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Abstract

Currently, a banana oven is widely used, and it has a different efficiency depending on a
temperature and time for baking the banana. Most of the ovens do not have the temperature
monitor to notify users. A thermostat is only used for measuring and transmitting the value of the
temperature to a control circuit. Then, the valve of (he LPG pipe is turned on or off by the control
circuit via the temperature set-point; therefore, the users can not know the exact temperature
inside the banana oven.

This project is to present a development of a digital thermometer using the banana oven
for checking the value of the temperature inside the oven. The developed thermometer consists of
four main components: & microcontroller, a transducer that converts the temperature to a voltage,
a temperature sensor and a display screen. The principle of the developed thermometer begins
with the sensor that transmits the temperature inside the oven to the transducer that converts the
temperature to a electrical votage. The voltage as a input is applied to the microcontroller
processing and transmitting the temperature data to display a four-digit number on the display
screen.

From cxperimental result, it was found that the developed thermometer can be effectively
measured the temperature values between 40 °C and 70 °C with the relative error of + 0.5%

without the bad operation of the banana oven.
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#include <AD595.h>

#include <LiquidCrystal,h>

ADS595 thermocouple;

LiquidCrystal led(12, 11, 5, 4, 3, 2);

int A;

int led = 13;

void setup() {

pinMode(led, OUTPUT);

thermocouple.init(0);

Serial.printin(" AD595 test");

led.begin(16, 2);

{/ wait for AD595 chip to stabilize

delay(500);

Serial.begin(9600);

thermocouple.init(0);

Serial.printIn{"AD595 test");

// wait for AD595 chip to stabilize

delay(500);
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void loop()

float temp=thermocouple.measure(TEMPC);

lcd.setCursor(1, 0);

led.print("Temp =");

led.print(temp);

led.setCursor(13, 0);

led.print(* C ");

// basic readout (est, just print the current temp

Serial.print("C = ");

Serial.printin(float(thermocouple.measure(TEMPC)));

delay(1000);

/meevdn 1 sonua 0

/fopnViND

JVA9eNanY 13 0oNiad 0

/aenniiive
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Monolithic Thermocouple Amplifiers
with Cold Junction Compensation

AD594/AD595

'FEATURES
Pratrimmad fot Type J |AD594) or

"Type K {AD595) Thermocouples
.Can Be Usad with Type T Thermocouple Inpuis
Low Impadance Voltage Output: 10 mV/*C
Bulit-In lco Point Componsation
Wida Power Supply Range: +5 V lo +15 V
Low Powar: «1 mW typleal
Thormucuuplu Fafluro Alarm
Laser Waler Trimmad to 1°C Callbration Accuracy
$otpoint Modo Opersaticn
Solf-Contalned Celslus Thermometer Operation
High Impedance Ditferantial Input
Slde-Brazed DIP or Low Cost Cordlp

‘PRODUCT DESCRIPTION

The ADS‘MIADSQS isa cumpletc instrumentation amplifier and
I!Knnutnuplc cold § ]uncuon <ompensator on s monolithic chip.

It combkines an ice point reference with-a precalibrated amplificr
to produce u high level (10 mVPC) output dircctly from a ther-

: momuplc signal. Pin-strapping options allow it 1o be used as a
' linear amplificr-compensator or ai'a rwitched output setpoing

contoller uning cithet fixed or remote sejpoint cantrol, It can

_be'used to amphify jtz' compenaation yoltsge dircaily, th«.-reby

converting it to a :Ilnd-llonc Celsiue trnmdu:cr with a low

u:mpcdlncr. \'D]II,EI: output.
. The AD594/AD595 includes & thermocouple (ailure alarm that
‘indicates if ‘one or both thermicouple leads become open. The

alanm cutput has 2 ficxible formal wl-nch includes TTL drive
capability.

~The AD594/AD595 can be powered from a xingle ended supply

(including +5 V} end by including a ncgatwc supply, tempera-
turez below (°FC can be miasufed. To minimize sell-heating; an
unloaded AD594ADS95 will typically operate with s total sup-
ply curreat 160 jA, but is'also’ cnplhle uldclwmng in exoess of
timAton load.

“The ADS594 is precatibrated by laser wafer trimming to match

the characieristic of type ] (iron-constsntan) thermocouples and
the AD595 is laser tiimmed for type K {chromel-alumel) inputs:
The temperaiure transducer voltages and gain control resistors

REV.C

Information furnished by Analog Devices is believed to be accurate and
raliable. However, no responsibility ia asaumed by Anafog Devicas lor ita
use, nor for any infringements of patants ot other rights of third parties
which may result from ile usa. No liconse ie granted by implicetion or
otherwise under any patent or patent righte of Analog Devices.

 FUNCTIONAL BLOGK DIAGRAM
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are available ai the peckige ping so that the Grciit can be
recalibraved for the thermocouple types by the addinen of two
of threc résiators. These terminals also wllow more precise cali-
bration for beth thermocoupk end thermometer spplications.

The AD594/ADS595 is available in two perdormance gradea, The
C and the A versions have cafibration sccuracies of £1°C ind
+3°C, respectively, Doth are designed to be wed from 0°C 10
+50°C, and =re svaitable in [4-pin, hermetically scaled, side-
brazd ceramic DIPs as well ss low cost cerdip packages.

PRODUCT HIGHLIGHTS
L. The AD594/AD595 provides col junciion compensation,
amplification, and an output buffer in a single 1C package.

2, Compcusnuon, zcro, and scale acior are alt precalibmted by
laser waler orimming (LWT) of cach IC chip.

3. Flexible pinout provides for aperation sx u setpoint control-
ler or a stand-alone temperature transducer calibrated i
degrees Celsius,

4. Opcration at remote spplication sites is facilitated by low
quiescenit curreri and 8 wide supply woltage renge +5 Vo
dugl supplies spanming 30 V.

