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ABTRACT

This_project proposes the principle of a 3-phase PWM ac-ac matrix
converter for a 3-phase induction motor drive. The Matrix Converter has only one
procedure directly from alternating current to alternating current(AC-AC), no DC-link.
The electric power flows from supply to maotor and motor to supply directly. It is
different from .conventional converter which converts two procedures and has DC-
link to connect two parts together. The Matrix Converter uses 9 units of IGBT - diode
that is bidirectional switch as a main power switching device. it can directly convert
utility 3 phases sinusoidal supply voltage and frequency into variable frequency and
variable voltage, controlled by a micracontroller C2000 Delfino F28377S to generate
PWM signals, using indirect space vector modulation technigue. The result test with
three phases resistance load and three phases induction motor by adjust the output
frequency and switching frequency. The relation between output voltage and output
frequency are direct variation. And-output voltage is about 86.6% of input voltage

which based on the theory.
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Nameplate induction motor

power 0.2 kw
Voltage 200 v
Current 1.26 A
pole q poles
Frequency 50 Hz
Full load speed 1430 rpm




v " ¥ = . ‘
2.2 vann1sAuANAIINIsUABULTIAULaZANA  ( Variable Voltage, Variable

Frequency )

v

a dyvwo o w ¢ o o o va
LﬂULﬂﬂUﬂVﬁﬂﬂﬂ‘umLL‘WﬁﬁWiﬂJ']331W3Uﬂ75ﬂ'§3~|ﬂ‘1}uﬂLWEI?L'WUEJ'JU'] ‘U\Tﬂﬁﬂl’ﬁau

U

¢ & w ) P v & v o o v Y
L’J@LWE}TLUUWQV’T}UF}MLL?Q@ULLa%ﬂ?WNﬂV]’N@?uLa’]VW\‘W]!LﬂLUu"LUﬂr]NVlmﬂﬂﬂﬁlima\jwaﬂﬂ’ﬁ

AUANANNSITOUNBIADS
nsuUsz@ndnmuasanusiamesasiUasununisiuasunuaininuin

Falasdavesauuuwmanlutasineoiniafiod senindiuan asuaslsines dansilasy

u

AuLSHIalasaatunsavinlalaenisideumiudvesduiefines n1sifiuainudived
:J o -:J n‘ = L3 1 =l du o o 1
vawesinilenilnen1sidsuaiiudessduliedinesegraieadasyi liauiuudivgnly

19971901N1AYDINDLADTANAINIE VINANAITH - 2.2

E =4.44Nfp

S
NN

Wendndderinammanasasviliussingsdnvemamosanasudlunisioy

3

fnwauwimanlutesinseanidnazusslagegalinmindudeafiuisiuonnves

a s ¢ d d o o W& V v oo w a o &
BULIBINDINTUATIUALNDINWIANUAUNUSUDY — lﬁﬂ\ﬁﬂLW@IﬂLLiQUﬂ@Qq@]ﬂ\?WUULB\T

2.3 NnufuazuannITineIuYasLAsndAouLIasINDS

dacaa ¢

Naswmindnouneiines gnadistuiie faduneuiddase  OC k)
oonlUiilosmnszuuilifuegtiagtiunsiimsutamdarlings 2 fuseufomsutasan
AC \lu DC uazan DC i AC dnfuilaannsgaydandnulmibanniusiddiuning
pouLIBSINDS WatgUndruliimdsifivsduneudsaie msutamdnuan AC 1u AC

1) o a ¢ ¢ ¢l -] - Y] ] a a
wzazdunsidiunindreuneiinesiigadsrasindnie euduugadszaviamues

9
ala 4 r =

2IATAAINFITU uanNT 2easiumdndsianan SeaansoAundnuaindiulan e

@

Auazanludaivussqitasenismendnuiieiisnasfarsafiifdfdunurualng

Y
o @ = @ =]

YRUIRMIRnNasUiazsasunsiivazauasslvlandiulvan



Vi L VO
@ ;- C, N A
' ‘+ R Matrix N P
"'—{ 9 '2' Z-L > * Phase
& ¢ e T _| Converter C .| Loed
AAAAAAALL
Sy -Sg
NG
- Voltage V¥
- Sensor r= Gate Drive Circuit
3 r - 4
gl-g9
Microcontroller

] & N F ¢ D
EUVI i ‘Uaaﬂlﬂﬂ3LLﬂill’U@\?Luﬂﬁﬂ‘ﬁﬂﬂunaimai

2.4 gunsefndnitldlunissineu
2.4.1 lulaspeulnsa@es C2000 (TMS320F28377S)
C2000 ﬁa‘?famzqa"miﬂsﬂauimaLaﬂ% 32 0% 910 Texas Instruments Inc.

2

WWaAA DSP, Microcontroller wavlo@ii19q lng Texas Instruments Iéimuadonsynaidu
eminsvaslulasaeulnsaiaaiiiu Real-time 31 C2000 Fagnaalvidiu Digital Signal
Controller (DSC) mnifunszaduitlafly C2000 1w C5000 w3w C6000 avgninliariy
mszna Digital  Processor  (DSP) ﬁLﬁu‘l*ﬁmuUasmamaﬁmzywmﬁ%mamﬂudau‘lmpjrﬁu
Uszinanadfle uazaauinmefidudu lulnsnoulnsamedadniiDurindiamnings &
Tassarandudou aunsaUsznanafifudenlunismuaussuuuuudsalndld frons

o o aa e a
5')1]3/]@@313'1'518ﬂLLﬁgﬂﬂﬁﬂﬁﬂBUIﬂiﬂiﬂUQUﬂ‘i VUL



10

LATNGHXL P67 P g | [ — juvcimL e e mep LAUNCHXL-F28377S LASNGHLFS63778 P map | BoomterTack standcd | LAIRYCHTL 1383778 P map
| |

i i
g (e} 2 B
T i|UART o S5 '

MISO) ‘
f
. 3l i
tesorved J DACI i
et Reserved DAC. m D T p7R
H T 1
H H |
! i i 1
H
| t
SCIB RXD [ =
SCIB | UAK TX (+—pacw) ; v
i 4 !
1 T
| 0
P! piso)
j
T f H
> Rosorved DAC3
il 2 ' R
i orve DACY ¥ - i

Ui 2.3 Tassaduazwosvves C2000

Ul 2.4 C2000 F283775

mswanszuvlulasreulnsaassdosldviensauifuagaeniuag dmiu
sifeiiauusirenuasildlunsTusunsy Source code aslulululnspoulnsaiaesuas
Tsunsumeulndiansds 19 2 Wsunsuie

1. Code Composer Studio™ v 6.1.3 (CCS) 1Uurenuislusunsuuay
pelwiaasinuddainihiinoulnduarlnanlusunsuaslulilasroulnsaiaesuazituney
N15a374 Target  Configuration @ wiuU F28377  Experiment Kit uazi¥eusaiu
lulasreulvsaans

2. MATLAB / SIMULINK ulusunsumeslmassvdonlaazunsulneniu
et Simutink Tumsadaudentlaezunsy Werunuuaziauilulasneulnsaiaesnsega
2000 Ingldudonainuuan Embedded Coder Fsasiduuden Peripherals  sinequaq

lulasreulvsalans



il

2.4.2 19309 (IGBT : Insulated Gate Bipolar Transistor) IRGAPH50K
lodditanunsamupuliinszuauazanunsamuaulingminseudlalnonis

muguussuliiivung leddifidydnvaluaznuanvasvenseuauazusaiulnihvns

Ud!l) s v

[ ol Pa a L3 da o J
dnmzagin ladlgiidBufiunudrinaffidngenaousamainds Gadesnswdanutes

a o a a o <
ulumsmugunsaing aansaldnunsaindeiniuige

sUil 2.5 IGBT we IRGAPH50K



UnN 3

nseanuuvdlaInmasuagadudmiunindrouaiines

3.1 unin
Tuunflagna i ndnnisaiedidosduasuunindnauniosinaseieds

oo Fraznanfsasnnneitegadudmivinsuiadledlid awsnnnosuegadu

dmsuTUindduneiines warasnnineiuegatudmiuwnindnaunesines

3.2 winmsadadilesfuvaaunindnounaiinasdisiimeson

weSndrounediaed 3 wa Usnaudieadng 2 119 S1uiuiavan 9 @3nd
uiiaziaeenazgnieidriunn unaves il lasiladndsisnany ilufidoude Fuansly
U 3.1 Tesmsfwuaidnusiuiidndmiumaed @ b, o menysiungdmniy
weav1een {A, B, C} fegruwy Sy iWuainddondesyvitama a vdh fuma A v19en
Y30 Se Wumindidaudessminana ¢ w4 Fuola A v1een sy foiuussdulniiesn

ansanuANlIiisyRULIY AT uazild mudesnislaenisuoqanaindiieaings

Wandu waseluaunisn 3.1

V. =8V (3.1)

(1] 1
nszualwign asnsaduinleannaunis
A3 & /s (3.2)

Faensouansaindefladdunansdugiveuuning

S=|S, S, S, (3.3)

« o [

FeanuzUaazlnvusaindonimundai

Y

S; =1;Un(Close) , ie{a,b,c},je{d,B,C}
S, =0 ; Un (Open)



15

a SL_/_ i Sua
b 51:-\_/ A b Sua B
c S~ c o e

(n ()
gﬂff‘i 3.1 (n) WUaneasueen , (1) GAN9A5V NN
manegaturesaindsodlivilliiinnsilasesvesnduandlugud 3.1
(n) vibinszualwiinaangalnaviuil- deavhlfiiaussiulwiuiudaaganesouainduas
o1 lvaindldsunnudens uaﬂmﬂﬁ’uﬁ'athﬁﬂﬁmﬂmsa”mwwnﬁnﬁmam‘lugﬂﬁ
3.1(0) vhliiAansanaeas dwavinlinszudlviialwaruaindiiuiise uageavinlvaing
WW3umnudeme dufunndatmuaieass narsmnquasluwuueuuawning s foq

WU 1 1@us seaunasi 3.4

LN =
SnB +SbB+ScB :1 (34)
R T e

mMsieuLeduRingmau osneslagiinegon 299stnindreuesInes
3 wla avgnivfienlieglusureesmdndaeunofinesiadoufaussneuiedisdanims
d1uau 12 diedreluguiuurensesuied 3 wia duandluguil 32 wasuladidevidivh
‘wﬁwﬁL'%&NﬂssLLﬁlWﬂwaé’UlﬁLﬂulwﬁmszLt.amseLaﬁau%’lqmminﬁﬂmmlﬁmﬂwa@fwuaa

nnwosussulwihrusadlwsadndeflsdTusauanduaunig 3.5

V
r & o8 N “
Vdf =[Sl S3 Ss}' Vb (35)
de 2 4 6 VE
nszsalwidrauisaduialdanaunis 3.6
I, S S, It
L l=ls, s, ||« (3.6)
Idc



14

a ¢ v = [ [ a ¢ [
gz nasUIRdnIdGeanssualihadudulwihnsyuanss 29su3ndvreensi N1TUBALAA
wssnulrinszuassuaioulfiluussiulninssuaadulunsouqiu Tnsusaiulni
nsvuaadufsnaalinnNaguestInneswswulnihnsuansaatioutudunesinefaing

Waituuandluguaunisi 3.7

10 V-

de

B S
Il
Cr Un
o ~1
th
—
3
L )
w
=

!
th

12

nzudalinssailousunlanaunis 3.8

¥ M4 1
|i cic:l:[ 74 9 ll}l ]B (38)
Idc Sﬂ Sl() Slz I
C

vaugvinnulundougiu vilwanunsoaseadntawning S luaunisi 3.3 Wa1naunisi 3.5

way 3.7 madl

Vil [ S S V.,
S8 S

V=SSl & o L% (3.9)
2 4 6

VC Sll SIZ I/vc

NN &5, + 3, 3="SSAY 5.5, <SS/

Vo | TN + B8 535, + SyS,0 « @D 95 || 7, (3.10)
VC‘ S]S]l +SZS]2 S3Sll +S4S]2 SSSll g S6S12 Vc

luvhuesdeatu nszualiirdrauisadiurldannaunis

L] [8S,+8,S, 8,8, +8,8, S,8,+5,5,][I,
L |=| 55,488 S.85+88, 55+5.5, (& (3.11)
| | BS+88 B85S, S8.+58:] L



15

v >
: Ve + Sr
Vb M S“/ JL./
V. P 55'_/-
Va
S2 -
S Voo - S
sn_/
5:5,+5,S,
v, -
5,5;+5,5,
Vi - Vi
v S;Sid-S._S; _ >

=] ] a =) ¢ A 2/ at
JUN 3.2 psvinuvesainglunasusadieaisusmuluiean

VNesEaBuNRINgluaunNIR 3.10  anuzveswsazaIndasgnasialag
arfienannisvesawminnaswadiausgiatunaluadiurensasuiatisadinsuazieas

