PCB

Video

450
IMC
intermetallic compound




% 100

300 Lol
b,
200 ]' 232
19.5 E %K S 63 [ 200

1 f B Pb3T b
00 L/ 100
0 a+ B ([E4k) AR E
Sn 0 20 40 60, 80 100
Pb 100 80 60 40 20 0

itk (%) —— SN Pb




Spread
Wetting

(wetting)

(dentritic)




()

Sn-Ag

SW/3.5Ag
Sn/3.5Ag/0.7u
Sn/3.5Ag/4.8Bi

216 221

Sn-Bi

Sn-58Bi
Sn-7.5Bi-2Ag-
0.5Cu
Sn-2Ag-22Bi

139 200

Sn-Cu

Sn-0.7Cu

Sn-Zn

Sn-9Zn
Sn-8Zn-3Bi

250

SnCu

230

°C

(+Sh)

SnAg series without Bi (+Cu)

210 SnAg series with a little Bi

(+Cu) (+ small additions)

2

o

0

SnAg series with more Bi
(+Cu) (+ small additions)

[y
©

0

[uy
o]
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SnAgBiln (206° C)
SnznAl (199° C)
SnBiSb

SnZn
series
with Bi




Eeflow soldering

Wave soldering
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SnAg 221-226 Ford
B / Panasonic
SnAgBi 206-213 ——
Hitachi
SnAgBiCu ? / Panasonic
SnAgBiCuGe ? Sony
SnAgBiX 206-213 Panasonic
Panasonic
Nokia
SnAgCu 217 Nortel
Panasonic
Toshiba
SnBi 138 Panasonic
Panasonic
SnCu 227
Nortel
NEC
Snzn 198.5 Panasonic
Toshiba
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SnAgCu SnCu SnBiAg
SnCu Bi SnPb
Bi
SnCu
27 ) NCMS
2.2-2.7 SnBiAg
Nortel
SnCu SnAg SnAgCu
SnPb
2.2-
2.7
SnAgCu
1.5
1
Snzn SnAg
SnAgCu
(<200 )  zn @21 )
step (
SnAgCu )
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Bi Ag
Lead 1.0 Unlimited
Tin 8.0 Available
Copper 2.0 Available
Silver 150
Bismuth 6.5
Antimony 2.4 Available
Zinc 0.96 Available
Aluminium 15 Available
13
US NEMI SNn3.9wt%Ag0.6Wt%Cu Q?
Sn0.7wt%Cu J
=5
EURAM Sn3.8wt%Ag0.7wt%Cu "
JEIDA Sn3wt%Ag0.5wt%Cu
?
Sn3.9%Ag0 | Sn3.8%Ag Sn0.7%Cu
.6%Cu 0.7%Cu
225 220 227
217 217 227
7.5 7.3
(g/cm3)@20

Sn(3-4)wt%Ag(0.5-1)wt%Cu %
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IPC SPVC SAC

SAC Sn(3-4)wt%Ag(0.5-1)wt%Cu
IPC SPVC 2003 7

(1) Sn-3wt%Ag-0.5wt%Cu

(2) Sn-3.8wt%Ag-0.7wt%Cu

(3) Sn-4wt%Ag-0.5wt%Cu

(1) DSC (Differential Scanning Calorimetry) melting point
(2) IPC-TM-650, 2.4.14.2, for wetting balance
(3) IPC-TM-650, 2.4.46 for solder spreading

*Results: No significant difference among these solders.
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SPVC

IPC-TM-650, 2.4.14.2 Test

var  H [
[LE -2 L B 1

I

&

]

Toprs | Wypliey Sy bowe v

16




Cu

Solder pot l f
250 -
17
SPVC
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SPVC

Max Wetting Force Analysis
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SAC
us no. 5,527,628 (lowa State & Ames) 3.5-7.7Ag1-4Cu0-10Bi0-1Zn
JP no. 5,050,286 (Senju) 3-5Ag0.5-3Cu0-5Bi0-5Sh
45
4 A
351
N ISURF
<25/ BRITE
> ,| EURAM deniy
© $en) NEMI
1.5
1 4
o JEIDA\%\%/
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SAC Cu

Ag;Sn
Suganuma Sn3Ag0.5Cu.
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SnAg

La
0.1wt%

0.5wt%

¢ Sn3.5Ag0.25La d Sn3.5Ag0.5La
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Sn(3-4)wt%Ag(0.5-1)wt%Cu

Sn3.0Ag0.5Cu




Flux
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YV V V V V

Voc Voc free
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(J-STD-004)
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PCB
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e Solid content
o 1

PCBA

e SMT

4
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O + 200 -
75um -
O -200/ +325 -
45~75um -
-325
<45um
>0.65mm -325/+400 38 ~45um
0.5mm -325/+500 30~45um
0.4mm -400/+500 30~ 38um
0.3mm -400/+625 20 ~38um
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> SMD

