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X What is Conformal Coating @-ﬂns.

Transparent, polymeric coatings
conform to the contours of the printed circuit board circuitry
and its components create a thin layer which is flexible.

This improves its working life, ensures securlty and reliability
of the performance remarkably. |

Virtually it protects circuitry from hazards,
- Moisture, Droplets N
- Dust ‘S
- Metal Corrosion 3
- Mechanical Shocks & Vibrations
- Chemicals, etc.
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% Why we use Conformal Coating @-?T"-‘:

The conformal coatings may have several functions,
depending on the type of application.

The Most Common are :
- Inhibit Current Leakage & Short-Circuitry
due to moisture, droplets and/or other contaminants
- Inhibit Arcing, Corona Discharge
- Allow Higher Power & Closer Track-Spacing in Circuitry
- Inhibit Corrosions & Whiskers swrefer tofollowing tech-summary on the whiskers
- Improve The Fatigue-Life of Solder-joints
- Provide Mechanical Supporting for Small Parts. . .
- Prevent damages from Mechanical Shock & Vibration
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% Why we use Conformal Coating %),
(Ref. / Corona & St. EImo’s Fire)

..."Physical descriptions of St. EImo's Fire have ranged from a ghostly dancing flame to natural
fireworks. It usually is of a blue or bluish-white color attached to fixed, grounded conductors and
has a lifetime of minutes. The flame is heatless and non-consuming, occasionally accompanied
by a hissing sound”....”The phenomenon is scientifically known as a corona or point discharge.

It occurs on objects, especially pointed ones, when the electrical field potential strength reaches
about one-thousand volis per centimeter. (When the electrical potential field is great enough to
overcome the resistance of medium across which it occurs, a current of electrons will result
(Ohm's Law).) During fair weather, the electrical field strength of the atmosphere is about 1 volt
per centimeter. In the initial stages of thunderstorm formation, however, the field increases to 5
volts per centimeter, and just before a lightning flash, reaches up fo ten-thousand volts per
centimeter. thus, the atmospheric electrical field is only strong enough, under normal
circumstances, to produce St. EImo's
Fire during thundery weather. When
the storm is particularly heavily charged,
the leaves, blades of grass and even
the homns of cattle may glow at their tips.
In fact, the glow of St. EImo's Fire has
often been observed on sharp objects
in the vicinity of tornadoes.
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% Why we use Conformal Coating (% rrus
(Appropriate Dry Film Thickness Estimation) -

r
: XElectrical Field Potential Strength > 1,000(volts/cm):

| / Corona(point) Discharge
: > 10,000(volts/cm):
|
|
|
|
|
|

/ Flashover, Arc Discharge

... due to 100(volts/mm)
... due to 25(volts/250um)

| |
| XEstimation of D.FT. appropriate : T(inches) = 6.44V x 10° |
: <Example> 12VDC: T=2(um), 24VDC: T=3.9(um), 36VDC: T=5.9(um) :
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% Why we use Conformal Coating (%) s
(Ref. / View of real Track-Spacing in the circuitry) o]
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* Where we use Conformal Coating

Conformal Coatings have been mostly applied to,

- Aerospace Industry
- Military
- Automotive

- Mec
- Ship
- App

ical
puilding

lances &

@A]'Tns

Telecommunications
- Industrial Applications,

etc.

%C-Coating for Autor

% Conformal Coatings in 2010

B 1. Automotive(22%) ™ 2. Aerospace(15%)
W 4. Electronics(39%) = 5. Military/Others(8%)

N\

M 3. Medical(16%)

lotive becomes more in active in the world market.
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% Where we use Conformal Coating ().
(Ref. / Spec. used for Conformal Coating Process) |

® 34 Listed in IPC-830-HDBK
- ASTM (7) (American Society of Testing Materials)
- FAR (1) (Federal Aviation Regulations)
-IPC (14)  (Industry association for Printed Circuit...)
- JIS (2) (Joint Industry Standard)
- MIL (3) (Military Standards)
- UL (3) (Underwriters Laboratories)

- IEC (2) (International Electro-technical Commission)
- INTERNATIONAL (2)

® Mostly referenced to,
IPC-CC-830 — Qualification & Performance of Electrical Insulating Compounds for PCAs
MIL-I-46058 — Insulating Compound, Electrical (Material Specification U.S. DOD)
IEC 61086 — Specification for conformal coatings for loaded printed wire boards
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% What Materials are ().
Used in Conformal Coating -

® Major Coating Materials in Use,

- Acrylic Resin / modified Acrylic Resin .. . ... .. AR/ MAR

- Synthetic Rubber Resin. . ................. RR

- Urethane Resin / modified Urethane Resin. .. UR/MUR

- Silicone Resin / modified Silicone Resin . . . .. SR/MSR
-Epoxy Resin . ... ER

- Water-based Resin. . ... .. .. *%Under Developing (high surface-tension)
- Specials, etc. | XTDS_Water-Based Coating Material D | [t

! i-Tronik WORKSHOP 2015 in Venice, Italy
777777777777777777777777777777777777777777 I e clickhere
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APPENDIX/Conformal Coating Materials_Dominant/7. waterborne.pdf

p Coating Material Properties by the Resin

Coating Material Comparison Chart

RUBBER-RESIN (L 24=X])

ACRYLIC-RESIN (O3 2!=X])

SILICONE-RESIN (A2|24X

)

© /| Pi(BiR)

Srrvs

EIE|H O 26

==

/Nt (B2 | CHE(=E / CH:(%E | EXt(XE / DL(XE
CONFIDENTIAL DATE: 2011.04-25 @ /N (BF) @ / Cit(%H) hixotropised @ / Cit(xE) @ /Ei(E) @ / Dit(%HE)
nthetic Rubber ified- i i ified-Sili il
32 ct 9| EEEH / un Synthetic Rubber, Modified-Acrylic, Acrylic, Modified-Silicone, Silicone, H o
Solvent Based Solvent Based Solvent Based Solvent Based Solventless RTV
'1!‘ -'.E—%'E SOrAAF Transparent Transparent Transparent Transparent Transparent Translucent xDELtS
(Clarity) i TR (F2) () ) () (Fr) +g ey (Hhv) FYYLE R
S EJOH H|=
e l? - Undiluted (£19}) 0.82 0.86 0.98 0.92 0.97 0.99 @20°C
(Specific Weight)
HAEIH M mPa.s Undiluted (1<) 400/Ambient 350/Ambient 220/Ambient 200/Ambient 400/Ambient 125/Ambient PSSyl |
(Viscosity) (Cps) | Dilution in Normal (]4]<1) 40 ~ 60 40 ~ 60 40 ~ 80 40 ~ 80 40 ~ 80 60 ~ 125 SEMAM el
nk=-r
2BESE % Undiluted by Weight 25 21 30 35 50 80
(Solids Content)
X|E=HZA|ZH P LI=y
5= | = minute Drying Time to Handle 5/Ambient 10/Ambient 20/Ambient 10/Ambient 20/Ambient 7/Ambient ¥ T)ﬂ —~
(Tack-Free Time) 50(um) ZEI|E
=M AxOls Recommendable XT (inch)='6.44Vx10°
TH AZE um , , , 20 ~ 40 20 ~ 40 25~ 50 25~ 50 25~75 50 ~ 100 R A O AN -
(DFT Recommendable) Coating Thickness / Dry Film - e
For high-volt circuitry
A glat Recommended 80°Cx10(min) or, 75°Cx30(min) or, 60°Cx15(min).or, 75°Cx30(min) or, 2(hr) flash in RT 60°Cx5(min) and
Curing =4 ) Curing Conditions 24(hr) flash in RT 24(hr) flash in RT 2(hr) flash in RT 24(hr) flash in RT and 90°Cx2(hr) curing 24(hr) in RT
AYY A+ 24 #e AT A . . . ’ . : ’ ; o *AYY HI Y
- Pot Life = 12(fEA Pot Life = 12(f8 A Pot Life = 6({@ A Pot Life = 12(18 A Pot Life = 6({@ A Pot Life = 2(f@ A = =
(Pot-Life @Ambient) month (Usable in Closed-Loop) (=3 (853 (5 (@ 5) (@5) (@A) YUHTNM T2
MEM i J *MIL-I-46058C *MIL-1-46058C *MIL-I-46058C Technical Data
) % Q17445 300(mm/min) 460 ) 30 *Z+2 GOOD
(Elongation) Stated as 'Excellent' | TDS states as 'Excellent'{ TDS states as 'Excellent’ Unavailable
Esc Ju.d 40°C @RH90% 20 i TDS states as 'Good' TDS states as 'Good' Unavailable TDS Unavailable TDS 0JIS-Z0208 £S5
m'.da
(Vapor Transmission) g Y SRR 100(m) 7] 3 (~150) (~100) (3 > 250) (6> 500) %245 GOOD
SN ZE /YW Imm | ¢JIS-K5400 *ASTM. Meth D2197 | #1SO-2409
oFxd xk2d 9% 2117 22 (BE) U1 7|2 g2 ’ ®ASTM, Meth. D2197 Technical Data Technical Data xeErg LL2F
‘E_I k. ) Xj :]L z} #]L :,lel(r)‘ ’1) i GIassE_poxy | deeta TDS states as Cu Substrate: 42| : : B olCE =
(Film Adhesion) o] T2/ 9 Cu 7| freta] . ) gt ) TDS states as 'Excellent’ Unavailable Unavailable X245 GOoD
#1007} CELL it 2-2] 9l 53 | polyester 7|8 sl | Cxcellent PRy Subistrater &=
M= X & KRR K g
1= 1%% ) Q-cm ®ASTM D-257 3.30E+15 2.00E+14 1.50E+15 8.00E+14 1.00E+15 5.70E+14 ij{ g2
(S. Volume Resistivity) 255 GOOD
HALZ e KV/ oMIL-1-46058C ®ASTM, Meth. D149 | *ASTM, Meth. D149 *DIN EN 60243-1 *ASTM, Meth. D149 *ASTM, Meth. D149 *MIL-1-46058C pE=Riin(PAg=s
(Dielectric Strength) mm Aelsks) A9k / B9 FA 75 49 60 75 90 18 242 GooD
©0.3mm¥| #] HAE30um =2, oMIL-1-46058C oMIL-1-46058C oMIL-1-46058C oMIL-1-46058C
= 3 "
ZEHA%;}/ S5T/65% 2 & 2 43 n2anssy 12 gy 12 &y 12ngsg *Ml.-1-46058C Technical Data O Kegt
i nek=3 = Ado 4] =
20584 Q % AAALYL =4 1,000A12F == TDS states as Unavailable 242 600D

