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ABSTRACT

This project presents switching pattern of three phase inverter to control energy

storage system from regenerative braking. This project focus on control system design to
on-off MOSFET for energy storage from regenerative braking in Brushless DC Motor (BLDC)

which can selected to storage in battery or supercapacitor by microcontroller using Arduino.
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H = 1149 Hall Sensor

s1 = L@VINAIINUEANG FI7 1 52 = L@ WINAINUBANA FIN 2
$3 = L@WINAIINUBANA FIN 3 54 = L@ VNANUBANG Fa7 4
s5 = L@WINAANUBENS FI71 5 s6 = L@ WNAINUBANG FI7 6

Ingagdsuuuunisaindvaaneamnly 2 Qeuludsil

1.) 999UNBDLNDT

v

\Juae?1 BLDC vinemueglugas Motor laeil logic fisil

sl=H1.H3 s2=H1.H3
s3= H1.H2 sd= H1.H2
s5= H2.H3 s6= H2.H3

e S1, S3 gz S5 vxgnad sl ludyaio P
S1= s1.(PWMm)
S3= s3.(PWMm)
S5=s5.(PWMm)

g PWMm Wudtyayaos PWM feglulnuanisvinnudusiewmes

2.) \aeLuaLsivl
\Jutsit BLDC aglulnunasiuaismesdadulvundisiaulalaed logic il
sl= H1.H3 s2= H1.H3

s3=H1.H2 sd=H1.H2

s5=H2.H3 s6= H2.H3



TnglulvuesiauiuelsiinazaiuauuaaannfnIedyyIu PWM

S1= s1.(PWMr) S2=s2.(PWMr)
S3= s3.(PWMr) Sd= sd.PWMr
S5= s5.(PWMr) S6= s6.(PWMr)

Iy PWMr deyeyrad PWM faglulvuanisvitanuSiseiueisi

2433 Boolean equations [3]

.....

sUl 2.3 7995 controller Tulusunsa Psim [3]

lag Q1 = 1@Wine Yasgukuunsaing 1 7sluras motoring WA generative
Q2 = W Winm VaIgUIUUNTEING 2 wisluane motoring Wag generative
Q3 = W Winm vagUluuNTaIng 3 wsluras motoring wag generative
Q4 = W Winm vaaguuuuNsEIng 4 wsluras motoring wag generative
Q5 = W Winm vaagUuuunsEIng 5 wsluras motoring wag generative

Q6 = Winm vagUiuuNsaEInd 6 1slugae motoring Wag generative

10
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Time (s)

JUN 2.4 JULuUNsEinduas toams uiazdnslurig motoring wag generative [3]

C = 1 ApgUwUUNTAINTlUYIe motoring
C =0 ApgUnuuNsaindluaig regenerative

1

Q3
Q5
Q2
- ERNTENENN |
N | ENTENNTT |

* LILL [LLLL]

UM 2.5 sUiuunseindves ueawln uiavailutig generative

wazilawsiifanvisieglutissiauunisfineed pulse dygraiidu PWM e

lmsrausadunaleinaazinisaindves uaawe daluutnsandennsidumilauiu PWM
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2.5 MuAseiiieates

Debajit Kumar Sandilya et. al. , 2017 [1] ¥ @nwnszuiunislunissudauaned Ing
wUsnszuaunstunisiusnvesnstudeulil uuseenifu 3 Uszuande 1. Dynamic or rheostat
braking 2. Plugging or reverse voltage braking 3. Regenerative Braking wagvi1n15Ane1n1sidaen
silauoimeiiivigaudmiunmansusnuuutiauuelsilasagUlii sewmednszuansalfusediu
Hunemesifuszansnmgeaelunismsiusnuiuuiiauuelsiinuasiauenisldinada PWM U4y

duesmes d1miuns Switching lagldnisarumulagnis PID Controller

SHIRISH VASANT RAO GADEWAR and A.W. JAIN [2] @nwszuutusnlumes wisesnidu
3 Usglan@e 1. Dynamic or rheostat braking 2. Plugging or reverse voltage braking 3.n15LU5N
wUUSLRULeLIINLasUas-Uaidy Tun1siusnusasviin wazasuladn Dynamic or rheostat braking

uaz Regenerative Braking tdunisiusnfianunsathwassnunaunlalilaslyiaagan

Adnan Mohammad and Md. Ziaur Rahman Khan, 2015 [3] : laduaueiznisaiua
Brushless DC (BLDQ) lngazgiuuuun1sadndues uadnm 16192971 motoring waz3iauLuais
inaziingfnssunisaindedsls Ineazgld Boolean equations u13LATIZ9aTUNY Ineasiidyqyu

Mnanueweshe Hall sensor uag dygraannaingnvsiidyyiadugy PWM Fagilidilalaieg

warduszansnin tagazlaluswknsy Psim 11%1n1s simulation

Aswathi et.al. ,2018 [4] : launauaisnisaauau Brushless DC (BLDC) wadsnaud vy
InuasiauelsiniinisiaueveyanisinnuludiliazAnvinsauyadauinfiauineidesiunis

Wsnvessasudlivh Jen1sAuannSlUINALY Fuzzy Logic Control (FLC)



undi 3
aUNIalLazN1IaNLUUNITNAADY
3.1 aUnsaln1snaass
- fAuUsEq EKM108MIK25RRSAP 1000 pF /63 V
- fuUsEy WHIKM102M40OT 1000 pF/100V
- fuiuUszq UCAZE100MPD 10 pF/250V
- ffiudseq Electrolytic Capacitor 330uF/16V
- ffiudseq Elite 85°C,E-cap 330uF/25V
- ffiudszq Elite 85°Cn,E-cap330pF/35V
- ffiudszy Polyester Film Cap 10nF/100V
- ﬁ%Lﬁ‘UUS%ﬁ; Ceramic Disc Capacitor 33pF/50V
- ffiudseq Poly Film Cap 1uF/63V
~ gpaawmieat 7210-331K 330 uH
- vaenseagln 3 pin
- vaenseaalw 2 pin
- fdunuysuAle POT025502B1 5k ohm
- fdunuUsuAla POT025103B1 10k ohm
- Wwediag 5 Pin
- INTERFACE woainm IR2101PBF
- nsyuenidasusy 20 mm
- #d 30A/250V 20 mm

- ia0n LED @wkag 3 mm



- iaom LED @82 3 mm

- uadln N-channel 75V/82A

- Switching Voltage Regulator LM2575T-5.0:5V

- Switching Voltage Regulator LM2575T-12/NOPB:1A/12V
- Heatsink

- Diode Switching Signal 1N4148 : 100 V/200mA
- Diode 100 V/1A

- AIPUNIU 4.7 kohm 1/4 W 1%

- @9UNIU 10 kohm 1/4 W 1%

- fIAUNIY 300 ohm 174 W 1%

- AIPUNIU 2 kohm 1/4 W 1%

- @AUNIU 50 kohm 1/4 W 1%

- @AUNIU 3 kohm 1/4 W 1%

- @RI 33 ohm 1/4 W 1%

- @IAUNIU 22 ohm 1/4 W 1%

- ﬁaLﬁwﬁzqﬁqmmum 2.7V 500F

- ooadaladley 8% KEYSIGHT Ju DSO-X 2002A
~ wastilalniinssuanse 8%e SIGLENT

- POWER QUALITY ANALYZER 5131*@ HIOKI

- Current Sensor Module (ACS712-05A)

- UBLIBTNTELATILSLUTIOU VUIA 500 08 6 12 48 Tan

- PSarinAuSIToULUUATINeA

1 1p309
1 1p309
1 1p309
167
167

1 AS89

14
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3.2 N13723NLLUUNITNADBY
3.2.1 LUIAANITBDNUUUNITNAADY

drudsgnavlunismuauuamasnssuansiUsenaunisunaanglinssuansalag
ihludusemesieriuduneinesfignmuaunsaindueainavis 6 Gadae Arduino Ailéw
TUsunsumsmuauuuy PID 1 usldetdiguisnsiusnuuuiiauueisiin nszualiiinign
il uanuewedandunszuaady axlvadounduidigdunomed uaginiades
nszuandulassulaloslulassadrsoseamniia 6 Fududidulfinssuanseivali
nIzuAnss MntuisvaiueueesinnszuaiioainduealslmdonuvastniAundanun

Nouluinlenallu Arduino

Tudmvoswnastnifundnuitldnglinounh il duwmdsinifundnuuuy
laun Asnuunneiuazguasmuidnesidndedu uilunisinuadsd aueddnvilds
aradiuieldifuguiesaunimedii 2 0 Tnsguiesaunimesyail 1 THunuwunne?
wazludiuvesgiesahines axSenduglioseurdinesyei 2 1esnenisneuaues
sousauldogssminhlidunnuuaniesiussulddaaumnndsiu lneguasaun

Fmosusiazyatuladenldouin 108V 125 F

7
o s

] a o Y | Aa 1u ' v
EJm/N“U‘lmﬂWﬂ{ﬂma\‘iﬁuax‘maLG]E)‘JﬂiBLL?IWNliLL‘LJ‘NﬂWu 3 I W@NUBY UULYUINAD UV

Y
'
o

A1 S99 AN IUNT DNSLRATIANINNNITLUSNUUT AU UDLSANTUT ANUB8UIN N19A U

[ o =

Fanvindslaldidunsingiiihnssuansaanesesidaliihnszuansadigdunewmasunu

Y
¥

Welvineuaglivunnsziaanunaaniuudsunsaae Ineganisnnassilaglinsswand
YUIAGALA 0.10 A 9uEe 1.00 A lnefinszuaiiauiaunnnit 0.5 A aglihluinuiiguivasen

U@wosyail 1 uagnszuanivuiaesndn 0.5 A agliiluifiuiigdiesandinesyai 2

Controller €------------------------- f

¥

Supply
or 3 Phase BLDC
Energy Inverter Moctor
Storage
Power flow while driving motor
Power flow while regenerative braking.

