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Introduction

IMTR 2025
Paolo Bernardi:  scan test dominant method for digital,  but functional test still used
• For analog, functional test is dominant, but structural test looks promising

Jurgen Alt:  AMS tests can dominate total test time (unless chip has NVM)
• Getting worse as digital scan tests get faster due to compression, SSN

2016 introduction of industrial-strength analog defect simulation
• ITC’19 Best Paper: “Efficient Analog Defect Simulation”
• For 11-bit SAR ADC, 5 days of simulation per defect, for ‘typical’ process

Need a more intelligent way to test analog, and measure test quality
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F. Poehl et al., “Production test
challenges for highly integrated mobile
phone SoCs - A case study,” ETS 2010
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Analog spec-based tests

Improving spec-based analog test

Analog structural tests

Analog scan

Test structure or function?

Conclusion: Test A/MS circuits with intelligence
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Analog spec-based tests in industry

Analog circuits have always been tested functionally
• Designers run Monte Carlo simulations to ensure circuit works for ±3~8 sigma process
• Characterize silicon to determine functions & specs to test on every device
• 2~3 months to write and debug analog tests for a new design

New methods developed for slowest tests, most-common functions
• 1980: FFT instead of using frequency sweep & spectrum analyzer;  100X faster
• 2012: “Algorithm for Dramatically Improved Efficiency in ADC Linearity Test” Degang Chen;  100X faster
• Bit error test for SerDes + DC tests, instead of jitter tests

Large number of miscellaneous functions:  “random analog”
• Each with test time <100 ms  significant total test time, yield loss
• Difficult to justify spending months to develop 10X faster custom test for each function
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Improving test development time

IEEE P1687.2 Draft Standard for Analog Test Access and Description
Developed by 6  20 companies,  ETS’14  now
Analog extension to IEEE Std. 1687 (IJTAG) Instrument Connectivity Language (ICL)

• AnalogPort, PowerPort, GroundPort  + 75 properties
• Describe specifications of test-accessible ports

Analog extension to IEEE Std. 1687 Procedural Description Language (PDL)
• iForceVoltage, iForceCurrent, iMeasureVoltage | Current | Time + 60 properties  (45 are also ICL properties)
• Describe test intent and instrument requirements

Develop block-level tests in intuitive high-level (non-executable) language
Higher-level, simpler, more intuitive than SystemVerilog, UVM, or PSS
Verify PDL+design in simulation, without writing any SPICE or Verilog
Automatically retarget block’s PDL to chip-level, translate to ATE code  facilitates test reuse
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Improving test development time

ICL example
Module CUT1 {
PowerPort vdd {VoltageDC 3.0:3.6;}
GroundPort vss
DataInPort en
ClockPort clk
AnalogPort clk {DigitalPort yes;}
AnalogPort p2  {ConnectEnable en;}
Wire aw1 {Capacitance 1p;}
Instance circuit1 Of MOD {
Port io1 = aw1;
InputPort en1 = en;

}
}
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PDL example
set vdd 3.3  # Tcl
iForceVoltage vdd $vdd; iApply
iWrite en 1; iApply;
iForceVoltage clk 1.5 {PWL {0 0, 1m 3.3};}
iMeasureVoltage p2 val
iApply -within 1u
iTest val {TestLimits 9.9m:10.1m; TestID 1;

TestName {"Output period"};}
iForceVoltage out2 0 (VoltageDC 0.2;}
iFor {vin=0; vin<5.0; vin=vin+0.5} {
iForceVoltage in1 vin
iMeasureCurrent out2 Iout;
iApply –within 0
iIf {Iout > Ioutmax} {iSet Ioutmax = Iout}

}

Simulate faster than virtual test
by adjusting iApply timeframe



Improving test quality

IEEE Std. 2427-2026   Standard for Analog Defect Modeling and Coverage
• Developed by 6  20 companies,  ETS’14  Jan. 2026
• Defines Defect Universe for shorts, opens, parametric defects, and Defect Coverage Summary
• Requires reporting defect coverage for only shorts & opens, for ‘typical’ process
• Defines Defect Coverage (100% is impossible),  Detectable Defect Coverage (100% is difficult)
• To reduce simulation time, it permits measuring coverage for random sample of defects

Simulating 11 or 12-bit SAR ADC can take 5~10 days in full SPICE simulator,
• Weeks to simulate ramp test for 250 defects, per process corner, on parallel CPUs
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Improving test time

In production
Remove tests that never fail, if all others pass (turn off stop-on-fail)
Remove tests adaptively, if all neighboring chips pass with margin

In simulation
Defect simulation, then remove tests that do not uniquely detect any defects

• Impractical if defect simulation takes weeks  (run by designer)
Use BIST?

