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ABSTRACT

This project presents a compact and commercial inverter design. The main
objective of the project is to design a very compact and easy implementation to
industry especially for a single phase induction motor drive. Inverter is the driver to
control the speed of motor by varying the operating frequency and voltage. The
topology of developed inverter in this project is H-Bridge inverter or full Bridge
inverter using pulse width modulation (PWM) technique. The control signal is
generated by the microcontroller Arm Cortex M4 (STM32F407VGT6). In addition, the
TLP250 opto-coupler serves the purpose of isolation between the microcontroller
circuit and the H-Bridge inverter, and supplies the required gate voltage for the
turning on/off of the power MOSFET (IRFP460) in the H-bridge circuit. In this progress
report, the H-Bridge inverter drive of a single phase induction motor was modeled

and tested using MATLAB simulation.
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Motor ushsasunananifviuievnainuuialngiunia Split Phase Motor uagwus1uau
seusnnBunTuamnYny wdsesaUdmed (slndidninslas) aunsudluesInaIa
amsn fedndusumlsmigudnanafaiamfinefuazvamnaniinesnannies
. MUEmesTuNaWes (Capacitor Run Motor)
dnwnrlassadenlvresndweisunawmefniloutusinanimueines

al  a 3

M o o P ¢ o pa ¢ a s A Y =
Lmluummmmmwuquaﬂaw AMAUITLABST (AIUITIBSUSELANUNLY WIDNTEATWRIY

lang) zsivaglursasnasaiian vilien Power Factor AT

A. AMUBImeTanIvLayTuLeLnes (Capacitor Start and Run Motor)



SnunlasaivesnuBmesuarfunamessiintasindned 2 ¢ Ao
aUBwasanisniuaun@inesiu audimesaniindesunsuegiuaindusaniemi
Audnanwmaliend Wudyiaaing drunrBineisuizdesdiuiasnasanal mudnes
Fdsyevuuiu Farnvesaidinedestuiliunnsety

3.) SWaduualmas (Repulsion Motor)

Iatunewes uveinesifluaainlsnes (Rotor) Aowdiunsuiimnes
wazduUssmuduisednises fehlduiuanusuazusadals Tnenisudunsiumiass
U ammes (Stator) avilvaainiueglusenfissaifeiviiounuunsuvosaudnausines
Fund vmaau (Main Winding) slerfuundsinelnlaemss usedaiSumyuge annuisaned &
yum 0.37-7.5 Aladadt (10 wsedh) Moty dunsumeaizes duay Juhauralvg

4.) gfiviasuanamasi (Universal Motor)

Universal Motor unaimasauinidniivunasdslnidons 1/200 usehis
1730 usadh drllelanuuvassielinssuanss uagldlanuunasdnglninszuaadueiln 1
wa uewnedvlindiinuandiilansiu AoliusedaiFuvyugs douilUldidumdy
wiadldluinanelutiu wu wissunnaznaneims Salnunuaalii tadesuanluiin
wowmosINsBuR adlni Husiy

5.) lwaLaAlwaNalnes (Shaded Pole Motor)

Shaded Pole Motor unaimesuuaidniigniussdnumusnnn and
vanmsafsaunuimdniadouilagldnaves Shading Coil thluldnuldfuindselslii

< ] ] L =]
YUINLAN G LYY 1@3L‘U'1NLI WARNTVUINLAN

2.1.2 msinuvesdusnduseineuiluna

vawesnienihnssuaadunvumilarailasaiandefunones 3 e u
fifounnsreiuiiawnimosusamaines 1 aiinisiuvaainludnuasuuumadon (Main
Winding) wagsaidnfiuunasinglniinszudaduiiios 1 wa dfuauuudmdniiindud
awmmesTelildauuwimdninyuimeaui@dastamniouvlunsdvemaned 2 wa
vi3e 3 wlaitldFuusafuliihnssuaadu 200 vio swa Sudumaliauuuindniinms
ndulundusnegiainnesdsliannsavilivemedifiousedn uasmuiuldluvasilsmes
fusmgneg Faduamniwemesindenh 1 walsiansnsaiFumyuldsesasiues n1svil
wewnos 1 wia vyuléiu vildlasmsderaaandn 1 9m 3031 awdliary winding dsede
aumaaszwienseualiinlvaluvaniaiaesuuainmaiiinneiumi 90 esn fafy
uawmoiasdinuanifvisensiuieiiuuewmes 2 wanssualwihiilualuvnainieaesy
viliAnaumwivdngu JehlfuewmesanunsaFumumedaesld fufuuamesnileni

1 wid 9zdsynoumenain 2 Yafe nadIRYRaRIsNMiernalntae (Starting Winding or



Auxiliary Winding) wazunadnyaiuninunainvan (Running Winding or Main Winding)
5 (-] a 1 1 s 1 1 =l L7 nJ
VARINYNADIINNAY 90 29AMNINAN wazsaasaudnAuLrasTne Wi uWalme? mgﬂw

— | P o |

O—J Diiain O—I Iinin 0 l
Switch O O Switch
Muin Main

v 0 0 o

winding winding

0] O
o—l o—l 0
-— laux
TAAALS
Auxiliary winding Auxiliary winding
(n} (n

— | — 1

O—J Tifinin 1 O—J
Nt \ Switch Hain Switch
y o=
winding winding
L
| -— biux I
TAAALS
Auxiliary winding Auxilinry winding
(") (1

gﬂﬁ 2.1 N15#® Auxiliary Winding (n) Split Phase Motor () Capacitor Start and Run
Motor (@) Capacitor Start Motor (§) Capacitor Run Motor

2.1.2 NIAIVANAINTITEVYBINBIABSUUY V/f constant control

ACLHES &

a
gﬂw 2.2 1938UYaV09 Induction Motor

mngﬂﬁ' 2.2 Rs AB AUsuMuaALRes (Stator Resistance), L AoAa1u
wilenannes (Stator Inductance), Is Aanszuaaianes (Stator Current), Vs ABLLIIAU
flawnnes, L, e Magnetizing Inductance, Iy f®@ Magnetizing Current, Lr filama7y
wilenilsines (Rotor Inductance), Rr Aamanusumnulsmes (Rotor Resistance), Ir #a
nszualsmes uas s Aoaay (Slip)

mnwé’nm‘sﬁwmﬁugmmm Induction motor AUI5ITEUTBINBLNDT A

v & v = =
ANRBINsvedinantiuaunsamuaulalagnsusuatamd (frequency) auaunis (1)

N.= — (1)
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al a i oA o s 4 o 0§ v a =
\Wa Pole fiA1Ash ualliosanifieauiiasunaliazyinle X, wWaeu dedn
i o EJ v A L 1 = d LX) 1
X, 194 Ly wWasuasyila 1y, wWdsuniasmalurasiusaiy Vs windy tasannndndudivan
A v P o } =4 " % a Y
fasnammes edmdnulunlsnestuegiuruinvas I, 61 Iy Wasy vunesndnd
1 - a'l’d a v Ly o va & [ 1% al = al
wawaniAasuniy nsusuaudlidamuntuazyinld X, Jatunndu wag |y, datanad

denalvuunandndusmdnilAiianad Wod1nauni1sn (2)

V = 4.44NfQ 2)

=l

) i P [ vV 4 '
EIBINUIUIDUUA[INUATIAIN El:iiﬂ @ .f: L:JEJ‘UH’]G]‘?JENHU’]@JLL&JLMEH;JFH

anad usala (Torque) NazdAranas lunenduiudranaudluvuegy Vs iy nseua |,
a1 o o ' a1 oA & a o X 1o
AAWANTY vuevesauLusiwaniianintu usela (Torque) Seilafis@udig uiiilonszua
WINTUIUTTEAUNTLNUUANIEIAAN BN wasausudindniuinfudaalinanudoud
wnuwmangadu i1 1y fiuvioanindwaidesouaines dajuiiodvi 1, Tenaei s
< =l ' e = o v i e | a0 1) ¢ al
Audsasuwasluinlnginny Geasvinldauinauiuudivaniinined dealviuainesil

a v o o P
wseln (Torque) léigegaman fagua 2.3 (n)

%

| TV (3)
MOT. 2

o 8 1w Y ) v o o

PINAUNTTN (3) LU DIeedndIU v AU f 1R nTewd I, wAan

V/F constant control d7efAe d@runsaldiuuainasiluld laslineansiu

dayarsilinesanelu

>
@
o
o

“
o
k=

g

g

TS

TORQUE (Nem)

™
Q
&

Lt

W\

100 4

| | il
U Slator frequency.ws (p.u.) L i)

0 300 600 900 1200 1500 1800 2100 2400
SPEED {r/min)

(n) (u)

g‘dﬁ 2.3 nyusetn (1) Sasdu V/F aedl () nsrdau V/F lumsit (7]

2.2 mﬂﬁﬂmmag}Lawmmn'ﬁ']waﬂﬁaﬁ (Pulse Width Modulation: PWM)
PWM (Pulse Width Modulation) A8 n1sUSUAIUAINTBINAELABNNT

uoaesdygrniUIsuliieuiusewinadyaudede (Referent) Mdudmyaodlerd (Sine

Vo W < < a o o v w < < ¢ v
Wave) lnglvil dudnyayinmuiyagiu FatupuiineinuiuanudyagIuivewmesazlasu



v o 4 = @ ol s =

Audtyeyrauname (Carrier Wave) Miludgauiiuides (Saw Tooth) viednyey Ui
a‘ = a < 1 oas (3 14 a

ey (Triangular Wave) NAMUDLINAMEYYIUDIMNAD1984 (Reference  Output)
] ] v oa L o =l P L tY L) s =

nanewn  YinunsaunudygrumuiyagiuiieUiulviseauusenu rms wWasuudasld

= [V |
Walvian v/f padi

31 2.4 (n) PWM uuv Bipolar () PWM LUy Unipolar

A 2 L7 c!! o @ d” a
MNFUN 2.4 udeansasedy s PWM eagidnandlugaguiudi

€ o

A. A o o 1 o/ n‘ YV a =l =l s
gunsaladndeiililunadusiely Inedygin PwM Aliinanniswiouiiisugadves

[
o v

0 o & v o = a = < a L3 £ o 14
Fyaransans aziuldiadnidaulusimunnsln-Unvesaindiinindunesines vinlik
gunsalalndusiazyniiniaduefineifesinuuuuaindenugudyand Bonanuniig

