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Soft Ferrites

Applications

SELECTING THE CORRECT CORE TYPE

The choice of a core type fora specific design depends on
the design considerations and also onthe personal
preference of the designer. Table 1 gives an overview of
core types as a function of power throughput and this may
be useful to the designer for an initial selection.

Each ofthe core types has been developed for a specific
application, therefore they all have advantages and
drawbacks depending on, for example, converter type and
winding technique.

Table 1 Power throughput for different core types
at 100 kHz switching frequency
POWER RANGE CORE TYPE
(W)
<9 RM4; P11/7, T14; EF13; U10
5to 10 RM5; P14/8
RM86; E20; P18&/11; T23; U15;
10to20 EED15
RM8; P22/13; U20; RM10;
201030 ETD29; E25; T26/10; EFD20
ETD29; ETD34; EC35; EC41;
20t 100 RM12; P30/19; T26/20; EFD25
ETD34; ETD39, ETD44, EC41;
100t0 200 EC52; RM14; P36/22; E30; TS8;
U25; U30; E42; EFD30
ETD44; ETD49, E55; EC52; E42;
20010500 1p45n9: 167
> 500 E6S; ECT0; U93; U100; P66/56;
g PM87; PM114; T140

Choice of ferrite for powertransformers and inductors

A complete range of power ferrites is available for any
application.

3C30

Low frequency (< 200 kHz) matenal with improved
saturation level. Suitable for flyback converters e g. Line
Output Transformers.

3C34

Medium frequency (< 300 kHz) material with improved
saturation level. Suitable for flyback converters e g. Line
Output Transformers.

3C81

Low frequency (< 100 kHz) material with loss minimum
around 60 °C.

3C90

Low frequency (< 200 kHz) matenal for industrial use.

3C91

Medium frequency (< 300 kHz) material with loss minimum
around 60 °C.

3C92

Low frequency (< 200 kHz) material with a very high
saturation level. Specially recommended for inductors and
output chokes.

3C93

Medium frequency (< 300 kHz) material with loss minimum
around 140 °C.

3CH

Medium frequency matenal (< 300 kHz).

Low losses, especially at high flux densities.

3C9%

Medium frequency (< 400 kHz) material. Very low losses,
especially at high flux densities.

3F3

High frequency material (up to 700 kHz).

3F35

High frequency material (upto 1 MHz).
Very low losses, around 500 kHz.

3F4

High frequency material (up to 2 MHz).
Specially recommended for resonant supplies.

3F45

High frequency maternal (up to 2 MHz).
Specially recommended for resonant supplies.
3F5

High frequency maternal (up to 4 MHz).
Specially recommended for resonant supplies.
4F1

High frequency maternal (up to 10 MHz).
Specially recommended for resonant supplies.
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Soft Ferrites

El cores

PRODUCT OVERVIEW AND
TYPE NUMBER STRUCTURE

Product overview El cores

E 16/12/5 -3C90 - A 250 - X

special version

Ay value (nH)
ar gap size (um)

gap type:
A — unsymmeirical gap to A, value
G — mechanical gap

L core material

L—» core size

L core type MFP10T

Fig.1 Type numberstructure for E cores.

V, A MASS
CORETYPE {mr?P] {mrzzj (9)
E16/12/5 701 194 27
116/2 4/5 - - 09
E20/14/5 913 28 38
120/2 35/ - - 1.1
E22/15/6 1450 331 59
122/4/6 - - 23
E2517/6 2070 403 80
125/3/6 - - 25
E281711 4120 837 17
128/3 5/11 - - 51
E3021/11 6720 113 25
130/5 5/11 - - 86
E33/23/13 7910 118 31
133/5/13 - - 10
E35/24/10 6270 893 24
135/5/10 - - 74
E40/27/12 11100 143 42
140/7 512 - - 17
Note :

All effective dimensions for E/l combination

1 16/2.4/5 — 3C90

‘ L core material
core size

core type MFPiOZ

Fig.2 Type number structure for | cores.
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El cores E40/27/12
CORES
Effective core parameters of an E/ | combination -~ 40207 —»
SYMBOL PARAMETER VALUE | UNIT ~—— e e
I A) core factor (C1) 0.542 |mnr! --‘ 11633::5 I-'—
Ve effective volume 11100 |mm? | [} T
2025
le effective length 775 mm | ;3_25 27.25
Ae effective area 143 mmé i ¥ 025
Amin minimum area 133 mmé i l
I
m mass of E core =42 g
m mass ofl core =17 g I
i
[}
Ordering information for | cores | 11.85+0.35
]
GRADE TYPE NUMBER i pp— .
3Ca0 140/7 5/12-3C90 ! N
Dimensions in mm.

