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Abstract Methods

ÅAn integratedhigh efficiency,ultra-low power
liquid crystaldriver for electro-optic diffractive
lenses[1] is presented in this poster. The
proposedLCdriver providesan adjustable3V
to 15V RMSsquare wave output voltage to
drive a liquid crystal in the electro-optic lens,
whichcanbe modeledasa 5nFcapacitiveload.
This application is powered by a 3V lithium
button cellor energyharvestdevices.
ÅImplemented in a 0.25˃ Ƴ5V VGS,12-45V
VDSBCDtechnology,the proposedLCdriver
achievespeak power efficiency of 98%. The
transactiontime of LCdriver output from high
to low is 48us, which is 219 times faster than
that whenauto-sinkschemeisdisabled.

ÅA reconfigurablehysteretic 2× /3× /4× /5× switched
capacitorchargepumpis developedfor DC-DCconversion
to enhancethe powerefficiencyovera wide input-output
voltagerange.
ÅAn improved full bridge driving schemeis developedto
reducethe DC/ACinversionpower loss.
ÅAn auto-sink schemeis developedto speedup output
transactionfrom highto low in different output modes.

Objective

ÅMaintainhighpowerefficiencyover the entire
output voltageandloadcurrentrange.
ÅCompactsystemprofile andlow EMInoise.
ÅUltra-low powerconsumptioncontrol circuitry
andfast responsetime.
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Figure1: Structure of the proposed LC driver
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Figure 2: Operation of the proposed reconfigurable 

2× /3× /4× /5× switched capacitor CP
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Figure 3: Chip microphotograph of the proposed LC driver

ÅDie area including all test pads is 3.3mm2. All
powertrain transistorsand the control circuitry are
integratedinto this chip.
ÅThepackageof the LCdriver is a 5mm× 5mm QFN.
Externalcomponentsof the LCdriver includesfour
100nF external flying capacitors and one 1˃C
output capacitor.

Figure 4: Measured output voltages of the proposed LC driver when (a) output step up 2x-

>3x->4x->5x; (b) measured output ripple; (c) output step down 5x->4x->3x->2x without fast-

sink; (d) output step down 5x->4x->3x->2x with fast-sink; 

ÅFigure4 showsthe output ripple is 116mV. The falling time from a
higheroutput voltageto a lower output voltageis 10.5ms and 48˃ ǎ
without andwith fast-sinkenable,respectively.
ÅFigure5 showsthe measuredpower efficiencyof the proposedLC
driver. Themeasuredpeakefficiencyis98%.

Figure 5: Measured power efficiencies

ÅHowever,on the boundaryof different
VCRs,the switching frequency of CP
increasedsignificantly thus efficiency
dipscanbeobserved.

ÅTheverifiedsiliconresultsshowthe LC
driver is suitableto be usedin electro-
optic lensesapplications.
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