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Voiding In solder joints may pose reliablility risks.
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Introduction: Voiding & Reliability

*Hillman, et. al., found no correlation between voiding
and reliability for QFN’s with 4 solder alloys.

Field experience shows that voiding Is related to
reliability for some applications.

*Hillman, et. al., “Bottom Terminated Component (BTC) Void Concerns: Real and
Imagined”, Proceedings of SMTA International, 2019.
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Introduction: Voiding Limits

IPC J-STD-001H & IPC-A-610G
30% max area in BGAs
50% max area in QFN thermal pads

IPC-7093ABTCs
< 30% area typical on thermal pads (J-STD-001)

IPC-7095C BGAS
< 25% area and < 50% diameter Classes 1&2
< 20% area and < 45% diameter Class 3

Voiding limits are often set by end users and OEMs.

ECWC 16 at IPC APEX EXPO 2024 6



Introduction: Voiding Root Causes

Gas Bubble Entrapment

APEX
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(Q""2054.

Flux, alloy, solder powder size, stencil design, reflow profile, etc.

Time for gas bubbles to leave the molten solder?

Reflow — Time on Hot Plate
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Introduction: Voiding Root Causes

= Wetting or Spread
— Stencil design, flux, alloy, surface finish, profile, etc.
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Introduction: Prior Work*

Window pane designs minimized voiding.

Reflow profiles altered voiding behavior.

_F-alloys showed different void behavior.

ncreasing area of printed solder paste coverage minimized voiding.
ncreasing stencil thickness and |I/O pad volume decreased voiding.

Solder alloys showed different voiding behavior with a no-clean
solder paste.

*References appear in the paper.
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Experimental Setup

Property |fSVn63/Pb37 SAC305 SnBiCuNi SnAgBiCu Measuring method
Melting Range (°C) 183 218-219 221-225 205-213 Dsc: ij;:é;nlig;clx-_%oo"c
Composition ASn63/Pb37 | Sn3Ag0.5Cu | Sn1.5Bi0.7CuNi | Sn3.5Ag3BilCu
Specific Gravity (g/cc) 8.4 7.4 7.4 7.5 @20°C
Tensile strength (MPa) 53 48 52 90 _ 10mm/min @25°C
Elongation (%) 32 33 33 16 _ 10mm/min @25°C
€ 0.2% (MPa) 16 41 39 61 _ 10mm/min @25°C
Young’s modulus (GPa) 32 51 56 55 _ JIS 22280
Thermal expansion (ppm/K) 25 23 24 24 _ -40 - +150°C
Thermal conductivity (W/m-K) 50 58 54 53 _ Laser flush
Thermal mass (J/(kg-K)) 150 219 224 232 _ Laser flush
Electric conductivity (LQm) 0.14 0.14 0.14 0.16 _ 4 terminal bridge

5 solder alloys with the same Water-soluble Pb-free solder paste flux

ECWC 16 at IPC APEX EXPO 2024 11
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Experimental Setup: PR Test Board V3
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Experimental Setup: Stencil Web Width & Voiding

254 um
10 mil

5 mil thick & 65% area of solder paste coverage

ECWC 16 at IPC APEX EXPO 2024
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Experimental Setup:
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Experimental Setup: Test Variables

Five alloys in WS-LF (ORH1) solder paste
Sn63/Pb37, SAC305, SnBiCuNi, SnAgBiCu, Sn37BiX
Compared to previous study with NC-LF (ROLO) paste

Four stencil web widths
10, 15, 20, 25 mils

SAC305 RTS reflow profile TIIIIIIT

20 combinations .

5 PCBs per combo

4 QFNs per PCB

20 void measurements per combo

+2 extra combos for profile comparison

(Agf()ﬁo ecwcl6
P 2024 D CONVENTION

Gas bubble escape test > g
20.0g solder paste, Hotplate (250 or 280°C) == —

ECWC 16 at IPC APEX EXPO 2024



Experimental Setup: Test Parameters

Reflow RTS RTS
Parameter Sn63/Pb37 Sn37BiX
Time above 57-59 sec 67-70 sec 75-77 sec
Liquidus >220 °C >183 °C >174 °C

241-244 °C 208-210 °C 200-203 °C

Time 25 °Cto
peak temp Y,

*SAC305 profile for all tests. 63/37 & Sn37BiX profile comparison

ECWC 16 at IPC APEX EXPO 2024 16

4.4-4.6 min 3.6-3.7 min 4.8-5.0 min
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Results: Reflow
Performance
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Solder Paste Reflow Performance (SAC305 Profile) 202

110

Reflow Performance of the Solder Alloys
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ECWC 16 at IPC APEX EXPO 2024

100% Performance is Ideal

Sn37BiX & Sn/Pb best
wetting. All others
much lower.

