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Research progress on microcombs:; From homogeneous to inhomogeneous driving
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Abstract: Optical frequency combs consists of a series of discrete and equidistant coherent lasers just like combs in the frequency
domain, which has good application prospects in many fields such as optical clocks, ranging, spectral detection, coherent communication
and other fields due to their wide spectrum, high coherence, and low phase noise. Microcavities provide a small and integrated platform
for the generation of optical frequency combs, which makes microcombs attractive for researchers in recent years, especially for the
highly-coherent dissipative Kerr soliton combs. The implementation of the vast majority of microcombs relies on homogeneous continuous
wave driving. However, the inhomogeneous driving, such as pump in the presence of phase or amplitude inhomogeneities, has come into
view owing to its specific advantages in soliton repetition control and energy conversion efficiency. In this article, the research progress of
micro combs is reviewed. Specifically, an overview focusing on the generation and dynamics of dissipative Kerr soliton under
inhomogeneous driving fields is provided. Future development trends and perspectives are also discussed. The inhomogeneous driving
can improve the controllability and energy conversion efficiency of dissipative Kerr soliton, which gives the way for more microcomb
applications.
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Table 1 Material parameters of micro-cavity soliton optical frequency comb generation platform

g Pripr % n,/(m*W™") QH uR e it ny(m*W) QfH
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Fig.2 Diagram of microcomb generation

AT LA

dA K :
wo_ i(w *a)o)t
- Au + 6#0 vV KE‘X Sine b +
dt 2
« —Ho to -0 -0 )t
: * w72 3
ig Y AuA Ale (1)
pl,u2,u3

Hr, w2 BRFE, 8, /2T NS u 2 A
Tk, SEEHREIRE s, EAEMW ORI, ¢ 20—k
FWM 250915, o, 255 w R 1A, B ik
JEERT 637 ARG 5 U I A 3025 T 0T i 1 SR K 8,8, AR
KB S TR R SRR R FWM 2007, ¢ =
hw cn,/ngV. g HEIET Kerr 51E , o n, AR AT
BV WA R ART 2 B S — X il i i 2
BIRGHIME P, = k’n’V /4w,cn, ™

13X (1) PRI A A R (AR HUL R A 1030 i 5
SRARRIE =7 BAE T, L, S X 2 Kerr Ot
B AT A 3 g 2 AT g AR A B P 22 B b 22 R
Coen %51 F 2013 4 A B I Ak 28 4 % & 1% 7 &2
(nonlinear Schridinger equation, NLSE) tH % , 3T ¥4
B P T Lugiato-Lefever( LL) 5 # 5 k, ANET#5
BB LL 5 BT R T SR S R A A U 1Y



6 RO O

a4t

AT AL, BRI M5 6 1 R 22 B % 25 8
T 52 e B 3% TR S AR £ 3 2 LA
SRS R R I U S e A I ] ¢ R 2
B AR R AR R0 #8430 7 Rk 42 LR B
1t AEBURAA Kerr YOMURAOIE B, 1Tk T RIAL A
0T 28 G s T AR s P i 10 12
AL A1) TR,

Ah,0) = Y a,(1)e "™ (2)

Sorh i & TR ¢ = 2m7/T, = D7
T, 2 I P — LB I ], 2 0 4 £ H
FFi] ¢ 50/ 4 B 6 6 e 1] A b 3 7 T, BEORL M
3(2) FOAR AR AT

0A t
(d,1) :-iA—i(wo—w YA+ /K s, +
at 2 '
D, 3*A(d,t
i 2 (d;’ ) +ig|A A (3)
2 felo}

K (3) HTA S TR I s AL | 3 5 1l 9K
Bl AU Kerr JELRMEXT WK A2, LRy RIS
HAREMEACD 1) =A(d +2m,t) , S THES R, 7]
IR A R Kerr SRR L 2%, %F20(3) #4714
—1k.

2g Kt K 2(w, ~w,)
= —A =—_ @0 = R e
w K ’T 2 ’ 2D24)’§ K b

8k,
f= =25, (4)
K
1SN T I LL 7R
aw(o,r) i a(o,r)
I (1+1§)¢+f+2 Py +
ily(o,7) "y (0,7) (5)

XFEE RCERER AL D,>0) FIRUE , % TR
TERASIN TR A, (0) ~A, +Be"sech(B) , 4,
&= CW HHE 5, ¢, BIEIF A X F AN S A, W
HE BT B= /20 Yo IRF I 4R IR Ay o . SEF
LL 77 207 VB A9 O YE M0 i 3 208 il 12 5 S g 45
RARE WA B, B HGE 5 H A S TR ik K
MM, 2020 45, A€ PR K2 Zhao S50 UL K A
B NLSE 5l ih RAc 454 A3 20 LL 778, InA
A 25 T RRURI A 2 M AT S 23 10 e AH DG | RIS Aff Tl
W€ B O I R X -2 B SRR BA

