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LIST OF ABBREVIATION

Transmitter Unit Receiver Unit

Resistors

R1-R4 3k R1 170k

R11,R6 180k R2 330k

R5 43k R3-R6 1k

R7 4.7k R7-R11 330k

RS 10k

R9 1k

R10 .068k

Pl 10k Preset

Capacitors

C4-Co6 0.1MFD Cl 0.01IMFD

C2 0.001MFD C2 0.1MFD

1,63 0.01MFD

Semiconductors

IC1 MC145026 D1-D4 IN4148

IC2 NES555 D5-D9 IN4007

IC5 SN741s132 T1-T4 BC547

T2 2N2222A IC1 7400

D2 IR LED IC2 MC145027
IC3 CD4049UBM
IC4,IC5 CD4013BM




ABSTRACT

Develop a smart home system.

To control the electrical appliances using remote control using motorolla encoder &

decoder , a remote , TSOP-1738 IC, D — type flip flop , NE555 IC ,transistors and

resistances.
Controlling appliances like fan, bulb ,tube etc. using a remote

MC145026 encoder is used in the remote along with NE555 and with SN741s132 to
transmit an IR signal at 40 kHz through an IR LED.

TSOP-1738 receives the IR signal and MC145027 decoder decodes the signal and drives

the relay through an intermediate stage of D-type flip flops.




INTRODUCTION

The project is intended towards creating a smart home by controlling the electrical

appliances using a remote control.

The basic diagram is as shown below:

IR beam
4 Relay driver
Emitter i] W U Detector b controller {
— » |

20 fi l-g

Figure 1
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CHAPTER —1 |

The Emitter |

The emitter is the remote section . T he emitter consists of*

e NE 555 timer
® SN74Is132 Nand gate
e Infra Red LED

e 4-Switches }

1

e  Motorola MC145026 encoder IC ‘ [
{

!

|

® Resistances and Capacitances of different values

———




Diagram of emitter
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Description

When any of the four switches is pressed the corresponding pins (6, 7 ,9 ,10 ) goes high.
The pull up resistor brings the pin to logic 1 . The encoder MC145026 encodes the data
and transmits it serially through pin 15 . NE555 timer is used to generate a frequency of
40 kHz. The SN741s132 takes the output of the encoder and the output of the timer and
gives the combined signal of 40 kHz. This combined signal is transmitted through an IR

LED. The description of the components used is as follows:-




MC145026

The MC145026 encodes nine lines of information and serially sends this information

upon receipt of a transmit enable (TE) signal. The nine lines may be encoded with trinary

data (low, high, or open) or binary data (low or high). The words are transmitted twice

per encoding sequence to increase security.

* Operating Temperature Range: — 40 to + 85°C
* Very-Low Standby Current for the Encoder: 300 nA Maximum @ 25°C

* Interfaces with RF, Ultrasonic, or Infrared Modulators and Demodulators

* RC Oscillator, No Crystal Required

* High External Component Tolerance; Can Use + 5% Components

e Internal Power—On Reset Forces All Decoder Outputs Low

* Operating Voltage Range: MC145026 =2.5t0 18 V

MC145026
ENCODER

Al [l

221 2

A3
AL ]
45 [
ABIDS [l

s
A

Vss [

1

0 4

o on F oY)

|

° 16 1 Vpp
(31 Daut
140 TE
1311 Rre
121 Cre
111 Rg
10 [1 Ag/Dg
g 1 AgiDe

Figure 3




Block Diagram of MC145026
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Electrical Characteristics

