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ABSTRACT 

It is very common in Thailand to have maids at home looking after the house 

while masters are away. Thus the security system is not very popular and important 

to many people. However, I personally experience a case when I have no maid at 

home for a month. I worried so much that thieves would break into the house while 

I am not home, and there came the idea of this project while I was expressing my 

worries to my partner. Therefore we decided to have "Movement Detector and 

Autodial" as the title and central idea of our senior project. Movement detector, as 

its name suggests, detects any movement within a limited range. Detected 

movement would signal or trigger the autodial circuit to call the stored telephone 

numbers and a recorded warning message is played to the receiver of the call through 

the telephone line. Microcontroller is used to interface all the hardware parts, such 

as movement detector, telephone speech network, tone decoder, DTMF generator, 

EEPROM, voice record/playback device, and keyboard encoder, with the software 

part, which is the program to be written in Assembly Language, in order to function 

according to the designed idea Each step wasa not easy, a lot of testings must be 

taken. However, we finally have achieved most goals and come to this final step. 

In this report one shall gain the knowledge background and theory for the design 

of this project. Discussion of the failures and errors we faced are also included. 

May this report be a worthy piece after all the hardworks and efforts we have put into. 



CHAPTER 1 INTRODUCTION 



Our objective for this project "'Movement detector and Autodial" is to design a 

security system which will detect movement made by people and autodial the stored 

number to warn the call receiver about the intrusion with a recorded voice message. 

There are all together 8 ICs used in this project design as follows: 

1. 8 bit Microcontroller with 4k Bytes Flash ( AT89C5 l ) 

2. PIR Movement Detector ( KC778B ) 

3. Telephone Speech Network with Dialer Interface ( MC34114) 

4. Tone Decoder ( LM567 ) 

5. DTMF ( Touch - Tone ) Generator ( TP5089) 

6. 2-wire serial EEPROM ( AT24C01A) 

7. Single-chip Voice Record I Playback device ( ISP 2590 ) 

8. 16-Key Encoder ( MM74C922) 

A flow chart for the working process of this project is shown in the next page. 

The detailed theories and ideas of design of each step with relevant IC will be 

presented in the next chapter. Assembly language is used for programming the 

AT89C5 l microcontroller, which is the main chip for this whole project. 

Microcontroller brings all the hardware parts and the software programming together 

to work as we desired by programming it. 
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CHAPTER 2 THEORY AND DESIGN 



Microcontroller 

The microcontroller used in this project is a 8-bit microcontroller with 4K Bytes 

Flash and numbered as AT89C5 l, a product by ATMEL. The detailed descriptions 

and features can be found in the data sheets or at www.atmel.com. One advantage of 

the on-chip Flash is that it allows the program memory to be reprogrammed in-system 

or by a conventional nonvolatile memory programmer. It is actually a 

microcomputer and is very useful to many embedded control applications, as well as 

to this project. After correct programming, it shall act like a control center 

throughout the process of movement detection and autodialing, and one can discover 

its important role in the later parts of this report under "Movement Detection" and 

"Autodial". Assembly language, which we are more familiar with, is used to 

program the AT89C5 l microcontroller for this project. 

Movement Detection 

PIR sensors are the most common movement detector used today for interior use. 

Ultrasonic is also another type of sensor used for similar purpose. The advantage of 

PIR over ultrasonic is that it needs no transmitter and receiver. So less space is taken. 

There are 3 main components to make movement detector in this project: 

1) PIR(Passive Infra Red) movement sensor 

2) PCB mounted fresnel lens 

3) Movement detector IC (KC788B) 

The most important chip in this movement detection part 1s the movement 

detector IC. Following are the Pin Descriptions and connections. 

Vee (pinl)- This is the regulated supply voltage to the chip (nominally SV). 

Sensitivity Adjust (pin2) - This pin is used to adjust the sensitivity threshold of the 

motion comparators. When the voltage on this pin equals the pyro drain reference 

voltage on pin7 the PIR sensitivity will be minimum(± 500 mV). When the voltage 

on this pin is Gnd the PIR sensitivity will be maximum (±125mV). Intermediate 

voltages will provide intermediate sensitivities. 

Offset Filter (pin3) - This pin connects to an external capacitor of 10 µF and holds 

the average value of the switched capacitor bandpass filter output. Motion is 



detected when the difference between this average and the actual filter output is 

greater than the sensitivity setting. The output of the switched capacitor bandpass 

filter can be seen directly on this pin if the external capacitor is disconnected, 

however, motion will not be detected under these conditions. 

Anti-Alias (pin4) - This pin connects to an external capacitor of O. lµF providing 

low pass filtering of the PIR input signal, blocking input signals at and above the 

switching frequency of the switched capacitor bandpass filter. 

DC CAP (pin5) - This pin connects to an external capacitor of 1 OµF and holds the 

average pyro source voltage. The difference between this average and the actual 

pyro source voltage is amplified and coupled to the switched capacitor bandpass filter. 

The I 0 µF capacitor must be a low leakage capacitor, such as a Tantalum capacitor. 

Vreg (pin6) - This pin output a voltage that can be used to directly drive an external 

NPN/PNP voltage regulator, or the gate of an external depletion mode JFET voltage 

regulator pass element. This pin need not be connected if an external regulator, such 

as a three pins regulator, is used to generate Vee for the chip. 

Pyro (D) (pin7)- The pyro drain reference voltage is output on this pin. This voltage 

is power supply independent and is connected internally to special noise cancellation 

circuitry to improve the performance and reliability of the PIR interface. Externally, 

this pin is connected to the pyro drain and to a O. lµF capacitor. This voltage can 

also be divided down by an external pot to supply the Sensitivity Adjust voltage to pin 

2. 

Pyro (S) (pin8) - This is the pyro source input pin that receives the PIR input signal. 

It is connected externally to the pyro source, a 200 pF capacitor and a 47 KO resistor 

to Gnd. This is a sensitive node and the length of the external interconnect to, this 

pin should be made as short as possible. There should be a ground plane on the PC 

board under the PIR sensor. 

God (A)(pin9) - This pin is the electrical ground for the internal analog circuitry of 

the chip. 

God (D)(pinlO) - This pin is the electrical ground for the internal digital circuitry of 

\Y~~~t Adjust (pinll) -This pin is the output of the Daylight Sense amplifier and 

the input to the daylight comparator. When using a silicon photo diode daylight 
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sensor, this pin is connected to Daylight Sense (pinl2) by a resistor or pot. The 

amount of resistance determines the gain of the Daylight Sense amplifier and hence 

the sensitivity of the daylight detector. When using a CdS daylight sensor, a pot is 

connected between this pin and Vee, while the CdS sensor is connected across one 

side of the pot (two fixed resistors can be used instead of the pot). Daylight Sense 

(pinl2) must be connected to Vee when using a CdS sensor. To disable the daylight 

detector, Daylight Adjust (pinll) must be unconnected and Daylight Sense (pinl2) 

must be connected to V cc. To disable Auto- ON mode, Daylight Adjust (pin 11) and 

Daylight Sense (pin12) must be connected to Vee (the Daylight detector is not used 

when Auto-ON mode is disabled). 

Daylight Sense (pin12) - This is the input to the Daylight Sense amplifier. When 

using a silicon photo diode daylight sensor, this pin is connected to the cathode of the 

silicon photo diode and to a feedback resistor (or pot) from Daylight Adjust (pinl 1). 

In all other cases, this pin is connected to Vee. 

Gain Select (pinl3) - The Gain Select pin is a tri- state input used to select the gain 

of the PIR circuitry. When this pin is connected to Gnd, the PIR gain is set to 62 dB. 

When this pin is unconnected or connected to V cc, the PIR gain is set to 68 dB. 

Normally this pin is unconnected except when less gain is required by a particular PIR 

sensor. 

ON/AUTO/OFF (pinl4) - This pin is a tri- state input used to determine the 

operation of the chip. Normally this pin is unconnected, allowing the chip to operate 

in its configured operating mode. If this pin is connected to Gnd, the load will turn 

off unconditionally and will remain off as long as this pin is connected to Gnd. If 

this pin is connected to V cc, the load will turn on unconditionally and will remain on 

as long as this pin is connected to V cc. 

Toggle (pin15) - This pin is a toggle input used to determine the operation of the chip. 

Normally this pin is unconnected, allowing the chip to operate in its configured 

operating mode. If this pin is connected to Gnd, the load will change from on to off 

or from off to on and will remain in the new state unconditionally as long as this pin is 

connected to Gnd. If the ON/AUTO/OFF (pinl4) and Toggle (pinl5) switches are 

pressed such that one is trying to turn the load on unconditionally and the other is 

trying to tum the load odd unconditionally, the load will be turned off (off overrides 

on) . 

OUT (pinl6) - The output from this pin is used to turn the external load on or off 
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through TRIAC, relay or opto-coupler. The impedance of this pin is less than 3 5 Q, 

enabling it to directly drive a small (1000 DC coil resistance) relay, or drive pulse 

relay through a l SOµF series capacitor. For proper operation, the load should come 

on when this pin goes high, the load should go off when this pin goes low. 

LED (pint 7) - The output from the motion comparator drives this pin through an 

internal 5000 current limiting resistor, enabling it to directly drive an LED motion 

indicator. Whenever motion is detected this pin will go high and the LED will light. 

When there is no motion this pin will be low. 

C (pin18) - This pin is the input to the OFF timer oscillator. It is connected 

externally to a pot ( or resistor) from R (pin 19) and to a capacitor. The OFF timer 

delay, in seconds, will be 5678*(40,000 + pot resistance in Ohms )*(capacitance in 

Farads). To disable Auto- OFF mode, this pin can be connected to Gnd or Vee. 

For minimum time delay, C (pinl 8) and R (pinl9) can be shorted together with no 

external resistor or capacitor. In this configuration, the output at OUT (pin 16) 

should be the same as the output at LED (pinl 7). 

R (pin19) - The output of the OFF timer oscillator drives this pin through an internal 

40kil series resistor. This pin is connected externally to C (pinl8) through a pot (or 

resistor). This pin can be connected directly to C (pinl 8) for the minimum OFF 

timer delay (maximum oscillator frequency) . 

Fref (pin20) - This is the 160 Hz reference frequency oscillator input. It is 

connected externally through a 60kQ resistor to Vee and a O. lµF capacitor to Gnd. 

Other values of resistance and capacitance can be chosen, provided this input 

oscillates at 160 Hz. This frequency is used to drive the internal switched capacitor 

bandpass filter and the timing delays. 

Other than just motion detector, KC788B also allows other functions such as 

Daylight adjust/sense, Gain select, ON/ AUTO/OFF, and Toggle to be interfaced. 

However, after some tests of the circuit we can't efficiently use these extra functions, 

only the motion detection part worked well. Due to the high cost and difficulty in 

finding the IC, we decided to still use this IC since it satisfies our objective in 

movement detection alright. Sensitivity can be adjusted at pin 2. With the fresnel 

lens on the PIR movement sensor, the detecting area can be seen in the next page. 

There are 3 outputs from the movement sensor, those are Output , Vee, and Ground. 

The output is high as SV when there is no movement. It becomes low as OV when 



movement occurs. Therefore the output can be directly connected to microcontroller 

or other logic device. In this project we connect the movement detector output to 

AT89C51 microcontroller (Pl.2) and a program is written so that any movement 

detected by the sensor, which causes the output to go low, would trigger the autodial 

unit, to start its work. The program can be referred to Appendix A 

The installation area is important because sensitivity would vary as the figure 

below. Sensors are more sensitive when they picking up movement travelling from 

left to right, or vice versa, instead to straight forward. 

&LL 

/ 

Figure 1. 
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Autodial 

The purpose of autodial is to dial the stored telephone numbers automatically 

upon some trigger. In this project we do not want just to dial automatically but also 

to detect ringing and busy so that if the line is busy or nobody picks up, that specific 

number would be dialed again. The voice message being recorded in the voice IC 

would be played after the receiver of the call picks up the phone. Just a simple word 

"autodial" doesn't stand for a simple process and we divide this part further into some 

sub-parts for detailed discovery. 

1) Speech network & tone decoder 

Telephone Speech Network with Dialer Interface (MC34114) is the first chip we 

use to start the autodial part of this project and it's indeed a compulsory IC for 

autodial. How can we dial without a telephone in the first case? We want this 

autodial to be an individual piece so we do not interface with the telephone. Instead 

we use MC341l4 which is actually a "telephone" in many ways. It already looks 

like a telephone in the block diagram (please refer to the datasheet in Appendix B) 

that one can see microphone and receiver. MC34 l l 4 is a speech network which 

interfaces with Tip and Ring and provides the 2-to-4 wire conversion. As shown in 

the block diagram in datasheet, the transmit gain 13 determined by the microphone 

amplifier (fixed gain of 30 dB), Ri,, CS, the internal current gains of Al, A2, the AGC, 

and the line impedance in parallel with Rl. The receive gain is determined by ZB, 

the internal current gains of A4 and the AGC, C8, and R8 . Sidetone cancellation is 

determined by A3 and the ZB network. MUTE input at pin 17 disables the 

microphone amplifier and partially mute the receive amplifier while dialing when it is 

low. We can select to dial as pulse or tone and in this case we choose tone because 

of the DTMF dialer to be interfaced later. So pin 16 is low. 

One question may come to one's mind. Who do the dialing? Well, we let 8 

bit microcontroller to do the dialing with DTMF dialer, which will be described in 

later parts. After the dialing, a busy or ringing signal shall be heard at receiver 

output ofMC34114(pinll). How can the microcontroller detect ifthe call is busy 

or ringing then? In this case we have to decode the incoming tone into binary signal 

so that microcontroller can understand. Tone decoder LM567 comes into the play, it 

is designed to provide a saturated transistor switch to ground when an input signal is 

present within the passband. It is found that the ringing and busy signal provided by 

the telephone central office is 400 Hz, so external components are set to adjust the 

passband which would pass and decode 400Hz as its center frequency, thus busy and 



ringing signal would be decoded. When they are at the input of tone decoder. 

Resistor between pin5 and pin6 is calculated to be 22. 7K 0 according to the design 

formula. 

fo=--
l.lR1C1 

1 1 
R1 = = 

6 
= 22.7K!1 

l .lfoC1 1.1x400x0.1x10-

Practically we choose 22K 0 because it works better than 22. 7KHz after the testing. 

Now, whenever busy or ringing signal is fed into the LM567 at pin3, it decodes and 

output is low whenever the busy or ringing signal is present, which is 400Hz. 

Resulted busy and ringing signals are as follows: 

Busy sv ON l;;l ON 1-~1'~-, 1·-- ---1 1-----_J-~-1 
ov---J Vl 1 L:J LJ LJ L __ 

·---.... ~ .. 0.5S 0.5S 

sv 
Ringing +-----------~------~ON---------

OV ~------------------------------ ~+ OFF~---
~------- 4S ..... lS -----.-

This binary output from tone decoder thus can be used and understood by 

the microcontroller. We use pin 10 in AT89C51 microcontroller to accept the input 

from tone decoder to be used in the purpose of detecting line status (ringing or busy). 