DAL SR 1 50 3 SO S O i 05 BB AL IR
YIS Bk IR I T 2R, AR A ) ZE R A RE R ) A5
SIAFABIASE S 5 DR S 5 AR BN Y 504 | AR
S S DA R 8 il 450 5 0 450 55 T 30T 1 ik ol e 31 s
SR LL RF R A5 2R A A AY 43 S R A R L fE

MEPERUERA M+ 1A W F, 7w =- M/2
~+ M2 BOfE, ik, R R A9 B LL O FE
K (6) ~ (8) Fim'™ .

oA D D -
b K e s
i (—? - idw +1?u2 +1€“3)A“ +
ig FLIAPAT + /K, F,(1) (6)

Py () = f[m(a;o + 5;i,i%em) } -

F, ()= f{ AL } (8)
i M+1 , S

Horp 20 (7)) F(8) 43 SR A A I Tl 2 A ik o 22
5T X S BB, F o B AR e e Sy I IR
FE,0 R RF W R, P, RWEE IR, D, A kb v ik,
80 =0 - FSR F/n RF WHIR S AR FSR 1IKIE

X F YA T I, DKS Ab T ELAT I8 7
AR R RS | LU A AR R e s HR G A, 6 LU ]
WA S (Y IEIR I (R 228 R bl AR S SR A
D o IRIE AN S P A T R B R R, S BN AR 4
RS % Rh & AT U SHOR S S ML IT koo
T B PN 25 15 28 P 78 Ak B, DKS 12 8% 3 B OF L T 4R 3 B
JEUS Bt DKS iR 345 s i )37 B % AR R 4
BET MR F B BT Bkosh T, i Tk
WA TE S | 72 A 1 I B o A B 3 R B KK Y
RS, AN AR PN AN DRI A5G 8 ik v 45 A7 7 3 L
AR, AR A (o it ] S BN T i S R, AT S
AU ST 2 [ I VAN - AL R85 20 5 A S e 31 |
F 5] Fk i 5 4 0 i B I X B A 8 B SRR R
FATRL, BEAh, I Ik b A DGR | kv 8 1 4503 15 1k
JfE FSR (23 602 Bk oW B D, ik 58 I IR P, 4%
AT LATE SRS b9 58 IR SR A DR A5 8 1 2 1

3 AEMAIREMEE OFC ARHER HitRE

R ) A2 A3 ] i A S 7 TR 2 DKS Dl
B 1] 52 b O A 0 225 19 2) CW 2R3 AN E BRI
THEEFRYUE RSN S H N TE T-Be, 2 9 4 51k
SAEAFN T AT BETE IS SO — 7 5 HH B, 384 91~ 254 1)
PRI JZ T i) 4 20 ZR 40 T ARl 4 957 4 2 £ (1] 37
B AR AR AR DR it F v/ X IR A R L i A R
FrEil,

LA, Ik v 23 75 S8 0T B AN I3, B4R 3t B vy
MRER R ALK, BEXT AR 5% ki Bt B 2
e R e B R R AL ST R, X TR Z AL
ST, — 77 T it ZOEHR A SR AR, LS T S Al
IR PR FL 5T A A B D RO SR AT n T R 3 A
JUt GHz 8% 55— i, s 2O s Bl e , RI[H)



9

SRRAT S RO Tk i . N33 2 BIAE R 5 2R 7

I TR £, DA R D A R AR AT R £, ISR AR
Wl IR, L, BUE MIREE R A S %l 2R
TR GG 58 R . R 28U DKS 7= A Jr 2%
CW HOGBR B , 1% J7 %8 Z 40 187 2., H R F 28 0 - il
SRR m AR, ¥ 503 B2 0500 77 AR i S [m) B 5
P PIAS H AR PRAEE . AN 3 s, H i Ay 1% S
FCEEH T RRIFTUTIF S, 7 10~ 100 GHz B9 FE A X 45,
eI T T /N T 100 nm PR X T4 E
TS T L, RS B R T B 2 R
B, R FREH - I AR A A ALK  FR T AR 1Y
ZOR,

1200f @ W5 S
CIE S 203)0 LD/ =87 ] )
1000} "
800
£
£ 600} "
= °
4001
200f
o @ "o ° °o°

1 1
10 100 1 000
HERHFE/GHz

3 LRSI S AR S kot
7R N T A5 G A 5 R X ]
Fig.3 Microcomb repetition frequency and spectral coverage
range generated by homogeneous CW driving and
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