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ABSTRACT

This Thesis presents development of a three phase full bridge switch mode
inverter for induction motor drive. The motor is rated for 1 hp, 380 V. Power MOSFETSs
were used as switches of the inverter. Sinusoidal Pulse Width Modulation (SPWM)
signals were generated by dsPIC30F2010 digital signal control. The IC IR2130 was
used as gate driver of the power transistor. The constant Volt/Hertz (scalar control)
technique was employed in order to maintain constant airgap flux linkage of the motor
in the constant torque region. The output frequency of the inverter can be adjusted
frequency 5 Hz upto the rated frequency of 50 Hz. Correspondingly , the no ioad speed
of the induction motor can be varied from 149 rpm — 1498 rpm. In addition, the voltage-

boost technigue was included into the system
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2.2.1 Single-Phase Inverter with Bipolar Voltage Switching
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2.2.2 Single-Phase Inverter with Unipolar Voltage Switching
Tw PWM Aunmiaadusaauuuy Unipolar a:diadedaasznvas full-bridge
inverter ugavatluzun 2.1 udezldadadluandoaiun immlsuivisngs PWM
1 L 5 J AI'J . . = o
fiownin® luhfian A waz B 209 full-bridge inverter 22114 mmimuqu‘[ﬂmwn
as =4 o = o o Q- [
DANINNK A0 VN MAUTVUVIABY Vi MU Voguret WRE = Veorro ANRIAY AILASD
Tz 24 3TwMIUREUFRBLIDI Vagra MURYGIBEUARDY nafi Loz dulyl

a3 logic signals  flulERauquan A

v >V

control ri

Tm on and V, =V,
(2.6)
Veomrol < Viri - T,on and V, =0

iri
Ltiaﬁutmﬂ’wmmaaﬁunafma?ﬁ‘m A WHaunUEIUTAILTIEN DC NIeUaU
bus n EWUNTIMUANEIATIVT B i AB 92487 - Voo Wi auiisunudmygnugy

.s' - i 8 L5 J
FIUARLNUIUNY I@] U'*J:vlﬂwﬂﬂ\'lu

(_' vcom‘rol ) > Veri : T Bt on and Ve = Vy (2 7)
(_ Y control ) < v!ri : T B on and vBN =0
’F T T T — = T

!“ ) ontml

I

A5 --toutrol - - [ . 5 . R

a
m

o

=
a

il

Eﬂi’:; 2.4 PWM with unipelar voltage switching (single phase)



bl —T —T —T T L
: | { Z
Vab inverter 0 i i )
1171 \ | 11
1 e
sl ) : I i ] |
o V¥ oload
T T — 1 T T 1
: i
| , : 11
V load : _ LI} \ : ! 111
L L [ i i ! i
| oload
2 T L T T T
ok o
o : =
) load A =
,..r ] i i i 1 i
(12 0975 0% [&:: L1 ) k) 1

A O ar A’ o o as Y i
DINNWUSTAIFUIYITUUNAT NN TN NIUTIANUYEIRIG IR

T.T onvy=v, Vay =0 vy =V,
T, .T,0nv,, =0, Vay =V 5 v, =V,
T..T.onwv, =V, Vey = V5 v, =0
T, ,T onwv, =0, Vv = 0; v, =0

'lu.gﬂuuu'uao PWM 'nﬁm'fm:ﬁmmﬁﬂﬂﬂmmG'fwﬁtmﬁwmzlﬂﬁuuuﬂaﬁ:ij
gudunz+v, wisszwinguiuaz -v, Fadunitnisunuiiin PWM wuu
Unipolar voltage switching

Vy=my, (m, <1.0)

- 28
vV, <V, < in (m, >1.0) @8
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2.2.3 Three-Phase Full-Bridge Inverter
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NE) NCR 4
Vv, = ﬁ(VAN ) = -Emj’ =0.612.m,.V, (2.10)
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W =[29/(p/2) ¥ 1/ (2.10)
W, = 2/p270) = (2/p) - O LHHLH AaIUT (2.11)

uaztuwdaamshadlusousau i (rpm) asvinnu
n = 60-( (M 2Y) = 120f/p Jaudauf (2.12)

¥ ' & A v . . -

iduusawimaniaglueime (air gap flux D, ) nyudIva UG
t?m'[mwlfaua:%:é“uﬁuﬁﬁ'umﬂamag;ﬁ'uﬁﬁmﬂma? TasAusandaunitoindawnay
( counter — emf ) ¥3821992 13uNd1 UIIAUEIMA (air gap voltage : E,q ) 320N

d‘ o LY r-Y J ) d' 1 A o ~
wigntihWihiervlwreaiaaaeasudaazivananud  f dssnantodowilugges
ﬁuga@iatﬂamaauamai‘mﬁmﬂﬂﬁﬁqﬂﬁ 210 laodh V.,  wuafieen
" 1 = 1 [ 9

w3auWHdana (Vp = Vi /43 ) R, wanaflifanaudunIuaadsaainae
wad L, wansfimanumieniiFzeaaiasama’  wazanmyieneieag
wiimanazle

Ns D, =t.0ip, (2.13)
Togfi  Ns  wanefle SuduseudaiaraI2anIaALALAD TYDIWIITANYS
L, wusiidanumiisaihmauaiinan
Ly o
wazanngrasvTiade e

€y = Ns (dD, /dt) (2.14)

A v & P o '3 [
LAsITNNIINLRULLTILILAAN TN ((Dag) L'ﬂa”IUdnUTﬂﬂ’]ﬂﬁtﬂLﬂﬂi il:vlﬂ']'l

D, 1) = D, sin@@tunuerlusunizezlain

€ag = NsW®D,cos(wt ) (2.15)
lagdidrTniidigaamamniny

Eag = kaf @, (2.16)
laufl ks nanpdaanan

unsfianlanuaimafniioadn azfieamlfiorssninaduussuaingn

amanunzua Wi A lvatlunaalaass wazthauydiufiansdifianuivesdalua
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pfmyndrnanuirinuanuhidlamts  UiiTorzniniduusiuimineime
@ F.I' At (=3 e J A { i © v ar
Auntzua i inaludalieeifzldiAedunnz ludausanfawmile i daundu
d‘ o (X5 s Q [ = ! Q"

figalauaed Winzualwilnaludaluasd ililiifausefietunuas

.l"_’ Rs LJ’J l,. L"' R’
—AA—TT — T AN
+
+ ll"'
S =t
] -l R oo
V, dienwn S Eag% L, s
n.

A dl [ U
Eﬂﬂ 210 ﬂ.’N’ﬂiﬁU}"Jﬂ'U pavalaasiniisvhdana

2. IWgLTatlanzunIy
dalsimofmpufinnuiwhiy o, lufiemadunufiamensmyuusasu
LIILNMANIUDINNE  ATNLLANFEIITERIIIAN VLTIt L AULI LN IRAN B NN AR Y
anuTiadlieadazinuimaneds "anuTuesadLl” ( Slip speed )

Wae We O, @2.17)

a 9 s L . ) = a o« & & o v

Warhniuada lsd(normalized) aanuthisdddsanuiidlaitaeld
Sp‘u_= (W WHW, (per unit) (2.18)

wisanuIailastvinnu
We Wg- D= SO, (2.19)
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fa = (WyfWG)f = sf (2.20)

A' dl 3 :.i' a J LY fd‘ dl = w
yaraInsafamnisnininetuludalnessnawiady swromld

S bt 1 { : o v 4 IA J dl
Tagmslififeny  mawiswsaadawnilonicdaunsufiietuireaiaaaiass
wsaziWaiitasaniduusaimanamea(@,,) Adsulosanilulsiasiuazdnilug
totaoast ulduuIuMana N Iafude % 8 lsNay ananwILiuLFuLT
wimdnfinsznsluaimeassnyuianuisilg ilsvasnnyuzasdaniienilu
Tsqas aaudusaafanmionirfounduvaidnilaas sz ldanninaou
feNuAlMaNNT  Ey = kef @y 1lushanudiady 1, ilasnlatwualivained
- o A a | [3 o o oo (3 al
wiginaRsousaiaasinitoniisnwg Alllsieefuvunsinszsanuazd

o ' ﬂl‘ € a~ t=l' [ [
FmsevrasreaiadaailuasfivnufisiaeasNgazle
E, = ksfy Py 2.21)

iflasnnaaaInlaaeigndaiasdilunIuda9Tlaiudmyu( end ring
o v a - o A [ " - o '
) MldiAanszualifmiisanhilnaludlsined( | nszugiWiunilsniaingn

a . - 4 . . o da X d 4 a
m@mnmmeaau'lwﬁ']mummuaunaunm@muﬂmmnaaﬂ(fs.)
E=Rd; =29 Ly I (2.22)

lasf R, nanadivy fi'm'rmé"mmwuaﬂawﬁmga’nawﬂmﬂhma‘?@iaw\la

L, wunefis menumilonihnussnsssuyasesieliesidews

drnTzualsiaainnnudady a:ﬁﬂﬁﬁmamuummﬁnv\quﬁm’mﬁaa

Uidianasnnyuradaalunad  lusmefisznyuinnuiiddemiaisneainyy

PEIRALADT (LW @, = O+ ©, ) UFATTzning @, Musuwwudindniifia

[ o Vo - J 1 o a ~ -ﬂi ]

nnnszualaaefidunailiifaussdatu lasdriadIWiandodiasndany

duwmupadlataasazirinny
2
P =3 R/ (2.23)
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oo (1/1y) WU E=RI, =29y Ly b UasRa1imn Eyg = kef @ quas

E, = ksfy Dy, 226V
Eag = (f/ 1) E = F (R /) 1+ j296 Ly, ), (2.24)

