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Electrification - Autonomy é
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Advanced Health

—

The Problem:

World needs
MORE power in SMALLER spaces:
High Power Density

Computing
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3 million transistors 7 billion transistors §<



Power
Is Separate From
Silicon
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Breaking Down the Problem

Megatrends: Needs:
= Al — Small form factors
= Age of everything/everyone — High power density
connected
— Efficiency

* High performance computing
— Easy implementation
*» |nstantaneous access &

processing of information — Low cost

Legacy technologies are not enough!

o

o Recent state-of-the-art technologies are expensive, exclusive, and limited

EnaChip’s Wafer Level Magnetics (eWLM)
means affordable integrated magnetics for every chip!
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eWLM - Monolithic Integration e

System Architecture

. Inductor

. Monolithic
Wi Power

v

w’* WPower ICs
2 K
N

MMIC IC
Logic LSI

eWLM must:

Meet cost — manufacturing and packaging
Meet form factor — footprint and thickness

Si Interposer

Meet quality and reliability — demanding applications
Meet performance — efficiency and functionality 3D Heterogeneous Integration
Meet the intangibles — near field noise, thermals, integration compatibility

PWR
Sep. 28th, 2023 - Hannover, Germany EnaChip inc. ‘ 23 5



EnaChip’s Transformative Technology Trifecta =
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Problem:
eWLM Advanced

Industry is facing SWAP-C necessary trade-offs when designing Proprietary Materials
Systems-on-Chip for HPC, Al, portables, wearables, and loT \

System-on-Chip

EnaChip’s eWLM Solution: Materials, Process, Design 3D-stack

is a cost-effective customizable convergence of performance
and desired form factors without SWAP-C trade-offs

 Using existing * Fast & low-cost * System design
infrastructure electroplating processes optimization based on
, , EnaChip platform
* Node agnostic * Ease of design \
processes Size WeigHt Ano Perrormance - Cost -\
TRADE-OFFS \
\
eWLM Efficient eWLM Design
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EnaChip’s eWLM Competitive Advantage (=
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Today’s Industry: Sputtered Laminated Cores

- High cost

20-40 Layers CZT TOTAL 5um
- Slow process

.. . Estimated deposition time MaAN hours !
- Limited thickness Rource: EVATEC ”L_—

(max achievable thickness ~5um)
/f

Continuously Electroplated Laminated Cores

EnaChip -

1L ECA 5um
- Simple process 1 Layer ECA TOTAL 5um fu
- Ultra low cost Deposition time 20 min !!

/y / 22 4 ? /) 100X FaSter 3LECA 15um total
- Ultra fast process ( ,_...._—-) Sum =
Microtransformer o . D =

(1.7mm x 4.0mm)

- On any wafer, any node!

(max achievable thickness 20um)
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Game Changing Cost Reduction ! =
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EnaChip process for 8 core layers

Using electroplated EPI as insulator Today’s process for 8 core layers using sputtered SiO, as insulation
(S 72 main steps
base Wwafer - bottom copper &
insulation 16m—a5ks
(o Layer 1 Layer 2 3 4 5 6 7 8
1. Sputter seed layer S

base Wafer - bottom copper & insulation

——— N — N — .-

|

1 Sputter seed layers

|

¢
)

- |

!

ENACHIP 2 Photolithography

2. Single mask photolithography

s I=——1
5 maln Steps 3 Electroplate magnetic core 12
1 mask —— = B e BE = =
- Strip photoresist 13...
_—— = BB E B E B
3. Sequentially electroplate 8 layers 5 Etch seed layers

of magnetic core and insulatiory

=——WN-—— - N |
i ———— =

7 Photolithography, patterninsulation etch

e = E EEEE

8 Etchinsulation layer

[ — oss— ]

|

6 Depositinsulation layer

4. Strip photoresist

5. Etch seed layers
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Key Process Modules
(Electroplated micro-coils)

& Thick electroplated Cu (5um — 80um)
& Dielectric insulation/planarization

& Electroplated high frequency magnetic alloy
laminations
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\\\Silicon substrate

EnaChip’s electroplated Wafer Level Magnetics process flow

A. Electroplate thick Cu

Bottom Cu windings

Silicon substrate

_—

D. Insulate core & electroplate top Cu
to complete coil windings

=

ENACHIP

B. Spin thick photoresist, cure to
insulate and planarize

Silicon substrate

C. Electroplate laminated magnetic
core

Electroplated
magnetic
stack

Silicon substrate

PWR

23




=

Device Structure
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EnaChip’s Electroplated “insulator” (EPI)
Does it work?

