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ABSTRACT

This thesis presents the design of a bi-directional buck/boost DC-DC
converter to study the power flow as charging and discharge operation. Three DC
power supplies are storage battery, battery model as proton exchange membrane fuel
cell (PEMFC) and the battery as DC motor to simulate the hybrid electric vehicle
operation. The discharging mode for the storage battery operates as boost operation
while charging mode for the storage battery operates as buck operation using a single
converter with duty ratio control as shown in the PSPICE simulation and the
experiment. Both operation modes can maintain the voltage level using feedback

control.
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di
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L dt (2.20)
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Duty ratio (D) 5@1‘S'm'1‘i‘m_l'1r_lLtidﬁu(voltage gain)Z—z
0.0 1.00
0.1 1.10
0.2 1.25
0.3 1.43
04 1.67
0.5 2.00
0.6 2.50
0.7 3.33
0.8 5
0.9 10
1.0 infinity
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o=t ) 52T
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1,,min (I—D)zR 2 L (235)

guudlinssua Wi f narwa s i dwuuudaiiasuaziiluuan asuuaznidA167
mﬁmﬁnﬁnﬁqﬂﬁﬁﬂﬁwmg ganaunaaiiaairruldluyauesznitglnuanizus
douilaaunznizu lidatitasezldaunida

_ V. _1V.DT
IL,min - (]._D)ZR 2{ QL ] (2.36)
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5. fmyedygrufidel Duty # 37% 1w T2 Taufl T1 dasdalavhau
6

maiuindnszuaussu g uluEIua input uas output

= i <
M1919N 4.2 Nﬂﬂ'l‘iﬂﬂﬂﬂ\‘.lﬁﬂuhjﬂ 1

Input (Batt A) Batt B Output (Load)
Boost b n
u Vv I P A I P |V I P
Mode v V) (%)
MA@ W VM | AW A W)
T2 ON
037 ] 25 | 55 113753661 O 0 |3516| 3 |105.48] 76.71
SW3 ON




38.0V

3%.3v

s,

ov

4.8V

(a2 2d0pi3s

I
Y . s 5. S % ) o vomat, it .00, ¥

34.0V

30ms

3Sme 10n

O Vi{Re:1)

S0ma 3 5my

2008 /03/15 2x37:46

S0us/div
(50us/div)
NORMZOMS /s

¥

Rms  35.16Y

=Trac31=P—P ..... 'IGODV .............. R 3G.DW ......... Hi ..... 34.“"

Freq 333.3kHz

:I - L
NINN 4.6 WK WA kE

=Record Length=
Main :

Zoom :

=Triggers

10K Mods : AUTO

10K Type : EDGE CH1 &
Delay : 0.0ns
Hold Off : MINIMUM

aNIINNTIINAII 11 D = 0.37




35.0428

35.0400

35,0260

35.0200
4%, 65ms 49.7Cms 19.7%=m 49.80my 49.09%5my 49.90m
o ¥(R4:1) o I{L1} w V{RP:2) & I(R_flow_directionl) o -I(RS}
Time

A : L] o« o
AN 4.7 SeRanaauraIusIau Ila waanaInMINaaIn1Tinu

AVo 35.036V —(35.027V)

Ripple = = x100 = 0.025%
Vo 35.03V
1 Stopped q 2008/03/15 20x3313
cHik1oomy: ! : : : Pous/div
Aacf w1 * (pPOus/div)
NORMSOMS /5

bTracej= P 1,020y sk Sopiomv | Min }512. 00
Rms §76,959v Avl) -2.351nW Freq | 1.250MH2
Duty |50.0%
=Filter= =0ffset= =Record Lengthe =Triggers
Smoothing : ON  CH1 | ------- Main : 10K Mode @ AUTO
BW : FULL CH2 oov Zoom @ 10K Type : EDGE CH1 §
Delay : 0.0ns

Hold OFF MINIMUM
) 4 . [ “ -
NIAN 4.8 s:aanﬂammou.mﬂu'lwﬁ']muaanﬂ'mn'mmn

AVo _ 508m¥V —(-512mV)
Vo 35.16V

x100x100mV = 0.29%

Ripple =



YA

it47.900n, 2.2346)

OA

47.7404ms 47.8000as 47 . 9000 48. 0000 18.0985=s
a I(R_flow_directionl})

Time

A A 1 o o
NN 4.9 NITUEIWAN || DIRERINIITIINNITTIREINM TN

. Stepped q 2008/03/15 20635:37
CHI1=50mV : : : : : 50us/div
AC 1 (50us/div)
NORM:2BMS /5

_____ HEE

Miraceis Pop T ho0. e ik s W T i n R M!l]:rN .
: Rms Freq 20;41kHz
Duly : :
=Fitera =0ffset= =Record Length= =Trigger=
Smoothing : ON CHl | ——==—=- Main @ 10K Mode . AUTO
BW @ FULL cH2 ooV Zoom @ 10K Type : EDGE CH1 4

Hasd 0.": : MINIMUM
] i ' “ A
nann 4.10 nazug Wi | Anae AC) filnarinwasasanmydaada
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2008/03/15 20034233
CH1=S0mV : : : : : SOus/div

P . , n -136.0ov
h 3ojg6av © Frieq 500.0kHz

=Record Length= aTrigger=
Smoothing : ON CH1 : 0.000V Main : 10K Mode : AUTO
BW . FULL CHZ : o.ov Zoom @ 10K Type : EDGE CH1 4
Delay 0.0ns
Hold OfF :  MINIMUM

A H [} Bt r-3
AN 4.11 nazuatwih 1, Iwae DC) Alnan 1w 9959INNNTIA939

3.502

d ~.)..(54 D28d, 350280, .

3.502R

43.900ms 54.000ms 54.10038 54.200m0
o ~1{RS}

Time

A i [ o o
NINN 4.12 NT2UE RN |, N IMAHU9TINNNNIIADINTHU

48



2008/03/15 213752

;
2
S
H
Vel

=fracgi= | PF 177 6o Maxi  97;60RV Min -a0; 00w
- Avg] 267.%uv Freq 12504z
Duly $0:0% : L
=Flter= =0ffset= =Record Length= =Trigger=
Smoothing : ON CH1 ! —====ea Main 10K Mode | AUTO
BW @ FULL cHz 0.0v Zoom @ 10K Type : EDGE CH1 &
Delay 00ns

Hold O.ff : MINIMUM
] P \ v a
NN 4.13 n3UR RN 1. (Inua AC) AMaHIWIIITNINNNTIADI

. Stopped h 2008/03/15 21:35:47
CH1=100mV: : : : : 1 200us/div

DC 11 : : : :  (200u$ /div)

: : : : : : ! NORMSMS /3

=Tracel= P—P  324.0mv . Mak 184.0o% :  Min -140.0o¥
© Rms 23;38m¥ © AV 21;55m¥ ©  Friq  125.0kHzZ

=Filter= =Offset= =Record Length= =Trigger=
Smoogthing : ON  CH1 0.000v Main ;10K Mode | AUTO
BW : FULL CHZ : 0.0v Zoom @ 10K Type . EDGE CH1 §
Detay 0.0ns

Hold OFf : MINIMUM
= - ‘ v a
NN 4.14 NEUR IR 1 (IMN@ DC) AilvariuissanmIiaad



wnanstuenansianubidmiunslsnuiionisfnvinitu lweygslniluldssloguaiunism

lunsdllag ey Bnnsudludauaaiion uaznainnididuaivesenalsynasiniinisuiliuly



wnanstuenansianubidmiunslsnuiionisfnvinitu lweygslniluldssloguaiunism

lunsdllag ey Bnnsudludauaaiion uaznainnididuaivesenalsynasiniinisuiliuly



52

AUNDUMINARDY
_Fm I RN T=L&AT997N Batt B YNy 36 1aan

—

. a7793udtyR o Drive Gate LABUTUAN Duty 7 80%

. ¥nn17 Batt B Livasausseuliivinaa

_ne SW3 Lasnlnas R = 100

_souseeulinszuasifi 24 Taarf an Batt A i gIzuy

. YhmsiwFygadiiien Duty 7 80% Wiy T1 Tasft T2 dasdslivham
 Ymaufindnszusuasusaaulugusoy input WA output

