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Abstract

In this paper, we propose low-power operational methods for thermal-energy-harvesting sensor circuits. Here, the
amount of harvested current has been measured as low as 8uA. However the DC power consumption of the sensor
circuit is known to consume much larger than 8uA. Thus, We propose the hardware-based power gating and
software-based active/sleep timing control schemes, respectively, for controlling the power consumption of sensor circuit.
In the hardware-based power gating scheme, if the ratio of Toff/Ton is larger than 22, the sensor can consume less than
8uA. For the software-based active/sleep control scheme, if the ratio of Tslp/Tact is larger than 3, we can suppress the
current consumption below 8uA. The hardware-based and software-based schemes proposed in this paper would be
helpful in various applications of energy-harvesting sensor circuits, where the power consumption is limited by an
amount of harvested energy.
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Fig. 1. TEG Operation.
(a). TEG operation block diagram.
(b). Current-power ralationgship of TEG.
(c). TEG element used in measurement.
(d). Measured output current of temperature gradient.

a2l 1. TEG 3t
(a). TEG £
(b). TEGe| ®M=-FMot EM
(). ZX3F 2Txlo| w2 MF EM

I1. St=9 0] power gating & A~=E 9 0f
active/sleep control scheme

1. 3l=9 9] power gating

Power gating®] §1= =90 AA3 2o Hit
M HFE 11458uAclth. TEGE o] &8 ahwx
g 3zoM 35 F e AR SuAR 443

25 TEATI7C SRS &7] Wl HiEa

foig
=

H A FE ZF0]7] f1ste] s=9°] power gating=
AL83HTHS8]. Power gatings €38Fe] Timer

(TPL5110)E AF&3ko] AlA €] on/off times =4
sto] U AFE Folve WHE AMESAH
[9]. Timerel AZA% = A3S WA A =W HSt
S driving #MFE F7)7F @A =d o] = pulse
width modulating(PWM)©] 2} gt} B =Fof A

Ab&9 timer: low voltage time©] 50ms©]™, high



Low-Power Operation Method of Thermal-Energy Harvesting Sensor Circuit 323

voltage timeS F7]olA 50msZE @ Zto]t}[10].
2 AF M= off times ZAA &5 H A A
F7F &91E7] W& timer Sl switch & &S
3= PMOSE d4ste] 4149 on timed} off
times 4datth old on time S0ms®E 1174

o] B A 3}, off times E#A AF AHE o

A 71A1 8k ST
VDD
50ms variable
Tlmer
—| Ton | o |
T = Ton + Toxr
Timer
(TPL5110) \-‘
Sensor
(LM35DT/Temperature)

Fig. 2. Power gating using timer.
% 2. Timerg 0|&¢&h power gating

2. 2ZE9 9] active/sleep control scheme

Timing control< Zi+= %QE AlA 2] DC
ARl e 32uAclth o] AF EF TEGE
st A& shu2H XJWETE TEA717] F-=3517]
o] T oHA WRoRE £ZEYAE oL
active/sleep mode timing control & & A v} 2
el A AFEE 255 AAHDCI010)E 12CE841S
5319 controllere} SAISHA EHi=d], o]& ©]-&35}e]
active/sleep mode 40| 7}53lcH8-9]. & A& o)A
+ Arduino FloraZ controller2 AH831%12H, oo
S QHsHH active, 83 dHlolHE HEs|Fd
sleep mode= W3l AAe] 5EAS o] &3to] T

oE £3F/)% WA 4P WY

Instruction &

of,
@

o

humidity/temperature
Sensor(HDC1010/ |«
Humidity & P
Temperature) | 8
(SCLLine) | | spA Line)
Active/sleep mode control
35ms  variable
A —n >
Toct Tep |_ Controller
ne (Arduino Flora)
T= Tact + Tslp

Fig. 3 active/sleep control scheme using software.
0% 3 &2=ZE 0 active/sleep control scheme

(844)

n. &

e
Iy

/

g 21

1. 3=419 power gating

A 3l2e] DC HtAndFE 114.58uA ol ).
st=9lo] power gatingS o] &3} A A Toff/
Ton®] ¥ & 52 39S o], Hi v HFE 22.4uA,
74 W 176uAR Eol== AL st Hat
2HAFE 8uA ol3tE B 57 9814 Toff/Ton
o w7} 22 o]%e] Hojof gt} ojuf FIlE =
timere] 93 oW =% &3] Toff/Tone H
£ A3 Y. Timerol A A¥EE eHII= AF
= 3uA, AlA B 2o A AMEE = HEANAFE
SuAR F ME AW, WA v d/F7F 8uA7t &
ol A oA s~y 3w T AF SuAgt
ZolAA "ok A R AFauE 29 49
2ol Toff/Ton®] H|E A 5 LHHAF[FIE =
A= AL AT 571 St

20 \
| —m— 1, ,e(rA)
15 L \ 50ms  variable
Vimer
! T
% 10 - \.\_\ ATt Te
2 [ 1\
- 5 | : lave = B8UA |
VT / Ton =22
i i
o L 1 1 L b L

L L L Il L L
5 10 15 20 25 30 35 40
T/ T

on
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