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Abstract

This thesis presents an extraction of maximum power from a Photovoltaic (PV) module
by using a step-up converter. Qulput current and voltage of the PV panel are monitored via
current and voltage sensors, and then fed into an Arduino UNO R3 for power calculation and
maximum-power-point tracking according to the Purturb and Observe (P&O) method.
Correspondingly, a control signal is generated by the microcontroller and then fed into a PWM
controller where it is compared with a repetitive triangular waveform acted as a reference signal.
As aresult, a switch control signal is produced for regulating switching action of a MOSFET in a
step-up converter in terms of duty cycle. In consequence, the operating point of the PV module is
shifted towards the maximum power point. In this project, experimental resnlts of maximum-
power-point tracking show that the PV output power can be tripled under 300 W/m® of irradiance
and becomes 4.5 times higher under 760 W/m® of irradiance, and this technique successfully

provides PV power maximization even under quick change in irradiance by less than 2 s,
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M1319N 4.2 HANISNAABD TNV ITSAVUTIAU 1a0n1511)B o UAIUYDIAIIUSIUNTUT 77

R Ao
D(%) | R | Viy (V) T (AY | Vo (V) | Py (W) | Py (W) 17 (%)
5 12 220 | 1027 | 2640 | 20.68 | 7833
10 10 12 117 | 1063 | 1404 | 1130 | 80.48
16 12 077 | 11.76 | 9.24 838 | 90.71
10 12 140 | 1156 | 1680 | 1336 | 79.54
20 16 12 095 | 12.88 | 11.40 | 1005 | 88.19
20 12 0.81 | 13.07 | 9.72 854 | 87.87
10 12 187 | 12.88 | 2244 | 1659 | 73.92
30 16 12 132 ] 1439 | 1584 | 1255 | 7922
20 12 111 1491 | 1332 | 1100 | 83.44
10 12 | 238 | 1401 | 2856 | 1963 | 68.72
40 16 12 166 | 1595 | 1992 | 1542 | 77.40
20 12 144 | 16.64 | 17.28 | 13.80 | 80.11
16 12 | 244 | 1866 | 2928 | 21.10 | 72.07
50 20 12 | 235 | 1931 | 2580 | 18.64 | 72.26
40 12 110 | 2070 | 1320 | 10.70 | 81.15
40 12 181 | 2560 | 2172 | 1638 | 7543
60 50 12 1.54 | 2651 | 1848 | 1394 | 7545
60 12 131 | 2681 | 1572 | 11.90 | 75.70
85 12 160 | 3430 | 1920 | 13.84 | 72.08
70 90 12 154 | 3422 | 1848 | 13.01 | 7040
100 12 138 | 3473 | 1656 | 12,10 | 72.83
85 12| 292 | 4356 | 3504 | 2232 | 63.70
80 90 12 | 282 | 44.00 | 3384 | 2151 | 6356
100 | 12 | 258 | 4536 | 3096 | 2060 | 66.45
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imlszmaaanls
int butlonPin = 2;
it buttonState = 0;
float V_sensor! raw;
float V_pv;
float I _sensor raw;
float 1_sensor_cal;
float 1_sensor_sum;
float 1 _sensor_average;
float I_pv;
float P pv;
float P_pv_old;
float P_pv_new;
float DP_pv;
int A=1; T TEN IO -, -
float Duty cycle;
float V_ref;
float Time=0;
void setup()
{
Serial.begin{9600); fftﬂﬂn151%’d1uwa§ﬂauniu
pinMode(buttonPin, INPUT PULLUP); /lfiuainduuuae Ird1e
}
void loop()
{
buttonState = digitalRead(buttonPin); /3 DA1asinveseaInd
if (buttonState == HIGH) /S Indiasdngaldvamlug)
{
{
V_sensor]_raw = analogRead(A1); /15 mussduninviueuzdon Al

1 @ 0 ar =1 o
V_pv =V _sensor]_raw/37.5; /nlasswsesiuliasanuaruniiuass

1
3



{
for(int i=0;i<3;i++) /ANIZUATINAU 3 501

{
[ sensor_raw = analogRead(A0); //%Dfi”lﬂi3!Lﬁ%'lﬂﬂ’e]§ﬁll@ﬂ$’36ﬂ A0
} sensor_cal=l scnsor raw-512; //ﬂ%ﬂﬁ“éllﬁhﬂi suatlnilu o
(1 sensor_cal<0) /faeitulilinnszuaBuduriosnd o

{

1 _sensor_cal=(;

i
1 sensor_sum=l_sensor sum+l sensor_cal;
delay(1};

