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ABSTRACT

This project applies use mobile phone to share protection accessories in car by control
mobile phone and command protection system that to protect function more efficiency and you
can to know. What happen about their car? The system was installing on automobile that use
mobile phone. Nowadays, a thief is more. The group to think and develop protection system for

keeps safety your car.
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4001

2-mmput NOR gates

Technology: CMOS

Power supply: 3-15V

14-pin DIL

Navigation

@ Pin connections

AT ruth table

@ Basic operation

@ Other gates made with NOR

QA Cascading

BNOR gate bistable

@LINKS. ..

Pin connections

vesov 7 L

114 VDD +3-15 v
113
12

The 4001 has four separate 2-
input NOR

gates which you can use
independently.




Truth table

The truth table of each individual gate is:

where '0' represents a LOW voltage, and '’ represents a HIGH voltage.

Basic operation

You can investigate the behaviour of a single NOR gate using this circuit:

INPUTS 4001 NOR GATE INDICATOR CECOUPLIN

------------------------ e e

------------------------------------

+O ¥

BC547B
transistor !

The inputs of the gate must be connected, either to LOW or to HIGH, and must not be left
open circuit. This is the function of the input switches with their pull-down resistors. To
avoid loading the output of the gate, a transistor switch indicator circuit should be used. It
is good practice with CMOS circuits to insert a decoupling capacitor, 47 pF or 100 pF,




across the power supply. (This helps to prevent the transfer of spikes along the power
supply rails.)

Don't forget - - Connect pin 14 of the 4001 to +9 Vand pin 7to 0 V.

This is the test circuit built on prototype board:

4E4001
47 puf
OVI g! +QV
Dt (- -2 L B ) -]
0#.9.0 .Gt';&;‘
- 200 0 gD o0 ¢ g o
pull down resistors ﬁﬁ‘mﬁi"z"*ﬁ'%%“'%—z“——- miniature tactile
{0 ko—<FTX)NX YLp 2 o2 switch
ce el eqgmrm e iag  uo
Ld L - L] E- TN - ] LI -1
brown, black, orange M?EIIL’." 3 EQE e Ao
L8 -3 L- I -1 60 L0020 & O
oo 20 e PEYY ammn B
0 L . & b O D
° 0 scopd= BV T oo 5 4001 quad
i~ o SN NOR gates
o0 -] L &
R ;:o ) :v:: > 6809
2%, . AN S o blue, gray, brown
o > e 00 * © 0 T o b
47 kQ CX) o o Ofo e o o G o o
3 )
yellow, violet, orange 4 ::35'!\" LB s = Aat
+ & & &+ » 9
0;9—“%3'—!"—“':900 L)
3 o0 s ooo Swe 00 v e | 8C5478
3 -0 -3 o000 e © D 40 0 L] H
oo Lo I - -0 o0 e 0B L] trans'Stor
(-0 - -0 oD e o0 0

N

fiat i k
shorter ieg longer leg
cathode (k) anode (3) emitter

In the prototype circuit, it is not essential to make connections to the unused gates.
However, in any final circuit, a// unused CMOS inputs must be connected either to
HIGH or to LOW. Make it an absolute rule that CMOS inputs are never left open circuit.

There is no problem with CMOS outputs. Worry about the inputs and leave any unused
outputs unconnected.




Other gates made with NOR

An important property of NOR gates is that they can be linked to perform the functions of
other logic gates. In fact, any logic function can be implemented using only NOR gates:

NOT gate {inputs joined together) OR gate (NOR followed by NOT)

nput A —@o—— output input A
input B

AND gate (NOT of each input followed by NOR)

input A
output
input B

NANO gate (AND followed by NOT)

input A

output

inputB

EXOR gate

input A

output

input 8

If you have designed a system which contains a NOR gate integrated circuit, it can be
convenient and cost-effective to implement other logic functions using spare NOR gates
which would otherwise be unused.



Cascading

What happens when NOR gates are linked like this?

input A

input 8
input € : >- output

It is easy to work out the truth table for this circuit. When you do this, you will discover
that the circuit does »ot give the truth table for a 3-input NOR gate. Unlike AND and OR
gates, NOR gates cannot be cascaded in this way.

