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ABSTRACT
This thesis presents designing implementation and construction of standard inverter, that
able genuine to drive induction motor. That consist of AC/DC converter and AC/DC converter
(inve;rter) it could change frequent and voltage into motor. Inverter components have the dead
time control circuit and the overload-current protection in this developed inverter are provided
short-circuit protection between upper switching equipment, lower switching equipment in the
same branch of this inverter and also have drive IGBT. circuit. The IGBT circuit has native

voltage in condition off. The 6-step signal is sent by inverter for drive motor that could change

~

speed.
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vesAai i P uaz N Nefveardufudsu nasquanifvesaiadiinisadn (Latching Switch)
Thyristor 819312 , 3 W58 4 2 unzomihnszunfhmaReanioasanad 14 Thyristor #
winszua A1 18made218un 1eade13 ( Silicon Control Rectifier : SCR) GTO (Gate tum off
thyrister) LASCR (Light Activeated SCR) U Thyristor fihinszuaIih 1daean 1914uA Triac
(Triode AC Switch)
SR fuginseimsRsinifitasylunszga Thyristor Tagnitanniululawil o,
1957 TagfuIAINTYDIUSEN General Electric uagldgniiunidiusinnhevaieluaems
quermnssudaudl a4, 1970 ua léRannTan i annsodmus s fhuaznszua i
Foin 1nuAARe 1.6A 25V SuNeLTe 3,500A 4000V wie 6,000V Tuilegihuieldly
szuudenedda I nszuans s siugs (HVDO) wozemnsauRnaussiu i uas

nszua Wi 18 Taomsdeoynsuuazvuiu

2.2.1TassnHumehuas Fodnuel

SCRiffu  Thyristor Ao linnfiga inihiiduaiadsidonseiindfoen1d
nzue i Tnady 1dnadiod Svnadmimiaanasihouiiandede 1igaiield
ssuuflosfufimuizan n3ldeny scr higesiinsthyednu scr ifluadadidaniy
dumu g luvas 183 uns @ 1WA (Forward Voltage) sundnnsiidygnagayuiu
Gate fumunzay JoulRu1 Gate voa SCR SCR Mazisuinszuald uazduanizmiinu
(Latching) fonmniinszua iiineld1dTasd 1N Tuanazil SCR i nudiumu
Tifhneludunn |

SCR ﬂ:ﬂsznﬂu'lﬂé’huaﬁﬁaﬁ'aﬁwﬁﬂ Silicon 4 $1 i P-N-P-N 341l 3 100d8 HAL
Famelrihiies 3 42 ﬁa $2unTna (Cathode : K) $2u0 Tum (Anode: A) AN (Gate : G)
&alugili 2.5 scr fivwiinfian Gate ogfENs P 30031 Gate ¥9iA P-zU Gate BgHTII N

Zonh Gate ¥iia N us TaoviaTuazislu Gate wila p



P
P G
N . N .
Gaie P Gaie P 7 7
N N| ¢_/J

T K K

Cathode Cathode  pry.e Gate NType Cate

g1l 2.5 Inssadrnwlunazdydnuaives SCR

2.2.2A19711914v843 SCR

I | 1

l P
j1 Reverse j1 Forward

N |.

c 32 Forward N j Reverse
33 Reverse 33 Forwand

N N
T Raverse bias T Forward

+K -K

d
51/ 2.6 M3 lunea SCr

»
3 luueadeundy ( Reverse bias) Ao nsfleudindus wuTifauldfuds Anode unzflon
. v Y
fndlihunIiduds  Cathode an1iziid s i I lilguAuniaves scr azlaih

' Y 4 d
nszua i Sz tloudaa aniuguiien Gate nanu

. »
2.2.3 m3lutea ( Forward bias) 7o n13dleudnd #un1Auda Ancde uaztlou
¥ »

AndIMiaulifna Cathode wa1azil SCR Avzdahigmisaiinszua i 14 sundng

s F XY d'l = ar : 7 = ©
Houdagnainrugu Gate Tas1 Gate vz 1adnd IMuandiofisuiuds Cathode  SCR Tauz1in

] g ar g A ]
aszua Wi nszua I/ Inar uent  Anode 1dda¥9n  Cathode 14 uaziite  SCR 1Y
aszua A wd i udeslidaana  Gate Bndn'lil SCR szngahnszualdi ile
aszuaiifilvardin  scr dlugudmsiinuves SCR mwsaesuelddsuuuitaes -

Transistor ﬁ'\‘lgﬂﬁ 2.7
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2
oh >
p——

n

e Lo
N1 T . 1, -
c c —)'J,lcl
S s O
. c =
N2 N2 Im
l!= I
] i =
K K K

31/ 2.7 1209 SCR A28 Transistor

$fuens P-N-P-N annsndnpaily Transistor 2 #2fe PNP way NPN tileflau I 14191 Gate
o a o o o

W3V AUDI Transistor T2 Nz 119iAA I_, 130 I, nag Transistor T1 N9E¥NTEUA I, N9Z

Houldvnvavea T2 wdsudulhunszuaIddunudagadudazgniiiadaonn

a oA o o o b 4
duuAugva Tnaanszua I AouIsoRaeen 1A

2.2.4 Ssmuinnszuainhves SCr

madamsmuauld scr dnszualiiluvasluned (Forward Bias) #138m3

»
aano il

2.2.4.1 flounssue Gate
» ) . ] R
53idufifionlFlumsnnguld scribnszua Wi laoialy dietloudnglwi

yanlfn Gate iloifioufus Cathode uda nazuaInhez Inadhsumssilait P uazms
¥IAN A311993740 Cathode ( e3u#t 2.11) $11¥  Transistor Wazesiagnluueduas
inszua I dussdu idhanasen Anode uas Cathode ﬁth\ri'funszuﬁ Gate i lunoaas
Seaane ionszua i arin SCR (2 Anode uaz{l""a Cathode) ganinszua IfiA1g
udrannsofanszua Gate 0an141ay SCR dannhnszua’lihde 11U uatdanssud Gate
oonlavfinszua i namu SCR SmdndinszuaIiidaunda scr fvshigunsmi
aszualWihnely14 ﬁ"ﬂfu&’qupm Gate 1Apadinrunaweferildnszua I narw

SCR ganhnszua Ifhdansufissdanszua Gate son

2.2.4.2 1¥uaa (Light)
a P ] 2
SCR nuvuilfumasaruiu Gate H40150n11 LASCR (Light Activated SCR) @319%1

Tao g0 Tlsauas i lfuasasa ludsarsniduvuuavues Transistor  Transistor 1@
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3 Y] 1 ad A ~ v a o .3 wd' A o
NPNﬂ']Uf]ﬂ!ﬂiJ']Jﬂll'ﬁ&’iE)Uﬂﬂ‘ﬂ!'ﬂ‘uTlﬁulﬁﬂLﬂﬂﬂﬂ]ﬂﬂalﬁﬂﬂﬁﬂullﬁZIﬂﬂ‘U‘u1ﬂl.l|i)1|'ﬂﬁ\1~1'lu
T o -; o =] o ar s
umaannszny disdiduesdidnaseuna: Teodusuniszianszuiumsileunduduan

wazi i scr thnszuainfhae 1

2.2.4.3 Wusadulitge (Hight Voltage)
a A s | ¥ J ~ ] Y a J
wauz s 91 TR (Forward Voltage) Tgevuvuinnwehissiiduinusesde
fasna1iuda SCr szlasuldianzmsinszua i 18 Tao ludestinszuy Gate
anmziifuaniizinlsndndes Taoia Tlusdu IddnusnTeresezdinwnnd

usaau Wl wusnmnidoundy

2.2.4.4 MINY dv/dt
4 Qo ﬂ' 3 s 1 ] l: :
diedasimatiuiuvousdu Iifidenal (@v/d) send199 Anode #azda Cathode
- ° 9 o o IJ . - 4 - L3 1

diimgannegilfifanssuaGatedingiu (i = Cdvidy) rilesvinminihFuauaszning

¥ L : J 4 - J H E-3
Anode 711397 Gate Uaz¥1Gate 1147 Cathode Fanszua I MPRTUD 19 InNENaZ T 1H SCR
° Ry P A oA 1 A & ar
inszuaifa 18 annsiiadiuaniziinasndndos a1 dvide ez Tasn1s 140

1 t 4
Arun Ifhadig Ae3en31991 Gate uazy Cathode

A

317 2.8 41§18 Transistor Y83 SCR

2.2.4.5 1A11u¥eu (Thermals)
- & - & 4 s 4 &
fguunlives SCR gavu sziinszualiii vageunazi i tivdiuaniiu

aas K g N ] ) ad & o &
UfnsengnTla aszua’liihiarvoervintudiy 2 mmnqgamaiingaiu so°c Ay
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J o L] o .
ot + o2 wndhlng 1 1nd mtd scr aansadhgannzinszua I8 Suduanie

- a A
nAITHANIOUY

b= . - o & o &
AUMOYEYEY Transistor ud7 I, sxfinnuduiuiiy I, uas Iy, Fudunszualnd
o . ¥
M L] 1 o 4 L 4
$1lmasznnasovAoneadnnes — wa Al

I

=1

CBO + IE

1.

TI: I, = QUL+ I,

=.

12: I, = Q2+ I,

I, = I+ Iy,

= aIIA + a21" + ICBOI + ITCBOI
I o= I+ 1,

v & _ oy, t Ircaon
1-(a, +a,)

2.2.5 Emangashnszualrifives SCR (Commutation)

de  scr egluannsinszuaiiludui Taodnszua I fwe Tuagands
nszuathBauds msdanszue Gate sonss liviald SCR ngminszua WA 1A sl
SCR nyminszua i 921933 msdunldounszua I (Commutation) WinldTavn1san
e I¥nszua I Tnarn scr SawdininszuaIWiBadhunaiiundi Tum Off Time

< ar A
;¢ ¥BISCR  SCR Saazngmbinszua myduidounszua iivld 3 757e

2.2.5.1 3EMIF330% R (Natural Commutation)

lunsdif SCR Aveglurnasfiannsaild scr ngminszua i 1dios Taolides
ifosesmIngueINAIuenien msduliouTassssuyA (Natural Commautation) 13U
Scr fidoaylursesusedu Indhnszuaady nszuaiWfezannigauinng seundulusa
van uaz SCR ag1d5uus sdu IWihdeundulunnaseunau dwaanai 185 uns sdu v
ﬂauﬂﬁ'u'lﬂimﬁmmﬁmuﬂﬁmiwu'mﬂﬁ'umﬁnﬂ%qmuﬂi1 Tumn Off Time 184 SCR flaz#h
1 scr ngaminszualivh 14 FasiRannsssHAve A I adunSedonit Line
Commutation #95113319:4049A¥MI Gate T SCR thnszua i mnasounduvesni

1 » []
nIzuaady RagUlh 2.13 S5 iivzuandeoin SCR lureeshildundsdionssduIdihnssuanss
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1199910 SCR 185 uussdu i inunasinasana msaanszua i SCR aaasdind
v v ° a8 J ] 1
nszier A daetndwzi 1@ lasmsllaaiagaees nieudianszua TWihein SCR Aees

WU Aagili 2.14 uAn13 199193 992 1935M 315981 (Forced Commutation)

NN
VAV

jAANS

31l 2.9 2393 dhnssuaady Aumsduasulaosssuna

Y

S17  Load Load

b S 3 )

5171 2.10 mangminszue Ifhedaiwlures ihnssuaasa

2.2.5.2 AimIdalnanliinuizoy (Load Commutation)

THaﬂﬁﬂsxnnuﬁjuﬁ'ﬁmmu‘lﬂ% Funiioni Idfuasd il ey dhiidan
mnzau Tavegluansdetion (Under damped) tiie SCR 1inszue IWfhszilunisaiad 1y
nszue It TnaruTran nszue Wit lnad Tnaaszanasgaud Taosssuaues Tuoa
Filnszue Idhit Tnasu scr éninszualiida wazduiunainnund Tum OFf Time

o o i a o )
w1 scr ngminszua i 18 1wy 2evsdunesiaesuuueynsy (Series nverter)

