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ABSTRACT

This project presents an operating principle of high-frequency ac chopper circuit with
the chopping frequency of 20 kHz for variable speed of capacitor-run induction motor by
change slip method or stator voltage control. The chopper is used to change or chop the
sinusoidal waveform of 50 Hz utility supply voltage into another waveform of ac chopped
voltage with each pulse width being equal and variable by duty cycle control. The ac
chopped voltage with variable pulse width will be analyzed in variable speed of
capacitor-run induction motor and the next step for its fundamental and harmonics
content which is again necessary for use in LC filter circuit design for 50 Hz sinusoidal
filtering on the output side of the proposed circuit. In variable speed of capacitor-run
induction motor is used to comparison between ac chopper with filter circuit and ac
chopper without filter circuit for analyzed performance of capacitor-run induction motor,
output power, power factor and efficiency of ac chopper converter, As resuit ac chopper
with filter can operate output power, power factor and efficiency better than ac chopper

without filter and output voitage can vary well the speed of capacitor-run induction motor
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1. uawmafiniuninwadon (Single Phase Induction Motor)

2. vamafiadsIuLLSIlania (Single Phase Synchronous)
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Universal Motor)
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2.2.1 yaimasinnamindfan, (Single Phase Induction Motor : SPIM)
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2.3.3 nninafrRanywAI8Aiulazy (Capacitor - Run Motor)
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2.3.5 uninafunuiaa (Shaded - pole Motor)
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1. WRsuLUaRIWINTALNWEN (Changing the number of pole)

2. Wasuuwdaifadl (Changing the slip)
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(Changing the frequency of the supply mains)
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Rotor Stator
Resistor Cascade coupling
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2.4.2 nsulaswuasdraiyl (Slip Control)
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Change of the stator voltage
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Rotor control
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mmﬂ 2.14 Typical cascade coupling

Change of rotor resistors
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Cascade coupling
Ad; ) ] g ar . . N
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2.4.3 Frequency regulation
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Tasgunisanuilsead A

f=5f (2.9)

P a (7K} ] o '3 a - ' o
PNFUNTH 2.9 RN ldautvaslsiaafazidlfouulasaudradl
.3 !‘: 2 Y € A=lI [7-1 J ) A . =
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X,, =sX, (2.10)
A | ) ca =
Wa X,,,X, ({uf Leakage reactance wmaslsiaainaadivlaq URS DN
Heuiau

E,, =sE, (2.11)

5
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waailiaudiay wasruyadnyivaslnessmusausasldaanind 2.17 :annw
1 2.17(n) 2zlen
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I, = 5,
R ODEES;
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Fymanrousaaiiunerauyalwilndlddanmd 2.17(2)
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Energy power
Convertion developed
l Mechanical Loss
- Friction Loss
Mechanical v Windage Loss
power Mechanical
i power output

d 3 : -] Qo ﬂl L]
nnn 2.21 Lmuqumnﬂﬁﬂuuﬂaamaammamamai‘mumm 1 W&

2.53 Manasumssneasuniaafiniizami 1 e

Wasuulaamd WA Tuidsounavesusiaafinilviiuazandudn
mas i fisoldiuseeefaaiudmdsini 1 s uazaziimIggEnamunungn
Ltawﬂm@maaum"f"iamma%'ua:?i‘[smaufﬁuﬁ"'aﬁmign,nﬁﬂLﬁaamnmmﬂﬂua:mmqu

] o )
‘ﬁﬂmu’]fnllﬁﬂdvlﬂﬂ\’ﬂqwn 2.21
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2.6.2 AnMmcARRtavIsTiedreduletnldvinnihemiiininua
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. = (2.15)
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J 0 ) J » J - o 1
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' o4 a o . - v L [ ~
ag'luﬂn‘lmﬂaauwaa'l‘nﬂ 50 Hz 8n 200 da9leylduansdnwmevastasliaslunind
2.32 UR=NwA 2.33
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J A‘ (=3 tﬂ' ar LY ﬂ.
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400V
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Vo,som:
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-200V D=90%
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2.7 mINpglanauningesiad (Pulse Width Modulation)
mﬂﬁﬂ'uaammagLsmﬂ'nun’:’nmaaﬁ‘aﬁlﬂﬂuazﬂﬂ Wadlanlwnu Power

MOSFET n‘iaqﬂnm‘{aﬁﬂ'ﬁ%ﬁaﬁmﬁﬂﬁLﬂuﬂ"‘m“ﬁﬁ'uniﬂ MIVBAMINAUNTWYBINGT
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2.7.2 Voltage Feed Forward Control
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Voltage Feedforward Control
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2.7.3 Current Mode Control

as ; [ d'n d. r= | [ > ar ar A'

':ﬁmsmﬂu'nuuuwm:Lmum:Lﬂ’%’uuL'nUULL‘smumuQMnmmﬂugﬂﬂauﬁu
- ' a [ v oA e ' a o 4 =
W&oy wavzliSoudisy v nuLmmuw"lmﬁnnm:mmuaumﬂmas’mLﬂugﬂmuqu

ko ] Lol g . E = Hqn

myfy']mmwmm:mwaﬂﬂm R-S Flip Flop mt'ﬁmmﬁv!ﬂ Q Wusous “1
a ": '] o v =3 A. 9 - s A‘
muua:mmsmmﬂ%qﬂnmﬁmwﬁmmmu Tapnszuaduin aﬂﬂafi]:gn 83T UAN
RUNT

di
vy, =1% (2.17)
dt
Yy
Vi i T Vo
r T1

[ Q

R-S S

" <— Clock E

Flip-Flop Am;?ger

Comparator

Clock

Comparator 4
Inputs Ve

Comparator
Outputs (R)

\)

Gate Drive
(®))

\J

< -
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b 9
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o ° Q- ] ;
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v, ()= JEVS cos((ot) (2.20)
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Function) wleanaunisaaaa llitfa

i 2sin(kDr)

S(w,t)=D+ cos(kew,t) (2.21)
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Vr(t)= S(a’st)vs(t)
= V2Dv cos(wt)+V,, cosf(km, + w¥] (2.22)

Mo S(wt) Ao adattawensu, k. Aadrduaunvasasluiing (Order  of
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ref ¥ k=1

Hp, =120 ’i 12, [%) (2.25)
I Lf k=1

WD Vg WAT Vg A suiavaddndwdsznauanudldinud 50 Hz uas
#1340 3zna U S LURNFVBIUTIABINING Ve, Iy URE Iy fid DRIAVDIAIEINTzNBY
ﬂl'sll @ ﬂll ) f) A A -] . [:] o
AMUANIFNUA 50 Hz uazdmtsznavanilufindesnszugana e i ausiay
& -l £ o P ° v
nassuyadradvasiadsatidaiduaaslunind 2.46 rldmuisond
NN I TUYEIUTITUE NG Vo(s) Tazlanuduiusiunsein PWM, V(s) 3

wileann

4 (S)_ R,
V,(s) sL+(1+sLC)R,

(2.26)

MImIMaadusIauinNuilFamil 50 Hz (Vi) 2IUTIGUEING Ve Wld
=k 1 - v = b 1 ;
Tasdtnmdsznmdaunalimdnluavsumsasdalyis



39

ot
NN 2.48 VITRUYS fyasvanedrailas

R, DV,
Jw I +(t-o*LCY R?
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MOSFET
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3.4.3 7997 Zero Crossing
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D; 12
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3.4.4 29 IuaNAQY QI (Signal Combination)

2 S
1 3 1
I
.
1 3
2
T 9 M s
g —
- N uw,

<l o A o o
NIMN 3.22 NITHRUAYYPIUAUN 20 KHz nuanun 50 Hz
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[ - a - a4 [3 . g
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N YIMALTIFAINIAYAITIIAIINGTY (Truth Table) MIANTIA 3.1 uazRUYIIFIL

& W -3 O dl
ﬂ’ﬁNEﬂJLlﬂﬁﬂ:vlﬂﬂmvfy']mlﬂﬁﬂﬂﬂﬂﬁﬂ']W‘n 3.23

#1571 3.1 Truth Table ¥89 OR Gate

Input 1 Input 2 Output
0 0 0
0 1 ' 1
1 0 1
1 1 1
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3.5 @WINEY
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3.6 MIIlATSTNIaN n‘rma:nﬁuusoé’mmd’qn [5]
nmMhuadsiatiuianedrotide’ ludnwmenrdadaiesliusidu
sunanarwldldiingae g Tasfimsiowlumsdadariniy 20 kHz lunitslméialand
MR 50 Hz Az ldiAaTnuaniiaudig Tummsﬁﬂmua:ﬁua;jﬁué’num:
vaInszuauazusIauiAsasiuly luusa: Inua sunIngansuzuTiduluudazlnug
nwﬁnm'lﬁmnﬂﬁuﬁtmﬁwmannﬂae‘ﬁ"namﬂafﬁauﬁa:ﬁmﬁuﬁ'lﬁ”lﬂmmam LC
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s - & o [ o o Aoy o o
uRanaAnloE MTIWHA 50 Hz Faduusaudunalanigumsh (3.1)

v, (o) = JEVJ cos(wt) (3.1)

o a ] s L3
laofl ¥, fadn rms va9ussdwlod 50 Hz

‘lumis‘hmmmaummaou'soﬁmmﬁvgﬂ v ﬁLﬁﬂﬁnnNagmszwmuwﬁ'u‘lsmf 50 Hz

o,chop
as o o & o P ] - [ 3 ° P &

vi(wt) MFaTaNiTUaNut® S(w ) neuduiszdasiinisimmsimaunmsves

a A & - b4 ° [ o -

IATINITU S (@ 1) lunwd 3.35  nuuinhldgmrivussawladluguns 3.1) 39

mansohldlasns 2] SiemsiaynsaniGeivas Seg) drumsh 3.2)

S(ot)=a,+ [a, coska,t + b, sin k1] (3.2)
k=1

o o o a £ vo o, &
Mmdwmmsudzintues a,, a, uazh, lensdaludl
3 [ =3 J A G A'
MuTowiaulssinives a, azldavaunmsfi (3.3)

2T
1 2

Qg = — IVPWM (£)dr
T Dr

2

DT T DT

12 1 2
a=— [ldt+— [odt
T DT DT

2 2
1 [ ]DT
ay =—|t}?2 (3.3)
0 _%:

fmsunueflaanaumsh (3.3) azld a, faaunish (3.4)

1[DT DTJ
Gy=—|—+—
T\ 2 2

aele ay=D (3.4)

[} s -9 J s O d‘
Musammaulszdndvas a, laasgunmsi (3.5)



r-2L

2 2
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a, _2 _"(l)cos(ka)xt)dwst+g _“(O)Sin(ka)st)da)st
T »r T or
2

