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Abstract

This report describes a design and construction of Switching Power Supply. It
is designed to be able to get variable pressure size 90 to 110 Volt. It can also
provide power at the output of not less than 1000 Watts. By designCircuittoprevent
damagewhen ashort circuit. TL494 is used to control switching for output voltage fly

back converter. for use with power amp in audio each class since class AB to class D.
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dunnnagld N-chimsrzamsavhenlafianuiigainiuuy p-ch

2.5.4. 1mdenugadeluguanuisuvsanieiuaans

o w a4 da & o ¢ o 2, v & o A

NugEsAnaTuiuwneiueamavuzying aslululavislusaeilbey
anuzlazidsgdsvasiinssuaunmesuaamanziivinaniutnseua wazdiesy

ngmihnssuafidunitmneimiudameiiin wnzmwiiesueamasshiiuszyazauindy
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Imaﬁ'ﬂﬂmwna%uaﬂt.ﬂﬂﬁngﬂ’lﬂz’fqmﬁmmﬁqa N5IE9UNAINANI1 50AlalEsm nsAnAN

s

MdugadsruzihuindudenhdidnugydovasiUasuaniusindndie uay
P 1 a ° w1 a o ¢ a v o a
easnrsnansungmhnssuaiutanansuiinssud ssuninesuesamaialndifssiy

JeipsinnAndivaatasiainig duiumduguidesveanineiusamarnizyineuPed

ANVINAU

Po = Pswiony + Psweorr) + Pe (2.9)
0.5I k(o) X Vint

Powiony = —pkm,r)—mr (2.5)
0.51 X Viptr

Psworr) = "_pk(afrn— (2.6)

Uii2.21 dnvazvesnseuauazsusifunnasenmnesusavaladuthnssuauassumyn

dnszua
P. = I%)rms X Rpson(T)) (2.7)
P, e Masugayderaniinszuavauniiesuaaiva
Poom FO ﬁwé’a\ﬂuqmlﬁwmx %qumﬁ’mi:ﬁua
Paon A8 MANIEESvMZSIINTELauR LW aTuaa

YU

Lion A AINSELAFIEAYMEISULNNT S
pk(on) U e
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Lims A8 AMNSZUArMSRdson (T)) AoAIAINLAUMUSE IR TULa YR SaTigumval
TOURDNEAYULYINIUTB NI DT DAL
tr Ao FranansuuinsELAvR NS L aLA

tf AD PIaSUrEMNNSTLETDLWILIDIUDALNA

2.5.4.2 Soulvvarisiuwiiesusama

mstumesueaaliinszuatuunndisainnistunszualunealululnans
wensudawmes esssniGeulunisluseaitunandreiu dwdululnardinied
niudawes nisuaylvaniurealdnmosuariinmeslafsadie dnszualunealvaciui
wanardimned udiwinesueaavzinizualvaduasulassosalafsoils useiuan
seufivInaLawesalAag s A UALSuIREY (Threshold Voltage)uaislu ualdngzua

A1 NMsTumnasuaawalwiinszuadavitlade

2.5.4.3 AraugividuBumnn (Input capacitance)
iesendnuarlasainneluiimeiuesamadanieutuiiiviszqdony

58U9UANRTURITUN2.21

(?D
g oy ]:
i R A
| *
G i il
~ ....._'_..__'? it N
i = e
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Holiells o

JUN2.22 nmuansdaAudseuaiisisagfivid g neluiiwinesueaa
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ffudssgmariitafuliinnesusamatouniaussadluiisiiulssadonon
ieliusafunnasauiivian Vestafinantuauiussfuddacy nnesusamaonsy
wnszud lumsnduiunismganmninszuaveuwinesueanassdonilifuivuszane
Uszgeanluauausifunnasauiivinmvgsiiitanasiniiaussiuiady nneiusamads
g unS e aiInzLaATuLes ﬁﬂwmwmnisu,l,m.l,ammé’uﬁmLfmﬁ@ﬁé’ﬂwmsﬁagﬂs‘fi
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lngyldudn ArAuguesifvuszgludiminesueaaiiosazsiduifivun

ausaluniswasuaniuzvosiy
JUARULAAIANWEYRINTIUA  UASLSINUANATOUNTIuTameSurinsruaLansld

mguﬁz.zz

\Vgs
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3U#2.23 amuansdnuasseussiulagnssLanvinnuszsmnesueaagUluweali

YInsuiLd

2.5.4.4 daRansaunlumsidenldaiumiasuaaa

dvsuminesusaa nisiiaaduaidiusaniag Wy lululwatsinied
nsudanesizliiiedy sazArannfunIusEAI RS ULE TR SAE i AT LA Bosisi
vosfuasiianfiviuiioanmniiiuiy shlnssuaiilnadiidnioras nedueamaded
Afnaulasndelunsav SOA  adasnindlemeudululnafiniiesnsudanesuay

\Wlesnnmsiueaaldiineaduniaiusan il Sasmuidsgey dugeanuasiuazgn

w v |

PNANIBAINNUTaUALNRTUNSaeRan el uFIve LT UL

[

2.5.4.5 whnaa1uUaanns FBSOA

Y]

Indinnainulaendt FBSOA vadmanastaanaty onauwdseanlmdy 4

L. IadiaussdunnATaumIuLartesa Vdsgagniianunsanuls (Maximum Drain - Source

Voltage)
Anszuansy Id geaaiiaunsalvanule uaglivinlilassadrenisuenideme

|

2.
3. ARIANLLDIINAIAILATUNIUIUZIINTEUE (RosomLimit)
4.

