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A 2% ol2d wiE U AY A7

A 13 3ohE PCBY o237 ujFj

A AZEE-E AEY 17]5Eket Ast FAl 8FEE Uges I
Asta Qi olzet ®3te] wep IAfR]= 7] (Printed Circuit Board,
PCB)2 & Ao AEy AY 74 3eS =ol7] fsl A o5t
(Multilayer) &2 sttt 1th5(High-Multi-Layer) PCB&= 4% o4
o] ZAF(Copper Layer)dt HAZF(Dielectric Layer)& Wtz AHIe X
2, A4, ddF, IgRESS AR vixlste] 3= 7+ IS FHAa
sfotal 1EE 3= FHo] Jheote s AA . ofeh g2 FxA FRoR
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7], Wrglare] gu] 5 thekd Hopollq @4 HEow AgET gl

4layer- PCB 8lLayer- PCB 12Layer- PCB
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[1% 2-1] Zt}F PCBY] §-& wobFd Wi AlFE A
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BELO 4714 428 7FssH ol 71Hdyh

_2_



(Copper), EEZ(VIA) 181 ZWH Z=FZ(Plating Layer) o2 o]Fo]z]u,
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BHO A #AFeR 74 S2 A= Wi g st BASS
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Al 24 AdgH &£6g9 o4 H7F

2 Ao ArgE AFEE & (Selective Soldering) AHl= Apollo
Roboticsiit AF-4050A Hd=, 2 A d-EH™ 9 A 42 st
o] ZpF3et AlAE WollA AEsHA Alofe & e ot

B L XY.Z 35 28 Ao AAHS 7dtoz slo], ZHA BEA &

Nozzle) 2 A& o] it
EYA FULS AHA BEAF Alo] ®HAS AFgoto] ZE A0l BAlF BAL

R |

eS FEshA 2dsi, st AlA eyt =
]

EY

flo
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i

et

ot |
ol

u

El

2-3]e] EA|5HT

(& 2-2] AEE &HY FH] F8 ASE

T ApeF
A d o 500 mm x 400 mm
AH]HE 11KW
BHA37] 1200 (W) x 1930 (L) x 1527 (H) mm, 750kg
A4 AC 200 ~ 240V, 50 ~ 60Hz, 34
A A Flux T2 Unit, Pre—Heater, Auto Solder Spot
on e X-Y-Z 2% Aol A% ¢ F7F Unit




| * 2 A (Flux) 2 At HOLE

[FLUX = AL Unit]

* H|H CEMERA

[PRE-HEATER]

* NOZZLE

[SOLDERING]

Apollo Robotics iit AF 4050A

(13 2-3] AEEE &ug AH|(AF-4050A) @ =g A=

A E]H £ 7 (Selective Soldering)> SMT2/THT? 27
A HAR S5 g 7leR, A4 7S dEAoR HHsh= folE &4
@ (Wave Soldering) 5789 HAIE Hekslr] ffaf aet= . 5] 1ok
PCBY d&wo] & 1de 7|dos HA 7k Al #<E(Overheating),
2~ 4 (Flux degradation) 59| wA17F YAsH] o

o, B4 HE RO JUsh] G HTT 4 ok AeEn &6 Aol

]l

[¢]

~

42 Z3924 T (Fluxing), ¥ (Preheating), &t % (Soldering), §Z
(Cooling) 9] Y] GAZ FAE((B. Tolla et al.,2016), Z+ GA= A= 71d
SHA A=l 378 AAY] FH FFS

Ees £n Wl 34 Ee Asetg 4715
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2) SMT(Surface Mount Technology) : ¥#%< PCB ¥Wd| 24 A3sl= w2l
A
=

3) THT(Throught Hole Technology) : &3



(capillary flow)S& AT, E2H A0 T xgke EARF(Flux Volume)dt
2A} grele] oJs) Alolsied), BEE 7
Wol & uRe FBd suH7 %o
(Incomplete solder Joint)o] HHAY

e =Y~ FASE AL, VT L&

s A
(Thermal shock)& WA|al7] 918 3ol o] DAClAe] aAe 27 &

B

T B (Interlayer temperature imbalance)2 Z|A3}cl= ZHolth, It
PCB+= WF 5ol B2 WE d55Fe] 27 giol, stEsa 475e
2T JAE fGA BRI oleet 2k Ed 2 HY H&(Viscosity)2t &
A= Surface tension)of] &= Fol, &5 H9 Fsd= AsHAIH. o
A of|d Y2 HEF 150 £10 C H= AAstH, H4IR) dlE E=
dZF(Hot Air) A2 HFHAHo g 7tgste] 3t LEALE Fol+= Aol &
astet. odo] HEshd £AFo dsht HiE](Delamination)?h dojubal,
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A1dE A

