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SnPb Solder(Sn63/Pb37) Lead-Free Solder(SAC305)
Peak Temperature 215~225 250~260
Melting Point 183 217
TAL sec 60 90
Solder Cost 1 2.5
Table 1 Pb free Reflow vs.SnPb Reflow
TAL-Time above liquidous
Figure 1 and Table 1 IR Reflow
35
30
Lead Free ?
(Tg)
Tg Tg
Tg
Normal FR4 | High Tg FR4 | FR4 Modify Tg-150
(DICY) (DICY) (DICY) (PN)
Thickness 1.6 1.6 1.6 1.6
DSC Tg 140 170 135 150
1/2hr PCT moisture 0.23% 0.19% 0.21% 0.15%
1/2hr PCT +288 3 4 3 4 10"1 1071
Solder dipping
Peel strength(10z) 12.0 11.0 12.0 9.5
CTE al 50-70 50-70 50-70 50-70
ppm/ o 2 250-300 230-280 250-300 250-300
T-260 20 25 30 60
T-288 2 2 5 40
Td(5%Loss) 311 312 325 350
Table 2 Comparison of characteristics of base materials.
Table 2 Normal Tg FR4 HighTg FR4
T-260 T-288 Tg
FR-4 Modify
Tg FR-4 5 288  solder dipping High Tg
FR4 T-260  T-288 High Tg FR-4



FR-4 Modify Td

FR-4

High Tg FR4 13
PN Td 350 T-288
DICY Cured Tg 150
Tg Td
IR 260
TMA Thermal cycle
Fig2 Table3 T-260 cycle
Normal FR4  High Tg FR4 9-10  cycling
FR-4 Modify PN 20 cycle
Normal FR4 10 PCB
Table4 FR4 Modify
Normal FR4
TMA Delamination
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Fig2 Lead Free High Temp Process Simulation by TMA Cycling Tes

t

Normal FR4 | High Tg FR4 | FR4 Modify Tg-150
(DICY) (DICT) (DICY) (PN)
T-260 °C Cycle 9 10 201 201
Table 3.1 Test Result by TMA Cycling Test(Test sample 1.6mm de-clad CCL)
Normal FR4 | FR4 Modify Tg-150
(DICY) (DICY) (PN)
With copper 4 10 151
Non copper 5 12 151

Table 3.2 Test Result by TMA Cycling Test(Test sample 10 LB PCB)



Td

Td 5%

2-3%
(Reflow) 210-235

Fig3 250-260
TAL  wetting
Figd PCB (
) Td

Fig3 TGA Isothermal 120min at235 Fig4 TGA Isothermal 120min at 260

( ) CAF

Normal FR-4  FR-4 Modify CAF
0.8mm CAF
Table4.1 24V 85 85
250V 2000 Normal FR-4  FR-4

Modify sample
250V Table4.2 0.25mm Normal FR-
4 27 68 FR-4 Modify
198
(1) CAF TEST =>Test 2000 hrs
85 85% L/S TH(0.35mm) TH(0.3mm) TH(0.25mm)
applied 25V (90/90)(80/80) | 0.8/0.75/0.7mm | 0.75/0.7/0.65mm | 0.7/0.65/0.6mm
test 250V M m
Normal FR-4 pass pass pass pass pass pass
NP-140 Modify pass pass pass pass pass pass

Tabled.1 CAF Test Result(Applied 25V)




(2 CAF TEST =>Increase Applied Voltageto 250V

85 85% L/S TH(0.35mm) TH(0.3mm) TH(0.25mm)
applied 250V (90/90)(80/80) | 0.8/0.75/0.7mm | 0.75/0.7/0.65mm | 0.7/0.65/0.6mm
test 250V M m
Normal FR-4 pass 156 176 58 68 27
NP-140 Modify pass 315 198 327 198 407
Table4.2 CAF Test Result(Applied 250V)
( )HDI IR-Reflow
FR-4 Modify 10 IR-Reflow (260 x
40s)10 cycle
crack
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Drilling

Conditions Wear Evaluation

Y 12 mil 1000 hits 2000hits 2500 hits 3000hits

rpm 160
Krpm
feed 122 Ipm

rmal
Norma back 984 Ipm

FR-4

FR-4
Modify

Tg-150
(PN)

Table 5

1  Based on evaluation of the wearing situation for drilling bits ,the drilling number of NP-4 Modify

material is similar with normal FR-4.
2 The number of normal FR4 is about 3000 hits and the number of Tg-150 (PN) is about 1000 — 2000

hits.

Normal FR-4 FR-4 Modify Tg-150 (PN)

Fig 6 FR4 and FR-4 Modify
Tg-150 (PN)

PCB
FR-4
Lead Free PCB
FR-4 Lead Free



Table 2 FR-4 Modify Lead Free
(a) 2500 Normal FR4
PN 2000 Table 5 (b)
PN Fig6 (¢
FR-4 Tg-150 (PN) Table 6
FR-4 Modify FR-4 PN
Black Oxidation Brown Oxidation
FR-4 45 5.5 4.0 5.0
FR-4 Modify 45 55 4.0 5.0
Tg-150 (PN) 3.5 45 2.5 3.5
Table6 Bonding strength between oxide and prepreg.
Table 7 FR-4 Modify PCB
PN 5-10%
DICY Type PN Type
Laminate price 1.0 1.05 1.15
drilling cost 1.0 1.5 2.0
Desmear Time 1.0 1.5 2.0
PCB Total cost 1.0 1.05 1.1

Table 7 Comparison between DICY and PN Laminate for PCB process cost.

Conclusion
1. T-260  T-288 Lead Free
TMA Thermal cycle TGA Td
2. FR-4 Modify Normal FR-4
PCB
3. PN
FR-4
Table 8
4. FR-4 Modify Normal FR-4

PCB




5. Lead Free

10LB
FR-4 Modify

Normal FR-4 FR-4 Modify Tg-150(PN)
Drilling Ability 3000hits Same as FR-4 1500hits
Bonding with black/brown OK Same as FR-4 Lower
oxidation
Desmear conditions OK Same as FR-4 Need modify
T-260 min >20 30 60
T-288 min >2 5 >40
Td (10 /min) >310 325 >350
Press working window wide Same as FR-4 Need modify

Table 8 Comparison of DICY and PN based material in processability.




