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Abstract Since the end devices of the Internet of Things (IoT) are battery operated products, careful
consideration for ultra-low power (ULP) is required. The Micro Controller Unit (MCU) industry has
developed very effective functions to save energy, but developers have difficulty in selecting the MCU
because various operating modes are applied to reduce energy consumption by manufacturers.
Therefore, this paper introduces ULPMark benchmark, a standardized benchmark method that can
compare MCUs of various vendors and feature sets, and provides hardware functions for
ultra-low-power operation of the two platforms that received the high evaluation scores from ULPMark.
In addition, we investigated and analyzed how developers can utilize the functions for ultra low power

consumption through driver APIs and detailed register control.
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(Table 1> Low power modes in STM32L4

Mode Features
Sleep CPU clock stops.
Low-power run |CPU runs at under 2MHz and low voltage.
Low-power CPU clock stops in Low-power run mode.
sleep
Stop0 The Lowest power mode with SRAM retention.
Stop1 Separated by operation voltage and alive
Stop2 peripherals.
Standby Power for CPU and every memories is turned off.
Shutdown Separated by wakeup source types.
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[Fig. 2] STM32L4 power distribution architecture
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(Table 2) Current consumption and wakeup time of
STM32L4
Mode Current Consumption Wakeup time
LPRun 102 uA/MHz 4 ~ B4us
Sleep 26 ~ 28 uA/MHz 6 cycle
LPSleep 36 uA/MHz 6 cycle
Stop0 T100uA 0.7 ~ 4.5us
Stop1 4.6 uA 4 ~ Bus
Stop2 1.3 UA 5 ~ 7us
Standby 0.28 ~ 0.45uA 14 us
Shutdown 260 nA 256 us
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[Fig. 3] Current consumption and wakeup time of
SAM L series
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{Table 3> Comparison of ultra low power IoT Platforms

STM32L4 SAM L
Manufacturer STMicroelectronics Microchip
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