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Abstract

Laser direct writing technique has advantages of simple configuration, fast
processing, and high controllability, which has been widely used in patterning and fine
processing at the micro-nano scale. Compared with the contact type surface
profilometer, non-contact optical profilometer has advantages of fast measurement, no
damage to the sample, and no need to use consumables, so it is widely used in the fields
of wafer inspection and biomedical engineering. The astigmatic profilometer can use a
commercial optical pickup head as the main measuring element. Optical pickup head
has advantages of low cost, small size, and excellent resolution. The reflectivity and
height of the sample surface can be calculated by the focus error signal(FES) and the
Z-axis height position. Optical and electron microscopes are commonly used to
examine the processing results of the laser direct writing. However, very few integrated
systems are available for real-time examination. In this thesis, an integrated system
between a laser direct writing system and an astigmatic profilometer was proposed
based on an inverted microscope, which allows to measure the height and reflectivity
of the surface structure of the sample. This system equips a resonant scanner to oscillate
the pickup head objective lens in vertical direction, and uses a lock-in amplifier to
capture the FES and amplitude at each image pixel. Due to the proportional relationship
between the amplitude and reflectivity, reflectivity image can be calculated from the
FES amplitude. Moreover, by using the average value of the FES and the reflectivity,

the height image of the sample surface can also be calculated.

Keywords: optical profilometer, astigmatic profilometer, laser direct writing, optical

pickup head
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Fig. 3. SEM photograph of the laser direct writing on TCO thin film by THG Nd:
YAG laser with a 10 mm/s feeding speed and 5 kHz pulse repetition rate.
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W5 HF L edRfi st & o W Bk G AE &35 B Br ik (Stylus Profiler)fe i + 4 &
Hes (Atomic Force Microscopy, AFM)

FERBRRLI FEOPLRAEEL G LTS o
AP oo B 18 h kG b [16] 0 F W £ & F ¥ =4 % (Linear Variable

Differentiable Transformer, LVDT)#-& ip| 5| 53 4 R AP 2. BB E W L kT4 &

Qﬂ

r“gff{%%%{ &Lj:f‘l“\‘%fﬂiimg/? /z‘F;?E ’ p%x*’trrZ\U#m’lo }"F‘r‘gfgs’

Enhn
’”‘?ﬂ
En
[
|
_EF\G

RHBRIGEELIFES S AL LA S ERERETFIZY

4 4eB 1.9 #07 [16] ©
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Stylus tip

Measured/profile

Original profile

\. _—
\ |

\
ANE

\\
= \
\\

Machined surface

X

Bl 1.8 £5 44 # B k= 2, ) [16]

R
Zy=0(x,
VAN
Z=C(x)
Zy\=M(x) €1

Z=T(xg
Z7x)

X

Bl 1O 47 &3 i in ik 2 R 8 (e 8) & 45 52 (7 M) 2 354 7 & Bl [16]

AL iR T4

B MEFEA SR ERELAR LB EXTIRT (FY 4B
o [17] o @ % — F Sk AR AFLRAT 0 £ ¥ - kT =% B R B (Position
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Sensitive Detector, PSD)# 4z & &4k » ;gg! TRHESFIR T 4 F 4 k3Tt

Hl2 PSD s » ST EEHREL S R [17] AR AT E 2 £

7T

%2

B DV IRIEES BT EFERT R FRPFRL ARE
oWl 111 957 o

RE{ER7N

PO

(tip-to-sample separation)

&3

Bl 110 45 45454 fofh o & BB 2 5 (£ % 4 2 B R [17] -

B L1LAFM ff 3 % M [17] -
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124 #4785 % & W &k

AR A MERRLE] T KSR F R AERES G T HE
Zod o T AL FRIRY ha & 32 [18] - [20] o K R ez & G AR 2
Fpie *F kBRI oo VUL RA G N [21], [22] ~ 4K B55N [28] C ROE K
BiFde 5 [24]= 4 -

