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Your Speaker

Arden Bjerkeli , Director of Customer 
Applications Support, ASSET 
InterTech

Before joining ASSET InterTech, Arden 
held several engineering 
management positions for Compaq 
Computer Corporation over a period 
of 16 years.  He was responsible for 
the test strategy for desktop 
computers and server products.  His 
R&D team provided the research 
that introduced new test methods, 
such as JTAG, and new test fixture 
innovations.  At ASSET, Arden 
manages the engineering group that 
provides pre- and post-sales 
support, customer services and 
customer training.
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Your Moderator

Rick Nelson, Chief Editor, Test & Measurement World
Rick Nelson oversees the editorial operations of Test & 

Measurement World and also writes and edits articles 
on automated test equipment (ATE), environmental 
test, RF/microwave wireless-communications test, 
electronic design automation, failure analysis, and 
machine vision and inspection.

After graduating from Penn State with a B.S.E.E. in 
electrical engineering, Nelson worked at General 
Electric and Litton Industries as systems engineer, 
designing analog and digital closed-loop control 
systems. His journalism career began at EDN 
magazine, where he held several positions including 
managing editor. Before joining T &MW, he provided 
technical-writing services to a variety of computer-and-
electronics manufacturers and technical trade journals.
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• A common misconception
– “Sure, JTAG allows us to inexpensively bring up our prototypes, but 

once in production, isn’t JTAG redundant with ICT?”

• For today’s boards, they are more complementary
– In areas of a board dense with BGAs and high-speed devices, test 

points are difficult to place, but these devices almost always have 
JTAG built in

– In analog areas and lower-density areas, JTAG devices are sparse, but 
test points are easier to place

• Why not carry the JTAG test development effort forw ard into 
production?
– The work has already been done, why waste it
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• Process Monitoring and Structural Test
– Automated Optical Inspection (AOI), Automated X-Ray  Inspection 

(AXI), Manual Visual Inspection (MVI)
• Electrical Structural Testing

– In-Circuit Test (ICT), Manufacturing Defects Analyzer (MDA), Flying
Probe Test (FPT), Boundary Scan (JTAG, 1149.x)

• Functional Board Test
– System Mock-Up, Self-Diagnostics, Instrumentation, Simulation, 

Emulation, Test Executive, Rack’n’Stack, PXI/VXI, etc.
• Opportunities to Combine Stations

– ICT, JTAG
– FPT, JTAG 
– JTAG, Processor Emulation
– Functional Test, JTAG
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• MDAs use low-voltage stimulus and measurement 
instrumentation to detect shorts, analog component values, 
and some opens
– Emergence – late ’70’s
– Enabling technology – guarding techniques for testing analog 

components as if isolated, spring probes, bed-of-nails fixtures (BON)
– Driven by – inefficiency and inaccuracy of manual visual inspection, 

need for faster diagnosis
• Pros

– Relatively inexpensive
– Much of the test development is automated
– Short test times
– Thorough testing for shorts
– Accurate device-level analog measurements

• Cons
– Can’t power digital devices, limiting opens coverage
– Requires physical contact with nets
– Requires fixtures and their maintenance cost
– Probe stress on the PCA can hide or cause problems
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• ICT also tests for shorts, analog and opens, but ad ds digital 
test methods to greatly expand opens test (vectors,  JTAG, 
NAND tree, lead-frame capacitance) and digital devi ce 
verification 
– Emergence – early ’80’s
– Enabling technologies – backdriving philosophy for testing ICs as if 

isolated, guarding, vectorless techniques
– Driven by – increasing digital integration

• Pros
– Very high structural test coverage for accessible nets and pins
– Much of the test development is automated
– Guarding and backdriving allow very good diagnostic resolution
– Thorough testing for shorts
– Accurate device-level analog measurements
– Digital device verification (within limits, and not at-speed)
– Can program flash and configure CPLDs and FPGAs

• Cons
– Requires physical contact with nets (test points are getting scarce) 
– Requires fixtures and their maintenance cost
– Probe stress on the PCA can hide or cause problems
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• FPTs use a small number of probes (typically 4) tha t 
move to access points on the PCA as needed to make 
electrical measurements
– Emergence – late ’80’s
– Enabling Technologies – accurate linear motors, guarding
– Driven by – cost of alternatives

• Pros
– No fixtures required (good for prototype runs)
– Relatively inexpensive
– Much of the test development is automated
– Good diagnostics resolution for shorts and analog
– Low stress on PCA

• Cons
– Requires physical contact with nets 
– Very limited opens coverage
– Long test times (not good for High Volume Manufacturing)
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• AOI captures visible-light images and laser reflect ions and uses 
software algorithms to compare to learned images an d distances
– Emergence – end of the ’80’s
– Enabling technologies – digital cameras, gray scale correlation software, 

vectoral imaging software
– Driven by – VLSI (huge vector sets at ICT), loss of test point access, 

inefficiency and inaccuracy of manual visual inspection
• Pros

– Can detect device presence, alignment, 
markings and orientation 

– Can detect process trends that don’t cause 
electrical failures

– Can analyze the shape of solder joints
– Non-invasive test - safe, no fixtures, no probe 

stress
• Cons

– Cannot see solder joints under BGAs, CSPs, 
heat sinks, etc.

