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BI-DIRECTIONAL POWER FLOW CONTROL FOR HYBRID ELECTRIC
VEHICLE
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Soonthorn Duaysarn
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Assoc. Prof. Dr. ISsarachai Ngamroo  Advisor

2008

ABSTRACT

This thesis presents the design of a bi-directional flyback converter to
keep the bi-directional power using a bi-directional flyback converter. The
system is implemented using two batteries as power sources. The power flow
can be done in both buck and boost modes. The experiment result shows the

200 W designed converter can work as bi-directional power flow function.
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2
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21

A Y < 7 o & o= 4 <
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N3a9nuULLazn1391a09352uUA18ld51uATN PSpice

Batt 24V Batt 36V
- Bidirectional Flyback

Gate drive

‘:l (<3 Q
AINN 3.1 LRAIUR E)ﬂvlﬂ BELUNIULFAINITNINU

[~ ] o av [}
3.1 miaanuuuwﬁauﬂaaﬂmyu,tunﬂaunaﬁma%mmzmanﬂao1ﬂﬁﬁgfnaﬂ
A ° @ o s o LY 4 )
Fumnnausiaulnindiuaan 36 V. uazuseaulndisuwdn 24 Vv Ssden
TRONAAK  @I%BN 1% ANTTUAGINEDN 3 A UaLANARINTI 50 kHz

v, (1-D
v, D

in,min max

max)

N
n=—2-=
Nl

n=(36+1.5).[1—0.5):1.74

21.6 0.5
D, = Do =0.47
Dmax + (1_ Dmax) in,max

in,min

ATUTINAZIU (Normalized value) 189mMTIURIUUURIAMUAW LU EULTILIATN
AB, = 0.58miuunwineslsd lagnaluezfidr B, =02 T
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Gatiu AB=0.1T
Lf}ami’au.ﬂmvlwmeuﬁgﬂﬁwmulﬂm@m:ua@iaLﬁaa a(0.75<a <1)=0.84
mlden A7, =0.75
(2-n-1,)
h= (21—)2"1")

(2x1.74x3)

,=—20947 _ _1777
2-0.75)

AL =(I,)-AI, =13.32

Al
AL, =—1 =765
n

ﬁﬂmmmmﬁ’lé‘mmﬁwmamﬁ'a wUag

(1=D
PoZ 7 VOIO[ Dm"n ]
D

min

P, =126.86 106

(1)

RIVUAVAILNWIWAN
1\/4Da \/4(1—D)a
P02 - —
” n 3 3
N JK ,ABf.

31129 L \/4(0.47)(.84)+ \/4(1—.47).84
y 8 3 3
P 4x10° x.4x.1x50x10°

4, = 65260mm’*
LRaNYUIARNUAAN EEB5
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RIS WIUTOLANY
DmimI/in,max
' AABf
N, = 4 500
N, =738y
WIS N ARSIV EIVARIN
I/in mianax
Ll —_
Al f,
- 21.6%0.47
' 13.32x50%x10°
L, =152 uH
AUIUNITEIINIDINEA
l 4 uOleAc
, =l
Ll
1, =0.07 mm

< 1 o a 1 H
3.2 miaammuﬁﬁauﬂaoﬂmﬂLmnﬂaumas‘ma*i'wm:mﬂn'ma‘lﬂﬁ'\guumma%‘%
‘d a Qs L% e 9/ U/ A []
Furruausianiniienasn 24 V uazussauliingiudh 36 V 2936
TTRONARUAIUDDN 1% INITZURT BN 2 A

n_&_ I/a' .(I_Dmax)
1 I/;n,min Dmax

e (24+1.5).[1—0.58) —

324 0.58
D, = D =0.53
D + (1 D ) I/in,max
max max Vin’min

A1UITNAFI% (Normalized  value) UaINITLURIUUYRIAINURUILUULAWULIIULAIL RS
AB, = 0.5&miuunwnadlse laonldeslien B, =02 T
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fariu AB=0.1T
\anale LLﬂaGVLWWﬂﬂ’)’]Nﬁgﬂﬁﬂﬂ’]%l‘lﬂﬂ&lﬂﬂi:ttﬁ@iﬂL‘ﬁ:a\‘i a(0.75 <a <1) = 0.84 vilet
1 AL =0.75

2-n-1,)

Il - Dmin
(2-ArL)

(2%0.57x2)

L=—2033 _ _344
(2-0.75)

AL =(I,)-Al, =2.58
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o

WIVUIAVBIAIND
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ANFUNTILAL N, = 7 79U Nz - im”in.rax
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£, = 50 kHz
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AIAAM AR HE1NVEIVARIG
Voo D

ALY
32.4%x0.53

T 2.58%50x10°

1

1

L, =133.2 uH

AUIURITEIINDINEA



27

3.3 N5 NUULNITHA LI NADWLIIBSLADS I RNALTNLTIOT
'l.umiaaﬂLLumaa}'ﬂﬁlmé‘uSuvgﬂ 24 V ussanlayinn 36 V anwdlunnssdad

20 kHz ripple  factor 0.5 Wafidud duwrmmidn L Anszuslnaadiga lasld

anugIumMuluaavinny 12 lavu

0.86-0.86D =D
2216 Duty cycle (D)

D =046

szlddumileaidinge (L,)

min

¢ 9 G- DVR (ij
2fs N2

(1-0.46)%10 (4Y
(Lm)min= o leT
2x50x10° 7

(LYo = 963 uH

mméhLﬁuﬂs:qﬁﬁﬂﬁé‘mwmaﬂﬂﬁmvhﬁ‘u 0.5 %

c=| L ||
Rf, ) \ AV,
1
c_|_046
10x50% | | 0.005

C=184 uF
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l—> o

L, =9.63uH L
S )

)

AN 3.2 LRAII993 Flyback converter ymazaglulnuaifinusann

DC

[ 4 o
34 msaanuuuw%iﬂmmmnﬂ aunasma%‘l%fﬁumamtiaﬂu

luﬂﬁiaﬂﬂLLUU?GﬂiIﬁLLSGﬁ%S%V!Y] 36V LLNGTHLE‘WTV!‘YI 24V ﬂ’l’)&lﬁluﬂ'ﬁﬁ%ﬂ‘f
20 kHz ripple factor

0.5 tUasiTud drulrmnien L ﬁﬂi:LLaTﬁaﬂ@iﬁq@ lagld
anumuMulnaaiiny 1219y

v,. . DN,
25 VNG

24 D

s B A caarn I /]
36 1-D

217D =1.17
2zl¢ Duty cycle (D)

D =053
azlaemitanindiga (L)
9

min

Ly, = A=DIR (L)
& L N,

- 2
N (1-0.53) 132 (1]
2x50%10 4
(L) =81.16uH

wisaAudszanhlidanzasnafiuriniy 0.5 %




&)+

_[ 0.53 )( 1)
12x50x10° ) \ 0.005

C =0.176 mF
|— [ AAAR=O'm
L =81.16uF" & _I_
c=0.176nF <
oc® T

NN 3.3 uFA92993 Flyback converter ytuzaglulnuanaussnn
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12 Q

= uv 16xFT 184pF L Swzl \ swr
Tl x \
& i 36V_-E

AN 3.4 ULFAII93T Bi-directional Flyback converter wazlnaafiaanuyuy
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AN 3.5 LE§€92997 Bi-directional Flyback converter uazlnaafainean

