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Fabrication and Resonance Characteristic Analysis of Spheroid Calcium
Fluoride Millimeter Crystalline Microcavity
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Abstract Compared with glass microcavity, a calcium fluoride (CaF,) crystalline microcavity has the advantages of
small absorption coefficient, fewer defects, higher purity, and being insensitive to ambient humidity. It has
potential applications in microwave photonics, gyroscopes, and nonlinear optics. In this paper, a spheroid CaF,
millimeter crystalline microcavity is fabricated by the ultra-precision machining technology. To fabricate such a
microcavity, a home-made precision machining system is developed. The shape of the fabricated microcavity is a
spheroid, and the surface roughness of the edge of the microcavity is as low as 1.97 nm. Efficient coupling between
the tapered fiber waveguide and the CaF, crystalline microcavity is achieved. The coupling system exhibits an ultra-
high-quality (Q) factor up to ~10° and a free-spectral-range as low as ~0.03 nm. These results demonstrate that
the fabrication method for the CaF, crystalline microcavity is significant, and can promote its applications. The
characteristics of CaF, crystalline microcavity also prove its potential in optical filter, cavity quantum
electrodynamics, nonlinear optics, and optical gyroscope.
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Fig. 1 Diagram of spheroid crystalline microcavity,

fabricated crystalline microcavity, and section field
distribution of fundamental mode of crystalline
microcavity. (a) Schematic of spheroid crystalline
microcavity; (b) fabricated crystalline microcavity;
(c¢) section field distribution of fundamental mode
of crystalline microcavity
Sy il w8 FL A RO T A T A AL S A TR L B
XFPEHL T KT — % b R SRR N T DG B T B
H B O R B Bl K (Canon AB-50R) L i
SURSRES W WY i PI L s PO e N K Rl o P
UE AR FE E b ) R RE S e . R T TE Y B H
HLBR By, I 5 T 45 o A% i e 42 ) 25 >R T B 1L
B2y ) E A R, KRR = DDA AT
s R 150 2804 o T 5 7 482 J SR b v ) SR FH A i
F, AR W e fi 4 Ja R MR L IR T B 2 4 e AT
FH AR i

BT R B ATE Sl AR A B T 8 4 R R
BH ARG SRR 3 & (Newport) | &1 % 45 74 1% 11
& G & I C IR 2 R G A KR R
G5 R AORAR R G K B AL R gL A 2
Fias o Al BRA% i 2R G e 46 3K sh 2 s 6 2% A A 2
IR #% R H TRUST 24 "l A4 7= 19 26 1 9K 3l 2%
(TA310) , =41 25 % H Arduino #5585 A, i i %5 %
F PENON 2 m) A 7= (0 e i g it s . T AR RS, A
BLEG R 0 A & 26 46 4 O ol oK v Ik ol % 1k ok ##
P LLSR Sl o ML A% 18 52 1) T R R S, [ ) A
BN 5t 2 Bl S 5t B s o 8 o 0 5 R P AR
kG R o & F T Ot & 4R S FF «
y B sy JrNE i LR G,
FHEMILRESESR S LEXELS, R
VEXTA 3K 3)) #§ 4% 1% & 1 75 0] 5% 8l — A~ [ 2 19 A
BE K RAE B 0900 B A5 B 5 B AR & BEAT X, R A
o5 R R 43 (PID) B8 fd P 608G 1 752
B3R FE A,

JE Tl B B B R T R ke A O VR A A AR
WA PR R G0 A ) E R AN [R5 R 1) 4 K R LA X
A RIEAT Z 9 . 4 NI A 5 EC A B L SR A4
TR R m AR 2, L B0RL B8 A7 R0l FH T % Ak 45
AR S 0 T T A AN [R) AR A /DN 1 1T 8 R i
W, FH T S0 A R R B ARG BE AR . D3 8 6 s 1Y
HRAED T AT R G 78 2 H R K BR 4B 5
Al 7R 23 SRR VR S SRRl R R . i T
AR W RORAR R Gk TR AR R A B Sk ke S
R X2 & R 2 T %) Jn T 5L AR A T o R v
AT s ) 000 2 TG O SR 34150 .k B 3 Sk ) A B S Q
L TR0 B ot R Bl i L 7 22 4 ] RE A BRI
2.2 HELRE

TR 4 4 e R 1 A TRl R Y R L
A 3 AV AL 5 ) R AL 0 B R RIS B X A
N T o R Tk By R RS OREL 4 RORS L — A~ 25
A& 3 s 43 0k A 4R | 4 WIS R RN 4
W7 5 7 VBRSPS AT T, RS A R
R, 27 A AR Z2 R IR LR I ) A R R R T B K 2k Rl
IR o U/ IR X R E R T b AL A R
o A E R 2T I L | IS S T ) 1 RS I [ R
T L FH AR RS A0 RN 3R AR i ' 28 A L A )
S PERE SRR T R AT 5B 0 MR R )5 1T 3k A5

0823019-3



polishing M
container

o

circulation

E41%E FSHI/2021 £ 4 B/RFFR

system

Y stepmotor
actuator

Arduino controller

P2 i A Bl P o T R 0 S e R IR

Fig. 2 Schematic of integrated experimental setup for crystalline microcavity fabrication
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Fig. 4 Surface roughness of crystalline microcavity obtained by test. (a) Surface roughness after rough cast;

(b) surface roughness after fine cast
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