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Silver Industrial Demand Trends

koz Silver Demand Trends koz
1,400 =3 Solar PV @ Automotive —Consumer Electronics $40
I Other Electronic EPower distribution B Electrical - Other
1,200 I Brazing Alloys -Otht?r Industrial I Photography $35
— Total Supply =o=Ag Fix . .
Total supply is mined
1,000 $30 plus recycle silver.
800 25 . .
> Industrial silver demand
approaching 60% today,
600 20 greater than 70% by 2025
400 S15
200 $10
- 55
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5 Areas Of Industrial Demand Focus

1. Semiconductor and Electronics Demand

» Understand the silver products and develop the materials supply chain accordingly.

» Silver Conductive Joining Technologies: ECA / Die Attach, Pastes, Solder Materials, Bonding Wire -
2. 5G Wireless Deployment - a Silver Force Multiplier ¢

» 2 decades of steady 5G deployment - slow rise

» 1oT (Internet of Things) explosion in the humber of connected devices Pt
3. Automotive Electronics - already > $1.1 trillion dollar market already and growing . -

» Today >40% of a vehicles cost is now electronics, >50% by 2030 Y

» Infotainment, Safety Systems, Auto Body, Powertrain, Chassis & Engine Control
4. Auto & Trucking Electrification

» NEV Types: Hybrid gas/electric, PHEV Plug-in Hybrid Electric, BEV Battery Electric, FCEV Fuel Cell
Electric Vehicles.

» More electronics and logic devices come with each wave of electrification
5. Solar PV - Undeniable market growth continues
» 2019 saw 9% of silver supply consumed in Solar PV, 2020 is a down year

» 2021-25 will be growth years

Prepared for The Silver Institute Sept. 29, 2020




Legislative Suggestions

1. Electronics - If you can compete in Semiconductor ($433B), you can compete in
Auto Electronics ($1.1T) and Consumer Electronics ($1.9T) markets

>
Ve
>

>

Develop your respective supply chains in these products
Flakes and powders is a key component, but also nano-materials < supreme refining is the backbone
Recycle ... recycle ... recycle - Don’t just throw in a landfill

Don’t become the worlds e-waste bucket. Be selective in any imports of e-waste. Mobile phones,
data center waste, and IC/Logic devices and PCB’s have the highest precious metals content.

2. Li-Batteries - vehicle electrification and energy storage

f

;

Advocate for responsible mining in Nickel, Cobalt, and Lithium

Nickel Mine Tailings directly dumping into our oceans. Indonesia and Papua New Guinea have some of
the worst offending miners.

Regarding Solar PV Storage deployments - Be careful on repurposing Li-batteries. Don’t become the
LiB dumping grounds.

LiB Recycle - absolutely develop this recycle industry. Umicore would be a good corporate partner.

3. Solar PV - Undeniable market growth continues

Develop your respective supply chain of materials to support this segment.
Again, develop a recycle capability.

Consider an upfront Solar PV panel disposal fee. Solar panel recycle costs in USA $12-14 per 60-cell
panel, yet only $3 of Aluminum, Copper and Silver are recovered.

Beware of CdTe (Cadmium/Tellurium) and CIGS panels (10% of the PV market) - Very toxic materials

4
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Market TAM 2019

(Total Available Market - Revenue) -

Semiconductor
Market
TAM $S412B

Consumer
Electronics
Market
TAM $1.9T

Automotive
Electronics
Market

ED / OLED
Market
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Semiconductor Silver Demand

Semiconductor Revenue TAM &
Precious Metals Spend (SM's)

Semi Revenue (SM’s)

$700,000

$600,000

$500,000
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EmSemiconductor TAM SM
Precious Metals % Semi TAM
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Bl Semiconductor PM Totz

2015
2016
2017
2018
2019

2020
2021
2022
2023

2024
2025

4.0%

3.5%

3.0%

2.5%

2.0%

1.5%

1.0%

0.5%

0.0%
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Little precious metals
in NAND/DRAM
memory, but close to
2% of revenue in
Integrated Circuits
precious metals
materials spend.

Metals content creeps
up with each tighter
pitch/node

2018: Memory shortage
and pricing 3x inflateg
Semi TAM.



#1

#2

#3

#4

#5

#6

#7

Semiconductor Precious Metals Spend (SM's)

$12,000

H Bonding / Bumping

Wire
$10,000
B Wet Chemistries

W Ag ECA / Die Attach $8,000
/ Paste / Solder

O MEMS Lids (Au)

$6,000

B ALD/CVD/

MOCVD Mtrls $4,000
B PVD Targets -

Precious Metals $2.000
B Preforms (All Au,

AuGe, AuSn)
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Ag Die Attach, ECA,
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Semiconductor Precious Metals Demand

Semiconductor Precious Metals Demand koz

70,000
m® Silver koz O Gold koz B Platinum koz B Palladium koz

B Rhodium koz B Ruthenium koz O lridium koz
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40,000 l i _ l
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20,000 . .