JU# 3.1 mavhauvessyuy
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3.2.2 NN59BNKUUINATNISNAADY
3.2.2.1 MNITTULDLMDS

mMsafnsestuemesnszuansaliuussau 3 walagliiaIosiudalidin
nszuansaduuvasseliivdunemes 3 wavdayaviadifiontanszuansady
nsvhaadudmsun1sTuneLmasnIewanselsuuseau 3 wa wazdl microcontroller
Fadonldidu Arduino dufunismuaunsaing uoawin v 6 slwldnseuaadu 3

wlalunisdunemas 1ne Arduino 38SUSIMATLTLIEUNLLIIANUBINBIAD AN

hall sensor LeaS 19N NLATULLNNTAINT UDELNH

DC Gen. Inverter 8LDC
Motor
7S AT Vam \

| PNER YIR((CAY S

|

i

—— 1
Controller

E‘Uﬁ 3.2 2995M3TULBLAS

3.2.2.2 21935N51adaun1si Ul ug 195190t UL ST

nsasInadeuntsThelugaeiauueisiindy anildnanlithedu
IuamemefmdniAulylinszuarignindenilvanduantdessnndsennsenis
Yo 1513 dddunas9nensruansidnensenuna v Swnasn A und s ulaenu
Sunefned Tnglugasnisiusnuuudiauuaisiiviiu weawln 1t 6 fludunefines
axlaivhens Tinssualvandumslalondiognmelulassadrauoamn a1ntulslvasiou
Frianszua e tadnszuadilvanduun udiSsdsrnszuaiiialalusa Arduino wie
wasedaaaueundeniumiineasazyszananamuluswnsuiilieonwuuliuds
Sededyanailusn cate vos wazinssadouludn mnnszuaunnndn 0.5 A awli
ysadiguesaimesyai 1 manszuatesnividewintu 0.5 A aglvivsad

guasaUTnasyni 2



Resistor Current Sensor

1~ Supercapacitor 1 - E Inverter
D S
fa!
h
G
| -
Supercapacitor 2 C ontr 0| | er

D 8

L
Resistor g |

UM 3.3 29093n15naeun13vinaulugisiaeiuesiiv

3.3 N1529NLUUIUSHNSUANE9E1%5U Arduino

mt

int

HallSensorA;
HallSensorB;
HallSensoxrC;
HallState = 1;
motorspeed = 0;
dutycycle = 0;

i= (3, INPUT) ;
1844, INPUT) ;

pinMode(5, OUTPUT)/;

pi

nMode

(6, OUTPUT)\;

pinMode(7QUTEUT) ;

pinMode

de (9, CUTPUT) ;
(10, OUTPUT) ;

pinMode/(1170UTPUT) ;
pindode(l2, OUTPUT )

pinMode (13, 0UTPUT) ;

int prescalervVal = 0x07;
TCCR1B &= ~prescalerVal;
int prescalerval2 = 1;

TCCR1B |= prescalerVal2;
TCCR2B &= ~prescalerval;
TCCR2B |= prescalerval2;

'
v o

5UT 3.4 Wsunsumdadmdu Arduino duf 1

DC Gen.
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}
void loop() {
dutycycle = analogRead(0):;
motorspeed = map (dutycycle, 100, 1023, 0, 255);
int a = analogRead (Al);
double v = (a/1024.0)*5000;
double ¢ = (v-2500)/185;
HallSensorA = digitalRead(2):;
HallSensorB = digitalRead(3):;
HallSensorC = digitalRead(4):;
HallState = (HallSensorA) + (2*HallSensorB) + (4*HallSensorC);

if (dutycycle>100)
{
switch (HallState)
{
case 3:
PORTD &= B0O0011111;
PORTD |= B10000000;
analogWrite(9,motorspeed) ;
analogWrite (10,0);
analogWrite (11,0);
break;
case d:
PORTD &= BOO0011111;
PORTD |= BO1000000;
analogWrite (9, motorspeed) ;
analcgWrite(10,0);
analogWrite(ll,0);
break;
case 5:
PORTD - &= BO00O11111;
PORTD |= B0O100000O;
analogWrite (9,0) ;
analogWzrite (10,0) ;
analogWrite (11, motorspeed);
break;
case 4:
PORTB &= B0O0011111;
PORTD = B00100000;

analogWrite(9, 0y
analogWrite (10,0);
analogWrite (11, motorspeed) ;
break;

'
v o

5UN 3.5 TWsunsudedwiu Arduino d@ui 2



case 6:
PORTD &= B00011111;
PORTD |= B00100000;
analogWrite (9,0);
analogWrite (10, motorspeed) ;
analogWrite(11,0);

break;

case 2:
PORTD &= B0O0011111;
PORTD |= B10000000;

analogWrite (9,0):
analogWrite (10, motorspeed) ;
analogWrite (11,0);

break;

default:
PORTD &= B00011111;
PORTD = B0O000000O;

analXogWrite (9,0);
analogWrite(l10,0)
analogWrite (11,0);
break;

}

else
{
PORTD ‘&= B0OO0011111;
PORTD = B0O0O0DO0O0OO0O;
analogWrite(9;0);
analogWrite(10;0)7
analegWrite (11, 0)7
if (¢%-0.5)
{
digitalWrite(12,HIGHY) ;
angalogWrite (13,0) 7
}
else
{
digitadiWeite/((13,HIGH) ;
analogWrite(l2,0);

JUT 3.6 WUsunsumdadmdu Arduino dui 3
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3.4 35115N9aBY
ASNAaBIN 1

1. wisugunsalnmsvaaeuazsennsfagui 3.7

2. EusiunITuanss 48 Taad nedestdaliinszuanss

3. WaAnuSvesamesmien1susu duty cycle TneuSuardmuniudsuala Tiaiusiseu
fiein 800 sousiawT TneTacaina3asinmusiuemesiuuAines

4. SuiinAnszua usediu faalnih wazUszaniam lnewa3esilotn POWER QUALITY
ANALYZER gﬁﬁ] HIOKI

5. yhande 2-0 Taeu$u duty cycle Tiainasininusaseu 900, 1000, 1100, 1200, 1300 wag
1355 59UsDUIT AILEIRY

6. UAATuRnlAuINdennIINLAEIATIZRNANITNAAD

5UM 3.7 mssiorasdmiunismaaeinsdusewainseiansel il 3 e
MmeBueines 3 wa Lazine1aieinIadla POWER QUALITY ANALYZER &% HIOKI
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]
N1INAAIN 2

Jnnsugunsainismnansiazsolsasiaguil 3.8
USuussiuvesunasilialiinssuansdvinszuatowin 0.10 A lhgUaluihnssuansenou
weningguesmiidimeseslayanil
Funauaztufinaniugvosoamalasdannainusetudl Port 12 (AIuUALAsAIndvewod
wndvfuguiedaundinesyad 1) uaz Port 13 (AIUANANTAInTvRIDaNREINTY
gueinudimesund 2) vea Arduino rinuseataladla Ingn1saneusediu 5 V Aensiln
NOALNR

M99 2-3 IneUSUTUIALSIAUlANSE LA ALANTUTAAL 0.05 A AUNSENINTLRatvuIn 1 A

. ) Resistor  Current Sensor
- Supercapacitor 1

=) DC Gen.
> () \
JAT \
Gi \
\
|
!
j e L h -y
Supercapacitor 2 I Controller
D s 3 L -0
D ——

Resistor g

5U# 3.8 NseeniuuNIAGRUAN UL LBAIN

N1SNAAIN 3.1

m’%emqﬂmajmimaaaLLaz@ia’N%ﬁ’quﬁ 3.9
UFuusaiuvaawnasnidialuihnssuansalvivuinnsewaten 0.50 A
Sufindussiurasuiosaun@medund 1 dudneuduasvdannaiglwitidung o
i

M99 2-3 IneUSuLSItUlAnTEwalA I ALTURay 0.05 A aunseansewaduuia 1.00 A



=
7

U 3.9 N1591889NNTLUTNLLUUILIULULS AN

CaN

ANSNAFIN 3.2

a L3 1 v A
LWTENYUNIUNITNAADILALADIIAIFUN 3.9
Fuusaiuvaaunasnndinliihinssuansdvivunnssuaien 0.10 A
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1. LM2575HVT-12/NOPB:12V

LM2575, NCV2575

1.0 A, Adjustable Output
Voltage, Step-Down
Switching Regulator

The LM2575 series of regulators are monolithic integrated circuits
ideally suited for casy and convenient design of a step-down
switching regulator (buck converter). All circuits of this series are
capable of driving a 1.0 A load with excellent line and load regulation.
These devices are available in fixed output voltages of 3.3 V, 50 V,
12V, 15 V, and an adjustable output version.

These regulators were designed to minimize the number of external
components to simplify the power supply design. Standard series of
inductors optimized for use with the LM2575 are offered by several
different inductor manufacturers.

Since the LM2575 converter is a switch-mode power supply, its
cfficiency is significantly higher in comparison with popular
three~terminal linear regulators, especially with higher input voltages.
In many cases, the power dissipated by the LM2575 regulator is so
low, that no heatsink is required or its size could be reduced
dramatically.