=Y o L - =l L7 7 s
UInddUmesInulisntasdenlumitatn iy

3.3 dWsnnineiuagiadudmiuinsuiadidaning

1suiadEedlvsdszneudieaing 2 veSmu 6 @nd saanslusud
33 2asivhmihiGeanszualwihnsvuaadulmdulnihnssuans: wiouveainsnnIUAL
nszualwihidlibuguleduasiidiysenovmdariiunis Wneussiulaiinssuansauay
nszualiidnluldauannisi 35 uaz 36 audru e ndsuauaindunnds 6
and vausudazaindilanasUnviliAamastesaslusuuusagldinnds 64 (2% sunuud

LY

1w | as Y v Y a 1 = ° a a B
wansineny utiledosunisdmasiudi andudazidsgoimuslouazUamuieuly

S +8,+85. =1

1 3 5 (312)
Sy +8,+8, =1

v & 2 o v oa | P | Y] v o ° ' ¢

muuwm'[w,ﬂﬂgﬂl,l,uum‘mmwsmmﬂmdﬂumwm 9 g‘ULLU‘U AINTRUARLKLILINLADS

nsrualwiuusEuIUT o U UINAINANATS

2 A4

I, = %(13 +1,-¢3 +1,-¢'%) (3.13)



16

s s\ S
AC
v, —
AC
O —— Voc
AC
Q Ve i o—]

Vs ly (bc)
g WY
4 LS
> ;
lg (ba) -~ \ \-.\ [, (ae)
| 3
- |
: |
| 3 4 { V-
. |
| .
I (cay- "~ MO A p(abl
‘\_ f‘.
S 1
s
Ve I, {cb)

U7 3.4 awannwesnszualiihuuszuuddou

Vector 1L_|5 I l4 41, 213 4 lq A Is
Sector | 4 5 0 1 2 3 4

JUN 3.5 sunisasanigasnssualwiiuuwnuia



17

L 3 A = L4 Y L3
nszudlwiidnannauntsfl 3.13 awnsoudmuussuuiddoudennines
AUy 6 vnmesuandluzui 3.4 Tasudazininesvuiawinfuusiyudieiu

v & ot oo S = '3 . o [ ¢l =
60 83711 AILU FATENINABSTEIN WdATiNINaS (Active Vector) AU 3 Nwasivasi]

|2
L L |

[} s L3 © I 1A o o = s g 1 - [] L4
‘U‘Ll']ﬂL‘VHﬂ‘UQ‘LJEJ AU ?NSNHLL‘VIUG@EJW?}@ﬂ']LUﬁUUiSU']UL‘ZN‘ﬁElu VIntaasinanidvinly

[
§ o o =

nssualvtiiinlugud duludaSenanmesiidlsnnmes (Zero Vector) Munswasuday

'3 ° [ [ o a = € & al 14 P
VNABSUAYNIINMUALENLABS (Sector) uuuNUAIEMIUNTUIAdLTARINSIUandlugUT

3.5 wagamantvasnnmesvianun agulilumsiei 3.1

15199 3.1 aduinmesnszualiiadinsuisasusadisnilig

T vector | | St | I 4 A Y,
ype ector S2 S4 Ss a b c i i dc
[1 ~0\Q 2 7
I s ) N
1 (ab) _O 1 Ojl [dc [dc 0 \/5 d 6 Vab
H—N ¢l 2 P
I 3 LEST~| X\
z(aC) _0 0 1:, '[dc O ‘[df ‘\/’3— d. 6 VCa
U e\o A T 7
13 (bC) (0 0 1 J 0 Idc Ia'c f Id"—' 5 VbC
Active _0 oY s
5@
‘ u A —7 —=" (L
I4 (ba) f:I 0 0_ Idc Idc 0 .\E dc 6 Vab
[0. 0 1] T 2 Sz
IS (Ca) -1 0 0— Idc O ‘[;c E Idf 1 ? Vca
POy, e M3 2 T
I > Y —1. o AF |-
G(Cb) _O 1 0_‘ 0 ‘[dc Ia'c \/g d 7 Vbe
LN sl Y
"N 9
I, (bb") (Y
Zero 0 01 0 0 0 0 0 - 0
| [0 0 1]
Tyle=? 0 0 1]
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N

A, o
d}.I}.cos(.?O ) =15in(60° -6, ) \\
\ /

= §w sa e - W o w a av ¢
JUN 3.6 Alsnnumeifadiavivegatudmiviasuiadiiadlis

=~ a ¢ av ¢ o = v 9w

ruziasUindiiadlisinsieliinsuaaduliidulniinssuanss
gindlursasisnanazimeeganliinssuanse Iy Wulinssuaadulugulodsy
L a1 U o @ IJ o i‘.'l 1 ar Q.Ir' o 1 o v
Wazliimusznaumidmundmua (nemaluvindu 1) msuegatudenainaunsavinle
lagld Active Vector nilsgMfisuvnianegludamesiferfuiunninosnszualiini I,

al a 1 IJ ﬂ; 14 1 9/
wswiiludadiuimnzan Tugdil 3.6 wnwesnszualiid I, 1neegludnines 1

Y Ioae - cal < P 4 8 0 « V0 EY
Anduguaninmesignidenenmemed I uay I, daiwusuny “wain” Iegluuun
a4 v v d o cala ° v ) b 0w S0 wooog d fala
Wenuiukdainnmeiimemivi way “unuun” Tiegluuaiaafuudafivinninoas
wadmdanmrednszudlddnds I, wasiugudeiviinmesiaesdawrinfuianines

nazualWidt L wansmeaunis 3.14
L=d1;+d 1, =d;I, +d ] (3.14)

lngAdilada d;uag d, dwiuudainnnmesluuuiing “wad” wae “unuwn” e

% ;

d; ==2=m, -sin(60°-6,.) [3.45)
TS
L :

d, =—=m-sin(6,) (3.16)
TS

My = ol (3.17)
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dfmuemuiaInsadndlanviidu 7, 3undl drenatvazaindadly

U
a " g3 o S L 4t po o= [ a = o ar
Muvueaianmes “wam” uaz “unuun” dewiiiu Tuaz T, Jundl sudsuy
NATILYDITIIARILDATNI NS IARIsINadReiA s A I M aWI A UL aES AT
wiue lunsdlinasinvesassininarisnanidesniimuiaainds dlsunmesavgminnld

TneilAmnlefasaztiaiaivesnisaingvinfu

d=1-d;~d, (3.18)
To=T~T,-T (3.19)

0

HaIINMINBYIETUALNITA 3.14 Lssnulninszuanssuasassualwiidramnsomuald

o e
INFNUNITN 3.5 wag 3.6 AU

- 4
v | 1 1 00 ‘
“U=ld, +d s 17, (3.20)
VE N /@ FOM
L VC
70 10 10 .
I, |=|d, [0 1{+d;|0 0 -Lff} (3.21)
1, 0 0 VA §

Inflnszuansy Lannsafwialdainngnisoysnendeslaedimunliiasuied

1=l o

duneimeslilifAgaids Aduidwuliinssuanssiuduenasuieddunesines

i as

daunumaslnivedvan wanslamsaunis

Al

Vil =3 VL -eosts) 322
Vv
L. = %‘|10|' |V;| -cos(@,) = %-[Ioi -m, -cos(@,) (3.23)

lnedvuald V 1Idunnmesvesussiulniiiesn (Awen), T 1Wunnmesvesnszualni

0

200 (A1tan) IulUdilnanlner9asusATduLI0snes LINRSTIEBIAIL SR UL

1 o A I s o L7 lJ L
Wueatuaunsi 3.13 , cos@,) Juidussneumdawesiuan uay m, (Judrdw

wegadudmiusuInIdunesines
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3.4 dwlwnnesuagiatudmiviasuinisuneiines
a ca ¢ ¢ Y a o a cw =

HATVIABUIBIWEsUsENaUMEIndd w6 alnddauantlugud 3.7
AuSUlANNTEUERTI91N995U AT SRR IS LA A suUas s duliinssuaasy 3 wia
o val a 'Y = a v
A1uoen wasdmisamuAnlilssauusidulnil arud waryuanuidesnts lae
ussiulwihosnuaznszualindndulumuaunisd 3.7 uaz 3.8 vusfiadndudaziilunges
-y - o v oo 1 U =t 6 dl 1 s 1 A
UauazUnasiliifinguuuunisdessasiéunntis 64 (2°) sUunuuiuansineiu wiiilesainnis
Jostumsameasiuliiinseuanss uaztlossunisidiansasnseualnihoan adndusazda

sxgnimunilanarlamuieulvaunisi 3.24

S, +8; =1
So.+'8), =1 (3.24)
S+8),=1
Vi r !_,,
5 0 ' Sy Y L

Vec

Sy Sia\ 5

» Va
/7 V,(100)

v (101)

ﬂ‘ ¢ 3 s a v
JUN 3.8 awsinmesiinmesussnulniiuussuiuiddou
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4

Vector4 Vs 4V A V4 AV, AV, AV, 4

Sector 5 0 1 2 3 4

SUN 3.9 duvdsuearnmesnssualWiuunnuia

o
o s =

o Y oa I AJ ' o nlj o 1 €
QGUU"DQWWI%LH@EULLUUﬂW‘i@@?QQi‘WLLWﬂF\']\"lﬂUV]\‘J‘WMﬂ 8 E'ULL‘U‘U ATLAUIVDILINLABD T

wssrulnHeenuEsEUUE e UA TR AIINENNNS

2 47

V, = %(VA A N (3.25)

uwseiulwioananannish 3.25 danuansuussinudstousnennasiie fu Sua 6

¢ v P~ 1 I3 | 1=l i w 1
wnmasdueandluzuf 3.8 Tnswiasanwesdvuamiiundiiyasiisvatuegfl 60 o

=l 1

fd"ddl @ a =3 I3 3 ] s gl & a ()
LINLIBITULTALIENT WaANWIINIADS (Active Vector) @115U 2 1IneasSAWMasduunvinnu

Audsiualidumisegnieiudauuszunudedounnaeisindn lavialviAausaduli

[
o o

pn Auludagnisendn 8lsinnes (Zero Vector) mundsvesusazianmasiaznisiimvue
Wanesvussunuilidounaruuinuan @MY suiaddussineslduandly lugui

3.8 - 3.9 uazanautRveRNmesunlaazUlilun1sed 3.2
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d & 7] o [ Y - &
A1519% 3.2 aanwasusulnihdmsulsasusadsunasines

lS'1 SJ Ss Va Vb Vc i
Type | Vector [Sz s, SJ Vi, Vi v qu| £X, | I
vV, | [1 0 0] | 2/30, | -1, |-1/37, %Vdc
i 1
(100) | L0 Yy Vi 0 -V, A
v, | [t 1 0] | V3w, | VW, |-2/3p, %V@
= 3
(110) _O 0 ]_ 0 Vdc _Vdc 3 &
v, | [0 1 0] (=MW 21, | -1V, | 2y, | 2
3 = |
(010) | [1 0 1] =V Ve 0 3 "
Active
V, J/0 1" THL=0%, | BY -t 173V, %Vdc |
/4
o1/ |L QK0 V. 0 P 8
r ] 2 27
V. o s [ AAPLEVE - VA PN o R A \ T
|
(001) —1 O— 0 Vdc Vdc .
V. =0 A3V =231 18V IV E
1= | -
(101)| [0 I 0] v, V. 0 5 |
Vv, (0 0 0]
(OOgN\ "1, 1¥1]
Zero o . 0 0 0 0 - 0
v, 1
(111) | 100 “0]
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dplp

d gl ,cos(30°) =V sin(60° - 6,)

= € fa v ° L% = §a L3 L3
JUN 3.10 algnnineswadiniaguadudmivinsuiniduneines

-J =a a < & o 2
YN9I5 UTATBULIBS s M suuasiifanszuansal i dulnia
nssuaadu sndlunasindmeninisueganinihnssuwenss [, Widulwiinszuaady

[ = ar @ < o v O W ' [

lmidueeniissduussdiuliih aaud wasyund idesns nsweguadudsndnanansavh
v = ¢ ot aadal o 1 ¢ v W ¢ 9

lalagldudaiinnnesnilsgidduwnlnisedludnmesifoafuiunnmesussuliihesn

) @ < = ¢ ) o]

V, vuiuludadisivingailuguin 3.10 tineesuswiulwiteon V, yeedludniaedi

a4 v ol o s al | ¢ < v o W ¥

Vil AnduguaaTviawesAgniaenae nwwes V; wasneeas V, daivuaunu “wud
L4 I = s =i Q‘AH o L o« T} 2 = e/

Waglunniiisriundaiiviannoindmatviy was “ueavr” Teglunuandeafuudaiinl

s v Y s ) 1 = & v "W
nnmeshiiasmasanimesusaulniiaesn V, wasiuguesiinianinesiudesviniu

wnimesuswiulvtinean v, wanslusvaunisi 3.26
V,=d,V,+d,V,=d V,+d,V, (3.26)