Sn-Pb  SnAgCu




RMA
RA
<0.05%
0.2% Ag-Sn-Pb
>0.4% Ni
39
- R 1 e A
Y0
L e ;-
*
20~45um 250 86% 280
40~80um 390 90% 400 i,
15% 120 18°C 320
6% 130 28°C 220
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SMT
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IPC
J-STD-003 Solderability Tests for Printed Boards
J-STD-004 Requirements for Soldering Fluxes
J-STD-005 Requirements & Test Methods for Solder Pastes
J-STD-006 Requirements & Test Methods for Soft Solder Alloys
IPC-TM-650  Test Methods Manual

JIS

JIS-Z-3197 Testing Method for Resin Type Soldering Flux

JIS-Z-3284 Solder Paste




(Powder Size &Shape)

3D

J-STD-005
1PC-TM-650

(Alloy)

JIS-Z-3282

(Flux Content)

JIS-Z-3197 6.1

(Chlorine Content)

(Viscosity) JIS-2-3284 4.1
JIS-Z-3284 5.2
(Thixotropy)
JIS-Z-3197

N o

6
JIS-Z-3284 4.

(Solder Ball)

JIS-Z-3284

(Spread) JIS-Z-3197 6.10
45
(Wetting) JIS-2-3284
9
10 (Print)
u (Hot Slump Test) JIS-2-3284
12 (Copper Mirror) IPC-TM-650 2.3.32C
(Sliver IPC-TM-650 2.3.33C
13 Chromate)
JIS-2-3197 6.6.1
14 (Copper Plate Corrosion) IPC-TM-650 2.6.15
(S.1.R) JIS-2-3284
15 IPC-TM-650 2.6.3.3
JIS-2-3284
16 (Electro Migration) Bellcore TR NWT-000078

13.5.1

46




G
) % of Sample by Weight — Nominal Sizes 3D
80% Minimum | 10% Maximum 80
Less Than 1% Between Less Than
Larger Than
Type 1 150 ym 150-75 pm 20 un
Type 2 75 um 75-45 pm 20 pn "
Type 3 45 pm 45-25 um 20 um
) % of Sample by Weight-Nominal Sizes
90% Minimum 10% Maximum
Less Than 1% Between Less Than
Larger Than
Type 4 38 unm 38-20 pm 20 un
type 3 type 4
47
() 250g
TFlux
@
©)
@ 30
0.1%




+ 0.5%

( )
30
250 W1(g)
5
w2(9)
) [(W1- W2)/ Wi]x 100
49
Malcom PCU 203 —( )
@ 25 2 3
@ 12
(€)
(©) 10RPM 25 3
Rotor
Rotor
®) 10RPM 3
6) 3RPM 6
T 6
® 3.455-10-20-30- 10RPM
3 10 30 10RPM 6

3 3313131




(KYOTO AT-400)( )

250 »
(Denver Instrument M-120) 0.02m . Q
10 250 150 A | B(®
X 1 0.03 1x 10 | 5x 10
size u 8
0.02M
1] 0.03 1x 10 | 1x 10 —
VS 0.1 u 8 —
i 0.1 1x 10 | 1x 10 —
(O] 0.5 u 0 —
(@) JIS-Z-3284 4.2
5
@ 96 168 24 96
@ A 4 90% 168
B: 85 85% 168
M
1
c 51
w (alumina)  (25x 50x 0.6~0.8mm)( ) 1 (G O
@) (25% 50x 0.2mm) 6.5mm
(©)) (solder bath) 100x 100x 75mm 2 ( ) °
@ 50 m O,
5) 10 20 ( ) 50 ( ) 3 N
(€)) 50 3 « )
@ 75 L
3 u " o O o
(©)] N
(©)] @ (b) 4 ( ) e,
(@ § O §§
®) (60 20)% 25+ 2 Bt
24 5
®)
5
« 2 )
C ) 750 m
3
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JIS H 3100 C 1201 P  C 1220 P

0.3 x 50 x 50 mm

D
mm

220-230 b Lo
JIS B 7502 £
@ #500 70~80%
@
® 150 1
® 0.3 ETALEW ' Flavelend Mokl
(L L]
®) 220-230 30 =9 |
" -
) D H /Dx 100
( )
@ 2
@ JIS H 3100 C1201P C1220P
50x 50x 0.5mm
(b) JIS H 3100 C2680P
50x% 50x 0.5mm
@ ( 600)
®
() 0.2mm 6.5mm 4
10mm
(5)spatula( )
) (scraper)
m
®
(©)) (solder bath)
100x 100x 75mm Sn60/Pb40

