W4

v ¥ X v
ilvomyanans WizeeMinmmAnyi

= = d °
fn'iﬂﬂ‘ﬂ']uﬁﬂ'uwmﬂ?\‘l“ﬂiwtnﬂuﬂﬂﬂﬂunﬂ5lﬂ8‘ﬂuiﬁuﬂﬂ15u‘]ﬂ§3“ﬁ

J d' LI ﬂ'
mnmammuammn"lummm

A COMPARATIVE STUDY OF FLYBACK CONVERTERS OPERATING IN
CONTINUOUS CONDUCTION MODE (CCM) AND DISCONTINUOUS
CONDUCTION MODE (DCM)

0¥y MO INIUNS

SUPPACHAI HOWIMANPORN

a o ¢ o 1 4 =] LY a2 v oo
mmuwuﬁmﬂumuﬂmmmmmnmmunangmﬂ?ty@nﬂmswmamumnamm

o MNIFIAINIINITVUAIVAY
659 1 tarnaingdy
RO
- ./ aodiumalulatinszosundudigunmisaiansziia
Qptterresrsscecernncsrerene (TIIL11)

.91, 2547 Brrrecerirsenrriannn,
meumaﬁﬂu...ﬁ.l.llﬂ... .........
v oA e N 974-324-988-5 '

P[TREGIVE [ 2 .. 2547 ISBN 974-3 8o Tosnenct Bnser e macaFisns




A COMPARATIVE STUDY OF FLYBACK CONVERTERS OPERATING IN
CONTINUOUS CONDUCTION MODE (CCM) AND DISCONTINUOUS
CONDUCTION MODE (DCM)

SUPPACHAI HOWIMANPORN

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
MASTER OF ENGINEERING IN CONTROL ENGINEERING
SCHOOL OF GRADUATE STUDIES
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2004
ISBN 974-324-988-5



COPYRIGHT 2004
SCHOOL OF GRADUATE STUDIES

KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG



w Y A a Jd at o o'
RIVDINETUNUE msﬁﬂmuﬁ'uumumwswmmmﬂﬂaunaimoﬂu

Tnuamsinssuauuuasiiieazuuy liunoio

WnANY WYY MOIUNT

sHainfnm 43061505

gan NI suANAASUMITUDNA

MY IINTTUTSULAIVAN

.9, 2547

910138 AIURIINeHwHE as.aiung yydnyayasel
unfage

S
Inerfiwusil duauenisinyaznlSsuifivugudnyuzyeainsvaioiuaney
4 'L ‘ [ A'l o () d'l
1951083 1u Inuamsihnszuauuvaaisauaz Inuanisinssuauuy lidetiss Iagly
o k) o Y - o
MsANYIMINITIBALUBLAS A5 191995 s AU s wes autuNieu lu Tnuans
Wnszuanvudoiisaaziuy ludsiieuin 5 v, 25 W 191479108 50 kHz 1agiinis
= 'L [ Y
nadovnlJouinsuanunsoavesgnsailulees  anuawsalunisSauisedu
. d o J (1
usagu'Iideing misasuaussveussau lddvueminaidonssua il Inaa
wWasuilasesnundu tazsdseansnInYe42995 NAMTANEINLIUAaE IMuan15 19Ul
e’: 9 v 9y v -~ ; o Lo 9 @ o -
nedoirunazvenay nanmsanyitziulss Tepidudeonuunlunsdaduluden

Truan15919I1Y892995 NN a Y



Thesis Title A Comparative Study of Flyback Converters Operating in

Continuous Conduction Mode (CCM) and Discontinuous

Conduction Mode (DCM)
Student Mr. Suppachai Howimanporn
Student ID. 43061505
Degree Master of Engineering
Programme Control Engineering
Year 2004
Thesis Advisor Dr. Chanin Bunlaksananusorn

ABSTRACT

In this thesis, a comparative study of flyback converters operating in Continuous
Conduction Mode (CCM) and Discontinuous Conduction Mode (DCM) is presented. The
prototype 5 V, 25 W, 50 kHz CCM and DCM flyback converters were designed and tested for
their component stress, output voltage regulation, transient response due to a sudden load change,
and efficiency. The experiment on these prototype converters indicates that each mode of
operation possesses both the pros and cons. The results from this study provide a power supply

designer a basis for deciding appropriate mode of operation of a flyback converter for a given

application.
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aeauuune MIANluTnuAns A (voltage mode control) azmsnaugulu Inuanseua
(current mode control)

(1) msaauguluTnuausady (voltage mode control) daueraslugilfi 2.11 7, gn
auguTasmsfleunduludesvnennuianaia (eror amplifier) Foyanufanaia (v,)
ﬂzgmﬂ?umﬁunﬁuﬁfyigmﬂmﬁau Vo) iOAS 0Ty ifigunaudn ewm) du

yoaaasnyws sy fleniyaldned

l, N, N, _ VD + IL
> & i O
T 2 4 b .l < t
C :»RL Vn
Vs O O T )
M D +
12 G Vps error amplifier

comparator
v

sawtooth ref
44
1 I o
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+

Q Ve X
S R comparator
RS vref
flip flop
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ANNANN V. RS flip flop 9390310 (reset) W ikusmangamiinszua’liii Tag3ins

[Y 1 y @ o [ i 4 4 4
fananiianunheaiadussdygia PWM ssdoun)auiesasy v, inldounasly

o 4 [ Q’l‘ (Y
29932UUMININUYBINBUNBI NS M lu Tnuanluguuuunswuas Tnua
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TumsTiaszimanaussmiadusinmfiveana () vnszuaIdfhwaz 1

vinszua Wi

dio M, hnszualidh (ON) (3171 3.3)
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E
Tau D Aindginsau (duty cycle) Tuanziilalealithnszua il usaduIWihweanando
guveanfeudasMimarouua (v) fnmduragaszniedandusmauseunedn
nAsgRaemsAlgugl W/N,) fuusadu i Buya (v,) feaunish 3.2) usedutiihan

1 ¥ o o P [y - ' A W P
ﬂsauuamﬂﬂﬁmtfluﬂuumﬁumﬁfl (3.3) usou Ihfanasoulalen (V,) ¥masaumsh

(3.4)

NZ N2
v,=v| =2 |=v|—=2 (3.2)
Nl Nl
V=0 (3.3)
O NZ
VD \N -I/O -I/in sy (3.4)
N

iie M, ngainszud 1WA (OFF) (317 3.4)
] =1 [ =y o o Y Y a [] a
anuimanluunumanszifamsgudaailius siu ihinnns suvaalailgugd
¥
adudaiiauiiny VN7, inenssuaiiriu lalealudes Inaauazdufvisey as
nlasunasvesnszud Wi Inaludamfisnilusas a, ngminszuaifuansdds

aunsn 3.5)

Nl Nz i
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Lm L) %
i < CF+ R 0
O SIAE -
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N Ai
1 J— Lm
v|—|=1 —=—
N, —D)T
v (1-D)T N
Ai, = —‘L——‘- (3.5)
L N

m 2

usdu Ivfhvesuaatandugl v, Taumidy v, Asaunish (3.6) ussauidhan
] [ { as $ ' ! LY d o 1
asouvealadsauns (3.7) ussiu ihiinnasenlalena (D) finumduguidsaunish

(3.8)

\i2A (3.6)
= Nl
V=V + — 7, (3.7
N
2
V,=0 (3.8)

Tuan112ned (steady state) nisiaountlasvesnszua i i naluduniioni
Tuvaz M, vhnszualidh (@umsh G.0) wazvaz M, hishnszua Wi (@umsh (3.5)) Tim

MY

AiLm.clmetl N All.m open
2 A (A
Lm Lm N2
D N,
Vo=Vo (3.9)
1-D N

Tumagaund M IWihmdoneduduna 2,) selinwihduiide i imied

4 v o o o o <
1DI1NNA (P,) anuduiusvessdsihudasaeaunish (3.10)
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2
v,
P=P vi= -

in~ 1

(3.10)
R

aszua IWflumasmeddune ¢) mldnnnaguszninnszua i undovesdaumiloni
YR - & o ar d 4 -
AUAIHINIIWU (/,,.D) Lﬁamﬁumiuimu"l%lﬁuamwﬂmﬂfmmsﬁ (3.9) wunulugunisn
(3.10) udrdagtuuuaumsiiennszua i undovesludauniionir ¢,,) slddaaunish

(3.11)

2

I/InD N2 VO N2
T P e | — (3.11)
(1-p)’ R\ N, (1-D)R\ N,

anszud dhluduniionhdgege @) vazdiga @,,,,,) M 1dnnnsinssua i
= ar P o o P=) 2 24 a o
mAvvesFanileniweaums (3.11) 13U sauesnvINATINwsIsasImsi/asulas

arzua Iithluvnizadastassaums G.1) lavnaasdsaunish (3.12) uag (3.13) MudiAy

Ai, %D ¥, By
ILm. max. o ILm + VA 2 wa + (3.12)
2 (1-D)' R\ N, 2L
2
_ M2\ O [5Ye ) (RPT
Lm, min g, Ibn y ) ¢ 2 (N - 3 (313)
2 (1-D)' R\ N, 2L

1 o s o 1 o a0 Y '3 3
Tugafinszue thludumiionivdiga @, ) Tswifugudiessiasuuansuneiined

q m,min

°

2z luInuATeABIENI19 CCM #1 DCM (boundary mode) 310EUNTITH (3.13) AIAY

£

wmileniwomdeutas Iihmarouua L H1¥9959197u T4 Tnue boundary mode uernafs

aumsn (3.14)

Lm.min

vD [N vDT _ VD

(1-D)’ R\ N, 2L 2L f
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2

() = QDR N, (3.14)

2f \N

2

& 1

@), femanumideniinildeesiinmlu boundary mode

D fi9 3IN391U (duty cycle)

R, Aennuduniuveslnan
- E a d

f AonNud lumsading

N, uag N, Ainsmausevlgugiuazndvgiivemdeutas Iudarouun

3.3 mafmuaiey lumsianuiuinuamsinsauanvhuuudenises (ccm

. ¢ ¢
uazuuy lidpiites (DCM) voarwsHmBLuAnBUID NGBS
¢ da o o = Y 3
NesHmsuuAneunesneI UM luInua DCM wasnufignazay 3 lunde
wilasIfarsuungamumeunun siufienssua T i lnaluvaydog ez iiduilugud
Aouiiveamasziiinszua i lulmfadald daumshauvesdasuunasunesinesiu
Tnua coM asfuassindsuiigmifvazan lundeulasivifwarsuungnaiom linua

vudenszua i naluvaydvgiidelisnnnnhguilusasineamaminszua’ i lu

Tampada 'l

(0% /N

1
Lommax

Lmmax -

4 IIT(NI/NZ) VO

V H(N INV
] 2 i in I
v() I |

DT T

U0 3.5 nszualWihuazus e IdhluTnue pem
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! Lm,max h
! L, min : b /

i , DT T
4
Il)n. ey (NI /NI) "1
Il.m.mln(NI /NZ) ™ [ )
' S ¢
i DT T
Lm
3
! -
i i N Y
Lomin  ~™1 m
+ + t + t
T
v DT
Ds
VM+(N,/N2) v,
t
DT T
4
"
VO+(N2/NI ) Vln
t
DT T

1 3.6 nszuaIfhuozusedu i lunue com

freonuuundaudas i wasuualdfin L > ), lusunish (3.14) 299592

min
e luTnue coM lunnasadudndl L <(z,),, 295seihaululnue beM

U7 3.5 uaz 3.6 uaasgldgyapanszua Tl Tnaniesduvarlgugd (o)
nszua iihi Inamadnuwaniegd ¢) nssua it Inaludamiloni () useduTidh
annseuvemra (7, ) ussiu Wihfianaseslaleadids (7)) vesrsesaouuaneuned
o3y Tnua ccM uaz DeM awddy TasdunadluTuia DOM 313.5 Wonssue Wi
i, anaanidiugud v, sznldounn v,+@v, 1 N7, Wil v, lusazi@eady v, sznldon

vin v lldu v+, N,



unii 4

d
mMseontuUadIsHeunnUB SRR AU

Lmtiasiwﬁﬁa"lwﬁnmm\lmmmﬂﬁﬁnyﬂu%wmﬁwuﬁﬁﬁwuﬂéawsﬁa (1) 2993
Triua CCM voltage mode control (2) 2495 IMun DCM voltage mode control (3) 2395 Ivua
CCM current mode control Lo (4) 7395 IMUA DCM current mode control Tﬂmwﬂi‘iégﬂ
ponuuy IR Sgmuauiiania Wi (electrical - specification) ey Tuynilezndradens
SO0 AuILYRE TasazoTuioniseonuuundeoudas M aisuun 2993019

o o ~ o a d o
maq"l‘vh"h NITAVRUAAVUAUDY 'Nili‘lfﬂl‘lmLlﬂzﬁﬂﬂiﬂﬂlﬂﬂﬂﬂﬁ(ﬂﬂ

4.1 nveuadivivhvliaanun

d o w { o W
wifoutlas i marsuuadugunsalddghldlursesmadidavesrsesvany
¢ da A9 o A A A ) Y v
LuAnouneT e Adiassmilsdilumsesnuuvie uleutas e desamisoderiu

fdanfhgagaTash lufian1sdudd

4.1.1 MIMVHIAVBUNY
msaammunﬁ'auﬂm"lﬂﬁwﬂawunﬂ‘lu‘i*nmﬁwuﬁ“l%’maﬁﬂﬁma@,mfa’uﬁ (area
product, A,) éqﬁaﬁmagmiznhaﬁuﬁﬂﬁ'n&fﬂmwwmunu (cross sectional area, A ) fuiud
#19U5599A79 (window area, A,) A1 A, dmFundeulasTviwimsunainulunua

CCM 118 DCM QUAASAIun1sn 4.1 L4ag 4.2 muany [4]

Vi (;
A, =KA, = 4.1
1 4Dmin 4(1 -Dmin)
Pl (—— )t [— )
n\V 3 3
A, =AA, = (4.2)
KWJBmaxf:S‘
e P, :midedfluedemsdumaeglveandeudasiimarouun (w)

: miginsnihiiaidige

min
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e a d

£ 1 ANuDVRINMSAIng (Hz)
a  aunvarimsny Teundanuniial 0.75 < a < 1 dmsumsinuluTnua

CCM uazmifiv 1 dmsumsyiiululvus bDcM
n :snlsz@ninmuesndeudasiihiarsuun

1 4 vy

K, :fdalszneumsifiss Tominuiiildussquaadn (window utilizing factor)
Jcamnumuuiunssud I luduasaiildiuveainlguglivazyivgl

(A/mz)
AB =B__-B_ :manuuanaaumuniundngisiman

R w & g

B, : anumuuiundnduimanmigaga (T)

’ o & v g 1o
B, : AnuMumtuNdnsusimanmga (T)

min

Awss P, Aurun 1deinaunis (4.3)

(1 —Dmin )
P= (V) | —- @3)
D

min

oo v, :useiuldhmAsenie

a

v, :ussdulihfianasenlaleavaizminszua liimeduyiogd

QU

s nszue A undueniva

y
L4

v v ’ ¥
mwsimeiniFlumsesnuuundeutas I warsnuan1Flursesdunuuadiinieed

v, .=198242V V,=5V Av, =10% v, V, =07V
I,=15A D,, =0.25 17=0.75 P,=855W
K, =0.4 AB=o01T J=5X10°A/m’  f,=50kHz
R,=1-5 €2 Q& =1DCM iag CCM

