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Phase Different Angle Control of PWM Inverter-fed
Two-phase Induction Motor
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Abstract
A phase-difference angle (PDA) controlled pulse width

modulated (PWM) inverter is proposed for adjustable torque for
two-phase induction motors. The motor torque is controlled not by
the modulation of phase voltage, but by the PDA. Based on the
selected harmonic elimination (SHE) PWM technique.
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sgwihanla (PDA; Phase Different Angle) sswamesasihauuuyhisugaseni

dnmnflowdivaaini stator veswewmesdusnsuaeurauuy uniform air gap

R X4 Xz Rq X4 X2
1 Wy /v - X AMN—TI /, {1k
\A/f Z. 8X & \I}b Z %X 'R_2
§ % n S b &=m 2-s

l N l \

forward field

backward field

317 2.4 uams forward field waz backward field



WinpaNiengAnIsuveamesouRnFuasuaiauguuuDaNga iouomesHyUAIY
anwis el Tasfimmandousinua A lidwwa B drduiiauddemmdouiiu equivalent
' ) o v
circuit dugil iwednenhiihilowdn V dwda 7, o 90 oem phase sequence fiiilu

positive sequence Tasnszuaves positive sequence finasio forward field

vaedi Tamosnyudronnus A luiamadivasu e Inih e I}ﬁ i T}u ag 90
e phase sequence fiflu negative sequence Tasnszuaves negative
sequence uwase backward field

manugulaoyusznianla (PDA; Phase Different Angle) figasjanmnurite
GRS I}B uay I}a1ﬁ'ﬁaaﬁmn"lwﬁﬁ?iﬁaum’fwhaﬁu iiwaihIv phase sequence wves

positive sequence uaz negative sequence nlaoulinndy anauns

/., = %(Vu 2 I, N2 NN [2.7]

v, =%(I7a I 2\ 7 N = . [2.8]
I = %(ia P e O e N Rl 3 [2.9]
I = %(ia 2 A2y 2 ANATANIAR (g D). [2.10]
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g Ay N JEF ¢ ¢ : 2l >~o § & A
vomesmileninlszneuaisaiu mamesuazlaaes IasdiuTameszdmihngy
[ U U L T o [ [ { o o a v
wasnunura e iudumanes laserdendnmsmiloni azdh Idifaaumimannyu
. & v v R 1 i
aglugesiema(air gab ) Fwgsznindiuammosiaz Tswes aumusimaniivznyudie

anus g lasiia auaums

O

s T gy Ny, TN DIIOE " g e

p
Taodi N, = anudadaTasifavesmunumiman(rpm)
f=amud Wfineliduvamanes(Hz)
p= dmduvesiauimin

=1

~ Jd 1w { = ~ 0. 0 a % A a [
TuvaznIswesagiunzimsmiisnivih linanszua lvalulswessalinnudifeiy

U

Y

) a A a a8 IS o v ] 1 v
unasse W useadasudunnedueziiuwaninmsnszhsenhaduns wiman lugesiverna
4 T o . v a
uazusundeumimanluTsmes(rotor magnetromotive force (mmf)) ualuvaizh
I < 1 @ 4 a o 1 < 1 = o dgl A Jd o &

Tswesianusumiuanus e lasiavesauumimancs luilimsmilenihiunIsmesduiuee
1 & e A a =] It { 1 ¥ ah A a v
Taifius eliafiodu uazvaginnuiilames laq fanuuanadinsvesanuswisaesiitonh

aal nie mslaa(slip, S)



LT e e [2.12]
* 60
e 27N,
ST R R [2.13]

e @, WuanuSwesauumimdnnyy  wisedhu rad/s

@, Wlunnusweslsines iy rad/s
el e e e [2.14]

ussbaiidavnauiman (Electromagnetic torque: 7))

P
T =%=-j .................... [2.15]

r s

@

MdIvenUBINaADS

Vo1 =Tt P)

olp cu,2

ARG I~ B .\ [2.16]

wnsandideaeriugesema (power transfer across air gap) luueines
milwnhaeurann mmaesglsmes forward sequence wiiludaths forward
field mlaadundanunaliisimesmyn uay backward sequence szdsriumdsass

backward field iadhunssdu Tanisaesdauszlindsnugadoluvania

=DIBLV TN ERCT 00 @ /). [2.17]
R-& = TRYAIAER By = /... [2.18]

Mdsaariuaese e (power transfer across air gap) Mavinaeaned

gap f

SIUNU

])gap == ( ap f gap’b) --------------------
usetinfntasglnnndsam Tlfudundanuna (Electromagnetic power)

P sB -y e [2.20]

vnaums forward field uaz backward field davwndanls V;,V,, 1, uas

A

I, Fansomugudlsmariisuyuszniaa (PDA) 14 idlefmdadariuseseimsa
a5 forward field uaz backward field fiyusgnihansiiuuin forward field ¢
wnnn backward field uadwussnihalaiuavamiis backward field szunnn

forward field uazdwemaduinliuemes nayundudisr



2.1.5 msmuguuemesouantuasaanuybiouga

A a A A a d? o ] v [ P Y .:;

Wennsandsinfavuninmsiaunu liaugasgnindnanitloudhuaaiah stator

; : : e
voswemes ousnFuaealauuy uniform air gap uazvaamamileufnisansua As va
wazva B hayuiu 90 eem nszualu stator Hvwnawiiu ienszualuva A Tmgege Tuvue
inszualuva B i 0 uazgiladuves stator mmf egasenarsua O uaziu@oadu gilnay
vos stator mmf ezegasenarcvesvaaia B iile nszuaves B fisrgega stator mmf'#
4 v v v

avunInIaeIva 1oy 90 ssmmaih wuRotudnanndloudwomessaiiadu 90
paenm I ugu@endu dnvazmsiia stator mmf sudorsundnanuuimanyuves

& o s a { & = g o
vowmes Fellvanazanus asayuai Fullunguituguvesmsiaunuuaugaluvemes
UANYY

a A o o = vy o 4 A J
weAnITuveINBmastuandudeunainIuguuuuauga lddeagl deililiousme sy

LA oA Col

droanusriaail Tasiiamunaounnva O e B aduiiaudaomaidoudy

~n
9 [

equivalent circuit dgil iifedina Iuhilowdh Vi dmda I;; ag 90 e phase
sequence fiseni1 positive sequence uaasdateslas ‘f* Tasnszuaves positive
sequence Sinade forward field vaziilsmosnyudonnud lufiamadvaiu e
dnen i floudn I}ﬁ i I}a o5 90 esm phase sequence 3unh negative

sequence uaniareslay ‘b’ Tasnszuaves negative sequence iinago
backward field
R4 X4 X2 R4 X1 X2
1 AN——T0 T ! AN——T——T0
. z/v%x 5& U, z/éx S
l f m s b ) 2-s
L T S

backward field

forward field

125 uamsnvsauya lunaazaveswemesmilonhasala

Ed

vaztitiunasednaaeuwnadineliiunemeswienadu Tas phase sequence
asadwdesynsuiudwanslugiuaas phasor voltages VA} uaz J VA} Houdvaan A
waz B mudidu ninszuvaugaves positive sequence uaz phasor voltages I}b
wag - J I}b MNsTUVTNYaYRY Negative sequence

n v
wasamves ¥, niflouva o @ouihunases

Vi et S s e s it e i [2.21]
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-V jVi

3N 2.6 yamaszuvaeaa LiauganinmssauiuvessyuUaug A0S

positive sequence fuszuuaugaves negative sequence

R.

nngueasdnuuzves phasor diagram uaeslfifiu positive sequence

b

- la . N 2 A2 la . ~ . >
@avn V. waz jV; uas negative sequence idaon jV, uaz - jV, assauqail
wywiuiudnmndowdr V, was Vg
' ] ° a g a a ' v
ag lsnaumssnnunszud i lasfannesdlssneufiauinasizinsandoniims
v v v

Aauuy hiduga mazvemesmileninhnulaseatafimiloudusisaeuna fAalaongui
qililos Tnddu nszualuvanin Qidaunnnssauiuves I, uaz I, wes positive

. a ¥ ) .A
sequence uaznegative sequence nszualuvania B iiatunnnissaiuves j1;

uaz - j1_pves positive sequence uaznegative sequence waznszua 1 wag [
b o

B

Tuvaaiane
R DO e N s R Y [2.23]
Iﬁ = P I G TR W L T Ao I s [2.24]

@ L ] d' o 1 I q'{ A @ 9 T 5
AN 1Mo r109A15Ene UYBIA NUANANANS DRI ILE Tagdalreglumeuves Vf

uag VbTﬂaﬁmmﬁmeﬁwa{ Va Haz %"lﬁ'ﬁnms

n

P 2
V. = E(VQ S e e T [2.25]

