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Abstract - A simple method to improve voltage regulation in and corrections should be made using separate feedback
double flyback converters is based on simultaneous variation [1][2][3] . For example :

of switching frequency and duty-cycle allowing independent 5y op|y the most critical output is fed back , while the other
control of supply outputs. Design equations and procedures one is slave regulated

are given for the typical circuit sharing a common ground and . . .
some secondary turns. b) A weighted average voltage derived from both outputs is

fed back.
Key-words : double converters, output-voltage regulation, C) Only a single output voltage is controlled but analog
flyback converters, switch-mode power supplies. comparators survey the outputs and take the control of the
loop if limits are surpassed. Many evolved variations of
NOMENCLATURE this technique are possible.
d) Other linear or switchmode regulators may be cascaded
D : duty-cycle factor. to the preregulated outputs.
f . switching frequency. e) Controlled synchronous rectifiers may be applied to the

output circuits whose regulation must be improved.
Some of these methods become complex, other
ones are simple but have low efficiency, and someones

isyo : current through secondary winding 1 (or 2).
lov2 : DC output current through load 1 (or 2).

Lp : magnetizing inductance referred to the primaryshow poor voltage regulation in wide variable load
winding. operation.

Lgy2, :© magnetizing inductance referred to the Drsr {102
secondary winding 1 (or 2). Ve Ne Vo2

Np . primary turns. .

Ng : secondary turns. * + iy
L . . . n FB1 o1

Rp . primary serial parasite resistance. P e Voo

Rgy»  : secondary serial parasite resistance of output .
section 1 (or 2). __{

toas2 : demagnetizing time of output section 1 (or 2). ﬂ

Vou2 : DC output voltage 1 (or 2).

VP : primary supply voltage. Fig. 1. Double flyback converter (basic topology).

A proposed method to achieve double
I. INTRODUCTION independent regulation in other converter topologies

In order to reduce the power supply volume,[4]'[6] , may be used to improve the voltage regulation in

several converters are often merged in a multiple outpiouble flyback converters. In the flyback case, it is not

topology , to share magnetic components and powéqossible to achieve absolutely independent output control
devices. but for fixed multiple-output voltage supply applications, a

A suitable topology for multiple output converters better regulation is attained acting over both output
is the flyback one , especially in low power applications. Voltages modifying simultaneously the duty-cy@eand

In double flyback converters both output voltageth® Switching frequency .
become related by the winding turns ratio.

Ideally, without Joule losses due to parasite [I. DOUBLE FLYBACK CONVERTER.
resistances (fig. 1) : DISCONTINUOUS MODE OPERATION
Vo2 Vo1 = Nsz/ Ng (1.1) It will be assumed that both semiconverters

so , given an output voltage, the other one becomesserate simultaneously in discontinuous mode. The circuit
clamped (slave regulation). Therefore, independenhodel is depicted in fig. 2 . There, the power devices will
regulation is not possible. _ be considered as ideal switches , grouping their serial
Actually, the parasite resistances ever provok@arasite resistances with the winding ones. In first instance,
voltage drops which reduce the output voltages as th@e threshold drop voltages will be ignored. Also, it will be

respective load (_:urrents increase. In such a cases, th&sumed that capacitors are bigs enough to reduce each
output voltages divert from the losseless theoretical valuqﬁjtput voltage ripple to a neglectible value.



The m.m.f. continuity after the transistor switch-and through similar procedure :
off imposes :

=Ns1 P syay ¥ Ns2 | szax

np I H’nax (2'1)

Fig. 2. Double flyback circuit model with parasite resistances

After the primary switching off ,
current i51(t) is

: 0 Vou Re: .0 Vou

[ = EI +—Dex td- 2.2

SIS Sinax * R_ Fﬂ‘ .3 Ry (2.2)
Whent =t,, itresultsi sy, ) =0 , therefore :

Voo Vo [ORy . O

I +—— = —expF— t0 2.3

Slmax RSl RSl DLSl ml[| ( )
Substituting 2.3 into 2.2 yields :

_ Voo B 0 Ry |

| =—=[exX t-t 1 2.4

) = ey BT T = ml)%l_ 5 (2.4)

Then, the output power of the section 1 results :

_Vor A, -

Vo, 2 O, 0 R g O
— 3 Gexp—2 t, —10-t 0
TRe Ra U Lg O g

Being Py, =Vo; 101 and using 2.3 :

