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Outline/Agenda

* Introduction
 Voiding in solder joints and why is it important?
* How does reflow profile influence voiding?

*Discussion Topics
« Experimental methodology
» Solder pastes and reflow profiles
* Process and data gathering

» Results of Experiments
 Voiding data: solder paste, reflow profile, 2" reflow, paste & profile combinations

* Conclusions
e Q &A
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Voiding in Solder Joints:
Why is it Important?

* VVoiding limits have become tighter.
* Voiding limits of 15-20% void area in BTCs and BGAs

 Rework of voids has limited effectiveness.

* This creates the need for methods to reduce voiding.
» PCB design
« Solder paste formulations QCLLCCTery s 7y
* Printed solder paste volume and location
» Use of solder pre-forms
» Reflow with vacuum
» Reflow profiles
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How Does Reflow Profile Influence
Voiding?

« Slump and flow of the solder paste

« Evaporation of volatiles
« Activation of metal surfaces to optimize wetting

» Gas escape from the molten solder

SASKEESE2200)0)) ),
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Experimental Methodology

* 4 No-Clean Solder Pastes: SAC305 T4, Zero Halogen (except C)

Flux Class Metal Content

Solder Paste (IPC J-STD-004) (% wt)

ROLO 88.0
ROLO 38.3
ROLO

(Halogen containing) Sl
ROLO 88.2
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Experimental Methodology

* PR Test Board, Single Sided, ENIG, MLF68 QFNs

L

-

il

T

5 mil Thick Stencil. 65% Area of Coverage
20 mil Webs. 88 mil Squares
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Experimental Methodology

* 5 Reflow Profiles (7-Zone Convection Reflow in Air)
« RSS = Ramp — Soak — Spike (standard soak profile)
e RTS = Ramp — To — Spike (standard linear ramp profile)
 LPSR = Low Peak — Short Reflow
 LPLR = Low Peak — Long Reflow
 LSHPLR = Long Soak — High Peak — Long Reflow
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Experimental Methodology

* 5 Reflow Profiles (Measured Values)

SEErE SAC305 | SAC305 | SAC305 | SAC305 | SAC305
(Measured) RTS RSS LPSR LPLR LSHPLR
Soak t'T:eL§°'2°°°C 58-62  112-114  62-64 65-67 104-109

Peak temp (°C) 240-243 239-242 = 231-233  232-233  255-256

Reflow Time >220°C iyt W VIR WT 40-45 85-96 98-103
(sec)

LRSI 1043 4749 3639 4850 6.0-6.3

Peak Temp (min)

©FCT ASSEMBLY
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Experimental Methodology

* Process Used for Voiding Measurement

Print solder
paste on 5
PCBAs

Measure Void
Area (2"9)

Place 4 QFNG8
components
per PCBA

Reflow (2M9) in
SEINERMIE
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Reflow (18Y)

Measure Void
Area (1st)
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Results: Voiding by Solder Paste
All Profiles Averaged

Oneway Analysis of VOID (% area) By SOLDER PASTE

Oneway Analysis of VOID (% area) By SOLDER PASTE Oneway Analysis of VOID (% area) By SOLDER PASTE
30 30
28
24 254 257
T 207 . T 90 T 20 : :
5 : : o ° "
2 107 = £ 15 £ 15
el T 1 i i I |
2 7 & S 10 Hi & S 101 my &
X 'EE :[ T ] % - 8]
4 @ 5 i 54 i
0 a T T T - 0 T T T - 0 T T T -
B c D All Pairs A B c D All Pairs A B c D All Pairs
SCLDER PASTE Touuk:Y'Kramer SOLDER PASTE TU”U*‘SEY'KTB”"EF SOLDER PASTE Tﬂ”ﬂ";Y‘Kfamer

Means Comparisons

Comparisons for all pairs using Tukey-Kramer HSD
Connecting Letters Report

Excluded Rows 400
Means Comparisons

Comparisons for all pairs using Tukey-Kramer HSD
Connecting Letters Report

Means Comparisons
Comparisons for all pairs using Tukey-Kramer HSD

Connecting Letters Report

Level Mean Level Mean
C A 114 Level Mean C A 116
: o5 coA : o4
i B 10.3 :
A C 7.1 D 103 A C 7.8
Levels notconnected by same letter are significantly different. A o 25 Levels notconnected by same letter are significantly different.

1st Reflow

Levels notconnected by same letter are significantly different.

