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TEMPERATURE CONTROLLER
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Mr. Artid Nakboon ID 48011113

Advisor

Wandee Petchmaneelumka

Abstract

This thesis brought the knowledge and theory of control system to apply in a
desired temperature controller. There are three parts of this project such as temperature
detector, controller and display. The system contains the thermister which is used to detect
the temperature in the system and transfer to the control part then adjust manually to
control with P-Control Method. >The relation between characteristic of the temperature and
the varied voltage is obtained. This relation is use to analyze and refer with the above

theory. So we can understand about the theory of the temperature controller.
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Resistance

At20 °C (approx.) :2kQ

At25 °C (nominal) :1680 Q +20%

At 200 °C (approx.) :37Q

Maximum Operating Resistance

37Q

Characteristic Temperature

25 °C'to 85 °C (nominal) :3050 K+ 5%

Dimensions

Length

:76.2-3.2 mm , Diameter : 4 mm

Self-Heating Effect in Air

4 .
WuId 1 °C 99 1.3 mW

Maximum Bead Temperature

200 °C

Maximum Continuous Power Dissipation in

Free Airat20 °C

Average over any 20 ms period : 230 mW

Nominal Thermal Cooling Time Constant T

in Free Air from the Self-Heated State

20s

Mass (Nominal)

18¢g
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4.1 Nﬁﬂ15ﬂﬂﬂﬂﬂﬂlﬂ\‘li$ﬂﬂ’]\‘lﬁjﬂ

4.1.1 wamsnaasaiamimatiinus sy vl

d' = = hd = o 4
MINA 4.1 urasmsulSeuieuserisgamgiinuus e T

Voltage (Volt) Temperature CO

0 28
0.5 55
1.0 63
1.5 68
2.0 71
2.5 75
3.0 78
35 81
4.0 86
45 89
5.0 98

= o =3 v o Vo =
1AM 4.1 ansorhuindeansuaasanuduiug ladegi 4.1

120
100
80
60

40

Temperature(Celsius)

20

0 1 2 3 4 5 6
Voltage(Volt)

51 4.1 nsuaasmslSsuiisusenhegamgiifuusdu i

nanamzUi 4.1 mwnsamm K. isawseau i 1-3.5 Taad
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Y,-Y, =m(X,-X,) (4.1)
81— 63 = m(3.5—1)
K, =m=1720

v
I3

¥ Y o 1 . A 9 1Y
ndoyai IdmmsniAunY (Gain) Fvaunsam Idananuduvesnsd

T,=mV,+b
T,=mV,+b
(L] [n T
T, v, 1
1{ |m
:> =
111bH
. 1
7l V1
y = A X
T,=mV_+b
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4.1.2 waminaasailaimslddyanassdmmunitanie

v
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NgauHgii 100 °C

$ Y o " ar L é 1 § a
M3197 4.2 vamsnaasadleiins lddaanuszauuuunilanilengumgil 100 °C

27

Temperature (C) Time 1 (Sec) Time 2 (Sec) Average Time (Sec)

27 0 0 0

30 10.96 12.61 11.79

40 17.32 19.78 18.55

50 29.10 31.33 30.22

60 48.22 50.64 4943

70 81.48 85.23 83.36

80 125.71 130.61 128.16

90 192.98 211.71 202.35

100 307.15 312.52 309.834

o 9 AN Y o o
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Temperature{Celsius)

0 50

[
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100T

118.32

150 200

Time (Sec)

250 300
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9y Y ¥ o T .
5]1ﬂﬂ]ﬂllqﬁﬂ1ﬂu’lu’lﬁ’lﬂ’l Time Constant

G(s) = L , Y(s)=G(s) * U(s) 4.2)
Ts+1

Y(s) = L 3—5
ITs+1 s

t

L = y(t)=3.5k(1-e T)

At=T y(T) = 3.5k(0.632)

