as shown in Figure 1. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTAL2 should be let
unconnected while XTAL1 is driven as shown in Figure 2.
There are no requirements on the duty cycle of the external
clock signal, since the input to the internal clocking circuitry
is through a divide-by-iwo flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

Figure 1. Oscillator Connections

c2
—n————I—— XTAL2
l:|
o T
1 XTALY
i GND

G1, G2= 30 pF + 10 pF for Crystals
= 40 pF + 10 pF for Ceramic Resonators

Note:

Figure 2. External Clock Drive Configuration

NG ——————f XTAL2
EXTERNAL
OSCILLATOR XTAL1
SIGNAL
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3pecial Function Registers

\ map of the on-chip memory area called the Special Func- User software should not write 1s to these unlisted loca-
on Register (SFR) space is shown in the table below. tions, since they may be used in future products to invoke
lote that not all of the addresses are occupied, and uncc-  NeW features. In that case, the reset or inactive values of
upied addresses may not be implemented on the chip. the new bits will always be 0.

tead accesses to these addresses will in general return

andom data, and write accesses wili have an indetermi-

\ate effect.

rable 1. AT89C4051 SFR Map and Reset Values

OF8H | | ' l | OFFH
OFOH B | N N N OF7H
00000000
OESH [' OEFH
QEOH  AGC OE7H
00000000 L
ODBH i ODFH
ODOH | PSW 0D7H
00000000
0CeH 41 OCFH
[ AR U AN S N _
0COH _l 0C7H
J 0BFH

0B8H ] IP
XXX00000 | |

—

- 1 0B7H

0BOH P3 !
11111111

0ABH IE OAFH
OXX00000 \

OAOH | 0A7H

|

I I R DR I I SR S
o8H SCON SBUF 9FH

00000000 | XXXXXXXX }
90H £1 vT 97H

1111111 1
- . - - — L = — — —
g8H | TCON T™MOD TLO L THO TH1 T 8FH
00000000 | 00000000 | 00DDOO0O l 00000000 | 00000000 | 00000000 4
80H sp DPL DPH PCON | 87H
: 00000111 | 00000000 | 00000000 ! | | 0XXX0000 |
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Restrictions on Certain Instructions

The AT89C4051 is an economical and cost-effective mem-
ser of Atmel’s growing family of microcontrollers. It
sontains 4K bytes of flash program memory. 1t is fully com-
satible with the MCS$-51 architecture, and can be
arogrammed using the MCS-51 instruction set. However,
there are a few considerations one must keep in mind
when utilizing certain instructions to program this device.

All the instructions related to jumping or branching should
be restricted such that the destination address falls within
the physical program memory space of the device, which is
4K for the AT89C4051. This should be the responsibility of
the software programmer. For example, LJMP OFEQOH
would be a valid instruction for the AT89C4051 (with 4K of
memory), whereas LIMP 1000H would not.

1. Branching instructions:

LCALL, LJMP, ACALL, AJMP, SJMP, JMP @A+DPTR.
These unconditional branching instructions will execute
correctly as long as the programmer keeps in mind that the
destination branching address must fall within the physical
boundaries of the program memory size {locations 00H to
FFFH for the 89C4051). Violating the physical space limits
may cause unknown program behavior.

CJINE [...], DINZ[...], JB, JNB, JC, JNC, JBC, JZ, JNZ With
these conditional branching instructions the same rule
above applies. Again, violating the memory boundaries
may cause erratic execution.

For applications involving interrupts the normal interrupt
service routine address iocations of the 80C51 family archi-
tecture have been preserved.

2. MOVX-related instructions, Data Memory:

The ATBAC4051 contains 128 bytes of internal data mem-
ory. Thus, in the AT89C4051 the stack depth is limited to
128 bytes, the amount of available RAM. External DATA
memory access is not supported in this device, nor is exter-
nal PROGRAM memory execution. Therefore, no MOVX
[...] instructions should be included in the program.

A typical 80C51 assembler will still assemble instructions,
even if they are written in violation of the restrictions men-
tioned above. It is the responsibility of the controller user to
know the physical features and limitations of the device
being used and adjust the instructions used
correspondingly.

Program Memory Lock Bits

On the chip are two lock bits which can be left unpro-
grammed (U) or can be programmed (P) to obtain the
additional features listed in the following table:

Lock Bit Protection Modes("

Program Lock Bits
LB1 LB2 | Protection Type
1 U U No program lock features.
2 P U Further programming of the Flash
is disabled.
3 T P P Same as mode 2, also verify is
] | disabled.
Note: 1. The Lock Bits can only be erased with the Chip Erase
operation.
Idle Mode

in idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

P1.0 and P1.1 should be set to “0” if no external pullups are
used, or set io “1” if external pullups are used.

it should be noted that when idle is terminated by a hard-
ware reset, the device normally resumes program
execution, from where it left off, up to two machine cycles
before the internal reset algorithm takes control. On-chip
hardware inhibits access to internal RAM in this event, but
access to the port pins is not inhibited. To eliminate the
possibitity of an unexpected write to a port pin when Idle is
terminated by reset, the instruction following the one that
invokes |dle should not be one that writes to a port pin or to
external memaory.

Power-down Mode

In the power-down mode the oscillator is stopped, and the
instruction that invokes power-down is the fast instruction
axecuted. The on-chip RAM and Special Function Regis-
ters retain their values until the power-down mode is
terminated. The only exit from power-down is a hardware
reset. Reset redefines the SFRs but does not change the
on-chip RAM. The reset should not be activated before Ve
is restored to its normal operating level and must be held
active long enough to allow the osciliator to restart and
stabilize.

P1.0 and P1.1 should be set to “0” if no external pullups are
used, or set to “1” if external pullups are used.

AIMEL 8
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3rown-out Detection

Vhen V. drops below the detection threshold, all port pins
except P1.0 and P1.1) are weakly pulled high. When V¢
joes back up again, an internal Reset is automatically gen-

erated after a delay of typically 15 msec. The naminal
brown-out detection thresheld is 2.3V + 10%.

Veo w23V A 23V

I o
3
]
1

PORT PIN

INTERNAL RESET

*rogramming The Flash

The ATBIC4051 is shipped with the 4K bytes of on-chip
SEROM code memory array in the erased state (i.e., con-
ents = FFH) and ready to be programmed. The code
nemory array is programmed one byte at a time. Once the
array is programmed, to re-program any non-blank byte,
‘he entire memory array needs fo be erased efectrically.

nternal Address Counter: The AT89C4051 contains an
nternal PEROM address counter which is always reset to
)OOH on the rising edge of RST and is advanced by apply-
ng a positive going puise to pin XTAL1.

srogramming Algorithm: To program the ATB9C4051,
he following sequence is recommended.

(. Power-up sequence:

Apply power between VCC and GND pins

Set RST and XTAL1 to GND

Set pin RST to “H”

Set pin P3.2 to “H”

3. Apply the appropriate combination of “H” or “L” logic
ievels to pins P3.3, P3.4, P3.5, P3.7 to select one of
the programming operations shown in the PEROM
Programming Modes table.

To Program and Verify the Array:

4. Apply data for Code byte at location 0060H to P1.0 o
P1.7.

5. Raise RST to 12V to enable programming.

Pulse P3.2 once to program a byte in the PEROM
array or the lock bits. The byte-write cycle is self-
timed and typically takes 1.2 ms.

7. To verify the programmed data, lower RST from 12V
to logic “H” level and set pins P3.3 to P3.7 to the
appropriate levels. Output data can be read at the
port P1 pins.

B. To program a byte at the next address location,
pulse XTAL1 pin once to advance the internal
address counter. Apply new data to the port P1
pins.

o

1
3
]
1
L}
1
|
1
]
1

15 msec:

9. Repeat steps 5 through 8, changing data and
advancing the address counter for the entire 4K
bytes array or until the end of the object file is
reached.

10. Power-off sequence:
set XTAL1 to “L”
set RST to “L”
Turn V¢ power off

Data Polling: The AT89C4051 features Data Polling to
indicate the end of a write cycle. During a write cycle, an
attemptad read of the last byte written will result in the com-
plement of the written data on P1.7. Once the write cycle
has been completed, true data is valid on all outputs, and
the next cycle may begin. Data Polling may begin any time
after a write cycle has been initiated.
Ready/Busy: The Progress of byte programming can also
be monitored by the RDY/BSY output signal. Pin P3.1 is
pulled low after P3.2 goes High during programming to indi-
cate BUSY. P3.1 is pulled High again when programming is
done to indicate READY.
Program Verify: If lock bits LB1 and LB2 have not been
programmed code data can be read back via the data lines
for verification:
1. Reset the internal address counter o 000H by
bringing RST from “L” to “H".
2. Apply the appropriate control signals for Read Code
data and read the output data at the port P1 pins.

3. Pulse pin XTAL1 once to advance the internal
address counter.

4, Read the next code data byte at the port P1 pins.

5. Repeat steps 3 and 4 until the entire array is read.

The lock biis cannot be verified directly. Verification of the
lock bits is achieved by observing that their features are
enabled.

6 AT 89 C 205 T 1000000000000
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>hip Erase: The entire PEROM array (4K bytes) and the
wo Lock Bits are erased elecirically by using the proper
sombination of control signals and by holding P3.2 low for
10 ms. The code array is written with all “1”s in the Chip
Zrase operation and must be executed before any non-
slank memory byte can be re-programmed.

Reading the Signature Bytes: The signature bytes are
-ead by the same procedure as a normal verification of
ocations 000H, 001H, and 002H, except that P3.5 and
23.7 must be pulled to a logic low. The values refurned are
as follows.

(000H) = 1EH indicates manufactured by Atmel

{001H) = 41H indicates 89C4051

Flash Programming Modes

Programming Interface

Every code byte in the Flash array can be written and the
entire array can be erased by using the appropriate combi-
nation of control signals. The write operation cycle is self-
timed and once initiated, will automatically time itself to
completion.

All major programming vendors offer worldwide support for
the Atmel microcontroller series. Please contact your local
programming vendor for the appropriate software revision.

Mode | RSTV,e P3.2/PROG . P33 P3.4 P3.5 P3.7
Write Code Data"® 12V | L H H H
g S ' |
Read Code Data" H H L L H | H
Write Lock Bit - 1 12V H H
™~ |
Bit - 2 12v H H Lt L
| Chip Erase 12V @) H L L L
N | |
Read Signature Byte - _| H B _ }_-l _L L L_ . L

Notes: 1. The intemal PEROM address counter is resst to 000H on the rising edge of RST and is advanced by & positive pulse at

XTAL 1 pin. L
2. Chip Erase requires a 10 ms PROG pulse.

3. P3.1is pulled Low during programming to indicate RDY/BSY.

AIMEL
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‘igure 3. Programming the Flash Memory

5V
AT89C4051
RDY/BSY <+—| P31 Voo
BROE ___ PGM
PROG ——» P32 Pl |e DATA
~———» P3.3
SEE FLASH — | P3.4
PROGRAMMING
MODES TABLE | ——# P35
—» P37
L » XTALI RST |4— LA
TO INCREMENT - GND
ADDRESS COUNTER
Sigure 4. Verifying the Flash Memory
5V
AT88C4051
VOO
P1 PGM
Vi, —» P32 > baTA
—» P33
SEE FLASH — | P34
PROGRAMMING
MODES TABLE 1—+ P3.5
—»} P3.7
— GND
[

AT SO /C 2 051 0000000000000
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“lash Programming and Verification Characteristics

"a=0°C 10 70°C, Ve = 5.0+ 10%

Symbol Parameter Min Max | Units
Vop Programming Enable Voltage 115 12.5 v
op Programming Enable Cument 250 HA
tovaL Data Setup to PROG Low 1.0 l Hs
tanox Data Hold after PROG 1.0 | s
tesn P3.4 (ENABLE) High to Vo 1.0 us
YansL Vpp Hold after PROG 10 | oms
taran PROG Width 1 110 us
taav ENABLE Low to Data Valid 1.0 us
tenaz Data Float after ENABLE 0 1.0 s
tansL PROG High to BUSY Low 50 ns
twe Byte Write Cycle Time 20 ms
o RDY/BSY\ to Increment Clock Delay 1.0 bs
fia increment Clock High 200 ns
Note: 1. Only used in 12-volt programming mode.
Flash Programming and Verification Waveforms
PORT 1 DATAIN Ht-———"_mfA‘ AT S —
v temox
P3.2
(PROG)
’—‘1 TansL
RST LOGIC 1
e} T T T Ve
taov L = tewoz
. P34
(ENABLE) Yo —
P31
(RDY/BSY) BUSY READY
b **
XTAL1 N ""jﬁ
(INCREMENT fevem
ADDRESS)

AINEL
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Absolute Maximum Ratings*

Operating TempPerature ..o cssssssmsses -55°C to +125°C *NOTICE:  Stresses beyond those listed under “Absolute
Maximum Ratings” may causse permanent dam-
S10rage TOMPETAIUIS ......cc.rrmwesrmmmemsesemssssssnas -85°C to +150°C age to the device. This is a stress rating only and
functional operation of the device at these or any
Voltage on Any Pin other conditions beyond those indicated in the
with Respect 1o Ground ... e scsiessanees -1.0V to +7.0V operational sections of this specification is not
implied. Exposure to absolute maximum rating
Maximurn Operating VOllage ... 6.6V conditions for extended periods may affect device
reliability.
DC Output CUIent.....c.oee e iemamns e e it e 250 mA
DC Characteristics
Is = -40°C to 85°C, Ve = 3.0V to 6.0V (uniess otherwise noted)
Symbol Parameter Condition Min Max Units
Vi Input Low-voltags 0.5 0.2 V- 0.1 v
Viu Input High-voltage {Except XTAL1, RST) 0.2 Ve + 038 Ve + 0.5 A
Vi Input High-voltage {XTAL1, R5T) 0.7 Vg Ve +0.5 A
Ve Output Low-voitage™ loe = 20 MA, Ve = 5V 05 v
(Ports 1, 3) I = 10 MA, Vo= 2.7V
lOH = -80 }JA, Vcc= 5V £ 10% 2.4 vV
Output High-voltage _
Iy =-12 yA 0.9 Ve v
I Logical 0 Input Curmrent Vip = 0.45V -50 pA
{Ports 1, 3)
o Logical 1 to O Transition Current | V=2V, Voo = 5V £ 10% -750 LA
{Ports 1, 3)
Y Input Leakage Gurrent Q< V<V +10 HA
{Port P1.0, P1.1)
Vas Comparator Input Offset Voltage | Ve =5V 20 mv
Yeu Gomparator Input Cormimon 0 Vee v
Mode Voltage
RRST Raset Pulldown Resistor 50 360 KQ
Co Pin Capacitance Test Freg. = 1 MHz, T, = 25°C 10 pF
Active Mode, 12 MMz, V., = BV/3V 15/5.5 mA
Powar Supply Current ldle Mode, 12 MHz, Ve = 6V/3V 5/1 mA
Voo P1O& P11 =0VorVee
Ve =BV P10 &P1.1 =0V orV, 100 pA
Powar-down Mode® - oL
Vee =3V P1LO&PI 1 =0V or Ve 20 pA

Notes: 1. Under steady state (non-transient) conditions, 1, must be externally limited as iollows:
Maximurn [, per port pin: 20 mA
Maximum total I, for all output pins: 80 mA
¥ i, exceeds the test condition, Vi, may exceed the related specification. Fins are not guaranteed to sink current greater
than the listed test conditions.
2. Minimum V. for Power-down is 2V.

10 AT SO C A0S 1 2000000000000



External Clock Drive Waveforms

External Clock Drive

~

J[C)LCH >

tCLC)(

e fopex - :j

ool

AT89C4051

‘ tCH{.':L

Vee = 3.0V to 6.0V Vee = 4.0V to 6.0V
Symbol Parameter N Min_ -[ N _I\;lax T MilT ] Max Units
oL Oscillator Frequency 0 | 12 0 24 MHz
oo ] (;iock-Peliod o 83.3 - L 41.6 T ns
_tCch 1 High "I_'ime 30 15 | | ns N
t_CL: T Low Time ] 30 - 15 | ns
telen T Rise Time - ] B 20 l 20 ns
tonc Fall Time . 20 .— 20 | ns
11
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Serial Port Timing: Shift Register Mode Test Conditions

loc = 5.0V £ 20%; Load Capacitance = 80 pF

12 MH2 Osc Variable Osciltator
Symbol Parameter Min Max Min Max Units
. Serial Port Clock Cycle Time 1.0 12000 ps
touxH Qutput Data Sstup to Clock Rising Edge 700 100, o -133 ns
tyax Output Data Hold after Clock Rising Edge 50 g 0 -117 ns
Input Data Hold after Clock Rising Edge 0 0 ns
tumoy Clock Rising Edge to Input Data Vahid 700 10ty ¢ -133 ns

Shift Register Mode Timing Waveforms

INSTRUCTION =9 | 1 b2 [ a3 | —* 5| 6 __| 7 -8
ae LTI A e e e L
t

ot
CLOCK S A O Y N T T O A B
tovml-—_—_—: |~—txw|nx
WRITE TO SBUF, .0 11 2 8 X & X5 X & X 7
OUTPUT DATA turiow *-—_'|* [+ boox aen

I T T D B TGP T T T
¥

INPUT DATA

AC Testing Input/Output Waveforms!

Voo 08V 02 Vg + 08V

TEST POINTS

02 V.. - DIV _
045V L‘—“——”Z

Note: 1. AC Inpuls during testing are driven at Vg - 0.5V fora
logic 1 and 0.45V for a logic 0. Timing measurements
are made at V,,, min. for alogic 1 and V,, max. for a
logic 0.

12 ATEOCA05 T s ———

SET FiIT

Float Waveforms(!

VLOAD* v VOL- wiv

~

Vioan ﬁmngpmﬁgmnce />____
Vioan BV v0L+ ['R1%

Note: 1. For timing purposes, a port pin Is no longer floating
when a 100 mV change from load voltage occurs. A
port pin begins 1o float when 100 mV ¢hange frothe
loaded Vg, /Vq level occurs.



AT89C4051

AT89C4051
TYPICAL ICC - ACTIVE (85°C)

8
]

Voe=6.0V

\

e / Vee=6.0V
CARTE ] —
J’// L Vec=3.0¥

m
A 5
|
0+ — = J —_— - -
0 6 12 18 24
FREQUENCY {MHz)
AT89CA051
TYPICAL 1CC - IDLE (85°C)
T T T T T veesov |
é 2 _//’#:_-—-, e |
T
m 1 _._4'—".— S
A //%/,—_-—-—-—""'_'—-
Vee=3.0V
) l‘—'/ ‘ —
0 3 B g 12
FREQUENCY {MHz)
AT89C4051
TYPICAL ICC vs. VOLTAGE- POWER DOWN (85°C)
20 —
| | T
1 15 !
Cc /
[+ 10 / /
; ) Jy/
of | J
.oV 4.0V 5.0V 8.0V
Vcc VOLTAGE

Notes: 1. XTAL1 tied to GND for loc (power-down)
2. Pi0and P1.1=Vge or GND
3. Lock bits programmed

AIMEL
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Ordering Information

Speed Power
{MH2) Supply Ordering Code Package Operation Range
12 3.0V 0 6.0V ATB9CA051-12PC 20P3 Commercial
ATB9CA051-128C 208 {0°Cto 70°C}
AT89C4051-12P1 20P3 industrial
ATBYC4051-125) 205 {~40°C to 85°C}
24 4.0V 1o 6.0V AT89C4051-24PC 20P3 Commercial
AT89CA051-245C 205 {0°C to 70°C)
ATBOC4051-24P1 20P3 Industrial
AT89C4051-2451 208 (-40°C to 85°C)
Package Type
20P3 20-lead, 0.300™ Wide, Plastic Dual in-line Package (PDIP)
205 20-lead, 0.300" Wide, Plastic Gull Wing Small Outiine {SOIC)

14 ATSOC 205 0000000000000



Packaging Information

AT89C4051

20P3, 20-lead, 0.300" Wide, Plastic Dual Inline
Package (PDIP)

Dimensions in Inches and (Millimeters)

JEDEC STANDARD MS-001 AD

1 080(25 9)
“aE@4.9 p.'ﬁ'l
1

Eaanl

- = .090(2.29;

900(22.86) REF . -_1
2106 33) _,..‘ l..— oS 27
SEATING
PLANE
150(381) t_ _“. ;;:)( 381) MIN
1i512.92) 022(55%)
( OTA(356)
| .or0(1.78)
1102.79)
TNE ) -045(1.13}
.325(8.26)

| 300(7.6D)

ﬁ 0 REF
.014(:356) é&fj
“DOB( 263}

|_?_‘.—! 430(10.92) MAX

208, 20-lead, 0.300" Wide, Plastic Gull Wing Small
Qutline (SOIC)
Dimensions in Inches and (Millimeters)

0.020 (0.508)
0.013 (0.335)

——1
nnoonaoong f

n 205 (7.80) 0.420 (10.7)
281 {7.55) 0983 (3.8}

O
TTITIT0IT
——-I |-——,050(1.27)Bsc

PIN1

0.513413.09) —

0.407 {12.8) ioee 2 54)
. _{

0.012 (0.30B) I

0.003 {0.076)

2 rer 0.043 (0.530)

{,f%x_rmm

0.035 (D.BBD)
0.016 (6.9B1)

AIMEL
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MAXIMN

+5V-Powered, Multichannel RS-232

General Description

The MAX220-MAX248 family of line driversfreceivers is
intended for all EIA/TIA-232E and V.28/V.24 communica-
tions interfaces, particularly applications where =12V is
not available.

