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ABELTA Energy Systems
OUTLINE

e Controlling the L eakage I nductance

e Minimization of The Gap Effect

DESArizona Inc..

o Quag-|ntegrated M agnet'c Tucson, Arizona
e Integrated Magnetic

e New Distributed M agnetic Structuresfor High Efficiency

e Example of M agnetic Optimization
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AISELTA Energy Systems

CONTROLLING THE
LEAKAGE
INDUCTANCE

AISELTA Energy Systems

THE EFFECT OF PARASITIC INDUCTANCE
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@I\ELTA Energy Systems

HOW TO MINIMIZE THE LEAKAGE INDUCTANCE
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TOP AND BOTTOM LAYERS OF THE 25W DC-DC
FLYBACK CONVERTER
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@hELTA Energy Systems

Layer 1: Components

IMPLEMENTATION OF THE 25W DC-DC FLYBACK CONVERTER
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Layer 6: Secondary

Layer 7: Shield

Layer 8: Components
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@hELTA Energy Systems
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EXPERIMENTAL WAVE FORMS OF THE 25W DC-DC
FLYBACK CONVERTER
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AISELTA Energy Systems

Leakage Flux

Delta Confidential

AISELTA Energy Systems
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@I\ELTA Energy Systems

Control of Leakage Inductance

l::s} ?@&g iﬁg .xgl ‘E?‘:“ ;?ﬂ

Winding
ém

777777 i e 7

- = Inductance Resistance

Configuration wremy | cohms)
No Conductive Medium 30.3 1.13
Aluminum Plate 21.1 1.15 -30.3%
Aluminum plate on one side and Copper plate on
top P pper p 19.5 1.44 35.64%
Aluminum plate on one side and Copper plate on
top & Copper Cups over both end of Magnetic 8.35 1.68 “72.44%
core

[21]
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@I\ELTA Energy Systems

Control of Leakage Inductance

Winding
= H Inductance Resistance
Configuration ey | hmey
No Conductive Medium 30.3 1.13
Copper Tube Surrounding Core and Winding 7.16 1.21 -76.36%
Copper Tube Surrounding Core and Winding &
Copper Cups over both end of Magnetic core 6.46 121 TaeTh
[21]
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ABELTII Energy Systems

NEW MAGNETICS STRUCTURES

e VICOR'’S “FLUX TUNNEL” FOR A CONTROL FLUX LINKAGE
BETWEEN PRIMARY AND SECONDARY WINDING

Second Generation Transformer

Ferrite Bobbin

Primary Secondary
winding winding

[21]
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ABELTII Energy Systems

Control of Leakage Inductance

Hollow Tube

Magnetic Core

Conductive Housing

[21]
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Control of Leakage Inductance
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@I\ELTA Energy Systems

Control of Leakage Inductance
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@I\ELTA Energy Systems
THE IMPACT OF THE STRAY INDUCTANCE
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THE STRAY INDUCTANCE ASSOCIATED WITH THE AC LOOP, PLAY A VERY
IMPORTANT ROLE IN THE CONVERTERPERFORMANCE.

THE EFFECT OF THE STRAY INDUCTANCE CAN BE STRONGER THAN THE EFFECT OF
LEAKAGE INDUCTANCE.
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@I\ELTA Energy Systems
THE IMPACT OF THE STRAY INDUCTANCE

n=N1/N2=8:1 Leskage= 0.63UH  Lgy,,= 0.0088UH

— 2 %
LIed(age_totaJ_ Lleakage +n LStray

LIed(age_totaJ =1.2uH
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ABELTA Energy Systems
THE CONTROL OF STRAY INDUCTANCE

ABELTA Energy Systems
REDUCING THE STRAY INDUCTANCE




ABELTA Energy Systems
LEAKAGE INDUCTANCE - CONCLUSION

e | eakage Inductanceis mainly controlled by N and M.