The LM2575 features include a guaranteed 4% tolerance on output
voltage within spegified input voltages and output load conditions, and
1+10% on the oscillator frequency (£2% over 0°C to 125°C). External
shutdown is included, featuring 80 pA typical standby curreot. The
output switch includes cycle-by-cyele current limiting, as well as
thermal shutdown for full protection under fault conditions.
Features
® 33V, 50V, 12V, 15V, and Adjustable Output Versions
® Adjustable Version Output Voltage Range of 1.23 V.10 37 V. +4%
Maximum Over Line and Load Conditions
Guamnteed 1.0 A Output Current
Wide [nput Voltage Range: 475 Vo 40 V
Requires Only 4 External Components
52 kHz Fixed Frequency Internal Osciltator
TTL Shutdown Capability, Low Power Standby Mode
High Efficiency
Uses Readily Available Standard Inductors
Thermal Shutdown and Currem Limit Protection
Moisture Sensitivity Level (MSL) Equals |
Pb-Free Packuges are Available*

Applications

® Simple and High~Efficiency Step-Down (Bucky Regulutors
® Efficient Pre-Regulator for Lincar Regulators

® On-Card Switching Regulators

® Positive to Negative Conveners (Buck-Boost)

.

.

Negative Step-Up Converters
Power Supply for Battery Chargers
*For addtional information on our Pb-Free strategy and soldenng details, please

download the ON S d g and Mounting Techniques
Reference Manual, SOLDERRMD.

° o , LG, 2000 1
June, 2009 - Rev. 11
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TO-220
TV SUFFIX
CASE 314B

Heatsink surface comnected 1o Pin 3

TO-220

CASE 314D

Output
. Ground

ONjQFF

D*PAK
D2T SUFFIX
1 CASE 936A

5

¥ SN
§

Heatsink surface (shown as terminal 8 in
case oulling drawing) s connectad 10 Pin 3

ORDERING INFORMATION

See detaled ordenng and iomation n fe package
dmermions secton on page 25 of th data sheet.

DEVICE MARKING INFORMATION

Sea genoral markng sdormaton in the devce marking
woction en page 20 of Mis data sheet

Publication Order Number:
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LM2575, NCV2575

Typical Application (Fixed Output Voitage Versions)

OC inpu Vo 31V ternal OROFF

o ! OROFF Ouiput 2
o= 3 Feguisicr °s | Volage Versions ()
Cn asv 17k
SOV 3tk
12V BBk
15V 1.3k

For adpstatle verson

R1=cpen, R200Q

This deyice comans 162 active Irangistors,

Figure 1. Block Diagram and Typical Application

Reguisted
Cutput
Vou

ABSOLUTE MAXIMUM RATINGS (Absohte Maximun Rate)gs sncicats smid beyond which demage 1o the device may occur)

Rating Symbol Vatue Unit
Maxamum Supply Voltage Vin a5 v
ON/OFF Pin Input Voltage - DIV SV %4V v
Qutput Voltage to Ground (Steady-State) - A0 v
Power Dissipation
Case 3148 and 314D (TO-220, 5-Lead) Po Intemaby Limited w
Thermal Resistance, Junction - to-Ambsent [ N 65 TW
Thermal Resistance, Junction-to- Case Aye 50 oW
Case B38A (DPPAK) Py ntemaly Limited w
Thermal Resistance, Junction -to- Ambient (Figure 34) Ry 70 ow
Thermal Resistance, Junction-to- Case L 50 TW
Storage Temperature Range 1’., -850 +150 °C
Minimum ESD Rating (Human Body Model: C « 100 pF, it « 1.5 k) - 20 KV
Lead Temperature (Soldenng, 10 s) - 200 C
"W Junction Temperature T 160 c

RAscommended Operating Condiions is not implied. Extended exposure 10 slresses
device reliability

Stresses exceedng Maximum Ratings damage the device. Madmum Ratings are stress ratings . Funcionsd operation above the
ot mmmﬂ\oeummwmmmm

hnp:lw.m



LM2575, NCV2575

OPERATING RATINGS [Operating Rafings indicale condiions for which the device is infended 1o be funclional, bul do not guaraniee
specific perlormance Emis. For guaranieed specifications and lesi condifions, see the Elecirical Characiesistics )

Rating Syrmisal Value Unit
Operating Juncien Tergeralure Aange T, A0 ko +125
Supply Valiage Vi a0 v

SYSTEM PARAMETERS ([Mote 1) Teat Cireuit Figure 14)

ELECTRICAL CHARACTERISTICS (Unless olherwise apecified. W, = 12V for the 3.3 V, 5.0 V, and Adjustable wergion, Vi, = 25V
for the 12 V varsion, and Vi, = 30 V laf the 15 V varsion. b . = 200 mA. For typical values T, = 25°C, for min/max values T is the
operating junclion emperature range thal applies [Mole 2. urless olhersise noled)

65

| Charscteristics | symbal | Min Typ Max | uni |
LMISTS-3.3 (Mote 1 Test Cireuit Figure 14)

Olutput Voltane (Vy, = 12V, lpaq = 0.2 A, T, = 35°C) Mo A.23d aa 3.368 W

Output Violtage (4.75V £ Vi, < 40 V0.2 A= 00 = 1.0 A) Vi v

T,=25°C 2188 aa 8490

Ty = -0 fo +125°C A138 - 3,465

EMicieney [Vip = 12V, I ggq = 1.0 A) 1 - 75 - %
LMISTS-5 ([Mate 1) Tegt Clreit Figure 1)

Ouitpist Voltage (Vi = 12 V, hag = 0.2 A&, T, = 25°C) Vo 48 5.0 &1 v

Output Voltage (BLOV < Vip <40V, 0.3 A ljcug £ 1.0 4) Vo v

T, =25°C 48 50 52

Ty = =40 18 +125°C 4Ts 535

Efficiancy Vi, & 12V, Iy ynq = 1.0 A) 1 = 77 - 5
LMZSTS-12 (Mote 1 Tesl Clreuit Figire 14)

Output Voltage (Vi = 35 V, | poq = 0.8 A, T; = B5°0) Vi .78 12 12.04

Output Violtane (18 V< V) £ 80 VL O.Z A £ K paq < 1.00A) Wi W

T,=85°C 182 12 1248

Ty = =40 18 4125°0 4 128

EMiciency [Vin = 15 1 ang = 1.0A] " . o - %
LMZSTS- 18 (Mote 1 Teal Clrewit Figore 1)

Output Violtane [Ny, = 30 W, | pue = 0.2 A, T, = B8C) [T 147 15 163

Oulput Violtage (18 S Vi 540 V. 0.5 A 5 b 0 £ 1,0 A) Vait W

Ta=26"C 14.4 15 168

Ty= =40 18 +126°C 14,28 4 16.78

EMciency [Vip = 18V, |y = 1.0 &) " o 5
LM2ST8 ADJUSTABLE VERSION (Mole 1 Tesl Cireut Figure 14)

Feedback Voltage [V, = 12 V], lgeg= D& A Vi, s BV, T, = 26°0) Ve 1317 1.2 1243

Feedback Voltags 8.0V £ Vi, < 40V, 0.2A2 || e s 1.0 A, Vi = 50V [Te=

T, = 25°C i1@a 1.23 1.267

Ty = =40 10 +135°0 1.8 198

Emciency (Vg = 12V, |ogq = 1.0 A Vo = 5.0V) " 77 %

1. External components such as the calch diode, Inducior, input snd culput capacions can afect swilching reguiator sysiem performance.
Whesn the LM25TE |8 used &8 shown in thi Figure 14 el ciroul, sysiem periommance wil HHTd"lwn In;ﬁ\llgm paramebers seclicn
high = +1

2, Tesbed junciion Iemparaiune range for thie LMISTE and the NCV2STE!

Tiow = =40°C

hitp://onsem|.com
3
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LM2575, NCV2575

DEVICE PARAMETERS

ELECTRICAL CHARACTERISTICS |Unless otheraise speaified, W, = 12 for the 3.3 W, 5.0 V, and Adjustable version, Vi, = 25V
for the 12V version, and Vin = 30 V for the 15 V version. lses = 200 mA. For typical values T = 25°C, for manimax values T is the
aperaling junction temperature range that applies [Mote 2. unless othensise noted )

Characteristics Symbol Min e uu|ln-||

ALL DUTPUT VOLTAGE VERSIONS

Feedback Bias Current (Vo = 5.0V Adjusiable Versicn Only) Iy nA
Ty=25°C - 25 100
T, = -40 o +125°C - - 200

Oecillater Frequency Maobe 3 loae hHz
T, =36°C - 53
Ts=0te +125°C 47 -
Ty = -40 o +125°C 42 -

BE

Saturation Volage (|, = 1.0 A Nate 4) Vot v
T, = 26°C - 1.0 12
Ty = =401 +1265°C - - 13

Max Duty Cyee ("on”) Note 5 Do o4 o4 - %

Current Limil (Peak Current Molead and 3) ke A
T, = 36°C .7 23

Oulpid Lesksge Curmen Mobes 8 and 7, Ty = 25°C 'S
Output =0 W - 0.8

30
Ty =-401a +125°C 1.4 - 32
20
DOutpiil = =10V 8.0 20

COulescent Curent Mote & Iy .
Ty = 250 5.0 0.0
Ty = -40 18 +125°C - - 1

Standby Quiescent Current [TFVOFF Pin = 5.0V (aff) hsirry e
T,=2C 18 ag 200
Ty = =40 1o +126°C 400

THAOFF PinLegic Inpat Livel (Tast Clrcult Figure 14) v
Vo= OV Win
T,=25'C 22 1.4 -
T, = -40 to +125°C 24 : -
Ve = Mominal Output Vollage Vo
T, = 885G . 1.2 1.0
T, = -40o «126°C . LT ]

ORAOFF Pin Input Current (Test Circull Figure ‘hij el
OR/OFF Pin = 8.0V [off). T) « 35°C [ 18 a0
OW/OFF Pin =0 V [an”), T = 28°C i [ 5.0