S X
M AR U R [2.26]
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~

msihaugnuaalugdilmaes wuldFannuduiuiinlndifestuves 1, uaz [y

Tuaa A s ldlamesmunas vazawnsa@owiuaums

AN e
I = 5(1(1 TP ite RE L e [227]
I, = %(ia S e [2.28]

Vs

51/ 2.7 namnaw liaugavesnnussdnaaeulaluguesesdilsznouauinas

a d d
2.2 BUID3INDI
a 24 o { { @ % 1 @
dunesines duginsalmimhiasuwdenuihnssuansstiseeglugivous wiu
wienszud liflundsaIdhnssuaadunannsadsuussdunsenszuannud 1 Tuilegiiu
a o o ) v ] Y v A
dunesimesamsautsenn laiilu 2 dszianlnaglq drofufe
a o I3 1 U @
1. DUNBIABIUN ALV UDULUITIAY (Voltage Source Inverter)
2. 3unesinesuMaUUNuNTLE (Current Source Inverter)
a ; A o { v [ [ v U a o o v
dunesmesnireuuuldnyusiuanaeiune duna I na1inedunesnes tuuLaIY
amplit 1A a & v o Yo a o v o ~
usssudmInglinzasesisvanszumiludinionssu lasddnuduaes o aussiulagn
1 U a’; 9 U ;’,' Y d'l d' 3 d' J d' 1
unastogndaldaaniulld e Tnaandsuus suszasiuanszuaszldouulasay Tvaa dau
a o o L Z ] q Y =) s LY, [ Y o
duneswesuvuuvasenszuaiiu Tavdmlng 193G onszumifuiinious siu Inase iy
a 4 U U U é c§ L | q'/ 9 U 3 9 4'4 = d' v
dumes o snszuam laamilsiunasiogndaIdasaniull e Tnaan/dsunssuazasiiug

useauazilasulasnulvian
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2.2.1 AIUVBINVINAY
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o3 2 e
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5111 2.8 naasaulsznouleesmal
o v Y 9 9
1.) mamaw e Ysznouniy
1.1 gRiseansza
1.2 %A90INTDINYRYIN
1.3 AN UYBININTBITYY I
o o 9 y
2.)MAMNaRIUeen Uizneunie

2.1 woala

2.2.1.1 4ABENNZUT

gaduanszud vnihil ulasihnseuaasuiuithaszuanss Fnzlsznoudodiu
YBINIDIFHINTEUA
2.2.1.2 4ANNDINTOITYYINM

° Y A o 9 £ v
MUAUINNITBILT Qﬂuiﬂﬁ [d)1] GIN‘IJizﬂ?)‘Uﬂ’JEJ’N’ﬂi NIDINTTLE
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29990 5DIN YN

Y v g

299snsesdanudod uilsy diela Tembinszuaduiuilszyzgnilszy e laToa

o v g Y 1 ) o e A a A 24 Y] a
wgambinszua dunuilszgezaelszyliunTnaa sz ldus sueiyniissunoudhuduas s uazl

a lndifsmvonvoansauduny

2.2.1.3 YANLNIIIAUUBINDINTOIT QYR I
o YA o o v £ & ) ' s
wnthiutaussduninasesnsesdaana ldiiunTmilwas 195ugaswnsndiuves
YARIAA LAZYARIN B

A

] @ o o d o v @
G]éﬂllﬂﬂtﬁﬂﬂu‘ll@ﬂ'l\?ﬂiﬂi'ﬂﬂﬁifgﬂ!\mﬁﬂ"]lﬂﬂﬂﬁzﬂﬂuﬂ']W]’]ﬂunﬂllﬁgﬂ'liil']ﬂﬂﬂuﬂiilﬂu

Y o

o I~ v o @ v A 1w & "o % 3 @
il ﬂﬁlﬂﬂﬂi%i}tlﬁﬁz@nmﬁ\‘lﬂu@]ﬂﬂi?]1l'VI!‘VI'Iﬂu“ﬁﬂm1ﬂﬂﬂ§ﬂﬁﬁ\‘l‘uﬂ\1uiQﬂuﬂTﬂ’Nﬁ]iﬂiﬂ\‘l

Toyay
2.2.2 wresueaia
2.2.2.1 HenamazAnuvming

woala (MOSFET) deunnin Metal Oxide Semiconductor Field
Effect Transistor msvhauvewesmua Taoms g lwduiluginselszianms
awnuumastisdaoussdu (Voltage controlled source ) Fsaunsaioursasifiouiios
183U 2.9 nazlinnmduiusveamsiimeseadadi

ol H 2 N s et 7 ¢ oo | LAy [2.29]

Taon g, fi® Transconductor 38 Mutual conductance

i2
i D
O—
+ +
Vi OnV2 V2
O__-.
3 4

31/ 2.0uam3 Equivalent circuit ves VCCS

voaauiseanidlu 2 ¥ilalng q Ao

Delpletion MOSFET uaz Enchancement MOSFET uaazaiiauia’la
ifiu PMOS oz NMOS Faaznanfaduiszaouvesmomma drlugaldi 2.10 fnsangdi
2 10 wfioaiduey 2 v3nadfindediun Gate nsogluusia p — substrate fideseniiu

Drain uag Source #auspsinssuinmsdusisoni Channal waz Channal azgn
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o v g 4 o v g 4
1993nsesdaanudedunullsvy iela Temihnszuadunuilszgazgnilsey e laToa

° v g Y 1 Y o s Ao A =T =
ngathnszua dunulszgezmoilszyliun Tnaa oz ldus e wimmiiGsuineuituduns s uazl
i lndiReen1ooauoLs IAUdUWN

2.2.1.3 YAULNUTIAHYDINDINTOIT YU IO

N Y A v o o 9 £ £ ] v Y
wmthiudausdunnesnsesdaana lfifiuasmilwas 1ilugaswnsatuves
YAAIATIADIVOINDIADT

YALLATIR UV ATOI TR TR A

PRy S ' &
wpilszgntinuisugnlsemsnaeeynsuiu
o Yo I 1 v A [y 1 A 1 o & [ =& &£ @
MRl zquaazdiing suanaieuimiugumAuaT il s WHIIN99TNT09
Ty
2.2.2 nnesueama

2.2.2.1 HNUUASANNKINGY

woala (MOSFET) deunnin Metal Oxide Semiconductor Field
Effect Transistor msmauvewemma Tasmslsauuluiuiiuginselilszianms

aaunuumasesoussu (Voltage controlled source ) Fsamnsadiourasifisufiog
' v
18da31li 2.9 uazlianwduiusuvesmsimosareaail

1o-G B N « Ol D -2 4. [12.29]
Taeh g, fi® Transconductor ¥3® Mutual conductance
i2
1 = ,
O
+ +
Vi JnV2 V2
07
3

317 2.9umas Equivalent circuit vea VCCS
voaauiseaniu 2 wiialvg q Ao
Delpletion MOSFET uaz Enchancement MOSFET uaazwiiauila
i PMOS uas NMOS Faagnanisdiutsznovveuorima dsluzalii 2.10 fnsangali

210 azfiansidueg 2 vinundeilun Gate nsegluuvis p — substrate fiseoonidun

Drain uaz Source daugpainszninasiowsisonit Channal uaz Channal seqgn
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. 2 H
wvudeukuing q voe silicon dioxide layer uaz Gate szasialasguTanznauuguy
k4
Y94 Oxide AMUANYMNWUBNVBINDMHA 9 3 e

Gate , Drain uay Source uaziioudaydnysila asgiin2.10

Source Gate

\ Driin V

\gp - type

ha region
<type

substrate substrate

Source Gate

U 2.10 wermsdnuue Inseaswwves Enhancement MOSFET

2.2.2.2 Tnssaaveamnesveavn

mnesueaa ( Power MOSFET ) Tawialiazidhuuy N — channel
#1911 Enhancement mode tnuanswedina ( Power MOSFET ) udazdaezalsznonly
Soveamavinaidmiviug Fseguuilifnfudeves winesueania ( Power
MOSFET ) a5 N” vwduagihaulumsiweamausazdnslimsDiffuse P waz N*
region aswu N type epitaxial layer smnifusziiiunisi Gate fu epitaxial
layer muld Gate dwmsumsuveweamniuin g laomsmvegiidion # N uaz N°
Substrate dauweazii1dlasmsmuegifivuatuusuves P uaz N 1dnms Diffuse 1in
'Sﬂym:miﬁweﬁﬁaﬂth3ﬁ11ﬁ’tﬁﬂlﬂu'lﬂiaﬂ¢iaagiﬁumaﬁuazminﬂﬁa%u N uaz N doagriv
msudanaaslugldadnsaivoamoaa lugilii 2 .10 luannslnddunlius suveunsudu
vnifefivufurenuds veamas: liarunsavnszua1d iffeswindu N uas P azgnluee
ndy uAdus ldussduansynhanafurenuds ussunnesi isEanseuneefuiisune
P 1&naifaiiu N —Channel dousznin N uaz N idaidhunszuad Inaninasuludeven
downmsthnszuaveawemiaviiail iavnms lnavesdidanseusu N —Channel #
wmamlu Enhancement mode MOSFET daén o uaasdansavianldoddass

