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ASTRA CT

In this study, a system of teleremote circuit via telephone lines. For building up the system

minimum needs are Programmable Logic Controller (PLC), active telephone line, and

teleremote control circuit.

The teleremote control circuit enables us to control some appliances: on the other hand the

programmable logic controller (PLC) is controlled by teleremote control circuit. Therefore

if there is a telephone line the control of the appliances can be any where.

The circuit described here can be used to switch up to nine appliances (corresponding to the

digits 1 through 9 of the telephone key-pad). The DTMF signals on the telephone

instrument are used as control signals. The digit 'O' in DTMF mode is used to toggle

between the appliance mode and normal telephone operation mode. Thus the telephone can

be used to switch on or switch off the appliances via Programmable Logic Controller (PLC)

and driven relays.
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INTRODUCTION

The rapid developments in electronics have unstopply revolutionized the tele-

omrnunication and internet technology in recent years and have become a part of daily

life, bringing in everything from Pampers to programmable logic devices. The rising

usage of internet has been complemented with developments in communication

technology.

Figure 1.Siemens S7 CPU212 PLC

Moreover, Telecommunication technologies start to invade the home to carry phone

signals and comfort of telecommunication systems. These rapid developments show that

internet based and telecommunication systems have had a huge role in home and

business solutions nowadays and will have more in future.

Telecommunication technology allows companies to overcome many of the physical

constraints that often prevent them from doing business in distant markets, which means

that an a commerce market is fundamentally global (Choi and Whinston.1999).

By using the telephone code of lines are sent to telephone and control the equipment via

PLC. Its possible doing the processes wherever you are.

The functional as follows:
• Calling of the destination number then destination number will answer

automatically.
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Etc.

• By pressing numbers the control circuit will sent the information received from

telephone lines to PLC for performing the processes.

Heater

Telephone ~ ~ Telephone
Washing machine

Control

Circuit
PLC Microwave oven

Figure 2. Architecture
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1. INTRODUCING THE PLC

•..
1.1 What is PLC ?

A PLC (programmable logic controller) is a small industrial computer which originally

replaced the necessary sequential relay circuits for machine control. The PLC works by

looking at its inputs and depending upon their state, turning on/off its outputs. It

contained a program which executed a loop, scanning the inputs and taking actions

based on these inputs. The user enters a program, usually via software, that gives the

desired results.

PLCs are used in many "real world" applications. If there is industry present, chances

are good that there is a PLC present. If you are involved in machining, packaging,

material handling, automated assembly or countless other industries you are probably

already using them. If you are not, you are wasting money and time. Almost any

application that needs some type of electrical control has a need for a PLC.

A PLC, basically consists of two elements:

I. the central processing unit

II. the input/output system

L The Central Processing Unit 

The central processing unit (CPU) is the part of a programmable controller that

retrieves, decodes, stores, and processes information. It also executes the control

program stored in the PLC's memory. In essence, the CPU is the "brains" of a

programmable controller. It functions much the same way the CPU of a regular

computer does, except that it uses special instructions and coding to perform its

functions.

The CPU has three parts:

I. the processor

II. the memory system

III. the power supply



The processor is the section of the CPU that codes, decodes, and computes data. The

memory system is the section of the CPU that stores both the control program and data

from the equipment connected to the PLC. The power supply is the section that provides

the PLC with the voltage and current it needs to operate.

II. The Input/Output System

The input/output (I/0) system is the section of a PLC to which all of the field devices

are connected. If the CPU can be thought of as the brains of a PLC, then the 1/0 system

can be thought of as the arms and legs. The I/O system is what actually physically

carries out the control commands from the program stored in the PLC's memory.

The I/O system consists of two main parts:

I. the rack

II. 1/0 modules

The rack is an enclosure with slots in it that is connected to the CPU. 1/0 modules are

devices with connection terminals to which the field devices are wired. Together, the

rack and the 1/0 modules form the interface between the field devices and the PLC.

When set up properly, Each 1/0 module is both securely wired to its corresponding field

devices and securely installed in a slot in the rack. This creates the physical connection

between the field equipment and the PLC. In some small PLC's, the rack and the 1/0

modules come prepackaged as one unit

1.2 Inputs And Outputs

All of the field devices connected to a PLC can be classified in one of two categories:

I. inputs

II. outputs

Inputs are devices that supply a signal/data to a PLC. Typical examples of inputs are

push buttons, switches, and measurement de-vices. Basically an input device tells the

PLC, "Hey, something's happening out here ... you need to check this out to see how it

affects the control program.
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Outputs are devices that await a signal/data from the PLC to perform their control

functions. Lights, horns, motors, and valves are all good examples of output devices.

These devices stay put, minding their own business, until the PLC says, "You need to

turn on now" or "You'd better open up your valve a little more," etc.

There are two basic types of input and output devices:

I. discrete

il. analog

Discrete devices are inputs and outputs that have only two states: on and off. As a

result, they send/receive simple signals to from a PLC. These signals consist of only l's

and O's. A 1 means that the device is on and a O means that the device is off.

Analog devices are inputs and outputs that can have an infinite number of states. These

devices can not only be on and off, but they can also be barely on, almost totally on, not

quite off, etc. These devices send receive complex signals to from a PLC. Their

communications consist of a variety of signals, not just l's and O's. Because different

input and output devices send different kinds of signals, they sometimes have a hard

time communicating with the PLC. While PLC's are powerful devices, they can't

always speak the "language" of every device connected to them. That's where the 1/0

modules we talked about earlier come in. The modules act as "translators" between the

field devices and the PLC. They ensure that the PLC and the field devices all get the

information they need in a language that they can understand.

1.3 Control Programs 

We talked a little bit earlier about the control program. The control program is a

software program in the PLC's memory. It's what puts the control in a programmable

controller. The user or the system designer is usually the one who develops the control

program. The control program is made up of things called instructions. Instructions are,

in essence, little computer codes that make the inputs and outputs do what you want in

order to get the result you need. There are all different kinds of instructions and they can

make a PLC do just about anything (add and subtract data, time and count events,
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compare information, etc.). All you have to do is program the instructions in the proper

order and make sure that they are telling the right devices what to do and voila!. .. you

have a PLC-controlled"'system. And remember, changing the system is a snap. If you

want the system to act differently, just change the instructions in the control program.

Different PLC's offer different kinds of instructions. That's part of what makes each

type of PLC unique.

However, all PLCs use two basic types of instructions:

I. contacts

II. coils

Contacts are instructions that refer to the input conditions to the control program that is,

to the information supplied by the input field devices. Each contact in the control

program monitors a certain field device. The contact waits for the input to do something

in particular (e.g., tum on, tum off, etc. this all depends on what type of contact it is).

Then, the contact tells the PLC's control program, "The input device just did what it's

supposed to do. You'd better check to see if this is supposed to affect any of the output

devices."

Coils are instructions that refer to the outputs of the control program that is, to what

each particular output device is supposed to do in the system. Like a contact, each coil

also monitors a certain field device. However, unlike a contact, which monitors the field

device and then tells the PLC what to do, a coil monitors the PLC control program and

then tells the field device what to do. It tells the output device, "Hey, the PLC just told

me that the switch turned on. That means that you're supposed to tum on now. So let's

go!" In PLC talk, this three-step process of monitoring the inputs, executing the PLC

control program, and changing the status of the

1.4 How PLC Work?

A PLC works by continually scanning a program. We can think of this scan cycle as

consisting of 3 important steps. There are typically more than 3 but we can focus on the

important parts and not worry about the others. Typically the others are checking the

system and updating the current internal counter and timer values.
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CHECK INPUT STATUS

EXECUTE PROGRAM

UPDATE OUTPUT STATUS

Step 1-CHECK INPUT STATUS-First the PLC takes a look at each input to determine

if it is on or off. In other words, is the sensor connected to the first input on? How about

the second input? How about the third... It records this data into its memory to be used

during the next step.

Step 2-EXECUTE PROGRAM-Next the PLC executes your program one instruction at

a time. Maybe your program said that if the first input was on then it should tum on the

first output. Since it already knows which inputs are on/off from the previous step it will

be able to decide whether the first output should be turned on based on the state of the

first input. It will store the execution results for use later during the next step.

Step 3-UPDATE OUTPUT STATUS-Finally the PLC updates the status of the outputs.

It updates the outputs based on which inputs were on during the first step and the results

of executing your program during the second step.

1.5 Why UsePLC's ?

The software advantage provided by programmable controllers is tremendous. In fact,

it is one of the most important features of PLCs. Software makes changes in the control

system easy and cheap. If you want a device in a PLC system to behave differently or to

control a different process element, all you have to do is change the control program. In

a traditional system, making this type of change would involve physically changing the

wiring between the devices, a costly and time-consuming endeavor. In addition to the
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gramming flexibility we just mentioned, PLCs offer other advantages over

itional control systems.

These advantages -inchıde:

- high reliability

small space requirements

computing capabilities

reduced costs

- ability to withstand harsh environments

- expandability

1.6 Capabilities of the S7-212 CPUs

The S7-200 family includes a wide variety of CPUs. This variety provides a range of

features to aid in designing a cost-effective automation solution. Table 2 provides a

summary of the major features of each S7-212 CPU.
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Table 2

CPU 212 DC power supply, DC inputs, DC outputs

OrdorNumb~r: 6ES1.212-·1AA01-0XiB0

Gf~rıl .l<eatıu]ı@s (>ııipul Poin'ls: {ı:cm'li:nued)

l'tıysicı•. l si:zıı (L x W x D)

local Lınl

Maxi.umııı number of
!!lljlR:ll~i ı:ı:ıı ıım:h:ı:li!s

Digilnl

Bcolı,a:u cxccııtiı:ııı spaed

Ialcrııııl 111mnol}' "bits

Ti:mc

·0111:ıh?rs

,,ı.illllltfl

na1o.g ndjmilmcLılı

.,tınd:ı:rös r-0L11pl:i.'lllt::c

Oulıput P-0inw

"W aı 1.75 Akıad

8 inpn nırpuıs

Switc.biııg fulay

Sı:ırr;.t' CULTi!ll:I

·voltage dmp

ııı-ical irolati.oıı

Sbmt

l.npu I l'oi n·iıi·

25 JlS

4 .Rl5

2

6'I i.optıl!ı/'64 (!llt(JIIIs

Hi ·i.ııptııa.116 cıı:ı~-pıııs

l .2 µ!!lli:ıısmetitın

128

Bl tinı.ers

Bl corınlı:m.,

2 JıUlır..nıax.

A C222 142

:ı .s V n:ımciumnı at .ırnıx:iııımn
ÇQlfl'lll

500 vı«: 1 UJİII

Nim~

Jı:ıpırı l}µe (JEC 1131-2)

Hdkh:ıptiı:ıı

:ıanıslı eu:neııı

Dtpııı l)'l}\l
• VDC ceııı:renı\l'ollH;1:.e mn.ıı,e

]ııdo::tive lood clarnıı-iııg
i~,"b·pulı

Rııpcti rive

"'iltı:ıc.Lııg tr.ınsisı or·

20.4 VDC lo28.8 V:Oi

FrLc;i:ıı,g_ (nıın-replaee'.ıhle)

T:we ·ı silıkinr;,

1" miııilmını
·ırgc

:IOO JlA

0.3 IR'S ı:uıııdm:11:nl

1 n:ı·iıı

·ı O .n:ıs mi.a:iıınun :f:ro:111
24

• peıik al 28.S )ı'

l A.125 V, slow'blow

2ı
II Ii

N,

Ripplel:ıın:ise (< lDMH:z'

24 V:OC :nıai'lııble C11.mmt
Shı:ırt-ı::mı:iı cummı "limiı

lSOıuA
< 6001111-\

N,

i:!$S-·iııı~~ iqpııtımd S r,ro.;ass-im~ i:ısuıpuı i:am,g,e ragi:;ı.ırp::ıin~ t"Cir·ıoc:ıl I,-.
Vertical meant da.mı.ı I
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D.LM.J • L.:!:

Note:
1. Actual component values may varı.
2. CC elreu ii grourds are optbnal.

000000000000 

ınııuts ('1.5 voe ıo so vocı

24 VDC pa•••Brforinput
sensors or expansion
mdules ('180 ıw.)

Connector Terminal Identification for CPU 212 DC/DC/DC

8



CPU 212 AC Power Supply, DC Inputs, Relay Outputs 

Order Numb,ıor; 6ES7 212-1BA01-0~0
I np:ııl :Potn'~

Gmerıl Fretıuı,ııs
Jnpııl l}'Pa 1131-2) TJpe 1 siıı:k:iıı<•

~·sic a] size (L :ııı W x ·.D)

~-ar dissipation

User pro.c;r.1111 si-ıı.ı••

User dalll sim/~lcıragıı
Dııııı rcroııtiwı

Ma:tiımmı 11111:ııbıır o:f
~a-usio.n ıııooubıı

Digila'l 'lıO sııwoıtcd

Analog 110 s:ıppı:ırled

lrılcrnııl .nıı:ııııul)' bil!

Timers

.djU!,trnımLs

ııında.rds rompl:iıınoo

160:ıı rox 62ıum
6.l ıt 3 .15 .x 2.44 in.

Akg

Pmnır Supply

kıpıı I cı.:rıreıı'I

Holdup tim

Jnnısh crımıı:ıt

Fm;ilıg (n.:ın-roplatıa:ıbl.ı)

- VDC cnrı.ıni

Jsolaled

m.iııi:ıımııı
Jl'gij

512 woo:lıstRAM
.SO Jır Lypiı:al

hr :nıtn·inııı:mal 4

8 i:npDl-!J6cııılpll ts

2

61 i:npul'!'if64 ourpıas

:ı 6 i:ııpLılısl'I 6 outputs

ı .2 usıi:nsnıcü ı:ın

128

61 timers

,J'lwıı:ro (2 KHz .nııtl..

0.3 ms l113Xllll'lllll

:I Ul'İII

lb:

4 VA typictıl, CPU only
.SO VA nıııxinm:nı load

20 :ms nıi:u·irnıırnfrom
llDVA

20 A pi!Hk al 264 VA

.•..•.•. , 2.50 V', slow ·ı,ıow
260 mı\ :fcr CP'
340 n:ıı\ :ilınıxpııı:ı:dı:ın I

Yes. TrJO~fömlilr.I
l :ın:iıı

DC Sımsor Supply

Volla!'!,l' rıı:ııg,e

Riııplel.nooo (<lOMH:z

24 VDC ııvııil<ıble cıu:ronı
Sh<!lt circuit cıunnl :linıil

,W:İlthi'III;. oolay

,ıılncl rır.,islıuı

lmlalion

Ill

R~:lııy. dry cı.1ıııa:ı

2 Af:ııo·ial, 'i:',OllllllCill

Jsıılat.ıd

~0.4 to28. 8 VD

IV pca:li:-lo-]n'İkn:ıaxiımırn

1801111-\
< 600 mı\

No

7 A >.Vilh c-0ı:ılrn.1s c]oı...ıd

100 :MQ min·imınıı (fül','i'

1 O ms ııı:ı."t'İrlllBll

200 :11:ıQ lll!IXİ.lllUlll [ı:ww

:ı :min
ı min
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Outputs (30 VOC/'2-50 VAC) PGM--er supply

H L1

4ID

Note:
'1 . .Aı::lual c.omponent,.-al ues may vary.
2. ConnectAC linetotheltarminal.
3. DC circuii grounds are opional.

3.3KO

1M OJJ 0.1 0.2 cs 2ııı 0.4 ıı.ıs O.Iii o.r j

000000000000 

24 VCC pcroNarfor input sensors
or axııension m::ıdules ('180 mA:

Inputs (15 VCC to 30 VDC'

Connector Terminal Identification for CPU 212 AC/DC/Relay
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24 VAC CPU 212 Power Supply, DC Inputs, Relay Outputs

ı6E$7 .212....:1iFA01-0XB0
I np:ııl Poi.n'ls

Tyl)ll l si:ıı:k:inrtlnpııı ıypa {IEC 1131-2160 x W x 62 rnnı
.:ı :ıı:3.15 X 2.44 Ül.

A kt:l0.911:ı$.

