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1- Introduction
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Major Drivers in power electronics
« High efficiency
» Cost-effective
« High level of integration

Innovations in:
. Integrated power passives

- Inductors

. Nano CMOS Technologles
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1- Capacitors technologies
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2- Silicon Capacitors Technology

2 parallelized capacitors in a MIMIM architecture to increase the capacitance value Miniaturization
. Passivation New market opportunities
Middle electrode Top electrode layer (SiO,) Metal |ayers enabled by reduction in
(in-situ doped (in-situ doped Bottom product size
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Low failure rates even at
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2- Key features

Classical 2D capacitor :
Capacitance value depends on electrode
surface

x100

Electrode smaller

— Dielectric

3D structures enable
a higher density

Tripod structure
First cylindrical structure

Silicon Capacitors

800 nF/mm? 21 nF/mm? 6 nF/mm? 0.4 nF/mm?
6V MV 30V 50V 100V 150V 450V 900V 1.2KV
l-------\
1.3 pyF/mm2 | 82 nF/mm? 23 nF/mm? 1.5 nF/mm?2 : ﬁ 1 03nF/mm?
! -

I{ 1 GaN Technologies \_______J

1 1

1 - 1

\——-b-—-—————,

L\

High stability in temperature

Up to 250°C environments

Signal stability over frequency
Up to 110 GHz applications

Stability regarding voltage
For 450 V applications

Stability over ageing

Minimum lifetime of 10 years

Extreme low thickness
Down to less than 50 pm

26KV

Available
Under development

7 of 22



2- Different configurations

Front ilif% 4 ad

- Al-based pa

¢ >UBM on pad
- Bump on pad

- Cu pillar on pad

30-800pum
Back sﬁe »
- Raw silicon
- Metallization

_—

Stand alone and standard
components :

horizontal and vertical capacitors

Component arrays:
combination of several passive
components into a single
silicon die

Interposers:

use of semiconductor assembly
technologies to build high
performance 3D structures
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2- Market Drivers and challenges
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3- PDN Applications

On-Chip Capacitance

Chip (Semiconductor)

Pack C it
ackage Capacitor \ / Package
Board Capacitor \ /

Bulk Capacitor

Power Supply Module or
Power Supply Connector

PCB

Package

Delayed - Socket, BGA,  Wire bonding, internal wiring
response  cable, Board wiring, etc. board winng,  for semiconductor, package
etc. etc. wiring, etc

Power

7{ Supply —7
-

/e

Bulk
Capacitor

Power supply impedance must be made small over a wide

frequency range

One capacitor cannot achieve the necessary impedance,
multiple capacitors are positioned hierarchically to achieve the

target power supply impedance

Due to space constraints, on-chip capacitance is not enough

to reduce impedance at high frequencies.

'—{ /WJ—O—{ 0O oo Current
Semiconductor Fluctuation

/T / f ‘
Board Package
Capacitor Capacitor

On-Chip
Capacitance

logZ ‘

Target —»
Impedance
ZT

Bold line: Impedance achieved by
combination of capacitors
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3- PDN Applications Requirements

Thickness
'} FOWLP / FOPLP
oy — . s ROk +  Fine L/S (~ Fine BGA pitch)
Low profile
ﬂ ﬂ
|
— Fine BGA pitch
Low profile capacitor is needed
ESL
Microfabrication of process ——> Lower target impedance
Future Transistors | pevelutionary — I l _
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T 1015 2000 2025 Frequency [MHz]
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3- PDN Applications_Improvements

® Low profile ® Multi-terminal
95 - \
Si-cap

Capacitor Thickness (Lm max)

/

2018

» Achieve low thickness (~ 50 jum) » Design many terminals on capacitor
> H;gher robusthess Extremely low ESL < 10,DH
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3- PDN Applications Benefits

Si=Cap intrinsic ESL is lower using fine bump pitch
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3- 3D Silicon capacitors for power applications

« LIDAR application (Automotive)



3- LIDAR Applications

Optional Current

Limiting Resistor Loop Inductance
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Optional Current
Sense

In a LIDAR system to increase resolution
current needs to be switched as quickly as
possible through the laser diode.

Gan FET’s have very low input capacitance
and can switch on very fast

LIDAR {\ General wave length : 905 nm Target object
ik b——:t%
Detector —T - -] &
e Ts  d=(cxT,)/2[c: speed of light ]
d ; the distance to the target object
Longer distance of detection Higher space resolution and higher time resolution

G Ay > --r -
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3- LIDAR Applications_Requirements

General requirements for LiDAR
- Longer range detection

- Higher space and ti

me resolution

- Compliance with eye safety standards
General requirements for laser pulse

- Higher peak power
- Shorter pulse width
- Stability of pulse

- High reliability

Power

Supp\yo

Equivalent Circuit with Parasitic Contribution

Needs for Capacitor

Withstand higher voltage : 120V as applied voltage
Higher capacitance value : ~ 10nF

Low ESL: 100pH for whole circuit

Stable capacitance value vs temperature (up to 105°C)
Availability of Wire-bonding

Needs for Interposer

Withstand higher voltage : 80V as applied voltage
Low ESL: 100pH for whole circuit
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3- LIDAR Applications_Improvements

Driver

Design optimization by using SICAP for lower
loop ESL & miniaturization.

WBSC series

Standard SICAP for wire-bonding

N
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Effect @ : Decrease LD current peak

Effect @ : Decrease LD current change rate

L Lower peak power & longer pulse width
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3- LIDAR Applications_Benefits
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4- Summary

PwrSiP and PwrSoC are pushing passive devices to their technological limits

Many parameters to take into account: specific to the passive component but also in relation with the
surrounding environment (packaging, parasitic)

Silicon technology presents a good alternative to classical solutions

PDN applications (Mobile & HPC)
— Requirements in terms of high density, low profile and low ESL
— Silicon capacitors flexibility: process, materials, design, interconnects and assembly

— Challenges in integration, testability, measurements (very low parasitic), simulations (electrical and mechanical
robustness)

LiDAR applications (Automotive)
— High voltage, low ESL loop, Thermal stability
— Silicon capacitive interposer presents innovative solution from electrical and assembly point of view
— Challenges: automotive reliability standard (AEC-Q100) and Eye safety (IEC 60825)



Thanks a lot for your time and attention!

Any questions and/or comments?



