Electronic assemblies and ECSS-Q-ST-70-61C
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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’s 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

« Copper (Cu) with Tin * Tin Lead « Silver

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

finish (RoHs pretining prior e Pure Tin

compliant): ENIG/ assembly using

ENEPIG/ Gold tin/lead solder

« Silver plating:
« COTS (pure tin,...)
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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
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“Basics of Electronic Assemblies  @esa

Through hole type of devices

With Stress relief

Without Stress relief

10

= o= N I E o] o ff e OkaIl ZRiza B = = e i v * THE EUROPEAN SPACE AGENCY




!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)
»Vapour Phase (usually 215C)

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

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

»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
t
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 microBGA and fine
pitch QFP. Proceedings of IEEE/CPMT International Electronics Manufacturing Technology Symposium, pp. 94-101
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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 “—
] == G-

iI———- === — 4 &——- _——-—-3 4————

TTT111111T1

Infrared Methods Vapor Phase Methods Convection Methods

h-d
=

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 q Soldering Conveyor belt
zone
/ \ area /
ps e

\
\

mlrmlmlw

I..--- .
vﬂ"

X

\ X \ \
Front area of Heating zones Cooling Back area
furnace zones of 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

with 11 temperature zones.

Source Vapor Phase Soldering ::

l:

T

Second ceooling
— coil

Second vapor
phase

First vapor VAR
phase

First cooling
coil

Figure 1: Vapor phase soldering method

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
e e R T S
BESEY e e

T
N = =7

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 in the 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
|
i (o
: 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° Q)

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
Sl
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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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Creep and stress relaxation

High-temperature
deformation

'd—- 2L—-|
souwen~ [T
H
S T ey |

(a)

Thermal cycle Hysteresis
Hold .
max B
Vou: /‘%N Shear
/ ,( Ay strain
/ Ramp T I
@ Start y
S max
g/ RampN
3 o Ramp
K Ramp /4/ Time k) down
Ramp é
down x =
I
Tmn — Hold
e N |
" Hold ny T _\ o
|
|
(e)
Low temperature T
‘ \ Source J.h. Lau
‘ Solder joints
\ \ asolder reliability. Van
‘ | /_ Nostrand Reinold
\ '
L o K
(f)
Figure 10-1 Idealized thermal strains. (a) Negligible temperature gradients. (b) Component
Source J.W Evans A guide to Lead Free solders Springer hotter than substrate. (c) Through-board temperature gradient. (d) In-plane temperature gra-
dient. (e) Thermal shock. (f) Solder-substrate mismatch. 34
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Intermetallic growth

12

11 b 2

10r —e— 700C E
. B ~-a- 12009C
e —w- 1550C -t
=1 i —~e-- 170¢°C
w ° I 3
L] -
[ 7 F -
5. i
.9 — /// /'/
= 6 i /,}: E/
© 5t o -
= : A
IS “r = - ¥
IE 3r I’, /./‘/'E

3 x
2 b % LR E
N W 7 I I
L= s 5 = 3=
O 1 ] ] f | L ] L | ) |
0 ) 10 15 20 25
Square root of Ageing time (hrs'/2)
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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

59
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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 | ]
3
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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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Assembly 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

i

- == |1 —_— 0 D = = he Il ZR = E1 == i 1%l * THE EUROPEAN SPACE AGENCY




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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ssembly reliability

Cracks in solder joints due to thermal cycling

Chip resistor R2512

49
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ssembly reliability

Cracks in ceramic capacitors: Thermal shock
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gssemg‘y re‘lagl‘lty a!!!

Poor design of assembly configuration (lack of
stress relief)
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High voltage potting or excess of coating
negating stress relief

52
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ssembly reliability

Incorrect selection of the finish of a device: use of capacitors without Ni
barrier in the termination.
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Assembly reliability

Cracks in solder joints due to negation of the stress
relief
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ssembly reliability

Cracks in ceramic of SMD packages UV light
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ssembly reliability

Failure of BGA: pad cratering

200 pm

\ . 3 . . 3 £
I AN AT A ) AT . L 1y N, 1 e SRS M A D i e nnumW-—u?-

N~ = . /V

i

o TN e — g A G 0 D e ) --n-.—%*.,..—._..\, A T g b S P By W e s AN A AU U N g I AN g g G A g

BT e A SRR, o TR TR W Iy RN B W A Y T

S R
TR T

.
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Assembly reliability eSa

Failure of BGA: crack at solder/pad interfce

200 ym

i
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Assembly reliability eSa

Failure of BGA: mixed failure propagation
Device was submitted to thermal cycling + vibration + thermal cycling

= o= N I E o] o ff e OkaIl ZRiza B = = e i v * THE EUROPEAN SPACE AGENCY



m

Poor control of the staking/bonding process,

Bonding on SnPb finished surfaces. These
non compliance have resulted in failures
during unit qualification or acceptance test

59
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ssembly reliabili

Sn Whiskers

400 pm EHT=2000kv  !Probe= 562pA Signal A=SE2 WD=21.8mm David Adams Ontar 17 Jan 2033 EHT=20.00kv  !Probe= 562pA Signal A=SE2

Mag= 21X  Pixel 5.298um Specimen { = 422.6 pA File Name = pos A10.jpg Mag 00X  PixelSize=1.117um Specimen | =-374.1 pA File Name = pos A12.jpg

RN L e # w
3um EHT=20.00kv  |Probe= 562pA SignalA=SE2 WD=222mm David Adams Date: 11 Jan 2023

Mag= 2.27 K X Pixel Size=49.19 nm Specimen|=-432.6 pA File Name = pos A08.jpg @033“,“
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ssembly reliability

Reliable electronic
assemblies are based on:

High quality assembly

N

N

Qualified Printed Circuit Boards,
Components and Materials

\‘
N

This is achieved through the
application of dedicated
standards

61
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"ECSS Standards T N evesa

ECSS-Q-ST-70-07: Wave soldering replaced by ECSS-Q-ST-70-61C

ECSS-Q-ST-70-08: Hand soldering of through hole connection replaced by ECSS-Q-ST-70-61C
ECSS-Q-ST-70-18: RF cables assemblies

ECSS-Q-ST-70-26: Crimping

ECSS-Q-ST-70-28: Repair and modification on PCBs

ECSS-Q-ST-70-30C: Wire wrap

ECSS-Q-ST-70-38C Rev 1: SMT soldering replaced by ECSS-Q-ST-70-61C

ECSS-Q-ST-70-61C: High reliability assembly for surface mount and through hole
connection

ECSS: European Cooperation for Space Standardization

62
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SCOPE

* This Standard defines the technical requirements and quality assurance provisions for the manufacture and
verification of high-reliability electronic circuits of surface mount, through hole, solderless assemblies and
soldering of harness and wire interconnection.

