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Assunto: Estigios de (1.38)  Alberto Xavier Pires Borges da Cunha
(142)  José Carlos Lobinho Gomes
(1.44)  Manuel Fernando dos Santos Silva
(1.48)  Pedro Manuel Gongalves Campelos de Sousa Lobo.

Na qualidade de supervisores dos estigios acima mencionados € em face do trabalho desenvolvido ¢
relatado pelos estagidrios pode concluir-se que:

1- Os estagidrios manifestaram entusiasmo e dedicago na execugdo do trabalho intitulado:

" Projecto de uma cama de testes para componentes e médulos electrénicos inclui ndo a concepgdo da
interface (entradas e saidas) e do sistema operativo”.

O trabalho consistiu no projecto ¢ teste em montagem experimental de varios modulos cujas
responsabilidades foram distribuidas:

Software para interface com o utilizador em PC - Manuel Fernando dos Santos Silva; "device driver”
para interface software/hardware - José¢ Carlos Lobinho Gomes; hardware de teste com microcontrolador,
conversdo e software operativo - Manuel Fernando dos Santos Silva e Pedro Manuel Gongalves Campelos de
Sousa Lobo.

Nesta execug3o revelaram aprecidveis qualidades de trabalho que mais desenvolveram. Do trabalho
resultou um protétipo do hardware em "breadboard” e prot6tipos dos médulos de software.

2- No cumprimento dos objectivos propostos, os estagidrios revelaram bons conhecimentos cientificos
e técnicos, capacidade de aplicagdo desses conhecimentos e espirito de iniciativa. A metodologia seguida consistiu
no estudo da proposta base, desenvolvimento por andlise das especificagdes do sisiema objecto, projecto de
solugdes tecnicamente adequadas eventualmente inovadoras, implementagdo de protétipos e validag3o do projecto.

pelo que somos do parecer que foram cumpridos 0s objectivos que 0 estigio se propunha atingir.

Prof. Doutor Anténio Maria da Rocha Quintas Prof. Doutor Diamantino Rui da Silva Freitas

Centro de CIM do Porto Faculdade de Engenharia da Universidade do Porto
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) hardware de encaminhamento
1 INTRODUCAO

Foi feito um estudo de uma cama de testes para componentes e circuitos
electronicos. Com esta é possivel analisar circuitos (ou componentes) electronicos pela
injecgdo de sinais, atraves de agulhas, em pontos especificos escolhidos pelo utilizador, e
receber sinais de volta através de um outro conjunto de agulhas. Pela analise desses
sinais € possivel estudar o comportamento dos elementos em observagao. Assim €
permitido o teste de componentes ou circuitos a distancia, sem necessidade de os retirar
dos sistemas maiores em que possam estar inseridos.
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2 DESCRICAO BREVE DAS OUTRAS PARTES

Este trabalho foi dividido em trés grandes grupos que sao:

- geragdo e processamento de sinais
- driver de interface entre o computador e o hardware exterior
- circuito responsavel pela gestao e encaminhamento dos sinais

A geragdo e processamento de sinais ¢ responsavel pela interface com o utilizador,
criar os sinais que irdo ser enviados para o circuito que esta a ser testado, recepgao das
amostras com origem nele e analise dos resultados. Estes sinais sao enviados para o
driver que se encarrega da transmissao série, via RS232C, para o hardware exterior.

O utilizador tem a sua disposi¢ao o menti principal:

Qual a operagdo que pretende executar?

0- Gerar sinal
1- Enviar sinal
2- Receber sinal
3- Enviar e receber simultaneamente um sinal
4- Visualizar um sinal
5- Somar sinais
6- Subtrair sinais
7- Multiplicar sinais
8- Introduzir componente continua no sinal
9- Aumentar a amplitude de um sinal
10- Convolugao de sinais
I 1- FFT de sinais
12- Espectro de densidade de poténcia
13- Alterar intervalo de visualizagao
14- Fazer o reset de sinais
15- Abandonar o programa

Qual a sua opgao?
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A opcdo 0 tem o seguinte sub-menu:

Que tipo de onda pretende gerar?

1- Onda sinusoidal

2- Onda quadrada

3- Onda tringular

4- Onda dente de serra

5- Seno cardinal

6- Impulso rectangular

7- Impulso Gaussiano

8- Componente continua

9- Impulso de Dirac
10- Degrau de Heaviside
11- Onda exponéncial

Qual a sua op¢ido?

A opgdo 4 tem o seguinte sub-menu:

Que tipo de visualizagdo pretende efectuar?

1- Visualizar uma onda

2- Visualizar uma onda e a sua FFT

3- Visualizar duas ondas

4- Visualizar duas ondas e as respectivas FFTs
5- Visualizar uma FFT

6- Visualizar o resultado de uma convolugio

Qual a sua opgdo?

O driver de interface com o exterior tem como fungdo tornar a comunicagio, com
o hardware de gestio e encaminhamento dos sinais. transparente ao programa
responsavel pela interface com o utilizador, Ou seja, o programa anterior, vé o driver
como um simples ficheiro no qual escreve os sinais. O driver é que se encarrega de os
configurar e fazer a transmissdo série. Na recep¢io faz o processo inverso, ou seja,
recebe os sinais via porta série, configura-os e quando o programa do nivel superior os
pretende receber limita-se a ler como se fosse um ficheiro. O driver comunica com a
placa de hardware através de uma das portas série (COM1,..., COM4).

O circuito responsavel pela gestdo e encaminhamento dos sinais vem descrito em
seguida.
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3 ENCAMINHAMENTO DOS SINAIS

A sequéncia de acgdes € despoletada por um comando enviado pelo PC via
RS232C. Se este comando for o de inicio de mensagem entdo sdo executadas as
seguintes acgoes:

- lé uma mensagem através da porta série, oriunda do PC, e armazena-a na
memoria de dados

- a mensagem € descodificada para um formato "legivel" pelo DAC,
rearmazenada na memoria, compactando a informagdo e ficando apta para transmissdo
imediata

- estas amostras sdo enviadas para as agulhas de saida, através do DAC e
MUX. "Simultaneamente" sdo lidos os sinais de entrada via ADC e as amostras sdo
armazenadas na memoria. A gestdo destas acgOes € efectuada pelo micro através do
descodificador.

- quando todas as amostras sdo enviadas para a saida, procede-se a
codificagao das amostras recolhidas com o posterior envio para o PC via RS232C

Em seguida procede-se a uma analise mais detalhada do hardware e software
usados.
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3.1 DESCRICAO DO HARDWARE

Vd
o f
= edificador
| L=
>
//
[
le——
(s
i
i

3.1.1 Bloco de memoria

Este ¢ constituido por 2 memérias. Uma Eprom onde vai ser guardado o programa
a executar e uma RAM de 32 Kbytes para dados.

A memoria RAM tem de ser de 32 Kbytes para ser possivel armazenar a0 mesmo
tempo 8 sinais de entrada, amostrados 1000 vezes cada um, e 8 sinais de saida,
amostrados tambem 1000 vezes cada um. Isto sO e possivel porque apesar de as
amostras virem em grupos de trés caractéres ASCIl, o programa vai fazer a sua
conversdo para binario antes de comegar a injectar os sinais no circuito, armazenando
tambem as amostras em binario. Quando for a enviar os dados para o PC faz a operagao
inversa convertendo os dados de binario para ASCIL. Para mais detalhes ver parte do
fluxograma.

Para termos memoria superior a 8 bits de endere¢amento ha que compartilhar o
barramento de dados usando para isso um latch.

6
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3.1.2 Bloco de descodificacio

Este bloco teve de ser criado para resolver o problema do numero de linhas de
controlo. Isto porque se quisessemos usar linhas de controlo dedicadas, seriam precisas:

2 linhas para as memorias /RD e /WR

1 linha para o D/A /CS ou /WR

3 linhas de endere¢camento para 0 MUX INB,A,BeC

5 linhas para o controlo do A/D /CS. /RD, /WR, AO e /EOC
2 linhas de comunicagdo série Txd e Rxd

O que da um total de 14 linhas. Como, para além destas vao ser usadas mais as 8
da porta P1 como barramento de dados para o A/D, e as portas PO e P2 estao reservadas
como barramento de dados e enderegos para a memoria, sobra a porta P3 com 8 linhas o
que € manifestamente pouco.

Para resolver este problema fomos obrigados a compartilhar algumas das linhas.
Como quatro linhas de P3 estdo reservadas (Txd, Rxd, /RD e /WR) sobram quatro,
como /EOC é a tnica de entrada apenas podemos compartilhar trés (/RD, /WR e AO do
A/D e A. B e C do MUX), isto obriga-nos a ter um sé bloco activo de cada vez tornando
obrigatoria a existéncia de duas linhas de selecgio independentes. O numero de linhas
necessarias foi reduzido para 11, sendo ainda assim demasiado elevado. Para
solucionarmos isto recorremos a um artificio que ¢ a habilitagdo/desabilitagdo de cada
componente através do acesso a uma posi¢do de memoria para cada um. O mapeamento
da memoria € o seguinte:

A5 Al4 Az L A2 A1 Ag
RAM 0 0 0 0 0 0
0 1 1 I | 1
D/A 1 I 1 1 0 1
MUX 1 1 1 1 1 0
AD 1 I I ] 1 1

O circuito de descodificagdo esta descrito em baixo e efectua descodificagdo
parcial.

||
/f'_.r’r’

|
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Mais adiante, na descri¢do dos blocos de entrada e saida, veremos de uma forma
mais detalhada como este controlo € efectuado na pratica.

3.1.3 Bloco de saida

Aqui temos dois componentes principais, um conversor D/A de 8 bits e um
Multiplexer/Desmultiplexer analogico.

O conversor possui um latch de entrada sendo feita a sua actualizagdo pela linha
/WR e sua inibi¢do pela linha /CS. Assim que as saidas do latch s@o actualizadas ¢ feita a
conversio e, enquanto este estiver habilitado, o valor ¢ mantido fixo na saida até a
proxima actualizagio. O multiplexer/desmultiplexer analogico so vai funcionar como
desmultiplexer ja que se pretende o encaminhamento de uma entrada para uma das
saidas. A selec¢do do canal de saida ¢ feita por 3 linhas e além destas, existe mais uma de
inibigdo.

Para além destes dois componentes principais, ¢ necessario um flip-flop tipo D,
no nosso caso com linhas de set, reset e disparo ao flanco ascendente. A fungdo do flip-
flop é guardar o sinal de habilitagdo do MUX pois a sua activagao € feita por um acesso
a memoria, na posi¢io FFFEy, e este esta activo apenas durante o acesso. Com o flip-
flop ligado da seguinte maneira e inicializando-o com um reset, a sequéncia dos sinais ¢ a
que se pode observar.

MuUX
Sk aF——— INB

-

MUX desabilitado

MUX
INB

" MUX habilitado

O programador tem de ter o cuidado de verificar que o 1° acesso a essa
memoria habilita 0 MUX. o 2° desabilita-o, e assim sucessivamente.

Quanto ao DAC este foi mapeado na posi¢ao FFFDy. Para fazer a
conversio D/A basta escrever nesta posi¢do de memoria a palavra a descodificar. Pode-
se fazer isto pois o tempo de conversdo ¢ inferior a um ciclo de acesso a memoria.
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Cada saida do multiplexer esta ligada a um circuito Sample&hold cuja missdo €
manter o sinal num nivel o mais constante possivel até a proxima actualiza¢do do valor

dessa agulha.
A T ! ;

Este é um circuito muito simples, mas eficaz. Caso se pretendessem melhores
caracteristicas, poder-se-ia optar pela utilizagdo de um dos seguintes integrados; o
SHC76, o SHCS85, o LF398H, etc.

3.1.4 Bloco de entrada

O elemento principal € o conversor uPD7004 . E um conversor A/D de 10 bits,
que usa o método das aproximacdes sucessivas e contém 8 canais analogicos de entrada
multiplexados, bem como um circuito de interface para microcomputador. Além disso ¢
programavel permitindo dois modos de comunicagéo série € uma comunicagao paralela
de 8 bits com saida em binario normal ou em complemento para dois. O controlo ¢ feito
por 4 linhas (MC, AO, /RD, /WR), mais uma de handshake (/EOC).

