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Fig.1  10 Watt  DC/DC Converter using IIC Magnetics
(designed in co-operation with PEI  Technologies, Ireland)



3

Introduction
For the majority of today’s designs it is desirable to
have low profile inductive components. This allows
designers not only to make low profile equipment,
but also to place the inductive device anywhere on
the PCB without adaptations to the housing. This is
especially true when the inductive component
matches the height of other components on the
board, for instance
IC’s which are
usually about 3mm
high.

One way to achieve
this objective is to
simply lower existing
core designs like E-
or RM cores. When
these cores get really
flat it becomes
difficult to
accommodate the
windings, especially
if these must be able
to carry large
currents.
Windings can be
flattened to adapt
them to the shape of
the component, as in
planar magnetics. In
the fully integrated
planar device the
possibility to use the
copper layer on the PCB as a winding is exploited for
the first time.

Another way to do this is demonstrated in the new
Integrated Inductive Component (IIC), presented in
this brochure. This product consists of a rectangular
ferrite sleeve with an inserted copper lead frame.
This sleeve is pressed in one piece although the slot
is only 0.75 mm high, and it can also comprise a
partial airgap. The lead frame is encapsulated with a
high tech thermoplastic material to keep the leads
together and to insulate them from the ferrite core.

After insertion the leads are bent in a so-called gull
wing shape to form contact pads, just like with most
standard SMD IC’s. In fact, the finished product really
looks like an IC from the outside. It closely resembles
the SOT outline and can be handled by standard pick
and place equipment as well as soldered together
with other IC’s on the board (reflow only).

The leads in the
moulding form one
half of a winding
which is completed
by a track on the
PCB. In this way,
depending on the
PCB layout, one or
more inductive
components with up
to 10 turns can be
constructed. The
same product can be
applied to make a
single inductor with
10 turns or 2 with 5
turns etc.

The IIC  design can
perform several
magnetic functions,
depending on the
material and the
presence of a partial
airgap.

The aim of the demonstration board is to show the
versatility of Philips’ new Integrated Inductive
Components (IIC).

To demonstrate the use of the components in several
magnetic functions, they are applied in the design of
a high frequency DC/DC converter. The IIC’s are
assembled onto a double-sided  PCB just like the
other SMD components. Because of the extreme
flatness of IIC as well as the other components the
overall thickness of the converter is as low as
5.6 mm.

Fig.2 View inside an IIC model
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Topology Selection
Introduction
Three topologies were considered for this power
converter: half-bridge, flyback and forward.
The limited number of turns on the IIC components
(maximum of 10) has a significant impact on the
choice of topology. The optimum use of these
components as power transformers is at high
operating frequencies and relatively low input
voltages. The specified isolation voltage for the IIC10
is 500 V. This is satisfactory for many DC/DC
designs. Due to the short distance between its leads,
the product is not suitable for use as a safety
isolation transformer.

The most common topologies used in commercial
DC/DC converters at this power level are flyback and
forward.
The flyback converter does not require an output
inductor and offers the cheapest solution in low
power converters. Since the purpose of this
demonstrator is to show the IIC in the function of
output choke as well, this topology was not chosen.

The forward converter is more popular than the half
bridge at this power level because the half-bridge
converter requires two primary side switches and an
isolated high side driver. However using the IIC’s,
the half-bridge has significant benefits that outweigh
these disadvantages.
In a half bridge converter the voltage across the
primary winding of the power transformer is equal to
half the supply voltage. As a result the peak flux
density is half that what would be observed in a
forward converter operating in similar conditions.
Also on the secondary side of the converter the
inductor is operating at twice the primary frequency
and consequently the inductance can be a lower
value to maintain the same ripple current.

Advantages of Half-Bridge Circuit for the
demonstration of IIC.
An estimation of the losses expected in the power
transformer for both the half-bridge and the forward
converter is shown in Table 2. It compares the
estimated losses at operating frequencies between
300 and 600kHz (at the primary side).