* The Standard defines workmanship requirements, the acceptance and rejection criteria for high-reliability
assemblies intended to withstand ground testing conditions including LTS (long term storage) and the
environment imposed by space flight and launchers.

* The mounting and supporting of components, terminals and conductors specified in this standard applies only
to assemblies designed to continuously operate over the mission within the temperature limits of -55° C to +85
° Cat solder joint level.

63
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SCOPE

*  Requirements related to printed circuit boards are contained in ECSS-Q-ST-70-60 and ECSS-Q-ST-70-12.
 This standard does not cover lead-free soldering and associated requirements.

 This Standard does not cover the qualification and acceptance of the EQM and FM equipment with high-
reliability electronic circuits of surface mount, through hole and solderless assemblies.

 This Standard does not cover verification of thermal properties for component assembly.

+ This Standard does not cover pressfit connectors due to the possible damage in the PCB that is not evaluated
within this test requirement.

 The qualification and acceptance tests of equipment manufactured in accordance with this Standard are covered
by ECSS-E-ST-10-03.

+ This standard may be tailored for the specific characteristics and constraints of a space project, in accordance
with ECSS-5-ST-00.

64
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Which topics are covered by the standard

Normative references

Terms, definitions and abbreviated terms

Principles of reliable soldered connections

Preparatory conditions

Material selection

Preparations prior to mounting and soldering

Components mounting requirements prior to soldering
Attachment of conductors to terminals, solder cups and cables
Assembly to terminals and to PCBs

Post soldering process requirements

Final Inspection
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What is covered by the standard

Verification procedure

Environmental tests conditions
Qutsourcing

Process identification document (PID)

Quality assurance
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“The following are the general principles to provide reliable soldered connections:

* Reliable soldered connections are the result of proper design, control of tools, materials, processes work

environments and workmanship performed in accordance to verified and approved procedures, inspection
control and precautions.

* The basic design concepts to provide reliable connections and to avoid solder joint failure are as follows:

— Stress relief is an inherent part of the design which reduces detrimental thermal and mechanical stresses on the
solder connections.

— Where adequate stress relief is not possible materials are so selected that the mismatch of thermal expansion
coefficients is a minimum at the constraint points in the component mounting configuration.

* The assembled substrates are designed to allow easy inspection, rework, and repair.

® The electrical and mechanical integrity of components and assemblies are retained after exposure to processes
employed during manufacture and assembly, as handling, baking, fluxing, soldering, cleaning depanelization,
electrical test and PCB integration.

* Soldering to gold using tin-lead alloy can cause failure. “

- =W 1= ol o

— EE = Bl 2 2= E = mm = am [+l + THE EUROPEAN SPACE AGENCY



Certification of personnel (STR-258 is.2)

Instructor - Category 1
Manual Soldering {+ possible additional subjects)

Inspector only
Solder Joints —
Category 2
ECSS-Q-ST-70-08
and
ECS5-Q-ST-70-38
and/or
ECSS-Q-ST-70-28
and/or
ECSS-Q-5T-70-18

i)

»2 years experience as an internal trainer and the latest Qperator,
Inspector re-certification gained at an ESA Certification Centre

*

Inspector/Opgerator Solder Joints —
Categories 2 and 3
ECSS-G-5T-70-08 and ECSS-Q-5T-70-38

ECCS-Q-

ST-70-28C| ST-70-18C

ECCS-G-

{

A

>»2 years
experience as
industrial
inspector
required

Possibility of individual upgrade to Cat.1 certificate

A
1
1

A

I
1

»2 years experience as an internal trainer and the latest Gperator
Inspector re-certification gained at an ESA Certification Centre

Category 2 and 3
ECCS-Q-ST-70-26C

Category 2and 3
ECCS-Q-5T-70-30C

SMD Manual Seldering

T

B i Inspector/Qperator Inspector/Operator
>2 years experience as an QOperator required Crimping e irepaine
A T A A A A T A
T
Category 3
ECCS-Q-ST-70-28C Category 3
Operator ECCS-Q-ST-70-08C
Repair & Medification Operator - Limited to Soldering
to connecters and terminals
A
Category 3 : Category 3 Category 3
ECCS-Q-ST-70-38C . ¢ ECSS-Q-5T-70-08C ) ECCS-Q-ST-70-18C
Qperator QOperator Qperator
Manual Soldering THT RF Cables

»2 years experience required relevant to the each course subject applied for

»1 year experience required relevant to the each course subject

applied for

Attendance-only courses for delegates who do not meet entry requirements are possible.

i
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SKINS certirication centers