ﬁauam‘lugﬂﬁ 210n lagfidn fR/f)  ddwhiumsuinmes R,

AU RJ(f-f) /fy] wasillagm By = (F/ 1) E = F (R /f) I, + 20f L, I, d2p6h

Fuanmwraansualaaas (1) RNToNARZAIUMINTH ReE, |, ] inin azle
amalnifigoriuanie (airgap power : P,,)

Po = 3 (F/£4) R, (2.25)

NN P =3RIS war  Py=3(f/f)RYE azlddimiadiwimima

{ electromechanical power : P, ) iy

2
Pem = Pag - Pr =3 [( f- fsl) / fsI] err (2-26)
We
Tem= ( Pem/ ) (2.27)
URZINIUNTINGU 181
Tem= (Pag / Ws) (2.28)

lwasesmuyanasnatafiniionhauaaslugdi 210 n dvidaiWiagie

A ] -~ « o G- 1 o o

lasnndanudumulnsafuazmddiWidaia  zmantousnaananiniule

Tag 90 (R, /fy) W&UNTT Egg = (/1) E = F(R./ fy) |, + j2F L, I, 3ziviiuma
Y RURs [(f-fy) / fy] R,

nszudlwiiaamai(l,) wvinnunasIuvanIzLaNIWIWmaEn ( 1, ) AU

« = ) 2 o ;
nrzualsaes (1, ) snsadouduzunslaaedl
=1+ 1, (2.29)

gﬂﬁ 2.10 u.ﬂmgﬂl.wmsnaﬂﬂa:unmmaaLLiaﬁuLtaznizua"lwﬁ’lﬁmﬂLﬂa‘f
nszuan AN ¥l Aas i L TILinanatnIg  azanasatusandon Wi

a o W v o o 4 <
wilsnhdaundunama (E,) Wity 90 aw nazusluiead (1) Faiw

A o v oa a [ @ [ ] e - ' LV
asftlznauivhliiiausadadmas E,, daodwariniy 0, deeswisnldiriniy
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0, = tan (@9l / R.) = tan 29l /R /)] (2.31)
= [ -~ o ﬂl o ; o 1 o
nnnaejudman iizmunsonussiiefiiatulairiny
Tom= ke Doy I, sin (O) (2.32)

Tandi & WINDDIAYUTNINNTZUANWUAILAED ( |, ) FavnliAaduusonimen
ama( D,) dunszualsieed ( 1) FeildiAaawuuimaniliaef Taofid
Wiy

O =90 +0 (2.33)

Tassussaulwifideonlvunsaineddaingasrinny
V,= Eg + (R + 2 L) Iy (2.34)

Tumssanuuuuaaasinioniilasm 'l Gawladidalyfaziiuosedmivies
laeaihfidnanudadld gllarnuiisnmaslng

2, Ly<< R, (2.35)
“ © a -1 -1 ~
aanudmy O, douaslu O, = tan (2ML,/ R.) = tan [2Mfuly / R(f / ;)] 358
dtsznouiivguduazyuunda 8 w & = 90° + 0, axfidnlszanauriniy
90" UAZIINEUNTI Ton= ke D, I, sin (0 )ueld T denvzunm ky Dy |,
INFUNS E, = kify Dy, waz E=RI =29y L, I, loslfnislszanasnana
FUMI2Ny Le<< RAzla |, fddszanm kefy D,
uazlasnmrzinudiauaunis2 §fy L<< R, §RIuaumsisl, +1,
v P 2 2
¢ Llssanmnfigedves 15, + 17,
Fmivaddlnevrasvawmaiinionihlaonill sncfulunidluaiaadiniionin
o B 4. ' d o s ] -
MaufAnnudsninanudinaudnd( f ) Geazndanfisdaly aums
V, = Egq + (Re +21f L) 1, 9zléiviviy v, Sddszanm E,, unufisuns

Eag = kof @, vinllazlehn v, = kef D,
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4.6 Mmamaaoninamed Voitage Boost uazlaiil Voltage Boost

@15191 1 dufinsusnawnuanuiisevvesuainaiiiiail Voltage Boost uaslaifl

Voltage Boost

ﬂ’J'mﬁ' f Voltage Boost 0% Voltage Boost 10% Voltage Boost 20%
(Hz) V (V) Nr(rpm) V 5 (V) Nr(rpm) V (V) Nr{rpm)
5 75.73 148.2 103.51 148.3 129.47 149.3
10 115.63 299.3 136.48 300.4 154.98 299.7
20 165.64 598.8 177.92 599.2 189.12 598.3
30 204.36 899.8 210.75 900.5 220.85 901.2
40 236.98 1200.7 239.54 1201.4 239.26 1200.2
50 263.97 1498.2 264.87 1498.6 264.56 1498.2
300
250 T
- M
—a-Boosti%
180 —& Boost10%

100
80 ?
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por 2 o,
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20 30 40 a0
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SOURCE CODE
#include <p30F2010.h>
i
_FOSC(CSW_FSCM_OFF & XT_PLL4);

_FWDT(WDT_OFF & WDTPSA 512 & WDTPSB_1}); // 1sec wdog timeout (WDT Period
= 2ms*WDTPSA*WDTPSB)

_FBORPOR(PBOR_OFF & BORV_45 & PWRT_64 & MCLR_ENY);
_FGS(CODE_PROT_OFFY);

1
#define XTAL 7372800

#define FCY (XTAL*4/4) it (7.3728*16)/4 = 30MHz
#define FPWM 3000

#define DEADTIME (unsigned int){0.000004 * FCY)
#define _0 DEGREES  0x0000

#define _120_DEGREES 0x5555

#define _240_DEGREES 0xAAAA

#define PWM_OUTPUT LATDbits.LATDO

#define LED Fault LATDbits.LATD1

#define LED1 LATBDbits.LATB2
#define LED2 LATBbits.LATB3
#define LED3 LATBDbits.LATB4

// Also declare some useful shortcuts

#define DISABLE_FIRING PWM_OUTPUT=1

#define ENABLE_FIRING PWM_OUTPUT=0

#define FAULT_RESET LATEDbits.LATES

#define  BUTTON1 IPORTCbits.RC13 //Start

#define BUTTONZ2 !PORTCbits.RC14 //Stop

#define BUTTON3 IPORTBDbits.RB5 /IMode

unsigned int Phase, Delta_Phase, Phase_Offset;

int Multiplier, Result, ResultA, ResultB, ResultC, ResultN, Umin, Umax;

int Amplitude,Freq;

float Amp1;

int sinetable[] = {0,3212,6393,9512,12539,15446,18204,20787,23170,25329,
27245,28898,30273,31356,32137,32609,32767,32609,32137,31356,30273,28898,
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27245,25329,23170,20787,18204,15446,1253%3,9512,6393,3212,0,-3212,-6393,
-9512,-12539,-15446,-18204,-20787,-23170,-25329,-27245,-28898,-3027 3,
-31356,-32137,-32609,-32767,-32609,-32137,-31356,-30273,-28898,-27245,
-25329,-23170,-20787,-18204,-15446,-12539,-8512,-6393,-3212,0};

I

volatile struct {
unsigned :1;
unsigned S
unsigned Button1:1;
unsigned Button2:1;
unsigned 1;
unsigned 1;
unsigned :1;
unsigned :1;
unsigned PWMFault:1;
unsigned  Restart:1;
unsigned  :1;
unsigned  :1;
unsigned 1,
unsigned Mode:1;
unsigned 1
unsigned  :1;
} Flags;
min_value(int x1, int x2, int x3){
int min;
min = x1;
if ( X2 < min ) min = x2;
if ( x3 < min ) min = x3;
return min;

}
/

max_value(int x1, int x2, int x3){
int max;

max = x1;



if ( X2 > max ) max = x2;
if ( X3 > max ) max = x3;
return max;
}
It
ZSS(int min,int max){
int ZSS;
Z8S=-(max+min)2; [/ ZSS=((1-max)/2)+((-1-min)/2);
return ZSS;
}
i
void ADC_Init(void)
{
ADCON1 = 0;
ADCON2 = 0;
ADCON3 = 0;
ADPCFG = 0x003C;
ADCHS = 0x0003;
ADCON1bits. ADON = 1;

}
i

void delay_ms(unsigned int ms)

{

unsigned int x,a; /1 Keep for counter icop
for(x=0;x<ms;x++)

{

for(a=0;a<816;a++); // Loop for delay 1 millisec per unit

}
i

int ReadADC(unsigned int channel)
{
int Delay;
if(channel > Ox000F) return(0Q};
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}

i

ADCHS = channel;
ADCON1bits.SAMP = 1;
for(Delay = 0; Delay < 20; Delay++);
IFSObits.ADIF = 0;
ADCON1bits.SAMP = 0;
while(IFSObits. ADIF);
return(ADCBUFO0);

void InitMCPWM(void)

{

TRISE = 0x0100;

PTPER = (FCY/FPWM - 1) >> 1;

OVDCON = 0x0000;

DTCON1 = DEADTIME;

PWMCONT = 0x0077;

PDC1 = PTPER;

PDC2 = PTPER;

PDC3 = PTPER;

FLTACCN = O0x000F; // Fault A enabled for latched mode on PWM1, 2, and 3
IFS2bits. PWMIF = 0;

IEC2bits.PWMIE = 1;

INTCONZ2 = 0x0001; // Enable interrupts for Fault A

OVDCON = 0xFFO00; {/ PWM outputs are controller by PWM module
Phase = 0; // Reset Phase Variable

Delta_Phase = Freq * 656536 / FPWM ; // Initialize Phase increment for sine wave
PTCON = 0x8002; // Center aligned PWM operation,Start PWM

return;

}

{

void __ aftribute__((__interrupt__)) _FLTAIlnterrupt(void)

// Keep all outputs disabled until we figure out what is going on!

