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A Research of Power-Efficient Driving Scheme
for Auto-Focus on Image Sensor Module
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Jaeshin Lee, and Shinhwan Hwang)

Abstract: We present a power-efficient driving scheme that consists of piezoelectric actuator and driver IC for AF (Auto-Focus) on
ISM (Image Sensor Module). The piezoelectric actuator is more power-efficient than conventional voice coil motor actuator. And
high power-efficiency driver IC is designed. So the proposed driving scheme using designed piezoelectric actuator and driver IC is
more close to recent trend of green IT. The diver IC should guarantee fast and accurate performance. So, the optimum driving method
and high accurate frequency synthesizer are proposed. The die area of designed driver IC is 2.0 x 1.6mm* and power consumption is

2.8mW.
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I. INTRODUCTION

The ISM (Image Sensor Module) is applied to various
applications such as robot eyes, digital camera, CCTV (Closed-
Circuit Television), mobile phone and so on. The applications
commonly demand high quality of image. So AF (Auto-Focus)
feature has become almost mandatory [1,2]. There are two choices
to implement AF, which are VCM (Voice Coil Motor) actuator
and piezoelectric actuator. The actuators are used for accurate
control of physical displacement of lens. Numerous ISMs apply
VCM actuator for AF, because the structure of VCM actuator is
simple and so low-cost can be achieved [3]. But VCM actuator
needs static power consumption to hold lens at appointed location,
and has size limitation. On the other hand, piezoelectric actuator
could not demand static power consumption. Also the
piezoelectric actuator has advantages in terms of hardware size
operating speed and ease of controllability [4,5].

In this paper, the piezoelectric actuator and driver IC for AF on
ISM is proposed. The conventional scheme for driving
piezoelectric actuator should two IC that MCU and analog switch
IC. So waste of resources occurs such as power consumption,
package and module size. With proposed scheme, two IC for
driving actuator are merged in one-chip. The driver IC is specially
designed power-efficient. So designed piezoelectric actuator and
driver 1C is more close to recent trend of green IT that puts
emphasis on energy efficiency.

The designed driver IC is fabricated in a 0.35um CMOS
technology. For high accuracy of lens position, driving signal
cause of switching noise is biocked at sensing period. A high
accurate and small size frequency synthesizer which combines
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novel DAC, VCO and control logic generates the accurate driving
sweep frequency in linear step, so the variation of the resonant
frequency of the piezoelectric actuator can be compensated. The
designed driver IC is implemented in small area and low power
consumption.

This paper is organized as follows, Section II and III shows the
development of piezoelectric actuator and driver IC, respectively.
Section IV presents measurement results and hardware
implementation of the designed IC, and the paper concludes in
Section V.

II. PIEZOELECTRIC ACTUATOR

Fig. 1 shows cross-section of the piezoelectric actuator, where
top electrode are divided by 2 sections to form channel 1(Chl)
and channel 2(Ch2). Bottom electrode is uniform and mutual
ground(GRN) to Chl and Ch2. The corresponding internal
electrodes are connected to top and bottom electrodes through two
side electrodes and one end electrode. When Ch1 is driven with an
electrical signal, top left side, middle and bottom right sides of the
piezoelectric ceramic layers are excited. Similarly, when Ch2 is
driven, top right side, middle and bottom left sides of the
piezoelectric ceramic layers of the stator are excited. The
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Fig. 1. Cross-sectional view of the piezoelectric motor that has 3
terminals (Ch1, Ch2 and Ground).
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(a) Longitudinal resonance frequency.

(b) Second bending resonance frequency.
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Fig. 2. Mode shape of piezoelectric actuator.
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Fig. 3. Admittance and phase spectra of an actuator.

dimension of the stator is designed so that two orthogonal modes,
which are first longitudinal, L1(see Fig. 2(a)) and the second
thickness bending, B2(see Fig. 2(b)) mode resonance frequencies
to be equal.

Fig. 3 shows a typical admittance spectrum for Chl and Ch2
where the two resonance modes are seen for both channels. The
second bending mode is in between first longitudinal resonance
and anti-resonance frequency. When one channel is driven with an
electrical signal at a frequency in between the first longitudinal
(L1) and the second thickness bending (B2) mode frequencies, the
two resonance modes are excited at the same time causing the
piezoelectric vibrator to make an elliptical motion. The elliptical
motion is then transferred to slider through frictional force.