These parts are especially useful in battery-powered sys-
tems, since their low-power shutdown mode reduces
power dissipation to less than SUW. The MAX225,
MAX233, MAX235, and MAX245/MAX246/MAX247 use
no external components and are recommended for appli-
cations where printed circuit board space is critical.

Applications

Portable Computers

Low-Power Modems

Interface Translation
Battery-Powered RS-232 Systems
Multidrop RS-232 Networks

Drivers/Receivers

Fealures

Superior to Bipolar

+ Operate from Single +5V Power Supply
(+5V and +12V—MAX231/MAX239)

+ Low-Power Receive Made in Shutdown
(MAX223/MAX242)

+ Meet All EIA/TIA-232E and V.28 Specifications

4 Muitiple Drivers and Receivers

+ 3-State Driver and Receiver Qutputs

4+ Open-line Detection (MAX243)

Ordering information

PART TEMP. RANGE PIN-PACKAGE
MAX220CPE 0°C to +70°C 16 Plastic DIP
MAX220CSE 0°C to +70°C 16 Narrow S0
MAX220CWE 0°Cto +70°C 16 Wide SO
MAX220C/D 0°C to +70°C Dice*
MAXZ20EPE -40°C to +85°C 16 Plastic DIP
MAX220ESE -40°C to +85°C 16 Narrow SO
MAX220EWE -40°C to +85°C 16 Wide SO
MAX220EJE -40°C to +85°C 16 CERDIF
MAX220MJE -55°C to +125°C 16 CERDIP

COrdering information continued at end of data sheel.
*Contact factory for dice specifications.

Selection Table

Power No. of Nominal SHDN Rx
Part Supply AS-232 No.of Cap. Value & Three- Activein Data Rate
Number [\)) Drivers/Rx_Ext Caps (uF) State SHDN {kbps) Features
MAX220 +5 212 4 Q.1 Mo — 120 Ultra-tow-power, indusiry-siandard pinout
MAX222 +5 22 4 0.1 Yes — 200 Low-power shutdown
MAX223 (MAX213} +5 455 4 10(C.H) Yes v 120 MAX241 and receivers active in shutdown
MAX225 +5 55 a — Yes v 12C Available in 530
MAX230 (MAX200) +5 5i0 4 1.0(0.1) Yes — 120 5 drivers with shutdown
MAX231 (MAX201) +5 and 2/2 2 1.0(0.1 No — 120 Standard +5/+12V or battery supplies;

+7.51%0 +13.2 same functions as MAX232
MAX232 (MAX202) +5 240 4 10014 No — 120(64)  Industry standard
MAXD32A +5 22 4 0.1 No - 200 Higher slew rate, small caps
MAX233 (MAX203) +5 2/ 0 — No — 120 No external caps
MAXZ33A +5 22 C — No — 200 No external caps, high slew rale
MAXZ34 (MAX204) +5 48 4 1.0(0.1) No —_ 120 Replaces 1488
MAX235 (MAX205) +5 85 0 - Yes — 120 No extermal caps
MAX236 (MAX206) +5 43 4 1.0 (0.1} ‘Yas — 120 Shutdown, three state
MAX237 (MAX207) +5 53 4 1.0 (0.1) No — 120 Complements IBM PC serial port
MAX238 (MAX208) +5 44 4 16{01) No — 120 Replaces 1488 and 1489
MAX239 (MAX209) +5 and 35 2 1.0{0.1} No —_ 120 Standard +5/4+12V or battery supplies;

+7.5t0 +13.2 single-package solution for IBM PC serial port
MAX240 +5 5/5 4 10 Yes — 120 DIP or flatpack package
[MAX241 (MAX211) +5 45 4 1.0(0.1) Yes — 120 Complate IBM PC serial poet
MAX242 +5 22 4 0.1 Yes v 200 Separate shutdown and enable
MAX243 +5 22 4 0.1 No — 200 Qpen-line detection simplifies cabling
MAX244 +5 810 4 10 No — 120 High slew rate
MAX245 +5 80 0 — Yes v 120 High slew rate, int. caps, two shutdown modes
MAX246 +5 :1a]d] a — Yes "4 120 High slew rate, int. caps, three shutdown modes
MAX247 +5 Bra 0 — Yes v 120 High slew rate, int. caps, nine operating modes
MAX248 +5 88 4 1.0 Yes 4 120 High slew rate, selective half-chip enables
MAX249 +5 810 4 10 Yes v 120 Available in quad flatpack package
MAXIMN Maxim Integrated Products 1

For free samples and the latest literature, visit www.maxim-ic.com or phone 1-800-998-8800.

For small orders, phone 1-800-835-8769.
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+5V-Powered, Multichannel RS-232

20-Pin Plastic DIP (derate 8.00mW/°C above +70°C) . 440mW
16-Pin Narrow SO (derate 8.70mW/°C above +70°C) ...696rmW
16-Pin Wide SO (derate 9.52mW/°C above +70°C)...... 762mW
18-Pin Wide SO {derate 9.52mW/°C above +70°C)...... 762mwW
20-Pin Wide SO (derate 10.00mW/°C above +70°C})....800mW
20-Pin SSOP (derate 8.00mW/PC above +70°C) .......... G40mwW
16-Pin CERDIP (derate 10.00mW/°C above +70°C)..... 800mW
18-Pin CERDIP (derate 10.53mW/°C above +70°C}.....B42mwW

Drivers/Receivers
ABSOLUTE MAXIMUM RATINGS—MAX220/222/232A/233A/242/243
Supply VORAGE (VCC) cvrrermerrmsessnmemssineamse st -0.3V to +6Y
input Voltages
) 1T TR — 0.3V 0 (Voo - 0.3Y)
Ritv (Except MAX220) (.oovn e e cbtsisens +30V
Ring (MAX220)...0000vverieervaronsssormcss .25V
Tout (Except MAX220) {(Note 1) ... w2 15V
TOUT (MAKXZ20) oo cemeiscimsssescrssmanms s ersssssssresssensnns it s +13.2V
Qutput Voltages
| o0 | (OO L L +18Y

Rout
Driver/Receiver Qutput Short Circuited to GND.........Continuous
Continuous Power Dissipation (Ta = +70°C)
16-Pin Plastic DIP (derate 10.53mW/°C above +70°C).....842mwW
18-Pin Plastic DIP (deraie 11.11mWPC above +70°C)....BBSmW

Mote 1: Input voltage measured with TouT in high-impedance state,

Operating Temperalure Ranges

MAXZ_ _AC_ L MAX2_ _C i 0°C to +70°C
MAXZ__AE__ MAX2_ E__.. .~40°C to +85°C
MAX2_ _AM__ MAXZ_ _M__.. -55°C to +125°C
Storage Temperature Range .........c...... ..-B85°C to +160°C
Lead Temperature {soldering, 1058C) .....ccommsmerriissrrene. +300°C

SHDN or Voo = OV.

Note 2: Eor the MAX220, V+ and V- can have a maximum magnitude of 7V, but their absolute difference cannot exceed 13V.

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are strass ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is nol implied. Exposure 10
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACT ERISTICS—MAX220/222/232A/233A/242/243
(Voo = +5V £10%, C1-C4 = 0.1uF, MAX220, C1 = 0.047uF, C2-C4 = 0.33pF, Ta = TMin to Tmax, urtlegs otherwise noted.)

PARAMETER | CONDITIONS [MIN~ TYP  MAX | UNTS
RS-23Z2 TRANSMITTERS
Qutput Voltage Swing All transmitter outputs loaded with 3k to GND +5 +B \Y
Input Logic Threshold Low 1.4 0.8 v
All i
Input Logic Threshold High It devices except MAX220 2 1.4 v
MAX220: Voo = 5.0V 2.4
) All except MAX220, normal operation 5 40
Logic Puil-Up/input t —
ogicPUp/ingut Csrery SHDN = OV, MAX222/242, shutdown, MAX220 o1 =1 ] ™
Voo = 5.5V, SHON = OV, Vourt = +15V, MAX222/242 +0.01 +10
Qutput Leakage Current
B g8 Voo = SHON = OV, VouT = £16V oo w0 ] ™
Data Rate 200 116 khy's
Transmitter Cuiput Resistance Voo = V4 = V- = 0V, Vaur = x2V 300 10M Q
Qutput Short-Circuit Gument Vour=0V +7 +22 mA
AS-232 RECEIVERS
RS-232 Input Voliage Operating Range +30 v
All except MAX243 R2in 08 1.3
AS-232 Input Threshold Low Voo =5V
P . MAX243 B2y (Note 2) ) ¥
RS-232 Input Threshold High Voo = 5V Al cepHIDSLD 18 24 1
MAX243 R2q (Note 2) 0.5 0.1
RS-232 Input Hysteresis All except MAX243, Vo = 5V, no hysteresis in shdn. 0.2 0.5 1 v
MAX243 1
RS-232 Input Resistance 3 5 7 kQ
TTL/CMOS Output Voltage Low iout = 3.2mA 0.2 0.4 v
TTL/CMOS Output Voltage High lour = -1.0mA 35 Vpo-02 A
L Sourcing Vot = GND 2 -10
TTLCMOS Output Short-Circuit Current
Pu ek Gu Shrinking VouT = Ve 10 30 s
2 NAXILAN




+5V-Powered, Multichannel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243 (continued)
(VGG = +5V £10%, C1-C4 = 0.1pF, MAX220, C1 = 0.047F, C2-C4 = 0.33uF, Ta = Tmin to Tmax, unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
BHON = Voo or EN = Voo (SHON = OV for MAX222),
TTL/CMOS Qutput Leakage Current OV < VouT £ Vee +0.05 10 pA
EN Input Threshold Low MAX242 1.4 0.8 v
EN Input Threshold High MAX242 2.0 14 v
Operating Supply Vottage 45 55 v
No load MAX220 0.5 2
Vce Supply Current (SADN = Vo), MAX222/232Af233A/242/243 4 10 o
Figures 5, 6, 11, 19 3k load MAX220 12
both inputs MAX222/232A1233A/242/243 15
Ta = +25°C 0.1 10
Ta = 0°C to +70°C 2 50
| t MAX2 4 A
Shutdown Supply Curren 22242 Th = 40°C 0 +65°C 5 =D T
Ta =-55°C to +125°C 35 100
SHDN Input Leakage Current MAX222/242 +1 WA
SHDN Threshold Low MAX222/242 1.4 0.8 \'s
SHON Threshold High MAX222/242 2.0 14 v
Ci = 50pF to 2500pF,
RL=3kQto7ka, | MAX222/232A/233A/2421243 6 12 30
Transition Slew Rate Voo =5V Ta = +25°C, Vius
measured from +3V | paawoop 15 3 a0
to -3V or -3V to +3V
MAX222/232A/238A 2421243 1.3 35
Transmitter Propagation Delay tPHLT VINGE 4 0
TLL to RS-232 (normal operation), ys
Figure 1 . MAX222/232A/233A/242/243 1.5 35
= MAX220 5 10
LA MAX222/232A/233A/242/243 0.5 1
Receiver Propagation Delay
RS-232 to TLL {normal operation), — i 3 us
Figure 2 e MAX222/232A/233A/242/243 06 1
MAX220 0.8 3
Receiver Propagation Delay tPHLS MAX242 05 10
RS-232 to TLL (shutdown), Figure 2 [ tpr 145 MAX242 25 0 Hs
Receiver-Output Enable Time, Figure 3 | ter MAX242 125 500 ns
Receiver-Output Disable Time, Fgure 3 | tpr MAX242 160 500 ns
Transmitter-Output Enable Time N MAX222/242, 0.1uF caps 250
(SHDN goes high), Figure 4 = {includes charge-pump start-up) Be
Transmitter-Output Disable Time
(SFDN goes fow), Figure 4 toT MAX222/242, 0.1uF caps 600 ns
Transmitter + to - Propagation i : MAX222/232A/233A/242/243 300
Delay Difference (normal operationy | 'FH-T = IPLAT MAXZ20 5000 ns
Receiver + to - Propagation t b MAX222/232A/283A/242/243 100
Delay Difference {(normal operation) | TTLR = FLHR MAXZ30 235 ns
Note 3: MAX243 R2oyr is guaranteed to be low when B2y is 2 OV or is ficating.
MAXILAA S
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+5V-Powered, Multichannel RS-232
Drivers/Receivers

Typical Operating Characteristics
MAX220/MAX222/MAX232A/MAX233A/MAX242/MAX243

AVALLABLE QUTPUT EURRENT MAK222/MAX242
GUTPUT VOLTAGE vs. LOAD CURRENT ws. DATA RATE ON-TIME EXITING SHUTDOWN

10 - 1t —— UV

8 u g OUYPLT LOAD CLRRENT Ig “aF Caps —— |§

6 b ETHER Y OR V- LOADED | 10 " FLOWS FROMY4 TOV- 1 AN

: [ £ P e S wy T
s 4 Vo=V N T 9 1 = 45 ¢ sasnn
ir NG LOAD ON = M- & SHON
2 2 | TRANSMITTER QUTPUTS E g Vog = 4525V g o
5 o |EceTmen R £ 5w
[}
Z o | V-LOADED NDLOADONV: s 7 R e~ =
] =4 -

g 4 0k w— 3 i = \ee—- Tnf CAPS

$ D 4 N L]

) 5 b, 0. 1aF CAPS

Vi LOADED, ND LOAD ON V- & s
-10 4 -
¢ 5 @ B A B R I I I I S00us/di
LOAD CURRENT (mA) DATA RATE {kbics/ses)

4 MM AXILMN




+5V-Powered, Multichannel RS-232

Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX223/MAX230-MAX241

VEC eermereremrennssans 0.3V to +6V
AT O S (Voo - 0.3V) fo +14V
Voo eveessseereeemosemsnereeerospasssesmmerrssnanesesseccsensssn HOBY 10 =14V
Input Voltages

21T PRI o k< | oL 4 o o 0.3v)

BRI <o seeeereveemsesessssrrrenseprassmesomnaeasassmtaneye s s e b s ae e s bt s s T s e +30V
Qutput Voltages

TOUT -orererereresermsensermssssssessssrsssesseee AN 4+ 03V) 10 (V- - 0.3V)

RROUT ceveerersssssssserasmmesememsmsresssssssnasanrasssssnss 0.3V to (Voo + 0.3V)
Short-Circuit Duration, Tout .....- rerreepenenen-COMHNUOUS

Continuous Power Dissipation (Ta = +70°C)

14-Pin Plastic DIP (derate 10.00mWPC above +70°C)....BO0mMW
16-Pin Plagtic DIP (derate 10.53mW/°C above +70°C)....B42mW
20-Pin Plastic DIP {derate 11.11mW/°C above +70°C)....BBOMW
24-Pin Narrow Plastic DiP

{derate 13.33mW/°C above +70°C)..........1.07TW
24-Pin Plastic DIP (derate 8.08mW/°C above +70°C).....500mW
16-Pin Wide SO (derate 9.52mW/°C above +70°C)........7T62rmW

20-Pin Wide SO (derate 10 00mW/°C above +70°C).......800mW
24-Pin Wide SO (derate 11.76mW/°C above +70°C)....... 241mwW
2B-Pin Wide SO (derate 12.50mW/°C above +70°C) .eeveneres 1w
44-Pin Plastic FP (derate 11.11mWPC above +70°C) ... B89mMW
14-Pin GERDIP {derate 9.09mW/C above +70°C)..........727mW
16-Pin CERDIP (derate 10.00mW/PC above +70°C)........ S00mwW
20-Pin CERDIP (derate 11.11mW/C above +70°C)........ 889mMW
24-Pin Narrow CERDIP

{derate 12.50mW/°C above +70°C) ....coc.o.... TW
24-Pin Sidebraze (derate 20,0mW/°C above +70°C).......... 1.6W
28-Pin SSOP (derate 9.52mW/°C above +70°C)............. 762mW

Operating Temperature Ranges
MAXZ _ _ C o o iemesmr i smnsars e 0°C to +70°C
MAX2 __E_ ... e300 t0 4+85°C
MAX2 __M__ T TITE 55°Cto +125°C
Storage Temperature RaNge .........ccoowvvveevvnnnn-85°C 10 +160°C
Lead Temperature {soldering, (07515, v) FRRURRRE S 0§ &

Stresses beyond those listed under "Abisolute Maximum Ratings” may cause parmanent damage to the device. These are stress ratings only, and functional
operation of tha device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposura o
absolute maximum rating conditions for extended periods may affect devics reliability.

ELECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241

(MAX223/230/232/234/236/237/238/240/241, Vor = +5Y £10; MAX233/MAXZ35, Voo = 5V £5%, C1-C4 = 1.0pF MAX231/MAX239,
Vog = 5V £10%; V+ = 7.5V 10 13.2V; Ta = Tvin to Tmax; unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Qutput Voltage Swing All transmitter outputs loaded with 3k to ground +50 *7.3 v
MAX232/233 5 10
Vo Power-Supply Current ?: boad o [ MAX223/2307234 - 238/240/241 7 5 mA
MAX231/239 0.4 1
v+ Power-Supply Current MAX231 L8 5 mA
MAX239 5 15
MAX223 15 50
Shutdown Supply Current | Ta= +25°C NAXZI0]23EI23e 2A0 2 3 o A
input Logic Thresnold Low | Tin; EN, SHDN (MAX233); EN, SHDN (MAX230/235-241) 08 v
T 20
Input Logic Threshold High | EN, SHDN (MAX223); v
EN, SHON (MAX230/236/236/240/241) .
Logic Pull-Up Current TiN =0V 15 200 WA
e ® » | v
MAXIMN 5
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ELECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241 (continued)

(NMX223l230I232[2341236]237[238I240}241, Voo = +5V £10; MAX233/MAX235, Voo = 5V 5%, C1-C4 = 1.0uF; MAX231/MAX239,
Voo = 5V £10%; V4 = 7.5Vi0 13.2V; Ta = Tmin to Trmax; uniess otherwise noted.)

PARAMETER CONDITIONS MIN TYP  MAX | UNITS

Normal operation
SHDN = 5V (MAX223) 0.8 12
TaA = +25°C, SHDN = 0V (MAX235/236/240/241)

Voo =5V Shutdown (MAX223)
SHDON = OV, 06 15
EN = 5V (Ran, RSiN)

Normal operation
SHDN = 5V (MAX223) 1.7 2.4
Ta = +25°C, SHDN = 0V (MAX235/236/240/241)

Voo =5V Shutdown (MAX223)
SADN = 0V, 1.5 2.4
EN = 5V (R4, REIN)

RS-232 Input Hysteresis Voo = 5Y, no hysteresis in shutdown 0.2 05 10
RS-232 Input Resistance Ta = +25°C, Voo = 5V 3 5 7
TTL/CMOS Output Voltage Low louT = 1.6mA (MAX231/232/233, lout = 3.2mA) 04
TTL/CMOS Cutput Voltage High loyt = -1mA 35 Veo-04

0V < Rout < Voo EN = 0V (MAX223);
EN = Voo (MAX235-241)

RS-232 Input Threshold Low

RS-232 Input Threshold High

<|<{Bf=<

TTL/CMOS Output Leakage Cumrent 0.05 10 YA

Receiver Cutput Enable Time - ns
& operation MAXD35/236/239/240/241 400
. . ) Nomal MAX223 900
Receiver Cutput Disable Time : ns
g operation MAX235/236/232/240/241 250
RS-232 IN to Normal operation 05 10
Propagation Delay TTL/CMOS CUT,| SHDN = OV tPHLS 4 40 Hs
Cu = 150pF {(MAX223) tPLHS 6 40
MAX223/MAXZ30MMAX234-241, Ta = +25°C, Voo =5V,
AL = 3k to 7kQ, C|_ = 50pF to 2500pF, measured from 3 5.1 30
N . +3V to -3V or -3V to +3V
Transition Region Slew Rate Vius
MAX231/MAXZ32/MAX233, Ta = +25°C, Voo = 5V,
Ry_ = 3k to 7k, C = 50pF to 2500pF, measured from 4 30
+3V 1o -3V or -3V to +3V
Transmitter Qutput Resistance Voo = V+ = V-= 0V, Vourt = 22V 300 0
Transmith tput Short-Circuit
ransmitter Qutput Short-Circui £10 mA