-ASTA in UK

-IFE in Germany
-ZVE in Germany
-IS in Italy

-IS in France
-Hytek in Denmark
-SWI in Switzerland

Renex in Poland under evaluation

N L7

II‘
A

Swoden

Norway Finland |
H3 A 519 ccratuls
. ~
2totkhom o alire

Hete hey  Estonla

£ Latvia
hoviy Sea Noane
United aSmamnle - s
. Kingdom
H:n-;uA-, »
and S ' Belarus -
ired Netherancs X
posan Pav - ke
e paigum  Germany 3 Ky
Yot ]
- 0 G ’
Loty 569 T ey £ SCaech Rep v~
b wc s Slovais 5 Ukraine
v iy~ Astria = ’ Moldoys sl -
/ - a ’
France E e P 4 )
a3y of 5oV 1 Romania |
Hisray Croatis——. ©
: ET TIPS -
e Italy ’ o xadert Mack Ses
“ Busre 5 Bulgaria
R . 3 Shops. 1" Kl bl
Puitugal -'o‘;r-‘i rhegin = Anjara
Lapen . Spain 309 Greece Turkey
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, irs A
o B0 > oTan=s £ ~ -
Matltermmann =\ Syria
Casggiarcy “Tunisia T Seo Lebaoon -
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igh quality assemblies:

v Assembly verification
v Audit of the assembly line (See ESA Approved Summary Tables)
v’ Approved PID

v Assembly of sensitive devices (see ESA-TECQTM-MO-1143 issue 2)

v" Review of the assembly process as part of the MPCB (see ESA-TEQTM-
MO-1931 iss.3)

ESA memo are available at:
https://escies.org/webdocument/showArticle?id=981
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rocess approval per

Some definitions:

3.21  Approval Authority PID: Process Identification Document
entity that reviews and accepts the verification programme, evaluating the test ) i

management, process and facilities utilised during the
3.2.2 assembly sensitive component manufacturing and verification of the assembly.

component prone to have cracks in solder joint exceeding 75 % ot acceptance
criteria ot solder cracks or showing noncontormance outside the component

manufacturer limit, due to assembly. Assemb |y sSumm ary Table:

NOTE 1 The ESA list ot assembly sensitive components Th .

: e purpose of the assembly summary table is to
is regularly updated and published on ESCIES purp y y
for information, see WWW.escies.org, consolidate the approval status of the boundary
Technologies - ESA SMT Verification. ESA-

TECMSP-MO-018961.

NOTE 2 Each company maintains its own list of An assembly summary table is issued for each
assembly sensitive components in the PID.

conditions for the verification activity.

assembly process.

71
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15 minutes

Normal temperature
range for 500 cycles

Ambient
temperature

15 minutes

Test vehicles
manufacturing and E» Vibration (shock) test =) Thermal cycling = Microsectioning

Inspection

78
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Generic flow: test vehicles

COLLECTIVE PROCESSES
Wave soldering Reflow soldering
Number of test samples: Number of test samples:
- 3 identical PCBs; 2 assembled - 3 non assembly sensitive
and 1 bare for reference components
- 3 non assembly sensitive - 5 assembly sensitive components
components/board,
of which 1 repaired MNote:
{i.e. 4 components needed in total) Repair is covered by the verification
- 5 assembly sensitive flow for manual soldering.
components/board,
of which 1 repaired
{i.e. 6 components needed in total)

NON COLLECTIVE PROCESSES
Selective wave soldering
Number of test samples:
- 3 non assembly sensitive -
components,
of which 1 repaired
(i.e. 4 components needed in total}
- 5 assembly sensitive components, -
of which 1 repaired
(i.e. 6 companents needed in total}

Manual soldering
Number of test samples:

3 non assembly sensitive
compohents,

of which 1 repaired

{i.e. 4 components needed in total)
5 assembly sensitive componants,
of which 1 repaired

{i.e, 6 components needed in total)
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<_MRR >
-‘HT/.

¥
|

l

ipecific tests for wave soldered PCBs only:
Verification of warp and twist clause 145

Assembly of verification boards

Visual inspection s 14.2.

<T=>

¥
|

X-ray inspaction (if applicable) == 142

Vibration dhwse 128

Measurement of electrical continuity <= 147

|

h 4

Cleanliness test (if applicable)=auss 11.1

Visual inspection sk 142

Staking/Bonding (if used}

Visual inspection clmse 14.2

X

< R.'-HP:{.-;‘-‘-*

| ue

Underfillf Confarmal coating (if used)

.
|

Visual inspection sleuse 142

|
¥

| Removal of component selected to be repaired |
¥
| Visual inspection of PCB == 47

|
¥

| Assembly of new companent with repair method |

Visual inspection == 142

X-ray inspection (if applicable) #lavs= 14.2

Staking/Underfill/Conformal coating (if used)

¥

Visual inspection shewse 11.2

- ==

|
X

Meachanical shock (if applicable) @isve 154 |
¥
| Visual inspaction clwse 14.2 |
’ L
/' Thermal cycling s2use 1111 \
. 200 cycles for through-hole soldered components., \
| v . 500 eycles for surface mounted components with visual inspection after 200 cycles.
Specific tests for wave soldered PCBs only: For staked components, additional visual inspection after 50 cycles, dause 14745 )
I Measurement of electrical continufty st 147 v |
P >| Visual inspection ssus 1413 | \
’ 1
4 ‘ .-‘-h\.\_\_\_\_ '
’ — 1
L7 < MIP2 == \
R4 R 1
. ) \
7z 1
| . ’ Microsectioning cause 1414 !
’ ‘ . \
. Note: o !
. = FR = 1
.7 Exponent for each test refers to e \‘
L7 ‘ applicable clause in this document. \
'
7’ 1
Il ECSS5-Q-ST-70-61_1510848 \
7z ‘ \
’ - - - - - - 1
7 Figure 13-1 : Generic soldering verification flow -
. 7 ‘|
7 ‘ \
e 1
7 ’ 1
’ 1
e ‘ '
. M
Thermal cycling «=-== 11.11

I

200 cycles for through-hole soldered components.,

200 cycles for surface mounted components with visual inspection after 200 cycles.
For staked components, additional visual inspection after 50 cycles, dauss 14745

— mm El b B ZR 2= K
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Assembly verification per ECSS-Q-ST-70-61C

