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MicroresonatorsMicroresonators in Titanium Nitridein Titanium Nitride
New design and KID propertiesNew design and KID properties



Why using high resistive material for KIDs ?Why using high resistive material for KIDs ?

f-f0 for
1 qp created

2

The responsivity increases with ρ through Lk

δ (f-f0)/f0 / δ Nqp  α Ls / (Lg+Ls)

Ex: Al KIDs 50nm: f-f0 ~ 0.1Hz / qp

1 qp created



Why Titanium Nitride ?Why Titanium Nitride ? Leduc et al. APL 2010

Tc change with N2 content
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TiN – film used here:
ρ≈130 μΩcm

Tc=0.8K � Δ= 125 μeV

�Ls ≈ 44 pH  

(Aluminum : Ls<0.1pH)



Microwave design need to be adaptedMicrowave design need to be adapted
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PARASITIC DIP IN THE CHIP TRANSMISSION
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New hybrid design : KIDs TiN / New hybrid design : KIDs TiN / ThroughlineThroughline AlAl

(to compare) Mono (hybrid) Duo (Hybrid) KIDmix

100µm
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Zoom x3:



Lossless S21 transmission in the Hybrid designsLossless S21 transmission in the Hybrid designs
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Lossless S21 transmission in the Hybrid designsLossless S21 transmission in the Hybrid designs
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Lossless S21 transmission in the Hybrid designsLossless S21 transmission in the Hybrid designs
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Lossless S21 transmission in the Hybrid designsLossless S21 transmission in the Hybrid designs
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KID dipsKID dips
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Note on Qi and crystalline orientation Note on Qi and crystalline orientation -- by XRDby XRD

film used here

Qi≈105

Qi≈105

Qi≈107

Vissers et al.
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film from 
DIMES/Delft

Qi≈107



Large Large rresponsivityesponsivity

Comparison with AlTiN Tc=1K
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f-f0 ~ 10 Hz / qp

(dx / dNqp = 2.2 x 109)

f-f0 ~ 0.1 Hz / qp
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LifetimeLifetime
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τ = 0.17 ms

As high as 5.6 ms But large variations between KIDs



LifetimeLifetime
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Electrical NEP (in phase)Electrical NEP (in phase)
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ConclusionsConclusions
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Lifetime up
To 5.6 ms

Best NEP :
4 x 10-20 W√Hz

The reproducibility between KIDs is now the big issue



CollaborationCollaboration
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Loren Swenson for the KISS group
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Sθ measurement

Lifetime

Frequency response



NoiseNoise

−70

−60

−50

−40

S
θ a

nd
 S

R
 

−160

−150

−140

S
F
/F

02

(in Duo)

20

10
0

10
2

10
4

10
6

−90

−80

S

F [Hz]
10

0
10

2
10

4
10

6
−180

−170

F [Hz]



LifetimeLifetime 33
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Internal Q factorInternal Q factor 22
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Internal Q factorInternal Q factor 44
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Internal Q factorInternal Q factor 11
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ResponsivityResponsivity 11
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ResponsivityResponsivity 22
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LeKIDsLeKIDs designs for optical chips designs for optical chips –– Simon DoyleSimon Doyle
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