5. Differential input rejects common-mode noise vohiage on the
thermocouple leads.

One Technolagy Way, P.O. Box 9108, Norwood, MA 02062-9106, U.S.A.
Tel: 781/329-4700 World Wide Weab Site: http:f/www.anslog.com
Fax: 781/326-8702 © Analog Devices, Inc,, 1999
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{@ +25°C and V5 = 3 ¥, Type J (AD594), Type K (ADS95) Thermocouple,
unless olhaiwise noted)

Mode] ADSNA ADSMC ADS9SA AD195C
Min Typ  Max Min Typ  Max Min Tsyp  Mmx Min Typ Max Unita
ABSOLUTE MAX[MUM RATING
HWgito Vs 36 6 36 36 Volts
Common-Mode Input Voluage ~Vy-0.15 ¥ Ve -0.15 +¥; -V -0.15 +Yy Vs-0.15 g Vaolu
Differential Input Volage v, W R'A +Vy R A -V, A Volus
Alarm Voluages
+ALM -Vi Vit 36 [ -V Ve 36 |-V, Yet36 [ Vg V1436 | Voits
-ALM Vg Vg A ¥ Vi +Vx -y Vg Yol
Operating Temperanure Range 55 +4235 -55 +125 -55 +125 -55 +125 °C
Duipnt Short Cieruil to Comman | Indefini Indefini Indefinite Indefinite
‘TEMPERATURH MBASUREMENT
(Speaified Temperature Range
0°C to +50°C)
Calibration Prros st +25°C' 23 1| +3 =1l °C
Stzbilng va. Temperature? 20.05 0,018 +0.0% 20.015 | "CAC
Gain Error =18 =073 1.5 +0.7% %
Noinal Tramber Function 10 10 (1] 10 mYPrC
AMPLIFIER CHARACTERISTICS
Closed Loop Gain® 1934 1934 ML) PLEN]
Input Offset Voluge (Temperanare in °C) x (Teatperarure in °C) x (Temperature in °C) % (Temperature in “C) ¥
S51.I10VAC S0 p¥rC $0.H pvrC 044 WrC B
Inpun Biss Carrert (Y 0.1 0.1 ol A
Diflerestial Input Range -10 +50 -10 +50 -10 +5(¢ mY
Common-Mode Range =Yy-0.15 =¥z=-4 =¥z -0.15 =Vi-{ =¥y =0.1§ -¥y-4 =Yy~ 0.t5 =¥y Yal
Common-¥ode Sensitivity - RTO 1] 16 10 10 my/V
Pores Supply Seasdtvity - RTO 1] 1o 10 10 nVY
Oripon Vohmge Range
Dual Supply =V +28 +¥g =1 “Yy+2.4 ¥y -2 “VetlS$ V-2 |-Vgtl$ ¥ -1 Yae
Single Suppiy ] -2 L] V-2 0 ¥y +2 |0 Wy-2 Vo
Unsbl Output Currena! 15 15 15 45 mA
3 dB Bandwiddu 15 15 15 15 kit
ALARM CHARACTERISTICS
Vemoan at 2mA 03 0.3 0.3 03 Vel
Lenkage Curreni +1 &l *1 z1 BA max
Operaring Yolage at — ALAM Wy -d V-4 Yy—4 #Vy-d Vola
Short Carguit Cunrent 20 i) 0 220 mA
POWER REQUIRHMITNTS
Specified Pevinrmamtr Wy =5 V,=0 V=5, Vy=0 +Vg=5,-Vy=0 Wy =5, Vy=0 Vain
Operating” WiV ¥ HWsw-Ys< W 1¥sro-Vs <30 Hylo-Vy< 30 Yoo
Quiescera Current (No Load)
+y 10 300 10 300 10 300 160 300 p
=¥, 160 100 100 100 A
PACKAGE OFTION
TO-116 (D-14) ADSMAD ADSYICD ADSISAD AD595CD
Cendip (Q-14) ADIAQ ADSCQ AD3ISAG AD5S5CQ
NOTES

'Calibrated for minimum ermor s #25°C wiing a thermocouple semitivity of $1.7 pV/~C. Since 3 ) type thermecoupk deriztes from this straight fine apprerimacon, te ADYH will nonmlly

read 3.1 mV when the mearoring junction ks at 0°C. The AD5SS will simitarly read 2.7 mY a (°C.
"Diefmed 11 the alops of the line connecting the ADSH/ADSS errors measured 5 0°C and S0°C embient temperature,

Pin 8 sthoried 10 Pin ¢.

*Cuwremt Sink Capabilivy i tingle supply configurptiont i limited to current deam o ground through 1 50 i resistor at oulpat vokages brdow 2.5 V,

Vg munst not exoeed 165 V.

Spevifications shown in baldfsce are tetied on all production wnits at fng elecuicat res). Resalts from those tesws are mad o calealate oulgalng quality berels. ATl min and max spcifications

are puaranteed, eithowgh oaly those thown in boldface are tested on all production upts.
Specificalions subject to change without notice,

INTERPRETING ADS94/ADS95 OUTIPUT VOLTAGES

To achieve a temperature proportional output of 10 my/~C and
accurately compensate for the reference junction over the rated
operating range of the circuit, the AD5%4/AD595 is gain rimmed
to metch the transfer characteristic of J and K rype thenmocouples
at 25°C. Tor a type J output in this temperature range the TC is
51.70 uVF°C, while for a type K it is 40.44 p¥/°C. The resulting
gain for the AD594 is 193.4 (10 mV/ C divided by 51.7 pV°C)
and for the AD395 is 247.3 (10 mVPC divided by 40.44 wWrC),
In addition, an absolure accuracy trim induces an input offset to
the output amplifier characteristic of 16 pV for the AD594 and
11 pV for the AD595. This offset arises because the AD594/
AD595 is trimmed for a 250 mV output while applying 2 25°C
thermocouple input.