2.2.5.3 I5M IR (Forced Commutation)
msauauld scr ngahnssuaivih Tasldgunsalneusniili1dilumenarn

an v oo

vonszua i Inanmiudnd Sund1 3517971 (Forced  Commutation) 1T un13¥114

aszua I Tnaasasgaud Tanih Tl 1¥aunulssanoussduInthdounduldun scr

15U 2985ve1)ule3 (Choppers Circuit)
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2.2.6 mitleenu SCR
o @ 2 ae = = o . .
1Lkl ‘i’.lENﬂLlLliﬂﬂﬂ1ﬂﬁ11ﬂﬂﬂﬂﬂ$uﬂw5 1UIy8URA (Transient overvoltage protection)
: -4 dla - J ’ o =y = o H
Tumsldauved SCRr iy ewziianziradnamayuld iy Jussdu WA R uRAan

L4 \ H '] = tSl z = A = J
Amuald annzmariizild scr Togmsldnundunmieorudeneld Fudaiuld 2
o A
n3dine
2.2.6.1 sl upunnaonmahiaes

] » ] ¥ b d
wavn Tnaafdudamiioni1 luged scr ngathnszuaInidh Aamiioniriiszada

9 ﬂ‘ -] { J L] é o r=
usaau Idfuniioniiliangs anasen SCR dtezih 1 sCR domwld

2.2.6.2 HSIAUINURHADINAILUBN IS
Aannulesulasnoeus wwu Tii 198 scr ivaensdine
A =1 : 9 Y
- disfinsilarsesnedvalgugi
ﬁ‘ =t 9 = =
- diplimsUanasnadiuydegii
- diofinszuaddv (Surge Current) Wi evalgugdl

é ar =
- doWad lursssvaniuf

& - ~ ° g - ] 3 . A °
-tite Tnanlunssimanumienigs Aszdinadendoutfadlugish  Scrin

nszua Tivhuaznyminszue i



UNN 3

V o
AT INNITANIVANM INTINUYDIYANT Inverter
n13esnuULaa19¥ARa1ve Inverter
Tarya2995MAY Inverter azimihfiunvasiiofds lihnszuaaduilasuen
] ' 9 1 o P o ciq ¥ w A o o
2993 Converter a8 lunuamasmiivnhnlslunmsiundou lunisiiaeziy
usadu Ifnszuaasswdnnimsulasih Idfnssuaaduiinnuddieg tvetloulvnu
3 ° 2 v o o =I’ 4
yowmasinilenit Faludiuvesyai1divodnass  laverer Hoztdonld  IGBT (wed
oo - e o o 1 .
IRG4PH40UD fifidanuusiduTd11483 1200 1204 sesfunistignszuaind1d 21
-4 o ! a A = = o °®
uouuld uazawnsalfldfuaudaindigegaldi 40 Aladsad nrsaaugumsiiny
o do o o v <4 Cs o ar eiq ¥
YDA IATANHIUBIYA993 Inverter SuTluABITIgIInTalENAT IRV Ty (Isolate) 14
‘ o &£ /dq a Y ’
Tunrsaaununisdneie Sgunsailumsuonnsnanldlumsieuiiez1d Optotransistor

o ° o Q = o ar
o3 TLP250 $119u 6 @1 Yimihiusnns 1navesdgenamis i

T [0

-

B F% AK}E{K}

311 3.1 %A29951189904 Inverter 3 W

3.1 299s3uanszua I 3 Manaruguusedulvvh 1dumdunau(Converter)
299550anszua’liih 3 a insuguusedn i Tduwviduaduszilszaeulife

» [3 ]
SCR Miaviua 6 @1 Auaaalugii 3.2 Taoh SCR udazgaziaumdendu awdwumstlou

dyaagaruIu AgUn 3.3
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TH3[] | L | .
>
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TH4]) | | L1 > t
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Fror | I
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[ I B L1
TH6 || | 1 | | 5 t

d'. d' o } o @ o
11/ 3.3 gUaduussdu Idihssnhaauaziduvesduanagasiiu Gate ¥oa SCR

3.1.1 mIesnuuuniteuifadlvivh

e w A g ' ) &4
dmTunesnuuundeutas i@y Tassnuiiez Idnlouadlnidi 1 e 1 %

A Y Hg [ - o P A
ﬂ%HHN1ﬂﬁ1ﬂ5U!£Uﬂﬂﬁj’JﬂﬂlﬂQ SCR ‘Nﬂ‘iﬂﬂgﬂﬂ 32



tlnnemyanas wszeeundiaransz iy 17

3.1.1.1m5AHIN

¥

=1 o o
Taolulnssnuilzdond unuuuvuunuas lsduuu E19 $1uusouvasunaia

gugiiveandomasliidnonldanauns

14

N = pri,pk
P
AB_. 1.
Tag#
N, fie Swiussuvasvaalrtgugiiveanioulaeluih
» []
4. fie Wuivewnumeslsa
Vo e 019 HssAugeganadmlgugd
1 LI |
B, f8 aammuuiugegavaudunsusiman
£, fia amd
5
N, = Py . ;
(4.5x107) (0.2)(20x10%)
= 63 5901
3.1.2 IC 4047

- P Y oa W da Y ¥
MIDONULIIUDIN IC 4047 Li‘l‘u IC ‘VIﬁllﬂ‘iﬂ'sﬁﬂﬁiyiy'lil&ﬂﬁﬂiﬂilﬂ’.!'mﬂ’lu 50%

) »
duty NAAwd aniumsidenviliasesmeluiimisiianuiluiins AstableMultivibrator 92

aunsndonldvives ic 1émumsia i i

72076
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Terminal Connection Output Pulse | Typical Output
Function ToVy, | To Vg Input From Period Or

Pulse Pulse Width

To
AstableMultivibrator
Free-Running 456,14 | 789,12 10,11,13 T, (10,11)=4.40RC
True Gating 46,14 78912 |5 10,11,13 [T, (13) = 220RC
Complement Gating 6,14 578912 4 10,11,13

A17191 1 mMden 1991 1C 4047

P ° . . i
F1NA1T19 1 ﬁ-ﬁ]zlaﬂﬂﬂ‘]i-l\iﬂ‘ﬁ“'l‘nuﬂﬂa')QiﬁlﬁuuﬂU True Gating ﬂzlﬁu’rﬁn 4.6 U0

14 9¥ABALUNAING V,,, AIUY1 7, 8,9 LA 12 92ABAINTIIA V,, dauan 10 vzidluendna

Miudyanadmay selinnundeveswad T, = 4.40RC

e 1f U [14 mee
x 2 113 mseoor
XCCoMmon 3] |12 XETRIGGIR
astanr  — 4, Al g
ASTAHLE _-5 {10 Q
mcore b, ) CST RIELT
w o1 1% micom
31N 3.4 IC 4047
R
3 m_l 2
RC K 13
COMMON G {>—-—-— sic oo
ASTABLE _ 5 ASTABLE T RETR
— 4 GATE TIMING r H:TI;I!:L n RETRIGCER
ASTABLE CONIROL l
LEwW
10
-IRIGGER : MOSISTALE .l:l“::! mguzm:r D Q
TRIGGER CONTEOL MUL TWREATOE (<2) n -
vad 14 |>" 9_ e
Ve 7 EXTIEEAL
EOrT

91l 3.5 udenlaszunsuves IC 4047
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1IN4148
S Cadhode THA
1N44s 200 100
H 474
1 x+mm
0K |

( .
(
5
20pF A 1v ”f 1N414s 200 =L
uﬁ‘wT 1 14 T RARE s, InF .
2 13 T Anode TH3 TH5
3 12 : B E—
PN — 4 1 BE — -
5 10 A
71¢ ’ 5K
L) s

.M

317 3.6 23959Y SCR

3.1.30437 Zero Crossing
ar 9 as ﬂ' LYl : 9/
Turaes Ifhnseuaadu SCR AsamsdanagaruIv Gate N9 58UAAY ANTUABY
aTnasudYYWIATUIU  Gate dosasIsTayumlaveussau Iddinssuaadunou

& o ° a 1 a
(o121 111819891z $1UIAIPAFUIU Gate ¥BA SCR YUIAFUIU Gate 9zABITURUTAL

ussau T Bunann q sou

100K

1N4L48
IE v 10K
¢ o~

zmr}

1K

=

gﬂ‘ﬁ 3.7 1499 Zero Crossing

#wanmMIMhaueeInsuaalugii 3.7 Ao diedag sine Fnunndhnlaleass

gn Tuieaazselinssud 1, ¥y transistor Hiauuad dn o sine Fnay Transistor 9% 12

141U
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3.2 3991 Inverter 3 ta
s9esihiilurvesilasunsauld# pe Wduiddussesduldd Ac 3 e 7

sunuused I ac

A0F K

]

| 033K

U7 3.8 2997 Inverter 3 e

|
13

3.2.1 M3eenuUuUaza3193993152791301 (Dead Time)
min1uvensdiziwimmmnsneiueldnngdi 3.9 dygranlanamsdiy
o ar o L & Qs 4 =
seavvoussau i wzgamillid 1c wes Mc14557 Faliguauiialumsidouiia Tavee
Muszeedansnndggnandimneusnyuia | MHz Houdhn 4 Tashsanamnu
Y a = o v A o g o ar =
nhwewnaszlwmiiawsesmualdninanizganiedmivdvedoya i L1 G032
1 o o o a § L4 a [ J
uanzadadveamsduliasdngaud IC wei MC14ss7 azifumsmudimsmizanaudiay

R S s 4
U FUWADTIUOD SRV UNAS 1,2,4,8,16 ung 32 Us
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r 1 4_ TT1T17° 1 l
| > & & & < : -
sV : $$FS3E 0
? 1 1
s 24 Qe PWM Tal
ol 12 Q 74HCTO8
w 15 ],
- S P
- 3 {L1s
e 12 113
+5V
MC14557 —
[ Vee ———_D_ PWM Taz
3 s .
4 1o
5 ITE
PWM A > 6 1B
7 1A
£ 1 GND
2 1 am
74HCT132
Li Qe PWM Tai
o g i 74HCT08
i5 L4
14 |18
1B 1L1s
i2 fr3z
+5Y
MC14557 74HCTOR
3 1 gs
4 1cx
21 CE
PWMB —— $1p
71a
2 1 6ND
2 {am
-
74HCT132
1L Q 10 _ PWM Tct
1
L2 Q MHCTO8
15 11,
iz
13 t1is
12 {132
3V
. MC1assT TAHCTO8
L‘ Vee ——___D_ PWMTcz
3 1RS
Cystal 1 MHz = 4 Jeox
5 1tcE
PWMC = - L
7 1A
2 {GND
2 {am

74HCT132

1414 3.9 29958 1999m15 5370201 (Dead-Time)
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& a £ a o -~
nnTassnuiidenldgilnsalaindiilu IGBT (IRG4PH40UD) Fernilszianadiigan

R 1 4
ABIMImIiu 4 ps Sohmswandoana 14 Milszdudygrugs vindniuerdygu

ar

r'd an ¥ o . o = 4 ar = A 9 o et
A Id9in IC e MC14s557 iniimsFalns ludfudyanasis el ldemivanil
L o a A i & oA i = i a o A 3 o 4
FagraduhngauunasyaaediiansyTatawiiy 4 ps aamanizldiu 1€ wes

o 1 i 1 a H ar a J " ' '
danana wazalsziwaiimmsadiunlaou 18 64 ps Yusgiuniswamlu 1C wad

| 4
MC14557 Smniimsaemvessrunamsdszindeonu Tl ldinailgminisdaesly
a v [P | a = a 4 o o ar 4
A8 uadrmsnmmsilsgianaiullzdidilefuveusnininieldtuuemes
a a 42 £ A .. . a 0
anuAaioutuld  91n31f 3.10 @unsueas Timing Diagram e118msiaIues