(Insulation Resistance)

FINTERE: DC25V
JIEEME: DC10OV(1 5 4)

1,000A1Z2H =&
HORE: 5 x 101

1,000A12H =&
HAME 1 x 10"

1,000A12t =&
HoIxgh 1 x 10°

HAXE: 6 x 107

‘Meets Approval'
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Coating Material Comparison Chart

Synthetic Rubber,

Modified-Acrylic,

Acrylic,

Modified-Silicone,

Silicone
32 ot 2| ZEX™TH / ar B H 3
- = - =res Solvent Based Solvent Based Solvent Based Solvent Based Solventless RTV
HI A A5 Thermo Mechanical °*DMA 300~350 ppm/°C | xEYEA

(C-Thermal Expansion)

Analysis

55 ppm/°C at RT

55 ppm/°C at RT

160 ppm/°C at RT

55 ppm/°C at RT

90 ppm/°C at RT

at RT

M ASABRE
(Temp. Limit advised °C
in A Continuous Use)

A5k BR : ~85°C
®Engine 2% : ~125°C

45°C < T, < +135°C

45°C < T, < +125°C

*DIN EN60216:
20,000hrs

*Engine/Transmission : ~150°C

-40°C < T, < +125°C

45°C < T, < +125°C

45°C < T, < +150°C

45°C < T, < +150°C

Y
248 GOoD

*XH&AH Upper
Temperature Limit

21 < WA EA] Q1A Y“H]-Jl
ePolyester 7|3 =3 O]S:TCOX’ od O;OOL} L *MIL-I-46058C *MIL--46058C *MIL-I-46058C *MIL-I-46058C *MIL--46058C «DSALR SO
ES pank 2t
A 3L 80Tx107r 7FE 8l -18; oz Stated as 'Thermal- Stated as Stated as Stated as 'Thermal- Stated as 'Thermal- A\*A‘i/OIXF?TEO‘
as (lie) P =
= hour | DFT50um 59 7Ha A 3hut. L Shock: Passes' ‘Thermal Shock: Passes' | 'Thermal Shock: Passes' | Cycling meet Approval' | Shock:Passes' =iy Ep,ffm
(Thermal Resistance) i A I3 ity SRR i ; ) ; 4 g AlZto]
o7l Aol A =R e | HIRE GFT HEYE SE) RE A EF e, | rEgE gF ) 242 GooD
a3 53l =2T =
A%/ A F 5 ;»‘m 4180C #4744 318 | +150C 3B 71A 38 ?1 f‘ 744 °l & +200C #3747 88 | #205C FA7X
. - 2 n A
JIs 223?1 1976( A2 7FA1 ) o =188k DFT30(um)
RN HRAN AN =2 P,
& MoK EHK 2} 100 / 300 / 500hr 2| A N ——
XA Q FAAFAFRE % ZhehA Z7A A o NO DATASHEET NO DATASHEET NO DATASHEET NO DATASHEET NO DATASHEET ai; e
(Salt Spray Exposure) woa= %k 1.0x 10 =55 GOOD

85 L/R;ISS% - L o #5004 7 A1

] ] o #] 3] =
6A12F A7 iy, A AA oﬁ)\':—v g A ok 15 % 10°
WEERE DC100V (1% 574)

z 3
(STRONG-POINTS)

+/RUBBER RESIN
® Easy to Handle & Rework @ 578 o1 5|5 2 =4 249l 4-0]

® Excellent Film-Lifetime due to Higher Elasticity, Lower-Permeability & CTE

E Y zedggo R rulgE

F

PR E
® Fast Drying, Reachlng Optimum Physical Properties in Hours
AZAZ QAL ALNGE] AR

® High Dielectric Strength, Low Dissipation Factor is favorable for High-Volt
& RF Circuitry : A|&.2] 9-8 A7, vhe A7 #2082 371 QH(HV

RFE3] 279 B30 2
o Excellent Adhesion & Notably Longer Pot-Life
X UH 2 o) 9-423kan, - 45| ) POTH

Y ACRYLIC RESIN

® Easy to Handle & Rework :
® Most widely used Chemical :
® Good Film-Lifetime due to Low Permeability & CTE :

Aee] MIA GeEsT dmgow

AT

Protect Electric Components :

vln)etal, diak glol 3

NFH 5 =AY

Mltﬂ. 7HE dEAkg

® Fast Drying, Reaching Optimum Physical Propemes
in Hours @ #5715 5 =41 7F 4

e Little shrink and No heat-radiation in curing process
o gy =

Fol 2l

® Good Adhesion & Notably Longer Pot-Life

ERp=

b Ak o] gsiatar, AA8] 71 POTHH

Cupy Esn ok

| 24

e
wupEo

v SILICONERESIN
® Stable over Wide Temperature Range of PCA operation,
and upper limit in a continuous run allows up to +150°C P-S

PR R2EZ A B ARAFE, AL I #150C P S

® Solventless RTV secures Remarkably Less VOC
LR AL 27 8 0 & A 3 VOC &2 Al

® Thick and Flexible Film helps Dampening and Impact Protection
A Fevo R NAAFAES R ST AE

® Low Dissipation Factor is favorable for High Impedance of Circuitry
PSS AR 2L G RE S 27 R s 2

® Lower Material Surface Energy prowdes Better Flow, Penetration

Sue gexpmago

oF X
= a
(WEAK-POINTS)

YRUBBER RESIN
® High VOC Emission due to Solvent Based
SIS AR TRl VOC =

® Low Solids Content(20~25%) may be unfavorable for Thick Film build-up

120~25% A NP os T FA B puEE gl g
© Harder Curing Conditions than RTV Silicone Resin
278 Silicone Aol Wal o]l fFojd