Because a thermocouple output voltage is nonlinear with respect
to temperature, and the AD594/AD595 linearly amplifies the

compensated signal, the following transfer functons should be
used to determine the actual output voltages:
AD594 ouipir = (Type J Voliage + 16 pV) x 193.4
AD395 arpur = (Type K Voltage + 11 pV) x 247.3 or conversay:
Type J voltage = (AD594 outpur/193.4) — 16 Y
Type K voliage = (AD595 outpur/247.3) — 11 p¥

Table T lists the ideal AD594/AD595 output voltages as a func-
tion of Celsius temperature for type ] and K ANSI standard
thermocouples, with the package and reference junction at
25°C. As is normally the case, these outputs are subject to cali-
bration, gain and temperature sensitivity errors. Output values
for intermediate temperatures can be interpolated, or calculated
using the cutput equations and ANSI thermocouple voltage
tables referred to zero degrees Celsius. Due to a slight variation
in alloy content between ANSI type ] and DIN FR-CUNI
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Table I. Output Voltage vs, Thermocouple Temperature (Ambient +25°C, Vg = -5 V,+15V)
Thermocouple  Type] ADS94 Type K ADs59s Thermocouple Type] ADSH Type K ADs95
Tempersture  Vollage  Oultput Voilage Output Temperalure Voliage Output Yaltage Oulpuy
*C mY my mY mY C my my my my
=200 -7.8%0 -1523 -5.891 -1494 500 27.388 5300 20.640 5107
-180 ~1.402 -1428 ~-3.330 -1310 520 28.311 3517 21.493 38
-160 -5.821 ~-1316 -5.t41 -1269 e 29.642 5736 22.M6 3529
-0 —6.15% -1188 4,669 -1152 350 30.782 956 23.198 3
-120 —35.426 -1046 -1.138 -1021 380 31,913 el7e 24.030 1950
-100 —4.632 -£93 -1.533 -876 600 33.096 6404 24.902 6161
-80 -3.783 -129 -2.920 -719 620 .27 6632 23.751 6371
~60 -2.892 556 -2.243 -552 &40 35.464 6862 26590 4381
40 -1.950 -376 -1.52% =373 660 36.671 1093 21445 6790
-20 -995 -89 -177 -189 680 37.893 2 28.288 o998
-10 -.501 24 -392 -01 700 39.130 ™ 20.128 7206
0 0 3.1 Q 2.7 120 40.382 813 29,955 il
[} 307 101 g 104 140 40,647 B3B8 30.799 769
20 1.019 200 198 200 50 42.283 EI8L 31.214 7122
23 1.277 250 1.000 250 760 - - 31.629 7823
10 t.536 a0 1.203 300 780 - - 32,453 B0
40 2.038 101 1.611 401 800 - - nezn 8232
50 2.58% 303 2.022 303 820 - - M.095 M
60 ENE 606 2.436 605 8o - - M50 8636
&0 4.186 813 3.266 810 860 - - 31.718 2836
100 5.268 {022 4.095 1015 £80 - - 36.324 9035
120 6,359 1233 4919 1219 900 - - 37325 9233
140 7.457 1445 3731 Hz20 920 - - 3s.122 9430
160 8.560 1659 6.539 1620 944 - - 38913 9626
180 9.667 1873 7338 1817 900 - - 39,701 9821
200 10.777 2087 8137 013 980 - - 40.488 10013
220 11.887 2302 B.918 2213 1000 - - 41.26% 10209
240 12.998 a9t 9.743 213 1420 - - 42.045 10400
260 14.108 2732 10.360 2614 1040 - - 42.817 10591
2180 15.217 His 11.381 2817 1060 - - 43.585 10781
300 16,323 360 V2 207 3022 1080 - - 44439 loet0
iz 17.4%2 3 13.039 a3y 1100 - - 43.108 11158
3o 18.537 1388 13.874 MH 1120 - - +3.88) 1145
350 19.640 380( 14.712 354t 1H4e - - 46,602 11530
380 20743 4015 15.552 3349 o0 = - 41.336 117114
400 2] 846 4228 16.395 4057 118D I - 48.093 11897
420 22.949 4411 17.24% 4264 1200 - - 48.828 2072
440 24.08 1653 18.088 4476 1220 - - 49.535 12238
460 25.161 4869 18,938 686 1240 - - 50,276 1243
480 26,272 084 19,788 1896 1250 F - 50613 12524

thermocouples Table I should not be used in conjunction with
European standard thermocouples. Instead the transfer function
given previously and a DIN thermocouple table should be used.
ANSI type K and DIN NICR-NI thermocouples are composed

COUSTATAN
{ALUMEL) 10mviC
) 4
\ «
ROH
{CHROMEL) ’J )

Figure 1. Basic Connection, Single Supply Operation

of identical etloys and exhibit similar behavior. The upper tem-
perature limits in Table I are those recommended for type | and
type K thermacouples by the majority of vendors.

SINGLE AND DUAL SUPPLY CONNECTIONS

The AD594/AD595 is a completely self-contained thermocouple
conditioner. Using a single 45 V supply the interconnections
shown in Figure ¢ will provide a direct output from a type ]
thermocouple (AD594) or type K thermocouple (AD595) mee-
suring from 0°C to +300°C,

Any convenient supply voltage from +5 V to +30 V may be
used, with sclf-heating errors being minimized at lower supply
levels. In the single supply conliguration the +5 V supply con-
nects to Pin 11 with the V- connection at Pin 7 strapped to
power and signal common at Pin 4. The thermocouple wite in-
puts connect to Pins | and 14 either directly from the measiring
point or through intervening connections of similar thermo-
couple wire type. When the alarm output at Pin 13 is not used it
should be connected to common or -¥. The precalibrated feed-
back network at Pin 8 is tied to the output at Pin 9 to provide a
10 mV/”C nominal temperature transfer characteristic.