2) DTMF (Touch-tone) Generator 

TP5089 DTMF Generator is commonly used with keypad to provide DTMF 

tones for dialing. It is also called a DTMF dialer. This chip is to be interfaced with 

MC34114 at pinlO to provide DTMF tones for dialing. As mentioned earlier, 

microcontroller will do the dialing thus we do not use keypad to provide DTMF tones, 

microcontroller itself can be programmed and interfaced with this chip to provide 

desired DTMF tones. As one can see from the datasheet (not the next figure), there 

are pins for the keypad input as columns and rows. 



COLI COL2 COL3 COIA 

RO\Vl 1-1-1 1····11 13·-1 r-1 
I__~ L2J l_~ __ J 1

Nll 

ROW2 14-1 1·51 l~ lillJ L _ __J L__J 

ROW3 [?J [81 [9--i ~l 
ROW4 l * j [§] [#J ~ 

Figure 2. Keypad 

The pins corresponding to the column and row inputs in TP5089 are low-active. If 

we press 1, column 1 (pin 3) and row l(pinl4) would be low and that specific DTMF 

tone is generated. 

With Port 0 of AT89C5 l microcontroller connected to the corresponding pins of 

columns and rows (refer to chapter 3), we can program the microcontroller to dial the 

number we want referring to the table below. 

Number Column Row Bits assigned to Port 0 Bits assigned to Port 0 
(binary) (Hex) 

1 1 1 11101110 EE 
2 2 1 1101 1110 DE 
3 3 1 lOll 1110 BE 
4 1 2 l llO 1101 ED 
5 2 2 1101 1101 DD 
6 3 2 lOll 1101 BD 
7 1 3 1110 1011 EB 
8 2 3 1101 1011 DB 
9 3 3 lOll 1011 BB 
* I 4 1110 Olli E7 
0 2 4 1101 0111 D7 
# 3 4 lOll 0111 B7 

Table 1. 



Thus, the generated DTMF tones from TP5089 used for dialing are not pressed from 

keypad but by microcontroller. We can now program any desired number to be 

dialed automatically by microcontroller. 

3) Telephone number storage in EEPROM 

The telephone numbers to be dialed to give the warning message should be 

stored in external memory and can be changed by the user anytime. In the design of 

this project we choose to store the numbers in 2-wire serial EEPROM AT24C01A. 

by microcontroller program. Program in Assembly language is written to write data 

into the EEPROM AT24CO 1 A, one can refer to the Appendix A for the program. We 

programmed to give each number 25 digits, so that pager number can be stored and 

dialed as well, such as 1500 (pager station) - 760254 (pager number) - 12345678 

(any number to be used as a "alarm number"). The numbers to be stored are pressed 

from the keypad which is interfaced with MM7 4C922 16 Key Encoder. Pin 14~ 17 of 

MM74C922 are connected to Portl.4---1.7 of AT89C51 microcontroller. Whene.ver a 

number is pressed from keypad, there is a certain output at pin 14~ 17 for that certain 

number pressed as shown in page 3 of the datasheet. Thus when keypad is pressed, a 

certain code would appear at pin 14---1 7 and PI . 4~ I. 7 of microcontroller, and 

microcontroller is programmed to differentiate what is the number being pressed and 

store that number in respective binary or hex form according to the Table I given 

previously in section "DTMF Generator". For example, when 5 is pressed, code at 

P.1. 4-P. l. 7 would be 0I01 and microcontroller will store it as DDH in EEPROM for 

the use ofDTMF dialing. Referring to the keypad shown in the Figure 2, N, to N4 are 

the four keys to store the four telephone numbers. In order to store the 4 telephone 

numbers, N1 is to be pressed and followed by the numbers to be stored as the 1"1 

number, N2 is for the 2nd number, and so on. The flow chart of the number storage 

process is as follows: 
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4) Taking out the stored numbers and dial 

After the telephone numbers are stored into AT24CO 1 EEPROM, the next step is 

to read out each number correctly and dial. The program to read the data from 

EEPROM is written in Assembly language and can be referred to Appendix A section. 

The numbers stored in EEPROM are not in decimal form but in hex form according to 

the requirement of DTMF generator shown in the Table 1. So number 2 is stored as 

DEH or 11011 llOb. Thus, each number is read out from EEPROM and given to 

DTMF generator through PO of microcontroller, DTMF generator will generate out 

the correct tone upon the data received, and dialing is done in this way. 

5) Detection of busy signal and ringing signal 

After the number is dialed, the microcontroller will get the busy or ringing signal 

from Tone Decoder (LM567) at P3.0 as shown below. 

SV 
Ringing .-~-- --· ------- ON ------ • ..1.,. -OFF __ J 

OV--------- ~ --------~ J L __ 
-- ---- 4S ------------ ..... 1 s __________. 

Whenever the signal is present (ON) about 400 Hz, tone decoder decodes it to be 

low. When no signal about 400HZ is available (OFF), tone decoder doesn't decode 

and output is high. 400Hz is the frequency given by the central office for both busy 

and ringing signal and we have designed the Tone Decoder so that 400Hz is within 

the passband for decoding. As one can observe from the timing diagram above the 

ON and OFF time for busy signal is the same and equal to 0.5 second whereas for 

ringing signal the ON time is 4 second and OFF time is 1 sec. Therefore, the 

program is written to compare the ON and OFF time of the input signal. If they are 

equal or about to be equal, microcontroller will understand it as busy signal as 

programmed. When busy signal is detected, microcontroller will cut or release the 

relay which will in turn off-hook the telephone line through the tip and ring interfaced 

with MC34114 Speech Network. Whenever the ON time and OFF time are not 



equal, ON time is 4 seconds and OFF time is 1 second, the signal is to be taken as 

ringing signal when it is detected to be high at 4.5 second. When ringing signal is 

detected, microcontroller will count for 6 rings as programmed. If no one picks up, 

line is cut by release the relay. If the line is picked up, a recorded voice message will 

be played, this part will be further described in next section. 

6) Display of the voice message 

After phone calls are made and picked up, a warning message recorded in 

Single-Chip Voice Record/Playback Devices ISD2590 is played. Detailed 

description of this chip can be referred to the datasheet in Appendix B. There are 

many operational modes available in this chip and we choose Push-Button mode in 

this project. In Push-Button mode CE at pin 23 acts as a low going pulse-activated 

START/PAUSE signal. If no operation is currently in progress, a LOW-going pulse 

on this signal will initiate a playback or a record cycle according to the level on the 

P/R pin at pin 27. PD at Pin 24 acts as HIGH-going pulse-activated STOP/RESET 

signal. When a playback or record cycle is in progress and a HIGH-going pulse is 

observed on PD, the current cycle is terminated. The process of recording is as 

follows: 

1) Switch to Record Mode (connect pin 27 P/R to ground) 

2) Press and release START/PAUSE button (pin 23 CE is pulsed to ground) 

3) Speak to the microphone 

4) Press and release STOP/RESET button when message is finished (pin 24 PD is 

pulsed to V cc) to stop the recording. 

5) Voice is recorded 

The process of playback is as follow: 

1) Switch to Playback Mode (connect pin 27 P/R to Vee) 

2) Press START/PAUSE (pin 23 CE is pulsed to ground) 

3) The message recorded is played out through the speaker 

4) Press STOP/RESET (pin 24 PD is pulsed to Vee) to stop the message anytime 

Microcontroller is programmed to start the playback process which the call is 

picked up. However, record or playback mode has to be switched manually. It 

should be in the playback mode when working with autodial. Pin 23 and pin 24 

from ISD2590 are connected directly to pin 22 (P2. l) and pin 23 (P2.2) of AT89C5 l 

microcontroller, thus it is possible to assign the START and STOP of the playback by 

microcontroller. 



CHAPTER 3 FABRICATION 
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CHAPTER 4 TEST AND EQUIPMENT 



Test 1 Test movement detector 

Experiment Upon the completion of movement detector, it is to be tested for its 

sensitivity. LED should light whenever there is a movement detected. 

Procedure Movement is made in front of the PIR sensor for different distance. 

Problem 1 The movement detector does not work for the first 5 seconds. 

Cause The movement detector needs a warm-up time when it is switched on. 

Solution A warm-up period is to be allowed to the movement detector. 

Problem 2 The LED 1 at pin 16 does not work properly and there is no output 

from this pin after testing. 

Cause 

Solution 

Test2 

The IC may be malfunctioning or broken in some way. Due to the 

difficulty in getting another one, we modified the circuit with the pins 

which are working properly. 

Connect all the components with pin 16 to pin 17 and leave pin 16 

open because Pin 17 is working well and gives the output for sensing 

the movement. Thus both LED are now the output for movement 

detection. 

Tone Decoder LM567 

Experiment Check to see if the tone decoder will decode 400Hz as desired and 

designed. 

Procedure Use function generator to supply a 400Hz signal in square wave as the 

input to tone decoder. Observe the output of tone decoder with 

oscilloscope to see if it is low when 400Hz is at the input. 



Test3 Speech Network MC34114 

Experiment Make sure the speech network IC is working properly like a telephone 

and dialing tone, busy tone, and ringing tone can be heard at pin 11 

which is to be connected with a speaker. 

Procedure Connect all necessary components and a telephone in parallel at tip and 

ring. For busy or ringing tone listen to the speaker and dial any number 

by the telephone in parallel. 

Problem 1 

Cause 

Solution 

The output from the speaker is very noise that the tone decoder won't 

decode anything when it is connected as input and tone decode. 

Unavoidable noise from the line, equipment, or environment is present. 

Connect a bandpass filter which filters out the frequencies below and 

above 400Hz. Resistor and capacitors are calculated so that 400Hz is 

within the passband range. 

Problem 2 After the noise is filtered out, the clean output is connected to the tone 

decoder. However, the tone decoder still doesn't decode any signal. 

Cause 

Solution 

Test4 

The input signal voltage is too small 

Amplify the signal from the filter by connecting a BIT amplifier circuit, 

then send the amplified signal to tone decoder. 

DTMF tone generator (TP 5089) 

Experiment Check if the proper tone is produced at pin 16 

Procedure 1 Connect keypad to the corresponding pins, connect pin 16 of DTMF 

tone generator to pin 10 of MC34l14 speech network IC as a the 

DTMF dialer input. 

Procedure 2 Interface the DTMF tone generator with microcontroller and write 

program which dial the number. 



Problem 1 

Solution 

Test 5 

The output tone is too loud 

Connect a resistor before connecting to MC34 l l 4 

MC34114 Speech Network with TP5089 DTMF 
Generator 

Experiment To dial phone number by DTMF generator TP5089 

Procedure Connect the output from TP5089 to pin 10 of MC34 l l 4 which is used 

as input from DTMF dialer. 

Problem 1 

Cause 

Solution 

Test6 

It decodes only first 2 column, not the third one. 

The speech network circuit was not connected completely. 

Connect as on the circuit diagram that pin 10 is to be connected to pin 

4. 

16-Key Keypad 

Experiment Check row and column of the keypad in order to know which are 

should be connected to the 16-key encoder MM 7 4C922 according to 

pin assignment. 

Procedm·e Use the multimeter to check the shorting (while pressing the keypad) 

of each row and column then collect the result. 

Test7 16-Key Encoder (MM 74C922) 

Experiment Check the output from the encoder 

Procedure Press any key from the keypad and detect the output from the encoder 

by logic tester to see if the output is the same according to the key 

pressed by comparing the output with the table in page 3 of the 

datasheet. 
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Test8 EEPROM AT24C01A 

Experiment Check to see if correct numbers are stored. 

Procedure Connect the EEPROM to microcontroller (as shown in chapter 3). 

Problem 1 

Cause 

Solution 

Test9 

Press the numbers by keypad. Load the data from the EEPROM by 

emulator. 

The numbers are not the same as pressed. 

The rhythm in pressing the numbers may be too fast or keys are not 

pressed strongly enough to give an output. 

Rewrite the program and reduce the delay between detection of the 

number pressed and light up a LED after the EEPROM has 

successfully store one number. Thus, only when the LED lights up, 

the next number is pressed. 

Voice IC ISD2590 

Experiment Check the working of recording and payback. 

Procedure After all the components are set up, record and play the voice as 

instructed in Chapter 2 Theory and Design under ''Display voice 

message". 



Equipment Quantity 

AT89C51 Microcontroller 1 

MM7 4C922 Keypad encoder 1 

AT24CO 1 EEPROM 1 

TP5089 DTMF generator 1 

MC34114 Speech Network 1 

LM 567 Tone Decoder I 

ISD 2590 Voice IC 1 

KC 778B Movement detector 1 

PIR sensor 1 

Fresnel Lens 1 

C945 BJT 5 

Relay 

Switch 4 

Microphone 1 

Speaker I 

LED 8 

Crystal 3. 5 79 MHz 

Crystal 12 MHZ 1 

Zener Diode 2 

IN4004 Diode 6 

16-Keypad 1 

Resistors 71 

Capacitors 50 



CHAPTER 5 CONCLUSION AND 

RECOMMENDATION 



After the completion of this project, we have learned a lot of things which we 

can't learn from the textbooks but only from experiences. Months of time have been 

spent in testing this project but the result is not very satisfactory. We took more than 

enough time because we were inexperienced in practical designing and programming. 

Although we may have connected the circuits as it appears in the data sheet, it will 

never just work right away. A lot of testing were always needed and many mistake 

were made by us which should be avoided, such as Vee and GND which are 

compulsory in almost every IC. Or the plug of ETS 7000 must be 2 head instead of 

3 when testing with MC34114. Due to the lack of experience we once spend week 

time testing a broken IC as well. However, these things made us learn so that we 

don't make this unforgivable mistakes outside. 

Programming was difficult to begin because we weren't familiar with it. Flow 

chart was written before we write any program. It was not that difficult after we 

started writing and we did finished many parts such as storing data into EEPROM, 

dialing the stored numbers, and detecting busy and ringing. However, when we 

combined them together they do not work so well. Therefore the results are not very 

satisfactory. Many things need to be improved, both software and hardware. One 

major problem with our autodial circuit is the way get busy and ringing signals. We 

used LM 567 to decode the busy and ringing tones to be used by microcontroller. 

However, the tone is varying every time and so must the resistor too at pin5 and pin6. 

Once the signal can't be decoded nicely with the right timing, the microcontroller 

can't detect the busy and ringing as programmed. The program is okay but it has to 

work with a properly decoded signal. Another problem is that other than house 

phones, cellular phones can't be used due to the difference in ringing tones. 

Furthermore, different types of cellular phone (800, 900, 1800)has different ringing 

tone. Thus the tone decoding method is not very efficient after all. This autodial 

circuit should be improved with a modem chip, which can detect whatever busy and 

ringing signals from anywhere. 

Although it was not a fully completed project, we are glad to have gained 

experiences and practical knowledges and found ourselves to be more interested in 

Engineering. 

For the improvement of this project, one should find a method in replacement of 

the tone decoder method, such as to detect busy and ringing by modem chip. 

Password protection should also be included so that only the owner can store the 

autodialing numbers. Battery charger should be used instead of adapter so that it can 



still work when electricity is off. Finally, the movement detector should be wireless 

when interfacing with autodial circuit so that installation is easier. 



