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I. Finesse measurement using the cavity scanning method

As an auxiliary method to characterize the p-c and p-p FP cavities in Type 1 and Type 2
chips, we measured the transmission spectrum at a fixed laser wavelength using the scanning
cavity method.[!) Experimental setup is shown in Fig. S1. The wavelength of a single-mode
cw laser was fixed at Ay=561 nm. Plano mirror M1 (without any concave structure) was
mounted in a one dimensional translation stage (Stage 1) that could move along the z
direction and was controlled by a piezo actuator. Mirror M2 with an array of concave
microwells on the surface was mounted on a translation stage (Stage 2) that provided four
axes of adjustments, including the x and y direction and the two angular orientations. The
cavity was first aligned with Stage 2 and then the cavity length was scanned along the z
direction by the piezo actuator for a few free-spectral-ranges (FSRs) with the initial cavity
length at 50 pum. The transmission spectrum was collected by a photo-detector that was
connected to the oscilloscope. The finesse, F, can be obtained by F=FSR/dv, where dv is the
FWHM (full-width at half-maximum) of the transmission peak using a Lorentzian fit. For a
p-c FP cavity, the laser beam passed M1 and a concave microwell on M2. For the
corresponding p-p FP cavity, the laser beam passed M1 and a place on M2 that did not have a
microwell.
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Figure S1 Experimental setup for finesse measurement using the scanning
cavity method.



II. Q-factor and finesse estimation using the laser threshold
The lasing behavior of the cavity system for a given dye concentration can be described
with a parameter y(A), the minimum fraction of the excited molecules,
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where G, and G, represent the absorption and emission cross section, respectively; Mis the
emission wavelength; Qo is the empty cavity Q-factor when the cavity is filled with solvent in

the absence of dye; Qabs is the Q-factor related to the dye absorption, i.e.
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where  and T denotes the refractive index of the solvent and the total concentration of dye
molecules, respectively. According to the three-level model at steady state, ¥ is directly

related to the pump threshold Pth. After a straightforward derivation, Pon is obtained as
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where h, ¢, AL, )‘P, and E@A) represent the plank constant, light velocity in vacuum, pulse
width, pump wavelength, and fluorescence quantum distribution at emission wavelength,

respectively; A= Ga(}LL)/GaO"p)’B = GGOLL)/GeO\«L), and C= QabS/Qo.
The parameters and the Q-factor/finesses for the cavities in Fig. 3 are tabulated in Table
S2.

I1I. Calculation of fluidic dome volume and cavity mode volume
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1: Fluidic volume , where we use Gaussian fit a to

approximate the surface profile of a concave microwell.
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2: Optical cavity mode volume of TE, mode
The electric field distribution £(%,Y,2) of standing waves in the resonator cavity is
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with "0 the minimum beam waist along z direction.
For the p-c FP microcavity, the radius of plano mirror is Ry = ® and the radius of concave
mirror is Ry (we take Ry as the minimum radius of surface curve of the concave microwell).

—1_t = =1-t
Then we get 91~ 1-Y/R, = 1, 9,=1-"R, and the beam waist for the plano and concave
mirror is
w, = (t_/l)l/z(i)l/‘* w, = (2)1/2(;)1/4
T 1_92 T 92(1_92) (6)

The cavity length t is very short; and the calculated w, and w, are nearly the same (as shown

in Table S3), simply we can get the optical cavity mode volume Ve of the p-c microcavity as

V.= |E(x,y,2)|* ~ 2wt ~ Lw?
= Y,Z)|7 dxdydz =~ —nw(t =~ —tw5t
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The parameters, fluidic volume, and cavity mode volumes for the cavities in Fig. 5 are
tabulated in Table S3.