s

UAFAANITTEUIBAINTDUVBIAINT (Package Limit)



N1388NKkUUNRIT Variable Switching Power Supply

s

3.1 amudulRvasuwmanglvnssuanseidasniseanuuuiing
1.1) Output Voltage (Usuala) : 90 f9 110V 1000 Watt
1.2) Output Voltage (Usuals) : 90 £ 110V 1000Watt

3.2) Mann159anLUURRaIR 8RS auUSUALA 90 B9 110 Trad
dj 1 1 ’ al " U =f ' ﬂ‘j L3 = Y
Luaﬁ'{lqﬂ?Qﬁ]iLLWﬁQ%THLLiQﬂUﬂSUﬂWIﬂ 90 249110 I']a‘ﬂ VNADIWDTHA UaNWiuy

wilpunuynusznis Izenanvanniseaniuulundauiu

Input 220 VAC 310 VDC Output 90-110Vdc
T\ WL
gridge _’i Ripple Full bridge ' Traretaie: Bridlg
— »| dode filter converter diode filer
e 2]
Pz
Controll

;a:‘U 3 1 ‘Uﬁafﬂ,ﬂﬂ“LLﬂ'iiJ‘UENH’JWZNLW']LUEJ'?”&‘U‘WB’]EI

3.2.1) 29991389NTBRARUULNAGY

Bridge diode

Tudurensasiagldlalonsnalug lunisi3oanszuaadulidunseuanss Tnoas
\denlalanfianuisanunszualilidesndt ¢ Anseenuuulsasuiaddu deedrideds
W15iilnas 3 71 Ae Peak inverse voltage ,Current average voltage Wag Peak surge
current  Fausuiitevinmueirsasuind sonuuuliinsedulszana 310 Tandudenld
meslaleniues KBPC5004 3uil Peak inverse voltage = 1000 V Sufisawasionisldary
Current average = 50 A Wag peak surge current = 400 A

daunsaiedludrundaiudiudeninveaianioudasiidauiussanm 23 KHz

n1swdenld Diode Jsd1Aeyun Jadenlduuy Ultra-Fast Diode
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3.2.2 WIINTOWTITUNIBTHBY

C filter

Tuasesnsasnseua Lalddauiuuseaseruuiuaes leand Ripple voltage
nszualvasufifiulsey 4 A Fusaansoduine Voltage Ripple TéRad

frsanvuemiulseg

/
Ripple Frequency

2]

CAV

IN(P-P) —

AVin(p-p) = (A/50HZ)X(2x40801F)
alel AVin (p-p) = 12,1 V

LC filter

ludruilldimsesnuuulag Anfinssuag ap
-7 C

91 R = V/ 13l8V=90VDC ay =11.11A agla R =8.189 7l f= 23 KHzvie T= 43us

Tunsldauads deadalivi 20 wiv azifu 218 T=860us

T=RC >860us 9%l¢ 860p=10C aviju C=86yF Liam C 20 wh agld C=1,720pF
94777 L

0 T = L/R uagsiosnnnia 860us 9¢ls 860us = L/10 aviiu L = 8.6mH

e L 147 20 whasld L= 172mH

3.2.3 1995A0ULIDSLADS

Kuasreuneimanlilulasinuilie Yauindnounedined

JUN3.2 vdanlaezinsuwee19as Full-Bridge Converter
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Wauindrauiaiines vugirnusiiusiunnasesnaln Primary iAuusedy
Jumy wiussiunnAsemIesueda IA BT milaousaiuBuwnivindy uaz
ANsEuAgegaTinLe Sl ALAa LTy frndundmivearnssuageanlunguindneu
heinesiimamiseniviiy ilesndedidasuniesusamaantasasly QRGRRRIVERET

v v L
nlaaina99sil FadaArgaun

3.2.4 Controller

1asildaiauasniununiuniiadlaeiled TL 494 vhwhitndnlunisata
wadlumuaNAeunesines H1uwT 9 uasen 10-91an1svinuedled TL494 (Huneasada
PWM @spwiimiuautasnaine 6 uas 5 ATUIAINTNIUYBILEVINMITNEY A@111909

AMuUAlAIINAT Ry wae Cradasnig

T 2R B/ 1% W3AIIA fosc ~ 1.1/ R T
axﬁgu fosc = (1.1/0.001uF)x30kQ 3gld fosc = 36.66KHz

nsfvuaAIadielDate time) TLA94 anunsaimunrianie va119esliies 41
N3AeNIITUTENI1N 0 - 3.3 Taad Wfinn 4 vasled TL 494 Taesa TL 494 98iian Viefyril
14 anansadrouseiule 5V Jad R sunsudilsywing 0114 uaze 4 Gafl C Avilaiong
WA 210 Datasheet Y81 TLA94 15908915 %DC (Percent Duty Cycle)Ussann 40% axld
11 Vdt (Dead time Control \/oltage)agjﬁﬂ‘izmm 0.4V