NiFe Single Layer vs. Multi Layers

120%

100% (———

NiFe 5 layer x lum

80%

LF/L1MHZ

60%

40%

20%

0%
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60%

40%
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ECA Single Layer vs. Multi Layers

ECA S5 layer X Tum

~
“« |EPI
o

ECA 1 layer x 5Sum *s

10

20MHz 50MHz

Frequency (MHz)
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EnaChip’s Electroplated Alloy ECA vs. NiFe

ECA vs. NiFe 5um Single Layer

120%

100% O=—wa———o—

80%
T
=
J  60%
o
-l
40%
20%

0%
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1layer ECA 5um

“
1layer|NiFe 5um >

20MHz

10
Frequency (MHz)
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ECA Tum (thin) Single Layer

120%
1layer ECA Tum
100% =o— oo 6% .
—— %%
80% T
g Practically “flat” up to 50MHz
- 60%
o
-
40%
20%
OOA) 20MHz 50MHz
1 10 100
Frequency (MHz)
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===5um WW ECA —e—5um ECA Integrated Device

\ Fabricate integrated inductor

Testing ECA Films — Wire Wound vs. Integrated Device %

(%)

LF”—W 00KHz

Electroplated ECA cores
(single or multi-layers)

L
o %01 1 10 100
ECA on blank Si die \\/& eeeeeeeee (MHz) L\//
f V4
! RN e

. T~
NPy

Insert test bar in
the fixed test coil

Package and test
t cWLM




Programable ECA Material Intelligence
Tunable Magnetic Materials for target applications: System Level 2 Power Integration

System Architecture J

s

pplication

o e.g.
.giol Performance ‘
Wearables Computing Bsat=1.2-1.5T

K =200-900
p=120-160 pOhm.cm
=
Fabrication Same
Process ool Chemistry
Intelligence: = . H (Oe)
Alloy plating "4}
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eWLM - Unique Design Flexibility to Control Performance =
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1 mask, single or multilayer core plating allows for precise gap control = Performance flexibility

; ‘ 3Layers x 5um ECA

ECA bar core / 15/um gap

ECA bar core
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High current capability and closed path design

=

120%
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EnaChip Inductor - 1MHz - LI/Lo vs. | at 25°C

———— A ————l

L vs. Bias stable RT-150C

100% ——
“g 80%
Fli
j;l)> 60%
40%
20%
15um Cu .
1Layer x Sum ECA _ 0.0
ImaX = 35Amps Excitation EZ axis
F., = 20MHz Flux
L scalable ~ 3nH/ layer b s
Note:

ECA Magnetic Anisotropy control on Z-axis !!
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1.0 2.0

Current (Amps)

3.0 4.0

1 year Roadmap

3Amp 2 6Amp > 9Amp
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EnaChip develops an Enabling Technology Platform «WLM é

Silicon Based

Unique . .
high-perforrpance Control Circuits
magnetic (node independent)

materials

Multiple Addressable Market
Verticals

Intelligent Sensors - Automotive and loT

6 * Current sensing
(M) () * Magnetic Field Sensing

Innovative

wafer —_ .
Current Roadmap FOCUS Connected and Smart Health

fabrication
processes * Electromagnetic Separation
* Micropumps, Microvalves, Relays

~an - Power Management
W\ DC/DC Voltage Regulators

= PMIC
LED Drivers ) Microdevices
- q. Electromagnetic Actuators
Signal Conditioning S5 pouertarestin
Switches
Filters
Tuners
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Walk Away Message

e EnaChip is commercializing a thin film electroplated Wafer Level Magnetics technology
platform: Materials - Processes - Design

Thick Cu toroid micro-inductors
Multi-core toroids

Spiral coils
Electromagnets/Actuators
Transformers

Sensors

& EnaChip Gen-1 specs:

Inductance density: 100nH/mm?2,  2nH/MQ

Power Throughput: 0.5W=sP=<15W

Current range: 0.5A<I|<5A

Operational V y: 1.8Vpe £ Vy 18V

Operational Vg7 0.6Vpe = Vour < 5Vpe

Working Voltage: 50Vpe

Frequency Range: 5MHz < f < 30MHz (roadmap 50MHz)

Typical Device Profile: 40um =T < 200um
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Contact: trifon@enachip.com
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