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Analogy : Ingrated Circuit (IC) and building

IC Layout

Architect building plan

Integrated Circuit [IC]

Building Integration to a specific environment
(Neighborhood)

Integration to a specific environment
(PCB + capacitors + unknown ICs + battery + captors…)

Ecodesign
(Life Cycle Analysis)
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Motherboard

Daughterboard

FTDI Module

StorAIge

Maha & al. 
“Storage Class Memory with Computing 
RowBuffer: A Design Space Exploration” , 
2021

1st steps :

 Exploration work from a usecase : StorAige project (CEA LIST)
 Prototype testversion [Extraction & Manufacturing only]

Objectives :
 Define relevant hypothesis & assumptions that allow to 

make systematic numeric LCA from design

ICPackage
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Running a LCA from an electronic design
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LCA software

Database
[Secondary data]

Methodology

EIME

CODDE
Negaoctet

EF 3.0

Datas from design

Bill of material (BoM)
>200 components

(ICs, capacitors, 
resistors, connectors…)

Comment Value Description Designator Footprint LibRef Quantity

PTS645 [RESET/Red] SE PUSHBUTTON B1 PB-6X6mm-Black SW PUSHBUTTON 1

PTS645 [RESET/Blue] SE PUSHBUTTON B2 PB-6X6mm-Black SW PUSHBUTTON 1

PTS645 [Black] SE PUSHBUTTON B3, B4 PB-6X6mm-Black SW PUSHBUTTON 2

1uF 1uF Capacitor (Semiconductor SIM Model)
C1, C5, C11, C13, 

C19, C22, C24, C29, 
1608[0603] Cap Semi 29

10uF 10uF Capacitor (Semiconductor SIM Model)
C2, C4, C6, C7, C8, 

C10, C12, C15, C16, 
1608[0603] Cap Semi 16

10uF Polarized Capacitor TPSA105K020R3000 C3, C21 1206 (3216mm) Capa Pol Cap Pol 2

4.7uF 4.7uF Capacitor (Semiconductor SIM Model) C9, C14, C23 1608[0603] Cap Semi 3

10nF 10nF Capacitor (Semiconductor SIM Model)
C26, C30, C38, C40, 

C41, C45, C47, C51, 
1608[0603] Cap Semi 16

100nF 100nF Capacitor (Semiconductor SIM Model)
C28, C32, C35, C36, 

C49, C52, C53, C54, 
1608[0603] Cap Semi 23

330nF 330nF Capacitor (Semiconductor SIM Model) C43 1608[0603] Cap Semi 1

2.2uF 2.2uF Capacitor (Semiconductor SIM Model) C74, C75, C78 1608[0603] Cap Semi 3

