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Thesis Title Study of Weight Voltage-Mode Control for a Multiple-Output Flyback

Converter in Wide Range Output Currents

Author Mr. Banyat Lertbussarakam
Major Program Electrical Engineering
Academic Year 2009

ABSTRACT

This thesis presents a study of cross regulation improvement in a multiple-output
flyback converter by using weight voltage-mode control and winding arrangement technique in
high frequency transformer as well as compensator design. The weight factors (K) can be
calculated from parameters of a flyback transformer. The experimental results show that leakage
inductances of the transformer have an effect on the boundary area of possible weight factors. In
comparison between two transformer winding arrangement techniques: Stack and Interleave. It is
found that the interleave technique provides larger possible weight factor area than that of the
stack technique. Moreover, the small-signal model of the 2-output flyback converter is achieved
in order to design a suitable compensator. The proposed compensator not only can give more
stability of the system but also effectively improves load regulation and cross regulation of the
converter. Additionally, the study shows that percent errors of output voltages depend on the
selected values of weight factors. Larger value of weight factor results in less percent error in the
output voltage. Since the weight voltage-mode control method can not eliminate total errors in
output, it instead distributes the error to each output. Therefore, the small error in one output
consequences the large error in another output. From the experiments, for all range of load
currents, the suitable set of weight factors is in the middle of the boundary weight area because it
can equally distribute errors to all output. Thus, the improvement of cross regulation of a
multiple-output flyback converter can be obtained by using weight voltage-mode control with

suitable weight factors, proper transformer, and compensator design.

Keywords: flyback converter, weight voltage-mode control
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o 1 { o ] < .. . o @ 1
1) ﬂ1u3ﬂlﬁ’]ﬂ’]ﬂ'§’]ulﬁﬁ‘(’J'Ju']lllllﬁaﬂ (Magnetizing inductance, LM) Iﬂﬂﬂ’]ﬁu@l@@]ﬁ']ﬁ?u

51u3uﬁﬂﬂﬁﬁﬂﬂﬂﬁﬁﬂﬁwﬂﬁ (3.14) wag (3.15)

n, =—' (3.14)

(3.15)

o w 1 o 1 Jd td‘ Y d' o
'Ll']’f)@]ﬁ']ﬁ'n!ﬂTL!’JU?ﬂUﬂJﬂQLlﬁﬁZLﬂWﬂWﬂﬂllﬂﬁ]']ﬂﬁllﬂWiVI (3.14) uag (3.15) "lﬂmmmﬂimﬁ

afauiman ldanannisn (3.16)

nl n,l
ol 0y, 3.16
M D' D' ( |
_0.083(15) , 0.2(4.5) _ 50,
0.6 0.6

o Y 9 Il 3 A A
ﬂmu@clwmzuammmmammﬁﬂizmau 10%

Ai,, =0.11,, (3.17)

=0.1x3.58 =0.358A

o ' ] <
ﬂ'IU'Jﬂ!ﬂ'IEJ@ﬂ"U’fNﬂigllﬁﬁ%}']\ululﬁaﬂ

| I, +Ai, (3.18)

M max —

=3.58+0.36 =3.94A
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M :Vg DTS (3.19)
2Ai,,
100x0.4x10x107
- 2x0.36
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= /0.6 —33.36A
~ 0.083 (3)

, 7 A A %
ﬁnﬂﬂWﬂﬁzuﬁLﬂ"WWﬂWll La'ﬂﬂhlﬂiﬂﬂ!,‘]_l@i ESADS3 (40V7304)

Ai,,
secZRMS = M D1+ (3.22)
3 1,
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=292 0611+ ==| =11.01A
0.2 ( 3 j

1 J A A J
NNAMNTTUFDINNNN2 laaﬂllﬂiﬂﬂﬂlﬂﬁ ESADS3 (4017304)



o " v 3 9 4
ﬂ’lu’)ﬂ!ﬂﬁlﬂalﬂ‘ﬂﬂﬁgﬂﬂ’]\?ﬂ’]“&@’]ﬂﬂﬂ
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S

2AV,,

-6
:10><O'4X10X10 — 404F
2x0.5

DT,
24V,

6
_ 45 0.4x10x10 _75uF
2x1.2

Co=1,x

2 = lgo X

Y
ﬁmammﬂﬁmﬁimﬁmmiuwﬁ'euﬂm

| +n,I1

tot — I pri + nllsecl 2 "sec2

=2.27 +(0.083x11.66) + (0.2 x 4.86) = 7.25A

o [ ~ A A 4 4
2) ﬂ1u’)ﬂ!ﬂ’]ﬂ\1ﬂ6‘]@ﬁllﬂulv\|@LaﬂﬂmuWﬂLlﬂULW’t’)ﬁ‘liﬂ

PV E T o *10°
9 B2 P k

max " cu""u

k

_ 1.724x107° x (0.5x107*)? x 3.94° x10°®

0.252x1.5%x0.2

J Ay Y A £~ A o
1N kg ‘n‘lmaammu ETD49 FINAUTUUAAIAIT N 3-2

M54 3-2 guaniaunungionasnudguues ETD49

ETD49
Geometrical constant (kg) 1.42¢m’
Cross-section area (4,) 2.11em’

Bobin winding area (WA) 2 71em’

Mean length per turn (MLT) | 8.51cm

Magnetic path length (/) 11.4cm
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(3.24)

(3.25)

(3.26)

=1.26cm°



29

3) ﬁmammmﬂ%’wﬁmmmﬂ HAZIUIUTOVUBINITHUIARIA

I >/JOLMII\2/I,max X104

T UBLA o2
-7 -3 2 4
_47x10 ><(0.5><210 Jx3ea?x10° _ .
0.25°x2.11
4) AMMUIUIIUIUTOUNTWU
L 1
Npi = —— % % 10* (3.28)
-3 2 4
_ 0.5x107x3.94° x10 _ 3754 ~38501)
0.25x2.11
nsecl = n1 x npri (3'29)
=0.083x38=3.04 ~ 3591
nsecz = nZ x r]pri (3'30)
=0.2x38=7.6 850U
5) Sunaesidudvesiiuilumsiuvaaln Lazi@enuuIAaAND A
I pri
a, = (3.31)
ItOt
:E =0.313
7.25
az — nsecllsecl (332)
npri Itot
_ 3x33.36 0484
38x7.25
a,=1l-a,-a, (3.33)

=1-0.313-0.484 =0.203
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6) Lﬁ’aﬂmummﬂmmm

2

Ay < kW, (3.34)
npri
_ 0.313x0.2x2.71 _ 6.69x10%cm
38
HONAIALDSAWG9

Ay, < ok Wy (3.35)

nSeCl

_ 0.484 x 2.2 x2.71 _98.37x10"*cm?
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(Skin effect)
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nsecz
~0.32x0.2x2.71
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Ays (3.36)

=32.52x10%cm?

