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Error Analysis and Alignment Tolerancing for Confocal Scanning
Microscope using Monte Carlo Method

Hong-Ki Yoo*, Dong-Kyun Kang*, Seung-Woo Lee*, Dae-Gab Gweon*

ABSTRACT

The errors can cause the serious loss of the performance of a precision machine system. In this paper, we proposed

the method of allocating the alignment tolerances of the parts and applied this method to get the optimal tolerances of a

Confocal Scanning Microscope. In general, tight tolerances are required to maintain the performance of a system, but a

high cost of manufacturing and assembling is required to preserve the tight tolerances. The purpose of allocating the

optimal tolerances is minimizing the cost while keeping the high performance of the system. In the optimal problem, we
maximized the tolerances while maintaining the performance requirements. The Monte Carlo Method, a statistical

simulation method, is used in tolerance analysis. Alignment tolerances of optical components of the confocal scanning

microscope are optimized to minimize the cost and to maintain the observation performance of the microscope. We can

also apply this method to the other precision machine system.

Key Words : Error Analysis (2%} #4]), Tolerance Allocation (&2t &%), Confocal Scanning Microscope (&34
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Fig. 1 Flow Chart of Tolerance Allocating Process

2. 2Y S €Y 4YH

4492 71A NaBe AE o, 44 X
oz Hgstd 2dsts A Brbssc g
A, 3348 998 FA e, ok Brdsl
PHSE 0AE TR W FAHE F& on)
#h Qumoez A Axded FAt AW,
A 8zl golshr] WEel gl FA =
=g, Axde) 45 v 28+ At

z A4 3a ¥ Fo &I 45 Aol

93

oA HAe BUAE Fofop ok B oAt
AxdY 45e BT F 9t = WolA 3
AE A5 ¢ 5 A=S HY TAE T
e addch 43 $A4E Hon eos
z4 182 Hash dos vt H7
A @9 WS Figl old e g ol A
AW 27 44, FA W5 A9, 29 45 2

A, 443t ¢ 34 %2 AL AAA €4

]

2.
L

olf ol i rir ok

2.1 M HeEt =9 43

ojm] AF3F vlel Fo] A A|ARlM= &
FE Faol utgl QA7 wAEA "o o]t
o3= A2 HE AHIE BHL F U o
@A, FxE &It 2o g eAvE 2
Hets A2"e A% A7l doled w3 FF
o2 FAFHojor Fcth wiElA, AjxE A
3t A AL A3 QA ) A 2R
Aol Ast dyux A 2de wFAA F
NEF HH FA7} @gEoof st

Aol A 71EE FaFH Y Fujzte 8
T REE AT A 4o ZAHE £k U,
AA e Fetd Zzbe] oF AAH7IE o
autx oz F8t AlAHME ZFH HPHAA
Spot & A7, &4 FFY A7, AE A Fg vl
(SN ratio), +x¢] RMS 3%, Full-Width-Half-
Maximum(FWHM), &< 3AWaE 4 F& 243 &
s 5 o¥e ol AxHe AFE YE
A, olEdt A% AsEe] oo wt A
Aoz HAAE & 9

hin
2
T
=z

22 X W M

ditdoz FF4 AE A7 2ASE Al
=9l % Astrt Yehdth o] | EE A
s FAE YL A 2ELSA g AN
o] Ba37] WEd, Aol 2 FFE vIAe £
AE€ AdYsty & E3I

A zgle] ZFA3NOS )% 23H(e;) AboldlE
AE.n# 2L I AT Y.

S = f(e,e,,  ,ey)
gukdel 33 A 2"oA, g T+ BAES

2 Wgeze 97) ods] B, 4gel
g Agdolde Bal 9o BAE 2A Ak 4

@.1



#5745 T ol%

$ UG BFALIHAA

214 M2%

FAOS ) 23 e ) BAE FHRE, WA
2 Fig2 &} Zo] Yehdr).

