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Pdlorks

Agenda

* Quo vadis microelectronic ?

* What does mean a NO clean soldering for reliability ?

* How clean is clean ? Qualification of cleaning process

e Optical visualisation of cleaning — powerful tool for process development

* Requirements on cleaning process equipment today and in the future
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* Electro- mobility
e Autonomous vehicles
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Main development tendencies in electronics

EXPECTED GROWTH OF ELECTRIC VEHICLE SALES

25 million I HEV (hybrid electric vehicle)
I PHEV (plug-in hybrid electric vehicle)
B EV (eloctric vehicle)

20 million == Commercial (truck and bus)

e TOTAL

15 miillion

10 million

5 million
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pbt  Reliability and lifetime require

orks

Automotive Lifetime Requirements Today

Lifetime 15 Years

Operation Time 10.000 Hours

Mileage 300.000 km

E-Mobility and Lifetime Requirements

Driving Operation ~8.000 Hours 1.5 hrs / day, 15 years
Charging Operation ~30.000 Hours

Off-Grid Parking ~92.000 Hours

Autonomous Driving

Driving Operation 121.000 Hours 22.5 hrs / day, 15 years

© RESRI Group, Institute of Microelectronic Systems (IMS), Leibniz Universitat Hannover
Test conditions today:
car mission profiles are statistically measured ( family, taxi, business,etc.)
testing according to mission profiles with all measurements
Qualification takes several months ( ussualy 6-9 months)
Long lifetimes & high reliability requires CLEANING



P Main development tendencies in electronics
4 - communication revolution

e 5G communcation 5G SPECTRUM

* loT

* Requirements on short response time
— using high frequencies

* 4G 20-30ms

* 5G 4-5ms

Il

 Compact HF assemblies
 BTC components, very small chips
* High signal fidelity requires CLEANING




orks

Pabt Leadless components challenges

l'lll"ll

* Low cost packages , but used for high reliable applications
* Short signal paths — Bottom terminations - bad degassing of flux residues
e Saving on component bring extra costs at assembly



9.,9.5 Combination of chips under BGA

* High frequency
* Low inductance capacitors
* Low inductance chip periphery
* Bad for cleaning !
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Bbt New forms of chips are comming

orks

* Inverse chip format resistors
* Good for heat disspation
* Challenge for cleaning !

* Three-terminal MLCC @

* Low inductance capacitors \’\ 2-Temination type

. . * ESL: approx. 200~300pH (1005 size)
* Good for noise suppression

* Challenge for cleaning !

Low ESL type (Flip type)
_ © ESL: approx. 60~100pH (0510 size)

.. Low ESL type (3-Temination type)
ESL: approx. 20~30pH (1005 size)




P a? é%%%ég?%%ﬁ tendencies in electronics
dorks iniaturization

* Sensors, medical implantable electronics, modules
* Assembly before assembly on boards !

All these assemblies must be cleaned ( before packaging)



pbt NO clean technology

Best resin - highly dense ( low vapor penetration)
But: hard, brittle ( easy to crack with temperature changes)

Resin protection lonic residues

P i

Solder joint




pot NO clean

After 5 year operation

Releases active ionic contamination



pot NO clean

After 5 year operation

Positive test on carboxylic radicals with
ZESTRON Flux Test ( blue discoloration)



NO clean
In Nineties (~ 1990 )

2,54mm THT
1,27mm SMT
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pot NO clean
2010 (Today)

<1mm




pot NO clean
Today

<1mm < >




P.u k Electrochemical corrosion

Solder ‘
residues

Unpredictable failure







Pbt Bottom terminated components
o = cubic flux volumes

The termal lug contains surpluss
organic material

Outgassing is difficult
Mobility of ions under BTC is higher!




pmbt Good Outgasing is a key for good cleanability

orks
Obstacles in outgasing lowers the insulation resistance. Reason is higher ion mobility in such residues

Free surface of
Solder joint

Solder joint
covered by Glass

SIR test of samples

=
L2

-
M

—h
—

=
L]