AdluAa d, wae d, dwduneniiviinimeslulauny “uweaw” uag “wé” wihdu

T .
d; =T—"=m,, -sin(60° -6, ) (3.27)
s
T, _
d, = s -sin(6d, ) (3.28)
N
m, = I3, (3.29)

Va

<
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a1

lageunanalndeimuelidawity 7, Sundl drsnavuzaindogluiumis Active
Vector “wsaw” uaz “wi” dewiiu T, uaz T, Jundl awdwiv uaznasiudisinan

\ & o 1 v ow ' & ) a _a =l
Y94 Active Vector visdasianann featlasndt viawhiuaunataings 7, aue lunsdli

&
a o

NETILYDIFDIYNIAWIINGN UpEni1AuaIaInds Zero Vector azgninunlélaeiiamag

lafanasiaiatvasnsadndyiniu
d,=1-d, -d, (3:30)
T =ty (3.31)

NavnnIsegauluanisi 3.25 wswidlwilnszuaadueinasaglniinssuansiduns

aunsafuIlaINANNITT 3.7 WAz 3.8 Aol

v, 10 oA "

Vit={d0 1 (+d,[ 001 -[V"f} (3.32)
v Y 0 1 i

s T sha 10 o)

&Y +d, A1 3.53)
s L 1

laousaiulvihnssuanss V,, awsednaaldainngeysnindsnulagiimualiasied

[
v oW (. Y

Sedlwslufiddsgade faluddeauliinnszuaaduduye Fald1vintumdalui

NIBUANTIEINATEIIRTUSASISARINSRIaNNTTT 3.34
3
Vdcln‘c =5'|Vi"|IiI‘COS(¢j) (334)

|

3
Va’c :EIVJI_
de

-cos(g,) = %-|V..f-mc -cos(@,) (3.35)

Tngimuald V; 1Wunninessesussiulwing @wem), I, Wunnmesveinszualiiiieg

(Awan) 1eludilnanlangisasusaiisanlng nmesTeassatuisarulnleauiesuy
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EJ J s o o & b3 = [3 al &
dunsi 3.25 , cos(@,) WurddsneumdnudivensasuiadiSedlus uag m, Ju

"
=l L]

AvliagatudmiunasUIndARlng

3.5 dWaninesuegadudmivunindaeunadines
Minudnnisaweianiaeswadinviuegiaduveuindiiailusuazusad

dunefinesiinauudr aunsafioviunussendlflusnsndreuniosinesly snaunisd

3.20 Ay 3.32 uwsaiulriihesnveawnindraunesinefaldanmsnuasnnnesvaing

SeilnsuaruindBunefinesanunsauandusUannisadamanslng

v,1=[a,v, +d,V,}-la 1, +a, ] [v] (3.36)
V4 v,

Vi |=la,a)V,10 +d,d VU +did N, +d,d, v, v, | 331
Ve '@

P 1 ey s say v
NFUN1IN 3.21 Kay 3.33 ﬂigLLa‘LW‘N?LWT’UaﬁkﬂﬂﬁﬂﬁﬂﬂumasLmﬂiﬂ‘l@';ﬂqﬂﬂﬁiﬁqﬁJ

@

awanneivesuiniiiafiniuazuinddunesinasanusonandugvaunisadinamanssail

[Il]: [dyI}' +dr§'l§] [dava' +dﬁvﬁ]r .[I()] (338)
A By
L\=ldd Ve dd v 2 d d A, VT +dd a VE | 1 | (3.39)
i I

[
& s al ) e

RMNAUNISN (3.37) way (3.39) wa@mﬂ'ﬂﬁﬁlmﬁa‘uaaamsu’%mmaaamnmﬂu

d,=d,d, =m.m, =sin(60° -6,) sin(60° -6,) (3.40)
dg, =dsd, =m.m, =sin(60" -6,)-sin(6,) (3.41)
dy=d,d,=m.m, =sin(6,) sin(60° —6.) (3.42)

ds, =dyd, =mom, =sin(6,)-sin(6,) (3.43)
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o | o a ¢ a o v o ow 4 o g w
Ingiluddviifiongadurenasuindisailifozgnimunlifviiiu 1 (m=1) eyl

I a a

WIWUNIEUANSTIT89995UTAdLTARLNSTAgege Avdrdinisliengadursiicasuiag
a < a1 1 1 ad !ow oA =] Y]
BuIBAaIlA10gsENIN 0-1, (0<m, <1) lunsdlinasiuArdviinisdongady aunis

(3.40) - (3.43) oonimila Flsawmesavgmitnldiu lnefiddeifiongiadu dualsn

dy=1-d —dy ~d,~d, (3.09)

fatu AuaINTEdRgveIMRTiNIAMBSLALE LS AWMES au1sarunldIInaLnIs

= g (3.45)
Ty, =d T (3.46)
T,=d,T (3.47)
> N N (3.48)

% =T (3.49)

law T Wuanuiainisadsduasunsnagunasinas
PN W 3 ¥ X a I3
NNANNIN (3.37) uay (3.39) NMsfionglatulinnesuasasuiadiadls
LazlIALNDI 1942395 UFIAdBUNeS Ines M lildAresAmesassualiiidiuas iAo

wseiulwheanuansrefiutudiuan 4 ¢

A15199 3.3 ALNWBTVRINTTUIAUSAR INSILAZITUSATDULIBSNDS

Rectifier 0 1 2 & 4 5
inverter | yat | yB | 6at| 6B ya | vB | Sar| 6B | va | yB | Sa| BB |y [vB | B | 6B | va | vB | So| 6B ver | vB | 6et| 6B

0 aba |abb|aca|acc|aca|acc | beb| bee | beb| bee [bab|baa|bab|baa | cac | caa| cac | caa | cbe | cbb| cbe | cbb [aba | abb

1 abb|aab|acc|aac| acc|aac|bee | bbe| bee | bbe|baa |bba|baa | bba | caa | cca | caa | cca | cbb| ceb | cbb| ccb | abb |aab

2 aab|bab[aac| cac | aac| cac | bbc| cbe | bbe | cbe [ bba | aba | bba [aba | cca | aca| cca | aca | ccb | beb| ccb | beb | aab | bab

3 bab|baa | cac | caa| cac | caa | cbe | cbb] cbe | chb|aba [abb)aba |abb| aca | acc| aca| ace | beb | bee | beb | bee | bab | baa

q baa bba | caa | cca | caa | cca [ cbb| ccb | cbb| ccb [abb|aablabb|aab| acc | aac| acc | aac| bee | bbe| bee | bbe | baa | bba

5 bba |aba | cca | aca] cca | aca [ ccb [ beb ccb | beb|aab|bablaab|bab| aac | cac| aac| cac | bbe | ebe | bbe | cbe [ bba [aba
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F 0
a A__
Matrix 4 | I
" * Phase
¢ Converter C I fouil
XX (Y}
51 -5
l"_lh.
Voltage Ve
Sensor % Gate Drive Circuit
gl-g9
Microcontroller

U 4.2 Udenlaesinsuvengaswnindnouneiines

@

nnudenlnozunsuvensasunindrounesines annsautssasidudiude e
1. 29939529 39u59RU (Voltage sensor Circuit)
2. asdsadyan (Deadtime Circuit)

&

3. 293TUNNIASNEABULIBSLNBS (Gate Drive Matrix converter Circuit)

2
=l

31883 88nV991999019°) 9N LUT

4.3 N13DNKUULASNNTHI19I925AN99
4.3.1 2995952970k 590U (Voltage sensor Circuit)

099NV uTasindie 9 fYenRsEnindraunesne ez doTintg
yhauiidsasiudtudaadlnladie 3 wa fuhideenhdygninladt 3 wia wd
lulasaeulvsaiaes Woas sdmygaduinnuesadiadie 9 -# fuiusesndudesaiins
MFIVIALTIAUY (voltage sensor)

2093029 T USSR M naedULsusTe 3 la TnsasutauseRy
Ui 2 Mlaeldiafiuniu 330 ke waz 10 kQ Tnewdauseduliings 10 V uagld
lofues 150 124 ileusnfumsliihszinssmuauiarliidinnsiaunives
Fyarnlilatvosnisiui mndudygraussduildosusiiuiens op-amp lngltled
TL084 1T op-amp lursasieasmouussiuiliinge 0 - 3 V k1uaeas inverting op-amp

. - d v L3 o
g Differential op-amp e Nt lUUszuranalululasreulnsames waziluldlunis

'
[ v as o

¥ a ¢ ol a @ a & o oo w
asndyruiad Mldduihnaindi 9 aind lnedygrumindrlulszaranalululas-
P s L3 e v o < v [
reulnsaias wdyuainssiulnladvosni s ilddulnan taldnisvianuvenias
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ar - & s o o A 2/ rg P
Tuinm Falasludivlulad 3 wia lasseserataussiufiesnuuuuaraineiu sxuandusui
4.3 waz 4.4 pua1au Ingdyyraussiundndrludszanana adedyyinduinnly
lulasmeulvsawaes szuanslugud 4.5

R3k

R330k Rk
. R10k " Rk
R10K ‘ - Vout
R10k —
Neutral i
RSOK A%k
- R10k
- s
15vDC l 15|
R3k Rk
3 Phase
220V @
R5k Vout
—
R0k Rk
e R10k

4. 3.3V
15V I——(‘J———

R3k
330K R3k

s P o

AAA- + RSk Vout

R10k
R50k Rk
R10k '
33v
l'\r
15VDC J‘, ¥

= Y a <
3UN 4.3 2993057970US99U 3 Lid (voltage sensor) MI9BnNUUY
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1duinnlululasreulnsaiass
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F W &.868ml)

Curf:= 2.921)
CurB:= Z288ml)
tavi= 2.72U

£ M &.805)

CurH=—26 .8ms
CurB:=—19.4ms
A= 3 LEdms

ARz 152Hz

T

._._._.._.._.........._._._._'.._i“.__._._...._._...._._._._._1

CHI= 1.p8U

UM 4.7 dyqnuussdua A uag B lnegnannoun1uies op-amp Winde 0-3 v

wazdl phase shift 6.6 mS %38 120 e
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4.3.2 193daandyaad (Deadtime Circuit)
esamsasiunindrouniesinesaindlundasinasrdostiinssua
Linwdeury ietestunmsiinnisdnisesiefocdidrsnarfiaindine 3 adnd luaty
wymhnsruanaufidindasidsuaniuzisudusoethsmhiandygo Tnoasesmas
Ve wyendaadyyiudszuiu 2 lulasiund  Tewazldiees RC
deadtime Wiemirnaavasdayyrasdiunmi 9 drualaegliainuduniu 100 Q wazld
Mfivszquuuieslin 10 pF way SN7ALSOON 1 Jufa NOT gate 1ua9as wavasld
SN74LS1aN 1Jud Trigger Tureaslapgtasasminsnandnnudioanuuuuaradistuly
Tassou vzuandluguil 4.8 uar 4.9 mudidu Tnedygaduinmvesadnding A filitas

el 1.6 s %LLam'Lug‘tJﬁ 4.10

R100. 0

IN l ; YA AN D: ouT
H e

'j:“" C 10 p*

ﬁ‘ 1 s
3UN 4.8 1suUNAE N

i 1 o I:‘ 2/ dy
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CurA=-5.24ms
CurB=-5.24ms
1A= 1.668uUs

i 17481 =625kH:  ~

[BHE ==

5UN 4.10 dyanaduinnvssaindna A Tnedranalnl 1.6 us

4.3.3 1995ULNYIlLASNgRoULIBSIMaS (Gate Drive Matrix converter Circuit)

uvsopnidly 2 @ IRuAdIU9995TULAY A 2995 UASNTAD LIS 1R
v v T & o
wesiildvonuuuuara@ululasenull ssuansluzui 4.11

o ) a_ © ¢
UM 4.11 2sfunmussndrouiesines
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4.3.3.1 19959 ULnW (Gate Drive Circuit)

s

"
Fryanmiadin 9 FUInd IINNITRUNAE YN LHIURTTUINMINaY
WeuSussdudaynaunssiunasnsvualinzay uasfunsientumslniissmininss
MUANLAIA tietostudunseflasifnty NMITANITIUIATAMSWazd e
sunau Tagagldfanennsminseninemeasniuay uaza99sids (Opto Couple) Tapasdl
viomun 18 ¢ Todilldiued TLP250 %Qﬂzﬁ’mﬁ’lﬁhﬂuﬁ?LLEJﬂﬂ‘J’]’Jﬁ'S%WJ'NN‘GEﬂ’JUﬂNLtax
293 wazilugaduinnludferiulaeduasesmuguivasiglnnssuanse sv ({u
Inieash TLP250 wasfunsasidauvasireliinszuanss 12v Srenfulsldesliiy 1a1215
Dumuuasussdunszuansadunszuanss (OC to DC converter) a7 12V 1 15V uas
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Abstract

This research concerns the principle of a 3 phases PWM ac-ac
matrix converter for drive the 3 phases induction motor which use
C2000 Delfino F28377S microcontroller to create PWM signal. by
using 9 units of IGBT- diodes that is bidirectional switch as main power
switching devices. The Matrix Converter can directly convert utility 3
phases sinusoidal supply voltage and frequency into a variable
frequency and variable voltage of variable pulse PWM pattern by
adjusting the frequency and modulation index of PWM control of the
converter. The Matrix- Converter have only one procedure directly
from alternating current to alternating current (AC-AC), no DC-link.
The electric power flow from supply to motor and motor to supply
directly, it is different from the old converter which convert two
procedure and have DC-link to connect two point together that make
too much power cannot flow back to source because it will have too

much energy in capacitor that make the capacitor have a big size. In this

study case, we use indirect space vector modulation to test with three
phases resistance load and three phases induction motor load by adjust
the output frequency and switching frequency. The relation of voltage
and frequency are direct variation. And output voltage is less than or

equal to 86.6 % of input voltage which based on the theory.