)
I sensor_average=] sensor_sum/3; //‘Iﬂﬂl‘lméﬂ‘ljﬂﬂﬂiulﬁ
1 pv=(((I_sensor_average*5)/1023)/0.175); /mlasninizua ias i uaInszuassy
I_sensor_sum=0; /@umsihudeyavesrinszuanousz ldvarin
\

{

P_pv=V_pvil pv; muauaaiga i

Duty cycle = 0; JiAsAaR Tsfanii o
V_ref=map(Duty_cyele,0,100,0,204); /11190159 1 ”muiymmuﬂu
analogWrite(5,V_ref); //iiwﬁfgtgwmmﬂuﬁm 3

}

{

Time=Time+0.0285; /A7181N13H 141U N0 O

}

Serial.print("Time =");
Serial.print(Time); /MEAANIAINTINU
Serial.print{" s");
Serial.print("\");
Serial.print("V _pv=");
Serial.print(V_pv); /UEHAANTIAY

Serial.print(" V");

60



N

Serial print(™t");
Serial.print("T_pv ="},
Serial.prt(1_pv); HERINNTSUA
Serial.prin{" A"):
Serial.print("\t");
Serial print("P_pv =");
Serial.print(P_pv); suaaaiga lvh
Serial.prim(" W");
Serial.print("\t");
Serial.prinl{"D ="}
Serial.printIn(Duty_cycle); JrdaaraIa laifa
Serial.println(" %")
} .
iftbutionState — LOW) #dra3asiinosna e lugil
{
Duty_cycle=30; A el i 30%
P pv_old=P pv; /fmuantias lilidum
while(1)
{
{
V_sensor]_raw = analogRead(A1); /iS5 uaus IRUNMNUDULHON Al

V pv=V_sensorl_raw/37.5; ulassuseduliasatuanudluaia
}
{
for(int i=0;i<3;i++) /MINITUTTIVNY 3 301
{
I sensor raw = analogRead(AD); ASuMmnszIEnnRes aueuzaon A0
1 sensor cal=I_sensor_raw-512; //ﬂ%’uﬁu‘éuﬁ’ummﬁ‘lﬁﬂu 0
ifii sensor cal<0) //ﬂmﬁ”ullﬂ‘lﬁ’ﬁwﬂizuﬂﬁuﬁ’uﬂaﬂﬂ’h 0
{
1 sensor _cal=0;

}
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1 _sensor sum=] sensor_sum+]_sensor_cal;
delay(1);
Y
¥
1 sensor_average=l sensor sun/3; /MINURTRVDINI 2 e
1_pv=(((L_scnsor_average*5)/1023)/0.175); /milasmnszualinsannainszuass g
3 of Y J 1 \ 0r 1 1
1 sensor_sum=0; #/@WMaNudayavesmniznanausz hiuminu
}
P pv new=Y pv*1 pv; /anaammga ddaalng
DP_pv=P_pv_new-P_pv_old; /mwasamias i@ lminudunm

iftDP_pv<0.00) /A waaniiaa lddading o 19 A g -1

{
A=A¥(-1);
}
ifA==1) 87 A e 1 1Rad lRanan 1%
{
Duty cycle=Duty_cycle+1;
}
if(A==-1) /81 A ML -1 TWa9a I miRan 1%
{
Duty_cycle=Duty cycle-1;
)

if(Duty_cycle<10) #81AR JtRasngt 10% Tvaa landauan 1%
{
Duty cycle=Duty_cycletl;
}
ifiDuty_cycle>80) R I mAaunn 80% 18R lefaay 1%
{
Duty_cycle=Duty cycle-1;
}
V_ref=map(Duty _cycle,0,100,0,204); /MU AU YIURIVAY
analogWrite(5,V_ref); /fﬁiwﬁ'agaujmmmﬂuﬁm 5

P_pv old=P pv new; /mnuaaimas ldidum
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{

Time=Time+(.0285; /13101N135 11"1»‘111!%?\1%1'@‘3 01]

}

Serial.print("Time = "};
Serial print(Time); /UEAIIAINITHINIY
Serial.print(" s");
Scrial.print("\t");
Serial print("V_pv =");
Serial.print(V_pv); /AN NITIAL
Serial.print{" V");
Serial.print("\t");
Serial.print("1_pv ="};
Serial.print(l_pv); /MAAIA NG EL1el
Serial.print(" A");
Serial. print("\t");
Serial.print("P_pv =");
Serial.print{P_pv), myaasaimad i
Serial.print(" W");
Serial.print{"\");
Serial.print("D = "); AR TiRa
Serial.printin(Duty cycle);
Serial.printIn(" %")

