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Circuit imprimé

Un circuit imprimé (ou PCB de I'anglais Printed Circuit Board) est un support, en général une plaque,
permettant de maintenir et de relier électriquement un ensemble de composants électroniques entre eux,
dans le but de réaliser un circuit électronique complexe. On le désigne aussi par le terme de carte

électronique. Le PCB peut étre rigide, souple ou mixte.




Technologie des composants montés en
surface

La technologie de montage en surface nommée également en anglais Surface-Mount Technology (SMT)
est un procédé de production de circuits électroniques dans lesquels les composants sont montés ou
placés directement sur la surface des cartes de circuits imprimés (PCB).

Un dispositif électronique ainsi faite est appelé un dispositif de montage en surface (CMS) nommée
également en anglais Surface Mount Device (SMD). Dans l'industrie, il a largement remplacé la
technologie des composants traversant. Les deux technologies peuvent étre utilisées sur la méme carte.
Un composant CMS est généralement plus petit que son homologue traversant.

Le composant monté en surface désigne une technique de fabrication des cartes électroniques et, par
extension un type de composants utilisés par l'industrie électronique. Cette technique consiste a braser
les composants d'une carte a sa surface, plutot que d'en faire passer les broches au travers.




Avantages du CMS

* Les composants sont plus petits et plus légers.

* La densité (composants par unité de surface) de composant est plus élevée et beaucoup plus de connexions par
composant.

* Les circuits imprimés n'ont plus a étre percés pour souder les composants.
* L'assemblage peut étre facilement automatisé.

* Assemblage simple et plus rapidement automatisé. Certaines machines de placement sont capables de placer plus
de 136.000 composants par heure.

* Les tensions de surface centrent les composants automatiquement sur leur plage lors de |'étape de brasage, ce qui
permet de corriger automatiquement de petites erreurs dans le placement des composants.

* Des composants peuvent étre placés plus facilement sur les deux faces de la carte.

* Les résistances et inductances électriques sont diminuées, augmentant ainsi les performances en hautes
fréquences.

* Les propriétés mécaniques en vibration sont meilleures.
* Temps de mise en place pour la production réduit.

* Le composant CMS colte moins cher que leur équivalent traversant.



Inconvénients du CMS

* Un CMS ne peut pas étre utilisé directement avec une plaque de prototypage rapide, ce qui nécessite soit un PCB
personnalisé pour chaque prototype ou le montage du CMS sur un support traversant.

* La réparation manuel est plus difficile et exige des opérateurs qualifiés et des outils plus onéreux, en raison de la
petite taille et des espacements.

* Lafiabilité des joints de soudure devient de plus une préoccupation car la quantité de soudure est de plus en plus
petite. La présence de vides peut éventuellement conduire a une défaillance du joint.

* Le CMS est inadapté a la haute puissance, ou a haute tension. Il est fréquent de combiner aux composants
traversant comme des transformateurs, des semi-conducteurs de puissance, des gros condensateurs, des fusibles,
des connecteurs, etc. monté sur un co6té du PCB par des trous.

* Le CMS ne convient pas comme seule procédé de fixation pour les composants qui sont soumis a des contraintes
mécaniques fréquents, tels que les connecteurs qui sont utilisés pour l'interface avec des périphériques externes
qui sont souvent attachés et détachés.



The basic components

Chip Non-polarized Diode Chip Inductor

(metric) — (inch)

v 6332 - 2512 ' e
v 5025 - 2010 Nl - ‘ ’ Q
v 4532 — 1812 6 Rl
¥'3225-1210 32122:2@11;06 |
v'3216 - 1206

A v/ 2012 - 0805

' | v 1608 Chip Array
‘/ Chip capacitor Chip resistor
v - 03015 ~ .

’ (0603} 0201 “ &L 2,.

