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Precious Metals Demand Overview

Precious Metals Prices Spiking
Precious Metals Market TAM (Total Available Market Revenue)
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All 8 Precious Metals2026F if the current prices hold all year, =~ PGMs Only: 2026F if the current prices hold all year, we

| see 2026 climbing to ~$881 Billion TAM with elevated Auand @ K2dz2t R aSS t DaQa | OKASYS | ¢
Ag. Adding value added fab, financing, and refining puts this

global precious metals market >$1 trillion USD. 2
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Electronics Markets: Precious Metals Demand Overview

H H TopDown Analysis Of Precious Metals Spend In Semicond
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Electronics Markets: Precious Metals Demand Overview

GoldElectronics Demand is declining from 8% to TopDown Analysis Of Precious Metals Spend In Semiconductor

3% of Gold supply Au Electronics: ~8 Moz How MuchPalladiunGoes Into Electronics?
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Palladium Electronics Demand and Recycle
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Electronics Markets: Precious Metals Demand Overview
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onents:

Passive |:_|ectroniCS Corn'p Itilayer Ceramic Capacitors)
Electronics Markets: Precious Metals Demand Overview| ,  pd/Ag - High Fire MLCC's (Mult .
. Ru — Thick Film ResisterS/Va(lSTO OLED:
Electronics Markets 2025 TAM | . | saw/aw g Filter Crucbies A IrClcompundsc OLED
Where are the 0.24% of Revenue Precious Metale™ 5 - oo | Printed / Flex Elect Llfle / kO'I[_
Micro Electro Mechanical Systems Electric Electronics| ~ _Ag-Aucompounds arke
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Cables & Connectors
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A Pd/Ag/Cu Button Rivets and connectors/switches$




Electronics Markets: Precious Metals Demand Overview

Top Global Electronics Market Trend

Global Precious Metals Value ($ billions)

Global Electronics Revenue ($ billions) & as % of Global Electronics Revenue
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~$5.7T Global Electronics Market TAM today Global Electronics Market Precious Metals Content
headed to $10.4T by 2030
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Global Electronics PM Volumes Reported Vs Explained
Gold: 32% in Semi, but also found in cables and connectors, flexiblg
_ _ _ LINAYGSR St SOUNRYyAOaAZ a9a{x aifg!
Reported vs Accounted For Precious Metals Koz into Electronics

mm2025 Reported Elect Demand koz Silver: 24% in Semi, but also in cables and connectors, flexible and
1,000,000 mm2025 Accounted For Koz 200% LINAYyGSR St SOGNRYyAOas a9a{x LRsSI
—Accounted for % Silver is peanut buttered everywhere driving low grade Ag scrap analys
180% in ewaste streams. ~150 Moz a year incrementalaste opportunity.
) 100,000 158% 160% Platinum: Underreported by ~8420koz. HDD +MRAM + Semi IC +
_'-é Passive Components has greater demand. Need to add MEMS, RTD
*g 140% 2 systems, etc..
g 10,000 3 .
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20% Filter base metal thin film design example of thrifting. Need to maintgail
and manage above ground stocks.
1 0%
Au Ag Pt Ruthenium: Huge Electronics contribution already. HDD Ruthenium
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2025: Global Electronics 0.24% of Global
Elect Revenue is Precious Metals Spend

Electronics Markets: Precious Metals Demand Overview

Electronics Markets 2025 TAM

Global Electronics O. 9% PM Content Passive

2 K S NS Qa A U | Components
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1.1% PM Conte
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$977 B
Cables & <0.1% PM Content
Connectors Automotive
$187B Ocirftew Electronics
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Semiconductor Market PM Spend

i ay . p S\
Semiconductor Market RevenueBefore TheAAk: ,w@’-

Global Semiconductor Revenue ($B's)
Historical Data Gartner/ McKinsey & Semi Forecast
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Semiconductor Market PM Spend

Semiconductor Market Reveng&hen Comes ThiaZ - oﬁ“‘«
Are We Really Making That Many More Semlconductors’? NoI 1

Global Semiconductor Revenue ($B's)
Gartner Historical Data / McKinsey & Semi Forecast

Al Market Liftoff 2026

%5 499 A Global semiconductor market to jump 139%

in 2026 on Al demand
A 2025: Memory was 27% semi revenue

A 2026: Memory forecast 54% semi revenue

$2,500

$2,000 A The increased forecast due largely to

soaring prices of memory chips for Al data
centers. Price relief not likely before 2028
LL
0 0]
AN
o
AN

$1,500
A The market is expected to increase a furthe

He: YSEG @SN 02 YL |
$1.000 related demand.

$47
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$765

#

A Now analyst calling for $1-9 H ®n (i N

A Others calling $2.853.0 trillion by 2030
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Semiconductor Market PM Spend
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A daw! a ¢! 33 BI&ery Shortage / 7x Price Increases & Climbing I
The memory market previously was dominated by DRAM and 3D NAND (w/Pt + Ru containing MRAM ~5% shg & 52 N
Now there is a third memory category called HBM (high bandwidth memory) for Data Centers. 3:2
DRAM, 3D NAND market capacities upended to enable allocation shift to highest gross margin BPM 56
Three new $1 Trillion USD market capitalization companies (SK Hynix, Samsung, Micron). :‘;

2025: Memory was 27% semiconductor revenue, in 2026 its forecast to be 54%.

bdzYySNRdza ySé FROEYOSR y2RS YSY2NE FEoQa Ay LINRINB| il T e 22y SN

$0
A Premium CPU (3nm, 2nm, and 1.4nm) Shortage / Price Increases TSMC's Financial Highlights

Only TSMC, Samsung and Intel active in the <=3nm nodes. Two others ramping in next year could diversify le; FRevenue (D) ENetincome (DS et Margin
This is where the highest price margins exist. See TMSC Financial tremdl chart $120

Highest gross margins on latest fine nodes: 90% of the semiconductor gross margin is from <=9nm
Capacity add in progress: 50% advanced node new fab additions in progress, complete by 2028.

