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1. Introduction to TSV-Based 2.5D- and 3D-SICs

TSVs: Through-Silicon Vias

e TSV
— Conducting nail; typically Cu or W

— Electrical path from front-side to
back-side of thinned-down silicon wafer

- Interconnection of vertically stacked dies

e Typical TSV Dimensions
— Diameter : 5um
— Height : 50pm
— Min. pitch : 10um

}Aspect Ratio 1:10

e Benefits over Wire-Bonds
— High density
— Low capacitance

— Result: improved
bandwidth, performance,
power dissipation
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1. Introduction to TSV-Based 2.5D- and 3D-SICs

TSV Manufacturing

1. TSV Fabrication

g gy

deep silicon via oxide Cu seed Cu plating
etching deposition deposition
2. Wafer Thinning and Bonding !
bottom bottom
wafer wafer
temporary back-side expose permanent temporary carrier
carrier bonding thinning Cu nails bonding de-bonding
WTW
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1. Introduction to TSV-Based 2.5D- and 3D-SICs

Die Stacking

Endless Stacking Opportunities
“Whatever your children can make using Lego bricks”

[ ]
Package substrate
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e 235D-SIC edLLLLLL) (PRl iLll
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/Interposer - == Interposer -
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1. Introduction to TSV-Based 2.5D- and 3D-SICs
Micro-Bump Bonding

Electroplated Micro-Bumps
e Cylindrical bumps
- Sidel: Cu (5um)
— Side2: CuSn (5um + 3.5um) % ‘_
e Size (scaling down!) N
— Diameter : 25um
— Pitch : 40um

AccV Spot Magn  Det ‘WD
500KV 30 6000x SE 26 GP195-d13 70" filt

Bonding
e Transient-Liquid Phase (250 °C)
e Diffusion bonding (150 °C)

e Bump planarization
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1. Introduction to TSV-Based 2.5D- and 3D-SICs
Micro-Bump Bonding
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2. Test Challenges
Test Challenges — Overview

1. 3D Test Flows
What to test when?

2. 3D Test Contents
New test patterns to cover new defects
2A. Due to 3D processing steps
2B. Due to TSV-based interconnects

3. 3D Test Access
Pumping stimuli in/responses out of the DUT
3A. External: Wafer probing
3B. Internal : Design-for-Test
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Abstract
‘Three-dimensional stacked ICs (3D-SICs) based on Through-Silicon Vias (TSVs) have many atiractive benefits and hence are quickly

Testng much p

1 Introduction

Vsl scki of il fmegratd ctis ofes dmse imsgrason
et ‘technologies with 2 small area fooprin:. The
s preparing ifself now for vertical intercomnec-
stacked tirs by means of TSV [1-3]. In comparison to
conventional wire-bonded infercomects, TSV's promise fo increase the in-
terconnect basdondh and parornant e while lowerssg power disspation
ovenall mamifacrring cost. Consaquently, TSV-based 3D rachnolo-
gies enable the creation of a new genesation of “super chips” by opening
up new architecrural oppornmities [4, 5] and hence might help the semi-
conductor industry 1o ewand the momentum of Moors's Law into the next
decade

A& lot of research and development work has been dons, s being done, and.
still pzeds to be done to enabls TSV-based 3D nsegration. One of the first
challenges fo be addressed was the development of processing recipes to
be able fo maruiacture TSVs. Typical TSV dimensions are 3 um diam-
eter and 50 um heighr (see Figwre 1). Exching and properiy flline TSVs
with such a large aspectrati i oot a easy fck [5. 7. A normal wafer
s onuch thicker dan the TSV height, and hence the wafer neads e
hinned down to make the TSV ewend out of the wafer's ba
connect fo the next tier Wafer thinning and thin-wafer handling [5] Tk
ide processing. bonging [9. 10]. and packaging of die siacks are also on
5. To be abls to meultor the processing.
ection [11]. matrology [12]. and fahure analys:s tools nesd to
e upradad to cope with this bew ype of cirews.

coo Vias with aspect ratio 16:1

defiects is sill fraught with many challsnges.
of those challenges and their emerzing selutions, catezorized in the areas.

This paper provides an overview
of (1 test fows, (2) test contents, and (3) est access

Research and development wock on 3D integration also addresses design
issues. The impact of 3D processing o the operation of fhe circuit needs
10 be assessed and conpansated for [13, 14]. This inchudes the i
TSV proximity nnlnumn and metal inferconnact, nu(hwcn. m
and warpage (especially of thinned wafers) LhmmL stress u, ﬂ;e\!m:a]
stack might block heat dissipation) [15], et
m:mmhneedwbadmmmummm:t _ESl!h[ 6,17 rm:
high-lew e co-desin,

down to three-dimensional wansistar netlist and layout [1]

