ANTHONY J. CARISTI
I F YOU E N J O Y H I K I N G O R D R I V I N G

through mountainous country-but without knowing how
far above sea level you are-this
project will be of interest. It's a
simple, easy-to-build, compact
electronic altimeter that provides altitude readings from
zero to 1999 feet with a resolution of 1 foot. The device has a
3%-digit LCD readout and is
powered by a common 9-volt
battery.
The altimeter's small size and
light weight allows it to be easily
carried wherever you travel. The
modest power drain of the circuit ensures many hours of ope r a t i o n o n a s i n g l e 9-volt
battery. If desired, the instrument can also be powered by the
12-volt electrical system of any
vehicle.
The electronic altimeter is a
pneumatically operated device
that responds to absolute atmospheric air pressure. It operates on the same principle as
the aneroid altimeters found in
every aircraft.
Absolute atmospheric pressure is a mathematically definable parameter that varies inversely with altitude. At sea level
the pressure is 14.7 pounds per
square inch, and decreases as
altitude increases.
The heart of the altimeter is a
high-quality solid-state absolute-pressure sensor that is sensitive enough to detect changes
in altitude as small as one foot.
The surrounding circuitry amplifies the analog voltage output
of the sensor, and converts it to
digital form to drive the display
cu
Z
.-

Bal

$
2
50

The sensor
The pressure sensor was developed by Motorola Semiconductor Products, Inc., Phoenix,
AZ. It's designed to respond to
absolute atmospheric pressure,
which is defined a s pressure
measured with respect to a perfect vacuum (zero pounds per
s q u a r e inch absolute, or 0
PSIA). Over the altimeter's range
of interest, 0 to 1999 feet, the
absolute atmospheric pressure
varies from 14.696 PSIA to
13.67 PSIA (which corresponds

to 29.92 to 27.82 inches of mercury, respectively).
Inside the sensor is a monolithic silicon piezoresistor that
is ion-implanted on a thin silicon diaphragm. The pressure
sensor contains two chambers
separated by t h e silicon diaphragm. One of the sensor's
chambers i s exposed to a t mospheric pressure by means
of an external port. The other
chamber is evacuated to as perfect a vacuum a s possible, and
sealed. That way the dfaphragm
constant
of the sensor is u n d e ~
stress in accordance with the
difference between atmospheric
pressure on one side, and an essentially "perfect" vacuum on
t h e other. T h e m e c h a n i c a l
stress placed on the diaphragm
(and the piezoelectric resistor)
causes the sensor to generate
an output voltage that is proportional to the applied pressure a s
seen by the open port of the solid-state sensor.

to 1999 feet), the sensor's outp u t voltage will change only
about 1.4 millivolts.
A differential amplifier, composed of three sections of a n
LM324N q u a d op-amp ( I C l ) ,
provides voltage amplification
of the sensor output. The gain
of the amplifier can be adjusted
by potentiometer R3 to allow for
the normal tolerance difference
between different sensors. The
DC voltage level at pin 8 of IC1 is
set to 2.5 volts when the altimeter is at zero altitude (sea
level). At 1999 feet, the amplifier
output falls to about 2.4 volts.
The DC voltage from the differential amplifier (IC1)drives
a n ICL7106CPL analog-to-digital (ND) converter (IC3). That
chip, which is used in many
commercial DMM's, converts
the differential voltage from IC1
to digital form and drives the
3Y2-digit liquid crystal display
(DSP1). An external reference
voltage, generated by R l P R 1 7 ,