It is possible to make a 3-input NOR gate using 2-input NOR gates, but the circuit
requires an extra gate:

input A
input B :
l:>0— output

input C

3-input, 4-input, and 8-input NOR gates are available in integrated circuit form, as listed
in the links section.

NOR gate bistable

A useful application of NOR gates is in making a SET/RESET bistable, or latch. Here
is the circuit:




- 4001

INPUTS NOR GATES  INDICATORS DECOUPLING
; -------------------- Pt i : ittt Sl TeTTmm ey
- - —— 9V
: 680 47 *! :
Q pF ,

BC547B
transisior

Once again, notice that you must have a switch/resistor voltage divider at the inputs to the
NOR gates. With a NOR gate latch, the inputs are held LOW and pulsed HIGH. This
means that you need pull-down resistors. (Compare this circuit with a SET/RESET latch
bistable built using NAND gates.}

To avoid loading the outputs of the latch, transistor switch/LLED indicators are used. It is
a common mistake to connect LEDs directly to the latch outputs:

[ s ! I +9 VY
q. ﬂ} 14* 47 11
=
0V
4001
NOR GATES
SET 1 2 680 0

RESET

10 i0
ke Q|




Even with current-limiting resistors connected in series with the LEDs, this circuit might
not work because the voltages at the outputs of the latch are pulled downwards and may
not count as HIGH when they are supposed to be HIGH.

If you connect LEDs without current-limiting resistors, the circuit cannot possibly work.

This is the correct circuit built on prototype board:

244001

0 +9 Y
miniature tactile
:::3:—:...-%: switches
& O 0% =’O
pull down resistors e o RESET f
10k —— seoq_ge
brown, black, orange " € R - SET
. tOG0 B o
r TP ¢ 0 OMO
w 2 RSy i BN- -
SR B % WO LX) 4001 quad
Gfdrfice: o2 NOR gates
- R SRS o B
b eooo  op.t—— (80 (X2
o+ 0 4 ATT0) !
ol oo £ blug, grey, brown
==t W =
47K x2 — k e flat
[ 20 o O - )
yellow, violet, orange o f f E § % =:: ‘ . -
' MNP P12~ ¥ 5
vl sal acsam ;
8 transistor x2 !
|

flat

shorter leg
cathode (k)

longer leg collector

anode (3) emitter

base




4013 - Dual D-type flip-flops

Technology: CMOS Power supply: 3-15V 14-pin DIL
Navigation

@ Pin connections ‘ @ 2-bit counters

@ dbout D-type flip-flops & Application idea

@ Basic operation QLINKS. ..

Pin connections

D-type 1 ——\y 4013

> [_56:&-1 t}14 VDD +3-15V

2 [ 6 1 Qs

R ["Nkr Q Hl12

« O R <] 11

s [F ] R Hl1o

6 [" S.?. D _] g

vesov 7 [ SHis The 4013 has two D-type
\L Hip-flops, which

D-type 2 you can use independently




About D-type flip-flops

A D-type flip-flop, also called a D-type bistable, is a subsystem with two stable states.
Using appropriate input signals, you can trigger the flip-flop from one state to the other.

The diagram below shows the input and output connections of a single D-type bistable:

DATAinput —D = - Q

CLOCK input —bek

Q and Q are the outputs of the bistable. The logic states of the outputs are always
opposite.

" The bistable is SET when Q=114 =0 ,na RESET when 2 =Vand

The D-type has four inputs. These are:

« DATA input: This is connected either to a LOW voltage, logic 0, or to a HIGH
voltage, logic 1.

» CLOCK input: The triangle, “l"’" , next to the CLOCK input shows that it is
edge-triggered, that is, it responds to sudden changes in voltage, but nof to slow
changes or to steady logic levels. The CLOCK input of the 4013 D-type bistable
is rising-edge triggered, meaning that it responds only to a sudden change from
LOW to HIGH.

Usually, the CLOCK input is connected to a subsystem which delivers pulses. To test the
4013, you will need to build an astable.

e SET input: The SET input is normally held LOW. When it is pulsed HIGH, the

outputs of the bistable are forced immediately to the SET state, Q=1 , Q= O.