ThamnimesAsmuadhadu llunuluaumsi @.1)
TuTnun coM 1A A, = 1.5X10™ m" =15,000 mm' idonunumleflsdiida A qa
ANATA figar'ld fie UNULUL ETD 44 (A, = 174mm’ A_ = 213 mm’ A,=37,062mm")
TuTnua DM 1861 A, = 0.75X10™ m* =7,500 mm” @onunumeslsdiida A g

ni1e A, Afuanldfeunuuuy ETD 39 (A, = 125mm’ A,=174mm’ A, =21,750mm")
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412 MIMPHIASTIIIUIBVIRYUINYBIAIN
$ruruseuvesvanimlgugiivendeuas i wasuuamunsosenuuudnim

AU (4.4)

.D

oc, max min

N, =S
AB.4_.f,

4.4)

TuTnua coM fussauMidddunagega (v, .. = 3422 V) T4 N, = 136.8 580 i1

sandmsuseuvamanasgiidednnusouyugl () fruonlddaaumsi @.s)

n —

N, _ (n+n)f 1,

N vV D

1 o, max min

4.5)

18 1 =005 farfuinnuseuvanianasgivemoutas ihvmonua v, = nn, = 6.84

sou (den N, = 7 50U aAmaafeundy’ld N, = 140 5ou TuTnua DCM $1udusoY NV, Az N,

vomdouasliasundswhsusuluTns coM melss TonilumsnfS oo
nszue thoruenilnaluvaaandgugii 7, uaziiivaluvanlaydegdiz,,,

vemauad iihrarsuun suaolddsaunisn 4.6)

N2,

n'Vcc.-in
I =1 /n (4.6)

2, rms 1, ms

fi P, =25 Wuag (¥, =280 V) uaz 77=0.75 181, =0.168 Auaz 1, =337 A
b 4

A A Y o a a a ° Yo P
wuﬂ“u'lﬂﬂ‘llﬂqq,ﬂa'Jﬂﬂﬁnqu a, uﬂz‘llﬁﬂqu a, ﬂ‘lu’Jﬂl"lﬂﬂx‘lﬁllﬂ‘li’Vl (47)

a = @)

#J=5%10°A/m” 18 a, = 0.033 mm’ uag a,=0.674 mm"
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anudnnndaadaminssud IWih (skin depth, 8,,) ieanmlsngmssinieia

(skin effect) fuat lddagun1s (4.8) [11, [5]

5 o | Pa

e S (4.8)
T By I
p.  amudnwmulfhwesamafiduviiy (1.700x10* Qm # 20 "C)
I, fi1 permeability ¥4 free space IANMAY (477 x 107 H/m)

4, 1 permeability ninivesvanlafifumiiy (~ 1H/m)

fi £, = 50 kHz I8 &, =0.2942mm vIAvesanIad hifiwansgnuifioaninlsngmsains
) e?mi‘]ummqﬁﬁ11%616’4‘1?1*311qnﬁu‘1uma1m~?imfuﬁa uﬂmﬂﬁﬁlf’fuvimuﬁﬂaw ()
Youndn 26, viudle @ < 0.5884mm luamisvilsudenvaninwed AWG30 (a,,

0.0507mm?, @, = 02540mm) $unilududmivvandnlgugiinazfontaninued
AWG24 (a,, = 0.205mm’, @ ,, = 0.5105mm) Snudiduunuiudimiveaalayivgd anu
Fuly 18 lumsiusaninfiden PFasluftuiii ldiuuaatnvesunuies lsafidenls

asansivaor lddueaunish 4.9)
K A, = aN, +aN, (4.9)

TuTnua DCM 1nu ETD39 (K, = 0.4, A,, =174 mm’)
0.4X 174mm’ 2 (140X 0.0507mm’)+ (7X 4X 0.205mm°)
69.6mm’ = 12.8 mm’

TuTnua CCM 1N ETD44 (K, = 04, A, =213 mm”)
0.4X 213mm’ > (140X 0.0507mm’ )+ (7X 4X 0.205mm°)
85.2mm’ = 12.8 mm’

4 ] »
ANUULUNULUY ETD39 Lazuyy ETD44 ‘Vllﬁﬂﬂﬁ'lllﬁﬂiﬂ\ii'l]i)"lu'l‘u‘llﬂﬁ’]ﬂﬂq}'!ﬂﬂvlﬁ

4.1.3 mstmuamanumianihvesndentasinihwareun
aanumiisniveandsudas I darsuuansmuanistinszua TWd oy
- a a a J:d ' o @
ccM n3e DCM gauaadluaunsi (3.14) lumentinustidens L, dmiuaeeslulnua

DCM i1y 2.2 mH iazlu CCM 1y 30 mH msdmuasi L, i lasmsimuasuinges
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amalifuunumeslsanegild 4.1 disssndmausenvaaialuTnua coM uaz DCM di
iy yageseImevesnuluTnua DM szndendilunus ceM emda L lu
Tnua DCM Hisndesndilulnun ccM

3 airgap

71 4.1 msdSunldous L, veandaudasasuunlaemsuffouvinageseins

4.2 Benvinamsnumdsueginsalfid

msiaennnanszua Wi uazussau s susmiviadde laloamas uaz'lalea

/o v

vatiudesdriadenszua i lnaduuazussduiidanaseudaginseliinda

pszua i usedu Ihuagids Tiheesginssifidalulrsesarsuunneuneiineign

uaasluas1eah 4.1 [5)

o w

¢

]

M3199 4.1 Ananseua I wazAnausau Ifhuswweamadmds Taleaddeuaz lalen

s Jd (L o w a J4 4 L4
'umwmxmaa‘awmmNﬁumummﬂ%ﬁmwsﬂmmmﬂﬂaunmmas

gun3al usanlviihqege | nssualiihgegqe | nszudlvdunde
yoman g A 2F, 4 B
2w+ il
n .4 7, .
TaTenrda t+n¥,, 12pP 4 P
V —
— 2. .. Znldpy,
laloausad v 2P, 2 P
. . Iy, .
- ) dy ::'d a i t.ﬁ' ° d. 3
Tuinniinusiidenldginsalififidaganindimualumised 4.1 Yszunm 20% yu'ly
vomamdegridennvaveus iy fluasu-sesagega 800 v vmanszua Iiuasu

[ALLES

max

y
qagas4 A laleamdssiiavendngnionifil (schottky diode) 1A

usedunfhqega 35 v vwevesnszuaiflunie 16 A laleaviadgnidenldiivuig
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useau Ifhgaga 400 v vmanszua ilundugaga 6 A 2esasuunnsunesinesnion

fugunseinidenldgruanalugilii 4.2

ETD39
ETD44 MBR1645
BR604 e
o |
AC + 140 T 7T ImF step load
, AWG3(Q <;;\w024 T 150
inrms
198-2427 e

AC -
—E IRFPE40

a o o o o
:3"1]7] 4.2 NITMAMAIvUBIHaILARBUNBS N NBRNIILY

4.3 19IMVPUARAVVR AT
nesnguAriginsmhiivesdyanmduaiagildnisniuguuuuns iy (voltage

mode control) HASHUUUNTZLA (current mode control) 19 IC PWM UC3825 [6] AnuAumiu

uazduulszgdmiudennadlunsaliadm 1asaunsi (4.10) Tavfi b, Aedrigins

9 a a ot [ Y P} P o d
HN’IYI’LIQ’(‘[ﬂlIﬂ’]WI']ﬂlJ 0.98 uag f; A9 AUAUVDINITAINY

o v
" 10ma(1-D,,)

0.8D,
R

CcC =

(4.10)

18 R, = 15£Q2 uaz ¢, = 1aF TaeddmummnlddluuunlFus1d 0-50£Q eolse Tenilu
s 1 a a o o b4
nsdFuussmuanudlunisadas meluds Uc3s2s szlszneulydls 199svnisay
= . s a d o
HANQA (error amplifier) NesfSoumnsuRauuaudy (PWM comparator) ’Nil‘iﬁ%l'mﬁﬂgiy'lm
L4 3
81484 (reference  voltage) IagloFuestiannsamauialnuanruguussduuns Inua

AAUAUNTSLL
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o input voltage control

UC3825

[16 ] A

c = 104 le
[7] 0.1 LF[ 10 LUF
m | B
21— duty cycle
[M—o /UL
 10]
9]

317 4.3 Msdvsnugu lu Inuausdy

317 4.3 yaasmisae UC3825 Tu Inuaniuguisiay

. E 4
119 15 uag 13 aedu'lWifeain 12v

'S 4 1w W s:
41 11 uag 14 Asemnaves IC i iaigdnsmii

U715 ADAIRIUNIUR,

" w d
W1 6 poRnulsey C,

1 12 ABNSINIAISE (power ground) U1 8 9 10 ABATINIFYY I (signal ground)

91 16 aefuaudumuuuaus sy I deds

4112 3 AONUNITFALTY

4 3 [ 1 4 ¢ o P
51/ 4.4 uamanisde UC3825 TuTnuamiuguaszua danadimsdegdnsaiia lesiiaa
adonasfufuzii 4.3 drefuassiiv 7 idmdhisuesdu Idihiesaedunszua Tiihme
Ugugiivemdoudasiiivarsuunlasnewdieziiasesnsesdygiu RC iHonadaygy

JUNIU

o voltage control

UC3825
+12V

511 4.4 msaonvsmuguluTnuanseud
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a a 4 a o v 4
Insrtinusideniinsesnuuuessavelasitneuaussdendind [7,8)

i o 1 o w
(frequency response) 3119 4.5 uaasvdon laszunsuvesiesunasnwmas i uuuwan

é o’g" [] o 4
punsaivansuoie lswatladaaunisi (4.11)

v(s) _ G (5)G,(s)
vu(s) 1+G, (G, (s)

compensation circuit flyback circuit

AN
v, (s) G () ——» G,(9)

:c (s)

1 4.5 vaenlaszunsuvswmasswids ifhumuraiouun

AuMIN 4.12 uarasilenduate Tonvesae9s luInun CCM voltage mode control

s s
;= )

nv w
)2 in ¥4 ZRHP
GP(S)— D'2 1 s s2
2 1
Qa)o a)O
2 4 2
1 1 D R » D D R
@, =— @, =— =—— g=—
e " br * Jic L

AU 4.13 uaaalansuo1s Touvee199s 11 Tua DCM voltage mode control

A}
1+-—)
nV w
GP(S): in ._.___—z.

VE 45

(4]

P

4.11)

v, (s)

4.12)

(4.13)
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2Lf 1 2
Tas K=—— W, =— @, =—

R rC RC

qumIn 4.14 uaaslenduais Touves299sluInun CCM current mode control

S S
a+—)1— )

RY, @ @
G,(s)= = z - Sl (4.14)
¥, +7,) a+-—)
a)P
1 RV’ (1+D)
Tas @,=— @, ,———— @D, =
rC LY.(V.+7) RC

1 do 1
AuN1IIN 4.15 uaaalanyuale Touveda2993 Ju Ivua DCM current mode control

&0
RL 0
G,(s)= —J-(-—sz (4.15)

2 1+—)

a)P
1 2
Tay w,=— w,=—
rcC RC

vsvaron fdunuy Inadoiduaalugalii 4.6 uaziilandudio Toudsaums
( 4.16)

51 4.6 2993vABILY TNAIAY)
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R
G“(s)=—z' -——S— (4.16)

° a ¢ & J o a
ﬂ'liﬂﬂﬂll‘UJJ'N‘ﬂiﬂfﬂl‘hﬂﬂ'lvlﬁ'IﬂUﬂ"liw‘ﬂ'liﬂl'lﬁs‘lﬂ‘lﬂlﬂ'lﬂiﬂuﬂm\nﬁﬂiﬂ'\ﬂﬂ‘lﬂml’ﬁ:
o [3 o o ’ s P -
sarsvaresaniundadevildinuvesilanfudio Teuiiyumla Tuifiu-180 oem Al

o ' U4 ' o kY P
ased Tered lasmgUnsalvesnsssawelundazasesidnn lduaasluasni 42

v ' { I
M3 4.2 mgUnsolvsdressassiiooniuy

mode/control R, R, C
CCM voltage mode control 100k Q) 2MQ 1 UF
DCM voltage mode control 5kQ 500k Q2 0.1 WF
CCM current mode control 8.2kQ 22kQ 0.1 UF
DCM current mode control 82kQ 470k Q 22 UF

J @ 1 J C4 {
ununm TuavesfledsudisTeuruile 6. ()G, (s) Tavldargiunsaivoarsssyaiven

DONUUUNAAAIFUN 4.7 - 4.10



gain (dB)

phase (deg)

-100

-200

-300

-400 ¢

DC gain = 48.70dB

i

fc = 16.40Hz

BY ) P\ G

10°

10? 10* 108 108

Frequence (rad/s)

i 4.7 usunmlue G, (s)G, (s) 499299511 1MA CCM voltage mode control

phase (deg)

£ DC gain =39.90dB

-100

-150

e e

10°

fc = 144Hz

|
!
|

102 104 108 108

Frequence (rad/s)

51 4.8 uwunmlua G ()G, (s) ¥939393 11 In3A DCM voltage mode control
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40 \ 1 - 1
|DC gain = 22.60dB

20{‘7

fc = 191.00Hz

gain (dB)

phase (deg)
5

-150

200 b— e - —
10° 10? 10* 10° 1

Frequence (rad/s)

5101 4.9 uwunmlun G (s)G, (s) ¥892995 11 Tnua CCM current mode control

100 AN A D) R

| DC gain = 56.50dB

50 i
@ o fc=1.67kHz i
= : ‘;
I i |
50+ -
l |
! ; :
-100 L 1 _ 1 !
0

phase (deg)

-150
10° 107 10° 10° 10°

Frequence (rad/s)

11 4.10 uwunmlue G (s)G, (s) ¥992993 11 InuA DCM current mode control

35
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4.5 MIedNUUVTINNsTUINRveINeaWanag

Inniinufiden$nestuinaveswemaddadiuuuuldniomlas i lugld
4.11 Wemsuendumaiihsznieesauguinesaadid wifoudadivithildaing
saudesdaiu Seamnselfunumedlsdvinain  $waussuvesvaalaygugii v,
snnaldnnaumsi 4.4 fnsiimedildeonuuundewlasiih fe v, = 12 vD,, = 0.2
f.=50kHz AB=0.1T uaz A, =24mm’ Hamsfmald N, = 20 500 unzidendmuiusey
ypauanIAYAsnll N, whinuimauseuvesvanlalgugl Tugit 4.1 dafuilszgmedu
Uguqii C, Hoafunszualntfhnss inarundeudas iuidesnnussduiwihiisenuinn
111 wie 14 vee IC UC3s2s Wugdgygranaduniifsedudredauiiugud anug ¢,
sedpagnidoniiimanuiis Taued £ Younnanudueamsaing £ edrufivane isswin
¢, uazmanumisnhmdnalgugiiveanteuadivih £, deidluasesis Teuuuduuy
N3N (series resonance) Ludneiinugiden s = /10 manuy iih ¢, aunsadnoald

Farunsn (4.17)

100
8§ s < 4.17)
ATT fL,

o o a a 2y ' o
Fufudszymedundogd ¢, laTeaseanszualifh b, ddwmu R, unz R, Aefuiiiu
2995UAAY (clamping circuit) Fiiafiuseiu Ithanaseu'lalea b, Wuzddyananuuiad
4 o a ¢ [ ]
wanifiszdudrdaiugud snsdana1vesesundy CR+R,) ABININATIALNAWEY
-~ o v S d' [ ¥ o s d' Y o od A
msedas T, staiivane esnu iuinavewssiuIidhanasen C, ash Imuiinubidon

W e +r ) =107 snrmyihwes ¢, Ainamaldaweaumsh (4.18) [5]