– Cannot detect electronic defects
– Test repeatability concerns (false indictments)
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• AXI captures layers of X-Ray scans to compare to le arned physical data on, 
inside and under components
– Emergence – mid ’90’s
– Enabling Technologies – 2-D transmission X-Ray, 3-D X-Ray laminography, 

tomosynthesis, gray scale correlation software
– Driven by – solder joints AOI can’t see (BGAs),

• Pros
– Can inspect inside and under parts (BGAs, 

CSPs, heat sinks, etc)
– Can inspect solder joints for voids and cracks
– Can detect process trends that don’t cause 

electrical failures
– Non-invasive test - safe, no fixtures, no 

probe stress
• Cons

– Relatively expensive (sometimes preferred 
for off-line failure analysis)

– Longer inspection times
– Test repeatability concerns (false indictments)
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• JTAG stimulates and monitors nets and connections o n a 
PCA through registers in the I/O silicon of digital  devices, 
controlled by serially scanning vectors into the re gisters 
via a serial bus 

– Emergence – beginning of the ‘90’s
– Enabling Technologies – IEEE 1149.1, 1149.6, 1532, P1687, P1149.7; 

STAPL; BSDL; Intel® IBIST; SJTAG; PICMG MicroTCA
– Driven by – increasing digital integration, loss of space for test points, 

cost of alternatives, high speed serial lines that can’t be probed
• Pros

– Non-invasive test - no fixtures, no stress on PCA, no test 
points needed for signal nets

– Very high structural test coverage around JTAG devices
– Device Identity provided by reading embedded registers
– Relatively inexpensive
– High test development automation
– Effective diagnostics to resolve shorts and opens
– On-board programming of flash and configuring of CPLDs and FPGAs
– Reusability of tests from prototype through field service

• Cons
– Effectiveness limited if JTAG devices are sparse
– Limited analog coverage
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• Capital Assets Already Available

• Cost of Additional or Incremental Assets

• Test Development Effort vs. Schedule and 
Budget

• Beat Rate and Line Balancing

• Life Cycle Volume / Cost of Poor Yield

• Design for Testability

• Component Quality / Confidence in Design

• Coverage at Subsequent Test Stages
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• Your board has 128 pull-up resistors of the same va lue.  
You know that they will all be placed from the same  reel.
– ICT could check the value of only one resistor and assume that the 

value of each of the 128 is good
– AOI or AXI could verify that each resistor is present, aligned 

properly and has good quality solder joints
– JTAG could check that each resistor is not shorted, not open and

functional (drive low, sense low, tri-state, sense high)

• High level of coverage on 128 
devices with only one test 
point on a signal net



May 23, 2007 Test Coverage Webinar 18

#�����'�����
����. �/������1

• Your program manager wants to program a flash devic e 
during PCA test, but…

– It would put your ICT time over the beat rate
– You would need multiple JTAG stations
– Perhaps you can’t boot at your functional test station without the 

boot block programmed

• Solution 1:  Program only the boot block at the JTA G station, 
the rest at functional

• Solution 2:  Use CPU emulation for functional test
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Structural Test –
Verification of an assembly process 
by testing each of its smaller 
elements and their interconnections

Functional Test –
Verification that a system 
performs its intended 
functions

Assumes components have already 
been tested by the supplier and 
design margins are solid, and 
therefore, preventing all process 
defects will result in a good product 

Assumes process defects, component 
failures, component interactions, and 
design margin stack-ups can still exist, 
and therefore, some amount of functional 
testing will cost less than discovering 
these faults at a later test stage

Effectiveness measured by
yield at the next test stage

Effectiveness measured by defects 
per million opportunities (DPMO)
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• Is Structural Test Enough?  (Maybe!)
– Easier to diagnose to root cause
– Easier to quantify and compare coverage
– Easier to develop tests
– Faster execution of tests
– Often less expensive

• But…..
– Is your DFT good enough?
– Can you afford an adequate complement of testers?
– Functional Test can find some structural defects

• The answer may depend on your product design, 
process, and your overall test strategy
– Confidence in the design
– Confidence in the component quality
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• What Does a Test Coverage Grade Mean…
– To a Program Manager?