DP_pv=0; /A nmnaamas v
buttonState = digitalRead(buttonPin); /SUM1asdnveIaIng

= =] o
if (buttonState == HIGH) /i a3ndiiluaoingaldoonsingl

N
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Arduino Uno

Arduino Uno R3 Front Arduina Una R3 Back

- . R i)
Arduino Uno R2 Front Arduing Uno SMD Arduino Uno Front Arduina Uno Back

Overview

The Arduino Unao is a micrecentrolter beard based on the ATmega328 (gdatasheet). It has 14 digital
input/output pins (of which 6 can be used as PWM outputs), & analog inputs, a 16 MHz ceramic
resonator, a USB connection, a power jack, an ICSP header, and a reset bultorn. It contains everything
needed to support the microcontroller; simply connact it to a computer with a USB cable or power It
wlth a AC-to-DC adapter or battery o get started.

The Uno differs from all preceding boards in that it does not use the FTDI USB-ta-serial driver chip.
Instead, it features the AtmegaléU2 (Atmega8U2 up to verslon R2) pregrammed as a USB-to-serial
converter.

Revisian # of the Uno board has a resistor pulling the BU2 HWB line to ground, making it easier to put
Into REL made.

Revision 1 of the board has the following new features:

» 1.0 pinout: added SDA and SCL pins that are near to the AREF pin and two other new pins
placed near to the RESET pin, the IOREF that allow the shields to adapt to the voltage provided
from the board. 1n future, shields will e compatible both with the board that use the AVR,
which operate with 5V and with the Ardulno Due that operate with 3.3V. The second one Is a
not connected pin, that is reserved for future purposes,

« Stronger RESET circuit.

« Almega 16U2 replace the 8U2.

*Yno" means one in Italian and is named to mark the upcoming refease of Arduino 1.0. The Uno and
version 1.0 will be the reference versions of Arduino, moving forward. The Uno is the latest in a series
of USB Arduino boards, and the reference model for the Ardulno platform; for a comparison with

previous verslons, see the jindex of Arduino boards.

Summary
Microcontrolter ATmega3zs
Operating Voltage 5v

Input Vaoltage (recommended) 7-12V
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Input Voltage (limits) 6-20V )

Digital I/O Pins 14 (of which 6 provide PWM output)

Analog Input Pins 3]

DC Current per 1/Q Pin 40 mA

DC Current for 3.3V Pin 50 mAa

Flash Memory 32 KB (ATmega328)} of which 0.5 KB used by bootloader
SRAM 2 KB (ATmega328)

EEPROM 1 KB {ATmega328)

Clock Speed 16 MHz

Schematic & Reference Design

EAGLE files: arduino-ung-Rev3-reference-desian.zip (NOTE: works with Eagle 6.0 and newer)
Schematic: arduing-uno-Rey3-schematic.pdf

Note: The Arduino reference design can use an Atmega8, 168, or 328, Current madels use an
ATmega328, but an Atrmegas is shown in the schematic for reference. The pin configuration is identical
on all three processors,

Power

The Arduino Uno can be powered via the USB connection or with an external power supply. The power
source is selected automatically.

External {non-USB) power can come either from an AC-to-DC adapter (wall-wart) or battery. The
adapter can be connected by plugging a 2.1mm ¢enter-positive plug into the board's power jack. Leads
from a battery can be inserted in the Gnd and Vin pin headers of the POWER connector.

The board can operate on an external supply of 6 to 20 volts. If supplied with less than 7V, however,
the 5V pin nay supply fess than five volts and the board may be unstable. If using more than 12V, the
voltage regulator may overheat and damage the board. The recommended range is 7 to 12 volts,

The power pins are as follows:

» VIN. The input voltage to the Arduino board when it's using an external power source (as
opposed to 5 volts from the USB connection or other regutated power source). You can supply
voltage through this pin, or, if supplying voltage via the power jack, access it through this pin.

« 5V.This pin outputs a regulated 5V from the regulator on the board. The board can be supplied
with power either from the DC power jack (7 - 12V), the USB connector (5V), or the VIN pin of
the board (7-12V). Supplying voltage via the 5V or 3.3V pins bypasses the regulator, and can
damage your board, We don't advise it.

v 3V3. A 3.3 volt supply generated by the on-board regulator. Maximum current draw is 50 mA.

+ GND, Ground pins.

Memory

The ATmega328 has 32 KB (with 0.5 KB used for the bootloader). It also has 2 KB of SRAM and 1 KB
of EEPROM (which can be read and written with the EEPROM library}).

