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Asymmetrical Voltage Control inverter

With Unity Power Factor

Narongrit Swang
Suppachai Thenwiwat
Sontijit Chuechowna

Assc. Prof. Dr. Viriya  Pichetjamroen Advisor

2008

Abstract

This project presents an full-bridge series resonant inverter for output
power control, using the principle of asymmetrical voltage-cancellation control for the
application of induction heating and a utility ac input power factor by filtering the DC
current of high-frequency component waveform which is determined from this load
fundamental current to obtain a pure sinusoidal inphase current drawn from 50-Hz utility
supply can aiso lead to the calculation of AC output Po of the inverter and also the input

power Pin of the 50-Hz utility supply and the two results are in very good agreement.
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[RFP460 |

Electrical Characteristics @ TJ = 25°C (unless otherwise specified)

Parameter Min, | Typ. | Max. | Units Test Conditions
V(ampss Drain-to-Source Breakdown Voltage 500 | — — V  {Vas=0V, Ip= 250pA
AVisrpso/AT .| Breakdown Voltage Temp. Coefficient — {083 ) — | VrC )Relerance o 25°C, lp= 1mA
Rpsion Static Drain-to-Source On-Resistance _ — | 0.27 Q | Ves=10V, Ip=12A @
Vas(ty Gate Thrashold Voltage 2.0 — 4.0 V | Vps=Vas b= 250pA
Gt " Forward Transconductance 13| — | — S | Vos=50V, Ip=12A @
loss Drain-to-Source Leakage Cuirent — — 25 HA Vos=500V, Voe=0V
— — | 250 Voe=400V, Vas=0QV, T=125°C
lass Gate-fo-Source Forward Leakage - — — | 100 nA Ves=20V
Gate-to-Source Reverse Leakage — — | 100 Vas=-20V
Qg Total Gate Charge — — | 210 ip=20A
Q Gate-fo-Source Charge — — 29 nC | Vpg=400V
Qga Gate-to-Drain ("Miller*) Charge — — | 110 Vas=10V See Fig. 6 and 13 @
{dion) Tum-On Delay Time — 18 — Vpp=250V
1 Rise Time — 59 — ns lp=20A
Id(ofh Tum-OH Delay Time — | 110 | — Ra=4.3Q
1 Fall Time — 58 —_— Ro=13Q See Figure 10 @
Lo Intemal Drain Inductance - |50 — GB e,::f?; 2'2?: ')
il i E
Ls Internal Source Inductance — | 13 — gir; ccc:)entact )
: Cisa Input Capacitance — 14200 — Vas=0V
- Coss Cutput Capacitance — B70 | — pF | Vps= 25V
"Cras Reverse Transfer Capacitance — 1350 | — f=1.0MHz See Figure 5
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions B
Is Continuous Source Current _ _ 20 MOSFET symbol D
{Body Dicde) A showing the
ism Pulsed Source Current — | — | a0 integral reverse f@
(Body Diodé) @ p-n junction diode. is
Vsp Diode Forward Voltage — — 1.8 V | T=25°C, Is=20A, Vgs=0V @
tr Reverse Recaovery Time — | 570 | 860 | ns |T,=25°C, |r.=20A
Qur Reverse Recovery Charge — | 57 | 86 | pC [di/d=100A/us @
o Forward Tum-On Time Intrinsic turn-an tima is neglegibls (turn-on is dominated by Ls+Lp)
Notes:
@ Repetitive rating; pulse width limited by @ 15p<20A, di/dt<160A/us8, VDODSV(BR)DSS,
max. junction temperature (See Figure 11) Tys160°C
@ Vop=50V, starting T)=25°C, L=4.3mH @ Pulse width < 300 us; duty cycle <2%.

R6=2502, 1as=20A {See Figure 12)
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IRFP460
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o 1 o SEE FIGURE 13
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Fig 5. Typical Capacitance Vs. Fig 6. Typical Gate Charge Vs.
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IRFP460
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Fig 12a. Unclamped Inductive Test Circuit 4 AN
a
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/ S X
Vps / \ o [Jo0 7 [
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/ \\ Starting T, Junction Temperature(°C)
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AS Fig 12¢, Maximum Avalanche Ensrgy

Fig 12b. Unclamped Inductive Waveforms Vs. Drain Current

Current Reguiator
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I
|
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12y
1
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1A~
Charge ——» 'p
Currant Samphng Resistors
Fig 13a. Basic Gate Charge Waveform Fig 13b. Gate Chargs Test Circuit

Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit — See page 1505
Appendix B: Package Outline Mechanical Drawing — See page 1511

Appendix C: Part Marking Information — Sea page 1517 Intemati onal
Rectifier
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IRF510

Electrical Characteristics @ Ty = 25°C (unless otherwise specified)

