Engineer’s notebook

Accurate thermometer uses
single quad op amp

by Yishai Nezer
Haifa, Israel

For temperature ranges up to 150°C, a thermometer
built around a single integrated circuit has not only
greater linearity than a thermocouple but also far
greater sensitivity —approximately 2 millivolts per
degree Celsius. The sensor achieves this superior per-
formance by exploiting the well-known voltage-to-
temperature relationship of a semiconductor pn junction.

In the temperature-sensing scheme shown, the low-
power LM324 quad operational amplifier and a diode
probe are the central elements. The first two op amps,
A, and A,, have the job of keeping a constant current
through the diode, to ensure that any voltage changes
across the diode are a direct result of temperature
changes at the probe. A, serves as a buffer for the input
circuit divider resistors, producing an output of 4.5 volts
that acts as a reference point for the other op amps and
permits them to operate in their linear region. A,, in
conjunction with the LM113 reference diode, produces a
constant 1.5-v output, which is practically independent

of variations in battery voltage or circuit temperature
and thus supplies the diode probe with a constant current
of about 0.5 milliampere.

The output voltage of this diode is buffered by op amp
A,, and changes in A,’s output are reflected in the
output of A, inserted to provide a separate point to
adjust for device sensitivity and calibration.

A simple calibration procedure is necessary for proper
operation. Once the range of temperatures to be
measured has been determined, the zero-adjust poten-
tiometer is set for zero output voltage at the low temper-
ature extreme, and the sensitivity-adjust potentiometer is
set for a convenient output (perhaps full-scale reading)
at the upper temperature extreme. A 1-mA meter move-
ment can be used at the output.

If a wide range of temperatures (0°—150°C) is to be
measured, a diode-connected transistor (base and
collector connected) is often preferable to a diode,
because its properties better approximate an ideal pn
junction, But in applications where the temperature vari-
ations are small, a glass-encapsulated diode is more
convenient. The probe should be isolated when the
circuit’s power supply is not floating with respect to the
tested environment.

Precision is better than 0.1°C, provided shunt conduc-
tances are minimized at the probe. Current drawn by the
circuit is typically 4 mA. Power consumption can be
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Precision thermometer. Accuracy is limited primarily by ammeter readability. Thermometer is sensitive enough for medical applications
where temperature variations are small. LM113 can be replaced by two silicon diodes in series for less demanding applications.
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T-100 THERMOMETERS
Optoelectronics, Inc., has now assem-
bled a number of T-100 thermometers and
is satisfied with their performance, espe-
cially their accuracy. The linearity from 0°C
to 100°C is typically .1° or .2°.
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doubled because each battery can dis-
charge down to 5 volts rather than the
single battery discharging to 7'% volts. Bat-
tery life will be typically greater than 100
hours with carbon-zinc cells, and 300 to
400 hours with alkaline cells. A second
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The company has decided to incorporate
a change that will be included in all kits. It is
recommended that a second 9-volt battery
be added in series to boost the supply volt-
age to 18. This will insure that at least 4
volts is always across the sensor so that
high Fahrenheit readings (> 150°F) can be
produced. Battery life will be more than

battery snap will be included in all kits
along with a piece of double-stick tape. The
second battery fits nicely into the case
without modification.

The company also recommends that the
probe should be assembled as shown (see
diagram) without using the nylon shell.
However, the shell will be included with all

the kits that are shipped.
BILL OWEN
Optoelectronics, Inc.
Fort Lauderdale, FL

WHERE ARE THE DESIGNERS?

Before semiconductors, was the only
true designer the one who designed new
vacuum tubes?

As some philosophers point out, we
seem to have gotten confused over the
extent of design versus the intent of design.
The intent hasn't changed, but advancing
technology has allowed brand-new “‘ex-
tents" especially suitable to reliance on
interchangeable parts available in mass
quantity at super-low cost. The designer
still designs, but he's charged with operat-
ing at a different level that today’s tools
and components make possible. This
means that the economies of when to
customize—always an expensive proposi-
tion—have changed, too, and the good
designer adapts to that also, because it

continued on page 22
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WINE TEMPERATURE

METER

Ensure your wine is at the correct temperature with this little idea from our project

team

WINE, WOMEN AND SNOG — no
not another misprint but ETI's |
updated version of that phrase that
so aptly describes that which a young
man’s fancy turns to in spring, or any
other time of year for that matter. We
at ETl can't do much about the
provision of the above items but this
project will at least ensure that when
you get your hands on one of them it
will be in perfect condition. Before
going any further let’'s make it clear
that its the wine we're talking about
in this connection.

In use the wine temperature
meter's sensor is clipped to the plonk
of your choice and the condition of
the booze, with regard to
temperature, read off from the three
LEDs on the meter's front panel. To
set up the instrument consult our
table showing the range of
temperatures considered acceptable

BEST RED WINES
RED BURGUNDY

CHIANTI, ZINFANDEL
COTES-DU-RHONE

BEST WHITE WINE

PORT MADIERA
e ORDINAIRES

SHERRY LIGHTER RED WINES

FINO SHERRY ROSES

DRY WHITE WINES LANMERUSCE

FHANFAGNE MOST SWEET WHITE

WINES AND SPARKLING
WINES

Above, the complete unit while below the
sensor, a bicycle clip painted black with
the sensor epoxied to it.

for the various types of wines. Turn
RV 2 fully anticlockwise and bring the
sensor to a temperature that is in the
middle of the desired range. Adjust
RV1 until the centre LED just lights

Next lower the temperature of the
sensor until it is at the lower
temperature limit. Adjust RV2 until
the lower LED is just extinguished.

Construction of the project is quite
straightforward. Assemble all the
components according to the overlay
shown. Space is at a premium if the
case chosen for our prototype is used
so keep everything tidy.

Our sensor was made from a
bicycle clip. The thermistor was
epoxied to the clip — we smeared a
small amount of silicon grease on the
clip before mounting the sensor —
this provides a good thermal contact.
We coated the sensor in alayer of
black paint when it was complete
leaving the area under the sensor as
bare metal.

Insert the battery and start getting
your grapes as they should be
enjoyed.
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—HOW IT WORKS—

Swi1
The project is based on the TCA965 window
L ON/OFF discriminator IC. This device can be used in a
€1 number of different modes, the one selected

for this application allows the poten-
tiometers RV1 and RV2 to set up a “window
1 height” and “window width” respectively.
Rl and thermistor TH1 for a potential
divider connected across the supply lines.

R3 > The value of R1 is chosen such that at
& p HOT ambient temperature the voltage at the
TH1 470R LED1 - junction of these two components will be
R4 W gy approximately half supply.
13 WARM I As the temperature of the sensor changes
AT0R: - | X, _‘F'_ 5o the voltac%e w'::lll chanfe an}(;l it is the
1 i temperature dependent voltage that is input
ERERR R5 » to ICL o
2 —\/\/\/‘—H— COLD RV1 will set the point which corresponds
470R to the centre voltage of a windoe the width of
IC1 which is set by RV2. The switching points of
the IC feature a Schmitt characteristic with
R1 NOTE low hysteresis.
47k The outputs of IC1 indicate whether the

IC18 TCA965

LED1-3 are TIL209 input voltage is within the window or outside

by virtue of being either too high or too low..
The outputs of IC1 are all open collectors
capable of providing up to 50mA. In our
circuit however they are only required to
drive a LED via a current limiting resistor.

Circuit diagram of the wine temperature meter.

TO JACK SOCKET

THERMETOR "7 [T e bt

—BUYLINES ——

All the components for this project should be
available from most local shops — no pro-
blems.

LED K, WARM «—

Foil pattern of the wine temperature

LED K, COLD=——

TO JACK SOCKET
THERMISTOR

TOLEDS12 &3
ANODE

PARTS LIST

RESISTORS SEMICONDUCTORS
R1 47k 1C:A TCA965
R2 100k LEDs1-3 TIL209
R3,. 4,5 470R
SWITCH
POTENTIOMETERS
SwWi SPDT
RV1, 2 10k sub. min. preset
MISCELLANEOUS
CAPACITORS
PCB as pattern, Vero potting box, 2.5mm
\ /- i C1 10u 10V tantalum jack socket, battery wire, wire etc.

32 ELECTRONICS TODAY INTERNATIONAL — DECEMBER 1978



DS e S
- g

HOW OFTEN HAVE YOU WORRIED ABOUT
a component that was running hot to the
touch? The part could be safely within
specifications or in danger of burning out.
If you include a digital thermometer as
part of your test gear then you simply
measure the component’s temperature
and check the data book for temperature
limits. The capability to reliably and
accurately measure temperature can also
help to get a handle on more complex
temperature problems such as specifying
heat sinks, crystal oscillator drift and op-
amp stability.

Several major manufacturers of digital
multimeters now offer a thermometer
option built in or as a separate accessory.
Now you can build a simple thermometer
conversion circuit for your digital volt-
meter that is as good as any and better
than most of the commercial units and at
one-third the cost.

The temperature sensor is an inte-
grated circuit developed by Analog De-
vices Inc. as a precision temperature-
dependent current source. Of the many
advantages this sensor enjoys over others,
its accuracy of 0.5° and its range of from
—55° to +150°C are most impressive.
Because it is a current source with only
two active leads, the sensor is virtually
free from noise pickup even when re-
moted over hundreds of feet of cable. Its
tiny TO-52 metal-can transistor package
allows for fast temperature response.
Other features will be apparent as we use
the temperature sensor to build the T-100

*Product Engineer, Optoelectronics, Inc., F1.
Lauderdale, FL

direct-reading thermometer.

The T-100 has a 10 mV-per-degree
output that enables any digital or analog
voltmeter to directly read Fahrenheit or
Celsius by the flip of a switch. Resolution
is to 0.1° with a 3'/-digit voltmeter and
to 0.01° with a 4'.-digit meter. Total
current consumption is about 3 mA,
giving the T-100 many hours of operation
from an inexpensive 9-volt battery.

While we have mentioned only elec-
tronics, the T-100 is ideally suited for a
wide variety of other applications. Simply
dedicate a voltmeter to exclusive use and
you have a thermometer to monitor in-
side, outside, aquarium, swimming pool,
greenhouse, darkroom chemical, freezer,
cooking, air conditioning and an almost
infinite list of other temperatures.

Circuit description

Figure 1 shows the AD590K tempera-
ture transducer’s linear current output of
1 pA per degree Kelvin. The Kelvin
degree is the same size as a Celsius
degree; however, the Kelvin temperature
scale is 273.16° higher than the Celsius
scale. Zero degrees Kelvin is called abso-
lute zero because it can be shown that
colder temperatures cannot exist. There
is also an absolute Fahrenheit tempera-
ture scale (Rankine) that is 459.69° high-
er than the regular Fahrenheit scale.

Figure 2 is the schematic of the ther-
mometer accessory. The transducer’s out-
put current is scaled by the combination
of resistors R10 and R11, or by R8 and
R9 depending upon the position of the
CELSIUS/FAHRENHEIT switch S1. The

Thermomefer

Add-On
for your DMM

A simple, easy-to-build accessory
converts your digital voltmeter into a handy
thermometer for monitoring semiconductor
case temperatures, photographic chemicals

and numerous other uses around the lab,

home and workbench.

BILL OWEN*

voltage developed across scaling resistors
R8 and R9 is equal to 10 mV per degree
Kelvin or 10 mV per degree C + 2.73
volts. Similarly, the voltage across the
R10, R11 combination is equal to 10 mV
per degree F + 4.59 volts. These output
voltages follow naturally from the Kelvin
to Celsius and Kelvin to Fahrenheit con-
version equations:
T Celsius = T Kelvin — 273.16°
T Fahrenheit = 9/5 T Kelvin —
459.67°

To read Celsius and Fahrenheit direct-

- ly we must generate reference voltages of

2.73 and 4.59.

The LM334Z is a precision current
source with a 2-mA output that is set by
resistor R1. The current output is used to
bias a LM329DZ precision 6.9-volt tem-
perature compensated Zener reference.

This device is actually an integrated
circuit with many advantages over the
usual Zener diode. A big advantage is the
low current level required (1 mA) for
stable operation. The IC1/IC3 combina-
tion provides a very stable, low-power
voltage reference for the voltage dividers.
The voltage divider formed by R2, R3
and R4 generates the 2.73-volt reference
and the divider formed by RS, R6 and R7
generates the 4.59-volt reference. The
correct reference is selected by the switch
S1 and connected to the “minus™ output
terminal. The thermometer’s output then
is the voltage difference between the +
and — output terminals.

Construction
Assembly of the thermometer circuit

B sz6L 1snonvy
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board is simple and straightforward. The
foil pattern for the PC board is in Fig. 3
and the components placement is shown
in Fig. 4. Trimmer resistors R3, R6, R9
and R11 are mounted on the foil side of
the PC board. The thermometer shown
here uses a custom aluminum enclosure
for the circuit board and battery. The two
slide switches were installed in the cabi-
net top and the PC board aligned for
proper fit with the cabinet bottom before
soldering. Grommets were fitted in each
end of the cabinet top. Small diameter
coax cable was inserted in the hole
labeled PROBE and zip cord in the hole
labeled vM in the cabinet top. The coax
center conductor and shield are soldered
to the PC connections labeled si1G and
SHLD, respectively, in Fig. 4. The zip cord
is soldered to the holes labeled ouT with
the red banana plug soldered to the “+"
wire and the black banana plug to the
“—" wire. The 9-volt battery snap is
connected to BATT holes with the red wire
soldered to “+™ and the black wire to

The ADS590K sensor was prepared by
cutting off the case lead and staggering
the + and — leads leaving the + lead
longer. Figure 5 shows a cross section of
the probe assembly. The sensor leads will
not short together if the coax conductor
and shield are staggered to match as
shown. The shield lead is connected to the
sensor’s + lead. The sensor is soldered on
the end of the coax and the connection
potted in with epoxy glue to make it
waterproof. A nylon shell was used to
house the coax connection and provide a
seal for the sensor. The shell was slid over
the free end of the coax with the larger
diameter end going on the cable first.

A 5-minute setting epoxy is used to pot
the sensor. A very small amount was
mixed and an even coat applied to the
bottom of the sensor. The sensor was then
held tightly against the end of the nylon
shell and kept centered until the epoxy
became set.

Next, an amount of epoxy to sufficient-
ly fill the probe was thoroughly mixed.
The probe tip was held down and epoxy
was applied between the shell and coax
using a toothpick. The epoxy flows down
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FIG. 1—CURRENT OUTPUT of the AD590 is linear at 1 uA per degree Kelvin,
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FIG. 2—SCHEMATIC OF THE T-100 thermometer accessory for a digital voltmeter. The circuit is essentially
a resistive bridge with the temperature sensor as one of its legs.