FHIBBERENF AE LA W I F kL EI R L R B
Erenp ehe 1) 1.12 snMirau v sk F 3 ik 5 B [25] 0 1% & k45 (Beamsplitter) #-
5B B AL B E 4 45.( Microscope Objective) sk i o £ |l ¥ skfg 1 fokfz 2 &
koo B[R E 2T @ (Reference)frtk = m (Sample) - § & L k2 FFakiz i 5
PR REETRRSNE B LIS @7 >  BEERKRSLAR FRRARELE

G % o TF @ Aol A 6 A e B 1.13 (b)#rn [26] -

Mirau
Interferometer
(10X, 20X, 50X)

Microscope
Objective

Reference————,
| R W 4

KAl
D N Y smE Beamsplitter

o A22
Sample

B 1.12 Mirau 5 &+ # & % 7 £ B [25] -
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Specimen

(b)

B li3(@xmLe 2R B0) £FH&3 A LR T 2B [26]-

PHENBERLE ) FRPEP2 MR LFRPRF - B 114 5@
iwmkr LW [23] 0 A1 B E AL RE S T 7 LSk O
BHECEH RS AG L WP OIER G FREL G ATRD A2 b 870 3

W R B LG AR G TV wiEREA G FERR -
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B 1.14 5 =4 8202 7 2 B [23]

FE LB Bk Pl 3 & ¢ & & i (Confocal Microscopy) [24] > 4c R
1.15 ehZE4Eror » BiEH— [t BN PR EETE o [ERRE SR E T 6 gk
B i kTR RIE Tk p RE T 6 (Focal plane)shsk o FEd £ R Rl E A1 ic

FILB R R EBR S BENFAEE {7 EkSdm R e
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doi:10.6342/NTU202302795



L aser
Source

\

r A\

Pinholes f_,,../

Jetector //

ij — A\ | Besn
I -1 Splitter

Micro
Objective

/ Focal
A7 i Plane

B 1.15 & 4 & A iz Heor 2 ) [24] -

1.2.5 e % & 1 Ak

RETG o 2 AT B S AR G B ke Ao H R g

»
»

€7 - e s DVD B 5 % et RIL o H pes 4

I
s

PAEO R ARHTE > Pl Sy A RN DVD B T L g RE R
ZEHAE 2Rk A [27][28][29][30][31] - [32] -

1998 # > Ehrmann % 4« # (7 2 fAe N R B F Bomp 2 A Mk B R
4o@) 1.16 #7571 [33] fU* TR E - E otk S i o 2 FEES T A 4 R B34
21 gL (Focus Error Signal, FES) k & P[4 & - § L B X EiTH &% o BF » FES 2 3L

BRESBRIAMME G T T BN SEER ISR TR o
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Objective

Collimator

Laser
Diode

Beamsplitter

Wedge

liis
vouie [T

B ool ] B Photodiode Array
PD1 {PD? PD3§ PD4
- C

B 1.16 Ehrmann % 4 #5575 2k 5 3% fin ik 2 H 0] [33] -

En-Te Hwu % 4 »+ 2009 # pFit— # % DVD H Bep 7 o+ 4 Bfcdr 2 & >
gl - Bk G AR > B AW 117 0on [34] 0 ki sa & kpe iR
* DVD FB5f > & % FBEE AL chd b1t 5 LR o & Ui Begg p 200 PSD 1%
BRPIE o & AFM B3V T o 35 i o SR AR 4R e CCD B g i DVD 3§ Br2p e
TR R RE AdF L %‘gv} BERFEE BITREA A a0 FES gl g iv X jER
BaEion B3R -  2EFHEREGT > P2 &% DVD#H B DT HRE kS

2o > BB FESAE L E R L e 3R o
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PDIC

Ol e
DVD head ==
PLS T3 -
Z Coafse s
X6
Y C
(a)