Vibration testing

ECSS-Q-ST-70-61_1510983
Table 14-2: Minimum severity for sine vibration testing

Axi Frequency range PSD level Sweep rate
is
[Hz] (zero to peak) [oct/min]
‘ Modal survey according to requirements of Table 14-1 E All 25 - 100 5g 1
=4
g 100 - 200 15g 1
£
| Duration: 1 cycle up from 25 Hz to 200 Hz
10-16 10 ;m 1/3
Yes Resonance ) ] ]
frequency ] 16-60 0g 1/3
< 300 Hz is visible %: All 60-70 25¢g 1/3
=
3_ 70 -200 225¢g 2
! 200 - 2000 10g 2
I High level sine vibration according to Table 14.2 | Random vibration according to Tables 14.3 Duration: 1 cycle up from 10 Hz to 2000 Hz
| Random vibration aocor:iing to Tables 14.3 | ECSS-Q-ST70+61_1510584
' Table 14-3: Minimum severity for random vibration testing
ECSS-Q-5T-70-61_1510966 Frequency ranee Global level
) o Axis quency rang PSD level
Figure 14-1:Vibration test flow chart [Hz] [grm.s.]
20 - 100 + 6 dBjoct.
Parallel to PCB 100 - 800 0,5 g¥Hz 27,1 g r.m.s.
b= 800 - 2000 - 3 dB/oct.
T T g .
Table 14-1: Modal survey conditions g 20-100 + 6 dBfoct.
. L3} 3 - 1 1 2
Table 14-1a - Sine survey Table 14-1b - Random survey Perpendicular to PCB 100 - 500 10g*/Hz 285grms.
Amplitude 0,5 g (zero to peak) Range (Hz) Level 500 - 2000 - 6 dB/oct.
Frequency 10 Hz to 2000 Hz 10 Hz- 2000 Hz 5,10% g*/Hz Duration: 5 minutes per axis
range " 20-60 + 3 dB/oct.
Sweep rate 2 octaves/minute Global levels: 1 g r.m.s. E All 60 - 1000 0,27 g2/Hz 20,0 g r.m.s
2 3 ; LS.
Direction X, Y and Z axis X, Y and Z axis 1 min/axis E 1000 - 2000 -6 dB/oct.
=
Frequency sampling -2 Hz Duration: 5 minutes per axis
76
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SSeEmMpily verirication per

14.9 Mechanical shock

ECSS-Q-ST-70-61_1510985
Mechanical shock test shall be performed in assembly verification for area array components in accordance with

requirements in clause 13.3, for solderless assemblies in accordance with requirements in clause 13.6 and for the following
components: 1. Relay

2. Quartz

3. Magnetic components (RM)

4. Transformer and self

5. Hybrid

6. Tantalum capacitor

7. Heavy or large component

8. Optical components

9. Low insertion force DIP socket

10. Semiconductors (IC) components, Hybrid components, relays, capacitors with cavities

NOTE The list of components is taken from Table 17-1 of ECSS-E-HB-32-25A (14July2015) that is reproduced in this Standard
as Table 14-4.

ECSS-Q-ST-70-61_1510986
For components listed in requirement 14.9a, assembly verification shall be made with functional testing to be capable to

identify degradation due to shock tests.

ECSS-Q-ST-70-61_1510987
The levels and duration of the shock shall be provided in the verification report. 77
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ssemply verirication per

13.3 Special verification testing for ceramic area array components

ECSS-Q-ST-70-61_1510860

The assembly verification of ceramic AADs shall be divided in the following 2 (two) steps, as shown in Figure 13-
3. 1. Demonstration of capability in accordance with clause 13.3.2, and

2. Demonstration of electrical integrity in accordance with clause 13.3.3.
NOTE 1 Once the capability samples show a satistactory result the verification of AAD can commence.

NOTE 2 Capability samples can be excluded from the programme if the supplier can demonstrate previous
verification heritage.

ECSS-Q-ST-70-61 1510861
The capability and verification samples shall be representative of the FM hardware.
NOTE For example, PCB build-up and size, mechanical fixation, component packages.

NOTE It is recommended to have a successful IST test on PCB to avoid failing the assembly verification due to
damaged PCB.

= o= N 4 E o] 8
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SSemply verirication per

13.3 Special verification testing for ceramic area array
components

ECSS-Q-5T-70-61_1510862

The PCB material, footprint, via technology used for the capability and verification samples shall be the same
and interconnection similar as the ones used for the FM hardware.

NOTE HDJ, blind via and buried via are different types of via technologies.

ECSS-Q-ST-70-61_1510863

The verification shall be performed with daisy chain components to demonstrate a reliable electrical function of
the PCB and the package interface throughout the environmental test campaign.
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JI1V VE

Figure 13-3: Area Array component verification programme flow chart

EVALUATION OF AAD CAPABILITY SAMPLES

2 components assembled out of which 1 is
repaired
(= 3 compaonents)

,_./Lx‘.
<R >

¥
Assembly of capability boards with
relevant assembly method

Visual inspection =/ause 14.2.

k J

x_my Inspec"on clause 14,3

L J

Cleanliness test (if applicable)=ause 144

¥

Staking (if used)

¥

Visual inspection clause 142,

v

Underfill /Conformal coating(if used)

hJ

Visual inspacticn clatise 14,2,

¥

Removal of component selected to be repaired

k. J

Visual inspection of PCB daus= 112

¥

| Assembly of new component with repair method |

Staking/Underfil/Conformal coating (if used)

|

Y

Visual inspection <euse 14.2.

Ny
<__TRR _=
.,‘_H_/(_/
¥

Vibration cause 14.8

"

Mechanical shock siuse 14.8

¥

Visual inspection e 19.2.

Y
Themmal cycling 500 cycles clause 14.11

‘

Visual inspection clwvse 14.2

X

= e
< MIP2

¥

Microsectioning clause 11.14

—~ Capability ™

. 4

T

7 xﬂi’eiv///
| Visual inspacticn claise 142, | -
k4
| X-ray inspection ¢use 14.3 | —l
¥ -

i
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JI1V VE

Figure 13-3: Area Array component verification programme flow chart

ELECTRICAL VERIFICATION OF AAD ASSEMBLY
5 components assembled out of which 2 are
repaired
(= 7 components)

v
Assembly of verification boards with

relevant assembly method

v

| Visual inspection clavse 14.2 |
¥

| X-ray inspection chuse 14.3 |
Y

<M
.,_v_,--"fr.

v

| Staking/Underfil/Conformal coating (if used) |
Y

| Visual inspection tlauze 14.2. |
v

| Removal of component selected to be repaired |
.

| Visual inspection of PCB dause 11.2. |
v

| Assembly of new component with repair method |
v

| Visual inspection #ause 142, |
h i

| x_ray inspectiﬂn clause 14,3 |

Staking/Underfill/Conformal coating (if used) |

4

Visual inspection thuse 14.2

L 4

Electrical continuity measurement on
dal’sy chain meonent clse 148

hd

,-—""(ﬁ--*"“'“-a
< =
Hgﬂﬁxx
L
| Vibratign clawse 14.0 |
Y
| Visual inspection wuse 14.2 |
L

Electrical continuity measurement on
daisy chain component <lause 14.6.