Current

L MAXIMN
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Typical Operating Characteristics
MAX223/MAX230-MAX241
TRAKSMITTER OUTPUT VOLTAGE (Von)
TRANSMITTER QUTPUT v5. LOAU CAPACITANCE AT TRARSMITTER SLEW RATE
VOLTAGE (Von} vs. Ve DIFFERENT DATA RATES vs. LOAD CAPACITANGE
85 74 120 . ' . r
T : %
| S y— E g o ' TRANSIATTER LOADED T 25 E
LOADED 72 = 4 o =
| P LOADED, Ry = 3
a0 70 3 ) 100 N £t I
1 TRANSMITTER % ) % 00 e QO%NSEDMRs-
= LOADED = 68 F 160kbisfset™ 37 w U
= 75 { sl = biis/set” 3 £ 8 \
: 7a L YAy AN
LOADED : g 7
A =S g4 |in=e5C -~ AN
70 Ci-C4= 1o Vg = 45V 80 Mo |
/ TRANSMITTER oy |3 TRANSMITTERS LOADED NN
4 MITTERS ;%D"ng - (Hﬁ ;3:511 \' 50 LOADED | N\
6.5 L 5.0 i Ff 40 |
45 50 55 0 50 9000 1500 2000 2500 0 50 1000 1500 2000 200
Voo V) LOAD CAPACITANCE (F) LOAD CAPACITANGE (oF)
TRANSMITTER SUTPUT VOLTAGE {Vou)
TRANSMITTER QUTPUT vs. LOAD CAPACITANCE AT TRANSMITTER QUTPUT VOLTAGE (V+, ¥~}
VOLTASE (Voy) s. Vee BIFFERENT DATA RATES vs. LOAD CORRENT
£0 , 60 : m
ATAANS-  Ta=425°C Ié Tae 125°C /E . I§
55 MITTERS mC1—C4=1|.LF 15 42 o= Y T E3
' \ o s, g | AMRENSMIERS LOSDED / & Ta=425°C =
= g [ Ry =XQ 4 Vop = 45¢
m = e 3kE2 1l 2500pF o5 LCHBA=TF /| 8 Choc- 1F
. | - .
€ s - ~ = bs | otis /. Z 4 -va.—-:-ﬁll?%u —0LOD T
g 7 . BORDils/sot T
- 1TRANS- - 70 |— 2riye & £, oo | W ONV-
40 |MITER ] l 2
wffﬁs/ 3TRANS \ 72 e // 5 /| 3 LR
| s - . —
5 Mwrrers — wireRs 74 =] 3 A /__ ml
o I 0 7L TRANSMITFES UNLOADED
Y 51 55 T 0 0 Wi I 20 2500 P 5 1520 25 3 35 40 45 50
Ve V) LOAD CAPACITANCE (pF) CURRENT )
V4, V- WHEN EXITING SHUTDOWN
[1:F CAPACITORS) —
' S W
"p"‘-—l’"’
e R LI Y

500ms/div
*SHUTDOWN POLARITY IS REVERSED
FOR NON MAX241 PARTS

MAXIN 7

6PCXVIN-OCCXVIN



+5V-Powered, Multichannel RS-232

» -

Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX225/MAX244-MAX249

Supply VOIRAge (VGE) ..ceeme e rme st ssessnscsnans 0.3Vio +8V Continuous Power Dissipation (Ta = +70°C)

Input Voliages 28-Pin Wide SO (derate 12.50mWFPC above +70°C) ............. 1w
Tin, ENA, %NE, ENR, ENT, ENRA, 40-Pin Plastic DIP (derate 11.11mW/C above +70°C) ...611mW
ENAB, ENTA, ENTB........oceereeeserere o003V tO (ViGC + 0.3V) 44-Pin PLCC {derate 13.33mW/°C above +70°C) ...........1.07TW
3TN wrererenemenssnnesen 2 2SN Operating Temperature Ranges
Tourt {Note 3) e ———— +15V MAX225C_ _, MAX24 C_ _ N 0°C to +70°C
ROUT tvecarrerererrmrrsresrsssssssscscestassamssassarnrnsas 0.3V to (Voo + 0.3V) MAX225E_ _, MAX24 E_ _ oo ceerereeeeeennnm80°C 10 +85°C

Shert Circuit (one output at a time) Storage Temperature Range............... .-B65°C to +160°C
TOUT 10 GND .ot mrmmneceene s seasinene ..Continuous Lead Temperature (soldering, 1088C) ... ovvenerersnennn#300°C
ROUT 20 GND. oveveesecvcereerere ceeersessessaseessecsssnsaneneenns COMNUOUS

Note 4 Input voitage measured with transmitter output in a high-impedance state, shutdown, or Voo = OV,

Stresses beyond those listed under “Absolute Maximum Ratings™ may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those Iindicated in the oparational sections of the specifications is not implied. Expostre o
absoiute maximum rating conditions for extended periods may affect device reliabiity.

ELECTRICAL CHARACTERISTICS—MAX225/MAX244-MAX249
{MAX225, Voo = 5.0V £5%; MAX244-MAX249, Vcg = +5.0V £10%, external capacitors C1-Cé4 = 1yF; Ta = Tmin to TMax; unless oth-
erwise noted.)

PARAMETER ! CONDITIONS [ MIN  TYP  MAX| UNITS
RS-232 TRANSMITTERS
Input Logic Thresheid Low 1.4 0.8 v
input Logic Threshold High 2 1.4 v
. Normal operation 10 50
Logic Pull-Up/finput Current Tables 1a-1d Shutdown 1007 ﬂ HA
Data Rate Tables 1a-1d, normal operation 120 64 | kbits/sec
Cutput Voltage Swing All fransmitter outputs loaded with 3k to GND 5 +7.5 v
\E{g_égoﬁg’ ft;l;fvﬁﬁ ENTB = +0.01 +25
Qutput Leakage Current (shutdown) Tables 1a-1d - uA
Voo =0V,
VouT = £15V +0.01 +25
Transmitter Output Resistance Voo = V+ = V- =0V, VouT = 2V {Note 4) 300 10M Q
Qutput Short-Circuit Current Vour =0V +7 +30 mA
RS-232 RECEIVERS
RS-232 Input Voltage Operating Range +25 \
RS-232 Input Threshold Low Voo =5V 0.8 1.3 V'l
RS-232 Input Threshold High Voo =5V 18 2.4 ')
RS-232 Input Hysteresis Voo =5V 0.2 05 10 v
RS-232 Input Resistance 3 5 7 k2
TTL/CMOS Qutput Voltage Low lout = 3.2mA 0.2 0.4 v
TTLICMOS Quiput Voliage High loyt = -1.0mA 35 Vpg-02 \
L Sourcing Vourt = GND -2 -10
TTLICMOS Qutput Short-Circuit Current Shrinking VouT < Voo o B mA
TTL/CMOS Qutput Leakage Current _r?:tr;zasl 10 apﬁr:fugu,;t&tgt}trs sd\:fscb,]edm_ =V +0.05 1010 HA

g AAAXIAN
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ELECTRICAL CHARACTERISTICS—MAX225/MAX244-MAX249 {continued)
(MAX225, Voo = 5.0V 5%, MAX244-MAX249, Voo = +5.0V £10%, external capacitors C1-C4 = 14k Ta = Tmin fo Timax; uniess oth-

erwise noted.)
PARAMETER ] CONDITIONS | MIN TYP MAX | UNITS
POWER SUPPLY AND CONTROL LOGIC
o fing Supply Volt MAX225 4.75 5.25 v
U MAX244-MAX249 45 55
MAX225 10 20
No load
{normal operation) kG loadson | MAX225 40
all outputs MAX244-MAX249 57
Ta = +25°C 8 25
| A
Shutdown Supply Current e RO 20 L
Leakage current +1 HA
Control Input Threshold low 14 0.8 v
Threshold high 24 1.4
AC CHARACTERISTICS
- CL = 50pF to 2500pF, AL = 3kQ to 7k, Voo = 5V,
Transition Siew Rate Ta = +25°C, measured from +3V to -3V or -3V to +3V o e &0 Viis
Transmitter Propagation Delay PHLT 13 35
TLL to RS-232 (normal operation), us
Figure 1 {PLHT 15 3.5
Receiver Propagation Delay tPHLA 06 15
TLL to RS-232 (normal operation), s
Figure 2 tPLHR 0.6 1.5
Receiver Propagation Delay iPHLS 0.6 10
TLL to RS-232 (low-power mode), us
Figure 2 PLHS 3.0 10
Tranemitter + to - Propagation ;
Delay Difference (normal operation) TPHLY - 1PLHT 20 ns
Receiver + to - Propagation :
Delay Difference (normal operation) tPHLA - tPLHR =0 s
Receiver-Output Enable Time, Figure 2 | teR 100 500 ns
Receiver-Output Disable Time, Figure 3| DR 100 500 ns
MAX246-MAX249 5 e
] (excludes charge-pump start-up) H
Transmitter Enable Time ey
MAX225/MAX 245 MAX240 10 -
{includes charge-pump start-up)
Transmitter Disable Time, Figure 4 toT 100 s

Note 5: Tha 3008 minimum specification complies with EWA/TIA-232E, but the actual resistance when in shutdown mode or Voe =
OV is 10MQ as is implied by the leakage specification.

MAXIN
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MAX225MAX244-MAX249
TRANSMITTER SLEW RATE DUTPUT VOLTAGE
v&. LOAD CAPACITARCE vs. LOAD CURRENT FOR V+ AND V-
18 x 5 1 =
v;.;:mtl I —— | |
= 1 \ § 8 bV 7 g
£ N\ . i EITHER Ve 08
= ‘\ EXTERNAL POWER SUPPLY = 4 Pe-W V-L0ADED |
= op 1uF CAPACITORS & 5 | EXTERNALCHARGE PUMP
z | £ 4aF CAPACITORS
Z 1 g 0 |aTRNSMITERS
& N |mfsnmmz 5 | DRNNG 5k AND
E s STRNGMITERS | 2 2 [ 200007 AT 20t/
z NjowowHie] 2 i - LOADED |
§ 6 ‘\ i1 ]
4 o 4
0 ZM | V+LOADED

10

1 2 3
LOAD CAPACITANCE {nF)

4

5

9 5 W B

2 %5 B B
LOAD CURRENT {mA}

Vi, V{V}

a0

B0
73
70
65
6.0
55
30

Typical Operating Charactleristics

TRANSMITYER OUTPUY VOLTABE (W4, V)
vs. EOAD CAPACITANCE AT
DIFFERENT DATA RATES

Vo= 5V WITH ALL TRANSMITI ERS DRIVEN

LOADED WITH 5k) g

u

N

AN

kD/sec
‘--..,\40 e
N [ Blkbysee—
N\ : L

\\ \1“0%#9!1:
20Kyses N
AL CAPACTORS 1P\ N

0

1

2

3 4 5

LOAD CAPACITANGE {nF}

MAXIMN



+5V-Powered, Multichannel RS-232
Drivers/Receivers

|
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5
n
!S\
(R T I
2

'

tPHIR
tPHLS

T
}

*EXCEPT FOR R2 ON THE MAX243
WHERE -3V 15 USED.

Figure 1. Transmitter Propagation-Deiay Timing

Figure 2. Receiver Propagation-Delay Timing

PxIN
a) TEST CIRCUIT

i
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RECEIVER 74
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b

i} ENABLE TIMING i
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—=  le—— OUTPUT DISABLE TIME (tng}
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""" VoL +0.5v
Vo oL

¢) DISABLE TIMING
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— il OUTPUT DISABLE TIME tor)
Ve V
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5
1 o
] []
e
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v
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2) TIMING DIAGRAM
10R0
3k ISOpF
b) TEST CIRCUIT

Figure 3. Receiver-Output Enable and Disable Timing

MAXAMN

Figure 4. Transmitter-Output Disable Timing
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Table 1a. MAX245 Control Pin Configurations
ENT ENR QPERATION STATUS TRANSMITTERS RECEIVERS
0 0 Normal Operation All Active All Active
0 i Normal Cperation Al Active All 3-Siate
1 0 Shutdown All 3-State All Low-Power Receive Mode
1 1 Shutdown All 3-State All 3-State
Table 1b. MAX245 Control Pin Configurations
ENT R OPERATION TRANSMITTERS RECEIVERS
STATUS TAI-TA4 1B1-TB4 RA1-RAS RB1-ABS5
0 0 Normal Operation All Active All Active All Active All Active
. ) . RA1-RA4 3-5tate, | RB1-RB4 3-State,
Q 1 Normal Operation All Active All Active RAS Active ABS Active
Alf Low-Power All Low-Power
1 0 Shutdown All 3-State All 3-State Receive Mode Recaive Mode
RA1-RA4 3-State, RB1-HB4 3-State,
1 1 Shutdown All 3-Gtate All 3-State RAS |ow-Power RABS Low-Power
Receive Mode Receive Mode
Table 1c. MAX246 Controf Pin Configurations
=Ty B OPERATION TRANSMITTERS RECEIVERS
STATUS TAI-TA4 181-TB4 RA1-RAS RB1-RBS
0 0 Normal Qperation All Active All Active All Active Al Active
. . . RB1-RB4 3-State,
0 1 Normal Operation All Active All 3-State All Active RB5 Active
. RAT-RA4 3-State, ;
1 0 Shutdown All 3-State All Active RAS Active Alt Active
RA1-RA4 3-State, | RB1-RB4 3-State,
1 1 Shutdown All 3-State All 3-State RAS Low-Power RAS Low-Power
Receive Mode Receive Mode

12
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Table 1d. MAX247/MAX248/MAX248 Control Pin Configurations
TRANSMITTERS RECEIVERS
e | e | ————| OPERATION MAX247 | TA1-TA4 | TB1-TB4 RA1-RA4 RB1-RBS5
E ENTB ENRI
NTA Fol B STATUS MAX246 | TA1-TA4 | TB1-TB4 RA1-RA4 RB1-RB4
MAX249 | TA1-TA3 | TB1-TB3 RA1-RAS RB1-RB35
0 0 D Normal Operation All Active | All Active | All Active All Active
All 3-State, except
0 0 1 Normal Operation All Active | All Active | All Active RBS stays active on
MAX247
0 0 0 Normal Operation All Active | All Active | All 3-State All Active
All 3-State, except
0 0 1 Normai Operation All Active | All Active | All 3-State RB5 stays active on
MAX247
0 1 0 Normal Operation All Active | Al 3-State | All Active All Active
All 3-State, except
0 1 1 Normal Operation All Active | All 3-State { All Active RBS stays active on
MAX247
0 1 0 | Normat Operation Al Active | All 3-State | All 3-State All Active
All 3-State, except
D 1 1 Normal QOperation All Active | All 3-State | All 3-State ABS5 stays active on
MAX247
1 0 0 { Normal Operation | All 3-State | Al Active | All Active All Active
All 3-Stale, except
1 0 1 Normal Operation All 3-8tate | Al Active | All Active RBS stays active on
MAX247
1 ] 0 Normai Operation | All 3-State | All Active | All 3-State All Active
All 3-State, except
i Q 1 Normai Operation All 3-State | Al Active | All 3-State RB5 stays active on
MAX247
Low-Power Low-Power
1 1 0 Shutdown Al 3-State | All 3-State Recaive Mode Receive Mode
All 3-State, except
1 1 1 Shutdown All 3-State | All 3-State lﬁoe‘gjéwﬁ:)d 5 RBS stays active on
MAX247
Low-Power
1 1 ] Shutdown All 3-State | All 3-State | All 3-State Recaive Mode
All 3-State, except
1 1 1 Shutdown All 3-State | All 3-State | All 3-Gtate RB5 stays active on
MAX247

MAXAMN
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Detailed Description

The MAX220-MAX248 contain four sections: dual
charge-pump DC-DC voltage converters, RS-232 dri-
vers, RS-232 receivers, and receiver and transmitter
enable contrdl inputs.

Dual Charge-Pump Voltage Converter
The MAX220-MAX249 have two internal charge-pumps
that convert +5V to =10V {(unloaded) for RS-232 driver
operation. The first converter uses capacitor C1 to dou-
ble the +5V input to +10V on G3 at the V+ output. The
second converter uses capacitor C2 to invert +10V to
-10V on C4 at the V- output.

A small amount of power may be drawn from the +10V
(V+) and -10V {V-) outpuls to power external circuitry
(see the Typical Operating Characteristics section},
except on the MAX225 and MAX245-MAX247, where
these pins are not available. V+ and V- are not regulated,
so the output voltage drops with increasing load current.
Do not load V+ and V- to a point that violates the mini-
mum +5V EIA/TIA-232E driver output voliage when
sourcing current from V4 and V- to external circuitry.

When using the shutdown feature in the MAX222,
MAX225, MAX230, MAX235, MAX236, MAX240,
MAX241, and MAX245-MAX249, avoid using V+ and V-
to power external circuitry. When these paris are shut
down, V- falls to OV, and V+ falls to +5V. For applica-
tions where a +10V external supply is applied to the V+
pin (instead of using the internal charge pump to gen-
erate +10V), the C1 capacitor must not be installed and
the SHDN pin must be tied to VCC. This is because V+
is internally connected to VCC in shuidown mode.

RS-232 Drivers
The typical driver output voltage swing is =8Y when
joaded with & nominal 5k2 RS-232 receiver and VCC =
+5V. Output swing is guaranteed to meet the EIA/TIA-
230F and V.28 specification, which calis for 5V mini-
mum driver output levels under worst-case conditions.
These include a minimum 3k load, Vee = +4 5V, and
maximum operating temperature. Untoaded driver out-
put voltage ranges from (V+ -1.3V) to (V- +C.5V).

Input threshoids are both TTL and CMQS compatible,
The inputs of unused drivers can be left unconnected
since 400k input pull-up resistors to VoG are built in
(except for the MAX220). The pull-up resistors force the
outputs of unused drivers low because all drivers invert.
The internal input pull-up resistors typically source 12uA,
except in shuidown mode where the pull-ups are dis-
abled. Driver outputs turn off and enter a high-imped-
ance state—where leakage current is typically
micrcamperes (maximum 25pA)-—when in shutdown

14

mode, in three-state mode, or when device power is
removed. Outputs can be driven to +18V. The power-
supply current typically drops to BuA in shutdown mode.
The MAX220 does not have pull-up resistors to force the
outputs of the unused drivers low. Connect unused
inputs to GND or VCC.

The MAX239 has a receiver three-state control line, and
the MAX223, MAX225, MAX235, MAX236, MAX240,
and MAX241 have both a receiver three-state control
line and a low-power shutdown control. Table 2 shows
the effects of the shuidown control and receiver three-
state control on the receiver outputs.

The receiver TTL/CMOS outputs are in a high-imped-
ance, three-state mode whenever the three-state enable
line is high (for the MAX225/MAX235/MAX236/MAX23%-
MAX241), and are also high-impedance whenever the
shutdown control ling is high.

When in low-power shutdown mode, the driver outputs
are turned off and their leakage current is less than 1pA
with the driver output pulled to ground. The driver output
feakage remains less than 1uA, even if the transmitter
output is backdriven between OV and (V¢ + 6V). Below
0.5V, the transmitter is diode clamped fo ground with
1kQ series impedance. The transmitter is also zener
clamped to approximately Ve + BY, with a series
impedance of TkQ.

The driver output slew rate is limited to less than 30V/ps
as required by the EIA/T IA-232E and V.28 specifica-
tions. Typical slew rates are 24V/us unloaded and
10V/ys loaded with 3Q and 2500pF.

RS-232 Receivers
EIA/TIA-232E and V.28 specifications define a voltage
level greater than 3V as a logic 0, so all receivers invert.
Input thresholds are set at 0.8V and 2.4V, so receivers
respond to TTL level inpuls as well as EIA/TIA-232E and
V.28 levels.

The receiver inputs withstand an input overvoltage up
to £25V and provide input terminating resistors with

Table 2. Three-State Control of Receivers

PART |SHON|SHDN| EN | EN(R) RECEIVERS
low [X High Impedance
MAX223 { __ |High |Low . | Active
High {High High Impedance
Low High Impedance
MAX225 | . | — | — l|igh |Active
MAX235 | Low Low High Impedance
MAX236 | Low — __ | High | Active
MAX240 | High X High impedance

MAXIMN
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nominal 5k values. The receivers implement Type 1
interpretation of the fault conditions of V.28 and
EIATIA-232E.

The receiver input hysteresis is typically 0.5V with a
guaranteed minimum of 0.2V. This produces clear out-
put transitions with slow-moving input signals, even
with moderate amounts of neise and ringing. The
receiver propagation delay is typically 600ns and is
independent of input swing direction.

Low-Power Receive Mode
The low-power receive-mode feature of the MAX223,
MAX242, and MAX245-MAX249 puts the IC into shut-
down miode but still allows it to receive information. This
is important for applications where systems are periodi-
callty awakened to look for activity. Using low-power
receive mode, the system can still receive a signal that
will activate it on command and prepare it for communi-
cation at fasier data rates. This operation conserves
system power.

Negative Threshold—MAX243
The MAX243 is pin compatible with the MAX232A, differ-
ing only in that RS-232 cable fault protection is removed
on one of the two receiver inputs. This means that control
lines such as CTS and RTS can either be driven or left
floating without interrupting communication. Different
cables are not needed to interface with different pieces of
equipment.

The input threshold of the receiver without cable fault
protection is -0.8Y rather than +1.4V. Its output goes
positive only if the input is connected to a control line
that is actively driven negative. If not driven, it defaults
to the 0 or "OK to send” state. Normally, the MAX243’s
other receiver (+1.4V threshold) is used for the data line
{TD or RD)}, while the negative threshold receiver is con-
nectect fo the control line (DTR, DTS, CTS, RTS, etc.).

QOther members of the RS-232 family implement the
optional cable fauit protection as specified by EIA/TIA-
232E specifications. This means a receiver output goes
high whenever its input is driven negative, left floating,
or shorted to ground. The high output tells the serial
communications IC to stop sending dafa. To avoid this,
the contral lines must either be driven or connected
with jumpers to an appropriate positive voltage level.

Drivers/Receivers

Shutdown—MAX222-MAX242
On the MAX222, MAX235, MAX236, MAX240, and
MAX241, all receivers are disabled during shutdown.
On the MAX223 and MAX242, two receivers continue to
operate in a reduced power mode when the chip is in
shutdewn. Under these conditions, the propagation
delay increases ta about 2.5us for a high-to-low input
transition. When in shutdown, the recsiver acts as a
CMOS Inverter with no hysteresis. The MAX223 and
MAX242 also have a receiver output enabte input (EN
for the MAX242 and EN for the MAX223) that allows
receiver output control independent of SHDN (SHDN
for MAX241). With all other devices, SHDN (SHDN for
MAX241) also disables the receiver outputs.