4 v
uaneaamaril szgnaevuIuiulasmsauegiiiiounaso

2.2.23m3Manuveanean

deflovnssduliivnauazdnmiiminzauPoll silicon gate szmiluniny
(Layer) assfiudhuves Diffuse Channel Region vlvnszua’lvaninasulilfsvon
dmSuussduanton 4 Afleuliasunazsod nszumasusziuuetdiios fousswunsy

Iy nsznmasuszauduiludadausidiaesvows swunatuwed (Vgs)
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2224 windimesmnesueamia (Power MOSFET parameter)

[

annuyTeudis (Transconductance ) manugToudailusimsiinesndida
v woala o luannzueniin (Active) Tavlinuiudusasrmanlfounawes
nszuansuisuiudasimsasunlasve s sduvesnszuaing (ga= dlp+ dVgs ) manw

ihTeudeazidasunlasmuanizmehaudwanddugii 2 .11

I D(on)

Vesih) Vbs

31]*?; 2. 11uaneguanyaens loudovosuodmn
dmsumaimamuiiuaindednsihausznisannzia (on) wazila (off) fani

Tousz ligniunld lesmnueamahnszumduiissshaegludaeloduia(Ohmic

region) ieusssunafimgalusasmsiandl msiuussdunasziinatoonadenszuman

@i 2 P P
qaiu gg i Indifoegud

2.2.2.5 wseaumsalsa (Threshold Voltage, Vigsin))
o A 1Y .. A o 9 a o o v
usenuuns s Taa Aeussnunadigani dnszuasulva Taoialdzimuanives
Vasny 1 1A lumalgiadesnuuuaunsansuguaives Vgsm) indeziliamuiilu
mMsaaIngga ms1znszuaion ) melszy (Charge) TduAudszgudsduduyn
Parasitic input capacitor uat Vg Imdudulivildinadyanasuniu (Noise)
ansagaveama ldisudeafuussunsdou (Transient Voltage) aunsadariu

(Couple) lsana’ld Fsamnsoimiuoamatinszueldios Threshold Voltage v:ii

v
S

A luash geez lindsualasliawgangiivessesss (Junction temperature) s1ngali
12 sswuiwemmaliduszdnimeguugiifiuay (Negative temperature
coefficient)
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A
Vas(th) k

Tj, Junction
Temperature

31 2.12 uaasThreshold voltage wilslumugumgfifidounlas

u

2.2.2.6 anudumuvainnszua (On-resistance,rpson) )

manudmmazihnsziaveumneseaainnudidy wesnmiugadinua
Snunsziad lnadmumnesueaa TaolivhlfiAamsunsnsznomiss (Power) fiunn
'l dofinmsaindninanzlihnszua (off) luganzmsthnszua dwes (on) wwanas
nnmiigannligmiidunn lumsaadwes Rps cony Tiadigariuezdealiive s siunn
fidme i I¥nszumasumnnwoisziueamalusieleiuiia (Ohmic region)

nngdit 2.13(n) wermaiiumsiinns sy Vgs Wildunnnd 12 Taad oz hifinarild
Rpsion) faawazmsiiy Vgs Glﬁ’qaé’iyuﬁﬂﬁnﬁﬂuﬂﬁua"lﬂﬁ (Spike) fiannnnims s
qusznhanafuseadia 20 Taad Tasmaiin Vg Tgaiuliezdivnalumsilanszua

a a

(Turn off time) iiipsnniidlszyazavegluduiulszgdndunnmmiuliiaznngilii 2 .13
3 y &

A 28 ¢ £ a @ A o Alq Y g
(v) wwuduionssmasugaiu Mved Rpgony 12geinuendie suiludaddgndldmun

A

a J o dg @ a 1A v w ﬂ = 1
WITTNADIAIDUNVUNURWN N QUBUIATINUD UL 'LlWﬁﬂi$wﬂﬂ1§]1ﬂﬂ']5!ﬂﬁﬂuuﬂﬁ0ﬂ"ﬂ RDS(ON)

I'bs(on) losen) A

Ip = 5A Tj=100 ‘c

Ib=1A Tji=25c

lo

311 2.13 naasmanfasunlase rps(on) luaw

a

(n)Vgsuaz 1 (V) NITUTATULAZQUNYY

u
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2.2.2.7 siuwilszgluneamla (MOSFET Capacitor)

mﬂTﬂ5aﬂ%’nmawamwmzﬁﬂﬁ'gﬁﬂﬁmﬁuﬂizqu:wiNﬂTyﬂammmmm HazHOANUNN
Fuihu Polision awildfufiudszysznhunasumsy Cod aznaiuson CoguaziizaeP-
N szuhuasususeaszi Idifed utuilszgdmeudh (Common source input
capacitance, Cgss ) az#ufuilizgTouthenduTasii( Common source input
capacitance, Cgss )lnuii

Ciss=Coat Cps = m—mn . [2.30]
Coss=Cost Cag™ 1 NN e [2.31]
CRSSZng .................... [232]

v < A { T @ roA [l §
aunudsggmaitivzn/asunasssnnuasufuses (Vpg) Taomwizedisgslugiei
) ' o A1 o o d' T A a
usIRUIEH AR UR VO aliAE19 Aweaaly 317 2.14 uadunudszgmariivznf/dsunilas
quugiitooun

Vps drain to source voltage (volt)

C , Capacitance

31 2.14 pamsdanulszyluseasin (MOSFET capacitance)
TumslFaumeamlanm Cisg sxiilumsiiiinesid iy Feduivilszyezgndailszy
N . . . P ' a '
(Charger) uazmulszq (Disharge) Tagaews (Drive circuit) dsfinasemsaindem
sudiuaud (Impedance) vosnesturziinadennuiedranalumsaias manlaounlag
= < 9 1 = 1 @ ;’,’ = a =1 - 1
wiikansznuantseaon N UYs a1 asiumsn/asunlasgungiiszina@ntissasnains

a Cé 9
AINFYDINOTNNAIY

62124
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2.2.2.8 laleasznnumsunuzea (drain - source Diode)
Tudrwinesweamnyndivi laToauoundsagsznuasuiusoa Snfumsasnszua
(Current ratting) ves'laToatafnumfuveswean lidnzuuuuderies
(Continuous) nSeiluiad
lugalii 2.15 szwuilaTeagnluneanss (Forward bias) Swesdifaauihuuinie
fovdumsu iffesninlaTenluguduiiddaseldinssmuad Forward on voltage,

Forward turn-on time uaz recovery time #awziilugiiovewaazsiavomva

Drain

ca i_f

Source

51/#1 2.15 uaesdgdnvsiveswealniuy N-chanel Tassauasunazyoalalon 13ludof

o

2.2.2.9 M3tunaveINeain
|9 9 F) c;’ll = ' @ Y [ ==
anyanIATIdve e dMiNIzTinNuUA NA NINRUAN Y MZA MY U1V TN
(BJT) nanfenszuavenvesiing iuszarugualsnszuaua daunszuaeanvosuoaminiiy

b4
WAIVURBNT LV UNA UBNTINTUNAIN AU IS W RNz Timgan Avog
E4

TugasingTovin (Gigaohms) sshlinszuafisdunadiofsufuiinfivina@eiiu iy

v
v o T

= Yo
msnuguueamnisldidading
1o 3 Aq 9 @ v g9l A
Tuannzeganiunszuailslumsvunavesweamnizlinioonin iiiew1nanw
9 Y A P Y = T @ g Y & <
sumuridniiangs seihldguilouiusduinaveuninesveamn’ld Finnusaluns
nszuaduvtveweamndundesms ldaindueamnilu lilssrarias:desldraesduni
v [ v Vv -
ManuATUMUYIseNdINaINs 0910 nsesunszualuaeunaing lage vistilumsaindues
VO AIHNIZAAAILATIUATUN UV 10D NVBIIITTUINA
) ¢ 4
[{19901MNAVBINDAHNIZYNIINOBNIINFONIINTZUAAIITULIY YoIFANDU

(Silicon dioxide) duniudnanszeonuuyliliussdussnhunafureagand Vasn)