TSMC dominating, Taiwan centralization risk being met with numerous 2nm fabs in Japan, EU, and USA fabs §
launching over néext 2 years.

Nvidia ($2.1T today) could hit a $13 trillion market cap, analyst says
Next Generation Al Data Center gearing to higher CPU to GPU loadings N
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A Hard DiSC Drive Shortage / Price Increases # 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Suddenly SSD vs HDD price premiums of 3x just grew to over 10x for SSD.
I 55 bSIENI[AYS LINAROSE KI @S Ot AYOSR oEO® bSINJ[AYS| . EE MBDIndusiniGlobalamitatRévenne ™ 5 G 2l v F A 3 dzN.
content. Hyperscalergrefer rotatable hard drives for performance. 2013 pesi media capacil) .

WD and STX stocks both have climbed 8x since 2025. r W NeaFL.n;'QDD
({504 INB yS80SaalNE G2 YSSG 2¢8NIft 'L RIGE OSyGS| WYYERW:
St_e”agate HAMR90% Ru +70% Pt loadings) stil5% Seagate mix. AdditiofglperscaleHAMR qualifications are 1{ W/ \’\/+.n

still in progress. —m—rortr
HDD Media volumes have not increased more than 5%. Reports of Ru demand impacting the Ru market are ir Trearee

- ) Lrevenue = il
Western Digital Corporation (WDC) * Seagate Technology Holdings plc (STX) # 00 -’! o o x forecast

To o To o I»

N

a—Gartner

—simTrend Focus.

To  To Do To o Do

N

P 838.59 11 (o7

.amogna ) (R (8 . o o ) )
+8x Stoc Pnc.wﬁ‘,“ Al g

- [¥8xStock Price| . 12



https://www.msn.com/en-us/money/general/nvidia-could-hit-a-13-trillion-market-cap-analyst-says/ar-AA2b3MxU?ocid=BingNewsVerp
https://www.msn.com/en-us/money/general/nvidia-could-hit-a-13-trillion-market-cap-analyst-says/ar-AA2b3MxU?ocid=BingNewsVerp

Semiconducor Revenue

Semiconductor Market PM Spend

Semiconductor Market Revenue & Est. Precious Metals Spend
Semiconductor Market Revenue &

Est. Precious Metals Spend (billions $)
Historical Data Gartner/ McKinsey & Semi Forecast
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Al Market Liftoff

A Global semiconductor market to jump 90%
in 2026 on Al demand

A The World Semiconductor Trade Statistics
report released this month shows the
market is predicted to surge 89.9% from
2025 to a record of roughly 1.51 trillion
dollars this year.

A The organization primarily attributes the
forecast to soaring prices of memory chips
for Al data centers.

A The market is expected to increase a furthe
He2 YSEG @SN 02 YL |
related demand.

A Now analyst calling for $1-9 H ®n (i N
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/The Real Al Buildout Constraint: I
A Advanced Wafer Fab Capacity likely to regulate Al
Semiconductor Market PM Spend Data Center Buildout.

A Need more fab announcements.

Wafer Sta_rts & Area Growth A Semi Market TAM Sanity Check: 45% fine node
\___(CPU, GPU) capacity increase by 2028 J

Semiconductor Wafer Shipments (M's Wafers)

350 Semiconductor Wafer Area Shipments (M's IAgh

18,000 A - <
@300mm ®@200mm  m@150mm =300mm 2 | FS NJ ! N5| WHp W2
~ = P = 2 | TSNJ I NB WH H e 098 — |
300 2 FSNJ {GFNIa @ 1699 f Y :fggm% MM DM
14165
14,000
250 12,732 12,407 12 4412 22;2 o
11,810 11,810
12,000 ' '
200 10,008 aah 70
10,000 8,9359,0439,0319,067
150 8,000
100 6,000
“ 4,000 More 300mm
2,000 Capacity Coming
0 L M o < b © ~ o o 60 4 N oo ow b om e e e e o I M N OB N N N N NN NN NN N NN NN NN

Almost all of the Wafer Capacity Additions are for advanced node <=3nm
foundries to support additional CPU & GPU & Memory capacity.
<=3nm capacity grows 45% by 2028 14
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Semiconductor Market PM Spend

Precious Metals Price 3
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Semiconductor Market PM Spend

Semiconductor TAM and Precious Metals Spend as % of Revenue

Semiconductor Market Revenue &

Est. Precious Metals Spend as % of Revenue
Gartner Historical Data / McKinsey & Semi Forecast™
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Semiconductor Market PM Spend

Precious Metals Semiconductor Materials e

1. Bonding / Bumping Wire
2. Wet Chemistries

3. Silver Products: Elect@onductive Adhesive
(Die Attach), Paste & Solders

4. Lids
5. ALD/CVD/MOCVD Materials

(Atomic Layer Deposition / Chemical Vapor Deposition / Metal Organic CVD)

6. PVD Target@hysical Vapor Deposition)
7. Preforms & Lead frames

8. New: 3nm and below Ruthenium Layers
A Ruthenium CVD Barrier Layer
A Ru Buried Power Rails
A MO Layers via PVD Sputter/ALD
A Risk of <1.4nm 100% Ru Wiring