R1—30 ohms, 2%

R2—11,800 ohms, 1%

R3, R6, R, R11— 1000 ohms PC mount
trimmer potentiometer

R4, R7—7860 ohms, 1%

R5—4020 ohms, 1%

R8—9530 ohms, 1%

R10—17,400 ohms, 1%

IC1—LM3342Z constant-current source
(National)

IC2—ADS590K linear temperature-
dependent current source (Analog
Devices)

IC3—LM329DZ precision temperature-
compensated voltage reference

PARTS LIST
(National)
$1, S2—miniature DPDT slide switch Kit T-100RE—Complete parts kit less
BATT1—9-volt battery, transistor radio i SAB sia 05:;' “::d Wilc::;m
type — prepu
PL1, PL2—banana plugs, 1 red, 1 black anodized and _ncroln‘od
Misc: RG-174/U coax, 4 feet or as aluminum cabinet with
needed; 2 feet of lightweight ZIP cord, switches, screws, grom-
nylon probe shell (see text), PC board, mets and rubber feet.
AT e T-100WT Faelmnd tested and cali
The following items are available from brated thermometer.
Optoelectronics, Inc., 5821 N.E. 14th Ave.  TP-100K—Additional probe kit with 6 feet
nue, Ft. Lauderdale, FL 33334. Phones: of coax. $14.95.
(305) 771-2050 and 771-2051. Epoxy (used
in probe assembly) and 9-volt battery Florida residents add state and local
must be purchased separately. taxes as applicable.




DIGITAL THERMOMETER with rear cover removed shows internal layout.
Note four trimmers are mounted on foil side of PC board.

the coax and into the space inside the
shell. Tapping the probe tip on the table
helps the epoxy flow. As the probe space
fills, the epoxy seeps out of the vent holes
in the sides of the shell. Any excess can be
wiped away. Keep the coax centered in
the end of the shell while the epoxy sets.
Allow the epoxy to cure overnight before
subjecting the probe to mechanical stress
or excessive temperatures.

(The plastic probe shell is made from a
l1-inch-long '/s-inch O.D. plastic spacer
with one end counterbored to accept the
outside diameter of the RG-174/U coax-
ial cable. (See Fig. 5.) A reasonably good
substitute can be made using '/e-inch
O.D. shrinkable tubing. Connect the ca-
ble to the sensor and fill the void in the
tubing with the potting compound. When
the compound has fully cured, apply just
enough heat to shrink the tubing—
Editor)

Calibration

The voltage reference in the thermom-
eter can be more stable than the internal
voltage references in some digital volt-
meters. Calibration should be done with
the voltmeter that will be used with the
T-100.

Connect the negative voltmeter lead to
thermometer ground. The center lugs
(wipers) on trimmers R9 and R11 are
grounded as is the black (negative) bat-
tery lead. Connect the voltmeter’s posi-
tive lead to the center terminal on trim-
mer R3 and adjust R3 to read 2.73 volts.
Move the voltmeter’s positive lead over to
the center terminal of trimmer R6 and
adjust R6 to read 4.59 volts.

The thermometer’s output is linear so
calibration for the entire range can be
performed at one known temperature.
Although the AD590K had 0.5° linearity
over its entire range, we have found that
it is even more accurate between 0° and
100°C. This means that to realize the
accuracy potential of the device, we
should have a temperature standard accu-
rate to 0.1°C or better. Certified ther-
mometers accurate to 0.1° are expensive
and not readily available. For calibration
we must then rely on some less precise
methods.

Method 1. A 50% mixture of water and
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FIG. 3—PRINTED CIRCUIT PATTERN for the digital thermometer accessory.

FIG. 4—THE PARTS LAYOUT is an indication of the simplicity of the device.
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FIG. 5—DETAILS OF THE PROBE ASSEMBLY. The potting compound seals the probe against moisture

and other contaminants.

crushed ice that is well stirred in a styro-
foam container should come to equilibri-
um within 0.5°C of 0.0°C in 15 to 30
minutes.

Method 2. Boiling water, containing no
chemical impurities at standard atmo-
spheric pressure (29.92 inches of mercu-
ry) should come very close to 100.0°C.
Altitude and pressure corrections must
be made.

Method 3. A good-quality accurate
clinical thermometer can be used to com-
pare readings within its range. Errors
arise in reading the thermometer as well
as from trying to have two different
sensors track a changing temperature

when they have differing time constants.
After calibration, the Celsius and
Fahrenheit ranges on the thermometer
should be reconciled using the conversion
formulas:
T = 32°F + 9/5 T¢
and

Te = (Tp — 32) 5/9.

This completes the construction and
calibration, and your thermometer acces-
sory is ready to use. At first you'll proba-
bly have just one or two applications but
as you become more familiar with it, the
digital thermometer will become increas-
ingly valuable. R-E
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Investment
Evaluation
Program

FRED BLEECHMAN

HAVE YOU EVER MADE AN INVESTMENT IN
stocks or metals and then wondered some time
later if you would have been better off leaving
the money in the bank? Or perhaps you'd like
to know how much an investment must grow
before it equals what you'd make leaving the
money in the bank, at regular bank interest.
The Investment Evaluation Program, written
in TRS-8¢ Level I BASIC uses only 2464
bytes of RAM (Random Access Memory), so
it can be run on the least expensive 4K RAM
TRS-8¢.

The program is very straightforward, and
has a handy subroutine for calculating the
number of days between any two 20th century
dates. The calculations are based on daily
compounding of interest; if you want to change
to monthly, quarterly or yearly compounding,
you’ll have to change lines 160, 170, 20¢, 250
and the subroutine starting at line 50@.

Using the program is easy! After carefully
entering and checking each line, type RUN
and enter.

To illustrate, let’s say that on July 20, 1974
you purchased 404 ounces of silver bullion for
-$2098.38, including a service charge of 60¢ per
ounce and 6% sales tax. You would like to
know how the value of that bullion now
compares with the same amount of money if it
had been left in savings at, say, 5.25% annual
interest, compounded daily. The day you want
to calculate up to is July 1, 1978.

Set up the program on the computer and
enter your name, social security number,
2098.38 invested at 5.25 as the questions are
asked. Enter @ for the days calculation, then
enter 7,20,74 for the start date and 7,1,78 for
the end date. The computer will tell you the
number of investment days is 1442. Enter this
number and the computer will print out, after
about 40 seconds, the total interest ($483.58)
and the new principal of $2581.80. (Don't
mind the 16¢ error in addition of the interest
and new principal. As a matter of fact, even the
interest calculated is slightly off, due to round-
ing-off during the 1442 multiplications!).

Enter 404 for the number of ounces of silver
bullion and the value of silver per ounce on the
calculation end date—say, 5.28. The computer
now displays that your investment is worth
$2133.12 and that you have now lost $448.676
(there’s that slight inaccuracy again!) com-
pared to having left your money in your
savings account. It also tells you that silver on
that date would have to be worth $6.39058 per
ounce for you to just break even!

You can then press break to end the
program, or perform another calculation. This
same program can also be used to determine
the future value of stock, bonds, gold, silver,
etc., for break-even at some future date if you
plan a particular investment. R-E

R-E will publish reader letters telling how to adopt
this program to run on other hobby computers.
Let us hear from you

100 CLS:P. s
105 REM * COPYRIGHT 1978 FRED BLECHMAN * FOR TRS-80 |—4K *

110 P INVESTMENT EVALUATION":P.:P.

112 P."THIS PROGRAM COMPARES AN INVESTMENT WITH PUTTING THE”
113 P."SAME AMOUNT OF MONEY IN A SAVINGS ACCOUNT WHERE IT EARNS"
114 P."DAILY INTEREST. IF YOU WISH TO CHANGE THE PERIOD TO'’

115 P."MONTHLY OR YEARLY, CHANGE LINES 160,170,200 & 250. . . .
$5 o G AND THE SUBROUTINE STARTING AT LINE 500.”

120 P.:P.

125 IN."WHAT IS YOUR FIRST NAME' ;A%

126 IN"WHAT IS YOUR SOCIAL SECURITY NUMBER”;B%

130 A=0:B=0:C=0:D=0k=0F=0:C=0H=01=0

131 J=0K=01L=0M=0:N=0:0=0P=0:Q=0:R=0

132 $=0:T=0U=0V=0W=0X=0:Y=0:Z=0

140 IN."WHAT IS THE DOLLAR AMOUNT INVESTED ;P

150 IN."WHAT IS YOUR REGULAR SAVINGS INTEREST RATE(%)";R

155 P.

160 P."HOW MANY DAYS ARE INVOLVED? IF YOU WANT THE NUMBER”
170 P."OF DAYS CALCULATED (20TH CENTURY ONLY) ENTER 0”;D

180 IF D=0 GOSUB 500

185 IF D=0 GOTO 155

186 P.
WP PATIENCE! . . I'M CALCULATING THE ANSWER.
195 P.° (TAKES ME ABOUT 10 SECONDS FOR 365 DAYS)”

200 5=R/36500:V=P

205 REM * CALCULATE INTEREST AND ADD TO PRINCIPAL *

210 FORX=1TOD

220 |=V*SV=V+LT=T+I

230 NEXT X

235 P.

240 P THE TOTAL INTEREST IS”;T

250 P."THE VALUE OF $”;P;"AFTER"”;D;"DAYS AT";R;"'% IS";V

205, P,

256 REM *COMPARE PRESENT VALUE OF INVESTMENT TO SAVINGS *
260 P."HOW MANY SHARES,BARS,OUNCES,ETC..DO YOU OWN?"
265 IN." (TO RECALCULATE INVESTED AMOUNT ENTER Q) ;H

270 IF H=0 GOTO 130

275 P.

280 IN“WHAT IS THE PRESENT VALUE OF EACH SHARE,BARETC.”:M
290 Q=H*M

295 P.

300 P."YOUR INVESTMENT IS NOW WORTH $7:Q;","/A$:"."

310 Z=V—Q

315 P.

320 IF Z>0 P.AS;"—"B%;",YOU HAVE LOST §".Z;"COMPARED TO SAVING!”
330 IF Z<0 P.A$;"—":BS;",YOU HAVE EARNED $";— Z:"MORE THAN SAVINGS!”
335 P.P."THE ‘BREAK-EVEN' POINT IS $",V/H;"SHARES BARS ETC."
340 P.:P."PRESS BREAK TO END PROGRAM. 3
350 GOTO 130
360 END
500 REM * SUBROUTINE FOR CALCULATING DAYS *
510 DATA 0,31,28,31,30,31,30,31,31,30,31,30,31
520 REM * DETERMINE NUMBER OF DAYS FROM 0 TO START *
525 P.
530 IN."WHAT IS THE INVESTMENT START DATE(M,D,Y) ;A B,C
540 E=A
550 GOSUB 1000
560 F=F+B
570 G=F+C*365
580 REM * DETERMINE NUMBER OF DAYS FROM 0 TO END *
590 IN."WHAT IS THE INVESTMENT END DATE(M,D,Y)";1K.L
600 E=]
610 GOSUB 1000
620 F=F+K
630 N=F+L*365
640 REM * CALCULATE AND ADD LEAP YEARS *
650 O=INT( (L—1900)/4):U=INT( (C— 1900)/4)W=0—U
660 X=(N—G)+W
665 P.
670 P."THE NUMBER OF INVESTMENT DAYS I57:X
680 RETURN
1000 F=0
1010 FOR X=1TOE
1020 READ Y
1030 IF Y =28 THEN IF (L/4)—INT(L/4)=0 THEN Y =29
1040 F=F+Y
1050 NEXT X
1060 RESTORE
1070 RETURN




T-100 THERMOMETERS
Optoelectronics, Inc., has now assem-
bled a number of T-100 thermometers and
is satisfied with their performance, espe-
cially their accuracy. The linearity from 0°C
to 100°C is typically .1° or .2°.

WHILE EPOXY

doubled because each battery can dis-
charge down to 5 volts rather than the
single battery discharging to 7'% volts. Bat-
tery life will be typically greater than 100
hours with carbon-zinc cells, and 300 to
400 hours with alkaline cells. A second

W
goate t‘ 4 5 MIN EPOXY

15 SETTING

RBG-/74 [COAX'

-

The company has decided to incorporate
a change that will be included in all kits. It is
recommended that a second 9-volt battery
be added in series to boost the supply volt-
age to 18. This will insure that at least 4
volts is always across the sensor so that
high Fahrenheit readings (> 150°F) can be
produced. Battery life will be more than

battery snap will be included in all kits
along with a plece of double-stick tape. The
second battery fits nicely into the case
without modification.

The company also recommends that the
probe should be assembled as shown (see
diagram) without using the nylon shell.
However, the shell will be included with all

the kits that are shipped.
BILL OWEN
Optoelectronics, Inc.
Fort Lauderdale, FL




THERMOCOUPLE THERMOMETER

The circuit illustrated was devised to
provide a low-cost, sensitive thermo-
meter for measuring temperature
differences. The transducer used is a
thermocouple consisting of two wires
of the same metal, often copper, joined
at the two points A and B by a wire
of different metal. This thermocouple
pair generates a small voltage differ-
ence across the points A and B when a
temperature difference exists between

the junctions aand b . This voltage
varies almost linearly with tempera-
ture for differences up to about 100°C,
although this assumption should not
be made in calibrating the thermo-

‘ meter for accurate measurement.

A 741 is used (IC1) for amplifying
the small voltage difference between
the points aand b enabling a rugged
voltmeter to be used to display the
temperature difference. The potentio-
meter is used to set the meter to
zero: values of 1k£2 makes setting

easy when measuring small tempera-
ture differences. However, it may
prove necessary to adjust the value
of R1 or R2 if zero setting cannot
be obtained. |f fairly large tempera-
ture differences are being measured,
VR1 could be increased to 1k{2.

The sensitivity of the circuit is
controlled by the full scale deflection
of the voltmeter chosen, on the sett-
ing of VR2 (the voltage gain is the
ratio VR2/R3), and on the choice of
metals in the thermocouple. If the
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Tech-Tips is an ideas forum and is not aimed at the beginner.
We regret we canngt answer queries on these items.
ETI is prepared to consider circuits or ideas submitted by

readers for this page. All items used will be paid for.
Drawings should be as clear as possible and the text should
preferably be typed. Circuits must not be subject to copy-
right. Items for consideration should be sant to the Editor,
Electronics Today International, 36 Ebury Street, London
SW1W OLW.

gain of the circuit is set high (at e METAL 2 :
1.000), electrical noise pick-up and T (eg Eureka or
drift become serious problems and it Iron)

is advisable to assemble the circuit

in a metal, earthed box and to ensure

the unit is kept at constant tempera- .
ture.

