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DESIGNING THE EXTERNAL INTERFACE TO AN INDUSTRIAL OR AUTOMO-

TIVE APPLICATION CAN BE CHALLENGING FOR AN UNINITIATED SYSTEMS

ENGINEER. THE BOUNCING OF SWITCH AND RELAY CONTACTS CAN PRO-

DUCE ARCS THAT THREATEN SYSTEM RELIABILITY. ESD CAN ALSO THREAT-

EN RELIABILITY AND UPTIME. FORTUNATELY, THERE ARE WAYS TO EASE

THE TASK OF DESIGNING AN INTERFACE BETWEEN THE INPUTS OF A mmC

AND A HOSTILE INDUSTRIAL OR AUTOMOTIVE ENVIRONMENT.

Textbooks depict the ideal operation of
switches and relays as a single transition that oc-
curs instantly on actuation followed by zero on-

resistance. Unfortunately, this ideal operation has
never existed. Real switches and relays exhibit a finite
resistance called “contact resistance,” which increas-
es over time with the number of actuations. Fur-
thermore, as a switch or relay changes state, the con-
tacts travel through several open-close cycles called
“contact bounce” before coming to rest in the
final state. A digital control system could inter-
pret these transitions as four separate contact clo-
sures. Contact bounce is unacceptable because au-
tomotive- and industrial-control systems require
accurate, real-time data in the form of definite state
changes (Reference 1).

SPECIFY SWITCHES FOR LOAD, AC-VOLTAGE RATING

Contact resistance for new switches ranges from
less than 50 mV to 100 mV, depending on the con-
tact material, power loading, environmental condi-
tions, and switch usage (Reference 2). In Figure 1, a
pushbutton switch supplies 24V, which is a typical
industrial-control voltage, to the resistor. At least
four major switching transitions occur before the
output comes to rest at 24V. In some cases, this rap-
id contact bounce produces a changing resistance
as the moving contact wipes across the stationary
contact.

Factors that affect the rated capacity of a switch
include the power factor, ac or dc voltage, voltage
amplitude, the magnitude of current through the
switch, and the type of load, such as a lamp or mo-
tor. The load can be resistive, inductive, or capaci-
tive. Manufacturers typically specify a switch’s ac-

voltage rating at a given current level and power fac-
tor. The operating voltage must be less than this ac-
voltage rating.

The type of load on a switch drastically affects its
rating. A resistive load, such as a tungsten heater, is
the least stressful. Both inductive loads and motor
loads place additional stress on the switch as it opens
and closes. The bouncing switch contacts can en-

Interfacing switches and relays
to the real world in real time

When a pushbutton switch applies 24V to the resistor (a), at least four major
switching transitions occur before the system comes to rest at 24V (b).
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counter inrush currents three to 10 times
greater than steady-state levels. Bounce
occurs during both opening and closing,
and the resultant arcing causes contact
wear, higher resistance, and lower relia-
bility.

Lamp and capacitive loads represent
the worst case. At the instant of switch
closure, both of these loads subject the
switch to a short circuit. A lamp’s cold re-
sistance is close to 0V, and a discharged
capacitor is a short circuit at the instant
you apply voltage. This state change can
produce inrush currents as many as 100

times the steady-state value. To com-
pound the problem, switch contacts are
bouncing during this short-circuit inter-
val (Reference 3). High current levels and
bouncing contacts produce severe arcing
across the switch contacts, which causes
contact erosion.Worse, repeated cycles of
switch operation with severe arcing can
create a short circuit by welding, or fus-
ing, the contacts together.

CONTACT MATERIAL AND POWER LEVEL

Other items to consider when specify-
ing a switch for automotive or industri-

al environments are power level and con-
tact material. You usually specify silver
contacts for power levels greater than 0.4
VA, known as high-level range or wet-
contact rating. This power level allows
enough arcing to remove any silver tar-
nish, or oxidation, which increases the
contact resistance. Thus, minimal arcing
is beneficial, but the excessive arcing
caused by a lamp or capacitive load de-
stroys the switch contacts.