3.5 29TAS NS

waTaFnasecls TL 494 lumsedsdganaeanuniesslustlediues
TLP 250

TL 494
=
R 1 16 o
2 15
- 3 14
4 13
R=30K — i
7 10 —
8 9 o » 1L
C1=0.001 Gate drive
uf

vec 15V

NINN 3.6 LRAIIITFIVFYUIHNAFN IC TL494 Naanuuy
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Vout TL 494
R=30K
R=2.5K 1 16
2 15 R= 10K
3 14
4 13
R=30K Poon i
7 10 —I
8 9 T 4> _ﬂ_ﬂ_
CT=O.fOO1 Gate drive
u

veec 15V

AN 3.7 UFAIIIFTNRYAIDNEFN IC TL494 Niinsnrugailaunsuieanuuy

AT 3.8 UFAIHNAIRT AN QI MNEFINA IC TL494 Aarin9939
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3.6 29932ULNA (Gate drive circuit)

sy gmargunsiuaslaidinldannaeseivavazdeshantuiesiu

3

inanauaIliladtn  wazdssdnisusnnmadaasleddfudazaraenanny duladiuas
TLP 250 JUK3Ie% Vee 15 V iasinldduine

15V
—I sj
10
Q 10 Q
JL aN—1 2 7 o L
3 6 pb———
100 Q
4 5——1|

ATINN 3.9 LEN99TILLAGIN IC 1NLUD3S TLP250 fleanuyuy

Stopped 3 2009,/03/08_00:45:52
CHI=5Y - 7 : i = i0us/div
bC 11 : : : ; : (10us/div)

= A 1152815 AV e s [ NORM:100MS/s

........................................................ SR L AL A

T
Lin

=Tracel= Max 9.600V :  Mih 0.000v & Rms 6.317V
Freq 52;08kHz:  Duly 45i8% ! 5 :

AUTOSET
EXEC UNDO
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.00v Main @ 10K Mode : AUTO
BW : FULL CHZ : 0.0v Zoom : 10K Type | EDGE CH1 4
Delay : 0.0ns

Hold Off |  MINIMUM

A Y o PURY
ANN 3.10 Llﬁﬂﬂﬁmum”qmmULﬂ@ﬂvL@Qqﬂ'Jﬂﬂi
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3.7 1997 Regulator

s Audeussanluia a0 24 Taad 1u 15 Taadiainllsne
Tnursasaanaduazlgastunadald

7815

hooour | % vV
T de

24V

O o=

AN 3.1 UERI2935 Regulator Naanuuvanlad 7815

NINA 3.12 LEA999T Regulator Naanuuuanled 7815 Nadease

3.8 a7
’ & = < da Ad & & a v
luuniiumsaenuuuisaswanouinddyidaeunasinesaasfiams Tag'led
o - v o ° . 4 0o
s naungejuszlaninisdinesasesleslsldsunsy PSpice  @9l% Power
=3 A‘ dl i % o 2/ o e J A
MOSFET uguniaiaiadds inand 50 KHz mulufsldvinmsasnasasidsiueas
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nmMInaasastlasNanIINaasng

4.1 agulszad

411 Lﬁ'aaammmaas Bi-directional Fly back Converter Tdmansaihwasenn
nsuINTISILLaLResI e

4.1.2 L*ﬁaﬁm:}'mﬁ'nmiﬁ’m'lmmmwi Bi-directional Fly back Converter

4.1.3 Wadnwminsawnasomlinsuinm S luwuaae s

4.1.4 WadnwUszanTn ey uued199s

4.2 Lﬂéaaﬁaumqﬂnmﬁ
1. T@9I7 Bi-directional Fly-back DC-DC Converter
2. DC Ammeter , DC Voltmeter
3. Oscilloscope
4. TALARANARE
5. ’gmmﬂma‘i"ﬂﬂaaa

8/
4.3 2naann1InNaasyd

#ntaed lasuwiadanlusaniy 4 nsdl

= A
M1319N 4.1 LL&G]\TLGE]HVL‘IITI’]SYWIQ 2373997

Tnuauasnauiasiaas Switch operating
LRALTIG AALTINU IGBT Selecting switch
1 D = 46% - T1,T2 S1
2 - D =60.4% T3,T4 S2
3 Feed back T1,T2 S1
control
4 Feed back T3,T4 82
control
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10000uF . swil s
== == 15000uF
v
oign L®
wpee——Batt A T1 T3 12 Tﬂﬁﬂ —.:
E 3bv
B{iB.
[ J
v °
T4

AT 4.1 UER92937 Bi-directional Flyback converter uazluanfieanuuy

4.4 nsnaaadlianion 1
YIARINIITINI UV BN Bidirectional 1487112849 Boost Mode Lﬁag}”h Batt A N

Batt B ¥in91% Bidirectional 7ilviae 12 lawu'lansinels

1
0.2 favin 0.2 Taviu
19\ Yvw — A D

10000uF
L = e == 15000uF
O
T1

- "—Batt A _é T3 12 Tevfy
| B

8

AINN 4.2 M3H9IUV892997 Bidirectional lid@1uw84 Boost Mode
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TUAAUNIITNARDS

1. g ldiinszuaasarindy 24 Taad lseswsisuiinaewnefinaflay
msdrelnas 12 Tavu

2. AT193URANH Drive Gate 1iiay5uen Duty 7 46%

3. nA SW1 tesalnaa R = 120

4. Praussiuliihnszuaassfl 24 Taad 970 Batt A gy

5. yhmsredyanmiifien Duty 7 46% 1Aty T1 usr T2 Tasd T3 uaz T4
aa89 laivinan

6. nsUuiinanTzUuaLasL IRl UEIUYDY input Was output

AT NN 4.2 HANINARAIEAU YN 1

Boost Duty output (Batt A) Output (Load) n
Mode V (V) [ (A) | P (watt) [ V (V) | 1(A) P (%)
(watt)
T1,T2 on | 46% 25 < 125 38.53 25 96.33 77
Sw1 on

3630V~

.........................................

...............................

'
36. 257+

siRESs vl akm

: :
! 119} 369h, 36} 243}

: ' ' ' ' 1 ¢ v ] ' 1 ' v ' . 1
SRR - Feacecro--- jm = m e EEEET PR Trpes SRpu S E LT T SRy g I BRI R R, Femmmpeeasro—od] T
. ' v ' ' ' ’ ' ] i ' ' ’ i ' '

il R B L e Ty SpEyt-FD (g e QU Iy U [EVSPRPD QS-SR NI S

......................................................................................................

H
36.20V-—

19.28us 15.32ms 19.36ns 19.40ms 19.44ms 19.48m:
o V(R12:2)
Time

AR 4.3 uraaszsanadniildannissraesdaslusunsy PSpice vmiinalnanii 120
AV _36.271-36.243 "

o

v, 36.256
A 0.07%
-

o

100




NN 4.4 LaaIrnad INHadsdusziss I e uaan

_ " P
USeRNTNINUEI99T 1 =~ x 100
in

=292 100 = $7.93%
116

Stopped 3 2009/03/09 19:21:44
CH1=5Y : : : : : ¢ bBusZdiv
bpC 10001 : : : : : i [Bus{#div)

: : 3 p - 1 NORM:200MS /s

=Tracel= P-P 18,80V :  Max 14.20¥ .  Mih -4.600Y

Rms 7.111¥ Freq 50;51kHz: Duty 46;0%
AUTOSET : ] : ;i .
EXEC UNDO
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.00v Main : 10K Mode : AUTO
BW : FULL CHz : 0.0v Zoom @ 10K Type : EDGE CH1 4
Delay : 0.0ns

Hold Off |  MINIMUM

NN 4.5 LRIV DAY TEAR LW I Tnaa




Stopped g 2009/03/09 20:23:54
CHi=zov 10us/div
DG 1001 : i (10us/div)

e, SRR SO OOURR AORURTNE SEUUROUNE SOV NORM:100MS /5

SPULE I s SO R S EA—— - S

e

=Tracel= P-p 5.600¥v @  Max 40,80Y :  Min  35.20V

.......... Rms, . 38:58v. A\ Freq | 4854z ..PH.*_Y X
3 : CH1
CH1 ¥/DIV vifnwv
VAR
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.0v Main : 10K Mode : AUTO
BW @ FULL CHZ 0.0v Zoom : 10K Type : EDGE CH1 &
Delay : 0.0ns
Hold Off :  MINIMUM