Ayl 0.4V = SVRI/RI+R2 1 R1=4700 vld R2~5.0ka uadnidlalfl Sadenld
5.6kQ

3.2.5 Transformer

nmﬁan'ﬁ%’mulunﬁﬁ’]Lﬂumﬁawaqmmﬁqaﬁuﬁaqﬁwﬁqﬁqﬂmamﬂ’ﬁ’uamnw?a
unuiifid Bandwidth #in3raniunuialy Tuidldunueslssivuily 99nnsTanis Al
(Srmszminmanumilsnihresuiuseurssnanenmaaes) YeaLnusng

fien Al ~ 8.08 pH/T2 finaufl 23 KHz 2¢lden T = 43us

2 L = VAt/Aiazlein L = 310Vx(@3ps/1) = 13.33 mH

wIsIuIUTeUIIN L = ANY 2ld N2 = (13.33mH)/(8.08uH/T2) aziiu N = 4058y
{lesanisAndl 40% Duty Cycle avlél 80% wea 310VDC Usswas 248 VDC Fawuwdle

wladludns 2:1 seuagld V Output Ussum 124 VDC
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N1INNABY LA NaNIINAADY

4.1 NM9IUVDIS

NM9Y19UTB9999T TINFIVBIIIDTVLTUNTIAUTA 01 220V 50Hz esinudluss
1435 Rectifier wuuvinidadulalondfaimdaiilunsoensua uaelugsiAuUTEg
lawafiiloviliussiuisularanusefunseiiay (Ripple voltage) Tuduiazldus sy
Ussunu310V LLé’ddwhu“Luehuﬁuamauna%ma%ﬁ'Liﬁ“L*ii’L‘t"JuLLuwja-u‘%ﬂéﬂauna‘?ma%‘[mam
seinvemeawaIzgnAIunulagiiled TLA94

MIMUANIzIAENITIILYes 1od TLa9d 1 Hundn Suadumaddyg aiad
Winduna-uiainauiiaiines fd"lalﬂt'J'aﬁwawﬁawaa%uﬂummﬁqq 23 KHz #ulalen
audgasldifuuuuaaniinad-lalon udaruissnsasrarudl C & R vihillunsiie

win (Feedback) ndUludssaleTLA94 witevinisUTuAusssumsnLLE viwm

4.2 NaN1INAaeY

NIveasiNeInAINTERERasLTIA Ut n1sIUay UL Uasan

A1519N4. 1M IIAINTELALIANAIINATWSIAUTIndax R Tnam 0.0518 Ohmwnasafinia

Vawoad) (V) loutpun (A) Vioutpuy (V) Poutpuyy (W)
0.100 1.93 90.1 173.90
0.119 &30 106.6 24518
0.196 3.78 90.1 340.58
0.226 4.36 105.6 460.42
0.290 559 90.3 504.78
0.330 6.37 103.4 658.66
0.378 7.29 90.3 658.28
0.428 8.26 100.4 829.30
0.470 9.07 90.3 819.02
0.526 10.15 99.1 1005.86
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l; ! & 1 a 4 1 € A
Fl'l‘iﬂ\'i‘lﬂ4.2ﬂ']‘i‘lﬁ‘1ﬂ']ﬂ58LLﬁL@Wﬂﬂﬂ%?ﬂﬂ%ﬁdﬂﬂﬂﬂﬁ@ﬂ R I1iam 0.0518 Ohm NDIANEDY

VR(Load) (V) loutpun) (A) Vioutpun (V) Poutput) (W)
0.100 1,93 90.1 173.90
0.119 2.30 106.6 24518
0.196 3.78 90.1 340.58
0.226 4.36 105.6 460.42
0.290 5.59 90.3 504.78
0.330 6.37 1034 658.66
0.378 7.29 90.3 658.28
0.428 8.26 100.4 829.30
0.470 9.07 90.3 819.02
0.526 10.15 99.1 1005.86

A ! ! a o/ 1 1% =t “j s o
WesnimeasivasTeusaiiuUIuld 90 fs 110 Taadl eaeswedn fdnvazmdeufunn

U213 J99zvananmanIsnnaasuaIns i Saiesnasaiewinguy

< Y 4 a <
$UN4.2 sy audielinnsfanszua 1.93 A
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o ) 4 a
‘E‘U'VMS ﬂ’lwaﬁyty’lmn.laﬁ.lﬂ’ﬁﬁdﬂimu’i 230 A

guﬁa.ﬂf awdaoudlafinisianszua 3.78 A

< o o a
JUN4.5 nidygyaudledinisfanssua 4.36 A
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3ﬂﬁ4.6 awdyaaidladinisiisnszud 5.59 A

= B =
JUN4.8 Ay audledinsfsnssua 7.29 A
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< ) d a
5UN4.9 amdgrauflednisianssua 8.26 A

;sﬂﬁa.lo awdyaaidefinisfensyud 9.07 A

at 4 a =
JURd.11 nmdryraudlofinsiansua 10.15 A
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5.1 a'gﬂwamwmaaa

=l

NMNNANITNNaBIHaTBI e TLA94 ANUNI0a519F I PWM fiaud 23 KHzuuy
Push-Pulliitelumuauueamaiisonuua-uiadaamanasinaslivinauld Weiinrsraiin
uwiln (Feedback) U TL494 Fayayres PWM ilsiinnsidsuudasuavamvien fileda
(Duty cycle) anas e Voltage 7l Out put fidEuninaiiiiieliae 90V uAefidueaing

lowAa astinulelinsinnszuaiiearunulyi Voltage Output lA1Asi

5.2 Uggwuazuuanieudila

1. Avesdnynniiendnauad TLP250 danavirlifauesmaiinamdoms wiis
ivinsuitymlneoenwuuasasimilaaldusiu PCB udusildiuuuedalivanitoanna
TIALBRTIART LRI

