The Flyback Converter
Lecture notes
ECEN4517

= Derivation of the flyback converter: a transformer-isolated version of the buck-boost
converter

= Typica waveforms, and derivation of M(D) = V/V,

= Fyback transformer design considerations

= Voltage clamp snubber

Derivation of the flyback converter

The flyback converter is based on the buck-boost converter. Its derivation is illustrated in
Fig. 1. Figure 1(a) depicts the basic buck-boost converter, with the switch redized using a
MOSFET and diode. In Fig. 1(b), the inductor winding is constructed using two wires,
with a 1:1 turns ratio. The basic function of the inductor is unchanged, and the paralle
windings are equivalent to a single winding constructed of larger wire. In Fig. 1(c), the
connections between the two windings are broken. One winding is used while the
transistor Q, conducts, while the other winding is used when diode D, conducts. The total
current in the two windings is unchanged from the circuit of Fig. 1(b); however, the
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Fig. 1.  Derivation of the flyback converter: (a) buck-boost converter, (b) inductor L iswound with
two parallel wires, (c) inductor windings are isolated, leading to the flyback converter, (d) with a
1:nturns ratio and positive output.



current is now distributed between the windings differently. The magnetic fields inside the
inductor in both cases are identical. Although the two-winding magnetic device is
represented using the same symbol as the transformer, a more descriptive name is “two-
winding inductor”. This device is sometimes also caled a “flyback transformer”. Unlike
theideal transformer, current does not flow simultaneously in both windings of the flyback
transformer. Figure 1(d) illustrates the usua configuration of the flyback converter. The
MOSFET source is connected to the primary-side ground, simplifying the gate drive
circuit. The transformer polarity marks are reversed, to obtain a positive output voltage. A
Linturnsratio isintroduced; this alows better converter optimization.

Analysis of the flyback converter

The behavior of most transformer-isolated converters can be adequately understood
by modeling the physical transformer with asimple equivalent circuit consisting of an ided
transformer in  padld with the
magnetizing inductance. The magnetizing
inductance must then follow al of the
usual rules for inductors, in particular,
volt-second balance must hold when the
circuit operates in steady-state. This
implies that the average voltage applied
across every winding of the transformer
must be zero.

Let us replace the transformer of
Fig. 1(d) with the equivaent Ccircuit
described above. The circuit of Fig. 2(a)
is then obtaned. The magnetizing
inductance L,, functions in the same
manner as inductor L of the origind
buck-boost converter of Fig. 1(a). When
transistor Q, conducts, energy from the
dc source V, isstored in L. When diode
D, conducts, this stored energy is
transferred to the load, with the inductor
voltage and current scaled according to
the 1:n turnsratio.
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Fig. 2.  Flyback converter circuit, (a) with
transformer equivaent circuit model, (b)
during subinterval 1, (c) during subinterval 2.



During subinterval 1, while transistor Q; conducts, the converter circuit model
reducesto Fig. 2(b). The inductor voltage v;, capacitor current ic, and dc source current i,
are given by

o= ()
With the assumption that the converter operates with small inductor current ripple and small
capacitor voltage ripple, the magnetizing current i and output capacitor voltage v can be
approximated by their dc components, | and V, respectively. Equation (1) then becomes

ig=1 )
During the second subinterval, the transistor isin the off-state, and the diode conducts. The
equivalent circuit of Fig. 2(c) is obtained. The primary-side magnetizing inductance voltage
v, the capacitor current i, and the dc source current i, for this subinterval are:
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the same side of the transformer for dl
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The v (1), ic(t), and i (t) waveforms are i
sketched in Fig. 3. [
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Fig. 3.  Flyback converter waveforms,
continuous conduction mode.