3

senIaRaddn mundreRad (Pulse Width) waziSenyesinaseninafadin amuniieuend
| . @ - a o o YR
(Notch Width) uanantiisigsanansaddeunnuiuazussiu ms Yasgunau PWM Uldnae
nswasumuuazvavesdnygugluiviedyanamegiais Tnsasvinldauiyagiu
< = ' & ) ¢ ° ' )
v0IgUAau PWM Wasu unnisiasusunavesdyaraledasyilvidiusedu rms vas PWM
<l & v ] <] L ] Y] < © t 4 o
wWaegu anmuauegnludadiunu nafevinlv v/f AW
o & o4 o a ¢ d a o < < LY
JUAAU PWM 4 L:J@mm’;Lﬂ'ﬁﬂsmwawmimmmmnmqG]ml,maEﬂummm
P
suadulagldnislinszsiuuuises anunsafouaunisvosndu PWM Tuguvaseunsumiies

Ieimatl

V(t) = m, V;d sin(wst+®) +Bessel function harmonic term (4)

< o o < o ¢ 4 | @ =

w, Aemwiyagudsianinuivesgundule, o Aeyusaavesdnynynd
ldannsuegian was m, AasiinITuagav (Modulation Index)

Awiiinisuagian (Modulation Index) fia  SwsndruvsanenUagaves

dyyraudiongian (Sine Wave) AousuUAgnveIdyQIUNIvE (Triangle Wave Form)
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Amplitude of modulating wave form
m, = (5)

2 Amplitude of carrier wave form

MNAUNTA (4)  awnsauFuruenudgaves vt lalaensuiu m, s

[V v o O S a o o P

awnsauiuAt m, 16910 0 - 1 Tae?l m, = 0 Aygaiiinanmsueglanasifusuaivasud

a d v o 4 = o | ] ] o ¢ e v ¢

Neudwniueiuwnve ALy wazh m, = 1 9093195Eninanad wiemunitauend

& W a1 o 15 fu o o a & a [ o “

awmgld dadh m,  TAwan agviliisddunidunauinoynsuvesrduilduasueind
(Bessel Function Harmonic terms) fiunuvioyas

=Y

a ¢ I3 a ¢ al | < ¢ &
NNNFTUATIENEITUOUNAVDIFUAGU PWM  wunAIUDveIasuatinddl
s o g o < o = W = [
ANdUNUsAUANveIdy 1w IME Lazaudyag ueglusu MwaNw, Lo w, Hu
< 4 al o = ° =
ANUDAGUNINE W L‘ﬁlummﬂgagw M waz N iudurudy Tnedl MeN=dwudud uay
=l s 1 4 1 =l' 1 a ] ]
LSENIATIFIUYDIANUANINLABANUNYAFIUI BATIAIUAIIUANITUOLAY
a ' a . P 9]
BRIIAIUAIINANITUBGLAN (Frequency Modulation)  fAB 8nTIN15Y04

AJ o/ % 1 al L .
ANNATBIEYYIUNIME (Triangle Wave Form) aanunvesdgyaiuuagian (Sine wave)

frequency of carrier wave form
frequency of modulating wave form

VNMsIATIEieiNelind nuluenuagaveseiueiindueuswiuliduey

o = a ' o & DYl = ! ¢
NUAT My LLagﬁﬂgﬁaﬂﬁQﬁﬂﬂ‘]W']llﬂ’]iLWﬂJ’U@ﬁﬂ’] Muag N YuInuu wman My VSUNANDIITUD

a oo [ Wl E ' JL 4 o [ P v ool
indilwaidwewmes nanfie B m; fiArgenniu nszualvaidinaimesezdizuindnau

¢ & a 1 | a o Y el a
lovdsnndu uagensueilndenagazgnnsadlavAinnumienimesdiuewes uwidle me den

(%

o & ¥ a a a ¢ a fa o a 1 ¢ & o o & v
wnvgvhliAan1sla-Unvesgunsaladnddeiinndunesimefidusuauannass Wunals

o a oo a  a - i
SgeLdBiUeRINNIUA-Un (Switching Loss) 4

a

WVIAANA

as

Tumsi3suiiigy (Comparator) - dyanguatumasumiedayginmive
sgroalmududaduas (Linearity) Jsaslddyann PWM Allaufaiieutos elunis
a¥1edyayrad Pulse Width Modulation (PWM) Huanunsaasnslianisaseundenviiaadng

nnmseulusunsululasaoulvaiass

2.3 lulasaeulvsaiand

lulasmeulnsatas (Microcontroller) Ao gunsainuAuaualen Faussq
AuaLnIafiadneadafuszuunsuinees Tnslululasneulnsaiasldsauien A
wherwudn uarnedn Jududulssneundnussssuuneufinmesidniidaedu Tnevnig

vssgihlilusdadentu lulasaeulnsanosuanaiegui 2.5
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UM 2.5 lulasroulnsaass

lassasululasaeulnsaaesuvseanidu 5 dufe

1. miguszananana (CPU: Central Processing Unit)

2. veausn (Memory) wuseanidu 2 @ufa ROM wae RAM Tne ROM
aldiiulusunsusds (Program  Memory) Ssdioyaitiulumirgmmsussinniaslsigny
meluulaifilmides Sndaunilsiie RAM Wumiheanusdeya (Data Memory) Miiuitin
%’aagaﬂ'au%zgnﬂssmawaﬁ’hwﬁwﬂismawanm@ wigaudl S umiisaE
%iin Volatile Memory Aadipsmsinidedlunisiauremiasaiusi feiuilelifinissng
e Feyartsmunasnaly wiieldildnuansnsafuaudsiilululasnevlnsataasle
lulpsroulnsalaesdaldniinmudrviln 88wses (EEPROM: Erasable Electrically Read
Only Memory) Fi'iammsmﬁuﬁaya‘tﬁuﬂlﬂﬁlwLﬁyaa

3. Peripheral Interface #AeduildRnsiafugunsainigusn 1y wosndumn
(Input  Port) wasmasdiyeumanesmiaring (Output Port) nasdeansriunesmaynsy
(Universal Asynchronous Receiver/Transmitter: UART) LLasé‘u‘] ‘T}amﬁL%awﬂ'aaUﬂifﬁ
mevenfiotulugaiuedlulasreulvsalaesitefiozannsavinuiautugunsadugld
Wy AsSuArIInwweed Msdsdyandunawesiiuneasueaieluduusines nsds
foyaiitelunansnadies LCD saufmsindeudetoyatuneufinmes

4. dommufuvesdygin viedd (Bus) Aeidumenisuanivasudeya
wIn @y wiheawdy uagwese Wudnuusvesaiedygradauninegnislud
lulasaeulnsaiaes Insuvududadoya (Data Bus) Uauoniasa (Address Bus) uaztia
AuAN (Control Bus)

o - /s ) | dl ] L =l 1 Ii! A
5. JATINUUAFLYLYIUUIWNN LﬂUE’I?U‘UiSﬂﬂUWﬁ']ﬂEle']ﬂE]ﬂa'Juwud LUBNIN

£
=

mshaistulumlulasreulvsaees wwiuey

s

UNITAIMUATINIE YN

s

ATATREAT VL EY,

@ =l

= W o o o ¥ vald | ¢ I
Fn']llﬂ%@ ﬁ]a‘m:ﬁnﬂiﬂﬁﬂﬁﬂﬂﬂsﬁﬂyqiﬂwﬂlﬂﬂ‘uu aﬁNﬁlmﬂﬂﬂiﬂﬂUIVﬁaLﬁai 'JUUNF]'J"IJJW?'LU

nsUsznanagemulude
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2.4 3uasines
duneines Ao gunsaluuasuseiudunalniinssuanse (D) Wuusesiu
wnalninszuaadu (AQ) NivwiauasAuiiniudeants  awnsashlUldldfussuy

[ @ 0 o < £ & LY
memsﬂ%daaua’liaq FEUUTULARDUNDWDT LUUnU

2.4.1 U1ANU99dulIodined

Suneiines wlweenlu 2 Ussiav Ae Buesineiuilava (Single Phase
Inverter) wazduliesinesauia (Three Phase Inverter) usnanniisuiesinesdeanunsa
wUsnudnwazlassairsaznailuldonuld 2 Ussiande  dunedimeduvutiounseud
(Current Source Inverters) WagBuesimasuuutounssiu (Voltage Source Inverters) %
wualaidu Square-wave inverters, Pulse-width-modulated (PWM) inverters uag

Functional requirements of grid-connected inverters

2.4.2 10¥-U3A3 dUasmas (H-Bridge Inverter)
l0-Uind Buliedlned (H-Bridge Inverter) viie Wausadduniasinas (Full

Bridge Inverter) Ain Bunesimomilananiuswiuioiswafiugnadu

P - - _— - - Sy

Voltage —» Rectifier — Inverter —» Load :
; SOUTCE A B3 I SRS " SR f N 5. - P n

Control

JUM 2.6 vdenlaezunsuduiesines

< & & o ¥ ¢ o = = o
UaanlAaLLNTUYDY 189-USAT Dunesines WARIAIUN 2.6 Tausenausg
1.) Rectifier circuit
. < = o vl o < <l 1Y)
2495 Rectifier  %5929954589n50d VU ALUastuvsotlasunsafuann
w a v i Y el
Ihnszuaasuluusesulnviinssuanss 2995UsenaudIe Power Diode 4 87 Tunsdli

=

suwmunuuaiien dwivdunedineiuiassianesld SCR iwihduresiienseud
FaanunsanruansEAuLswiluges DC Link 16

2.) DC Link

. = ol aa A o ' =l

DC Link ¥39299510ulennedd AeasasifeulessewinnensiSenseuauas
2358uneined Ussnoumedfiuuseiilvualvg Afauseiulniinssuanss 400 Taad
o Y v a ° v W Y a v o
dMIULINUDUNY 1 la yhmthinseussdulwiinszuansenldoinieesiSeenseualiisey
a -='4"’ [ v o ~ € o = ° a ! 5 P
D9l wazvhmhiiuuszgliihaasivowe svhaudueiasiuialwinludduilosan
MsiusnviseinisanAusIsaUATeE9TIASA