For power levels of less than 0.4 VA,
known as the low-level range or dry-con-
tact rating, you should specify gold-plat-

ESD PROTECTION
Studies show that ESD accounts
for 10 to 30% of all failures (RReeff--
eerreennccee  AA). Though many excel-
lent books discuss ESD in detail
(RReeffeerreennccee  BB), a brief glimpse
into that complex world is still
helpful.

A surface can easily gain elec-
trons (negative charge) or lose
electrons (positive charge) when
two materials come in contact
and rub together. Triboelectrifica-
tion (rubbing) causes electrons
to collect in pools on noncon-
ductive surfaces because for volt-
ages of less than 2 kV, the elec-
trons cannot go through or over
a nonconductive surface. Such
pools form positive or negative
electrostatic fields, producing
voltage gradients between the
surfaces with a force field that
can pull or push the charges.
The fields near these pools are
intense, but the charges (elec-
trons) prefer to disperse over
and through a conductive sur-
face. John M Kolyer provides the
analogy of a pool of water with
an extremely thin dam across the
center (RReeffeerreennccee  BB). Adding wa-
ter (electrons) to one side of the
pool exerts a force toward the
lower pool perpendicular to the
dam, causing the dam to eventu-
ally break (ESD discharge) and
allow water (electron flow) into
the lower pool (conductive sur-
face). This analogy and the con-
cept of electrons in pools hold
for voltages of less than 2 kV. Be-
cause a voltage gradient of 100V

typically destroys MOSFET gates,
the low-cost, minimal resistor
count, software-debounce circuit
definitely leaves a system at risk
for ESD damage to the mC.

Voltages greater than 3 kV are
high-voltage ESD, and the con-
cept of a pool of electrons on a
nonconductive surface no longer
applies. At these higher voltages,
the excess charge on a noncon-
ductive surface easily ionizes the
air and discharges, via a spark, to
any nearby conductive surface.
The spark allows current to flow
from one surface to the other
through the air. Lightning is an
excellent example of this form of
discharge. Sharp corners on a
conductive surface at higher volt-
age tend to concentrate the E-
field lines of force, which more
easily ionizes the air in a corona
discharge. For this condition at
10 to 20% relative humidity, the
risk of ESD hazard runs very
high.

Objects can generate static in
many ways, such as when you
rub together two surfaces (tribo-
electric charging) or peel a piece
of plastic tape from a pc board.
Canned cryogenics common for
troubleshooting can generate
charged droplets. As another ex-
ample, the failure of high-voltage
insulation in a vehicle’s high-volt-
age spark system can develop
voltages high enough to cause
corona discharge between sur-
faces.

When designing for ESD-

damage prevention, you should
consider environmental factors
such as humidity, which reduces
ESD but does not eliminate it.
Conductive wrist straps and mats
should be part of the ESD-safe
workplace. Conductive materials
should be grounded, and this
rule applies especially to screw-
drivers. Screwdrivers are conduc-
tors with sharp corners, noncon-
ductive handles, and
ungrounded tips begging for
ESD.

Note that grounding is useless
on nonconductive surfaces. Cir-
cuits that may come in direct or
indirect contact with ESD sources
must, therefore, have some type
of ESD protection. Conductive
keypads alone will not provide
protection if a service technician
can possibly discharge his or her
screwdriver into the input of a
mC.

TVS (transient-voltage-sup-
pression) diodes and ICs can
protect a system from ESD and
transients. TVS diodes provide a
low clamping voltage with no
degradation of themselves. They
are available from several manu-
facturers, with working voltages
of 5 to 24V. When specifying
leaded TVS diodes (that is, not
surface-mount types), keep the
leads as short as possible to
eliminate lead inductance, which
nulls the diode’s benefit by in-
creasing its response time.