Parametsr Min. | Typ. | Max. | Units Test Conditions
VisRDSsS Drain-to-Source Breakdown Voltage 100 — — V | Vas=0V, Ip= 250uA
AVierpss/AT, Broakdown Voltage Temp. Coefficient - {012 [ — | V”C |Reference to 25°C, Ip= 1mA
Rosien) Static Drain-to-Source On-Resistance — | — | 054 | Q |Vgs=10V, Ib=3.4A @
Vasgh) Gate Threshold Voltage 2.0 — 4.0 V | Vps=Vags, o= 250uA
| Gt Forward Transconductance 1.3 — — S | Vos=50V, Ip=3.4A @
' . — - 25 Vps=100V, Vgs=0V
Ipss Drain-to-Source Leakage Current — — 220 KA Vos=80V, Vo0V, T=150°C
lass Gate-to-Source Forward Leakage — — | 100 nA Vag=20V
Gate-to-Source Reverse Leakage — — [ -100 Vas=-20V
Qg Total Gate Charge — — | 83 Ip=5.6A
| Qo Gate-to-Source Charge — | — | 23 | nC |vps=80V
Qgd Gate-to-Drain ("Miller") Charge — — | 38 Vas=10V See Fig. 6 and 13 ®
taon) Tum-On Delay Time — | 89 | — Vop=50V
tr Riss Time — 16 — ns Ip=5.6A
tatoty Tum-0Off Delay Timse — 15 —_ Re=24Q
] Fall Time _— 9.4 — 5n=8.4n See Figure 10 @
Lo Internal Drain Inductance — |as | — Boen st %
nH | from package ‘-,‘E
Ls - Intemal Source Inductance — 75| — and center of
. die contact s
Ciss Input Capacitance — | 180 | — Vas=0V
Coss Output Capacitance — | 8 — | PF |Vpg=25V
Crss Reverse Transter Capacitance — 15 — f=1.0MHz Ses Figura 5
Source-Drain Ratings and Characteristics
Parameter Min. | Typ, | Max. | Units Test Conditions
Is Continuous Source Curront _ — | 56 MOSFET symbol o
{Body Diode) ) A showing the
Ism Pulsed Source Current . _ 20 integral reverse &
{Body Diode) @ p-n junction diode. s
Vso Diode Ferward Voltage — ~ | 25 V | Ts=25°C, Is=5.6A, Vas=0V @
b Reverse Recovery Time — | 100 | 200 | ns |T=25°C, Ir=5.6A
Qn Reverse Recovery Charge — 1044 | 088 | uC |[di/dt=100A/us ®
ton Forward Tum-On Time Intrinsic turm-on time Is negiegibls {turn-on is dominated by Ls+Ln)

Notes:

@ Repetitive rating; pulse width limited by @ 1sps5.6A, diVdt<75A/ns, VDDLV(BRIDSS,
max. junction temperature (See Figure 11) Tus175°C

@ Vpp=25V, starting Ty=25°C, L=4.8mH @ Pulse width < 300 ps; duty cycle <2%.

Re=251, |as=5.6A (See Figure 12)
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|IRF510
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IRF510 _
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Fig 12b. Unclamped Inductive Waveforms Vs. Drain Current
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Fig 13a. Basic Gate Charge Waveform Fig 13b. Gate Charge Test Circuit

Appendix A: Figure 14, Peak Diode Recovery dv/dt Taest Circuit — See page 1505
Appendix B: Package Outline Mechanical Drawing — See page 1508

Appendix C: Part Marking Information — See page 1516 Intemational
Appendix E: Optional Leadforms — See page 1525 R , ' liﬁ er
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&anionﬂl Semiconducior

CD4070BM/CD4070BC

Quad 2-input EXCLUSIVE-OR Gate

CD4077BM/CD4077BC

Quad 2-Input EXCLUSIVE-NOR Gate

General Description

Employing complementary MOS (CMOS) transistors to
achieve wide power supply operating range, low power con-
sumption, and high noise margin, the CD4070BM/BC and
CD4077BM/BC provide basic functions used in the imple-
mentation of digital integrated circuit systems. The N- and
P<channel enhancement mode transistors provide a sym-
metrical circuit with output swing essentially equal to the
supply voltage. No DC power other than that caused by
leakage current is consumed during static condition. All in-
puts are protected from damage due to static discharge by
diode ctamps to Vpp and Vss.

March 1992
Features
¥ Wide supply voltage range 3.0V to 15V
v High noise immunity 0.45 Vpp typ.

v Low power TTL
compatibility
v CD4070B:Pin compatible to CD4030A
:Equivalent to MM54C86/MM74C86
and MC14070B
v CD4077B:Equivalent to MC14077B

Fan out of 2 drving 74L
or 1 driving 74LS

Connection Diagram

CD4070BM/CD4070BC
Dual-In-Line Package
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Absolute Maximum Ratings (Notes 1 and 2)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions (Note 2)
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications. IDC s”p‘l’” Voitage (Vo) V1015 Ve
DC Supply Voltage (Vpp) b0.5 to a 18 Vpe g"”’ ‘:," "“ie Vi) \wre Range (T 010 Vop Voc
perating Temperature Range
Input Voltage (Vin) b0.5to Vpp a 0.5 Vpe CD4070BC/CDA0T7BC b40C tg” 86:C
Storage Temperature Range (Ts) b65:C o 150:C CD4070BMW/CD4A077EBM b55.:C 10~ 1254C
Power Dissipation (Pp)
Dual-In-Line 700 mw
Small Qutline 500 mw
Lead Temperature (T)
{Scidering, 10 seconds) 260.C
DC Electrical Characteristics cpao7oBmicD40778M (Note 2)
Symbol Parameter Conditions bS5:C a25C a 125 Units
N Min Max | Min Typ Max Min Max
DD Quiescent Device | VoD © 5V, 0.25 0.25 751 ma
Current VIN e VDD or V55 i
vop ® 10v, 05 05 15 | ma
ViN e VDD or Vss
vop ° 15V, 1.0 1.0 30 | ma
VIN & VDD or V35
VoL Low Level ol I(e1 mA
Output Voltage | VDD ° 5V 0.05 0 0.05 005} Vv
VDD: 10V 0.05 I 005) Vv
vop ° 15V 0.05 0 0.05 005| Vv
N K TITIX
VOH Bighdeislage o,
oD ° 5V 4.95 4.95 5 4.95 v
voDp ° 10V 9.95 9.95 10 9.95 v
vop ® 15v 14.95 1495 | 15 14.95 v
% T
ViL h’%kﬂﬁb ]
i B%DBSV. Vvo® 45V or 0.5V | 15 15 15 v
Vpp e 10V, Vo e 9V or 1.0V 3.0 20 3.0 Vv
Vpp e 15V, Vo e 13.5V or 1.5V 4.0 4.0 40 Vv
ViH High Level ol ke1 mA o
Input Voltage VDD  5V,VO0 0.5Vor4.sv a5 35 3.5 Vv
Vpp @ 10V, Vo e 1.0V or 9.0V 70 70 0 v
Vope 15V, Voe 1.5Vor 135V | " 110 1.0 Vv
-] ) . ' .
“tor—— T tow teveroutput 1 voo-, SV VO 0Av
Curent (Note 3) |vop ® 10V, Vo © 0.5V 0.64 051 | 088 0.36 mA
VDD e 15V’ Voe 1.5V 1.6 1.3 225 ¢9 mA
) o . 42 34 8.8 24 mA
HdoH— ¢ 1v/ion = S\ Vo : g\
Current (Note 3) | vop ® 10v, vo ® 9.5v b0.64 b0.51 | b0.88 b0.36 mA
VDD e 15V, Vo e 13.5V b1.6 b1.3 | b2.25 0.9 mA
N tnput Current vob © 15V, Vin © oV b4.2 b34} b8.8 b2.4 mA
Vop e 15V, Vin e 15V b0.1 b10°° | bO.1 b1.0! ma
0.1 10%° | 0. 1.0 § mA

