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2009 Drivers

e Device trends

Increasing device interface bandwidth (# of signals and data rates)
Increasing device integration (SoC, SiP, MCP, 3D packaging)
Integration of emerging and non-digital CMOS technologies
Complex package electrical and mechanical characteristics

Device characteristics beyond one sided stimulus/response model
3 Dimensional Devices — Multi-die and Multi-layer

Multiple 1/0O types and power supplies on same device

e Test process complexity

Device customization during the test process
“Distributed test” to maintain cost scaling
Feedback data for tuning manufacturing
Dynamic test flows via “Adaptive Test”

 Economic scaling of test

Physical limits of test parallelism

Managing (logic) test data and feedback data volume
Effective limit for speed difference of HVYM ATE versus DUT
Managing interface hardware and (test) socket costs
Trade-off between the cost of test and the cost of quality
Multiple Test insertions due to System test and BIST
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Test Cost Components

NRE

+ DFT design and validation
+ Test Development

Device

+ [Die Area Increase
+ Yield Loss

Work Cell

+ Building

+ People
Untested « Consumables
Units « DUT interface

+ Test Equipment
+ Handling Tools
+ Factory Automation

Production Test Cost

False
Pass
Units




Test Cost Survey

* Survey completed in 2009 to determine key factors & metrics

Test Cost Metrics ®
Cost per unit

Major Test Cost Drivers
Percent of total Product Cost Metrics Not used
Cost per second ATE capital
Cost per megabit (memory) Cost per transistor Interface hardware
Capital expenditures Test program development
Test Time and Coverage

Current Methods
of controlling cost Future Methods
of controlling cost

Test Parallelism

Reduced Pin interfaces Wafer-level at-speed testing

Structural Test & Scan Advanced embedded instruments
DFT and BIST Adaptive Test
Concurrent test New contacting technologies

Build-in Fault Tolerance
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Adaptive Test

* Modify testing based on

Best Optical Inspection anaIySiS Of pl’eviOUS I’eSU|tS
Other inline data RT AJO - Real-Time .
Analysis and Optimization — Real-time
[ FTec ] — Near-time
" ? RT A/O PTAD - Post-Test Analysis —  Off-line

& Disposition
| Wafer Probe Test . Beneﬁts

— Higher Quality

— Fast Test Time Reduction
— Lower cost

— Fast yield learning

* Requires data infrastructure

RT AJO

Final Test

e R a — Database
Datal;)aastea i::.lxtornated Card/System Test / _ AnalySiS tOOlS é Conﬁdence
Fab Data ot [ PTAD i . . .
Design Data q (Inaiuding Adaptive Test b Implementat|0n IS eVO|V|ng
Business Data capabifities fike post-test . .
Customer Specs statisfical analysis, dynamic <:: Field Operation — Multiple learning steps
routings and feed-forward dit_a)____‘ I PTAD | _ Delaying Won’t ease task
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Prober Characteristics

Year of Froduction 2009 2010 2011 2012 1013 2014 .
o « Many changes / additions
Wafer diameter (mm) 300 300 300 300 300 450
Wafer thickness (wm) 80775 | 80775 | 80-775 | 80715 | 80775 sn_wnn
Maxeurmnn urt‘)e s;adsum 4000 5300 5300 5300 5300 5300 frO m 2 008 tab I eS
Carier TBD
Tester . .
Test head weight (Kg) 1000 1000 1000 1000 1000 1500 — P ro be C ard d imensions
Mechanical IF for Tester (Type) :J......r Poed l;oﬂii g"ﬁi (l;oﬂilrr g"ﬁi
Probe Card
Probecard d&i () 2 O O 9 580 580 580

