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Abstract Aiming at the problem that the mapping relation between cavity misalignment parameters and cavity loss is
unclear, and the relative cavity offset is not clear during the cavity tuning process, this study proposes a cavity loss
optimization method based on cavity misalignment parameter scanning. In this method, the scanning optimization of the
tilt adjustment of the cavity mirror was carried out. Similarly, the optimized cavity state of the relative misalignment
between the initial cavity and test cavity was determined based on the ring-down time of the optical cavity. The
experimental results reveal that there is an improvement in the measurement repeatability accuracy of the six experimental
measurement results of the same high reflectivity sample, from 1.26X107" to 9.83X107°. Furthermore, the
measurement repeatability peak-to-valley value increases from 3.25X 107" to 2. 7X107° compared with the traditional
method. Thus, the results verify that the proposed method can obtain a cavity tuning state with less relative cavity
misalignment, which improves the optical cavity ring-down measurement system with low-initial cavity reflectivity.
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Fig. 1 Schematic of optical cavity ring-down system
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Table 1 Comparison of two cavity mirror states in fundamental transverse mode

BE /NI AR, A 0 BT TR P G R 5 T 4 o = I

, - M, /() M, /() )
Mirror position - - - - T /ps 6 /10
horizontal vertical horizontal vertical
Position 1 0 0 0 0 1.259+0.010 1427
Position 2 0.01% 0.0025% —0.0175* 0.0175% 1.43440.007 1253
(notes: * represents the tilt angle compared to position 1)
FEREBOIR 5 A7 AR 24 A ) JE 0 FE R/ i JEOIR 25 T 5
1T IR 0 2 TR B AR BRI S KBS A X 2 3 [ — j Eun(2,y)eE (2, y)dady,  (12)
_w
2

B R BYIESE . 2016 4F Cui &5 78 15 55 10 A3l 2 44 i 49
T 9256 b & BT 6 FE B s B AR AR RS m (b 0 &2
300 prad) &2 e Wl /N 5 8 R R B H R T BRI
RV Z BT BEAFAE B A4 AR R R . 2020 4F Telfah
S o O g R R s L R A T R B T SRR
551 G 22 8] 22 A% 1 B0 42 A AEAE

S, AR ] 2 Ca) i s 5 4 8 ST 0 AR U AT 5% i
PFE SRR O BRI AGDRIE K A=
1064 nm, FE 45 M, M, 19 ) 9 % R, =R,=99. 8% , ¥ %
M, .M, il =22 r= r,=1m, K L=0.5m, i
ML, 7K S 188 BT T 1) 149 A8k 2 9] AR B 4 e Sk o L B,
a,feE[—0.01°,0.01° ], B85 M, hy [ 22 9 fi 4} 2 4 6,
0, B 20 3 35 8 B ML e i b E, L
2t — WK IR IR A% B e, AR A R L R e R
BARTF KRB AEEMEESSAE,, SR
T H
E,ﬁ(x,y):f”{}“[E,, 1(I,y)Tz(l‘,y):|H<f,.,f;)}-

VR, , (6)
E,(x.y)=F {F[Ex. )T (a3 JH( [ f;)}*
VR, (7)

Kb E) R 85k 5 M, 13 o A s F & n il g
A s F N A L AR 4 s H R RS A 3 R AR
SRR AR AR 5 Ty T 43 90 2678 B2 1T ML LML, 1 ' 27 93 1l
RN o i A% 32 R HSORN B T A o1 PR ESOE R
H(f, f)=explitL J1 =LY —QL) T, (8)
T, (x,y)=exp[—ik(tand,+x +tand,+y) ]

2+ 2
exp(-—ikl‘ Y ), (9)
27,
T,(x,y)=exp[—ik(tana-x + tanf+y)]
,2+ 2
exp(-—ikl Y ), (10)
21

