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Thes;is Title The study proper of resin ‘s temperature for printed circuit board fabrication to
support lead free soldering technology.
Author Kittikhun Apinuntanaphong
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ABSTRACT

Regarding to many organizations and countries had some discussion regarding how to
control Restriction of the use of certain Hazardous Substances in electrical and electronic equipments
or RoHS to prevent those of waste electrical consumer products rapidly increasing and affected to
environment. Thus, to be save the environment, the idea to stop using any hazardous chemical or

substances which is harmful to the environment is created then.

The objective of this thesis is to study proper temperature of resin which mainly raw
material for printed circuit board fabrication to increase product reliability when use higher
temperature at assembly site due to stop using lead material in solder paste material in order to

cope of this stop using any hazardous chemical which affected to environment.

Regarding to the study result of both in-house raw materials and raw materials from
other out-source/suppliers to find the proper of resin temperature as target and then test with test
coupon specimens by electrical test equipment and performed cross section analysis to inspect
risk area with may affected to product quality. 2 major factors are studied ; 1) decomposition
temperature (Td) and glass transition temperature (Tg). From the study was shown that
decomposition temperature at 350 Celsius is able to more reliable both product quality and
reliability when use higher temperature at assembly process from 210-235 Celsius to 240-260

Celsius and glass transition temperature is not significant like as decomposition temperature as

well.
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VI'IS'N‘?I 3.2 Mﬁﬂ\lﬂﬁﬂ'ﬁ‘V]ﬂﬁﬂ‘ﬂ‘ﬁ'l'u’]ﬂiBﬂﬁﬁ'luﬂ'liﬂﬂﬁﬂ‘ljﬂ'lﬂvlﬂ‘ﬂ'l

o - A A
HAMINATDY S1UIUTBUNAIUMINATEUNI WA ArunTeaile IST

FunumaeuFui nquitl | nquit2 | nquita | nquite
1 200 179 149 134
2 199 180 143 145
3 197 181 152 149
4 223 182 149 143
5 221 178 152 147
6 198 173 151 158
7 200 175 149 143
8 201 179 143 153
9 198 189 145 152
10 194 174 142 139
11 189 171 140 145
12 211 169 139 142
Aunde 203 178 146 146
AgaYA 223 189 152 158
Mdga 189 169 139 134
dnﬁuamummsm 10.4 55 4.7 6.5
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Multiple Range Tests for Min cycles by Temperature

Method: 95.0 percent LSD

Temperature Count Mean Homogeneous Groups

260 12 146.3 X

240 12 151.8 X

235 12 173.5 X

210 12 179.2 X

Contrast Difference +/- Limits
210 - 235 5.7 7.11571
210 - 240 *27.4 7.11571
210 - 260 *32.9 7.11571
235 - 240 *21.7 7.11571
235 -~ 260 *27.2 7.11571
240 - 260 5.5 7.11571

* danotes a statistically significant difference.

mM319% 3.4 udAmaRUAUNUTLAzdea 1 UBIn13 19 ANOVA

ANOVA Table

for Min cycles by Temperature

Analysis of Variance

Between groups

Within groups

Sum of Squares Df Mean Square F-Ratio P
7118.9 3 2372.97 37.70
2266.2 36 62.95
9385.1 39

Total (Corr.)

27
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Means and 95.0 Percent LSD Intervals
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MINN 4.2 HANINATOUTBUNNIUNINATBLUN I denT0dle IST

HamsnaToY Snnusoufirunsnageumaiiih dunsesiie IsT

Fununareusui aquit1 | nquii2 | nquits | g
1 200 179 149
; 2 199 180 143
3 197 181 152
4 223 182 149
5 221 178 152
6 198 173 151
7 200 175 149
8 201 179 143
9 198 189 145
' 10 194 174 142
11 189 171 140
, 12 211 169 139
Aundy 203 178 146
fA1gagA 223 189 152
e 189 169 139
Auflsauuanasgm 10.4 55 4.7
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Box-and-Whisker Plot
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Means and 95.0 Percent LSD Intervals
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M3 4.3 uaamannuduiuiuasdonjilvesnisne ANOVA

ANCVA Table for IST Cycle by Temperature

Analysis of Variance

Source Sum of Sguares Df Hean Scuare F-Ratio P-Value
Between groups 19152.2 2 9576.08 190.99 . 0
Within groups 1654,.58 33 50.1389

Total (Corr.) 20806.8 35

4 o o & ' 4 1 a
M3l 44 uannnuduiusuesa ity lundgungil (aider) Minaasy

Multiple Range Tests for IST Cycle by Temperature

Method: 95.0 percent LSD

Temperature Count Mean Homogeneous Groups

260 12 146.167 X

240 12 177.0 X

220 12 202.583 X

Contrast Difference +/—- Limits
220 - 240 *25.5833 5.8813

220 - 260 *56.4167 5.8813

240 - 260 *30.8333 5.8813

* denotes a statistically significant difference.

