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QR code to the questionnaire for
PCB & EA training course.

Alternatively, access to the survey may
be obtained using this simple URL:

https://qrco.de/pcbea
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“Presentation outline " @esa

-Basics of electronic assembly

- Assembly reliability

- What the standards says?

- MPCB: How does it work?

-What 0s next ?
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Basics of Electronic Assemblies eg!!

Connections made using solder
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Solder is used as mean to provide electrical and mechanical connection of different items:

- Printed Circuit Board . C_ompon.ent
plating: termination: See
ESCC23500

A Copper (Cu) with Tin A Tin Lead A Silver

Lead (Sn60Pb40) A Gold plating: A Copper (Cu) with Tin
A Copper with lead free degolding and lead (Sn60Pb40)

finish (RoHs pretining prior A Pure Tin

compliant): ENIG/ assembly using

ENEPIG/ Gold tin/lead solder

A Silver plating:
ACOTS (pure ti.
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“Basics of soldering " @esa

Connection made using solder: Printed Circuit Board

Rigid PCB A B B1 B2 Bs B4

-Single sided — e - p—

-Double sided : : _- : I a_E :l E __

-Multilayer (A/B) & Rl = | =

-Sequential (A/B/B2/B3/B4) 8 D B <P,

-Micro vias (A/B/B1/B3/B4) =4 F A = 1E : E ........
A=PTH

B = through-going via
Bi = microvia
B2 =blind via
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Rigid Flex and Sculptured Flex PCB

e

Pad on thickness 250
Each finger connection is the full extension microns maintained by two
of the track insulating

Track reduced
thickness 100

microns

Fingers made in the
thickness of 250 microns
starting copper

\

Top insulation
polyimide

A
Insulating polyimide
lower
8
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Evolution of solder joints in relation to packaging

architecture overtime

Lead in
plated-through
hole

Leaded surface
mount

Ball-grid array

Area-array
flip chip

Inceasing /0

Decreasing package size and foot print

Source: J. W Evans A guide to lead free solders Springer

Decreasing pitch and joint size

9

Bl b= B 2R 2= K2

mm oEm am vl

% THE EUROPEAN SPACE AGENCY



“Basics of Electronic Assemblies  @esa

Through hole type of devices

With Stress relief

Without Stress relief
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!asms O‘ somerlng !_!!!!

Surface Mount Devices: Leaded Devices

Area Array
Device

Flat pack Gull wing J leads
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!asu:s OI so‘aerlng Ig!!!

Surface Mount Devices: Leaded Devices

Top attachment Middle attachment Bottom attachment
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“Basics of soldering " @esa

Surface Mount Devices: Leadless Devices

Chips Castellated Bottom terminations
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Advantage: Possible to mate and demate with reduced damaged on the PCB.
Drawback: Limited experience on such assemblies

Stacking Connectors

Spring Probe Interposers

m ESCC 3401/076 approved

m Z-AXxis interconnects with
solderless contacts

m High density button contact

m Design flexibility

Figure 2a: Cross Section

of Two-Piece Housing
with Floating Probe
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Press fit connection

Not yet qualified for ESA programms that requires high reliability but under evaluation
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Soldering is a process in which two or more items are joined using a filler metals which is
molten and form a joint. The filler metal has a lower melting point of the materials is joining
and the process is performed at a temperature lower than the melting points of the
materials to be joined.

Ni barrier melting point:1455° C

Sn63Pb37 solder melting point 183° C

Cu pad melting point: 1085° C
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The bond between solder and the surface is to be joined is realized through the formation of
Intermetallic compounds at interface solder/substrate.

NixSny

Cu3Sn CubSn3 —

3 ! 17
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Type of solders:

Commonly used: Sn63Pb37
Alternative: Sn62Pb36 Ag2

High temperature solder: Tin/silver alloy
Sn96Ag4

Low temperature solder: Indium/Lead: In/Pb

400 327 °C

350"
Liquidus Line

300

250

200

i ” -
~ Solidus Line
150

100

Temperature / °C

0 20 40 60 80 100
(Pb) Composition / wt % Sn (Sn)
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Wetting

In soldering, wetting is the phenomena
describing the spreading of the molten solder
and the formation of a bond with the surface
on which the solder is applied.