(Skin effect)
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o 1 A Y Y 7 s a I’ Y o o
PSIM l!1?’111/]@f’]ﬂLL’]J‘]J]lﬂlﬂﬁﬁ1\1’Nﬁ]'i‘l/\lﬁ"lfJLL‘]Jﬂﬂ@unﬂimﬂi%u@ 2 DINANULAININITIA
sUAduuTIaY taznIzumieg TuanstaIYe995aanMIlseno 3-16 3 3-28 M5

9 =2 ) o 9 @
nioulaauuy Stack wagnmilszney 3-29 83 3-41dmSundeuaanuy Interleave laginzil

A 3 A

= v
fa ﬁtytymmmm‘luumiﬂaumu

Tek I ® Stop M Pos: 0,000s MEASURE
+

b 500,08
30-Sep—03 1453

amisznou 3-16 Uaauus R TU-od (7,) voendoulaany Stack



Telk T & Stop kM Pos: 0.0005 ME&SLRE
+

h 5,008
30-5ep-03 15:00

amilsgnoy 3-17 gUnduussduInN-ged (V,) veewiienlawuuy Stack

Telk T & Stop b4 Paos: 0.000s MEASLIRE
+

M 500 s
30-5ep-03 1504

awilszneu 3-18 sUARUUTIAWDIINN 57 (V) voantioulaauuy Stack

36
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Tek T & Stop b4 Pos: 0.000s MEASLRE
-

P 500,05
30-5ep-03 1306

awilsgnew 3-19 JUaauusIRue NN 121 (V) vosnioulawuny Stack

Tek e @ Stop M Pos: 0.000s MEASURE
-
CH1
500mA/div
M 500 s

A0-%ep-03 1511
amalsznew 3-20 JUaauNsEHEN A LgUQNiIe I =54, 1 ~1.54 voandoulauuy Stack
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Telk S & Stop k4 Pos: 0.000s MEASLRE
-
CH1
5A/div
M 500 05

30-5ep-03 1517
amilsznou 321 JUaaunszudlalon D, 1ile 1 =54 voandoutlawuy Stack

ol

Tek S & Stop b Pos: 3,400 05 MEA&SLIRE
-

CH1
1A/div

P 500 L5
I0-Sep-03 15:23

amilszneu 3-22 gUaaunszudlalon D, 1ie 1 ,~1.54 vouwdoulawuy Stack

02
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Tek Al & Stop i Pas: 0.0005 MEASLIRE
+ :
CH1
Freq

179.5kHz
- CH1
I PE—Pk
B2 0m

* cH
500mA/div

Rl o

CHA
Mone

CHT 10.0m" b 5.00 5 CH1 & 14.8mY
J0-5ep—03 1503 <10Hz

mwilsznew 3-23 jadunszuanedmilyugiiiie 7,=104

1 =34 mawﬁ’auﬂmgmu Stack

> o2

Tek Al & Stop t Pos: 0.000s MEASURE
+

CH1
Freq
1071.7kHz

i CH1
PE-Pk
a4y

CH1
5A/div

'.
CH1
1+ ' Mone

CHA
Mone

CHT 0.0y t 5,005 CHT .7 14.8mM
30-5ep-03 1516 <10Hz

amilszneu 3-24 3Uaaunszua’lalen D, 1ile 1 =104 veandoulawuy Stack




Tek Sl @ Etop M Pos: 3.200,05 MEASLIRE
+
CH1
2A/div
kA 5,00 05

J0-%ep-03 15:22
amisznov 3-25 gUaaunszua’lalen D, e 1 =34 veandoulaany Stack

Tek o L @ Stop M Pas: 0,000s MEASLIRE
+
CH1
500mA/div
k1 5.000s

30-5ep-09 15112
ailsznou 3-26 JUaaunszuaned il gugiiiie 1 =154, I =4.54 yoandoudlasuuy

Stack

40



Tek i & Stop M Pos; 0,000s MEASLRE
¥ CH1
Freq

104.0kHz

& CH1
Pk-Pk
236mY

CH1
5A/div

| CHA1
MNone

1 u CHI

MNone

——

CH1 10.0mY M 500 .us CH1 .~ 48.8mY
CH1 wertical position —2.85 divs (—28.8myY)

amilszneov 3-27 3Uaaunszua’lalen D, iile 1 =154 veandouawuy Stack

Tek i @ Stop Fd Pios: 3,400 .05 MEASLIRE
v CH1
Freq

158.4kHz

CH1
e J[ Ph—Pk
S04y
: CH1
: i 2A/div
1

CH1
Mone

CH1
Mone

CHT 10.0mY P 2,00 .05 CHT /7 25.2mY
30-5%ep-03 15225 <10Hz

ailsznov 3-28 gUnaunszua’lalon D, 1ile 1 =4.54 veandouaauuy Stack

41
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Tek . @ Stop M Pos: 0.000s MEASLRE
-

P 500,05
30-5ep—03 1334

A Y] 9
mwilsznow 3-29 JiaauusIAuATU-sOd (V,) VoarUBuiladuil Interleave

Tek Sl i Stop M Pos: —200,00s MEASLRE
-+

f 500,05
30-5ep—03 15:36

d’ LY 9
Milsznen 3-30 UaaULTIAUIAN-FO A ) YoInUouilaauu Interleave
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Tek JL & Stop M Pos; —200,0ns MEASLRE
-

b 500 05
I0-%ep-03 1%:35

A o 4 9
Mwilszne 3-31 JUadUNIIAULINNY 5V (V) voanueti)aay Interleave

Telk T & Stop M Pas: —200.0ns ME&SLRE
-

h 5,008
30-5ep-03 15:40

A o s 9
AMwilszne 3-32 gaduLIIAUINNY 12V (V) voantouaauy Interleave
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Telk N @ Stop M Pos: —200.0ns MEASLIRE
-
CH1
500mA/div
M 5.00u%

30-5ep-03 1545

A 9 a A 9
ammlsznew 3-33 glaaunszuamenuilgugiiiie 1,54, 1,~1.54 voanseuilaauuy

> o2

Interleave

Tek T & Stop b Pos: —200.0ns MEASLRE
-+

CH1
SA/div

P 5,00 05
30-5ep—03 1550

nmalsznou 3-34 Uaaunszudlalon D, 1o 1 =54 ypandoulawuu Interleave



Tek Al @ Stop M Pos: 260005 MEASLIRE
-

CH1
Freq
102,3kHz

CH1
9 Pk—Pk
G20
' \ CH1
: / 1A/div
|
CH1
1* Mone
! CH1
I Mane

CHT 10.0mY F 5,00 s CH1 &7 33.2mY
J0-5ep-03 1557 <10Hz

amilsznov 3-35 Uaaunszua’lalon D, e 1 =1.54 veandouilaauy Interleave

Telk L i@ Stop M Pos; —200,0ns MEASLRE
-

CH1
Freq
177.4kHz

CH1
Pk—P¥k
22.4m

CH?1
- 500mA/div

| CH1
1+ || | '-' I k k Mone
CH1
Mone

CHT1 10.0rnY P 5,00 us CHT &7 17 2mY
30-5ep-03 1544 <10Hz

amiszneu 3-36 JUaaunszuanalyugiiile 1 =104, I =34 vesndouawuuy

Interleave
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Telk gL & Stop P Pos: —200,0ns MEASLRE
-
CH1
S5A/div
M 5,00 U5

0-5ep—03 1345
amwilsznou 3-37 JUaaunszua’lalen D, iiie I =104 voawdiouauuy Interleave

