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Precious Metals Basket TAM - Billions USD$
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Precious Metals Prices Spiking
Precious Metals Market TAM (Total Available Market Revenue)

All 8 Precious Metals:  2026F if the current prices hold all year, 
I see 2026 climbing to ~$881 Billion TAM with elevated Au and 
Ag. Adding value added fab, financing, and refining puts this 
global precious metals market >$1 trillion USD.

Precious Metals Demand Overview
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Nearing 1 Trillion $

Gold valuation dominates PM TAM

PGMs Only:   2026F if the current prices hold all year, we 
ǎƘƻǳƭŘ ǎŜŜ tDaΩǎ ŀŎƘƛŜǾŜ ŀ ¢!a ƻŦ Ϸпм ōƛƭƭƛƻƴΦ   

80 Billion $

Minors

Rh

Pd

Pt



Top-Down Analysis Of Precious Metals Spend In Semiconductor

How Much GoldGoes Into Electronics?

GoldElectronics Demand is declining from 8% to 
5% of Gold supply

Electronics Markets: Precious Metals Demand Overview
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Gold Electronics Demand (mt) vs Electronics Gold Value $

With gold prices skyrocketing, expect design 
thrifting to arrive soon.  $28 billion in Gold 
Electronics spend this year.

Top-Down Electronics Analysis:
Adding Up The Precious Metals Reports

Electronics Demand - Solar (koz)
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Top-Down Analysis Of Precious Metals Spend In Semiconductor

How Much SilverGoes Into Electronics?

Electronics & Electrification Silver demand now 20% (20%-28%) of Demand with a value of $48.3B
this year. (excluding Solar PV)

Electronics Markets: Precious Metals Demand Overview
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SilverElectronicsDemand (minus Silver)
and Value of That Electronics Silver $ (billions)

Electronics Demand - Solar (koz) Electronics Value ($ Billions)

Top-Down Analysis Of Precious Metals Spend In Semiconductor

How Much PlatinumGoes Into Electronics?

 $-

 $100

 $200

 $300

 $400

 $500

 $600

 $700

-200

-100

0

100

200

300

400

500

600

1
9

8
0

1
9

8
2

1
9

8
4

1
9

8
6

1
9

8
8

1
9

9
0

1
9

9
2

1
9

9
4

1
9

9
6

1
9

9
8

2
0

0
0

2
0

0
2

2
0

0
4

2
0

0
6

2
0

0
8

2
0

1
0

2
0

1
2

2
0

1
4

2
0

1
6

2
0

1
8

2
0

2
0

2
0

2
2

2
0

2
4

M
illio

n
s U

S
D

 $

P
la

tin
u
m

 E
le

c
tt
o

n
ic

s 
D

e
m

a
n

d
 &

 R
e

c
yc

le
 k

o
z

Platinum Electronics Demand and Recycle
JM Historical and MF Post 2010 Data 

Pt Electronics Demand

Pt Electronics Recycle

Pt Electronics Spend $

Electronics Platinum 
demand now 1-3% of 
Supply with a value of 
$85M ς$150M/yr.

Electronics Markets: Precious Metals Demand Overview
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Electronics Markets: Precious Metals Demand Overview
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Palladium Electronics Demand and Recycle
JM Historical and MF Post 2010 Data 

Electronics Demand

Electronics Recycle

Pd Electronics Spend $

Top-Down Analysis Of Precious Metals Spend In Semiconductor

How Much PalladiumGoes Into Electronics?

Recent Electronics 
Palladium demand 
now 1-3% of Supply 
with a value of $400M 
ς$1.6B/yr.

Electronics Markets: Precious Metals Demand Overview
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Au Electronics: ~8 Moz 
(7% mine supply)

Ag Electronics (minus Solar PV): 262 Moz 
(23% mine supply)

Pt Electronics:  100 Koz
(1.7% mine supply)

Pd Electronics: 660 Koz 
(6% mine supply)

Ir Electronics: ~120 Koz 
(55% mine supply)

Ru Electronics: ~420 Koz 
(60% of Ru gross demand)
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Rollup Of That Data:
All Electronics - Troy Ounce Demand (koz)

Electronics Markets: Precious Metals Demand Overview
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Silver dominates by volume, 
Gold 2ndΣ tDaΩǎ ǎƳŀƭƭ tDaΩǎ ƻƴ ǎƳŀƭƭŜǊ ǎŎŀƭŜΣ 

Pd dominates

KozKoz

+

Pt Electronics:  100 Koz
(2% mine supply)

Pd Electronics: 660 Koz 
(6% mine supply)