50.17+27°C

If

77.17°C

It

v T
69151 91 77.17 °C 91 Time constant YA UMDY 118.32 1N

22.68

o Gle) = e
= 832521

4.2 Ni’lﬂ'l‘i‘ﬂﬂﬁﬂd‘llﬂdi%‘ﬂ‘ﬂ’]d?]ﬂ

¢ d & Y :
4.2.1 Nam‘smaawmmasﬁama‘saﬁammssﬁuqmﬁgﬁdammmv’humu

1 I s A o a a T 1
ﬁ'lﬁ'NTd'l 43 ﬂ'ﬁ‘ﬂﬂ'ﬂﬂ\ﬁ]ﬂ\?!.1’16511ﬁmﬂﬁlﬁf‘:ﬁ’nﬂ'ﬁLWMQﬂ!ﬂQllﬁﬂﬂ'lﬂ'J'lUﬁ'lu‘Vnu

Temperature (C) | Resistance (Ohm)
27 9.98
30 9.35
35 8.89
40 8.22
45 7.87
50 7.12
55 6.31




i ' da L A a
M15197 4.3 (s1D) mimaawmmasuﬁmanﬁammimuqmwgmammmé’humu

Temperature (’C) | Resistance (Ohm)
60 5.98
65 5.32
70 478
75 4.01
80 3.63
85 3.05
90 2.87
95 2.32
100 1.94
105 1.54
110 1.12
115 0.97
120 0.23

o ¥ sy ¥ o @
ihdoyai ldanmsaimsnans vl Agy

12 .
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Resistance(Ohm)
(o)}

27 37 - 47 57 67 77 87 97 107 117 127

Temperature(Celsius)
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Temperature Co) Voltage (Volt)
27 1
35 1.2
40 1.5
45 1.9
50 22
55 2.5
60 2.8
65 3.0
70 3.2
75 3.5
80 4.0
85 44
90 4.7
100 5.0
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Voltage (Volt)

Temperature(Celsius)
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NI NI K N99gaungil 50— 150 °C

YiY, = m(x;x,)
5-2.05 = m(100-50)
K, =m=0.059

423 wamInaasiieIMsladyanaszaunuunilinheluvaedsliiimg
(7] d
USunamwiniimes
o [ ar é ) Vo nd' a1 w
Taovmstlou dyapassduuuuniianiae WAuszuUf 2.05 Volt gaungiiiini

L e

50 DefTaLTea

Temperature (°C)

0 267 10.3 18.67 42.68 50 70

4 A Time (Seconds)
JUN 4.5 diesunau (K ) =4
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Temperature (°C)

0 3375 9255 21.37 053 4 &
Time (Seconds)
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Temperature (°C)

60

20

10 -

0 25 6 9.8 15.8 19 222 28.86 50.34 56

Time (Seconds)

'
At

JUM 4.7 dloAunu (K ) =15
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4.2.4 wamsnaasiiemsmivuamaargilin 50, 60 uaz 70 s uvaius

anuaaIHanIINAABY ethmsfmuasigungii 131 50 esruaaidiod A1 4.8
60
50
65
40

30

20

Temperature (°C)

10

0 2.615 6.125 10.88 16.415 26.845 38.36 413 50 65

Time (Seconds)

1
Py

5171 4.8 namisneasuiledimsiimuaaigungl 134 50 esrmirafoa
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asMuaawansnaasy Weshmssmuadigumgli 130 60 ssruyaFed Aegili 4.9

Temperature (°C)

(o

0 419 119 2383 49.33 61.54 97.3 113.2 1341

Time (Seconds)

5111 4.9 wanisnaasadieiimsiivuasiguual 130 60 ssruaidod
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nsuaAInansnaase Wemmssmuadigumgli 13 70 eswiwadoa

Temperature (*C)

0 4.64 1202 24.05 45.5 69.64 102.93 156.57 168.34 180

Time (Seconds)
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Phase Control IC TCA 785

Bipolar IC

Features

Reliable recognition of zero passage
Large application scope

May be used as zero point switch

LSL compatible

Three-phase operation possible (3 ICs)
Output current 250 mA

Large ramp current range

Wide temperature range

P-DIP-16-1

Type | Ordering Code Package
TCA 785 1 Q67000-A2321 P-DIP-16-1

This phase control IC is intended to control thyristors, triacs, and transistors. The trigger pulses can
be shifted within a phase angle between 0 ° and 180 °. Typical applications include
converter circuits, AC controllers and three-phase current controllers.