10T
C, 2—?— (4.18)
R +R

Fdmmu r deriedestumsesadainniminnudvesnseeadaaniinigann ns
a a J 9 o o o 1 a o a a
paadamamuisaatu idnnduivlsey Mduna-geda nazmanumienininann

1 4
anuevesmoihdyanalurasduna uenvniidmaudiuniu R, Galdtmuaganm
tg o 4 a ~ y ) Y
wduvewsiu i una-gesadnd luinniiwusiidenmanuduniu R =10Q weld
Y a ¢ o v ¥ ] A WELE N 3 v ¥
TamsaiadueamaiidedisanuSiguiiosninild ldgunaives ;, dunn ddumuy

3 4 o 4 o o ) 4
R, aatoidludumainlszyesnnnnaluvasiveamasdmyminszue i dues
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laten D, faoidlunvuo luasmdeodirvavuiavesussduTvfuuualis (spike) finn

] o ] a aw (Y o
ﬂiemnw-mam"lu“lﬁ'muwmusmu"lﬂﬁunﬂ-mas'mlmuemﬂmmm

51 4.11 2esdunavesemnaiitenosnuy

o

c

-

22UF ¢

IRFPE40

v ( J H ]
U7 4.12 - 4.15 uaaresHarsnuaneunesmssAuuudh 1Aoonuuuie 141y

a o ldy
msﬁﬂyﬂu’mmuwuﬁu

ETD4
BR604 L_=30mH MBR164 v,
AC »—
100ptF | 100k€2 L b 300v l R
v 140T m looouF =: i
Y T BY399 L) < 1-5Q2
198-240V AC &
art
UC3825
-

¥ o o Q
511 412 29esmiuAnBUNBINBS InNA CCM MIUAUUULUSIAY



BR604

ETD39

mrms
198-240V

L_~22mH MBR1645
AC + l
100MF | 100k & b, 300v
» T L4 01 T 1000pF
AC : BY399

{

+ r'd o L
37 4.13 295viaBuuARBUNBSINES IMUA DCM ATUAUUUVISIAY

AC

MBR1645

BR604 ETD44
o Lm=30mH
100[F | 100k€2 § D, 300V
Yook g ieB T BY399 L. ":gl i
198-240V

A 4

IRFPE40 It
AAA '_

o
1000 LLF

VO
RI.
1-5€2

10

vy

1K) 3

RO

H ¢ 2
31]‘?] 4.14 ’N'DE‘NaTUllUﬂﬂﬂul’JﬂimﬂiTﬂﬂﬂ CCM ﬂ’J‘Uf]lllliJUﬂﬁ&’L!ﬁ
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BR604 ETD39
L ~22mH MBR1645
AC + m

\Y

0

198-240V

AC

b
loouF_]_IOOkQ D 300V r 1000 LLE |
Vin.m- T BY399 Lm |4§|§ T 'u T RL

1-5Q2

AAA
10,

IRFPE40 II-

wy

1KQ 3 R 12

U7 4.15 2esaouunnsunesines Inua DCM muguILUNTTUA
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uni 5

MInaasdasHan1InNaaog

JusimouuansunedinefdunuuiattugminnldauSsufivuaussous
en19Tnun CCM ez DCM n1snanssezajadsziulfideirunnzdesiiaveaicesluud

az Tnuanisiu Tagiesan

5.1 anuaSvaiifasugUnssiliuneesmadida

5.2 waneuaussvsusadu e iyauazmssaseduus s IWdenine

5.3 UszAn5nInueenes
gUnseluazindosiodaiildlumsnannldun

1. Digital Oscilloscope Y99 Tektronix ;'u TDS754D

2. Oscilloscope U993 Yokogawa s:u DL1520

3. High-Voltage Differential Probe %83 Tektronix iu P5205

4. Current Probe 984 Tektronix 34 TCP202 (15A Max) Liag 34 A6303 (100A Max)

5. DC Power Supply 484 ANALAB jU APS-1

6. Autotransformer 494 ISKRA U HSNO103K

7. Digital Multimeter Y93 Sanwa iu CD800

51 manareuaIRseafinatuglnsalliisesmamis

Funeuntsmanes Uit 5.

1. Srouseaiu Tifhasevina 12 v 910 DC Supply Idfuaesalugu

2. Sousedu Iihdunwaving 220 v ersiduieanin Autotransformer T¥fiuaes
AN

3. Y5y Tnaaliaesiarsuunnsunesinesiwnssuainan s A

4. TufingudoyanamssiuWihiianasouaind ca1 (v, J1/dayee
nszua'lvifhmeddgugd cr2 () sUdaaneussiuliihiianasou’lalen
183 CH3 (v,) uazgtdaanunssud ihmsduyfogii CHa ()

o 2 [y [ g A
5. tuiingildyaaussduemnansziey (Av,)
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Digital Oscilloscope TDS754D

CH1 CH2 CH3 CH4

00?

HVDP P5205

HVDP P5205 ‘

Bridge rectifier

Load
54

4

Autotransformer and

0-260V _l_ Filter

—p-
< IC Controller

= DC Power Supply

4 @ = ia o o o w
51 5.1 mydagananesnadeuanuinsuainatuglnsailulesmahids

Tek Run: 25.0MS/s  HI Res
[ 4
FF

20.0v  Chd 10.0A

1 5.2 wamsnaasemshauvesnesmaideluTuun CCM voltage mode control 1 lnan

5A
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Tek Run: 25.0MS/s  HI Res
| 4
¥

Y T T T T T T

200V Chd 10.0A
311 5.3 mamsnanssmsisueeanesnndideluTnus DCM voltage mode control #1 Tvan

SA

Tek Run: 25.0MS/s  Hl Res
[ nd
|5

%Eg 20.0V Chd 10.0A £
3171 5.4 wamsMABINITR VBT AINAIAIIM INNA CCM current mode control 7 Inan

SA

Tek Run: 25.0MS/s  Hi Res
(ad
&

g?; A R KT .0f1s
200V Chq4 10.0A

310 5.5 namsnaneINsHuveIaesniadidaluInua DCM current mode control i lvan

5A
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Mm99 5.1 mamsamuseiu e nssuaiihqagaves vy i, vy uaz 4,

amsau IhuaznszuaIthgegeildnnnismanes
mode CH1 (v, CH2(i) | CH3(v,)) | CH4(,)
CCM voltage mode 640V 390 mA 223V 11.3A
DCM voltage mode 680V 600 mA 154V 22.1 A
CCM current mode 650V 400 mA 272V 126 A
DCM current mode 640V 930 mA 227V 183 A

=t o . . N 4 (34 Q’: a
5UT 5.2-5.5 uaAAFUTYANIN v, i, v, 10T i, YDINITHAWUUANDUIIDSIABIAULYLVIIT VY

Y

J o

srwidaInfuening 25 w (s v, 5 A) anszuelith (migege) uazuseduvdh (Figage) #

o 4 o J
Sa'lBuaaslunisedl 5.1 vwirud nszua’fhqege 1, uas i, veneesvimsuunneues

2
1919311 T1uA DCM voltage mode control 142 DCM current mode control #A1MNA U THuA
CCM voltage mode control U2 CCM current mode control L% m“lﬁ'xﬁuﬁuﬁmmﬁiw
fda iAo ninamiidu mmlﬂ?m‘luﬁaqﬂﬂsn'a'uamﬂmmz"lﬂiaﬂﬁxﬁﬂmnnmm“luinm
DM fisnnndrluInua cCM qﬂﬂmfuﬂmﬂﬁuaz"lﬂ%mmv‘?aéawsﬁ'emuuﬁﬁuwﬁw
(v WOZ vy f1lndifvadu ﬁ'\ufummm?Uﬂ’luqﬂnmfnamﬂmuaz'lﬂTaﬂﬁlﬁﬂmn

usee WihueereesluTnue ccM uag beM FaiimIndfosnu

Stopped 3
CHI=Z00mV: B DUS/ GV
oc 1 : (10us/div)
i+ e e \W < S L NORICIDOMEB/s
i
i
B 1 ] - T e geeverreesfeorse runclasiareoaifonns
NS pry x

5101 5.6 us e Il inansziiven (Av. ) TuTnua CCM voltage mode control #i1naa 5 A



317 5.7 usaduTifhieminansziion (Av. ) TuTnun DCM voltage mode control #i Ina@ 5 A

i Tous/dlv
NORM:10BMS /s _

5117 5.9 ussdu e ninanszivon (Av ) TuTnua DCM current mode control i lnan 5 A

G



gﬂﬁ 5.6-5.9 uamgﬂﬁmtymuﬂﬁu"Mﬁumﬁuﬁnsznﬁaumawiﬂmuumﬂau
nefwmeidunuued vaizsrwimde fuenin 25 w esfuszney Ac vesnszuaiidh i, #
Tnadhgdauiuilszyeniyaszildussdu i ueninanszifon (Av ) TuTnua DoM S
wmnnnlulvua ccM ﬁufuﬂ'nmﬂ?UQﬁtﬁﬂﬁuﬁmﬁuﬂszqnmﬁnmanwﬂuinuﬂ DCM

szfmunanlulnue ccMm

[Y) d (Y] [y} [
5.2 mS‘nﬂa'auwaﬂa‘uauawaauiaﬂu‘lwﬂuam‘vgmmzmssﬂmszﬂmmﬂu

d
Trivhieing
> 4
TuaoUNSNAABY (317 5.10)
1. Susaan Iihaseuuin 12 V 910 DC Supply Iifuaessaaugu
2. 1ous sy WA 220 V 919191109910 Autotransformer 1HAU29351IAMS
3, imslasundasnszua i vaasdnundunn 1A T3 A
£ Qs 4
4. Tufinwansuauesau I e iyAYeI2993
5. msiunssia Tvaaiiaz 1 A 910 1 A 11 5 A nazluidazamwvesnssua lWih

Tnaadatussauifuenina

Oscilloscope DL 1520

CH1 CH2

QO

Load 1 ( Load 2
O

Bridge rectifier|

<!!
+

Autotransformer and
0-260V Filter

II

——H
L o] e consoter
)

= DC Power Suppl

ci [ [ 4
71/ 5.10 msSaganaasmaneunanenTuBIs IR T 1D NA
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110 5.11 wamouausavesdl IR e 1Al IA CCM voltage mode control iBnssite

T Inamasunasetesuwdusin 1 ATl 3 A arfiussdueninal¥lums

Whdannzasialinnlssuin 30 ms)

317 5.12 naneuausus Iy Irfieinalu Tnia DCM voltage mode control iiipnszite

T Inaaufounlasedisiuwdunia 1 AT 3 A (arfiussdmenina 14lums

Y @ A
Wgan1eaedalaszus 3 ms)
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71141 5.13 wanovausassau TTIe WA Tu TnuA CCM current mode control 1iie
aszua Iih Inaanfdoulasediessundunin 1 Ald 3 A (arfiussduevinald

Tumsithgannzasiaiiailszain 3 ms)

317 5.14 waneuauss Y I B YA T Tna DCM current mode control 1if®
nszud I Inaan/Boulasedesundusin 1:A4 3 A (arfussdueninn 14

Tumsidhgeaniizasdaiisnilszaa 3 ms)

~ ar I's .
5UN 5.11-5.14 UAAINARDUAUDIVBILITIAU INT11D1 WA (output voltage transient

¥ 9

» ] » v
response) ¥84239314% tionszuda I Inoadsuui/ated198unau (step load change) 910

1 A 13 A wudwssduIdfueninavesrsssiulnue cCM voltage mode control Tugiii
1 4

¥ [ R ] v A . . ' A = ' ad
5.11 %ﬂ‘m'sﬂ‘lll'lﬂiﬂﬂ'lit‘ll1’c’fuﬁm’lzﬂ\m’3 (11 settlmg time N1NNIINTOU) ﬁ“ﬂﬂﬂlﬂul‘]quﬂ

1At kY P U dar 1 '3 [
mszNFlinesznumusnindangegluiansuoislouvesasssiasuuanounesines

TuTnua CCM voltage mode control az1issulimssonuuusesssasde s dszuuiinuu



48

M (bandwidth) AuReanuiiadosnm (quwunmTualugli 4.7) msfiszuuiiuuuindifey

Midwanouauo

ar a 4 o o 3 $ 1 *
Nami’Jﬂui\‘mmmmﬁﬂ‘vmN‘Diﬂmmmﬂﬂﬂm’mimaimﬁww ﬁﬂﬁzllﬁiﬂaﬂﬂ’]
) P g 1 [y o v 1
ﬂ']\i"]llﬁﬂ\?iﬂﬂ'ﬁ’]\’ﬂ 53 ﬂg’,lﬂu'J’llliqﬂum']?’n’!ﬂﬁﬂ'lﬂizu']m 5V ﬂﬁﬂﬂﬂ’lu‘llﬂQﬂizllﬁIﬂﬂﬂ

(1-5 A) nfinuanuannsalumsinuissauusueing

% Output Voltage Regulation = [(V,,.,~Vy1er/Visins)*100% (5.1)

n.

1 3 [ [y o ¢ [
wunasimanuansalunmsSaussauuseiu A e winawiiiu 0.4% snidu 29951y
4 ' Y 4 v yd 3 '
1A CCM current mode control A WIINY 2% aungidlusuiinmszhssvuliaddinu

A1n9129950U (QuHuINTuan 4.9)

Mm99 5.2 wamsTausaiun Ifheninafinssua it Tnaadinieg

usasu Ilihiening (v,)

mode 1A 2A 3A 4A SA

CCM voltage mode 500V { 499V [ 499V [ 498V | 498V

DCM voltage mode 500V | 499V | 499V | 499V | 498V

CCM current mode 500V | 498V | 495V | 492V | 490V

DCM current mode 500V | 499V | 499V | 499V | 498V

53 msnageudszansmuusels
funeumsnanes (gt 5.15)
1. 91ousesu lfhasevuia 12 v 910 DC Supply Idfunsssaug
2. 91ouseau I 220 V 915190105910 Autotransformer 19U n /183
3. hnsiiunssuavanfiaz 1Ann 1A 5 A
4. Sufinragddgansusaiu Ifhuaznsgua lihunauazioninnuesises
was 19 e u TDS754D Anurmds InfhSunauazionimauagszdnsam

Y992995 NI Inaan 1199



Digital Oscilloscope TDS754D

CH1 CH2 CH3 CH4

7299
HVDP P5205
HVDP P5205 CP TCP202 P TCPIOR
Bridge rectifier v e
Autotransformer and ¢ T L ’ I ; Load
0-260¥ j Filter ® _"
v
ﬁ” IC Controller
:
31]*7; 5.15 M39AYANANBINATOUUIETNTNINYDINTS
a519d 5.3 wamsIarseAnEnmussesiinssua i Tnaaseineg
efficiency (%)
mode 1A 2A 3A 4A 5A
CCM voltage mode 71.3 80.7 80.3 80.1 79.3
DCM voltage mode 52.0 65.5 67.7 68.5 69.5
CCM current mode 60.0 67.2 73.7 73.0 72.6
DCM current mode 51.1 54.0 544 53.3 53.3
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50

90

80 !