SnAgBICu, SAC305 &
SnBICuNi best solder

balling. Others much

lower.

Graping is ideal for all
alloys.

18



AEE’,;‘,‘ &= ecwcloe

Solder Alloy Spread (WS, SAC305 Profile) 2024 | T

SAC305 | \ SnAgBiCu  SnBiCuNi
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Sn37BiX & Sn/Pb fully spread and leveled on all web widths
Best to worst spread: Sn37BiX = Sn/Pb > SnBICuNi > SAC305 = SnAgBICu

ECWC 16 at IPC APEX EXPO 2024 19
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Solder Alloy Spread (No Clean, SAC305 Profile)
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Sn37BiX & Sn/Pb fully spread and leveled on all web widths
Best to worst spread: Sn37BiX = Sn/Pb > SnBICuNi > SnAgBICu = SAC305
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Results: Voiding

ECWC 16 at IPC APEX EXPO 2024 21



Voiding by Solder Alloy: All Webs & SAC305 Profile
Water Soluble Solder Paste

Oneway Analysis of VOID (% area) By SOLDER ALLOY
T
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SAC305 = Sn37BiX  Sn63/Pb37 SnAgBiCu' SnBiCuMi  All Pairs

SOLDER ALLOY Tnunkgaf—l{ramer

YVOID (% area)

Excluded Rows 40
Means Comparisons
Comparisons for all pairs using Tukey-Kramer HSD
Connecting Letters Report

(Level MeaD
SnBICuUMi A 114
SAC305 B a.7
SnAgBiCu cC 5.3
Sn37TBix C 45
SnG3/Pba7 D 1.6

WMsigniﬂcantlydiﬁerent

ECWC 16 at IPC APEX EXPO 2(__ .
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SnBICuNI highest
voiding

Sn37BiX & Sn/Pb
lowest voiding
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Voiding by Solder Alloy: All Webs & SAC305 Profile

No Clean Solder Paste
Oneway Analysis of VOID (% area) By SOLDER ALLOY
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0~ SAC305 ' Sn37BiX 'Sn63/Pb37 SnAgBICY' SnBICUNI Al Pairs

SOLDERALLOY Eunk:?—ﬁramer

VOID (% area)

Means Comparisons
Comparisons for all pairs using Tukey-Kramer HSD

Connecting Letters Report

flevel Mean }
SnBICuMi A 13.0
SAC305 B i
SnAgBIiCu C 4.2
SnG3Fb3r CcD 3.6
Sn3vBix D 2.7

Newalsnotconnected b same latter 2sd significantly differant
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SnBICuNI highest
voiding

Sn37BiX & Sn/Pb
lowest voiding
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Gas Bubble Escape by Solder Alloy
Water Soluble Solder Paste

-

E Qs PR Correlation of Gas Escape Time and Voiding
(R - T S ; " 12.0
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® Void Mean (%)  eeeeeees Linear (Void Mean (%))
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240 11.4
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Voiding by Web Width: All Alloys & SAC305 Profile

Oneway Analysis of VOID (% area) By STENCIL WEB WIDTH (mils) Oneway Analysis of VOID (% area) By STENCIL WEB WIDTH (mils)
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15 20 25 All Pairs 10 15 20 25 All Pairs
STEMCIL WEB Tukey-Kramer STEMCIL WEB Tukey-Kramer
WIDTH (mils) 0.05 WIDTH (mils) 0.05
Excluded Rows 40 Excluded Rows 40
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

rare significantly different.

ECWC 16 at IPC APEX EXPO 2024

"‘"—Expo &= ecwcl6
iPc ®.. WORLD CONVENTION
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Web width did not
change voiding (all
alloys averaged)

Same result with
No clean
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Voiding by Alloy & Web Width: SAC305 Profile w2024 | e
Water Soluble Solder Paste

Gl::h Sullder VOID (% area) vs. SOLDER ALLOY CTENGIL WEB WD TH SAC 3 O 5 m O d e rate
SAC305 || Sn37BiX || Sn63/Pb37 = SnAgBiCu | SnBiCuNi ¥ voiding — changes
with web

Sn37BiX & Sn/Pb
lowest voiding
-. % i SnAgBiCu low-mod

| *i . o) ﬁ voiding
s, ST LY
S T

N
SnBICuNI highest
o

voiding

Where(40 rows excluded)
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Voiding by Alloy & Web Width: SAC305 Profile
Water Soluble Solder Paste

