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Size Matters in Many Ways

Of course
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Solder Powder Size Matters
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Solder Powder Size and Stencil Aperture Size

(5-Ball Rule)
IPC Type Size Range (um) Size Range
(mil)
T3 25 - 45 1.0-1.8
T4 20 - 38 0.8-15
T5 15 - 25 0.6-1.0
T6 5-15 0.2-0.6
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Solder Powder Size and
ReactiVIty ..o
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Solder Powder Surface Area and Reactivity

Middle Normalized Amount of
IPC Type Surface Area Area Surface Area
of 1Kg (m?) Over T3 (%)
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Surface Area and Reactivity
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Solder Powder Size Effects on Solder Paste

00g Jar

Exp Date: 03/19/18
Miq Date: 06/22/17
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 Shelf Life and Stencil Life
* Viscosity, Slump, and Solder Balling

« Tack Force Over Time

* Printing and Print / Pause
« Wetting, Graping, Voiding
« Stability or Reactivity
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Test Methodology
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Solder Pastes

IPC Type No Clean
Metal Content
(% wit)
T3 88.5 SAC 305
T4 88.3
T5 88.0
T6 87.5
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Print and Pause Testing

Print 5 boards &
measure solder

paste volume
(Time = 0)

Print 2 boards & Print 2 boards & Print 2 boards & Print 2 boards & Print 2 boards &
=P measure volume =P measure volume measure volume measure volume measure volume
(Time =1 hr) (Time = 2 hrs) (Time = 4 hrs) (Time = 8 hrs) (Time = 24 hrs)

Wait 1 hour Wait 1 hour Wait 2 hours Wait 4 hours Wait 16 hours

Fresh Reflow 24 Hr Reflow
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Reflow Testing

Setting

Celsius

Ramp rate

Reflow Time (>220 °C)

- A
= T “ || [Peak temperature
T —— I —— = = Profile length (25 °C to
| | peak)

op and Bottom are the same

Reflow: Freshly printed boards, and boards after 24 hours
Data: Wetting %, solder balling, graping, voiding
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Standard Solder Paste Tests

Viscosity: T-bar spindle, spiral pump

Slump (IPC J-STD-005)

Solder Balling (IPC J-STD-005)

Tack force over time: Fresh, 24, 48 and 72 hours
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Aging / Stability Tests

wafflesatnoon.com

https://www.quora.co
m/ls-it-true-that-being-
a-US-President-speeds-
up-the-aging-process
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Standard Solder Paste
Tests
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Solder Paste Viscosity
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Viscosity (KCps)
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Viscosity T-Bar Spindle
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Viscosity (Pa-S)
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Solder Paste Slump

Cold Slump | Hot Slump | Cold Slump | Hot Slump

SAC T3 Pass Pass Pass Pass

SAC T4 Pass Pass Pass Pass

SAC T5 Pass Pass Pass

SAC T6 Pass - Pass
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Solder Balling IPC

16

Initial After 4 Hrs Initial After 4 Hrs
T3 Acceptable Acceptable Acceptable Acceptable
T4 Acceptable Acceptable Acceptable Acceptable
T5 Acceptable Ac - UnAc Acceptable Acceptable

No Clean T3

No Clean T6

Water Soluble T3

Water Soluble Té
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Solder Paste Transfer Efficiency by AR

Transfer Efficiency vs. Site
Solder Paste
NC SAC WS SAC

;;!%é% % H % { - %ééﬁéé%%é H o :

030 AR 0.35 AR 0.40 AR 0.45 AR 0.50 AR BGA 050 AR 0.30 AR 0.35 AR 040 AR 0.45 AR 0.50 AR BGA 050 AR
Site

Where(10160 rows excluded)




- TECHNOLOGY'S MEETINGS AND COURSES: JANUARY 26-31, 2019
Qe 2019 FUTURE COMES CONFERENCE AND EXHIBITION: JANUARY 29-31, 2019
#IPCAPEXEXPO TOGETHER

Solder Paste Transfer Efficiency by AR

Transfer Efficiency vs. Site
Solder Paste Powder Size
80 HC SAC WS SAC —
i —T5
Tﬂ | _Tﬁ
ﬁﬂ -
5.0 —
g |
L]
)
L
2
=
e
L i |
20
10F
u, -
020 AR 0.35 AR 040 AR 0.45 AR 0.50 AR BGA 050 AR 0.30 AR 0.35 AR 0.40 AR 0.45 AR 0.50 AR BGA 0.50 AR
Site
Where(10160 rows excluded)
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Minimum Area Ratio by Solder Powder Type

Solder Powder | Minimum Area Ratio
Size No Clean
Type 3 0.60 0.60
Type 4 0.55 0.60
Type 5 0.50 0.55
Type 6 More work needed More work needed
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Solder Paste Print and
Pause
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Print and Pause Test
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No Clean

Transter EMiciemsy
8
T L

T E T

T=0 T=01 T=02 T=04 T=08 T=24 7T=0 T=01 T=02 T=04 T=08 T=24 T=0 T=01

Where{2 520 rows exduded)

Mean(Transfer Efficiency) vs. Time
Powder Size
T4

Tarmig

T8

WS IN
spsed Jopjos

T=02 T=04 T=24 T=0 T=01 T=02 T=04
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Print and Pause Test
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Transter ETTchemey
]
L

20

Where(2 520 rows eocduded)

T4

Water Soluble

T=0 T=01 T=02 T=04 T=08

Mean(Transfer Efficiency) vs. Time

Powder Size
T5

T=24 T=0 T=01 T=02 T=04 T=08 T=24 T=0 T=01 T=02 T=04

Tinmig

ajsed lapos

JVS 5M

T=0B T=24 T=0 T=01 T=02 T=04
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Print and Pause Test: TE% Drop from 8 Hrs to 24 Hrs

