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Introduction

Voiding limits are tightening
BTC thermal pads <25% void area

BGA <15-25% void area
Critical applications <10% void area

Void reduction strategies
Solder paste formulation and alloy
Print pattern and volume
Reflow profile adjustment
Vacuum in reflow

2"d side reflow changes void area
Vacuum can remove existing voids
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Experimental Methodology

BGA360 =

0.4mm =

PR Test Board
Single sided FR4, SMOBC, 1.5 mm thick, 1 oz etched Cu, ENIG finish
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Experimental Methodology
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Stencil Design (127 um thick)
MLF68 65% area of coverage, 0.51 mm web, 2.24 mm brick
BGA360 0.4 mm pitch, 0.24 mm round pads, 0.25 mm square apertures
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Experimental Methodology

SAC305

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

Flux Class

APEX
2026

by Global Elect

Relative
Voiding
Potential

ROLO 88.0

ROLO

(Halogen containing) 87.9

Solder Pastes
No clean, SAC305, IPC Type 4

Low Voiding

High Voiding

Chosen from SMTA 2025 “Fill the Void VIII — Can Reflow Profiles Really

Improve Voiding in Solder Joints”
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Experimental Methodology

Print speed (mm/sec) 35 mm/sec

Print Parameter

Blade angle (deg.) 60°
Blade length (mm) 200 mm
Print pressure (kg) 5.0 Kg
Separation speed (mm/sec) 20 mm/sec
Separation distance (mm) 1 mm

Print gap (mm) 0

Printer (ASM DEK)
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Reflow | Conveyor

Z2 Z3 Z4

Profile | Speed cc) | cc) | rc)

# (cm/min)

65 100 120 140 160 170 180 190 220 245 270 320 320 320
75 90 100 120 140 160 180 200 220 240 260 320 320 320
60 80 120 130 140 150 165 185 198 220 265 320 320 320

Reflow Oven (Heller 1911-MK5-VR)
10 zone, convection reflow in air
3 IR heaters in vacuum chamber
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Experimental Methodology

Profile #1 Profile #2 Profile #3

Soak time 150-200°C
(sec)

87 - 89 59 -62 83 - 86
Al UL BRI 127 - 135 109 - 111 100 - 108
(sec)
Peak temp (°C) 243 - 246 234 - 236 229 - 234
T R P2 - P3
r;:= — E i-.:-'i - E;':' :
; ._._._._...::::::;::=? e ——— ; .............................
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Experimental Methodology

800

600

[torr

L o400
=
A
g
o
200
0
0 10 20 30 40 50
Time (sec)
Id Ramp [seconds] Dwell [seconds] = Pressure [torr] Gain (%) Phase [seconds]
1 1 1 760.0 7 0.02

Vacuum Cycle 2 : 2 :
10 torr for 25 sec (down from 760 torr)
Overall time ~45 sec
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Experimental Methodology

Place 4 MLF68 + 4
Print Solder Paste on BGA360 Components

5 PCBAs per PCBA.
20 Total of Each

Measure Void Area Reflow (2M) in Same
(2"d) Profile - Component
& Inspect for Bridging Side Down

Process
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Reflow (1Y)

Measure Void Area
(1%

& Inspect for Bridging

1t reflow without vac then 2" reflow with vac in same profile

Vice versa
2nd reflow components face down
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Experimental Methodology

Codes in Data
Solder paste =Aor C
Profile #=1,2o0r 3
Vacuum =V

Gk »

-” used to separate 15t and 2" reflow

Example Codes
“C2V” = Solder paste C in reflow profile # 2 with vacuum (15t side only)

“A1-1V” = Solder paste A in reflow profile # 1 (15t side) followed by vacuum
profile # 1 (2"9 side)
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Results
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MLF68 Voiding Stats
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Solder Paste Reflow Profile Min Void Area (%) Mean Void Area (%) Max Void Area (%)