The MAX225 provides five transmitters and five
receivers, while the MAX245 provides ten receivers and
aight transmitters, Both devices have separate receiver
and transmitter-enable conirols. The charge pumps
turn off and the devices shut down when a logic high is
applied to the ENT input. In this state, the supply cur-
rent drops to less than 28uA and the receivers continue
io operate in a low-power receive mode. Driver outputs
enter a high-impedance state (three-staie mode). On
the MAX225, all five receivers are controlled by the
ENR input. On the MAX245, sight of the receiver out-
puts are controlled by the ENR input, while the remain-
ing two receivers (RAS and RB5) are always active.
RA1-RA4 and RB1-RB4 are put in a three-state mode
when ENR is a logic high.

Receiver and Transmiiter Enable

Control Inputs

The MAX225 and MAX245-MAX249 feature transmitter
and receiver enable controls.

The receivers have three modes of operation: full-speed
receive (normal active), three-state {disabled), and low-
power receive (enabled receivers continue to function
at lower data rates). The receiver enable inputs control
the fuil-speed receive and three-state modes. The
transmitters have two modes of operation: full-speed
transmit (normal active) and three-state (disabled). The
transmitier enable inputs also control the shutdown
mode. The device enters shutdown mode when all
tfransmilters are disabled. Enabled recaivers function in
the low-power receive mode when in shutdown.

15
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Tables 1a—1d define the contral states. The MAX244
has no control pins and is not included in these tables.

The MAX246 has ten receivers and eight drivers with
two control pins, each controlling one side of the
device. A logic high at the A-side control input (ENA)
causes the four A-side receivers and drivers to go into
a three-state mode. Similarly, the B-side control input
(ENB) causes the four B-side drivers and receivers to
go into a three-state mode. As in the MAX245, one A-
side and one B-side receiver (RAS and RBB) remain
active at all times. The entire device is put into shut-
down mode when both the A and B sides are disabled
{ENA = ENB = +5V).

The MAX247 provides nine receivers and eight drivers
with four conirol pins. The ENRA and ENRB receiver
enable inputs each control four receiver outputs. The
ENTA and ENTB transmitter enabie inputs each control
four drivers. The ninth receiver (RB5) is always aclive.
The device enters shutdown mode with a logic high on
both ENTA and ENTB.

The MAX248 provides eight receivers and eight drivers
with four control pins. The ENRA and ENRB receiver
enable inputs each control four receiver outputs. The
ENTA and ENTE transmitter enable inputs control four
drivers each. This part does not have an always-aclive
raceiver. The device enters shutdown mode and trans-
mitters go into a three-state mode with logic high on
both ENTA and ENTE.

16

The MAX249 provides ten receivers and six drivers with
four control pins. The ENRA and ENRB receiver enable
inputs_each control five receiver outputs. The ENTA
and ENTB transmitter enable inputs control three dri-
vers each. There is no always-active receiver. The
device enters shutdown mode and transmitters go into
a three-state mode with a logic high on both ENTA and
ENTS. In shutdown mode, active receivers operate in a
low-power receive mode at data rates up to
20kbits/sec.

Applications Information

Figures 5 through 25 show pin configurations and typi-
cal operating circuits. In applications that are sensitive
to power-supply noise, VCC should be decoupled to
ground with a capacitor of the same value as C1 and
C2 connected as close as possible to the device.
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Ordering Information {(continued)

PART TEMP. RANGE PIN-PACKAGE MAX232AC/D 0°C to +70°C Dice™
MAX222CPN 0°C to +70°C 18 Plastic DIP MAX232AEPE -40°C to +85°C 16 Plastic DIP
MAX222CWN 0°C o +70°C 18 Wide S0 MAX232AESE -40°C to +85°C 16 Narrow SO
MAX222C/D 0°Cio +70°C Dice” MAX232AEWE -40°C to +85°C 16 Wide SO
MAX222EPN -40°C to +85°C 18 Ptastic DIP MAX232AEJE -40°C to +85°C 16 CERDIP
MAX222EWN -40°C to +85°C 18 Wide SO MAX232AMJE -55°C t0 +125°C 16 CERDIP
MAXZ222EJIN -40°C to +85°C 18 CERDIP MAX232AMLP -55°C to +125°C 2.LCC
MAX222MJIN -55°C to +125°C 18 CERDIP MAX233CPP 0°C to +70°C 20 Plastic DIP
MAX223CAl 0°C to +70°C 28 S50P MAXZ233EPP -40°C to +85°C 20 Piastic DIP
MAX223CWI 0°C to +70°C 28 Wide 50 MAX233ACPP 0°C to +70°C 20 Plastic DIP
MAX223C/D 0°C o +70°C Dico* MAX233ACWP 0°C 1o +70°C 20 Wide 50
MAX223EAI ~40°C to +85°C 28 S50P MAXZIIAEPP -40°C to +85°C 20 Plastic DIP
MAX223EWT -40°C to +85°C 28 Wide SO MAXZ233AEWP -40°C to +85°C 20 Wide 50
MAX225CWI 0°C to +70°C 28 Wide SO MAX234CPE 0°C to +70°C 16 Plastic DIP
MAX225EWI1 -40°C fo +85°C 28 Wide SO MAX234CWE 0°C to +70°C 16 Wide SO
MAX230CPP 0°C to +70°C 20 Plastic DiP MAX234C/D 0°C to +70°C Dice*
MAXZ230CWP 0°C to +70°C 20 Wide SO MAXZ34EPE -40°C to +85°C 16 Plastic DIP
MAX230C/D 0°C to +70°C Dice” MAX234EWE -40°C 1o +85°C 16 Wide 50
MAX230EPP -40°C to +85°C 20 Plastic DiP MAX234EJE -40°C to +85°C 16 CERDIP
MAX230EWP -40°C to +85°C 20 Wide SC MAX234MJE -55°C to +125°C 16 CERDIP
MAXZ30EJP -40°C to +85°C 20 CERDIP MAX2ISCPG 0°C to +70°C 24 Wide Plastic DIP
MAX230MJP -85°C to +125°C 20 CERDIP MAX235EPG -40°C to +856°C 24 Wide Plastic DIP
MAX231CPD 0°C to +70°C 14 Plastic DIP MAX235EDG -40°C to +85°C 24 Ceramic SB
MAX231CWE 0°C to +70°C 16 Wide SO MAX235MDG -55°C to +125°C 24 Ceramic SB
MAX231CJD 0°Clo +70°C 14 CERDIP MAX236CNG 0°C to +70°C 24 Narrow Plastic DIP
MAX231C/D 0°C to +70°C Dice* MAX236CWG 0°C to +70°C 24 Wide 50
MAX231EPD -40°C to +85°C 14 Plastic DiP MAX238C/D 0°C to +70°C Dice™
MAX231EWE -40°C to +85°C 16 Wide S0 MAX236ENG -40°C to +85°C 24 Narrow Plastic DIP
MAXZ31EJD -40°C to +85°C 14 CERDIP MAXZ36EWG -40°C to +85°C 24 Wide 30
MAXZ231MJD -55°C to +125°C 14 CERDIP MAX236ERG -40°C to +B5°C 24 Narrow GERDIP
MAX232CPE O°C to +70°C 16 Plastic DIP MAX236MRG -55°C to +125°C 24 Narrow CERDIP
MAX232CSE 0°C to +70°C 16 Narrow SO MAX237CNG 0°C to +70°C 24 Narrow Plastic DIP
MAX232CWE 0°C to +70°C 16 Wide SO MAX237CWG 0°C to +70°C 24 Wide SO
MAX232C/D 0°C to +70°C Dice* MAX237C/D 0°C 1o +70°C Dice*
MAX232EPE -40°C to +B5°C 16 Plastic DIP MAXZ37ENG -40°C to +85°C 24 Narow Plastic DiP
MAX232ESE -40°C 1o +85°C 16 Narrow SO MAX237EWG -40°C to +85°C 24 Wide 80
MAXZ232EWE -40°C to +85°C 16 Wide SO MAX237ERG -40°C to +85°C 24 Narrow CERDIP
MAXZ232EJE -40°C to +85°C 16 CERDIP MAX237MRG -55°C to +125°C 24 Narrow CERDIP
MAX232MJE -55°C to +125°C 16 CERDIP MAX238CNG 0°C to +70°C 24 Narrow Plastic DIP
MAX232MLP -55°C to +125°C 20LCC MAX238CWG 0°Cio +70°C 24 Wide SO
MAX232ACPE 0°C to +70°C 16 Plastic DIiP MAX238C/D 0°C to +70°C Dice*
MAX232ACGE 0°C to +70°C 16 Narrow SO MAX23BENG -40°C to +85°C 24 Narow Plastic DIP
MAX232ACWE 0°C to +70°C 16 Wide S0 * Contact factory for dice specifications.
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Ordering Information {continued)

PART TEMP. RANGE  PIN-PACKAGE MAX243CPE 0°C to +70°C 16 Plastic DIP
MAX23BEWG -40°C 1o +85°C 24 Wide SO MAX243CSE 0°C 1o +70°C 16 Narrow SO
MAX238ERG -40°C 10 +85°C 24 Narrow CERDIP MAX243CWE 0°C to +70°C 16 Wide SO
MAX238MRG 56°C to +125°C 24 Narrow CERDIP MAX243C/D 0°C to +70°C Dice*
MAXZ39CNG 0°C to +70°C 24 Narrow Plastic DiP MAX243EPE 40°C fo +85°C 16 Plastic DIP
MAX238CWG 0°C to +70°C 24 Wide SO MAX243ESE -40°C 1o +85°C 16 Narrow SO
MAX239C/D 0°C to +70°C Dice* MAX243EWE 40°C 10 +85°C 16 Wide SO
MAX239ENG -40°C to +85°C 24 Narvow Plastic DIP MAX243EJE -40°C to +85°C 16 CERDIP
MAX239EWG 40°C to +85°C 24 Wide SO MAX243MJE 55°Cto +125°C 16 CERDIP
MAX239ERG -40°C to +85°C 24 Narrow CERDIP MAX244C0OH 0°C to +70°C 44PLCC
MAX239MRG B5°Ct0+125°C 24 Narrow CERDIP MAX244C/D 0°C to +70°C Dice*
MAX240CMH 0°C to +70°C 44 Plastic FP MAX244EQH -4C°C to +85°C 44 PLCC
MAX240C/D 0°C to +70°C Dice* MAX245CPL O°Cto +70°C 40 Plastic DIP
MAX241CAl 0°C to +70°C 28 SSOP MAX245G/D 0°C to +70°C Dice*
MAX241CW! 0°C to +70°C 28 Wide SO MAX245EPL 40°Cto +85°C 40 Plastic DIP
MAX241C/D 0°C 1o +70°C Dice* MAX246CPL 0°C to +70°C 40 Plastic DIP
MAX241EA| 40°C to +85°C 28 SSOP MAX246C/D 0°C to +70°C Dice”
MAX241EWI] -40°C to +85°C 28 Wide SO MAX246EPL -40°C to +85°C 40 Piastic DIP
MAX242CAP 0°C to +70°C 20 SSOP MAX247CPL O°Cto+70°C 40 Plastic DIP
MAX242CPN 0°C to +70°C 18 Plastic DIP MAX247C/ID 0°C to +70°C Dice*
MAX242CWN 0°C to +70°C 18 Wide SO MAX247EPL 40°C to +85°C 40 Plastic DIP
MAX242C/1D 0°C to +70°C Dice* MAX248CQH 0°C to +70°C 44 PLCG
MAXZ242EPN ~46°C to +85°C 18 Plastic DiP MAX248C/D 0°C to +70°C Dice*
MAX242EWN -45°C to +85°C 18 Wide SO MAX248EGH -40°C to +85°C 44 PLCC
MAX242EIN -40°C to +85°C 18 CERDIP MAX249CQH 0°C to +70°C 44 PLCC
MAX242MJIN 55°C10+125°C 18 CERDIP MAX249EQH -40°C to +85°C 44 PLCC

* Contact factory for dice specifications.

Maxim cannot assume responsibliity for use of any circuitry other than cireuitry entirely embodied in & Maxim product. No circuit patent licenses are
imphied. Maxim reserves the right to change the circultry and specifications without notice &t any time.

36 Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 84086 (408) 737.7600
Printed USA

© 2000 Maxim Integrated Products AAAXIM s aregistered trademark of Maxim Integrated Products.



101

ANEXOIII -
Especificacdes do transceiver ZHX1810



ZHX1810

Slim Series SIR
Transceiver

Product Specification

PS009309-0801




This publication is subject fo replacement by a later edition. To determine whether
a later edition exists, or to request copies of publications, contact:

ZiLOG Worldwide Headquarters
910 E. Hamilton Avenue

Campbell, CA 95008

Telephone: 408.558.8500

Fax: 408.558.8300

www.Zil CGcom

ZiLOG is a registered trademark of ZiLOG Inc. in the United States and in other countries. All other
products and/or service names mentioned herein may be trademarks of the companies with which
they are associated.

Document Disclaimer

©2001 by ZILOG, Inc. All rights reserved. Information in this publication concerning the devices,
applications, or technology described is intended to suggest possible uses and may be superseded.
ZILOG, INC. DOES NOT ASSUME LIABILITY FOR OR PROVIDE A REPRESENTATION OF
ACCURACY OF THE INFORMATION, DEVICES, OR TECHNOLOGY DESCRIBED IN THIS
DOCUMENT. ZiLOG ALSO DOES NOT ASSUME LIABILITY FOR INTELLECTUAL PROPERTY
INFRINGEMENT RELATED IN ANY MANNER TO USE OF INFORMATION, DEVICES, OR
TECHNOLOGY DESCRIBED HEREIN OR OTHERWISE. Devices sold by ZiLOG, Inc. are covered
by warranty and limitation of liability provisions appearing in the ZiLOG, Inc. Terms and Conditions of
Sale. ZILOG, Inc. makes no warranty of merchantability or fitness for any purpose. Except with the
express written approval of ZiLOG, use of information, devices, or technology as critical components
of life support systems is not authorized. No licenses are conveyed, implicitly or otherwise, by this
document under any intellectual property rights.

P5009309-0901



ZHX1810
Slim SIR Transceiver

Table of Contents

Description .. .. ... 1
Features . ... ... . 1
Block Diagram .. ... . 2
Pin Descriptions .. ... ... . 2
LEDALED Driver Anode ... ... i, 3
TXD TransmitData . ..... .. .. ... .. it 3
RXD/Receive Data . ......... ... ... ... i, 3
SD Shutdown . .. .. .. 3
VCC Positive SUPplY .. .. ... 3
GND Ground .. ... 3
TAB L e e 3
Recommended Application Circuits .. ............... .. .. ... .......... 4
Electrical and Timing Specifications .. ............... .. ... .. .. ........ 5
Mechanical Drawings .. ..... ... ... .. 8
Soldering and Cleaning Recommendations . ........................ ... 9
Reflow Soldering . ......... ... .. ... . 9
Manual Soldering .......... ... .. ... .. . 9
Cleaning . ...... .. ... 10
Packing, Storage, and Baking Recommendations . ..................... 11
BlOragE . . . 11
Baking ... ... e 11
Moisture-Proof Packing . ......... .. ... . . 12
Taping Specifications ....... ... ... . .. . . . . 13
Ordering Information . ........ .. ... ... .. ... . ..., 15
Customer Feedback Form . . .. .. ... ... ... ... i 16
Customer Information ........ ... .. .. ... .. ... ... ... 16
Product Information . ......... ... ... . . .. ... 16
Return Information .. .. ... .. .. .. . .. 16
Problem Description or Suggestion .. .............. ... .. .......... 16

PS005309-0901 Table of Contents



ZHX1810
Slim SIR Transceiver

List of Figures

Figure 1.
Figure 2.
Figure 3.
Figure 4.
Figure 5.
Figure 6.
Figure 7.
Figure 8.
Figure 9.
Figure 10.
Figure 11.

Slim SIR Transceiver Block Diagram . ... .......covvrvnennn s, 2
Application Block Diagrams . . .......... ...t 4
Ie-le Characteristics (0°) . ... . .. ... . 6
Ie-LEDA Characteristics (0°) ............ ... ... .. ... ... 7
Directive Characteristics (Emitting) . ....... ... ... ... ......... 7
Directive Characteristics (Recsiving) . .. ........ ... ... ... .... 7
ZHX1810 Mechanical Drawing . ......... ... ... ... . c... 8
Temperature Profile at the Top Surface of ZHX1810 ............ 9
ZHX1BI0Packaging ... .. ccvi it it 12
ZHX1810 Reel Dimensions {Unit: mm) . ..... ... ... ... .. ... 13
ZHX1810 Tape Dimensions and Configuration (Unit: mm) ....... 14

List of Tables

PS009309-0801

Table 1.
Table 2.
Table 3.
Table 4.

Pin Cut for the ZHX1810 Transceiver ........................ 2
Absolute Maximum Ratings .......... ... ... . i, 5
Recommended Operating Conditions ........................ 5
Electrical Characteristics .. ......... . ... ... .. . .. .. ... 5

List of Figures and Tables

iv



ZHX1810
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Description

Features

PS009308-0901

The ZILOG ZHX1810 is a low-profile version of ZILOG’s popular ZHX1010
1-meter transceiver. The transceiver is mechanically enhanced for ultra compact,
power-conscious portable products, such as mobile phones, portable printers,
handheld computers, and personal data assistants (PDAs). Designed to operate
using the IrDA-Data mode, the transceiver combines an infrared emitting diode
(IRED) emitter, a PIN photodicde detector, a digital AC coupled LED driver, and a
receiver/decoder in a single package.

The ZILOG ZHX1810 provides an efficient implementation of the SIR standard in
a small-outline footprint format. Application circuit space is also minimized, as only
three components are required.

ZHX1810 also features an independently controlled shutdown that minimizes cur-
rent draw to @ maximum of 1 pA.

* Compliant to irDA Data Specification SIR

¢ Wide power supply voltage range, 2.4 10 5.5V

¢  Minimum link distance, 1M

¢ Low-power, listening current, 90 pA (typical) at 3.0 V

e  Slim form factor (9.1 mm long x 3.8 mm wide x 2.73 mm high)
*  Only three external components required

¢ Extended operating temperature range (-30 °C to +85 *C)

¢ Meets IEC 825-1 Class 1 Eye Safety Specifications
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Block Diagram

Figure 1 is the block diagram for the Slim SIR transceiver.

Vee Stpply
Is) voltage

" %\3 % Comp > Driver 0 RXD

v

J A
=2 Mode and Power —l,_‘

Driver
Cantrol

TXD ¢

Figure 1. Slim SIR Transceiver Block Diagram

Pin Descriptions

The ZHX 1810 transceiver uses the pins listed in Table 1. The pins are described
in this section.

Table 1. Pin Out for the ZHX1810 Transceiver

Pin Name Function o

1 LEDA IRED anode —_

2 TXD  Transmitter input |

3 RXD Receiver output 8] -
4 SD  Enablesshutdownmode |
-5 Vee Supply vo_lta—ge -

B @D _Grou_nd N o =n
1A shieldground  —

PS009309-0901
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LEDA LED Driver Anode

(Power)

This output is connected to the LED anode. Current to the LED is sourced through
an external resistor.

TXD Transmit Data
{Input, active high)

This CMOS input is used to transmit serial data. This input has an internal pull-
down resistor that is disabled (open-circuited) during shutdown.

RXD/Receive Data

(Output, active low)

This output indicates received serial data. It is a tri-state, slew rate controlled
CMOS output (tri-stated during shutdown) driver capable of driving a standard
CMOS load. No external resistor is required.

SD Shutdown
(input, active high)

This input is used to place the integrated circuit into shutdown mode. Module shut-
down current is influenced by the choice of capacitor used from V¢ to ground.

V¢ Positive Supply
(Power)

Connect to positive power supply (2.4-5.5 V). Filter with a 0.33-uF ceramic
bypass capacitor and terminating resistor as close as possible to the V¢ pin.

GND Ground

(Power)

Connect to ground of the power supply. A solid ground plane is recommended for
proper operation.

TAB
{Shield)
The Shield tab must be soldered fo the ground plane.

P35009309-0901



Recommended Application Circuits

ZHX1810
Slim SIR Transceiver

Figure 2 shows application block diagrams for the ZHX 1810 transceiver.

Vee=24t055V

= A
R, % R!
= 1 =
1DA rea e
enabled /0 IRT=D 2 TxD
controlier,
e IRSD 4
controiler, 8D
ASIC, or 3 ZHX1810
ENDEC IRRXD 2 | pony
Vss GND
il l i
Vieo
V.= 241055V Ry
cc 4 L N ._|/
v [0
— 1 5 —
rDA .
enabled /O | TRTXD 2§ .
cantroller,
micro- IRSD 4
controller, sD
ASIC, or ZHXIRIO
3
ENDEC TRRxD) RxD
Vss GND
! | 6

L

Note: Lands to Pins 1, 2, 3, 4, and 5 should be
0.3% nun min. wide, Connect ground plane
withun 1,58 pxm of piiss.

oy
el

g ¥R4

[

'T ¢ T———— Grouml Panc

L— 762 s {min) 4

t nz cpper; LG356

i trickacs

.33 pf ceramic
Place within 3 mn of pin.

=240 6.0V

0.33 uF ceramic
Place within 3 mim of pin.

Values for R,

Vi 1_{2.7 51 4 455 [ss] s [vais
Ry . U.il 1.2 | 2.7 3.645.1i6.7 8.2 lD.ZL](!_‘)IDJ‘i“?

Vulues for R,

[ 38 mm 015" [ .76 mm (030") }

51

Length, L, is not impostant.

Maintain lund width constant without intermediate vias,
Make carners rounded not sharp.