1 ·Slf progrıımsi7.ıılstcm,g;e

O .J nı'!i mııx:iıııu:111
O;ıt;ı roı.ıııtimı 1 .nıiıı

8 iııput&1'6 oııtpulsLocııl
2 Vi:iltagı;i:lhııque:ııcy :rıı~

4 VA l)'µit:a:ı, CPU Qnly
"" VA. nııı:ıdnmn1 loadhıpu I aımı:ııI

64 iuputsı'64 outputs

16 tııpı.ııs/1 6 cmı-p11ts 20 :ms mi.n:innım :f:mm
24VA

·ıppurted llı:ıldrııı tinı

Bco::oleım 0ınıcııtiı:m sı»~d

lrıh·r.ııııl :nıaıı101)' bils

TI"lllt'ıc,

lnmsb cn:rnınt
250 ·v. slow °blO'."Fusi:ııg (m:ııı-rop]aooabl

• VDC cıır.roııı ..,.uOıw\ fee
340 rı:ıA :lor oxµw:raimı 1/i

1~. Tnıı:ı;;föm:ı.ır, 5
l m:in

Olllllillk

l oonv.ııra l2 :Kllı .ı:ıı.u.Ffıg;h--sı:ead cou:ııic:ı.

An.ı1og adjm,1mıınL5

SlııJ1da:ıds L'Qnıpl~netı

1 V ııııa:t-io-:pi?iikı:ı:ıa.,inıtım

nmıı:ıı-\
< 600 mı-\

24 VDC n,•a:il!ıbl.ı cıımnı
Shart circn il cu.ereni fü11:itRDlay, dry coııırot

N

2 A tııtiİl:ll, 6 A ica11mrn1

1 A wilh cnnlı:ıl1S ı:ilosad

100 :MO mln:innım (new)lsolrıiion :raı.is:ım
l O ms ıı:ıa1dııım11Swittıhtıı:; oolııy

Lit"cti:nt :nıec.hıınica:ı
wilh rated lmd

200 :ıaQ mmıimrRJı (m.rwmtııcl re~.ism:ıı,

lscılalion
(iJ ıucmıı:ıcı

en ıacı IO 001118(:\

(betı.~--000 qllilll con

ı;s-im:ıgc 011 tpat inın,ge register -poiııls for loca 11,~.
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Pcrı.-er supply

f'vAcl
L1 ~

Note:
'1. Aı:tual componı.ntvalues may vaıy.
2. Connect AC line lo the Uerminal.
2. DC circuit groundSaıe optional.

3.3KG

tı.t o.o 0.1 02 o.s 2u D.4 o.a. M 0.7 l hı u ,~NSOR I
0 0 0 0 0 00 0 0 000ılum

-e((((ı(((( 24 VCC power for input sensors
or exp3nsion nodules (180 mA)

Inputs (15 VCC to 30 VDC)

Connector Terminal Identification for CPU 212 24 VAC/DC/Relay
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IMATIC S7-200 Quick Reference Card

Interrupts
-,.G.._ıp hl.ıfll Oillıxl'ptiaı PıioıitjıinGı«ıp

II PccıO: Re:::e~tlııı-a-~ lllWtlll!ll o
9 PrctO:Traııı.sait lllWtlll!ll o,~ 2~ Poıiü:--.,"""""9" tlll!I! o-.-, •••••• piatı' 24

p•• ,,, __ I!! 1

i 25 Pi:ıfl1:~ı:h2111ı:1ıet I!! 1

' ze Pıııl 1: Trnomil ııofflfll!!<, 1I!!

D JiA'g ..ı!I", ID.rt lllWtlll!ll o
2 ı.n;ı..ıgı,,l!l:1 Wtlll'!! 1

~ Fkqıe,lı:,,,ID.2 WIil!!!! 2

il" R,,qı ..ıı:,,. ID.~ llllllEI! 3

1 Faliııg ..go, llO" lllWtll!!! 4

3 Fating ııd;Jo, ll.1 111111!!! ,5

6 Fı,li,ıgııd;ıo. 112 llllllEI! il

J Fnliog ..go, (l.3 WIil!!! 1
l0iıln",.f!t5 12 Hsal =preıd .,...,. llllllll!l!ll o
-pıioıi,Y ,~ HSC1 =f"'OR'fflUO Wı:ıII'!! !I

14 HSC1-Cmll!JI' wı:ııl!! 9

ıs HSC1 ••k<Al....ı ııım!!I! 10

1B ıısc:ı = pı<SI ••••••• 1!11111'!! 11

11 HSC2 -...ıctwıııo wınııı 12

18 H,şcı....,..ı,_. ıııı:ııııı ·13

19 -PlllD ıııı:ııw ,.,
w P~S1 wm!!I! 1>

1D r....ıo mwmeı I)

Tın>:l iılffQfG ·11 Tım«11 wmaı 1

ı,,.,..ıpi>riiy 21 TJ2=p- mı:ıı 2

n Dl=p-eset mw 3

• I en-e-nı 12 is aın:lıed·o :ın iııtef...,ı.·ıtıen M'ettl i zın:f e.oe•t 1 c..ını:ıt bezıtıachedıo
-~ıı..

!!I CPU212 In CPU214 eı CF!.!215 l!ll CP.121£

SIMATIC 57 -200
Quick Reference Card

Special Mı.mory Bit;ı;
SL'D.9 fılwaı'5C... sı.11.0 F,ı,ı.ılolCf""'Iİ>n=O

51,'(J,1 ı=isıSc:sı sı.,1.1 o.eıı ••••• ıı.gı,1,...,1••

Et,tl.2 Rıtı:ıtiıı,dotıb •• sı.112 ~ ...•..•..••
,),1),3 PaM«"llP :sı.11ıı !xıiııı:n~O

9,'[).4 3J gol 1.30sen Sl.11.4 1iılıleUI

sı.ı:ı.& 0J5taltlD.ı&sm sı.11,s 1iılıle!!t1iply
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2.ELECTRONIC CIRCUIT DEVICES

2.1.DIODE

2.1.1.PN Junction

-~- pn junction

Holes O Ele¢ttons- •
(a) "' (b)

Figure 2.1 Basic pn structure at the instant of junction formation. Both majority and

minoriy carriers are shown.

Figure 2.l(a) shows a pn junction formed between the two regions when a piece of

silicon is doped so that half is n-type and the other half is p-type. This basic structure

forms a semiconductor diode. Then region has many free electrons (majority carriers)

and only a few thermally generated holes (minority carriers). The p region has many

holes (majority carriers) and only a few thermally generated free electrons (minority

carriers). This is shown in Figure 2.l(b). The pn junction is fundamental to the

operation of diodes, transistors, and other solid state devices .

2.1.2. Forward Bias

The term bias in electronics refers to a fixed de voltage that sets the operating

conditions for a semiconductor device. Forward bias is the condition that permits

current across a pn junction. Figure 2.2 shows a de voltage connected in a direction to

forward-bias the diode. Notice that the negative terminal of the battery is connected ton

region ( called cathode ), and the positive terminal is connected to the p region ( called

the anode).
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Cathod•~

R
VBIAS

r-re 2.2 Forward-bias connection. The purpose of the resistor is to limit the current

vent damage to the diode.

· is how forward bias works: The negative terminal of the battery pushes the

nduction electrons in the n region toward the junction, while the positive terminal

es the holes in the p region also toward the junction. ( Recall that like charges

repel each other.) When it overcomes the barrier potential, the external bias voltage

source provides the n-region electrons with enough energy to penetrate the depletion

layer and cross the junction, where they combine with the p-region holes. As electrons

leave the n-region, more folw in from the negative terminal of the battery. So, current

through the n-region is the movement of the conduction electrons (majority carriers)

toward the junction.

When the conduction electrons enter the p region and combine with holes, they become

valence electrons. They then move as valence electrons from hole to hole toward the

positive anode connection. The movement of these valence electrons essentially creates

a movement of holes in the opposite direction as we our learned earlier. So, current in

the p region is the movement of holes ( majority carriers ) toward the junction. Figure

2.3 illustrated electron flow in a forward-biased diode.
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Figure 2.3 Electron flow in a pn junction diode.

2.1.3.Reverse Bias

Reverse bias isthe condition that pervents cuurent across the pn junction. Figure 2.4.

shows a de voltage source connected to reverse-bias the diode. Notice that the negative

terminal of the battery is connected to the p region, and the positive terminal is

connected to the n region. The negative terminal of the battery attracts holes in the p

region away from the pn junction, wihle the positive terminal also attracts electrons

away from the junction. As electrons and holes move away from the junction, the

depletion layer widens; more positive ions are ceated in the n region, and more negative

ions are created in the p region, as shown in Figure 2.5.

Cathode

v., ... s
B ·"·

Figure 2.4 Reverse bias connection.
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(b) Current ceases when barrier potenli:ıl equals bias voltage

deplation layer widens until the potential difference across it equals the external

voltage. At this point, the holes and electrons stop moving away from the junction

majority current ceases, as indicated in Figure 2.5(b). The initial movement of

ıjority carriers away from the junction is called transient current and last only for a

short time upon application of reverse bias.

- ı,,+ ~_J

(a) Tranııienı cutrcııLas depletion laycrwideııs

,----- Wide dektiGn layer
ads a~ insulaıor

ion regiont
act m, plates

(c) Depletiorı lııyı:r widen, 3$ reverse bias in,rea~es

Figure 2.5 Reverse bias.

When the diode is reverse-biased, the depletion layer effectively acts as an insulator

between the layers of oppositely charged ions. This effectively forms a capacitor, is

illustrated in Figure 2.5(c). Since the deplation layer widens with increased reverse

biased voltage, the capacitance decreases and vice versa. This internal capacitance ıs

called deplation-layer capacitance.

2.1.4.Diode Characteristic Curve

A diode conducts current when it is forward-biased if the bias voltage exceeds the

barrier potential, and the diode prevents current when it is reverse-biased at less than the

18



...-down voltage. Figure 2.6 shows a diode characteristic curve, which is a graph of

current versus voltage. The upper right quadrant of the graph represents the

~rd-biased condition. As we can see, there is essentialy no forward current (Ir) for

.ard voltages (Vr) below the barrier potential. As the forward voltage approaches the

of the barrier potential (typically 0.7V for the silicon and the 0.3V for

ium), the current begins to increase. Once the forward voltage reaches the barrier

ential, the current insreaeses drastically and must be limited by a series resistor. The

ltage across the forward-biased diode remains approximately equal to the barrier

tential but increases slightly with forward current.

The tower left quadrant of the graph represents the reverse-biased condition. As the

reverse voltage (VR) increases to the left, the current remains near zero until the

breakdown voltage (VBR) is reached. When breakdown occurs, there is a large reverse

current which, if not limited, can destroy the diode. Typically, the breakdown voltage is

greater than 50V for most rectifier diodes. Rectifier diodes should not be operated in

reverse breakdown.

]y 

Forw,rd
bias

:A <ı.···. _.vr
Birner poı~ndat ,(Vs

ı{ev¢fSC
bias

Figure 2.6 Diode characteristic curve
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!fiu:ae 2.7(a) is thestandart symbol for a general-purpose diode. The arrow points in the

ion of conventional current. The two terminals of the diode are the anode and

ıııaıocıe. When the anode is positive with respect to the cathode, the diode is forward

~ and current is from anode to cathode, as shown in Figure 2.7(b). If there is any

ion about terminal polarities, always check the manufacturer's data book.

ember that when the diode is forward-biased, the barrier potential VB always

ıı,pears between anode and cathode, as indicated in the figure. When the anode is

negative with respect to the cathode, the diode is reverse-biased, as shown in Figure

.7(c). The bias battery voltage is designated VBB and is not the same as the barrier

potential.

+ VB - -· V,w +
Anode ~ Cathode

---~-ıı,,

'"
R

V ~ıi1·-+
(a) Symbol (b) Forward bias (c) Reverse bias

Figure 2.7 Gneral purpose diode and conditions of forward and reverse bias. The

resistor limits the forward current to a safe value.

2.2.BİPOLAR JUNCTION TRANSISTORS

2.2.1.Introduction

The transistor was invested by a team of three men at Bell Laboraturies in 1947.

Although this first transistor was not bipolar junction device, it was the begining of a

technological revolution that is still continuing. All of the complex electronic devices

and systems today are an outgrowth of early developments in semiconductor transistors.
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are two basic types of transistors the bipolar junction transistor (BJT), and the

effect transistor (FET). The BJT is used in two broad areas as a linear amplifier to

st or amplify an electrical signal and as an electronic switch .

.2.Transistor Construction

The bipolar junction transistor (BJT) is constructed with three doped semiconductor

regions seperated by two pn junctions. The three regions are called emitter, base, and

collector. The two types of bipolar transistor are shown in Figure 2.8. One type consists

of two n regions seperated by n region (pnp).

C (collectcn)

•Basc-collt.ctQr
junction . 8 ·~ ·.,~ ... 
Base-emitter · I
juııclion

E (emitter

(a) npn

E

(b) pr:ıp

Figure 2.8. Basic bipolar transistor construction.

The pn junction joining the base region and the emitter region is called the base-emitter

junction. The junction joining the base region and the collector region is called base

collector junction, as indicated in Figure 2.8(a). A wire lead connects to each of the

three regions, as shown. These leads are labeled E, B, and C for emitter, base, and

collector, respectively.

The base region is lightly doped and very narrow compared to the heavily doped emitter

and collector regions. Figure 2.9 shows the shematic symbols for the npn and pnp
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transistors. The term bipolar refers to the use of both holes and electrons as

in the transistor structure.

Figure 2.9. Standard bipolar junction transistor (BJT) symbols.

2.2.3.Basic Transistor Operation

Figure 2.1 O shows the proper bias arrangement for both npn and pnp transistors. Notice

that in both cases the base-emitter (BE) junction is forward-biased and the collector

(BC) junction is reverse-biased.

Reverse
biased -+ Forward-=- biased-

Forward· +• _
biased ---=- +·-+

(11,) npn b) pnp

Figure 2.10. Forward-reverse bias of a bipolar transistor.

Now, let's examine what happens inside the transistor when it is forward-reverse

biased. The forward bias from base emitter narrows the BE depletion layer, and the

reverse bias from the base- collector widens the BC depletion layer, as depicted in

Figure 2.11(a). The n type emitter region is teeming with conduction-band (free)

electrons that easily diffuse across the forward-biased BE juntion in to the p type base

region, just as in a forward-biased diode. The base region is lightly doped and very
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...,w so that it has a very limited numöber of holes. Thus, only a small percentage of

trons flowing across the BE junction can combine with the available holes.

relatively few recombined electrons flow out of the base lead as valence

m:trons, forming the small base current IB, as shown in Figure 2.1 l(b).

of electrons flowing from the emitter into the narrow base region do not

mbine and diffuse into the BC depletion layer. Once in this layer they are pulled

ss the reverse-biased BC juntion by the depletion layer field set up by the force of

tion between the positive and negative ions. Actually, we can think of the

,Jectrons are being pulled across the reverse-biased BC junction by the attraction of the

positive ions on the other side. This is illustrated in Figure 2.ll(c). The electrons now

move through the collector region, out through the collector lead, and into the positive

terminal of the external de source. This forms the collector current, le, as shown. The

amount of collector current depends directly on the amount of base current and is

essentially independent the de collector voltage.
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(a) .tn(ernııl effecU\ of forwıırd-reverııe bias
Base

t•

C
Re 

+

-- •
Base electron cıırtent lıı 1

-· -· -· t

+
t• (b) Electron flow across forward-biased erniuer-base junctionHase

C Re 
.••.......•.....•.. •

'+•

•..__
Collector electron current Jc • ..........•..............•...........•...... ,

•
•

Enıit1er elewon c:urrem f s +....... , ..•....•. , .. .._ .
••••

~c) Electron Dow across rev.ersc-bjased 1,ase-co,lleclOrjunction

Figure 2.11. Illustration of BJT action. The base region is very narrow, but it is shown

wider here for clarity.

2.3.SYNCHRONOUS UP/DOWN COUNTERS ICs

Four-bit synchronous binary counters are available in a single integreted-circuit (IC)

package. The popular synchronous IC counters are the 74192 and 74193. They both

have some features that were not available on the ripple counter ICs. The can count up

or down and can be preset to any count that we desire. The 74192 is a BCD decade
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wn counter and the 74193 is a 4-bit binary up/down counter. The logic symbol

for both counters is shown in Figure 2.12.
.,.,

11 15 1 10 9

~ I I I I
PL Do Dı 02 03

s-t cPu
TCu to-- 12

4 -iCPo TCo b-13

MR Oo 01 02 03

14 3 2 6

Vcc;Pin16
GND;Pin8

ıgure 2.12 Logic symbol for the 74192 and 74193 synchronous counter ICs.