The circuits in FFiigguurreess  22bb and
55 each provide ESD protection

for the mC inputs. The IC inputs
can handle 625V and provide
ESD protection to 615 kV. The
ESD protection exists during all
states of normal operation, pow-
er-up, power-down, and shut-
down. This type of ESD and in-
put protection is ideal for
automotive and industrial appli-
cations. The benefits of an ESD-
protected debouncing IC include
ESD protection and debouncing
in the same package, thereby
minimizing the pc-board area,
reducing the parts count, and in-
creasing the system’s reliability
and robustness.

Reliability and robustness have
become central issues for auto-
motive designers, as vehicle
manufacturers develop vehicles
that steer and brake by “wire.”
Vehicles may soon have electric
motors that provide power-as-
sisted steering, braking by mo-
tors on each wheel, fuel throttles
with motor-controlled accelera-
tion, and more. All these innova-
tions will require larger wiring
harnesses, yet the present har-
nesses are already subject to
transient faults.
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ed contacts. Because these power
levels lack sufficient ener-
gy to cause arcing, silver
contacts become encrusted with
contact oxide, which is an insulat-
ing material. Therefore, the contacts
fail to close the circuit. Plating the
silver contacts with gold, however,
prevents tarnish and thereby ex-
tends the contact life to that of its
mechanical-life rating. Also for the
low-level range, you can use bifur-
cated contacts, which are two-
pronged parallel switch contacts, in
place of domed contacts. The two
prongs provide a wiping action that
maintains reliability by helping to
remove the contact tarnish.

To avoid signal degradation due
to contact wear, you should not
route signals through switch con-
tacts that also perform power-level
control, such as contacts that
control motors, lamps, and sole-
noids. Also, any contacts that
provide signals to a mC or an in-
dustrial-control system must in-
corporate signal debouncing us-
ing hardware or software
(Reference 4).

With design cycles that now
last months instead of years, discovering
midway through a project that your mC
in not operating in real time because its
internal resources—timers, RAM, inter-
rupts, and even polling to debounce in-
puts—are stretched beyond capacity has
become a serious problem. You need a
design approach that reduces the total
system cost, places minimal dependence
on the mC (software and RAM), requires
minimal pc-board space, and contributes
to system reliability.

DEBOUNCING FOR CLEAN STATE CHANGES

As Figure 1 demonstrates, a simple
pulldown resistor is not enough to en-
able a switch to make a clean and defi-

nite state change. Figure 2 illustrates a
typical textbook solution to the switch-
bouncing problem. Two resistors and
two NOR gates form an R-S latch (Fig-
ure 2a). The two resistors pull down the
R or S input when the switch is open and
limit the flow of current to ground if the
switch contacts fuse. A truth table for
the R-S latch illustrates its operation
(Table 1).

The Q output is logic high when the
switch setting is in the S position. Thus,
contact bounce simply causes a logic low
at the S input. This input is a holding
state because the pulldown resistor at R
holds this input at logic low. The con-
verse holds when the switch is in the R

position: Q is at logic 0 and also
maintains a holding state in the
presence of contact bounce (Refer-
ence 5.) This circuit is acceptable,
but it requires two extra NOR
gates. There is room for improve-
ment.

One disadvantage of this de-
bouncer circuit is the spdt switch,
which is more expensive and larg-
er than an spst switch. The larger
switch, resistors, and NOR gates re-
quire more pc-board space. Fur-
ther, the truth table’s “unstable
state” indicates that the state of Q is
uncertain when both inputs are si-
multaneously logic high. This con-
dition can easily occur when trou-
bleshooting in the field—if, for
instance, a meter lead shorts the
low and high inputs.

Make-before-break switch con-
tacts allow unstable states to oc-
cur, so the contacts for this cir-
cuit must be break-before-make.
Because the circuit does not pro-
vide voltage-level shifting, you
must run three wires to the
switch. The additional circuitry
and pc-board space increase sys-
tem costs.