Table S1: Summary of optofluidic lasers generated using different types of optical cavities

Lasing
Cavity type Pump conditions | Gain medium | (wavelength, threshold, | Citations
Qq value)
FP cavity:
Cr/Au mirrors, reflectivity 83% Nd: YAG laser: 570 nm,30 mW/cm?
and 72%; optical cavity length 532 nm, 5 ns,10 Hz R6G, 001 M (~30 pJ/mm?) Ref. (2]
21.6 pm
Four-ring-cavity with total Nd: YAG laser: )
internal reflection 532 nm, 0.5 ns, 5 kHz R6G, 001 M 369 nm, 15 pl/mm Ref. [3]
FP cavity : . .
Au coating on plano fiber end,; Nd: YAG laser: R6G, 0.01 M 25 wJ/mm? Ref. [4]
. 532 nm, 0.5 ns, 5 kHz
cavity length 600 pm
FP cavity:
Au coating on plano fiber end, | Nd: YAG laser: 2
reflectivity 80%; cavity length | 532 nm, 0.5 ns, 5 kHz R6G, 1 mM 569 nm, 2 pJ/mm Ref. [3]
140 um
FP cavity: . .
Au coating on plano fiber end; Nd: YAG laser: R6G, 5 mM 569 nm Ref. [6]
. 532 nm, 5 ns
cavity length 550 um
FP cavity: . .
Au coating on plano fiber end, Nd: YAG laser: R6G, 1 mM 565 nm, 10 uJ/mm? Ref. [7]
. 532 nm, 0.5 ns
cavity length 18 um
FP cavity: two concave mirrors
(curvatures, 10 mm and 50 mm), .
DBR coating, ‘?goﬁm S e 10 Hy ¢GEP, ~300 uM ngOilz?o P Ref. [8]
reflectivity>99.5%; cavity length » 2 1S, (focal lens 30 mm)
20 pum;
FP cavity:
plano mirrors, DBR coating, | OPO: GFP, 600+200 uM 160£10 nJ Ref. [9]
reflectivity>99.5%; 465 nm, 5 ns (in one bacterial cell) | (focal lens 35 mm) ’
cavity length 18 um;
FP cavity:
Plano mirrors, Ag coating, ) ) ~646 nm, ~110 nJ
reflectivities >95% and > 80 % I;SdS.TlgGSkrllsseri 0H 2DC/];:[’in DMSO (4x microscope objective Ref. [10]
(A>600 nm); cavity length ~125 ’ ’ z & focal lens)
pm
. . Nd: YAG laser:
- th 2
High-order (130'") Bragg grating 532 nm, 0.5 ns, 5 kHz R6G, 20 mM 582.7 nm, 20 pJ/mm’ Ref. [11]
Phase shifted 15™ order Nd: YAG laser: )
distributed feedback structure 532 nm, 6 ns R6G, 1 mM 367.3 nm, ~0.8 mJ/cm Ref. [12]
. Nd: YAG laser:
th_
15%h-orderBragg grating 532 nm, 6 ns R6G, 2 mM 570 nm, 1 pJ Ref. [13]
581.41 nm, 65 pJ/mm?(in
ethanol);
. o ) ) 582.72 nm, 40 pJ /mm?
Tr}l;;i-order distributed Bragg 15\13d2.Yn$G51':1]sseri0 . R6G, 0.02M (in glycol): Ref. [14]
grating s 587.86 nm, 10 pJ /mm?
(in the mixture of ethanol
and glycol)
569.1 nm, 78 nJ/pulse
- - 2
LQW order. (t_'lrst, second, and Nd-YAG laser: R6G, | mg/mL ( 62 uJ/cr.n ,20 pm be.am
third)  distributed  feedback radius waist, 5x objective Ref. [15]
532 nm, 4.5 ns (~2 mM)
resonators focal lens, second order
grating)
Second order circular distributed | Nd:YAG laser: R6G, 1 mg/mL 571.09 nm, 9.5 pJ/pulse Ref. [16]
feedback grating 532nm, 4.5ns, 100 Hz | (~2 mM) (10x objective focal lens) )
Droplet (levitated in air), Nd:YAG laser:
diameter ~1mm 532 nm, 5 ns, 10 Hz R6G, 20 mM ~630 nm, ~500 mW Ref. [17]
Ring resonator (out-diameter: ) By
ten to few hundreds of um, wall OPO: R6G, 2 mM 600 nm, 25 nJ/mm Ref. [18]

thickness: a few pm)