/»semi  LinxConsulting

see beyond the horizon




'“"".":’»ﬁ“i.
=

_—

Semiconductor Market PM Spend

Bonding Wire
#1 Semiconductor PM Spend Category

Bonding Wire TAM: Total Availale Revenue Trend 4.000
Global TAM ($M's) ~ ’
$9,000 — S b
g . 8 3,500 N
$8,000 2 g
. 3 B2 3,000
$7,000 S p y 8
o - g 2,500 i
$6,000 i
3 0 2,000
$5,000 3 o 3 b
I , g3 R 3 1,500
$4,000 TN 888 g 88, o 3
g3 8 g A 1,000
$3,000 ® =
$2,000 >00 I I I I
51000 S HNTINSLSZSINNISEEERE
I S 0o o000 o000 o0oo0o0o0o0o0 ¥ yNYY3
$0 SRR NNNNNNNNNNNNNNNNNNNNN
39222222288 883888%8¢kXK¢%8¢%8 @Gold Wire  mCopper Wire @ Pd-Coated Copper Wire @ Silver Wire
o O O o o
AN N AN AN N N NN &N N N N N N N N N N ] & & &
A Movement towards Pure Copper afdiCoated Copper Wire. through 2030
A Pure Silver Wire is gaining share. A Surface mount and package on package mounting was thought
@ TANAKA MK AMETEK to slow to usage of BW, but the data suggests is continues to be
MK ELECTRON CO, LTD. used in increasing volume. 18
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Semiconductor Market PM Spend

#3) Ag ECA / Die Attach &

Semiconductor Market PM Spend

#2) Wet Chemistries

Iridium Platinum

Ag Solder and Paste Die Attach Paste
A Gold electroplating - 7
2 Gold alloy electroplating Wet Chemistry Market Demand and Spend ’ :
Gold strike plati
old strike plating , 300 A Demand (Ko2) —ALD Au Value $ (billions) 0 Ag Electro Conductive P2 >
A Electroless gold plating o Adhesive / Die Attach < e - 3
A Silver plating 250 - I $2.5 :
A Platinum group . M - ¢ DUPUNT'
A Rhodium plating gzoo M 0 $20 g o)
A Ruthenium plati 2 5a:
uthenium plating §150 ss % E
a o5 AMES GOLDSMITH
N e 2 E Wave and Ag
© 100 $1'0\§, Reflow Soldering DOWA
50 RE $0.5
C goymIsensaSSNgRQBLELs ¢ . , — , il Wy . . .
SRRERERRRRRERRRRRRgSSS8 In the Al buildout, silver sits in switchgear, power distribution, relay contact$, high-speed connectors, chip packaging,
iam MacDermid o ; i i i i i isgi
Enthone @ TANAKA (I)UY[MURA 17 conductive pastes/solders for signal integrity, and thermal interface materials that help dissipate heat from GPUs and other

TANAKA PRECIOUS METALS

high-density components.

Fi\
MATERION

#4) Packaging Ligs\uSn 1 #5) ALD / CVvD / MOCVD Materials

Semiconductor Market PM Spend
Semiconductor Market PM Spend

Hel‘anS Precious Metals

‘Semiconductor Lids Market Al
=0 i MaretRovenue — A6 ot Revnse o SOLDER LIDS WITH WINDOWS
S0 Materion developed its unique Visi-Lid ™ covers for customers who require a solder ALD/CVD Precursor Market ALD/CVD Precursor Market Au & Ru Demand (Koz)
> 25% packaging lid with a window attachment for their photonic package. A wide array of $250 800
§ om0 | 5 advanced technologies utilize solder lids that require transmittance of electromagnetic Ointerconnect  m@Memory B Gates ALD/CVD Precursor TAM D Au Demand (Koz) ORu Demand (Koz)
£ 2068 radiation. We have your custom solution. 700
- 2 O
g ANTIREFLECTIVE (AR) COATINGS FORSEGBITIVE 5200 o af
- c — —
g ELECTRONICS 2 e g o0 o A
H 7 7] % For more economical packaging lids, a solder frame can be tack welded directly onto % 161 =
; $100 m%% the metallized window using Materion's Visi-Cap™ products. §$150 $147 g & 500 il
5 3 (Note that Visi-Caps do not have a Kovar® frame.) APPLICATIONS = s1z7 51 Z ? §
B < / 7]
20 & a8 Y 400
H H H . ASemiconductor 8 s10s g é z g 2
P ooiamsuonsagONugRbELss O A Somgous wEMS §$100 17 é e ; 300
§REESEHSEHNEHEERE888¢8 + Gsss Metalization | IDAR sl 4@
RERRS b i ACCD chips ! w0 G = :
» Lids Market Au Demand (Koz) - 2 \ AMedical Equipment < w P 7" 2 200 3 &
— APhotodiodes $50 s ¥ 7 7 2 .
anuSn - Au Demand Koz —Au Valu S Milors s %2 o @ Ed nium Precursors for ALD
120 . + Kovar Ri / ALaser Diodes w2 e i 100 : .
w . ASensors TrLLEE R I 1 I 11 U U and Ruthenium Recycling
- + Low Temperature Solder - i
E 0o $0
3 a0 H O Hd N mMYT WO N©O O dN O WLk L L LY St N TN ON® OO dy®yLLL L LW
i o * Laer Chg o DcdPro Srsors SEE5EEEEEEESEREEE8Edg SEEXEEHEEENEEREEE888¢
2 sm§ + Ceramic Substrate
0 i - MiLIPORR "
LU 20 SiGhAA & ELI‘:,‘EESER e Heegermaterials somicoricor ok sy
= s #5) Vapor Deposition Materials
-
i 19 7  watemals SAFINA ALD sk L Do,
EEEEEEREEEE R I MESH Sty Hsoes. MOCVE; Metalorganic Chimical Vapor Depositon
ALD using pellets, mostly pure [ + e CVD and MOCVD using all
Gold. ] precious metals.
1 L 21