Converter Specification
The specification of the converter is similar to that of
commercially available converters but some features
have been omitted (e.g. output voltage adjust, short
circuit protection). The use of IIC components will
not have any impact on these features.
The converter is in open frame format, designed to
operate below an ambient temperature of 40ºC. This
has avoided the need to use heatsinking.

Fig.3 Outline drawing of the converter
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drawroF -flaH
egdirb drawroF -flaH

egdirb drawroF -flaH
egdirb

)V(irpV 5.71 57.8 5.71 57.8 5.71 57.8

)zHk(ycneuqerF 003 003 004 004 005 005

pN 6 4 6 4 6 4

sN 3 3 3 3 3 3

xamD 36.0 24.0 36.0 24.0 36.0 24.0

t no (µµµµµ )s 1.2 14.1 75.1 90.1 62.1 48.0

Ae mm( 2 ) 7.11 7.11 7.11 7.11 7.11 7.11

)Tm(kpB 262 131 691 201 751 87

Ve mm( 3 ) 833 833 833 833 833 833

Pv mc/Wm( 3 ) 0059 0721 0076 0001 0025 096

Pc )W( 2.3 34.0 3.2 43.0 8.1 32.0

Table  2  Comparison between Forward and Half-bridge converter

Design of IIC Magnetics
For the design of the magnetic functions it is
important to know the voltage across the power
transformer (T1) and the output inductor as well as
the resulting currents. The primary voltage, rectified
secondary voltage and the inductor current are
shown in Fig. 4.
In a half bridge converter the frequency seen by the
output inductor and the output capacitors is
effectively twice that of the primary side due to the
full wave rectification of the secondary voltage by
diodes D1 and D2. The switching period T

SEC
 is equal

to half that of T
PRI

.

The duty cycle is defined as the ratio of the on time
of the primary MOSFETS (M1 and M2) to the total
time of a switching period:

           D
t

T

t

t t
ON

SEC

ON

ON OFF

= =
+

The on-time of the MOSFETs is determined by the
equation:

         t T
Vo

½Vin
Np

NsON SEC=
1

η
×            ×         ×

where,
• Vo is the output voltage
• Vin is the input voltage
• Np is the number of primary turns on the power
  transformer
• Ns is the number of secondary turns on the
  power transformer
• ηηηηη is the efficiency of the converter

tON
tOFF

TpriTsec

Vpri = 1/2 Vin

Vpri = - 1/2 Vin

IL = Io + 1/2  dI
IL = Io 
IL = Io - 1/2  dI

Vpri

Vpri

IL

Vsec = 1/2 Vin  Ns
Np

flux Bmax

Bpk

Fig.4 Voltage and current in the converter
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Table 5 Estimation of core losses at 400 kHz

Power Transformer Design
In designing the power transformer with an IIC the
choice of the number of turns to be placed on the
primary and secondary side of the transformer is
limited.
The total number of turns for the standard IIC10 is
restricted to a maximum of 10. For the half bridge
converter three windings are required, 1 primary
winding and 2 secondary windings.
The turns ratio of the power transformer can be
determined with the equation:

                
Ns

Np

Vo
½Vinmin D

1 1

The maximum duty cycle achievable is set at 0.9 due
to the limitations of the control IC. It is desirable to
run the converter at the highest possible duty cycle
to achieve the maximum efficiency. Low duty cycles
cause larger peak currents and thus increase
conduction losses in components. The expected efficiency
is around 80 %. The minimum input voltage is 18V
and consequently:

                 
⇒ ≥

Ns

Np
≥

5

9

1

083

1

0 9. .
Ns

Np
0 74.

×          ×

With a total number of turns of 10 the best choice to
satisfy the above equation is 4 primary turns and 3
turns for both secondary windings. In calculating the losses
in the transformer it is important that the on time of the
MOSFET’s is known as it will vary with the input
voltage. Using the equation:

              t T
Vo

½Vin
Np

NsON SEC=
1

η
×            ×         ×

and operating at 800 kHz (secondary side frequency)
the on time at different supply voltages  is shown in
Table 3.