NN 4.6 LraIaamLsIan Wi AT aliiuTnag

1 Stepped 3 2009703709 20:33:58
CHIs5Y ; i ¢ 200ns/div
Ac 100:1 : : ‘- (200ns /div)
: : : NORM 200Msfs
: I,
1 .?E ! bR A e e R W AR

=Tracef1 = P-i>

2,600V Ma

X 1.400V  ©  Min ~1.200V

______ Rms _.__383 L Freq Sﬂ_gl]hl-lz Duty___sl] 0%
: : CH1
CH1 V/DIV v/ D:J_Wv
VAR
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing ! OFF CH1 [ —=~===~- Main @ 400 Mode : AUTO
WD FULL CH2 : 0.0v Zoom @ 400 Type . EDGE CHT1 4
Delay : 0.0ns
Hold Off : MINIMUM

ANN 4.7 ueedaTesanaanymentass s v lvnulnaa 120
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AV, 14-(-12)

x 100
v, 38.53
AV
° =6.75%
VO
Stopped g 2009/03/10 11:30:32
CH1=200mV: : : : : : Busfdiv
DC 1001 : g 5 ; 5 : . (Susydiv)
: : : : ' NORM:20DHS /s

=Tracel= P-P  1.028¥ |  Max 600.0n¥ :  Mip =421.0mv
: Rms  70;46mv Freq 5.000M4z: Duty 50;0%

AUTOSET
EXEC ARA
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : g.00v Main I 10K Mode | AUTO
BW : FULL CHz : 0.ov Zoom : 10K Type : EDGE CH1 4
Delay : 0.0ns

Hold OFff : MINIMUM
NN 4.8 nzua i I (Inue DC) Alwariwisasannisia

84

82

80

78

76

74

waARINITFa N auLlsE AN NN TR 92935

d o X .
29asnaF1eaun MIeey
B uananmaFeuiainlssdninineaatas

AH. = “aooa 1 13 L g
NN 4.9 LLﬁﬂGﬂWSLﬂ%E}UL‘YIUUﬂSZﬁﬂﬁﬂ’]W’ﬂﬂﬂﬁﬂﬁliizﬂ’ﬂﬂﬂ’ﬁﬁnﬂﬂﬁﬂ’]UIﬂiLtﬂi&J

. s dl v J’ =
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4.5 MINnandlsanluf 2

NANBINIINNUYBY Bidirectional Ius1u289 Regenerative Mode L'ﬁa@’i'] Batt A

fU Batt B 7119w Bidirectional tHuatngly amemisenvaiaedd tlavinmisdaalna
R=12Q

I I
q‘O.Z T < 02T KA\
OZ" : w—4)
L 5 10000uF
. L == : b == 15000uF
v :——l 4V RO
~—Bart A o T3 Rl 3 =

L

AINTI 4.10 LEA92997 Bi-directional Flyback converter uazlnaafoanuuy

TUABUNTNARD

1. nsdne i nszuaas9an Batt B 1vihiy 36 Taas

2. a5293UFRI ™ Drive Gate tAay3usn Duty 7 53%

3. yihmyhedamnaiifies Duty 7 60% why T3 ussdl T4 Tandl T1 usy T2
G989 baivinan

4. ne SW2 iassuseauliiuszuy

5. Iousseuininszuaasefl 24 Taasd ann Batt A gy

6. Fnstufindnsrusuas Ul hEIULLS input ez output

7. e lannauneud 6 Bvmsuiaufsudunisdasssasllsunsuy

A1519N 4.3 Han1Inaasdgawluf 2

Regenerative | Duty output (Batt B) Input (Batt A) n
Mode V(V) I(A) | P(watt) | V(V) I(A) | P(watt) | (%)
T3,T4 on 60% 35 1 525 | 25.36 1.5 375 72
Sw2 on




Stopped 3 2009703709 19:36:43
CHi=10V E 1ms7div
DC 100:1 : (Imsydiv)

: : NORM 1Mst

1L
2.000v Max  26:40V f Min  24;40v
Rms 25; 36V Fre 25 l]l]kHz Duty 50 0%
AUTOSET
EXEC UNDO
=Filter= =0Offset= =Record lLength= =Trigger=
Smoothing : OFF CH1 : 0.0v Main 10K Mode @ AUTO
BW : FULL CH2 : 0.0y Zoom @ 10K Type . EDGE CH1 4
Delay : 0.0ns
Hold Off :  MINIMUM
- o a d o & o
ANAN 4.11 LL'!WNﬁfymuﬁEI«I»I.L'NG]uleW'IYWI'm'ITH’ﬁ%LLU@ILGIE]S‘S
wStopped X 2009/03/09 19:37:46
CH1=200mV: 3 1 500ns/div
AC 100:1 :  (500ns /div)
: g NORM ZDDMS/s

o
1L AR

M po i et 53
AR A

=Tracel= P-Pp  72.00my Max  24:00mV : Mih -48;00mV
: Rms 18 53mv : Freq 25 lll]hl-lz Duly 50:0%
: : CH1
CH1 V/DIV v/DIv
VAR 200mV
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON  CH1 | =—===== Main : 1K Mode @ AUTO
BW I FULL CH2 : o.ov Zoom : 1K Type . EDGE CH1 4
Delay : 0.0ns
Hold Off : MINIMUM

= A s e A o & , o < e
N1NMN 4.12 LLﬁ@N?:iaﬂﬂﬂ%ﬂvlﬂ'«J']ﬂ'N%Tﬂﬁi’]x‘i‘].l%"ﬂm:‘ﬂ']ﬂﬂ’mﬁi‘ﬁﬂﬁluﬂ(ﬂL@lﬂii
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AV, 24—(-48)

x100x 1mV
25.36
Av, =0.28%
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24.9200
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24.20001
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24.8800
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'
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SESPLRN U S S e R AR S N N S B R [T SRS Spaput Syt RSuipil SUUPIpR S R
24_ 5684t H H L H :

34.78ms
o Ii{¥2) ¢ Wi{R6:1)

Time

NN 4.13 ugevIzenaan lnananssiaascaelysunsy PSpice 1o i iin1sTnia

ol
LUALa 837

AV, 24.893-24.889 K

100

24.891

A%, =0.016%
Vv

o

AN 4.14 ueasfiad I e uLasta W e wean
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=) =) P
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Stopped 3 2009/03/10 11:35:47
CH1=200mV: ¢ 10us/div
DC 100:1 : 1 (10us/div)

: O NN SRR SO VORI NORM:100MS /s

Mih =616, 0nv

1.432v Ha A
.............. Ruis | 80348mY & Freq 1.667wiz: | Duty 68i7%
: : : N o
CH1 V/DIV VZJ:][[)IWV
VAR -
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.00V Main { 10K Mode : AUTO
BW © FULL CH2 : 0.0V Zoom . 10K Type : EDGE CH1 &
Delay : 0.0ns
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1. MnseWinszuaasavinny 24 Taes heaisuinaeunasias Tae
nsanslaae 12 lavu

2. AT193UFY AN Drive Gate L a1l3usin Duty 1 46%
3. 0@ SW1 Liiesnalnaa R = 120

4. ousianlninTzuaasen 24 1aad 910 Batt A wihgszuy

5. Mmsiedyanmiiden Duty 7 46% WAL T1 usr T2 Tasfi T3 uaz T4

gadg9lavinen

6. ATTufnAMIZURLALUTIGUIHEIUVEY input Uaz output
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=Filter= =0ffset= =Recard Length= =Trigger=
Smoothing © OFF CH1 : 0.00v Main : 10K Mode ! AUTO
BW : FULL CHZ : 0.0v Zoom : 10K Type : EDGE CH1 &
Delay : 0.0ns
Hold Off : MINIMUM