E necessario fazer a inicializagdo do conversor que no modo paralelo ¢ feita pelo
barramento de dados, onde o bit 2 escolhe o tipo de saida (Binario ou Complemento
para dois) e os bits 1 e 0 escolhem a frequéncia interna do clock. A selec¢do do canal de
entrada também ¢ feita através do barramento de dados. No modo série a inictalizagdo €
feita alterando valores de certos pinos de entrada. Para mais detalhes ver folha de
caracteristicas em anexo. Como no nosso caso vamos trabalhar somente em modo
paralelo o pino MC esta directamente ligado a Vcee.

A habilitagio do conversor A/D faz-se com um acesso a posicdo de memoria
FFFFp. Temos assim um caso idéntico ao do multiplexer, onde mesmo depois de se
aceder 4 memoria é preciso manter o sinal. Uma vez mais resolve-se o problema usando
um flip-flop tipo D (ver figura ....).

ADC
= BTl
D O CS ADC
r
ADC desabilitado
ADC
Q

ADC habilitado

9
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Da parte do hardware deve-se ter especial cuidado na escolha dos flip-flop’s da
familia 74 porque ndo ¢ possivel utilizar o 74 pois este tem um tempo de set-up
demasiado elevado, so lhe permitindo trabalhar a uma frequéncia maxima de 3SMHz.

Entre a agulha e o DAC podera ligar-se em caso de necessidade um circuito
condicionador de sinal. tanto para amplificar ou atenuar sinais. Para amplificar o sinal
poder-se ia utilizar o integrado AD625 que consiste num amplificador de instrumentagao
com ganho regulavel.

Este bloco apenas permite ler sinais em tensdo. Para se ler valores em corrente €
necessario fazer primeiro a transformagao do sinal em tensdo. isto através do uso de uma
resisténcia inserida no circuito do seguinte modo:

.

SLEY R

=1

Esta resisténcia interessa ser de valor muito pequeno, tanto para diminuir a
dissipagdo como para atenuar o efeito de carga. Assim neste caso sera fundamental o uso
de um circuito de amplificagdo como o descrito acima.

As agulhas de entrada estdo isoladas do circuito através do uso de buffer's de
isolamento.

10
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3.2 DESCRICAO DO SOFTWARE DO 8031




3.2.1 Inicializacio do sistema

hardware de encaminhamento

Neste conjunto de instrugdes ¢ feita a inicializagdo do microcontrolador 8031 e do

conversor A/D uPD 7004.

O A/D é inicializado enviando pelo barramento de dados, durante um ciclo de
escrita no componente e com o AQ activo, a palavra 04y. Este valor configura o A/D
para trabalhar com um clock interno de 1/1 do externo, bem como o formato de saida
binario em complemento para dois.

3.2.2 Limpeza dos apontadores

Temos um conjunto de apontadores Apx (com x = 1..8). Cada um deles guarda o
enderego da primeira amostra do sinal a ser enviado pela agulha x. Aqui eles vao ser
limpos colocando-os a zero.

3.2.3 Descodifica apontadores, converte de ASCII para bindrio e compacta

memoria

O formato da mensagem enviada pelo PC ¢ a seguinte:

|N°envios

: {N°agulha|;

r

1000amostras|:

NC°agulha |..|N°envios [|[N°agulha [ ...

Os dados estdio em codigo ASCII. Cada amostra é constituida por quatro bytes,
sendo o primeiro de sinal e os trés Gltimos dio a amplitude em permilagem da
alimentagdo do circuito a ser testado (+ 0-999). Este método torna o sinal independente
da alimentagdo do circuito que esta a ser testado.

Além desta mensagem existem outras, de controlo, que s3o:

"R
g &
8
&
r
"K

Reset

Clear

Stop
Inicializa¢do
resume

OK

Neste bloco de instrugdes a mensagem ¢€ lida sequencialmente ate ao #.

- Quando encontra N° agulha actualiza apontador respectivo com enderegco X. Em
que o X = 1H para a primeira amostra.
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- Lé quatro caracteres (de um byte cada) e converte-os para binario em
complemento para dois.
- Guarda-os sequencialmente a partir da posi¢do de memoria indicada pelo
apontador Apx.
- Estes dois ultimos passos sdo executados 1000 vezes.
- Actualiza apontador correspondente a proxima agulha com X+1000.

- Estes ciclos sdo executados um nimero de vezes correspondente ao N° envios.

- Finalmente 1é a segunda parte da mensagem correspondente as agulhas por onde
vio ser recebidos os sinais. Guarda os nimeros delas em registos internos.

Consideremos a seguinte mensagem como exemplo:
9.5 SHOCR SO bt -
Neste caso os apontadores ficam com o0s seguintes valores:

- Ap2=Apd=Ap5=Ap6=Ap7=Ap8=0
- Ap3=lp
- Ap1=1001p

Assim esta mensagem que ocupava inicialmente 8012 bytes passou a ocupar
apenas 2000 bytes.

memoria

antes depois
Od 1d
dados 1001d

imensagem

8011d

32767d 32767d
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Foi feita esta compactagao por duas razoes:

- Para ser possivel ter em simultdneo até um maximo de oito sinais de
entrada e oito de saida. De facto se esta compactagdo ndo fosse feita, para oito entradas
seria necessario ter 8 X4 X 1000=32000 bytes so para as amostras.

- Apos esta compactagdo os dados de saida estao prontos para envio

imediato para o bloco de saida optimizando tempos de transmissao. Assim 0
sample&hold ndo precisa de ter uns requisitos tao apertados.

3.2.4 Converte para ASCII e envia para PC

A mensagem enviada para o PC tem o seguinte formato:

ﬁl°envios :IN°agulhal; |1 000amostras|:|N°agulhal...| #

Neste conjunto de instrugdes cada amostra, em complemento para dois, € lida;
convertida para 4 codigos ASCII (sendo o primeiro de sinal) e enviados directamente
para o PC. Isto €, ndo ha armazenamento na memoria em codigos ASCIL
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3.2.5 Comunicagao com as agulhas
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O conversor A/D ¢ de 10 bits, no entanto apenas vamos aproveitar os 8 bits mais
significativos, o que vai implicar uma diminuigao da resolu¢do de um valor equivalente a
4 LSB. Isto € equivalente a usar um conversor de 8 bits. Se fossem usados os 10 bits
teriamos que fazer duas leituras ao conversor. Na primeira obtém-se os 8 bits mais
significativos, na segunda os restantes (para uma descrigdo mais pormenorizada ver as
folhas fornecidas pelo fabricante que se encontram em anexo).

Os valores lidos de cada uma das agulhas de entrada sdo armazenados em blocos
de memoria pré-definidos que sdo:

N° de agulha Inicio Fim
1 3FFFh 43E7h
2 43E8h 47CFh
3 47DOh 4BB7h
4 4BB8h 4F9Fh
5 4FAOh 5387h
6 5388h 576Fh
7 5770h 5B57h
8 5B58h 5F3Fh

16
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3.2.6 Rotina de interrupcio
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Para se alterar o enderego de retorno ¢ preciso fazer dois pop's a stack para retirar
o enderego de retorno anterior, e em seguida fazer dois push's com o novo valor de
retorno. Este valor ¢ conhecido e € o enderego da primeira instrugdo do bloco que
desejamos executar. Este valor vai, no entanto, depender da localiza¢do do programa na
memoria.
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4 LISTA DE MATERIAL

1- Microcontrolador 8031

1- ADC pPD7004

1- DAC AD7524

1- MUX/DEMUX CD4052B

1- RAM 51256 (32 Kbytes)

1- EPROM 2764 (8 Kbytes)

1- 74L.S00 (NAND's)

1- 74L.S04 (NOR's)

1- 74L.S74 (FLIP-FLOP)

1- 74L.S139 (conversor 2:4)

1- 74LS373 (LATCH)

1- CRISTAL de

1- CRISTAL de
CONDENSADORES

RESISTENCIAS
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ANEXOS
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;Rotina RECEPT
iRecebe 1 byte da porta serie
;Parametro de saida : A com valor do byte recebido

RECEPT: MOV A,PCON
CLR ACC.7
MOV PCON, A
MOV A,ADCON
SETB ACC.7
MOV ADCON, A

MOV SCON, #50h
MESSMA: MOV A,SCON
ANL A,#01H

Jz MESSMA
CLR RI

SERIEF: MOV A ,SBUF
RET

sRotina TRANSM
;Transmite 1 byte da porta serie
;jParametro de entrada : A com valor do byte a transmitir

TRANSM: PUSH ACC

MOV A,PCON
CLR ACC.7
MOV PCON, A
MOV A, ADCON
SETB ACC.7
MOV ADCON, A

MoV SCON, #40H
POP ACC

PUSH ACC

MOV SBUF,A

TRANS: Mov A,SCON
ANL A,#02H

JZ TRANS
CLR TI
POP ACC

RET
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CMOS 10-BIT SUCCESSIVE APPROXIMATION

AID CONVERTER -

The uPD7004 is a single-chip, 10-bit successive approximation A/D converter containing an
8-channel analog input multiplexer and a microcomputer interface circuit. The microcomputer
interface circuit has two kinds of serial modes and an B-bit parallel mode, which enables ths
7004 to be easily connected to various kinds of microprocessors and microcomputers, such
as the signal processor uPD7720 or devices of the uCOM75, uCOMB4/85/87 and V-Series

families.

' ~

@ Single-chip CMOS A/D converter
® B-channel analog input multiplexer
® Serial/parallel interface available
® Resolution 10 bits y
® Linearity 1 LSB MAX, (@ T, = 25°C) .
® Analog input voltage range: 0... VDD
® Conversion time 104 us (fcx) =1 MHz)
® 28-pin slim (400-mil width) DIP, plastic
° ISingie power supply (5 V =10 %)
Analog |np:n CH4 ’ Analog Input CH]
Analog Input  CHS Analog Input CH2
Analog Input CH8 Analog Input CH1
Analog Input CH? Analog Input CHO
R;luun:l Input Vref+ GND
GND Voo
D87/s0 c3
DB4/S! RO/8TX]
D8S/SHIFT AQ
D84/5CK0 wR/STB
081/50EN MC
DB2/CODE CLOCK INPUT
DB1/DIVI EGC
DBO/DIVO Vi D
\
PIN PARALLEL MODE SERIAL MODE
no| SYmBOL FUNCTION FUNCTION
1| CHa Analog Input CH4 .
2| cHs Analog Input CHS
3| !CH8 Analog Input CHE :
4 CH7 Analog Input CH7 o
5 Vrel+ Positive Referencs Voltage Input
6 GND Ground Digital
7 DB7/S0 Data Bus (MSB) . Saerial Qutput
8 DBE/SI Data Bus (2nd) Sarial Input
9| DBS/SHIFT Data Bus (3rd) First Bit Salect (LSB/MSB)
10| DB4/SCKO Data Bus [4th) Sarial Clock Output
1" DB3/50EN Data Bus [5th) Serial Qutput Enable
12| DB2/CODE Data Bus (6th) Code Salect
13| DB1/DEVI Data Bus (7th) Freq. Divide Ratio St
14 | DBO/DEVO Data Bus (LSB) Freq. Divide Ratio Set
15 vDD Power Supply Digital
16 EOC End of Conversion [Active Low)
17 CLOCK Clock Input (k)
18 MC MODE Select (H = Parallel, L = Sarial)
19| WRSTE | Write Address Writs Strobe
20 AO Control Address Internal/E xternal Shitt Clock
21 RD/SCKI Read Serial Clock Input
22| cs Chip Salect
23 vDD Power Supply Analog
24 GND Ground Analog
25| cHo Analog Input CHO
28 CH1 Analog Input CH1
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INTERNAL BLOCK PERFORMANCE

The sequence controller controls the performance of the comparator, the internal sequence of
the serial conversion register, and the 3-state buffers. The A/D conversion starts in the parallel
mode when the MPX address is written, and in the serial mode when the CS signal changes tq
the high level. After a complete conversion the sequence issues an end-of-conversion signal
(EOC) which can be used for external environment.