Semiconductor Market PM Spend

Silver

Semiconductor Market PM Spend

#6) Semiconductor PVD Target Spend #6) Semiconductor Precious Metals PVD Target Spend I s

HDD, LED, and Display PVD Demand Separate

Lots of Base Metals and Precious Metals Both e
) , +  Electrodes for quartz crystals. . i
Semiconductor PVD Target Spend ($M's) o s N Semiconductor PVD Target Spend ($M's)
(Including Precious Metals Fab+Refine+Consumption) B (Including Precious Metals Fab+Refine+Consumption)
2 $9.000 = Ta Target B Ti Target @ Cu Target st g , $8000 A~
it st oo 5 !
S Computar and fomaion equipment == OAu Taraet S -
S 38,000 | WAITarget BW (Tungsten) Target 0 Au Target [ — =8 0Pt Tar PVD Target Troy Ounce (Koz) Net Demand % —
O Pt Target o Pd Target Olr Target = et S $7,000 o0 o om ore mr o - = Pt Target
57,000 = @Pd Tar ,, el 5 W
B & Ru Target = s @lir Targ ., i uE g H
! 6,000 Hall 3
$6,000 - Gold PVD Sputter Target on ERuTal e
i a Copper Backing Plate 0 g 2
$5,000 = . $5,000 w0 g ﬂ
"k‘ 300
$4,000 MATERION $4,000 200 o ﬁ 8 TANAKA
100 S TANAKA PRECIOUS METALS
&@
$3,000 &S TANAKA $3,000 ° —ITT1
$2,000 ‘-I“ -~ ST TR ER Ry ullml
$2,000 8§ ¢ &
$1,000 SLLHE - gt ;4 FY\
i Wﬂﬂ IIII B EEEEEEEE R .
~ © ® ©
$.OHNm<anuo|\oocno‘—|vam25;:'éa~aﬂo— 23 $1000 5 &8 & 3 3 g 8 6 ¢ @ MATERI¢2)4N
SRRS8RJIRJR]IKKKRIRKIIIREELg gL $- mm mmﬂﬂ an U
L T T T B I B B B B B o B o N o U e VI e VNV . S 4

l = PdP.PF. W Conventional Lead Frame

— Semiconductor Market PM Spend .
#7) PreForms / Leadrrames _

!

Semiconductor Market PM Spend @ TANAKA
#7) so'der PreformLid Preforms TANAKA PRECIOUS METALS

Lead Frame Market Revenue ($ Millions)
and Pd Spend as % of Market Revenue Lead Frame Pd Demand Koz Lids Market Au Demand (Koz) Compositior

7 3,000 80+/-1% Au
® Pd Demand Koz —Pd Price/T $' 140 $120 pakancd S
JLead Frame Market Revenue —Pd % of Revenue = emand Koz —Pd Price/Toz C3JAUSN - Au Demand Koz~ —Au Value $ Millions tht ==

el
$3,500 — 35% o 600 ot
n m m Imaom a $2,500 u T
w00 o ﬂﬁ Mo - — 12,0 M f I I 7l sioo ; 6 Solder ram
" M [l ength and

Inner package lid

$4,000 40%

a
=3
=]
]
]

$2,000 10,0 / vidth dimension tolerance +

25% &
$80 hickness dimension tolerance +/

$2,000 20% $1,50

3
201 /$ 3Uud pd

8.0
$60

B
=
o
=}
=}

=0 15%
{ $1,000 Image 2: Fixture with three bare Cu Alumina DBC on top of preforms and
g 6.0 the baseplate (not shown).

Lead Frame Pd Demand (Koz)

$1,000 10%

Au Demand (Koz)

$40

(suoyiw) $ enfea ny

$500 $500 4.0

0%

$20

Lead Frame Market Revenue $ (millions)
8
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2011
2012
2013
2014
2015
2016
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2018
2019
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2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026F
2027F
2028F
2029F
2030F

Preforms

2024

2025 ==
2026F ==
2027F ==
2028F ==
2029F ==
2030F ==

Declining demand with smaller package
sizes/smaller mass

2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
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2022
2023
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Ruthenium  Rhodium  Palladium silver

10107 02,9065 10642 107.8682
77 78

Semiconductor Market PM Spend

#8 Ruthenium CPU Wiring: 3nm, 2nm, 1.4mn & Bey®
A Why Ru instead of CopperThe resistance of interconnects is a key factor in

determining the performance of the circuit, as it can lead to increased power -
consumption and reduced circuit speed. The capacitance of interconnects can cause
PRRRERANNE] wwnnvasnnne

Osmium Iridium Platinum
10023 192217 192217

delays in the circuit's operation, which can affect the overall performance of the
device. By using ruthenium, manufacturers can reduce these issues, leading to
improved circuit performance and reduced heat generation in advanced
semiconductor nodes.