Keyword: Matrix converter, indirect space vector
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1 Watt

xppower.com B .J

IA Series

. Dual Output

e SIP or DIP Package

o Industry Standard Pinout

. 1000 VDC Isolation

. =40 °C to +85 °C Operation
“ MTBF >1.1 MHrs

. 3 Year Warranty

Specification .
- Outp Qutp A ode
Input . 3 oltag be
Input Voltage Range = Nominal +10%% -~ 3.3 VDG 50V =100 mA 55: ::03022
k5 P =3. =151 6: 050
Input Reflected * 20 mA pk-pk (through 12 jiH inductor 5 Hz 22y soim oo TRomaas
Ripple Current to 20 MHz) L B0V =55 mA 8% TAG500S
Input Reverse Voltage e None £12.0V £42 mA 78% 1AD512S
Protection +15.0V +33 mA 80% 1A05155
o t *24.0V +21 mA 80% 1A0524S
utpu 3.3V =151 mA 66% 1A1203S
Qutput Voltage ® See table =50V =100 mA 75% IA1205S
Minioum Losd |+ None® o BT o et Il e wiame
12 +
Line Regulation * 1.2%/1% A Vin 50V 233 mA 0% 1A12155
Load Regulation * 10% 20-100% load change =240V £21 mA 76% 1A1224S
(3.3 V models +20%) =33V =151 mA 68% I1A2403S
Setpoint Accuracy o +39% =50V =100 mA 74% 1A2405S
. ’ ! =90V +55 mA 76% 1A2409S5
Ripple & Noise _ * 75 mV pk-pk max, 20 MHz bandwidth 24 VDC ESH 5 T 5% A2A15S
Temperature Coefficiente 0.02%/°C 150V 233 A 78% 1A24155
Maximum Capacitive » +100pF 1240V +21 mA 78% 1A2424S
Load =33V =151 mA, 60% 1A4803S5
G i =50V =100 mA 70% 1A4805S
enera I H0 9.0V 255 mA 2% 1A4809S
Efficiency * See table +120V +42 mA 74% 1A4812S
Isolation Voltage * 1000 VDG minimum ) jf 2: :g: :ij:;j:
+24. =+,
Isolation Resistance * 10°Q
Isolation Capacitance 60 pF typical
Switching Frequency ¢ Variable, 80 KHz typical
MTBF * >1.12 MHrs to MIL-HDBK-217F Mechanical Details
at 25 °C, GB
; SIP Package DIP Package
Environmental = i
- .24 (6. e
Operating Temperature ® -40 °C to +85 °C ARl o I
Storage Temperature ¢ -40 °C to +125 °C fo— 07
(19.30} max
Case Temperature * 100 °C max L— (zoggomax
Cooling * Convection-cooled
?0052] [ 0.25
¢ 0.4 {10.16) max (6.35) max™
Notes 5 .L _1_ ” ” H H
1. Replace 'S' in model number with ‘D’ for DIP package. ot _,j _,]].,_
2. SIP 48 Vin models, dimension is 0.28 (7.20) max. e s L - 0.02
3. DIP 48 Vin models, dimension is 0.27 (6.88) max. (3.05) min E"L(g';d) 10.54) @79 min (7 gz 0.51)
4. Outputs power-trade. ’ 5 =]
5. For 48 V models a 10 pF capacitor is required between +Vin and -Vin pins. BEsE o e
6. Operation at no load will not damage unit but it may not meet all specifications. il 0.3¢7.62)
7. Al dimensions in inches {mm). _f' e e e e I L
8. Pin pifch tolerance: £0.014 (x0.35) a.01 0.5 I 0.01 0.60
9. Case tolerance +0.02 (+0.5) (0-254) max b5 77 "?4'158” (025 max = e
10. Weight: SIP 0,006 Ibs (2.6 g). DIP 0.005 ibs (2.3 g) ]
v
. ‘: T H E T s I N P o w E & 21-Jan-11
A
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INSULATED GATE BIPOLAR TRANSISTOR

PD-91576A

IRG4PH50K

Short Circuit Rated
UltraFast IGBT

Features T
@ High short circuit rating optimized for motor control, vV = 1200V
tee =10ps, Vg = 720V, T = 125°C, Ve = 15V CES
e Combines low conduction losses with high
switching speed y VeE(on) typ. = 2.77V
@ Latest generation design provides.tighter _
parameter distribution and higher efficiency than E @Vee=15V, Ic = 24A
previous generations n-channel
Benefits
® As a Freewheeling Diode we recommend our HEXFRED™
ultrafast, ultrasoft recovery diodes for minimum EMI/Noise
and switching losses in the Diode and IGBT
® Latest generation 4 IGBTSs offer highest power density
motor controls possible
@ This part replaces the IRGPH50K and IRGPH50M devices
TO-247AC
Absolute Maximum Ratings
Parameter Max. Units
Vees Collector-to-Emitter Voltage 1200 W
Ic Q T =25°C Continuous Collector Current 45
Ic@ Tc=100°C Continuous Collector Current 24 A
lem Pulsed Collector Current @ 90
Ium Clamped Inductive Load Current @ 90
tse Short Circuit Withstand Time 10 Hs
Vee Gate-to-Emitter Voltage +20 V
Eary Reverse Voltage Avalanchq Energy @ 190 mJ
Po @ T =25°C Maximum Power Dissipation 200 w
Pp @ Tc =100°C | Maximum Power Dissipation 78
Ty Operating Junction and -55 to +150
Tsto Storage Temperature Range °c
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Meunting torque, 6-32 or M3 screw. 10 Ibf+in (1.1N-m)
Thermal Resistance
Parameter Typ. Max. Units
Rauc Junction-to-Case — 0.64
Racs Case-to-Sink, Flat, Greased Surface 0.24 — °CANV
Raya Junction-to-Ambient, typical socket mount — 40
Wt Weight 6(0.21) s g (0z)
www.irf.com 1
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IRG4PHS50K

Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. |Typ. [Max. | Units Conditlons
Vierces Collector-to-Emitter Breakdown Voltage 1200 — | — V| Vee =0V, I =250pA
VigrECs Emitter-to-Collector Breakdown Voltage 18 | — | — V| Vee=0V. I =10A
AVigrces/AT, | Temperature Coeff, of Breskdown Vdltage | — (091 | — | VPC | Vise = OV, Ic =2.0mA
— 1277135 le = 24A Ve =18V
Veeion) Collector-to-Emitter Saturation Voitage — |3.28 | — v Ic =45A see figures 2. 5
i — 254 | — Ic=24A.T ;= 150°C
Veeqn) Gate Threshold Vcltage 30 | — | B0 Ve = Vee, Ic =250pA
AVeean/AT, | Temperature Coeff. of Threshold Voltage — | =10 | = ImVPC| Ve =Vee. Ic =2.0mA
[ Forward Transconductance 1B 119 — ] S| Veg=100V.lc =24A
legs Zero Gate Voitage Collector Cument a7 | 3R HA Vie=0M\ Veg = 1200V
— | = {20 Ve =0V, Ve = 10V, T,=25°C
— | — |5000 Ve = OV, Vce = 1200V, T, = 150°C
loes Gate-to-Emitter Leakage Current — | — [2100] nA | Ve =220V )
Switching Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. |Typ. [Max. | Units Conditions
Q, Total Gate Charge (turn-on) — | 180 |270 lc = 24A
Qge Gate - Emitter Charge (turn-on) - ].25 38 nC | Vec = 400V see figure 8
Qqc Gate - Collector Charge (turn-on) — | 70 {110 Vge = 15V
tagon) Tumn-On Delay Time T T
tr Rise Time — |27 | — ns | TW=25°C
lU(OﬂJ Turn-Off Delay Time — | 200 |300 | 'r: = 24A, VCI: = 960V
t Fall Time = 1130|190 Ve = 15V, R = 5.0Q
Eon Turn-On Switching Loss — (1.21 | — Energy losses include "tail”
= Turn-Off Switching Loss — 1225 | — | mJ | seefigures 9.10,14
Eis Total Switching Loss — |3.46 |41
tsc Shert Circuit Withstand Time 10 — = Hs | Voo = 720V, Ty=125°C
VGE =15V, RG =500
taion) Turn-On Delay Time — 35 — &Y = 150°L7
tr Rise Time — |29 | — lc =24A, Ve = 960V
tatot) Turn-Off Delay Time — 380 | — | " Vge=15V.Rs =5.00
te Fall Time — 280 | — Energy losses include "tail"
Eis Tolal Switching Loss — [7.80 | — ;J— see figures 10,11,14
Lg Internal Emitter Inductance — |13 | — nH | Measured Smm from package
Ciss Input Capacitance — 2800 | — Vee =0V
| Coes Output Capacitance — | 140 | — pF | Vcc =30V see figure 7
Cres Reverse Transfer Capacitance — | 53 | — f=1.0MHz
Notes:
@ Repetitive rating: Vise = 20V, pulse widlh limited bymax. @ Repetilive rating: pulse width limited by maximum
junction temperature. (see figure 13b) junction temperature.
@ Ve = 80% (Vees). Ve = 20V, L = 10pH, R;, = 5.00. @ Pulse width < 80ps: duty factor < 0.1%.
(see figure 13a) ® Pulse width 5.0us. single shot.

2 www.irf.com



IRG4PH50K

80 s T — .l ¥
| Eor both Trianquiar wave e ’

Duty cycle: 50%

50 Ty = 125°C || G |
e Tsink =90°C B
- Gate drive as specified _];
N

s . = ;
ey = Power Dissipation = 40W Clamp voltage
< 40 e - ’ “a 80% ofrated -
z < )
—
g SEEE E WAVE. menamae -
s
5 0 60% of fled it
(@] = veltage \
b _,“ M1 g e \\
o wh— 1 ey,
~ e ST =
L T,
ok b
10 = J Ideal diodes % 3 ""‘h.
T EPY™
o =-‘=='T-
I 1 L

f, Frequency (kHz)

Fig. 1 - Typical Load Current vs. Frequency
(Load Current = |gys of fundamental)

100 = 100 == T ——
(Fd
z <
= Z .
3 s A7
= =
O —Tr=150°c / S T4 150°C /
: // : /
£ =
LE 10 ” LE 10 ,/
o 7 .
. A —T1,=25°C i A
s 4 S F4 Ty=25°C
O !
2 Y4 2
8 ©
. // S /L1
© 8]
— // VGE = 15V - / 4 Vce = 50V
j 20ps PUL SE WIDTH ) 5ps PULSE WIDTH
1 _ 10 5 6 7 - 8 9 10 1 12
VCE' Collector-to-Emitter Voltage (V] VGE , Gate-to-E mitter Vonage (’V)
Fig. 2 - Typical Output Characteristics Fig. 3 - Typical Transfer Characteristics
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ISO124 Precision Lowest-Cost Isolation Amplifier
1 Features 3 Description

* 100% Tested for High-Voltage Breakdown

+ Rated 1500 Vrms

+ High IMR: 140 dB at 60 Hz

+  0.010% Maximum Nonlinearity

« Bipolar Operation: Vo = +10 V

« DIP-16 and SO-28

+ Ease of Use: Fixed Unity Gain Configuration
+  #4.5-V to +18-V Supply Range

2 Applications
» Industrial Process Control:

— Transducer-Isolator, Isolator for
Thermocouples, RTDs, Pressure Bridges, and
Flow Meters, 4-mA to 20-mA Loop Isolation

«  Ground Loop Elimination

* Motor and SCR Control

* Power Monitoring

» PC-Based Data Acquisition
+ Test Equipment

4 Simplified Schematic

Viy O—

The 180124 is a precision isolation amplifier
incorporating a novel duty cycle modulation-
demodulation technique. The signal is transmitted
digitally across a 2-pF differential capacitive barrier.
With digital modulation, the barrier characteristics do
not affect signal integrity, thus resulting in excellent
reliability and good high-frequency transient immunity
across the barrier. Both barrier capacitors are
imbedded in the plastic body of the package.