Guaranteed Limit
Vb -40°C 25°¢C 85°C
Symbol Characteristic v Min Max Min Max Min Max Unit
VoL | Low-Level Qutput Voltage Mn=Yppor0)| 50 — 0.05 —_ 0.05 — 0.05 V'
10 — 0.05 — 0.05 - 0.05
15 — 0.05 = 0.05 — 0.05
VoH | High-Level Output Voltage (VMin=0o0rVpp)| 50 4,95 — 4.95 - 4,95 — v
10 9.95 - 9.95 — 9.95 —
15 14 .95 — 14.95 — 14.95 —
ViL Low—Level Input Voltage v
Mout=4.50r05v)| &0 - 15 L 15 8 1.5
Moy =800cr1.0v)| 10 = 3.0 — 3.0 i 30
(Mout=1350r15V)| 15 — 40 - 4.0 — 4.0
VIH High-Level Input Voltage vV
Mot =050rd5V)| 50 35 — 35 — 3.5 —
(Mot =1.00r90V}| 10 70 — 70 — 7.0 —
Mout=150r 136v)| 15 1" — 11 = i o
I0oH High-Level Cutput Current mA
(Mout=25V)| 50 -25 — -2 — -1.7 -
Mout=46V)| &0 | -052 — -0.44 - -0.36 -
Mout=95V)| 10 -13 — -1.1 - -09 -
Vou=135W)| 15 | -36 | — | -30 | — | -24| —
loL Low-Level Output Current mA
Mout=04Vy| 50 52 - 0.44 — 0.36 —
(Vout=05V)| 10 13 — 1.1 — 0.9 —
Mout=15V)| 15 35 — 30 - 24 —-
lin Input Current — TE 50 — e 3.0 Al — — HA
(MC145028, Pull-Up Device) 10 — - 16 &0 - —
15 - — 35 120 -— —
lin Input Current 15 - +03 — +0.3 — +1.0 pA
Rs (MC145026), Dip, (MC 145027, MC145028)
ln Input Current HA
Al -A5 AG/D6 ~ AYDI (MC145026), 50 — —_ — + 110 — —_
A1 - AS (MC145027), 10 — — — + 500 — -
A1-A9 (MC145028) 15 — - — + 1000 — —
Cin Input Capacitance (V;, = 0) — - - — 75 - — pF
oD Quiescent Current — MC 145026 50 -— — — 0.1 — - BA
10 — — — 0.2 — -
15 — - — 0.3 — —
5% Quiescent Current — MC 145027, MC 145028 50 — - — 50 —_ —_ HA
10 - — — 100 — -
15 — — — 150 — —
Idd Cynamic Supply Current — MC 145026 50 — - -- 200 - - HA
{fe = 20 kHz) 10 - — - 400 — -
15 — — - 600 — —
Idd Dynamic Supply Current — MC146027, MC145028 | 5.0 - — — 400 - — HA
{fe = 20 kHz) 10 — - — 800 — —
15 - — - 1200 —_ —




NES55 .

The NE555 monolithic timing circuit is a highly stable controller capable of producing
accurate time delays or oscillation. In the time delay mode of operation, the time is
precisely controlled by one external resistor and capacitor. For a stable operation as an

oscillator, the free running frequency and the duty cycle are both accurately controlled

with two external resistors and one capacitor. The circuit may be triggered and reset on

falling waveforms, and the output structure can source or sink up to 200mA.

S

CHE ST RE S

% 6
4 B
1-GND 5 - Confrol voltage
2 - Trigger 5 - Threshold
3 - Qutput 7 - Discharge
4 - Reset 8 -Vce
Figure 5 ‘
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Blo ok Diagram
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Operating Condition
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Licctrical Characteristics
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NESSS timer is operatimg in Astable mode in the circuit. In this mode circuit is
connected as shown in figure (pin 2 and 6 connected) it triggers itself and free runs as a
multi vibrator. The external capacitor charges through R1 and R2 and discharges through
R2 only. Thus the duty cycle may be precisely set by the ratio of these two resistors. In
the astable mode of operation, C1 charges and discharges between 1/3 VCC and 2/3
VEC:

2 =510 15
l F.1
: ()
2ozt ————-—’! 2 o e s |
NE555 F:
SN
voltage :
::u.FI-I: |28 2_] il
il i
Figure 7

[he frequency of oscillation is :
g :
= 1.44/(R1+ 2R2) CI

i
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sNT41s132

s

|
|

The SN74LS132 contains four 2-Input NAND Gates which accept standard TTL input
signals and provide standard TTL output levels. They are capable of transforming slowly
changing input signals into sharply defined, jitter-free output signals. Additionally, they

have greater noise margin than conventional NAND Gates.

[Zach circuit contains a 2-input Schmitt trigger followed by a Darlington level shifter and
a phase splitter driving a TTL totem pole output. The Schmitt trigger uses positive
feedback to effectively speed-up slow input transitions, and provide different input

threshold voltages for positive and negative-going transitions.

Logic and Connection Diagram

/

!