There are two separate clock inputs: Cpu for counting up and Cen for counting down.

One colck must be held HIGH while counting with the other. The binary output is taken

from Qo to Q3, which are the outputs from four internal J-K flip-flops. The Master Reset

(MR) is an active-HIGH Reset for resetting the Q outputs to zero.

The counter can be preset by placing any binary value on the parallel data inputs (Do to

D3) and then driving the Prallel Load (PL) line LOW. The parallel load operation will

change the counter outputs regardless of the conditions of the clock inputs.

The Terminal Count Up (TCu) and Terminal Count Down (TCo) are normally HIGH.

The . TCu is used to indicate that the maximum count is reached and the count is about

to recycle to zero (carry condition). The TCu line goes LOW for the 74193 when the

count reaches 15 and the clock (CPu) goes HIGH to LOW. TCu remains LOW until Ceıı

returns HIGH. This LOW pulse at TCu can be used as a clock input to the next-higher

order stage of a multistage counter.

The TCu output for the 74192 is similar except that is goes LOW at 9 and a LOW Ceu.

The Boolean equations for TCu , therefore, are as follows:

LOWat TCu=QoQıQ2Q3CpU (74193)

LOW at TCu= QoQ3CpU (74192)
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Tenninal Count Down (TCo) is used to indicate that the minimum count is reached

the count is"about·the recycle to the maximum (15 to 9) count ( borrow condition).

fore, TCo goes LOW when the down-count reaches zero and the input clock (Ceo)

LOW. The Boolen Equation at TCo is

LOW at TCo = Qo Qı Q2 Q3 CpD ( 74192 and 74193)

function table shown in Table 2.1 can be used to show the four operating modes

Reset, Load, Count Up, and Count Down) of the 74192 I 74193

Table 2.1 Function Table for the 74192 I 74193 Synchronous Counter Ics.

Operating
Inputs Outputs

mode MR PL Cpu CpD Do o, o. D, Do Q, a. a, tc; tt;

Reset H X X L X X X X L L L L H L

H X X H X X X X L L L L H H

Parallel Load L L X L L L L L L L L L H L

L L X H L L L L L L L L H H

L L L X H H H H H H H H L H

L L H X H H H H H H H H H H

Count Up L H 1 H X X X X Count up H H

Count Down L H H 1 X X X X Count down H H

• H = HIGH vottage level; L = LOW voltage level; x = don't care; l = LOW-to-HIGH clock transition.

2.4.NOT GATE (INVERTER)

The inverter is used to complement or invert a digital signal. It has a single input and

single output. If HIGH level (1) comes in, it produces a LOW level (O) output. If a

LOW level (O) comes in, it produces a HIGH level ( 1) output. The

Input
A

Output
X

ln~.ut · OutputA X

O 1
1 · O

Figure 2.13. Inverter symbol and truth table.
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symbol and truth table for the inverter gate are shown in Figure 2.13.

The operation of the- inverter is very simple and can be illustrated further by studying

the timing diagram of Figure 2.14. The timing diagram graphically show us the

operation of the inverter. When the input is HIGH, the output is LOW, and when the

input is LOW, the output is HIGH. The output wave form is therefore the exact

complement of the input.

A --[>--- X a= A

lnputA~ l HH~...._Output X

Figure 2.14. Timing analysis of an inverter gate.

The Boolen equation for an inverter is written X = A (X = NOT A). The bar overthe A

is an inversion bar, used to signify the complement.

2.5. D TYPE FLIP-FLOP (Data flip-flop)

G

s

R

Q

- .......•.
Figure 2.15. S and R input and output relation for D flip flop.



be formed from the gated S-R flip-flop by the adddition of an inverter. In Figure

we can see that Sand R will be complements of each other, and Sis connected to a

e line labeled D (Data). The operation is such that Q will be the same as D, while G

HIGH and Q will remain "latched" in whatever state it was in before the HIGH-to-

w transition on G.

: ~ 1: Q

-- R o
I

I

Figure 2.16. Gated D flip flop.

2.6.0PTOCOUPLERS

optocoupler

Figure 2.17. An optocoupler consists of an LED packaged with a photodiode or

phototransistor

An optocoupler is a light-activated electronic switch. It consists of a light-emitting

diode (LED) packaged with a photodiode or phototransistor, devices that are activated

(turned on) by lighting energy. See Figure 2.17. A pulse applied to the input side turns

on (illuminates) the LED, and the light energy it generates activated photodiode or

phototransistor. The latter devices can be connected to an open circuit to perform

switching functions in any of the applications for which conventional diodes and

transistors are used. The principal use of optocouplers is to interface circuits where

good electrical isolation is required. Since there is no physical contact between the input
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~l and output circuit, each can have a seperate ground, or referance. Because of this

to isolate circuits, optocouplers are also called optoisolators.

output circuit in Figure 2.17 contains phototransistors. In some commercially

.ailable units, the base is not an externally accessible terminal, since the only collector

and emitter are neccessay to serve as switch terminals. In other units, the base terminal

· accessible so that the user can have optionally connect the output circuit between the

base and collector. In this mode, the device serves as a photodiode rather than as a

phototransistor. The advantage of the photodiode mode is that switching is much faster

than phototransistor mode. The advantage of the phootransistor mode is that, as ın

conventional devices, the transistor has the capability of driving a load.

The current tansfer ratio (CTR) of an optocoupler is the ratio of output current to input

current. Depending on device design and application, it may range from 0.1 or less to

several hundred. Optocoupler specifications usually include electrical isolation,

expressed as a voltage. This voltage is the input-output voltage that the device can

withstand without electrical cunduction occuring between input and output. A typical

value is 2kV. Other important specifications of an optocoupler relate to switching

speed. These may be quoted in terms of rise and fall times. Typical value are 1

microsecond for an optocoupler using a photodiode and 5 microseconds for an

optocoupler using a phototransistor.

2.7. INTERFACING RELAYS AND SOLENOIDS

A relay is mechanical switch or set of switches that are pened or closed by a magnetic

field generated when electrical current is passed through a coil. See Figure 2.18. In the

context of a relay, the switches are called contacts. When no current passes through the

coil, it is said to be deenergized, the contacts are in their "normal" state: normally open

or normally closed. When the coil is energized, the contacts switch to the opposite state.

Like optocouplers, relays provide electrical isolation between an input circuit (the coil)

and output circuits, the circuits connected to the contact. They are used to drive heavy

loads. A relatively small voltage applied to the coil circuit opens and closes heavy-duty

contacts that can switch high voltages and currents. A very common application of relay

is to start oand stop and electrical motor. A solenoid is similar to a relay
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movable
armature

ı-- movable contact l conı~cıL-.fixedcontact cırcuıt

o
air=§ap spring

coil J "' . __ coil
circuıtl .

3 o +ı

~

o

normally dosed (N.C.)

=3 O. 1ıo T
- •.. -,,ı,,,::- .,.., normally open (N.Ö.)

coil symbols contact symbols

Figure 2.18. The electromechanical relay.

except in stead of opening and closing switches when its coil energized, it opens or

closes a mechanical value. Solenoids are used the control flow of liquits and gases.

Relays and solenoids are both very slow in comparison to electronic switching speeds,

so they are used only when the load is to be switched in or out of a circuit for long

intervals of time. An example of such a load is the fan motor in an air conditioning

system.

Figure 2.19 shows a circuit used to drive a relay coil. One of the problems with driving

a relay is that a very large voltage spike appears across the coil terminals.

+V

relay
coif

Figure 2.19. A relay-driver cicuit.
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2.8. 555 TIMER

2.8.1.Introduction

The 555 Timer is a TTL digital logic circuit that is used in the controller circuit to

produce a periodic square wave signal. The period and duty cycle of the square wave

signal are determined by the resistors and capacitors connected to the timer. A square

wave with a 50% duty cycle is desired. In order to obtain exactly a 50% duty cycle from

the 555 Timer, two resistors of identical value are required. Since it is impractical to

obtain two resistors of identical value, two resistors close in value are used to generate a

square wave with a duty cycle close to 50%, and then a JK flip flop is used to create a

square wave with a duty cycle of exactly 50%. The :frequency of the square wave

produced by the JK flip flop is 1/2 the :frequencyof the output of the 555 timer.

2.8.2. Time Delay Circuit

555 IC is used for monostable and also for astable. For astable and monostable the time

constant can be adjusted between microseconds and a few hours. Since it works with 5V
and 18V we can adopted to all type of circuits. An also it feeds 200mA, bulbs, relays,

and some components which are like bulbs and relays can be drived directly. When the

output oflC is high the IC spends lOmA by itself, and when the output reaches the zero

volt it uses lmA of200mA.
In my circuit it is used as monostable oscillator.

2.9. DEMULTIPLEXERS

Demultiplexing is the opposite procedure from multiplexing. We can think of

demultiplexer as a data distributor. It takes a single input data value and routes it to one

of several outputs, as illustrated in Figure 2.20.
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s, I So

'---.r--'
Data select (determines
tne destination ot the

data input)

Figure 2.20. Functional diagram of a four-line demultiplexer.

Integrated-circuit demultiplexers come in several configurations of inputs/outputs.

There are two types which is one of the 74139 dual four-line demultiplexer and other

one is 74154 16-line demultiplexer.

The logig diagram and logic symbol for the 74139 are given in Figure 2.21. Notice that

the 74139 is divided into two equal sections. By looking at the logic diagram, we will

see that the schematic is the same as that of a 2-line-to-4-line decoder. Decoders and

demultiplexers are the same, except with a decoder we hold the E enable line LOW and

enter a code at the AoAı inputs. As a demultiplexer, the AoAı inputs are used to select

the destination of input data. The input data are brought in via the Eline. The 74138 3-

line-to-8-line decoder.
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VCC • Pin 18
GND•Pirı8
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vcc •Pin 1a
GND•PinB
( ) •. FJ'frtNı.ırııber,

Figure 2.21. The 74139 dual 4-line demultiplexer: (a) logic symbol; (b) logic

diagram.

To use the 74139 as a demultiplexer to route some input data signal to, let's say, the 2a

output, the connections shown in Figure 2.22 would be made. In the figure the

destination 2a selected by making Aıa = 1, Aos =O.The input signal is brought into the

enable line (Ea). When Ea goes LOW the selected output line goes LOW; when Ea goes

high, the selected output line goes HIGH.

174139
2 ~c~

2ap--_ 2a

b--3a
Input
dııta

s.lgnal ,;_,:..,.ı,. ••• ' , ~ n, ~-

O 1
'----,r-'

Output
destlrıatlen

.seıeet

Output
aignal

Figure 2.22. Connections to route an input data signal to the 2a output of a 74139

demultiplexer.
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5 ff~ ı slgrıal
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74154

i Ao

Outı>ut i O- A1
destina1;lon

se'lect 1 A2

,O A3

Figure 2.23. The 74154 demultiplexer connections to route an input signal to the 5

output.

The 74154 can also be used as a 16-line demultiplexer. Figure 2.23 shows how it can be

connected to route an input data signal to the 5 output.

2.10. CODE CONVERTER

Quite often it is important to convert a coded number info another from that is more

usable by a computer or digital system. The prime example of this is with binary-coded

decirnal (BCD). We have seen that BCD is very important for visual display

communication between a computer and human begins. But BCD is very difficult to

deal with arithmetically. Algorithms, or procedures, have been developed for

conversion of BCD to binary by computer programs (software) so that the computer

will be able to perform all arithmetic operations in binary.
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Another way to convert BCD to binary, the hardware approach, is with MSI integrated

circuits. Additional circuitry is involved, but it is faster to convert using hardware rather

than software.

3.0PERATION PRINCIPLE OF CIRCUIT

3.1. GENERAL OPERATION OF TELEREMOTE CIRCUIT

Ringer

•

1 µFr·-=-

4102

caunter A

cau~er B

Figure 3.1. Receiver circuit

1kQ

42MQ

0.05<',

5V

B
A [Al -

To 555 Timer

Figure 3.2. Counter circuit.
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From Caunter

470:R

0.05A

RLa/b

•

Figure 3.3. Time delay circuit.

RL••

E>1·D1t•tN«D1
T1-Tıo,:2flCililQQA
R1-R15;,o.10QQ.

A1

'"'

ıc:ı,ı:4£04049
ı:&-IC9£D4113J: ı: ,:;4 R~Fl..10•RELA'l'6'J,10QQ1C¥)

f·',
~

• • • Uo

..
Figure 3.4. Control circuit.
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1 O KHz OSC .
•

10 KHz OUTPUT
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RES (DN

[RJ/1 M'.R/50%

10nF

Figure 3.5. Oscillator Circuit

When the DTMF is send to the optocoupler part of the circuit the light emitting diode

will emitte lights. The light emitted will be detected by the phototransistor will convert

the light source to an electrical signal the TRl will be driven and then the coil of the

relay will be magnetized. Since the signal of the telephone line is high for a certain time

and then of therefore when the high signal comes to the circuit the relay will operate but

when low signal comes to the circuit the relay will not operate. This on and off period

will be detected by counter part of that circuit. Each active position of relay will be

accepted as one by counter circuit. And counter will count up to eight. When the eight

tones are reached. The telephone you are calling will answer you. And after this

operations the timer will set eleven seconds time delay. This time delay can be adjusted

by changing the value of the capacitors and resistors. And also the counter value can be

changed between some specific values of the resistors and capacitors are shown in

Table 3.1.
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Table 3.1 Resistors and capacitors value of monostable timer.

I O.OOlµF O.OlµF O.lµF lµF lOµF lOOµF lOOOµF

ıın - llµS llOµS l.lmS llmS llOmS 1.1s

lOkQ llµS llOµS 1.lmS llmS llOmS 1.1s ııs

, lOOkQ llOµS 1.lmS llmS llOmS ı.ıs ııs ııos

lMQ l.lmS llmS llOmS ı.ıs ııs ııos llOOS

This eleven seconds time will let you do your operation. In this stituation, operations

shoul be finished in limited time which is eleven seconds. When the zero button is

pressed after operation, the operation will be finished. Or after counter counts eight if

you zero button is pressed the system will give you unlimited time to perform your

operation and again by pressing zero button, the operation will be finished.

3.2. OPERATIN OF THE CONTROL CIRCUIT

The circuit uses IC MT8870 (DTMF to BCD converter), 74154 (4-to-16-line

Demultiplexer), and five CD4013 (D flip flop) ICs. The working of the circuit is as

follows.

Once a call is established (after hearing ring-back tone), dial "O" in DTMF mode. ICl

decodes this as '1O 1 O', which is further demultiplexed by IC2 as output O 1 O (at pin 11)

ofIC2 (74154). The active low output oflC2, after inversion by an inverter gate oflC3

(CD4049), becomes logic 1. This is used to toggle flip-flop-1 (F/F-1) and relay RLl is

energised. Relay RLI has two changeover contacts, RLI(a) and RLl(b). The energised

RLl(a) contacts provide a 220-ohm loop across the telephone line while RLl(b)

contacts inject a 1 OkHztone on the line, which indicates to the caller that appliance

mode has been selected. The 220-ohm loop on telephone line disconnects the ringer

from the telephone line in the exchange. The line is now connected for appliance mode

of operation.
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· 'O' is not dialed (in DTMF) after establishing the call, the ring continues and the

ne can be used for normal conversation. After selection of the appliance mode of

........,n, if digit '1 '~ is dialed, it is decoded by ICl and its output is '0001 '. This BCD

is then multiplexed by 4-to-16-line demultiplexer IC2 whose corresponding

,; :-•, after inversion by a CD4049 inverter gate, goes to logic 1 state. This pulse

~ the corresponding flip-flop to alternate state. The flip-flop output is used to

a relay (RL2) which can switch on or switch off the appliance connected through

contacts. By dialing other digits in a similar way, other appliances can also be

switched 'on' or 'off'. Once the switching operation is over, the 220-ohm loop

resistance and lOkHz tone needs to be removed from the telephone line. To achieve

this, digit 'O' (in DTMF mode) is dialed again to toggle flip-flop-I to de-energise relay

RL 1, which terminates the loop on line and the 1 OkHz tone is also disconnected. The

telephone line is thus again set free to receive normal calls. This circuit is to be

connected in parallel to the telephone instrument.
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. OPERATION OF PLC

4.1. LADDER DIAGRAM & STATEMENT LIST

Network 1

When press the button one, I O.O input will operated and heater (Q O.O) is operated as

timer count as.