LED_Fault=1;
OVDCON = 0;
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DISABLE_FIRING;

{// Signal a fault to the main loop.

Flags.PWMFault = 1;

{// Ciear the FLTA interrupt flag.

}
I

IFS2bits.FLTAIF = 0;

void __attribute__ ((_ _interrupt__)) _ PWMinterrupt(void)

{

Freq = ReadADC(1)>>4;

if(Freq > 50) { Freq = 50; }

if(Freq < 5) {Freq=5;}

Amplitude = (Freq * 540 )+ 3000 ; ////[10%
/! Amplitude = Freq * 600 ;  /////0

// Amplitude = (Freq * 480) + 6000 ; /////20&

Deita_Phase = Freq * 65536 / FPWM; // Initialize Phase increment for sine wave
Phase += Delta_Phase; // Accumulate Delta_Phase in Phase variable
Phase_Offset = _0_DEGREES; /I Add proper value to phase offset
Multiplier = sinetable[(Phase + Phase_Offset) >> 10];// Take sine info
asm("MOV _Multiplier, W4"); // Load first multiplier

asm("MOV _Amplitude, W5"); // Load second multiplier

asm("MOV _PTPER, W6"); // Load second multiplier

asm("MOV #_ResultA, W0"); // Load WO with the address of Resuit
asm("MPY W4*W5, A"); // Perform Fractional multiplication
asm("SAC A, W7"); /I Store multiplication result in var Result
asm("MPY W6*W7, A"); // Perform Fractional muitiplication
asm("SAC A, [WO0I"); /I Store multiplication result in var Result

Phase Offset = _120 DEGREES; I/ Add proper vailue to phase offset
Multiplier = sinetabie[(Phase + Phase_Offset) >> 10};// Take sine info

asm("MOV _Mulitiplier, W4"); /f Load first muitiplier

asm("MOV _Amplitude, W5"); // Load second multiplier

asm("MOV _PTPER, Wg"); /I Load second multiplier

asm("MOV # Result8, W0"), // Load WO with the address of Result

asm("MPY W4*W5, A%); !/ Perform Fractional multiplication
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asm("SAC A, WT7"); /I Store muitiplication result in var Result
asm("MPY W6*W7, A"); /I Perform Fractional multiplication
asm("SAC A, [W0l"); /! Store multiplication result in var Result

Phase_Offset = 240 _DEGREES; // Add proper value to phase offset
Multiplier = sinetable[(Phase + Phase_Offset) >> 10];// Take sine info
asm("MOV _Multiplier, W4"); /I Load first multiplier

asm({"MOV _Amplitude, W5"); /I Load second multiplier

asm{"MOV _PTPER, W6&"); /I Load second multiplier

asm("MOV #_ResultC, W0"); /I Load WO with the address of Result
asm("MPY W4*W5, A"} // Perform Fractional multiplication
asm("SAC A, W7™); /I Store multiplication result in var Result
asm("MPY W6*W7, A"}, // Perform Fractional multiplication
asm("SAC A, [W01"); // Store multiplication result in var Result

Umin = min_value(ResuitA,ResuitB,ResultC);

Umax = max_value(ResultA,ResultB,ResuitC);

ResultN = ZSS(Umin,Umax}; /I Zero Sequence Signal Calculate

if(Flags.Mode){
PDC1 = ResultA + ResultN + PTPER; // Remove negative values of the duty cycle
PDC2 = ResultB + ResultN + PTPER; // Remove negative values of the duty cycle
PDC3 = ResultC + ResultN + PTPER; // Remove negative values of the duty cycle

}else{
PDC1 = ResultA + PTPER,; // Remove negative values of the duty cycle
PDC2 = ResultB + PTPER; // Remove negative values of the duty cycle
PDC3 = ResuitC + PTPER; // Remove negative values of the duty cycle
}
IFS2bits. PWMIF = 0;
}
/!
int main ()
{

TRISB=0x0023;
TRISC=0xFFFF;
TRISD=0x0000;

Initial;



DISABLE FIRING;
FS2bits.FLTAIF = 0;
Flags.PWMFault=0;
Flags.Mode=0;
LED1=1;
LED3=0;
LED Fault=0;
ADC_Init();
InitMCPWM();
Start:
if(BUTTONTY
Flags.Button1=1;
ENABLE_FIRING;
LED1=0;
LED2=1;
goto Run;
}
if(BUTTON3){
Debounce:
if(BUTTON3)
goto Debounce;
}
Flags.Mode=!Flags.Mode;
LED3=ILED3;
}
goto Start;
Run:
while(Flags.Button1)
if(BUTTONZ)
Flags.Button1=0;
DISABLE_FIRING;
LED2=0;
goto Initial;

}



/I Amplitude = (Freq * 480) + 6000 ; /20
/I Amplitude = Freq * 600 ; Mo
Amplitude = (Freq * 540 )+ 3000 ; 10

if(Amplitude > 30000){ Amplitude = 30000 ; }
if(Amplitude < 10000} Amplitude = 10000 ; }
8
/freturn 0;

}
i
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Main PCB (dsPic,IR2130 & Optoisolator)
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Note the following details of the code protection feature on Microchip devices:
. Microchip products meet the specification contained in their particular Microchip Data Sheet.
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MiCROCHIP dsPIC30F2010

28-Pin dsPIC30F2010 Enhanced Flash
16-Bit Digital Signal Controller

Note: This data sheet summarizes features of this group Penpheral Features:

of dsPIC30F devices and is not intended to be a complete « High current sink/source I/O pins: 25 mA/25 mA
reference source. For more information on the CPU, o ) ]
peripherals, register descriptions and general device » Three 16-bit timers/counters; optionally pair up
functionality, refer to the “dsPIC30F Family Reference 16-bit timers into 32-bit timer modules

Manual” (DS70046). For more information on the device

instruction set and proegramming, refer to the “dsPIC30F/ * Four 16-bit capture input functions

33F Programmer'’s Reference Manual” (DS70157). * Two 16-bit compare/PWM output functions
- Dual Compare mode available
High-Performance Modified RISC CPU: + 3-wire SPI modules (supports 4 Frame modes)
+ Modified Harvard architecture - 12C™ module supports Multi-Master/Slave mode

and 7-bit/10-bit addressing

+ C compiler optimized instruction set architecture
* Addressable UART modules with FIFQ buffers

+ 83 base instructions with flexible addressing

modes
+ 24-bit wide instructions, 16-bit wide data path Motor Control PWM Module Features:
*» 12 Kbytes on-chip Flash program space = 6 PWM output channels
* 512 bytes on-chip data RAM - Complementary or Independent Output
* 1 Kbyte nonvolatile data EEPROM modes
= 16 x 16-bit working register array - Edge and Center-Aligned modes
» Up to 30 MIPs operation: = 4 duty cycle generators

- DC to 40 MHz external clock input » Dedicated time base with 4 modes

- 4 MHz-10 MHz oscillator input with * Programmable output polarity

PLL active (4x, 8x, 16x) * Dead-time control for Complementary mode

* 27 interrupt sources + Manual output control
* Three external interrupt sources - Trigger for synchronized A/D conversions
+ 8 user-selectable priority levels for each interrupt
+ 4 processor exceptions and software traps Quadrature Encoder Interface Module

Features:

DSP Engine Features: » Phase A, Phase B and Index Pulse input

* Modulo and Bit-Reversed modes + 16-bit up/down position counter
» Two 40-bit wide accumulators with optional » Count direction status
saturation logic * Position Measurement (x2 and x4) mode
= 17-bit x 17-bit single-cycle hardware fractional/ » Programmable digital noise filters on inputs

integer multiplier

= Single-cycle Multiply-Accumulate (MAC)
operation

= 40-stage Barrel Shifter

* Dual data fetch

* Alternate 16-bit Timer/Counter mode
* Interrupt on position counter rollover/underflow

Analog Features:

» 10-bit Analog-to-Digital Converter (ADC) with:
- 1 Msps (for 10-bit A/D) conversion rate
- Six input channels
- Conversion available during Sleep and Idle
* Programmable Brown-out Reset

© 2006 Micrachip Technology Inc. DS70118G-page 1



dsPIC30F2010

Special Digital Signal Controller
Features:

« Enhanced Flash program memory:

- 10,000 erase/write cycle (min.) for
industrial temperature range, 100K (typical)

« Data EEPROM memory:

- 100,000 erase/write cycle (min.) for
industrial temperature range, 1M (typical)

+ Self-reprogrammable under software control

» Power-on Reset (POR), Power-up Timer (PWRT)
and Oscillator Start-up Timer (OST)

+ Flexible Watchdog Timer (WDT) with on-chip low-
power RC oscillator for reliable operation

+ Fail-Safe clock monitor operation

*+ Detects clock failure and switches to on-chip low-
power RC oscillator

* Programmable code protection

* In-Circuit Serial Programming™ (ICSP™)
programming capability

» Selectable Power Management modes
- Sleep, ldle and Alternate Clock modes

CMOS Technology:

= Low-power, high-speed Flash technoiogy

+ Wide operating voltage range (2.5V to 5.5V)
* Industrial and Extended temperature ranges
* Low power consumption

dsPIC30F Motor Control and Power Conversion Family*

Device | Pins M:zgé;ty ?33:: EEB';:T i 'g';:‘ Coo;z;:m Cn:?ltt:;l A:D';:l;:“ 1‘:::’ E z fu g
Instructions PWM PWM =] =

dsPIC30F2010 | 28 | 12KMK | 512 | 1024 | 3 | 4 2 6ch | 6ch |[Yes |[1]1]1]-
dsPIC30F3010 | 28 | 24Kk/BK | 1024 | 1024 | 5 | 4 2 6ch | 6ch |Yes|1]1|1]-
dsPIC30F4012 | 28 | 48K/BK | 2048 | 1024 | 5 | a4 2 6ch | 6ch |Yes |[1]1)1]1
dsPIC30F3011 [40/44| 24K/BK | 1024 | 1024 | 5 | a4 4 6ch | 9ch |ves|2|1|1]-
dsPIC30F4011 |40/44| 48KMBK | 2048 | 1024 | 5 | a 4 6ch | 9ch |vYes|2|1|1|1
dsPICIOF5015 | 64 | 66K/22K | 2048 | 1024 | 5 | a4 4 Bch | 16¢ch |Yes |[1]2|1]4
dsPIC30F6010 | 80 | 144K/48K | 8192 | 4096 | 5 | 8 8 8ch | 16¢ch |Yes |2|2] 1|2
dsPIC30FG010A | 80 | 144KM8K | 8192 | 4096 | 5 | 8 8 Bch | 16ch |Yes |2 |2 1]2

* This table provides a summary of the dsPIC30F2010 peripheral features. Other available devices in the dsPIC30F
Motor Control and Power Conversion Family are shown for feature comparison.

