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ANNEXE E2

Ch.6-p.189 : Tableaux des résistances a chaud des nanofils du lot SWIFTS-2

Les tableaux ci-dessous présentent les mesures a température ambiante des résistances des nanofils (en kOhm) sur les puces
présélectionnées comportant le moins de pontages d’apres contréle visuel au MEB. On mesure les résistances de chaque nanofil, puis la
résistance cumulée de 2 nanofils voisins en série. L'écart entre la résistance cumulée et I'addition des résistances individuelles permet de
savoir s’il y a un pontage (cases en rouge et gras). Les cases jaunes désignent des nanofils pour lesquels des pontages ont été constatés
par MEB, ce qui se refléte sur les valeurs des résistances plus basses que la moyenne. Les cases bleutées indiquent des nanofils dont
I'apparence semblait irréguliére au MEB. Les valeurs de résistance affichées en orange suggérent que le nanofil est trés altéré, avec une
résistance trés supérieure a la moyenne de la puce.

SWIFTS-2

Guide T10-L1,6 (guide ok) T10-L1,6 (pb début guide) T10-L2 (poussiéres) T2-L2 (guide ok) TlO‘LG(gﬁgfifsif’es vers T10-L2 (guide ok)
N + N + N + N + N + N + N +

carz | N *;h(glou) (,: :;) Eg/i;lrt caLz | N :h(gl;l) (,: :;) E(ﬂ:zrt caLt | N th(gloafl) (,: ;;) E(D:/:;lrt cato | N J{h(glou) (,: :pl) E(n:/ilrt cato | N *;h(é\lou) ('::pl) !ritg/? C7L0 (3‘1;) (,:;pl) !;Zlg/f
NF1 © 698 27698 543 9043 9550 | 561 f 531 1107 1080 | -2.4 520 1002 935 | -6,6
NF2 o 9054 o 576 1236 1240 | 0,32 482 971 900 |-73
NF3 © o 554 1099 1090 | 08 | 660 1140 1150 | 0,88 489 967 900 | -6,9
NF4 © 611 1228 1230 | 016 | 545 1081 1070 1 | 941 860 -86 | 480 900 890 | -11 478 964 900 | -6,6
NF5 © 617 1215 1200 | -12 | 536 1073 1100 | 2552 | 470 948 860 92 | 420 833 778 | -6,6 486 1073 | 1060 | -1,2
NF6 © 598 1188 1160 | 24 | 537 1069 1070 | 0,09 | 478 1066 1050 | -15 | 413 819 760 | -7.1 587 1204 | 1200 | -0,3
NF7 © 590 1192 1290 | 02 | 532 1056 1050 | -05 | 588 1194 1290 | -03 | 406 819 760 | -7.1 617 1243 | 1240 | -02
NF8 o 602 1205 1290 | -12 | 524 1042 1040 | -01 | 606 1213 1190 | -19 | 413 930 930 0 626 1259 | 1260 Oél
NF9 o 603 1214 518 1017 607 1210 517 1022 633 1230
NF10 695 1358 1338 | -15 | 611 1202 1200 | 02 | 499 991 980 11 | 603 1201 1200 0 | s05 989 990 | 015 597 1131 | 1120 | -1
NF11 663 3563 3540 | -06 | 591 1141 1240 | 01 | 492 976 960 1,6 | s98 1208 1210 | 017 | 484 964 910 | -5.6 534 1071 990 | -75
NF12 3486 3700 | 6,14 | 550 1098 990 98 | 484 610 1208 1210 | 017 | 480 985 980 | -05 537
NF13 586 1166 990 15 | 548 1086 1080 | -06 o 598 1195 1200 | 042 | 505 1010 1000 | -1 ’;iﬂ p°er
NF14 580 12980 13600 | 4,78 | 538 1079 947 -2 © 597 1194 1200 | 05 | 506 1002 1000 | -0,1 563 1129 | 1070 | -53
NF15 13045 541 1171 1240 | 589 2509 597 1202 496 1009 566 1188
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NF16 645 1300 1280 -1,5 630 1246 1210 -2,9 509 1012 1040 2,77 605 1206 1190 -1,3 513 1030 1040 0,97 622
NF17 655 1300 1300 0 616 1221 1200 -1,7 503 996 930 -6,6 601 1200 1200 0 517 1001 1000 -0,1 LJ
NF18 645 1287 1300 1,01 605 1219 493 1027 1020 -0,6 599 1208 1210 0,17 484 981 960 -2,1 523 1063 980 -7,8
NF19 642 1287 1247 -3,1 614 534 1077 1070 -0,6 609 1224 1220 -0,3 497 910 910 0,04 540 1148 1120 -2,4
NF20 645 1326 1330 0,3 o 543 1085 1080 -0,5 615 1229 1230 0,12 413 819 780 -4,7 608 1216 1210 -0,5
NF21 681 1359 1360 0,07 614 1231 542 1086 1080 -0,6 614 1238 1236 -0,1 406 823 790 -4 608 1224 1180 -3,6
NF22 678 1362 1330 -2,3 618 1236 544 1071 624 1252 417 829 790 -4,7 616 1262 1260 -0,2
NF23 684 1423 1400 -1,6 618 1295 527 1093 1200 9,79 628 1284 1280 -0,3 412 836 800 -4,3 646 1347 1347 0
NF24 739 677 566 656 424 701
Moy 656,8 2476 2501 -1,64 604 2588 1152 -2,03 526 1494 1583 0,42 589 1181 1161 -1,3 478 956 930 2 _35 572 1142 1098 3,3
! 7
SSPD A 569 Rc(Nf) 453 539 Rc(Nf) 417 480 Rc(Nf) 363 507 Rc(Nf) 406 244 Rc(Nf) 330 491 Rc(Nf) 394
SSPD B 1165 Rc(A) 455 1000 Rc(A) 431 56,4 Rc(A) 384 1566 Rc(A) 405 14,9 Rc(A) 195 814 Rc(A) 393

