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The Design and Characteristic Research of a
Pick-up-head-based Accelerometer

student : Jih-Wei Chieh Advisors : Dr. Shao-Kang Hung

Department ( Institute ) of Mechanical Engineering
National Chiao Tung University

Abstract

This thesis presents an accelerometer based on-a commercial CD/DVD
pick-up-head. The CD/DVD pick-up-head astigmatic mechanism is used
as a displacement sensor, and its suspending wires and the objective lens
are utilized as the spring-mass system to.-construct an accelerometer.
Furthermore, the operating frequency of accelerometer is extended by
adopting a low-pass filter.

In order to transform a CD/DVD. pick-up-head into an accelerometer,
the base frame and the circuit which is used to operate CD/DVD
pick-up-head are designed in this thesis. A CD/DVD pick-up-head-based
accelerometer is built to research its characteristics. The experiment of
characteristics include operating condition of displacement sensor,
spectrum of spring-mass system, the sensitivity and operating frequency
of accelerometer. The influence of low-pass filter is also analyzed, too.

The experiments demonstrate that this cost-effective accelerometer has
an excellent linearity, an ultra high sensitivity of 117 V/g, and an
operating frequency of 30 Hz.
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% 1 TOP1100S 4] & #k3f P55 3 5 = &4 & & F4L[20]

LASER DVD CD
wavelength 655 nm 790 nm
typical power 023 W 0.25W
operating current 82 mA 88.5 mA
operating voltage 27V 25V
OBJECTIVE LENS

numerical aperture (0.6 0.47
focal length 2.33 mm 2.33 mm
working distance 1.28 mm 0.91 mm

TPk 2 BT ACE) 222 T 0 B - A 2 Mg stk dsd kip A4
HEBT {5 X536 1 A & 4t (polarization beam splitter) » H B 4118 F Sk L B E &
B ARG PR E R Tk S RiEAGEEE T LR BAMET

B0 RS SRR S A B eRaE o

OEIC

diffraction
grating

_L‘E

laser
diode

polarization
beam splitter

CD/DVD
surface

Bl 2.2.2 kgf o5 G MBS F
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kTR EFMTEOEIC): £ TR BMAETE DA S RILLE LG
TR L 5d fRR BRAGLOEET W ED LN DR R - T EFEFE
BENHT 25 Y 45 F e khd spkiod A kgohF R L A LR
EEpaEenk TR B E OEIC + > 4] 2.2.2 #7771 o pt b @ RIp|BAE AL 2 A-F
£ BFRHACEY EEFHRMT G it * CDPEY L2 & o A-D et iz 7
% CD DVD¥ E#* in® s> FIPL AT P @ % ch® B i A-Do it
PR AD m B R AL § TS T DI RS T SR g [ 2 R R g e
BT R T A RERF S AL S L R A T T R BB
Ak € X 3| 7 bR AT R R [23] o F SR d B ARATH (S T S 4780k
B7 o t(@F(b)fks 2 B LB ) ERIERME N 2 H7, 0 20 TERET

Bk gL S A5k Sk B2 B A e d f1A, 8T — el Ae B 2.2.3 0o o

source light

objective lens (a) (b) (<)

(a) (b) (c)

0 0 &
B 223 HETR % T R B
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Fi* e 2 h L TRRPIF LRGSR BHFEL » TEHMAD = BT R PR

F o TR Sa S ScSp BT KEHier BARHAIL 0 TE IR EF

55 (focus error signal, FES) = (Sa+Sc) — (Sp+ Sp) & k& dif B~2p cngr 4 2 3L

“E

BoAA IR FES & o8 % i rbf 24c0B 2.2.4 #57 :

)

-

(2)
@

a4 G

Distance
of disk

+7Z

(d)

Bl 224 = %P ERPIE S RT E B

B 2.2.4 ¢ cha(b) A 7 ki Posf chde AL ATH B ARG SRS RE A R eh
L6 0 F BAEA G A T he g ek iz BlAcB] 2.2.4 c(a)c)Fr o doB] 2.2.4
T o R FES kA ARSI AR 4 £ E o od )k R A
FL2 % S W H(S-curve) o S ¥ AL BLNHIT N FES £ 08 B R R4 M > 4o
F122.4 ¢ ()T 97 » FI0E Ao ¢ @ % BE 6um R B Rk E A R R

Boplobhfhe # T KPP g BB E KA B LB BT 2 P4 B
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SO S W SRR F Y B AP TR kR R TR o
3 ESE(VCM): 3 B Bt E i Bk ch- i d A A BB AUE

L H

i
e

BHER S AV DRI BRS S AT FAPLORE R b Lehd KA
BHEGEF 0 R ALY G B EEY O RARA LD B AT
WP ABHBFETRET A FORR@ T B Eadd 2 ER

Bl h jnad ot » ¥ B4 M R ATRE R E A - [24]

-
a
=
o
*

&
-in

LA B Y el BS 2 4cB 225 417 0 HA AT L 295 £ A B
fhe g BlS Eo Bt g AR P A E T a S Ta g A2 P T ARE A

