Electrical Failure
Analysis expansion for ONPY2

Advantages of upgrading PHEMOS-1000 photoemission microscope with
laser scanning and OBIRCH/TIVA modules
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PhOtoemiSSion image q uality (backside I-R CCD versus IR-laser scanning)

ONPY: NCP5810, wafer thickness: 8 mil

CCDMO00X PrE*'=2059c 3 Laser Scanning 100X PE=20sec

Since pattern image is taken from the back-side of the wafer, its quality depends on wafer thickness ( the
thinner the better quality of the pattern image). T  he comparison of pattern images taken by back side | R+
CCD versus IR laser scanning is shown above. As can be seen the quality of the pattern image taken by  laser
scanning is substantially better compared to the re gular I-R CCD. (Note: photoemission image is shifted
because used demo system was not calibrated). Improved pattern image laser scanning can be applie  d in many
further failure techniques (see following slides).
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TIVA, IR'OBI RCH tEChniques (Laser Induced Thermal Stimulation, source: Hamamatsu)

TIVA (Thermally Induced Voltage Alteration) is powerful defect analysis tool for fast
localization of device defects, particularly the defects found in metal interconnections such as voids,
short circuits and resistive vias. The voltage alteration data overlays the LSM image to support the
full range of laser-based failure analysis techniques available including TIVA, LIVA (Light Induced
Voltage Alteration), OBIC (Optical Beam Induced Current), OBIRCH and SEI (Seebeck Effect
Imaging).

Thermal laser stimulation is able to:

* localize current related defects from the front side as well as from the backside of ICs
» metallic defects such as Micro-bridges, parasitic vias, etc.

* non metallic defects such as melted poly-silicon or melted silicon spikes

 Affected vias and contacts

 defects in capacitors and other structures

» Gate related defects: Melted polysilicon or silicon spike in the silicon oxide

* practically localizes defects where phonon emission is not generated

Advantages:

» Thermal laser stimulation (TLS) can precisely localize the physical defect

* No spatial or temporal shift between “hot spot” and laser spot center

* No significant thermal spreading

 EMMI (Emission comes from mechanisms such as high field) is not as precise as TLS

Microscopy are complementary
» Emission microscopy and thermal laser stimulation on the same tool is the right way to go
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Rejected unit from NPD qual lot NCP5810 was used for  investigation (the lot yielded poorly about
30%). OBIRCH clearly localized place where change o  f the resistance was marginal. In parallel investig  ation
in PAL was on-going. The root cause found by PAL: i ncomplete removal of the polysilicon which caused a
short to Metall in INV_PWR_PMOS. Detailed report ca n be downloaded from:
http://pal.onsemi.com/Reports/Internal Reports/2006 _ /P060728-001.pdf
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Application TIVA/OBIRCH to BIP18V FA
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Known issues they are detected by TIVA

Particle-related ) :
technique on bip 18V:

issues in analysis

20 1) TiW stringers (interlayer shorts and leakages) |
2) particle-related issues (affected Vias)
i it i i
™ -1 ; -
a Green Bars ! ] l i
indicate resolved I ; IIDOLY.
process issues — , - ' | covered byBPSG
0 POCI3 deposition ' - "
and SOG cure 1 { { | ol
I e | Wil stiingets |
5 4
AccV] Spét Mag
BRIy k}/ 3.00 10000x 102 ONPY2

T33.0 T32.0 T63.0 T58.0 T40.0 T2.0 T41.0 T5.0 T34.0 T62.0 T42.0 T73.0 T44.0 T43.0
PREBG CNT 6N SS PRECC AVPGM  CSILMGM  VIDFLT CNTIN- CHOFF1  CNT4N- PREDAC  AVPOFF CHOFF2 PINSLKG  CHOFF4  CHOFF3
REJECTDE  PIN15  REJECT DIE REJECT DIE REJECT DIE REJECTDIE VID2 PIN7 REJECTDIE PWRLS REJECT DIE REJECT DIE REJECT DIE REJECT DIE REJECT DIE REJECT DIE

REJECT DIE REJECT DIE PIN10
REJECT DIE

Note: This information was extracted from Yield meeting report for WW40, detailed report on Metal stringers can be found
here: \Chopok\Device Probe\18V_Bipolar\Analysis\18V BIP NCP5318 stringers\NCP5318 Stringers.ppt

Waferized Die Loss WW31-WW39 2006
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Application TIVA/OBIRCH to PS3 FA
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Note: This information was extracted from Yield meeting report for WW40
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Application TIVA/OBIRCH to PS5LV FA

25 -1 Known issues they can detected by TIVA

Red Bars indicate that these . )
failures are likely due to Via technique on PS5LV (example on NCP5381):

20 | — Particles | | 1) Failures caused by SOG particles (affected
Vias, opened Vias, Via poisoning, etc.) ~0.82%
Probecard- yield loss
s | dependent
frequency issue 2) Metal shorting (see next page for details),
1 PS5LV general
104 — 3) Vr FAN pin lekage on NCP5381

4) IVCCA on NCP5214 (root cause open Vias)
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Note: This information was extracted from Yield meeting report for WW40
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Example of possible application TIVA to PS5LV issue
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Important: Investigation time can be rapidly reduce d by
| applying TIVA technique, which can easily and fast
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Conclusion/summary

Laser scanning upgrade advantages

« substantial improvement of backside pattern images for photoemission detection

« thickness of the wafer does not affect pattern ima  ge quality - possible to use thicker wafers for back side PE
« Extension of PEM by TLS module (Thermal laser stim  ulation) for precise failure analysis

TIVA/OBIRCH upgrade advantages

Opens new possibility for detection and localizing of metallic, non-metallic (polymer) defects, affec  ted vias
and contacts, defects in capacitor dielectrics, gat e related defects and others that are not visibleb vy
photoemission

Thermal laser stimulation (TLS) can precisely loca lize the physical defect

No spatial or temporal shift between “hot spot” and laser spot center

No significant thermal spreading

EMMI (Emission comes from mechanisms such as high field) is not as precise as TLS

Microscopies are complementary, Emission microscopy and thermal laser stimulation on the same tool is the
right way to go

Issues and Experiences in ONPY2
» Capacitor leakages, remaining polysilicon, affecte  d and broken VIAS, leakages, etc...

Note: Figures and results shown in this presentation were obtained from the demo tool at Hamamtsu area (if not
mentioned different) where ONPY2 material was put under investigation. Acknowledge to Mr. Ortner for his support.

Summary: As shown above TIVA technique may help to localize many of previously observed defects on all
technologies in ONPY2, thus reduce investigation time and reduce FAB scrap.
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