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passive alarm and the possibility of
reducing car insurance cost, it has
been chosen as our design project this
time out. In the following pages,
we’ll show you how to design and
build this alarm from scratch. Along
the way, we’ll develop word descrip-
tions, logic truth tables, and the de-
sign equations that you’ll use to im-
plement the circuits needed to pro-
vide the full range of alarm functions.

(1) Define The Problem

No matter what anyone tells you, the
most important step in the design
process is deciding exactly what you
want a circuit to do. Though this may
sound obvious to you, just stating
what you want may not be enough to
get you started on the design. You
must fully define what is to be done
and when. I neglected to heed this
when designing the project presented
here, the result being that my first de-
sign failed to operate properly. That
failure is the reason why you’re read-
ing this in the February 1985 issue of
MODERN ELECTRONICS, instead of
the December 1984 issue for which it
was originally intended. So my ad-
vice is: Write down exactly what you
expect your circuit to do before you
do anything else.

Following this counsel, let’s list the
features that should be incorporated
into our vehicle anti-theft alarm:

(1) Automatic arming 15 seconds
after the engine is shut off and the
door is opened. If the door is not
opened (you don’t leave the vehicle),
the alarm is not armed.

(2) Once armed, any door that
opens and turns on the dome (cour-
tesy) light triggers the alarm.

(3) Once triggered, you have 15
seconds to close the door and either
start the engine or turn the ignition
switch to the accessory position to
disarm the alarm. Otherwise, the
alarm will sound and cannot be shut
off until the door is closed (with the
ignition on) or a RESET switch is
closed (more about this later).

(A) (B)
reset door
switch status
1 —-
closed
open
46 open
closed
closed
open
open

(4) The alarm is to sound the vehi-
cles’s horn intermittently for about 2
minutes. After this, it must shut off
and rearm itself to be ready for the
next intrusion. Additionally, you
want a provision for causing the vehi-
cle’s headlights to flash on and off in
step with the horn so that the vehicle
can easily be located at night.

(5) The system should have either a
hidden switch or a keyswitch that can
be used to reset the alarm and also
temporarily disable it when the vehi-
cle is given to a parking-lot attendant.

(6) The system should work in cars
that have door switches that connect
to either chassis ground (the most
common arrangement) or to the
+ 12-volt line.

(2) Flesh Out Design Details

Unlike the previous project in the
November 1984 issue, we cannot go
directly from initial project descrip-
tion to logic design. We must first
flesh out the details. From 1 above,
we see that no system power switch is
to be used. Instead, power is to be ap-
plied automatically once the ignition
is turned off and the vehicle’s door is
opened. Thus, part of the alarm sys-
tem is going to have to function as a
power controller for the rest of the
alarm system.

What the above means is that the
poewer controller portion of the cir-
cuit must always be connected to the
positive side of the battery, while the
remainder of the circuit is to receive
power only when the controller de-
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cides to deliver it. Since this portion
of the system is the key to making this
a passive alarm system, let’s tackle it
first and define its operation in detail.

To begin with, from 3 above, the
system must be able to be switched
off at any time with a RESET switch.
The best place to implement the man-
ual reset function is in the power con-
troller, since without power, the rest
of the system won’t work. Hence, the
power controller must know the state
of the RESET switch. If it is on, the
output provided by the controller
will always be off. Conversely, if the
RESET switch is off, sometimes the
controller will be on and sometimes it
will be of f (more about this later).

Since the power controller is to be
activated by the vehicle’s door
switch, it must also know whether or
not the door is open. Next, the con-
troller must be provided with infor-
mation about the state of the ignition
switch. From 1 above, the alarm is
armed (powered by the controller)
only if the ignition is off and the door
has been opened.

There’s one more factor that influ-
ences the decision to provide power
from the output of the controller—
whether or not the controller is cur-
rently providing power. For this,
there must be some feedback on the
status of the output signal.

Now that we know the factors that
are going to control the arming of the
alarm system, let’s make a list of
what is to happen and when:

(1)Whenever the RESET switch is
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ing a third rule from Boolean alge-
bra, which converts an OR term to a
NAND term:
X +Y =XY (rule 3).
By setting X=B and Y =C, we ob-
tain: S
E=A[D(B C)+BC] and
E=A[D(B C) + BC].
Applying rule 3 once more to the
equation, we get:

E = A[D(B C) BC].
(4) Convert The Equation
To A Circuit

Since the last equation uses only
AND and NAND terms, we will stop
here and use it to build our power
controller circuit. A circuit that illus-
trates how the various input signals
combine to produce the final output
isshown in Fig. 1. Although any logic
family could be used to implement
this circuit, it is best for automotive
applications to use low-power, high-
noise-immunity CMOS devices.

(5) Design The Timers

From our original specifications, we
know that three separate timing cir-
cuits are required, one each for exit
delay, entrance delay, and amount of
time the alarm sounds. The system
must also have an oscillator to-pulse
beep the horn, which is used here as
the alarm sounder.

