3.0

25

Lead Pitch (mm)
= L
[+ ] { =]

=]

0E
0 10 100 1000
Connection Density (leads/cm®)
FIGURE 7.25 Summary of single chip packsge sveluton
1.1 [1, p.290]
Area
30mem
QFP 800 mmé  100%
|
20mim
TAB 400 mme 44%
15mm
NS coB 206 mm? 25%
T S : csp 115 mm® 13%
Fiip Chip 100 mm® 11%
l Wafer Level Flip Chip or CSP

JE 126 Wiaker-leval packaging as the future frend.

1.2 [1, p.291]




TYPES OF CSP
Cagegary Typa Exampla Dmiices
TAB! i chip w Flash, SRAM, ASIC,
I Microcaniroder,
Pl Il datasi - B !
Wirsbonding il phone, mamey
l:,u.rd.u.“-_':
Frocessor, Controdler,
Rigd Substrata St m DSF SRAM, ABIC
Gl Phes,
wesnins | o —_—
Flagh, DFRAM, j
iog IC
LpadFrams | Weebondrg | [y | cotpoel
pe-|
Rled TOOOPW Mgtmory; conteflens, AGICs,
Water-Laval | TCistrhetion sy
Assambly PoEwr dRvices Compuisrs,

FIGURE 7.18 Types of C5Fs. [ Soevce: TechSoarch irtamational ing) |

1.3CSP [1, p.282]

| 4

OSP/OCC B Formic 01'l:';1:'-;.:etic basei

Immersion Silver

| cian | rose Jmtate | wioso | proap |70 | oo | oy |
Immersion Tin
B BB

Immersmn Gold

ENIG
e [ s | s | ot

3.1 PCB [6]

Clean
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Attribute Hasl Immersion | Immersion | Electroless 0OSPs Eless Ni /
Silver Tin Pd Imm Au
Shelf Life {(months) 12 12 12 12 12 6
Multiple Reflows 4 5 5 5 4+ 4
Cost Medium Medium Medium High Low High
Process Effort High Medium Medium High Low High
Process Temp. 240°C 50°C 70°C 70°C 40°C 80°C
Thickness (microns) 1-25 0.05-0.20 0.8-1.2 0.15 -0.40 0.20 =0.50 | 0.05=0.20 Au
5N
Flux compatability Good Good Good Medium Medium Good
Holding time Growth of nfa Growth of ? 7 days Oxidation of
constraints intermetallic intermetallic Ni
EGA MODULE MODULE SURFACE
SUBSTRATE i
BEGA SOLDER BALL \/mﬁ<
f,
]

SHEAR

3.3 JEDEC STANDARD-BGA Ball Shear[19, p.4]

PROEE

SHEAR
PROBE

12 CENTERLINE TO

SUBSTRATE DIETANCE

-

Figure 1 — Shear probe to BGA solder ball alignment diagram
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Ls l\s
3
MOCE 1 \ B MODE 2
BALL SHEAR \i " PADLIFT
<Q <Q
"‘/_H'Y: k/-"-.i
MODE 2 . ) MODE 4
BALLLIFT:LACK OF  , J O . AD INTERMETALLIC BREA}

SOLDER WETTING

i
"

IR

MODE &
SHEAR ABOVE BALL
CENTERLINE

MODE &
INTERFERENCE:
SETUF ERROR

v

v
v

Wirs=:1

3.4 [19, p.6]

Crosshead
Assembly
Load Span
(L) ~ Anvil‘Roller
Radius

A i — Board |
Printed ! Thickness
Wiring ./ (t}
Board
o Phe [,
Width
. Support Span _
Lg)

Fixed Support

IPCIUEDEL

35 [20, p.2]
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- Fracture (@ pkg
25 \\ metal/IMC interface

\\ - Pkg pad lift/crater
" Fracture within bulk solder

/ PWB pad lift/crater

Fracture @ PWB
metal IMC interface

Fracture (@ pkg side
IMC/solder interface

Fracture (@ PWB side
IMC/solder interface

S
@l

e
P v

IPCAEDEC-9702.9.1

Figure 9-1 Intercocnnect Fracture Medes (Solder Ball Array Devices)

36 [20]

4.1 [23]

Early Normal Wear out
failure life:

4.2 (Bathtub Curve) [24]
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[ENIG oSsP

Ve

150 IMC [
25 /150
25 125 1000

4 0 120 240 480 ) IMC

720 1000 0.5mm 0.6mm

( 16 ) 0.7mm
S (MmC ) ) 7 )
|
N
60 [ 126

J/

5.1
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1 "__-__“ Solid traces are Daisy Chain pattems on the FBGA package.
2, - " Dash traces are Daisy Chain pattems on the PCE.
3. ‘g, b are the input and output of the network for the device.

4. ¢’ d"are the input and cutpwt of & separate network for the support balls.