IIL. PIEZOELECTRIC ACTUATOR DRIVER IC
A conventional driving scheme of piezoelectric actuator is
shown in Fig. 4(a). The 8051 microcontroller unit (MCU)
calculates position of lens using communicating with image signal
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(a) Conventional scheme.

TIRSHTES

PEIZO —l
Pl
Position

Snesot

(b) Proposed scheme.
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Fig. 4. Block diagrams of driving circuits of piezoelectric actuator.
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Fig. 5. Detail block diagram of the piezoelectric actuator driver IC.

processor (ISP) and controls analog switch IC. By control signal
generated in MCU, an analog switch IC drives sweep frequency.
The conventional scheme should have wasting of resource such as
large power consumption, additional package and increasing
module size, and so on.

The proposed scheme of driving piezoelectric actuator needs
one chip called driver IC. The driver IC includes control unit and
frequency generator as shown in Fig. 4(b). So power consumption
and module size is reduced. The proposed scheme is more
environment-friendly and energy-efficient than conventional
scheme.

The block diagram is shown in Fig. 5 for detail description. The
system consists of frequency sweep control (FSC), control block,
photo interrupt (PI) interface, 12C interface, clock generator,
power management circuit, and EEPROM for infinite and macro
position storage. The control block generates control signal for
FSC, PI interface, and EEPROM, which consists of timing
generator, EEPROM control logic, frequency sweep control logic
and so on. FSC block generates sweep frequency which includes
digital-to-analog converter (DAC), voltage controlled oscillator
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(VCO) and H-bridge. PI interface consists of ADC and LED
driver.

The driver IC should guarantee fast and accurate performance,
so we need some design strategies in driving system. First of all,
optimum lens positioning algorithm is needed. As the image
sensor resolution increase, high accurate lens positioning for AF is
required. But generally, because piezoelectric actuator with
mechanical components is not good to control the motion
accurately and the electrical noise due to driving signal can occur
to lens position error, it is key issue to be solved [6]. Second,
control of the driving frequency to compensate for variation of
piezoelectric actuator characteristics on temperature, channels,
manufacturing process is another key issue. Third, as a matter of
course, small chip size is critical issue in mobile applications.

1. Precise Lens Positioning Algorithm

Piezoelectric driver IC has 2 output channels, which may
connect to piezoelectric actuator (Chl and Ch2) and provide
sweep frequency pulse for compensation of the resonance
frequency in piezoelectric actuator. The operation procedure is as
followings. After execution command OUTEXE is sent by ISP,
output starts providing sweep frequency. It is only one channel
which is internally selected and the other channel keeps Hi-Z.
While output is active, IC keeps comparing its sampled current
lens position data CurPos with target lens poison data TarPos
which is sent by ISP. Output stop if CurPos is more/less than
TarPos. The sequence of Output Execution is as Fig. 6.

Fig. 7(a) shows the operation in case CurPos < TarPos at
entering OUTEXE mode, Chl output sweep frequency and then
output stop if CurPos is more than TarPos. Fig. 7(b) shows the
operation in case CurPos > TarPos at entering OUTEXE mode,
CH2 output sweep frequency and then output stop if CurPos is
less than TarPos.

Once lens move by driving signal, sensing signal is generated
by photo reflector (NJL5901) which combines LED and Photo
Diode. The amplitude of sensing signal is proportional to lens
moving distance. This analog sensing signal is converted to digital
data CurPos by Analog-to-Digital Converter (ADC) inside of
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Fig. 6. Execution sequences.
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Fig. 7. Timing chart.
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Fig. 8. Time Division Driving (TDD) operation.

