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Flux separation(B) #5145 25)

Too high a shipping or storage temperature
Paste being left too long on the shelf
Paste being too low in viscosity

Paste being too low in thixotropic property

A

Crusting (455
Too active solder alloy C#)# & 4G KRD
Too corrosive CJiflik A KD

Too much exposure to air or moisture or high storage temp
AR KD

Paste hardening (& fififk)

Too active solder alloy
Too reactive flux

Too high a storage temp

Poor stencil life ~Conventional printer ({14 ¥ i ] )

Crusting (455%

Drying (£

Too low in consumption rate CH3FF 3 FEAN 78 5 ARAK)

Too high in ambient temp (PS5

Too high in humidity (3% A )

Too much air drift above stencil (4 -4 il %K)

‘;’;o reactive flux causing cold welding (BTG PEK 5 804
j<)

Too low in elasticity causing soupy paste (il RG-S S5

BB LA B R S 6G 38 e i iR 47 K

S v T

Poor paste release from squeegee (Z 1145 £ Il &)

Paste being too tacky (87§ AKiT)

Paste being too stringy (## A8 T)

Paste gradually drying out on stencil (8#745+7)
Insufficient paste place on stencil (8 Ff AL )

Squeegee holder protruding out too together with a short
squeegee height (] JJi 5t K2 HL) 7D LA

Too small a contact angle between squeegee and stencil (7F i
TRV 2 1] (R He Al K/

Too much a stencil surface ([ fiALUAK T )
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Poor paste thickness (#7# JERE A L)

AR 6T O F @t F B # A

Solder power size (ki 1)

Surface finish of pads (f54HiF)

Thickness of solder mask

Debris on bottom of stencil or on the top of pch
Leveling of squeegee (il JJ{{I7K )
Squeegee speed (il JJ3# %)

Squeegee pressure and leveling (il 7]/ 77)
Squeegee wear (il J]EEHIE L)

Snap off leveling of stencil versus PCB surface

Aperture warp size and aperture orientation

Squeege

Parallel

Squeege

— <§§§§} e motion
—_—

Perpendicular \\\\
Q§§§ Diagonal




TR H| 7) E A 2B 6Bk Insufficiency CJEEIARAL)
Stencil thickness (4 J )
5000 Pitch dimension (7 [l i)

F 4500 ) ) e

% 4000 Aperture orientation (JF 117 [f])

£ 35001 Power size (B1HIRS)

5 ::zs Inadequate aperture design (A2 180 I T 1131

i 2000 Poor aperture quality ()7 15D

= 1500 - .

& oot [ Poly Blades Insufficient aqueegee pressure and in adequate paste

so04 [ Metal Blades rheology (#ll 71 s AN & sl i AR M%)
o |
0 40 80 120 160
180 Pin QFP (leads)

AR J2L B 5o EP R B 64 Slump (JH5)  CAYHRRIHAGED

35% . . . ,

i Low thixotropy low viscosity (fCH . il )

0% s =
as Low metal content or solid content ({i% 1< J s [l A5 &)
& N
= Sod Small particle size C/MEIETRL )

e 159 Wide particle size distribution ()" [f)5tk; ) ~F 2345 )
o
g 10% Low surface tension of flux I TITK S KD
5% High humidity (#1325 )
% Hygroscopic paste CHEEME )
: 8 # & 6 7 8 High component placement pressure CJifi )} & i KD
Stencil thickness (mil) . o
For short slump,beside the causes described above,it is also
—— Overall  ——e— Insufficiency —a— Smear affected be ramp-up rate of reflow profiles (fE45H I T
ULyl

I8 JE A A AR AT HE 44 v
AR T A (PSD ) *t37 1489850k

@ Solvent loss effect s =
J.."'o
* 0.9.9,

Marrow PSD, more point Wide PSD, better packing thus
contacts, less lubrication, fawer point contacts, more
less slump lubrication, more slump

Viscosity ———pm

Thermal agitation effect

Temperature  ————




Frimik R X A

Viscasity =——je

Fast ramp-up rate

Temperature =

Wra5 ARk EZ 69X A

SMP  e——

RAMP-UP rate  s—

Low tack CfEkAIAL4EE )

Insufficient solder paste deposited (4% A AE)
Insufficient flux tackiness K7 (K345 EEAIG)
Inadequate metal content (45 7F 48 5 &AL

