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Development of Spectral-Domain Interferometer Having Dual Reference
Paths based on Polarization for Measuring Absolute Distances
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A spectral-domain interferometer with dual reference paths and orthogonal polarization states to avoid measurement errors
when interference signals overlap is proposed and realized. In our previous study, by using dual reference mirrors, two
inherent problems of the spectral-domain interferometer, the non-measurable range and the directional ambiguity problem,
were successfully solved. However, because of the overlap of interference signals, the absolute distance values were
distorted. In this study, the polarization states of beams from two reference paths were made orthogonal to eliminate the
interference signal between them, so that the overlap can be essentially avoided. First, we performed a numerical
simulation on the measurement error with respect to the degree of superposition of the interference signals. Simulation
results show that with the previous method the measurement error can be up to approximately 1 um within the overlap
region, but the proposed method drastically reduced this error to below 100 nm. Then, the proposed method was
experimentally realized and verified. In conclusion, the proposed method can measure the absolute distances without the
inherent problems as well as the measure errors caused by the overlap of the interference signals.
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1. M2 ZH4 7| (Spectral-Domain Interferometer),®'%212 v]3) A|7HH (Time
of Flight)!1? So] &tx] 11 )t}

At Az =% (Absolute Distance Measurement)S A1 olg} &2 At A7 &4 WY F g A= Y
gojx THAE ol&3tt T54 WY S30= o=A 54 A Y& AREBEe] 71 AR 5 HEE S d=o os) A
25 dA&FO0F o|F3HA YA ARE FZSHA] Yax 3 AE 7Hd 2B EH (Interference Spectrum)S E5310] 1 7H
‘ﬂoﬂ Ael RS D5 5 Gl Wolth oje 2 AR o AU ERO] 27|15 Agro2a, Tl M Al A = H4
2 Qlaf, At A7l 42 M AEE AGHoR w45 ¢l 9V #eol 7]x(Phase-Shifting Technique)¥t 72 17 §lo]
355 olele dlE F2EY 29 34, F FHAe HE, ANZLe 2 AgE ST = k. o]g AHole st
29 A o)A 947 AF, 334 T FxE 5H, EA =8 A 2¥deE 9gF =54 EA(Directional
&30 thal 4 = 24 =9 tjofst A sk —E’_—Okoﬂ g Ambiguity Problem)@} =% £7} <] (Non-Measurable Range)
2ed 4= Qo Al Ag] SAS Fdsks HEHQ F3H4 o] ZAgir}. o]e} 2 LA A HES sl o] FE
Q|2 duby 7H A (Multi-Wavelength  Interferometer), !> 317](Dichroic Beam Splitter)S ©|-83}0] 7H44A|9] 7|& AR E
u}a; 7] 74 A (Wavelength Sweeping Interferometer), > £33 22 Y1, 245 7H AgEdE & godoa 1o
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Fig. 1 Optical layout of spectral-domain interferometer with dual
reference paths (TM: target mirror, BS-A, BS-B: beam
splitters, RM-A, RM-B: reference mirrors A, B, Ly: target
distance, Lgi, Lgro: reference distances)



SEEEZeEX| M37H HM3E

March 2020/ 183

2 TSR 4 AeE TS| Si8) 71F AgAS 71Z A
2BO| YRS Tefdto] 71y 4B 2718 sk 4
@) °1F 71E B2 TAAE B3 Lol oA 2HERS

_1+P . cos{z”f-z (LRI—LRZ)}_
(L) =0 ()| +ryens P21, )] | @
+P, -cos {272 2+(Ly ~Lg )}

AZVA, I (e 3L AAS] uigg 2320|H, Pa, P, Pape 2
2% 704 AlB0] A%, B 71 ABO AE, 7| A Aol