% effiency

30

20

1 2 3 4 5
NITUT (A)
PR I . — N —
[ ~*— CCM voltage mode control %~ DCM voltage mode control
—#— CCM current mode control = DCM current mode control

510 5.16 nsmi)szEnSnmuesasesduuny

4 o o @ § ~ 5 1 :
mafi 5.4 wanmsiamide fhnidatuluidasgavesnnssiinszua i inan sa

i (w)
mode Buna waessn | waamdeualas | enina
alvlions vaouun
CCM voltage mode 33,12 W 3140 W 29.51 W 2549 W
DCM voltage mode 3528 W 3345W 29.40 W 2452 W

1 o (- e 4 - 3 13 4
1115190 5.4 uarasmsiamas I idatuluudazgavesaees i lunash
< H = J ]
Tnaagege 5 A Tnoudasmsqaudoniiaduluudazyaynddess CCM wag DCM voltage

mode control

@15199 5.5 wamsiamnszuaifuade 1 uaz i,

anszua fumaonldnnmsnaass

mode CH2 (i) CH4 (i,)
CCM voltage mode 111 mA 5.38A
DCM voltage mode 174 mA 460 A
CCM current mode 100 mA 445 A
DCM current mode 185 mA 4.60 A




Tek Run: 2.0005/s' Sample
s

L. -Energy = .3er-w; —) o Mean
’ 236.8V

- b L. ]
C2 Mean
"EI VDS ' - 321.8mA

+ Py :h--urlun RS

P

R TR TOTRA M TIsRs CRT T I0E Y 13 )an 2004
10. OpV 125ns 19:38:37

51

gﬂ‘n 517 Nan15'mmsammuaummmmnmsmmwmuamﬂﬂmm‘lmwi CCM voltage

mode control TAWMIAY 30 Y x S0KHZ = 1.5 W finseualvangega s A

TeXk Run: 2.00(;5/s. Sample

Energy =26 }U DY
-EF]VDS ;
AT Ses.oma
Lok

(TIEHR 0. Oj.IV 125ns

m. W T28hs “ChHt 5 SETV 13)an 2004

20:00:49

31.'71 5.18 N'ﬂﬂ'li'Jﬂﬂ'li’CT‘EUlﬂﬂﬂ‘um6011'1mﬂﬂ'li’(T'Jﬁ%f‘ﬂﬂ\illﬂﬁl’ﬂﬁﬂ'lﬁ@1ﬂ’)»ﬂi CCM voltage

mode control HAUIU 28 PUJ x SOKHZ = 1.4 W finssualvangega s A

Tek Run: ZSOMS/S. Sample
¥
—F

51/ 5.19 wan5334R9U82993 CCM voltage mode control finsziid IMangaTA 5 A

F L 1 ciMmean
404.5V
I" C2 Mean
T-\ 1DS. ] so.2ma
4
b
Ve 1Tyt bl s
] I-UUPS thtd 538V 13)an 2004
20:04:01



52

Tek Run: 250MSls. Sample
|

T T T T T T

t T C1 Mean
451.1V

™\ E .: G

S RooEs CRT " S¥4 Y 13 )an 2004
19:53:59

5171 5.20 Wan153939799842393 DCM voltage mode control finszue InaAgaga 5 A

Namsnﬂﬁanﬂszﬁ‘nﬁﬂ1w'uamnsvlmuunﬂﬂaunas’ma%’n’uunnﬁyqﬁﬁ
ﬂszuﬁ"lﬂﬁﬂnaﬂﬁwhmQﬂuﬂmﬁ'ﬂumﬂaﬁ s3uaz 5.4 wunlszanininyesatesluy
Trua CCM voltage mode control iagluIvua CCM current mode control ﬁthth'ms'lu
Inua DCM voltage mode control wazlulvua DCM current mode control ﬁnﬂ"]fi’l‘llﬂﬂ
pszua Wi Inan mmaﬁd‘luniuﬁﬁmnrh aszua e i ua i, 7i'lwaluaees bem
ﬁaﬁmunumsmuau finnnna1luaees ccM waammnmsmm}n @aaasluasied
5.5) mlMiAen1sgaudy (conduction loss) luginseluoamiauaz laleaunn MONINT
nioutasihwaeuunvesaees luInua DeM Svinagessmialuunu Gair-gap) n¥19nn
nieutas imaronualyInun coM ifeanindt L vosaeesluTnua DM Hanteonda
a1 L TuTnua ccMm Fai swiagetemaluunuvemdeutasiWfhmaisuua Tnua DeM
szdonnniwemdoulasfiasiunTnua com  Tnsfinfeutasvilmaouuars
aeefisnnuseunii) Mikdnumisnhsuiiennninidndana (leakage inductance)
vosmdoumlas Ifhwarsuualylnue peM fidnnnndilulnee coM manumiioni
$2lwadt Srav1d3Udyanaluaees DeM Aassanandiiuages com @S ouidougald
5.19 /1 5.20 ) SeRsFnn ez Ransqudofisnadide

agnalsAmuansluInua coM sedimmsgaudsluszninmsaiadueaoania
wnn12993 11 Tnua DCM Woudntdos (Souifougidyain 5.17 fu 5.18) Fafliffesnn
anmumitsnihwemioulas IfhwansuualuTnua coM fisnnnadinihlfuemmasidal

=S o’-:' 9 v
msadagnyindlulrnua DCM
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UNn 6

ajiwanmsnaasaaz verauauuz

6.1 agiwaminaaes
<t <t o o

1. nnasAaulSouiisuaussouzverisssauuanoueiinds lu lnuams

vnseua iR wnuasiies (coM) wazunyulideiles (DCM) mHansnagowilSouinoy
~t asa o o | Ae o d 'V W =) o
anunsoaiiiafugnselluasssny Aidds i weminariiuaunisavesgnsally
[ 4
2995 DCM 92g9n311142995 CCM ¥Iad 8 saug
& =l P} [V o o 'S ] < o o
2. oS ouiisunissaurssauus sy T uemiyanud 2eesiimssawisedy
[y LY 3 o d 4
usesu lThlndidsesundnansuausussduifue minaidionszua i ITnaalins
wlasui)ated1aiunduyesa9951uInun CCM voltage mode control 3zF1¥IgALiiBININ
P=3 a Ao W w A e g}
szuviinuuiniivasuilunaiionnsndlimed sz
a’ 4 = = Q’: a
3. isnfSououisedniawvesasnsluTnua coM MaaeauumsaIugu seia
L -
Uszdninmgandnaeslulnua DCM MagsaiuumsnduguiioanneesluInue CCM &
s gauovaziinssu (conduction loss) azmsgapduiiioanininienatasniilunua
a’l’ P s 1 a d . - Y a @
pcM Tagasesisaealims gaydossnd1en1sadag (switching loss) Inaifseniu
y

wavnnsany s sudsuiaansoih lidduuuamaideenuuyldninsan

dAeneeauuuInuamsinszualihvssrssarsuuansunesines 1ded1agnias

Mz auas 1

6.2 YaruanuzdIniumsIvElueminn
Tuunassresde i uurasnuauonain Iuua CCM uaz DCM 187 299589

annsagnoonuuy il Inuasesdeszndie CCM Lag DCM (boundary mode) 18 13

=t s

» [}
#1971 TMuA boundary TegiiguantailsziidszueudeduazdoidovesInua ccM uay
: Y [ d' a d
pcM  MinrunuesluTnuaiideserdomsnruguanulunisaiag uazaeesniugy
oK ' 4 . . :
v A8eddIuATI0aBUNIZUAHIMYARUE (zero crossing  detection) iNBAUAN R UBINA

° o [ a o 1 o
Thnssumiuiindennnssuanaogitiauiiugud
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CORE TYPE A, A, v, 1,
(cm’) (cm”) (cm’) (mm)

ETD34 0.971 1.220 7.64 78.6
ETD39 1.250 1.740 11.50 92.2
ETD44 1.740 2.130 18.00 103.0
ETDA49 2.110 2.710 24.20 114.0

>

< 7

1 [ 4
ﬂ'l‘i'l\iﬁ 1.2 YUIANINTFIU AWG ll’ﬁ3%61‘1'111!6“]ﬂﬂ?ﬂﬂﬂﬂllﬂﬂﬂ'\‘ljﬁ'ﬂﬂ

A 4 v o /vl s
‘ULI'IﬂWlWIHU']ﬂﬂlLﬂuMﬂi "1l

14 ] ¥
*umﬂﬁuﬁ%mﬁwﬂmmmﬁauuu

a (4
ﬂiu’]ﬂiﬂlﬂquﬂquaﬂiﬂ

a w & 1 = o
g smusundndimanluunues 1sd

1195 (AWG) waduE Fuitnhea
guna18(d) mm (mm”)

30 0.2540 0.0507
29 0.2870 0.0647
28 0.3200 0.0804
27 0.3607 0.1022
26 0.4043 0.128
25 0.4547 0.162
24 0.5105 0.205
23 0.5740 0.259
22 0.6426 0.324
21 0.7239 0.412
20 0.8128 0.519
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51 v.1 ammeasesAutuuEeeInd1e1uan (1) CCM current mode control (2) DCM

current mode control (3) CCM voltage mode control (4) DCM voltage mode control

Ui 4.2 amcesssdunuuidiedenuganldsuuasnszualiihvan
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M318N v.1 wamsdam Ripple Factor, Crest factor, THDiTﬂﬂﬂq\i’f{ﬂ 5A

mode control | Ripple V, | Ripple Lo I Crest THDi

rms

(mV) V) (%) (A) (mA) | Factor

CCM voltage 140 5 2.8 1.6 352 4.50 2.0159
DCM voltage 410 5 8.2 1.76 396 4.44 2.062
CCM current 180 5 3.6 1.44 321 448 2.025
DCM current 440 5 8.8 1.8 412 4.36 1.977

' P 9 v ['4 a J v e
A1 THD lums199 5.4 1¥a1a15 ludnd 19 suaULIsH

Tek Run: 10.0kS/s  Sample . » Tek Run: 10.0kS/s  Sample ,
)y L
b t ¥ i

C1 Max C1 Max
1.80A i 1.76 A

1 +
C1 RMS i C1 AMS
T .4 352ma p = G | |l . 1 3eema
.
e i i J + :L i it e "
: ¥ ¥ R

vt
B
gl

......

L J 3 3
‘
h1] T.50A MY 50s ChT 7 LY 22 )an 2004 - 17w k Mg-“"“ TR 7 OA 22jan 2004

17:49:43 17:52:18

<
e+ paeriss e barrediorades it v ees
: -
-\—‘—:‘
B
3
3

Tek Run: 10.0kS/s  Sample : L TeKk Run: 10.0kS/s  Sample b
L i .
£ 1 .3

¥
i
[ + 1 cimax I "i Ch
. 1.44 A i 1.80A
L. 4 s 1 - : 3
. C1 RMS i . C1 RMS
3 ) ; p 2 J\ 3 F2ima # R J dioma
0,
Ilf i i H - H i n ; H " } i O i

._f '
WWFW—FAJ 22 Jan 2004 Wﬁm 22 Jan 2004
17:55:43 17:58:24
JUN w5 Han133a Crest factor YBINTTUABUNAVHITNNITAULVUTIOATEUA TR 5 A

(N) CCM voltage mode control (¥) DCM voltage mode control (f) CCM current

mode control () DCM current mode control



Tek Run; 25.0kS/s  Sample Tek Run; 25.0kS/s  Sample
. T T . — 4= F+-F-
: i Current Harmonic Emissions : : ! Current Harmonic Emissions
Test: User Deline Control I Test: User Def Controt I
£qul p. Class D: Power=100W Equip: chun Power—ww
Line Freq: SOHz Mode llne freq: 5 Mod
Har | Meas | Limit | Margin Har | Meas umlt Margin oge
3 | ook !dbuAl 4 BEn H "‘m%[abuﬁ b
EH 2 giv'
start 4: 60, stant
104,
59,
£ 103.
Pause I ;j : Pause
! 10: 63.8:
1 31:101,
12: 12: 66.3:
13: Contlnue 13: 8% Continue
15: 15 92,
16: 16 64,
e g 17: 1 5.
200v ' Ch2 1,00 :: Stop Ch2 "1.00] } § stop
20% - - 20 62.3: -
Te UMORICT  yiew Input | l“"’""“‘EI View input RSN i
Current Limits it Limits {4 ontrol U
eS| |UM_TABI| Table conllg 4 um TAgi| Table Config feady 24

Tek Run: 25.0ks/s  Sample

—F— |

Teak Run: 25.0KS/s

Sample

e e

T H T

rrent Harmonic Emissions
Test User Deflned
Equip: Class D: Power—100W
Line Freq: S0H2
Hat Mnl lImlllMa?ln
B bUA

- - - -

N b b ot s

R &
9
0 :

Curren(
Harmonics;

“Harm View
Limits
qu TAIII Table

Control l

Mode

Start
Pause
Continue

Stop

T T

Current Harmonic Emissions
Test: User Define:
£quip: Class D Power-loow
Line Freq: S
Har | Meas
# | OBUA
11
2:

it

9r9§?99?~99vﬂ?§§9§r?

1Nt ot ot o b ot ot et et
> e

Control

Mode
[ Singlc]

Start
Pause
Continue

stop

ATMOnNIc
mits
tIM_TAE1

5 4.6 won33A THD, vesnszudBunpvaiziesduuuunszua Inan S A

ol
I i | any |

(1) CCM voltage mode control (¥) DCM voltage mode control () CCM current

mode control (1) DCM current mode control
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L)

= UNITRODE

High Speed PWM Controller

FEATURES

Topologies

Practical Operation
to 1MHz

(1.5A Peak)

Fully Latched Logic
Suppression

BLOCK DIAGRAM

Compatible with Voltage or Current Mode

Switching Frequencies

50ns Propagation Delay to Output
High Current Dual Totem Pole Outputs

Wide Bandwidth Error Amplifier

with Double Pulse

Pulse-by-Pulse Current Limiting

Soft Start / Max. Duty Cycle Control
Under-Voltage L.ockout with Hysteresis
Low Start Up Current (1.1mA)

Trimmed Bandgap Referance (5.1V £1%)

Uc1825
UC2825
ucC3825

DESCRIPTION

The UC1825 family of PWM control ICs is optimized for high fre-
quency swilched mode power supply applications. Particular care
was given to minimizing propagation delays through the comparators
and logic circuitry while maximizing bandwidth and slew rate of the
error amplifier. This controller is designed for use in either current-
mode or voltage mode systems with the capability for input voltage
feed-forward.

Protection circuitry includes a current limit comparator with a 1V
threshold, a TTL compatible shutdown port, and a soft start pin which
will double as a maximum duty cycle clamp. The logic is fully latched
to provide jitter free operation and prohibit multiple pulses at an out-
put. An under-voltage lockout section with B00mV of hysteresis as-
sures low start up cument. During under-voltage lockout, the outputs
are high impedance.

These devices feature totem pole outputs designed to source and
sink high peak currents from capacitive loads, such as the gate of a
power MOSFET. The on state is designed as a high level.

Nl
INV

Errot
Amp

{

2 Error Am,
|
|

Soft Start [s‘sl}

0sc

PWM Latch
{Set Dom.)

Wids Bandwidth

\-l:*mnn-

R
8

e

=

Toggle F/F

1uM/SD

|
|
; 1.4V
|
|

um
CPRTR

Shutdown
CPRTR

v

“°
bt i Out A
Out B
! Pwr Gnd

Inhibit®

!

0 !
utput 1

!