Network2

When I O.O is active, counter (CO) count one and when press the button seven,it will be

reset.

Network3

After the counter (CO) count one, timer (T36) will counted thirty sec.

Network4

When press the button two (three times), I 0.4 input will active and heater (Q 0.4)

would be operated as timer count as.

Network5

When I 0.4 is active, the counter (Cl) count two and it will be reset when press the

button seven.

Network6

After counter (Cl) count, timer (T38) count sixty sec.
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ork7

n we press thee button eight, I 0.1 input is active and washing machine (Q 0.1) will

operate.

•~etwork8

When the button nine was pressed, I 0.2 input will active and microwave oven (Q 0.2)

would operated as timer count as.

Network9

When I 0.2 is active, counter (C2) counts one.And it will reset with button seven.
ı.

Network 10

When counter (C2) counts one, timer (T39) will count thirty sec.

Network 11

When the button five was pressed (three times), I 0.3 input would be active and

microwave oven (Q 0.5) will operate as timer count as.

Network 12

When I 0.3 is operate, counter (C3) will count two and when pressing the button seven,

it will be reset.

Network 13

After counter (C3) counted, the timer would count sixty sec.
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ork 14

operation will finish,

(
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111LE COMMENTS

Heater operation for 30 sec.

T37 QO.O

I t I I ( )

Counter count 1

co
CU CTU 

1---4R

+HPV-

Timer count 30 sec.

T37
1---4IN TON

+180-iPT J



Heater operation for 60 sec.

T38 Q0.4

I 111~ c :

Counter count 2.

Cl
CU CTU 

I---IR

+HPV-

Timer count 60 sec.

I---IIN TON 
T38

+360-IPT !

_,etwork 7 Washing machine operation

IO.l QO.l

I C )



Microwave oven operation for 30 sec.

T39 Q0.2
1 I .. C~)

Counter count 1.

C2
CU CTU 

+HPV-

Timer count 30 sec.

ı----t IN TON 
T39

+ıso-tPT I

Microwave oven operation for 60 sec.

T36 Q0.2
I I I I ( )



Counter count 2.

C3

ı----ıcu cm

+2-IPV-

13 Timer count for 60 sec.

T36
IN TON 

+360iPT I

Operation will finish.



1 //Heater operation for 30 sec.

IO.O
T37
QO. O - ~.,.

2 //Counter count 1

IO.O
I0.7
co, +l

3 //Timer count 30 sec.

co
T37, +180

//Heater operation for 60 sec.

//Counter count 2.

Cl, +2

NORK 6
Cl

//Timer count 60 sec.

T38, +360

TWORK 7 //Washing machine operation

:.ll 10.1
QO.l

NETWORK 8 //Microwave oven operation for 30 sec.

ı.o IO. 2
:,..\I T39

Q0.2

NETWORK 9 //Counter count ı.
LD I0.2
LD IO. 7
CTU C2, +l

NETWORK 10 //Timer count 30 sec.

LD C2
TON T39, +180

NETWORK 11 //Microwave oven operation for 60 sec.

LD IO. 3
AN T36

Q0.2

NETWORK 12
:ı ,' LD I0.3

S3 LD I0.7

:3 CTU C3,

€0
oı NETWORK 13
62 LD C3

53 TON T36,

64
65 NETWORK 14
66 MEND

//Counter count 2.

+2

//Timer count for 60 sec.

+360

//Operation will finish.



CONCLUSION

The aim of the study is showing that any process can be managed remotely with easy.

eed for remote managing could appear in health-critical or dangerous conditions,

being far away job, etc. It could be extremely useful for managers to check or

administer.

In fact, a production unit may have a PLC or other types of control device on their

processes, so that they may not need this part of job. In this case, if some computers

make the data collection and control the process with telephone lines.

In our study, since the telephone lines are live, the processes are controlled in seconds

easily. Of course if the destination number is in local area, only dialling will be faster

therefore the process will be faster.

In practice, after answering the telephone the tele-secretary will be activated and direct

the user by its voice commans.

Our study enables user perform processes twice for safety the password may be set. As

human life is busy or be far away from their houses and factories. The remote control

becomes very important, since most of equipments are controlled by telephone line.
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1 N4001 - 1 N4007

Features
• Low forward votta:;ıe drop.

High surge cLrrent capabllitf.

D0-41
COLOR BAND CEWTES CAlOOOE

General Purpose Rectifiers

Absolute Maximum Ratings* r, -2s-c-·"""'~""noıo<1

Symbol Parameter Value Units

4001 I 4002 I 4003 I 4004 I 4005 I 4006 I 4007

"- I Peak Repetitive Reverse Voltage
50 I 100 I 200 I 40[> I WJ I BOO ı ıooo V

1,ı,vı AveraQeRoctified Foıward Currenl 1.0 A

}175 • ie.c-ıd ıen~th mı T - 75dc

ı,,,., Nc.ı-repetitive Peak Forward SLrge
Current

30 A
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-55 to +175 oc

Thermal Characteristics

Symbol Parameter Value Units

Po Power Dissipatioıı
3.0 w

Ro."
Ttermzı Resistance. Jurctton to Ambient

50 ·cıw

ElectricalCharacteristics TA =25"Cunkssoıhor--

Symbol Parameter Device Units

4001 I 4002 I 4003 I 4004 I 4005 I 4006 I 4007

---v, . ~or.varn\/oııage~ 1.0A
1.1 V

ı. 1,/kıxirnunı Full Load Reverse Ctrrent. Full
3() pA

Cvcle T.•. = 75°C
.

'" Rever&e Current@rated VR TA= 25'"C
5.D rıA

T,=100,C 500 ı•A

CT l otal Capacitaıee
15 pF

Vn=4.0\/, I= 1.0 MHz
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FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPOITT
DEVICES OR SYSlEMS WITHOUT1HE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDlx:TOR CORPORATION.

P£ used herein'.
1. Life support devioes or systems are devices or
systems \\tılch, (a) .are intended for surgi:al inplant into
the bOdy, or (b) .svpport or sustain tfe, or (CJ whose
failure lo perform when proper!>/ used in accordan<ıe
with instructions for use provided in the labeli\g, can be
reaaonably expected to result in significant injury to the
user.

2. A ertical eanponent is any componeıt of a life
support deVice or system whose faiure to -perform can
be reasonably expected to cause !he faiure of the lfe
su.pport device or system. or to affect its safely or
effectiveness.

PRODUCTSTATUSDERNITIONS

Definition ot Torm•

D •• n tıeet Identification Product sıatus '
Dellnlllon

AdVance Information Fomıatiııe or This dalasheet contains the deSign specifications for

In De5'9n product development. Specfıcations may change in
any manner without notice.

Preliminary Frst Production This datasııeel oonlaiıs prelininary data, and
supplementary data wil be published at a later dale.
Fairchild Semiconductor reserves the rightto make
changes at any time wlhOut notice in order to improve
desi,gn.

No Identification Needed FuH Production This dalasheel contains final specifıcatlons. Fairchild
Semieonductor reserves the right to make changes at
any time wthOut notıce in order to lll"C)rove design.

Obsolete Not In Production This datasheet contains specifications on a product
that has been discontiıued by Fairchild semi:onductor.
The datasheet is printed for reference information only,
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SEMICONOUC"f\ORTM

!
•.. ...

CD4013BC
Dual D-Type Fl ip-Flop
General Descri.ption Features
The CD4013B dual D-Wı:ıe flip-fk>p is a monolithic comple-

• Wide supply voltage range: 3.0Vto 15V

ıııeııtary MOS (CMOS) integrated circul constructed ,•ıith
• High noise immuntr1: 0.45 v00 (t)'P.)

-ı.ı- and P-channel enhancement mode lrıınsir.'lors. Each
llp-llop has independent data, set, reset, and clock inputs

• Low powerTTL: fan out of 2 ctiving 74L

and ·cr and "O.. oulpUts. These cıe•vicel can ,2.e used for
compatibility: or 1 driving 74LS

5hft register applic.iiions, and by connecting ·o" outpı.t lo Applica·tions
the data input, »r coı.nter and toggle applications. The
bgic leırel present at the "D" input is tranr.ferred to the Q • Automolive
output during the posltiııe-going transition of the dock
pulse. Setting or resetting is independent ol the cbck and

• Dalaterminals

is accomplished by a high level on the sel or reset line
• I nstn.ımentation

respecti·,ety.
• Medical electronics
• Alarm system
• I nck.ıs1rial electronics

• Rero:'lle meterrıg
• Corr1)Ute!S

Ordering Code:
Order ıNıumbQr P:ıcllaQQ Numb~

Package IOQscriptioıı

CD4013BCM M14ı\
14-Lead Small OUtfine Integrated Circul (SOIC), JEDEC MS-012, 0.150" Narrow

CD4013BCSJ M14D
14-Lead Small Outline Package (SOP), EIAJ TYPE II, 5.3mm Wide

GD4013BCN N14A
14-Lead Plastie Dual-In-Line Package (PDIP'J, JEDEC MS-001, 0.300" W1de

~ibı:& al!U aıaıııue in 1 ape all:! Re&I. Sj:ecily t,ı appa10irg ıtıe suııx lella- •x· ID the orderrQ cooe.

Connection Diagram Truth Table

-Ytıı:ı Ill ii2 t~OCK ı 11($02 D'ı1A2 !!EU

L" 11 ,2 11 11, I,, :I .CL D IR s Q Q

ıfn ,(Note 1)
_r o o o o 1

_r 1 o o 1 o

·r,ıı, I F/f
••..•... X o o Q Q

I
t

)C X 1 o o 1

I I )( X o 1 1 o

~
X X ·1 1 1 1

NoGımge

·ı It 1 a 4 $ 6 11 x= Don't Can Case

Ql 111 Cloe~ ·ı ıııtstt 1 DA"J,"1 SETI ":ss Nc<te ·1 : Le;dCharge

loı>Vıiew

o
C
t-w
OJ
()
os-o

I
""'4<-g.,,--"D

•.,,
ô,,

e 2002 Fairchild Semiconclıctor Corporation OS005946
\•r.•ıw.fairchid semi .corn
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~ I Schematic Diagrams-oso

ıfL ır:şs

I LI !I,,
msn rCL

ııoo Voo

~ tJld
no«o , fuf «

vss ıı,ss

illl P.SIIB"STRAU-S ıl ~ I coNııı1£CTEP TO Yoe

Logic D·iagram

n tl

~

www.falrchlldsemi.com
2

53



Absolute Maximum RatinQS(Note 2)
Recommended Operating

,Note 3)
Conditions (Note 3)

DC Supply Voltage (\foo) •.. -;.0.s Voe to+1B Voe DC Supply Voltage (Voo) .ı.-3 Voe to +15 Voe

Input Voltage (Vırıı) -0.5 Voe to v00+0.5 Voe Input Voltage (Vıı,ı) o Voe to von Voe

StorageTemperature Range (Ts} -65"C to +1 soo-c OperntingTemper.ture Range (T,~ -55"C to+ 12s0c

Power Dissiı:ation (Po)
Noıte 2: "Abı;ciuiat&xiınumRati~ a-a lh:6e ...alı.ms teyood ....ııictı lie

Dual-In-Line
700 m';N'

sale!f cl lhed;,,;ce mnnolte guaranlee:t. lhe_ı• are rol n--ni lo impy ihai
Iha ıı.,,.;ı:e,; siıPUld be operaiedai thoselimiis.1hıı tablesol 'Reo::m-

Small Outline
!500 mVıJ nıeırlıd OpırıılingCm:liliom"oo:l'Ele:ılıiı:alCharndaisliı:s"plOYdı,con-

LeıadTemperalure(TL)

diiior-s foraı:lualde.iceııperalm
Norte3; 'Jss= OV unlessııilıım.ıisııs[W""ili&d.

(Solderi,g, 10 seconds)
260"C

DC Electrical Characteristics (Note3ı
-55,;,C +2:5°C +125°e

Symbol Parooıeter Conditions
Unlis

ı.ıın l\laıt Min Typ Max Min l,1ax

lro Quieı;;...--entDe·,ice Vı:ıo= 5V,VIN= Voo ff Vss 1.0 1.0 30

Currenı Voo=10V, Vtı= Vı:-oorVss 2.0 2.0 00 ııA

V00=15V, Vt~=VcoorVss 4.0 4.0 120

\let_ LOWLe-,el I lol <1 .O ııA

Output'blage Vı:ıo=5V 0.05 0.05 0.05
V

Voo=10\/ 0.05 0.05 0.05

Vı:ıo= '1.5V 0.05 0.05 0.05

\loo HIGHLevel llol c '1.0 µA

Output\blage Vı:ıo= 5V 4.95 4.95 4.95 I/

Voo='101/ 9.95 9.95 9.95

Voo=·1.5V 14.95 14.95 '14.95

VıL LOWLevel llol <1.0ııA

I npulVol.age V00= 5V,v0 = 0.5\1 or4.:5\I '1.5 1.5 1.5
V

Vı:ıo=101/, Vo= '1.0V cr 9.0V 3.0 3.0 3.0

Vı:ıo= '15\/, vo = '1.5V cr f2.:5\I 4.0 4.0 4.0

VıH HIGHLwQI llol < '1.0 µA

Input\/cl.age Vı:ıo=5V,Vo= O.fN or4.:5\I 2.5 3.!• 3.5 \I'

Voo='10V, Vo= 1.0Ver 9.0V 7.0 7.0 7.0

voo= ·1.sv. v0 = ·1 ..sv ff 12.5\1 ·1·1.c, 1'1.0 11.0

lot LOWLevelOutput Voo = 51/, Vo= 0.4\1 0.64 0.5'1 o.ss 0.36

Currenl(Nete4) Vı:ıo= '1 OV, Vo = 0.5V ·1.6 1.3 2.25 0.9 mA

Vı:ıo= '15V, Vo = 1 ..51/ 4.2 3.4 B.B 2.4

loH HIGHLevelOutput Vı:ıo=5V,Vo= 4.6V -0.64 -0.51 --O.BB -0.36

Currenl (Nete4) Vı:ıo= 10V,V0 = 9.5V -'1.6 -1.3 -2.25 -0.9 mA

v00 = ·t5V, v0 = ·13.51/ --4.2 -3.4 -a.a -2.4

lıN InputCurr~nl Vı:ıo= '15V, Vtı = OV -0.'1 -1cr'" --0.1 -·ı.o

Vı:ıo= 151/, VN = '151/ 0:1 ·10-6 0.'1 '1.0
µA

tlott,4: loH and10• aremeasuredore outputal a lime.

www:lairchildse mi .com
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AC Electrical Characteristics (No1e 5)

TA= 25°C, CL= 50 pf, Rı_ = 2001., umıssolheM•ise noted

Symt>ol t ,. l"a ranı eter
C.ı,nditioos ı.ıin Typ ı.,ax Units

CLOCK OPERATION

lpı-t., 1R-H
Propııg31ionDelayTire Vı:o=fN

200 350

Vı:o=V'I
00 '160 ns

Vı:;o= 15\ı'
65 ·120

t1ı,ı., lıı.H Transiion nme Voo=fıV
'100 200

Voo = 'Ol!
50 100 ns

Vı:o= 15¥
40 80

twl·""ı-ı
hlinimumClock Vc:-o=fN

·100 200

P~se'll'/idlh
Vı:o = "lN

40 80 ns

Vı:o = 15\ı'
32 65

iRCl·ifCl
klaıı:imumClock R~ and Vı:;o=5ıl

15

FallTime
Vı:-o = •r:JV

'10 µs

Vı:o = 15V
5

tsıı t.1inimumSet-Up Tıme Vı:o= 5>.I
20 40

Vco= "(JV
'15 .30 ns

Vı:o= 15V
·12 25

fcı. 1,1aximumClock Vr.o = 5\/ 2,5 s

Frecp.ıenoy
Vı:o= 'V:JV 6.2 '12.5 llıl-lz

Vı:o= 15V 7.6 15.5

SET ANO RESET OPERATION

1pH.(R)·
Propııga11onDel3y Tire Vro = 5\/

150 300

lpu·t;S)
Vı:o= "f.N

65 130 ns

Vı:o= 15\1
45 90

t-,vı-t;R)· MinimumS&I and Vm=5V
90 180

lwı-t;s)
Resel Pulse \\iidlh Vı:o= 'Ol!