Appendix A Programming Operation 



PO DATA 080H 
Pl DATA 090H 
P2 DATA OAOH 
P3 DATA OBOH 
PSW DATA ODOH 
ACC DATA OEOH 
ERRFAG BIT 027H 
IPSCL EQU Pl.O 
IPSDA EQU Pl. l 
TRIG EQU Pl.2 
DATAEN EQU Pl. 3 
RELAY EQU P2.0 
VSIG_ON EQU P2. l ;Start button 
VSIG_OFF EQU P2.2 ;Stop button 
RSIG EQU P3.0 ;Ringing Signal 

B DATA OFOH 
TEST DATA 020H 
COUNTER DATA 021H 
CNTB DATA 022H 
MEMl DATA 023H 
MEM2 DATA 024H 
MEM3 DATA 025H 
MEM4 DATA 026H 
MODEL DATA 028H 
AGAIN DATA 029H 
COUNTERl DATA 02AH 

;--------------------CHECK_SENSOR----------------------------------------

MOV P2,#00000110B 
SETB TRIG 
CALL DELAYl 
CALL DELAYl 
CALL DELAYl 
CALL DELAYl 
CALL DELAYl 



SENSOR: 
SETB VSIG_OFF 
nop 
nop 
nop 
nop 
nop 
CLR VSIG_OFF 
CLR A 
SETB DATAEN 
SETB TRIG 
JNB TRIG,PROCEDUREl 
JNB DATAEN,GOTO_CHECKl 
SJMP SENSOR 

GOTO_ CI-IECK 1 : 
LJ MP CI-IECK 1 

PROCEDURE 1 : 
CLR P2.7 
CLR P2.6 
CLR P2.5 
CLR P2.4 
CLR P2.3 
SETB VSIG_OFF 
CALL DELAY 
CLR VSIG_OFF 
SETB VSIG_ON 
MOV R6,#00H 
MOV R7,#00H 
MOV R5,#28H 
MOV COUNTER,#OlH 
MOV CNTB,#OOH 
MOV MODEL,#OOH 
MOV AGAIN,#OOH 
MOV COUNTER 1 , #OOH 

;press stop button for voice 

;release stop button for voice 

;press stop button for voice 

;release stop button for voice 
;unpress start button for voice 
;counter for low signal 
;counter for high signal 
;counter for pickup(high) signal 
;counter for calling next number 



ADDI: 
MOY R0,#04H ; s e t s t a r t add res s for EEPROM (1 s t number) 
SETB RELAY ;off-hook the phone 
MOY CNTB,#OOH 

CALL_Nl: ; cal 1 the 1st stored number 
CALL DELAY 
CALL DELAY 
INC RO 
CALL IPR ;get the number from EEPROM with specified RO 
MOY PO,Rl ;output the number from EEPROM 
CALL DELAY 
CALL DELAY 
MOY PO,#OOH ;clear PO 
INC CNTB 

LJMP ENTER 

ADD2: 
CLR A 
MOY RO ,#lDH ;set start address for EEPROM (2nd number) 
SETB RELAY ;off-hook the telephone 
MOY CNTB,#OOH 
CALL CALL_Nl 

ADD3: 
CLR A 
MOY R0,#36H ;set start address for EEPROM (3rd number) 
SEIB RELAY ;off-hook the telephone 
MOY CNTB,#OOH 
CALL CALL_Nl 

ADD4: 
CLR A 

MOY R0,#4FH ;set start address for EEPROM (3rd number) 
SEIB RELAY ;off-hook the telephone 
MOY CNTB,#OOH 
CALL CALL_Nl 



ENfER: ;check if the keypressed is ENTER 
CINE Rl ,#22H,PAUSE 
CLR A 
LIMP CALL_ACK ;if keypressed is ENTER go to CALL_ACK 

PAUSE: ;check is the keypressed is PAUSE 
C.TNE Rl,#33H,CALL_Nl 
CALL DELAY 
CALL DELAY 
CALL DELAY 
CALL DELAY 
CALL DELAY 
CALL DELAY 
LIMP CALL_Nl 

CALL_ACK: ;starting to check if line is busy or r1ng1ng 
SEIB RSIG 
SETB P2.3 
CALL DELAY2 
CLR P2.3 
INC COUNTER I 
MOY A,COUNI'ERl 
CINE A,#36H,CALL_ACK1 
LIMP VOICE 

CALL_ACKl: 
JB RSIG,CALL_ACK ;when signal is low go to RESET 

RESET: ;counts how long low signal 1 s 
CALL DELAY2 ;0.125sec + 1 us 
MOY R3,#0FAH ; 1 us 
MOY R3,#0FAH ; 1 us 
MOY R3,#0FAH ; 1 us 
MOY R3,#0FAH ; 1 us 
MOY R3,#0FAH ; 1 us 
INC R6 ; 1 us 



JNB RSIG,RESET 

SETl: 
CALL DELAY2 
DEC RS 

INC R7 
CJNE RS , #OOH, HI GHl 
UMP VOICE 

HIGHl: 
JB RSIG,SETl 
SJMP COMPARE 

COMPARE: 
MOV A,R7 
MOV TEST,R6 
SUBB A,TEST 
CINE A,#OOH,COMPAREl 
UMP BUSY 

COMPAREl: 
CJNE A,#01H,COMPARE2 
UMP BUSY 

COMPARE2: 
CJNE A,#02H,COMPARE3 
UMP BUSY 

COMPARE3: 
CJNE A,#03H,COMPARE4 
LIMP BUSY 

COMPARE4: 
CJNE A,#04H,COMPARE5 
LIMP BUSY 

COMPARES: 
CJNE A,#05H,RINGING 

;go to SETI when signal is high (2 us) 

;counts how long high signal is 
;0 .125s 

;2 us 
; if high signal is 5sec then go to VOICE 

;whenever the signal is low again start to 
; compare, or else keep on counting 

;compare the low and high signal 

;subtract the duration of high and low 
; if they are not equal compare again 
;if they are equal go to BUSY 

;compare the low and high signal(2nd) 
;if they are not differed by 1 compare again 
;if they are differed by 1 go to BUSY 

;compare low and high signal (3rd) 
;if they are not differed by 2 compare agarn 
;if they are differed by 2 go to BUSY 

;compare low and high signal (4th) 
;if they are not differed by 3 compare again 
;if they are differed by 3 go to BUSY 

;compare low and high signal (5th) 
;if they are not differed by 4 compare again 
; if they are differed by 4 go to BUSY 

;compare low and high signal (last) 
;if they are differed more than S go RINGING 



LJMP BUSY ;if they are differed by 5 go to BUSY 

BUSY: ;signal detected is busy 
CLR RELAY ;on-hook the telephone 
CALL DELAYl 
CALL DELAYl 
CALL DELAYl 
CLR A 
LJMP S1DRE 

RINGING: ;signal detected lS ringing 
CLR A 
RINGING!: 
JNB RSIG,RINGINGl 
SETB P2.7 
CALL DELAYl ; ca 11 

CALL DELAYl delay 
CALL DELAY I for 
CALL DELAYl 4.5 

CALL DELAYl seconds 
CALL DELAYl check! 
CLR P2.7 
JNB RSIG ,CHECK! 1 ; if low check again 
LJMP VOICE ;if high go to VOICE 

INCREASE: 
CLR P2.6 
SETB P2.6 
CALL DELAY2 
CLR P2.6 
INC A 
CJNE A,#03H,RINGING1 ;count r1ng1ng for 6 times 
UMP NOP I CK ; go to NOP I CK aft er 6 ri ng rng 

CHECK! l: 
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CLR P2 .5 
SETB P2.5 
CALL DELAY2 
CLR P2.5 
JNB RSIG,CHECK22 ;check again if s i gna I 1 s low 
SHIP VOICE ;if not go to VOICE 

CHECK22: 
CLR P2.4 
SETB P2.4 
CALL DELAY2 
CLR P2 .4 
JNB RS I G , INCREASE ;check if signa l is s t i 11 1 ow 
SJMP VOICE ;if not go to VOICE 

VOICE: 
CALL DELAY2 
JNB RS I G, INCREASE ;check for if signal 1 s low to make sure 

CALL DELAY2 
JNB RSIG, INCREASE ;check for if signal 1 s low to make sure 

CALL DELAY2 
JNB RS IG, INCREASE ;check for if signal 1 s low to make sure 

CALL DELAY2 
JNB RS I G , INCREASE ; check for if signal 1 s low to make sure 

CALL DELAY2 
JNB RSIG, INCREASE ;check for if signal 1 s low to make sure 

CALL DELAY2 
JNB RSIG, INCREASE ; check for if signa l 1 s low to make sure 

CALL DELAY2 
JNB RS I G , INCREASE ;check for if signal 1 s low to make sure 

CALL DELAY2 
JNB RS IG, INCREASE ; check for if signal 1 s low to make sure 

CALL DELAY2 
JNB RSIG, INCREASE ;check for if signal 1 s low to make sure 

CALL DELAY2 
JNB RSIG, INCREASE ;check for if signal IS low to make sure 

SETB VSIG_OFF ; pres s STOP for v o i c e 
CALL DELAY 



CLR VSIG_OFF ; release SWP for voice 

CLR VSIG_ON ; press START for voice 

CALL DELAY 
CALL DELAY 
SEIB VSIG_ON ; release START for voice 

CALL DELAY ; ca 11 

CALL DELAY delay 

CALL DELAY to 

CALL DELAY play 

CALL DELAY the 

CALL DELAY recorded 

CALL DELAY voice 

CALL DELAY ; cal 1 

CALL DELAY delay 

SEIB VSIG_OFF ;press SWP for voice 
CALL DELAY 
CLR VSIG_OFF ;release SWP for voice 

CLR RELAY ;on-hook the telephone 

CLR A 
CALL DELAYl 
CALL DELAY I 
CALL DELAYl 
SJMP CHKl ;go to CHKl to call next number 

NOPICK: ;no one pick up the phone 

CLR RELAY ;on-hook the telephone 
CLR A 
CALL DELAY I 
CALL DELAY I 
CALL DELAYl 
UMP SWRE 

CHKl: 

MOV A,MODEL 
CINE A.#OOH,CALL_LEFTl 
INC COUNTER 



MOV A,COUNrER 
CJNE A,#02H,CHK2 
UMP ADD2 

CHK2: 
CJNE A,#03H,CHK3 
UMP ADD3 

CHK3: 
CJNE A,#04H,CALL_LEFfl 
UMP ADD4 

CALL_LEFf l : 
MOV MODEL,#OlH 
INC AGAIN 
MOV A,MEMl 
CINE A,#04H,CALL_LEFf2 
UMP ADDI 

CALL_LEFf2: 
INC AGAIN 
MOY A,MEM2 
CINE A,#lDH,CALL_LEFf3 
UMP ADD2 

CALL_LEFf3: 
INC AGAIN 
MOV A,MEM3 
CINE A,#36H,CALL_LEFf4 
UMP ADD3 

CALL_LEFf4: 
INC AGAIN 
MOV A,MEM4 
CINE A,#4FH,OVER 
UMP ADD4 

SUBCHECK: 

;if counter counts 2 then call the

; -2nd number 

;if counter counts 3 then call the

;-3rd number 

;if counter counts 4 then call the

;number in temp memory 



UMP CHKl 

PRESET: 
MOY A,AGAIN 
CJNE A, #0 lH, PRESETl 
UMP CALL_LEFT2 

PRESETl: 
CJNE A,#02H,PRESET2 
UMP CALL_LEFT3 

PRESET2: 
CJNE A,#03H,OVER 
UMP CALL_LEFT4 

OVER: 
SJMP $ 

STORE: 
MOY A,MODEL 
CJNE A,#OOH,PRESET 
CLR P2.7 
SETB P2.7 
CALL DELAY 
CLR P2.7 
MOY A,RO 
SUBB A,CNTB 
CJNE A,#04H,STORE1 
MOV MEMl ,A 
UMP SUBCHECK 

STOREl: 
CLR P2.6 
SETB P2.6 
CALL DELAY 
CLR P2.6 
CJNE A,# lDH, STORE2 



MOY MEM2,A 
UMP SUBCHECK 

STORE2: 
SETB P2.5 
CALL DELAY 
CLR P2.5 
CINE A,#36H,STORE3 
MOY MEM3,A 
UMP SUBCHECK 

STORE3: 
SETB P2.4 
CALL DELAY 
CLR P2.4 
CINE A,#4FH,SUBCHECK 
MOY MEM4,A 
UMP SUBCHECK 

;-----------------------CHECK_KEYPRESSED-----------------------------------
MAIN: 
MOY P2,#00H 
CLR A 
SEIB DATAEN 
IB DATAEN,SUB2 
MOY A,Pl 
ANL A,# 111 lOOOOB 
LIMP CHECKl 

SUB2: 
LIMP SENSOR 
; -------------------------------CHECK _N -----------------------------------
GET_Nl: 
MOY R0,#04H 
MOY P2,#00H 
MOV P2,#10000000B 



UMP GET_KEYPRESSED 

GET_N2: 
MOV RO ,#lDH 
MOV P2,#00H 
MOV P2,#01000000B 
UMP GET_KEYPRESSED 

GET_N3: 
MOV R0,#36H 
MOV P2,#00H 
MOV P2,#00100000B 
UMP GET_KEYPRESSED 

GET_N4: 
MOV R0,#4FH 
MOV P2,#00H 
MOV P2,#00010000B 
LJMP GET_KEYPRESSED 
; --------------------------------CHECK_ NUMBER- ----------------------------
GET_KEYPRESSED: 
CLR A 
SETB DATAEN 
CALL SHORTDELAY 
JB DATAEN,GET_KEYPRESSED 
CALL DELAY 
INC RO 

;check if keypressed is "one" 
MOV A,Pl ;get Pl(keypressed) and copy into A 
ANL A,#lll lOOOOB ;masK LOWER bits 
CJNE A,#OOOOOOOOB,CHK_NUMO ; if keypres sed is not 1, check for "ZERO" 
MOV Rl ,#lllOlllOB 
CALL IPW 
SETB P2.3 
CALL DELAY 
CLR P2.3 
UMP GET_KEYPRESSED 



CHK_NUMO: 
MOV 
ANL 
C.TNE 

A,Pl 
A,#llllOOOOB 
A,#l 1010000B,CHK_NUM2 

MOV Rl ,#1101011 lB 
CALL IPW 
SETB P2.3 
CALL DELAY 
CLR P2.3 
LJMP GET_KEYPRESSED 

CHK_NUM2: 
MOV A,Pl 
ANL A,#llllOOOOB 
CJNE A,#00010000B,CHK_NUM3 
MOV Rl ,#11011 l lOB 
CALL IPW 
SETB P2.3 
CALL DELAY 
CLR P2.3 
UMP GET_KEYPRESSED 

CHK_NUM3: 
MOV A,Pl 
ANL A,#llllOOOOB 
C.TNE A,#00100000B,CHK_NUM4 
MOV Rl,#101111108 
CALL IPW 
SETB P2.3 
CALL DELAY 
CLR P2.3 
UMP GET_KEYPRESSED 