NN 4.18 LEMIFTN BTLINa Ty NN TEIAa I iU Inge

Boost output (Batt A) Output (Load) n
Mode V (V) 1 (A) | P (watt) | V (V) I (A) | P (watt) | (%)
T1,T2 on 23.5 4 94 35 3 105 89.5
Sw1 on
Stopped ] 2008/03/13 01:30:30
CHI=BY : 1 20us/div
DC 11 : ! (20us/div)
e — NORMSOMS /s
=Trace§1= P-;> 15 , (31 MaXx 11 ;UDV : Rmés G.éjgﬂf
). L L ReaeTy B mav ) Freq “18,69kHz: ° Duty: 44i9%
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Stopped g 2009/03/13 01:32:46
CHi=20V . : : : : : . Susydiv
DC 11 : : : : ! (Suszdiv)
: : : : : NORM:Z0{MS /5

=Tracel= P-P 17i60V @ Max 44.80Y : Rms 35,70V
: Avg  35:78V Fre - E Duty — —==

AUTOSET : : : : :
EXEC UNDQ
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CHI1 : 0.0v Main @ 10K Mode @ AUTO
BW : FULL CH2 : 0.0v Zoom ! 10K Type : EDGE CH1 £

Delay 0.0ns
Hold Off ©  MINIMUM
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1. e lWfnszusaseann Batt B 1y 36 Toad

2. AvY9sUFQYQIM Drive Gate ta1l3usn Duty 7} 53%

3. vhasined s Duty 7 60% WAL T3 uasfl T4 Tasfl T1 uaz T2
G989 lvinenu

4. na SW2 Linsnausaeuldiuszuy

5. Proussewlninszugasefi 24 Taad 91n Batt A wihgazuy

6. FNIUBANAINIzLRLAZUTIAWIUEIUVEI input uaT output

7. nafi ldanauaand 6 savnmaissuifisusunisiaessrslusunsy

A1519N 4.5 NaN1INaRadSaulaf 4

Regenerative output (Batt B) Input (Batt A) n
Mode V(V) I(A) | P(watt) | V(V) I(A) P(watt) (%)
T3,T4 on 36 05 |18 25 £2) 12.5 69
Sw2 on
Stopped 1 2009/03/13 02:14:50
CHIsEY  : : : ] : © 20us/div
DC 101 : : : : 1 (20us/div)
: & 3 : ; ] MNORMSEIMS /s

=Tracel= P-P 10;60Y :  Max 11.00V

e Avg  5.305v :  Freq 1984kHz
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.00v Main : 10K Mode : AUTO
BW I FULL CH2 : o0.ov Zoom @ 10K Type . EDGE CH1 £

Delay : 0.0ns
Hold Off | MINIMUM
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Stopped I 2008/03/13 02.16.06
CHi=10v : : : : : Tmsidiv
DG 101 : : : : ¢ (Imsydiv)

: e, A : NORM:IMS /s

Ih . H : . E . : : :

T
=Tracel= P-P  2.400Y @  Max 26i00Vv @ Rms  25.01V
. ©..Bvg 25,0y i . Freq 25i00kHz:  Duty 50;0%
AUTOSET
EXEQ UNDO
=Filter= =Offset= =Record Length= =Trigger=
Smoothing : OFF CH1 ° 0.0v Main : 10K Mode : AUTO
BW : FULL CH2 : 0.0V Zoom : 10K ~ Type : EDGE CH1 &
Delay : 0.0ns

Hold Off :  MINIMUM
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Stepped q 2009/03/09 19:21:44
CHISSV F Sus7div
DC 100:1 : i (bus/div)

P : NORM:200MS /s

=Tr acef1 =

AUTOSET

P-P  18.80v
Rms  7.111V

UNDO

EXEC
=Filter=

Smoothing : OFF

BW : FULL

0.00v

=0ffset=
CH1 :
CH2 : o.o0v

=Record Length=
Main : 10K
Zoom @ 10K

=Trigger=
Mode @ AUTO
Type : EDGE CH1 4
Delay : 0.0ns
Hold Off :  MINIMUM

4 A o »
NAN N4 uaasglaRusygmiuinaume
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Stopped I 2008/03/09 20:23:54
CHi=20v 10us/div
DC 100:1 : 1 (10us/div)

: : NORM 1IJDMS/S

I 5.600V Max  40;80v Mih  35;20v
Rms  38;53v Fre 48 54kHz Duty 99;0%
: ; CH1
CH1 V/DIV v/DIV
7 VAR 20 v
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1T : 0.ov Main 10K Made ! AUTO
BW I FULL CH2 : 0.ov Zoom @ 10K Type : EDGE CH1 £
Delay : 0.0ns
Hold Off :  MINIMUM

AH n.5 uaassa gk IWfhamzaeliiulnaa 36 Taag

2009/03/10 11:30:32

Stopped ¥
CH1=200mV: Sus7div
DC 100:1 ¢ t [(Busydiv)
: ] NORM ZODMS s

=Tracel= P-P 1.024v Max 600.0mvy : Min -424.0mv
Rms ?0 46myY Freq 5. Bl]l]hl-lz Duty 5|] 0%
AUTOSET
EXEC UNDO
=Filter= =0Offset= =Record Length= =Trigger=
Smoothing : OFF CH1 : o0.00v Main : 10K Mede @ AUTO
BW : FULL CH2 : 0.0v Zoom @ 10K Type : EDGE CH1 4
Delay : 0.0ns
Hold Off |  MIMIMUM

~ o A v «
ATINN N.6 LLaﬂoamvtyﬁmﬂi:LLa (l) ﬂL’U’lngaLLﬂmNmmLUﬂ
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Order this document by TL494/D

@ MOTOROLA
TL494

SWITCHMODE™ Pulse Width
Modulation Control Circuit

The TL494 is a fixed frequency, pulse width modulation control circuit SWITCHMODE
designed primarily for SWITCHMODE power supply control. PULSE WIDTH MODULATION
CONTROL CIRCUIT
& Complete Pulse Width Modulation Control Circuitry SEMICONDUCTOR

® On-Chip Oscillator with Master or Slave Operation TECHNICAL DATA
® On-Chip Error Amplifiers

® On-Chip 5.0 V Reference

® Adjustable Deadtime Control
¢ Uncommitted Output Transistors Rated to 500 mA Source or Sink D SUFFIX
® Output Control for Push—Pull or Single—-Ended Operation 16(% PLAgI\'gEPQ;EAGE
® Undervoltage Lockout 1 (SO-16)

N SUFFIX
16 PLASTIC PACKAGE
- CASE 648

PIN CONNECTIONS

\/
Noninv Noninv
Input E 16 Input
MAXIMUM RATINGS (Full operating ambient temperature range applies, |
unless otherwise noted.) Input L2 " 15] ::;ut
Ratin Symbol | TL494C | TL494l | Unit Compen/PWN
g ) Cgmp Input E '/ E Vref
Power Supply Voltage Vce 42 Vv Deadtime —l- 73] Output
Control Control
Collector Output Voltage Ve, 42 \
Vc2 cr[5H 12] Ve
Oscillator
Collector Output Current Ic1, Ic2 500 mA Ry 6] 1] c2
(Each transistor) (Note 1) ‘—@
Ground {7 0] E2
Ampilifier Input Voltage Range ViR —-0.3to +42 \'% o
Power Dissipation @ TA < 45°C Pb 1000 mw crie o] &1