1-1V
1V
1v-1
2
2-2V
2V
2V-2
3
3-3V
3V
3V-3

1-1v
1V
1v-1

2-2V
2V
2V-2

3-3V
3V
3V-3

0.1
0.0
0.4
3.3
0.5
0.4
0.5
1.7
0.2
0.2
0.6

5.6
0.4
0.4
0.7
7.9
0.8
0.5
0.3
6.2
0.3
0.4
0.3

7.58
0.58
0.98
0.77
8.07
0.97
0.75
1.31
8.96
0.65
0.56
1.26

9.70
1.29
0.96
1.45
12.62
1.59
1.11
1.22
10.96
1.19
0.79
1.04

18.4
1.1
1.9
1.2

17.3
1.5
1.5
2.0

21.7
1.3
1.9
2.1

15.4
2.7
1.7
5.1

20.0
2.6
2.0
1.7

18.0
1.9
2.0
1.6
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MLFG68 Voiding by Paste or Profile

Oneway Analysis of VOID (% area) By SOLDER PASTE

Oneway Analysis of VOID (% area) By REFLOW PROFILE

25
20 -
= | -
[a k]
5 157
E - A
D — _-._I
2 10
== E )
5 —L
0 : _
A C All Pairs
SOLDER PASTE Tnunkgy—ﬁramer

25
20
.-'I'-_u\'\. -
5 o
5 157
£ 4 _
S 90— (=)
> ] L—J N,
5_
0 1 ! 5 ! 3 All Pairs

Tukey-Kramer

REFLOW PROFILE
0.05

Excluded Rows 360
Means Comparisons
Comparisons for all pairs using Tukey-Kramer HSD

Connecting Letters Report

Level Mean
c A 111 Paste
A B 8.2

Levels notconnected by same lettef are significantly different.
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Excluded Rows 360

Means Comparisons
Comparisons for all pairs using Tukey-Kramer HSD

Connecting Letters Report

re significantly different.
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MLF68 Voiding by Paste & Profile

Oneway Analysis of VOID (% area) By PASTE - PROFILE
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027 " Az " A " c1 " c2 ' c3 AlFais

PASTE - PROFILE Tﬂ“ﬂ“;‘-“"{mmer

Excluded Rows 360
Means Comparisons

Comparisons for all pairs using Tukey-Kramer HSD

Connecting Letters Report

Level Mean
c2 A 12.63
C3 A B 10.96
C1 A B ayo
A2 B 8.96
A2 B a.07
Al B 7.58
Levalonstoonnooiodoyoam

No Vac

veetter are significantly different.
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Oneway Analysis of VOID (% area) By PASTE - PROFILE
5.0
4.5
4.0
E 3.57
= 3.0
R 25
o 2.0
o
Sl T rog
1.0 I =
0.5 T & % I - = E:;?
0.0
Aty Toav T oAV T g1y T ocav | c3v AllPairs
PASTE - PROFILE Tukey-Kramer
0.05
Excluded Rows 360
Means Comparisons
Comparisons for all pairs using Tukey-Kramer HSD
Connecting Letters Report
Level Mean
cav A 1.11
ATV A B 043
c1v A B 0.96 VaC
ciavy ABC 074
A2y B C 075
AV C 0.7
Levels noltconnecieu oy sarne eter are significantly different.
19
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MLF68 Voiding After 2" Side Reflow

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

5__ Connecting Letters Report
™ 47 Level Mean
=] C2-2V A 1.58
2 37 CIV-1AB 1.45
= AV2 ABC 1.21
= . C1-IVAB C 1.29

e ] AN ABC 1.26 2nd Slde
. I . E E k COV2 ABCD 1.23
17 @ T I 7 T T L I C33VABCD 119
1 C3V-2 BCDE 1.04
0 AZ-2V CDE 0.97
=ln g Y 2 2 s s 22 AlPais ATV DE 0.77
EI E E&I’ § g{'ﬁ ﬁ 5 E E ﬁ E ﬁ Tukey-Kramer A3-3V E 0.65
0.05 A1V E 0.58

FASTE - FROFILE Levels notconnected by same letter are significantly different.
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MLF68 Voiding 1st Side (No Vac) & 2nd Side (Vac)=*=

