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Abstract

Atomic Force Microscope (AFM) has nanoscale resolution and can be operated in
ambient, liquid and vacuum environments. These advantages make AFM widely used
in the field of biomedicine. In order to image dynamic biomedical phenomena, high-
speed AFM (HS-AFM) requires a cantilever detection system which can measure ultra-
small cantilever with high resonance frequency. Commercial astigmatic optical pickup
head has advantages of small laser spot size and high bandwidth, which is suitable for
measuring ultra-small cantilever in HS-AFM. The sensitivity of the cantilever detection
system is crucial for achieving high imaging resolution. In this study, different optical
configurations including changing the position of the collimator inside the blue-ray
pickup head and replacing the light source of the red-light pickup head with a stable
He-Ne laser were tested for optimizing the sensitivity. The experimental results show
that using the red-light pickup head with the He-Ne laser to measure a gold-coated
cantilever tip FMAuD had a highest sensitivity of 0.65 mV/nm. The peak-to-peak noise
of the system was 2.72 mV, which corresponded to 4.2 nm in displacement. The
displacement resolution of the modified optical configuration was higher than the

original red-light pickup head.

Keywords: High-speed atomic force microscope, Optical pickup head, Astigmatism,

Sensitivity

doi:10.6342/NTU202302879



F AN 0] 1 - (01 OSSPSR TPRSUPPRN Il
IO OO \Y
BB B ettt Wl
Fe B et e e e e Xl
E L OO 1
L T B B e 1
L2 2 B e 1
121 AFM ZBER 2 JTE et 1
1.2.2 HS-AFM Z_ZE B oo 3
1.2.3  GATT SR B R PIZ oo 9
1.24  AFM R EF B BI R AT coovoeeeeeeeeeeseees s es s 13

L3 T B e 16
LA P E B T e 17
F2F R BB RIZE BATE e 18
21 AFM RIZEIZEH e 18
22 AFM ZEH F 1T H 3 e 19
2.3 B R AE A e 21
24 KRBT AR EER B A BL B AT e, 22

doi:10.6342/NTU202302879



IR S I F B on 26
31 AT B 3 R 26
3.2 I H T s s 29

321 £ A T B IR 30
322 BB BB H s 31
32.3  REE AR E ) 32
324 KEL T T A ZE et 33
3.25 AR Ao 34
3.3 B R T e 37
331 F T et 37
3.3.2 B R TR B et 38
333 BT FH B IAI B s 39
334 FBFE A T B 41
335  ZBhH AT £ s 42
336 A Foieeee et 43
B4 BRI 43
341 KGEEMIEIE B BIF B 44
342  BATE BRI Brevroiieeeeee e 45

B I I I OO 48

4.1 B8 BT AR B B B i 48
411 KGRI B RIF BRI AR e 48
4.1.2 R BT B B B et 49

doi:10.6342/NTU202302879



B2 BT B BIF B oo et e 58
A.2.1  BATE B B B i A e et 58
822 BTATE BIBIRE F oo 61
423  HACE BIBIE 2B e 75

F TR BE A RE T e 78
B 2 P 79
A A A R PR ER AR F 82
4 B F & T IR A (HNLLISOLB) oo 83
#1445 C PDQBOA ......ooveeiveeeeeeeeeeeiesees st ssee st 85
s D R B AE £ 2 F (FMAUD) oo 87
Rl S e R - I I A (X 0.0 ) ) O 88
R e - T TR A (<101 |V =1 [0 N 90
a5 G MR B AE £ 2 2 (MLCT A oo 91

\

doi:10.6342/NTU202302879



W B &

1.1 G. Binnig 2 H. Rohrer % 4 B4 2 STM B 47 & F[1] © coocirrtimriiin 2
Bl 1.2 G. Binnig & C.F. Quate ¥ * K3 2. AFM ZEHE[2] © i 2

Bl 1.3 C. F. Quate £2 R. C. Barrett % 4 B % 2. HS-AFM 12 3 frames/s & 7] GaAs

MESFET B 53] © woovroeeeeseeeeessssesssesssssesssssessssesssssssessseessssssssssessesesssseesssssesnnes 3
Bl 1.4 S. R. Manalis % % B 2 2. HS-AFM 75 % BI[4] ¢ weooerrerrereeereesseeeseeessseeneeennen 4
B 1.5 S.R. Manalis % A " 4F 4% =38 & 3 mm/s #F4s 2 T BB 4] - ... 4
B 1.6 M. B. Viani % % B 5 2 73] HS-AFM 2 5] © cooccrvevrnnscnnsssnnessnene 5

B 1.7 M. B. Viani % 4 724 # 5 HS-AFM % (a)5.6 #) » (b)1.7 #)3p 42 2= % &

DINA I US5T © eoreeeeeerreseeeeseeseeseeessesseessssessessseessesesesssesseeessesseeseesseesseeseessseseanees 5
Bl 1.8 T. Ando $ 4 F74 2 #4624 th 4 B & 5578 R II6] © cooveverevereeerseessrsrssssrn 6
B 1.9 12 12.5 frame/s g B = 3 I Fe VI ZEH LG 87 % PEH[6] - .....7

B 1.10Y. Suzuki & A B2 B @2 F 45 Fh T2 () AREB > (b)FARBI[7] - ....8

B LS ERRB2@) 22 % 2 () XE Y B [T] 0 ooovorerrrereessessseseseeeessenes 8

B 112 S. Fukuda % 4 B % 2 # £ 3 HS-AFM # () 2% % B » (D) 5A8 2% H7 &

B 113 = % 4 G2 R @R IZA & B> ()R EHE 7 2§ - (O RARFIO] -

................................................................................................................................ 9
L = - I Y 10
B 115 AT 4 BB 2T R © e 11
Bl 1.16 BUEZEZ 3UE D BB © oottt st 11
Bl 117 A TRl & su2. HS-AFM(a) & SL7E 18] > (b)F 7 HRI[10] - ... 12
B 1.18 & * pchd AF USC-F5-k30 %7 I #rde i & ™ 2. 82 1f(a)10 lines/s > (b)100

TINES/S[ O] © 1ttt ettt 13
Bl 1.19Y. C. Shiu B 5 e B R i) & 52 (a) L i 18] 0 (D)X 2 BI[11] o e 14

VIl

doi:10.6342/NTU202302879



B 120 A. T. Wu B 5 crpcR BP R B % o2 (a) X B TB) > (b)X 32 BI[12] © v 15

B 1.21 S.S. Chen B % el BF RS iB] 4 se2_(a) X EL B > (D)ZK 22 BI[13] o vovvennen. 16
Bl 2.1 AFM 5 Se2E 4577 BBl © oo 18
Bl 22 MR AL S R T (5% 4 B prats B A BI[14] © v vesesees 20
B 23 ()& ~ O)2HBANEOOERSFR TR o 20
Bl 2.4 BB RFAE AT B BBl © oottt 21
Bl 2.5 £miTimplE>@%F 7 Oykizr? £2RF LB16] e, 23
B 2.6 t(@)z # ¥ 2(b)k? 2 FAE L B[16] © o, 24
B27 @z 7 Eb)k? 220K LE[16] o 24
B3l ELHsg(@is o (DP BEH 12 (O LF g o 27