Input and Output

Each of the 14 digital pins on the Uno can be used as an input or output, using pinMode(],
digitalWrite(}, and digitalRead() functions. They operate at 5 volts. Each pin can provide or receive a
maximum of 40 mA and has an internal pull-up resistor (disconnected by default) of 20-50 KOhms, In
addition, some pins have specialized functions:

« Seriak @ (RX) and 1 {TX). Used to receive {RX} and transmit (TX) TTL serial data. These pins
are connected to the corresponding pins of the ATmegaguU2 USB-to-TTL Serial chip.

+ External Interrupts: 2 and 3. These pins can be configured to trigger an interrupt on a low
value, a rising or falling edge, or a change in value. See the attachInterrupt{} function for
details.

« PWM: 3,5,6,9, 10, and 11, Provide 8-bit PWM output with the analcaWrite{) function.
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« SPI: 10 (SS), 11 (MOSI), 12 (MIS0), 13 (5CK}. These pins support SPI communication
using the SPI library.

+» LED: 13, There is a 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 off.

The Uno has & analog inputs, labeled A0 through A5, each of which provide 10 bits of resolution (i.e.
1024 different values). By default they measure from ground to 5 volts, though is it possible to change
the upper end of their range using the AREF pin and the anaiogReference() function. Additionally, some
pins have specialized functionality:

«  TWI: A4 or SDA pin and AS or SCL pin. Support TWI communication using the Wire library.
There are a couple of other pins on the board:

»  AREF, Reference voltage for the analog inputs. Used with gnalogReference().
» Resat. Bring this line LOW to reset the microcontroller. Typically used to add a reset button to
shields which block the one on the board.

See also the mapping between Arduing pins and ATmeqa328 ports. The mapping for the Atmega8,
168, and 328 is identical.

Communication

The Arduino Uno has a number of facilities for communicating with a computer, another Arduino, or
other microcontrollers, The ATmeqa328 provides UART TTL (5V) serial communication, which is
avallable on digital pins 0 (RX) and 1 (TX). An ATmegal6U2 on the board channels this serial
communication over USB and appears as a virtual com port to software on the computer. The "16U2
firmware uses the standard USB COM drivers, and no external driver is needed. However, on Windows,
a .inf file is required. The Arduino software includes a serial monitor which allows simple textual data to
be sent to and from the Arduino board. The RX and TX LEDs on the board will flash when data is being
transmitted via the DSB-to-serial chip and USB connection to the computer (but not for serial
communication on pins ¢ and 1).

A SoftwareSerial library aliows for serial communication on any of the Uno's digital pins.

The ATmegal28 also supports 12C (TWI) and SP1 communication. The Arduine software includes a
Wire library to simplify use of the 12C bus; see the documentation for details. For SPI communication,
use the SPI library.

Programming -

The Arduino Uno can be programmed with the Arduino software (downlgad). Select "Arduino Uno from
the Tools > Board menu (according to the microcontroller on your board). For details, see the
reference and tutortals.

The ATmega328 on the Arduino Uno comes preburned with a bootloader that allows you to upload new
code to it without the use of an external hardware programmer. It communicates using the original
STKS00 protocol (reference, C header files).

You can also bypass the bootloader and program the microcontraller through the 1CSP (In-Circuit
Serial Programming) header; see these instructions for details.

The ATmegalBU2 (or 8U2 in the revl and rev2 boards) firmware source code is available . The
ATmegal6U2/8U2 is loaded with a DFU bootleader, which can be activated by:

« On Revi boards: connecting the solder jumper on the back of the board (near the map of Italy)
and then resetting the 8U2.

« On Rev2 or later boards: there is a resistor that puiling the 8U2/16U2 HWB line to ground,
making it easier to put into DFU mode.

You can then use Atmel's FLIP software {Windows) or the DFU programmer {Mac OS X and Linux} to
load a new firmware. Or you can use the ISP header with an external programmer (overwriting the
DFU bootloader). See this user-contributed tuterial for more information,

Automatic {Software) Reset
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Rather than requiring a physical press of the reset button before an upload, the Arduino Uno is
designed in a way that allows it Lo be reset by software running on a8 connected computer. One of the
hardware flow control lines (DTR) of the ATmega8uU2/16U2 is connected to the reset line of the
ATmega328 via a 100 nanofarad capacitor, When this line is asserted (taken low), the reset line drops
long enough to reset the chip. The Arduino software uses this capability to allow you to upload code by
simply pressing the upload button in the Arduino environment. This means that the bootloader can
have a shorter timeout, as the lowering of DTR can be well-coordinated with the start of the upload.
This setup has other implications. When the Uno is connected to either a computer running Mac 05 X
or LInux, it resets each time a connection is made to it from software (via USB). For the following half-
second or so, the bootloader is running on the Uno. While it is programmed to ignore malfarmed data
(i.e. anything besides an upload of new cade}, it will intercept the first few bytes of data sent to the
board after a connection is opened. If a sketch running on the board receives one-time configuration or
other data when it first starts, make sure that the software with which it communicates waits a second
after opening the cannection and before sending this data.