Silver dominates overall troy ounces
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Wet Chemistries
#2 PM Spend Category

Gold is > 90% of the plated materials
Gold electroplating

Gold alloy electroplating
Gold strike plating
Electro-less gold plating
Silver plating

Platinum group

Rhodium plating

vV vV v v v v v Vv Y

Ruthenium plating

i MacDermid Alpha €Y

ELECTRONICS SOLUTIONS
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Ag Joining Technologies: Brazing Materials,
ECA, Die Attach Materials

#3 PM Spend Category ELECTRICALLY CONDUCTIVE DIE ATTACH PASTES (DAP)

DIE MOISTURE VOLUME THERMAL
PRODUCT DESCRIPTION KEY ATTRIBUTES SIZE SUFBI:I;::TE SENSITIVITY RESISTIVITY CONDUCTIVITY RE{C:‘J:‘EENDED
(mm) LEVEL,MSL  (Ohm-cm) (W/m-K)

EMI Shielding Material LOCTITE - Low Blead
-filled die = Low stress Solder mask L2 260°C " 30 min. ramp and
ABLESTIK 12x12 0= 10 12
2000 attach adhesive = Ultra-low moisturs absorption sl or Au capable * 15 min. hold at WEC
» Fast owen cure with no voids
LOCTITE _ = Low Bleed " .
sy (doese |l o/l - A T L S
21004 = Oven cure pe .
Die Attach Film + Low bleed
LOCTITE - = Low stress - .
ABLESTIK Ag-filled die| « Excellent dispensability cgxg | Soldermask L2 280°C 50x10° 06 30 min. ramp and
1300 attach adhesive + Low vaiding or Au capable 15 min. hold at WEC
= Oven cure
= Excellent bleed performance
LOCTITE = = Long work life 30 min. ramp and
ABLESTIK xﬁ'r'.e:;:e_ - Strong hot/wet adhesion to Au | £3x3 | 0 :5'[' g K‘Er‘: 30x10® no 30 min. hold at T5°C
ZT00HT 2Ch aoNEsVE | | deal for small needle dispensing BER Sl LT in nitrogen
= Oven cure
Wafer
Backside o \‘3‘“ s » Low stress
% Rk ol ) ARYR L\ RN v - Compatible with dam & fill
Coating \‘ = o RS LOCTITE Ag-Filled die encapsulants Salder mask, 13 180°C
\\ A == ¥V T w ABLESTIK sttach adhesive = Excellent dispensing = 10x 10 Ag, Auor canable 20x 10 0 120 sec. at TAI*C
ABP 20305CR performance for high throwghput plastics P
application
= Snap cure
« zood adhesion to avariety of "
:.(IJI'I:—I—BIT;I{ ?:Inlre:h Sl 10x 10 sat:e'mel : Doy 2010 10 50 min. at 80°C
ABP 30335 a:iehsive = Good dispensing characteristics SLLE: Ag. Iul ieelor capahble * . .
Solder Die Attach Paste TS UETREE S BET B
Paste

Encapsulant

Die Attach
Paste Die Attach
Film

Ruthenium  Rhodium Palladium
4 S 2
5
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Ag Solder / Brazing Materials
#3 PM Spend Category

Melting Points of various BFM - Brazing

: : Bondwire
Filler Materials B Bond icay
(T) b — Dmde\\ \ / Bond
1200 — Chip Solder ) /__
| |
100 — [ | > Substrate
Base Plate Solder —__
e — Thermal Grease —_
m —
0o  —
» Image 1: Typical power module construction
m —
Exterior of active brazing filler metal Exterior after active brazing filler metal has
00— been brazed
@0
100
Alumina Alumina
20
1
TKC-661
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Microelectronic Packaging Comparison Chart

Paciaging Froduec Appicatiom LLid Mabarial Fradorm
Combao.Liga ™ Eoear Gold-Tin
Hich relabitor hermatic packadne = =
(Flarth Allor £2 other allom
C-nmhu—Ll-h“. Hich relabitr hermatic packadre whers dis Eowar or Cold-Tin o
Dirawml heicht 12 hichar than oackars cavitr decth Allor 42 other alorm
For-marnscic Maal Cu', Gold-Tin
™ Mudical lrarine and sieral noles coneral Mo, =
Combo-Lifa Ercrxa, Cu othe slom
Flor-marnstic Maal Hich Purtr nor-marratc combe [T, dosa not M=, Culi¥, Cold-Tin =
C-nmbn-l.l-ch“ pentain Midoel or chsine Erorxs, Cu other alorm
Mor-masnsti: Balu Hich Puritr nor-macratc combe |, dosa not Cold-Tin =
Combolid ™ womsin Mizcksl sr slasiee wthes alers
FMEMES, Autcomecdive and Hich rellablier
ThH
Mozzls Combe-Lidh Ervr Gald-Tin
. hermetic packurw 1waline
TH
Caramic Combo-Lidy Cold-Tin or
HNen-mamasic anslicaton: AlRD
with sdos mesalkmsion ! other allom
Tack wald Cold-T
B WHEAE amrecas Men-mamssic aoodiotbeon: A0y N =
for Caramic Lidy ctheer allorm

Ruthenium  Rhodium Palladium
10107 2 <+ 2
e
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Salecrientr oluted - Kowar or Gold-Tin cr
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Flip Chip and WLP (Wafer Level
Processing) is creating additional
demands for conductive
adhesives

Surface mount of packages, and
device in device mounting and
electrical connection are
increasing the use of conductive
adhesives in all areas.