Fig.1 E40/2712core.

-~ A2407 —— = J_IL%% -
¥
75
+03
MFPOSS *
Dime nsions in mm
Fig.2 1407 5M12.
Core halves for use in combination with an | core
AL measured in combination with an | core, clamping force for AL measurements 40+ 20 N;
Al AIR GAP
GRADE (nH) g (um) TYPE NUMBER
3C90 4110 £ 25 % = 1770 =0 E40/27/12-3C90
Properties of core sets under power conditions
B (mT) at CORE LOSS (W)at
GRADE H =250 A/m; f=25kHz; f=100kHz;
f= 25 kHz; B=200 mT; B =100 mT;
T=100"°C T=100 °C T=100°C
E40/27/12+140/7 .5/ 12-3C80 =330 <1.3 =13
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Soft Ferrites

ETD cores and accessories

PRODUCT OVERVIEW AND
TYPE NUMBER STRUCTURE

Product overview ETD cores

V, MASS

CORETYPE {mr?ﬁ] (mm2) (9)
ETD29/16/10 | 5470 76.0 14
ETD34/17/11 | 7640 a7.1 20
ETD39/20/13 | 11500 | 125 30
ETD44/22/15 [ 17800 [173 47
ETD49/25/16 | 24000 |21 62
ETD54/28/19 [ 35500 [280 a0
ETD59/31/22 | 51500 [368 130

# [n accordance with IEC 61185.

ETD 34/17/11 - 3C90 — A 250 - X

special version
A value (nH) or gap size (um)
gap type:
A —unsymmetrical gap to A value

E - symmetrical gap to A_ value
G —mechanical gap

core material

—» core size
3 core type W09

Fig.1 Type number structure for cores.

CPH-ETD29-1S -13P-X
'

special version
number and type of pins:
D — dual termination
F - fiat
L-long
number of sections

associated core type

L mounting crientation: H — horizontal
V - vertical

L— plastic material type: P — thermoplastic
3 —thermoset

L coil former (bobbin) CBW100

Fig.2 Type number structure for coil formers.
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ETD cores and accessories ETD39/20/13
CORE SETS
Effective core parameters .
T T
SYMBOL PARAMETER VALUE| UNIT 14_239.5 I ! I st
U =
(I A) core factor (C1) 0737 |mm-! ¥ ! | | |02
Ve effective volume 11500 |mm? | _l
le effective length 922 mm
Ae effective area 125 mm 2 DU P ——
Amin minimum area 123 mm2 293% 18
0
m mass of core half =30 g -12.8_
N
as S {2 Y T
N/ )
] { MGC2E2
Dimensions in mm.
Fig.1 ETD39/20/13 core half.
Core halves

Clamping force for A_ measurements, 40+20 N. Gapped cores are available on request.

GRADE A e AIR GAP TYPENUMBER
(nH) (um)
3C90 3000 +25% = 1760 =0 ETD39/20/13-3C890
3C94 3000 +25% = 1760 =0 ETD39/20/13-3C94
3F3 2800 £25% = 1640 =0 ETD39/20/13-3F3

Properties of core sets under power conditions

B (mT) at CORE LOSS (W) at
GRADE H=250 A/m; f=25kHz f=100kHz; f=100kHz; f=400kHz;
f=25 kHz; B =200 mT; B =100 mT; B=200mT; B =50 mT;
T=100 °C T=100°C T=100°C T=100°C T=100°C
3C90 =330 <14 =15 - -
Co4 =330 - <12 <6.0 -
3F3 =320 - <14 - <25
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ETD cores and accessories ETD39/20/13