« RESET input: The RESET input is normally heild LOW. When it is pulsed
HIGH, the outputs of the bistable are forced immediately to the RESET state,

Q=0 Q=1

To explain the behaviour of the D-type bistable, you can learn to say that:

# The logic state at the DATA input is transferred to the Q output on the rising
edge of the CLOCK 'signal. -

This is a precise description of the function of the D-type.

Basic operation

You can understand what a D-type bistable does by building a circuit in which the Q
output is connected back to the D - input:

D ATA input Lo ; ¥ Q output

CLOCK input —>.;.kjﬁ"- B

S

e
R
|

This arrangement is called a toggle flip-flop, or toggle bistable.

Here is the circuit diagram for a practical circuit:




ASTABLE INDICATOR - D-TYPE BISTABLE INDICATOR DECOUPLING

; — gy +9V
; Wb ey el
' 4093 Schmitt | ! 4013 - Q v BF '
v trigger NAND D-type histables v b —
: ga?gs yREH ¥ 3 | LED o : oV
s I p— E TN s
' o L) Q pr——r e H
L] 1 N 1 1 t. 1
: 3 3! o I b :
: I e R ¥ !
) 1} 1
' , | 2 o4y p i
: 5 QT i ke X :
. v ys R ) L '
" e — —— n :
i 1 7 7 ) 4 e i :
; #F * . * ‘'t BCS47B ;! :
. ¥ ' !

The inputs of the D-type must be connected, either to LOW or to HIGH, and must not be
left open circuit. This includes the SET and RESET inputs which are connected to 0 V.
To avoid loading the output of the D-type, a transistor switch indicator circuit is used. It
is good practice with CMOS circuits to insert a decoupling capacitor, 47 uF or 100 pF,
across the power supply. (This helps to prevent the transfer of spikes along the power
supply rails.)

Don't forget - - Connect pin 14 of the 4013 t0 +9 V and pin 7to 0 V.

Build the circuit on prototype board following the diagram below:




94013

ov I +9V
e
1 MQ — PYIE -
brown, black, green S 4093 Schmitt trigger
L pF — SEA NAND gates
LI -] LR -
too  spet— 6B0Q
¢ o SELp © biue, grey, brown
P e LR e )
. £ B P LK)
g 2 B Ci- Y ) 4013 D-type
D to NOT-Q r oo poees oo bistables
i, b oo oo
o o b L - » 0
%, o g 680 Q
i 20 & *""
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47 kQ 12 s 0
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Ctemgrer_sptlec oo
:e ©00 %0 c0 000 s BC5478B
a e LT - LR * o t‘-ansistor

fiat

longer leg collector
anode (a)

shorter leg
cathode (k)

emitter

base

When you connect the power supply, the LEDs will flash slowly enough for you to

interpret what is going on. With Qand D linked, the D-type bistable changes state every
time a clock pulse is received. This can be illustrated using voltage/time, V/¢ graphs:




v
rising edge R

.

CLOCK
puises . ii) | /
0
1
Q output of
D-type A | |
0 I

To start with, both the CLOCK signal and the Q output of the D-type are LOW, logic 0.
Since the Q and Q outputs are opposite, @ must be HIGH, logic 1. Because the DATA

input, D, is connected to Q, it is also HIGH.

When the first rising edge arrives, the logic state at D is transferred to the Q output,
which goes HIGH in turn. This transfer involves a very short time delay, just a few
nanoseconds. When Q goes HIGH, nges LOW, and D goes LOW.

When the second rising edge arrives, D is LOW and so the Q output becomes LOW,
making D HIGH again, ready for the next rising edge and so on.

As you can see, the number of pulses at the output of the bistable is divided by two
compared with the number of pulses at the input. A toggle bistable is a divide-by-two
counter, or 1-bit binary counter.



2-bit binary counters

What happens if you add a second toggle bistable after the second? The circuit becomes:.