The Uno contains a trace that can be cut to disable the auto-reset. The pads on either side of the trace
can be soldered together to re-enable it. If's labeled "RESET-EN". You may also be able to disable the
auto-reset by connecting a 110 ohm resistor from 5V to the reset line; see this forum thread for
details.

USB Overcurrent Protection

The Arduino Uno has a resettable polyfuse that protects your computer's USB ports from shorts and
overcurrent. Although most camputers provide their own internal protection, the fuse provides an extra
layer of protection. 1f more than 500 mA is appliad to the USB port, the fuse will automatically break
the connection until the short or overload is removed.

Physical Characteristics

The maximum length and width of the Uno PCB are 2.7 and 2.1 inches respectively, with the USB
connector and power jack extending beyond the former dimension. Four screw holes allow the board to
be attached to a surface or case. Note that the distance between digital pins 7 and 8 is 160 mil
{0.16"), not an even multiple of the 100 mil spacing of the other pins.
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- l PD - 94053
Internationa
ISR Rectifier IRFZ44N
HEXFET® Power MOSFET
s Advanced Process Technology D
+ Ullra Low On-Resistance - Vpag = 55V
+ Dynamic dv/dt Rating
» 175°C Operating Temperature Rpsiony = 17.5mQ
s Fast Switching G
¢ Fully Avalanche Rated Ip = 49A
5
Description

Advanced HEXFET®Power MOSFETs from internalional
Rectifier utilize advanced processing lechniques loachieve
exlremely low on-Tesistance per siliconarea. Thisbenefil,
combined with the fast swilching speed and ruggedized
device design lhal HEXFET power MOSFETs are well
known for, provides the designerwith anextiemely efficient
and reliable device foruse in a wide variely of applicabions.

The TO-220 package is universally preferred for all
commercial-industrial applicalions al power dissipalion
levels to approximately 50 watls.  The low thermal
resistance andlow package cost of the TO-220 contribute
to its wide acceplance throughoul the indusiry.

Absolute Maximum Ratings
o Parameter

Units
In @ Te =25"C Continuttous Drain Gurrenl, Vg @ 10V
Ip @ T =100°C} Conlinvous Drain Curtenl. Yqg @ 10V ) A
Mo Pulsed Drain Current O
[Po@Tc=25C | Powsar Disspation w
Linear Deraling Factor WG
Vas Gale-lo-Source Voltage ik M "y v
lar o Avalanche Current(d 8. N, A
_E;R h "Répemive Avalanche Energ)}ﬁ} md
dy/dt Peak Diode Recovery dy/dt Ving
T, ' Gperating Junction and -85 to+ 176 T 1
iTers Slorage Temperalure Range e i
Soldering Temperalurs, for 10 seconds 300 (1.6mm frem case )
- 71 Mounting lorque, 5-32 or M3 srew 10 Iofin (1 ANmy -
Thermat Resistance
Parameter Typ. Max Units
Rasc T Junclion-lo-Case — - 1.5
Ropcs Case-lo-Sink, Flal, Greased Surface 0.50 — YCAv
Ria Junction-to-Ambienl E— 62
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iIRFZ44N Infernaticnal

IOR Rectiber
Electrical Characterlstics @T, = 5°C {unless otherw:se specmed)