An alternative technique uses a
switch-debouncer IC to reduce the com-
ponent count, the power consumption,
and the pc-board space (Figure 2b). IC

1

is a CMOS switch debouncer that con-
nects directly to an spst switch. The IC’s
input has a 63-kV pull-up resistor for
logic-high inputs, which saves pc-board
space. Capacitor C

1
decouples the V

CC

pin. Closing the switch pulls the IN pin
low and provides a logic low at the OUT
pin. The OUT pin does not change state
until the IN pin is stable for 40 msec,
which hides the effect of any contact
bounce.

A not-so-obvious advantage of this
circuit is resistive loading of the switch
by the internal 63-kV resistor, which
ensures reliability and an indefinite
switch life. Disallowed states do not ex-
ist in this circuit, because the input is ei-
ther low or high. Moreover, the IC’s un-
dervoltage-lockout circuitry ensures a
condition crucial in automotive and in-
dustrial applications—that the OUT
pin is in a known state during power-
up. The circuit improves reliability and
lowers system costs by requiring fewer
components, a less-expensive spst

In a textbook debouncing circuit, an spdt switch controls an
R-S latch comprising two resistors and two NOR gates (a).
An spst switch controls a CMOS switch-debouncer IC (b).
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TABLE 1—R-S LATCH SWITCH DEBOUNCER
R input S input Q output
L L Hold last logic state
H L L
L H H
H H Unknown state; not allowed

LISTING 1—SUBROUTINE FOR PSEUDO POLLING CODE
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switch, and only two wires connected to
the switch.

DEAL WITH RELAY BOUNCE

Like switches, relay contacts have a fi-
nite contact resistance that increases over
time with repeated actuations. The typi-

cal contact resist-
ance of a new re-
lay ranges from
less than 50 mV
to 200 mV (Ref-
erence 6).

The actuation
of a relay is also
mechanical. Un-
like the switch,
however, an spst
relay has only one
movable contact,
which connects
electrically by a
wire to one of the
external-contact
terminals. The
stationary contact
connects to the
other external
contact. Relay

contacts also make several open-close cy-
cles of contact bounce before coming to
rest in the final state. This contact-
bounce interval is in addition to the re-
lay’s operate and release times, which can
measure tens of milliseconds.

Figure 3 shows the voltage across a re-

sistive load after actuating an industrial
relay that supplies 24V to the resistor. At
least 12 major switching transitions are
evident before the contacts come to rest
at 24V. An automotive mC or industrial
control system would interpret these
transitions as multiple cycles of the relay
contacts.

Similar to switches, a relay’s worst-case
loads are lamp and capacitive loads.
These loads subject the contacts to addi-
tional stress by creating a short circuit at
the instant the relay contacts open or
close. You should, therefore, specify the
contacts of a relay for the type of load you
expect in the application. Unlike switch
contacts, manufacturers rate relay con-
tacts by their ac/dc resistive-load and
“contact-horsepower” capabilities. The
contact-horsepower rating provides the
maximum motor loading that a relay can
withstand without premature failure.

Relays that you use in industrial- and
automotive-control systems for the pur-
pose of isolating one power source or
ground from another are subject to the
same “dry” and “low-level” ranges of
power dissipation. You must specify
gold-plated or bifurcated relay contacts
for signal-power levels of less than 0.4
VA. If you use a power-level relay with
silver contacts, you can soon expect field
failures. Contact bounce with high-lev-
el current flow subjects the relay contacts
to the type of contact failure you see in
switches. Again, signals that power mo-
tors, solenoids, or similar components in
an automotive- or industrial-control
system should not route through con-
tacts. You should use a separate set of
contacts for these signals.