Fig2 oA 23 ¢, e, 9 Z& A9T B
o 4 NS & F U w2A, e, e, &
A A2 Yty ﬂz} g3 3 F3i, e
© 32 g2olA Asta, 4 FAE L2
| gk Al2"e BE AEH Qb i -
A #AE BAA, “‘ZJ?‘P LAHE T2 WAF
2 At FAE s F4 9ok

ah
1]
3
S &2
E €1
a.
Error(es

Fig. 2 Relationship between system Performances and
various Errors

23 AMAH MEs
:‘17?} g H%ﬂ*‘]t 24, 4 BE EA
Q"’"E} < ASo WA A2"Y AT
&olof 7{“3]'. gd Tkl i A2
% A8t He o 7k ASEHA
29 (Worst On Worst analysis model), RSS
24 (Root Sum Squared analysis model), HLM A] &2l
o] M (High-Low-Median simulation), Monte Carlo ¥
= e R - DA S SR A3 =
wow 2HEe gEgHoz doji}y] Y= Hot
438 sy Wi, d4d3es At A
AUAA 448 HHolnt. RSS HLM A}
g o} —‘3 &9 A Fapet Zol d¥AHAY
F-ol At wEtA, 7Eo BY T A4
22 T2 Holw, HdgHA FAE HA
A4 vzstAl 2437 AsiA = Monte Carlo
‘”"”°] Aot £ =®8dAe AlaEHY A%
Aol Monte Carl oS ALR5}9 ).
Monte Carlo ¥ &7} 5‘—733]{/\‘]
wHog ¢ éla F Pe o AEsE
A el dFoith, g2 oulala, #3413
TE A, ol& o83 FAIZQ s E
383l WS Monte Carlo ol 3ot ¥

24
o A

Lo
X
ol[‘

offl

=i,

_\94 oX g rlr o

EREL

T3 &

94

Frequency

e, . Errors
t,. : Tolerances
m=12..N

Fig. 3 Distribution of Errors according to the given
Tolerance

=A% o7t wANS W deus 4%A
& 85 = Aens 2e BAS B4, B
ANgHold ARERY 4L 4 A AW, B
AY FTAS YIRS W 2" 45 AsE
dEsz Ae 44 2o SS9 e 9 BAE 4
A Pe & o, & o BAL)S WA= @

Hol Aol S 5 §l7] HEolH

Za t,((=12,---,N) 7t Fola A%, o
(€)E Fig3 3 3ol Ayt £X #EL 7HA 2
JoHoz vty AT £ Qv wFolr)
utgtA], Monte Carlo & AH&8A B2 F9
AAE WHESIY, Folzl & EEXE VIR 2
27 GG FE A"l HF AdE B4
29 Ase #AE e 5 Juh

v
[Error DistributionQ
v
[Random Error Sampleg]

%alyze Performance ]
C

lteration
LPen‘ormance Distribution ]

[gystem Performance ]

Fig. 4 Flow Diagram of Performance Analysis, using
Monte Carlo Method



FFLFRE] A A A2%

Monte Carlo & o834, & FA}o
g Al=Ele] AEE #M3e ZEEE Figd &
Zoh ¢4, A g o 3 7 E2ED Fig3
I Ze o3 g X E AANE F Ut 9
o, ¥ 30 2 FEEda 7S
I % ANE B8 BEXEZERYH 7 EEAA
AH o2 QAE e, (k = iteration number )&
3l Wi, Ae.nd 5 #AE &34, A
L2} set ol h¥ e AE H@2.2)% 2l
g 4+ Qo

o=
=
2
k!
A
LA

A

&S, = fey-ey5rey) 22)
of g FHa wEsw Az2dl A%
05, € Figs ¢ & X & A It FA7L 3
o 2 #Edtn IR Fgenz s AL o
o #Fee 99.73% FES TEsd Foii ¥
ol dig AEAs OS5, & A58 = UA 9o
Frequency
'Y
3¢
=, ol &
OS : change of system performance