Note 1: "Absolute Maximum Ratings" are thoss values bayond which the safety of the device cannot be guaranteed, They are not meant to imply that the devices
should be operated at these limits. The table of “Recommended Operating Conditions” and “Electrical Characteristics” provides conditions for actual devica

operation,
Note 2: Vg5 8 OV unless otherwise specified.
Note 3: lgL and Ion are tested one output at a time,




DC Electrical Characteristics co40708¢/c040778C (Note 2)

Symbol Parameter Conditions b40:C a25C 2 85:C Units
Min _§ Max i Min Typ | Max | Min { Max
IoD Quiescent Device | VoD ° 5V, 1.0 1.0 75 1 mA
Current VIN e VDD or Vss
vop © 10V, 20 2.0 15 | mA
ViN e Vpp or Vss
vop ° 15V, 4.0 4.0 30 § mA
ViNe VDD or Vss
k TmA
Vo | eiplBlage |40
age [
oD ° 5V 0.05 0 0.05 0os| v
voo © 10v 0.05 0 0.05 005 v
vop ® 15V 0.05 0 0.05 005] v
vor | Highkom! wt ™
age e
DD~ 8V 4.95 4.95 5 4.95 v
voo © 10V 9.95 9.95 10 9.95 v
vop ® 15V 14,95 14951 15 14 95 v
ViL Low Level o1k, 1 mA o
Input Voltage VDD ~ 5V, VO~ 4.5V or 0.5V 15 15 1.5 Vv
Voo e 10V, Vo e 9V or 1.0V 3.0 3.0 3.0 v
f k TmA
Vi hl S\S\ VE':HE @\
be DD ® 5V, VO ° 0.5V or 4.5V a5 25 35 v
Vpp e 10V, Vg e 1V or 9.0V 7'0 7'0 7'0 v
VDDi15V,Vone‘L5V0r13.5V 1.0 10 1.0 | v
“ToL Tow Level Oulpit VDD~ BV, Vo - 0.4V -
Current Vpp e 10V, Vo e 0.5V 0.52 0.44 0.88 0.38 mA
VDD e 15V, Vg & 1.5V 1.3 111 225 09 mA
. . 36 3.0 a8 24 mA
O THIgTLEvErOUpe VoD, SVTVOT 4.8V
Current vop ® 10V, vo © 9.5V b0.52 b0.44 | bD.88 b0.36 mA
Vpp e 15V, Vg e 13.5V b1.3 b1.1 |} b2.25 b0.9 mA
ot Cucsent voe ® 45y i ® A b3.6 b3.0 | b8.8 b2.4 mA
Vpp e 15V, ViN & 15V B0.3. b10° | p0.3 b1.0] mA
0.3 10°% | 03 1.0 7 mA
AC Electrical Characterisgilcs;'0 ess othore red
It
Ta ® 25:C.CL ° 50pF, RL © 200k, tr o g <0 % UNIESS OIMEIWise specih
Symbol Parameter Conditions Min Typ Max Units
t  or Propagation Delay Time vV 8., 140 486
G I-ﬂ:re Y T — —i
tPLH from Input to Output VDD~ 10V 50 90 ns
Voo ° 15V 40 75 ns
Transition Time \ inn
b ooy : S 400 200 "o
tTLH VoD 10V 50 100 ns
vop © 15v 40 80 ns
N Average-lppt-Gapasitance— Any-Hput B va ph
H H H 3 AL a0 | =
e PBWGFD'SSHW'_AW'WW*T o Pr
bl Lacamatens.boeguaaniasd b DCcomelated jesting

Note 1: “Absclute Manirnum Ratings" are those values bayond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices
should be operated at these limits. The table of “Recommended Operating Conditions” and “Electrical Characleristics”’ provides conditions for actual device

operation.

Note 2: Vgs e OV unless otherwise specified

Note 3: Ig_ and igH are tested one output at a time.