The serial comparison register sends signals to the decoder of the internal 10-bit D/A accordin:
to the control signals from the sequence controller and then decides to set or reset the signals
for the decoder, starting with the MSB, with the help of the results from the comparator,

This is the register into which the contents of the serial conversion register are shifted. It out-
puts the converted data via 3-state buffers when in the parallel mode.

In serial mode 1, it outputs the converted data from the SO pin when the SCKI signal falls anc
the CS signal is low, and fetches serial data (MPX address selector data) from the Sl pin when
the SCKI signal rises. .

In serial mode 2, 10-bit converted data accompanied b;.' 6-bit high data are output from the ¢
terminal synchronously during the fall time of the SCKO signal.

1

" The Status Address Latch is 3-bit register to latch the selectioq data for division ratio, con-

version type and MPX address.

It reads the data entered from the data buses (DBg—7) in the paraHE’ mode. In serial mode, it
latches the division ratio selector data and code selector data specified by the multi-function

pins (DBg/DEVQ, DB1/DEV}, DBz/CODE] and also the MP X address data entered through tt
SlI terminal.

Note, however, that the MPX sddress Is fixed at CH7 'and cannot bol selcted in serial mode 2.

An external clock can be divided by one of the ratios. 1/1, 1/2, 1/4, 1/8 for internal use.



OPERATING MODES"

»ARALLEL MODE The parallel mode allows a direct connection to the microprocessor data buses. An example of
the basic operation sequence is shown below.

Cs | . W A A N L - | N
A0 S |

LA U e W \_J _,

a _J v/ y_/
p8gy —- AL ——— =~ D T S s S -
e — 1 \ : \ | S,
. 4 » 4 . 4 i - o—
Initialize A':‘;X | High Low At:gr):u Data Ased
reis High
Ser E a“'“. Byte ok {High Byte}
I
Start End Start Enad
Conversion Data Read J Conversion

During initializaticn the data for clock divisian ratio and the selection of A/D conversion.data
code (Binary/2's complement) is stored until next initialization. Writing the MPX Acdress Set |
into the uPD7004 (Ag must be low) the first conversmn starts with the rising edge of the write
signal.

The A/D conversion requires 36 to 104 cycles of the internal clocki(ficK = fcLK x division
ratio. The EQC signal changes to the low level when the A/D conversion is complete to notify
this to the external envircnment. The 10-bit converted data is read out from the pPD7004 eight
bits at a time. The low byte has valid data in its two high-order bits, followed by six “0"s in the
rest (DBgs—DBg).

Resetting the MPX address starts the next A/D conversion, changing the EQC signal to the high

level when the WR signal rises.
¢ I

N
??TA BUS
RFORMANCE
CONTROL PIN
S WR RD Ag PERFORMANCE DATA BUS INFORMATION
H b X b
No effect High-impedance State
L H H X
L *L H H Initialize Code Select, Clock division Ratio Input
L L H L Address Set i Analogue Channel Select Data Input
\ L H L H High-byte Read High-byte Data Qutput
L H L L Low-byte Read Low-byte Data Qutput 2
L L L X . Not Allowed -




pD7004

v]lTlAL!ZE " In the parallel mode, the initialization data for the clock division ratio and the A/D conversicn
data codes are written into the puPD7004 through the data bus.

DBy DBg DB DB4 DB3 DB2 DB1 Déo
[x [ x [ x [ x| x [ CoDE[DEV1[DEVQ |

| |

High-impedence state DEV1 |DEVg| CLOCK DIVISION
RATIO
L L 11
L H 1/2
H | L | 1/4 |
H | H 1/8 |
\. E s &
1 CODE| CODE SELECT
S h il Binary Data
H 2's Complement Data
\ Data written at the initialization is held afterwards.
ADOH‘ESS SET. The analog input channel is written into the uPD7004 by the bits DBq ... D82.

DBy DBg DBs DBs DB3 DBz DB1 DBy
X X l X X I x | SEL2|SELy |SELQ

e s T

e - wbs 47 . - I
P ' Sram o SO e or

] High-imp'e.dence state SELg | SEL7 | SELD MPX
P 3 _ _ CHANNEL
, ' K L L | CHo
P L L H | CHiy
' L H L | * CH2
L H H | CH3
: H L L | CHa
- ' - H L | H CHs
¢ H H | L CHs .
)y ' H H | H CH7
-.READ DATA . The converted data [y read from the uPD?DO-@'in two bytes.

DBy DBg DBs DB4 DB3 DB2 DB1 DBg
High-byte |MSB|2ND|[3RD 4TH|5TH|6TH|7TH|8TH
Low-byte gTH|LSB| L L L L Ll L




UNCTJONS SERIAL MODE 1 SERIAL MODE 2

(EXTERNAL SERIAL CLOCK,. (SIGNAL PROCESSOR MODE,
: PIN - Ao‘L} = = AO‘H}
\ .o SYMBOL | NO. [1/0 PERFORMANCE 1/0 PERFORMANCE
‘ SO 7 | Output | Serial Qutput (3-state)

To be output synchronously during the fall time of the
SCKI or SCKO signal.

Sl 8 |[Input Serial Input Input To be connected to Vpp
To be read synchronously
during the rise time of
the SCKI signal,

SHIFT 9 |Input Shift Select (H: LSB frist, L: MSB first)
SCKO 10 |- To be connected to Output | Serial Clock Output
. ground potential | (= Internal Clock)
SOEN 11 |- To be connedted to Qutput | Serial-Out Enable
' ground potential (= Active Low)
CODE 12 | Input Code Select (H = 2's complement, L = Binary)
= 1 Inp I oivisi
DEVy 3 |lnput | Division DEV] T T 1 H ] A
DEVp 14 [Input | Ratio
Set DEVp L H L H
Division |
Ratio 1/1 [1/2 | 1/4 | 1/8
STB 19 | Input Address Strobe Signal Input . | To be connected to
' Reads address data to ‘| ground potential
the address latch
during the rise time.
SCKI 21 Input Control signal for the — To be connectec 0 Vpp
Interface Shift Register
To be output during the
fall time and input
during the rise time, .
CS 22 |Input Chip Select Signal Input Internal Seq-g:nca
Resets the internal Reset Signal
A ' sequence. Serves as Resets the sequence
an interface at the low- . controller at the low-
level, thereby allowing - level, starts the A/D
data input/output, conversion at the
rise time.

Notes: 1. In serial mode 1, the following signals are strobed by the CS signal. Therefore, the
output signals are ignored and the output pins become high impedance when
CS = HIGH.
Input pin:  Sl, STB, SCKI
Output pin: SO

2. In serial mode 2, the internal sequence reset signal CS specifies CH7.

RIAL MODE 1 Serial Mode 1 supports serial data 1/0 when CS signal is at the low level. The device outputs the
serial data during the fall time of the serial clock signal (SCKI), that comes from the external
environment, It fetches the serial input data during the rise time of the SCKI signal.

If the MSB-first data is specified (SHIFT = L), the last three bits of the 10-bit serial input data
for the MPX address selection contain valid data. If the LSB-first data is specified (SHIFT = H),
the first three bits of the 10-bit data contain valid data.

This'MPX address data latch in the uPD7004 is selected the trailing edge of the STB signal

starts. The latch can also be achieved when the CS signal starts to rise and the STB signal is
fixed at the low level,

The A/D conversion starts with the trailing edge of the CS signal. The EOC signal changes to
the low-level at the end of the conversion to notify this to the external environment. The time
required for the A/D conversion is the same as that required in the parallel mode. The EOC
signal changes to the high level when the CS signal starts to fall,

The A/D conversion is repeated if the CS signal stays in the high-level and the EOC signal
remains in the low-level, .




T

JEQIALMODE 1 ' , e
[IMING EOC
Cs - /
SCKI
{SH]?IT-L} [ Ms8 [ 2nd I 3rd [ 4th [ 5en [ 6th [ 7en YSRGSt CSE ) Chal

Sele:

{SHIIS=IT-H} Y/Cser s 8l 7th [ 6th | sth [ atn | 3ca X:m)’ms&_;[_ ] Dara
sT8 et |

{SHISFQF-L) —— —-~MsB | 2nd [ 3rd [ 4th | 5th [ 6tn [ 7th [ 8etn [ own [ LsB f————

{SHlSI:QI'-H) = — — —{ts8 [otn [ 8th [ 7th [ 6th [ 5tn [ ath | 3rd | 2nd [Mss -

S -~ The 3 low-order bits of the serial input data serve as channel selection data.

* 8th L L L L H H H H
9th L | L H H L L H H
LSB LI H L H L H L H

\ ; Channel CHg{ CHy [CH2 |[CH3| CH4 | CHg| CHg| CH7

SERIAL MODE 1
SEQUENCE TIMING

Y - / \ f \
ST8 U U
si T 800080001 1900090080 e-
0 --= == {00000 -~~~ = - = - - {000000000C - - - - —- - - -G~
,, EOC___ 7 : I - N
Conversion ' A/D Conversion A/D
Data Read Conversion Data Read Conversion
o *—e .—
. MPX MPX )
: Address Address '
' _ Set Set
Start End Start End
Conversion Conversion



-,

éEHIAL MODE 2  Serial mode 2 allows direct connectidn to the serial interface of the signal processor uPD7720.

I

' T . HPD7004 puPD7720
Shown on the right is an example of connecting
principal terminals between the uPD7004 and SO = S|
uPD7720, S —
The difference to the other serial mode is the SOEN SIEN
fixed, input channel CH7. SCKO - SCX

E ¥

Although the data through the A/D conversion consists of 10 bits, it is followed by six bits of "
high data when it is output as serial data. These six bits of high data always follow tha con-
; verted data for MS2-first or LSB-first (see timing diagram).

“The A/D conversion sequence starts upon the initialization, The initialization is performed by
haolding the CS signal at the low-level for more than eight clock cycles. Tha A/D conversion
starts when the CS signal changes to the high-lavel. The A/D conversion requires 104 clock
pulses (fick). :

The EQC signal, as in the other modes, changes to the low-level to notifiy the end of the con-
version to the external environment. The EOC signal remains at the low-level until the
initialization is imzlemented.

Note, however, that the converted data are output immediately after the initialization is invalid.
Valid data is available from the second output. This is because the MPX address is fixed at CH7y
for the converted cata output which is performed right after the initialization. The A/D con-
version and the converted data output are repeatedly performed while the CS signal is in the
high-level (see sequence timing diagram).

:RIAL MODE 2 ) ‘ f\.
MING ' .

sceo ST AT

tsm%?r-u ------ ~[(sa2nd ([3ra [(ath [5th (6th [7eh [[Bth (9th [LSB] . -

\

{SHISFQ['-H) ——=——-{YLsa[oth [ 8n [ 7th[6th ) 5th [ 4th [ 3rd [ 2nd (MSB/ -

=RIAL MODE 2
QUENCE TIMING |

SOEN \___f—\—/_—\.__[_-
sero U=~ - --- - S VYUU- - - - - UUUU-- UV - - - -- )|
e e W e
' Invalid Valid Valid

Data .Data Data



OLUTE MAXIMUM
'INGS

COMMENDED
ERATINGS
NDITIONS

1.

