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Who needs solder bumps?

Wafer Level Chip Scale Package (WLCSP)

e Bumps are large (250um or larger) APag  14BCB Layer SN Passivator e

e Only a few bumps (<100 per chip) \_,_ \ SRR

e Small chips (6mm X 6mm max) \RSB“T"rSce A \
« Low end devices (consumer market) . .
e Bump yield / chip yield not as critical J:> D Sz to P pad 20
 Chips go directly on PCB board " om 1610400 um

e No underfill

e Main reason for WLCSP: Superior electrical performance,
reduced size and cost savings

e Majority on 200mm and smaller wafers, 300mm is starting
o Usually requires redistribution (RDL)
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Who needs solder bumps?

Flip Chip in Package (FCIP)
e Bumps are small (<100um) —
« Many bumps (1000’s per chip, >1M per wafer)
e Large chips (e.g. 15mm x 15mm or larger)

: : EFFECTIVE PER WAFER COST OF YIELD LOSS
» High-end devices (processors, etc.) (300mm Waier Siz€)
$450

¢ B u m p yi e I d eXtre m e Iy C r i ti Cal Device Bumps/Die Die Value | Gross Die/Wafer | Wafer Cost $4?%

$400 —-|| Microprocessor 4,200 $9.32 429 4,000
Graphics/Chip Sets 1,300 $2.50 1,200 3,000

o Chips are soldered on substrate ., |wweme 5 T % T w1 2w

/153;;0

e Main reason for FC: Performance = -
« 300mm wafers driving the need oo

$200
. $l(58/0%/
 No RDL involved 3150
$67.10 Graphic/Chip Sets
$50.30 $98.00
$100 $33.60 W /O/WVU
$58.50
$50 $16.80‘ $39.00
%0 - ; $3.00 sa00 DFAM 5500
$0 — 0 T Tﬁ T Tﬂ T T T T 0
15 20 25
PPM Bump Defect Rate Source: Prismark Partners LLC
= |
. (2 go7
) - .
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Solder Bumping Technologies

- WLP >
- DCA — -« CSP —» «+— BGA —»
0.1-0.2mm 0.25-0.5mm 0.46 - 0.76+ mm
50 100 150 200 250 300 400 500
microns
Evaporate or Plate

Screen-print
Solder Paste

Preformed Solder Balls

C4NP
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C4ANP Bumping Process

Wafer with C4NP Mold
passivation Std. Size
Any Size (13x14”)
Y Ve |
UBM Deposition Solder Fill Mold Clean
& Patterning Molten solder injection Recycle
+ + 4
Wafer Mold Failed Insp.
Inspection Inspection 1
Process Merge Point
Empty Mold

y

Solder Transfer

Final Packaging
(Dice / Sort / Pick)

—
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C4NP Bumping Process

1.) MOLD FILL 3.) SOLDER TRANSFER Wafer w/UBM
-
Mold w/solder
= Z solidified
E
-5 . f//_ Mold and wafer
3 * heated. Formic acid
L | vapor environment.
=
. . Mold and wafer
In close proximity
Mold and wafer
In contact
2.) MOLD INSPECT : j Mold and wafer
— separating
A
| | Wafer with bumps
) —— Empty mold
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CANP Glass Molds

Flip Chip in Package (FCIP)

Standard size glass plate — 13 x 14”
Active pattern based on wafer size

Etched cavities according to bump pattern
Worldwide Mold Supplier infrastructure
Mold cost < $5 per wafer

September 2006 Announcement
o ULCOAT first commercial CANP Mold Source b *
* Very high mold quality - » -
e Less than 1ppm bump defect density
« Additional mold suppliers to be announced - -
- . s
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UBM Technology

UBM = BLM
Under Bump Metallization = Ball Limiting
Metallurgy:

Interface between solder and final chip metallization
MUST HAVE: Low resistance, Good adhesion, Diffusion

barrier
Must withstand thermal & mechanical stress
Tradltlonal UBM Stacks:

Cr Cr:.Cu-Cu-Au
. -Cu
. Ti:W-Cu
e Ti-Ni:V-Cu
e Cr-CriCu-Cu
Al - Ni:V -Cu

Lead free UBM Stacks:

* Ni-Au (ENIG - Electroless Nickel Gold)
e Ti:W (or Ti) — Ni (Sputtered)
* Ti:W (or Ti) - Cu— Ni (plated) — Cu (opt.)

* Plated Ni UBM
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UBM & Bump Process Flow

UBM Process Start ICP UBM Process Finish
—) Soft Etch )
Evaporation .