- The advantage of planar magnetic

e Flux “steering” and itsimpact on the L eakage I nductance

e Stray Inductance impact and way to minimize it

ABELTA Energy Systems

MINIMIZATION OF
THE GAP EFFECT




ABELTA Energy Systems
GAP EFFECT IN PLANAR MAGNETICS

1

« CURRENT DISTRIBUTION IN PLANAR
WINDING DUE

e TO THE GAP EFFECT.
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ABELTA Energy Systems
GAP EFFECT IN PLANAR MAGNETICS

« THEIMPACT OF ALOW p MATERIAL INSERT INTO THE GAP
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ABELTA Energy Systems
GAP EFFECT IN PLANAR MAGNETICS

5

* CURRENT DISTRIBUTION IN PLANAR
WINDING WHEN DISTRIBUTED GAP
MATERIAL IS USED FOR THE “I” SECTION
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ABELTA Energy Systems
GAP EFFECT IN PLANAR MAGNETICS

e CURRENT DISTRIBUTION IN PLANAR
WINDING WHEN DISTRIBUTED GAP
MATERIAL IS USED PARALEL WITH THE
WINDING
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@I\ELTA Energy Systems
MINIMIZING THE GAP EFFECT IN PLANAR
MAGNETICS

FPC-foil

* “FORCING” THE MAGENTIC FIELD AROUND THE GAP
TO BE PARALLEL WITH THE WINDING BY USING
FERRITE POLYMER COMPOSITE (FPC).

[17]
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@I\ELTA Energy Systems
MINIMIZING THE GAP EFFECT IN PLANAR

MAGNETICS

* “FORCING” THE MAGENTIC FIELD AROUND THE GAP TO
BE PARALLEL

« WITH THE WINDING. [17]
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ABELTA Energy Systems

CENTER LEG GAP 70W Flyback
Vin=80V
Vo=19V

Np=14t
Ns=2t
EQ30/3F35

@@(CQ}}}})} A Freq=300K hz

[13]
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ABELTA Energy Systems

Power Dissipation in Transformer
versus L.oad and Distance to the Gap

(Center Leg Gap 10 mils)
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[13]
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ABELTA Energy Systems

GAPINALL LEGS

[13]

Delta Confidential

ABELTA Energy Systems

Power Dissipation in Transformer
versus L oad and Distance to the Gap

(Distributed Gap 5mils all I?gs)
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ABELTA Energy Systems

GAPINTHE | CORE

[13]
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ABELTA Energy Systems

Power Dissipation in Transformer
versus L oad and Distance to the Gap

(I Plate Gap 10mils)
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@BELTA Energy Systems

Power Dissipation In Transformer vs. Distance to the Gap at Full Load for
Different Gapping Techniques
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@BELTA Energy Systems
DISTRIBUTED GAP IN THE | CORE

[13]
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ABELTA Energy Systems
Quasi-distributed Gap

ac rez. Factor Fr=Rac/Rdc
[15]

*AC Resistance of Planar Inductors and the Quasidistributed Gap Technique by Jiankun Hu/C.R. Sullivan
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ELTA Energy Systems

uasi-distributed Ga
o Q p

*; simdlation resulis
~: Fr computed by expression (3] /
Fr computed by expression (3) /
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*Computed values of F, *F, as a function of the ratio p/s with s = 20.

ac rez. Factor Fr=Rac/Rdc
[15]

*AC Resistance of Planar Inductors and the Quasidistributed Gap Technique by Jiankun Hu/C.R. Sullivan
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ABELTA Energy Systems

GAPPING EFFECT IN NON- PLANAR MAGNETICS
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ABELTA Energy Systems

GAPPING EFFECT IN NON- PLANAR MAGNETICS
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ABELTA Energy Systems

GAPPING EFFECT IN NON- PLANAR MAGNETICS
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ABELTA Energy Systems

GAP EFFECT - CONCLUSION
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e Gap Effect in planar magnet
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ABELTA Energy Systems

QUASI-INTEGRATED
MAGNETIC

ABELTA Energy Systems

QUASI-INTEGRATED MAGNETIC




ABELTA Energy Systems

WHAT ISQUASI-INTEGRATED MAGNETIC?