ONVERSION
HARACTERISTICS

(T = 25°C)

PARAMETER SYMBOL RATINGS UNIT
"Supply Voltage VoD —0.3t0 +7.0 A%
Input Voltage \'l i —0.3to Vpp +0.3 \%
Reference Voltage VREF —0.3to Vpp +0.3 \%
Operating Temperature Topt —40 to +85 °C
Storage Temperature Tstg —651t0 +125 °C
1
(Ty = =20...80°C)
PARAMETER SYMEOL[ - CONDITIONS MIN L::\:PTS MAX 1| UNIT i
Supply Voltage Voo 45 | 5.0 55 | V
Refarence Voltage VREF 40 | voo | V
“| Analog Input Voltage Vi 00 | VREF | V i
High Lavel Input Voltage VIH 24 | oV
Low Level Input Voltsge ViL | 0.8 | Vv
Clock Freguancy ! fcLK 0.4 | 8.8 | MHz |
Internal Clock Frequency l ficx fick = fox x Devide Ratio 104 1.0 | n e | MH: |
PARALLEL MCDE (MC = HIGH) ) i |
) AW CS i, AO—=WR ! © 50 | [ [ ns |
Address Satup Time ——
' tAR C54,A0-ROD 4 50 | | ns |
WA wRt-C3t A0 50 | [ ns |
Address Hold Timae ‘AA RDT—~C3 1, A0 | T
WR Pulse Width Ww 400 | | ns
RO Pulsa Width tRA 400 | | ns
Data Setup Timae tow DB -~ WR t 300 | | m
Data Hold Time two WR t-D8B 100 | |
SERIAL MODE 1 (MC = LOW, AD = LOW; External Serial Clock)
EQOC Hold Time THECS EOC i —~CS ! 0 1 Pit]
CS Setup Time 1SCSK CS § = SCKI { (Note 1) 1 | M
Sarial Input Setup Time 151K Si—+SCKit 150 | ns
Serial Input Hold Time K SCKI t =Sl 100 | m
Low Lavel Serial Clock Pulse Width WLK 400 | | |
High Lavel Serial Clock Pulse Width TWHK 400 | | Lk
Strobe Pulse Width tWLST 200 | | ns |
Strobe Hold Time THKST SCK t—=ST8 t 200 | | ns
Chip Select Hold Tima THKCS SCK t—=CS 100 | |
Note 1fcLk =1 MHz
!
i
{Ty = 25°C,VpD = YREF = 45,..55V,fjck = 1 MHz)

PARAMETER SYMBOL CONDITION T uTr.:{:;rsI o] UNIT
Resolution Ta=—40...+85°C 10 10 10 Bit
Linearity Ty=—20...480°C, 1.0 LS8
Linearity Ty = —40...485°C : t20 Ls8e
Zwroscale Error . 205 Ls8
Zeroscale Temparature Coefficient Ta=—40...+85°C 2 pem/*C
Fullscale Error £05 Ls8
Fullscale Temperature Coefficient Ty = —40 ... +85°C 2 pem/*C
Convertion Time e T « Terial Mode 1 [:T] 1o Lt




CHARACTERISTICS | (Vpp = VREF =5+ 0.5V, Ta =

> CHARACTERISTICS

. uPD7004

—40...+85°C, fick = 1 MHz)

. PARAMETEB SYMBOL| CONDITION MINU';':’IJSMAX UNIT
High Level Output Voltage VOH Ig=-1.6 mA 3.5 v
Low Level Qutput Voltage VoL lo=1.6 mA 0.4 vV
Digital Input Leakage Current lip Vi=0...VpD £10 | HA
Floating Cutput Leakage Current I‘FO Vo=0...VpD ] ‘ 1; 10 | mA |
Analog Ingut Resistance (DC) RI(DC) | VI=0...VpD 2 | MQ |
Reference Input Resistance RREF 5 50 KQ
Power Dissipation P4 5 15 mw

Note: Recommended Analog Input {iiter
Ry

ANALOG INPUT O— VWA A—2 = DEVICE INPUT

' ' —L::1 Ry= 10kQ
. 1 Cy = 1005

ATTENTION: When the multiplexer’s power is turned on, a charging/discharging voltage is
generated. Therefore, connecta capacitor greater than 0.01 uF to the analog Input terminal in
case the driving side has a high impedance.

\
\
\
(VoD = VREF =5205V, Ty = -40... +B5°C, ficx = 1 MHz)
PARAMETER SYMBOL CONDITION MIN LI;:::S MAX UNIT
tRD RD { = OB (Parallel moda) 250 m
Qutput Delay Time
IDKO SCKI §, SCKO & = SO (Serial mods) 250 r
DR RD t = DB Floating (Parallsl mode) 150 "
Qutput Floating Delay Time "
tFCSO CS t == SO Floating (Serial mode 1) 150 ns
Serial Clock Quiput Delay Time tSKS SCKO t = SOEN } (Serial mode 2) 40 200 m
Serial Quiput Enable Delay Time tHKS SCKO } = SOEN t (Serial mods 2) 0 200 [
Serial Clock Quiput Cycle ICYK | (Serial mode 2} = 1Mick m
High Level Serial Clock Pulse Width | twHK (Serial mode 2) 400 ns
Low Level Serial Clock Pulse Width | twK (Serial mode 2) 400 ns
Serial Clock Rize Time tric (Serial mode 2) 20 n
Serial Clock Fall Time tse (Serial mode 2) 20 ns
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1iING DIAGRAMS

i
. |
PARALLEL MODE | .
(1) WRITE MODE s |
|
'_""tWA|
TAW
¥ tww __I
WR l
IDW i- I ‘|"fD
L e —————— = = 2-'._ ________
u' = 1
DBo.7 NG
N T R O
\ (2) READ MCDE
1 X
CS, Aqg J\{
) ‘:I | ~ tHAt'[...._
'l—--t.m
. IRR
M \ N I

—

“_t'.—.f = 4 EOC . \

— e G S . S S—————

2. SERIAL MODE 1

” THKCS
SCKI
'—'——‘HKST—}—
5T8 ‘\T—’
tWLST




. SOEN EL ' "
CYK tHKS —

—-1 l—-—tsrzs TWHK t
SCKO \_/ .\ /" Sﬂﬁm
toKo -

WLk [— 0
L © S S S S P

i

KAGE QUTLINE
7004C :
\STIC)

28 ‘ : 15
DHHHHWHHI‘IHQHD&&
R1.2

- - — —-—

f : \

tilLlLlL_JLlLJL_JLIL.II_ILILJLIM

35.15 MAX. ' &

5.2 MAX.

|

2.54 MIN.




CD4051B, CD4052B, CD4053B Types

CMOS Analog

Multiplexers/Demultiplexers*®

With Logic-Level Conversion
High-Voltages Types (20-Volt Rating)

CD4051B — Single B-Channel
CD40528 — Differential 4-Channe!
CNO_SBB — Triple 2-Channal

RCA.CD4051B, CD40528, and CODA0531
analog multiplexerv/demultiplexery are iy
tally controlled analog switches having low
ON impedance and very low OFF leakage
current. Control ol analog signals up to
20 V peak-to-peak can be achieved by dig
tal signal amplitudes ol 45 10 20 V (il
Vpp-Vss = 3 V. a VpD-VEE of up to 13
V can be controlled; for Vpp-VEE level
diflerences above 13 V, a Vpp-Vss of at
least 45 V is required). For example, if
Vpp* *4.5V, Vgg=0, and VEg = 135V,
nalog signals from =135V 10 445 V can
be controlled by digital inputs of Oto S V.
These muluiplexer circuits dissy extremely
low quiescent power over the lull Vpp Vss
and VpD-VEE supply vollage ranges, imle-
pendent of the logic state o! the control
signals, When a logic 1" is present at the
inhibit input terminal all channels are off.

The CD4051B is a single B channel multi-
plexer having three binary control inputs, A,
B, and C, and an inhibit input, The three
binary signals select 1 of B channels to be
turned on, and connect one ol the 8 inputs
to the output.

The CD40528 & a differential 4 channel mudie
plexer having two binay control inputs, A
and B, and an inhibit input. The two binary
input uignaly select 1 of 4 pawy ol channels
to be turned on and connect the analog in
puls to the outputs.

The CD4053B is a triple 2.channel multi
plexer having three separate digital contral
inputy, A, B, and C, and an inhibil input.
Each control inpul selects one ol a pair ol
channels which are connected in a single-
pole double-throw conliguration.

The CD40518, CD40528, and CD40538 are
supplied in 16-lead ceramic dual-in-line
packages (D and F sulfixes), 16-lead plaslic
dual-in-line packages (E aullix), 16-lead
ceramic flal packages (K sullix), and inchip
form (H sullix).

* ¥Whan ihese devices sre uied s demultiplesen,
the “CHAMNNEL IN/OUT™ teimin
outputs and the “COMMON QUT/IN
Brw the bnputs,

*
3

CD4051B, CD4052B, CD4053B Types
J
IMUM RATINGS, Absolute Maximum Values:
BRPLY VUL TAGE HAMNGE, GVBD!
b [Vanuges ralaranced 1o Vyg Gf Vg, whicheosr I8 more nagatiei -0% 1020V
MPUT VOLTAGE RANGE, ALL INPUTS | DS Vpp *05 WV
(LC NPT CUHHENT, ANY ONE INPUT B0 mA
Cobmty g | — JOWER DISSIFATION PEA PACKAGE [PQ): 4 AL
mout ls Pu Ty~ -40 10 +60"C IPACKAGE TYPE E) . 500 mW 5 u N nith
] il he Ta =160 10 4857C (PACKAGE TYPE E} erate Linearly a1 17 nW/PC 10 200 mw 3 T H ]
Applications: b £  fo 1‘- 5510 100" C (PACKAGE TYPESDLF K) . . . . . . . .uvnnuns 500 mW £l L N | e e
= Analog and digital multiplexing and demultiplexing - Thar 1, + 410010 +125°C (PACKAGE TYPES O, F K) | ::eum l.molll'lr al 12 mW/ C to 200 mW i i “'-.,.l b
= A/D and D/A P . Si | 1 '" - A VICE DISSIPATION PER OQUTPUT TRANSISTOR ol rm
an conversion ignal gating " — R FOR T, = FULL PACKAGE TEMPERATUIL RANGE (A Fachage Types) 100 mn a 3 I l J ”"
" Channtis CHAATING TEMPEHATUNE HANGE |rA| . ___o"". L ¥
Eoatuross i PACKAGL 17 PES DL F K1 -5:(1]::‘-:::-2 - G “,_l VOLTASE IV} — ¥
= Wide 1ange of digital snd anslog rignal PACRAGL VLA 5 : sLate -
levaly: digitsl 310 20V, snslog tv ATHRALE A R L AR "’"“I “"!!’ S Fig 4 — Typical channal ON resstance ve inpul
' 3 Eridon i ALAD TRRAP T VA TR (it SO0 DTG - ngnal voltege 2l typerl.
20Vpp Terminel Avigomit By damanes LIUA L VP02 o b 1055 0 03 J10 prvens] Bonrnes Lave Foss 110y b P
w Low ON resistance: 125 8 liyp.) over 15 o oy e
Vp-p signal-input range lor Vpp-VEE = 15V o T T
] a —vex'*
= High OFF resistance: channel leahage of e ._..Q‘ll ] T ‘TIII l‘"ll 3
£100 pA ityp.) @ VppVgg = 18V Lo i “ %im % i
= Logic-lavel conversion for digital addressing . “_79'__ 2 éuu L HH Awment ve et
. g WTHI 1741 s ernas
signals of 310 20 V (Vpp-Vss = 310 20 ol T g . B e
V) to switch analog signals to 20 V p-p - e = Lo 2 T
(VDo-VEE = 20 V); see introductory text : O whosa. ; 1 LR s
" . e I
® Matched switch characteristics: Agn = =Ty L c3r uzzn W [ - TN 4 H
A . iy Yoo = 11
5 2 (typ.) for Vpp-VEE = 15 V = o] b 3 it
® Very low quiescent power dissipation under COMu0n ¥ gul s 3 I A iy = i sobd g; Hi
undar i i control input and supply e i LB il
conditions: 0.2 uW (typ.) @ Vpp-Vss = . whe sl mwa | (],___I S0 73 -3 -13 O B3 LI
Voo VeEg =10V ::: : '3 = : (@i OLT] R INPUT BGmAL wou TAGE lv_.l—!-r
= Binary address decoding on chip T Fig t - Functivnal diagram of C40518. Fg.5 - r.«;;:d :.‘:uun:f,?: u:;u-mﬂ ve. Inpui
. . X signal voltsge [ai peil.
= 5. 10, and 15-V parametric ratings o057 R v
= 100% tested for quiescent current at 20V Ferininat s aigimient L‘u ,-a
® Maximum input curtent of 1 uA at 18 V _— = fo— } :
over full package temperature range; ! a .“NM YEWFIRATURE A5} 2°C
100 nA 3t 18 V and 25°C i i) v 1 w0
= Break-belore-make swilching ellminates 3 1 Es) [T ;5 scid
» ]
channel overlap Komison =
8] § o
HiNANT + - l‘:
RECOMMENDED OPERATING CONDITIONS AT Ty «25%C (Unless Otherwire Specilied) Lo e R [ = SR ‘;(Pm_ i P
For tmazin celalility, nominal operating conditions shauld he selected so that ppreration LUl ayuIN "'.::‘,o.:- ouliin !‘ =
i1 always within the tallowing ranges. Values shown apply ta 3l typres except as nuted il i -
e ———— e v = i
CH&NA?IE"II!SIIC \i’[_)}) Nll:_, M_lx_ l.lnlil 1 S s W @ °
Supply-Vollage Range * 10 cervann apobicatinn, the esternal losd ima i G TP S T 1 A Eeag T SIGRAL VOLTAGE (¥, ) — ¥
o " A0 LNy
(Ta=Fullbakge | - | 3 | W e o o Fi § = Tt humoat ON ctanes o b3
Temp, Range) whigin wwaith cunrent e into the ||||-.|n-m-‘rl Fig 2 Fuen tivnel diageai of 040420 pignal valtage (sl types),
AT ) i s i pate bits, the voltage deop e e il <"
Multiplexer Switch It teoral wwateh mant nor eaceed 00 woll hadler Ty
Current Capability® - - 25 tatedd o Hopy values showe i ELECTRCAJE? gt ?.w =
- CHAHACTEHISTICS CHANTL Mo Vogal'? Lune acn Noep e B TR T T
Ovtput Load Resistance i !0!1_[ ) vens Wil Tiow thiough Ly il e aemich o o FLE L Yoo Vex