O e

. The oscilabor baguerey resdLiCEs by AP mEiedy 18 kHz in the evesit ol an gulpul ghar or angverioad whith causes Te reguisiad output
vallsge to drop approximatsly 40% froem s nominal outpul wolage, This self protection lealue owers the everage dissipation of the IC by
lvweing the minimum duty cyde Irom 5% down 1o Apprakimabely 2%

, Dwtput (Pin 2) scurding current, Mo diade, inductor o capasitar connedied 1o aulpul pin,

. Fesdback (Pin 4) removed from eulpul and connected o 0,

, Fasdback (Pin 4) rémoved nam cutgul @nd sonnedled b +12 V 1or ihe Adustable, 3.3 W0 el 5.0V versions, and +25 V' lor the 12 V and
158 V veraions, 10 force e sulpt transistor "o,

Wi = 40V,

hiip://onseml.com
4
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2. LM2575T-5.0:5V

i3 TEXAs
INSTRUMENTS LM1575, LM2575-N, LM2575HV
www.tl_com SENVS106E -MAY 1568 .- REVISED APRIL 2013

LM1575/LM2575/LM2575HV SIMPLE SWITCHER® 1A Step-Down Voltage Regulator

Check for Samples: LM1575, LM2575-N, LM25TSHV

FEATURES DESCRIPTION
. 3 The LM2575 series of regulators are monolithic
\3,:::"::;12"' TRVsonc Admstanin Oupet integrated circuits that provide all the active functions
for a step-down (buck) switching regulator, capable of
* Adjustable Version Output Voltage Range, driving a 1A load with excellent line and load
= 1.23Vto 37V (57V for HV Version) 4% regulation. These devices are available in fixed output
Max Over voltages of 3.3V, 5V, 12V, 15V, and an adjustable
- Line and Load Conditions Ut Yoo
« Specified 1A Output Current Requirmgt a - minimum numbe’r pl:'lo oxmm'::
: components, these regulators are sim use a
md: ‘"’M'n Voltage Range, 40V up to 60V for Include internal frequency compensation and a fixed-
R A Extoral © 2 frequency oscillator.
st o o sory $ The LM2575 series offers a high-efficiency
+ 52 kHz Fixed Frequency Internal Oscillator replacement . for popular, three-terminal linear
* TTL Shutdown Capability, Low Power Standby regulators. |t substantially reduces the size of the
Mode heat sink, and In many cases no heat sink is
* High Efficiency fexifad-
* Uses Readily Available Standard Inductors Am‘ szacﬂgr:? ;«In of m:::gorsﬁopnnuzod f:r l.é:‘ wm;
< uton ot are avallable from sever ren
mo:h s e e manufacturers. This feature greally simplifies the
o P g AN design of swilch-moade poawer supplies.
Other features include a specified 24% tolerance on
output voltage within specified Input voltages and
APPLICATIONS output load conditions, and-£10% on the oscillator
+ Simple High-Efficiency Step-Down (Buck) frequency. External shuldown Is Included, featuring
Regulator 50 YA (typical) standby curent. The output switch
+ Efficient Pre-Regulator for Linear Regulators inciudes cycle-by-cycle current limiting, as well as
« On<Card Switching § dre lhun.\:lomsmm for full protection under fault
* Posltive to Negative Converter (Buck-Boost)
Typical Application
(Fixed Output Voltage Versions)
FETDBACK
V- S0¥(60Y) syl LM2575/ [
UNREGULATED LM2575HV .
0 INPUT ! -5.0 N 3/ n:;umm
: | oUTPUT
330 uM , Cour 'A Load

D1

INSB19 | 330 uF

+ c‘
I';‘“" sluo sl;ﬂ/cn

Pin numbers are for the TO-220 package

Please be awae that an impo: notice ning avalabdity, d warranty, and use in critical appications of
Texas Instruments semiconductor products and disclaimers therelo appears at the end of this data sheet

SIMPLE SWITCHER s o registersd irademark of Texas instruments

All ather trademarks ade the property of thelr respective owners

PRODUCTION DATA avlormusion b curtent s of et .

P e e e e Copyrght © 10092012, Texas instruments Incarporated
alnarends  dendend waituely  Prodiation praesseng dues nod

Nucanaw by ncaste wabng of J (BT
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U“Efﬁ, LH!ETH, LH!E?H‘W "9 INSTRUMENTS

SMNET0SE ~MAY 1556-REVISED APRIL 2013 v _coim

Block Diagram and Typical Application

I .
UNAECLLATED INTERRAL _ T/ OFF
ol A i REGULATOR L 5
t"' -
— FINED GAIN
[RROE LuP
1 Al
COMPLRATOR SWITCH
bl UTPUT L1 "
4 T
’ i
-
1 ol
i 1 I~
37 iz FHERMSL CLIERENT — —
osciiaror | | ST Y Laprnoan | | Lt - = =
13, R2= 1Tk
5V, B2 m 3.1k
12V, R2 = B84k
15V, R2 = 11.3K
Far ADJL Version
R1 = Open, R2 = 00
Pin numbers are for the TO-230 packape
Figure 1.
2 Swhmil Documenaiian Fasdback Copyrght O 1008-201) Tadas MslFumanis INCSIRersled

Product Folder Links: LWISTS LMZETEMN LMISTSMH
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T s L1575, LM25T5-N, LM2575HV
www.ti_com SNVS 106E -MAY 1566 -REVISED APRIL 2013
Connection Diagrams
(XX indicates output voltage option.)
Top View Top View Side View
Tnd I 5- ON/OFF ond ) 5- ON/OFF Fins 1,3 & 5
———— 4~ Feachack XX 4 - Feecdback
O 3~ Ground O 1 3- Greund Fins 2 & 4
32~ Output ——r— 2~ Output
O 1= Vi Ot 1- Vin
ure 2. Straight Leads Figure 3. Bent, Staggered Leads Figure 4. LM2575T-XX Flow LB03
ad TO-220 Package 5-Lead TO-220 Packa, or
LM2575T-XX or LM2575HVT-XX  See Package Number ND LM2575HVT-XX Flow LB03
See Package Number KC0005A See Package Number NDH000SD
Top View Top View
— o N~ iv,, RGN —] & Lokl
o2 15, '—2— i'
Ty IS Y 22
DUTFUT =t ShArT — AL
13 . M 21 .
* — e, Y] — —
(L iz 0> 20 ,
GND = 0
S 19,
._'T %m B i Toumn
F o . —— y——
" g Em/m 56 GND —— L outhut
= AL
*No Internal Conpection ONJOFF _m. .‘—s- Vi
= s
3 ™ Vin
PWR GND s e &
“No intemnal Cannaction
Figure 5. 16-Lead CDIP and PDIP Figure 6, 24-Lead Surface Mount SOIC Package
LM2575N-XX or LM2575HVN-XX LM2575M-XX or LM2575HVM-XX
LM1575)-XX-QML See Package Number DW0024B
See Package Numbers NFE0O18A and NBG
Top View
5~ ONJoer
140 18 :p‘- Feodback
oND 3= Ground
ls_.. :b i Quiput
J= Ny
Figure 7. DDPAK/TO-263 Package
§-Lead Surface-Mount Package
See Package Number KTT00058
Side View

% ¢

Figure 8. LM25758-XX or LM2575HVS-XX
Seo Package Number KTT00058

Copyright © 19002013, Texas Instruments Incorporated Svbrmit Documentation Feedback

Product Folder Links: LM1575 LM2575N LM2575MV
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LM1575, LM2575-N, LM2575HV WS | enrs
ENVE106E ~-MAY 1566 REVISED APRIL 2013 www_tl_com

‘ These devices have limited bultin ESD protection. The leads should be shorted together or the device placed in conductive foam
‘ZI\ during storage or handling to prevent electrostatic damage 1o the MOS gates.

ABSOLUTE MAXIMUM RATINGS @@

Maximum Supply Voltage LM15750LM2575 45V

LM2575HV 83V
ON JOFF Pin Input Voltage ~0.3Vs Vs VW
Output Voltage to Ground | (Steady State) -tV
Powes Dissipation Intemally Limded
Storage Temperature Range =85"C o +150°C
Maxdmum Junction Temperature 150°C
Minimum ESD Rating (C = 100 pF, R=.1.5%0) 2kV
Lead Temperature (Soldering, 10 sec.) 260°C

{1} Absolute Maximum Ratings indicate limits beyond which damagé 1o the device may occur. Operating Ratings indcate conditions for
which the device is intended Lo be functional, bul do nol ensure specific performance limits. For specified specifications and lest
conditions, see Electrical Charactenstics

(2) M Military/Aerospace specified devices are required, please contact e Tl Sales Office/ Distributoes for availablity and specifications.

(3) Refer to RETS LM1§75J) for current revision of military RETS/SMD.

OPERATING RATINGS
Temperature Range LMIS7S ~55°C s T;s +150°C
LM2G7SAM2575HY ~40°C s T; 5 +125°C
Supply Voltage LMISTSLM2575 v
LM2575HV eV

ELECTRICAL CHARACTERISTICS LM1575-3.3, LM2575-3.3, LM2575HV-3.3
Specifications with standard type face are for T, # 25°C, and those with boldface type apply ovar full Operating
Temperature Range .

