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Multiple reflows are exceedingly common
iIn modern packaging.
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What is the effect of vacuum within a
multiple reflow set?
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Vacuum reflow can vastly reduce voiding
caused by trapped flux vapors
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We used a FCT solder test vehicle.

BGA360 =

0.4mm '

= PR Test Board
— Single sided FR4, 1.5 mm thick, 1 oz etched Cu, ENIG finish
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Focus of the study was on BGA and QFN
part.
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= Stencil Design (127 pm 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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Solder paste choice reduces to high
voiding and lower voiding.

Flux Class Metal Content el

Solder Paste Voiding

- - 0
(IPC J-STD-004) (% wt) Potential

ROLO 88.0 Low Voiding

ROLO

(Halogen containing) ei High Voiding

- No clean, SAC305, IPC Type 4
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Heller 1911-MK5-VR uses 10 conventional zones
and one IR heated vacuum chamber

ID Group SP (%)

1 Top&Bot 1-3 100

2 Top&Bot 4-7 100 )
3 Top&Bot 8-10 100 Live Vacuum 3
4 Cooling 1-3 100 chamber pressure \

monitor

Nitrogen

VACUUM

z5

IRL

\ 142 ’ 157 ’ 165 | 175 ’ 235 185 | 165 150
- s -d-

IRC IRR

‘ 122

132

hh
EL_ E \11-2\ \12-2\ | 132 | \142\ F F F F

PV(°C)
I

VACUUM

IRL

|
|
|
185 | 165 | 150 : 235 | | 185 | 165 | 150 80
I’ i I |

IRC IRR

o

Board on its way in the oven Board exiting the vacuum chamber

10 zone with vacuum, 3 IR heaters in vacuum chamber
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Reflow profiles selected for differing peak
temp and soak time.

Parameter

Soak time 150-
200°C (sec)

Reflow Time
>220°C (sec)

Peak temp
(°C)
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Vacuum parameters are customizable but
were not investigated.

800
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Time (sec) : -
Id Ramp [seconds] Dwell [seconds]  Pressure [torr] Gain (%) Phase [seconds] 1 1
1 1 1 760.0 7 0.02 : - :
2 4 25 10.0 7 0.02 1 ‘ 235 ‘ I
1 - g |

= Vacuum Cycle

— 10 torr for 25 sec, Overall ~45 sec
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Workflow for investigation included full x-
ray inspection before second reflow

Reflow (15Y)
, Place 4 MLF68 and 4
Print Solder Paste on 5 BGA360 Components per A.No Vac
PCBAs PCBA

Tem
Paste .p First Second  Example
Profile

1
2

5 boards per condition

B. With Vac

A
C

onventiona

Al
A1V

Vacuum
Vacuum [Conventional

Reflow (2"9) in Same Profile 60 boards
Measure Void Area (2" - Component Side Down Measure Void Area (1% 4 (2X) placements per
& Inspect for Bridging A. With Vac & Inspect for Bridging
B. No Vac boards
* Process
— 1t side reflow without vac --- 2"d side reflow with vac in same profile
— Vice versa

— 2nd side reflowed with components facing down
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Voiding in QFNs clearly reduced by vacuum

reflow.
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Voiding differences existed between
pastes but not profiles.

Oneway Analysis of VOID (% area) By SOLDER PASTE Oneway Analysis of VOID (% area) By REFLOW PROFILE
25 25
207 T 20- T
5 15 S [
E | T E ] [ | =
O 1p- S 40— ()
o ] O S | =
5+ — 5
o A ' c Al Pairs 0 1 ' 2 ' 3 All Pairs
SOLDER PASTE Tnunkgy—ﬁramer REFLOW PROFILE TUQUKEEY-Kramer

Excluded Rows 360 Excluded Rows 360

Means Comparisons
Comparisons for all pairs using Tukey-Kramer HSD

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

Connecting Letters Report ( ARR RN NNNR NN

c A 11.1
A B g.2 aSte
Levels notconnected by same lettef are significantly different.

