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Fig. 1. Schematic diagram of the operational principle for
TLS coupling to the cavity. The system is described by
three parameters:g, k, andvy which quantify the cavity-
TLS coupling, the photon decay from the cavity, and the

non-resonant spontaneous emission of the TLS, respectively.
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Fig. 2. States of the cavity-two level system coupled sys-
tem described by JC model. When the TLS comes into res-
onance with optical modes of the cavity, a generated en-
ergy level of the system will split into two with an energy
difference. The magnitude of the splitting increases with the

number of photons stored in the cavity.
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Fig. 3. Basic structure of open FP microcavity. (a), (b) Open FP microcavity based on fiber end face: (a) Fiber-fiber typel!™;

(b) fiber-chip type®. (c) chip-based open FP microcavity!?.
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Fig. 4. Early open FP microcavity structures: (a) The first fiber-chip type open FP microcavity fabricated by wet etching® ;

(b) preparation of smooth concave structure by bubble methodP™; (c) fiber type FP microcavity fabricated by transfer techniquel®;

(d) microcavity with controllable concave size prepared by latex ball assisted electrochemical deposition techniquel®.
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2 R B TR 20 iR C O SO GBE Il AH 45 & il 5
2, SRR AR B T A/ 1.2 pm il R4
MIHTEREEVT 1 pm AR, H 32T R CO,
T s D' e ) st R P S S R ok i
B ] B0 I M35 A ) RS, B AR ARG B/ IMAER
FFiaR FP ks iiE B B3I T EE . [A4Ed
FERE R 2R R a2 SR
A (290 1] FH 4 (1) 9 00 2 AR 42 187 CO, SO Y BE Y Xt
P, #E G2 it _b 56 BRI B A A i T 4

—-20 -—10 0 10 20
z/pm

K5 IR CO, MO BE il i 4 O 2F B FP JE Y T
FERT (a) BS54 78 ZEL; (b) COq B Ik vh Ak B 56 4F
i T 0 45 9 H - AR IR (o) LR T U A B0 Y ih
B (S4k) 5 AR R IR A (L) 192231

Fig. 5. Early fiber-type FP microcavity made by CO, laser
ablation method!'”: (a) Schematic diagram of cavity struc-
ture; (b) scanning electron microscope image of fiber end-
face after CO, laser pulse treatment; (c) surface topo-
graphy (solid line) obtained by interference microscope and
an ideal Gaussian profile (dotted line).
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g, TR AR T — R TR BT
L FP S5 B TR RAHEE G I B A 98 R 5¢.
2018 4FFE Gl A BA PO A FHRERE S0k CO, Ot
DEOCE R, PSS T A R R A G 2T S T
TS A ) 5, e R R RE SR BY 1A 31 3.19 GHz.
2019 AW VLR T3 | B R AT A 271 5 1) R
L2 CO, WO Y 7 1L SE AR L LT £F 8

AT ERSFRIE R I 1 SRR ET 8 HAR 4.7 pm

A ARG B AT M RIZSH, X O 5L T OEEF T
T FP ol g/ NARST T E 2R

SRUL, CO, ORI R RS AL T il 2 T
SR E AT A AT et ag il . 40, A CO,
POCBE AR R e TR i G 2T i 1L ] A0
AR AR NI R = R BOR B2 R
SR AT — AP gl R | Bl SRS 1 3t o
T H AN [ 8 T A R e o T AR A i A
27 1) ] ARSERIT ST I TR, T HRTEOAR i #5119
TEl R B A 2 CQED BRI 3K, J5 3C
eI T RERBUIEA RAEHA CO,
BOCI TR A .

3.2.3 FIB #|4&H& K

FIB J&F| FH 3 M B 90Kk R i il B8 7 iy
A TR SEERZ ok A s T 8 T AR e e ) ] 4
I TR, P R A S A T AR R Tk
AIAT = i . Dolan 45 B4 T 2010 4E & YHI FH FIB
Z0 e F AR ST R s v R fn T A TR
FH FIB 2t AR AR R B IS 0 T 437 A 300
BRIE M1, ZRad BE RS 5 o) — AT TR IS b %) S S
BEAs B 2, AN Vo 2.2 pm®, FAL
k1 460, Q{E>N 10000, HfEg5HunlE 6 fixs.