3.) Inverter Circuit



]
o

a s & a o v @ O
'N"U'B'EJUL'JEWLG]E‘J{ ﬂ@ﬂ?UWﬂqﬁU']VILLﬂﬁQwuqﬂﬂLL‘NWUIW“N']ﬂ?%LLﬁGﬁ\"WIN']U

L4 '

N1915899112933 DC  link (uusesdulnvinssuaadu Usenoudivgunsalaing 1o
ni1uTaines Lo307 (IGBT) wazueaiwn (MOSFET) 4 aind vintiduainddinse
nszualviuiouvanduliihnssuaadu

4,) Control Circuit

2asAMIUAN mihiimuaunsinureduneiines lnserdumaiaiadin
uegLatu (Pulse Width Modulation: PWM)

VANNITYINNIUUDY LBY-USAR DUBSInDS

1
Rectifier DC link Inverter

|

|—

l |
AN | i
AC$ I + :
s \ I
& A | W 2 s\

— — e e} i VS

P a a ¢ ¢
SUN 2.7 109-USa9 dunesines

u

=

mﬂgﬂﬁ 2.7 NISYINUYDY 1BY-UTAY BuULesines Wun1svinsuesading
(S1, 52, 53, 54) Iowadnd S1, 53 wazaing S2, S4 wwaduiuhauiiaze

1.) @ S1 uag S4 ¥

dlaadnd S1, S8 vhew @ind S2, 53 axlaiviey favneesnseuasylvad

JUN 2.8 waruswiunnnaseulrandavindy +Vs

A K ' S
i j;: =2
A & T Ve

= a ¢ o
gﬂw 2.8 @709 S1 way S3 vN9U

2.) &g S2 way S3 vy

A = o =y (- - LE
WoaIng S2, S3 ¥ @nd S1, 4 azlavineu Aevmisveanseuasylviass

JUN 2.9 uazusenuninnaseulvaniiA1vindu -V,
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DClink

X XK [—\ o

A T 53 54\

gﬂﬁ 2.9 &g S2 way S3 ¥inau

|

NSILLSIRUYDS LBY-USAA BULBILADS WaARIAIFUN 2.10

S1,54 "
82,83 £ -t
Vo © >t
+Vs 3
= t

ﬂ‘ o a & a L3 [
g‘i.i‘lﬂ 2.10 N INLANILIINUYDL LBV-UTAY BULIDSLADS

2.5 W1LI95uRaWA (Power MOSFET)

MOSFET (Metal Oxide Semiconductor Field Effect Transistor) Ldu
gunsaldidnnsaiindmdsiiunldlunsaindds mathueasluldmnuuasnmsvlsueas
awnsavhadeanursanssualddy desihmsimuadiveanssdulitienfimansauiu
snwaglasadsueaneainatiug iSonin msluied (Bias) Witvaunsalusawn  Tagns
luusagunsalueamiaiufionisiounseiulsifvunnn (G : Gate) wisldlunsmurunisiva
voensEid ueaauUIusian1svinule 2 vis Ae vdadusnuwuy (Enhancement
MOSFET) uazuiinAnddu (Depletion MOSFET) Geustazviinauisoutanialassadnsin
ansfiaiinle 2 vl feguit 2.11 T

N. ueawm (MOSFET) vt P-Channel

S vunsvesusssuiivinady Ve vinsuaragetassliiinssudla
AU Wt vunA1reeusItuRivnm By Ve vInsuLazImasaLinTrualraty TuRe
woawneila P-Channel  Foalunaarmensidiy Ve, uaamnuds P-Channel tuildaiy
sumumelugailiifaddegdenislugemulde

9. uodwm (MOSFET) iia N-Channel
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mnfvuaAwaLsatunvinady Ve vinsulazuvesassliinssuala
1 o 1 s A =l 1
HOu drivuaf1veausafunv ey +Ves uAne 1AsUkazIwesd asinssualuanu

s

waawagila N-Channel dufifnanumunuagluadailimdsgadeniglunn

. In
Drain T

Gate | _
|

= Source
VGs ==
s

1 1

(n) ()
P-Channel N-Channel

gﬂﬁ. 2.11 mslunaausann (n) P-Channel (1) N-Channel

< o

Tnenalunudnungassgunsaindiunlelunisadngdaazsoadinsilasy
i a0 ‘A ° = = i i a sa =

anuztishnssualazyGmgatnsewanss @nadearudlunsaindda) uaziianu

unurninseuamdiinaseaslnigayidouazuszansaim ueamauia N-Channel

Fadontiunldauuinninwiin P-Channel

2.5.1 Mavineuvesuedinn ¥ia N-Channel

nsruRdlieamavia N-Channel Uinszuavinlalaemsluneausaiu lng
W Vgs fiAnduuan 1 G fidrdndlatihasndin S uaz SS) uaglun D Idndlnilgendann s
(Vos Luuan) fussiuiianasens G-S (V) Heslu nszuaasuazdalilvaaunda Vg il

1 =t

mqqmﬂ‘%mmﬁi’mﬁa 13uA77 wseiumselaan “Threshold Voltage” (Vy)
MAasugIntassainagluvemeamn ssnuiusaiusevine (8)
fuan (5) Ferusesuitiniuil sssilddusumsaleas feusssuiudsuuadly wagay
dwasorvasnsviaiilva TneAussiuiiintuiiiendn useiu Body Effect
Snvagasvnauveean fidi
1) ASEIT Vo > Veg > 0 148 Voe> 0 (Cutoff: gulsiingzua)
\dlateuuseiumuandfivnaiisuiiurees Ve AAUINAMEe wetos
AusIuIAEY (Vi Threshold Voltage) %58 Vi > Vee > 0 awnslliilutusenlesiiiia
nussduinagea ssudnlilaaluansiaifinaduda sio, — Si, wasuiivieesnly Ay
wutureslealuuinuananddaianadanidy  nasenanyinliiiausiiudasanive

ar v o

(Depletion Region) Fuluanshaiieglidune dslulunsdlil geauaziasudensgnuen
[V 7 o = ol o 2/ ] 5 oo ] ° @ ul:: A

MnfuseduresusnaUasaniveiiintuladunauasilutunianuilniiem dedude

Lsauasureaiiduintunssuansuizinnsivauniinniasunussanarnduaud 1o ~ 0

Tuanneilueawmndinsegluannviveawvisaniuy off iuliy
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ad al . . ' a W
2.) NIQN Vs > Vr Uag Vs HAntios (Ohmic Region: ghulaidud)
P ) a o & W v a  oa A
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gaduneain 1% IC saulnAuiUaes (Opto Coupler) wanns v twes TLP
250 977U 8 91 Wwsasduueaina %a%wamﬂmm PWM (Pulse Width Modulation) #i

as

yaunaunvradygIuludutean

o e
o

asrnnlulasraulnsaaasuazyitminniveny

+15v

IT

1 8

) — . R2

TLP250 MV ® Gate
..G__I == (.1uF %

AN
3
4 5
g Source
== 7

sUit 3.2 eaulndUians was TLP250

PWM
Signal

1. MSWIAIAIUAIUNIY (Resistance)

NSIIAIAIINAIUNIY R1 @nunsasulaldainaunisn (10)

o Vi, : wsenuresdgaas PWM anlulasreulnsaians
Ve LTIAUANASONTEWINT 2 Ay 3

k¢ n3zuaduwailuaidine 2

o

Tasfimaneglunisesanuuy flnsil

Vm = 5 V
e e LEY
[ =10mA

s

a4 \ ] vo &
Waunualuaun1sn 10 alasail



27

5V - 1.6V

R = 340 Q

10mA
donlt R = 330 Q aglanssud I = 10.3 mA

3.2.4 2995lWAB4 (Power Supply)

2995iEss (Power Supply) vhmihiidnglninnse uansaditoidulndsdlity
WITAIUAN 1TV wazSiad

3:ﬁ]31WL§EJaﬁm%’maf\zimuaﬁulﬂiﬂauimaLaa§ Usznaumiy

1. ndauvausesiu (Step down Transformer) RAAUTIFTU 220/9 Vue ¥
wﬁwﬁ'uﬂa«mﬁumn 220V ¢ Wuuseiu 9 Vac

2. 2995589nT8ua (Bridge Rectifier) vimihiudasusesunssuaaduiy
wsanunszuanss lauld usadlalenluas DB105G MRALSIAY 500 V fifianszuia 1 A

3. Regulator LUes 7805 ﬁmi’hﬁ'%’ﬂms:ﬁuLLsaoﬁ’uLmﬁwm'Lﬁmﬁ L .

4. fifiuuszy wune 1000 uF 50 V vihwthiinsesdmyaauswiulisou uay

fuiulsey 0.1 uF m‘wmwﬂaqﬂumimauauaaammmmﬁumaum (Transient Response)

1
=

Adntudesinmsdoudadiuanuuuriuiivile

Znslrldsadmussestunm Ussnause

1. wifouUasusssiu (Step down  Transformer) 4 Lavinn AfAuLTIsy
220/16 Ve WAANTZLA 0.25 A ¥imifiulasusasuann 220Vac WUWSTY 16 Ve

2. 19951509n58ua (Bridge Rectifier) iwmtiiuUauseiunssuaaduiiiy
wsarunszlanss loeld uiadlaleaiues DB105G AiAwssiy 500 V Aifanszua 1 A

3. Regulator Lwes 7815 ﬁmﬁwﬁ%’nmwﬁuLLsaﬁmmﬁwm'[ﬁmﬁ 15 Ve

4. fufiudszy uIm 1000 UF 50 V viwmiiiinsesdyanauseiilfiSou uay
Aun UUse9 0.1 uF mwmwi]aaﬂumﬁmauauaqammmmnuwaum (Transient Response)

.=£

ol - -
LA (ﬂ‘uumauﬂmﬂaammaﬂwammwwwﬂm

o s e lﬂl el J
WIATNAN bba ﬁﬁﬂﬁiﬁﬁﬂ‘lﬂjLﬂm’ﬂﬂﬂﬂLLUULLﬂﬁx‘lﬂGEﬂW 323
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< o o <
E‘U‘H 3D WITNIAIUFEWATYAVUNANDBARUY

3.2.5 2993A3UAN (Control Circuit)

