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High-end interconnect solutions putperforming

for market growth
Mobile Devices, Automotive, Industrial, over the last
Medical Applications and Semiconductor decade

Industry

€ 1bn

revenue in
FY 2019/20

Among the top
PCB producers
worldwide

~ 10,000

Employees**

Source: Prismark
** For AT&S FY 2019/20

# 2

high-end PCB producer
worldwide*

Efficient global production
footprint with

6

plants in Europe and Asia
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Computer,
Communications,

Consumer
Appliances

Smartphones,
Tablets, Wearables,
Ultrabooks,
Cameras

Market segments and
product applications

IC substrates

High Performance
Computer,
Microserver

GRENOBLE 2020

ESSDERC
ESSCcCIRC

Automotive

Advanced Driver
Assistance
Systems,
Emergency-Call,
X2X Communication

Industrial

Machine-2-Machine
Communication,
Robots, Industrial
Computer,

X2X Communication

Patient
Monitoring, Hearing
Aids, Pacemaker,
Neurostimulation,

Drug Delivery,

Prosthesis
\
Y
Segment Mobile Devices & Substrates Segment Automotive, Industrial, Medical
e AT&S 4:
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Motivation
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[0 Reduction of Fleet emissions and Fuel consumption

B Higher efficiency of the ICE
[0 Start-Stop
O EPS

B Energy efficiency of
applications
[0 Electric pumps
[0 Electric fans
[0 Power distribution

B Drivetrain electrification

O Inverter
[0 Onboard charger
[0 Battery management

Source: Infineon

incremental power semi
content for drive train

4
~$300

~$200 -

~$100

\

start-stop only

Micro HEV
- start-stop

Hybrid

Mild HEV, 48 V
- start-stop
- energy recovery

8

\ 4

400V .. 800V

BEV,
Fuel Cell EV

- energy recovery
- onboard charger

Full HEV Plug-in HEV

- start-stop
energy recovery

- coasting, sailing
boosting
(fun-to-drive)

- EV mode

- onboard charger

start-stop
energy recovery
coasting, sailing
boosting
(fun-to-drive)
EV mode

10

power of xEV electric motor [kW]
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Embedding concept ESSCIRC

[0 Embedding concept — PARSEC (PIAnaR Surface Embedded Components)

Miniaturization in X, vy, z

Embedded components positioned with backside directly into Cu-Layer of build up
Improved switching performance

Reduced inductance and improved of thermal resistance

Copper filled slots Double sided thin copper ( 5 pm )

IIrmmm

Full area back side copper interconnection Copper inlay
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500 W Demonstrator ESSCIRC

[J Miniaturization X, vy, z

B Size reduction in x & y of 30% in
power area

B 7z - dimension of Power core
around 350um
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500 W Demonstrator

[0 Switching performance

ESSCcCIiRC

of single components
results in @ minimization of inductance of the
switching cell

B6 bridge
/\'\

indicates less
switching losses and finally

Trig? Te! evu c Trig
& 20.27us 15.20 v
OO 22.03us 42.20 v
A1.760ps A27.00 V

«
TqGate i Haagels
Fain $oUFc

_ W
246
[
@ S 00V S @ 5.00V By @ 100A &) [400ns MZ.SUGS/S ] o 5 1.80 v]
® oov @ @ oos ) - - P G U N s L
i 400ns 2.50GS/s A 6.00V - - - - .
value Mean Min Max Std Dev ][ ][look points] [ ] @ Max 21.0 A 21.0 21.0 21.0 0.00 23 Jan 2017
@ RMS 20.7 V 20.7 20.7 20.7 0.00 @D Abfallzeit  490.3ns  490.3n_ 490.3n__ 490.3n__ 0.000 13:25:34

Switch off behavior of SMT benchmark module with a gate
resistance of 51Q. Green: Phase current (20A), Light blue:
Gate voltage (5V), Blue: Drain Source voltage (24V)
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Switch off behavior of embedded module with a gate
resistance of 51Q. Green: Phase current (20A), Light blue:
Gate voltage (5V), Blue: Drain Source voltage (24V)

AT&S
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500 W Demonstrator ESSCIRC

[0 Thermal performance

B6 bridge Comparison of junction-to-heat sink
thermal resistances of different cooling
cases with those of a benchmark
module fabricated in SMT.

b)

Rihsms in K/W

B SMT module

5
(benchmark)
i 4
Transistor Q2 | Q4 | Q6 | Q1 | Q3 | Q5
connection | AILT | AIL2 | AIL3 | BIL1 | BIL2 | BIL3 |AAVerade = EmPower module
SMT module 3 Top-side cooled
4404354571439 |5.79(549| 4.83
(benchmark)
EmPower 2 EmPower module
Top-side 2421209 245|217 |249 274 | 2.39 Bottom-side cooled
1
Eg‘tf(;’r‘r’]virlde 150 | 1.45 | 1.61 | 1.59 | 2.01 | 2.15| 1.72 i EmP;)Iwerdmodulled
EmPower ouble-side coole
e o | 1.22|128|1.33 | 1.29 | 1.78 | 1.99 | 1.48
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500 W Demonstrator ESSCIRC