* An avenue for increasing the power density through a
better utilization of the magnetic core

* |t isa consequence of the high switching frequency

* |t can be implemented in any single ended forward
with a low impedance reset path
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ABELTA Energy Systems - _ Flyback / Stages of Operation
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AISELTA Energy Systems

Forward Flyback / Stages of Operation
e Stage (T1-T3)
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AISELTA Energy Systems

Forward Flyback / Stages of Operation

Dol {‘M —_— _&# Stage (T 1-T3)
R D e S :
'y Q—-T SI]J_ .;-:i: ) I l_
e X a2 - .
e !
(T1-T2) ﬂ ) t
) NI T 1 [
L - — :
I I il
T \ :
ahy L(-;g;) )

Delta Confidential




ABELTA Energy Systems

Dol (A)
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Forward Flyback / Stages of Operation

Stage (T1-T3)
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ABELTA Energy Systems
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Forward Flyback I,, Derivation

No, = (N/2)
I = TL[(NL/NY).(1/2)]
N,, =0
ly =0
N, = Ny

I = L, (N/N,)




ABELTA Energy Systems

A
= Forward-Flyback Topology
Nza=Nzb Current Ripple In The Output Inductor
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ABELTA Energy Systems
Two Transistor I = ® Lo .
Forward .
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AISELTA Energy Systems
o) e Vout
Two Transistor o e,
Forward Flyback 11 To =R
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ABELTA Energy Systems

QUASI-INTEGRATED
MAGNETIC

TO
INTEGRATED MAGNETIC

ABELTA Energy Systems

“Current Forced” Flyback Operation
Stage (TO-T1)
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ABELTA Energy Systems

“Current Forced” Flyback Operation
Stage (T1-T2)
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ABELTA Energy Systems
“Current Forced” Flyback with Gapped Magnetic Operation
Stage (TO-T1)
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AISELTA Energy Systems

“Current Forced” Flyback with Gapped Magnetic Operation
Stage (T1-T2)
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AISELTA Energy Systems

INTEGRATED MAGNETIC
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ABELTA Energy Systems

OUTLINE

e | .M. Derived from Cielo’s Concept
e |.M Derived from Fractional Turns

e |.M. Derived from “8" Shape Winding
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ABELTA Energy Systems

Cielo’'s Push-Pull with |.M. Operation
Stage (TO-T1)

Do3 Key Waveforms at stage TO-T1
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ABELTA Energy Systems

Cielo’'s Push-Pull with |.M. Operation
Stage (T1-T2)

Do3 Key Waveforms at stage T1-T2
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ABELTA Energy Systems

Cielo’'s Push-Pull with |.M. Operation
Stage (T2-T3)

Do3 Key Waveforms at stage T2-T3
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ABELTA Energy Systems

Cielo’'s Push-Pull with |.M. Operation
Stage (T3-T4)

Key Waveforms at stage T3-T4
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ABELTA Energy Systems

Cielo’'s Push-Pull with |.M. Version 2
Stage (TO-T1)

Key Waveforms at stage TO-T1
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Cielo’'s Push-Pull with I|.M. Version 2

Stage (T1-T2)

Do3 Key Waveforms at stage T1-T2
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ABELTA Energy Systems

Cielo’'s Push-Pull with |.M. Version 2
Stage (T2-T3)

Do3 Key Waveforms at stage T2-T3
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AISELTA Energy Systems

Cielo’'s Push-Pull with I|.M. Version 2
Stage (T3-T4)
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Key Waveforms at stage T3-T4
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AISELTA Energy Systems

ADVANTAGESOF CIELO’'SCONCEPT
e The gap is placed on the center leg

e Theflux density in the center leg has lower ac
amplitude and double frequency

e The center leg cross-section can be decreased for
copper loss optimization
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ABELTA Energy Systems

Single Ended Forward with |.M. Operation
Stage (TO-T1)

_._0}]_ a3 Key Waveforms at stage TO-T1
T gk A

S T DL

D ICD s1
i1 ' -

o

A

~Hux density-in-thelouter-legs

--------------

(TO-T1)