_¥nn13 OFF SW3 1iintaalnaasanainisuy

0w 00 ~N o O A~ w N

hmaufindnizusuazusaeuludEInwes input uaz output

o l=lI b x HI o =l
10. u’maﬂ'lmnnmuﬂaun 7 uaz 9 wimTSsuney

4 ; r
@151 4.3 Nammeasaddaule 2

Output (Batt A) Input (Batt B) Output (Load)
Buck 7
Duty Vv I P \ I P A | P
Mode (%)
M AWV A W [ V]A]W
T1 ON
080 | 25 1 25 13583 | 4 |14332] 30 3 90 17.40
SW3 ON
T1 ON
0.80 | 2528 | 15 |38.7]| 35 1.5 525 33 0 0 72.06
SW3 OFF

25.0V:

24.5V:

24.0V:

23.5

Stms 33as 40m3y 15=3 S0m3 S5ma &0ms
a V(RS:2)
Timme

P Y [y ° o
NN 4.19 anv.'lwﬂwmuaaninnn'nmaaumsﬁ'm'm nD=08



Stopped 3 2008/03/15 20:18:44
CHI=10V . S0us/div
DC 11 L (S0us/div)
aa : 1
i Rl T i o
In
+
SivacHis B kT sEew in o
: Rms  25;28V¥ 25;28Y Freq 250.0kHz
Duty 75i0% T R S R
=Flter= =Offset= =Record Length= =Trigger=
Smoothing : ON  CH1 : o.ov Maln . 10K Mode : AUTO
BW : FULL CH2 : 0.0V Zoom : 10K  Type : EDGE CH1 £
Delay : 0.0ns
Hold OFf :  MINIMUM

A e b O - ﬂll
NN 4.20 uﬁmu'lwﬂ’m’maanmnn’mmn nb=038

24.42%

24.420

24.

24.380

47.4214x=p 17.4500mn 47.5000ms 47.5500mn 17,4000 47.6500a
O I(RI) o ViVbate B:+) ¢ -I(R_flow directionl) & V(R8:2) o ~I{L1}

A ﬂ- b e [
NINN 4.21 TRONARUTY amswu‘lwﬂ’lmuaanmnmsmaaa

Ripple =

AVo 24411V - (24.393V)

Time

x100 = 0.073%

Vo 24411V
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. Stopped § 2008/03/15 2001956
CH1=20mV : 1 20us/div
AC 1E1 . (20us/div)

: NORMSOMS /3

=Hilter= =Offset= =Record Length= aTriggers
Smoothing : ON  CH1 ! -=----- Maln : 10K Mode [ AUTO
BW . FULL CHZ 0.0v Zoom 10K Type : EDGE CH1 &
Deday : 0.0ns
Hoid OFf :  MINDAUM

A o et » b =
AINN 4.22 3TRINARWY aqunwu'lwlﬁwmuaanmnmﬁmn

AVo 472mV —(-50.4mV)

Ripple =
144 Vo

25.28V

x100x20mV = 0.007%

P I ;
E ....... -.......:'....... .......,;........;. ..... g 210&::‘27.1-4[35)‘"";"‘”4 ......
0.5+
49.038ns 49, 106ma 19.200ms 1%. 300ns £9.343m
v ~I1(R_flow directionl)
Time

A i [] [-] L]
NN 4.23 nazsud Wi | Alnaruasaranmidiassminnu

54



 Stopped . 2008/03/15_20:15:44
CHI=3tmV ; . Shus/div

Ac px1 o (SBus/div)

: N /s

=Tracele P-P| 163 {2uW Mak  B5.G0oW Min| -77;60av
: Rzt 12;:87Tmv Avl -416.0uvY FraL 100} 0kHz
: Duily 10:0% :
=Hiter= =0ffset= =Record Length= =Trigger=
Smoothing : ON  CH1 | ======= Main 106 Mods : ARUTO
BW | FULL CH2 oov Zoom 10K Type : EDOQE CH1 £
Delay : 00ns
Haokd OFF : MININMUM

= a ' “ a
AN 4.24 nzuaWih 1 (Inue AC) filvadusasannmriaasds

nStopped g 2008/03/15 20:14:12
CHiz2omv . Spus/div
DC 101 (5pus/div)
......... Feeb e B NORMEZOMS /9

=Hiters =Offset= =Record Length= aTrigger=

Smoothing : ON  CH1 . 0000V Main © 10K Mode . AUTO

BW . FULL CHz2 : o.0v Zoom @ 10K Type : EDGE CH? 4
Delay : Ofins
Hold OfF : MINIMUM

P P ' “ a
nn 4.25 n:us Wi 1 (Inue DC) AlnarIn9INNMIINTR
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3.85A
$7.400m0 . . 57.700ms 57.762ms

o -I{L1)

Time
o ] ' @
NN 4.26 NTEURTIARN |gage 7 IMAHINI9IINMIFIRBIM I

o Stopped 3 2008/03/15 222857
CH1=20mV : : : : ; T Z0us/div

AC 11 : : : : : (20us/div)

=Hiter= =Offset= =Record Length= aTrigger=
Smoothing : ON CH1 | ~e=euas Main © 10K Mode . RUTO
BW  FULL CH2 ooV Zoom : 10K Type : EDGE CH1 £
Detay . O0ns

Hadd 0‘ff M MINIMUM
MAA 4.27 NIEUEINRN Tgame (ARG AC) AilMAKITURITTINNT IR
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d d
4.6 nMinaasdlianlon 3
NARDINIIVINIWUDY Bidirectional 1uau183 Boost Mode Lﬁag}'h Batt A N1 Batt B

¥41% Bidirectional %11 Batt C

T

0.1 Q2

........ 100 UF =

pemnnn
PR

-— <
1 ]

NINN 4.32 N1IYN9TUT921997 Bidirectional 1udIuuad Boost Mode

TUNBUNIINARDY

1. Fmsing WinTsuaasarinny 24 1aaYl 910 Batt A wasTWHnIzuaas9en
Batt B vihiu 36 1aan

2. @TITLAYYH Drive Gate tRaU5us Duty A 37%

3. N SW2 Lﬁaaiwimm'maa’qﬂ Batt B

4. ¥An13 ON Batt B tasnsusseuliniulnas

5. froussenlninszugasedi 24 Tast 910 Batt A gy

6. YN ILRANANITUALATLIIA R IMEINDDY input UAZ output

P ] - o
A1319N 4.4 HamInaasdonlun 3

Input (Batt A) Batt B Output (Batt C)
Boost n
Duty | v I P \ | P \" I P
Mode (%)

MATW] VM @] W] VA W

T2 ON
SW2 ON

0371 24 4 96 | 3659 ] 0O 0 |3538]| 25 |8845]| 9213




ov

35,5V

35.0v

1T Y 10an

4323 30ms 9 5ma

Time

Stopped 3 2008/03/15 2004217
CHi1=20V ¢ 20us/div
oC 11 ¢ (2Cus/div)
' NORMSOMS /8
Ihn
+
siraceis B EAGW T P iR
: Rms 35;38v Avl 35;38v Freq 71;43kHz
Duly 97:1% : : :
=Fater= =0ffsel= =Record Length= aTrigger=
Smoothing : ON  CH1 : o0.ov Main © 10K Mode . RUTO
BW : FULL CHZ : 0.0v Zoom : 10K Type : EDOGE CH1 4
Detay : 0.Gns
Haid OFF : MINIMUM

A s > o 3 dl
nNInn 4,34 LLTJﬂu‘lﬂﬂﬂﬂ'}uﬂﬂﬂﬂ’mﬂﬂiiﬂﬂid nD=037




...... freceacheonendierranadeninnn

35.3475V

15,3450V

35,3425V

35,3403V
54.165m3 34.200ms
o ViRs:1}

Time

P a o v °
AINN 4.35 IT/RONA[IUVAIUN ﬂu'lwﬂ’]ﬂ']uaanﬂ’] ANTIAIREY

AVo 35347V —(35.343V)