&S, : change of system perfarmance
according to the given tolerance

Fig. 5 Performance Distribution of the System according
to the given Tolerance

24 35 B we

ofv] AFE i} Lo HH T ¥Y TA
45% AVEACED 1 FAS AUBeE
A2 el AZY & AW, webd o 2

2AY5E Jases FAZ 44T 5

flo #d

G(¢,t,,-+ 2.3)

)= (k,/t,)
m=]

k, = scale factor

At

95

21 A 49E A% AL 20
WA 99 BHGRE Ao A
2¢ + S BAREt AT =
AAEY, B Aad FRAZLS A§a,
34 4% 7¥ ¢ Ak

3. 38 FA #iolg

FAL @0 A& Figé A BE uleh 2
ZHAM U dgke] BELE FH3
%71 l =28 F ok geA, 3xd FAL
l wa 2EEg sk Ade YR
do g B d + AUtk o3 &
T2 FA duAe AET, Ao
EZR3 5 o] EopollA $E&EHL A

Detector

—-%\4—— Pinhole
AR

Dichroic mirror 4~

___% Microscope objective

/
N /
Specimen —% \%‘—v Focal plane

Fig. 6 Schematic Diagram of Confocal Microscope

e

23 FA duF e Hol BFE %
2 =4l (Axial Response)S EaiA & 5 gl
1€ AlEE FF BFgo2 o|FAIHEA F
g3t Fig7 & &L YT E A& F 3l
CBE ALl 23 A glod Fo] 3,
%§°ﬂ*1 Rojd+% FiFo] Holz e & + Aok
of uwj, FHul FFel o] HE REo ZAE
FWHM(Full-Width Half-Maximum)2.2 Z )3},
o]Re] o] EHY HEE ALEE F Utk

N
o

)4

i
s
o
R
o
=

=
=

Lo&‘.oﬁ&ﬂ"



&7 B ol A FFALILIHA A2 A A2 &

Axial Response th Fx3 FA @vlF A FWHM & £°]7] 9
' ‘ — ' &, 4pi-F%H FA} @n7%, 2-photon xd 24
Au7 5 vk A7E0] AAHIL Yoo

223 24 FUFANE 2RHE 3P
7% WS Fast 4 FuAd g9 &4,
| ®zol g8 Aude 9 3 B9 2o 58
FWHM. | som 9% Y% Ao e 9 3 o7 de o

el 42Y + A AN whol T BT

HEEE LAY, AE 50l ¥ @%712
q)

i

Normalized intens
o o (] < ©
w S h [+2] ~

o
»~

rlo

] AVR3La, WHAL FEAE ]R3t & rig==l
N e FANE 5 BB £42 W) A8 e
4025 802 06015 0O -00)52(n:m§m5 001 aD15 002 0025 _—r’_%o] 78_53&]0-] %B} 7
ol xd, ¥24 'r*} #n) 73] FWHM 4 %
Fig. 7 Axial Response of Confocal Microscopez : axial FFe AxEY AeS di¥dc gef
displacement of specimen FAL AujA o FE -'?‘%'é of A8 ex7} “""3@_}
A4, FWHM ot &4 33& 44 & 24 R
. Beam A €k wEA, 8 FelMe F3 RFES] HFE
SCEEOr BeamSpitter  expander a7 FWHM 3 &3 3% miAs 438 £
= = TR
Laser
Collector lens 4.1 c}g gil' Hé:‘l
‘ EE 3% FFol A7 91E A$ FWHM ¢
/ 1326 m o, o] wWeo A FHFL 1 =
L Pnole Ssitt. ofe] AT wisf 2ol B gl
7 #AE A$ FWHM o] 718t Zo] 1
Detector dgo] A3jela, F4 FFol Aastd FA 4
Fol vhurAch Fst FEFS 9d QA Eﬂf.’}
FWHM 3 &4 %9 W3E sosio, 2t 7
o] AA ATl wAE RIS ¢ F Uk ‘:’f?—l
J Obiective lens Sx7F 2Aste) FWHM ©] 1351 im 2 F713HA
' U, 24 ko] 0975 2 HojAE 2119 AE
zt 3t F g ol Brh Tablel & o] 7|&
< 2% P‘ﬂ He 239 a71E dEia vk
Fig. 8 Confocal Microscope System 3 g gxjeate AE ARy, A0 A
Z(Scan Lens) =8 WZ(Tube Lens), W& %‘.7‘
(Objective Lens), ¥ =& E]H(Beam Splitter)s] 7
Al fo|Fe| 22Xt 24 A & oAvt dAH ol ZEFE A xiﬁ]'
7} vebd wdA, 713 A= (Collector Lens) B

