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Abstract

This thesis presents the design and construction of a single-axis solar tracking system
which cooperates with a battery charge-discharge controller that is based on a bi-directional DC
converier. The system is designed lo operate in two modes: solar tracking and battery charging
medes, dictated by an ATmega328 microcontroller. In the solar tracking mode the batlery
discharges via the converter, which acts as a step-up converter. The converier regulates its output
voltage to 22 V and drive a DC motor, which tums a PV panel. A light comparator circuit, which
uses two LEDs as light sensors, is mounted in the same plane as the panel. As soon as the output
voltage values of the LDRs are equal, the microconiroller stops the motor, i.e. the panel faces
right to the sun beam. Then the oulput power of the panel is fed through the converier, which
works now as a stcp-down converter. The converier regulates its output vollage to 14.4 for

charging the battery.
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v,=1%%
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15.50 0.534 5.35 1.017 69.26 0.939 10.23 i.010 71.90

16.00 0.520 5.33 1.017 68.34 0.911 10.22 1.008 71.66

16.50 0.507 5.34 1.018 68.10 0.880 10.22 1.008 71.93

17.00 0.492 5.35 1.018 68.37 0.854 10.23 1.008 72.08

17.50 0.491 542 1.019 68.40 0.840 10.22 1.007 71.05

18.00 0.475 542 £.019 68.72 0.8]12 10.22 1.008 71.46

18.50 0.456 5.45 1.024 70.32 0.793 10.23 1.008 71.34

19.00 0.448 5.46 1.026 69.99 0.775 10.23 1.008 71.07

19.50 0.439 5.46 1.026 69.75 0.760 10.24 1.008 70.75

20.00 0.434 5.50 1.03) 69.60 0.754 10.23 1.008 69.40

20.50 0.423 5.46 1.028 68.68 0.727 10.24 1.009 70.36

21.00 0413 5.45 1.028 68.59 0.716 10.23 1.0607 69.60

21.50 0.406 547 1.029 68.51 0.665 10.25 1.010 73.48

22.00 0.397 5.47 1.030 68.44 0.653 10.26 £010 73.28
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M31971 4.3 HANITNATDUNINUILAVNTIALALNIIAIA WS IAU

v.o) | L@ | v v MAnunMAnABY (%) 1 (%)
80 | 0.657 | 2006 +0.30 76.56
85 | 0614 | 2007 +0.35 77.18
9.0 0.580 20.08 +0.40 77.24
95 | 0551 | 20.09 +0.45 77.11
100 | 0528 | 20.10 +0.50 76.52
105 | 0500 | 20.11 +0.55 77.03
1.0 [ 0481 | 20.1 +0.55 76.43
115 | 0460 | 20.12 +0.60 76.52
i20 | 0439 | 20.12 +0.60 76.84
125 | 0421 | 20.13 +0.65 77.00
13.0 | 0407 | 20.3 +0.65 76.59
13.5 | 0393 | 20.13 +0.65 76.38
140 | 0375 | 20.14 +0.70 77.26
145 | 0362 | 20.14 +0.70 77.28
150 | 0349 | 20.14 +0.70 77.48
155 | 0337 | 20.14 +0.70 77.65
160 | 0325 | 20.14 +0.70 78.00
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M3 4.4 Hansnadeumahisvesszvulugumsenlszuuangs

STUDRARMUITILUINAMRAD msﬁﬂvf;"azmmg:ﬁ'uﬁ HOANYBY
1381 (1)
Vo V) | 1, (A) | P V) | Voo (D) | Ly (A) | P, (V) | e T (W)
08:00 | 1349 [ 0128 173 | 1349 | 0.124 | 167 0.06
08:30 | 1394 | 0174 243 | 1391 | 013 | 181 0.62
09:00 | 1528 | 0.2i4 327 | 1496 | 0193 | 289 0.38
09:30 | 1779 | 0205 3.65 | 17.23 | 0208 | 3.58 0.07
10:00 18.2 0.207 377 | 1823 | 0207 | 3.77 0.00
10:30 | 18.59 0.2 372 | 1863 | 0.198 | 3.69 0.03
11:00 | 18.56 | 0202 3.75 186 | 0.199 | 3.70 0.05
11:30 | 1894 | 0206 390 | 188 | 0205 | 3.85 0.05
1200 | 1816 | 0214 389 | 183 | 0215 | 3.93 -0.04
12:30 18.4 0.209 3.85 | 1859 | 0207 | 385 0.00
13:00 | 18.6 0.209 3.89 | 1849 | 0207 | 383 0.06
13:30 | 1827 | 0213 3.89 | 1804 | 0206 | 3.72 0.17
14:00 | 1815 | 0.213 3.87 | 1805 | 0211 | 381 0.06
14:30 | 18.03 | 0.209 3.77 | 17.84 | 0209 | 3.73 0.04
1500 | 17.53 | 0207 3.63 | 1646 | 0211 | 347 0.16
15:30 15.5 0.211 3.27 | 1515 | 0201 | 3.05 0.22
1600 | 1394 | 0.206 287 | 1394 | 0151 ( 210 0.77
1630 | 1353 | 0191 258 | 1344 | 0171 | 230 0.28
1700 | 1292 | 0139 1.80 | 12.87 | 0129 | 1.66 0.14
Wy = (B x0.5) (4.3)

A ar P Y] o o oy
2NANN1IN (4.3) Waw Ifhmaei ldsvnnunasadonad lusz uufiany

o o 1 i = 3 o Aa [ o
ummmmuazmﬁ'l?fi]‘mnsiﬁmmumﬂgnvﬂnmmmv 31.75 Wh uag 30.21 Wh siuniay
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ﬂ'liNﬁ 4.5 pansnageuMINmveszuulusismsanauues

a1 (W) V. (V) I (A) v, (V) I, (A) 17 (%)
08:00 12.07 0.602 20.07 0.136 37.56
08:30 12.00 0.606 20.15 0.140 38.79
09:00 13.04 0.607 20.17 0.141 35.93
09:30 13.18 0.606 20.15 0.145 36.58
10:00 13.28 0.615 20.19 0.144 35.60
10:30 13.27 0.612 20.18 0.145 36.03
11:00 13.28 0.611 20.16 0.142 35.28
11:30 13.28 0.626 20.27 0.143 34.37
12:00 13.26 0.617 20.27 0.152 37.66
12:30 13.19 0.612 20.19 0.148 37.02
13:00 13.27 0.592 2033 0.137 35.45
13:30 13.25 0.596 20.31 0.147 37.81
14:00 13.27 0.599 20.31 0.142 36.28
14:30 13.31 0.596 20.34 0.142 36.41
15:00 13.29 0.584 20.32 0.137 35.87
15:30 13.31 0.605 20.28 0.149 37.53
16:00 12.78 0.543 20.15 0.147 42.68
16:30 12.37 0.586 20.06 0.132 36.53
17:00 12.25 0.591 20.13 0.132 36.70
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void setup()