‘Parameter Condlllons
Vierose | Draindo-Souree Breakdown Veltage Vee = 0V.Ip = 250pA
WipnsAT.| Breakdown Vollage Temp. Coalficient Relerence to 25°C, Ip = 1ma !
Roseny | Stalic Draito-Seurce On-Resistance | Vge = 10V, Ip = 25A & T
Vs Gate Threshald Voltage E | Vos = Vos, §p = 250pA
o Fanvard Transconductance 1 Vps = 25V [p = 2BAE i
lpes Drainto-Source Leakage Current Vog T 55V, Vg = OV, :
VQg-fviV Vgs GV T;f‘lgh")l §
: ‘Gate-to-Source Forward Leakage Vas = 20V e
63% Gate-lo-Source Reverse Leakage Vg = -20V ;
Qg "1 Tolal Gale Charge Y tp = 25A - ‘
B | Gate-o-Source Charge Vos = adv
dgd | Gale-to- 6Idill (*Miller”) Charge 1 Vge = 10V, See Fity. Gand 13 4
ey T T_lilg_(?n Dc—lay Time WVpp = 2BV ?
1 Rise Time ip = 26A
Loty Tum-Ofi Delay Time Ry = 1261
o Fall Time - Vg = 10V, See Fig, 10 @ i
o Intersal Drain I Belwenn load, Pl
' &mm (0.25in.)
from package
Lg Intemnal Source Inductance ; e E
= RNt — g and center of dle coniact .
Cas | oput Capacitance -— Ves = OV
c:Ei Qutpul Capacitance e Vpe = 28V i
Cm Reverse Transfer Capacnance e pF i [ = 1.0MHz, See Fig. &
| Eas Gthﬁigﬁﬁéérm:l:mche Energy’?) b 163071806 | md | (ag = 26A, L - 0.47TMH
Source-Drain Ratmgs and Characteristlcs
‘Parameter MIn.. Typ.i Maz.| Units Conditlons
e Conlinuous Source Gunen | ag MOSFET symbot =
(Body‘Dic-dB) &%/ showing tha
] Puised Source Current itegral reverse
| {Body Dlede)® Pl YO s jumetion diode
Vsp Dicde Forward Yoltage —— 13 V| T,=25C 1 = 25A, Ves = OV @ @
e Reveyse Recovery Time G2 ! 95 | ns | T.=26°C, If = 25A
Oy Reverss Recovery Chiarge . —— 1 170} 260 | nC | difdl = 100A/s @
e | Forward Tum-On Time Intrnsic um-en tme is negligble (fum-on s dominaled by Lgalg) |
Notes:
4} Repetilive rating. pulse width limited by @ \gp = 28A, dildl £ 230AJPs, Vap € Vieross,
max. junclion lemperalure. (See fig. 11) T35 175°C
@ Staring T, = 25°C, L = 0.4BmH & Pulse width = 400ps; duly cycte £ 2%
Rg = 260 |ag = 25A (See Figure 12) & This is a typical value al device deslruction and represents

operation oulsida rated iimits.
© This is a calculated valie imited 1o T; = 176°C
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Internationc IRFZ44N

1R Rectilier

1200

i E 3ii il BEEEH
z g
2 L § PP <ol
8 100 s pl i I 8 P i e __:"; -l _i: r
8 - - == = —
: § 7 = ; : _
82 T AT 2 ! [ 4.5V
= i & H
a '0 Pt Y5 SERLs L o " -
a i N = a / 511 bl O s
é RNy H j : 2 BaN _'_3 i R ‘
i i |
SIS ‘S0ps PULSE WIDTH f 20us PULSE WIDTH
TJ=25°C v : TJ=i75°C
10.1 1 10 100 0.4 1 10 fed]
Vpg . Drain-to-Source Vollage (V) Vps. Drainto-Seurce Voltage (V)
Fig 1. Typical Output Characteristics Fig 2. Typical Qutput Characteristics
1000 ) e ] N DY B 23 Mg - 49A, /
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8 HUE e e e % /
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2 N 5 @ ol P N -
% N v Ly 2
¢ | A - - 3£
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£ 0 < o
i o — = e e Fh
8] — = 1
) = 05
B g B I
e Vpg= 28V & - }
20ps PULSE WIDTH & 00 _ Vag= 10V
T 5 P 7 a 9 o 1 "0 40 20 O 20 40 60 E0 100 120 140 180 150
Vgs . Gate-to-Source Vollage (V) T,, Junction Temperalure { C)
Fig 3. Typical Transfer Characteristics Fig 4. Normalized On-Resistance

Vs. Temperature
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C. Capacilance (pF)

2500 Vas =0V, TI=1MHz
Ciyg = Cgp + Cgu, Cys SHORTED
5 = Mgd
2000 \\ 0ss = Cds * ng
"-«....h‘\ c
1500 \\ e
1006 aN ~
500 \‘._ Coss
— T~
\L“.‘."‘,‘m él \-‘-'
Iss
0 bem il \L‘-—,__,"T i
T 10 160
Vg, Drain-lo-Source Voltage (V)
Fig 5. Typical Capacilance Vs.
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/
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Fig 7. Typical Source-Drain Diode

Forward Voltage
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Iniernational
IoR Rectifier
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Fig 6. Typical Gate Charge Vs.
Gate-to-Source Voltage
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Fig 8. Maximum Safe Operating Area

100



HIANHIN I

§1ﬂﬂ$!§ﬂﬂﬂlﬂﬂllﬂiﬂﬂﬂu1ﬂ!ﬁﬂl FR203



a4

81

W T E FR201 - FR207

FONER SEREOADLTIGRY
2,0A FAST RECOVERY RECTIFIER

Features

¢ Diflused Junclion

% Low Fonvard Voltage Drop

® High Current Capability |<_ A _.!._B _.1._. A __.I

¢  High Reliability . 3 I
e High Surge Currenl Capability N I ——
Mechanical Data _ ' G
& Case: Molded Plastic o

¢ Tenninals; Plaled Leads Solderable per
MIL-STD-202, Method 208

Polarily: Cathode Band

Weighl: 0.40 grams {approx.)

