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Introduction

Metrology axiom': “You can’t control what you
don’t measure.”

Monitoring and controlling cross-wafer and in-
die process induced variability in advanced
semiconductor manufacturing has been
recognized as an increasingly critical factor for
successful commercialization of high-end
integrated circuit products®®. The need to
complement and manage the critical and yet
traditional metrology techniques with
parametric-line, in-die measurement that
correlate directly to final performance and
ultimately (performance) bin yield have been
studied*>®. We have introduced’ Performance-
Based Metrology (PBM) to measure and control
variability and to further close the information
gap that currently exists between the design,
process integration, and manufacturing groups.

The technique scales favorably with advancing
technology nodes and it can be applied, after
circuit connectivity has been established, from
early stages of product development to product
ramp, and used as a tool for early predictability
of bin-yield and for monitoring across-die,
across-wafer, line-to-line, and fab-to-fab product
performance.

We present results that demonstrate the
technique’s usage and potential for early
characterization of parametric variability, and
give examples of variability induced by gate and
patterning related process variations and design-
density loads. The system’s measurements of in-
die final-performance results will be compared to
physical metrology measurements.

System and Technology overview
The automated non-contact power activation and
measurement system and the associated

embedded (in product silicon) test structures
(Figure 1) are reviewed.

The on-silicon product-type circuits and
components are electrically and functionally
independent of the product’s circuitry and are
drawn from process/design integration and
related parametric and metrology libraries®. By
their design and placement in the active area
these test structures exhibit performance
sensitivity to process and design-induced
variation. The resulting active integrated circuit
“targets” do not have the contact pads and the
associated overhead circuitry used for traditional
parametric contact measurements.

The small footprint of the non-contact structures
allow the user to embed test structures in
locations of interest across the product active die
to measure process/design sensitivity and
process induced performance variability at early
stages of product development, and ultimately as
an integrated part of parametric/metrology
systems and measurements used in volume
manufacturing.

Sample of Results

Experimental results from PBM measurements
on several generations (90, 65, and 45nm) of
bulk-Si and SOI product wafers and devices will
be presented. Performance based (RO speed)
measurement results from non-contact test-
structures patterned with varying dose/exposure
across the die and wafer, and these results are
compared with direct CD measurements. Also
results from split lot wafers and associated
metrology measurement will be compared with
non-contact at-speed measurements from the
same active-die and wafers will be presented.
Here, as an overview, we present non-contact
measurements of in-die variability.

Figure 2 demonstrates the comparison between
single site-per-die measurements versus multiple



in-die measurements. The single measurements average (mean) is the same between the two

represent scribe-to-scribe results, whereas the measurements, where as the distribution of the
multi-site wafers show in-die variability that is results show a 75% increase in variability.
ultimately and directly related to bin-yield. The

Figure 3 reports the results of a differential non- the expected gate CD variations as given in the
contact test structure using two side-by-side ring process specification.

oscillators, one built with minimum gate length

inverters, and the other with longer gate length Figure 1: PBM system architecture

(~1.7x) inverters. Both ring oscillators were
powered from the same non-contact power
supply. The differential measurement “nulls” the
impact of random local variations so that Leff
offset causes a performance difference indicating
the magnitude of systematic Leff variations.
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Figure 3a shows Leff variations across a test Non- ooroduet Non-
wafer, as measured using this technique. Figure contact Test - contact
Power structure S

3b shows the histogram of Leff measurements
for all devices on the wafer. The measured
standard deviation of Leff variations agrees with

Figure 2: Comparison of Cross-wafer vs. Cross-die Variability
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Figure 3: Cross-wafer and Cross-die Lk Variability
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