2nd Reflow

Both Reflows
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Results: Voiding by Reflow Profile
All Solder Pastes Averaged

Oneway Analysis of VOID (% area) By REFLOW PROFILE Oneway Analysis of VOID (% area) By REFLOW PROFILE Oneway Analysis of VOID (% area) By REFLOW PROFILE
30 30
28]
244 25 254 N

YOID (% area)
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YOID (% area)
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LPLR| ol e freree]
e
LEHPLR| oo B ey
RES|  terleayrmr

LSHPLR2| et desrererery

0 T T T T - 0 T T T T - ' E T T E ' S E S All Pairs
LPLR LPSR ~ LSHPLR RS5 RTS  AllPairs LPLR2Z ' LPSR2Z LSHPLR2 RSS2 RTS2  AllPairs Y o = B E L TukeyKramer
| | o 14
REFLOW PROFILE TOUO":Y Kramer REFLOW PROFILE TU“U":Y Kramer - - 5 © 0.05
Means Comparisons Excluded Rows 400 REFLOWPROFILE
Comparisons for all pairs using Tukey-Kramer HSD Means Comparisons Means Comparisons
Connecting Letters Report Comparisens for all pairs using Tukey-Kramer HSD Comparisons for all pairs using Tukey-Kramer HSD
Connecting Letters Report Connecting Letters Report
Level Mean
LFLR A 10.9 Level Mean Level Mean
LSHFLR A B 99 LPSRZ A 119 LPSR2 A 11.9
LPSR B C 9.1 LPLR? A 11.8 LPLRZ A 118
RTS cD a2 RTS2 B 97 LFLR AB 10.9
RSS D 7.4 LSHPLR? B a0 LSHFLR B C 99
Levels not connected by same letter are significantly different. RSS2 B 90 RTs2 BC 9.7
— . LPSR BCD 9.1
Levels notconnected by same letter are significantly different. LSHPLR2 cD a0
RSS2 CD 9.0
RTS CD 8.2
RSS D 74
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Results: Voiding Paste by Profile

LLLLLL
LLLLLLL

Paste A - Paste B ~ Paste C Paste D

4oo4oeda0R
I35 0 Dhhh

: 2"d Reflow (Outlines)
. | l « Wider ranges

LI

1 RSS (Gray) &
H RTS (Yellow) Lower
PRESENTED AT SMTA INTERNATIONAL 2025
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Results: Voiding — Solder Paste by
1st Reflow Profile

Oneway Analysis of VOID (% area) By REFLOW PROFILE Oneway Analysis of VOID (% area) By REFLOW PROFILE Oneway Analysis of VOID (% area) By REFLOW PROFILE Oneway Analysis of VOID (% area) By REFLOW PROFILE
284 289 289 284
24 24 24 24
T 204 T 204 T 204 T 204
5] 1 5 ] 5 ] 5 ]
= 164 = 167 = 167 E I ﬁ - = 167
5 1o 5 ] 5 ] 1 5 ]
5 7 5 14 & I A s T - s 4 g & T !I\
= a I I i = g I T = e ? =] = E J_ II
3 0 = 1T ¥ Y F w0 ] ] = o g
47 = 47 47 47
O""[PlR ' LPSR 'LSHPLR' RSS ' RIS AllPams PR " LPSR 'LSHPLR' RSS ' RIS AlFam "IPR " LPSR 'L(SHPLR' RSS ' RIs  AlFam " "[PlR " LPSR 'LSHPLR' RSS ' RIS AlPams
REFLOW PROFILE Tukey-Kramer REFLOW PROFILE Tukey-Kramer REFLOW PROFILE Tukey-Kramer REFLOW PROFILE Tukey-Kramer
0.05 0.05 0.05 0.05
Excluded Rows 700 Excluded Rows 700 Excluded Rows 700 Excluded Rows 700
Means Comparisons Means Comparisons Means Comparisons Means Comparisons
Comparisons for all pairs using Tukey-Kramer HSD Comparisons for all pairs using Tukey-Kramer HSD Comparisons for all pairs using Tukey-Kramer HSD Comparisens for all pairs using Tukey-Kramer HSD
Connecting Letters Report Connecting Letters Report Connecting Letters Report Connecting Letters Report
Level Mean Level Mean Level Mean Level Mean
LSHPLR A 8.6 LSHPLR A 97 LFLR A 145 LFLR A 109
LPLR A 84 LPLR AB 9.6 LSHFLR B 112 LPSR A 10.0
LPFSR A B 6.8 LPSR A B 8.8 LPSR B 10.8 LSHPLR A 9.9
RTS B 6.0 RSS AB 72 RTS B 107 RTS AB 9.1
RSS B 55 RTS B 7.0 RSS B a7 RSS B 7.3
Levels notconnected by same letter are significantly different. Lewvels not connected by same letter are significantly different. Lewvels notconnected by same letter are significantly different. Levels not connected by same letter are significantly different.