Ripple = x100=0.011%
Vo 35.343V
nStopped q 2008/03/15 204357
CHI=S0RV : : : : Z[EMV
Ac 1) : : : : (20ug/div)
: : : : : NO S/s

ETracei= [pP—p  |469.0av | GV YT Min —24p.0uw |
: Rms  |40;48nv Av 2.49 Freq 1.p50MHZ
Duly |50:0% : :
=Hiters =Offset= =Record Length= aTrigger=
Smoothing : ON  CH1 [ ----=-- Main : 10K Mode [ AUTO
BW @ FULL CHZ : ooV Zoom : 10K Type : EDGE CH1 £

Delay ! 0.0ns
Hold Off | MINIMUM

o . a a Y v a
NN 4.36 ‘i:aaﬂﬂawﬂaduﬂﬂﬂiﬂﬁ']ﬂ’l%ﬂ aNIMANITINITY

AVo 246mV —(-242mV’)
Vo 35.38V

x100x50mV = 0.083%

Ripple =



?.15%5ms 52.200ms 352.300ms 52.400ma 52.%00m
0 I{R_flow directioni)

Time
A A L} o o
NN 4.37 nzua Wi 1, AlnadwsesnnmIdieasmainu

2008/03/15 20046:20
T S0us/div

Min -62,40mv
Freq 20;41kHz

=Filter= =0ffset= =Record Length= =Triggers
Smoglhing : ON CH1 [ -----n= Main © 10K Mode . AUTO
BW  FULL CHZ 0.0v Zoom @ TOK Type : EDGE CH1 £

Delay : Q.0ns
Hold OFF :  MINIMUM

P - ' v A
nnn 4.38 nizus Wi | (Inue AC) ilmarIu993INM IR
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aTracel= PP 130.

2008/03/15 20:45:23

Ress 2018wV |

=Fiter= =0ffset= =Record Length= aTriggera
Smoothing : ON CH1 : 0000V Maln @ 10K Mode . AUTO
BW : FULL CH2 0.0v Zoom : 10K Type : EDGE CH1 £

Defay : 0.0ns
Hold OFF ©  MINIMUM

A A [ o )
nni 4.39 nazug i | (Inue DC) Alnaruesnmsiaads

7.8370A;

2.8365A

2.B350A

2.8355M

2.82350A

Time
- o . o o
NN 4.40 N3EUE AR 1 TIIMEHIHITIINNTIRBIM TN NU

42.76m3 42.80my 41.84a9 12.e8xa 412.92as 41.96ma 43.00ms

o =1[{R€)

63



 Stopped 3 2008/03/15 21:43:14
CH1=20mV : : ; ; g © 100us/div
oC 10 : : : : S (100us /div)

%

=Tracei= P 107.2¥ . Mak 68.00m¥ ©Min -39 Z0m¥
° A5 8.826MY - Avg B8.261n% . Freq 38;46kHz

............... Duty 7.7% 1
=Hiter= =0ffset= =Record Length= =Trigger=
Smoothing : ON CHT : 0000V Main ;| 10K Mode © AUTO
BW : FULL CHZ : ooV Zoom I 1K Type : EDGE CH1 &

Delay : 0.0ns
Hold OFF :  MINIMUM

- a . v o
Amin 4.41 nazus W 1. ((Mus AC ) AlarwII9TIINNIIAT3

 Stopped X 2008/03/15_21:.44:54
CH1z20mV : : : j : P 20us/div
AC 11 : : : : I (20us/div)

. NORMSIMS /3 |

=Hiter= =0ffset= =Rtecord Length= =Trigger=
Smoothing : ON  CHI @ eccac-- Main : 10K Mode : AUTO
BW : RULL CH2 : 0ov Zoom @ 10K Type : EDGE CH1 4
Delay : 0.0rs

Hold Off : MINTMUM
NN 4.42 NURIARN I (IMus DC ) At TR INNNTIATS

64



wnanstuenansianubidmiunslsnuiionisfnvinitu lweygslniluldssloguaiunism

lunsdllag ey Bnnsudludauaaiion uaznainnididuaivesenalsynasiniinisuiliuly



wnanstuenansianubidmiunslsnuiionisfnvinitu lweygslniluldssloguaiunism

lunsdllag ey Bnnsudludauaaiion uaznainnididuaivesenalsynasiniinisuiliuly



JUADWNIINARAD

-—

W 00 ~N O O s~ W N

. ¥11N13 ON Batt B rﬁ’njs:uu

o A h W o =
10. u’1nnn1.m’-31n1la 7 uaz 9 annmaIoufiou

< - P
A15°9N 4.5 uﬂmmﬂamwau‘lmn 4

. mingIWfinIzuaaIaan Batt B trinnu 36 laan
. 139TUFY 14 Drive Gate LWaUTUA1 Duty 1 80%

. auRau IWRInTzuEa 3N 24 118N 910 Batt A gz

. FnItufindnssuauazu s uludUad input LA output

. Fmstufindnszuanasusiauludiuva input Was output
. I3 OFF Batt B
. Ynmtufindnszuauasu s uludIuras input WA output

_ N3 ON SWA LiesussauIWfnszuaasafi (36 V+R@AQ)

67

Output (Batt A) Batt B Input (Batt C)
Buck n
Duty A 1 P Y I P Vv | P
Mode (%)
vy A ] W) V) | ] W) T A W)
T1 ON
0.80 25 2 50 35681 2 | 7162 O 0 0 69.80
SW1 OFF
T1 ON
080 |2526| 1 | 2526 |36.19| O 0 33 1 33 76.54
SW1 ON
T1 ON
0.80 26 3 78 3584 | 1.5 | 53.76 | 33 1 33 73.47

SW1 ON




d g L ] o i
ann 4.47 Ll.‘idﬂu1.ﬂﬂ']ﬂ']uﬂﬂﬂ"ﬂﬂﬂ'ﬁ'ﬂ']ﬂﬂdﬂ'ﬁ‘nqﬁqu ND=08

Agms 35ay 10m3
Q V{Ra:2}

43m3 S0mp 55me S0nm

Time

Stopped g 2008/03/15 20:2224
CH1=10V : © 20us/div
0C 11 1 (20us/div)
hs
b

=Tracais PP 12007 T i
I Rems  25.26Y v

x2ei00v T Min T 24 a0V
/] 25,26V : Freq 833.3kHz

................ Duty B&:7X T
=Flter= =0ffset= =Record Length= =Trigger=
Smoothing : ON CH1 : oov Main : 10K Mode . AUTO
BW @ FULL CHZ : oov Zoom ;10K Type : EDGE CH1 4

Delay : 0.0ns
Hold OFff |  MINIMUM

Py ¥ v “ a o
NN 4,48 lLT\]ﬂu‘lﬂﬂqﬂ']uﬂanﬂ']nﬂ']f']ﬂﬂfd nD=0.28
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24,1901V

24.1800v 44

24.1600v

74.2424v 4
48.837s

o VviRy:?)