{

pinMode(2,0UTPUT),

pinMode(4,OUTPUT);

pinMode(6,0UTPUT);

pinMode(7,0UTPUT),

pinMode(8,0UTPUT);

pinMode(10,QUTPUT);

pinMode(12,0UTPUT);

pinMede(13,0UTPUT);

}

void loop()
{
int analogValuel = anatogRead(A0);
float Vinl = analogValuel * (5.015/1024.0);
int analogValue? = analogRead(Al}),
float VinZ = analogValue2 * (5.015/1024.0);
int analogValue3 = analogRead(AS);

float Vin3 = analogValue3 * (5.015/1024.0);

H{Vinl>Vin2)

{

digital Write(2,LOW);
digitalWrite(4, HIGH);
digilalWrite(6,HIGH);
digitalWrite(7,HIGH);
digitalWrite(8, HIGH);
digitalWrile(12,LOW);
digitalWrite(13,HIGH);
}
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if{Vin1<Vin2)

{
digitalWrile(2,HIGH);
digitalWrite(4,LOW);
digitalWrite(6,HIGH);
digitalWrite(7, HIGH);
digitalWrite(8, HIGH),
digitalWrite(12,LOW);
digitalWrite(13,HIGH),
)

ifl{Vinl<=Vin2)&&(Vin1>=VYin2))

{
digital Write(12,HIGH);
digitalWrite(2,LOW);
digitalWrite(4, LOW);
digitalWrite(6,LOW);
digitalWrite(7,LOW);
digitalWrite(8,LOW);
digitalWrite(13,LOW);
delay(1800000);

}

if{Vin3 < 3)
{digitalWrite(10,HIGH);
delay(300000);
digitalWrite(10,LOW);

}

L N
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Features

+ High Performance, Low Power AVR® 8-Blt Microcontroller
* Advanced RISC Architeciure
- 131 Powertul Instructions — Most Single Clock Cycle Execullon
~ 32 x & Genoral Purpose Working Reglsters
— Fully Statle Operstion
~ Up to 20 MIPS Throughput at 20 MHz
— On-chlp 2-cycle Mulliplter
* High Endurance Non-volallle Memory Segments
- 416/32K Bytes of In-System Sell-Programmable Flash progam memory
{ATmegad BPA/BBPAN GBPAIIZBP)
~ 256/512/512/1K Byles EEPROM {ATmegadBPA/BPA/160PAI2EP)
- S12MK/1K/2K Bytes Inlernal SRAM (ATmegadBPA/BBPA/ 6OPAJI2BP)
- Write/Erase Cycles: 10,000 Flash/100,000 EEPROM
- Data retention: 20 years al B5*CHO0 years at 25°G1
- Optlonal Bool Code Section wiih Independeni Lock Blle
In-System Piogramming by On-chip Boot Program
True Read-While-Write Opersilon
- Programming Lock for Soltware Securlty
* Peripheral Fealures
- Two 8-bll Timer/Counlers with Separate Prescaler and Compare Mode
- One 16-bit Timer/Counter whh Separate Prescaler, Compare Mode, and Caplure
Mode
~ Real Time Counter with Separaie Osclliator
~ Six PWM Channels
- 8-channel 10-blt ADC In TQFP and OFNAMLF package
Temperalure Measurement
- 6-channel 10-bit ADC In PDIP Packagae
Tomperalure Measuremen!
- Programmable Serlal USART
~ Master/Siava SP| Serlal Interface
- Byle-ortented 2-wire Serlal Intetface (Phllips I2C compatible)
- Programmable Watchdog Timer wih Separate On-chip Osclllalor
~ On-chlp Analog Comparator
- Interrup! and Wake-up on Pin Change
* Speclal Microconiroller Fealures
— Power-on Resel and Programmable Brown-out Detecllon
~ Intemal Calibrated Oscillator
— External and Inietnel Interrupl Sources
~ Slx Sleep Modes: ldle, ADC Nolse Reducllon, Power-save, Power-down, Standby,
and Extended Standby
* VO and Packages
- 23 Programmable O Lines
— 28-plh PDIP, 32-lead TOFP, 28-pad QFN/MLF and 32-pad QFN/MLF
* Operaling Yollage:
~ 1.8 - 5.6V for ATmegadBPAMBPAS 68PARI2BP
* Temperalura Range;
- -40°C to 85°C
* Speed Grade:
- 0-20MHz @ 1.8- 55V
* Low Power Conzumption al 1 MHz, 1.8V, 25-C for ATmegad8PA/SBPAJIGBPAR28P:
- Aclive Mode: 0.2 mA
~ Power-down Mode: 0.1 pA
~ Power-save Mode: 0.75 pA (Including 32 kHz RTC)

G

8-bit AVR’
Microcontroiler
with 4/8/16/32K
Bytes In-System
Programmable
Flash

ATmega48PA
ATmega88PA
ATmegal68PA
ATmega328P

Summary
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1. Pin Configurations

Flgure 1-1.  Pinout ATmegadBPA/88PA/168PASI28P
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esessssssssssss————— AT Megad8PA/88PA/168PA/328P ?

1.1 Pin Descriptlons

1.1.1 VCcC
Digital supply voltage.

1.1.2 GND
Ground,

1.1.3 Port B {(PB7:0) XTALI/XTAL2/TOSCHTOSC2
Port B Is an 8-bit bi-directional /O port wilh inlemal pull-up resistors (selecled for each bit). Tha
Port B outpul buffers have symmetrical drive characieristics with bolh high sink and source
capabilily. As inputs, Pori B ping that are extemnally pulled low will sousce cuisent i the pull-up
reslslors are aclivaled. The Porl B pins are Iri-staled when a resel condillon becomes aclive,
even if the clock is ot running.