2

2. o2
a,= ﬁ[sm k) pri

msunuamflaanaunsh (3.5) ale a, daaumsi (3.6)

a,= é [sin kD7x —{sin k(-Dr)))

2sinkDrn
a,=———
7k

1 Q' .y J oW A dl
sansomaRulszindues b, laaasumif (3.7)

r-2r

2
b, = 2 [Veuas sin(ka,t)dt
T DT

2

or r DT
2 2
b, = 2 _[ (l)sin(kwst)dwst + 2 _[(O)cos(ka)st)a'a)st
T _D_T T 2_7:
2 2

rmsunundildamannsfi 3.7) 16 5, daaumsii (3.8)
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NNt a, a, wer boaveunwuWiIsiildnnnisdanunusdlusunisi
(3.2) asldaummassiaBaNatudiaunif (3.9)

S(o,)=D+ ZZ_sm_(kD_r:) os(ka,t) + i (0)sin ke, ¢ (3.9)
km k=1 _
S(ot)=D+ 2sin(Dr) cos(w,t) + Mcos@wst) +...
T 2r
+ Mcos(nwst) :k=123,..n (3.10)
nr
S(wgy=D+) ———~ 2 Sm(kD”) cos(kw,t) (3.11)

k=1
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=l

logh @, AennuiiFouvasaiadolaiu S(og)

k faseumilafinduasaiaBawetu = 1,2,3...
dl '] dl A =) s ‘nl GIJ & 1
Wakiaun1sh (3.11) Taiusunirreaiadafatunidiuinnidl lasuny
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i Y .A r_ H o : ] d‘;
mmmgm‘nﬂﬁuuu.ﬂm'uaoa’lﬂuunﬁﬁmﬁhmmﬂﬁUﬂﬂ@mnﬂﬂlumwﬁ 3.36 lundl
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3.6.2 MIgmaNNMTIaINIadiIsuADENNITIBILTIAREUYA
mnn'nﬁ']mmmaumwaaﬂ‘iﬂ"Baﬁaﬁi’umu'nmi'mwﬁﬂmmmcahl.m@i'ﬂﬂ
Vochop V80109710 T 580 Tldlasmahauniaiadafaduluanniin 3.11) anguiu

a 3 4  « v a i - e
sunivasnnauloimTiwiluaunsi (3.1) sadwussdudunaniloaliiusenad
rolulefazldivanadwavananadralweifiaumn (3.12)

Vo) = v ()S(,2)

2 31n(kD7r)

=42 2V, cos(a)t)(D Z os(kcost) (3.12)

ﬂ. 9 ) i [ & LN J
ANNFUNIA (3.12) FWITOYIMTUNUSI k = 1, 2, 3, ...n WAp InsunTanlaladinediuas

ladaaunifi (3.13)
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Z\EVS cos(at)sin(Dr)cos(w,t) N
T

Vo chop (1) = DN2V, cos(eat) +

ZJEVS cos(ax)sin(2Dr) cosRaw,t) N 242 V, cos(wt)sin(3Dr)cos(Bw,t) N
2r 3z

22V, cos(et) sin(nDr) cos(na,t)

nir

k=123,..n (3.13)

InFuM A (3.13) unsdidmuald D=1 2ld Vo) FIAUNTA (3.14)

2\/5Vs cos(wt)sin(r)cos(w,t) N
T

Vo.chop(£) = \/EVS cos(wt) +

2\/51/5 cos(ax)sin(27) cosQm,t) N Z\EVS cos(wt)sin(3r)cos(Bw,t) N
2z 37

Z\EVJ cos(ax) sin(nx) cos(nw,t)
nrw

k=123,..n
V, hop (1) = N2V, cos(001) (3.14)
haumsf (3.12) adsulmiazldasums (3.15)

242 2V, cos(wt) sin(kDm ) cos(kw,t)
kx

Vochop () = D2y, cos(cot)+z

242 2V, cos(kw,t) cos(wt)

= D2V, cos(wt) + Z ;
T

i 2\/_V,k cos [(ka) + a))t]

= D\/EVS cos( mt) + 5
k=1

= D\/EVS cos(wt) + iﬁVo,m cos[(ka)s + a))t] (3.15)
k=1
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187 V, o ABAN rms 209898 Usznaua ludingdaudi k F98edniiu
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250 T T T T T T T T

Calculation
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' VO,chOp(rmS) "

Output Voltage [V]

0 | l I A L 1 | I
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Duty Cycle D [%]

‘ o1 1 L") dl A [} b2 o
nmn 3.37 ﬂ‘i’]'NL].EU]JLY]?.I‘]J?:M'J’NLLNGNLB’WTV:I'WYI Uo‘lu‘lﬂmm‘aﬂuunr:fmmﬁgaaan

gt -3 =3 ) z ]
(vocmpc)nUﬂ'lmﬁ"l‘mﬂamoﬂ faua 0 {19 1
widulpinnadidranlodnmsini soHz  allawdudunaldivasanesd
> v ) , e - [y '
raiadezldusduadng v, ,, Tiifdiaunid (3.15) sxlsznaudrsanatien 50
Hz 7IN0HNUAMUBRY kx(20kHz) £ 50Hz UWAZINDUIAAUY, 4, HIWIAT LC U EIGEH
aaﬁﬂi:naumwﬁgwaa Yy chop a:gnnmaﬁamﬁau@itmﬁ‘mmﬁﬁﬂﬁﬁaoﬂ'ﬂs:nau

' , &4« 4 i [ a “ , a =
A77306N 50 Hz Lmuwnmﬂuﬂﬁu‘lmﬁﬁmmmﬂmLLauﬂagﬂ‘lGﬂﬂumsﬂiummﬁ‘l‘nma
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- ° a &
(D) AN MEAARINNIIWIBLAZANINARBINIsa LT
INFUMIA (3.15) Wamidraaansmimnuses LC Haaaslapdagunsin

dufidunduanlufindanuiigsaanszannindoulndlddaaunisn (3.18)
Vs chop (£) = D2V, cos(eat) (3.18)

A o p - o

Wakiaunsh (3.18) mLﬂuﬁumﬂm@ﬂqmanaaﬂamamﬂa{nmmom LC
*.“NIamai'uﬁﬂﬂUGT@msjuﬁﬂuﬁnf?ﬂ'rmﬁgeaananLmusi’lLtiaﬁuﬁuvgmiﬂﬂﬁmaaﬁvlsmﬁa
Ysuwdpwludaud 0.1, 0.2, 1 azldausssulnifd suutaslausndag loda

° & ad A4 a :'1 a 1 % 0. - (3
aTeduIwRaanfuia @@ lofadng g a:‘lﬂanwmwaagﬂﬂamm:aaﬂﬂi:nauaﬂu

fAndaanu
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ST ........... ........... V ........... .................... o ......... H
150 ........... ........... ........ O,SOHZ ........ ........... ......... i
VI L b A S S -
100
50
0
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Duty Cycle D[%]

Nl 3.40 NS um:whamaﬁmm@fvg@ﬁn'smaﬂuﬁnﬁfmwﬁga DON(Y, 1)
Auaafladasiag aoud o 1 1
3.7.1 MIANINMIAI LC Fliter [5]
9INM3 Simulation  WAZNITIATITRFAMIVBILTIAUIDIWNVRI NI TIDFTE Y
Lﬂai'mmﬁ'zjaﬁm Duty Cycle 6139 snasslsznauanslufinganudl 20 kHz azfadn
ﬁdq@lﬁ'd’] Duty Cycle dnvinniu 50% \Ranananasrlsznavanflufindiioanluiadan
amufsTouuurivnaamsssliiidnlszann 20 tin maammﬁgag'ml,m:@“hn'hm’mﬁ

MIgHaT 20 haamtunu et l¥dasnisenomnuaarseIniaafiaud 20 kHz 4

A1énd 40 dB w3a 0.01
f.,=f %20 (3.19)
= 50Hz x 20

=1kHz

Waldamuiulawusianusonidl Le Hawnatleansumsh 3.21

fim——= (3.20)
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1
IC=—- (3.21)

(24, )
1
(Zx 3.14x1x10'3)

=253x10"
N IaNENNTA 3.20 3wen L laamisinuadn C Nalaas

mwuadn  C =14uF
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Bode Diagram

O R

Magnitude {dB)
U
N
(]
T

s
C ferkH)

Lo iaiiiil NS T i HEE S
4 5 6

10° 10 10 10
Frequency (rad/sec):

o . ' a
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[ 1 1 ] 1
-a)_C'—/(E-'- COL]-‘VO'SOHZ ~ 1 X V0,50HZ ...wL((E’ (3.22)
L[ s o) o ~0x7 oL ez
_(l)C wC | 0,20 kHz 0,20 kifz wC '
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A13191 3.2 LS BULT B UM INTeINTIEuRT AR RILA20 kHz HU 50 Hz v liflInaa