Driving period

piezoelectric driver IC. Because driver compare CurPos and
TarPos and then stop if CurPos reaches TarPos, this sensing
analog signal is very critical to precise lens positioning
characteristic. Actually, but this sensing signal is very noisy due to
piezoelectric actuator driving signal. Because the piezoelectric
actuator is modeled by large capacitance (about 20nF), hundreds
mili-ampere is dissipated for piezoelectric actuator driving. That is,
the driving signal affects the sensing signal that has lens position
information. To avoid contamination of the sensing signal, we
propose Time Division Driving (TDD) and displays operation
driving signal affects the sensing signal that has lens position
information. To avoid contamination of the sensing signal, we
propose Time Division Driving (TDD) and displays operation of
TDD in Fig. 8. As shown in figure, piezoelectric actuator driving
period and lens position sensing period can be separated to
minimize the effect of error due to driving signal. The precision of
lens position is improved by TDD, namely.
2. Frequency Sweep Control

In this work, to compensate the variation of the piezoelectric
actuator characteristic on temperature, channels and manufacture-
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ing process, frequency sweep method is chosen and architecture is
shown in Fig. 9. The frequency sweep controller received three
types of data which are FreqMin[5:0], FregMax[5:0] and
PulseNo[3:0]. The driving sweep frequency range is set by
FregMin(5:0] and FreqMax[5:0]. The driving pulse number is set
by PulseNo[3:0]. Fig. 10 shows a frequency sweep operation. For
example if user set FregMin{5:0] is 07H data x0011101 and
FregMax[5:0] is O8H data x0001010, driving sweep frequency is
from 315kHz to 325kHz in 1kHz step.

The driving signal is generated by current controlled oscillator
(CCO) as shown in Fig. 11 and oscillation frequency can be
expressed as (1).

1

Frequency = —————— 1
! g 2Cox (VTH _VTL ) ( )

The oscillation frequency is controlled by current DAC (IDAC)
[7,8]. After all, high accurate IDAC is required for frequency
sweep in a 1kHz step. It is no wonder that building a precise
IDAC requires careful layout, so a common-centroid method is
used.
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IV. Hardware Implementation and Measurement Results

We developed a piezoelectric actuator and driver IC for AF on
ISM. The driver IC is fabricated in a 0.35um 2-poly 4-metal
CMOS technology. The driving frequency range of output is from
300kHz to 700kHz for driving of various types of piezoelectric
motors. The photographs of ISM with AF and designed driver IC
are shown in Fig. 12. The total area of driver IC is 3.2mn7’. The
areas of MCU and analog switch for conventional scheme are
18mm?® and dmm?, respectively. The area of designed IC is only
15% of area of two-chip for conventional scheme.

(2) ISM with AF

(b) layout of driver IC.

3 12. 3= 7.
Fig. 12. Hardware implementation.
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Fig. 14. Measurement results of lens position error test.
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Table 1. Performance Summary of Driver IC.

Specifications Results
Interface 12C
Driving Frequency Range 300kHz ~ 700kHz
Driving Current Capability < 500mA
Lens Position Accuracy <3um
Power Supply 3.3V
Power dissipation 2.8mW
Chip size 2000 x 1650 pm?
Technology 0.35pm 2P4M CMOS

To verify lens position error, the lens position is swept and
position error of each step is measured on test environment shown
in Fig. 13. The error should be under 10um to guarantee AF
operation. As shown in Fig. 14, the measured error is under 3pum.

For a single supply voitage of 3.3V, the power consumption is
2.8mW which is less 10~20% than power consumption of
conventional scheme. The characteristics of the piezoelectric
driver IC are summarized at Table 1.

V. CONCLUSIONS

The AF feature for ISM can be implemented as piezoelectric
actuator and VCM actuator. The piezoelectric actuator consumes
static power dissipation less than VCM actuator. The conventional
scheme of driving piezoelectric actuator consists of two IC such
as MCU and analog switch. Therefore resources such as power
consumption, package and module size are wasted.

In this paper, new driving scheme is proposed. The MCU and
analog switch are replaced as a designed driver IC. So the
proposed scheme has advantages of power-efficiency and chip
area. Because of these advantages, the new scheme is suitable
recent trend of green IT that places emphasis on energy efficiency.

Also the proposed solution allows for fast and optimal AF
performance and compact ISM. To achieve the goal, positioning
algorithm and TDD method are used.

For more attractive solution for green IT trend, we are
developing the lower-power driver IC and piezoelectric actuator.
Also we are researching for combination with petipheral circuits
to reduce the resources such as power consumption, package and
module size.