Thermal Resistance, RgJa 80 °C/W

Vi
Junction—to—Ambient (Top View)
Operating Junction Temperature Ty 125 °C
Storage Temperature Range Tstg —55t0 +125 °C ORDERING INFORMATION
Operating Ambient Temperature Range TA °Cc Operating
TL4%4C 0to +70 Device Temperature Range Package
TL494] —-251t0 +85
TL494CD Ta = 0° to +70°C SO-16
N . o = o+
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 Vee 7.0 15 40 \Y
Collector Output Voltage Ve, Vo2 - 30 40 \
Collector Output Current (Each transistor) Ic1. Ic2 - - 200 mA
Amplified Input Voltage Vin 0.3 - Vce—-2.0 \
Current Into Feedback Terminal Ifp - - 0.3 mA
Reference Output Current Iref - - 10 mA
Timing Resistor RT 1.8 30 500 kQ
Timing Capacitor (0 ¢ 0.0047 0.001 10 uF
Oscillator Frequency fosc 1.0 40 200 kHz

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

L Characteristics Symbol I Min l Typ l Max I Unitj
REFERENCE SECTION

Reference Voltage (I = 1.0 mA) Vref 475 5.0 5.25 \%

Line Regulation (Voo =7.0Vto40V) Regline - 2.0 25 mv

Load Regulation (I = 1.0 mA to 10 mA) Regload - 3.0 15 mV

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

OUTPUT SECTION

Collector Off-State Current Ic(off) - 2.0 100 pA
(Vcc=40V,VCg=40V)

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

Collector—Emitter Saturation Voltage (Note 2) \Y/
Common-Emitter (VE = 0V, I = 200 mA) Vsat(C) - 1.1 1.3
Emitter—Follower (Vg = 15V, | = —200 mA) Vsat(E) - 1.5 25

Output Control Pin Current
Low State (Vpc <04 V) locL - 10 - uA
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 t 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 (Vo =15V, CT = 0.01 pF, RT =12 kQ, unless otherwise noted.)
For typical values T = 25°C, for min/max values T is the operating ambient temperature range that applies, uniess otherwise noted.

L Characteristics I Symbol Min Typ Max | uﬂ
ERROR AMPLIFIER SECTION
Input Offset Voltage (Vo (Pin3)=2.5V) Vio - 2.0 10 my
Input Offset Current (Vo (Pin3)=25V) o - 5.0 250 nA
Input Bias Current (Vg (Pin3)=2.5V) B - -0.1 -1.0 LA
Input Common Mode Voltage Range (Vg = 40 V, Ta = 25°C) VICR -0.3toVg-2.0 \%
Open Loop Voltage Gain (AV5=3.0V, Vo =0.5Vt0 3.5V, R = 2.0 kQ) AvoL 70 95 - dB
Unity—Gain Crossover Frequency (Vo = 0.5 Vt0 3.5 V, R = 2.0 kQ) fo— - 350 - kHz
Phase Margin at Unity—Gain (Vo =0.5Vt0 3.5 V, R = 2.0 kQ) dm - 65 - deg.
Common Mode Rejection Ratio (Vg =40 V) CMRR 65 90 - dB
Power Supply Rejection Ratio (AVgc =33V, Vg =25V, R = 2.0 kQ) PSRR - 100 - dB
Output Sink Current (Vo (Pin3)=0.7V) 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 - 2.5 4.5 \
Input Sink Current (V(Pin3)=0.7V) f— 0.3 0.7 - mA
DEADTIME CONTROL SECTION (Test Circuit Figure 11)
Input Bias Current (Pin 4) (Vpjn 4 =0V to 5.25 V) B (DT) - 2.0 -10 HA
Maximum Duty Cycle, Each Output, Push—Pull Mode DCmax %
(VPin4 =0V, CT1=0.01 pF, RT = 12kQ) 45 48 50
(VPin4 =0V, CT=0.001 pF, RT = 30 k) - 45 50
Input Threshold Voltage (Pin 4) Vih \
(Zero Duty Cycle) - 28 3.3
(Maximum Duty Cycle) 0 e -
OSCILLATOR SECTION
Frequency (Ct = 0.001 uF, R1 = 30 kQ) fosc e 40 - kHz
Standard Deviation of Frequency* (Ct = 0.001 uF, RT = 30 kQ) ofase - 3.0 - %
Frequency Change with Voltage (Vcc = 7.0 V to 40 V, T = 25°C) Afpge (AV) - 0.1 e A %
Frequency Change with Temperature (AT = Tjow to Thigh) Afggc (AT) - ' - 12 %
(CT=0.01uF, RT=12kQ)

UNDERVOLTAGE LOCKOUT SECTION

Turn-On Threshold (V¢ increasing, Iref = 1.0 mA) Vih 5.5 6.43 7.0 I \
TOTAL DEVICE

Standby Supply Current (Pin 6 at Vyey, All other inputs and outputs open) lce mA
Vee=15V) - 55 10
(Vo =40V) - 7.0 15

Average Supply Current mA
(CT=0.01pF, RT=12kQ, V(Pin4)=2.0V) - 7.0 -
(Vce = 15 V) (See Figure 12)

* Standard deviation is a measure of the statistical distribution about the mean as derived from the formula, ¢

MOTOROLA ANALOG IC DEVICE DATA 3
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Figure 1. Representative Block Diagram

Output Control Vece
f————————
6 |
i Oscillator
15 1
CTI [ Deadtime Flop
— Comparator —= P
= ¢ ck Q a2l 1
| 0.12v | o
ot il 2 | 10
Deadtime I 0.7v I
Control ' H = [ 12 =
(<) N o
{ N4 PAM T aov | Vec
| =  0.7mA Comparator uv = |
Lockout = Reference
I g Regulator |
I N l
| 35V = |
| I
_____________________ B a0 0 S |
3 16 14 7
o I Gnd
Emor Amp Feedback PWM Error Amp Ref. L
1 Comparator Input 2 Output =
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:

fosg= —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 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 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 confrol 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 0 V to 3.3 V.

Functional Table

Input/Output ¢ fout
Controls Output Function m =
Grounded | Single-ended PWM @ Q1 and Q2 1.0

@ Vref Push—pull Operation 0.5

The puise 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 (Vg - 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
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. Output 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

Figure 5. Percent Deadtime versus
Oscillator Frequency
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Figure 7. Emitter—Follower Configuration
Figure 6. Percent Duty Cycle versus Output Saturation Voltage versus
Deadtime Control Voltage Emitter Current
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Output Saturation Voltage versus Figure 9. Standby Supply Current
Collector Current versus Supply Voltage
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Figure 10. Error—Amplifier Characteristics Figure 11. Deadtime and Feedback Control Circuit
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Error Amplifier 150 < 150
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Figure 12. Common-Emitter Configuration Figure 13. Emitter—Follower Configuration
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Figure 14. Error—~Amplifier Sensing Techniques
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Figure 15. Deadtime Controf Circuit
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Figure 16. Soft-Start Circuit
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Figure 18. Slaving Two or More Control Circuits Figure 19. Operation with Vi, > 40 V Using
External Zener