_ Vo D‘Sl I Slmax O

T Rs1 D Vou g
From 2.3 it is derived :
L g Rs, O
tg = —r N+l o] (2.6)

for Vou /Rey >> 1

In(1+x) Ox-4 x* (valable if x<<1) gives:

tm:mﬂ_i sty S1 2.7)
Vo]_ g 2 ax VOl O
On the other hand :
Le =(np/na)’La =(ng/ng)’ Lg (2.8)
Utilizing 2.5, 2.7 and 2.8, one obtains :
'stnax = (M /NstV2Var T/ f Lp (2.9.a)

the secondary

, the McLaurin approximation :

| Somax = (NP /Ns2)V2Ve2 T/ F Lo (2.9.b)
Substituting 2.9.a and b into 2.1, yields :
VPor +Po =T Lo]2 1y, 2.10)
For smallRp it is Lp/Rp>> DT, then
Ve = Lp Ig“fl‘_" which yields :1 5 - DVe (2.12)
and substituting into 2.10 , one obtains :
JPor +4/Po2 = DVp /42 f Lp (2.12)

On the other hand , making the power balance

yields : Pp = Py + P + Py + R, + R, (2.13)
where the converted power is :
_1m >0 fLp 2

The power lost in the primary resistance is :

Rp DT, D
Py = Jo iy U= g, (2.15)

while in the secondary reS|stances (for examplegih R

RSl trnl I Slmax D2 tha
Pry = J’ ETtE dt—3— Ry | S]max (2.16)
and substitutlng the approximative

tre = La | g0 /Vo1 INt0 2.16 yields :
Prg =(Rs La/3TVq) Ig.°

Zdt = ’Rp

equation

, then using 2.9.a:

292 Onp O Vop los
Py, =— lg O—0O, | ——— 2.17.a
=g Ra la B L (2.17.2)
and by similar procedure :
2%2 One 0 NVop 1o
Py, =—— lop —0. | ——= 2.17.b
Rs2 3 RSZ o2 EnSZD f Lp ( )
Substituting 2.17 and 2.15 into 2.13 :
fL, D
T el =
=R+ Ryt 2 R 1 A H e s Ry 1 P PR D
o1 Foz 3JF Lo Lo OlEh oo 2 OQEHSZD 02E
(2.18)
From 2.10 , one obtains :
o =v2/ F Lp (yPar +y/Poz ) (2.19)
which substituted into 2.18 gives :
2R R -
B 2%2 O One O One. O 0o 2 Ro 2
—Sméﬁ’ﬂ |m%1leEUP01+R52 |02%1?P2DD\/P025+§DK(\/€1+\/§2)
(2.20)
From 2.12 , it follows :
D=2 Lp (JPor +4/Pez ) Ve (2.21)

Which substituted into 2.20 yields :

2 DRP (\/% \/%) 901 Ra%“j% loz Rsz%%z
gLPHP VPor VP Eﬁ g, 0 \/%D‘szE%

f=—"



' B (2.22) S L DisH, s Dis [

Notice that once spe_cn‘lenfOl , Voo plus |91 Pmax DD_np ] Stmax DD_6iP 5 DD_np 5 S2max DD_6iP g
and |5, , from 2.22 one obtaing and then , 2.21 yields (3.8)
the duty-cycle required. Comparing 3.8 with 3.6 it follows :

Digd mig, O . : .
ll. CONTINUOUS MODE OPERATION b D= 05 0= 1 then iy =08ig =6l o (3.9)
P P

A. Case of neglectible parasite resistances : Derivation of Applying the Faraday law on the primary :
basic equations Vp = Lp (AI /D T) (3.10)

The fig. 3 shows the current waveforms, assumingrgm which : Al o =DVp/f Lp (3.11)