Add new dimensions to your next trip
to the mountains with our pocket-sized
electronic altimeter,
Refer to the schematic of the
altimeter circuit shown in Fig.
1. The piezoresistor within the
sensor (IC4) is connected between pins 1 and 3, and is driven by the 5-volt power supply in
the circuit. The taps on the resistor, connected transversely
across the element, are brought
out to pins 2 and 4 of the sensor.
Under normal conditions in
which atmospheric pressure
causes a stress on the piezoelectric resistor, the sensor differential output voltage is a
finite b u t very small valueabout 20 millivolts. Over the
range of interest for climbers ( 0

provides the proper conversion
factor between the analog input
voltage and the desired digital
display in feet.
As described earlier, the output voltage of the amplifier section is set to 2.5 volts by R3
when t h e altimeter is a t sea
level. That voltage is fed to the
negative analog input of IC3
(pin 30). Since t h e altimeter
must read zero at sea level, the
positive input of IC3 (pin 31)
must see a constant 2.5-volts.
That way the differential input
voltage between t h e positive
and negative inputs will be zero,
and the display will read 000 a s

desired. As the elevation of the
altimeter increases, the voltage
fed topin30decreaseswhile the
voltage at pin 31 remains constant. As a result, the net difference in voltage is detected by
IC3 and converted into an increasing digital display readout
of altitude.
There is one other factor that
must be taken into consideration in a pneumatically sensing
altimeter of this type. Changing
weather conditions cause
changes in barometric pressure
from the standard value of 14.7
PSI (or 29.92 inches of mercury
at sea level). As with any altimeter that reacts to absolute
air pressure, the effect of changing barometric pressure must
be canceled out.
In this project the effect of
barometric pressure is canceled
o u t b y m e a n s of BARO SET
potentiometer R11 which can be
adjusted for about 2.4 to 2.6
volts at its wiper. Therefore, R11

must be set so that the voltage
at pin 14 of IC1-d causes the display to indicate t h e correct
known altitude at any reference
location. Once that is done, the
altimeter is calibrated for the
current barometric readingbut changing weather conditions can change the readings
significantly. You will probably
have to recalibrate the altimeter
before each use, or simply set it
to zero and use it to measure a
relative altitude.
Power for the altimeter comes
from a 9-volt battery or from a
vehicle's 12-volt electrical system. Either source is fed to a n
AN78L05 fixed 5-volt regulator
(IC2). The altimeter's modest
c u r r e n t d r a i n of a b o u t 6Y2
millamperes allows many hours
of operation from a 9-volt battery. When 12volts is usedas the
power source, a resistor and diode are used to isolate the altimeter circuit from any electrical transients.
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Construction
The altimeter is built using
two single-sided PC boardsone analog and one digital.
The two PC boards can be
made using the foil patterns
we've provided, or they can be
p u r c h a s e d from t h e s o u r c e
mentioned i n the Parts List.
Point-to-point wiring can also
be used. Parts-placement diagrams for the analog and digital boards are shown in Figs. 2
and 3, respectively.
You should use sockets for the
two DIP IC's, but because of the
limited space in the prototype's
enclosure, onlylow-profile sockets would fit. Do not install the
IC's i n t h e sockets u n t i l instructed to do so. Note that the
altimeter's accuracy will suffer if
metal-film r e s i s t o r s , w h e r e
specified. are not used. Also
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note that R20 and Dl (shown on
the analog board in Fig. 2) are to
be installed only if you wish to
power the unit from a vehicle's
12-volt source.
The pressure sensor should
be handled with care. Its leads
must be bent at right angles so
that the sensor lies flat on the
analog board. Use two longnose pliers when bending the
leads--one to prevent stress on
the lead where it enters the plastic body and the other to bend

it. Before forming the leads, locate pin 1of the sensor; it's identified by a notch cut into the
lead. Then you'll be able to form
the leads in the correct direction. Mounting hardware for
the sensor is optional because
the leads will hold it in place. No
pneumatic connection to the
sensor's pressure port is required, except calibration.
The LCD module can also be
mounted in a socket if you like;
you can make one for it by cut-

ting a 40-pin DIP socket in half
lengthwise. To keep t h e altimeter as compact as possible,
the LCD module is mounted on
the copper side of the digital
board, after all of the components are installed on the compcnent side. (You can install a
socket for the LCD now, b u t
don't install the LCD just yet.)
Mounting the LCD on the copper side allows the digital board
to be mounted on the cover of
the enclosure.

