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Method to Correct the Effect of Environmental Condition
Fluctuation on Real Circuit Delay Degradation Measurement Results

Kotaro Shimamura® Takeshi Takehara” Naohiro Ikeda’

With the progress of semiconductor process miniaturization, delay degradation by aging increases and threatens the reliability of
fabricated chips. The amount of delay degradation is known to be circuit and workload dependent, but previous evaluations are
based on simulations, and delay degradation measurement of real circuit under realistic workload has not been reported yet. The
authors have already proposed real circuit delay measurement method, which achieves enough accuracy to measure circuit and
workload dependent delay degradation. When measuring degradation by the proposed method, the variation of the environmental
conditions such as temperature causes critical path delay variation, which leads to inaccuracies of degradation measurement
results. This paper proposes a method to detect environmental condition variation by measuring frequency variation of ring
oscillator with small degradation, and to correct critical path delay. In the proposed method, the relationship between ring
oscillator frequency and critical path frequency is approximated by a linear function, and the critical path frequency variation
caused by environmental condition fluctuation is corrected by utilizing the linear function. The proposed method has been
applied to the degradation measurement results of 65nm low power process test chip, and has achieved 68% reduction of
degradation approximation error.
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Figure 1 Variable Frequency Operation of Real Circuit.
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Figure 2 Conceptual Diagram of Real Circuit Delay
Measurement.
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Figure 3 Delay Measurement Procedure.
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Figure 4 Delay Measurement at Constant Intervals.
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Figure 10 Critical Path Frequency Correction (Proposed).
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Figure 11 Comparison of Correlation Coefficient
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Figure 13 Comparison of Approximation Error (Conventional
vs Proposed).

5. 8HYIC

AFICTIE, EERORFEFHEL(LELZNET DB,
BER EOBRBEEIMICL D2 VT 1 BV ADRIEREF D
EE#ZEMET 2 PEZRE L. LTI, Hiiem
fl L7z Y v 73 ke O JEIR R OB 8 & VD CTEREZB) £ 15
WL, 7T 4 AN ANZAOBIEREF A MIET 5. U 7%
Widw & 27 VT 1 NS 2 DBREEEBRKAFVEDE TG T
LR T DD, Vo ITRIRROI Y MLy VT
o FIVRADEWEE OB A B CERLL, EEIERRZ H
WTBRELTIO 7 U T 4 HAS R A~D B AR IES
%. 65nm KB E N T ADT A NF v S TOLLE
HEMBRICIREFELEH L2 25, HBREIC LY
TEIZHIEDRFEA LD LRI C & D78 A5 454 /S 205
1014 /RATHIN L7z, £72, H{bEEZB@FH O n DM
BCEBLIZSE0REL, FHTE8WHIH TE 5 &)
FERDF DT,

BMEE EHKOT 4 LA MEFEICEL TR ZB
SEEWZRFERFIR, ElERERK, ZEFHEK, fEhE
K, ZlwmK, REERK, BIL—3K, KHAM
K, KO, 7 A Ny T ORECTH AV FREHK,
R AR, MAEFRRICEA TRBOEZ£T 5.

(© 2020 Information Processing Society of Japan

DAS2020
2020/9/9

BE W

1) W.Wang, et al., "The Impact of NBTI Effect on Combinational
Circuit: Modeling, Simulation, and Analysis," IEEE Transactions on
Very Large Scale Integration (\VVLSI) Systems, Vol. 18, No. 2, pp.
173-183, Feb. 2010.

2) H. Keukner, et al., "NBTI Aging on 32-Bit Adders in the
Downscaling Planar FET Technology Nodes," 2014 17th Euromicro
Conference on Digital System Design, pp. 98-107, Aug. 2014.

3) E. Mintarno et al, "Workload Dependent NBTI and PBTI Analysis
for a sub-45nm Commercial Microprocessor,” IEEE International
Reliability Physics Symposium(IRPS), pp. 3A.1.1-6, Apr. 2013.

4) EROEKER, #E ML ATy T O @ AR R B IR A
PN RIS R EEMEIC K 2 ERIE DT ¢ LA JIETFIE DA v~
AT 42019

5) Kotaro Shimamura and Naohiro Ikeda, "Real Circuit Delay
Measurement Method by Variable Frequency Operation with On-Chip
Fine Resolution Oscillator," IPSJ Transactions on System LSI Design
Methodology, Vo. 13, pp. 21-30, Feb. 2020.

6) Yousuke Miyake, Yasuo Sato and Seiji Kajihara, "On-Chip Delay
Measurement for In-Field Test of FPGAs," IEEE 24th Pacific Rim
International Symposium on Dependable Computing (PRDC), Dec.
2019.

7) Yukiya Miura, Yasuo Sato, Yousuke Miyake and Seiji Kajihara,
"On-chip temperature and voltage measurement for field testing,” 17th
IEEE European Test Symposium (ETS), May 2012.

8) Ryo Kishida, Takuya Asuke, Jun Furuta and Kazutoshi Kobayashi,
"Extracting BTI-induced Degradation without Temporal Factors by
Using BTI-Sensitive and BT I-Insensitive ring Oscillators," IEEE 32nd
International Conference on Microelectronic Test Structures (ICMTS),
Mar. 2019.

9) Chenyue Ma, Hans Jirgen Mattausch, Kazuya Matsuzawa, Seiichiro
Yamaguchi, Teruhiko Hoshida, Masahiro Imade, Risho Koh, Takahiko
Arakawa and Mitiko Miura-Mattausch, "Universal NBTI Compact
Model for Circuit Aging Simulation under Any Stress Conditions,"
IEEE Transactions on Device and Materials Reliability, Vol. 14, No. 3,
pp. 818-825, Sep. 2014.

115