Time

| i . v M
NINN 4.49 3:q Bﬂﬂﬁu‘llENLﬁx‘lﬂu'l.wﬁ'lﬂ'l“ﬂE]ﬂ%’lnn'l'ﬁ]'lﬂ ad

AVo 24177V -(24.16V)

Ripple = x100 = 0.07%
i 24.176V ’
nStopped 3 2008/03/15 20:24:01

CH1=20mv : : : : : i 20us/div

AC 11 : : : : © (2Bus/div)

STracei= PP 9760 . Mak  45.60o¥ 1 Min =52 00aw
: Rms  4.033mw Avfj -10;38u¥ :  Freq 108.7kHz
_Duly 95:7% : S
=Fiter= =Offset= =Record Lengtha =Trigger=
Smoothing : ON  CH1 | —----ee Main © 10K Mode : AUTO
BW @ FULL le1/] ooV Zoom : 10K  Type : EDGE CH1 £
Delay 0.0ns

Hold Off : MINIMUM
= - . + o A
nnn 4.50 '5=ﬂaﬂﬂﬂu'ﬂE]\Jll?iﬂulwﬁqﬂ'luaE]ﬂ‘ﬂ'lﬂﬂ’ﬁ’]ﬂﬂf\]

AVo _45.6mV —(=52mV)
Vo 25.26V

x100x20m¥V = 0.007%

Ripple =

69



-2.0n

$1.720ma 31.800mn 51.500ms 52.000=x 52.081n3
¢ ~I{R_flow_directionl}

Time

= | — ' o
nnn 4.51 nazua i 1 1 lnarwesnnmssinainishn

o Stopped 3 2008/03/15 202808
CH1=20mv : : : : T 5gus/div
Ac 11 . (S0us/div)
: NORM20MS /5

=Riter= =0ffset= =Record Length= aTrigger=
Smoothing : ON  CH1 [ =—=--e-a Maln : 106K Mode @ RUTO
Bw : RALL cH2 oov Zoom : 16K Type : EDOE CH1 £
Delay : 0.0ns

Hotd Off MINIMUM

= P , “v a
AN 4.52 n3zus Wi I (Inua AC) filnariuasesanmsiasse
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o Stepped g 2008/03/15_20:27:00
CH1=20mV ; : : : T Shus/div
oec w1 : : : : : (SBus/div)
= : : : : : NORM2UMS /3

=Aliters =Offset= =Record Lengtha =Trigger=
Smoothing : ON  CH1:  (0.000V Main : 10K Mode : AUTO
BW : FULL cH2 : aov Zoom : 10K  Type : EDGE CH1 §
Delay : 0.0ns

Hold OFF : MINIMUM
g P ‘ o a
nnn 4.53 nszua Wi 1 (Inae DC) flvaritwasanmiasss

1.5
51.964ms 52.000ms 37.100ms 52.200ms 32.300=a
& -T(L1)

ine

o oy . .
NINN 4.54 n3zudlWi leharge A IMRHINITNINNITIIRDIN TN U
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nStopped ! 2008/03/15 223220
CHI=Z20mV - . - T 20us/div
Ac 101 | (20us/div)
........ v BT T T T mmms,s

76.00m¥ 1 Ma3
Rws 4.627mV @ AV

37 comW T Min S30 20wV

Freq 1.250MHZ

Duly 50.0%
=Hler= =Offset= =Record Length= =Trigger=
Smoothing : ON CH1 | —====== Main 10K Mode : AUTO
BW : RJLL CH2 : 0.ov Zoom @ 10K Type : FDGE CH1 §
Delay : 0.0ns
Hold Off :  MINIMUM

AN 4.55 nazURIAR Iy (Ihue AC) AlnarusasTInmItaads

72

nStopped g 2008 /03/15 ZZ30:59
CHI=200mV: 20us/div
DC 1kl (20us /div)
LI NORMSIMS /s
.................. .Ll :}:i
o :
=Tracei= P-P  208.0n¥ : Mak  248.0nW :  Min  A0,00u¥
RS 130.3mv Avly 130. 1w Freq 20,33kHz
________________ Duty 20:3% - i
=Fiter= =0ffset= =Record Length= =Trigger=
Smoothing : ON CH1 : 0000V Maih ¢ 10K Mode : AUTO
BW : FULL CHZ . ooV Zoom @ 10K Type : EDOE CH1 #
Detay 0.0ns
Hold OfF MINIMUM

AN 4.56 NIZUTIAR |age (lMUA DC) filnarituresninmyiesis
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4.8 NNIANRILAT % Voltage regulation

Yaufignue feed back

36‘32><100=12.5°/o

%Voltage recgulation =

figoue feed back

3635 100=12.85%

%Voltage recgulation =

4.9 i maseadsz8nSnn (%7 )

output

UseEnTnw (%7 ) = x100%

input

MINanadIn 1

T2 ON, SW3 ON
_105.48

= x100=76.71%
137.5

n

MINGREIN 2

T1 ON, SW3 ON

25
143.32

x100=17.40%

]7:

T1 ON, SW3 OFF

n= 38.7 x100 = 73.71%
52.5

NMIMaRaIn 3

T2 ON, SW2 ON

4
p =845 100292.13%

75



ﬂ'ﬁﬂﬂﬂﬂ{lﬁl4
T1 ON, SW1 OFF

T1 ON, SW1 ON
25.26
7] =

T1 ON, SW1 ON
63.75

x100 =

x100 = 69.80%
62

76.54%

7= Bs.8ax1.5 |+ 31|

x100 = 73.47%

A9 4.6 URAIRINUSNTUSIUTZENTNN (% 7)
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. nl n1ineanayd 2 nmavaasad 4
K NMIneaaasy 3
Sowly | yasas1 [T1 on [ T1 ON T1 oN| T1 oN |T1 ON
T2 ON
m T2 ON sw3 | swa SWA1 SW1 SW1
SW2 ON
neasy | swaoN | oN | OFF OFF ON ON
n 76.17% | 17.40% | 73.71% | 92.13% |69.80% | 76.54% |73.47%
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Stopped g 2008/03/15 202224
CHI=TOV 20us/div
DC 1) (20us/div)

v
i-'fr'é'ciéj‘i . P-P ..... i ZIJOV ........................................ Hln ..... 24BUV e
: Rms  25;26Y Freq B833.3kHz
Duly 66;7% N : _
=Hiter= =0ffset= =Record Length= =Trigger=

Smoothing : ON CH1 :

oov Maln : 10K Mode . AUTO

BW : FULL CH2 : oav Zoom @ 10K Type : EBGE CHY 4
Delay : 0.0ns
Hold OFF : MINIMUM

o a 4 <
FUN N-7 UWIIARDUETITIULAIRDS

nStopped 3 2008/03/15 20:24:01
CH1=20mV T 20us/div
Ac 101 i (20us/div)

=Tll‘acelt= P97 . G0mw Mak 45 60wv T Min TS52; Donv
Rms  4.033aV Avly -10:38uv Freq 108.7kHz
LDuty 95i7% .o U SOUURUONE SUOTUTURPAOPUINUE SR

=Flter= =Offset= =Record Length= =Trigger=
Smoothing : ON CHl1 | ---=-=- Main : 10K Mode @ AUTO
BW : FULL CH2 oov Zoom 10K Type : EDOE CH1 £
Defay : 0.8ns
Hold OFF : MINTMUM

85

P o~ a > o
31U n-8 ussawSlaracrfaupaiaai

AVo 45.6mV —(=52mV)
Vo 25.26V

x100x20mV = 0.007%

Ripple =
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Order this document by TL434/D

@ MOTOROLA A
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 ﬁ D SUFFIX
. . PLASTIC PACKAGE
® Output Control for Push—Puli or Single-Ended Operation " CASE 751B
* Undervoltage Lockout ' (SO-16)
N SUFFIX
1 PLASTIC PACKAGE
, CASE 648
PIN CONNECTIONS
Noninv Noninv
1 15
MAXIMUM RATINGS (Full operating ambient temperature range applies, h:" [ b} q@ e] oput
uniess otherwise noted.) topet L2 B
Rating Symbo! | TL494C | TL494] | Unit Cm E E Veet
Power Supply Voltage Vce 42 v Deadtime Ovtput
Controt L4 73] Contro
Coflector Output Voltage Ve, 42 v
ve2 Cr E E vVee
Collector Output Current Ic1.1c2 500 mA Ry [6] [11] c2
(Each transistor) (Note 1)
Ground [7 [10] 2
Amplifier Input Voltage Range VIR —0.3t0 +42 \'4
Power Dissipation @ Ta < 45°C Po 1000 mw ¢ 8] e
Thermal Resistance, RgJa 80 CwW
Junction-to-Ambient
Operating Junction Temperature Ty 125 °C
Storage Temperature Range Tsig -5510 +125 °C ORDERING INFORMATION
Operating Ambient Temperature Range Ta °C Operating
TL494C Oto+70 Device Temperature Range Package
TL494! —-2510 +85
TL494CD Ta = 0° 1o 470°C SO-16
. N o =0°to 0
Derating Ambient Temperature TAa 45 C TLa94CN A Plastic
NOTE: 1.Maximum thermal limits must be observed.
TL494IN Ta =-25to +85°C Plastic