Like all ICs, these new TSV-based 3D-51C5 also need to be testad for
‘manufacturing defects, in order to puarantes sufficent outgoing product
quality o the customer. Whereas 3D-SICs require most of oday’s ad-
vanced test and Design-for-Test (DIT) approaches, sinpiy because they
ars composed of advanced IC desizns in advanced rechnology nodss, they
alsa bave some wnique test challenges of their own [18, 20]. These chal-
1enges partain to (1) test fiows, 5. and (3) test access. This
per providss an overview af their soluions, 1 the
extent that they already exist

2 3D Test Flows

‘Most conventiona] sinzle-die chips have a test fiow consisting of two tests:
fm:

oort. 2eps A bencs s mamy mare poraai sarrl 1t momants. A4
shoun in Figure 2. we di (2) post-
. sests. Pre-bond and post-bond tests are

we distinguish between them, as they are distinetly

iffarnt in their purpose, test contents, and test

Ina dis-integrated production Som, itermedixte products which are build-
locks for one compary, are final products for another compary. For
example, DRAM dies to be stacked on tap of logic dies are infermediate
products in view of the overall stack. but are fnal products for the DRAM
maker In such a seting, the supply commact 'y Tequires that the
infermediate products (CRAMS, in our example) are fested with final-test
gl cining aspee 2 I s The dalvrprodocs
0d Dier (EGD) [21], o, i case of die stacks, Known-

Gwa =] O\G [
I :nnem(!n“rmu"[mim where absolire EGDEGS quality is not
reqired, the test covera; For intermediate procucts becomes

[Marinissen

APCCAS'10]




2. Test Challenges

Challenge 1: 3D Test Flows

Potential Test Moments:

e Pre-Bond Test
- Content : die (+ TSVs)
— Access : wafer probe @S

Mid- and Post-Bond Test

— Content : interconnects (+ dies)
- Access : wafer probe £§35
e Final Test
— Content : dies + interconnects
~N
— Access : socket + DfT

Many more natural wafer test moments

wafer fab 1| |wafer fab 2| |wafer fab 3
Y Y
Pre-Thick(1) [Pre-Thick(2) [Pre-Thick(3)
v v v
thinning 1 | | thinning 2 thinning 3
v v Y
Pre-Thin(1)| |Pre-Thin(2)| |Pre-Thin(3)
stacking stacking
1+2 (1+2)+3
v v
Mid-Bond Post-Bond

| I
assembly &
packaging
v
Final Test
v

Pre-Bond and Post-Bond tests are distinctly different in test access
Disintegrated production flow more likely: KGD / KGS testing

e Integrated flow: test benefits need to exceed costs = cost modeling

(WTW

'“' ~ IEEE South-West Test Workshop - San Diego, California, June 2011

[Taouil et al.

- ATS'10]
10




2. Test Challenges

Challenge 2: 3D Test Contents

e All manufacturing defects that can occur in conventional 2D chips,
can also occur in 3D-SICs

- Logic : stuck-at, transition, delay, VLV, ...
- Memory : array, decoder, control, data-lines, ...
- Analog : INL, THD, ...

e New defects due to new 3D processing steps :
— Wafer thinning: shifts in device performance i

[Ikeda et al. - ICMTS’04] [Perry et al. - DATE'09 3D Workshop] :
— Thermal dissipation and thermo-mechanical stress -

— Yield loss

e Defects in TSV-based interconnects
— TSV fabrication: liner, barrier, plating
— Interconnect bonding: height, align

(WTW
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2. Test Challenges
Challenge 3: Test Access

Wafer Probing
e Pre-Bond Test

[ — —
- Large arrays of fine-pitched micro-bumps
- New metallurgies

— Front-side and/or back-side probing

e Mid- and Post-Bond Test (RN | —

— Non-planar topologies

carrier
wafer

—

Design-for-Test
e Die-level test wrapper marinissen et al. - VTS'10, 3DIC'10]
— Modular die/interconnect tests
— Supports pre-, mid-, and post-bond tests
— TestTurns: from and to ext. I/O in bottom die
— TestElevators in each (non-top) die
e Supported by Cadence tools

e Proposed to IEEE P1838 Working Group
(WTW
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3. Probing on Fine-Pitch Micro-Bumps

Today’s State-of-the-Art

e Probe cards do not meet pitch requirements
— Micro-bump pitch: 40um (and scaling down!)