2. vaawainrudemevayiinisiangzus amaiiownandyyie PWM 7
asanneled TLa9d Tdgyw wlavimsudtiymdenanlneasuavasilanin sfaniswu
wifeudasluminagyiinisufuaivasDate time Control #idaled TL4%4 tilawfiuninuning
194%DC Tnty

3. MIMAARNANLA nszua wazlssdugaduduasieuin silfesiinussiuay

nyavdeuedediiiuieunvadey mnliwheruinanudeneneisasuasinaasdld
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TOSHIBA TLP250
TOSHIBA Photocoupler GaAfAs Ired & Photo—-IC
Transistor Inverter
Inverter For Air Conditionor .
; Unit in mm
IGBT Gate Drive
Power MOS FET Gate Drive St
" 'l
i s
The TOSHIBA TLP250 consists of a GaAlAs light emitting diode and a _El
integrated photodetector. -:_I IE'—., %I lIL.
This unit is 8=lead DIP package. oy
TLP250 is suitable for gate driving circuit of IGBT or power MOS FET, 2662025 99 7623025
“
o Input threshold current: [F=FmA(max.) §
e Supply current (Icc): 11mA(max.) 1220150 - e
e Supply voltage (Vce): 10-35V 05%01f =z a ‘ - T
e Output current (I0): £1.5A (max.) g o N E 785580 |
e Switching time (tpLLH/tpHL): 1.5ps(max.)
e Isolation voltage: 2500Vyms(min.)
e UL recognized: UL1577, file No.E67349 —
e Option(D4)
VDE Approved : DIN EN60747-5-2 TOSHIBA 11-10C4
Maximum Operating Insulation Voltage : 890Vpg Weight: 0.54 g(Typ.)
Highest Permissible Over Voltage :4000Vpk
. in Confi L :
(Note):When a EN60747-5-2 approved type is needed, SN opragkon gy ielv]
Please designate “Option(D4)”
10 s
2 E} 17
=
Truth Table 3L s
Tr1 Tr2 4O s
Input On On Off
LED Off Off on 1:N.C. 5:GND
2 :Anode 6 : Vg (Output)
3 : Cathode 7:Vo
4:NC. 8: Ve
Schmatic lcc
¢ 1 2 Meg
8
| (Tr 1)
= \ r
2+ :3 —0 Vg
Vg = { E
3- — ° Vo
lo 6
(Tr2)
g ® ©  GND
A 0.1uF bypass capcitor must be %
connected between pin 8 and 5 (See Note 5).
1 2005-08-18



Maximum Ratings (Ta = 25°C)
Characteristic Symbol Rating Unit
Forward current IF 20 mA
Forward current derating (Ta 2 70°C) Al / ATa -0.36 mA/°C
@ Peak transient forward curent (Note 1) IFpT 1 A
Reverse voltage VR 5 Y
Junction temperature Tj 125 i &
‘H’peak output current (Pw < 2.5ps,f s 15kHz) (Note 2) loPH -1.5 A
“L"peak output current (Pyy < 2.5us,f < 15kHz) (Note 2) lopL +1.5 A
(Tas70°C) 35
QOutput voltage Vo \%
5 (Ta=85°C) 24
g (Ta < 70°C) 35
8 Supply voltage Vee \%
(Ta=85°C) 24
Output voltage derating (Ta 2 70°C) AVp / ATa -0.73 vi‘C
Supply voltage derating (Ta 2 70°C) AVee / ATa -0.73 Vi°C
Junction temperature Tj 125 °C
Operating frequency (Note 3) f 25 kHz
Operating temperature range Topr -20~85 °C
Storage temperature range Tstg =55~125 &C
Lead soldering temperature (10 s) Tsol 260 fc
Isolation voltage (AC, 1 min., R.H.< 60%) (Note 4) BVsg 2500 Vrms

Note 1:  Pulse width Pyy < 1us, 300pps

Note 2:  Exporenential wavefom

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

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

together.

Note 5: A ceramic capacitor(0.1uF) should be connected from pin 8 to pin 5 to stabilize the operation of the high
gain linear amplifier. Failure to provide the bypassing may impair the switching proparty. The total lead
length between capacitor and coupler should not exceed 1cm.

Recommended Operating Conditions

Characteristic Symbol Min Typ. Max Unit
Input current, on (NoteB) IF(ON) 7 8 10 mA
Input voltage, off VE(OFF) 0 —_ 0.8
Supply voltage Vee 15 — 30 20 V
Peak output current lopH/lopPL — —_ +0.5
Operating temperature Topr -20 25 70 85 °C