The ISO124 is easy to use. No external components
are required for operation. The key specifications are
0.010% maximum nonlinearity, 50-kHz signal
bandwidth, and 200-pV/°C Vgg drift. A power supply
range of +4.5 V to +18 V and quiescent currents of 5
mA on Vg; and #5.5 mA on Vg, make the 1SO124
device ideal for a wide range of applications.

The 1SO124 is available in SOIC-16 and SOIC-28
plastic surface-mount packages.

TPART NOWBER.
I1SO124

SOIC (16)
SOIC (28)

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

20.01 mm = 6.61 mm

intellectual property matters and other important disclaimers. PRODUCTION DATA.

i An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
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6 Pin Configuration and Functions

DVA Package NVF Package
16 Pins SO 28 Pins SOIC
- Top View Top View
o v o)
Vg, II E Gnd 1 s, E E G
—Vs1 E EI Vin V1 E 27 | Viy
]
vor [7] o] o o [2] ] v
Gnd2 |8 E +Vg, Gnd2 |14 E‘ WV,
Pin Functions
GND 8 14 - Low-side ground reference
16 28 - High-side ground reference
Vin 15 27 1 High-side analog input
Vout 7 13 0 Low-side analog output
+Vgy 1 1 - High-side positive analog supply
Vg1 2 2 - High-side negative analog supply
+Vg, 9 15 - Low-side positive analog supply
Vs, 10 16 - Low-side negative analog supply

Copyright © 1997—2016, Texas Instruments Incorporated
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7 Specifications

7.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted) )

| A e T Sl e i

Supply voltage +18 \
Vin 100 v
Continuous isolation voltage 1500 Vrms
Junction temperature 125 °C
Qutput short to common Continuous

Storage temperature, Tgg ¥ 40 125 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage o the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

2 E Rai s

Human body model (HBM
Charsized-device model (CDM), per JEDEC specification JESD22- +500
C101¢@

Viespy  Electrostatic discharge

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

7.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

Ta =25 85 '
Vsi ¢ +15 v
Vez #15 \Y
Vin 7 +10 v

7.4 Thermal Information

Reua Junction-to-ambient thermal resistance 79.8 51.0 *CIW

RaJciiop) Junction-to-case (top) thermal resistance 329 32.4 *C/w
Resa Junction-to-board thermal resistance 422 29.5 ‘cw
YT Junction-to-top characterization parameter 6.6 .4 ‘Cw
viB Junction-to-board characterization parameter 40.9 29.0 C/wW

(1) For more information about traditional and new thermal metrics, see Semiconducior and IC Package Thermal Metrics.

4 Submit Documentation Feedback Copyright © 1997-2016, Texas Instruments Incorporated
Product Folder Links: {SO124
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7.5 Electrical Characteristics
At Tp = +25°C , Vg1 = Vs, = #15V, and R, = 2 k2, unless otherwise noted.

ISOLATION

Rated Veltage, continuous ac 60 Hz 1500 Vac

100% Test!? 1s, 5pc PD 2400 Vac

Isolation Mode Rejection 60 Hz 140 dB

Barrier impedance 102 Q|| pF

Leakage Current at 60 Hz Viso = 240 Vrms . 0.18 0.5 HArms
GAIN 7 3

Nominal Gain : 1 VIV

Vo=%+10V

Gain Error +0.05  $0.50 %FSR

Gain vs Temperature +10 ppm/°C

Nonlinearity ) +0.005 0.010] %FSR
INPUT OFFSET VOLTAGE

initial Offset 20 150 mV

vs Temperature 1200 uvIeC

vs Supply 2 mVv/iv

Noise 4 uVNHZ
INPUT

Voltage Range +10 +125 \'

Resistance - 200 kQ
OUTPUT

Voltage Range 100125

Current Drive +5 +15 mA

Capacitive Load Drive 0.1 WF

Ripple Voltage® 20 mVp-p
FREQUENCY RESPONSE

Small-Signal Bandwidth 50 kHz

Slew Rate 2 Vips

Settling Time 0.10% 50 Hs

- Vo=+10V

Settling Time 0.01% 350 ps

Overload Recovery Time 150 ps
POWER SUPPLIES

Rated Voltage +15 \

Voltage Range +4.5 +18 \']
Vs ) 950 7.0

Quiescent Current mA
Vs2 55 7.0
TEMPERATURE RANGE

Spedcification -25 85 °C

Operating ~25 85 °C

Storage - -40 125 °C
Rasa Thermal Resistance 10 L
Rasc 65 *CIW

(1) Tested at 1.6 X rated, fail on 5 pC partial discharge.
{2) Nonlinearity is the peak deviation of the output voltage from the best-fit straight line. It is expressed as the ratio of deviation to FSR.
(3) Ripple frequency is at carrier frequency (500 kHz).

Copyright © 1997-2016, Texas Instruments Incorporated Submit Documentation Feedback 5
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7.6 Typical Characteristics
At T, = +25°C, and Vg = £15 V, unless otherwise noted.

s =
2 g
El 2
3 3
0 500 1000
Time (ps) Time (ps)
f=2kHz f=20kHz
Figure 1. Sine Response Figure 2. Sine Response
) =
@ @
g g
S s
E El
3 IS
Time (ps) Time (ys)
Figure 3. Step Response Figure 4. Step Response
= : = =7 160 ]
Max DC Rating H—{ = N
bl | \
2.1k 140 R
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o N
;: Degraded 138 ' T
ra —_
é Performance 3 o °\\
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§ 100 . 5 ]
s = Typical SN
— Performance 60 §
o LT .
100 1k 10k 100k M oM 100M 1 10 100 1k 10k 100k ™
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Figure 5. Isolation Voltage vs Frequency Figure 6. IMR vs Frequency
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Typical Characteristics (continued)

At T, = +25°C, and Vg = +15 V, unless otherwise noted.
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Figure 7. PSRR vs Frequency
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Copyright © 1997-2016, Texas Instruments Incorporated

Product Folder Links: {SO124

Submit Documentation Feedback 7



LM2575, NCV2575

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

The LM2575 series of regulators are monolithic integrated circuits
ideally suited for easy 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, 5.0 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
efficiency 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 specified input voltages and output load conditions, and
£10% on the oscillator frequency (+2% over 0°C to 125°C). External
shutdown is included, featuring 80 pA typical standby current. The
output switch includes cycle—by—cycle current limiting, as well as
thermal shutdown for full protection under fault conditions.

Features

® 33V,5.0V,12V, 15V, and Adjustable Output Versions
® Adjustable Version Output Voltage Range of 1.23 V to 37 V 4%
Maximum Over Line and Load Conditions

Guaranteed 1.0 A Output Current

Wide Input Voltage Range: 4.75 V.10 40 V

Requires Only 4 External Components

52 kHz Fixed Frequency Internal Oscillator

TTL Shutdown Capability, Low Power Standby Mode
High Efficiency

Uses Readily Available Standard Inductors

Thermal Shutdown and Current Limit Protection
Moisture Sensitivity Level (MSL) Equals 1

Pb—Free Packages are Available*

Applications

® Simple and High-Efficiency Step-Down (Buck) Regulators
® Efficient Pre~Regulator for Linear Regulators

® On-Card Switching Regulators

® Positive to Negative Converters {Buck-Boost)

® Negative Step—Up Converters

® Power Supply for Battery Chargers

*For additional information on our Pb~Free strategy and soldering details, please
download the ON Semiconductor Soldering and Mounting Techniques
Reference Manual, SOLDERRM/D.

ON Semiconductor®

http://fonsemi.com

TO-220

TO-220
T SUFFIX
CASE 314D

DA W
O Os
-
o

D2PAK
D2T SUFFIX
1 CASE 936A

5

Heatsink surface (shown as terminal 6 in
case outline drawing) is connected to Pin 3

<

ORDERING INFORMATION

See detailed ordering and shipping information in the package
dimensions section on page 25 of this data sheet.

DEVICE MARKING INFORMATION

See general marking information in the device marking
section on page 26 of this data sheet.

© Semiconductor Components Industries, LLC, 2009 1
June, 2009 -~ Rev. 11

Publication Order Number:
LM2575/D



LM2575, NCV2575

Typical Application (Fixed Output Voltage Versions)

eedback
7.0V -40V Wi 3 L
LM2575
Unregulated 330
?)%llﬂpm 1 Qutput =) 5.0 V Regulated
Cip L+ 2 Lo | © Output 1.0 A Load
;ﬁam SEWFOFF 1N5819 icom -

Representative Block Diagram and Typical Application

Unr;%u:atelg
np +Vig 3.1 Vinlemal ON/OFF Output R2
= J: & Regulator il : Voltage Versions | (<)
G L = 33V 17k
I 4 50V 31k
= ——0O 12V a.a; K
Feedback Current 15V - 113k
R2 Fixed Gain For adjustable version .
Error Amprme{ Compa‘m R1= open, R2=0Q
i
A1 i Regulated
10k|  Freq [aich - 1 -
18 kHz 2 R\ _[ Q
1.235V T ND D1 e
Band-Gap | [ sokhz ar 5 T
Reference Oscillator ;i NN = = Load
2

This device contains 162 active transistors.

Figure 1. Block Diagram and Typical Application

ABSOLUTE MAXIMUM RATINGS (Absolute Maximum Ratings indicate fimits beyond which damage to the device may occur.)

Rating Symbol Value Unit
Maximum Supply Voltage Vin 45 \4
ON/OFF Pin Input Voltage - -03V<seV<4+V, v
Output Voltage to Ground (Steady-State) - -1.0 \'
Power Dissipation
Case 314B and 314D (TO-220, 5-Lead) Pp Internally Limited w
Thermal Resistance, Junction-to-Ambient RoJa 85 ‘C/wW
Thermal Resistance, Junction-to-Case oRayc 5.0 ‘C/W
Case 936A (D2PAK) Pp Internally Limited w
Thermal Resistance, Junction-to-Ambient (Figure 34) Raya 70 ‘C/W
Thermal Resistance, Junction-fo-Case Reuc 5.0 “C/W
Storage Temperature Range Tetg -65 to +150 °C
Minimum ESD Rating (Human Body Model: C = 100 pF, R = 1.5 kQ) # 20 kV
Lead Temperature (Soldering, 10 s) & 260 G
Maximum Junction Temperature Ty 150 “C

Stresses exceeding Maximum Ratings may damage the device. Maximum Ratings are stress ratings only. Funclional operation above the
Recommended Operating Conditions is not implied. Extended exposure 1o stresses above the Recommended Operating Conditions may affect
device reliability.

http://onsemi.com
2



LM2575, NCV2575

OPERATING RATINGS (Operating Ratings indicate conditions for which the device is intended to be functional, but do not guarantee

specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics.)

Rating Symbol Value Unit
Operating Junction Temperature Range Ty -40to +125 e
Supply Voltage Vin 40 \

SYSTEM PARAMETERS ([Note 1] Test Circuit Figure 14)

ELECTRICAL CHARACTERISTICS (Unless otherwise specified, Vin = 12 V for the 3.3 V, 5.0 V, and Adjustable version, Vi, = 25 V
for the 12 V version, and Vj, = 30 V for the 15 V version. lLoag = 200 mA. For typical values T, = 25°C, for min/max values Tyis the
operating junction temperature range that applies [Note 2], unless otherwise noted.)

I Characteristics $ , Symbol [ Min Typ Max I Unit—l
LM2575-3.3 (Note 1 Test Circuit Figure 14)
Output Voltage (Vin = 12 V, I gag = 0.2 A, T = 25°C) Vout 3.234 3.3 3.366 \
Output Voltage (4.75 V < Vin <40V, 0.2 A< g2 < 1.0 A) Vout : A
T, = 25°C 3.168 3.3 3.432
Ty =-40to +125°C 3.135 - 3.465
Efficiency (Vin =12V, I gag = 1.0A) n - 75 - %
LM2575-5 ([Note 1] Test Circuit Figure 14)
Output Voltage (Vip = 12V, I gag = 0.2 A, T, = 25°C) Vout 4.9 5.0 5.1 \4
Output Voltage (8.0 V £ Vi, <40V, 02 A< | gag < 1.0 A) Vout \
Ty=25C 48 5.0 5.2
Ty=-40to +125°C 4.75 - 5.25
Efficiency (Vin = 12V, I 5aq = 1.0 A) n - 77 - %
LM2575-12 (Note 1 Test Circuit Figure 14)
Output Voltage (Vin = 25 V, lpag = 0.2 A, Ty = 25°C) Vot 11.76 12 12.24 v
Output Voltage (15 V £ Vi, 40V, 0.2 A<l gag < 1.0A) Vout \
Ty=25C 11.52 12 12.48
Ty=-401to +125°C 11.4 - 12.6
Efficiency (Vin = 15V, I gaq = 1.0A) n - 88 - %
LM2575-15 (Note 1 Test Circuit Figure 14)
Output Voltage (Vin = 30 V. I gaq = 0.2 A, T, = 25°C) Vout 14.7 15 15.3 v
Output Voltage (18 V £ Vi, <40V, 0.2 A< I 55 < 1.0 A) T v
Ty=25°C 14.4 15 156
Ty=-40to +125°C 14.25 - 15.75
Efficiency (Vip = 18V, I gag = 1.0 A) n > 88 - %
LM2575 ADJUSTABLE VERSION (Note 1 Test Circuit Figure 14)
Feedback Voltage (Vin = 12V, I paq = 0.2 A, Vo = 5.0 V, T = 25°C) Vs 1.217 1.23 1.243 v
Feedback Voltage (8.0 V < Vip <40V, 0.2 A<l gaq< 1.0 A, Vo = 5.0 V) Veg \
Ty=25°C 1.193 1.23 1.267
Ty=-40to +125°C 1.18 - 1.28
Efficiency (Vin =12V, I gag = 1.0 A, Vo1 = 5.0 V) n - 77 - %

1. External compenents such as the catch diode, inductor, input and output capacitors can affect switching regulator system performance.
When the LM2575 is used as shown in the Figure 14 test circutt, system performance will be as shown in system parameters section.