2.2.2.10 Sp¥zveIMsaINGeaHN
4 2 o . . . - 4
iieannnmzihnszuaveswedniluwimezdrann (Majority carrier) Savild i
ii Storage time Tunsungminszuadauiuanus lumsadinduommniagand anudalu
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finfezaunsan@aifarudosudalunsmuaaimsanasesnemn (Power derating
curve) wuRefuiiniivevwaves SOA veweamnezadioivlunsdivosdinfiuduodmn
Yuszflveuwamsz Secondary breakdown

po1alsiananingranvzdrenhiimsiie Secondary breakdownluwesin
daw fimsfignilfifiui Secondary breakdownamnsafatu1dluuemmnsy
idleananiinfiudsegiulnssadisvosmommn

uenan Forward bias operatingguaauemunenzimuaaing SOA s
Huveumagsgaiiiadonszuaasugsqa Ipy naz Breakdown voltagesswihaasudu
woa V(ps)DSS aingi SOA Wddmiuasu tion) 1102 tofh) Feldnanlumsaingla

a a o @ = :/I a T U
A 1 nfisazhidundonaeansnsevesmsadndezdetioondt (Tepvaxy T/ Ruc)

2.2.2.12 ¥ ldnfSauannsly veamn
9 <
1. Muanus
o @ A A A Y < (]
wveaaddsinnuamnsalumaadad Awanustasilaslirnnmaazauilszgos
o a o R 1a ] 2K o Y oy v Q. o Y
TuTnarsniuGames 39 luaasnaazay s ldviunauaziiminm 3am
woenla TANUE NI UTNABT IUMTAIATININ
2. ANHUSVBIDUNN
» e il \3f > e Ao qYa )
yupnvesuamasduiuszgnien (solate) 11NUWAITIIR0FUODN loa N1 IFAaAI AU
s Y [ < Y [ dyd
nszuaasaszana 40 wonz Teriy veamavzgn luneadions i 10 Toad droussiuauiail 39
Y
asavumeamail 1dde lod Fueea nseo Niuea 1dlasass 39 ludesdilsdanszuavesIvaa
o q ¥ ' o v o q ¥ > 3
minaannugeenveeesdu Tassauudazilvdseniateiu
3. gmuiinulaoany
v
ms lFnuRuniavesueaaiiu a1z e amanald uadmsuneamaudinunanerany
1o & A q9 o N Y A qYI o o V9 Y] ' o
Tiduiluioz ldeesmivwesnld nseldmaunuilszyanion 18 veuwavesdlaoasis gn
o a o [ d 4 L [
AMUARIBNAANTLUAGIEA LIIRNUILTNATIN HazANUYV99Ilnsal vouwavedulasanvey
4 y .- o
nAa iilesan himasna Secondary
4. 1599U
o o o = Y ' ] o o o '3 i
usaumgaveswemaiids wildnnmanudiumuvesginssl (rpg) dmiuginssiused
1 Y a0 .; d' ) s s [ 1 Y s 43 ‘ﬂ'
Awee Ipg szdeslimdiige dmsuginsaiussduge a rps desliAigedu iesnn
fuilsz@nsguvgiives Ipg Huwan
4

o a a a

vilszanimegmnai

9 U

ol

7

o a a a 1 1Y a 4 4 4 a o
dutlszanineguugiiveswemva Tmassthuiunsudmass nafe oguugiiludweania

¥
] =<

v 4 b4 v v
Uagein nszumasuazlindias daiumsmauveswemads lilimgineduiioseinmsiy

L1

Y

wivesguugli ( Thermal runaway)

Q v



21

6. INURIAY

o w

A A o) ] o @ ' da
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voalamaanUUvIForUAUAD A1 I'pg (ON) 1ummwmmmqamﬂummmmﬂawuﬂ
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v v w Y = Ao & = S a A o w 2
luTwars datumsldaunanudd dmanugadovazaszualugdnsalaindemde duds

[

drng Y9 lums ldueammamas

2.3 AUV

Delink @
} - | | ‘  POWER | -\
.| MCRO |, | DEADTIME GATE
Bl ﬁCONTROLLERJ@& GENERATING -’[DRIVING E@'ﬁ'ggé’g‘ﬁg \MOTOR
BRiE _J Eais o s

7107 2.17 uamsduilszneumadarsaung
2.3.1. Microcontroller
Microcontroller dludaafsdyanm V, uaz Vi, auquuemes
uaziihudafuyy PDA vesiaoula Tnsdaynaiidseon’iiu Mosfet Wudayanamy
PWM ésan harmonic udamazinnes Dead time soufiszidnises Drive

d

2.3.2 33935100 Ing

293190 Inaifle 9037l Piefiey 15 lumstlosiumsdnlsasaeluns (Branch)
a @ a J s A a va v S a A ] A
RUINUYBIBUNDIIMBT HBINN Tumflianuauiiavesgnsalainde liaunsavzlao
anugadisiuiiulald mlddesliduna lumsn/ouaaziGonimaniu (rise time)

s < 3 1o a wa I o

waznmnas (fall time) TavdezAuegiuaiiauazquamiduesginsainsminmnuginsel

LRIER!

23.3 Optoisolator

Tnthiuennsdvesdumad Signal fudwwes driving circuit esnnnfu
finsnn AeliiAasunsromalihiudlflunsdiitdeunmseidagungel Optoisolator s
deriudyaaTaolfuaadudaudon Fuflunsuenanfumalitihveaises dedaduids
wennnidaufiumssunudayausznig Signal fiu Driving circuit Tag
optoisolator #lfifuwes TPL550 Fsianudalumsiaug
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2.3.4 1935mununan Mos-gate Driver
E4
dwmsylumsesnuuuisesmugumsinuveunavesueamniue 14 leFiues
v v oo > o U a J S~
IR2110 Tageziiludrsudyguin Optoisolatorudrdudyanmselfunsunesines #ii
AUANLA Ao
k4
L Ianwansalumsmiugumsihnuveunaiamuuuasdua19vesdunesmes Tud
= g
@RI
Y Y o
2. amnsonuuseiuldgage 500 Toad

3. 141vi@e9 10-20 Thaa

Vce 5V
& L A
9 6 3 ohm l__1
——50v
10| “T10u4 2 To
== 50V == s5gv Vee 71\ 1N4002 3
0.1uF | 10 pF B IR 2110 :——1?’ a MOSfet
=L 50
13 2 WF
14 1 . A‘I‘\VAV
— 3 ohm
signall,,
from e
Low2
opto ;1
= Vee
-5V
d z AVIAVAVI
9 6 3 ohm —|_1
——50V
s 10 5 —1‘;1“;& 2 To
= 50V == 50V 1N4002 3
o1 [0 IR 2110 = .| Mosfet
1 _sov
13 2 _—WOuF
14 1 AN
= ‘v 3 ohm

312.18 uaan199sdnng
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Microcontroller : Gate Drive
AT89C51 Opto Deadtime Opto IR2110
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37 3.1 nannaesNnuAveIduNes MBS AR IMTlu 2 a
A a o o 4 ~ o 9 1 v @ qy
MU 3.1 299U IS MIDgUNBIMEsIntioNi 2 e Uszaoudaud ey Al
~ d' Gl [ ‘é @
1. 299sFenszuamonInssii 1AZI9939ANINANALT IFY
a Jd o v o a A
. dunesnes 2 o lueanladmduilugiasaiaiaga

Fa N °
. uewesmiei 2 ma
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. 2asan’lnid (dead time)
. lulasnoulnsames aszga MCS-51 weid AT89C51

2
3
4. y59unavesuamaiigs
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6
7

a d d

3.2 auNeInes 2 tla

3.2.1 29933890 TUMNONINTIAY 1102I9059ANINANIIETH

@ v Y o o
Ithaszuaady 1 o swdmfoudasvih 1 Input 2 Output dwsuuenns1ae
U 9 = l ~ 1% v 1 [ d! s Y o

wesneutlowdnesiSoanszuadonuuniug s nazdaae ludassgananaraus s Taeldd
imlszg 680 UF 8 dasevunuiu i 2720 uF asesnszuanszien 19935 senszuaausoso

¥
usasuladaua 0 — 600 V denldussdunszuanss 400 V
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511 3.2 AR HoINTTUMNONIUTIAU HALIIVIYANINAIMTIANY

Ao Aq ¥ o v a o 4 Y
anszuanldozimualin 150% voanfauswos sz 147

Tl 0 2 o, SO [3.1]

= [746 /(1.732x4x220)] x1.5
=0.7325 A

aunsadenldlaleainunszuald Uszanar 1 A dluesiad

Aifaussuiidontd wdmualin 150% vosrmssdusen (Peak)
Vv =1 -414XVin(RMS)X AR L SO\ ... [32]