It’s possible to build the delay and
oscillator circuits with ordinary
NAND gates. However, if we use a
special kind of gate, known as a

Schmitt trigger, we can minimize the
number of gates needed and simplify
the circuit’s design.

A Schmitt trigger provides a snap-
action output in response to a slowly
changing input. Snap action is made
possible by the Schmitt trigger’s Ays-
teresis, which is a dead band
throughout which no change in out-
put occurs.

To understand what hysteresis is,
refer to Fig. 2. Notice that voltage at
the input can increase substantially
without causing a change in output
voltage. At a point known as the up-
per threshold voltage, however, the
output suddenly and rapidly changes.
When input voltage decreases, there’s
a similar situation during which no
change in output occurs for quite a
while as the input voltage drops be-
low the threshold at which the device
initially switched high. The voltage
can continue to decrease in this dead
band until a second voltage—the
lower threshold voltage—is reached.
Output voltage then rapidly drops.

The dead band and rapid switching
make Schmitt triggers ideal for clean-
ing up noisy signals and for use in
timing circuits. Except for these
special characteristics, Schmitt-
trigger gates are identical to other
logic gates and can be used as replace-
ments for them.

We’re going to use two 4093
Schmitt-trigger NAND gates in our
alarm. These quad 2-input NAND-
gate ICs function similarly to the
standard 4011 NAND gates used in

Fig. 1. The power controller of the passive alarm is built around eight 2-input
NAND gates, implemented with a pair of quad NAND integrated circuits.
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Fig. 2. By plotting input vs. output
voltage of a Schmitt trigger, the up-
per and lower threshold points at
which the device switches are ob-
tained, as shown here.

Fig. 3. The power-off timer uses only

one gate, a resistor and a capacitor to

produce an output that is low for a

given period of time and then goes
high and remains there.
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Fig. 4. The power-on timer provides
an output voltage for a specified
period of time and then goes low

the power controller. Some uses will
be in timing circuits, others will be as
ordinary logic gates.

Schmitt triggers can be used to pro-
duce two basic types of timers. One is
a power-off timer whose output goes
low for a specified period of time and
then goes high and remains high for
as long as power is applied (Fig. 3).
The other is a power-on timer whose
output goes high for a specified pe-
riod of time and then goes low and re-
mains low for as long as power is ap-
plied (Fig. 4).

The power-off timer in Fig. 3 con-
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sists of asingle gate whoseinput has a
resistor (R) to ground and a capacitor
(C) connected to the positive voltage.
supply. When voltage is first applied
to the circuit, a very rapid input
change occurs for a fraction of a sec-
ond as C charges. During this time, C
appears as a short circuit to the
changing voltage, applying a positive
voltage to the input of the Schmitt-
trigger gate.

Since the gate is an inverter, its out-
put immediately goes low. After the
first fraction of a second, the voltage
applied to C is no longer changing
(it’s a constant dc¢ voltage), so C
blocks the flow of current.

In the meantime, the positive volt-
age that initially got through is decay-
ing. When it drops below the low
threshold point, the Schmitt trigger’s
output switches back to high and re-
mains that way for as long as power is
applied. The amount of time re-
quired for the voltage to drop to the
low threshold point is calculated
from the formula T=0.7RC, where
Tis in seconds, R is in megohms, and
C is in microfarads.

The Fig. 4 power-on circuit is very
similar to the power-off circuit, ex-
cept that the positions of R and C are
reversed. In operation, the charge on
C is initially zero and the output is
high. As the charge builds up, it
reaches the upper threshold point,
causing the gate’s output to switch
low and remain low for as long as
power is applied. The time constant
formula for the delay in switching is
T=1.05RC.

The only other circuit that requires

a Schmitt trigger to operate well is the
astable multivibrator (oscillator)
shown in Fig 5. It uses only one gate,
one resistor, and one capacacitor,
with resistor R providing the positive
feedback required to sustain oscilla-
tion. When power is first applied to
the circuit, C has no charge on it and
the input is low, forcing the output
high. As the output goes high, cur-
rent flows back through R and starts
to charge C. The voltage on C rises

1

Fig. 5. An astable multivibrator can

be formed with a single Schmitt trig-

ger gate when aresistor is used to pro-

vide the positive feedback required to
sustain oscillation.

exponentially until it is great enough
to trigger the input with a logic high
and force the output low.

Because Cis still charging when the
input to the gate is triggered, how-
ever, current begins to flow through
R once again, this time in the oppo-
site direction. Capacitor C now dis-
charges exponentially until its charge
drops below the low threshold point,
causing the cycle to repeat itself. Fre-
quency of oscillation is calculated
from the formula F,=[1/(1.4RC)],
where F, is in Hz, R is in megohms,
and Cis in microfarads.

If a 2-input NAND gate (Fig. 6) is
used instead of a simple inverter, the
oscillator can be gated on and off.
For example if the second input is
connected to the positive supply, the
circuit will oscillate as usual. How-
ever, if the input is set low, by con-
necting it to ground or the negative
side of the power supply, the oscilla-
tor will cease to operate and its out-
put will go high.