2. Tested junction temperature range for the LM2575 and the NCV2575;

Tiow = -40°C

Thigh = +125°C

http:/fonsemi.com
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LM2575, NCV2575

DEVICE PARAMETERS

ELECTRICAL CHARACTERISTICS (Unless otherwise specified, Vin =12 V for the 3.3 V, 5.0 V, and Adjustable version, Vi, = 25 V
for the 12 V version, and Vi, = 30 V for the 15 V version. lLoag = 200 mA. For typical values T, = 25°C, for min/max values T, is the
operating junction temperature range that applies [Note 2], unless otherwise noted.)

( Characteristics | symbot | Min [ Typ [ Max | unt |
ALL OUTPUT VOLTAGE VERSIONS
Feedback Bias Current (Vg = 5.0 V Adjustable Version Only) Iy nA
Ty =25°C = 25 100
Ty =-40t0 +125°C - - 200
Oscillator Frequency Note 3 fosc kHz
T,y =25C = 52 -
Ty=0to+125°C 47 - 58
Ty =-40to +125°C ! 42 - 63
Saturation Voltage (lo,; = 1.0 A Note 4) Vsat v
T, =25°C - 1.0 1.2
Ty =-40to +125°C = = 1.3
Max Duty Cycle (“‘on”) Note 5 DC 94 98 - %
Current Limit (Peak Current Notes 4 and 3) o A
Ty=250C < 23 3.0
Ty =-4010 +125°C 1.4 - 3.2
Output Leakage Current Notes 6 and 7, T = 25°C Iy mA
Output =0 V = 0.8 2.0
Output=-1.0V = 6.0 20
Quiescent Current Note 6 la mA
Ty=25C - 5.0 9.0
Ty =-401to +125°C ~ e 11
Standby Quiescent Current (ON/OFF Pin = 5.0 V (“off")) Isthy 1A
T, =25°C 15 80 200
Ty =-40to +125°C 1 » 400
ON/OFF Pin Logic Input Level (Test Circuit Figure 14) %
Vout =0V Viy
T,=25°C 22 1.4 2
Ty=-4010 +125C 24 - -
Vout = Nominal Output Voltage ViL
T, =25°C = 1.2 1.0
T, =—-4010 +125°C = > 0.8
ON/OFF Pin Input Current (Test Circuit Figure 14) pA
ON/OFF Pin = 5.0 V (‘off), T, = 25°C I - 15 30
ON/OFF Pin =0V (“on’), T = 25°C I . 0 5.0

oA

o

. The oscillator frequency reduces to approximately 18 kHz in the event of an

output short or an overload which causes the regulated output

voltage to drop approximately 40% from the nominal output voltage. This self protection feature lowers the average dissipation of the IC by

lowering the minimum duty cycle from 5% down to approximately 2%.
Qutput (Pin 2) sourcing current. No diode, inductor or capacitor connected to output pin.
<

Feedback (Pin 4) removed from output and connected ta 0 V.

Feedback (Pin 4) removed from output and connected to +12 V for the Adjustable, 3.3 V, and 5.0 V versions, and +25 V for the 12 V and

15 V versions, to force the output transistor “off”.
Vin =40 V.

hitp://fonsemi.com
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Vsat» SATURATION VOLTAGE (V) Vout: OUTPUT VOLTAGE CHANGE (%)

INPUT-QUTPUT DIFFERENTIAL v

LM2575, NCV2575

TYPICAL PERFORMANCE CHARACTERISTICS (Circuit of Figure 14)

0.6 T T 1.0 T T
Vi =20V = ILoad = 200 MA
0.4 fioad =200 mA W oslTo2C Pl
- Normalized at g W =
Ty=25°C g ' /
02 — S 08 3.3V,5.0V and Adj a
o
-
-0.2 ] 5 0.2 / //
L g i o
04 // 5 0 12Vand 15V
B /
-0.6 -0.2
-50 -25 0 25 50 75 108 125 0 50 10 15 20 25 30 35 40
T,, JUNCTION TEMPERATURE (°G) Vip, INPUT VOLTAGE (V)
Figure 2, Normalized Output Voltage Figure 3. Line Regulation

1.2 3.0
1.1
— =\ 25
1.0 I/ $ | s
o — - |t
—— — =
0.9 f B 8
40ch” L — | — ——l g
0.8——1 |t N 15
T P o) - £
, A AL
0.6 vl S
- 125°C 05
’ ‘ Vin=25V
0.4 0 L
01 02 03 04 05 06 07 08 09 10 80 -25 0 25 50 75 100 125
SWITCH CURRENT (A) T4, JUNCTION TEMPERATURE (“C)
Figure 4. Switch Saturation Voltage Figure 5. Current Limit
2.0 T 20
AV = 5% \ Vou =50V
1.8 Rpg=02Q = 18 } N Measured at
lLoag = 1.0A = % Ground Pin
1.6 o JE Ty=25°C
1.4 ~—— € 14
—— 8 N ligag=1.0A
1:2 £ 12
L0 | ag = 200 mA & 10 — e
M 3 lload =200MA _ |t |
0.8 --.,\ ¥ 8.0
. [«
0.6 60
0.4 40
-50 -35 0 25 50 75 100 125 0 50 10 15 20 25 30 35 40
Ty, JUNCTION TEMPERATURE (°C) Vin, INPUT VOLTAGE (V)

Figure 6. Dropout Voltage Figure 7. Quiescent Current
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LM2575, NCV2575

z T;=25°C
£ 100
L
% /
3 & e
t
= /]
Q 60
Y4
3 Vi
g 40 | 4
m
foma
Z 2
“
F
= 5.0 1 15 20 25 30 3B 4
Vio, INPUTVOLTAGE (V)
Figure 8. Standby Quiescent Current

20 T T
o= Vip=12V
2 o} Normaiized at 25°C
>
[&]
]
8 =20 /
w
&
o -40 /
w
3
Z -60 /‘
[+
o
= 80—

-10

-50 -25 0 25 50 75 100 125

T,, JUNCTION TEMPERATURE (°C)
Figure 10. Oscillator Frequency
b N

outpur 10V £
o [T
(PIN2) 0
OUTPUT  1.0A =F
Covr " R S
{PIN2) 0
inoucton 1-0A 1
CURRENT »
o sy -mn-n
VOLTAGE

5.0 us/DIV

Figure 12. Switching Wavefaorms

— 120 5
< V=12V
= Vonorr =50V
z 100
e \L\
3 & —
"z_ e ——
S 60
w
S 4w
&
=1
z 20
A
F 9
= 50 -25 0 25 50 75 100 125
T, JUNCTION TEMPERATURE {*C)
Figure 9. Standby Quiescent Current

40 y
2 Adjustable
g Version Only
— |
& 20
c
[+
=
(&
£=
a 0
S
=
i
w =20
é _'__--—-—u_._____./'

40

-50 -25 0 25 50 75 100 125

T,, JUNCTION TEMPERATURE (°C)
Figure 11. Feedback Pin Current

. CHANGE (mV)
oS

I Loag» LOAD CURRENT () Vi1, OUTPUT VOLTAGE

100 ps/0IV
Figure 13. Load Transient Response
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LM2575, NCV2575

5.0 Output Voltage Versions

Feedback
4
Vin vV,
L1 out
2 3 LM2575-5 230 uH Regulated
Output S L1IA Output
2
Vo 3 c? GND 50 ON/OFF
Unregulated 2 G 4_1 G
DC Input 100 puF/50 V ' D1 ~ 330
8.0v-40Vv 1N5819 nev Load
oO— L o
- =
Adjustable Output Voitage Versions
Feadback
O
4
Vin LM2575 L ot
Adjustable 330 egu
+ 1 ju uH [ Output
2
3QGND 50 ON/OFF
Unregulated ‘o o) sl R2
m
B ey 100 KFf50 V D1 330
’ 1N5819 16V
R1
o_ 2 o M _
= a

= Re
Vout = ref(1 + R1)

v
R2 = At 2 u)
ref
Where Vier= 123V, R1
between 1.0 k<2 and 5.0 kQ2

Figure 14. Typical Test Circuit

PCB LAYOUT GUIDELINES

<

As in any switching regulator, the layout of the printed
circuit board is very important. Rapidly switching currents
associated with wiring inductance, stray capacitance and
parasitic inductance of the printed circuit board traces can
generate  voltage tramsicnts which can  generate
electromagnetic interferences (EMI) and affect the desired
operation. As indicated in the Figure 14, to minimize
inductance and ground loops, the length of the leads
indicated by heavy lines should be kept as short as possible.
For best results, single—point grounding (as indicated) or
ground plane construction should be used.

On the other hand, the PCB area connected to the Pin 2
(emitter of the internal switch) of the LM2575 should be
kept to a minimum in order to minimize coupling to sensitive
circuitry.

Another sensitive part of the circuit is the feedback. It is
important to keep the sensitive feedback wiring short. To
assure this, physically locate the programming resistors near
lo the regulator, when using the adjustable version of the
LM2575 regulator.

http://onsemi.com
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FAIRCHILD RHRP8120

SEMICONDUCTOR®

Data Sheet March 2001

8 A, 1200 V, Hyperfast Diode Features

* Hyperfast Recovery t, = 70 ns (@l=8A)

The RHRP8120 is a hyperfast diode with soft recovery * Max Forward Voltage, Ve = 3.2V (@ T¢ = 25°C)
characteristics. It has the half recovery time of ultrafast + 1200 V Reverse Voltage and High Reliability
diodes and is silicon nitride passivated ionimplanted

epitaxial planar construction. These devices are * Avalanche Energy Rated

intended to be used as freewheeling/ clilmping diodes * RoHS Compliant
and diodes in a variety of switching power supplies and
other power switching applications. Their low stored Applications

charge and hyperfast soft recovery minimize ringing and
electrical noise in many power switching circuits
reducing power loss in the switching transistors. ) * Power Switching Circuits

* Switching Power Supplies

G . * General Purpose
Ordering Information

| PART NUMBER | PACKAGE BRAND f Packaging
EDEC TO-220AC
LF!HRP8120 jTo-zzoAc RHRP8120 J " 3
NOTE: When ordering, use the entire part number. ANODE
CATHODE
CATHODE
Symbol ARy
K
A

Absolute Maximum Ratings T = 25°C, Unless Otherwise Specified

RHRP8120 UNIT
Peak Repetitive Reverse Voltage. .. N . 0N ... . N N 7A) 4 s VRRM 1200 \4
Working Peak Reverse Voltage . ... 0u. 0 ..o oiiies e o VRwMm 1200 \
DC Blocking Voltage .......coiviivee NG e T e ccnrnnnnn. S Vg 1200 v
Average Rectified Forward Current .......... N, Su-...L. 2l 31l A\ |F(AV) 8 A
(T = 140°C)
Repetitive Peak Surge Current .. ........... ... .. ... Bra RIS IraM 16 A
(Square Wave, 20 kHz)
Nonrepetitive Peak Surge Current. .. ................oooo i lFsm 100 A
(Haltwave, 1 Phase, 60 Hz)
MEsrmum POWEFDISSIDANON «..vvos e cs o3 4345555050 K56 mmm mmeismns soomcoms S e s Pp 75 w
Avalanche Energy (See Figures 10 and L Eave 20 mJ
Cperating and Storage TONPIAIUNG. . cov.scssicumarsnnts 355505255 5 55 B5ibn v srsmeemsmsn Tste: Ty -65 1o 175 %
©2001 Fairchild Semiconductor Corporation 1 www fairchildsemi.com

RHR8120 Rev. B



RHRP8120

Electrical Specifications T¢ =25°C, Unless Otherwise Specified

{ SYMBOL TEST CONDITION MIN TYP MAX UNIT
Vg lr=8A - - 3.2
IF=8A, T =150°C = . 2.6 Y
I VR = 1200 V 5 . 100 HA
Vg =1200V, Tg = 150°C - - 500 pA
t Ig = 1A, dig/dt = 200 Alus - - 55 ns
Ir =8 A, dig/dt = 200 Alus - - 70 ns
ta IF =8 A, dIg/dt = 200 A/us B 30 - ns
1 I =8 A, dig/dt = 200 Alus - 20 - ns
Qi - Ir = 8 A, dIg/dt = 200 Alus - 165 - nC
cy VR=10V,Ig=0A - 25 = pF
Rayc “ ; - 2 °cw
DEFINITIONS

Vg = Instantaneous forward voltage (pw = 300 pus, D = 2%).
Ir = Instantaneous reverse current.