Vref
r—=——A
Rs Vee | I
O~V ’ —o— [
6 Vi > 40V 12
RT 1N975A I [
5 Master Vz = 3%V } 5.0V }
C
L SN e L™
T
=+ I Gnd l ,
Vref _Lc_ 7 | |
= IR |
6
Rt Slave
5 (Additionat
——o C7 Circuits)
Figure 20. Pulse Width Modulated Push—Pull Converter
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Test Conditions Results
- - L1-35mH@0.3A
- 9
Line Regulation Vihn=10Vto 40V 14 mV 0.28% T4 - Primary: 20T C.T. #28 AWG
Load Regulation Vin=28V,lp=10mAto 1.0A | 3.0 mV 0.06% Secondary: 120T C.T. #36 AWG
Core: Ferroxcube 1408P-L00-3CB
Output Ripple Vin=28V,lp=1.0A 65 mV pp P.A.R.D.
Short Circuit Current Vin=28V,RL=01Q 16A
Efficiency Vin=28V,lp=1.0A 71%
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Figure 21. Pulse Width Modulated Step-Down Converter
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Test Conditions Results
Line Regulation Vin=8.0Vio40V 3.0mV  0.01%
Load Regulation Vin=12.6V, lp =0.2 mA to 200 mA 5.0mV - 0.02%
Output Ripple Vin=126V, Ig =200 mA 40mVpp PARD.
Short Circuit Current Vin=126V,R_ =0.1Q 250 mA
Efficiency Vin=12.8V, lo =200 mA 72%
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OUTLINE DIMENSIONS
N SUFFIX
PLASTIC PACKAGE NOTES:
CASE 648-08 1. DIMENSIONING AND TOLERANCING PER ANS!
ISSUER Y14.5M, 1982,
2. CONTROLLING DIMENSION: INCH,
f 3. DIMENSION L TO CENTER OF LEADS WHEN
B FORMED PARALLEL,
4. DIMENSION B DOES NOT INCLUDE MOLD FLASH,
¥ 5. ROUNDED CORNERS OPTIONAL.
INCHES | MILLIMETERS
_J L—F | om [ WMIN | MAX | MIN | MAX
—C - L—> A | 0740 [ 0770 | 1880 | 1855
/ T B | 0250 | 0270 | 635 | 685
L1 S € | 0145 [ 0175 | 369 | 444
1_{ D [0015 [ 0.021 | 039 | 053
F o040 | o070 102 ] 177
f PLANE® \ 6 | o0100BsC 254B5C
i ——‘—K \1 - H | 0.050BsC 1.27BSC
- J | 0008 [ 0.015 | 021 ] 038
H GJL J = K | 0110 [ 0130 | 280 | 3.30
L [ 0295 | 0305] 750 | 7.74
D 16 PL W 05| 10° 051 109
|$| 0.25 (0.010)®|T| A @l s | 0020 | 0040 | 051 [ 1.01
D SUFFIX
PLASTIC PACKAGE
CASE 751B-05
A1 (SO-16)
—A-j
ISSUE J NOTES:

HA AAAAAAR T
16 9 —f

P spL
D
H_H T:H H_H
s

o] | |[@lose00®[EE)

[@]0250010®@][T[B ®]AG)|

WN

o

ANSIY14.5M, 1982.

MOLD PROTRUSION.

PER SIDE.

. DIMENSIONING AND TOLERANCING PER

. CONTROLLING DIMENSION: MILLIMETER.
. DIMENSIONS A AND B DO NOT INCLUDE

. MAXIMUM MOLD PROTRUSION 0.15 (0.006)
. DIMENSION D DOES NOT INCLUDE DAMBAR

PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 (0.005) TOTAL
IN EXCESS OF THE D DIMENSION AT

MAXIMUM MATERIAL CONDITION.
MILLIMETERS
| DM [ MIN_]_MAX
A | 9.80 | 10.00
B | 380 [ 400
C | 135 [ 115
D [ 035 | 049
F | 040 | 125
G 1.27 BSC
J | o191 025
K[ 010 025
1] 0°) 1°
P | 580 | 620
R | 025 | 050
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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
datasheets 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
or death 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, affiiates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees
arising outof, directly orindirectly, any claim of personal injury or death associated with such unintended orunauthorized use, even ifsuch claim alleges thatMotorola
was negligent regarding the design or manufacture of the part. Motorola and @ 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.; 8B 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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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 ICe): 11mA(max.)

Supply voltage (Vco): 10-35V

Output current (I0): £1.5A (max.)

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

Isolation voltage: 2500Vrms(min.)

UL recognized: UL1577, file No.E67349

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 VDE0884 approved type is needed,
please designate the "option (D4)"
Creepage distance: 6.4mm(min.)

Clearance: 6.4mm(min.)

Unit in mm

H1: 45008,

TOSHIBA 11-10C4

Weight: 0.54 g

Schmatic Pin Configuration (top view)
Icc
T ’ o Vec 1[0 —Us
8
iF (Tr 1)
2+ —©° Vo >
Vr }:’ } . s [ e
3- ——O Vo
lo © i 3115
T (TI' 2)
® L o}
s GND 1:N.C.
A 0.1pF bypass capcitor must be 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
" Tr2
Input On On Off
LED off off On
1 2004-06-25



Absolute Maximum Ratings (Ta = 25°C)
Characteristic Symbol Rating Unit
Forward current IF 20 mA
Forward current derating (Ta = 70°C) Alp/ ATa -0.36 mA/°C
@ Peak transient forward curent (Note 1) IFpT 1 A
Reverse voltage VR 5 v
Junction temperature Tj 125 °C
“Hpeak output current (Pyy s 2.5ps,f < 15kHz) (Note 2) loPH -1.5 A
“L*peak output current (Pyy < 2.5ps,f < 15kHz) (Note 2) lopL +1.5 A
(Tas 70°C) 35
Output voltage Vo \Y
5 (Ta=85°C) 24
3 (Ta<70°C) 35
8 Supply voltage Vee \
(Ta=285°C) 24
Output voltage derating (Ta = 70°C) AV /I ATa -0.73 vV/°C
Supply voltage derating (Ta 2 70°C) AVee / ATa -0.73 v/eC
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) (Note 4) Tsol 260 °Cc
Isolation voltage (AC, 1 min., R.H.< 60%) (Note 5) BVs 2500 vrms

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

Note 2:  Exporenential wavefom

Note 3:

Note 4. It is 2 mm or more from a lead root.

Note 5:

Note 6:

Recommended Operating Conditions

together.

Exporenential wavefom, lopH < —1.0A( < 2.5ps), lopL < +1.0A( € 2.5pus)

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(0.1uF) should be connected from pin 8 to pin 5 fo 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.

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

Note 7: Input signal rise time (fall time) < 0.5 ps.
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Electrical Characteristics (Ta = -20~70°C, unless otherwise specified)
Test
Characteristic Symbol Cir— Test Condition Min. Typ.* Max. Unit
cuit
Input forward voltage VE — Ir=10mA, Ta=25°C 1.6 1.8 \'
Temperature coefficient of _ _ _ _ o
forward voltage AVF/ATa IF=10mA 2.0 — Imvi°ec
Input reverse current IR — VR=5V, Ta=25°C — 10 HA
Input capacitance Cr — V=0,f=1MHz,Ta=25°C —_ 45 250 pF
wpqn le=10 mA
H” level loPH 3 -0.5 -1.5 —
= Vg_g=4V
Qutput current ng sov A
g » Ig=0
L” level lopL 2 Ve_5=2.5V 0.5 2 —
wyn Vee1 = H158V, Vg1 = -15V _
H” level VoH 4 R = 2000, If = 5mA 11 12.8
Output voltage v
w Veeq = +15V, VEg1=-15V _ h _
L” level VoL 5 RL = 2000, Vi = 0.8V 14.2 12.5
Vee =30V, IF=10mA e 7 _
"H” level lccH — Ta=25°C
Voo =30V, Ig = 10mA -—- — 11
Supply current K- R mA
Vee =30V, I = 0mA = 75 .
“L" Jevel iccL — |Ta=25°C
Vee =30V, I[r=0mA - - 11
Threshold input “Output | Veeq = +18V, Vegq = 15V
" FLH — — 1.2 5
current L—H RL =200q, Vo > 0V mA
Threshold input “Output i IFHL - ) Veeq = +18V, Vepq = -15V 08 € s v
voltage H—L Ry =200Q, Vo <0V
Supply voltage Vce —= 10 — 35 \Y;
Capacitance c Vs=0,f=1MHz
[ — - 1.0 2.0
(input—output) Ta =25 « PF
. . Vg =500V, Ta =25°C 12 14
Resistance(input-output) Rsg — RH.<60% 1x10 10 —_ Q