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

2005-08-18



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=25°C — 1.6 1.8 \%
Temperature coefficient of _ _ - - B
forward voltage AVE ! ATa - IF=10mA 2.0 mV/°C
Input reverse current IR — VR =5V, Ta=25°C — — 10 HA
Input capacitance Cr — V=0,f=1MHz, Ta=25°C - 45 250 pF
e IF=10 mA
H" level loPH i PR e -05 -15 —
Output current (,(13)0 A
W » IF=0
L" level lopL 2 Vo5 = 2.5V 0.5 2 —
i Vet = +18V, VEgq = -15V _
H” level VoH 3 RL = 2000, If = 5mA 14 12.8
Output voltage v \%
an Vee1 = +15V, VEg1 = -15V i
L" level VoL 4 RL = 200Q, VF = 0.8V — 14.2 -12.5
Ve =30V, I = 10mA W 7 _
"H” level lccH - Ta=25°C
Vee = 30V, I = 10mA — — 11
Supply current = £ mA
Vee = 30V, Ip = 0mA . 75 _
“L" level lccL - Ta=25°C )
Vee = 30V, I = 0mA — —_ 14
Threshold input “‘Output | Vet = +158V, VEg, = -15V
" FLH —_ —_ 1.2 5 A
current L—H R =200Q, Vg > 0V m
Threshold input “Output ) VFHL / o Veeq = +15V, VEgq = =15V 08 2" o v
voltage H-L R =200Q, Vg < 0V
Supply voltage Vee = 10 - 35 Y
(?apacﬂance Cs £ Vg=0 ,°f= 1MHz k- 10 20 oF
(input—output) Ta = 25°C
i ; Vg =500V, Ta=25°C 12 14
Resistance(input-output) Rs ) R_SH = 0% 1x10 10 — Q
* All typical values are at Ta=25°C  (*1): Duration of Ig time < 50ps
9 2005-08-18



TOSHIBA TLP250
Switching Characteristics (Ta = -20~70°C , unless otherwise specified)
Test
Characteristic Symbol Cir- Test Condition Min Typ.* Max Unit
cuit
Prapagation L—H toLH — 0.15 0.5
delay time HE tpHL I = 8mA —_— 0.15 0.5
5 Veet = +18V, VEg1 = =15V Hs
Output rise time tr R = 2000 - — —
Output fall time tf —_ —_ -
Common mode transient
. - : Vem = 600V, If = BmA
immunity at high level CmH Vg = 30V, Ta = 25°C -5000 - - V/ps
output 5
Common mode transient
: Z Vem =600V, If = 0mA
immunity at low level CmL Vog = 30V, Ta = 25°C 5000 - - V /s
output
All typical values are at Ta - 25°C
Test Circuit 1: IopH Test Circuit 2 : lopL
M 8 l: _I_Ei
1[ i I 1 i I
Vce
:l = 04pF == E ] T 0.10F
IF V.6 Vise
b anNasmli= o NI
I
e , 'oPL
4 E :I—o 4 [ :I‘_' Vg-5
77 l 77
Test Circuit 3 : VoH Test Circuit 4 : Vo
8 8
L .
1 E L I 1 I: 1 I
Veer
Veet
] T 0.1pF - L—| :l = O0.1pF T
IF VE
R
Pl o ¥ M -
L i
VoH VoL
4[] In » +[] In
. . /‘47
EE1
TVEE1 if
4 2005-08-18



TOSHIBA TLP250
Test Circuit 5: tp|H, tpHL, tr tf
S E— I e S
L le
F :I _’_UWF - Vee Vor  80%
T ﬁL b o e R 7 Ei e R ) e GND
—— VoL 80%

100Q

Test Circuit 6: Cyn, CmL

]
sw IF 0.1pF
" ] 7 gk
Ao'o B T
[ Pt v
g4
@ Vem g
sk 7
- 600V
90%
Vem 10% ¢
tr f
f 23 - 1
SW A(lF=8mA)
Vo /\_— 3V = N2EY
SW :B(Ig=0)

toHL

Coe fﬂ/)_
r (Us)
Coriy = 280.(V)

f (us)

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

TLP250

(mA)

IF

Forward current

Allowable forward current

Allowatle peak output current

(mA)

IF

lopH, lopPL  (A)

100——_?
Ta=25°C

50

IF-VEF

30

w o,

‘\u\“

0.5

03

\‘~

0.1

0.05

0.03

0.01

Forward voltage VE (V)

lg—Ta

40

30

20

0 20 40 60 80 100

Ambient temperature Ta (°C)

lopH, lopL - Ta

T T T T T

PW=25ps fS 15KHz

0 20 40 60 80 100

Ambient Temperature Ta (°C)

Forward voltage temperature
coefficient AVE/ ATa(mV/°C)

Allowable supply voltage Vgg (V)

AVE/! ATa-I

-26

N
@

(2]

03 05 1 3 5

10 30

Forward current Ig (mA)

Vec—-Ta

40

30

20

0 20 40 60

Ambient temperature Ta

(°C)

80 100
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TOSHIBA TLP250

RESTRICTIONS ON PRODUCT USE

20070701-EN

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

» TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor

devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical
stress. It is the responsibility of the buyer, when utilizing TOSHIBA products, to comply with the standards of
safety in making a safe design for the entire system, and to avoid situations in which a malfunction or failure of
such TOSHIBA products could cause loss of human life, bodily injury or damage to property.
In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as
set forth in the most recent TOSHIBA products specifications. Also, please keep in mind the precautions and
conditions set forth in the “Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability
Handbook” etc.

e The TOSHIBA products listed in this document are intended for usage in general electronics applications
(computer, personal equipment, office equipment, measuring equipment, industrial robotics, domestic appliances,
etc.). These TOSHIBA products are neither intended nor warranted for usage in equipment that requires
extraordinarily high quality and/or reliability or a malfunction or failure of which may cause loss of human life or
bodily injury (“Unintended Usage”). Unintended Usage include atomic energy control instruments, airplane or
spaceship instruments, transportation instruments, traffic signal instruments, combustion control instruments,
medical instruments, all types of safety devices, etc.. Unintended Usage of TOSHIBA products listed in his
document shall be made at the customer’s own risk.

