HBK
w!

HOTTINGER BRUEL & KJA&AR

Strain and Strain Rate Measurement on PCBs
APPLYING THE IPC/JEDEC 9704

Malte Grieme BB i

=
(AETA
T T

TR
B W
=1,%| Briiel & Kjeer PUBLIC



Agenda

WHAT ARE WE GONNA TALK ABOUT -

1. Why are strain
measurements performed ‘ ' —(
on PCBs?

2. How to measure strain ‘ :
on PCBs? . -

3. Where to measure C }‘; /
strain on PCBs? ™

4. How to do data Y \
analysis?
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During the manufacture of PCBs

4 Bending strain during the installation

4 Breakage during mounting SMD, SMT,
THD, THT and PIH fitting

4 Stress cracks and dislodging of solder
points with ball grid arrays (BGA)

alPuBLIC




During the manufacture of PCBs

4 Transient strain peaks during separation
(determination of critical strains/shear strains
during separation)

4 Elevated mechanical stress (strain)

4 Broken SMD capacitors due to high bending
stress in other steps of the process

4 Hard touchdown of the test probes during the
ICT
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During transport and operation

4 Mechanical load (static)
4 Vibration and splicing (dynamic)

4 Thermal effects resulting in cracks caused
by thermal expansion (differing a values of
housing, heat sink, printed circuit board,
and electronic components)

6lPUBLIC




Rule of 10

Rule of 10

Costs per

defect 4 Design phase Pre-praduction Production phase
unit
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. time
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Extended Requirements and International
Standards for PCB Testing
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4 Use of lead-free solder (RoHS conformity, RS- sese

EU guideline) that is more sensitive in
relation to mechanical load and tends to
crack earlier (flexure-induced damage)

4 More compact construction elements such
as ball grid arrays (BGA) instead of
surface-mounted devices (SMD)

4 Stiffer contacts that lead to higher
mechanical tension
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Why strain gauges?

A Numerical simulation methods such as
FEA are limited in their scope since they
are based on mathematical model
approaches.

4 CTs and X-rays are not sufficiently
adequate to check the influence of the
mechanical impact and are, on top of that,
expensive methods to employ

» Therefore, strain gauges are designated
to measure the deformation of the PCBs
to an extremely accurate degree.
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What are the requirements for the strain gauge?

4 Three element stacked (0/45/90) rosette o
4 1.0to 2.0 mm?, nominal, gage sensor size
4 Lead wires attached

* 30 AWG lead wire preferred

4 Coefficient of Thermal Expansion (CTE) is not ‘
critical as long as the gauge factor is stable in .
the temperature range. ‘
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How to install the strain gauge onto a PCB?
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4 The installation point should have a surface that ensures
good adhesion between strain gauge and PCB.

1. Removal of the uppermost lacquer layer by means of
face milling cutter

2. further roughening of the surface with sandpaper if
necessary

3. Clean the adhesive surface with a suitable cleaner
(chemically pure) -> RMS1

4. Bonding of the strain gage by using Z70 fast adhesive

» On our website you will find a video tutorial
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How to select the measurement points?

4 Tension status on PCBs is mostly unknown and
mechanically complex

4 Measurements on PCBs are set at areas where the risk of
failure is estimated to be especially high such as:

« Corners: Corners can be mechanically critical if they
are fixed.

- Stiff regions of the board (e.g. the ones close to

capacitors): Bigger elements lead to increased stiffness
of PCBs.

* Regions close to interconnects (solder-joint failures):
Solder points are weak points in terms of yield strength.
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How to select the measurement points?

4 Components and devices:

* In generell: User and supplier agree on components and measuring points

+ Recommendations:

a. Area Array Components: ?‘?J
|, Evaluate any package body > 27x27mm and pitch component > 10mm o

Il. If alot of components are present, take the 3 worst ones.

Ill.  Let experience values flow in, where weak points are.

I\/. All four corners should be measured, if possible
V. 6-10mm next to BGA solder points (grids should be in parallel with solder rows)

b. Non-Area Array Components:

|. MLCC are critical and should be considered to measure (not more than 1mm away
from the edge)
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Maximum allowed strain

PCB Rosette 001_SN1

4 In general: users and suppliers agree on limit values. 250 .r” ”a\

200+ !