Note 4: Cpp determines the no load AC power consumption of any CMOS device. For complete explenation, see 54C/74C Family Characteristics Application
Note. AN-90,




AC Test Circuit and Switching Time Waveforms
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Physical Dimensions inches (milimeters)
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CD4070BM/CD4070BC/CD4077BM/CD4077BC

Physical Dimensions inches {millimeters) {Continued)
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Molded Dual-In-Line Package (N)

Order Number CD4070BCN or CD4077BCN
NS Package Number N14A

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A ciritical component is any component of a life

systems which, (a) are intended for surgical implant
into the body, or {b) support or sustain life, and whose
failure to perform, when properdy used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury
to the user.

suppont device or system whose failure to perform can
be reasonably expected to cause the failure of the life
suppoert device or system, or to affect its safety or
effectiveness.

N

National Semiconductor
Gorporation
1111 West Bardin Road

National Semiconductor
Europe

Fumx: (a48) 0-130-530 85 88

Arington, TX 78017
Tel: 1(800) 272-0959
Fex: 1{800) 737-7018

Email: cnjwge @ levm2.nsc.com
Deutsch Tel: (a48) 0-180-530 85 85
Engish Tel (a49)0-180-532 78 32
Franlals Tel: (a48) 0-130-532 B3 58
Itakanc Tel: (a43) 0-130-534 18 80

National Semiconductor
Hong Kong Lid.

13th Fioot, Streight Block,
Ocenn Centre, 5 Canton Rd.
Tadmrshatsul, Kowkoon

Nalional Semicanductor
Japen Ltd,

Tel: 831-043-204-2300
Fex: 81-043-200-2408

Hong Kong
Tel: (852) 2737.1800
Fuox: {£57) 2738-0080

mummmmﬁ_dnmmmwww-twmm,wnm-qhmmwa—wmmwm.




Q'ﬁsxzmm

Data sheet aca uired from Harris Semiconductor
SCHS057A - Revised March 2002

€D40738B, CD40818B, CD4082B Types

Featusres:
& Mptium Speed Dpersson — S 1y

CMOS AND Gates

High-Voltege Types (20 Voit Rating)

tpy =90 m fryp i Vpp*MV

2 100% tested mwmmmy .
CD40738B Triple 3-input AND Gate ™ Maximum input current of 1 1A a2 13 V over :?»D*«P“
CD4081B Ouad 2-Input AND Gate tull puckags wmpcrature rasge; 100 nA 28 S e
£DA082B Dual 4-Input AND Gate 1RV amed 26°C [ W
8 Noiw margin ol packags-wmperamre ‘iitl:}ﬂ“'*'
® CD40738, CDAGBIB and CD- rnp} - e
‘mmogﬂumoﬂdcmtw‘umdr 1VeVppaBV -
with direct impiamentation of the 2VmVpp=1V TSP,

function ard suppiemant the sxisting

ASVuVpp=15Vv

forsily of CMOS gatss. = Starsisrdized, syrnstrical outpen o

The CD4073B, CD40B1B and CD4082B types characwrinlics FUNCTIONAL DIAGRAR
are supplied in 14-lead dual-in-line ceramic 2 BV, 10V, amd 16V parseswtele ratings
packages (D and F suffixes),  14-lead & Misaty 2t requirymanty of JEDEC Temative
dual-in-line plastic packages (E suffix), Stonderd Mo, 738, “Standerd Speci cation:
14-lead small-outline package (NSR suffix), Duscript Sorios e
and in chip form {H suffix). for o ¥
DC SUPPLY-VOLTAGE SARME, (Vpp) N
Voltages rberence0 0 Vg TWmemR .. ..vco v tmnnpnmennvesatasiessisiinnaa. < 1e OS5V lo + 20V - lﬁ
HPUTVOLTAGE BAMGE, MLIPUTE ,....vcoooevnmemvncecreermernnssssvnnnreernen ~DEV VDL DAV 1
DG INPUT CURRENT. ANY ONEINPUT ............. SR 210mA £ - ",
POWER DISSIPATION PEH SAGIAGE. PG P o
MTA-MHO'IM“ BN RN I YT I I S00mw A .
FOIT jm + 1009 W HTRIPC... . v. vovorrosr e serersesoeen e Do Linaddy 2l Y2MWV/OC 10 200MW ‘o
DEVICE DISSIPATION PR OUTPUT TRANGISTOR a2t n
FOR T » RULL PACKARESTERIWAATURE RANGE (AL Packasgw Typad) . ccoev o vsicon crane o 100MW 2]
OPERATING-TEMPERATUAE RANGE [TAN. .. 1. .ot aee s tonnareran spasscnnnnnnenssss 5500 412600 - 7
STORNGE TEMPERATURE RANGE (Tiig) -2 comovivninasssinnneis o puecarna e e <S50G R $930°C ,
LEAD TEMPERATUGE @LSTING SOLDEFINGY i3
A ININon 1N & 1/32 I [1.99 £ OFUMIHION CABIOr 1OREAN .. .. .. oorreenraranerenrsenss $2659G sres- e
COsm28
FUNCTIONAL DNAGRAM
RECOMMEMDED OPERATING CONDITIONS
For muximum rlisbilty, nominal cperating conditioni shoovld be siecied 1o thet
oparaicn i3 shways withio the foliowicy rangee:
’ LIMITS
CHARACTERISTIC UNITS
WMIN. 1 MAX.
Suppty-Voltag Ruwe (For Ty = Rl Package 3 8 v ‘e
Temperaturs R .
DYNAMIC ELECTMCAL CHARACTERISTICS at T4 259C, Input 1,.15=20 ns. '..L__lr[ﬁ);.'_,
NcLﬁmpF,,ﬂL-mm o2 —_—
PeTIONS ALL TYPES o) {,
" T [ R ] b W
CHARACTENTIC vEsT GO f" LIMITS URITS o 3]
00 ol -
Voo TYP. | MAX. 1 ;'-E%D' .
Propagation Ddsy Tyns, ,3 1§ 3: - g ,
PuL. tPLH o 5 as a0 vﬁ -
8 100 20 wsann
T L]
rmition Tipe 10 50 100 m CD40728
THL 'TLH % 40 80 FUNCTIONAL DIAGRAM
Inpun Capacitance, Cpy Anry Inpait - 8 ?5 oF

Copyright[ 2002, Texas Instruments Incorporated
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TOSHIBA

TLP250

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 sujtable for gate driving circuit of IGBT or power MOS FET.