Flux-density-in-the|center-leg

(3

Delta Confidential

ABELTA Energy Systems

Single Ended Forward with |.M. Operation
Stage (T1-T2)

b Key Waveforms at stage T1-T2
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A simple derivation of Cielo’'sIM for single ended forward
[10]
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UNBALANCED FRACTIONAL
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@I\ELTA Energy Systems

TRADITIONAL BALANCED FRACTIONAL TURNS
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@I&ELTA Energy Systems

INTEGRATED MAGNETICSDERIVED
FROM FRACTTIONAL TURNS

ﬁ —) =) — Equivalent Circuit @ (TO-T1)
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@I&ELTA Energy Systems
INTEGRATED MAGNETICSDERIVED
FROM FRACTTIONAL TURNS
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Dol 0
| T l Vo
@D |-<-<f—°
—
) =) —

(T1-T2) Do2

Delta Confidential




@I&ELTA Energy Systems

INTEGRATED MAGNETICSDERIVED
FROM FRACTTIONAL TURNS

°_>§\ Equivalent Circuit @ (T2-T3)
® ® Dot
D 2eze|§1*g
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(T2-T3) Do2
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@I&ELTA Energy Systems

INTEGRATED MAGNETICSDERIVED
FROM FRACTTIONAL TURNS

=) =) — Equivalent Circuit @ (T3-T4)
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ABELTA Energy Systems

NEW FRACTIONAL TURNS CONCEPT

(5]
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NEW FRACTIONAL TURNS CONCEPT
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ABELTA Energy Systems

DOUBLE ENDED HALF TURN
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ABELTA Energy Systems
CENTER TAP HALF TURN
Center Tap | :: Viﬁ: ") Vs =\;—i;
Np = .':; _ I
Vin 1 :
Np 2
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AI\ELTA Energy Systems

INTEGRATED MAGNETICSDERIVED
FROM “8" SHAPE WINDING

T

(5]
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AI\ELTA Energy Systems

INTEGRATED MAGNETICSDERIVED
FROM “8" SHAPE WINDING
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ABELTII Energy Systems

INTEGRATED MAGNETICSDERIVED
FROM “8" SHAPE WINDING

[11.[8]
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INTEGRATED MAGNETICSDERIVED
FROM “8" SHAPE WINDING

——0

[11.[8]
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@I\ELTA Energy Systems

INTEGRATING
SIGNAL AND POWER

WITH
“8” SHAPE WINDING

ABELTA Energy Systems DUAL FUNCTION MAGNETICS
Symmetrical winding Asymmetrical winding
E Wi E

Vi=V=V=2V -

by Vi=(+VI+H-V)= 0

- Vs+ ] | i Vs‘ N
FANE - o9 :
Vi (-V)H(-V)=2V 5 Vi=(V)HEV)= 0

“Signal Transfer through Power”

(9




ABELTA Energy Systems DUAL FUNCTION MAGNETICS

Flux induced by a Flux induced by an
“symmetrical” winding “asymmetrical” winding
= —
‘ ’ ’ 'y
N

“Signal Transfer through Power Magnetic “
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ABELTA Energy Systems DUAL FUNCTION MAGNETICS

DRIVING CIRCUIT

Main

] transformer

\ Transformer

winding

l/ (9
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ABELTA Energy Systems DUAL FUNCTION MAGNETICS

GATE SIGNAL RECONSTRUCTION ON THE SYNCRONOUS RECTIFER

Tek Run: 125M5/5  Sample
1 IT.