TassnufliFanlduodn STM32F4 Discovery Ingiilulnsneulvsaaesjy
STM32F407VGT6 \umireusgsnananan TnsluvednayUseneudie 2 dundn e 4n
ST-LINK/V2 1#lunns Download uag Debug Wi MCU STM32F407VGT6 flagluvaiariiu
v14 PORT USB wamsdfaguil 3.4 (n) udafrauasmunudsyainmeonian (Pulse Width
Modulation) daisasduing TLP250 ldlunstuneains

STM32F407VGT6 (ululasasulnsaiaesnszga Arm Cortex M4 wuim 32
T flugauariladduivarnvansuagsuludelassu Wy Handuasauwazmunudnyyn
WadinuagLan LLasﬁ'fg:gmﬁa"s"]qﬁugﬂﬂwmawaﬁaa Timer Interrupt ﬂ?iqmmiamuau
vanluns Trigger Ifathanadl lugaudasdygraeuraenudinea (ADC) mnuazidon 12
Un 970U 3 desdgygyiu ﬁ‘ﬁaﬁmmfﬁuﬁuﬁiam‘iﬂ'%'ué’zyzmmﬁaﬁﬁﬂma@mmwsw
lulasneulnsaaesfesfudyyrneuiaenaindidiuniudiuald wavuenainidail
awansalaswiuanlilasaeulnsamesuindufie Direct Memory Access (DMA) #ivialw
lugaudasdygrueuseniufiinea (ADC) awnsaderuniugs DMA Idlaense Savinler
alduaunsagrum ADC 910 DMA Teviudl vilsimnsuszananalidsnatlunisniionnisld
swiluga ADC waznsfl ARM Cortex-Md Fiiiulalasmevlnsaiand 32 9 vinlenunse
fniuusidu Floating Point Unit wiagavedenlaludygauninignides
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P1 |_ P2

VDD VDD 5v 5v i
GPIOCO |-—# ADC1

DAC2 <—| GPIOA5 GPIOA4|—® DAC1

PWM2 <-—| GpioB13
PWM4 <—| GPIOB15

PWM1 <——| GPIOAS8
PWM3 < GPIOA10

GND GND 1 GND GND 1

= 3 a Y
JUN 3.4 2sasmupululasreulvsaiaes (n) 2199593 () unudiens

4 ¥ o 4' 1 =Y '3

NFUT 3.3 (¥) "I.ﬂLLamLqummiwamaﬁrgfmmauwmLLazmemmeuws
lulasmaulvsaians lawn NsTuBuUNAINAIAIINA LN IUUSUA LA N1TdI0ONLDIVING
s v €a a @ ' ¢ & & @
dygraadinueganluinieastune uagnisdveenoning DAC dulludyqraeuiaen

| a % @ ar < a as

Wikreoadalaalay (Oscilloscope) annsaindayaailesd Faludyaraunuauuesdyyiu
PWM
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2/
s

JundunIvinuasedygis PWM - anlulasaoulnsaaes  uanalasa
9 =
lnozunsu (Flow Chart) faguf 3.5

tain Rouline

START

¥
!
o}
=
e
=
e
2
r_u
o2
2
!
p
r'y

Reset Soft start

F'y

Y

Timer Interrupt

I

PV Output

Timer Interrupt Routine

Y

Timer Interrupt

Soft Start

>10s

ADC_Val
= Update V/F Control

Change 7

A

RETURN

P=] ° ¢
5UN 3.5 laazunsunisvinaureslulasaeulnsaaes

q' b 4 AI o Ad =1 - L3
1. Busulusunsuazisuviaudeinisnaadndanisn (User Button)
Tsunsuagidrnyinenddugy Timer Interrupt
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2. lugy Timer Interrupt  agvinmsiUSeuiisudyaaleinaz dygiou
amvdguiieadedygia PWM Tasgaa 10 Junitusn TUsunIuagasedygyin PWM wuu
wos5Wan15W (Soft start)

3, TWaunsuagiiuuazanauivesdyayios PWM dednsrdiu V/F Al Tag
psIRABUINNITUSUANBUNEBNTIReU2995 Analog to Digital

4 o [ ° a i
4. dlefinsnaUusidn Tusunsuazvgaviau uasSidndn Soft Start 10y 0

3.2.6 MATAINANTEUANTLYINADULSUN 19U
Wetglwlviuniees nszualvihegluanu R, Tutiasudunsvieuuay R,
W iy & a fw P o Y oo w I P
wgnan9as Inglisiadiluaindfinmensas ieswn R, iminsdanseualudiadudums
m'i‘ﬁ]éf’;Lﬁwsz@nﬁawjaﬁ’ulwﬁwnisLLamwﬁmLmﬁwm nanAensslanluaniu R, Aenseua
i ¢ o & o N I a oo a v o o o

Alglumsviaiuiuusey lngldialddasnda 5 Jundl Weneessudunisiien deuie
Tl AAANSN I8N DINTLUAVUTUYIIIY A350WIANE WY TEFeaunIST 11 uag
12

A

Ve(o) = \/—\/exp{Rl—C) (11)
-5
Ry = . 310-302.25 (12)
1880, %00 F——)
310

R, \=-720.97.Q

9
v e

satuLldanly R, 800 Q
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NAN13U1809 LASHNANISNARaY

4.1 uni

Tuuniiauenan1T$180 AL NANITNAABINITNLYDS 18T — USAT
dunesined Tnonissrans IlUsunsuAeuRIMES MATLAB/Simulink &slun15vieues
duneineay Idyymiadiauegaduuuugiinans (Unipolar) Wudyaaduinaves

ugawln wagmuanAMUSITEUTBBWeslnglduanms V/F aeulnsa

4.2 n15918090281UsUNSUABUNILADS

[ L

4.2.1 n1531apsdyyIuWadIatagan wuugdlnans

v oW

s LY

= a a s % o I
nnnguiluuni 2 Fygruiadiauegan wuuydlnais axlddyyula

L itv)

uniinasiaiy 180 eemn Wudyaanivan Wisuisuiudyginuaudeui

L7 )

409
Ju

o LY L3 :\1' oo (3
€UUEUU'1€'IJLLS\?G’IULEJWWV‘:’G]VIF]'J’]@JG?{QJQJUWQJ‘LFUU 50 Hz

(3 € as

01989 Faagldduanaussiueminalnaresiudyaaled fasUn 4.2 wand

o v 9 Y

2 &

a

Sine Weve  Gal s
24 Add

Constant

Repesting
Sequence

JUM 4.1 wuvdaesdygraiadiauogian wuugiinans

Output Voltage at 50 Hz
400

Vokage(V)

4.2 FrynnusanuevinanAuddy gyl 50 Hz

Cafl
(e
=D
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o o o ¢ ) [y g = ~
deuiudyanaletuuu vF aeulvsa fygriaussiueninnoziinnud
] o ) P Y ) = a o &
Wasundyaalend faguil 4.3 - 4.5 wansdygraussiueninafirsidygialed 40
Hz, 30Hz wag 20 Hz aaIsy

Qv Viktige it 40 Hz
T

s Outpat Veltaga ot 30 Hz
T T T T T T

= o o ] a o
UM 4.4 Fygrawsesiue wineiinuddyaaled 30 Hz

Outpat Vekage ot 20 Hz
T T T

A o L2 g d IJ at ¥ ‘ :
JUN 4.5 dygyrussiue wineninraddyanailsnd 20 He
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o = ) " < v
MNFUN 4.3 - 4.5 anudvesdyganeving azwiiuaudvesdyain
Y 9
o ¢ Al | =
Lo wavusssiuendiduiea (RMS) azdidnudsuluaiuniiud arunismvauuuy V/F
ARULNIA
2 o g ) a ¢ v |
Wisunnaynsuyiiefvasdygruussiueminaazldnsmannnsui m,
) @ = A R v oo <
winfiu 0.4, 0.6, 0.8 uay 1 uaniaguTl 4.6 wudnile m, fiddforas ussiufiniwdyagiu

ar a & o=y ! nl dp < =
(Fundamental) ¥24dIMana9 LAl TIAUEITUNNANANALTUATILIUYIVEIAILD
GRIEIN

0

(n) (@)

) &)

= ) Y] [y ;
JUN 4.6 9 aUNATNYRIFY R IAMIIAUEIING (N) M, = 1 (1) m, = 0.8 (A) m, = 0.6 (1)
m, = 0.4
4.2.2 M331@ARINNTNUVDI 1% - USRd Buiadines
299591809 10% - U3 Bunedines ueawin \Jugunsalaind Taeld
ad a sd ' a ¢ ¢ @ a
AUNEINGTY 20 kHz WarAINISTINOIUBINBIRBSAIAITIET 4.1

A15249 4.1 Amsiimesessuamasildlunissiass

W5 Awes WU
Resistance (R) 2.00 Ohm
Inductance (L) 30 mH

Torque constant (Km) 0.1 N m/A

Back emf constant (Kb) 0.2 V sec/rad
Viscous friction (B) 0.2 N m sec/rad
Inertia (J) 0.00002 kg m”
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Discrete,
T3 = 2e-063

Cumrent Messcrement

Sowergs

My windng CaeT D (A O e

Single Phase
Bsynzheznus Mechine

B

JUM 4.7 233591809 109 — U3nd Buiedines

a L 3

JUN 47 uaanesinaed ler-uied Sunesines ddldmunudusinuewnes
vilawa lnearuauuuy V/F Aeulnsa sanvguijluumi 2 deusuanutvesdygiaiadin
wegian awilinmiiseuvesmewesiinisdsundas Fannsnsuiieunaninnged

LagnavInNn1s Simulation lnguawnasil Pole 4 97 lasanns19d 4.2

A5 4.2 Msrlieuiisuanuniaseudslasda (No) vewewmesanvguiuasnans

Simulation
Aud (Hz) | msdisevusaenes Ns (rpm)
N0 Simulation
15 450 aap
20 600 595
30 900 900
40 1200 1200
50 1500 1500

2 lANIINUERIPINLLSITOUTDIL DR DS AagUN 4.8
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JUN 4.8 nmuansauiasoudalasda (Ns) vesuawmes