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

0 Supply current (ICC): 11mA(max.)

0 Supply voltage (VCC): 10-35V

0 Output current (10): w1.5A {max.)

0 Switching time (tpLH/tpHL): 1.5es{max.)

O Isolation voltage: 2500Vrms(min.)

0O UL recognized: UL1577, file No.E67349

O Option (D4) type

VDE approved: DIN VDE0884/06.92,certificate No.76823
Maximum operating insulation voltage: 630VPK
Highest permissible over voltage: 4000VPK

(Note) When a VDEQ884 approved type is needed,
please designate the "option (D4)"
O Creepage distance: 6.4mm(min.)

Clearance: 6.4mm(min.)

TOSHIBA Photocoupler GaAlAs ired & Photo-IC

Unit in mm

133005
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TOSHIBA 11-10C4
eight: 0.54 g

Schmatic Pin Configuration (top view)
IcC
vee 1[] 8
2 d 7
VF 3 q 6
VO
4 I:] 5
; GND 1:NC.
A 0.1sF bypass capcitor must be 5 2 - Anode
connected between pin 8 and 5 (See Note 5). 3 : Cathode
4:N.C.
5:GND
6 : Vo (Output}
7:Vo
8:Vce
Truth Table
e ———_ | T2
Input On On Off
LED o Off On
1

2004-Ub-25



Absolute Maximum Ratings (Ta = 255C)
A —
Characteristic Symbol Rating Unit
Forward current IF 20 mA
Forward current derating (Ta 2 704C) Alp f aTa 00.36 mA /4C
@ Peak transient forward curent (Note 1} IFPT 1 A
Reverse voltage VR 5 v
Junction temperature Tj 125 sC
L CoR SO GO e T 2 e o 1o o) Torn rwp e ray
R O O S 2 ois o TORr o 119)%8 AR ray
(Ta2 70T 35
Output voltage VO \
T = oot ri
5
'E TS 7o :r oJ
3 }Supply voltage vee v
TonpurVoNagE geTamg (12 2 703C) aVOTATd oo73 \ A "2
1 SopDy vonagE ettty L1 2 TyC ) aVCG 218 CO.TS VA A
oo empETRY 3| T2y~ 1c
creratngrenueTy oY T raes "Mz
OpETaung TemperaTe range Topr [M7AYjarlo}o] Y
STy T A e Tange TSty e el vt a—
LOCE L GRS IS T AR L R oY TS0 raeom 13
Lﬂmm —eTe =22 e e v v TS

Note 1: Pulse width PW < 1as, 300pps
Note 2. Exporenential wavefom
Note 3.
Note 4: It is 2 mm or more from a lead root.
Note 5:

together.
Note 6:

Exporenential wavefom, 10PH s D1.0A( < 2.5as), IOPL S +1.0A( S 2.5a5)

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(0.1sF) 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 swilching proparty. The total lead
length between capacitor and coupler should not exceed 1cm.

Recommended Operating Conditions

Charactenistic Symbol Typ. Max Unit
[T D ——e =TT g o ™1
g orrorAT— e e —~
ooyt Ijv oy - e—— 00 PO
[PeakompotToment TOPRITOPL — A= )
RS\ R Gl o1 1 Topr o pm 75 T 55 T

Nole 7. Input signal nse trme (fall time) < 0.5 »s.

2004-06-25-
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TOSHIBA

TLP250
Electrical Characteristics (Ta = 020~705C, unless otherwise specified)
Test 'r
Characteristic Symbol CirD Test Condition Min. Typ.” Max. Unit
cuit
Input forward voltage VF — IH=10mA , Ta = 25C 1.6 1.8 Y
Temperature coefficient of | _ _
forward voltage AVE!ATal — 1g =10 mA 02.0 VvV /sC
Input reverse current IR — VR =5V, Ta=25C - 10 nA
Input capacitance CT — VI|=0,f=1MHz , Ta = 254C — 45 250 pF
“H" level 1OPH - 3 IF = 10 mA §0.5 01.5 -
Quitput current x%c =30V EVams=4Y A
“ level loP 2 IF=0 0.5 2 —
OPL Vegs = 2.5V
"H” level VOH 4 VCC1 = +15V, VEE1 =015V 11 12.8 —
RL = 2000, IF = 5mA
Output voltage V.
“L" level VoL 5 VCC1 = +15V, VEE1 =015V —_ 014.2 012.5
RL = 200¢}, VF = 0.8V .
VCe = 30V, IF = 10mA — 7 —
"H” level ICCH — Ta = 25sC
= = i - 11
Supply current VCC = 30V, IF = 10mA A
. vee =30V, IF = 0mA | 75 |
“L* level IceL — Ta = 25¢C
VCC =30V, IF = OmA - — 11
Threshold input ot e — W =5V apisy | — 1.2 5 mA
current L—H RL = 20002, VO > OV
Thresheld input “Output ) IEHL — vF . +15V, vEET 2 a15v 0.8 _ _ v
voltage H-L RL = 200Q, VO < OV
Supply voltage - .-V,(;:C‘, ) — o 10 - 35 . v
Capacilance Cs — V=0, 1= 1MHz — 1.0 20 pF
(inputToutput) Ja=25a
12 14
Resistance(inputDoutput) RS — V[ =500V, Ta=25,C 110 10 — | &
R.H.< 60%
* All typical values are at Ta=25C  (*1): Duration of IC time < 508
3 2004-06-25