® PCA continuous runningin High Temperature limits to T, <+135~140°C

PH R A WY, 135~140TC LAUFE 2§

J/ACRYLIC RESIN

: 27388 Silicone A4

polymers : SR/Rubber 1.t} a1

® High VOC Emission due to Solvent Based
SR 7IE AR ThFe] VOC W E
® Harder Curing Conditions than RTV Silicone Resin
8l ol ol =
® Soften More Readily at High Temperature than other
S A st

® PCA continuous running-in High- Temperature-limits-to
Ta < +125°C @ 8] 27| 9k A&7 I,

» 592(gr/liter)

125C LA =

/SILICONE ‘RESIN
® Uneasy to Handle & Rework, Need A Caution in Store
YT D SR ool g, ne] 2aE F
® Moisture(RH=20%) is Essential to Cure, Short Pot-Life
Dol B YOl A YA A} W, e POTHH
® Low Abrasion Resistance : 511 2}] v} 5 A4 g} F ok

oot

® Extra Care for improving Film Adhesion and Lifetime may be
needed since High Permeability & CTE :

AR ESFE, DA RS

E5mol vlg maan

® Need Extra Cautlon against Low-Molecular Siloxane
FARAASAL Bl E S g

7|El HFH
(MISCELLANEOUS)

® LSS-520MH A £.7}2 / Retail Price Ref.
: W68,000/Liter (VATH %)

® 1B31 #5712 / Retail Price Ref.
1 #W55,000/Liter (VATH =)

© 3-1965 A 5712 / Retail Price Ref.
1 W58,000/Liter (VATH =)
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* What Materials are @ms
Used in Conformal Coating |

® Most widely referenced, conformal

c-coating materials. . .

(for reference. . )

e e e e . e e . i e . e e e o . e . i e . s ey e . e e

I S SN SO SRS SV SO SRR e click here

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, e click here

7777777777777777777777777777777777777 | ()

XTDS_Representative P

C. Coating Material: DOW CORNING
************************************* ! e click here

|
|
|
|
|
|

¥TDS_Optimal Coating Parameters P
i~Tronik WORKSHOP 2015 in Venice, Italy

|
|
|
|
I

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 1 eclick here

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, e click here
i XTDS_Representative P |

i C. Coating Material: ELECTROLUBE |

s e e S s et ' eclick here
| XTDS_Representative P |

| |

{ C. Coating Material: HENKEL 1
b L edickhere
i XTDS_Representative P |

| |

| C. Coating Material: bymAx |
b eic
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APPENDIX/F. Optimal Coating Parameters.pdf
APPENDIX/Conformal Coating Materials_Dominant/1. Humiseal.pdf
APPENDIX/Conformal Coating Materials_Dominant/2. PETERS.pdf
APPENDIX/Conformal Coating Materials_Dominant/3. Nitto Shinko.pdf
APPENDIX/Conformal Coating Materials_Dominant/4. Electrolube.pdf
APPENDIX/Conformal Coating Materials_Dominant/5. Dow Corning.pdf
APPENDIX/Conformal Coating Materials_Dominant/6. Henkel.pdf
APPENDIX/Conformal Coating Materials_Dominant/6. Henkel.pdf
APPENDIX/Conformal Coating Materials_Dominant/8. Dymax.pdf

* What Materials are used in C-Coating

@]’Tns

. T
Conformal Coating References, by S I
CONFIDENTIAL . . 0
Presently Automotive PCAs in Japan (1 4 %) As of Jumb 2, 2010
PC ASSEMBLY COATING | FILM THICK PC ASSEMBLY, CAR MAKER
NO. _ NOTE
PRIMARY MAKER |MATERIAL | (DFT inum) REFERENCED SEGMENT (END-USER)
1 DENSO 1B66 10~30(um) ECU, AIR-BAG, & At&AHA| O 7| &t TOYOTA. HONDA. NISSAN Humiseal1866}
! ’ ’ ¥HumiseallB311
MITSUBISHI, MAZDA, DAIHATSU, | i1 - AcrylicAl 2 2
&N ZURE,
SUZUKI & £-A74E inpeieh
2 AISIN 1B51 10~30(um) POWER-SEAT H|Of7| &t 4} TOYOTA )
Humiseal1B51
3 TOYOTA HIROSE 1B51 25~40(um) ECU, AIR-BAG, & A& AH[017|E | TOYOTA X&UGDRLR|
I ws B
4 ZEXEL 1B51 30~50(um) AEEZ ECy, 7|E Isuzu A e K
s zs
5 ASCO 1B51 20~40(um) | AIR-BAG NISSAN
6 b i TF1141 | 10~40(um) | R-EXE ZHSH 0fHA TOYOTA TF1141
XHITACHI Tuffy1141
7 FUJITSU TEN TF1141 25~50(um) ECU, 25 AtSXHM O 7| & TOYOTA AcrylicA g =2l
8 ALPINE LSS-520MH | 30~50(um) 2SN O 7|t TOYOTA LSS-520MH
¥Nitto Shinko 1%
9 HONDA ELESYS LSS-520MH | 20~40(um) ZLZER| 0] 7| B SR Y LB,
EC, AsHopI# | TOYOTA, HONDA SouE, Ye g
(ECU 30um L 1- 2 &) Heln Azt
10 HONDA KEIHIN TF1141 20~40(um) - | - ECU, ZIEH|0f 7|t HONDA ¢4 ShinEtsuiit
11 MITSUBA TF1141 20~30(um) | ZER|o{7|m HONDA FeAgans
12 KANSEI 1B51 25~45(um) | AIR-BAG, AFSA} L& K| 0f 7| NISSAN
13 | HITACHI AUTOMOTIVE 1B66 & 10~40(um) ECU, &4E AtSAHH O 7| NISSAN
14 | MITSUBISHI ELECTRIC. 1B51 10~30(um) ECU, Zt& Xt&SKHA|0f 7|2t MITSUBISHI
15 NALTEC ShinEtsu/SR | 40~80(um) ECU, 23 AtaXHM O 7| & MAZDA, FORD
(Solventless)
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X What Materials are used in C-Coating (%) s

(Ref. / How to measure Permeability of the film)

V¥ How to measure Vapor Transmission’ according to JIS Z 0208

A DEMO with Rubber Film

STEAM

=y

®The calcium chloride is put in the cup which is
made of aluminum, the lid is done in the seat
of 100(pum), and surroundings are sealed with
the row wax. Turns it on during the fixed time in
the tank set with 40°CxRH90%.

®The weight change is measured,
and the amount of steam transmission through
the film is calculated from the weight increase.

®The moisture absorbent is entered into the cup
wherein the surroundings 40°CxRH90%.

®Steam penetrates the film(Lid) according to
the difference in vapor pressure generates
inside and outside of the cup.
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* What Materials are @ms
Used in Conformal Coating 113

e Subsidiary Tech Papers,
back-up C-Coating Materials

E XTDS_Technical Issue P % H i XTDS_Technical Issue P> |
E Low-Molecule Siloxane: vOC GAS ; " i Coupon Sample Test (IPC-B-25A): i ok
| SEPEED NN SUUEUY SEUNEE SN SUUU SN S SUN sclickherg-~--~dmeomodmmi b4 ] I e click
| XTDS_Technical Report > ; H % XTDS_Technical Report P i
f HA.LT.Test: | | High Temp/High Humidity Test: |
[NV Y SRS YR S S I e clickhere e P s Sy I e click
' TDS_Technical Report P | H | ¥TDS_Technical Report P %
i H.A.L.T. TEST: f " ... High Temp/High Humidity TEST: i o
(O O S S SRS SO SR I eclick (N S SRS S E S SN S S 1 e clic
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보조자료모음/5. 고-분자재료의 휘발성 가스잔류 대책.pdf
보조자료모음/6. 고장유발시험 및 결과보고서.pdf
보조자료모음/6. AECU_고장유발.결로시험 NG시료막 외관검사.pdf
보조자료모음/7. MDPS_고온고습시험 NG시료막 외관검사.pdf
보조자료모음/6. 고장유발시험 및 결과보고서.pdf
보조자료모음/7. AECU & MDPS_실제품 평가시험.pdf
보조자료모음/6. 고장유발시험 및 결과보고서.pdf
보조자료모음/8. 쿠폰샘플시험_IPC-B-25A.pdf