Depending on the clock selaction fuse sellings, PE6 can be vsed as inpul 1o the inverling Oscil-
lator amplifier and inpul to the internal clock operating clrcull,

Depending on the clock seleclion luse seltings, PB7 can ba used as oulpul from the inverting
Oscillator amplifer.

it the Intamal Calibraled RC Osdillator is used as chip clock source, PB7..6 Is used as TOSC2,.1
inpul for the Asynchronous Timer/Counter? il the AS2 bH in ASSRH is sel.

The various special lealures of Port B are elaboraled in "Alternale Funclions of Port B” on page
76 and "System Clock and Clock Options™ on page 26.

1.1.4 Port C (PC5:0)
Port C is a 7-bil bi-directional I1O porl with internal pull-up resislore {selecled for sach bit). The
PC5..0 oulpul buflers have symmelrical drive characteristics wilh bolh high sink and source
capabilily, As inpuls, Porl C pins 1hal are sxternally pulled low will source current if the pull-up
resistors are activated. The Port C pins are tri-slaled when a reset condillon becomes active,
even if the clock Is not running.

1.1.5 PCG/RESET
If the RETDNSBL Fuse Is pregrammed, PC6 is used as an IO pin. Note thal the electrical char-
acterislics of PC6 diller from those of the other pins of Pon C.

I the ASTDISBL Fuse Is unprogrammed, PCE is used as a Resel inpul. A low level on this pin
tor longer than the minimum pulse langlh will generale a Resel, aven i the clock Is rot running.
The minimum pulse lengih Is given In Teble 28-3 on page 308, Shorlar pulses are nol guaran-
iesd lo generate a Resel.

The various specia) leatures of Port C are elaboraled in "Allernate Functions of Port G” on page
79.

1.1.6 Port D (PD7:0)
Pon D is an 8-bit bi-directional 170 port with internal pull-up resistors (selected [or each bit}. The
Porl D oulpul bulfers have symmastrical drive characterislics with both high sink and souice
capability. As inputs, Port D pins that are extemally puiled low will source current if the pull-up
rasislors are aclivaled. The PoR D pins are iri-slaled when a resel condition becomes aclive,
aven il the clock is not running.

The various special leatures of Port D are elaborated in “Allernate Functions ol Port D™ on page

B2.

1.1.7 AV
AV is the supply voltage pin for the A/D Converter, PC3:0, and ADC7:6. {1 should be externally
connecled ta V., even il the ADC is nol used, It the ADC is used, it should be connecled to Ve
through a low-pass filles. Note thal PC6..4 use digilal supply voltage, Vec.

1.1.8 AREF

AREF is the analog reference pin for the A/D Converter.

1.1.9 ADC7:6 (TQFP and QFN/MLF Package Only)
In the TQFP and QFN/MLF package, ADC7:6 serve as analog inpuls to the A/D converler.
These pins are powered from the analog supply and serve as 10-bit ADC channaels,
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e A TMegad8PA/88PA/168PA/328P

2. Overview

The ATmega48PA/BBPA/ 6BPA/328P is a low-power CMOS 8-bit microcontroller based on lhe
AVR enhanced RISC archilecture. By executing powerful instruclions in a single clock cycle, the
ATmegad 8PA/B8PA/168PA/328P achiaves Ihroughputs approaching 1 MIPS per MHz allowing
the system designer to oplirize power consumption versus processing speed.

2.1 Block Dlagram

Figure 2-1.  Block Diagram
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The AVR core combines a rich instruction sel with 32 general purpose working registers. All Lhe
32 registers are directly connecled to the Arithmelic Logic Unit (ALU), allowing Iwo independent
regisieis 1o be accessed in one single insiruction execuled in one clock cycle. The resulting
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architecture is more code elliclent while achleving throughpuls up fo tan times laster than con-
vantional CISC micrecontrollers,

The ATmega48PA/B8PA/168PA/328P provides ths loflowing lealures: 4/8/16/32K byles of In-
System Programmable Flash with Read-While-Write capabililies, 256/512/512/1K byles
EEPROM, 512/1K/1K/2K byles SRAM, 23 general purpose MO lines, 32 general purpose work-
Ing registers, three llexible Timer/Counters with compare medes, inlernal and exlernal
interrupls, a serial programimabla USART, a byle-orenled 2-wire Serial Interface, an SP serial
port, a 6-channel 10-bit ADC {8 channels in TQFP and QFN/MLF packages), a programmable
Waichdog Timer with Intemal Oscillator, and five soltware selectable powsr saving modes. The
Idle mode stops the CPU while allowing the SRAM, Timer/Counlers, USART, 2-wire Serial Inler-
lace, SPI port, and inlerrupt system lo continue lunctioning. The Power-down mode saves lhe
register contenis but freezes the Oscillator, disabling all other chip lunctions untit the next inler-
rupi or hardware reset. In Power-save mode, the asynchronous limer conlinues to run, allowing
the user lo maintain a limer base while the rest of the device is sleeping. The ADC Nolse Reduc-
tion mede slops the CPU and all O medules excepl asynchronous timer and ADC, 1o minimize
swilching nolse during ADC conversions. In Standby mods, the cryslalfresonator Oscillator is
running while the rasl of the device is sleeping. This allows very fas! slart-up combined wilh low
power consumpiion.

The device Is manulaciused using Atmel's high density non-volalile memory technology. The
On-chlp ISP Flash aliows the program meimory to be reprogrammed In-System through an SPI
senal interlace, by a conventional non-volatile memory programmer, or by an On-chip Bool pro-
gram running on the AVR core. The Bool program ¢an use any interface to download the
application program in the Application Flash memory. Soflware in the Bool Flash seclion wilk
continue to run while the Application Flash saction is updaied, providing irue Read-While-Wrile
operation. By combining an 8-bit RISC CPU with In-Sysiem Sell-Programmable Flash on a
monolithic chip, the Atmel ATmegad8PA/88PA/168PA/328P is a powerlul microconlroller that
provides a highly llexible and cosl elfective sclulion to many embedded conlrol applicalions.

The ATmegad8PA/BBPA/168PA/328P AVR is supported wilh a full suite ol program and system
developmenl lools including: C Compllars, Macro Assamblers, Pregram Debugger/Simulalors,
In-Circuit Emulators, and Evaluation kits.

2.2 Comparison Belween ATmegad8PA, ATmegaBBPA, ATmegal68PA and ATmega328P

The ATmegad48PA, ATmega88PA, ATmegai68PA and ATmega326P differ only in memory
sizes, boot [oadar suppor, and interrupl veclor sizes. Table 2- 1 summarizes (he dillerenl mem-
ory and interrupt vector sizes tor the thiee devices.