Ir Electronics: ~160 Koz 
(55% demand)

Ru Electronics: ~420 Koz 
(60% demand)

Au Electronics: ~8 Moz 
(9% mine supply)

Ag Electronics : 262 Moz 
(23% mine supply) (w/no PV)
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PGMs in Electronics - Demand Koz

Pt Pd Rh Ir Ru

Pt Electronics 100 koz is under-reported
Pd all about the lead frames and MLCCs

Rh various markets like probe pins & MEMS
Ir has large pool accts + small net consumption

Ru HDD + Resistors + Smart Glass =~415k/700k mined



Electronics Markets 2025 TAM
Where are the 0.24% of Revenue Precious Metals? 
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Automotive 
Electronics

$307 B

HDD 
Market
$23 B

Data 
Centers

$300 B

Consumer Electronics
$977 B

Semiconductor
$787 B

Flexible 
Electronics

$27.1 B

MEMS
Micro-Electro 
Mechanical 

Systems

$17.6 B

Printed 
Electronics

$50 B

Passive 
Electric 

Components

$48 B

Printed 
Circuit 
Boards 
$75B

Electronics Markets: Precious Metals Demand Overview

LED / OLED 
Market

TAM $17B

Cables & 
Connectors 

$187B

Fiber 
Optics
$60B

Data Center / Semi Fab:
Å Ru/Ir Waste Water Mgmt.

Data Centers
Å Au and Ag ς Server blades
Å Pt/Rh ς Glass fiber
Å Ir

HDD:
Å Ru 180 koz Net Purchases ς 

pool top off
Å Pt 90koz Net Purchases
Å Ir  10koz Net Purchases

Semiconductor:
Å Au ς Interconnects
Å Ru ς Advanced interconnects
Å Au and Pd ς Lids/Lead frames
Å Au Ag and Pd  ς  bonding wire
Å Ag ς die attach/bonding
Å Au Pt ς PVD Targets
Å Au ς ALD materials
Å Au ς Wet Chemistries
Å Pd = Lead Frames

Micro Electro Mechanical Systems.
Å Pt, Ir, Ru PVD Materials ς targets/ALD

Auto Electronics:
Å Pd - Same as Semiconductors
Å Pd/Ag/Cu - Button Rivets and connectors/switches

Consumer Electronics:
Å Pd/Ag/Au ς USB lightning cable
Å Pd/Ag/Au - Cables and connectors 

& switches

t/.ΩǎΥ
Å Ag reflow / Ag Solder
Å Au plating
Å Ir / Ru Mixed Metal Oxides

OLED:
Å IrCl compunds ς OLED

Cables & Connectors
ÅAg Pd Cu Rh Au

Cables & Connectors
ÅAg Pd Cu Rh Au

Printed / Flex Elect:
Å Ag,Au compounds



Top Global Electronics Market Trend

Electronics Markets: Precious Metals Demand Overview
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~$5.7T Global Electronics Market TAM today 
headed to $10.4T by 2030

Global Electronics Market Precious Metals Content 
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Global Electronics PM Volumes Reported Vs Explained

Electronics Markets: Precious Metals Demand Overview

Au Ag Pt Pd Rh Ir Ru

2025 Reported Elect Demand koz8,207 195,700 95 656 57 124 636

2025 Accounted For Koz 2,636 46,834 110 1,040 - 124 591

Accounted for % 32% 24% 116% 158% 0% 100% 93%
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Gold:  32% in Semi, but also found in cables and connectors, flexible and 
ǇǊƛƴǘŜŘ ŜƭŜŎǘǊƻƴƛŎǎΣ a9a{Σ aƛƭκ!ŜǊƻ ŀǇǇΩǎ

Platinum:  Underreported by ~80-120koz.   HDD +MRAM + Semi IC + 
Passive Components has greater demand.  Need to add MEMS, RTD 
systems, etc..

Ruthenium:  Huge Electronics contribution already.  HDD Ruthenium 

volumes are declining and stable.  Transition to new base metal thin film 
designs could offset some of ~200koz/year of Ru exits system on Ru Thick Film 
Resistors.  Does e-waste recovery Ru?

Rhodium: bƻ ŀǘǘŜƳǇǘ ŎƘŀǎŜ Řƻǿƴ wƘƻŘƛǳƳ ƛƴ ǘƘƛǎ ǊŜǇƻǊǘΧ ƪƴƻǿƴ ǘƻ 
be used as hardening and scratch resistance additive to auto electronics, 
and connectors, switches, and test probe pins

Silver:  24% in Semi, but also in cables and connectors, flexible and 
ǇǊƛƴǘŜŘ ŜƭŜŎǘǊƻƴƛŎǎΣ a9a{Σ ǇƻǿŜǊ ŘƛǎǘǊƛōǳǘƛƻƴΣ t/.ΩǎΦ
Silver is peanut buttered everywhere driving low grade Ag scrap analysis 
in e-waste streams.  ~150 Moz a year incremental e-waste opportunity.

