Microresonators in Titanium Nitride
New design and KID properties
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Why using high resistive material for KIDs ?

f-fO for
1 gp created

o (f-f0)/fO/ 6 Ngp a Ls/ (Lg+Ls)

Ex: Al KIDs 50nm: f-fO ~0.1Hz / gp Frequency

“RON The responsivity increases with p through Lk




Why Titanium Nitride ? Leduc et al. APL 2010

Tc change with N, content

C

Ls ~ hp/m At

TiN - film used here:
p=130 uQcm
Tc=0.8K = A= 125 peV
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Microwave design need to be adapted

PARASITIC DIP IN THE CHIP TRANSMISSION

For a typical (Al) chip




New hybrid design : KIDs TiN / Throughline Al

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




Lossless S21 transmission in the Hybrid designs




Lossless S21 transmission in the Hybrid designs




Lossless S21 transmission in the Hybrid designs




Lossless S21 transmission in the Hybrid designs




fexp/fgeom= 0.2 > a=96%
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Note on Qi and crystalline orientation - by XRD

11112¢; JPL2

film used here

Qi=10°

Vissers et al.

film from

DIMES/Delft
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Appl. Phys. Lett. 97, 232509 (2010)
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FIG. 2. (Color online) #—2# XRD scans of TiN films on sapphire, Si and

SiN/Si at 500 °C, and Si at 20 °C. The (111)-TiN peak at 28=36"° is
present on the sapphire substrate as well as for Si room temperature. The
TiN grown at high temperature on Si and SiN both exhibit primarily (200)-
TiN peak at 2# around 42 °. The sharp peak at 33 * on high temperature TiN
on Si is due to the XRD being performed on a patterned sample with ex-

posed 5i regions.




Large responsivity

Ngp(T) = 2V Nov2rkpT Bexp ( — 25

TiN Tc=1K Comparison with Al
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As high as 5.6 ms But large variations between KIDs




Lifetime -
Check of the data giving 1 =5.6 ms
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Electrical NEP (in phase)
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Best NEP :
4 x 1020 WVHz




Conclusions

F [GHZ]

-
©

o a4 s -
[ S =)

e
=

phase [rad]

2 0005 001 0015 002 0.025]
time [msec.]

I~
[

0.01 0.015 0.02 0.025

time [msec.]

..

New design

Lifetime up
To 5.6 ms
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Large
responsivity

Best NEP :
4 x 10-20 W+/Hz

The reproducibility between KIDs is now the big issue
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Example of NEP calculation for the best KID Sy measurement
following the classical analysis described in |Baselmansdcal B —
J Low Temp Phys (2008) 151: 524 529 7 .

(B )

Sg = —63dBe/Hz = 10-%3/0pqd? /Hz noise, measured at
100Hz, 100mIK, with optimal power -102dBm (purple curve)

n = (.57 elficiency of quasiparticle creation

7 = 3.68ms quasiparticle lifetime, measured at 100ml

A = 125ueV = 2.00 10723 J superconducting gap, from A =
1.81kgTe |Escoffier&eal PRL 2004| and Te = 0.8K measured in
this chip 'ﬁl'[h S21(T)

‘59 22 with Q = 2.91 10~ the measured (loaded) quality
fm[m amlff = 5.20GH z the KID frequency at 100mk

2(T) = fij” fo

% = —2.211077 linear fit between 100 and 200mK of the Y I
AV gp . ) . 0002 0004 0006 0.008 tlﬂmﬂeﬂlmgf’:f 0014 0.016 0018 002
measired frequency response.’l’ is translated to Ngp via the
relation:
— T " : A C _ 2
N »(T) = 2V NovZrkpT Rexp (—m) with V = 4056um2 x
—3

NEPF, =

(1+ uJQTQ)(l + LIJQTEES)

amp + phase noise [dBc/Hz]

52037 52038 52039 5.204
F [GHz]

Frequency versus Mgp

50nm the volume of the resonator and Ny = 8.710%V ~1um
from |Leduckal Al-‘L 2( ]IH[

(1 4+w?2)(1 +w?r2)) frequency cut off due to the gp and
resonator ring time - can be neglected here

Putting all together:

NEP; =51002W+/H:
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Internal Q factor

sampleA, position 2

concentration (at%)
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sputter time (minutes)
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Internal Q factor
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Internal Q factor
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Responsivity

= dfffo_217

= dfff0_218

= dfffo_219

= dfffo_24
df/ifo_32

= dfffo_33
df/ifo_34

= df/ffo_35

= dfffo_37
findTheGap (User)

Gap=0.57meV (6.67K)

Tc=3.6 K
- gap/kTc=1.85

Escoffier&al PRL0O4: gap/Tc=1.81 (STM/S meas.)
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Responsivity 2
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