This IC replaces the previous types TCA 780 and TCA 780 D.

Pin Definitions and Functions

Pin Symbol Function
so[jt = [} 7 GND Ground
i]_[ s % jf}z 2 Qz Output 2 inverted
_ 3 Qu Output U
@U[ 3 % ];‘}1 4 Q2 Output 1 inverted
—at ¢ B ]L 5 Vswe Synchronous voltage
A 6 I Inhibit
rwe []5 i 112 7 Qz Output Z
1[]s 1[] v 8 Vrer Stabilized voltage
ol ofla S A e
e [18 914 11 Vi Control voltage
EPODISE 12 Ci2 Pulse extension
13 L Long pulse
14 Q1 Output 1
Pin Configuration 15 Q2 Output 2
(top view) 16 Vs Supply voltage
Semiconductor Group 1 09.94
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Functional Description

The synchronization signal is obtained via a high-ohmic resistance from the line voltage
(voltage Vs). A zero voltage detector evaluates the zero passages and transfers them to the
synchronization register.

This synchronization register controls a ramp generator, the capacitor Cio of which is charged
by a constant current (determined by Re). If the ramp voltage Vio exceeds the control voltage
Vi1 (triggering angle ¢), a signal is processed to the logic. Dependent on the magnitude of the
control voltage V11, the triggering angle ¢ can be shifted within a phase angle of 0° to 180°.

For every half wave, a positive pulse of approx. 30 ps duration appears at the outputs Q 1 and Q 2.
The pulse duration can be prolonged up to 180° via a capacitor Cr. If pin 12 is connected to
ground, pulses with a duration between ¢ and 180° will resuit.

Outputs WT and W2 supply the inverse signals of Q 1 and Q 2.

A signal of ¢ +180° which can be used for controlling an external logic,is available at pin 3.
A signal whichcorresponds to theNOR link of Q 1 and Q 2 is available at output Q Z(pin 7).
The inhibit input can be used to disable outputs Q1, Q2and QT , Q2

Pin 13 can be used to extend the outputs QT and @2 to full pulse length (180° - o).

i l Pulse

27T Extension

A12

— Sﬂ;nmron
 Lero Register

Betector

Discharge Logic 12
Montter

3 %

Controt
1 ‘ Comparator

&GN l 4
_ Discharge

g ig 10 11 Transistor 6113

P Vo Lint s Lonfeol Inhibit Long-Pulse
? sty (07T A\ voltage Commutation

1£B00358
Semiconductor Group 2

Block Diagram



TCA 785

N Vs  Synchronfzalion wvoltage

¥ig Ramp peak voliage
Fi0 Ramp vollage

VW Control valtage
Vio Min. ramp voltage = ¥,
oy

1=

V15" 02

Vig Q1

I I V5 @2, Pin 1210 GND

e

L

sowllen  swem: vnerl vemme e [fvwewe o wwed - "

j

Vg Q1 Pin 1210 GHD

|
i___; ¥, - QZ, Pin 1310 GND
I

¥, - Q1, Pin 1310 GND

?’3 < QU
J Ve - 02

| I
é. —
0 ¢ 180° 000359

5

==
.,:E:

Pulse Diagram

Semiconductor Group 3



Absolute Maximum Ratings

Parameter

Supply voltage
Output current at pin 14, 15

Inhibit voltage
Control voltage
Voltage short-pulse circuit

Synchronization input current
Output voltage at pin 14, 15
Output current atpin 2, 3, 4,7
Output voltage at pin 2, 3, 4,7

Junction temperature
Storage temperature

Thermal resistance
system - air
Operating Range

Supply voltage
Operating frequency
Ambient temperature

Characteristics :
8+Vss 18 V, -25°C+Tax 85 QC; f=50Hz

Parameter ' Symbol
min.
Supply current consumption Is 45
S1... S6 open
Viu=0V
Ci0 =47 nF; Ra=100 kQ
Synchronization pin 5
Input current Isms 30
R2 varied
Offset voltage AVs
Control input pin 11
Control voltage range Vi1 0.2

Input resistance Ru1

Semiconductor Group 4

/700

Symbol Limit Values Unit
min. max.