re significantly different.
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Vacuum reflow generates a massive
reduction in voiding

Oneway Analysis of VOID (% area) By PASTE - PROFILE Oneway Analysis of VOID (% area) By PASTE - PROFILE
5.0
207 457
4.0
— —_ 35_
@ 15 = ]
2 F]
5 5 307
R T £ 25
o ' I o 2.0
D R g 5 &
= = 127 "|:
5 1.0 T =)
0.5 T & % I - = E:;?
] T T T T T - 0.07 T T T T T
Al A2 A3 c1 C2 C3  AllPairs A1V A2V A3V Civ ca2v 3V AllPairs
PASTE - PROFILE Tukey-Kramer PASTE - PROFILE Tukey-Kramer
0.05 0.05
Excluded Rows 260 Excluded Rows 260
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
AR R RN NNNNNA)
Level Mean Level Mean - -
cz A 12.63 coy o A 1.4 : =
C3 AB 10.96 AV A B 0.98 5 =
C1 AB 9.70 NO VaC Civ AB 0.96 VaC = -
A2 B 8.96 CIv ABC 0.79 . -
A2 B a.07 A2 B C 0.7s - -
Al B 7.58 A3V C 057 = =
Levsionstesnnesisdy sameielter are significantly different. Levels nolconnecieu oy same eter are significantly different. - -
- -
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Second reflow profile having vacuum
successfully reduces voiding.

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

= 157 T Level Mean
5 — cz A 12.63
=2 i = C3 AB 10.96

= 10 }77{ C1 BC 9.70 No Vac
S = A3 B C 2.96
> 54 = AZ C 8.07
é ) A C_ 7.58
3 F C2-2V D 159

0 ¥ ¥ ? C1-1v D 1.29 ond
. C3-3v D 119
E I ;'::I I 2 I E_':; I E I E'\:‘:_? I E I ;'::I I S I E_':; I B I E'\:‘:_? A” Pa”s Az_w D Dg?
= % 2 5§ g e Gy o o ) MESEE
PASTE - PROFILE Levels not connected by same ietterare significz.rtly different.

2 Reflows
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Voiding after two reflows shows very little
observable difference between variants.

Oneway Analysis of VOID (% area) By PASTE - PROFILE Means Comparisons
Comparisons for all pairs using Tukey-Kramer HSD
5__ Connecting Letters Report
o 47 Level Mean
= C2-2v A 158
2 37 C1v-1 A B 1.45
— A2V-2Z ABC 1.21
= . C1-IVAB C 1.29
= ] AV-2 ABC 1.26 2nd
. I . E E k COV2 ABCD 1.23
17 @ T I 7 T T L I C33VABCD 119
1 C3vV-2 BCDE 1.04
0 AZ-2V CDE 0.97
=ln g Y 2 2 s s 22 AlPais ATV DE 0.77
T = 9 = 92 = =T = 9% = 9 = :
T g g E E 5 O E E E E Tukey-Kramer A3-3V E 0.65
0.05 Al E 0.58
FASTE - FROFILE Levels notconnected by same letter are significantly different.

2 Reflows
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Vacuum removes voids which do not return
during conventional later steps.
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BGA voiding also reduced by vacuum reflow step
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A

BGA joints are dominated by the non-

voided

14 -

10 ~

Void Percentage in BGA ball (%)

Voiding After 1 Reflow
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Barely any differences in voiding by paste.

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 4573

S E S 354 i

= 21 [ 257 =
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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Similar voiding levels between 13t reflow
types.