299503 19I5z ianan

?

e e

—— ]

[
{
|
|

{
i
31/ 3.10 Timing Diagram ¥8323931/382370mM

3.2.2 M3eennuUsaZad1929939% IGBT

Y

e 4 A e o Y 3 : A
inﬂzlh‘l 3.11 L@A31299591 IGBT "lf\illﬁaﬂﬂ'ﬁﬂ‘]\ﬂuﬁﬂﬁﬁﬂ lﬁ'ﬂ yﬂlyiy‘lﬂ-l“ﬁ&l%‘llnﬂ

[
L 9

Input 483 Not Gate dyanauwadianizdudygradingdild T,, 193 Optotransistor
TLP250 Yamuuaz T,, Taivinany Saii 1 6 fseduus sdu Ifiniu 18 v Fanszue i
Avznadu T, uazdadumuTidh 56 Q ndudn Gate vea IGBT TaouseduInih v,
484 IGBT Anlszanm1s v aumgiivh Iiusedu IWih v, vo4 1GBT fisnlszana1s v unuil
wefianlizuin 18V iifeanainussiulWfivn 6 Optotransistor  TLP250 gnsindradae

’ » N o .
usanu il Ton 1N4148 Wamuda Taelifinrs s wdu I s udfianaseuda

!
I

|

l

T L—
! .

t
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Ermlaidh s6Q msefiantoonn dsmsfauvensesduluamisdei 1dndantez
WA IGBT s

rdyaruNadiannzszdudygrugaeziIi T, ve1 Optotransistor TLP250
Wanuaz T, WianSohlien 6 Sseduus ey ihdszuaii o v FsirmansIna
voanszue 1192 1Mas 1011 Gate ¥09 IGBT fudadnumnlnd 1 Q uazlalen 1N4148
aoeynsufuudalnaniniad Tasussiu' Wi v, flves 1GBT Henlszana 2v Suinld
IGBT nyainszua' i Tasnrsngmimssua’lvdives 1GBT Fimdnmsdaiine msan
useu Ifhiianaseudufurlseg Indudsu IGBT senadisimia Fudnumzvesmsmey

» »
Uszy Tt eiIius wuii v ves IGBT fimlszinm 2v 1ues

+[R W

ILP25;
. Ik
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Y (IR 1 [ L ETE
- AAA = !
g T oru e —— e
% u — A
A i I s
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s Bt S S B B B
— iy {

L1
146 uk

31U 3.11 29939V IGBT
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TXN/TYN 0512 —-> TXN/TYN 1012
THERMAL RESISTANCES
Symbo! . Parameter Value Unit
Rth (-a) ]Junction to ambient 60 *C\W
Rth (j¢) DC {Junction to case for DC TXN 35 “CW
TYN 25
GATE CHARACTERISTICS {maximum values)
PG (AV)= 1W. PgM = 10W (tp=20ps) IFGM=4A(tp=20us) VRGM = 5V.
ELECTRICAL CHARACTERISTICS
. Symbol Test Condltions Value Unit
T Vp=12V (OC) Ry =330 Tj=26°C | MAX 15 mA
VGT vp=12V (DC) Ry =330 T=25°C | MAX 1.5 v
VGD Vp=Vprm R{=3.3kQ Ti=125°C | MIN 0.2 v
tgt VD=VDRM Ig = 40mA Ti=25°C | TYP 2 s
dig/dt = 0.5A/us
L Ig=1.21GT Ti=25°C | TYP 50 mA
IH H= 100mA gate open TjE25°C MAX 30 mA
VTM ITM= 24A tp= 380us T=25°C | MAX 1.8 v
iDRM | VDRM Rated Tj=25°C { MAX 0.01 mA
IRRM | VRR™M Rated = 125°C 5
dvidt Linear slope up to Vp=67%VDRM Ti=125°C | MIN 200 Vius
gate open
‘g Vp=67%VDRM HM=24A VR=25v | Tj=125°C | TYP 70 - s
diwde=30 Afjuis  dVp/di= 50Vius : .
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TXN/TYN 0512 ---> TXN/TYN 1012

Fig.1 : Maxmum average power dissipation versus
average on-state current (TXN).
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Fig.3 : Maximum average power dissipation versus
average on-state current (TYN).
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Fig.5 Average on-state cument versus case
tomperature (TXN).
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Fig.2 : Cormelation between maximum average power
dissipation and maximum allowable temperatures (Tamb
and Teage) for different thermal resistances heatsink +

contact {TXN).
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Fig.4 : Comelation between maximum average power
dissipation and maximum allowable temperatures (Tamb
and Tcase) for different thermal resistances heatsink +
contact (TYN).
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TXN/TYN 0512 —> TXN/TYN 1012

Fig.7 : Relative variation of thermal impedance versus Fig.8 : Relative variation of gate trigger current versus

pulse duration. junction temperature.
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Fig9 : Non repatitive surge peak on-state cument Flig.10 : Non repetitive surge peak on-state current for
versus number of cycles. a sinusoidal pulse with width : t < 10 ms, and

comesponding value of 12t.
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Fig.11 : On-state characteristics (maximum values).
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TXN/TYN 0512 ---> TXN/TYN 1012

PACKAGE MECHANICAL DATA
TO220AB Plastic

REF. | DIMENSIONS
Millimeters Inches

A " ' Min. | Max. | Min. | Max.

o 37 A [10.00] 10.40] 0.393 | 0.409

B 11520/ 1590 | 0.598 | 0.625

*_lfj' ° " C _ §13.00] 1400] 0511} 0551

8 D | 620 | 660 | 0.244 | 0.259

F_] 350 420 | 0.137] 0.165

o) i G | 265 | 295 |0.104]0.116

G H | 440 | 460 | 0.173 | 0.181

p | © c | ] 3.75 | 3.85 | 0.147 | 0.151

J 1.23 | 1.32 | 0.048 | 0.051

u L [ o049 | 0.70 {0.019 | 0.027

N M_} 240 | 272 | 0.094 | 0.107

N_ | 480 | 540 | 0188 ] 0.212

O | 114 | 1.70 | 0.044 | 0.066

P_| 061 | 0.88 | 0.024 | 0.034

Cooling method : by conduction (method C)
Marking : type number

Woelght: 2.3 g
Recomimended torque value : 0.8 m.N.
Maximum torque value : 1 m.N.

Information fumnished is befieved to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no responsability
for the consequences of use of such information nor for any infringement of patents or other rights of third parties which may
result from its use. No license |s granted by implication or otherwise under any patent or patent rights of SGS-THOMSON Microelecironics.
Spedifications mentioned in this publication are subject to change without notice. This publication supersades and replaces all

information

previously supplied.
SGS-THOMSON Microetectronics products are not authorized for use as ciitical components in life support devices or systems

without express written approval of SGS-THOMSON Microelectronics.

© 1995 SGS-THOMSON Microelectronics - Printed in ttaly - All rights reserved.

SGS-THOMSON Microelectronics GROUP OF COMPANIES

Austmlia-Brazil-mee-Germany-HongKong-ltaly—Japan-Korea-Maiaysia-Matta—Morocoo-ﬂteNether—_

lands Singapore - Spain - Sweden - Switzerland - Taiwan - Thalland - United Kingdom - U.S.A.




NMARUIN Y

foyaves IC a3 CD4047



@ TexAs

- INSTRUMENTS
Data sheet from Harris Semiconducior
SCHS044C - September 2003

CMOS Low-Power
Monostable/Astable
MuHivibrator

High Voitage Types (20-Voit Rating)

B CD4047B consists of a gatable
astable multivibrator with logic techni-
ques incorporated to psrmit positive or
negative edge-iriggered manostable
multivibrator action with retriggering and
axternal counting options.
lnpds inchude + TRIGGER, ~TRIGGER,

minte RETRIGGER, and
EXTERNAL RESET. Buitered outpuls are
G, Q. and OSCILLATOR. tn all modes of
operation, and external capacitor must be
connected between C-Timing and RC-
Common temninals, and an extemal
resisior must be connecied belween the
A-Timing and RCG-Common teminala.
Astable operstion is enabled by a high
ll'ld on LE input or a jow level

on the ASTABLE input, or bath.

period of the square wave al the O and
Outputs In this mode of operation is a
fmctlon of the extemal comgonents

. “True" input pulses on the
ASTABLE input or “Complement” pulses
on the input sliow the circult to
be used ws & gatable muitivibrator. The
OSCILLATOR output period will be half of
the Q terminal outpul in the astable
mods. However, a 50% duty cycie Is not
guaranteed at this output.
The CD40478 triggers In the monostable -
mods when & positive-going edge occurs on
the + TRIGAER-nput while the -TRIGGER is
heid low. Input pulses may be of any duration
ralakive t0 the output pulsa.

N retrigger  capabiiity is desired, the
RETRIGGER input is pulsed. The retrig-
gerable mode of opefatlon is limited to
positive-going . The CD4047B wili

retrigger as long as tha RETRIGGER-input
is high, with or without transitions (See
Fig. 34).
An external countdown option can be im-
plementad by coupling “Q” 10 an external
"N counter and resetting the counter
with the trigger pulse. The counter oulput
puise Is fad back to the input
and has a duration eque! to N times the
period of the multivibrator.
A high levet on the EXTERNAL RESET in-
put assures no output puiss during an
“ON" power condilion. This input can
also be activated to terminate the output
puise at any time. For monoatable opera-
tion, ummv-r Vpp is applied, an internal
mun will cfock the Qout-

put low urmun one output period ).

The CD404TB-Serles types are supplied in
14dead hermetic dudl-inline ceramic
packages (F3A suffix), 14-dead duakindine
plastic packages (E suffix), 14-Jead
small-outiine packages (M, MT, M96, and
NSR suffixes), and 14dead thin shrink
smali-outiine packages (PW and PWR
suffixes).