Tek g i Stop M Pos: 260005 MEASLURE
-

CH1
2A/div

b 500 s
0-5ep—03 1555

amilsznew 3-38 JUaaunszudlalon D, 1ile 1 =34 voawdouilaauy Interleave

02



Ak @ Stop

A

Tek

P 500,05
30-5ep-09 1546

CHT 10.0m

M Pos: —200.0ns

MEASLIRE

CH1
Freq
175.5kHz

CH1
PE-Pk
IR

CH1

= 500mA/div

R R RTE

CH1
Mone

CH1
Mone

CHT & 17.2mb
<10Hz
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amwilsznou 3-39 gUaaunszanealgugiille 1 =154, I =4.54 vovidoulasuuy

Interleave

& Stop
+

;*‘ ,

Tek I

1+

P 500 s
30-5ep-03 1551

CHT 10.0mY

amilszneou 3-40 3Uaaunszua’lalen D, 1ile 1 =154 veandouauy Interleave

M Pos: —200.0ns

|
X

MESSLIRE

CH1
Freq

4 1021kH:

CH1
Pk-Pk
ar.2my

CH1
5A/div

CH1
Maone

CH1
MNane

CH1 7 44.8mb

<10Hz
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Tek T & Stop b Pos: 260005 MELSURE
+

CH1
2A/div

b 50005
30-%Sep-03 15:53

A A )
amilszneu 3-41 JUaaunszudlalon D, We 1 ~4.54 voawdouilaau Interleave

di 9 a d‘ a0 [
nngUaaunszuansdilgugiiiionszud Tviaalan 1 =54 uag [ ,=1.54 63
1 A (= B~ J o 09.:’ ~ =
mwiszneu 3-20 uag 3-33 wugUaaunszud luliauiugud auiuisiioonuuni
o A . A q Y ) o
M luTvuanseuaneiied (Continuous current mode, CCM) e 1% lun1sasvuvusians

[ <]
SRR TG

(Y] Y Y o o d J d
33 ﬂﬁ'Jﬂf"hﬂ’J!ﬁﬁEl'J‘H1‘5'ﬂ‘l-!3@%5“ﬁ1ﬂ!!ﬂﬂﬂ®un®im®i 2 11N%N
[ d' o o‘/ 9 1 YA (% ] a
mmumuﬁaeumﬂueuﬂawzmwa“lwmwmuwﬂmu (Voltage overshoot)
1 Yy A aw o 1 [ A 4
ﬁﬂNﬁiﬁﬁ@ﬂLWNWﬂﬂﬂl@QQﬂﬂim Lmzaﬂmumsmmuﬁ@uimmmm&"lﬂuuuwmmamwm
1w A o o o [ 9 Y] d Y o ~ v A
mmmummi’;mmsammmiaﬂ”lﬂTﬂ61‘1’]auuimugﬂmauum’mmzuaiﬂﬂmgimuwu

'
1 A

) z o [ o 4 U { o I " @
wlahwmnszua 90° Mmiuhanda lauduiadlrsaunsioudasainia la il uaidn

] v
[

~ o w Ay o A ° A o v ° Y o
T UYIUTITINTUNADINIT ﬂ19’]'JL‘I’THEJ'JU']TJ‘V]ﬂ"Il!')ﬂ!llﬂui]gaﬂHThlﬂﬁﬁ"I\i?Qﬂiﬁ?JHﬁﬁﬂlum"Im
3 s s A o PRI o
ﬁummaﬂﬁum’Nﬁ]ﬂ\la1meJﬂﬂaun@imaiLﬁamu’gmiﬂﬂﬂ%umﬂ@u LAZATHUIUUD VLUAUDN

Y
mornihminluundalll
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L, L,
e Y'Y YN YYD
Ly
YYD,
Ls 2

A3z no 3-42 LuuTaeIreniladuy Reduced-order

v A o o Y v dy
ﬂ15’)@?11?]'3111&1’[1&&'31'!11/]1]1@@\‘]1,!

a a

[ oA a @ @ Y Yo 1 J
1) ﬁauLmﬂugﬂmaum@mﬂﬂguguuammﬁmummmnmm %ZhlﬂE]GIiWET’Jui%W’JN

U

Y]

Uguginunaegil

Azﬁ (3.37)
VP
V

B=_—32 3.38
v (3.38)

'
a (% =

v 1w { o A o ] < 1 v W { )
2) mmmmﬁmumnﬁmﬂgmu ﬂW]kl@g]}ﬁ@ ’;mumumumaﬂgﬂmmgﬂiuﬂummﬁmm

U

RN NIRRT EVER Y
L =L,+L, (3.39)

Y A ) 9 a @ 4 1 AN YA o A o w 9
3) 'JﬂﬂW]'JLﬂuEJ'JuTWN@WHTJﬂNQNIﬂﬂﬁﬂ?ﬁﬂil@Wﬂﬂﬂﬂ@ﬂ ﬂTﬂhlﬂﬂf]WJLWUEl']uﬁ"J‘ﬂNQWH

a v o { ) ] < o { o w J [l @
ﬂﬁughﬂﬂ@uﬂﬂﬁwﬂﬂﬂ’lmﬁEJ’J”LHLLZJMﬁﬂllﬁ%@l’lmﬁEJ’J”LH'D"JGIJ’ENL@WW!‘VIEI’E)EJGUU1uﬂu

L, x Lo,
BZ
L=Ly+——— (3.40)
Ly, + BSZZ
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1Y) [ d‘ o Y a [ 4 (% J d' JYA o d' o o'/ 9
4) mmmmummmqmuﬂgugﬂﬂﬂamq%ﬁmmwmwaﬂ ﬂm"lﬂﬂemmummﬁamqmu

Aa v @ | ) ' <] % { o w J Y Y
ﬂjﬂﬂﬂﬂﬂ@uﬂﬂﬁuﬂﬂﬂﬁlﬂﬁfJ'Ju’lLLlll'ﬂaﬂllagﬂﬁlﬂﬁfJ'Ju’lﬁ'JéUi’)QLE]"WW!VIWﬁﬂEUHWUﬂu

L=L, +—2— (3.41)

[ [ { o 4 [ [ 4 [l a 9 a 4
5) IaMANKHEIVOUDIMWNYAN IAsaA930MNNI0s tazila1a9sn1enIulgugil An

U
'
v ~

o ¢ v v o { o @ @ '
Vl@#ﬁﬁ]ﬁ’)!'ﬂuﬂi]u'li’J"UENLEJWVIWIVIWQﬂﬁﬁ]@igﬂiiJﬂ“]JG]’JWiﬁEJ’Juﬁ’JGUENL’EJTVW!VIEJ@EJ

L,=L,+A’ (3.42)

= o =2

waduniienir L, 89L, Mdalduunuluaunsi (3.43) 8 (3.46) e uammiduniien

o w o { o ] <
U3 meﬁilmﬁfl’mummaﬂ

L,L, - L,L
L, :Ll—\/L3L2—L3L1—L1L2+L12+% (3.43)
A*(L, - L)(L,-L
le: ( p 1)( 3 p) (344)
L3_L1
B2(L, - L)(L, -L
L, - (L, -L)(L,-L,) (3.45)
LZ_Ll
Ly =L -L, (3.46)

3.4 wamyIama i3
o a4 o Y 9/ v A v 1 adou W A
NUIRBUILIIMIATMLN a3 2 @INUMINUAITAUAININ52NDY 3-17 1D
D) @ @ I 1 9 o A
ldmaaewlsouiionlursiaeuuanounesiaes 2 wvinnae il Tagwdoudasian 1