SAC305

Oneway Analysis of VOID (% area) By STENCIL
WEB WIDTH (mils) SOLDER ALLOY=SAC305

Oneway Analysis of VOID (% area) By STENCIL

WEB WIDTH (mils) SOLDER ALLOY=Sn37BiX

Oneway Analysis of VOID (% area) By STENCIL
WIDTH (mils) SOLDER ALLOY=Sn63/Pb37

SnAgBiCu

Oneway Analysis of VOID (% area) By STENCIL
WEB WIDTH (mils) SOLDER ALLOY=SnAgBiCu
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SnBiCuNi

Oneway Analysis of VOID (% area) By STENCIL
WEB WIDTH (mils) SOLDER ALLOY=SnBiCuNi
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5 t 31 £ ) PR 8 . 1
1 " 15 ' 20 | 25 AiPairs 2 1 ' 15 ' 20 ' 25  AlPas w7 1B T 20 25 AllPairs [ 25 AllPairs 0 T 15 ' 20 ' 25  AlFams
STENGIL WEB Tukey-Kramer STENCIL WEB Tukey-Kramel STENCIL WEB Tukey-Kramer STENCIL WEB L‘-‘;‘;Y‘K'W STENCIL'WES Tukey-Kramer
WIDTH (mils) 0.05 WIDTH (mils) 0.03 WIDTH (mils) 005 WIDTH imils) : WIDTH (mils) 0.05
Means Comparisons 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 Comparisons forall pairs using Tukey-Kramer HSD
Connecting Letters Report Connecting Letters Report Connecting Letters Report Connecting Letters Report Connecting Letters Report
Level Mean Level Mean Level Mean Level Mean Level Mean
10 A 101 0 A 52 2% A 18 5 A 60 2 A 121
20 AB L] % AB 45 0 A 17 m A 58 15 A 12
15 AB 84 15 AB 44 15 A 15 5 A 49 o A i
25 B 73 20 B 41 0w A 15 0 A 45 0 A 10

hevels not connected by same letier are significanty different

vels not connected by same |etter are significantly different

Levals notconnected by same leRler are significantty different.

SAC305 & Sn37BiX voiding higher for 10 mil webs
Sn/Pb, SnAgBICu, & SnBICuNI voiding same for all webs

ECWC 16 at IPC APEX EXPO 2024

1 evels notconnected by same letter are significantly different

28



Voiding by Alloy & Web Width: SAC305 Profile

No Clean Solder Paste

Graph Builder

VOID (% area) vs. SOLDER ALLOY

SAC305

- Sn63/Pb37 | SnAgBiCu

SnBiCuNi

SnBICuN

ECWC 16 at IPC APEX EXPO 2024
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SAC305 low to mod
voiding — changes
with web

Sn37BiX & Sn/Pb
lowest voiding

SnAgBICu low
voiding — changes
with web

SnBICuNI highest
voiding
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Voiding by Alloy & Web Width: SAC305 Profile
No Clean Solder Paste

SAC305

Ineway Analysis of VOID (% area) By STENCIL
VEB WIDTH (mils) SOLDER ALLOY=SAC305

Oneway Analysis of VOID (% area) By STENCIL

WEB WIDTH (mils) SOLDER ALLOY=Sn3TBiX

Oneway Analysis of VOID (% area) By STENCIL
WEB WIDTH (mils) SOLDER ALLOY=5n63/Pb37

SnAgBiCu

Oneway Analysis of VOID (% area) By STENCIL
WEB WIDTH (mils) SOLDER ALLOY=SnAgBiCu
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SnBiCuNi

Oneway Analysis of VOID (%: area) By STENCIL
WEB WIDTH (mils) SOLDER ALLOY=SnBiCuNi

N 25
] 10 7
151 45 61 -
4 T T T 5 201 -
: g 5] - E 5 T ' —~ g T R
5 10 = i I : & | / \ = — " - A
. £ 3 ' £ 4 H 4 f = g ® [ : : £ 159 . A :
: : g 25 5 s = — g T 4 i |+| g F G T m]
2 s - - 3 B : I > : L\-) = H : T () o0y L [ L [
:ﬂ If T T 154 L * . - ; - 1 ' L
2 5 2 T = 1+
T 1 [ 5 + .
o 0 ' 15 ' 20 ' 25 AllPairs 05 15 T 20 25 Al Pairs 1 0 ' 15 ' 2 ' 25 All Pairs 0 w15 ' 20 ' 25 Al Pairs 0 ' 15 ' 20 ' 25 All Pairs
STENCIL WEB Tuke y-Hramer STENCIL WEB Tuikgy-Hrarmes STENCIL WEE Tukay-Krarmer STEMCIL WEB Tukey-Krame STEMCIL WEB ;u;;yaqm
WIDTH (friiks) 005 WIDTH {mils) 005 WIDTH (mits) 0.05 WIDTH (milts) 005 WIDTH (mils) i
Means Comparisens Means Comparisons Means Comparisons Means Comparisons Means Comparisons
Comparisons for all pairs using Tukey-Kramer HSD Comparisons for all pairs using Tukey-Kramer HSD Comparisens for all pairs using Tukey-Kramer HSD Comparisons for all pairs using Tukey-Kramer HSD Ceomparisens for all pairs using Tukey-Kramer HSD
Connecting Letters Report Connecting Letters Report Connecting Letters Report Connecting Letters Report Connecting Letters Report
Level Mean Levil Mean Lewvel Mean Level Mean
5 A 78 0w A 42 25 A 52 0 A 138
0 A 65 15 AB 34 20 A 51 15 A 138
15 B 45 25 AB 34 15 B 33 25 A 124
10 B 34 20 B 32 10 B 34 1w A 119
evels not connected by same letter are significantly different avels not connected by same lelier are significantly different sale mab mneEsckad bar e s s Rathor ara einniicanti Siffecant