1

Gnd

Vce
av 3
thg uUvLO S Rer

L *Vee Good”

UDG42030-2

3/97
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ABSOLUTE MAXIMUM RATINGS (Note 1)

Supply Voltage (Pins 13,15) . .......oooviiinnnnt 30V
Output Current, Source or Sink (Pins 11, 14)

[ 5 o3 O 0.5A
Pulse(0.5HS) ...t 2.0A
Analog lnputs

(PINS 1,2, 7). oo viiiivtiaeneiei e eaens -0.3Vto 7V
L ) T -0.3Vio 6V
Clock Output Currenl (PIn4) .........c.oviinvnnens -5mA
Error Amplifier Output Current (Pin3) ................ SmA
Soft Start Sink Current (Pin8) ......c.oovveveannt. 20mA
Osclllator Charging Current (PIn6) ......... ... ... -5mA
Power Dissipatlon ..........cooeiiiiieiiiiiiiinn, iw
Storage Temperalure Range .............. -65°C to +150°C
Lead Temperature {Soldering, 10 seconds) .......... 300°C

Note 1: Alt voltages are with respect to GND (Pin 10); all cur-
renls are posilive into, negative out of part; pin numbers refer lo
DIL-16 package.

Note 3: Consult Unitrode Integrated Circuit Databook for ther-
mal limitations and considerations of package.

SOIC-16 (Top View)
DW Package
v 1 18] VREFS.1V
iz 18] vee
E/A Out[T] [ out B
clock{4] EVO
Rr[s] 2]Pwr Gnd
crz] mout A
Ramp[7] o}Gnd
Soft Start[3] [0]ILIM/SD

uc1825
uc2825
ucs3
CONNECTION DIAGRAMS 825
DIL-16 (Top View)
J Or N Package
——
wv (1] [18] vaes s.1v
n 2] (18] vee
A out[3] 4Jou 8
ctook [4] B
ar(s] [12]Pwr @ng
c1(s] []out A
lepE EGM
sott start[8] 9]iLmssp
PLCC-20 & LCC-20 FUNCTION PIN |
(Top View} If‘gs 12
Q & L Packages N 3
EIA Qut 4
Clack )
NIC 6
32 12019 £ 2
U T 8
4 18] |_Ramp 9
P =4 N/C :(1)
& 12 ILIMISD 12
7 15 Gnd 13
8 14 Qut A 14
9 10 11 12 13 |___Pwr God 15,
NIG 16
VG 17
ous 18
vee 19
VREF 5,1V 20

ELECTRICAL CHARACTERISTICS:

Unless otherwise stated these specifications apply for , Rt = 3.65k, CT = 1nF, Vcc

= 15V, -55°C<Ta<125°C for the UC1825, ~40°C<Ta<85°C for the UC2825, and
0°C<TA<70°C for the UC3825, TA=T..

uc182s UC3825
PARAMETERS TEST CONDBITIONS Uc2825
MiIN | TYP [ max | mMiN | TYP | Max JuNits

Reference Section

Output Voltage T4=25°C, lo=1mA 505 | 510 | 5.15 | 500 | 5.10 | 5.20 \i

Line Regulalion 10V < Vce < 30V 2 20 2 20 mVv

Load Requlation 1mA < lo < 10mA 5 20 5 20 mvV

Temperalure Stabllity” TMIN < TA < TMAX 0.2 0.4 0.2 04 ImV/°C

Total Oulput Varlalion® Line, Load, Temperalure 5.00 520 | 495 5.25 '

Ouipul Noise Vollage* 10Hz < f < 10kHz 50 50 uV

Long Term Stability” T4 = 125°C, 1000hrs. 5 25 5 25 mV

Shorl Clrcuit Current VREF = OV -15 -50 [ -100 | -15 -50 | -100 | mA
Oscillator Section

Initial Accuracy® Ta=25°C 360 | 400 | 440 | 360 | 400 | 440 | kHz

Voltage Stabllity* 10V < Vee < 30V 0.2 2 0.2 2 %

Temperalure Stability* TN < TA < TMAX 5 5 %

Tolal Variation* Line, Temperature 340 460 | 340 460 | kHz
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uc1825
ucas2s
uc3s2s

Unless otherwise stated these specifications apply for , RY= 3.65k, CT

(cont) = 1nF, Vcc = 15V, -55°C<TA<125°C for the UC1825, —40°C<TA<85°C for the
UC2825, and 0°C<Ta<70°C for the UC3825, Ta=Tu.
uc1s2s
PARAMETERS TEST CONDITIONS uc282s ucaszs
MIN | Tvp [max [ min T 1vp | max unirs

Osclilator Section (cont.)

Clock Out High 3.9 4.5 3.8 4.5 )

Clack Out Low 2.3 2.9 2.3 2.9 Vv

Ramp Peak* 2.6 28 3.0 26 2.8 30 \

Ramp Valley* 0.7 10 1 125 | 0.7 1.0 { 125 \

Ramp Valley to Peak* 1.6 1.8 20 1.6 1.8 2.0 v
Error Amplifier Section

Input Offset Voltage 10 15 mv

Input Blas Current 0.8 3 0.8 3 uA

input Offset Current 0.1 1 0.1 1 uA

Open Loop Gain 1V < Vo <4V 60 85 60 95 dB

CMRR 1.5V < VoM< 5.5V 75 95 75 95 dB

PSRR 10V < Vce < 30V, 85 110 85 110 dB

Qulput Sink Current VPING = TV 1 2.5 1 25 mA

Qutput Source Current VPINS = 4V 05 | -1.3 05 | -1.3 mA

Output High Voltage 1PIN3 = -0.5mA 4.0 4.7 5.0 4.0 4.7 5.0 Vv

Output Low Voltage IPIN3 = TmA 0 0.5 1.0 0 0.5 1.0 \'

Unity Gain Bandwidth® 3 5.5 3 5.5 MHz

Slew Rale* 6 12 6 12 Vips
PWM Comparator Section

Pin 7 Blas Current VeiNg = 0V -1 -5 -1 -5 pA

Duly Cycle Range 0 80 0 85 %

Pin 3 Zero DC Threshold  {VeIN7 =0V 1.1 1.25 1.1 1.25 \'

Delay to Output® 50 80 50 80 ns
Soft-Start Section

Charge Current VPINS = 0.5V 3 9 20 3 9 20 pA

Discharge Current VPINS = 1V 1 1 mA
Current Limit / Shutdown Section

Pin 9 Bias Current 0 < VPiNg <4V 15 10 pA

Current Limil Threshold 0.9 1.0 1.1 0.9 1.0 1.1 \

Shutdown Threshold 125 | 140 | 155 | 1.25 | 1.40 [ 1.55 V'

Delay to Output 50 80 50 80 ns
Output Section

Output Low Level lout = 20mA 025 | 0.40 0.25 | 0.40 \4

louT = 200mA 1.2 22 1.2 2.2 \
Output High Level lout = -20mA 13.0 | 135 13.0 | 135 \
louT = -200mA 12.0 | 13.0 12.0 | 13.0 v

Collector Leakage Ve = 30V 100 500 10 500 A

Rise/Fail Time* CL=1nF 30 80 30 60 ns
Under-Voltage Lockout Section

Start Threshold 8.8 8.2 9.6 8.8 9.2 9.6 \'4

UVLDO Hysteresis 0.4 0.8 1.2 0.4 0.8 1.2 \
Supply Current Section

Slart Up Current Vce = 8V 11 2.5 1.1 2.5 mA

ICC VPIN 1, VPIN7, VPIN9 = OV; VPIN2= 1V 22 33 22 33 mA

* This parameter not 100% tested in production but guaranteed by design.
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Printed Circuit Board Layout Considerations

High speed circuits demand careful attention to layout
and component placement. To assure proper performance
of the UC1825 follow these rules: 1) Use a ground plane.
2) Damp or clamp parasitic inductive kick energy from the
gate of driven MOSFETs. Do not allow the output pins to
ring below ground. A series gate resistor or a shunt 1 Amp

Error Amplifier Circuit

67

uc1825

uc2825

ucC3825

Schottky diode at the output pin will serve this purpose. 3)

Bypass Vcc, Ve, and VReF. Use 0. 11F monolithic ceramic

capacitors with low equivalent series inductance. Allow

less than 1 cm of total lead length for each capacitor be-

tween the bypassed pin and the ground plane. 4) Treat
the timing capacitor, CT, like a bypass capacitor.

Simplified Schematic

INV|

NON
INV

Error Amp
Output

Open Loop Frequency Response Unity Gain Slew Rate
100 5 i
o :
&0 \\ Vnaf
™ 5 (v 3ty :
N ' ‘'
Av (9B} N R /Vour ..
3 ,
N, MO
o < : 1
» 243 0 02 04 068 08 1.0
k- W TIME
N S
| i-180 (&l )
100 1K 10K 100K 1M 10M100M
FREQ (Hz)
PWM Applications

Conventional (Voltage Mode)

_~\/ [cwzs
or |
Ram 1.28V
7 il D

| From E/A

Curreni-Mode
[Fc?ﬁ?s—
~V

|| oo

<

\
3

3

Bseuszl
= =

I1swITCH

1]
Ramp

From E/A

v A small filler may be required to
suppress switch noise.




Oscillator Circuit
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uc1825
ucag2s
uCc3825
Deadtime vs CT (3k < RT < 100k)
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Deadtime vs Frequency
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Synchronized Operation

Two Units in Close Proximity

Generalized Synchronization
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uc1825
uc2825
Forward Technique for Off-Line Voltage Mode Application uc3szs
Rer Aﬁ_ ucis2s
Ramp I
CFF J‘; (4] Clock l
Constant Volit-Second Clamp Cireuit
e e L
The circuit shown here will achieve a constant volt-sec- [ uctezs —E‘E}O_\ﬂi
ond product clamp over varying input voltages. The vie  lum
ramp generator components, RT and CR are chosen so $Ra Shut- 6?;? A
that the ramp at Pin © crosses the 1V thrashold at the 1 down
same time the desired maximum volt-second product | A
is reached. The delay through the functional nor block “elh W W
must be such that the ramp capacitor can be com- !
pletely discharged during the minimum deadtime. jﬁ_*@
=
Output Section
Simplified Schematic Rise/Fall Time (CL=1nF)
uc1826
Vee &2(&

: VL.
1 / \ .

Out % \
>
Pwr 5
Gnd 1
[10) and 0 20 50 120 160 200
Tune (na)
Rise/Fall Time (CL=10nF) Saturation Curves
2
/‘\ 1L{A)
4 N i /
\ o
15 .2 2 1/ 1
/AN R =i
E 10 > — l
E sl ! — l
R . bk
0 160 200 300 400 500 0 05 1.0 1.5
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uc1825
uc2825
Open Loop Laboratory Test Fixture uc3as2s
uc1825
4 | Clock
RT3.65%
5|RT Osclllator
CT 1.00F
o g|cry
o 7 | Ramp
sii J|E/A O
S /A Owt
| 7% g 2
= 22k L 8Bk Non Error
< < A
1°x<r 2 INV mP
27‘(5: g 11NV
24,7k
%_ i 8] soft start
10k 10pEL
1 = I s
3-3"5: Shutdown
=
UDG-92032-2
This test fixture is useful for exercising many of the As with any wideband circuit, careful grounding and by-
UC1825's functions and measuring their specifications.  pass procedures shoutd be foliowed. The use of a
ground plang is highly recommended.

Design Example: 50W, 48V to 5V DC to DC Converter - 1.5MHz Clock Frequency

+<
ViN 42-56V

$ 3900

-<T

N

4.3k 3

— g fidF— 1sv§ imus é

vee Vo |

|

6pF

>+

Vout 5V
1-10A
Sy -

B4
N

5:1
| 58203

i

fuim 22pF§, A ;150pF
I Ramp
! 8.2k
! 5 1k
o

Nc [4]clk o 10nF
5] Rr Gna 120pF :
| Gnd 8S t [e}3 T
1.5k L .__: 1_470pF %,

= TOApF
= = UDG92033-3
UNITRODE CORPORATION

7 CONTINENTAL BLVD, » MERRIMACK, NH 0305
TEL. (603) 424-2410 » FAX (603} 424-2460
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (T) reserve the right to make changes tc their producls or to discontinue
any product or service without nolice, and advise customers lo obtain the lalest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All producls are sold
subjecl to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining 1o warranty, patent infringement, and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications applicable al the time of sale in
accordance with TI's slandard warranty. Tesling and other quality conirol techniques are ulilized to the extent
T! deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except lhose mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF

DEATH, PERSONAL INJURY, OR SEVERE PROPERTY CR ENVIRONMENTAL DAMAGE ("CRITICAL
APPLICATIONS"). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TI PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'S RISK.

In order to minimize risks associated with the cuslomer’s applications, adequate design and operaling
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does nol warrant or represent
that any license, either express or Implied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating lo any combinatlon, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party's producls or services does not constitute Tl's approval, warranty or endorsement thereof,

Copyright & 1999, Texas Instruments Incorporated
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PD-9.578B

IRFPE40

HEXFET® Power MOSFET

e Dynamic dv/dt Rating

e Repetitive Avalanche Rated

e Isolated Central Mounting Hole
e Fasl Switching

® Ease of Paralleling G
¢ Simple Drive Requirements

Ip

VDSS = 800\/

RDS(on) = QOQ

=54A

Description

Third Generation HEXFETSs from International Ractifier provide the designer
with the best cormbination of fast switching, ruggedized device design, low
on-resistance and cost-effectiveness.

The TO-247 package is preferred for commercial-industrial applications
where higher power levels preciude the use ot TO-220 devices. The TO-247
is similar but superior to the earlier TO-218 package because of its isolated
mounting hole. It also provides greater creepage distance between pins to
meet the requirements of most satety specifications.

Absolute Maximum Ratings

TO-247AC

Parameter Max. UnM
Io @ Te =25°C Continuous Drain Current, Vas @ 10V 5.4
Ip @ Tc=100°C_ | Continuous Drain Current, Vgs @ 10V 3.4 A
lom Pulsed Drain Cumrent @ ’ 22 B
Pp @ Tc =25°C ! Power Dissipation 150 W
Linear Derating Factor 1.2 WrG
Vas Gate-to-Source Voltage +20 "
Eas Single Pulse Avalanche Energy @ 490 mJ
AR Avalanche Current @ 54 A
EaAr Repetilive Avalanche Energy Y] 15 mJ
dv/dt Peak Diode Recovery dv/dt @ 2.0 Vins
Ty Operating Junction and -55 to +150
Tsra Storage Temperature Range : °C
Soldering Temperature, for 10 seconds 300 (1.6mm from case)
Mounting Torque, 6-32 or M3 screw 10 1bfin (1.1 Nem)
Thermal Resistance
Parameter Min. Typ. Max. | Units
Raic Junction-to-Case — —_ 0.83
Recs Case-to-Sink, Flat, Greased Surface — b 0.24 — °C/W
Rosa Junction-to-Ambient —_— ] _— 40 N
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Electrical Characteristics @ Ty = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
V(sr)Dss Drain-to-Source Breakdown Voltage 800 | — — V | Vgs=0V, lp= 250uA
| AV(eripss/ATy Breakdown Voltage Temp. Coefficient — | 0.88 | — | V/°C | Refarence to 25°C, Ip= TmA
Ros(on) Static Drain-to-Source On-Resistance —_ — | 2.0 N |{Ves=10V, Ip=3.2A @
Vasan) Gate Threshold Voltage 20| — | 40 V | Vps=Vags, lo= 250pA
grs Forward Transconductance 30 | — | — S | Vps=100V, 1p=3.2A @
Ipss Drain-to-Source Leakage Current — 11004 A Vos=800V, Vas=0V
— — 500 Vpg=640V, Vgs=0V, T)=125°C
less Gate-to-Source Forward Leakage = — | 100 nA Vgs=20V
Gate-to-Source Reverse Leakage — — 1-100 Vas=-20V
Qg Tolal Gate Charge —r — | 130 lo=5.4A
Qs Gate-to-Source Charge — — 17 nC | Vps=400V
Qod Gate-to-Drain {"Miller’} Charge — — 72 Vas=10V See Fig. 6 and 13 @
| taion). Turn-On Delay Time — {16 | — Vpp=400V
tr Ri;e Time — 38 - ns lp=5.4A
Ad(otty Turn-Off Delay Time — 100 | — Ag=0.1Q2
t Fall Time — 32 - RAp=75Q See Figure 10 ®
Lo Internal Drain Inductance — | 50 | — g?.nt?ne?; ;%?: ) f:ig
nH | from package GJth
Ls Internal Source Inductance g o = and center of
die contact s
Ciss Input Capacitance — [ 1900 — - | Vas=0V
Coss Output Capacitancs — | 470 | — | pF |Vos=25V
Cras Reverse Transfer Capacitance — {280 | — f=1.0MHz See Figure 5
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. | Max. | Unils Test Conditions
Is Continuous Source Current 5 A | €4 MOSFET symbol o
{Body Diode} - A showing the
Ism Puised Source Current & W) 7 »s integral reverse ‘3@
{Body Diode) @ p-n junction diode. S
Vsp Diode Forward Voltage — — | 1.8 V | T4=25°C, lg=5.4A, Ves=0V @
ter Reverse Recovery Time — [ 550 | 830 | ns |Tu=25°C, Ir=5.4A
Qq Reverse Recovery Charge — | 24 | 3.6 | pC !di/di=100A/ps @
ten Forward Tum-On Time Infrinsic lurmn-on time is neglegible (turn-on is dominated by Ls+Lp)
Notes:

@ lsps5.4A, didts120A/s, VppsB00,
Tu<150°C

@ Repetilive rating; pulse width limited by
max. junction temperature (See Figure 11)

@ Vpp=50V, starting Ty=25°C, L=81mH
Ag=25%, las=5.4A (See Figure 12)

@ Pulse wicth < 300 us; duty cycle £2%.
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IRFPE40

Ip, Drain Current (Amps)

Ip, Drain Current (Amps)

tor ‘."33
vyl -
R
0 £
138l N - ,l
109 /1
4'.“.
20us PULSE WIDTH
Te = 25°C
100 101 10°
Vpe, Drain-to-Source Voltage (volts)
Fig 1. Typical Output Characteristics,
Tc=25°C
>
T
10! £
= W
150 LAY 25{,,,
Y '/
.
=
/
107! }
= vpg = 100V
20us PULSE WIOTH
4 -] 6 7 8 9 10

Vas, Gate-to-Source Voltage (volts)

Fig 3. Typical Transfer Characteristics
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Fig 2. Typical Output Characteristics,

Tc=150°C
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Fig4. Normalized On-Resistance
Vs. Temperature
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5000 20

Ves - OV, f = iz Tg = 5.4 T
Ciss = Cgs + Cgg. Cgs SHORTED ) Vpg = 400V =]
N Crss = Cgo S Vpg = 160V ___\\
4000 Coss = Cgs * Caq < 16 Vpg = BOV
P
5 N s 7
~ 3000 o > 12 /
8 ; 4
=4 \ 158 g /
2 \ ¥ 3 /,
g 2000 RN ? 8 /1
3 [ cof ® //
! '\\\ [y ]
Coss | M G R
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g \ > FOR TEST CIACUIT
—_— ° SEE FIGURE 13
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Vps, Drain-to-Source Voltage (volts) Qg Total Gate Charge (nC)
Fig 5. Typical Capacitance Vs. Fig 6. Typical Gate Charge Vs.
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Fig 7. Typical Source-Drain Diode Fig 8. Maximum Safe Operating Area

Forward Voltage
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ip, Drain Current (Amps)

Vos > ANA-
D.UT.
6.0 9 L
Voo
5.0 \“
J1ov
\\ Pulse Width s 13
4,0 < Duty Faclor € D.1%
AN T
N\ Fig 10a. Switching Time Test Circuit
3.0
AN Y/
DS
2.0 \\\ 00% \ / \I
\ l |
1.0 ] | |
e | | |
0.0 o o 7% 100 125 150 Vas ._../L_i J\—IL__/L_\}_
Tc, Case Temperature (°C) Yoy U o Y .
Fig 8. Maximum Drain Current Vs. Fig 10b. Switching Time Waveforms
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t1, Rectangular Pulse Duration (seconds)
Fig 11. Maximum Effective Transient Thermal impedance, Junction-to-Case
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Vary 1 to obtain Vps >— I

required las DUT, 1200 '
9 . -
-l 3.¢A
1.VoD = 1000\ DOTTON 5.44. ]
CARN AN
| N\
TAS & aol__N\
0.01Q i L% N ’ \
. . e & 600 NN
Fig 12a. Unclamped Inductive Test Gircuit 5 N
a
3 w N\
% \\\‘\‘
9 00 SUANAN
) IS
o]
Vos 0 Vpp = 50V —_—
25 50 75 100 125 150
Starting T, Junction Temperature(°C)
s — — N Fig 12c. Maximum Avalanche Energy
Fig 12b. Unclamped Inductive Waveforms VsDraif Culrant
_ _Cunent Reguiator
‘f"' Same Type as D.UT T} )
: Hh
\ 50KO 79;
sz'[_ 2uF :
Q : I il !
WVS =SS TV ¢ W7 eesEemesRETE TS S
DUT. T
I - Qas Qap ""};)
Vas l:l_
Ve amal 1
o e A'A
Charge —— e 1o
Current Sampling Reslstors
Fig 13a. Basic Gate Charge Waveform Fig 13b. Gate Charge Test Circuit

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

Appendix C: Part Marking Information — See page 1517 Internaﬁonal
Rectifier
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MBR1635, MBR1645

MBR1845 is a Preferred Dovice

SWITCHMODE™
Power Rectifiers

... using the Schottky Barrier principle with a platinum basrier -
meta). These state—of—the—-art devices have the following features: ON Semlcomiuctor™
® Guardring for Stress Protection

hitp:/fonseml.com
e Low Forward Voltage

® 150°C Operating Junction Temperature SCHOTTKY BARRIER
Mechanical Characteristics: RECTIFIERS
® Casc: Epoxy, Molded 18 AMPERES
® Weight: 1.9 grams (approximately) 35 and 45 VOLTS
o Finish: All Extemnal Surfaces Corrosion Resistant and Terminal
Leads are Readily Solderable
o Lead Temperature for Soldering Purposes: 3o—Pp—o .4

260°C Max. for 10 Seconds

o Shipped 50 units per plastic tube
® Marking: B1635, B1645

MAXIMUM RATINGS
Rating Symbol Value Unit
Peak Repetitive Revesse Voltage VRrRM v
Working Peak Reverse Voltage Vawm
OC Blocking Voitage MBR1635 Vr 35
MBR1645 45
Average Rectifled Forward Current legavy 16 A
(Rated Vg, Tc = 125°C)
TO-220AC
Peak Repetitive Forward Current, 'sRM 32 A CASE 221B
(Rated Vr, Square Wave, PLASTIC
20 kHz, T¢ = 125°C)
Non-Repetitive Peak Surga Currant [T 1580 A
(Surge Appliad at Rated Load MARKING DIAGRAM
Conditlons Halfwava, Singla
Phase, 60 HZ) O
Peak Repetitive Reverse Surge IrRM 1.0 A
Current (2.0 us, 1.0 kHz) B16x5
Storage Temperature Range Tsig —6510 +175 *C
Operating Junction Temperature Ty 6504150 | °C Q V
Voitage Rate of Change dvidt Vius B16x5 = Device Code
{Rated VR) 10,000 x =30r4
ORDERING INFORMATION
Device Package Shipping
MBR1635 TO-220 50 Units/Rail
MBR1645 TO-220 50 Units/Rail
Preforred devices are recommended choices for future uss
and best overall value.
ducior G LLC, 2000 1 Publication Order Number:

© Semi >
October, 2000 -~ Rev, 2 MBR1635/D



MBR1635, MBR1645

THERMAL CHARACTERISTICS

79

Characteristic Symbol Value Unit
Maximum Thermal Resistanca, Junction to Case Raic 1.5 °'CIwW
ELECTRICAL CHARACTERISTICS
Maximum Instantaneous Forward VoRage (Note 1.) VE Volts
(i = 16 Amps, T¢ = 125°C) 0.57
(I = 16 Amps, T¢ =25°C) 0.63
Maximum Instantanacus Revarse Currant (Note 1.) In mA
(Rated dc VoRage, Tg = 126°C) 40
{Rated dc Voltage, T¢ = 25°C) 02

1. Pulse Test: Pulse Width = 300 yis, Duty Cycie < 2.0%.

g 100

g -

5 © == .
£ Ty 125 s 2
S x 100°C //; E
% / A?ZS‘(, z
g © A 3
2 - ‘é
é 50 7 7 g
g % /// 5
g 20 7 7

= /

2 1.8 7N

LA lo 02 0.4 08 08 10

Vg, INSTANTANEQUS FORWARD VOLTAGE (VOLTS)

Figure 1. Typlcal Forward Voltage

Va, REVERSE VOLTAGE {VOLTS)

Figure 2, Typical Reverse Current

hitp:/lonsemi.com
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IF(avy AVERAGE FORWARD CURRENT (AMPS)
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MBR1635, MBR1645

20

16

v
8 i " ™ R?TED R!AME:D }
16 £ \\dc Rgya = 16°CIW
de 12 {With TO-220 Heal Sink)
" \ g | N ——— Ra= oo
12 SOUARE WAVE N S w < {No Heal Sink) 1
N \ 2 SOUARE WAVE N
10 \ \ 30 ~ \
80 A S 60 N N,
RATED VOLTAGE APPLIED \ w O el
60 I Rgyo = 1.5CW ~. 0 \
0 ) \ a 40 =~ N
> . of _
20 ANEAN ; 2 I ouARE WAVE ~ TN
0 _E‘ 0 It 1 S~ \\\
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Canitiute Mamber: 519865

Satiierts emter: K170

BR600 - BR610

PRV : 50 - 1000 Volts
lo : 6.0 Amperes

FEATURES:

* High current capabllity

* High surge current capabillity
* High reliability

* Low reverse current

* Low forward voltage drop

* Ideal for printed circuit board

MECHANICAL DATA:

* Case : Reliable low cast construction
utilizing molded plastic technique

* Epoxy : UL94V-O rate flame retardant

* Lead : Axial lead sclderable per

MIL - STD 202, Method 208 guaranteed

* Polarity : Polarity symbols marked on cass
* Mounting position : Any
* Weight: 3.6 grams

SILICON BRIDGE RECTIFIERS

0.445 {11.30)
0.158 (4.00) 0.405 (10,30)
BTAZ 30 "
0.82 {15.75)
0.58 (14.73)
0,127 {3.20) _l_
0.047 {120)
0.75 (18.1)
Min,

Dimenslons in inches and ( miilimeters}

MAXIMUM RATINGS AND ELECTRICAL CHARACTERISTICS
Ratingat 25 °C amblent lemperature unless otherw ise specified.
Single phase, half wave, 60 Hz, resistive or inductive load.

For capacitive load, derate current by 20%.

RATING SYMBOL | BR600 { BR601 | BRE02 | BRS04 | BR606 | BRSOB | BR610 | UNITS
Maximum Recurrent Peak Reverse Voltage Vv 50 100 | 200 i 400 | 600 | 800 | 1000 | Voiis
Maximum RMS Voltage Vaus 35 70 140 | 280 | 420 | 560 | 700 | Volis
Maximum DC Blocking Voitage Voc 50 100 | 200 } 400 | 600 { 800 | 1000 | Volis
Maximum Average Forward Current Te=60°C letavy 6.0 Amps
Peak Forward Surge Current,
Single half sine wave Supermposed
on rated load (JEDEC Method) Iesm 200 Amps.
Current Squared Time al < 8.3 ms. L] 64 A’S
Maximum Forward Vollage per Diode atlr =3 A, Ve 1.0 Volts
Maximum DC Reverse Current  Ta=25°C In 10 pA
at Rated DC Blocking Voltage  Ta=100°C ) 200 uA
Typical Thermal Resistance (Note 1) ReJC 8.0 °CW
Operating Junction Temperature Range Ts -4010+ 150 °C
Storage Temperalure Range Tste -40to + 150 °C

Notes :

4. Thermai Resistance from junction to case w ith units mounted on a 2.6 x 1.4" x 0.06" THK

(6.5cm.x 3.5cm x 0.15cm) Al. Plate, Heatslnk.

UPDATE : APRIL 23, 1998
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A Comparative Study of Flyback Converters Operating in
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Abstract

This paper presents a comparative study of flyback converters operating in Continuous
Conduction Mode (CCM) and Discontinuous Conduction Mode (DCM). Comparisen between the 1wo
modes of operation is made through the experiment on the prototype CCM and DCM flyback converters.
Aspects to be compared are component stress, output voltage regulation and transient response due to a

step load change, and efficiency. It is hoped that the results from this study provide a power supply

designer the basis in deciding the mode of operation that is best suited to his/her applications.
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nmsunannniwnz s mmnitiunndgonn:s
a1 (@ seuling time MNNFY) ongFdueuilA
M3 hF IMITTIATIYN (©,,,) Fusingaghu
#s%ugwTeuvenassiaonunansuefiaedlu
Trtum COM (uermadtatninisf 3 [61)

s A 3)
Iy B 1
a QD) N .\ W
Qw\ l"
Tng
-0 | (1-D)'R, (1-0)'R,
w"-—‘_' wl-—'a)llll. ’o.
e R,C oL oL

«

sxvaful¥misesnuuulseTsatvoRs i i syull
wuudn (bandwidih) Aurenmiileosnm auh

sruviinuuinifesi anrsunusifivazdn

(n}

(v}

R 6 womoumuBvmzYBIUS B IYAIlE
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waminarsubistininmysilevivan
uunnouesinedluTnun CCM uaz DCM Ainssue
Trandnggouansdalumsni 2 wuinlssdnd
amvariesuTrua coM Sdaganitluluun pom
Fnnasneanszuninon mumgidusuiiines
nszur i uns i Alvaluees DM AliAwned
Tuaess com ldiRansgefle (conduction loss)
Tugunseiuerinz tnlomnnnh vensnilude
udasimouuavesneslulnun boM fivunges
e wluunumin (airgap) nindmifomineinie
uunluTun coM (itoasing L, vearsestuTnue
DCM fifmisundinii L, Tulnus coM fafu e
voo s lunnumiinusaniemlos DCM 9zdes
nnniwewdeulng ccM Tavindemlnsamosdi
Snmusoushiy Mlddmoumieniduiienn
vinWEnalnn (leakage inductance) WBandiBuIlaaw
monualulvnus DCM fsannninlunue coM At
Aot lnadl Srafialdnasquidely
$EUINIAINY (switching loss) ¥942993 DCM A1
winfudan

d - - -
MIINA 2 wanirindszanlamnessneinssuy

Tnaasng

Efficiency (%)
Mode 1A 2A 3A 4A SA
CCM | 7130 | 80.70 | 80.30 | 80.08 | 79.28
DCM | 52.00 | 65.45 | 67.70 | 68.52 | 69.50
5. unagl

unaawil IR umiensdny S owivy
ausTouzyevInILunnBuBiingd luTnua
vinssuruuuseies (cocM) wazuuyludeiies
(pcM) rantmateuvuRounaanssafifindy
qunsellunsvanuh Adideniyariuanueion

vesgunsniluases DoM azganiiluaees com

.

xﬁmﬁwnﬁuum'si’nm::ﬁuuuﬁ’wmﬁummﬁ N
ysvanosfimurrouzIndifiosfy usaaes e lnue
DCM  seiinnmoumuswssiuewiyadvazdand
anilonffouifoudseAninm 2005 uTnun com
elifmlszinEnmganiies luluua DCM wooin
nsfnunFoufourmnsoi St
deenuuulfRvisaufenssnuvyInuanini
nIzutveINsIHAILLARDUIBTIneT 1Rdegn
founuzeuds 1y

6,180T1701389
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Performance Comparison of Flyback Converters Operating in Continuous Conduction Mode (CCM) and

Discontinuous Conduction Mode (DCM)

g MeTuuws uaz wiund yydnynyarsel

mAdrimniszuunugy susdmnssumaad sonhuneTuladwszesundudinunmisaanizds

nuunnamu wnmnm:ﬂ'q NPNKA 10520
Tn3 (02) 326-4221 Tn3m13 (02) 3264225 E-mail: kbchanin@kmitl.ac.th
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uuaneunedined uImamahnszumuwudeides (coM) uaz
Tnuamsinszuruuuhidedfes (Dem) lumsdnyivstinas
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DCM ﬁﬂ‘mquuuuuﬂiu (voltage mode control) 11az 14 Inua ccM
unE DCM FiRIUANUULNTENA (current mode control) T 1RBBALYY
unzadradu ’[nouuﬁuuwvfaﬂ'nm':ﬁqmﬁuﬁima'lﬂﬁ1swﬁou
fugnlszms AsihmsnSowdieuiie amanioaiiafuqunsel
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Abstract
This paper presents performance comparison of flyback
Mode (CCM) and

in C d

&

converters Ci

Discontinuous Conduction Mode (DCM). Comparison between the two
modes of operation is conducted by the experiment on the prototype
CCM and DCM flyback converters with both voltage mode control and
current mode control. Aspects to be compared are component stress,
output voltage regulation and transient response due to a step load
change, and efficiency. The results from this study provide the basis in

selecting the mode of operation, when gning a flyback converter.