:Wv;@ o h_

thi I:ﬂ.ﬁ VI ﬂm Ilﬁﬁm\l M_I‘fﬁﬁl‘lsl CI‘IIEJ' 1!.20 V' 12 Nav 1999

14:00:49

Vin=32V-75V ,Vo0=3.3V @ 3A
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ABELTA Energy Systems DUAL FUNCTION MAGNETICS

IMPLEMENTATION OF THE 15W DC-DC CONVERTER
WITH SYNCHRONOUS RECTIFICATION

Top Side
Components

Bottom Side
Components
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@BELTA Energy Systems DUAL FUNCTION MAGNETICS

15W DC-DC CONVERTER
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@BELTA Energy Systems DUAL FUNCTION MAGNETICS
DRIVING CIRCUIT
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ABELTA Energy Systems DUAL FUNCTION MAGNETICS

IMPLEMENTATION OF THE DRIVING

L1S L1

L
| #
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ABELTA Energy Systems DUAL FUNCTION MAGNETICS

(9
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ABELTA Energy Systems DUAL FUNCTION MAGNETICS
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ABELTA Energy Systems DUAL FUNCTION MAGNETICS
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KEY FEATURES OF THIS TECHNOLOGY

* Eliminates the need for an additional magnetic element
* Improves the utilization of the power transformer

* Very low delay time in the signal transfer

* | ow cost — No additional cost for the
signal transformer

Delta Confidential

AISELTA Energy Systems

[

L =Ly =L,
L,=L+ L —2M
Where:
M = k|/ L, L,

L,=L+ L — 2kL

Example:

k=1 wmp L, =0
k=0 wmp L, =2

[19]
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i iiheokil

L=L+ L + 2M
Where:
M = kV L,L,

L,=L+ L + 2kL

Example:

k=1 wmp L, =40
k=0 wa)p L =2

[19]
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N & N & I
L -
-1
Bi =Ni2Ae( NI + kS NJIJ)
B :—LL( NI+ kS NI)
J NjZAe 1 i
[19]
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NEW DISTRIBUTED
MAGNETIC FOR
HIGH EFFICIENCY

Delta Confidential

ABELTA Energy Systems

What is distributed magnetic?

A method to functionally split a larger magnetic element into smaller magnetic elements

This method interconnects windings of an array of magnetic elements to achieve
a certain target, for instance: lower leakage inductance, improved
cooling performances, better shock and vibration characteristics
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Power train in .
conventional technology

Power train in distributed
magnetic technology
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Version 1
N=4
- - 3 02— Secondary 2T
5T aT 24z Prirnary 4z 2T
3 02 =——— Secondaty 1T
E43

E43 - “Centralized magnetic”
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Version 2

E22

4xE22 - “Distributed magnetic”

H=4
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Why distributed magnetics?

® Tt can offer better performances, electrical, thermal, mechanical

@® It is a cost effective method in high power applications

@ It is compatible with full integrated multilayer PCB technology
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Tl _Lol

-
D13
- - Dlw
WAL
Lao2

'—TP ls

e
o g

Distributed transformers and rectifying section for 750W
DC-DC Power Module
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UNIBODY MAGNETICS-PACKAGING STRUCTURE

¢ A MERGE BETWEEN MAGNETIC, ELECTRIC AND THERMAL DESIGN

750W DC-DC CONVERTER

(71,81, [10]
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DISADVANTAGES OF THE DISTRIBUTED
MAGNETIC

* Much lower equivalent magnetizing inductance

* Many aspects of it are part of the protected IP,
known as“Matrix Transformers’.
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AISELTA Energy Systems  ULTRA-PLANAR MAGNETIC

NEW FRACTIONAL TURNS CONCEPT (1/4 TURN)

[16]
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AISELTA Energy Systems  ULTRA-PLANAR MAGNETIC

“N” WINDINGS CONCEPT /N TURNS

[16]
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AISELTA Energy Systems  ULTRA-PLANAR MAGNETIC

ELECTRICAL EQUIVALENCY

(}—‘____._"—(_ B o
Ik 3
|
Lol o i \_E_D
| |
= ! e
| e |e } I L3 %o I
K m—
S I | | o
I |
i Bl
HAE | L 3lf |

MATRIX TRANSFORMER & THE NEW DISTRIBUTED

MAGNETIC
[16]
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<

NEW DISTRIBUTED MAGNETIC [16]