• Simulation time can be longer for spec-based BIST (time is trade-off to get accuracy)
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How was this problem solved for digital blocks?

Fault sampling
Simulate random selection of 1000 faults

Hardware accelerators
Introduced in 1980s by Zycad  IKOS  Mentor

Digital scan and ATPG
Now dominant method
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Was $47,500 in 1990   Now only $516
recycledgoods.com

Zycad XP-140 Computer Hardware Simulation Accelerator



Academic analog structural tests

Early analog structural DfT
Arabi, Kaminska, Sunter, “Design for testability of integrated operational amplifiers using oscillation-test strategy”, ICCD 1996

• Connect output to input:   gain + positive feedback = oscillation  measure frequency
Others until ~2006

• Only for linear time-invariant (LTI) circuits, i.e., pure analog

General analog structural DfT revival
Coyette et al., “Automated Testing of Mixed-Signal Integrated Circuits by Topology Modification”  VTS’15

• “Topology modification” by shift register enabling one stimulus transistor at a time
Saikiran et al., “Robust DfT Techniques for Built-in Fault Detection in [Op Amps] with High Coverage”   ITC’20

• “Offset injection” across differential transistor pairs, while open loop
Kashyap et al., “Structural Built In Self Test of Analog Circuits using ON/OFF Keying and Delay Monitors” VTS’24

• “Perturbation” by a switch across two nodes of a circuit element
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Huertas-Sanchez et al.,
Springer, 2006



Industrial analog structural tests

General analog scan
Sunter & Jurga, “Digital Scan and ATPG for Analog Circuits” ITC’24
Sunter & Jurga, “Scan Test for 99% Defect Coverage of R-2R DACs” ITC’25
Coyette et al., “Testing of a 12-bit SAR ADC using Analog Scan” ETS’26
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What is analog scan?
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What is analog scan?
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Block-level
IJTAG TDRs connect analog inputs to DC, apply vectors
iWrite ATBen 1
iApply
iWrite tdr 0b0101010011
iApply
iRunLoop 7
iRead  tdr 0b01X111X0
iWrite tdr 0b1010110110
iApply
...

Use digital IJTAG tools for re-targeting, conversion to STIL

iScan ...

iScan ...



Analog scan results

Higher defect coverage than function tests
• No test bus for analog stimulus, response
• Measure defect coverage in <1 hour
• Higher yield
• Digital ATE
• <1 ms test
• ATPG
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ATPG
Spec
test

96%95%4th-order FILTER
94%82%VREG+BANDGAP
57%50%BANDGAP
68%68%DAC8B (dual string)
99%85%10b DAC (R-2R+unary)
72%52%11b SAR ADC

Measured Detectable Defect Coverage

All except R-2R DAC are published benchmark circuits
Details at ITC’24

Sunter & Jurga  ITC’24, ’25

Infineon benchmark 11-bit SAR ADC simulation time per defect
5 days  40 seconds



Analog scan results

Silicon validation
• 12-bit SAR ADC, with differential, capacitor DAC
• 20 ms linear ramp to test DNL, INL:

~70% defect coverage
• 3 days to simulate 250 defects, ‘typ’ process

• 1 hour to simulate same defects for 200 µs scan test:
~85% defect coverage,  100X faster

• Robust across PVT, clock frequency
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Coyette et al.  ETS’26



Test structure or function?

When are function tests essential?
• Applications involving functional safety, health, space
• Trimming bandgap voltage, ADC/DAC accuracy, …
• Circuits susceptible to parametric faults
• Unknown defect types
• Inter-block faults

When are structural tests essential?
• Function test might destroy the function
• Need known, higher defect coverage
• Need latent defect activation
• Need digital-only analog test
• Need sub-millisecond test time
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Wafer sort, chiplets in situ

Functional safety, health, space

Don’t need to know defect coverage

Consumer applications

Fuses, ESD protection



How could AI improve test?

Function tests probably unsuitable for AI
• Too diverse in transfer functions and specifications
• Too diverse in stimuli and responses
• Too few inputs and outputs
• Need defect simulation to assess test quality

Analog scan tests are ideal for AI
• Stimuli:  1010010,  DC
• Responses:  101110010
• No specifications
• Defect simulation in <1 hour

Page 18



Conclusion:  Test A/MS circuits with intelligence

Spec-based A/MS functional tests dominate in industry, and test time
• Same fundamental approach used for over 50 years
• Quality and speed of test are limited by the functions themselves
• Scan-based tests dominate digital and continue to get faster

Need fundamental change, learning from digital test
• Block-level tests using high-level IJTAG test language, for faster test development
• Scan-based structural tests with internal stimuli and responses via IJTAG, for faster tests
• Intelligent approach:   high-coverage scan tests  +  minimal function tests (unknown coverage)
• More test parallelism, digital testing
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Thank you

… and  AI