DS70118G-page 2

© 2006 Microchip Technology Inc.



dsPIC30F2010

Pin Diagrams

28-Pin SDIP and SOIC

MCLR []1 287 Avop
EMUD3/ANO/VREF+/CN2/RBO [ 2 27[7 Avss
EMUC3/ANT/VRer-ICN3IRB1 3 2617 PWMIL/IREO

AN2/SST/LVDIN/ICN4/RB2 [ 4 259 PWM1H/RE1
AN3/INDX/CNS/RB3 5 & 247 PWM2L/RE2
AN4/QEAICT/CNBRB4 {6 3 23 PWM2H/RE3
ANS/QEB/CS/CNT/RBS [ 7 Q 22% PWM3L/RE4
vss []8 =1 211 PWM3H/RES
oscicLKl o ~ 20 Voo
QSC2/CLKORCIS 1o 2 1907 Vss
EMUD1/SOSCIHT2CK/U1ATXCNT/RC13 [ 11 o 18] PGC/EMUC/U1RX/SDIH/SDA/RF2
EMUC1/SOSCO/T1CK/UTARX/CNO/RC14 [ 12 17{] PGD/EMUD/UITX/SDO1/SCL/RF3
voo []13 160 FLTA/INTO/SCK1/QCFA/RES
EMUD2/QC2/IC2/INTZ/RD1 []] 14 150 EMUGC2/OC1/ICUINT1/RDO
28-Pin QFN
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National Semiconductor

LM78XX
Series Voltage Regulators

General Description

The LM78XX series of three terminal regulators is available
with several fixed output voltages making them useful in a
wide range of applications. One of these is local on card
regulation, eliminating the distribution problems associated
with single point regulation. The voltages available allow
these regulators to be used in logic systems, instrumenta-
tion, HiFi, and other solid state electronic equipment. Al-
though designed primarily as fixed voltage regulators these
devices can be used with external components to obtain ad-
justable voltages and currents.

The LM78XX series is available in an aluminum TO-3 pack-
age which will allow over 1.0A load current if adequate heat
sinking is provided. Current limiting is included to limit the
peak output current to a safe value, Safe area protection for
the output transistor is provided to limit internal power dissi-
pation. If internal power dissipation becomes too high for the
heat sinking provided, the thermal shutdown circuit takes
over preventing the IC from overheating.

Considerable effort was expanded to make the LM78XX se-

ries of regulators easy to use and minimize the number of
external components. It is not necessary to bypass the out-

put, although this does improve transient response. input by-
passing is needed only if the regulator is located far from the
filter capacitor of the power supply.

For output voltage other than 5V, 12V and 15V the LM117
series provides an output voltage range from 1.2V to 57V.

Features

8 Output current in excess of 1A

m Internal thermal overload protection

® No external components required

® Qutput transistor safe area protection

= Internal short circuit current limit

® Available in the aluminum TO-3 package

Voitage Range

LM7805C 5V
LM7812C 12v
LM7815C 15v

Connection Diagrams

Metal Can Package
TO-3 (K)
Aluminum

QUTPUT GND

INPUT
DS007746-2
Bottom View
Order Number LM7805CK,
LM7812CK or LM7815CK
See NS Package Number KC02A

Plastic Package
TO-220 (T)

[ ——— aurrur

——T T
— T

GND —+

DS007746-3
Top View
Order Number LM7805CT,
LM7812CT or LM7815CT
See NS Package Number T03B

© 2000 National Semiconductor Corporation DS007746

www.national_.com

slojeinbay abejjop saueg XX8ZINT



LM78XX

Schematic
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Absolute Maximum Ratings (Note 3 Maximum Junction Temperature
p

Military/Aerospace specified devices are required, (K Package) 150°C
lease contact the National Semiconductor Sales Office/ (T Package) 150°C
istributors for availability and specifications. Storage Temperature Range -65°C to +150°C
1put Voltage Lead Temperature (Soldering, 10 sec.)

(Vo = 5V, 12V and 15V) 35V TO-3 Package K 300°C
iternal Power Dissipation (Note 1) Internaily Limited TO-220 Package T 230°C
iperating Temperature Range (T,) 0'Cto +70°C

lectrical Characteristics LM78XXC ote 2)

2 £ T,<125°C unless otherwise noted.

Output Voltage 5v 12v 15v
Input Voltage (unless otherwise noted) 10V 19V 23V Units
ibol Parameter Conditions Min | Typ | Max | Min [ Typ [Max | Min | Typ [ Max
Output Voltage Ti=25C,5mA<ip<1A 48 5 52 (115 12 1251144 15 156 \
Po<15W,5mA < Iy < 1A 4.75 5251114 12.6 §4.25 15.75 \
Vi £ Vin € Vnax (7.5<V\y<20) (145 V< (17.5<sV < \
27) 30)
) Line Regulation lo = 500 Tj=25C 3 50 4 120 4 150 mV
mA
AV (7 < Vin<25) 14.5 < V| < 30) 175V« Vv
30)
0°'C <Tj<+125°C 50 120 150 mV
AV (8 sV <20) (15 <V £27) (185 <V < A
30)
lo<1A Tj=25C 50 120 150 my
AV (75SV<20) | (146<Vpu< (I77€Vy< Y
27) 30)
0°'C<Tj<+125'C 25 60 75 my
AV (8 <Vin<12) (16 sViy<22) | (20<V )y <26) v
. Load Regulation Tj=25C | 5mA<Is< 1.5A 10 50 12 120 12 150 mVy
250 mA LI < 25 60 75 my
750 mA
E5mA<Ig<S1A 0C<Tj< 50 120 150 [ mv
+125°C
Quiescent Current | Io < 1A Tj=25C 8 8 8 mA
0°'C<Tj<+125°C 8.5 85 8.5 mA
Quiescent Current | 5mA <5< 1A 0.5 0.5 05 mA
Change Tj=25C, Io < 1A 1.0 1.0 1.0 mA
Vimin € Vin € Vmax (75<Vy<20) | (14.8 <V)<27) (17.9< V< v
30)
Io <500 mA, 0°C < Tj< +125°C 1.0 1.0 1.0 mA
Viuin € ViN £ Vmax (7<Vin<25) | (14.5 £ V< 30) (17.5s V)< \Y
30)
Output Noise T, =25C, 10 Hz < <100 kHz 40 75 90 Y
Voltage
Ripple Rejection Io<1A, Tj=25C| 62 80 55 72 54 70 daB
N or
T f=120 Hz | I <500 mA 62 55 54 dB
0°C<Tjs +125°C
Vin € Vin £ Vimax 8<Vn<18) (15 £V <£25) (185 <V < \
28.5)
Dropout Voltage Tj=25C, lgyr = 1A 20 2.0 2.0 v
Output Resistance | f = 1 kHz 8 18 19 mel

3 www.national.com
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LM78XX

Electrical Characteristics LM78XXC (Note 2) (Continued)

- 0'C £ T, < 125°C unless otherwise noted.

Output Voltage 5V 12v 15V
Input Voltage (unless otherwise noted) 10V 19V 23V Units
Symbol Parameter Conditions Min | Typ | Max | Min | Typ [Max | Min | Typ [Max
Short-Circuit Tj=25C 2.1 1.5 1.2 A
Current
Peak Output Tj=25C 2.4 2.4 2.4 A
Current
Average TC of 0C<Tjg+125'C, I = 5 mA 0.6 1.5 1.8 mv/°C
VOUT
Vin Input Voltage
Required to Tj=25C, lo £ 1A 7.5 14.6 17.7 \%
Maintain

Line Regulation

Note 1: Thermal resistance of the TO-3 package {K, KC) is typically 4"C/W junction to case and 35°C/W case to ambient. Thermal resistance of the TO-220 package

(T) is typically 4°C/W junction to case and 50°C/W case to ambient.

Note 2: All characteristics are measured with capacitor across the input of 0.22 UF, and a capacitor across the output of 0.1pF. All characleristics except noise voltage
and ripple rejection ratio are measured using pulse techniques (, < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature must
be taken into account separately.