¥

Mechanical shogck <ause 148

L

Visual inspection tlsuse 14.2.

¥

Electrical continuity measurement on
daisy chain mmponent claise 148

L J

Thermal cycling with electrical monitoring

1500 cycles clauzas 14.6 end clause 14.11

h 4

Visual inspection seuse 142

h 4

Electrical continuity measurement on
daisy chain component sfause 145

- X
<_MIP2_> <__FR >
T e 81
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SSemply verirication per

13.6 Verification for solderless process

ECSS-Q-ST-70-61_1510906

The verification of solderless process shall be performed on flight representative assembly configuration in
accordance with Figure 13-5.

NOTE Representative assembly configuration includes elements for thermal dissipation configuration.

ECSS-Q-ST-70-61_1510907

The verification tests shall be performed to show absence of degradation within the solderless interconnection
part, PCB and component during all ground and in-orbit mission.

NOTE Possible degradations can be creeping of the spring, fretting degradation of the contact.

ECSS-Q-ST-70-61_1510908

6 (six) components shall be assembled with the same mechanical configuration as flight model.

82
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Figure 13-5: Verification procedure for solderless technology

ENVIRONMENTAL TEST SAMPLES LIFE TEST SAMPLES l
A
Number of samples: Number of samples: [ Vibration clause 14.8 | [ Life test with electrical monitoring causes 146.14.13 ]
- 3 solderless assembled components - 3 solderless assembled components v v
I Electrical continuity measurement clause 14.6 | I Demate |

v

@ [ Mechanical shock clause 14.9 | @
v

| Electrical continuity measurement clause 14.6 |

3 Visual inspection of interposer,
| Solderlessiassembly | I Damp heat test S 140 | component and PCB dause 14.13
v
: : v - — -
External visual inspection clause 14.2 - — Microsectioning of interposer,
| 7 P | I Electrical continuity measurement clause 14.6 | component anc?PCB clmﬂe 14.14

v
| Thermal cycling with electrical monitoring
500 thermal DyClES clauses 146, 14.11

| Electrical continuity measurement clause 14.6 | v
v Demate

| Mate/Demate requirement 13.6d |

; o>

| Electrical continuity measurement ceuse 146 |

| X-ray inspection (if applicable) cause 14.3

Visual inspection of interposer,

@ component and PCB clause 14.13
v

Microsectioning of interposer,

@ component and PCB clause 14.14
| | 4

b. Life test conditions shall be 2000 hours at 125 °C or at maximal operational
temperature during flight mission.

ECS55-Q-5T-70-61_1511009
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SSemply verirication per

14.15.1 Microsection facilities
The Approval Authority shall make available a list of laboratories available to perform microsection.

NOTE The list of available laboratories is on ESCIES website, see www.escies.org, Technologies - ESA SMT
Verification: ESA-TECMSP-MO-013165 “ESA recommended microsectioning facilities”.

ECSS-Q-ST-70-61_1511018

Microsections shall be performed by a laboratory specified in 14.15.1a except the case specified in the requirement
14.15.1c.

Paragraph 14.15.3 details the Microsection acceptance criteria
The integrity of the assembly shall be assessed by microsectioning.

NOTE Integrity covers PCB, solder joints, adhesives and packages.

84
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SSemply verirication per

Approved Summary Table

Bo .. £ ..E Terminat Pitch an:l:ll.'l.'[' mll In-House In-house lead | Artificial .
CD:I_:I'IPEII-II‘EIH‘ Package M : IP'a&a.ge material material ion Lea.d Terl:ru.nahun degolding / forming stand-off Final
family dimensions (under (edge or al finish {mum) thickness (mm)/ .. E ) report
component) COImer) Nominal width P £ Yes/No/NA Yes/No
F Clel3 Typel “ "idﬂ'l.‘l A MA 5n/Pb MNA MA Mo MNiA Mo
Ceramic C0603 Type I MA
. Roals MA MA 5n/Fb MNA MNA Mo MiA MNe
resistor
Diode D5-B /A
Tantalum
capacitors
IC FP10 Bottom ves Omie the side Allgrpd? Gold 127 0,25 ves vES MA
brazad - - - .
COFP CQFP156 top
brazed Eovar No
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“Electronic assembly MPCB  @esa

Scope

To check if the assembly processes and assembly configurations are verified for the mission
environment

The memo ESA-TEQTM-MO-1931 iss.3 provides a checklist to be covered in this assessment
SMT Verification | ESCIES (European Space Components Information Exchange System)

To have an efficient meeting the supplier shall provide the relevant datapack in advance of the MPCB

87
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https://escies.org/webdocument/showArticle?id=981

“Electronic assembly MPCB  @esa

Assessment of the vibration environment

To check that the testing of Assembly verification test vehicles envelops the response of the QM
PCB(s) when subjected to the vibration loads.