40 80 ns

veo= 15V
25 50

CiN
;\>,-eragaı,..,uı Capacila noe Any Input

5 7,5 pF

Not~ 5: AC Parameiecsıseg.ıııranteııdby DC corıelated lesting.

Switching Time Waveforms

V•tr~
-- ı.j- -i"'..,.._
ı: ~~t

t<.tıtıı Vss
Ill'\

1W.

~ti!)
-··r ---1 '' 1-ı-

.I 00'~ ~~; 5rr,, fi!r.,

nııu V$3..!!!ı
tır.. lı:

- r..tmll' ı--
OAT.II ~Ill)--,,

•!1!11\. fi. ~ ffi

~:,ıııı .
Vss · . ~·~ ı--_,.. .,l.,... •nK-- r
'Yıı,p

- .v:L----lilll- ŞJ~

DORıl lı'sş
·Ilı!'

I ~-DO~( YDD ı--~;IL 9iıı( .. ~ı
ur~

'i.'ŞŞ

i
M-oso

www.fairchildsemi.com
4
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sical Dimensions inches cmirnrneters) unıess oıııeıwise noted

ıl).«N
(-011)/11,

.ı\U.WlllllP$

om-ı:troı
mnı.LWPS

14-Lood Sm::ıll Oufünı;, lnt&gratıı-d Circuit (SOIC:J, JEıDEG MS•01:2.. 0.:150'' Narr-ovı
Packag& Nıııml>Qr M14A

5
www·.falrch ııctse ml .corn
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Physical Dimensions nches (millimeters) unless otherwise noted (Continued)

DIMEt,JSICNS ARE INMIUJMETEl'!S

rcôTl:S:
A. ~OAMS TO Elı\.JEOR-7-3211 AJro1$TRATION.

f'ST<\6Usı€'D IN OECEMllfFI, 1900,
B. IJIM!i~Js,(lN;SAREINMll.lJMF.T~f'IS.
C. OlrıııENSIONS ARE E)(Cl.USIVE Of Bl1Rf5, ~O

FlAStl. ANO TIE Bf.ı.R E'XTRUSOfS,

M140Revi~1

1271YP _j
LANO PATTERN RECOMMENDATION

SEEOETAILA

14-1..&ad Small Outlime Pae:kage ,(SO:P}. !EIAJ TYIPE Ill, 5.•3mm Wide
Package Nımııbeo:r M14D

.•ıww.fairchildsemi.com
6
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sical Dimensio.ns inches cmiııiııeters> unıess otı,e,wise noted ceoıiinueo)

o.HD
\2.2661

-~

O,it.D,U!-•t_O
f&.350t,(UM:

iPIN NO. ·ı
IDfflT

J!d!!2!_ D >\ .!:!fil!. ¥4:C
iU-371 '- IU62l OEP'TII

fi!"liO!i,

o..ooı - o.oıt rrr
iUD3-t0.41Ml

0.075:t•O.OI~
u .!!05±(1,aıı

~325+0.HD
-O.US

(uun+·ı.u,-)
~O,l81

14•L•ead Pilas-tiic D,ua'l•lın-4..ineIP.ackagı;, (P:OIP}.JEDEC 1MS4l01, 0.300'" Wide
Pae'.kageINumlber IM14A

Fairchild does not assume any responsibility 'for use of any ci"cuitry described, no circuit ıxıtent licenses are implied and
Fairchild reserves the right at any time without notice to change said circuitry aıd specifications.

U.FE :SUPIPO:RT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRl'TICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS 'ı/ıı'ITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD

SEMICONDUCTOR CORPORATION. As used herein:

1. Lile support devices or sys1ems are devices or systems
which, [a) are intended for suıgcal implant into the
body, or (b} support or sustain life, and (c) whore failure
to pertorm wtıen properly used in acooroance with
instructions for use provided in the labeüng, can be rea
ronabiy expected to result in a significant irıjur,ı to the
user.

2. A critical component in any component ol a life s~port
device or system whose failure to perform can be rea
sonably expected to cause 1he'failure of the li'le support
device or sys1em, or to affect ils safety or effectiveness.

w•ıwı.fa'irclhilds91111i.,com

7 www.falrchlldsemı.com
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Al cirnmslOOS "'" In ir<:"'5 (milirneleı,)

AN S0.8 PACKAGE HAS A 69% SMALLER FOOTPRINT THAN AN a-PIN DIP

0PTOCOUPLERS 
Siz.e does matter, but bigger isn't always better.
Po11able and compact devices require optocouplers that deliver the performance of a
standard 4- or 8-pin dual inline package (DIP), but occupy only a fraction of the space.

Fairchild Semiconductor's small outline package (SOP) optocouplers meet that need.

For more information, including data sheets, go to www.fairchildsemi.com/sopopto 1

ACKAGE

50-8 P.K'k,1!,'11

Full-Piıdı
Mi11i-FlaıP.ırk.1.;'<'

1-/all'Piıclı
Miııi-Flat P.1rkag,,

.405[10.30)
WJ<

A FULL-PITCH MINI-FLAT PACKAGE HAS A 37% SMALLER FOOTPRINT THAN A 4-PIN DIP

o.094 12.39! I
0.01912.oıı I 4-Piıı DIP tL ·r=:1·-0-.2-ooLı-s.-ooı=r=»mi} ~ 0.160 [4.06} ...a. A

-, ~ I I f I I 0.405(10.30)

0.175[4.45) ----ı r------ı r-- MAX

{rr3 ıEh
016\l (4.29) --..I 1.--- ----I ı.._ 0287 (7.2\l)
0.154(3.91) -ı r-- --ı r-- 0.248!6.30}

A HALF-PITCHMNl.fLAT PACKAGE HAS A 61% SMALLER FOOTPRINT THAN A 4-PIN DIP

0.094 {23!!)
0.079 [2.01)

l
4-PiııDIP

·c:5.0.200 ıs.ooı ~
{iiii}, ~. 0.160[4,0€,) - -

"!"?!~~ I -1-1--'-I ~ ••~~"
@ Bı

0:100 (2.6fil. _.-I 1--- -1 l-__ 02e1 ıı.ı:ııı
0.091 (2 .31) __,,, r-- --ı r--· 0.248 (6.30)

f
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S0-8 Package Optocouplers
High-Speed (1 Mbit/s ) Transistor Output, GaAsP Input Optocoupler
High-Speed (1 O Mbit/s ) Logic Gate Output. GaAsP Input Optocoupler
High-Gain (>300% CTR) Split Darlington Output, GaAsP Input Optocoupler

Phototransistor Output, GaAs Input Optocoupler
Photodarlington Output GaAs Input Optocoupler
Transistor Output. AC GaAs Input Optocoupler
Dual-Channel Phototransistor Output. GaAs Input Optocoupler
Dual-Channel Photodarlington Output GaAs Input Optocoupler

Full- and Half-Pitch Mini-Flat Package Optot·ouplers
Phototransistor Output GaAs Input Optocoupler
Plıototransistor Output. AC GaAs Input Optocoupler

Safety Regulatory Agency Approvals
BSL CSA and UL certified.

Tape and Reel Ordering [ntormation
Option R1 - 500 devices per reel. 7 inch (178 mm) reel diameter
Option R2 - 2,500 devices per reel, 13 inch (330 nım) reel diameter

Footprint Drawings for PCB Layout
so-e PACKAGE

FULL-PITCHMINI-FLAT PACKAGE HALF-PITCH r.ıtNI-FLAT PACKAGE

~
lo.100;~54)

1 ı--··004 ilJ.61)

-r-noo~(l~
oın(o:~ r ~
lSau

i i
_,.j I.- o.oro(t27)

1 ı0.02'![0.61)

~..ı:-:;-_] o~"'"
l T'~

J

For more information, including data sheets, go to www.fairchildsemi.com/sopopto 2
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S0-8 Package
High Speed

Tı·aıısistor Output
Optocouplers

S0-8 Package
High Speed
Logic Gate

Optocoupleı"S

S0-8 Package
High Gain

Split Darlington
Optocouplers

Full-Pitch
1\1i11i-Flat Package
ş.Pın Optocouplers

Half-Pitch
Mini-Flat P.1ckage
4-Piıı Optocouplet"S

.•Base not connectedfor HCPL-0152

HIAMZ70i>

HIM121. HMA124, HMA2701.

HMHAA280

H~'tiA281 , ı-MtA2B01

CTR@ Voı. lea. r,..rrl'I.H

Pait 16mAlı00 (V) lı,ıA) (Jısl Vıso

l'D1'bef nwn max max max maıı r,ı;;oıMS)

HCPL-0<152' 19 50 0.4 200 0.8/0.8 2.5 kV

HCPL-0500 1 50 0.4 200 '1.511.5 2.5 kV

HCPL-0501 19 50 0.4 200 0.810.8 2.5 kV

lr-ı Voı. Cf,,\P,\ lca. T,..fTl'I.H

Pait (mA) M lkV/lfi) (ıııA) (05) Vıso

l'U1iler max max mrı max max r,ı;; LRMSI

HCPL-0000 5 0.6 - 13 75115 2.5kV

HCPL-0001 5 0.6 5 13 75115 2.HV

CTR@ Voı. loo T,..ITıııH

Pait 1.6mA\l'lQ (V) l!JA) (Jısl Vı;o

l'U1iler min max max max maıı r,ı;; l!IMS1

iiCPL-0100 300 zeoc 0.4 250 'l{l'35 2.~kV

HCPL-0701 500 2600 0.4 100 25160 2.5kV

CTRo!> BVcEo BVıro ta/Ir

Pait şmA\(%1 (V) M QJSI Vw

l'D1'bef nwn max mrı mil ıypıtaı r,ı;; LRMSI

HMA12'1 so 600 80 1 313 3.15 kV

HIM124 'IOO 1200 80 7 313 3.75 kV

HIM2701 50 :ıoo 40 1 313 3.75 kV

Hlı\M2705 50• :ıoo· 40 1 313 3.15 kV

CTR@ BVcw BVtco ta/Ir

Pait şmA\(o/J (V) M (Jısl Vı;o

l'D1'bef nwn max mfl "*' ıypıtaı sc LRMSI

HI./HA281 50 600 80 1 313 2.Sl<V

tııJl'lMZil() so· 600" 80 1 3/3 2.5kV

l'!lıl·tA2801 80 600 80 7 313 2.SW

"'CTR n-easuad t\t 11 - tS nı.\

For more information, including data sheets, go to www.fairchildsemi.com/sopopto
3
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S0-8 Packf,ge
Plıototnuısistoı· Outpııt

GaAs Input
Optocouplers

S0-8 Package
Plıotodaı1iııgton Output

GaAs lnpııt
Optocoııpler

S0-8 Package
Tı·anslstoı·Output

AC Iııpat
Optocoııpleı·

S0-8 Paclaıge
Dııal Clıaıwel

Phototraıısistor Output
GaAs Inpu:

Optocoııplers

S0-8 Package
Dw1l Clıaıwel

Plıotodaı1iııgt oıı Output
GaAs Input
Optocoııpler

CTR@ Bılcw BVEco tc,.Jto.y

Pait 10mAlr (o/.,) M M (15) Vr,ı.:,

Nuri)er min max mın mil typkal ACIRMSI

MOC205 40 60 JO 7 3.0l2.S 3.0kV

MOC:206 63 126 10 7 3.0/2.8 3.Dl<V

MOC207 100 200 10 7 3.0l2.8 3.0kV

MOC208 40 125 10 7 3.0/2.B 3.0kV

ıı10C211 20 -- 30 7 7.515.7 3.0kV

MOC212 so -- 30 7 7.515.7 3.0kV

MOC:213 100 -- 30 7 i.516.1 3.0kV

MOCZ15 20' -- 30 7 7.515.7 3.0kV

MOC216 so· -- 30 7 7.515.J 3.0l<V

tAOC217 100· -- 30 7 ·ı.515.7 3.0kV

•.CTR ınea~:uedeı ~ - ı mA

CTR@ Bılı:ı:o BVcco tc,.lto.r

Part ımAt('l(;l M M (!fi) Vr,ı.:,

Nuri)er min max mın min typkal ACIRMSI

MOC223 soo I - 30 1 3.5ı'95.0 3.0l<V

C1Ri!' BVcco BVECO foıtltoır

Paıt ~,oİlr~ M M Qfi) Vr;ı:,

Nımı« mın max mın mil t)Pltal AC[RMSI

MQC256 20 I - 30 5 - 3.0kV

CTR@ Bllcco BVu:o talt-m

Part 10mAlr<'¥-l M M (ı,;l Vr,ı.:,

Nuriı« min max mrı min typkal ACIRMSI

MOCD2Dl 100 200 10 7 3.0/2.8 3.0kV

ı,ıocozaı 40 ıas 70 7 3.0/2 8 3.0kV

MOCD211 20 -- 30 7 i.515.1 3.0kV

MOCD213 100 -- 70 7 3.0/2.8 3.0kV

~ıocozıı 100• -- 30 7 7.515.1 3.0kV

-1 rnA•.CTR n~..u-00at lı - 1 mA---
CTR@ Bılı:ı:o BVEoo tc,.lto.ı

Part ıınAlr(%) M (V) (ifil Vr,ı.:,

Nuniıe< mkl I nwı: n*> min typltal ACIRMSI

I.OCD223 soo I - 30 7 35195.0 3.0l<V

For more information, including data sheets, go to www.tairchildsemi.com/sopopto
4
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M74HC192

SYNCHRONOUS UP/DOWN DECADE COUNTER

IGH SPEED:
fMAX = 55 MHz (TYP.) at Vee= 6V

OW POWER DISSIPATION:
Ice =4µA(MAX.) at TA=25°C
HIGH NOISE IMMUNITY:
VNIH = VNIL = 28 % Vee (MIN.)
SYMMETRICAL OUTPUT IMPEDANCE:
lloHI = loı = 4mA (MIN)
BALANCED PROPAGATION DELAYS:
1PLH = tPHL
WIDE OPERATING VOLTAGE RANGE:
Vee (QPR)= 2V to 6V
PIN AND FUNCTION COMPATIBLE WITH
74 SERIES 192

SCRIPTION
M74HC192 is an high speed CMOS

CRONOUS UP/DOWN DECADE
UNTERS fabricated with silicon gate C2MOS
nology.
counter has two separate clock inputs, an UP

UNT input and a DOWN COUNT input. All
uts of the flip-flop are simultaneously
ered on the low to high transition of either

dock while the other input is held high. The
ection of counting is determined by which input
clocked. This counter may be preset by entering

desired data on the DATA A, DATA B, DATA
• and DATA D input. When the LOAD input is
en low the data is loaded independently of
er clock input. This feature allows the counters

be used as divide-by-n counters by modifying
count length with the preset inputs. In addition

N CONNECTION AND IEC LOGIC SYMBOLS

DIP SOP TSSOP

ORDER CODES
PACKAGE I TUBE I T & R

DIP I M74HC19281 R
SOP I M74HC192M1R I M74HC192RM13TR

TSSOP M74HC192TIR

the counter can also be cleared. This is
accomplished by inputting a high on the CLEAR
input. All 4 internal stages are set to low
independently of either COUNT input. Both a
BORROW and CARRY output are provided to
enable cascading of both up and down counting
functions. The BORROW output produces a
negative going pulse when the counter underflows
and the CARRY outputs a pulse when the
counters overflows. The counter can be cascaded
by connection the CARRY and BORROW outputs
of one device to the COUNT UP and COUNT
DOWN inputs, respectively, of the next device .
All inputs are equipped with protection circuits
against static discharge and transient excess
voltage.