As signal translators, the relay and re-
sistor are inadequate for providing a
clean signal to a mC or control system.
Figure 4 shows a textbook debouncer
applied to relay contacts for a system mC
(Reference 7). A process sensor, such as
a remote pressure switch, actuates the re-
lay mounted on the control board with
24V dc. The time-constant value of the
RC lowpass filter should be large enough
(20 to 200 msec) to mask any bounce
time that the relay contacts introduce. As
each capacitor charges and discharges,
the corresponding Schmitt-trigger gate
provides output changes with hysteresis
and a sharp, definite switching transi-
tion. This circuit requires polling soft-
ware, and its high parts count requires
more pc-board space. For a typical 8-bit

After applying 24V to an industrial relay (a), at least 12 transitions occur before the contacts come
to rest at 24V (b).
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LISTING 2—SUBROUTINE FOR PSEUDO INTERRUPT CODE

LISTING 3—SUBROUTINE FOR PSEUDO 
TIMER/COUNTER DEBOUNCING CODE
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input module, the circuit in-
cludes two 74HC14 Schmitt-
trigger ICs, eight capacitors, and
16 resistors.

WORKING WITH POLLING SOFTWARE

Listing 1 is a pseudo-port-
polling subroutine that
monitors the relay in Fig-
ure 4 for changes in the contact
state. For each pass through the
main loop, the main program
jumps to the Check_Port sub-
routine, reads input data, and
stores it in the Port1 memory lo-
cation. The subroutine compares
Port1 data with old port data in
the Port_P memory location,
and performs a bit test at line 4.
If no input bits have changed
since the last reading of Port1, or
Port_P contains previous data,
the program execution exits this
subroutine and continues again
at the main program. If bits have
changed, the subroutine adds
“1” to the Count memory loca-
tion. The routine then compares
the Count value with the con-
stant “N_Pass_Value,” which is
the number of passes
through the main pro-
gram before the program as-
sumes the relay is debounced. If
the Count value is less than
N_Pass_Value, execution re-
turns to the main pro-
gram. If Count equals
N_Pass_Value, the subroutine
sets Count to zero and copies the
new Port1 data into Port_P, and
execution passes from the sub-
routine back to the main pro-
gram.

An alternative approach re-
quires far fewer components
and relies less on software to de-
termine when a relay or switch
contact has changed state (Fig-
ure 5). It, therefore, improves
data-processing time in the mC
or control system. A CMOS
switch-debouncer IC feeds all
eight inputs to the mC. A change-of-state
pin, CH, goes low when a state change
occurs. CH connects to the Interrupt Re-
quest pin, IRQ, of the mC. The mC tog-
gles the IC’s EN pin low to read the out-
put data and resets the CH signal to high.

This approach does not require a polling
routine, only a simple interrupt-servic-
ing routine. The result is a significant im-
provement in real-time data processing
by mCs in automotive and industrial ap-
plications.

Listing 2 shows a pseudo-code
interrupt-service subroutine for
the circuit in Figure 5. Listing 2
does not appear to have an advan-
tage over Listing 1 in code length,
but its advantage is significant for
processing input data in real time,
which automotive and industrial
applications require. Most impor-
tantly, the interrupt-service routine
runs only when new data is avail-
able, which is when the relay or
switch changes state. This action al-
lows the processor to perform oth-
er time-intensive routines and
handle the data closer to real time.
The Check_Port subroutine in

Listing 1 must run during each
loop of the main program, regard-
less of whether new data is avail-
able. This subroutine also requires
an extra byte of RAM for Port1
data, which may be unavailable
when you are using an 8-bit mC in
a real-time data application. As
mentioned earlier, system re-
sources, such as RAM and real-time
data processing, show signs of
strain only late in the design cycle.

Figure 6 with Listing 3’s pseudo-
polling debouncing routine checks
for changes in the state of the relay
contacts with minimal use of hard-
ware, resistors, or software. The re-
sistors pull down the mC input pins
when the relay contacts are open.
R depends on the type of specified
relay contacts, considering the con-
tact material and load current. Pro-
gram execution jumps to the sub-
routine DB_Check_Port (Listing
3) during each pass through the
main program. The subroutine
(lines 1 through 3) reads input data
and stores it in the Port1 memory
location for comparison with old
port data in Port_P memory loca-
tion. The code at line 4 performs a
bit test. If no bits have changed
since the last reading of Port1, exe-
cution exits the subroutine and
continues at the main program.
(Port_P contains previous data.)

