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Astigmatic Detection System: New Tool for
Precision Measurements
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Ing-Shouh Hwang, En-Te Hwu, Kuang-Yuh Huang, Chia-Seng Chang, Hsien-Shun Liao, Wei-Min Wang,
Yen-Hung Chen, Ching-Hsiu Chen, Chung-Hsiang Cheng, Hsuan-Fu Huang
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Astigmatic detection was originally developed in the optical disk recording technologies to detect the defocused
condition of the disk away from the optical pickup head. Our team, comprising a group in the institute of Physics,
Academia Sinica and a group in the Department of Mechanical Engineering of National Taiwan University,
has discovered that the commercial DVD optical pickup head has a sensitivity to detect linear displacements of
sub-angstrom scale and angular changes in nrad. In addition, the detection spot size is smaller than 1 ym and
the detection bandwidth is higher than 60 MHz, thus the DVD optical pickup head can detect high-frequency
movements of small objects. Furthermore, it can be purchased easily with a low cost. This opens up various
applications from low-cost education and training tools to sophisticated research instruments or equipments. In this
article, we will describe the principle of astigmatic detection system (ADS), development and applications of the
technology in precision instrumentation, and world-leading ADS technologies developed in our team. We hope to
cooperate with other scientists and experts in industry to broaden the application of ADS technologies, and to even
bring forth new technologies and industries.
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Objective lens
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EREDCEENE/ - EREE > AR EEGERR
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GEEERDE B 2R A0 E 1(a) P - B4
IR & 2 RO R KRS T FR—Y)
54 (objective lens) BEEAFFAIY) R E - SKHHE
AR EEMBE - B EEGEZHA
(astigmatic lens) » 5 ABEHEE R SEREGENE -
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e EE A LA I Y 2R 1A A SRR - SRR
i B2 R AREL A Bt A B L - HRRRI R
42 SHERR - A EEERREIR (focus error
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Seps = (Sa +S¢) = (Sg + Sp)

Hrfr S, ~ S~ Sc 82 S, R ROLEGHIERZ A~ B
C 2 D a2 ek - FES #H8fr] IR E
HIRFRIYIAE R el T B RS - ERrlYIER
T AL AT - SRR 2B EIRE - LI Speg =0
EHNYIRERRRE - SLE 2 AC FAEE BD 1A
WEE - iR BEFEAYRERE AZ Ry EENE - HEE i
HEHSR T Spps > 0 B Speg < 0 AN 1(b) AT/ © 1M
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2. (a) B AR H KB A K3 X AT RS AFM 12345 » W SE 5 X Sum » FH#EZ 0.6 Hz © (b) £
T E RARATE K EFE A F AL K AT AFM AZ AR &% > R 58 S X Sum > % AZ 035 Hz ° (c) & F
BRI F A AT BARSE » FRSEE 1 X Lum > R Z 0.5 Hz » (d) 48 8 7 & LR K
A K B XIFR L B4R FRSEE 1 x L um > Rk E 0.5 HZY -

Sers Bl AZ ZRAREIE S B - [KIHSERE B S-curve © IR AT R SR A A E TR M i
S-curve H oA i R] A A B RS B A BN - (B2 E R EHERRAIT R LU 8ok
(9 —RHIF DVD S EAEER R M E ARy 6— FEEAFORY « R W ER A CD
8 fk - ELSHINEEE R R B R T A B
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(a) (b)

Sres:(Sa*Sc) —(Sg+Sp) =0
Sy: (Sp + Sp) — (Sg + Sp) > 0

Sres:(Sa*Sc) ~(Sg*+Sp) <0
Syt (S +Sg) — (Sg + Sp) > 0

Sres: (Sa*Sc) —(Sg +Sp) >0
Syt (Sp + Sg) — (Sg + Sp) > 0
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SKHEFEIY) 5 EAELIERE - 20 3(a) A I
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BN HEES 2b B —Az Z0E - HDL X @ik
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X iR s O A — AR g, o BLIREERER Sy KRR
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Astigmatic detection system Z
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14— integrated chip
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Measured Object
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126 R A RS B SOR 2 43 1 Ba D = Bl 7y - [IFsF
hFE—EHENEREER - KRS IIEREFE R
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] Sample holder
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Buzzer

