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Real Circuit Delay Measurement Method by Variable Frequency
Operation with On-Chip Fine Resolution Oscillator

Kotaro Shimamura®™ Naohiro lkeda’

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. This
paper proposes real circuit delay measurement method, which achieves enough accuracy to measure circuit and workload
dependent delay degradation. In the proposed method, on-chip oscillator supplies fine resolution variable frequency clock to
internal circuit. Internal circuit execute test pattern to activate critical paths at various frequency and determine the maximum
frequency at which correct results can be obtained. The maximum frequency corresponds to the delay of the critical paths
activated by the test pattern. Clock multiplication improves delay resolution, and calibration counter calibrates the variation of
the oscillator. The proposed method has been implemented on a 65nm low power process test chip. Variable frequency oscillator
utilizes only standard cells and is designed with automatic layout flow without any timing tuning. The area overhead of the
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proposed method is 0.09% of the total random logic.
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Input Clock
(fixed Clock |, Internal
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VFO: Variable frequency Oscillator
MUX: multiplexer
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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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Clock Operation
VFO OQutput (S1) Test Pattern
Input Clock Result Check
VFO Output (S2) Test Pattern
® Input Clock Result Check
£
. VFO Output (Sn) Test Pattern
Result Check
Input Clock Frequency
v Determination
S1, S2, ..., Sn: VFO Frequency Setting
X3 Z7wuvrEREk
Figure 3 Clock Selection Method
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Table 1 Example of Test Pattern
Category Test Case
Integer Multiplication

Shift

Floating Point [ Addition

Multiplication

SRAM mat variation

Address variation (inside mat)

Memory
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Frequency Measurement
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(a) Frequency Measurement at
Constant Intervals

1 Delay
Degradation

Circuit Delay

Hours of Operation

(b) Delay Degradation Estimation based
on Frequency Measurement Results
4 BIEMRT—7 o— RETREOSLERE
Figure 4 Delay Degradation Measurement under Realistic
Workload
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(b) Count Timing
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Figure 5 VFO Frequency Calibration Counter
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Table 2 Calibration Counter Usage

Selected Clock Usage E Note
VFO Frequency | _ CV X FS
Input Clock | %0 ibration |1V~ ¢s
Clock Generator ; GS
VFO Output Validity Check ! o const

FS: frequency of CKS  FV: frequency of CKV



DA
Design Automation Symposium

4, FRBMF Y TADEE

41 TRAFYTOBE

WETIEE 65nm KHBE N 7oA TRELLET A b
Fo T EER LT, TANTFy TOMBEEERIITRT, T
A RNF v 7L 50M F— DT X LiHFEE ., 190M B
FOAEY ZARL TS, BEFIEOF— S~y RIL,
M1d VFO & MUX, 5 (a) OMESTT ., KT,
23{ITHRARZT A v F Ry 7 XA ~ThHDH, 23H TR
T ZFOMOFHEITRMA Lo 7228, A RE L7 R
TEHAEVT 7 CANKEDO I VT 4 INRATHY | &
AREEERE LRI Z S OX A I T~—V 0 BNHDH I L
Boholz, M7y FRT AN —ZADEITHERORK
WCTAEY T 7R AZTHIN, —FEERICT 7 B AHBER
AEVERRT L2 LT, WERBERT 4 LA ORI L
RTDZEBHAETH 72, T F LHEOAFITHT S
A=~y FOHEIT 0.09% TH 5D, 7 v v 7 ARERKIT
SHFHD I vy 7 BER L BRI ENEI6E, 375,
15 Th s,

#£3 TRAMNFyTOME
Table 3  Test Chip Overview

Radom Logic 5.0M gates
(Overhead) 4.5k gates (0. 09%)
Memory 19.0M bits
Clock Generator
Multiplication Factor X6, X3, Xi
Process 65nm Low Power
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(c) Variable Delay (Fine Resolution)
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Figure 6 VFO Circuit
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Figure 7 Example of Measurement Result
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Figure 8 Inter-Chip Delay Variation Measurement
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