Solution for the conversion ratio then leads to
_VvV_.D
M(D) = =n=;
V, D ©6)
So the conversion ratio of the flyback converter is similar to that of the buck-boost
converter, but contains an added factor of n.
Application of the principle of charge balance to the output capacitor C leadsto

(i) =D (- R +D' (- Q=0

(7
Solution for | yields
| =V
D'R (8)

This is the dc component of the magnetizing current, referred to the primary. The dc
component of the source current i is

1;=(iy) =D (1) +D'(0) ©)
An equivaent circuit which models the dc components of the flyback converter
waveforms can be constructed. The resulting dc equivalent circuit of the flyback converter
isgivenin Fig. 4. It contains a 1:.D
buck-type  conversion ratio, @
followed by a (1 — D):1 boost-type
o
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conversion ratio, and an added
factor of 1.n, arising from the
flyback transformer turnsratio.

The flyback converter is P

_ 1:D _ D':n
commonly used a the 50-100W i | +
power range, as well as in high- v, C—) RS V

<)

voltage power supplies for

televisions and computer monitors.
It has the advantage of very low Fig. 4. Flyback converter equivalent circuit model: (a) circuits
corresponding to Egs. (5), (7), and (9); (b) equivaent circuit
containing ideal dc transformers.

parts count. Multiple outputs can
be obtained using a minimum
number of parts. each additional output requires only an additional winding, diode, and
capacitor. The peak trandistor voltage is equal to the dc input voltage V,, plus the reflected
load voltage V/n; in practice, additional voltage is observed due to ringing associated with
the transformer leakage inductance. A snubber circuit may be required to clamp the
magnitude of this ringing voltage to asafe level that is within the peak voltage rating of the
transistor.



¥ lyback Nraunsbormer G\Qs"\j"\

For Puis lab ,  You are 9 \;.r?—v\ The %“m“fj 'Y'b)oac\: '{'mns‘cnrur
olo_s;ju “lasl'_s , \
o seled L n Su r,\q 'H\o:\‘ at = 592 O'Q I

e use durus rmhe  w= _“v\_a. - L5
]

. use o PQ32h0 core DA,w, MT A ae geen
. S&\ec+ ‘l'u-ms wn Suc.lq ‘PN\+ 'ifl"ﬂ\ loss fs \N‘\\f\.\\MluA N

1
Miniw (2 Pda-\- = P-Fe + P
LW Nt

core less 1w 'es.;s{hms
loss of | primery and ““'M;‘"j
win \'-.\3}

. dderwwe  air 59 \uﬂ‘)’\'\ Qj
. AQJQQ!‘\MWQ_ f’ﬁi«mba Gth $ecou\olm~j wire ja.uje_'b
use -’Q“ 'cac'l'br Ku = o4

c\\e&/}um\ce Sure ‘L‘\' "Hm. pe*Bo\x:E&«j cauSe
Ha core. o Sd\um“{

L

C\"”Skﬁ n, ‘L \M'\v\'\u«;-z.e. P.{.ﬂ

We can relale Bae b n ad &l using Tt basic
Pemada A= Ly
A= n AR = |, A
o B, = b au
w, A

1 [

e we hae hed Hu cwerdy, drad b fid Ne deswed
Uo\u{S c'g LM «:\N} QL) B LM) Ai, auwd AA ave \(vuwv\.
Rewce s eama'h.om veldes 8. Ao Wy .

Iw_veasu'ﬁ N, decreases BM) Which  Jecreases e cove loss ?-Pe'



Compitng_core loss

Core loss 'P_;;t JO.P&AJ & ewn ‘H.o.q_ ,oeaL value ot ‘He ac Colnf-n..:l’
o'{ -c’lv\r- J.us.-lb Ba.-; . Mauu‘Cu,c "'\AVEY'S F—‘\b\ISLEA Au'}a M’ < COM‘)Q: “
P\o‘*", 04 P;c 5 ‘H.\d' &: un\*) 'F'ue"hms o‘(‘ ‘\“\'Q 'QDM

P.(:e = K-{fp_ Bi chm
See TDK H7IC1 -Fen-p]Q, ddfo, — Course we)os.lle \\\;\LS “b ola"u SLQ}S

