Assessing the human cost of
PCB assembly production
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 Lastyear’s master student
* Educational Sciences (engineering and technology)
* Electrical Engineering (electronic circuits and systems)

Thesis / dissertation



Which kind of capacitor is this?
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1) Aluminium electrolytic capacitor
2) Ceramic disk capacitor

3) Tantalum electrolytic capacitor
4) Metallized film capacitor



Which kind of capacitor is this?

https://www.electronicscomp.com/2.2uf-16v-tantalum-capacitor
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What metal is used in iIPhones &
has an oxide with this color?

1) Lithium
2) Cobalt

3) Gold

4) Palladium
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What metal is used in iIPhones &
has an oxide with this color?

https://www.ancientearthpigments.com/product/cobalt-blue/
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What do Ta and Co have In
common?

1) Both were discovered by Swedish
scientists
' N‘ 2) Both are transition metals
% 3) Both are produced for more than
‘ 50% in the Democratic Republic of

Congo
4) All of the above
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The Democratic Republic of Congo

A TN Chad 55T U M o . . .
155 /. Central AfrcanRepubli . SU4 Q\ * Richest country in terms of mineral
¢ Cameroon ® = \ o) \
4y ‘\ S SR resources
g ‘:’ T ® ("f V) @ ,Mor P/V\F A

il - 4 so 2 Uganin) * Cobalt: copper belt (Katanga)
L oy BMZES ) Rep. 0 g Boferoo P . .
5 " e u/ »_T * Tantalum: Kivu regions

Gabon ﬁCO“g

¥ s atic] epublic w 3
\ m\mwl 4 c'g p [} WSW%LI g 1_’;‘5 ™~
j\ - v Bubvu._wm .' "Maru
Bandundu o b MMO%I" JL‘%}B URA
b BRAZAVILLE f ) ) NUMN" ‘B(Il'lln(li 3
N < NI 3 /MMSW w kv | ";Jg;.,, ‘5‘
coal - ei_,].:r' nas R " Kasal @, Jowi oy Tanzania |
. copper, cobal ll\l CONGO\«Z_/(—'L@U \ 4! hon \
£ zinc "\ o \
M| ion dumo:- Ll e & 1»( Kamma.',.. ] u (?-Z’_&\»‘_*x
B oottan LY o »KATANGﬁ | \ i‘\
8w 3 Angola }»v'm'. < 5 A
® diamond - alluvial (] = Sh‘u-Mr/ { %‘
® diamond - kim /(f/ .H“'"" j A aI’L“l
S i | Zamb;ﬂ P R Maarten J De Wit, Frangois Guillocheau, and Michiel CJ De Wit, Geology and resource
W snsleges S o R Ly (seess Q potentialof the Congo Basin (Springer Science & Business Media, 2015)
—_
|
LI . — EUROPEAN
UNIVERSITEIT o ——
GENT I I . IAGADEMY



Tantalum and Cobalt

Tantalum

* Part of 3T conflict minerals
(tungsten, tin)

* Mostly artisanal small-scale
mining (ASM)

 Core of armed conflictin
Eastern Congo

* 50% mined in DRC

* Superalloys, capacitors,...

Cobalt

 Mined with Cu

* Mostly industrial mining

 Conflict with small scale
ASM

* Part of controversial
Sicomines deal with China

e 70% minedin Congo

 Superalloys, batteries,...
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Thesis research

Carried out at Padova University, within
Microelectronics & Geopolitics course
Researched the impact of the mining of these
minerals and copperin DRC

Technical analysis: copper and cobalt
Historical analysis: post-colonial

Political analysis: mining policy, foreign policy
Inspired my master thesis topic
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Research Approach

e STEP 1:discuss materials used for
 \Woafer fabrication

|C fabrication

Packaging

PCB fabrication

Component assembly

Make a selection of materials of interest
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Research Approach

e STEP 2: for each material, research:
* How much is used within the e e s Primary Producers Refinery Producers
electronics industry?
* How much is produced and refined
each year? .
* |In what countries are the materials Refinery Exporters Refinery Importers
refined EU Reserves

4.4%

Make a closer selection of materials of
interest
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https://rmis.jrc.ec.europa.eu/rmp/Cobalt

Research Approach

« STEP 3: for each material of interest,
research:
* How the materials are mined,

refined and produced until they DEMOCRATIC
enter the electronics supply chain REPUBLIC OF CONGO

ARTISANAL AND S_‘lALL-SCALE MINING SECTOR

* Whether there are known issues with
mining, refining and production
processes, e.g. child labor, armed
conflicts, displacement of
communities,...
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Research Approach

 STEP 4: Use outcomes of step 2 and step 3 to find a metric to ‘quantify’
the impact of the use of these materials

* STEP 5: Compare different design choices from a technological point of
view and balance with the metric developed in step 4
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Current state

Sep ’25 Nov ’25 Jan’26 Mar ’26 May’26

Prelim. selection of
materials found,

Step 1 currently assessing
the materials '
Step 2
Step 3 e ——
Step 4 e i
Step 5 s —— A e
- E During selection of - -
materials: already note
why they are used
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| et’s connect

Laura Sndakh
Student at Ghent University | MSc. Electrical

Engineering | MEd. Science and Technology

laura.sondakh@ugent.be
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