LM2578.3.3
Symbol Pammeter Conditions Typ LMISTS33 | Lm2sTsHva3 ‘LU:: .
Limmit 1V Limit &
SYSTEM PARAMETERS Teat Clrcist Figure 25 sad Figurg 26
Vour Output Voltlage Vo * 12V an 024 a3 v
Clecult Figure 25 and Figure 26 3287 3234 ViMin)
333 3.368 ViMax)
Vour Output Vollage A75VSVsAV, 02/ s Laap S 1A 33 v
LMIS7S8/LM2575 Clrcull Fgare 25 and Figure 26 .200/3.168 1 1603.138 ViMin)
3.400/3.432 34323488 ViMax)
Vour | Output Voltage 4.TEVSV,, S60V, 02A 5 hoap 5 1A 33 v
LM2578HV Circult Figure 26 and Figure 26 32003168 | 31883138 | ViMin)
34163450 345003 482 ViMax)
n EMdency Vi = 12V, oo » 1A 75 “

(1) Al limits specified st room tlemperstre (standard type face) and of temperature extremes (bold type face). Al kmits are used to
calculate Average Ouigoing Quaity Level, and all are 100% production lested,

{2) Al limits specified st room lemperasture (standard type face) and of lemperature extremes (bold type face). All room tempersture Nmits
a:o::ooxp-owm Al mits ot tempeorature extromes are specified via correlation usng standard Statistical Quality Control
{ ) methods

(3) External components such as the caich diode, Inducicr, input and output capacitars can affect swliching reguialor system performance
When the LMIS7TSALM2575 is used as shown In the test circuit Figue 25 and Figure 26, system performance will be as shown in system
paramelers of Eleciricsl Characlenstics.

R Submit Documeniation Fesdback Copyrght © 10092013, Texas nsruments Inconpcestnd
Product Folder Links. LMIS7S LM2575N LM2575MV
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INSTRUMENTS LM1575, LM2575-N, LM2575HV
www tl_com SNVS106E “MAY 1566 . REVISED APRIL 2013

ELECTRICAL CHARACTERISTICS LM1575-5.0, LM2575-5.0, LM2575HV-5.0
Specifications with standard type face are for T, =

25°C, and those with boldface type apply over full Operating

Temperature Range.
LM2575-5.0
LM1575.5.0
Symbol Parameter Conditions Typ LIRS |
Limit " Limit
SYSTEM PARAMETERS Test Circull Figure 25 and Figure 26%9
Vour Output Voltage Vi = 12V _koao = 0.2A 50 v
Circuit Figure 25 and Figure 26 4.850 4.900 V(Min)
5.050 5100 V(Max)
Vour OCutput Voltage 0.2A Sl pap S 1A 50 v
LM1575LM2575 BV SV, sS40V
Cireuit Figiire 25 #nd Figane 26 4. 850/4.800 4. B00/4.7TS0 V(Min)
5.150/5.200 5.200/5.250 V(Max)
Vour Oultput Vollage 02A Sk gan s 1A, 50 v
LM2575HV BV s Vi s 6OV
Cireut Figure 25 and Figuse 26 4 850¢4.800 4.500/4.750 V(Min)
5.175/5.225 5.225/8.278 V(Max)
n EMiciency Ve =2 12V, ko = 1A 7 %

{1) Alllimits speacified 3t room lempéersture (standard

calculste Average Ouising Oualty Lével, and all ane 100% producton tested.
{2) Al limits specified st room lempersties

are 100% production tested, All fmits & temperature extremes

ents such as the calch dinde, Indudice, Inpul 8 cuiput capaciiors can affect switching feguiator system performance.

(SQC) methods
(3) External

type face] and o temperature extremes (bold type face). Al imits are used to

wmm;muwmmwwmyumwmn

are specfiad Wa cordlation Lsing standard Statistical Quality Control

When the LM1S7SLM2575 (s used 34 shown in the est circu®l Figiae 25 and Figure 26, system performance will be as shown in system
paramelers of Electrical Chasaeterstics,

ELECTRICAL CHARACTERISTICS LM1575-12, LM2575-12, LM2575HV-12
Specifications with standard type face are for T, = 25°C. and those with boldface type apply over full Operating

Temperature Rango
LM257512
LM157612
Symbol Parameter Conditions Typ LM28T8HV-12 “mlm...
Limit Limit &
SYSTEM PARAMETERS Test Clrowt Figure 25 and Figure 26
Vour OQuiput Voltage Viay =25V, oag = 02A 12 v
Cireuit Figure 25 and Figure 26 11.88 11.78 ViMin)
12.12 12.24 V(Max)
Vour Output Voltage 02A S Lpan S 1A, 12 v
LM1S7SAM2575 15VsV, sav
Circult Figure 25 and Figure 26 enin 11.52111.0 ViMin)
12.3612.48 124811280 V(Max)
Vour Output Voltage D2A S lgan S 1A 12 v
LM2575HV 15V s Vi s 80V
Circult Figure 25 and Figure 26 11.6411.82 11.5211.40 V(Min)
1242112.54 12 5411286 V(Max)
n EMiciency Vi » 186V, koo * 1A a8 %

(1) Al limits specified st room lempersture (standard type face) and of temperature extremes (bold type face). Al kmits are used to
calculate Average Ouigoing Quaity Level, and all are 100% production lested,

{2) Al limits specified st room lemperatre (standard type face) and of lemperature extremes (bold type face). All room tempersture Bmits
are 100% production tested. All lmits ot tempeorature extremes are specified via correlation using standard Statistical Quality Control
(SQC) methods.

3 !mn{uoonmumunncdchdbdo.mm.lmtmmlcmumommmmwmmm
When the LM1578/LM2575 is used as shown In the lest circult Figure 25 and Figure 26, system performance will be as shown in system
perameders of Elecirical Charmclerisiics,
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3. IR2101
- Data Sheet No. PD60043 Rev.O
International
TSR Rectifier IR2101(S)/IR2102(S) &(PbF)
HIGH AND LOW SIDE DRIVER
Features Product Summary
® Floating channel designed for bootstrap operation
Fully operational to +600V VOFFSET 600V max.
Tolerant to negative transient voltage
kit e lo+i- 130 mA /270 mA
® Gate drive supply range from 10 to 20V g
3 s Vour 10 - 20V
® 3.3V, 5V, and 15V logic input compatible :
® Matched propagation delay for both channels ‘anioft (typ ) \ e
® QOutputs in phase with inputs (IR2101) or out of Delay Matching 50 ns
phase with inputs (IR2102)
® Also available LEAD-FREE P!Ckﬂg“
Description
The IR2101(S)y1R2102(S) are high valtage, high spead
power MOSFET and IGET drivers with independent ‘
high and low side referanced output channsis, Pro-
prietary HVIC and latch immune CMOS technologies ety d-Lead POIP
enable ruggedized monolithic construction, The logic At IR2101/1R2102

Input is compatible with standard CMOS or LSTTL
output, down 10 3.3V logic. The output drivess feature a high pulse current buffer stage designed for minimum
driver cross-conduction. The fioating channel can be usad o drive an N-channel powar MOSFET or IGBT in
the high side configuration which operates up to 600 voits

Typical Connection

- »
E 3
Ve vy
E S
Lo "N HO
-t Lm v. . IS
coMm Lo
IR2101 .
-
. »
. vl.‘ vl
- AN HO
(Rafer 1o Lead Assignments for comect pin o™ m Vs - -
configuration) This/Those dlagramys ) show com Lo
electical comnections only Please refer o
our Application Notes and Design Tips for IR2102

proper croat board lyoat 3

www.irf.com 1
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IR2101(S)/IR2102(S) & (PbF) Intermationa

ToR Rectifier

Absolute Maximum Ratings

Absolute maximum ratings indicale sustained limits beyond which damage to the device may occur. All voltage param-
elers are absolute voltages referenced (o COM. The thermal resistance and power dissipaion ralings are measured
under board mounted and S8l air conditions.

_gxmbol Definition Min. Max. Units
Vg High side Noating supply voltage 03 625
Vg High side floating supply offset voltage Vg-25 Vg+03
Vho High side floating output voltage Vg-03 Vg+03 2
Vee Low side and logic fixed supply voltage 03 25
Vio Low side output vollage 03 Vee + 0.3
ViN Logk: input voltage (HIN & LINY 03 Vee + 0.3
dvsidt | Allowable offset supply volage transient — 50 Vins
Po Package power disgipation @ Ta < +25°C (8 lead PDIP) — 10
(8 tead SOIC) - 0.625 i
Riha Thermal resistance, [unclion to amtiient (8 Isad POIP) - 125 =
(8 Jened SOIC) - 200
Ty Junction lemperatre - 150
Tg Storage lemperature -85 150 C
T Lead emparsture (soldedng. 10 seconds) - 00

Recommended Operating Conditions

The inputioulput logic timing disigeam & shown In figuie 1, For proper opsigion the device should be Lsed within the
recommended conditions. The Ve offssl raling 18 tesled asth a8 supples bidead at 15V differeniat.

| gmw | Definition Min. I Max. | Units I

Va High side floating supply abisokute voltage Vs + 30 Vg + 20

Vs High side floating supply ofisel voltage Note 1 800

Vho High side floaling outpul voltage Vg Va v
Vee Low side and logic fixed supply vollage 10 20

Vio Low side oulput voltage 0 Vee

Vin Logk Input voitage (HIN & LIN) (IR2101) & (HIN & LIN) (IR2102) 0 Veo

Ta Arbient temperature 40 125 c

Note 1: Logic operational for Vg of -5 to «800V. Logie state held for Vg of -5V 10 -Vpg (Please refer 1o the Design Tip
DTA7-3 for more detalls).

2 www.irf com
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el b IR2101(S)/IR2102(S) & (PbF)

Dynamic Electrical Characteristics

Vaus (Voo Vas) = 15V, C = 1000 pF and Ta = 25°C unless otherwise specified.