MIWUUVY Stack tazrToulasdan 2 NIRULVY Interleave
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‘ Secondary 12V ‘ ‘ Secondary 12V ‘
‘ Secondary 5V ‘ ‘ Primary ‘
‘ Primary ‘ ‘ Secondary 5V ‘
| Air gap | | Air gap |
stack interleave

amilsznou 3-43 nlisuifeudumismsiuvaalavesndontdas Idhanudgs

3.4.1 wamsdamanunteIvearisioulaanimsnuuuy Stack
o ~ o @ o Yy o A P
myiamanumileniisai ladrenmstlounssdugdaduaneivua 20 v,

AW 100kHz naziimsiagdaaunszuea Taeiyuavesussaudonhmihyulaves

nszud 90° jUaAuussRuLaznszuaiudinmilsznen 3-18 4 3-21

Tek L @ Stop b Pos: 2,000 05 FEASLIRE
-
il g T roi Current
il k. -t 20mA/div
CH2 100y M 250us

25—-Aug-03 1312
amilszneu 3-44 JiaauLsIRUIEZNIZUANINMTIAMIANMTENT L,

Guawﬂ’auﬂmsmu Stack



Tek 1L @ Stop P Pos: 1,400 .us MEASLIRE

¥ CH1
Freq
107, 1kHz

CH1
Pk—Pk
13.6W

g
H\ ch2

T 4 Current
50mA/div

CHT
Mone
CHT
Mone

CHT1 200%  CHZ 100mY b 250us CHT . =587
25—-dug-03 1317 101,245kHz

Mwilsznew 3-45 Uadauusaduuaznszuannmyiamanumiienii L,

ﬁumwffauﬂmuuu Stack

Tel I @ Stop kA Pos: 1,400 .05 MELSLIRE

v CH1
Freq
101.6kHz

CHT
Pk—Pk
1200

Ch2

T Current
50mA/div

CH1
fone

CH1
fone

CH1 S00%  CH2 100mY M 250 s CHT . —5.8Tm

25—hug-03 13113 107.545kHz
Muilsznew 3-46 JiaauusuLaznsZUANINMIIamaNumTeni L,

mawﬁ’auﬂmgmu Stack
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Tek JL litﬂp

B Pos: 2,100 05

N N\ L
TNTNGT

P 23005

25-Aug-03 14:56

MEAZLIRE

Ch2
Current
100mA/div

amilseneu 3-47 JilaauusIRuLazNIZUAINMIIAAIANMIENT L,

voIrTouladuu Stack

1w 1 Y A o AN Y [ 9/
MTN 3-3 ﬂ’l'ﬁ]ﬁﬁ’lﬁﬂuiﬂﬂllagﬂ'lﬁﬂlﬂuEJ')H'Wlhlﬂfl]’]ﬂﬂ’li')ﬂ"]]@\?ﬁﬂﬁ]l!ﬂﬁ\ulﬂﬂ Stack

A 0.0713
B 0.1370
Ll | 1.51mH
L2 114uH
L3 | 922uH
L4 | 0.18uH

53

o 1 a 4 ~ = Y1 oo ~ o w [
WA I0N05910A1519 3-3 unu luaunisi (2.56) D4 (2.59) 32 lamauntieing i uazdd

{ o Il S o
mﬁmumumaﬂmmiw 3-4
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M1 34 ﬁwﬁamﬁmﬁﬁammwﬁauﬂmmm Stack

L, 87.1uH
L, | 28.59nH
L, 0.67uH
L, | 1.423mH

3

3.4.2 HAMIIAMANNHHLINT I aINNNMINUIUY Interleave
o 1 ~ o o o Yy [ A o
m3iamanumileniiih lddremsilounssdugaduaneivuia 20 v,
~ o [ A ~ [ 9 o 9
AND 100kHz naziinisiagiaaunszua Tasnyumlaveanssdudeuimiyuaves
2 Y] I [ = (Y ~ o Ao 9 o
nszua 90° UaauussAUaznssuauAIn M szneY 3-22 B3 3-25 AN Ia laas

uanaluesa 3-4

Tek TL i Stop b Pos: 2,300 us MELSLIRE
+

_ = Ch2
i Ty Ty, o Current
il - ’ - -~ 20mA/div

CHZ 100my M 2500s
25—hug-019 14:25

amilsznew 3-48 JUAAULSIRUIEZNIZUANINMTIAMIANHTENT L,

9
maqmauﬂmsmu Interleave



Tek L @ Stap M Pos: 20000s  MEASURE
M CH1

Freq
107.6kHz

CH1

PPk
r 144
Ch2
I# : Current
50mA/div
CH1
Mone

CH1
fone

CHT 500%  CHZ 100mY M 250us CHT & 3.20m
25—Aug-07 14:26 101 BO7RHz

amilsznew 3-49 JiAaULsIRUIEZNIZUANINMTIAMIANHTENT L,

9
ﬂlmwuauﬂamuu Interleave

M Pos: 2.000us MEASLIRE
CH1
Freg

101.7kHz

CH1
Pk—Pk
1344

’Ilr Ch2

pET Current
50mA/div

Tek L L i‘fﬂp

CH1
Maone

CH1
Maone

CHT 500%  CH2 10.0mY M 250us CHT .~ 3.20mV
25—-hug-03 1427 101,604kHz

Muilsznew 3-50 JaauusTuLaznsZHANINMIIamANumieni L,

P
vourisouladuuy Interleave
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Tek 1L Trig"d M Pos: 270005 MEAZLIRE
+*

i g ;/ .
INA LTINS AN o

100mA/div

B 25005
20—fug-03 1435

amilsznew 3-51 JUaauLsIRUIEZNIZHANINMITIAMIANNHTe N L,

9
"’IJfJWiiJE]LL‘}JmLL‘lJU Interleave

[ a P Y]
A3 3-5 AW N IdannsTaueaniionaaduuy Interleave

A | 0.0693
B | 0.1188
L, | 1.48mH
L, | 104uH
L, | 77.uH
L, | 0.16uH
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o 1 a o ~ = Y1 o A o M
WA 10R05910A1519 3-5 unuluaunisi (3.43) 99 (3.46) ﬁ]gllﬂﬂ'lﬂ'llﬁi‘!ﬂ?u"liﬂ uag

1w ! ) ] 3 o
ﬂ"l@'l')ﬁ’iﬁEJ'JUHLNL‘I’iaﬂﬂQG’nﬁ"N 3-6
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13 3-6 ﬂ'wé’famﬁmﬁﬁamawﬁauﬂamuu Interleave