Figure 2. Application Block Diagrams
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Electrical and Timing Specifications

Table 2 through Table 4 present the electrical and timing specifications for the
ZHX1810 transceiver.

Table 2. Absolute Maximum Ratings

Parameter Symbol Minimum Maximum Unit Comment
Supply Voltage Vee 0.3 6.0 V Vg, GND
Input Voltage Viy  GND-0.3 Vg+03 V Tx0,8D
Output (External) Voltage  Vour GND-03 Vect0.3 V. RxD o
LED Current - lav - 500 mA 20% duty cycle, .
Ta=25 °C,
toNS20 S
mSErage Temp_erature TsT 40 100 °C o -
Solder Temperature Tsor 240 °C

Table 3. Recommended Operating Conditions

Parameter Symbol Minimum Maximum Unit
Supply Voltage Vee 24 5.5 v
LED Voltage ViED 24 6.0 v
Ambient Operating Temperature  Top —-30 85 c

Table 4. Electrical Characteristics

Parameter Symbol Condition Min Typical Max Unit Remarks
High-Level Input Voltage  V|y 0.6 Vee Vect0.5 vV  TXD,SD
Low-Level Input Voltage V), 05 02V, V TXD,SD
HEh-Leve| Olﬂpﬁt Voltage Vo; - 22 v RxD
Low-Level Output Voltage Vo, 0.4 V RD
Transmitter Current hED - - 260 mA -
Listening Current oo 90 150 pA

Receive Current lce - 90 150 pA

Unless otherwise noted: V=3.3 V, GND=0V, Tp= 25 °C

PS009309-0901
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Table 4. Electrical Characteristics (Continued)

Parameter Symbol Condition Min Typical Max Unit Remarks

Standby Current isTe 1 pA  SD=V,,
TxD=0 V

Optical Rise/Fall Time trr trf 100 nS

RxD Pulse Width trwa SIR=115.2 1.1 1.6 3.8 ps

Kbps

Power Shutdown Time Tsp N 1 1S

Startup Time Tery - 200 us

Latency TrRRT 50 us

Trans. Radiant Intensity g I En=260 mA 40 100 mW/sr 6h,
Ov<(+15°)

Min. Threshold Iradiance  Egmin =~ Voc=3.3V 2 3 pWiem? 6h,
Bv<(+15%)

Angle of Half intensity 0 20 g Hor. and
Vert.

Light Pulse Rise, Fall Time ign. {of 40 nS

Optical Pulse Width topw 20 US  TxD="H"

Optical Overshoot tapo 3 %

Peak Wavelength Ap 870 nm

Unless otherwise noted: V=3.3V, GND=0V, Ty=25°C

Figure 3 through Figure 6 show various electrical characteristics.

* T T T T

e WG i I 471

-
N
13

Figure 3. l-le Characteristics (0°)

PS009309-0901
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Mechanical Drawings

Figure 7 shows the mechanical drawing for the ZHX1810 transceiver.

Mounting center Unils: ram
Tolerance: +/- 9.2

(T L 010

[ S |

4.5
U 1 R

1.05
195

0.475

————

L, 6 6 e @ 0
Emilting center 9 _ Light receiving cencer B \
\fe / L 3B75 (3.875) |
2.1, F,\ 45 43 7{ e )1
i A S— P55 4.1 6-T750.1,)
SN a0 N oA I
oll ) ) erft )] TR R AN [t [runcrion s runcrion
L | N A 15y [ i ] e ’
| ‘1 (A ' (1 | LEDA 4 5D
P Ak ' 2| ™D 5! wvee |
L3 a1 L3 1 olals &) AR |
. — | TAB
1.55 (4.55) '
PR N X 3.875 3.875
T*?\ 2.325,1.2.325 i
. {opemo N / \ Center of musnting 16 8.375| DJTS@ DH5,
= o x ?/"\ 1 2N 2 S i e S =
v IO ” P B
b ‘-‘L
af :
~y T
. . ! |
Note: The Shield tab must be soldered |
to the ground plane. LA
lz1. . Ground Plane__
Recommended Reflow
Solder Pad Layout
Y

Devices will be marked ZHX1810.
Figure 7. ZHX1810 Mechanical Drawing
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Soldering and Cleaning Recommendations

Follow these recommendations to maintain the performance of the ZHX1810
transceiver.

Reflow Soldering
* Reflow soldering paste is recommended:
Melting temperature: 178 °C ~ 192 °C
Composition: Sn 63%, Ph 37%

*  The recommended thickness of the metal mask is between 0.2 mm and
0.25 mm for screen printing.

* Number of soldering times: 2 times maximum

* The temperature profile at the top surface of ZHX1810, shown in Figure 8, is

recommended.
10 sec Max.
2504 i
© < 240 T Max.
B 200 - -em e oo gl e
=) 4°Clsec Max. \
3 AN
o= o mmme—
g 150 zoeemnmenns 140°C ~ 160°C /' 40 sec Max.
© 4 Tlsec Max.
@ 80 ~ 120 sec
E’ * 8
100~
2

Time

Figure 8. Temperature Profile at the Top Surface of ZHX1810

Manual Soldering
* Use 63/37 or silver solder.

® Use a soldering iron of 25 W or smalier. Adjust the temperature of the
soidering iron betow 300 °C.

* Finish soidering within 3 seconds.
* Handle only after ZHX 1810 has cooled off.

PS009309-0001
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Cleaning
Perform cleaning after soldering under the following conditions:
® (Cleaning agent: Alcohol
* Temperature and time: 30 seconds below 50 °C or 3 minutes below 30 °C

® Ultrasonic cleaning: Below 20 W

PS009309-0901
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Packing, Storage, and Baking Recommendations

Follow these recommendations to maintain the performance of the ZHX1810
transceiver.

Storage

To avoid moisture absorption, ZHX 1810 reels must remain in the original,
unopened moisture-proof packing. Parts must be soldered within 48 hours after
unpacking. Reels that have been unpacked, but will not be soldered within 48
hours, must be stored in a desiccator.

Baking

Parts that have been stored over 12 months or unpacked over 48 hours must be
baked under the following guidelines.

Reels

60 °C for 48 hours or more

Loose Parts

* 100 °C for 4 hours or more
or

¢ 125 °C for 2 hours or more
or

® 150 °C for 1 hour or more

PS009309-0901
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Moisture-Proof Packing

in order to avoid moisture absorption during transportation and storage, ZHX1810
reels are packed in aluminum envelopes (see Figure 9) that contain a desiccant
with a humidity indicator. The indicator changes color from blue to pink as mois-

ture is absorbed.

TN
ALLINLIM E:
ENVEI DFE Sy DESICCANT
C?’;‘;}
A "::i ] —
,_;:55,_;-~_ '—-.\
G
0 e LABEL
AN \\_,,\ A >\
NN, <
. T
-

Figure 9. ZHX1810 Packaging

PS009308-0S01
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Taping Specifications

Figure 10 shows the reel dimensions for the ZHX1810. Figure 11 shows the tape
dimensions and configuration for the ZHX1810.

------- — Te—— L
e e W 4
//’/ \‘\,
/ g \\
Ve AN
7 kY
l’/ \\
Ay
! \
/ ‘\
I 1
/ i
¥
/ .
i 4 P g
! i l —-—— = N
) L - =
H ) i =
i j i - +
. 1 o
l. ~. I = - <> =2
\ BT = )
§ g { “
4 P / i
\ /
\\ Fi
\ !
\, 7
\ /
\, /
N i : /
1
\ i i -
; ! : .
\\ L : : g
: :
\'\\_‘. PO -‘_-//--- g /’_/’
e, - \is
Label pasted mere % """
+2.0
e = 1§4-00
= =
ol |- A0 5

Figure 10. ZHX1810 Reel Dimensions {(Unit: mm)
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Dimensions of Tape

(Unit: mm)
...F.l bt ‘.g..\r E 3R ‘t‘d 'r}‘
5, < N
\ -
\.
Ay
¥ = %
(SIRGIRGIRS: '
GND ¥ U™ T
i y
- Vi
wr % 4 E [
Pin 1 LEDA .. = ook 1] - 3
:
Polarity ;
L 15 I _ 47,
- ;m -

f::;:} Direction of pulling out
Configuration of Tape

_ Empty ., . Parts mounted — Leader
P (a0mmMin) T

== {400 mm Min) i

T R . B o Empty e
~~> Direction of pulling out (40 mm Min)

Quantigy: 2,000 pesrres!

Figure 11. ZHX1810 Tape Dimensions and Cenfiguration {Unit: mim)
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Ordering Information
To order ZHX 1810, use ZiLOG part number ZHX1810MV115THTR.

} Note: In order to ensure the lowest possible lead times, ZiILOG uses
two different fab sources for the transceiver |C. Both of these
ICs have been extensively tested and qualified to meet the

ZHX1810 transceiver specifications.

PS009309-0901
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Customer Feedback Form

If you experience any problems while operating the ZHX1810 fransceiver, or if you note
any inaccuracies while reading this product specification, please copy and complete this
form, then mail or fax it to ZILOG (see "Return Information,” below). We also welcome

your suggestions!
Customer Information

Name Country

Company Phone

Address Fax

City/State/Zip email

Product Information

Serial # or Board Fab #/Rev #

Software Version

Document Number

Host Computer Description/Type

Return Information

ZiLOG
System Test/Customer Support

910 E. Hamilton Avenue, Suite 110, MS 4-3

Campbell, CA 95008
Fax: (408) 558-8536
Email: iools@zilog.com

Problem Description or Suggestion

Provide a complete description of the problem or your suggestion. If you are reporting a
specific problem, inciude all steps leading up to the occurrence of the problem. Attach

additional pages as necessary.

PS009309-0901
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Listagem do programa do microcontrolador
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TF.C

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

Trabalho de Formatura - 2002 .
Interface IrDA Microprocessada &
Programa Principal

*
*
*
* *
* *
* Erick Dario Leon Bueno de Camargo 4
* grientador: Prof. Dr. Jun Okamoto Jr. s
* *
* /

***********************************W*************

/******************************************&****************/

/******************** Bibliofecas Usadas *******************/
/**k********************************************************/

#include <BOSlic.h> /* Definicces de 1/0 do BO51 */
#include <805ireg.h> /* Definicoes de registradores do
8051 */

4include «<805lint.h> /% Macro de interrupcoes do 8051 */
#include <B80hlbit.h> /* Manipulacac de bits */

#include "tf.h" /% Definicoes do programa i

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

/****************** Interrupcao do Timer Q *****************/
/***********************************************************/

INTERRUPT (_TFO )} Timerliscl]
{
base++; /* ajuste de velocidade de

recepcao */
if(base >= IRVEL)

1
base = 0f
conb++7
setbit{IE.0); /* habitita IEO */
aut+;
if{au>=2)
{
au = U;
setbit(P3.3)7
]
else clrbit (P3.3);
}
if{cont »= {8 4 disp_ir + disp ir)} i se
fim do byte... */
{
cont = 07 /¥ wolta para
inicio do byte */
clrpit{IE.L1}; /* desabilita TO */

if{idisp ir)

if(byte_rec 0)
{ if(iREwp!=T1}
{ Lf (iRXwp!=5)
{ }t {(iRXwp=8)
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iRXwp = 0;
iR¥rp = 07
}
}
}
}
¥
iRXBuf [iR¥wp] = byte_rec; /* guarda no buffer
*7
iRRwp++; /* incrementa
ponteiro de escrita */
if {[iRXwp >= IRXSIZE) /* se no fim do
buffer */
i RXwp $H /*
volta para inicic */
}
be
/*********************-ﬁ-********-&****************************/
,****************** Interrupcao Externa O *********‘k********/
/**-A--k**-ir*9{***********************************9{**************/
INTERRUPT (_IEO_) Ext iC(}
{
if (cont == 0} /* se inicieo do byte... */
{
sethbit (IE.1}); /* habilita TO */
byte rec = OxFE; /* byte_rec <-
FF */
}
if (cont == (0 + disp_ir)) byte_rec = byte rec & OxFE; IAd grava 'or em
byte rec.cont */
else 1f (cont == (1 + disp ir)) byte rec = byte rec & OxFD;
else 1f (cont {2 + disp_ir)} byte rec = byte_rec & OxFRE;
else if (cont == (3 + disp irl}) byte rec = byte rec & OxF7;
else if (cont == (4 + disp:ir)) byte;rec = byte_rec & OxEF;
else if (cont == {5 + disp_ir)) byte_rec = byte rec & 0xDF';
else if {cont == (6 + dispﬁir)) byte rec = byte_rec & OxBF;
else if {cont == (7 + disp ir)} byte_rec = byte rec & 0x7F;
clrbit{IE.Q}: /% desabilita IEC */
};
/****************-&****4{*********9{***************************/
/****************** Interrupcao da Serial ******4‘***********/
/*************9{************-k********************************/
INTERRUPT { SER ) serial_int{)
{
clrbit(IE.4); /* desabpilita interrupcac serial */
1f (SCON&1) /% Se RI A
{
sR¥Buf[sR¥wp] = SBUF; /* guarda no buffer */
SREWp++7 /* incrementa
ponteiro de escrita */
if {sR¥wp >= RXSIZE) /% se chegou ne final do
puffer.. */
SRAWp 07 /* wvolta para
inicio */
asgm |
CLR SCON.O f* RI <= 0 */

bi
}
setbit{IE.4); /* habilita interrupcao serial */
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/***********************************************************/

Jrwwrrxwxxwwxy Ipjcializacac das Interrupcoes Tk wok ko ok kb dedok /
/*********************************&*************************/

ini_ints{)

{

SCON=0x50; // Bbit UART wvariable baudrate, TI=RI=0,
SM2-0

TMOD=0x22; // Timerl mode 2, Timer0 mode 2

TCON=0x51; // Habilita Timerl , Timer0 e interrupcac externa 0

PCON=PCON[128; // Seta SMOD=PCON.7 para K=2 na formula de
baud rate

TH1=243: // programa timerl

TL1=243; // programa timerl

THO=243; // programa timer0

TLO=243; /! programa timerQ

IE=0x81; // Habilita interrupcoes: Serial int, EIO0 e
TO
}

/******************#****************************************/

/************** Inicializacao das Variaveis ****************/
/***********************************************************/

ini vars()

{
for (iRXrp = 0; iRXrp < IRXSIZE; iRXrp++) iRXBuf[iRXrp! = Ci

sREwp = 05
sR¥Xrp = 0%
cont = 07

base = 0;

sethit{PF3.3); /* porta indicacao de recebimento T */
setbit(P3.7); /* porta para envic Ir */
setbit{(P1.0}); /* LED O */

setbit(P1.1); /* LED 1 */

setbit(Fl.2); /* LED 2 */

setbit(P1.3); /* LED 3 */

setbit{P1.4}); /% LED 4 */

setbit{Pl.5}; /% LED B ¥/

setbit(P1.€): /% LED 6 */

sethit(P1.7); /% LED 7 */

au =0; /* aux recebimento Ir */

1

/x*&*****************************************w**************/

Jukssxxxx+% %+ Epvia caracter ASCIT pela serial ko ko ok ek ek ]
/***********************************************************/

envia char (unsigned char a)

{
unsigned char 1;
asm {
CLR SCCN.1
i
SBUF = a;
asm {

JNB SCON.1,$
CLR SCON.1
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b
for{i=1;i<i00;i++);
}
envia char (char a)
{
unsigned char i;
asm {
CLR SCON.1
b
SBUF a:
asm {
JNB SCON.1,$
CLR SCON.1
bi
for{i-1;1<100;1++);
}

/***********************************************************f

Jes¥xwxnnnxtst Envia caracter HEKA pela serial Frakiwadwiioor/
/*************&************%********************************/

envia_hex (unsigned char a)
{
unsigned char u;
fod a;
asm {
MOV A,d
SWAF A
MOV d,A

1

d d & Ox0F;
u a & OxOF;
d=d~+ '0";
iftd > '8’y d
u=u+ ‘0%
1ftu > 'S")y u =
envia char{' )
envia_char(d};
envia_char(u);

d- r0' - 10 + 'A";

u - ‘0" - 10 + A';

}

/***********************************************************/
/******************* Programa Principal ********************/
/***********************************************************/

maini}

{
int aux2, i;
unsigned char b, ¢, b on;
char aux;

aux = 0;

auxZ = 0;

disp_ir = 03

disp rs 3;

b on 0;

inl vars(): // inicializa variaveis
ini_ints(); // inicializa interrupcoes
for(:: /7 LOCP infinito

{

ifidisp rs 1)
(



if (sR¥wp != sRXrp)
{
b = sRXBuf[sRXrpl:
sRXrp++;
if (SRErp>=R¥S5IZE) sRXrp = 0;
envia hex(b);

receber em HEXA

remoto

Ir...

if tb == 'b*)

{
envia char{'\n");
envia char('\r');
envia_char(’ ");
envia_chaf('l');
envia char{'r'}:
envia_char('B');
envia_char('u');
envia char('{");
envia_char(‘:’);
envia_char('\n'};
envia_char(*\c');
envia_hex (iRXrp);
envia_char(':‘);
envia hex (1RXwp):
envia_char(*:');
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// se receber pela serial...

/i

// se receber 'b'...

for (b 0; b <= IRXSIZE; b++)

{

envia hex (iRXBuf[bll;
envia char{' '};

i
envia_char{"\n'});
envia_char('\x');
iR¥rp = 1RXwp;

else 1if (b == "nT}

envia char{'\n'}:
envia char({'\r*);

;lse if (b= "1")
{ clrbit (P1.2);
;lse if (b == 'h'"}
! sethit(P1.2);
;lse if (b m')

b on = b on + 1;

ift{b on > 1} b on = 07

}
} // f£im do disp rs

if{ldisp ir}

{
setbit(P1.7);
sethir (P1.6);
setbit (P1.5);
setbit{Pl.4);
sethbit{P1.3);

1£(iR¥wp !'= O}

/i

/

rf

i

// se disp ir

/f

escreve o q
se receber 'n'...
se receber T1'...
se receher 'h'...
se receber 'm'...

= fGontrocle
receber por

se




// cima

// baixo

// direita

/{esquerda

// parar

if(iRXBufi0] == 0x00)

{ 1f(iR¥Buffl] == 0x20)
{ clrbit{IE-0):
if{iRXBuf[7] == 0x40}
{ {fliRXBuf[9] == 0x30}
{

au¥ aux + 107
if {aux > 100) aux
iRXwp 0;
clrbit{P1.7};

}

i
if(IR¥Buf[7] ox1g)

{
if{iRXBuf[8] == 0x04}

{
aux aux - 10;
if {aux < -100) aux
1RXwp Q:
clrbit{(P1.6);
}
)
if[iRXBuf [7] == 0x40]

if(iRXBuf [9] == 0x0C}
{
aux2 = 1;
iR¥Xwp = 03

clrbit{Pl.5);
}

}
if (IRXBufi?7} == 0x10}
{
if{iR¥XBuf [8] == 0xCC}
{
aux? = 23
iR¥wp = 07

clrbit(Pl.4};
}

i
if (LiRXBuf (7] == 0xC0)

{
if(iRXBuf[B] == 0x00)}
{
aux 0;
iRXwWp 0;
clrbit (P1.3):
}

}
setbit {IE.O}

.
}
envia char f(aux):
ifl{aux2 == 0) envia char(0);
it (aux2 2}
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100:;

-106;




mostrar...

receber em HEXA

envia_char_(ll);

aux2 = 07

}
if{aux2 == 1)
{

envia_char (-11};

auxsd = 07

}

} // fim do ldisp 1ir

if(disp_ir}

1

setbit (P1.7);
setbit (P1.6};
setbit (P1.5};
setbit (P1.4);
setbit {P1.3}):
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// se disp_ir = PALM

if {iRXwp !'= iRXrp) // se receber pela IR...
{
b iRXBuf [iR¥Xrp]:
iRXrpt++;
if (iRXrp>=IRXSIZE} iRXrp 0;
if{b_on) Iz se for
{
envia_hex{b); // escreve o g
i
if (b == 0x81) // cima = 'a’
{
aux aux + 107
if (gux > 100) aux = 100;
clrbit{Pl.7};
}
1f {b == 0x62) // baixo = 'b'
{
aux = aux - 10;
if {aux < =-100) aux = -100;
clrbit(P1.6);
}
1f (b == 0x83) /4 dir = ‘¢’
{
aux2 = 1i
clrbit (P1.5)7
]
it (b == Ox64} // esg = 'df
{
auxz 23
cirbit(P1.4);
}
if (b == Ox65} // parar = ‘e’
{
UK 0;

}

envia char
1f (aux2
if{aux2 ==
{

clrbit(P1.3);

{aux);

0) envia_char(0};

2}

envia char {11};
aux? 0
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iflaux?2 == 1}

envia char (-11});
aux2 0;

}
} // fim do disp ir
IE{F(P3&0x10)} // se Bl -> muda disp ir
{

disp ir disp ir + 1;
if(disp ir == 2} disp_ir = 0;

asm |
JNB P3.4,$
}
}
Af(F(P3&0x20) ) // se BZ -> muda disp rs

{

disp rs = disp rs + 1;

if{disp rs >= 2)

{
disp rs = 0;
envia char{'\r"});
envia char{'\rt);
envia:char('\r');
envia_char('s');
envia char('e'};
envia char('t');
envia_char(' '):
envia_char{('m'};
envia char{'o');
envia char{'d");
envia_chari{'e’};
envia_char(' ');
envia char('3'};
envia_charc('\r"};

i

if{disp_rs == 1)
{
sRXwp = 0;
sRXrp = 03
}
asm {
JNB P3.5,§

}
}
setbit {(P1.0);
if{disp_rs) clrbit(Pl.0);
setbhit (P1.1);
if(disp_ir) clrbit(P1l.1};

for{i=1;i<1000;1i++};
} // fim loop infinito



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

* % ok % B ¥ %

Trabalhe de Formatura - 2002

Intexface IrDA Microprocessada

Definicoes do Programa

Erick Darioc Leon Buene de Camargo
Orientador: Prof. Dr,

Jun Okamoto Jr.