Vee

DATAAl
ıWUTS

CLEAR

iioiiiiowl
__ OUTPUTS
CARRY

I OC
OUTPUTS

OD DATA Cl
INPUTS

DAU,O

CTRD!V 1 O

CLR(~CT=O

UP (5) 2+ 1CT=9 <12ı CAİiRY

OOWN ·~1-
2CT=O

(13) BORROW

ı,,
QA

QB

QC

OD

LC11880
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OUTPUT EQUIVALENT CIRCUIT

Vee

PIN DESCRIPTION

PIN No SYMBOL NAME AND FUNCTION

3,2,6, 7 QA to QD Flip-Flop Outputs

4
COUNT Count Down Clock Input
DOWN

5 COUNT UP Count Up Clock Input

11 LOAD
Asynchronous Parallel
Load Input (Active LOW)

12 CARRY Count Up (Carry)
Output (Active LOW)
Count Down (Borrow)

13 BORROW Output (Active LOW)

14 CLEAR
Asynchronous Reset
Input (Active High)

15,1,10,9 A to D Data Inputs

8 GND Ground (OV)

16 Vee Positive Supply Voltage

COUNTDOWN LOAD CLEAR FUNCTION

.r H H L COUNT UP

-ı_ H H L NO COUNT

H .r H L COUNTDOWN

H -ı_ H L NO COUNT

X X L L PRESET

X X X H RESET

GND GND

SC0~650
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M74HC192

DIAGRAM

loğ
•..za.•.u:> II

This logic diagram has not be used to estimate propagation delays
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i
l
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H TI

LUTE MAXIMUM RATINGS

Parameter Value Unit

Supply Voltage
-0.5 to +7 V

Vı DC Input Voltage
-0.5 to Vcc + 0.5 V

Vo DC Output Voltage
-0.5 to Yee+ 0.5 V

lıK DC Input Diode Current ±20 mA

IOK DC Output Diode Current ±20 mA

lo DC Output Current
±25 mA

or IGND DC Vcc or Ground Current ±50 mA

Po Power Dissipation
500(*) mW

Tsıg Storage Temperature -65 to +150 oc

TL Lead Temperature (10 sec) 300 oc
Absolute Maximum Ratings are those values beyond which damage to the device may occur. Functional operation under these conditions is

: implied
500mW at 65 °C; derate to 300mW by 10mW/°C from 65°C to 85°C

RECOMMENDED OPERATING CONDITIONS

' Symbol Parameter Value Unit

. Vee Supply Voltage
2 to 6 V

Vı Input Voltage
O to Vee V

Vo Output Voltage
O to Vee V

Top Operating Temperature -55 to 125 oc

Input Rise and Fall Time Vee= 2.0V O to 1000 ns

tr, İf
Vee= 4.5V O to 500 ns

Vee= 6.0V O to 400 ns

4/14



M74HC192

IFICATIONS
Test Condition I Value

Parameter I Vee
TA= 25•c -40 to S5°C -55 to 125°C I Unit

(V) Min. Typ. Max. Min. Max. Min.\ Max.

High Level Input hT 1.5 1.5 1.5

Voltage 5 3.15 3.15 3.15 I I V

-6.0 4.2 4.2 4.2

Low Level Input
~

0.5 0.5 0.5

Voltage
1.35 1.35 1.35 I V

5-6.0
1.8 1.8 1.8

High Level Output \ 2.0 10=-20 µA 1.9 2.0 1.9 1.9

Voltage [ 4_5 10=-20 µA 4.4 4.5 4.4 4.4

6.0 10=·20 µA 5.9 6.0 5.9 5.9 I I V

4.5 ı0=-4.0 mA 4.18 4.31 4.13 4.10

6.0 ı0=-5.2 mA 5.68 5.8 5.63 5.60

Low Level Output \ 2.0 10=20 µA o.o 0.1 0.1 0.1

Voltage I 4_5 ı0=20µA o.o 0.1 0.1 0.1

6.0 10=20 µA o.o 0.1 0.1 0.1 I V

4.5 ı0=4.0mA 0.17 0.26 0.33 0.40

6.0 10=5.2 mA 0.18 0.26 0.33 0.40

lı \ Input Leakage 6.0 V1 = Vee or GND ± 0.1 ±1 ± 1 I µA

Current

Ice \ Quiescent Supply 6.0 V1 = Vee or GND 4 I I 40 I I 80 I µA

Current
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CAL CHARACTERISTICS (GL = 50 pF, Input tr= tt = 6ns)

Test Condition I Value

Parameter I Vee
TA= 25°C -40 to 85°C -55 to 125°C I Unit

(V) Min. Typ. Max. Min. Max. Min. Max.

2.0 30 75 95 110

-4.5 8 15 19 22 I ns

-6.0 7 13 16 19

2.0 65 190 240 285

-
4.5 20 38 48 57 I ns

-6.0 16 32 41 48

2.0 40 130 165 195

-4.5 13 26 33 39 I ns

-6.0 11 22 28 33

Propagation Delay 2.0 40 130 165 195

Time - 4.5 13 26 33 39 I ns

(COUNT DOWN - -
BORROW) 6.0 11 22 28 33

Propagation Delay 2.0 85 220 275 330

Time (LOAD - Q) -4.5 25 44 55 66 I ns

- 6.0 20 37 47 56

Propagation Delay 2.0 110 250 315 375

Time (LOAD- 4T 30 50 63 75 I ns

CARRY)
.___

6.0 25 43 54 64

Propagation Delay 2.0 110 250 315 375

Time (LOAD-
.___

4.5 31 50 63 75 I ns

BORROW) -6.0 25 43 54 64

Propagation Delay 2.0 80 190 240 285

Time (DATA - Q)
.___

4.5 25 38 48 57 I ns

-6.0 20 32 41 48

'Pı.H 1PHL \ Propagation Delay 2.0 120 250 315 375

-Time (DATA- 4.5 34 50 63 75 I ns

CARRY) 1---
6.0 28 43 54 64

İf>lH 1PHL \ Propagation Delay 2.0 110 250 315 375

-Time (DATA- 4.5 30 50 63 75 I ns

BORROW)
.___

6.0 25 43 54 64

tPHL \ Propagation DeJ.?y 2.0 100 225 280 340-Time (CLEAR -Q) 4.5 30 45 56 68 I ns

-
6.0 25 38 48 58

tpLH \ Propagation Delay 2.0 120 250 315 375

-Time (CLEAR 4.5 35 50 63 75 I ns

-CARRY) - 6.0 29 43 54 64

tpHL \ Propagation Delay 2.0 120 250 315 375

-Time (CLEAR - 4.5 35 50 63 75 I ns

BORROW) - 6.0 29 43 54 64

fMAX \ Maximum Clock 2.0 5 12 4 3.4

-Frequency 4.5 25 48 20 17 l I MHz

-6.0 30 55 24 20



M74HC192

Test Condition I Value

Parameter I Vee
TA= 25•c -40 to S5°C -55 to 125°c I Unit

(V) Min. Typ. Max. Min. Max. Min. Max.

Minimum Pulse 2.0
34 100 125 150

Width (COUNT UP/
I---

4.5
9 20 25 30 I ns

DOWN)
L---

6.0
7 17 21 26

Minimum Pulse 2.0
34 75 95 110

Width (LOAD)
I---

4.5
9 15 19 22 I ns

-6.0
7 13 16 19

Minimum Pulse
~

40 100 125 150

Width (CLEAR)
12 20 25 30 I ns

5-6.0
10 17 21 26

Minimum Seb!2..-, ~
30 75 95 110

Time(DATA -LOAD) ~
9 15 19 22 I ns

6.0
7 13 16 19

Minimum Hold
~

o o o

Time 5
o o o I ns

-
6.0

o o o

Minim~moval ~
6 50 65 75

Time (LOAD) 4.5
2 10 13 15 I ns

-6.0
2 9 11 13

Minimum Removal ~
14 50 65 75

Time (CLEAR) 4.5
4 10 13 15 I ns

-6.0
3 9 11 13

_L.-

'ACITIVE CHARACTERISTICS

'
Test Condition

Value

t s,mbol Parameter Vee
TA= 25•c -40 to ss-c -55 to 125•c Unit

(V) Min. Typ. Max. Min. Max. Min. Max.

l

I CıN Input Capacitance 5.0 5 10 10 10 pF

1 CPO Power Dissipation
! Capacitance (note 5.0 68

pF

I 1)Cro is defined as the value of the IC's internal equivalent capacitance which is calculated from the operating current consumption without
IDIKi. {Refer to Test Circuit). Average operating current can be obtained by the following equation. lcqopr) = Cp0 x Vcc x fıN + Ice

7/14



IT
Vee

PULSE
GENERATOR I ( n ) • I D.U.T.

SC12220

or equivalent (includes jig and probe capacitance)
of pulse generator (typically 500)

ORM 1 : PROPAGATION DELAY TIME, MINIMUM PULSE WIDTH (COUNT UP AND DOWN)

; 50% duty cycle)

tw
Vee

COUNT UP OR
COUNT MWN

Un

CARRY OR
BORROW

5-10004
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M74HC192

lmORM2: PROPAGATION DELAY TIME, MINIMUM PULSE WIDTH {CLEAR, LOAD)

50% duty cycle)

CLEAR

LOAD

Qn

t PLH, tpHL

CARRY OR
BORROW

5-10006

-NEFORM 3 : SETUP AND HOLD TIME (A, 8, C, D to LOAD) (f=1 MHz; 50% duty cycle)

------Vee-LOAD

vcc

Ajj.C,o "-----GND

s-lJDOS

9/14



~ 4: MINIMUM REMOVAL TIME {COUNT UP OR DOWN TO CLEAR)

50% duty cycle)

Yee

CLEAR '-~~~~~~~~---GND

~---------Vee
COUNT UP OR
coUNT oewN I / GN o

S-10008

,VEFORM 5 : MINIMUM REMOVAL TIME {COUNT UP OR DOWN TO LOAD)

MHz; 50% duty cycle)

Vee

LOAD

Vee
COUNT UP OR
cousr oeWN I / GND

S-10007
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M74HC192

.. Plast_ic DIP-16 (0.25) MECHANICAL DATA

~m. \ -
MIN. \

TYP I MAX. I MIN. I TYP. I MAX.

0.51 I I 0.020

0.77 I
1.65 0.030 I I 0.065

0.5
0.020

0.25
O.D10

20
I 0.787

8.5 I
0.335

2.54
I 0.100

e I I

e3 I I
17.78 I \ \

0.700

I I
F I I

7.1
0.280

33 ~

I 5.1 ı \ I 0.201

L I I 1 I \ 0.13~

z
1.27

I I 0.050

.....ı

\. E
b B e

z

D

P001C



S0-16 MECHANICAL DATA

mm.
inch

MIN. I TYP 1 MAX. MIN. TYP. MAX.

1.75
0.068

0.1 I I 0.2 0.003 0.007

1.65
0.064

0.35 I 0.46 0.013 0.018

0.19 I 0.25 0.007 0.010

0.5
0.019

45° (typ.)

9.8 I 10 0.385 I 0.393

5.8 I 6.2 0.228 I 0.244

1.27
0.050

8.89
0.350

3.8 4.0 0.149 0.157

4.6 5.3 0.181 0.208

0.5 1.27 0.019 0.050

0.62
0.024

8° (max.)

G-ol o I
-~

e ı s : \. •I J~
e3 I E
-

D -------1 M

P013H



M74HC192

JSS0P16 MECHANICAL DATA

mm.
inch

MIN. I TYP I MAX. MIN. I TYP. I MAX.

1.2 I 0.047

0.05 I I 0.15 0.002 0.004 I 0.006

0.8 I 1 I 1.05 0.031 I 0.039 I 0.041

0.19 I I 0.30 0.007 I I 0.012

0.09 I I 0.20 0.004 I I 0.0089

4.9 I 5 I 5.1 0.193 0.197 I 0.201

6.2 I 6.4 I 6.6 0.244 0.252 I 0.260

E1 I 4.3 I 4.4 I 4.48 0.169 I 0.173 I 0.176

e 0.65BSC
I \ 0.0256BSC

I I

K I oo I : I so I
oo I I 80

L I 0.45 I 0.60 0.75 0.018 I 0.024 I 0.030

PIN 1 IDENTIFICATION

00803380

13/14



::c
~
><
z

1 Order Number f'ackag& INumbe:r Pacluı,g& Ooscriiptiorı g
CD4049UBGM M16A 16-Lead Small Outline ntegrated Circuit (SOC), JEDEC MS-012, 0.150' Narrow S
CD4049UBCN N16E 16-Lead Plastic Dual-In-Line Package tPDIP), JEDEC MS-001, 0.300" Wide <
CD40roBCM M16A 16--Lead Small Outline nta;ırated Circuit (SOC), JEDEC MS-012, 0.150' Narrow ;
CD4050BCN N16E 16--Lead Pl.as-tic Dual-In-Line Package (PDIP), JEDEC MS..001, 0.300' W'ide ~·

I ı:ıe,.,,cı,s also m·ail;tle in Tape ard Rerıl. Sı;erit,' l:r; appernlitg lhe sutlix kıii.er 'X' ·io looOfderiıg ıxxle. Ulo:,s:-i'~

D4049UBC • CD4050BC
ex lnverti ng Buffer •
ex Non-Inverting Buffer

General Descrip·tion
The CD4049UBC and CD4050BC hex buffers are mono
lttık: complementacy MOS (CMOS) integrated circuits con
structed wlh N- and P-ehannel enhancemeıi mode
ıransistors. These devices feature logic level conversion
using only one supply ııoltage (V0o). The input signal high
leYel r.ııH)can exceed the v00 supply wnage when these
devices are used for logic level conversions. These
devices are intended tor use as hex buflers, CMOS to OTU
TIL converters, or as CMOS cırrent ck'i'1ers, and at Voo =
5.CN, they can drive directly two DTL/TTL loads r:Ner the
ful operati"ıg temperature range.

October 1987
Revised April 2C02

Features
• INide supply v>:>ltage range: 3.0V to 15\1
• Direct drive ·to 2 TIL Loads at 5.0\1' over full temperature

range
• High source and sirk current capability
• Special input protection permits input voltages greater

thlilllVoo

Applications
• CMOS hex inverteri'buffer
• CMOS to DTLITIL hex converter
• CMOS current"sink· or "source· driver
• CMOS HIGH-to-LOıtıi' logic level converter

•
()
C
~ou,
oo:,
o
::c
G
)(:,
<~a.=u:ıg:,
::ı
G..•
•

Ordering Code:

:z p ı· I~ ı t 11 r ı · ı ·ı 13 J4 I' I 'i I J r
V,OD ı.-a lı H•li II ı•i {! v~ You (;• ,ı. Jı Ii •ıı I ı- ı& t 1/ss

iTo;pViiew Top Vil?w

Connection Diagrams
Pil Assignments for DIP

CD4049UBC
',t L•r IF II

... 'il ti!Ii

I) !IC L• f

GD40508C
rıç I(?'( •I) ,o

DS005971@ 2002 Fairchild Semiconductor Corporation

1,Ş_

-'IWl'V.fairch idse mi.com
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Schematic Diagrams

CD4049'UIBC
1 of 6 lld9:ntic:ıl Units

VDD

www.falrchildseml.com 2

77



Absolute Maximum RatingS(Note 1)
Recom mended Operating

Mııe2)
Conditions (Note 2)

SIWIY Voltage (V0o) ._ ~~ -0.5Vto+18V Supply Voltage (Voo>
3Vb ·15\f

_,.,ı Voltage tVıtı) -0.5Vto+18V Input Voltage (Vıu) 0Vb15V

VOitage at Any Ou1put Pin (\/"our) -0.5V to v00 + 0.5V Volage at Any output Pin (Voınl ObVoo

51:Jrage Tempemtıse Range {Ts) -65°C to + 150"'C Opera1ing Temperature Rao.;ıe (T ;,.)

R:ııwer DisSiı;0tion (Po)
GD4049UBC, CD4050BC -55"G b + 125°C

Dual-In-Line
7COrnW

Note 1: •Ab!;ciute lıtıxin-.ıırı Raliq:ırf ıre ih:ıSe values ooyood •Atıidı ·ıte

Sınai Outline
500m'ıtıt

&ıle~· d lhe ctı,,,ioo ı:oonııl oo guaıaııiııed: ihey are rol rnari ıo imp:( ihai
itte CE<,i::es shoul:I be cpeısled al i h9&e limiis. The labia of 'Roo:fll-

uıadTemperature (TL)

rnıırı:lsd Opooılirg Condiiiors and 'Eleciri:al Ctıaıacierisiias" (ClCNfies

, Soldering, 1 O seconds)
260"C

mn!Hions lor ıı:bJal aı,'i::e opınıtaı.
Ncılf.> 2: 'lss = OV untııf>'S oiherNİSilspec:iied.

