St A= Q1B SIS =2X| Vol. 6, No. 2, pp. 11-18, 2020 https://doi.org/10.20465/KI0TS.2020.6.2.011

Analysis of the Hardware Structures of the IoT Device Platforms for
the Minimal Power Consumption

.
Jin Lee
Professor, Department of Information and Communication, Pyeongtaek University

2 % AEAHY (IoT, Internet of Things)d FHFG HAAEL HiHIZ SYFHE= AEFLo|DZ 2AHH
(Ultra-low power: ULP)o] thgt M41st 127} DQ3slt). uto]l382 AEEZ (Micro Controller Unit: MCU) 94
< olvA Aok 8wl &3 A9l 752 NS fon, AxRA EE AR OE ofvA] AHE Y 4 Y= A
7HA] & REE H-Eotal Q17| W&o, IAES MCU A" o8& S 4 Ut A, B = A= oF
g Hd 9l 7le AIES MCUS Hlued 4 9= #E8 | MAvta <l ULPMark #IAWRAC] wsfA] &7Hska,
o] FrloflA =3t BIFE W2 2709 EFF0] 2AHY F&S A AlFota Y= stEO] 75l HiA A5t
At E3 Egtold APICE AR HAAE Aol Bl /fEREC] ] 7|5 &2 €& 5 = ) ds Akt
4 stat

FHO| : AREQEY, mo|ZREEY, 2AAY, &8 AY, [oT ERF

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.




14 A QB HISS| =2 X MeH H2Z, 2020

I'-IEI

STM32L4 A|8]2% FlexPowerControlo|2H= %4
A9 platform@= Table 13} o] 87[9] AHg »E
£ FESI] A%l 2= 2o AHHE A AT
o 47t deH12.

MCU®| &H] A& HHstslr] A= g3t 5
TE FHoE Alo] & 4 glojok Frt STM32L4 Al
gz fufo| A= 2719 AY HEHelHE WAt Sl
t}. Fig. 29+ Zo] H<l glEdold MR)= €4 ZEY
o] MeZ 3gokal, A #EHolH (LPR) A1
2E9 o MRS offsly AL FTHEsHA =Htoh
STM32L4+= S8%& thgolA Aol /\7]' AUtk 29 &
2Q1 QAClEE 57 A Uok=H], 27h= R &Ao]

A 37l W 24dFolEolH.

Power

Core
Logic

t-'

[Fig. 2] STM32L4 power distribution architecture
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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

TR =7} Run / Sleep / Stop0%] 7-9-o= MR
Al 7ok A4S Flojo] AEstal, LPRun / LPSleep
/ Stopl / Stop2 REY wi= LPROJA 75k A4S
Fojo] FFstt Standby®} Shutdown EEY wie=
5 719 Eﬂé"ﬁﬂo]ﬁﬂ o} AXIe}

o mt MCU E34& Wi =7} o227 dis
of 48] Ao] 2N, MY HEo|A DEst=t] ¥
3 A= DPE}X] Al Hct. Table 2014 HEERE A&

H| A7} g5 ARto] A= o] Ut

3.2 SAM L XM= |oT CI|HO|A E3HE

MicrochipAt®] SAM L Al2]= MCUE A4 %™
= 9] SleepWaking®|ghk= CPUY| Ao glojx= A=A
AeolA FH ZAAE 15T ¢ U= BHE AFsIe=
EEo|tt.

SAM L A|g]29] AAEREE [dled} Standby2}
Off REZ rojz&H, Idle EO|A = CPU E8o]
A8k, Standby HEOAE CPU 23 8 20|
Aot P2k FHAA R 0] FgHT). HZd
ole7} Ay HER AgHET). Off HEOA = A9
Aol HE AXA =Hi Ao =RE AAHS A7|E

Al 4= ATH13).

SAM L AlZ|29] 29 f2E= AAY HEA AR
SHA] Y= EYS v 4 JEE AA ] QU

STM3214 Eth= Atjd oz 7hdsk x| 2de w9 2
EE AlZoiAg, AdY AdeolA dagh FHAANS
7 293k 4= SlojA BEZQ] AlolE & 4= A H
o} SAM L Alg|2&= YAlof wet 2 ~ 5719] 1] T
Qo= 7|5 HYS BT 7t ek WiE whe #e
2+ (PM, Power Manager)7} A9 A4 me 9 A
ZHQlS Alojgtth Mg 4H] 87 AR} Wt PM2
A HoRZ 9ol AMEoHA e 2Ed 1Y 352 5

A g 4= et B4 REoA FEEETHE AF Fol
| CPUZF A HER H8=H Z2 75 o] FA|
=1 AH REof wef PMo o5 dF HET 28
H|Qlo] A5-o = Azt

SAM L AlglZ= A% 4% (PL, Performance
Level)& & AR Wiro] offZe|AlolAdo] g AnlE
A3} & 4= QLS FHEo ]ﬂ £ %S 28 £
Atk PLO= #129] ovA] a5 93t H4olal, PL2
= 19 J5Z 915 dHolth

[

-




AH| 72 24312

93t loT ClHIO|A S| B0l 7 24 15

Fig. 32 SAM L Al2|=9] B 4] HRel A
ZeoM g2 AR AEIskh

Active
el <33.7uA/MHz
1/‘ 15us
I; 2.6us [‘I;(U]"* — [dlfe Fastest wakeup time

| I"-_l5us (PL2) 8.3ulA/MHz

|

|4ms Lowest power
\ —~ | Standby . .

0.5% 0.8uA consumption with SRAM

retention

"*- All power domains are off.
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