220nF 220nF Capacitor (Semiconductor SIM Model) C76 1608[0603] Cap Semi 1

470nF 470nF Capacitor (Semiconductor SIM Model) C77 1608[0603] Cap Semi 1

FT4232H - Outils de développement 

d'interface USB Hi-Speed FT4232H 

Evaluation Module

Lien doc tech
dimensions 35.58*29,15 mm selon la 

doc tech
CN2, CN3 1-534998-3

FT4232HMiniCN2, 

FT4232HMiniCN3
2

SMBJ5.0A-TR TVS DIODE 5V D1 FP-SMB-MFG CMP-12225-000019-1 1

MBR0540 DIODE SCHOTTKY 40V 500MA SOD123 D2 FP-425-04-MFG CMP-2000-05114-2 1

SMBJ8.5A TVS DIODE D3 FP-SMB-MFG CMP-12225-000019-1 1

FT4232H FT1 FT4232HMiniMod FT4232HMiniMod 1

Goute3_C G1 Goutte3 Goute3_C 1

Goute2_O
G2, G3, G4, G5, G6, 

G7
Goutte2 Goute2_O 6

FixationHole
H1, H2, H3, H4, H5, 

H6, H7
HOLE_10_3.5 FixationHole 7

USB_Mini-B Connector SMD USB Type Mini-B J1
USB_ConnMini05657905

19
USB_Mini-B 1

WE-DC Power Jack 694106301002
WR-DC_DC Power Jack_Right 

Angled_THT
J2 694106301002

WE-DC Power Jack 

694106301002
1

5747844-6 CONN D-SUB RCPT 9POS R/A SOLDER J3 FP-5747844-6-MFG CMP-2000-07496-2 1

CON_DB [Samtec]
Board to board & mezzanine 

connectosr - 500 mg
JDB1, JDB2 QTS-050-02-L-D-A IPModuleIC_JDB 2

MicroZedJX1 --> Inutile pour storaige 

(mail mikael du 07/08/2024)
JX1 61083-101400LF MicroZedJX1 1

MicroZedJX2  --> Inutile pour storaige 

(mail mikael du 07/08/2024)
JX2 61083-101400LF MicroZedJX2 1

BKP2125HS101-T

Multilayer Chip Bead Inductor
None L1, L3, L6, L7, L9 BKP2125HS101-T BKP2125HS101-T 5

2.2uH Shielded Power Inductor, L2, L4 COIL SRP0415 IND 2

10uH Shielded Power Inductor, L5, L8 COIL SRP0415 IND 2

LED
SMD mono-color Chip LED, WL-SMCW, 

Super Red

LED1, LED2, LED3, 

LED4, LED5, LED6, 
0603_A CMP-1426-00004-1 15

Logo Logo1 LOGO_PREM Ref 1

Logo Logo2 LOGO_LETICEA_BIG Ref 1

MicroZED  --> Inutile pour storaige 

(mail mikael du 07/08/2024)
MIC1 MicroZEDBoard MicroZED 1

Header 5X2 Header, 5-Pin, Dual row P1 HDR2X5 Header 5X2 1

Jumper3Pts
P2, P43, P44, P45, 

P58, P64
JP3_2.54 Jumper3Pts 6

SMB 413990-1 TE-Connectivity
P3, P8, P13, P18, P25, 

P49, P51
SMB_V SMB 7

Header 2X2 Header, 2-Pin, Dual row
P4, P9, P14, P19, P50, 

P52
HDR2X2 Header 2X2 6

SMA 90 SMA Connector 90
P5, P10, P15, P20, 

P53
SMA_90 SMA 90 5

Jumper2PtsC HDR 1x2
P6, P11, P16, P21, 

P23, P26, P27, P54, 
HDR1X2 Jumper2PtsC 11

TEST_POINT Test point
P7, P12, P17, P22, 

P59, P60, P61, P62
PIN1 TEST_POINT 8

Header 3X2 Header, 3-Pin, Dual row
P24, P35, P36, P37, 

P38, P39
HDR2X3 Header 3X2 6

SELECTOR3-4pos TSW-104-07-L-T Connector 3x4 P28, P29, P30, P31 SELECTOR3-4pos SELECTOR3-4pos 4