Keywords: Flyback converters, Voltage mode and current mode control

1. unmiy
o o - - LR -
Nesasnuaneunedimestonldiunnluumanioids

oo o ‘.

Ithuuadadiiimdus winmiosnds 100 Jad Pegiiuunaaiie

ide I uuunarsungn1flugunsaididnnseiinddninam

oy infoaning indoaUszquunnidvuinidn (wall adaptor) 9
nouaned hudu mumgisimsuunneunedined18uni
fowdssnindaidude 2eesidgunsalinntesuuas hifida
mitonineniymmdoulunsunedinesiuudu (1) Mldaouned
woiBvwaidn dminnmesnmgn Wsounmedisun
aauuunneuneiines 18T umsAnmesnievne Tihesdy
Timasenuuy 1] msnduge wazmsineuuy [2,3] WesHalw
uvanouesinesmuisagnesnuun i luTnuanisis
nazumusentes €oM) ndvde nszualudamisniweantde
wasmsuundfimnnnhiguiluudazauvesmsaind uazuuy
Tideites (DeM) ndnfe nszunludaniioniwesmdoutas
AmouunamBuguénoufivssuunnzmuvesmaning nodnsau
uasmIIINusveNsHaUAnouesines luudas Inuams
aniiszunnsirein ynawiiuruensafoudoumissous
V93NN WIUARBLNETIne T lulnua cCM unz DCM Taoey
fwnsuunfSoudou (1) rmmn?unﬁtﬁnﬁuqﬂnm"lmm (2)
aussouzlunsmunuussdueiwaienszus Tnaaiinsndou
wns uaz (3) Use@NBnmMMenIuuedns
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Error Amplifier
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plﬂ 1 -msvlmmmnnauna{mo'fdufm (n) Voltage mode control

() Current mode control

R 1 uransssdalouuaneues N T Aug M 2003
Uszneudanlalon (D) Aufuilszqionin () wemda (v) fih
wihiidunded uazmlouasowuundaddnsidiuimousey
NN, mbidudafundsouunzuennsimiszuindunady
wniya Tas L, Aemamumilsniwomdemdasaoun e
wemdminszun (ON) wxdinyzuaivaluvanislgugiivesnie
wlasiaowa Mdlnsgzmmasoulundfoudasdaiounn ua
ilesninmiantaminrsuungadmusiyamadyugiiuazvanin
nAvnnueg luanyusnduiiaiu anfuluva e mimbnszun
TaTenvzeg ludnuuzqnluneanduias hilinssud Inanwles
w0 nine wissuszgnazoy iiwdeunsmimouun deuemrangs
hnszud (OFF) cumusimBnluunumdnqui iliimsndvda
voaussduivaniond lalontsogludnuaizqnlunemnss nasey
fignmrzauazdiomlugsTnan (R ) uazdufivyszqenina

I v
3. 1amvlmrmuﬂnaunmmosﬁulmuﬁ‘lﬂummnmu
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FinImuguunsduening (v,) MlkuesIide

(1) msmunuluTnumusId (voltage mode control) Aanitraalugy
(m v, gomugulasmseunduludiesvnennuianain
(error amplifier) dyguAanma (v,) wgnuSouifiouiudygu
fuidos (v, Werhadyapauffuudady (Pwm) Susemmn
weFnusadueninaling

@) namunuluTnuAnszu (current mode control) Aauraalugyd
1) uudezmuveamsainddyiu Clock Anudinefiszien RS
flip flop Mlkuemrminszun v, gnasugulasmstlounduluds
NesvnenwAamma dyaaAanma (V) szgnifToudoudy
ussdunnnsoy R, (FeiRedanunsunvewnma) woussdunn
Aiou R, DAMNNNTI V, RS flip flop 92gn3iam (reser) Mahiunmmwn
nymhnseun Imﬁim:i’ma'111‘fmmn’fnﬁmfumﬂomm PWM
wldoun/ouoyaisy v, fnffoumingly

nsvmonuaneuneinefovszgnesnuuuliiinmly
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e

(-D)'R N,
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M | ﬂ'lQl]DSBI\IIN‘NQSWﬂHU

Mode / Control R(Q)| R(Q)| R(Q)| C(F) | C,(F

CCM /voltage mode | 3.9k | 120k | 3M 120p | 15n

DCM / voltage mode | 10k 0

CCM / current mode | 8.2k 0 22k 0 0.1p

DCM / current mode | 8.2k 0 470k 0 22n

Tuaniivil Ieonuuuiazadineessnouuaneunedined
Funuuau 4 220388 (1) 209110 Tnun oM voltage mode control (2)
2995 1luTnum DCM voltage mode control (3) Me3TuTnua ccM
current mode control 1AZ (4) 2993 14 T¥NA DCM current mode control
WelflumsnameunIouioumussouz TavasssHamuadii e
afradrasluglit 2 anslquoudaniaifa (electricat
specification) iloufiufie Vv, = 220V £ 10%, V, = 5V, 1= 1-5A,
switching frequency = SOkHz §1Miu2993 1uInun CCM voliage mode
control 112z TuTHYA CCM current mode control MiiBuUAIgNBENLLIY
TiM L, whal 30mH f9u7995 T TMuA DCM voltage mode control
uazluTnun DCM current mode control wifeuUasgnoenuuy1viin
L, A 22mA 2esmunlieunduld 1¢ ucas2s (5] Famelu
VYrzneud1071993v010ANUAANAIA (error amplifier) uAZWTNToY
1Aty (comparator) 424 IC mus’t‘fmmsﬂ#muqu'l‘ﬁmw voltage
mode control % current mode control 2993 Tugul# 2 uoAsmssenay
AUUVY current mode control §1UMITMUANIVY voltage mode
control finz hifimins e dadynnunszuamadilyug i (R =0) unz
w17t 7 v097 IC sxgndafuwil 6

2095920TloUNAY (feedback compensation circuit) AROBY
T0U9MT 1, 2 D2 3 VesRa IC muguiimdaaaslumynd 1 e
nnflafFudinlon (ransfer function) ¥81IHAUUARDULIBT
13 luTnun CCM voltage mode control Tarealna $138uilessin
audmulugaudulseyuemina (ESR zero) uazdlimaszu
#71 (right half plane zero) 33 19993¥AvouLUABI IMNA (18355
ﬁauﬂaﬁéuthulownnqunlmmmnnau;1as'1uoﬂu’[nun3uq M
HnaRe) AU ESR zero 3919 vamouny Inadermwazdonines
fumsidenuaznisesniuunesyasamnsaduai ldnnunanm
81983 (6]
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4. NaMINAadY

Nosvlmmmnnnumi'ma:'d’uuuu?irffnifuqnﬂmmanau
WeFsuifieumussoursznininum com fu pem Teedisie
avidvadade il

4.1 mnn3oaiipafugnseihnaes

ulﬂ 3 uumm‘u‘uﬂmqmmaﬁ’unnniouuumﬂn (V) NI
Fulgugil ) nssduanasonlalen (v) naznszundmdont )
vosuImouuAnBunefine I MuUIE9e3 vazswhdueniy
f 25W (SV, SA) Mnszua (Aigege) uazTavine (Aigage) #in14
ummalumniedt 2 sxtuh AITUAGAA i unz i, veaNvIdaw
uunneuneinefluluua DCM voltage mode control UAY DCM
current mode control IA11NNI11uTMuA CCM voltage mode control
uaE CCM current mode control uarsiituiuilonsessromaaliih
wniyaiiy aundualudagunssiuemaunzlaleafiian
nszutluluun peM Dawnnailulmue com Tuvmsiigunsel
vemvinunzlaloavsaiadreesdoamuusad i (vgs HAZ v) A1
IndiAvaiu iTufun'nmﬁ?unTuqﬂmm’uamﬂmm:‘lnlanfhﬁnnn
ussduihvosneeslulnua ccM ez peM Salidnlszinuiiu
Funadimusadu v, gagaluTye DOM szqnadiiinnlszuna s40
TondTasessifausady (volage clamp) Hsznoudrodiuesla
TonunzlnTonsiopyniniuniouvanimlguniveaniomlas (3l
2) fhithseshranssdum vy, qagaluTnus DeM Aezfiaminnd
TuTnua CCM uonwINTTBIRIZNOY AC YoINTZUT i, #lwadhg
Fufuszyeninaesinbiussdueniyanszaion (AV,) ulnua
peM TAnnnndrlulnua com Anfununioafidafuduiy

Uszyie1iyavedrseslulvua DCM seildunnniiluTnua com

P 3 y
M3 2 KaNTTART vy, i), v, WA iy

Mode / Control VoV | (A | vV | i,(A)
CCM / voltage mode 620V 430mA 17.1V 12.1A
DCM / voltage mode 630V 630mA 16.8V 21.6A
CCM / current mode 625V 426mA 17.5V 12.9A
DCM / current mode 640V | 632mA 16.8V 22.0A

- - [. 2.4 a
msyszguinmameinanssu'livh afaR 26 (EECON-26) 6-7 ngaSnivu 2546 maw.
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TRK Run: 10.0M1378 M) Rey
sk

T I3 Y

N i r L
JETT T

0.0 10.0A

(n) CCM voltage mode control

o Run: 10.008/8 M) Brs

(v) DCM voltage mode control

e sy A o IR

TR ey
(A) CCM current mode control

MM”.’W; Hi Res

i

m Rt Cha 18.0A R

(3) DCM current mode control

o : 4
3 nﬁumyq;m: Vps (CH1), i, (CH2), v, (CH3) unz i, (CH4) "

nszuaInaa 5 uowd

msYszguinmimninnsalivh a

4.2 wussouslumsmuNURTIe NIYA

namsiaussduieninaverssnasuunnouediney
Faaes finszunIvoamianquraclummed 3 szdfudusedy
ninnilAnlszna sv aneadmvesnszunIvaa (1-5A) nniivw
Anumuse lumsFnszAuus v ue My

Vy, -V,
% Output Voltage Regulation =  —=—FL x| 00% @
vFL

v
wuiw‘s’aﬁnnﬁthmmmmm'lumxi'nms:n‘uuuﬁ'umvfm‘lnﬁ
Woatufe 2.2% dmiuesluTnua CCM voltage mode control 2.4%
dmiu2993luTnun DCM voltage mode control uaz2193 TuTnua
CCM current mode control Uz 2.6% admsiveslulmua DCM
current mode control

Qi 4 HHAIWDADYTUBIF IV YDINTIAUOINNAYDIN
’ s d 4 - )
INDWUUARBUNDIINBINITINT Wionszua Tvaan/Avuudaodn

NUNAY (step load change) 910 4A T SA wudwseRueninavo

- 97luTnuA CCM voltage mode control 9EMIsLNIaINNI MBS

nanunihlumadigananenada @ seling time w31 1o
WiswisufuBamuaess maidusuifinizhd iy
Funidringeghiftsddutaolauvessesimeuunnounesines
TuTHun CCM voltage mode control 913U I mIBBnUUVIIVTYR
wodenhWazuufuuudng (bandwidth) Auennufiadosnim ms
rsvulundagifesiimnnouduosdavazd

< ~ - & .
AIHN 3 unm:muﬂammﬁvgnnmzuulnaamm-:q

UFINUBNINA (V)

Mode / Control 1A 2A 3A 4A 5A

CCM / voltage mode 505 | 502 | 500 | 497 | 494

DCM / voltage mode 5.05 502 | 499 | 496 | 493

CCM / current mode 5.05 5.02 498 | 495 | 493

DCM / current mode 505 | 5.01 499 | 495 | 492

§a¥i 26 (BECON-26) 67 Worinaou 2546 aom.
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(v) DCM voltage mode control

(f) CCM current mode control
EN
L

7|
Gl )

vareas ias s sre e

(9) DCM current mode control

- o - ’ 4 -
iﬂ'ﬂ 4 uaaauﬂuowwm:'umtmnumm'qnmonszuﬂﬂnmﬂnuu
ptMTuNaUIN 4A T SA

4.3 JszanEnnve13es

- 4
waniInaneulszAninimuelsssiarsuunneuies

2

i i [ - - ’
weaiies Anszua Tvaamidnggauaasdilumsni 4 wuh
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UszAninmueadseslulnua cem SfrgandrluTnun pem fiyne
fvesnszuaTuon mmafidhusuiifine iz sz i, unz i #
TraluzaesluTnun pem drnnnnilureesTuTnun com (gun
myialumnedt 2) midmsgydevazinszun conduction loss)
Tugunsafuomvanazlaleaveaneslulnua DCM 1nninaes
Tulmun ccM usneniindounaimouunvesiess lulnum Do
Hvwwgosomaluunumdn (air-gap) n¥andmleuasaionun
Tulnun ccM (ileasingin L, veaaesstulnua pem dswieont
M L, Winua com dnfuvinasesommluunuminvesmdo
wasdmeuunaluTnua deM szlandwomdaiamiaonunly
Tnua com Taeiwlemlaaiiénausevniiu) ilinanamile
hduidenniniinaina (leakage inductance) ¥0anounanany
wualuTrua DeM TAnnnniluTwua com mmmumilonihis
Tunil Swamifngdoluszniemsnied (switching loss)
4992303 I Tnua DM Amnnnineeslulnua com nsiteesly
1A DCM i cond

loss 112 switching loss wnnhifiosdi i
fiuszAniamdinineeslulnue com
snramInareudanuhdmiuInuamnhnszusuy
RuIfu9IAR ALY voltage mode control Tsziininmgant
2995AIUAUUNY current mode control TRV INATIAIMIMT
1 lumsnsTadggnanssurmednlgugihnssiinuquuun

AT
current mode control 3 IiRAN s ey uriuAY

ﬁ - - - o
A5 4 HMTIAYITINENMYDINTINInTzUd TnanfA1eg

Efficiency (%)

Mode / Control 1A 2A 3A 4A SA

CCM / voltage mode 713 | 80.7 | 803 | 80.1 | 79.3

DCM / voltage mode 520 | 655 | 67.7 | 68.5 | 69.5

CCM / current mode 60.0 | 67.2 | 73.7 | 73.0 | 726

DCM / current mode 51.1 540 | 544 53.3 533

5. umagy

umanil IR ns T sufoumissouzveanees
Nawnuaneuneiined luTnuminszumivudeiiles (CcMm) une
uvy'bisetdes (DeM) HansMaToUNSsuRsuATIATATRRRY
qunseihinssawud Adidaeniyaniiunainioavesgunsaly
2993 DCM 9xganlu2ees cecM v'l"mmuuumm‘mqu donFoy
Wouawmso lumafnnszAuusadueine (output voltage
regulation) WuinseaHamuadussousIndifiefu udnaneuming
Frvazveasifue AR LIUARBUD I Iu THun COM
voltage mode control xFhfigaiitosnInTzUgNeERULY I TIILY
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Performance Comparison of Continuous Conduction Mode (CCM) and
Discontinuous Conduction Mode (DCM) Flyback Converters

S. Howimanpom, C. Bunlaksananusorn
Department of Control Engineering, Faculty of Engineering,
King Mongkut's Institute of Technology Ladkrabang (KMITL), Bangkok 10520, Thailand

Abstrac +—This paper presents performance comparison of
Continuous Conduction Mode (CCM) and Discontinuous
Conduction Mode (DCM) flyback converters. The
comparison is conducted through experiment on the
5V/25W, 50xHz prototype CCM and DCM flyback
converters, which have been designed and built with similar
circuit layouts, components, and power ratings. Aspects to
be compared are component stress, output voltage
regulation and transient respouse due to a step-load, and
efficiency. The pros and cons for each mode of operation are
discussed based on the experimental results.