By using a wider ranging dval supply, as shown in Figure 2, the
AD594/AD595 can be interfaced to themocouples measuring
both negative and extended positive temperatures.



AD394/AD595

CONSTANTAN | SV IO 4V
(ALUMEL)
Bl E [
OvERLOAD]
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; D595 $PAH OF
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1 ron oo
[LICHROMEL} J OO 0 O [« LH
- -y -
1
H COMNON
0V TO -25V

Figure 2. Dual Supply Operation

With a negative supply the output can indicate negative tem-
peratures and drive grounded loads or loads returned to positive
voltages. Increasing the positive supply from 5 V 10 15 V ex-
tends Lhe output voltage range well beyond the 750°C
temperature limit recommended for type J thermocouptes
(AD594) and the 1250°C for type K thermocouples (AD595).

Common-mode voltages on the thermocouple inputs must remain
within the common-mode range of the AD594/AD595, with a
return path provided for the bias currents. If the thermocouple
is not remotely grounded, then the dotted line connections in
Figures 1 and 2 are recommended. A resistor may be needed in
this connection to assure that common-mode voltages induced
in the thermocouple loop are not converted to nermal mode.

THERMOCOQUPLE CONNECTIONS

‘The isothermal tenminating connections of a pair of thermo-
couple wires forms an effective reference junction. This junction
must be kept at the same temperature as the AD594/AD595 for
the internal cold junction compensation fo be effective.

A method that provides for thermal equilibrium is the printed
circuit board connection layout illustrated in Figure 3.

4

¢ constanTan
(ALUMEL]

IROH
{CHROMEL)

4
]
i
I
i

COMMON  -T - Voo Vg W

Figure 3. PCB Conneclions

Here the AD594/AD595 package temperature and circuit board
are thermally contacted in the copper printed circuit board
tracks under Pins | and 14. The reference junction is now com-
posed of a copper-constantan (or copper-alumel} connection
and copper-iron {or copper-chromel) connection, both of which
are at the same temperature as the AD594/AD595.
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The printed circuit board layout shown also provides for place-
ment of optional alarm load resistors, recalibration resistors and
a compensation capacitor to limit bandwidth,

To ensure secure bonding the thermocouple wire should be
cleaned to remove oxidation prior to seldering. Noncorrosive
rosin flux is effective with iron, constantan, chromel and alumel
and the following solders: 95% tin-5% antimony, 95% tin-5%
silver or 90% tin-10% lead.

FUNCTIONAL DESCRIPTION

The AD3594 behaves like two differential amplifiers. The out-
puts are summed and used to control a high gain amplifier, as
shown in Figure 4,

AH ALM fALM Ve COMP VO FB

fe] [5] Pz} [n] fe] [3] (3]

| m:'r COWP.
—— 1
—
L 2] 3y {4 057 7 W@
+IH +C +T cou -T -C V-

Figure 4. AD594/AD595 Block Diagram

In nermal operation the main amplifier output, at Pin 9, is con-
nected to the feedback network, at Pin 8. Thermocouple signals
applied to the floating input stage, at Pins 1 and 14, are ampli-
fied by gain G of the differential amplifier and are then further
amplified by gain A in the main amplifier. The output of the
miain amplifier is fed back Lo a second differential stage in an in-
verting connection. The feedback signal is amplified by this
stage and is also applied to the main amplifier input through a
summing circuit. Because of the fnversion, the amplifier causes
the feedback to be driven to reduce this difference signal to a
small value. The two differential amplifiers are made to match
and have identical gains, G, As a result, the feedback signal that
must be applied to the right-hand differential amplifier will pre-
cisely match the thermocouple input signal when the difference
signal has been reduced to zero. The fecdback nenwork is trim-
med so that the effective gain to the ourput, at Pins 8 and 9, re-
sults in a vollage of 10 mV/PC of thermocouple excitation.

In addition to the feedback signal, 2 cold junction compensation
voltage is applied to the right-hand differential amplifier. The
compensation is & differential voltage proportional o the Celsius
temperature of the AD594/AD595, This signal disturbs the dif-
ferential input so that the amnplifier output must adjust to restore
the input to equal the applicd thermocouple voltage,

The compensation is applied through the gain scaling resistors

so that its effect on the main output is also 10 mVFC. As a

result, the compensatien voltage adds to the effect of the ther-
mocouple voltage a signal directly proportiona) to the difference
between 0°C and the AD594/AD595 temperature. I the thermo-
couple reference junction is naintained at the AD594/AD595
temperature, the ourput of the AD594/AD595 will comespond

to the reading that would have been obtained from amplification
of a signal from a thermocouple referenced to an jce bath.
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AD594/AD395

The AD594/AD595 also includes an input open circuit detector
that switches on an alarm transistor. This transistor is actually a
current-limited output buffer, but can be used up to the limit as
a switch transistor for either pull-up or pull-down operation of
external alarms,

The ice point compensation network has voltages available with
positive and negative temperature coeflicients. These voltages
may be used with external resistors to medify the ice point com-
pensation and recalibrate the AD594/AD595 as described in the
next column.

The feedback resistor is separately pinned out so that its value
can be padded with a series resistor, or replaced with 4n external
resistor between Pins 5 and 9, External availability of the feedback
resistor allows gain to be adjusted, and also permits the AD594/
AD3Y95 to operate in a switching mode for setpoint operation.

CAUTIONS:

"The temperature compensation terminals (+C and -C) at Pins 2
and 6 are provided to supply small calibration currents only. The
AD3%4/AD3595 may be permanently damaged if they are
grounded or connected to a low impedance.

The AD594/AD395 is internally frequency compensated for feed-
back ratios (corresponding to normal signal gain) of 75 or more.
If 2 tower gain is desired, additional frequency compensation
should be added in the form of a 300 pF eapacitor from Pin 10
to the cutput at Pin 9, As shown in Figure 5 2n additiona) 0.01 ot
capacitor between Pins 10 and 11 is recommended.

