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2009 Drivers
• 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 I/O types and power supplies on same device

• 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 HVM 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



Test and Test Equipment – 2009 ITRS December Conference – HsinChu, Taiwan
4

Test Cost Components
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Test Cost Survey

• Survey completed in 2009 to determine key factors & metrics

Test Cost Metrics

Cost per unit
Percent of total Product Cost

Cost per second
Cost per megabit (memory)

Major Test Cost Drivers

ATE capital 
Interface hardware

Test program development
Test Time and Coverage

Current Methods
of controlling cost

Test Parallelism
Reduced Pin interfaces
Structural Test & Scan

DFT and BIST
Concurrent test

Metrics Not used

Cost per transistor
Capital expenditures

Future Methods
of controlling cost

Wafer-level at-speed testing
Advanced embedded instruments

Adaptive Test 
New contacting technologies

Build-in Fault Tolerance
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Adaptive Test
• Modify testing based on 

analysis of previous results
– Real-time
– Near-time
– Off-line

• Benefits
– Higher Quality
– Fast Test Time Reduction
– Lower cost
– Fast yield learning

• Requires data infrastructure
– Database
– Analysis tools Confidence

• Implementation is evolving
– Multiple learning steps
– Delaying won’t ease task
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Prober Characteristics

• Many changes / additions 
from 2008 tables

– Probe card dimensions
– Test head weight
– Temperature accuracy
– 450mm wafer support
– Chuck leakage
– Planarity
– Etc.

• Solutions exist until 2014

2009

2008
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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
– Identify with “Smart kernel” or continuous 

test…
– …Ignore the bad core
– …Fix (run slower or tailor operations)

• Memory
– Allow or correct bad bits / blocks
– Background memory checker
– Wear leveling

• Image sensors without the “perfect” image
– What is perfect?

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core
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3D Devices
• Multiple die system

– Sub-systems designed to operate and be 
assembled together

– Process optimized for contents of each die
• Logic, DRAM, NVM, Analog

– Connection by potentially 1000’s of TSVs 
(Thru Silicon Via’s)

• Design, Interconnect, Assembly and Test 
problem

• DFT Requirements
– Testability of each die
– Via continuity checks

• For signal and non-signal vias
• 3-5 um via cannot be probed!  ESD!

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

void
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System in Package (SiP)
• Target is low power devices

• Challenges
– High yield with low test cost
– Standardized test strategy for mini- 

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?

Simple

Complex
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SoC – Consumer Logic

• > 1000 cores by 2020
– MPU / logic
– Memory
– Analog / RF
– HS serial

• SoC test challenges
– Management of per core DFT
– Standardization of core “wrappers”

• IEEE 1500 core test
• IEEE P1687 JTAG chip-test

– High Data Compression (>100)

FLASH

RAM

HS Serial

MPU

MPU

MPU

MPU

Analog

I/O and Logic

DSP

RF
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Test Time Reduction Potential Solutions

• 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

• 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!
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High Speed Interfaces

• Bit bandwidth increasing…
• Physical limit?  
• Test limit?

Test Sockets are not 
able to support 

controlled impedance 
contacts at >15 GT/s

Limit?

Jitter Test Critical for HS 
Interfaces
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Contactors

• Test frequency is limited by test sockets
• New contacting methods are required to support > 10GHz

– i.e. conductive rubber

0.80 0.65 0.50 0.40 0.30
1.5 nH 1.0 1.0 0.8 0.8 0.9
1.0 nH 1.5 1.5 1.3 1.3 1.4
0.8 nH 2.1 2.1 1.8 1.8 1.9
0.5 nH 3.3 3.2 2.8 2.8 3.0
0.3 nH 7.3 6.9 6.2 6.1 6.3
0.1 nH 21.0 20.0 20.0 19.3 19.0
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Conductive
Rubber
Contact

Blade Contacts

Spring Probe
Contacts

BGA Spring Probe Contacts
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Specialty Devices

• 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

• 3 axis MEMS Accelerometer
– Consumer drop/rotate applications
– High gravity operation validation

Probing pad 10x120 um

Image sensor structure cross section
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2009 Changes
• DFT

– Test compression and test time potential solutions identified
– Major rewrite completed of the Design Chapter DFT section

• Test Cost
– 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

• 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?
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