DC Electrical Characteristics lNote'3)

-55°C +2s•c +12.5~c

Symbol Param~t•H Cc;nditic,ns.
Units

Min r.ıax Min Typ Max Min r.ıaıc

U) Quiescent Device Currenl Vııo=5V
·1.0 O.Ol 1.0 30

Vııo= 10V
2.0 O.Ol 2.0 60 µA

Voo= 15V
4.0 0.03 4.0 '120

V:ı LOW Leııel Output Voltage Vı,ı= Voıı, VıL :OV,

llol< 1 µA

Vı:m=5V
0.05 o 0.05 0.05

Vııo= 10v
0.05 o 0.05 0.05 V

voo = '15V
0.05 o 0.05 0.05

Vaı HIGH Le,--el Output Voltage Vı,ı= Voo. VıL =OV,

llol<l µA

Vııo=·fN 4.96 4.96 5 4.95

Vııo= 10V 9.95 9.95 '10 9.95 V

Vııo=1.W 14.95 14.95 15 '14.95

Vı. LOW Leııel lnp.ıl Voltage llo1<1 µA

(CD4050BC Only'.1 Ven = W.Vo= osv '1.:5 2.25 1.5 1,5

Von= '10V, Vo= '1V 3.0 4,5 3.0 2.0 V

Vııo= t5V, Vo= '1.5V 4.0 6.75 4.0 4.0

VIL LOW Level lnpı1 Voftage llol < 1 µA

(CD4049UBC Only) Vııo=fN,Vo=U.V 1.0 '1.5 1.0 1.0

Voo = 10v, v0 = fN 2.0 2.5 2.0 2.0 V

Voo = 1.sv. Vo= ·13.5V 3.0 3,5 3.0 a.o

VıH HIGH Level Input Vcbge lloJ<1 µA

(CD4050BC Only) v00 = fN, v0 = 4.5V 3.5 3,5 2.75 3.5

Vııo = 10V, Vo= 'lN 7.0 7.0 5,5 7.0 V

Voo = 15V, v0 = 13.5V 11.0 11.0 8.25 11.0

Vıu HIGH Level Input Vcbge llcıl< 1 µA

(CD4049UBC Only) V00 = s.ı. v0 = 0,5\/ 4.0 4.0 3,5 4.0

v00 = ·1ov. v0 = 1V 8.0 8.0 7,5 8.0 \/

Voo = 15V, Vo= ·1.fN '12.0 12.0 11.5 12.0

loL LOW Level Output Current Vı,ı= Voıı, VıL = OV

(Note4) Vrıo = .fN, Vo= 0.4V 5.6 4.6 5 3.2

Vııo= '10V, Vo=0.5V 12 9.B ·12 6.8 mA

Vııo = 15V, Vo= 1.5V 35 29 40 20

loH HIGH Level Output Current Vı,ı= Voo, VıL = OV

(Note4} Vnn = fN. Vo= 4.6V -'1.3 -1.'1 -1.6 -0.72

\/ııo = 10V, Vo= 9.fN -2.6 -2.2 -3.6 -1.5 mA

v00 = '15V, ıı0 = ·13.5V -8.0 -7.2 -12 -.5

ı,~ı Input Gurren'I Vııo= 1.51/, VıN=UV' -0.1 -10" -0.'I -·1.0

Voo = '15V, Vıtı = '15V 0.'1 ·10..6 0:1 '1.0
µA

Note 3: Vss = OV utiess oiha'Aise speı:itial.

o
C.ııı.o
tC:o:,
('")

•
('")
C
~
C)
<.tı
C)o:,
o

\Wi'W.falrchlldse ml .corn
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DC Elec·trical Characteristics (Continued)
Nc>t& 4: Tl-ese are peak ~I wmml cı;p3biliiies. Cı:ıntinu:::wa output cı.neıt is rated al 12 m"-ma.:iflum. The ııulpul cuırenl slPı.ld noi be allowed lo
e~ ilıis ·,~a lor eıdı;.rıJ!ıci ııeri:ıds ol lirııe. loı ard loH am leısled one ouiJ:tıl al a lime.

AC Elec·trical Characteristics (Notes)

CD4049UBC
TA= 25°G, CL= 50 pf, RL = 200k, \, = tı = 20 ns, unless ctnerwıse specified

Symoo I 'Param Eter Conditic,ns Min ıyp ı.ıax Units

~L Prop,ıgaion Dear TUM Vııo=5V
:>)) 65

HIGH0lo-LOW Level Vı,o= ·10\/ 20 40 ns

Vı,o= 151/ '15 30

lı>ı.H Prop,ıgaion Dear TUM Vı,ı,=51/ 45 85

LO't!l-to-HIGH Level \ıi,o= rev 25 45 ""
v00= 15V 20 35

t1ı-ı. TransiliDn Time Voo=5V 30 60

HIGH4CH.0W Le;ıel Voo= 10v 2Cı 40 ns

v00= 151/ '15 30

l1LH Tra nsilion Time v00=5V 00 120

LOWclo-HlGH Le;ıel Voo= 10v 00 55 ns

Voo= 151/ 25 45

CN In pul Ca pacilance Any Input 15 22.5 pF

NCit& 5: AC Psraıneias a-a g.ıaıanleocl by DC coırBal€d ımling.

AC Electrical Characteristics (Note6)

CD4050BC
TA= 25<>C, CL= 50 pf, Rt.= 200k, \. = tı = 20 ns, unless otherwise specified

Symbol P:aram&ter C o•nditi ons tAin Typ Maıc Units

~L
Prcpagatioo Dear Tuı-e Vc-o=5V 60 1'10

HIG-l--ıo-LOW Lev.el Vco= '101/ 25 55 ns

Vro= '1.51/ 20 30

lı,ı_H Prq::aga1ioo Dear Tıme Vro=5V 60 ·120

LOW-to-HIGH Level Vro= '101/ 30 55 ns

Vco= 151/ 25 45

t,ı-ı. Transition Time Voo=5V 30 60

HIG!-to-LOW Level Vco= 101/ 20 40 mı

Voo= '151/ '15 30

'ITLM Transiiion Tıme Vto=5V eu 120

LOW-to-HIGH Level \/co= rev 30 55 ns

ilca= 15V 25 45

CN Input Capııcitanc" Any fnput !i 7.5 pF

Nc<t" ;: AC Pamınelas Em g.ıaranleed by DC cmael€d ·!£ıs ling.

•

www.falrchHd semi .eem 4
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lfHL

Vuo
Vour

CDı111491)8
OIi

Voo
VouT

CD41150B
ov

Typical Applications
,CMOS to TLL or •CMOS at a Lowı.>:r Voo

voo voo

-!- · v,ooı
+Til

OR
CMOSCMOS

GNDG1ND

\_[ıC04049111BC l
":" CD4050BC

¥001 :!:Vıx:,ı
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Physical Dimensions inches (milliııeters) unless otheıwise noted (Coıiinued)
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Packagıı Nııım'ber N16E

Fairchild does not assume my responsibility Ior use of any ci"a.ıitry described, no circuit patent licenses are implied and
Fairchild reserves the rwıtat any time wtthout notice to change said circuitry and specücatlorıs.

LIFE SUP,PORT P·OLICY

FAIRCHILD"S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS lNITHOUT THE EXPRESS W'RITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or sys1ems are cleviees or systems
·ıhich, (a) are intended for surıjcal implant into the

body, or (b) support or sustain life, and (c} whose failure
to perform \•ıtıen properly used in accordance with
instructions for use provided in the labeling, can be rea
ronably expected to result in a significant injury to the
user.

2. A critical component in any component of a life support
device or s"ys'tem whose failure to perform can be rea
sonably expected to cause 1he failure of the life support
device or system, or to affect ils safety or effectiveness.

www.f:.ılrchildsııııntcom
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ıso2-CMOS MT8870D/MT8870D-1
Integrated DTMF Receiver

ISSUE 5 March 1997

Complete DTMF Receiver
Low power consumption
Internal gain setting amplifier
Adjustable guard time
Central office quality
Power-down mode
Inhibit mode
Backward compatible with
MT8870C/MT8870C-1

Ordering Information
MT8870DE/DE-1 18 Pin Plastic DIP
MT8870DS/DS-1 18 Pin soıc
MT8870DN/DN-1 20 Pin SSOP

-40 °C to +85 °C

Description

pplications
Receiver system for British Telecom (BT) or
CEPT Spec (MT8870D-1)
Paging systems
Repeater systems/mobile radio
Credit card systems
Remote control
Personal computers
Telephone answering machine

The MT8870D/MT8870D-1 is a complete DTMF
receiver integrating both the bandsplit filter and
digital decoder functions: The filter section uses
switched capacitor techniques for high and low
group filters; the decoder uses digital counting
techniques to detect and decode all 16 DTMF tone
pairs into a 4-bit code. External component count is
minimized by on chip provision of a differential input
amplifier, clock oscillator and latched three-state bus
interface.

VDD VSS VRef INH

PWDN I Bias
Circuit

Q4

Chip Chip
Power Bias

Q1
High Group

Filter
Digital

Detection
Algorithm

Code
Converter
and Latch Q2

Q3

Low Group
Filter

GS _.

to all
Chip
Clocks

St
GT

Steering
Logic

OSC1 OSC2 St/GT ES! STD TOE

Figure 1 - Functional Block Diagram
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OD/MT8870D-1 IS02-CMOS

•..
I• 1 18 VDD IN+ VDD

2 17 St/GT IN- St/GT
3 16 ES! GS ES!
4 15 SID VRef · SID
5 14 04 INH NC
6 13 03 PWDN 04
7 12 02 NC 03
8 11 01 OSC1 02
,;f 10 TOE OSC2 01

vss TOE

18 PIN PLASTIC DIP/SOIC 20 PIN SSOP

Figure 2 - Pin Connections

ription-
Name-IN+

IN-
-
GS

VRef

-
INH

--
PWDN

--
OSC1

OSC2

~
TOE

2-1 01-04
5

71 StD

Description

Non-Inverting Op-Amp (Input).

Inverting Op-Amp (Input).

Gain Select. Gives access to output of front end differential amplifier for connection of
feedback resistor.

Reference Voltage (Output). Nominally V00/2 is used to bias inputs at mid-rail (see Fig. 6
and Fig. 1 O).

Inhibit (Input). Logic high inhibits the detection of tones representing characters A, B, C
and D. This pin input is internally pulled down.

Power Down (Input). Active high. Powers down the device and inhibits the oscillator. This
pin input is internally pulled down.

Clock (Input).

Clock (Output). A 3.579545 MHz crystal connected between pins OSC1 and OSC2
completes the internal oscillator circuit.

Ground (Input). OV typical.

Three State Output Enable (Input). Logic high enables the outputs 01-04. This pin is
pulled up internally.

Three State Data (Output). When enabled by TOE, provide the code corresponding to the
last valid tone-pair received (see Table 1 ). When TOE is logic low, the data outputs are high
impedance.

Delayed Steering (Output).Presents a logic high when a received tone-pair has been
registered and the output latch updated; returns to logic low when the voltage on St/GT falls
below Vrsı

18 I ESt I Early Steering (Output). Presents a logic high once the digital algorithm has detected a
valid tone pair (signal condition). Any momentary loss of signal condition will cause ESt to
return to a logic low.

19 I St/GT I Stee.ringInput/Guard time (Output) Bidirectional. A voltage greater than Vrsı detected at
St causes the device to register the detected tone pair and update the output latch. A
voltage less than Vrsı frees the device to accept a new tone pair. The GT output acts to
reset the external steering time-constant; its state is a function of ESt and the voltage on St.

20 I V00 I Positive power supply (Input). +5V typical.

7, I NC I No Connection.
16



IS02-CMOS MT8870D/MT8870D-1

V D

:': C
Voo ı--

St/GT Ve

ESt ...•. ,.. ..
R

.StD

IT8870D/
tGrA=(RC)lıT8870D-1
tGrp=(RC)lı

M dVrsı)
d(Voo·VrsıH

Functional Description•.. ·~

he MT8870D/MT8870D-1 monolithic DTMF

Figure 4 - Basic Steering Circuit

providing tolerance to small frequency deviations
and variations. This averaging algorithm has been
developed to ensure an optimum· combination of
immunity to talk-off and tolerance to the presence of
interfering frequencies (third tories) and noise. When
the detector recognizes the presence of two valid
tones (this is referred to as the "signal condition" in
some· industry ·specifications) the "Early Steering"
(ESi) output will go to an active state. Any
subsequent loss of signal condition will cause ESt to
assume an inactive state (see "Steering Circuit").

Steering Circuit

Before registration of a decoded tone pair, the
receiver checks for a valid signal duration (referred to
as character recognition condition). This check is
performed by an external RC time constant driven by
ESt. A logic high on ESt causes ve (see Figure 4) to
rise as the capacitor discharges. Provided signal

I
o I I I
10 I

I l ...• ,
I

Afi I
ı I

(444, I ı PRECISE I
DIAL TONES

AITENUATION

20 ~ '
~ı::ı, l

'
"'QI X=350 Hz

(dB)
~ I

Y=440 Hz

I
-

30 I

DTMF TONES
-

I _ı,;c._

A=697 Hz

40 I J fı--
- B=770 Hz
_ g=852 Hz

=941 Hz

50 jı.,"'
I. (]\I

E=1209 H
- F=1336H:

"V I ·-~-~
, ""'lllııı lıııı...

- G=1477 Hz

r r ,,_
1 H=1633 Hz, "'I -

X Y !! ! !tHz
f f f f

-

ı-· FREQUENCY (Hz)

E F G H

·-··-- ') r-:IL _ r,,_ -

eceiver offers small size, low power consumption
and high performance. Its architecture consists of a
bandsplit filter section, which separates the high and

,w group tones, followed by a digital counting
section which verifies the frequency and duration of

e received tones before passing the corresponding
code to the output bus.

Filter Section

Separation of the low-group and high group tones is
achieved by applying the DTMF signal to the inputs
of two sixth-order switched capacitor bandpass
lters, the bandwidths of which correspond to the low

and high group frequencies. The filter section also
corporates notches at 350 and 440 Hz for

exceptional dial tone rejection (see Figure 3). Each
iter output is followed by a single order switched

capacitor filter section which smooths the signals
prior to limiting. Limiting is performed by high-gain
comparators which are provided with hysteresis to
revent detection of unwanted low-level signals. The

outputs of the comparators provide full rail logic
swings at the frequencies of the incoming DTMF
signals.

Decoder Section

ollowing the filter section is a decoder employing
igital counting techniques to determine the
equencies of the incoming tones and to verify that
ey correspond to standard DTMF frequencies. A

complex averaging algorithm protects against tone
simulation by extraneous signals such as voice while

4-13



OD/MT8870D-1 ıso2-CMOS

maintained (ESt remains high) for the
period (tGTp),•.. vc reaches the threshold

steering logic to register the tone pair,
corresponding 4-bit code (see Table 1)
ut latch. At this point the GT output is

d drives ve to V00. GT continues to drive
g as ESt remains high. Finally, after a
to allow the output latch to settle, the

steering output flag (StD) goes high,
that a received tone pair has been

. The contents of the output latch are
ilable on the 4-bit output bus by raising the
e control input (TOE) to a logic high. The
circuit works in reverse to validate the

pause between signals. Thus, as well as
signals too short to be considered valid, the
will tolerate signal interruptions (dropout)
to be considered a valid pause. This facility,
with the capability of selecting the steering
stants externally, allows the designer to

;:ıerformance to meet a wide variety of system
ents.

Time Adjustment

y situations not requırıng selection of tone
n and interdigital pause, the simple steering
shown in Figure 4 is applicable. Component
are chosen according to the formula:

tREc=top+tGTP

tıo=toA +tGTA

alue of t0p is a device parameter (see Figure
and tREC is the minimum signal duration to be

nized by the receiver. A value for C of 0.1 µF is

tGrp=(RpC ı)ln[V od(V oc: VrsJl

DD o ı
C1

tGTA=(R ıCı)ln(VodVrsJ

Rp=(R 1R2)!(R ı+R2)

tGTp=(RıCı)lnfVod(Voo·VrsJJ

Voe O
C1

tGrA=(RpCı)ln(VodVrsJ

Rp=(RıRvl(Rı+Rv

ESt b) decreasing larA: (taTP>tGrAl

Figüre o- Guard Time Adjustment

4-14

Digit TOE INH ESt 04 03 02 01

ANY L X H z z z z
1 H X H o o o 1

2 H X H o o 1 o
3 H X H o o 1 1

4 H X H o . 1 o o
5 H X H o 1 o 1

6 H X H o· 1 1 o
7 H X H o 1 1 1

8 H- X H 1 o o o
9 H X H 1 o ·o 1

o H X H 1 o 1 o
* H X H 1 o 1 1

# H X H 1 1 o o
A H , L H 1 1 o 1

B H L H 1 1 1 o
C H L H 1 1 1 1

D H L H o o o o
A H H L
B H H L undetected, the output code

will remain the same as the
C H H L previous detected code
D H H L

Table 1. Functional Decode Table
L=LOGIC LOW, H=LOGIC HIGH, Z=HIGH IMPEDANCE
X = DON'T CARE

recommended for most applications, leaving R to be
selected by the designer.