Note 3: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. For guaranteed specifications and the test conditions, see Elec-

trical Characteristics.

www.naticnal.com



‘ypical Performance Characteristics

laximum Average Power Dissipation

POWER DISSIPATION (W)

» T 153
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DS007748-5

eak Output Current
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Maximum Average Power Dissipation
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Output Voltage (Normalized to 1V at T, = 25°C)
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RIPPLE REJECTION (dB}

70

{=120 Hz

50 — VIN-VYouT =8 Vpe + 3.5 Vims ——

lour = 1A

T =25
L

J L |

50
L] 5 10 15 20 5

OUTPUT VOLTAGE (V)

DSe07746-10

www.national.com

XX8LW1



LM78XX

Output Impedance
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Dropout Characteristics
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Typical Performance Characteristics (continued)

Dropout Voltage
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’hysical Dimensions inches (milimeters) unless otherwise noted

0.940 —0.980
(23.88 — 24.89) [-—
DIA
0.800 - 0.815 0.250 —0.350
(20.32 -20.70) {6.350 — 6.890)

0.107 -0.123 ol

rzﬁrﬁmn—i
LA

* 0.445-0.522

{0.635) — o138 SEATING PLANE (11.30—13.26)
UNCONTROLLED LEAD OIA -0 —>l lf 0.036—0.043 T
MAX {0.965—1.092)
DIA TYP

0.420—0.440
(10.67-11.18)

0.151—D0.161

{3.835 - 4.089)

DiA TYP 0.970—1.050

s
RTYP 0.210-0.220
(5.334 —5.588) =
o 0.655—0.675
{16.64 —17.15)
1.177-1.197
(29.90 — 30.40)
KCO2A (REV G}

Aluminum Metal Can Package (KC)
Order Number LM7805CK, LM7812CK or LM7815CK
NS Package Number KC02A

www.national.com
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.240-0.260 e 0.330-0.350 ]
[6.10-6.50] f{8.38-8.89]
0.100-0.120 p 0 149-0.153
[2.54-5.05] |/ 7 [3.78-3.89]
f———"—""""0.090-0.110
+0.015
0.400 5 g5 _ —____ [220-279] 0.190-0.210
+0.38 - — -
[10.16 151 t l l [4.53‘5.35]

e 0.048-0.055 J
J 0.130-0.160 1vp [1.22-1.40)
PIN #1 1D [3.30-4.06] TYP

1.005-1.035 0.027-0.037
[
[25.53-26.29] [0.69-0.94]
TYP

70
° 0.525-0.555 0.015 10007 [p,38 20147
l "/\ ! /\P([w.u-uJo])_'j | o001 003

f— ..

LM78XX Series Voltage Regulators

0,175-0.185
[4.45-4.70]
t 0o-g° \JL/ +0.010 +0.25
0.048-0.052 — 0.105 _pq15 [2.67 Zi5y )
[1 22-1.32] SEATING PLANE
TAPERED
SIDES 1° 1030 (RCY L)

TO-220 Package (T)
Order Number LM7805CT, LM7812CT or LM7815CT
NS Package Number TO3B

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPQORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life
systems which, (a) are intended for surgical implant support device or system whose failure to perform
into the body, or (b) support or sustain life, and can be reasonably expected to cause the failure of
whose failure to perform when properly used in the life support device or system, or to affect its
accordance with instructions for use provided in the safety or effectiveness.

iabeling, can be reasonably expected to result in a
significant injury to the user.

National Semiconductor Natlonal Semiconductor National Semiconductor National Semiconductor
Corparation Europe Asla Pacific Customer Japan Ltd.
Americas Fax: +49 (0) 180-530 85 86 Response Group Tel: 81-3-5639-7560
Tel: 1-800-272-9859 Email: europe.support@nsc.com Tel: 65-2544466 Fax: 81-3-5639-7507
Fax: 1-800-737-7018 Deutsch Tel: +49 (0) €9 9508 £208 Fax: 85-2504466
Email: suppori@nsc.com English Tel: +44 (0) 870 24 0 2171 Email; ap.support@nsc.com

www.national.com Frangais Tel: +33 (0) 1 41 91 8790

Nationa! does nol assume any responsibility for use of any circuitry described, no dircuit patent ficenses are implied and Nationa! reserves the right at any time without nolice to change said arcuitry and speafications.




Philips Semiconductors Product specification

I
PowerMQOS transistors IRFP460
‘Avalanche energy rated

FEATURES SYMBOL QUICK REFERENCE DATA
* Repetitive Avalanche Rated d
» Fast switching Vpss = 500V
* Stable off-state characteristics
* High thermal cycling performance Ib=20A
» Low thermal resistance g
RDS(ON) S 0.27 Q
5
GENERAL DESCRIPTION PINNING S0T429 (TO247)
N-channel, enhancement mode PIN DESCRIPTION 5 5
field-effect power transistor, O
intended for use in off-line switched 1 gate
mode power supplies, T.V. and -
somputer monitor power supplies, 2 drain
d.c.tod.c. converters, motor control 2
sircuits and general purpose 3 source
switching applications.
tab |drain )
The IRFP460 is supplied in the 1 3
50T429 (T0O247) conventional
eaded package.
LIMITING VALUES
—imiting values in accordance with the Absolute Maximum System (IEC 134)
- SYMBOL | PARAMETER CONDITIONS MIN. MAX. UNIT
Voss Drain-source voltage T,=25"Cto 150°C - 500 \
: Voer Drain-gate voltage Tf =25°Cto 150°C; Rgs = 20 kQ - 500 v
Ves Gate-source voltage - +30 v
p Continuous drain current Tw= 25°C; Vgs=10V - 20 A
‘ T =1007C; Vgg=10V - 124 A
fom Pulsed drain current T =25°C - 80 A
Po Total dissipation T =25°C - 250 w
T Tag Operating junction and -55 150 C
storage temperature range
AVALANCHE ENERGY LIMITING VALUES
-imiting values in accordance with the Absolute Maximum System (IEC 134)
SYMBOL |PARAMETER CONDITIONS MIN. MAX. UNIT
E.s Non-repetitive avalanche Unclamped inductive load, I,5 = 20 A; - 1300 mJ
energy t, = 0.2 ms; T, prior to avalanche = 25°C;
Vob €50 V; Rgs =50 Q; Vs =10V
E.r Repetitive avalanche energy’ | I,z = 20 A; t, = 2.5 us; T, prior to - 32 mJ
avalanche = 25°C; Rgg =50 Q; Vg = 10V
Iag lar Repetitive and non-repetitive - 20 A
avatanche current

1 pulse width and repetition rate limited by T; max.

September 1999 1 Rev 1.000



Philips Semiconductors

Product specification

PowerMOS transistors IRFP460
Avalanche energy rated
THERMAL RESISTANCES
"SYMBOL | PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Rupjmb Thermal resistance junction - - 05 | KW
! to mounting base
Rija Thermal resistance junction |S0OT429 package, in free air - 45 - Kw
‘ to ambient
ELECTRICAL CHARACTERISTICS
T; = 25 "C unless otherwise specified
SYMBOL |PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Verpss | Drain-source breakdown Ves=0V; Ip =0.25mA 500 - - A
voltage
AV ggrypss / | Drain-source breakdown Vps = Vasi Ip = 0.25 mA - 0.1 - %/K
AT; voitage temperature
coefficient
Rpbsion Drain-source on resistance Vg =10 V; I, =10 A - 0.2 | 0.27 Q
Vasroy Gate threshold voltage Vps = Vgs: Ip = 0.25 mA 2.0 30 | 4.0 v
' Ors Forward transconductance |Vps=30V;Il3=10A 13 18 - S
loss Drain-source leakage current | Vps = 500 V; Vg =0V - 2 50 A
Vps =400 V; Vgs=0V; T, =125°C - 100 | 1000 | uA
lss Gate-source leakage cuirent |Ves =230 V: Vs =0V - 10 200 | nA
Qggtoty Total gate charge Ib=20A; Vpp=400V; Vg = 10V - 147 | 190 | nC
- Gate-source charge - 12 18 nC
Qqq Gate-drain (Miller) charge - 78 100 | nC
t4(om) Tum-on delay time Vop=250V; Rp =12 Q; - 23 - ns
% Tum-on rise time R;=39Q - 72 - ns
tiom Turn-off delay time - 150 - ns
4 Turn-off fall time - 75 - ns
Ly Internal drain inductance Measured from tab to centre of die - 3.5 - nH
Ly Internal drain inductance Measured from drain lead to centre of die - 4.5 - nH
L Internal source inductance  |Measured from source lead to source - 7.5 - nH
bond pad
Ciss Input capacitance Vs =0V, Vps=25V;f=1MHz - 3000 - pF
Coes Output capacitance - 480 - pF
rss Feedback capacitance - 270 - pF
SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS
I = 25 "C unless otherwise specified
SYMBOL |PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Is Continuous source current | T, =25C - - 20 A
(body diode)
lsp Pulsed source current (body | T, =25°C - - 80 A
diode)
Vsp Diode forward voltage Is=20A; Vgs=0V - - 15 Vv
t, Reverse recovery time Is = 20 A; Vg = 0 V; di/dt = 100 Alus - 900 - ns
Q, Reverse recovery charge - 15 - pcC
September 1999 2 Rev 1.000




Philips Semiconductors

Product specification

PowerMOS transistors
Avalanche energy rated

IRFP460

PD% Normalised Power Derating

120
110
100 ~
%0 ™
80
70 ™
\\
60 ~
50 \
40
30
\\
20 ~
10 N
0

0 20 40 60 80 100 120 140
Tmb/ C

Fig.1. Normalised power dissipation.
PD% = 100-Ppy/Pp 25 ¢ = f(Trs)