For best results, the power supplies
should be stabilised and balanced
Capacitors C1 and C2 filter out any g ”
electrical noise on the power supply 0.01uF
leads; if the thermocouple leads are T
long, a similar value capacitor across :
aand b should be used for the same

L+

VR1 1k{2

i1 E>—'_‘

reason. { £ VOLTMETER
Calibration and use of the thermo- g—‘j/‘v

meter is carried out by immersing one -_— 42 b 5 a3

junction in a liquid at a reference av | 10k82

cz
0.07uF

temperature, say melting ice, and
using the other junction to monitor
the changing temperature.

o

Connections to IC1 are for 8 pin DIL version of ‘741



tech-tips

A DUMMY LOAD FOR HIGH POWER AMPLIFIERS

This dummy load will replace the 1502 50W

normal big loudspeaker system needed ¢ ¥ - o o
when testing amplifiers of up to 100W 82 100w

rating. The power is absorbed as heat
in large resistors and this power can be
measured by putting a multimeter (set
tp 100V a.c.) across the measuring

. 5 INPUT MEASURING
terminals and using the formula SO TERMINALS 7902 3642

36 380 és&s:
RM.S. Power \R:M.S. Voltage)2
AN oad Resistance EXT

At the same time the amplifier can S e
be heard at low volume by plugging a
small loudspeaker into the ‘EXT.L.S."
socket.

The switch gives a choice of 100W
dissipation at 8 ohms or 50W at 15 YJ PL11040 (obtainable from The ion of 36 ohms at 25W and one section

ohms. Radio Shack, 161 St. John's Hill, of 79 ohms at 9W. They should be
The resistors are Labgear London S.W.11.) which have one sect- mounted in a well ventilated box.

ANAA

SOUND EFFECTS GENERATOR C1 and C2 begin to charge via resistors
= . . = - ™ R2 and R3, respectively. Owing to the

T smaller time constant of the R3/C2
combination, UJT Q2 discharges be-

- fore Q1, the pulse being fed to the
Dﬁj speaker via C3 and the Darlington-pair
amplifier consisting of Q3 and Q4.
Meanwhile C1 is much more slowly
a3 charging so that the next time that
2N2926 C2 begins to charge there is sma

R1
4705

LS
BOQ2
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TEMPERATURE

A simple yet accurate tempera-
ture meter based on the LCD
panel meter published in our

March issue.

THE RELIABILITY of electronic
circuits in the days of valves was, to
say the least, poor by today’s
standards. The introduction of
transistors and integrated circuits
increased reliability dramatically.
One of the main reasons for this is
the reduction of power dissipation
and the resultant lowering of
temperature. Devices and circuits are
now designed to minimise power
dissipation as this allows a higher
component density while increasing
reliability. However, some circuits by
their nature must dissipate high
power and the semiconductor
devices used must be kept within
their temperature limits.

This temperature meter will allow
transistor temperatures to be
measured and the appropriate
heatsink chosen. It is just as useful
outside the electronic scene
measuring liquid or gas temperature
especially where the readout needs
to be physically separate from the
Sensor.

Use and Accuracy

The accuracy of the unit depends on
the calibration; provided it has been
calibrated around the temperature at
which it will be used, accuracy of 0.1
degree should be possible. We could
not accurately check linearity but it
appeared to be within 1° from 0° to
100°C.

METER

However, other errors will affect
this reading. If measuring the surface
temperature i.e. a heatsink
temperature, there will be a
temperature gradient between the
surface and the junction of the diode.
Silicon grease should be used to
minimise the surface-to-surface
temperature difference. Also when
measuring small objects, e.g. a
TO-18 transistor, the probe will
actually cool the device slightly. At
high temperatures these effects could
give an error of up to 5% (the
reading is always less than the true
value). If the probe is in a fluid (eg
water) or air this problem does not
occur.

Construction

Assemble the panel meter as
previously described but omitting the
zener diodes and R6 and R7. The
value of R1 has also been changed.
The decimal point drive should be
connected to the righthand decimal
point. The additional components
can be assembled on a tag strip as
shown.

ELECTRONICS TODAY INTERNATIONAL — JULY 1978

We mounted our unit on a tag
strip as shown in the photo. While
;we have not given any details,

/ knocking up a case should be no
problem. For a power supply we used
eight penlight Nicad cells giving a
10V supply. If dry batteries are used
six penlight cells are recommended
although a 216-type 9 V transistor
battery will give about 300 hours of
operation.

The sensor should be mounted in
a probe as shown in Fig. 1 if other
than air temperature will be
measured. This provides the
electrical insulation needed for
working in liquids etc. It should be
noted however that the quick dry
epoxies are not normally good near
or above 100°C and if higher
temperatures than this are expected
one of the slow dry epoxies should be
used.

Calibration

To calibrate this unit two accurately
known temperatures are required,
one of which is preferably zero
degrees and the second in the area »
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ADD PIECE
OF INSULATION
BETWEEN LEADS

JOIN DIODE LEADS
ONTO WIRES

Fig.1. This diagram shows how

the sensor (D1) is mounted in a
ball-point casing.

RV3 RV2
sW1 = =
SOCKET TO
* PROBE
(SENSOR)

9V BATTERY

r— BUYLINES—

The original LCD meter was
based on the Intersil evalu-
ation kit but since then a
number of advertisers have
put together kits for our
project. Such a kit is prob-
ably the best place to start
although the ICL7106 and
suitable displays, the only
components likely to prove
difficult to find, are now
available from most of the
larger mail order firms ad-
vertising in ETI.

Fig.2. The external components
associated with the panel meter
to form the thermometer. For
full details of the panel meter
(foil pattern etc.) see the March
78 issue of ETI.

The photograph (left) shows the
external components, detailed
in Fig.2, in position.

—HOW IT WORKS—,

While the voltage across a silicon diode is
nominally about 600 mV it is dependent upon

‘the ambient temperature and current in the

device. The temperature coefficient is
negative, i.e. the voltage falls with increasing
temperature but fortunately is linear in the
region of interest. The actual value varies
with current and from device to device, but is
typically —2.2 mV/° at 250pA.

By measuring the voltage across the diode

-with a suitable offset voltage to balance the

voltage at zero degrees an accurate temper-
ature meter results, The digital panel meter
described in October has a stable reference
voltage avaliable (between pins 1 and 32) of
about 2.9 V; with the 10k resistor R11 this
provides a constant current for D1 (the
sensor). The offset voltage is also derived
from this reference voltage by R12, RV2 and
RV3. The panel meter is used as a differential
voltmeter and measures the potential dif-
ference between the offset voltage and the
diode. We have used two trimpots in series in
the offset adjustment to give better resolu-
tion. If desired a 10-turn trimpot can be used
(2k2). Adjustment of the three poten-
tiometers allows the meter to be calibrated in
either °C or °F with the upper limit of 199.9°F
due to the panel meter over-ranging.

The power supply is simply a 9 V battery,
and so the zener diodes and dropping resis-
tors described in the panel meter article
should be omitted.

—PARTS LIST—

RESISTORS

Rl 11 10k

R2 47k

R3,9 100k

R4 not used
R5 ™

R6, 7 not used
R8, 10 4M7

R12 27k

R13 5k6
POTENTIOMETERS

RV1 1k 10 turn trim
Rv2 2k preset

RV3 200R preset
CAPACITORS

C1 100n polyester
c2 470n polyester
C3 220n polyester
c4 100p ceramic
CS5, 6 10n polyester
SEMICONDUCTORS

IC1 ICL7106

Q1 BC549

D1 1N914

MISCELLANEOQUS

PCB as LCD Panel Meter (March 78
ETI), tag strip, LCD display, socket for
display, box, switch and 9 V battery

ELECTRONICS TODAY INTERNATIONAL — JULY 1978




PROJECT : Temperature

Meter

— SPECIFICATION—

R10
am7 /
<

R11 R12
10k 27k
1
Rv2
- ALL VOLTAGES
< ARE REFERRED
R1 TOPIN1. 21
R13 10k
I‘I)I\L;MB e RV1
(SENSOR) 1k (-4.9v) 37
36 (—2.8V)
55
35 (-2.9V)
32
|‘:‘hlsll IC1
o 31 ICL7106
i =
T |
20
i 30(—4.8V) 22
Fig.3. Circuit Diagram of the 29 |
complete temperatuee meter. c2
Note that for this project R4, 6 470n 25
and 7; ZD1, 2 and the external R2

leads shown on the overlay
associated with LCD panel

meter (March 78 ETI) are not c3
required. 220n

Temperature range — 50°C to +150°C
— 60°F to +199.9°F

Resolution 0.1°Cor F

Sensor silicon diode

Power consumption 1.5mA @ 9 V dc

where the meter will normally be
used and highest accuracy is
required. For a general-purpose unit
100°C is suitable. The easiest way of

.obtaining these references is by

heating or cooling a container of
distilled water. However temperature
gradients can cause problems,
especially at zero degrees.

One method of obtaining water at
exactly zero degrees is to use a test
tube of distilled water in a flask of
iced water and allowing it to cool to
near zero. Now by adding salt to the
iced water its temperature can be
lowered to below zero. If you are very
careful, the test tube water will also
drop below zero without freezing
(you should be able to get to about
—2°C). However, the slightest

28

BACK
PLANE

DECIMAL
POINT

LCD
DISPLAY

IF

40

27 R3

1000 ca

100k
-[—— 34 (-2.8v **) 39 FVWA—
c1

33(-29v*") 38
26 (—9.6V)

L

b

v
BATTERY

NOTES:

**THESE POINTS CANNOT BE
MEASURED WITHOUT AFFECTING
OPERATION EXCEPT BY A VERY
HIGH IMPEDANCE (> 1G22 )
VOLTMETER.

disturbance at this temperature will
instantly cause some of the water to
freeze and the remaining water to
rise to exactly zero, providing an
ideal reference.

For a hot reference the boiling
point of distilled water is very close to
100°C especially if the container has
a solid base and is evenly heated e.g.
on an electric hotplate.

The actual calibration is done as
follows:

1. In the 0° C reference adjust
RV2 and RV3 until the unit reads
zero.

2. In the hot reference adjust RV 1
to give the correct reading.

This should be all the adjustment
required.

ELECTRONICS TODAY INTERNATIONAL — JULY 1978

If zero degrees is not available,
e.g. if setting up for °F, the following
method can be used:

1. In the cold reference use RV2
and RV3 to adjust reading to zero.

2. In the hot reference use RV 1 to
adjust the reading to indicate the
temperature difference between the
two standards. If freezing and boiling
points are used, this will be 180°F.

3. Now, back in the cold bath,
adjust RV2 and RV3 to give the
correct reading.

No further adjustment should be
required.
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" Engineer’s notebook

Digital thermometer
circumvents drift

by Henry Wurzburg and Mike Hadley
Motorola Semiconductor Produets Inc., Phoenix, Ariz.

A direct-reading thermometer that measures tempera-
ture digitally can be built from a diode sensor and an
analog-to-digital converter, without any buffers or oper-
ational amplifiers. The temperature-drift errors asso-
ciated with amplifiers are therefore eliminated, so that,
unlike its analog counterpart, the circuit remains cali-
brated over a wide temperature range— from —199° to
199° in either the Fahrenheit or Celsius scales. The
circuit resolution of 0.1° is primarily limited by the 3'/-
digit a-d converter.

The figure shows the MCI14133 converter chip

changing the output voltage of D,, a 1N4148 silicon
temperature sensor, into a binary-coded-decimal num-
ber. The auto-zero and auto-polarity features of the chip
ensure that its operation is virtually unaffected by
temperature changes. More important, its high-imped-
ance differential input circuit, with its wide, 200-
millivolt-to-2-volt range of full-scale input voltages,
allows the chip to be directly connected to the diode
sensor, despite the latter’s low output voltage, so that
there is no need for intervening buffers or amplifiers that
would amplify temperature-offset errors.

The MPSA20 transistor and associated network
supply a suitable operating bias to D,. The effect of
temperature on the bias network, and thus output
current, is extremely low.

Output count of the converter (see figure) is:

C = [(V.=VAG)/(V.— VAG)] X 2,000

This number is displayed by the HP5082 displays with
the aid of the MC14511 BCD-to-seven-segment decoder

5v MC78LD5
! T REGULATOR e
10k
IN4148 @L D, A l A 0.1 uF
20 k02 12/ '\
MPSA20 r l\ -E'“‘F l
»D2 \V VAG 9 Ve
1N4148 : \ 0k | ,/
3.3k02 Ak

™ Vx  VAG Ve Voo 10V
300 k2 % )
CLK, MC14433 > o
0s, 3%-DIGIT a-d CONVERTER i 0.1 uF
DS.. Gy - T
055 - L 014F
1
DS,
i 0, 0; 0y pu EOC Ve Vgg C02
1 I
ov C 0 —
MC14511
BCD-TO--SEGMENT q_
B/ 5
| -
3300 g _________ 7x3302
? V ? V V HP5082
MC1413
HEX INVERTER

Digital thermometer. Circuit is accurate over wide temperature range because no operational amplifiers are used. Op amps, normally
needed to amplify sensor voltage, also amplify temperature-offset errors, and so are replaced by a-d converters. Converter has high input

impedance, wide dynamic range, and can interface to sensor.
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'Jdrivers and one MC1413 hexadecimal inverter.

To calibrate the circuit, the sensor temperature should
be kept at 0°C or O°F while R, is adjusted until the
display reads 0. The sensor is then brought to a tempera-
ture of 199° (or to a lower temperature if decreased
accuracy is acceptable), and R, is adjusted until the
display matches the sensor temperature. V, must be
greater than VAG during all phases of the calibration

in order for the converter to function properly.

Using a standard diode sensor limits the error of the
system to no greater than 1.0°. However, diode sensors
with an error of less than 0.6°C are available from
Motorola on a special-order basis. O

Engineer's notebook is a regular feature in Electronics. We invite readers to submit original
design shortcuts, calculation aids, measurement and test techniques, and other ideas for
saving engineering time or cost. We'll pay $50 for each item published.
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Designer’s casebook

PROM converts weather data
for wind-chill index display

by Vernon R. Clark
Applied Automation Inc., Bartlesville, Okla.

A programmable read-only memory and four arithme-
tic/logic units can convert air-temperature and wind-
speed data in real time into wind-chill temperature,
which is displayed on a direct numerical readout.

The wind-chill equation adopted by the National
Weather Service is:

H = (100w'2+10.45-w)(33-T.)

where H is the heat loss in kilogram-calories per square
meters per hour, w is the wind speed in meters per
second, and T, is the actual air temperature in "C. A
modified form of this equation is the basis for the well-
known wind-chill temperature chart issued by the
service. In this circuit, the PROM is programmed so that,
in combination with the arithmetic/logic units, it will
generate output values identical to those in the chart for

a wide range of air temperatures and wind speeds.

Basically, the circuit determines from the incoming
data the apparent temperature change (T.) caused by
the wind. Then, it adds or subtracts T. from T, to find
the equivalent temperature (T.).

The T. values are programmed into the PROM for all
combinations of air temperature and wind speed over the
range:

—60F = T, < 50F (10 increments)
0 < w =< 46 miles per hour (2 mph increments).

The circuit must relate each T, and w to each T. to find
the equivalent temperature.

As shown in the figure, each T. may be accessed by
introducing air-temperature and wind data, in binary-
coded-decimal form, to the PrROM (U,) address lines. The
actual values of T, programmed in the PROM are shown
in the table. -

The value of T. appearing at the output, for a given T,
and w, is introduced to two ALus, U, and Us;. Also
driving U, and U is the T, data. The ALUs compute the
magnitude and sign of T. by adding T, and T.. Us and
U, perform a 10's complement operation in order to
drive the 7300 displays properly. The operation of all
four ALUS is summarized in the figure.