235+ 2 215+ 2




@ 260+ 2
@
®
(O]
®
®) (spatula)
1

®

®

10 150 1
(€5D)]

12)

(13) 5

14)

(¢D))

De-wetting

55

a2 = H T & 4

0.05nl
23+ 2 0.3
50+ 5%RH 24 . 220
a 40 90% 96
b. J-STD-004 3.2.4.2.1
IPC-TM-650 2.3.33
51mmx 51mm

10min
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SIR

& & ( )
A 40 90% B 85 85% 168
@
@ 0.1mm
(V) 150 2 260
30 ( 15 )
(@)
[©) DC 100V
) chamber 40 90%R.H.
(¢) chamber 24 100V DC
()] 48V 24 96 168 100V
- T
168 1010 o &
IPC IPC-TM-650 2.6.3.3 e —
57
& &
40 90% 1000
@
@ 0.1mm;
() 150 2 260
30 ( 15 )
@
@ 4.(D)
DC45 50V
® 1000 0 )
Bellcore Standard Bellcore TR NWT-000078 13.5.1
(500 ) 96 PCB




DEK 265

PCB PTC-SP-001

o

@) 6mi1(0.15mm)
8mil(0.2mm) 10mi I (0.25mm)

(©)) 0.13mm 0.1mm

(O)) -— (25mm/sec)
(5-4kg) (0.99mm/sec) (1.5mm)

®) 12

150

59

() 3.0x 0.7mm 3.0x 1.5mm2
0.1mm 5

@ (80x 60x 1.6mm)

®

) ( 600)

®

€))

@

® 150
)2 5

0.2mm 1.2mm




(Vibration Test)

MIL-STD-883E Method 2005.2, 2007.3

(Thermal Shock)

MIL-STD-883E Method 1010.7

(Cross PCB IMC
Section)
(Push
Test)
(Pull IC Pad
Test)

61
Products Range (USD/kQ)
Solder paste 70-120
(reflow soldering) (depending on powder sizes and type of
fluxes)
Solder bar or solid wire 15-18
(wave soldering) (depending on shape and diameter)
Flux cored solder wire 25-50
(hand soldering) (depending on diameter and type of fluxes)
Solder anodes 25-40

(ball/button/cone)

(depending on diameter, shapes, and sizes)
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(Type 0] (Type ) :




IPC/JEDEC
> J-STD-020B SMD
2> J-STD-033A
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MSD 90

MSL RH< 5% 45

< 1.4mm 2 2a 3 4 5 24 RH< 5%
5a 48 168

< 2.0mm 2 2a 3 4 5 48
5a 96

< 45mm 2a 3 4 5 5a 120

24 @125

69

MSL

—— -
Fi@aie J100 By W

Philips Corp. 70




MSL

° MSL 260
mm3 mm3
350 > 350
2.5mm 240 0/-5 225 0/-5
> 2.5mm 225 0/-5 225 0/-5
mm3 mm3 mm3
350 350 2000 2000
1.6mm 260 0/-5 260 0/-5 260 0/-5
1.6 2.5mm 260 0/-5 250 0/-5 250 0/-5
2.5mm 250 0/-5 260 0/-5 245 0/-5
71
MSL
35mm 4 Layer PBGA Pb/Sn
MSL
225 250 260
2a Fail 9/9* " | Fail 9/9¢ !
3 Pass 9 Units Fail 2/9
4 Pass 9 Units
MSL

Resource Agere System
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BGA X

[1] ” D ry 111 ” Wet*

«d"'ﬁ-h‘h- FOSITIVE WARPAGE

4.0

z.

Warpage (mils)

-4, 0

-5.0

w SEGATIVE WARFAGE
8.0

Source Shoot sl 8, POTG 7000 Temperature ("C)




--WI/S

265

v

265 ﬂﬁ !)

1\
N

75

Matte-Sn SnAgCu gl::a o
Ni/Au  Ni/Pd/Au w ’
SnBi SnCu Ni/Pd

@ E - SnAgCu Ag 40 Cu
0.5
cspP

BGAs SnAgCu Ag 3.0-4.0 Cu
0.5-1.0
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CHIP LEADFRAME BGA
PHILIPS Sil SALCU D N
NEC SBAG.5Cu SBAP.SCu
MOTOROLA S SPBi SD.7Cu
LUCENT NiRd S¥.0AN.7Cu
R 0075 0175um
Ni  1~3um
COOKSON S SBi SCu SAg NiRd NiAu
INTEL SY.0AQD.5Cu
ALTERA S SCu 9B SALCU
LATTICE Syl
XILINX S S07Cu 9B SALCuU
1l NiRd  NiPdAu SACuU
7
Syl Sn Sn > 7.6um > 2.5um >
5.1um > 0.5um Ni > 2.54um
SBi > 3um Bi 3%
SnCu SnCu > 3um
Ni/Pd Pd > 0.075um Ni 2.5um
Ni/Pd/Au Ni > 25um Pd > 0.075um Au 0.025 0.10um Au 4%