Howa into terminal 3 un the CO4051 10
Jand 13 on the COA0ST, termunaly 4 14wt

on the CU4053
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AD7524

Advanced LinCMOS™ 8-BIT MULTIPLYING
DIGITAL-TD-ANALOG CONVERTER

03100, APHIL 1988

®  Advanced LnCMOS™ Silicon-Gate N PACKAGE
Technology [TOP VIEW)
e Easily Interfaced to Microprocessors outi [Jr el Res
" out2[]z  s[]REF
e OnC Data Li 15 =
On Chip Data Latches GND [_l.'l B
®  Maonotonicity Over Entire A/D Conversion pe7(]a  a[]WR
Hangu o6 (s 12{]CS
11
o topgrented High Order Bits Pocane Fow oS Clo n{]pwo
nua ]y ol ]08)
Calitechy Ehat it
D[ |n ul]0B2
® Deigned to be Interchangeable with Analog
Devices AD7524, PMI PM-7524, and Micro AD7524J . . . FN PACKAGE
Power Systems MP7524 (TOP VIEW)

e Fast Control Signaling for Digital Signal
Processor Applications Including Interface
with TMS320

KEY PERFORMANCE SPECIFICATIONS

Resolution B Birs
Lirsanity error Y LSH Max

Power dissipation
5 mW Mas

atVpp = 5V
Settling time 100 ns Mas
Propagation delay HO e Mas

9 10 111213

NC —No internal connection

description

VoD
WR
NC
Cs
DBO

The AD7524 is an Advanced LInCMOS™ 8-bit digital-to-analog converter {DAC) designed for easy interface

1 most popular MIcToprocessors.

The AD7524 s an 8 It multiplying DAC with input latehes and with a load cycle similar 1o the *‘write"’

cycle ol a random access memaory.
the most-significant bits, which produce the h

v, LSE without the need for thin film resistors or laser timming, while dissipating less th

Segmenting the high-order bits minimizes glitches during changes in
ighest glitch impulse. The AD7524 provides accuracy to
an 5 mW typically.

Featuring operation from a 5:-Vto 16V single supply, the AD7524 interfaces easily to most microprocessor
buses or output ports. Excellent multiplying (2 or 4 quadrant} makes the AD7524 an ideal choice for many

microprocessor-contiolled gain settng and signal-control applications.

P ADVZS20A is eharaetarizod for aparation from
fon tprtations frop O to 7O

AVAILAULE O TIONS

(JI‘I.IEI-I.;\JG

SYRBOLIZATION

i PACKAGE | TEMPERATURE
DEVICE ’
SUFFIXES HI\F!GE
ANTL2AA N 25"C o B5%C
Al Thran M. FN 0+*C 10 70°C

Aolvanced LnCMOS is a tiadematk of Texas Instrarients Incorporated

269C 10 B5°C, and the AD7524J is characterized

PRODNELION DATA ducsiments contamm information .

curtent o ul publication date Products confurm to - [

sprobicatiuns pet the terms ol Tesas listruments n XAS
INSTRUMENTS

staidaid warranty Pooduction processing duey Aot
wecessanily incude testing of all paramnters
Wt b R | e Bk D - DALLAGL. TEEAS T520Y

Copynghi

BTN

Tewas Instrurments o orporsied



AD7524
Advanced LinCMOS™ 8-BIT MULTIPLYING
DIGITM‘TD-,QNAI.DG CONVERTER

functional block diagram

Voo
g ||1-n
115) R R "
REF —— ~{ FArA— ]
m 0 H] Mmooz
] i)
? My
51 52 i 53 SH
] | i | i
I T I T | |
| | H | imn
I ] i [ oun
JI J I : 12
T - o
1
ALl IR - g
naf o DATA LATCHES 13 GND
=3 i
'y 4 » 'y
4 151 161 [AR}]
oa7? DB6 Des pun
\‘MSB! ILSE)
W
DATA INFUTS
operating sequence
tsulCS) >
H—lr.rCSl

P

oBO-DBY

L Wi ————

F—‘INIDI—H
| F—¥— 0

e o

absolute maximum ratings over operating free-nir temperature range (unless otherwise nated)

Supply voltage, Vpp .

Voltage between Rppg nnd GN{) R

Digital input voltege, V|
Reference voliage, Vigf .
Peak digital input current, |

Storage temperature range

Case temperature for 10 seconds: FN packagt.

Operating free-air temperature range: AD?524J‘\
AD75244 . ... ..

DAVIn 1TV
125V

OJV[UVH[)IEJSV

Lead temperature 1,6 mm (1/16 inch) fram case for IU ',t,u,muls NI ;I;‘I.(_-kl.-u,.;

125V
10 A

- 25°C 10 B5°C

0“C o 70%C

65°C 1w 160°C

260°C
260°C

AD7524

Advanced LinCMOS™ 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

TeExAs ‘b

INSTRUMENTS

FOST OFRICE BOK 5% WIS« DALEASL [ RAS T5)6Y

recommended operating conditions

Sty voltige, Vi

Hasteannn ar walt

n Vel

Phurghe Decwni b gt werlbaggen, Vg

vl ot woltange, My

LR UL R L T P |

faft ) X
Lhaatan Qi aijanid ::mu_u b Lol

Fhaitan Do anvpunsd Disalad tarvng, 1

Al

A0

AD

Ciperanng lrew i teimperature, Ta

Al

Vpp = 5V Vpp = 15V ORiT
MIN  NOM  MAX | MIN NOM  MAX
475 & 5.25 14.5 15 15.5 v
10 + 10 v
R 74 135 v
= & e 08 15| v
) A LEE an - ns
B 1} - —-—0 ns
T ) 24 25 ns
e |50 10 ns
e 40 a0 ns
) - 35 B5 | 25 85 | .
4] 0 o 10

and OUT2 at GND (unless otherwise noted)

electrical characteristics over recommended operating free-air temperature range, Vief = 10V, OUT1

=== Vpp = 5V Vop = 15V
TEST CONDITIONS ] UNIT
PARAMETER EST CONDITIY MIN _ TYP MAX | MIN TYP MAX
g tevel input Full range 10 10
] v W I it A
M rent 1= Qi 255C 1 TR
T Low level mput — Full range - 10 T i
i curmen ki .’J 'C =1 -1 2
T 30 D7 at O, WA
e Full range + 400 + 200
ouT and C5 a0V,
. Output leakage Veal 110V 25°C 1 50 + 50 o
"9 curem DBO DBt V. Full rangs + 400 + 200
T W and CS a1 OV,
ourz and CS a1 OV ager 250 +50
Vgl = 110V
| U0 DI ot Vg Full ranga 2 2
Cnescent — maA
MIESEENT] of Wy i 25°C 1 2
Supply © —_ —— -
oy Hupply curant DBO D1/ w1 OV Foll tange 500 500,
Staniby - + wA
o Vi 25°C 100 100
R Supply voltage sensiivity, AVEB R Full range 001 0.6 0005 0 0:1 1%
VE A AVRn 25°C 0002 008 0001 002
Bopril voanjhki Hanie e,
W 1 b 5 pF
W tiwr i, Wi, €S 1" 3
nnn a0 10
- an by, Wit CSmoV
- At o e e ad C5 ar T30 50 ;
' ’ 120 20| "
D0 O an Mgy W and C5 sr 0 v — Ty 30
4 20 5 20 kil
—
[EXAS
INSTRUMENTS
Pt AL BRI GsS M BATL AL TLRAS TBT8Y a-5
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AD7524
-Advanced LinCMOS™ 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

operating characteristics over recommended operating free-air temperature range, Vief = 10V, OUT1
and OUT2 at GND (unless otherwise noted)

Vee = 5V | Vpp = 15V
¢ PANAMETER TEST CONDITIONS —Ce 2" von = 197
i MIN  MAX | MIN  MAX
Linearity error 102
o
Gain error Sen Moty 1 ol
1k
Sattling tima {10 1/2 LS8} Sea Notn 2 1000 [T
Propagation dalay I digital 1o 90
pagalt ay lram digital input 1o 9 Sos Note 2 80 80 i
ol final analog output current
Vigl = 210V (100 kHe Full range 0.5 - 0s
Fuedrhroug_h st OUTY or OUT2 sinewsvel, Wit and T3 o1 0, 259¢ _ 605 %FSR
DBO-DBY at 0
Tamperature coellicient of gain Ta = 25°C t0 tyyn OF Tnax + 0004 +0.001 [%FSRIMC

- NOTES: 1. Gain etrcr is-measured using the internal leedback resistor, Nominal Full Scale Range (FSH) = Vo - 1LSE
2. OUTY load = 100 1) Cgyy = 13 pF, WA 21 0 v, TS 2t 0 V, DHO-DB7 a1 0 V ta Wy or Vpp 16 0 V

PRINCIPLES OF OPERATION

The AD7524 is an B-bit multiplying D/A converter consisting of an inverted R-2R ladder, analog switches,
and data input latches. Binary weighted currents are switched between the OUT1 and OUT2 bus lines,
thus maintaining a constant current in each ladder leg independent of the switch state. The high-order
bits are decoded and these decoded bits, through a modification in the R-2R ladder, contral three equally
weighted current sources. Most applications only require the addition of an external operational amplifier
and a voltage reference.

The equivalent circuit for all digital inputs low is seen in Figure 1. With all digital inputs low, the entire
reference current, Iref, is switched to OUT2. The current source /256 represents the constant current

' ) flowing through the termination resistor of the R-2R ladder, while the current source lkg represents leakage
currents to the substrate. The capacitances appearing at OUT1 and OUT 2 are dependent upon the digital
input code. With all digital inputs high, the off-state switch capacitance (30 pF maximum] appears a1 OUT2
and the on-state switch capacitance (120 pF maximum) appears at OUT1. With all digital inputs low, the
situation is reversed as shown in Figure 1. Analysis of the circuit for all digital inputs high is similar 10
Figure 1 however, in this case, lraf would be switched to OUT1.

Interfacing the AD7524 D/A converter to a microprocessor is accomplished via the dita bus and the CS
and WR control signals. When CS and WR are both low, the AD7524 analog eutput fesponds to the data
activity on the DBO-DB7 data bus inputs. In this mode, the input latches are taanspacent and input data
directly affects the analog output, When oithor the CS signal or W signal goes Bagghy, tha data on thn
DBO-DB7 inputs are latched unul the CS and WH signals go low again, When CS is high, the data inputs

are disabled regardless of the state of the WR signal.

The AD7524 is capable of performing 2-quadrant or full 4-quadrant multiplication. Circuit configurations
for 2-quadrant or 4-quadrant multiplication are shown in Figures 2 and 3. Input coding for unipolar and
bipolar operation 'are summarized in Tables 1 and 2, respectively.