LSHPLR & LPLR Highest LSHPLR Highest LPLR Highest LPLR & LPSR Highest
RTS & RSS Lowest RTS Lowest Others Lowest RSS Lowest
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Results: Voiding — Solder Paste by
2"d Reflow Profil

Oneway Analysis of VOID (% area) By REFLOW PROFILE Oneway Analysis of VOID (% area) By REFLOW PROFILE Oneway Analysis of VOID (% area) By REFLOW PROFILE Oneway Analysis of VOID (% area) By REFLOW PROFILE
30= 30
27 28 26
243 257 24 24
T 213 5 207 5 20] T 20]
5 183 & 5 1 5 ]
£ 151 2 15 ﬁ a - = 16 T ) £ 163 T
O 493 =) =y =) : o 1]
S 123 g % I I g 10 T _ : S 127 L ) 2 2 T
= g = — = i J =
; H T 7 .. ] = o T ] &
63 T 5] ; :
33 4 4
" "FlRz " LPsrz 'LSHFLRZ' RSS2z ' Rz AllPais " "FlRz " LPsmz 'LSHFLRZ' RSS2z ' Rz AllPais " "FlRz " LPsmz 'LSHFLRZ' RSS2z ' Rz AllPais O [PlRz " PSRz 'LSHFLRZ' RSSz ' RSz AllPais
REFLOW PROFILE Tukey-Kramer REFLOW PROFILE Tukey-Kramer REFLOW PROFILE Tukey-Kramer REFLOW PROFILE Tukey-Kramer
0.05 0.05 0.05 0.05
Excluded Rows 700 Excluded Rows 700 Excluded Rows 700 Excluded Rows 700
Means Comparisons Means Comparisons Means Comparisons Means Comparisons
Comparisons for all pairs using Tukey-Kramer HSD Comparisons for all pairs using Tukey-Kramer HSD Comparisons for all pairs using Tukey-Kramer HSD Comparisons for all pairs using Tukey-Kramer HSD
Connecting Letters Report Connecting Letters Report Connecting Letters Report Connecting Letters Report
Level Mean Level Mean Level Mean Level Mean
LPLRZ A 95 LPLRZ A 127 LPSR2 A 150 LPSR2 A 122
LPSR2 A 9.1 LPSRZ A B 1.3 LPLR2Z A B 135 LPLR2 A 1.6
LSHFLR2 A 59 LSHFLR2 A B 103 RTS2 ABC 12.0 RTS2 AB 107
RSS2 A 78 RSS2 B 87 RSS2 BC 10.0 RSS2 A B 9.2
RTS2 A 7.3 RTS2 B 8.6 LSHFLR2 c 9.1 LSHFLRZ B 7.6
Levels notconnected by same letter are significantly different. Levels notconnected by same letter are significantly different. Levels notconnected by same letter are significantly different. Levels not connected by same letter are significantly different.

All Same LPLR2 Highest LPSR2 Highest LPSR2 & LPLR2 Highest
RSS2 & RTS2 Lowest LSHPLR2 Lowest LSHPLR2 Lowest
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Paste A (Blue) Lower

Pastes B (Red) &
D (Gray) Middle

Paste C (Green) High
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Results: Voiding Rank
Paste — Reflow 1st

Oneway Analysis of VOID (% area) By PASTE-PROFILE Means Comparisons
Comparisons for all pairs using Tukey-Kramer HSD

287 Connecting Letters Report
24‘_ Level Mean
— ] C-LFLR A 145
T 20 C-LSHFLR B 112
o _ D-LPLR B 109
= 16-] C-LPSR B 10.8
-5 ] F C-RTS E 107
o ] D-LPSR B C 10.0
=924 fI| DLSHPLR B C 9.9
© Ja el : - [ C-RSS BC 97
==k H £ é i '[ '[ l ‘[ |ﬂ lil B-LSHPLR B C 9.7
] B-LPLR BC 9.6
4] [ D-RTS BCD 9.1
E B-LPSR BCD 8.8
0- ALSHPLR BCDE 8.6
I I |m|m| I | |m|m| I I |m|m| | I |m|m . A-LFLR BECDE 8.4
ey E RN n 2R 2 AlPairs D-RSS CDE 73
Loorfoo oo oo &0 r Tykey-Kramer B-RSS CDE 7.2
1 Ty =1 =L 1 T ([ l:'_!:I L0 | 2 Ilil 1 on i (1 I:I I:IE B-RTS CDE 7.0
L = 7 O m 7 L o - A-LPSR CDE 5.2
o m 0 . A-RTS DE 6.0
A-RSS E 55