(1]

REFERENCES
K. S. Choi, J. S. Lee, and S. J. Ko, “New autofocusing technique
using the frequency selective weighted median filter for video
cameras,” IEEE Trans. Consumer Electronics, vol. 45, pp. 820-
827, Aug. 1999.
J. He, R. Zhou, and Z. Hong, “Modified fast climbing search
auto-focus algorithm with adaptive step size searching technique
for digital camera,” IEEE Trans. Consumer Electronics, vol. 49,
pp. 257-262, May 2003.
C. S, Lie et al, “Design and characterization of miniature auto-
focusing voice coil motor actuator for cell phone camera
applications,” JEEE Trans. Magnetics, vol. 45, no. 1, pp. 155-
159, Jan. 2009.
C. Kusakabe, Y. Tornikawa, and T. Takano, “High-speed
actuation of a piezoelectric actuator by pulse driving and
stopping of its residual mechanical vibration,” IEEE
Transactions on UFFC, vol. 37, no. 6, pp.551-557, Nov. 1990.
S. D. Yu et al, “A piezoelectric actuator driver circuit for
automatic focusing of mobile phone cameras,” Proc. IEEE
ISCAS, pp. 2106-2109, May 2008.
G Shen and Y. Wei, “Study on nonlinear model of piezoelectric
actuator and accurate positioning control strategy,” Proc. IEEE
WCICA, vol. 2, pp. 8356-8360, June 2006.
H. J. Schouwenaars et al., “A low-power stereo 16-bit CMOS
D/A converter for digital audio,” IEEE J. Solid-State Circuits,
vol. 23, no. 6, pp 1290-1297, Dec. 1988.
D. W. J. Groeneveld et al, “A self-calibration technique for
monotonic high resolution D/A converters,” IEEE J. Solid-State
Circuits, vol. 24, no. 6, pp 1517-1522, Dec. 1989.

xt A3

1979 129 13284, 20053 M4 ¥
thstul HAA 77 8 F (AR,
20073 AleAHOEE ARAZ|HF
BEoR(E A, 20073~ A A4
A7) NEE2E UM €349 doddr
A ARk opdR I H BT
A5 =2 A,

o 2 2

1976\ 102 1194, 19993 dH=Zej=o]
skl AAbs stk s EAh. 2001 3
FojZoltatn  AAF eI EAIA,
2003 3~AA A7 VEEE UM
£ZA AYATY. FAER= UX
g 332 A

1972 64 28248, 199913 A7
AREsrEEA. 20043 FAstn
AAg AN, 19993~AA A

u
T BAHEoks opdEad B EA4
= A3z A



gyl

19743 79 1024, 2000 =&
A SIFEAD. 200003~FA 44
A7) 72T UM £34Y Ao
A IaRokE tAd M3 32 4.

H £ g

1973 129 2594, 19923 AZFstw
AR SFFHFEAD. 20093 A 7Ais
A O] FFAIFTIHFEAIAD. 200083~
A4 A7) 71E€FE UM £549
QAT TR opgza o
T4AE FHE=E A

ol xf A

196213 7€ 1594, 19831 EA &
AAZVAZ G FEAD. 19850 FAH)
St AR sH(F AN, 200203 3
Bt RS SR F A, 1985
~2007'A AH3AAL 20089 ~ A AAIA
7] 71€%5% UM £3498 S99 74

3 =2A M 15 &, M 12 & 2009. 12

A=

1975 1€ 20948, 2001 sk
A71FeEEAD. 2001 3~8A AH
A7l 71EE2% UM &34 Hda+
4 AR opdRa 2 BT
A3z A,

Ad

196413 49 1594, 19883 FQista
AR eI T, 20073 oFFE S
ARE S IFEAAD. 19893~ A A
QA7) 71EFE UM £34Y £4949
T ARk oldEa % uAY,
EANE FAF 2 A

gAE

1964'd 39 25948, 198613 A&t
A AIS-F T EAD. 19881 A&
S AAAIS-FE 4D, 1993
At A|YASE KT A,
1993:3~1998'd LGARL, 199813~20001
Innopoa, Inc., 2000%3~2003'd 8x8, Inc.,

ok ol g2 9 tXE, £AAF JAF = A7) 20033~2008% Ximeta, Inc., 20083~8A] MAA7| 71eEH
UM £Z498 AT, fARoR= ojd2a 2 txd, txdg
AR 32 A7,



