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Scope and Basic Assumptions

Scope
Final Test
3D packages include 2D, 2.5D, 3D Singulated, SiP/PoP
Basic Assumptions
New handling solutions
- Improve or maintain current yield
- Deliver competitive CoT
- Suitable for HVYM environment

Yield Applied

Unit Cost = Depreciation ' + _ Opérating Cost
Throughput
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3D Package Trends

Market Forces

Why 3-D?

“More than MOORE”

Higher Performance
More Features
Smaller, Thinner
Lower Cost -
Figure AP16 Driving Forees for 3D Integration

Sources: Micron Technology, EE Times,
ITRS 2009 Assembly, Google Images
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3D Package Trends

Market Forces

Why 3-D?

<L 135% 40%
Higher Performance
More Features
Smaller, Thinner

Lower Cost

Size Reduction Power Consumption Packaging Cost
Sources: Micron Technology, EE Times,
i . . ITRS 2009 Assembly, Google Images
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3D Package Trends
Industry Examples

Microbumps
28nm FPGA Slice 28nm FPGA Slice 28nm FPGA Slice 28nm FPGA Slice
! Silicon Interposer

Through-Silicon Vias

C4 Bumps

2 Stacks of Up to

- d i hall es
3DIC tool-box: synthesis of key challeng 5 Dm“cm

Waer thinning e 2
echnologies J\ formation Wafer i Micro
= Bumps

Bonding / Assembly k=

Next Generafion Complex 3D Puckage Architecture

Source: Amkor Technologies, Inc
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Packaging Trends and Handler Functions

Handler’s Main Functions: Transfer, Align, Thermal Control

Transfer Align Transfer _
Loading + + + Unloading
Pre-Soak  Thermal Control Post-Soak
Test Site

Packaging Trends
Finer Ball Pitch
Heterogeneous Stacked Devices
Vo ; _ High Power Dissipation
i e Thinner Packages
High Pin Count

Source: Daniel Nenni, Semiconductor Packaging (3D IC)
Emerging As Innovation Enabler!

3/2013 3D Package Handling - A Simple Case of Integrating Complex Technologies

3D Package Trends

Test Nodes

No industry consensus on test nodes yet

Niehls Bohr

“Prediction is very difficult, especially
about the future.”

Niels Bohr
(1885-1962)
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Packaging Trends and Handler Requirements

Packagmg Trends @ Handler Reqwrements

Finer Ball Pitch

Power Dissipation
Heterogeneous
Stacked Devices

Thinner Packages
High Pin Count
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3D Package Handling: Alignment
Tolerance Stack Up @ Contact

Major Contributors to

Tolerance Stack up @ the Contact
- Socket
- Package
- System Positioning
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3D Package Handling: Alignment

Mechanical Alignment Method

Mechanical Alignment
(PKG Outline or Ball guide) p a ﬁ a6 ﬁ (@)
Guide Outline

> 5
' . . . ¥ S
>
S G

Pin Diameter
Pin to Guide

Pitch g 28 8 88 Pin Position

Ball Diameter/__b 00000
D=+ d 000000 Device

B;n Positioning POO0000 w
A+a — L— Balltoedge | — Stand off é: ' ,E:"ror:rlr?ent
[ i
X + x Z+z .’ ’
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3D Package Handling: Alignment
Vision Alignment Method

Vision Alignment

Measure socket
position and angle

Calculate and
Compensate:
X, Y, theta

Measure device

position and angle Result: High fidelity alignment
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3D Package Handling: Alignment
Trend towards Vision Alignment
Pitch Trend Alignment Simulation

Miscontact Ratio (%)
20pm Ball Pitch vs Alignment Method

40pm

T
" >33%

/

11101 HEEEEN 1111

/
4 Mechanical
-=Vision

. 0.3
2010 2011 2012 2013 2014 Ball Pitch (mm

Mechanical Alignment Vision Alignment

(PKG Outline or Ball guide) Benefits:

o Improved yield
m et ‘

— — IC

-m - R - c i amera
- arrer © Lower CoT
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3D Package Handling: Thermal

Current Handler Segmentation and Trends

Memory Handler
Chamber, LN2 for low temp

SoC Handler
For Low Power Dissipation: (Giiiiiss
For High Power Dissipation: ATC, PTC

« Segmentation disappearing
« Higher Power

« Higher Power Density

« Thinning Packages
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3D Package Handling: Thermal
ATC Method and Performance

Without ATC With ATC .
Worst case: _ Device SP

1 Thermal
Runaway
_—
Set-Point T

With ATC off

SP with ATC On

Temperature

| i Time
Test Start and Device Temperature rises - transistors switching, current leakage etc.

Watch for:

« Thermal Mass « Induced Gradient
« Temp. Transition « SP vs. Power/Power
o Tj max/min, Density
« Time to Guard Band o ATC+PTC in same system
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3D Package Handling: Thermal
Thermal Trend and ATC Need

Power and Power Density

= Thermal concerns
— E.g Optical 85C junctions

‘Optical
Source: Xilinx 3-D_Artichectures

Power Density > 50 W/cm2
Benefits:

% « Improved vyield,
= * LowerTT
oy (]
Logic + Memory

1x Lower CoT, Higher ASP

2010 2012 2014
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3D Package Handling: Thin

Impact Force and Force Centroid

Smart Phones < 8 mm
Tablets <10 mm
Notebooks <20 mm
Wearable Electronics

Source: Bernd Appelt: The Thin Package Challenge Never Ends,
Semicon West 2012

ul \ IH"w" a
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3D Package Handling: Pin Count

Insertion Force

#Pin * F/Pin 512/1024

B Stack pl
Height

Rapid Increase in Pin Count
Trend towards Higher Parallelism
Translate into Higher Insertion Force, >4000 kg

Collaboration: Lowering F/Pin will be great help
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2/2.5/3D Package Handler

Integration of Technologies

E,!,%_!,ﬂ

Top &

' Bottom
Contact
COOOOOUOO (_) <
= 8 Thin Dle\f XL Th rnm
Pin COW \ Control
f i ﬁartlal \\77

N ATC/PTC

Force Centroid

Impact Force E :
e | OTCE Balancing
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Summary

» 2.5D in production

* Packages becoming more complex, existing
advanced technologies capable of handling each
handling requirement - separately

» 3D package handling need an integration of
ATC/PTC + VA and STH technologies

» Upgradeable solution needed to accommodate
future migration to finer pitch, higher parallelism
and higher pin count .

— One correction:
3D Package Handling:
A Complex Case of Integrating Simple Technologies
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