Log SIR
| B = O = = . L =

3
Time,days

MacDermid Alpha Karen Tellefsen SMTAI October 2020




Outgasing under QFN and SIR test

No clean after reflow Partialy cleaned ,Completelly” cleaned

dorks

(By Mark Mc Mean Magnalytics USA — STI substrates by PBT Works CZ October 2020)



pbt How to increase outgasing QFN - NO CLEAN

orks
Solder Mask Defined pads Non Solder Mask Defined pads Ganged pads
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(By Mike Bixenmann Magnalytics USA October 2020 ) pads



pbt Cleaning for reliability
" how to judge the ballance cost/ profit

* Reasons for cleaning

* Real: assuring reliability —ionic, organic cleanlinnes — high SIR TS e
* Proces uniformity and repeatibility \
* Logging process parameters, traceability
e , expensive” and,, complex” equipment
* Need of permanent process validation tool
* Process qualification before real start

* Cosmetic: optical cleanlinnes —to make product nice
* Process uniformity and repeatibility not very important
e Cheap equipment
* Process ,, validation” by naked eye
* Process qualification normally not performed




pbt Cleaning for reliability
" how to judge the ballance cost/ profit

* Reasons for cleaning

* Real: assuring reliability —ionic, organic cleanlinnes — high SIR =
* Proces uniformity and repeatibility \
* Logging process parameters, traceability
e , expensive” and,, complex” equipment
* Need of permanent process validation tool
* Process qualification before real start

tic: optical cleanlinnes — to make product nice
* Process '
e Cheap equipment
* Process ,, validation” by naked eye
* Process qualification normally not performed

and repeatibility,not very important




Cleaning process Qualification
IPC J- STD 001H 8.1 (Oct.2020)

* Objective evidence
* Historically proved reliability is a valid evidence

e Shortened function test in harsh conditions
* ( moisture, salt, water, heat cycling etc.)

* Non direct evidence ( not only one method is enough)
* SIR measuring electrochemistry
* IC ( lon Chromatography) chemistry
e Optical (check of residues, inclusive under components) optics



pbt Cleaning Process qualification

orks
Reliable assembly




Bm SIR testing — J- STD 004

Temp/Humidity
Stress Bias
Pre-Bias Stabilization Period

Measurement Bias
Time of Readings




pbt SIR test coupons

orks

B52 Legacy boards (s, Magnalytics
B24 B52 (BvIPC 9201 1996, rev. 2007 ) - closer to customer’s situation today)
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Limit for SIR

pbt

B52 half cleaned

B52 cleaned
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B-24

bt  Automotive- driven approach to SIR
SIR tests

JIIE

Enhanced J-STD 004 AB
oquiroment | S000MOhms | 100MOhms
Time 1,000 hours 168 hours
Spacing 0.2mm 0.5mm
Voltage 10V, 50V 5V
SIR coupon B52 B24

Enhanced SIR testing requirements — high voltage

Automotive

| s00v

SIR after termal cycling

Temperature Cycling Parameters

Profile

Dwell (Minutes)

Cycles Completed

-40°C to +125°C

5

~153

-55°C to +175°C

10

~535
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pbt New methods to ver

orks

100 ' ot ll : 2 "i 100

Conventional Condensation testing o [ 90
(%) =Board temperature
. s; 32 —Chamber temperature 32 S"_
Dependent on mass of subject S0 |  —Chamber humidity -
Not repeatable , weak definition = m * 2
Less dynamic 30 | 30
20 20
0 10 Time (hour)3q 40
New — precise condensation test ( NPL)
DEW POINT
—14-1 —14-2 143 —14-4 44
1% Tov s s =
13 —14-13 —14-14 —14-15 —14-16 42
12
11 - o 40
g0 38
x o9 2
Ly (3 —PCB2
6 - £ 34 —PCB3
5 2 32 —Chamber
10Time (h1oﬁr) 0 2 4 6 8 10

Pictures from National Physical Laboratory Time (hour)



BS?.E Electro- chemical testing




pbt

Water 80°C;
1 hr

IPA/Diwater
75%25%

|
ok IPC TR

Used thresholds ( IPC 5704) these

on Chromatography
1650 2.3.28

(AT T ETEE T T R T T RN EN

are not a universally valid common values !!!

Minimum lonic Species

Micro Grams/Square inch I'-lir:ranmmﬁmnﬁ Cenlimeter
Bromide 10 pglin? - 1,65 pglom’
Chioride <6 pghn® <3 pgicm®
Flunsida =3 pgfint <47 pgicm?®
Sulfate <3 palin® <47 polcm®
Phosphates <7 pylin® <1.08 pglom?
Milrates | <3 pgiin’ <47 pgfem®
Waak Organic Acids > <25 ygin? <3.88 pgfem?