L, 76.46uH
y 3.78nH

L, 0.68uH

L, 1.404mH

% d
3.5 MFONUUUINATAUVIVDT
4 Jd I A~ o dy A o o
3\1ﬂiﬂﬁ?ﬂllﬂﬂﬂﬂﬂl?i’)im@ﬂﬂu’NilﬁVliJi"lﬂ"lE]ﬂ wazilserdaendmsy
o o w J o < @ 1
HUAIINIANLLU UYL TNAN ﬂ'li“l/]'l\i'llﬁl'f]\?']\ﬁ]i‘i/\la'lﬂllﬂﬂﬂglﬂﬂﬁgﬁﬂwa\‘lﬁ']ulléjﬁiﬂﬂ
Y @ J [l { ¢ g a v W '
Toundsa lifuemynriundondasnnudge Fuiumqliifausduiivaggesenin
A a < ' < o v & gy 7w
ﬂ'lil,‘]JﬁElu’ﬁ'ﬂ'lu3611'[3]Qf’f’)@]‘]ﬂﬂ'lﬂ“]ﬂ\“lu'lﬂigllﬁlﬂuﬂq@u'lﬂﬁgll,ﬁ uiwummmzmﬂu‘ﬂﬂﬂ%u

o untenis lundenlassiansasida la lasldasaiumuesetlediulildinag

4
v A

= Y a o2&
ANULTYN YNV INY cdﬁﬂmmmeammuulﬁmu

o J
3.5.1 M399NUUUINDT RC aHLIUDI
o 4 kY v 9 v g @
2995 RC aduue5Usenaualeaa1umu LlﬁgﬁjlﬂﬂﬂﬁgﬂﬂﬁﬂWWﬂﬁgﬂﬂﬂ 3-
26 fiviiNangoansay tazaamsuniwewmuyBzyedargainszud Tagzgnao
[} o 1w v 3 3| [ {
ATONVUAT UL FD A VDIND AL A ﬂﬁﬂmum1ma§ﬁumu L!ﬁgﬁfllﬂﬂﬂﬁgﬂlﬂuﬂﬂﬁﬂﬂ'ﬁﬁ

(3.47) uay (3.43)

D
RS
L
I B

S

R, =1 (3.47)
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C, =2C, (3.48)
=2x870pF =1.74nF

LY d
3.5.2 M399NUUVIRT RCD Clamp atiuiyes
@ 4 4 v 9 v
2995 RCD  Clamp dfutesisznouarsdrdiuniu auduilszy uazlalon
aanmilsznou 3-27 hmthiidageauseaudivazvazvodmlangaiinizua Tagazgnao

1 ] 9 o " v Y v Id o ~
AsoununNeLlag m’iﬂ1wuﬂmmmumuuazmmuﬂizﬂqgﬂumﬁumi‘ﬂ (3.49) uaz (3.50)

Cclamp J— Rclamp

Vg C) Dclamp

o

AMNY35¢n0Y 3-53 3993 RCD Clamp a1iuiues

V
2 ><Vclamp x (Vclamp - li;n j

Rejamp = > (3.49)
L, xI, xf
2% 200 (200— 25
- 8 _590650
87.1x107° x3.94° x100x10
C _ Vclamp
clamp — (3.50)
Vripple X Rclamp x f
200 =3.39,F

~ 590.65x100 x10°
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VI = £ (10 10K, K) (4.12)
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4.2 mamsmuIamalainvinvesideulauuy Stack
d‘ ) LY ~ o 9 A 1Y ~ Y
e unileniveaniieudasnimswuuuUStack 1 1a91na13149 4-1 T
~ = A o dy Aa 1 ' 2‘ @ o [ 9 A
unulugumsn (4.11) D9 (4.14) wenmsminunavesmaruimindmsuvsionlasni

Y
MINUULD Stack TAGITUNI(4.15) D4 (4.18) :MTuiImMINansmaz ldaanmnlseneu 4-4

0.324K, +0.845K, <0.172 (4.15)
0.362K, +0.814K, >20.172 (4.16)
0.856K, +1.916K, <0.424 (4.17)
0.828K, +2.154K, >0.424 (4.18)
AL AnAE R vLNGtinaasisianUResinsiunuustack
0.25 ~
—\Vo1max
0.2 - —\Vo1min
A(0.126,0.155) ~ Vop
0.15 - ocmax
g B(0.2585.0.1005) Vozmin
0.1
C(0.391,0.046)
0.05 ~ o
0 T T T T T |
0 0.1 0.2 0.3 0.4 0.5 0.6
K1

Y
ANUseney 4-4 "UE]UL"UG]ﬂ1ﬂ33ﬁ1ﬁﬁﬂﬂlﬂ\iﬁﬁ}6uﬂﬁﬂuﬂﬂ Stack

F4

4 H H
= ~ a =)

ddﬂld'ad' A 11 o o my < dyldd'cady
‘Wu‘1/]‘]J5!,’Jfl!'i/]l,!,iN1ﬂE]‘WuVlﬂﬂﬂﬁuﬂimﬁﬂﬂﬂ1ﬂ’3\1u1ﬂuﬂ]lﬂ Gmmﬂgﬂ%mu"lmmumﬂﬂu

Y 1

= < T g’ o < A 19 A An 1
NTHIAEN MDNWUITUNYA A (K1 =0.126 K, =0.155) Wumnegauuugavesnuna A

U Q

1 :I o [ A 1 - Aay o
ouhmiinga B (K, =0.2585 K, =0.1005) iJuarfegaiuasanarsvesiiuiia uazainag
g’ o [ A 19 1 dy Aa 1 1
iinga C (K, =0.391 K, =0.046) 1flumnegauangavesiiunia Tasludiuse lihisiez
A T g‘ v A & 9/3 dy Y o o 1 o
Lﬁf]ﬂﬂ1ﬂ’3\'1u1°ﬁuﬂ‘V]L‘iJ’L!VhJhlﬂ‘1/]\‘1?(111“Ijﬂuﬂﬂal,‘lﬂlﬁ$‘Vﬂﬂ1‘ii]WQGQﬂﬁﬂWﬂ\iLlﬁﬁﬂuﬂJ@\‘i’J\‘]i}ﬁ

Y A o = =}
AuLUUe IS eumey



64

4.3 wamsdrasaldsunsumsiloundudmsmarnimiinninugaversesaanvaney

¢ dy aa o )
13931ABIAUNVUNNM I WHHNanaanuy Stack

MI1803mMIMUA28 115105 MATLAB Simulink W9ANHINAYDIAINI

A o J

2’ o o 1 a s o [ R 2’ I 4 {
I UNNUABLUIIAULDINAN IﬂEIUWﬂﬂ"HiuJLﬁﬂiﬁ‘ﬂWﬂﬁ’JﬂLLﬁ%ﬂWﬂ’Nuﬂ’iuﬂﬁlﬁﬂﬂ‘ﬂWﬂﬁuﬁ
a 9 9 d v [ A o a 4 1 [ 2’ o 1
Uatr9au LL‘WL!'ﬁ\‘]GI,uﬁMfﬂi"llfN“W\iﬂ“]f‘L!ﬂWEJI’E]HL‘W@THﬂﬁ’JLﬂiW%WWﬁ"llf)x‘]ﬂWt‘l’NlﬂﬁuﬂLW]ﬁg
' o e o A a = ' 4 s o 9
FAADUITIAUUBDINUNNITDI Lllf]iJinL‘lJﬁEJ'LJLL‘]J@Nﬂi%uﬁjﬁﬁﬂiulmazmTﬂT‘!ﬂ AIMITUUD

Ld'd [
uaaniMIW UL Stack

A

9 Vg Gv1 |
|-> lo1 lo1*Zo1 ‘. Voi » 0126
Output 1 |

K1
Outt ) _> > Vot
-}4/0_ To Workspace2 = g To Workspace
vary lo1 lanual Switch1 | e Error signal
Vg Scope
Vo2
constant To Workspace1
Vg Vg*Gv2
102 102 Z02 e Vo2 > 0155 Vref
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L, lim L,
Y YY) Y'Y Y
iy (1) » i (1)
+ - +
L\/ VL (t) Vl(t) R§ K]
+ -—