TAL BOARD

u n i t . Follow t h e wiring diagrams in Figs. 4 and 5 for the
selected power-source option.
Give the project one final visual
inspection before continuing
with the checkout. Figure 6
shows the author's prototype.

Electrical checkout
Before proceeding, make sure
the IC's are not in the sockets.
You'll need a n accurate DC voltmeter with a n input resistance
ANALOG
of at least 1 megohm to perform
POSITIVE
the checkout.
TO DIGITAL
BOARD
Use a fresh 9-volt alkaline battery o r a well-regulated DC
power supply to power the cirANALOG
NEGATIVE
cuit. If the power supply h a s
TO DIGITAL
current-limiting capability, set
BOARD
the limit to 10 milliamps to pro*OPTIONAL(SEE TEXT)
tect the project in the event of a
malfunction. (The normal curFIG. 2-PARTS-PLACEMENT DIAGRAM tor the analog board. Note the components
rent drawn by t h e circuit is
that are optional for 12-volt use. Also note the four connections that must be made to
about 6Y2 millamperes.) Set the
!he digital board (see Fig. 3).
supply for 9- or 12-volts output,
Obtain a clip for the 9-volt
pleted, power, ground, and the a s applicable.
First, check voltage regulator
battery, or salvage a connector
two differential output wires
taken from a n exhausted batfrom IC1-c and IC1-d must be IC2. Apply power to the circuit
tery. Be sure to observe proper
connected between the analog and measure its output voltage.
polarity on the battery conand digital boards, as indicated Anything between 4.75 a n d
nector. Power switch S1 and poin Figs. 2 and 3. Use insulated 5.25 volts is good. In case of
t e n t i o m e t e r R11 s h o u l d b e
stranded wire for those connec- trouble here, check the orientainstalled on the side of the entions and be sure to allow suffi- tion of C1 and IC2, and the poclosure, easily accessible to the
cient length to permit proper l a r i t y of t h e power supply.
user. If you are dealing with limmounting in the enclosure. In Measure the terminal voltage of
ited space (a small enclosure),
the prototype, the boards are the battery or supply while it is
use a miniature toggle or slide
placed one above the other.
powering the circuit to be sure
switch for S1. Once R11 is set,
it is delivering at least 7 volts to
it's best if it can not be accidenthe regulator. Disconnect power
12-volt power
tally changed during the use of
and measure the resistance beIf you want t h e option of
the altimeter. Therefore, R11
tween the 5-volt line and ground
powering the altimeter from a
s h o u l d b e a screwdriver-adto be sure there is no short cirvehicle's 12-volt source, R20
cuit. As a last resort, try a new
justed part. If mounting R11 is a
and Dl must be installed on the
problem, the resistor can be epanalog board. To allow opera- regulator.
Check t h e a n a l o g c i r c u i t
oxied in place next to the power
tion from either the 9-volt batswitch. A multiturn potentiomtery or 12-volt source, a mini- next. Insert IC1 into its socket,
and apply power to the circuit.
eter will make it easier to caliature jack can be installed in the
Measure the voltage at pin 8 of
brate the unit.
enclosure to allow connection to
A number ofjumper wires, laICl; adjust R3 for a reading of
the vehicle's electrical system
belled JU1J U 2 0 , are required
and still allow portable use. Be . 2.5 volts. Measure the voltage at
on the component side of the
sure to observe proper polarity pin 14 of IC1 while rotating podigital board to complete the cirwhen wiring the altimeter for
tentiometer R11 over its range.
cuit. You must solder a jumper
12-volt operation. You can make
Make sure the range of adjustwire b e t w e e n e a c h p a i r of
a power cable by putting a mini
ment is about 2.4 to 2.6 volts. If
plug on one end and, most like- you don't see the correct voltpads--JUI to JU1, JU2 to JU2,
ages, check the wiring and comly, a n automotive cigarette lightand so on. Use #24 or #26 insulated stranded wire. Examine
ponents associated with IC1.
er plug on the other. J u s t be
sure to plug the cable into the
both boards carefully for bad
Check the pressure sensor for
correct orientation. Try changaltimeter first, to avoid having a
solder joints, shorts, a n d imlive male connector completely ing IC1 a s a last resort.
properly installed components
before continuing.
Disconnect power from the
exposed.
circuit and insert IC3 into its
The altimeter can be wired for
socket. Place the readout in its
Final assembly
12-voltpower exclusively, or a s a
combination 9- a n d 12-volt socket on the solder side of the
When both boards are com-
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ANALOG