Definition Min. Max. | Units [Test Conditions
on Tum-on propagation delay — 160 | 220 Vg =0V
Loty Tum-off propagation delay — | 150 | 220 Vg = 600V
e Turn-on rise time — | w0010 ]| M
1y Turn.off fall bme - 50 | 90
MT Deday matching, HS & LS turn-anéelf - — | so
Static Electrical Characteristics

VEaIAs (Voo Vas) = 15V and Ta = 25°C undeds ctharwise spacilied. The Vg, Vi and iy parameters are referenced 1o
COM. The Vo and Ip parameters are 1eferenced 10 COM and are applicadile to the respective output leads: HO or LO

| Symbol Definition . | Unilts [Test Conditions)
Vin Legic * 1" Mput voltage IR210Y)

Logic *0" inpuf voltags (R2102) 3 — - " Vg = 10Vto 20V
Vi Logie *0" inpul vollage (NR2101) 1£ F oA Ve ® 10V 10 20V

Logie "1 nput vailage (IR2102)
Vo High Bvel cutpul voltsge Viias - Vi .- — 100 L Io = DA
Voo Low level bulpat vollsge, Vo - - 100 Ig = DA
g Offset supply leakage curent - - £0 Vg » Vg = 600V
loas | Quiescent Visg supply cuerent ~ "% | s Vine = OV or 5V
lace Quisscent Ve supply current - 150 ¢ 270 Viy = OV or 5V
INe Logic ™ 1" input bias current Vs 10 PR V=5V (IR2101)

Ve = OV (IR2102)
. Logic 0" Inputl Blas current 22 ) Ve = OV (IR2101)
Ve = 5V (IR2102)
Vecuvs | Vec supply undervollsge positive going 8 89 | 94
threshold
Veewy. | Ve supply undervoitage negative going 74 8.2 9 v

threshold

0. Output Ngh short arcull pulsed current 1% | 210 - Vo=V
mA Vi » Logke *1*
PW <10 us
lo. Output low short circull pulsed current 20 | 380 | — Vo= 15V
Vin * Logic *0”
PW < 10 us

www.irf.com 3
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Internationa
iior IR2101(S)/IR2102(S) & (PbF)
Lead Definitions
Symbol[ Description
HIN Logic input for high side gate driver output (HO), in phase (IR2101)
HIN Logic input for high side gate driver output (HO), out of phase (IR2102)
LIN Logic input for low side gate driver output (LO), in phase (IR2101)
ON Logic input for low side gate driver output (LO), out of phase (IR2102)
VB High side floating supply
HO High side gate drive output
Vs High side floating supply return
Vee Low side and logic fixed supply
LO Low side gate drive output
cCOoM Low side return
Lead Assignments
[: Voo \J VD 4 G v(.'!. U h :_T_]
E N 2o [ 7 E o " | Z]
{a]iw M X (537 em vs e
[} oou w7 E com w[s]
B Leag POIP B Lead SOIC
IR2101 IR21018
Evccu i) E"OC-U "'3
[F] o ::] E TN "o Z]
Gl v [¥) Gl w[<]
[ cow Lo :ﬂ [_T_ oo o :g
8 Lend POIP 8 Lead SOIC
IR2102 IR21028

www.irf.com 5



4. IRF2807PBF

International PD - 349704
I&R Rectifier IRF2807PbF

HEXFET® Power MOSFET
Advanced Process Technology
Ultra Low On-Resistance D v -
Dynamic dv/dt Rating DSS =
175°C Operating Temperature
Fast Switching Rps(on) = 13mQ
Fully Avalanche Rated G
Lead-Free Ip = 82A®

Description
Advanced HEXFET® Power MOSFE Ta from International
Rectifierutiize advanced processing techwuques toachieve
extremely low on-resistance per silicon area, This benefit,
combined with the fast switching speed and ruggadized
device degign that HEXFET power MOSFETs are wel
known for, provides the designecwithan extrematy afficient
and religble device for use i@ wide variety ofapplications.

The TQ-220 packape-is universalty préferred for all
commercial-industrial applications at'power dissipgtion

Parameter
o @ T2 25°C | Chnnocks Drain Curienk, Vag & 10V
Iy @ Tow 100°C|  Contnucss Drain Current. Vgs @ 10V
[lou Pulsed Orox Cummr”
Po 070w 8WC | _ Power Dissipation
Linear Deraling, Fagtor
Ve Gate-1o- -Source Vaage
= Resinche Garilh
Ean Repstivve Avaianche w
dwidt
T
| Targ

SECREEEEE

Peak Digde Recovery dwat O
g Jénkion pnd s 1IE
Storage Temperanste Ringe
Soldering Tepenmie, lor 10 secons 300 (1.6mm from case )
Mounting tarque. B-02 or M3 srew 10 Rwin (1. 1Nem)

Thermal Resistance

Parameter Tw_ Max.
Rac e — 068
(Rucs Cane-10-Sirk, Flal, Oreased Suface ) —
LY -

Junction-to-Ambsent ——




IRF2807PbF International

ToR Rectifier
Electrical Characteristics @ T, = 25°C (unless otherwise specified)
_ ___ Parameter Min. | Typ. | Max. | Units N Conditions
Vieross | Dran-lo-Source Breakdown Volage 75 | — | — | V | Vas =0V, lo = 250pA
Wancazal, | Breakdown Voltage Termp. Coeflicient | — |0.074] — | V/°C | Relerence 10 25°C, lo = 1mA
[ Fipsion Static Dran-lo-Source On-Resstance | — | — | 13 | mil | Vas = 10V, Ip = 43A @
Vazim Gate Threshald Voltage 20 | — ] 40 | V | Vos = Vas, b = 250pA
'™ Forward Transconductance 38 | —|— | S | Voe=50V, Ip«43A9
n S Loakanoe O — | —1] 25 Vos = 75V, Vas = 0V
e — | — | 250 i Vipe = B0V, Vas = OV, T; « 150°C
Gate-to-Source Forward Leakage — | — | 100 Vas = 20V
lass Gale-to-Source Reverse Leakage —T—T1700] ™ v,_s-.ziv
G, Total Gate Charge — | — | 160 In = 43A
Qs Gate-to-Source Charge — =28, | .| Vos = B0V
Qg Gate-to-Drain ("Miller”) — | —] 55 Vasw 10V, See Fig. 6 and 13
 bajany Turn-On Deday Time —\| 13 |~ Voo » 38y
Lajony Turn-Off Delay Time — ] 49} — Ag s 250
b Fall Time — |48 F—| Vos = 10V. SeaFg 10 @
Between lead,
L Intemal Drain Inductange =1 ldsd ¥ i | 6 (0258w, @
fram pachage
:, Internial Sourcs Inductance —~/ N8|~ ackiohnte T econthd Y
[Cas Ingut Capacitange - = Vs « OV
[(Con | Output Copacitarice — feio| — Vg » 25V
Cr Rewerse Transler Capacilarce 7 1090 | =/ 1“pF | [+ 1.O0MHE See Fig s
Eas Single Putse Avalanche Energyd | —— 8043408 | mU | ins = BOA. L « 3704
Source-Drain Ratings and Characteristics
Parameter A, | Typ. | Max, | Units Conditions
s Canfiruous Saurce Cuvert il MOBFET symbl ‘
(Baty Diode) A | showng the =
lau Pulsed Soyiee Current 980 iMagrl reverse ‘
21D s /
| Vao Diode Forward Voitage e || 12 %7 [T, 25°C, 15« 434, Vs = OV ®
L L L1 PO
G| Reverse Racovery TR0 B0 e | dvet & 100AN D)
tan Forward Tum-0n Time ek tst-on e s neghglie Durnon & dominaled by Levlo)
Notes:
D Repatitive rating, pulise widih limsled by @ Polse wigth < 4008 duty ycles 2%.
max. junction temperature. (See fig. 11) 2 This & a typcal vehis gl dévice destruction and represents
@ Starting T, « 25°C, L = 370H GPEIANON. Ouisidw Tiied limie.
Ry = 2600, lag = 43A, Vge10V (See Figure 12)  ® This i a calcutated value kmited 10 T = 175°C
1?‘175'0 5NN, Junction ternperaiure. Package limilation cumrent |s 7SA.

2 www.irf.com
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Technical Specification

EAGLE $les: yuiuing-duemlanose-une desenaig Schematic: rduind une-schematic.edl

Summar

Microcontroller ATmega328
Operating Voitage 5v
Input Voltage (recommended) 7-12V
input Voltage (limits) 6-20v
Digital /O Pins 14 (of which 6 provide PWM output)
Analog Input Pins 6
DC Current per VO Pin 40 mA
DC Current for 3.3V Pin 50 mA

32 KB of which 0.5 KB used b
Flash Memory bonlioadan Y
SRAM 2KB
EEPROM 1KB
Clock Speed

d

MADE
TN ITALY

v‘-.l

mES ARDUINO

’ e

I (5504 s
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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. tmm center-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 may supply less than five volts and the board may be unstable. If using more than 12V, the voltage
reguiator may overheat and damage the board. The recommended range is 7 to 12 voits.

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 voits 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 through this pin.

e 5V. The regulated power supply used to power the microcontroller and other components on the
board. This can come either from VIN via an on-board regulator, or be supplied by USB or another
regulated 5V supply.

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

* GND. Ground pins.

Memor

The Atmega328 has 32 KB of flash memory for storing code (of which 0.5 KB is used for the bootloader); It
has also 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 ba used as an input or output, using pinMode(). digitaliWrted), and
digitalRead() functions. They operate at 5 volts. Each pin can provide ar receive a maximum of 40 mA and
has an nternal pull-up ressstor {(disconnected by defauit) of 20-50 kOhms. In addition, some pins have
specialized functions:

* Serial: 0 (RX) and 1 (TX). Used to receive (RX) and transmit (TX) TTL seral data. TThese pins are
connected to the comasponding pins of the ATmegaB8U2 USB-to-TTL Serial chip .