T = Reverse recovery time (See Figure 9), summation of ty + tp-

tz = Time to reach peak reverse current (See Figure 9).

tp = Time from peak Igy 1o projected zero crossing of Igy based on a straight line from peak Irm through 25% of gy (See Figure 9).

Q; = Reverse Recovery Charge,
C, = Junction Capacitance.
Rgyc = Thermal resistance junction to case.
pw = Pulse Width.
D = Duty Cycle.

Typical Performance Curves

40
<
£
& 10 =
o« rd r.a 7
s A F.A i
3 7 7
= 7 7
c /l 1/
: 7 7
o F 4
w 175°C /100°c 25°C
[’ <
= 1 P —
r 4 r 8 F 4
r r 4 F A
¥ ri ¥ 4
0.5 { rd
0 1 2 3 4 5

Vg, FORWARD VOLTAGE (V)

FIGURE 1. FORWARD CURRENT vs FORWARD VOLTAGE

T

|
200 400 600 800 1000 1200
VR, REVERSE VOLTAGE (V}

FIGURE 2. REVERSE CURRENT vs REVERSE VOLTAGE

©2001 Fairchild Semiconductor Corporation
RHR8120 Rev. B

vwww.fairchildsemi.com




RHRP8120

Typical Performance Curves (continued)

60 [ T T T T
Te = 25°C, dig/dt = 200A/us
50
E— //
ﬁ 40 /_-“
= ter
E /
E 30 '--_, ——
w . _—-""
8 20 = ta -l
[$] | __,_-—i—* _____-u-
g- et ty ]
10 )
0
0.5 1 4 8

Ir, FORWARD CURRENT (A)

FIGURE 3. t, t; AND t,, CURVES vs FORWARD CURRENT

120 v - - - -
Te = 175°C, di/dt = 200A/us
_ 100 L
) L]
£ L1
g e ~da%
E ter —]
60 = -
(=] 40 ta p— "]
2 —
[
# a5 ty
0
0.5 1 4 . 8

Iz, FORWARD CURRENT (A)

FIGURE 5. t;, t, AND t;, CURVES vs FORWARD CURRENT

100 T T | IR T
‘Tc E IDODC,dedl= 200A/us
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|
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i
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I, FORWARD CURRENT (A}

FIGURE 4. t, t, AND t, CURVES vs FORWARD CURRENT
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-
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T¢, CASE TEMPERATURE (°C)

FIGURE 6. CURRENT DERATING CURVE

100

Cy, JUNCTION CAPACITANCE (pF)

20 \.—__
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150 200

VR, REVERSE VOLTAGE (V)

FIGURE 7. JUNCTION CAPACITANCE vs REVERSE VOLTAGE

©2001 Fairchild Semiconductor Corporation
RHR8120 Rev. B
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RHRP8120

Test Circuits and Waveforms

Ve AMPLITUDE AND
Rg CONTROL dig/dt
ty AnD t2 CONTROL I

DUT CURRENT
SENSE

FIGURE &. t,, TEST CIRCUIT

Imax = 1A

L = 40mH

R <0.1Q

Eavr = 122L1 [Vpeayi /v, R(avL) - Vpp)]
Qq =IGBT (BVggs > DUT VR(AVL})

CURRENT
SENSE Vop

Voo
DUT -
f

FIGURE 10. AVALANCHE ENERGY TEST CIRCUIT

o 9y — tp ——
1

¥ -1 —h-:-(— th —3,

° .

FIGURE 9. t; WAVEFORMS AND DEFINITIONS

VavL

-
< —b
-

N
N
\

FIGURE 11. AVALANCHE CURRENT AND VOLTAGE
WAVEFORMS

©2001 Fairchild Semiconductor Corporation
RHR8120 Rev. B

www.fairchildsemi.com



frva i reis s
FAIRCHILD

SEMICONDUGCTOR
TRADEMARKS
The following includes d and unreg d tradermarks and service marks, owned by Fairchild Semiconductor andfor its global subsidiaries, and is not
intended o be mmmeiﬁdﬂmmm
2Cool™ FPS™ Sync-Lock™
AccuPowar™ F-PFS™ i ® SYSTEM
AX-CAP® FRFET® PowerTrench® [Scaienl-
BRSIC™ Global Power Resource™ Powerxs ™ TinyBoost™
Build it Now™ GreenBridge™ Programmable Active Droop™ TinyBuck™
CorePLUS™ Green FPS™ QFE TinyCalc™
CorePOWER™ Green FPS™ e-Series™ Qs™ TinyLogic®
CROSSVOLT™ Gmax™ Quiet Series™ TINYOPTO™
CTL™ GTO™ RapidConfigure™ TinyPower™
Current Transfer Logic™ InteliMAXT™ f:)w TinyPWM™
DEUXPEED® ISOPLANAR™ 7 TinyWire™
Dual Cool™ Making Small Speakers Sound Louder Saving our:odd 1mWW/AW at a time™ TranSic™
EcoSPARK® and Better™ SignaWise TriFauk Detect™
EfficientMax™ MegaBuck™ Smaritiax® TRUECURRENT®"
ESBC™ MICROCOUPLER™ SMART START™ pSerDes'™
® MicroFET™ Solutions for Your S 4l

] MicroPak™ SPM® mg.
Fairchild 4 STEALTH™
Fairchikd Semiconducior® MicroP a2l SuperFET® UHG™

3 ol MillerDrive \ Ultra FRFET™
FACT Quiet Series MotionMax™ SuperSOT™-3 UniFET™
FACT® S aver™ SuperSOT™-6 =
FAST® OptoHiT™ SuperSOT™-8 b Lo =
FastvCore™ OPTOLOGIC® SupreMOS® o il
i Eams OPTOPLANAR® =~ o\ xomo ot

* Trademarks of System General Comporation, used under license by Fairchild Semiconducior.

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY PROCUCTS HEREIN TO IMPROVE
REUABILITY, FUNCTION, OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN; NEITHER DCES [T CONVEY ANY LICENSE UNOCER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS. THESE
SPECIFICATIONS DO NOT EXPAND THE TERMS OF FAIRCHILD'S WORLDWIDE TERMS AND CONDITIONS, SPECIFICALLY THE WARRANTY THEREIN,
WHICH COVERS THESE PRODUCTS.

LIFE SUPPORT POLICY
FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS WITHOUT THE
EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.

As used herein:

1. Life support devices or systems are devices or systems which, (a) are 2. A critical componeni in any component of a life supporl, device, or
intended for surgical implant into the body or (b) support of sustain system whose failure to perform can be reasomably expecled o
ﬂu nnd (c) whose failure to perdform when properly used in cause the failure of the life suppor device or system, or o affect its

with instructi for use provided in the labeling, can be safety or effectiveness.
masonabw expected to result in a significant injury of the user.

ANTI-COUNTERFEITING POLICY

Fairchid Semiconductor Corporation's Anti<Counterfeiting Policy. Fairchild's Anti-Counterfeiting Policy is also stated on our exiemal webste, vwa fairchidsemi.com,
under Sales Support.

Counteretling of semiconductor parts is a growing problem in the industry. All manufacturars. of semiconduclor products are experiencing countereiting of thair
parts. Customers who inadvertently purchase counterfeit parts experience many problems such as loss of brand reputation, substandard performance, failed
appimtmandmmamwmww&msmmmummmwmmmm
profiferation of counterfe parts. Fajgshid strongly to purchase Fairchid parts ether directly from Fairchild or from Authorized Fairchild
Dlslrbdmsvdmam&edbymymww&:pagnchdm PMWMMMWMNMMMEWWW
are genuine parts, have full traceabily, mwmmmhmmmwmmesmmdumm
and product information. Fairchid and our Authorized Distributors will stand behind adl warranties and wil sppropriately address any warranty issues that may arise.
Pam:hidw!na(memwmummhmmmﬁmmmm&ﬁﬁsmwmmmm
problem and encourage our customers 1o do their part in slopping this practice by buying direct or from authorized distributors.

PRODUCT STATUS DEFINITIONS

Definition of Terms
Datasheet Identification

Advance Information

Definition
3 : Datasheet mnlan he ications for uct development. Specifi ns c
F tive / In Design e s t desngnspaci‘ prod P pecifications may change
Datasheet contains prelmnary data; supplementary data will be published at a later date, Fairchild
Semiconductor reserves the right 1o make changes at any time without notice 1o improve design,
Datasheet contains final specifications, Fairchild Semiconductor reserves the right to make
changes al any time without notice to improve the design.
Datasheel contains specifications on a product that is discontinued by Fairchild Semiconductor.
The datasheet is for reference information only.

Product Status

Preliminary First Production

No Identification Needed Full Production

Obsoclete Not in Production

Rev. 164

©2001 Fairchild Semiconductor Corporation 5 www/.fairchildsemi.com
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: TLO084
TLO84A - TL084B

GENERAL PURPOSEJ-FET
QUAD OPERATIONAL AMPLIFIERS

= WIDE COMMON-MODE (UP TO Vcc') AND
DIFFERENTIAL VOLTAGE RANGE

= LOWINPUT BIAS AND OFFSET CURRENT

= OUTPUT SHORT-CIRCUIT PROTECTION

= HIGH INPUT IMPEDANCE J-FET INPUT

. STAGE

INTERNAL FREQUENCY COMPENSATION

LATCH UP FREE OPERATION

HIGH SLEW RATE : 16V/us (typ)

DESCRIPTION

The TL084, TLO84A and TL084B are high speed
J—FET input quad operationalamplifiers incorporating
well matched, high voltage J-FET and bipolar transis-
torsin a monolithic integrated circuit.

The devicesfeaturehigh slew rates, low input bias and
offsetcurrents, and low offset voltage temperature
coefficient.

PIN CONNECTIONS (top view)

-

i

*

P
TSSOP14
(Thin Shrink Small Outline Package)

D
DIP14 sSO14
(Plastic Package) (Plastic Micropackage)

ORDER CODES
Temperature Package
Part Number Range 1 N
TLO84M/AM/BM —-55°C, +125°C s | o] @
TLOB4I/AlBI —40°C, +105°C e o | o
TLO84C/AC/BC 0°c, +70°C s | o | a
Examples : TLO84CN, TL084CD

-

Output 1

Inverting Input 1

ot 8 oy O |

Non-inverting Input 1

Vect

o s ow N

Non-inverting Input 2

1.0

)]

Inverting Input 2

\__/
14 Output 4
]>' ] 13 Inverting Input 4
:, 12 Non-inverting Input 4

1 11 Vee-

Output2 7

j 10 Non-inverting Input 3
] 9 Inverting Input 3
! 1 8 Output3

January 1899
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TL084 - TLG84A - TL084B

SCHEMATIC DIAGRAM (each amplifier)

Vee " []

Non-inverting r'
input &
Inverting
input
:_] 100 2009
[] output
100
30k
' j
-
9
¢ | |B2% *‘
1.3k 35k 1.3k 35k | | 10002
Vee [ . ! -
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vce | Supply Voltage - (note 1) +18 Vv
Vi Input Voltage - (note 3) +15 \
Via__| Differential Input Voltage - (note 2) +30 v
Prot Power Dissipation 680 mwW
Output Short-circuit Duration - (note 4) Infinite
Toper | Operating Free Air Temperature Range TL084C,AC,BC 0 to 70 e
TLO84I,AlLBI —40 to 105
TLO84M,AM,BM -55to 125
Tsig | Storage Temperature Range —65 to 150 ‘c
Notes: 1. All voltage values, exceptdifferential voliage, are with resped to the zero reference level (ground) of the supply voltages where the

211

zero reference level is the midpoint beween Ve’ and Ve,

at the non-inveriing input terminal with respect to the inverting input terminal.
ut voltage must never exceed the m
to ground or to either sup,
ceeded.