Palladium:  Underreported by >400 koz

Palladium Challenge:  Passive Components in year 2000 at 0.2T/year 
volume with 2.1Moz Pd.  Now  volume is 5.7T w/only 440koz used only in 
high fire reliability systems.  Do hot AI Data Centers require same?

Iridium: Many electronics applications using crucibles with very loss 
EOL losses. Larger pool accounts sideline lots of metal.  See BAW/SAW 
Filter base metal thin film design example of thrifting.  Need to  maintain 
and manage above ground stocks.  



Semiconductor
Intelligence at the heart of the electrification of everything

Semiconductor 
Critical Minerals
Å Silicon
Å Copper
Å Tin
Å Tungsten
Å Cobalt
Å Aluminum
Å Titanium
Å Silver
Å Gold
Å Palladium
Å Ruthenium
Å Iridium
Å REEs
Å Gallium
Å Germanium

Semiconductor Market Segments:
Å Memory devices (DRAM, NAND, HBM, MRAM)
Å Analog ICs
Å Logic devices ς /t¦Ωǎ

Å Microprocessor units (MPUs)
Å Microcontroller units (MCUs)

Å Discrete power devices
Å Sensors
Å Other semiconductor devices



Electronics Markets 2025 TAM
Global Electronics 0.9% PM Content
²ƘŜǊŜΩǎ ƛǘ ŀǘΚ 
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Automotive 
Electronics

$307 B
<0.2% PM Content

HDD 
$23 B
0.5% PM 
Content

Data 
Centers

$300 B

Consumer Electronics
$977 B

<0.1% PM Content

Semiconductor
$787 B

1.6% PM Content

Flexible 
Electronics

$27.1 B

Printed 
Electronics

$50 B

Passive 
Components

$48 B
1% PM 
Content

t/.Ωǎ
$82B

Electronics Markets: Precious Metals Demand Overview

LED / OLED
TAM $17B

1.1% PM Content

Cables & 
Connectors 

$187B

Fiber 
Optics
$60B

MEMS
$17.6 B

2025:  Global Electronics 0.24% of Global 
Elect Revenue is Precious Metals Spend



$202 
$235 

$307 
$335 

$471 

$765 

 $-

 $100

 $200

 $300

 $400

 $500

 $600

 $700

 $800

 $900

2
0

0
0

2
0

0
1

2
0

0
2

2
0

0
3

2
0

0
4

2
0

0
5

2
0

0
6

2
0

0
7

2
0

0
8

2
0
0
9

2
0

1
0

2
0
1
1

2
0

1
2

2
0
1
3

2
0

1
4

2
0

1
5

2
0

1
6

2
0

1
7

2
0

1
8

2
0

1
9

2
0

2
0

2
0

2
1

2
0

2
2

2
0

2
3

2
0

2
4

2
0

2
5

S
e

m
ic

o
n

d
u
c
to

r 
G

lo
b
a

l R
e
ve

n
u
e

 (
$
 b

ill
io

n
s
)
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Historical Data Gartner/ McKinsey & Semi Forecast 

Semiconductor Market Revenue  ς Before The

10

Semiconductor Market PM Spend

2026
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Semiconductor  Market Revenue ς Then Comes The
Are We Really Making That Many More Semiconductors?  No!
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ÅGlobal semiconductor market to jump 139% 
in 2026 on AI demand
Å2025:  Memory was 27% semi revenue

Å2026:  Memory forecast 54% semi revenue 

ÅThe increased forecast due largely to 
soaring prices of memory chips for AI data 
centers.   Price relief not likely before 2028

ÅThe market is expected to increase a further 
нс҈ ƴŜȄǘ ȅŜŀǊ ŎƻƳǇŀǊŜŘ ǘƻ ΨнсΣ ŘǳŜ ǘƻ !L-
related demand.