Anions — not specified in this standard




POt  Other methods used today

* FTIR — indication of known material residues. Must be ,, teached”.

e C3 — ( Critical cleanlinnes Control)
* Local ionic contamionation analysis
* lon chromatography

Foresite Inc.

 SEM + EDAX analysis
e For very high magnification
* Analysis of elements, not molecules

(,“\ (® 1\* /&\} STlinc.



P

bt  Other methods used today

* Gas Chromatography.

 ———
v, soc |

* Raman spectroscopy

detector
inlet ] chromatogram
3
\ 6
column oven
Gas Chromatograph (GC) Computer
Data

Stationary phase

Photon scattering due to absorbtion or
energy transfer from the molecules gives
information about molecule structure




BS?.E Optical inspection of cleaned assemblies




B,bt How to look under components

orks

 Components tearing

e Tilted wiew

Tilt angle: 33}

* 90°wiew — endoscope
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cal tester
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pbt PBT Glass Test Board opt

Flux residues solubility testing

e SPC of cleaning process according to
J-STD-001 Am.1, par. 8

* Validation of changes instead of ionic
contamination measuring

* C(Cleaning process optimization

* (Cleaning machine capability studies

 C(Cleaning process capability studies




GTB - test protocol
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dork3 ashing response measurement
) Sample 18 1R

100

eoeE@E=
o i ) :

=]

]

80

60

40

——Reflow 1

20

0.0

10.0

20.0 30.0

50.0 60.0 min
©2019 PBT Works s.r.o.



pbt Washing response measurement

orks

Cleanability Resistance Value (CRV) definition

%

Sample 18

120

100

80

60

1RXx2R x 1R aged30 days

CRV=2644,4

CRV=2875,4

0.0 10.0 20.0

©2019 PBT Works s.r.o.

50.0

——Reflow 1
——Reflow 1 AGED 30d

60.0 min



Bbt Cleaning of different solder pastes

orks

mmmmm

3500

% min

* All pastes are cleanable,but big differencies in cleanability
3000

Washing resistance — sorted; cleaner XY, t=50°C, conc= 20%
2500
2000
1500
1000
500
0
Q

<§<§2q§oq§2r§

"L
©2019 PBT Works s.r.o.

m 1x reflowed paste

QKRR RS

N

KRR RR LR

&

N

3
"19

N N

min



Bbt Cleaning of different solder pastes

orks

* All pastes are cleanable,but with big differencies

% min

More than 20 min Washing resistance - sorted
3500 Difficult to clean pastes
3000 A
2500
Max 20 min
2000

Cleanable pastes Max 15 min

1500 Easy to clean pastes

1000

500

0 v

©2019 PBT Works s.r.o.

m 1x reflowed paste

min



pb! t Difference between 1 and 2x reflow exposure

% min

4000

3500

3000

2500

2000

1500

1000

50

o

o

-500

Washing resistance after 1 reflow x after 2 reflow - sorted

6P 24P 18P 2P 20P17/P 3P 21P23P 22P 19P 16P 7P 25P 8P 15P 9P 14P 10P 4P 1P 11P 12P 13P 5

m 1 Reflow
m 2 Reflow
m2R-1R



Bbt Difference between 1 and 2x reflow exposure

orks

Washing resistance after 1 reflow x after 2 reflow - sorted

-g 4000
32 -
3500 More difficult to clean
|
3000 No change !
o More sgsyo clean!
2500
2000 m 1 Reflow
m 2 Reflow
wo o Al % 2R-1R
w00 M Y 0 R

st e || || || || |I “
0 ([ II II II

6P 24P 18P 2P 20P 17P 3P 21P 23P 22P 19P 16P 7P 25P 8P 15P 9P 14P 10P 4P 1P 11P12P13P 5
-500



pbt
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5000

5 min

4000

3000

2000

1000

-1000

Freshly and aged cleaned flux residues

Washing resistance after 1 reflow x 1 reflow + 30 days ageing

6P 24P 2P 3P 8P 7P 1P 9P 21P14P16P19P 4P 17P20P15P10P12P11P25 18 23 22 5 13

m 1 Reflow
® 1R aged
m1Raged -1R



5 min

Bbt Freshly and aged cleaned flux residues

orks

Ceaning resistance after 1 reflow x 1 reflow + 30 days ageing
5000

4000 ‘

/40 change! More easy to clean !