4 Z2th]-mb (KW) PHW20N50E
g ’ . ]
ED = 0.5 i
1 i
0.2 o :
0.1 ';011; E ;‘ . L
[0.05 z £ :
F0.05 = i .
13 e 1] , T - i
- : " -
0.01 o LM (B4 ¢ D=0T]
. M e #
ingle pulse[ 11T = jﬂ_’ i
1 ro T e &
N T

1E06 1E05 1E-04 1E-03 1E-02 1E-01 1E+00 1E+01
Pulse width, tp (s)

Fig.4. Transient thermal impedance.
Zonmp = [t), parameter D = t /T

D% Normalised Current Derating

120

110

100
90 [
80
70
60 ~
50
40

30

20 N\
10
0

0 20 40 60 80 100 120 140
Tmb/ C

‘ Fig.2. Normalised continuous drain current.
' ID% = 100-Iy/lp 55 - = (T, ); conditions: Vg > 10 V

Drain Current, ID (A) PHW20NS0E
20 -
1g |TI=25C ves=1Qv -~
16 8V
14 =
12 // Za SV
10
| Z 1BV
8 ) —
6 Yy
4 4.2V
2 4V
0
0 1

2 3 4
Drain-Source Voltage, VDS (V)

Fig.5. Typical output characteristics.
Ip = f(Vs); parameter Vg

100 Peak Pulsed Drain Current, IDM (A) PHW2ONSOE
tp = 10 us3
- =T
S N At —
10 ™~ DR T~ 7 <J100us | |
iy ~ I~ 1 msTH
~RDS(on) = VDS/ ID — - ]
d.c. ~ . 10 ms
1 == 100 ms-
0.1
10 100 1000

Drain-Source Voltage, VDS (V)

Fig.3. Safe operating area. T, =25 ‘C
Ip & Ioy = f{(Vios); Iow Single pulse; parameter t,

5 Drain-Source On Resistance, RDS{on) (Ohms) PHW20NS0E

wav] asv |l Tj=p5C
44V 48V |5V
0.45
0.4
0.35 /

0.3 /// /// 4 VGS=6V
A -
0.25 == — v~

0.2
0 2 4 4 16 18 20

6 8 10 12
Drain Current, iD (A)

Fig.6. Typical on-state resistance.
Rosiony = KIp); parameter Vg
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Philips Semiconductors

Product specification

PowerMOS transistors
Avalanche energy rated

IRFP460

Drain current, ID (A} PHW20NS0E
VDS >JD XR (ON) /

25

20 //
1 50C 7 s
10 /// n=rc
5 7

./
0 1 2 3 4 5 6 T 8
Gate-source voltage, VGS {V)

30

Fig.7. Typical transfer characteristics.

VGS(TO) /v

-
ey nax.

Il

oo
i

60 40 20 0 20 40 60 80 100 120 140
T/ %¢

Fi%)m. Gale threshold voltage.
j

Ip = f(Vss); parameter T, Visso) = (1)), conditions: I = 0.25 mA; Vg = Vs
iD/A SUB-THRESHOLD CONDUCTION
29 _Transconductance, gfs (S) PHW20NSOE 1E-01
48 | VDS > ID K RDS(ON /ﬁ /r F 7
Tj=25C 1E-02 £ -
| 18 __j,,-——‘ —= 7 F— =
i 14 o 150-C ']' f' i ,/’
12 // == T =TT 1E-03 - 2% 8
10 == ;
/{ L~ i 7
8 Va 16-04
17 = F f
i 4 7/ 7
1 2 y/ 1E-05
0 > 7
i .
0 5 10 15 20 25 30 1E-06
0 1 2 3 4
Drain current, 1D {A) VGS /v
Fig.8. Typical transconductance. Fig.11. Sub-threshold drain current.
g = f{lp); parameter T, Ip = {Vgs, conditions: T, = 25 °C; Vg = Vg
a Normalised RDS{ON) = [(Tj}
Capacitances, Ciss, Coss, Crss (pF) PHW2GNS50E
A 10000“ - R— [ S g
2
L =3 \:-_-'- CissTTT]
1 \\ !
I~
1 ~ 1000 ‘*}-
//
T
el M Coss |||
I
™ Crss.“"
0 100 L
60 40 -20 0 20 40 60 80 100 120 140 0.1 1 10 100

e

Fig.9. Normalised drain-source on-state resistance.

@ = Rosiony/Rosiones ¢ = (T) 1o = 10A; Vs = 10 V

Drain-Source Voltage, VDS (V)

Fig.12. Typical capacitances, C,,, C, Crgs
C = f{Vps); conditions: Vgs =0 V: f=1MHz
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Philips Semiconductors Product specification

PowerMOS transistors IRFP460
Avalanche energy rated

Source-Drain Diode Current, IF {A) PHW20NSOE
Gate-source voltage, VGS (V) PHW20NS0E s vés=ov it ~
14 Lo = 208 = 45 ] £
£ S = 40 z
12 {11=25¢C 300V Pz -/
1 o = 35 4
10 0 30 Wi
9 200V— & 7
H A 25 Eod -
7 72" VDD = 400 V A/ tidas¢
6 L 20 =
5 II 15 '..‘ /]
4 , A
2 ? "
1 : P
0 i 0 -
0 25 50 75 100 125 150 175 200 0 0.10203040506070809 1 111213 1415
Gate chargs, QG (nC) Drain-Source Voltage, VSDS (V)
Fig.13. Typical turn-on gate-charge characteristics. Fig.16. Source-Drain diode characteristic.
Ves = (Qg); parameter Vs I = {(Vsps); parameter T,
c00 Switching times, td{on), tr, td{off), tf (ns} PHW20NSOE 100 Non-repetitive Avalanche current, IAS (A)
tdjoff)
500 —r=
. Tj prior to avalanche = 25 C{{Hi
400 =—F :
- \ ™ M
300 o 10 = e
200 - tr, tf Hws  [] 125¢ :
. ’ -—-v'-""" ™ ] ‘—‘_‘_g - b
- | — _
100 . — L —tdton)— L adl]
T o_ /N PHW20N50E
0 1 b v ity |
0 5 10 15 20 25 30 1E-06 1E-05 1E-04 1E-03 1E-02
Gate resistance, RG (Ohms) Avalanche time, tp (s}
Fig.14. Typical switching times; tyen, t, tyom & = f(Rg) Fig.17. Maximum permissible non-repetitive
avalanche current (l,s) versus avalanche time (t,);
unclamped inductive load
115 Normalised Drain-source breakdown voltage
VEBRDSS@T Maximum Repetitive Avalanche Current, AR (A}
V(BRIDSS @ 25 C 100 - . e
! 1.4 H
: 1.05 / " mall :I’j prior to avalanche = 25 C [ |||
' 1 7 125C. 2
\ \N.._.
0.95 1
09 PHW20N50 T
01 L1l l!
0.85 1E-06 1E-05 1E-04 1E-03 1E-02
100 50 0 50 100 150 -
Tj, Junction temperature (C) Avalanche time, tp (s)
Fig.15. Normalised drain-source breakdown voltage; Fig.18. Maximum permissible repetitive avalanche
Visrioss’Visrinss 25 ¢ = {(T}) current (I.5) versus avalanche time (t,)
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Philips Semiconductors

Product specification

PowerMOS transistors

Avalanche energy rated

IRFP460

MECHANICAL DATA

Plastic single-ended through-hole package; heatsink mounted; 1 mounting hole; 3-lead TO-247 SOT429

'
——
 — —

— A~
A
1™ ™ t
jB
11
J . _.JI -
- - — — <
f——1
ed ]
-=l g |=
Ll
Q 10 20 mm
[FETFFRETET STRRRNEUIR)
scale
DIMENSIONS {mm are the original dimensions)
unt| A | Ay [ b By [y | c|D|Ele L | Plia|la|rR|s|w[Y|[ea]|6s
53 1.9 12 | 22 | 32 | 09 21 16 16 4.0 a7 286 35 7.5 15.7 6° 17°
mm 4.7 1.7 08 |18 | 28 | 06 20 15 5.45 15 36 33 24 53 3.3 7.1 a4 153 4° 13°
Note
1. Tinning of terminals are yuncontrolled within zone L4.
REFERENCES
OUTLINE EUROPEAN
VERSION IEC JEDEC EIAJ PROJECTION ISSUE DATE
-08-04-07
sQT428 TO-247 == @ 99.08.04

Fig.19. SOT429; pin 2 connected to mounting base

Jotes

. Observe the general handling precautions for electrostatic-discharge sensitive devices (ESDs) to prevent

damage to MOS gate oxide.
!. Refer to mounting instructions for SOT429 envelope.

). Epoxy meets UL94 VO at 1/8".

September 1999

Rev 1.000



Philips Semiconductors Product specification

PowerMOS transistors IRFP460
Avalanche energy rated

DEFINITIONS

Data sheet status

Objective specification | This data sheet contains target or goal specifications for product development.
Preliminary specification | This data sheet contains preliminary data; supplementary data may be published later.
Product specification This data sheet contains final product specifications.

Limiting values

Limiting values are given in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one
or more of the limiting values may cause permanent damage to the device. These are stress ratings only and
operation of the device at these or at any other conditions above those given in the Characteristics sections of
this specification is not implied. Exposure to limiting values for extended periods may affect device reliability.

Application information
Where application information is given, it is advisory and does not form part of the specification.
© Philips Electronics N.V. 1999

. All rights are reserved. Reproduction in whole or in part is prohibited without the prior written consent of the
copyright owner.

' The information presented in this document does not form part of any quotation or contract, it is believed to be
accurate and reliable and may be changed without notice. No liability will be accepted by the publisher for any
consequence of its use. Publication thereof does not convey nor imply any license under patent or other
industrial or intellectual property rights.