Scanner upper plate

Carbon fiber rod
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(a)

Scanner base plate

Displacement (um)

(b)

8

6 Disk buzzer Piezo Stack

4

2

0 |_Tube scanner
-2
_4 | Nonlinearity of :

Disk buzzer = 2.3%
—6 | Piezo stack = 4.2%
Tube scanner = 1.2%

-100 0

100 200

Input Voltage (V)
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BE WX BRE BB (piezo stack) FKIHE » M H 2
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K REREED 51 » FEEE BUE R AT R T B e Fy
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10(a) B (b) Fufsd FEERSEAS Fr = Hili B dh s
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JF TR R D BREAE K S T 50K
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3. BN EREBASEERM
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1| ——Remove
o= A 0 U ' i e i 0! . . . - ! ’
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X (um) Z displacement (nm)
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Ml - It o B SEBEER GEUR I
Rt RO H R AR E OB ER
i FRIRCE - A0k —2K » ST AR ARIER] -
FEHR (TS BB S5 E B e B R A E R WA
o IR FER A S E (MEMS) TTCAFRRIHE R
R B R BT - AEIBRE R DVD HER
FHEIVTEB 2 — B AR B R BOLRS - SN ANE
13(a) AT » HEEEGEIVEA L FE 6 Rs - BE
Vit - & 13(b) B2 (c) R A& RHE S DVD
EEVEEEH R SR DL ARM BRET - BRSO B R
TGQI HAEEME - BB CE A AESTREBIAE
BRI - DR o B (R & O e B AR
i BEEOEE G 2 BEEUR T I - IR
TR AFERIERERME - 55— 751 - Bt R
REIE R G BRI IR T 18R - EKH1SEE]
TH IR R X RS R s -

4. BEEUIRENE R R A

% FE A (microelectromechanical systems,
MEMS) FrEttEE R 25 EHRRERH - Al
HETZ AR ET 2 - R GECOLR
H MHz RESEFHEE - REURROLES - RIELAT ¥
PR TE O BB TIRBIRE R Y - [/ 14 Bk
EEGEGHRIGURBI RIS K ZEHEE" - &
TIRHE B ORI LB O EEMEY5 » Ik E
HEAZTIRE - R ERIEERY CMOS ot
W GEEFOER Y S EFFEY) -t B —
FEMIRENIR (PZT actuator) IR (MHEFE AT
ZAERGER) - BiE B ERIRF YR EGE (thermal
noise) » AZEEEH AR (DAQ) » R HE
SERE P BRI YRR T L SRR - R SR B
Mg &EEH -

15 BB A ERRMERER (F 100
K £ 500 fOK) AURENE G SE - HRHE AT &l
BA NS FGEHZ B - B 15(a) RIEEA ST
T2 3 B SR o PR AT DU 31 I SR HEAE B
HREELIBIUT (FRAR) » PTE 2 (H L IRIERE © 751
BHRIEIL S - AT AR i 2R — SRR IR RE (AR -
15(b) RHRIRERR - HEHHEAE A AL
B EIRED T AR E B R — R AR

(i) - BEGEURBIE IR A H A AR E
R A R AT BRI - B
7 SE PR T A AR b ARG - (F Ry b
PIRE) (AEIRED . BB E) IR -

5. Xz S e B ETRE AR
AEXE 2009 A R EE R E S A G
HETRRE R A LG ZR AU EE A ELEUM TR T
B2t (Technical University of Denmark, DTU) #17
BEEE - FIRAGEEOEERENEN - R
A2 (high throughput) R AELRIRRAE " - 1
[E SR A B FH SRR AR R B R Ry (R IRk A FH DR I 2 1L
FIE - mTERERRYRZ - RIDAME— DRI A
NG ATEE R R TR E AR - H
X ELLEETRIRRERE - EEREREFIEO

TGQI surface

Graphite surface

13.(a) BB LB ALHGZGHARTHEEMK
RERBA ; (b) AR EHK S TGQl £ &
Z R WA (L% 30 um) WA
BB EEHABATER ; (c) BAL B R
LTEAP K- 7%
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Lab View
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B 14 LSRR R NIRH TR AL REE -