;get Pl(keypressed) and copy into A 
;masK LOWER bi ts 
; if keypres sed is not 0, check for "two" 

;check if keypressed is "two" 
;get Pl(keypressed) and copy into A 
;masK LOWER bits 
;if keypressed is not 2, check for "three" 

;check if keypressed is "three" 
;get Pl(keypressed) and copy into A 
;masK LOWER bits 
; if keypres sed is not 3, check for "four" 



CHK_NUM4: 
MOV A,Pl 
ANL A,#llllOOOOB 
CINE A,#01000000B,CHK_NUM5 
MOV Rl ,#ll 101101B 
CALL IPW 
SETB P2.3 
CALL DELAY 
CLR P2.3 
LIMP GET_KEYPRESSED 

CHK_NUM5: 
MOY A,Pl 
ANL A,#111 lOOOOB 
CINE A,#01010000B,CHK_NUM6 
MOY Rl ,#1101l101B 
CALL IPW 
SETB P2.3 
CALL DELAY 
CLR P2.3 
LIMP GET_KEYPRESSED 

CHK_NUM6: 
MOY A,Pl 
ANL A,#llllOOOOB 
CINE A,#01100000B,CHK_NUM7 
MOV Rl ,#101 l llOlB 
CALL IPW 
SETB P2.3 
CALL DELAY 
CLR P2.3 
LIMP GET_KEYPRESSED 

CHK_NUM7: 
MOY A,Pl 
ANL A,#llllOOOOB 
CINE A,#10000000B,CHK_NUM8 

;check if keypressed is "four" 
;get Pl(keypressed) and copy into A 
;mask LOWER bi ts 
;if keypressed is not 4, check for "five" 

;check if keypressed is "five" 
;get Pl(keypressed) and copy into A 
;masK LOWER bits 
;if keypressed is not 5, check for "six" 

;check if keypressed is "six" 
;get Pl(keypressed) and copy into A 
;masK LOWER bits 
;if keypressed is not 6, check for "seven" 

;check if keypressed is "seven" 
;get Pl(keypressed) and copy into A 
;masK LOWER bits 
;if keypressed is not 7, check for "eight" 



MOV Rl ,#1110101 lB 
CALL IPW 
SETB P2.3 
CALL DELAY 
CLR P2.3 
LJMP GET_KEYPRESSED 

CHK_NUM8: 
MOV A,Pl 
ANL A,#llllOOOOB 
CINE A,#10010000B,CHK_NUM9 
MOV RI ,#1101101 lB 
CALL IPW 
SETB P2.3 
CALL DELAY 
CLR P2.3 
UMP GET_KEYPRESSED 

CHK_NUM9: 
MOV A,Pl 
ANL A,#llllOOOOB 
CINE A,#lOlOOOOOB,CHK_PAUSE 
MOV RI ,#1011101 lB 
CALL IPW 
SETB P2.3 
CALL DELAY 
CLR P2.3 
LJMP GET_KEYPRESSED 

CHK_PAUSE: 
MOV A,Pl 
ANL A,#llllOOOOB 
CJNE A,#llOOOOOOB,CHK_ENTER 
MOV Rl,#33H 
CALL IPW 
SETB P2.3 
CALL DELAY 

;check if keypressed is "eight" 
;get Pl(keypressed) and copy into A 
;masK LOWER bits 
;if keypressed is not 8, check for "nine" 

;check if keypressed is "nine" 
;get Pl(keypressed) and copy into A 
;masK LOWER bits 

;check if keypressed is "pause" 
;get Pl(keypressed) and copy into A 
;mask LOWER bits 



CLR P2.3 
LJMP GET_KEYPRESSED 

CHK_ENTER: ; check if keypres sed is "enter" 
MOV A,Pl ;get Pl(keypressed) and copy into A 
ANL A,#llllOOOOB ;masK LOWER bits 
CJNE A,#lllOOOOOB,JMP_GETKEYPRESSED 
MOV Rl ,#22H 
CALL IPW 
SETB P2.3 
CALL DELAY 
CLR P2.3 
UMP MAINLOOP 

MAINLOOP: 
UMP MAIN 

JMP_GETKEYPRESSED: 
DEC RO 
LJMP GET_KEYPRESSED 

CHECKl: 
MOV A,Pl 
ANL A,#llllOOOOB 
CJNE A,#00110000B,CHECK2 
UMP GET_Nl 
RET 

CHECK2: 
CJNE A,#01110000B,CHECK3 
UMP GET_N2 
RET 

CHECK3: 
CJNE A,#10110000B,CHECK4 
LJMP GET_N3 

;if keypressed is not Nl go to CHECK2 
;if kepressed is Nl go to GET_Nl 

;if keypressed is not N2 go to CHECK3 
;if kepressed is N2 go to GET_N2 

;if keypressed is not N3 go to CHECK4 
;if kepressed is N3 go to GET_N3 



RET 

CHECK4: 
CJNE A,#llllOOOOB,CHECKl 
LJMP GET_N4 
RET 

;if keypressed is not N4 go to CHECKl 
;if kepressed is N4 go to GET_N4 

;-------Procedure To Write Byte To Serial EEProm-----------------

IPW: 

;-------Provide Signals For Start Condition AT24C01A------------
SETB IPSDA 
SETB IPSCL 
CLR IPSDA 
CALL CDEL 
CLR IPSCL 
SETB IPSDA 

;-----Device Signal Id 1010 and (Hardwired Address (XXXD)--------

MOV A,#lOlOOOOOB 
CALL IPWRB 
JB ERRFAG, IPW9 

;------Serial Transfer Of EEPROM Byte Address--------------------

MOV A,RO 
ANL A,#OlllllllB 
CALL IPWRB 
JB ERRFAG,IPW9 

;-----Serial Transfer Of Data To Write To EEPROM-----------------

MOV A,Rl 
CALL IPWRB 

;-----Provide Signals For Stop Condition AT24C01A----------------
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IPW9: 
CLR IPSDA 
SETB IPSCL 
CALL CDEL 
SETB IPSDA 
RET 

;------Sub-Procedure To Shift And Write Serial Data -- ------------

IPWRB: 
CLR ERRFAG 
MOY R2,#8 

;-----------Sub-Procedure Called By IPWRB------------------------

IPWRBl: 
RLC A 
MOY IPSDA,C 
CALL CHIGH 
CALL CLOW 
DJNZ R2, IPWRBl 

;----------Wait For EEPROM To Acknowledge------------------------

SETB IPSDA 
CALL CHIGH 
JNB IPSDA , IPWRB2 
SETB ERRFAG 
;-------------Sub-Procedure To Return------ --------------- -------

IPWRB2: 
CALL CLOW 
RET 

;------------Serial Clock High And Delay----------- -- -----------
CHIGH: 
SETB IPSCL 



NOP 
NOP 
NOP 
NOP 
NOP 
RET 

;------------Serial Clock Low And Delay--------------------------

CLOW: 
CLR IPSCL 
NOP 
NOP 
NOP 
NOP 
NOP 
RET 

;-----------Procedure To Provide Delay---------------------------

CDEL: 
NOP 
NOP 
NOP 
NOP 
NOP 
RET 

;-----------------Procedure To Read Byte From Serial EEProm-------------

IPR: 
;---------------Provide Signals For Start Condition AT24C01A------------

SEIB IPSDA 
SETB IPSCL 
CLR IPSDA 
CALL CDEL 
CLR IPSCL 



;-----------Device Signal Id 1010 and (Hardwired Address (XXXD)--------

MOY A,#lOlOOOOOB 
CALL IPWRB 
JB ERRFAG, IPR9 
;-------------Serial Transfer Of EEPROM Byte Address--------------------

MOY A,RO 
ANL A,#OlllllllB 
CALL IPWRB 
JB ERRFAG,IPR9 

;------------Provide Signals For Stop Condition AT24C01A----------------

CLR IPSDA 
SETB IPSCL 
CALL CDEL 
SETB IPSDA 

;------------Provide Signals For Start Condition AT24C01A---------------

SETB IPSDA 
SETB IPSCL 
CLR IPSDA 
CALL CDEL 
CLR IPSCL 

;-----------Device Signal Id 1010 and (Hardwired Address (XXXR)--------

MOV A,#10100001B 
CALL IPWRB 
JB ERRFAG, IPR9 
CALL IPRDB 
JB ERRFAG, IPR9 
MOV Rl ,A 

;-------------Provide Signals For Stop Condition AT24C01A----------------



;-----------Device Signal Id 1010 and (Hardwired Address (:XXXD)--------

MOV A,#lOlOOOOOB 
CALL IPWRB 
JB ERRFAG, IPR9 
;-------------Serial Transfer Of EEPROM Byte Address--------------------

MOV A,RO 
ANL A,#OlllllllB 
CALL IPWRB 
JB ERRFAG, IPR9 

;------------Provide Signals For Stop Condition AT24C01A----------------

CLR IPSDA 
SETB IPSCL 
CALL CDEL 
SETB IPSDA 

;------------Provide Signals For Start Condition AT24C01A---------------

SETB IPSDA 
SETB IPSCL 
CLR IPSDA 
CALL CDEL 
CLR IPSCL 

;-----------Device Signal Id 1010 and (Hardwired Address (XXXR)--------

MOV A ,#10100001B 
CALL IPWRB 
.TB ERRFAG, IPR9 
CALL IPRDB 
JB ERRFAG, IPR9 
MOV Rl,A 

;-------------Provide Signals For Stop Condition AT24C01A----------------



DJNZ R4,$ 
DJNZ R3,TDLAY1 
RET 

;-------------------Procedure To Provide Delay---------------------------

DELAY: 
MOV R3,#0FFH 
TDLAY2: 
MOV R4,#0FFH 
DJNZ R4,$ 
MOV R4,#0FFH 
DJNZ R4,$ 
MOV R4,#0FFH 
DJNZ R4,$ 
MOV R4,#0FFH 
DJNZ R4,$ 
DJNZ R3,TDLAY2 
RET 
;---------------------DELAY FOR BUSYTONE---------------------------------; 
DELAYl: 
MOV R3,#0FAH ; l us 
WDH: 
MOV R4,#0FAH ; lus 
DJNZ R4,$ ; 2 + 2*250 
MOV R4,#0FAH lus 
DJNZ R4,$ 2 + 2*250 
MOV R4,#0FAH lus 
DJNZ R4,$ 2 + 2*250 
MOV R4,#0FAH lus 
DJNZ R4,$ 2 + 2*250 
MOV R4,#0FAH l us 
DJNZ R4,$ 2 + 2*250 
MOV R4,#0FAH lus 
DJNZ R4,$ 2 + 2*250 
DJNZ R3,WDH 2us + 250(30us+3000us) 
RET 



DELAY2: 
MOY R3,#0FAH 
DEl: 
MOY R4,#0FAH 
DJNZ R4,$ 
DJNZ R3,DE1 
RET 

END 
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~eatures 
Compatible with MCS-51™ Products 
4K Bytes of In-System Reprogrammable Flash Memory 

- Endurance: 1,000 Write/Erase Cycles 
Fully Static Operation: 0 Hz to 24 MHz 
Three-Level Program Memory Lock 
128 x 8-Bit Internal RAM 
32 Programmable 1/0 Lines 
Two 16-Bit Timer/Counters 
Six Interrupt Sources 
Programmable Serial Channel 
Low Power Idle and Power Down Modes 

>escription 
he AT89C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K 
ytes of Flash Programmable and Erasable Read Only Memory (PEROM). The 
:wice is manufactured using Atmel's high density nonvolatile memory technology 
1d is compatible with the industry standard MCS-51 ™ instruction set and pinout. The 
i-chip Flash allows the program memory to be reprogrammed in-system or by a con
mtional nonvolatile memory programmer. By combining a versatile 8-bit CPU with 
ash on a monolithic chip, the Atmel AT89C51 is a powerful microcomputer which 
·ovides a highly flexible and cost effective solution to many embedded control appli-

ttions. (continued) 
1in Configurations 

PQFP/TQFP 

INDEX v MN~- 0 0 0 ..- N t"'l 

COAN~_R ....:....:....:....:...--:uuOc:iOO 
'", n.a..n.o...a....z>n.D...n..n. 
'\t. _QHIJ D o o D [lQDJl 

/ 4443424140393837363534 

P1 .5 1 
P1 .6 
Pl .7 
RST 

IXD) P3.0 
NC 

fXD) P3.1 
'!TO) P3.2 
lTT) P3.3 
(TO) P3.4 
(T1) P3.5 

2 
3 
4 
5 

7 
8 
9 

10 
11 

______ ....... _...., 

QJOlO...-t'\i 
<(<(.-...--
...... ~<<< 

33 - P0.4 (AD4) 
32 ::J P0.5 (ADS) 

P0.6 (AD6) 
P0.7 (AD7) 
EAIVPP 

31 
30 
29 
28 NC 
27 _, ALE/PROG 
26 - i>SrN 

25 
24 
23 

P2.7 (A15) 
P2.6 (A14) 
P2.5 (A13) 

PDIP 

p 1. 0 
p 1. 1 
P1 .2 
P1 3 
P1 4 
p 1.5 
P1 .6 

(RXO) P3.0 
(TXO) P3.1 

(INTO) P3.2 
(INfT) P3.3 

(TO) P3.4 
(T1) P3.5 

(WR) P3.6 
(rn:J) P3.7 

XTAL2 I 
XTAL1 

GNO 

vcc 
P0.0 (ADO) 
PO. 1 (AD 1) 
P0.2 (AD2) 
P0.3 (AD3) 
P0.4 (AD4) 
P0.5 (AD5) 
P0.6 (ADB) 
P0.7 (AD?) 
EA/VPP 
ALE/P110G 
~ 
P2. 7 (A 15) 
P2.6 (A 14) 
P2.5 (A 13) 
P2. 4 (A 12) 
P2.3 (A11) 
P2. 2 (Al 0) 
P2. 1 (A9) 
P2.0 (AB) 

PLCC 

IND EX 
CORNER 

p 1.5 

pt .7 
AST 

(RXD) P3.0 
NC 

(TXO) p 3. 1 

(INTO) p 3.2 

(INT\ I p 3.3 
(TO) p 3.4 
(Tl I p 3.5 

O ...... N C'l 

0000 
<:(<( <:C<t 

9 

~ f-..N .- 0 00 ...- (\I t'1 ...;" 

M~~~zzNNNC.:N 
0..0..!-r- CJ 0. a. 0.. a. a.. 