Vs -05 18 V
Io -10 400 mA
Vs -05 Vs V
Vi -0.5 Vs V
Vis -05 Vs V
Vs -200 - 200 YA
Va Vs V
Ia 10 mA
Va Vs V
Ti 150 °C
Tstg - 55 125 QC
Rin sa 80 KW
Vs 8 18 V
f 10 500 Hz
Ta -25 85 °C
Limit Values Unit Test

typ. max. Circuit

6.5 10 mA 1

200 pA 1
30 75 mV 4
V10 peak V 1
15 ko 5
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TCA 785

Characteristics (cont'd)
84Vss18V;-25°C4Tas85°C; f=50Hz
Parameter Symbol Limit Values Unit Test

min. typ. max. Circuit
Ramp generator
Charge current Lo 10 1000 pA
Max. ramp voltage V1o Vz-2 vV {1
Saturation voltage at capacitor | Vio 100 225 350 mV 1.6
Ramp resistance Rs 3 300 ko |1
Sawtooth return time t 80 us |1
Inhibit pin 6
switch-over of pin 7
Outputs disabled VsL 3.3 2.5 vV {1
Outputs enabled Ven 4 3.3 vV |1
Signal transition time tr 1 5 ps 1
Input current Isn 500 800 pA {1
Ve=8YV
Input current -Is 1 80 150 200 pA 1
Ve=17V
Deviation of Io Tho -5 5 % |1
R = const.
Vs=12V; Cio=47 nF
Deviation of I1o . Tho -20 20 % |1
R = const.
Vs=8Vto 18V
Deviation of the ramp voltage
between 2 following
half-waves, Vs = const. AV10 max -{o1 %
Long pulse switch-over
pin 13
switch-over of S8
Short pulse at output Vian 3.5 25 vV |1
Long pulse at output Vit 25 2 vV |1
Input current Tian 10 pA 1
Viz=8V
Input current - LiaL 45 65 100 pA |1
Vis=17V
Outputs pin 2, 3,4, 7
Reverse current Iceo 10 pA 2.6
Va=Vs
Saturation voltage Vsat 0.1 0.4 2 V 126
Ila=2mA

Semiconductor Group 5
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Data Sheet

0.9MHz Single and Dual, High Gain
Operational Amplifiers for Military,

CA741, CA741C, CA1458, CA1558,

LM741, LM741C, LM1458

September 1998 File Number 531.4

Features

. N . . e InputBiasCurrent .................... 500nA (Max
Industrial and Commercial Applications (Max)
« InputOffsetCurrent ................... 200nA (Max)
The CA1458, CA1558 (dual types); CA741C, CA741 (single
types); high-gain operational amplifiers for use in military, Applications
industrial, and commercial applications.
- Comparator
These monolithic silicon integrated circuit devices provide .
L . . « Multivibrator
output short circuit protection and latch-free operation.
These types also feature wide common mode and « DC Amplifier
differential mode signal ranges. and have low'offset voltage - Summing Amplifier
nulling capability when used with an appropriately valued ) )
potentiometer. A 10kQ potentiometer is used for offset * Integrator or Differentiator
nulling types CA741C, CA741 (see Figure 1). Types » Narrow Band or Band Pass Filter
CA1458, CA1558 have no specific terminals for offset
nulling. Each type consists of a differential input amplifier Ordering Information
that effectively dnves.a gain and level shifting stage having PART TEMP.RANGE
a complementary emitter follower output. NUMBER ©c) PACKAGE PKG. NO.
The manufacturing process make it possible to produce IC CA0741E -55t0125 |8 LdPDIP E8.3
operational amplifiers with low burst “popcorn” noise CAO0741CE 0to 70 8 Ld PDIP E8.3
characteristics. CA1458E 0070  |8LdPDIP E8.3
Technical Data on LM Branded types is identical to the CA1558E -5510 125 © |8 Ld PDIP E8.3
corresponding CA Branded types. CAO741T -55t0125 |8 Pin Metal Can |T8.C
CAO741CT 0to 70 8 Pin Metal Can | T8.C
CA1558T -55to0 125 8 Pin Metal Can | T8.C
LM741N -565t0 125 8 Ld PDIP E8.3
LM741CN O0to 70 8 Ld PDIP E8.3
LM1458N Oto70 8 Ld PDIP E8.3
Pinouts
CA741, CA741C (CAN) CA1558 (METAL CAN)
TOP VIEW TOP VIEW
NC V+
OFFSET OUTPUT OUTPUT
NuLL (1) v+ ) () ®)
INV. INV. INPUT INV. INPUT
INPUT out (B)
NON-INV. OFFSET NON-INV. NON-INV.
INPUT NULL INPUT (A) INPUT (B)
V- V-
CA741, CA741C, LM741, LM741C (PDIP) CA1458, CA1558, LM1458 (PDIP)
TOP VIEW TOP VIEW
\J \J
OFFSET NULL [1] 8] NC OUTPUT (A) [1] At 8] v
INV. INPUT [ 2] > [7] v+ INV. INPUT (A) [2] ) 7] outpuT (B)
+ 6] ouTPUT