A IMEC has been a leading developer of ruthenium (Ru) interconnect technology as a
potential successor to copper for advanced logic nodes, focusing erekigtance,
high-pitch manufacturability. Recent 16nm Pitch Ru Demonstration: At the 2025 IEEE
International Interconnect Technology Conference (llin@gshowed 16nm pitch Ru
lines with an average resistance of 6& k Y 2  [|-lowN&ud NGRS pitch

A Integration approach: Sendamascene flow optimized for coesffective
manufacturability, suitable for the first local interconnect metal layer (MO) of A7 and
beyond nodes.

A Ru PVD Targets/ALD for Buried Power Rail, Power Via, and or Backside contact

Announced Backside Power Distribution Network Approaches Significant Advancement for Improving Interconnections w/in the Chip

Subtractive Ruthenium - new material and integration advancements for addressing anticipated copper limitations for future nodes.

BPD schemes Buried Power Rail Power Via Backside Contactto S/D

afford different — —
] | lrl ] ? | lrl ]
==

scaling benefits
associated with

increasing levels nue lllll
of wafer [!3 %
processing 4. Backside Subtraétive Ru layer
complexity. petia iy R
Source: Applied e
Materials '

* Intel Foundry is fir monstrate, PE‘D
efficient and HV/ \

Area Scaling Good Better Best does not require e ve lithographic
vias, orself-aligned lows that require

Process Complexity Low Medium High
intel foundry
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Semiconductor Market PM Spend

Semiconductor Market Precious Metals Trend

Semiconductor Precious Metals Spend $ (billions)

Semiconductor Precious Metal Spend $M's by Category _and- % of PM Spend vs Semiconductor Revenue

Vs Semicondcuor Revenue %

% $50 5.0% 0
2 $ mEmBonding Wire PM Spend $M's ° 2 $50 E3Au 5.0%
> $45 mmDie Attach Ag Spend $M's 2 Eé‘g
5 E=ALD/CVD Precursors PM Spend $M's m $45 EPB
= —=IPVD Targets PM Spend $M's
B $40 4.0% 0
5 3.7% mmLead Frames PM Spend $M's O_U $40 3.7% g:::h 4.0% g
é_ $35 ¢ 3% -WetChemlstry PM‘Spend $M's Z $35 30 =Ru _g)
7 mmLids PM Spend $M's. . 2 —Semi PM Spend Vs Semi Revenue @
= $30 2.¢ -=—PM Spend $ vs. Semiconductor Revenue % 3.0%% $30 3.0% 2
a 2.7% C<>- &
2 @ ©
é $25 % $25 u g
g 0, § —
3 $20 2.0%Z $20 2.0% S
= o epalepaleps S
m —
o $15 T $15 Py
c @
@ <
$10 1.0% $10 1.0% g
®
$- "EEEE (0% $- 0.0%
993328385322 JQ8JI3Lqokwe o QS HdN®MITWMON®ROANDIWLEEESESS
2228888888888 8g88gs8s88¢838 O OO0 OO0 OO0 O0O0O0O0 oo oo o 8o oo @
NN AN NN NNNNNNNNN]QQQ NN AJAATAAATATAAAANIAIRLLLILLRR
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2025: Global Electronics 0.24% of Global
Elect Revenue is Precious Metals Spend

—_— Electronics Markets: Precious Metals Demand Overview Ru Thick Film Resistors/Varistors
= a [ / /¢ Bdti Layer Ceramic Capacitors
E|€Ctr0n|CS MﬂkatS 2025 TAM Acoustic Wave Filterg SAW / BAW

Global Electronlcs 0. 9% PM Content Passive Printed LED / OLED

2 K S N.B Qa A U I g Components Electronics TAM $17B
$48 B 1.1% PM Conte

Flexible
Electronics

0.6% PM
Content

Semiconductor
$787 B
1.6% PM Content

Consumer Electronics

$977 B
Cables & <0.1% PM Content
Connectors Automotive
$187B O Pl Electronics
$307 B

<0.2% PM Content
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Passive Components: Ru Thick Film Resi

2.2 billion of these Thick Film Resisters/year

Ru Design Thrifting Opportunity #2

Are Thick Film Resistors considering a base metal thin film alternative |
design? YesBut it requires CapEx

Protective
Coating ~ Electroplated

Secondary Primary  Resistive Termination

Coating  Coating Thick Film
(Epoxy)  (Glass)  (RuO2)

Base
Contacts

Question : | was always under the belief that Thick Film Resistors could move m
to a base metal (Ni alloy) thin film configuration as Ru approaches $1,000%.

I was led to believe that Thin film designs are a meaningful alternative to thick_ oy Pimary  ressve P
film Rus, and that the real pain in the transition was organizing additional PVDcosting  coating  hick Fiim
equipment/CapEx. Is this still the case? (Epoy) - (classl _(Ry0y)

Answer: Thin Film Nickel Chromium and Thin FilrfaNfilm chips are the

alternative; however global capacity is small in comparison to thick film gase / Ceramic Electroplated
Dennis M.Zogbi chips. The process to build the alternative is more expensive because of Contacts  Substrate Termination
CEQ& Founder capital equipment depreciation. l
Paumanok Publications, Inc. . . . L. .
Lasel‘ Industrial Market Research Ruthenium is also used in thick film resistor networks SIP and DIP Arrays W s
Trlmmlng 1612 Jordan Drive. Suite 420 packages _and Il_=’Ds (I_ntegrated Passnve_ Devices). These are low volume but %
SaxapahawNC 27340 large physical size using a lot of ruthenium. SIP Aray  DIP Array

Ceramic  Electroplated

Base R [ t i ((1919)' o k Ru is consumed here as oxide; and in high price instancethey thrift the Ru
Substrate  Termination ESISIVE - Ceramic i andinigh p y : ’ . .
Contacts Thin Film Substrate Having said all that - ruthenium is one of the most dangerous and risky ThICk Fllm Res‘stor

reliance's in the entire high -tech economy.