10710
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IZ1E:1875) O e K DRE o EB= e e [0 A=ty it & AP S
B2 AV OE A A e i R B R AR (IR REE
BT ERERENEE Q0E 16) - HRNVEERE
[ A LA - FELRr E AR+ o B g
MR RERRIIE ] » EMERERT » MEk
= Rl TR E < AR LAl - AHBRHA L -
AT » FEDOEEBE R FETRE R E R
P 0T R B R YIART -
REFEE I M ERIZR - BRENFRZER - HH
FEHOEES L EZ —FJHHEE IE (alignment) » FEFE FiikE
HER: » A 2B ERE A Pt ERE
— A RET A IR B R RS TH%E - AL EH
S AE AR = e T EE DURE F A= B B b A ksl 52
.+ T B2 A AR A 1T & - Bk T &
J7 AT E B R o

R s I B E— R PO R AU PR -
L Enl e B A S - 20 17(a) P
ARG EEOEEERNRTUE TRRE R RIT Z Sl
R HRgERER &M 500 ARDL B2 B
R - bR T RRERE IR AR - RTEAE
WFRME B - 35 HRR B 1R 2 B R Y
i AR M T ABHIRREREE AR E
o BB ENRMAAABR N ETOEEREAK T EE
ZIEEEL - (1) GEEN R ERE R R A
EHIEA 5 BENARE KBRS EZ | (2)
100 MHz Wl EHE - B U —ERL LRE

Disc

RZEHVET] 5 (3) DVD SEE AR E SRR
/N (EAEHT Ry 560 nm) » 52/ NFOLTERRE AU 5 OE R
(EAEHIR 10 pm) > RICRACATETT 3 S B RUE
SEU/NRSTHREEREZ & 5 (4) BB IT E R E
DVD SEEFENGE » B R RE B B R R A
EEpa o NILFEEENIS 5 2 B E A KR -
SR EE R - e R E A (R - R
HERE ~ LR IREE Z BEAIREREEG - &
AU BHCRM AR I E Ry s A B falll ~ 1%
SRR TEE  BRETEMRSE SRR E R

6. aES NEHEGHIEFHEME

JFF Bl REAE K AR AR AR G E oK
WEcB - BREETHEMIEEEHR - (BEH AFM
B/ KSR I BEEAE - FREVEY) 15
WehgE - RI VRSP TR BRE - A B R ZE D
SENEF T B TS TR B - 1N - 42
VIR RAI DI RETR &l — LB R EE A e - (B
—fi AFM fdfiis A8 - IR AR 0.1—10 {5
Tk EE IR 256 BRIFHIRATIER - KR
FoEEE A EA RIS IR - HERIEREEE
ByREERR A - RIFREE S M —RDL B Z I
AR (frame rate) o HATTESH AFM » Z05RHTHY
Bruker FastScan * 57# 20 Hz iR e 23 Em
JeHl 1 Hz Wi BaE - 48 100 Hz i@ iR a1
ZHBE - —REB AT —2E ) Asylum

Objective lens

Beam splitter

Cylindrical lens

Quadrant PDIC

16. MR FAZT AR A K TEE -
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200 um

Bending analysis Resonance frequency

2 —

2 ' &
P F q | =l el
£ 1 | : =2
° i ,-I— L -_ - 0 — é‘
[0
m <

— -
: 1000 2000 3 2 5 5
y (um) Deflection (um) Frequency (kHz)

B 17.(a) SR X Aiknlat 5 EaeE (Y o (b) sedd A LRl sE A i > B0 S ARBE AR R A KR Bk
o) BREAMBERIE  AoRA T TR EEREERZ RABHRE - (d) TAHE—REHR
ZRIEAE S B LTS @R A REIRIAE 2 AL o

Research HYREMEHER] Cypher tHEEFFE LR R EE = ST BERUE AFM Y —(E R S 2 B A R
KB - HAE — 508 RIBM K H & /NTRRE IR - R H A HE SR IREE -

