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Power management circuit for the low energy density transducer

Li Ping', Li Zheyu’, Wen Yumei', Lu Jianguo’
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2. College of Optoelectronic Engineering, Chongqing University, Chongqging 400044 ,China)

Abstract: For a low energy density piezoelectric transducer which powers wireless micro-sensors, it harvests little energy, and its output
voltage is low. When the storage capacitor is charged by conventional management circuit, the energy transmission in low power leads to
a high proportion of harvested energy dissipated in rectifying circuit, and little energy is transferred to the storage capacitor, which means
low charging power. To overcome the large power dissipation and low charging power issues in low energy density environment, a novel
management circuit is proposed, which involves quartz crystals with the high quality factor. The circuit uses quartz crystals to accumulate
the harvested energy in little consumption. When the energy stored in the quartz crystal is high enough, it is released quickly, and then
a higher input power is produced for the rectification circuit, which can reduce the proportion of energy dissipated in rectifying circuit.
Hence, more energy is transferred to the storage capacitor, and a larger charging power can be obtained. Experiments show that for a
piezoelectric transducer which harvests 50 Hz energy and produces 8 V voltage, the proposed circuit can improve the charging voltage and
the charging power by 163% and 110% respectively, compared with the management circuit just using frequency-conversion matching
technique.

Keywords :low energy density ; quartz crystal ;high Q factor; power management circuit

(BRSNS L AR EL A LY 3 S 9
PERR I T EOR . ARG R AT e T RE AT R
T SEE 0 PR 25 [ L A TR S5 R R R 4 4 R A

SEAEA IR AR & A, Iz s A E AT BT XUBE' HRahAE B mARE" SRRk DN, R AR
HA A TG M R B SEAR AL G oy, Josk FRBERE LN ORI 45 {1k L B S A

1 5]

T

Wk H 11 :2016-09 Received Date: 2016-09
* FEATH [ E A AR E R4 (61531008 ,61374217) T H Bt 1))



2 2z

- 25 TR AE i B R A 1Y R PR B P 379

J T IR RE R Tk A g R S e, WF S E AT TR
FEHMEHRE T2 wW R AR RE %% B Rs -
SCHRL9 1331 T 39 mm x 39 mm x3 mm [HOIR E HL {5 8
L 1E g B B T, 1 100 ~ 1 165 Hz Byt o oy
5.6 V i 23y 32 WW i SCHRL 10 ] it 463 Ji & MEMS
R R RE AR I TE 89 Hz 1 g J FE VAl B Al 4
15 W s SCHk[ 11 ] R R A AR iR 48 K A5 T 1 1Y)
TR AR R BALAT i 10 V AL 1.3 nA ML .

SR, o P A% 0 4 W 5 U v BB 1 A 0K i it % 2 o il
110 F R L PR BT PR B AR BTN L A8 D
KA ik, BFFEH T3 T AL RE 12 4 07
2 RET 3 WA T B 1 P 2SR A e N AR
JERER 7, AR — e Sl ™ . BRI R
Sl AR R B A TR A S e Y X
BR[ 14 ] 4 DRSS U MOS 8748 2 1) o U5 i s
AR 5 — A IR S S U R B, SCER[ 15 ]
2 I BE A PR AR O A IR AR IR RE, JO W SR
B . BORA TR RS BRI/ AR S s PR, (H
X FAPGRE o 2% B i L B RE A 1T 5, 8 T W A O L
FO T S FE B, TR AL AR RIRIRAE .

Ty —Fp AL S A F ALV P J5H M R 46 BE 25 P 3
PO Z R 0 STk 16 ] 45 — FL IR B B 4 1 R
HL P BE % -5 BELE 7 2R =2 1], LS BHOG JE o 5 RE 25 1) BT
DT L, 52 50 35 i 1% I ALK s o R s 94 6%
SCHR[ 17 T {8 FF DG e A8 Fs 25 193 00 603081 38 1) 7 = 4 e P I
T B, TT A 4R 20% ~ 100% I EE R, (H & 7E (KA
T, BTG e T 7 VG Fic F SRR AR 3ot /37, D i P 5 AR AR g
Ko SCHRL 18 T4 H A8 43 VT Fit 7 AR, KU /N T D i H Je%
(B SR, BT FH BEL Bt DG Fic J5 B B 0% hy 8 9 L B 4R 1L
B2 IYRE I, B IE AL RE R K R AL 4 SR K ) &
{PSRAFAE . PRI BT XHIRRE B e RE A, g ZL 4 Hh —F
WE B fe K ) 5 b 2 K BB 25 R 4R 1 RE &, L RB AT FE 1D
H B 1L 32 25 i 8 PR 1 T 7R o Y L P B

BEXIRAR %% B e FEL e BB, AN SCHR H — Bl B
VRAE FE L A AR A DT Bl A R e RE A 2R A T
RHAL T T, F B 6 BE g R 4R 21 1Y) BB o /o A5 b B B ok
IR ILGIA R Q A S AR B B R A7 4 8
T PRHURE T R TP A 1 BB A, A R IS T AR AR R
R PR AT SR A A HL T, FAIG T R 7 R O L v 1
Rett Lu i, T B Z I RE AL B 2 i RE 7%,y LR AIE
BRI FEHRIIR,

2 BREEEREE

2.1 BERREBRSHW
T RE R R A AR GE B ST LR, RORE s A AR

REAR SFAON IEZ AL IR 1, SR HL 2 €, BFFIHIE 0,
AL 1, B (/N5 T P A e i 32 B il 7K
A ORI AR B e B R 2 MU 45
HeBE vk D ARAK, SRR TR 1, WRAE/D, T B AR
P TS B S 2 1) s L H5 BB e EA T BT IE T ),
UL FT R Y S AR B AN AT L TR B R R A L =
1,/ MC,"™" o SyHTI B — 4> 75 1 R ) fh il e 258 3
FEAAS s [R I RE LAY C R BE R, LI T A Sad g,
FEL L 0 P AR A R PR S o

+ou-

I~
1 + 1L~

1+

BT BRR T R
Fig.1 Rectifying and charging circuit
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Fig.2 Proposed power management circuit
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Fig.3  Frequency-conversion matching circuit
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Fig.4 Equivalent circuit model of quartz crystal
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Fig.5 Gathering and releasing energy in quartz crystal
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