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

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

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

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

SWITCHMODE™ Pulse Width
Modulation Control Circuit

The TL494 is a fixed frequency, pulse width modulation control circuit

designed primarily for SWITCHMODE power supply contral.

® 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

Order this document by TL494/D

TL494

SWITCHMODE
PULSE WIDTH MODULATION
CONTROL CIRCUIT

SEMICONDUCTOR
TECHNICAL DATA

D SUFFIX
PLASTIC PACKAGE

\ CASE 751B

) (SO-16)

16

N SUFFIX
PLASTIC PACKAGE
CASE 648

PIN CONNECTIONS

A\ S Mok
oninv oninv
1] 6]
MAXIMUM RATINGS (Full operating ambient temperature range applies, In?u E’ lnpul
unless otherwise noted.) |npﬁ E v 15] ,E;m
Ratin Symbol | TL494C | TL494| Unit Compen/PWN
g ¥ Copmp Input ol E Vref
Power Supply Voltage Vee 42 Vv Deadtime 1 _, ] 73] Quiput
Control Control
Collector Output Voltage Vc1. 42 v
Voo Cr E" E Vee
Oscillator
Collector Output Current Ic1. g2 500 mA Rt E E c2
(Each transistor) (Note 1) L@:
Ground | 7 E E2
Amplifier Input Voltage Range VIR —0.3 to +42 v 5
Power Dissipation @ Tp < 45°C Pp 1000 mw o E E =
Thermal Resistance, RgJA 80 °C/W (Top View)
Junction-to—Ambient
Operating Junction Temperature Ty 125 °C
Storage Temperature Range Tstg -55to +125 °C ORDERING INFORMATION
Operating Ambienl Temperalure Range TA %G Operating
TL494C Oto+70 Device Temperature Range Package
TL494| —-25to +85
TL494CD T = i SO-16
. - " = 0° o +70°
Derating Ambient Temperature TA 45 C TL494CN A Plastic
NOTE: 1.Maximum thermal limits must be observed.
TL494IN Ta =—25°to +85°C Plastic

© Motorola, Inc. 1996 Rev 1



TL494
RECOMMENDED OPERATING CONDITIONS

Characteristics Symbol Min Typ Max Unit
Power Supply Voltage Vce 7.0 15 40 \
Collector Output Voltage Ve, Vo2 - 30 40 3%
Collector Qutput Current (Each transistor) Ic1. g2 - - 200 mA
Amplified Input Voltage Vin -0.3 - Vee-2.0 \
Current Into Feedback Terminal Ith . - 0.3 mA
Reference Output Current Iref - - 10 mA
Timing Resistor Rt 1.8 30 500 kQ
Timing Capacitor Crt 0.0047 0.001 10 uF
Oscillator Frequency fosc 1.0 40 200 kHz

ELECTRICAL CHARACTERISTICS (Vg = 15V, CT = 0.01 uF, RT = 12 k€, unless otherwise noted.)
For typical values Tp = 25°C, for min/max values Tp is the operating ambient temperature range that applies, unless otherwise noted.

Characteristics symbol | Min [ Typ | Max [ unit |
REFERENCE SECTION

Reference Voltage (Ig = 1.0 mA) Vrief 4.75 5.0 525 \

Line Regulation (Vo = 7.0 Vto 40 V) Regjine - 2.0 25 mV

Load Regulation (Ig = 1.0 mA to 10 mA) Regjpad -~ 3.0 15 mV

Short Circuit Output Current (Vygf = 0 V) Isc 15 35 75 mA

OUTPUT SECTION

Collector Off-State Current IC(off) - 2.0 100 LA
(Vcc =40V, Vo =40V)

Emitter Off-State Current IE(off) - - -100 UA
Ve =40V, V=40V, VE=0V)

Collector-Emitter Saturation Voltage (Note 2) \
Common-Emitter (Vg =0V, I = 200 mA) Vsat(C) - 14 1.3
Emitter-Follower (Vg = 15V, |g = —200 mA) Vsat(E) - 1.5 2.5

Output Control Pin Current
Low State (Vo <04 V) locL - 10 - HA
High State (Vo = Vref) locH - 0.2 3.5 mA

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

Output Voltage Fall Time tf ns
Common-Emitter (See Figure 12) - 25 100
Emitter—Follower (See Figure 13) - 40 100

NOTE: 2. Low duty cycle pulse techniques are used during test to maintain Junction temperature as close to ambient temperature as possible.

2 MOTOROLA ANALOG IC DEVICE DATA
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ELECTRICAL CHARACTERISTICS (Vcg = 15V, C = 0.01 uF, RT = 12 k, unless otherwise noted.)