PIN1 OF DSPl
(DSP1 MOUNTS ON SOLDER SIDE)
/

FIG. +PARTS-PLACEMENT DIAGRAM for the digital board. Note that the LCD msdule mounts on the solder side of the board after all other componentsare installedand
the board is tested (see text for details). Also note the twenty pairs of pads labelled
JU1JUZO. You must solder a jumper wire between each pair of pads; for example, JU1
to JU1, JU2 to JU2, and so on.

by IC3 at pin 1 of the readout. A
normal indication at pin 1 is a 5volt peak-to-peak square wave
with a period of about 140 microseconds.
If the readout displays digits
but the numbers do not ascend
and descend with adjustment of
Rl1, the fault is most likely with
the components or wiring of
IC3. Check all parts to be sure
they have the correct value. The
reference network cornposed of
R14-R17 can be checked by removing IC3 from its socket and
measuring the voltage between
pins 3 5 and 36 of the socket
while adjusting R15 over its
range. Normal indication is 15
to 3 5 millivolts with p i n 3 6
positive with respect to pin 35.
O p e r a t i o n of I C 3 c a n be
checked by removing IC1 from
its socket a n d temporarily
shorting pins 8 and 14 of IC1

shown here for 12-volt power exclusively.
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wired for both 9- and 12-volt operation.

digital board i n accordance
with Figs. 3 and 7. If you didn't
use a socket for the display, position it so that its terminals are
flush with the component side
of the board and solder.
With the LCD installed, set
R15 to mid position, apply
power, and adjust R11 over its
range. The display should indicate some number that can be
varied via R11 between approxi-

FIG. +HERE'S THE AUTHOR'S PROTOTYPE. Notice the four wires that connect the
analog and digital boards together.

+

mately - 1000 and 1000.
If the display is completely
blank, check the orientation of
the LCD module and IC3 to be
sure that they have not been
placed backwards in the circuit.
If available, a n oscilloscope can
be used to verify the presence of
the backplane signal generated

socket. That causes t h e differential input voltage fed to the
A/D chip to be zero, and the display should read 000.
Once the display is operating
properly, operation of the altimeter can be verified before
final calibration. Set R15 to mid
position and adjust R11 for a

display of about 20 or 30 feet.
Physically move the altimeter
higher and lower to observe the
c h a n g e i n altitude reading.
Hold the project horizontally or
vertically a s you make this test;
a change from one orientation
to the other can cause the readout to vary 3 or 4 feet, due to
gravitational force on the extremely sensitive solid-state
pressure sensor.
You should be able to detect
and resolve 1 or 2 feet of vertical
displacement. It is normal for
the display to fluctuate 1 or 2
digits. Additionally, it should be
noted that the altimeter is a
pressure-sensitive device and
will respond to any variation in
barometric pressure, in which a
change in pressure of only 0.001
inch of mercury at sea level will

ing similar to that on an IC, indicating
where pin 1 is. Note that the module
mounts on the solder side of the digital
board, so be careful where pin 1 goes.

cause a change of 1 foot in the
altitude reading.
Even though the resolution of
the instrument is 1 foot, the altimeter will not have either the
accuracy or stability to indicate
altitude that accurately.