% How are Conformal Coatings Applied @-V“S

e Conventional Methods. . . .. ¥Masking needed in most cases
- Dip Coating
- Brush Coating
- Manual Spray Coating

e Advanced Methods. . . :selective Coating under No-Masking

- Atomized Coat : Air Spray, Spiral Spray & Bead
> Need to Sacrifice Throughput(UPH), Cleanness & Edge Definition

- Non-Atomized Coat : Film Pattern, Needle Dispense

> High UPH thru Intermittent Coating Technology
> [ess Contamination, Fine Edge-Definition due to Film Pattern
> [jffle Maintenance
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% How are Conformal Coatings Applied @_ms
/ CONVENTIONAL - Dip Coating -

® Pros :
- Low Capital Investment
- Simplicity
- High Throughput (UPH)

® Cons:
- Poor Film-build, Inconsistency
- Material Contamination
- Requires Masking
- Safety & Environmental Issue
due to Exposure
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% How are Conformal Coatings Applied %) .
/| CONVENTIONAL - Brush Coating

® Pros :
- Low Capital Investment
- Low Skill
- No Masking

® Cons:
- Poor Film-build, Inconsistency
- Material Contamination
- Mechanical Contacts
- Safety & Environmental Issue
due to Exposure
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% How are Conformal Coatings Applied ().
| CONVENTIONAL - Manual Spray Coating |

® Pros :
- Low Capital Investment
- Simplicity
- Tooling

e Cons:
- Inconsistency
- Masking
- Emissions
- Cleanliness (Hard in Maintenance)
- Safety & Environmental Issue
due to Exposure
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% How are Conformal Coatings Applied @_ms
| ADVANCED - Automated Selective Coating ]

® Pros :

- High Consistency
- High Throughput
- Material Savings

- No/Little Masking

- Closed Fluid Circuit
No Exposure to AIR

ATCM45A & 9@\0
ol Fully Automated A
: —— Inline Con-Coating WorkCell
® Cons: _I.p 5

- Capital Investment

_________________________________________

%, VIDEO_Fully Automated TCM45A b
i~Tronik WORKSHOP 2015 in Venice, Italy

A TCMA45A Coating Applicator A NCAF-gun Film Dispensing
Dual Heads Configuration Works in 30° Tilting mode
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APPENDIX/1. VIDEO_Selective, Film Intermittent Coat_H. Motors TA-sensor_Korea.wmv

% How are Conformal Coatings Applied @_ms
| ADVANCED - Automated Selective Coating -

micro-Spray
Coating WerkCell

A EC0O99C, ECO150C
In-line, Convection Cure Oven
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% How are Conformal Coatings Applied @ms

Automated, Selective Coating / Film, Spiral Dispense mode

(€)eauyL v

Jofenuod) Gzsy
uny Apuspuadapu|

(D s 50)

A Three(3) Fluids
A NCAS_Spiral Gun Changeover Unit

@J S

CAF_Fim Gun

A PHOTO / Dual Heads A TCM45A
A PHOTO / Film Pattem NCAF with D752V Dispenser / Fully Automated Coating WorkCell

COMPANY CONFIDENTIAL TTnS Inc / E|E|HOASF) / wwwittns-group.com Page 20/60



% How are Conformal Coatings Applied
Automated, Selective Coating/ TCM45A WorkCell

® TCM45A | Features & Benefits

|. Precision Five(5)-axis Cartesian Robot ensures,
- Fully-automated, Selective Coating
- Virtually eliminates Masking & Coating Reworks
- Maximize UPH and Repeatability

ll. Equipped with ‘Easy Coating Manager @\WIN7
TTnS Exclusive Coating Program,
- Compatible with Windows 7
- Easy to handle, Even Entry Level Operator can use
- Performing Various Coating Patterns :
> ine-Coat, Area-Coat (beyond Area), Intermittent-Coat,

Spot-Coat, Tilting-Coat all sides by 30 ¢ Program Duplicate
and Impact Pulse-Spray Coat are available

@IJ-T“S

[

COMPANY CONFIDENTIAL TTnS Inc / E[E|RHOIA(ZF) / www.ttns-group.com
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% How are Conformal Coatings Applied @.m,s
Automated, Selective Coating / TCM45A WorkCell ]

[lI. Backed by Intermittent Coating Technology by aids of
Film NCAF-gun / millisecond Pulse-Timer

A Spiral Spraying Pattem
NCAS-gun @S6CN/S12CN

A TPC999
4(Ch) millisecond Pulse-Timer

1 A Bead Pattem ' A Spiral Pattem
A FCN Film Nozzle / Film NCAF-gun

|VV. Backed by Impact Pulse-Spray,
Dispensing NCAS-gun performs
tri-mode of coatings that Bead,
Spiral-Bead and Spiral-Spraying

A S6CN Spiral Nozzle / Spiral NCAS-gun
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% How are Conformal Coatings Applied

@I_]'Tns

Benefits / Film Intermittent & |.P.S. Coating Technology

Material Characterization Sheet

TTnS Inc.

Project: HMC-KIA Motors / Tail Lamp

FILM Application [
_____________________ o N
i #Actual Intermittent Coating / Polymer Resin | T

@150 < *Visual-bubbles < @350(um),

@25 < *Micro-bubbles £ @150(um),

QO O O O

TAIL LAMP CONTROL

" e

Q0 £ 1) ) 0) Ty fr4) )« .
. 2 A

P
T 0 .

WorkCell

5A

* MASKING WORK UNNECESSARY with CAF-gun / ECM_XP / TCM4

SELECTIVE CONFORMAL COAT

1. Sequence Number : T100630
2. Operator : Mr. T. S. Oh
3. Date of Test : 30-Jun-10

Rubber Resin
LSS-520MH

4. Type of Material :

5. Coating Material Mixing
(Undiluted vs Solvent) : Vs

6. Material Viscosity : 50(Cps)

7. Nozzle Applied : FCNS50 / Film

8. Micro Adjustment : 2(turn) open
#0One turn makes 500(um) lift-up

25(°C)

RH20%

Vessle 39(PSl)

9. Material Temp. :

10. Fluid Pressure :

Trigger Pressure : 75(PSI)
11. Z Coating Height : 10(mm)
12. Coating Velocity : 200(mmi/sec)

#Opened

13. Film Thickness : DFT 28(um)

#Comments : 1. Film single pattern width and overlap reads 12.5(mm) @10(mm) away and 1.0(mm) respectively, < COATING LAP-TIME : 12(SECS)
2. This DEMO was performed with FCNS0 / NCAF-gun / TOMASA for HMCAUA. 3. Any question about the demo results will be appreciated.
TTnS Inc. : 702 A-building, IT Twin Tower, 442-17 Sangd dong, Jungwon-gu, Seong: ity, 462-120, Kyunggi-do Korea TEL 070-7090-9892-6, 9879(Laboratory), FAX 031-736-3117, www.yttns.com
=~
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% How are Conformal Coatings Applied @_,m
Benefits / Film Intermittent & |.P.S. Coating Technology ]

@,—, Material Characterization Sheet
nS

*equivalent Dry Film Thick: 60(um) / "C346" o8 ing SELECTIVE CONFORMAL COAT

Project: Palmela Plant, Visteon
Conformal Coating / Spiral Pattem with Triple-Guns

_'_'_Q\f’ —__""’_!']':I]]]]]IIIII
I

! 1. Sequence Number : T140204

Qual-Build

— __{ —

@ PCA Automotive / VISTEON | 2. Operator : Jayden Jang / Dave Kim
@ I *Silicone Resin Dow3-1953 / Curing at 60°Cx10min |
(3 *Super Micro-bubble << @50(um) @50  sMicro-bubble 5 @200(um) @200 % *Visuai-bubble < @600{um) *Mega-bubble = @600{um) 3. Date of Test : 04-Feb-14

|
i 4. Type of Material : DOW3-1953

i *Silicone/Dow Comning

| 5. Coating Material Mixing
'l (Undiluted vs Solvent) : Vs

*Solid 100% Mat

6. Material Viscosity : 350 (Cps)

7. Nozzle Applied : S6CNS50 / Spiral

8. Micro Adjustment : 100/50(turn) open

One kes S00(urm} it

9. Material Temp. : 24 (°C)
RH45%

10. Fluid Pressure : Vessel 30 (PSI)
«Trigger Pressure : 72 (PSI)

*Atomize Pressure : Flat 12 (PSI)
11. Z Coating Height : 6/12/14 (mm)