Keywords—Flyback converters

1. INTRODUCTION

A flyback converter is a switching power supply
topology widely used in applications that require power
below 100W. Due to its low part count and electrical
isolation between input and output, the flyback converter
is compact and suitable for off-the-line operation. Flyback
power supplies are ubiquitous in modem low-power
office equipment, such as computer monitors, printers,
AC/DC adapters, etc.

Various aspects of the flyback converter have already
been studied, whether they be the design issues [1),
contro! techniques (2], or simulation and modeling [3]. It
can be said that existing knowledge of a flyback converter
is well established with current research tending to apply
this knowledge to cater for some particular nceds.
Adoption of a quasi-resonant flyback converter [4] in
efficiency-sensitive applications and a self-oscillating
flyback converter in cost-sensitive applications [5] attest
to this development trend. One of the very first
challenges, when designing a flyback converter, is
decision on the circuit’s mode of operation. It is known
that performance of the CCM and DCM flyback
converters differ significantly in terms of component
stress, output voltage regulation and transient response,
and efficiency. However, there has not been a
comprehensive performance comparison between the two
modes of operation.

This paper presents performance comparison of the
CCM and DCM flyback converters. The comparison is
carried out experimentally on the 5V/25W, S50kHz
prototype CCM and DCM flyback converters, which have
been designed and built with similar circuit layouts,
components, and power ratings. Aspects to be compared

0-7803-7885-7/03/$17.00©2003 IEEE

are component stress, output voltage regulation and
transient response due to a step-load, and efficiency.

II. BASIC OPERATION OF FLYBACK CONVERTERS

A basic flyback converter, comprising of a power
MOSFET, diode, capacitor, and transformer, is shown in
Fip. 1. A gapped transformer, with a tum ratio of N; to
N;, provides electrical isolation between input and output
as well as store energy (in the air-gap). When the
MOSFET is turned on, the primary current, i, flows,
while the diode is reverse biased preventing a flow of
secondary current, i;. During this MOSFET’s tum on
period, energy is stored in the transformer with a load
current being supplied by the output capacitor. When the
MOSFET is turned off, the primary current ceases to
conduct. The collapsing magnetic field in the transformer
causes a polarity of the secondary voltage to reverse. The
diode is now forward biased enabling a flow of secondary
current. During this turn off period, energy stored in the
transformer is released to the output capacitor and load.

An output voltage, V,, is controlled by modulating a
pulse width of the MOSFET"s gate drive signal. The two
standard PWM control techniques are voltage mode
control and current mode control. In voltage mode control
(Fig. 1(a)), an error amplifier amplifies the difference
between a reference voltage, V.o, and output voltage, V..
The resulting error voltage, V., is then compared with a
sawtooth voltage, Vauwon, generating a PWM signal to
drive the MOSFET to maintain the constant output
voltage. A different mechanism is used to regulate the
output voltage in current mode control (Fig. 1(b)). At the
beginning of the switching cycle, a clock signal sets a
flip-flop and the MOSFET is turned on. An error signal,
V., is compared with a voltage representing the MOSFET
current, Vps. As soon as Vg reaches V., the flip-flop is
reset and the MOSFET turned off. The whole process is
repeated for the next clock signal. This control
mechanism allows a pulse width of the gate drive signal
to be adjusted to maintain the constant output voltage.

A flyback converter can be designed to operate in
CCM or DCM. The value of magnetizing inductance at
the boundary between CCM and DCM is given as [6)

_(-DyR,(N,Y
L“'“—_—z—f—L(N:) 10))
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Fig. i. Basic flyback converters with (a) voltage mode control (b)
current mode control.

where, D is a duty cycle of the MOSFET, fis a switching
frequency, and R, is a load resistance. In (1), once the
switching frequency, circuit operating range (i.e. D and
Ry), and transformer turn ratio have been specified, the
converter’s mode of operation (CCM or DCM) is decided
solely by the value of L,,. The circuit will operate in CCM
if L., is designed to be larger than L,, ., and in DCM if
L., is designed to be smaller than Ly, gy.

I1I. DESCRIPTION OF PROTOTYPE FLYBACK CONVERTERS

This section describes a prototype CCM and DCM
flyback converters used in experimental studies. Circuit
schematics of the prototype converters are shown in Fig.
2. Both circnits have the following electrical
specifications: Vi, = 220Vx10%, V, = 5V, L, = 1-5A,
switching frequency = 50kHz. For comparison sake, care
has been taken to ensure the two converters have similar
circuit layouts and use the same component values where
possible. The CCM and DCM flyback transformers are
designed to have a magnetizing inductance, L, of 30mH
and 2.2mH respectively. Both transformers are assembled
on the same core type and size and have the same number
of primary and secondary tums. Due to the smaller Ly,
the DCM transformer thus possesses the larger air gap. A

101

LTIV = Yol WBRIGAS v.
AL
v, SR AN
1993007 v T 0K reraa 3860 wems T ™
By3®s
w -
IRFPEAD
2247 2,r R,
i
t—: i+
oJfi€e wa R, “F
[l{: Nsae E | Jasdd
Puloe <+

(a)

v.

1

! 2Tl SOV Lim~ 22ty MBRIGAS
* T e
v, —— 148 ® & &
19e340v e LT 100§ o Slonms TR ¥R,
-4

Lo
- Mg . RFPER ) wi [UoeE o] -
I ] L
i + |
i
i "3 "
®

Fig. 2. Prototype flyback converters: (a) CCM (b) DCM.

Zener diode and fast recovery diode connected back-to-
back across the transformer’s primary work as a clamp
circuit to prevent the MOSFET from excessive voltage
when switched off. The output voltage is regulated by
UC3825 [7] control IC, operating in voltage mode
control. This IC could function in both voltage mode
control and current mode control. To use it in voltage
mode control, pins 6 and 7 of the I1C are tied together, The
switching frequency is programmed by an extemnal
resistor and capacitor connected at pins 5 and 6
respectively. The MOSFET is driven by a standard drive
circuitry made up of Rg, Rgs, and the back-to-back
connected 12V Zener diodes. A pulse transformer with a
1:1 tum ratio is incorporated into the drive circuitry to
provide a complete electrical isolation between input and
output.

Both prototype circuits employ a single pole network,
consisting of R;, Ry, and C,, for feedback compensation.
The compensation network is designed to give the system
in Fig. 2(a) 2 DC gain of 50dB and crossover frequency of
100 rad/s, and the system in Fig. 2(b) a DC gain of 70dB
and crossover frequency of 5000 rad/s. The crossover
frequency (i.e. system bandwidth) of the CCM flyback
converter is much lower than that of the DCM flyback
converter because the presence of a RHP zero in the
former’s power circuit transfer function dictates feedback
compensation be designed to be responsive at low
frequencies to avoid instability.
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IV. PERFORMANCE COMPARISON RESULTS

The prototype CCM and DCM flyback converters are
tested to compare their component stress, output voltage
regulation and response, and efficiency. Details are as
follows.

A. Component Stress

A peak voltage and cumrent that a device has to
sustain is used as a means to indicate the device stress.
Fig. 3(a) and Fig. 3(b) show a voltage across the power
MOSFET (Vps), primary current (i), voltage across the
diode (Vp), and secondary current (iz), of the prototype
CCM and DCM flyback converters respectively. The
measurement is made under the nominal AC input voltage
condition, ie. Vi, = 220V, and the converters are
delivering an output current of 5A.

Each time the MOSFET is tumed off, overshoot and
subsequent ringing caused by parasitic resonance between
the transformer’s leakage inductance and the MOSFET's
output capacitance can be observed in the waveform Vpg
of both circuits. The ringing of Vpg in the DCM circuit
(Fig. 3(b)) is more remarkable because its transformer has
the larger leakage inductance (the reason is discussed in
Section IVC). After the ringing had died out, the
MOSFET: in both circuits sustain the voltage: Vps = V.
+ NNV, & 427V, where Vg is a rectified input
voltage. While.the MOSFET in the CCM circuit has to
sustain this voltage for the remaining of the tum-off
period, the MOSFET in the DCM circuit bears it only
until the stored energy in the transformeris depleted, after
which Vg reduces toward V.. Each time the MOSFET is
turned on (i.e. the diode is turned off), overshoot and
subsequent ringing caused by parasitic resonance between
the transformer’s leakage inductance and the diode’s
output capacitance can be observed in- the waveforms Vp
of both circuits. After the ringing had died out, the diodes
in both circuits sustain the voltage of about V, + (N5/N;)
Va = 18.3V. If one ignores the initial overshoot and
ringing of Vps and Vp, the MOSFETs and diodes in both
circuits would be subjected to the same maximum
voltage, i.e. Vpg = 427V and Vp = 18.3V. Consequently,
the voltage stress on the MOSFETs and diodes in the
CCM and DCM circuits is about the same.

The peak primary and secondary currents of the CCM
flyback converter (Fig. 3(a)) are measured to be 430mA
and 12.1A respectively, and the DCM flyback converter
(Fig. 3(b)) to be 630mA and 21.6A respectively. The peak
currents in the DCM circuit are considerably greater than
those in the CCM circuit. Therefore, the MOSFET and
diode in the DCM circuit are subjected to the higher
current stress. Moreover, a large AC component of i; in
the DCM circuit that flows into the output capacitor
creates a large output ripple voltage as shown in Fig. 4,
where the output ripple voltage is about 200mV for the
CCM circuit and about 400mV for the CCM. This large
AC current component subjects the output capacitor in the
DCM circuit to the higher current stress.
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Fig..3. Voltage across MOSFET, Vps, (CH1), primary current, iy,
(CH2), voltage across diode, Vo, (CH3), end secondary current, iy,
(CH4) at a 5A load current: (a) CCM (b) DCM.
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Fig. 4. Output ripple voltage: (a) CCM (b) DCM.



B. Output Voltage Regulation and Response

A measured output voltage of the prototype CCM and
DCM flyback converters at various load currents is given
in Table I. The measurement is made under the nominal
AC input voltage condition, i.c. Vi, = 220V. It can be seen
that the output voltage in both circuits drops only slightly
when the load current is increased from minimum to
maximum values. The output voltage regulation, defined
as the difference between a voltage at minimum load
current and a voltage at maximum load current divided by
a voltage at maximum load current, is found to be 0.4%
for both circuits. The good voltage regulation is attributed
to that the feedback compensation network has been
designed to give the systems a high gain at low
frequencies, which has an effect on reducing an output
voltage error.

Fig. 5 shows the output voltage transient response of
the prototype CCM and DCM flyback converters, when
the load current is stepped from 1A to 3A. It can be seen
that the output voltage response of the CCM circuit is
very sluggish compared to that of the DCM circuit. A
settling time of 14ms has been recorded for the former
(Fig. 5(a)) and of 3ms for the latter (Fig. 5(b)).
Sluggishness in the output voltage response of the CCM
flyback converter is due to the limited system bandwidth
caused by the RHP zero.

It is commonly known that a converier’s transient
performance can be improved with current mode control.
To confirm this statement, the circuit in Fig. 2(a) is
modified to operate in current mode control by inserting a
1Q) sensing resistor (Rs) between the source terminal of
the MOSFET and primary ground, and feeding the
voltage across Rg, which represents the MOSFET current,
to pin 7 of UC3825. In addition, feedback compensation
circuit has been re-designed to ensure the stable operation,
resulting in R, = 8.2kQ}, R, =22kQ, and C, = 0.1pF. Fig.
5(c) shows the output voltage transient response of the
CCM flyback converter with cumrent mode control,
subjected to the same loading condition as in Fig. 5(a). It
can be seen that the improvement in the settling time has
been significant.

C. Efficiency

A measured efficiency of the prototype CCM and
DCM flyback converters at various load currents is given
in Table II. The measurement is made under the nominal
AC input voltage condition, i.e. Vi, = 220V. As shown in
the table, the efficiency of the DCM circuit is
considerably lower than that of the CCM circuit
throughout the load current range. The higher peak
primary and secondary currents in the DCM circuit
(figure 3(b)) result in a larger conduction loss in the
MOSFET, diode, and other circuit components than in the
CCM circuit. Moreover, because the transformers in both
circuits have the same number of turns and use the same
core size, the transformer in the DCM circuit therefore
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OUTPUT YOLTAGE MEASUREMENT
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Operation mode 1A 2A 3A 4A SA
CCM 498 1497 |497 |497 [4.96
DCM 498 | 498 497 497 4.96

TABLE I
EFFICIENCY MEASUREMENT
Operation mode 1A 2A 3A 4A SA
CCM 71.3% | 80.7% | 80.3% | 80.1% | 79.3%
DCM 52% ] 65.5% | 67.7% | 68.5% | 69.5%
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Fig. 5. Outpul voltage transient response when load current is stepped
from 1A to 3A: (8) CCM (b) DCM (¢) CCM with current mode control.



includes a bigger air gap in the magnetic core, in order to
obtain the Jower magnetizing inductance, Ly, (i.e. 2.2mH).
The wide air gap increases the transformer’s leakage
inductance, which is accountable for the increase in
switching time, resonant ringing, and switching loss. It is
the large conduction and switching losses that make the
efficiency of the DCM circuit lower than the CCM circuit.

V. CONCLUSIONS

Performance comparison of a CCM and DCM
flyback converters has been presented in this paper. Tests
performed on the prototype converters show that devices
in the CCM flyback converter sustains the same voltage
stress as, but less current stress than its DCM counterpart,
when delivering the same output power. As for output
voltage performance, both CCM and DCM flyback
converters perform equally well in terms of output voltage
regulation, but the former exhibits the slower output
voltage response due to the limited system bandwidth
imposed by RHP zero. However, its output voliage
response time can be improved by use of current mode
control. In the light of efficiency, the CCM flyback
converter is superior to its DCM counterpart, which
suffers from the larger conduction and switching losses. It
is expected that the findings from this study provide a
basis for selecting mode - of operation of a flyback
converter, the decision of which a power designer has to
make early in the design process.
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