% od N N o+ ¥ F F

**************************************************/
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JREFEE IR I IRRRIRE IR K I h AR IR KRR TEIEN I AN AR AR AT R kL Rk dkhkFok [
[RAekkkhdkkdkkkkhkhkkk*kdk* Congtantesg Fkkdekk Rk kokdeokok e dok kokn [
Jhekdhdk ok ko kk kR LA IREE AR DA R h Rk hkdohdoh ko okdek kRt nk ke kk [

/*****************w*****/
/* Tamanho dos Buffers */
JRERER R Rk kk Ak ARk kR ko kk k[
#define RKSIZE 8
##define IRXSIZE 32
#define IRVEL

8

/* Tamanho do buffer RX sexial */
/* Tamanho do buffer RX Ir %/
/* velocidade de recepcac Ir */

/i*******************************i*t************************/
[EE R A kR kR kR kR kI kX ¥ % Variaveis Globaids *xkrkxdudtddkddhhhid/
PR e e e T Y

el L LY

/* Serial */
/**********/

register
register

unsigned
unsigned

RXBuf serial */

register

ungigned

/********/

/* IxDa =/
LTI T

register
register
register
register
register
RXBuf Ir
register

unsigned
unsigned
unsigned
unsigned
unsigned
*/

unsigned

[k ke ek ok ok f

/* Outros */
JhERkhkk Ak k[

register
register
register

unsigned,
unsigned
unsigned

char
char

char

char
char
char
chazx
chaxr

char

chaz
char
char

sR¥Buf [RXSIZE] ;
sRXwp, sRXrp;

disp_rs;

cont;

base;

byte rec:

iRHBuf [ITRXSIZE]} ;
iRXwp, iRXrp;

digp ixr;

/* Buffer de Recepcao serial */
/* Ponteiros de escrita e leitura do

/* contador de bits */

/* contador de bits */

/* byte recebido por Ir */

/* Buffer de Recepcac Ir */

/* Ponteiros de escrita e leitura do

/* velocidade de recepcac Ir */
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ANEXOYV —

Listagem do programa para Palm



Controle.c

#incinde < Window.h
#inzlua= "TE.R"

pincliude “"TFReoo.h™

*x%*r*f****“{"k*****-&*-ﬁ(**w******f******'J:-d:***-k-)rw*w***w*******‘k**f******

[/ Rk kR kR ok k kb ok kb de ok ok ko ko gk ok o o ke kR ok ok e ek ok ok ok ke ek ok

// FUNCTION: ControleFormHandleEvent
i
DEICRIEFTION:
/!
This routine is the event handler for the vControleForm™ of this
// application.

IARAMETERG 2

/

// cventp
3 pointer to an EventType structure
//
'/ RETURNED:
/7 trus if the cvent wag handled and should not be passed fo
b4 FrmHandleEvent

Loslean GontroleFormiandleEvent (EventType * eventF)

{
Bonmlean handled = falce;
FormType * frmPp
EvtResstAuteOtfTiner ()5
switch {eventb-seTyre)
i
case menubkvent:
return MainFormDofommand (eventP->data.menu.itemlD):
caze frmQpenFvent:
frmP FraSetpctivelorm{);
FroprawForm(trmb) ;
handled = truc;
reak;
case fropadateEvent:
/ To do any custom drawing here, first call
// FroDrawForm{), then do your drawindg, and
// then =et handlod to trie.
preak;
case ctliclectBEvent: // Buttom conmands
return Cﬁnrro]@FormDrButtpnCunmand(eventPf>d4ta.ctlSelecr.:ontru;Ir
Hefault:
Lorear;
}
peturn bhandled;
}

B ok ke ok ek ok o e ok ok ok ok kb kR ke ok sk ok kW ok e ke sk ek ek ke ke e TEEERE LR LA S
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// FUNCTION: ControleFsrmDoBut tomilommozned

133

'/ DESCRIPTION: Thig routine prerforms the specified actien requirzed by a hutton press.




134

Iy
PARAMETERS: cocmmand - the ID of the kutten that was pressed.
/4
// RETUKNED: true if the event has been handled and should not be passed to a higher

level handler.

Brolean ConfroleFormBoButtonCermmand (UIntl6 command)

{
Err errorn;
Boolean handied falge;

switch (command)

{

rage ControlePrevButton:
FrmGotoPorm{Maintorm) ;
handlod true;
proak;

rase ControleCimaButton:
Srmiend{portid, "1, 1, &error);
handied true;
hreak;

tage ControleBaizoButton:
srausend{portid, "5", 1, &error);
handled = true;
Lreak:

rase ControleEsgButton:
SrmSend{portid, "a", 1, &kerror};
handled true;
preak;

case ControlelirButton:
SrmSend{portid, "e", 1, kerror):
handled Crual
preak;

cage ControlePararButton:
Srmiend{portId, ™a", 1, &error);
handied = true;
rreak;

detaultz

kbreak;
1

return (handlea) ;
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Extras.c

// PR T o I e R A R R E R L R T EE R LRSS R AR R R R R R R

// P kR R R R e b

'/ Extraz.c

/ P R R R R R R e e e R R A R R S R R A AR R R R R R R R

// B A T e L I B R R e L R R R RS R R R

// FUNCTION: DrowNiiweer:s

Vs
// DESCRIPTION: Draws 3xz6 numbers.,
r/

vold DrawNumbers (Intlé =, Intlé y, int numa)
{

RectangleType rect;

nt num, a;

if {numa > 99929} 4 100000;

else 1f {(numa aa0a} g 10000;

oloe L (numa > 099) 5 1090,

ele 1f {nama - ©°9) 100

clse 1f (numa > 9) a 10;

elge a 1;

num {numa/a) - (int) (10* (int) (numas {10%a)});
while {(a I= 0)

{

rect.toploft . ey
roct ctoplelt .y y=1%
tect .extent .= L
rect.extent.y i

WinkraseRkostan jle (srect, O);

nu (numa/a) - (int) {10* (int) (numa/{(10*a}l));
a a/10;
1f {num )

i
WinlDraweixel (x+1, 71;
Winlraweizel (=, y+1);

i

WirlrawPixel (z~+20, w+1};
HinDrawre y+al):
WinhrawFi 2, v&2);
WinDrawk Vi)

WirlrowPixel {z+2, y+3)
WinDrawPixel (x+1, y+4)
WirDlrawPi: Vi

wWirlrawlixe 2, ¥
WinhrawPixel {z, vid);
“WinDrawPix nl(u , vid}i

.~ e

!

it {num i

{
WinDrawk iz {=+2, MG
WinDrawbizel {x, yv+11;
Winli w.x‘-'nl() +1, vt1};
WinleawPixzel (x4, y+2)7
WinbDrawPizel (v, y+3);

SlnDrawbizel s, y+da);
WinbDrawbPixel {x+1, y+d);
WinhrawbElzel{x+o, vi1d);

£ Inum )
WinDroawl' iz

Winldrawk
WinDyawl




i

}
it

t
it
i

!
in

1
i
f

{nam

{rmn

[ nwnm

{rum

{num

WinDrawPizel (x+2, y+1);
MinDrawPlweli{x+2, y+lI)J
minDrawbizel {z+%, y+2);
WinDrawPizel {(x, y+d)i

WinDrawPi w3

Rinbrawki
WinDyrawt
WinDrauPizel

3}

WinDrawbPi=zel (=, v)i
winDrawbixel (x+1, vi;
WinhrawPluel (242, vi;
shinDrawPinel (me2, y+l);
HinDeaweixel (x+2, vi2);
winhrawPimel (z+21, y+2);
WinDrawpP mel (z+2, y+3);
WinDrawbizel (x+2, y+ili
WinDrawkbixel (+], ved):
AinbDrawlisel (x, y+d);

wWinDrawbimel {x+2, yii
Winhrawlixel {x, y+i)i
wWinDrawkixel (x+2, y+ili
winbrawPizel(x, y+ili

WinDrawPizel {=+1, yvt+2)7
Winlrawbis 2, y+2):
WinDriiwF y+3);
WinlrawPizel (= w4l
5%
WinPrawPizel {2, ¥I7
wWinlrawvPixel (n+1, v17
WinDrawbFixzel (m+l, Yi¢
winDrawbixzel{x, y+1}7
Winhraw 42, via)g
Winhrawt (mt+3, y+o)#
B

WinDraw 1
Winbrawbixel
WinbDrawPizel
Winlrawtixel
WinDrawPlxel

&)

WinhrawEixel {(x, vIi
winDrawPixel(x+1l, V)7

Wionhrawk
Winbrawe
winbhrawp
wWinhawe
winDrawki
Winhrawbiznel (x, y+4);

winDrawtixel (xnel, yti};
winhrawbizel{m+l, yve)i
tirdrawlizel (2, y+3);
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MinDrawPixel{z, v);
VinDrawPigel{x+l, vy);
WirdrawFizel{x+l, yis
WinDrawPixeli{x, v+11;
WinDrawbinel (z+2, y+1);
WinDrawPi {x+¢2, yt2)
WinDrawPi
winDrawPixel {=-2, y+4)

(=33, v*3

e

}
if (num == 8)
{

WinDyawk l{x, yrlisz
WinliawPixel (g4, v+l1];
WwinDrawrizel{x, y+21;
wWinDrawbieel {2, y+2};
winhrawPixel{x, v+3);
WinDrawl'lsmel{xs2, y+3)
WinDrawbizel (x+1, v+d)
Winhrawbixel |
winDrawPixel (x, ¥}
wWinlrawkiszel (:
WonDr Wl
WinDrawp:

)
celfm, y+d)
el (x+2, y+
i

it (num 9]

{

winDrawPisel (=
WinDrawbisnel (w+2, v+1);
WinDrawEixel{x, v421}7
winhrawPizel (z+2, y+2)
wWinDrawFPlxzel (x+2, y+3}
WinDrawbizel (241, y+4)
inDrawbigel {x+1, vita)
minDrawPi
WinDrawbixmel (=0, ¥
HinDrawbizxel iz, y+d):
winDrawbizel (210, y+d);

S kkwe wk ko ok ok ok ok ok k ok k ke k kR ok ko k b ok ¥ B R S R R A R

7 *****‘x%-*v***‘&&*‘***'Jﬂ*****’x*s’ri'ﬁ***'&'*&*‘*i’*u*#****w****w*?*-&******w*'*wa

// FUNCTION: Drawtlars
/7 DEIZRIPTION: Praws strings.
BeCdeH I LmMnoOpE rRetvViNay @ /-*01.3456789

veild Drawthars (Intlé =, Intl6 y, char *str)
{

imGid a;

RectanaleType rect;

whilelsto[i])!="\0")
{
switoh {cir (il

rect . topletit.x x=1:
reet Lt rlL"_‘it .y -r,_-\ :

rovt Lentont.n Iy
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rect.extent.y = 7;

WinkraseRectanyle {irect, 0);
WinDrawk
minDrawbizel {z, y+3);

BinDrawPizel {=+3, y+1);
inDrawPixel {2+1, y+3);
WinDrawPinel(x12, yi2);
WinDrawFizel [xrl, v+3);
WinDrawPixel (xto, yid);
Z 4= 4
break:

crse "A':
rect.tepliert. s x=1;
rect.toplett.y y=1;
rect cextont oxn &
rect.extent.y 13
W.nubrasekootanale {g&roct, 0);

WinDrawlizel (2,
WinDrawlizel (:
WinDrawPizel (=, y+4
WinDrawl 2l (x+), vy
WinDrawPixel (241, vy
WinDrawbPixel (x+1, y+3
WinDrawpizel [x+. y+2)
JinlravP abdy  yE3);
WinDrawPLxr

i o= 43

fFreak;

~e e

Gorog, gt

rect topLoit.x X-hs
rect.topletft.y = y-17
rect . agtont. x
rect.extent.y 7
WinEraseRectangle (&rockt, 0O}
WinlrawPixed {ux
winDrawPixel{x, y+1);
WindrawPizel {x, v+2);
VinDrawFixel{x, y+31;
WinDrawPixel (%, y+4;;
WinDrawbimel {x+], v+1
WinDrawFixel (x+1, yi4
WinDrawPixael {x+, y+2
wWionlrawPisel (x+2, vy+3
o= 4

bireal;

case 'Rt

rect tepletft.x
s st ettty y-1
v e et 2
rect.extent.y 7
WinFraseRecot argle
WinDrawi'i
WinDrawl j
MWanDrawpi
WinDrawh.
Winhrawli:
Hinlrawhi
WinDrawbi (
WinDrawlizel (xel, vd):
Winhrawhixnel {(xve, vil);
WinDrawbizelix+?, y+3);
% b= 4
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break;

cage 'c:
tect.leplett.x = x-3i5
rect .topleft.y vial;
roct .extent . 5
rect.extent.y =
WirnEragekoctangle (arect, 0);
WinDrawbixel (x, y+2);
WinDrawPimel(x, v+3);
WinDrawPiveli{x+l, vitl};
WinbrawPixel (x+1, y+él:
WinDrawlinel (m+2, y+11:
Winbrawbixel {2+, y-:4);

= 4

break;

cane Ot
rect .toplett . X x=1;
rect. toplett .y y=1;
rect .extent.x e
rect .ex [
WinFraseRect aorle (srect, 0);
WinDrawf !l A, yil)s
WinbrawPizel {(z, v+2);
winbrawlizel (2, y+3);
winDrawbizel (x+1, yi:
WinDrawPixzel (x+l, v+d):
WinDrawd Li=w+2, ¥
Winhrawbizel (42, ytd];
PO | 47
break;

gEne "4
rect. . toepleft.® x-1;
rect.ropleft.y = y-1;
rect .extent X 5
rect.extent.y ;
Rinkracekectangle (&rect, 0);
PinDrawkixel (2, y+2);
MEinDrawbixel iz, y+3);
WinDrawblxel (x+1, vtl);
WinDrawbluel (Xel, y+ili
WinDrawPizel (m+2, ¥)7
WinDrowPizel (x+2, y+1);
WinDrawPixel (x+2, v+1);
WinDrawk lzel {12, y+3);
WinPrawPizel (x+2, y+4);

+= 4

nrenky

care D :
rezt.toplett.x = x-1;
rect . topletioy yv=1;
rect.extont .y 5
rect.iextent.y T:
winFrasekeonangle [arect, HE:

winDrawlizel (x, v)i
Winbrawlizel (x, vii)
winDrawkizel (2, y+2)
WinDrawl ixel (%, y*31;
winDrawbizel {x, y+4);
Winbrawl (=1, ¥):
WinDrawk
WinDirawl?




e

cace

5 N

WinDrawPixel (x+7,

viinDrawPilmel (242
Wo+= g

brean;

LI

rect.roplett . x
rect,topleft.y
rect .extent . X
rect.extent.y
Winbrasskectanal
WinDrawPizel [z,
WinDrawPixel {2,
TinhrawFlxel

iny

84
Winhrawb lxzel (x+1
WinhrawPixel (x+]
WinDrawl ixel{
Winhrawlizel
LA S

irealk;

rect toplett . x
rect.taplett .y
rect coxtent . 2
rect .extent.y
WinlraseRectaml
HinDrawkixel (x,
WinDrawk ixel (&,
WinDraw
WinDrawbix
WinDrawpb
WinbrawPi
WinDrawb ixel
wWonDrawe
WinDrawh lze

xel (w4l
[+

(42,

WinDrawbixel {(z+2,
MinDrawbixel {x+2
£ 4h 45

brearn;

"H':
rect . Eoplett.
rect.topleft. 3
rect . extent . x
rect exntent oy
Winkrasekectansl
HinDrawe lxneld
W.onDrawPiznel
WinDraweixel
WinDrawPaze
Winhrawp
Winbrawlizel
WinhrawPizel

Hinbhrawbixel

:1
1

el
€

Winhrawbize
winhrawe!
Winhrawpi

2 em g

ze X e

(s
i
2
1=
[§:4
(x
{
{
{3
{
rel{x
vrek;

Vit
rest  toplett.x
tect . topleft.y

+1,
WinDrawPluel (241,

el ({x+l,

v
P

x-1;
YoLd
5;
¥
&
YrE)i

yi3);
1)

Yy

[

T;
s
¥z
w+1)
¥v+2}
¥+3)
vt}
;. Y

AR
Y+
vyl
JERES I

A E)

i
i

o {sroec

yYi

v+1);
vt.ld
v+3);

*,r-ﬂl 4
yirdi
Vi

P23 B I

’ ‘1”": ;

, E’"J);

;o yrdg
-l
v-1;

Wl

4)
, yrl)

pa
VAR B

rech,

)

i

{&rect,

Q)

0):

H

’




ciage

vace

rect.extent.x =
rect,.extent.y =

&

WinEraceRectangle (srec=, 0}

WinDrawpizel (x,
WinDrawPimel (x,
WinlrawPizel {x,

winlDrawP zel

A

“r

nreads

1 Il z
regtateplers
rect.toeplert .y
rect.extent oK
rect.extent.y

Vi

vl
g
y+al;

winFraseRecranale (&rect, U)

wWinDrawb 1 (i,
WinDrawk.xel

i
vy
WinDrawkixel (x+1,

viinbrawbizel (=+1,
viinbDrawlinel {x+1,
Winlhrawl ixel {x+1,
WinhrawPizel {m+1,
WinDrawPixel (x+2,
winbrawPizel (s
N o4= 4

Freak;

rect.bopleft .2
rect.toplef!
rect .extent.x 5
rect .extent.y 7
WinEraseReclanale

Y
FACE N
vz
¥+l
VAR
y3)
yra s
vii
y+adi

tearect, 0}

WinDrawkixel({x, y+31}

BinDrawkPizel {X+1,
winDrawbPimel {w+1,
WinDrawklxel {x+2,
WindrawPixzel {x+2,
winbDrawfPixel (2+2,
HinDrawPismel {u+2,
uot= 4

break;

k'
rect.toplest.x
rect topleif.y
reck ger

yii
et DI+
¥l
¥+1l);
ye2id

ye3t;

rect .

WinErusekectanale igrect, 007

WinhrawPleaei (2,
Winbrawbkixel (i,
Winhrawtizel{z,
Winhrawp
WinDrawFizel (=,

WirDrawkizel (2+1,

winhrawPixel (<2, y+1)

vinDrawt i
Winhrawliwel (o
woe= 4

break;
L L

rect Jtoplelt. s
tect Jtopleft.y

Va2l
vall:
2
ved)g
‘1”4);
Y.

e Y130
;o Y

v

v
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A &

Case

rect.extent.x = 3;

ArawPizel (%,
inDrawbizel (=,
inDrawbixel (x,
winbrawpPine
Winlrawkixel (
¥ += D

break;

ot . exrtent.y —

nErascRectandgl

-
w
e

L] L)
rect . toplefr. X x-1;
rect.ccpleft.y y=1¢
rect .ex¥tont.x e
rect.extont.y TH
winbBEraseRecLanale (drect,
WoanbDrawkizel (=, vz
Winhrawbizel{z, v+li;
wWinhrawbizel (x, yvei)s
winDrawbPizel (x, yv+3);
WinlDrawPixel (=, y+4);
WinhrawPizel (x+1, y+d};
WinDrawl imel (nel, y+di;
B ) 17
break;

mf
rect .topLett .z —
rtectb.topleit,y Y
radt.extent 7:
rect.citent.y Ut
WinkraseReotanglie [&peot,
WinDrawPinel{x, yt+1};
WinDrawbisel {x, yv+I);
WinDrawPixelix, v+3):
vinbrawPizel (z, y+4);
WinDrawbPixel (x+1, y+1}:
Minhrawlizel (n+l, y+1);
dinDrawPixel (u+2, vrl);
WinDrawPixel (x+2, v+3);
Winlrawbixel (x+d, y+d);
WinDrawbizel (X#3, v+1):
HinDrawkixel {z+d, y+o)}
WinlrawPixel (2+4, y+3);
WinlrawbBixel (w441, y+d)i
T o+ 6}
preak;

"late:

rect.teplett.x
eet. . tople it

rect.extent.x
roct.extantuy
WinEraseRectangle

ot
[
-

VinDrawl ixel(x, yii

WinDrawki
winlrawbl

Lz, y+i
m] (i, '+

wWinDrawbinel (i, yt+3

winDrawbPimel {xn, y+l);

Hinbrawhixel (z+1,
winbrawbixel (z+2,
WinDrawPixel (w42,
Winbrawlizel (x+
Winhrawbinel (s+7,

\-H]_l;
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WinDrawPimel (x+2, v+
A I
break;

cane 'n':
rect.topLeft.=z = x-1
rect.topleft.y y=1
regt.extent i 5;
rect.extent.y T:
WinkrascRectangle (sreat, ({3
WinDrawPizel (2, y+l};
HinbrawpP O, yeldi
winDrawbixel (x, y+3)7
wWirDrawkixel (=, y+d);

HinDrawPixel {x+l, y+113;
WinDrawPlwel (x+2, y+2):
WVinbrawkixel{=z+., yi3):
WinDrawlizel(=+2, yvtil);
w he 4
Lronk;

cane To':

rect. toplezt .2 x=1;
rect toplefs.y v=1;
rech .extent . x® i 1
[

Winbhrawf:
WinDrawk
JirDrawPi 1 5
HinDrawPizelix+1, y+d);
WirDrawPizel (=42, ¥v+2);
pinDrawbizel (x+2, y+3):
% o= 2

break;

roct.topleft.x x=17
rect.topleft.y y-is
recgt .extent .3
rect.extent.y i

winErasekectanile {&rect, G ;
winhrawhbizel(x, y+1i:
WinDrawEixel (z, y+2}7
WinDrawbizel (2, y13)7
winDrawk igel (x+1, ¥}
WirnDrawbPlunel (m+1, y+4)§
winDrawkixel {242, y+1)};

i

Wirhrawk inel{x+l, y+
WinDrawbiwel {42, y+3)

2 otw 47

break;

guog WP
reat . toplett .2 =1}
rect.toplelt oy y-1s
rect.exstent L ;
rect.ertent.y U
WinF1 1oekect agle {arect, 3
Winlrav v):
winhrawkl vl
Winbhrawkl N
WinDrawii y4dis
wWwinDrawhixelix, y+d):
WinDrawki (=41, ¥is




Cas5e

it .