12. Coating Velocity : 170, 200 (mm/s)

13. Film Thickness : DFT 60£5(um)

APCA Size: 224(W)x194(D)mm

e

#Comments : 1. Spiral single pattern width and averap reads 12.0(mm) @12(mm) away and 1.0mm respectively. ¥ COATING CYCLE : 12+4 = 16(secfun|()
2. Coating application with TCM45A' has been controfled within (2)5% fuctuation in terms of materal Sowerate, and (£)3% fluctuation in ferms of cperating vessel pressure

3. Actual PCBA sze reads 224(Wx194(D)mm
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% How are Conformal Coatings Applied @_ms
Benefits / Film Intermittent & |.P.S. Coating Technology ]

® Case Coating with 24(unit) Tail-Lamp control PCAs arrayed,

> |SSUES : 1. Coating without masking r_;‘;;\_I_II_)_E_é__:IT“r;;%}[r;\_&;);t_i;\_g_fé;\;lzl;&;_q H

2. Cycle-Time reduction seems so hard. | 7ok WORKSHOP20L5in Venice, taly | (0t vere

Currently Cycle-Time has been barely 50(sec/pca)
3. Bubbles forming over the film has been Issue.
> Solution : We made it in 10(sec/pca) at no masking whereas Cycle-Time
specified was 50(sec/pca), moreover, the bubbles become controllable.

® Case Coating with 3(unit) C346 PCAs arrayed, ";;;{,]'D'E'é:ﬁr];]}:s'. Coating TCM4SAD | H
> ISSUES : 1. Coating without masking
2. Cycle-Time reduction seems so hard.

[ S SV VU P S SRS SN S S o click here

Currently Cycle-Time has been barely 30(sec/pca)
3. Bubbles forming over the film has been Issue.
> Solution : We made it in 12(sec/pca) at no masking by aids of “Impact Pulse-Spraying”
technology which enables three guns dispensing in synchronized.
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APPENDIX/2. VIDEO_Selective, Film Intermittent Coat_H. Motors Tail-lamp_Korea.wmv
APPENDIX/3. VIDEO_Selective, impact Pulse.Spray Coat_3Up Synchronized_Visteon Brazil.wmv

% How are Conformal Coatings Applied @_ms
Benefits / Film Intermittent & |.P.S. Coating Technology ]

® Case Coating with Bullet-Train IT control PCA,

> |SSUES : 1. Coating without masking
2. Cycle-Time reduction possibly

| %,VIDEO_TTnS Film Coating TCMA45A D> | H
l i-Tronik WORKSHOP 2015 in Veenice, Italy |
NN YAV MRS SN NN AR SN AN A o click here

Currently Cycle-Time has been barely 60(sec/pca)
3. Visual bubbles free and fine edge-definition
> Solution : We made it in 32(sec/pca) at no masking
We made +£0.25mm fine edge film where the bubbles become controllable.

® Case Coating with LED Lighting PCA,

o
i

> ISSUES : 1. Coating without masking
2. Electrical Insulation has to be OK N *dickhere
against water droplets test.
3. Bubbles forming over the film has been Issue.
> Solution : We made electrically well insulated samples in 68(sec/pca) at no masking
by aids of “Impact Pulse-Spraying” technology.
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APPENDIX/4. VIDEO_Selective, Film Intermittent+Tilt+Spot Coat_Telecom_Korea.wmv
APPENDIX/5. VIDEO_Selective, Film & Impact Pluse.Spray Coat_LED OES_Canada.wmv

% How are Conformal Coatings Applied @ms
Automated, Selective Coating / TCM45A WorkCell ]

XTDS_Pulse-Action C.Coating Application P

i
|
i-Tronik WORKSHOP 2015 in Venice, Italy |
7777777777777777777777777777777777777777777777 I~ e clickhere

V. TCM45A Self-diagnosis function detects the system
faults and displays real-time on the screen.

- Pre/After-Purge Fail_interlock
- Gun Trigger Pressure Low_interlock )
- Atomizing Air Pressure Low_Iinterlock ~ fresemammmemee l
- Syringe Pressure Low_interlock ‘
- Accidental Door Open_interlock

- X-Y-Z Robot Overrunning_interlock

- 30° Tilting Outrange_interlock

- VOC Vent Fail_interlock

- Conveyor Jamming/Time-out_interlock
- Fluid Level Low_interlock (option)

A Error Message Pop-up
/ Troubleshooting
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APPENDIX/G. TCM45A Visteon Palmela_Pulse Dispense.pdf

% How are Conformal Coatings Applied @.m,s
Automated, Selective Coating / TCM45A WorkCell ]

VI. TCM45A Underbody Platform is constructed with
a single-body, Robust Welding Structure.

e
A Robust >
Understructure of

" A Fluids Delivery Gircuit
— : TCMA5A WorkCell Assembly

VIl. TCM45A Coating WorkCell is equipped with,
A Precision and Multipurpose Fluids Delivery Circuit, as standard,
for appropriate responding to various Coating Materials & Applications.
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% How are Conformal Coatings Applied @mg
Automated, Selective Coating / TCM45A WorkCell ]

VIII. Utility & Safety Requirements / VOC Vent
- Necessary to maintain a safe environment inside coating and
curing chambers LEL({Lowest Explosion Limit) : under 0.6% vol.
- Typical Coating WorkCell
15-20(CMM) thru 6” Damper @1.0" WC
- Typical Convection Curing Oven
4.0 (CMM) thru 5" Damper @0.5” WC

2% Inline IR Oven is not recommendable for Conformal Coating Cure due to Bubble Issue

¥TDS_TTnS, C-Coating WorkCell TCM45A P H
i~Tronik WORKSHOP 2015 in Venice, Italy
T T T s L T S B eclick here

| XTDS_TTnS, micro-Spray Coating WorkCell !
| TMCM16A P> |

e click here

XTDS_TTnS, C-Coating WorkCell TCM45A* P

i~Tronik WORKSHOP 2015 in Venice, Italy
——————————————————————————————————————————————— e click here

e ey
|
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|
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APPENDIX/A. TCM45A_Con-Coating WorkCell_TDS.pdf
APPENDIX/C. TMCM16A_micro-Spray Coating WorkCell_TDS.pdf
APPENDIX/B. TCM45A+_Con-Coating WorkCell_TDS.pdf

% Design Considerations for C-Coatings @-ms,

® Feasibility study for The Coating PCA
STEP #1

- Target Throughput (UPH)

- Information about Coating Sides & Dimension

- PCA edge handle-able dimension with minimum
3.5(mm) edge-clearance opposite sides

- Specification for The Bubbles & Edge Definition
- Propriety of the Substrates Cleaning prior to Coating

- Selective, or Broadcast Coating

- Heating temperature limits once the curing specified
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% Design Considerations for C-Coatings

® Feasibility study for The Coating Materials
STEP #2

- Trying to Protect against Mainly What?
/ Solvents, Humidity & Dirt, Vibration, etc.
- Planning to use What Type of Curing?
/ Convection-Cure, IR-Cure, Humidity-Cure, UV-Cure
- Propriety of the Selected Coating Material
in view of environment & regulations. . . ..
- Granting Priority to What?
/ Coating Quality, Productivity, VOC-emissions, Others

@]’Tns
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% Design Considerations for C-Coatings

® Feasibility study for The System Appropriate
STEP #3

- Working Hours & Shift per day over anticipated
volume per year

- Decision Batch or In-line production based on
roughly 100(units) per shift

- Space Available for the system set-up

- What Material will be used?
/ This may dictate the curing requirement & type

- Primary Utilities Availability including ventilation

______________________________________

X Refer to the following. . . .. | |
| i~Tronik WORKSHOP 2015 in Venice, Italy 1
L elick here

@]’Tns
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APPENDIX/D. Pre-Quote Questionnaire for C-Coating_TDS.docx

X Issues & Solutions in Conformal Coating ().
Acceptance / Rejection Criteria for CC Application A

® Acceptance Criteria : xRef./ NASA-STD 8739.1A / IPC-HDBK-830

- PCAs shall be properly cleaned and dried prior to coating.