* External Interrupts: 2 and 3. Thase pins can be configured to trigger an interrupt on a low value, a
nising or falling edge. or a change in value. See the agitachintercupt() function for details.

o PWM: 3, 5 6 9, 10, and 11. Provide 8-bit PWM output with the analogWrite() function.

* SPLk 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). These pins support SPI communication, which,
although provided by the underlying hardware, is not currently included in the Arduino language.

e 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.

B RS ~radiospares RaDionics ’A_ﬂ



The Uno has 6 analog inputs, 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 analogReference() function. Additionally. some pins have specialized
functionality:

= FPC: 4 (SDA) and 5 (SCL). Support I°C (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 analogReference().
¢ Reset. Bring this line LOW to reset the microcontroller. Typically used to add a reset button to
shields which block the one on the board.

Communication

The Arduino Uno has a number of facilities for communicating with a computer, another Arduino, or other
microcontrollers. The ATmega328 provides UART TTL (5V) serial communication, which is available on
digital pins 0 (RX) and 1 (TX). An ATmegaBU2 on the board channels this serial communication over USB
and appears as a virtual com port to software on the computer. The '8U2 firmware uses the standard USB
COM drivers, and no external driver s needed. However, on Windows, an “.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 USB-to-
serial chip and USB connection to the computer (but not for serial communication on pins 0 and 1).

A SoftwareSedal ibrary allows for serial communication on any of the Uno's digital pins.

The ATmega328 also support 2C (TWI) and SPI communication. The Arduino softwara includes a Wire
library to simplify use of the 12C bus; see the dotumentsfion for details. To use the SPI communication,
please sea the ATmega328 datasheet.

Programming

The Arduino Uno can be programmed with the Arduina software (gownipad). Select "Asduino Uno w/
ATmega328" from the Tools > Board menu (according fo the microcontraller on your board). For details,
see the referance and {uiodals.

The ATmega328 on the Arduino Uno comes prebumed with a hootloader that aflows you to upload new code
to it without the use of an external hardware programmer. 't communicates using the onginal STKS00

protocal (refeence. € header files).

You can also bypass. the bootloader and program the microcontroller through the ICSP (In-Circuit Senal
Programming) header; see thase instructons for details.

The ATmega8U2 firmware source code ie svaliable . The ATmega8U2 is loaded with a DFU bootloader,
which can be activated by connecting the solder jumper on the back of the board (near the map of Italy) and

then resetting the 8U2. You can then use Afmel’s FLIP software (Windows) or the DEU programmer (Mac
OS X and Linux) to load a pew fimware. Or you can use the ISP header with an external programmer
(overwriting the DFU bootioader).

E RS ~sadiospsres Rrabionics A
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Fully Integrated, Hall Effect-Based Linear Current Sensor
with 2.1 kVRMS Voltage Isolation and a Low-Resistance Current Conductor




6. ACST12ELCTR-05A

ACS712 Fully Integrated,

Hall Effect-Based Linear Current Sensor with

2.1 kVRMS Voltage Isolation and a Low-Resistance Current Conductor

Description (continued)

Joss. The thickness of the copper conductor allows survaval of
the device at up 10 5% overcurrent conditions. The termmals of
the conductive path are electrically isolated from the sensor leads
(pins § through 8). This allows the ACST12 curreat sensor to be
used in applications requiring electrnical solation without the use
of oplo-sokatoes or other costly solation techniques.

The ACS712 5 provided ina small, surface mount SOICS package.
The leadframe is plated wath 10026 matte tin, which is compatible
withstandard lead (Pb) free printed circuitboard assembly processes
Internally, thedevice s Ph-free, except for flip-chip hagh-temperature
Pb-based solder balls, currently exempt from RoHS. The device is
fully calibeated prioe 10 shipment from the factocy.

Selection Guide
T, Optimized ’ Sen Sens
I ——— Packing <) Ww i Gmm
ACST12ELCTRAO%8-T | Tape and reed, 3000 plecesires =40 to 85 =] 185
ACST1ZELCTR-204.T | Tape and reed, 2000 piecesiiee =40 to 85 +20 100
ACST12ELCTR-30A-T | Tape and reed, 3000 plecesireed ~40to 85 +30 &5
*Contact Allegro for additional packing options.
Absolute Maximum Ratings
Characteristic Symbol Notes Rating Units

Supply \oltage Voo 8 v
Reverse Supply Voltage Vaec =0.1 v
Output Vatage Vacr P v
Reverse Output Voitage ot o1 v

Pins 1.4 and 6.8: () Hz, 1 minuse, T,=26°C 2100 v
Rewnforced 1Voltage Visa Vobage apohied to leadframe (Ip+ pins ). based 18t v

op EC 80650 prak:

Pias 14 and 58; 60 Mz, 1 minude, T,=26°C 1500 v
Basic Isolaton Voitags Vitgme | Vokage appiied to lendframe (ip+ prs), basec a8s v

on EC 60550 peas
Output Current Source b cton 3 mA
Output Current Sink ) 10 mA
On T Tok i’ 1 puise, 100 ms 100 A
Nominal Operating Ambient Temperature T Range £ =40 80 45 °C
Maxomuemn Junction Temperature ¥ A max) 185 °C
Storage Temperature Tug -85 %0 170 °C

Parameter Specification
CAN/CSA-C22 2 No. 60950-1-03
Fire and Electric Shock UL 60950-1:2003
EN 60950-1:2001

Aiegro icoSystera, Inc

115 Northeand Cutolt
Worcsste Mamachastts 01615028 US A
1508 823 2000 www o
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AC 871 2 Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 kVRMS Voltage Isolation and a Low-Resistance Current Conductor
Functional Block Diagram
Ve
"""""" “
Py H
Fo [ ™ :
T D e
o o 2 o I Bz
»- ES H
Pri) £ I 5 g
inm c;a’::;:u g L
C0) S S RN\ ey Y FRTER i
sy P @ [
-
Pin-out Diagram
= 7] veo
= I viout
»- [ TR
- [7 o
Terminal List Table
Number Name Description
Tand 2 1P+ Tesminals for current being sensed. fused internally
dandd Lo Terminals for cusrent being sensed. fused Internalty
5 GND Signat grownd terminal
& FILTER Terminal for exiernal capactor that sets Danowon
7 VIOUT Aralog output sgnal
8 vCC Device power supply ferminal

P % Aegro Moo Syaters, Inc. 3
wag - 115 Northeast Cutoft
waa - — Woromde: Maxsechunetts 0181500 U S A

! [ e N 1208 853 2000 www aliegromicro.com
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ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 kVRMS Voltage Isolation and a Low-Resistance Current Conductor

COMMON OPERATING CHARACTERISTICS? over full range of T, C, = 1 nF, and Vo = 5V, unless ofenwise specified

Characteristic | Symbol Test Conditions | Min. | Typ. | Max | Units
ELECTRICAL CHARACTERISTICS
Supply Voltage Veo 4.5 5.0 55 v
Supgly Corent e |Vec = 5.0V, ousputopen - 0 3 A
Output Capacitance Load Civo  |VIOUT to GND - - 0 oF
[Gutput Resstve Load R [VIOUT to GND a7 - = 5
Primary Conducior Resistance | Reguuey | Ta= 25 C - 12 - mQ
[Riz= Time "% [p= Iplmax), 1A = 25°C, Gouy = 0PN - 5 - [
Frequency Bandwidth f ~3dB, T, =26°C; Iy is 10A peak-io-peak - 80 - kHz
Norfineartty Eun Overfut range of Ip - 15 - %
Symmetry Ecy  |Overdutrange of Iy se 100 102 %
Zero Current Output Valtage | Viouro, |Bdiections . =04 T, 26°C - % - v
Powes-On Tene of &mmmumwpmnmn-mc.mnm = oy R e
Magnetic Coupling® - 12 - GiA
Internal Filler Resistance? Ry 17 k0

Dence may be op anlgher,- y cument levels, and ambieat. ¥, and intermal ieacirame semperatures, T, proviced that the Maximum
Junction Temperature, T fmax), is not excesded.

G =0.1ml.

3Ry, forms an RC clcust via the FILTER pin.

COMMON THERMAL CHARACTERISTICS?

M. | Typ. | Max | Units

Operating internal Leacframe Temperagure | T,  |E range 40 - 85 ‘c

Value | Units

Junchon-fo-Leac Thermal Resistance? Ray |Mounied on the Alegro ASEK 712 evalustion boaed 5 CAWV
Mounied on the Alegro 85.0322 eval baand, includes the power con- 4

Junction-fo-Ambient Thermal Resistance Row fsumed by the boara 23 “Cw

'Addeonal hermal information 1 avadable on e Allegro website.,

ZThe Allegro evaluation board has 1500 mm? of 2 oz. copper on each side, connected 1o pins 1 and 2, and 1o pins 3 and 4, wen thermal vias connect
ing he layers. Perf values ndude the power consumed by the PC8. Further detais on the board are avai from the Frequently Asked
Questions document on our website. Further information about board design and thermal performance also can be found in the Apglications Informa-
Son section of this datasheet.

N - Alwgro VicoSyslers, nc 4
) \ X 115 Northeant Cutclt

- - — Worceater, Mamsachusstts 016150008 U 5 A
Wt DY i . 1,508 85 5000 www alegronicro com



ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 kVRMS Voltage Isolation and a Low-Resistance Current Conductor

x058 PERFORMANCE CHARACTERISTICS 1, = 20°C 10 85°C, C, = 1 nF, and V- = 5V, unless otherwise spaciied

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Optenzed Accuracy Range [ -5 - [3 A
Sensavity Sens  |Over ful range of I, T, =25°C 180 185 180 mViA

v [Peaktopeak, T, = 25°C, 188 mVIA programened Sersitivity, 24 v
Nolse Noseew) |G, = 47 nF, Coyy = Open, 2 kHz bandwidth = 5 -
To=-40°C 10 25°C - «0.26 - mVi*C
Zero Cument Ouput Siope. | Mloumay IS5 7E w0 T80°C —TSw | - e ]
To=-40°C 10 25°C - 0054 - mVIAPC
Sen S ASens p-2
e Taz 25°C 10 180°C — [0008| - | mviA'C
Total Output Emrar® Erar  |n=2BA, T,=25°C - 35 - %

Device may be operated at higher pnmary current levels. &, and ambient temperatures, T,, provided that the Maxmesn Junction Temperature, Tymas,
is not exceeded.