50 Hz 20 kHz
wL =0.5650 - @l =2260
L TN ® & TN -8
+ + o +
Lo | —=05680_|
Vo, 500z € —— K.souzFilter| ¥o,20kHz ? — ¥ soxuzFilter
@ -& @ —0
¥4, 50Hz, Fitter= (%] ¥; 20k, Fiiter=
(]
D | % sonz Msomz Ve, s0mz Ksome K2oked M,2oumz o200z [%]¥, 20182
109 22 | 0.06 21.94 99.72% | 21 | 2094 0052 0.24%
200 44 | 0.08 43,89 99.75% | 41 | 40.89 0102 0.24%
30% %6 | 0.11 65.83 99.74% | 57 | 5685 0142 0.24%
40% 88 | 0.17 87.78 99.75% | 66 | 65.83 0165 0.25%
509 110 | 0.22 109.72 99.74% [ 70 | 69.82 0175 0.22%
| 60% 132 | 0.33 131.67 99.75% | 66 | 65.83 0165 . 0.25%
709% 154 | 0.39 15361 99.74% | 57 | 56.85 0142 0.24%
8004 176 | 0.44 17556 99.75% | 41 | 40.89 0102 0.24%
90% 198 | 0.5 19750 99.74% | 21 | 2094 0052 0.24%
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D K sonz|M,50mz] VG somz o S0Hz\ K o kil 20 kitz| VG 20kHz [ ¥, 2018,
10%{ 22 | 0.06 21.94 99 72% 21 | 20947 0.052 024 %
20% 012 4388 99 72% 41 |[40.897 0.102 0.24%
300 66 | 017 6583 99 74% 51 | 56857 0.142 0.24%
4004 88 |0.23 8777 99 73% 66 |65.834 0.165 0.25%
5004 10 | 0.28 10972 9974% | 70 |69.820 0175 0.25%
60% 132 | 0.34 13166 99 74% 66 | 65834 0. 165 0.25%
70%d 154 | 0.39 15361 99 74% 57 56857 0.142 0.24%
80ed 176 | 0.45 17455 99 74% 41 | 40.897 0.102 0.24%
90% 198 | 0.50 19750 99 74% 21 |20.947 0. 052 0.24%
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50Hz 20 kHz
L=1.8mH L=1.8mH
. /T XX
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+ |4
0,50Hz, Filter Vo,20XkHz, Filter
%some C=14uF_— R=280 %,20kHz C=]4uF—— R=280Q
_ I4230m L=230mH
¥ 50z Filter = [%] ¥ K 20z Filter =
D K sonz| ", 5082 Wsome | OS82 | ¥ ogpiWookmd  Wozoumz (%], ;o182
10%| 22 0.22 21.77 98.95%]| 21 | 20.94 0.052 0.24%
20 44 | 0.45 43.55 98.97%| 41 | 40.89 0.102 0.24%
30% 66 | 0.68 65.32 98.96%| 5T | 56.85 0.142 0.24%
40% 88 | 0.91 87.10 98.97%| 66 | 65.83 0.165 0.25%
50%| 10 | 1.14 108.87 98.97%i 70 | 69.82 0.175 0.25%
60% 132 | 1.37 130.65 98.97%| 66 | 65.83 0.165 0.25%
70%| 154 | 1.60 152.42 86.79%| 5% | 56.85 0.142 0.24%
80%| 176 | 1.83 174.20 98.97%| 41 | 40.89 0.102 0.24%
90% 198 | 2.05 195.97 98.97%| 21 | 20.97 0.052 0.24%
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Vochop = '\ﬁ/oz,soﬂz +Vin + Vi +Vis +.. (3.25)

Tavfi ¥V, fefn ms aasailufinduazmunioman ms vasanlufindlédanauns

(3.26)

Vi = VA +VE + Vi +... (3.26)

USZENNNIOMIUIATIAN %THD BaIRBULTIGULENaNWA lFINEUNT (3.27)

%THD , = — % 100 @327
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5

2x311WV
=72 nF
farwdan Cg feuviniy 7.2nF
W1 Rg 18 nauns (3.29)
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Duty Motor Speed logrmeps 20 kKHZ|  logrme), 50 HZ | Vio(rms), 20 kHZ Voimsp 50 Hz
Cycle (rpm) (A (A)

0.1 30 0.11 0.14 50.61 24.39
0.3 300 0.51 0.67 100.2 55.42
0.5 760 0.90 1.09 150.0 98.55
0.7 1230 0.74 0.87 181.1 152.4
0.9 1370 0.67 0.89 198.5 189.8
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Converter Mauuui2997 Filter waz1452997 Filter Aidi1 Duty Cycle 139

Input Power Factor Output Power Factor
Duty Cycle Converter Converter

No Filter Filter No Filter Filter

0.1 0.14 0.15 0.27 0.69

0.3 0.4 0.44 0.52 0.71

0.5 0.71 0.73 0.6 0.75

0.7 0.79 0.88 0.71 0.76

0.9 0.84 0.91 0.74 0.79




102

[

& v, oA A X, =
’-D‘Wﬂﬂ']ﬂd'ﬂ:l.‘lﬁ%1ﬂ’]"lL3J8ﬂ’l Duty CYCIG UATUIMNVUFITEIAIULIITOUVDINDLRADT

AL d

J [ r-] u‘: 1 L (=3 = J L A =
%:Mﬂﬂﬂiﬁdm%ﬂ']&llﬂﬂ’]ﬂ ﬂﬂ‘ﬂx‘lfﬂI.LTx'lﬂ%tLﬂ:ﬂT:Llﬁv[W“N']ﬂ’ﬂtllﬂ”lll’]ﬂ'll%ﬂ']llvlﬂﬂ’lﬂ‘ﬁx‘lﬂ

X Da

r-1

el - & o a o P ' oo
fafanalaasianuirTauuININAARMAY IWHILINTY LREAMULANGINIINIIITAT
o & . o a & . » ar ' & '
M38A9192993 Filter 9:1AuIiaumMIAAAI29393 Fitter Avasnsiaulwiazlidngeduniy
AauNLNTHINIIT  Filter LLa”dtﬁaomn‘l@TﬁmsmLmae&ﬂs:naummﬁgeaanﬁﬂﬁ

a

o ' A a X AL v " A A L & e [
Lﬁ\’ﬂulaqﬂw‘ﬂﬂlﬂﬂmullﬂ']aﬂuﬂUﬂﬁLlﬂﬂ']'ﬂﬂﬁﬂs:LLNVI.VJ'W']Q:&J?]']TIEGT'HLGH%Bﬂﬂu

J | o P L o A a y
Lﬁaemmnmsﬁuama%'ﬂaan'lsu,mmﬂgwuaumaqmmnmwuﬁﬁmaﬂmama:m
- I , “ & in & R
Power factor 1832937189 1aiasunivziinuuanaisnuninaundaauazlaldfaas
d' : d‘d = l‘: o [ 7N} ) i J A a
24795 Filter lapNanaunin138aad1937 Filter 32 Wd1289 Power factor ﬁmﬁgwwmn

=l =) ar [ & & <
’-U:MNEWIm%iunﬂ?ﬂ?iﬂﬂiUﬂﬁﬂULSTJ'G!J’HE]wﬂl.ﬂﬂ'i

4 a ' = =
AVTIN 4.3 a1 UUTINAY Output Power Input Power 21839 Converter U8zUseinTnnaay

14 - . Vol . o g :
Converter NIWLV2437 Filter uazlaiiizas Filter AisnanuiiToud 9
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KY_I: IRFP460

N - CHANNEL 500V - 0.22Q -20 A-TO-247
PowerMESH™ MOSFET

TYPE Vpss Ros(en) lo
IRFP460 500V <0.27 20 A
= TYPICAL Rps(on) = 0.22Q
s EXTREMELY HIGH dv/dt CAPABILITY
= 100% AVALANCHE TESTED

a VERY LOW INTRINSIC CAPACITANCES
s GATE CHARGE MINIMIZED

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) INTERNAL SCHEMATIC DIAGRAM
» DC/DC COVERTERS FORTELECOM, o)
INDUSTRIAL, AND LIGHTING EQUIPMENT.
&)
58
SCO8140
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter value Unit
Vos Drain-source Voltage (Vgs = 0) 500 v
Voer |Drain- gate Voltage (Rgs = 20 kQ) 500 v
Vgs Gate-source Voitage + 20 v
o Drain Current (continuous) at T, = 25 °C 20 A
Ip Drain Current (continuous) at T. = 100 °C 13 A
lomu(=) |[Drain Gurrent (pulsed) 80 A
Pt Total Dissipation at T, =25 °C - 250 w
Derating Factor 2 W/rC
dv/di{1) |Peak Diode Recovery voltage slope 35 Vins
Teg [Storage Temperature -65 to 150 °Cc
T; Max. Operating Junction Temperature 150 °c
G hulad by safe operating area {1110 230 A, GHALS 160 Ads, Voo < Vioroes 115 Tax

September 1998 18




IRFP460

THERMAL DATA

Rinj-case |Thermal Resistance Junction-case Max Q5 2C/w
rinj-amb  |Thermal Resistance Junction-ambient Max oC/W
Rine-sink [Thermal Resistance Case-sink Typ . °C/w
T Maximum Lead Temperature For Soldering Purpose 300 °c
AVALANCHE CHARACTERISTICS
Symbol Paramater Max Value Unit
lar Avalanche Current, Repetitive or Not-Repetitive 20 A
(pulse width limited by Tj max)
Eas Single Pulse Avalanche Energy 1000 mJ
(starting T; = 25 °C, 1p = lag, Vop = 50 V)
ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified)
OFF
Symbeol Parameter Test Conditions Min. | Typ. | Max. | Unit
Viermipss |Drain-source Ib=250pA Ves=0 500 v
Breakdown Voltage
loss  |Zero Gate Voltage Vps = Max Rating 10 HA
Drain Cument (Vgs = 0) {Vps = Max Rating T.=125°C 100 pA
less Gate-body Leakage Ves =120V £+100 | nA
Current (Vps = 0)
ON (%)
Symboi Parameter Test Conditions Min. | Typ. | Max. | Unit
Vesun) |Gate Threshoid Vos = Vgs Ip = 250 pA 2 3 4 v
Voltage
Rpsion) |[Static Drain-source On |Vgs = 10V Ip=12A 0.22 | 0.27 Q
Resistance
oy  |On State Drain Current |Vps > lpion) X Ros(on)max 20 A
Vegs=10V
DYNAMIC
Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
g (*) |Forward Vos > lpon) X Rosienynax  Ip= 12 A 13 s
Transconductance
Ciss input Capacitance Vps=25V f=1MHz Vgs=0 4200 pF
ons  |Output Capacitance 500 pF
Crns  |Reverse Transfer 50 pF
Capacitance
28 <74




IRFP460

ELECTRICAL CHARACTERISTICS (continued)

SWITCHING ON
Symbol Parameter Test Conditions Min. | Typ. | Max. ! Unit
ty(on) Turn-on Time Vop=250V Ilp=10A 32 ns
t, Rise Time Re=470 Vgs=10V 15 ns
{see test circuit, figure 1)
Qq Totai Gate Charge Vop =400V Ip=20A Vgs=10V 100 130 nC
Qs Gate-Source Charge 21 nC
Qgg Gate-Drain Charge 37 nC
SWITCHING OFF
Symbol Paramaeter Test Conditions Min. | Typ. { Max. Unit
tyvoy |Off-voltage Rise Time [Vop =400V Ip=20A 20 ns
t Fall Time Rg=47Q Vgs=10V 25 ns
t Cross-over Time (see test circuit, figure 5) 47 ns
SOURCE DRAINDIODE
Symbol Parameter Test Conditions Min. Typ. | Max. Unit
Isp Source-drain Current 20 A
Ispm(e) jSource-drain Current 80 A
(pulsed)
Vsp (*) |Forward On Voltage Isp=20A Vgs=0 1.6 v
t, Reverse Recovery lsp =20 A di/dt = 100 Alpys 700 ns
Time Vop =100V T;=150°C .
Q. |Reverse Recovery (see test circuit, figure 3) 9 nC
Charge .
IrRRM Reverse Recovery 25 A
Current )
+) Pulsad: Pulse duraton = 300 is, duly cyde 1.5%
(=} Pulse width limited by safe operating area N
Safe Operating Area Thermal impedance
OCTS220 0C79230
Ig{A) K s st
4 =05
Ll
2 0.2
103, & : 0.1
Y il s TR et
:E Pol=si: i O 10
i N} [ ﬁ"l
1 00ks 0.05 3}
10 Yy - H0.02 (1111
= ims - 1 [0 Zn= k Ryyo
* i i) INGLE PULSE LES W
2 D.C I nd- Y 10ms 102
10° ek AT 100ms i JUL
= 4]
' |
=1
18 y 1078
w0’ et et et vew 107 107 107 107 107" 4, (s)
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Output Characteristics
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Transfer Characteristics
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Normalized Gate Threshold Voltage vs Normalized Cn Resistance vs Temperature
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IRFP4690