1L Add 52

H ool BAe ythE(High Multi-Layer) PCBojA] AdElE &He 2
do] 745 Sl 6, F8 34 Hed E=EA FARF(Flux
Volume)™ &6 2% (Solder Temperature)®] ArgzF-go] HIZZA HHAE
(Bridging Rate)?} & F%1&(Hole Fill Rate)oll vz F&FS AHFHo=
Hol= Aol o]F Fdl [IPC-A-610 Class 2 7]5& WEst= 24 54
& EEohy, IohE PCBo| Adst AdEE &Y 34 EE3F A3
(Selective Soldering Standard)& AlA|StalAF St

2. A
2 A2 Apollo Robotics AF-4050A AHEH &Td] HFH|E ©|-§5to]
Fefotgieh. AA A¥e (29 3-11% Zo], &84 FAHFluxing), ¥
(Preheating), &t % (Soldering), ¥ZH(Cooling) ¥ AALS] 4dAZR AL},
® ® ® ©
1EHA: B8 2AF 2EH7 : peB O & e 4THA W 2E SL AN
Dropjet &4 & ASSHO| 2ot IR Z2|3|E| & 8, pcao| F At 2= HOiE St 2T Holg S0 22 2 U2 DFE AN
EYA CTE SYSLICH Sc EmE THS Ch(150°C ) AHAELCH 2t 28 ZHM & EZ GotE s¥YLICLER 2
oEE E) 2N oY Ae ¥ =, 2 B ML
715t0] 215 =g ESFLICL
[ 3-1] A"EE &6 A 34 58
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2 dFolAE oY [® 3-1] A =
AlmE SAseH, & 250719 HolHE #FESHH, ol vieer ZH
A BaE 98 n 7ho] Abszbg

34 £S5 =E5HA

(£ 3-1] A =4 g°F 9 ¥ 4F
=2 AR . 5 ol =
T (nl/cyle) &9 2=(C) NE-2=(C) 37t ¥
ml/cycle
1 3 230 150
2 5 240 150
Z 38R / BRA
3 7 250 150 (%)
4 10 260 150
5 15 270 150
3. AR R 9 54 A

H A= ToT Gas Meter Module(F~ HF 7|8 PCB)E Ald Alaz
AMgSteith s PCBE 10-Layer 1ths 22 7MW, Ui FEl&9 4
g ot @AT B@Yol 2 E FA Bl WA e 24

de Adalad 3-21.

(13 3-2] Al¥ A= (Iot Gas Meter Module)
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[29 3-3]2 2 AFolAq AHEH SECH X-eye 5100 X-ray AAL FHE

s}
—

239

2 ol uny A4 gAeR AR WRe] b 7 A 2 Haly
A

= AL9sH #EE & 3len, oF 10um 59 =t o= (Til) Aol 7
s

= -

(18 3-3] &4 #H] (SECit X-eye 5100 X-ray)
AA 574 dabe (2" 3-4]9F 2ol OHlelE ¥Hols — @X-ray 94
94 54 — @NE FE — OX-ray B &Y

=g
= =
— ©F F& 9 A 249 A= Ay,
=
[e)

AZEJo](X-eye Analyzer)E ©l-&dl & WHe| & S&3 B3y 2t
= = 2

PoAste. oleldt 54 AL 5 A
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X-eye 5100 X-ray = ZH|

o], SAC305 (Sn-3.0Ag-0.5Cu) F

I
A tEe®, A7) B AnS PCBE EH sAoM 7 2= AMEE
]_

Ztjolth. SAC305% ©43% A4 (Wettability), A3 7144 7=, 17
2~ ol fiEAel Bol &

3 A7) A=Z A (Long—term Reliability) & &H2& 4= 9l A<l

M)

E 3-2) v $29 74 4R 2 Bed 54

= AE (Wt%) 94 E4 H| 2
Sn(F4E) 96.5 €4 217C/¥1% 7.4g/cm’ 74 &4 7¥t 24
Ag(2) 3.0 A Y, A=g 57t I FA gl A
Cu(42)) 0.5 e A=Y 0=z A F A A= st