[{>< ~;-;;::-;; 
ct<( ........ ....-
-~(( <C-G: 

AimEL 

P0.4 (A04) 
P0.5 (A05) 
P0.6 (A06) 
P0.7 (A07) 
E AIV PP 
NC 
A L E / l'Rl'.J(j 

PSTN 
P2.7 {A15) 
P2.6 (A14) 

P2.5 (At3) 

8-Bit 
Microcontroller 
with 4K Bytes 
Flash 

AT89C51 
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'eatures 
Low-Voltage and Standard-Voltage Operation 

- 5.0 (V cc = 4.5V to 5.5V) 
- 2.7 (Vee= 2.7V to 5.5V) 
- 2.5 (V cc = 2.5V to 5.5V) 
- 1.8 (Vee= 1.8V to 5.5V) 

Internally Organized 128 x 8 {1K), 256 x 8 (2K), 512 x 8 (4K), 
1024 x 8 {8K) or 2048 x 8 {16K) 
2-Wire Serial Interface 
Schmitt Trigger, Filtered Inputs for Noise Suppression 
Bidirectional Data Transfer Protocol 
100 kHz (1.8V, 2.5V, 2.7V) and 400 kHz (5V) Compatibility 
Write Protect Pin for Hardware Data Protection 
8-Byte Page (1 K, 2K), 16-Byte Page (4K, 8K, 16K) Write Modes 
Partial Page Writes Are Allowed 
Self-Timed Write Cycle {10 ms max) 
High Reliability 

- Endurance: 1 Million Write Cycles 
- Data Retention: 100 Years 
- ESD Protection: >3000V 

Automotive Grade and Extended Temperature Devices Available 
8-Pin and 14-Pin JEDEC SOIC, 8-Pin PDIP, 8-Pin MSOP, and 8-Pin TSSOP Packages 

iescription 
1e A T24C01 N02/04/08/16 provides 1024/2048/4096/8192/16384 bits of serial elec
cal ly erasable and programmable read only memory (EEPROM) organized as 
~8/256/512/1024/2048 words of 8 bits each. The device is optimized for use in many 
dustrial and commercial applications where low power and low voltage operation are 
;sential. The AT24C01A/02/04/08/16 is available in space saving 8-pin PDIP, 
\T24C01 A/02/04/08/16), 8-Pin MSOP (AT24C01 A/02), 8-Pin TSSOP 
\T24C01A/02/04/08/16), and 8-Pin and 14-Pin JEDEC SOIC 
.T24C01 N02/04/08/16) packages and is accessed via a 2-wire serial interface. In 
ldition, the entire family is available in 5.0V (4.5V to 5.5V), 2.7V (2.7V to 5.5V), 2.5V 
.5V to 5.5V) and 1.8V (1.8V to 5.5V) versions. 

in Configurations 8-Pin rssoP 

>in Name Function 

10 - A2 Address Inputs 
----~--- ---· 

>DA Serial Data 

>CL Serial Clock Input 

VP Write Protect 
-~ 

JC No Connect 

14-Pin SOIC 

NC 1 14 NC 
AO 2 13 vcc 
A1 3 12 WP 

NC 4 11 NC 
A2 5 10 SCL 

iND 6 9 SDA 

NC 8 NC 

8-Pin PDIP 

8 vcc 
7 WP 
6 -scL 
5 SDA 

AOC 
~o 8 

A1 7 

A2 3 6 

GND 4 5 

8-Pin MSOP 

AO ;o 8 

A1C 7 

A2 3 6 

GNDC 4 5 

8-Pin SOIC 

Aim EL 

vcc 
WP 

SCL 
SDA 

lVCC 
WP 

SCL 
SDA 

AmEL _____ .. ® 

2-Wire 
Serial EEPROM 
1K (128 x 8) 

2K (256 x 8) 

4K (512 x 8) 

BK (1024 x 8) 

16K (2048 x 8) 

AT24C01A 
AT24C02 
AT24C04 
AT24C08 
AT24C16 
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SEMICONDUCTOR TIV 

MM74C922 • MM74C923 
16-Key Encoder • 20-Key Encoder 

General Description 
The MM74C922 and MM74C923 CMOS key encoders pro
vide all the necessary logic to fully encode an array of 
SPST switches. The keyboard scan can be implemented 
by either an external clack or external capacitor. These 
encoders also have an-chip pull-up devices which permit 
switches with up ta 50 k.Q on resistance ta be used. Na 
diodes in the switch array are needed ta eliminate ghost 
switches. The internal debaunce circuit needs only a single 
external capacitor and can be defeated by omitting the 
capacitor. A Data Available output goes lo a high level 
when a valid keyboard entry has been made. The Data 
Available output returns ta a law level when the entered 
key is released, even if another key is depressed. The Data 
Available will return high ta indicate acceptance of the new 
key after a normal debounce period; this two-key roll-over 
is provided between any two switches. 

An internal register remembers the last key pressed even 
after the key is released. The 3-STATE outputs provide for 
easy expansion and bus operation and are LPTTL compat
ible. 

Features 
• 50 k.Q maximum switch an resistance 

• On or off chip clack 

• On-chip raw pull-up devices 

• 2 key roll-aver 

• Keybaunce elimination with single capacitor 

• Last key register at outputs 

• 3-STATE output LPTTL compatible 

• Wide supply range: 3V ta 15V 

• Law power consumption 

-------------------------------------------------------~---------

Ordering Code: 
Order Number Package Number Package Description 

MM74C922N N18A 18-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide 

MM74C922WM M20B 20-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-013, 0.300" Wide 

MM74C923WM M20B 20-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-013, 0.300" Wide 

MM74C923N N20A 20-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide 

Device also available in Tape and Reel. Specify by appending suffix letter "X'" to the ordering cede. 

Connection Diagrams 

Pin Assignment for DIP 

ROW Y1 ...!, u 11 
...._Vee 

ROWY2 _! ~DATA OUT A 

ROW Vl .2. .,!! DATA OUT B 

ROW V4 _! .J!. DATA OUT C 

OSCILLATOR_!, .,!!. OATA OUT 0 

KEVBOUNCE MASK _! J! OUTPUT ENABLE 

COLUNN X4 .1.. .!!. DATA AVAILABLE 

COLUMN Xl ..! .!.!. COLUMN )(1 

GND _! ..!£. CDLUMN Xl 

Top View 
MM94C922 

© 1999 Fairchild Semiconductor Corporation 05006037.prf 

Pin Assignment for SOIC 
'-./ 

ROWYl-1 

ROW Y2 - 2 

ROWY3-J 

ROW Y4--' 

NC - 5 

OSCILLATOR - 6 

KEYBOUNCE MASK - 7 

COLUMN X4 - 8 

COLUMN X3 - 9 

GND - 10 

Top View 
MM74C922 

20 - Vee 

19 1- DATA OUT A 

18 t-OATA OUT B 

17 ~DATA OUT C 

16 I'- D.\TA OUT 0 

15 ~NC 

" ~=ou"'rp""uT~E=NA=Bl~E 

13 ~DATA AVAILABLE 

12 - COLUMN X1 

11 - COLUMN X2 
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Connection Diagrams (Continued) 
Pin Assignment for 

DIP and SOIC Package 

ROWYI ..!, u .1£. Vee 

ROWY2 _!. ~DATA OUT A 

ROWYJ 2, ~ OATAOUT8 

AOWY4 ....!, ..!!._DA.TA OUT C 

ROWYS _! ~OATAOUTD 

OSCILLATOR ...! ..!.?.. DATA OUT E 

KEYBOUNCE MASK _l ~ OUTPUT ENABLE 

COLUMN X4 _! ~DATA AVAILABLE 

COLUMN Xl ...! ~COLUMNXl 

GND _!!! ..!L COLUMN XZ 

Top View 
MM74C923 

Truth Tables 
(Pins O through 11) 

Switch 0 1 2 3 4 5 6 7 8 9 10 11 
Position V1,X1 V1,X2 V1,X3 V1,X4 V2,X1 V2,X2 V2,X3 V2,X4 V3,X1 V3,X2 V3,X3 V3,X4 

D 

A A 0 1 0 1 0 1 0 1 0 1 0 1 

T B 0 0 1 1 0 0 1 1 0 0 1 1 

A c 0 0 0 0 1 1 1 1 0 0 0 0 

0 D 0 0 0 0 0 0 0 0 1 1 1 1 

u E(Note 1) 0 0 0 0 0 0 0 0 0 0 0 0 

T 

(Pins 12 through 19) 

Switch 
12 13 14 15 16 17 18 19 

Position V4,X1 V4,X2 V4,X3 V4,X4 VS(Note 1), VS(Note 1), VS (Note 1), VS (Note 1), 
X1 X2 X3 X4 

D 

A A 0 1 0 1 0 1 0 1 

T B 0 0 1 1 0 0 1 1 

A c 1 1 1 1 0 0 0 0 

0 D 1 1 1 1 0 0 0 0 

u E(Note 1) 0 0 0 0 1 1 1 1 

T 

Note 1: Omit for MM74C922 
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Block Diagram 

KEV 
ARRAY 

'" 

Z TD 4 DECOD ER 
ACTIVE LOW OUTPUTS 

" 

St. Gabriel's Library, Au 

DATA AVAILABU 

l ~H I B IT l([Y COUNCE 
EW.\INAllON 

" 
IN1ERllAl 

KEV 
OETHT 

ENCOD ING 
LOG IC 
1\ND 

2-K EY 
HO LLOVEA 

s: 
s 
""" .i:. 
(') 
U) 

DATA 
f\) 

AVAILABLE f\) 

• s: 
s: 
""" .i:. 
(') 
U) 
f\) 
(,J 
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Absolute Maximum RatinQS(Note 2) Operating Vee Range 3V to 15V 

Vee 18V 
Voltage at Any Pin Vee - 0.3V to V cc+ 0.3V 

Lead Temperature 
Operating Temperature Range 

(Soldering, 1 O seconds) 260°C 
MM74C922, MM74C923 -40°C to +85°C 

Storage Temperature Range -65°C to +150°C 
Note 2: ~Absolute Maximum Ratings" are those values beyond which the 

Power Dissipation (P 0) safety of the device cannot be guaranteed. Except for "Operating Tempera-

Dual-In-Line 700mW 
tura Range• 1hey are not meant to imply that 1he devices shou!d be aper-
ated at these limits. The tabfe of "Electrical Characteristics" provides 

Small Outline 500mW conditions for actual device operation 

DC Electrical Characteristics 
Min/Max limits awlY across temperature range unless otherwise specified 

Symbol Parameter Conditions Min Typ Max Units 

CMOS TO CMOS 

VT1- Posttive-Going Threshold Voltage Vee= 5V, 11N ;,- 0.7 mA 3.0 3.6 4.3 v 

at Osc and KBM Inputs Vee= 10V, 11N ;,-1_4 mA 6.0 6.8 8.6 v 

Vee= 1SV, JIN" 2.1 mA 9.0 10 12.9 v 

Vr. Negative-Going Threshold Voltage Vee= 5V, 11N 2 0.7 mA 0.7 1.4 2.0 v 

at Osc and KBM Inputs Vee= 10V, 11N" 1.4 mA 1.4 3.2 4.0 v 

Vee= 15V, 11N 2 2.1 mA 2.1 5 6.0 v 

VIN(f) Logical "1 '" Input Voltage, Vee =5V 3.5 4.5 v 

Except Osc and KBM Inputs Vee= 10V 8.0 9 v 
Vee= 1sv 12.5 13.5 v 

VIN(OI Logical "O" Input Voltage, Vee=5V 0.5 1.5 v 

Except Osc and KBM Inputs Vee= 1ov 1 2 v 

Vee= 15V 1.5 2.5 v 

lrp Row Pull-Up Current at Y1, Y2, Vee= 5V, V1N = 0.1 Vee -2 -·5 ,ttA 

Y3, Y4 and Y5 Inputs Vee= 10V -10 -20 µA 

Vee= 15V -22 -45 11A 

Vour{tl Logical "1"" Output Voltage Vee= SV, 10 = -10 .uA 4.5 v 

Vee= 10V, J0 = -10 µA 9 v 
Vee= 15V, 10 =-10µA 13.5 v 

Vourcoi Logical "O'" Output Voltage Vee =5V, lo= 10 µA 0.5 v 

Vee= 10V, 10 = 10 )IA 1 v 

Vee= 15V, 10 = 10 pA 1.5 v 

Ron Column "ON"" Resistance at Vee= SV, Vo= 0.5V 500 1400 Q 

X 1, X2, X3 and X4 Outputs Vee= 10V, Vo= 1V 300 700 !1 

Vee= 15V, Vo= 1.5V 200 500 Q 

Ice Supply Current Vee= SV 0.55 1.1 mA 

Osc at OV, (one Y low) Vee= WV 1.1 1.9 mA 

Vee= 15V 1.7 2.6 mA 

llN(t) Logical "1" Input Current Vee= 1sv, v,N = 1sv 0.005 1.0 .uA 

at Output Enable 

llN(O) Logical "O" Input Current Vee= 1sv, v,N = ov -1.0 -0.005 )tA 

at Output Enable 

CMOS/LPTTL INTERFACE 

VIN(f) Except Osc and KBM Inputs Vee= 4.75V Vee- 1.5 v 

VIN(O) Except Osc and KBM Inputs Vee= 4.75V 0.8 v 

Vour(t) Logical "1 '" Output Voltage 10 = --360 1tA 

Vee= 4.75V 2.4 v 

10 = -360 µA 

Vour(Ol Logical "O" Output Voltage lo= -3601tA 

Vee= 4.?SV 0.4 v 

lo= -360 µA 

www.fairchildsemi.com 4 



DC Electrical Characteristics (Continued) 

Symbol Parameter Conditions Min Typ Max Units 

OUTPUT DRIVE (See Family Characteristics Data Sheet) (Short Circuit Current) 

lsouHeeo Output Source Current Vee= 5V, VouT = OV, -1.75 -3.3 mA 

(P-Channel) TA=25°C 

lsouAeE Output Source Current Vee= 10V, VouT = OV, -8 -15 mA 

(P-Channel) TA=25°C 

ISINK Output Sink Current Vee= sv, VouT =Vee. 1.75 3.6 mA 

(N-Channel) TA =25°C 

ls1NK Output Sink Current Vee= 10V, VouT= Vee, 8 16 mA 

(N-Channel) TA =25°C 

AC Electrical Characteristics (Note3) 

TA = 25°C, CL = 50 pF, unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

tpdO• tpd1 Propagation Delay Time to CL= 50 pF (Figure 1) 

Logical "O" or Logical "1" Vee=5V 60 150 ns 

from D.A. Vee= 10V 35 80 ns 

Vee= 1sv 25 60 ns 

t01-1. t11-1 Propagation Delay Time from RL = 10k, CL= 10 pF (Figure 2) 

Logical "O" or Logical "1" Vee= 511, AL= 10k BO 200 ns 

into High Impedance State Vee=1011,CL= 10pF 65 150 ns 

Vee= 15V 50 110 ns 

tHO• tH1 Propagation Delay Time from RL = 1 Ok, CL= 50 pF (Figure 2) 

High Impedance State to a Vee= 5\1, AL= 10k 100 250 ns 

Logical "O" or Logical "1" Vee= 10V, CL =SOpF 55 125 ns 

Vee= 1sv 40 90 ns 

C1N Input Capacitance Any Input (Note4) 5 7.5 pF 

GOUT 3-STATE Output Capacitance Any Output (Note 4) 10 pF 

Note 3: AC Parameters are guaranteed by DC correlated testing. 

Note 4: Capacitance is guaranteed by periodic testing. 

5 v,1ww.fairchildsemi.com 



• 
N 
N en 
0 
i:! 
~ 
:.! 