Moumnting Position: Any

Marking: Type Number

Maximum Ratings and Electrical Characteristics @T.=25:C unless cinensise specified

Singte Phiase, holl wave, 80Hz, resistive o1 induglive load.
Far capacitoe load. derate current by 2056

Characlerislic Symbol ! FR201 | FR202 ; FR203 | FR204 | FR205 | FR206 ; FR207 Unit
Peak Repslilive Reverse Yoltage VR
Weorking Peak Reverse Vollage VR 50 100 200 400 G500 500 1000 v
DC Blocking Veltage Va
RMS Reverss Valtage VaFms) 35 9 149 280 420 560 100 v
Average Reclified Quipul Currenl
(Nola 1) @T,=55°C 5 S A
Mon Repslitive Peak Forward Surge Current
8.2ms Single hall sing-wave superimposed on 15534 ] A
rated load (JEDEG kielhod)
Forward Vollage @le = 2.0A VrLe 1.2 v
FPeak Raverse Cumenl @T,=25C Tk 5 A
Al Rated DC Blocking Voltage @7, = 100°C 100 b
Reverse Racovery Time (Note 2) b 150 | 20 | 500 ns
Typical Junction Capacitance (Note 3) [+ 30 pF
Operating Temperature Range Ti <6510 +125 ‘G
Storage Temparature Range Tsta -65 to +150 G

. *Glass passivated forms are avaitable upon request
Nota: 1. Leads mamlained al ambien! lemperature at a distance of 9.5mm from the case
2 Measured wilth IF = 0.5A, IR = 1.0A, IRR = 0,25A. Sge igura 5.
3. Measured al 1.0 MHz and applied reverse voltage of 4.0V D.C.
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LF151
LF251 - LF351

WIDE BANDWIDTH
SINGLE J-FET OPERATIONAL AMPLIFIER

B INTERNALLY ADJUSTABLE INPUT OFFSET
VOLTAGE

LOW POWER CONSUMPTION

B WIDE COMMON-MODE (UP TO V") AND
DIFFERENTIAL VOLTAGE RANGE

LOW INPUT BIAS AND OFFSET CURRENT
QUTPUT SHORT-CIRCUIT PROTECTION

M HIGH INPUT IMPEDANCE J-FET INPUT
STAGE

B INTERNAL FREQUENGY COMPENSATION
LATCH UP FREE OPERATION
B HIGH SLEW RATE : 16V/ps (typ)

DESCRIPTION

These circuils are high speed J-FET input single-
operational amplifiers incorporating well matched,
high voltage J-FET and bipolar transistors in a
monolithic integrated circuit.

The devices feature high slew rates, low input bias
and offset currents, and low offset vollage temper-
ature coefficient.

PIN CONNECTIONS (top view)

N
DIPB
(Plastic Package}

=

=

D
508
{Plastic Micropackage}

ORDER CODE
= Package
Part Number | Temperature Range
N D
LF351 0vC, +70°C . .
LF251 -40°C, +105°C . .
LF159 -55°C, +125°C . .

N = Dual in Line Package (BIP& i
D = Smali Quline Package (SO} - also avadable in Tape & Resl (DT}

>~

N
~

o

\:5-

[~

2
[l L1
L

1- Otfsel nul 1

2 - Inverling inpul

3 - Non-inverting input
4-Voo

5 - Offset null 2

6 - Culput

7 - Voo

§-NC.




SCHEMATIC DIAGRAM
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ABSOLUTE MAXIMUM RATINGS
Symbol Parameter LF151 LF251 LF351 Unit
Vee | Supply valtage - note 1) +18 v
Vi Inpul Voltage - nate 2 5 W
Vig | Differential Input Vollege - note 3 +30 V)
Pyt | Power Dissipation 620 mw
Qutpt Shorl-circuil Duration - nole 4) Infinile
Toper | Operating Free-air Temperalure Range -55 o +125 -4010 +105 Oto +70 “C
Tsig Storage Temperalure Range -G65 10 #1150 “C

level s

1. Allvoltage values, e:ce?l differential !.'cr?l‘:}ge1 are with respect 1o the zero relerance level [ground}) of the supply voltages where the zero reference
(-

midpoint beteeen Vo™ and

2. The magnitude of the inpul vollage musl never exceed the magniude of the supply voltage or 15 volls, whichever is less.
1 Differential vollages are the non-mverting input temiinal with resped to the inverting mput lerminal,