1 [ [+ m L] |9

——
e
——

L Lo Esl Pad Lol Qs |
( GD)
Figure 8
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CHAPTER - II

The Detector

The Detector is the receiver section . The Detector consists of:

¢ Motorola MC145027 decoder IC
e CD4049UBM Hex Inverter

e CD4013BM D-Type flip flop

e TSOP-1738 Receiver

e 4-Relays

* Resistances and capacitances of different values

/
/

16
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Lescription

The IR signal at 40 kHz is received by TSOP-1738 i.e the IR module. The signal is weak
s0 it is amplified and send to pin 9 of the MC145027 decoder chip. The decoder then
verifies the signal and set any of the pin 12,13,14,15. If at transmitter SW1 is pressed
then the pin 12 islset, if SW2 is pressed then pin 13 is set and so on. The output is then

connected to pin 3,5,7,9 respectively of the CD4049UBM IC which is the inverter.

18




MIC145027

Fhe MC145027 decoder receives the serial stream and interprets five of the trinary digits
as an address code. Thus, 243 addresses are possible. If binary data is used at the encoder,
32 addresses are possible. The remaining serial information is interpreted as four bits of
binary data. The valid transmission (VT) output goes high on the MC145027 when two
conditions are met. First, two addresses must be consecutively received (in one encoding
sequence) which both match the local address. Secbnd, the 4 bits of data must match the
last valid data received. The active VT indicates that the information at the Data output

pins has been updated.

* Operating Temperature R}mge: —40 to + 85°C

* Very-Low Standby Curfent for the Encoder: 300 nA Maximum @ 25°C
* Interfaces with RF, Ultrasonic, or Infrared Modulators and Demodulators
* RC Oscillator, No Crystal Réquired

* High External Component Tolerance; Can Use + 5% Cdmponents

* Internal Power—On Reset Forces All Decoder Qutputs Low

* Operating Voltage Range MC145027 = 4.5 to {8 V

Pin Diagram

MC146027:8C41343

DECODERS
Al e Pl
220 2 A1
(3] s 40t
ALl e R | i
A [l N ) oy
Sl

el Gl sty

ves [] 3 7 | R

Figure 10
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Block Diagram

CONTROL
LOGIC g |

4
» 4-B|T SHIFT REGISTER
LAT
; )
D‘

== 2 DG
SEQUENCER CIRCUIT
5 4 3 2 1
At =]
o 1] l
= =l i &
- K3 H exmecion =i
Ad g w C4 C / RIS N
. 52:] D'q ] 7 £ oy Y oo =PIN 16 Al
A5 — - 10 Ygg =PINE |
> Ry . \
— !
i f

Figure 11
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Electrical Characteristics
Guaranteed Limit
- 40° G 85°C
VoD 40°C 25
Symbol Characteristic Vv Min Max Min Max Min Max Unit
VoL | Low-Level Output Voltage Min=Vppor0)| &0 e 0.05 - 0.05 — 0.05 v
10 — 0.05 - 0.05 —_ 0.05
15 - 0.05 —_ 0.05 - 0.05
VoH | High-Level Output Voltage (Min=0orVpp)| 50 4.95 - 4.95 - 495 — N
10 9.95 — 9.95 = 9.95 -
15 14.95 - 14.95 - 14.95 -
ViL Low-Level Input Voltage v
{Vout =45 DFO JV} 56 — 1.5 — 1'5 ST 1.5
{ o =200r10v)| 10 = 30 == 3.0 2 3.0
(Mout=1350r15V}| 15 o 4.0 - 4.0 - 4.0
VIH High-Level Input Yoltage v
(Mouwt=0.50rd5v)| 50 | 35 - 35 — a5 —
(Vout=100r90v}| 10 | 70 o 7.0 i 7.0 =
Mout=150r135V)]| 15 i - 11 — " o
I0H High—Level Cutput Current mA
Mout=25Vv)| 5.0 -25 - -21 - -17 -
Mout=46V)| 50 | -052 - —-0.44 — -0.36 -
Moyt =95V)| 10 -1.3 - -11 — -08 —
Mout=13.5V0 | 15 -36 — -30 - -24 -
oL Low—Level Output Current mA
Mout=04V)| 50 052 - 0.44 - 0.36 -
Mout=05v)| 10 1.3 =2 1.1 i) 0.9 i
lin Input Current — TE 50 — - 30 1 - e HA
(MC 145028, Pull-Up Device) 10 — - 16 60 — -
15 — - 35 120 - -
lin Input Current 15 — +0.3 - +0.3 - +10 HA
Rg {MC145026), D, (MC145027, MC145028)
n Input Current HA
- A5, AGIDS — A%/DI (MC145026), 50 — — -— + 110 - -
— AL (MC145027), 10 - — - + 500 - —_
—AD{MC14£028) 15 - — — + 1000 — —
Cin Input Capacitance (Vi, =0} — = — — 7.5 = = pF
oD Quiescent Current — MC 1460256 50 — - — 0.1 — — PA
10 - = e 0.2 == —
15 - - - 0.3 — -
oD Quiescent Current — MC 145027, MC 145028 50 -— - — 50 - — HA
10 = - —_ 100 —— —
15 — - - 160 - —
Idd Dynamic Supply Current — MC 145026 50 - — - 200 — e HA
ifc = 20 kHz) 10 - - - 400 — —
15 - — — 600 — —
ldd Cynamic Supply Current — MC 145027, MC145028 | 50 — — — 400 — - HA
{fc = 20 kHz) 10 = - == 800 =L —
13 o =% . o0 | = =
)
21