Different steering arrangements may be used to
select independently the guard times for tone
present (tGTP) and tone absent (tGTA)- This may be
necessary to meet system specifications which place
both accept and reject limits - on both tone duration
and interdigital pause. Guard time adjustment also
allows the designer to tailor system parameters
such as talk off and noise immunity. Increasing tREC
improves talk-off performance since it reduces the
probability that tones simulated by speech will
maintain signal condition long enough to be
registered. Alternatively, a relatively short tREC with
a long t00 would be appropriate for extremely noisy
environments where fast acquisition time and
immunity to tone drop-outs are required. Design
information for guard time adjustment is shown in
Figure 5.



IS02-CMOS MT8870D/MT8870D-1

er-down and Inhibit Mode

logic high applied to pin 6 (PWDN) will power down
device to minimize the power consumption in a
dby mode. It stops the oscillator and the

ctions of the filters.

ibit mode is enabled by a logic high input to the
5 (INH). It inhibits the detection of tones

representing characters A, B, C, and D. The output
code will remain the same as the previous detected
code (see Table 1).

Differential Input Configuration

e input arrangement of the MT8870D/MT8870D-1
provides a differential-input operational amplifier as

ell as a bias source (VRef) which is used to bias the
inputs at mid-rail. Provision is made for connection of
a feedback resistor to the op-amp output (GS) for
adjustment of gain. In a single-ended configuration,
the input pins are connected as shown in Figure 10
with the op-amp connected for unity gain and VRef
biasing the input at 1/2V00. Figure 6 shows the
differential configuration, which permits the
adjustment of gain with the feedback resistor R5.

Crystal Oscillator

The internal clock circuit is completed with the
addition of an external 3.579545 MHz crystal and is
normally connected as shown in Figure 1 O (Single
Ended Input Configuration). However, it is possible to
configure several MT8870D/MT8870D-1 devices
employing only a single oscillator crystal. The
oscillator output of the first device in the chain is
coupled through a 30 pF capacitor to the oscillator
input (OSC1) of the next device. Subsequent devices
are connected in a similar fashion. Refer to Figure 7
for details. The problems associated with
unbalanced loading are not a concern with the
arrangement shown, i.e., precision balancing
capacitors are not required.

o-ı~
C1

MT8870D/
MT8870D-1IN+

IN-

o--t~
C2

Rs GS

R2

Differential Input Amplifier
C1=C2=10 nF
R1=R1=R5=100 kn . All resistors are ±1 % tolerance.
R2=6ukn, R3=37.5 kn All capacitors are ±5% tolerance.

R - R2Rsr---
R2+Rs

VOLTAGE GAIN (Av diff)= =~
INPUT IMPEDANCE

(ZıNoıFF) = 2 j R12+ ( ~)
2

ontigurationigure

~ ToOSC1 of next
I ~T8870D/MT8870D-1

X-tal

OSC1 OSC2

OSC2 OSC1

C

C=30 pF
X-ta1=3.579545 MHz

orınectionFigure 7 -

Parameter Unit Resonator

R1 Ohms 10.752

L1 mH .432

C1 pF 4.984

co pF 37.915

Qm - 896.37

ı:'ıf % ±0.2%
Table 2. Recommended Resonator Specifications
Note: Qm=quality factor of RLC model, i.e., 1/2nfR1 C1.
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T8870D-1 IS02-CMOS

STEM FOR BRITISH TELECOM
51 IGrP=(RpC1Jln[Vod(Voo-VrsJJ

n in Fig. 9 illustrates the use of
ice in a typical receiver system. BT
e input signals less than -34 dBm as

e level. This condition can be attained
a suitable values of R1 and R2 to
attenuation, such that -34 dBm input
espond to -37 dBm at the gain setting

88700-1. As shown in the diagram, the
values of R3 and C2 are the guard time

when the total component tolerance is
er performance, it is recommended to

symmetric guard time circuit in Fig. 8.

Rp=(R 1R2Jl(R 1 +R2)

Notes:
R1=368K Q ± 1 %
R2=2.2M Q ± 1%
C1=100nF ± 5%

Figure uard Time Circuit

'""

Voo

C1

DTMF o--lı
~R,

I =C2Input MT8870D-1
o

IN+
IN-

ESt~R3GS
VRef
INH
PWDN
osc 1
osc 2 Q1

Vss

NOTES:
R1 = 102KQ± 1%
R2=71.5KQ±1%
R3 = 390KQ ±1 %
C1,C2 = 100 nF ± 5%
X1 = 3.579545 MHz± 0.1 %
V0o = 5.0V ± 5%

Figure 9 - Single-Ended Input Configuration for BT or CEPT Spec
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ıso2-CMOS MT88700/MT8870D-1

e Maxirnu_rn Ratipgst
Parameter I Symbol Min Max I Units

Voltage I Voo
7 V

ltage on any pin I Vı v33-0.3 v00+0.3 V

I
lı

10 mA

Storage temperature I TsTG -65 +150 ac

Package power dissipation T Po
500 mW

Ex:eedingthese values may cause permanent damage. Functional operation under these conditions is not implied.
above 75 °Cat 16 mW I °C. All leads soldered to board.

rnrnended Operating Conditions - Voltages are with respect to ground (Vssl unless otherwise stated.

Parameter Sym Min Typ:ı: Max Units Test Conditions

1 ! DC Power Supply Voltage Voo 4.75 5.0 5.25 V

2 Operating Temperature To -40 +85 ac

3 Crystal/Clock Frequency fc 3.579545 MHz

4 Crystal/Clock Freq.Tolerance .Mc ±0.1 %

t Typ
-· ~~0,... -~-' ~,c fnr rle,sıon aıd only: not guaranteed and not subject to productıon testıng.

g

DC Electrical Characteristics - Voo=5.0V±5%, Vss=OV, -40°C '.Ô To '.Ô +85°C, unless otherwise stated.

Characteristics Sym Min Typ:ı: Max Units Test Conditions

1 s Standby supply current looo 10 25 µA PWDN=Voo

- u
2 p Operating supply current loo 3.0 9.0 mA

L.....-- p
3 L Power consumption Po 15 mW fc=3.579545 MHz

y

4 High level input VıH 3.5 V v00=5.0V

-
5 Low level input voltage VıL

1.5 V v00=5.0V

-
6 I

Input leakage current l1H/l1L 0.1 µA VıN=Vss or Voo

-
7 N Pull up (source) current 'so 7.5 20 µA TOE (pin 1 O)=O,

p
V00=5.0V

- u
8 T Pull down (sink) current lsı 15 45 µA INH=5.0V, PWDN=5.0V,

s
v00=5.0V

-
9 Input impedance (IN+, IN-) RıN 10 MQ. @ 1 kHz

-
10 Steering threshold voltage Vrsı 2.2 2.4 2.5 V v00 = 5.0V

11 Low level output voltage Vol Vss+0.03 V No load

-
12 o High level output voltage VoH V00-0.03 V No load

- u
13 T Output low (sink) current 'oı, 1.0 2.5 mA VouT=0.4 V

L.....-- p
14 u Output high (source) current loH 0.4 0.8 mA VouT=4.6 V

~ T
15 s V Ref output voltage VRef 2.3 2.5 2.7 V No load, V00 = 5.0V

C----

16 V Ref output resistance RoR 1 kQ.

:j: Typical figures are at 25°C and are for design aıd only: not guaranteed and not subject to production testing.
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70D/MT8870D-1 IS02-CMOS

g Characteristics - Voo=5.0V±5%,Vss=OV, -40°C <:;To<:; +85°C ,unlessotherwisestated.
ng Amplifig_r

Characteristics Sym Min Typ:t: Max I Units I Test Conditions

leakage current lıN 100 nA I Vss:s;VıN:s;Voo

resistance RıN 10 MQ

offset voltage Vos 25 mV

er supply rejection PSRR 50 dB I 1 kHz

mon mode rejection CMRR 40 dB I O. 75 V :s; VıN :s; 4.25 V biased
at VRef =2.5 V

open loop voltage gain I AvoL 32 dB.

fc 0.30 MHz

Vo 4.0 vPP I t.oad z 100 kQ to Vss@ GS

aximum capacitive load (GS) J CL 100 pF

RL 50 kQ

VcM 2.5 v........ I No Load

70D AC Electrical Characteristics - Voo=5.0V±5%, Vss=OV, -40°C <:;To<:; +85°C' usingTest Circuitshownin
Figure10.

Characteristics Sym Min Typ:t: Max I Units I Notes*

Valid input signal levels (each -29 +1 dBm 1,2,3,5,6,9
one of composite signal)

27.5 869 mVRMS 1,2,3,5,6,9

Negative twist accept 8 dB 2,3,6,9, 12

Positive twist accept 8 dB 2,3,6,9, 12

Frequency deviation accept ±1.5% ± 2 Hz 2,3,5,9

Frequency deviation reject ±3.5% 2,3,5,9

Third tone tolerance -16 dB 2,3,4,5,9, 1 O
Noise tolerance -12 dB 2,3,4,5, 7,9, 1 O
Dial tone tolerance +22 dB 2,3,4,5,8,9, 11

- oical fıgures are at 25 ve and are for desıgn aıd only. not guaranteedand not subjectto productıontestıng.

ITES
j8m= decibels above or below a reference power of 1 mW into a 600 ohm load.
Digit sequenceconsists of all DTMFtones.
Tone duration= 40 ms, tone pause= 40 ms.
Signal condition consists of nominal DTMFfrequencies.
Both tones in compositesignal have an equal amplitude.
Tone pair is deviated by ±1.5 %± 2 Hz.

- Bandwidthlimited (3 kHz) Gaussian noise.
The precise dial tone frequencies are (350 Hz and 440 Hz) ± 2 %.
For an error rate of better than 1 in 10,000.

- Referencedto lowest level frequency component in DTMFsignal.
Referencedto the minimumvalid accept level.
Guaranteedby design and characterization.

18



IS02-CMOS MT8870D/MT8870D-1

8870D-1 AC Electrical Characteristics - Voo=5.0V±5%, Vss=OV,-40°C s Tos +85°C, using Test Circuit shown
in Figure 10.

- ·-
Characteristics Sym Min Typi Max Units Notes*

Valid input signal levels (each -31 +1 dBm Tested atV00=5.0V1 tone of composite signal) 21.8 869 mVRMS
1,2,3,5,6,9

-37 dBm Tested at V00=5.0V2 Input Signal Level Reject 1,2,3,5,6,910.9 mVRMS
3 Negative twist accept 8 dB 2,3,6,9, 13
4 Positive twist accept 8 dB 2,3,6,9, 13
5 Frequency deviation accept ±1.5%± 2 Hz 2,3,5,9
6 Frequency deviation reject ±3.5% 2,3,5,9
7 Third zone tolerance -18.5 dB 2,3,4,5,9, 12
8 Noise tolerance -12 dB 2,3,4,5,7,9, 1 O
9 Dial tone tolerance +22 dB 2,3,4,5,8,9, 11

:j: Typical figures are at 25°C and are for design aid only: not guaranteedand not subject to production testıng.

*NOTES
1. dBm= decibels above or below a reference power of 1 mW into a 600 ohm load..
2. Digit sequence consists of all DTMF tones.
3. Tone duration= 40 ms, tone pause= 40 ms.
4. Signal condition consists of nominal DTMF frequencies.
5. Both tones in composite signal have an equal amplitude.
6. Tone pair is deviated by ±1.5 %± 2 Hz.
7. Bandwidth limited (3 kHz) Gaussian noise.
8. The precise dial tone frequencies are (350 Hz and 440 Hz) ± 2 %.
9. For an error rate of better than 1 in 10,000.
10. Referenced to lowest level frequency component in DTMF signal.
11. Referenced to the minimum valid accept level.
12. Referenced to Fig. 10 input DTMF tone level at -25dBm (-28dBm at GS Pin) interference frequency range between 480-3400Hz.
13. Guaranteed by design and characterization.
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MT8870D/MT8870D-1 IS02-CMOS

AC Electrical Characteristics - Voo=5.0V±5%,Vss=OV, -40°C $To$ +85°C' using Test Circuit shown in Figure 10.

I Characteristics Sym Min Typ+ Max Units Conditions
I Tone present detect time top 5 11 14 ms Note 1
Tone absent detect time loA 0.5 4 8.5 ms Note 1
Tone duration accept !REC 40 ms Note 2
Tone duration reject tREC 20 ·ms Note 2
lnterdigit pause accept lıo 40 ms Note 2
lnterdigit pause reject too 20 ms Note 2
Propagation delay (St to Q) tpo 8 11 µs TOE=Voo
Propagation delay (St to SID) tpsm 12 16 µs TOE=V00
Output data set up (Q to SID) losm 3.4 µs TOE=V00
Propagation delay (TOE to Q ENABLE) iPTE · 50 ns load of 1 O kQ,

50 pF
Propagation delay (TOE to Q DISABLE) I lpTD I I 300 I I ns I load of 1 O kQ,

50 pF
Power-up time lpu 30 ms I Note 3
Power-down time lpo 20 ms

Crystal/clock frequency fc 3.5759 3.5795 3.5831 MHz
Clock input rise time !LHCL 11 O ns Ext. clock
Clock input fall time !HLCL 11 O ns Ext. clock
Clock input duty cycle DCCL 40 50 60 % Ext. clock
Capacitive load (OSC2) CLO 30 pF

-r.r;ııcaı figures are at 25°C and are for desıgn aıd only: not guaranteedand not subject to productıon testıng.
S:
Used for guard-time calculation purposes only.
These, user adjustable parameters, are not device specifications. The adjustable settings of these minimums and maximumsare recommendationsbased upon network requirements.
With valid tone present at input, tpu equals time from POWN going low until ESt going high.

Voo

C1
OTMF o--1Input C2

r88700/MT8870D-1 I I11 IIN+
IN- -":~.h I ••• T R3GS
VRef
INH
POWN
osc 1 Q2
OSC2 Q1
Vss TOE

NOTES:
R1,R2=100KQ ± 1%
R3=300KQ± 1 %
C1,C2=100nF ± 5%
X-tal=3.579545MHz± 0.1 %
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Figure: The 555 internal circuit

The 555 circuit is consisted by two comparators,'one ohmic ladder one flip-flop and a
discharging transistor, as it is shown in figure Ll-
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Figure: The 555 modes of operation a) monostable b) astable (multivibrator).

This circuit can be connected as a monostable multivibrator or an astable multivibrator. The
555, connected as a monostable is shown in figure Ua. In this mode of operation the trigger 
input sets the flip flop which drives the output to high. The discharge transistor is turned off
and therefore the capacitor Ct is charged via Rt. When the voltage on the capacitor ( Ct) 
reaches the control voltage, which is defined bv the three resistor voltage divider ( Vcont=2/3 

Out I

: '-'-.I ~
I
I
I

94



the flip-flop is resetted. This turns the discharge transistor on, which discharge the
iror.Thereafter the circuit can be charged again by a new pulse at the trigger input. The
period is given by the equation:

T=l.1 Rt*Ct 
Tis the output pulse high period, Ct the charging capacitance measured in Farads and Rt 

barging resistor in Ohms.

circuit is connected as an astable multivibrator (figure Llb), the comparator 2 of figure
~ sets the flip-flop, when the voltage on the capacitor Ct falls below J/3Vcc, while the
mmparator 1 resets the flip-flop when the voltage on the capacitor becomes bigger than

Vee. In this case the discharging transistor is turned on, which discharge the time capacitor
via Rb. 

· allows the use of the 555 as an oscillator (figure Llb) The time at the high (or charging)
iod is given by the equation:

Th=O. 7(Ra+Rb)Ct 

/hile the time for the low period is given by the equation:
Tl=O. 7Rb *Ct 

The obvious observation from the above equations is that the duty cycle of the oscillator is
always bigger than 50%. Or in other words the charging time is always bigger that the
discharging period, since Ra+Rb>Rb taken in account that Ra>O. Yet ifRa>>Rb then a 50%
duty cycle can be approximated.
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