4 Theaylpul mdm,;jhe shortad to ground or to either supply. Temperatura andfor supply voltages must be Emited 1o ensure thal the dissipation ralting
Is nol exceede




ELECTRICAL CHARACTERISTICS
Ve = 218V, T, = +25°C (unless otherwise specified)

86

Symbol Paramelter Min. Tyn. Max, Unit
- Inpul Ofiset Voltage (R, = 10k} v
\"i.o TiITID = +35°C 9 10
T = Tamp S Torax 13
| DV, |Inpul Offsel Yoltage Drilt i 10 WG
Input Oftsel Current- note
lio Tamp = ¥25°C 1 100 pA
Tren S Tamb = Tmax 4 nA
" mput Bias Currenl -note 1 nA
b Tamy = *23°C 20 200
Tinin < Tamb S Fmax 20
Large Signol Voltage Gain (R = 2k, ¥ = £10V) imv
Mya Tamn = +25°C 50 200
TFenin < Tamp < Trax 25
Supply Vallage Rejection Ratio (Rg = 10kE) dB
S5VYR Tamp = H25°C 80 &6
Trin € Tamb % Tax 80
Supply Current, no load
lee Tomb = +25°C 1.4 34 mA
Tmin = Taml) Ee Tmax 34
Wy Input Common Mode Voltage Range =\ nie v
icm put Con d 4 -2
P Common Mode Rejeclion Ratio {Rg = 10K dB
CMR Tamp = +25°C 70 86
Toin< Tamp = Tmax 70
Oulput Short-circw! Current mh
log Tamp = +25°C 10 40 60
Tmin = Tamp = Tonax 10 G0
Oulpul Vollage Swing v
Tamp = +25°C R =2k 10 2
FVoon ) Ry = 10kQ 12 13.5
Tonin 2 Tamb = Trnax Ry = 2k 10
Ry = 10kQ 12
SR Slew Rale ) ) Vs
Vi= 10V R = 2K1), C = 100pF, Ty, = *25°C, unity gain 12 16
t Rise Time 1s
Wy = 20mv, R = 2k T = 100pF, Ty, = #25°C, onily gain 0.1
K Overshool ) ’ s
ov Vi = 20mY, Ry = 2k€2, C) = 100pF, Ty, = +25°C, unity gain 10
Gain Bandwidih Produc! ' MHz
Gep f = 100KHZ, Tamy = +25°C Vip = 10mY, R, =2k, C, = 100pE | 25 4
R, |[Input Resistonce 1? Q
THD Total Harmaonic Distortion (1= 1kHz, A, = 20dB
Ry =2KQ, € = 100pF, Ty = +25°C,Vp = 2V} 0.01
e Equivalent ivpul Noise Yoltage nv
Rg = 100£), { = 1KHz 15 Jaz
om | Phase Margin 45 Degrees

The inpul bias cuirents are juntlion leakage cusrents which approximately double for every 10°C increase in the junction temperature.

MAXIMUM PEAK-TO-PEAK QUTPUT



VOLTAGE versus FREQUENCY

VOLTAGE versus FREQUENCY
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MAXIMUM PEAK-TO-PEAK QUTPUT
VOLTAGE (V)

T

—ry T TN
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R ol
IR L iy
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VOLTAGE versus FREQUENCY VOLTAGE versus FREE AIR TEMP.
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MAXIMUM PEAK-TC-PEAK OQUTPUT
VOLTAGE versus LOAD RESISTANCE

MAXIMUM PEAK-TQ-FEAK QUTPUT
VOLTAGE (V)

30— T
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L
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7
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MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE versus SUPLY VOLTAGE

MAXIMUM PEAK-TO-FEAK OUTPUT
VOLTAGE (V)

T T
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/’/
A
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SUPPLY VOLTAGE (V)
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AMPLIFICATION versus FREE AIR TEMP.
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PARAMETER MEASUREMENT INFORMATION
Figure 1 ; Vollage Follower

Figure 2 : Gain-of-10 inverting amplifier
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PACKAGE MECHANICAL DATA
8 PINS - PLASTIC DIP
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1
P
O e
e
>8 5
AL 4
[ L T I |
Millimeters Inches
Bim.
Min. Typ. Max, Min. Typ. Max
A 3.32 0131
al 0.51 0020
B 115 §.65 0.045 0.065
b 0 356G 055 0014 0.022
b1 0204 0.304 0.008 0.012
3] 10.92 0.430
E 7.95 9.75 0.313 0.384
B 2.54 0.100
a3 T7.62 0.300
a4 7.62 0.300
F 6.6 0260
1 508 .200
L 318 381 0125 0.150
z 182 0 060
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