o
oi

e o

U.u ol

=
Ok
P
o
4

Fig8 & £ =EdA o ¥4 2 ¥ €3 (Pinhole)d] F$E 2 m FEE 433 A 24
A A& F2Y FA A F2E HEL 7t 2T 7IEE 25t AE At v
Ack Al2gE 3] 37 A3, x-F WY F et
AL BETE EEET 9 2ZeE e G A= HAeAt 53
FWHM ©] 2o zg55 o] 248 ¢ Aol & 4L vk =9, 33 FF FF
ojvta, wetd g mAFE FxE BEL F WE YAt dIAME Imm AR e 7IE TF

96



F&7 BEF oS Ady : ATHBFEIA A2 A A2%
o A% A& Yeix g 3% e 9 e e s
oAE 2H 4% Aol 2 9% WA B
g o &

42 B8 2% £
41 AolAE 2 38 2FS wd el o

Aagel 45e BMsd 2y g B

2 2o A%l o= HE FF& vAEA

Ade et 4 gk ey, AAzE B

3
A

i

£ 3% $E9 980 FA TAsN] GEo,

27t BRHoE EAG W A2PY 43S B
Yajor Bk,

F 7hA ool FAE I Aol B
23 70M HYE PHoE Az 45 4sE

248 2 ABAze] PIF A2 34 2 m,

3d Fa 020 & FAS A5 thA, FWHM
3 57 B HIE dopdn

X 30,=2 m, 30,=02° ¢ &F $¥XE
=5 79U o8 B Ut Figo & A
AY LAES F|aEaRe T FAF Aolth

A7) E 2000 719 S MELS AAEAET,
Z4zte) 9 AES ZEAF FA AujAd F &5t

FWHM ¥ &4 F& Fat o) AAHE T3
A FWHM 3 &7 Fgko] zte EXE 9& +
2t} (Fig.10)

Table 1 Errors which meet the Criteria
(FWHM = 13.51 tm or Intensity = 0.975)
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() Beam Spiitter 169.73
Collector Lens 2.22
Pinhole 2.27
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Collector tens g.199
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Fig. 9 Histogram of Generated Random Errors of
Collector Lens (a) Transverse Displacement Error
(b) Tilt Error
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Table 2 Tolerance Variables of Detection Parts

t1 offset tolerance of collector lens
t2 tilt tolerance of collector lens

t3 tilt tolerance of beam splitter

t4 offset tolerance of pinhole
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Table 3 Allocated Optimal Tolerances of Detection Parts
of the Confocal Scanning Microscope

Tolerance variables Optimal tolerance
t1 : offset tolerance of collector lens 1.063m
t2 it tolerance of collector lens 0.100°
t3  tilt tolerance of beam splitter 0.002°
t4 : offset tolerance of pinhole 1.045
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Table 5 Allocated Optimal Tolerances of Scanning Parts
of the Confocal Scanning Microscope

Tolerance variables Optimal tolerance
th . offset tolerance of scan lens 59.66m
t6 il tolerance of scan lens 1.66°
t7 . offset tolerance of tube lens 175.09m
18 : tift tolerance of tube lens 0.91°
t9 : offset tolerance of obejctive lens 132.33m
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