: i
Texas {‘
INSTRUMENTS

3-6 POLT OFICL BOS BBE100 - LALLAS ThnAS 15204

AD7524
Advanced LinCMOS™ 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

PRINCIPLES OF OPERATION

[ Reg
R
3
[ . ouTt
Ty (RT SR
het —#
our2

FIGURE 1. AD7524 EQUIVALENT CIRCUIT WITH ALL DIGITAL INPUTS LOW

Vit Von
L
Rp = 2kit /? A"q _
(See Note 31 i l
C (See Note 4]
) nml S | I ~
&— OUTPUT
€8 ourz %
WH —————1
GND

FIGURE 2. UNIPOLAR OPERATION (2-QUADRANT MULTIPLICATION}

5 kil

|
Viel Voo ;
l 20 k2
Ny = 2 ki Iy 20 ki? %
P Nota 31 AP
j _T_ [ r—
- 1y I ttion e 4 4—— OUTPUT
(R YII] [> - ) ::'Iﬂll'.!
Ccf ————

aurz

W E
GND =
[
FIGURE 3. BIPOLAR OPERATION (4-QUADRANT OPERATION)
U Ha e Ry dened ol ol grasn s it as reaquined
AU phase cormgrnsation (V005 gk e negueeed webien gsiag beghe spesd amphibiers o prevent onging or ascillaton

- i
[ExAs ‘b
INSIRUMENTS
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il 4 AD7524M
A e Advanced LinCMOS™ 8-BIT MULTIPLYING
I : DIGITAL-TO-ANALOG CONVERTER

03320, SEPTEMBER 1389

®  Advanced LInCMOS™ Silicon-Gate J PACKAGE

Technology [TOP VIEW)
S o | asily Interfaced to Microproce s outi [Tr Whs] ) rep
aurz [ e | REF

e (in Chi ’ ;
o Chipe Dhantan Lt hins D |

o Manotonbclty Over Lotlea AJD Convarslon it |
[[RTINE v |
DB |

| wllvin
4 'R ]WH
" wal1e5
w o nfjobpo
' ] DB
pealla y|] DB2

®  Segmented High-Order Bits Ensuie Low-
Glitch Output

® Designed to be Interchangeable with Analog

Devices AD7524, PMI PM-7524, and Micro EXEACKAGE
Power Systems MP7524 TORVIEW
® Fast Control Signaling for Digital Signal Bk o Py i
R Processor Applications Including Interface OCznoa
with SMJ320

‘GND Voo
KEY PERFORMANCE SPECIFICATIONS De? WR
Rusalution NC 16(] N_C

DBA
DES 14[] pro

Lancarity erroe

Pawer dissipation

5 W Klax

at v b 1112 13
Voo v B
Setthing timve 100 nw Max <M O o e
Fropagation delay BO ns Max “O‘ 8 z g g

P NC-N
deseription C - No internal connection

The AD7524M is an Advanced LinCMOS™ 8-bit digital-to-analog converter (DAC) designed for easy interface
1o maost popular microprocessons,

i P el o '._..'_:__-_—a. This AD7H24M is an B-bit multiplying DAC with input latches and with a load cycle similar to the ““write”
" ; cyele uf a random access memory. Segmenting the high-order bits minimizes glitehes during changes in
/3 N, the most-significant bits, which produce the highest glitch impulse. The AD7524M provides accyracy to
lﬂ # e, ! ' t U LSH without the need for thin hlm resistors or laser trimming, while dissipating less than 5 mW typically.
¢ - k 4 LS
[L “ o '\. : | catuning operation from o 5V ta 15V single supply, the AD7524M interfaces easily to most microprocessor
i{ K . g y Bipses of output ports. Excellent maltiplying (2 or 4 quadrant) makes the AD7524M an ideal choice for
X t‘ ,j,f 2t --'\\‘ muny microprocessor-controlled guamesetting and signal-control applications.
' ' g ¥ \\ \ Thee AD7524M is characterized for operation rom —=55°C to 125°C.
" .II -t ' [ \
»\.‘-_‘- X 2 /
| e ] /

Addvancied LinCMOS is o trademark of Texas lostiuments Incorporated

. Copyrygtt & 10059, Tesas instiunents Incorporated
_ 1
Texas ‘b
INSTRUMENTS
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AD7524M
Advanced LinCMOS™ 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

AD7524M
Advanced LinCM0OS™ B8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

functional block diagram

115)
REF ——1
1161
t Nrn
R
"
ouTi
121
ouT2
na
o > 13
1 DATA LATCHES GND
Vi
. wE
A Fy Fy S
14) 151 16) nuy
D7 DBE D8s 0Bo
LY ¥
Mse isu
o
DATA INPUTS
perating sequence
1+ t3ulCS) ! !
I K—H—-‘l hCS)
. |
[+ y | /
|
M [ WR) ——
ilie ! !
I
ﬁ T
I
P—~';u1m--b¢

—hl-" hity)

bsolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, VDD« svmsmsin e v sl s i vin v ~0.3Vie 17V
;’IollagabetweenﬁpanndGND.,.......,,.,............,........““” . t25 V
igital INPUt VOIagE, V| ...\ttt ~0.3V 1o Vp
Reference vcllage? V,B: ........ e llicilions’ 022 t:
Peak digital input current, Iy . .. ........ Etoie S S e e .I .I o L l1() A
Operating free-air temperature range G e - 55 “C. m 1:351:(2
Storage temperature range ... .................... G eaRvEEREY s SErs 6598 o 1802E
Case temperature for 60 seconds: FK package . i WRERETSRRS G ST 2600
Lead temperature 1,6 mm (1/16 inch) lrom case fo; 60 :.t.t.and., J package .. ... ....... Joorc

TEXAS ‘b

INSTRUMENTS

12 POST RHLE BOK A53300 » UALIAS 1EmA% IS)ey

recommended operating conditions

o - i Vi = 5V - 15V
Npp = 8 Voo UNIT
MIN NOM MAX MIN NOM _ MAX
Sy sl M = At i 15 |; 5 "
B botanas o woilbagge, Vo S ey e Sl i . 10 v
valtan, Vi - 24 134 v
Vi 0.8 15 v
a0 a0 ns
4] Q ns
lup e, Lyi) o 25 25 ns
L 11{e]] B 10 10 ns
by (W) 40 a0 ns
atig free e temperature, Ta an - 55 125 | - 5% 125 °c
ul-,cmml characteristics over mcommunlcd operating free-air temperature range, Vref = 10V, 0UT1
and OUT2 at GND (unless otherwise noted)

—__ - Vpp = 5V Vpp = 15V
"ARAMETER :ST CONDITIONS uNIT
RARAMEL T MIN  TYP MAX | MIN  TYP MAX

T Ngh el mpot Full range 10 10
Wy o= Vi ] A
Ll carrent ! oo 25C 1 1 3
T Lo level inpot Full range -0 -10
| V=0 fr—— A
I current o ! R 254C -1 -1 k
HO DO w0, W
Saofe sy Full range +400 +200
ouTtt and C5 a1 0V,
? Ourpn leakage 25°C + 50 1 50 ok
I et . Full range + 400 1 200
T r 0
ouT? Wit and €S ar 0V, SaHg o £ 50
Vit = 110V
o _DBO DY u.,.u.m o1 Vipmax 2 2| ma
Il Sunply cutent RO DH w0V | Full range 500 500 "
or Voo 25°C 100 oo | "
o ; v i Full range 016 004 | . o
S5 st aVpn e | Tase 0002__0.02 000100z ||
ghian o agra: i
B v n 5 q F
' pi i Wi, 68 ! - e * y
oui i3 30 a0
- o g o0 Wt B8 w0 v T
gt o 120 120 £
= i e s ol - 4
to . nul | 120 120 f
— | puo it vy, WRand CS OV | —— = T
t 11' 30 a0
eeferenu gt |||||ns|.|m.| = 5 20 5 20 0
aEE e G} o o P LS AATTEN! A
Tixas ‘{)
INSTRUMENTS
o n ) M BN I S BATEAS 1] EAY I PRG 3-13




AD7524M
Advanced LinCM0S™ B8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

AD7524M

Advanced LinCMOS™ 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

operating characteristics over recommendead operating free-air temperature range, Vigf = 10V, OUT1
and OUT2 at GND (unless otherwise noted)

i Visgr = WV [V = 1 v
PARAMETER TEST CONDITIONS et U
MIN - MAX | MIN MAX
Linearity error 10.2 | WrSA
Full : + 0.6
Gain srror Sce Note 1 [ Full range " | sEsh
| 25%c i1 £0.5
Settling time (to 1/2 LSB) See Note 2 100 100 ns
Propagation delay from digital t 1o 90%
£he i atial inew 0% See Note 2 B8O B0 ns
of finsl analog cutput current
Vigr = 210V (100 kHy Full range 05 0.5
Faedthrough at OUT1 or OUT2 sinewave), Wi and €5 w1 0, S ok ok %FSR
DBO-DB7 a1 0
Temperature coellicient af gain Ta = 25°C 10 lmun ©f Imax +0.004 t 0.001 [%FSR/°C

NOTES: 1. Gain error is measured using the internal leedback resistor. Nominal Full Scale Range (FSRI = Wz - 1158

2. OUT1 load = 10001, Cyyy = 13 pF, WA a1 OV, TS at 0 V. DBO DB? at O V 1o Vpp or Vpp 10 0V

PRINCIPLES OF OPERATION

The AD7524M is an 8-bit multiplying D/A converter consisting of an inverted R-2R ladder, analog switches,
and data input latches. Binary weighted currents are switched between the OUT1 and OUT2 bus lines,
thus maintaining a constant current in each ladder leg independent of the switch state, The high-arder
bits are decoded and these decoded bits, through a modification in the R-2R ladder, control three equally
weighted current sources, Most applications only require the addition of an external operational amplifier
and a voltage reference,

The equivalent circuit for all digital inputs low is seen in Figure 1. With all digital inputs low, the entire
reference current, lygf, is switched 1o OUT2. The current source /256 represents the constant current
flowing through the termination resistor of the R-2R ladder, while the current source llkg represents leakage
currents to the substrate, The capacitances appearing at OUTT and OUT2 are dependent upon the digital
input code. With all digital inputs high, the off-state switch capacitance (30 pFE maximum) appears st OUT2
and the on-state switch capacitance (120 pF maximum) appears at QUT 1. With all digitul inputs low, the
situation is reversed as shown in Figure 1. Analysis ol the circuit for all digital inputs high s similar 1o
Figure 1; however, in this case, lret would ba switched 10 OUTT,

Interfacing the AD7524M D/A converter to o microprocessor is sccomplished via the data bus and the CS
and WR control signals. When CS and WR are both low, the AD7524M analog output responds to the data
activity on the DBO-DB7 data bus inputs. In this mode, the input latches are transparent and input data

directly affects the analog output. When either the CS signal or WR signal goes high, the data on the

DBO-DBY inputs are latched until the TS and WA signals go low again, When C§ is high, the data inputs
are disabled regardless of the state of the WA signal.

The AD7524M is capable of performing 2-quadrant or full 4-quadrant multiplication. Circuit configurations
for 2-quadrant or 4-quadram multiplication are shown in Figures 2 and 3. Input coding for unipolar and
bipalar operation are summarized in Tables 1 and 2, respectively.