A k=20 /A RNV I B I A% U B 1 e
AR E o 1T UL IR R
Epu(x,y)ocE, (x,y) (11)
2 8 B H I % T ) A PR R A L D A 3
) 35 s i HH O R 1R

ol @

S WORNH 3 500k R 00 25 BT 58 G 5 E o N E o
HHL . KRR RES W n AN FEHOERL, - 1,
PLE 1S 2 L 2R 5 LA K 0. 002K 41 4 o FiT g B
FT A5 3 i 2 5 R G 10 RE R B ML TR 2k R A
KRR WE 3R

= 20005 &

2 o [N 0 5. 5

'S 1999.5 - -

g 19990 -

S 19985 - _

2 loors e .

3 — 0008
vfggg:, - 000055 016 = m'o*(}.ods ?mﬁ“(]i\%?e )

taﬂgfe/(o) ' 7 Horizo™

P13 JREABRE A B2 ML ek G 38 1 B2 IS 5C A (4]
Fig. 3 Relationship between cavity loss value and tilt misalignment

angle of cavity mirror M,

M 3BT LA R 30RR 7E I B R 5 99. 824
I B M B A 2 A 2 B 2 M AR AR B4 3 A R
ST A S PR i e AR v D kS B A SR R R I A
R JEE DR AL JC A X 2 981, 5 T 000 o0 ) o Al A AR
E MR AN SCHR Y — 3 T I R 2 50l Y i AR S
DLV I 7 1 3 3 3 0 B AR 25T 0 0 s R
DU B JEE 0GR T B AR B 3R

3 SEEREER Mo

3.1 XEE

R A I A% i B A S0 R A, ) A i A K
Sl R FH = R DO B B 5 A, n ] A RN AL S TR o O
6V R FH G I KR 1064 nm 1 7 22k 2 SR O 2%
(RGB Photonics) , i J7 % %& 4 4% A 100 Hz J5 i # 47
P H IS 45364 M, 5 532 nm 45 725 06 A Sl b . 6
WL AR R A BTG RN, NS
Fo G M, M, R T B, M, R R R 2
A1 m MR L B M FD ML, Y 2 B A kRl
BB 85 e (VML I 45 43 3% 24 0. 005°, Thorlabs, 3
B Mo REIAE R R PE A% 35 56 HL ™ 5 (Model : 88-533,
Opto Sigma, H 2% ), 1064 nm 3% Bt i 45 K 2 5 % 16

0712002-3



F£60%5 FETH/2023E 4B/ HAESBFEHRE

laser
1064 nm

532 nm

indicator light

square wave generator

JuuuL

P4 PRI S g EOR B A

Fig. 4 Schematic of initial cavity experimental device

indicator light

square wave generator
Juuut

15t s 52 6 2 8 s 5 1
Fig. 5 Schematic of measured cavity experimental device

99.9% LA b, ARHE R 4 e B IH A R KT
99.9%, 4 6 o6 BE T & R B R A B R R
0. 1% LR L3 BB E . W45 1 A0 I3
K254 0,650 m, W 2 o i A& 0F . 6 B I g
(APD130C/M, Thorlabs, 3 [# ) Fi F W5 I 5235 6 ik (5
S, ML (HXG20, Baumer, i -+ ) F T W ] i oy A5 X
(OB sR o1 ), % % 15 5 B 808 ok 4 R (M21. 3010,
80 MHz, Spectrum, 18 & ) % 4 1% % 2 i+ B AL L, &
WLS-DS 5k o b Ak B 75 31 52 35 15 1)
3.2 BRERMHNERERESH

FE RN R SE 50 b, i T ) U s B0 5k 4
P s o AT ML & A T B AR B, B
M, #E4T e 4 . TEEREBURES T, DI K 0. 0057
W50 B ML K SRR A 4E R (A AR R T s R
T35 F ], T A 2 AR Y R A 0. 0257, SR AR
TIX 114, g5 & 6 pros , b fii b, B a5
P b i Ak R S A (L o, B )y HE B i A Dk 3 B iR