COIL FORMER
General data16-pins ETD39/20/13 coil former

PARAMETER
Coil former material

SPECIFICATION
polybutyleneterephtalate (PBT), glass-reinforced, flame retardant
inaccordance with “UL 94V-07; UL fle number E45329(R)
copper-tinalloy (CuSn), tindead alloy (SnPb) plated, transition to leadfree (Sn)
ongoing.
155°C, 1EC 60085", class F
“IEC 60068-2-20" Part2, Test Th, method 1B,350°C, 355

Pin material

Maximum operating te mperature
Resistance to soldering heat

Solderability “IEC 60068-2-20", Part 2, Test Ta, method 1
- 44 6 max -
40.3 min - 47.8 max. -
201 0, 282 3,
12110 e - 257 min, —=
rI=ra1-r1-r1- 17
i |l h | :
'__| [ e Y | Y Y | N =~ |- - 5.08 : :
T N b :
36.1 [ \ ) ] H H @151 5, | |
max. N A * j j
] = :"iTI_-I T &0 J=2] [ | * + +
Ll I
i ]
1 L/ U +0.15 T
1.6 "5 CBW27S
i R ) Sy,
- 508 =l 108
- 3556 3048 —=
Dimensions in mm.
Fig.2 ETD39%20/13 coil former; 16-pins.
Winding datafor 16 pins ETD39/20/13 coil former
MINIMUM AVERAGE
WINDING
NUMBER OF WINDING LENGTH OF
SECTIONS _ WIDTH TURN R
(mm?)
(mm) (mm)
1 177 57 69 CPH-ETD38-15-16P ()
Note

1. Also available with @1.0 mm pins.
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ETD cores and accessories ETD49/25/16
CORE SETS
Effective core parameters ¥ : | "__1
+0.8 1
SYMBOL|  PARAMETER VALUE| UNIT e ‘ | ‘ ||
(I/A) core factor (C1) 0534 |mm- : | ' l
Vs effective volume 24000 |mm? '
le effective length 114 mm 498 gz
Ae effective area 211 mm 2 36.4+1.8
Amin minimum area 209 mm 2 R 0 ‘
=16.7_pg
m mass of core half = 62 g ' . - r .
o |V VI Y
87 06T [ T
N/
} ! MGGC270
Dimensions in mm.
Fig.1 ETD49/25/16 core half.
Core halves
Clamping force for A measurements, 50120 N. Gapped cores are available on request.
GRADE A e e TYPENUMBER
(nH) (pm)
3C90 4200 £25% =1810 =0 ETD49/25/16-3C90
3CH 4200 £25% =1810 =0 ETD49/25/16-3CH
3F3 3900 £25% = 1680 =0 ETD49/25/16-3F3

Properties of core sets under power conditions

B (mT) at CORE LOSS (W) at
GRADE H =250 Alm; f=25kHz f=100kHz; f=100kHz; f=400kHz;
f=25 kHz; B =200 mT; B =100 mT; B=200mT,; B =50 mT;
T=100°C T=100°C T=100°C T=100-C T=100°C
3C90 =330 <29 <31 - -
Co4 =330 - <23 <124 -
3F3 =320 - =30 - <54
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ETD cores and accessories

ETD49/25/16

COIL FORMERS

General data 20-pins ETD49/25/16 coil former

PARAMETER

SPECIFICATION

Cail former material

polybutyleneterephtalate (PBT), glass-reinforced, flame retardant
inaccordance with “UL 94V-07; UL file number E45329(R)

Pin material

copper-tin alloy (CuSn), tindead alloy (SnPb) plated, transition to leadfree (Sn)

ongoing.

Maximum operating temperature

155°C, TEC 60085”, class F

Resistance to soldering heat

“IEC 60068-2-20", Part 2, Test Th, method 1B, 350 °C, 3.5 5

Solderability

“IEC 60068-2-20", Part 2, Test Ta, method 1

- 54.5 max.

j-——— 50.1 min.