(IPC J-STD-006C, Requirements for Electronic Grade Solder Alloys', 2023)
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A 4% a7 A%

A 12 A deoly Ay

2 dojde AdgHE E67 SN 3t T 250709 A= HolHE
BAS RE APLS odex 150 T, SAC305(Sn-3.0Ag-0.5Cu) <4
ZoA = oH, 2 Wee A FARE(Flux Volume)yt &6 E
2% (Solder Temperature)= 2785t &894 A>3 / 5/ 7/ 10/
15 ml/cycle), &9 %2230 / 240 / 250 / 260 / 270 C)2 AASIHS
W, 4 2ddE=E 109 ¥ A4S st T 25719 22405 x 5 )lA
250711¢] HlolEE HE skt

Bt =2 & FHE(Hole Fill Rate) @ EZA WY& (Bridging Rate)©|

o, BE Alae 9% A9 21150 C)stolx dddste] da59 #4944

—

®4-21 4 [=

Al AAISFAT.
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1. A=d 54 doly 2%

(& 4-1] AEEE &6 374 A9 doly (M= #1-#84)

SPL Flux Solder = = SPL Flux Solder = EEE
No. A=  Temp. =7& 248 | No. EAF  Temp. 24& S
1 3 230 88.5 1 43 3 270 55.4 0
2 3 230 73.8 1 44 3 270 62.1 0
3 3 230 71.1 0 45 3 270 68.5 0
4 3 230 68.9 0 46 3 270 62.2 0
5 3 230 54.2 0 47 3 270 69.5 0
6 3 230 49.8 0 48 3 270 86.3 0
7 3 230 47.5 0 49 3 270 98.5 0
8 3 230 42.1 0 50 3 270 93.3 0
9 3 230 42.0 0 51 5 230 98.3 0
10 3 230 42.2 0 52 5 230 97.1 0
11 3 240 91.1 0 53 5 230 89.3 0
12 3 240 73.2 1 54 5 230 88.1 0
13 3 240 71.1 1 55 5 230 93.2 0
14 3 240 68.8 0 56 5 230 79.3 0
15 3 240 45.3 0 57 5 230 68.6 0
16 3 240 45.0 0 58 5 230 73.3 0
17 3 240 42.1 0 59 5 230 74.5 0
18 3 240 49.0 0 60 5 230 75.1 0
19 3 240 51.0 0 61 5 240 84.3 0
20 3 240 53.3 0 62 5 240 94.0 0
21 3 250 96.2 0 63 5 240 78.8 0
22 3 250 96.4 0 64 5 240 91.3 0
23 3 250 66.0 0 65 5 240 94.8 0
24 3 250 61.0 0 66 5 240 96.0 0
25 3 250 39.8 0 67 5 240 88.8 0
26 3 250 42.4 0 68 5 240 73.3 0
27 3 250 42.1 0 69 5 240 64.5 0
28 3 250 44.6 0 70 5 240 66.2 0
29 3 250 52.3 0 71 5 250 98.1 0
30 3 250 49.8 0 72 5 250 98.2 0
31 3 260 96.3 0 73 5 250 98.3 0
32 3 260 88.9 0 74 5 250 97.9 0
33 3 260 94.5 0 75 5 250 96.3 0
34 3 260 78.8 0 76 5 250 91.1 0
35 3 260 91.1 0 77 5 250 92.3 0
36 3 260 92.2 0 78 5 250 86.2 0
37 3 260 96.3 0 79 5 250 88.9 1
38 3 260 84.2 0 80 5 250 92.5 1
39 3 260 78.5 0 81 5 260 78.8 0
40 3 260 66.3 0 82 5 260 84.5 0
41 3 270 61.2 0 83 5 260 98.2 0
42 3 270 66.3 0 84 5 260 97.3 0
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b
|
o)
x
b:)
Au
|
g
in
o
of
o,

A9 dlole (A= #85-#168)