AN X SRR ISR LI ERTaiE ¥ 8 3T ST SR PR ey

F_L

B Lo B RPH I AR 5 EA L AR BPREFHE b i
¥ - phe chy BlE R U] BESLEDE fude (T Bl e AR PER Y P E G A B

g B 5 ET BT -

%2 ke g BEEF AT [22]

DVD CD
Focusing actuator
Working range +1.0mm/-0.55mm or +0.55mm/-1.0mm or
more more
DC resistance of coil 4.5Q
Tracking actuator
Working range +0.4mm or more +0.4mm or more
DC resistance of coil 420
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AR LR PRRET D TR DA AIE L TG RILTRY R
EIREERI L Y - Y )G 5 B (shock) g Rl E 0 B R R E S AcB
232%7 > R AF R FE BRI EH(EF)APF BT HRLAEL %35 8
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RO E R ek 4o 3.1.3(a) » H- dm s Bt b 4 PR AcR] 3.1.3(b)# T o
HRAEOER A7 A0F 20 AR TR LA R L L E T 6 7 ET

> 4258 (3-1) -

28



(a)

A
A

ALUITNRUUUNU NN

o+
S
J!
(b)
Bl 3.13 B A
R 5
6= = F- M
3El 2El
2
0= S F+-£—M
2El El
4 (3-1)
E: = ki
I ff e
me%,{%fi
F:img B fgsgss
M:mg BB i
d:mi iR

5

\

£ 2N (3-1) 18 B B2 4250 (3-2)

(3-2)

29



PR AR N(B2) e 4 e 2 B enRl il S e k B4 2 Fl T e

IR 4819 7 4250 (3-3) ©

k:(leL]: 12E(T),) :[357”4)
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B ST FHRAE AT R A T b Bl Gl 5B R
Rl £ %E BRLL443mm > £ /Sr 5 0.04mm 0 [ X G ficEd St FLp
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MR EH T R028 2500 23 B 7 D] B Gk 53245 N/m 0 gl 38
IR & Sl R e S (VS PR e 2 R SR AR S
BlE £ E L58HZ + 5% 0 5 AN mes3.7% 0 iE AL R FT G

&R S e Rl o 2 g e pe R R 2 JRAR e T IR o

3.1.2 AR R
AR RIS 6 R F B PR 2 e ROUR R f B R IRE TS S
422 &z g B EFE R ETS 8- &8 (laser diode, LD) @ 2 & 17 » ¥ 3

Bodl A-D v B % ek F R R R AT Bl end RIUE 2B {49 5| FES B kR

TH-OIEMOE T e 2 HEFEIR R BTIES] TRAEREN S E
TR ;ﬁd AR BeEp ¢ v T4 T $ 2 & 48 (monitoring diode, MD)3E B~ ¥ &

FHEH-_EBHARDTRE KT I80mV 51 TR E - CD 2 DVD kikhz § &



= 1482 MD hRE iAo 3.1.4 #7r o
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2 B ETRUELR] S 2 B R

- F M TR

Bl 32,1 FITTEF B

31



P Al VOM 3 (138 R 5083 40 RS Rl A B Sl b 4 B

AT T RIS PR T A B S DVD &2 CD 3 7 kb § bk
B AR R RS R TR T (s A u P B 22002 H T
R 200Q2 7 R P EF BB - WA il RAF > #F - 1R

BWORBEIE1 FRE > TR - BH A>T Feng 5k TEBl4B 322

220Q 20002 DVDLD

220Q 200Q2 CDLD

Bl 322 7 5= &M TTRE

*— T AT R A FES B0 KRR B4R 323 477 o AT R E#

32
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4.1 vk HPEE kA
Bl AT E G o e PR AR Y RT3 A LB RAE
AT It R E o @ % BT AL 5 Piezomechanik 2 7 & fhfg K 5%
@ 18 % PSt 150/5x5/20 - ¥ e (T B 5 -30V 2 +150V > > 745 20um > A %
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Fig. 23: Stroke / votage diagram
—— uni-polar operation 0 V/(+)150 v
—— semi-bipolar operation {-)30 V/(+)150 V

Options
Position sensing by strain gages

Spherical end-pieces
(up to cross-sections 10 x 10 mm) (Fig. 24)

Low temperature operation

Cryo option 1: special coating

Cryo option 2: electrical contact by kapton-
insulated Manganin wires for
minimizing heat load

Fig. 24: Actor with spherical end-pieces
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Other characteristics:

Temperature range

-273 °C thru approx. +120 °C (depends on coating,
see below)

(beyond 100 °C, PZT-performance degrades
reversibly)

Coatings

standard: green, high quality powder epoxy-based
encapsulation

temperature range -50 °C thru +120 °C

vacuum / UHV grade thickness up to 0.5 mm
Special coatings optional eg. for cryo applications
thin coatings for stack packaging

(thickness < 50 pm)

Properties of PZT-ceramic
Piezo electric charge constants

ds; -290 picometer/Volt
das +640 picometer/Volt
rel. dielectric constant & 5400

Curie temperature TC: 155 °C

(modified PZT for TC = 190 °C on request)
Density: 8 g/cm?

Elastic compliance si; 18 x 102 ma/N
(valid for short-circuited electrodes or voltage
control)



