Yield improvement in Semiconductors

Purpose of the paper is to show that yield impraamns multifaceted and all major components
for yield improvement are essential for rapid yigddnp.

The yield improvement process involves severalsséaql typically evolves as follows:
1. Silicon debug and design marginality.
2. Data analysis to understand most failing strastur

3. Fall site isolation (EFA) using memory physiaaldgical, liquid crystal, photoemission
microscopy and logic mapping.

4. Physical failure analysis of the failing struesito understand cause of failure.
5. Building up failure statistic.
6. Report main causes of failure (pareto) for precegprovement.

The process of yield improvement is continuousthiedole of data and failure analysis is
essential. With good data analysis, failure angysd failure pareto, many a times yield
improvement is only marginal. It is becoming esisgnvith newer technologies that other
methods such as logic fails, constructional analsweid comparisons of data between foundries
may facilitate highlighting problem areas. Exaegpbf such marginal improvement even with
good data analysis, EFA and PFA will be discussed.

Components that will be discussed include:
1. Data analysis
2. Fail pareto analysis
3. Constructional analysis (comparisons of somecatitayers between foundries)



Introductior

e Yield: Yield is the percentage functional dies
produced per wafer.

* Yield problems can be:
— Random defects
— Systematic defects
— Misprocessing
— Design




Time, Yield, cost and Profit
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Yield to Profit relationship
Rapid yield ramp
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Yield Modeling

Comparison of yield response curves for different
defect densities using the Poisson Model.
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Yield Modeling

* For a typical range of die sizes

77.9% 60.7% 17.2%
60.7% 36.8% 23.9%

17.2% 23.9%

* Values will vary depending on the area of the chip.




Yield Analysis

e First step in yield improvement is to understamel t
yield status.

 Two types of yield improvements:

— Baseline yield improvement

* Need baseline yield improvement in
— new products
— New process development

— Excursion control

e Can be due to
— Equipment break down
— Human error (misprocessing)



Yield improvement at O to 50%

* Yield loss mainly due to improper centering of
orocess parameters such as gate CD, contact CD,
LD thicknesses, etc. Centering of transistor
parameters such as I drives, loffs and CGD is also
critical.

 Significant yield loss due to product issues sagh
Incorrect silicon PG, photo marginality and dense
to isolated bias.

 PFA In this region should support process
Integration in checking issues related to parametri
centering such as CDs, thicknesses, step heights,
etc.




Yield improvement in the 50 to 80%

e This yield improvement is the hardest.

|t requires a robust beginning (sound technology,
Integration and process/product marginality).

 PFA should support activities defining

— regions of the wafer that are bad (edge vs cetajens bottom)

— Perform PFA from the most failing bin (logic to AM). But
when yield approaches 50%, significant yield l@sBom logic.
Logic is mostly isolated.

— Perform critical assessment of the two regionk witferent
yields.

— Compare to external foundries (if available) pescissues.
— Use DD vehicles for more statistics from fail cayi
— Maintaining a consistent process.



Yield improvement in >80%

e Extremely tight SPC controls on each
process step.

 Mostly defect driven falls. So put more
emphasis on equipment DD reduction.



Data Mining

e Data mining is one of the tools for yield improvemh

« Typically used as a first step in the yield impeowent
process to isolate failure site (location).

e Data mining to understand:
— Test related issue. Test flow and binning.
— Specific location of wafer is a hot spot (centeedge)

— SRAM analysis to understand specific level (losdailing. (Gate,
contact, M1, etc.)

— Parametric to functional correlation. (OCP to fummal, scribe
parametrics to functional)

— Inline defect map to end of line correlation.

o After data mining, PFA is performed to drill downthe
exact root cause.



Yield Analysis

* Yield trend charts help to identify baseline trends and
major yield excursions.
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Parametric Analysis for Yield
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Parametric Analysis for Yield

o Statistical results from search for electrical
parameters which correlate with yield.
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Testing

Understanding of test flow.

Is most failing structure being tested.

Schmoo of most failing structure (SRAM vs logic).
S it voltage sensitive.

s it frequency sensitive.

s Ilddg marginal or high. Is this due to a patacu
structure (example Nmos is leakier than Pmos)

Can structure be a reliabllity issue.
— Time zero falil vs field failure.

Is logic mapping available (ATPG)




EFA & PFA

You must know where to look and
what you are looking for especially
when there are over 1million gates.



Failure Analysis

 Failure analysis can play a very critical role
In yield improvement.

 Failure analysis needs comprehensive
knowledge of:

— Testing
— Layout

— Data analysis to understand most failing
structures.

— Fall site isolation techniques
— Physical Failure analysis techniques.
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Different fail site isolation methods

Memory (logical to physical mapping)

— The method while good, it does not take into antdense to isolated
area differences which can be further enhancedgyidgy.

Logic mapping.

— This method has been proven to be good when tihegfaet is short
(~50u ).

— Not good for large failing nets. Typically a steaf fail will have large
nets failing as it could involve two or more neiddil.

— Not good if there is no ATPG pattern to test.
Liquid Crystal:

— Can isolated large defects such as PO scratame& 3D / EOS type
fails but is not good to detect small fails suclviasopens.

Photoemission:
— Excellent to detect shorts and opens (floatinggat
— Needs good detector that can detect in the visiblefrared range.



EFA using photoemission

* Two types of emissions are present in IC failures:

— Hot electrons
— Black body

e Hot electrons

— Saturated electrons are slowed down suddenlyaadntgh
resistive path. This causes electron emissions Kihd of
emission is observed in the following mechanisms:

« Over Biased junction

o Latch up

* Floating gates

» Hot transistors among other normal transistonsisBion contrast.

e Black Body

— High resistance fails causes localized heating.
— Shorts causing localized heating.



Hot Electron and Black Body
Emit in entirely different regimes

e Hot electrons emit in the 620nm to 1300nm
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Black body Radiatic

Radiant exitance as a function of wavelength and temperature
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« The wavelength of emission for black body is >1%60
(>1.5um)

 Hence black body emission is in an entirely défdrregion than
hot electrons.

e Alpha innotech uses a silicon CCD to perform Naedmared
Imaging. CCDs loose their detective power past hat0



EFA

 |solating the fail using one or few of the fall
site Isolation techniques is crucial in driving
down to the failure.

« Using just one type of fail site isolation
technique Is insufficient.



Silicon Debug



Gate Short Possible Root Cause for Bin 14 Failures

 Small “phase tab” needed to clear field A6 j\
poly space inadvertently deleted during
mask rule cleanup at PG.

* Resultis scumming at litho, usually
resulting in a poly short post etch
(sometimes cleared by etch causing GEC).

1

Post-etch simulation predicts bridging,
especially with misalignment

Small phase tab in the post-OPC  post PG output. Tab is missing Photo data confirms bridging at
output, inadvertently deleted at ~ and hammerhead will bridge to same location, even at nominal
PG adjacent gate. conditions




Gate Short Root Cause for Bin 14 Failures

Design Database
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Summary

 Rapid yield improvement can help with
Increased profits.

 Rapid yield improvement requires

Knowledge of testing, data mining, device

ohysics, electrical fail site isolation and
ohysical failure analysis.