Table 2-1.  Memory Size Summary

Device Flash EEFRAOM RAM nterrupl Yector Slre
ATmegadaPA 4K Bytes 256 Byles 512 Bytes | inslruction word'veclor
Moegessh | BKByles | S1zByos | 1KByles | 1 smctonwordvedtor |
ATmegal68PA 16K Bytes 512 Bytes 1K Bytes 2 Insruction words/voctor
AlmegaizeP | a2KByles | IKByles | 2KByles | 2insinuction wordsvector

ATmegaB8PA,. ATmega168PA and ATmega328P support a real Read-While-Write Sell-Pro-
gramming mechanism. Theie is a separate Bool Loader Section, and the SPM instruclion can
only execute from 1here. In ATmegad4B8PA, there is no Read-While-Wrile support and ho sepa-
rate Boot Loader Section. The SPM instruction can execute from the entire Flash.

7.3 ATmegal68PA

Speed (MHz)' Power Supply Ordetlng Code™ Package'" Operatlonal Range
ATmegali6aPA-AU a2Aa
20 1555 ATmega 16BPA-MMH 28M1 Industriat
ATmega164PA-MU 32MI1-A (-40-C 1o 85 C)
ATmega 168PA.PLI 28P3
Nole: 1, This device can also be supphied in waler form. Please conlacl your local Atmel sales office for detailed ordering informalion

and minimum quanlilies.

2. Pb-fiee packaging complies lo the European Direclive for Reslriction of Hazardous Subslances (RoHS direclive).Also
Halide iree and fully Green,

3. See "Speed Grades” on page 312.

4, NiPdAu Lead Finish,



9.4

9.4.1

8.4.2

9.4.3

9.4.4

Errata ATmega328P

Rev D

Rev C

RevB

Rev A

The revision lelter in this section refers to the revision of the ATmega328F device.

No known errala.

Nol sampled.

* Unslabla 32 kHz Oscillator
1. Unslable 32 kHz Osclillator
The 32 kHz oscillalor does not work as system clock.
The 32 kHz oscillator used as asynchronous limer is inaccurate.

Problem Flx/ Workaround
None

* Unstable 32 kHz Osclitator
1. Unstable 32 kHz Osclllator
The 32 kHz oscillator does nol work as system clock.
The 32 kHz oscillater used as asynchronous timer is inaccurate.

Problem FiIx/ Workaround
None
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QOrder this document by TL494/D

@ MOTOROLA
-]
SWITCHMODE™ Pulse Width
Modulation Control Circuit
The TL494 is a fixed frequency, pulse widlh modulalion controd circuil SWITCHMODE
designed primarily for SWITCHMOBE power supply contiol. PULSE WIDTH MODULATION
CONTROL CIRCUIT
* Complele Pulse Widlh Modulalion Conltrol Circuilry SEMICONDUCTOR
® On-Chip Oscillalor with Master or Slave Operalion TECHNICAL DATA
¢ On—Chip Error Amplifiers
® On-Chip 5.0 V Relerence
® Adjuslable Deadlime Conirol
¢ Uncommilled Culput Transislors Raled o 500 mA Source or Sink D SUFFIX
4 h PLASTIC PACKAGE
¢ Output Conlral for Push-Pull or Single—Ended Operalion i CASE 7518
s Undervollage Lockout ' {SO-18)
N SUFFIX
18 PLASTIC PACKAGE
: CASE 648
PIN CONNECTIONS
S
Nerires ' m s
MAXIMUM RATINGS (Full operaling ambient temperature range applies, "y B} el ks
unless olherwlse noted.} h_m' 2] ]{"cc i & t:\.n
Ratl Symbol | TL494C | TL4941 } Uni P I m
; 5 - BT [ E
ower Supply Vollage Voo 42 v WE 4}_’,:1> E m
Collector Oulput Voltage Ve, 42 v
Voo Cr E 1 E Veo
Ouclater ¢ |
Collecior OCutput Current et oo 500 mA Ry [6] i 1] 2
{Each ransistor) (Note 1) i ‘—l:'fj_
T —— 101 E2
Amplifier Input Vollage Range Vig 0310142 v Py [
Power Dissipation @ Ta < 45°C Pp 1000 mw ofs i A
Thermal Resislance, RaJA a0 ‘T iTop \Vies
Junction-lo—Amblent {fep Ve
Operaling Junclion Temperature Ty 125 C
Storage Temperature Range Taig -5510+125 ‘C ORDERING INFORMATION
Operating Amblent Temperature Range ry “C Operating
TL494C Oto+70 Device Temperalure Range Package
TLAS4] -2510 +85
THMCD | o S0-16
. . r = o <
Derating Ambient Temperature Ta 45 C TL494CN A Plastic
MOTE: 1.Maximum thermal limits must be observed, it - R —
TL494IN Ta =—-25"to +85°C Plastic




TL494
RECOMMENDED OPERATING CONDITIONS

Character(stica Symbeol Min Typ Max Unit
Power Supply Vollage Vee 7.0 15 40 v
Golleclor Outpul Volage Ve Ves - 30 40 v
Collecior Qulpul Current {Each lransistor) Icq. ez - - 00 mA
Amptified Inpul Yoitage Vin —-£03 - Voo -20 v
Currenl Inte Feedback Terminal ' - - 0.3 mA
Reference Outpul Current ] - - 10 mA
Timing Resislor RY 18 30 500 [34]
Timing Gapacilor CT 0.0047 0.001 10 pF
Oscillalor Frequency fosc 1.0 40 200 kHz

ELECTRICAL CHARACTERISTICS (Vg = 15 V. C7 = 0.01 pF, RT = 12 k(1 unless olherwise neled.}
For typical values Ta = 25°C, for min/max values Tp Is the operaling ambien! temperature range Lhal applies, unless otherwise noted.