[————— 57.2 max. ——————=

Dimensions in mm.

la—— 4064

—-L oos

~—352 0. =
e—— 327 min. —=y
¥
y 508
___________ ? +
1o O
H z.-1§.2¢_ﬂ_3
i
160

Fig.2 ETD4925/16 coil former; 20-pins.

on

)N N Y Y [ i )

CBWITT

Winding datafor 20pins ETD49/25/16 coil former

WINDING MINIMUM AVERAGE
NUMBER OF WINDING LENGTH OF
SECTIONS —— WIDTH TURN GELLL SIS
(mm?2)
(mm) (mm)
1 273 327 85 CPHETD48-15-20P ")
Note

1. Also available with @1.0 mm pins.
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ETD cores and accessories ETD49/25/16
MOUNTING PARTS
General data
ITEM REMARKS FIGURE TYPENUMBER
Mounting clip matenal stainlkess steel 3 CLI-ETD49
—>—| 108 |-—
.:/f_ _ I ! I
\\\:\ |
r -
335 e ﬁ$n3 ___1'_ |
L |
// _i_
NS ==
CBWSa3 0.4 -l 165 |l=

Dimensions in mm.

Fig.3 Mounting clip for ETD49/25/16.
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Soft Ferrites

P, P/l cores and accessories

PRODUCT OVERVIEW AND
TYPE NUMBER STRUCTURE

Product overview P cores

P14/8 - 3H3 -A 250/ N-X

J J' special version

# In accordance with IEC 60133.

CORETYPE Ve Ae s with adjuster nut
(mm3) | (mm?) (9) A, value (nH)
Pa/s 126 101 0.8 gap type:

. A — unsymmetrical gap to A, value
P17 251 16.2 1.8 E - symmaedrical gap to A \.rlélvue
P11/71 309 190 19 L+ core material
P14/8 495 251 32 L /i for cores without center hole
P14/18/ 628 299 35 — core size
P1a/l 1 1120 433 |60 > corenee e
P18111 1270 47 5 7

Fig.1 Type number structure for cores.
P22/13 2000 63 4 12
P22/113/ 2460 734 13
P26/16 3530 939 20
P26/16/ 4370 110 21 CPV —-P14/8 -1S - 4SPDL
P30/19 6190 137 M4 number and type of pins:
P36/22 10700 |202 |54 D - flualtermination
P42/29 18200 265 104 I;F: long _—

SP - slanted pin row

P6E/S6 88200 M7 550 number of sections

associated core type

L mounting orientation: vV — vertical

— plastic material type: P — thermoplastic
S —thermoset
L— coil former (bobbin) CBWINd

Fig.2 Type number structure for coi formers.

CLM/TP- P14/8-XX-X

special version
number of pins
associated core/hardware

mounting type/orientation:
C — chassis-mount
hardware shape:  H - horizontal
D - 'D' shaped F — PCB-mount
hardware type: R — round 5 - screw-mount
BPL - baseplate T —'T shaped W — vertical
CLA - clasp U - U’ shaped
CLI - clip
CLM - clamp
CON - container
SPR - spring
TGP - tag plate
WAS — washer CBW105

Fig.3 Type number structure for hardware.
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P cores and accessories P36/22
CORE SETS
Effective core parameters
SYMBOL PARAMETER VALUE| UNIT
HIA) core factor (C1) 0264 |mm-1
Ve effective volume 10700 [mm?3
le effective length 532 mm 362 _'13 :
Ag effective area 202 mm 2
Amin minimum area 172 mm 2
m mass of set = 54 g
. 254702
0502 i | 72
d i
146104 o
. 1
| Y
| CBW4z0
Dimensions in mm.
Fig.1 P36/22 core set.
Core sets for general purpose fransformers and power applications
Clamping force for A measurements, 350 £50 N.
AL AIR GAP
GRADE TYPENUMBER
(nH) He (1m)
acal 315+3% = 66 =970 P36/22-3C81-E315
400+3% =84 =730 P36/22-3C81-E400
630+3% =132 =430 P36/22-3C81-A630
1000+3% =210 =250 P36/22-3C81-A1000
1600+5% =335 =150 P36/22-3C81-A1600
10800+25% = 2260 =0 P36/22-3C81
3CY ™ 10800+25% = 2260 =0 P36/22-3C91
3F3 250+3% =52 =1340 P36/22-3F3-E250
315+3% = 66 =970 P36/22-3F3-E315
400+3% =84 =730 P36/22-3F3-E400
630+3% =132 =430 P36/22-3F3-A630
1000+3% =210 =250 P36/22-3F3-A1000
1600+5% =335 =150 P36/22-3F3-A1600
7350+25% = 1540 =0 P36/22-3F3
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P cores and accessories P36/22