LA

v/ 0201 - 008004



Inductors

Depends on many parameters and the manufacturer

f(. SMD Power Inductor ) {('suo Power Inductor ) r(suo Power Inductor ) f(‘&x‘xoumwe.m:r)
2 = = 2

gV

r(\MrewwnalmcIo' ) r( SMD Cho inductor ) (( Surtace Mount inductor ) r( Wirewound Inductor
=4 = =4 )




Small-Outline Diode (SOD)

Rectangular Case - Diode / Rectifier

R 4

SOD-15 _
Gull-Wing Leads Flat Leads J-Leads
SOD-80C 3.5mmx21.5mm e ek Taees
SOD-106 43mmx2.5mmx 2mm CaseCode ., ription Outline
Drawing SOD323FW 2.5 x 1.25mm
SOD-110 1.2mmx 1,9mm x 1.5mm 7.0L x 6.0W x S Wide Flat Lead
2.3H ’
- X X SOD15 :
SOD-123 2.65mm x 1.6 mm x 1.35 mm Plastic \/ SODS23F 1.2 x 0.8mm
SOD-128 3.8mMmx2.5mmx1.1 mm DO214AB-SMC) SC79F Flat Leads
4.3L x 3.6W x
SOD-323 (SC-76) 1.7mmx1.25mm x 1.1 mm >.3H
SOD10se Plastic SODS23FL 1.2 x 0.8mm
SOD-523 (SC-79) 1.2 mm x 0.8 mm x 0.65 mm O TAAC SC79FL Flat Leads
SOD-723 1.0mm x 0.6 mm x 0.65 mm 20Lx14Wx P
SOD110 1.6H F SOD723F 1.0 x 0.6mm
SOD-923 0.8 mm x 0.6 mm x 0.4 mm Caramic Flat Leads
2.7 x 1.5mm ‘
SOD123G = 0.8 x 0.6mm
= Gull Wing ’:ﬁ SOD323F Flat Leads
0.6 x 0.3mm
R A G | e
v Terminals
3.5x 1.6mm 4.5 x 2.5mm
SOD123FW : SMAF 2
= Wide Flat ? Wide Flat
DO2iine Leads ' SOl Leads
1.7 x 1.3mm ’ 5.2 x 3.5mm
SOD323G  ~ Gull Wing ?\ﬁ SMBF Wide Flat
SC76 . Leads
1.9 x 1.3mm 6.0 x 4.5mm
SOD323FS  Narrow Flat SMCF wide Flat
= Lead Leads

L 3 3 JACKE 33 S



Small-Outline Transistor SOT

Japanese Size “ ».. g,
SOT23 TO-236AB SC59 TO-236AA or SOT-346 O s VO
SOT25 SOT23-5 and SC74A SC61A 4-Lead
SOT26 SOT23-6 and SC74 SC61B Reverse Wide 4-Lead Q e, (’ &?
SOT28 SOT23-8 SC62 SOT89 SR sz AV sorsaamrsorras
SOT89 SC62 and TO-243AA SC63 DPAK
SOT143  TO-253AA SC70 SOT323
SOT223  SC73 and TO-261AA SC73 SOT223
SOT323  SC70 Sc74 SOT26, SOT23-6, SOT457
SOT343  SC82 SC74A SOT25 or SOT23-5 : :
S0T353 SC75A  SC90 or SOT416 Diode in SOT package
SOD353  SC70-5 and SC88A SC76 SOD323 - SOl CRai=Tapien
SOT363  SC70-6 and SC88 SC79 SOD523F LJ_DJ I—:.M LAJ @
SOT523  Gull Wing SC82 SOT343 - 4 Lead oot T ootz ooie
SOT523F  Flat Leads SC83A D2PAK
SOT663 - scss SOT363
SOT723 VT3 SC88A SOT353 m [i;i] [;I] m
SOT883  DFN3L,SC101 1.0x0.6mm  SC89 SOT490 - SC75A with Flat Leads s pczs pots octs
SOT923  0.8x0.6mm SC90 Micro-SOT s ;
SC101 SOT883, DFN3L 1.0x0.6mm LﬁLn-l %_‘ LmeJ w
EMT5 Wide body SC90 5-Ld Flat Lead ocr2d oerzs JH oo
EMT6 Wide body SC90 6-Ld Flat Lead

VT3 SOT723



Flat packages

Flat-pack
CFP
CQFP
BQFP
DFN
ETQFP
LLP
PQFN
PQFP
LQFP

Earliest version metal/ceramic packaging with flat leads
Ceramic flat-pack
Ceramic quad flat-pack (Similar to PQFP)
Bumpered quad flat-pack
Dual flat-pack
Exposed thin quad flat-package
Leadless Leadframe Package

QFp

Power quad flat-pack (No-leads, with exposed die-pad for heatsinking)

Plastic quad flat-package
Low-profile quad flat-package

QFN
QFP
MQFP
HVQFN
TQFP
VQFP
TQFN
VQFN
Flat Pack WQEN
UQFN
ODFN

DFN - QFN

Quad flat no-leads package (Also called as micro lead frame (MLF))
Quad flat package