B L7 B a4 o 95 s & () 7% H BI(0)AFM HC5¢ (C) 6 & 45 e ik 153 [34]

v

LRAATN R E AR AT & T 5 hE B 4E 0 Liao ¥ £ »t 2018 &
#NTXEBFRER D [35] AL EERFES AR S A 0 28y R T
B > @3- SA5d m(S-curve) - § FEHERAREL AR SE4 0 o H TR
Vigs =0 f & B BE 8 "HiT2 Vppg® B B T &M 0% > 1% pF i #7 ik
& o B R 0 4B 1.18 (a)(b)#7or o & S-curve AP H B AL FER K WS
Mo FERAFEHERSEAL X E - 4Bl L18 (c)(d)*7F -

Liao % A & enz B R TR 2 5 7 XY F @ & - fiee
B I ZihE BROdFR o doftT o Aot - R I{ VT & 8% Feh S-curve

L

WA o FEd 45 P E B oE Ben S-curve R TH P Vg = 06012 % 0 if ¥ 1F Ay

Fadk A ENFEF R BRESL T A S R 4oB] 119 977 o
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(a) (b)

Sample profile g 4

:

@ . Us
Uniform reflectivity
Uy N
. Surface
2 — height (nm)
ﬂ] : Us- Uy
S -
X-axis displacement
(C) High reflectivity (d) Sa y, N\
Sample profile D <1y \
<l KS0))
i 1
. )
Low reflectivity Ue
Surface >

g 1 / height (nm)
= Up- Ue
S ' Neeld

v’

X-axis displacement
B 118 4p ke F 645 52 ()% R & =8 B 2B fo(b)H & S-curve » 1 2 7 e
Fo S igz (C)B B =% B % B {o(d)$ & S-curve [35] © B P Upgs =
Vres °

o Sample profile
(a) A& 4 (b) A High reflectivity ¢

Z-axis movement E

......

Y

Low reflectivity

7h Y ‘
S-curve at A S S-curve at C
S-curve at B
¥’ . .
— — -

» B ===

- > 2 I |
¥ - . —— e —- e —
:;.- ~ - g Focal point

------

o

Z-axis displacement

XY -axes scanning
Ures (V)

Bl 1.19 ()#F f5 w7 L RI(0) %% A 4% & 7 L B [35] -

2021 & pF > Liao % 4 3 1 REDUEAL ZHRHE R 0 AT E A}
B p FRGOENSE T L RPEF L F 0 4oB 1.20 “rm [36] - fI* &
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Fdrfs BRE Ziht cdfds 08 = 2 SR ordF i @ B € 3.5 hr/frame %
= 7 256 s/frame > BT 8 50 i epE oo

Piezoelectric actuator Frame

) . Flexural structure
Objective lens Polycarbonate chip

o
vy

! — !
g; ‘ 1 ] ] | -
i
15.5 5 |
(b) Unit: mm

B 120 & 4= &L4F 46 F (@) %17 L B(D)Fe 84 < 1 B [36] -

A Liao FA G Y v ¢ RS A g F T EH FESIELZ JRtg = vt o
2022 & > A EZRBEFNTELIRF S22 BRI E c BEH P BE R

g

oy

FES 2B chdRtp /| » SR (47 TEEIATE S 25 F 35 0 58§

PEE S A o bl 1.21 “5 [37] -
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40
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(b XA #% (um)

R4t % (%) =

0 5 10 15 20

XA #% (um)

B 1.21 4 R2L2SINI1 2. Frpr & 64 5 (a) B 1B 2 (b)# w @) [37] -

13/ B eh

B g o 1 BRSO R ERIFENT ¢ SR R T RA o kD

H AR oM BE SRR i % 5 E 0 CCDR A # £
SRR UMW E R LIS T S 0 R b 1 B AR

Bk E S Rl AR ERE R R H REfeEERTY L B
Pk 8 R R o
rAF2Z AR P m+*“f‘1‘§ ERETHE BN oG A 0 BERR D
Gpko REAFHRZIPANTREAFEORYATAREEU > T2 PFRE
1R E i G BRTLT P EFY  FH IR AT EIMA #
B BB O50X 50 um? L ] o EB A LB MR A G F T2 AR
AL N RE RS AH O R R AR RS OR EFAEX