WS, FIB ZI0 B AR 2 Ak m Tk
FP ks LA s s e T & R 46, 2012 4F Di 4§ 14
X FIB £ AR S8 A i 45 i 242 7 um,
JE K 1.6 pm, VR 0.53 pm3 i JF il FP ks .
2014 4 Albrecht 55 PU F| ] FIB ZI £ AR 76 S 4F
Uit 67 2t HEOHLRE BE 0.3 nm L R4S 14.1 pm, I
B 1.2 pm @YY, Zad 885 5 55— CO, Bl
7 O £ i 1M TSR L V R 6.1 pm B L
Ji. 2015 4F Trichet 5 P31 48 H7EXT FIB I T f94%
AN TMTTR] (TOK i G M 32142 ) S Ab a4 7 9% AT
T AREARIEAT R S UURUR IR e 2T 1, A2 M2
A2 R34 O 225 Dy %) 1 T LRI 4544 . i DS 2 T AR

PEAHSCAL RIS I T2 BOHA TR M IE, i PR UE
AR R R B BRI AL, fE X 2 )5 FIB ZIihF A
AT A, IR I T 23 8] _EIF50 Y LR
TR ARG 5252 K IR il 5 25 Fh A 57 i A 1Y
TP B3,

= ) 23 2_0 pm

Depth/nm &

0.25 0.50 0.75

Lateral distance/pm

6 R FIB 20 gk il 485 v 2T il FPARUES 9
TAEBT (a) BEEE 7R B (b) [T 4 40 (0 4314 1 it
B R () R 77 W AR A5 2 o ot i T Y (WE k) B KA
ARG I (SREL), T EDHRE BE 29 0.7 nm

Fig. 6. The earliest chip-type FP microcavity made by FIB
etching techniquel?: (a) Schematic diagram of cavity struc-
ture; (b) scanning electron microscope image of the pro-
cessed concave mirror array; (c) surface profile (blue line)
obtained by atomic force microscope and the fitting curve

(green line). The surface roughness is 0.7 nm.

BT Z, FIB ZI A v 2 iR i e s ml
VARS8 0 AT ST | 2 TR v T [ 51 X4
T T R A X LB 4 FIB ZIhEoR
TERG IR AR BRI i 250 LR A/ VAR BR B LA Al Y
PLF. SR, FIB XAt AR 22 [l A4 n T
BEAME LUE] CO, HOL I T — A B AT
RUREE . IEAh, FIB Bt & 5%, X Mg s 43 i =0
T EFER B, A AN LR

3.24 BEHEEREK

P& i TP ) Q 1B T R 3 5 55 40 o ) A B
YER, X BERAA) BT A WA S S 45 1 S 3842230 1.
S JEEF SR — R SiO, MR, TR H A
1.45, H 55 B3 48 B S 5 T8 1) B S R 31 4%,
o 38 3 AR T ORI 7 et SO DL iy
SRR A 4 ) W2 A it /2 A4 o A A hr
¥ 3 )2 (distributed Bragg reflector, DBR)PY.
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& )8 RO RRE WA BLA 4 8RB, AR S
1K DBR JZ# WA A Si0y/Ta0;, SiO,y/TiO,,
AlGaAs/GaAs, AlAs/GaAs 5. 4 J@ I — 38 o
PRIRHE B I 5 O SUURR, A /2 $ 4k DBR —
P 38 43 F SR A1 HE B W G O vk A A
DBR 3R, 4@ 95 A5t R s L —Fh ol i 58
5 5B, HANA TE ik B RO =R, SR 4R
PR R R — i B IR B 95% 24 (BT 48
YT R B HET). A4 e X 3% e AR Y g
Wi, 5 B AR S EE. IR A s B EROR
S T LIRS TR P, A T8 I T 2 AH X
82 7%, AEAT DAAE AT UL | 3T 40 A1 %5 R e O B S B
100% K5, HILTPTEMiFe. 5k DBR 1L
RS PR, LB SR AR A R R — A
18 A7 5 FENT B AR A K 25 5 PR itk 2 i 5 | s T
JEPERE T F%. 2E 4K DBR 1RiE & H i S54MEAE K
SR T SRR & R AME A K
56U AT AR MEE R (U0 InAsGa T
S A A — R S AN SRR

T AR AR RS 2] DBR R R R 1H .

bR T LR AL vk Ah, AFST N BLER 4R T 3
F 3D FTERH AN T/ R & 9-25 < Al B DBR 45
Fag 1561 s it R LA 1 %5 DBR. it fin ez 1 52 37
PR, (B MR TE S g0 h S B, 3X ORI A
2. 1RGSR T ORIRIH & R A B T
X FP MIEMZSEL.