Characteristics | symool | Min | Typ | Max | unit
REFERENCE SECTION

Reference Vollage (I = 1.0 mA) Viet 475 5.0 525 v

Ling Regutation (Vg = 7.0 Vo 40 V) Re®ine - 20 25 mv

Load Regulation {Ig = 1.0 mA to 10 ma) Regjoad 3 3.0 15 mv

Shorl Clrenit Output Cumrent (Vyeq = 0 V) 1se 15 35 7% mA

OUTPUT SECTION

Collector OH-51ale Current IG(off) - 20 100 LA
(Voo =40V, Vo =40 V)

Emitter Ofi-Slale Current IE(om - - —100 A
Ve =40V Vo =40V, Vg =0 V)

Collector-Emilier Saturation Vollage (Note 2) v
common-Emitler {Vg = 0 ¥, Ic = 200 mA) Veal(C) - 1.1 13
Emiller-Follower (Vg = 15 V, Ig = —200 mA) Vaat(£) - 1.6 25

Outpul Control Pin Current
Low Slate (Vo < ¢4 V) loct - 10 - pA
High Slate (Vo = Yier} tocH - 0.2 35 mA

Qutpul Vollage Risa Time Y ns
Common-Emitter {(See Figure 12} - 100 200
Emilter—Follower (See Flgure 13) - 100 200

Ontput Vollage Fall Tune i ns
Ccommon-Emitler (See Figure 12) . 25 180
Emitler-Folower (See Figura 13) - 40 100

ROTE: 2. Low duly cyce pukee techniques are used during test to maintain junction temperature as cose lo ambient lemperature as possible.
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ELECTRICAL CHARACTERISTICS {Vcc = 16V, Gy = 0.01 pF, RT = 12 k(), unless otherwise noted.)
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For typical values Ta, = 25°C, for min/max vales Ta Is the operating amblent tempetature rangs thal applies, unless olherwise noled

Characteristics | symbol L Mn | Typ wax [ unn |
ERROR AMPLIFIER SECTION
Input Offset Vollage (Vo (Pin 3) = 2.5 V) Yio - 20 10 mv
Input Offget Cument (Vo (pin 3y = 2.5 V) o - 50 250 nA
Input Bias Cument (Vo (Pip 3) = 25 V) I:) - 0.1 -1.0 JTLS
Input Common Mode Voltage Range (Yo =40V, T = 25°C) Vicr 03 teVog-20 v
Open Loop Vollage Gain (AVg = 3.0 V. Vo =05 V10 3.5V, R = 2.0 k) AL 70 85 - dB
Unity—Gain Crossover Frequency (Vo =05VI0 35V, R =20k} fe— - 350 - kHz
Phase Margin al Unity—Galn (Vo =0.5¥ 10 3.5V, Ry = 2.0 kL)) ém - 65 - deg.
Common Mode Rejection Ratio (Ve =40 V) CMRR 65 90 - dB8
Paorwer Supply Rejeclion Rabio (AVoe = 33V, Vo =25V, R = 2.0 K1) PSRR - 100 - oB
Gutgut Sink Current (Vg (pin 3) = 0.7 V) g 03 07 - mA
Oulput Source Current (Vo (Pip 3) =35 V) g+ 2.0 —4.0 - mA
PWM COMPARATOR SECTION (Test Circuit Figure 113}
Input Threshold Yollage {Zero Duty Cycle) VTH - 25 4.5 L'
Inpi Sink Current (V(pip 3) = 0.7 ¥} [/ 0.3 07 - mA
DEADTIME CONTROL SECTION (Tes! Circuit Figure 11)
Input Bias Gurrenl (Pin 4) {Vpjn 4 = 0 V10 525 V) lig (DT} - -20 -10 pA
Maximum [uity Cycle, Each Oulput, Push-Pull Mode DCmax %
(Vpin 4 =0V, C1 = 0.01 tF, Ry = 12 kI2) 45 48 50
(Vpin 4 = 0V, CT = 0.001 pF, Ry =30 ke) - 45 50
Input Theeshold Vottage (Pin 4} Vih v
{Zero Duty Cycle) - 2.8 33
(Maximum Duty Cycle) 0 - -
OSCILLATOR SECTION
Frequency (Cy = 0.0:01 yuF. Ry = 30 ki}) fosc - 40 - kHz
Standard Deviation of Frequency” {C = 0.001 pF, Ry = 30 kth) Hosc - 0 - %
Frequency Change with Vollage (Voo = 7.0V 1040V, Tp = 25°C) Mase (AV) - 0.1 - %
Fiequency Change with Temperature (ATa = Tigw 10 Thigh) Mpse (AT) - - 12 %
{CT =001 pF, RT = 12 k12}
UNDERVOLTAGE LOCKOUT SECTION
Tum-On Tiveshold (Ve Increasing, kef = 1.0 mA) Vin 55 643 l 7.0 | v |
TOTAL DEVICE
Standby Supply Currenl {Pin 6 al Vigy. All other inputs and outpuls open) Ice mA
MVee=15V) - 55 10
Vee =40V) - 7.0 15
Average Supply Currenl mA
(CT=0.01 pF. RT = 12 ki), Vipin 4) = 20V) - 7.0 -
Voo = 15 V) (See Figure 12}
EI( - X)2
* Slandard deviaton is 2 measure of he slatistical distripution abour the mean as derived from the formula. o ~f n=1
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Flgure 1. Representative Block Diagram
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TL494
APPLICATIONS INFORMATION

Description

The TL494 is a fixedH{requency pulse width modulation
contrel circuif, incerporaling the primary building blocks
required for the conlrol of a swilching power supply. (See
Figure 1.) Aninlema-inear sawtooth oscillator is frequency—-
programmable by two exiemal componenis, RT and CT. The
approximate oscillalor frequency is delermined by:

fosc= 11
RrsCy

For more inforination refer 1o Figure 3,

Oulput pulse width modulation is accomplished by
comparison of the posilive sawlooth waveform across
capagcitor C to either of two conlrol signals. The NOR gates,
which drive oulpul ransistors Q1 and Q2, are enabled only
when the Rip-—fiop clock-inpul line is in ils low slate This
happens only during that porion of lime when the sawtoolh
vollage is grealer than the control signals. Therefore, an
increase in control-signal amplilude causes a comesponding
linear decrease of oulpul pulse width. (Refer to the Timing
Diagram shown in Figure 2.)

The conlrol signals are external inpuls thal can be fed into
the deadlime control, the error amplifier inpuls, or the
feedback inpul The deadlime control comparator has an
effective 120 mV input offsel which limits the minimum culput
deadtime to approximately he first 4% of the sawtooth—cycle
lime, This would resull in & maximum duty cycle on a given
output of 6% with the outpul control grounded, and 48% wilh
H connecled 1o lhe reference fine. Addilicnal deadlime may
be imposed on the oulpul by selting the deadlime-control
input to a fixed vollage, ranging between DV 1o 3.3 V.