2Percentage of |, with L, = 5 A. Output Sitered.

x20A PERFORMANCE CHARACTERISTICS 1. = 40 C o 88°C", G = 1 nF, and Ver = 5 V. uniess otheowise specfied

Characteristic Symbol Test Conditions Min. Typ- Max. Units
Optimzed Accuracy Range [ «20 - 20 A
Sensavity Sens  |Ower ful range of I, T, =25°C = 100 104 mVIA

Peakd0-peak, T, =26°C, 100 mWA programmed Sensitivity, = _
b Viosem®) |¢ = 47 oF, Gagy = open, 2 kM bandwidih “ o
Vo= =0 G0 25C = | 034 - mvrC
Zero Cumrent Ouiput Slape | Maumal b =58 'Co 180°C ~> EZ L e
Ta= 40 G 25C - ooy | = TVIATC
s oo ASens W Cw 1800 = \|-0004] 1 TNIAFC
Total Output Errors ey il.uﬁk T =25C - 05 - %
Device may be operated a higher pnmary current levels, Lx and ambient temperatures, Ty, prowded that the Maomum Junction Temperature,

T {max), is not exceeded
3Percentage of |, with L, = 20 A Output Sitered

x30A PERFORMANCE CHARACTERISTICS 1, = -40°Cin 88°C', € = 1 nF, 200 Vo = 5 W, unless oherwess speciied

Characteristic Symbol Test Conditions Min. Typ- Max. Units
Opsmized Accuracy Range Iy ~30 - 30 A
Senstivty Sens  |Over il range of &, 1, 226°C 64 7] [ mVIA

Peakao-peak, Ty = 25°C, 65 mVIA programmes Senstivity, $ =
. VNoSEP®) | "= 47 nF, Couy = OpED. 2 Kbz bandimdt y sl
T,=-20CW025C - 035 - ™G
B e O TN Yome) [T cn e £ | 008 - G
Ta= 40C020C = o007 | - MVIATG |
ulivy Slops e e T B 180G - [000z| - TVIAFC
Tot= Output Errorz Bror |p=230A, Ta=25°C - 315 - %

"Device may be operated at higher primary current levels, I, and ambiert! iemperatiures, T,, provided that the Maximum Junction Temperature,
T,(max), is not exceeded.

Percentage of I, with |, = 30 A. Output fikered

Abegyo McoSyuten be 5
115 Northeont Cuto!

Worceader VMxsachuzetts 016150008 U S A
1.208 822 2000 www allegroemicro.com
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2.1 n1599nkuUlUSHNSUANE9IdISU Arduino

int HallSensorA;

int HallSensorB;

int HallSensorC;

int HallState = 1;

int motorspeed = 0;

int dutycycle = 0;

void setup ()

{
pinMode (2, INPUT) ;
pinMode (3, INPUT) ;
pinMode (4, INPUT) ;
pinMode (5, OUTPUT) ;
pinMode (6, OUTPUT) ;
pinMode (7, OUTPUT) ;
pinMode (9, OUTPUT) ;
pinMode (10, OUTPUT) ;
pinMode (11, OUTPUT)#
pinMode (12, OUTPUT)#
pinMode (13, OUTPUT) ;
int prescalerVal = 0x07;
TCCR1B &= ~prescalerVal;
int prescalerVal2 = 1;

TCCR1B |= prescalerVall;
TCCR2B &= ~prescalerVal;
TCCR2B |= prescalervVal2;

}
void loop() {
dutycycle = analogRead(0);
motorspeed = map (dutycycle, 100, 1023, 0, 255);
int a = analogRead(Al);
double v = (a/1024.0)*5000;
double ¢ = (v-2500)/185;
HallSensorA = digitalRead(2);
gitalRead (3)s

HallSensorB
HallSensorC = digitalRead(4):;
HallState = (HallSensorZA) + (2*HallSensorB) + (4*HallSensoxC);
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if (dutycycle>100)

{
switch (HallState)

{
case 3:
PORTD &= B00011111;
PORTD |= B10000000;
analogWrite (9, motorspeed) ;
analogWrite (10,0);
analogWrite (11,0);
break;
case 1:
PORTD &= B00011111;
PORTD |= B01000000;
analogWrite (9, motorspeed) ;
analogWrite (10,0);
analogWrite (11,0);
break;
case 5:
PORTD &= B00011111;
PORTD |= B01000000;
analogWrite (9,0);
analogWrite (10,0);
analogWrite (11, motorspeed) ;
break;
case 4:
PORTD &= B00011111;
PORTD |= B00100000;
analogWrite(9,0);
analogWrite (10,0);
analogWrite(1ll,motorspeed);
break;
case 6:
PORTD &= B00011111;
break;
case 2:
PORTD &= B00011111;
PORTD |= B10000000;

analogWrited(9,0) ;

analogWrite (10,motorspeed) ;
analogWrite (11 0);
break;

default:
PORTD &= B0O0011111;
PORTD |= B00000OGO;
analogWrite(9,0);
analogWrite (10,0);
analogWrite (11,0);

break;
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&= B00011111;
= B0000000O;

3. A2LAVLASAITI

3.1 NSNAFBULAZAIUIUUTTENSNINNITNNIUVDIDULIBINDTAINSUNITIUNDLADS

AU UNAFDUUTLANT NIWNITVIUTUSTULDLADS tABINITTAAILSIAUY NTLWA

Adaluitn v ndnazeennsausiaAIuIuMIA1USEANS AN 39N USUANULTRIuaLneS ey

AAUSASUAUN 800 rpm AINNTINBUTIHUNTELARSS 48 V Laziin15USuA1IdL5297n duty cycle

AUSuANFIPLMUUSUA LS

AMMSTY | WSO | nSuE | wsetuan | nsua | midalndh | Andelwdh | UsvanSann
50U PG | VW 29N 1990 STaINT! 199N (%)
(rom) V) (A) (Vrms) (Irms) (W) (W)

800 48 0.088 25.65 0.127 4.224 3.600 85.230

900 48 0.098 27.34 0.140 4.704 4.100 87.160

1000 48 0.111 29.02 0.152 5.328 4.700 88.210

1100 48 0.122 30.54 0.176 5.856 5.200 88.790

1200 48 0.136 32.13 0.192 6.528 5.800 88.840

1300 48 0.150 33.95 0.239 7.200 6.400 88.880

1355 48 0.153 35.21 0.285 7.344 6.900 93.954
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3.2 @01ULNNISNNIUVBINIAWNANAINTELENFAIINY

ANSILERIEANUENNTYINIUY L aEATY 2 §1 dmSuidenunasinifundanulaeiinng
nadeULAaYAIIUITEINsTLE A nn1sldosadalaalauiaussdudl Port 12 way 13 Tunisasiagey
anugnsiuvesueaa Tag Port 12 Tidmiuauaunisaindueaadail 1 wag Port 13 14
muAudmsuMsandueamadaf 2 Faldimualusunsunismunuliin dlenszuaiinduidanilen

1101737 0.50 A THUaNAAIN 1 191U waztil ansewaldiiu 0.50 A TRuaawnf9 2 91U

nsTuA(A) | annuzaeaaiifl 1 | aauzueaasafl 2
0.10 off on
0.15 off on
0.20 off on
0.25 off on
0.30 off on
0.35 > >
0.40 - >k
0.45 > *xx
0.50 > *%x
0.60 o >
0.65 o .
0.70 > >
0.75 on off
0.80 on off
0.85 on off
0.90 on off
0.95 on off
1.00 on off

¢ Lignansaseuld Wesnanusvosweamnlingg
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3.3 ANSAUNAIUANNaUluNAIYUA

ms'mLLammamnﬂ%uuﬂaumﬁumaqLma'qﬁ'ﬂLﬁuwﬁmuﬁasqﬂLUai‘mm%Lma%ﬁy’a 2 90 oy
wiseendu 2 miNLﬁ@@ﬂ?iLU§GULLUaG%aﬂ?;ULUEJ%WU’]%LG]EJ%LM@%“Q@ Ingldunadsinialifi
nszuansaRnenszuanduludumasiniundsnu lneriiudunesves wuwesinnseua wazuaans
FevinsmuaunszualaemsuTuAussuwasiudalifinszuanse andeulvildimuely Fe¥n
uswuvesUiasaunBinesundl 1 finszuadaud 0.55-1.00 A uaziausstuvesguideiadines

Al 2 Ainszua 0.10-0.50 A

MITIUUUNAHDUNITTIABINITAUNGINUIINNITUINRUUTAWUBLTAN 9 TuW vasgUiUes

AUNTROIYAN 1

nszua | usaduneunsa SC1 | usadundmnsa SC1 | usaduiiuasunlas
(A) (V) (V) (V)
0.55 0.0440 0.0656 0.0216
0.60 0.0380 0.0678 0.0298
0.65 0.0601 0.1232 0.0631
0.70 0.1012 0.1733 0.0721
0.75 0.0940 0.1689 0.0749
0.80 0.1150 0.1958 0.0808
0.85 0.0840 0.1616 0.0776
0.90 0.0752 0.1692 0.0940
0.95 0.1182 0.2137 0.0955
1.00 0.1265 0.2374 0.1109
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