PRINCIPLES OF OPERATION

i ]
_AL ouT
- T I 30 pF

ouT2

FIGURE 1. AD7524M EQUIVALENT CIRCUIT WITH ALL DIGITAL INPUTS LOW

Vil Vibn

|

}

Hp = 2k
1Sew Note 31

peo DAz ;

cs
Wh -

—QUTPUT

FIGURE 2. UNIPOLAIR OPERATION (2. QUADRANT MULTIPLICATION)

W v
[l o 20 kil

([m

. 1 c

j i 1See Note 4]

Mg = 2 W
e Note 31

LOUTPUT

EPESEEE
Do e [/ oun

_ 5 kit

S A oure —
Wi GND =
»
FIGURE 3. BIPOILAR OPERATION (4-QUADRANT OPERATION)
POTE S b et By osed only ol e st s nequred ers 1o brevent nmang o oseliaton
40 phase compensation 1015 o pegpnead when s hgh-speed amphiber [ [
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AD7524M AD7524M
Advanced LinCMOS™ 8-BIT MULTIPLYING Advansed LinCMOS™ 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER DIGITAL-TO-ANALOG CONVERTER
PRINCIPLES OF OPERATION microprocessor interfaces {continued}
Table 1. Unlpolar Binary Code Table 2. Bipolar (O0set Binary) Codo il
DIGITAL INPUT -/ LIGITAL INPUT ' ANCALY ) A s
ISEE NOTE 5) ANALOG OuUTPUT _ ISEENOTE 61 ANALOG OLITPUT ! 7 BECODL
MSB Ls8 | MmsB s | e Ho5Y g LOGIC L
[EEEEEEE] ~Vyaf 125512561 IEEREEEE] Vewl 11270128 [
10000001 - Vgt 1129/256) | 10000001 Vil 110128 8 IN.T —12‘-
10000000 ~Viet 112812561 = - Vygy/2 10600000 o ATen
ot -Vt 112712561 AEERERE Wigl 110128) cs BUTA
00000001 - Viat 11/256) 00000001 Voot 1270028) WR  AD7524
00000000 0 00000000 Viel ALE » . ouTz
= e DBO DB7
NOTES: 5. LSB = 1/256 (V,g) w
6. LS8 = 1/128 w,:u J/\\
microprocessar imer‘faces ADOAD? -~ ADDRESS DATA BUS /)
’ N FIGURE 6. AD7524M—8051 INTERFACE
00.07 DATA BUS >
- rd
v 80A [\/F
DBO DB7
WA f——r ouT
WR  AD7524M
e ourz
5
R DECODE
1aRg - LOGIC
A0-A1S ADDHESS BUS "3
Cd
!
FIGURE 4, AD7524M—2Z-80A INTERFACE
00.07 DATA BUS D
Cd
6800 A
DBO-DBT
e2 our
i WR ADT524M
ourz
s
N DECODE
YA T togic | ’
AD A1S ADDRESS BUS >
FIGURE 5. AD7524M—GB00 INTERFACE
i e RiD
Texas | TTI-.XA.? . 4
dd D NSTRUMENTS
INSTRUMENTS sl 1Y K EHSIY ® DALLAS: TEXAS 15205 3-17
3-18 POST OFOCE B0 53300 + DATLAS TERAS 15706
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DESCRIPTION ’ i 7

This is a family of 8192 word by 8-bit static RAMs, fabri-
cated with the high performance CMOS silicon gate MOS
process and designed for high-speed application. These
devices operate on a single 5V supply, and are directly TTL
compatible.

FEATURES

o Fast access time MSMS5178P-35 . ...... 35ns (max.)
M5M5178P-45 . ...... 45ns (max.)
MB5M5178P-55 .. ..... 55ns (max.)

¢ Single +5V Power Supply

o Fully Static Operation: No Clocks, No Refresh

¢ Directly TTL Compatible: All Inputs and Outputs

¢ Three-State Outputs: OR-tie Capability

¢ Simple Memory Expansion by 8_1 S,

¢ OE Prevents Data Contention in The 1/O Bus

Common Data 1/0
* 300 mil package

APPLICATION

n speed memaory sysiam

FUNCTION
The aperation modea of the MSMB178P is determined by 2
ccmbination of the cevice cor trel inputs S,, S,, W and OF.
Ezch mode is summarized in the function table. (see next
B2 ‘.13] : N

A write cycle is executed whenever the low level W
averlaps with the low level S, and the high level S;. The
address must be set up before the write cycle and must be
stzble during the entire cycle, The data is latched into a cell
on the trailing edge of W, S; or S, whichever occurs first,

AZ2PESS

PUTS |

(V) GND E] fi— O

dBLISWEWN

Qutline 28P4Y

Al

5-— Ayg ADDRESS INPUT

QUTPUT
ENABLE INPUT

recuiring the set-up and hold
maintained. The output enable input OF directly con-
ine output stage. Setting the OE
T stage is in a high-impedance s1a

time relative to these edce to

at a high level, the
g :

ate, and the data bus
tion problem in the write cycle is eliminated.

—— —
5| S |se = z SiTA 10
R = -
it 256 ROWS « ) =
= b =
= 255 COLUMNSS < 2
w3 - 1117 | 1 .
L. — J .:|
) _— i ]
= |
po |
32 8 £z l
4 . e |
=
=3
WRITE CONTROL i
INPUT |
CHIP SELECT
INPUTS 28) Voo (5V)
(14) GND (oV)
QUTPUT ENABLE
INPUT
= = =
—_

{MITSUBISHI
E!.EC‘_I‘R[C'




A read cycle is executed by setting W at a high level and FUNCTION TABLE g >y SWITCHING CHARACTER
OE at a low level while S; and S, are in an activ — —|:Read cycle
/e . 1 2 tive state _|—52 T% o Vo 0o Teo I,Re Y
(51 =L,S; =H) e
. = ‘ hh R x X | N iection high-impedance Active
When setting S; at a high level, the chip is in a non- L sl sl . — . Paran
: : : 2 : 4 mbo
selectable mode in which both reading and writing are dis- WOk gk || X |dnstecoon)|  Higttingecdice Sy i
abled. In this mode, the output stage is in a high-impedance L|H|L| X Write Din Active  [}5
state, zllowing CR-tie with other chips and memory expan- LIlH|lH]| L Reac Dout Active ||| TeR | Readcycte e
tion by S,. The power supply current is reduced as low as Clulwuln Nighimpedance e é taa) l Address access Lime
the stand-by current which is specified as l¢cp of lges- —1tacsn | chip select 1 access time
ta s | Chipselec: 2 acces Tme
RECO r1"\JDED OPEHATING COND'TIONS('&--U‘—TUC unlass atraraise nores)
l Limuts |
SyToa Parameter Unit
l Min Tvo Max 1
Vee | as 5 5.5 | v
GND | 0 | v tenrsy | Ou::-"‘!“:-""“"‘li
Vi | —0.3 08 | v ten(sz | Ovtout eradleimeatier
gkl M
Vi =gt Tl wollage i 2.2 | 'Vcc—ﬁ 3 W ten/psy | Curputecasenme aner
[ tentosy | MRt
o - 50 | Dars waom T gtter 3330
ABSOL z MAXIMUM RATINGS I__—
Sim Patamete | Congitigng Aatng U E
o R i | -3.3-17 Wy
v -c g | Wi resgect 10 GND —-0.3~Veg™9.3
i ! TIMING REQUIREMENT
Vo Tutrat vfiTage 0—=Veo 3
¢ 3 _ ¢ | Write cycle
rd | Ta=25C | 1000 | mw
Tt [ 10—-25 | i
| - ! Symoel | ®
Tsig Driese emoergtute | | —65—1%9 | T |
ELECTRICAL CHARACTERISTICS(Ta=0~70C, Vee=5V =102, uness omense nores) L5in D wriaeeucie tme
e 5 A
| e | Votiy 'y, Wibononih,
Symoal Parameter Test conad. i int e $ s -
[ aramete et cond Lions e | e 1 G | unit Ceuial I_i?:‘..w_.' -
| : | Crip serest 1 vet wp e
Vim ot waltage | | 2.2 | |Vcc*03| v brugsuy: | EMBICE e
Vi L3 ot voltage | | =c3 | | 0.8 | v Mi:——
-~ - = 1 Dat s tITe
Viom - out valtage | tgw=—2sma | 2.4 | | | v Lsuis) .,__:i__-—-—-
x 13 hald nme
VoL | Lom ouizut voitage loL= 8 mA | [ oa | v thp) | Do
T = | free t ety 1T
1y ot L treny WVi= 0~ Ve : | -1 II R Trec:iw) | Wirte et
1 T | uipul Sk s TR e
lozm = 3% € oulpul current m cilstate 51— Vis or Sp= Vi or OE =Vin | | 1 ] A ;di:_l_j_i___:———-——
lozL A eem putpul current n off state Vig=0—-Vcc | | -1 i uA *] tasiesd l Ouzguicrne e
! Si=vic o Sp=vin Tl |2 ] tioowi | esyemsienney
| - | tout erable L 3!
teer | Azrvespoly current Chitpnt open 120 mAa = tengogy | Quovt
Oires inputs = Wiy 25
lcez I Srems tv susoiy cunent Sz=ViL, 51=Vin, Otrer wnsuts=0~Vez| ! 25 [ ma
5=\ |
lces | Stenz v wuply current 1SVec—0.2v H mA
i Other inouts 22 0.2V or Veg— 0.2V
. |Ss1s.. 0E. W 7
Ci Ourout cananitance (T3=25°C) =GND, Vi=25mVmrs , [ = IMHz pF
| Ag—Ag 6
|
Co | Outout cacacitance (T3425°C) Vo=GND, Vg=25mVrms, 1=1MHzZ 8 pF
Note | Direztaon ‘2 corrent Howing in1o 1€ i inducated as potitive (o maek ) T~
2 Tvpad vae o Vg = 5V, Tan25"C
i i i T ) -

3—40
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,,'3‘g;f;45,555 B e AR I ERT - M5M5178P-35,-45,-55

MOS STATIC RAM| - i - 65536-BIT (8192-WORD BY 8-BIT) CMOS STATIC RAM

|SWITCHING CHARACTERISTICS (Ta=0=70C. Vg =5V £10%. uniess tnenwie roed) -

— T tee Read cycle
e | 2 | | |
nghmeearce | Siancby ‘| Symoat | Parareter l MIMS5ITEP-15 . Ms.msnsp-u | msmsizee-55 | une
____.—-c—:————’i“—::_m_"‘l | M | Tea | oban | own '. Tig | as E Min | Tyo | Mo | B
Dot | T lca | Baaa cycie e 1 3 ‘ |45 '| | 55 | } i ns
P rpedInce | acee ta s | Agcress sccess tme | | 3% ! | as | ! | 55 | ns
e la g1y | Chpseect | aczes e ! % 3 | | a5 | I oss | ns
lagssy | Crpsatect 2 scess ime | f | 15 | | 20 | } | 25 | ns
laicg: | Cutpu! #nab'e scems Lme | L L | ! | 20 | ! | o2s | ns
14551, fiere ytter 5 mieh 2 | : [ 23 i3l ns
taigisy | Cutput Suab’e nmeabier 5, low __‘__ - 21 | 25 | B 35 ns
lais(cey | Ouiput disatie ime atter gt 'h';'*__‘ __ _:'_'. | ' v 25 - | - i3 ) ns
tenist Output arabie ma atier 5, fow | s | I s T | | 5 | | ns
lon. g2 Tratout weable tme 3fter 5, fugh | 2 | 3 3 | ns
: HT.yn_‘;:_- Cutout eratie time ofter OE law - 3 ;3 | i 3 ns
g v Dty witd time atter adness CRANge j__3 I3 | | 3 ! ns
s
e
e ¥ lTiMING REQUIREMENTS (Ta =703, voz = 8% =107, o soarw e
Write cycle
t - :
2 - 2
‘ Symbol | Purameter | MIM3ITIP-35 | MSM3ITER-43 MS5MS31T3P- 55 Unit
| [ Tade =oe ! M ! Min L Teo | osae | osna | Tee onas |
i [ as &3 T rs
- | 23 - 25 g ns
Teats Address sot ub time | o | o c _ N | ns
tsurge: | Chipselect 1 38t up time | 30 f ; a0 | . L5 | | i ns B
tsugsar | Cripsetect 2 setuptime | 20 |o2s | | | 30 | | | ns
sy,oe | Cataserupume [ 7 i {29 | ! | 2 | : I ns
_:_-:.:-- i Daa heig ume ?_- ] } i o | | oo | | ns
lrecin Wrile rrecvery Lime _3_ T3 | 3 ns
taisrw) i Output disable time after W low | 15 ! | | 20 | | 29 | ns
taisings | Cutput 2isable time alter OE mign I. 20 | ! 25 25 | 5 1
_'u_-n rwh Ourpus enabie time alter W hign ) | o [ ] | 0 ) ns
| ten (e | Qutgut enaple time atter OE low | 3 | 1 | | 3| | | ns