ASTABLE INDICATOR Z-81T BINARY COUNTER DECOUPLIN
PR B i ikttt e :
; H + - T T
: i s P I
: oon 14‘ 680 g 14* R S
! 4093 Schmitt .. ;v 4013 o '
' trigger NAND . ‘1 D-type bistables o :
] i [ . .
; getes ¥ ¥ ¥ :
: i Y ' .............. . I ............... b :
! o [ ) . ' 1 :
! 2 HEHo o Bo o ;
: L S ) [ Lt col ] :
1 * g ' 3 ¥ LM f
H ; i .| 2 : -1z i :
! . ' QT : QT s '
' : bls. om| vls R o :
' : . ; ; : h !
E Tf" ) A Y -7 T} A 3: :
L] !I »
)/ 2! '
. H ,
INDICATORS E""" """"""""""""""""" - V7
: 680 660 '
: @ a g
: a | LED a | LED :
47 TN 47 TR ;
L kD 3¢ ;
. )
1 BCS47B BC547B !
M i

*

This is a lot simpler to set up than it looks! All you need to do is to add a few extra
components and links to your existing prototype circuit:

+9V

ov
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iUp to previous stage

Check the sequence of the LEDs




W
rising edge "

A

CLOCK )
pulses } | i |
0
1
Q output of
first D-type } i
0 o
Q output of i
second D-type ]
D.

The second D-type divides by two again, giving pulses at one quarter of the frequency of
the CLOCK signal. The outputs of the D-types follow the sequence:

Can you see that the outputs give the binary numbers from 1 1 to 0 0 in descending
order? The circuit you have constructed is a 2-bit binary DOWN counter.

You can modify the circuit to make a 2-bit binary UP counter. To do this, insert a NOT

gate, using one of the spare gates from the 4093, and link from the Q output of the first
D-type to the CLOCK input of the second (replacing the link from Q to CLOCK):
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The prototype board layout becomes:
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Check that the LEDs follow the ¥/t graph pattern for a 2-bit binary up counter

A Up 10 previous stage



falling edge -,
1
CLOCK l
]
1
Q output of
first D-type ' !
0
1
Q output of
second O-type !

From these graphs it Jooks as if the D-types might be triggered by the falling edges of the
previous stage. To make an UP counter, the Qoutput of each bistable is connected to the

CLOCK input of the next stage. The Qoutputs are doing exactly the opposite of the Q
outputs, so the D-types are rising edge triggered, as before.

Application idea

D-type bistables can easily be used to make a combination lock. Using two 4013
integrated circuits, you can make a 4-digit combination lock in which the keys
representing the code digits must be entered in the correct order. Pressing the key for any
digit which is not part of the code RESETs all four D-types:
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The D-input of the first D-type is held HIGH. When the first digit of the combination is

pressed, output nges HIGH. If the second digit is the next key presssed, the second D-

type will be SET and so on. Pressing any of the unselected keys gives a HIGH at the

RESET inputs of all four bistables, and all the Q outputs revert to LOW.

Once the four digits of the code have been entered in the correct sequence, the lock

ouptut goes HIGH and will remain HIGH until an unselected key is pressed. The system
could be extended to provide an automatic RESET after a delay. Which type of
subsystem could you use?
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The 555 timer is an extremely versatile integrated circuit which can be used to build lots

of different circuits. .




Astable circuits

Astable circuits produce pulses. The circuit most people use to make a 555 astable looks
like this:
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As you can see, the frequency, or repetition rate, of the output pulses is determined by
the values of two resistors, R1 and R2 and by the timing capacitor, C.

The design formula for the frequency of the pulses is:

The duty cycle of the waveform, usually expressed as a percentage, is given by:




Before calculating a frequency, you should know that it is usual to make R1=1 kQ2
because this helps to give the output pulses a duty cycle close to 50%, that is, the HIGH
and LOW times of the pulses are approximately equal.

Remember that design formulae work in fundamental units. However, it is often more
convenient to work with other combinations of units:

B [TAERENEEN B

$ Hz
MQ mg s Hz
kg2 nF ms kHz

=

With R values in MQ and C values in pF, the frequency will be in Hz. Alternatively, with
R values in k2 and C values in pF, frequencies will be in kHz.

Suppose you want to design a circuit to produce a frequency of approximately 1 kHz for
an alarm application. What values of R1, R2 and C should you use?