This is needed not only to ensure that no undertesting was performed in evaluating past test results

for a new mission environment but also to prevent the risk of overtesting when test vehicle and test
level for a new verification test campaign are chosen.
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orris-candzoerg

input to formula (only numbers no text)

Results

. ™
" n P11
1414| ——— MISSION (input from project/instrument) Mission Testing
0 \ T T
AF = = ! e Wi A Ext. Unit Baseplate | PCBtemp [Number of| Duration MAX T|Delta T |Frequenc| Max T Delta T|Frequenc| Acceleration |Number of test
‘&TI} condiitions| condition | Temperature | range cycles (K) y (Cycles| (K) y (Cycles factor cycles
! range margins per day per day
; included
deg C per minute PHASE (1)
lower test temperature °C
Ti = upper temperature at test (C)
dwell time (at either extreme) mins. Ground ops air ON +20 / +45 | +20 / +70 130 24 h each cycle
total time per CYC|E [mlﬂs} - 343 50 1] 373 155 23| 4.204113851 30.92209312
fo = frequency of cycles in operation {(number per day)
f = frequency of le at test h d Unit ground test -35 / + 2 h dwell at max
t q y of cycle at test (number per day) vacuum  |OFF -35 / +65 1 :
- (Acceptance) 65 and min temp.
ATy = temperature excursion at test (C) 338 100 4  373] 155 23] 1.900591179 0.526152079
ATy = temperature excursion at operating (C
:_' P P g(C) Unit ground test acuum oN 25 / +55 -20 / + 3 2 h dwell at max
m = 1/3 (Acceptance) 90 and min temp.
n=19 363 110] 4 373 155] 23| 1.18881914 2.523512534
Ta = upper temperature at operating (C
0 pp p p : g (C) S/C ground test acuum OFF 30/ +50 | -30 / +50 1 24 hours each
Exponent factor = 1414 (activation energy = 0.12eV) (non-op) cycle 323 80| 1 373 155 23] 2.221797688 0.450085985
Ti = upper temperature at test (Kelvin
PP P ( : ) : S/C ground test acuum S 20/ +50 | -20 / 85 3 24 rours each
To = upper temperature at operating (Kelvin) (op) g 358 105 1 373 155 23 0.86385899]  3.472789004
Flight, orbit 30 days at max
AF = acceleration factor cycles vacuum  |ON -20 / +50 | -20 / +85 16 temp, six months
(op) leach cycle 358 105| 0.005495 373 155 23| 0.152435362 104.9625214
Flight, orbit 1 day duration
cycles acuum ON -20 / +50 76 / +85 20 (0.5days ON (HT),
(op) 0.5 day OFF (LT)) 358 9 1] 373 155 23] 91.96906205| 0.217464434
6 months in total
Flight, switch off,, uum — |oF 30/-20 | -30/-20| 26000 [MOminutesper
hibernation cycle
253] 10| 144 373 155 23| 2032.625991 12.79133501
. OFF>ON>0 -30 > 1 day at max, 6
Cruise Phase  vacuum | -30 > +20 +55 3 |months duration 328 85 05 373 155 23 1.470124994  2.040642811
. . ON > +85 > -
Flight, switch off vacuum e 50 > -30 30 4 [TBC(24hours) 358 115 1 373 155 23 0.726735924 5504062575
Total 163.410659
Margin %7:9
To be perfromed 245.115988
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Thank You for your
attention

Questions?

%
e

Gianni.Corocher@esa.int <
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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://grco.de/pcbea

QR code to the survey for
feedback on EMPS.

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

https://grco.de/emps
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“What’s next T esesa

Pb free

COTS

Modelling
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2018: Pb was included in the Reach Candidate list of Substance of Very High Concern for
Authorization.

This event and the increase in market pressure due to the transition to Pb free already implemented by
the Commercial Electronics Industry prompted the ESCC SCSB to launch a joint task force in 2019.

The task force was participated by members of the CTB and MPTB.

For electronic domain the goal of the task force was to establish a road map for the transition to Pb
free.
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‘The Road map for the lead —free Transition of the European Space sector was issued by
the task force in April 2020

*The Transition Roadmap is divided into 4 independent roadmaps:

Roadmap for using COTs with the standard SnPb Assembly Process on standard
leaded PCBs. This is very urgent to allow a widespread introduction of COTs in
Space Programmes.

Roadmap for using lead-free PCBs with the standard ShnPb Assembly Process. This
Is also urgent since related to the use of high pin-count ICs

94
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Roadmap for the introduction of lead-free solder alloys. For this Roadmap it has been
assessed that:

In the short term (<5 years): no risk associated with regulation or obsolescence of
SnPb solder

In the medium term (< 10 years): very low risk from Regulation and very low risk
associated with SnPb solder obsolescence

In the long term (> 10 years): low risk from the Regulatory side and potential risk
associated with SnPb materials obsolescence

Roadmap for assessment of Sn whiskers mitigation approach.

95

- =W 1= ol o —um b I R 2 B == m Em im ¥ * THE EUROPEAN SPACE AGENCY



ree

Lead metal: Regulatory Update
Outlook of future regulation of Lead

Current baseline: OEL revision (COM proposal of
13.2.2023 available) and specific REACH Restrictions

Likelihood of REACH Annex XIV inclusion?

— Numerous steps ahead (see diagram) - No automatism!
Opposition of some key Member States, DG GROW
message, ongoing baseline activities (see above)

— Further uncertainties mainly due to REACH Revision (incl.
Authorisation & Restriction Reform)

In case of Annex XIV inclusion w/o exemption: Good case for
authorisation of space applications without alternatives could
be made, but disproportionate impact and efforts expected
(up to 200+ AfAs for soldering only)

REACH Authorisation - next steps

ECHA
process

COM
process

2025+7?7*

Industry

to apply
2028+?

European Parliament & Council scrutiny?

Draft 11th Annex XIV Recommendation

Member State Committee Opinion

Final 11t Annex XIV Recommendation

Draft proposal to amend Annex XIV?

Public consultation

Inter-service consultation?

REACH Committee vote?

Amendment of Annex XIV?

Latest Application Date?

v

www.reachlaw.fi
Page 6 REACHLAW
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How the use of COTS is addressed in ESA?