- 8
= 4
w Ti T
=
=1 |
=
= 8
w 4
-l (e
= |
5V 1
1o [1a [2s 120 [a |12
'—ilz Ag [
c
[} A7 1[:
2
A 3
3 A: CO{? _J__
93448 0 ;
512-BY-8-BIT » |20 |21 [4
PROGRAMMABLE oy R .5
%9L502 Tl 82582 U 82582
ARITHMETICUNIT  f50 Us ¥l
5 By oty by Sy 52.54 Sa L1 %91502
= \ 17 |16 |18 |is
& < Tw ]
w
2 :’ STORED o T e mma A ” I 14
= A; 82582 U, Lk 82582 Ug I /
1]
, |
OPERATION | IC, ANDIC; | 1C, ANDICs o 1| 2 3 e
=Ty =+Te SUBTRACTS | ADDS 1753!?0 5v—{ 7300
i 5 I SIRTRACTS. | SOBTRACTE . 2] DISPLAY fe s} DISPLAY |s
+Ty~Tw=-Te | SUBTRACTS | SUBTRACTS | ol E ne. N gilg'UTS-SIGN
~Ta-Tw=-Te| ADDS | ADDS & i, = = b 3

Cold solution. Circuit determines and displays wind-chill temperature (T.). Air temperature (T.) and wind-speed data (w) address PROM lines
to access apparent temperature change (T.) brought about by given w at T.. Arithmetic/logic units U: and Us; add T, and T. to find T. . Us and
Us perform a 10's complement operation for the digital display units, for which they serve as an interface.
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PROM CONTENTS — WIND-CHILL INDICATOR

Loc Loc Loc Loc Loc

0000R 0002 D070R 2628 00EOR 0000 0150R 4750 01COR 0004
0002R 0409 0072R 3030 DOE2R 0000 0152R 5355 01C2R 0714
0004R 1500 0074R 3100 00E4R 0000 0154R 5700 01C4R 2500
0006R 0000 0076R 0000 00EGR 0000 D156R 0000 01C6R 0000
0008R 2125 0078R 3233 00E8BR 0000 0158R 5960 01C8R 3543
000AR 2833 007AR 3434 DOEAR 0000 D16AR 6162 01CAR 5055
000CR 3700 007CR 3837 DOECR 0000 015CR 6365 01CCR 6000
000ER 0000 007ER 3738 O00EER 0000 D16ER 6667 01CER 0000
0010R 3941 00BOR 0001 DOFOR 0000 0160R 0003 01DOR 6468
0012R 4344 0082R 0206 © 00F2R 0000 0162R 0511 01D2R 7275
0014R 4600 0084R 0900 D0F4R 0000 0D164R 2000 01D4R 7800
0016R 0000 0086R 0000 00F6R 0000 0166R 0000 01D6R 0000
0D018R 4848 008BR 1215 0OF8R 0000 0168R 2834 01DBR BOB2
001AR 5051 008AR 1719 00FAR 0000 016AR 4044 01DAR 8485
DO1CR 5354 008CR 2100 00FCR 0000 016CR  4B00 01DCR 8890
001ER 5556 00BER 0000 0O0FER 0000 016ER 0000 0D1DER 9294
0020R 0002 0090R 2223 0100R 0002 0170R 5255 01EQR 0000
0022R 0407 0092R 2425 0102R 0408 0172R 5759 D1E2R 0000
0024R 1300 0094R 2600 D104R 1500 0174R 6200 01E4R 0000
0028R 0000 0086R 0000 0108R 0000 0176R 0000 D1E6R 0000
0028R 1923 009BR 2728 0108R 2125 0178R 6466 * 01EBR 0000
0D02AR 2730 009AR 2929 010AR 2933 017AR 6768 D1EAR 0000
002CR 3300 009CR 3031 010CR 3700 017CR 7071 01ECR 0000
002ER 0000 009ER 3132 010ER 0000 017ER 7273 D1EER 0000
0030R 3537 00AOR 0000 0110R 3841 01B0R 0004 01FOR 0000
0032R 3840 00A2R 0203 0112R 4344 0182R 0612 01F2R 0000
0034R 4200 00A4R 0700 0114R 4600 0184R 2200 01F4R 0000
0036R 0000 00ABR 0000 0116R 0000 0186R 0000 01FBR 0000
0038R 4343 00ABR 1012 011BR 4840 01B8R 3036 D1IF8R 0000
003AR 4445 00AAR 1415 011AR 5061 018AR 4247 01FAR 0000
003CR 4749 O00ACR 1700 D11CR 5354 018CR 5200 01FCR 0000
003ER 6051 00AER 0000 011ER 5556 018ER 0000 01FER 0000
D040R 0002 COBOR 1818 0120R 0002 0190R 5660 0200R

0042R 0407 00B2R 1920 0122R 0409 0192R 6365

0044R 1200 00B4R 2100 D124R 1700 0194R 6700

0046R 0000 00B6R 0000 0126R 0000 D196R 0000

0048R 1620 00BBR 2222 0128R 2329 0198R 6971

004AR 2426 00BAR 2323 D12AR 3337 019AR 7374

D0D4CR 2800 00BCR 2425 D12CR 4100 019CR 7677

D04ER Q000 ODBER 2528 012ER 0000 019ER 7879

0060R 3032 00COR 0000 0130R 4346 01AOR 0004

D052R 3436 00C2R 0000 0132R  4B50 01A2R 0613

0054R 3700 00C4R 0000 0134R 5200 01A4R 2300

0056R 0000 00CBR 0000 0136R 0000 01ABR 0000

0058R 3839 00CBR 0000 0138R 5354 D1A8R 3340

DOS5AR 4040 00CAR 0000 013AR 5857 01AAR 4652

005CR 4142 00CCR 0000 013CR 5960 D1ACR 5800

DOSER 4243 00CER 0000 0D13ER 6162 01AER 0000

0060R 0002 00DOR 0000 0140R 0002 01BOR 6064

0D062R 0308 00D2R 0000 0142R 0510 01B2R 6770

0064R 1000 Q0D4R 0000 0144R 1800 01B4R 7300

0066R 0000 00DER 0000 0146R 0000 0186R 0000

0068R 1418 00DBR 0000 014BR 2632 01BBR 7577

006AR 2022 00DAR 0000 014AR 3640 01BAR 7980

006CR 2400 00DCR 0000 0D14CR 4400 01BCR 8283

00BER 0000 DODER 0000 014ER 0000 01BER 8485

Wind speed frequently varies over a wide range in a temperature. One answer to this problem is to sample
short time. This may cause rapid flickering of the display the input data periodically. Another is to use average-
and make it hard to determine the average wind-chill value sensor circuits for smoothing the data.
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Diode Temperature Probe

Low-cost sensor gives temperature reading

F YOU own a digital multimeter

(DMM), it can be made to give tem-
perature readings for a small expendi-
ture in parts and effort. When a small
forward bias is applied to a conventional
silicon diode, the voltage drop across the
diode junction changes at a rate of about
1.25-mV/°F (2.24-mV/°C). Thus, a
low-cost and readily available diode
such as the IN914 can be used as a tem-
perature probe.

The bridge circuit shown in Fig.l
works in conjunction with the sensor
diode and a DMM on the 200-mV (low
temperature) or 2-volt (high-tempera-
ture dc voltage ranges.Thedisplayed dig-
its are the temperature. Note that in
Fig. 1, two values are shown for R2, R4,
R6, and R7. The values in parenthesis
are for Celsius operation, while the oth-
ers are for Fahrenheit. Capacitor C/ is
used to bypass stray signals that may be
picked up on the leads.

Construction. The circuit can be as-
sembled on a small printed-circuit or
perforated board. The small circles at
CI indicate the need for a pc pad, or
WireWrap pin to make the connections
to the remote diode.

To make the temperature probe safe
for liquid immersion, the arrangement
shown in Fig. 2 is used. Preform a short
length of vinyl tubing, fill it with epoxy,
and “thread” it up the diode leads to
make contact with the diode body. Al-
low the epoxy to thoroughly cure. If de-
sired, a length of heat-shrink tubing
may be used. In either case, leave a short
length of diode lead exposed for solder-
ing to the flexible cable.

Slide a short length of heat-shrink
tubing over the covered diode leads,
solder each diode lead to the flexible
cable, and then fit the tubing over the

ona DMM

DI
IN914

TEMPERATURE
PROBE

RS 2
man;
b

------------ Add

R7 RE
220K nlIOOKn]IASK nfizokn)

TO

DMM
Fig. 1. Diode is one leg of a
Wheatstone bridge connected to DMM.

PARTS LIST

C1—0.01-uF disc capacitor

D1— 1N9 14 silicon diode

R1—33 k{2, V2-W resistor

R2—82 k{2 (F) or 12 k{2 (C) "2-W resistor

R3— 1-kfl pec-mount potentiometer

R4—56 k(! (F) or 68 k! (C) v2-W resistor

R5—10 k{2 pc-mount potentiometer

R6—49 k (F) or 120 kQ2 (C) 12-W resistor

Misc.— 1.35-volt battery and holder, vinyl
or heat-shrink tubing, flexible two-con-
ductor cable, epoxy, solder, etc.

DIODE
LEAD
VINYL
TUBING
INSULATING
SLEEVE
SOLDER
JOINT

FLEXIBLE
LEAD

Fig. 2. To make probe immersible,
vinyl tubing is added around leads.

solder joint. Shrink the tubing to make a
tight fit.

Calibration. The resistance values
for R2-R4 and R6-R7 are not critical,
but their ratios are. Perform the follow-
ing calibration tests before changing any
resistance value.

Potentiometer R3 balances the bridge
to indicate 32°F (0°C) at this tempera-
ture. Potentiometer RJ is used to reduce
the 1.25 (2.24) mV /degree to exactly
1 mV /degree and is also used to set the
upper range point.

With R3 and R5 at their center of
rotation, immerse the diode probe in a
container of finely shaved or crushed
ice. Adjust R3 to produce a DMM indi-
cation of 32 ("F) or 0 (°C). Place the
DMM in the 2-volt dc range, immerse
the probe in a container of boiling water,
and adjust RS for a DMM indication of
212 ("F) or 100 (°C).

If you find that R3 is at one end of its
rotation, add a parallel resistor in the
megohm range across either R2 or R4,
depending on the location of the wiper of
R3. If RS is at one end of its rotation,
add a parallel resistor (also in the meg-
ohm range) across R6 or R7. If de-
sired, a 10-turn trimmer potentiometer
can be used for each of the fixed resis-
tors and preset for the correct ratios.

Since the DMM will also indicate
negative voltages, it will similarly indi-
cate temperatures below those at which
it is calibrated. Also, the diode can oper-
ate at temperatures above 212°F, which
is about the limit for the plastic insula-
tion used for the diode leads, so a plastic
with a higher temperature rating can be
used to liquid-proof the sensor. Or, with-
out such protection, the sensor can be
used for dry, or contact, temperature
measurements. &
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multi-channel logic

+5v PARTS LIST
| IC1—7493 divide-by-16 counter
0 SET 1C2-—741511-0of-8 data selector
CLK—I N Herk 73%'3 O SET 1C3— 7404 hex inverter
. R1—1-kQ, 1/2-W resistor
Q2 04 Q! £ : i
PRESCALER Kl 8 [ R2—2.2-KQ. 12-W resistor (see text)
(OPTIONAL) R3—4.7-KQ, 2-W resistor (sece text)
R4,R5-—10-k€, /2-W resistor
Misc.—Optional prescalers, scope con-
nectors, 8-lead ribbon cable (color coded),
grommets, suitable enclosure, miniature
test clips (Radio Shack 270-372, Calectro
F2-916. or similar), 14- or 08 16-pin IC
clamp on, mounting hardware, etc.
- - - Construction. The simple circuit can
Ut be assembled on a small perforated (or a
+5v—sd #E.‘.E. EN home-made pc) board, leaving room for
two or three optional ICs. The basic cir-
%) £ cuit consists of 1C1, IC2, IC3 and the
214 ‘3|5] I l I l - — five resistors.
BoTTON~ — R g i Once assembled, the board can be

mounted in a small enclosure; and, if
desired, a low-power 5-volt supply can
be added. Since the basic circuit re-
quires about 72 mA, the analyzer can be
powered from the circuit under test.

The scope sync and vertical input con-
nectors can be mounted anywhere on the
enclosure, while the 8-lead ribbon cable
(one lead for each data selector input)
exits via a grommetted hole. The +5-
volt, ground, and clock leads exit via
their own protected hole,

The 11 leads can be terminated as
desired. The prototype used miniature
test clips (Radio Shack 270-372, Calec-
tro F2-916, or similar) to make the
closely spaced IC pin connections. To
examine a single IC, a 14- or 16-pin IC
clamp-on may be used. When using such
a clamp-on, the +5 volts and ground
can be taken from the IC. Some form of
identification must be used on each of
the eight data leads.

Fig. 1. Rudimentary D/A converter creates an eight-step
wavefrom. Scope sweep adjustment produces eight traces.

Use. Connect the status analyzer to the
+5 volts, ground, and clock of the cir-
cuit under test. Connect the analyzer
ground and output to the scope ground
and vertical input, and the sync to the
scope external sync input. With operat-
ing power applied, adjust the scope
sweep for eight discrete traces.

Any or all of the eight analyzer inputs
can be connected to the logic under test.
Adjust the scope sweep and sync for a
stable display. Once this is done, the val-
ue of R4 can be selected for the desired
signal height on the traces. To avoid
confusion, make sure that the signals do
not overlap. Resistor RS can be selected
for a convenient signal level input for
the scope.

Although this circuit is realized with
TTL chips, a resourceful experimenter
Sixteen-trace synthethis using a dual trace scope. could build one using CMOS logic, f‘O]_
lowing the same approach.
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room
thermometer

elektor july/august 1977

Using a National LM3911 IC, a 1| mA meter
and a few resistors it is a simple matter to
construct a thermometer to measure over
the temperature range —20° to +50°C,
which should be adequate for all but polar
climates! As the circuit is intended as a room
thermometer the entire circuit operates at
the temperature which is being measured, so
the resistors used should be low-temperature
coefficient types to maintain the accuracy
of the circuit.

To calibrate the thermometer the meter
scale must first be marked out linearly from
zero = —20° to full-scale = +50°, With P2 set
to its mid-position the circuit should be
placed in a freezer or the freezin% compart-
ment of a refrigerator set to —20°C and P1
should be adjusted until the meter reads —20.
The circuit should then be placed in a
temperature of +50°C and P2 adjusted until
the meter reads 50. Of course it is also poss-
ible to mark out the scale from 0°F to
120°F and calibrate zero and full-scale
accordingly.

Pl and P2 interact to a small extent, so it
may be necessary to repeat the procedure
several times until both the —20 and +50
readings are accurate.