RQ : SSPDA = 2p200e100L5000, B = 2p200e100L10000, soit B 4x + long que A, donc normalement 4x + résistifl Aucun ne suit cette loi... pb fonds de résine ???
Ncarrés ~ 1450 pour NF, 1250 pour A, 5000 pour B

Récapitulatif des valeurs des résistances (les cases en rouge indiquent les nanofils pontés)

Nanofils

© 00 ~NOO O WNPE

el el ol =
UObdWNRO

C4L3 |C4L2|C4L1 | C3L0O | C4LO | C7LO
698 | 543 531 | 520
576 | 482
554 660 | 489
611| 545| 471| 480| 478
617 | 536| 470| 420| 486
598 | 537| 478| 413| 587
590| 532| 588| 406| 617
602| 524 | 606| 413| 626
603| 518| 607| 517| 633
695| 611| 499| 603| 505| 597
663 | 591| 492| 598| 484 | 534
550 | 484| 610| 480| 537

586 | 548 598 | 505
580 | 538 597 | 506| 563
541 597 | 496| 566
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16 645| 630| 509| 605| 513| 622
17 655| 616| 503| 601| 517
18 645| 605| 493| 599| 484| 523
19 642 | 614| 534| 609| 497| 540
20 645 543| 615| 413| 608
21 681| 614| 542| 614| 406| 608
22 678 | 618| 544| 624| 417| 616
23 684 | 618| 527| 628| 412| 646
24 739| 677| 566| 656| 424| 701

Ces mesures ont permis de sélectionner les puces (C3L0 et C4L1) a privilégier pour la mesure, en considérant celles comportant le
moins de nanofils pontés.
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SWIFTS Waveguide Micro-Spectrometer Integrated
on Top of a ID-NbN SNSPD Array

Paul Cavalier, Christophe Constancias, Philippe Feautrier, Laurent Maingault, Alain Morand, and
Jean-Claude Villégier