- Internal Working Group established in 2019 which involved different
disciplines and assess possible approach to use of COTS:

 Technical Note ESA-TEC-TN-021473 Guideline document issued in 2022:
« “GQuidelines for the utilization of COTS components and modules in ESA”

« OSIP campaign started in 2020
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COTS EEE components and modules

Cost per item

“Refiability” expeciation:

Critializy

Trace Uniclesar Trace code homogensity

oo (lot homogeneity simed at but not sure)
“ Informative “ area

Ares

| cowrered et by ECSS or ESA requirements)

Approach Set of guidelines slaborsted and agreed smong experts

Subsystemn [eguipment,
mdule] criticality 0 0y
category
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Recommendations for PCBs assessment for COTS modules:

ANNEX 5, RECOMMENDATIONS FOR PCES FOR CATEGORY Q1

The approach for assessment of PCBs used for COTS module of category Qu is given by the following
recommendations.

10.

It 15 recommended to use polyimide materials tor the PCB. When using epoxy,/FR4 laminate
materials, they should have high temperature of glass transition (HTg FR4).
an MRR for the review

. o B ) 11. It is recommended that the PCB customer and the PCB manufacturer hol
1. Printed Cirenit Boards (PCB) should be procured as per IPC-6012ES, or ECS5-Q-ST-70-60. of build-up, lay-out, panelisation, coupons, risk factors, compliance to release standard and
a. Any proposal that this quality class ean be further lowered to IPC-6012F elass 3 should be compliance to capab ﬁl
submitted for approval by ESA. 12. All materials (PCB dielecm-::. solder mask, conformal coating, ete) should meet outgassing
2. PCB manufacturers shcru]dbe listed on the IPC QML or, alternatively, PCB manufacturers may requirements.
hold a qualification from its customer as per IPC-6012ES, of from ECSS or NADCAP. This should 13. IST coupons should be implemented for rigid-flex and micro-vias, back-drilling and high aspect
be reviewed by the Satellite or Instrument Prime and their supplier during the equipment ratio anﬁoshcm_'ldhe tested in accordance with section 9.5.5 of ECS5-Q-5T-70-60
selection process (EQSR). , 14. All technology covered and not covered by IST should be specified and submitted to ESA for
3. The design of the PCB and coupons should be compliant to IPC-2221B. review and approval.
4. RF PCBs should be as per IPCa018CS. . The PCB customer should perform incoming inspection of each batch covering the following:
5. The surface finish should be reflowed SnPb, EINIG or ENEPIG/EIVIPIG. Solder mask may be used 15 i. Review of CoC, pecti s
when this is technically required. ii. Microscopic inspection on coupons and
6. Hypercorrosion of ENIG shouldb-e evaluated to be in compliance with level o orlevel 1 as per iti. Visual inspection of all PCBs.
IPC-4552. It is recommended that the PCB customer assesses the m“ﬁ?hﬂl“-'e of the PCB 16. It is recommended to perform third-party evaluation of microsectioned coupons by an
manufacturer to individual requirements from IPC-4552 for ENIG and IPC-4550 for independent, IPC certified test lab.
ENEPIG/ENIPIG and that the compliance is reviewed by the Satellite or Instrument Prime. Note 17. The aspects of the incoming inspection of bare PCBs should be described in the appropriate
that “ESA-TECMSP-MX-11320 Checklist for ENIG ENEPIG ENIPIG finish” is available on documentation, including an assignment of the responsible institutes for these , and
www.escies.org/peb/ to support such review. submitted to ESA for review and approval.
. . ) , ) 18. High resistance electrical test with 1G0hm threshold is recommended and signature comparison
7. The shelf-life of ENIG should be a maximum 6 months, otherwise a re-life test should be should not be done
performed. 19. It is recommended to use 3x thermal shock (solder bath float at 28odegC) for evaluation of
B. Particular care should be paid if state-of-the-art PCB technology is used. Examples are rigid-flex, coupons, instead of 1x.
microvias,back-drilling, metal core, 3-ounce (75 micron) copper foil or thicker, embedded film 20. In case microsectioning is already performed for evaluation of the assembly, as described in the
passives. It is recommended to use an a(-)’ﬁtpﬁ't ratio for vias of max 7. In case microvias are used, it table from annex &, the evaluation of such microsectioning should alse cover for an assessment of
1s recommended to use an aspect ratio of max 0.7 and not to stack them. the quality of the PCB after test.
An assessment of any possible use of state-of- the art FCBE teclmnlogj and risk mitigations (such .
as test, inspection) should be submitted to ESA for review and approval
0. Itis recommended NOT to use tented vias (covered with solder mask) or blind vias with depth-
controlled drilling (however, depth-controlled back-drilling for BF purpose is acceptable).
Any use of the non-recommended technology should be de.scribed and submitted to ESA for
review and approval,
99
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For electronic assembly the assessment depends on the category and on:

Designed modules: custom design for a specific (space) application

VS
Procured modules: already existing design and series production for high Rel application (defense,
aeronautic)

And
Single use on a specific project: one batch of manufacturing

VS
Serial use (Constellation): series manufacturing

100
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Annex 6: Guidelines for Electronic Assembly

The approach for assembly processes of COTS is provided by the following recommendations:

1. Use of Pb free solder alloys for category Q1 is not recommended. In case Pb free assembly

processes are used the verification activities defined in Table = might be different. A dedicated Pb

free assembly plan should be provided by the supplier.

Use of Pb free solder alloys for category Qo is not allowed .

For categories (1 and Qo class3: companies which have assembly processes compliant to ECSS

standards should apply the ECSS Wﬂrﬁshi_p standards.

For categories Q1 and Qo classs: workmanship standards per J-STI)-001G Space addendum

shouégr 1:&; applied for companies with assembly processes not in compliance with ECSS

stamn: .

aﬂAssen;];l}f on SnPb finished PCB is preferred, assembly on EINIG or EINIPIG/EINEPIG finishes is
o

6. GEIA-STD-ooo5-02 should be ag%]lied for manaré?l':i\gtha risk associated with pure Sn finish. (for

£owp

Iy

Q1 control level 2B may be applied, for Qo control level =C)
7. Verification of the assembly reliability should be demonstrated as follow (tailoring being possible
based on criticality of the unit considerad):

a. Review of procedures for compliance to the declared standard (ECSS or J-STD-o001+ Space
Addendum)

Visit of manufacturing line by customers

Inspection of available HW (recurrent unit already in manufacturing) to identify possible
“show sto " (lack of de-golding on components, “risky” assembly configuration....)
Review/ ition of manufacturing process parameter control (statistical process control)
For procured modules review of the tl;ﬂures and returmn from the field data.