When bits have changed state, a
timer/counter loop (lines 6 and 7) marks
50 msec by ticking away CPU clock cy-
cles.After that interval expires, Port1 data
transfers to the Port_P memory location
for use by the main program.

A switch-debouncer IC feeds eight inputs to a mmC and activates
an interrupt-servicing routine.
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A minimal-component relay interface to a mmC is slow and pro-
vides no ESD protection on the input lines.
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A standard 8-bit debouncer circuit for a mmC relies on RC low-
pass filters to mask relay bounce and Schmitt-trigger gates to
provide sharp switching transitions.
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This approach has two
main problems: It
wastes CPU time,
and it provides no ESD or
transient protection on the
input lines. Slowing the
data-processing time for a
timer/counter loop is an un-
acceptable practice in auto-
motive and industrial appli-
cations because these
systems must handle sensor
and system-control signals
in real time. Further, this de-
sign provides no input pro-
tection for the mC pins be-
cause the pins connect
directly to the relay termi-
nals. Anyone replacing the
relay can easily compromise
the mC’s integrity by allow-
ing ESD directly into the mP
pins (see sidebar “ESD pro-
tection”).

AUTOMOTIVE ENVIRONMENT

Without exception, au-
tomotive environ-
ments challenge de-
sign engineers. Automotive
systems must survive tem-
peratures of 2408C to 1708
C, continuous mechanical
vibration, and contami-
nants, such as lubricants,
coolants, and other liquids.
Other potential problems
are static overvoltages and
reverse voltages, switching
spikes, transients from par-
allel and series loads, low-voltage noise
transients, and load dumps.

You must consider the possibility of
static overvoltage or reverse-polarity
voltage from the vehicle’s battery system.
The vehicle power rail carries maximum
voltages of 24V when jump-starting a
dead battery. A mC’s power supply must
be able to withstand this voltage, as must
any input that can short circuit due to a
component failure or the action of a serv-
ice technician. Inadvertently connecting
a vehicle battery in reverse exposes all sys-
tems that connect to the vehicle’s power
rail to negative voltage. Referring again to
Figure 2b and Figure 5, protection on the
debouncer IC inputs can handle 625V,
or a logic high of 25V and a logic low of
225V.

As an alternative, you can protect each
input by installing a series resistor and
back-to-back zener diodes, or transient-
voltage-suppression diodes in parallel
with the pulldown resistor of Figure 2a.
For further protection, the mC’s power
supply should also include a reverse-pro-
tection diode in series with its input.

When you disconnect or turn off par-
allel-connected inductive loads, such as
fuel pumps, relays, horns, solenoids, and
starter motors, they can generate nega-
tive-voltage transients as great as 2100V
on the power rail. Similarly, positive-
voltage transients of as much as 100V can
develop when you disconnect a series-
connected load, such as a switch in the
rear of the vehicle, from an inductive
component, such as a long wiring harness

that supplies 12V to the rear
of the vehicle. The wiring
harness in a vehicle contains
distributed capacitance and
inductance that can super-
impose 6100V switching
spikes on the vehicle’s 12V
power rail. ESD and tran-
sient-input protection is a
must in this environment.

When the low impedance
of an engine’s starter motor
is cranking the engine over,
the resulting heavy current
can produce low-voltage

noise transients by momen-
tarily depressing the 12V
power rail to levels as low as
5V. This problem is especial-
ly troublesome during cold
weather when the oil viscos-
ity is higher than during
warm weather. Moreover, the
starter motor’s rotational
speed during starting is not
continuous but varies due to
the effect of mechanical
components that attach to
the crankshaft. The result is a
variation of the level in the
low-voltage transient. The
electronic-module system
controls should, therefore,
have sufficient “carry-over”
capacity, or power-supply in-
put capacitance, to allow op-
eration during these low-
voltage transients. One
advantage of circuit inte-
gration and fewer compo-

nents is less power dissipation, which al-
lows a smaller carry-over capacity.