© Motorota, Inc. 1996 Rev 1



TL494
RECOMMENDED OPERATING CONDITIONS

Characteristics Symbol Min Typ Max Unit
Power Supply Voltage vee .10 15 40 v
Collector Output Voltage Ve1. Vo2 - 30 40 v
Collector Qutput Current (Each transistor) Ic1.1c2 - - 200 mA
Amplified Input Voltage Vin -03 - vee-20| v
Current Into Feedback Terminal b - - 03 mA
Reference Output Current . Iref - - 10 mA
Timing Resistor Ry 18 30 500 k(2
Timing Capachor Cr 0.0047 0.001 10 uF
Osdlllator Frequency fosc 10 40 200 kHz

ELECTRICAL CHARACTERISTICS (Vcc = 15V, CT = 0.01 uF, RT = 12 k2, unless otherwise noted.)
For typical values T = 25°C, for minimax values Ty is the operating ambient temperature range that applies, unless otherwise noted,

l Characteristics Symbol Min I Typ | Max | Unit ]
REFERENCE SECTION

Reference Voltage (Ig = 1.0 mA) Vrel 475 5.0 525 v

Line Regulation (Vo = 7.0 V to 40 V) Regjine - 20 25 mv

Load Regulation (i = 1.0 mA to 10 mA) Regicad - 30 15 mv

Short Circult Output Current (Vegr = 0 V) Isc 15 35 75 mA

OUTPUT SECTION

Collector Off-State Current Ic(om - 20 100 pA
(Vcc=40V,VcE=40V) ;

Emitter Of-State Current ' IE(om - - ~100 KA
Vee =40V, Ve 240V, VE=0V)

Coflector—Emitter Saturation Voltage (Note 2) v
Common-Emiitter (VE = 0 V, Ic = 200 mA) Vsal(C) - 1.1 13
Eminter—Fcilower (Vc = 15 V, |g = -200 mA) : Vsal(E) - 1.5 25

Output Control Pin Current
Low State (Vo 0.4 V) locL - 10 - BA
High State (VO = Vref) I0CH - 0.2 as mA

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

Output Voltage Falt Time . Y ns
Common-Emitter (See Figure 12) T - 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 closae 1o ambient tempaeralure as possible.

2 MOTOROLA ANALOG IC DEVICE DATA



TL494

ELECTRICAL CHARACTERISTICS (Vo = 15V, CT = 0.01 pF, R = 12 k€, unless otherwise noted.)
For typical values Ta = 25°C, for min/max values T Is the operating ambient temperature range that applies, uniess otherwise noted,

| Characteristics | Symbeol Min | Typ | Max | Unit |
ERROR AMPLIFIER SECTION
Input Offset Voltage (VO (Pin 3) = 2.5 V) Vio - 20 10 mv
Input Oftset Current (Vo (Pin 3) = 2.5 V) ho - 50 250 nA
Input Bias Current (VO (Pin 3) * 2.5 V) ™ - -0.1 -1.0 HA
Input Common Mods Voltage Range (Vo = 40 V, T = 25°C) ViCR -0310 Voc-2. v
Open Loop Voltage Gain (AVp=3.0V,Vp=0.5V103.5V, R =2.0 k) AyoL 70 95 - dB
Unity-Gain Crossover Frequency (Vo = 0.5V 10 3.5V, R = 2.0 kQ) fc- - 350 - kHz
Phase Margin at Unity-Gain (Vg =0.5V 10 3.5V, R = 2.0 kQ) &m - €5 - deg.
Common Mode Rejection Ratio (Vcg = 40 V) CMRR 65 90 - dB
Power Supply Rejection Ratio (AVoc =33V, Vo =25V, R =2.010) PSRR - 100 - dB
QOutput Sink Current (Vo {Pin3)=0.7V) lo- 03 0.7 - mA
Output Source Current (Vo (Pin3)=35V) o+ 20 4.0 - mA
PWM COMPARATOR SECTION (Test Circuit Figure 11)
Input Threshold Voitage (Zero Duty Cycle) VTH - 25 a5
Input Sink Current (V(pjp 3) = 0.7 V) - 0.3 0.7 - mA
DEADTIME CONTROL SECTION (Test Circuit Figure 11)
input Bias Cusrent (Pin 4) (Vpin 4 =0 V 10 5.25 V) B (DT) - 20 -10 HA
Mavimum Duty Cycle, Each Output, Push-Pull Mode DCrnax %
(VPin4 =0V, C7 =0.01 uF, Ry = 1240) a5 48 50
(VPin 4 = 0V, CT = 0.001 pF, RT = 30 k2) - 45 50
Input Threshold Voitage (Pin 4) Vih v
(Zero Duty Cycle) - 28 33
{Maximum Duty Cycie) 0 - -
OSCILLATOR SECTION !
Frequency (C1 = 0.001 pF, Ry = 30 ka2) fosc - a0 - KkHz
Standard Deviation of Frequency” (CT = 0.001 pF, RT = 30 k() ofosc - 30 - %
Frequency Change with Voitage (VoG = 7.0 V 10 40 V, Ta = 25°C) Agsc (AV) - 0.1 - %
Frequency Change with Temperature (ATp = Tigy 1o Thigh) Algse (AT) - - 12 %
(CT = 0.01 pF, Ry = 12 kQ)
UNDERVOLTAGE LOCKOUT SECTION
| Tum-On Threshold (Ve increasing, Irgy = 1.0 mA) _ Vin s5 | 6a3 0o | v |
TOTAL DEVICE =
Standby Supply Current (Pin 6 at Vpef, Al other inputs and outputs open) Icc mA
Vcc=15V) - 55 10
(Voo = 40 V) - 7.0 15
Average Supply Current mA
(CT = 0.01 yF, Ry = 12 k2, V(pin 4) =2.0V) - 70 -
(Ve = 15 V) (See Figure 12)
* Standard deviation is a measure of the statistical distibution about the mean as derived from the formula, o
MOTOROLA ANALOG IC DEVICE DATA .3
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Figure 1. Representative Block Diagram

Capacitor CT
Feedback/PWM Comp.
Deadtime Control ——4

Clock lnput

Output Control . Vee

This device contains 46 active transistors.

Figure 2. Timing Diagram
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v
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TL494
APPLICATIONS INFORMATION

Description

The TL4M 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 internaHinear sawtooth oscillator is frequency—
programmable by two external components, Rt and CT. The
approximale oscillator frequency is determined by:

fosc = —:1
RT+CT

For more information refer to Figure 3.

QOutput pulse width modulation is accomplished by
comparison of the positive sawlooth 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
Diagrem shown in Figure 2.)

The control signals are extemal inputs that can be fed into
the deadtime control, the error amplifier inpuls, or the
feedback input. The deadtime control comparator has an
effective 120 mV input offset which limits the minimum output
deadtime to approximalely the first 4% of the sawlooth—cycle
time. This would result in a maximum duty cycle on a given
output of 96% with the output control grounded, and 48% with
it connected to the reference line. Additional deadtime may
be imposed on the output by setting the deadtime—coritrol
input to a fixed voltage, ranging between 0 V10 3.3 V. /

I3

Functional Table

InputfOutput fout
Output Function —_
Controls fosc
Grounded | Single—ended PWM @& Q1 and Q2 10
@ Vref Push—pull Operation 05

The pulse width modulator comparator provides a means
for the error amplifiers 1o 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
modutator comparator. With this configuration, the amplifier
that demands minimum output on time, dominates control of
the locp.

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 fransistors
alternately for push—pull operation. The output frequency is
equal to half that of the oscillator. Quiput 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 bc 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
osciltator,

The TL494 has an internal 5.0 V reference capable of
sourcing up to 10 mA of load current for extemal bias circuits.
The reference has an internal accuracy of 15.0% with a
typical thermal drift of less than 50 mV over an operatling
temperature range of 0° to 70°C.