B 32 AR g At LR 2 () X 0 D) E£H BT 0 ©E£H 5T

I E A E B (A)F 5 T RTEBEET o oo 29
3.3 () AFM S48 % ] > (D)AFM 5 382 4] © oo 30
B34 5 % F BT © o 31
B13.5 BB B B EBH © o 32
3.6 % B0l I B HE © 32
B3.7 () R 2 (D) R BTF RBF T Z B o oo 33
B13.8 R FRL ZEHHIE © oo 34
B13.9 ‘o k3h Posp * OB AF SR (B 0 (D)5 VB R o s 35
B13.10 Ffpeag ¥ Mo A8 @) > ()5 SR o s 36
B 301 BB AR B T 5 0 s 37
Bl 312 7 F 2R3 B ETER © ot 38
Bl 3.13 PDQB8OA © ..o 39
Bl 314 Z $h/R T Z_ImT 5 0 e 40
B 3.15 B-665 #4578 B © oo 40
Bl 3.16 B LA B o oottt 41

doi:10.6342/NTU202302879



B 3.17 (@)= k@ BEpa*x TE ) D)ERFFFEITA T © i, 42

B 3,18 Z ) S 5 0 covvrereeneeeenesssssessnes s £
Bl 3.19 PXIE F71 1% 5L 0 ittt ettt ettt b et ra e b e 43
Bl 3.20 S35 2R F B EHER] © oo 44
B 3.21 % 5,f‘:E.L%'é%éléi’%%,if‘Ebt{é_i?:'l?%%‘?ﬁ? FURE 2 o i, 44

B 3.22 (a) i 3 Posf > (D) FXFP5E ~ (F Rl Borpec B S8 12 (D) 3

TR AT RAREBRITREREF o 46
B13.23 AR ERIFA&REHET MBS B 322(d) 5 B o v, 47
Bl 4.1 K3 B3 FIRIF BRITEAR © i 48
Bl 4.2 K2 F B PRI R 7 B Bl o it 50
Bl43 Er FERIEE TR o e 50
Bl 4.4 i R BB IUAE 1 BB T 0 oot 51
Bl 4.5 FRFEEEMIIE BERIEE o s 51
Bl 4.6 FRFPepecB e A Ml BRIEE o 52

W47 45 35 kF B " ()40% (b)60%2 (C)80%F 4 L3y F 54 5 2.3 fe

.............................................................................................................................. 55
B 4.9 PDQS8OA B & 27 ik £ B 2] © wooveoeeeeeeeeesee e 56
Bl4.10 FATRE BRI E 77 BBl 0 oot 58
Bl 4.11 ()3 I (D) & TL 2 FES i o oo 59
Bl 4.12 FATE B BIF BRIMAL © ooeeeeeeeee ettt 60

Bl 4.13 k@ Bog @ ¥ HR A4 FMAUD 2 ()RR B Rl % » (b)) 123 &

Bl 4.14 =k PEp i@ * o A 4E 4 FMAUD 20 % SL3220 ) © o, 61

Bl 4.15 ‘o %3 Bosp it * AR AFEE 4 AC240TS 2 ()@ 50 BBl 5% » (b)RIEdR
IX

doi:10.6342/NTU202302879



B 4.16 iz k3 Po2p i * Rt BF4F 45 AC240TS 20 5 SLR230 M) © et 62

B 4.17 ‘o k 2§ Bogf ¢ * AR APE 45 SCM-PIC 2 (a)& 57 £ B2 % > ()% {i

B 4.18 ‘iz k3f BrEp g * PR AR 45 4 SCM-PIC 2. % JL32 30 B © oo, 63

B 4.19 'k 3f Bogf @ ¥ AR EFIE 48 MLCT-A 2 (a) % 50 B £ 85 % » (b) S 15 &

B 4.20 ‘= kf BrEp it * MR ATIE 45 MLCT-A 2 % SL3830 M) © v, 64

Bl 421 FhF B * #R A4 FMAUD 2 ()RR £ Rl2 % > (bR |12 L

BBl © ettt ettt ettt ettt 65
Bl 422 FhF B MOBAIE S FMAUD 2 6 3230 B o e, 65
Bl 423 EXF B¢ AR AFEE 45 AC240TS 2 ()& e A Pl % > ()i
T TR 66
B 424 FhFPEpit * BB AIFL AC240TS 2 5 SL383 B © v 66
B 4.25 ok P~ & * ficRd BFEE 45 SCM-PIC 2 (a)& 5T & » (b)A 4
E - TR 67
Bl 426 k3 BEf @ * MR AFIE 45 SCM-PIC 2. i SA32 20 Bl © v 67

B 427 ER B * AR APHE 4 MLCT-A 2 ()R 50 B £ B2 % (b)a |25 &

BBl ettt bbbt 68
Bl 4.28 ELF Posp @ * AR AFIE 4 MLCT-A 2. 5 SL3830 B © v 68
Bl 420 kR eFEfhpaBs s > PMEBHEFTEE o i, 69

B 430 Ekf P B 4 % A AFIE 4 AC240TS 2 ()@ 50 R £l

Bl43] FLFPrpecl s 48 & % 2B AFIE 4 AC240TS 2. % 53220 [ -
Bl432 5 % FHCEFPF2 R T HFAFF T2 @QFTAEREE (DR

R B BBl © cveeeeeeeeee ettt ettt e et ettt e et e et e et et et e ettt et et 71

doi:10.6342/NTU202302879



M 433 55 e kf g % FHAIJF S 2 5 AR o 71

Bl 434 5 %5 T EFRFR* 40%F FRBFF H P2 (QF TR LR EE 2 (b)

HUIEAE L BBl © coeveeeeeeee ettt ettt sttt na et 72
Bl 435 7 % GG Bepit * 40%F FARI[F S5 2 AR El o 72

B 4364 % 3otk Bapit * 60%F waBF o5 2 @QF A ERIESE > (b)

L e = - I TSRS 73
B 437 55 Joic kgt 60%F FaIyF S5 2 5 SR MB o v, 73

Bl438 % % FockFBeER* 80%F FRIBF P 2 (QFTRTRES > (b)

Xl

doi:10.6342/NTU202302879



*

e

*

e

*

% P &

41 § % 5 HNLISOLB 557 b 4aF o F 64 2 15 & 8 § 545 & - 49
A R = Sy RS 57
43 AFBHRATH A5 AR AT IR A 2 BB o s 76
44 = RFBERY AT FABAFESFAREEREE o e, 76
45 ERHPEFR Y 45T FHABFFESFTTREEREE o i, 76
4.6 ThRFPFpec B F AR R Y AORAIF L AC240TS G B Rl % - 77
47 3 3 T k@ BER i R AR S FMAUD * 7 kR R T RATAR
a3 I ST 77

Xl

doi:10.6342/NTU202302879



%o s

11 »3 % &

BMCEL A P 0k A BAT L L TR T 2 P g B B B enie
M ALE T FARITA TR & A BT R B M s Y4 o

RAERBAILET UL RS T F B8 2 il F &R
(Scanning Probe Microscope, SPM) » @ &t & 4 Bifchi 5 P w b B LAt * 2 - f&
SPM o 5 B ekt iR 49 B 4k % MBS T % 4 7] > 2 4 B k- A AT LR
R m AFM 7 R L 2 K T R Bl o T F BEACELBE AR 3 1B %
TR B oo e @ - BV R T - R RAEE ZRET AT EIRER G
e T - %5 o AFM T AR E I enz A G B ¥ R D Rk T
FUEFLIE TG R4k T MRS - RS ETREE PSRRI
Ft S KA T FATE T KRR AL e