WATCH FOR LOAD DUMPS

The last hazard to consider is a load
dump, which occurs when an air-condi-
tioning clutch, flashing headlamps, or
other large load suddenly disconnects
from the power rail. If the engine is ac-
celerating or running at high speed, the
alternator’s field-excitation circuit, which
has a time constant of 40 nsec to 400
msec, can subject the power rail to volt-
ages of 10 to 120V.

Designers must consider all the above
factors when designing a control system
for the automotive environment. Figure
7 shows a simple view of the various
loads that connect to a power rail, with

A vehicle wiring-harness model includes harness inductance, LH; resistance,
RH; and capacitance, CH.
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Discrete components provide debouncing and HCMOS input-protection (a). A
debouncer IC includes an internal resistor for transient protection (b).
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their associated distributed induc-
tances, capacitances, and resistances.
Connecting a switch that simply signals
an event, such as an alarm door switch
or a transmission shift-point pressure
switch, exposes the controller input to
all the previously mentioned transient
hazards.

Figure 8a illustrates input protection
for a typical HCMOS device that con-
nects to the power rail.You choose R

1
and

R
3

to limit current through the switches
when they are closed during dry- or wet-
contact conditions and also to pull the in-
puts up to 12V. C

1
and C

3
, which are typ-

ically small, 22- to 100-nF ceramic
capacitors, decouple to ground any RF
interference from sources such as the ig-
nition system and CB radios. R

2
and R

4

limit currents to the HCMOS inputs dur-
ing a worst-case transient voltage of
150V. Finally, C

2
and C

4
in conjunction

with R
2
and R

4
form an RC debouncer for

the input, providing a typical time con-
stant of 50 to 200 msec.

Another alternative employs an IC that
includes two ESD-protected debouncers
in a SOT-23 surface-mount package
(Figure 8b). At first glance, the transient
protection of Figure 8a appears to be
missing, but that protection is unneces-
sary for the IC inputs. R

1
and R

3
are un-

necessary because IC
1

includes a 63-kV
resistor. C

1
and C

3
are optional and typ-

ically unnecessary because the input pro-
tection is internal to IC

1
. Built-in resistors

in IC
1

limit input currents.
Finally, the RC debouncer combina-

tion of C
2

and C
4

with R
2

and R
4

is un-
necessary, because IC

1
debounces signals

for at least 40 msec after the contact
bounce has settled. IC

1
’s low supply cur-

rent (6 mA typical) allows the system to
handle low-voltage noise transients with
less holdup capacity. The Figure 8b cir-
cuit also provides undervoltage lockout
for protection when the vehicle battery
disconnects or reconnects.

An item overlooked by electronics de-
signers but of concern to automotive en-
gineers is the mechanical shock waves
that pressure switches and other trans-
ducers transform into electrical signals.
For example, a pressure switch monitors
the hydraulic fluid in an automatic trans-
mission during acceleration, both to in-
dicate the appropriate shift point for the
transmission and to send a signal to the
engine-controller mC. Because neither
this fluid pressure nor the voltage on a ca-

pacitor or current through an inductor
changes instantaneously, the pressure
output includes overshoot and ringing at
the shift point. Thus, the pressure-switch
signal requires debouncing not only for
contact bounce in the pressure switch,
but also to debounce the mechanical
shock wave. Switches that monitor
coolant pressure also require debouncing
because air in the engine coolant causes
cavitation, and temperature switches re-
quire debouncing to mask mechanical
and electrical effects. These mechanical-
shock issues also arise in industrial ap-
plications.k
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