- Conformal Coating Film is uniform in color, thickness, and texture,
tack-free and shows proper adhesion to all coated surfaces.

- Conformal Coating Film covers all areas and has a smooth continuous
surface which follows the contours of the PCA. Minor pull back from
sharp points and edges is permissible, unless otherwise specified.

- Conformal Coating Thickness shall be determined using wet film thick
gauge, or other tool on flat surfaces of the PCA or on the conformal
coating specimens. Equivalent Thickness as Altemative !!!

- Conformal Coating shall be Free from Contamination.

- Conformal Coating Material may bridge between adjacent part leads
providing stress reliefs are not negated.
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X Issues & Solutions in Conformal Coating ().
Acceptance / Rejection Criteria for CC Application A

® Rejection Criteria :

- Conformal Coating Material used after shelf-life expiration

- The Bubbles or Bare-spots bridging two electrically conductive parts,
And larger than 600~750(um) in any dimension

XRef. | IPC-HDBK-830 states
Bubbles are bigger than 50% of the Distance between Conductors and they expose to
Conductor, Bridge of Lands or Adjacent Conductor Surfaces are Rejection.

- Conformal Coating Film exhibits pinholes, scratches, wrinkling, blistering
& peeling, cracking and discoloration

- Conformal Coating Film exhibits excess runs, fish-eyes and/or de-wetting

- Conformal Coating, any signs of Contamination (Flux Residues, Loose Particles)

- Conformal Coating Material bridges stress relief areas thereby
negating stress relief
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X Issues & Solutions in Conformal Coating ().
Acceptance / Rejection Criteria for CC Application A

® Major Issues encountered in Conformal Coatings :

- Coating Thickness : Critical, and has to be managed properly
XIf the film is too thin, The Coverage becomes Poor,
Too thick, the residual stresses on solder joints & specially

glass-bodied components can be a problem. /cf. with ER, some UR
®AR/DFT25~60(um), SR/DFT50~125(um), RR/DF T20~40(um) recommended

- Coating Coverage : Points & Edge
XGravity, surface energy in liquid coatings prevent
film build-up from sharp points and/or edges.
XInadequately coated conductors can easily develop circuitry
malfunctions. eMulti-Coat can be solution for such difficult-to-cover parts.

- Bubbles : They normally originate from air trapped underneath
components and at solder joints.

COMPANY CONFIDENTIAL TTnS Inc / E[E[HOAZF) / wwwittns-group.com Page 35/60



% Issues & Solutions in Conformal Coating ().
Bubbles Form in the Film -

€
® How The Bubbles Form? bg 3
o
: : : : 38 5
- Higher Viscosity of the Fluid 54 g
: Disturbs bubbles burst-out 2E § 3
. . T ¢ | >
- Dispensing Overlap | gé -
: Physical reasons / unavoidable >3 \,,’('}\
- Radical, Heat Impact 2 v

. Insufficient flash-off time,
prior to curing oven
- Substrate, Components’

Pores and/or Recesses
. entrapped air & moisture

- Residual Bubbles
INn the Pressure Pot

W
6@»%0 |, Primary-Bubbles

25(um)= @ <75(uim)

A AECU/ Secondary-Bubbles Form| | a AECU / Primary-Bubbles Form;
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% Issues & Solutions in Conformal Coating ().
Bubbles Form in the Film -

® Remaining Bubbles as Time goes-by
—~ DO \ —~ O
£ c g =
£ & =
S g S 8
et ) O
— .0 [QVIRL
5 a5
&£
2% 5=
0% 0%
an a
@Remaining Bubbles
as time goes by - = L
*1B-31 LOC @200(Cps)
O o A PHOTO
£ £ (== Bubbles form on PCA
E¢ =
© a =~
g S %
~ 0 ~ 0
s ‘a‘; M
~r O
(@) cg:’ o K=
= =<
(o} = o >
IS IS
awu a
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* Issues & Solutions in Conformal Coating ().
Bubbles Form in the Film / Conclusive Summary -

® Undiluted high viscous materials (0>200Cps) for CC application

is inadequate in terms of both productivity & bubble issue.
- No matter what flash intervals may be useless at very thick materials such (02250Cps)

® Diluted possibly lower viscous materials (0<100Cps) appear to be

most ideal answer for CC application regardless input substrate.
- CAS/#40 fluid system along with 200~100Cps 1B-31 LOC and substrate pre-baked

at 85°Cx20(min) made fairly transparent bubbles-free film whereon most areas but
but underneath tiny components
® In solvent based CC application, securing solvent flash-time
appropriately appears to be more essential for bubbles-free,

regardless material properties and/or dispense conditions.
- Depending on material, more or less 4~6(min) flash-time will be OK in most cases.

® What bubble forms in liquid coating is natural phenomenon inevitable
and thicker material needs longer flash-time in bubbles burst process.
- Overall taken time to completely burst-out the bubbles is proportional to the viscosity

of the applied coating material.
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% Issues & Solutions in Conformal Coating ().
Bubbles Form in the Film / Case Study -]

e The Effect of the bubbles : xRef./ NASA-STD 8739.1A

- Bubbles bridge uncommon conductors, trapped moisture, contaminants
may reduce insulation resistance or cause shorts and possible arcing.

- Drying & Curing schedule can also affect bubbles.

- Thicker Coating Applications, degassing in a vacuum chamber
will remove entrapped air.

® The Bubbles Categorization . . . Suggestion!!
(1) Super Micro-bubble; B < @50, (2) Micro-bubble; @50 < B < @250
(3) Visual-bubble; @250 < B < @600, (4) Mega-bubble; B 2 @600~750
»*Mega-bubble observation to be estimated Reject

® Terminologies of Long Term Reliability & Test
(1) Loss of Adhesion, (2) Film De-wetting, (3) Film Bubbles
(4) Film Blistering, (5) Film Cracking, (6) Film Discoloration
A MDPS / Mixed-Bubbles Form (7) Film Peeling, (8) Film Scratch, (9) Film Degradation

Primary, = Secondary Bubbles . ) .
(10) Film Edge & Point Coverage, (11) Film DFT /WFT
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% Issues & Solutions in Conformal Coating ().
Bubbles Form in the Film / Case Study |

* 48 Secondary-Blibbles
9 ‘f“ stuck on non-conductors

V. Closest
Track Space /IC

S S
-

AAECU / Primary-Bubbles Form AAECU / Secondary-Bubbles Form AMDPS / Closest Track Spacing

@0" I1I. Secondary-Bubbles
‘l~ stuck on conductors

Bubb
B3425(um)

AAECU / Secondary-Bubbles Form AAECU / Secondary-Bubbles Form AMDPS / Caution in Assembly
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X Issues & Solutions in Conformal Coating ().
Ref. / Preventing Whiskers by C-Coating 1

® The Generation of whiskers in lead-free solders,

Whiskers :

- A pure, mono Sn-crystalloid

- Start to generate, @4:;; ..
roughly 500hrs after soldering .
and last until saturated, more or less 1,000hrs after

- Number of whiskers 4 -
tend to be proportional to
the amount of moisture

and time exposed

A NOTE
Reported by D-company in Japan, Automotive PCA supplier

E

4 PHOTO:
Whiskers

on a solder joint
/ EDGE
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% Issues & Solutions in Conformal Coating (%),
Ref. / Preventing Whiskers by C-Coating -

® Where the whiskers come?
Eventually caused by increased inner-stress of the metal,
originate in the corrosion & volume expansion fact

Formsen Non-corrosive Whisker
_ area
[ L] Eg - P

Figure 2. Electrochemical migration even
Figure 1. Massive corrosion on an assembly. under protective coatings.
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X Issues & Solutions in Conformal Coating ().
Ref. / Preventing Whiskers by C-Coating 1

® What's the solution?
- Entirely isolate the metal from the air by the appropriate,
bubble-free & better adhesion of conformal coating film
- Suitable pre-cleaning is essential for better film adhesion

e Harmful-effects of Flux-residue over Whiskers?