As the IC contains its own stabiliser the

R2

3

IC1
LM3811

Top view

1: j f
2

3

“see text

77094

supply voltage is not critical provided the
value of R1 is chosen so that about 3 mA
flows through it. The value of R1 is given by

RI =V"3‘6 (k).




negative
supply from
positive
supply

elektor july/august 1977

TL.T2=TUN

FECTR D1...D3-DUS

It is sometimes necessary to provide a nega-
tive supply voltage in a circuit that otherwise
uses all positive supply voltages, for example
to provide a symmetrical supply for an op-
amp in a circuit that is otherwise all logic
ICs. Providing such a supply can be a
problem, especially in battery operated
equipment.

In the circuit shown here T1 is turned on
and off by a squarewave signal of 50% duty-
cycle at approximately 10 kHz. In logic
circuits it is quite conceivable that such a
signal may already be available as clock
pulses. Otherwise an oscillator using two
NAND gates may be constructed to provide
it.

1 /‘-'r =100mv I:\J
-0t Up=200mV
gl Up=250mVv
6 1;=102mA
-4
1
-2
Lo 0 8 0 AT
77076 2 (mA)

When T1 is turned off, T2 is turned on and
C1 charges through T2 and D2 to about
11 V. When T1 turns on, T2 turns off and
the positive end of C1 is pulled down to
about +0.8 V via D1. The negative end of
Cl is now about 10.2 V negative so CI
discharges through D3 into C2, thus charging
it. If no current is drawn from C2 it will
eventually charge to around —10V. Of
course, if a significant amount of current is
drawn, the voltage across C2 will drop as
shown in the graph and a 10 kHz ripple will
appear on the output.




- BY THOMAS R. FOX

_KE T HOL...

But which ones?

Test your knowledge of

how circuit components respond
to temperature.

OME electronic components, espe-

cially semiconductors, are extremely
sensitive to temperature changes. Even
passive components (resistors and ca-
pacitors, for example), which are nor-
mally insensitive to temperature varia-
tions, can undergo parameter changes
that are sometimes sufficient to in-
fluence circuit behavior.

Here is a quiz that will check your
knowledge of how the parameters of

Component b O

1 Thermistor
Silicon
2 diode

a photovoltaic R |
~ cell
(Solar cell)

4 Copper wire

e |

some common electrical components (as
well as a few rare ones) change with
temperature. The quiz gives you the
common name and electrical symbol or
pictorial representation of the compo-
nents and the parameters of interest un-
der temperature change (resistance,
voltage, etc.).

Your task is to answer the following
questions about each component: (A)
Does the parameter of interest increase

Component

5 Platinum wire

or decrease as the component’s tempera-
ture increases from 68°F (20°C) to
95°F (35°C)? (B) Is the component fre-
quently used in temperature measuring,
control, or compensation circuits? As an
example, for component No. 1, the ther-
mistor, the answers are: (A) Decrease;
(B) Yes. Answers for the rest are on the
third page of the quiz. If you get 35 cor-
rect answers out of the total 50, you
have done very well indeed.

TR

e
i: Electrolytic
capacitor (A1)

Bl g Polystyrene
i capacitor

NPO-type

|
8 capacitor
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Figures 1 through 9 on the opposite
page are performance characteristics
for the Zenith/Beta system. Figure 1
is multiburst response during

record; Fig. 2 still during record

is swept chroma. Multiburst baseband
response during playback for Beta

Il and Beta lll are in Figs. 3 and

4; with similar chroma playback
baseband in Fig. 5 (Beta H)

and Fig. 6 (Beta lll). Beta Ill/Beta lll
multiburst playback through the
modulator is shown in Fig. 7 with
swept chroma response in Fig. 8.
Figure 9 is a spectrum analyzer
display of the Beta's audio and

video carriers at antenna terminals.
Figures 10 through 21 are for the
Pansonic PV-1750. Figures 10 and 11
are responses in luminance and
chroma in record mode and SP.
Baseband for SP and SLP are in

Figs. 12 and 13, with swept chroma

in Figs. 14 and 15. Figures 16

and 17 are responses through the

r-f modulator for SP and SLP, while
Figs. 18 and 19 are the same for
swept chroma. Figures 20 and 21

are spectrum analyzer displays

for the SP and SLP modes.

. f
2-MHz per horizontal division and’10-
dB per vertical division, and —40+
(+5.72) dBm down, you see the video
carrier and its two sidebands and the
unmodulated audio carrier on the right.
With the noise center as reference, the
video carrier has a S/N ratio of 49 dB,
while the audio carrier shows 36 dB.

The Panasonic PV-1750 waveforms,
Figs. 10 through 16, precisely match
those for Beta. However, since there are
some additional differences between SP
and SLP that require illustrating, the
Panasonic group continues to Fig. 21.

Figures 10 and 11 show good re-
sponses in luminance and chroma out to
4 MHz with the player in record mode
in the SP position. As you can see, most
of these are exceptional. Figures 12 and
13 are SP and SLP, respectively, with
3.5 MHz plainly visible in SP, and only
about 3 MHz in SLP at baseband via
camera and video input/output. Figures
14 and 15 show relatively little differ-
ence in swept chroma, except that the
4.08 MHz seems to be down a bit more.
In Figs. 16 and 17, responses through
the r-f modulator into the TV receiver
are exceptional for a VCR, as are the
other parameters, including a slightly
distorted (rounding) staircase. Figures
18 and 19 show swept chroma passing
through the modulator, with the 4-MHz
portion, well down, as is to be expected.
Figures 20 and 21 are spectrum-analyz-
er displays for the SP and SLP modes.
Observe that the S/N ratio is 49 dB for
SP video and 30 dB for audio. In SLP,
video drops to about 45 dB, and audio
drops to 28 dB.

Conclusions. Both units represent an
improvement over their respective pre-
decessors. Images are more distinct,
noise is reduced, control fiexibility and
range are enhanced, and record/play
times are considerably longer than they
were a few years ago.

But between the formats there are
real differences. Beta has an audio S/N
ratio about 5 or 6 dB better than VHS,
and a frequency response extending to
about 10 kHz. VHS, on the other hand,
has a wider video bandpass, a video S/N
ratio comparable with that of Beta,
more program selections, and many
more remote-control functions. VHS
also plays an hour longer in extended
play and has a lighted moisture (dew)
sensor. Of course, if your receiver band-
pass is too limited, the extra bandwidth
of the Panasonic VHS player is of no
practical consequence.

The absolute contest between the two
systems would be a hookup with your
own TV. Both units tested here are of
superior quality. The decision as to
which type of player is more suitable for

you is yours alone. <
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Parameter of

Component Symbol intaroat
18 Copper-iron
thermocoupl
capacitor
i
Carbon W Lead-acid
10 composition Resistance 19 storage
resistor M % battery
Positive temp. Typical
11 coetf. silicon primary
resistor 20 battery
o (Zn/C,
for
o example)
| 3
—— / - £
[ i
12 Insulated . Insulation 21 Inductor
test lead resistance
Thermistor ; Silicon
(TC= — 1000 22 controlled
ppm/°C) : rectifier
13 Sensitor 3
TC= + 1000
ppm/°C) (Pos. ‘
temp. coef.) ;
14 NPN silicon DC Beta Passivated Reference
transistor _(current gain) 23 alloy ; voltage
silicon .
diode
7400
15 glggtalanlum 24 o gate
F
I v
16 Red LED 25 CMOS
gate
17 Red LED I_
26 Spark gap
HIGH VOLTAGE
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some like it hot

QUIZ ANSWERS

1. See introduction.

2. (A) Decrease; (B) Yes. Note:
The silicon diode has a relatively linear
forward voltage vs. temperature charac-
teristic. It is also low-cost and readily
available. However, it is comparatively
insensitive.

3. (A) Decrease; (B) No. Note:
Keeping the cell cool raises efficiency.

4. (A) Increase; (B) No. Note: Ex-
cept possibly at high temperatures, cop-
per’s variation of resistance is seldom
taken into account in designs.

5. (A) Increase; (B) Yes. Note:
Platinum makes probably the best of the
metallic type of temperature probe. Its
advantages are: it can be highly refined;
it resists contamination; it is electrically
and chemically stable; its resistance
characteristic is quite linear; and its
drift and error with age are negligible.

6. (A) Increase; (B) No. Note: Sel-
dom used in critical circuits.

7. (A) Slight decrease; (B) No.
Note: The capacitance of polystyrene
units varies little with temperature.

8. (A) Almost no change; (B) No.
Note: NPO (Negative-Positive-Zero) is
a temperature compensating dielectric
that has an ultrastable temperature
characteristic. Used in certain types of
ceramic capacitors.

9. (A) Most decrease (B) Yes.
Note: Some types of Class I ceramic
capacitors, which are usually made of
titanium dioxide, are frequently used in
compensation circuits.

10. (A) Increase; (B) No. Note: This
workhorse of the resistor world has quite
a high temperature coefficient and thus
isn’t used frequently in critical circuits
that must be temperature stable. Car-
bon-film, metal-film, or wire-wound re-
sistors are better choices for application
in critical circuits.

11. (A) Increase; (B) Yes. Note: Be-
cause of its fairly linear resistance/tem-
perature characteristic (especially with
a properly chosen fixed resistor in paral-
lel) this component has possible use in
simple digital thermometers.

12. (A) Decrease; (B) No. Note:
Keep this in mind when testing high-
voltage circuits.

13. (A) None; (B) No. Note: The
thermistor resistance decreases by 0.1%
for every degree Celsius increase in tem-
perature (remember, 1000 ppm/°C =
0.1%) and the Sensitor resistance in-
creases by an identical amount. Thus,
the overall effect is zero.
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14. (A) Increase; (B) Yes. Note: This
effect has been used in inexpensive elec-
tronic thermometers. Also, it must be
compensated for when designing a tran-
sistor circuit so that the transistor’s
operating point doesn’t change signifi-
cantly with temperature. ;

15. (A) Increase; (B) Yes. Note: A
simple electronic thermometer can be
constructed from a reverse-connected
germanium diode, a battery, and a mi-
croammeter. The relatively high, tem-
perature-dependent reverse leakage cur-
rents of germanium diodes make the sili-
con diode, whose leakage is far smaller,
preferable in some applications.

16. (A) Decrease; (B) No. Note:
Keep LEDs cool for increased bright-
ness.

17. (A) Increase; (B) No.

18. (A) Decrease; (B) Yes. Note:
Does this surprise you? Well, this is sort
of a trick question. One normally thinks
of a thermocouple’s output as increasing
with an increase in temperature. The
fact is, a thermocouple’s output in-
creases with an increase in the differ-
ence in temperature between its stan-
dard junction and the test junction.
Since the standard junction shown is at
a constant 120°F, the thermocouple’s
output decreases until the test junction
reaches 120°F, at which point the out-
put is zero. For test junction tempera-
tures above 120" F, the output increases
with further increase in temperature.
Since we are limited to a maximum tem-
perature of 95°F, the output is said to
decrease with increasing temperature.

19. (A) Increase; (B) No. Note: This
answer is obvious to anyone who had no
trouble starting his car on a relatively
mild winter afternoon, but early the fol-

| said, | think maybe the
ghosts seem sharper now!"

lowing morning, when it was bitter cold,
had to jumper the battery to start the
car. (Of course, thickening oil exacer-
bates the problem.)

20. (A) Decrease; (B) No. Note: This
effect is more important than most
people realize. One answer is to store
batteries in as cool an area as possible. A
standard battery will retain nearly all its
original capacity for as long as two years
if stored at 32°F. This same battery, if
stored at 160°F (say in an attic), will
have only about 15% of its original ca-
pacity after only 1 month of storage!

21. (A) Increase; (B) No.

22. (A) Decrease; (B) No. Note: A
substantial increase in temperature can
trigger a false alarm. (Although the au-
thor has never seen it done, he specu-
lates that a simple fire alarm can be con-
structed using an SCR with its gate
clamped to a constant voltage just below
the minimum trigger point (at room
temperature).

23. (A) Almost none; (B) No. Note:
This diode provides a reference voltage
whose stability compares with that of
standard cells.

24. (A) Decrease; (B) No. Note:
Here is one reason why commercial-
quality TTLs should be used only be-
tween 0°C and 70°C.

25. (A) Slight decrease; (B) No.
Note: CMOS devices are less sensitive
to temperature than TTLs. Plastic-
cased CMOS are guaranteed to operate
satisfactorily from —40°F to 185°F
(—40°Cto85°C).

26. (A) Decrease; (B) No. Note:
Spark gaps are frequently used to meas-
ure extremely high voltages. While this
method may seem crude, it is accurate.©
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Diode pair senses
differential temperature

by Don DeKold
Dekolabs, Gainesville, Fla.

Normally, a germanium diode functioning as a tem-
perature sensor relies on the linear variation of its
forward voltage with temperature. But a pair of germa-
nium diodes can be made to serve as a differential-tem-
perature comparator if the circuit exploits a much less
used temperature-dependent diode property—the loga-
rithmic variation with temperature of the reverse satu-
ration current. The resulting circuit is useful for indus-
trial-control applications.

When one diode (SENSOR;) is at temperature T; and
the other diode (SENSOR;) is at temperature T, the cir-
cuit output will change state as the temperature differ-
ential (T:-Tz) approaches and crosses a differential
threshold, ATy 2. For the circuit shown here, AT, is
13°C—when (T;1-T2) is less than 13°C, the circuit’s out-
put is low; and when (T;-Tz) is greater than 13°C, the
output goes high. The circuit has a fairly wide and use-
ful temperature range of 20°C to 120°C.

The two diodes, along with resistors Ry and Rz, form
a resistance bridge. The right-hand side of the bridge
consists of equal resistances that divide the bridge volt-
age in half, establishing a reference voltage at the in-
verting terminal of the FET-input operational amplifier.
The noninverting op-amp terminal receives the tem-
perature-dependent voltage, which is derived from the
division of the bridge voltage across the diode tempera-
ture sensors.

A4V

|

% 1k2
1 10 k2
Ry
% N
+
wA740
+ -
%1 k2

SENSOR,

,* IN759A QUTPUT
(1z2v)

SENSOR,

> 10k

R,

SENSOR DIODES: 1N270

In general, the reverse saturation currents of two un-
matched diodes are different at a single temperature.
However, when plotted as a function of témperature on
semilog paper, the two reverse-current characteristics
will be parallel to each other. That is, a diode’s reverse
current may vary from one unit to the next at a single
temperature, but it will increase in an identically pro-
portional manner from one unit to the next as a func-
tion of temperature.

For instance, for the type 1N270 germanium diodes
used here, the current doubles every 13°C. The dou-
bling is highly regular, producing a nearly linear semi-
log plot over a faitly wide temperature range, as shown
by the graph of reverse saturation current versus tem-
perature for two type IN270 diodes.

