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Future of Wire Bonding



Interconnect Technologies

» Wire bonding
» Flip-chip bonding or die-to-wafer bonding
» Wafer-to-wafer bonding

Future of Wire Bonding

Source: EV GroupSource: EV Group



Future of Wire Bonding

Bonding Methods for Power Electronics

» Wire bonding
» Ribbon bonding
» Laser bonding (not shown)
» Resistance welding (not shown)

Rebhan, B. & Schmitz, S. BAMFIT – Vom Evaluierungssystem 
zur Remanufacturing-Plattform für Dickdrähte in der 
Leistungselektronik. PLUS 04/2025 , 472-479 (2025)

Control unit using wire

bonding/re-manufacturingBattery pack using wire bonding Ribbon bonding



Future of Wire Bonding

Benefits of Wire Bonding

» High flexibility
» High robustness
» Well-known and established technology
» Compatibility with different package types
» Low investment costs

Future of Wire Bonding

» Wire bonding is an “older” interconnect technology which
» was holding a strong position in semiconductor packaging
» is still holding a strong position in semiconductor packaging
» will always be holding a strong position in semiconductor packaging
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Company Products & Experimental Setup
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Product Overview – Wire Bonder

Manual Wire Bonder

Series 53XX
Desktop Micro Factory 

Series 56i

Automatic Wire Bonder

Series 58XX

Large Area Bonder
Series 86XX



Product Overview – Wire Bonder

Desktop Micro Factory 
Series 56i

Large Area Bonder
Series 86XX



Experimental Setup – Wire Bonder

Desktop Micro Factory 
Series 56i

Large Area Bonder
Series 86XX



Product Overview – Bond Tester

LAB-Tester

LT101

Bond Tester

5600Ci



Experimental Setup – Bond Tester

Bond Tester

5600Ci
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Wire Bonding Test Methods



Wire Bonding Test Methods

Wire Bonding Quality

» Pull test
» Shear test
» Electrical
» Microscopy
» Elemental analysis

Wire Bonding Reliability

» Temperature cycling test
» Active power cycling

There is not one single technique, but always multiple

techniques required for successful wire bond testing.



Wire Bonding Test Methods

Wire Bonding Quality

» Pull test
» in a correct way

» Shear test
» Electrical
» Microscopy
» Elemental analysis

Wire Bonding Reliability

» Temperature cycling test
» Active power cycling
» BAMFIT: an accelerated life time test

There is not one single technique, but always multiple

techniques required for successful wire bond testing.
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Correct Pull Testing



Correct Pull Testing

Extracted from „Merkblatt DVS 2811 – Prüfverfahren für Drahtbondverbindungen“

Schmitz, S. & Schneider-Ramelow, M. Advanced wire bonding standards for European automotive and power electronics industry. Int Symposium Microelectron 2021, 000339–000345 (2021)

In general: 

F ≠ F1 ≠ F2

F…resulting (measured) force F1,F2…corrected wire forces

H1…loop height @breaking load H…chip height d1…testing position d1+d2…bond length

» Theory



Correct Pull Testing

Experiment – Loop Height Variation

» Deposition: ENIG 
» Wire: 25 µm AlSi1
» Bond length: d1+d2 ~ 1.14 mm
» Pull tester: WEP00002
» Testing position: center
» Chip height: H = 0 mm
» α=β~20…53°

» Learnings
» Bonding quality seems to improve with increasing pull height if real wire forces are not considered
» Corrected pull testing showed less angle dependent forces, but not constant as expected

» This might be explained due to the angle-dependent breaking mechanism



Experiment – Testing Position Variation
» Deposition: ENIG
» Wire: 25 µm AlSi1
» Bond length: d1+d2 ~ 1.14 mm
» Pull tester: WEP00002
» Chip height: H = 0 mm
» Pull height: H1 ~ 400 µm 
» @center: α=β~35°

» Learnings
» Decentralized hook tests mainly just one bond
» Relevant for Au ball-wedge bonding

Correct Pull Testing

Harman, G.: Wire Bonding in Microelectronics. 3/E. McGraw Hill Professional, 2010, ISBN: 978-0-07-147623-2



Correct Pull Testing

Experiment – Manual vs Automated Testing
» Deposition: ENIG
» Wire: 25 µm AlSi1
» Bond length: d1+d2 ~ 1.14 mm
» Pull tester: WEP00002
» Testing position: center
» Chip height: H = 0 mm
» Pull height: H1 ~ 400 µm 
» α=β~35°

» Learnings
» Automated pull testing does not only provide the corrected wire forces
» …it also ends up with a narrower variation

σauto = 0.41

σman = 0.73

manual

automated
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BAMFIT: A Fatigue Testing Alternative?

General – Accelerated Life-Time Test

» BAMFIT…Bondtec Accelerated Mechanical Fatigue Interconnect Testing

Czerny, B. & Khatibi, G. Highly accelerated lifetime testing in power electronics. Imaps 2021, 000390–000396 (2021)

c



BAMFIT: A Fatigue Testing Alternative?

Experimental Setup – Accelerated Life-Time Test

» Al substrate
» Wire: 500 µm Al

after BAMFIT



BAMFIT: A Fatigue Testing Alternative?

Experiment – <1 s Testing

» Testing: BAMFIT (57 kHz)
» Al substrate
» Wire: 500 µm Al
» Shear test (WES-00406): ~1700 cN

» Learnings
» Identification of wrong bonding condition

» Same tendency as shear test

» Worse repeatability (σ~20%) than shear testing (σ~5%)
» Slight reduction over time (~4%/day) 



BAMFIT: A Fatigue Testing Alternative?

A not fully destructive BAMFIT approach +

After BAMFIT

Schmitz, S. Accelerated wire bond lifetime testing for power module production quality control. Presented at ECPE workshop (2024)

Data provided by Bond-IQ GmbH // BAMFIT application center



BAMFIT: A Fatigue Testing Alternative?

A not fully destructive BAMFIT approach +

Schmitz, S. Accelerated wire bond lifetime testing for power module production quality control. Presented at ECPE workshop (2024)

Data provided by Bond-IQ GmbH // BAMFIT application center

After BAMFIT

After BAMFIT + shear testing
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Conclusion

Automated pull testing

» reveals the corrected wire forces independent on geometrical aspects
» is due to its repeatability more accurate

BAMFIT

» is an accelerated life-time test
» for fast process development

» does not replace the power cycling test, but is a good complement to it
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