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SIMO DC-DC Converter with High Efficiency over Wide Load Range for loT Devices
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A wireless sensor node for Internet of Things (loT) devices is mostly in standby mode, in which its power consumption is less than 1 mW, and only
enters active mode intermittently when performing data communication, at which time its power consumption increases to several tens of mW. Hence,
single-inductor multiple-output (SIMO) DC-DC converters for loT devices must achieve high conversion efficiency over a wide range of loads.

In response to this market requirement, Toshiba Electronic Devices & Storage Corporation has been developing a SIMO DC-DC converter
equipped with two new technologies: (1) a maximum-on-time (MOT) control technology, and (2) a channel-consolidated multiple-switching (CCMS) control
technology. Experiments on a prototype chip fabricated using 65 nm complementary metal-oxide semiconductor (CMOS) process technology have
verified that its peak conversion efficiency is 86.3%, while its conversion efficiency over a wide load range from 1 uW to 50 mW is 65.3% or more. The
new SIMO DC-DC converter is expected to contribute to lengthening of the operating time of loT devices powered by coin type lithium-ion batteries.
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Inductor current waveform in case of two outputs in discontinuous con-
duction mode (DCM)
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Block diagram of prototype SIMO DC-DC converter
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MOT control to minimize zero-current intervals under heavy load
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CCMS control to reduce channel distribution switching frequency under light load
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Experimentally obtained waveform data at time of heavy-load and light-
load operations
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Relationship between conversion efficiency and total output power of pro-
totype SIMO DC-DC converter

F1. HERFAMICES SIMO-DCDC EDtERELLER
Comparison of performance of conventional and prototype SIMO DC-DC
converters
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WETOER 65nm CMOS | 0.25um CMOS | 65nm CMOS
ANBE (%) 1.8~3.6 27~50 27~36
HAOBE V) 06~1.8 1.2/1.8 18/1.2
SMHFA > E T B— (uH) 10 4.7 47
SMITEE (uF) 47 47 47
BAZEIHRNER (%) 86.3 87 91
BamhER (%)| 65.3 (1.1 uW) 60 (1.8uW)*" | #9162 (15 uW)*'
ZEHHER60 % U LEOHSH 47 2.7+ 1.8*
EHEH (#1)*2[ (1 uW ~ 50 mW) | (1.8 mW~840mW) | (15 mW ~900 mW)
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