Fig. 1: Unctamped Inductive Load Test Circuit Fig. 1: Unclamped Inductive Waveform
UNCLAMFED INDUCTIVE WAVEFORMS
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Fig. 3: Switching Times Test Circuits For Fig. 4: Gate Charge test Circuit
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Fig. 5: Test Circuit For Inductive Load Switching
And Diode Recovery Times
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IRFP460

TO-247 MECHANICAL DATA

DIM. mm inch
MIN. TYP, MAX. MIN. TYP. MAX.
A 4.7 53 0.185 0.209
D 2.2 26 0.087 0.102
13 04 08 0.016 0.031
F 1 14 0.039 0.055
F3 2 2.4 0.079 0.0%4
F4 3 34 0.118 0.134

10.9 0.429
H 15.3 159 0.602 0.626
L 19.7 20.3 0.776 0.779
L3 14.2 148 0.559 0.413 0.582

L4 M6 1.362

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

L3
p—————— , v E
A I 4
N M
D
L4
LS
F3 F
— —+
F4

P025P

3
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TL494, NCV494

SWITCHMODE™ Pulse Width
Modulation Control Circuit

The TL494 is a fixed frequency, pulse width modulation control
circuit designed primarily for SWITCHMODE power supply control.
e Complete Pulse Width Modulation Control Circuitry
® On—Chip Oscillator with Master or Slave Operation
® On—Chip Error Amplifiers
® On—Chip 5.0 V Reference
® Adjustable Deadtime Control
® Uncommitted Output Transistors Rated to 500 mA Source or Sink
® Output Control for Push—Pull or Single—Ended Operation
¢ Undervoltage Lockout
® NCV Prefix for Automotive and Other Applications Requiring Site

and Contro! Changes

MAXIMUM RATINGS (Full operating ambient temperature range applies,
unless otherwise noted.)

ON Semiconductor®

http://onsemi.com

O SO P VI

MARKING
DIAGRAMS
16
S0-16
"y D SUFFIX TL494xD
CASE7518 [0 AWLYWW

16
PDIP-16 TLASON e
N SUFFIX
cascess o AWLYYWW
16 1
1
X =B,Corl

A = Assembly Location
WL L =Wafer Lot

YY.Y =Year

WW, W = Work Week

*This marking diagram also applies to NCV434.

ORDERING INFORMATION

Rating Symbol Value Unit
Power Supply Voitage Veo 42 Vv
Collector Output Voltage Vet 42 v
Ve :

Collector Qutput Current let Ic2 500 mA

{Each transistor) (Note 1)
Amplifier Input Voltage Range ViR -0.3to +42 v
Power Dissipation @ Ty < 45°C Pp 1000 mw
Thermal Resistanoce, Junction—to-Ambient Raga 80 Cw
Ovperating Junction Temperature Ty 125 C
Storage Temperature Range Teg -S5t0+125] °C
Operating Ambient Temperature Range Ta C

TL4948 -40t0 +125

TL494C Oto+70

TL484I -40 o +85

NCv494B ~40 to +125
Derating Ambient Temperature Ta 45 *C

1. Maximum thermal limits must be observed.
PIN CONNECTIONS

Devics Package Shipping!
TL484BD SO-16 48 Units/Ral
TL4B4BDR2 SO-16 2500 Tape & Reel
TL494CD SO-16 48 Units/Rall
TL434CDR2 S0O-16 2500 Tape & Reel
TL4S4CN PDIP-16 25 Units/Rail
TLAS4IN PDIP-168 25 UnitsRal
NCV494BDR2* SO-16 2500 Tape & Reel

tFor information on tape and reel specifications,
Including past orlentstion and tape sizes, please

refer to our Tape and Reel Packaging Specification
Brochure, BRD8011/D.

“NCVA94: Tig, = —40°C, Tiugy, = +125°C.
Guaranteed by design. NCV prefix is for
automotive and other applications requiring site
and change control.




RECOMMENDED OPERATING CONDITIONS

TL494, NCV494

Characteristics Symbol Min Typ Max Unit
Power Supply Voltage Vee 7.0 15 40 Vv
Collector Output Voltage Vet Vez - 30 40 v
Collector Qutput Cutrent (Each transistor) Ict, Ig2 - - 200 mA
Amplified Input Voltage Vin -0.3 - Vee - 20 v
Current Into Feedback Terminal I - - 03 mA
Reference Output Cumrent hof - - 10 mA
Timing Resistor Ry 1.8 30 500 kQ
Timing Capacitor Cr 0.0047 0.001 10 uF
Oscillator Frequency fosc 1.0 40 200 kHz

ELECTRICAL CHARACTERISTICS (Ve = 15V, Gt = 0.01 gF, Ry = 12 kR, unfess otherwise noted.)
For typical values T = 25°C, for min/max values Ty, is the operating ambient temperature range that applies, unless otherwise noted.

Characteristics Symbol ] Min ] Typ | Max | unit
REFERENCE SECTION

Reference Voltage (I = 1.0 mA) Vigt 4.75 5.0 5.25 v

Line Regulation (Vo = 7.0 Vio 40 V) Regfine - 2.0 25 mv

Load Regulation (ip = 1.0 mA to 10 mA) Regioad - 3.0 15 mv

Short Circult Outpat Current (Veer = 0 V) Isc 15 35 75 mA

OUTPUT SECTION

Collector Off-State Current Ictom - 20 100 pA
(Nec=40V, Ve =40 V)

Emitter Off-State Cumrent IE(off) - - -100 pA
Ve =40V, Ve =40V, Ve=0V)

Collector-Emitter Saturation Voltage (Note 2) v
Common—Emitter (Ve = 0V, ic = 200 mA) Vaat(C) - 1.1 1.3
Emitter—Follower (Vc = 15 V, Ig = -200 mA) VaaE) - 1.5 25

Output Condral Pin Crent
Low State Voc = 04V) locL - 10 - pA
High State (Voc = Vi) locH - 0.2 35 mA

Output Voltage Rise Time t ns
Common—Emitter (See Figure 12) - 100 200
Emitter-Follower (See Figure 13) - 100 200

Cutput Voltage Falt Time & ns
Common—Emitter (See Figure 12) - 25 100
Emitter—Follower (See Figure 13) - 40 100

2. Low duty cycle pulse techniques are used during test to maintain jJunction temperature as close to ambient temperature as possiie.

2




TL494, NCV494

ELECTRICAL CHARACTERISTICS (Vcc = 15V, Cy = 0.01 uF, Ry = 12 k&, unless otherwise noted.)

For typical values Ty = 25°C, for min/max values T is the operating ambient temperature range that applies, unless otherwise noted.

[ Characteristics [ symbol | Min | Typ | Max | unit |
ERROR AMPLIFIER SECTION
Input Offset Voltage (Vo pin 3) = 2.5 V) Vio - 2.0 10 mv
Input Offset Cumrent (Vo pin 3) = 2.5 V) o - 5.0 250 nA
Input Bias Current (Vo (pin 3) = 2.5 V) I - 0.1 -1.0 pA
Input Common Mode Voltage Range (Vg =40 V, Ty = 25°C) Vicr -0.3to V2.0 v
Open Loop Voltage Gain (AVo=3.0V,Vo=05V1035V,R =20kQ) | Ao 70 95 - dB
Unity-Gain Crossover Frequency (Vo = 0.5V 10 3.5V, R = 2.0 k) fc- - 350 - kHz
Phase Margin at Unity-Gain (Vo = 0.5 V to 3.5V, R, = 2.0 k) m - 65 - deg.
Common Mode Rejection Ratio (Vg = 40 V) CMRR 65 90 - dB
Power Supply Rejection Ratio (AVec = 33 V, Vo = 25V, R, = 2.0 k) PSRR - 100 - d8
Output Sink Current (Vo @i 33 = 0.7 V) lo- 0.3 07 - mA
Output Source Current (Vo (pin 3) = 3.5 V) Io* 20 -40 - mA
PWM COMPARATOR SECTION (Test Circuit Figure 11)
input Threshold Voitage (Zero Duty Cyde) Vi - 25 45
input Sink Cumrent (Vipin 3= 0.7 V) I 0.3 07 - mA
DEADTIME CONTROL SECTION (Test Circult Figure 11)
Input Bias Current (Pin 4) (Vpm4 = 0V o 5.25 V) i @) - -20 -10 A
Maximum Duty Cydle, Each Output, Push-Pull Mode DCrnax %
(VP4 =0V, Cy = 0.01 uF, Ry = 12 kQ) 45 48 50
(VP4 =0V, Cr = 0.001 uF, Ry = 30 k) - 45 50
input Threshold Voltage (Pin 4) Vi v
(Zero Duty Cycle) - 2.8 a3
(Maximum Duty Cycle) 0 - -
OSCILLATOR SECTION
Frequency (Cy = 0.001 uF, Ry = 30 ka) fosc - 40 - KHz
Standard Deviation of Frequency® (Cr = 0.001 uF, Ry = 30 kQ) fosc - 3.0 - %
Frequency Change with Voltage (Vo = 7.0 V t0 40 V, Ty = 25°C) Afac (AV) - 0.1 - %
Frequency Change with Temperature (ATa = Ty 10 Trugn} Aloge (AT) - - 12 %
(Cr=0.01 yF, Ry = 12 k)
UNDERVOLTAGE LOCKOUT SECTION
| Tum-On Threshold (Ve increasing, et = 1.0 mA) Ve | 55 | s43 | 70 | v |
TOTAL DEVICE
Standby Supply Current (Pin 6 at Vyer, Al other inputs and outputs open) |  lcc mA
Vec=15V) - 55 10
(Voc=40V) - 7.0 15
Average Supply Cumrent mA
{Cr=0.01 yF, Ry = 12k, Vipin ) =20 V) - 7.0 -
(Ve = 15 V) (See Figure 12)
¥ ox, - X2
* Standard deviation Iz @ measure of the statistical distribution about the mean as derived from the formuta, a _ | =5
N-1

http:/ionsemi.com
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TL494, NCV494

This device contains 46 active transistors.
Figure 1. Representative Block Diagram
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Figure 2. Timing Diagram

http:/ionsemi.com
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TL494, NCV494

APPLICATIONS INFORMATION

Description

The TL494 is a fixed—frequency pulse width modulation
control circuit, incorporating the primary building blocks
required for the control of a switching power supply. (See
Figure 1.) An internal-linear sawtooth oscillater is
frequency— programmable by two external components, Ry
and Ct. The approximate oscillator frequency is determined
by:

fose = 1.1
RreCr
For more information refer to Figure 3.