Too coarse a power size (s ok AHL

Rapid board movement at placement (A& 1 At

Inadequate board supporting design during placement (37 #%
END)

Humidity (/%)

Low tack time (fIG[FpHs &5 I 1)D

Solvent volatility being too high (i FIH% & 1A wE)
Power size being too coarse (<R AK)
Crusting developed with time for the printed paste (## 455%

S

The air drift around the printed paste being too high (45255
M a)

The humidity being too low or two high (3% AfGER A )
The ambient temp being too low or too high (¥4 & AfK sk
NP

Stencil used being too thin CH{F A T )

TCHT AR ) OB T R
Tt Rl AR %

260

240

Temperature °C

180

220 |

200 |

Component Danger Areajt &k Xi

AT =18

* J-STD 020C
230-232 maxiemp
imi
AT =40 __ar .

205 /
83 .

% AT is dependant on min. temp for good wettability.
AT e FARAHAF I B0 1) AR

Temp required for reliable solder joint?] #/% & &R F K
Solder alloy melting point/@ 434 & 8918 7
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Pb-free Reflow Process Window, Temp vs. TAL

—{ 260 PCB delamination/warpage (during second
reflow) with standard FR4, Tg = 130°C>

—1{250 2 = A
o Parts with 245°C rating as per g-STD-OZUC
@ |25 must not exceed 245°C.
E]
®
© — 240
=
£
5]
2
x
§ —230

—{ 228 Below 230°C not usable if any SnAg balls are used

- < Cold solder joints
Alloy melting point
217 y g P
40 60 80 100 120 150
I I TAL I (seconds) | ‘ ‘

Pb-free Reflow: Intel Reference Process

Reflow Profile Graphic, assuming:
Kester R905 Sn/4Ag/0.5Cu solder paste.
All solder ball alloys melt at 217°C.
Component joints do not exceed temperatures as per J-STD-020C.

228-250°C Peak Temp
Target 235°C +/- 5

217°C
Time
175°C Above
Soak | Liquidus
<100
sec Target
(between 40-90
17520 seconds,
Slope <3.0°C/sec | ,ipcy | 120max | Slope <3.0°C/sec
NOTE: Each hardware and material vendor s responsible for provding their respeciive equipment and product daia. Itel does not supply

vendor test resuls, equipment or product specifications, price projections, or schedules. The hardware and material vendor remains solely
responsible for the design, sale and functionality of its equipment and product, including any liabiliy arising from equipment or product
infringement, defects and warranty claims, and Intel assumes no abiity for vendor equipment or products, either alone o in combination
with Intel products.

Al dates, products, and plans are preliminary and subject to change without notice.

*Al other brands and names are property of their espective ovners.
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Pb-free Wave Solder: Intel Reference Process

imAg | osp [ ImAg+OsP

Alloy Sn/0.7Cu

Type Kester* 977, | Kester* 979, | Kester* 979,
Flux P! 3% solids 4.5% solids | 4.5% solids

Spray applied 500-1200 micrograms /sq in.
Pre-heat | Max topside pre-heat temp | 4 o 105+ | 105450 ¢

target 5° C

Temp 260 +/-5° C z;f g 275 +/5° C

Dwell time 2.5-3.5sec
Wave Max topside BGA joint 170° C

temp

Nitrogen blanket used Yes

Dual wave used No ‘ Yes ‘ Yes
Reflow | Nitrogen O2 = 2500ppm No Yes Yes

11
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Considerations for Pb-free Wave Solder:
Contamination & Monitoring

= Copper contamination of the solder pot should be monitored.
= As with SnPb wave soldering, some Cu from PCB pads
dissolves into the solder pot.
= Cu contamination can raise the solder melting point, reducing
fluidity.
= One approach to managing Cu contamination is to use makeup
solder bars with a Cu-free alloy.

= For example, using pure Sn bars to replenish SnCu solder
reduces the percentage of Cu in the pot.
= During transition from SnPb to Pb-free, lead contamination should
also be monitored.

= SnPb components used during transition can add Pb to the pot.

= Wave solder machines converted from SnPb to Pb-free may
initially have some residual Pb.
Pb contamination can introduce Pb into Pb-free products,
possibly exceeding the Pb impurity threshold.