Figure 5. Low Gain Frequency Compensation
RECALIBRATION PRINCIPLES AND LIMITATIONS

The ice point compensation network of the AD594/ATI595
produces a differential signal which is zero at 0°C and corre-
sponds to the outpur of an ice referenced thermocouple at the
temperature of the chip. The positive TC ourpur of the circuit is
proportional 1o Kelvin temperature and appears ss a voliage at
+T. It is possible to decrease this signal by loading it with a
resistor from +71 1o COM, or increase it with a pull-up resistor
from +T to the larger positive T'C voltage at +C. Note thar
adjustments to +1° should be made by measuring the volrage which
tracks it at —T. To avoid destabilizing the feedback amplifier the
measuring instrument should be isolated by a few thousand
ohms in series with the lead connecied o —T.

Figure 6. Decreased Sensitivity Adjustment

Changing the positive T'C half of the differential ourput of the
compensation scheme shilts the zero point away from 0°C. The
zero can be restored by adjustng the current flow into the nega-
tive input of the feedback amplificr, the —T pin. A currenr into

this terminal can be preduced with a resistor between —C and
—T to balance an increase in +T, or a resistor from T to COM
to offset a decreasc in +T.

If the compensation is adjusted substantially to accommodate a
different thermocouple type, its effect on the final output volt-
age will increase or decrease in proportion. To restore the
nominal output 1o 10 mV/C the gain may be adjusted to match
the new compensation and thermocouple input characteristics.
When reducing the compensation the resistance between -T
and COM automatically increases the gain to within 0.5% of the
correct value. If a smaller gain is required, however, the nominal
47 K} internal feedback resistor can be paralleled or replaced
with an external resistor.

Fine calibration adjustments will require temperature response
measurements of individual devices to assure accuracy, Major
reconfigurations for other thermocouple types can be achieved
witheut seriously compromising initial calibration accuracy, so
long as the precedure is done at a fixed temperature using the
factory calibration as a reference. It shonld be noted that inter-
mediate recalibration conditions may require the use of a
negative supply.

EXAMPLE: TYPE CE RECALIBRATION—ADS34/ADS95
Both the AD594 and AD595 can be configured to condition the
output of a type I (chromel-constantan) thermocouple. Tem-
perature characteristics of type I thermocouples difler less from
type J, than from type K, therefore the A[)594 is preferred for
recalibration.

While maintaining the device at a constant temperature follow
the recalibration steps given here. First, measure the device
temperature by tying both inputs to commen {or a sefected
common-moxde potential) and connecting FB to YO. The AD5%4
is now in the stend alone Celsius thermometer mode. For this
example assume the ambient is 24°C and the initial cutput VO
is 240 mV. Check the output at VO to verify that it corresponds
to the temperature of the device.

Nexe, measure the voliage —T at Pin 5 with a high impedance
DVM (capacitance should be isolated by a few thousand chms
of resistance at the measured terminals). At 24°C the -T" voliage
will be about 8.3 mV. To adjust the compensation of an AD5%4
to a type E thermocotple a resistor, 1, should be connected
between +T and +C, Pins 2 and 3, to raise the voltage at —T by
the ratio of themnocouple sensitivities. The ratio for converting a
ype J device to a type B characteristic is:

r {AD3594} =(60.9 nVrPCY/(51.7 p¥PC)= 1.18
Thus, multiply the initial voliage measured at —T by r and ex-
perimentaily determine the Ri value required to raise -T to that
level. Por the example the new —T voltage should be about 9.8 mV.
The resistance value should be approxdmately 1.8 k(.

‘The zero differential point must now be shifted back to 0°C.
This is accomplished by muliiplying the original output voliage
VO by r and adjusting the measured output voltage to this value
by experimentally adding a resistor, R2, between —-C and -T,
Pins 5 and 6. The target output valae in rhis case should be
about 283 mV. The resistance value of R2 should be approxi-
mately 240 k().

Finally, the gain must be recalibrated such that the output VO
indicates the device's temperarure once again, Do this by adding
a third resistor, R3, berween FB and -T, Pins 8 and 5. VO should
now be back to the initial 240 mV reading. The resistance value
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of R3 should be approximately 280 k€. The final connection
diagram is shown in Figure 7. An approximate verification of
the effectiveness of recalibration is to measure the differential
gain to the output. For type E it should be [64.2.

Figure 7. Type E Recalibration

When implementing a similar recalibration procedure for the
AD595 the values for RI, R2, R3 and r will be approximately
630 €, 84 ki1, 93 k) and .51, respectively. Power consump-
tion will increase by about 50% when using the AD595 with
type B inputs,

Note that during this procedure it is crucial to maintain the
AD594/AD595 at a stable temperature because it is used as the
temperature reference. Contact with fingers or any tools not at
ambient temperature will quickly produce errors. Radiational

heating trom a change in lighting or approach of a soldering iron
must also be guarded against.

USING TYPE T THERMOCOUPLES WITH THE AD595
Because of the similarity of thermal EMFs in the 0°C to +50°C
range between type K and type T thermocouples, the AD595
can be directly used with both types of inputs. Within this ambi-
ent temperature range the AD595 should exhibit no more than
an additional 0.2°C output calibration error when used with
type T inputs. The error arises because the ice point compensa-
tor is trimmed to type K characteristics at 25°C. To calculate
the AD595 output values over the recommended -200°C to
+350°C range for type T thermocouples, simply use the ANSI
thermocouple voltages referred to 0°C and the output equatien
given on page 2 for the AD595. Because of the relatively large
nonlinearities associated with type T thermocouples the output
will deviate widely from the nominal 10 mV/C. However, cold
junction compensation over the rated 6°C to +50°C ambient
will remain accurate.