Tabde | Lead-free fimishe s and thicknesses

1) Jm satin &n

20 dpmn satmn ST

L) B sanm SaBi2

i i |
41 2ipm conbormable X

i L Pl

51 2m condormsble Na /0 lpm Pd 002 5wm GF
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Lead-Free

( 260°C )
Lead-Free
Rohs
com I rmabefial
Sn
ad
79
Marking, Symbols, and Labels
for Identification of Lead (Pb) Free
JESDQ? Assemblies, Components, and Devices
Mark Categorization Material Type
@ Tin/Silver/Copper SnAgCu and its versions
Other Pb Free solders
@ (No Bismuth) SnCu, SnAg, SnAgCuX
@ Tin Plate (all forms) Pure Tin (Sn)
@ Plated Precious Metals Au, NiPd, NiPdAu
@ Zinc containing Tin/Zinc = SnZn (no Bi) or versions
@ Bismuth Containing Materials containing Bismuth
MM 1als-that contain-indivm-an:
@ Indium Containing are very low temperature
(=100 CJ
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*

Intel BGA

ANIEEAN
, :

_ i W
PB-FREE=(e?) PR T TP
—> Fh-FEET =i

o | s sl Wl

ir

=
umimdlei

INTERCONNECT=(e?) | simishiiNusvin minasinn Snidaiiid

“Second Level Interconnect” (SLI) refers
to the package-to-board connection.

For BGAs, SLlI refers to the balls.
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FAQ

IC
10
PCB
PCB
PCB 260
PCB
> 10

PCB

e Tg Glass Transition Temperature
e Td Decomposition Temperature




HASL osP ENIG
um 2-25 0.2-0.5 Ni  2.5-5 08 12 0.05-0.15
Au 0,05-0.15 Or01505
250-260 41-46 Ni82-90 35 70 30-50
LF:260-270 Au72-80
34
* 10 6 9 8 8
SnPb Cu Ni Sn Cu
LF:SnCu(Ni)
IMC
wB Al
Au
Ok ok ok ok
LF:
HASL OosP P
85
Wetting Balance Zero Crossing Time
2.5
2
@
» 15 1
i
> 1
|_
0.5 A
O .

M sncuo.700snAg3.5SnAg3.0Cu0.5 Hsné3pb37

86
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PCB

Tg
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SMT OSP

ENIG 0SP
0SP
SMT ENIG* 0sP
0SP\
*ENIG
OSP BGA/CSP
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ENIG Black Pad

Electroless Nickel/Immersion Gold

ENIG
Vs
Vs
> PCB
PCB
> Wire bonding
- [e—

>

"Black Pad :




ENIG Black Pad
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ROHS WEEE

> ICA(Isotropic Conductive Adhesives)
» NCA(Non Conductive Adhesives)
> ACA(Anisotropic Conductive Adhesives)
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ICA

YV V V V

Flip Chip

ICA

ICA

Die Att
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FIGURE 2: Princple of adhesive connection. a4

95

ACA

1 ACF Anisotropic conductive adhesives foil
(Pitch= 0.4mm)

2 HSC heat seal connector ACA
(Pitch  0.1mm)

FiE I Ansieatos S Heat Sepling with Aalamanes Conduedive Adbedlved
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ACA

1 0.1 100
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ACF

ACF bonding
100




HSC

COG ACF bonding HSC bonding
0.2/0.4mm

99

HSC

\CF/HSC bonding

50

100




J-STD-001 15 Requirements for Soldered Electrical and Electronic Assemblies

J-STD-002 Solderability Tests for Component Leads, Terminations, Lugs, Terminals and
Wires

J-STD-005 Requirements for Soldering Pastes

J-STD-006 Requirements for Electronic Grade Solder Alloys & Fluxed & Non-Fluxed Solid
Solders for Electronic Soldering Applications

J-STD-020 Moisture/Reflow Sensitivity Classification for Non-Hermetic Solid State Surface
Mount Devices

J-STD-028 Performance Standard for Flip Chip/Chip Scale Bumps

J-STD-033 Standard for Handling, Packing, Shipping and Use of Moisture/Reflow Sensitive
Surface Mount Devices

JEDEC Preconditioning Of Plastic Surface Mount Devices Prior To Reliability Testing:

JESD22-A113

JEDEC Symbol And Labels For Moisture-Sensitive Devices

JEP113

JEDEC Marking, Symbols and Labels for Identification of Lead (Pb) Free Assemblies,

New Standard Components and Devices

IPC-A-610 Acceptability of Electronic Assemblies

101

102