4.2.3 d3UNan1531a09

RJ’Iﬂﬂ’l‘i?\f’\ﬂaﬁLﬁaﬂﬂﬂE}Umiﬂ'}‘Uﬁ]N V/F apulnsa vesdygniadiouen
lanuuugilnans wu:i1mm?{uasLLiaﬁ’umaaﬁ’gyzy'lmmaﬁwmﬁwm%Lﬁﬁammaammﬁ’mmﬂm
Isuﬂ%éuﬂuﬁayfgwmé'wﬁwaaﬁfyfgmﬁ'aﬁ%ma@jLaw Tndeuutauuy V/F aefl Sadlousy
Udgnvesdygraledniadidvinisuegian m, tiviu LLiaﬁu?fmmﬁyagw
(Fundamental)  wasdgyaaesiindy uazussfusriuainderiidanasfisuiuviives
mndainde wadugh m, fdnnneeyiiliuseiussueindiunumdesasiay waziioth
dyaraufadiaueganuiduinavaseamalunuudiass ey - uSed dunesines awisa

s [ & a P
Usuanuisiseuresuemesinlneuemasiussingedn (T,,,) Al

4.3 N1SNNADINITIINIUYDY LBY-USAT DULIBSINDS
as a‘l’ - - 5 I3 i o d‘
Tudetazidunismaaes 191-USAY BuL05IABSTYNN1TE0NWUY Lite

o 3 s =
AIVANAIINITISOUTRINBLMES TagAruANwuY V/F  Aaulnsa lnenisusumnuiuazuey

Uagavesdyaaleddadudygnumuauuesdygraiadiouegian lnelingussasii

1

= &

wiRnantRvesdueiined  egwgfnssuvswwaineiiiinisideuseiudunasinesd

BRIAEYNLE

4.3.1 gunsainldlunismeans

a ¢ a ¢ ¢ o o °
1. 19U-UPY BULIDINDT NININITEDNLUU U 1 ﬁ@]

2. Businfuseweiniana

3. \A3peTnAULSsa (Tachometer)

4. Digital Oscilloscope §u DT 1620 w3auriu
Twsuinusenu

5. siaRdiwmesiu Fluke

1IN 1 LATD9
o =
U 1 1AT89

WU 1 1ATDY

97U 1 1AT89




BF

6. \ATRYINgUNYH U 1 1ATD9

hY)
3

7. W1esiwas F1UIU 2 LATDY

1519 4.3 fNAYBINBW ALY lUNISIAaD Y

WITHLRDS Tt
Horsepower 1/4 HP (0.2 kw)
Frequency 50 Hz
Pole 4 Pole
Voltage 220V
Speed 1450 RPM
Current 26 A

4.3.2 20anldlunisuuinismeaes

JUN 4.7 1995 109 - U3ad Bunesines

4.3.4 NANINARBINITHINIUYDBUIDIINDS
MmnseaeavageuninuvesBunesimesiunsamuguuemes Tne
Peuseiuduwn 230 han uwarinnnusisoulsnasvswemed (N) Insuainefiesidus

aduwinAu 3.33% aernuialassaunisn 13

Ng-N,

5= (—) %100 (13)

N




NANTVIAADILANININITIN 4.4

M99 4.4 WW?TGNﬁﬂ’]ﬁWﬂﬁ@QU%‘UWﬂQJL%ii@‘U’U@QﬂJE]LWE]‘%
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Ad | ananda | euda | e | ussdu | nseua | sl | usedu | nszua | dodslagh
(Hz) | s9UNs | 50UNr | 50UN;s | Buwa | Buwa | Buwm | 1©1Wiwe | linm | L01vinm
(RPM) | (RPM) | (RPM) | (Vi) | () (Watts) WA (e (Watts)
AU A 9539 Vo)
16.0 480.0 454.3 469.8 | 231.06 | 0.882 108.20 130.98 1.580 60.84
20.7 621.0 581.4 601.3 | 231.27 | 0.927 114.55 150.03 1.383 73.44
255 765.0 716.1 740.5 231.08 | 1.325 168.35 168.05 1.268 120.87
303 909.0 861.2 890.6 | 230.45 | 1.858 245.06 185.50 1.738 222.97
35.2 1056.0 | 1013.8 | 1048.4 | 229.46 | 2.818 386.60 20225 | 2.330 353.71
40.7 1221.0 1178.4 | 1218.7 | 231.07 | 1.136 140.61 2158 2.183 85.04
45,5 1365.0 1316.8 1361.8 | 230.89 | 1.278 162.76 227.07 2.24 83.92
50.5 1515.0 1461.0 | 1510.8 | 231.98 | 1.203 154.78 24197 | 2.162 76.48

IINNANITNAADY BULIDTADSTANITAAIVANAIILISIBalasTa (Ng) Vo4

3 Y P ) P ) a o X a o
waweilddunisuiunulvesdygiu PWM isuSuanudindy arusddasdaees

NoLaSIANTUA LAY TneNawmasiiivesidudaduvingu 3.33% edunsausuanualaluig

16-50 @34 laglugsmunam anuiiisevrestawmesziniimiidunanmgul uag

Tugeranun 40 - 50 1Bind mnuEiseuvesmaweiveiialndifseiuAfiduinannguj

LaYaNNTamUsEaNSANTRIB USRI NIVIINNToRNILUUIREL ALYINAY 68.53%

4.3.4 n5WUEAILTIAUBUNALAZIDINAVEIBULIDSINDS

NSMUTIRUBUNAYBBULIBSINDS

20150521 00:29:02 t Norna |
OKOGAWA ¥ 159 T Z00KS/S  Snsdlis
Haiini 16 CH1l 100:1
0.200kV d ju
AC  Full

Edge CH1 #
muto
0.200kV

Hax(C1) £ lax (CZ 4.16667 Avg (H1) 154 .7BE+00EU
Aug(C1) 2 A
Rns(C1)

Freq(Cc1)

i v o a = <
UM 4.8 n3mluseiudunniiaiud 50.5 Hz




2015-05-21 00 Nornal
YOKOGAWA 4 { 200k Snsflin
CH1 100:1

9.2
AC

Hax(C1) . 4 4.583330 Ay (ML)
g (C1)

Ens(C1)

Freq(cl)

20150521 00:06
OKOGAWA 4

Hax(C1)
Aug(C1)

20150521 00:06:5 Normal
YOKOGAWA 4 | 200KS/S  Snsflie
[ CH1 100:1
0. 200KV 10
AC Full

Auto
0.200kV

306.60E+DOEU
.146nn
JHig7on
40 . 00000kHZ

JUM 4.11 N9 museiuBunsfiand 35.2 Hz

39
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Nornal
200kSss SNsddie

CH1 100:1
OkV d v

Edge CH1 &
Auto
0.200KV

Hax(C1) J41.6670 (CZ2 b.66667A Avy (H1) 295 .06E«00EU
116.113n0
46A
63150kHZ

20150521 00:¢
OKOGAWA 4

kUd ju
Full

Edge CH1 &
Auto
0. 200KU

Hax(C1) 33,3330 0 Aug (ML) 168, 35E
AugeC1) g

Rns(C1)

Freq(Cc1) 97501z

JUN 4.13 N5MUTIAUBUNRTIAIING 25.5 Hz

LY

Normal
ZO00KS/s  Snsfliv
CH1 100:1
GOkU/d iv

Auy (H1) 114 .55E+00EU

JUN 4.14 nusaiudunaiinaad 20.7 Hz



2015 00 :08: 11
OKOGAWA ¢ 70

HMax(C1)
fug (C
Bns(C1) 066U
Freq(Cl)  49.0753111z

Freq(C2)  2.352941kHz

41

Sn5/lin

CH1 100:1
0.200kU. d1u
Full

U 4.15 nsmiussfuBumaiind 16.0 Hz

NS ussiueINAYasduLIasINeS

20150572
'OKOGAWA 4

Display ; Probe

UFF DN - 0di 10n:1v
(0.1U"n)

Nornal
Z00KS/S  Snagtiv

Edge CH1 4
Auto
0. 160KY

Nornal
200kS/5  Snsglie
CH1 100:1
0.200kVd iuv
AC _ Ful

Edge CH1 &
Auto
0.180KV

Avg (H1)

83,924E+00EU
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OKOGAWA # Sn34liv

CH1 100:1

0,200k div

AC 111
o710

Edge CH1 &
Auto
0.100kU

Avg (ML) B5.045E+00E0

2015/ 0 23157142 o Nornal
YOKOGAWA ¢ 14 200KS/S  SnsAlie

utn
0.180kV

Hax(C1) REPEEE Hax(CZ)  3.333330 AUgiH1) 353, 71E+00EU
Avg (C1) ¢ AV (C2)

Rns(C1)

Freq(c1)

CH1 100:1
0.200kUd ju
Full
i

Edge CH1 &
Auto
0.180kU

Hax(C1) 1416670
fug (C1)
Rns(C1)

JUT 4.20 n3mluseiueinmfinaud 30.3 Hz



20150 ) 235859 «  Norpal
(OKOGAWA 4 &3

Avy (H1) 120.8

Nornal
100kS/5  10n5/iw
CH1 100:1
0. 200kU.djuv

Auto
1.05 A

2.06333A Avg(ML)  23.440E+00E
4oy f a5 ann
V35U 1. 303760
Freqicl) 1150kHZ 7 20,08 1

JUN 4.22 n3USITUDWINGNAINA 20.7 Hz

(OKOGAWA 4 145
CH1 100:1
0.200kUAd ju
11

Aug(il)  60.8°
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PNNTINUANILIWIUDUNALAZUTIFUL WINATUARIAIFUN 4.8 — 4.23 Tan
NTIMENAILAAINTINLIIAU NN ILERINTIWATELE WaLNIINFLAILARINTIN
o @ = F 2 s 5 a & ¢ o as LY a
sbii azsiulddnamussiuewinnvasBunesinefdudyyraiadinueganuuuyi
Inand wagnsminszuaaminmdunsmdyaraleduasiivad mdansmdyyinusdiv
WesannueawmasiAimuudsni (Inductance) Feiinatiensasdyyinseuwd 99n03W
LERLsIULEWINAnUIT euTuanuiveduieiined uswiulevinavesdunedinesi

AnuDLazwsanulasuLlasuluse erusnsidiu V/F paft

4.3.5 d7UNan1INnaee

NNTNAABLRDNAABUN1IRIIULDIBUBS LB TIVIAN1T0 0 ALUY
unesinasamnsausummiaiseudslagida (No) vesmawmedmenisusunnuilniileudn
Mednsnd V/F Al Bsanansauiuanuildlugig 16 — 50 (B9nd uazuuanutaseu
Falastavawawaslalutae 455 — 1450 rpm leguewesivnisaaesdiendusasy

