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Abstract: While datacenter operation cost increases with electricity price rise, many researchers study low-power
processor based supercomputers to reduce power consumption of datacenters. Reliability of low-power processors for
supercomputers can be of concern since the reliability of many low-power processors are assessed based on mobile use
conditions. This paper assessed the reliability of low-power processor packages based on supercomputer use conditions.
Temperature cycling was determined as a critical failure cause of low-power processor packages through literature surveys
and failure mode, effect and criticality analysis. The package temperature was measured at multiple processor load
conditions to examine the relationship between processor load and package temperature. A physics-of-failure reliability
model associated with temperature cycling predicted the expected lifetime of low-power processors to be less than 3 years.
Recommendations to improve the lifetime of low-power processors were presented based on the experimental results.
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Table 1. Standard based reliability test conditions
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Test Condition Duration Standard
High temperature storage 150°C 1000 hours JESD22-A103D-B
THB 85°C, 85% RH 1000 hours JESD22-A101C
HAST 130°C, 85% RH 96 hours JESD22-A110D
Temperature Cycling —65°C~150°C 500 cycles JESD22-A104E-C
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Fig. 1. Experiment setup.

Exynos 5422
(with thermocouple)

Exynos 5422
(Top metal)

Image by Techinsights Inc.

Fig. 2. Thermocouple locations.
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Fig. 3. Pilot test result.
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Table 2. Processor clock limit for load condition

Load Clock (A7) Clock (A15)
45% 740 MHz 1010 MHz
65% 980 MHz 1370 MHz
85% 1220 MHz 1730 MHz
100% 1400 MHz 2000 MHz
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Fig. 4. Processor temperature profile according to the load condition.
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Table 3. Thermal cycling test conditions

Condition Precondition cycle/ Cycles
day
1 —55°C~125°C 43 1000
(JESD22-A104D-B) (IPC-9701-NTC-C)
) —65°C~150°C 48 500

(JESD22-A104D-C) (IPC-9701-NTC-B)

Table 4. Life prediction of low-power processors according to

CPU loading
. Life expectancy [year]
Condition
45% 65%
1 2.9 2.0
2 2.5 1.7
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