Core sets of high permeability grades
Clamping force for A_ measurements, 350 £ 50 N.

GRADE A e AIR GAP TYPE NUMBER
(nH) (um)
3E27 17500 +25% =3670 =0 P36/223E27

Properties of core sets under power conditions

B (mT) at CORELOSS (W)at
GRADE H =250 Alm; f=25kHz; f=100kHz; f=100kHz; f=400kHz;
f=25kHz; B=200mT; B=100mT; B =200mT; B=50mT;
T=100°C T=100°C T=100°C T=100°C T=100°C
acal =320 <25 - - -
3Ca1 =315 - <06 <4 51 -
3F3 =315 - <12 - =20

Note
1. Measured at 60 °C.
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Abstract
This paper presents a study the effects of high
frequency transformer core types to cross-regulation in a multiple-
output flyback converter. The different transformer structures of
El, ETD and Pot cores are chosen for this study. Parameters in
each core can be directly measured. The N-port transformer
model is used to analyze the converter with a computer
simulation program. Experimental results show that the core
structure of El whose leakage inductance values are higher
obtains poorer cross-regulation in the converter than one with the
core structures of ETD and Pot.
Keywords

cross-regulation, flybackconverters , leakage
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Abstract - The cross regulation in multiple-output flyback
converters is affected by leakage inductances of the
transformer. The sunitable winding arrangements of the
transformer will lead to the improved cross regulation.
This paper presents the comparative study of the four
different winding arrangements in the four winding
flyback transformer. The cross regulation model is
considered in a form of the resistance matrix that is
related to the leakage inductance parameters. The design
guidelines for the transformer for improving cross
regulation are given based on the experimental results.

Keywords ! Cross regulation , Flyback converters , Leakage
inductance

I. Introduction

The multiple-output switching converter is generally used
i low power applications for electronic equipments that need
different levels of output voltages such as a computer. One of
the most favorite used configurations 1s a multiple-output
flyback converter, due to its low component counted, cost-
effective structure, and large dynamuc range.

T

Fig. 1 The Experimental three output flyback converters

Typically, as shown in Fig. 1, the main output voltage of
the converter 1s directly sensed by the feedback network and
regulated to the desired value. The auxihary outputs are not
directly regulated, but are fixed with respect to the principle
output voltage by the coupling between the transformer
windings, which is called cross regulation. The cross
regulation analytical models and the methods for improving
cross regulation i multiple-output converters are proposed in
many forms [2, 3. 4 and 5] However, it still lacks general
sense because they are only considered for one simple
magnetics structure. In [6], it presents the effects of several
different magnetics structures of the high frequency

transformers on cross regulation. It shows that the different
magnetic structure of a transformer hardly affects on cross
regulation i a multiple-output flyback converter.

In this paper, we present a comparative study and design
guidelmes of a high frequency transformer to improve cross
regulation of a multiple output flyback converter. The
winding arrangements are reasonably performed in order to
control leakage nductance in such a way to umprove cross
regulation. The experiments results are illustrated and the
transformer design gwdelines are concluded to be simple
rules to improve cross regulation in multiple-output flyback
converter.

II. Analytical model of cross regulation in a multiple
flyback converter

a. The Extended Cantilever Model

The behaviors of a multtwinding lugh frequency
transformer can be analyzed using the cantilever model as
shown in Fig.2.