Oneway Analysis of VOID (% area) By PASTE - PROFILE Oneway Analysis of VOID (% area) By PASTE - PROFILE
9.5 9.5
8.5 8.5
. 7.5 757
=z 3 o 3
2 6.5 2 5
= K ] -
2 557 L 2 557
o 457 o 457
S 353 =) S 353 I
2.5 | o] 2.5 =]
= = 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
Al A 333 Ccav A 283
A3 AB 316 A2V A B 270
c3 B 2.93 No Vac Cov A B 253 Vac
c2 B 2.86 A3V AB 247
A2 C 228 C1v B 2.35
C1 C 217 ATV C 1.04
Leveisnoteonnecicduysametetter are significantly different. Levers nutcunnecieu vy same ietter are significantly different.
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2"d step vacuum reflow does not substantially
reduce voiding.

Oneway Analysis of VOID (% area) By PASTE - PROFILE Means Comparisons
o Comparisons for all pairs using Tukey-Kramer HSD
8.5:5 : . ) Connecting Letters Report
= ?.5:: . - Level Mean
653 ] T C1-1v A 3.48
2 557 - A 3
=L 2 C33VABCD 3.31
% = A3 ABCD 3.16
S 351 H =% C2-2VABC 3N
- - H = AV ABCD 3.01
ot _J - 3 BCD 2.93
D.E_: — + Cc2 cCD 286
5 —k - AE_EIII" G D E E?D ..................C....
=11 =18 '='[5 c[aiFan A3-3V DE 2.42 sesseseessssssessssasss
| I - & | Tukey-Kramer A2 E 228 sissessassssaaangaeis
0.05 c1 E 217 33688 seess
PASTE - FROFILE Levels notconnected by same letter are signil  $383 saet
s3232 2 Reflows 33333
9000000000000 0000000000
0000000000000 0000000000
i it it
0000000000000 0000000000
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1st or 2"d step vacuum reflow has roughly
same void result.

Oneway Analysis of VOID (% area) By PASTE - PROFILE Means Comparisons
3 Comparisons for all pairs using Tukey-Kramer HSD
0 P P g Y
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. T.57
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n E
= 4.5_: . C2-2v A B 3.1
> 357 .;@'. C2v2 A B 3.11
L 7 Al-W A B C 3.01
15: q % T T ? ? | u ANVt ABCD 2.81 2nd
2 A2 BCD 274
0.5 =T T = Tz T =1 — = - AZ-BNV BCD 270
2TF 83 8 Pz p g EE M c3v3 B CD 253
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PASTE - PROFILE ' ASVE3 D 241
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A

Effects of vacuum reflow are more visible

In void ratio

Voiding After 1 Reflow
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Voiding within joints with voids is not
changed by multiple reflows.

Voiding After 1 Reflow Voiding After 2 Reflow
14 14
= 12 4 — 17 4
o [
O o
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Main difference lies in voiding ratio after
multiple reflows.

Prevelance of Voids Based on Reflow Paramaters

0.30 1 EEE ‘oiding Ratio After One Reflow

B Voiding Ratio After Two Reflows

0.25 1

0.20

0.15 1

0.10

0.05 +

Number Voided joints / Number of Joints Measured

0.00

Al A2 A3 Cl C2 C3 AVl AV2Z AV3 V1 V2 v3
No Vacuum Followed by Vacuum Vacuum Followed by No Vacuum
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Bridging is only observed in instances
where vacuum reflow occurs second.
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Vacuum reflow is effective for large
surface area joints, less so for BGAs but
may have risks.

Oneway Analysis of VOID (% area) By PASTE - PROFILE Parts With Bridging After Vacuum 2nd Reflow

20 N Znd Reflow Vac

il

YOID (% area)

[='H

AJ3Y| e
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(] -— =
o 0 All Pairs
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C1AY| s
33| om
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WOID (% area)

- < 0.40
- z EEE One Reflow
= § 0.35
=
— 0.30 +
- 0.25 -
Tukey-Kramer 0.20
0.05
FASTE - PROFILE
] 0.15
Oneway Analysis of VOID (% area) By PASTE - PROFILE
8.5
. 0.10 -
85: & tH
?5: T g 2 Reflows g;
02 I 0.05 1
454 —
753 Py 0.00
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Thanks for listening, Questions?

Happy
Little Void
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