R - L AFM B & G B VAR A e gt FIR 3 R
G AR FEEAYER -
12 = }f’é‘?’}éﬁ
121AFM 2_ B¢ 2 R 2

1981 # > G. Binnig &2 H. Rohrer % F* 7 ¥4 5 "% & fic4i(Scanning Tunneling
Microscope, STM) [1] 3% 3 ficdt s LA 4R & X BT R S 9TA 2 2 T % T
s (Tunneling Current) % & 1% %% 255 > 4o @] 1.1 #7577 > %ﬁﬂ RE IR B w4

B L AE B SR Rz T PREE R RE > T R 50 3D 45 PR o

doi:10.6342/NTU202302879



Vp
I B
é -7~
P, ~ TNe————
= | A7
= iy
[ Vr 12 — l/’ M /77%?
r——; AS N /:‘____j e
cu s  FIT
[ 41 | | v | I I

T f.,|1[|1||]||illh
(T,

‘|i'|||" ||"

Bl 1.1 G. Binnig £ H. Rohrer ¥ * B % 2. STM S+ & B[1] °

STM R+ # % 4 » G. Binnig & C. F. Quate & % ** 1986 £ % P 7 AFM[2] »
H ?:H;Jgrg] 12 9077 » B RILSIED - Rip G 4P 4R 4 PR AR 2 R S aRig Pt
€ F Bk SEL Faps v 4 @ @ lRAFS Y > L 58 STM 7 &4 Rl %)
£ o

o AFM I * Bcle BF %258 s %4 35 > 2 34 5 PR STM £ *30 3§ 4 5o e

I AR B -

SCANNERS,[ A C | FEEDBACK i
F| FEEDBACK ID st™  |F| |em

AFM E|] 1
X
BLOCK (ALUMINUM) z
R
y
=
A: AFM SAMPLE r— 25 mm
B: AFM DIAMOND TIP DIAMOND
C:STM TIP (Au) TIP T
C: CANTILEVER, 8 mm
STM SAMPLE
E: MODULATING PIEZO LEVER l
F: VITON (Au-FOIL)

@ 1.2 G. Binnig & C. F. Quate & 4 3% -2 AFM % #[2] -
2

doi:10.6342/NTU202302879



1.2.2 HS-AFM 2_% &

AFM £ 5 B 347 R ~ 3 T HERSE T RIZTT ERaduFd s F g ¥ R
34 %ﬁé‘p’&é c e B d B AFM S G EFER R B2 AR A e g
Flpb A0 2 AFM ehE Bl B 0 B ELT HS-AFM - (78 B o

C. F. Quate #2 R. C. Barrett »* 1990 & B fx 7 HS-AFM 3 & [3] » & 8 ficte
1 (Microfabrication) # i MRt AP35 4 > 4R 42 5 X 4RIF 5 787 kHz » 3% #kc

0.59 N/m » i {8 x $LP~ifi# & (Frame Rate):if ¥] 3 Hz -

Bl 1.3 C. F. Quate ¥2 R. C. Barrett % + B % 2. HS-AFM 17 3 frames/s & #] GaAs

L

MESFET & ]3]

1996 # > S. R. Manalis % * B3 2 HS-AFM 2% 7 F]Z B Z 4 P F R4
Rk id B A2 A4E 200 pm/s ' LH)[4] > 4B 1.4 #57 > 3% HS-AFM 56 5
v 4 8RR 7 R B (ZnO Piezoelectric Film)# S kP L2 & 600 2 | R
;YR P B (Piezoresistive Sensor) g Pl icRd AF 54w > @ {7 )¢ HS-AFM & %45 -4 23

i REF 3mm/s oA $g e 15 5K 1 - 3R 512X512 pixels 2. B i -

3

doi:10.6342/NTU202302879



set

point “——— Sum [— Gain [— Integrator

V sin(wt+04)

R

— Lock-in Amplifier

-V sin(wt+oy)

m piezoresistive @ ZnO melectrode O heavily doped Si
sensor actuator

@ 1.4 S. R. Manalis & * B 3 2. HS-AFM 7+ & Bl[4] °

2.5 um

2.5

pgm

0 10 pm 20 30
B 1.5S.R. Manalis & A 12444 =8:@ B 3 mm/s 4 2 ## 18 T B B §]4] -

4

doi:10.6342/NTU202302879



¥
=

P}

B plA ] AR BT 0 [T 2 R 4FEEEL 5 1999 £ M. B. Viani £ 4
B3 AT HS-AFM 2 45[5] 0 4B 1.6 #7577 » 538 & & i i R AR RF edd 6 -
2 HS-AFM fedsd 8T 7 02 & 17 F3p DIt 2 2 4 5 ch DNA Boifee

- uw

beamsplitter

collimated light source to
produce incident beam

segmented
photodiode

cantilever module

cantilever chip

B 1.7 M. B. Viani % * r2=# 5% HS-AFM % (a)5.6 ) » (b)1.7 #/4p 42 2 * 4

# DNA Bl 4J5] -

doi:10.6342/NTU202302879



2002 # > T.Ando ¥ * 5 7 £R/E 140 nm > % 2 um > & 9-11 nm &4g /|- 3]
MR RE dr > B 10 4oB) 1.8 #7157 2_ 3= 407 L 48 7R & %o (Objective-Lens Type
of Optical Deflection Detection System)[6] » & * I~ &~ &k & Pl HcR AT+ >
Mok bR - PARET T A L2 - BB R NGRS R o3
HS-AFM i st 3t 80 % 4 = o~ 3% 100x100 pixels 2 B] o T. Ando % A 1| #* pt
HS-AFM % Sip 22884 $ o 3 i@ d > 4B 1.9 #7571 5 14 12.5 frame/s g B

= vk B9 V(Myosin V, M5)*t 2 # % 7 & (7 # ¥ i& # (Brownian Motion) °

E Cantilever

' . Objective Lens

Polarization Beam Splitter

Dichroic Mirror Laser Diode

g

Bi-cell Photodetector
B 1.8 T. Ando & * 773§ 2_$= 4.7 & B % ST R BI[6] -

doi:10.6342/NTU202302879



, »

0 ms g P 80 ms g P 160 ms
- - " - -
&ar w, =4

N 1
-2 $7 > =W

¥ / 240 ms g /320ms 3 / 400 ms
= 4 %" o ="

[ ™ 0.4' e & a
-. " 0’

W o ‘ E - , B 2

W 480ms' S 60mst , 640 ms
—— - = e e

B 1.9 17 12.5 frame/s eig B = f ik v V322 L g 7 F WiFH[6] -

2013 & > Y.Suzuki % A B % 3 @ #H 4 F8 B[7] > 4B 110 “77 > X hib
A BY B E- BRIRE BRI 0 AR LR E T Z g ¢
- RURTREE L o ¥ bt KA L ARSI RS S KBRS 8 F e
bR REF B B ALY (RAF B RN AR L 2y 0 FI Ao B] 111 R 0 3%k SRR
o PETH-EMEE AR HREDEE 0§ T B 22
THERERECRIGAR T e a b XE Yy e KEEEREARE 2 v B
B0 BAEP 2R kP HORAR R Bk S B E o I LN B HS-

