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Abstract — In this paper a micro solar energy harvesting system
with MPPT(Maximum Power Point Tracking) control using a
miniature PV(photovoltaic) cell of which the output is less than
0.5 V is proposed. The MPPT control is implemented using
linear relationship between the open-—circuit voltage of a PV
cell and its MPP(Maximum Power Point) voltage such that a
pilot PV cell can track the MPP of the main PV cell in real
time. The proposed circuit is designed in 0.18 wm CMOS
process. The designed chip area is 900 X 1370 un including a
load charge pump and pads. Measured results show that the
designed system can track the MPP voltage changes with
variations of light intensity. The designed circuit with MPPT
control delivers MPP voltages to load even though the load is
heavy such that it can supply more power when the MPPT
control is applied. The proposed circuit does not require any
precharged battery resulting in more suitability for miniaturized
self-powered systems compared to the existing works.
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1. Photovoltaic (PV) cell

HEMEC (Solar Energy MPPT Comtrol)
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Fig.1.Proposed micro-scale solar energy harvesting
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Table 1. Performance summary of Comparator (@1 V& Typical-Typical)

Vpp = 1V -20C 27C 80T
Gain(dB) 81.9 82 82
Band Width(kHz) 48.7 45.5 41.3
UGF(MHz) 25 22.9 20.8
Hysteresis(mV) 3 3 3
ICMR(V) 0~04 0~04 0 ~ 0.45
+ 82.4 82.6 82
PSRR(dB)
- 113.8 112.3 111.9
CMRR(dB) 110 113.8 118.9
Current Consumption(nA) 567 584.8 597.5
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This work

using an open

frequency of the
charge pump

PV cell type ISC source verilog—A single cell single cell
(Size) (N/A) & (0.01 cm?) (0.14 cm?)
model
PV cell open
voltage Voe (V) <05 < 0.7 < 0.55 < 0.5
Relationship between
the PV voltage and
MPPT Scheme FOC the switching N/A FOC &

pilot cell(0.07 c¢m?)

Auxiliary 4

using complex

Controller power . i . Rechargeable battery . Main PV cell
diodes in series programmable logic
source 1.5 V) . (0.5 V)
(1.6 V) device
Max 78
Efficiency (%) N/A 97 59 (w/o load charge
pump)
Verification Simulation Simulation Measurement Measurement
Process(nm) 500 65 500 180
Year 2010 2013 2014 2013




IDEC Journal of Integrated Circuits and Systems, Vol 01, No.1, May 2015

V.32 2

2 =RAE AArEet e 24Y A7PEH
N Eat=IE= i i U}Olﬂi o 7] sH A AAHS
Algtstgict. FOC Wig o]8ste] MPPT Ao 7|5
THstaen, oy Fﬁi PV A& o]gste F PV A9
ML= AGS 7tds] dSstgict. MPPT Alols|=
o] FHe st SUIRE AHESte] F PV Ao &
g HgZ Sote] AREsH] wiel w2 FHE Hy
Elg]= dasta] ot Zﬂ bl 32 0.18 m CMOS
sRo2 AAEGeH, 3 WAL Hojdh Hopgmet
=g 2Z3bste] 900 um><1370 molth, AZre H&
A dn AAd 32 9 Ar]e Wste] wE
MPP ¢t Wsts A7 EffFditt. 7]£9] npo]a
2 oYz stHag s|2e] Hls| AtH 3|2E A

olgl2 =L 4s uja]l =A™ HlgEs HasHA
%71 well HEEE AR fe 24% ATPEA
Mgl Agtsitt. 2 =golM AAE ntolaz Ho
g7 shag slal e e 372 Tds s
ol FE AelEel Bl W2 2 RUHY &
oFe] AZPEA AAwES] BgD 4 ok,

Aol 2

o] EEL 4EE FR@EITINER) AU
2 FFATAD] F2ATAY APS o S
Z1(2014046387). IDEC A9l osiA= A7 43

Z 1

[
ralt

[1] D. Dondi, A. Bertacchini, L. Larcher, P.
Pavan, D. Brunelli and L. Benini, "A solar
energy harvesting circuit for low power
applications," IEEE ICSET, pp. 945-949 (2008)

[2] H. Shao, C. Tsui, and W. Ki, "The Design of
a Micro Power Management System for
Applications Using Photovoltaic Cells With the
Maximum Output Power Control," IEEE Trans.
on VLSI Systems, vol.17, no.8, pp. 1138-1142
(2009)

[3] 1. Doms, P. Merken, C. Van Hoof, and R. P.
Mertens,  "Capacitive ~ Power =~ Management
Circuit  for ~ Micropower  Thermoelectric
Generators With a 1.4 uA Controller," IEEE

http://idec.or.kr

JSSC, vol. 44 , no. 10, pp. 28242833 (2009)

[4] C. Lu, V. Raghunathan, and K. Roy,
“Maximum Power Point Considerations in
Micro—Scale Solar Energy Harvesting Systems,”
ISCAS, pp. 273-276 (2010)

[5] D. Dondi, A. Bertacchini, D. Brunelli, L.
Larcher, and L. Benini, “Modeling and
optimization of a solar energy harvester system
for self-powered wireless sensor networks,”
IEEE Trans. on Industrial Electronics, pp.
2759-2766 (2008)

[6] E. Méndez—Delgado, G. Serranoy and E. L
Ortiz—Rivera, “Monolithic  integrated  solar
energy harvesting system,” 35th IEEE PVSC,
pp. 2833-2838 (2010)

[71 A. Eltaliawy, H. Mostafa, Y. Ismail,
“Microscale  Solar  Energy  Harvesting  for
Wireless Sensor Networks Based on
Exponential ~ Maximum  Power  Locking
Technique,” 2013 IEEE 20th International
Conference on  Electronics, Circuits, and

Systems (ICECS), pp.889-892, 2013.

[8] S. Ghosh, H. T. Wang, W. D. Leon-Salas, “A
Circuit for Energy Harvesting Using On-Chip
Solar Cells,” IEEE Transactions on Power
Electronics, pp.4658-4671, 2014,

[9] C. Hua et al, “Implementation of a
DSP-controlled photovoltaic system with peak
power tracking,” IEEE Trans. on Industrial
Electronics, vol. 45, pp. 99-107 (1998)

[10] W. Wu et al., “DSP-Based multiple peak
power tracking for expandable power system,”
in Proc. Applied Power Electronics Conf. and
Exposition 2003, vol. 1, pp. 525-530 (2003)

[11] C. Hua and C. Shen, "Control of DC/DC
converters for solar energy system with
maximum power tracking," 23rd IECON, vol.2,
pp. 827-832 (1997)

[12] http://www.solarbotics.com

$ o

20119 Qlddisty HAA}g-etat
ShAL £

20134 QlAddisty AHApgskit
AL E

20139 ~AA ddeist Azt
' 3ot HAREY Aet &
(FIH]EOF ¢ Energy Harvesting,
DC-DC Convertery



IDEC Journal of Integrated Circuits and Systems, Vol 01, No.1, May 2015 http://idec.or kr

& A

20143 Qlddistw  AAgekat
ShAb £

2014d~dA sty HAbE
St MA Aet &

e (PMEOSF ¢ Energy  Harvesting,
DC-DC Converter)

[e)
1985 AAdhistw  AApgeta
ShA Y
19879 <Aty Azbgetat
AL
1993 Towa State University
A7) 4 AFEFe
HhAL £
20099 T 20109¥ UC Davis
RN
1994 ~AA © JddSgn HAAg eI
(FHAEOF © CMOS Analog/Mixed-mode IC AA],
RFIC AA)>