R E2 Toshio Ando FHXE B HIEH AFM » H H PRSEIRIFIE (AR ~ S8R AHGL) AR e B

i T AR TR I EGE R » 7 200 nm Frfii 0 [E & HIRAY I IE LG - St & iR - DERUE

l:EEI B 100 ARG T - —F B m&a#@?)ﬁ%ﬁﬁ%ﬁﬁ%ﬂ —i% AFM 8 AR

25" 3 AFM BRI EAZR (ms) & LR 30 um » FEARAARALE 350 kHz DLF

,f& B SRR e —-TELAL - M= AFM B VBB R 2 £ 3 ym >
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HIRSEREF] 1 -5 MHz - THEEHE AFM 2%
F AR ZERE - A 3R 2 — R R B S
{EHDEEENER 3 um > DUEEIG NSRRI
R WEROEES B S AFM B EINRZE S — - 8
BN R SR IR R (E R E S - — % AFM
i F 2 O (R (E I #8 HAEEEIE] 1 MHz DUF >
= AFM f FZ G ERIER A 5 MHz - SBEHIE
BN ATE IR SRR S » (E RS RYRR BT B %
(alignment) tHFIAEE - 52 EH AFM S EHNS—
THAZE -

DA b 7 7 R 32 2 B HE AT e AR AR 2R RS 9 R
Hil - AEAF R B SR AR A R B S - Hoe Bk
#1560 Z5K K AT 60 MHz 5% 100 MHz {5314

REEZ2HER PR @ HEERIES5EE AFM fi
PRAZOCIEAREHRT - i EAFERF RS R
Ot > ERBETECHEENE - ARxE
10—20 JT ° $RA T BB A IR A 7 S B I BE /N
MER - BEHEIRER  GEMEEFIIR AFM BE
HOEE - R BRI A EEN D ERE -/
T EMAEE AFM [ —REE 2Ry - HMpTE R
ORI R HIE O - CATAERE 125 nm &
ZRER - WEHEEEIR - 52 SOUERR
TERTIEEE SN o K CER AR T8 T Ryl
AALEAR - SRR At —(EAHTHY R IR ES -

& 2013 SFEAREPRBRLE DOCER R I R 0 Bl
R FE T EME - B 18(a) REBEEHEBY

&1 AR#KAR R 38 F24R e R ARAT AR R B LR

(Conventional optical detection)

GEEOERS
(DVD-OPU)

JCERE R A

(Photo of the detection module)

Lt Cylindrical
lens
Convex lens
[ ] Polarizing Laser
(Schematic) beam splitter
Collimator VA
Objective lens v !
X
Tip Sample Mirror
SR JEAER JeBER
(Principle) (Beam deflection) (Astigmatic detection system)
EH R A
E=] ™ S -
(Detection spot size) M=at o 0.5 um

1S
IS USD 10,000 USD 10

(Cost)

= 5 AT
(Detection sensitivity) HHIEI 0.03 nm
R B
(Detection bandwidth) L5 MHz 100 MHz
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GO 2H S EBEET (Nanoworld $2 » & 7
um > E 2 pm HEE 0.1 pm) ZEEEEG - WAlE
B R FHOLER R ENE - E 18(b) -
18(c) HIZR » BEEE IR AT B IS H BE ST
=# 1.8 MHz By —ILIRAEE - FRMH e
BEPEE EE 5.5 MHz B 5 — LR -

19(a) — (N HIREE &S F S E R &t
R EMERR - Wi LEREEE
PAf b — i P B R U PR B (R IRAE R 300
kHz) BAHARAERESE 5.5 MHz 2 SIS E A
R ERREAG R - — P R e R
R 10 Hz (EIEF 10 GRIFHR) B fmELE
2N - EE R 2R (B 19(a)) 5 WHEE
Ry 25 Hz [ > ol E B A A RS L3RE
EamrvE{b (& 19(b)) 5 fmfiEAE R 50 Hz Ff - Al
s (B 19(c)) » BB 5.5 MHz Z =48
VESHTE - fiEEE R 10 Hz (B 19(d)) & 100 Hz
(I8 19(e)) I » fREIFAAREMWT 5 R TR E 200