ÅNow analyst calling for $1.9-ϷнΦл ǘǊƛƭƭƛƻƴ ΨнтΦ

ÅOthers calling $2.5 -$3.0 trillion by 2030

AI Market Liftoff 2026

Semiconductor Market PM Spend



¢ƘŜ {ŜƳƛŎƻƴŘǳŎǘƻǊ tǊƛŎƛƴƎ ϧ wŜǾŜƴǳŜ .ǳƳǇ ƛǎ ά¢ƘŜ !L .ǳōōƭŜέ

Åάw!aέ!ƎƎŜŘŜƴ:  Memory Shortage / 7x Price Increases & Climbing
Å The memory market previously was dominated by DRAM and 3D NAND (w/Pt + Ru containing MRAM ~5% share).  

Å Now there is a third memory category called HBM (high bandwidth memory) for Data Centers.

Å DRAM, 3D NAND market capacities upended to enable allocation shift to highest gross margin  BPM 

Å Three new $1 Trillion USD market capitalization companies (SK Hynix, Samsung, Micron).

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

Å bǳƳŜǊƻǳǎ ƴŜǿ ŀŘǾŀƴŎŜŘ ƴƻŘŜ ƳŜƳƻǊȅ ŦŀōΩǎ ƛƴ ǇǊƻƎǊŜǎǎΦ  aŀǊƪŜǘ ǊŜƭƛŜŦ ƴƻ ǎƻƻƴŜǊ ǘƘŀƴ нлнуΦ

ÅPremium CPU (3nm, 2nm, and 1.4nm) Shortage / Price Increases
Å Only TSMC, Samsung and Intel active in the <=3nm nodes.  Two others ramping in next year could diversify leadership.  

This is where the highest price margins exist.  See TMSC Financial trend chart Ą

Å Highest gross margins on latest fine nodes: 90% of the semiconductor gross margin is from <=9nm

Å Capacity add in progress:  50% advanced node new fab additions in progress, complete by 2028.

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

Å Nvidia ($2.1T today) could hit a $13 trillion market cap, analyst says

Å Next Generation AI Data Center gearing to higher CPU to GPU loadings

ÅHard Disc Drive Shortage / Price Increases
Å Suddenly SSD vs HDD price premiums of 3x just grew to over 10x for SSD.

Å I55 bŜŀǊ [ƛƴŜ ǇǊƛŎŜǎ ƘŀǾŜ ŎƭƛƳōŜŘ оȄΦ   bŜŀǊ [ƛƴŜ I55Ωǎ ƴƻǿ ǇǊŜŦŜǊǊŜŘ ŎƻƴŦƛƎǳǊŀǘƛƻƴ ƻǾŜǊ {{5ǎ ŦƻǊ !L 5ŀǘŀ /ŜƴǘŜǊ 
content.  Hyperscalers prefer rotatable hard drives for performance.

Å WD and STX stocks both have climbed 8x since 2025.

Å {{5Ωǎ ŀǊŜ ƴŜŎŜǎǎŀǊȅ ǘƻ ƳŜŜǘ ƻǾŜǊŀƭƭ !L Řŀǘŀ ŎŜƴǘŜǊ ŘŜƳŀƴŘΦ

Å Seagate HAMR (-90% Ru +70% Pt loadings) still 40-50% Seagate mix.  Additional hyperscaler HAMR qualifications are 
still in progress.

Å HDD Media volumes have not increased more than 5%.  Reports of Ru demand impacting the Ru market are incorrect.
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+8x Stock Price

+8x Stock 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
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Semiconductor Market Revenue & Est. Precious Metals Spend

13

ÅGlobal semiconductor market to jump 90% 
in 2026 on AI demand

ÅThe 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.

ÅThe organization primarily attributes the 
forecast to soaring prices of memory chips 
for AI data centers. 

ÅThe market is expected to increase a further 
нс҈ ƴŜȄǘ ȅŜŀǊ ŎƻƳǇŀǊŜŘ ǘƻ ΨнсΣ ŘǳŜ ǘƻ !L-
related demand.

ÅNow analyst calling for $1.9-ϷнΦл ǘǊƛƭƭƛƻƴ ΨнтΦ

AI Market Liftoff

Semiconductor Market PM Spend

AI Boom
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Semiconductor Market PM Spend

²ŀŦŜǊ  {ǘŀǊǘǎ Ψнр ǘƻ ΨолΥ   ҌммΦм҈

²ŀŦŜǊ !ǊŜŀ Ψнр ǘƻ ΨолΥ   ҌнтΦн҈
²ŀŦŜǊ !ǊŜŀ Ψнн ǘƻ ΨолΥ   ҌмнΦм҈

More 300mm 
Capacity Coming

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

The Real AI Buildout Constraint: 
Å Advanced Wafer Fab Capacity likely to regulate AI 

Data Center Buildout.  
Å Need more fab announcements.
Å Semi Market TAM Sanity Check:   45% fine node 