AFM &4 fa %Fﬂ % 448 x3.36x%x0.6 um?’B?? v H ik B ¥ i P 0.2 frame/s o

doi:10.6342/NTU202302879



(a) (b)

XYZ-scanner unit Dummy holder XYZ-scanner unit
\ Objective lens Movable table \ .
- Erame Z-Piezo (1)

Holder

X-Piezo (2) Z-Piezo (2)

Dummy holder {S/
Movable table P -

Objective lens

Fixed table - \ \ \ |1 Flexure \\\\\\\\\\:
, NN N\ "
l_. % Y-Piezo Y-Piezo < l

Frame ~|

-

Cantilever

X-Piezo (1)

B 1.10 Y. Suzuki % & B3 3 EH 4 X4k B2 () ALE 0 (D)% R[] -

(a) . (b)

Laser diode

Collimator lens

B L1 354 E7 L H2(a) 2= % > (b) XE Y= 5 [7] -

2013 # > S. Fukuda % A B3 7 - f8& > & F 5§ & s (Total Internal
Reflection Fluorescence Microscope, TIRFM) 5 £ < £+ 3% HS-AFM[8][9] » # % 4¢
4o 112 #77% » TIRFM it 555840 3 (L &2 P FERE 7 A 5 248 0 @ AFM it Af
TA G AR B AP AT B SRRSO 0 RS & AT
Bt ik B o 374 4558 HS-AFM #5d = % ¢ 4i(Dichroic Mirror) ¥ 2 5 447413
BB AR > 4oB] 113 977 0 X 22 Y $h2 ;fgcj - ¥ApF 2 e BB ORT R R
X e d BEA AR BT RN RN REN R Y R AT otk SendF

438 HS-AFM R 4 it 43 14 5 frame/s ek & = T o

doi:10.6342/NTU202302879



(a)

(b)
® two-segmented
CCD camera photodiode Z
é +Y
® wave plate @ .
@ mirror tilter @ focusing lens X
=
@ IR laser

\® colllmatlon

L) ‘ -
ens \\;¢ .\‘ ‘-“Imr —_ .g
® I)éZn(;ObjeCtlve @ polarization \ N 1 ‘ :
beam splitter ; 5
@© scanner F .U
cantilever I ‘=
scample stage |
| large scanner

TIRFM

¥ 1.12 S. Fukuda % * B % 2_# ¢3¢ HS-AFM 2 (a)p 2% % B > (b) B4 2 7 &
®[9] -
(a)
dichroic mirror

(b)

dichroic mirror

(©)

beveled block
base plate 2 [

objective lens

base plate1

cantilever

Bl 113 = % d LM B2 (R LB > (O)FHFET LB 0 (o) RIRE

[9] -
1.2.3 AT % 8 s

i Ac(Astigmatism) &~ FE K F ¥ LI G0 » AR * 2P| AFM il B ehifk 470

HRP4cB 1.14 #77 > B{ A

RS TR XFhE Y D pd 5

ZP\?- ’ ﬂLL
AR f

fht BFEZ B o LR Al iBE 81 » KX B B8R 401 Y hank
EBL¢ B2 Y & & fhenfFR] Plane 1 » £ % 5 {178 Plane2 » B {8 % 5 X

05 £ iR Plane 3 0 b & s 1T 2 % 30 1 LR AR e 37 o

doi:10.6342/NTU202302879



L7 Planel

B 1.14 §HEch 2T LB -

AT iR & se(Astigmatic Detection System, ADS)¥ 2 # % if Jp| fic & B* enify
ITEWREIR GEV BT > F T DVD eddfisggp > £ L F AR 115 97
TR HECHEEEEE LT AEL CEPET LA G 0 F SRS R R SE

—pF A A kg A TR R E o 4oB] 116 FrA 0 m fOTE R
BIEA~D A2 4 cfp e BAELE Vy~ Vg~ Ve 28 Vpo B E %4 5 (Focus Error
Signal, FES) Vpgs = (Va+ Vo) — (Vg +Vp) e 5t 5% % At G S E L - 2 %52
KR P B2 RBEAFAE Vegs =0 @ F o pe 9 TR R Bijcz
K BEL VEAYER] 0 FI T LB R VegstRRle R PTR Rp B b Sk gk Ak gL o
Vigs £ $6 & 4 6 c0B 3455 S-curve o 2 B BT (Vigs = 0) % 38 /i & 5
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41 HS-AFM[10] » #

=33
BeEp N N2 kR R OE Y HCR RR

B2

KB 6 R F HOR AT AT D SR T Vegs T P TR IR AT 2 AT R

Y

TR S22 R %S S4B 118
lines/s §= 100 lines/s #7717 ¥

Y

(a)

LR AR R

D F s 2

8 3p] AR BF(USC-F5-k30) 2 JR 47 %

AT

Laser
driver

Pickup head
amplifier

| PC
i )
I v - (O,
Real-time i
A E Cantilever holder
FPGA | Adapter E Piezoelectric
modules |modules ] actuator
{ “hip s Tt
Controller i | Chipsuppo
i
i
i
i

High voltage
amplifiers

Astigmatic
ickup head

XYZ
stage 2

7777

Polycarbonates

Cantilever tip

Sample

High-speed
scanner

H Stepping

motor

Motor
driver

B 117 25 g i,

-

Approaching
stage

Muclnmcal part

12

T gtk g 3 B

» B 1.18 (a)22 (b)A &

Jengl e B % BT D

% %2 HS-AFM(a) % % H B > (b)F

D 3 P8 R enifacst R B fp] ks

SRR 117 457 o F 5% digd

—v—

2R

S 5 (Photo Detector Integrated Chip, PDIC) i ;B ] 5 ¥z iz » PDIC F 2

¥ it 5.5MHz > 1

| % 71

(b)

XYz Pickup head (aniilever holder

Stepping Approaéhing High-speed
motor stage scanner
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B 1.18 i * fck A USC-F5-K30 7 I # 45 & B 2 B f(a)10 lines/s » (b)100
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124 AFM R AFE RIG AR

& 47 & (Sensitivity) £ AFM el AR Bk suv chE & B dp ik 0 5 MR AR
A2 3T & (nm)E B Op] Gk uim A A 2 Ei(mV) 2 B o gt RE TR Sg F 0 ) Sk
B RFRY Pk Bz Man o

2019 & » A ¥ 5% % Y. C. Shiu B 5 £ $ | £ B2 fcR AR Bk 5 [11] 0 4ol
119 #7577 » 1% § 3= 1 175 g Rl e iiiiez LR > FHL 7 BB > T L
ek B A2z g bl AR E R G S BT MG %A 3k BT S At
A FERE Y o B Y A * k4T 5% (Beam-Deflection) sZb i 4k A K S £
B PE o BT RF RS Rk S2. FATAR 5 1.05mV/inmo [k SR ¥E B 5 16.48mV s
HECHE L 15.7nm > &) LB8E £ 42 ym £ £ BRI T A S umig | A AR
RE2_B Foo
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N— ‘ ) w/

Ak
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R AE ; o o 7
- RES ‘ | —— RA A

B 1.19Y. C. Shiu B % cpch AR 8] & 22 (a) % BB » (b)X 2-BI[11] -

2021 # » A9 % F2 A T.Wuisdx L Y. C. Shiu 2. kg & 722 L [12] » 4c
B 1.20 #77% » 220l § b= fRil ot~ $HRA E 2 - % M THF B0 R > H Y
A d VNS 2R {RBEPNIVERSMBAEREHE R F L
TRA BB AARGIRE M ST BT R RR B ik g A
LDMIISG ¥ » 7 1 5|5 2 2 A 045 mV/nm > & Se3ei % 3% & 5 4 mV »
W2 =#E 5 883 nm> B £BE £ 45 um- FERZREA S umdg | 3k

B2 2

14

doi:10.6342/NTU202302879



(a) (b)

i B 2R B =15 E.8%, ¥ix&5!.