TOSHIBA TLP250

Switching Characteristics (Ta = 020~705C , unless otherwise specified)

— est
Characleristic Symbol Cina Test Condition Min. Typ.* Max. Unit
cuit
Propagation L—H tpLH — 0.15 05
delay time HeaL pHL IF = 8mA (Note 7) — 0.15 05
— 6 VGG4 = +15V, VEE = 015V s
Output rise time tr RL = 2000 — — -
Output fall time tf — — —
Common mode transient
. ) - - VCM = 600V, IF = 8mA : s
t high leve) . : 05000 — — N/
immunity at high leve. CMH 7 VGG = 30V, Ta = 25,C nS
output
Common mode transient
i i VCM = 600V, IF = OmA
| J 5000 - — WVM/ns
oot Atlowleve CML 7 lvcc=30v, Ta=25C "

* All typical values are at Ta = 25,C

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

4 2004-06-25



TOSHIBA TLP250

Test Circuit 1: ' Test Circuit 2 - ICPL

] Q
[ j E 1 vce
i 5 4 Lves
Lo
Test Circuit 3 : IOPH Test Circuit 4 : VOH
8 8
1 g t 1 [0 T
I l vce 1 Ve
GB__E P 0.1aF T ___[ J * 0A4F L
IF

AR a

—1 gl
T +[ g— C?W

+[]

T T
1

VEE1

Test Circuit 5: Vo

gl

(-]

Ve
= 0.1sF -

VoL
p

I:ItlJ

-9
| |
LIJLJ

‘f VEE1

5 2004-06-25



TOSHIBA

TLP250
Test Circuil 6 toLH, LpHL. I tr
5 S T
E :ll IF tr
M 0.1aF Vet < *
[ D ( Vo = VOH  80%
:}— RL Vo GND
N
VoL  80%
1000/1’ E ___]-i - o ] e
)
Test Circuit 7: Cpn, Ciaw
8
1 U r_r *
SW li, 0.1+F
E T 1 vee
A TB T
_t —vw—-E % vo
4 E }"
VCM
M »
L ,J,
600V
90% |
vcM  10%
1
SW Allg=8mA) b
\f - Crth < 480 (V)
Vo A—_ v — 2gv t (ns)
CHL
SW B(lg=0)

CML(CMH) is the maximum rate of rise {fall) of the common mode voltage that can be sustained with the output

voltage in the low (high) state.

2004-Ub-25



TOSHIBA

TLP250

IF (mA}

Forward cumrent

Allogyabie forward current

Alowabie poak outpul curert

I {mA)

loPH, oPL (A

100

IF - VF

i

u|

0.5

03

01

y 5
y 4
L

/

0.05

0.03

i

il

40

12 14

Forward voltage

16 18

vE (M)

IF-Ta

20

0

20

40

60 80

Ambient temperature Ta  {1C)

10PH, I0PL - Ta

100

PW _l25m, 1 _d 151040

0

20

40

60

Ambient Temperature Ta (C)

Taémy' *C)

Forward woltage temperaure
Vgl

coeflicient

Allowable cupply voltage Ve (W)

_OVE/ _oTa-I
-26
24
2.2

e

20k .}
-1.8
-16
14

0.1 03 05 1 3 5 10 30
Forward current  |F  (MA)

VCC-Ta
40
k]

\
20
10
0
[} 20 40 60 80 100
Ambient temperature Ta (C)
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TOSHIBA | _ TLP250

RESTRICTIONS ON PRODUCT USE

a

a

1

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 or 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 TOSHIBA or others.

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 preducts couid cause loss of human life,
bodily injury or damage to property.

In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as set forth in the
most recent TOSHIBA products specifications. Also, please keep in mind the precautions and conditions set forth in the}
“Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability Handbook” etc..

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

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 preducts which are prohibited to be produced and sold, under
any law and regulations. -

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

8 2U04-06-20



TL494
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074D — JANUARY 1883 - REVISED MAY 2002

Complete PWM Power-Control Circuitry D, DB, N, NS, OR PW PACKAGE
Uncommitted Outputs for 200-mA Sink or (TOP VIEW)

Source Current 1IN+ [] 1 -/ 16 [] 21N+

Output Control Selects Single-Ended or 1IN-} 2 15[] 2IN-
Push-Pull Operation FEEDBACKE 3 14[] REF

Internal Circuitry Prohibits Double Pulse at - DTC[] 4 13{] OUTPUT CTRL
Either Output cTls  12flvee

Variable Dead Time Provides Control Qver RT[J6 1flc2

Total Range GND[]7  10fJE2

Internal Regulator Provides a Stable 5-V cifle ofl E1

Reference Supply With 5% Tolerance

Circuit Architecture Allows Easy
Synchronization

description

The TL494 incorporates all the functions required in the construction of a pulse-width-modulation (PWM) control
circuit on a single chip. Designed primarily for power-supply control, this device offers the flexibility to tailor the
power-supply control circuitry to a specific application.

The TL494 contains two error amplifiers, an on-chip adjustable oscillator, a dead-time control (DTC)
comparator, a pulse-steering control flip-flop, a 5-V, 5%-precision regulator, and output-control circuits.

The error amplifiers exhibit a common-mode voltage range from 0.3 V to Vg — 2 V. The dead-time control
comparator has afixed offset that provides approximately 5% dead time. The on-chip oscillator can be bypassed
by terminating RT to the reference output and providing a sawtooth input to CT, or it can drive the common
circuits in synchronous muitiple-rail power supplies.

