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Motivation

• low-loss mechanical resonators for optical cavities

• SiN membranes

• freely selectable shape

• controlled high internal stress
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see e.g. Aspelmeyer, Kippenberg, Marquardt, RMP 86 1391 (2014)



Motivation Fabrication Properties

Motivation

• low-loss mechanical resonators for optical cavities

• SiN membranes

• freely selectable shape

• controlled high internal stress

Nenad Kralj iQUOEMS Erice conference, 04 Aug 2016 2 / 14

see e.g. Aspelmeyer, Kippenberg, Marquardt, RMP 86 1391 (2014)



Motivation Fabrication Properties

Motivation

• low-loss mechanical resonators for optical cavities

• SiN membranes

• freely selectable shape

• controlled high internal stress

Nenad Kralj iQUOEMS Erice conference, 04 Aug 2016 2 / 14

see e.g. Aspelmeyer, Kippenberg, Marquardt, RMP 86 1391 (2014)



Motivation Fabrication Properties

Microfabrication process

Nenad Kralj iQUOEMS Erice conference, 04 Aug 2016 3 / 14



Motivation Fabrication Properties

Microfabrication process

Nenad Kralj iQUOEMS Erice conference, 04 Aug 2016 3 / 14



Motivation Fabrication Properties

Microfabrication process

Nenad Kralj iQUOEMS Erice conference, 04 Aug 2016 3 / 14

no KOH etching!



Motivation Fabrication Properties Mechanical Optical

Resonance frequencies of circular membranes

• resonance frequencies

fmn = f0αmn, f0 ≡
1

2πR

√
T
ρ
, Jm(αmn) = 0
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• resonance frequencies
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f exp0 ' 114 kHz

R = 0.75 mm
T = 1 GPa
ρ = 3200 kgm−3

f0 = 118.6 kHz



Motivation Fabrication Properties Mechanical Optical

Effective mass

• effective mass dependent on modal index
- pointlike readout:

M0n = MJ2
1 (α0n)

- Gaussian readout:

M0n = M

 J1(α0n)

4
w2

∫
J0(α0nr/R) exp

(
−2r2

w2

)
rdr

2

• experimentally obtained from the areas of the thermal peaks

A0n =
kT

M0n(2πf0n)2
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Effective mass

Nenad Kralj iQUOEMS Erice conference, 04 Aug 2016 6 / 14



Motivation Fabrication Properties Mechanical Optical

Q-factor

• at room temperatures ranging from few thousands to 2× 105

• at cryogenic temperatures globally higher:

R = 0.75 mm, 5 mm side frame Qmax = 0.65× 106 @ 8 K

a = 1 mm, 5× 20 mm2 frame Qmax = 1.3× 106 @ 13 K
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Optical properties of circular membranes

Ld = 97.27± 0.01 nm
nR = 2.0210± 0.0005 @ λ = 1064 nm
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Optical properties of circular membranes

⇒ |rd|2 = 0.355± 0.002

• reflection and transmission coefficients of the membrane,
β ≡ nkLd

rd =
(n2 − 1) sinβ

2in cosβ + (n2 + 1) sinβ

td =
2n

2in cosβ + (n2 + 1) sinβ
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Optical properties of circular membranes
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f01 ∼ 348.5 kHz
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Finesse measurement

• cavity resonance shift

δΩc(z) =
c

L

{
(−1)

⌊
nMk0mnpLd

π

⌋
arcsin

[
(−1)p

√
R(k0mnp) cos(2k0mnpz)

]
−

−β(k0mnp)−

(
nMk

0
mnpLd

π

)
π

}

• additional loss channel

κ(z) = κ0 + κ1(z) where κ1(z) = Im {δΩc(z)}

⇒ 1

FT
=

1

F
+

2

π

∣∣∣∣Im(LδΩc(z)

c

)∣∣∣∣
• ringdown technique, FT = πcτ/L, τ = 1/κ
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see e.g. Biancofiore et al.,
PRA 84, 033814 (2011)
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Finesse measurement
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Finesse measurement

• optical roughness σopt ⇒
√

exp [−(2kσopt)2]

• Ld = 97 nm, nR = 2.021, L = 9.03 cm, λ = 1064 nm,
F = 53500

• nI = (1.97± 0.08)× 10−6

• σopt = (287± 4) pm

• Norcada 1 mm side, 50 nm thickness membrane:
nI = (1.0± 0.01)× 10−5, σopt = (280± 10) pm
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Thank you!
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Auxiliary slides
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Mi =
M̃i

Θ2
i,j,l

where
M̃i = AiLdρ,

Ai =

∫ R

0
rdr

∫ 2π

0
dθφi(r, θ)

2,

Θi,j,l =

∫ R

0
rdr

∫ 2π

0
dθφi(r, θ)T̃j(x, y)T̃l(x, y),

with, e.g.,

T̃j =
Hp(
√

2x/w0)Hr(
√

2y/w0)

w0

√
π2p+r−1p!r!

exp

(
−x

2 + y2

w2
0

)
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