AL 532 M2k KR ET S HAEEB T R G EFTHI B4 o MRS
18

doi:10.6342/NTU202302795



oo b 200 & DVDF P8 175 (At 2 o R RE TR &4 6 ik S5 8
B o ;%'g} PP FEHIPLEoTEFLG AR
14p 384

AbHELT R AF LA P TAEFTFREER P
B B Ak B e
SR AAHRRE S A ST HE B4 Haradp b S Ecfe ik R o
SR A ARFRFET R AL AT LR FHEAREN R FH
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¥-F RERRIE

2.1 %S4l RIEE 28k

TEE B4 fIE

CHEE RS SR T RS 2 TR

i R

~ g’ _B':,TJ:% jf.

R I RS PECRLE A0S T

3-;
\‘l
[}
3
o
g
~=ie
—
=
=

CE SO >~ R E R PR E

&3 kB ik 7 [38]

211 e F & F
W EHRE

oo B R T R D R E S o

#E

BT A

5
AR pE s IR kAL A G K Bt H ARk diE x BN AL

BESERAE AR 0 oW 21557 o

B LG F S AR P FAVT * Q1A T > e FA&F > M4
A=1-R 7 (2.1)
| |
70 I |
1 532 nm 1.064 nm
0|\ | BEHE HAR |
| |
— 50 | |
oé ! |
& 40 ' !
% \I\
=3
20 ! |
! |
| |
10 | :
| I
0 = 1 2 1 M 1 2
450 550 650 750 850 950 1050 1150

iR [nm]
— Cu(#) = Au(£) = Ni(3&) — Fe(i) — AI(8)

F217 kA g okat £ 2 sjcd B H [39] -
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R R G A= B

FobpE o o (22)577 0 BAE HEE HAEL A G~ B o

S ESEE Y LN R

(ng — 1)% + nIZ

2> 3% (Fresnel Equations)?:

SRR SRS

29 npfon; 3 EEH R

7(2.2)

- (ng + 1)% +n?

212 % #F5 R
iR R AAp F

TRMENLE CEFERN g B

33 o

2.1.3 § &F# F

Sk R E 5 0% o~ 5 (SO F o494 F & RE R < 2 e

BARARF o L AUFER R R S B4 0 F 2R

*ﬁm%*ﬂ G R L e N I A JEL S S Fal 1M S A SRR B S
éﬁﬁmf*Ag“ﬁiiammmm$WweCWV‘%ﬁﬁ— PR e 48 o ¥ CW 3t
TR A H g oot el 40 F MR F ok A oo
R F kAT R A B R R SR B g i e R i B4 5 $
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B AR o A dh AW 7}@*5—4\‘ T B ﬁ*] ¥ 5

PR AR

Efhe b 24T R0 i

N Y S B E R 4oF) 2.2 07 [38] -
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% pr g £ FE3EBs(mMm)it B 4ot (2.3)#77 » H ¢ FE_ 3 84 4 @ F (mmfs) »
fEG HPEFMF (HZ) o @ F 340 E o 5 Overlap(%) ¥ ™ %855 (2.4): & #F
v SD & kK E T (mm) o

Bs = ? 7(2.3)

S S
————x 100 7 (2.4)

Overlap(%) = 5D

216 F H R L8
T AL ERY 0 ERARE I A G AR R g 1 G BIE
BAvk o etk @ 2 28 o 4B 2.4 #icdy o7 [40] 0 454 1018 Mgt dm & (7 F &

BEF S TIEGEOTEFER 0 $ERELATRE ST M -

63 mm focal length
127 mm focal length
20pm
g
E
S
§ [
&
2
=
=
1.0 p=
Width for 63 mm lens
0 l A A A
-1 0 1 2 3 -

Position of focal point below the surface (mm)

Bl 2.4 %+ 1018 M ptdp 7 Ip BREfo R & 8 & 3 55 B IR R 2 B (2B [40] -
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22 fAT B MARR R E