K Lo 3 =N cmy'}-a‘,:!— a‘C pro for"}'t;w'lg "H..@J(" Jayemals
-3 Sw:{t\n'vﬁ vy and core M‘kﬂo.\

P |~5 AN E}tfone.u‘}' J'Lp.,‘}' JJ.PMJ& o Covrt ua‘le;-m, l
M B e v of Mo core

Br  Wlcl welral

B 2¢
K-Ce = e st Sokhe at  Go'c
o ot o kHZ

3

u;|4‘L Acﬁh e;LP'e_sseJ *:v. Cwm
B e;:fvesieJ ™ Tes\a

'P-Fe exp eosa) W Wt

i B-H bop cansed by
—t — - - s fuw-e.v?\' v:'fr\i‘ at

I waﬂnd"l 2unq curvedt ilH)

i
¢
{
- > Het /)




wl ? fe Se
ower R
Plcs& PH’

Problew | meveasiug M, ncreases resistaneas
% CQP?QY ‘Oss u\C"eQSeS

rReS;S"kHCL 0'('\ m:vcl\:\ﬁaé

window  avea Wy

B

r\)r;wa:rj h)’;\l-ﬂ. aven Al»\ = d‘ KL\\A)A

hl
Secordory Wvwe rea Auy = Hbuln
Wodua residhnces "
TPty g st R p m_g@
T P e

Aoz,

use \o-}E o'(: ’h\m&

b dperease  core loss

c.o;wl\;ﬁs

henﬁ AT "‘ums
ot

swalley . wire

for w\w:l\vﬁs

"(,4'0(1 =1

°(|:"[v\e:*1;v\ o'c (V7Y
allocled o

Prt vamy
0(}: 'C“e"l\.om c‘(' Wy

alloested

wie homs

Tn'kb w= W

5 ven



Cofﬁ\r \5‘ sS
. .y - F = I, > R Nd\& mvi(!"u"
Prumav ‘\j w \\«.A\uj Coppar l°55 wi s \ 5152+c\\ ‘“&D.

Cye - I * windipe, Currestt
seerdory ndig epper b Ra® Tare B s i
e e e e SR
KM \h\uas\

C-ﬂwr loss  wvs. hi:

T s
- PC“3+ PCUO. = Il,hm‘, R\ + ED,ms ?7_

k™ (8
:[j)ms F M G + Iaj;s r (h h,)zU’\ LT)
Kt ERaw

Kﬂwﬁ- (-Ut"aa d;,"-‘ "'D(

oy (M) <I. s . R T, m)

- luaw.\vsi ng moreases copper loss

¢ Hae s a sl A g Hat  wmimizas dital  loss

. M;m;\mwx chfev \oss occurs -oLevx u’m)mo area. {s a"oca‘\'Qc)
as “ouos'.

o, = V\Iz,ms
2

Tims + » Tajnns

spresdshest  Jusign opprack

*« ClUoose o( xud ,(

ab aLou-e

® F;v' a. ’h‘lm\ \’Q\M o‘r " Cow J,-{ P P
U~$\u3 Q\bve %T‘Mu‘\qu r 'F( 3 Chi) qu;_ B au) P‘l’b"’

* Tr3 o\\ﬁ:m"f \m\u&b o'? V\‘ u\vrkl P"‘B'} \’5 w'\l;s\\u\l.uj
¢ Thew Com?f){ wire sn;a.s) ¥ ‘9“5‘,“\«} €}‘c.