Figure 3. Oscillator Frequency versus
Timing Resistance
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Figure 4. Opeh 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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Figure 8. Common—Emitter Configuration
Output Saturation Voltage versus Figure 9. Standby Supply Current
Collector Current versus Supply Voltage
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Figure 10. Error-Ampilifier Characteristics
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Figure 15, Deadtime Contro! Circuit
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Figure 18. Slaving Two or More Control Circuits

Figure 19. Operation with Vj, > 40 V Using
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Figure 21. Pulse Width Modulated Step-Down Converter
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SEMICONDUCTOR®

Data Sheet

30A, 1200V Hyperfast Diode

The RHRG30120 is a hyperfast diode with soft recovery
characleristics (1 < 65ns). it has half the recovery time of
ultrafast diodes and is of silicon nitride passivated
lon-implanted epitaxial planar construction.

This device is intended for use as a freewhesling/clamping
diode and rectifier in a variety of high frequency switching
power supplles and other power switching applications. Its
low stored charge and hyperfast soft recovery minimize
ringing and electrical nolse in many power switching circuits,
thus reducing power loss in the switching transistors.

Formerly developmental type TA49041.

Ordering Information
PART NUMBER PACKAGE BRAND
RHRG30120 T0-247 RHRG30120

NOTE: When ordefing, use the entire part number.

Symbol

RHRG30120

January 2002

Features

- Hyperfast with Soft Recovery. ................. <65ns
« Operating Temperature . ..................... 175°C
» ReverseVoltage. ... ... ... ... .cciianns 1200V

» Avalanche Energy Rated

« Planar Construction

Appiications
« Swilching Power Supplies
+ Power Switching Circuits
« General Purpose
Packaging
JEDEC STYLE TO-247

ANQDE
CATHODE

CATHODE
{BOTTOM SIDE
METAL)

Absolute Maximum Ratings T =25°C

Average Rectified ForwardCurrent. .. .. .................. ... ...

(Tg=78°C)

Repetitive Peak SurgeCumrent ... ... ... ... .. .. .. .. . ...

{Square Wave, 20kHz)

Nonrepetitive Peak Surge Cutrent. . .. .. ..... ... ... ... ... ...

{Halfwave, 1 Phase, 60Hz)

Maximum PowerDisslpalion .. . ... ... ...ttt
Avalanche Energy (SeeFigures7Tand8) . ........................
Operatingand Storage Temperature .. .. .........................

RHRG30120 UNITS

............................ VRRM 1200 v
........................... VewM 1200 v
.............................. VR - 1200 v
............................ F(av) 30 A
............................ IFRM 60 A
............................ IFSMm 300 A
e Pp 125 w
............................ Ean 30 m
......................... Tste Ty -65 to 175 °%

©2002 Fairchild Semiconducior Corporation

RHRG30120 Rav. C



RHRG30120

Electrical Specifications T¢ = 25°C, Unless Otherwise Specified

SYMBOL TEST CONDITION MIN TYP MAX UNITS
Ve e = 30A . - 32 v
Ig = 30A, Te = 150°C - - 26 v
R VR = 1200V - - 250 pA
VR = 1200V, T¢ = 150°C - 1 mA
Yr 15 = 1A, GIp/oL = 100A/S - - 65 ns
Ig = 30A, dig/dt = 100A/us - - 85 ns
ta i = 30A, dIp/dt = 100A/s - 48 - ns
1Y IF = 30A, dig/dt = 1G0A/us - 22 - ns
Raic - - 1.2 ocm
DEFINITIONS

VE = Instantaneous forward voltage (pw = 300us, D = 2%).
Ir = Instantaneous reverse current.
tr = Reverse recovery ime (See Figure €), summation of t; + tp.
te = Time 0 reach peak reverse current {See Figure 6).

I, = Time from peak Igm to projected zero crossing of iqy based on a straight line from peak Igm through 25% of Igy (See Figure 6).

Rgyc = Thermal resistance junction to case.
pw = puise width.
D = duty cycle.

Typical Performance Curves
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FIGURE 1. FORWARD CURRENT vs FORWARD VOLTAGE
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FIGURE 2. REVERSE CURRENT vs REVERSE VOLTAGE
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RHRG30120

Typical Performance Curves (continued)
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is
not intended 10 be an exdhaustive list of alt such trademarks.

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

FACT Quiet Series™ MICROWIRE™ SILENTSWITCHER>  UWraFET>
STAR"POWER Is used under icense

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 2. A critical component is any component of a life
systems which, (a) are intended for surgical implant into support device or system whose fallure to perform can
the body, or (b) support or sustain e, or (c) whose be reasonably expecied 10 cause the failure of the life
fallure to perform when properly used in accordance support device or system, or to aflect its aafety or

with instructions for use provided in the labeling, can be effectiveness.
reasonably expected to result in significant injury to the

user.
PRODUCT STATUS DEFINITIONS
Definition of Terms
Datasheet Identification Product Status Definition
Advance information Formative or This datasheet contains pe design specifications for
In Design product development. S_pedfiwuons may change in

any manner without notice.

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

No Identification Needed Fult 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 semiconducior.
The dalasheet is printed for reference information only,
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FAIRCHILD

e ——————————
SEMICONDUCTOR®

Data Sheet

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

The HGTG30NG0C3D is a MOS gatéd 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 or state conduction
loss ot 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-paraliel 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
HGTG30NSOC3D |TO-247 G30N60C30D
NOTE: When ordering, usa the entire part mu/nber.

Symbol

HGTG30N60C3D

December 2001

Features

+ 63A, 600V at T¢ = 25°C

» Typical FaliTime................ 230ns at Ty = 150°C
+ Short Circuit Rating

* Low Conduction Loss

» Hyperfast Anti-Parallel Diode

Packaging

JEDEC STYLE TO-247

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

4,364,073 4,417,385 4,430,792 4,443,931
4,598,451 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 4,690,143 4,901,127 4,904,609

4,466,176 4,516,143 4,532,534 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

€001 Fairchild Semiconducior Carporation
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HGTG30N60C3D

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

HGTG30N60C3D UNITS

CollectortoEmitterVoltage . . .. ... ... ... oot ittt i BVces 600 v
Collector Current Continuous

AtTe = - o lcos 63 A

ATEm110%C Lottt s e, Ici0 30 A
Average Diode Forward Cument at 110%C. . ... ... oeiireinrnrereonrnnnncnnnnns lave) 25 A
Collector Current Pulsed (NOB 1) . .« .« o e oot ee e aeeeannanes . fom 252 A
Gate to Emitter Voltage CONtinUoUS.. . . ... ... oot iiiini i iiiiieicieieiiananns Vges 20 v
Galetwo EmitlerVoltage Pulsad .. ........ i iiiiiii it VGEM 30 v
Switching Safe Operating Area at Ty = 1509C. ... ...oeouneeernnaneeennn, SSOA 60A at 600V
Power Dissipation Total 81T =259C . ... ...uennreneennsenrenneeaneeaneannns Po 208 w
Power Dissipation Deraling T > 25%C « -« .o et nnnnne et ee e e eeaeneeen 1.67 WPRC
Operating and Storage Junction Tomperature Range ... .........cevveeeennnn Ts Ts16 -40 to 150 °c
Maximum Lead Termperature for Soldering . ...........c0vu... e T 260 e o)
Short Circult Withstand Time (Note 2) BIVGE = 15V, .. .eeuveieere e inneen. s 1sc 4 us
Short Circult Withstand Yime (Note 2) 8t Ve = 10V. .. ....oeuunerenninnerennn. tsc 15 ns

CAUTION: Stresses above those Iislad in "Absolute Maximum Ratings” may cause permanen! damage 1o the device. This Is & siress only rating and operation of the
device at these or any other conditions abave thosa indicated in the openational sections of this specification is nol implied.