* All typical values are at Ta =25°C

(*1): Duration of g time < 50us
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Switching Characteristics (Ta =—-20~70°C , unless otherwise specified)
Test
Characteristic Symbol Cir— Test Condition Min. Typ.* Max. Unit
cuit
Propagation L—H tpLH - 0.15 0.5
delay time HeL toHL IF = 8mA (Note 7) — 0.15 0.5
6 Vce1 = +15V, Vegq = -15V us
Qutput rise time tr RL = 200Q — — —
Output fall time te — — —
Common mode transient
y Ny . Vcm =600V, I = 8mA
immunity at high level CMH 7 Ve = 30V, Ta = 25°C -5000 — — V/us
output
Common mode transient
: . Vem = 600V, IF = OmA
immunity at low level CmL 7 Vog = 30V, Ta = 25°C 5000 — — V/us
output
* 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 2 : IOPL

1[] ]8 1]
[l | [
[ I [
o[] s «[

i
Y

0.1pF

Vce
& =
'|OPL
Vg5
5 /;L e

lnlells

77
Test Circuit 3 : IOPH Test Circuit 4 : VOH
8 8
1[] ] I l A }I
Vce Veeq
_E :| = 0.1pF <+ :| T 0.4uF -
I <D Va6 IF R,
B o
1 }‘@J_) =t~
loPH OH
+[ Ia s[] In
1
TVEE1

Test Circuit 5: VoL
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| Veea

LT L1
54
=
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1 [

VF'J:
L
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TOSHIBA

TLP250

Test Circuit 6: tpL H, toHL. tr tf

1
1Lk [

I [
" o
o
=
T

Veet

ITIL_I

1OOQ£‘|§

Test Circuit 7: CyvH, CvL

VEE1

1[0
A oB_>
i

8
IO.WF

L1 LJ

+[1

Ve

o

Vce

D p.

v " 00% | ‘
CM o,
10%

SW :A(IF=8mA)
\/ on
Vo — 3y — 28V
M\ o
SW :B(IF=0)

Vo----

Cwm

tr (us)

_ 480 (V)

t (us)

Sl Zo0)

CML(CwmH) 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

IF (mA)

Forward current

Allowable forward current

Allowable peak output current

I (mA)

lopH, loPL  (A)

IF—-VF

100
Ta=25°C
50 v

30

10

\\\.

05
03

-
\..

01= =
0.05
0.03 7

0.01 /

1.0 1.2 14 1.6 1.8 2.0

Forward voltage VE (V)

Ig—Ta
" 40
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20

0 20 40 60 80 100

Ambient temperature Ta (°C)

lopH, lopL—Ta

PWs 25us, = 15KHz

0 20 40 60 80 100

Ambient Temperature Ta (°C)

Forward voltage temperature
coefficient « VE/ *» Ja(mV/°C)

Allowable supply voltage Vgg (V)

40

30

* VEg/+» Ta-If

03 05 1 3 5 10 30

Forward current IF (mA)

Vee—-Ta

20

10

0

20 40 60

Ambient temperature Ta (°C)

80 100
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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 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 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 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 sold, under
any law and regulations.

o 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.
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Data Sheet

63A, 600V, UFS Series N-Channel IGBT
with Anti-Parallel Hyperfast Diodes

The HGTG30N60C3D is a MOS gated high voltage
switching device combining the best features of MOSFETs
and bipolar transistors. The device has the high input
impedance of a MOSFET and the low on-state conduction
loss of a bipolar transistor. The much lower on-state voltage
drop varies only moderately between 25°C and 150°C. The
IGBT used is the development type TA49051. The diode
used in anti-parallel with the IGBT is the development type
TA49053.

The IGBT is ideal for many high voltage switching applications
operating at moderate frequencies where low conduction
losses are essential.

Formerly Developmental Type TA49014.

Ordering Information
PART NUMBER PACKAGE BRAND
HGTG30N60C3D TO-247

G30N60C3D

NOTE: When ordering, use the entire part number.

Symbol-

HGTG30N60C3D

December 2001

Features

* 63A, 600V at T = 25°C

» Typical Fall Time................ 230ns at Ty = 150°C
* Short Circuit Rating

* Low Conduction Loss

e Hyperfast Anti-Parallel Diode

Packaging

JEDEC STYLE TO-247

FAIRCHILD CORPORATION IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS

4,364,073 4,417,385 4,430,792 4,443,931
4,598,461 4,605,948 4,620,211 4,631,564
4,682,195 4,684,413 4,694,313 4,717,679
4,803,533 4,809,045 4,809,047 4,810,665
4,888,627 4,890,143 4,901,127 4,904,609

4,466,176 4,516,143 4,532,634 4,587,713
4,639,754 4,639,762 4,641,162 4,644,637
4,743,952 4,783,690 4,794,432 4,801,986
4,823,176 4,837,606 4,860,080 4,883,767
4,933,740 4,963,951 4,969,027

©2001 Fairchild Semiconductor Corporation
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HGTG30N60C3D

Absolute Maximum Ratings T = 25°C, Unless Otherwise Specified

HGTG30N60C3D UNITS

Collectorto EmitterVoltage .. ... e BVcEs 600 A
Collector Current Continuous

AtTg = 280 e lcos 63 A

AtTg= 5 Ic110 30 A
Average Diode Forward Currentat110°C.............. ... ... ... .......... l(avG) 25 A
Collector Current Pulsed (Note 1) . . ... ... o i i i i i e e e lom 252 A
Gate to Emitter Voltage Continuous. .. ... ... . i VaEes 120 \%
Gate to EmitterVoltage Pulsed .. ... ... .. i i VGEM +30 \'
Switching Safe Operating Areaat T;=150°C. .. ......coitiiiininne e, SSOA 60A at 600V
Power Dissipation Total at T =25%C .. ... .ottt Pp 208 w
Power Dissipation Derating TG >25%C . ...ttt iii e e eiiie e ceaenanns 1.67 wrc
Operating and Storage Junction Temperature Range . ... .................... Ty TsTR -40 to 150 °c
Maximum Lead Temperature for Soldering ........ ... ... oo i it i n TL 260 °c
Short Circuit Withstand Time (Note 2) at Ve =15V. . .. .. ... ..o i iiaan tsc 4 us
Short Circuit Withstand Time (Note 2) at Vg =10V. . ... oiiu i oo tsc 15 us

CAUTION: Stresses above those listed in “Absolute Maximum Ratings™ may cause permanent damage to the device. This is a stress only rating and operation of the
device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTES:
1. Repetitive Rating: Pulse width limited by maximum junction temperature.
2. VCE(PK) =360V, Ty= 125°C, Rg =25Q.