Jd a J 1 ! o
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V(1) =<V (t) >, —< Vi, (t) >, (5.1)
t

iy (1) = _M (5.2)
Rl
t

i, (t) = _ﬁ (5.3)
R2

Iy (t) =<y (t) >, (5.4)

3

L _ 1 A ]
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= @ Y 3
Nnmnsenou 5-3 mmﬁm‘uﬂuﬁummﬁﬂﬂuuazﬂimﬁ'lmﬂu

<V (t) > <V, (t) >,

v (t)=- = (5.5)
nl n2

V(1) =V (1) + Vg, (1) (5.6)

V, (1) =V, () +V, (1) (5.7)

iy (t) = il r(:) o 2 V°1F(:) i (5.8)

)= < iMr(]t) >, < vozR(t) > (5.9)

i,(t)=0 (5.10)

1%ManmM3 Inductor voltage-second balance 11 Capacitor charge-balance e ldaunsn (5.11)

84 (5.14)

V(1) > =A< vy () >, =<V () >, )+ d'(t)( (5.11)

<y (t) > = d(t)(— %J + d'(t)(< b >r,  <Va(®)>r ] (5.12)

C<v(®) > ]

1

1 n R,

<y (t) > = d (t)(— m] + d'(t)[< by O >r,  <Vor(t) >y, ] (5.13)
’ R, n, R,

<iy(t) >, =d(t) <iy (t) >, +d'(t)(0) (5.14)

NEAUMIN (5.11) 1az (5.14) Huundelu 1 auaIad laaaaqunsn (5.15) 89 (5.18)

L4 <in®)>;
dt

<V, (t) >;
==d(t) <v,(t) >, —d(t) <V, ) >, +d'(t)(—n—sJ (5.15)

1

clwzd'(t)(d“”(t) >TS]—<V°1(U o (5.16)

dt n1 Rl

C2%=d'(t)(<w(t) >TS]—<V°2(0 i (5.17)
dt 2 R,

<iy® > =d (O <it) > 19

qgj o v = 4 J Y o Y o ~ =3
ﬁnﬂuuﬂTu’Jﬂ!ﬂTTﬂﬂﬂ"ﬁﬂlﬂu@L}ﬂﬁlllﬂ/]ﬂLﬁﬂillﬁﬂﬂﬂlﬂﬂuﬂgjﬂﬂﬂﬁﬁJﬂ1§1/l (5.19) D9 (5.22)
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dl d:\ V|_51 Vol ~ 9 1 Ale Aol
L[F%HD(VQ -v,)-ps e }D(vg(t)—vm(t))—o(—v “)ntv “’]

+ (vg v, + %}d ) + (\79 (t) =V, (1) + de ) (5.19)

1 1

C{dvcl N d\7cl(t)) _ ( D'l,, _h}[ D'iy (t) V,(t) dl, J_ d ()i () (5.20)

dt dt n, R, n, R, n, n,

Cz(olvc2 N dOCz(t)j _ ( D'l _VLZ}(D"AM ®) Y, _dol, }_ d (®)i () (521)
dt dt n, R, n, R, n, n,

I, + (t) = (Dly) + (D, @) + 1,d () )+ d©)h, (1) (5.22)

A = ° '3 s Ju o £ st ~
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(Superposition) 92 JAAIaUAITN (5.23) B4 (5.25)
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G, =2 - ni[? ! (5.23)
Vo D S°LC,+s - +1
. Vv, =V, )+sLi,
G, = o = ol V) (5.24)
d g c4siql
v sL

i, =22 = o (5.25)
|

4 P 1 o 1 a S W 1
iwo'laaunsiledsuate Toundnimmisidmosniald luunns unulu
y [y Y [ Y] { o [ {
AuMIN (5.23) B4 (5.25) 3z 1aMansuae Toudaaunsn (5.26) 4 (5.31) dwmsuniieud)asni

Y ~ =< 9 o 9 Aa [
NIWULVUStack HAZFUNITN (5.32) D4 (5.37) S UrvoulaInUMIWULUY Interleave

J o 1 o [ { 1
Handuae ToudvsuniiondaannswiunuY Stack

B 1.961x10™"s+3.161 (5.26)
Y 5.882x10°s? +3.921x10° s +1 '
G - 2.768x10 s +6.849 (527)
427 2 768x107 52 +2.306x10° s +1 '
4.598x1072
G .= 5.28
Y 5.882x10%s% +3.921x10° s +1 (5.28)
9.962x1072
G .= 5.29
Y92 2.768x107 52 +2.306x10° s +1 (5.29)
, 2.305x107"s (5.30)
 6.915x107°s? +4.61x10 s +1 '
1.388x10°®s 531)

Z =
2 4.164x107°s? +3.47x10"s+1
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Bode Diagram

(gp) spnyubepy (6ap) aseyd

10°

10°

Frequency (Hz)

do 1 9
alsznow 5-5 uwun i lumilsnduaieTou G, veavidonaauiuy Stack

Bode Diagram

(gp) spnyubep

(bep) eseud

10°

10"

10°
Frequency (Hz)

Jaou 1 9
amilsznow 5-6 uwun lumilsngsuaieTou G, voaniionadu Stack

10"
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Bode Diagram

Bode Diagram

o o U
noy 5-7 ununn TuailsddunioTou G, veandeulawuuy Stack
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180 b=

(gp) apnyubepn (Bap) eseud

(ap) epmubep (63p) aseud

GIE
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- 1
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sz 5-8 urunn lumile
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Bode Diagram

10°

10*
Frequency (Hz)

10°

(gp) epnyuben (Bep) eseud

Jd @ U
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(gp) epnyuben (bep) eseud
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Jd @ 1
amisznou 5-10 urunm lumilssdunie Tou Z , vesndoutlaany Stack
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(5.32)
(5.33)
(5.34)
(5.35)
(5.36)
(5.37)
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Bode Diagram

10°
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10°
Frequency (Hz

(gp) epnyubep
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Bode Diagram
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Bode Diagram
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’.J: 24(8) | Load currens
variation

|
7 () p Zout(8)
acline | 71y(5)
variation
Pulse-width
Compensator modulator _
?, As) ?.(s) ?.(s) Ms)
£ GAs) Ny ECORIN s >
Reference M __)Dury cycle + Ouiput voliage
input variation variation
Converter power stage
H(s)?
(s)9s) el
Sensor
gain

< s e ¢
nmilsegneu 5-17 ‘]Ja’é]ﬂulﬂﬂgllﬂiu‘llﬂﬁﬂﬂunﬂilﬂ@i INRRNNINT

3 J s 4
ﬁnﬂ']Jfl’f)ﬂllﬂi’lzllﬂiﬂ‘]]@ﬂﬂ’f)unﬂimﬂi 1 LﬂWﬂWﬂ1Hﬂ1Wﬂ3$ﬂﬂU 5-6 ANTOVGUTUNITIN

a @ J J P A
Lﬂﬂﬂlﬂﬂlliﬁﬂul@]ﬂw% (Open loop) ﬂlﬂﬂﬂﬂuﬂﬂim@ﬂﬂﬂﬁﬁﬂﬂ”ﬁ‘ﬂ (5.38)