Thick and Thin Film Resistors (NiCr) 2

Thin Film Thick Film Thin and Thick Film Resistors
Material Characteristics Material Characteristics
* Homogeneous metallic films * Grain containing paste
conducting alloy conducting particles Protective. /. tropiated Secondary  Primary  Resistive
e ————— Base "6 Termination ~ Codting  Coating  Thick Film
ceramic oot (Epoxy) (Glass)  (RuOy)

ceramic
binders, solvents (glass frit)

Product Characteristics

* Typical Resistance Range = 1 to 20M
* TCR = 2 ppm/°C to 100 ppm/°C

* Resistance Tolerance = 0.01% to 1%
* Typical Lifetime Stability %

Product Characteristics
* Typical Resistance Range = 0.01 to 100M
* TCR = 50 ppm/°C to 1000 ppm/°C i
* Resistance Tolerance = 0.5% to 10% Resistive  Ceramic
* Typical Lifetime Stability % Thin Film  sybstrate

',‘

Trimming Base Ceramic  Electroplated
Contacts Substrate Termination

delta R/R =0.1% to 0.5%
® Current noise uV /V =<0.1

delta R/ R = 1% to 3%
® Current noise uV/V =< 10

(NiCr)

24



Ru Thick Film Resistors

Ruthenium Thick Film Resistors

Thick Film Resister Market

Osmium Iridium Platinum Gold
90.23 192217 192217

1 106 9566

$900 } » 3.0
EAPAC _ =Europe o @ . . Th k Fl R . t
$800 EIN. America CIROW 2 £ ¢ 28 Ru Oxide Resist Ick Film Resistor
0 —Thick Film Chip Resistors 8 B
= P n 3 8 ’ 4/_ 2.6 Manufacturers Manufacturers
g e 8 5004 s -—
P w 5 ¥ = 242_' A
% $600 o 9 5 ;“:’ “ 0O // S % /K'FK{ FURUYA METAL Co., Ltd. YAG Eo V'%A“
o’ ] —
3 w B 5 3 % OgH v ls 225
¥3500 8 8 %3S DO H P
oo 533 hopf [l T |1 203 «0UPONT> ,
8 $400 o E - Ped - @ ANASO
: 2 o 185
Ego0 H H H [ 1] e = S TANAKA v .
LL / || —i 1 6 = TANAKA PRECIOUS METALS (o \ W
AT L] =
é Ll 7/ | S hA SPEER ELECT’R#S. INC.
£ %200 B 143
d = Heraeus
$100 1.2 ROHM
SEMICONDUCTOR
\ © N~ ® O O d N M ¥ W © N~ ® O O 1.0 ®FERH0
S o9 5 09 9 898 & 89 8 8 & 8 M FENGHUA
AN AN [qV} [aV] N N AN AN [qV} (aV] N N AN AN [qV}
Thick Film Resistor Ruthenium Demand (koz) Arraycomm
300 Expecting most thick Film
250 R Resisters to migrataway
_ o Il M from Ru due to cost.
200 [ = M 7 [] Requires CapEx for

spuitier deposition. Confirm there is Ru in
IR v the ewaste stream?

alternativeNickelchrome

and Tantalum Nitrate
base metal thin film

designs o5
Some unit volume increase demand effect is offset by decreasing package sizes.

150

100

50

2016 T

2015
2017
2018
2019
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2021
2022
2023
2024
2025F
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MULTILAYER CERAMIC CAPACITORS




MLCCg Multi-Layer Ceramic Capacitors

Ag & Pd & Pt Electrodes
Multi-Layer Ceramic Capacitor (MLC(

High-Fire and LowFire Ceramics

High Fire: al[// Qa !'&aSR LY
AR{AyGdSNAR +& Fmopn n/ |A imartphones
A Palladium or platinum electrodes SN [PeEs LESHL 008

A 4Gmobile phonesuse550cbnn al[ / / Qa

A Pd bulk resistivity = 11 x #ohmcm. A Vehicles
AttL a/é¢ ITyR até &SN A ICBEvehiclesus® = p n n  and growitp
A Dual firing A Hybrids/PHEVsisec = n n n  &droihgQ &

A 9x@avmz nnn amsdgbwing &

LowFire: A5G Base stations
A Sinters at 956050 0C ﬁ loT and peripheral devices
A Silver or silver/palladium electrodes Humanoid robots
ﬁ Ag bulk re,S'St',V'ty f 1;62 X '@thcm- A An Al server needs up to 28,000 MLCCs per urik
t _t L O_(_b € a S I\_IJ\ S a increase from a standard sep
A Single Cdiring of ceramic + electrodes A Nvidia's nextgeneration computing platforrRubin
_ _ _ architecture used2,000 MLCa@nits on a single board,
Printelectrode pattern on tape using palladium{  compared with 6,500n the current GB200 platform.

silver inks
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MLCCg Multi-Layer Ceramic Capacitors

192217 192 217 106 9566

MLCC Market: 5.37 trillion units this year 2@26uture Pd Challenge Opportunity As Pd Prices aII

MLCC Market Historical & Forecast Volumes (Trillions) Should see an Al
& mg/MLCC Loadings Trajectory volume bump YAGEO
7.0 7.0

mm PME - Precious Metals MLCC Volume (trillions)
EmBSE - Base Metals MLCC Volume (trillions)