1 =2

SPL Flux Solder = B33 SPL Flux Solder =
No. HARF  Temp. Z%& TAE | No. EAF  Temp. F3&
85 5 260 98.1 0 127 7 250 99.4
86 5 260 79.9 0 128 7 250 100.0
87 5 260 98.4 0 129 7 250 99.1
88 5 260 88.9 0 130 7 250 100.0
89 5 260 97.2 0 131 7 260 100.0
90 5 260 98.1 0 132 7 260 100.0
91 5 270 98.1 0 133 7 260 100.0
92 5 270 97.2 0 134 7 260 100.0
93 5 270 91.1 0 135 7 260 100.0
94 5 270 98.0 0 136 7 260 100.0
95 5 270 91.1 0 137 7 260 100.0
96 5 270 90.3 0 138 7 260 100.0
97 5 270 89.8 0 139 7 260 100.0
98 5 270 93.0 0 140 7 260 100.0
99 5 270 79.1 0 141 7 270 100.0
100 5 270 68.9 0 142 7 270 100.0
101 7 230 98.1 0 143 7 270 100.0
102 7 230 97.8 0 144 7 270 100.0
103 7 230 93.4 0 145 7 270 100.0
104 7 230 92.1 0 146 7 270 98.8
105 7 230 93.0 0 147 7 270 97.3
106 7 230 88.1 0 148 7 270 99.1
107 7 230 79.1 0 149 7 270 100.0
108 7 230 82.3 0 150 7 270 100.0
109 7 230 86.4 0 151 10 230 91.1
110 7 230 79.8 0 152 10 230 96.3
111 7 240 98.0 0 153 10 230 91.1
112 7 240 97.7 0 154 10 230 88.3
113 7 240 98.1 0 155 10 230 91.1
114 7 240 98.6 0 156 10 230 89.6
115 7 240 98.4 0 157 10 230 94.0
116 7 240 89.8 0 158 10 230 97.7
117 7 240 923 0 159 10 230 51.1
118 7 240 96.3 0 160 10 230 63.3
119 7 240 98.2 0 161 10 240 98.0
120 7 240 98.1 0 162 10 240 98.1
121 7 250 100.0 0 163 10 240 98.1
122 7 250 100.0 0 164 10 240 97.7
123 7 250 100.0 0 165 10 240 94.2
124 7 250 100.0 0 166 10 240 98.0
125 7 250 98.4 0 167 10 240 98.4
126 7 250 97.1 0 168 10 240 97.0

e |
i o
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g8 &6y 34 49

o =21

glole]l (A& #169-#250)

No.
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210

SPL
No.
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250

i o

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQQ)E

Flux
2Ap
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15

Solder
Temp.
240
240
240
240
240
240
240
240
240
240
250
250
250
250
250
250
250
250
250
250
260
260
260
260
260
260
260
260
260
260
270
270
270
270
270
270
270
270
270
270

3
e
98.0
98.4
98.3
98.6
84.1
98.1
98.5
98.6
99.1
94.2
100.0
99.4
94.1
93.3
89.9
88.1
89.4
86.1
84.3
81.1
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
99.8
100.0
98.3
97.0
91.1
96.5
97.0
97.1
100.0

EAS

e |

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQQ}E

i o
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dx BAF3 / 5/ 7/ 10 /15 ml/cycle)ﬁf £ 2%(230
50 / 260 / 270 C)9o xgoz Haxglon, 7z} REH=E 10
A

Hole Fill (%)
Vil / Vhole X 100

PCB Thickness Hole Height(mm)

a9 4-2], [O9 4-3], [O9 4-4], [O19 4-5], [OF 4-6]2 A

[
EH &6y FHNA st F 250709 Azl tigk X-ray 54 A¥t o
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#1 #2 #3 #4 #5 #6 #7 #8 #9 #10

0.37m0 0330 0.33m0° 0.33m°

#11 #12 #13 #14 #15 #16 #17 #18 #19 #20

#21 #22 #23 H#24 #25 #26 #27 #28 #29 #30

#31 #32 #33 #34 #35 #36 #37 #38 #39 #40

0.62m’ 0.720 07200 0.76an"

#41 #42 #43 #44 #45 #46 #47 #48 #49 #50

[ 4-2] X-RAY SX& AKXl (B84 3ml/cycle 271)

a) &9 2% 230 C =27
b) &9 &% 240 C =74
0 &6 2% 250 T =4
d) &t 2% 260 C 27
e) &4 &% 270 T =7
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a)

b)

c)

d)

e)

#51 #52 #53

H#61 #62 #63

#81 H#82 #83

#91 #92 #93

#54

H#74

H#84

#94

#55 #56

#75 #76

0.7600

#95

0.7200 o

[2% 4-3] X-RAY F3& A

a)
b)
<)
d)
e)