Switching Time Waveforms 

ANY KEY 

AriV OTHER 
KEV 

DATA 
AVAILABLE 

OATA 
OUTPUT 

Vee------... 

o---i----

T2 

Vee------1---------.. 
o.s Vee 

1od0 

Vee-----.. 
o.5 Vee 

Tl 

o_s Vee 

lpd1 

o.s Vee 

0-------'----------
T1 = T2 = AC. T3 = 0. 7 RC. where A= 1 Ok and C is external capacitor at KBM input. 
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FIGURE 1. 

OUTPUT Vcc~.5Vcc 
ENABLE 

0 

Vcc:J.~~ __ 
DATA OUT • 3-STATE 

VoL 0% 

FIGURE2. 
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Typical Performance Characteristics 

Typical lrp vs V1N at Any Y Input 
JO .------.-----.---._ 

1 ZS l------1f~---+ Vee= 1511 

.... 
"' 20 w 
a: 
a: 
= <> 15 
a.. 
'? 
~ 
~ 10 
~ 
;: 
0 
a: 

10 15 

Typical FscAN vs Cose 10klmllll 
' 

lk .... 
ii:'. 

"' ~ .:: 100 
10 L-J...l..ll.IJ.lll..--L...Ll.!..LLW-..J...J..LJ.WJI 

O.Q1 0.1 10 

Cose wH 

Typical Applications 

Synchronous Handshake (MM74C922) 

c 

T 

DATA AVAILABLE 
(INVITATION) 

The keyboard may be synchronously scanned by omitting the capacitor at 
osc. and driving osc. directly if the system clock rate is lower than 10 kHz 

7 

Typical Ron vs VouT at Any X Output 
4 

~ 
TA.= 25'C 

3.5 ... .. 
"" <( 

~ 2.5 

~ 
.... 
~ ,... 1.5 = 0 

"' :;. 
:l 0.5 0 
<> 

10 15 

Vou1 M 

Typical Debounce Period vs CKeM 
1 

;;, 
Cl 
z i.. 

§ 
0.1 £?. 

/ 
"" 0 

~ 
w 
<> 0.01 z 

/ 
::> 

"' ~ 
CJ 

,_, 
I/ 

0.001 
0.1 1 10 100 

CKBM (µf) 

Synchronous Data Entry Onto Bus (MM74C922) 

MM74C922 

.------~X4 KBM 

Outputs are enabled when valid entry ls made and go into 3~STATE when 
key is released. 

The keyboard may be synchronously scanned by omitting the capacitor at 
osc. and driving osc. directly if the system clock rnte is lower than 1 o kHz 
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Asynchronous Data Entry Onto Bus (MM74C922) 

MM74C922 

.-------tX4 KBM 

.-----Xl 

7 6 

F E 

~lOC 

A~---~ 

----· TO DATA BUS 

01----
DAI----- DATA AVAILABLE 

1/6 74C04 

Outputs are in 3-STATE until key is pressed, then data is placed on bus. When key is released, outputs return to 3-STATE. 

Expansion to 32 Key Encoder (MM74C922) 
+5V 

I I 
D f 2 3 

4 5 6 7 

B 9 10 11 

12 13 14 15 

Xl 

X2 

X3 

X4 

Yf 

Y2 

Y3 

Y4 

I MM74C922 

Vee 
KBl.I 

ic1 osc 

DA ~DA~ 
A-+ DD 
B--+- DI 

c--+- 02 

o-+ o3 

IOC 

AVAILABLE 

TO DATA 
BUS 

' I'' ~1N914 GND 

..L f 6 17 18 19 
I -20 21 22 23 

I:=! "'" 04 
24 25 26 27 

28 29 30 31 

v cc 

Theory of Operation 
The MM74C922/MM74C923 Keyboard Encoders imple
ment all the logic necessary to interface a 16 or 20 SPST 
key switch matrix to a digital system. The encoder will con
vert a key switch closer to a 4(MM7 4C922) or 
5(MM74C923) bit nibble. The designer can control both the 
keyboard scan rate and the key debounce period by alter
ing the oscillator capacitor, CosE• and the key bounce 

mask capacitor, CMsK· Thus, the MM74C922/MM74C923's 

performance can be optimized for many keyboards. 

The keyboard encoders connect to a switch matrix that is 4 
rows by 4 columns (MM74C922) or 5 rows by 4 columns 
(MM74C923). When no keys are depressed, the row inputs 
are pulled high by internal pull-ups and the column outputs 
sequentially output a logic "O". These outputs are open 
drain and are therefore low for 25% of the time and other
wise off. The column scan rate is controlled by the oscilla
tor input, which consists of a Schmitt trigger oscillator, a 2-
bit counter, and a 2-4-bit decoder. 

When a key is depressed, key 0, for example, nothing will 
happen when the X1 input is off, since Y1 will remain high. 
When the X1 column is scanned, X1 goes low and Y1 will 
go low. This disables the counter and keeps X1 low. Y1 

www.fairchildsemi.L-om 
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going low also initiates the key bounce circuit timing and 
locks out the other Y inputs. The key code to be output is a 
combination of the frozen counter value and the decoded Y 
inputs. Once the key bounce circuit times out, the data is 
latched, and the Data Available (DAV) output goes high. 

If, during the key closure the switch bounces, Y1 input will 
go high again, restarting the scan and resetting the key 
bounce circuitry. The key may bounce several times, but as 
soon as the switch stays low for a debounce period, the 
closure is assumed valid and the data is latched. 

A key may also bounce when it is released. To ensure that 
the encoder does not recognize this bounce as another key 
closure, the debounce circuit must time out before another 
closure is recognized. 

The two-key roll-over feature can be illustrated by assum
ing a key is depressed, and then a second key is 
depressed. Since all scanning has stopped, and all other Y 
inputs are disabled, the second key is not recognized until 
the first key is lifted and the key bounce circuitry has reset. 

The output latches feed 3-STATE, which is enabled when 
the Output Enable (OE) input is taken low. 



Physical Dimensions inches (millimeters) unless otherwise noted 

PIN NO. 1 
!DENT 

0.065 

~ :I.255 -w [6.22-6.48) 

~;;==;::=;=~~~-1 
0.060 TYP 
[ 1.52] 

- 0.040 TYP 
[1.02) 

[ 1.65) 
l_r--~-t--Hi--~~~~~---, 

0. 125-0. 140 
[3.18-3.56] 

O.OZO MIN TYP 
[0.51] 

' 0.280 ' I. [7.11JMIN.1 

0.310-0.365 
(7.87-9.27] 

18-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide 
Package Number N1 BA 

0.010-0.1129 • 
10.25'-0.731) x'5 

~-17.391-7.~) 
0.1!513-0.104 

fl. 352 - 2.642) 

.,,--- 0.008-0.014 TYP 
[0.20-0.36] 

N18A (REV F") 

• 
L filJri6.6iiiiilfiii_:r:. ·-r-- ------i-=2===~~ 

.imC 
1
::,/ 

~ Al\LEA01JPS 
fYP All LEADS 

O.lllfi-0.~ 

f(l.I00-1.ZJD) 
TYP'AU lEADS 

t O.D1' J I JL IL t PIA!lli f0.356) -- 1~:: --- - {~~:=~::TYP 
llP 

-!£!!.TYP 
(0.203) \1:1!i"8\TIEvA 

20-Lead Plastic Small Outline l.C. Package (M) 
Package Number M20B 
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued) 

0.092 x 0.030 

{2.337 x 0.7621 
MAX DP 

PIN NO. 1 IDEllT 

~I 

0.Z60 ;0.005 

(6.604 c0,1271 

(0.813±0.127) 
zo 19 

RAD 

~
(;:~~~1-J l;;:;::l;:::;=;:;:::r.;:r;:~:;;::;:;::;~~~:;::l__J_ 

O.D3Z±O.OD5~ 

PIN NO. 1 IDENT~ 

MIN 
1 

J00-0.320 OPTIO~ 2 

~ 
j , +H.040 

0.325 -O.DIS 

{8155 +1.016) 
~ -0.381 

N20A 1REvG1 

20-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide 
Package Number N20A 

LIFE SUPPORT POLICY 

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD 
SEMICONDUCTOR CORPORATION. As used herein: 

1 . Life support devices or systems are devices or systems 
which. (a) are intended for surgical implant into the 
body, or (b) support or sustain life. and (c) whose failure 
to perform when properly used in accordance wifh 
instructions for use provided in the labeling, can be rea
sonably expected to result in a significant injury to the 
user. 

2. A critical component in any component of a life support 
device or system whose failure to perform can be rea
sonably expected to cause the failure of the life support 
device or system, or to affect its safety or effectiveness. 

www.fairchildsemi.com 
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TECHNICAL DATA 

Tip 

Ring 

Specifications and Applications 
Information 

TELEPHONE SPEECH NETWORK 
WITH DIALER INTERFACE 

The MC34114 is a monolithic integrated telephone speech net
work designed to replace tha bulky magnetic hybrid circuit of a 
telephone set. The MC34114 incorporates the necessary functions 
of transmit amplification, receive amplification, and sidetone con
trol, each with externally adjustable gain. Loop length equalization 
varies the gains based on loop current. The microphone amplifier 
has a balanced, differential input stage designed to reduce RFI 
problems. A MUTE input mutes the microphone and receive 
amplifiers during dialing. A regulated output voltage is provided 
for biasing of the microphone, and a separate output voltage 
powers an external dialer, microprocessor, or other circuitry. The 
MC34114is designed to operate at a minimum of 1.2 volts, making 
party line operation possible. 

A circuit using the MC34114 can be made to comply with Bell 
Telephone, British Telecom {BT}, and NTT {Nippon Telegraph & 
Telephone} standards. It is available in a standard 18-pin DIP, and 
a 20-pin SOIC {surface mount} package. 

• Operation Down to 1.2 Volts 

• Externally Adjustable Transmit, Receive, and Sidetone Gains 

• Differential Microphone Amplifier Input Minimizes RFI 
Susceptibility 

• Transmit, Receive, and Sidetone Equalization on Both Voice 
and DTMF Signals 

• Regulated 1.7 Volts Output for Biasing Microphone 

• Regulated 3.3 Volts Output for Powering External Dialer or 
MPU 

• Microphone and Receive Amplifiers Muted During Dialing 

• Differential Receive Amplifier Output Eliminates Coupling 
Capacitor 

• Operates with Receiver Impedances of 50 Ohms and Higher 
• Complies with NTT, Bell Telephone and BT Standards 

SIMPLIFIED BLOCK DIAGRAM 

MU!'t MS 

MOTOROLA 

. • 6367253 0095476 313 • 

MC34114 

TELEPHONE SPEECH 
NETWORK WITH 

DIALER INTERFACE 

SILICON MONOU1HIC 
INTEGRATED CfRCUIT 

-·w-PLAsTic PACKAGE 
CASE 707 

OW SUFFIX 
PLASTIC PACKAGE 

CASE 7510 

PIN CONNECTIONS 
(Top View) 

IDIP Package) 

Vee Vco 
LR ~ 

Vs MS 

VA ZB 

Gnd AXA 

MC1 RXI 

MC2 RX01 

MCO AX02 

RAGC TXI 

ORDERING INFORMATION 

Package 

18-Pin Plastic DIP 
20-Pin Surface Mount 

Put No. 

MC34114P 
MC34114DW 

MC34114 
2-497 



' ABSOLUTE MAXIMUM RATINGS 

Parameter Value Units 

Vee Supply Voltage -1.0. +12 Vdc 

Voltage at Voo (Externally Applied, Vee = OJ -1.0, +6.0 Vdc 

Voltage at MUTE, MS (Vee > 1.5 Volts) -1.0. v00+o.5 Vdc 

Voltage at '1iID"i'E, MS !Vee = O) -1.0, +6.0 Vdc 

Vol1age at BAGC {O < Vee < 12 Volts) -1.0, +6.0 Vdc 

Current through Vee. LR 130 mA 

Current into Ze (Pin 151 3.0 mA 

Storage Temperature -65, + 150 ·c 
"Maximum Ratings"' are those values beyond which the safety of the device cannot be 
guaranteed. They are not meant to imply that the dev\ces can be operated at these limits. The 
"Recommended Operating Conditicns" provides conditions for actual device operation. 

RECOMMENDED OPERATING LIMITS 
Pa111meter 

Vee Voltage {Speech, Pulse Model 
!Tone Dialing Mode) 

Loop Current {into Vee) (Speech, Pulse Mode) 
(Tone Dialing Mode) 

Receiver Impedance 

Voltage at l\10T£, MS fVcc > 1.5 Volts) 

RI (Resistor from Vee to Vel 

Ambient Temperature 
All hm1ts are not neceasarily fune11onal concurrently. 

ELECTRICAL CHARACTERISTICS (TA = 25'C, See Figure 11 

Parameter Symbol 

SUPPLY CURRENT 

Supply Current into Vee (Pin 2 open. R12 = 25 k, Voo unloaded! 
Speech Mode (Figure 2) Vee = 1.2 Volts 

Vee = 3.5 Volts 
Vee = 8.0 Volts 
vec = 10.5 Volts 

Tone Mode {figure 4) Vee = 3.3 Volts 
Vee = 8.o Volts 
Vee = 10 Volts 

VOLTAGE REGULATORS 

Vff Voltage llR = 66 µ.A, Vee = 2.5 V, Figure 5) 
Load Regulation (O < IR < JOO !LA. Vee = 2.5 V) 
Line Regulation OR = 65 !LA. 2.5 <Vee< 10.5 VJ 

Voo Voltage {Vee "' 3.8 v, 100 = o, Figure 6) 
Line Regulation Ooo = o. 5.0 v < Vee < 10.5 V) 

Maximum OU1put Current (Vee " 3.8 v, Voo "' 3.0 VJ 
Speech Mode 
Pulse, Tone Mode 

Input leakage Current Ne'i, = 0, 3.3 Volts applied to Vool 
ute open or at Voo 

MC34114 
2-498 

Mute = o Volts 

.. b3b?253 0095477 25T .. 

le esp 

lcct 

VR 

Voo 

looMAX 

iikg 

Min Typ Max Units 

+1.2 - +10.5 Vdc 
+3.3 - +10.5 

4.0 - 120 mA 
16 - 120 

50 - - n 
0 - Voo Vdc 

100 - 1800 n 
-20 - +70 "C 

Min Typ Max 

mA 
4.0 5.D 5.5 
9.0 11 12 
10 12 14 
- 13 -
- 14 -
- 16 -
- 18 -

1.6 1.7 1.85 Vck: 
- 0.2 0.5 Vck: 
-70 ±20 +70 mYdc 

3.1 3.3 3.7 Vdc 
-70 ±30 +70 mVdc 

mA 
0.8 1.0 -
2.2 2.5 -

µ.A 
- 0.02 0.5 
- 180 -

MOTOROLA 



ELECTRICAL CHARACTERISTICS- continued (TA = 25°C, See Figure 1) 

I Parameter I Symbol 

MICROPHONE AMPURER 

Gain (Mute = Vool GM1e 

ll)put Common Mode Rejection Ratio (1.0 kHz) CMRR 

Input Impedance (Each Input) AINMIC 

Meo DC Bias Voltage 1vcc > 3.4 v, Mirta = Hi) VMCODC 
(~ = 1.2 V, Mute = Hi) 
( ute=OV) 