FASTE-FROFILE Levels notconnected by same |etter are significantly different.
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Results: Voiding Rank
Paste — Reflows Both

Oneway Analysis of VOID (% area) By PASTE-PROFILE Means Comparisons

30 Comparisons for all pairs using Tukey-Krame
| . Connecting Letters Report
25 [ " Level Mean
C-LPSR2 A 15.0 B-LPLR CDEFGHIJ 9.6
™ (- i L C-LPLR AB 145 A-LPLR2 CDEFGHIJK 9.5
@ " C-LPLRZ ABC 125 D-R552 DEFGHIJK 92
m ___-;::E::: ) B-LFLRZ ABCD 127 C-LSHFLR2 DEFGHIJK 9.1
EEF_ 15 v:_'::-::: K D-LPSR2 ABCDE 1292 D-RTS DEFGHIJK 9.1
5 ;___ C-RTSH ABCDE 190 A-LPSR2 DEFGHIJK 9.1
[ g DAPLR? ABCDEE 116 A-LSHPLR2 DEFGHIJK 8.9
S 104 = BLPSR2 ABCDEFG 13 FEeR DETSRIK i
S C-LSHPLR ABCDEFGH 11.2 g '
e DAPLR ABCDEFGHI 10.0 B-RTS2Z DEFGHIJK 8.6
- A-LSHPLR DEFGHIJK 8.6
3 ot C-LPSR BCDEFGHI 10.8 ALPLR EEGHIJK 84
= C-RTS BCDEFGHI 107 ARSS? FaHIJK 78
0 D-RTS2 BCDEFGHI 107 D-LSHELR? FGHIJK 76
All Pairs DiPSR  CDEFGHIY o AR Sapyk 13
Tukey-Kramer C-RSS2 CDEFGHIJ 100  ohes R e
0.05 D-LSHPLR CDEFGHIJ 9.9 B-RTS lJK 7.0
C-RSS CDEFGHIJ a7 ALPSR lJK 6.8
B-LSHFLR CDEFGHIJ a7 A-RTS JK 6.0
B-LPLR CDEFGHIJ 9.6 A-RSS K 55
FASTE-FROFILE Levels notconnected by same letter are significantly diffe
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Results: 2"d Reflow
Effect on Voiding

Paste — Profile 1 Area (%) Paste — Profile 2 Area (%)
-2nd reflow increased ALPLR 84 ALPLR2 05
voids by 1.7% area A-LSHPLR 8.6 A-LSHPLR2 8.9
A-RSS 5.5 A-RSS2 7.8
A-RTS 6.0 A-RTS2 7.3
B-LPLR 9.6 B-LPLR2 12.7
B-LPSR 8.8 B-LPSR2 1.3
B-LSHPLR 9.7 B-LSHPLR2 10.3
B-RSS 7.2 B-RSS2 8.7
B-RTS 7.0 B-RTS2 8.6
C-LPLR 14.5 C-LPLR2 13.5
C-LPSR 10.8 C-LPSR2 15.0
C-LSHPLR 1.2 C-LSHPLR2 9.1
C-RSS 9.7 C-RSS2 10.0
C-RTS 10.7 C-RTS2 12.0
D-LPLR 10.9 D-LPLR2 11.6
D-LPSR 10.0 D-LPSR2 12.2
D-LSHPLR 9.9 D-LSHPLR2 7.6
D-RSS 7.3 D-RSS2 9.2
D-RTS 9.1 D-RTS2 10.7
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Results: 2"d Reflow Effect on Voiding

*Only 3 of 40 combinations decreased voiding with 2"9 reflow:

Decrease In Voiding

Solder Paste Reflow Profile

Mean (% Area)

C LPLR -1.0
C LSHPLR -2.1
D LSHPLR -2.3
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Conclusions

» Solder pastes had a significant effect on voiding
« C = Highest voiding
« A = Lowest voiding

» Reflow profiles influenced voiding
* LPLR (Low Peak — Long Reflow) gave higher voiding than most
* RSS (Ramp — Soak - Spike) gave lower voiding than most

« 2"d reflow increased voiding area

 Some combinations of paste - profile gave high results & some lower

results
« Many combinations showed no significant difference
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Thank You! Any Questions?

TONY LENTZ
FCT ASSEMBLY
TLENTZ@FCTASSEMBLY.COM

@ Solder
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