3.3 FHX FP #E 5 TLS Ui &

BR T REAS B e BT LA, TLS AR T Uk A9
17 PA K TLS B 5 5 26 5 45 Rt 2 i TLS
5l AR SR

AbFE S NS R B TLS 55 0 AR 5
A B AR B LS i B AR L, PR 2
TR ZR R TS B R AL DL 2k B3 SRR 5 1
FAY. Tt IR R T A5 B 755 5 He R 1Y
AT ARG, 0 H AR R BT, R AT
DBR fAMNZE 5 HA AL, FEIZIRE i i e
TR PN JRT REH RS U AR TT R [ S T R S

F£1 T FP By MERE L

Table 1.  Performance comparison of open FP microcavities.

& Tr ik S IEZ 5l A0y L/um R/pm F ik
Tz Au pireq i} 2005 20—200 185 100 (36]
LI DBR SRR 2006 40—60 40—100 200 (37]
HeRork DBR b 2006 27 1000 1050 (38]
HLAL A DTR Au YA 2007 6.5—9.7 10 15 [39]
DBR JEEF R 2007 38.6 150 37000 [46]

DBR pyeea it 2010 20—60 40—2000 38600 [17]

DBR b 2012 20—2000 20—2000 100000 [47]

DBR pyeea it 2013 206 209 45000 48]

COBO e DBR ST 2014 1.34 10 15000 26]
DBR Y] 2017 1.33 5 25000 [49]

DBR b 2017 100 200—360 1300 [29]

DBR pyeea it 2018 20 66 40000 [50]

DBR plreail 2019 4 43 60 [25]

DBR A 2010 3—13 5—25 460 [34]

DBR SR 2012 1.6 7 1280 [14]

DBR plrea gl 2014 5.6 14.1 3600 [51]*

FIBZIih DBR Yl 2015 1.55 4.3 1000 (33]
DBR Y] 2016 3 6 1000 [32]

DBR Yl 2018 2.2 10 — [52]

DBR YA 2021 1 — 2500 [53]

T 1) BT IR S RO B X O SCRR S B R B SR, IR BOCRR AP BT TRUES; 2) 80 SCRRAR B4 th FAO(EL, 33 AR (

w

ES

(4) AT, 3)HFRd2 A SCHR [51)75 IS B0 BERUE — DB FIBZI ™28, 53—t COLBOLRM ™ Az ; 4)33% B RIS A2 H

el iR S N
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BCE T H B X TAMEE TR, AIERIT4# DBR
AT T AAME A 1Y) B 5 — AR
RIS R T RASNE R i L E I
I BRTE ] # 21) DBR 4544 | B9,

(12)—(14) =UAE T TLS $@ 52 st/ T
R TETRIE , FERXAIEOL T, TLS 5 A r s
DA RERKAL. MTEZ PG T TR R LI

— K TF 1nm (CdSe/ZnS & F %564 14nm 14,

SiV .0 I F R 20 6nm ), 38 H KT
PR T, X R BUR B AR R KIS 4R s AR
ANZZ WS (R RE R, (A5 S AR A 0 B R SRS SRR
TR E WA (4 K) 8URA (77 K)
AR R AR A 75 - J v SRR AL AR
TH LA A ERZS A BR, XX TPl FP s RS 7E
R M S B R R R T R LR

A, Ry 7 38R Z P i gE R, — S H A4,
AR CQED 280 : FIH pn 4774 Jsydi
L7 Fl - BRIE Stark B0 JR#E TLS AAFRE &2 P
I AR B i 100 B S S fis 15600 fff TS (w51
IESS PR e gaR a7 I, SCEE 6] TLS A JC IR IR
() E A R RS 28540 161 {32 G0 7 AR D 25 7
o TAURGON A B G Ak, DX B S R )
AR BRATE 38 R s = A Purcell B 53N .