Modest demand growth from
Silver bonding wire. Linear
meters are growing, while
thrifting is achieved with less
pure gold and smaller diameter
wire,

Prepared for The Silver Institute
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Automotive
» Auto Semiconductor

» Auto Electronics

» Spark Plugs

* 10% of these categories
» Contacts & Materials
» Electrical Connectors
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Automotive Silver Demand

The Global Source
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Automotive Electronics Market Growth

\

Wiper Control Power Steering AirBag Heat Control
Load dump TVS Load dump TVS Load dump TVS Load dump TVS
Std rectifier Schottky rectifier 1A Ultrafast Std rectifier Car Audio
Std rectifier Std rectifier Load dump TVS
Engine Management Body Control ‘ Schottky rectifier
LeaddumpTVS  Load dump TVS Std rectifier
Std rectifier Std rectifier
2~4KV Fast recovery - LED Indicator
1~2A 100V Schottky VS
Std rectifier
Active Suspension
Schottky rectifier Exhaust Gas
Load dump TVS Detector
Std rectifier Load dump TVS
Std rectifier
HID
1.8KV UV rectifier Mamiry et :f:v :: o EM?V
Load dump TVS ad dump TVS
Lead dump TVS o Std rectifier
Std rectifier
ABS TPMS
Schottky rectifier Cluster Panel Load dump TVS
VS Load dump TVS Std rectifier
Std rectifier Std rectifier
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Figure 1 - Worldwide Automotive Semiconductor Market (1998-2015)
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Source: Semicast Regaarch {February 2009)
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Automotive Electronics Main Spend Areas

5 Main Categories:
1) Body
2) Safety Systems

3) Driver Information /
Infotainment
4) Powertrain

5) Chassis & Engine Control

O Future: BEV/PHEV/FCEV

Related Electronics

Prepared for The Silver Institute

Automotive-semiconductor demand by core segment, % of total’

Body Safety Driver info Powertrain Chassis

200 28 4720 520
2020 24 242 2 [0l

Selected
pockets of
growth,
2015-20,% 0.2
$ billion

Other Collision  eCall Tire-
ADAS?safety warning telematics pressure
features warning

Navigation  Primary

instruments

Engine
control

'Figures may not sum to 100%, because of rounding.

2020 is estimated.

‘Other advanced-driver-assistance systems include safety features other than those mentioned in
the chart above, such as parking assistance or drowsiness monitoring.

Source: McKinsey & Company, 2016
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Auto Silver Demand By Vehicle Category

Auto E&E Market Trends - TAM By Vehcile Type SM's
$2,500,000
= LDV = Hybrids
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Automotive Silver Demand

Silver per Vehicle (g/vehicle)

100

LDV ——Hybrids
% —HDV
—Busses == Current Model: US/EU/Japan LDV
80 ==-Current Model: China/ROW LDV
70 The shift in vehicle mix
— more than the increase
60 in electronics loading
50 - — over time will increase
e T the silver auto demand

-
40 _,—“

the most.
30

Hybrids and BEV/PHEV’s
use 1.5x to 2x the
loadings.

20

10

2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
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Total Automotive Silver Demand

Silver Deamand per Vehicle Category (Toz)
120
B LDV mHybrid OBEV+PHEV BHDV M Busses
100
80 Automotive
e Auto Semiconductor
* Auto Electronics
60 » Spark Plugs
* 10% of these categories
* Contacts & Materials
40 * Electrical Connectors
20 I
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Solar PV Silver Demand

The Global Source
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Solar PV Market & Ag Demand (koz)

250

200

Y
Ul
o

100

Solar GW  Solar PV Market TAM GW and Ag Demand (koz) Ag koz
250,000
[Solar TAM GW Installed —Ag Demand koz 5,
210
150 200,000
170

142 3o 1143 r14 150,000
128,716 1= >

Source Solar PV GW: GreenTech Media 117 1085612 L2 oa
. L d 5

Wood Mackenzie GW Roll Up 10fR4s J,/ R

2 N\ 92 100,000

5,630
8

New Solar Installations GW's

Ul
o

Flat outlook on future Solar PV Installations. P00

Part of Ag thrifting in increasing PV cell and
module electrical efficiencies

2012 — 13

2013 /1 ¢

Prepared for The Silver Institute

2014 —— ]

2015 — ]

2016

2017
2018
2019
2020
2021
2022
2023
2024
2025

Sept. 29, 2020

Getting Wood Mackenzie GW
Forecast in November. Using
PV Magazine Solar Powe EU
reference data until then.

Design thrifting historical

used to forecast thrifting
going forward.
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