— Test head weight

Probecard Thickness (nun) PCE 10 10 10
Prober
Clnck £ & ¥ positioning acouwracy () 2 1 1 1 1 - Tel I lperatu re aCCuraCy
Probe-to-pad ali (um) XY +/= 2 2 2 2 2
Clmck Z positioning acouracy (um) 1 0.5 0.5 0.5 0.5
Probe-to-pad 2l (um) 2+ 5 5 5 5 5 — 450| nim Wafer Support
Chuack Coplanaity (um) +i- 15 E E F F
Maxinmm Chuck force Logic (Kg) 75 75 75 a0 a0 C
Wiz Chuck force Memory (el 200 300 300 300 300 — h k | k g
Set point range (*C) -EE to +180 | -55 to +150 [-55 o +150 | -55 to + 150 [-55 4o +150 u C e a a e
Temp. deouracy [(Degree ) +- 1 0.5 0.5 0.5 0.5 .
Total power Logic (Per die) 1000 1000 1000 1000 1000 _ I
Power density (Wattiom ) 150 250 250 250 250 P an ar I ty
Chuack Leakage (Parametic, ph) 1 0.1 0.1 0.1 0.1
Foot Print (m2) 1.1 2.1 2.1 2.1 2.1 EtC
Year of Production 2007 2008 2009 IO | 2011 | 2012
Wafer diameter () 300 300 300 300 300 300 H H H
Vet thnass () T T s | Bo1TE (R0 TTE R0TTE [T e Solutions exist until 2014
Mainmm 110 pads 4000 5300 [ 5300 | 5300
Chnck % & ¥ positioning acomacy (mm) 2 OO 8 1 1 1 1
Clouck £ posttioning acouracy (o) LLX3 0.5 0.5 LLX3
Probe-to-pad alignment (pm) o T 4.5
Maxinmm clmck force (kg) 100 100 100 100 100 100
Set point ange (1C) -30 to +85 |30 to +85
Total power (Watts) 130 130
FPovrer density (Wattlom ) &0 1]
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Fault Tolerant Devices “Bad but Good”

 Many future devices will be Fault Tolerant
— “Adapt or Repair”

« Homogeneous multi-core device...not all

cores need be good [core] [core]| [core| (R

— Identify with “Smart kernel” or continuous

test... - - Core -

— ...Ignore the bad core

— ...Fix (run slower or tailor operations) Core - - -
e Memory - - - -

— Allow or correct bad bits / blocks
— Background memory checker
— Wear leveling

* Image sensors without the “perfect” image
— What is perfect?
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3D Devices

O E—
« Multiple die system —————
— Sub-systems designed to operate and be ——————
assembled together e e e e
— Process optimized for contents of each die
* Logic, DRAM, NVM, Analog j—

— Connection b{//_potentially 1000’s of TSVs
(Thru Silicon Via’s)

. Desbi n, Interconnect, Assembly and Test — mmsgmm s s i g
problem

 DFT Requirements

— Testability of each die ——

— Via continuity checks
» For signal and non-signal vias
e 3-5um via cannot be probed! ESD!

— N+ die test methodology as die added
— Final “System” test

9
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System in Package (SIP)

e Target is low power devices

 Challenges
— High yield with low test cost

— Standardized test strategy for mini- Simple
systems

« Potential test solutions
— Design for die, debug and system test
— Per die BIST

— KGD with minimal post test

« “KGD” defined as Functional and
Structural good? gy

__=
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SoC — Consumer Logic

> 1000 cores by 2020 /O and Logic
— MPU /logic DSP || MPU RAM
— Memory =
— Analog / RF e
— HS serial
MPU
SoC test challenges RE FLASH
— Management of per core DFT
— Standardization of core “wrappers” Aralos T
* |EEE 1500 core test
 |IEEE P1687 JTAG chip-test
— High Data Compression (>100)
n
O
o)
c
>
o
=
<
SoC Complexity 11
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i .ll!.f.ﬂ !H.'._-,.’__[
| i

L_{rlf-_l;_l_. Lplad

.~ Proliferation of Cores

10000

—&— CPU total cores
= = CPU Unique cores
- Consumer total cores

Consumer devices
lead CPUs in core

- = Consumer Unique cores quantity and types

1000

100

10

2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
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Test Data Volume

10,000 Concurrent core
test can reduce
= Il CPU - Concurrent Core Test

= @ Consumer - Concurrent Core Test test data volume

—e— CPU - No Concurrent Test /

1,000 —— Consumer - No Concurrent Test >y |

M .
.8 9
. -

100 Assumes only
0 iIdentical cores
2 are tested in
2 parallel.
£ 10 1
o
S T P 4-10x Reduction in Test Data volume with
O Concurrent Test

|
(@) (@) — (Q\ (4p] < Lo O N~ 0 ()] o — (Q\
(@) —i — — — — — — — — — N N N
(@) (@) (@) o (@) (@) (@) (@) o (@) (@) o (@) (@)
(qQ\] (Q\] (q\] (q\] (V] AN (q\] (q\] (q\] (Q\] (qQ\] (Q\] (q\| (q\]
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Test Time Reduction Potential Solutions

