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Schematic of EMI filter

LCM

LCM

LDM

LDM

Cx1 Cx2
Cy

Cy

Planar Electromagnetic Integration Technology – Integrated L-C

Comparison with Discrete EMI filter

Parameters Discrete Integrated

LCM (mH) 3.3 3.0

LDM (μH) 17 20

CCM (nF) 3.3 3.2

CDM (μF) 0.56 0.6

EPC (pF) 12 6
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Integrated EMI filter compositionSchematic of EMI Filter

Leakage layerCDM2
0.1uF

CDM1
0.1uF

LCM

LCM

6.2mH

6.2mH

CCM1
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1.1nF
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LDM

LDM

0.2mH

0.2mH

Physical Structure of the integrated EMI filter

LCM +CCMCDM Leakage 
layer

X7R N1250Kapton

CDMLCM +CCM

Prototypes and Results
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ballast for Low Wattage HID lamps 25

EMI 
L1SSPFC

Cb
Inverter
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Inverter
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System structure of the HID ballast
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w/ driver
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w/ driver
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w/ drivers

FB inverter
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Circuit partitioning for integration
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Passive Integrated Components

Integrated ignitor

Lr1 + Cr Lr2

Implemented by 
PCB

Implemented by 
Pyralux
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Enhanced Design of an Integrated 
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Integrated CM&DM EMI Filter for 1MHz 
Interleaved PFC 29

Physical Structure
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30
moduleProcessing and Design of Lateral 

Embedded Chip Inductor
Fabrication procedure

LTCC tape
Ag/Pt 

conductor
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Single conductor (L=22.7nH/10mm)

7 parallel conductors (L=25.7nH/10mm)
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31a
Design and fabrication of 

LTCC inductor

+

Bottom layer 
(6 sheets of 
ferrite tape)

Middle layer 
(8 sheets of 
ferrite tape

Laminate Bottom 
and Middle layers

Dispense conductor 
paste into slot

Dry conductor 
paste at 80ºC

(A) (B) (C) (D) (E)

Repeat (D) and (E) for 4 to 5 times till dried 
conductor is leveled with surrounding 

LTCC laminated green tape

+

Top layer  
(6 sheets 
of ferrite 

tape)

(E) (F)

Conductor 
filled slot

Laminate (E) and (F), fill 
exposed area with conductor 
paste, dry at 80 ºC. Laser cut 

to desired size

Sinter
(G) (H)

Conductor pasteLaminated 
magnetic tape

Sintering oven

Lab press

Kapton 
protecting layer

Squeege
e

MODULE



31bLTCC Technology for 
Power Electronic Integration

Test Conditions:
Vin = 5 V
Vo = 1.1 V
Fs = 4 MHz
Io = 12.5 A

25nH

Vo

-

+ 
L 

C 

Q1

Q2
IL

Io

RVin

+ VL -Vsw 

Iin

Magnetic core

Magnetic core

(b)

conductor
Alumina tile for comparison

125 μm

190 μm
0.538 mm

1 mm

12 mm

(a)

104 μm

conductor

1mm

0.783mm

Cross-sectional view of inductor 
with (a) rectangular and (b) almond 

cross-sectional shape

conductor

g

g
e

w

core

MODULE



LTCC Technology for 
Power Electronic Integration 31b

Inductance with temperature rise

0
5

10
15
20
25
30
35
40
45

Rect(0A) Almd(0A) Rect(5A) Almd(5A)

Samples at operating condition

T r
is

e 
[C

]

0
20
40
60
80
100
120
140
160
180

In
du

ct
an

ce
 [n

H
]Trise(C)

L(nH)

B-H Loops

-0.1

-0.05

0

0.05

0.1

0.15

-1000 0 1000 2000 3000 4000

H [A/m]

B 
[T

]

without DC pre-
magnetization

with DC pre-
magnetization

Power stage efficiency vs. Iout

0
10
20
30
40
50
60
70
80
90

0 0.5 1 1.5 2Iout [A]

Ef
fic

ie
nc

y 
[%

]

1mm

2mm

3mm

4mm

5mm

>15%>30%
Inductance vs. Iout

10
20
30
40
50
60
70
80
90

0 2 4 6 8 10 12 14 16
Io [A]

L 
[n

H
]

1mm
2mm
3mm
4mm
5mm

MODULE



Shielded LTCC Inductor as Substrate for 
Power Converter 32
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Shielded LTCC Inductor as Substrate for 
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Voltage waveform at switching point of Buck 
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Planar Inductor with Structural Winding Capacitance 
Cancellation for PFC Boost Converters 33
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PFC Active IPEM Packaging 34
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Integrated Power Passive Module for 
DPS (non-resonant) 35

Integrated Discrete

Power rating (kVA) 1.5 1.5
Lmagnetizing (uH) 40 x 2 40 x 2
Lleakage (uH) 4 4
Capacitance (uF) 2 2
Fs (kHz) 200 200
Total Volume (cm3) 60 245
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Secondary 
windings
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Secondary 
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Primary 
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Exploded View Exploded view of half-module Overview

Comparison
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Design of Integrated Passive Module for 1 kW 
Asymmetrical Half-Bridge ZVS PWM Converter 36
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Design of Integrated Passive Module for 1 kW 
Asymmetrical Half-Bridge ZVS PWM Converter 36

Employing Integrated Passive 
Module (IPM)

Employing Discrete Module (DM)
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An Overview of the IPEM-Based Modular 
Implementation for DPS 37

Power
Factor

Correction

Power
Factor

Correction

High Volt 
VRM

On-board
Converter
On-board
Converter

Converter
On-board
Converter
On-board

Low Volt 
VRM

DC/DC
Converter

Heat spreader

Cu layer

Ceramic

Ceramic

Gate driver

Device

Metalization
layer

Etched
Cu

Etched
Cu

Device

Metalization
layer

Metalization

Gate driver

C
er

am
ic

 c
ar

rie
r

E core

hybrid winding

planar w
inding

I core

prim
ary & secondary

E core

planar w
indings

secondary

prim
ary

T1

T2

+
-

+

Passive IPEM

Active IPEM

G
at

e 
dr

iv
er

s,
 p

ro
te

ct
io

n
an

d 
se

ns
or

s

DC/DC
Converter

MODULE



Development of Integrated DC/DC 
Converter Using IPEMs 37
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An Overview of the IPEM-Based Modular 
Implementation for DPS 37
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