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

Characteristics l Symbol Min Typ Max I Unit ’
ERROR AMPLIFIER SECTION
Input Offset Voltage (Vo (Pin 3)=2.5V) Vio - 2.0 10 mV
Input Offset Current (Vo (Pin 3)=2.5V) llo - 5.0 250 nA
Input Bias Current (Vo (Pin3)=2.5V) B - ~0:1 -1.0 A
Input Common Mode Voltage Range (Vg = 40 V, Tp = 25°C) VICR -0.3to V2.0 V
Open Loop Voltage Gain (AVo =3.0V, Vg =05V t0 3.5V, R = 2.0 kQ) AvoL 70 95 - dB
Unity-Gain Crossover Frequency (Vg = 0.5V 10 3.5V, R = 2.0 kQ) fo— - 350 - kHz
Phase Margin at Unity-Gain (Vo = 0.5V to 3.5V, R = 2.0 kQ) om - 65 - deg.
Common Mode Rejection Ratio (Vo = 40 V) CMRR 65 90 - dB
Power Supply Rejection Ratio (AVec =33V, Vo =25V, R = 2.0 kQ) PSRR - 100 - dB
Output Sink Current (Vo (pjn 3) = 0.7 V) lo- 0.3 0.7 = mA
Output Source Current (Vo (Pin3)=3.5V) lo+ 2.0 -4.0 - mA
PWM COMPARATOR SECTION (Test Circuit Figure 11)
Input Threshold Voltage (Zero Duty Cycle) VTH - &5 4.5 Vv
Input Sink Current (V(pjn 3) = 0.7 V) I— 03 0.7 - mA
DEADTIME CONTROL SECTION (Test Circuit Figure 11)
Input Bias Current (Pin 4) (Vpjy 4 =0V to 5.25 V) IIB (DT) — -2.0 ~-10 pA
Maximum Duty Cycle, Each Output, Push-Pull Mode DCmax %
(VPin4=0V, CT=0.01 uF, RT = 12 kQ) 45 48 50
(VPin 4 =0V, CT=10.001 uF, RT =30 kQ) - 45 50
Input Threshold Voltage (Pin 4) Vith \%
(Zero Duty Cycle) - 2.8 33
(Maximum Duty Cycle) 0 L !
OSCILLATOR SECTION
Frequency (CT = 0.001 pF, RT = 30 kQ2) fosc - 40 - kHz
Standard Deviation of Frequency* (C1 = 0.001 uF, RT = 30 kQ) ofosc - 3.0 - %
Frequency Change with Voltage (Vg = 7.0 Vto 40 V, Tp = 25°C) Afosc (AV) o 0.1 - %
Frequency Change with Temperature (ATp = T|gw to Thigh) Afgse (AT) - - 12 %
(CT=0.01 uF, RT =12 kQ)
UNDERVOLTAGE LOCKOUT SECTION
Turn-On Threshold (V¢ increasing, Ipgf = 1.0 mA) Vith 5.5 6.43 7.0 | \ |
TOTAL DEVICE
Standby Supply Current (Pin 6 at Vyef, All other inputs and outputs open) lcc mA
VMce=15V) 5.5 10
(Voo =40V) = 7.0 15
Average Supply Current mA
(CT=0.01 uF, RT =12 kQ, V(Pin 4) = 2.0 V) - 7.0 -
(Voc =15 V) (See Figure 12)
* Standard deviation is a measure of the statistical distribution about the mean as derived from the formula, o
3
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Figure 1. Representative Block Diagram
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This device contains 46 active transistors.

Figure 2, Timing Diagram
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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 oscillator is frequency-
programmable by two external components, RT and CT. The
approximate oscillator frequency is determined by:

fose = =1 —
RreCT

For more information refer to Figure 3.

Output pulse width modulation is accomplished by
comparison of the positive sawtooth waveform across
capacitor Ct to either of two control signals. The NOR gales,
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 control-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
effective 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 may
be imposed on the output by setting the deadtime—control
input to a fixed voltage, ranging between 0V to 3.3 V.

Functional Table

f,
Ingutl?ut!put Output Function out =
ontrols fosc
Grounded | Single-ended PWM @ Q1 and Q2 1.0
@ Vref 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 percent 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. Both error amplifiers have a
common mode input range from -0.3 V to (Vcg - 2V), and

may be used to sense power—supply cutput voltage and
current. The error-amplifier outputs are active high and are
ORed together at the noninverting input of the pulse—width
modulator comparator. With this configuration, the amplifier
that demands minimum output on time, dominates control of
the loop.

When capacitor CT is 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 output—control connected to
the reference line, the pulse—steering flip—flop directs the
modulated pulses to each of the two output transistors
alternately for push—pull operation. The output frequency is
equal to half that of the oscillator. Qutput drive can also be
taken from Q1 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 operating
temperature range of 0° to 70°C.

Figure 3. Oscillator Frequency versus
Timing Resistance
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Figure 4. Open Loop Voltage Gain and
Phase versus Frequency
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Output Saturation Voltage versus
Collector Current
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Figure 10. Error—Amplifier Characteristics
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Figure 11. Deadtime and Feedback Control Circuit
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Figure 14. Error-Amplifier Sensing Techniques
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Figure 16. Soft-Start Circuit
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Figure 17. Output Connections for Single—Ended and Push-Pull Configurations
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Figure 18. Slaving Two or More Control Circuits Figure 19. Operation with Vj,, > 40 V Using

External Zener
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Figure 20. Pulse Width Modulated Push—Pull Converter
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Test Conditions Results

L1-35mH@0.3A

Line Regulation

Vin =10V to 40 V

14mV 0.28%

Load Regulation

Vin=28V,Ig=1.0mAto 1.0 A

3.0mV 0.06%

Qutput Ripple

Vin=28V,lg=1.0A

65mV pp PAR.D.