CD4047B Types

Features:
& Low power consumplion: specist CMOS
osciliator contiguration

| Monostiable lone-shot) or astable {iree-running}
operation
u True and complemanted bulfered outputs

& Only one extemal R and C required
& Buffered inputs

a 100% tested for quiescant cusrent at 20 v

8 Standardired, symmetricai output
characteristics
& 5V, 10-V, and 15-V parametric ratings

@ Meets afl requirements of JEDEC

Tentative Standard No. 138,
“Standard Specifications for
Description of ‘B’

Series CMOS Devices™

ﬂmﬂ:o Multivibrator Features:

[ ] tive- or negative-edge trigger

m Owutput putse width independent of
trigger puise duration

& Ratriggerable option for putse mdm
expansion

® intemal poweron reset circuit

B Long puise widihs possibie using smali
RAC components by meens ol exter-
nal counter provision

B Fasi recovery lime essentiaily indepen-
den{ of pulse width
8 Pulse-width accuracy maintained at

duty cycies approaching 100%

Astable Muitivibrator Features:
B Freerunning or gatable operating
modes

a 50% duty cycle

& Osciifator output avalisble
B Good astabie hwyanblmy
Frequency deviaiion:
= 2% + 0.03%/°C @ 100 kMz
= x0.5% +0015%/°C @ 10kMz
{circuits “trimmed” to Irequency
Vpp = 10V £ 10%)

Appiications:
Digitai equipment where low-power
dissipation andior high nolse immunity

are primary design mquimnouu'

® Time-delay spplications

RECOMMENDED OPERATING CONDITIONS
For maximum reliability, nominal operating conditions shouid be ulacnd 80

that operation Is always wm‘mr tho followlng mgu,

CHARACTERISTH SRR T -
o CTERISTIC - e | e
ply-Voitage Range mrw ‘ '
Range) A 3 L
NOTE: (F AT 15 V OPERATION A 10 MQ RESISTOR IS USED THE OPERATING
TEMPERATURE SHOULD BE BETWEEN ~28°C and 100°C

MAXIWUM RATINGS, ADsohste-Maxintem Velues:

DC SBUPPLY-VOLTAGE RANGE. (Vo)

Volinges referenced 0 VRS TOMMNAY ..cvese. oveiivrrcrnsramsavanrserarasnascsesstanas ~0.5¥ W0 +2V
IMPUT VOLTAGE RANGE, ALL INPUTS ...c.0vevemneacnenns temmaeaes fessaaas cavaneen -0.8/ o Vpp +0.5V
DG INPUT CURRENT, ANY ONEINPUT .....ooteceneciaronrerannanns vap o ceneeiraaas vevns ETOMA
POWER DISSIPATION PER PACKAGE (Ppk ’

For Ty = -5SAC®+100°C .......... sememmncanna S sessrrsinasney + 600mW

ForTa = +100%C 0 +125°C... .. .... CherArenevsatanyiansann n-—u-wutmm
DEVICE DISSIPATION PER OUTPUT TRANMNSTOR

FOR Tp, = FULL PACKAGE-TEMPERATURE RANGE (A Package Types) . ....ooosinireiecsns,. 100mW
OPERATING-TEMPERATURE RANGE(TA) . <« v venranaemeancmamaamaasrnsaasns RPN ~550C i +1299G
STORAGE TEMPERATURE RANGE (Tgig) . oe e ueaeaneaarssssrssnere ereerndananianes -85°C 0 +1800C
LEAD TEMPERATURE [DURING SOLDERMNGY

Copyright © 2003, Texas instruments Incorporated



CD40478 Types

CD40478 FUNCTIONAL TERMINAL CONNECTIONS
mmmmmmnwﬂonmmamna
_ mumm BETWEEN TERMINALS 1 AND 34

OUTPUT | OUTPUT PERIOD
FUNCTION [TOV, TO V. NPUT | PULSE OR
, 0D 33 1"70 | rmom | puLsEwom

Astable Multivibrator:

. fFree Running 450,14) 789,12 - 10,1113 :Ano,m = 440 RC
True Gating 48,14 | 78912 s 10,11,13 jta (13) = 220 RC*
Complemant Gating 814 | 578812 4 10,11,13
mr;g 414 | 587912 [ 10,11

4814 | 579,12 6 10,11 ]y, (10,11) =248 RC
Retriggerable .| 4 | sere 812, 10,11
Extemal Countdown % 18878912] — 10,11
. 4 SesText. ’

'meummm usnc.-mumms-iu _ _
* 100t Puise 1o Reset of Extemal Gounting Chip Extemal Gounting Chip Output To Terminat 4

GATE | DIAAOER E 8
COMTROL 1+2) ol

) AT | MATISRATOR
— =@

O R s rma

@."-’._""_“n | RETRIGGER
CONTROL
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CD4047B Types

o
[ C>
oo 3
e
()
«
.E Fig. 6—Typical output high (source) curent
o0 — characteristics.
3 = L
o DRAIN-TO- SOWACE WATHGE (Vg3 —V
FFL,FFa : )
®
! 1
» APCw - 29040

Fig. 3—Detail logic diagram lor Nip-fiops FF1 and FF3 (a) and lor tip-fiops FF2 snd FF4 ()

“- nl_n.-.hq-p-v
Fig. 4—Typicel output low (sink) current
characteristics.

Fig. 5——Minimum 'oupu low (sink) current
characisristics.

- STATIC ELECTRICAL CHARACTERISTICS

CHARAC- CONDITIONS LIMITS AT INDICATED TEMPERATURES (°C)
TERS- :
TICS Yo| Vi | VDD —
M| o0 || -6s|-s0lees|s 128 |Typ |Max I b or o capectoncs (Astati,
Quiascent | — | 05 | & 1 1 | |30 |~ Jooi1 Gubeioo
Dvice Owr-| — § Q10 ] 10 | 2 2z |80 | 60| — oo@] 2
rent,lpp | — | 0356 | 15| 4 | 4 1201120 ] — J002] 4
Max. =1 0201 20 | 20 | 20 | 600 | — JOO4 | 20
wwios] 051 5 | 064 Jost Jo42]038 051 ) 1 | —
{Sink) 05] 010] w0 ] 16 |15 [ 1.1 o9 113 128 | —
Curent [ o qu| 18| a2 | a 28|24 ]34 e} -
loy Min. i K '
FHoh| 46| 05 | 5 | -0.64]-061] 0. (081 -1 | —
(Source) 251 056 | 6 | -2 |-18] 131-1.%]-16]-32; —
Curtent, 105] 0,0 10 ] 18] -15]-11]~08] 13126} —
lonMin. {135] 035 | 15 | 42| —4 [ 28] -24]-34]|-68] —
Oupatvolt- | — | 05 ] 5 0.05 — 0 ]005
sge:tow- | — | 0,00 | 10 0.05 — 0 ] 005 o ot e
m I
::: Vo | — 015 | 15 0.05 — 1.0 005 - m tupaemne?{'::r
2 -trmeuoa.ﬁ
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CD40478 Types

STATIC ELECTRICAL CHARACTERISTICS (CONTINUED)

CHARAC- CONDITIONS . | ' LTS AT INDICATED TEMPERATURES (°C)
nics | Vo | Vim{ Voo : NS 2 UNITS
~ M ] 0] —65] —40]+88 |+129attn | Typ. foeax.]
] Outputvoity — | 03 ' 408 - leos) 5 | -
ago:High- | — 101 1w 898 9] =
uu. — -Jows] ] ues - h4es] 8| =T v
uwuuu 0545 — | 5 © 15 —~ 1 —-11s
viage Vol 19 | — | 10 3 - 1—-13s1l I
Max. - N61356{ — | 16 4 — 1 =1 41 v | Fg 10-Tyustrenstion tné as & funciion
nputHighlosas] — | s | 35 as] -1 -1 ol load capactiance.
Veitage, 19 | — 1 10 - 7 _ 7 1 —1 —
"V Min. BB135] — | 15 1 1 [-1- et oot c7a 1 eyl HTHEH
input Cur- _ i . ' HIHE
wu ~ Jo18] 18 | 201] 201 |2t |21 | — J2105] 09| pA s HHEH
mmmmun-wemmuszom $
a-aopr.a 200 k02 3 'p i
m 4 . s
CHARACTEMSTIC Voo (V) LIN.“W'IT""’" ,a_'f_ $
[Propagation Delay THme, tma. Ian ¥ = 20 |30 Y }
Asteble, Agabis 4o Oz Ot 1 — 1 w0 § W0 |- TR 5
- 18 —_ 00 160 HT if
- - : -4 -_— T 70 ) ll:u -:.ul’uh.)-vu . -::—:.
Astable, AFfabis 10 Q, 0 ‘ :: - .:;: : ‘ Fi. n—rmamummua.b"
: z = : ' pubdmmu-mw
+or-Triggertn Q, & 10 - | w0 : o
. s - ] 10 o0 'r’.u"mﬂ.h“ :
: . 5 = [0 [ & | | FHERE
- Ratrigger t0 0, 8 : 1 - w0 | sm 1§ 5 PHOHTHHERNH
18 - wo | 200 B HEHHH AT
== | = i
Extermal feset to Q. T 1w | — | wo ] 20 es i RS
. 15 - 10 140 i R
Wi = W L3 — 1™ | = o I it
0s0.0W.Q. T 10 -l e | o ‘ g i 7 : i
. - - 15 - «© =0 - - R R
mm ‘ 3 — m m—' ::: it {i{ 1HiHt :
Wadth, i "R 10 - L 150 wrey vouraa cw—v ]
+ Trigger, - Trigger ) L] - | &0 100 Fq 12—Typicel asteblo oscilistoror Q. T .
3 : [-4 ——{ 0 .| 20 [ pariod accarscy vs. supply voitage.
- Ragat : ) ‘ v { - | = 100 N
1s T a0 0 ‘::'v TTa e 43 ‘:- i 18
g ¥ = LA TR FHiH
: Ratrigger . : 1] - "ns no . ' i i Y -
. A' o .. ) 1 - n 150, 3 . EE E ‘: } H
A NResnd Pl Tioe, 6L - — N E S B HHH Fraaia; B401
AR Triggit Wnguts ) v, -.-.-.::‘.nllpﬂll-- i o a
For + Trigger: KY 5 - o — o 1 T g
t only s uniimited ’ 10 - 1a - H R
. .. ‘18 - e | - - ¥ i
o -Taegr ~ t 1 —T = T=1 GHHET H
\onlylauntimited =~ 10 - 0 - i i
! 13 - 4 - ;LY m.“:;_: ‘a--“""l'.
- .1 = HE H
Oﬁwm'mmm w | = 1! a1 | = g ra—wamuoosmua.tf
. 15 - 01 | 08 pariod socuracy va. upply voltege.
" {Tput Capackance, Ce Any pt | — ¥ Y7 o
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Fig. 22— Typical.output pulse-width varations .
ve. mbknr temperaiure,
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Fig. 25— Typica) output puise-wiith variations
. vs. embient temperaiure.
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 Fig. 26—Typical power diasipation vs. output
frequency (Vpp = 5V}

By

Yoo

r

sacs- arboim
Fig. 28—Quiescent device current
fost clroamil.

t. Astabls Mode Design information
A Unit4o-Unit Transter- -Voltage
Vardstions — The following<mh
presents variations from unit 3¢ unit ﬂl‘
function of transtervoitage " shilf
(33% —87% Voo} for ~fl’“-ﬂlllﬂlﬂﬂ
(astabie) operation. : .

4 = <L EL
Voo + VIR - 7
typicaily .ty = 1.1 RC
tg = —RCIn -.D_D—_._...._..;
- 2Vpp - VIR ,
ta= 2t + 1 '
= -2RC 0 . YTRMVBD - VTR

Voo + VTRRVDD - VTR)

CD4047B Types
T T - . .. et -
&‘u‘& tvgplesy ¥V (o110 ¥ SePRLY VOLTESE (e 2
® "l ) ™ ) *
J:- 3 - B 1. f- E 0 "
:- h LN , 3. 4. [ ) / 1
EF 4 “F )4 2 L2
g‘-f / / S| 7 ==
i ',_sf'.__’“‘ ) %r" Lol 3 /"/F%-d" o
8 I A e - [ . 5 o
LT | e A BN
i A R A - L - 9
3 i A d L ”‘-141 aoaxsl + g R ATy Y ) Al l sl 1t ’-LLJ Aodl
. 3 w o w 2 o o e o e 0 ou&f m—’n. .f w  x

«0n § reseuluCY (riesmy

L LT
Fmﬂ-mlmwﬂonum
requency (Vpp'= 10 V.

Yoo
¢
- inwgvs [~ T Joureuts
Vin F -— B
- 5 e
LY . — E
- -2 :
¢  worE
vss TEST ANY COMBHATION

QP BIPJTS EXCEPTPIN S .
RCS-27441R

Fig. 30—inpui-voitege test clrcul.

Typ: Vrr=05 Vpp ta=440 RC

"i'l. VIp=03RVpp. ta=482RC

ull:vm-wvw ta=4.82 RC
_ will be 4+ duﬂo variations In

transter-sottagé (V17) shift (33
VDD)MMWNO)MM

wasace L L

~ whaere
wikth.

- praie

Fig. 20—Typical pawer dissipation 8. output
frequency (Vpp = 15.V).