- _C;l'—M_as; —— - Masked/Unmskd. UBM Materials:
I App'Iication —»  Sputter Etch Cr-Cr:Cu-Cu-(Au)
o | Sputtering Ti-(Ti:W)-Cu
('l ; — lon Etch / Ti-Ni
E-less Ni

Protective Back Chemical Etch Electroless Nickel

Side Coating Al/Zincate Plating
Pre-Treatment Oxide Removal UBM Deposition
Post Treatment / Reflow Bump Deposition Patterning
Mask Removal Evaporation
— p
Wafer Reflow Resist Stripping Electroplating Photoresist

N Etchback UBM  [¢ of Solder Patterning Bump Alloys:
Pb/Sn 95/5
Screen Printing PR Patterning Pb/Sn 37/63
. Stencil Printing Etchback UBM Au/Sn
Flux Cleaning SniAg

Bump Process Finish

Solder Sphere
Placement

Stripping of
Backside Coating

C4ANP
Bumping

Other Pb-Free

Bump Process Start

S
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Alternative UBM Experiment

Electroless Nickel-Gold (ENIG) Sputtered Nickel
Selective chemical deposition on Al pads TiW base layer (adhesion layer)
Sequence of chemical solutions Sputtering of magnetic Ni is difficult
Ni layer — Autocatalytic reaction Bias to reduce grain size
25um per hour Standard photo process for patterning
Thin Au layer to prevent Ni oxidation Wet etch of UBM
Au approx. 0.05 — 0.08um thick Varying Ni thickness: 0.5/ 1.0/ 1.5um

Wafer backside protected with resist
No photo-process
Fraunhofer 1ZM process expertise

Ni Au
Al Passivation Zn v
RSili(:on

'Z. ey 33

1.0 um sputtered Ni film
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Test Vehicle and Experimental Setup

Test solder: Sn/0.7%Cu & SnAg (proprietary
composition)
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Conditioning:
g' oo oo oo 0¥ Ta n'h ol e 0% ot 5% o %6 o oo % o o' o %o o

e Deep Thermal Cycling (-55 to +125C)
o Multiple Reflows (1, 3, 5 and 10)

The 57th Electronic Components May 29 — June 1, 2007 Klaus Ruhmer SUSS+|V|icr0TeC -12-

and Technology Conference



ENIG UBM Results

Electroless Nickel-Gold (ENIG) — Test Matrix

Ni Pd Au Solder
3um No 100nm Sn/Cu
3um No 100nm Sn/Ag
7um No No Sn/Cu
7um No No Sn/Ag
7um No 100nm Sn/Cu
7um No 100nm Sn/Ag
7um 0.5um 100nm Sn/Cu
7um 0.5um 100nm Sn/Ag
15um No 100nm Sn/Cu
15um No 100nm Sn/Ag

J : ‘
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ENIG UBM Results

ENIG UBM 9
Shear strength proportional to Ni area I
Diameter of Ni pad depends on thickness of fé o % % i
electroless Ni T 1 !
SnAg has higher shear strength than SnCu 2 o
Shear failure modes were within bulk solder 1 " Walersosn A
Shear values are stable through DTC and BRI S o
multiple reflows .-
Au improves ball shear strength
Pd has no significant effect on shear strength
Each value averaged: 1 i b %
Deep Thermal Cycling (30 measurements) } o '

Multiple reflows (6 measurements)

Force in 10°g/um’

n Wafer 65 Sn 0,7% Cu
m Wafer 66 Sn Ag

o - N w EN o [} ~ [ ©
1 1 1 1 1 1 1 1 1

Shear test: 25um above passivation@25um/sec

T T T T T T T T T T T
0 2 4 6 8 10

Number of reflows

J ‘
The 5?t||1 Electr.'nnic Components May 29 —_ June 1, 2007 Klaus Ruhmer suss+Mlcr0TeC

and Technology Conference



ENIG UBM Results

7um Ni UBM with SnAg solder at time zero
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Force in 10 g/um’

ENIG UBM Results

ENIG (15um Ni, 0.1um Au)

15um Ni/ Flash Au 15um Ni/ Flash Au
10 4 12 4
11—_
IR : o T S
o % ) I I g I
: | 9 - I | |
5 - 1 £ 2] 1 ! 1 b |
D 1
o 64
4 = 5—-
S 4]
=] |
L 3
2 = Wafer 69 Sn 0,7% Cu 5] = Wafer 69 Sn 0,7% Cu
= Wafer 70 Sn Ag : m  Wafer 70 Sn Ag
1
0 T T T T T T T T T T T 1 0 T T T T T T | T T T T
0 200 400 600 800 1000 0 2 4 3] 8 10

Number of cycles Number of reflows

Each value averaged:
Deep Thermal Cycling (30 measurements)
Multiple reflows (6 measurements)
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Sputtered Ni UBM Results

Sputtered Nickel UBM — Test Matrix

TiW Ni Bias Solder
200nm 0.5um No Sn/Cu
200nm 0.5um No Sn/Ag
200nm 0.5um Yes Sn/Cu
200nm 0.5um Yes Sn/Ag
200nm 1.0um No Sn/Cu
200nm 1.0um No Sn/Ag
200nm 1.0um Yes Sn/Cu
200nm 1.0um Yes Sn/Ag
200nm 1.5um No Sn/Cu
200nm 1.5um No Sn/Ag
200nm 1.5um Yes Sn/Cu
200nm 1.5um Yes Sn/Ag
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Sputtered NI UBM Results

Nickel (0.5 microns)

Shear strength overall higher due to increased
Ni area compared to ENIG UBM

SnAg has higher shear strength tiSaCu

Shear strength decreases with increasing
number of reflows

Each value averaged:
Deep Thermal Cycling (30 measurements)
Multiple Reflows (6 measurements)

Ni (0.5 microns) is too thin, spalling of IMC at
time zero.

Shear test: 25um above passivation@25umj/sec

0.5um Ni with Bias, time zero, SnAg solder
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