LIFE SUPPORT APPLICATIONS

fhese products are not designed for use in life support appliances, devices or systems where malfunction of these
yroducts can be reasonably expected to result in personal injury. Philips customers using or selling these products
‘or use in such applications do so at their own risk and agree to fully indemnify Phitips for any damages resulting
‘rom such improper use or sale.

September 1999 7 Rev 1.000



MUR180E, MUR1100E

MUR11 DDE is a Preferred Device

SWITCHMODE™
Power Rectifiers

Ultrafast “E” Series with High Reverse
Energy Capability

... designed for use in switching power supplies, inverters and as

free wheeling diodes, these state—of-the—art devices have the
following features:

10 mjoules Avalanche Energy Guaranteed

Excellent Protection Against Voltage Transients in Switching
Inductive Load Circuits

Ultrafast 75 Nanosecond Recovery Time

175°C Operating Junction Temperature

Low Forward Voltage

Low Leakage Current

High Temperature Glass Passivated Junction

Reverse Voltage to 1000 Volts

Mechanical Characteristics:

® Available Tape and Reeled, 5000 per reel, by adding a “RL” suffix to

Case: Epoxy, Molded

Weight: 0.4 gram (approximately)

Finish: All External Surfaces Corrosion Resistant and Terminal
Leads are Readily Solderable

Lead and Mounting Surface Temperature for Soldering Purposes:
220°C Max. for 10 Seconds, 1/16” from case

Shipped in plastic bags, 1000 per bag

the part number
Polarity: Cathode Indicated by Polarity Band
Marking: MUR180E, MUR1100E

MAXIMUM RATINGS

ON Semiconductor®

http://onsemi.com

ULTRAFAST
RECTIFIERS
1.0 AMPERES
800-1000 VOLTS

AXIAL LEAD
CASE 059-10
PLASTIC

MARKING DIAGRAM

g MURIX0E | ¢

MUR1x0E = Device Code
X =8o0r10

ORDERING INFORMATION

Device Package Shipping

Rating Symbol Value Unit
Peak Repetitive Reverse Voltage VRRM Vv
Working Peak Reverse Voltage VRwM
DC Blocking Voltage MUR180E Vr 800
MUR1100E 1000
Average Rectified Forward Curmrent IF(av) 10@ A
{Note 1.) {Square Wave Mounting Tp =95°C

Method #3 Per Note 3.)

MUR180E Axial Lead 1000 Units/Bag

MUR180ERL Axial Lead 5000/Tape & Reel

Non-Repetitive Peak Surge Current Fsm 35 A
{Surge applied at rated load conditions,
haliwave, single phase, 60 Hz)

MUR1100E Axial Lead 1000 Units/Bag

MUR1100ERL | Axial Lead 5000/Tape & Reel

Operating Junction Temperature and Ty, Tayg -65to °C
Storage Temperature Range +175

1.

Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0%.

August, 2002 - Rev. 1

Preferred devices are recommended choices for future use
and best overall value,

Publication Order Number:
MUR1B0E/D




MUR180E, MUR1100E

THERMAL CHARACTERISTICS

Rating Symbol Value Unit
Maximum Thermal Resistance, Junction to Ambient Raia See Note 3. *CW
ELECTRICAL CHARACTERISTICS
Maximum Instantaneous Forward Voltage (Note 2.) VE Volts
(ir = 1.0 Amp, ¥; = 150°C) 1.50
(ir = 1.0 Amp, T3 = 25°C) 1.75
Maximum Instantaneous Reverse Current (Note 2.) iR pA
(Rated dc Voltage, T = 100°C) 600
(Rated dc Voltage, T, = 25°C) 10
Maximum Reverse Recovery Time ter ns
(I = 1.0 Amp, di/dt = 50 Amp/us) 100
(lg = 0.5 Amp, ig = 1.0 Amp, Igec = 0.25 Amp) 75
Maximum Forward Recovery Time ter 75 ns
(I = 1.0 Amp, di/dt = 100 Amp/us, Recovery to 1.0 V)
Controlled Avalanche Energy (See Test Circuit in Figure 6) WavaL 10 mJ

2. Pulse Test: Pulse Width = 300 ps, Duty Cycle < 2.0%.

http:l]ﬁnsénii.f:om
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iF, INSTANTANEOUS FORWARD CURRENT (AMPS)

PF(Av): AVERAGE POWER DISSIPATION (WATTS)

MUR180E, MUR1100E

ELECTRICAL CHARACTERISTICS

20 1000
10 , T 100
V4 -
| y.Wa'a s "
50 VA o
i/ 2
30 / / & +
Ty=175°C 25°C &
[+ s
20 /‘ // = o
/ ARy
10 A 0.01
11
0.7 I I
05 ll / ll
03 / /
0.2 17
AT g
s
0.1 ’1 ri i <
5 40
0.07 A / &
o
0.05 /1 / 3
T 2 w0
1711/ 2
0.03
I l / o 20
L
0.02 1 g
I w10
o
0.01 &
03 05 07 09 11 13 15 17 19 21 23 £
v, INSTANTANEOUS VOLTAGE (VOLTS)
Figure 1. Typical Forward Voltage
5.0 T T T T Y 20
' 10 /]| 50
™ (CAPACITIVE LOAD)i-P—K -2 7
40| N f—i
// T 10
3.0 7 /—l :u;
[ Ty=175°C J ] 270
5
<T
. 50
20 7 77| sauarEwaE | E
/ L o
1.0 -
S 30
0 2.0
0 05 1.0 15 20 25

Irav;, AVERAGE FORWARD CURRENT (AMPS)
Figure 4. Power Dissipation

Ty=

175°C

100°C = =

— el

] | -

2500

0 100 200 300 400 500 600 700 800 900 1000
Vi, REVERSE VOLTAGE (VOLTS)

Figure 2. Typical

Reverse Current”

* The curves shown ase typical for the highest vollage device in the
grouping. Typical reverse current for lower voltage selections can be
estimated fram these same curves if Vg is sufficiently below rated Vi,

RATED Vg

Rega = 50°CW

SQUARE WAVE

N

N

0 50 100

150 200

Ta. AMBIENT TEMPERATURE {°C}

Figure 3. Current Derating
{Mounting Method #3 Per Note 1)

250

l

Ty =25°C —

P—]

0 10 20

30 40

Vg, REVERSE VOLTAGE (VOLTS)
Figure 5. Typical Capacitance
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MUR180E, MUR1100E

NOTE 3. — AMBIENT MOUNTING DATA

Data shown for thermal resistance junction to
ambient (Rgja) for the mountings shown is to be
used as typical guideline values for preliminary
engineering or in case the tie point temperature
cannot be measured.

TYPICAL VALUES FOR Rgja IN STILL AIR

Mounting Lead Length, L
Method 1/8 174 | 172 Units
1 | 52 65 72 | °CwW
2 Reya 67 80 87 | *C/W
3 50 °CIW

MOUNTING METHOD 1

Ry

MOUNTING METHOD 2

T
._L,.{ |&L_.

Vector Pin Mounting

MOUNTING METHOD 3

— —

.
l\\

* ™~ Board Ground Plane

P.C. Board with
1-1/2” X 1-1/2” Copper Surface

httbﬁl'lbnser.h.i..r':om
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MUR180E, MUR1100E

PACKAGE DIMENSIONS

MINI MOSORB
CASE 59-10
ISSUE S

_.J L B NOTES:

. DIMENSIONING AND TOLERANCING PER ANS|

Y14 5M, 1982

CONTROLLING DIMENSION: INCH.

58-04 OBSOLETE, NEW STANDARD 59-09.

58-03 OBSOLETE, NEW STANDARD 59-10.

. ALL RULES AND NOTES ASSOCIATED WITH
JEDEC DO-41 QUTLINE SHALL APPLY

. POLARITY DENOTED BY CATHODE BAND.

. LEAD DIAMETER NOT CONTROLLED WITHIN F
F DIMENSION.

-h

;e

-~

INCHES MILLIMETERS
MIN MAX MIN | MaX
0.151 | 0.205 4.10 520
0079 | 0106 200 270
0028 | 0.034 071 0.86
— | 0.05¢ — 127
1.000 — i 2540 -—

>

x-numbg

=

hﬁp:l/onsemi.com -
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MUR180E, MUR1100E

Notes

hﬂp:l;'onsémi.com '
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MUR180E, MUR1100E

SWITCHMODE is a trademark of Semiconductor Components Industries, LLC.

g

ON Semiconductor and u are registered trademarks of Semiconductor Components Industries, LLC (SCILLC). SCILLC reserves the right to make
changes without further notice to any products herein. SCILLC makes no warranty, representation or guarantee regarding the suitability of its products for any
particular purpose, nor does SCILLC assume any liability anising out of the application or use of any product or circuit, and specifically disclaims any and ail
liability, including without limitation special, consequential or incidental damages. “Typical” parameters which may be provided in SCILLC data sheets and/or
specifications can and do vary in different applications and actual perfformance may vary over time. All operating parameters, including “Typicals” must be
validated for each customer application by customer’s technical experts. SCILLC does not convey any license under its patent rights nor the rights of others.
SCILLC products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other applications
intended to support or sustain life, or for any other application in which the failure of the SCILLC product could create a situation where personal injury or death
may occur. Should Buyer purchase or use SCILLC products for any such unintended or unauthorized application, Buyer shall indemnify and hold SCILLC
and its officers, employees, subsidianes, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attomey fees
arising out of, directly or indirectly. any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that
SCILLC was negligent regarding the design or manufacture of the part. SCILLC is an Equal Opportunity/Affirmative Action Employer.