2POS_JP
P32, P33, P34, P40, 

P41, P42
HDR1X2 2POS_JP 6

Header 8X2 Header, 8-Pin, Dual row P46 HDR2X8 Header 8X2 1

Header 6 Header, 6-Pin P47 HDR1X6 Header 6 1

Header 10X2 Header, 10-Pin, Dual row P48 HDR2X10 Header 10X2 1

Header 7X2 Header, 7-Pin, Dual row P63 HDR2X7 Header 7X2 1

Pad
P65, P66, P67, P68, 

P69, P70, P71, P72, 
PAD_25 Pad 15

1M 1M Pot Bourns POT1 Trimmer Bourns TRIMMER BOURNS 1

50K 50K Pot Bourns
POT2, POT3, POT4, 

POT5
Trimmer Bourns TRIMMER BOURNS 4

DataPort8 Header, 2-Pin, Dual row PT1 DataPort8FT DataPort8 1

LTV-817S

Photocoupler - Phototransistor Output, 

35 V VCEO, -50 to 110 degC, 4-Pin SMD, 

RoHS, Tape and Reel

Q1, Q2, Q3, Q5 LTST-LTV-817S-4_V CMP-2000-05204-1 4

RUM001L02T2CL MOSFET N-CH 20V 0.1A VMT3 Q6, Q7, Q8, Q9 FP-VMT3-MFG CMP-08982-000008-1 4

270R 270R Resistor R1, R4 J1-0603 Res3 2

1K 1K Resistor
R2, R5, R7, R9, R11, 

R13, R15, R18, R26, 
J1-0603 Res3 12

1650R 1650R Resistor R3 J1-0603 Res3 1

220R 10K Resistor 0402 / 0603 / 0805 R6, R10, R14, R25 0603R Resistor_ST 4

10K 10K Resistor R8, R12, R16, R28 J1-0603 Res3 4

470K 470K Resistor R17 J1-0603 Res3 1

33mR --> C'est une resistance SMD 

ON VA DIRE
33mR 1206 (3216 Metric)  SMD

R19, R40, R41, R42, 

R43
RESC1206(3216)_L CMP-1014-00659-1 5

100K 100K Resistor

R20, R22, R23, R44, 

R45, R46, R47, R53, 

R54, R55, R56

J1-0603 Res3 11

NC NC Resistor R21 J1-0603 Res3 1

37.4K 37.4K Resistor R24 J1-0603 Res3 1

14.7K 14.7K Resistor R27 J1-0603 Res3 1

768R 768R Resistor
R30, R31, R32, R33, 

R34, R35, R36, R37, 
J1-0603 Res3 14

500K 500K Resistor R48 J1-0603 Res3 1

50K 50K Resistor R49, R50, R51, R52 J1-0603 Res3 4

Ref_1
Ref1, Ref2, Ref3, 

Ref4, Ref5, Ref6
Ref - APPE Ref_1 6

EXB-38V103JV --> C'est AUSSI une 

resistance SMD ON VA DIRE
RES ARRAY 4 RES 10K OHM 1206

RN1, RN2, RN3, RN4, 

RN5, RN6, RN7, RN8
FP-EXB38V-MFG CMP-2000-05314-2 8

SP3T SW1, SW2 1825255-8 SP3T 2

1825289-1 = commutateur

1,865g sur Mouser

https://www.mouser.fr/ProductDetai

l/TE-Connectivity-

PB/MHS22204?qs=x%2FgbKjZ2T%2FP3

nDcbG%252B1KTg%3D%3D

SWITCH SLIDE DPDT 300MA 125V SW3 FP-1825289-1-MFG CMP-1684-00003-2 1

LT3085EMS8E#PBF

Adjustable 500 mA Single Resistor Low 

Dropout Regulator, 0.3 mA Isupply, 8-

pin SOP (MS8E-8), -40 to 125 degC, Pb-

Free

U1, U2, U5, U8, U9, 

U13

LT-MS8E-8-

1880X1680TP_M
CMP-0472-00032-1 6

LT3022EMSE-1.8#PBF

1 A, Very Low Dropout Linear 

Regulator, 0.9 to 10 V Vin, 1.8 V Vout, 

16-pin SOP (MSE-16-EDP), -40 to 125 

degC, Pb-Free

U3 LT-MSE-16-EDP_N CMP-0476-00919-1 1

LM3671MF-3.3/NOPB IC REG BUCK 3.3V 600MA SOT23-5 U4 FP-DBV0005A-IPC_C CMP-0063-01132-4 1

LT3022EMSE-1.2#TRPBF

1 A, Very Low Dropout Linear 

Regulator, 0.9 to 10 V Vin, 1.2 V Vout, 

16-pin SOP (MSE-16-EDP), -40 to 125 

degC, Pb-Free, Tape and Reel

U6 LT-MSE-16-EDP_M CMP-0476-00931-1 1

LM3671MF-2.5/NOPB IC REG BUCK 3.3V 600MA SOT23-5 U7 FP-DBV0005A-IPC_C CMP-0063-01132-4 1