WinDrawPizel {x+1, v+2);
HinDraowPixel ix+2, y+1);

v += 4

x 7
Lreak;

LY

rect.topleft e — x-1;
rect. . topleft.y y=1:

rect.extent .x .
ect. extoent.y ;

. e

WinEraseRkeclangle (arect,

wWinbrawlPixel (
NinDrawPizel (x, yit2);
WinDrawPixel (x, y+3);
Windrawbixel (2, y+41l;
HinbrawPizel (g1, y+1)
WinDrawPixel ve3)
WinDrawipizel y+2)
o 4y

lreak;

. YtL);

rect ctopleit . i w=1;
rect . bopLett oy y=i7
rect.extent.x q;
rect.vztent.y 7

Winkrasekecrangle |
viinDrawk izel(x, vil
winbrawPixel (x, v+l
WinDraweizel{x, ¥+3
WinDrawpPizel {x, y+i)
WinDrawkizel{x+l, ytl1);
w o= 37

hreank;

T

rect.Loplett .2 - A
rect.topletft.y = v-17
rect.extent.2 = &7

rect .extent.y 15
WinErasehectangle (&rec

(
HirDrawbilnel{z, yi;
WinbrawFixn H

;
WinDrawh L=, y+20:
WinDrawPixel (x, v+3);
winhrawkizel (x, y+4);
WinDrawbizxel (m+l, V)7
WinDrawpixel (x+l, y+23;
WinDrawl ixel (m¢2, y+i);
WinDrawPi (42, y+3):
WinDrawblzel (z+., ytdi;

X ot= 5

mreak;

rect . .toplofit .= w-1;
rect bophLett oy e
redtaektent. x NH
pact Loxtont.y T

winErasekectar
winDroawkirel {
Hinhrawbizel ( }
WirDrawPimel {zel, y+l)
)
)

SR
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AinDrawEizel (x+., y+1);
w o4- 4
Lreak;

case SR

rect.topleft.x = x-1;
rect.topleft oy = y-1y
rect.extent.x L
rect.extent.y 7

WinBErageRectanagle {(&r
WinDrawPizel{x, y+1);
WinDrawPixzel (x, y+44);
WinDrawlPixel{(=x+1, v)i
WinDrawbizel{x+1, y+2});
WinDrawBixel (x+1, y+d1);:
WinDrawPizel (x+2, v):
HWinDrawFixel {(x+7, y+3);
Wotm 4

break;

rect.teploeft.x x-1;
rect teploeft.y y-17
rect.extont. s 5
iect.extent.y 7;

wirEraseRectangle
winDrawl
WinDrawk
winDrawFizel {:u+1, 1;
winDrawlhixel {x+3, ve2);
WirnDrawPizel{xtl, y+3):

I

1i

Winlrawkixel (2+7, y+1
WinDrawPixel (=2, yt+4
w o= 4;

break;

case 'v':

rect . tepleft , »
rect.teplett.y =
rest-eitens. x
rect.extent.y =
HinErageRectanagle {srect, 0);
WinDrawPixel(z, y+1]);
WinDrawPizel {x, vi.);
WinDrawbl=zelfx, v+3);

WinDrawpixel (x+1, v+d);
WinlrawPixel (x+2, v+il):
WinDrawPixel (x-2, y+2);
WinDrawbPixel [x+2, y+3);
w4 4
Predn)

Jase TV
AT T L R RE
rect.toplett.y = v=1;
reps . oL iRy H
rect.oestent.y L
AinFracehoctangle (srect, 0);

v

WinDrawPizel (
WinDrawk vil);
WinDrawki: vi2);
WinlrawPixel (x, v+3);
WirDrawPixel (s+1, yid]);
WinDrawlizel{x+2, v):
WinbrawPixmel (®+2, vil);
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WinDrawPixel (x+2, y+2};
UinDrawPlixel (z+2, v=3);
Ko+ A

brealk;

cice 'W':
rect . toepleft . n = x-1;
rect . toplelt.y v-1;
rect.extent.« 5
rect.extent.y ;
WinErasekectungle (&rect, 0);
WinDrawbixel({z, v):

WinDrawlixel (x, v+1);
WinDrawbizel (1, y+2};
WinDrawPinel (x, yvi3);

WinlrawPixel (x+1, y+4);
WinDrawPixel {x+12, v+2);
WinDrawbizel{x+., y+3);
WinDrawl imel (3, y+d);
WinDrawPizel{u+4, v);
WinDrawPizel (m+q, yv+1):
Winhrawbizel (x+4, y+!);
Winbrawklzel (x+4, yv+3);
T
Lireak;

cane 'x':
rect ., topleft.x ==t
rect .toplett.y v—-1g
rect .extent . x 35
ract. ent.y ;
WinFracckeotangle (arect, 0);
WinDrawPizel{x, y+1};
WinDrawP Lix, ytd);
WinDrawbPixeli{x+1, y+.);
WinDrawkixel (x+l, y+3):
WinDrawPizel (242, y+i);
VinDrawbizel (z+2, y+d);

X ¥ 4
breas;

case Ty
rect.tepleft. . x ®=1;
rect .troplefo.y v=13
rect .extent,» T
rect .extent.y T:
WinFraseRectanale {srect, 0);
wonhrawbizel (s, v+21);
WinDrawPirel {x, y+41};
WinbDrawFizel (x+1, y+2);
Winhrawbizel (x+1, y+d);
WitDrawPixel {x+?, yvil);
WinbrawPixel (x12, y+1);
WirnDrawp [xel (x+2, ved);

v 4G

Freak;

sl 't

tect stop ettt x
reci.toplett.y
Iect.extent.
rect .extent .y
WirKraseRectangle {srest, 0);
WinDrawlizel (o, y+1);
WinDrawlizel{x, v+3);
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X o+= L
break:
case ' ':

rect.topleft. .2 x-1

rect, toplett.y 3L
rect.extent. 3k
rect.extent.y = 77

WinkraseRectangle {arect, 0);

A £

veealk;

cane T30
rect.topbefl . x x=1;
rect. topleft .o i
rect.extent. 3
1ect ,exNtent.y T
WinkraseReotamsle (&rect, U);
Winbrawbizel(x, y+1%;
Winhriwhluel (i, y+4)7
AinhrawPimael{=+i, y+l)
u raweixel txal, ve3)
Minhrawbixel (x41, y+4)
wWinDrawPizel (x+2, y+2)
winDrawpizel (m+2, y+&)
w4 4y
brrenaie;

case 0
rect . tepleft.x
rect.teplett.y
rect.oextent . x 3
roct .extent.y = 7
WinErasehectangle
wWinhrawk
WinDrawF
wirDrawP
WirDrawPi
Winbrawpi

WinDrawPixel (x+2, y+3;7
WirDrawpizel (x+1, v14);
vMinbrawPinel(=, y)7
wWinDrawPizel (w+2, ¥)7
WinDrawPlael (=, v+d):
Winhraweizel (x«2, y+idl;
SO 4y

creak;

Cane H -

Ltopletlt s x-17
rect.topleft .y v=1;
rect . extent o x 5:

rect cextent.y i iH
WinFraceRBectangle [arec
WinhrawPizel{=+l, ¥
WinDrawri ol
WinhrawFi
Winhiawki
wWinbrawbki
PlinDrawgi
WinDrawPixel{x+el, yv+4)7
WinDrawkizel{xns«l, yv+a);
= w4

brealk;

-

, O):
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rect.topleft.x = x-1;
rect,topleft. .y v-1;7
rect.extent .= ks
rect.extent.y = 7;
WinkErazeRectangle (&rcct, 0);
WinDrawPixel (x, vi:
WinDrawPixel (x+1, vy);
WinDrawPixel (x+2, y);
WinDrawPizel (z+2, y+1];
wWinDrawPixel (x+2, y+2};
WinDrawPixel (x+1, y+2);
WinDrawPixel {z, y+2);
HinDrawFizel (x, y+3);
WinDrawPixel{x, y+4);
WinbrawbPixel (x+1, y+d);
WwinDrawbPizeliz+l, y+d};
X 4= 4;

brear;

case T3':
rect . topleit.x x=1;
rect . toplett oy y~i;
rect.extent.x L
roct.egtent.y H
WinEraveRectangle {grect, 0);
WinDrawPixel (¢, v);
HinDrawFixel {x+1, vi;
WinDrawPixel(x+2, v)i
WinDrawbixel {x42, y+1};
WinDrawPizel (x+2, y+i);
WinPrawllixel {x+1, y+2);
WinDrawPixel (x+2, y+3);
WinDrawFixel{x+2, v+4)
HWlnDrawPlizel (x+1, v+4)
WinDrawPixe] {x, y+d);
X += 4
creak;

e o

cage '4°7;
rect.toplett.x = x-1;
rect.topletr.y = y-1;
rect.extent.x = H;
rechextent.y Tk
WinEraseRectangle (&rect, 0);
VinlrawPixel (», vi;
Winhr awk : ¥
WinDrawp
wWinDrawF
WinDrawli
WinDrawPixel {zx+1, y+2)
WinDrawPixel{x+2, y+7)
WinDrawPixzel (x+2, y+3)
Windrawbizel (x40, y+4);

- 4q;
break;
caE: "5
cect . topleft.x x=1z
lect.topleit .y y-1;
rect.extoent.x it

rect  extont Ly (ir:
WinErascRectannle {&rect, 0);
Wintrawkinel (&, yi;




Qase

T

ta

WinbrawPizel (x+1, vi;
Z‘iir.DJ:aw‘r'i'-'Pl e+l vyi;
WinDrawPlzel(xz, y+1};

MinDrawPixel {z+2, v+.);:
WinDrawbPirel (x+1, yv+2};
-unDrawElml(}‘, v+2);

WinDrawl L 5 Yr2)E

WinDrawrki y+d);

WinDrawPizel (=« "_, v+d )
WinDrawlixel (x+7, v+ )
X o+

hreak;

e

rect.topleft.x =15
rect Jtopleft oy y-1;
rect sextent.x H
raect .extoent.y 7;

dinkbraseRectanyle (Lieoct,

WinbrawPizel (2, v):
WirDrawPixel (241, v);
WinDrawPixel (e, )
HinDrawPlizel (=, y+1);
WinDrawPizel {2+, yv:
WinbrawPixel (x+1, 2
WinDrawPixel (xz, yh_ Yi
WinDrawpPi
WirDrawPizel (x, ytd);
WinDrawPizel (®+1
WinlrawF
WinDrawPixel (x, y+3);
X o+w 4y

hreak;

!
2

['

rect. pfgpaeft . x ol
rect.tcpleft.y y-1;
regt . extent. X 5;
rect.cxtent.y = 7z
WinkEracckectangle (srecr,

WinDrawPizel (x, v);

WinDrawPixel (w+31, vi;
Winhirawlhimel (x+2, vy);
WinbrawFizel{x, y+1};

e Yt d
elfmel, y+d);

;
r

ellx+l, vwi3d);

1

;

WinDrawPizel (s+2, y+1);

RinDrawpP;
WitDrawF
WinlrawPix
JORE A

break;

galix+2, y+2)
Lixn+2, w13}
el (x+2, v+4)

L

rect.topleft.x =17
rect Ltoplert oy ey
rectimetont o x 7
rect . cxtent .y 7
WinEraschoeetangle [hre
WinDrawPimel (1241, v);
Winhrawl'isel (n, y+i);
WinDrawFizel (m+2, y+1]
winhrawkizelix, y+2):
WinBrawlizel {x«2, y+.)
WinDrawbixel (x, y+i};
WinDrawlbixel(x+2, y+3)
WinDrawDixzel (241, y+4)

7
;

v

~
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1++;

o

]

WinDrawPixel{z+1, v+2);
dinbDrawPixel (z, v);
WirnDrawPizel (x+2, v}
WinDrawPixel{z, v+d};
WinDrawPlzel (x+2, v+4);
¥ 4w 4

krear;

rectctopletlt oy
rect ,extent . 3
rect.extent .y T;
WinEraseRectanale (&rect,
dirDrawPixel (x+1, v);:
WinDrawFixel(x, yv+1};
WinDrawPlxel (242, v+1);
WinlrawFlxel (x, v+o);
Winhrawpi L{xtld, wto)
HinDrawp L{m+r, y+d
winDrawtizel (z+1, y+4)
Winbrawl pl{x+], y+.2)
Winhrawh'izel (x, v):
Winlrawbizel (x+2, v):
WinDrawbisel{z, ytd);
WinDrawb iz 2, ytd);
X 4= §;

break;

rect. topleft . x -1
roct .topleit.y y=1;
rect .extent.x 5
rect.extent.y T
WinErazeReclangle (&rect,
WirnDrawPizel (x, vy+3);
WinDrawPizel (=, v+4);
WinDrawbixel (z+1, y+2
i

FWinDrawPixel (x+2
HinDrawPizel (x+2, v}
X 4= 4

broak:

¥+

rect.topleft, o x-1
tect . feplett .y y-1
rech extent . x H
LdcE , extarnt 7:
WinErasekectingle (&rect,
WinDrawPixel {(x, y+2);
WinDrawbixel {2+1, y+.3;

= 3
reoi:

e e

0y

u;

;

’
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Irda.c

/7 R e e R N T Uy A WK W H ow ok k

,f/' R R I I T T S SRV TS St ARV AR S Y LR R R R g X 3

Ipda.g

#include <FPalmO5S.h
finclude <SerialMygr.hi>

MathLip headers
#lncludne <MuthLib.h

fir.clude "TF.p"
#include "TFRoc.h”

/ 4*****";&w*-l:****k******-}x***i"k'\"k'&****d‘ir*********5\********i‘*‘k*-‘e**i}**wi

// Glokal variakles
/ -c*v**-k*'\-***-kw**-Dr**i--l-*-jr-k****-k**‘kir*dr*‘)r-h‘i-h*****-k-k-k-k*******k%****-&******

UIntlé portld;

vold *onstoemderQr;

Intd2 hawivilue;

I *-ﬁ*k*#*w**i*r*A'-i.—**-k*-ka**&-\k***+*-l--l;****-}r***i-*w-&*******i—!*s\-****&***i{‘**

// Internal Conctants
O T K ke how e e ke ke Rk Wk ok ok ok Wk W ok Rk R T e R e L ]

#detine myCustom3erQueuelize 102

P H ke ke kb ko ko bk ok kR kR kR ok ko ko ok ok ke ok ok kb ok ke ok ko e ok ok o e e ok o e B ok o

kR kA ok ko wk ok ko bk kR R KRNk kR kol ko ko ke ok kb ok kR K ok ko ok ok kk bk bk ke b bk ok ok

FINCTION: Jerlalltart

DEZTRIPTION: Open serial port.
CONFIGURATION: - 9400 baud rate

RETURNED':
err - errNene 1f nothing went wrong

Err FerialStart{void)
{

Err err errone;

err drmOpen{serPortIrPort /¥ port */, 9600 /¥ kaud */, &portIi);
+f ferr) {
it flerr serBrrAlreadyQpent |
Frvflert{CeriallinliceAlert );
sroflloge (pertId);
b oelce
FrnAlers (CantOpen3eriallAlert);
return err;
t
Jrmcontrol{portld, sentCtlIrDAEnable, NULL, 0);
err SorialTontig{);

SetRecelveRuttor (g
gdrmReceiveFlush(portTed,

[

baudvaluce 9 &

retirn enr;




R R R E R R R e e e e e A R R L R R i

R R R R R A R R E R A RN EEE R LSRR RS

// FUNCTION: GetReceiveRBuffer

DESTRIPTION: ZJet buffer with a receive queue of ‘mylustomSerQueun=fize’ bytes

stReceiveBuffer{void)

Brr gre;
cuostom3erQP MemPt rNew (myCustemSerQueunrilae) ;
if {customSerQF) {

SEL srmSetReceiveBuffer (portld, customderQP, myCustomi3erQueuelize);

}oelae |
FrmAlert (NotEncushspaceAlert);
return memkErrNotEnouzhspace;

I

return erLNone;

/7 O R R R 2 s 22 R R R R R R R A R R L RS R R

Pl ok ko k ko de e ke ke ok ok ke ko k ok kR ok ok ok ok kk ko ok w e wk wok ok k ok w bk kol ke kb ok ok kol kK kK ke

FUNCTION: Jerialc nfia

DESCRIFTION: Configure serial port.

/
// CONFIGURATION: - 1 otop bit
i - 8 data bits
- Flow Control disabled
/
RETURNED:
£ err — errNene if nothing went wroniy

Err SerialConfig{void)
1
Err err crrNone;
Ulntlve paramiize;
Ulgt32 flaas = sromSettingsFlzgBitsPerChars
srmSectingsFlagditopBitel| srmdettinasFlagRTEInactive;

piramsine sigeaf(flaas);
arr = SrmControl (poreld, semCtlletFlags, &flags, &paramSlze);

return err;

.’/ R R R R R AR R R IR R e e

ek kkk ko wok Aok ke ok ok k bk wdk kb ko ek b oEox kdkk ks kkk kb okek ok ook ko ok ok kor F bk ok ok ok ok ko ok
FURCTION: Uerlallitop
DE3CRIPTION: Restore the «dcfaut butter and close serial port.
void SerialStop{vaid)
{
ZerDefautReceiveBuffor();
SroCloge [portld):

ek Rk ok ke ke ke ke ok ke ek ke ok d ok ko Kok R ke Wk kol ke ok ke ek ke ke ke ke ok ok kR b e Rk ek

R A 2 22222 R R R R R R R R RS A R L S A R R AR R

FUNCTION: JeiDefautReceiveBuffer

// DEACRIPTION: Restorn the defaut buffer.

void setDefautReceiveBuifer {(void}
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/7
i/

.’If
/

SrmietReceiveBuffer{portId, NUYLL, 0);
1t {custcmSerQP)
{
MemPLrFree {customSerQl) ;
customle rQp NULL;

+*****+***¢***4*******4***************k****w*w**********************

****%******************k*****&********+**++*+ww*w**w+**1+*********vr

FUNCTION: Serjialdend

DESCRIFTION: Manda dados pela porta Ir.

veid Serialdend{void *sendbuf, UInt3Z taman)

{

s
/

Err crror;
Ulntiz Lany;
tama SrmSend{portld, sendbut, taman, &error);
if({tama != taman) FrmAlert (CantOpenSerialAlert);

ARk KRk ko ok ke ek ek ek ok el e e e o ek o e e e ek ok ek ko ek ok ko bk e ko b ok ok Rk

i e A R e R R R L v ST

PUNCTION: GetFicldText

Char *GetFieldText (UIntls fieldID)

{
MemHandle txtH;
o Texto
Char *LALE;
para o Texto
FormPtr frm FrmGetActiveForm{); /4 Ponteiro para o Form

FieldType «£1dE;

pira o Campo de Edigdo

Encantra o campe informad
fl1dP = FrmGetCbiecrFtr{frm, FrmGetObijectIndex (frm, fieldID));

// Pega Handle do texto do Campo de edigdo
t®tH = FldGetTertHandle [£14P);

// Se nio houver texto no campr, retornamcs NULL
iT {ihxeH)
return NULL;

"/ Blequeia a area de nemoria do Palm onde estd o fexte
txtlP = MemHandlelock (txtH);

5e ndo chrermss um Ponteiro valido para o texte, retornam-s NULL

it {'txtF)
return NULL;

/' Dol 1iela a r i
VoenHandleUn loan (tatH)

return Lxitlk;

ke e e o ko kR sk kR ks ek e ok sk ok K ok R o M e ke ok ket ke vk ket ok ok ok o e ok ke e o e ok b

R R R A VR

FUNCTION: SetFloliText
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/
vald SetFieldText (UIntlé fieldID, Char *strp)
1
MemHandle txtH, oldtztH; /
Nowvo e Antigo Handle
Char *LxtPtr;
Fenteiro para o Texte
FormPtr frm = FrmGetActiveForm(}; // Ponteire para a
Form
FieldType *E1dr; /

Fonteiro para o Campo de Edigio

Se o ponteiro pira o nove texto nido for valido, =al
If (tetrP)
retulng

/4 Elcoutra o Cuamps informids
t1d4F FrmsetObjectPtrifrm, FrmGetCbhilectIndex(frm, fieldIiD));

// Salva o Handle anterior deste campy para podermos
// libera-lc depois de colocar no neove Handle
oldtstH FldGetTextHandle (f1dF);