= 1.414x220%1.5
= 446 V

ansadenldlaTeannuussduld s00 V ifluesdiadr uaainldesene lalea 12 A, 600 V
msmvnaiuiulszgilanes

o 1 v Av o d L4 o @ dy
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V= 1-414XVin(RMS) .................... [33]

=1.414%220
= 3NN
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mnsaaenlsaunuilssy

Aus e 400V udaaildassie 900 V, 2720 uF

a d d
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3.4 293UUNA

3.4.1 msugnnumalvh

dauneniuma il (electrical isolation) vevsesaruguuazisesdunalins
uenns1d lasldmaigeusemauas (opto couple) Tavlefiues TLP 550 ves Toshiba
Fafanusalumshnugs Sudaganadeinnnmaes Dead time msusnnsnaianusuiu
061989 T IzszauLs U Tiuanieiuszniesesniuge (5 V) uazasesduina (15 V) sild

szuuiinnuilasaiuaedasaruguasmsiiadounnseelursessid

311 3.4 yaasmsinuueseetla Ailila
diedanutlowdnuiesyIa Alidla Taelidadumuiifanszuanowdn lod nszuadh
TwardooiTa Mhidlaszlude LED fegnslumudyanaitowdaly die LED aalla-

niudmass (Photo-transistor) fiegmelwiamsiinszuaesndiudayanuviesn uazih

Jo% IR2110 ao'll

3.4.2 19957unaveINeainfas
v 9
yestunenlslumsduyeamaiigs 4 aaluduesines 2 e 29sdunailld lemsues
a o - o A = { L) [ :/‘
IR2110 wesussn International Rectifier suilulodnlddmsumsoonuuuldniices
¥ . . . . .
dunaveswemva ldiadmuan (high-side switch) uazdau (low-side switch)
~ v /q o A Y A a s = o o A 1 e L
taziimsadraaa Indluda leddndoe isaninludunesines iueamanids 2 A udazheiinis
= A o ' o 2 a =& ' A o o Ao qW
darweamasidunazva 299359nav91 2 g0 Fauaazyauen IMidoseonaindu ussduninila

woamladidsinnu Vgseglugae 10 -20 V 2sesdumnaeenuunlilys Ves i 15 V
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d

TLP
550

i

d

to Mosfet

IR2110
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317 3.5 uaaaraesdunaueaafig
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msoenuuudmsumsaluguads lediwes IR2110 sufludesiiduiulszyiesnm
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3.4.3 vomlamag
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milenhaewla 1dueamlamas wes IRFP450 dlugiasaiainis Faamnsonuussdulan

500 Toad onszuald 14 wewnls naziiFives laToaoglud metlosfudaanams sunu uay

wmihiudlu freewheeling diode lsudagulnsel

u

MOSFET

Ve

_[_oad
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[

—
S

3113.6 waaneInIuguINNaveINBmaiIGgg

v v v v 9
ussnunanaseufnaiganevnaduld s00v uailnafie 220v

IMAX

Vin(MAX) =500V
Vin(MfN) =220V
ILow

= [ 2Vinmaxy Vinoumy) -11ILow

= 22% Ipp; =22% (1.6955)/2x7 = 2.66A
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Ipri = (2 Pin)/ Vinouv)
— 2(186.5)/220 =1.6955 A
hii. = [(2x500/220)-1]  =9.43 A

lawna MOSFET #o ussdumsu 500 V
nIzuagIgAmInY 9.43 A uaivenszuagegaon 150% vy 1415 A

&L A v Ao J a2 A v
UMz 7 MUeIniaLemos wea vuaenld

MOSFET «iia IRFP450 & fifida usedumidu 500V nszuavidy 14 A

msnagilgunsel
Tw¥oginsal nnafildnnmssian vnsaild
laTeaiSvanszue 0.7325 A, 466 V 12 A,600V
Funuilszaflames 311V, 2200 uF 400 V, 2720 uF
vodia 500 V,943 A 500V, 14 A

a day v g
MINN3.1 ﬂ'ﬁ]Q!!ﬁﬂQQﬂﬂﬁmﬂﬂﬂﬂ]ﬂﬂ]sﬂ‘luam

3.5 1esvhanm (Dead time circuit)
awsase Dead time iiveiioz19iloatiumsanisasvesueaaidenielupudo sy
a o o d' wa S a A ] = o A o Y o
YBIdUIDINOT ITlpsnnguautinvewlnsaiainye lumwnsan/feuaaus luiufinula’ly /i
Tidesfilsananau (rise time) uaznarvias (fall time) Tasadhs dead time 145

o A o a A o 19 ¥ =
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3.6 lulnsneulnsaraes
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AR UDINDT

e shmsia dead time vesanshilaumla ddstien limnzauimmssulim
dead time mnze

e hdygunnlulasaoulnsamesiminsaiie dead time wwasesdunm sito
i liduweaila fiasessids udihims Sawadi 14
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4.2.1 dyanasiieonin lulnsaeulsames wiedSuyun PDA fimaisg

2005/02/23 12:58:12
Sms/div
: (Smsydiv)
NORM:200KS /s

Stopped

‘S‘topped

2005/02/23 13:00:13
T Sms{div
(Sms/div)
ORM:200kS /s

P-P

=Trace2=

=Filter= =Offset= =Record Length= =Trigger= =Filter= =Offset= =Record Length= =Trigger=
Smoothing : ON  CH1 : -0.40v Main : 10K Mode : AUTO Smoothing : ON CH1 : ~0.40v Main : 10K Mode : AUTO
BW @ 20MHz CH2 : -1.00v Zoom @ 10K Type : EDGE CH1 & BW @ 20MHz CH2 : -1.00V Zoom : 10K Type : EDGE CH1 &
Delay : 0.0ns Delay : 0.0ns
Hold Off : MINIMUM Hold Off :  MINIMUM
il 41 mm.lsuuu PDA=0 esrn 51 42 ot PDA=30 osm
Stopped 2005/02/23 12:59:43 Stopped 3 2005/02/23 12:59:20

CHI=5V CHZ=5V

oC 1001 :

=Filter= =0ffset= =Recard Length= =Trigger= =Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON CH1 : -0.40V Main : 10K Mode : AUTO Smoothing : ON CH1 : -0.40v Main : 10K Mode : AUTO
BW : 20MHz CH2 : -1.00v Zoom @ 10K Type : EDGE CH1 & BW : 20MHz CH2 : -1.00v Zoom @ 10K Type : EDGE CH1 &
Delay : 0.0ns Delay : 0.0ns
Hold Off : MINIMUM Hold Off :  MINIMUM
M
= p—

silfia3 dleusuam PDA=60 esm it 4.4 tiforl3u PDA 90 o3

Stopped 4 2005/02/23 13:00:34 Stopped 2005/02/23 13:00:57

5ms/div
: (5msydiv)
NORM:200KS/s

q
Max  6.200v

5.400V 5
Freq 5.000kHz

3.785v

CH1=5V CH2=5V Sms/div
DC 10:1 DC 100:1 : i (Smsydiv)
NORM:200KS /5,

=Trace2= P-P

=Filter= =0Offset= =Record Length= =Trigger=
Smoothing : ON CH1 : -0.40v Main : 10K Mode @ AUTO
BW : 20MHz CH2 : -100V Zoom : 10K  Type : EDGE CH1 &
Delay : 0.0ns
Hold Off MINIMUM

siffias iie3usu PDA=-30 aam

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON  CH1 : -0.40v Main : 10K Mode : AUTO
BW : 20MHz CH2 : -100v Zoom : 10K  Type : EDGE CH1 &
Delay : 0.0ns
Hold OFf : MINIMUM

311 4.6 titedSuyn PDA=-60 aim
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] 2005/02/23 130124
CHIs5V  :  CH2ssV < : : T 5ms/div
: : : (smsydiv)

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON CH1 : =040V Main : 10K Mode © AUTO
BW : 20MHz CH2 : =-1.00v Zoom : 10K Type : EDGE CH1 &
Delay : 0.0ns

Hold Off :  MINIMUM

1t 4.7 siiers3uan PDA=-90 eam

P

4.2.2 Wspuisudyanaiiinazesnn99siumn

4 2005/03/15 03:24:55 Stopped g 2005/03/15 03:25:32
: : : S0us/div CH1=5v i CHz2=5v : : : :  S50us/div

¢ (S0us/div) DC 1001 : oc 101 b : ¢ (S0us/div)
NORM:20MS/s 1 ] : : i ;

Min -1.400v
puty 96;8%
Mih  200.0mV

=Filter= =Offset= =Record Length= =Trigger= =Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.00v Main : 10K Mode : AUTO 8moothing : OFF CH1 : 0.00v Main : 10K Mode : AUTO
BW @ FULL CH2 : -0.20v Zoom @ 10K Type : EDGE CH2 & BW : FULL CH2 : -020v Zoom @ 10K Type : EDGE CH2 &
Delay : 0.0ns Delay : 0.0ns
Hold Off : MINIMUM Hold Off : MINIMUM

711 4.8 uaasdygnuninlu Iasnou Inamesivufudyanuesnainiaesduinn [IR2110
A& o Y Y
BT UNB WA IULIN HazAIUAD

423 dygnaildannmsliy dead time

Stopped 4 2005/03/15_19:12:45
CHI=I0V : CH2=10V : : . 20us/div

oC 1011 oC 101 : : { (20us/div)

2] i 3 3 s s 2 s
=Tracel= Mak 14;80v @ Rms 10,02V : Frieq 8.772kHz

sracers M tns | mm winy o Fres sl 5101 4.9 aasmsUSu Dead time

d‘ [ Q' = v o 14 [
maf]mnuuamﬂﬂmmmﬂumamwseunu

=Filter= =Offset= =Record Length= =Trigger=
Smoothing : OFF CH1 : o.ov Main : 10K Mode @ AUTO
BW : FULL CH2 © o.ov Zoom : 5K Type : EDGE CH1 £

Delay : 0.0ns
Hold OFf : MINIMUM



4.2.4 Fyanaas ulvaauoines

=Trace2= P-P  396.0V
: 5 150.9v.