Final calibration
To perform the final circuit
adjustment, you will need a tape
measure, three lengths of Y4i n c h outside diameter clear
plastic tubing, a tee for a threeway connection, a n d a clear
plastic or glass bottle of clean
drinking water. A soda or wine
bottle is a good choice. Be sure
that the inner diameter of the
plastic tubing allows it to be
stretched over the pressure port
of the sensor for a n air-tight
seal. The suggested test setup is
shown in Fig. 8.
In this procedure, the absolute pressure that represents
1900 feet of altitude will be simulated by drawing a partial vacu u m to cause a column of water
to rise i n the straight, clear
tube. This procedure uses basic
laws of physics to set a desired
pressure differential.
As noted earlier, absolute air
pressure, under standard conditions, is 14.696 PSI at zero altitude (sea level). At 1900 feet,
the pressure falls to 13.716 PSI.
The pressure levels can also be
specified in other units such as
inches of mercury or inches of
water. In this case, the desired
pressure differential between
zero altitude and 1900 feet, 0.98
PSI, i s equivalent to 27.13
inches of water, rounded out to
27% inches. Thus, to simulate
the change in pressure from
zero to 1900 feet, a column of
water 27Yi inches high can be
used.
Set u p the altimeter and apparatus a s shown in Fig. 8. In
this test, the water in the vertical tube is drawn u p to the required height of 27% inches by
drawing a vacuum at the open
end of the tubing.
. With n o vacuum applied to
the open end of the plastic tube
and the pressure sensor connected a s shown in Fig. 8, turn
on the altimeter a n d allow a
minute for the circuit to stabilize. Adjust R11 for a n altitude
reading of some small positive
number, such a s 50 feet or so.
The number selected is not significant.
Now, gently draw vacuum at
the open end of the tubing so
that the column of water rises
27% inches above the level of

connector, and a clear bottle with water in it. ~ o o coloring
d
will make the watereasier
to see. See text for details.

water i n the bottle. You can
clamp the hose to maintain the
required vacuum. Make s u r e
you have a solid column ofwater
with no air bubbles in it. Allow
the display to reach a stable level
and note the reading. Adjust
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Using the altimeter
Since the altimeter is subject
to the variations of barometric
readings, the instrument must
always be corrected for the current barometric pressure before
starting out on a n excursion.

FOIL PATTERN for the analog board.

R15 so that the display indicates 1900 feet more than the
original reading (50 feet) set
previously.
Repeat the above test as necessary until you are satisfied
that the change i n altimeter
reading is as close to 1900 feet
as.possible when the water column is drawn up 27Ys inches.
This completes calibration.

such a s a n airport where the altitude is documented, setting
the altimeter to reflect the correct altitude, and then returning home immediately. T h e
reading of the altimeter at your
home will then be your reference altitude. For best accuracy,
do this during a period of steady
barometric p r e s s u r e conditions.
For future use, before leaving
home with the altimeter, simply
turn it on and allow a minute or
so for the display to stabilize.
Then set R11 so that the reading
is equal to the reference altitude
at your home.
Once set, do not readjust R11
since you will have no reference
against which to adjust it. At a
later time, if you travel to another location with a known altitude, R11 can be readjusted to
reflect a more accurate altitude
if the barometric reading has
changed since the original setting of R11.
When taking a n altitude reading, turn the unit on and allow
about a minute for the circuit to
stabilize. Remember, if there is
a sudden change in air pressure
s u c h a s might occur with a
changing weather, the reading

FOIL PATTERN for the digital board.

You do not have to know the actual barometric reading to do
this. Simply turn the unit on,
allow a minute for the circuit to
stabilize, and set R11 to obtain a
display t h a t represents t h e
known existing altitude at your
location.
Learning the true altitude of
your home can be done by taking the altimeter to a location

can fluctuate. Wait for the display to settle down.
Be sure to turn off your battery-powered altimeter when
not taking altitude readings.
That will conserve power and
provide extremely long battery
life, which should be about 10
or 15 hours of altimeter operating time when using a n alkaline
R-E
battery.