(CPU, GPU) capacity increase by 2028
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Precious Metals Semiconductor Materials

1. Bonding / Bumping Wire

2. Wet Chemistries

3. Silver Products:   Electro-Conductive Adhesive 
(Die Attach), Paste & Solders

4. Lids

5. ALD / CVD / MOCVD Materials
(Atomic Layer Deposition / Chemical Vapor Deposition / Metal Organic CVD)

6. PVD Targets (Physical Vapor Deposition)

7. Preforms & Lead frames

8. New: 3nm and below Ruthenium Layers
ÅRuthenium CVD Barrier Layer 

ÅRu Buried Power Rails 

ÅM0 Layers via PVD Sputter/ALD

ÅRisk of <1.4nm 100% Ru Wiring

1
2

3

4

65

7

17

8

Semiconductor Market PM Spend



Bonding Wire 

#1 Semiconductor PM Spend Category

ÅMovement away from pure Gold for cost / design thrifting.
ÅMovement towards Pure Copper and Pd Coated Copper Wire.
ÅPure Silver Wire is gaining share.

ÅLinear Meters shipped y/y continues to grow at a 6.1% CAR 
through 2030.
ÅSurface mount and package on package mounting was thought 

to slow to usage of BW, but the data suggests is continues to be 
used in increasing volume.

Semiconductor Market PM Spend
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#2) Wet Chemistries

17

Å Gold electroplating

Å Gold alloy electroplating

Å Gold strike plating

Å Electro-less gold plating

Å Silver plating

Å Platinum group

Å Rhodium plating

Å Ruthenium plating

Semiconductor Market PM Spend
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#4) Packaging Lids ςAuSn

Semiconductor Market PM Spend

SOLDER LIDS WITH WINDOWS
Materion developed its unique Visi-Lid covers for customers who require a solder 
packaging lid with a window attachment for their photonic package. A wide array of 
advanced technologies utilize solder lids that require transmittance of electromagnetic 
radiation. We have your custom solution.

ANTI-REFLECTIVE (AR) COATINGS FOR LIGHT-SENSITIVE 
ELECTRONICS
For more economical packaging lids, a solder frame can be tack welded directly onto 
the metallized window using Materion's Visi-Cap products.
(Note that Visi-Caps do not have a Kovar® frame.)

APPLICATIONS
ÅSemiconductor
ÅMEMS
ÅLIDAR
ÅCCD chips
ÅMedical Equipment
ÅPhotodiodes
ÅLaser Diodes
ÅSensors
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Semiconductor Lids Market

Lids Market Revenue Au % of Revenue
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#5) ALD / CVD / MOCVD Materials
Au

20

Semiconductor Market PM Spend
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ALD/CVD Precursor Market

Interconnect Memory Gates ALD/CVD  Precursor TAM
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#5) Vapor Deposition Materials
ALD - Atomic Layer Deposition
CVD - Chemical Vapor Disposition
MOCVD ςMetalorganic Chemical Vapor Deposition

ALD using pellets, mostly pure 
Gold.

CVD and MOCVD using all 
precious metals.
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Semiconductor Market PM Spend

In the AI buildout, silver sits in switchgear, power distribution, relay contacts, high-speed connectors, chip packaging, 

conductive pastes/solders for signal integrity, and thermal interface materials that help dissipate heat from GPUs and other 

high-density components.
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Wet Chemistry Market Demand and Spend
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ALD/CVD Precursor Market

Interconnect Memory Gates ALD/CVD  Precursor TAM
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Wet Chemistry Market Demand and Spend

Au Demand (Koz) ALD Au Value $ (billions)
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#6) Semiconductor Precious Metals PVD Target Spend
HDD, LED, and Display PVD Demand Separate
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Dominated by Gold

Semiconductor Market PM Spend
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#6) Semiconductor PVD Target Spend
Lots of Base Metals and Precious Metals Both
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Gold PVD Sputter Target on 
a Copper Backing Plate

Semiconductor Market PM Spend

#7) Pre-Forms / Lead-Frames

Semiconductor Market PM Spend
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Lead Frame Market Revenue ($ Millions) 
and Pd Spend as % of Market Revenue
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Declining demand with smaller package 
sizes/smaller mass
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#7) Solder Preforms ςLid Preforms
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Semiconductor Market PM Spend
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#8 Ruthenium CPU Wiring:  3nm, 2nm, 1.4mn & Beyond

Å Why Ru instead of Copper?  The 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 
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.