Abstract—The SWIFTS integrated waveguide device (Sta-
tionary Wave Integrated Transform Spectrometer) has been
designed on top of a 1D parallel array of 50-nm-width single stripe
Superconducting Nanowire Single Photon Detectors (SNSPD).
Colored light, around 1.55-pm wavelengths, is introduced inside
PE-CVD deposited and patterned Si3N4 monomode rib waveg-
uides, in order to produce a counter-propagative stationary wave
over the Nanowire array. Optical power losses are reported,
mainly due to waveguide sidewall roughness scattering, end-fire
fiber coupling and mode coupling mismatch. Simulations and
measurements over waveguide bending, coupling and roughness
quantify the loss contributions of the different factors. E-beam
lithography has been re-optimized on 4-inch sapphire and NbN
passivating nano-layers added for elaborating SWIFTS devices
with 24 Nanowires each of 50-nm widths, capable of directly
sampling the stationary wave profile. Process compatibility has
been demonstrated, thanks to the MgO layer protecting NbN
Nanowires before SiN deposition. Each SNSPD should operate
separately at 4K in the single photon counting regime for sam-
pling the guided standing wave, introduced by the high precision
mechanical alignment of a fiber in the test set-up.

Index Terms—NDbN, photon spectral analysis, SiIN waveguides,
superconducting nanowires, superconducting single photon detec-
tors.

I. INTRODUCTION

HE need for spectral devices in astronomy has led to
T several researches towards improving usual spectrometer
performances to reach better resolution, speed and sensitivity.
The range of improvement is limited by intrinsic concept limits,
such as geometrical dispositions and dimensions in diffusive
spectrometers, or the necessity of mobile parts in common
Fourier spectrometers. A new concept of fully integrated
spectrometer, SWIFTS (Stationary Wave Integrated Fourier
Transform Spectrometer), is a major breakthrough in the field
of extremely compact spectro-detectors. The principle, fully
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detailed previously [1], is inspired by the Lippmann color pho-
tography technique used in 1891, which granted him a Nobel
Prize in 1908 for his pioneer work based on light interference.
Incoming light is guided into an interferometer, so that the
interferogram formed is read by nano-detectors. An inverse
FFT then allows reaching the initial spectrum of the incident
light. The interferometer can be conceived in two ways: either
with a mirror, which will produce the interferogram using
incident and reflected waves or with a loop-waveguide which
divides the incident wave into 2 paths joining each other as
pictured in Fig. 1.

Such a device has not yet been produced in its full potential,
measuring precisely enough the interferogram at micron-wave-
lengths. The solution up to now was to under-sample the profile
of the stationary wave, with the inherent aliasing risks. Addi-
tional signal treatment is needed afterwards and relies on de-
ported lecture systems [1], [2].

The objective of this paper is to present experimental results
solving the most critical issues in the design, process elabora-
tion and test, leading the demonstration of a fully integrated 24
pixels SWIFTS spectro-detector, thanks to the use of supercon-
ducting nanowire single photon detectors (SNSPDs) [3] based
on niobium nitride (NbN). These detectors, when biased close to
their critical current, exhibit single-photon sensivity at near-in-
frared wavelengths, high dynamic range and extremely low NEP
(Noise Equivalent Power). In addition, achievement of very low
dimensions (down to 50 nm width nanowires) is a key factor for
sampling by Shannon criteria conditions, which improves the
instrument potential compared to the under-sampled prototypes
[4]. Another condition is to collect only a fraction of the optical
signal to avoid perturbation of the stationary wave. Therefore
weak coupling of the SNSPD is needed.

This paper will firstly describe the device design and main
characteristics for the SWIFTS-SNSPD prototype. We then
show the waveguide design and performances, followed by
their implementation. We finally focus on the SNSPD tech-
nology process in order to establish the possibility of the whole
device integration.

II. SPECTROMETER DESIGN

A. SWIFTS Structure

The basic SWIFTS device has been designed in a
counter-propagative configuration with a loop waveguide
above a 24-pixels Nanowire SNSPD array, as shown in Fig. 1.
The loop curvature will be discussed later, as bending of the
waveguide induces optical losses. After device on sapphire
cleaving along perpendicularly to the waveguides, light is

1051-8223/$26.00 © 2010 IEEE
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Fig. 1. SWIFTS device structure. (a) Insert shows the sensitive area where the
interferogram is analyzed by the NbN single stripe SSPDs array. (b) Cross-sec-
tional view and integration process steps described in Section V.

injected into the loop by direct end-fire fiber coupling with the
use of a coupling taper. The nanowires are connected to the
Au-Ti contact pads through NbN wider “tail wires” and Au-Ti
coplanar tracks. Normal SNSPDs are also present on the chip
for calibration tests. The total size of the chip is 6 mm X 8 mm.