MCO Max Vohage Swing (THO = 5%, Vee > 2.7 V) VMeOAe 
(THO = 5%, Vee = 1.2 V) 

MeO Output Impedance zMco 
MCO Output Current Capabillty (THO = 5%) IMCO 

Gain Reduction when Muted (Mute = O Volts, f = 1.0 kHz) GMUT 

RECEIVE AMPURER 

RXI Bias Current (Mute = Hi) llBR 

RXOl, RX02 Bias Voltage IVcc = 1.2 VI Rxoc 
IVee > 3.o. v1 

RX01-RX02 Offset Voltage !Vee > 3.0 V) Rxvos 

RX01-RX02 Max Voltage Swing (Figure 9) VRXAC 
(THO = 5%, Receiver = oo) 
(THO = 5%, Receiver = 160 OJ 

Internal Feedback Resistor (for muting) Rf INT 

RX01 & RX02 Source Current IRX 

INTERNAL CURRENT AMPLIFIERS 

TXI Input Impedance Rrx1 

ZB Input Impedance Rze 

RXA Output Impedance RRXA 

AC Current Gain 
TXI to Vee (VffAGC = 0 VI Grx 
TXI to Vee (VAAGC = 1.3 V) 
ZB to RXA (VAAGC = 0 V, AXA = AC Gnd) Gze 
ZB to RXA (VRAGC = 1.3 V. AXA = AC Gndl 
TXI to RXA (VRAGC = 0 V, AXA = AC Gnd) GsTA 
TXI to RXA (VRAGC = 1.3 V, RXA =AC Gnd) 

DC INTERFACE 

LR Level Shift (Vee-~ 
(ILOOP = 20 mA, ute = Vool 
(ILOOP = 80 mA. Mute = Vool 

4VLRs 

llLOOP = 20 mA. Mute & MS = 0 V> 4VLRT 
llLOOP = 80 mA, Mute & MS = 0 V> 

Vee Boost 0LOOP = 20 mA, Miite & MS dVLRB 
switched from Hi to Lo, RI = 620 0) 

RAGC Current (VRAGC = 0 V) IRAGC 
(VRAGC = 1.0 V) 

MOTOROLA 
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Min Typ 

28 30 

20 26 

14 20 

0.86 1.1 
0.6 0.71 
- 0.08 

- 2.0 
- 500 

- 270 

- 160 

56 70 

- 50 

580 830 
685 660 

-35 0 

- 2.2 
- 800 

- 1.0 

2.6 3.2 

0.85 1.0 

- 500 

- 10 

- 100 
- 50 
- 0.5 
- 0.26 
- 1.22 

- 0.61 

- 2.8 
- 3.5 
- 3.8 
- 5.0 

0.7 1.0 

- -40 

- -12 

Max Unlta 

32 dB 

- dB 

27 kn 

1.25 Vdc 
0.93 

-
- Vp-p 
- mVp-p 

- fi 

- µA 

- dB 

- nA 

695 mVdc 
720 

+35 mVdc 

- Vp-p 
- mVp-p 

- kn 
3.5 mA 

1.15 ldl 

- {} 

- kll 

AJA 
-
-
-
-
-
-

Vdc 
---
-
1.2 Vdc 

- µA 
-

MC34114 
2-499 



ELECTRICAL CHARACTERISTICS - continued (TA = 2s·e. See Figure 1) 

I Pa111meter I Symbol 

LOGIC INPUTS 

MUTE Input Impedance Nee> 1.2 VI RMUT 
!Vee = o v, o < Mute < 6.o VI 

Input Low Voltage V1LMT 
Input High Voltage V1HMT 
Holdover (Delay for Receive amplifier to return TMUT 

to full gain after Pin 17 switches from o to Voo> 

MS Input Impedance (Vee> 1.2 V) RMS 
Nee = o V, Mute = open or Vool 
!Vee = o. Mute = O) 

Input Low Voltage V1LMS 
Input High Voltage V1HMS 

SYSTEM SPECIRCATIONS {f = 1.0 kHz unless noted, TA = 25°C, Refer to Figure 11 

I Pa111meter I Symbol 

LINE INTERFACE 

Vee DC Voltage (Pin 11 
Bell Telephone Standard and NTT Specs. (R2 = 43 O. R3 = 13 OJ 

Speech Mode ILOOP = 10 mA 
ILQOP = 20mA 
ILQQP = 30 mA 
ILOOP = 120 mA 

Tone Mode ILQQP = 20 mA 
ILOOP = 30mA 

British Telecom St<1ndard 
!R2 = 43 O + 2.5 V Zener, R3 = 13 01 
Speech Mode ILOOP = 10 mA 

'LOOP= 20 mA 
ILOOP = 30 mA 
ILOOP = 70mA 

AC Terminating Impedance (ILQQP = 20 mA, Figure 11) 

RE<:tilVE PATH 

Gain (Vee to RX01-RX02. Figures 14, 151 
ILOOP = 20 mA 
ILOOP = 100 mA 

AGain (GRx@ 100 mA versus 20 mA) 

Muted Gain (Mute = Logic 0, ILQOP = 20 mA) 

Distortion (at RX01-RX02, Vee = 250 mVrms) 
f = 300 Hz 
f = 1.0 kHz 
f = 3.4 kHz 

Output Noise Across RX01-RX02 (@ 1.0 kHz) 

TRANSMIT PATH 

Gain (MC1-Me2 to Vee. Figures 12, 13) 
ILOOP = 20mA 
1LOOP = 100 mA 

aGain (GTx@ 100 mA versus 20 mAJ 

Max Vee Voltage Swing (THO = 5%, Figure 8) 
iLOOP = 20 mA 
ILOOP = 100 mA 

Gain Reduction when muted (Me1-Me2 to Vee. M\rte = 0 V) 

Distortion (0 dBm @ Vee! 
f = 300 Hz 
f = 1.0 kHz 
f = 3.4 kHz 

Output Noise at Vee(@ 1.0 kHz) 

SIDETONE 

Sidetone Gain (Gain from Vee to RX01-RX02 with 
signal applied to MC1iMC2, ILOOP = 20 mA) 

MC34114 
2-500 .. 6367253 0095479 022 .. 

Vee 

ZAe 

GRX 

AGRX 

GRXM 

THDR 

NRXQ 

GTx 

aGTx 

VTXMAX 

GTXM 

THOr 

Nrxo 

GsT 

Min Typ Mu 

- 60 - kfi 
- >60 - Mil 
0 - 1.0 Vele 

v00 -o.s - Voo Vdt 
8.0 11 25 mSec 

- 60 - kn 
- >50 - MU 
- 4.0 - kfi 
0 - 0.3 Vdc 

2.0 - Voe Vdc 

Min Typ Max Units 

Vdc 

1.7 2.0 2.3 
3.0 3.4 3.7 
3.5 4.1 4.5 
8.5 9.9 10.5 
3.9 4.1 4.3 
4.5 5.1 5.5 

- 4.3 -
- 5.9 -
- 6.9 -
- 10 -
500 600 700 n 

dB 
-7.2 -6.1 -5.0 
-13.5 -11 -9.5 

-7.5 -6.0 -4.5 dB 

- -22 -20 dB 

% 
- 0.3 -
- 0.2 2.0 
- 0.02 -
- 4.0 - µ.Vrms 

dB 
36 38.5 40.5 
29 32.5 35.5 

-7.5 -6.0 -4.5 dB 

Vp-p 
- 3.0 -
- 2.3 -
- 68 - dB 

% 
- 0.5 -
- 1.5 3.0 
- 1.3 -
- 17 - µ.Vrms 

-27 -22 dS 

MOTOROLA 



PIN DESCRIPTIONS 

Pin Number 

Symbol ISOICI (DIPI Description 

Vee 1 1 Power supply pin for the JC. Supply voltage is derived from loop current. Transmit amp output 
operates on this pin. 

LR 2 2 Resistors R2 + R3 at this pin set the OC characteristics of the circuit. The majority of the loop 
current flows throu9h these resistors. Other components may be used to produce required DC 
characteristics for individual regulatory agencies. 

Ve 3 3 A resistor or appropriate network !Rl) connected from this pin to Vee sets the AC terminating 
impedance (return Joss spec). 

VR 4 4 A 1.7 volt regulated output which can be used to bias the microphone. Additionally. this 
voltage powers a portion of the internal circuitry. Can nominally supply 300-500 µA. 

GNO 5 5 Ground pin for the entire IC. Normally this is not connected to, nor to be confused with earth 
ground. 

MC1 6 6 Inverting differential input to the microphone amplifier. Input impedance Is typically 20 kfl. 

MC2 7 7 Non-inverting differential input to the microphone amplifier. Input impedance is typically 20 kn. 

MCO a 8 Microphone amplifier output. Amplifier's gain is fixed at 30 dB. 

RAGC 10 9 loop current sensing lnpul. The voltage at this pin, determined by the loop current and R3. 
operates the loop length equalization circuit. 

TXI 11 10 Input to the transmit amplifier from the microphone amplifler, DTMF source, and other sources. 
Input impedance ~ 1.0 k!l. 

RX02 12 11 Receive amplifier non-inverting differential output. Current capability to the receiver is typically 
set at ±3.0 mA peak. 

flXOl 14 12 Receive amplifier inverting differential output. Current capability to the receiver is typically 
± 3.0 mA peak. Gain Is set by AB. 

RXI 15 13 Summing Input to the receive amplifier. This pin is an AC virtval ground. 

RXA 16 14 Summed ourputs of the receive <:urrent amplifier, sidetone amplifler, and an AGC point 
Normally connected to the receive amplifier input (RXll through a couplin9 capacitor. 

ZB 17 15 Input to the receive current amplifier. A balance network (ZB) is connected between this pin 
and Vee· The network affects the receive level and sidetone performance. Input impedance is 
=500 n in series with a diode. 

MS 1B 16 Mode Select Input. A logic "1" sets the IC for pulse dialing. A logic "O" sets the IC for tone 
(DTMF) dialing. Effective only if MUiE is at e logic "O". Input impedance is "" 60 kfi. 

mm 19 17 Mute input. A logic "1" sets normal speech mode. A logic "O" mutes the microphone and 
re<:eive amplifiers and allows MS to be functional. Input impedance is -eo kO referenced to 
Voo. An internal fixed delay of 11 mSec minimizes clicks in the receiver when returning to the 
speech mode. 

Yoo 20 18 A regulated 3.3 volt output for an external dialer. Output source current capability is 1.0 mA in 
speech mode, 2.S mA in tone dialing mode. 

MOTOROLA 
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FIGURE 1 - BLOCK DIAGRAM AND TEST CIRCUIT 

Tip 

Ring 

Loop 

Curre1F 

510 
R4 

R5 
510 

R2 42.1 W 

R3 

r:-------~ 
1ZB I 
I 3.SnF C9 I 
I I 
1 8.2 k I 

1 R10 RS I 

L----~~-~-j 

AGC AGC 

MCO 10 

R8 

7k 

1/2.5 mAi 

J.Jv----t 

Ai = 0.61 

C5 10 k 
0.1 

R7 C6 From 
._-l\/l.11r--1f-< OTMF 

lO k 0.1 Dialer 

(Pulseff one 
Select I 

Note: Pin numbers shown are for the DIP package. 
A 1-M are current amplifiers. 

VR_,,,..,.,...~ 

R12 25 k 

RGURE 2 - Ice versus Vee !SPEECH MODEi RGURE 3 - Ice versus Vee (PULSE DIALING MODEi 

16 

R12 I 20k 

12 
R12 = 24k 

~ -"__. 
I~ "' -

I ~ ~ R12 36 k 

l/J. v Rl = 30k 

w . 

0 
0 1.2 2 4 6 

Vee IVOLTSI 

MC34114 

--

Speech Mooe _ 
Pin 2 = Open 

I I 
10 

20 

16 

...---
12 

-

0 
0 

2-soo .. 6367253 0095481 780 .. 

---- ---Rl2 = 20k 
R12 24k i.---
R12=30k -- ---R12 = 36k 

Pulse Dialing Mode 
Pin2 =Open 

I 

4 10 
Vee IVOl.TSI 

MOTOROLA 



. . 
'-~ r.,<-:;> _,,.:.:.A,......,t•r..,~&ll...."'1'-~.,,_.,._,.=~'""'-1.:<1-:0'"""'"~~~ ... .,..,"""""":.<..<.;!;'""""'IO=.,,.,. • May 1999 

7.7''· ,..,,.,.,...,,"'( j°:Jl, :>:.·~ ~,:;.~.~ .. - ..... ~·--~v-.;: .. ~ .. .:;,o;-J.,.;.w ... -..·.•-"-"5·-'1"4'JJ. 

:e::-;,~ .. <' • ;&:_·'·"'·:it~~~~~~~_,.-"-

LM567/LM567C 
Tone Decoder 

General Description 
The LM567 and LM567C are general purpose tone decoders 
designed to provide a saturated transistor switch to ground 
when an input signal is present within the passband. The cir
cuit consists of an I and Q detector driven by a voltage con
trolled oscillator which determines the center frequency of 
the decoder. E><lernal components are used to indepen
dently set center frequency, bandwidth and output delay. 

Features 
• 20 to 1 frequency range with an e><lernal resistor 
• Logic compatible output with 100 mA current sinking 

capability 
• Bandwidth adjustable from Oto 14% 

Connection Diagrams 

Metal Can Package 

00006975-1 

Top View 
Order Number LM567H or LM567CH 

See NS Package Number HOSC 

© 1999 National Semiconductor Corporation 08006975 

• High rejection of out of band signals and noise 

• Immunity to false signals 
• Highly stable center frequency 
• Center frequency adjustable from 0.01 Hz to 500 kHz 

Applications 
• Touch tone decoding 

• Precision oscillator 
• Frequency monitoring and control 

• Wide band FSK demodulation 

• Ultrasonic controls 

• Carrier current remote controls 
• Communications paging decoders 

Dual-In-Line and Small Outline Packages 

Top View 
Order Number LM567CM 

See NS Package Number MOSA 
Order Number LM567CN 

See NS Package Number NOBE 

www.national.com 
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TP5089 DTMF (TOUCH-TONE) Generator 

General Description 
The TP5089 is a low threshold voltage, field-implanted, met
al gate CMOS integrated circuit. It interfaces directly to a 
standard telephone keypad and generates all dual tone mul
ti-frequency pairs required in tone-<lialing systems. The tone 
synthesiz<>rs are IOGl<ed to an on-chip raference oscillator 
using an inexpensive 3.579545 MHz cr}-stal for high tone 
accuracy. The crystal and an output load resistor are the 
only external components required for tone generation. A 
MOTE OUT logic signal, which changes state when any key 
is depressed, Is also provided. 