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON CHI1 : =220V Main 10K Mode @ AUTO
BW : FULL CH2 =1V Zoom @ 10K Type : EDGE CH2 £

¥

Stopped

4

Delay : 0.0ns
Hold OFf : MINIMUM

s 410 Faana PWM vacdulvaa 150 Taad

CH1=100V

DC 100:1 :

v

2005/03/15 195052

=Filter=
Smoothing : ON
BW @ FULL

GaN

Stopped

=0ffset= =Record Length=
CH1 : ov Main © 10K
CH2 : 0.040v Zoom : 4K

=Trigger=
Mode @ AUTO
Type : EDGE CH1 &
Dela; 0.0ns

Hold Off :  MINIMUM

U411 Fana PWM wasnszua vahililvaa

CHI=100V :
DC 100:1 :

2005/03/15 19:52:40
T 5msydiv
(5msydiv)

=Filter=
Smoothing : ON
BW @ FULL

=0ffset= =Record Length=
CH1 : ov Main 1 10K
CH2 :  0.040V Zoom @ 4K

=Trigger=
Mode : AUTO

Hold Off :  MINIMUM

UM 4.12 dyeyrs PWM aznszuavazdulvaa
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4.2.5 ﬂﬂﬂi’)ﬂuﬂlﬂi’)ﬁﬂﬂﬂ"ﬁ‘ﬁlﬂiﬂaﬂ

@ § 2 a <
N@Lﬁﬂgﬂlﬂ T‘ﬂ ﬁﬂ'i’l'l\‘lﬂalﬁ@mﬂﬂﬂl@ﬂ!ﬁQUﬂlmSﬁﬂTﬂJLTJﬁ'E'J‘U

y @ J a
M3199 4.1 uaaamsia laelduenes 15ussia 0.294 p.u.

PDA | torque Nr Nr
(av@n) | (p.u.) | (rpm) | (p.u.)
-90 0.294 | 1446 | 0.990
-60 0.294 1448 | 0.991
-30 0.294 | 1438 | 0.984
0 0.294 1405 | 0.962
a13197i 4.2 uansmsia laeWuenes19ussia 0.647 p.u.
PDA | torque Nr Nr
(@9e) | (pu) | (rpm) | (p.u.)
-90 0.647 1418 | 0.971
-60 0.647 1422 | 0.973
-30 0.647 1406 | 0.962
0 0.647 1419 | 0.971
a1519714.3 naasnsiaTaelduemes1%useda 0.765 p.u.
PDA | torque Nr Nr
(as@) | (p.u) | (rpm) | (p.u.)
-90 0.765 1386 | 0.949
-60 0.765 1390 | 0.951
-30 0.765 1839 7. 9:93Q
0 0.765 1407 | 0.963
3197 4.4 uanamsinlagIiuenes 1ussia 0.942 p.u.
PDA | torque Nr Nr
@m | (pu) | (tpm) | (p.u)
-90 0.942 1377 0.943
-60 0.942 1378 0.943
-30 0.942 1315 0.900
0 0.942 1406 0.962
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rpm

AC, =50 AC,=100 AC,=150

i DC,_=128 DC,_=250 DC,_=370
pp pp pp

90 1453 1460 1461
60 1453 1459 1460
30 1448 1453 1453
15 1441 1447 1447
0 1426 1434 1434
-15 1441 1446 1446
-30 1447 1453 1453
-60 1452 1459 1460
-90 1454 1460 1461

a13190 4.5 naasanuis 1 Insiavesuemesiyu PDA d1aq

AaNuLsItviasiisuasuainas
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Data Sheet No. PD60147 Rev.T

International
ISR Rectifier IR2110(S)/IR2113(S) & (PbF)
HIGH AND LOW SIDE DRIVER

Features Product Summary
® Floating channel designed for bootstrap operation
Fully operational to +500V or +600V VorrseT (IR2110) 500V max.
Tolerant to negative transient voltage (|R21 13) 600V max.
dV/dt immune
® Gate drive supply range from 10 to 20V lo+/- 2A 1 2A
® Undervoltage lockout for both channels
® 3.3V logic compatible Vourt 10 - 20V
Separate logic supply range from 3.3V to 20V
Logic and power ground +5V offset ton/off (typ.) 120 & 94 ns
® CMOS Schmltt-trlggergd inputs with puII—down Delay Matching (|R2110) 10 ns max.
® Cycle by cycle edge-triggered shutdown logic IR2113) 20
® Matched propagation delay for both channels ( ) ns max.

® Qutputs in phase with inputs

; Packages
e Also available LEAD-FREE

Description

The IR2110/IR2113 are high voltage, high speed power MOSFET and
IGBT drivers with independent high and low side referenced output chan-

nels. Proprietary HVIC and latch immune CMOS technologies enable 167teadiS0IC
; " 7 ’ N b ; 14-Lead PDIP IR2110S/IR2113S
ruggedized monolithic construction. Logic inputs are compatible with IR2110/IR2113 (Meo aghiBble

standard CMOS or LSTTL output, down to 3.3V logic. The output
drivers feature a high pulse current buffer stage designed for minimum
driver cross-conduction. Propagation delays are matched to simplify use in high frequency applications. The
floating channel can be used to drive an N-channel power MOSFET or IGBT in the high side configuration which
operates up to 500 or 600 volts.

LEAD-FREE (PbF))

Typical Connection up to 500V or 600V

L
|._
R =i =) T
9 AAVAY
&~

Voo T Voo Vg

HIN o HIN Vg ° 1o
SD o SD — A | LOAD
LINo LIN Vee 1=

Vgs © Ves  COM |—&° ‘ EL:”

Vee O_L LO MV

(Refer to Lead Assignments for correct pin configuration). This/These diagram(s) show electrical
connections only. Please refer to our Application Notes and DesignTips for proper circuit board layout.

www.irf.com 1



IR2110(S)/IR2113(S) & (PbF)

Absolute Maximum Ratings
Absolute maximum ratings indicate sustained limits beyond which damage to the device may occur. All voltage param-
eters are absolute voltages referenced to COM. The thermal resistance and power dissipation ratings are measured
under board mounted and still air conditions. Additional information is shown in Figures 28 through 35.

International
ISR Rectifier

Symbol Definition Min. Max. Units
VB High side floating supply voltage (IR2110) -0.3 525
(IR2113) -0.3 625
Vs High side floating supply offset voltage Vg - 25 Vg +0.3
VHo High side floating output voltage Vs -0.3 Vg +0.3
Vce Low side fixed supply voltage -0.3 25
VLo Low side output voltage -0.3 Vee + 0.3 ¥
Vpp Logic supply voltage -0.3 Vss + 25
Vss Logic supply offset voltage Vee - 25 Vee +0.3
VIN Logic input voltage (HIN, LIN & SD) Vss - 0.3 Vpp + 0.3
dVg/dt Allowable offset supply voltage transient (figure 2) — 50 Vins
Pp Package power dissipation @ Ta < +25°C (14 lead DIP) — 1.6
(16 lead SOIC) — 1.25 Y
RTHJA Thermal resistance, junction to ambient (14 lead DIP) — ¥5 g
(16 lead SOIC) — 100
] Junction temperature — 150
s Storage temperature -55 150 °C
[y Lead temperature (soldering, 10 seconds) — 300

Recommended Operating Conditions
The input/output logic timing diagram is shown in figure 1. For proper operation the device should be used within the
recommended conditions. The Vg and Vs offset ratings are tested with all supplies biased at 15V differential. Typical
ratings at other bias conditions are shown in figures 36 and 37.