5.2FBGA 32Mb  64Mb Daisy Chain

)[28]

5.3

-70-
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9.5

5.4
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5.6

Solder Mask

Copper Pad

"-\.\\

NSMD Subgtraie SMD

10082E0S

57SMD  NSMD[29]
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TR

KT Cuner RS
Wimder

s Ci Frdl withasul Adheave
BFM{TEEE Adhesive Coated Copper Fail P ! "

5.8 [30]

Actuator
Inside Cover)

Actuator Cover

Crosshead

Emergency
Stop Button

Grip

Test Specimen

Column .
Column

Grip

Angle Plate

Load Cell

&

lLeg Base Beam

- , &
Isolation Pad \[_cg

5.9 Instron 8848
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5.13

/7?

5.12
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| Teaw. ()
o

Faild

|

%t

5.15

Wlain profiles zone iformstion weavaiiable

fou —af
= i=
Tize (h=kous, m=miss, sssecs)

5.14
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5.17

5.18 (x4 )
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For bending /thermal test

2nd reflow

5.19 x4 )

5.20
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5.22

5.21

displacement(mm}

0.4

0.0+

0.5+

—— displacement profile

100
t/sec

(cross head)
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140

120

100

Temperature (°c)

-60 . . . . . . . . . . . . \
0 10 20 30 40 50 60

5.24 (pull)
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6.1.

ENIG

OSP

AfHER

120

240

120

ENIG

OSP

6.2.IMC
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Spectrum 1

+Speotrum 1

- : -
0 2 4 -1 -1 10 12 14 16 18 200

Full Scale 1396 cts Curgor: 0.000 ke =

I 30pm 1 Electron Image 1

Element Weight% Atomic%
CulL 62.30 75.41
SnL 37.19 24.10
Totals 100.00
aOSP IMC Cu

+Speotrum 1

E 2
b — 5 e R ] ull Scale 1003 cts Cursor: 0.000 ket ke'v]
Element | Weight% | Atomic%
Ni K 043 0.64
CulL 41.80 5711
ShL 57.76 42.25
Totds 100.00
b.OSP IMC
6.3 OSP IMC
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—u— QOSP near Cu
g —#&— QOSP near solder
6 —
E z
= ——F
w
2 1 / =
- z——x——;//}
= - e
6 o BT
=
= 7
-2 T T T T T T T T 1 T
a 200 400 600 200 1000
Aging time(hour)
OSP 150°C IMC
8 =
E P
E
=
w4
w
@
[
= ‘W
2 -
E ¥ T
(@] :.-_-———__I
=
0 -
'2 T 1 T ] T \S T 3 T
i 200 400 Il g00 1000
Aging Time(hour)
. Au 150° C IMC
6.4IMC (aging)
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+Spec:trum 1

10pm

1 Electron Image 1

ull Scale 21591 otz Cursor: 0.000 kev

Element Weight% Atomic%
PK 6.14 11.03

Ni K 93.86 88.97
Totds 100.00

+Spec:’[rum 2

10pm

g

T
0
ull Scale 1050 cts Cursor: 0.000 ket

1 Electron Image 1 2 4 B
Element | Weight% | Atomic%
Ni K 6.16 9.56
CulL 31.36 44.96
SnL 54.34 41.71
AuM 8.14 3.76
Totals | 100.00

b.IMC
6.5 .ENIG IMC
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a

shear strengtiigh

10.0

554 | = OSP
8.0 .
4 [ ] -
T AU-Ni
= 102
8.0 7 slop=0.1992 um#ime P
e R - fi‘/
= 70 slop=0.0863 um/fime e
S 55 B
—_— g
@ B0 T
2 55 "l
2 &5 L
< 5.0 -
= 45 s =
-— -
(&) 4.0 4 ’,/".‘
S 35 "
= a30d
25 4 a
2.0 4
15 9 *
1.0 T T T T T T T T T T 1
10 15 20 25 30 35
aging time'”
—a— EMIG 160°C
70d 4 20 —a— O5P 160'C
—s—EMIG 257
B = -
——0SP 25 =
w0 Lo
5l - & ™7
£ 10+ x
i I"”{__'E'__- _I__ i = Eﬁ 231 - . 3 i— 3
- == —3 3 —F
450 & 'E
E 410 4 -I
e & ¥ HHI'———_}__ -
mod T4 34 [ SR |
{ 8 e o S I *
0 = i 350
I;l ."I;l] Il.':I:l EI;IIZI | BI;I:I I Il]:]IJ ! I;I ; ‘:l::l:l 4 -lI::l:l : E-I;Il:l " $I;IIJ : 10:30 I IEIN :
Aging time(hour} Aging time{hour)

b. (150 )

