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Abstract

Successful and timely measurements and control of cross-
wafer and in-die process induced performance variability,
especially in advanced volume manufacturing, is increasingly
recognized as a key factor for the successful productization of
advanced integrated circuit products.

Performance variability results indicate that tight control of gate-
CD, albeit critical, is not sufficient to account for the much

larger deviations of performance variability, and the responsible
process steps I n nelectricalo
iImpact variability.
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Performance Based Metrology (PBM):
Non-Contact Measurement Technique
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On-Wafer PBM Structure

Control Ring Oscillator Spectrum Analyzer
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pad2
Sensitive Ring Oscillator 50
A Small size: ~ 10 by 20 um, can be placed in scribe or within product
A Autonomous design
I Self powered and independent of surrounding circuitry
I Uses standard CMOS design with normal process flow
A Differential construct monitors a control and a sensitive circuit

I Power supply variations common to both ROs
I Implemented INV, NAND, NOR, and customer-modified SRAM based ROs
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Probed vs. Non-Contact Measurements
45-nm SOl Wafer, Measured at Metal 2

Maximum: 7380
Minimurm: — 489.0

Range: 2500

Non-contact results match probed results

Non contact Measurements

Probed Measurements
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Results Summary Probed Non-contact
Wafer Mean 637.7 MHz 639.1 MHz
Across Wafer Std. Deviation 7.94% 8.00%
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Cross-Wafer & Cross-die Variations
Scribe vs. Within-Die Measurements

Scribe measurements do NOT capture the across-chip
contributions to final-performance cross-chip variation (ACV)

Mean: 292.8518 Mean: 2928517
Maximum:  344.56232 Maximum:- 389 2375
Minimum: 2421327 Minimum: 208 8667

Range: 1023905

Unit-

Notch Style:

Scribe-

like, single Multi-point

point PBM PBM data

data o
17.5% Performance 30.6% Performance
Variation in Scribe Variation across Wafer
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Differential Ring Oscillator
Design for 65-nm Process

A One Photodiode powers two ROs in parallel
I Control RO, long drawn gate length (100nm)
I Sensitive RO, nominal drawn gate length (60nm)

r Laser Light p RF Spectrum Analyzer
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Wafer Diameter Scan Comparisons
Measured RO Performance vs. Measured Gate CD
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AAverage CD =62.3 nm (min = 60.7 nm , max= 62.9 nm)
A3.5% CD spread cannot explain 30% RO performance spread
AMeasured performance (Lge) is not correlated with gate CD
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Across-Wafer Performance Data
Nominal Wafer vs. Poly Etch-Trim Wafer

Speed increased < 10%, performance variation increased > 100%

—Wafer Statistics
Mean: 305.279
Maximum: 37123
hinirmum: 18211
Std. Dev: 150712

586 %
Range: 17912
Hilo Yar:  31.80 %

— 20 Cortour — 20 Cortour

Wiafer Distn: 300.00 mm
Test Diam:  300.00 mm
Mo. Stes: 769

Nominal Wafer -4nm (average 306nm)Poly Etdinim
ASensitived RO Wafer 608endsi tiveo
Average Freq. = 308.3 MHz Average Freq. = 338.8 MHz

1o =18.1 MHz 1o = 39.6 MHz
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Wafer Diameter Scan Comparisons
RO Performance vs. Gate CD
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AEtch trim effects short-channel device more than long-channel device
AMeasured performance (Lgr) is NOT correlated with poly CD
ASpeed increased < 10%, performance variation increased > 100%
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Feonm (MHZ)

Differential RO Pair:
ANomi nal o vCaanmelrvs. LoBgaGhanmel
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"{A10% variation in the 100-
nm PBM RO frequency
results in 15.9% variation in
60-nm RO, a ratio of 1.59
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IAWell correlated to LSF
60nm & 100nm scatter-plot
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Feonm (MHZ)

Etch-Tr 1 mmed Waf er V S
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CD variation is NOT responsible for ACV

450 _—
00
/50 |
2800 :
250 :

koo [ .,

] A On average, the CDs
were reduced by 3.6 nm
(A4~ -5% to -6%)

I A Well correlated to LSF
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Striped-Exposure Experiment

Target Poly CD Variation = -1 nm/stripe

/

I SCD (hm)

— Linear (SCD (nm))
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y =-0.9711x + 68.563

CD (nm)
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e
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field column
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Measured poly CD changes

e =
-0.97 nm / column
Column 1 2 3 4 5 6 7 8 9 10
SCD (nm) 67.1 66.5 65.9 65.0 63.9 62.9 61.6 60.6 59.8 58.8
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Across-Wafer Performance Data
Nominal Wafer vs. Poly Striped-Exposure Wafer

aaaaa

Nominal Wafer Poly StripedExposure Wafer
Sensitive RO (L = 60nm) Sensitive RO (L = 60nm)
Average Freq. = 308.3 MHz Average Freq. = 329.2 MHz

1lc = 18.1 MHz lo = 32.1 MHz
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Wafer Diameter Scan Comparisons
ANomi nalwe

RO Performance (MHz)

CD (nm)
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WaStrieec
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L pi— ]
Control RO (L = 100 nm) 1

ANominal Wafer

I Measured poly CD uniform
across wafer

i Measured poly CD varies from
left to right

5432101 2 3 4
X Reticle Location

i As poly CD shortens,
RO performance increases

i CD affect more pronounced on
short-channel RO

AAcross-wafer L. variations
still dominate exposure-
iInduced CD variations
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