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Reflectivity measurement of highly reflective mirrors at
spectral band of 2.7-3.0 pm
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Abstract: The highly reflective (HR) mirrors with high-performance are widely employed in mid-infrared
(mid-IR) laser systems. The manufacturing of mid-IR HR mirrors with high reflectivity requires techniques to
precisely measure their high reflectivity. In this paper, a continuous-wave cavity ring-down (CRD) experimental
apparatus in the 2.7-3.0 pum spectral range is established based on a quantum-cascade laser for high reflectivity
measurement. By precisely optimizing the laser wavelength within the reflection band of the mid-IR HR mirrors,
analyzing the influence of water vapor absorption on the ring-down time and reflectivity measurements, and
comparing the reflectivity results measured under ambient air in clean-room laboratory and under nitrogen purging, the
accurate measurement of high reflectivity is achieved at the 2.7-3.0 um spectral band with an absolute reflectivity
measurement accuracy of below 2x107° for about 99.95% reflectivity. The experimental results demonstrate that by
setting the laser wavelength precisely to 2.9 pm and employing equal lengths of initial and test ring-down cavities
(RDC) to avoid the influence of water vapor’s absorption lines, the reflectivity measurement for the 2.7-3.0 um
spectral band can be performed under normal clean-room laboratory air, without the need of nitrogen purging.
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Fig. 1  Absorption spectrum of water vapor in air at 296 K temperature and 0.1 MPa pressure
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Fig. 2 Schematic diagram of experimental setup for high reflectivity measurement at 2.9 um. AOM: Acoustic-Optic Modulator
Pl 2 SAcE I, AOM: 75 G il 2%

011002-3



weOoW s 5 Ol TR

S b R A B s BB R O L B 2.94 um (F 03

THT 5 I 16 2 R0, 1A 5 £ BE S 0°, AR R 5t ok T »  measurement
99.8%, I 1 FiF A ST £ 1027 47 it
22 LEER 02f
St T OB K AT, R 17 L MRNRE 3 126 s
50%. 1 JGIE R T 1E 2.9 jum U 19 SR I 585 £ 5 F it |
77 s B4, I 305 . B OER 5 s 5 2 2
16 YA ST 1 . T LA, W00 1 B 5805 13 5 A2 2 e
BCREVIURAE , i A 1 28 482 FT LA 5 o 050 5635 B T . : - L
g T X He 2 K PO R 58 B 1A T 0 B, 3T fime/ys
T e T A A A R o B ) SE AR AR, R 4 T s . Fig.3 A typical cavity ring-down signal and the corresponding
R 4 S J K 19 om B0 s DI 32k 58 35 B 6 14 52 25 1 single-exponential it measured at 2.9 pm
2, W I U 10 Limine 76/ FF R4y T4 1 7 £ B3 AZEERHRSIAAEEN A0S

AR AW, 5 I NIRRT RG22 0 E] T, H7E 30 min 2847 WA, T BH AR 1A B 2 RO RVOR
AR, AR A P 7K RN 3 35 B TR 0 2 1 5% e AR 75 AT LT L 22006 o 0 e s o 9 I TE) 7E 78 RURCHIT M 0.892 ps, SEAUR A8
oA 0.977 ps; AR 4, 33t s 5 35 B ) 7 75 USRS 0.526 ps, T8 EUSUG AR M 0.561 ps, T 245 5 7 4% i 7 25 Ak
TR I 75 B R0t = A S S S 0, 2N LA

1.00 0.57
0981 - 0.56 _
wva . /
< 096} 3
£ E 055}
g 0.94 + g
3 3 0541
50 0.92 50
g g
0.90 0.53 +
088 1 1 1 052 1 1 1
0 10 20 30 40 0 10 20 30 40
time/pis time/pis
(a) initial cavity (19 cm) (b) test cavity (19 cm)

Fig. 4 Ring-down time evolution measured during N, purging
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