• How does this program compare to other programs?
• Are we ready to launch the production phase?
• What can I predict for yield at systems test?
• Wants a single number or percentage

– To a Test Strategist?
• Which test technologies are worthwhile for this product?
• Which test development groups need to try harder?
• How good was the design for testability?
• Wants a matrix showing test technology vs. coverage

– To a Test Development Engineer?
• When am I done working on this project?
• Wants a ratio of coverage attained vs. possible coverage
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• Test Coverage 
– Quantification of the quality of a test or test strategy

• But how can you compare…
– Visual tests to electrical tests?
– Structural tests to functional tests?
– Fundamental properties to qualitative 

properties?
– The importance of frequent and rare 

failures?

• Proposed standards attempt to 
solve this
– “It doesn’t matter what test method is 

used if we can generically define the 
defect universe”
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• Structural Test
– PCOLA/SOQ (Agilent Technologies) 1

• Presence, Correct, Orientation, Live, Alignment, Short, Open, Quality

– PPVS (ASTER Ingenierie) 2

• Presence, Polarity, Value, Solder

– MPS (Philips Research) 6

• Material, Placement, Solder

• Structural and Functional
– PCOLA/SOQ/FAIM (iNEMI) 3

• Adds Feature, At-speed, In-Parallel, Measurement

– DMPSF (Philips Research) 6

• Design, Material, Placement, Solder, Function
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Legend

Good coverage for most 
components or connections

Good coverage for some types 
of components or connections

Little or no coverage for this 
property

Notes

1. Green for boards without BGAs or other 
obscurations, yellow for boards with several BGAs

2. Green for boards with abundant test points, yellow 
when test points are sparse

3. Green for boards with many JTAG parts, yellow if 
JTAG parts are sparse
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The Good News is
- There are several proposals that quantify coverage IN SIMILAR WAYS

The Bad News is
- There are SEVERAL proposals that quantify coverage in similar ways
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• Comparing fault models has become important because
– Yield predictions are used by contract manufactures in providing

quotes to customers who use different models

• Comparing fault models is difficult because of
– Differences in definition of fault models
– Differences in the way the coverage 

is expressed

– Differences in applying weights 
based on fault probabilities, 
completeness of fault detection, 
device type, device 
population, etc.
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• More Standardization is Needed
– Test equipment and software suppliers are creating several different 

methods for measuring test coverage 
• Customers want one standard

– Not enough is being done to promote a common reporting format so
that reports from all testers are easily combined

• Hinders development of analysis tools

• Customers, Not Just Suppliers, 
Should Drive the Standardization 
Effort (iNEMI, SMTA, IPC, etc.)

• Once Adopted, Customers 
Should Use Their Checkbooks 
to Insist on Standard Compliance
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• More Than We Can Cover Here
– For PCOLA/SOQ

• Reference 1

– For PPVS
• Reference 2

– For MPS
• Reference 6
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1. Test Coverage:  What Does It Mean When a Board Te st Passes?
• Kathy Hird, Kenneth P. Parker, Bill Follis
• http://www.home.agilent.com/upload/cmc_upload/All/ITC_Test_Coverage_07282003.pdf

2. Functional Board Test – Coverage Analysis
• Christopher Lotz, Peter Collins, Dominique Wiatrowski
• http://www.aster-technologies.com/pub/en-BTW06-Functional%20Board%20Test%20coverage.pdf

3. iNEMI Statement of Work – Functional Test Coverage  Assessment Project
• International Electronics Manufacturing Initiative
• http://thor.inemi.org/webdownload/newsroom/Presentations/APEX_2007/Functional_Test/SOW_Functional_Test_Coverage_V1-1.pdf

4. Comparing Board Test Strategies
• International Test Technologies, presented at ITC
• http://www.intertesttech.com/download/board_test_strategies.pdf

5. JTAG Guidelines for Board DFT
• Ben Bennetts, Bennetts Associates
• http://www.asset-intertech.com/pdfs/Guidelines_for_Board_Part1.pdf

6. Board Test Coverage: The Value of Prediction and How to Compare Numbers
• Wouter Rijckaert, Frans de Jong
• 2003 ITC Proceedings Board and Test Track
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Questions or Comments?
Arden Bjerkeli

– Director of Support, Training, & Services
– ASSET InterTech, Inc.
– abjerkeli@asset-intertech.com

Rick Nelson
- Chief Editor, Test & Measurement 
World
- rnelson@reedbusiness.com

Thank you for Viewing!