532 nm,10 ns, 20 Hz

(estimated nQ=4x10°)
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40 um) 532 nm 5 mM 1 wWl/pulse (beam diameter
30 um)
Coupled —optofluidic  ring | OPO: R6G, 2 mM 570 nm, 6 pJ/mm> Ref. [20]
resonators 532 nm,5 ns
A ring shaped channel, inner.
. : > | OPO: 575 nm, ~15 pJ/mm?
outer radius and depth 150, 170, 532 nm, 5 ns, 20 Hz R6G,1 mM (estimated Qu~3.3x10%) Ref. [21]
and 40 pm
.Optoﬂu}dlc ring  resonators, OPO: Quantu.m dots(QDs), 660-665 nm, 0.1 wl/mm?
inner diameter 70-90 um, wall 433 nm. 5 ns. 20 Hz 2 uM (in bulk timated <1107 Ref. [22]
thickness 1-2 um ’ ’ solution) (estimated nQo~ )
580 nm, 90 nJ/mm?
Photonic crystal slab, a square | Nd:YAG laser: (pump laser resonantly
lattice of air cylindrical holes 532 nm, 5 ns, 10 Hz R6G, 1 mM enhanced by a factor of 80) Ref. [23]
(derived Q=8.3x10%)
Biological tissues with scatters . .
as the random  resonator I:féiﬁlGllgger's 100 Hz R6G <2 pwl/mm? Ref.[24]
infiltrated with laser dye solution ’ ps,
Cortical bone from bovine R800 in ethanol or 15 mW, size of pump beam:
femurs immersed in laser dye OPO: (DMSO) weight 100 pm > 3 mm Ref. [25]
. 690 nm, 100 fs, 1 kHz N (estimated pump density: 50 ’
solution ratio: 0.3%
uJ/mm?)
Disordered optofluidic channel
. . Nd:YAG laser: N
with structural disorder as the 532 nm, 6 ns, 20 Hz R6G, 2.5 mM 80 pJ/mm: Ref. [26]
resonator
2
Disordered optofluidic channel Nd-YAG laser: ?s6plec7tz~urir?;§cll 1Lrll ?er:smlty of
with structural - disorder as the 532 nm, 7 ns, 10 Hz R6G, 2.5 mM laser can be selected by the Ref. [27]
resonator
pump profile)
Plano-concave FP cavity with OPO: 599 nm, 90 nJ/mm?
DBR coating, cavity length = 31 ) R6G, 1 mM (derived Qp=5.6x10%, Current work

pm

532 nm, 5 ns, 20 Hz

F=4000)




Table S2: Parameters used for the calculation of Q(-factor/Finesse in Section II

Dye concentration 1 mM

Pump wavelength A, (nm) 532

Absorption cross section at Ay(cm?) 1.9x10-16

Refractive index of the solvent n 1.366

Quantum yield q 0.9

Pulse width At (ns) 5

Chips Type 2
Microcavity p-c cavity p-p cavity p-c cavity p-p cavity
Lasing wavelengthA; (nm) 592 563 599 570
Absorption cross section at Ay (cm?) 1.4x10°1° 5.6x10718 5x10-20 1.5x10°18
Emission cross section at A, (cm?) 1.1x10°16 1.7x10°16 1x10°16 1.6x10°10
Fluorescence distribution E(A;) (1/nm) 6.4x1073 1.2x1072 5.6x1073 1x102
Qupsat Ap 1.7x10° 4.5x10* 4.8x10° 1.6x10°
A 7.5x10 3.0x10? 2.6x10* 8.1x1073
B 1.3x1073 3.3x1072 4.8x10* 1x102
8rhc’n* At/ AE(L) (1/mm) 33 2 36 24

Py (WJ/mm?) 0.33 8.55 0.09 1.1
Qo 1.3x10° 3.6x103 5.6x10° 3.5x104
Cavity length L (um) 49 46 31 22
Finesse ( = AQo/2nL) 575 16 4000 332




Table S3: Parameters used for the calculation of fluidic volume and cavity mode volume for
Type 1 and Type 2 p-c cavities in Fig. 5.

p-¢ FP microcavity Type 1 Type 2
Laser wavelength (nm) 590.6 600
Depth t (i.e., cavity length) (um) 4 8

a (um) 24 70
Effective diameter d (um) 34 100
Fluidic mode " d(pL) 7 123
91 1 1
Radius X2(um) 78 306
9> 0.9487 0.9739
Beam waist ' 1(um) 1.7983 3.0550
Beam waist WZ(“m) 1.8462 3.0957
Optical cavity mode VC(fL) 11 60
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