— Probe card pitch : =50um T 0 T T
- Some cantilever cards go smaller, ! CHA%ELO 1:1 cHAMELY |
but they do not handle arbitrary probe arrays | ”: i it J
lsshumes oo
e Solution today: PO ey
additional pre-bond probe pads | :[L |
— Dedicated: only for pre-bond test ‘ CHAN}“E” 1'}@"”“”“‘5” |
— Extra ..'Ti P il
e Design effort ot | — ]
e Silicon area I I Il I
e Processing steps | [~ M‘__ Probing
— Trade-off area vs. test time T [ ke | ]| | ket
— Not the ‘real’ entry/exit point | | \
for functional data H‘ } | H } bads

(WTW
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3. Probing on Fine-Pitch Micro-Bumps

Pyramid Membrane Probe Cards

PCB PCB
> Plunger
membrane 55555 PP
Wafer

e Probe core with two litho-defined
membrane layers span over a plunger:

1. Routing layer to probe card
2. Replaceable contact layer
with probe tips

e Probe card
adapts to probe station

e Application focus on
— REF filters, switches
— Process monitors (incl. M1 copper)
— RF-SOC Multi-DUT

(WTW
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3. Probing on Fine-Pitch Micro-Bumps

New RBI Probe Technology

e Conventional Pyramid tips
~100um pitch, ~10g/contact

e Rocking Beam Interposer technology
~35um pitch, ~1g/contact

— Same materials

— Decrease xyz dimensions by factor k
— Decrease z motions by factor k

— Decrease force/tip by k2 for constant tip pressure

Date HV Tit = VacMode Spot

Mag | Tit | VacMode
200 x|38.5 °|Lowvacuum| -100 pum-

08/17/10, 11:42/15 kV 1 38.5 °|Lowvacuum| 4 =20 pm-

(WTW

ﬂ) IEEE South-West Test Workshop - San Diego, California, June 2011 15




3. Probing on Fine-Pitch Micro-Bumps

Reqguirements on Probe Station

e Probing on small targets
- Accurate XY positioning

e Future bondability on micro-bumps
- Reducing probe force with accurate Z control

e Accurate contact stability
- High-performance vibration isolation

e TSV thermal stress measurements
- Fast thermal transition time

e TSV thermal issues due to increased power densities
- Thermal chuck dissipation and resistance g =

e Probing with high-pin count vertical probe cards
- Safe operation inside shielded environment

Cascade Microtech
PA300 ProbeShield 3D

(WTW
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4. Experimental Results

Contact on Blanket Wafers

1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

Average Contact Resistance Rc (Ohm)

SWIW

£09-448

37-48

349398
249208 Wee  149-198M. _finish
| 199-248
start
49-98 BF
1-12
0.00 0.25 0.50 0.75 1.00
Single Probe Tip Force (gram)
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IMEC blanket wafers with micro-bump metallurgy: Cu 5um
Single RBI probe tip with precise tip force measurement
Iterating over 0.25, 0.50, 0.75, and 1.00 gram probe tip force
4x12 + 4x50 + 4x50 touch-downs without cleaning

Contact resistance:
—0.3 <R, <1.6 Ohm

Dependent on:

e Probe surface:
metallurgy, roughness,
oxidation, cleanliness
(Cu vs. CuSn)

e Probe tip:
material, shape, area,
cleaning recipe

e Probe force

—
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4. Experimental Results

Contact on Blanket Wafers

X Profile
fw
o/ \ /V
£ W
oy YT
™ L] 2 @ aw
Y Profile

0 80 90

Probe damage: raised berm
e Length 3-4um
e Height 200nm

WTW
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Cu wafer

- 196

- 150

- 100

154
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4. Experimental Results

New RBI Probe Cards at IMEC

e Several cores
— 100um pitch, 24 tips
— 50um area array, 184 tips
- 40um area array, 480 tips

e Probe cards for

— Cascade Microtech
PA300-3D
semi-auto prober

— TEL P12XLm
auto-prober

(WTW
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4. Experimental Results

Target: WidelO 3D-DRAM Interface

» JEDEC standardized interface o uroumiymniomn: | pomrmsm e

for low-power 3D-DRAMs mmT_ﬂ [ oreeo i) |*_ *Conannet 17 ¢ ° [

* 4 independent channels } !ll!!llgrﬁnlne'lzm VIIII I BHE L B Ikl ll
— 128-bit data/channel oo =y .;;.;Zu':; .

— 6x50 micro-bumps/channel
- 40um pitch x, 50um pitch y

e RBI-technology probe card
— One WidelO-channel version
— 300 probe tips,
all routed independently

— Initially focused on engineering
and failure analysis applications

LSS
LA L E L ¥
L L E L L T3
Sasses
S
Sesaan
S

S99%98%ns
LA L E R T
4 % e A
L3 SO Y
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5. Conclusion

Summary

e 3D-SICs based on TSV is fast-emerging technology
e 3D-SICs have several test challenges: flow, contents, access

e Probing on fine-pitch micro-bumps is one of those challenges
— In order to avoid additional dedicated probe pads
— Requirements:
e Micro-bumps at 40um pitch
e Array size: 4 x (6x50) micro-bumps (JEDEC WidelO)
e Probe damage not to inhibit downstream bonding

e Tough requirements on probe cards and probe stations,
but first experimental results point towards feasibility

— Contact resistance ~ 1 Ohm : probe-able
— Berm of only 200nm : bond-able
Work in Progress!

WTW
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5. Conclusion
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