\7 = Gvd (S)d (S) + Gvg (S)Og (S) - Zout (S)iload (S) (5'38)
A V(S) A do 1 v o o o ¢
we G, (s)= &( ) ApflanFun1e TouvpITYINTNUAVUITIAUDINNN (Control-to-
S Ygzo
Iioad =0

output transfer function)

V S U \ U a o v
Gvg (s)== (5) ‘ﬁ’f)‘ﬂﬁﬁ%uﬂ”IEJIE’]U"IJE’NLLiQﬂU@UWV}ﬂULLNﬂuKMﬁW% (Input-
V, (8)d=0
load =0

to-output transfer function)

V(s o S -
Z,.(s)= —_AE ; AoilsndFunreTouveueinnduiiuaud (Output impedance
1(S)|d=0
\7g:0

transfer function)
a 1Y o 4
ﬁnﬂﬂTW‘]Jigﬂﬂll 5-6 ﬂ'"lll"liﬂL%EJ‘L!ﬁiJﬂ"Ii'N‘]JWUi’NLﬁQﬂuL@WTIWV] (Close IOOp) VDNIADULIDT

w03 1daaaunsn (5.39)

S0 Gchd /VM 5 GVG & Zout
V=V + Vg —lioag (5.39)
1+HG.G, IV,  °1+HG.G,/V, "™ 1+HG.G,/V,




&9

MnaumMsh (5.39) dagdaums v ldasaunisi (5.40)

. 1T .G, . Z,
V=V, — +V, e (5.40)
H1+T 1+T 1+
e T = H(s)G,(S)G,,(5)/V,, Ao das1weegl (Loop gain)

~ g o I A A o Jo
AuUNIN (5.40) Huaunsnievesvuaonlaozunsulunwilszney 5-6 ienasanilanau
1 [ 9 Y [ S 1 d’ 1 9y d'
e Tounaazaumsudragl lanvuevesdasveegiaistianniodanaldman)aen
A ' = o 9 o ~ ' 0 ]
11 a3v0IdUNNAIHANTENUDAMYNUDE AIAUNIIN (5.41) LAz (5.42) AIzii 1iHavq

a [ Y J = d? [ A
m’sL‘}Jaﬂuuﬂawmam'iwmﬂﬂeuﬂammﬂwumei (H) Mﬂamllaﬁuumﬁumﬁn (5.43)

OISO} (5.41)
Vo (S)|ow=0  1+T(S)
lioag =0
i(s) g‘:zoo 1+T(s)
IO B 1 O B (5.43)
G ()0 H(S)1+T(s) H(s)
iload:()

5.3.2 AIvAIYE
5.3.2.1 ﬁ?%ﬂl%ﬂﬂﬂﬂgmﬁ”l (Lead (PD) compensator)
o A Jd o v 7 ~ dy o
MIvaruUDyIh LT Toudaunis (5.44) MvarenuDignii
4 o I A Ao { {5 v { o ]
T ldedsvilgamlainsiu Taelimsmud1sndasveegiianuddinianudaarig (f)
A [ I YA 492/ A A A "9 v A a
mielSulyurmnsauvesssuulntamnIy wazmyInananudgauatiosndnnnudaIn-

Fufoaadaanusumuihanamsaing

o)
1+—
G, (s) =Gy (5.44)
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! Gor/ F

JA 1,
NG G p ’
L f fm
| = ”‘ li, i’
prID i IOJ‘;
+ 45" /decade
0 f/10 - 45°/decade
ZG

f

nmilsezney 5-18 LLW‘L!E]']WTUL@%@Q&’J%@W?JLLU‘Ulqllﬁ:l']

5.3.2.2 ﬁwmﬂsmmwmm (Lag (PI) compensator)
= o 1 o A t:y
ﬂ"lﬁG]fﬂ!ElfﬂLL‘U‘UHN@]W?J?J’WQWD"‘LJQTEJI?]U@QfﬁJﬂTTVI (5.45)ﬂ"|§ﬂ$ﬂl‘lfﬂllﬂ‘ﬂugﬂ

il 1diwed 51 e8a5weneginnuddr laelimsmudiunduvesdsnoasverogun

Q

[
A v

ANVDAINNANNDAANTU

G, (s) = Gcw(l+ %j (5.45)

- 20 dB /decade

L

/10

f

mwisznou 5-19 LLN‘L!ﬂ'W‘lT‘]JLWII@\?S;]”J"]SWGBEJLL‘U‘UHNGHN
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5.3.23 ﬁwﬂwmmuumﬁ}umm (Combined (PID) compensator)
o v 1 (% {
ﬂ"lﬁG]fﬂ!‘lfﬂllﬂﬂigi]u']-ullﬂn]ﬁﬁﬁﬂ“lfuﬂ'lﬂjﬂuﬂ\iﬁilﬂ"liﬁ (5.46) MIvaLyaLLUy
Y o

Lﬂyd ) = [ ) ¥ A [ [
iiflumsthdeavesmssaeuuuymi  vazyuammiauiulaoir i 1diedsvlgdan

a 0 A /o A =
5UEJ”IEJQ‘]J'i/lﬂ?niJﬂ@n LLﬁ%LWﬁJW\Iﬁ?Jﬁ"\]HTIﬂ’J"I?JﬂQQ

(5.46)

20 dB
0dB 4
=20 dB

—-40 dB

/

MWsEnoU 5-20 RN TUIAVBIAIBABBLLIUYNTI-YNAIY

5.4 N30DNUVVINVIFAITE
amilsznew 5-21 nansudenlaezunsuvesnounesines 2 wuinniiing
Houndunusraimnin Fafisasvenegy 2 gU Seldensveregusmdaaums (5.49)lums
GLIIGT
Ty =K, F,Gi; (5.47)
~ 8.223x10°s +0.1291
© 6.041x107°s? +4.027x107° +1
T, =K, F,.Gq4, (5.48)
B 1.617 x107°s +0.3898
" 2.84x107s? +2367x107° +1

ol
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T=Ty+T,, =F,(KGy;, + K,Gyy,) (5.49)
B 3.312x10%s® +6.106 x10°s® + 4.315x10°s + 0.5189
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gAN 1 2 3 4 5 6 7

~

~

0.126 | 0.1925 | 0.2397 | 0.2585 | 0.2825 | 0.3248 | 0.391

0.155| 0.1278 | 0.1046 | 0.1005 | 0.0952 | 0.0732 | 0.046

e

Vary I, (I =34)

%AV, 30.66 22.18 | 16.882 15.5 | 14.006 10.22 5.85

%AV, 10.38 13.92 16.12 16.69 17.32 18.89 | 20.72

Vary [

0.