XSimulation (a case study)
- Test sample PCAs are pre-cleaned for 3(min) dipping in solvent,
then performed additional ultrasonic cleaning
- Observe the generation of whiskers in each case of C-Coated PCA vs None

*Results. . . .. refer to the bar-graph on the following page
Substantially Big Difference in number of whiskers was confirmed
» None c-coated PCA / Many whiskers with 104(um) tallest observed
» C-coated PCA / No more than 5(pts) whiskers with 30(um) tallest observed
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 Issues & Solutions in Conformal Coating ().,
Ref. / Preventing Whiskers by C-Coating -

V¥ Applied Conformal Coating Material for Simulation: Acrylic Resin / Moisture Proof / DFT 20-30(um)

_ B0 60

% 50 8 50

€ a0 L,

E S 40

G 30 ‘S 30

2 =20 E 20

g 10 E 1w

= o 1 I I ' } = o | | 1 1 1 1 1 1

SRS EAEEE LD A A A A
- & R ¥ B B R & - § E E S - ™ @™ = i @ = m é
Whisker length (um) Whisker length (pm)

A NO CONFORMAL COATED A CONFORMAL COATED

® Conclusive Summary of the whiskers issue
- Solder Corrosion is one of root cause for the whiskers
- Moisture is the key factor to generate whiskers
(Number of whiskers generation are even proportional to moisture amount)
- No flux residues & fine pre-cleaning can reduce whiskers considerably
- Kinds of applied coating resin, if flux-coat have no relation to whiskers
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X Issues & Solutions in Conformal Coating

Ref. / Preventing Whiskers by C-Coating

@]’Tns

XConformal Coating Materials / Common use in Japan / with Film Application

MAT'L PRODUCT ACTUAL MAT'L PRODUCT | ACTUAL
.................................... MAKER |- AR IR VAR MAKER
Type NAME DFT(um) Type NAME DFT(um)
_ Hitachi Kasei TF1141 5~100 Seimi Chemical STO311 10~15
ARCerZi": Hitachi Kasei TF1147 20~80 ngsriige SAIKIN MS 171 026
Humiseal 1B66 5~80 ASAHI GLASS EC400 20~30
Hitachi Kasei TF1154 20~80 Rubber NITTO SHINKO LSS520 20~80
Urethane | Humiseal 1A27 20~100 Resin Humiseal 1B51 20~40
IResin ZEON Quintone160 30~180 Vinyl FUJICHEMICAL |  434-A 10~20
sanej SafetyCoat 10420 Resin Sunhayato AY1000 10~20
Dow 22tz 50~220 Polyester | FUJICHEMICAL |  435-G 30~50
Dow H22D 15-60 Resin SANWA CP-1000 20~40
Dow H=2C 520 Phenol Resin | Mitsubishi Gas R505 10~40
Silicon ShinEtsu KR-114 20160 Epoxy Resin Ablestick 150-4 5~7
Resin ShinEtsu | KE-3420(solventless) | 60~100 Wax Resin EAB8t SP-T-2 300~500
TORAY SE9140 250 XAppropriate Dry Film Thickness for Automotive PCAs,
TORAY BC:1-9420 50 If it runs car-inside, covered : DFT20-30(um), Sharp Edge 2 2-4(um)
TORAY AY42-351 20 If it runs near car-engine : DFT30-50(um), Sharp  Edge = 3-5(um)
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X Issues & Solutions in Conformal Coating

Bubbles Form in the Film / Case Study

® Conclusive Summary of Issues & Solutions

- TOP5 Common Errors in PCB Conformal Coatings

- Coating Quality Control to be executed by TTnS
exclusive detecting system based on Continental

Inspection Protocol, that is

(1) Dispensing Pressure, (2) Dispensing Volume Control at Real-time

__________________________________________________________

| XTDS_C. Coating Quality Control in Mass-Production
i i-Tronik WORKSHOP 2015 in Venice, Italy

Ty
[

__1 ‘e clickhere

e click here

[
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APPENDIX/H. TOP5_Common Errors in PCA Conformal Coatings.pdf
APPENDIX/TTnS STD process of Flow-Rate monitoring/TTnS Standard Process of Flow-Rate Monitoring.pdf

% Curing Considerations @ms
ECO99C / Bubble-free & Energy-saving 13

® Bubble-free & -
Energy Saving |

Curing Solution. .
/ Magazine Cyclic Move

X Refer to attached reference
drawing for Typical Inner View

A Display Window

AECO99C / Front-View
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APPENDIX/6. VIDEO_TTnS ECO-series OVEN.wmv

% Curing Considerations @ms
ECO99C / Bubble-free & Energy-saving 13

® £CO99C / Electric-powered, Inline Convection Oven (pAT.10-0550606)
- Provides,
Bubble-free transparent films at no UPH sacrifice
and minimal 50% of energy+space saving thanks to patented,
virtually extensive Flash-off time & Selective Curing Ideas
- Compatible with Most solvent-base materials Curing,
such for a few minutes thru an hour at below 100°C  ~150°C/ option
- Homogeneous Temperature Profile controlled within £3°C

® ECO99C / Features & Benefits
|. Electric-powered, Inline Convection Curing Oven
- Fully-automated, Selective Curing
- Virtually eliminates Power Consumption & Available Space
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% Curing Considerations @ms
ECO99C / Bubble-free & Energy-saving 13

v 220(VAC)x3()x60(Hz)x10(Kwh) *Ampere Peak/Idle - 30(Amp)/16(Amp)

ll. Magazine-basis Curing secures Extensive Flash-time,
and it leads to Bubble-free
- Accomplished bubble-free transparent Films

lll. Better Working Conditions provides User, Environment Friendly
- Easy Operation & Maintenance
- Compact Design for Lower-investments & Running-cost
- High Performance of the system with Self-Diagnosis

V. Free Knocked-down Structure with
advanced Insulation-Panel
V. Safety Interlocks of the System

AlInsu-Panel Comparison
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% Curing Considerations (%rres

Ref. / Typical process with existing IR-Oven

® Central Exhaust Duct (5% Hi|7| S &)

A @
J @
Coating - {!P =S R
Robot | *PCI; Cooling =
. Zone
A ﬁ ﬁ Inward Outward
elective Coa _!_ _’ *Electric Control Unit / /
m Hot Air Circulation Unit PCB Transfer
Electric N Sonver
Control Unit | IR Oven
H IR + Convection Oven
. u‘ -
PCB Coating Zone N Coated PCB Curing Zone
CeECEEDE | (PCB A= ZH
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% Curing Considerations @ms
Typical process with TTnS curing solution iz

v A NEW CONCEPT OF CONFORMAL COATING SYSTEMS |

' HEATING HOT ATR
: Chamber Cireulation

BExat
Vestibule

Bkt Al BTI
\\
A = r
|
|
2y ; :
smesmmeise| |
| k
i Hek Alr Bllew
TCMA4S5A ALVINTRAM EC099C

ng B 0 rne Tur
PCBA Coating Magazine Based-run, Selective Curing Oven
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% Curing Considerations (%)
EC0O99C / curing oven, Typical Temp. Profile .

TRIG]
L e R e B S SR L EE SEEEEEEEEREEEEt

mess—— | TOP/Right : : : : :

e | TOP/Left : ; | 5 * Date of DEMO : Dec. 30, 2010

s | MIDDLE / Ambience : I T T T T * Curing Condition : 80°Cx15(min)

----- Emmmmm— | MIDDLE / Center | [T s @ Magazine Cycle-Time : 7.5(min)

S | BOTTOM /Right [ ! : * Flash-Time : Min 7.5 - Max 15(min)

! BOTTOM : e | STy :
OTTOM / Lef | . .