Symbol Definition Min. Max. Units

Vg High side floating supply absolute voltage Vs + 10 Vs + 20

Vs High side floating supply offset voltage ~ (IR2110) Note 1 500

(IR2113) Note 1 600

VHo High side floating output voltage Vs VB
Vece Low side fixed supply voltage 10 20 vV
Vio Low side output voltage 0 vce

Vbp Logic supply voltage Vgs +3 Vss + 20

Vss Logic supply offset voltage -5 (Note 2) 5

VIN Logic input voltage (HIN, LIN & SD) Vss Vpp

TA Ambient temperature -40 128 °C

Note 1: Logic operational for Vs of -4 to +500V. Logic state held for Vs of -4V to -Vgs. (Please refer to the Design Tip
DT97-3 for more details).
Note 2: When Vpp < 5V, the minimum Vsg offset is limited to -Vpp.

2

www.irf.com



Internatio

nal

ISR Rectifier

IR2110(S)/IR2113(S) & (PbF)

Dynamic Electrical Characteristics

VBlas (Vce, VBs, Vbp) = 15V, CL = 1000 pF, Ta = 25°C and Vss = COM unless otherwise specified. The dynamic
electrical characteristics are measured using the test circuit shown in Figure 3.

Symbol Definition |Figure | Min. | Typ. |Max. | Units [Test Conditions

ton Turn-on propagation delay 7 — 120 150 Vg =0V
toff Turn-off propagation delay 8 — 94 4R Vg = 500V/600V
tsd Shutdown propagation delay 9 — 110 | 140 - Vs = 500V/600V
tr Turn-on rise time 10 — 25 35
tf Turn-off fall time W, — - 25
MT Delay matching, HS & LS (IR2110) — — — 10

turn-on/off (IR2113) — — — 20

Static Electrical Characteristics
VBias (Vcc, VBs, Vbp) = 15V, Ta = 25°C and Vss = COM unless otherwise specified. The V|, VTH and IIN parameters
are referenced to Vss and are applicable to all three logic input leads: HIN, LIN and SD. The Vg and lo parameters are
referenced to COM and are applicable to the respective output leads: HO or LO.

Symbol Definition Figure | Min. | Typ. Max.| Units |Test Conditions
VIH Logic “1” input voltage 12 95 — —
ViL Logic “0” input voltage 13 — — 6.0
VoH High level output voltage, Vgias - Vo 14 — — 1.2 v lo=0A
VoL Low level output voltage, Vo 15 — — 0.1 lo=0A
ILK Offset supply leakage current 16 — — 50 Vp=Vs = 500V/600V
laBs Quiescent Vg supply current 17 - 326"/ | 230 ViN =0V or Vpp
lacc Quiescent Vo supply current 18 — 180 | 340 A VIN =0V or Vpp
lQpD Quiescent Vpp supply current 19 — 15 30 VIN =0V or Vpp
N+ Logic “1” input bias current 20 — 20 40 VIN = VbD
IIN- Logic “0” input bias current 21 — — 1.0 VIN = 0V
VBSuUV+ VBs supply undervoltage positive going 22 7.5 8.6 2
threshold
VBSUV- VBs supply undervoltage negative going 23 7.0 8.2 9.4
threshold
Vcouv+ Ve supply undervoltage positive going 24 7.4 8.5 9.6
threshold v
Vecuv- Vcc supply undervoltage negative going 25 7.0 8.2 9.4
threshold
lo+ Output high short circuit pulsed current 26 2.0 25 — Vo =0V, ViN=Vbp
PW <10 ps
lo- Output low short circuit pulsed current 27 2.0 2.5 — A Vo =15V, VN =0V
PW <10 ps

www.irf.com




IR2110(S)/IR2113(S) & (PbF)

Functional Block Diagram

International
ISR Rectifier

| _________________________________________________ ki
| 1,
I
uv |
VDD+_> R Q |
I LEVEL PULSE R I HO
: Raf . SHT FILTER 5 |
HIN §2) LEVEL !
) SHIFT | PULSE E Vg
GEN | |
|
,—q ® Vee
I
I
Voo/ Ve |
LEVEL Lo
SHIFT |
I
I
coMm
I
I
Lead Definitions
Symbol| Description
VbD Logic supply
HIN Logic input for high side gate driver output (HO), in phase
SD Logic input for shutdown
LIN Logic input for low side gate driver output (LO), in phase
Vss Logic ground
VB High side floating supply
HO High side gate drive output
Vs High side floating supply return
Vce Low side supply
LO Low side gate drive output
COM Low side return
Lead Assignments
g Ho [7]
e voo ve [€]
[10] HIN Vs [ 5]
[ir] so 3|
[1z] un vee [3]
13| Vss com [2]
14 ~__© 1]
14 Lead PDIP 16 Lead SOIC (Wide Body)
(Also available LEAD-FREE (PbF))
IR2110/IR2113 IR2110S/IR2113S
Part Number

www.irf.com
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ISR Rectifier

HIN
LIN

- ]

S -

Figure 1. Input/Output Timing Diagram

.
;

1]

s

Figure 3. Switching Time Test Circuit

/"~ 50%

Figure 5. Shutdown Waveform Definitions

www.irf.com

IR2110(S)/IR2113(S) & (PbF)

n

O
— 10
v

Figure 2. Floating Supply Voltage Transient Test Circuit

90%

Figure 4. Switching Time Waveform Definition

LO HO

10%

A

Figure 6. Delay Matching Waveform Definitions



IR2110(S)/IR2113(S) & (PbF)

Turn-On Delay Time (ns)
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Figure 7A. Turn-On Time vs. Temperature
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Figure 7C. Turn-On Time vs. VDD Supply Voltage
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Figure 8B. Turn-Off Time vs. Vcc/VBs Supply Voltage

International
ISR Rectifier

250
200
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Vcce/VBs Supply Voltage (V)

Figure 7B. Turn-On Time vs. Vcc/VBs Supply Voltage
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Figure 8A. Turn-Off Time vs. Temperature
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Figure 8C. Turn-Off Time vs. Vbb Supply Voltage
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Figure 9A. Shutdown Time vs. Temperature
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Figure 9C. Shutdown Time vs. Vbp Supply Voltage
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Figure 10B. Turn-On Rise Time vs. Voltage
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Figure 9B. Shutdown Time vs. Vcc/VBs Supply Voltage
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Figure 10A. Turn-On Rise Time vs. Temperature
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Figure 11A. Turn-Off Fall Time vs. Temperature
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Infernationl IR2110(S)/IR2113(S) & (PbF)

ISR Rectifier

Case Outlines

A~ NOTES:

._| . DIMENSIONING & TOLFRANCING PFR ANSI Y14.5M-1987.

- l CONTROLLING DIMENSION: INCH.

DIMENSIONS ARC SHOWN IN- MILLIMCTCRS [INCIICS).
QUTLINE CONFORMS TO JEDEC QUTLINE MS-001AC.
MEASURED WITH THE LEADS CONSTRAINED TO BE
PERPENDICULAR TO DATUM PLANE C.
DIMENSION DCES NOT INCLUDE MOLD PROTUSIONS. MOLD
PROTUSIONS SHALL NOT EXCEED 0.25 [.010].

@ @#wz\vﬂ

e = o | 535 [.210]
ES il ; MAX |
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I L 0556 [.022] a Tl . 0381 Lots]
[2.54 [.100] L U K 356 LLona] (5] 0.204 [.008]
= [#]0.25 [010] D[ [BO[AD)

01-6010
14-Lead PDIP 01-3002 03 (MS-001AC)
NOIES:
1. DIMENSIONING & TOLERANCING PFR ANSI Y14.5M-1987.
2. CONTROLUING DIMENSION: MILI IMFTFR.
3. DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES]
10.65 [.419] 4. OUTLINC CONFORMS TO JEDEC OUTLIN MS-013AA.
10.00 [.394] DIMENSION IS THE LENGTH OF LEAD FOR SOLDERING TO

A SUBSTRATE.
DIMENSION DOES NOT INCLUDE MOLD PROTUSIONS. MOLD
PROTUSIONS SHALL NOT EXCEED 0.15 [.006 ].