£l

<4

=25 230
= 240
= 250
2% 260
= 270

_25_

#86

6200

.7 1m0

#57 #58 #59

#67

#68 #69

#77 H78 #79

#87 #88 #89

0.77m

#97 #98 #99

0.71m 0.73m8 0.62m"

#70

#80

#100




a)

b)

c)

d

e)

#101 #102 #103

#10

4

#105 #106

#107

0.77m0 0.77m 0.73mi

#111 #112 #113

B

0.77m 0. 770" 0.77m0

#121 #122 #123

0.79m0" ©  0.79m"

#131 #132 #133

0.7900°

#141 #142 #143

0.79m " 0.79m"

(1™ 4-4] X-RAY S& AP (282 Tml/cycle 27)
&9 2% 230 C
&9 2% 240 C
25 250 C
25 260 C

a)
b)
c)
d)
e)

0.7208

#114

#124

#134

#144

[ 75 0.69m

#115  #116

#125 #126

#135 #136

0.79ur

#145 #146

= 270 C
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0.62m

#117

0.7200°

#127

#137

#147

RN A P
ool o

Y
)

#108

#118

0.76a0

#128

#138

#148

#109

#119

0.7700

#129

#139

#149

#110

#120

07700

#130

#140

#150




a)

b)

c)

d

e)

#151

#152

0.72m

#161

#171

#181

#191

0.76m"

#162

#172

#182

#192

0.73m

07300

#153

0.72m

#163

#173

#183

#193

0.72m

a)
b)
C)
d)
e)

#1

54

#164

#174

0.7808

#184

#194

0.72m

#155 #156

#165 #166

#175 #176

#185 #186

#195 #1956

0.70m 0.71m

L 240 C
e 250 C
L% 260 C
e 270 C

_27_

#157

0.74m

#167

#177

#187

#197

07100

#158

#168

#178

#188

#198

0.7108

#159

#169

#179

#189

#199

0.7208

#16

0.7200° 0.70m

0

#170

#180

#190

#200

0.69m0"




a)

b)

c)

d

e)

#201 #202 #203

#211 #212 #213

R

0.77m0

#221 #222 #223

#231 #232 #233

#241 #242 #243

a)
b)
c)
d)
e)

#2

04

#214

#2

#23

24

4

#244

#205 #206 #207 #208 #209

0.75m"

#215 #216 #217 #218 #219

#225 #226 #227 #228 #229

#235 #236 #237 #238 #239

#210

0.72m"

#220

#230

#240

o

R 3 i
0.79m 0.79na" 0.79m8 "0.79m

#245 #246 #247 #248 #249

0.79m"

#250

i o . y

0.7200 0.76m" 0.76m" 07600

Z82 15ml/cycle &3)
c zxA
=

A

S I A
PN
oAl

®)
[
™Y

0.79m"




(2% 4
(Bridging) 2% A29) oE A2 Uet
30 E4g myoy, = 3 ES
5250 T EANAE FEA B @] BaRHg) ol uet & A
AL B4 AR Bl

AolZ BAsHAT

a)

-7l AgEE EYy 34§ 4F 3olA A B23iA
il

b)

c)

d

(19 4-7] B4 A A& H AR
a) BFA =

ml/cycle, 6k 230 T =4

ml/cycle, 6% 240 C 274

ml/cycle, &6 250 C x4

O

SIS
M e

&
>
w» W W
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< ok oot

(% 4-4] Zex Bl w2 BF T 78 9ok

i =824 AR ml/cycle) B & SER)
1 3 67.02
2 5 88.49
2 7 96.89
4 10 94.02
5 15 92.79

[# 4-5] 0] 2% o2 BF T F7E QoFE

i &4 2%(C) B & 51E&%)
1 230 79.03
2 240 86.40
2 250 88.20
4 260 95.56
5 270 90.00