..................................

e N

After Heating-up

i
| .
____________________________________ f— !
' 4' : }® 75:O°C : : @ ;322 : :
) oo © e 75.0C . 6Tk [
: il : T @ — 73ge O m— r
i [ e i i
| R R 1!_}_____,___' Magazine :r @ 715c.. ) O Wemm—708C: S N
) 5 i1/ )cyclicmoving! i | I 743TC ¢ 0
o : L/ : o i &
= = L = ) = e m :
"""" Flash-off Zone | AT Heating-up+Hold |31 Temp. Holding#1 |~ T Temp. Holding#2 "1 "7 CoolingZone =~~~
5 | (7.5mins Stay) =T (@S5minsStay) | | | | (@SminsStay) | N | (7 .5mins Stay) i (7.5mins Stay)
| ) v | . | .
= E | SRR N e S T SN O SRS SRR SR e
g 00:00: 00 00: 0500 00 :10:00 00:15: 00 ot e 00: 25: 00 a0: 30: 00 00:35: 00
il meE,

I Time Elapsed (minutes)
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% Programming / Justification Guidelines (%) r1us
Easy Coating Manager / WIN7 -

® ECM v2.0 WIN7 / EasyCoating Manager / TTnS exclusive
- Graphical interface /JPEG file importing for programming
- DWG file interface(option)
- Internationalized software
- Zoom In & Out
- Position Detect

® Capability of performing Various Coating Patterns,
- LINE coating menu
- AREA coating (beyond-area coat) menu
- INTERMITTENT coating (mid on/off coat) menu
- SPOT coating menu
- TILT coating menu (all sides by 30°)

- PULS E'Sp ray coati Ng MENU  xTPC999, 1/1000 sec scale controlled
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% Programming / Justification Guidelines % rins
Easy Coating Manager / ECM_WIN7 .-

® ECM_WIN7 Graphics Display

H PCBA PCBA
—— Ww VCM CONTROL BOARD
Type |MidOn/Off | Seq Nao. |13

l—ilrmACTUAL COATING PROGRAM with ECM_WIN7

Type
E
& Line Il Conformal Coating Machine C:WC-CoatWCcoat.exe Version 1.5.0.0

g PDEMDHT'_ W-lt::ul Motion M ProductName (Y GIEEIERE

PCBA PCBA
B Feceelt 11 MicroQ Tomy ToED Length BENEM mm  wicth JEEKUY mm 2% Set Conv' Width
Start  [-187.00 50.00

Type |Line -] SeqNo.[ez
End [25.00 50.00 Move

Description
[Non-costing Posiion |

Line Type
Start Hove| Teach) & Film Coating
€ Line Dispensing
0 Move] Teach (XY Posiion—— 1~ Without Motion Movement
X ¥
M‘ Start 13300 76.00 Move | Teach
- 0 Add
e_lz50 -eauu - s Fragon [oz.00 Mﬂl
Advanced

ik
2 Heigf

[ Use 7
'A 2 Coating Height  [10.00 250 <)
R
2 Apprasch Height [10.00 epent —
T - —I

[Tt

LI

Test

Close | Delete

21 56-150-1 -1 38-132-125-120-11d-1

New l Add| IMndiin Dele

X_Y = (-383.120. -105.000). Mouse Pos = (-82.000. 44.000) ¥ Snap Visible: ¥ ltem ¥ Mask [ Grid F Image Y Jog o Lo
CAF(1)Gun o 2 Height(Detaul) Use ﬂm o
( 200 (Cnat\ng 1280 Approsch [30.00 ‘ A J ﬂ Unload
Type [StatX_ [StetY  [Endx_ [EndY  [Tit_[Theta[Dir [2 Cnat'lZApva‘SpEEdIRpt|Desmpunn =] 1182-186.180-174-166-162-155-150.1 44-1 351321261 20-114-106-102.66 80 164 175 |72 .65 |60 -54 48 |-42 136 130 124 148 112 6 — I e I Mud"yl —— I Cam:EII Stop

i,
9 MID -152.00 76.00 -10.00 76.00 a0 X 1000 1000

Y
27600 70.00 @ X 1000 1000 | ‘i 7| - 283120, -105.000), Mouse Pos - (-118.000, 68.000)F Snap Visible: I tem ¥ Mask I Grid [ Image Ydog——————————rZdog—y —
O foul
2300 600D L = Tool : CAF(1)Gun eI Solvent Cup
48700 5600 X -‘ ) / ;\ 2.00 Costing  [12.50 Approach [30.00 - A J
Move Z8afe

q
1
1
1
1
1
1
1

No. [Type [StatX  [StatY  [End®__ [EndY _ [Tik IThetﬂIDu IZCDat‘IZApvaSpEEdIF\pt|Descnpﬂun |

Spece! 3000mmés Fg o 000 2200 17200 2200 X 1 | xr - Purging
19 [MD 14300 1600 1000 1600 S0 X 1000 1000 250 |1 -

- = 20 |MID 1000 1200 17500 1200 90 X 1000 1000 250 1 » et
21 [sPOT 189m0 73.00 00X 1000 1000 1 L B / 4 [
# Program o Settings Hel &L d i & l‘

Help
23 [LNE 15600 11800 12000 11800 0 90 X 1000 1000 300 |1 oo .
4 |sPOT -0700 11300 o 0 X 1000 1000 | Res s 500 Coating

®¥zuipy= 0, 0, 0, 0O [*¥ZU{mm) = 0,000, 0.000 , 83.500, Theta= 4,00 |PCB(mm) = -383.120, -105.000, 83500, Theta = .00 _UNE Msnn 11000 msm 8300 o v mnn mnn |

» Auto % Manual & Program (Semngs Help | & Lock | [ exi |

M@ - 0 5, 0, 0 fzUmm- 0.000,0000 , 63500, Theta- -4.00 [PcB(mm) = -383.120, -105.000, 83.500, Theta = -4.00
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% Programming / Justification Guidelines ().
Questionnaires? Hi=

® What are my current material costs?
- Coating materials
- Solvent
® What are my current masking costs?
- Materials (masking tape, Boots, etc.)
® What is the current time to complete masking &
de-masking for all products?
e What are my current utility costs for conformal coating?
- Ventilation
- Electricity
- Compressed Alr, etc.
® What are my current rework costs?
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% Programming / Justification Guidelines
Questionnaires?

® Do [ have VOC issue in the facilities?
- Coating VOC contents
- Solvent VOC contents
® What are my inspection costs?
- Rework associated with inspection
- 100% inspection necessary

Thank you so much for the time with us !!

@]’Tns
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% Typical Systems Layout. . . . Appendix ().
WHAT DO WE OFFER? =

e A Total Systems Solution

- Selective Coating Module / TCMI45A, TCMA45A plus, TMCM16A
/ NCAF(film), NCAS(spiral), D752V(dispenser) Applicators

- Material Handling Modules
/ Loader, Exclusive_Unloader, Inverter & TR-Conveyor

- Selective Convection Curing Module /ECO99C, ECO150C
UV Curing Module
- SMEMA Interface Spec.1.2 Compatible

e A Configurable Systems Solution
- Mix and Match of the Modules to meet various
requirements of the Applications
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X Typical Systems Layout. . . . Appendix
Fully Automated C-Coating with Single WorkCell

@A]'Tns
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% Typical Systems Layoult. . . . Appendix

IJTHS

Fully Automated C-Coating with Dual \WorkCell
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PCB max. : 330(W)x440(D)mm n o= Bubble-free & Energy Saving Solution
SQ475-MZ: 475(W, D)x520(H)mm n '

PCB max. : 400(W)x450(D)mm

Y-MZ: 400(W)x460(D)x575(H)mm X Conformal Coating Systems with TTnS @
Z.11NnS

SL Corp. / Automative
@ PCB Loader - Inverter - Coating WorkCell — PCB Unloader - Curing Oven - TR conveyor I

(KL-900Y)  (KIV-420Y)  (TCMA4SA/TCMA4SAY) (KU90-900Y) (EC099C) (TRC-200)

U

A PHOTO / Dual WorkCell + IR Cure_Automotive A PHQTO / Sing_e Wbd(Céll + Convéctioﬁ Curé_Aufomotive
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