00 Rpgony Measurement of embedded MOSFETs

B Values are 0,4 mQ below SMD-Package specification -> loss reduction of ~20%

* RDS(on)

‘ STH315N10F7-2, ‘ ST315N10F7D8
’l Lite. augmented STH31 5N1 OFT_B 1 e ougmented

0,0025

Automotive-grade N-channel 100 VV, 2.1 mQ typ., 180 A ’ Automotive-grade 100 V N-channel 1.35 mQ yp, S_trlpFET .FT
STripFET™ F7 Power MOSFETs 0,0024 Power MOSFET die in D8 packing
Datasheet - produstion data Datasheet - production data
0,0023 Description
Features D
0,0022 This device is an N-channel Power MOSFET
Order codes v, R max. utilizes STripFET™ FT tachnology with an
e— 08 | "hslon) 0 0 0 2 1 \ enhanced trench gate structure that results in
STH315NTOFT-2 20w 23 don ! \ wery low on-state resistance, while also reducing
STH315N10FT-8 -3 mil | internal capacitance and gate charge for faster
0 0 0 2 [c1 and more efficient switching.
* Designed for auto Wﬁ.ﬂﬂ)
AEC-Q101 qualified 0,0019 o o—y
4 (]
* Amaong the lowest Rpgon) on the market e ® P . ° e o® .. Y & A TS0
J . Py 0% ©® ® Py
» Excellent figure of merit (Fol) 0,00 18 o gv e % o P L) ° ® 0._ e
(1
o Low Cyeg/Cigg ratio for EMI immunity 0.0017 "% o -0: PO L -s‘.—*—.v '.”’t ..A- - ."'- - .-..-ﬁ' 56 ol "‘"’."':" -+ € Features
* High avalanche ruggedness ! ¥ os : : wee, - o %° + Designed for automotive applications and
L 0.0016 o0 o AEC-Q101 qualified
Applications ' o . ° . + Among the lowest Rogyon on the market
Figure 1. Internal schematic diagram + Switching applications O 00 1 5 » Excellent figure of merit (FaM)
D (TAB) ' o Low Gy / €y ratio for EMI immunity
Description 0 0 0 1 4 # High avalanche ruggedness
4
These N-channel Power MOSFETs utilize = :
STripFET™ F7 technology with an enhanced 0 ’ 0 0 1 3 Appllcat lons
trench gate structure that resulis in very low on- - Switching applications
0(1 ) state resistance, while also reducing internal O 00 1 2 ; ; . ' 4 N\
capacitance and gate charge for faster and mere ! Table 1. Device summa
sfficient switching. 0 5 0 1 0 0 1 5 0 Order code Wi Ry max. Die size Package
0% D{on) M3xX.
ST315N10FTDS 100V 1.75 mal® 6840 x 4800 pm? i)
1. Tested value at KGD.
ANODGTEVI 5(2,3.4,5.6,7) This chip gatasneet Is refermed to the device STH31SN10F7-Z, which uses Me same sllicon 3s the STI1SNIOFTDE.
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Reliability ESSCIRC

O Rpseny during TCT (AEC-Q101)

B TCT - test according AEC-Q101
0 -40/ 140 °C Normalverteilung RdsON @VGS 10V; ID16A

[0 2000 cycles MNormal - 95%-KI

99 L
Variable
—&8— ini_TSW
95— —--— Pre TSW
Electrical characteristics 90— —#— 500c TSW
—&— - 1000c_TSW
(Te =25 °C unless otherwise specfied) a0 —-p— 1500c_TSW
Table 4: On loff states 70 —ll— 2000c_TSW
Symbeol Parameter Test conditions Min. | Typ. | Max. | Unit = G- Mittshamrt Sl N 2D "
Vigmoss | Drain-source breakdown woltage | Ve =0V, k=250 pA 40 v H 50— 08417 Q01326 15 0404 03N
— o 40- 0876 001235 15 0370 0377
s Zero gate voltage Vae=0V i WA o 08237 Q01E72 15 0143 0961
= drain current Voe=40 V 30 08256 0.008783 15 0431 0286
08231 002057 15 0599 0.098
bass Gate-body eakage Vee=20V, Ves =0V 100 nA B 0.8245 QOI275 15 Q60 0.935
canment
Vosw | Gate threshold voltage Vos=Vas, lo=250pA | 2 s | v 10-
- 5
Rosuny | So0° drain-source Vos= 10V, = 16 A 13| 18 | mn
on=resistance
I 1 1 1 1 1 1 1
0.7 1.0 1.1 12 1.3 1.4 1.5 16

RdsON in mOhm

TCT cycles (15 samples)
@gf;:::” AT&S B
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Reliability ESSCIRC

O Power cycling

B Project 500W Demonstrator:

[0 dT= 100K, 3sec. on, 3sec. off > 300.000 cycles
passed

B Project Power X:
[0 dT= 80K - 850.000 cycles passed

B Project PowerY:
[0 5sec. on, 5sec. off (8600 cycles per day)
[0 2 types of stress
m dT=120K
m dT=140K
[0 1.100.000 cycles passed
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Summary power embedding ESSCIRC

4 )

= 30% footprint reduction

= High robustness

= Improved switching performance
= Improved thermal performance
= Increased power density

= System cost reduction
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Objectives ESScCIiRC

1st step: Embedded inductor
Develop DC-DC converters for

=  Automotive Magnetic Material
= Industrial

= Server applications
2nd step: DC/DC converter with embedded inductor

Our tasks: eeee 0

Magnetic Material

= embed magnetic material
= packaging of GaN switches

= design of the magnetic components Project demonstrators
(inductor / transformer) mm
V] [MHz]
#1 12 1 2 5
#2 12 1 30 5
#3 48 12 10 5
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Features e a R W

Why - What is the advantage of this technology?

Miniaturization
4 )
= Increasing power density
= Miniaturization
\_ J
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Process flow EoSciRC

Embedding Process in Detail

Preparation Assembly Lamination Structuring Surface finish Marking

= Qualified process based on the ECP® technology
= Independent from layer count
= Can be applied to every PCB construction
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Automatic assembly

= Fully automated assembly for high volume production
=  Semi-automated setup for fast prototyping
= Assembly from tape and reel as well as tray

= Special nozzle to optimize camera alignment and
position accuracy

Pick up nozzle with inlay par
on assembly head

t

/

(f EEEEE —

= = i} LECTRON

| || ®
4 . - SociETy

\_EEEmEmEm

AT&S




8] |PCE|

on Microelectronics

Automatic assembly
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Inductor demonstrator assembly

Socurnr'

Three parts of magnetic material as well as three air gaps to optimize magnetic behaviour
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Application: Inductor I ESSCIRC

IND SAMPLE 004

®

Facts

= Two layer construction
= Different thicknesses possible (used: 300 um)
= Flexible copper height (used: 35 pm)

Demonstrator with visible X-Ray section

Geomety | Vae | unt Solder resist

Magnetic material

Inner diameter 3 mm

Outer diameter 10.5 mm

Total thickness 0.5 mm

Windings 16 turns

Outer diameter (blue circle) 12.3 mm Copper layer (35um thickness)

PCB via

b AT&S
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Application: Inductor II ESSCIRC
Parameter Symbol Without airgap Withlairgap With 3 air gaps
Inductance L (@ 1 MHz) 5.7 pH 2.2 pH 1.15 pH
Saturation current .o (1) 300 mA 1.5A 36A
Rated current (DC) Iz (@ AT = 40 K) 20A
DC Resistance Rpc (@ 0.1 A) 79 mQ)
Self-resonance frequency fres 30 MHz 40 MHz 80 MHz
Package size D\/Dgo 3/10.5 mm
Air gap length ly - 500 pm 3x 170 um
Total thickness h 500 pm

1)  Inductance drops 30% @ |,

----- —
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Application: DC/DC Converter ~—eEsscire &
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= Conversion from 12V to 3.3V with
embedded inductor

= 2 MH inductance at a current of 3 A
= Module size: 13.3 x 14 mm

= Based on 6 layers

= Qverall board thickness is 1.4 mm
= Single IC solution (LMR33630)

LECTRON
EVICES
Socmn’"’
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Application: Wireless charger ESSciRC

Facts

= Handles up to 10W wireless charging power
= Proof of concept for large inlay size (50 mm x 50 mm

X 500 pm) =
=  Optimized temperature distribution e
= Coil DC-Resistance: 200 mQ | -

= Qverall construction height: 1 mm

Construction

}+ Antenna layers

. I - —_— Electronic circuit

-----
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Application: Transformer

ESsSSciRC

Parameter AT&S value

Turns ratio 10:11

Input voltage 24V

Switching frequency 1.6 MHz

Magnetizing inductance 3.5uH

Leakage inductance 0.5 uH

Primary (rms) current 0.4A

Secondary (rms) current 0.4A

Primary DC resistance 57 mQ

Secondary DC resistance 68 mQ

Stray capacitance 6 pF

Total PCB area 10 mm x 10 mm

Magnetic material area Dyyt=8 mm; D;,=4 mm

Magnetic material height 0.5 mm i i

Total PCB height 0.92 mm SN Prepreg/GIass
Copper height 40 um Winding Shielding I

LECTRON
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Summary magnetic embedding ESSCIRC

= Flexible solution

=  Further miniaturization of power electronics
= Ultra thin concepts possible

= Different materials (and behavior) available

= (Can be used for transformers, inductors, shielding and charging
applications

= Technology can be combined with PCB processes

~
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ESSCcCIiRC

Thank you very much for your attention!

For further questions and more details please do
not hesitate to contact me.

Hannes Voraberger

Director Research & Development
AT&S, Austria
h.voraberger@ats.net
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