NOTES:
1. Repetitive Rating: Pulse width limited by maximum junction temperature.
2. Vgg(px) = 360V, T, = 125°C, Rg = 25

Electrical Specifications T¢ = 25°C, Unless Otherwise Specified

PARAMETER ) SYMBOL TEST CONDITIONS MIN TYP | MAX | UNITS
Codllactor 1o Emitter Breakdown Vollagé BVces  |ic=250uA, VGE = OV 600 . . v
Emitter to Colleclor Breakdown Voltage BVgcs Ic=10mA, Vgg = OV 15 25 - v
Collactor to Emitter Leakage Current Ices Ve = BVges T/ = 25°C . . 250 pA
Vce=8Vces Te =150°C - - 3.0 mA
Collector 1o Emitter Saturation Voltage Vegisan  |le=lc11o. Te=25°C - 1.5 1.8 v
Ve =18V Te = 150°C . 17 20 v
Gate 1o Emitier Threshold Voltage VGEH)  |Ic=250MA, Tg = 25°C 3.0 5.2 6.0 v
Vce = Ve
Gate to Emitter Leakage Current lges VGE = 120V - - +100 nA
.| Swit a:ing SOA SSOA T, = 150°C, VeEe(PK) = 480V 200 - - A
¥ Vae = 15V, v = 600V 60 . . A
Ag =3Q, CE(PK)
L = 100uH
Gate 10 Emitter Plateau Voltage Vgep Ic =lc110. Voe = 0.5 BVeEs - 8.1 - v
On-State Gate Charge Qgion) Ic=ic110 VGE = 15V - 162 180 nC
Vee=05BVeces Iy ov . 216 250 nC
Cument Tum-On Delay Time 30N Ty=150°C, - 4Q - ns
Current Rise Time " :?(SE?PE)';%_G BVees, - as - ns
Current Tum-Off Delay Time to(OFF) ;‘QE: 3:1 5V, - 320 400 ns
Current Fall Time tn L= 100uH - 230 275 ns
Tum-On Energy Eon - 1050 - n
Tum-Oft Energy (Note 3) EoFF , - 2500 - J
Diode Forward Voltage Vec lgc = 30A - 1.75 2.2 v

€001 Falrchild Semiconductor Corporation HGTGIONGOCID Rev. B



HGTG30N60C3D

Electrical Specifications ¢ = 25°C, Unless Otherwise Specified

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Diode Reverse Recovery Time ty lgc = 30A, digc/dt = 100A/us - 52 60 ns
lec = 1.0A, digc/dt = 100A/us . 42 50 ns
Thermat Resistance Rayc 1GBT - . 086 ‘cw
Diode - - 1.3 °cw

NOTE: ‘

3. Tum-Oft Energy Loss (Eqrr) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input puise and ending
at the point where the collector current equals zero (lcg = OA). The HGTGIONGOC3D was tested per JEDEC standard No. 24-1 Method for
Measurement of Power Device Tumn-Off Switching Loss. This test method produces the true total Tum-Off Energy Loss. Tum-On losses indude
diode losses.

Typlcal Performance Curves
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HGTG30N60C3D

Typlcal Performance Curves (Continued)
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HGTG30N60C3D

Typical Performance Curves (Continued)
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Typicai Performance Curves (Continved)
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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 1o electrostatic discharge. IGBTS can be
handied salely if the following basic precautions are taken:

1. Prior 10 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 "ECCOSQRBD™ LD26" or equivalent.

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

3. Tips of scldering irons should be grounded.

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

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

6. GateTerminzition - 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
buiidup on the input capacitor due to leakage curmrents or
pickup.

7. Gate Protection - These davices do not have an internal
monolithic zener diode from gate 1o 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 fygaxq OF
fmaxg 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.

fmax Is defined by fiaxy = 0.05/(tporF)t + toony)-
Deadtime (the denominator) has been arbitrarity heldto 10%
of the on-state time for a 50% duty factor. Other definitions
are possible. tpiorr)l and toiony are defined in Figure 21.

Device turn-off delay can establish an additional frequency
limiting condition far an application other than T . to(OFF)
Is important when controlling output ripple under a lightly
loaded condition.

fmaxe is defined by fax2 = (Pp - PcM(Eorr + Eon)- The
allowable dissipahon (PD) is defined by PD = (T JM -Tcynax:.
The sum of device switching and conduction fosses must
not exceed Pp. A 50% duty factor was used (Figure 13)
and the conduction losses (P¢) are approximated by

Pc = (Vce x Ice)2.

Eon and Egff are defined in the switching waveforms
shown in Figure 21. Eqy is the integral of the instantanecus
power loss (Ice x V) during turn-on and Eggr is the
integrai of the instantaneous power loss dufing turn-off. All
tail losses are included in the calculation for Eger; i.e. the
coflector current equals zero (Icg = 0).

©2001 Fairchild Semiconducior Corporation
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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 kst of all such trademarks.

ACEx™ FAST © OPTOLOGIC™ SMART START™ VCOX™
Bottomless™ FASTI™ OPTOPLANAR™ STAR'POWER™
CoolFET™ FRFET™ PACMAN™ Steatth™
CROSSVOLT™ GlobalOptoisolator™ POP™ T™.3
DenseTrench™ GTOo™ Power247™ SuperSOT™-6
DOME™ HiSeC™ PowerTrench® SuperSOT™-8
ECOSPARK™ ISOPLANAR™ QFET™ SyncFET™
E2CMOS™ LittleFET™ Qs™ TinylLogic™
EnSigna™ MicroFET™ QT Optoelectronics™  TruTranslation™
FACT™ MicroPak™ Quiet Series™ UHC™

FACT Quiet Series™ MICROWIRE™ SILENT SWITCHER®  UHtraFET®
STAR'POWER Is used under license ;
DISCLAIMER ’

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
NOTICE TOANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD
DOES NOTASSUME ANY LIABILITYARISING 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
CEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.
As used herein:

1. Life support devices or systems are devices or
systemns which, (a) are intended for surgical implant into
the body, or (b) support or sustain life, or (c) whose
faflure 10 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

Definition of Terms

2. A critical component is any component of a kfe
support device or system whose failure 1o perform can
be reasonably expected to cause the failure of the Kfe
support device or system, or to affect its safely or
effectiveness.

Datashest Identification
Advance Information

Product Status Definition

This datasheet contains the design specifications for
product development. Specifications may change in
any manner without notice.

. Formative or
“ In Design

Preliminary First Production This datasheet contains preliminary data, and
supplementary data wil 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 datasheel contains final specifications. Fairchild
Semiconductor reserves the right to make changes at

any time without notice in order to improve design.

Obsoclete Not In Production This datasheet contains specifications on a product
that has been discontinued by Fairchik! semiconductor.

The datasheet is printed for reference information only.
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International
ToR Rectifier  IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF

HIGH AND LOW SIDE DRIVER
Features Product Summary
¢ Floating channel designed for bootstrap o ti
Fullylggerag::al o sepovor s60ov Pt | VorpseT (IR2110) 500V max.
Tolerant to negative transient voltage (IR2113) 600V max.
dvidt immune
e Gate drive supply range from 10 to 20V lo+/- 2A 1 2A
® Undervoltage lockout for both channels
® 3.3V logic compatible Vourt 10 - 20V
Separate logic supply range from 3.3V to 20V
Logic and power ground 15V offset tonsoff (typ.) 120 & 94 ns
* CMOS Schmitt-triggered inputs with pull-down Delay Matching (IR2110) 10 ns max.
¢ Cycle by cycle edge-triggered shutdown logic
® Matched propagation delay for both channels (IR21 13) 20ns max.
® QOutputs in phase with inputs ' Packages

Description 7%
The IR2110/1R2113 are high voltage, high speed power MOSFET and

IGBT drivers with independent high and low side referenced oulput chan-

nels. Proprietary HVIC and latch immune CMOS technologies enable | ,,\ -\ ooio IR;‘:-:-(?;:RSZ?:CSS
ruggedized monolithic construction. Logic inputs are compatible with | \oa110nR2113

standard CMOS or LSTTL cutput, down to 3.3V logic. The output
drivers feature a high pulse cumrent buffer stage designed for minimum
driver cross-conduction. Propagation delays are matched to simplify use in high frequency applications. The
floating channel can be used 1o drive an N-channel power MOSFET or IGBT in the high side configuration which
operates up to 500 or 600 volts.