parasite resistances small enough as the current ramps may

. . By the same procedure :
be assumed approximately linear. y P

Voi = Lg Al o/[(1-D) T] which leads to,

() Alg =(1-D)Vg/(f Lg) (3.12.a)
' Voz = Lgy Al o/[(1-D) T| which leads to ,
. Alg, =(1-D)Vg /(f L) (3.12.b)
sy Relating 3.12.a and b, the ratio gives :
s, Dg /D o= aqN )L /L g (3.13)
V n
'St From the Faraday law=2t=—t and from 2.8
st 02 Ns2
(9
! s2ma, Le/La =(ng/ng)’ ,s0BIg/Al g =n o/n g (3.14)
Lo thus leading to : Alg, =(ng/ng)Al ¢ which
5 o7 T ~ substituted in 3.7 yieldsAl g =4 (np/ng) Al p (3.15.8)
F . -1
Fig. 3. Secondary current waveforms in continuous mode operation and similarly : Al's, = 2 (n P/n SZ) Al p (3.15.b)
assumig low parasite resistances. Substituting 3.15.a into 3.12.a and then, using 2.8 :
L hg, O L
From the m.m.f. continuity , it must be : Vo = 1fsg Le o (3.16)
Ne I =Ng lg . *Nsolsg (3.1.) 2 0np O(1-D)T
SubstitutingAl , from 3.10 into 3.16 :
e lp. =Ng lg . *Nsolep (3.1.b) 9cle
The average primary and secondary currents are : Vo = 1 EP&EL Vo (3.17.a)
| :i(l +1 g D (3.2.3) 2ne D(1-D)
Fav = o \" Fmax " Finin o and similarly it results :
1 1the, U D
lor = = ! sypay T st (1‘D) (3.2.b) Vo, == 220 \Y; 3.17.b
i( Imax Jmm) 02 2 On, |:|(1— D) P ( )
lo =—|I +1 —1-D 3.2.c
o2 2( SZmax 52’"'”)( ) ( ) B. Parasite resistance effects
Defining: Alp =1 -l g (3.3.a)
P Fmax " Fnin From 2.2, whert = (1-D)T it results :
Oip =Qlp/l o (3.3.b)
. . - _ Vor O 0O Rg 0 Vg
it results : Alp =3iplp (3.4) lg . = El St +R_EeXpE—L_(l_ D)TE_R_
and similarly , it may be defined : St ot 513 18
Ng=diglg (3.5.a) _ (3.18)
ax as g =lg ~Ng ,if (1-D)T<<Lg/Rg one
Alg =0igl g (3.5.b) o " o .
ax ) obtains the following approximative expression :
From 3.1.a, one obtains : | A -H Vor ED— R, (- D)TD—VOl (3.19)
I =(Na/np) g, *+(Ns2/Np) lsa (3.6) stmax ~ A 51 = 1 sima R_smg' Ty 0" Ry
From 3.1.a and b, it results: ) f Ly
Al P - (n31/n P) AI a + (n Q/n Q AI s (37) Wh|Ch |eadS tOf\/m - m AI S1 - RS. I Smax (320)
Substituting 3.4, 3.5.a and b into 3.7, yields : According to 3.11 and 3.15.a :

Alg =1(np/ng)VeDT/Lp (3.21)



Substituting 3.21 into 3.20 , and using 2.8 yields : The average output currents are :

10hgO D _1tm
Vo ==0=20+—Vp - Ry | 3.22 lo2 =5 —Is2 (4.2.3)
o1 Zan |](1_ D) P Sl ' Sljax ( ) 2T max
The average secondary current equates the DQ o1 :ltﬂ|s oo (4.2.b)
S . 2 T Slmax
load current , so from fig. 3 :
~ Alg O Finding t,;, andt,, from 4.1.a and b , then
Loy ‘@ Slmax o (1_ D) (3.23) substituting both intervals into 4.2.a and b to
. obtain I g and lg _ vields:
fromwhich: I =1o; N g/ 2(1-D) (3.24) tmax max
Substituting 3.24 into 3.22 : I Stmax = \/2(| o1t 02V oi/ f L (4.3.a)
O 0 0 —
Ve, =%[h31m D\ _Hla Alzs,lmRS1 3252) 'szmax =v2102M02-Voi)/ f Lsz (4.3.b)
One O(1-D) Sl_ D) g The maximum values of the output currents are :
and by S|mllrcxéprocedures:D - lotmax = ! Stmax ~! S2max (4.4.3)
Voz :%EII:ISZ D(1—DD) P :LI_OIZD) +%DR52 (3.25.b) lo2max = S2max (4.4.b)
P = Using 4.3.a,4.3.b,4.4.a and 4.4.b, one obtains :
On the other hand, according to 3.14 and 3.21 :
Ng Alg=ngAl g=n oV pD/(2f L) B26) g
. . . —aX:—aX—]_: -1 (458.)
If Al - O this impliesAlg - 0 andAlg, - 0 so oo I
from 3.25.a and b , one obtains : e e
lor R
1_D101|] S ) nPD 5
Vor _ Dd"a% 0np O (3.27) S o
Vor gy 0 _ lop Rsp ) On the other hand, the converted power is :
Hse oy Pp =D Vp I /2 (4.6)
On O and the total output power :
Given | o, and specifiedVy, andVp, , D may — Fo=Fou* Foe =N P N (4.7)
be adjusted to obtainVy, , but for a given I, , the where, 1 |s.the. conver.ter eff|C|er.1cy.
outputVy, will become determined byy, and D | ?L;sgtunngDA\,/.? into 4.6 yields : 48
above adopted. Therefore, the double independent Fmax ~ 0_/('7 °) . ( ") .
regulation becomes impossible. To allow full independent Applying the Faraday law on the primary circuit :
regulation Alp greater than zero is required to ensure L, =V, D/(f 'F%nax) (4.9)
Al >0 and Alg, >0 . The bigger the current | hile doing it on the secondary :
increments become, the easier the control results. Thes(g/o2 ‘V01) Noy = Ngp/ Ng (4.10)
increments may be modified varying the switching . .
frequency. The boundary of the continuous operating mode
The current increments become more important itS tmz = (1-D)T , therefore, from 4.1.b :
critical or discontinuous operating modes. Therefore, thesd1— D)T =Lg, | Szmax/(VOZ -v01) (4.11)

modes should be adopted when double independeg
regulation is desired.