Output pulse width modulation is accomplished by
comparison of the positive sawtooth waveform across
capacitor Cr to either of two control signals. The NOR gates,
which drive output transistors Q1 and Q2, are enabled only
when the flip—flop clock—input line is in its low state. This
happens only during that portion of time when the sawtooth
voltage is greater than the control signals. Therefore, an
increase in contro}-signal amplitude causes a corresponding
linear decrease of output pulse width. {Refer to the Timing
Diagram shown in Figure 2.)

The control signals are external inputs that can be fed into
the deadtime control, the error amplifier inputs, or the
feedback input. The deadtime control comparator has an
cffective 120 mV input offset which limits the minimum
output deadtime to approximately the first 4% of the
sawtooth—cycle time. This would result in a maximum duty
cycle on a given output of 96% with the output control
grounded, and 48% with it connected to the reference line.
Additional deadtime ntay be imposed on the output by
setting the deadtime—control input to a fixed voltage,

ranging between 0 Vto 3.3 V.
Functional Table
Pl Output Output Function ':: -
Grounded Single—ended PWM @ Q1 and Q2 1.0
@ Voot Push—pull Operation 0.5

The pulse width modulator comparator provides a means
for the error amplifiers to adjust the output pulse width from
the maximum perceat on—time, established by the deadtime
control input, down to zero, as the voltage at the feedback

pin varies from 0.5 V to 3,5 V. Beth error amplifiers have a .

common mode input range from —0.3 V to (Ve —2V), and
may be used to sense power—supply output voltage and
current. The error—amplifier outputs are active high and are
ORed together at the noninverting input of the pulse—width
medulator comparator. With this configuration, the
amplifier that demands minimum output on time, dominates
control of the loop.

When capacitor Ct s discharged, a positive pulse is
generated on the output of the deadtime comparator, which
clocks the pulse—steering flip—flop and inhibits the output
transistors, Q1 and Q2. With the cutput-—control connected
10 the reference line, the pulse—steering flip—flop directs the
modulated pulses to each of the two output transistors
altemately for push—pull operation. The cutput frequency is
equal to half that of the oscillator. OQutput drive can also be
taken from QI or Q2, when single—ended operation with a
maximum on-time of less than 50% is required. This is
desirable when the output transformer has a ringback
winding with a catch diode used for snubbing. When higher
output—drive currents are required for single—ended
operation, Q1 and Q2 may be connected in parallel, and the
output-mode pin must be tied to ground to disable the
flip—flop. The output frequency will now be equal to that of
the oscillator.

The TL494 has an internal 5.0 V reference capable of
sourcing up to 10 mA of load current for external bias
circuits. The reference has an internal accuracy of * 5.0%
with a typical thermal drift of less than 50 mV over an
cperating temperature range of 0° to 70°C.
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TL494, NCV494
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Emor Amplifier

0 0 +~ Under Test

Feedback
—0C Terminal
(Pin 3)
——
= Vet 06— -

g
g

Figure 10. Error-Amplifier Characteristics

Figurs 12. Common=Emitter Configuration
Test Circuit and Waveform

Test

O——————1 Deadtime

npts o Feedback

B

=

o

o)
Voo = 15V ¢
1502 150
v S WS ow
'CC
Ct 40 Output 1
o
2 © Qutput 2
o
) =
) Emor
i
Output
Control Out
Gnd
<

Figure 11. Deadtime and Feedback Control Circuit

Figure 13. Emitter-Follower Configuration
Test Circuit and Waveform
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Vo To Output

A1

Voltage of
System

+

Vg €«——f——0———f -

Error
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TL494, NCV494

Postive Quiput Voltage

)

R
Vo=V (1 + -
2

Figure 14. Error-Amplifier Sensing Techniques

\f

Max%on'l’me,mm-w—(

1+%)

Figure 15. Deadtime Control Circuit

l_‘”‘:";

0SVocs04V

Single-Ended

——o0—p—> Q¢

.
N

1.0mAlo
500 mA

e
——0——>

3
&

Figure 16. Soft-Start Clrcuit

24V < Voo S Vit

OQutput
Icornml

—0
0 1.0mAle
Et 250 A
E—

Push-Pull

—o
a OF
0

Figure 17. Output Connections for Single—Ended and Push-Pul! Configurations
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Master

Vred
6
Ry Slave
s
b Gy Circutts)

Figure 18. Slaving Two or More Control Circuits

r——"
Rs Voo | |
o BT !
o 1N975A : :
V=39V | 50V |

Ref
| |
a7 | |
God | I
T 7 | [
= [ I |

Figure 19. Operation with V, > 40 V Using

External Zener
Vi =8 0Vio 20V
o—
129 Vo =28V
1 Voo 47 T 1N4934 Ip=02A
+ r»w:j._.. 1 o
2] 8 Tp ﬂ%
™ 32 Ly . k
—3—3] comp Tuss }’*1 Ta L
- Tp| %
£ 26V 4% 3 o
18 1 T
AAA -~ 39V
' 0C Vage DT C; R Gd B! 2 pa 1 o
131 14 5] 6f 7} 8] 10
Shig q 20 <
4.7k > 10
1
R ™ u’f *
O ¢ O
All capacitors in pF
Figure 20, Pulse Width Moduiated Push-Pull Converter
Test Conditions Resaults
Uine Regulation Vin=10Vi0 40V 14mV 0.28% L-35mH@0a3A
T1 - Primary: 20T C.T. £28 AWG
Load Regulation Vin=28V,lp=1.0mA1.0A | 3.0mV 0.06% Secondary: 1207 C.T. #38 AWG
Output Ripple V=28V, lo=10A 65mV pp PARD. Core: Feroxnube $406P-100-3CB
Short Clrcuit Current | Vin =28V, R =0.1Q 18A
Efficiency Vin=28V,lp=10A 71%

httpJ/ionsemi.com

[T SN

R o TR B v



TL494, NCV494

1.0mH @ 24
Vi = 10V 10 40V —_— g =50V
o Tp2A mm o
4 o =10A
VA
47
150 -
12 -[
T sl n o
l 1.0M
Veo Ci & Comp 3
- -z—o._;
1 $ 5.0k 5.1k
50 Lt 1—o ANA-
T
50V TL494 Ve 1 I
+
15 % 500 —
- f—0—a4—A- MR850 1oV
1% 5.1k
+
Cr R DT 0C.Gd E; E
5 6 |4 j13]|7 |9 {10 'L
| T~ 1w
3 150
0.001 T 47k
_ _ O
§ 0.1

Figure 21. Pulse Width Modulated Step-Down Converter

Test Conditions Results
Line Regulation Vir=80Vic40V 3amv  0.01%
Load Regulation Vip =126 V. Ig = 0.2 mA 10 200 mA 50mvV  0.02%
Output Ripple Vin= 126V, Ig = 200 mA 4OmVpp PARD.
Short Circult Current V=126 V,R =010 250 mA
Efficlency Vih =128V, Ig = 200 mA 2%
http-//onsemi.com
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PACKAGE DIMENSIONS
PDIP-16
N SUFFIX
CASE 648-08
ISSUE R
el nlalalale)
18 [ _T
p B
gvuvuuuﬁ ¢
T -
_[5
NI [T dee
e sl B s "
—»ire— D 18 PL
[&] 025 po0)®]T]A ®)
SO-16
D SUFFIX
CASE 751B-05
ISSUE J
AR AR AHRR T
46 [] j
ParL
. [@] 025 poto) @8 @)
Hj.T;H B HHH
6

4

[®]o=50010@]T]6 ®]AG)]

Lr_‘;— {{j ~ty

NOTES:

1
2.
3
4
5

. DIMENSIONING AND TOLERANCING PER ANSI

Y43, 1962,
CONTROLLING

. DIMENSION B DOES NOT INCLUDE WOLD FLASH,
QPTIONAL.

. ROUNDED CORNERS
WLLMETERS
pm | wN | max | sew | wax
A | 0740 § 0. 1850 } 19,
3 | 0350 [ 020 | 63
e [ of qu__ 300 ’—ﬁ%
0 | 0ats | ooet )
F 0.0 0.70 y 74 117
100.85C
H 050 B5C 12
o008 [ 9015 | 921 | 038
X [ o110 | 039 | 280 |
L ]9 750 | 774
W] o7 ©0°] e°| w°
s 1 oo oo | est | im

NOTES:

1. OIMENSIONING AND TOLERANCING PER ANSI
VIS, 12

2. CONTROLLING DIMENOION Ml LIMETER

3. DIMENSIONS A AND B DO MOT INCLUDE
MOLD PROTRUSION.

4. WAXIMUM WOLD PROTRUSION 0.15 (9.008

PER BDE.
5. DIMENSION D DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWMILE

TAMBAR
PROTAUSION SHALL BE 0.127 £.005) TOTAL

N EXCEBS OF THE D DIMENSION AT
MAXIMUM MATERIAL CONINTION.
« | _MLLMETERS INCHES
A
]
F
1
d .1
K
. ] & '. Jo
-
[ 4
R

hitp:/lonsemi.com
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TL494, NCV494

SWITCHMODE is a trademark of Semiconductor Components Industries, LLC.

ON anwawwamucmcuc) SCILLC resarves tha right 0 make changes withoul further notice
bl\ylnchchr-nn SCILLC makes no by aor g regarding the sultebiity of ks products lor eny p purp d-m-ﬂmuvbbmy
mudumumdqmammmmwwmm Including without special,
memummEMMMMWNMMWthmmmm-qmmnm NI
mmmwmumummmwm-wm SCILLC does not cormey ey losnse under s paliond rights:
nor the rghts of others. SCILLC products s not designad, or for use as for surgical implant N0 the body, or other spplications
Wumamnuummmhmmudhwucmumammmmmmmm Shoud
Byt purchase or use SCILLE products for sry such uning - Buyer shall indemmify and hold SCRLC and ks officers, empioyess, fubcidlannos, sffifacs,
mmwmummmm P and y foas artaing out of, directly or indirectly. any cisim of pemonsl injury or death

with such rized upa, sven I such claim sllages that SCILLC was negligant reganding the design or menufacture of the part. SCILLC s an Gquat
Opp A Action E This B Is subject 10 ol applcable copyright laws and is not for resals in ary menner.