WU 3.33% uazdunesmasiuszansainlunmsyinnuiadsyingu 68.53%



UNY 5

ﬁ‘%"l_l NANTSYINABY VoLEUBLUY LAZLUINIIAISHAIUN

5.1 unasy

nmssenuuudunesinesniunalulasseui Wunisesnwuuliiivuin
nzvinda wagldnudie wWisldlunsmuguanuiisevredudndunameiviuauun 1/4
ussh (02 kw) Tneldmsmuauuuy V/F  peulnsa seenuuvdiuesnsauaulngld
lulasaeulnsalans Lﬁa'lﬁmmmaafae%a%'wﬁtgzyﬂmﬁaﬁ%muaﬂLawﬁ‘ummﬁﬂLﬁaLﬁaUﬁ’U
N19a319deYEIUIINI9ATBUNEEN uaﬂmﬂﬁlulmﬂau‘lmaLaa%{}’qanﬂiﬂ%’mmum‘aﬁwmu
duqlddnde mIveinanin waznisdimsinuwedtiad Taedunesnesiviinsesnuuy
anunsaUiumnusisevveuetnaslalutag 455 rpm — 1450 rpm Fiauit 16 — 50 15509

wagdusgansnwlaesiulun1svinguy 68.53%

5.2 UBlAUBLUY

1. luvagihmmegeunsinuresdulaefnes msuennsntsening
2IIMARBLUAzIAT et 19U saadalaalay \dosndyaiasuniuainiaiesiiedn
annsoaiedya Uy Tenadwaliueamndemeld

2. szuvszuigmuseuluiaunsaldidnvsetindinds laun veas uay
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ABSTRACT

This Paper presents a compact inverter design. The main
objective of this paper is to design a very compact and easy
implementation to industry especially for a single phase induction
motor drive. Inverter is the driver to control the speed of motor by
varying the operating frequency and voltage. The topology of
developed inverter in this project is H-Bridge inverter or full Bridge
inverter using pulse width modulation (PWM) technique. The control
signal is generated by the microcontroller Arm Cortex M4
(STM32F407VGT6). In addition, the TLP250 opto-coupler serves the
purpose of isolation between the microcontroller circuit and the H-
Bridge inverter, and supplies the required gate voltage for the turning

on/off of the power MOSFET (IRFP460) in the H-bridge circuit.
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‘ ’I life.augmented

STM32F4DISCOVERY

Discovery kit for STM32F407/417 line

Features

» STM32F407VGT6 microcontroller featuring
32-bit ARM Cortex-M4F core, 1 MB Flash, 192
KB RAM in an LQFP100 package

e On-board ST-LINK/V2 with selection mode
switch to use the kit as a standalone ST-
LINKA/2 (with SWD connector for
programming and debugging)

e Board power supply: through USB bus or from
an external 5 V supply voltage
e External application power supply: 3V and 5V

e LIS302DL or LIS3DSH ST MEMS 3-axis
accelerometer

e MP45DT02, ST MEMS audio sensor,
omni-directional digital microphone

e (CS43L22, audio DAC with integrated class D
speaker driver

e FEight LEDs:
— LD1 (red/green) for USB communication
— LD2 (red) for 3.3 V power on

— Four user LEDs, LD3 (orange), LD4
(green), LD5 (red) and LD6 (blue)

— 2 USB OTG LEDs LD7 (green) VBus and
LD8 (red) over-current
e Two push buttons (user and reset)
e USB OTG FS with micro-AB connector

e Extension header for all LQFP100 1/Os for
quick connection to prototyping board and easy
probing

Description

The STM32F4DISCOVERY helps you to discover
the STM32F407/417 line features and to develop
your applications easily. It includes everything
required for beginners and experienced users to
get started quickly.

July 2013

Data brief

&

Based on the STM32F407VGTS8, it includes an
ST-LINK/V2 embedded debug tool, two ST
MEMS, digital accelerometer and digital
microphone, one audio DAC with integrated class
D speaker driver, LEDs and push buttons and an
USB OTG micro-AB connector.

A large number of free ready-to-run application
firmware examples are available on
www.st.com/stm32f4-discovery to support quick
evaluation and development.

To expand the functionality of the STM32F4
Discovery kit with Ethernet connectivity, LCD
display and more, visit
www.st.com/stm32f4dis-expansion.

DoclD022204 Rev 3 1/3

For further information contact your local STMicroelectronics sales office.

www.st.com
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IRFP460, SiHFP460

Vishay Siliconix

Power MOSFET

PRODUCT SUMMARY
Vos (V) 500
Ros(on) () Vas=10V 0.27
Qg (Max.) (nC) 210
Qgs (NC) 29
Qgq (nC) 110
Configuration Single
D
TO-247

Go—l

5
N-Channel MOSFET

FEATURES

* Dynamic dV/dt Rating

¢ Repetitive Avalanche Rated

* [solated Central Mounting Hole
* Fast Switching

* Ease of Paralleling

» Simple Drive Requirements

* Lead (Pb)-free Available

Available

RoHS*

COMPLIANT

DESCRIPTION

Third generation Power MOSFETSs from Vishay provide the
designer with the best combination of fast switching,
ruggedized device design, low on-resistance and
cost-effectiveness.

The TO-247 package is preferred for commercial-industrial
applications where higher power levels preclude the use of
TO-220 devices. The TO-247 is similar but superior to the
earlier TO-218 package because its isolated mounting hole.
It also provides greater creepage distances between pins to
meet the requirements of most safety specifications.

ORDERING INFORMATION
Package TO-247
IRFP460PbF
N SIHFP460-E3
IRFP460
P
. SIHFP460
ABSOLUTE MAXIMUM RATINGS T = 25 °C, unless otherwise noted
PARAMETER SYMBOL LIMIT UNIT
Drain-Source Voltage Vps 500 v
Gate-Source Voltage Vas +20
: ‘ Tg=25°C 20
D t t1

Continuous Drain Curren Vggat 10V To=100°C Ip 3 A
Pulsed Drain Current? lom 80
Linear Derating Factor 2.2 w/eC
Single Pulse Avalanche Energy? Eas 960 mJ
Repetitive Avalanche Currenta lar 20 A
Repetitive Avalanche Energy? Ear 28 mJ
Maximum Power Dissipation | Tc=25°C Po 280 w
Peak Diode Recovery dV/dtc dv/dt 3.5 Vins
Operating Junction and Storage Temperature Range Ty, Tstg -55t0+ 150 g
Soldering Recommendations (Peak Temperature) for10s 3009
Mounting Torque 6-32 or M3 screw At il

1.1 N-m

Notes

a. Repetitive rating; pulse width limited by maximum junction temperature (see fig. 11).
b. Vpp =50V, starting Ty = 25 °C, L = 4.3 mH, Rg = 25 Q, Ipg = 20 A (see fig. 12).

c. lsp <20 A, difdt < 160 A/ps, Vpp < Vpg, Ty <150 °C.
d. 1.6 mm from case,

* Pb containing terminations are not RoHS compliant, exemptions may apply

Document Number: 91237
S-81360-Rev. A, 28-Jul-08

www.vishay.com
1



IRFP460, SiHFP460

Vishay Siliconix

b

NEELIEY
VISHAY.

THERMAL RESISTANCE RATINGS

PARAMETER SYMBOL TYP. MAX. UNIT
Maximum Junction-to-Ambient Rihsa - 40
Case-to-Sink, Flat, Greased Surface Rincs 0.24 - °C/wW
Maximum Junction-to-Case (Drain) Rinic - 0.45
SPECIFICATIONS T, = 25 °C, unless otherwise noted
PARAMETER | symsoL | TEST CONDITIONS | miN. [ Tve. [ max. | unir
Static
Drain-Source Breakdown Voltage Vos Vgs =0V, Ip=250 pA 500 - - v
Vps Temperature Coefficient AVps/Ty Reference to 25 °C, Ig =1 mA - 0.63 - Vv/eC
Gate-Source Threshold Voltage Vasiin) Vps = Vas, Ip = 250 pA 2.0 = 4.0 Vv
Gate-Source Leakage lgss Vgs=+x20V - - + 100 nA
Vps =500V, Vgs=0V - - 25
Zero Gate Voltage Drain Current lbss HA
Vps =400V, Vgs=0V, Ty=125°C - - 250
Drain-Source On-State Resistance Ros(on) Vgs =10V Ip=12 AP - - 0.27
Forward Transconductance Ois Vps =50V, Ip=12 Ab 13 - - S
Dynamic
Input Capacitance Ciss Vas=0V, - 4200 -
Qutput Capacitance Coss Vps=25V, - 870 - pF
Reverse Transfer Capacitance Cias FelQ Nz, 3o figgh - 350 .
Total Gate Charge Qq - - 210
g A Ip=20 A, Vpg = 400 V 3 )
Gate-Source Charge Qgs Vgs=10V see fig, 6 and 13° 29 nC
Gate-Drain Charge Qqq - - 110
Turn-On Delay Time td(on) - 18 -
Rise Time ty Voo =250V, Ip =20 A, - 59 - ns
Turn-Off Delay Time td(off) RG =43 Q, RD =13 Q, see flg 10b - 110 -
Fall Time t - 58 -
Internal Drain Inductance L Between lead, i ) 0 5
" e D 6 mm (0.25") from p &
package and center of o n
Internal Source Inductance Ls die contact 7 13 -
Drain-Source Body Diode Characteristics
Continuous Source-Drain Diode Current Is MOSFET SmikLt i - - 20
showing the
integral reverse B A
Pulsed Diode Forward Current? Ism p - n junction diode i - = 80
Body Diode Voltage Vsp Ty=25°C,lg=20A,Vgg=0VP - - 1.8 v
Body Diode Reverse Recovery Time t - 570 860 ns
- Ty=25°C, |g = 20A, dl/dt = 100 A/usP
Body Diode Reverse Recovery Charge Qpr - 5.7 8.6 pC
Forward Turn-On Time ton Intrinsic turn-on time is negligible (turn-on is dominated by Lg and Lp)

Notes
a. Repetitive rating; pulse width limited by maximum junction temperature (see fig. 11).

b.