Fig. 2 The Extended cantilever model of four winding Transformer

The extended cantilever model contains nfm+1)/2
mdependent parameters including leakage nductance
parameters. Ly is a self-inductance and ; 1s a leakage

inductance between winding j* and k™. All parameters can be
directly measured by using a ftwo port techmque. For
example the effective turn ratio 1s equal to

Vi (1

ny =—
!

Additionally, the value of leakage inductance parameter i,

is obtamed by driving winding ; with voltage sourcer;

with all other winding are short-circuited. The current i in



winding m, 1s measured. The effective leakage mductance
1; 1s given by
v;(s) )
EET T
5010 (5)
b. The N-port Model
The extended cantilever model is also closely related to N-
port description of the transformer. The N-port model is
useful m computer simulation and simple analysis of the
multiple-output flyback converter. The primary winding of
the N-port 1s modeled as a cwrent controlled Norton
equivalent network as illustrated in Fig. 3. The mductance of
this port is the primary self-inductancer;;. The current

controlled cwrent source (CCCS) is equal to the sum of the
secondary wimding cwrents. The secondary windings are
modeled as voltage controlled Thevenin equivalent networks.
Equation (3) 1s the expression of a series inductance of
winding k, L, which 1s equal to effective leakage
mnductance connected to winding k as

Lo =1t (e I o 1 Tty | gty -1 e ) ©

and the voltage controlled voltage source is given by

L L L
Vpp = =y 4tk &y 0k Ve ¥ 4)
nele mitglyg Ngig_
L L
+Vk+] +..._++‘}vﬁ
Mpipaalie=1k Fpiyive

The analysis of the multiple-output flyback converter using
the N-port model shows that the rate change of the secondary
output current i, 1s given by

Vig Tt Yy —

dr ml, 7y nir+'.'r-?(-?—l}

— W
Fig. 3 The four type N-port model
For example, Eq. (6) expresses the rate change of a

secondary output current in winding 2 m terms of leakage
mductances n the extended cantilever model by
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4o L v]—iv1+ ! vy ! Vy (©
dr ml, L, =~ mnly LN

324

ITII. The winding arrangements of the high frequency
transformers

a. Winding arvangement designs of high frequency
transformers
The leakage inductances in the high frequency transformer
play important role m the multiple-output flyback converter.
Therefore, the control of values of the specific leakage
inductances can improve the cross regulation mn the converter.
As we know, the value of leakage mnductance depends on the
winding arrangement in the core. Changing position of the
winding will change the value of the effective leakage
inductance. In this section, the four different top-to-bottom
winding arrangements of the fouwr-windmg transformer are
constructed with the ferrite core of ETD49/25/16 and foil
copper winding 1.5 mm thickness as shown m fig. 4(a) - 4(d).
The specification mput voltage of the converter is 40V. The
main output voltage of 5V, and auxiliary oufput voltage of
12V and -12V. The switching frequency is 100 kHz and a
duty ratio of 0.5.

Ferrite Core ETTME Ferrite Core ETTNG

i g

i) Saack] B} Srackd

ETTNG

Ferrite Core

Wi

Wil
W 2T

i

(ch Seack3 isdwSeackd

Fig. 4 Experimental winding geometries in flyback transformer

Fig. 5 Experimental high frequency transformers

b. Measurement of Leakage Inductances

Measured leakage inductance values of four winding
arrangements are shown in Table 1 using the method
mentioned previously. Secondary output curent waveforms
of the experimental transformers with the main output current
I; of 3A and auxiliary output currents I and Iy of 1A are
shown mn Fig. 6 -9. The slopes of the main output current of



experumental transformers are all positive while the slopes of
the auxihary output currents are all negative.