Loss Calculations
The following tables show estimations of winding
and core losses. The following points should be
noted:
• The core losses are calculated at 400 kHz
   (primary side frequency) using the published
   material  constants and loss formulas for 3F4.
• A 70 µm layer of copper  is assumed to calculate
   copper loss.
• Losses are calculated at a the nominal supply
   voltage of 24 V.
• The DC resistance of a turn of the transformer is
   taken to be 8.5 mΩ.
• AC copper losses are not calculated.

Table 4 Survey of winding losses

Table 3 On-time for several input voltages

Core Loss
The peak flux density in the transformer is calculated
using the formula:

                  

and the on-time, taken from Table 3, is  0.82 µs. The
calculation of the core loss in the power transformer
operating at 400 kHz is shown in Table 5.

)V(niV t NO (µµµµµ )s
81 90.1
42 28.0
03 46.0
63 45.0
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)W(ssoL 53.0
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Output Inductor
The voltage across the output inductor and the
resultant current in the inductor is shown in Fig.4.
Ideally the ripple current should be no more than
±20%  of the rated output current.
This is to ensure that the output capacitors are not
subjected to large ripple currents.
Large peak currents have the effect of increasing
converter switching losses as they occur at the point
switching devices commutate.
The inductance of IIC10P-14/4-3F4 (10 turns) drops
off gradually when DC bias current is applied. The
inductance is measured to be approximately 3 µH at
2 A. Using the formula:

                       dI
V   × dt

L
L=

the ripple current in the inductor is calculated and
shown in Table 6. The table shows the variation in
the peak to peak ripple when the input voltage
varies from 18 V to 36 V.

Table 6 Estimation of ripple current

niV
)V( t NO (µµµµµ )s t FFO (µµµµµ )s Id L 3=L( µµµµµ )H

)A(

81 90.1 61.0 92.0

42 28.0 34.0 87.0

03 46.0 16.0 01.1

63 45.0 17.0 82.1

Output Capacitor Requirements
Output ripple voltage is calculated using the formula:

           dVo
C

dIldt dIl ESR= +∫(               )    (     ×         )
1

where ESR= Equivalent Series Resistance of the
output capacitors.
The first term is much smaller than the second due
the high capacitance (>100 µF) of the output
capacitors. Because of that the ripple voltage can be
expressed as:

                    dVo =  dIl × ESR

The worst case is at maximum input voltage where
the peak to peak ripple current at a load of 2 A is
1.28 A (Table 6).
For a required ripple voltage of less than 50 mV the
output capacitor should therefore have an ESR of less
than 39 mΩ.

Input EMI-suppression choke
The input choke L2 combined with C2 and the
combination of C3,C4,C19,C20 creates a ‘π filter’ at
the front end of the converter (see Fig.15). The noise
levels with and without C2 and L2 are shown in Fig.
5 and 6.
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20

dBµV

1 100.2 0.4 2 4 30
f (MHz)

Fig.5  Noise level without π filter
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Fig.6  Noise level with π filter

Table 7  Comparison of noise levels

ycneuqerF
)zHM(
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4.0 67 95
8.0 19 06
2.1 17 75
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Circuit Waveforms
In Fig.9 the gate drive voltages for the MOSFETs are
shown. In the tested unit both are switching at
382 kHz. Fig.10 shows the un-rectified secondary
voltage.

Electrical Measurements
Voltage Regulation
Recordings are taken of the output voltage as the
input voltage and the load are varied. Results are
shown in Table 8 below.

Efficiency
The efficiency of the converter is measured at
various input voltages at full and at half load. The
results are shown in the table below and Fig. 7.