Typical Connection up 10 500V or 600V
N lj
— HO .____‘ ‘ |ED T~
Voo Voo Ve[
)
T
HiNe HIN Vg - TO
SD o SO — X LOAD
LIN LIN Vee 1
Vs © {ves coM | Ea
Voc°_'l — LO
-
(Refer 1o Lead Assignments for comect pin configuration). This/Thess diagram(s) show electrical
connections only. Please refer 1o our Application Notes and Design Tips for proper circuit board layout.

www.irf.com 1
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IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF sl

Absolute Maximum Ratings

Absolute maximum ratings indicate sustained limits beyond which damage o the device may occur. All voltage param-
eters are absolute voltages referenced to COM. The thermal resistance and power dissipalion ratings are measured

under board mounted and still air conditions. Additional information is shown in Figures 28 through 35.

Symbol Definition Min. Max. Units
Va High side floating supply voltage (IR2110) 0.3 525
(IR2113) 0.3 625
Vs High side floating supply offset voltage Vp-25 Vg + 03
Vho High side floating output voltage Vg-03 vg+03
Vee Low side fixed supply voitage 0.3 25
Vio Low side output voltage 0.3 Vee + 0.3 v
Voo Logic supply voltage 0.3 Vgg + 25
Vss Logic supply offset voltage Voo - 25 Voo +0.3
Vin Logic input voltage (HIN, LIN & SD) Vss-0.3 Vpp + 0.3
dvg/at Allowable offset supply voltage transient (figure 2) — 50 Vins
Po Package power dissipation @ To s+25°C (14 iead DIP) — 1.6 W
{16 Yead SOIC) —_ 1.25
Ryna Thermal resistance, junction 1o ambient {14 lead DIP) —_ 75 .
(16 lead S0IC) - 100 cw
Ty Junction temperature —_— 150
Ts Storage temperature -55 150 °C
TL Lead temperature (soldering, 10 secoris) —_ 300

Recommended Operating Conditions

The input/output iogic timing diagram is shown in figure 1. For proper operation the device should be used within the
recommended conditions. The Vg and VS S offset ratings are tested with all supplies biased at 15V differential. Typical
ratings at other bias conditions are shown in figures 36 and 37.

Symbol Definition Min. Max. Units

Vp High side floating supply absolute voltage Vs + 10 Ng 20

Vs High side floaling supply offset voltage _ (IR210) Note 1 " 500

(IR2113) Note 1 600

VHO High side floating output voitage Vs Vs
Vee Low side fixed supply voltage 10 20 v
Vo Low side output voltage 0 vCe
Voo Logic supply voltage Vss+3 Vss + 20

Vss Logic supply offset voitage -5 (Note 2) 5

Vin Logic input voltage (HIN, LIN & SD) Vss Vop

TA Ambient temperature -40 125 *Cc

Note 1. Logic operational for Vs of -4 to +500V. Logic state held for Vs of -4V to -Vgs. (Please refer to the Design Tip
DTO7-3 for more details).

Note 2: When Vpp < 5V, the minimum Vgg offset is limited to -Vpo.

2
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Dynamic Electrical Characteristics

Veias (Vce. Ves. Vop) = 15V, C = 1000 pF, Ta = 25°C and Vgg = COM unless otherwise specified. The dynamic
electrical characteristics are measured using the test circuit shown in Figure 3.

IR2110(-1-2)(S)PbFIR2113(-1-2)(S)PbF

Symbol Definition Figure | Min. | Typ. [Max.| Units [Test Conditions
ton Tum-on propagation delay 7 - 120 | 150 Vg =0V
tonr Tum-off propagation delay 8 — 94 125 Vs = 500v/600V
ted Shutdown propagation delay 9 - 110 | 140 ns Vg = 500V/600V
tr Tum-on rise t“ne 10 _— 25 35
t Tum-off fall ime 1 — 17 25
MT Detay matching, HS & LS _(IR2110) - — — 10
tum-on/olf {IR2113) — — — 20

Static Electrical Characteristics

Veuas (Vcc. Ves. VDo) = 15V, Ta = 25°C and Vss = COM unless otherwise specified. The Vin, Vi and iy paramelers
are referenced 1o Vss and are applicable to all three logic input leads: HIN, LIN and SD. The Vo and lp parameters are
referenced o COM and are applicable 10 the respective output leads: HO or LO.

Symbol Definition Figure { Min. | Typ. Max.] Units [Test Conditions
ViH Logic "1 input voltage 12 95 | — § —
Vie Logic "0” input voltage 13 - — 6.0
VoH High level output voltage, Vpias - Vo 14 — | — T2 v lo = 0A
VoL Low Jevel output voltage, Vo 15 —_ — 0.1 lp =0A
hx Offset supply leakage cument 16 -— — 50 Vp=Vg = 500V/600V|
lops Qulescent Vgs supply current 17 — 125 § 230 VinN=OVorVpp
lace Quiescent Vg supply current 18 — 180 | 40 A Vin=0Vor Vpo
lapo Quiescent Vpp supply current 19 — 15 30 Vin=0VorVpp
IiNe Logic “1" input bias current 20 — 20 40 ViN =Vpo
N- Logic “0” input bias cumrent 21 _ — 1.0 Vin =0V
Vesuve | Vas supply undervoltage positive going 22 7.5 86 | 9.7
threshold
Vasuv- | Vas supply undervoltage negative going 23 7.0 8.2 9.4
threshold
Vecuvs | Viee supply undervoitage positive going 24 74 85 | 96
threshold v
Vecuv- | Ve supply undervoltage negative going 25 7.0 8.2 9.4
threshold
1o+ Output high short circuit pulsed current 26 20 25 —_ Vo=0V, Vin=Vop
PW<10ps
1o Output fow short circuit pulsed current 27 |20 | 25 | — A Vo= 15V, ViN=0V
PW<10 s
www.irl.com 3
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TGR Rectifier

Functional Block Diagram

- %v,
=N -
- R g l
LEVEL PULSE R HO
Voo Vee WE§ |
LEVEL i
SH'WH—PULSE_'iE v,
GEN l

1
! I
*—¢ Ve
w |
VooNoe DETECT i
=h o
1
DELAY :
coMm
t
1

Lead Definitions

Symbol| Description

Vop Logic supply

HIN Logic input for high side gate driver oufput (HO), in phase
SD . | Logic input for shutdown

UIN | Logic input for low side gate driver output (LO), in phase
Vss Logic ground

Ve High side floating supply

HO High side gate drive output

Vs High side floaling supply return

Vee Low side supply

Lo Low side gate drive output

COM Low side return

4 www.irf.com
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erpationd IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF
Lead Assignments
iy Ho =2 no
=] voo ve [T} Lig] ve (1]
M vs [3] (] voo vs 8]
] so Q) [z ren -
0z] un vee [2] 03] so )
3] vss com [7] 0 vee [3]
T2 ~ wfh (i3] vss cou 2
[Oe] —~ Lo]d
14 Lead PDIP 16 Lead SOIC (\M&e Body)
IR2110NAR2113 IR2110SAR2113S
=] o (7] = HO [T
2] voo ve [£] ] voo ve [€]
) (is] vin vs [B] (1] wm vs |
/ i so [ il so [
0z vee [T GZ] un vee [3]
% vss com [ 3] 3] vss coM 7]
__._f'\__LO_::I 4] M~ e
14 Lead PDIP w/fo lead 4 14 Lead PDIP wio leads 4 & 5
IR2110-1/IR2113-1 IR2110-21R2113-2
Part Number
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IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF Internationat

HIN
LN
50 '|
HO ]
Lo
Figure 1. Input/Output Timing Diagram
Ve ®15V
>
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I“‘ 1"’ e Jﬁ :; "; 15v
10 L °Vg
HIN 0———— L & "o lmumvm
80 O—em{ gy 4 ‘g
uuo—_l.z_{>_l_T°c Lo ¥
t
13 2 I
v

Figure 3. Switching Time Test Circuit
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'l tsg |
HO r 90%
LO

Figure 5. Shutdown Waveform Definitions

TOR Rectifier
Veg #15V HY = 10 1 SO0V
lo Io.i I 11?;“: 200 .
I"F I"F T 3 8 =:'F' #H "wnreI YoouF

10

—t1

12

13

Figure 4. Switching Time Waveform Definition

HIN
LIN

LON\_\HO

Figure 6. Delay Matching Waveform Definitions
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