4 Some manufacturers of critical components specify limit ; |
values for their parts.

um/m
—
L%,
=

100+

B 8A+8C | ) > :
g, = 3 +ﬁ,\/(8‘4—83] +(ep—¢p) soE l

4 Requirements for the Measurement equipment:

* Minimum allowed measurement frequency 500 Hz.
Recommended is 2 kHz

« Sampling resolution of 12 to 16 bits

 Suitable low pass filters are recommended.
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Strain rate

Maximum Allowable PCB Principal Strain

4 The strain rate means that the lifespan of a PCB is pCE Thickness
impacted not only by the pure value of the maximum "
principal strain but also by the speed of changing o -

the strain (impulse). 1500 \\ R e S il

4 Boundary lines as a function of the strain rate and o \\ i

the board thickness (IPC / JEDEC-9704A) o P U I

Maximum Allowable
Principal Strain (uStrain)

PRC Rosette 001 Strain rate_PCB Rosette 001_SN1

+ gage 1[01] Limit 600 \\
i _ 500 Acceptable -
10000 400> 400 PWB Strain \—-..
C 1200-F 300
L : -
5000 N 1000 200
% C - ™~ 100
- 800
‘g O_ E \\ 0500 T T T .éom T T T .5:0000
- 600 AT
- C BN Strain Rate (pStrain,/sec)
L L ™
-5000 400 1]
_ ™
200+
- + #|
-10000 ; LY
L 0 ﬁ“"‘
26 28 30 32 34 36 38 10° 10 102 10° 107 10°
Time [s] x_channel []
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Catman AP

Configure DAQ channek Devices: 1 arduware channebs 16, Computation chanmek: B [Display fiter active]

Semsor databae

- Channel name Reading Sample ratefFier
U = axsise

5 %2 PCE Test Roselle oid_A & 3648 pmim b 300 M| BE 50 Hz (o)
[ %2 PCB Test Rosete oid_B & 34,07 pim b 300 Mz | BE 50 Hz (o)
7 T PCB Test Rosele onid_C & 3801 pmim 300 Hz | BE 50 Hz (Ausio)
8 5 MN1615C5_9020 CH4 & 2059°C » Hz | BE 50 Hz (Auto)
9 I MX1515CS_S029_CH § No sigual o300

0 T MXI815C5_S029_CHE Mo sgral L1

1 MAI615C5_9020 CHT N signal ¥ 300Hz/BE 50

12 o MX1615C5_8020_CHE Mo sgeal P 300 Hz/ BE 50 Hz

13 B MX1515 C5_9029_CH Y Mo signal M 300 Hz | BE 50 Hz (At
“ I MX1815 C5_8020_CH 10 Mo signal ¥ 300 Hz/ BE 50 Hz (Auto)
15 B MA1515CS_9020_CH 11 Ne signal ¥b 300 b/ BE 50 He (hes)
18 | TR MX1815.C8_0020_CH 12 1 Mo signal 300 Hz | BE 50 Hz thato)
17| B MX1615CS 9020 CH 13 N sigmal ¥ 300 Hz/ BE 50 Ha (Auto)
" R M85 CS_B020_CH 14 Nov sigaal ¥ 300 Mz | BE 50 Hz (Auso)
19 T MX1815.C5_S029_CH 15 No sigaal M 300 Hz | BE 50 Hz (Auts)
20 T MX1815.C8_9020_CH 18 Ny nigmal ¥ 300 bz | BE 50 M2 (Auo)
212 4 Competation channels

2 fa Peak countar prindipal stress_MAX & 0,00000 pmim

23 A Peak counter principal siress_UIN - & 0,00000 pmim

24 | |z Peak counter principal siress_COUN & 000000

25 o PCBSHess 551 £ NA

26 | %8 PCB Roselte 001_SNA

27 M5 PCE Rosste 001_SM2

28 | 4 PCBRosete 001_SM1

o A2 FCB Rosette 001_4G

Edit computations

| @ create computation Close

Name |PCB Rosette 001

Temperature compensation

Strain channels

Tipe

Type especed

Mx15158
Mx15158
MX16158
MX16158
Mx15158
Mxis158
MX15158
Mx 15158
MX18158
Mx18158
MX15158
Mx18158
MX25158

o <M
alChiz@ &
4 G cuarter ridge 1200Ne | [ g
| G quarter bridge 120 Ohw
%SG quarter bridge 120 Ohr
% Resistance hermomeler F
| Resistance hermometer F
o DCvotage

4 DC\volage

o DCVolage

d DCvolage

o DCvolage

4 DCVoMage

14 OC votage

§ DC\olage

457190" tosete Principal sty |
45190 roseBe Principal stral
45°/90° roselie Angle & PCB |

Strain rate

2| €| PCB Test Rosette grid_A

big

|PCB Test Rosette grid_B

c | PCB Test Rosette gn;-s'd_f:'

[¥] Automatically complete {get b an

c continuing from a)