Functional Table

Input/Output fout
Controls Output Function E =
Grounded | Single—ended PWM @ Q1 and 02 10

@ Vier Push-pull Operalion 05

The pulse widih modulalor comparalor provides a means
for the error amplifiers to adjusl the oulput pulse width rom
the maximum percent on-time, eslablished by the deadtime
conlral inpui, down lo zero, as the voitage at Lhe feedback pin
varies from 0.5 V to 3.5 V. Both efror amplifiers have a
common mode input range from —0.3 V to (Ve — 2V), and

may be used lo sense power-supply oulpul vottage and
curment. The eiror—amplifier ouipuls are aclive high and are
ORed logether al the noninverling input of the pulse—widih
modulator comparalor. With this configuration, the amplifier
lhat demands minimum oulpul on time, dominates conftrol of
the loop.

When capacilor C7 is discharged, a posilive pulse is
generaled on Lhe output of the deadlime comparalor, which
clocks the pulse—slesring flipflop and inhibits the oulput
transistors, Q1 and Q2. Wilh the oulput—control connected to
lhe reference line, the pulse—sieering flipflop direcls the
modulated pulses {o each of the two oulpui iransistors
alternately for push—pufl operation. The output frequency is
equal lo half that of the oscillator. Culput drive can also be
laken from Q1 or Q2 when single—ended operalion wilh a
maximum or-{ime of less than 50% Is required. This is
desirable when the oulput iransformer has a ringback
winding wilh a calch diode used for snubbing. When higher
oulpul-drive currenis are required for single-ended
operalion, 1 and Q2 may be connecled in parallel, and \he
oulput—mode pin mus! be led to ground lo disable lhe
flip-flop. The outpul frequency will now be equal Lo thal of the
oscillator.

The TL494 has an internal 5.0 V reference capable of
sourcing up (o 10 mA of load curent for exlemal bias circuils.
The relerence has an intemal accuracy of +5.0% with a
typical thermal drifl of less than 50 mV over an operaling
{emperature range of 0° fo 70°C

Figure 3. Oscillator Frequency versus
Timing Reslistance
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Figure 4. Open Loop Voltage Gain and
Phase versus Freguency
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Figure 21. Pulse Width Modulated Step—-Down Converter

1.0mH @ 24
+Vi, = 10v o 40V f— Yo =50V
i Tip 324 0 =50
EL_[ lo =10A
AAA-
47
150 a
12 01
t of LI
1.0
Vi C C 3
CcG 1 2 Comp
q42 . ]
, 2 51k 5.1k
so L [y SN AAA <
50V T TL494 V!ef 14 ¥
15 500 —
-0 An A MRAS0 10V
W 5.1k
+
] Ry ©OJ 0C.GM Ef E»
5 6 |a lu|r | i T
i i T 10'\"
§ 150
0.001 f|'~ 4Tk
4 O
o

Test Conditlons Results
Line Regulalion Vin=80Vlio40Vv 30my 0.01%
Load Regulalion Vin=126V.Ig=02mAt0 200 mA 50mv  0.02%
Qutput Ripple Vin = 126 V, Ig = 200 mA qomvVpp PARD.
Short Circuit Current Vip=126V, R =010 250 mA
Efficiency Vin = 12,6V, Ig = 200 mA 72%
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International
ISR Rectifier
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Advanced Process Technology
Ultra Low On-Resistance
Dynamic dv/dt Rating

175°C Operating Temperature
Fast Switching

Fully Avalanche Rated

PD - 94053
IRFZ44N
HEXFET® Power MOSFET
P Vpss = 55V
RDS(OH) =17.5mQ
Ilp = 49A
s

Description
Advanced BEXFET® Power MOSI ETs from Intemational
Rectifier ufilize advanced processing lechniquestoachieve
extremely low on-resislance per silicon area. This benefil,
combined with the fast swilching speed and ruggedized
device design lhal HEXFET power MOSFETs are well
knowr for, provides the designer with an extremely efficient
and reliable device for use inawide variely of applicalions.

The TO-220 package is universally preferred for all
commercial-indusiiial applications at power dissipalion
levels to approximately 50 walls. The low thermal

resistance and low package cosl of the TO-220 conltribute TO-220AB
lo ils wide acceptance lhroughout the indusiry.
Absolute Maximum Ratings
Parameter Max. Units
lo @ T¢ =25°C Continuous Drain Currenl, Vgg @ 10V 49
TD@ ﬁ'g =100°C| Gonlinuous Drain Current, Vgs @ 10V 35 . A
o Pulsed Drafn Current @ 160
Pp @Tc = 25°C Power Dissipation 94 W
Linear Derating Factor 0.63 WiC
Ves Gate-to-Source Vollage i 20 v
lar Avalanche Cusrenl® 25 A
Ein " Repetitive Avalanche Energy® 94 mJ
dvidt | Peak Diode Recovery dv/dt @ o 5.0 vins
T, " Operating Junction and h 56 to + 175
Te1a Storage Temperature Range C
Soldering Temperalure, for 10 seconds 300 (1.6mm from case )
Mounting lorque, 6-32 or M3 srew 10 Ibfin {1.9Nm)
Thermal Resistance
Parameter Typ. Max. Units
ﬁ;,,,»c | unclion-to-Case —_— 1___.5“ T
Rwes | Case-to-Sink, Flal, Greased Surface 0.50 — | ow
Raa Junction-to-Ambient _ 62
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IRFZ44N International
ICR Rectifier
Electrical Characteristics @ T, = 25°C {unless otherwise specified)
Parameter Min.| Typ. | Max. [Units Condltlons
V(BRriDSS Drain-to-Source Breakdown Voltage 58 | — | — V | Vas = 0V, Ip = 250pA
AViprnss/AT) | Breakdown Vollage Temp. Coefficlent ;1 — 10.058] — | VI°C | Reference to 25°C, Ip = 1mA
Rosion) Static Drain-to-Source On-Resislance | — | — | 175 | mQ [ Vas =10V, Ip=25A @
Yesimy Gate Threshold Vollage 20 | — | 40 V | Vos = VYas, Ip = 250pA
ars Forward Transconductance 19 | — | — S | Vps =25V, Ip = 25AQ@
loss Drain-lo-Source Leakage Cument : : 22550 LA zsz ;jiz' zzz ; g‘\i 2= 150°C
loss Gate-to-Source Forward Leakage — | ~—| 100 nA Ves = 20V
Gate-to-Source Reverse Leakage —_ | — [ -100 Vgs = -20V
Qg Total Gate Charge — | — | 63 Ip = 25A
Qgs Gate-10-Source Charge — | — | 14 nC | Vpg =44V
Qgq Gate-to-Drain ("Miller™) Charge — | — 22 Vgs = 10V, See Fig. 6 and 13
ta(on) Tum-On Delay Time — | 12 { — Vpp = 28V
t Rise Time — | 60 | — 1\ Ip = 2BA
Lajomn Tum-Off Defay Time — | 44 | — Rg = 120
b Fall Time — | 45 | — Yas = 10V, See Fig. 10 @
lo Intemal Drain Inductance Cralyem—= TR cad g
. ;Srmm (0.2k5m.) Gq 'jt%
ts ngPe e oqrdicane ==1| \\| — az:;n CZ‘:(:E? ?:die contact _\‘:_’T
Ciss Input Capacitance — | 1470 — Vag = OV
Coss Output Capacilance — | 360 — Vps = 25V
Cres Reverse Transfer Capacitance — | 88 | — i pF | f=1.0MHz, SeeFig. 5
Eas Single Pulse Avalanche Energy@ — [5303)150@ 1 mJ | las=25A, L = 0.47¥mH
Source-Drain Ratings and Characteristics
Parameter Min. | Typ.| Max. | Units Condllions
Is Conlinuous Source Current MOSFET symbol g
) = O W 40 " )\
{Body Diode) ! showing the (i &)
(Y Pulsed Source Current - il integral reverse ‘\Jj,
{Body Diode}D — p-it junction diode. s
Vsp Diode Forward Vollage S G W V| Ty=25°C, 5= 25A Vgs =0V @
|- Reverse Recovery Time — | B3 95 ns | Ty=25°C, Ir = 25A
Qe Reverse Recovery Charge — [ 170 260 | nC | difdt = 100A/us @
fon Ferward Tumn-On Time Intrinsic tum-on ime is negligible (lum-on is dominaled by Lg+Lp)