AR
(FE#dR)Fir o AR

RRES

ﬁ’éﬂfﬂ——’—

Bl 1.20 A. T. Wu B ¥ copicie A8 7R) & st2 (a) R B: 1] > (b)R - RI[12] -

e

2022 & > A% %2 S.S.Chen 424 £ A T.Wu 2 £ §a[13] > 4@ 1.21 #7
o BT sk Rt LAY M2 § & F 5 HNLISOLB 12 d 3 5= tmilps
N2 F TR TRE I R E AR UKL ERFARE Y R
R A k4 PBS052 ~ B A 1545 A240-A ~ = % BBl ® SPOT-9DMI ™ 2 42 ] 4] fic
R AFUSC-F2-k3 P v 18 5| & i2 2. § 50 & 2.5mV/nm> & s $H% & 5 3.6mV>
W2 =S85 144nm> s BELE /3.6 um > # & 5 & 5 umag | 3| ikt A7
2@ g R bt e SRR R TGQI 2 7 8 # s & oo 27 BB

S H R T i i BV i 100 lines/s
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1§ B B 9 42— R g S
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= X
ey y
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B 1.21 S. S. Chen B % i B R R & 32 (a) L BB » (b)K - BI[13] »

13 =3B

v

57 HS-AFM 1% & & o> MR AT TR Pl B S F 5 & ERIF £ R4
LA R S e 4 o St e AHCRARE Rk o 2 iR o AR R
Z Y. C. Shiu “7F % e AF R B s S8 & 5cA 5 1.05 mV/nm > L83 £ %
42 pm > (e d 3k SRl g i E S 16,48 mV o Fp T 45 2 MR A RIT R
15nme @ 82 F%FE2 ATWuH G siftbpemecl ¥ ¥R b3 5T 5

Xk BREEI R EEAR S 045mV/nm > B0 B BEE [T 45 um ok AR
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&L AmVo TR MR AR RITE RS S 8.83nm > @ ¥ T e R
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“
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M
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%
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%
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AFT G R AN Rl 2 MR RER Bk B 21k B ATN HR RS Ap ot kB

POl EFAREINE T AFTT 2P DR EB AGNRBIEZ FRE - A
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m
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F i H T ARAFR R L AR 2 T AT 2 R AR R AT R -

P
£
«
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¥
e
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$-% 5 AFM RIZA %o F A5 AFM RIZ2 3 %45 ¥ 0P AFM &

B B e 4 2 Jiefist > £ MR AR E 2 L BB < RS AFM
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—i
e
X
w

LRTABLAAFRAEDRT]
FZRAGAFLARY D BRSO NT F AE R A TR Y 2

ke s AL ER AR F R LB ORBRFANLRY LR

%

AFFEMAL LRI THEEEFAFTEHNG o AW
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2% R EREBARATERRR
21 AFM RI2g& 3 i
AFM i e 4 d § St(Laser)~ = % i /R| % (Position Sensitive Detector, PSD) ~
MR KF % 4+ (Cantilever Tip)#? & 7 ¥+ B (Piezoelectric Scanner) 2 = - 4] 2.1 #1
T AFM ?ﬁ“—’ BRLFREFERSESHFL > 7 BTS¢ T 2 HRERF D
R4 giea 22 piroa L hiTE EREER BB DT LB E 4 g
PAEBL AT (S e d w AR L LA R SR T %“ﬁ?gl BREFh Bz fa

SEERSER o

Position sensitive detector

Cantilever tip

Piezoelectric scanner

Sample

B 2.1 AFM & %o o LW e
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22 AFM 224 R iE® 4

AFM i 3P o eRAFIFES SRS LA 6 A3 03 8% 4 RIGIERRIT -
¥ A & & 424 (Long Range Forces)#? %242 + (Short Range Forces) » % #% 4 # [f] *
DEARF o F2EEd BRI ZHRF o a RBFLEREFEY 47
#- AFM e 1745558 & 5 #1858 (Contact Mode) ~ 2247 ;' (Non-Contact Mode) £ #=
# 7% (Tapping Mode) -

BN EE RS e R 0B 230@)4%TT 0 AR BT A BE

AR AR 4 S RIBEID RS 0 LT SRR A R > 2

—=

AF BT EEITR 2d WK ERY DBEED T LI ESFHEERE 2251

MR R T 4 B AR B hoB] 2.3(0)5T R 0 g B AT $E AR
BRI A S FP A NSRS o e d 3RS 7 o 4 AR
REFPBITREF G o 2b B 1 A3 Fexil4 X ERHESL5 0 ERIFHFH,A
WK FE ST EFLEREFT R4 Fita g BHELAE T RS
kB Rk S £ o

TR TR S B RN 2 B o R 2.3(0) T o BRI - KA

LFARiF S RS RF D MBE G e RS G R ERY T 2K

B AR RE A I E R SN v 8 SRR

BB R AR AR RSET e IS SRR RR ] 4
BR a4 BiE A o
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REERN

EERE

(tip-to-sample separation)

Bl 22 AR RFIEA B AR T (v% 4 2gpdps B A RI[14] -

(a) Contact mode

I N 2 T W O T W T SR T T R W)
1 v

I ] v ] ¥ ¥ ] v v —_—

(c) Tapping mode

FAY rA rAl FA) TA) ra’ A} [A

2 N L T R W O T N W L N T T R W)

[ N J—
[ \r \r v 1y v \r 1 v

¥ ¥ ¥ ¥

B 23 (@& ~ b)2EA A EOER FHt LR -
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2.3 FRAFEF &

HRAFF A2 AFM e & A 2 HSRE G X FAR T AFM & sen
PRAC o MORRFER e i A R B Y B kB R RS £ ST HT
B G PR RE S R B k2 X RIS S5 [15]

Ewt?
k.= e (2.1)

E t
fr = 0162\/712 (2.2)

HP E i < fic#ic(Young's Modulus) > p. 5 e AF 2. % & > 4o @) 2.4 #7515 ik

RETRB B war B L SHMREFZETRECBARAEER -

Cantilever chip \

L

Cantilever
Cantilever tip

B 2.4 HREFEET LR

H2Efgsin 2 2RI ZRIFLA GAR THEHIWARIEY 4T 42 R

)

2 RATE K KR R B ko TRC) DB R K R —’ F
55 2 BT RR ¥ € R ehE

e
E_} o

e

AR NS ERN A TR R R MRS U
R BRERER > LR BRRESFIE ERESE Y B FERFES

<

Y

EJRAE S MGE Y B RIS Y R ER BT F o doB i AFM
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MRS R TR - G5 S um o & RF AP RELR L T RS 2EY T

B0 Tt AFM BB AR R Pk stk b £ 8 o

24 RBITSHERBER R L AERR
2006 # » T.Fukuma % % 7 $3 % 37 A MR AP R Bl A Sueh G sc R B R 72
[16] » 4ok T R BI R ~ MOBAE ~ S5 RN 2 BB E > ¥ 82 FEAN23).