B. Test Set-Up and Protocol

One of the challenges consists in measuring the SWIFTS-
SNSPD response. In this purpose, the SNSPD experimental
4.2K setup previously used [5] has been modified, with a new
insert designed for an end-fire alignment on the waveguide.
After fabrication, the SWIFTS chip cleaving has been opti-
mized to achieve a good optical interface for coupling and is
mounted in a sample holder fixed to the insert base. The optical
fiber is fixed inside a rigid fiber-holder screwed to Attocube
piezoelectric motors. This allows precise micrometer posi-
tioning of the fiber in front of the waveguide. The insert having
5 coaxial lines, the experimental protocol is to apply during a
fixed time, independent photon counting in the single photon
mode to each of the different nanowires. One given Nanowire
is used as reference to control the photon flux from one mea-
surement to the others where 4 new nanowires are connected,
and so on, until the whole set of detectors is characterized.
Each SNSPD being DC-biased according to [6] and measured
sequentially, crosstalk between nanowires should not appear in
this configuration despite their proximity [7].

The lack of visual control inside the Helium Dewar being
an important problem for the optical coupling, special care has
been taken to ensure the stability of the optical alignment during

the cooling: all the holding mechanical pieces were built using
high strength Cu-Be alloy.

III. WAVEGUIDE DEVELOPMENT

A. Choice of Waveguide Material and Geometry

The choice of the waveguide material is imposed by the
minimal detector size: high index materials induce proportional
wavelength reduction within the waveguide, which must not
outperform the ebeam resolution. The detector array has a 150
nm aimed period and, following the Shannon sampling criteria,
imposes a minimal physical stationary wave period of 300 nm,
which for a vacuum wavelength of 1.55 pm corresponds to
a maximal material index of N.g = 2.58. Within this limit,
the most suitable material compatible with our fabrication
facilities is Silicon Nitride (Si3N4), which has an index of
1.96 measured by ellipsometry [8]. In such a configuration, an
array of 24 detectors sampling the signal over 3.6 um distance
theoretically allows a spectral resolution of 170 nm.

The waveguide process compatibility with SNSPDs is a core
point of the study. To take advantage of the epitaxial quality of
NbN grown on Sapphire, it is convenient to deposit the wave-
guide material upon patterned detectors [9]. A rib waveguide
patterned above the array afterwards NbN epitaxial deposition
allows a simple process as well as device protection, in addition
to reliable guiding abilities.

B. Waveguide Dimensioning

The waveguides are designed to be monomode in order to
avoid the jamming of the interferogram, as the presence of
multiple guided modes would result in multiple zero-path-dif-
ference positions. Calculations on simple rib waveguides were
made using the Metric and WMM mode solvers [10]-[12],
giving a range of geometry to be tested, with varying rib wave-
guide widths L (from 1 pgm to 2 pm), heights H (0.2 pm-0.5
pm), and a core thickness of 0.9 pm.

In order to predict the losses, several steps were taken: an
M-lines experiment [13] was done on the SiN plane with the
help of a Metricon 2010/M, which showed sharp absorption
of the film for fundamental transverse electric (TEg) and
transverse magnetic (TMy) modes at 1.55 pmn, suggesting
good guiding properties.

Another important factor to consider is the bending of the
waveguides, as the final device features a loop waveguide: the
losses induced by these parts have to be evaluated in order to
design properly the loop. The evaluation in Fig. 2 was done by
Aperiodic Fourier Modal Method (AFMM) [2], [14], [15], and
shows that in all cases a radius greater than 300 pm induces less
than 1 dB loss except for the very low-confinement case with 0.1
pm height and 2.9 pm width rib.