TSOP

The TSOP17.. — series are miniaturized receivers for infrared remote control systems.
PIN diode and preamplifier are assembled on lead frame, the epoxy package is designed
as IR filter.The demodulated output signal can directly be decoded by a microprocessor.
TSOP17.. is the standard IR remote control receiver series, supporting all major

transmission codes.

Figure 12
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Block Diagram

N '\..'
Input Control TP
Circuit
% i 2
y o HOUT
- Band Demodu-
ek Pass lator
e ) GND
Figure 13
Absolute Maximum Ratings

Tamp = 25°C

Parameter Test Conditions Symbol Value Unit
Supply Voltage (Pin 2) Vs -03.60 V
Supply Current (Pin 2) I 4] mA
Output Voltage (Pin 3) Vo -03.60 vV
Output Current (Pin 3) lo 4] mA
Junction Temperature T; 100 e
Storage Temperature Range Tatq 25, +85 C
Operating Temperature Range s -25...+85 "C
Power Consumption (T.m“J 85 °C) Piot 50 mw
Soldering Temperature : 105, 1 mm from case Ted 260 *'C

23




Basic Characteristic

Parameter Test Conditions Symbol | Min | Typ | Max | Unit
Supply Current (Pin2) ~ [Vg=5V.E,=0 lsp |04 | 06 [ 15 ] mA
Vg =8V E, =40Klx, sunlight lay 10 mA
Supply Voltage (Pin 2) Vo |45 T e
Transmission Distance  |E, =0, test signal see fig.7, d 35 m
IR diode TSAL6200, I = 400 mA
Output Yoltage Low (Pin 3) [losy = 0.5 mA E¢ = 0.7 mWim?, Yost 250 | mV
f=f, t,/T=04
Iradiance (30 - 40 kHz)  |Pulse width tolerance: Ea min 035 [ 05 [mWm?

tp| = 55If0 < tpo < lp| + ﬁ.‘[fo,
test signal (see fig.7)

Iradiance (56 kHz) Pulse width tolerance: Esiia 04 |06 [mWim?

P g'fo g < tF'i +Bff;,

test signal @ee fig.7)
Iiradiance ti = 5ify < tog < b + Bff B | ) Wim? k
Directivity Angle of half transmission distance 01 45 deg gi

24




CD4049UBM

General Description

These hex buffers are monolithic complementary MOS (CMOS) integrated circuits
constructed with N- and P-channel enhancement mode transistors. These devices feature
logic level conversion using only one supply voltage (VDD). The input signal high level
(VIH) can exceed the VDD supply voltage when these devices are used for logic level
conversions. These devices are intended for use as hex buffers, CMOS to DTL/TTL
converters, or as CMOS current drivers, and at VDD e 5.0V, they can drive directly two

DTL/TTL loads over the full operating temperature range.