Now, when a diode is reverse-biased, it in effect be-
comes a temperature-dependent current source with a
reverse saturation current that is only negligibly in-
fluenced by the actual magnitude of the reverse voltage.
But as the reverse voltage approaches zero, the reverse
current decreases. When two diodes are connected in
series, therefore, the voltage across them will divide
equally only when their currents are the same, a condi-
tion that occurs at a fixed temperature difference be-
tween the two. This equal-current temperature differ-
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Temperature comparator. Unmatched germanium diodes have different reverse saturation currents at the same temperature. But this differ-
ence remains proportionate with changing temperature so that the temperature differential between the two currents stays the same, as
shown by the graph. A differential-temperature comparator can be built by connecting two unmatched diodes in a bridge configuration.
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Interfacing a teletypewriter
with an IC microprocessor

by Steven K. Roberts
Cybertronic Systems, Louisville, Ky.

The lengthy software service routine generally required
to interface a teletypewriter and an IC microprocessor,
such as the Intel 8008, can be eliminated by the circuit
shown here. A shift register and some control logic are
all that it takes, bringing total component cost to only
about $6.50.

In the 8008 system, synchronization with the central-
processing unit is accomplished through this micro-
processor’s READY line, making modification of the tele-
typewriter itself unnecessary. The hardware configura-
tion given in the figure is designed for a 10-character-
per-second Model 28 Teletype, which uses the five-level
Baudot code. If the intended application will not easily
accommodate data storage in the Baudot code, conver-
sion may be accomplished with a read-only memory,
such as National's MM5221TM. (A Model 33 Teletype
presents no decoding problem.)

During the time that the input parallel data is valid,

flip-flop and takes the READY line low. The BUSY flip-
flop also removes the reset from the cycle counter and
enables the LOAD flip-flop, which is set on the next clock
pulse. This action loads the data at the input to the shift
register and increments the cycle counter once.

On the succeeding clock pulse, the ENABLE flip-flop is
set, and the data in the register begins to shift to the
right. For each shift pulse, the cycle counter is incre-
mented by one until it reaches a binary count of 8.
Then, the BUSY and ENABLE flip-flops are both reset,
and the READY signal is restored to the microprocessor
so that the central-processing unit can resume oper-
ation.

In the data character presented to the shift register,
bit H, which is constantly held low, corresponds to the
teletypewriter START pulse. Similarly, the register’s A
and B bits are tied high, corresponding to the tele-
typewriter STOP pulse. Since the STOP signal must be ap-
plied to the teletypewriter for approximately 1.5 times
longer than the other pulses, the BUSY flip-flop is reset
on the falling edge of the clock, during the time that bit
A is present at the register’s Qu ouggut. The serial out-
put of the register switches the 60-milliampere tele-
typewriter current loop through the transistor.

The clock signal for the circuit is derived from the IC
timer that is free-running at approximately 75 hertz.
For teletypewriters that operate at 6 characters per sec-

the circuit receives the START pulse, which sets the BUSY ond, the clock frequency should be about45.5Hz. [J
BAUDOT :
2
DATA FROM{ 3 i
DECODER | ¢
TO TELETYPEWRITER
V—s = (60-mA CURRENT LOOP)
L oA EFCH Tk
N 2N2222
Jg. meGisTER 5
78165 g
v v
| 7474 7474
BUSY LOAD gt
g FLIP. . "shp
. FLOP FLOP e
START — ¥ CLK a > CLK a
CLR CLR
v T iy
750 L_'I 10
; MICROPROCESSOR
BUSY
560 02 Rt
8
J 4 EVELE L_Do— {READY)
0t 7408 COUNTER |2~ 7404
Rg fois
Els.
> 7408 _@o;_\ 7483
7404 e

Software bypass. Digital interface circuit provides synchronization between a teletypewriter and a microprocessor chip through the latter de-
vice's READY line. Normally, a long software routine is needed to make the interface. The input data is in the parallel Baudot code, and the
output is for a 10-character-per-second teletypewriter. A free-running IC timer is used to produce the clock signal.
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Electronic
Thermometer

Convert your meter to read
temperature with this simple
add-on unit.

USING THIS CIRCUIT you can convert
any voltmeter capable of reading 0-1V
to a 0-100°C temperature probe. The
device that makes this possible is Na-
tional Semiconductor's LM335. This
is a temperature-sensing integrated
circuit housed in a T0-92 transistor
type package which acts as a shunt
regulator giving an output voltage of
10 mV per degree. The chip gives a 0V
output, not at 0°C as you might ex-
pect but at absolute zero, minus
273°C. This means that an output
voltage of 2.73 V is obtained at freez-
ing point. To get a 0 V output from the
circuit at 0°C, all we need to do is
compare the output of the chip with a
reference voltage of 2.73 V, which we
obtain from a second integrated cir-
cuit, the TL430C.

Construction

Begin by mounting resistors
R1,2,3,4,5, integrated circuit IC1 and
variable resistor RV1 into the printed
circuit board (PCB), as shown in Fig.
2. As IC1 and IC2 look alike make sure
you've picked up the right device, the
TL430C. Check its orientation against
the overlay diagram.

Now connect a voltmeter with its
negative lead to 0 V and its positive
lead to the junction of R4 and RS.
With the unit connected to a 9V bat-
tery you should be able to adjust RV1
to obtain disconnect the meter and
battery and a reading of 2.73 V. If all
is well, solder R6, RV2 and IC2 into
the PCB, taking care with IC2's orien-
tation.

Reapply power and connect the
meter this time with its negative lead
to the junction of R4 and R5, and its
positive lead to the junction of R6, |IC2
and RV2.

By adjusting RV2 you should ob-
tain a reading corresponding to the
ambient temperature. If the

temperature is 25°C adjust RV2 for a
reading of 0.25 V.

Only one calibration is needed
as this sets the chip accurate to
within 1°C over a range of -10°C to
-100°C.

Now, mark and drill the case to
fit the panel meter and on/off switch.
Mount the PCB, battery, switch and
meter into the case and wire up the
project as shown in Fig. 2.

If you wish to make a
temperature probe, you can mount
IC2 remotely from the PCB. Choose a
mounting to suit your application,
taking care that the leads cannot be
bridged or short-circuited if measur-
ing water temperature, for example.
In fact, it is a good idea to encap-
sulate the complete IC in epoxy resin
or similar, if you intend to use the pro-
be to measure water temperature.

handful of components, you have a

And there you have it. With just complete linear temperature
two comparatively cheap chips and a measurement system.
o o OV
sW1
R6
%na 5k6
1k8 v
REF a k
@ TL430C
R4
330R
Ly g ADJ _+ = | mMassz
RV1 — + v+
2 273V M
= RV2  PIN VIEWS
§ P T 10k
R5
2k7
QO0V

Fig. 1. Circuit of the ETI Thermometer.

NOTE:
IC11STL430C M1ISANY 1VOLT
IC2 IS LM3352Z FULL SCALE METER
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ELECTRONIC THERMOMETER

RESISTORS (All “aW, 5%)
R1

R2
R3
R4
R5
R6

120R
10k
1k8
330R
2k7
5k6

POTENTIOMETERS

RV1
RvV2

2k2 miniature horizontal
preset
10k miniature horizontal
preset

SEMICONDUCTORS

1C1

IC2

TL430C adjustable
zener

LM335Z temperature
sensor

MISCELLANEOUS

M1 any meter capable of in-
dicating 0-1 V (for
0-100°C measurement
range)

Case to suit.

Fig. 2. Printed circuit board overlay of the
Thermometer and connection details.
Make sure you don’t confuse IC1 with IC2
as they are similar both in size and shape.

9V BATTERY

Fig.3. Internal view of the Thermometer.
Keep all leads short and neat.
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HOW IT WORKS

The heart of the circuit is the LM 335Z solid
state temperature sensor. When a current of
400 uA to 5 mA is passed through this
device, a voltage of 10 mV per degree is
developed across it. At 25°C (room
temperature) a voltage of 2.98 V will be
produced, not the 0.25 V (0.01 x 25) that
you might expect. This is because the out-
put is proportional to absolute temperature
and 0°C is 273K so 25°C is (273 + 25 +
100) V, ie, 2.98 V. So that the meter will
read zero for 0°C, we generate a reference
voltage of 2.73 V corresponding to 0°C,
273 K (the ‘K"’ is for Kelvin — Lord Kelvin,
a physicist).

The reference voltage is produced us-
ing a special integrated circuit, the TL430C.
This chip is connected just like the LM335Z
and has a terminal which monitors the out-
put voltage via potential divider R1, RV]1,
R2. The TL430C will regulate the voltage at

its output until a voltage of about 2.7V ap-
pears at its reference input. This occurs for
an output voltage of about 3V. Unlike the
LM335Z whose output will change with
temperature, the TL430C is designed to be
temperature independent and its output will
drift by less than 50 parts per million, per
degree Centigrade (ie, not more than 150
uV/°C). The required reference voltage of
2.73 V is obtained from the 3V output via
potential divider R4, 5. This network is re-
quired because the reference voltage (and so
the minimum output voltage) may range
between 2.5V and 3V for different samples
of the device. Preset RV1 accommodates
this variation, enabling a 3 V outpui to be
obtained from any sample. To obtain a
temperature measurement, a 1V FSD meter
is simply connected between the reference
voltage from ICI and the output of IC2.

o)
e

1VMETER

VSENSOR

273V + 10 mV PER°C

swi1
ON/OFF
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Part 1

A microprocessor
and a programmed
EPROM are used
in this
sophisticated
circuit to

measure and
analyze changes
in temperature

By Tom Fox

OST people associate the

word ‘‘microprocessor’’
with computers. However, there
are many sophisticated devices be-
sides computers that use micro-
processors. One such device is the
Intelligent Thermometer described
here. It is called “intelligent™ be-
cause the particular program in its
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INTELLIGENT THERMOMETER

memory allows many uses besides
simple temperature measurements.

For instance, the Intelligent
Thermometer analyzes the tem-
perature data and stores the results
in its semi-permanent memory. It
measures temperatures between
—56°F and +199°F (—49°C and
93°C) and does it with an accuracy
better than =1°F over its entire
range. It stores the minimum and
maximum temperatures, and calcu-
lates and stores the mean tempera-
ture up to a 255-day interval with
an accuracy better than that of the
U.S. Weather Service. The Intelli-
gent Thermometer also calculates
and stores heating degree-days
(base 65°F), cooling degree-days
(base 75°F) and growing degree-
days (base 42°F). Up to 9999 de-
gree-days can be stored in each of
its degree-day registers.

The analyzing portion of the
thermometer has three outputs that
can be used to activate a relay or
buzzer. The first signals a tempera-
ture of 32°F or below, while the oth-
er two signals indicate a tempera-

MINIMUM

SET ALARM TEN P

-
s Ms
DEGREE DAYS ((‘

Build The Intelligent

ture either above or below a preset
threshold of the user’s choice.

The temperatures and degree-
days can be displayed in either
Fahrenheit or Celsius depending on
the setting of a switch. (Celsius de-
gree-days are rounded off to the
nearest 100.) An optional battery
allows memory retention during
power failures.

The versatility of the thermom-
eter is further enlarged by the user’s
ability to erase and re-program the
EPROM—or plug a new EPROM
into the socket. For instance, the
thermometer could be transformed
into an energy-saving digital ther-
mostat by changing the EPROM
and adding two relays.

About the Circuit. A block dia-
gram of the thermometer is shown
in Fig. 1. Its memory map is given
in Fig. 2. The 6802 CPU is basically
the same as a 6800 with the added
features of an internal clock oscilla-
tor and driver, plus 128 bytes of
RAM. The first 32 bytes of RAM
can be retained in the low-power

Computers & Electronics
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ADDRESS BUS

2708
EPROM

T4L5154
DECODER

DATA BUS

PERIPHERAL

DATA BUS B
ADCOBOI

A/D

mode, thus allowing memory reten-
tion in the event of power failure.

The entire program is stored
within EPROM ICI2 and uses ap-
proximately 850 bytes of the 1024-
byte capability.

The temperature is sensed by D9,
a precision temperature sensor hav-
ing a nearly linear response and a
low dynamic impedance that al-
lows remote sensing. The voltage
reference is D8. The amplified (via
IC11) temperature signal is applied
to IC9, an A/D converter that con-
verts the data into one byte of digi-
tal information. Each bit of the
A/D converter is equivalent to 1°F.
Byte 00000000 equals — 56°F while
byte 11111111 equals 199°F.

Side A of peripheral interface
adapter IC7 is programmed as the
output with its data bus connected
to IC28 and IC29, a pair of 7-seg-
ment decoder/drivers. Side B is
programmed as the input and is
connected to the IC9 (A/D con-
verter) data bus.

Four-line to 16-line decoder
IC21 provides address decoding for
the switches and output latches.

As shown in Fig. 3A the CPU,
IC8, has its reset (pin 40) connected
both to its own read enable (pin 36)
and IC7’s reset (pin 34). When the
6802’s reset is brought high after
being low for at least 20 ms, the
CPU reset sequence starts. The
6802 first checks what 2-byte ad-

January 1983

PERIPHERAL
DATA BUS A

LMI35H
TEMP SENSOR

DATA
LINE
5

ALARM
LATCHES
AND BUFFERS

SWITCHES
AND LOGIC

DECODERS
DRIVERS
DISPLAY

Fig. 1. Block diagram of the intelligent

dress is stored at locations FFFE
and FFFF (each location contains 1
byte of the address) and then goes
to this address which is the start of
the program.

The circuit consisting of IC64,
IC54, and associated components
has a twofold purpose—it resets
IC7 and IC8 during power-up, and
provides a read enable (RE) signal
for the CPU. The RE signal is ar-
ranged so that it goes low before V.
drops below 4.75 V. This is neces-
sary to keep erroneous information

RAM IN 6802
RETAINABLE IN LOW— 0000~00IF
POWER STANDBY MODE
RAM IN 6802 0020-007F
NOT USED 0080 - 7FFF
PlA 8000~ 8003
DIS 4 (=1) 8004
NOT USED 8005-87FF
SWITCHES 8800-8800D
QUTPUTS 880E, BBOF
NOT USED 8810-FBFF
INTELLIGENT THERMOMETERS|
EPROM FCOO-FFFF
PROGRAM

Fig. 2. Memory map of the system.

thermometer showing the principal elements.

from being stored during a power
failure. Pin 3 of JC64 monitor’s the
V.. supply (45 V). Potentiometer
R9 is set so that the voltage at pin 3
is slightly below that at pin 2, which
monitors the rectified and partly
filtered voltage produced by DJ,
Cl4, and RI4. This circuit re-
sponds quickly to any power-down,
or brown-out condition. When the
power-line voltage starts to drop,
the voltage at pin 2 drops below
that at pin 3 and the JC64 output
jumps to near 5 V. Schmitt trigger,
IC54, senses that IC6A4’s output is
starting to rise and produces a low
output when this voltage exceeds
about 3 V. Thus RE drops low sev-
eral microseconds after V.. drops
more than about 2%—in time to
ensure that the contents of the
RAM are unchanged.