4 A150] Aot} B RolAl Holy F 1M AE} 3
708 A1ES Esk] 918 Py > Paek /A5t

FE71E 58 A5E A 2HEYe |8 AA ] ¢
& Eejo] Wghe #-gslA W, Fig. 29} o] Fajof o]
A 47h0] HE ATEL BT} 4 Q). o]EL 7—17—1]' ) [Lri -
Lijo] WS Zke 2 714 A5 Py, 2) |Lys - Lijo] WS 7+
= = 7b 259l Py, 3) |Lg - LRZH HHEE Zh= £ 71E A

Aol A 214 ALEQl Pap W 4) FAUS) FIF Hxof Hg

 DC ¥ A5} 9o Aldolch FY Aol s WA
Figs. 2a)9k 2(b) 2ol Py % Pyo] A2l 3
=4 HAT 5 i, 5 Bt 99

ol Py 2157} 23|t 2te Fig. 2(c)2t

Q
= Py é Py
= | &
g g P,
= ~
= =
APAB
t (b) t
< 3
g g
= =
S [
= f =
‘ ) 1

Fig. 2 Examples of Fourier-transformed results in case of (a)
Clearly separated three peaks when |Lg, - Ly > |Lg; - L], (b)
Clearly separated three peaks when |Lg; - Ly| > |Lg, - Ly, ()
Overlap of Py and P,g, and (d) Overlap of P, and Pyg (Pa:
peak signal having an OPD of |Lg, - Ly|, Pg: peak signal
having an OPD of |Lg, - Ly|, Psg: peak signal having an OPD
of [Lg; - Lgal)

2ol Py ALES Bl AYl AE
et e, Fig. 2(d)2F o] Py AIS7F Py Al20F A= 7
. 200 712l A A s P2 A1) 22l 3
=l v el A A U

EE, Py 437} Pag AlE7} o4
T R WA Y=t F ’\J§4
2] 2H7ke] YA A 3G
] (Numerical Simulation)2] 7%,]»— E3) solgl

Zagstomn Ju 5

O>~
JN
lo

3. x| AlIE2o|d H Hoi A2 £F &

SHA 2ol A =2l miel o], 2] AZE9) 3ol ofs)
B 5 e S dse AFHeR Z45] Hsl A
Al oldE skt A Aol 4%, Fig 29 ol 7]
& 715 AlelolM A7 A 1Hdo] —Tﬁﬂoﬂ FANM Panel
’%EHE & ZASHA ek % Aol A= Fig. 2(d)ek 2ol

w ALB9} 4 A9l Pt A0l el e 4 Qs
éﬂq A SA%] == -1‘%’510}71 13l Pa2t Pap7h €3]
AAE YRS YEor T3, o] YHL 7|E2 & £100 um?l
Z 200 pm G4 PA&F Pap®] R Aol wE Hof AE
wajstol wolth. #7 AEHolH 2L B ATl ST
A 27& Wgste], FHe F4 I 1550 nmof|A] 40 nm
9] Whx]Z(Full Width at Half Maximum)®] 7}$-A|QF ZhAd
(Gaussian Envelope)2 Z&t HHE 5] 250 MHzQl 33 Hlo|t}.
E3 A Q)= FolR= 4 ] AT s A7E BE FF

FAollA FiE 4= Qs 7 o] ZZEH] Py : Pyt PagE A
PATLEE vig oz 1 :0.67 : 0.142 A3} F 7= A
= Abolo] AP [Lg; - Leoli= 250 pm= A3 513ict

T2 AlEdol o] &4 Aute] =, Fig. 33t Zro] 7HJ
Nzel 47 ol uet Ao 1 ume] Ao Az 24 oxpr

SAIE 4 9SS o 4 9lth Py AT} Py AlB7} ]

o
T
I

4
W

0.0

Existing Method
Lo} Proposed Method|

Measurement Error in Simulation (um)

1 1 1 1 1 1 1

-100 -50 0 50 100

Displacement (pm)

Fig. 3 Simulation results of measurement error by existing method
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