PUBLICATION ORDERING INFORMATION

UTERATURE RILPLLMENT N. American Technk pport 800-282-5855 Toll Free  ON Samiconductor Welalta: Rty Bonsseml.cont
Liseraiure Distribution Centar for ON Semiconducior USA/Cansde
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Phone: 303~875-2175 or 00-344-3850 Toll Fres USA/Canade  Japsn: ON Semiconductor, Japen Customer Focus Center
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TOSHIBA

TLP250

TOSHIBA Photocoupler GaAlAs Ired & Photo-IC

TLP250

Transistor Inverter

Inverter For Air Conditionor
IGBT Gate Drive

Power MOS FET Gate Drive

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

This unit is 8-lead DIP package.

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

¢ Input threshold current: IF=5mA(max.)

¢ Supply current (Icc): 11mA(max.)

¢ Supply voltage (Vco): 10-35V

e Output current ([0): +1.5A (max.)

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

¢ Isolation voltage: 2500Vems(min.)

e UL recognized: UL1577, file No.E67349

¢ Option (D4) type
VDE approved: DIN VDE(884/06.92,certificate No.76823
Maximum operating insulation voltage: 630VPK
Highest permissible over voltage: 4000VPK

{Note) When a VDE0834 approved type is needed,
please designate the "option (D4)"
¢ Creepage distance: 6. 4mm(min.) -
Clearance: 6.4mm(min.)

Unit in mm

Ber0as,

- ¢
L ?
2%cCds bl
TOSHIBA 11-16C4
Weight: 0.54 g

Schmatic Pin Configuration (top view)
lcc
1.—_.
T ’ ©  Vge 100 s
8
| (Tr 1)
5 ' 2 E} N 17
2+ —° Vo -
VE }Zt >— 7 a{] e
3- —0 Vo
‘_
o © ni s
T (T2
- - O
. &P 1:N.C.
A 0.1uF bypass capcitor must be 2: Anode
connected between pin 8 and 5 (See Note 5). 3 : Cathode
4:NC.
5:GND
6: Vo (Output)
7:Vo
8:Vce
Truth Table
T ™
Input on On on
_LED on on on
1 ~ 2004-06-25



Absolute Maximum Ratings (Ta = 25°C)
Characteristic Symbol Rating Unit
Forward current Ig 20 mA
Forward current derating (Ta 2 70°C) Al 1 ATa -0.36 mA/°C
@ Peak transient forward curent {Note 1) IFPT 1 A
Reverse voltage VR 5 v
Junction temperature Tj 125 °C
“H"peak output current (Py < 2.5us,f < 15kHz) (Note 2) loPH -1.5 A
"L’peak output current (Py s 2.5us,f < 15kHz) (Note 2) forPL +1.5 A
{Ta s 70°C) a5 .
Qutput voltage Yo v
< (Ta=85°C) : 24
e (Ta s 70°C) 35
2 Supply voltage Vee \)
(Ta=85°C) 24
Output voltage derating (Ta 2 70°C) AV /! ATa -0.73 vicC
Supply voltage derating {Ta 2 70°C) AVee/ ATa -0.73 vicc
Junction temperature Tj 125 °C
Operating frequency {Note 3) f 25 kHz
Operating temperature range Topr -20~85 ”c
Storage temperature range Tag -55~125 *C
Lead soidering temperature {10 s) {Note 4) Teat 260 °C
[solation voltage (AC, 1 min.,, R.H.< 80%) (Note 5} BVs 2500 Vrms

Note 1:  Puise width Py s 1us, 300pps
Note 2:  Exporenential wavefom
Note 3:
Note 4. it is 2 mm or more from a lead root.
Note 5:

together.
Note 8:

Exporenential wavefom, lopH s —1.0A( s 2.5p8), lop_ S +1.0A( s 2.50s)

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

A ceramic capacitor(0.11F) should be connected from pin 8 1o pin 5 to stabilize the operation of the high

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

Recommended Operating Conditions

Characteristic Symbol Min. Typ. Max Unit
Input current, on (Note 7) IFoN) 7 8 10 mA
Input voltage, off VF(OFF) 0 - 0.8
Supply vottage Vee 15 - 0 | 2 v
Peak output current lorHlopL — —_— 105
Operating temperature Topr -20 25 70 85 *C

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

2004-06-25



[
Electrical Characteristics (Ta = -20~70°C, unless otherwise specified)
Test
Characteristic Symbol Cir- Test Condition Min. Typ.* Max. Unit
cuit
Input forward voltage VE — le=10mA , Ta=25C 1.6 1.8 v
Temperature coefficient of o
forward Vﬂnage AVFI ATa -_ IF =10mA —_ -2.0 — mVv/°C
Input reverse current IR — VR =5V, Ta=25C -— 10 BA
Input capacitance Crt —_ V=0,f=1MHz Ta=25°C - 45 250 pF
e I = 10mA
H* level ioPH 3 -05 -15 -
— Vg g=4V
Output current :{%C = 30v 86 A
o n F=0
L" level lopL 2 Vg =25V 0.5 2 -_
aye Veet = +15V, VEgy = -15V _
H" level VoH 4 |r7%%000, If = Sma 11 128
Output voitage v
o= Veet = #1858V, VEg = -15V _ _ “
L" levef VoL 5 R_ = 2000, VE = 0.8V 14.2 12.5
Vee = 30V, If = 10mA _ 7 _
“H* level lccH —_ Ta=25°C
Supply current Vee =30V, I = 10mA _ - 11 A
Vee = 30V, (= OmA - 75 .
'L" tevel lccL — (Ta=25C
Vee = 30V, Ip = OmA —_ — 1
Threshold input “Output FLH _ Veoey = #15V, VEgy = 15V _ 12 5 mA
current R =200Q, Vo >0V
Threshold input . FHL _ [vect =+15v, vegy =-15v 0.8 _ _ v
vollage R = 2000, Vg < OV
Supply voltage Vee —_ 10 — 35 v
Capacitance Vs=0,1=1MHz
- c —_ s - 1.0 20 F
input-output) s Ta =25 - P
; . Vg =500V, Ta=25C 12 14 .
Resistance({input—output} Rs ~ IR 80% 1%10 10 n
* All typical values are at Ta = 25°C  (*1): Duration of 1p time < 50ps
3 2004-06-25



TOSHIBA TLP250

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

Test
Characteristic Symbol Cir- Test Condition Min. Typ.* Max. Unit

cuit
Propagation L—H toLH - 0.15 0.5
defay time I = 8mA (Note 7) - 0.15 05

H—-L F . .
oL 6 |Voes=+15V, Vegs = ~15V ps

Output rise time t Ry =2000 — — —
Output fall ime (] — - -
Common mode transient
N y . Vem = 600V, Ig = BmA
immunity at high level CmH 7 - — ace -5000 -_ - Vius
output Vce = 30V, Ta=25°C
Common mode transient
; y Vem = 600V, Ig = OmA
Immunity at iow level CmL 7 - = nEs 5000 - — Vips
output Vg = 30V, Ta=25°C

* All typical values are at Ta = 25°C
Note 7: Input signal rise time (fall time) < 0.5 ps.

4 2004-06-25



TOSHIBA

TLP250

Test Circuit 1:

Test Circuit 3 : IOPH
1[0

]
) CD_E ] T 0.1yF

i H—®
4 E } loPH
Test Circuit 5: Vg
] :
T 0.1pF JT:. Vet

Vg Rt

—
Ly
i

ITII._II—.-JLJ

.
T VEE1

Test Circuit 2 . IOPL

1
i
i

 LJ
| ey

4[]

Test Circuit 4 : VOH

Vcet

VEE1
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TOSHIBA TLP250

Test Circuit 6: toLu. toHL, tr b

[ Y |
SLw JTo.mF l Veet

o——[ :] W vo 80%
H——
80%
1000 J—<
VEE1
Test Circuit 7. Cymp, CmL
8
1 |y
sw IF IO.1|JF
-
] T ___Vcc
Ap'0o B F
; ~  H—w
o H
Vem
-0 T
800V
Vv %% |
™ 10%
>} « t" 1 G 480
ML =
SW A(IF=8mA) (us)
CMH . 480 (V)
CHL
SW :B(l¢=0)

CML(CmH) is the maximum rate of rise (fall) of the common mode voltage that can be sustained with the cutput
voltage in the low (high) state.




TOSHIBA

TLP250

IF (mA)

Forward current

IF (mA)

‘Aflowable forward current

ARowable pesk output current
: lopH, lopL  (A)

Ig~ Vg * Vel Ta-if
100, E
Pappren e 26
50 —
1 A O 24
Vi g
10 % E
5 =7 g .22
3 l’ £ # N\
B, "
0
1 = @y -20
1N
05 ] -1
. g .
03 f-
f 2E s
£Fg
01 o E
un o
0.05 8 18
043 7
oM l -1.4
1.0 12 14 16 18 20 0.1 02 05 1 3 5 10 30
Forward voltage VF V) Forward curmrent I (mA)
Ip-Ta Ve —Ta
40 a0
e
30 8 30|
>
£
20 H 20,
F3
g
=
]
10 § 10
2
<
0 [+
4} 0 0 -] a0 100 0 20 0 -] 0 100

Ambient temperature Ta (*C)

lopH, lopL — Ta

T L] T T T

PW- Q58 T+ 15Kz

N

0 20 .0 60 a0 100
Ambient Temperature Ta (°C)

Ambient temperstwre Ta (*°C)
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TOSHIBA TLP250

RESTRICTIONS ON PRODUCT USE

« The information contained herein Is subject to change without notice.

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

« TOSHIBA is continually working to improve the quality and reliabllity of its products. Nevertheless, semiconductor devices in
generai can malfunction or fail due to their inherent electrical sensitivity and vulnerabiiity to physicat stress. it is the responsibilily
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,
bedily 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 nelther intended nor wamanted for usage in equipment that requires extraordinarily high quality and/or reliability or a
malfunction or faifure of which may cause loss of human Kfe or bodily injury ("Unintended Usage"). Unintended Usage incluco
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 producis
listed in this document shall be made at the customer’s own risk.

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

¢ TOSHIBA products should not be embedded to the downstream products which are prohibited to be produced and sokd, under
any law and reguletions.