Loss of Solder Mass Due to Dross Removal
Lead-Free Wave Study*

30

25

I

JoPreessussssnunafes n-oonTanlo- n-*n- sssonhusosnns

5| ! l

T T T T T
Sn/Cu  SAC305  SACA05  Sn/Az  SnjAg/Bi/Cu
* Internal Cookson study

Mass Lost (g/min)
@
]

» Estimated Sn/Pb mass-loss rate

Effect of Nitrogen: SnCu
w10

—&— Arr

Flux = pure rosin —_

L L I L L 1 L 1

1
200 210 220 230 240 250 260 270 280 290

Temperature (°C)

§ .

5 ar \ —8— Nitrogen
&

g

£ 6&F —
2

£

e 4T .

& “x_.

€ "\\
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£

o

E

i

« Change from processing Sn/Pb
— The wave solder must meet

the requirements of solder
temperature and protection

against tin corrosion.

- 1l wil dagrade se
» Recommended process adjustments - act Wi the Hgh S sontant s

— The pot must be capable of reaching at least 275° C.

Type 304 Stainless Steel
erosion rate: SAC305 > Sn-
0.7Cu > Sn-0.7Cu-0.05Ni.

— The solder pot and the internal parts must be protected
against corrosion of the high tin content solders.

— SST floats for automatic control of solder level will not . .
Cu erosion rate:

SAC305 > Sn63 > Sn-
— Low temperature protection limit must be reprogrammed. (). 7Cy-0.05Ni.

float in lead-free solders, replace it.

« Implications to the overall process
— May need pot replacement.

— Corrosion of SST parts non-protected will occur before 6 months.

Design for Lead-Free

Solder thieves are oversized pad areas or extra
pads to help attract the excess solder not pulled
into the standard joint formations,

Ecamplas of ke thiaf dosign

$n99.3/Cu0.7 May Require Nz

= Change from processing Sn/Pb
Based on current flux technology, many applications. wsing
SnfCu may require Nz to acheve acceptable soldenng result
« Recommended process adjustments.
Snf0.7Cu alloy has higher melting point and lower wettability
cormparad with SAC and SnjAg. The use of nitrogen in the
wave buys 10°C to the solder temperature.
« Implications to the cverall process
Higher solder temperature will cause mare board warping.
more axidation and will require more active flux with the
consequences for testability due to higher flux residuses
on the board
- Using nrogen in the wave will reduce those problems.
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= Intel experiments show significant improvement in
hole fill at wave, due to using nitrogen at SMT reflow.

= Percent of fill in each hole can be below 25%
without nitrogen at reflow, and above 75% with
nitrogen.

Example wave solder hole fill
with nitrogen used at reflow.

Example wave solder hole fill
without nitrogen used at reflow.

13



i AU T

%lt%
VS
w BRG]

B

TR TN BAOR I K

TS &

= ST AR D AT B

= GiALRelT, AT, ik
FURARR RSB

SR LR R B

P AR BRI AN ] £

Py

ks

ke
T MR S B T RN TR R, JRADH T R SRTEIX — L, ETF I RO ST,
SEBAABHRUNBOE, FrpE i, SARUE R A I R e 3, 0 RS i
e A5 TP RR 1oL 83 410 1

R

= B R SRR AL

= R

= U A L

= LG T265/

= AR EIE0.06 5], JU AL R T FLECA LIS R I
= B

= B, BEARMAIL

= Bk

Bri&

B

. Wi%ﬁ%ﬁ#ﬂﬂ&ﬁﬁ%iﬁ@ﬂyE&iﬁ%ﬁmﬁﬁ%ﬁ%
xf

n R AR B, 0. 158 ] REpk

w PRI, AR E IN U I /S [l

= IR

= IR REAE

w SRR 265 (IR 2 )™ ik HELE250/ L I IZAT RAF, (H& Sl

B, Brptiob)

IR

S4B

AZALIH DB, A AT BT

18 AL B )5 1f)

Basic Mechanism of Fillet Lift
+ Themal expomsion mismatch
+ Cooling for stress free state generates Lifting forces
+ Alloys with larger pasty range are mare suscepaible to fillet 18, ths

S96.5/3, 54 shows lowest tendency & Su91 9Ag3 ABid. 7 shows severe
rendency
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