%AV, 36.78 26.6 20.26 18.60 16.80 12.26 7.02

,(1,=104)

%AV, 12.46 16.69 19.34 20.03 20.78 22.67 | 24.85
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YUY Interleave

marnihmidnnMuIaInvonaduy Interleave
gAN 1 2 3 4 5 6 7
K, 0.021 0.137 | 0.2705 0.253 0.2439 0.369 | 0.485
K, 0.200 | 0.1515 0.0903 0.103 0.1128 0.0545 0.006
Vary [01 (102:314)
%AV1 50.28 29.18 13.91 16.08 17.57 7.15 0.678
%AV2 2.20 10.99 17.36 16.45 15.83 20.18 22.87
Vary I , (I, =104)
%AV1 60.34 35.00 16.69 19.29 21.08 8.58 0.81
%AV2 2.63 13.19 20.82 19.74 18.99 2420 | 27.44
vany ol
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International
TR Rectifier

HEXFET® Power MOSFET

PD - 949801

IRFP460PbF

& Dynamic dv/dt Rating

* Repetitive Avalanche Rated

® |solated Central Mouniing Hole
® Fast Switching

® Ease of Paralleling

® Simple Drive Requirements

® | ead-Free

VDSS = 500V
HDS(UI‘I] = 0.27Q

Description

Third Generation HEXFETs from [nternational Rectifier provide the designer
with the best combination of fast switching, ruggedized device design, low

on-rasistance and cost-effectiveness,

The TO-247 package is preferred for commercial-industrial applications
where higher power levels preclude the use of TO-220 devices. The TO-247
is similar but suparior to the earier TO-218 package because of its isolated
mounting hole. It also provides greater creepage distance betwsen pins fo

meet the requirements of most safety specifications.

TO-24TAC
Absalute Maximum Ratings
1 Pparamster Max. " | units
Ip® Tc=25°C | Gantinuous Drain Current, Ves @ 10V 20 _
Io® Te=100°C | Continuous Drain Current, Vag @ 10 V 13 A
o  |PusedDrainCument © 80 ]
Po @ To=25C | Power Dissipation ] 280 | W
|Linear Derating Factor 22 _;_|_Tw_.r£r3_ |
Vas | Gate-to-Source Voltage = v
Eas ' Single Pulse Avalanche Energy @ 960 | mJ
s |Avalanche Current @ . 20 A
Ear | Repetitive Avalanche Energy @ e md
dw/dt ___|Peak Diode Recovery dv/dl & it oo B } vins
Tu | Operating Junction and 5510 +180 |
Tsra | Storage Termpeérature Range oC
) ﬁ Eadé-rmg Temperature, for 10 seconds 300 (1.8mm from case) _‘
- | Mounting Torque, 6-32 or M3 screw 10 Ibfsin (1.1 Nem}) ' ]
Thermal Resistance
T Parameter Min Typ. ‘ Max. | Units
Fuc |JuncionioGase _ B S Y
Rics | Case-to-8ink, Flat, Greased Surface — 0.24 = | "G |
Raw | Junction-to-Ambient - — | 40 ]
www_irf com 1

12/19/03
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IRFP460PbF Inlernational
IR Rectifier
Electrical Characteristics @ T)= 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. | Units Test Conditions
Vierioss DOrain-te-Bouree Breakdown Veltage 500 | — | — | V |Vas=0V, lp= 250uA
AVieripss/AT,| Breakdown Voltage Temp. Cosfficiant — | 063 | — | VPG [Referance to 25°C, lp= 1mA
Rosian) Static Drain-lo-Source On-Resistance — | — | 027 | O |Vgs=10V,Ip=12A
| Vesin) Gate Threshald Voliage 20 | — | 40 | V |Vps=Vss, lo=250uA
| O Forward Transconductance | 13 | = | = 8 | Voe=50V, In=12A @
Inss Orain-to-Source Leakage Current 2B el E LA VNN, Vel
Ly — | 250 Vos=400V, Vs=0V, T)=125°C
figi Gale-lo-Source Forward Leakage | — | — | 100 - Vigg=20V
Gate-tn-Source Reverse Leakage _ | — | 100 Vig=-20V
Qg Total Gate Charge ~ | — | 210 | lp=208
Qg Gate-to-Source Charge — | — | 29 | nC |Vpe=400V
Qgs Gate-to-Drain ("Miller’) Charge — | — | 110 Vge=10V See Fig. 6and 13 @
{afan) Tumn-On Delay Time — | 1§ - | Vop=250V
Ir Rise Time — | B8 — ng | p=20A
Taiom Turn-Off Delay Time - | 10| = Ae=4.30
i Fall Time — 58 — Ap=1301 See Figure 10 @
Lo Internal Drain Indugtance - | 50 — | | g?:n:weﬁ;.:lzes?rilj AT i:‘\
1 nH | from package S
Ls Internal Source Induetanee — 13| = and center of *‘Ji%
die contact s
1 Ciies Input Capacitance — q200| — V=0V
Coss Qutpui Capacitance — 870 | — | pF |Vpg=25V
Cras | Reverse Transfer Capacitance — /0| — | f=1.0MHz See Figure 5
Source-Drain Ratings and Characteristics
Faramater Min. | Typ. | Max. | Units Test Conditions
lg Continuous Source Current - ~ | 20 | MOSFET symbol P
(Bady Diode) A showing the /I/r }
=] Pulsed Source Current N P intagral raverse &\
(Body Digde) @ | | p-n junction diode. is
Van Diode Forward Voltage — | — | 1B | V [TgE25°C, ls=P0A, Vgs=0V &
br Reverse Recovery Time — | 570 | 860 | ng | Tm=25°C, |==20A
Qy Reverse Recovery Charge — | 57 | 88 | uC |di/dt=100A/us @
lon Forward Tum-On Time Infrinsic turn-on lime is neglgible (turn-on is dominated by Ls+Lp) |
Motes:

{1 Repetitive rating; pulse width limited by

max. junction temperature (Ses Figure 11)

@ Vpp=50V, starling Ty=25°C, L=4.3mH

Ra=25L}, lag=20A (See Figure 12)

TJ£150°C

@ Igp=20A, dildi=180A/us, VppViBR)DSS,

@ Pulse width £ 300 us; duty cycle £2%.

www_irf com
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Infernational IRFP460PbF

IGR Rectifier

rop :EE : 1ap EEE" |l | /i"
L8 - i% AT
4 > - P
= WOTTCM & BY P s BOTTON 4. uv | /
8 fi £ W
< A £ |
- = W i 1 e—
At : i
= — i = y
3 - 3
E . %
g y ! 150 £ 7
8 | E
v
|, | 20us PULEE WIDTH Ais PLLSE WINTH
[ ]] | 1o = e 4 T = 1500C
'ﬂ?.n“ 0! “eh 10!
Vps, Drain-lo-Source Voltage (volts) Vps, Drain-to-Seurce Voltage (volis)
Fig 1. Typical Qutput Characteristics, Fig 2. Typical Output Characteristics,
Tc=25°C Te=150°C
il 1 | 3.3 =
> { 1 g Ip = 204
| LA E 4,
/
A \Z. &
E b =g O = 2.5 .‘.
< / oF 7
[ y.
= 5 )4
a3 1 3 E rd
] i 5 1.5 7
£ ;250: 22 A
] I = =
(s} / g 10 Z
[=]
& A =
/ . 5 o5 ¥
y | \l':]s = BV @
“jﬂ% —— o0us PULSE WIDTH [E’ - VEE = L0V
4 5 3 ! ] ] 10 "D -dD =30 0 2D 40 B0 AD 100 420 140 (B0
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Appendix A: Figure 14, Peak Diode Recovery dv/di Test Circuit — See page 1505
Appendix B: Package Outline Mechanical Drawing - See page 1511
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