Block Diagram 

OSCIN 

Features 
• 3.5V-10V operation when generating tones 
• 2V operation ot keyscan and MUTE logic 
• Static sensing ot key closures or logic inputs 
• On-chip 3.579545 MHz crystal-controlled oscillator 
• Ot.:!put amplitudes prc;iortional to supply voltage 
• High group pre-€mphasis 
• low harmonic distortion 
• Open emitter-follower low-impedance output 
• SINGLE TONE INHIBIT pin 

f'llOGRAMMABLE 
3.579545 MHz OIVIDER 

Cl 

C2 

C3 

C4 

2 3 A fll 

5 6 B fl2 

7 8 9 c R3 
• 0 # 0 R4 

I 
I 

Vss I 
I 
I 
I 
I L ___ 
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KEY 
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DECODE 

f'llOGRAMMABLE 
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I fMUrE1_ ; 
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Absolute Maximum Ratings 
If Mllltary/Aerospace specified devices are required, Operating Temperature -30"Cto +so·c 
please contact the National Semiconductor Sales Storage Temperature - 55•c to + 15o·c 
Office/Distributors for avallablllty and specifications. Maximum Power Dissipation 500rriW 
Supply Voltage CVoo - Yss) 15V 

Maximum Voltage at Any Pin Yoo + 0.3V to Vss - 0.3V 

Electrical Characteristics Unless otherwise noted, limits printed in BOLD characters are guaranteed for v00 = 
3.5V to 1ov, TA = o·c to +60"C by COtTelation with 100% electrical testing at TA = 25"C. All other limits are assured by 
correlation with other production tests and/or product design and characterization. 

Parameter Conditions Min Typ Max Units 

Minimum Supply Voltage for Keysense 
2 v 

and MUTE Logic Functions 

Minimum Operating Voltage 
3.5 v 

for generating tones 

Operating Current Mute open 
2 25 µA 

Idle AL= oo 

Generating Tones Yoo= 3.5V 
1.1 2.15 mA 

lnpu1 Resistors 
COLUMN and ROW (Pull-Up) 25 50 k!l 
SINGLE TONE INHIBIT (Pull-Down) 120 k!l 
TONE DISABL~ (Pull-Up) 

Jnpu1 Low Level 0.2Voo v 

Input High Level 0.8V00 v 

MUTE OUT Sink Current Yoo= 3.5V 0.4 mA 
(COLUMN and ROW Active) V0 = 0.5V 

MUTE Out Leakage Current Yo= Yoo 1 p.A 

Output Amplitude AL= 240 !l 190 250 340 mVrms 
Low Group Yoo= 3.5V 

RL = 240!l 
510 700 880 mVrms 

V00 = 1ov 

Output Amplitude AL= 24Cl1 
270 340 470 mVrms 

High Group Yoo= 3.5V 

AL= 240!1 735 955 12615 mVrms 
Yoo= 10V 

Mean Output DC Offset Yoo= 3.5V 1.3 v 
Yoo= 1ov 4.6 v 

High Group Pre-Emphasis 2.2 2.7 3.2 dB 

Dual Tone/Total Harmonic Distortion Ratio Yoo = 4V, AL = 240!l 
-23 -22 dB 

1 MHz Bandwidth 

Start-Up Time (to 90% Amplitude) 3 5 ms 

Note 1: AL is the external load resistor connected from TONE OUT to V55. 

Note 2: QystaJ specffocatlon: Parallel resonant 3.579!H5 MHz. Rs < 150 n. L - 100 mH, Co - 5 pF, C1 - 0.02 pF. 
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Connection Diagram Symbol Description 

MUTE Output The MUTE output is an open-
Oual-ln-Une Packagu drain N-channel device that 

sinks current to Vss with any 

l'oo_!. u 
.!!_TONE OUT 

key input and is open when no 

TONE DISABLE 
2 15 

key input is sensed. The MUTE 
-SINGLE TONE INHIBIT output will switch regardless of 

3 14 the state of the SINGLE TONE CGi..1- r-RD\'11 
INHIBIT input 4 13 

CDL2- ,_RDW2 
SINGLE TONE INHIBIT The SINGLE TONE INHIBIT 

5 TP6D89 12 
COL3- -ROWl Input input is used to inhibit the 

6 11 generation of other than valid v .. - -ROW4 

1 ~ Qii'TlQUTPUT 
tone pairs due to multiple row-

OSCIN- column closures. It has a pull-
a 

,!_COL4 dO'.'ln resistor to Vss. and when DSC our-
left open or tied to Vss any 

TI./H/5057-2 input condition that would 

Top View normally result in a single tone 
will now result in no tone, with 

Order Number TP5089N all other functions operating 
See NS Package N16A normally. When tied to Voo. 

Pin Descriptions 
single or dual tones may be 
generated, see Table II. 

Symbol Deacripllon TONE OUT This output is the open emitter 

voo This is the positive voltage of an NPN translstor, the 
supply to the device, referenced collector of which is connected 
to V55. The collector of the to Voo- When an external load 
TONE OUT transistor Is resistor Is connected from 
connected to this pin. TONE OUT to V55, the output 

Vss This Is the negative voltage voltage on this pin is the sum of 
supply. All voltages are the high and low group sine-
referenced to this pin. waves superimposed on a DC 

OSC IN, OSC OUT All tone generation timing is offset When not generating 

derived from the on-chip tones, this output transistor is 

oscillator circuit. A low cost turned OFF to minimize the 

3.579545 MHz A-cut crystal device idle current. 

(NTSC TV color-burst) Is Adjustment of the emitter load 
needed between pins 7 and 8. resistor results in variation of 
Load capacitors and a feedback the mean DC current during 
reslstor are Included on-chip for tone generation, the sinewave 
good start-up and stability. The signal current through the 
oscillator stops when column output transistor, and the output 
Inputs are sensed with no valid distortion. Increasing values of 
Input having been detected. The load resistance decrease both 
oscillator Is also stopped when the signal current and distortion. 
the TONE DISABLE Input is 
pulled to logic low. Functional Description 

Row and Column Inputs When no key Is pushed, pull-up With no key inputs to the device the oscillator is inhibited, 
resistors are active on row and the output transistor is pulled OFF and device current con-
column inputs. A key closure is sumption is reduced to a minimum. Key closures are sensed 
recognized when a single row statically. Any key closure activates the MlJTE output. starts 
and a single column are the oscillator and sets the high group and low group pro-
connected to Vss. which starts grammable counters to the appropriate divide ratio. These 
the oscillator and initiates tone counters sequence two ratioed-capacitor DI A converters 
generation. Negative-true logic through a series of 28 equal duration steps per sine-wave 
signals simulating key closures cycle. The two tones are summed by a mixer amplifier, with 
can also be used. pre-emphasis applied to the high gr .:,,;p tone. The output is 

TONE DISABLE The TONE DISABLE input has an NPN emitter-follower requiring the addition of an external 

Input an Internal pull-up resistor. load resistor to Vss. This resistor facilitates adjustment of 

When this input Is open o.- at the signal current flowing from Voo through the output !ran-

logic high, the normal tone sistor. 

output mode will occur. When The amplitude of the output tones is directly proportional to 
TONE DISABLE input is at logic the device suppty voltage. 
low, the device will be in the 
inactive mode, TONE OUT will 
be at an open circuit state. 

3 



Functional Description (Continued) 

TABLE I. Output Frequency Accuracy 

Tone Valid Standard Tone Output % Deviation 

~up IO!)Ut DTMF(Hz) Frequency from Standard 

Low R1 697 694.8 -0.32 
Group R2 770 770.1 +0.02 

fl R3 852 852.4 +0.03 
R4 941 940.0 -0.11 

High C1 1209 1206.0 -0.24 
Group C2 1336 1331.7 -0.32 

fH CJ 1477 1486.5 +0.64 
C4 1633 1639.0 +0.37 

TABLE 11.FuncllonalTruth Table 

SINGLE TONE TONE ROW COLUMN 
TONE OUT 

MUTE 
INHIBIT DISABLE Low High 

x 0 0/C OIC ov OV OIC 
x x OIC OIC ov OV O/C 
x 0 One One Vos Vos 0 
x 1 One One fl fH 0 
1 1 2orMore One - fH 0 
1 1 One 2orMore fl - 0 
1 1 2 or More 2 or More Vos Vos 0 
0 1 2orMore One Vos Vos 0 
0 1 One 2 or More Vos Vos 0 
0 1 2orMore 2orMore Vos Vos 0 

Not• 1: X is don'I care state. 

Nol• 2: Vos Is lhe oulpul offsel voltage. 

TIP 
1·• .---------------------------0 VR(C 

Yoo 

osc TON£ 

IN DISABLE 

R1 

RING R2 

11'5089 RJ 

R4 
µP + 

10µf 

C1 
TONE 

C2 OlJT 
CJ 

Vss C4 
R' [ 

Tl/H/5057-3 

FIGURE 2. Typlcal Appllcatton 
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Physical Dimensions inches (millimeters) 

0.092 

(2.JJ7) 
OIANOM 

(2X) 

PIN HO. l IDENT 

0.IJO t0.006 

(J.302 10.1271 

Lil# 113986 

0.146-0200 
(J.683-6.0801 

·I 
o.009-ll.016 rj 

(0129-0.JSIJ 

(U06tl.Jl1) D.lDO~O J 
!1.64D tUMI 

id 4 0.020 

1-'' 0.011 tD.003 0.125-0.140 (~~I 
0.326 ~::: 

(1255 +1.016) 
-0.311 

LIFE SUPPORT POLICY 

D.075 tl.016 i.:11--(D.4!i7 tD.U16) (l.116-3.5661 

Molded Oual-ln-Une Package (NJ 
Order Number TP5089N 

NS Package N16A 

NIU.(ltfVlh 

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL 
SEMICONDUCTOR CORPORATION. As used herein: 

1. Life support devices or systems are devices or 
systems which, (a) are Intended for surgical implant 
into the body, or (b) support or sustain life, and whose 
failure to perform, when properly used in accordance 
with instructions for use provided in the labeling, can 
be reasonably expected to result in a significant injury 
to the user. 

2. A critical component is any component of a life 
support device or system whose failure to perform can 
be reasonably expected to cause the failure of the life 
support device or system, or to affect its safety or 
effectiveness. 

National Semiconductor 
Corporalloo 
1111 West Bardin Road 
Mng!On. TX hJ 17 
To/: 1 (800) 27 2-9959 
Fax: 1(800) 737-7018 

National~°' 
Europo 

Fax: (H9) 0-180-530 85 86 
Email: cnlwgeOtevm2.nsc.com 

Doutoch Tot (H9) 0-180-530 85 85 
Engiah Tel: (HB)0-180-532 78 32 
Fra~1 Tel: (H9)0-t80-532 83 58 
Italiano Tel: (H9) 0-180-53< 1UO 

Nallonal Somlcond<JCtot 
Hong Kong Ltd. 
13th Floor, SnJght Blod<. 
~ Centto. 5 Canton Rd. 
TllmshallUi. Ka..iooo 
Hong Kong 
Tot (8521 2737-11500 
Fax: (852) 2736-llll60 

Natlon.al s.mlcooductor 
Japan ltd. 
Tel; a I ~3-299--2309 
Fax: 81..().(3-299-2408 



1502500 Series 
Single-Chip Voice Record/Playback Devices 

32- * 40-* 48- * 64-* 60- 75-, I I I ! I 

FEATURES 
Easv-to-use sir1gle-ch1p voice Record/ 

Pl.1vt)Jck solut 1or1 

Hi0h-qual1ty. natural voice/audio 
r ep1 ociuction 

Mcinual switch or m1crocontrolle1 compati

IJle Playbac!\ can be edge- or level

act1vatcd 

S1:1Gie cl 11;1 du1 a lions of 32" . ..:o-. 4/l" 64 ·. 
l"·'I 7'.' 'Hl :11ic1 1;10 sr.r.onos 

[)111Ytly c;1scadatJlc for longer ch11;:;1,)11:; 

!1u!L1111a: 1c; Puwcr -Do--vn (Pusl1-Buttu11 
r-_;,,,1,,l 

~;;;11Hih\ current 1 pA (typ1c;1I) 

,.·l 't '-p:J\'. .. t'r rnoss'1qo sto1age 
1 l11ni1i.1t1''.: Liattcry tiac:kup c11cuit'.: 

IS02500 SERIES SUMMARY 

. Part 
-Number 

IS!.1.?.'132. 

Duration· 
(Seconds) 

l1' 1 

.;,1 

,-; 

90-, and 120-Second Durations 

Fullv addressable to ilanciic:!:.iul11pl0 

messages 

100-year message retcnt1or1 (typical) 

100.000 record cycles (typ:cal) 

On-chip clock ·source 

No algorithm dcvelopmen~ requrrec 

Single +5 volt power sup;;:-,, 

fwailable 1~.1 die 101111 iJIP ;:;:1c. a:·;; 

l SllP pack:lrWl(l _ 

lrn<1str1al tL:mpc'r ;Hu:1' ~ --1 · '.- !(1 , fl'.:· ~~) 

Ve': StOllS 3Vdtlili)IL' -

Input Sample 
Rate'(KHz) 

h () 

.j (l 

HO 

.Jn 

I Typical Filter 
Pass Band (KHz) 

! -

:1.: 

----------------------------------------
fn:~1rr;~.1t1011 Storage Devices, Inc. • · .. : •. !'"' .1· 0,) 1: ··. ::'..: .: .... 1-79 
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Product Cata Sheets ISD2500 Series 

1$02500 APPLICATION EXAMPLE - PUSH-BUTTON 

ISD2500 (POIP/SOIC) Vee 

AO Vccu 
28 

A1 VCCA 
16 

cs 
Vee 

Vss 
C4 A2 

0.111FTT C1 22 pF 
l Z 

Vee 

R6 
100 Kfl 

S1_..._ 

START/PWSE 

52-..L_ 

STOP/RE SET 

PLAYBACK/RECORD 

R1 
100 KO 

Vee 

9 . 

10 

23 

24 

27 

7~ 

72 

~6 

A3 

A4 

AS 

A6 

A7 (NC") 

AS (Al"} 

A9 (AB") 

CE 

PD 

PJR 
EOM 

OVF 

XCLK 

VSSD 
__ 0.1 µF 

VS SA 
13 

7 LS1 
SP+ " 
SP- 15 

AUX IN 160 
ANAIN ~o SPEAKER 

C3 

ANA OUT 21 !\tyT 0.1 pF 

h :l 5.1 KO 
MIC REF u• 

MIC " 

NO TES: · fJ1n 1citv1td1cations h)f the 15025:1:.!/·1()/ .;S/64 de\ · 1ct~~ t\ r1 1ct1 1: .1.·, -.. :· , i.·11 tf 10 ::1' ol /li r? 

IS025fi0'75/90/1Jl <it.:\ 11ccs a re 1:1ci1C/Jit~o· 

APPLICATION EXAMPLE - PUSH-BUTTON CONTROL 

Control Step.: : / :· ; .' .. 
.. , : 

. ·. ·. ~ 

Function 

?/\ 

___________ _, __________________ - -

.1/>. 

. Action 

l'!G . I U(j i I 

i'.T . l' t1 l'.;c:u 1 ( 11-..: 

1'ifi , t rnv 
0 I \.i'.. I:() [ () \ \ .' 

fq Jl f) ' ll: ll r ~: ell [ Qr\~ r.l (:l f k(.': t )I 

1'11 l ' t1 ISU(J I !!GI ! 

0.1 pF 

11 5 
10 Kil 

. 
-~ 
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