Good wetting Poor wetting
conditions conditions
& N "

Substrate —/ MSolder droplets

Source: Ewans A guide to Lead-Free solders- Springer

Good wetting

No Wettin ‘
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aSICS O ectronic Assemaolies

ECS5-0-5T-70-61_1510153

Fluxes Table 6-2: Fluxes
The function of the flux in soldering is the TR0 | deignationfom | Nawre || M gompesiion
breakdown and removal of oxides and designation | BORRAME
g .. .. Pretinning
Impurities from the surfaces to be joined N ROLO 111 Rosin <0,05 % halide

. C ormatweting ROL1 1122 Rosin < 0,5 % halide
promoting the wetting of the surfaces by et ety | BOMI s — P
the solder. Difficult wetting ROHI 1124 Rosin 22,0 % halides

. Soldering
Flux cover the molten aIon durlng Preferred ROLO 1111 Rosin <0,05 % halide
soldering preventing the oxidation of the P coL1 . o 055 it
.. testing
JOInt' * Maximum values of halide contents are based on IPC, which have higher limits than 150
NOTE: Cleaning is mandatory in any case
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“Basics of soldering " @esa

Assembly technologies:

Automatic assembly (Collective soldering)

U Vapour Phase (usually 215C)

U Convection reflow (min 12 degree above solder melting point)
U Wave soldering (235° Cto 275° C)

Local assembly
U Assembly by hand (max 350 C)
U Selective wave soldering (max 300C)

U Local hot air (Repair station)
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Pressure

Stencil

Aperture

Squeegee = Squeegee movement

’ direction (speed)

Printing <«+— Stencil

start #I

(a) Substrate

Paste viscosity

/ Particle size

Paste ; Rararany Pl Do :
printing | | [ ]
Snap-off
(b) distance
Stencil
Release
ﬂ S [ —  —] b ﬂ
Printing o - - M -
complete | |
(c)

Collective soldering (SMT): screen printing of the solder paste

Source https://saferfq.com/

Source Pan, J., Tonkay , G.L., Storer, R.H.,  Sallade , R.M., Leandri , D.J., 1999. Critical variables of solder paste stencil printing for

pitch QFP. Proceedings of IEEE/CPMT International Electronics Manufacturing Technology Symposium, pp. 94

1101

microBGA and fine
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Basics of soldering

Collective soldering: components placement
Semiautomatic and automatic pick and place

Source https://Fritsch.com/

Source https://wikipedia.com/
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Collective soldering processes:

e Radiative Heating — Vapor Phase Heating ~—# (Convective Heating
- === (Conductive Heating —~==—= (Conductive Heating ===== Conductive Heating

LALLLLL

-—p “—

4 o s -
——— Qansmer: Ml i Dispeal g Gew Besel 4—==—=
R EEERRER
Infrared Methods Vapor Phase Methods Convection Methods

Source Vapor Phase Reflow Soldering Process | Ninja
Circuits
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https://www.ninjacircuits.com/vapor-phase-reflow-soldering/
https://www.ninjacircuits.com/vapor-phase-reflow-soldering/

Collective soldering processes:

A small temperature Gap PCB Soldering o
zone / \ s /

Conveyor belt

o

\
\

mlrmlmlw

I..--- .
vﬂ"

N \

Front area of Heating zones
furnace

Ficure 1: Structure of reflow oven

Source Hindawi Discrete Dynamics in Nature and Society
Volume 2021, Article ID 9955967, 19 pages
https://doi.org/10.1155/2021/9955967

A \
Cooling Back area
zones of furnace

with 11 temperature zones.

|l

Second ceooling

ay/con

First cooling

‘ :a:?(/COil

': Second vapor
phase

’ First vapor VAR
phase

Figure 1: Vapor phase soldering method

Source Vapor Phase Soldering :: Total Materia Article
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https://www.totalmateria.com/page.aspx?ID=CheckArticle&site=ktn&NM=449

!&SICS O| so|5er|ng l.!!!!

Collective soldering processes: Wave
soldering

CONVEYOR

T
B o
BESEY e e

— T
R

AN
7

FOAM
FLUXER

SOLDER FLOW

PREHEAT -  REARBAFFLE
Source https://www.itweae.com/
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Source https://www.kurtzersa.com/
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Assembly reliability
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T Assembly reliability T @esa

Thermal stresses : Differences inthe CTE between the package of the
devices and the PCB resulting in stresses in the solder joints when the
assembly experiences variation of temperature.
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Stress Relaxation

I
|
' (o
I "
" Tertiary
Secondary : creep —_—
creep !
I
I
I
1 ' )
Time Time
30
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T Assembly reliability T @esa

Creep and stress relaxation

3000

Creepl/stress relaxation are in general
taking place in materials at
temperature >0.5 Tm.

for Eutectic Sn Pb;:
0.5Tmis 228K (-45° C)

2000

Stress, psi

1000

Time, min

FIGURE 1.6 Rate of solder creep and stress relaxing depend on the temperature and stress

level.
Source D.S.Steinberg  Preventing Thermal Cycling and vibration failures in Electronic equipment Wiley Interscience
31
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m

Creep and stress relaxation

Displacement Displacement

| 27 A i o s B A ; Time
:-i \\\\\ 72; A \/ Time .
, N 4 .
Stress

Stress
— A
x m y Time
7

<~/ ™

; .