¥ = ~RC i TR
2Vpp
" typically, ty = 1.38 RC
=t 41207
vrrR{VoD - VTR

@Vpp - Vm)-l'ﬂnd—

.= Monostable mode pulse
for tyy are as foliows:

Typ: Vp=08 Vpp =248 RC
Min: VIR=033Vpp ty=271RC
Max: VIR=087Vpp = ty=248RC

ty = -Bcrll'l

In the astabie mode, the Arst positive hatt
cycle haa & anuonoflu.wlnq
durstions are ta/2. :

hmbmmmmm
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R Texas PACKAGE OPTION ADDENDUM
INSTRUMENTS

www_ti.com 28-Feb-2005

PACKAGING INFORMATION

Orderable Device Status 7 Package Package Pins Package EcoPlan® Lead/Ball Finish MSL Peak Temp
Type Drawing Qty
8102001CA ACTIVE CDIP J 14 1 None CallTi LeveHNC-NC-NC
CD4047BD3 ACTIVE ~ CDIPSB Jo 14 1 None Call TI Level-NC-NC-NC
CD4047BE ACTIVE PDIP N 14 25 Pb-Free CUNIPDAU  Level-NC-NC-NC
{RoHS) , -
CD4047BF ACTIVE .CODIP J 14 1 None Calt Ti Level-NC-NC-NC
CD4047BFIA ACTIVE CDIP J 14 1 None . CalTi Level-NC-NC-NC
CD4047BM ACTIVE SOIC D 14 50 Pb-Free CUNIPDAU  Level-2-260C-1
(RoHS) Level-1-235C-UNLIM
CDAMTBMIG ACTIVE soic - D 14 2500  PbFree CUNIPDAU  Level-2-260C-1
) (RoHS) , Level-1-235C-UNLIM
CD4047BMT . ACTIVE SOIC D 14 250 Pb-Free CUNIPDAU  Level-2-260C-1 YEAR/
‘ {RoHS) Level-1-235C-UNLIM
CD4047TBNSR ACTIVE S0 NS 14 2000  PbFree CUNIPDAU  Level-2-260C-1 YEAR/
{RoHS) Level-1-235C-UNLIM
CD4047BPW - ACTIVE  TSSOP PW 14 80 Pb-Free CUNIPDAU  Level-1-250C-UNLIM
. {RoHS)
CD4047BPWR ACTIVE TSSOP PW 14 2000  PbFree CUNIPDAU  Level1-250C-UNLIM
{RoHS)

" The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

UFEBUY: T1 has announced that the device will be discontinued, and a #ifetime-buy perod is in effect.
HRND:Ndmomnmndedhrnewdedgm.Devbeishmdnﬁonbammﬂeﬂsﬁngwshmem.butTldoesnoneoomnm!dusingﬁspailn
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: T! has discontinued the production of the device.

@ Eco Plan - May not be cumently available - please check http://www.ti.com/productcontent for the latest availability information and additional
product content detalls. ‘

None: Not yet available Lead (Pb-Free). )

Pb-Free (RoHS): TI's terms "Lead-Free” or "Pb-Free" mean semiconductor products that are compatible with the cument RoHS requirements
brall&smstanoes,kmtﬂmﬂwqummﬂﬂmlbadnﬂexmédOJ%bymithhamgmmawials.Wl'mdesignedbbesddered
at high temperatures, T Pb-Free products are suitable for use In specified lead-free processes.
Gmn(RoHs&noSblBr):Tlde&ns'&m'bmn%m‘“haddﬁon.mpadagemmdonmmhmmm.
including bromine (Br) or antimony (Sb) above 0.1% of total product weight. - .

@ MSL, Peak Temp. — The Moisture Sensitivity Level rating according to the JEDECindustry standard classifications, and peak solder
temperature.

lmpommhﬂamaﬂmmwmmgkfmmﬁmpmﬁdedmmbpagewmﬂslmowledgeandbeliefasofmedateu'latltis
provided. TI bases its knowledge and befiéf on information provided by third parties, and makes no representation or wamranty as fo the
accucacy of such information. Efforts are underway to batter integrate information from third parties. T1 has taken and continues to take
WMbMWMNMMMMWMMwMWWWMMWMm
iIncoming materials and chemicals. Tt and 11 suppliers consider certain information to be proprietary, and thus CAS numbers and other imited
information may not be available for release. : ) :

tn no event shall Ti's liability arising out of such information exceed the fotal purchase price of the T1 part(s) at issue in this document sold by T
to Customer on an annual basls.

Addendum-Page 1
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MECHANICAL DATA

JD (R—CDIP—T14) CERAMIC SIDE—BRAZE DUAL—IN—LINE

0.770 (19,56)
0.690 (17,53)

P L | 1 | Y L N |

0.310 (7,87)
0.280 (7.11)

1

o280 oy 2

Index .
Areq 1 7

0.060 (1,52) ' 0.325 (8,26)
AN o "I r‘ l 0.010 (0.25) 6350 (7.37) "
Base 0.175 (4,45)
Plone \_ 0108 (2.67)
Seating - ——ﬁ
Plane
0.175 {4,45)
0.125 (3.18)
0.095 {2,41) _.I g 01578\
3,030 (0,76) 0100 (254) TP | 0.055 (1.40) l 0.012 (0,30)
0,025 (0,64) ‘ 0.008 (0,20
/A 0021 (053) A\ le— 0.300 (7(62) ) |
0.015 (0,38) e
4040086-3/F 07/03
NOTES: A All iineor dimensions are in inches (millimeters). G Body width does not include particles of
B. This drawing is subject to chonge without notics. packing materiols.
C. Controliing dimension: inch. A visual index feature must be locoted within the
D. Leods within 0.005 (0,]3) radius of true pOSItIOﬂ (TP) at cross~hatched oreq.

goge plane with maximum material condition and unit installed.
Angle appiies to spread leads prior to installation.

F  Oullines an which the seating plane is coincident with the
plane (stendaff = 0), termindls lead standoffs ore not required,
ond lead shoulder may equat lead width along any port of the
lead above the seating/base plane.

TEXAS ,
INSTRUMENTS

weww ti.com
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J (R—GDIP—T#x)  CERAMIC DUAL IN—LINE PACKAGE
14 LEADS SHOWN o .
PINS
' DM 14 16 18 20
B - [ | Ga | G | G | Ge
) BSC BSC BSC 8SC

0.785 840 0.960 | 1.060

4 [}
Onnnnon B MAX | 1g.94) | (21,34) | (24.38) | (26.92)

¢ NAX 0300 | 0300 | 0.3t0 | 0.300
(7.62) | (7.62) | (7.87) | (7.62)

1
0245 | 0245 { 0.220 | 0245
~J 9008 L% ¢ N (6.22) | (6.22) | (559) | (6.22)

0.060 (1,52
—» j&— 0005 (0,13) MIN 0.015 éu.sag l' (4] l

— 0.200 (5,08) MAX
] — * Seating Plane

t 0.130 (3,30) MIN -

_.I L_ 0.026 (0,66 !
0.014 {036 0-15°
[0.100 (2.54)] 0.014 (0,36
0.008 %0,20)

4040083 /F 03/03

NOTES: A Al lineor dimensions are in inches {millimeters).
B. This drawing is subject to change without notice.
C. This package is hermetically sedled ‘with a ceramic lid using glass frit
D. Index point is provided on cap for terminal identification only on press ceramic glass frit seal only.
E

Falls within ML STD 1835 GDIP1-Ti4, GDIP1-T16, GDIP1-Ti8 and GDIP1-T20.
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MECHANICAL DATA
N (R—PDIP—T**) PLASTIC DUAL~IN~LINE PACKAGE
16 PINS SHOWN . .
- | PINS *
A_ oiM _ 14 16 18 20
16 9
Lo oo oo o A MAX (?g;’g) (?ﬂé) (gﬁ% (:',_ggg)
0.745 | 0745 | 0850 | 0.940
D) %}23—{2—;?3} A NN qa92) | (18,92) | (21.59) | (23.88)
2 e e e it e e e Al oW a8 | oa ]
) e |
0.070 (1,78
oas (s D
- r—g:g;g ik A 0020 (051) MN g:—;g—g{%; -
| — ¥ r—'} ' r_
{. i i 0.200 (5.08) MAX - Gauge Plane
| H 1 +¥ 1 Seoting Plane t
j I ' 1 0.125 (3,18) NIN 0.010 {0,25) NOM
—-l 0.430 (10,92) MAX L—
0.021 (0,53
~¥* 5015 (0,38 . .
[¢10:010 (0.29)®@)] / \ |
. ’ 14/18 Pin Oni
\--/ 1Zg/P‘m znduryoption &
4040049/F 12/2002

NOTES: A All linear dimensions are in inches {milimeters).
B. This drawing is subject to change without notice

A\ Falls within JEDEC MS-001, except 18 and 20 pin minimum body length (Dim A).
A\ The 20 pin end lead shoulder width is o vendor option, either half or fult width.

# TExAs
INSTRUMENTS
www.tl.com
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MECHANICAL DATA

D (R-PDSO-G14)

PLASTIC SMALL—OQUTLINE PACKAGE

0.344 (8,75)

Le
0.337 (8,55)

0.157 (4,00)
0.150 (3.80)

vk

index Area

HHH.

7
. 0.020 {0,51)
"' L 0.012 (0.31)

0.244 (6,20)
0.228 (5,80)

0-8°

0.010 (0,25)

0.050 (1,27)

N
F ’ r - - — ‘ . J j L
I 0.010 (0,25) ’
- 0.069 (1,75) Max 0.004 (0,10)
0.010 (0,25) 1
0.007 (0,17)
. / e \
[_
Gouge Plane ——L -— [

7 x Seating Plane

7

0.016 (0,40)

" 4040047-3/F  07/2004

NOTES:

Al linear dimensions ore in inches (milimeters).
This drawing is subject to change without notice.

Body dimensions do not include mold flash or protrusion not to exceed 0.006 {0,15).

Folls within JDEC MS—012 wariation AB.

@ TEXAS
INSTRUMENTS

www.tl.com



MECHANICAL DATA
NS (R-PDSO-G*)
14-PINS SBHOWN

ra P e
HHAAAHAH 1

PLASTIC SMALL-OUTLINE PACKAGE

0,15 NOM

gnien
Iz
o
NES
Bl
—

Gage Plane _L
E 0,25

105
0,55

IEENEEE

I LMLU_LLLLUJJJI " s ()

L 2,00 MAX RIS \-/

PINS
DIM 14 16 20 24

A MAX 10,50 10,50 12,90 15,30

A MN 9,90 9,90 12,30 14,70

4040062/C 03/03

NOTES: A Al linear dimensions are in milfimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15.

3 1o

www.ii.com
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MECHANICAL DATA

MTSS001C — JANUARY 1995 — REVISED FEBRUARY 1993
o

.
PW (R-PDSO-G**)
14 PINS SHOWN

PLASTIC SMALL-OUTLINE PACKAGE

3\
] ¥ Seating Plane ]
L 1.20max ws T[]
PINS * '

4 4
- 8 1 16 20 2 »
A MAX 310 { 510 | 510 | 660 | 790 | 980
A MIN 290 | 4% | 49% | 640 | 770 | 960

4040064/F 01/97

NOTES: A Al tinear dimengions are in millimeters.
B. This drawing is subject to change without notice.
C. Bodydmmdonotudﬁemoldﬂashorpmtmsoonmﬂoexceedms

D. Falis within JEDEC MO-153

‘U TEXAS

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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IMPORTANT NOTICE

Texas Instn:ments Incorporated and its subsidiaries (T1) reserve the right to make comrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is cument and compiete. All products are sold subject to TU's terms
and conditions of sale supplied at the time of order acknowledgment. '

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent Tl
deems necessary (o support this wamranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using TI components..To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

Tl does not warrant or represent that any ficense, either express or implied, is granted under any T\ patent right,
copyright, mask work right, or other T1 intellectual property right relating to any combination, machine, or process
in which Tl products or services are used. Information published by T\ regarding third-party products or services
does not constitute a license from Ti to use such products or services or a warmanty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a ficense from T under the patents or other intellectual property of TL.