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




LM339, LM339A, LM239,
LM239A, LM2901, M2901V,
MC3302

Quad Single Supply

comparators _ _ ON Semiconductor
Thesc comparators are designed for use in level detection, low—levcl Formeny 3 Denzion of Motorods
sensing and memory applications in consumer automotive and http:fionsemi.com

industrial electronic applications.
® Single or Split Supply Operation

® Low Input Bias Current: 25 nA (Typ)
¢ Low Input Offset Current: 5.0 nA {Typ) 1
® Low Input Offset Veltage: +1.0 mV (Typ) LM139A Series !
¢ Input Commen Mode Voltage Range to Gnd Né:ssel":zx
# Low Qutput Saturation Voltage: 130 mV (Typ) @ 4.0 mA
® TTL and CMOS Compatible .
® ESD Clamps on the Inputs Increase Reliability without Affecting "
Device Operation 1
MAXIMUM RATINGS SO-14
D SUFFIX
Rating Symbol Value Unit CASE 751A
Power Supply Voltage Vee vde
1. M239, A/JLM33SANM2901, V +36 or +18 PIN CONNECTIONS
MC3302 +300r115
Input Differential Voltage Range VIOR Vdc ./
LM239, AALM335AAM2901, V 36 Outpet 2 [ 1] [14] Output 3
MC3302 30
Outpet 7 | 2 1 13 | Output 4
Input Common Mode Voltage Range VicMr | 03t Voo Vde E :}
Output Short Circuit to Ground (Note 1) | 1g¢ Continuous vee [ 12} G
Power Dissipation @ T4 = 25°C Fo - g1 4] (1] + Input 4
Plastic Package 1.0 w
Derate above 25°C 8.0 mw/eC +input 1 5] 0] - nputd
Junction Temperature Ty 150 °C -lanIZE Zl*mﬂ
Operating Ambient Temperature Range TA °C
LM239, A ~2510 +85 +inpue2 [7] 8] - Input3
MC3302 —40 to +85
LM2501 —40to +105
LM2901V 4010 +125 (Top View)
LM335, A Dto+70
Storage Temperature Range Tstg —6510+150 °C N
NOTE: 1. The maximum oulpul Guarent may be am high 88 20 mA, indepandant of tha magnitude of Ve - -
Output short circults 1o Voo can Couse excessive haating and sventual destruction.
Figure 1. Circuit Schematic
vee T 9 +Input -inpt ¢ ¢ Oupu ORDERING INFORMATION
L . See detailed ordering and shipping information in the package
3 dimensions section on page 5 of this data sheet.
.. r r
A W L
b 4

NOTE: Diagram shown is for 1 comparator.

g P g o e b S S

e L o v 1 Publication Order Number: -
October, 1999 — Rev. 3 ™




LM339, LM339A, LM239, LM239A, LM2901, M2901V, MC3302

ELECTRICAL CHARACTERISTICS (Vo = +5.0 Vdc, Ty, = +25°C, unless otherwise noted)

LM233A/339A LM239/339 LM2901/2801V MC3302
Characteristic Symbol | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min { Typ { Max | Unit
Input Offset Voltage (Note 4) Vio - {$1.0|+20] - [+201450| - |[+20|=7.0| - }+3.0| +20 | mvdc
Input Bias Cumrent (Notes 4, 5) s - |25 |250] - | 25 [250 | - 25 1250 - | 25 |500| nA
{Output in Analog Range)
Input Offset Current (Note 4) ho ~ 1450|450 ) ~ |450 (450 | - |[+50|450 | - [+3.0 {+100} nA
input Common Mode Voltage VICMR 0 - Jvec| O - |veel o - |vVec] © - IVee| Vv
Range -1.5 -1.5 -1.5 -1.5
Supply Current lce mA
R = = (For All Comparators) - {08}20| - |0B|]20]|] - |0OB |20} - |08 |20
R| = e, Voo = 30 Vde - 1.0 | 25 - 1.0 | 2.5 - 1.0 1 25 - 10 ] 25
Voltage Gain AyjoL | 50 200 - |50 [200f - {25 J100[ — |25 100 - |vimv
RL 215k, Voo = 15 Vdc
Large Signal Response Time - - 300 | - - 1300 - - | 300{ - - 1300 | - ns
V| =TTL Logic Swing,
Vref = 1.4 Vdc, VR = 5.0 Vdc,
Ry =51kQ
Response Time (Note 6) - - 13| - - 1.3 - - 13| - - 13 | - ns
VRL = 5.0 Vdc, R =5.1k2
Output Sink Current 1sink 60| 16 | - [60 | 16 - |60 | 16 - |60 | 16 -
Vi {-) 2 +1.0 Vdc, V(+)=0,
Vg s1.5Vde
Saturation Voltage Vgat - |130j400| - [130 |400| - [130[400 | - |130 [500 | mV
V(=) 2 1.0 Vdc, V|(+) =0,
Isink < 4.0 mA
Output Leakage Current loL - jot1} - - ]01 - - |01 ] - - 101} ~ nA
Vi(+) 2 +1.0 Vdc, v|(-) = 0,
Vo =+5.0Vdc
PERFORMANCE CHARACTERISTICS (Vo = +5.0 Vdc, TA = Tiow to Thigh [Note 3]}
LM239A/339A LM239/339 LM2301/2901V MC3302
Characteristic Symbol { Min | Typ | Max | Min | Typ |Max | Min | Typ | Max | Min | Typ | Max | Unit
Input Offset Voltage (Note 4) Vio - - |H40] - - [18.0] - - |15 ] - ~ [ 240 § mvde
Input Bias Current {Notes 4, 5) B - - 400 | - - {400 ] - - |50} - ~ [1000| nA
{Output in Analog Range)
Input Offset Cumrent (Note 4) Lo - - Jz150f - -~ |x150) - - {200} - - 1300 | nA
input Common Mode Voltage VICMR 0 - |(Vecf O - |Vecl O - |Vec}| O - |vVecl Vv
Range -2.0 -2.0 -2.0 2.0
Saturation Voltage Vsat - - |700{ - - (00| - - |70 - - |70 | mv
VH~) 2 +1.0 Vdc, Vi(+) =0,
laink < 4.0 mA
Output Leakage Current loL - - 110 | - - 110 }| - - 110 | - - |10 ] pA
Vi(+) 2 +1.0 Vdc, Vi(-) =0,
Vo =30 Vde
Differential Input Voitage Vip - - Iveel - - Veel - - Vel - - Voo | Vde
AV 20 vde

NOTES: 3. (LM23%/239A) Ty, = =25°C, Thygp = +85°
(LM335/339A) Tipy =0°C, Thigh =+70°C
(MC3302) Ty = —40°C, Tpioh = +85°C
(LM2901%) Tioy = —40°C, Tpop = +105°
(LM2901V) Ty, = ~40°C, Tryon = +125°C

4. At the output swilch point, Vo = 1.4 Vdc, Rg < 100 2 5.0 Vde s Vi < 30 Vide, with the inputs over the full common mode range

{0 Vdc 1o Vo -1.5 Vi)

5. The bias current flows out of the inputs due to the PNP input stage. This current (s virtually constant, indepsndent of the output slate.
6. The response time specified is for a 100 mV input step with 5.0 mV averdrive. For larger signals, 300 ns Is typical.

~ http:lionsemi.com
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LM339, LM339A, LM239, LM239A, LM2901, M2901V, MC3302

Figure 2. Inverting Comparator Figure 3. Noninverting Comparator
with Hystersis with Hysteresis
« Voo +Vee

R3

10k 10k

%m

> oo
+ Vop 0—VvWA y_{
Vel | 122M
: R1
m‘im g e JE o
L Reef + R1 ———AAA ek = Regt + K1
R3 = R1//Rg/IR2
R”T:d R2 ~ R1//Regy
Vh = e——— -V0(mi ) Amount of Hysteresis V|
H R/ 1 Reet + R2 No(max) - VO({min)! Rzyslet H
RZ » Rref//R1 VH= F ra IVo(max) - YO(min)

Typical Characteristics
(Vce = 15 Vde, Ta = +25°C (each comparator) unless otherwise noted.)

Figure 4. Normalized Input Offset Voltage Figure 5. Input Bias Current
140 48
A
g 2 =
L L~ 3 -]
g 1.2 // g 36 TA=-55°C — —
(] ] g 1™ Tp = 425°C |
w
e 1.00 2 A //7 Tp= 9125C
=] - B qgp——
= A ~ 5
S 080 > Z 1
= o
- 60
0.60 0
-50 ~25 0 25 50 15 100 125 0 40 8.0 12 16 20 24 2 2
Ta, AMBIENT TEMPERATURE {°C) Voo, POWER SUPPLY VOLTAGE (Vdc)

Figure 6. Output Sink Current versus

Output Saturation Voltage

80
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x 50 4
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(&)
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E 1 ,/
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o 2 / ///

WY/ 4
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LM339, LM339A, LM239, LM239A, LM2901, M2901V, MC3302

Figure 7. Driving Logic

Vce

Rs R
Vin

Vre' o—
R1

Rg = Source Resistance

Rl =Rg
Vee RL
Logic Device v} kO
CMOS |1/4 MC14001; +15 100

TTL  |1/4MC7400 | +5.0 10

Figure 8. Squarewave Oscillator

Vecz 40V
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Ve I_
N ‘TZ'

T1=T2=069RC
12

CluF}
RZ=R3=R4
R1 m R2/IR3 /R4

[

APPLICATIONS INFORMATION

These quad comparators feature high gain, wide
bandwidth characteristics. This gives the device oscillation
tendencies if the outputs are capacitively coupled to the
inputs via stray capacitance. This oscillation manifests itself
during output transitions (YQL to VQH). To elleviate this
situation input resistors < 10 kQ should be used. The

Figure 9. Zero Crossing Detector
(Singte Supply)

+15V

10k

Vo

15k M
R3

D1 prevertts input from going negative by more than 0.6 V.
R1+R2=R3

Ri< ?—: for small ervor in zero crossing

addition of positive feedback (< 10 mV) is also
recommended. It is good design practice to ground all
unused input pins.

Differential input voltages may be larger than supply
voltages without damaging the comparator’s inputs.
Voltages more negative than =300 mV should not be used.

Figure 10. Zero Crossing Detector
(Split Supplies)

Vin(min) = 0.4V peak for 1% phase distortion (A8).