LT1615ES5#TRPBF

Micropower Step-Up DC/DC Converter, 

5-pin SOT23 (S5-5), -40 to 85 degC, Pb-

Free, Tape and Reel

U10 LT-S5-5-TSOT-23_N CMP-0491-01542-1 1

REG104GA-A/2K5

Single Output Fast Transient Response 

LDO, 1 A, Adjustable 1.295 to 5.5 V 

Output, 2.1 to 15 V Input, 6-pin SOT-

223 (DCQ), -40 to 85 degC, Green (RoHS 

& no Sb/Br)

U11 DCQ0006A_N CMP-0395-00472-2 1

TSC214ICT No Description Available
U12, U16, U20, U29, 

U30
TSC214ICT_STM TSC214ICT 5

LTC2664HUH-16#PBF - Converter Integrated Circuit U14, U31
QFN50P500X500X80-33N-

D
LTC2664HUH-16#PBF 2

ADS124S08IPBS AD Converter 12 inputs U15 S-PQFP-G32 ADS124S08 1

ADA4096-4ACPZ-R7

Quad Channel RRIO Operational 

Amplifier, 800 KHz BW, 400 mV/us SR, 

Industrial, 16-pin QFN (CP-16-27), Reel

U17, U18, U19 ADI-CP-16-27_N CMP-0384-00039-1 3

ADG3231BRJZ-REEL7

1.65 V to 3.6 V, Single-Channel Level 

Translator, -40 to 85 degC, 6-pin SOT23 

(RJ-6), Reel

U21, U23, U32 ADI-RJ-6_L CMP-0791-00019-1 3

SN74HC21DR --> CMOS 3,91 * 8,65 

mm²
IC GATE AND 2CH 4-INP 14SOIC U22 FP-D0014A-IPC_C CMP-0777-00006-4 1

TXU0304-Q1 Integrated Circuit U24 SOP65P640X120-14N TXU0304-Q1 1

TXU0204QPWRQ1 Integrated Circuit U25 SOP65P640X120-14N TXU0204QPWRQ1 1

TXU0104QPWRQ1 Integrated Circuit U26, U27 SOP65P640X120-14N TXU0104QPWRQ1 2

LTC2804CGN-1#PBF Integrated Circuit U28 SOP64P601X175-16N LTC2804CGN-1#PBF 1

SG210 Oscillator CMOS 2,5*2 mm²
SG-210STF 50.0000ML0 XT1 SG-210 SG-210 1

How to build Life Cycle Inventory 
from design ?

Case 1 : 
Non-exhaustive LCA 

database
Example : Capacitor

Case 2 : 
Lack of precision in BoM

and industrial
datasheets

Example : unknown ICs

Symposium “Electronique & numérique durables“ Décembre 2024
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LCA Hypothesis
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Case 1 : Non-exhaustive LCA database – Example of Capacitors

Symposium “Electronique & numérique durables“ Décembre 2024

Datas from design LCA software

EIME

1uF 1uF Capacitor (Semiconductor SIM Model)

10uF 10uF Capacitor (Semiconductor SIM Model)

10uF Polarized Capacitor TPSA105K020R3000

4.7uF 4.7uF Capacitor (Semiconductor SIM Model)

10nF 10nF Capacitor (Semiconductor SIM Model)

100nF 100nF Capacitor (Semiconductor SIM Model)

330nF 330nF Capacitor (Semiconductor SIM Model)

2.2uF 2.2uF Capacitor (Semiconductor SIM Model)

220nF 220nF Capacitor (Semiconductor SIM Model)

470nF 470nF Capacitor (Semiconductor SIM Model)

Lack of variability on 
parameters

(Capacitor, techno, mass…)
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LCA Hypothesis
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Case 2 : Lack of precision in BoM and industrial datasheets – Example of unknown ICs

Symposium “Electronique & numérique durables“ Décembre 2024

Datas from design LCA software
EIME

IC Dimensions

Technology node 

Manufacturing location 

?