First Year of IC Production  ]2009]2010{2011]2012{2013]2014]2015] 2016{2017]2018( 2019 |2020{ 2021 { 2022 | 2023 | 2024

Required Test time reduction Ix | 2x | 2x | 2x | 25x|25x | 25x|3.2x | 3.2x [ 3.2x| 4.2x |42x| 42x | 56x | 5.6 5.6

Multi-site Test

Core-Parallel Test

Test Vector Reduction
{includes compression)

Research Required -
Development Underway

Qualification / Pre-Production
Continuous Improvement

 Required test time reduction is driven by SoC

* Assumes increasing design complexity and transistor count will
not increase test time
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DFT Compression Potential Solutions

First Year of IC Production  ]2009]2010{2011]2012{2013]2014]2015] 2016{2017]2018( 2019 |2020{ 2021 { 2022 | 2023 | 2024

Required compression 80 | 200 | 300 | 500 | 750 |1300/ 2000/ 3300(4800| 7300 (12000 2000|35000 (67000 (83000104000

1-Dimentional Test-cube
compression (100X)

2-Dimentional Spatial
compression{500X)

3-Dimentional Time
compression{1000X)

Multi-dimensional
compression{5000X)

Research Required
Development Underway
Qualification / Pre-Production
Continuous Improvement

 Development is necessary to get very high levels of data compression
 Demonstrated techniques are just approaching 1000x
« 100k data compression necessary out in time...no clear path yet!

15
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High Speed Interfaces

|§EDNET BODR U583 AEtemet MFC #SATA #PCle WOIFICE| 4525 25.f4DﬂDDthsstandardS|

PHY Bit Rate (Gb/s)

1000 I R —
R
= | L _

100 -——‘|——‘| | |//‘+/.x
R N
I N

0l e L we® |
| BR<1 | |
| ‘?{' | oml "
2% =

1 to—— : | | |

1995 2000 2005 2010 2015 2020 2025

Bit bandwidth increasing...
Physical limit?
Test limit?

ditter focracy [ps]

High-5peed 10 Jitter Test Accuracy

[—=TJ —DJ —FRJ (s3]

Ceta Fate [Ghps]

Jitter Test Critical for HS
Interfaces

Test Sockets are not
able to support
controlled impedance
contacts at >15 GT/s

16
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Contactors

Blade Contacts

;u.

Self-Inductance

Conductive
Spring Probe Rubber
Contacts Contact

« Test frequency is limited by test sockets

(nH)

BGA Spring Probe Contacts

Pitch
0.80 | 0.65] 0.50 | 0.40 | 0.30
1.5nHl 1.0 1.0 0.8 0.8 0.9
1.0nHl 1.5 1.5 1.3 1.3 1.4
0.8nHl 2.1 2.1 1.8 1.8 1.9
0.5nHl 3.3 3.2 2.8 2.8 3.0
0.3nHl 7.3 6.9 6.2 6.1 6.3

Bandwidth (GHz)

 New contacting methods are required to support > 10GHz

— i.e. conductive rubber
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Specialty Devices T——

1.5x30mm - Linear CCD Image Sensor
e LCD drivers
— Form factor of 30mm x 1.5mm
— Long bond pads on 20um centers

* Image sensors
— Micro lens check with pupil test
— Backlighting remains an issue
— Future touch panel enhancement
— Small die handling

Flanarization Layer

e 3 axis MEMS Accelerometer e
— Consumer drop/rotate applications BZZEM 5 evel Dietctric F\VJ?——’ —

— High gravity operation validation

Image sensor structure cross section 18
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2009 Changes

e DFT

— Test compression and test time potential solutions identified

— Major rewrite completed of the Design Chapter DFT section
« TestCost

— Test cost survey completed that quantifies industry view

— Test parallelism dependency by device type modified based on I/O count
« Adaptive Test

— New chapter section shows necessity for adaptive test to lower cost
 Prober

— Complete redo of prober table to address parallelism and power
 Probecard

— LCD display driver probe added as driver
 Handler

— Added 10-50 Watt handler category
o Test Sockets

— Socket BW limitations on current sockets

— New future contacting solutions are required
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2010 Directions

DFT partitioning between Design and Test

* Further definition of 3D Silicon Test Requirements

* Review of Key Test Drivers

« Discovery into potential methods for test data volume reduction
* Probing and Contacting for High Speed Devices

* Probing of very thin wafers?

20
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