STABILITY OVER TEMPERATURE

Each AD594/AD595 is tested (or error over temperature with
the measuring thermocouple at 0°C. The combined effects of
cold junction compensation error, amplifier offsel drift and gain
error determine the stability of the AD594/AD3595 output over
the rated ambient temperature range. Figure 8 shows an AD594/
AD593 drifi error envelope, The slope of this figure has units
of °C/°C.

Figure 8. Drift Error vs, Temperature
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THERMAL ENVIRONMENT EFFECTS

The inherent low power dissipation of the AD594/AD3595 and
the low thermal resistance of the package make self-heating
errors almost negligible. For example, in still air the chip to am-
bienk thermal resistance is 2bout 80°Cfwait (for the D package).
At the nominal dissipation of 800 p\W the self-heating in free air
is less than 0.065°C. Submerged in fluorinert liquid (unstirred)
the thermal resistance is about 40°Chwatt, resulting in a self-
heating error of 2bout 0.032°C,

SETPOINT CONTROLLER
‘The AD594/AD595 can readily be connected as a selpoint
controller as shown in Figure 9.

HEATER LOW = > T < SETPORIT
— DRIVER TEMPERATURE HIGH v > T > SETPONT
COMPARATOR QUT
CONSTANTAN SETPOIMT
IHEATER' {ALUMEL} "y s ‘_J - "VOPLJ]'-AGE
{ | Gil_[a Eu oEnE N
| | ]l :fg:“#omp
| | ADSOY a * Fon
| \ | AD595 HYSTERESIS
1731 To-o<< e
L — s
iy : [l! TOT T I
(CHROMEL} _L'J Hﬂ ]
P . —_— e ————— -
TEMPERATURE 1 COMMON
COITROLLED . '
REGION

Figure 8. Setpoint Controller

‘The thermocouple is used to sense the unknown temperature
and provide a thermal EME to the input of the AD394/AD595.
The signal is cold junction compensated, amplified to 10 mVFC
and compared to an external setpoint voltage applied by the
user to the feedback at Pin 8. Table I lists the correspondence
between setpeint vellage and temperature, accounting for the
nonlinearity of the measurement thermocouple. If the serpoint
temperature range is within the operating range (-35°C 1o
+125°C) of the AD594/AD595, the chip can be used as the
transducer for the circuit by shorting the inputs together and
utilizing the nominal calibration of 10 mVFC. This is the centi-
grade thermometer configuration as shown in Figure 13,

In operation if the setpoint vollage is above the voltage corre-
sponding to the temperature being messured the output swings
low to approximately zero volts. Conversely, when the tempera-
ture rises above the setpoint veltage the output switches to
the positive limit of about 4 volts with a +5 V supply. Figure
9 shows the setpoint comparator configuration complete with a
heater element driver circuit being controlled by the AD594/

AD3595 toggled output. Hysteresis can be introduced by inject-

ing a current into the positive input of the feedback amplifier
when the output is toggled high. With an AD594 sbout 200 nA
into the +T terminal provides 1°C of hysteresis, When using a
single 5 ¥ supply with an AD594, a 20 MQ resistor from Vg to
+T will supply the 200 nA of current when the outpaut is forced
high (about 4 V). To widen the hysteresis band decrease the
resistance connected from VO to +T.
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ALARM CIRCUIT

In all applications of the AD594/AD495 the -ALM connection,
Pin 13, should be constrained so that it is not more positive
than (V+) - 4 V. This can be most easily achieved by conneci-
ing Pin 13 to cither common at Pin 4 or V- at Pin 7. For most
applications that use the alarm signal, Pin 13 will be grounded
and the signal will be taken from +ALM on Pin 12. A typical
application is shown in Figure 10.

In this configuration the alarm transistor wilt be off in normal
operation snd the 20 k pull up will cause the +ALM output on
Pin 12 to go high. If one ot both of the thermocouple leads are
interrupted, the +ALM pin will be driven low. As shown in Fig-
ure 10 this signal is compatible with the input of a TTL gate
which can be used as a buffer and/or inverter.

o
2012 ALARM
COHSTAHTAN ALARM ouT D}E.bGAIE
(ALUKEL)
p—-ir
] /51 [0 [0 @ o F-| 1omvrc
*mcr
AD594) »
N\ AD595
<o [ 1T e
) e
| won L X 9 3 B L 4
(CHROMEL)
(B | 7R
- 4 +—(GND

Figure 10. Using the Alarm to Drive a TTL Gate
{“Grounded” Emitter Configuration)

Since the alarm is a high level output it may be used to direcily
drive an LED or other indicator as shawn in Figure 11.
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Figure 11. Alarm Directly Drives LED

A 270 (2 series resistor will limit current in the LED to 10 mA,
but may be omitted since the alarm output transistor is current
limited at about 20 mA. The transistor, however, will operate in
a high dissipation mode and the temperature of the circuit will
rise well above ambient. Note that the cold junction compensa-
tion will be affected whenever the alarm circuit is activated. The
time required for the chip to retum to ambient temperature will
depend on the power dissipatien of the alarm circuit, the nature
of the thermal path to the environment and the alarm duration.

The alarm can be used with both single and dual supplies. It
can be operated above or below ground. The coliector and emit-
ter of the output transistor can be used in any normal switch
configuration. As an example a negative referenced foad can be
driven from ~ALM as shown in Figure 12.
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Figure 12. -ALM Dnving A Negative Referenced Load

The collector (+ALM) should net be allowed to become more
posilive than (V-) +36 V, however, it may be permitted to be
more posilive then V+. The emitter voliage (-ALM) should be
consirained so that it does not become more positive than 4
volts below the V+ applied to the circuit.

Additionally, the AD394/AD595 ¢an be configured to produce
an extreme upscale or downscale output in applications where
an extre signal line for an alarm is inapproprate, By tying either
of the thermocouple inputs to commeon most runaway control
conditions can be awtomatically avoided. A +IN to common
connection creates & downscale output if the thermocouple opens,
while connecting -IN to common provides an upscale output.