Electrical Specifications T =25°C, Unless Otherwise Specified

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Collector to Emitter Breakdown Voltage BVcEs lc =250pA, Vge = 0V 600 - - \
Emitter to Collector Breakdown Voltage BVEcs Ilc=10mA, Vge = 0V 15 25 - A
Collector to Emitter Leakage Current IcES Vce = BVgeEs Tc=25°C - - 250 LA
Veoe = BVees Tc = 150°C - - 3.0 mA
Collector to Emitter Saturation Voltage VCE(SAT) Ic = lc110s Tc =25°C - 1.5 1.8
Ve =18V Tc = 150°C : 17 20 v
Gate to Emitter Threshold Voltage VGE(TH) I = 250uA, Tc =25 3.0 5.2 6.0
Vee=VaE
Gate to Emitter Leakage Current laEs VgE =120V - - +100 nA
Switching SOA SSOA Ty =150°C, VGE(PK) = 480V 200 - - A
\425:3225,’\/’ VeE(PK) = 600V 60 - - A
L= 100pH
Gate to Emitter Plateau Voltage Vaep lc =lc110. Vo = 0.5 BVggs - 8.1 - \
On-State Gate Charge Qz(on) lc=lIc110 Vge =15V - 162 180 nC
Vee=05BVees [\ oov - 216 250 nC
Current Turn-On Delay Time t4(oN)! Ty =150°C, - 40 - ns
Current Rise Time t lng'('PIE)uod.a BVCEs, - 45 - ns
Current Turn-Off Delay Time t4(OFF) XgE==3;25V’ - 320 400 ns
Current Fall Time ty L = 100pH - 230 275 ns
Turn-On Energy Eon - 1050 - [N
Tumn-Off Energy (Note 3) EoFF - 2500 - pd
Diode Forward Voltage Vec lgc = 30A - 1.75 2.2 \

©2001 Fairchild Semiconductor Corporation HGTG30N60C3D Rev. B



HGTG30N60C3D

Electrical Specifications T =25°C, Unless Otherwise Specified

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Diode Reverse Recovery Time tr lec = 30A, digc/dt = 100A/us - 52 60 ns
Igc = 1.0A, digc/dt = 100A/us - 42 50 ns
Thermal Resistance RaJc IGBT - - 0.6 °cw
Diode - - 1.3 °crw

NOTE:

3. Tum-Off Energy Loss (EpfF) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and ending
at the point where the collector current equals zero (Icg = 0A). The HGTG30NB0C3D was tested per JEDEC standard No. 24-1 Method for
Measurement of Power Device Turn-Off Switching Loss. This test method produces the true total Turn-Off Energy Loss. Turn-On losses include
diode losses.

Typical Performance Curves

Z 150 : il PULSE DURATION = 250ys, DUTY CYCLE <0.5%, Tg = 25°C
g PULSE DURATION = 250yis < 150 — 177
B (p5| DUTY CYCLE <0.5% Vo = 10V = Vag = 15.0V /z.ov 10.00
£ @ 125 -
3 = e
o 2 9.5V
g5 100 & 100 -
E Te= 150°C < / E //,
2 75 \ Z y 9.0V
=
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S so T g /] 8.5V
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4 6 8 go 12 = 100 2 4 6 8 10
VeE, GATETO EMITTER VOLTAGE (V) Vce, COLLECTOR TO EMITTER VOLTAGE (V)
FIGURE 1. TRANSFER CHARACTERISTICS FIGURE 2. SATURATION CHARACTERISTICS
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i
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FIGURE 3. COLLECTORTO EMITTER ON-STATE VOLTAGE FIGURE 4. COLLECTOR TO EMITTER ON-STATE VOLTAGE
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HGTG30N60C3D

Typical Performance Curves (Continued)
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HGTG30N60C3D

Typical Performance Curves (Continued)
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HGTG30N60C3D

Typical Performance Curves (continued)
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Test Circuit and Waveforms
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FIGURE 20. INDUCTIVE SWITCHING TEST CIRCUIT FIGURE 21. SWITCHING TEST WAVEFORMS
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HGTG30N60C3D

Handling Precautions for IGBTs

Insulated Gate Bipolar Transistors are susceptible to gate-
insulation damage by the electrostatic discharge of energy
through the devices. When handling these devices, care
should be exercised to assure that the static charge built in the
handler's body capacitance is not discharged through the
device. With proper handling and application procedures,
however, IGBTs are currently being extensively used in
production by numerous equipment manufacturers in military,
industrial and consumer applications, with virtually no damage
problems due to electrostatic discharge. IGBTs can be
handled safely if the following basic precautions are taken:

1. Prior to assembly into a circuit, all leads should be kept
shorted together either by the use of metal shorting
springs or by the insertion into conductive material such
as “ECCOSORBD™ LD26" or equivalent.

2. When devices are removed by hand from their carriers,
the hand being used should be grounded by any suitable
means - for example, with a metallic wristband.

3. Tips of soldering irons should be grounded.

4. Devices should never be inserted into or removed from
circuits with power on.

5. Gate Voltage Rating - Never exceed the gate-voltage
rating of VoM. Exceeding the rated Vg can result in
permanent damage to the oxide layer in the gate region.

6. Gate Termination - The gates of these devices are
essentially capacitors. Circuits that leave the gate
open-circuited or floating should be avoided. These
conditions can result in turn-on of the device due to voltage
buildup on the input capacitor due to leakage currents or
pickup.

7. Gate Protection - These devices do not have an internal
monolithic zener diode from gate to emitter. If gate

protection is required an external zener is recommended.

Operating Frequency Information

Operating frequency information for a typical device (Figure 13)
is presented as a guide for estimating device performance
for a specific application. Other typical frequency vs collector
current (Icg) plots are possible using the information shown
for a typical unit in Figures 4, 7, 8, 11 and 12. The operating
frequency plot (Figure 13) of a typical device shows fyyax1 or
fmaxe whichever is smaller at each point. The information is
based on measurements of a typical device and is bounded
by the maximum rated junction temperature.

fmaxi is defined by faxt = 0.05/(tp(oFm) + tooN)-
Deadtime (the denominator) has been arbitrarily held to 10%
of the on-state time for a 50% duty factor. Other definitions
are possible. tp(orF) and tp(ony are defined in Figure 21.

Device turn-off delay can establish an additional frequency
limiting condition for an application other than T . tp(oFr)
is important when controlling output ripple under a lightly
loaded condition.

fmaxe is defined by fiaxe = (Pp - Po)/(Eorr + Egn). The
allowable dissipation (Pp) is defined by Pp = (T - To)/Rauc-
The sum of device switching and conduction losses must
not exceed Pp. A 50% duty factor was used (Figure 13)
and the conduction losses (Pg) are approximated by

Pc = (Vce xIce)/2.

Eon and Egfr are defined in the switching waveforms
shown in Figure 21. Egy is the integral of the instantaneous
power loss (Igg X Vgg) during turn-on and Eqff is the
integral of the instantaneous power loss during turn-off. All
tail losses are included in the calculation for Eggp; i.e. the
collector current equals zero (Igg = 0).
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is
not intended to be an exhaustive list of all such trademarks.

ACEx™ FAST © OPTOLOGIC™ SMART START™ VCX™
Bottomless™ FASTr™ OPTOPLANAR™ STAR*POWER™
CoolFET™ FRFET™ PACMANT Stealth™
CROSSVOLT™ GlobalOptoisolator™ POP™ SuperSOT™-3
DenseTrench™ GTO™ Power247™ SuperSOT™-6
DOME™ HiSeC™ PowerTrench® SuperSOT™-8
EcoSPARK™ ISOPLANAR™ QFET™ SyncFET™
E2CMOS™ LittleFET™ Qs™ TinyLogic™
EnSigna™ MicroFET™ QT Optoelectronics™  TruTranslation™
FACT™ MicroPak™ Quiet Series™ UHC™

FACT Quiet Series™ MICROWIRE™ SILENT SWITCHER®  UltraFET®
STAR*POWER is used under license

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
NOTICE TO ANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD
DOES NOT ASSUME ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT
RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

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

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

PRODUCT STATUS DEFINITIONS

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.

Definition of Terms

Datasheet Identification Product Status Definition

Formative or
In Design

Advance Information This datasheet contains the design specifications for
product development. Specifications may change in

any manner without notice.

Preliminary First Production This datasheet contains preliminary data, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve

design.

No Identification Needed Full Production This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at

any time without notice in order to improve design.

Obsolete Not In Production This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.

The datasheet is printed for reference information only.
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