PUBLICATION ORDERING INFORMATION

Literature Fulfiliment: JAPAN: ON Semiconductor, Japan Customer Focus Center
Literature Distribution Center for ON Semiconductor 2-8-1 Kamimeguro, Meguro—ku, Tokyo, Japan 153-0051
P.0O. Box 5163, Denver, Colorado 80217 USA Phone: 81-3-5773-3850
Phone: 303—675-2175 or 800-344-3860 Toll Free USA/Canada Email: r14525@onsemi.com

Fax: 303-675-2176 or 800—-344-3867 Toll Free USA/Canada . , X )
Email: ONIit@hibbertco.com ON Semiconductor Website: http://onsemi.com
For additional information, please contact your local

N. American Technical Support: 800-282--9855 Toit Free USA/Canada Sales Representative.

'MUR180E/D



TOSHIBA TLP550

TOSHIBA Photocoupler Infrared LED + Photo IC

Degital Logic Isolation Unit in mm
Line Receiver Feedback Control
Power Supply Control Sl
Switching Power Supply
Transistor Invertor

TLP550 constructs a high emitting diode and a one chip photo diode— =
transistor. 12015
TLP550 has no base connection, and is suitable for application at noisy 05101
environmental condition.
This unit is 8-lead DIP package. 2541025

25MIN|

@ [solation voltage: 2500 Vrms {min.)
® Switching speed: tpHL, tpLLH = 0.5us {typ J(RL=1.9 kQ) 110ce
® TTL compatible
[ 4

UL recognized: UL1577, file No. E67349 TOSHIBA 11-10C4
Weight: 0.54 g

Pin Configuration (top view)

10 18 1:N.C.
2 : Anode
2 [ X 17 3 : Cathode
/' 4:N.C.
5 : Emitter
34 16 6 : Collector
7 :N.C.
4 [15 8 : Cathode
Schematic
lcc
‘—
| Voo
F 8
2 O_—’i /}
VFT j lo
3 . Vo
6
GND
S

1 2002-09-25



Maximum Ratings (Ta = 25°C)
Characteristic Symbol Rating Unit
Forward current {Note 1) g 25 mA
Pulse forward current (Note 2) Irp 50 mA
Peak transient forward
@ current (Note 3) IFPT 1 A
Reverse voltage VR 5 \'
Diode power dissipation
(Note 4) Pp 45 mw
Qutput current lo 8 mA
Peak output current lop 16 mA
[s]
'g Supply voltage Vee -0.5~15 \Y
& | Output voltage Vo —0.5~15 v
Output power dissipation
(Note 5) Po 100 mw
Operating temperature range Topr -55~100 °C
Storage temperature range Tsig -55~125 °C
Lead solder temperature (10s) Tsol 260 °C
Isclation voitage
(AC, tmin., RH. = 40~60%) Note )]  BVS 2500 vims

{Note 1) Derate 0.8mA above 70°C.

{Note 2) 50% duty cycle, 1ms pulse width.
Derate 1.6mA / °C above 70°C.

{Note 3) Pulse width 1us, 300pps.

(Note 4) Derate 0.9mW / °C above 70°C.

{Note 5) Derate 2mW / °C above 70°C.

2002-09-25



TOSHIBA TLP550

Electrical Characteristics (Ta = 25°C)

Charactenistic Symbol Test condition Min. Typ. Max. Unit
Forward voltage VE I =16 mA 1.45 1.65 1.85 Vv
Forward voltage _ N
o | temperature coefficient AVp/ATa  [If = 16 mA - -2 = |mv/*C
w
=1 | Reverse current Ir VR=5V — —_ 10 pA
Capacitance between _ _
terminal Cr VF=0,f=1MHz — 60 — pF
loH (1) IF=0mA, Vec=Vo =55V — 3 500 nA
. 1High level output loH (2) IF=0mA, Vcg=Vo =15V — _ 5 HA
‘3 current IF=0mA,V, Vo=15V
g F=0mA Vcc=Vo= — —
8 lOH Ta=70°C 50 IJA
High level suppl
vo‘ftage PRl lccH IF=0mA,Vcc =15V - 0.01 1 pA
Ta=25°C 10 30 —
IF = 16 mA [Rank:0 ] 19 30 -
Current transfer ratio lo!F Vee=45V %
Vo=04V Ta =0~70°C 5 —_ -
[Rank:0 | 15 — —
3
a IF=16mA, Ve =45V
3 [Sow level output Voo |lb=1.1mA — | = | oa | v
9 (rank 0: Io = 2.4mA)
- ~60° =
Isolation resistance Rg RH. =40~60%, V = 1kv D((:N ote 6) — 1012 —_ 4]
Capacitance between _ _
input to output Cs V=0,f=1MHz — 0.8 — pF

Switching Characteristics (Ta = 25°C)

Characteristic Symbol Test Condition Min. Typ. Max. Unit
. . IF=0— 16 mA, Voo =5V, RL = 4.1 k{2 — 0.3 0.8
Propagation delay time \
(H—v L) pHL Hs
{Note 7)| Rank 0: R =1.9kQ — 0.5 0.8
. IF=16—0mA, Voc =5V, RL=4.1k} — 1.0 20
Propagation delay time
(L~ H) toLH bs
{Note 7)| Rank 0: R = 1.9k} - 0.6 1.2
Common mode transient 'F=0mA, Vem =200V,
immunity at high output CMH RL = 4.1k} (rank 0: R_ = 1.9kQ) — 1500 —_ V /us
level (Note 8
Common mode transient IF =16 mA, Vo =200 Vp 5
immunity at low output CmL RL = 4.1k (rank 0: R = 1.9 k}) —_ —1500 — V /us
level {Note 8

3 2002-09-25




‘TOSHIBA

TLP550

{Note 6) Device considered two—terminal device: Pins 1, 2, 3 and 4 shorted together and pin 5, 6, 7 and 8 shorted together.

{Note 7) Switching time test circuit.

Pulse , IF Vee=5V
input l II E‘_"
Pw=100us — 121714 {7 3R
Duty ratio=1/10 }
I monitor 3 6] — Vo
g 4 5 Output
v monitor

(Note 8) Common mode transient immunity test circuit.

[I :8]_1 Vee=5V

b——o0

" o*—fzg 7 iR

:5]'_]‘_0 Vo

o——¢—]3]
m Output
monitor
Pulse gen
Z2o=500
160 (V) 160 (V)
H= =

t{us) tr (us)

IF S
0 ————
Vo —
1.5V ‘]l
tpHL toLH
» p 1p
" \ o0 200V
Vom \ 10%
_7 " oy
i M
Vo 5V
(r=0mA) N/ b,
——— 0.8V
VO \ Vo|_
(Ir= 16mA)

(Note 9) Maximum electrostatic discharge voltage for any pins: 100V (C = 200pF, R=0)

5V

1.5V
VoL

2002-09-25



TOSHIBA

TLP550

Current transfer ratio

IF (mA)

Forward current

loH (bA)

High leve! output current

o/ Ig (%)

Ir—VF
100
Ta=25°C
50 s
30 "
1
5 F
7
[
1
0.
0.3 Il
0.1 :l
0.05 F
0.03 ri
0.01 I
1.0 1.2 1.4 16 1.8 20
Forward voltage VE (V)
loH (1) ~Ta
300| y,
, /[
¥ 4
F 4
7
30 /
10 /
y 4
v
3 V4
1 =
0.
0 40 80 120 160
Ambient temperature Ta (°C)
lo/lg—-If
100
Vec =5V
Vo =04V
50
30
Ta=-25C 1. A" —
2 e
L idrooc A
10
N
S
5 25°C
3
03 05 1 3 5 10 30 50
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TOSHIBA TLP550

RESTRICTIONS ON PRODUCT USE cogzorEAs

* TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor

devices in general can malfunction or fail due to their inherent electrical sensitivity and vuinerability to physical
stress. It is the responsibility of the buyer, when utilizing TOSHIBA products, to comply with the standards of safety
in making a safe design for the entire system, and to avoid situations in which a malfunction or failure of such
TOSHIBA products could cause loss of human life, bodily injury or damage to property.
In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as
set forth in the most recent TOSHIBA products specifications. Also, please keep in mind the precautions and
conditions set forth in the “Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability
Handbook” etc..

« The TOSHIBA products listed in this document are intended for usage in general electronics applications (computer,
personal equipment, office equipment, measuring equipment, industrial robotics, domestic appliances, etc.). These
TOSHIBA products are neither intended nor warranted for usage in equipment that requires extraordinarily high
quality and/or reliability or a malfunction or failure of which may cause loss of human life or bodily injury
(*Unintended Usage”). Unintended Usage include atomic energy control instruments, airplane or spaceship
instruments, transportation instruments, traffic signal instruments, combustion control instruments, medical
instruments, all types of safety devices, etc.. Unintended Usage of TOSHIBA products listed in this document shall
be made at the customer’s own risk.

» The information contained herein is presented only as a guide for the applications of our products. No responsibility
is assumed by TOSHIBA CORPORATICN for any infringements of intellectual property or other rights of the third
parties which may result from its use. No license is granted by implication or otherwise under any intellectual
property or other rights of TOSHIBA CORPORATION or others.

+ The information contained herein is subject to change without notice
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MITSUBISHI SUPER LINE THREE PHASE INDUCTION MOTOR

1HP 4 POLE TYPE SF-JR
HERTZ 50 FRAME 80M
VOLT 220 380 RATING CONT
AMP 3.4 2.0 INS CLASS B
RPM 1400 AMB TEMP 40 C
JS§ C 4004 BREARING  6204-6203 ZZ
JP 44 JC 4 SERIAL
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