(25 ) (150 )
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el

48

120

L(XX

ENIG257C

ENIG1507? C

osP25?C

OSP1507?C

6.8

1000
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124 1
y — 1504 oycle
: i':f" myi —— 1625 cycle
8 :1 cycle 1 1546 cyehs
15 4 243 cycin = T
1200 eycle
- 144 1981 zycln E
B 2] 1742 syele s 1080 cycie
= ] 2845 eycle & 11 1025 cycle
4 - 2485 cycle 5 1660 Cycha
et i
i BB 4 & ond
=1 i i —i
o -I- '.-'-I'.-'- l'-':‘l-'. ..: l.'l:-l'-' l.-:--- ||:q',|,,| rlh 100 _|-'|I1l |-I|,r 1Il.,l1 -\.u.gu L1 l-:::l:l J.lll:l
per unit {015 sacond) per unit 0.5 second
m fng =3TEd paldE | & |
e & gmm;y =1Bd p=ieE | & . I*‘
TT1 cycla & Immn =003 BEALE ]
— B34 cycla i
UL E41 cycle ! JT
E —— 1052 cycle | |
s SBE cycle i / I|I
F 1 &
3 BEY cysle F L] !
E 1215 eyels . i
E 5 ! I
= DE { |
kh .
i | Py
0E
o J
I:|I_|| 1 i hllil, il -\.|'|I||'| n.'| i :rll,r i ”'m ”I;“
perunit .5 second) cycle
ENIG-25
99.00 /
= /4 i
A I
50.00 / /
4/ f
= " |a /
g
é /
£ 1000 = —/
g 7 7
5 i
500 /I
/ //
1.00 /
100.00 1000.00 10000.00
cycle

6.9ENIG

25
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resigtance {ahm

SIELanCeionmy

20 -

an

10 ) i
4 — 860 gyl 1368 cycle
| —— 1022 ol ) — 1220 cyehe
= 1860 cycls L 1642 eycle
4 2290 el B —— 1514 cycha
1410 cvcle g'_ _ 1742 cycle
1.0 i & 10
— 1104 cwele 2 1226 cyche
S = o S
1 —— 1568 cvcle 5 1356 cyee
0.6 | LREE
1 | = ——— — —
‘___m'_—;"_rh_'__.l._'.l. L, ~ o J
0.0
| S e B B e N S o s e e e €
T T T T T T T 1 -1am ] fama i snea lm nan Eim rmn Eann
-1000 B 100 000 00 41D 4000 G100 TOMD EIOD 9000 per it 0.5 secand
per Uit 0 5 saeono
y 1 4
—— B8Z cycle SE AL A 1B P s 52 . I'/'
——Emn =151 =710 &
—— B3 cycle Temn o730 QedEd 1‘ "
235 cycle .
B4 cycle " | I-'
BE2 eyele al | !
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— T4 cyele ] 'y ;
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| I
—— {
.
A e T T LA L L i L LA L BRI R, &
A0 0 A0 0 1RED X0 1600 G0 3500 4000 i8530 SO0E 5400 ot = .
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ENIG-120
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£
E 10.00 ra L
2
£ i
° /i
5.00 7
1.00
100.00 1000.00 10000.00
cycle

6.10 ENIG
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reaigtands {shm)

Feesistance | ohm )

10D

] ap |
] — 828 cycle |
184 1 — 1028 cycla
e 2280 cycle 15 B11 cycle
i 1800 ayche E —— THO cycle
- 1740 tycie -] TI6 eyche
g latlayan E e 1120 eyels
it 1580 oycda A
o] 2460 cyede b B7E cyche
vl 20 cycle & 95
o4 -
e ——— 3 S .
L] - oo -
4 200 w0 o0 m=n Lo 0 100 10 i ai S000
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1 —_—
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B BT B2 |
e
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T &14 oycla J 1
] — G 2 cycle = J |
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5 ] 210 1DAD 1500 1000 ¥IO0 1040 1500 4000 4500 1 1004
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50.00 [
9 - |l /
«i:u) 10.00 i +
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100.00 1000.00 10000.00
cycle

6.11

ENIG
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tesistancelohm)p

resistenceiehm}

6.12 OSP

25
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s
3495 gyele ——— 1342 cycle
—— 3788 cyele —— 1425 cycle
3880 cycle T 1525 cycle
- 3330 eyl E —— 1726 cycle
4710 cyele g .0 2050 cycls
4764 cycle @ 1826 eyels
IETO eycle g 1763 eyele
E | L
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10
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resigtances [ohm]

.0+ 256 cytle
] —— HT0 eycle 2.0 4
1585 cycle — 140 cycle
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6.13 OSP 120
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6.19 500cycle

6.20 ( )
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6.21 (IMC)

Element | Weight% | Atomic%

CuL |314 5.70
AgL |19 2.06
SnL 94.94 92.25

= Full Scale 2004 cts Cursor: 0.000 ke
r Tilkm 1 Elmchron kramga 1

6.22 EDX ( )
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6.23

ENIG

- 08 -

Element | Weight% | Atomic%

PK 4.76 991

Ni K 47.99 52.77

CulL 24.97 25.37

SnL 2150 11.70
0.26

0

Full Scale 1513 cts Cursor 0.000 ke

EDX




Element | Weight% | Atomic%

CulL 54.78 69.33
AgL 041 031
sl 44.81 30.36

Totds 100.00
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