4 FHRAFPHEAEET AR TW

— I, WPERUE S TLS # G 58 g tHX)
T TLS AYAEIEAR A A 55 303 R FE
WA R ZAIMOCR, AT LRSI A SR E R+
A4 (9 <max(k,7)) FERFSEE TR (9>
max(r,v))?. TLS ¥4 HA —E MR, AR
B TEL /T TLS 58, 55 TLS Ml & ZEA
“22 KR IX 38”7 (bad-emitter regime)!™. 33X Fi
BT, TRV RE PR 1 iR iR B G 7% A s 5 5
U [T DAY 118 o PR S A o e A e )
R S R S TR B s E R A RIVE . 42
RN AT NGRS RS L 25 R A X =
J7 T HARN G IF i FP UB fE M i I B 7 R 50
7 T B W AL B a5

4.1 FFHE FP REESBRERHINA
TESSH G, e BEATRNE Purcell 200 1P,

Purcell BN A& TLS H A 58 5 3 5 52 J 5% e T
ARG, RIS UL, AR LRSI N LG )
PSS 28 B AT A T AR AR 1, A TE IR AR B 1Y
1 SV G2 AR AR AR WS A A T IR I A M B O AT
5 I A5 A IR 1) 17 e S e R ) R R M A R
(kS A ), oA IR %) 5 S e 2 1) i %
] (RS A R). i — B Purcell R0
555 S HUE R Purcell BT F,, Holi e (14) X
KA. —NEQ /N VBT L Y F E e
B WHSCHTR, G FP MEAS L& Q |
AN VAR, FESSRR AR IE AU AZ BRI N B R R

2009 4, Muller 55 F| FH % 8% 7 76 6 25 Ui 18 i
2T BB M TH RS BE, 53— TG A 34
TR LA K GaAs/AlAs 254k DBR
)2, JF1E DBR fix I —)Z GaAs R /MEA K B4
B InAs 15 12 7E 4 K &0 RS RDEF IS
K 10%. g% (0) < 0.5 HETIE. 2011 4F, Barbour
S 18 R FBOCRe BRI TR T8 A & QJF
Ji FP s, HOF i 4549 2 AlGaAs/GaAs #4 %
1224k DBR 2, 76 4 K B F838 T F. 0 1.6
HI B RS RS0, 2015 4, Greuter 28 P71 6 T
— AR InGaAs F 4156 & T S R G o
B, TR G A A2 s O B
— A Y Tay05/Si0, 415 DBR |, LA
K DBR H AR RE G 3T 5 36 2% SE 1T 08
1) A IR TR B RS AR R, o L4 i 3 2.54. [F]4E,
Johnson 45 102 F| FH FIB ZI Al 1 H 3 F505 B i I
K FP S, o VRS E 1.24 um?, [FRERIA
0 T LR I ORI TR T 6.25 £, 2017 4F,
Riedel 55 53] F| F CO, 0GB bl T W1 1 75 31 —
A RAFREE TN R IR FP RS, 75 4 K 36
B N ARE NV 0 F 75 T4 4R 5 HUR B R A5 4L
KT 30 (L5 IR £, 2021 4F, Tomm %5 B & T4
T RANE S R A R IV T RS T AR AN
A DX B 42 30 B Y v 5 B OGO F,
10; MR H S i i B R G i AR, Bl
BRI 57%. R AT 2 AR BT 56 8500
T AN 5 R e AR TR P 1) B A e B
fifi 15 a0 o5 5 R — A (I B A R ok 1 5 3%
PR J7 1) AR SRR % T 1 Tl A R S R A e i
I vl T AR IRTE SR AR X A
50% FFEHIBR L. 6 2 BgE T I ARk I8t FP
s ThSE PSS A A 1Y TAE M H: Purcell [HF-.
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# 2 TG FP BURTES G b A S R0

Table 2.  Typical applications of open FP microcavity in weak coupling regime.