Ak T AR AR R ks B R ATR B

S, =6 Ryl e 22U (mV> (2.3)
= oxnany,ky aiff 1 Ol nm .
‘:J)(,—» q_,},i/? }@q_,/n T/v\#(Al )"’L’f’lé A\#(All)—r7 =
Alz 2.4)
X= Aiy '

Ne KT RPIB2 LT HEH»TF > ai B AKTRPIE 2k F(P)E kAR
ko F(Py)zo v Bt
P = aP, (2.5)

N BBITH S > Ry 2 R T BREHE B2 > Ayiepa £ 430~ B2 Gain
BoragsBHE X200 [ REFHE2Z LFE [ S REFER - BT
Grig K 3TN MR AR R Bk A2 RATA £ IV F)E B .
241 SR

£ 373 MR AR R Bk ALY > R F Z & cdpk2 i (Shot Noise) & 27 i

v

i %221 % & (Deflection Noise Density) n, ™ 2 > n, ¥ 11 & 7 5 ©

_agle 2e
_6)(nmlf nap,

(2.6)

He ei A AT o d 1RV RARESFBLIE LB LSS aPy BB
k2 BT agft MRRFE R LV R B R
£} ”IC/EﬂEb)"a‘H: %x/\,a:"/f%%ﬁéﬁp%‘t %%?rﬁﬁi%%’%%@ﬂ”ﬁlﬁ]

ARG~ RA MR PR ] DR RS T R B F R R R
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T ag RS SRR n, 0 B ROl ag TR R R iR
FIAERE P ZRERTUALF SR R LR B B ROl gp e B F
¥ (Single Mode) %k 5t £ E W % S BT kA cnff § % 0w d kg xsgsl4e
PE S E R AR R AP ERR PRATRE n, 0 FLEFHEY § M mist
TR HEEAEL CBRARLG MEEARAE RELARG SFY G int o ¢H
REEMERT & o
242 kTR R R
KTRPIEZ LTEHE T nik 2§ R F ARFRR S0 E KR
HR N, o R RRITNMRAR R I ¥ 3 NAFETF] L FACERS &
TRPIECE ) AT A R 0 T T EEREE S R S
£ R ESEEF NA Bk 1 FiEdg. @ § @ FRFHELFR -
243 L L IE
BFNABPREZHET R LR { emnR Lo e REFa2 K
BE Lol o a ERFAHAETE CRABAE n B o SRR FEEORGR
& FEL o
2.4.4 B B 37 8¢ F
BATHF Ny FRET 0 GHARRRBE T RTE AT FAITHIT AR
M BRIt 4B 25977 0 T REFREBEBEFERGL o
(a)in air ka4 (b) in liquid
PSPD _s focus lens P
>3 AR
Po | ¢ /(i) air

cantilever liquid

(ii)f
A

Bl 2.5 % imITsHpliE 3@z F ¢ 0 (bykaire BT 2 BI[16] -
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Yol 2.6 BB 2.7 4R 0 B AR S 5 AN
R QL NICE: 3
Frkili

$ER L

PE S E

BTHEEARET DR G2 RACE AR R IIEIT A

PO B R FIT A SRR AT RS SE AR B R R L
RO Sk G H PR R A S 2 SO R R -

(a) 8, vs. Fy (in air)

—

(b) §. vs. Py (in water)

p—
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i

O L M L M
00 05 10 L5 20
Laser Power [mW]

Deflection Sensitivity [mV/nm
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U 2 M L M L
00 05 1O L5 20 25
Laser Power [mW]

25
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(a)n, vs. Py (in air)

—

&

T
I
1
1
'
.
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i
s
.

=

=

= -
Sem.
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Deflection Noise Density [fnyVHz
=

B 2.7 t(@)z 4 ¢ 22(b)k? 2

0 0.5

1. L5 20 25
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N X
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&
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eam g L B[16] -
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BEZR QL IRA T 7 A ARk 3T N AR AT IR R 0 e S RA 9 G
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FHERIA PR T AR ERE MR TR TS EL
KRR R ap B R G ) LR B ] R R
L g R KRTRARAE n, FMEE ZEERVIAL B ETEE K
Rl X B35 o] 6 ag e

KTRRIBIAS FHRITEERL G L E T ERF nUEF ARGRAE

Sp R PE MR B R n, o ¥ AL HRRFRS )k Foo K Bk PR RBE W

£

PHSEREA R RERA RT3 §F RBITSNRBIZR Y F NA P
Flr AR RS > RTRERIEE G R AR AL -
PHEEFENRL LT RERL o EORE 3 NAEDRESETIILE
R RBES B BIE LR $FRFTAETE AR nES o
BBATH I 0L 0 B R RITIHRRIZAP R > N FATHF RIS P U E A
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$z3 AAREEERY
3.1 ATk
AR R*E Y DVD PR 0T L AT R 0 2R el 3.1 HrT
ik (SF-BD414, Sanyo)£ ‘= % 3f B~ 25 (TOP1100s, TopRay Technologies) [*H4%x A]
d & 5= H&48(Laser Diode) ~ 5 B] 5 £ (Voice Coil Motor) ~ 4 3k 4 (Beam Spliter)
# ¥ 4% (Collimator Lens) ~ 4~ 4t (Objective Lens) ~ & # (Grating) & = ¥ g B B

(Position Sensitive Detector) s = o

EAFTH 12
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B 3.1 ELFPF2(n 6 > (D) BB HE > 1 E (o) BF P o

T-EA S BHAGNRBREFT R ¥ - BB 3207 0 B LS
oAkl eIk e AR ] kTR EE AR AT
EAeB 32(0b) 0T 0 e b e R PER S ER R L
TR BT Z LT S R B HE o ¥ BBl 320)% T 0 b L5
FhifpegecBs 8L g 0 2 52 SpURE ERf B p 30 E Ll gs
BEEBES TR TR o B AR 32d) T 0 B LR R Dk
ERat S E Pat B S R R L LV R B ALt

Begp o RGEE o F B S E R R kI E o
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B IR IRAT

(d)

AL PR

B EHE R B(d)F ST kR o

32 FHWEFEHR

MR R ER O WR 33 0 B § A TR s ks
8 R B R B T R R 0 3 BRI E e s KR R
REBAERI & 5 5 o s 22 o %3 Bof o
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(a)

AAE 4 B X etk

AARE 4

FeHREHL PR IE Ak

S i 3 S AR
G Motk
REFHH

(b)

Feti o A AR K X %R
# ADVD3% i 52
PG Mk
B EHFH B oo

3.3 (2) AEM A4 2 11 » (D)AFM & 2752 15 -

3215 X T ALBHE

AR R 2R BT DVD @SR 52 F s B B kK
632.8nm 2 = % § % § S#(HNLI50LB, Thorlab)[ "4+ B] » # §f ¥4 5 & 21mW -
RBEL S 0.7 mm o RAG ARG RGN B G SR o L FL o
34557 0 ALY VAR kB Pk A B oofsoel R
WE LS U RE SR
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AAE 4