Features

e Wide supply voltage range 3.0V to 15V
e Direct drive to 2 TTL loads at 5.0V over full temperature range
e High source and sink current capability

e Special input protection permits input voltages greater than VDD \';

Connection Diagram i

NC L=F F NC K=E E J=0 D

lm lw 14 |13 IIZ 1" 10 9

|| Iz 3 ] 5 6 7 8

Vpp 6=A A H=B B 1=T c Vgs
] Figure 14
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Operating Conditions

e Supply Voltage (VDD) 3V to 15V
e Input Voltage (VIN) 0V to 15V
e Voltage at Any Output Pin (VOUT) 0 to VDD

CD4013BM

General Description

The CD4013B dual D flip-flop is a monolithic complementary MOS (CMOS) integrated
circuit constructed with N- and P-channel enhancement mode transistors. Each flip-flop
has independent data, set, reset, and clock inputs and 'Q" and Q" outputs. These
devices can be used for shift register applications, and by connecting Q" output to the
data input, for counter and toggle applications. The logic level present at the " D" input is ‘1'
transferred to the Q output during the positive-going transition of the clock pulse. Setting j
or resetting is independent of the clock and is accomplished by a high level on the set or

reset line respectively.

Truth Tabel

CLT D R S Q Q
A 0 0 0 0 1
T 1 0 0 1 g
N X 0 0 Q Q
X X 1 0 0 1
X X 0 1 1 0
X X 1 1 1 1
No change

t = Level change
x — Don’t care caso

26




Connection Diagram

Dual-In-Line Package

Voo az a2 CLOCK2 RESET2 DATA2  SET2
I 14 |13 12 1 10 9 8
FIF F/F
1 2
1 2 3 4 5 6 7
a1 m CLOCK1 RESET1  DATA1 SET 1 Vss
Figure 15
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DC Electrical Characteristic

Symbol Parameter Conditions are k490 1125:0 Units
Min Max Min Typ Max Min Max
oD Quiescent Device | Vpp = 5V, Viy = Vpp or Vsg 1.0 1.0 30 BA
Current Vpp = 10V, Viy = Vpp or Vgsg 2.0 2.0 60 WA
Vpp = 15V, Viy = Vpp or Vgg 4.0 4.0 120 wA
VoL Low Level llol < 1.0 pA
Output Voltage Vpp = 5V 0.05 0.06 0.05 v
Vpp = 10V 0.05 0.05 0.05 v
Vpp = 15V 0.05 0.05 0.05 v
Vou High Level ol < 1.0 pA
Output Voltage Vpp = 8V 4.95 4.95 4.95 V
Vpp = 10V 9.95 9.95 995 v
Vpp = 156V 14.95 14.95 14.95 \%
ViL Low Level llol < 1.0 pA
Input Voltage Vpp = 5V, Vo = D.5Vor 4.5V 1.5 1.5 15 v
Vpp = 10V, Vg = 1.0Vor 9.0V 3.0 3.0 3.0 v
Vpp = 15V, Vg = 1.6Vor 13.5V 4.0 4.0 4.0 Vv
ViH High Level o] < 1.0 uA
Input Voltage Vpp = 5V, Vg = 0.6Vor 4.5V 35 356 35 Vv
Vpp = 10V, Vo = 1.0V or 9.0V 7.0 7.0 7.0 v
Vop = 16V, Vp = 1.6Vor 13.6V | 110 11.0 11.0 V
oL Low Level Output | Vpp = 5V, Vg = 0.4V 0.64 0.51 0.68 0.36 mA
Current (Note 3) | Vpp = 10V, Vp = 0.6V 1.6 1.3 2.25 0.9 mA
Vpp = 15V, Vg = 1.5V 42 3.4 8.8 2.4 mA
loH High Level Output | Vpp = 5V, Vg = 4.6V -0.64 -0.51| —~0.88 0.36 mA
J Current (Note 8) [ Vpp = 10V, Vp = 9.6V 1.6 1.3 2.25 0.9 mA
) Vpp = 15V, Vg = 13.6V 4.2 34| —88 2.4 mA
| N Input Gurrent Vpp = 16V, Vin = OV 0.1 ~10-6 | -0.1 10| pA
Vpp = 16V, Vjn = 15V 0.1 105 0.1 1.0 wh
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Conclusion

The system designed here is commercially viable. This design is very simple to use and
can be used in day to day life. This project is very practical in nature and can be used in a
house to control the electrical appliances like fan, bulb, tube ete. through a remote.
Moreover the concept can be used in various applications where there is a need of a

system controlled by remote like in industries, offices etc. The system is also very

potable. The snap shot of the remote and the receiver is shown below:

Fieure 16 (Transmitter unit)

29




Figure 17(Receiver unit)
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