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

Comparisons for all pairs using Tukey-Kramer HSD

Connecting Letters Report

Level Mean

cz2 A 12 63

CI AB 10.96

1 B C 9.70 No Vac
A3 B C 5.96

A2 C 3.07

A1 C_ 758

T2V 5 150

C1-1V D 1.29 .
C3-3V D 119 2"d Side
A2V D 0.97

ATV D 0.65 Vac
Al-1V D 0.58

Levels not connected by same letter are significantly different.
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Results
BGA360
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BGA360 Voiding Stats (Non-Zero)

Advanced

1-1V
1v
1v-1
2
2-2V
2V
2V-2
3
3-3V
3V
3V-3

1-1V
1v
1v-1

2-2V
2V
2V-2

3-3V
3V
3V-3

Min Void
Area (%

1.6
0.5
1.4
0.5
1.4
1.3
1.2
1.6
0.7
0.7
1.0

0.4
1.2
0.5
0.8
1.1
1.3
0.5
1.3
0.7
1.7
1.3
1.3

Mean Void
Area (%

3.33
3.01
1.94
2.81
2.28
2.70
2.70
2.74
3.16
2.42
2.47
2.41

2.17
3.48
2.35
3.41
2.86
3.11
2.52
3.11
2.93
3.31
2.83
2.53

Max Void
Area (%

6.6
5.7
6.6
7.7
6.3
6.5
5.9
6.5
5.1
6.5
6.2

9.2
8.6
5.6
7.3
7.6
7.3
5.8
7.3
7.2
5.2
8.0
6.3

Total # Non-Zero
Void Data Points

85
194
41
178
83
115
101
52
94
130
125

384
155
192
95
241
132
154
132
219
22
111
59

Total # Zero Void
Data Points

1106
1290
1041
1310
958

1252
1146
1255
869

1222
1168
1195

914
1209
1103
1280

978
1274
1173
1274
1145
1681

877
1412

2020
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BGA360 Voiding by Paste or Profile

Oneway Analysis of VOID (% area) By SOLDER PASTE Oneway Analysis of VOID (% area) By REFLOW PROFILE
9.5 9.5
851 8.5
7.5- _ 753

= -] (] 7

o G5 — L 654

R — o E 1 1

#2937 £ 553

o 457 o 453

S E S 354 i

= ] |_—| 9 5_' hed
257 i = 3 T =
5 I T
0 A ' C Al Pairs - 1 ' 2 '3 All Pairs

Tukey-Kramer
SOLDER PASTE Tnunk:‘f-ﬁramer REFLOW PROFILE s
Excluded Rows 2020

Excluded Rows 2020

Means Comparisons
Comparisons for all pairs using Tukey-Kramer HSD

Connecting Letters Report
Paste

rare significantly different.

Means Comparisons
Comparisons for all pairs using Tukey-Kramer HSD

Connecting Letters Report

rare significantly different.
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Oneway Analysis of VOID (% area) By PASTE - PROFILE Oneway Analysis of VOID (% area) By PASTE - PROFILE

9.5 9.5
8.57 8.57
. 7.5 757
=z 3 o 3
L 657 2 6.5
= K ] -
= 5.57 L 2 557
o 457 o 457
S 353 =) S 353 I
253 | o] 257 =
] = kA
EEa T 1 s] 0 1 § 0 ?
EI'E_- T Tl I I - UE_- T T T I I
e I I S O 0 All Pairs ATV A2V T A3V cv cav ~ Cc3v AllPairs
PASTE - PROFILE Tukey-Kramer PASTE - PROFILE Tukey-Kramer
0.05 0.05
Excluded Rows 2020 Excluded Rows 2381
Means Comparisons Means Comparisons
Comparisons for all pairs using Tukey-Kramer HSD Comparisons for all pairs using Tukey-Kramer HSD
Connecting Letters Report Connecting Letters Report
Level Mean Level Mean
A1 A 2332 Cav A 283
A3 AB 316 A2V A B 270
c3 B 2.03 No Vac Cov AB 252 Vac
c2 B 2.86 A3V A B 2.47
A2 C 2.28 C1V B 2.35
C1 C 217 ATV C 1.04
Leveisnoteonnecicduysametetter are significantly different. Leves ot connecieu vy saime ietter are significantly different.
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BGA360 Voiding After 2" Side Reflow