Hz ([& 19(f) > fFEE MREEPAZE - Biliaa®
BUR > SRR ST B R SR S R R O
H - FEHECRIEEREIR EREP AL - LE
SRfEZE R T - R AR GEEUE T I
PE T EHERYEERE - RARAERER R HUKA T PR
Ktk A T o

I BEAERREARKZREKE
=4

=

R H SR R R A 8 (% B A
£ R REERRTOER - F = kaz o
RRAEHTEH - HREAYESNERHE RS
FHE A RN A e B G EGUE AR
R - RPIRE BEIRF AR T ~ D22 A fEH - 40
RS~ 1D~ USRI A] F L SRR B S
—HRMERR AL MSE] - B AFM KDL EHIZE
e —EPT o AE(TYE R I REE B RS -

18.

(a) 1L (b) A RE R EHEZ
REHR R GEEFRART
BHARE IR RT MM
BRFRH 7T x2um- B (b)
B E R BB Z AL TARE

Amplitude

BELEHAL o (c) M | 1760000 1770000

SRR R -
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AFRGERARCER AR - K EFIAT
IR HH A e S A M BH B Bl ] B FE P EIR 2 2
B Ak R bR e e i - A R 2 TR
A AR b E ORI -

B BRI SMR 2 B R H A A R EE Rl R
[A MEFEARRE - HESPE - BB AL
BEHESEERDEE ST L SEERREE
EAFNFRAT A & - LA R AL - DUBREEOEERE
IR R B DD ER RN - $2 01 T P EL RO
RGHE - B E RO R PR 23R
5o PN > ORISR RABIRS i R IRE) - (2
RE R R R BRIRE - PR HEZIIA
N BT IR S (BRI AR - H
ERSDEIT TR BB BRI HEE AR SR - R
ZHER GE 1) - HEORHE R Ry EE ] IR B
FRRTORPHY > R RERE T8 - (e s
B —RERRRHEAT -

aun
cH

HARBRHAKRBERAMAESE BHE F
B 5 R L BT R e B R PT % F R G AHBY 0 A
HE P Bt R AT B R AT H 3R (AR T R
BETFTIHE) ARBXSFY 50 SPM 47 H
B P A= -

BfaE

Ak 1 BRI MEAE FOR T AT AN - —iRE
BEREE-RETEE @RI —HE
FUBEE > s SRIEE T EAE - IR
BRRZE MRS > ERENEERSED
- BEZ AR EE(L - (HEAFRE
{7 1 P AL R A — 2 SE RN R Z AT 2
MR fERE e AN E) - ELEE I 2% - e

19. HRGEUARTHEAMREZER T AFEBHREAFHAFERSZ RGO HRE » BELEL 72 um -
(a)—(c) &8 —AZAR 4t (SEIRIE % 49 300 kHz) > (a) »A 10 Hz 4744 > (b) ¥A 25 Hz & Z 474 © (c) ¥4 50
Hz & Z 478 5 (d)— () &M IR E S 5.5 MHz X 383K 4 0 (d) “A 10 Hz FRAZEIE S 0 (e) A
100 Hz ik & 3F4s () A 200 Hz 3k E3FHs o mAr @ iFfe A m Wi T P17 B iF 24 2 82 B At

PRIk bR E ey L
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] e 97 5 ) i Bt 3k B e 8 T 1 B8 3t 7
SE o SEEBEERAR B E R - %
P fr e BE T DA 45 83 28 S oK DL AR 7R
gy HREER  HRFHE/N - HERRE
HEA R — R PREL - 5 L2 P EE Y 2L
# (thermal drift) ¥d52 - B A V) 8 &1 E
EME WEAEEBEAE - SRR
hE BB Y e GEREMEE) - 22K
WG E A S — R BRI E) - — R E
B = AR AR LI - B E RS A ORI
k&) - WRKOTAEYEEmEEE - WAE
By WOERVE  BEEE) - sURANR AR
TR PEAE S » T RAVIRENSE R+ SRS
T E AL RIRENE AR« FRIEZIEM
EPRIRRA - A5 AHRBER R AEFOR I S R E]
FRAFAE » BHE BIHKNRE H E A 8 R i B K
F—ZARER BT - BEUB &R A]
DLE T MAET A R IREI R -
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