As mentioned earlier, this circuit
also provides the “power-up” reset
signal for the CPU and peripheral
interface adapter (PIA). When the
line voltage rises rapidly (for in-
stance, when first turned on), CJ
instantly raises the voltage at pin 3
of IC64. Pin 3’s potential is now
above that at pin 2, and the reset
pin’s potential is brought low. The
voltage at pin 3 declines exponen-
tially to a steady-state or “normal”
voltage about a half second after
power-up. When the voltage at
IC6A pin 3 falls below that at pin 2,
the reset pin jumps high and starts
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the CPU. The RE pin is also
brought high at this time.

In Fig. 3B, IC15A4 and IC13 pro-
vide address decoding for EPROM
ICI2. Side A of IC7 is connected to
the inputs of /C28 and /C29, which
are the 7-segment decoders/drivers
located on the display board (Fig.
4). These ICs drive two LED dis-
plays. The overflow display (DIS 4)
is driven by transistors Q7 and Q2,
which are controlled by ICI8, a 4-
bit latch. IC14, ICI5B, and ICI6
provide address decoding that re-
sponds to address 8004. Data lines
D6 and D7 provide information on
which display segments (if any) the
latches turn on.

The output of IC9 is connected to
IC7’s peripheral data bus on side B.
The ADCO0801 (IC9) 8-bit A/D
converter has a total adjusted error
of less than +Y/, LSB (+',°F). The
LMI135H precision temperature
sensor, DY, behaves as a low-power
zener diode with a breakdown volt-
age proportional to absolute tem-
perature at + 10 mV/°K. Thus at
77°F (25°C or 298.15°K) the
LMI135H theoretically breaks
down at 2.9815 V. The LM135H
operates over a —55°C to +150°C
temperature range (—67°F to
+ 302°F), and its extremely low dy-
namic impedance (less than 1 ohm)
allows it to be used at remote loca-
tions. This sensor is almost perfect-
ly linear (+0.3°C) over its entire
range, which makes it simple to use
with A/Ds, and it doesn’t require a
special linearizing program.

The LM336 2.5-V reference di-
ode, D8, provides an unusually sta-
ble reference voltage for IC9 as well
as for the calibration circuit Al-
though the LM336 is an integrated
circuit, it acts as a low-power zener
diode with an exceptionally small
temperature coefficient. Diodes D3
and D4 and resistor R28 trim D&
for a minimum temperature coeffi-
cient of 1.8 mV over a 0°C to 70°C
temperature range.

A calibration circuit (/CI1iA,
ICI1B and associated components)
manipulates D9’s output voltage so
that the thermometer is able
to measure the full range of

(Continued on page 80)
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PARTS LIST
(For Fig. 3. See pages 77, 78, 79)

B1—NiCd battery, 4.75-5.25 V (optional,
see text)

C1—0.1-pF, 50-V capacitor

C4,C5,C10,C16,C17,C18,C19,C20—
0.1-pF, 25-V capacitor

C2,C3,C9,C13,C22 through C30—
0.01-uF, 25-V capacitor

C6,C11,C612,C15,C21—10-pF, 25-V
tantalum capacitor

C7,C31—27-pF capacitor

C8—330-pF capacitor

C14—0.68-uF, 25-V tantalum capacitor

D1,D5—1N4001 silicon diode (or similar)

D2—1N52328 5.6-V, 500-mW zener
diode (or similar)

D3,D04,06,D7—1N914 silicon diode (or
similar)

D8—LM336 2.5-V reference diode

D9—LM135H precision temperature sen-
sor (see note)

DIS1,DIS2,DI1S3—7-segment common-
anode LED display (MAN 72 or similar)

DIS4—Overflow common-anode LED dis-
play (MAN 73 or similar)

IC1—4020 14-stage binary ripple counter

IC2—4584 hex Schmitt trigger inverter

IC3—4082 dual 4-input AND

IC4—555 timer

IC5—74L.813 dual 4-input NAND Schmitt
trigger

IC6,IC11—LM324N low-power quad op
amp

IC7—6821 peripheral interface adapter

IC8—6802 microprocessor

IC8—ADC0801 8-bit A/D converter

IC10—74LS541 tristate octal buffer

IC12—2708 1K-byte EPROM (see note)

IC13—74L.830 8-input NAND

IC14,1C22,1C23,1C24—74LS02 quad 2-in-
put NOR

IC15,1C16—74LS21 dual 4-input AND

IC17—74L.S00 quad 2-input NAND

IC18,IC19—74LS75 4-bit latch

IC20—7407 hex buffer

1C21—74L.5154 decoder

IC25—7404 hex inverter

IC26,1C27—7405 hex inverter

1C28,1C29—7447 decoder/driver

Q1,Q2—2N2222 npn transistor (or
similar)

R1,R2,R8,R21,R22,R23,R24—100-
kilohm, ¥4-W, 5% film resistor

R3,R4—470-kilohm, %-W, 5% film
resistor

R5,AR6—1-megohm, ¥%-W, 5% film
resistor

R7—(see text)

R9—500-kilohm, pc trimmer
potentiometer

R10—2.2-kilohm, ¥a-W resistor (see text)

R11,R12,R18,R32,R33,R67 R68—1-
kilohm, %4-W, 5% film resistor

R13—470-ohm, V2-W resistor (see text)

R14-—47-kilohm, Va-W resistor

R15,R16,R17—3.3-kilohm, Y4-W resistor

R19-—10-kilohm, ¥4-W, 5% film resistor

R20—15-kilohm, ¥4-W, 5% film resistor

R25-—1120-ohm, %-W, 1% precision
resistor

R26—2.5-kilohm, pc trimmer
potentiometer

R27—20-kilohm,
resistor

R28-—~10-kilohm, pc trimmer
potentiometer

R29—1.5-kilohm, % -W, 5% film resistor

R30-—10-kilohm, %-W, 1% precision
resistor

R31-—25.16-kilohm, %-W, 1% precision
resistor (see note)

R34 through R45—2.2-kilohm, %-W re-
sistor (optional, see text)

R46,R47,R48—100-ohm, ¥4-W resistor

R49 through R62—220-ohm, 4 -W
resistor

R63,R64,R65,R66—270-0hm, Ya-W
resistor

S1 through S8—Spst momentary-contact
pushbutton switch

S$10--Dpdt slide switch

S11—Spst slide switch

XTAL—4.0-MHz crystal

Misc.—IC sockets, power supply (see
text), circuit boards, 2-conductor cable,
case, hardware, wire, solder, etc.

Note: The following are available from
Magicland, 4380 S. Gordon, Fremont,
MI 49412: complete kit of parts in-
cluding pc boards, all ICs, and sen-
sor but not case, power supply, bat-
tery or cable for $179.00, postpaid.
Also available separately: 2708
EPROM (programmed) for $25.00;
ADC0801 for $16.50; LM135H for
$9.50; 1% precision resistors for
$1.75 each; LM324N for $1.25. On or-
ders less than $5.00, add $1.00 for
handling. Outside U.S., Canada, and
Mexico, add $5.00 for shipping. Mich-
igan residents, add 4% tax. The fol-
lowing are available from
Danocinths Inc., P.O. Box 261, West-
land, Mi 48185: microprocessor pc
board (#RW403) for $64.00; display
pc board (#RW403D) for $10.85;
both pc boards for $70.00; postpaid.
Michigan residents, add 4% tax. The
listings for programming the EPROM
can be obtained free by sending a
stamped, self-addressed envelope
to Magicland, at the address above.

Ya-W, 1% precision
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Fig. 3A. Microprocessor and P'|A portions of the circuit.
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Fig. 3B. EPRCIM and logic circuits.
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Fig. 3C. Indicating and output circuits.
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temperatures between —56°F and
+ 199°F.

The temperature-adjust control,
R26, in this circuit provides the
means for calibration. Theoretical-
ly, R26 is set for a center-arm volt-
age of 2.2426 V. However, if you
use only a digital voltmeter to ad-
just the circuit, you can have an er-
ror as great as 3°C (although 1°C
would be typical). A better way to
calibrate the thermometer is to put
the probe in a mixture of ice and
water so the display shows 32°F.
This calibration procedure results
in an accuracy of better than 1°F
over the instrument’s entire range.

When R26 is set correctly, the
output of IC11A4 (pin 1) is O volts
when D9 is at —56°F and 1.4167 V
when D9 is at 199°F. (ICI1A4 sub-
tracts R26’s center-arm voltage
from D9s output voltage.) At a
temperature of 77°F, D9’s output is
2.9815 V. The output at ICI/IA is
2.9815-2.2426=0.7389 V. ICI1IB
and its associated circuitry multi-
ply this voltage by 3.516 which re-
sults in an output voltage of 2.598
V. Since the A/D interprets every
.0195 V as one least significant bit
(LSB), an input of 2.598 V gives an
output of 10000101 (133 in decimal

Ql
2N2222

notation). Note that 133-56 = 77,
which just happens to be the
temperature!

The byte of information from the
A/D (IC9) then goes to the PIA
(IC7). The PIA, under CPU con-
trol, tells the A/D when to start its
conversion and the A/D lets it
know (via its INTR output at pin 5)
that it has completed its conversion.

In Fig. 3B, IC144, ICI4C, ICI5,
and ICI74 provide decoding for
IC2I’s enable input. This IC (Fig.
3C) provides address decoding for
all switches and ICI9 (which con-
trols the outputs). /C21 is enabled
when the CPU puts addresses 8800
to 880F on the address bus. (Not all
of these addresses are used, which
allows for easy expansion by the
reader.)

As an example of how the CPU
“knows” which switch is closed at
any time, lets look at the MINIMUM
switch (S7 in Fig. 3C). When ad-
dress 8801 goes out on the address
bus (which happens when the CPU
is testing the MINIMUM switch),
1C2I’s pin 2 drops low. If the MINI-
MUM switch is also closed, IC22B’s
output goes high and IC26B’s out-
put drops low. When any outputs of
IC26 drop low, the input to IC25B
also drops low causing all inputs to
the three-state octal buffer IC10 to
go high. If there is a read operation

taking place and addresses 880E
and 880F are not on the address
bus, all the CPU’s data lines will go
high. Thus the CPU realizes that
the MINIMUM switch was closed
and proceeds according to the in-
struction in ICI2, which tells it to
display the contents stored in the
MINIMUM memory register. The
other switches perform similarly.

When the CPU calls up address-
es 880E or 880F, ICI9 is enabled.
This IC, along with the open-col-
lector high-voltage buffer, IC20,
provides the FREEZE, ALARM and
ALARM outputs. For an example of
how this circuit works, consider the
FREEZE output. When the CPU
places address 880F on the address
bus and its data line 5 is high (this
only occurs when the CPU has de-
tected a temperature of 32°F or be-
low), ICI9’s latch 3 is set. This
causes the Q output of latch 3 (pin
11) to go low. Buffer IC20B’s out-
put (FREEZE) drops low allowing it
to sink current.

The MEAN routine (which has a
starting address of FD80) calcu-
lates the mean or average tempera-
ture by using temperature data tak-
en every four minutes. To do this,
the circuit must have a built-in ac-
curate clock. The 60-Hz ac supply
is used as a time base. Along with
associated components, the CMOS

Q2
2N2222

>

80

Fig. 4. Schematic of the display circuit.
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Schmitt-trigger inverter, /C24,
shapes the 60-Hz sine wave into a
CMOS compatible signal. These
60-pulses-per-second then go to the
clock input of IC1, a 14-stage bina-
ry ripple counter. Then IC/, along
with JC34, forms a divide by
14,400 circuit, which results in one
pulse every four minutes at its pin 1
output. This short pulse is inverted
by IC2B and lengthened by IC4.

After leaving IC4, the pulse is
about 50 ms long and is again in-
verted by /C2C before it is applied
to the non-maskable interrupt
(NMI) input of the CPU (pin 6).
When this pin goes from high to
low, the CPU completes its present
instruction and then jumps to a new
set of instructions which tell it to
find the present temperature and
then calculate the mean tempera-
ture and degree-days.

This article will be continued
next month with instructions for
construction, calibration and
applications. ¢
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INTELLIGENT THERMOMETER

i Build The Intelligent
Thermometer ...
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A microprocessor and a programmed EPROM
are used in this sophisticated circuit
to measure and analyze changes in temperatures

By Tom Fox

AST month, we described the

circuit of the Intelligent Ther-
mometer and how it works. Here is
a description of the program and in-
structions on construction.

EPROM Program Description.
Figure 5 shows a simplified flow
chart for the program.

The CPU must receive 18 identi-
cal temperature readings in a row
before it can continue its program.
This feature provides digital filter-
ing, makes for a steady display, and
eliminates faulty readings.

Every four minutes an internal
clock causes the CPU to stop what
it’s doing, find the current tempera-
ture, and then proceed to the MEAN
routine. Although the procedure
appears simple in the flow chart in
Fig. 5, it takes many instructions to
calculate the different mean-tem-
peratures and degree-days. For in-
stance, first the hourly mean is cal-
culated. This is done by using
temperature readings taken every
four minutes over a one-hour peri-
od. These temperatures are added
together and divided by 15. Next,
the daily mean is found by adding
up 24 consecutive hourly means and
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dividing by 24. Finally, the mean is
found by adding up the daily means
and dividing by the days since the
mean was last cleared.

A complete EPROM listing can
be obtained free of charge by includ-
ing a self-addressed stamped enve-
lope and requesting it from the ad-
dress in the Parts List.

Construction. The project should
be constructed on a pc board. A
double-sided board for this purpose
has been designed but the foil pat-
terns are too large to be reproduced
here without reduction. Full-size
copies of the foil patterns for the
CPU board and the display board
will be supplied with component
layout diagrams when the EPROM
listing is ordered from the address
given in the Parts List. Note that,
while the pc board is double-sided
with plated-through holes, it is pos-
sible to use a one-sided board with
Jumpers, instead of foil, on the com-
ponent side. Use wires or a cable to
connect points labeled with letters
on the display board to the same
points on the CPU board. External
elements are connected to the CPU
board as shown in Fig. 6.

Battery B/ is an optional four-cell
nickel-cadmium type that has a
fully charged voltage of about 5.2 V.
This back-up battery will allow re-
tention of information in its memo-
ry during a power failure. Res...or
R 13 should be chosen for a proper
trickle-charge rate foi the battery |
used. As a rule of thunib this rate
should be around C/50, where C is
the capacity of the battery in am-
pere-hours. AA cells having an am-
pere-hour rating of about 0.5 were
used in the prototype. C cells have a
rating about three times as high.
With AA cells you can try 470 ohms
for RI3. It is best to check BI’s
charging rate after you have the
project up and running for a day or
s0. Use a milliammeter placed in se-
ries with B1.

If you choose not to use a back-up
battery, eliminate DI, D2, RI3, and
C6 and connect pin 35 of /CS to the
main V. (45 V) source. You can |
do this on the circuit board by con-
necting jumper wire J to point J5 in-
stead of point JB on the board.