Notes:
@ Repetitive rating; pulse widih limiled by
max. junction temperature. (See fig. 11)
@ Starting T,= 25°C, L = 0.48mH
Rg =250, l,5=25A. {See Figure 12)

T, < 175°C

() Igp < 25A, difdt < 230Als, Vop < Vigripss.

@ Puise widlh < 400us; duly cycle £ 2%.
® This is a typical value at device destruction and represenls

operation oulside rated limits,
@ This Is a calculated value limited to T, = 1756°C .
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IRFZ44N
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C. Capacitance (pF)
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I
FAIRCHILD A
] “
SEMICONDUCTOR" July 2008 L
PNP Epitaxial Silicon Transistor
Features
« Complementary lo TIPIMPIIATIPBTIP31C
v 1020
1.Base 2 Collector 3. Emaier
Absolute Maximum Ratings 1.=25C unless otherwise noted
Symbol Parameter Value Units
Veeo Collector-Base Vollage  © 7IP32 - 40 v
T TIP32A .60 v
1 TIP328 .80 v
L TIP32C - 100 v
Veea Cotlector-Emitter Voltage - TIP32 -40 v
P TIP3ZA - 60 v
: TIP3ZB .80 v
1 TiP32C -100 \
Veso Emitter-Base Voltage -5 v
le Coltector Cument (DC} 3 A
leo Colfector Cument (Puise) 5 A
s Base Current 3 A
Pc Collector Dissipation (T¢=25'C) 40 w
Collector Dissipation (T,=25°C) 2 w
T, Junction Temperatore 150 ‘C
Tsra Slarage Temperalire -65~150 ‘C




Electrical Characteristics T.=25-C unless olhenwise noled

Symbol Parameter Test Conditlon Min. Max. | Units

Vegolsus) * Collector-Emitler Suslaining Voltage

- TIP32 le=-30mA, lg=0 -40 v

L TIP32A -60 v

L TIP328B -80 v

cTIP32C -100 v
Iceo Coliector Cul-off Current

CTIP32/32A Vee=-30V, 13=0 -0.3 mA
: TIP32B/32C Vee=-60V,lp=0 -0.3 ma

lees Colleclor Cut-off Current

I TIP32 Vep=-40V, Vgg=0 - 200 nA

CTIP32A Vee=-60V,. Vgpg=0 -200 nA

. TIP328B Vee=- 80V, V=0 - 200 1A

1 TIP32C Vep=- 100V, Vop =0 - 200 rA
lego Emitler Cut-off Current VEg= -5V, 1c=0 -1 mA
heg * DC Cwrent Gain Veg=-4V Ig=-1A 25

Vee=-4V,lg=-3A 10 50

Vee(sat) * Collector-Emitter Saturatlion Voltage Ic=-3A Ig= - 375mA -1.2 v
Vae{sal) * Base-Emitter Saluralion Vollage Ve = -4V, 1c=-3A -18 v
fr Currenl Gain Bandwidlh Producl Vge = - 10V, Ic = - 500mA, T = 1MHz 3.0 MHz

“Pudse Tesl Pry.300me. Chity CycleT%,




Typical Characteristics

hrg, OC CURRENT GAIN

1,JmaJ, COLLECTOR CURRENT

Flgure 1. DC current Galn

I[A], COLLECTOR CURRENT

TF31A Ve MAX. |
TIPHB Vize HAX
TIEIC Voes AN, -

L] Hh

Vx[V]. COLLECTOR-EMITTER VOLTAGE

Figure 3. Safe Operating Area

Vor{sH), Ve(aati[mV], SATURATION VOLTAGE

P[], POWER DISSIPATION
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L{mA)] CCLECTOR CURRENT

Flgure 2. Base-Emitter Saturation Voitage
Collector-Emlitter Saturallon Veltage
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Flgure 4. Power Derating



MANHIN 1N

SazIDUAUDI 1N IANNBEY FR204



100

wTE | FR201 - FR207

FORER SEMOXDULTORS
2.0AFAST RECOVERY RECTIFIER

Features

¢ Diffused Junction
Low Forward Voltage Drop

High Current Capability r.— A —+—B—+— A —pl
High Reliabitity +

High Surge Current Capability ———— I ]

Mechanical Data
& Case: Molded Plastic

* e ee

|-

& Terminals: Plated Leads Solderable per 5oas
MIL-STD-202, Method 208 B -

. im Min ax
®  Polarily; Cathode Band . 254 —
®  Weight: 0.40 grams (approx.} B s 50 752
¢  Mounling Position: Any c o.? 4 B 554
&  Marking: Type Number 5 560 3‘50

All Dimensicns in mm

Maximum Ratings and Electrical Characteristics @r,=25:C unless otherwise specified

Single Phase. half wave, 60Hz resistive or induclive foad.
For capacitive load, derale curent by 20%.