Daels not connected by same lefter are significantly ditf erent

Lavels nolconnected by same lefler are significantly different.

SAC305 & SnAgBICu voiding higher for 20 & 25 mil webs
Sn37BiX & Sn/Pb low voiding for all webs
SnBICuNi high voiding for all webs

ECWC 16 at IPC APEX EXPO 2024

o
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Voiding by Profile for LT Alloys: 20 mil Web

Water Soluble Solder Paste

Oneway Analysis of VOID (% area) By SOLDER ALLOY

APEX
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Oneway Analysis of VOID (% area) By SOLDER ALLOY

4" e
3.5
S 37
m < .
R 251 . ()
o —
o
()
All Pairs
63 ; 3? Tukey-Kramer
0.05

profile

Means Comparisons
Comparisons for all pairs using Tukey-Kramer HSD

Connecting Letters Report

Level Mean
SnE63FPH3TR A 26

SnB3/PDL3T B 1.7
Levels notconnected by same letter are significantly different.

Sn/Pb has lower voiding in SAC305 profile
Sn37BiX mean voiding does not change with profile

ECWC 16 at IPC APEX EXPO 2024

Means Comparisons
Comparisons for all pairs using Tukey-Kramer HSD

Connecting Letters Report

Level
Sn3TBIXR A
Sn3TBIX A

All Pairs
Tukey-Kramer

0.05

Levels notconnected by same letter are significantly different.
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Voiding by Profile for LT Alloys: 20 mil Web

No Clean Solder Paste

Oneway Analysis of VOID (% area) By SOLDER ALLOY

Oneway Analysis of VOID (% area) By SOLDER ALLOY

CETEY
profile

147

VOID (% area)
(=]
1

117

Sn63Fb37 ' SnB3PD3TR All Pairs
SCOLDERALLOY Tuunkﬁey—f(rarner

Excluded Rows 300

Means Comparisons
Comparisons for all pairs using Tukey-Kramer HSD

Connecting Letters Report

Level Mean
SnE3PL3ITR A 6.8

SnG3/Pb37 B 32
Levels not connected by same letter are significantly different.

VOID (% area)

4 —— -
R —
3 ég N
[
9 - o

TS B37 ' TSB37R All Pairs

SOLDERALLOY Tukey-Kramer
0.05

Excluded Rows 400

Means Comparisons
Comparisons for all pairs using Tukey-Kramer HSD

Connecting Letters Report

Level Mean
TSB37TR A 48
TS B37 B 26

Levels not connected by same letter are significantly different.

Sn/Pb & Sn37BiX have lower voiding in SAC305 profile

ECWC 16 at IPC APEX EXPO 2024
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Conclusions &
Recommendations
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Conclusions (Water Soluble Solder Paste) w2024 | T

Gas entrapment & poor wetting/spread increase voiding
potential.

Reflow profile influenced voiding for 63/37.
Solder alloy & web width affect voiding.

Alloy Web Effect on Voiding

SAC305 Moderate Decreased — Larger Web

Sn37BiX Low Decreased — Larger Web
Sn/Pb Low No Change
SnAgBiCu Low to Mod No Change

SnBiCuNi High No Change

ECWC 16 at IPC APEX EXPO 2024 34
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Conclusions (No Clean Solder Paste)

Gas entrapment & poor wetting/spread increase voiding
potential.

Reflow profile influenced voiding for 63/37 & Sn37BIX.
Solder alloy & web width affect voiding.

SAC305 Low to Mod Increased — Larger Web
Sn37BiX Low No Change

Sn/Pb Low No Change
SnAgBiCu Low to Mod Increased — Larger Web

SnBiCuNi High No Change

ECWC 16 at IPC APEX EXPO 2024
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Thank you!

Tony Lentz
tlentz@fctassembly.com
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