R1 should be 1kQ, as already explained. This leaves you with the task of selecting values
for R2 and C. The best thing to do is to rearrange the design formula so that the R values
are on the right hand side:

Now substitute for R]1 and f:



(1+2R2)= %
1xC

You are using R values in kQ and f values in kHz, so C values will be in pF.
To make further progress, you must choose a value for C. At the same time, it is

important to remember that practical values for R2 are between 1 kQ and 1MQ. Suppose
you choose C = 10 nF = 0.01 pF:

+2R7) =144 _ 144
0.01

that is:
2R?2=144-1=143
and:

R2=71.5kQ

This is within the range of practical values and you can choose values from the E12 range
of 68 kQ or 82 k€. (The E12 range tells you which values of resistor are manufactured
and easily available from suppliers.)

A test circuit can be set up on prototype board, as follows:
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With the values of R1, R2 and C shown, the LED should flash at around 10 Hz.

What happens if you replace R2 with an LDR or a thermistor? This gives an astable
which changes frequency in response to light intensity, or with temperature.

Astable component selection
With a little practice, it is quite easy to choose appropriate values for a 555 timer astable.
To make things even easier, you might like to download the DOCTRONICS 555 timer

component selection program.

The program works with Windows 95 and looks like this:
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To download the program (-210K), click on its image.

More astables

Extended duty cvcle astable:

An extremely useful variation of the standard astable circuit involves adding a diode in
paralle] with R2:
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This simple addition has a dramatic effect on the behaviour of the circuit. The timing
capacitor, C, is now filled only through R1 and emptied only through R2.

The design equation for the output pulse frequency is:

With this circuit, the duty cycle can be any value you want. If Rl > R2, the duty cycle
will be greater than 50% (equivalent to a mark space ratio of more than 1.0). On the other
hand, if R2 > R1, the duty cycle will be less than 50% (mark space ratio less than 1.0}.
This version of the 555 astable is used in the cyclist/pedestrian safety lights project.

Minimum component astable:

This is a cheap and cheerful astable using just one resistor and one capacitor as the timing
components:

+3-BY

pulse
output

oy
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Note that there is no connection to pin 7 and that R1 is linked to the output, pin 3.

The design equation for the circuit is:

The HIGH and LOW times are supposed to be equal, giving a duty cycle of 50%
(equivalent to a mark space ratio of 1.0).

However, if you build this circuit, it is probable that the HIGH time will be longer than
the LOW time. (This happens because the maximum voltage reached by the output pulses
is less than the power supply voltage.) Things will get worse if the output current
increases.

If you need an astable circuit which can be adjusted to give an accurate frequency, this
circuit is not the oneto choose.




Diminishing frequency astable:

The excitement and realism of electronic games, including roulette, can be increased
using an astable circuit which is triggered to produce rapid pulses initially, but which
then slows down and eventually stops altogether.

It is easy to modify the basic 555 astable circuit to produce this result:
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When the 'go’ button is pressed, the 47 pF capacitor in parallel with the timing network,
R1, R2 and C, charges up very quickly through the 100 Q resistor. When the button is
released, the astable continues to oscillate but the charge stored slowly leaks away, with
the result that it takes longer and longer to charge up the timing capacitor. To trigger the
next pulse, the voltage across C must increase to two thirds of the power supply voltage.
After a while, the voltage across the 47 uF drops below this value and the pulses stop.

With the values shown, the initial frequency is about 100 Hz and the output pulses coast
to a stop after around 40 seconds.

The initial frequency can be calculated from the design equation for the basic 555 astable.
To give a realistic coasting time, you should use large values for the resistors R1 and R2.
The coasting time is determined by the 47 pF capacitor. Experiment with different values
until you get the effect you want.
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investigate this effect by connecting a switch/pull down resistor voltage divider to pin 4:
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Use the design formula, or the DOCTRONICS component selector program to
calculate the frequency of pulses you would expect to obtain with this circuit.

In an electronic die, provided the output pulses are fast enough, it i1s impossible to ‘cheat’
by holding down the button for a definite length of time.

Think about how you could use this circuit together with a bistable as part of a burglar
alarm. Under normal conditions, the output of the bistable is LOW and the astable is
stopped. If the alarm is triggered, the output of the bistable goes HIGH and the pulses
start, sounding the alarm.

CONTROL VOLTAGE input

By applying a voltage to the CONTROL VOLTAGE input, pin 5, you can alter the
timing characteristics of the device. In the astable mode, the control voltage can be varied
from 1.7 V to the power supply voltage, producing an output frequency which can be
higher or lower than the frequency set by the R1, R2, C timing network.