2. Differential voliages are
3. The magnitude of the in
4. The output may be shart
dissipation rating is not ex

pi

agnitude of the supply voliage or 15 volts, whichever is less.

py. Temperature and /or supply voltages must be limited to ensure that the

&7




’ TL084 - TLO84A - TL084B

ELECTRICAL CHARACTERISTICS
Vee = +15V, Tamb = 25°C (unless otherwise specified)

TLO84I,M,AC,Al,
Symbol Parameter AM,BC,BI,BM TLOMG Unit
Min. | Typ. | Max. | Min. Typ. | Max.
Via Input Offset Voltage (Rs = 500) mV
Tamb = 25°C TLOB4 3 10 3 10
TLOB4A 3 6
TLO84B 1 3
Tmin. € Tamb € Tmax. TLO84 13 13
TLOB4A 7
TLOB4B 5
DVio | Input Offset Voltage Drift 10 10 uvirec
lo Input Offset Current *
Tamb = 25°C 5 100 5 | 100 pA
Tenin. < Tamb < Trmax. 4 4 nA
I Input Bias Current * : :
Tamb = 25°C- 20 | 200 30 | 400 pA
Tmh. < Tamb < Tmax 20 20 nA
Avd Large Signal Voltage Gain (R = 2kQ, Vg = +1 ov) VimV
amb = 25°C 50 | 200 25 200
Tmin. < Tamp < Trax. 25 15
SVR Supply Volta%e Rejection Ratio (Rg = 50Q) dB
Tamp = 25°C 80 86 70 86
Tenin. < Tamb < Tmax. 80 70
lec Supply Current, per Amp, no Load \ mA
Tamb = 25°C 14 | 25 14| 25
Troin. < Tamb < Trax. 25 215
Viem Input Common Mode Voltage Range =14 (\W15 211 4 jt15 Vv
-12 -12
CMR | Common Mode Rejection Ratio (Rs = 500) F dB
Tamb = 25°C 80 | 86 70 86
Trmin. < Tamb < Tmax, 80 70
los Output Short-circuit Current mA
Tamb = 25°C 10 | 40 | 60 10 | 40 | 60
Trin. < Tamb < Trmax, 10 60 10 60
*Vopp | Output Voltage Swing \%
Tamb = 25°C Ri= 2%Q 10 | 12 10 12
RL = 10k0 12{135 128\Y 185
Tmin. € Tamb < Trax. RL= 2kQ 10 10
RL = 10k 12 12
SR Slew Rate (Vi = 10V, RL = 2kQ, C = 100pF, Vius
Tamb = 25°C, unity gain) 8 16 8 16
te Rise Time (Vi, = 20mV, R, = 2kQ, CL = 100pF, us
Tams = 25°C, unity gain) 0.1 0.1
Kov Overshddt (Vin = 20mV, R_ = 2kQ, C; = 1 00pF, %o
Tamb = 25°C, unity gain) 10 10
GBP Gain Bandwidth Product (f = 100kHz, MHz
Tamb = 25°C, Vin = 10mV, R, = 2kQ, C = 100pF) 25 4 2.5 4
Ri Input Resistance 10" 10" Q
THD Total Harmonic Distortion (f = 1kHz, Ay = 20dB, %
R = 2kQ, CL = 100pF, Tams = 25°C, Vo = 2Vpp) 0.01 0.01
Equivalent Input Noise Voltage nVv
€n | (f=1kHz, Rs = 100Q) 15 15 ey
“m Phase Margin 45 45 Degrees
Vo1/Voz | Channel Separation {Av = 100) 120 120 dB

* The input bias currents are jundtion leakage currents which approimately double for every 10°C increase in the junction temperature.

&7

311




TLO84 - TLO84A - TL084B

MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE VERSUS FREQUENCY

30
5 25
a
—
a 20
x 5
Qg 15
5 <
=
¥ 0O 10
5>
'R
= 5
s
§ 0

100

Vee = 215V RL= 2kQ
 Tamb = +25°
See Figure 2
Ve = 210V
[ Ivee = £ 5v
1K 10K 100K M
* FREQUENCY (Hz) ’

MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE VERSUS FREQUENCY

[_‘

g 30
3 25
¥s 2
s
25 L5
Qr—-

%‘:é 10
= S
=

ﬁ 0
=

10M

MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE VERSUS LOAD RESISTANCE
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TL084 - TLO84A - TL084B
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TLO084 - TLO84A - TL084B
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TOSHIBA

TLP250

TOSHIBA Photocoupler GaAlAs Ired & Photo-IC

TLP250

Transistor Inverter

Inverter For Air Conditionor
IGBT Gate Drive

Power MOS FET Gate Drive

The TOSHIBA TLP250 consists of a GaAlAs light emitting diode and a
integrated photodetector.

This unit is 8-lead DIP package.

TLP250 is suitable for gate driving circuit of IGBT or power MOS FET.

o Input threshold current: Ir=5mA(max.)

¢ Supply current (ICC): 11mA(max.)

e Supply voltage (Vo) 10-35V

e Qutput current (I0): +1.5A (max.)

¢ Switching time (tpLH/tpHL): 1.5ps(max.)

¢ Isolation voltage: 2500Vyms(min.)

o UL recognized: UL1577, file No.E67349

e QOption (D4) type
VDE approved: DIN VDE(0884/06.92, certificate No.76823
Maximum operating insulation voltage: 630VPK
Highest permissible ever voltage: 4000VPK

(Note) When a VDE0884 approved type is needed,
please designate the "option (D4)"
s Creepage distance: 6.4mm(min.)

Clearance: 6.4mm(min.)
Schmatic

2+ —C Vo
Vg =3 >’ 7
3- —0 Vo

<«
lo 6
T (Tr2)
® * ©  GND
5

A 0.1pF bypass capcitor must be
connected between pin 8 and 5 {See Note 5).

Truth Table

Tr1 Tr2
Input On On Off
Leb Off Off On

Unit in mm

& 7 & &

30548 y,,;E,,]

12 3 4
162202

122096
05201

2341035

|
oo

]

LIRT"

TOSHIBA 11-10C4

Weight:

054 ¢

Pin Configuration (top view)

[

o[

Y d N 7
31:}—) e

T]s

—1ils

N A WN =

- N.C.

: Anode

: Cathode

: N.C.

: GND

: Vo (Output)
Vo

*Vee
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TOSHIBA

TLP250

Absolute Maximum Ratings (Ta = 25°C)

Characteristic Symbol Rating Unit
Forward current Ig 20 mA
Forward current derating (Ta = 70°C) Alg / ATa -0.36 mA/°C
@ Peak transient forward curent (Note 1) lgpT 1 A
Reverse voltage VR 5 \Y4
Junction temperature Tj 125 °C
“H"peak output current (Pyy < 2.5us,f < 15kHz) (Note 2) lopPH -1.5 A
“L"peak output current (Py < 2.5us,f < 15kHz) {Note 2) lopL +1.5 A
(Tas70°C) 35
QOutput voltage Vo \
5 (Ta=85°C) 24
8 (Ta < 70°C) 35
2 Supply voltage Vee Vv
(Ta=85°C) 24
Output voltage derating (Ta 2 70°C) AVo !/ ATa -0.73 v/iC
Supply voltage derating (Ta2 70°C) AVee / ATa -0.73 vV/°C
Junction temperature Tj 125 °C
Operating frequency (Note 3) f 25 kHz
Operating temperature range Topr —20~-85 e
Storage temperature range Tstg -556=~125 °C
Lead soldering temperature (10 s) (Note 4) Tsol 260 °C
Isolation voltage (AC, 1 min., R.H.< 60%) = (Note 5) BVs 2500 Vrms

Note 1:  Pulse width Py < 1us, 300pps
Note 2: Exporenential wavefom
Note 3:
Note 4:  Itis 2 mm or more from a lead root.
Note 5:

together.
Note 6:

Exporenential wavefom, lopn < —1.0A( < 2.5ps), lopL < +1.0A( < 2.5us)

Device considerd a two terminal device: Pins 1, 2, 3 and 4 shorted together, and pins 5, 6, 7 and 8 shorted

A ceramic capacitor(0.1uF) should be connected from pin 8 to pin 5 to stabilize the operation of the high

gain linear amplifier. Failure to provide the bypassing may impair the switching proparty. The total lead
length between capacitor and coupler should not exceed 1cm.

Recommended Operating Conditions

Characteristic Symbol Min. Typ. Max. Unit
Input current, on (Note 7) IF(ON) 7 8 10 mA
Input voltage, off VF(OFF) 0 —_ 0.8 Vv
Supply voltage Vee 15 —_ 30 20 \%
Peak output current lopn/lopL — — +0.5 A
Operating temperature Topr -20 25. 70 85 °C

Note 7: Input signal rise time (fall time) < 0.5 ps.

2004-06-25



TOSHIBA TLP250
Electrical Characteristics (Ta = —20~70°C, unless otherwise specified)
. | Test
Characteristic Symbol Cir- Test Condition Min. Typ.* Max. Unit
cuit
Input forward voltage VE — IF=10mA, Ta=25°C 1.6 1.8 \%
Temperature coefficient of . °
f rd voltage AVE/ATa — Ir=10mA — -2.0 e mV/°C
Input reverse current Ir — Vr =5V, Ta=25°C — 10 pA
Input capacitance Cr — V=0,f=1MHz,K Ta = 25°C — 45 250 pF
i IF=10 mA
H" level 1oPH 3 -05 -15 —
- Vg g=4V
Qutput current 2{‘13? =3 . A
. IF=0
L level loptL 7] Vg 2.5V 0.5 2 =
wpqn Vcet = +15V, VEg1 = 15V .
H" level Vou 4RS00, 1r = B 11 12.8
Qutput voltage \'
an Veet =+15V, VEg1 =-15V . N N
L" level VoL 5 RL = 200Q, Vr = 0.8V 14.2 12.5
Ve =30V, IF = 10mA N ¥ .
“H level lech — |Ta=26°C
Vee = 30V, Ig = 10mA —_ — 14
Supply current C6 & mA
Vee =30V, I = 0mA - \ N
“L” level lccL £ Ta=25"C
Vee = 30V, Ig = 0mA — - 11
Threshold input “Output ¢ IeLH g Veet = +15V, VEg1 = -15V . 12 5 mA
current L—H Ry = 2000, Vo > OV
Threshold input “Output e 5 Veet =+18V, VEgq = -15V 0.8 - . v
voltage H-L" R = 2000, Vo <0V i
Supply voltage Vee — 10 . 35 v
Capacitance c Vg=0,f=1MHz
e —_ 1.0 2.0 F
{input—output) 5 Ta=25%C B
. < Vg =500V, Ta=25°C 12 14 _
Resistance(input-output) Rs - RH.< 60% . 1x10 10 Q
* All typical values are at Ta = 25°C  (*1): Duration of Ig time < 50us
3 2004-06-25



TOSHIBA TLP250

Switching Characteristics (Ta = —20~70°C , unless otherwise specified)

Test
Characteristic Symbol Cir— Test Condition Min. Typ.* Max. Unit
cuit
Propagation L—H toLH — 0.15 0.5
delay ine HsL loHL IF = 8mA (Note 7) - 015 | 05
6 Vet = +15V, Vggq = -15V us
Qutput rise time tr RL = 2000 e e .
Output fall time tf s s e
Common mode transient
: . : Vem = 600V, Ig = 8mA
immunity at high level CMH 7 - LHEd -5000 o — V/ps
output Vee = 30V, Ta=25°C
Common mode transient
: ; Vem = 600V, I = OmA . _
gﬂtngﬂ?ﬂy at low level CmL 7 Vo = 30V, Ta = 25°C 5000 V /us

* All typical values are at Ta = 25°C

Note 7: Input signal rise time (fall time) < 0.5 ps.
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TLPZ50

TOSHIBA

Test Circuil 1,

1L
C
[

Test Circuit 3 : IOPH
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TOSHIBA JLtag
Test Cirouit 6: toLH. tpHL. tr tf
0 | SI
ﬂolp_E £ | 0-10F v Veet 80%
[
i i 80%

T

1000

Test Circuit 7: Cpu, CmL

1] ] BI
sw IF 0.1pF
if_’—E ] i L’CC

AJTfT ! 05—y

Vewm
() =
mlly fI7
_, 600V
6 | 90%
CcM 0,
10% i
>| e 1€
SW :A(IF=8mA)
\/ CmH
Vo AT ~6BV
CHL
SW :B(Ig=0)

Ce 280 (V)
tr (ps)

Cmh = iﬁﬂ
f (ps)

CML(CMH) is the maximum rate of rise (fall) of the common mode voltage that can be sustained with the output

voltage in the low (high) state.
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TOSHIBA TLP250
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TOSHIBA TLP250

RESTRICTIONS ON PRODUCT USE

+ The information contained herein is subject to change without notice.

¢ The information contained herein is presented only as a guide for the applications of our products. No responsibility is assumed
by TOSHIBA for any -nfringements of patents or other rights of the third parties which may result from its use. No license is
granted by implication or otherwise under any patent or patent rights of TOSHIBA or others.

e 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 vulnerability 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 andfor 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.

e The products described in this document are subject to the foreign exchange and foreign trade laws.

» TOSHIBA products should not be embedded to the downstream products which are prohibited to be produced and sold, under
any law and regulations.

» GaAs(Gallium Arsenide) is used in this product. The dust or vapor is harmful to the human body. Do not break, cut, crush or
dissolve chemically.
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