NON-INV. INPUT [ 3]

v

5] OFFSET NULL

NON-INV. INPUT (A) [3]

v

6] INV. INPUT (B)
5] NON-INV. INPUT (B)

t

CAUTION: These devices are sensitive:to electrostatic discharge; follow proper IC Handling Procedures.

1-888-INTERSIL or 321-724-7143 | 'Copyright ©Intersil Corporation 1999



CA741, CA741C, CA1458, CA1558, LM741, LM741C, LM1458

Absolute Maximum Ratings Thermal Information

Supply Voltage Thermal Resistance (Typical, Note 3) 94 (°C/W) 8¢ (°CIW)
CA741C, CA1458, LM741C,LM1458 (Note 1) ........... 36V PDIPPackage ...........cccuun.. 130 N/A
CA741, CA1558,LM741(Note 1) ...............oiunt. 44V CanPackage ............cccuun.. 155 67

differential InputVoltage ........ ...t .. 30V Maximum Junction Temperature (Can Package).......... 175°C

nputVoltage ....... ... i i VsuppPLY Maximum Junction Temperature (Plastic Package)........ 150°C

Mffset Terminal to V- Terminal Voltage (CA741C, CA741). ... +0.5V Maximum Storage Temperature Range. .. ....... -65°C to 150°C

dutput Short Circuit Duration. .. .. ... ...t Indefinite Maximum Lead Temperature (Soldering 10s) . ........... 300°C

Jdperating Conditions

femperature Range
CA741,CA1558,LM741 .. ................. -55°C to 125°C
CA741C, CA1458, LM741C, LM1458 (Note 2) . ... 0°Cto 70°C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of the
Jevice at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTES:
1. Values apply for each section of the dual amplifiers.

2. Alitypes in any package style car be operated over the temperature range of -55°C to 125°C, although the published limits for certain electrical
specification apply only over the temperature range of 0°C to 70°C.

3. 84 is measured with the component mounted on an evaluation PC board in free air.

Electrical Specifications Typical Values Intended Only for Design Guidance, Vsypppy = £15V

TYPICAL VALUE
PARAMETER SYMBOL TEST CONDITIONS (ALL TYPES) UNITS
input Capacitance Ci 1.4 pF
Offset Voltage Adjustment Range +15 mV
Output Resistance Ro 75 Q
Output Short Circuit Current 25 mA
Transient Response Unity Gain, V; =20mV, R = 2kQ,
Rise Time tr Ci < 100pF 0.3 js
Overshoot 0.S. 5.0 %
Slew Rate (Closed Loop) SR R 2 2kQ 0.5 Vius
Gain Bandwidth Product GBWP RL =12kQ 0.9 MHz
Electrical Specifications For Equipment Design, Vsyppry = +15V
(NOTE 4)
(NOTE 4) CA741C, CA1458, LM741C,
TEST TEMP CA741, CA1558, LM741 LM1458
PARAMETER CONDITIONS (°c) MIN TYP MAX MIN TYP MAX | UNITS
Input Offset Voltage Rg < 10kQ 25 - 1 5 - 2 6 mV
Full - 1 6 - - 7.5 mV
Input Common Mode Volitage Range 25 - - - +12 +13 - A"
Full +12 +13 - - - - \Y
Common Mode Rejection Ratio Rg < 10kQ 25 - - - 70 90 - dB
Full 70 90 - - - - dB
Power Supply Rejection Ratio Rg < 10kQ 25 - - - - 30 150 pvv
' Full - 30 150 - - - wvNv
input Resistance 25 0.3 2 - 0.3 2 - MQ