The uncommitted output transistors provide either common-emitter or emitter-follower output capability. The
TL494 provides for push-pull or single-ended output operation, which can be selected through the
output-control function, The architecture of this device prohibits the possibility of either output being pulsed twice
during push-puil operation.

The TL494C is characterized for operation from 0°C to 70°C. The TL494l is characterized for operation from
-40°C to 85°C.

AVAILABLE OPTIONS

PACKAGED DEVICES
SMALL | PLASTIC SMALL SHRINK | THIN SHRINK
Ta OUTLINE DIP OUTLINE SMALL SMALL
) ol NS) OUTLINE | OUTLINE
(DB) (PW)
0°Clo70°C | TLA%4CD 1§ TL494CN | TL4G4CNS | TL494CDB | TLA94CPW
40°CtoB85°C | TL494D | TLA%4IN — — —

The D, DB, NS, and PW packages are avaitable taped and reeled. Add the suffix R to device type (e.g.,
TL494CDR).

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information Is cument as of publication date.

Copyright © 2002, Texas Instruments Incorporated

Products conform to specifications per the terma of Texas instruments
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FUNCTION TABLE
INPUT TO
OUTPUT CTRL OUTPUT FUNCTION
V| =GND Single-ended or parallel output
V) = Veef Normal push-pull operation
functional block diagram
OUTPUT CTRL
{see Function Table)
1
RT : Oscillat ’
cr 58 scillator al
1D C1
Dead-Time Control 4 o
=01V \Comparator E1
4 £
DTC 1 |~ ! > E>C1
) PWM Q2 44 2
Error Amplifier 1 Comparator
1IN+ 1 P { 10
+ ! E2
1N--2 - Pulse-Steering
Ftip-Flop
Error Amplifier 2 12 Vee
2IN+ 18 3 [
15 ’
2IN- — Reference 14 REF
Regulator
J.——Q} T eND
3
FEEDBACK 0.7 mA
3 7
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage, Vo (see Note 1) ... o Mv
Amplifier input voltage, V| ... i Ve +03V
Collector outpUt VORAGE, Vi o i i e e i e e 41V
Collector output GUITENE, [ .. oo e i 250 mA
Package thermat impedance, 05 (see Note2and 3 Dpackage ............. ... ... .. ... ... 73°C/wW
DBpackage ..............cooviiiininnn, 82°C/w
Npackage ...............ciiieeuinnnnn. 67°C/wW
NSpackage ...........ccooiiiiiiiinnn, 64°C/W
PWopackage ................ccoviiu.. 108°C/W
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds .............. ... ... ... .ol 260°C
Storage temperature range, Tgpg ..o v vvvnvtinni i —65°C to 150°C

1 Stresses beyond those listed under *absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and

functi

ional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

implied, Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
NOTES: 1. All voltage values are with respect to the network ground terminal.

2. Maximum power dissipation is a function of T j{max), 84, and Ta. The maximum allowable power dissipation at any allowable
ambient temperature is Pp = (T j(max) - TA)Y0 ja. Operating at the absolute maximum T j of 150°C can affect reliability.
3. The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions

MIN MAX | UNIT
Vee Supply voltage 7 40 3
Vi Amplifier input voltage 03 Vee-2 v
Vo Collector-output voltage 40 \Y
Collector output current (each transistor) 200 mA
Current into feedback terminal 0.3 mA
fosc Oscillator frequency 1 300 | kHz
Cr Timing capacitor 0.47 10000 nF
RT Timing resistor 18 500 kQ
TL494C 0 70
TA Operating free-air temperature °C
TL494| —40 85

‘9 TEXAS
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electrical characteristics over recommended operating free-air temperature range, Ve = 15V,
f = 10 kHz (unless otherwise noted)

reference section

TL494C, TL494|
PARAMETER TEST CONDITIONST UNIT
MIN TYP} MAX

Qutput voltage (REF) lo=1mA 475 5 525 v
Input regulation Veg=7Viod40V 2 25| mv
Qutput requlation o =1mAto 10 mA 1 151 mv
Output voltage change with temperature ATa = MIN to MAX 2 10| mviiv
Short-circuit output current§ REF=0V 25 mA

T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
T Al typical values, except for parameter changes with temperature, are at Tp = 25°C.
§ Duration of the short circuit should not exceed one second.

oscillator section, Cy = 0.01 pF, Rt = 12 k2 (see Figure 1)

TL494, TL4S4I
PARAMETER TEST CONDITIONST UNIT
MIN TYPE MAX
Frequency 10 kHz
Standard deviation of frequencyfl All values of Vo, CT, RT, and Tp constant 100 Hz/kHz
Frequency change with voltage Vo =7Viod0y, Ta = 25°C 1 Hz/kHz
Frequency change with ternperature® ATp = MIN to MAX 10 | Hz/kHz

T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
Al typical values, except for parameter changes with temperature, are at T = 25°C.
1l Standard deviation is a measure of the statistical distribution about the mean as derived from the formula:

# Temperature coefficient of timing capacitor and timing resistor are not taken into account.

error-amplifier section (see Figure 2)

TL494, TLA4S4I
PARAMETER TEST CONDITIONS N TYPE  MAX UNIT

Input offset voltage Vo (FEEDBACK) =25V 2 0 mV
Input offset current Vo (FEEDBACK) =25V 25 250 nA
Input bias current Vo (FEEDBACK) =25V 0.2 1 HA
Common-mode input voltage range  {Vog=7Vio 40V \700 g_tg v