Reproduction of information in Tl data books or data sheets is permissibte only if reproduction is without
alteration and is accompanied by all asseciated warmanties, conditions, limitations, and notices. Reproduction
of this information with afteration is an unfair and deceptive business practice. Tl is not responsibie or liable for
such altered documentation. )

Resate of T products or services with statements different from or beyond the parameters stated by T) for that
product or service voids all express and any implied wamanties for the associated Ti product or service and
is an unfair and decaptive business practice. Tl is not responsible or liable for any such statements.

Following are URLs where you can obtain information on other Texas Instruments products and application
solutions: -

Products Applications

Amplifiers amplifierticom  Audic - www.ti.com/audio

Data Converters ‘dataconverter.ti.com Automotive www.ti.com/automotive

- DSP dsp.ti.com Broadband www.ti.com/broadband

Interface interface.ti.com Digital Control www. ti.com/digitalcontrol

Logic logic.ti.com ~ Military www.li.com/military

Power Mgmt power.ti.com Optical Networking www_ti.com/opticainetwork

Microcontrollers microcontrollerticom  Security www._ti.conVsecurity
Telophony www.ti.comitelephony
Video & imaging www.ti.comfvideo
Wireless www.ti.com/wireless

Mailing Address:  Texas Instruments
Post Office Box 655303 Dallas, Texas 75265

Copyright © 2005, Texas Instruments fncorporated
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International
IRG4PH4OUD TIGR Rectifier
Electrical Characteristics @ T, = 25°C (uniess otherwise specified)
] Parameter Min. | Typ. | Max.| Units Conditlons
V@mces | Collector-to-Emitter Breakdown Vollage® [1200] — | — | V| Ve =0V, lc = 250pA
AVerces/ATy | Temperature Coefl. of Breakdown Vollage | — | 0.43| — | VI°C | Vge = 0V, ic = 1.0mA
Veeion) Coflector-to-Emitier Saturation Voltage | — |2.431 3.1 Ic = 21A Vae = 15V
— 297 — V | lc=41A See Fig. 2,5
—.j247{ — lc=21A, T, =150°C
| Vo Gate Threshold Voltage 3ac| — | 60 Vee = Vg, Ic = 250pA
AVGE«")/ATJ Telm]l’e Coeff. of Threshold Volage —_ -11 — [mV/C|] Vee=VaE, lc= 250ﬂA
Gte Forward Transconductance @ 16 | 24 _ S Vee = 100V, I = 21A
Ices Zero Gate Voltage Collector Current — | — | 250 pA | Vge =0V, Vge = 600V
— | — |5000 Vae = OV, Veg = 600V, Ty = 150°C
Vi Diode Forward Voltage Drop — (261 33 V {le=8.0A See Fig. 13
— | 24| 31 lc =8.0A, T;=125°C
lges Gate-to-Emitter Leakage Gurrent — | — |x100] nA | Vgg =20V
Switching Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. | Units Conditions
Q, Totat Gate Charge {fum-on) — | 86 | 130 lc=21A
Qge Gate - Emitter Charge (tum-on) — 113 ] 20 | nC | Vo =400V See Fig. 8
Qg Gate - Collector Charge (tum-on) — | 29| 44 Vage = 15V
ta(on) Tum-On Delay Time — |46 | — T;=25°C
t; Rise Time -— 13| — | ns {lic=21A, Voo = 800V
 Laom Tum-Off Dalay Time — ] 97 | 150 Vae = 15V, Rg = 10Q
t Fall Time - {240 | 360 Energy losses inciude ™tail” and
Eon Tum-On Switching Loss — |1.80] — diode reverse recovery.
| Eo Tum-Off Switching Loss — [1.83] — mJ | See Fig. 9, 10, 18
Eys Total Switching Loss — |3.73} 46
La(on) Tum-On Delay Time — | 42| — T,=150°C, See Fig. 11,18
i, Rise Time — 321 — 1 ns |Ic=21A, Vcc =800V
 taiom Tum-OH Delay Time — [240] — Vae = 15V, Rg = 102
] Fali Time — 510 — Energy losses inciude "tail” and
| Ets | Total SwitchingLoss — 17.04] — mdJ | diode reverse recovery.
Le Intemai Emitter Inductance — {13 ] — nH | Measured 5mm from package
Cias Input Capacitance — (1800 — Ve =0V
Coes Output Capacitance — {120 — pF | Vec =30V See Fig. 7
Cres Reverse Transfer Capacitance — | 18 | — f = 1.0MHz
tr Diode Reverse Recovery Time — | 83| 95 ns | Ty=25°C See Fig.
— | 106 ] 160 T,=125°C 14 ir = B.0A
I Diode Peak Reverse Recovery Current | — | 45 8.0 A | T;=25°C SeeFig.
— 162 11 T, =125°C 15 Vg = 200V
Qn Diode Reverse Recovery Charge — 11401 380} nC | T;=25°C See Fig.
) - | 335} 880 T,=125°C 16 difdt = 200A/us!
direcpw/dit Diode Peak Rate of Fall of Recovery — 1133 — | Alus| Tu=26°C SeeFig:
- [ Duringty — | 85| — Ti=125°C 17

www.irf.com
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International
TGR Rectifier IRG4PH40UD
=
[ [ 1
For both:
= D cla: 50%
= N 'r_:n: 125G
- ' \ Teink = 90°C
< Gate drive as specified
~ Powss Dissipation = 35W
& 15 c \\\
& Soua wars: N
g . 60% of ratsd N
o voltage N
o °1 K ]
< ! .,
S UL
. — ~ -
s I8 ¥ weatstonns \\
M~~~
0 1 1 1
o1 1 ‘ . 10 100
1, Frequency (KHz)
Fig. 1 - Typical Load Current vs. Frequency
(Load Current = lqnys of fundamental)
100 100 r
V4 T
7 17 1
< 7 <
: / ; 27
3 E 44
Q 3 —T,=1sooc////
8 |7y=1s0c = I
E 10 ~ E . '/
& i < A—1F
L 71 2 7 -
§ § 7 =25°C
Ty=25°C S 4 4
2 i /
© [/ o /
=2 / / VGE = 15V O
E - Vog = 50V .
1 20us PULSEWID ; r / 5us PULSE WIiDTH
! 10 s 6 7 8 9 10

Vg, Collector-o-Ermitter Voitage (V)

Fig. 2 - Typical Output Characteristics
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Fig. 3 - Typical Transfer Characteristics

Vge. Gate-to-Emitter Vottage (V)



IRG4PH40UD
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Maximum DC Coltactor Current(A)
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Tc . Case Temperature (° C)

Fig. 4 - Maximum Collector Current vs. Case
Temperature
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international
TGR Rectifier
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B PULSE WIDTH LA
JS i~= 42A
N | T
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b= .
.I"J ey
8 |
5 Ie=10.5A
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[<]
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“
=
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T, . Junction Temperature {°C)

Flg. 5 - Typical Collector-to-Emitter Voltage
vs. Junction Temperature
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Fig. 6 - Maximum Effective Transient Thermal Impedance, Junction-to-Case
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International
ToR Rectifier
4000 VoE = OV, f=1MHz
|Cles =Cge + Gy, Ceo SHORTED
Cres =Cgc
Coes = Cee + Cgc
3000
%
~ N
g 9 [ Ciesd|
g @ N =
g Y
o N
o 1000 \ .coes
Wb
T
0 1 10 100

Vg . Collector-to-Emitter Voltage (V)

Fig. 7 - Typicail Capacitance vs.
Collector-to-Emitter Voitage

5.0

Vee = 800V

VGE = 15Y

Ty =25°C
— Ic =21A
£ 45
™
2 :
3 . "’
@ 40 e
£ //
5 ]
3
0
2 s
-

3.0 '
0 10 il 0 40 50

Rg . Gate Resistance ()

Fig. 9 - Typical Switching Losses vs. Gate
Resistance
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Total Switching Losses (mJ)

Vge. Gate-to-Emitter Voltage (V)
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IRG4PH40UD

Vee = 400V

Ic =21A

-
-]

-
N

IS

o

P
i
/
V

Qg . Total Gate Charge (nC)

Fig. 8 - Typical Gate Charge vs.

Gate-{o-Emitter Voltage-

1
® R =100
Vge = 15V
Voo =800V
llc:__lg_l\_.
_-I_‘_-_
10 -
ﬂc: 21A :
|
1" 1 IJ
] T
m— TI 717 =10.5A 1
1T
—r"‘—“—

1 :
60 40 20 ¢ 20 40 80 80 100 120 140 180

T, Junction Temperature ( °C )

Fig. 10 - Typical Switching Losses vs.

Junction Temperature
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IRG4PH40UD IGR Rectifier
16 Ra :1OQE 1000 VGE =20V |
T) =150°C T, =125°C 1
Voo = 800 < 1
ez 7/ 3 o I
E 12 / E
E / (E‘m e o
[ || | E
_§ ] | |
v S £ | 1
2 * w
g )d £ ] | |
§ // § 10 f—f=rrg } :
g 4 rg "'—6 i 1) i |
F o 1
s I |
o [ SAFE OPERATING AREA I
0 10 Lo x 40 50 11 10 100 1000 10000
I ¢, Collector-to-emitter Cument (A) Ve Collector-to-Emittor Voltage (V)
Fig. 11 - Typical Switching Losses vs. ' Fig. 12 - Tum-Off SOA
Collector-to-Emitter Current _ -
100 }
<
-
S
[
£
2
0
°
%’ 10
[ ET, = 150°C
2 il
] 4T, = 125°C
(=]
2 /
£ T = 25°C
=
g
g L)
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[] 2 4 8 8 10

Forward Voltage Drop - Vey (V)
Fig. 13 - Maximum Forward Voltage Drop vs. Instantaneous Forward Current
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International
TR Rectifier
200 NS S
V= 200V
T,=125°C === {H
Y T;= 25°C =
-
160 ‘\
\“-
~, Sy FiF = 16A
) 120 . ~\~/r|F=8(M
s .
& ‘s‘/)('/)(
: . > P Ale=4.08
r \‘ - F=4.
PO
(3 ko
. -~ e 4
\< L[t
[ . s h 1 “ul
\Q\ s__::,:_-.
. -— -‘--=-:-
--"-"'"-qi-
0

190

dif /dt - {(Alus)
Flg. 14 - Typical Reverse Recovery vs. difdt

1000

600
VH= 200V ‘-.- .
Ty=125°C ==~ P2 -
Ty=25°C = -
500 = -
R
el .
400 g T L'l
' 6“ ," IF=16A '—\‘—:,o" -
£ - o e ] /
T
o
o

diy /dt - (Afps)

1000

Fig. 16 - Typical Stored Charge vs. dif/dt
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IRG4PH40UD

100

i

{ v, = 200V
T, = 125°C ===
H T, = 25°C ==

-«
i
-
il
¥i
Y
1
3

%
L iy ¢

10

"1RRM - (A)

[F = 4.0A‘=7

\‘W-;

1
10

dif /dt - (Alus)
Fig. 15 - Typicai Recovery Current vs. di¢dt
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1000 -3
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Z
100 Ip = 16A
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Ty = 25°C e
) [ TTT]
100 1000

dig/dt - (Afus)

Fig. 17 - Typical digecyw/dt vs. diydt
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Fig. 18a - Test Circuit for Measurement of
1w, Eony Eatirdiode)s tree Qirs ey Lagon)s b Yoot U

1% +Vg

+¥Yge

80% Yge

66

International
IGR Rectifier

10% Vc‘

td{otf)—w-

1

Fig. 18b - Test Waveforms for Circuit of Fig. 18a, Defining
Eotr: Yooty

GATE YOLTAGE D.U.T.