AFTIRRY AN RFHERTLEREE > H REIF 2597 o F
ARG EFHSERE > FISE A XfeY 3wt ad Ak 0 ¢ adLib A2 5 B
gL mos BBz Fenkprdi ik ¢ H P R BLEEA A 4 L o F kit K
FTHY - R km Ak gL Y - B 20 R FFAS 0 AT R F
RILFFhrA kgt KERRSEE G AR -

Plane 1

B 25 At h 2T 2B e

ARG R 2 AT R F IR R LA R 2.6 97T o F Pk d F b Rl
Mo A RBF LY FIEARIT AL RFSEREFERE RS
%\,64 3 o*%r,r.%\m};‘&j'%q\/r}%’ __E‘?"_L/zv\%ﬁ’ﬂfé}%ﬁ]]\g7lg\g{ml*

A GATR A > 2w Tk R BT Mk Bk RS T RE
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AV, Vg Ve~ Vp 0 Bd X R REY IR B L 5 (Focus Error Signal,

FES) % B Vpgstrk Bl LA Fo(SUM) T B B Vsyy > 4038 (2.5) ~ 34 (2.6) %777 -

Vigs = (Vg + Vp) — (Va4 + V() 7 (2.5)
VSUM = VA + VB + VC + VD )7\‘ (26)
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XYZ+ = H T o

ERatre 30

Bl 3.2 e Wik s AT AR

3217% * 2k DVD i B-Ffr¥ iF & %

MEF R B B kg Bogp (TOP1100s, TopRay Technologies) it 5 i & £ &
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= R ERE T
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*E R f B2+ L (MPro OPU Driver revl, MPro GmbH)+4- B 3.5 #7
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ek A 2k DVD B4 4

ke Specifications
DVD CcD Unit
Laser diode wavelength fi55 790 nm
Objective lens Aspheric plastic lens | Aspheric plastic lens
Numerical aperture 0.6 0.47
Working distance 1.28 091 mm
Focal length 2.33 2.35 mm
Emission power
Typical power 0.23 0.17 mW
Maximum power 0.373 0.297 mW
Detection method
Focusing Astigmatism Astigmatism
Tracking DPD 3-spot
Photo detector PDIC with 'V Amp =~ PDIC with I/'V Amp
PDIC Response Frequency B0 45 MHz
Dimensions 48.7(W)x 36.7(D) x 7.5(H) mm
Unit weight ~18g
Operating temperature 0~60C
Storage temperature -30-70°C
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Category Prezoclectne Device
Laminared Piezoelectric Achzstor

Manofactuser TOKIN
Manofactuse TORIN
Senes AE
Maimumdsivingvoltag 150
Generationforce B30
Dhzplacement 9.1 pem

| ReronanceFrsquency . 138kTTz
Capacitance 0.75uF
Capacitance Tolsrance 3%
TnsulaticnR esistances Fihdabmis
TemperatureRange . -15—~83°C
Orverall Length 10mm
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MPro GmbH
Zum Bahnho! @
Messtechnik & Prototyping 98593 Floh-Seligenthal
Power Supply:
Input Voltage: 12 vDC
Input Current: 1.0A max
Connector: 1.5mm Power Jack
center Pin is VCC, shell is GND
Functions:
VCM Driver: for X,Z and Tilt
Anti Drift function:  for Z-Axis
Interface: HDMI to miniHDMI for Main functions

miniHDMI to HDMI for feature functions
Supported Adapter: TOP1100, KES860

FES, SUM signal calculation and amplification
- Laser Source switch
- VR-Based or External +/-10V VCM control signals
- Selectable Gain for SUM and FES
- Selectable AC or DC signal coupling
Digital Control Interface for Sony KEM860 OPU
- USB Interface for digital Configuration
- VR-Based Offset Correction for SUM and FES

Warnings:

OPUs contain up to three class 1 diode laser sources. Avoid direct eye contact when
operating the device.