Solder Powder |

Size ;
Type 3 38 S
Type 4 10 5
Type 5 18 38
Type 6 25 6
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Solder Paste Wetting
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Wetting (%)

100
90
80
70
60
50
40
30
20
10

m Wetting No Clean

Wetting Of Each Solder Paste

13 T4 5

Solder Powder Size

m Wetting Water Soluble

T6

WS SACT6
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Solder Paste Solder Balling

Solder Paste

Overprint with

Overprint with

Overprint with

0 Solder Balls < SBSGIi)I;der < 1%3?;der
750% 1200% 1200%
None 1200% 1250%
None 500% 1200%
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Solder Paste Graping

Graping (%)

100
90
80
70
60
50
40
30
2
1

o I R -

Graping Of Each Solder Paste

T3 T4 T5 T6

Solder Powder Size

B No Clean ™ Water Soluble
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Solder Paste Voiding

Oneway Analysis of Void area % By Powder Size Oneway Anal
70
60
1
= 30 = :
8 40 2 |
m m ‘
= 30 T
s ”0 s |
1u|— % % % % © %
0 ' T4 | T5 ' T6 All Pairs 03 T4 | T5 ' T6 All Pairs
. Tukey-Kramer . Tukey-Kramer
Powder Size 0.05 Powder Size 0.05
ExcludedRows 80 ExcludedRows 80
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
T6 A 133 T6 A 412
T3 A 128 T4 B 343
T4 A 127 T5 c 204
T5 A 125 T3 D 133

Levels notconnected by same letter are significantly different. Levels notconnected by same letter are significantly different.
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Stability of the Solder ;
Paste
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Stability: Tack Force over Time

MEETINGS AND COURSES: JANUARY 26-31, 2019
CONFERENCE AND EXHIBITION: JANUARY 29-31, 2019

3858

Tack Force (grams)
o 0
oS 5o o

Tack Force Over Time
No Clean Solder Paste

T3 T4 T5 T6

MOhr m24hrs MA8hrs ®m72hrs

2888

Tack Force {grams)
[0.s]
o

Tack Force Over Time
Water Soluble Solder Pastes

T3 T4 T5 T6

mOhr m24hrs m48hrs m72hrs
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Stability: Tack Force After Heat Aging

Tack Force Before and After Heat Aging

100

80

60

40

20
13 T4 15 16

NC ENC-HA EWS EWS-HA

Tack Force (grams)
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Stability: Viscosity Before and After Heat Aging

Viscosity T-Bar Spindle
Before and After Heat Aging :

2100 |

1900 Prmm—

e
L =]
[ I
[ R R

1100

Viscosity (KCps
Lo
S

P —— e ®

S 88

SACT3 SACT4 SAC TS SACT6

#=—No Clean ==i==\Nater Soluble ee@esMNo Clean HA -=@em\Vater Soluble HA
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Stability: IPC Solder Balling After Heat Aging

Initial After 4 Hrs Initial After 4 Hrs

T3 Acceptable Acceptable Acceptable Acceptable

T4 Acceptable

Acceptable Acceptable

T5 Acceptable Acceptable

T6
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Stability: Printing After Heat Aging - No Clean Only

Transfer Efficiency vs. Site
Solder Paste Powder Size
1108 NC SAC NC SAC Aged —_—s
-=:T4
----- T5
100
No Clean -
Aged
30
Tor
- i
| =y
.g 60
i
& 50
c
=
~ aob
30r
20
10
U_
0.20 AR 0.25 AR 040 AR 045 AR 0.50 AR BGA 050 AR 020 AR 0.25 AR 0.40 AR 045 AR 0.50 AR BGA 0.50 AR
Site




@2019‘

IPCAPEXEXPO.org

TECHNOLOGY'S
FUTURE COMES
TOGETHER

Stability: Wetting After a 24 Hour Hold and Heat Aging

100
90
80
7
6
5
4
3
2
1

Wetting (%)
o o o o O O O

=

Wetting Fresh, 24 Hr, Heat Aged Solder Paste

13 T4 15 T6

Solder Powder Size

Mo Clean m®mNC24Hr ENoClean-HA mWater Soluble ®mWS 24 Hr

MEETINGS AND COURSES: JANUARY 26-31, 2019
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Stability: Solder Balling After 24 Hr and Heat Aging
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Stability: Graping After a 24 Hour Hold and Heat Aging

NoClean MENC24Hr [ENoClean-HA B Water Soluble BWS 24 Hr

Graping Fresh, 24 Hr, Heat Aged Solder Paste

100

90
80
70
60
50
40
30
20
10 I I
0 Ll Lk L1 Ll
T3 T4 5 T

6

Graping (%)

Solder Powder Size
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Solder Powder Size Performance Summary

Slump /
Solder Balling (IPC) 4
Printing AR Limits 0.60
Print and Pause /
Wetting /
Solder Ball / Pullback v
Graping /
v
v

v

Shorter Life

Voiding
Stability / Heat Age

v v
v v
v v
v v
v
v
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Solder Powder Size Certainly Affects Performance

Positive Effects of Smaller Powder Size:
Print Smaller Area Ratios, Voiding (other studies) l 1

Negative Effects of Smaller Powder Size:
Slump, Solder Balling, Pause in Print, Graping,
Voiding (WS), Shelf Life

Solder Pastes Are Formulated to Turn Negatives into Positives!
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