Metric quad flat-pack (QFP with metric pin distribution)
Heat-sink very-thin quad flat-pack, no-leads

Thin quad flat-pack

Very-thin quad flat-pack

Thin quad flat, no-lead

Very-thin quad flat, no-lead

Very-very-thin quad flat, no-lead

Ultra-thin quad flat-pack, no-lead

Optical Dual-in-line Flat No-lead



Small Outline Packages

SOP Small-outline package

CSoP Ceramic small-outline package

DSOP Dual small-outline package

HSOP Thermally-enhanced small-outline package
HSSOP Thermally-enhanced shrink small-outline package

HTSSOP Thermally-enhanced thin shrink small-outline package

mini-SOIC  Mini small-outline integrated circuit USON
MSOP Mini small-outline package (Maxim uses the trademarked name pMAX for MSOP packages and MSE for Analog Devices/Linear Technologie)
PSOP Plastic small-outline package
PSON Plastic small-outline no-lead package
) QSoP Quarter-size small-outline package (The terminal pitch is 0.635 mm)
i % Q SOIC Small-outline integrated circuit (Also known as SOIC NARROW and SOIC WIDE)
" HTSSOP * o el Small-outline J-leaded package
MSOP soIc SON Small-outline no-lead package
SSOP Shrink small-outline package
B BGICH 14 BOICH 1880KEH TE SOICW o6 SDGCW T4 EOICW TSOP T:in SLna“I;OUtIiTIe pafkage k
_ @ TSSOP Thin shrink small-outline package
e @ @{ @ @ TVSOP Thin very-small-outline package
— 23606 ang SN i b sl VSOP Very—small—outline package
Fine e VSSOP Very-thin shrink small-outline package (Also referred as MSOP = micro small-outline package)

@ @ 0 & WSON Very-very-thin small-outline no-lead package

USON Very-very-thin small-outline no-lead package (Slightly smaller than WSON)




Ball Grid Array

FBGA Fine-pitch ball-grid array A square or rectangular array of solder balls on one surface
LBGA Low-profile ball-grid array  Also known as laminate ball-grid array . - }
TEPBGA Thermally-enhanced plastic ball-grid array T e e
CBGA Ceramic ball-grid array {
OBGA Organic ball-grid array =T T =
TFBGA Thin fine-pitch ball-grid array | P l | - |
PBGA Plastic ball-grid array I m«-.T_I l._,\ |

- FBGA
MAP-BGA Mold array process - ball-grid array Stencil Reball
ucsp Micro (u) chip-scale package Similar to a BGA (A Maxim trademark example)
UBGA Micro ball-grid array Ball spacing less than 1 mm
LFBGA Low-profile fine-pitch ball-grid array

TFBGA

TBGA Thin ball-grid array
SBGA Super ball-grid array Above 500 balls

UFBGA Ultra-fine ball-grid array




Metal Electrode Leadless Face (MELF

MicroMELF (MMU), 0102
MiniMELF (MMA), 0204
MELF (MMB), 0207

MELF Cylindrical Diode

)

Glass Plastic
Case Code Size & Description
MELF
SM1-PLASTIC e T ——
MELF
LL41-Glass DO-213AB, LL35, LL41
2.5 x 5.0mm
mini-MELF
SODgo DO-213AA, LL34
1.6 x 3.5mm
mini-MELF
SODEZ 2.0 x 3.5mm

2.2mmxa1.1 mm
3.6 mmxa1.4 mm

58mmx22.2 mm

Click Image
Outline Drawing

) |

MELF resitor/resistor

> 44&4
W

LN
Sy

MELF SQUARE ENDS (Hermetic Mil-Type)

Topline

D-5B

MELF-1

MELF-C

MELF-D

MELF-E

TBA

MicroMELF

QuadroMELF

g

Alternate
Part Number Description

E-CASE
MELF-B
500w

G-CASE
1500w

MELF-A

[

~
s"/ E

b
| N
A—>

R

Length Flange End
“p"