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

9.5
8.5
7.5
6.5
5.5
457
3.5
2.5

YOID (% area)

1.5

0.5-

A=

PETE] T s o e S
PICE Y PR s s T

LRSS
N2

I
:

FASTE - FROFILE

1=

All Pairs
Tukey-KEramer
0.05
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Means Comparisons
Comparisons for all pairs using Tukey-Kramer HSD
Connecting Letters Report

Level Mean
C1-1v A 3.48
C1v-1 A 3.41
CAVABCD 3.3
C2-2v A B 3.11
cCav-2 A B 311
Al-V A BC 3.01 nd Q;
AZN-2 BCD 274
AZ-BNV BCD 270
c3v-3 BCD 253
AZ-3V D 242
AIN-3 ] 2.4

Levels notconnected by same |etter are significantly different.
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BGA360 Voiding 15t Side (No Vac) & 2" Side (Va&)=:

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

9.5
3.5
757
6.5
5.5
4.5
357
2.57
157

YOID (% area)

0.5

| — —
—

A
Al

A2
A2V
A

A3-3Y

C1-1v =l =

FASTE - FROFILE

c2

c2.2v

L=

All Pairs
Tukey-Kramer
0.05
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Means Comparisons
Comparisons for all pairs using Tukey-Kramer HSD
Connecting Letters Report

Yevel Mean

C1-1V A 3.48

Al  AB 3.33

C3-3VABCD 3.31

A3 ABCD 3.16

Co2VABC 3.11 Some No-Vac
Al-V ABCD 3.01 . 1
o3 5 oD 593 Lower Voiding
c2 CD 286 than Vac
A2-2V CDE 270

A3-3V DE 242

A2 E 228

C1 E 217

Levels NnoICONNecied oy sarne (etter are significantly different.
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BGA360 Voiding 15t Side (No Vac) & 2" Side (Va¢)>--

9000 N N N X
00066 N ENXYX
scccoliocccse
0060 o000
X X X X 0000
 E XXX o900
L LA X N N A X K N
00000 .. . 00000
o009 00000
o000 o000 0
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BGA360 Ratio of Joints with Voids After 1 & 2 <2z

Reflows

Prevelance of Voids Based on Reflow Paramaters

0.30

0.25

0.20 +

0.15 +

0.10

0.05 1

Number Voided joints / Number of Joints Measured

0.00 -
Al

AZ

No Vacuum Followed by Vacuum

HEEl ‘oiding Ratio After One Reflow
Bl ‘oiding Ratio After Two Reflows

A3 Cl c2 C3 - AL A2 A3 OV1 OovZ2 CV3

Vacuum Followed by No Vacuum
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More Zero-Void Joints
After 2" Reflow
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BGA Ratio of Parts with Bridging —
1st Side No Vac, 2"d Side Vac

Parts With Bridging After Vacuum 2nd Reflow

0.40 A

0.35 A

0.30 A

o
[N
w

o
[N
o

0.15 -

Ratio of Parts with Bridging

0.10 A

0.05 A

0.00

B 2nd Reflow Vac

‘ EEE One Reflow
Al A2 A3 Cl c2 C3

Paste — Profile #
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No Bridging After 1
Reflow (No-Vac)
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Conclusions
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Conclusions

Solder paste A and reflow profile #1 gave lower QFN voiding
Solder paste C with profile #1, & paste A with profile #2 gave lower BGA voiding

Vacuum reflow substantially reduced voiding in BGA and QFN solder joints
Similar results with 1st or 2"9 side vacuum reflow

Vacuum reflow on 2" side reduced voids created during 15t side reflow
Created bridging in the BGA arrays
No bridging in QFN 1/O pads
Might be minimized through vacuum setting changes

2"d side reflow increased the # of solder joints with zero-voids in the BGAs
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Questions?
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