‘
e

[#]0.25 [Lo10]@[c[p @)

’

[0.635 [.025]}= ~— ""i [* 82/5 {81259]] X 45
i

0.30 [.0118) 0 -8 i
2R s MRS =R =
(18] LL; i T |j J L : :
y 440 [0 o 12 050
14X

i
= 18X 035 [L0138] A0 LO16] | o 05 [ios]

[®]025 [010]@[C[BOIAG) ) 0.23 [.0091]
16-Lead SOIC (wide body) 01-3014 03 (Mgl)?:«x%g
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LEADFREE PART MARKING INFORMATION
Part numter—_AESaeX XXX T
Date code—— [ | [][ ][] Ig?R - IR logo
Y EN|u[E[REE
IZenliL’ ' o/
| Lot Code
MARKIN! | CODE (Prod mode - 4 digit SPN code)
P Lead Free Released
Non-Lead Free
Released
Assem! Ily site code
Per SCOP 200-002
ORDER INFORMATION
Basic Part (Non-Lead Free) Leadfree Part
10-Lead 0DI0 IR1110 order IR0 110 10-Lead 1 DI0 IR1110 order IR0 110010 F
10-Lead 0DI0 IR1110 order IR0 110 10-Lead 0 DI0 IR1110 order IR111000F
10-Lead SOIC IR1110S order IR1110S 10-Lead SOIC IR1110S order IR1110S01(0F
10-Lead SOIC IR1110S order IR1110S 10-Lead SOIC IR1110S order IR1110S00F

International

ISR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245 Tel: (310) 252-7105
This product has been qualified per industrial level

Data and specifications subject to change without notice.  4/2/2004
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IRFP450

N - CHANNEL 500V - 0.33Q - 14A - TO-247

PowerMESH™ MOSFET

TYPE Vbss
IRFP450 500 V

TYPICAL Rpson) = 0.33 Q
EXTREMELY HIGH dv/dt CAPABILITY
100% AVALANCHE TESTED

VERY LOW INTRINSIC CAPACITANCES
GATE CHARGE MINIMIZED

Rps(on) Ip
<04 Q 14 A

DESCRIPTION

This power MOSFET is designed using the
company’s consolidated strip layout-based MESH
OVERLAY™ process. This technology matches
and improves the performances compared with
standard parts from various sources.

APPLICATIONS

= HIGH CURRENT SWITCHING

= UNINTERRUPTIBLE POWER SUPPLY (UPS)

= DC/DC COVERTERS FOR TELECOM,
INDUSTRIAL, AND LIGHTING EQUIPMENT.

ABSOLUTE MAXIMUM RATINGS

TO-247

INTERNAL SCHEMATIC DIAGRAM

D(TAB or 2)

6(1)

5(3)
SC07580

Symbol Parameter Value ] ﬁit
Vps Drain-source Voltage (Vas = 0) 500 \Y
Vogr  |Drain- gate Voltage (Res = 20 kQ) 500 v
Vas Gate-source Voltage + 20 \Y

Io Drain Current (continuous) at T¢ = 25 °C 14 A
Io Drain Current (continuous) at T, = 100 °C 8.7 A
Iom(e) |Drain Current (pulsed) 56 A
Pt  |Total Dissipation at T, = 25 °C 190 w
Derating Factor 1.5 w/°C
dv/dt(1) |Peak Diode Recovery voltage slope 3.5 V/ns
Tstg Storage Temperature -65 to 150 °c
T Max. Operating Junction Temperature 150 °C

(°) Pulse width limited by safe operating area

August 1998

(1) lsp<14 A, di/dt < 130 AJus, Voo < Vigrposs, Tj < Tuvax

1/8




IRFP450

THERMAL DATA
Rtnhj-case |Thermal Resistance Junction-case Max 0.66 °C/w
Rthj-amb | Thermal Resistance Junction-ambient Max 30 oC/W
Rinc-sink | Thermal Resistance Case-sink Typ 0.1 °c/w
T Maximum Lead Temperature For Soldering Purpose 300 °C
AVALANCHE CHARACTERISTICS
Symbol Parameter Max Value Unit
lAR Avalanche Current, Repetitive or Not-Repetitive 14 A
(pulse width limited by T; max)
Eas Single Pulse Avalanche Energy 800 mJ
(starting Tj =25 °C, Ip = Iar, Vpp = 50 V)
ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified)
OFF
Symbol Parameter Test Conditions Min. Typ. | Max. Unit
V(Br)pss |Drain-source Ip=250puA Ves=0 500 Vv
Breakdown Voltage
Ipss Zero Gate Voltage Vpbs = Max Rating 1 A
Drain Current (Vgs = 0) |Vps = Max Rating T 5. 50 UA
lgss Gate-body Leakage Ves =20 V + 100 nA
Current (Vps = 0)
ON ()
Symbol Parameter Test Conditions Min. Typ. | Max. Unit
Vasithy |Gate Threshold Vps = Vags Ip=250 uA 2 3 4 Vv
Voltage
Rps(on) |Static Drain-source On |Vgs = 10V Ip=8.4 A 0.33 0.4 Q
Resistance
Ip(on) On State Drain Current |Vps > Ip(on) X Rps(on)max 14 A
Vas=10V
DYNAMIC
Symbol Parameter Test Conditions Min. Typ. | Max. Unit
gis (*) |Forward Vbs > Ip(on) X Ros(onymax  Ip=8.4 A | 9.3 13 S
Transconductance
Ciss Input Capacitance Vpbs=25V f=1MHz Vgs=0 2600 pF
Coss Output Capacitance 330 pF
Crss Reverse Transfer 40 pF
Capacitance
2/8 IS




IRFP450

ELECTRICAL CHARACTERISTICS (continued)

SWITCHING ON
Symbol Parameter Test Conditions Min. Typ. | Max. Unit
td(on) Turn-on Time Vop=250V Ip=7A 24 ns
t; Rise Time Ra=4.7Q Ves =10V 14 ns
(see testcircuit, figure 1)
Qq Total Gate Charge Voo =400V Ip=14A Vgs=10V 75 nC
Qgs Gate-Source Charge 13.5 nC
Qg Gate-Drain Charge 27 nC
SWITCHING OFF
il - @ e — SIS S et
Symbol Parameter F Test Conditions Min. Typ. | Max. Unit
trvorty | Off-voltage Rise Time [Vpp=400V Ip=14 A 15 ns
tf Fall Time Rc=4.7Q Vgs=10V 25 ns
te Cross-over Time (see test circuit, figure 3) 35 ns
SOURCE DRAIN DIODE
Symbol Parameter Test Conditions Min. Typ. | Max. Unit
Isp Source-drain Current 14 A
Ispm(e) [Source-drain Current 56 A
(pulsed)
Vsp (¥) |Forward On Voltage Isb =14 A Ves=0 1.4 \Y
ter Reverse Recovery Isp =14 A di/dt = 100 A/us 680 ns
Time Vop =100V ' T; =150 °C
Qs Reverse Recovery (see test circuit, figure 3) 9 uC
Charge
IRRM Reverse Recovery 26 A
Current
() Pulsed: Pulse duration =300 us, duty cycle 1.5 %
() Pulse width limited by safe operating area
Safe Operating Area Thermal Impedance
GC77430 K GC1B460.
ID(A)E = ‘ 5=05 ’ 2 1 i
4 L [ i
TR o2 =TT
2 % II‘\. | 0 |1 f’n
101 \\§\ ,/\ \ \ kel ——J /;/
8 E"@“Z_L — 100 us 0.05H ?
Ef— & o=
- < Nz i [0.02 LUseZea it
i il N . 00274 0.01 il
3 7 NN T ozl il SeE T
AISINGLE PULSE 6=tp/7
10° NS 102 : I
8 10ms VI I —HH l | l I
g AN Tl
D.C. OPERATION T
S TTTI y [0 [T
10 ola2 4:;31 2 45522 4 68 1 =5 4 -3 2
10 10 10 Vs (V) 10 107 10 10 107" 1, (s)
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IRFP450

Output Characteristics Transfer Characteristics
GC68BO0 GCE8B20
Ip (A) Ip (A) ]
40 25 i
Vps =25V ]
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Normalized Gate Threshold Voltage vs Normalized On Resistance vs Temperature
Temperature
GCB61630 GC
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IRFP450

Fig. 1: Unclamped Inductive Load Test Circuit

Fig. 1: Unclamped Inductive Waveform
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Fig. 3: Switching Times Test Circuits For
Resistive Load
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Fig. 4: Gate Charge test Circuit
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IRFP450

TO-247 MECHANICAL DATA

DIM. mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
A 4.7 5.3 0.185 0.209
D 2.2 2.6 0.087 0.102
E 0.4 0.8 0.016 0.031
F il 1.4 0.039 0.055
F3 2 2.4 0.079 0.094
F4 3 3.4 0.118 0.134

G 10.9 0.429
H 15.3 15.9 0.602 0.626
L 18.7 20.3 0.776 0.779
L3 14.2 14.8 0.559 0.413 0.582

L4 34.6 1.362

L5 5.5 0.217
M 2 3 0.079 0.118
Dia 3.55 3.65 0.140 0.144

L3

L4

P025P
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