3



efpck f dransbrmer leakase wdustmuce
}Jo\-l-ase Q.\qur Sauu'lek

u -
C_:_m'k’\_e.uer_’ M—O—Jl_‘ _ _\j
o) Lookorg wduchuce Lp i chetiely

w series wilh MoSFET @,

« When MNOSFET sm&:\w_s C&F)'l'l‘ ;h‘lﬂ'\lfl'5
curreit  Llowsing Haowoh Lo

« Lo {u)u.et.s \reH‘ag Sp\l’-e a_morA;uj

+ms;§l‘ar \loH‘U-%l wque-cp,.M | ® D=L, diplh)

Y HE
l’:) ¥} 95+V/h

DT5 TS

L fe feﬂk W%\Mn_ d'? e \TBH‘*%& Sf;lL& exceels He \ln”u?Q
hf\\;j £ e MosFET, Hau Q@ ol Ll



?rb‘kr_"'\.m!\ o‘F Q usIbﬁ a \JcH‘agg Q\MF anu,e\,.

snukh’ (. - T T - _"_‘\
| .

E Cavtlever Meole.\ ;'

— e — —— — —— ——

'+
6, “\% >
. SV\U.LLE.( P"‘O\;\Aﬂ,s o PO‘HN e{;r ig 4.0 'F]""‘) a-He_r Q\ has .I"-“‘MA d'cp
. enerany stred W Le = _;.'.Le .l: = "il_,p I* s ’]‘rnns-grr&) s Cg
avd  Haw s a\n;s:fd'\az) Lb 'ES ) 'Aut!\?. poway = ;‘_Lg I"_Es
. Peﬂ\\" '*Y'nu.s;f'br \JOHB%Q e c‘qwreJ }. \J3+ v, > \Js-q.\_l_;\__

V(D)
\S‘!’“‘; -~
[—\ Va+ V}V\
i Ko

.
T \ 1
DT Ts

A apprmad & selem R aud oy

. Use \4’%1 Cs) So ﬂ‘(.* Vsl-('\ kas “ﬂl;é‘ue H'r?le ;
Cs >> % D wWO e N,

¢ Uo“ﬂy Vs vises wahl Power A;‘ss;]xu kb E’, 15 !T.‘\ +
Hverooe  pewer "“'hurcnne.l 'Ch)w\ Le!

Vsl s L r
Ts = 7 Lel ‘Fj
D choose Ry suh Bt Vs acctff]’«l»b low
- Nﬁ‘k, ‘“4* Le AQP&N)S 2N “;“)‘.‘5 ?onc\‘fb) ww.A ;S vu>+

kko»u ‘-\A'l\ 'h'ﬂ\h&‘gbr wer (5 uooum).
% hapa Sure, Lp h;i\ 9"0[-"1’ ¢:rc;|+ .‘e&l oy 3‘-'&56 ‘I-\'X “a\b-l_

Y

o



EK&\\ME'.Q - o S - pass sdlechn, £ £ ol c,

Grotan V52 ISoV 5 V= |SV) nT 0,8
":-_.: loo “"‘%) L= 1mH T= LS54
MosFET eﬂql'- UoH'e»az rhng = YooV
T+ 15 desived f liwd Tpak vy b 335V
E‘s{w'w-‘k Lg! w a ij 5 CAM'Q\A"D LONI'J ""W'g;’""'; ‘I_}' -y

be posble b oaduere Lp= 32 of Lu = 3ouM

Energy dhred W Lg  durlq OLECDTS
W, = LleTI*= () (3enh) (154 = 3375,

Aocnge  poer homslerred o Lo 4 swubber
Pe= wpdy = (3375,3) (leokH2) = 335w

To \\uf\' ?QA\L V. b BQSV) we  uneed
Vo= (peak v) = Vg = 305 ~z2 = 135V

So C‘Aoo&& ( -
RS____ ,\ii - \'753
Pe m = 9o07¢ S

we wij\c\' uwse  a \D\f--“—) 5w re.s-\s‘\'tr‘ M

CS > Ii = (‘O,AS) = 1 a.F
Re (1030

A 3009* t;\xo\c?_. W\ljk*‘ be C5 = l“l‘? “Fj 250V .

The above  cdeddhoms ave  bosed on Te eshude L, = 32 A Ln,
ad Sedd be condered At -pass eshoaks.

\)