Output Ripple and Noise
The AC content of the output voltage is shown in
Fig. 8

Table  8  Regulation figures for converter

Table 9  Efficiency of the converter

Fig.8 Output ripple and noise

Fig.7  Converter  efficiency as a function of
input voltage
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(%)

18 20 22 24 26 28 30
input voltage (V)

tupnI
egatlov

)V(

)V(egatlovtuptuO

A2.0=oI A1=oI A2=oI
81 399.4 099.4 989.4
42 399.4 199.4 989.4
03 399.4 299.4 099.4
63 499.4 299.4 099.4

niV
)V(

tupnI
rewop

)W(

tuptuO
rewop

)W(

ycneiciffE
)%(

81 55.21 80.01 3.08
02 37.21 60.01 0.97
22 50.31 50.01 0.77
42 79.21 60.01 6.77
62 94.31 60.01 6.47
82 05.31 60.01 5.47
03 47.31 70.01 3.37

Fig.9 Gate drive for top MOSFET M1 (1.5 V/div) and
lower MOSFET M2 (2.5 V/div)

Fig.10 Transformer secondary voltage
(5 V/div)
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Thermal Measurements
Temperature rise of components
Temperature measurements were carried out during
normal operation of the converter at an ambiant
temperature of 22 oC. This gives a good  indication
of the thermal stress on the seperate components.
Results  are presented in Fig.11.

100

0 4 12

0

8

40

60

80

T  (˚C)

Output Power (W)

transformer

diodes

output
inductor

input
choke

Fig.11 Operating temperature of components as a function of output power at an input voltage of 24 V.



10

PCB layout
A double-sided PCB with 70 µm copper layers is
used to mount all SMD components. Layout and
track patterns are shown in the figures below.

PHILIPS IIC

Fig.14Component layout

Fig.12 Top layer photo-resist

Fig.15 Bottom layer tracks

Schematic and  Component Selection.
The schematic for the half-bridge converter is shown
in Fig.16. All magnetics, except the pulse transformer
for the upper MOSFET, are designed using IIC
components.
The type numbers, their application and the relevant
reference designator are shown in Table 10. Other
components selected are manufactured by various
companies and in most cases components are
obtainable from more than one source. These
components are selected on the basis of their
specification and cost. The complete bill of material
is shown in Table 11.

Table 10 Applied IIC components

noitacilppA ecnerefeR rebmuNepyT

ekohctupnI 2L 6E3-4/41-01CII

remrofsnartrewoP 1T 4F3-4/41-01CII

rotcudnituptuO 3L 4F3-4/41-P01CII

Fig.13 Top layer tracks
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Fig.16 Circuit  diagram
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Table  11 List of components used for the demo converter