[# 4-6] oY 2424 Ao

e &

F08 29

kel

3ml/cycle  5ml/cycle

58.01 % 83.68 %
58.99 % 83.20 %
59.06 % 93.98 %
86.71 % 91.94 %
72.33 % 89.66 %

Tml/cycle

89.01 %
96.55 %
99.40 %
100.0 %
99.52 %

10ml/cycle

85.36 %
96.71 %
98.03 %
99.16 %
90.84 %

15ml/cycle

79.13 %
96.59 %
90.57 %
100.0 %
97.68 %
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[ 4-7) B~ BAe] GE B HY BAE aokE
TE Z82A EAFF(ml/cycle) Y B34 IYE (%)
1 3 0.18
2 5 0.10
2 7 0.00
4 10 0.00
5 15 0.00
(% 4-8] &1 exo] WE HF B4 WAE QoHE
T &5 25(10) Yot B3 ABE (D)
1 230 0.15
2 240 0.12
2 250 0.08
4 260 0.00
5 270 0.00
[ 4-9] o] FAFEA Ao W B3I WAE Q°f%
SEARAL
20 e 3ml/cycle  5ml/cycle  Tml/cycle  10ml/cycle  15ml/cycle
230°C 0.20 % 0.00 % 0.00 % 0.00 % 0.00 %
240°C 0.20 % 0.00 % 0.00 % 0.00 % 0.00 %
250C 0.00 % 0.20 % 0.00 % 0.00 % 0.00 %
260°C 0.00 % 0.00 % 0.00 % 0.00 % 0.00 %
270°C 0.00 % 0.00 % 0.00 % 0.00 % 0.00 %
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49 ad= A%

A2 A

M

® 4-7],

4-6], [

4-4], [E 4-5], [
At &v ew ws)

[

]_
4-8], [& 4-9]9] A4 HolH

__OL

& AoflM= oA AA

uid

=
=

wjr

Hn

i

e 24 ex ¥e, a1

oz WHIA7|H, &0 2

3 ~ 15 ml/cycle

B

~
__01_

Al

7

le: ]
=

oz HIY 4

A£(230 C ~ 240 C)

=
—

Hom, 3 ml/cycle Z7A

A Tl AA A

1=l

S
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a)

c)

e)

b)

0

230 240 250 260 270
202eq

280

d)

100
90

Km 80
W:J 60

50

20 230 240 250 260 270

02K

280

220

20 240 250 260 200

20259

x HB A=
—_—d EETE

(19 4-8] =9

>

1=}
L

c =z e
1= T
JU o
> D

L
[>

o
3
)
[~

280

REESE

3ml/cycle &7

Sml/cycle

/ =(%)

Kd
fo
iy

%0

100
80
70
)
50
20 B0 M0 250 60 270 280
202
3 100
Q
Oy /
N 4
fo
m 70
T w
oy
LU
20 B0 M0 B0 W0 20 280
#6259

Tml/cycle 271

10ml/cycle &7

15ml/cycle
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t=]a1, oo wiet gl=9F fj= Afo]o

Z]5

e
ol
~
w
al

w

o
i~

o =

&

Hoem, 5 ml/cycle 9]

(230 C ~ 250 C)olAgt

Beigo] WA gitt. of

BE 2L F7H230 T ~ 270 C)lA

AN =

7b Atshet A7 L5

Ea

ekt

2t
1

2 o
=]

Z+H oz Hu

A7s A7)
45 Wats (27 4-9°] ¢

__01_

—

2 UER Sl

1L
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a)

c)

e)

g b) T s
HJH 0.2 mﬁ 0.2
K0 oss K0 o
i
EEIT 0.1 D? 0.1
T 005 HIJ 005
N
0o, oo,
2 B0 M BO RO W0 2.0 MmO BO MO /O X0 M0 B0
2257 2251
3 d) D 05
y o o
R s K0 g5
] ¥
1]‘ 0.1 1]‘ 0.1
U:J 005 [I:J 0.05
R P S S _— U ————
W OB W B W W0 B mWo B W B W W ;0
BL2E( ZO2E7)
3 05
y o
K0 o5
K
D‘ 0.1
M 005
N,
S
wWoOB MW BO W W0 2.
B2
(19 4-9] 28~ A 270 ¥4 Bl E W3 O
a) 232 3ml/cycle 274
b) Z€2A Sml/cycle 271
c) 82 Tml/cycle 27
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ol
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Hn

rs!
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—
fife)
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o

AL
j0°

)