Characteristic Symbol | FR201 | FR202 [FRZO:! FR204 | FR205 | FR206 | FR207 Unit
Peak Repetilive Reverse Vollage VRRM
Working Peak Reverse Voltage LT 50 160 200 400 600 800 1000 v
DC Blocking Vollage VR
RMS Reverse Vollage VR(RMS) 35 70 140 280 420 560 700 v
Average Reclified Gulputl Cumenl
(Note 1) an, -ssc) 20 A
Non-Repelilive Peak Foryard Swge Currenl
B.3ms Single hall sine-wave superimposed on IFs14 60 A
rated lcad (JEDEC Melhod)
Forward Vollage @l = 2.0A VrEn 1.2 v
Peak Reverse Cumeni @T,=25°C - 50 A
At Rated DC Blocking Voltage @T, = 100°C 100 ¢
Reverse Recovery Time (Note 2) 4] 150 250 500 nS
Typical Junchion Capacitance (Note 3} G 30 pF
Operating Temperature Range T -65 1o +125 C
Storage Temperalure Range TsrG -6510 +150 *C

'Glass passivated forms are available upon request

Nate: 1. Leads mantained al ambienl temperature al a dislance of 9.5mm fram lhe case
2 Measured with IF = 0.5A, IR = 1.0A, IRR = 0.25A. See figure 5.
3. Measured al 1.0 iHz and applied reverse voltage of 40V D.C.
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HRS4(H) Relay

1.COIL DATA
1-1.Nomlnal Voltage
1-2.Coil Resistance
1-3.0perale Voltage
1-4 Release Voltage
1-5.Nominal Power Consumplion

2.CONTACTDATA
2-1.Conlacl Arrangement
2-2_.Contacl Malerial
2-3.Conliacl Raling

2-4 Max.Swiltching Voltage
2-5.Max.Swilching Currenl
2-6.Max.Switching Power
2-7.Conlact Resislance(Initial)
2-8.Life Expeclancy

Electrical

Mechanical

3.GENERAL DATA
3-1.Insulation Resislance
3-2 Dielectric Sirength

3-3.0perate Time

3-4 Release Time

3-5.Temperatlure Range

3-6.Shock Resistance
Endurance
Misoperalion

3-7 Vibration Resistance
Endurance
Misoperation

3-8 Heating

3-9.Cold

3-10.Humidily

3-11.Weight

3-12.Salely Standard

3 lo48VDC

Refer to Table 1
Reler lo Table 1
Refar lo Table 1
360 1o 450 mW

Y FormA,1 FormG

AgAltoy

10A 120VACI24VDC, 10A/6A250VAC(1C)
15A 120VAC/24V DG, 10A 250VAC(1A)
V-5

110VDC/240VAC

15A

1800VA,I60W

=50m 0. al6vVDC 1A

100,000 operalions al nominalload
10,000,000 operations

Min. 1000M 2, al 500¥DC

T50VAC, Tmin batmen open contacls
1,500VAC, imin belween conlacis and coil
Max.10ms

Max.bms

-3010+85°C

2
1,000m/s
100m/s

10 10 55Hz,1.5mm Double Amplilude
10 10 §5Hz,1.5mm Double Amplitude
80 1-2°C 96hs

-401:-2°C 96hs

35% to 85%RH

12gr.

UL NO.E164730

TUV NO.50036455

CSA NOLR109368

CQC NO.02001001298
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4. ORDERING CODE

104

g0s
122

20

il
o Bt JB—EL- - .__]
L"“__'I‘

HRS4  H- S - DC3V- A
CONTACTARRANGEMENT
A- 1FORMA
C- 1FORMC
COIL VOLTAGE
DC3V,DCSV.DCEV,DCIV.DC12V,DC24V,DC48Y
ENCLOSURE
NIL -FLUX FREE
S -WASHABLE
H-HIGH SENSITIVITY
NIL-STANDARD
RELAY SERIES
5.COIL DATA CHART al 20°C
COlL COolL OPERATE RELEASE POWER
ORDERING CODE VOLTAGE RESISTANCE VOLTAGE YOLTAGE | CONSUMPTION
voC LH10% vOC vDC mw
HRS4-(8)- DC 3V 3 20 2.1 0.30
HRS4-(S)-DC sV 5 50 3.5 0.50
HRS4-(8) -DC BV & 80 4.2 0.80
HRS4 {S) -DC OV 9 180 6.3 0.90 450
HRS4-(8) -DC 12V 2 320 8.4 1.20
HRS4-{S) -DC 24V 24 820 16.8 2.40
HRS4-(5) -DC 48V 48 5200 33.6 4.80
HRS4H-(S)- DC 3V 3 25 2.1 0.20
HRS54H-(S}) -DC 5V 70 3.5 0.50
HRS4H-(S) -DC 6V 100 4.2 0.60
HRS4H-(S) -DC OV g 228 6.3 0.90 360
HRS4H-(S)-DC 12V 12 400 6.4 1.20
HRS4H-({S) -DC 24V 24 1600 16.8 2.40
HRS4H-(S)-DC A48V 48 8400 336 4.80
Table 1
6.DIMENSIONS {in mm)
19.0 155
e S - =



7.HRS4(H) CHARACTERISTIC DATA

Timing
Time(ms)

10
ol |\

\\ Oporale
6 N

N

4 — 1

,/"1_‘_—‘_—
2 - Release

0 01020304 050608 10 1.2 14
Coll Power(W)

Maximum Swilching Powar
Contact Currant{A)

[
i5 AC
Resisliva
10
DC
Reslsliva
5 \
3 \

4] 10 20 30 4050 100 200 300
Conlact Vellage(V)

105

Coil Temperalure Rise

Temparature Rise('C )

B0

60

40 pd

20 pd
pd

10

01 02 03 04 05 086

Cotl Pawar{W)
Life Curve
Operation(x10,000)
100
50 \ /1 20V AC Resislive
[ |}
30 1 T
\ 240VAC Resistive
10 ]
=
5

0 2 4 6 8 10 12 14 16 18 20
Contact Gurrent(A)
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