Å IMEC has been a leading developer of ruthenium (Ru) interconnect technology as a 
potential successor to copper for advanced logic nodes, focusing on low-resistance, 
high-pitch manufacturability.  Recent 16nm Pitch Ru Demonstration: At the 2025 IEEE 
International Interconnect Technology Conference (IITC), imec showed 16nm pitch Ru 
lines with an average resistance of 656ʍκҡƳΣ ŀ ǊŜŎƻǊŘ-low value for this pitch 

Å Integration approach: Semi-damascene flow optimized for cost-effective 
manufacturability, suitable for the first local interconnect metal layer (M0) of A7 and 
beyond nodes.

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

BPD schemes 
afford different 
scaling benefits 
associated with 
increasing levels 

of wafer 
processing 
complexity. 

Source: Applied 
Materials

Semiconductor Market PM Spend
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Semiconductor Market Precious Metals Trend
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Semiconductor Market PM Spend
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Electronics Markets 2025 TAM
Global Electronics 0.9% PM Content
²ƘŜǊŜΩǎ ƛǘ ŀǘΚ 

23

Automotive 
Electronics

$307 B
<0.2% PM Content

HDD 
$23 B
0.5% PM 
Content

Data 
Centers

$300 B
0.5% PM Content

Consumer Electronics
$977 B

<0.1% PM Content

Semiconductor
$787 B

1.6% PM Content

Flexible 
Electronics

$27.1 B
0.6% PM 
Content

Printed 
Electronics

$50 B
0.6% 

Content

Passive 
Components

$48 B
0.8% PM 
Content

t/.Ωǎ
$82B

Electronics Markets: Precious Metals Demand Overview

LED / OLED
TAM $17B

1.1% PM Content

Cables & 
Connectors 

$187B

Fiber 
Optics
$60B

MEMS
$17.6 B

2025:  Global Electronics 0.24% of Global 
Elect Revenue is Precious Metals Spend

Ru Thick Film Resistors/Varistors
a[//Ωǎ ς Multi Layer Ceramic Capacitors
Acoustic Wave Filters ς SAW / BAW



Passive Components:  Ru Thick Film Resistors
2.2 billion of these Thick Film Resisters/year 

24
24

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

Question : I was always under the belief that Thick Film Resistors could move 
to a base metal (Ni alloy) thin film configuration as Ru approaches $1,000/toz.   
I was led to believe that Thin film designs are a meaningful alternative to thick 
film Rus, and that the real pain in the transition was organizing additional PVD 
equipment/CapEx.  Is this still the case?

Answer:  Thin Film Nickel Chromium and Thin Film TaNfilm chips are the 
alternative; however global capacity is small in comparison to thick film 
chips. The process to build the alternative is more expensive because of 
capital equipment depreciation.

Ruthenium is also used in thick film resistor networks - SIP and DIP Arrays 
packages and IPDs (Integrated Passive Devices). These are low volume but 
large physical size using a lot of ruthenium.

Ru is consumed here as oxide; and in high price instances- they thrift the Ru.

Having said all that - ruthenium is one of the most dangerous and risky 
reliance's in the entire high -tech economy.

Dennis M. Zogbi
CEO& Founder

Paumanok Publications, Inc.
Industrial Market Research

1612 Jordan Drive. Suite 420
Saxapahaw, NC 27340
(919) 468-0384

dennis@paumanokgroup.com
www.paumanokgroup.com

SIP Array DIP Array

Ru Design Thrifting Opportunity #2
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Ruthenium Market Summary



Ruthenium Thick Film Resistors
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Thick Film Resister Market

APAC Europe

N. America RoW

Thick Film Chip Resistors

Ru Oxide Resist 
Manufacturers

Thick Film Resistor 
Manufacturers
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Thick Film Resistor Ruthenium Demand (koz)

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

Expecting most thick Film 
Resisters to migrate away 
from Ru due to cost.  
Requires CapEx for 
sputter deposition.  

Trying to figure out 
deploymentwith 
alternative Nickel-chrome 
and Tantalum Nitrate 
base metal thin film 
designs.
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Ru Thick Film Resistors

Confirm there is Ru in 
the e-waste stream?