Pulse width < 300 ps; duty cycle < 2 %.

www.vishay.com

2
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IRFP460, SiIHFP460

Vishay Siliconix

TYPICAL CHARACTERISTICS 25 °C, unless otherwise noted

V,
Top 15V r“ij:
oV
80V ﬁ
- 7.0V
& 60V
5 51
g Bottom 4.5V ]
3 10! {
E
S —
a 7 4.5V
5
20 ps Pulse Width
Te=25°C
100
100 10!
91237_01 Vps, Drain-to-Source Voltage (V)
Fig. 1 - Typical Output Characteristics, T¢ = 25 °C
VGS ]
Top 15V -
10V
-~ 8.0V
< 7.0V
t 6.0V <
g 5.5V ’ 45V
5 5.0v
g Bottom 4.5V A
©
2 BEA
i 20 ps Pulse Width
Te=150°C
100
100 10!
91237_02 Vpg Drain-to-Source Voltage (V)

Fig. 2 - Typical Output Characteristics, T¢ = 150 °C
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g
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20 ps Pulse Width
100 Vpg =50V
4 5 6 7 8 9 10
91237_03 Vs, Gate-to-Source Voltage (V)
Fig. 3 - Typical Transfer Characteristics
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Fig. 4 - Normalized On-Resistance vs. Temperature
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IRFP460, SiHFP460
Vishay Siliconix

T
VISHAY.

10 000 102 —
Vag=0V,f=1MHz ~—>
Ciss = Cys + Cyg, Cye Shorted 3 A7
8000 Ciss = Cgq g —
o \\ Coss = Cos + Cod G v
™ g E
% 6000 ™ s
c
g \‘ \"‘--._‘__Ciss ® /i
1}
= \ (=]
8 4000 \\ E’q’ 150 °C /
£ NN A/
i \"-- "-..,‘-‘Cm @ / / 25°C
--..__._:_\\ 2 /
Crs:\ — Vas=0V
0 10!
100 10! 0.6 0.8 10 12 14 16 18 20
91237_05 Vps. Drain-to-Source Voltage (V) 91237_07 Vsp, Source-to-Drain Voltage (V)
Fig. 5 - Typical Capacitance vs. Drain-to-Source Voltage Fig. 7 - Typical Source-Drain Diode Forward Voltage
20 108 PR ——
—~ Ip= 204 ) I [ s Operation in this area limited
< Vos =400V bY Rosten)
& 16 ! | > 2 ]
2 V 250V < I]]r
: o i = :
o T E 8 % = 10 us
3 Vpg = 100 Vy g Z - 3 = S
g 7 g - S
e} 8 ] A ™. (Y N100 ps
g a o - e
o < e = e HH
(O] 4 Gl o 1 i - 1 ms
& / - b KRR
> For test circuit 2 T,=150°C  FEARL
see figure 13 | Single Pulse 10 ms
0 2 5 2 5 2 5 g
0 40 80 120 160 200 1 10 102 10
91237_06 Qg, Total Gate Charge (nC) 91237_08 Vps, Drain-to-Source Voltage (V)
Fig. 6 - Typical Gate Charge vs. Gate-to-Source Voltage Fig. 8 - Maximum Safe Operating Area
www.vishay.com Document Number: 91237
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IRFP460, SiHFP460
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91237_09 T, Case Temperature (°C)
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Fig. 9 - Maximum Drain Current vs. Case Temperature

Vishay Siliconix
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Vos > AN
|\ D.U.T.
» 1
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r- Voo
] 1ov
Pulse width £ 1 us
Duty factor 0.1 %
T

Fig. 10a - Switching Time Test Circuit
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Fig. 10b - Switching Time Waveforms
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Fig. 11a - Maximum Effective Transient Thermal Impedance, Junction-to-Case
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Fig. 12a - Unclamped Inductive Test Gircuit
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Fig. 12b - Unclamped Inductive Waveforms
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Vishay Siliconix
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Fig. 12c - Maximum Avalanche Energy vs. Drain Current
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Fig. 13a - Basic Gate Charge Waveform
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Fig. 13b - Gate Charge Test Circuit
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IRFP460, SiHFP460

Vishay Siliconix

Peak Diode Recovery dV/dt Test Circuit

D.U.T. —<+ Circuit layout considerations
— e Low stray inductance
m_ﬂ o ¢ Ground plane
* Low leakage inductance
current transformer
<

s =

M ]

¢ dV/dt controlled by Rg

» Driver same type as D.U.T.

¢ |sp controlled by duty factor "D"
¢ D.U.T. - device under test

5

(_ Voo

@ Driver gate drive

) __Pw.
PW- Period D= Period
i
Vgg=10V*
216
b
@ D.U.T. Igp waveform
Reverse
recovery | Body diode forward
current current
@ o, Vpg waveform
- ! Diode recovery \ e
/ dv/dt v
DD
Re-applied 1~
voltage Body diode 1§r ard drop
@ Inductor current m
Ripple < 5% lsp
i

* Vas = 5 V for logic level devices

Fig. 14 - For N-Channel

Vishay Siliconix maintains worldwide manufacturing capability. Products may be manufactured at one of several qualified locations. Reliability data for Silicon
Technology and Package Reliability represent a composite of all qualified locations. For related documents such as package/tape drawings, part marking, and

reliability data, see http:/www.vishay.com/ppg?91237.
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Package Information

www.vishay.com

TO-247AC (High Voltage)

Vishay Siliconix

A
Az ﬁ oP Datum B
2 I s [#]o k @DBEW] I
R/2 OP1
e I - /-
! D2 X z
7 . &
- H
2xRI 4 D1 N
() / : :
| w : / I
H ” 4
‘ 11 _J t Thermal pad-/
Ao T :
| , Epm
| L : A
1 1 A E E1
1 | See view B *T77 [F0.01 QDB
Vi 3
Eaxxbg : |2 x l-iC iew A - A
ba la— ==IAle
R0 10GICIAD) e\
s 5 Planting 101, b3, b4 Base metal
Lead Assignments A | /
1. Gate poE | E 4
2. Drain i fheny] J
3. SDl.!fCE i IC i ' e /»% el
4. Drain ]
' : (b, b2, b4) —s=!
(4)
View B 5 .
MILLIMETERS INCHES MILLIMETERS INCHES
DIM. MIN. MAX. MIN. MAX. DIM MIN. MAX. MIN. MAX.
A 4.58 5.31 0.180 0.209 D2 0.51 1.30 0.020 0.051
Al 2.21 2.59 0.087 0.102 E 15.29 15.87 0.602 0.625
A2 TAT 2.49 0.046 0.098 Ed 13,72 - 0.540 -
b 0.99 1.40 0.039 0.055 e 5,46 BSC 0.215 BSC
b1 0.99 1.35 0.039 0.053 Kk 0.254 0.010
b2 1.53 2.39 0.060 0.094 L 14.20 16.25 0.559 0.640
b3 1.65 2.37 0.065 0.093 L1 3.71 4.29 0.146 0.169
b4 2.42 3.43 0.095 0.135 N 7.62 BSC 0.300 BSC
b5 2.59 3.38 0.102 0.133 aP 3.51 3.66 0.138 0.144
c 0.38 0.86 0.015 0.034 @ P1 - 7.39 - 0.291
cl 0.38 0.76 0.015 0.030 Q 5.31 5.69 0.209 0.224
D 19.71 20.82 0.776 0.820 R 4,52 5.49 0.178 0.216
D1 13.08 - 0.515 - S 5.51 BSC 0.217 BSC
ECN: X13-0103-Rev. D, 01-Jul-13
DWG: 5971

Notes

1. Dimensioning and tolerancing per ASME Y14.5M-1994,

. Contour of slot optional.

. Lead finish uncontrolled in L1.

O~NOhA WN

. Xian and Mingxin actually photo.

[ [ minGxin

- Dimension D and E do not include mold flash. Mold flash shall not exceed 0.127 mm (0.005") per side. These dimensions are measured at
the outermost extremes of the plastic body.
. Thermal pad contour optional with dimensions D1 and E1.

. @ P to have a maximum draft angle of 1.5 to the top of the part with a maximum hole diameter of 3.91 mm (0.154").
. Outline conforms to JEDEC outline TO-247 with exception of dimension c.

Revision: 01-Jul-13

THIS DOCUMENT IS SUBJECT TO CHANGE WITHOUT NOTICE. THE PRODUCTS DES
ARE SUBJECT TO SPECIFIC DISCLAIMERS, SET FORTH AT i

For technical questions, contact: hym@vishay.com

Document Number: 91360
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Disclaimer

ALL PRODUCT, PRODUCT SPECIFICATIONS AND DATA ARE SUBJECT TO CHANGE WITHOUT NOTICE TO IMPROVE
RELIABILITY, FUNCTION OR DESIGN OR OTHERWISE.

Vishay Intertechnology, Inc., its affiliates, agents, and employees, and all persons acting on its or their behalf (collectively,
“Vishay"), disclaim any and all liability for any errors, inaccuracies or incompleteness contained in any datasheet or in any other
disclosure relating to any product.

Vishay makes no warranty, representation or guarantee regarding the suitability of the products for any particular purpose or
the continuing production of any product. To the maximum extent permitted by applicable law, Vishay disclaims (i) any and all
liability arising out of the application or use of any product, (i) any and all liability, including without limitation special,
consequential or incidental damages, and (jii) any and all implied warranties, including warranties of fitness for particular
purpose, non-infringement and merchantability.

Statements regarding the suitability of products for certain types of applications are based on Vishay's knowledge of typical
requirements that are often placed on Vishay products in generic applications. Such statements are not binding statements
about the suitability of products for a particular application. It is the customer's responsibility to validate that a particular
product with the properties described in the product specification is suitable for use in a particular application. Parameters
provided in datasheets and/or specifications may vary in different applications and performance may vary over time. All
operating parameters, including typical parameters, must be validated for each customer application by the customer's
technical experts. Product specifications do not expand or otherwise medify Vishay’s terms and conditions of purchase,
including but not limited to the warranty expressed thergin.

Except as expressly indicated in writing, Vishay products are not designed for use in medical, life-saving, or life-sustaining
applications or for any other application in which the failure of the Vishay product could result in personal injury or death.
Customers using or selling Vishay products not expressly indicated for use in such applications do so at their own risk. Please
contact authorized Vishay personnel to obtain written terms and conditions regarding products designed for such applications.