Aloca um Handle para a String adequado 2o tamanho
// da String que sera armazenada nele
txtH MemMandleNew{Strlen(strP) + 1);
if ('txtH)
return; Je nio consequir alocar memeria, sai

// Blogueia o Handle para podermos alterar seu conteuds
txtFPtr MemHandleLock (tztH);
i (!txEPLz)

return; // 5e ndo consegulr bloguear meméria, osai

// Copia a Strinq para o Handle Blogueads
Grrepy {tntELr, strE);

Decbhlcauela Hanile
MenHandleUnloack{ixtH) ;

/7 Coloca o uove text
FliSetTextHandle (fldp, txtH);

// Redeseuha o Campn
FlaDrawrielJ(F14F);

Lipera Handle antericr
if toldiagiy
dombandloFree (clat=1H)

ek ko e e e e ek kKK K F e e ek ke X Ak R R Rk K E ke hde ke ok ok ek e gk Rk Rk ok b d ke ok ok ek ok ok

7 Ak h kot ek ok ko ko R ok ok sk ke Rk ko kRt K e e ek ok ko k ko e W R R R R RN R ek o ko ko

/ FUKNUTION: Envia
DESCRIPTION: Manda dados pela porta Ir.

void Bnvial()

{

chutr “"Lexie;

textn GetFieldText (MiinEnvField) ;
JerialSend(textc, Strleni{toxta));
i Serialfend{CerFiedText (MaluBEnvField) ) ;
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R Rk ok kM Kk F A E RN ko kb ok ok ko kR kW h ok ok kR F kR ke ke ok k hh b bk ke k ok ok

ok ok gk sk ok ok kk d R ok ko ke ke gk ok ok R R W Sk R Wk R Hhh ok kA kW ok ok ok ok ek kW kR R ok w ok w k ok bk b

FUNCTION: ReceboTexto

DESCRIPTION: Recebe dados pela porta Ir.

voird RecebeTextol()

1

4

/7

char textoRec[l00];

int EBitcoRcwd »;

do
LextoRec [Bitskevd] Recebalhart);
it {{textoRec[BitsKcvd] 3) |l (textoRec[BitsRowvi] 41)
{

fextoRec {BitsRevd] "ot
SrmReceiveFlush(portld, 1)
I
BitsRovd += 1;
} while {(textoRec[BitsRevd - 1] t= "\(Q');
1f (BitsRevid > 1)
{
JetFieldText (MainRecField, textoRec);

HEkd ko kk kK h Kk kb ok k ok ok ok Rk KR bk ok ok ok ok bk dok ko ke e de o ek ok ok ke ok e o b ke ok e e e ek

\k**++i‘*‘!’***'k'k*%”J;*Jg*-l--A-**«k‘k":'k*k*“k\k\iﬂk\k&-Jr-ir-l-**1‘****i’*i‘w*******w**w-}:*****?*

FUNCTION: RecebheChar

DESCRIPTICN: Recebe caracter pela porta Ir.

char RecekeChar{)

{

UInt3? byteRcwvd, waitTime:
char rcvData|l];
Err eorror;

waitTime = SysTickePerSecond() / &;

byteRevd = SrmRecejve {portld, rcvData, 1, waltTime, &error);

if (({error gerBrrTimedut} 44 (byteReovd == 0})

[
SrmliearEry {portid);
ZrmReceiverlush(portIa, 2):
revbDatalo] 3;

t

if {lerror) && {error != serErrTimeour))

{
SrmClearErr(portidj;
JrniReceliveFlusih{portId, 1);
revbhata[o s

i

returr roevhDats ;

R R e R R R R R L e R

Hrkkdk sk ko k ko Wk ke ke r ok k ko k kKA KW Rk E K Rk k KT R RN R R R Wk ko kw ko ok r ok ok bk ok oWk o ko

FUNCTTION: HaudRat

DEICRITTIGN : Mada Haad Rate




void BaudRate (int 1)

{

UIntlé datalen
RectanagleType rect;

if (]

{

1)

= sizewf (Int32);

if {baudvalue
if

else
rlse
else
else
else
lse
else
nlse
else
aloe
else
nlse
else
else
@] ae
else
else

()

if
Sl
if
if

if

4

it

if

if
it
if
if
b 1

tbaudvalue
{baudvalue
{haudvalue
baudvalue
{baudvalue
tbaudvalue
{haudvalue
{baudvalue
{haudvalue
thaudvalue
{haudvalue
{baudv.lue
{baudvalae
thaudvalue
{bauavaluc
{haudvalue
{baudvalue

it {kaudvalue
LA 3
if
S
if
if
if
if
if
if
if
if
if
if
if
it
if
it

elso
else
else
alae
else
el se
else
else
else
elsa
else
elge
else
else
else
olse
else

rect  topleft .=
-y

nemal

re

rect.

teplefi
teexient.
Ly

xtent

*

tbaudvalue
{baudvalua
{baudvalus
{haudvalue
{haudvalue
{baudvalue
(baudvaliue
(Faudvalue
(baudvalue
(baudvalue

(baudvalue =

(audvalue
{(baudvalue

(haundvalue =

{baudvalue
{haudvalue
{baudvalue

*d;
147%;
18;

I

WinBraseRectanyie {(arect,
(25,148, (baudvalue/100}) ¢

Dy awhiumbers

srmControl (portId,

srnCtisetBaudRate,

shauwdvalue,

1200) baudvalue 1300;
== 1300} baudvalue = 1400;
1400) baudvalue = 1500;
== 1500} baudvalue = 1600;
1600) baudvalue 1700;
1700% baudvalue 1800;
1800} baudvalue 1a00;
1900) baudvalue 2000;
2000) paudvalue 2800;
2100 kaudvalue 2200;
2200} baudvalue 2300;
2300} baudvalue 2400;
24001 baudvaluse 4800;
4800) baudvalue 2600;
S9600) baudvalue 19200;
== 19200) baudvalue 38400;
38400} paudvalue 57600;
== 57600} baudvalue 115200;
1300) kaudvalue = 1200;
1400) kaudvalue 1300;
=3 1500) baudvalue = 1400;
1600} baudvalue 1500;
== 1700) baudvalues = 1600;
== 1800} baudvalue 1700;
== 1900) baudvalue = 1800;
- 2000) baudvalue 1800;
== 2100} baudvalue 2000;
== 27200} baudvalue 2100;
= 2300) baudvalue = 2200G;
== 2400) baudvalue = 230(;
== 4800) baudvalue 2400;
== 9¢00) baudvalue = 480C;
= 19200) bkaudvalue = 9600;
== 3B400) baudvalue = 19200;
== 57600} bkaudvalue 3R8400;
== 115200} baudvalue 5TEDO;
M

sdatalen; ;
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J/ TF.h
7/
// header tile for TF

#ifrdet TF H
#define TF_H_

S kwhawkwkkrhkkkwhkwkww kb okwckwckwkwkwrhwkwrk kb ww bk wk bbb hwwkkwkrbwhwkw b ww

// Prototypes

EHWH G K N AI LA KR AT koA r Ik M Ak H Ak F ok d kA A d kKN kN ok koh ok h oAk R AWk h W a ok Rk F R

void * GetObjectPtr{UIntlé cbiectID);

Boclean ControleFormHandlebEvent (EventType * eventP};
Boolean CentroleFormDoButtenCommand{UIntle command);
Foolean MalnFormDeCommand{UIntl6 command);

volid DrawChars (Intlt x, Intlé vy, char *str);

vold DrawVel (int i)

vold DrawDir{);

Frr derialltart (void);

Frr SerialcCentivg(veid);

Err UetRecelveButler (void);

void SerialStop(void);

vnid SetDefautRecelveBuffer(void);

volid Seriallend({void *sendbuf, UInt32 tamarn);

Char *GetFieldText (UIntls fieldiD);

void kovial();

v id Recel eTexta()

char RecekeChar{):

vold SetFieldText({UIntis fieldID, Char *strP);

vold BaudRate{int 1};

vold DrawNumbers (Intl6 x, Intlé y, int numal;

// ok k ko sk e kb sk k ok ks ok sk ke sk ke sk kv ke ok kek ke sk ok ke sk ok bk ke ke ke sk e i ke otk sk sk Rk w k ke ok ok ok ek bk ok ik bk ok

Internil Jdtructures
// B e g T A T I I IE I O o o o R

typedef struct TFPreferenceTlype

UInts8 replaceme;
} TFEzeferencelyne;

/f dmwwck ke bk ek akFwhkrwokrkkw ok bk wb ok bk ok ow bk w kb bW kb Ak vk R ek b

// Glokal wvariables
B kI R IR A e A e e S U R o o I e

extern TFPreferenceType g _prefs;
extern JIntld portTd;
ztorn vold YoustomderQr;

nrtern Ing22 bandvaline;

S kkRRmaw ki akw kA kR Rk kk ki rk h ke P e e L E L ]

T e e e~
// Internal Constantes
L I R R R R R R A R AL RSN

#define appFileCreator 'ELTF?

fietine appMamne "TE"
fdetine appVersiconNum 001

tdefine appPreflID 0=00
fdefine appPretVersicnium 1201

#onal f TR H
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TfMain.c

TrMalin.c

Finclu i Falmds, h

MarhLib headers
#include <MathLib.h
#inclure <math.h

#include "TE. W™
#inalude "TRRsa.h™

HET kR R I AR KR KA F R A F Ak ok ok ok kL F ok E AT Rk R E ok F R R R w Kbk ode ko k ko k bk wek ow ok d ok ok ok ok owd ok W

// Entry Points

L R R R e R e R R R R L T
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tlokbal variables
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Boolean Ascl;

T_prefs
cache for application preferences during program execubtion
TFPreferenceType g prefs;

[ TRtk ddkk ko ko k kR kW kR Rk ok ok ok ok ok k ok ko kS bk ke ko ok ek ok ok ok hok Rk kR ok ke ok ok ok ok ok ko R ok

/ Internal Constants
******************'!e'i(*********w%w************‘k'&w***?****‘k*‘k********‘k*

// Define the minimum OS verslon we support
#lefine ourMinvVersion aysMakeROMVersion{3, 3,0, sysRCMStageNevelopment, 0}
#define kPalmlSl0Version sysMakeROMVersion(l, . 0, 3v2ROMStageRelease, 0)

e e R R R e R R R R R R

-

Internal Functicnsg
ek ke ok k ok Wk ok KR Rk ok ok koW oW ok Rk Rk vk L i R R e R e R & k3
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" FUNCTION: GetOkbiectFtr

This routine returns 3 pointer to an ckject in the current form.
FARANETERS:

LormT i
ii et the form Hisplay

RETURNED:
addaress of okbject as a void pointer

vold * GetObjectPtr(UIntl6 obijectID)

FormType ~ trml;

t LP FrmGetActiveForm() ;
return FrmGetObjectFPir{frmfP, FimGetCObjectInde=(frmP, okiectID)};

kbwdkdkkk wh ok d ok kw ok ko ko kkkk kR h R R AR F Wk ok ok oh ok ok ok d o ok k bk bk kb ok ok ok ke kb kW
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FUNCTION: MainFormlnitc
DESCRIPTION: This routine initislizes the MainForm farm.
PARAMETIRT :

frm
pointer te the MainForm form.

static void MalnFormIniti{FormType * /*trmP*/)

/
/7

Fokkhk ok ok kb kA kb ok ok h ok wk wk kR A Fw ok kb ko w kR ko d A ok Wk hh ko drk ko bk o o ok ek ok k kR

R R R R R R R R R R L L A R R

FUNCTION: MalnFormBoButtomCommarnd
DESCRIFPTION: This routine periorms the specified action rejquired by a button press.
PARAMETERS: command - the ID of the button that was pressed.

RETURNED: true if the event has bkeen handled and should not be passed te a higher

level handler.

'/

static Boolean MainFormDoButtonComrand (UIntlé command}

{

Boolean handled = falze;

awitch (comearnd)
i
case MainNerxtButton:
FrmGotoForm{ControleForm) ;
handled = true;
break;

case MalnMaisRubtton:
Baudxate (1} ;:
handled true;
P reax;

caze MainMenosButtrorn:

EBaudRkate (0);
handled true;
brealk;

15e MainEnviarButton:
Ernviat):
Lardied tr ;

bireak:
defaulr:
Lireak;

roturn (Lanedled);

Ak ko kh ko kW kwekw ok k ok h kR h ok k ko kb bk bk bk kb b bk ke ok ke ke k% bk ok
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FURCTION: MainFormDoCommand

DESCKIFTION: This routine periorms the menn conmand speciiied.
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/" PARMAMETERS:
i
comard
/ menu item ig

Boolean MainFormDoCommand{UIntlé ccmmand)

Bormlean handied talse;
FormTyre * 1rmp;

switch {command)
{
case OptionshboutTE:

// Clear the menu status frem the display
MenuEraselStatus(o};

// Digplay the About Box.

frmP FrmInitForm {AbocutForm);:
FrmclaDialog {{rmP});
ErmDeletePorm (frnd) ;

handl«d trne;

bare by

return handled;

kg ok ok ke k ok R Rk ek ko ke ok ek ok kR ok ek ko ke ke kR W e sk wd ok k ok ke ko ke ke e ke e ek ek e K
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// FUNCTION: MainFormHandleEvent
DESCRIPTION:

// This routine ig the ovent handler tor the "MainForm™ of this
/f application.

FARAMETERS 2

pventl
/7 a pointer to an EventType structure
/
RETURNEL:
7/ true If the event was handled zrdd gshould not be passed to
I FrmHandleEvent

atatic Boolean MalnFormHandleEvent {(EventType * eventP)
{

Booclean handled = false:

FormType * trmF;

FvikeootAutcdffTiner () ;

mwitch {eventr =reTyne)
{
case nendEvent:
teturn MalnFaormRoCommand (eventP->Adata.menu.itenlID) ;

coce frmlpenkvent :
trmf FroGoet Act iveForm();
SrinFormInit [femb);
FrmDrawForm (o) 2
Winhp ywline (BO, 20,850,100 ;
WinDrawLina th, 125,155, 1.5);
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DrawChars(Z0,20, "Enviando:™);
DPrawChars (100,20, "Recebendo: ") ;
Asc?2 = true;

DrawNumbers (25,148, (bavdvalue/100) ) ;
handled true;
break;

case frmUpadateEvernt:
/4 To do any custom drawing here, first call
/7 FrmDrawPorm{), then do your arawing, and
/ then get handled to true.
break;

casw rillvents
RecoleTextaf{) ;
handled true;

IS

case ctlSelectEvent: // Buttom commands
return MainFormbDoButtonCommand {eventP->data.ctlselect.controllID);

default:
break;

reaturn hardied;

o ke e b e e e e de ot bk et e ke e e e b e o ke sk e e e e e e e ok e sk sl e e e ok o ok e ke ke ke e e ke e e ke

JS hrkrkd ok bk kb kA kR F ok r bk kb ok ok kv kb bbbk bk kb kb bk kb bk wck ok  w b ke Lk ko

FUNCTION: AppHundleEvent

DECCRIPTION:
/
// Thir routine loads form resources and zet the event handler for
// the form loaded.

PARAGETERS:

event
7 a pointer to an EventType structure
2
/7 RETURNED:
/A true 1f the event was handled and should not be paased
i/ to a higher level handler.

static Boolean AppHandleEvent (EventType * eventP)
{

UIntl6 formId;

FoermType * trmP;

if {eventP->eType frmLoadEvent)

{
// Load the form rescurce.
fermId eventb--data, frmboad. tormID;
frmP FrmInitPorm{farmld) ;
FrmcetActiveForm{tinD) ;

Set the event handler tor the form, The handler of Lhe
currently active form is called by FrmHandleEvent each
tine Iz receives an event.

swilch {forml.d)

1
saee Mainlorm:
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FrmSetEventHandler {frmP, MainFormHandleEvent);
break;

case Controleform:
Frm3etEventHandler (frmP, ControleFormHandlefwvent):

breal.;
mtaulr:
bredk;

}

refurn true;

return false;

// Hoa Ak bk ki Lk ok b ok ko k sk khok ok ko kb ok ek ek bk ok ko w ok ko ko kb ok ok k k ok ok bk ok ko &
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A/ PUNCTION: AppFvent Loog

// DESCRIFTION: This routine is the event loop ftor the application.
gstatic vold AppEventLoorivoid)

{

UIntle error;
FveutType ovenut;

as
change timeout if you need periodic nilEvents
EvtGetEvent {&event, 0});

1t {! SysHandleEvent{&event)

1
if {! MenuHandleFvent{0, &event, &Lerror))
{
if (! AppHandlieEvent (sevent))
{
FimbispatchEvent (&event) ;
1
}
}

} while (event.eType != arpStopEvent];

// AR R R R R R R R R R R R A R R R R E R E R e d
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FUNCTION: Anpitart
/ DESCRIPTIOQN: Gef the current aprplicaticon's preferences.

// RETURNED:
errNone — if nothiny went wrong

statlic Err AppStart (void)
{
ntls pre1esice;

Er1 err arrione;

// Kead the saved prefererces saved-state information.
prefaosize sizect (TFPreferenceType)
it (PreiGathpplrelernnees|
wrpFileCreator, appPreflID, &g prels, &prefusSize, true)
nobreterencefFound)

~
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err = JerialStart{);
return orr;

/ AR R LR R R L R R It Rk kkw ke ko kkkEh ko Rk ok ok w W w R H ok ok ok k ko ke kb ok e
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/7 FUNCTION: AppStop

DESCRIPTION: Zave the current state of rhe application.

static vold AppStopiveid)
{
// Wrlte the saved yreferences / saved-state informaticn. This
// data will be saved during a HotSyne backup.
FretSetAppPreferences(
appFileCrearor, appfrefID, appPreiveraionNum,
&y_prefs, si:ﬂnf(TFPrererenceType), true);
SerialStop(l;
A/ Zlove all the cpen forms.
FrmiloseAllForms () ;
}

// all code from here to end of file should use no global variables
#pragma warfi_ab_access on

// Fok ok dd ok ow kA bk kol ok by i e ] *-#:4'*******‘k******************
// 'l'*'4('i’**'k************‘#***W‘k*****wP<**i-**k-k**‘k****'A Q*************‘k****w
// FUNCTION: RomVersicnCompatible
/1
// DEUSCRIPTICN:
s
This routine checks that a ROM versicn is meet your minimum
// reguirement.

/ PARAMETERS:

// requiredversicn
mininum rem version requirea

/7 {see sysFtrNumROMVersion in SystemMar.h for format)
/7
/ launchFlags
7/ flags that indicate if the application UI is initialized
/S These flags are cne of the parameters to your aprp's FilotMain

RETURNEL :
error code or zeroa if KCGM versien is ccrpatible

static Err RomVersionCempatible (Ulpt32 requiredVersion, Ulntle launchFlags)
{
OInt 32 remVersiong

See it we're on in mininum reqiired versicn ot the ROM or later.
FtrGet (sysFtrCreatcr, SYySETeNumROMVersion, aromVersion) s
i fromVersicon - requiredyversicon)
{
if ((launchFlags &
{sysAppLlaunchPlagNewGlobals | cysApplaunchFlaglTAg ) )
(sysAppLaunchFlagNewGlakals | syshpplaunchFlacgUTApp) )

FrmAlert (RemIncompatikblellert):




;7
/7
-y

£/

// Palm 95 1.0 will continuously relaunch this
// we switch to another safe ore.
if {romVersicn <= kPalmGS10Version)

{

AppLaunchidi themmand (
sysFileClefaultApp,
cysApplaunchCmdNormalLaunch, NULL);

}

etiurn sysErrRomlrcempatible;

refurn errNone;

Thk A Kk Ak Ak R kR ok ok ok ok ook ko ko ko L R R R TR Hodok ko
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FUNCTION: TEFPalnMain

DESCRIPTICN: This is the main enbry point for the application.

PARMMETERL @

el
cmed
word value specifying the launch code.

cimli'B

pointer to a structure that is associated with the launch code

lauvnchFlaas

word value providing extra infarmation akbett the Launch

RETUENEL @
Result of launch, errNone if all went OK

static UInt32 TFPalmMaln{

JIntla cmd,
Homkbre /romdbBEY S,
Ulrntlif launchFlangs)

Fri errcr;

error = RoemVersionCompatible (ourMinVersion, launchFlags);

if {errcr) return {error);

switch {cmd)

{
vase gysApplaunchlOundNormallaanclh:
error Appstart () ;
if {errcor)
YRR, arror;
// start applicatlon by epening the main form
and then entering the main event I
FrioGotcForm (MainFoaom) ;
ArpEverntl Sy
Appitey ) :
boresk;
default:

nreak;

164
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return errNone;

//‘ **-k+**'A"k***‘k******'}.’***‘k*\k*+-A‘1\--A'**'**‘x****+**~k******‘k******************

*'k'k*'k‘k***********‘x********1****************‘k*******!*1****‘:*1*1*****

FUNCTION: PilotMain

// DESCRIPTION: This is the main entry point for the applicarion.
£
/ PARAMETER3:

o
word value specifying the launch code.

t'rt

'/ cndlB
pointer to a struckture that i3z associated with the launch ceode

I8

// launchFlag:s

// word value providing extra intormatisn akoutr the launch.

KETURNED:
// Result of launch, crrNene if all went OK

UInt32 PilotMain{UIntlé cmd, MomPtr cmdPBP, Ulntlé launchFlags)
{
return TFPalmMain (cmd, cmdpPBP, launchflag:s);

}

// turn a5 warning off te prevent it beiny set off by C++
// static initializer code generation
#Pragma warn ab access reget