0.200~0.225" 0.137"~0.148'
5.0~5.8mm 3.5~3.8mm

0.205~0.245" 0.183"~0.202
5.2~6.2mm 4.6~5.1mm

0.168~0.230" 0.091"~0.128'
4.2~5.9mm 3.4~3.8mm

0.168~0.200" 0.091"~0.103
4.27~5.08mm 2.3~2.6mm

0.168~0.300" 0.091"~0.128
4.2~7.6mm  2.3~3.3mm

0.168~0.300" 0.137"~0.148'
4.2~7.6mm 3.5~3.8mm

0.168~0.300" 0.175"~0.195
4.2~7.6mm 4.4~5.0mm

0.168~0.195" 0.070"~0.085
4.2~5.0mm 1.8~2.2mm

0.070~0.078" 0.047"~0.049
1.8~2.0mm 1.2~1.25mm

0.130~0.145" 0.055"~0.063
3.3~3.7mm 1.4~1.6mm

Flange Thick
"g"

* 0.019"~0.028

Gap
nen

" 0.003"

0.48~0.72mm 0.076mm

" 0.019"~0.028

" 0.003"

0.48~0.72mm 0.076mm

" 0.019"~0.028

" 0.003"

0.48~0.72mm 0.076mm

" 0.019"~0.028

" 0.003"

0.48~0.72mm 0.076mm

" 0.019"~0.028

" 0.003"

0.48~0.72mm 0.076mm

" 0.019"~0.028

" 0.003"

0.48~0.72mm 0.076mm

" 0.019"~0.028

" 0.003"

0.48~0.72mm 0.076mm

" 0.019"~0.028

" 0.003"

0.48~0.72mm 0.076mm

0.012
0.3mm

" 0.012
0.2mm

0.003"
0.076mm

0.003"
0.076mm

Image

ﬁ”



DPAK family

DPAK Decawatt Package (TO-252)
D2PAK ou DDPACK Double Decawatt Package TO-263)
D3PAK Decawat 3 Package (TO-268)

Order Nbr Order Nbr
JEDEC Nbr JEDEC Nbr “ :
¢ Pitch RoHS Device Pitch RoHS Device
Device  Leads Pb-Free Device Leads Pb-Frea
Plastic Case - Surface Plastic Case - Surface
e ! G DPAK-TIN TO-263-5 5L D2PAKS-T
Centerlzsd  Center 3 -263- -
Trmmed Lead 4-6mm TO252AA Ful§ Leads Untrmmea 2-27MM 10563 5 )
SOT428 Trmmed )
//'
TO-263-7 6L
TO-263AB 2L PR Cest  Cemter o gsmm D2PAKZST
Centerlead  Center = Lead h TO263-7
Tommed  lesa  >'08MM yoo03ap 9 immed
SOT40d  Tammed ©
A TO-252-7F 7L DPAKZF-T
0.88mm
Full 7 L e 3
TO-252-3L 3L 5 3o DPAKET Wi 7 Leads  Untnmmed TO252-7F
Full 3 leads  Urntrimmed < TO252-3L
4 TO-263-7F 7L D2PAK7F-T
Ful 7 Leads Untrmmed O-85MM oo o 2 %
TC-263AA 3L D2PAK3-T
Foll 3leads Untrimmed 259MM oo c2an
TO-263-4 4L To-268 2L  10.9mm C3PAKT
Center Lead Center g norm D4PAK-T TO268
Trmmed Lead * TO263-4
SOT426 Trmmes é
TO-252-5 5L DPAKS-T
Fol 5 Leads Untimmed 1-27MM 1ooes s

—
&=

o=



Transistor Outline (TO)

TO-XX: wide range of small pin count packages often used for discrete parts like transistors or diodes.
TO-3: Panel-mount with leads
TO-5: Metal can package with radial leads
TO-18: Metal can package with radial leads
TO-39: Metal can package with radial leads
TO-46: Metal can package with radial leads
TO-66: Similar shape to the TO-3 but smaller
TO-92: Plastic-encapsulated package with three leads
TO-99: Metal can package with eight radial leads
TO-100: Metal can package with ten radial leads, similar to TO-99
TO-126: Plastic-encapsulated package with three leads and a hole for mounting on a heat sink
TO-220: Through-hole plastic package with a (usually) metal heat sink tab and three leads
TO-226
TO-247: Plastic-encapsulated package with three leads and a hole for mounting on a heat sink
TO-251: Also called IPAK: SMT package similar to the DPAK but with longer leads for SMT or TH mounting
TO-252: (also called SOT428, DPAK):[24]
TO-262: Also called 12PAK: SMT package similar to the D2PAK but with longer leads for SMT or TH mounting
TO-263: Also called D2PAK: SMT package similar to the TO-220 without the extended tab and mounting hole
TO-274: Also called Super-247: SMT package similar to the TO-247 without the mounting hole