CELSIUS THERMOMETER
The AD594/AD395 may be configured as a stand-alone Celsius
thenmometer as shown in Figure 13.

— SV TO +i5V

—" QUTPUT
Ir 10mVIC
-1¢
L) L] Li_l | N 1 £}
+ < Gup
L——<o10-15v

Figure 13. AD594/AD595 as a Stand-Alone Celsius
Thermomater

Simply omit the thermocouple and connect the inputs (Pins 1
and 14) to common. The output now will reflect the compensa-
tion voltege and hence will indicate the AD594/AD595
temperatere with a scale factor of 10 mVPC. In this three temni-
nal, voliage output, temperature sensing mode, the AD594/
ADS95 will operate over the full military -55°C 1o +125°C tem-
perature range,
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THERMOCOUPLE BASICS

Themmocouples are ¢conomical and rugged; they have reason-
ably good long-term stability, Because of their small size, they
respond quickly and are good choices where fast response is im-
portant. They function over temperature ranges from cryogenics
to jet-engine exhaust and have reasonable linearity and accuracy.

Because the number of free electrons in a piece of metal de-
pends on both temperature and composition of the metal, two
picces of dissimilar metal in jsothermat and contact will exhibit
a potential difference that is a repeatable function of tempera-
ture, as shown in Figure 14, The resulting voltage depends on
the temperatures, T1 and T2, in a repeatable way.

N[ w

Cu Cu
CONSTANTAH — L g sl COHSTANTAN
1} ! ==

e
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TEMPERATURE

Figure 14. Thermocouple Voltage with (°C Reference

Since the thermocouple is basically a differential rather than
absolute measuring device, a know reference temperature is
required for one of the junctions if the temperature of the other
is to be inferred from the output voltage. Thermocouples made
of specially selected materials have been exhaustively character-
ized in terms of voltage versus temperature compared to primary
temperature standards. Most notably the water-ice point of 0°C
is used for tables of standard thermocouple performance,

An altemative measurement technique, illustrated in Figure 15,
is used in most practical applications where accuracy requirements
do not warrant maintenance of primary standards, The reference
junction temperature is allowed to change with the environment
of the measurement system, but it is carefully measured by some
type of absolute thecmometer. A measurement of the thermo-
couple voltage combined with a knowledge of the reference
temperature can be used to calculate the measurement junction
temperature, Usual practice, however, is to use a convenient
thermoelectric method to measure the reference temperature
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and to arrange its output voltage so that it corresponds 1o a ther-
mocouple referred to 0°C. This voltege is simply added to the
thermocouple voltage and the sum then corresponds to the stan-
dard voltage tabulated for an ice-point referenced thermocouple.

. V=V,
v m FOR PROFERLY

SCALED ¥, =1(Ty

1 iROH

o o e et st ]

Figure 15. Substitution of Measured Reference
Temperature for Ice Point Reference

The temperature sensitivity of silicon integrated circuit transis-
tors is quite predictable and repeatable, This sensitivity is
exploited in the AD594/AD595 to produce a temperature re-
lated voltage to compensate the reference of "cold™ junction of a
thermocouple as shown in Figure 16.

1 !
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[

Figure 16. Connecting Isothermal Junctions

Since the compensation js at the reference junction temperature,
it is often convenient to form the reference “junction” by connect-
ing directly to the circuil wiring. So long as these connections
and the compensation are at the same lemperature no error will
resulr.

OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).
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The Arduino Duemilanove {"2009%) Is a microcontroller board based on the ATmega328. It has 14
digital Inputioutput pins (of which 6 can be used as PWM oulpuis), 6 analog inpuls, a 16 MHz
crystal oscillator, a USB connection, a power jack, an ICSP header, and a reset button. Il contains
everylthing needed to supporl the microcontroller; simply connect it to a computer with a USB
cable or power it with a AC-to-DC adapter or ballery to gel slarled.

*Duemilanove” means 2008 in Halian and is named after the year of its release. The Duemilanove

is the latesl In a series of USB Ardulno boards; for 8 comparison with previous verslons, see the
index of Arduino boards.
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Technical Specification

EAGLE files: arduino-duemiangva-refsrence design zip Schemabs: grdumna-duemdanove-schematic pdl
Microcontroller ATmegal2t
Qperating Voltage 5V
Input Voltage (recommended) 7-12V
{Input Voltage {limils} 6-20V
Digital VO Pins 14 {of which & provide PWM oulpul)
Analog Input Pins 6
DC Current per /O Pin 40 mA
DC Current for 3.3V Pin 50 mA,
Flash Memory 32 KB of which 2 KB used by bootloader
SRAM 2KB
EEPROM 1KB
Clock Speed 16 MHz

the board
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The Arduino Duemilanove can be powered via the USB connection or with an extemal power supply. The
power source is selected automalbically.

External {non-USB) power can come elther from an AC-to-DC adapter (wall-wart) or battery. The adapter
can be connecled by plugging a 2.1mm center-positive plug into the board’s power jack. Leads from a
ballery can be inserted in the Gnd and Vin pin headers of the POWER conneclor.

The board can oparate on an extarnal supply of 6 10 20 volts. If supplied with tess than 7V, however, the 5V
pin may supply less than five volls and the board may be unstable. If using more than 12V, the vollage
regulator may overheat and damaga the board. The recommended range is 7 to 12 volts.

The power pins are as follows:

s VIN. The Input voltage to the Arduino board when it's using an extemal power source (as opposed 10
5 volis from the USB connection or other regulated power source). You can supply voltage through
this pin, or, if supplying voltage via the power jack, access it Lhrough this pin.

« 5V. The regulated power supply used to power Lhe microcontroller and other components on the
board. This can come elther from VIN via an on-board regulator, or be suppllad by USB or ancther
regulated 5V supply.
3V3. A 3.3 volt supply generaled by the on-board FTDI chip. Maximum curcent draw Is 50 mA.