China 
Taiwan

Europe&Usa
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Case 2 : Lack of precision in BoM and industrial datasheets – Example of unknown ICs

Symposium “Electronique & numérique durables“ Décembre 2024

Datas from design LCA software
EIME

IC dimension

Technology node 

Manufacturing location 

Hypothesis :

50 % Package dimension

(Uncertainty scenarios : 
20% and 80%)

Hypothesis :

Mix from 28nm to 130nm

China 
Taiwan

Europe&Usa

China : 23%, 
Taiwan&Japan : 61%, 

Europe&Usa : 16%

https://vipress.net/

Refers to annual production data from 2022 to 2024 
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Concordance of LCA model
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 Problem : 
 System mass = 237 g
 Model mass = 182 g (76%) 

Error might come from datasheets
 Underevaluation of impacts

PCB

IC
(unpackaged)

Mass
Real mass

Model mass

Others
+

Package

Symposium “Electronique & numérique durables“ Décembre 2024

 Solution : Bring back model impacts up to 100%
Not concerned : PCB & Digital IC

Others
+

Package

Model mass 
= real mass

PCB

IC
(unpackaged)
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LCA Results
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Total mass = 237 g

Emit ~15 kg CO2eq
(Between 11 kg and 18 kg)

Only for manufacturing

= pondération de l’ensemble des 16 catégories d’impacts

Symposium “Electronique & numérique durables“ Décembre 2024

Icon artist :
Pixart

~ 0,5 g

~ 10 g~ 100 g

~ 100 g

Results for 
IC Area = 50%PackageSize

Uncertainties :
Ic Area = 80%PackageSize
IC Area = 20%PackageSize

Global impacts = +/- 20%

No mass 
scalability
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ICs

Packages

PCBs

Others
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Most valuables datas from design to LCA
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Most valuable data Remarks / perspective

System 
Generalities System total mass For concordance of model

IC Technology node or number of Mask
IC area ~ IC to package ratio Main Hotspot (most impactful component)

Package
Package technology

Mass
Number of input/output

PCB
PWB Technology (FR2,3,4 or CEM1)

Dimensions
Number of layers

2nd Hotspot

Others
components

Bill of Materials

Errors from datasheets (mass, 
dimensions, techno…)

Problem : transposition of BoM to model is the 
most time consuming and need human

intervention

Symposium “Electronique & numérique durables“ Décembre 2024



Disposition : Titre et contenu

Future works

12
Symposium “Electronique & numérique durables“ Décembre 2024

Next steps of the exploration work :

 Mapping dimension[%] of IC area VS package techno

 Investigation of a generics BoMs/cm²PCB

 Extend the LCA to an industrial version

 Extend the scope to usephase, transport and end of life

Automation of LCA :

 Execute parametric LCA template from design informations

 Appa LCA : open-source LCA tool to be easily integrated to IC design flow
 Poster of this tool in symposium
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Attention points
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Icon artists :
Freepik
Bearicons
Assia Benkerroum

 Start to think from specifications about rebound effect and the relevance of using a too powerful IC

Do we really need IC in : rearview mirrors, disposable medical self-test, washbasin, etc. ?

We have to

 Talk more about sobriety & performance needs

Symposium “Electronique & numérique durables“ Décembre 2024

We shall not

 Transfer the environmental responsibility from industries to designers

Responsability



Disposition : Titre

Thanks for your attention ♪♫
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Aknowledgments :

Jérémy BALLESTER, Mikael LE COADOU, Jean-Philippe NOEL, Maria RAMIREZ-CORRALES, Bénédicte ROBIN, Maxime PÉRALTA

CEA LIST