A

e —————eee
e ——

Tel: +48 (0) 160 7244852
Handelsrogister  Jena HRB 509185 Email: pro-gmbh.de
Geschafistiteer  Christian Wemer ‘Web: waw.mpeo-gmbh de
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biology - biomedicine - chemistry - analytics

Optical Data FDSS5532-01 FDS5532-02 FD55532-03 FD55532-04_1k
Wavelength 532 nm
Pulse Energy =2pl @ 15kHz >*GpJ @ 10kHz >20pJ @ 1kHz =42 ) @ 1 kHz
Peak Power = 1.5 kW @15kHz >4 5kW @10kHz = 15kW @ 1kHz > 30 KW @ 1 kHz
Pulse Repetition Rate = 20 kHz = 10 kHz =28 kHz = 1 kHz
Pulse Width, FWHM =13 ns
Polarization Ratio = 100:1 verfical
Pulse Energy Drift ! <+ 5% <+ 5% <+5% <+5%
Pulse-To-Pulse RMS < 3% @15kHz < 2% {@10kHz < 2% [@1kHz < 2% [@1kHz
Laser Classificaion 38 /lllb 3B/ lllb 3B /b 3B /b
Optical Output Spatial Mode TEMua (Main Axis Divergence Ratio < 1.3)
Besam Divergenca, 28 < 3.5 mrad < 3.5 mrad < 5.0 mrad < 4.5 mrad
Beam Diametar 250 £ 50 pm 260 £ 50 pm 400 £ 100 pm 400 £ 100 pm
Electrical Data Power Consumption  15'W (macd0 W) A7 W (maxd0 W) 20 W (max.70W) 40 W (70 W)
Operating Voltage 12V DC
Line Voltage 90 - 265V AC
Marking CE
Interfaces RS 232, USB

External Trigger (TTL, rising edge) single shot {pulse on demand) — max. repetition rate
Interface for TTL-controd and power monitor

Miscellaneous Warm-up Time < & min
Operating Temperature 18 - 38 °C
ﬂpﬁnﬂn Stand-alone system (incl. key-switch, heat-sink, manual shutter; CORH compliant)

Synchronizaion signal output (rse time < 2 ns)

Fiber coupling for fiber with core diameter = 70 pm (24 2 100pm)
Manual shutter or electrical beam blocker

External beam expander (e.9. 3x)

Manual or electncal attenuator on request
Manual or electrical driven wawvelength switch 532 nm [ 1064 nm
Closed loop operation for pulse energy on request

:'Dﬂﬂmﬁm:.mumwmdmﬂmmcmsmd- @ 1t varation £ 3 °C and < 3 “C/hour.
' RMS over 1000 pulses atter 5 min of continuous operation.
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Calibration Sheet

Model: NC3311-C
Controller
Serial No.: DJOD3EO]
Model: NS4312-C
Nano Servo Stage
Serial No.: DJO0O3MO1
——
ANALOG INPUT 100 2 m/10V i ¢
A Full travel range per 10V analog input K npR
SENSOR MONITOR
9 8 0.1000V/pm
Sensor sensitivity
ANALOG INPUT 100 12 m/10V i ¢
B Full travel range per 10V analog input H s
SENSOR MONITOR
sl 0.0999V/um
Sensor sensitivity
ANALOG INPUT 25 4 m/10V i t
C Full travel range per 10V analog input * e
SENSOR MONITOR
= 0.2000V/pum
Sensor sensitivity

The stage and the controller were inspected respectively before shipment, and indicated the

measurement results,

Displacement:

It is a displacement of the stage when the analog voltage 10V is input to the terminal “Input™ (full

travel range at the closed loop control).