2 intersil



CA741, CA741C, CA1458, CA1558, LM741, LM741C, LM1458

lectrical Specifications For Equipment Design, Vsyppry =15V (Continued)

(NOTE 4)
(NOTE 4) CA741C, CA1458, LM741C,
TEST TEMP CAT741, CA1558, LM741 LM1458
PARAMETER CONDITIONS (°c) MIN TYP MAX MIN TYP MAX | UNITS
1put Bias Current 25 - 80 500 - 80 500 nA
Full - - - - - 800 nA
-55 - 300 1500 - - - nA
125 - 30 500 - - - nA
aput Offset Current 25 - 20 200 - 20 200 nA
Full - - - - - 300 nA
-55 - 85 500 - - - nA
125 - 7 200 - - - nA
arge Signal Voltage Gain Ry 22k, Vg =210V 25 50,000 { 200,000 - 20,000 | 200,000 - VN
Full 25,000 - - 15,000 - - VN
Jutput Voitage Swing R 2 10kQ 25 - - - +12 +14 - \%
Full +12 +14 - - - - \Y%
Ry 22kQ 25 - - - +10 +13 - \%
Full +10 +13 - +10 +13 - \Y
supply Current 25 - 1.7 28 - 1.7 2.8 mA
-55 - 2 33 - - - mA
125 - 1.5 25 - - - mA
device Power Dissipation 25 - 50 85 - 50 85 mw
-565 - 60 100 - - - mwW
125 - 45 75 - - - mw
OTE:
4. Values apply for each section of the dual amplifiers.
‘est Circuits
INVERTING
INPUT
OUTPUT

NON-INVERTING
INPUT

FIGURE 1. OFFSET VOLTAGE NULL CIRCUIT FOR CAT741C,
CAT741, LM741C, AND LM741

— Vout

I

CL

R

FIGURE 2. TRANSIENT RESPONSE TEST CIRCUIT FOR ALL
TYPES

3

intersil




CA741, CA741C, CA1458, CA1558, LM741, LM741C, LM1458

‘chematic Diagram (Notes 5, 6)
CA741C, CA741, LM741C, LM741 AND FOR EACH AMPLIFIER OF THE CA1458, CA1558, AND LM1458
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NOTES:
5. See Pinouts for Terminal Numbers of Respective Types.
6. All Resistance Values are in Ohms.
ypical Performance Curves
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DC SUPPLY (V+, V) DC SUPPLY (V+, V=)
FIGURE 3. COMMON MODE INPUT VOLTAGE RANGE vs SUPPLY FIGURE 4. OUTPUT VOLTAGE vs SUPPLY VOLTAGE FORALL
VOLTAGE FOR ALL TYPES TYPES
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CA741, CA741C, CA1458, CA1558, LM741, LM741C, LM1458

ypical Performance Curves (continued)

30
DC SUPPLY VOLTS (V+ = 15, V-=-15)
Ta = 25°C, €= 100pF
25
s 20 AN~
£ 90% II
}_
2 15
}_
2
o
20 ]
s /
10%
RISE TIME
0 2 : L
0.5 0 0.5 16 15 20 25 30
TIME (ps)

FIGURE 5. TRANSIENT RESPONSE FOR CA741C AND CA741

letallization Mask Layout

CA741CH
0 10 20 30 40 50 6064

4-10
l‘_ 0.102-0.254) - ‘

-— 61-69

(1.549 - 1.753)

CA1458H

4-10
(0.102 - 0.254)

|-

101 -109

-~ (2.565-2.768)

{OTE: Igimensions in parentheses are in millimeters and are derived from the basic inch dimensions as indicated. Grid graduations are in mils (10”
inch).
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