322k FHEABIIBH

Fl5 T MUAE S T F RSB RGBT MR T 0 oW 35 4w
AREE SRS Y S8 XY i % 8 T 2 (XYSGSO0, Misumi) ~ Z
% T 5 (ZLWGS0, Misumi)fo & § 7 % (DMO1A, Onset) & k 4 & 8 4
(F220FC-B, Thorlab)£? & s+%fi= o XY dH % =4 T S5 EA B+ plEg v 0.1
mm A HAGY 0 Z R R BT SRR R & TG XSS SR
WAEALE TEE L O A BRLDSAET LR JF LHET G

97 BE_E 3 % % (P3-630A-FC-2, Thorlab) 2 @ i% 3 3§ B~5f o
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o Pt FIEE 4 BAR BT A R i S AR
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324 L HILF
R TR chR B R B 4o 3.7 rr o #A fAF * DVD i Besg i H
ek
SRR AT LAULENY - B R FLYFF S G A0
GRS EF PRI AR F R T IR N T AR AL
L A4 % 5 - p4ch 3.8 “Fm B XYZ = dhff % 8 T 5 (M-582-XYZ,
Newport) ¥y LB FM =% > A A8 XYZ 2 3 =BT 5KF 9 Ao

Lk Ufe &R AT R I AL o
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A R BREA B 2R

4 3% IR IR

(b)
B WRAD R
B R

SUE B &S

Bl 3.7 (a)d k£ (b) 6 3 B3 ik PR B
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Flp ERO RGP FEA A LIET o Fl AT ] A WK A B R A
PR -

b 3.9 0 S A RE PR Y 2 MR ATISE  d B A P MCRARS Y A3
NHRRFLFE Y D RET  MISEBE Y { REBAES BB
B ARG - PRGBS RS R MR AL R RT P it
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Zibis FE AT &
PR AR
LA 2 &
XY #hiAh Z 45 &
B 311 MR AR E BT o .
33 RHRE
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hEARA

332ERBE

REILE T Y AP A2 PSD b g i@ # 42 PSD(PDQSOA,
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A R RERE A

Item

Laser diode wavelength
Objective lens
Numerical aperture

Working distance
Focal length
Emission power
Typical power
Maximum power
Detection method
Focusing
Tracking
Photo detector
PDIC Response Frequency
Dimensions
Unit weight
Operating temperature

Storage temperature

Specifications
DVD CD Unit
655 790 nm

Aspheric plastic lens = Aspheric plastic lens

0.6 0.47
1.28 091 mm
233 2.35 mm
0.23 0.17 mW
0.373 0.297 mW
Astigmatism Astigmatism
DPD 3-spot

PDIC with I’/V Amp | PDIC with I/'V Amp
80 45 MHz
48.7(W) x 36.7(D) x 7.5(H) mm
~18g
0~60C
-30~70C
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A

, S
ek B § & T S4LE £ (HNL150LB)
Specifications

Item # HNL100RE ‘ HNL100LB HNL150RE | HNL150LE | HNL225RB | HNL210LE
Laser Specifications
Wavelength 632.8 nm 632.8 nm 632.8 nm
Min Output Power
(TEMoo, 633 nm) 10.0 m\W 15.0 m\W 22.5 mwW 21.0 mW
Min Polarization Ratio Random | 500:1 Random | 5001 Random 500:1
Beam Diameter
(TEMos, 1/e? points + 3%) 0.68 mm 0.70 mm 0.70 mm
Beam Divergence
(TEMoo, + 3%) 1.2 mrad 1.15 mrad 1.15 mrad
Mode Purity (TEMoo) =95% =95% >85%
Longitudinal Mode Spacing 320 MHz 257 MHz 257 MHz
Max Noise (RMS) a
(30 Hz to 10 MHz) 1.0% 05% 0.5%
Max Drift with Respect to
Mean Power, Over 8 hr +3.0% £2.0% 2.0
Max Mode Sweeping
Contribution 2% 1% 1%
Beam Pointing Stability (25°C

From Cold Start <0.10 mrad <0.20 mrad <0.20 mrad

After 15 min Warm-up <0.02 mrad <0.03 mrad <0.03 mrad
Operating Voltage (£100 V) 3100 VDC 3800 VDC 3800 VDC
Operating Current (£0.1 mA) 6.5 mA 6.5 mA 6.5 mA
Max Starting Voltage 10 kVDC 10 kVDC 10 kVDC
Physical/Mechanical Characteristics
Maximum Warm-Up Time ' ; '
(95% Power) 15 minutes 20 minutes 20 minutes
Expected Operating Lifetime =>40,000 hours =40,000 hours =>40,000 hours
Storage Lifetime Indefinite (Hard-Sealed) Indefinite (Hard-Sealed) Indefinite (Hard-Sealed)

. Center to Outer Cylinder within £0.01"

Static Alignment Parallel to Outer Cylinder within +1 mrad
Laser Head Weight 1.5 Ibs (0.68 kg) [ 2.6 Ibs (1.2 kg) | 2.6 Ibs (1.2 kg)
Environmental Specifications
Operating Temperature -40to 70 °C
Non-Operating Temperature -40 to 150 °C
Operating Altitude 0 to 10,000 feet
Non-Operating Altitude 0 to 70,000 feet
Relative Humidity
{Non-Condensing) 0to 100%
Shock 25 g for 11 ms; 100 g for 1 ms
Safety Specifications
CDRH/IEC 60825-1 Class Illb / 3B [ Illb / 3B | b / 3B
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Drawings

D
i_ L ol Cable Length: 72" (Typ.)
5.57"
9.18" = (1414 mm) [+
(233.2mm)~ 1.42" 211"
(36.1 mm) ~ {(53_5 mm)

Il 23

=i (60 mm)
.

Figure 7 Dimensional Drawing

Item # Diameter (D) Length (L)

HNLOOSLB / HNLOOBRB 1.245" (31.6 mm) 6.905" (175.4 mm)
HNLO20LB / HNLO20RB 10.70" (271.78 mm)
HNLOS0LB / HNLO50RB 15.77" (400.56 mm)
HNL100LB / HNL100RB 1.74" (44.20 mm) 19.11" (485.39 mm)
HNL150LB / HNL150RB 24.93" (633.22 mm)
HNL210LB / HNL225RB 24.93" (633.22 mm)
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Description

Wi C PDQSOA

Position-Sensing Detector

PDQ80A

The PDQB80A detector is a segmented, position sensing, silicon, quadrant detector for precise path alignment of
light in the 400 to 1050 nm range. The device is capable of measuring beams with a spot size smaller than 7.8
mm, which is the diameter of the quadrant photodiode array. However, to prevent beam walk-off, we
recommend that the beam diameter be less than 3.9 mm. Also, since the detected signal strength decreases
significantly when large portions of the spot cross the boundary between the quadrants, beam diameters
greater than 1 mm are suggested. Therefore, we recommend this device to be used with beams with a
diameter between 1 mm and 3.9 mm.