Open-loop voltage amplification AV =3V, R =2k, Vo=05Vto3.5V 70 95 dB
Unity-gain bandwidth Vo =0.5Vto35Y, R =2kQ 800 kHz
Common-mode rejection ratio AVo =40V, Tp = 25°C 65 80 dB
Qutput sink current (FEEDBACK) Vip=-15mVto-5V, V (FEEDBACK)=0.7 V 0.3 0.7 mA
Output source curent (FEEDBACK) |Vip=15mVto5V, - V(FEEDBACK)=3.5V -2 mA

$All typical values, except for parameter changes with temperature, are at Ta = 25°C.
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electrical characteristics over recommended operating free-air temperature range, Vec =15V,

f = 10 kHz (unless otherwise noted)

output section

PARAMETER TEST CONDITIONS MIN TYPY MAX| UNIT
Collector off-state current {VcE =40V, Voo =40V 2 100 pA
Emitter off-state current Veo=Ve =40V, VE=0 -100 pA
. . Common emitter | Vg =0, I =200 mA 1.1 1.3
Collector-emitter saturation voltage - v
Emitter follower VO{C1orc2)= 15V, g =-200mA 1.5 25
Output control input current Vi =Vief 35| mA
T All typical values except for temperature coefficient are at Tp, = 25°C.
dead-time control section (see Figure 1)
PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT
Input bias current (DEAD-TIME CTRL) Vi=0to 525V -2 =10 HA
Maximum duty cycle, each output V| (DEAD-TIME CTRL) =0, CT=0.01 uF, RT = 12kQ2 45%
Zero duty cycle 3 33
Input threshoid voltage {(DEAD-TIME CTRL) \
Maximum duty cycle 0
T All typical values except for temperature coefficient are at Ta = 25°C.
PWM comparator section (see Figure 1)
PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
Input threshold voltage (FEEDBACK) Zero duty cycle 4 4.5 Vv
Input sink current {(FEEDBACK) V {(FEEDBACK)=0.7 V 0.3 0.7 mA
T All typical values except for temperature coefficient are at Ta = 25°C.
total device
PARAMETER TEST CONDITIONS MIN TYPt MAX] UNIT
. Veo=15V 6 10
Standby supply current RT = Vpaf, Al other inputs and outputs open Voo =40V ° 5 mA
Average supply current V| (DEAD-TIME CTRL)=2V, See Figure 1 7.5 mA
T All typical values except for temperature coefficient are at Ta = 25°C.
switching characteristics, Ty = 25°C
PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
Rise time . 100 200 ns
Common-emitter configuration, See Figure 3
Fait time 25 100 ns
Rise time R 100 200 ns
Emitter-foilower configuration, See Figure 4
Fall time 40 100 ns
t Al typical values except for temperature coefficient are at Tp = 25°C.
3 1,
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PARAMETER MEASUREMENT INFORMATION

Veg=15V
12 % 150 0 150 Q
2w w
vce 2
4 8
Test DTC Cc1 Output 1
nputs 3 3 | reEpBACK E1]2 -
12k0 » =
RT c2 —L——— Output 2
2 er Ez--—:l10
0.01 uF =
- 1
2 1IN+
L 16 TIN- | Error
_J_ 2IN+{ Amplifiers
= 151 2in-
13} ouTtpPuT rer 4
CTRL
o GND
50
TEST CIRCUIT

w o Urr uu U ov
= U uuurr "
e Wi1%4444%4%4414444444444

Threshold Voltage — —

DTC [

)
oV | !
I
[ l Threshold Voltage — — —
FEEDBACK | | ]

0.7V 1 | :

| ¢ ’ l ¢ )
Duty Cycle 0% —i—>p MAX 0%

VOLTAGE WAVEFORMS

_Figure 1. Operational Test Circuit and Waveforms
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PARAMETER MEASUREMENT INFORMATION

Amplifier Under Test
+

vi D FEEDBACK

—F

Vref

Other Amplifier

Figure 2. Amplifier Characteristics

15V

f—————— 68 0
| Each Output
} Circuit Output
| ——— CL=15pF
| {See Note A)
|
RN S ©
TEST CIRCUIT ‘ OUTPUT VOLTAGE WAVEFORM

NOTE A: C|_ includes probe and jig capacitance.

Figure 3. Common-Emitter Configuration

15V

————————

| Each Output
| Circuit

Output

T 68 2
2w

— -t oy
TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM
NOTE A: C|_ includes probe and jig capacitance.

Figure 4. Emitter-Follower Configuration
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TYPICAL CHARACTERISTICS
OSCILLATOR FREQUENCY AND
FREQUENCY VARIATIONT
vSs
n TIMING RESISTANCE
T 100k : :
" ; Vec =15V
S 40k " = Ta=25°C 17
5 AN, ¢ Ly
3 g0k i 1% Ll [T 0.001pF LI|
o I T
i T N (S

§ 4k p% ~ 0.01 pF -
g [} ~
e " | 1, - TTITIM™
E 1k 0.1 uF =
o L S
»
g 400 L . A
3 A L ot=1% TINU]
g 100 M/ [T
5 CT=1pfF g 3
B N h
0 N
L A
- 1k 4k 10k 40k 100k 400k 1M

Rt - Timing Resistance — {Q
T Frequency variation {Af) is the change in oscillator frequency that occurs over the full temperature range.

Figure 5

AMPLIFIER VOLTAGE AMPLIFICATION

vSs
FREQUENCY

100 r
@ AV =3V
° Tp = 25°C
]
. 80 \
8
‘§ 70
e
S 60
£ N\
@ 50
=]
3
>o 40
& 30
B N

20
P74
)
< 40 \\

1 10 100 1k 10k 100k 1M
f - Frequency — Hz

Figure 6
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