Passive Components:
a[//Ωǎ ς Multi -Layer Ceramic Capacitors

Is 5-с ¢ǊƛƭƭƛƻƴκȅŜŀǊ hŦ ¢ƘŜǎŜ a[//Ωǎ 9ƴƻǳƎƘΚ

Critical Minerals:
Å Copper
Å Silver
Å Gold
Å Palladium

26



Ag & Pd & Pt Electrodes

Multi-Layer Ceramic Capacitor (MLCC) 

High-Fire and Low-Fire Ceramics

High Fire:
Å {ƛƴǘŜǊǎ ŀǘ Ғморл л/
Å Palladium or platinum electrodes
Å Pd bulk resistivity = 11 x 10-6 ohm-cm.
Å ttL ά/έ ŀƴŘ άtέ ǎŜǊƛŜǎ
Å Dual firing

Low-Fire:
Å Sinters at 950-1050 0C
Å Silver or silver/palladium electrodes
Å Ag bulk resistivity = 1.62 x 10-6 ohm-cm.
Å ttL άbέ ǎŜǊƛŜǎ
Å Single Co-firing of ceramic + electrodes

Print electrode pattern on tape using palladium or 
silver inks

27

MLCCs ς Multi-Layer Ceramic Capacitors

a[//Ωǎ ¦ǎŜŘ Lƴ рD ϧ 9±Ωǎ ϧ 5ŀǘŀ /ŜƴǘŜǊǎ:
Å Smartphones
Å 5G mobile phones use >1,000
Å 4G mobile phones use ~550-флл a[//Ωǎ

Å Vehicles
Å ICE vehicles use оΣрлл a[//Ωǎ and growing
Å Hybrids/PHEVs use сΣллл a[//Ωǎ & growing
Å 9±Ωǎ use ммΣллл a[//Ωǎ and growing

Å 5G Base stations 
Å IoT and peripheral devices
Å Humanoid robots

Å An AI server needs up to 28,000 MLCCs per unit, 13x 
increase from a standard set-up

Å Nvidia's next-generation computing platform Rubin 
architecture uses 12,000 MLCC units on a single board, 
compared with 6,500 on the current GB200 platform.



MLCC Market: 5.37 trillion units this year 2026 Ą Future Pd Challenge Opportunity As Pd Prices Fall

MLCCs ς Multi-Layer Ceramic Capacitors
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MLCC Market Historical & Forecast Volumes (Trillions)
& mg/MLCC Loadings Trajectory 

PME - Precious Metals MLCC Volume (trillions)
BSE - Base Metals MLCC Volume (trillions)
mg Pd/MLCC
mg Ag/MLCC

Should see an AI 
volume bump
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MLCC Precious Metals Demand (koz)

Pd koz Ag koz Pt koz

ΨфрΥ  нΣнсл ƪƻȊ
ΨнсΥ     сфр ƪƻȊ

ΨфрΥ  сΣсму ƪƻȊ
ΨнсΥ     сфр ƪƻȊ

ΨфрΥ  пр ƪƻȊ
ΨнсΥ  мо ƪƻȊ

PeakΥ  н aƻȊ tŘκȅŜŀǊ ǘƘǊǳ ȅŜŀǊ нллл ƻƴ a[//Ωǎ ŀƭƻƴŜ

2009-14:  Dropped to ~400koz/year as Pd prices climbed >$1,000 
Today:  Growth in High Reliability apps with PGMs sees ~600koz/year
Future:  What if Pd $500/Toz, then 2 Moz+?  Consider MLCC then vs. 20x volumes now.



Passive Components ς SAW/BAW Filters:
Ir Crucibles For SAW/BAW Filters piezo-electric crystal substrates

Vs. Design Alternative:  Aluminum/Scandium PVD Thin Film on chip w/embedded package

Stand Alone SAW/BAW Filters:  

ÅUse Ir Crucibles to grow a piezo electric crystal material 
(often Polycrystalline Aluminum Nitride AlN crystal) that 
is sliced into wafers.

RF System-in-Package:

ÅAlSc (Aluminum Scandium) alloys used to sputter thin 
film piezo-electric basis for SAW/BAW filters.

ÅSc with compositions 25%-50% are very high and make 
manufacturing of the targets very difficult.

ÅFuruya Metals and Materion are key to providing the 
AlSc target fab and recycle.

ÅFuruya Sc annual recycle now 40 mtpa

Discrete stand-alone BAW Filter

4 major player who provide RF Frond End Module (PAM, PAMiD, FEM,  etc.) integrated discrete 
components such as Switch, Duplexer, Filter, etc,, and discrete components are Qorvo, Qualcomm, 
Skyworks, and Broadcom.  Akoustis, Taiyo Yuden are also providing filters.

#1 Iridium Design Thrifting activity
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https://caprisean.blogspot.com/2019/11/iphone-11-teardown-qorvo.html

MB/LB FEM, SiP several Die integrated

such as PA, Switch, BAW(FBAR) <= AlSc

Embedded AlSc Thin Film SAW/BAW Filters In RF packages

30

BAW

Samsung 
Galaxy S10 (5G) Apple iPhone 

11 Pro Max

Huawei mate 
20X(5G)

BAW?