Specifications
Wavelength Range 400 - 1050 nm Sensor Size @7.8 mm
% 3 0.4 A/W @ 633 nm Clear Aperture 21/2" (212.7 mm)
Peak Responsivit
) y . 0.64 A/W @ 900 nm Aperture Thread SMO5 (0.535" -40)
Transimpedance Gain 10 kV/A 5 > 2.00" x 1.20" x 0.65"
Max Photocurrent 200 pA Dimensions (50.8 x 30.5 x 16.5 mm)
Output Voltage Range +2 Vimin Mounting Thread 8-32 x 0.25" Min Depth
Signal Output Offset 100 MV pax 3 M4 to 8-32 Adapter
Bandwidth 150 KHz Metric Adapter (Item # ASAMSE)
Recommended Spot Size | 1.0 mm to @ 3.9 mm Cable Length 5.0' (1.5 m)
Supply Voltag 5 Connector Plug Hirose HS10A-7P-6P
Requirement $VDCto£15VDC  ~Main Receptacle Hirose HR10A-7R-65
Operating Temperature 10 to 40 °C Weight 0.25 lbs. (114 g)
Storage Temperature -20 to 80 °C
Instructions

1. Unpack the PDQ80A sensor. Install the adapter if metric mounting is preferred.

2. Plug the connector into one port of a PDQ8051 hub.

3. Follow the directions for operation of the hub as described in its operating manual.

4. Place a spot onto the detection window for measurement. The input beam spot size

should be between @0.2 mm and @7 mm. For best results the spot should be located

within 80% (7.2 mm x 7.2 mm) of the center of the detector. Adjust the power level

so that the sum output voltage is less than or equal to 4 V. This will ensure the best
signal to noise ration and that the system is not saturated.
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Application Note

For best results low power levels should be used for the position sensor. For the
PDQ80A the max

photocurrent is 2 V / 10 kV/A = 200 pA. Using the photosensitivity curve below, the
system saturation power can be calculated as:

) 200 pA
X Photosensitivity (A/W)

Pra

The PDQ8051 hub has a sample resolution of 12 bits with an input voltage range of
+5 V (10 V range), or a voltage resolution of:

10V
Viep= 7 =2:44 mV

V. PDQ80A Responsivi
g,iﬁqu nA 07 2 o
< 064
From this the minimum power required can be g o5
determined based on the required accuracy. For example e
if the user requires an accuracy of 1% then the reading 'E 41
must be accurate to 1 part in 100. The minimum ‘@ 03
photocurrent is therefore the Istep x 100, or 24.4 pA. Use S o2
the Formula below to find the minimum optical power for H ol
a given wavelength. x L
%0 5% obo 790 80 900 1600 1100 1200
puscs 24-_4_1{“ Wavelength (nm)
Photosensitivity (A/W)
Drawings
120
—= 060" +— | ga50 Clear Aperture
0.535"40 Thread
~(SM05 Compatible)
A v g
L x 2.00" Pin 1 | X-Axis (Q2 + Q3) - (Q1 + Q4)
5" o . Pin 2 | Y-Axis (Q1 +Q2) - (Q3 + Q4)
_\ Pin3 | SUM(Q1+Q2+Q3+Q4)
& [l l Pin 4 +V (+5 to +15V)
: Pin 5 Common
PIN 6 -V (-5 to -15V)

September 17, 2021
13183-S01, RevE
www. thorlabs.com = www.thorlabs.com/contact
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ek D AR AFIE 4441 4 (FMAUD)

Cantilever data:

Property Nominal Value Specified Range
Resonance Frequency [kHz] 75 45 -115
Force Constant [N/m] 28 05-95
Length [um] 225 215-235
Mean Width [um] 28 20-35
Thickness [um] 3 2-4

"E Beam Spot Magn Det WD Exp FH—— &5m
10.0kV 3.0 b000x SE 225 0 Nanosensors
— "

87

doi:10.6342/NTU202302879



K E AR RFE £ 245 & (AC240TS)

Micro cantilever/

Product name
OMCL-AC240TS-R3
Silicon cantilever with a sharpened tetrahedral tip
I Product name OMCL-AC240TS-R3
ﬁ Micre Cantilsyear OMCL : Olympus Micro Cantilever

P — AC Y main application is AC mode measurement
T 240 Lever length of 240 pm
) Mﬁwh,w, - T: gharpened Tetrahedral tip

i o s Aluminum reflex coating (Single side)

DI.Y_EE R: 100 chips { unit,

. Inspection result g - Chip thickness 0.3 mm,
Rectangular cross section chip

Chip

There is a rectangular cantilever on one side of the silicon chip.

Dimension
fontsideview [T T
tip side view 1 back side view
[ s Sikinis
\|
E
g E
= =
i o
240
|~
1.6 mm
0.3 mm
Material
Tip & Lever Silicon (0,01 — 0.02 chm.cm}
Metal coating (tip side) Non

Metal coating (ref | ex side) Aluminum on Silicon cantilever

Chip Silicon (0,01 — 0.02 ohm._cm)
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Probe
The probe is a sharpened tetrahedral. The probe is fabricated on the exact end of
each cantilever,
Front Side Front (probe apex)
Dimensions
Typical value Typical range
Probe length 14 9-19
(pm)
Tip radius -
(nm) 7 4-10
Probe laxis} less than 17.5
tip half angle ideg ) (side) legs than 17.5
Probe side (front) 0, (hack) 35
tip angle ideg.) (side) 18, 18
Cantilever
Dimensions W
Cantilever length | |
240 (=15) Lt I
L {um) ( i
Cantilever width 0 (+9)
W (um) L
Cantilever thickness
23 (+£0.7)
t  {pm)
Thickness of Metal Aluminum 0.1 (£0.04)
Coat tm (pm)}
Calculated mechanical properties
Typical value Typical range
Resonant frequency (kHz) 70 al - a
Spring constant (Nim) 2 0.6-3.5
—
OMOL-ACZ40TE-RS
Ver 1.2 Nov. 16, 2000
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ek F AR AR R 4412 4 (SCM-PIC)

AFM Tip

Tip Height (h): 10 - 15 um
Front Angle (FA): 175 + 25
Back Angle (BA): 25 + 2.5°

Side Angle (SA): 20 = 2.5

AFM Cantilever
Geometry Tip Radius (nm)
M Rectangular MNom: 25
Frequency (KHz) Length (um)
MNom: 10 MNom: 450
Min: & Min: 440
Max:16 Max: 460
Spring Const (N/m) Width (um)
MNom: Q.10 Nom: 35
Min: 0.03 Min: 33
Max: 0.20 Max: 37

Material: 0.01 - 0.025 Qcm Antimony (n) doped 5i
GCeometry: Rectangular

Cantilevers Number: 1

Cantilever Thickness (Nom): 1.8um

Cantilever Thickness (RNG): 1.05 - 2.55um

Back Side Coating: Reflective Ptir
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ek G R A FE £ 81 2 (MLCT-A)
AFM Tip
Tip Height (h): 25 - 80 um
Front Angle (FA): 15 + 257
Back Angle (BA): 25 + 2.5°

Side Angle (SA): 175 + 257

AFM Cantilever
Geometry Tip Radius (nm)
¥ ATriangular Nom: 20
Max: 60
Frequency (KHz) Length (um)
Mom: 22 MNom: 175
Min: 15 Min: 170
Max: 30 Max:180
Spring Const (N/m) Width (um)
Mom: 0.07 MNom: 22
Min: 0.025 Min: 17
Max: 014 Max: 27

Material: Silicon Nitride

Geometry: Rectangular & Triangular
Cantilevers Number: &

Cantilever Thickness (Nom): 0.55um
Cantilever Thickness (RNG): 0.5 - O.&um
Back Side Coating: Reflective Gold

Top Layer Back: 45 = 5 nm of Ti/Au
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