Ay 45t Tk HFRR Fu ik
2009 Feer#Y Rk InAsF 1 [12]
2011 A WOtk AlGaAsH T4 1.6 [13]
2015 oY FIBZ|f InGaAsft 155, 2.54 [55]
2015 i FIBZIiht NV 6.25" [62]
2017 oyt WOtRRh NV =30 [63]
2021 oy Hotkenh InGaAsE T A 12 5]
TE: SFXNV O LR S HR i 5.
1E BRI b, TR FP e S S5 7 L 7273,

TR LR R

1) AIEAYE. O TIREIA R A, TLS 7 245
2[R TR R o RAL , BAERUR | 5 it
. XTI, O AR B 25 [ AR A 2
P T M A B A S B Sk AR A ] 3
RIREN =Y S TR ety IR DU N IR 5
GE R, SBUREG 5R E BRAL.

2) JFICAF B JT i FP O N A S 5 1A
1, AL BT DU S B A G X A%
ARG LM 2 2R T R G, i1
A PR T 1 R T 104 2

3) JeEr e, TP FP Ul i — ey
DG S, PR A M R IR 5 e 2F 3. &
&GRS, FP RS G2l Sl nl
SR BEDCRC, PR AT LASE B R 22 OLER RO
AT X R R DL T U A R
FTOLLr ry il R M 2 BA IR R 7).

HARFRH FP AL A EE, JTisaX FP Uk

AT AE— SO, U0 [ 8 0 T 25 B A FLOK

R Pk AR I S S B — > S A8 Il X
FP il R G0 s S e i B 22 ). Bk FP JFEAE
SRR IO T P A B B4 O e A SR 5 R <2 e
P RO Hh o i .

4.2  FHE FP 2 RS P HI A A

CQED 1 — 5| AR BLG s H. TLS Al
BRI Z [ Y s AR A -9 B RS I R T RS
Yy B LA IR i (5 B AL BER Fhof R A4
FHAE, 2R A 4515~ 60 455 1~ R 4 %) vpode sy e
LR 2] g 0070 PR SO T AR R B R
17 BHL 2 (T S B O T A A%

SCIERFR AR g > max(k, ), Bl &G ES
B(C =2¢%/ry) mRT 1. WS R S-FSERITE
BT TERUE N A R I TR R, DL T
AT AR fish & A8 - S BRAE, (R R A i DU
F RS IIE AW T 283, I RO AR
A, B R PEF AT, WAL T (exciton-
polariton).

HirZMEME TLS SEM#G REHAC A
BT C > 1Z0F, #ilan FP i 740 5 B oA
Jiis [76) 5 20 SR A R G RO S T A A S T U
SR T R T T RS
PRTUR 5 B SRR A I R e (07787 45 Horp e o
F A TLS rh S Bl &2 — R A PRk
B, PRI 7 2 1 A SO A 2 ] R 5
b SEERUCHD, [ A Y Q VSR A v )
K. WA SRR FP O S AR hil s T2
PR PR e S 161 il A s ) P B A B 2 v O
W R R R — PP S LR 38 T i)
RHARFE T i 28 o] 285 st S e P A .

2013 4F, Miguel-Sanchez 4§ 50 2 H T & 55 -
RS SE L T A A 241 3E InGaAs 7 i fAk
BB T R s 2 o] B SR AN A, LR G g I
&l 7(a) . IZAT5E AR P SR BT & QY
R SEHL T B PRl 240, C =~ 2.0+ 1.3, filufi]
W5 s ATE p-i-n S5 8L p JZ RN n 2t
TR R, SEER T R aS A FASEE] ( 7(b)).
B 5 TR IZ R GOSN 7(c) PR i 3ikiE
SIACTETE L S A8 SURFE,, HIWT HH FE LR SR 451 T IR
HEGMAC AT T G, %76 [FRSE T
KA S BE R TR, SO T R & A
Z Iy A A G S A
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() ‘| ‘ Fibres DBR TG0 T, 8 3 40 ] A A 1 42 58 RE 8 K T W] 22K
i M 5.5 #mE] 9.
J QDs SR /N AR R 2T A FAL i M PR T
Detector DBR