Components list



Magnetic Products NAFTA Sales Offices

Alabama Over and Over, Inc., Charlotte, NC (708) 583-9100
Alaska Eclipse Marketing Group, Redmond, WA (206) 885-6991
Arizona Harper and Two, Tempe, AZ (602) 804-1290
Arkansas Philips Components, Willoughby, OH (440) 269-8585
California - Northern Criterion Sales, Santa Clara, CA (408) 988-6300
California - Southern Harper and Two, Signal Hill, CA (801) 264-8050
Colorado Philips Components, Willoughby, OH (440) 269-8585
Connecticut Philips Components, Woburn, MA (617) 932-4748
Deleware Philips Components, Woburn, MA (617) 932-4748
Florida Over and Over, Charlotte, NC (704) 583-9100
Georgia Over and Over, Charlotte, NC (704) 583-9100
Hawaii Harper and Two, Signal Hill, CA (310) 424-3030
Idaho - Northern Eclipse Marketing Group, Redmond, WA (206) 885-6991
Idaho - Southern Electrodyne, Inc., Salt Lake City, UT (801) 264-8050
Illinois - Northern Philips Components, Willoughby, OH (440) 269-8585
Illinois - Quad Cities Lorenz Sales, Cedar Rapids, IA (319) 377-4666
Illinois - Southern Lorenz Sales, St. Louis, MO (314) 997-4558
Indiana - Northern Corrao Marsh, Fort Wayne, IN (219) 482-2725
Indiana - Central and Southern Corrao Marsh, Greenfield, IN (317) 462-4446
Iowa - All except Quad Cities Lorenz Sales, Cedar Rapids, IA (319) 377-4666
Kansas - Northeast Lorenz Sales, Overland Park, KS (913) 469-1312
Kansas - All except Northeast Lorenz Sales, Wichita, KS (316) 721-0500
Kentucky Corrao Marsh, Greenfield, IN (317) 462-4446
Louisiana Philips Components, Willoughby, OH (440) 269-8585
Maine Philips Components, Woburn, MA (617) 932-4748
Maryland Philips Components, Willoughby, OH (440) 269-8585
Massachusetts Philips Components, Woburn, MA (617) 932-4748
Michigan Philips Components, Willoughby, OH (440) 269-8585
Minnesota Electronic Component Sales, Minneapolis, MN (612) 946-9510
Mississippi Over and Over, Charlotte, NC (704) 583-9100
Missouri - Eastern Lorenz Sales, St. Louis, MO (314) 997-4558
Missouri - Western Lorenz Sales, Overland Park, KS (913) 469-1312
Montana Electrodyne, Inc., Salt Lake City, UT (801) 264-8050
Nebraska Lorenz Sales, Cedar Rapids, IA (319) 377-4666
Nevada - Central and Northern Criterion Sales, Santa Clara, CA (408) 988-6300
Nevada - Sourthern Harper and Two, Tempe, AZ (602) 804-1290
New Hampshire Philips Components, Woburn, MA (617) 932-4748
New Jersey Philips Components, Woburn, MA (617) 932-4748
New Mexico Harper and Two, Tempe, AZ (602) 804-1290
New York - Western Philips Components, Willoughby, OH (440) 269-8585
New York - All other Philips Components, Woburn, MA (617) 932-4748
North Carlolina Over and Over, Charlotte, NC (704) 583-9100
North Dakota Electronic Component Sales, Minneapolis, MN (612) 946-9510
Ohio Philips Components, Willoughby, OH (440) 269-8585
Oklahoma Philips Components, Willoughby, OH (440) 269-8585
Oregon Eclipse Marketing Group, Beaverton, OR (503) 642-1661
Pennsylvania - Western Philips Components, Willoughby, OH (440) 269-8585
Pennsylvania - Eastern Philips Components, Woburn, MA (617) 932-4748
Rhode Island Philips Components, Woburn, MA (617) 932-4748
South Carolina Over and Over, Charlotte, NC (704) 583-9100
South Dakota Electronic Component Sales, Minneapolis, MN (612) 946-9510
Tennesse Over and Over, Charlotte, NC (704) 583-9100
Texas Philips Components, Willoughby, OH (440) 269-8585
Utah Electrodyne, Inc., Salt Lake City, UT (801) 264-8050
Vermont Philips Components, Woburn, MA (617) 932-4748
Virginia Philips Components, Willoughby, OH (440) 269-8585
Washington Eclipse Marketing Group, Redmond, WA (206) 885-6991
Washington DC Philips Components, Willoughby, OH (440) 269-8585
West Virginia Philips Components, Willoughby, OH (440) 269-8585
Wisconsin Philips Components, Willoughby, OH (440) 269-8585
Wyoming Electrodyne, Inc., Salt Lake City, UT (801) 264-8050
Canada Philips Components, Scarborough, ON (416) 292-5161
Mexico Philips Components, El Paso, TX (915) 772-4020
Puerto Rico Max Anderson Co., Caperra Heights, PR (809) 783-6544
Virgin Islands Max Anderson Co., Caperra Heights, PR (809) 783-6544
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The Netherlands, Fax. +31-40-27 23 903.
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