[ From strain channels

Create computation channels

Angle

(I Principal nominal stress 1
| Principal nominal stress 2
| Shear stress

| Reference stress (v. Mises)
] Stress X

| Stress ¥

~ Type of rosette -
45°/90°

Material properties

[Wmmz |

©) 60°/120°
) 90° 2-axis
© Single /G

200000 | Young's modulus [0

:'0!,1

[0.3 | Poisson's ratio [-0.1

| Grid a

| Grid b

i Grid ¢

~Transversal sensitivity in %

| Principal strain 1
¥ Principal strain 2
] Strain X

Strain Y

v Shear strain
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Strain gage configuration

[4000

More information about

Help on strain gage configuration
Channel: PCB Test Rosette grid_A
‘z.us | Gage factor

1 Bridge factor

[

——

25V | Excitation voltage

Auto 7| Carrier frequency

] Measuring range (um/m)

[ Execute conversion my/V -> pm/m in hardware

of tempe

[7] Temperature compensation using compensation 5/G
Temperature compensation using temperature response polynomial

[ Temperature response polynomial (see strain gage data sheet)

Optionally you can correct temperature influences on strain gage signals by
a compensation measuring point or by the temperature response
polynemial to be found en your strain gage package.

Rate

Sample

[Classic (e.g. 1200]

and Filters

Sample rate groups

Wseful sample rates...

Slow sample rate 10 Hz
Default sample rate | 300 Hz

Fast sample rate 4800 Hz

- Channel: PCB Test Rosette grid_A

(0 Use current device settings
Filter is set via TEDS or Setup Assistant.
Use automatic Anti-Alias filters

Working without filter

The frequency will be determined before DAQ start based upon the
sample rate. Usually a Bessel characteristic will be selected.

7 Choose characteristics and frequency

R If the frequency selected is not supported by the device the best
|-20.59 a0 0,0000093 | & g/ possible frequency will be selected.
a1 0,0000093 | & ; [Butterworth 0.01 Hz -
r Material Butterworth 0.02 Hz =
az 20 T (°C) Butterworth 0.05 Hz B
' Rk Butterworth 0.1 Hz
a3 Butterworth 0.2 Hz
L Butterworth 0.5 Hz
Butterworth 1 H
 Temperature data from- B:n:rr:;th 2 H:
Butterworth 5 Hz
[Mx1615 CS_3029_cH & [+ Butterworth 10 Hz
Butterworth 20 Hz .
[Tlupdate in sensor database Help regarding fitter settings
Create new sensor oK Cancel oK
[ . [
Bycemy @lek [ T—
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S B Comment -

& Petomance
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Dypuste T Fullscreen mode Ellincresse

X Daicte B update
Fanetee

—— PCB Rasetie 091_SH1 ‘

Strain measurement

Maximum

principal
strain

l

pm/m

N |
[l

|
/ A
A J:

| OAQ chamnts (Displey fiter sctivel
Auko asgrament. Delete s Dipley fiter *

y;

i
m—yain

PRI B

re——

PRC Rosette 001 Stran

Time ‘

Strain rate measurement

|’] 6 4

_PCB Rosette
Strain rate of

um/m/s

Strain  rate

of maximum

rincipal

princip "

strain E
[
i

I |
| | J minimum

| I-::;“\ principal strain

L 1 - rxi6158
1 ¥ PCB Test Resette grid_A

R Nl B PCE Test Aceeme gnd_8
I IR P PCETest Reseite grid_C

‘]‘. | I| Ii; i B g C5_pEnCn s

" B MKI61S CS 0 On S

L T Do

" 1 I Minimum  principal B HXISISCS_309.OH T

B MK Cs i Cn e

L~ strain B k1615 CS 039 OH s

MX1615 £5_5025_CH 10

X115 £3 5078, 0N 11
B HXI8ISC3_3075 0N 12
B HXISI5CS_3025_OH 13
B 815 5_38TH CH 18
B MXI615.C3_5025_CH 1S
B HXI815 C5_5025_OM 16
Computation channels
Paak counter prncipal stress_MAX.
Prak counter principal stress_MIN
Peak counter princiosl stress_COUNTS
PCB Rasette 001_SNA

Time [s]

PCB Reserte 203_5M2

PRC Resette 003 Strain rata_PCE Rosetoe {
PAC Rusetis 001 Strain rate_PCE Rosetoe {
PRC Resetie 001 Strain rate_PCE Resetie |

BhhEEIERhLD

Configure Panel | DA channcls [isplay fes scte [
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Further Information

HOW WE CAN HELP YOU.
General strain gauge knowledge
database:
www.hbm.com/strain-fundamentals

Special application PCB testing:

https://www.hbm.com/en/7698/how-
to-measure-strain-rate-on-printed-
circuit-boards-pcbs/

Trainings:

https://www.hbm.com/en/7172/semi
nar-pcb-testing-with-strain-gauges/

On-site service:

helpme@hbkworld.com
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Do you have a question for the
Presenter? Visit the Guest Speakers
Virtual booth within the next hour
for an interactive Q&A session.
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