Moreover, the double converters are usuallyni:(l- D)/\/Zf Lp (Voz -v01) | o2 (4.12)
adopted to reduce the power supply volume, which Np
becomes minimum if discontinuous mode operation is Using the primary power and the switching
selected (because this mode reduces the flybagkequency, the core may be adoptgEg-[9]. With the
transformer volume). inductance L, , given by 4.9 , the air-gap may be

calculated and then, usingp  the primary turns np

ubstituting 4.2.a into 4.11 , and using 2.8 , one obtains :

IV. DOUBLE FLYBACK CONVERTER WITH .
MERGED SECONDARY WINDINGS may be determined1][2][5][8] . Next ,ng, may be

. ; . . ) obtained from 4.12 andg; from 4.10 . Then,lg,
Assuming discontinuous mode operation and applying the max

Faraday law to the secondary circuits yields (see fig. 4) : may be calculated through 4.5.b antl,, , may be
Lg | S]max/tml =Vou (4.1.3) found from4.5.a.
Lo | 90 /tm2 =Vo2"Vou (4.1.b) In order to adopt the power devices , maximum
voltage calculations are mandatory.



The maximum voltage over the transistor is :

Vbsmax = VP +(ne/ng) Vau

(4.13)

The maximum reverse voltage ovegrsbwill be :

VDB = Yor t ( Nsy/ ”P) Vp
and the voltage stress ovegghis :
VorB2may = Vo2 t Vp ( Ng; + ”52)/ Np

Utilizing the peak currents calculated above and
the maximum voltages obtained, the power devices may be

adopted.

V. EXPERIMENTAL RESULTS

The power stage of the experimental circuit is

depicted in fig. 4 .

(4.14.a)

(4.14.b)

i i Vo2 >V
s2 % v 02>Vd
- Drs2 Rs2 | l'o2 o
Ve i Ns; =30 Cer “ Ra
-
- los Vol
— = . i
nP:40 3 — [; Ly 13
o Deg1 Rs:1 IOl i
. g = = Ru
e - 3 R
L ‘7
."- Fa lg -
Ve 4.‘_:} Rp
()
i31 A
is1 \
| St
t
e & tm1
s2
S2max
-
_ tm2 t
ior 4 S
lo1 =ls1 7l s
Ioj.max—[ ’\
0 T t
(b)

effects. Both loops interacting analogically solve the
equation system, finding the pair of valu&s,( f) which
allow setting both output voltages to the desired values.

+5 primary
/\/ voltage
reference

DMOS
driver

>

error amplifier " Volt. Ref.

J power

transistor

‘ duty-cycle| PWM
control modulator

switching
frequency
current

control
limit T
1.C. 3524 comparator

current
sensing
resistor

L

Vo2

(feedback
from
output 2)

error
amplifier 2

= Ref. 2

Vol
(feedback
from
output 1)

+5 primary

voltage OPL\/
reference

error

a amplifier 1

_\/\

Ref. 1

Fig. 5. Control unit block-diagram.

The fig. 6 lets compare the output current from the
lowest voltage semiconverteYd;) versus the gate signal
of the power transistor. Notice that the operating mode is
discontinuous, having a dead time (without secondary
current) between the 3, blocking and the transistor
switch-on.

Ch. 1

0—pF*

Ch. 2

0o—»

Fig. 4. Double flyback converter with merged secondary windings ,
(a) electrical circuit, (b) secondary current waveforms.

Fig. 6. Current from semiconverter suppling Vol versus gate signal of

The control circuit[6] (block diagram in fig. 5)
compares the output voltages with the reference values
through operational amplifiers whose output signals are
optocoupled to the PWM controller. In such a way, both

to control the supply output voltages.

the power transistor (Channel 1o1 1454 mA/div ; Channel 2,
Vg :10 V/div; T: 10us/div; Vp =24V ;Vol =5V ,Rol=1Q,
lo1=05A;Vo2=15V,R02=60,l02=0.25A)

At the fig. 7 the output current waveforms
the duty-cycle and the switching frequency may be variegresented may be checked against the ones theoretically

envisaged, verifying a good agreement. The ratio between

Each control loop action becomes a disturbancéhe maximum experimental values agree with 4.5.a . Also,

for the other one, which reacts attempting to compensate fism fig. 7

it may be -calculatedD O 0.34



then Iy . may be obtained and next , 4.5.b can be The control circuit is simple, requiring only a
single PWM I.C. regulator (i.e. 3524), whose duty-cycle
and switching frequency are controlled through
optocoupled operational amplifiers which sense the output
voltages.

verified.

(2]

(1]
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