WISN

E 6.0 eee Mg Pd/MLCC 5.37 60;
S X (@]
= - - -mg Ag/MLCC 500
§ : ado) SAMSUNG
£ ) ELECTRO-MECHANICS
§ 40 402 E i
2 s api —~>-
g 3.0 3_05 technologies corp.
() @
< =
2.0 20=
< . 5 xemer Gl
10 TS ]llll 1.02
=~
oo B H .....'.“l”l'i'l°l:l-‘-lo = =i & i 8. 8- 0.0
S WD O 0 0 Old N M IO O 00O A N MWW OO0 0 d N M T W0 O© N~ 00 o0 O
O 0 OO0 OO0 OO O O 0O O 0 0 0O o d o d oA d o d o N N N N N AN N NN AN M
D O OO0 OO0 OO O O O O O O O O 0O 0 OO0 00 00 OO0 00O OO0 0O 0O 0O OO OO O O
o A NN AN AN AN NN NN NN NN NN N NN N NN NN N NNNN N NN
MLCC Precious Metals Demand (koz)
7000 gee
m Pd koz m Ag koz H Pt koz
eroo WYhp Y HXHcn (®bpyY crcmy (1®bhpyY np 121
s WhHecY cthp YREY cthp PYatyY Mo 121
£ 5,000
8]
[a)]
2 4,000 ‘
[}
=
» 3,000
=
~ ~ ~ 7z — = < U ~ ~
(Peakl v a2l t Rk&SI NJ KNHzod S| 2 [/ /1 Q& I f2
- 5 |
200914: Dropped to ~400koz/year as Pd prices climbed >$1,000 - = S —— IIIIIIIIIIIIIIIIIIIISIIII
i ) | < W O N~ 0 O O N M 0O O©N~W0WONH O o N MT W ONOWOH O dNMI WO O N~ 0D O
Today Growth in High Reliability apps with PGMs sees ~600koz/year & $ 3 8 33853838538 388ccccgcoco0ocsc88888s888s8838 28

\Future: What if Pd $500/Toz, then 2 Moz+? Consider MLCC then vs. 2




Passive ComponemsSAW/BAW Filters:

Ir Crucibles For SAW/BAW Filters preatric crystal substrates
Vs. Design Alternative: Aluminum/Scandium PVD Thin Film on chip w/embedded package

Discrete standalone BAW Filter

input RF signal output RF signal

Stand Alone SAW/BAW Filters == waeergn 0T =
o & oD i /il
A Use Ir Crucibles to grow a piezo electric crystal mate | === i t

/
w AR 2
(often Polycrystalline Aluminum Nitrid&IN crystal) that /// s}(ﬁ//// - /

is sliced into wafers. | [ piezosiectrc materia
4 major player who provide RF Frond End Module (FAAMID FEM, etc.) integrated discrete

components such as Switch, Duplexer, Fikér,, and discrete components are Qorvo, Qualcomm,
E@ FURLVA METAL Co., 1t Skyworks, and Broadconikoustis Taiyo Yuden are also providing filters.

RE Systerin-Package #1 Iridium Design Thrifting activity  2018-2024 RF front-end structure for the 5G mobile

(Source: Advanced RF System-in-Package for Cellphones 2019 report, Yole Développement, March 2019)

A AISAluminum Scandium) alloys used to sputter thin
film piezaelectric basis for SAW/BAW filters. oy S

A Sc with compositions 25%0% are very high and make
manufacturing of the targets very difficult.

A Furuya Metals and Materion are key to providing the
AlSdarget fab and recycle.

4x4 MIMO DL

A Furuya Sc annual recycle now 40 mtpa

ﬁlnuvn M A T'EX: 10N

BIARAMERICAS INC

2x2 MIMO D1




#1 Iridium Design Thrifting

SAW / BAW Filters

EmbeddedAlScThin Film SAW/BAW Filters In RF packages

HiSilicon Hi6421 (2 pes) PMIC

Huawel mate
20X(5G)

HiSilicon Hi6422 PMIC

Texas Instruments TPS65635 Display Power Supply

Samsung
Galaxy S10 (5G)

k a Hisilicon Hi6D03
Y 7 MB/HB*

Power Amplifier
Module

Hisilicon Hi1103
Wi-FI/BT/GNSS
Wireless Combo IC

Transceiver

HiSilicon Hi6D03 MB/HB* |
Power Amplifier Module |

HiSilicon Hi6H11
LNA/RF Switch

Qorvo QM77031 MB/HB HiSilicon Hi6H12 (2 pcs)
Front-End Module LNA/RF Switch

BAW?

* (likely)

Rhodium
102

Iridium
192217

Palladium

Platinum

192 217

Qorvo RF8129 ‘Skyworks SKY78191-11 iSilicon Hi6H11

HiSilicon Hi6H12 LNA/RF Switch

Huawel mate
20X(5G)

NXP TFA9874C Audio Amplifier
MediaTek MT6303P (2 pes) Envelope Tracker IC

HiSilicon Hi6526 PMIC

NXP TFA9874C Audio Amplifier

PoP (HiSilicon Balong 5000 56 Modem&Samsung
K4UHE3DAAA-CGCJ 3 GB Mobile LPDDR4X SDRAM)

STMicroelectronics LSM6DSM 6-Axis
MEMS Accelerometer&Gyroscope

STMicroelectronics HiSilicon
LPS22HC MEMS Hi6403
Nano Pressure Audio
Sensor Codec
STMicroelectronics Apple 343500355/
STB601 PMIC APL1092 PMIC