GND. Ground pins.

Mernor

The Atmega328 has 32 KB of flash memory for sloring code (of which 2 KB is used for the boolloader); the
ATmega328 has 32 KB, (also with 2 KB used for the bootioader). The Atmega328 has 2 KB of SRAM and 1
KB of EEPROM (which can be read and wrilten with the EEPROM library).

Each of the 14 digital pins on the Duemilanove can be used as an input or outpul, using pinMede),
digilalWrite{), and digitalRead{} functions. They operale at 5 volts. Each pin can provide or recaive a
maximum of 40 mA and has an Internal pull-up resistor {disconnected by default) of 20-50 kOhms. In
addition, some pins have speciallzed functions:

« Sarlal: 0 (RX) and 1 (TX}. Used to receive (RX) and transmit (TX) TTL serial dala. These pins are
connecied lo the coresponding pins of the FTDI USB-1o-TTL Senal chip.

» External Inlerrupts: 2 and 3. These pins can be configured lo trigger an Interrupt on a low value, B
rising or falling edge, or a change in value. See the atlachinterrupt() function for details.

« PWM: 3 56,9 10, and 1. Provide 8-bit PWM output wilh the apatogWrite(} function.

« SPl: 10 (88), 11 (MOS), 12 (MISO), 13 (SCK). These pins supporl SPl communication, which,
although provided by the underying hardware, is not cuently Included In the Arduino languaga.

« LED: 13. There is 8 built-in LED connected to digital pin 13. When the pin Is HIGH value, the LED Is
on, when the pin Is LOW, it's ofl.

§
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The Duemilanave has 6 analog inputs, each of which provide 10 bils of resclution {l.e. 1024 different valuas).
By defauil they measure from ground o 5 velts, though Is It possible to change Lhe upper end of their range
using the AREF pin and the analogRelerence() function. Additionally, some pins have speclalized
functlonality:

» 1*G: 4 (SDA) and 5 (SCL). Suppor 1*C {TW1) communication using the Wire library.
There are a couple of other pins on the board:

+ AREF. Reference voltage for the analeg Inpuls. Used wilh analogReference().
» ReseL Bring this line LOW lo reset the microcontroller. Typlcally used fo add a resel button lo
shislds which block the one on the board.

See also the mapping between Arduino pins and Almeqa328 ports.

Communication

The Arduino Duemilanove has 8 number of facilies for communicating wilh a computer, anolher Ardulno, or
other microcontrollers. The ATmega328 provide UART TTL (5V) serlal communication, which Is available on
digilal pins 0 (RX) and 1 (TX). An FTDI FT232RL on the board channels Lhis sarial communication over USB
and the FTDI drivers (included with the Ardulno software) provide 8 virlual com port to software on the
computer. The Arduino software includes a serial moenilor which allows simple lexiual dala to be senl o and
from the Ardvino board. The RX and TX LEDs on the board will flash when dala is being transmitled via the
FTDI chip and USB connection to the compulter {but not for serial communication on pins 0 and 1).

A SoftwareSenial hbrary aliows for serial communication on any of the Duemtianove's digital pins.

The ATmegad28 also support 12C (TWi) and SPI communication. The Arduino software includes a Wire
library to simplify use of lhe 12C bus; see the documentation for details. To use the SPI communication,
please see lhe ATmeya328 datasheat.

The Arduino Duemilanove can be programmed wilh the Arduino software (download). Select "Arduino
Duemilancve w/ ATmega328" Fom the Tools > Board menu (according fo the microcontroller on your
board). For details, see the reference and Lulorials.

The ATmega328 on the Arduino Duemilanove comes preburned with 8 boolloader thal allows you lo upload
new code lo |l without the use of an exlernal hardware programmer. Il communicates using the original
STK500 protocol {reference, C header files).

You can also bypass the boolloader and program the microconiroller through the ICSP (In-Circull Seriat
Programming) header; see these instructions for detalls,

gfj RS ~adiospares RADIONICS _A_J
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a ¥ . . 4 | @ i s 2
1. Aa@d arduino-1.5.8-windows.cxe s liludnonlmand IlsunsuioAan
1.1 %1715 run 114 arduino-1.5.8-windows.exe ﬂ&ﬂi‘lﬂi]‘:ﬂf‘lﬂ"li Tidon I Agree

¥ v
AvamsezAand (w3t 1)

. . . - o
€3 Ardui P Ag g ,

Pleaze review the lcense agreement before instaling Arduino. [f you
o accept all terms of the agreament, dick T Agree.

LESSER GENERAL PUBLIC LICENSE -
X [Version 3, 20 kune 2007
iCopyright (C) 2007 Free Software Fourdation, Inc, <http:/ffsf.arg/>

Fvaryone is permitted to copy and distribuie verbatim copiss of this icense
Y jdocument, but changing it is not allowed.

This version of the GNU Lasser General Public License incorporates the tsrms
conditions of version 3 of the GNU Geneval Publiz License, supplemented
the additional permissions ksted below,
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1.2 9nuunafy Next (Mugii 2)

; €2 Arduino Setup: Installation Options M

Chedk the components you want to install and unchedk the components
2] oy don't want to instal, Click Newt to continue,

Select camponents to instal:
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@ Arduino Setup: Installation Folder

; Destination Falder

Sehp will ingtal Arcuin in the follawing folder, To instal in a different
E8) foider, cick Browse and select ancther folder. Click Instal (o start the

= jOr\arduino

Space required; 609. 1D
Spac!:avﬂeth: 197.4G8
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gil‘vdll 3
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1.4 vimiunmy Install tWaas Tilsunsy (augu 4)

Cancel | Comm 11 AREVER I | T <M_I W“I -
= =

£ Arduino Setugr Installation Folder

(=]

| Destmation Folder
| | o: Vs duino

Satup vll inatall Arduino in the following folder. To instal in a different
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