No license, express or implied, by estoppel or otherwise, to any intellectual property rights is granted by this document or by
any conduct of Vishay. Product names and markings noted herein may be trademarks of their respective owners.

Material Category Policy

Vishay Intertechnology, Inc. hereby certifies that all its products that are identified as RoHS-Compliant fulfill the
definitions and restrictions defined under Directive 2011/65/EU of The European Parliament and of the Council
of June 8, 2011 on the restriction of the use of certain hazardous substances in electrical and electronic equipment
(EEE) - recast, unless otherwise specified as non-compliant.

Please note that some Vishay documentation may still make reference to RoHS Directive 2002/95/EC. We confirm that
all the products identified as being compliant to Directive 2002/95/EC conform to Directive 2011/65/EU.

Vishay Intertechnology, Inc, hereby certifies that all its products that are identified as Halogen-Free follow Halogen-Free
requirements as per JEDEC JS709A standards. Please note that some Vishay documentation may still make reference
to the IEC 61249-2-21 definition. We confirm that all the products identified as being compliant to IEC 61249-2-21
conform to JEDEC JS709A standards.

Revision: 02-Oct-12 1 Document Number: 91000



TOSHIBA

TLP330

TOSHIBA Photocoupler

TLP250

Transistor Inverter
Inverter For Air Conditionor

. Unit in mm
IGBT Gate Drive
Power MOS FET Gate Drive DD
1w
I
The TOSHIBA TLP250 consists of a GaAlAs light emitting diode and a h
integrated photodetector. ‘-1LI %- cé.l ';'f'
This unit is 8-lead DIP package. o
TLP250 is suitable for gate driving circuit of IGBT or power MOS FET, 9.66£0.25 97 7622025
@]
¢ Input threshold current: [F=5mA(max.) g
e Supply current (Icc): 11mA(max.) 122015 _f-;;
o Supply voltage (Vce): 10-35V 0501 =
¢ Output current (10): +1.5A (max.) e E
* Switching time (tpLH/tpHL): 1.5ps(max.)
¢ Isolation voltage: 2500Vyms(min.)
¢ UL recognized: UL1577, file No.E67349 —
e Option(D4)
VDE Approved : DIN EN60747-5-2 TOSHIBA 11-10C4
Maximum Operating Insulation Voltage : 890Vek Weight: 0.54 g(Typ.)
Highest Permissible Over Voltage $4000Vpk
(Note):When a EN60747-5-2 approved type is needed, P\ Fonfigurationitop iiewy
Please designate “Option(D4)”
10 8
2] 7
1=
Truth Table s0 e
Tr Tr2 <[ s
Input On On Off
LED Off Off On 1:N.C. 5:GND
2 :Anode 6 : Vg (Output)
3 : Cathode 7:Vo
4:N.C. 8:Vee
H |
Schmatic Jec
* T 9" Veg
8
i (Te 1)
—_—
2+ — 2 Vo
VE }: 7
3- " =0 Vo
o 6
(Tr2)
* hd ©  GND
5

GaAlAs Ired & Photo-IC

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

1 2005-08-18



TOSHIBA

TLP2%D

Maximum Ratings (Ta = 25°C)

Characteristic Symbol Rating Unit
Forward current IF 20 mA
Forward current derating (Ta 2 70°C) Alp 1 ATa -0.36 mA /°C
@ Peak transient forward curent (Note 1) IFpT 1 A
Reverse voltage VR 5 Y
Junction temperature Tj 125 °C
“H"peak output current (Py s 2.5ps,f < 15kHz) (Note 2) lopPH -1.5 A
“L"peak output current (Pyy < 2.5ps,f < 15kHz) (Note 2) lopL +1.6
Output voltage bl Vo il Vv
5 (Ta = 85°C) 24
2 (Ta < 70°C) 35
2 Supply voltage 7 Vee \%
(Ta = 85°C) 24
Output voltage derating (Ta 2 70°C) AV / ATa -0.73 V/°C
Supply voltage derating (Ta 2 70°C) AVeg /ATa -0.73 vi/ieC
Junction temperature Tj 125 °C
Operating frequency (Note 3) f 25 kHz
Operating temperature range Topr -20~85 |
Storage temperature range Tstg -55~125 °c
Lead soldering temperature (10 s) Tsol 260 °G
Isolation voltage (AC, 1 min., R.H.< 60%) (Note 4) BVs 2500 Vrms

Note 1. Pulse width Py < 1ps, 300pps

Note 2:  Exporenential wavefom

Note 3:  Exporenential wavefom, lopH < —1.0A( < 2.5us), lopL < +1.0A( < 2.5us)

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

together.

Note 5. 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 (Note6) IF(ON) T 8 10 mA
Input voltage, off VF(OFF) 0 _ 0.8 \%
Supply voltage Vee 15 — 30 20
Peak output current lopH/lopPL = - +0.5 A
Operating temperature Topr -20 25 70 85 °C

Note 6: Input signal rise time(fall time)<0.5ps.

2005-08-18
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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 N _ _ _ .
forward voltage AVE ! ATa — IF=10 mA 2.0 mV/°C
Input reverse current IR - VR =5V, Ta=25°C — — 10 HA
Input capacitance Cr — V=0,f=1MHz, Ta=25°C — 45 250 pF
“H" level iesmiy 1 Ip =10 mA 05 | -15 -
Vec=30v | Ve6=4V
Output current 1) A
W " IF =0
L" level lopL 2 Ve_s = 2.5V 0.5 2 -
apgn Veceq = +15V, VEgq = -15V -
H" level VoH 3 RL = 2000, IF = 5mA 14 12.8
QOutput voltage \
o n Voot = +15V, VEg1 = =15V _ i .
L" level VoL 4 R( = 2000, VF = 0.8V 14.2 12.5
Vee = 30V, Ig = 10mA W, 7 i)
“H" level lccH —_ Ta=25"C
Ve =30V, Ig = — - 11
Supply current - i e | mA
Vee =30V, If = 0mA - 75 .
“L" level lccL —- Ta=25°C )
Vee =30V, I = 0mA = — 11
Threshold input “Output I Voot = +15V, VEgq = -15V
" FLH — —_ s
current L—H RL = 2000, Vo > OV ! P mA
Threshold input “Output 3 Ve PA Veet = +16V, VEg1 =-15V 0.8 . A v
voltage H—-L RL = 2000, Vg < 0V
Supply voltage Vece — 10 — 35 %
Capacitance c Vg=0,f=1MHz
s i v 1.0 0, F
(input-output) Ta=25°C ¢ £ R
; ; 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 lo time < 50pus
2 2005-08-18



TOSHIBA

TLP28D

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 time Hol tpHL IF=8mA - 0.15 0.5
5 Voot = +15V, VEgq = =15V Hs
QOutput rise time tr RL =200Q —_ — —
Output fall time tf — - -
Common mode transient . i
immunity at high level CMH il 5 g -5000 | — — |vrus
output : cc )
Common mode transient _ _
immunity at low level CumL ¥CM ;:?SSV‘TLF;Z%TS 5000 — — V /s
output cc !
All typical values are at Ta = 25°C
Test Circuit 1 : lopH Test Circuit 2 : Igp|
8 1
1[ ] I I 1 [] i 1
Vce
] -|. 0.1yF = [: ] T O10F
IF Ve-6 Vee
[k # k)&
= — =
|
loPH OPL
4 ]—-u 4 [ ]_" V.5
12 l
Test Circuit 3: Vg Test Circuit 4 : VgL
M 8 o 8
3 ] I 1] N I
Veed v
CC1
j = 01pF T AL__E ] = 0.1pF =
I VF
R|
1 R e ] ] —
VoH VoL
. i o “ H 1
T  VEE1
TVEE1 1
4 2005-08-18
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Test Circuit 5: tp H, tpHL, tr tf

I: 1.8,
|
J Lk Io.mF | veeq
o I: :I I Vo T
M T AL
100Q 4
E } L Vee
Test Circuit 6: CyH, CmL
8
(] Ig
sw IF IO.‘I}JF
?—ﬂ :I 7 | Vec
Ao'o B ’- il
I HA2
a[] 14
Vem
(M -
L T
600V
i 90% |
M 10% 5 "
¥ 1
sw :A(:F=8mA}
CmH
Vo _ W V— 26V
A\ :
HL
SW :B(Ig=0)

o

CmL

480 (V)

t (us)
480 (V)
"~ Trus)

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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TLP25b

IF (mA)

Forward current

Allowable forward current

Allowable peak output current

IF (mA)

loPH, lopL  (A)

IF=VE AVE/! ATa-Ig
100 2.6
Ta=25°C
50 =
% £ O 24
£
0= B2
7 o
5 F D > 20
3 & E® N~
24 )
1 gr 020
05 ’,‘ 2 2
% /-' BE .8
'S
0.1 g =
w o
0.05 g 18
0.03 vi
0.01 / 1.4
1.0 1.2 1.4 16 1.8 2.0 0.1 03 05 1 3 5 10 30
Forward voltage VE (V) Forward current I (mA)
IF=Ta Voo —-Ta
40 40
2
30 O 30
o
> \\
(4]
o
8
20 S 20
>
™ &
3J
"
2
10 Faent,
E3
b
<
0 0
0 20 40 60 80 100 0 20 40 80 80 100
Ambient temperature Ta (°C) Ambient temperature Ta (°C)
loPH, lopL - Ta
T T T T  §
PW S 25ps 1S 15KHz
2
1
0

0 20 40 60 80

Ambient Temperature Ta (°C)

100
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TOSHIBA TLPZ50

RESTRICTIONS ON PRODUCT USE —

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

* 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 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 his
document shall be made at the customer’s own risk.

* The products described in this document shall not be used or embedded to any downstream products of which
manufacture, use and/or sale are prohibited under any applicable laws and regulations.

e The information contained herein is presented only as a guide for the applications of our products. No
responsibility is assumed by TOSHIBA for any infringements 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 patents or other rights of
TOSHIBA or the third parties.

» 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.

e Please contact your sales representative for product-by-product details in this document regarding RoHS
compatibility. Please use these products in this document in compliance with all applicable laws and regulations
that regulate the inclusion or use of controlled substances. Toshiba assumes no liability for damage or losses
occurring as a result of noncompliance with applicable laws and regulations.

7 2005-08-18
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