Sensitivity

It is an analog voltage (voltage that applies to the terminal “Input”) necessary for one-micron

movement.,
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High-Frequency NBS 1963A Resolution Test Targets, 2" x 2" =
»F from 110 228 (See List Below)
P Determine Resolution of an Optical System 3 a 3 2
P 2" x 2" (50.8 mm x 50.8 mm) Soda Lime Glass Substrate ml[
P Positive and Negative Targets Available -

Thorlabs’ 2" x 2" (50.8 mm x 50.8 mm) high-frequency NBS 1963A resolution test targets offer
48 line sets with frequencies from 1 to 228 cycles/mm, corresponding to cycle sizes from 1.0 a 9
mm to 4.4 pm (see the table below and the Resolution Targets tab for more information). Each
set of lines on the pattern contains five horizontal and five vertical lines and is labeled with the

frequency of the lines in cycles/mm, as shown in the images to the right. The resol of an
e optical system can be determined by identifying the highest frequency Click for Details Click for Details
‘Optical Specifications line set that the system is able to resolve. Line sets with frequencies  Line sets with frequencies of
R2L2S1P1| R2L2S1N1| These s targets are offered in positive and negative versions. of 32 and 29 cycles/mm on 32 and 29 cycles/mm on the

the R2L251P1 positive R2L2S1N1 negative target.

The enlarged image shows

line sets of 7.1 through 228
cycles/mm.

hrome Clear | The R2L2S1P1 positive target consists of a chrome pattern with low
e reflectance plated on to a clear substrate and is useful for front-lit and target. Thle enlargedf u7-n1age
general applications. Alternatively, the R2L2S1N1 negative target uses ms °"sh ;;EG“BO f
the same chrome coating to cover the substrate, leaving the pattern oug cydles/mm.
itself clear, and works well in back-lit and highly illuminated applications.

Surface Flatness I
Chrome Optical Density®
a. Specified at 430 nm

.
Frequencies (cy
.1 +16 .25 +40 +63 «10 <16 «25 40 +64 « 102 «161
.11 «18 .28 45 .71 o1 .18 .29 .45 .72 $114 «181
+125 220 .32 +50 +80 “125 .20 .32 .51 .81 +128 203
14 .22 +38 +56 +90 .14 .23 «36 .57 +91 + 144 .228

See the Resolution Targets tab above for more details on the test patterns.
Based on your currency / country selection, your order will ship from Newton, New Jersey

Features l__
. Posmve_N e and Bif 1]95! USAF and NBS 1963A Resolution Test Targets Design -
« Positive 1952 Resolution Test Targets
« Sector Star Targets Clear Soda Lime Glass?
« Ronchi Ruling Targets
« Variable Line Grating Targets =
« High-Contrast Positive Reflective Versions Avaiiable =
« Combined Resolution and Distortion Target +1pm
0.5 ym

Resolution test targets are typically used to measure the resolution of an imaging system. They

a The consist of chrome patiems etched on soda lime The
consist of reference line patterns with well-defined thicknesses and spacings and are designed to m@?&emmmmmg %”m lezmgq‘t:spanenn?cfear

be placed in the same plane as the object being imaged. By identifying the largest set of non- b. See the descriptons of each target below for these
distinguishable Eines, one determines the resolving power of a given system. Thorlabs offers € This tolerance is valid for the mask used 1o Create these targets and may differ minimally
resolution test targets with 1951 USAF, NBS 1952, and NBS 19634 patterns. Targets are also for the targets themseives.

avaliable with sector star (also known as Slemens star) patterns, Ronchi rulings, a variable line
grating, or a combination of patterns for resolution and distortion testing. For more information on each pattern, see the Resalution Targets tab.

Al of our resolution test target pattems are available as positive targets, and many have negative versions as well. We also offer several versions of high-
contrast positive reflective targets. The positive targets consist of low-reflectivity, vacuum-sputtered chrome pattems piated on dear substrates and are useful
for front-it and general applications. The negative targets use chrome to cover the substrates, leaving the pattems dear, and work well in back-lit and highly
flluminated applications. The positive reflective targets are composed of an antireflection-coated (AR-coated) chrome pattern etched on soda lime glass with an
uncoated chrome background for high contrast in reflective applications. See the Graphs tab for spectral data of the materials used in these test targets. Each
pattern is manufactured using photolithography, allowing for edge features to be resolved down to appraximately 1 pm.