3

E 1.05 -

§ 1.00 -

g 0.95 -

-5 0.90 -

£ 085"

& %ﬁq"«.. 020592

?nG'H‘ < E’.e})%da' o =50 @ f’fo%ozs%f

2 ’ O B <5 ~0,%), °

] Dannta‘, iy /0%%\060%)0‘?‘5 -.Qggs. 090'915010 ‘11‘:‘“) 91‘@6‘(,
angIE/(o)

6 I I B ML, A T AT R B2 T 4 35 B 17 A ]
Fig. 6 Ring-down time distribution of measured cavity mirror

M, at different tilt angles

15 5 35 ) W (8 s A0 5 35 I T) I 8 B R A 48 0 ko
TAE B VR s A o i o AR G I 2 AE 3 P 15 5 D (B B Ol
FHRE G R KA E . K6 LA Ot
AR5 3R B (B B, 5 3 B W) O AR B A, BV Ut 220 1 s 45
FeIFER/N . AN, GRS MR EEZ A& T
F5 AN R REERE, ERETREFEES D
Jis PR FEAR AR, — 25 R B T R I AE ) AR fb 2 B AR
PE 2B W o AR . A R R S S IR AR
Wb ¢ R T DLk B, 7R 3 0 15 5 W R B IR AR AE 2 A
Joy AN A AT o A AE ) AR T RN R A T O e e AR
i ICRIAS [] 09 Jmy SR AL , U] 2 7 A R O 2 iR 22,
T 5% M 00 i 245 L ) ] 5 B 5 A . BEOE b W IR
TR 3 s A R RSORS00 G SR /0N 1) 7 1 O
Jis JC R VR A

Sk 385 IE AR SC v 0 4 SR ) U A R RN RS L T
FERBOIR ST A AT 5 VAR AR o A B 4 15
S| 7y £ 355 W] 18] s o % /] — RF DU AE 7 iR A7 6 Yk o &2 1k )
LR, SCE R AL B E AR IO A R R Y K e
7 &, LU AT R B R 6 U & 5 5 S A [R) — {3 B A [
FEAG AT 47 o B R R O o 52 0 B8 Y T 4 s
BE DRI A5 RS 3 A O 5 35 I TR) 38 2 T — S I
. A —RERHAERBDEE E GG EENE
J&i - LAZ A B R FE A DR IE S 5 IR (5K 1 3k
AT 0. 025 g F 4 I it SE i sk o L RS A
A7 B ¥4 5% 100 Wk R UL (A JF G2 3t S N
S ZED S E, e E 3 7 AR AR I RS B L SR A AR
& 2 FE 7 B R o

F 2 PIRMARIET A9 e S S A ik o A2 1 S 6 45 2R

Table 2 Experimental results of high reflectivity repeatability measurement under two standards

Signal peak standard

Ring-down time standard

Number of — — —
. Initial cavity ring- ~ Measured cavity ring-
experiments

down time /ps down time /ps

Reflectance of Initial cavity ring- Measured cavity ring- Reflectance of
sample R, /%

down time /us down time /s sample R, /%

1 1.760+0. 008 0.96740.005
2 1.835+0.014 0.95840. 006
3 1.6034-0.012 1.00940. 008
4 1.735+0.012 0.92040. 004
5 1.506+£0.019 0.94040. 006
6 1.6484-0.010 0.965+0.003

99.
99.
99.
99.
99.

8991 1.843=+0. 009 1.063+0. 005 99.9138
8920 1.842+0.013 1.059-+0. 008 99.9131
9219 1.76540.011 1.03940. 008 99.9158
8894 1.818+0.012 1.058=+0. 005 99.9144
9134 2.07440.019 1.145-+0. 005 99.9153
9070 1.90740.011 1.089=+0. 006 99. 9147
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Fig. 7 Comparison of repeated experimental results under

signal peak standard and ring-down time standard
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Table 3 Experimental system parameters
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