(19]
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MAGNETIC STRUCTURE IMPACT ON THE LEAKAGE
INDUCTANCE

L, =Ke EQ30 #legged 2-legged
Ieliilz Transformer Transformer
K=4.86+1 K=2.12¢ K=3.081 . .
03 10-3 3
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Magnetic Structures for High Efficiency
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Magnetic Structures for High Efficiency

D
ABELTA Energy Systems
Printed Circuit Transformer
Top Core

Pieces

9 Secondary
Windings

Primary Winding

Bottom Core Pieces
[14]
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EXAMPLE OF
MAGNETIC
OPTIMIZATION

ABELTA Energy Systems

TASK:

A VERY HIGH CURRENT & LOW VOLTAGE
DC-DC CONVERTER Ex. 1.2V @ 100A

e The impact of the leakage and stray inductance

e Optimizing the magnetic for high current application
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MAGNETIC
OPTIMIZATION
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ABELTA Energy Systems
Winding Termination Effects
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Winding Termination Effects
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Efficiency Test Result (@ Nominal
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1V2/100A HC_QB

[71.18]
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CONCLUSION

“MAGNETIC AND LAYOUT
OPTIMIZATION A KEY ELEMENT IN
BOOSTING THE EFFICIENCY FOR
LOW VOLTAGE AND HIGH
CURRENT APPLICATION"
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OTHER EXAMPLE OF MAGNETIC
OPTIMIZATION

e Copper Loss Optimization through Topology Selection

e Copper Loss Optimization through Magnetic Technology
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Limitations of the M ultilayer PCB Technology

* Limited copper availability

* |t isnot suitablefor large number of turns

* Limited plating capability
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Rectification Method

Initial Conditions: 4 Layers PCB allocation for secondary
R= DC Impedance for 1 turn

Vds(SR)

1,

(1- 2D)

IR Py = Rlo’ gD +
&

o s

V=0
2D

Vo
Vds( ) =
SR D

Center-Tapped Configuration
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Rectification Method

Initial Conditions: 4 Layers PCB allocation for secondary
R=DC Impedance for 1 turn

e ¢
Pasey = Rlo" p—=
TR

R/2

R/2

Vo
Vi =—
“ D

Vo
Vagsr) = —
SR’ D

Current-Doubler Configuration
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Rectification Method

Initial Conditions: 4- Layers PCB allocation for secondary
R- DC Impedance for 1 turn

Vds(SR) l

' T Vi =20
R/4

Full-Bridge Rectification
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Power Dissipation In The Secondary Winding

Relative Power Loss
1.20
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[ ]
5 080 |4
g XX
o
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.//./ — s~ — Full-Bridge
0.00 t t
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Duty Cycle (%)

Full-Bridge Rectification J
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Current-Doubler vs Full-Bridge Rectification

Vo
Vi = —
(A) D

Vo
V =—
ds(SR) D

For IRF6648 60V @ 5.3mQ
1- 2D ggd.3mW

i & 2 i

P4(SR). = lo’ gb +

V=0
2D

Vo
V =—
ds(SR) >

For IRF6635 30V @ 1.2mQ

P(SR). =10 D + 722 91 2mw) 4
& 4 9

Pa(SR)eo _

Ps(SR)rs
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Secondary Winding Implementation

One Turn Secondary => Copper Strip Implementation
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Secondary Winding Implementation

One Turn Secondary => Copper Strip Implementation

Delta Confidential

ABELTA Energy Systems
Secondary Winding Implementation

One Turn Secondary => Copper Strip Implementation
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Secondary Winding Implementation

One Turn Secondary => Copper Strip Implementation

@BELTA Energy Systems
Secondary Winding Implementation

One Turn Secondary => Copper Strip Implementation
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EXPERIMENTAL
RESULTS

@I\ELTA Energy Systems
750W DC-DC Converter 12V @60A
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Vout vsVin & load

Output VoltagevsVin and lout
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Efficiency vs Output Power
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CONCLUSION

* 950W/inc® Power Density for the Power Train
* Very High Efficiency
* 6 Layers PCB & Coppers Strips

Magnetic, Packaging, Topology and Control
Optimization
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Thank You
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