Resistors R34 through R45 are
optional. In most applications they
increase the circuit’s noise immuni-
ty although here their use is ques- |
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Fig. 5. Flowchart of
the thermometer's
logic system.
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tionable. They are not shown on the
pc board. If you wish, they can be
easily soldered directly to the
switches.

Capacitors C7 and C3/ are need-
ed for IC&’s crystal oscillator to per-
form properly. The 6802 is designed
to be used with a 4-MHz parallel-
resonant fundamental crystal.

Connect point T on the CPU cir-
cuit board to a secondary lead of the
power transformer. Make sure this
lead is not a ground. If you are not
sure of the voltage rating of the
transformer (which sometimes hap-
pens if you buy a commercial power
supply) use an ac voltmeter to mea-
sure the voltage between this lead
and ground. If the voltage is 6.3 V,
R 7 should be about 100 kilohms. If
the voltage is 12.6 V, try a 39-
kilohm resistor, and if you have a
16-V transformer, a 33-kilohm re-
sistor is close to optimum. The ex-
act value of R7 is not critical. Just
make sure it is chosen so that the
output of /C54 is normally high
when R is adjusted properly.

Notice that R30 and R3] are 1%
precision resistors. They simplify
calibration. If you wish, you can re-

e
ORDERING INFORMATION

Note: The following are available from
Magicland, 4380 S. Gordon, Fremont, Ml
49412: complete kit of parts including
pc boards, all ICs, and sensor, but not
case, power supply, battery or cable,
for $179.00, postpaid. Also available
separately: 2708 EPROM (prepro-
grammed) for $25.00; ADCO0801 for
$8.25, LM135H for $9.50; 1% precision
resistor for $1.75 each; LM324N for
$1.25. On orders less than $5.00, add
§1.00 for handling. Outside U.S., Cana-
da, and Mexico, add $5.00 for shipping.
Michigan residents, add 4% tax. The
following are available from Dano-
cinths Inc., PO Box 261, Westland, M|
48185: microprocessor pc board
(#RW403) for $64.00; display pc board
(#RW403D) for $10.85; both pc boards
for $70.00; postpaid. Michigan resi-
dents, add 4% tax. The listing for pro-
gramming the EPROM and the foil pat-
terns and component layouts for the pc
boards can be obtained by sending a
stamped, seif-addressed legal-size en-
velope to Dept. IT, Computers & Elec-
tronics, One Park Ave., New York, NY
10016.
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place R3]/ with a combination 22-
kilohm resistor and 5-kilohm pot in
series. However, this complicates
calibration and can reduce long-
term accuracy.

For a faster responding unit, re-
duce C8 (ICY, pin 4) to 150 pF, but
some flicker may be noticed in the
display. Although they are not
shown in the schematic (they are
shown on the component layout),
0.01-uF capacitors should be con-
nected between the supply leads
(+5 V and ground) physically close
to IC5, IC10, ICI13, ICI7, ICIS,
IC20, IC22, IC24, and IC27.

Figure 7 shows a typical low-cost
power supply that uses a 6.3-V
transformer that can be purchased
from surplus electronic dealers. The
transformer should be rated at least
at 1.5 A, This circuit uses two volt-
age-doubiing circuits to achieve
+ 12V and —5V, in addition to the
+5-V supply. Keep in mind that
this is a low-cost power supply that
provides the minimum power re-
quirements. Any other power sup-
ply is suitable as long as it is well fil-
tered, well regulated (+5%), and
provides the following minimum re-
quirements: +5 V at 500 mA, +12
V at 50 mA, and —5 V at 40 mA.

To protect the circuit against
lightning and other destructive
power-line surges, it is wise to con-
nect a surge absorber to the ac line
immediately after the switch and
fuse. You can use Panasonic’s ZNR
or GE’s Varistor or any other simi-
lar device. To protect the RAM
from error bits, you also might want
to connect an r-f filter to the line cir-
cuit. One filter that is readily avail-
able is Radio Shack’s 15-1106.

Sensor Assembly. Use a 2-con-
ductor cable, size #26 or larger, for
the sensor probe assembly. If a
length of several hundred feet is de-
sired, use #22 wire.

Refer to Fig. 8 for one way of
sealing and waterproofing the
probe. If you use this construction,
first, color code the leads so there
can be no confusion. Cut off the
“Adj” lead from D9 since it will not
be used. Place sleeving on the ca-
ble’s wires before making connec-
tions to the sensor. After soldering
(use a heat sink between the solder
and sensor), spray the assembly

with several coats of a plastic insu-
lating spray. Pull up the sleeving to
cover all bare wires. Spray the as-
sembly again. When the spray is
dry, use an epoxy-type putty (E-
POX-E Ribbon etc.) to encase the
assembly. Use your fingers and
hands to form a neat appearing
probe. After the epoxy sets, spray
the assembly again with plastic. If
you wish to paint the probe, use a
white or metallic silver paint.

Preliminary Testing. If the dis-
play doesn’t show some number
when first turned on, don’t panic! It
is possible that R9 may have to be
adjusted. Slowly turn R9 until the
display appears steady. Then turn it
another Ysth of a turn in the same
direction. Hold the probe in your
hand. The display should show in-
creasingly larger numbers. If every-
thing seems to be OK so far, pro-
ceed to the Calibration section. If
not, use a voltmeter or oscilliscope
to measure the voltage at pin 40 of
IC8. It should be close to 4 volts. If
you cannot get pin 40’s voltage up
this high by adjusting R9, you’ll
have to increase R7. Try first in-
creasing it by about 25%. If still no
luck, increase it further.

Calibration. Use an accurate volt-
meter (a DVM is preferred) to mea-
sure the voltage, with respect to
ground, at pin 9 of /C9. Adjust R28
so that it is exactly 2.49 V.,

Note that the display shows the
temperature of the probe unless one
of the pushbutton switches is
pressed. To measure temperatures
in degrees Fahrenheit, place the
“F/°C” switch (S70) in the “’F”
position. The “F” on the display
should light. If you prefer the Cel-
sius system, switch to ‘“°C”.

For final calibration, place the
waterproof probe in the middle of a
large container that has a mixture of
ice and water (50% minimum ice).
Stir occasionally and wait at least 10
minutes. Adjust R26 so that 32 F or
00 C shows on the display. If you
wish, you can place a drop of ce-
ment on R26’s wiper arm.

Operation and Use. If this sophis-
ticated instrument is to be used to
monitor the weather and local cli-
mate (its original purpose) don’t
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Fig. 6. External connections to the main pc board.
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simply stick the probe out a win-
dow! Even a north window isn’t
good enough. No matter how accu-
rate an instrument is, the readings it
takes can only be correct if the
probe is placed in a suitable loca-
tion. The reason for this is that only
air temperature readings are perti-
nent for most applications. Your
primary aim in locating the probe is
to avoid letting the sensor receive
| thdt 1> ar d Ualacin Leiperature
from that of the air. You may al-
ready have taken the first step by
painting the probe white or metallic
silver. Placing the probe at the 5-
foot level in a large screened porch
where it gets plenty of air circula-
tion and is away from a heated
building is close to being the ideal
location for the sensor.

On the other hand, a simple shel-
ter can be made from a wood box
that has no bottom and a back con-
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sisting of a fine meshed plastic or
aluminum screen. A second large
roof on top of the box can be added
for even better results. Paint the
shelter and roof white and suspend
the sensor in the middle of the box
about 5 feet from ground level.
Place the shelter in a location that
gets plenty of air circulation and
orient it so that the screened back is
pointing north.

After *nrning the unit on, press
the rEsET switch (S8). This is nec-
essary to clear internal registers in
the memory. The RESET switch can
also be used whenever you want the
precise mean temperature or de-
gree-days from a particular time. If
you simply clear the MEAN memory
registers (by pressing the MEAN and
CLEAR switches at the same time),
without pressing the RESET switch,
the mean temperature shown by the
display can be off a bit. Practically
speaking, however, if you plan to

find the mean-temperature or de-
gree-days for a period longer than a
week, it is not necessary to reset the
circuit (except when you first turn it
on).

To clear the minimum, maxi-
mum, mean, heating degree-days,
cooling degree-days or growing de-
gree-days memory registers, press
clear switch S§7 at the same
time you press the switch that per-
tains to the register you want
cleared.

When the minimum or maximum
memory registers are cleared, the
present temperature is stored in the
registers. When the mean register is
cleared, — 56°F (—49°C) is stored in
the mean memory register. When
any degree-day registers are
cleared, 0 is stored in the respective
register.

When operating any of the
pushbutton switches, keep the
switch depressed until the display

Computers & Electronics
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he Creative Computing
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readers. No purchase is neces-
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Atari home computer system worth
over $1600 if you're the lucky winner!

How the
Sweepstakes works
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coupon below after filling in your
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whether you're also subscribing to
Creative Computing at the special
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33%.
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superb Atari personal computer sys-
tem: the Atari 800 with 16K RAM
and 10K ROM .. .an 810 Disk Drive...
a 16K RAM Memory Module for
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Controllers for game interaction. Use
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and professional applications as
well as sophisticated home pro-
cessing functions—and, of course,
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business accounting, play video
games. Programmable in Basic or
Assembly, the 800 can use all Atari
peripherals and can control up to four
disk drives and a 60 lpm printer. In
all, the 800 and its accessories form a
package worth a full $1620 at retail!

You’re sure to win
with Creative Computing!

Whether you win our Sweep-
stakes or not, the hours you spend
with a computer are certain to be
winners when you subscribe to
Creative Computing. It’s the Number
One magazine of computer applica-
tions and software—filled with in-
depth evaluations of computers, pe-
ripherals and software, plus
applications and software that you
can run directly on your computer.

Why not enjoy a year or more of
Creative Computing at our low in-

¢ troductory prices? You'll save up to
33% if you subscribe at the same
time you enter our Sweepstakes!
Atariis a registered trademark of
Atari, Inc. ——— —
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PARTS LIST (Power Supply)
C1,C5—470-uF, 25-V electrolytic
| C2,C3—470-uF, 15-V electrolytic
C4—12,000-pF, 15-V electrolytic
Ce through C11—2.2-uF tantalum
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F1—2-A slow-blow fuse

D1 through D4-1N4001 diode (or similar)
D6 through D8-1N5400 diode (or similar)
D9-Varistor (Panasonic ZNR or similar)

IC1—78M12CP, 12-V voltage regulator

IC2—7805CK, 5-V voltage regulator

Fig. 7. Schematic for a suitable power supply.
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Fig. 8. How to make the sensor assembly.
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POWER
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Fig. 9. Connecting to the terminals on the back panel.

IC3 -5V
= INJ_TSMOSCH NouT

IC3—78MO5CH, —5-V voltage regulator

S1—125-V, 3-A spst switch

T1—6.3-V, 1.5-A transformer

Misc.—AC filter (Archer 15-1106 or simi-
lar), wire, hardware, etc.

changes. The CPU must receive 18
identical temperature readings in a
row before continuing the program.
If the temperature is exactly be-
tween two numbers (which occurs
infrequently) this “digital filtering”
can cause a second or so delay in
switch action.

The operation of the MINIMUM
and MAXIMUM switches is rather
obvious. When you press either of
these switches, the display shows
the minimum or maximum tem-
perature, respectively, measured
since last memory clearance. When
the MEAN switch is pressed, the dis-
play shows the accumulated mean
temperature over a period of days
(255 maximum) since the MEAN
register was last cleared.

To display degree-days, place the
LS/Ms switch (§17) in the Ms posi-
tion. Also determine if you want
Fahrenheit degree-days or Celsius
degree-days and place the °F/°C
switch (570) in the appropriate po-
sition. (Note: Celsius degree-days
are automatically rounded off to the
nearest hundred and the s display
will always show 00.) When you
press the particular DEGREE-DAY
switch you are interested in, the dis-
play will show the number of de-
gree-days in hundreds (e.g. 34
stands for 3400). Finally, switch the
LS/MSs switch to the LS position to

Computers & Electronics
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find the units. (If the display shows
34 in the Ms position and 53 in the
LS position the number of degree-
days is 3453.)

To display the threshold tem-
perature stored in the alarm memo-
ry register, press the DISPLAY TEM-
PERATURE ALARM (DTA) switch.
To change this threshold tempera-
ture, momentarily switch on the
SET ALARM TEMPERATURE switch
while pressing the DTA switch. Con-
tinue pressing the DTA switch until
the desired temperature shows up
on the display and then release it.

Up to 30 V and up to 40 mA dc
can be controlled with the FREEZE
and ALARM outputs (Fig. 9). The
“FREEZE” output sinks current
when the temperature drops to 32°F
(0°C) or lower. The “ALARM’ out-
put sinks current when the tempera-
ture drops to or below the “thresh-
old temperature” stored in the
ALARM memory register. The

ALARM output is complementary to
the ALARM output since it responds
to temperatures above the threshold.

Applications. The practical uses
for this thermometer to measure the
current temperature, and record the
maximum and minimum tempera-

Photos of the rear and interior
of the author’s prototype.

tures over a period are obvious.

The interested builder should
consult library references covering
heating/cooling degree days as they
pertain to gas or oil heating and air
conditioning, and growing/cooling
degree days as they pertain to plant
and crop growing.

The FREEZE output is connected
to an alarm that will sound off when
the measured temperature drops be-
low freezing. The ALARM output is
set to the “threshold” temperature;
and, when an alarm is connected to
this output, it will sound off at the
preset temperature. The threshold
temperature can be set (another ex-
ample) to —20°F to sound an alarm
that the water pipes are frozen!

By connecting the ALARM output
to one relay, and the ALARM output
to another relay, you can create a
digital heating/cooling thermostat.
It is possible to re-write the EPROM
program to use the built-in clock
and make a very sophisticated ther-
mostat that is activated by time and
temperature. ¢

GET THE SAME VIDEO

TRAINING THE

PEOPLE AT SONY GET.

Now you can be trained by Sony even if you
aren’t employed by Sony.

Because were making our vast library of
training videotapes available to you. The very tapes
that teach our own engineering, service and sales
personnel.

The tapes cover the products and concepts of
video and its related technologies. You can learn the
basics of video recording. Color systems. Digital
video and electronics. Television production. And
more. Plus you can learn how to service specific
products. As professionally as Sony does.

The tapes are produced entirely by Sony and
contain up-to-the-minute information. They
communicate clearly and simply. And some of

them are even programmed for interactive learning.

And learning through video can be done at
your own pace, in the convenience of your home,
shop or school. Reviewing is quick and easy. And
the tapes are always available for reference.

Send for your catalog, which lists more than
250 titles. In your choice of 3/4” or 1/2” formats.
Write Sony Video Products Company, Tape Produc-
tion Services, 700 W. Artesia Boulevard, Compton,
California 90220.

There’s no obligation. Except the obligation
you have to yourself: to find out about the best train-
ing available in one of the
country’s fastest-growing, %QNY:
most ]UCl"clli.Ve ﬁelds. Sony |sa.rc:."f:wrzﬁnr‘irmlgﬂIa(}lc\'“nll‘.\\'r;:\\' Corp
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