(b)

p-contact

n-contact

GaAs:Sint

AlAs/GaAs
DBR

Bare cavity position/n

892.35 892.45 892.55

Laser wavelength/nm

7 alSBREE A I B R R AR (o) B
RO RGEH; (b) TG EF AR, AR
H ) n 18 2% GaAs 25 H L9 p 2% GaAs )2 —RIE K
p-i-n ZHRE S (o) I T R AR B T R A 2 [
A, ETIZP G M8 T HA ROag URHAE Y JL 4R 15 560

Fig. 7. Typical quantum dot (QD)-cavity system in which
the strong coupling could be observed®: (a) Setup of the
QD-cavity system; (b) the n-doped GaAs layer below the
QD layer and the p-doped GaAs layer above forming a p-i-
n diode structure, which is used to control the charge state
of the QDs; (c) the cavity length is adjusted to optimize the
coupling between the QD and the cavity, an anti-crossing in

resonant transmission spectroscopy is observed.

2015 4, Greuter 45 U H s 37 340 G i B 0T
I8 T HA [ 412% InGaAs &1 5 51 FP )
SRR ARG, LI TR OGS B R
JE | R PR AT R A A IR, X R G R PR 2
BORE| T 5.5, ALK 4E R R R AR AR TR Y

SFHPAFE, A0 far I B 52 ) DA T 45 25 R 8 ) IR IR) S8
JE— L LIOR R DR I MERL. 2019 4, Najer 4 159
T 32 T A 42 ] B s F fr B LR RATI R S
BT — TR L B ARARRE | A5 T O ) B e A
ZA I AL A U LAOKR R 1 E R 82X GaAs #
HEATEIL, DABRAIRS F A G AR S | ZE s rhgR
PR s 20T, JT I R T . A5 4 Rl
i Stark AN AR TR O A RE R, IR E S
BHZE I R i S LR 24 T4 I rL PR . S5
RS E CIAF) 150, WELR] T &1 5 Ak 2 6]
B B Bl A B AT (B Fr IR T, IEW T iR T
H-EHE RGP RS TRA T

[F4F, Wang 4 BU I/ V(2.1 pm?) | & QE
(120000) . I AE R FFRK FP OE, W EH C =
12.7 TG R G0, FTIIE AR )2
) DBT BT ALY, AT 556 WA 21 B 2
PP LR L AR T 3T I £ T R N H 5T
AYAEZe MM . HeAh, AT SE 0 R T A 52
55 2= 7= A I RO T Sl DR S A R A
DBT e, X s o BB T L4 JF X FP i
PRSI B I A 45 R G i A ). T ]
— RS, AT 2021 R S — A R
EET 45, FEX T 5 R A ZR G0 A VY i TR A
AR AR AR IR AT TR ST B2, 3 3 A T
AERAETF L FP ks v se B AR & 10 TAE.

4.3  FFHE FP REEE & SHE A EHI R F

A AN S 5 R BE, R T 2 TLS
) CQED S5 #2217y SR e R 1Y
] V4 T A 14 e 3 L ok A R A T 322 el ) 552
FHACHERE. A% T 58 B35 B9 TLS -5 Uk
AT R, SRR AT IR5 1.

#* 3 TP FP UBETESRARS by S 8 o

Table 3. Typical applications of open FP microcavity in strong coupling regime.
A 4ty Tk HFER EEZ (e Q SCik
2013 b eea Rl Hotpeim InGaAshtF s 2.0+1.3 30000 (80]
2015 p el Hobpeim InAsiEF 5L 5.5 60000 [81]
2019 Al HOtReh InAstgF 5 150 170000 [59]
2019 JGEF R FIBZIt DBT4r ¥ 12.7 120000 [31]
2021 oLty FIBZI{h DBT4+¥ 45 120000 [82]
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B &SR TLS A8 G B s s rh sy, 1
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Interaction between light and single quantum-emitter in
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Abstract

The interaction between light and matter has attracted much attention not only for fundamental research
but also for applications. The open Fabry-Perot cavity provides an excellent platform for such a study due to
strong optical confinement, spectral and spatial and tunability, and the feasibility of optical fiber integration. In
this review, first, the basic properties of open Fabry-Perot cavities and the fabrication techniques are
introduced. Then recent progress of weak coupling, strong coupling and bad emitter regimes is discussed.

Finally, the challenges to and perspectives in this respect are presented.
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