Huawei mate 
20X(5G)

#1 Iridium Design Thrifting
SAW / BAW Filters



Hard Disc Drive Market
72-Year-old Technology is Still the Cheapest

HDD Critical Minerals
Å Ruthenium
Å Platinum
Å Copper
Å Tungsten
Å Cobalt
Å Aluminum
Å Silver
Å Gold
Å REEs
Å Iridium

31
+8x Stock Price

+8x Stock Price



SSDs (Solid State Devices/NAND) Versus Rotatable HDDs (w/ Ru & Pt)

Å HDD Industry Peaked media capacity & revenue at $35B in 2013, then 
revenues dropped to $15-$17B with several HDD Media factory closures.

Å 2026+ forecast is for >$30B with significantly (2-3x) higher Near-Line HDD 
prices.  Revenue is increasing with marginal media CapEx add.

Å HDD Ramp CapEx Limits:  Why add 20-year life brick-and-mortar for HDD 
media on 72 year old technology?

Å HDD Ru Net Consumption: 160-170koz/year today, off of global Ru pool 
accounts of ~600koz. 
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HDD Vs SSD Shipmebnt Volume (millions units)

HDD shipments SSD shipments

{{5Ωǎ ǿŜǊŜ оȄ ƳƻǊŜ ŜȄǇŜƴǎƛǾŜΣ ōǳǘ ōŜǘǘŜǊ 
performance at lower temperatures.

{{5 ƳŀǊƪŜǘ ǾƻƭǳƳŜ ƭŀǊƎŜǊ ǘƘŀƴ I55Ωǎ ǘƻŘŀȅΣ 
but AI wanting to pull more HDDs.
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HDD Drives and HDD Media Demand

Media HDD

HDD media volume flattening out.  At full HDD 
Industry capacity, No desire to invest more CapEx 
without long-term guarantee.  Small scale tooling 
adds < 5% to global media capacity

HDD Market
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What About HAMR Media ς Heat Assisted Magnetic Recording?
Using -90% Ruthenium loadings.
Also uses +70% Platinum loadings.

ÅSeagate:
Å~40% of Seagate media mix, 16%-му҈ Ǝƭƻōŀƭ I55 ƳƛȄ ƛƴ нIΩнсΦ

ÅLook for HAMR to scale to 65+% Seagate mix by 2030.

ÅAdditional hyperscaler HAMR qualifications still in progress.

ÅHAMR areal density gains will enable larger and larger HDD Nearline 
Drives for AI Data Centers faster with same media count.

ÅShowa Denko:
Å2nd media (and independent) source Showa Denko has a HAMR design 

in Seagate development.

ÅWestern Digital:
Å3rd media maker WD is pressing HAMR R&D quickly.  

ÅTalk of lead deliveries end of 2026 appear to be high risk.

33

HDD Market

Seagtate43%

Toshiba 21%

WD 36%

HDD Rotatable Memory 
Market Share 2020

40% 
HAMR



Ruthenium In HDD 
Seagate HAMR Technology Impact:  HAMR Uses -90% Ru  but  +70% Pt
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Electrical Demand
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HDD Media Ru Toz Demand Model
HAMR 65% STX Product Portfolio by 2030

HAMR Global Ru Pool  w/HAMR

HDD Ru Consumption w/HAMR

HDD Ru Net Purchases w/HAMR*

*2025:   $253M Ru Purchases @ $1,450/toz
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HDD Media Pt Toz Pool Size & Consumption (Toz)
HAMR 65% STX Product Portfolio by 2030

Global Pt Pool Size w/HAMR

HDD Pt Net Purchases w/HAMR*

HDD Pt Consumption w/HAMR



A.I. & Data Centers
Power & Water Consumption and More Critical Minerals

I55 bŜŀǊ [ƛƴŜ I55ǎΣ CƛōŜǊ /ŀōƭŜΣ {{5Ωǎ ŀƴŘ b!b5 CƭŀǎƘ aŜƳƻǊȅ ŀǊŜ ![[ /ƻƴǎǘǊŀƛƴǘǎ

AI Data Center 
Critical Minerals
Å Steel
Å Copper
Å Aluminum
Å Graphite
Å Nickel
Å Cobalt
Å Silicon
Å Lithium
Å Tin
Å Lead
Å Silver
Å REEs
Å Gallium
Å Gold
Å Germanium
Å Tantalum
Å Platinum
Å Palladium
Å Iridium
Å Arsenic
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