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Abstract— A proof of concept system that harv
and transmits optical data on separate wav
same light emitting diode (LED) is presented, a
to radio frequency identification (RFID) tag sy
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I. INTRODUCTION 
Optically powered microsystems are bec

in a variety of fields, such as ap
electromagnetic interference must be avoid
powered wireless earpieces [2], and optica
retinal implants to treat macular degeneratio
this work is to build a wireless optical micros
harvesting energy from optical power an
using a single optoelectronic component (lig
(LED) in this case) as depicted in Figure
system would be analogous to radio freque
tag (RFID) circuits, where the circuit is po
antenna, harvesting energy from an applie
transmitting data to a receiver wirelessly 
antenna.  

Figure 1.  Conceptual demonstration of the wireless o
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photovoltaic performance of a
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current of 1.31 mA and open-c
2). Since LED has a forward vo
datasheet, the open-circuit volt
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Figure 2.  I-V characteristics of Ro
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XPERIMENT 
he viability of our approach, a 

the proposed microsystem is 
nents as a proof of concept. The 
a 770 nm surface mount LED 
cterized by focusing a constant 

he flat package. A 650 nm laser 
W/cm2 resulted in a short circuit 
circuit voltage of 1.30 V (Figure 
oltage of 1.75V according to the 
tage needs to be stepped up to at 
uate light emission.  
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achieve higher voltage levels. 
presented here uses an AC laser 
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source driven with a 10 kHz square wave w
output power of 150 mW (8.5 W/cm2) focu
generating a 1.2 V square wave between its te
three stage AC-to-DC charge pump built usin
(D1 through D5 in Figure 3), and capacitors
The elevated DC voltage (2.78 V) is stored a
(C5, with a value of 1 μF). A separate half-
and C6) that is supplied by the voltage gene
serves as a lower voltage supply for the contr
voltage supply rises slowly due to the larg
whereas the output of the half wave rectifie
that control logic becomes operational b
voltage reaches the desired level. A short p
generated by the low voltage low power Schm
NMOS transistor MN2 as the charge pump
certain level, which is inverted and used to 
MP2, connecting the storage capacitor to th
resistance (Rin in Figure 3) is employed to a
of the internal capacitance of the LED fast
smooth square wave is achieved. 

Figure 3.  Schematic of the circuit implemented using

The external reader circuit which de
signals from the wireless unit uses another 7
same brand as a photodiode. The detector
sensitive to the 770 nm light pulses mostl
650 nm emissions from the alternating, high 
scattering off the LED surface. 
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illumination with a pulsed laser having 150 
peak power (Figure 4). No connections are 
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wide pulses are detected, occurring about e
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common with the 

n circuit; even the 
outside. 1 to 2 ms 
every 930 ms. The 

time required to charge the l
reduced by using a more effici
capacitor to store a lower 
intervals between consecutive 
stored charge, which can lead 
The transient response time of
how short the voltage pulse ap
charge pump and the storag
within these constraints for a pr
of photovoltaic cells is shown
therefore the effects of interm
externally illuminated LED 
stability of operation and relia
version. 

Figure 4.  Charge pump output sh
capacitor, and the signal captu
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This preliminary design i
illuminated LED can be used b
and as a means of transmitting
the antenna in RFID systems w
the antenna powers the micro
generated by the microsystem
LED and the laser that is bein
to the LED are on separate w
optical signals to coexist in 
suppression of the low intensit
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