Sheleth. "Hd, 3

[e]
= A% Aete AlA E5Eo=® 240 T

1 7 ml/cycle o]AoAE=
. 250 C ~ 260 C =99

fof, 2 A7o] HA en

°

o
1—

St

e, ®

~ 250 C F7HolA

X
o)
Tor

0|
T

Nd

st 27t 4%

ST,

9250 T ~ 260 O)= FA2 o, 9 2AH F5=3 2240 FAl

2 e

Jd==

o

=K 2

3ml/cycle
Smi/cycle
= Tml/cycle
—a— 10ml/cycle
15ml/cycle

——

270 280

260

250
250

=
=

230 240

70

60

50
220
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loju

)
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T
g
oy

_z_.o
ofu
hd

Eo

.

ol
B

o}
fuy
AE
<]
o
Hu

o, 7 ml/cycle 74 °F 96%=

el R A

o2& sl et

15 Hou}, 270 T ool

S

™

7ol whet At A AZE

A 2

H
L

i6
280

14
270

12

260

Af EH i/ min)
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A
=
=

—
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A
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b) &9 xd u
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PElo, wEbd 2 Aol
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Al 5 ml/cycle o]/ollA
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22
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il ttoteto] etgaoz AA=HL
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Lx=g
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Hn
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paKe)
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Jm= ot [19 4-12]0] YERRS
b)

AfZhimifcycle)

EELE

H

_38_

b&y &% ®iste] o}



il d

H
il d

o
<A
_z_.o
iofn

Tof
B

o}
fuy
A.E
<]
r
Hu

B &t

<]
Br
Il

ol
el

£ 79

25071¢] Az HlolH

L =
T o

oA

, 2 Aol Box Plot

ﬂo

T
oA

7A

uid
<]
o
A

A
H|

R
ol

Hom™, 3 ml/cycle
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telldes g9 HE7F &of $3 &30, 270 T o] gelA
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webs EHA 7 ml/cycle - &Y 2% 260 C

tH, 230 C °]
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a)

=
=

b)

-3
rFJ

100

95

90

o O\NO §m0+o<

85 o

80

75

70

%ano

65

oo

60
3 5 7 10 15

S/ A ZAFSml/cycle)

100

a5

a0

85

80

75

70

65

60 '

230 240 250 260 270
£o/25
(1% 4-13] Beasd L& W] BE & FU& EEE(Box Plop
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(Hole Fill Rate)@4¥ E 314 (Bridging) A<l
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ABSTRACT

Study on the Improvement of Hole—Filling
Quality and Suppression of Bridging throught the
Selective Soldering Process:

Focused on High Multi-Layers PCBs

Lee, Jae—Keun
Major in Smart Factory Consulting

Dept. of Smart Convergence Consulting

Graduate School of Knowledge

Service & Consulting

Hansung University

With the ongoing trend of miniaturization and high integration in
the electronics industry, the demand for high multi-layer printed circuit
boards (PCBs) capable of ensuring both high electrical reliability and
thermal stability has rapidly increased. However, due to their high
thermal capacity and non—uniform heat transfer, insufficient thermal
energy during the soldering process often leads to decreased solder fluidity
and incomplete hole filling. In addition, when the amount of flux applied
is insufficient or uneven, the removal of oxides becomes inadequate,
causing poor wettability and an increased likelihood of bridging defects.
To address these issues, this study proposes process optimization

methods to minimize bridging defects and improve hole—filling quality in
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the selective soldering process of high multi-layer PCBs. Experiments
were conducted using flux spray rates of 3, 5, 7, 10, and 15 ml/cycle
and solder temperatures of 230, 240, 250, 260, and 270 ° C as the main
control parameters, with a preheater temperature of 150 ° C under a
lead—free SAC305 (Sn—3.0Ag-0.5Cu) condition. A total of 250 samples
were tested.

The results showed that the combination of a flux rate of 7 ml/cycle
and a solder temperature of 260 ° C achieved the most stable wettability
and fluidity, resulting in an average hole—fill rate above 96 % and a
bridging defect rate of 0 %. These findings indicate that an appropriate
flux supply combined with sufficient soldering heat energy enhances
capillary action and oxide removal, thereby improving solder flow and
filling performance.

This study identifies the optimal combination of flux and solder
temperature for selective soldering, contributing to improved quality
reliability in high multi-layer PCB manufacturing. Furthermore, it
experimentally demonstrates that bridging defects can be effectively
suppressed while maintaining stable hole—filling quality. Therefore, the
results of this study can serve as foundational data for the
standardization and productivity improvement of future selective soldering

Processes.

(Key words] Selective Soldering, Bridging, Hole Filling, Flux, Soler
Temperature, PCB
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