The CONTROL VOLTAGE input can be used to build an astable with a frequency
modulated output. In the circuit below, one astable is used to control the frequency of a
second, giving a 'police siren’ sound effect. -
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In most applications, the CONTROL VOLTAGE input is not used. It is usual to connect
a 10 nF capacitor between pin 5 and 0 V to prevent interference. You don't need to do
this in building a test circuit, but this 'bypass’ or 'decoupling' capacitor should be included
in your final circuit. .




Monostable circuits

A monostable circuit produces a single pulse when triggered. The two questions about
monostables you immediately need to ask are:

» How can the circuit be triggered to produce an output pulse?
« How is the duration, or period, of the output pulse determined?

The circuit used to make a 555 timer monostable is:
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As you can see, the trigger input is held HIGH by the 10 kQ pull up resistor and is pulsed
LOW when the trigger switch is pressed. The circuit is triggered by a falling edge, that
is, by a sudden transition from HIGH to LOW.

The trigger pulse, produced by pressing the button, must be of shorter duration than the
intended output pulse.

The period, t, of the output pulse can be calculated from the design equation:
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With R1 = 1 MQ and C = | pF, the output pulse will last for 1.1 s.

You can build a test version of the 555 monostable as follows:
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By clicking on the monostable tab, the 555 component selection program can be used to
investigate the effect of different R1 and C values:
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To download the program (~210K), click on its image.

More about triggering

For a simple 555 monostable, the trigger pulse must be shorter than the output pulse.
Sometimes you want to trigger the monostable from a longer pulse:
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The trigger network detects the falling edge at the end of each ¥}, pulse, producing a
short 'spike’ which triggers the monostable at the appropriate time. The period of the
monostable pulse is shorter than the period of the Vi, pulses.

If you want to trigger the monostable from a rising edge, you need to add a transistor
NOT gate to the trigger circuit:
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If you build these circuits, it is interesting to investigate the action of the trigger network

using an oscilloscope.

555 as a transducer driver

A transducer is a subsytern which converts energy from one form into another, where one
of the forms is electrical. In an output transducer, for example, electrical energy can be

converted into light, sound, or movement.

The output of a 555 timer can deliver more than 100 mA of current. This means that

output transducers including buzzers, filament lamps, loudspeakers and small motors can

be connected directly to the output of the 555, pin 3.

You can use the 555 as a transducer driver, that is, as an electronic switch which turns

the transducer ON or OFF:




DECOUPLI NG
output transducer fmm————

AN N

3 1

L L +3148Y
N e
P 47
LA : uF,
7 3 i 1
555 : |
! f
; I
1 1
) 5 ; )
t '
Yin ’ }z 1 | : :
10 ' :
nF : 1

‘ : : oV

1 A

This circuit has an inverting Schmitt trigger action. The 'inverting' part of this
description means that when ¥;, is LOW, the output is HIGH, and when ¥, is HIGH, the
output is LOW.

In a 'Schmitt trigger' circuit there are two different switching thresholds. If Vi, is slowly
increased starting from 0 V, the output voltage snaps from HIGH to LOW when Vi,
reaches a level equal to */3 of the power supply voltage. Once this level has been
exceeded, decreasing Vi, does not affect the output until ¥}, drops below 115 of the power
supply voltage (If an input change in one direction produces a different result from a
change in the opposite direction, the circuit is said to show hysteresis.)

If a filament lamp is connected between the positive power supply rail and the output, as
shown above, current flows through the lamp when the output voltage is LOW. In other
words, the lamp lights when the input voltage is HIGH.

If you connect the lamp between the output and 0 V, the circuit will still work, but the
lamp will light when the input voltage is LOW:
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Note that, in both versions of the circuit pins 2 and 6 are joined together. The circuit can
be simplified by omitting the 10 nF bypass capacitor, and will continue to work when the
RESET input, pin 4 is left unconnected.

Some people are very fond of this circuit and use it whenever a transducer driver is
required. However, with a HIGH/LOW digital input signal the same result can be
achieved more obviously and at lower cost using a transistor switch circuit.
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