Vi Vin{min)
vee e
9 —
£ 10k
—o V,
Vin 0 Veo T |
l
L Vo { 2]
) Vee e 20
VEE B L

e e e R 0 o 5 o UL £ 25 AR R T RT3t W
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LM339, LM339A, LM239, LM239A, LM2901, M2901V, MC3302

ORDERING INFORMATION
Device Package Shipping
LM239D 50-14 55 Units / Rail
LM23SAD S50-14 55 Units / Rait
LM239DR2 S0-14 2500 Units / Tape & Reel
LM239ADR2 SO-14 2500 Units / Tape & Reel
LM239N DIP 14 25 Units / Rail
LMZ239AN DiP 14 25 Units / Rail
LM339D SO-14 55 Units / Rait
LM339AD SO-14 55 Units / Rail
LM339DR2 SO-14 2500 Units / Tape & Reel
LM339ADR2 S0-14 2500 Units / Tape & Reel
LM339N DIP 14 25 Units / Rall
LM339AN DIP 14 25 Units / Rait
LM2901D SO-14 55 Units / Rall
LM2901DR2 SO-14 2500 Units / Tape & Reel
LM2901N DIP 14 25 Units / Ral
LM2901VD SO-14 55 Units { Radl
LM2901VDR2 SO-14 2500 Units / Tape & Reel
LM2301VN DIP 14 25 Units / Ral

e

" hitp:iionsemi.com
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LM339, LM339A, LM239, LM239A, LLM2901, M2901V, MC3302

PACKAGE DIMENSIONS
N, P SUFFIX
PLASTIC PACKAGE
CASE 64606
ISSUE L
NOTES:
1. LEADS WITHIN 0.13 (0.005) RADIS OF TRUE
DASNANARN POSITION AT SEATING PLANE AT MAXIMUM
1] ] T MATERIAL CONDITION.
2. DMENSION L TO CENTER OF LEADS WHEN
B FORMED PARALLEL
O ‘ 3. DMENSION B DOES HOT INCLUDE MOGXD
1 7 FLASH,
T ATATATATAT 5. ROUNDED CORNERS OPTIONAL
A INCHES | MILUMETERS
[ DM} WN | WAX | MeN | MAX
A 05 | 0770 | 1816 | 19.56 |
—{Fle— L—m B |00 |0 610 | 660
C 1 OM5 10185 | 369 ] 469 |
15 0621 | 038 | 053
3 ogr0 | 12| 18
¢ € G | 0.100BSC 254 BSC
W | 0052 Joms | ] 241
J J oms | 020 | 036
N ) K | o115 Jons | zw | 34
L | 03008SC 162 BSC
rime K M| 6] W] e°] 107
H G D M ¥ o015 foow ] oxw ] 1ot
http:/lonsemi.com
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LM339, LM339A, LM239, LM239A, LM2901, M2901V, MC3302

PACKAGE DIMENSIONS

D SUFFIX
PLASTIC PACKAGE
CASE 751A-03
{50-14)
ISSUE F

1l

llg] 0250010@[6 @]

-C R“"‘j I+

L___g_g_g_g n_t_Kv_ {.{1 St

Dum

[p]o250010@][1]8 ®[AO)]

NOTES:

1. DIMENSIONING AND TOLERANCING PER ANSI

we

Y14.5M, 1982

. CONMTROLUING DIMENSION WMILLIMETER,

DIMENSIONS A AND B DO NOT INCLUDE
MOLD PROTRUSION.

MAXIMUM MOLD PROTRUSION 0.15 10.006)
PER SIDE.

. DIMENSION D DOES NOT INCLUDE DAMBAR

PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 §.005) TOTAL

N EXCESS OF THE D DIMENSION AT
MAXIMUM MATERIAL CONDITION.
DM

A

| ]

c

1]

F

G

) [ 015 | 075 | ooos [ eood

1 0.004

cen o ot s
L | 620 | 024
R1 02| 0500
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SN74LS832
Quad 2-Input OR Gate

Vee
ON Semiconductor
14 m] m m m m m Formeny a Dwzion of otorola

g l E'I I http://onsemi.com

' LOW
E)‘l _-—_"2'1 POWER
SCHOTTKY

Ld 2] 3] Lol Lsf Led L]

GND
GUARANTEED OPERATING RANGES
Symbol Parameter Min Typ Max { Unit
Voc | Supply Voitage 475 | 50 | 525 | Vv ”
Ta Operating Ambient 0 25 70 °C )
Temperature Range
- PLASTIC
lox Output Cumrent — High -04 mA N SUFFIX
loo | Output Cument - Low 80 | ma CASE 646
P
1
§0IC
D SUFFIX
CASE T51A
ORDERING INFORMATION
Device Package Shipping
SN74LS32N 14 Pin DiIP 2000 Unite/Box
SN74L532D0 14 Pin 2500/Tape & Reel
— o L L S S S e e -

December, 1999 — Rev. 6 SN74L832/D



SN74LS32

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

Limits
Symbol Parameter Min Typ Max Unit Test Conditions
Guaranteed input HIGH Voltage for
ViH Input HIGH Voliage 2.0 . v All Inputs
0.8 Guaranteed nput LOW Volitage for
Vi tnput LOW Voltage \' Al Inputs
Vi Input Clamp Diode Voltage ~-0.65 -1.5 v Vo =MIN, iy =-18 mA
27 35 \ VCC = MfN, iQH = MAX, VIN = le
Vou Output HIGH Voltage of Vy_per Truth Table
025 04 v loo=40mA | Vcc=Vcc MIN.
Voo Output LOW Vottage ViN=ViLorViy
0.35 0.5 v loo =8.0mA | per Truth Table
20 BA Voo =MAX, Vy=2T7V
f|H Il’lpu'. HIGH Current
0.1 mA Voo = MAX, Vin=70V
WL input LOW Current -04 mA Voe = MAX, Viy=04V
los Short Cireuit Current (Note 1) -20 -100 mA Vee = MAX
Power Supply Current
lec Total, Output HIGH 6.2 mA | Vec=MAX
Total, Qutput LOW 98
Note 1: Not more than one output should be shorted at a time, nor for mora than 1 second.
AC CHARACTERISTICS (T = 25°C)
Lienits
Symbol Parameter Min Typ Max Unit Test Conditions
torn Tum-Off Delay, Input to Output 14 22 ns Vec =50V
L Tum-On Detay, input to Output 14 22 ns CL=15pF

A o R P AT RN N S Y ) TR 4 e e b e A S e

ATASRL AL+ T Bkt AR
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PACKAGE DIMENSIONS

N SUFFIX
PLASTIC PACKAGE
CASE 646-06
ISSUEM

o}

porl— {T] e
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D SUFFIX
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NOTES:

1
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DIMENSIONING AND TOLERANCING PER ANSI
Y145, 1962

CONTROLLING DIMENSION: INCH.
DMENSION L TO CENTER OF LEADS WHEN
FORMED PARALLEL

4. DMENSION B DOES NOT INCLUDE MOLD FLASH.
5.

ROUNDED CORNERS OPTIONAL.

INCHES
L....]

015 1 0
0.

-s-!n-:ﬁ-nenn:li
=1
ol

MOTES:

1. DIMENSIONING AND TOLERANCING PER ANSI

14,54, 1982

2 CORTROLLING DMENSION: MLUMETER.

3. DMENSIONS A AND B DO NOT NCLUDE
MOLD PROTRUSION

4, MAXIMUM MOLD PROTRUSION 0.5 §.006)
PER SDE.

5. DIMENSION D DOES MOT BICLUDE DAMBAR
PROTRUSION. ALLOWASLE DAMBAR
PROTRUSION SHALL BE 8127 (1.805) TOTAL
M EXCESS OF THE D DRMENSION &
MAXIMUM MATERIAL CONDITION.
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SL74L.S14

Hex Schmitt-Trigger Inverter

HSUrF
This device contains six independent gates each of which performs PASTH:
the logic INVERT function. Each input has hysteresis which increases
the noise immunity and transforms a slowly changing input signal to a
fast changing, jitter frec output. . ! 0 SUFFRX
$ L2 o
14
I
ORDERING INFORMATION
SL74LS 14N Plastic
S1L74LS14D SOIC
Ta =0°to 70° C forall
packages
LOGIC DIAGRAM
| PIN ASSIGNMENT
! 2
1 X
Al @rﬁ afl e ui Voo
1 q 2 13| A5
A 3 > L BN arls nf ¥
YU+ N L AS
.4.15 5 nt I
A3 —2 6 w3 villa 2 - Al
GND U 7 FL T4
Ad —3—-}?‘— Y4
FUNCTION TABLE
AS i Im] ] Y5
Inputs Output
, A Y
AG 13 %" A1) L H
H L
PIN 14 =V,
PIN 7=GND
System Logic
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SL74LS14

MAXIMUM RATINGS®
Symbol Parameter Value Unit
Vo Supply Voltage 70 v
Vin Input Voitage 70 v
Vour Output Voltage 55 v
Tstg Storage Temperature Range 65 to +150 °C
"Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Min Max Unit
Vee Supply Voltage 475 525 v
Tou High Level Output Current -15 mA
Lox, Low Level Qutput Current b} mA
Ta Ambicnt Temperature Range 0 +70 °C
DC ELECTRICAL CHARACTERISTICS over full operating conditions
Guaranteed Limit
Symbol Parameter Test Conditions Min Muxx Unit
V.. Positive-Going Input Threshold V=5V 05 1 v
Voltage
Vr.. Negative-Going Input Threshold | V=5V 14 19 v
Voltage
V1. -V | Hysteresis V=5V 04 A"
Vi Input Clamp Voltage Voc=min, Iy =-18 mA -15 v
Vou High Level Qutput Voltage Voo =min, [pg =-0.4mA, 27 v
V=05V
Vor Low Level Output Voltage Voe=min, [ =4mA 04 v
V=19V
Ve =min, oy =8 mA 05
V=19V
Iy High Level lnaput Current Voe=max, Vi =27V Y. | pA
Voc=max, V=70V 0.1 mA
Ig Low Level Input Current Voo=max, Vpy =04V 04 mA
L Output Short Circuit Current Voo =max, Vo =0V =20 -100 mA
(Note 1)
I Supply Curreat | Total with Voo = max 16 mA
outputs high
Total with 21
outputs low
Q==
Semiconductor




SL74LS14

AC ELECTRICAL CHARACTERISTICS (TA=25°C, Voc =50V, C_ = 15 pF,
R, =2kQ,t,=150s,t;=6.0qs)

Symbol Parameter Min Max Unit
teLu Propagation Detay, Input A to Output Y 2 ns
toi Propagation Delay, Iaput A to QutputY 2 ns

NPLT A

omPLT v

Figure 1. Switching Waveforms

NOTES A.G includes probe and jig capacitance.
B. All diodes are IN916 or IN3064.

Figure 2. Test Circuit




SL74L.S14

Note 1: Not more than one output should be shorted at a time, and the duration should not exceed one second.
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