/ ® 1R aged
| |‘ | = 1Raged -1R
AL II/INl || ||

16P19P 4P 17P20P15P10P12P 11 25!’18"23"22"5 13

3000
m 1 Reflow

2000

1000

-1000



P Interpretation of cleanability data
dorks

* On real boards ( presency of metalo- carboxylic salts ) white residues
are generated

19P 1Rx2R
120
100
80
60 —0— Reflow 1
—8— Reflow 2
40
20
0
0.0 10.0 20.0 30.0 40.0 50.0 60.0
18P 1Rx2R

120

100

80
60 —0— Reflow 1
—8— Reflow 2

40

20

0

0.0 10.0 20.0 30.0 40.0 50.0 60.0




PbL Conclusion for flux — cleaner cleanability
studies

* Measuring cleanability ( Washing resistence values) is an essential infor
mation needed for every start of new project

* Proper flux / cleaner matching

Protects component from unnecessary chemical and moisture stress
Increases productivity of cleaning

Lowers chemistry and water consumption

Increases quality of cleanlinnes level

Saves costs



lachine capability studies

Pdlorks

1. Measuring of cleaning field uniformity
 Two different machines with the same flux residues and same cleaner.

Machine A Fastest and slowest cleaning Machine B Fastest and slowest cleaning
100 100
90 90

80 H 80

70
60
50 m
40 ﬁ
30

20

70

60

50

40

30

20

10 10

0 ® ® 0
0 10 20 30 40 50 60 70 80 90 100 110 120 0 10 20 30 40 50 60 70 80 90 100 110 120

—e—Center positions —e—Periphery positions —e—Center positions Periphery positions



9“9,5 Machine capability studies
2. Measuring of Cpk

* Measuring of cleaning curve ( 10x)
e Calculation of Cpk from cleanability resistence against customer expectation

* Measuring of repeated cleaning results
* Proces with Glass Test Boards set for time, which gives about 50% of expected result ( 6,6 min)

e Calculation of Cpk from results at nominal time (6,6 min)
Expectations ( cleanability):

Cleaning capability USL = 650
122 LSL = 330
N Mean = 585,93
N 5 = 9,5051

60

Cpu = USL-M/ 3* & = 2.24
Cpl= M-LSL/3* & = 8,97

50

% residues

40
30
20

Cpk= 2,24

10

0,0 2,0 4,0 6,0 8,0 10,0 12,0 14,0 16,0 18,0 20,0
cleaning time (min)



pbt Process monitoring ( heavily loaded process)
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* Comparison of cleaning proces with ADD / without ADD

Influence of automatic refilling

300

250

Automatic adaptive refilling off

200 A s e e

150

100

S e e O B Jﬁl |

140 141 142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 177 178 179

5

]

mm refill [0,01 [tr] mW% residuesF m% residuesR —e—concentration

Essential for heavy- loaded processes, monitors dissoving speed , not only concentration !



wat Process monitoring ( light loaded process)

orks
* Process runs only on manual dosing of fixed concentration

Bl cleaner ref. —e—load/cycle —e—cncentranalysis —e—aver GTB —e—alcanine reserve —e—solid content

—
Complete bath Exchange x Complete bath Exchange after
before analysis 300 cycles analysis 1200 cycles




Cleaning in PCB magazines

7880
1400 5080 1400

650 750

750 850

wiY § "

Transport to
assembly line
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Cleaning line loading Magazine in carrier  Line unloading



P...,, C High performance cleaning process

Automatic maintenance
M Data communication to MES

Automatic loading/ unloading of material
Configuration change — water management — by software
- spray configuration by factory maintenance

168 Eurocards

40 Eurocards

ﬁlﬂ!&iﬂl&lﬂjﬂ b B
W&. LT N
ﬁ“—;yeﬂ?’/"




bk High performance cleaning process
arics Automatic loading/ unloading
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obt Conclusion

Pdlorks

* Cleaning proces

* More important for future requirements
e Clanlinnes testing moves to SIR and more sophisticated methods

* Dedicated simulating with optical ionspection can speed- up cleaning project
preparation

 State — of the art cleaning

* New cleaning machines must be capable to clean gaps under 25um.
e Design must be supported by many studies of proces

* Cleaning is more a statistical control proces.
* This requires more and new data from proces

e Quality demands require full automation.
* Maintenance
* Loading / unloading to exclude operator influence

* New and innovative test methods are applied for quality control