Short Circuit Current

Vin=28V, R =0.1Q

1.6 A

Efficiency

Vin=28V,Ig=10A

1%

T1 - Primary: 20T C.T. #28 AWG
Secondary: 120T C.T. #36 AWG
Core: Ferroxcube 1408P-L00-3CB
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Figure 21. Pulse Width Modulated Step-Down Converter
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Test Conditions Results
Line Regulation Vin=8.0Vtod40V 30mV  0.01%
Load Regulation Vin=12.6 V,1p = 0.2 mA to 200 mA 50mV  0.02%
Output Ripple Vin =128V, Ip = 200 mA 40mVpp PARD.
Short Gircuit Current Vin=126V,R_ = 0,10 2 250 mA
Efficiency Vin =12.6 V, Ig = 200 mA 72%
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OUTLINE DIMENSIONS

N SUFFIX
PLASTIC PACKAGE NDTES:
] CASE 648-08 1. DIMENSIONING AND TOLERANGING PER ANS|
N Y ISSUE R Y14.5M, 1982,
9

2. CONTROLLING DIVENSION: INCH,
16 X 3. DIMENSIONL TO CENTER OF LEADS WHEN
b ! FORMED PARALLEL
e 4. DIMENSION B DOES NOT INCLUDE MOLD FLASH.
1 ¥ 5. ROUNDED CORNERS OPTIONAL,

8
R LI LI LI LI T INCHES | MILLIMETERS

MIN | MAX | MIN | MAX
0.740 | 0.770 | 18.80 | 19.55
0.250 | 0270 | 6.35 6.85
0145 | 0175 | 369 | 444
0.015 | 0.021 0.39 0.53

=2
=

SEATING 0.040 0.70 1.02 177
PLANE \ 0.100 BSC 2.54 BSC
0.050 BSC 1.27 BSC

—K 0008 | 0.015 | 0.21 | 038
0110 | 0430 | 280 | 330
0.295 | 0305 | 7.50 | 7.74

_.g° ] 10° 0°] 10°
0020 [ 0040 | 051 [ 1.01

D 16 PL

[€] 025 0.010®[T]A @]

i
f
Y
= R

D SUFFIX
PLASTIC PACKAGE
CASE 751B-05
A 2 (SO-16)
ISSUE J NOTES:
H_H* H_H_H_H_ H_H 1. DIMENSIONING AND TOLERANCING PER
ANSI Y14.5M, 1982,

16 9 _f . CONTROLLING DIMENSION: MILLIMETER.

. DIMENSIONS A AND B DO NOT INCLUDE

P spPL MOLD PROTRUSION.

4. MAXIMUM MOLD PROTRUSION 0.15 (0.006)

* | 0.25 (0.010)®| B @] PER SIDE.

DIMENSION D DOES NOT INCLUDE DAMBAR

@D § |

H H H |:| H_ PROTRUSION. ALLOWABLE DAMBAR

B [ i PROTRUSION SHALL BE 0.127 (0.005) TOTAL
G

@

o

IN EXCESS OF THE D DIMENSION AT
MAXIMUM MATERIAL CONDITION.

MILLIMETERS | INCHES
MIN | MAX | MIN | MAX
9.80 | 1000 | 0,386 | 0393 |
380 | 4.00 | 0450 | 0.157
135 | 175 | 0.054 | 0.068
0.35 049 | 0.014 | 0.019
040 | 125 [ 0.016 | 0.049
1.27 BSC 0,050 BSC
019 | 025 | 0008 | 0.008
0.40 | 025 | 0004 | 0.009
0°] 7°] o°| 71°
580 | 620 | 0.229 | 0.244
025 | 050 | 0.010 | 0.019

2o
e

Kj * —= Rx45ﬂ/
Tﬁﬁﬁﬁf#ﬁ S
D 16PL

B OE =~ |@|m|o|0 o>

[&]0250010@[1][8 ©®[AB)]
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Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit, and
specifically disclaims any and all liability, including without limitation consequential or incidental damages. “Typical’ parameters which may be provided in Motorola
data sheets and/or specifications can and do vary in different applications and actual performance may vary over time. All operating parameters, including “Typicals”
must be validated for each customer application by customer's technical experts. Motorola does not convey any license under its patent rights nor the rights of
others. Motorola products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other
applications intended to support or sustain life, or for any other application in which the failure of the Motorola product could create a situation where personal injury
ordeath may occur. Should Buyer purchase or use Motorola products for any such unintended or unauthorized application, Buyer shallindemnify and hold Motorola
and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees
arisingoutof, directly orindirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if suchclaim alleges that Motorola
was negligent regarding the design or manufacture of the part. Moterola and @g registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal
Opportunity/Affirmative Action Employer.

How to reach us:
USA/EUROPE/Locations Not Listed: Motorola Literature Distribution; JAPAN: Nippon Motorola Ltd.; Tatsumi-SPD-JLDC, 6F Seibu-Butsuryu-Center,

P.O. Box 20912; Phoenix, Arizona 85036. 1-800—441-2447 or 602-303-5454 3-14-2 Tatsumi Koto—Ku, Tokyo 135, Japan. 03-81-3521-8315

MFAX: RMFAX0@email.sps.mot.com — TOUCHTONE 602-244-6609 ASIA/PACIFIC: Motorola Semiconductors H.K. Ltd.; 88 Tai Ping Industrial Park,
INTERNET: http://Design—-NET.com 51 Ting Kok Road, Tai Po, N.T., Hong Kong. 852-26629298
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