(6) Powering The Timers

We now need a circuit to control the
power going to the timers that, in
turn, controls how long the alarm
sounds. We’ll call this the timer

power controller so as not to confuse
it with the main system power con-
troller. The timer power controller
must know three things before it can
determine that an alarm condition
exists and the horn should be
sounded. It must know if: the exist
delay time has expired; a door has
been opened; and the timer that con-
trols how long the alarm is on has
been activated.

Let’s see how this circuit deter-
mines when to turn on the alarm
horn:

(1) If the delay time has expired,
the door is closed and the alarm is not
active, it should remain inactive.

(2) If the exit delay time has
passed, the alarm is not yet active and
the door has been opened, the alarm
should be activated.

(3) Once activated, the alarm
should remain on while the door is
open.

(4) Even after the door is closed
and the alarm is armed, the alarm
should remain on for a full 2 minutes.

(5) If the exit delay time has not ex-
pired, the door is closed and the
alarm is not on, it should not be
turned on.

(6) Even if the door is opened while
theexit delayisactiveand thealarm is
off, the alarm should remain off.

(7) If the exit delay timer gets stuck
in the active mode, the door is open
and the alarm is already on, it should
remain on.

(8) Even if the door is closed, as
long as the alarm is already on, it
should remain on.

The last two combinations of in-
puts could not normally occur in a

Fig. 6. If a2-input NAND gate is used to build an astable multivibrator, the oscil-
lator can be gated on by applying a positive voltage to the unused input.
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properly operating system and can be
ignored. They’re included here as a
safety factor should the exit delay
timer get stuck in the active mode.
Besides, it doesn’t cost any more to
implement, even if this capability is
never needed.

A summary of the power timer
controller’s operation, in words, is
shown in Table 3. Applying the same
rules used for Table 2, this becomes
the logic truth table shownin Table 4.

(7) Equation For The
Timer Power Controller

The next step is to convert Table 4 in-
to an equation that, in its final form,
can be implemented with only AND

and NAND gates:
H =BFG + BFG + BFG + BFG
+ BFG
H =F(BG + BG + BG) + FG(B
+B)

H =F[B(G + G) + BG] + FG
H=F(B+BG)+FG
H=F(B+G)+FG
H=FB+FG+FG
H=G(F+F)+FB

H=G+FB

H=GFB

The final equation allows the cir-
cuit in Fig. 7 to be implemented. To
do this, however, we must have the
inverse of both the B and F signals
available. The first is available from
the system power controller. By
choosing the proper timer, in this
case, the power-off timer, we can
generate the inverse of F directly,
without an extra gate.

As in the case with the system
power controller, this circuit pro-
duces a positive output all the time
power is to be applied to the timer cir-
cuits. Since neither power controller
can directly supply the current re-
quired to power their respective cir-
cuits, the output of each is used to
operate separate transistor switches
that can provide the required power.

Since the output signal is high
when power is required, a transistor
that gets turned on by a positive

(B) F)
door exit
status delay

1 closed
open
open

closed

closed
open

closed
open

(B) (F)
door exit
status delay
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o
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n
x
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Fig. 7. The timer power controllerisa
lot simpler than the main power con-
troller and requires only three gates
to provide all of the proper signals.

voltage must be used. Hence, we use
a general-purpose npn transistor,
such as the 2N2222 specified. Of
course, just about any other general-
purpose npn switching transistor will
do as well.

(8) Finishing The
Timed Alarm Section

The voltage that turns on the gated
astable multivibrator that controls
the beeping of the horn must be posi-
tive for the on and negative for the
off conditions. Therefore, the timer
used to control the duration of the
alarm must be a power-on timer.

G) (H)
alarm turn or keep
timer on power on
no
e
es e
es
o
o
yes yes
yes yes
(&) (H)
alarm turn or keep
timer on power on
0
0
1
1
0
0
|
1

When multivibrator /C4Din Fig. 8
is not oscillating, its output is high.
Since we want the relay (K/) that op-
erates the horn to be off when the
multivibrator is not oscillating, anin-
verter is used to correct the signal.
This inverter (/C5B) also acts as a
buffer for the oscillator. The signal is
then fed to 2N2222 transistor Q3.

Although the alarm duration timer
starts as soon as the door is opened,
we want the beeping of the horn to be
delayed for 15 seconds to permit you
time to get into your vehicle, close the
door, and turn on the ignition. A
15-second power-off timer control-
ling the input to the multivibrator is
what is needed. This timer can be im-
plemented by ANDing the signals of
the 15-second power-off and 2-min-
ute alarm timers. Since NAND gates
are used, the output of a NAND gate
must be followed by an inverter to
obtain the AND function.

For the reset function, the signal
applied to the circuit must be high
when the switch (S2) is open and low
when closed. This is most easily ac-
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