How to solder electronic components

* Manual soldering (Soudage manuel)

* Reflow Soldering [Convection, Infrared] Soudage par refusion)

* Wave Soldering or Selective Wave Soldering (Soudage a |la vague)
* Laser Soldering (Soudage par laser)

* Vapor Phase Soldering (+ vaccum) (Soudage par phase vapeur)



Reflow soldering

https://www.youtube.com/watch?v=LCmiaOWsmaqg




Wave Soldering

117
o, ' . “. WA \
= T .' : ) A \"é-

Thr‘ougﬁ*-hoT'ébpar'ts are placed 1nto a cincualt boar.d“u
that has efigmbhrough the SMT assembly pr'ocesS-.?,j‘

- ;

https://www.youtube.com/watch?v=VWH58Qrpr\Vc




Selective Wave Soldering

https://www.youtube.com/watch?v=vNuUe76-H4c




MuapaN UNIX

Laser Soldering

https://www.youtube.com/watch?v=KnyB9btlhS8#t=4s ERETED
N

Twin“Beéams

: "M.
. i

2R AR L AT

Multi-Phi

«tP

Multi-Spot

600t MmXxX2

deam Pitch : 5mm

Ry

—O'OOO'OO

- . 2 ol -

nees

Wave No 1

N BAEEEHL
[ J'mﬂ—
-

https://www.youtube.com/watch?v=BE70lkU2XMc#t=90s

Owse | fhiber

https://Www.youtube.com/watch?v=BE7OIkU2XMc#t:1265




SO Soldering

TIME 02:10
\Ch.A 189.1

https://www.youtube.com/watch?v=2yQalLbQONXg https://www.youtube.com/watch?v=m3Ny3j5nHOU&t=101s




BGA Soldering

+

| y
https://www.youtube.com/watch?v=0FaneRol8kk

https://www.youtu be.cbm/watch ?v=CTcTpOefz-U




Coplanarity problems

07WOkaOKno8

https://www.youtube.com/watch?v




Tombstone problems

TIME 02:48 TIME 02:17
CONT 190.9

Ch.A

192.0

https://www.youtube.com/watch?v=MaaOmI5g008 https://www.youtube.com/watch?v=xBWPN3-y3ag




https://www.youtube.com/watch?v=u61Cde6UhOlI https://www.youtube.com/watch?v=mLd-ZMXyzhM




Solder Bridge problems

https://www.youtube.com/watch?v= 5lksMvmaQc




Why are there problems?

* Routing problems ?

* Solder Past problems ?
 Temperature problems ?
* Tools problemes ?



Considerations for Routing Two-Legged
Components

]

Recommended routing
(arrows indicate the direction of component movement)

Com
rotati Oﬂ/

Routing not recommended
(arrows indicate the direction of component movement)



Considerations for Routing Multi-Legged
Components Inline

Wl Wil

Correct routing of tracks from pads Connection strategy for adjacent solder pads




Considerations for routing components to
copper planes

View Solder with Solder Resist View Without Solder Resist
T — \

@), O} }f

Minimize

=)

f

& Minimize

oy

Maximize

Typical diagram of a thermal brake




PCB problems

Ident

A QFN package with PCB thermal vias to assist with heat dissipation.

Electronic Thermal
component via

" Thickness Dielectric Dielectric
Layerhame Tyee Watertal (mil) Material Constant
P r— A BT TS Overlay 1 [ T
TOP MASK Solder Mask/Cover  Surface Material | 0.04 Solder ... 3.5
Top | Signal Copper |1.417
Dielectricl Dielectric Prepreg 5 FR-4 42
Layer02 Internal Plane Gnd Copper 07
’ Dielectric 10 Dielectric Core 10 4.2
Vi V&7 VT V& Layer03 Signal Copper 0.7
_ Dielectric 5 Dielectric Prepreg 10 42
Layer04 Internal Plane Gnd | Copper 10.7
Dielectric 3 Dielectric Core 4 42
Layer05 |Internal Plane PWr | Copper 0.7
Dielectric 2 Dielectric Prepreg 10 42
Layer06 Signal Copper 0.7
Dielectric 8 Dielectric Core 10 42
Layer07 Internal Plane Gnd | Copper lo7
L 7 |Dielectric9 Dielectric Prepreg 5 42
@@ @9 Bottom Signal Copper 11.417
7 | BOT MASK Solder Mask/Cover | Surface Material m |Solder ... |3.5