Linear systems: no cree
y P Solder can creep at elevated temperatures and
relax stresses when displacement is held
constant
Source D.S.Steinberg  Preventing Thermal Cycling and vibration failures in Electronic equipment Wiley Interscience 32
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CpAssembly reliability T @esa

Creep and stress relaxation

Displacement

Stress
relaxing

Stress

i) \
T —2A

A l

'

Solder can creep elevated temperatures and relax stresses can induce an increase
In the solder stresses during slow thermal cycling where displacement is held
constant for long period of time

Source D.S.Steinberg  Preventing Thermal Cycling and vibration failures in Electronic equipment Wiley Interscience 33
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=
=4

Thermal cycle

/

/w

Creep and stress relaxation

High-temperature
deformation

Hysteresis

max 4+ /‘%‘/ Shear
/( Ay strain

1 I
Start
Ymax

Temperature

RampN
Ramp
Ramp /4/ Time down

Shear stress

Hold

Source J.W Evans A guide to Lead Free solders Springer

'd—- 2L —-I
somsn—\ 1
H
S T ey |

(a)

(e)

/— asolder
T i K

Figure 10-1 Idealized thermal strains. (a) Negligible temperature gradients. (b) Component
hotter than substrate. (c) Through-board temperature gradient. (d) In-plane temperature gra-

dient. (e) Thermal shock. (f) Solder-substrate mismatch.

Source J.h. Lau
Solder joints
reliability. Van
Nostrand Reinold
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Intermetallic growth
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ssembly reliability

Impact on microstructure e
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Vibration and stresses in the connections:

Stresses are due to bending of the PCB as results of the applied load and/or
movement of not supported device as results of the applied accelerations

Large - :'
relative M

f._ L L, Wir
motion L e
——————— 1
| [Componeit] . OIS ¢\ e—=—eee
i Smgll % FMR
_PCB bending as besnin

a sine wave : \L _________

_________________________ \/ <
7

FIGURE 8.11 Relative motion between a long component and a supported PCB, bending in

vibration. is reduced when the component is mounted near the PCB edge so the lead wire FIGURE 12.4

s i oo pedned Large and heavy components with a few thin wires will often bounce up and

down in severe vibration and shock conditions when the components are not properly secured.

Source D.S.Steinberg  Preventing Thermal Cycling and vibration failures in Electronic equipment Wiley Interscience 37
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ity

Thermal induced stress due to: Mechanical loading: vibrations and shock:
-Curing, Bake-out on ground Acceptance testing
-Thermal testing on ground Ground testing at system level
(Acceptance testing) Launch

- Functional testing on ground (AIT, Separation events

Power dissipation) Re-entry
-Temperature variation on orbit
-On-Off cycles
-Safe modes
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Failure of the lead of a THT mounted component after QM testing:
Failure is due to the vibration loading

Date :14 Apr 2009

EHT = 20.00 kV/ Signal A = SE1 _ Date :14 Apr 2009
WD=200mm  PhotoNo.=5208 P9~ S00KX o i Corocher
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Assembly reliability

Damage to leads and solder joints as result of vibration and
thermal cycling (THT mounted component)

Failure is due to incorrect staking :

2 THE EUROPEAN SPACE AGENCY



Assembly reliabilit eSa

Failure of a thin PCB in
vibration

\\ o~
]
EHT=20.00kV  Signal A= SE1 _ Date :21 Sep 2006 \ 100pm EHT =2000kV  Signal A = SE1 B Date :21 Sep 2006 .
WD=220mm  PhotoNo.= 1404 \""9 ™ *°X G corocher @esau"e WD=250mm  PhotoNo.= 1396 29~ 138X o i Corocher @esalsuc
| | NI LA | 1 | ]
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AssembDbly reliability

Failures of the leads of surface mounted FP during vibration testing
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Assembly reliability

Failures of the leads of surface mounted FP during vibration testing
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ssembly reliability

Crack in PCB as result of vibration testing:
Mechanical support of the board not compatible with the applied input levels
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!ssemBIy re‘lagl‘lty ag!!

Stress in a THT connection during thermal
cycling
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ssembly reliability

THT Defect induced in PCB Darkfield light

46
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ssembly reliability

Possible defects in PCB (ECSS -Q-ST-70 -60)

Standard PCB technology

HDI PCB technology
~ l
50 pm nun

msulation 80 um
distance |
min

\
\

Figure 10-48: Examples of laminate cracks .
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Assembly reliability eSa

Soldering on Au finished surfaces

AuSn intermetallic
compound

i

7

.‘.

Py
1.

%

3

AuSn intermetallic
compound
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MSsem y reliability

Cracks in solder joints due to thermal cycling

Chip resistor R2512 / /

49

|
1
T
|
|
.I.
I
1

= — - e BE SE ZE = = Y » THE EUROPEAN SPACE AGENCY