+Vg

- Vee

R \so% k
% /

[ ——

vce

DUT VOLTAGE
AND CURRENT

Ipk

5% Ve —

d{on)

r

Fig. 18¢ - Test Waveforms for Circuit of Fig. 18a,
~Defining Eqgp, taony &

2

12
LEon « f Ve Ic dt
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Qn =f|c dt
// ™

10% Yee

Vpk

e

DIODE REVERSE
RECOVERY ENERGY

FA

10% b
Yeo

j\f\__‘_

DIODE RECOVERY
WAVEFORMS

t
Erac = f Vd ic dt
<}

-

“

Fig. 18d - Test Waveforms for Circuit of Fig. 18a,
Defining Erec, 4 Qs br
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IRG4PH40UD

Vg GATE SIGNAL
DEVICE UNDER TEST

CURAENT D.U.T.

VOLTAGE IND.U.T.

CURRENT IN D1

Figure 18e. Macro Waveforms for Figure 184's Test Circuit

50V

-}
L

Teocoue
100V

Figure 19. Clamped Inductive Load Test Circuit
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800V
A {Xlg 025°C

Figure 20. Pulsed Collector Current
Test Circuit
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International

IRG4PH40UD | | IoR Rectifier

MNotes:

@ Repetitive rating: Vg e=20V; pulse width {imited by maximumjunctiontemperature
{figuire 20) '

] VCO=80°A’(VCES)9 VGE=20V» L=1 QJH, HG"—' 1042 (ﬁgure 19)

@ Pulse width<80ys; duty factor£0.1%.

@ Pulse width5.0us, single shot. -

Case Outline — TO-247AC

255014 5] NOTES:
. 1 DIMENGIONS 8 TOLERANCING
:5-9: (J::l . 2 355 (14p f’:: ;‘f::: PER ANBI Y14.5M, 1982,
540 1&2) [fro2s (er10) @[5 & 2.50 {029 2 GONTAOLLMG DIMEM SION : INCH.
(B 5] - 1‘5:&015:: 3 DIMENSKING ARE BHOWN
- MILLIMETERS (INCHES).
— s : 4 + CONFORMS TO JEDEC OUTLINE
— TO-247AC.
20.30 (800)
l 550{217)
10.20(775) 2F o LEAD ABSIGNMENTS
1+ GATE
' i 2- GOLLEGTOR
1 i 3- ENFTTER
' 4-COLLECTOR

1450 (303)
14.20 (559)

4230 (.170)

3.70 {148} ¥ LONGER LEADED (20:mm}

VERSION AVAILABLE (TO-247AD)
TO ORDERA ADD “-€* SUFFiX
TO PART NUMBER

2404084} 1.40 (.056) 0.80 {.031)
e _J X 10 L) T
' (@025 (010] @ [c[2S)] . 2.60{102)
mm 3.40 {130} 2.20{087)
u 240 (.118)

CONFORMS TO JEDEC OUTLINE TO-24TAC (TO-3P)
Dimensions In Miimstars and {inchas}

International
TSR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St, El Segundo, Califomia 80245, USA Tel: (310) 252-7105

IR EVROPEAN REGIONAL CENTRE: 439/445 Godstone Rd, Whyteleafe, Surrey CR3 OBL, UK Tel: + 44 (0)20 8645 8000
IR CANADA: 15 Lincoln Court, Brampton, Ontario L8T3Z2, Tel: (905) 453 2200

IR GERMANY: Saalburgstrasse 157, 61350 Bad Homburg Tel: ++ 49 (0) 6172 96590

IR TTALY: Via Liguria 49, 10671 Borgaro, Torino Tel: ++ 39 011 451 0111

IR JAPAN: K&H Bldg., 2F, 30-4 Nishi-lkebukuro 3-Chome, Toshima-Ku, Tokyo 171 Tel: 8t (0)3 3983 0086

IR SOUTHEAST ASIA: 1 Kim Seng Promenade, Great World Clty West Tower, 13-11, Singapore 237994 Tel ++ 65 (0)838 4630

IR TAIWAN:16 Fl. Suite D. 207, Sec. 2, Tun Haw South Road, Taipei, 10673 Tel: 886-(0)2 2377 9936

Dala and specifications subject to change without notice. 7/00

www.irf.com
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TOSHIBA | TLP250(INV)

TOSHIBAPHOTOCOUPLER GaAlAs IRED & PHOTO-IC

TLP250(INV)

TRANSISTOR INVERTER Unit in mm
INVERTERS FOR AIR CONDITIONER s 7 65
IGBT GATE DRIVE g
POWER MOS FET GATE DRIVE 3
TEIT

The TOSHIBA TLP250(INV) consists of a GaAlAs light emitting diode and a
integrated photodetector. 9.662025 9%
This unit is 8-lead DIP. : ]
TLP250(INV) is suitable for gate driving circuit of IGBT or power MOS FET.

12204501

@ Input Threshold Current : lr=5mA(MAX) 05 t0s
® Supply Current(ICC) - 11mA(MAX) =
& Supply Voltage(VCC) : 10~-35V 2542025
¢ Output Current(lO) : £2.0A(MAX)
@ Switching Time(tpLBEApHL) : 0.5ps(MAX)
e ([solation Voltage : 2600Vms 1H-ece
e UL r\‘ecognized 1 UL1577 File No.EG7349 TOSHIBA 11-10C4
e Option(D4) ‘ : Weight. 0.54 g
VDE Approved : DIN VDEQOB84/06.92 Certificate No.76823
Maximum Operating Insulation Voltage ; §30Vek
Highest Permissible Over Voltage : 4000Vpk
(Nobz):When a VDE0884 approved type is needed,
Please designate the “Option(D4)”
® (reepage Distance : 6.4mm(MiN)
Clearance : 6.4mm(MIN)
TRUTH TABLE PIN CONFIGURATION(TOP VIEW)
- 1:NC.
_ Tr1 Tr2 10 e 2: ANODE
_ d 0 3:CATHODE
ON OoN | oFF 2l » 7 4Nc.
INPUT LED 30 * g SGND
OFF OFF ON 6:VO(OUTPUT)
VO
aC 15 ~ 8vCCe
SCHEMATIC
£
2+
v Z}
3.
A 0.1pF bypass capacitor must b; - % GND

Connected between pin 8 and 5(See Note 5).

2002-06-27
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TOSHIBA TLP250(NV) 71

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL | RATING | UNIT
Forward Current Ie - 20 mA
Forward Current Derating (Ta270°C) Alr /ATa -0.36 mA °C
15} [ Peak Transient Forward Current (Note )| ter 1 A
Reverse Voitage Vi 5 v
Junction Temperature ) T 125 °C
“H* Peak PW <2 5ps , fs15 kHz o -1.5 A
Output Current PWs1.0ps , fS15 kHz -20
(Note 2)
o " Peak PWs2 Sps , <15 kHz : +15 A
Output Current PW 51.0ps , fS15 kHz o +20
x
g Output Voltage (Tas70°C) - Vo 3 v
i (Ta=85°C) : 24
& (Tas70°C) ' 35
Supply Voltage Vee v
(Ta=85°C) 24
Output Voltage Derating (Ta=70°C) AVo/aTa | -073 | vrc
Supply Voltage Derating (Ta=70°C) ‘ AVecisTa | -073 | vrc
Junction Temperature T 125 °C.
Operating Frequency {Note 3) f 25 kHz
Operating Temperature Range Tope -2(~85 °C
Storage Temperature Range Tag ~-55~125 °C
Lead Soldering Temperature(10s) Teal 260 °C
isolation Voltage (AC,1min., R.H. 560%,Ta=25°C) (Note 4) BVs 2500 Vmms

{Note 1) : Pulse width PW=1ps,300pps

(Note 2) : Exporenential Waveform

(Note 3) : Exporenential Waveform  lop<—1.0A ($2.5ps8) , lor<+1.0A ($2.5p5)

(Note 4) : Device considerd a two temminal device : pins 1,2,3 and 4 shorted together and pins 5,6,7 and 8 shorted together.

(Note 5) : A ceramic capacitor(0.1yF} 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
caupler should not exceed tem.

RECOMMENDED OPERATING CONDITIONS

CHARACTERISTIC " symBoL | MiN | TYP. MAX UNIT
Input Current, ON Ie om 7 8 10 mA
Input Voltage, OFF Ve o) 0 —_— 0.8 v
Supply Voltage Voo 15 [ — [ 30 [ 20 v
Peak Output Current fopilloe. | — | — 105 A
Openating Temperature Toor -20 | 25 | 70 | 85 | c

2002-06-27



TOSHIBA

TLP250(INV)

ELECTRICAL CHARACTERISTICS (Ta =-20~70°C,Unless otherwise specified)

CHARACTERISTIC SYMBOL cz?Echlr TEST CONDITION MN | TYP. | max | uniT
input Forward Voltage Ve —  [=10mA Ta=25C — | 16| 18] v
Temperature Coefficient of AV /ATa — Jir=10ma — | 201 — |mvrc
Forward Voltage
Input Reverse Current R — VrR=5V,Ta=25C —_ — 10 HA
Input Capacitance Cr — |v=of=tmHzTa=25cc | —~ | 45 | 250 | oF
“H" Level hoer 2 V=30V oo | =10 { -15 | —
Qutput-Current - 1) o A
“L" Level lor 1 vos2sy | 10 2 —
Veci=+15V
“H" Level Vo 3 [Ve=-15V 1 | 128 | —
R, = 20002, Ir = 5 mA
Output Voltage v Ty - A%
1 =
“L” Level Vo -4 AVe=-15V — | -142} 125
) R. = 2000, Vi = 0.8V
‘ Je=10 mA _ ; _ ‘
“H" Level lecs — Ta=25°C mA
Supply Current Vee=30y o omA i i L
upply Curren o =
Tas25C i B B
*L” Level leat — as mA
Ie= 0 mA — | =] n
Veci =+15V
g‘"”"“’ Input L—H I Veei = -15V — | 12 5 | ma
urrent R. = 2000, Vo > OV
: Vect = +15 Vv
hrashold input Hesl Ve Veey =—15V 08 | — | — 1| v
g R. = 2000, Vo < OV
Supply Voitage Vec —_ — 10 —_ 35 \Y
Capacitance (Input-Cutput) Cs — Vg =0, f=1MHz, Ta = 25°C — 1.0 2.0 pF
Resistance (Input-Output) Rs — ‘és:_:gé{:- Ta=25°C 02| 10" | — 0

() : Al typical values are at Ta=25°C
(*1) : Duration of IO time < 50ps

2002-06-27
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TOSHIBA

TLP250(INV)

73

SWITCHING CHARACTERISTICS (Ta= —20~70°C,Unless otherwise specified)

CHARACTERISTIC SYMBOL CITRECSL}-IT TEST CONDITION MIN TYP. | MAX | UNIT
Propagation L—H toun 0.05 0.15 0.5
Delay Time H-L ton o= B mA, 0.05 0.15 0.5
Switching Time Dispersicn ’ ;
N and OFF { HpHL-tpLH| 5 |Vec=15V — — | 045 | ups
be - R =200, C.=10nF
Output Rize Time —_ —_
Output Fall Time — -—
Common Mode Transient Veu = 1000V, I = 8 mA
- CM oM L e -15000 —_ —_ Vi
Immunity at High Level Output’ " 6 Vec =30V, Ta =25°C v
Common Mode Transient Vo= 1000V, Ik=0mA |-
CM oM T e 15000 — — V4
Immunity at Low Level Oufput - Vec =30V, Ta=25C ve
Fig.1 lop. TEST CIRCUIT Fig.2 lopy TEST CIRCUIT
1 : 8
I T T
{ 0 0.1pA N =0.1pA
V.
[ H— : )—J L @ . le-s cc
. VCC }._ o
0 1+ lorL -
4 e v
m Ve
Fig.3 Vou TEST CIRCUIT Fig.4 VoL TEST CIRCUIT
8 L]
e 10 Di
DT 0.10a TVees VF-I:_[ 7 T omwa T vees
Ry
I - L——{ i v
] -
Vo
Vou 0 1+
ip
y — 4 13
L T Veer
‘ T Ve
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TOSHIBA

TLP250(INV)

Fig.5 toLH. tpHL. tr. tf TEST CIRCUIT

1

q
[

—>trll(—

90%

50%

tpLH

' 8
10 he

e}

A ;B ?}O.mF v + Vee

V,
Yem!
2

4

Vem 90% 1000V
= o tf—a}

SW : A(IF=8mA) CM, CMy = 2?38(;/)

Vo — V— 26V
NV - 800(V)
SW : B(IF=0mA) CM.  cM, = o)

CML(CMH) is the maximum rate of rise(fal!) of the common mode voltage that can be
sustained with the output voltage in the low(high)state.

tpHL

10%
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TOSHIBA | | TLP250(INV) 75

RESTRICTIONS ON PRODUCT USE , 000707EBC

« 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 this
document shall be made at the customer’s own risk.