Tablel. Summary of flyback transformer ¢ ’ it

Ieazura values
Inductance paramater

Stackl | Sack? | Stackd | Smckd4
nz 013 013 015 015
" 03 03 03 03
ny 03 03 03 03
Ly 206pH | 31uH | 00uH | 204uH
In 12uH | 43uH | &4uE 6 uH
Tis 3 33uH | 32uH | 3uH
i 18uH | 113uH | 167uH | 96uH
L 13uH | 35pH | 11pH | S0uH
Y TuH | W06uE | 124pH | 82uH
in ES 23 uH 6 uH 3uH

. \miNé\ WOETES T T l'im«'é
Fig. 6 Experimental waveforms in the high frequency transformer :
Stackl model

Fig. 7 Experimental waveforms in the high frequency transformer
Stack2 model

S
Mo

------ e s
Ml

] | €

B AT

Fig. 8 Experimental waveforms in the high frequency transformer :
Stack3 model
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Fig. 9 Experimental waveforms in the high frequency transformer :

Stack4 model

The samples of the N-port model and simulation
waveforms of the experiment transformers (stackl model) are
illustrated in Fig 10 using and Fig 11 The sumulated output
current waveforms perfectly agree with the experimental

results.

vy +0 0 580 0043,
ALl i W
(L 095iry -+, 4 7wy +0, 3260,

azigut i, W
T ——

O v+ ] 9505+ 80 v

Fig. 10 The N-port model of four-winding flyback transformer -

Stack] model

Fig. 11 Simulated waveforms of the N-port Model for the
flyback converter




IV. The cross regulation results of the experimental
transformers in a multiple output flyback converter

Each designed fransformer is connected to the experimental
three-output flyback converter. The cross regulation 1s
determuned by the change of the output voltages of the
converter while varying the mam output current form 0.5A to
3.5A with keeping other oufput currents constant at 1A. The
expression is in a form of AV =-—RAI. R is a resistance
matrix model. The converter operates m continuous
conduction mode (CCM) for all operating points.
Comparatively, Fig. 12 shows the changes of output voltages
when varying the main output current of each designed
transformer.

Ava
040

030 Sinck?
Steck?

.20 ~\ Stack]
oo Stackd
oo Al
010

\ Stackd
-0.20 Stnck]

Sinckd
Sinck?

&

Fig. 12 The comparison of cross regulation in a multiple output
flyback converter

The resistance matrix model of each designed transformers
can be determined as Eq. (7) — (10).

(031 017 016 o
Stack1=R ., =| 016 106 046 O

|-0.18 052 —0.95]

[033 016 0.16] @®
Stack2 =R,y =| 0.17 089 044 |Q

|-020 041 —0.63]

(035 017 016 ] ©
Stack3=R e =| 015 095 041 (O

|-017 046 -087|

[035 014 013]

| (10)

Stackd =Ry =| 011 066 041 |OQ

|-0.12 021 —0.79|

The cross regulation in the auxiliary output voltages is
considered from non-diagonal elements of the matrix. The
small values are required for the improved cross regulation.
From experimental results, the designed transformer: Stack 4
1s the best among other designs. Since the cross regulation at
auxiliary output voltages 3 and P4 has been affected by the
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leakage inductance parameters between windings W3 and W4
and the mamn output wmding W2 (/;; and [,;). Therefore,
controlling the leakage inductance values among those
windings will be able to control the cross regulation. In the
designed Stack 4. the auxiliary windings are placed away
from the main winding. The corresponding leakage
inductance values of the designed Stack 4 shown in Table 1
are large results in the small values i non-diagonal elements
in the matrix. Hence, based on the experimental results, the
transformer design guidelines for improving cross regulation
in a multiple-output flyback converter can be given as
following:

® The leakage inductances between primary and secondary
windings (/;; ,{;; and 75, ) should be small to minimize
magnetic flux.
The leakage inductances between secondary and
secondary windings (l; [, and ;) should be
maxinuzed to reduce the effect of magnetic flux between
windings when the load changes.
The mamn output winding should be positioned near
transformers core to reduce the leakage inductance.
The primary and secondary windings should be in
proximity while each secondary windings should be
placed away as much as possible.

V.Conclusion

The cross regulation in multiple-output flyback converters
15 affected by leakage inductances of the transformer. The
suitable windmg arrangements of the transformer will lead to
the mproved cross regulation. This paper presents the
comparative study of the four different winding arrangements
in the four winding flyback transformer. The cross regulation
model 15 considered i a form of the resistance matrix that 1s
related to the leakage inductance parameters. The design
guidelines for the transformer for improving cross regulation
are given based on the experimental results.
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