Apple iPhone Kl
11 Pro Max

NXP PN8OT Secure
NFC Module

Envelope Tracker IC LB Front-End Module A NA/RF Switch

Samsung
KLUEGBU1EA-BOC
256 GBUFS 2.1

Hisilicon
Hi6H12
LNA/RF Switch

HiSilicon
Hi6422 (2 pes)
PMIC

PoP (HiSilicon Kirin 980 Application
Processor/Modem&SK Hynix
HIHKNNNFBMAU-DRNEH

8 GB Mobile LPDDRAX SDRAM) T Ch

Apple A13 APL1W85 PoP
(A13 AP+Samsung K3UHSHS0AM-SGCL 4GB LPDDRAX SDRAM)

Avago AFEM-8100 Skywi KY7822117
Front-End Module

Front-End Module

Cypress CYPD2104:
USB Type-C Port Con\roller

NXP CBTL1612A1
Display Port Multiplexen

MB/LB FEM, SiP several Die integrated
such as PA, Switch, BAW(FBAR) <= AlSc

Apple 338500510 Texas Instruments USI Module Apple 338500509
PMIC TPS61280 Battery (likely with Audio Codec (likely)
DC/DC Converter Apple U1 inside)
https://caprisean.blogspot.com/2019/11/iphone-11-teardown-gorvo.html




Hard Disc Drive Market
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HDD Market

SSDs (Solid State Devices/NAND) Versus Rotatable HDDs (w/ R~

600

A HDD Industry Peaked media capacity & revenue at $35B in 2013, then 500
revenues dropped to $1:$17B with several HDD Media factory closures. 400
A 2026+ forecast is for >$30B with significanth8§ higher Neat.ine HDD 3°°
prices. Revenue is increasing with marginal media CapEx add. 200

e HDD Industry Global Annual Revenue ° %

N 2013 peak media capac@ { {

30.0 h ]’\N\ Near—Line’gHDD Price bUt

Margin Growth
. forecasf

25.0

1,600

é 1,000

mmmmmmmmmmmmmmmmmmmmmm Sisggf REAER 288 800

A HDD Ramp CapEx Limité/hy add 26year life brickand-mortar for HDD -
media on 72 year old technology? 400

A HDD Ru Net Consumptiott60-170koz/year today, off of global Ru pool 200

accounts of ~600koz.

HDD Vs SSD Shipmebnt Volume (millions units)

——HDD shipments —SSD shipments

e we w u u

2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030

5 YN]SO @2t dzyS f

Al wanting to pull more HDDs.

HDD Drives and HDD Media Demand

—Media —=—HDD

~
o
<)

[}

o

o
Millions HDD's

500

400

300

HDD media volume flattening out. At full HDD
Industry capacity, No desire to invest more Cap
without longterm guarantee. Small scale tooling

200

100

adds < 5% to global media capacity
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2025
2026
2027
2028
2029
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performance at lower temperatures.
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HDD Market

What About HAMR Med@Heat Assisted Magnetic Recording?
Using-90% Ruthenium loadings.
Also uses +70% Platinum loadings.

A Seagate:
A ~40% of Seagate media mix, t604:°: It 261t | 55 YAE
A Look for HAMR to scale to 65+% Seagate mix by 2030.
<:roare A AdditionalhyperscaleHAMR qualifications still in progress.

A HAMR areal density gains will enable larger and larger HDD Nearline
Drives for Al Data Centers faster with same media count.

A Showa Denko:

d 1 1 iﬂn
8sunwnnmu A 2"d media (and independent) source Showa Denko has a HAMR des HDD Rotatable Memory
In Seagate development.
Market Share 2020

Seagtate 43%

Soft Underlayer

A Western Digital:

A 3dmedia maker WD is pressing HAMR R&D quickly.
Western Digital E3, Tg|k of lead deliveries end of 2026 appear to be high risk.

Toshiba 21% 33




Electrical Demand

Ruthenium In HDD
Seagate HAMR Technology Imp&t&MR Use90% Ru but +70% Pt

HDD Media Ru Toz Demand Model HDD Media Pt Toz Pool Size & Consumption (Toz)
N HAMR 65% STX Product Portfolio by 2030 £00.000 HAMR 65% STX Product Portfolio by 2030
N 1,800 ;
|_
3 1.600 1,568 EHANMR Global Ru Pool w/HAMR 200.000 [raEy mmGlobal Pt Pool Size w/HAMR
g Milpitas —HDD Ru Consumption w/HAMR ’ —HDD Pt Net Purchases wW/HAMR*
| Milpitas .
§ 1,400 c?ozﬂtre —HDD Ru Net Purchases w/HAMR* 600,000 Cﬂz:tre —HDD Pt Consumption w/HAMR
|_
1,200 500,000
1,000
, 400,000
800 ! 306,124
583 300,000
600 40
17652
400 ‘ ‘ 200,000 -
. ' NU 88126
200 "' ‘II., . %__~— 100,000 lii’il'.." ii? LT
7382
CWUN LAWY AN IOSEACTE IO

LONMNOVAIOANMNMITINONOROAINNTHEEES S DLONDVDOANNITIWONODODOANNITHEEEESS S

OOOOOHHHHHHHHHHNNNNNNNNNNm OOOOOHHHHHHHHHHNNNNNNNNNNm

OO0 00000O0O0OO0OLCOO0O 0 INNANYND Soooooo0oo0co0o0oo0co0o0o0o0co0co0co0o0o0 Y yNNANNND

NFANANARARARAANAANANANI8R NNNNNNNNNNNNNANANAANAAAANQ9888
*2025: $253M Ru Purchases @ $1,459/
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A.l. & Data Centers
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