= Gallium arsenide (GaAs) is a substance used in the products described in this document. GaAs dust and fumes
are toxic. Do not break, cut or pulverize the product, or use chemicals to dissolve them. When disposing of the
products, foliow the appropriate regulations. Do not dispose of the products with other industrial waste or with
domestic garbage. :

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

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

. any inteliectual property or other rights of TOSHIBA CORPORATION or others.

« The information contained herein is subject to change without notice.
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MC14557B

PIN ASSIGNMENT
L2[1e 16 ] v
12 15U ‘
RESET ] 3 14118
CLocK ] 4 _ 13f1L16
TeEQ s 12132
B} 6 n[a
A7 10ga
Vss ] 8 9 [] AB SEL
BLOCK DIAGRAM
3 ——JRESET
4 — CLOCK
§—CE
6~—daB QF—10
T—~——1{A
9 ———1 A8 SELECT
2—{1
1—i2
15 w—q L4 qF—n
14 ——JL8
13 —L16
12 ——4132
Vpp=PIN16
Vss =PINS
TRUTH TABLE
Inputs Output
Rst | A/B | Clock | ‘CE Q
0 0 a 0 B
0 1 e 1} A
0 i) 1 A B
0 1 1 N A
1 X X X 0
Q is the output of the first selected shift
register stage.
X = Don't Care
LENGTH SELECT TRUTH TABLE
L32 |L16 | LB L4 L2 L1 Register Length
0 0 0 0 0 0 1 Bit
0 i) 0 0 0 1 2 Bits
0 i) 0 0 1 0 3 Bits
0 0 0 0 1 1 4 Bits
0 0 0 1 0 0 5 Bits
0 0 0 1 0 1 6 Bits
ilolelofo]o. 33 Bits
1 0 4] 0 0 1 34 Bits
1li|1l1]lo]o 61 Bits
1 1 1 1 1 1 62 Bits
t 1 1 |1 110 63 Bits
1 1 1 1 0 1 . 648Bits
NOTE: Length equals the sum of the binary length control
subscripts plus one.

' E&H;S:Ilonsemi.com
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MC145578
ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)
v -55°C 25°C 125°C
oD
Characteristic Symbol | Vdc Min Max Min | Typ@) | Max Min Max | Unit
Output Voltage “0"Level | VoL 50 — 0.05 —_ 0 0.05 — 0.05 Vvde
Vin= Vppor 0 10 _ 005 - 0 0.05 — 0.05 :
15 — 0.05 —_ 0 0.05 — 0.05
“I"Level | Von 50 4.95 — 495 50 — 495 — Vde
Vg =00rVpp - 10 9.95 — 9.95 10 — 9.95 —_
. 15 14.95 —_ 14.95 ] 15 —_ 14.95 —
Input Voltage “0" Level Vi . : Vdc
(Vo = 4.5 or 0.5 Vdc) 50 — 15 —_ 2.25 15 — 1.5
(Vo =9.0 or 1.0 Vdc) 10 — 3.0 — 4.50 3.0 —_ 3.0
(Vo =13.50r 1.5 Vdc) 15 —_ 4.0 —_ 6.75 40 —_ 4.0
“1" Level Vi . vdc
(Vo =0.5 or 45 Vdc) ) 50 35 — s 275 — 35 —
(Vo =1.00r 9.0 Vdc) 1 10 7.0 —_ 7.0 5.50 — 7.0 —_
(Vo =15 0r 13.5 Vdc) 15 n" —_ 1 825 —_ 1 —_
Output Drive Current lon mAdc
(Vowr = 2.5 Vdc) Source 50 -30 — ~-24 -42 — -1.7 —_
(Vor = 4.6 Vdc) 50 | -064 — -051 ] —-0:88 C—_ -0.36 —_
(Vow = 9.5 Vdc) 10 -16 — -13 -225 —_— -09 —
{Vou = 13.5 Vdc) 15 —-4.2 —_ -34 -8.8 — -24 —_
{(Vor = 0.4 Vdc) Sink lot 50 0.64 — 0.51 0.88 — 0.36 —
(Vo = 0.5 Vdc) .10 16 — 1.3 225 | — 09 —
{(Vor = 1.5 Vdc) 15 4.2 _— 34 a8 — 24 -—
Input Current kin 15 —_ +0.1 —_ +0.00001 | +01 — +1.0 | pAdc
Input Capacitance Cin — —— — — 50 7.5 —_ — pF
(Vin=0) . )
Quiescent Current oo 50 — 50 — 0.010 50 — 150 | pAdc
(Per Package) | 10 — 10 — | o020 10 - 300
15 — 20 — 003 | 20 - 600
| Totai Supply Current (5 6. It 5.0 ‘ by = (1.75 pAKHZ) £+ Ipp pAdc
(Dynamic plus Quiescent, 10 Iy = (3.50 pAKHZ) f + Ipp
Per Package) 15 by = (5.25 pAKHz) f+ Ipp
(Cy = 50 pF on aii outputs, all .
buffers switching)

4. Data labelled "Typ" is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
5. The formuias given are for the typical chamacteristics only at 25°C.
6. To calculate total supply current at loads other than 50 pF:
h{Cy) = {50 pF) + (C — 50) Wik
where: Iy is in pA (per package), Cy in pF, V = (Vpp — Vss) in volts, fin kHz is input frequency, and k = 0.004.
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MC14557B
SWITCHING CHARACTERISTICS @) (C_ = 50 pF. To = 25°C)
Characteristic Symbol Voo Min Typ @) Max Unit
Rise and Fall Time, Q or Q Output tnH. ns
tr tr = (1.5 nsfpF) C + 25ns frHL 5 — 100 200
i tr = (0.75 nsfpF) €+ 12.5ns 10 — 50 100
i trie = (0.55 nsipF) Gy + 9.5 ns 15 — 40 80
Propagation Delay, Clock or CEto Qor O oL, ns
tpe, tpr = (1.7 nsipF) Cp + 215 ns . tpr 5 —_ 300 600
tpL, tprL = (0.66 ns/pF) Cy + 97 ns 10 —_ 130 260
toLH, by = (0.5 ns/pF) C_ + 65 ns 15 90 180
Propagation Delay, Resetto Q or O tpLH, ns
Lt = (1.7 ns/pF) C + 215ns teHL 5 — 300 600
teLH: tri = (0.66 ns/pF) Cy + 87 nis 10 — 130 260
tory, lowL = (0.5 nslpF) Gy + 70 ns 15 — 95 180
Pulse Width, Clock banigar) 5 200 95 — ns
10 100 45 —
_ 15 75 35 —
Pulse Width, Reset twiest) 5 300 150 - ns
10 140 70 —
15 100 50 —_
Clock Frequency (50% Duty Cycle) fy 5 — 3.0 1.7 MHz
. . 10 -— 7.5 50
. 15 —_— 13.0 6.7
Setup Time, A or B to Clock or CE tey ‘ ns
Worst case condition: L1 =12 =14 =L8= 5 700 350 —
L16 = L32 = Vg (Register Length = 1) 10 290 130 -
15 145 a5 —_
Best case condition: L32 = Vpp, L1 through L16 = 5 400 45 —_
Don't Care (Any register iength from 33 to 64) 10 165 5 _—
15 60 o] — .
Hold Time, Clock or CEto A or B th ns
Best case condition: L1=L2=L4=LB8=L16= 5 200 - 150 —
L32 = Vg5 (Register Length = 1) 10 100 -60 —
_ 15 10 -50 —
Worst case condition: L32 = Vpp, L1 through L16 = 5 400 50 —
Doint't Care (Any register length from 33 to 64) 10 185 25 —
15 85 22 _
Rise and Fall Time, Clock t, 5 —
. 10 - No Limit
_ 15
Rise and Fall Time, Reset or CE t. 5 — —_ 15 ns
& 10 — — 5
15 — 4
Removal Time, Reset to Clock or CE tram 5 160 80 — ns
10 80 40 —_
15 70 35 —_

7. The formulas given are for the typical characteristics only at 25°C.

8. Data labelled "Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
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MC14557B
TIMING DIAGRAM
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MC14557B
PACKAGE DIMENSIONS
PDIP-16
P SUFFIX
PLASTIC DIP PACKAGE
52y SSUER B il
1882,
Oaananad X 2 COMTROLLING DMENSION: INCIL
6 . 4 | 1 DIMENSION L TO CENTER OF LEADS WHEN
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o 4. DBENSION B DOES NOT INCLUDE MOLD FLASH.
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PACKAGE DIMENSIONS
SOEIAJ-16
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Y45 1962
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5. THE LEAD WIDTH DIMENSION (b) DOES NOT
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- TOTAL N EXCESS OF THE LEAD WIDTH
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/****t#***tt*t*?******ttt*t*t******tt*t**t**********tt!t#!t#tt**ttt*t!tt/

/* FILE sbstep.c */
/* DESCRIPTION :main program file. */
/* CPUGROUP :62A(ROM128K) */

/*****t**t**********************************t*t**t*************t**t*****/

void taOint(void);
#pragma INTERRUPT taOint
void talint(void);
#pragma INTERRUPT talint
void ta2int(void);
#ipragma INTERRUPT ta2int
void ta3int(void);
#ipragma INTERRUPT ta3int
void tbOint(void);
#pragma INTERRUPT tbOint

int init_tbOint, init_ta2int, init_ta3int, firstp;

void main{void)

{
unsigned short count = 5000;
init_tbOint = 0;
init_ta2int = 0;
init_ta3int = 0;
pd0 = OxfT;
p0 = 0x00;

tadmr . = 0x82;



ta0

talic

asm("fset i");

ta0s

" tal

talic

asm{"fset i");

tals

ta2mr
ta2
ta2ic

asm("fset i");

ta2s

ta3mr
ta3
ta3ic

asm("fset i");

ta3s

thOmr
th0
tbOic

asm{"fset i");

th0s

talos

=

0x82;

0x06;

0x82;

0x06 ;

0x80;

0x06;

count/ 3;

count / 3;

count;

count;

count - 1;
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firstp
while(1) -
{

void taQint(veid)

{

ta2os

talos

if(init_ta2int)

{

else

ta0 = count/3;
tal = count/3;
ta2 = " count;
ta3 = count;
th0 = count-1;
= 1 ;

po 2 A= IH

po_2 = 0;
init_ta2int = L
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void talint(void)
{

ta3os =

if(init_ta3int)

{
pO_1
}
else
{
p0_1
}
}
void ta2int(void)
{
po_2
}
void ta3int(void)
{
p0_1
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void tb0int(void)
{
if(init_tbOint)
{
if(firstp)
{
taos
p0 0
firstp
}
else
{
p0 0
firstp
}
}
else
{
pp o0 =
| init_tb0int =
}
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