o4 UMITSUBISHE & o '
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SR ko ' M5M5178P-35,-45,-5§¢
¥
65536-BIT (8192-WORD BY 8-BIT) CMOS STATIC RAhﬁ‘_{‘
-
TIMING DIAGRAM rite CYC'E (S control)
Read cycle
L lem =
[ ! — ey
Ag~Ar; X X A~ AL
I taia) - |Iu Al
r———————————————— 3=
ViV v VTV .
S: {‘r ‘( {)\ &XY/ tr:‘::\"-:-:.,- 1};5;7 laisr \I {{X<Y/l\3g4]\(f§y)’{'{)(
oy ,’.«,.,.,.r u-_.‘_.-_. : arsy . s,
. tais _“_! = __5,;1*
- : r-\_ “; Y r.,./r-r y !’ | : .r _-'l.- 1
- :{r"':"\ r-".r"/r;l,.r!: /{f!\' ‘ o J A A FLA _
i i S
- f’ i M
¥ 4 e Y ¥
—_ I L
W .-:l Y A AL
W=t level
Writz cyele (W control) CONDITIONS
Input pu ulse leveis . ... -« .
‘-DU' rise and fall ume o0 -
L oo input timing reference lavel
' | ,,u{pu'[ timing ref eranca]&\i]
AImATZ Dutputloads «.v-v v e
Y r ot A | R rt,‘;'-}.} 3 ||
S: ,r.:|r_/r;1rr1 i 1,;.‘:J’;.r|‘:|:|‘_l‘;
Isy |
<. i ;::4"?;"_ !rurI,Jn':'l'.',‘_ Mote
S //::::a!ff_” !I!Jr)’.’lllrjl'r
ot / | \ ~
sy a I ; Vi | braciw -‘I
2 | f
l i sy | ‘1hlr
' |
DQ:~D0 | /' ODATA IN \
(Din STABLE
Tdis w len or.
| las T !. e
DO1~D0:- A A8 4 S AN UL N VAN \.\\\\\.‘\\\\\ -/_,.f///;/_x/_:_",-x-‘/’r’ﬁ
{Dout! Vi II IS 2T T 7 i i if i S AAANARN TN
MITSUBISHI ,:\
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p-35,-45, -55

(CMOS STATIC RAM

===

shewdayn

MSM5256P-10,-12,-15,

262144-BIT(32768-WORD BY 8-BIT) CMOS STATIC RAM

MITSUBISHI LSIs

-10L,-12L,-15L

DESCRIPTION

this M5M5256P is a 262,144.bit CMOS static RAM orga- PIN CONFIGURATION (TOP VIEW)
. |sized as 32,768 words by 8 bits which is fabricated using
high-performance double polysilicon CMOS technolegy.
f . e
The use of resistive load NMOS cells and CMOS periferals ==L E
z H = P ¥ . A ._..m 1) _
sult in 3 high-density and low-power static RAM. 1t s LA 3 7
ideal for the memory systems which require simple interface. [ A= ..! =
The stand-by current is low enough for a battery back- P . . {izoAsss
; .’ Sy =i L= Ay riaiiTs
.p application. It is mounted in a standard 28 pin packaze o~ z B ..
! .' et - F e et 5.
: LA% 4 {:"l ind configured in an industrial standard 32K x 8-bit pirzus. P z =_ ==
FEATURES 2 =[] = i :
*1—-@ s F— 38
| I o = T e St
l = e O L= OCs
[ i ‘o0, -0 - oo-
-~ -7 == CCe-Tata g
. [~ ocs,
& :-—- CC.
VALY
58994
: 2.0 Cutline 28P4 |
! e 24 N the funclion tabia, (ses rze
' A
¢ Data-Hold on =2V Power Suppiy
¢ Directly TTL Compatible: All Inputs and Qutputs
¢ Three-Siate Outputs: OR-tie Capability .
¥ Simple Memory E i s : s oo
?ﬁ ;'e emory Expantion by § cycle, The data is latched into a cell
' revents Data Contention in the 1/0 Bu T T ki : :
oy & Prevents Da .aC ntention in the I/0 Bus W, S, whichever occurs first, requiring the set-up and Fe &
5 V Cam : ; ;
? Commign Dam 1/0) ume relative to these edge to be maintained. The ous-w:
%«'530 APPLICATION enablz OF directly controls the output stage. Setting -2
\| $mall Capacity Memaory Units. OE at a hign level, the output stage is in a hign-impedz-c2
Doyt &———1 p e
i state, and the data bus contention problem in the wrizs
! FUNCTION o e
1S T 0 o i ) — . _ cycle is eliminated. .
] = T.-::Q Ine operation mode of the MSMS258P is de_:ermaned oy 2 A read cycle is executed by setting W at a high leve! znd
— = wmbination of the device control inputs S, W and CE. OE at a low level while S are in an active state.
' e P—
: BLOCK DIAGRAM . o - _ ) o
g. 2 Qutput load for tgn tgis r - — —‘ — %
iz ) = = cc,
! = = £ oey |
E b - S | f 00¢ Mpata 1o
= (312 50WS x < = ol
w &
: g sizcorumnsy| | | & £ oes
; = | | & °© bo:
L DCs
ADDRE NPUTS (— — _
ADCRESS | 5 7 T : T
— I
. L pe—— ]
4:‘.; | =zl | g
e o2& i
=) =1 o
= J|| L]
~
—;D ‘—(‘!:3)\?{_:5 (sv)
)
= 3 ~o 1} GND {oV)
1771
OUTPUT ENABLE G‘E
INPUT i = - e —
——
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3 - M5M5256P-10,-12, -15,-10L, -12L, - 15}
%

MITSUBISH] g}

v
2

262144-BIT(32768-WORD BY 8-BIT) CMOS STATIC lnM‘

—
When setting S at a high level, the chip is in a non- FUNCTION TABLE £
i . ; g L i :
se.acl.able m‘ode in which both readrn_g _and “Irl.lhng are dis 5w of | = | oo f
abled. In this mode, the Cutput stage is in a high-impedance - T ¥
state, allowing OR-tie with other chips and memory expan- — L X1 X | Nonotecdion | himimosdene | sunay
tion by S. The power supply current is reduced as low as LlLlx ] we O
the stand-by current which is specified as lccq or lecs. LjH| L| Read Cout
and the memory data can be held +2V power supply, en- Ll H|H | high-impedance

abling battery back-up operation during power

failure or
powar-down operation in the non-selected mode.

RECOMMENDED OPERATING CONDITIONS (72 =2~ 72,

Paramaeter

Low impui voltage !

—

GFik
| Mn | Tva | Llaa
| 22| Vee=0.3] v

AZIvE SuDDry surteng

T R

T e

A ) < .
%

o
% i
Hras

fafal

lais)

ten(s)

TIMING REQUIRENZN
Write cycle

tsu(a-wm
lsu(s)

tsutoy

hp)

Clw)

lais (w)

laistog) |

S=ViL. W=V outout | 1
| Artie ather input=V_ or v, ‘ 20 30 ! ale
bl | '
S=V\L. W=vi aulput open
lcca ‘ Actee supoly current TAC, TTL level) OMNEr DUl =V or Vi 35 70 ma
| . Min eycle
|f i | s‘:‘“""C_D ka[‘ | | 2P} | mA
leos 10 by supoiy cutrent - il - T
_ Dther wipurs =0 ~ Vg l [lGD:D-LJ| uA
— - — t
le=g | Stand by supply current 5 =Viy, Other inputs =g ~ Vece ‘ J ' 3 A
Ci | 1hout capaciance 1Ta=25°C) VI=GND. Vi=25mVmrs, t= IMHz ‘ & oF
Co r Outout capacitance [T4+25°C) Vo=GND, vg= 25mVrms, I=1MHZz |

: ]

pF

Note 1 D-rection for curreny Howang into IC

Sandecated a3 positive (ng inark |
2 Typecal value 15 Ve S, Ta=25°C

¢ MiITsuBIsHI
&R ELECTRIC -

teniwy |

5 T o
lenqogr | V¥
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10L, -12L,-15L

. J2

7)CMOS STATIC RAM

MITSUBISHI LSls

M5M5256P-10,-12,-15, -10L, -12L,-15L

262144-BIT(32768-WORD BY 8-BIT)CMOS STATIC RAM

e

m

at ;!'VITCHING CHARACTERISTICS (Ta=0-710C, Vee=5V £10%5, unless otherwise noted )

Do lee 2ead cycle
A | mgnempedance | Standbv | . Lisiits |
O [ fenw s | G imter [ Msms256P-10 M5M5256P-12 | M3M3255P-15 |
: Bt Active i | M5M5256P-10L MSMS256P-12L mMsms256P-15L | ©
rarampedance | Active | Posn b oTee | Mae Kin E Tve I Mar | oM i Tvz | %
1 Read gycle time 100 | | 120 | ! | 130 ns |
[t | | 100 | | 120 | [ | 130 | ns
tagsy | 100 | ' | 120 | 13 ns |
la oz Cutgut ang'e aocess Lme i | so [ = PR
o LIBUT Qs L atier § I 35 45 — o aEn R
| I s | | =] | s |
10 | | | 10| i 10 I ~—|
te LiZut ematile Lre 5'ter T2 iow 10 | | 10 ) | | 10 rs |
s | Catawalia nme atter adaress change 20 | | | 20 i |_ T 2 T #s _}
T TIMING REQUIREMENTS (Ta=0~70"2. vzo=%. =109, wrizssctrarme notza
ST 5 firite cycle
— 55 T . JEcs T M5M3253P- 10 MSM3256P-12 MsM52552-15
S e v i M5MSIS5P-10L | M5M3235P-12L M3M352557 - 150 = .
< b e Do F o o] el ae T T |
- — Bl 5 e P 100 | | 120 | 150 | N ) nis |
i 5. culse width 60 70 T @ e
sua I Angress el up Tme 1] 1] 0 ns
w Agaress ‘: ,_:_"Ta- i rescest o 80 | . 35 : { | an \ ns
Crip seiect so1 up Lime T 20 | | | 8 | |80 | ns i
Oata et up tme 35 | | | a0 | 0| 5 i
Cata holg ture 1} I D! | 0 | ns
o4 |___f_.- ___r_ Write racavery Tine 0 | | -0 | o | s |
| = | oea |l : 35| | a0 | 5 | as |
I s coe) | I | | 3s | ! | a0 | a5 | s ~]
T 10 | 10 1w as |

T e T
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SRt MESMS256P-10, 112,15, -10L, -12L, 15L"

262144-BIT(32768-WORD BY 8-BIT) CMOS STATIC RAN

MITSU BISHI LSl

TIMING DIAGRAM
Read cycle

1 ten

—

Ag— Ay

X

l taray |

S m‘”"“‘xm NURSRNRNNY
/ ruw \ . : LG VY AV X \
TE { .): { A K ‘r )[: ‘;'.‘_-I.‘. 1 {Yy { Ly
N '. - I!I-s-.'r\- |
A

W="H" level

Nrite cycle (WE control)

.| Write cycle (S control)

e
hg— At ‘,|
i
Y

w LI vinAsn Wl
funTn N

i iq
A X X POWER DOWN CHARAC
| , o R ELECTRICAL CHARACT
_ ,'\Y.\ ‘\ ."\ A ". i y I I'_ Fi f.'. Fi if i I"\_\
® K ,\ A \*\K" VIV \U\\ /_.-1'-.’IF-I-J" 1 Nf 1; e
6% / : \ e _
| | |
Tsura | } Tow ! Traciw | Vi Foan .
_ \ L
! \ foo
, e L 1w TIMING REQUIREME
00,~DQy [ .
(Din) | E
. |tavst \_—/’.en;oﬁ} =
ldisoE r—>] enrw| r— FY— e
: <
00,~00  AVA VAV RERTRRRTTRETRTR TRy L:u;u_u.r.u.r;.-.-.-- i 1T Ty s e
(Bout) SRR rNNNNINIaTIaENny I R s
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