Mounting

These resolution test targets can be mounted in one of four of our micrescopy slide holders. Our MAXGSLH Fixed Slide Holder provides two spring dlips to mount
the optic and can be mounted to any of our 3-axis transiation Staces. The MAX3SLH is only compatible with test targets greater than or equal to 2" wide and

provides a clear aperture of 1%, which may cover the chrome pattern on some of the test targets. Thorlabs also offers our XYF1(/M) Test Taraet Positioning R MRZLZSINNBSI%B:M
Mount (see photo to the right) capable of transiating a 17 to 3™ wide rectanguiar target over a S0 mm x 30 mm area. The mount offers five 8-32 (M4) taps for mT&aw '°m" ted

six post-mountable orientations. The XYF1 uses nylon-tipped setscrews to secure the optic. Please note that the mount’s support arms overiap the optic by et Postions
4.4 mm on each side. For users of the MLS203 Microscopy stage we offer the MLS203P2 Siide Hoider for Inverted Microscopes, which can mount siides 25 mm to 26.5 mm wide and petri dishes
30 mm to 60 mm in diameter.

mnuwaphkramei

Manufacturing
extensive production capabilities enable us to provide solutions for imaging system calibration and measurements. We use contact photolithography with a mask aligner to define the pattern
ontheglassxbsuau Once the pattem is defined, we chemically etch the substrates and dean them in a dass 100 deanroom.

Target Ma
Our R3L1518 and R2L2518 Birefringent Resolution Targets have a pattern that is invisible uniess viewed through a pair of crossed poiarizers, making them ideal for calibration of polarization-
sensitive systems. The pattern is created by using a photo alignment process to set the fast axis of the liquid arystal polymer layer, which is protected by two layers of glass. These devices are
engineered so that the fast axis of the overall target is aligned paraliel to the side of the glass covers, whereas the fast axis for the pattemed area is aligned 45° to this edge. The entire targets
have a retardation of 280 = 20 nm. Additionally, they can display both positive and negative patterns by changing the orientation of the crossed polarizers. If the crossed polarizers are aligned
with the sides of the target, the positive image will be formed. If the crossed polarizers are aligned at 45° to the sides of the target, the negative image will be formed.

Thorlabs also offers a complete line of reticles for superimposing a reference pattemn onto an object.

[ Targets Selection Guide ]
Resolution Test Targets | _ Distortion Tost Targels | __Siant E0oe MTF Resoution Test Targels | _ Caloation Targets |

NBS 1963A Targets
« Positive, Negative, and Birefringent Targets Available

High-Frequency
« X 2" Size for Dedicated Targets, 1 x 3" Size for Combined Target

NBS 1963A Targets have line sets of five vertical and five horizontal lines. Each line and the space between it and the next line can be thought of as a line pair or a
cycle. The resolution that each target is able to test is given by the frequency of the cycles in cydes/mm. On Thorlabs' NBS 1963A targets, each line set is labeled

with its frequency. By determining the smallest lines that are (highest ), you can the of an imaging system,
Our standard NBS 1963A targets offer 26 line sets with resolutions scaled from 1.0 cycles/mm to 18.0 cydes/mm. For more rigorous resolution testing, our high-
frequency NBS 1963A targets have 48 line sets with from 1.0 0228 and our R1L3SSP combined resolution and distortion test

target has 35 line sets with frequencies from 4.5 cycles/mm to 228 cydes/mm. The size of each cycle is simply the reciprocal of the frequency and is given for all
available frequencies in the table below. For the individual line width, divide the cycle size in half.

ml%h
1.00 mm

1.1 0,909 mm
125 | 0800mm
14 0714 mm

18 0625 mm
18 0.556 mm

20 | 0500mm| 80 | 0425mm| 320 128

22 | 04%5mm| 90 | oftimm | 360 184

25 | 0400mm| 100 | 0100mm | 400 161

28 | 0357mm| 110 | 009imm | 450 181

32 | 0313mm| 126 | 0080mm | 610 203

36 | o028mm| 140 | oo07imm | 870 28
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