Solder Past Size, Flux, Alloy

Tvpe Less than 0.5% 10% Max. 80% Min. 10% Max. Less
e larger than between Between than

1 160 150-160 75-150 75

Average grain size ¢ 30pym Average grain size ¢ 20pym Average grain size ¢ 10pym

Size

Standard 0603 0402 03015 0201

Type 4

Type 5
Lead-Based, Lead-Free,

No-Clean, Water-Soluble, Rosin-based Type 6




Temperature problems

260C Max ip -

“TYPICAL” SMT REFLOW (Pb and Pb-Free)

o i i 5 [Critical Zone| Profile Feature Sn-Pb Eutectic Assembly Pb-Free Assembly
=T T, loTe | Average Ramp-Up Rate
ﬂ [Ramp-u —— (Tsimas o Tp) 3 “Clsecond max. 3 *Clsecond max.
T Preheat
[ ~Temperature Min (TSmn) 100 °C 150 °C
3 -Temperature Max (TSma) 150°C 200°C
m =Time (1Smin 10 1Smas) 60-120 seconds 60-180 s2conds
E Time maintained above:
= { -Temperature (T.) 183°C 217°C
£ t:il- it P -TIITIE “.“. _ 60-150 seconds 60-150 saconds
Pr i Time within 3 °C of actual 10-30 seconds 20-40 seconds
ehaat
Peak Temperature (ip)
Ramp-Down Rate 6 “Clsecond max, € “Clsecond max,
& : Time 25 °C lo Peak
) t ¥5°C to Paak - Temperature . & minules mas. 8 minuies mas.
Time —> Note 1: All temperatures refer fo topside of the pack=gs, measured on the package body sorface.
H H . WAVE SOLDER PROFILE
Considerations for SMT Reflow Temperature Profiles Tomperaiure 5 o PoFoas
= 260 C MAX lli %L‘LT“‘
; g S00F MAX ] Lot
i RSS (Ramp-Soak-Spike) ; RTS (Ramp-To-Spike) / @ Cooling
A A 3
217 = o o /---- o - 217 [ R - e . f
=l | : | i : 212F 3]
: JI— —— - ——— - --——+ —— 18%e .
10 f- = i -____-= R T 1 -___--__T ---------------- //
: | i I : § o @
100 : : : 100 = : :
S | | i i i 2 i
P H = i i i )
= Soak zone | Refiow zone| Calling zone = Preheating |  Soakzone | Reflow | Golling 35 Degress 60 dmosnde Max n sec]
= zone g 1 1 ZOme i I zone ! zone pes Secced | e Time
H 1 L ! 1 5 i L [ 1 5
100 200 300 aoa SO0 Sac 50 100 150 200 250 Cac |‘ see M 04 * - >|




Tools problems




Preform (with or without solder past)

B

r
]
/ Aflter reflo

:;.ﬂ'lli.'l-::'fpﬂ.‘f{rm'l

https://www.youtube.com/watch?v=-PtyE3vijSs




Solder Past (stencil or printing)

Print Direction

Paste roll

Apertures filling

Stencil

«— PCB W

(RN R RRRRRRERIE

LR RN ARRRRN

Sty
! l:":l::-'i U n'n'o. |
- Fi g‘. 1 a =




Recommandations de lecture

e | * Technologie CMS - composants montés en surface (254 pages)

CMS
+ Auteur: Olivier Sauvage et Jean-Jacques Seneze Editeur: Hermés science publications Version : janv, 1998 ou
JeanJscques Sentse réédition 1993

e |SBN-10: 2866011260 EAN: 9782866011260
S ¢ entre 62€ Amazon a 143€ Rakuten ou 50€ Leboncoin

8 * Tracés des circuits imprimés (121 pages)
' + Auteur: Philippe Dunand Editeur: Dunod Version : janv. 1996 ou sept, 2000

e ISBN-10 : 2100051601
*  Entre 62€ Amazon a 143€ Rakuten ou 33€ FNAC

' » Guide pratique de la CEM - 3e édition (712 pages)
+ Auteur: Alain Charoy Editeur: Dunod Version : mai 2017

% « EAN:9782100763634

Sl * 139€ en version papier et 110€ en Ebook (PDF)

Les sources de perturbations
Les techniques. de protectior

3 EDmON