4.1 Yeapornnammageutudu

411 $wauseuiimumsnageunaiih dondesdle ST Senadiulanma
MINATBY & ATAUTN MANAMIATUIUATII ANOVA Tatfie P-Value SRy 0 firh
anuideiiu 95% Felianteon 0.05 Fuaashileivfiden Aegaingiildlumsszney
%’urhuEmﬂmaﬁﬂf‘fﬁwaadnﬁﬁuﬁﬁm s mauseuimumInareumsInth

412 dhmsmageunumhmoiernassasuanmnelug Samusesuanin
molugmilounsnagouusn uaﬁ;‘mmﬁmaauﬁqmngﬁmsﬂs:nan?;udauﬁmﬂma
{indiiguugll 240 ssnwaiFoa uay 260 esmiraIFua ua hinusendoniovessuany

[] Ed []
nageufiguugnisilszneuFududiaansetindfid 220 swnaaidoa
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A13137 4.5 A1319ATTVOALUVYBIGAUNYUAITNATOLNAU AUTAAII 9

sWavestng | o qungliiquantiAveausdu | o guugifiquautinveusdu
aulums Sufimsndou’ni (Tg) (e INANITUANIAYNIY (Td) (93711
NATOL raidue) CRICHT))
FR-226 140°C 320°C
226 Turbo 140 °C 350 °C
FR-370 175°C 310 °C
370Turbo 175°C 350 °C
HF-541 140°C 340 °C
HF-571 160 °C 340°C
370HR 160 °C 350°C
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1. Glass Transition Temperature (Tg)

2. Decomposition Temperature (Td)
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wamInaaeun1ialauinIesiie DSC Thermal Analysis

A1M33A 1A DSC Thermal Analysis
ad e wa 4 & P
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#1M33A 1A8 TGA Thermal Analysis
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4.2 Yeapliuduoinminaaeulauiniesiie DSC Thermal Analysis
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Fununareviy nqu | ngu | nqu | nqu | nqu | ngu | nqu | nQu | nqu
i A B C D | E F G H I
1 200 [ 179 | 149 | 210 | 187 | 165 | 245 | 211 | 198
2 199 | 180 | 143 | 222 | 190 | 167 | 254 [ 221 | 189
3 197 | 181 | 152 | 232 | 199 | 162 | 235 | 219 | 188
4 223 | 182 | 149 | 235 | 201 | 171 | 256 | 218 | 183
5 221 | 178 | 152 | 231 | 210 | 169 | 265 | 214 | 194
6 198 | 173 | 151 | 253 | 201 [ 168 | 247 | 220 | 182
7 200 | 175 | 149 | 227 | 219 | 162 | 263 | 218 | 194
8 200 | 179 | 143 | 234 | 212 | 169 | 253 | 219 | 19
9 198 | 183 | 145 | 231 [ 200 | 171 | 257 | 204 | 200
10 194 | 174 | 142 | 227 | 193 | 164 | 279 | 211 | 199
11 189 | 171 | 140 | 219 | 189 | 169 | 263 | 225 | 198
12 211 | 169 | 139 | 221 | 200 | 159 | 265 | 215 | 189
Aunde 203 | 177 | 146 | 229 | 200 | 166 | 257 | 216 | 193
fgagn 223 | 183 | 152 | 253 | 219 | 171 | 279 | 225 | 200
A 189 | 169 | 139 | 210 | 187 | 159 | 235 | 204 | 182
Aufloauunnsgm 10 5 5 11 10 4 11 6 6




4.3 wamInAaeslasmIunsziIsasn

M31ah 4.8 uarswannuduNutuazdengilvesmsns ANOVA

Analysis of Variance for ISP Cycle - Type III Sums of Squares

41

Source

Sum of Squares

Df Hean Square F-Ratio P-Value

HAIN EFFECTS

A:Mac_Group 39108.2
B:Temp 66943.1
INTERACTIONS

AB 853.556
RESIDUAL 6306.08
TOTAL (CORRECTED) 113211.0 1

2 19554.1 306.98 Q
2 33471.5 525.47 0
4 213.389 3.35 . 129
9s 63 .6978
07

All F-ratios are based on the residual mean square error.

ISP Cycle

d’ o @ d ] LY a
NMNN4.8 llﬁﬂﬂﬂ’)'lllﬁllwuﬁixﬂ’TN’JGIQG]‘U‘VIGL

230
220
210
200
190
180
170

Means and 95.0 Percent LSD Intervals

IRAREA RIS AR RIRARER RRINE RRARE |

x

Doeoadvanaleansedsanslaannlsasnat

I

III

Mat_Group

y o

)

U

o &
PIUIUTDUNAIUMTNA ﬁauw1a"lﬂﬂ1



42

Means and 95.0 Percent LSD Intervals
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aanll Hgmauiavessdu Sulimsuanidonie (1d) = 350 esruaadue fonquii 3 wdi
AutlefidudmiHiumsmaaoufiqa fle 100%

512 ntju'ﬁ 1 :FR-226 (Tg: 140 oerniyaiiod, Td : 320 aarusaifud), FR370
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