The assessment of the reliability of the assembly using SuPb solder alloys is based on
functional testing at module level following one of the approaches described in Table =.
Assessment of results of the verification testing

Identification of corrective action,/improvement when necessary

Review/Update of the statistical process control strategy

MIP of test vehicles and of Flight Models to be attended.

oo

h o A

|_—|- F-F-Qq

Verification activities might be invalidated and require repetition in case of changes of design,
processes, materials or changes in the components manufacturing /procurement

For modules of category Qo Class 1 and 2 the requirements of ECSS-Q-ST-70-38C ([32]) are
applicable.
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Application Class [ Designed modules Procured modules (large volume of
manufacturing)
One use Q2 | No reliability testing of assembly No reliability testing of assembly

single batch of e S—

procurement (1 | Annex 6 par. 7a,7b,7¢,7 Annex 6 par. 7b,7e,7d,7e
7t w'l:]rahPon, sh’ocl;, thermal cycling 3x 7t w'hragon, sh;]c]::, ermal cac]ing 3x mission
mission time or equivalent to 200 time or equivalent to 200 thermal eveles (-
thermal cveles (-55/+100C) whichever is 55/+100C) whichever is the maximum.
the maximum. Test vehicle to include repair configuration for
Test vehicle to include repair configuration for | selected type of devices.
selected type of devices. Assessment by full functional test at RT, hot
Assessment by full functional test at RT, | and cold.
hot and cold. Microsectioning may be applied to assembly
Microsectioning may be applied to assembly | critical devices or parts tested in a statisti non
sensitive devices or parts tested in a significative amount.
statistically non siﬁm'ﬁc;lﬁve amount. Annex 6 par. 7g,7h,71,7],
Annex 6 par. 7g,7h,71,7],

o | Annex 6 par. 7a,7b,7c,7d Annex 6 par. 7a,7b,7c,7d,7e
3.3 f: w'hrai?on, shfn-clé, thermal cycling 9x 7f: w'hragon, shm:-l;, thermal f.ac]:ing 2% mission
mission time or equivalent to 200 time or equivalent to 200 thermal cveles (-
thermal eveles (-55/+100C) whichever is 55/+100C) whichever is the maximum.
the masximmum. Assessment by full functional test at RT, hot
Assessment by full funetional test at RT, | and cold. . . i
hot and cold. Microsectio to be applied to critical devices
Microsectioning to be applied to assembly and parts tested in a statistically non significative
sensitive devices, parts with heat dissipation | amount (<35 for chip devices <3 for other
pads underneath, and parts tested in a pack;;ﬁes]. For critical devices 1 microsections.
statistically non significative amount (<10 for | pass El criteria for cracks in solder joints: 75% of
critical area.
chip devices <3 for other packages). For | Annex 6 par. 7g,7h,71,7],
critical devices = microsections.
pass fail eriteria for cracks in solder joints:
75% of critical area.
Annex 6 par. 7g,7h,71,7),
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Application Designed modules Procured modules (large volume of
manufacturing)
Series No reliability testing of assembly No reliability testing of assembly
manufacturing e S
(use in Annex & par. 7a,7b,7¢,7d, Annex 6 par. 7b,7c,7d,7e
constellation) 6f: vihrat]iion, shﬂcfz, ermal cycling 3x 7t vfbrali)on, shock, thermal cycling 3x mission

mission time or equivalent to 200
thermal cveles (-55/+100C) whichever is
the maximum.

Test vehicle to include repair configuration for
selected type of devices.

Assessment by full funetional test at RT,
hot and cold.

Microsectioning to be applied to assembly
sensitive devices (2), parts with heat
dissipation pads undlgrne.ath, and parts tested
in a statistically non significative amount
(<10 for chip devices <3 for other
packages). . ..

pass fail eriteria for eracks in solder joints:
85% of critical area.

Annex 6 par. 7g,7h,71,7j,

time or equivalent to 200 thermal eyeles (-
55/+100C) whichever is the maximum.

Test vehicle to include repair configuration for
selected type of devices.

Assessment by full functional test at RT, hot
and eold.

Microsectioning to be applied to assembly sensitive
devices (2), parts with heat dissipation pads
underneath, and parts tested in a statistically non
significative amount (<10 for chip devices <3
for other packages).

pass fail criteria for cracks in solder joints: 85% of
critical area o

Annex 6 par. 7g,7h,71,7],

Annex 6 par. 7a,7b,7e,7d,

Annex 6 par. 7a,7b,7c,7d,7e

7f: wibration, shock, thermal cycling 4x
mission time or equivalent to 250
thermal cveles (-55/+100C) whichever is
the maximum.

Test vehicle to include rework and repair
configurations.

Assessment by full funetional test at RT,
hot and cold.

Microsectioning to be applied to assembly
sensitive devices, parts with heat dissipation
pads underneath, and parts tested in a
statistically non st,l?liﬁca‘tive amount (<15 for
chip devices <3 for other packages).

For assembly sensitive devices 3
microsections

pass fail eriteria for eracks in solder joints:
75% of critical area.

Annex 6 par. 72.7h.71.7,

7f: wibration, shock, thermal cqr_lm Z 4X mission
time or equivalent to 250 thermal eyeles (-
55/+100C) whichever 1s the maximum.

Test vehicle to include rework and repair
configurations.

Assessment by full functional test at RT, hot
and cold.

Microsectioning to be applied to assembly sensitive
devices, parts with heat E_issipation pads
underneath, and parts tested 1n a statistically non
significative amount (<10 for chip devices <3
for other packages). For assembly sensitive
devices 2 mierosections.

pass fail criteria for cracks in solder joints: 75% of
critical area. o

Annex 6 par. 7g,7h,71,7j,

i
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