C. Waveguide Fabrication and Testing

Test-vehicle waveguides, without SNSPD, were deposited
by plasma enhanced chemical-vapor deposition (PECVD) at
280 °C on an R-plane Sapphire substrate, then patterned by
deep-UV lithography and reactive ion etched with SF6/02
gas (RIE). After proper cleaving the samples, measurements
were done with an end-fire coupling setup using standard and
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Fig. 2. AFMM simulation results for simple rib waveguides with different di-
mensions over a 90° angle bending for varying radius of curvature. H is the rib
height, whereas L is the width.

lensed optical fibers, with respectively 10 ym and 2 pm beam
diameter. The samples, fibers and objective (Mitutoyo NIR
20X) were mounted on Newport micro-positioners.

The results shown in Fig. 3 exhibit the guiding abilities of a
series of 9 mm-long, 1-2 pm width waveguides with 0.3 pm
rib height. The calculations were made by taking the received
signal from the SUI Goodrich infrared camera and evaluating
the input—output light power ratio. We could also observe
that outbound field shapes are slightly different from the ones
predicted by previous simulations, resulting in similarly lower
mode coupling factor. Scanning electron microscope (SEM)
examination of the waveguides has given a possible origin of
such deformation: the pictures taken in Fig. 4 show strong
sidewall roughness on the waveguides, which are known to
induce important scattering losses [16], [17]. Additional atomic
force microscope (AFM) examination revealed irregularities
along the waveguide sidewalls with ~23.5 nm standard devia-
tion and correlation length of about 450 nm. A maximum 17.5
dB/cm loss estimation is found for waveguides of any width
and height considered (in the weak guiding approximation with
fixed low effective index), close to the 14 dB/cm propagation
losses measured by cut-back method on straight waveguides.
The curved waveguides of the 0.3 pm rib series exhibited the
best power ratios for curvatures of 200-300 pm, losing only
1.5 dB over a complete loop compared to straight waveguides
of same length.

For all our guides in general, the losses are mainly due to
mode mismatch (respectively —19 dB/—6 dB for 10 pm/2
pm beam diameter fibers), end-fire coupling [19] (varying
with alignment as well as interface) and sidewall roughness
scattering. Solutions with deposited SiO2 cladding are also
under investigation to attenuate the scattering losses, with lower
index contrast.

Nonetheless, these studies have demonstrated the guiding
capabilities of our waveguides and the optimal H-L-curvature
combinations. High optical losses are not yet a critical matter,
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0/9 1.1 1,3 1,5 1,7 1,9 21

5]
@ B g ) =

z

s -10

&

g -15 n
% -20 ‘ A A A

°

= -25

©0
*

@ Coupling factor -2um beam o
A Coupling factor -10pm beam @
O Power ratio - 2um beam o

o Power ratio - 10pm beam o

® ¢
*
* 9

OO O

*

Waveguide width (um)

Fig. 3. Optical losses for 0.3-p1n ridge height and 9-mm-long waveguides.
Two parameters are shown: the coupling factor evaluated by mode overlaps [18]
between waveguide field output and simulated Gaussian beams and the in—out
power ratio experimentally measured. Two coupling cases are considered: one
with a standard fiber with 10-pum beam diameter and another with a lensed fiber
with a 2-pm beam diameter.
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Fig. 4. (a) AFM and (b) SEM topography of two different waveguides.

as the extreme sensivity of SNSPDs counterbalances the wave-
guide attenuation.

IV. SNSPD ELABORATION

A. SNSPD Fabrication

CEA-INAC has demonstrated state-of-the-art capability in
producing SNSPD detectors on 4-inch sapphire wafers [5], [6],
[20], SNSPD routinely having 80 nm, down to 50 nm widths.
The aim here is to benefit from the past studies to produce the 24
nanowires-SNSPD array that will directly sample the interfero-
gram of the SWIFTS. With a 150-nm array period, the nanowire
width has been reduced to 50 nm in order to increase the readout
contrast as well as to improve the resist profile and proximity ef-
fect between nanowires during the ebeam process.

In order to achieve a better reproducibility of 50 nm wide
nanowires, we used the NEB35 resist from Sumitomo. This re-
sist exhibits increased resolution compared to the NEB22 resist
used previously [20]. Epitaxially grown NbN thin films were de-
posited by DC-magnetron sputtering on R-plane Sapphire sub-
strate as described in [9], to reach thickness of about 4 nm mea-
sured by X-Ray reflectivity. The NbN is then patterned with the
help of an e-beam masker, followed by RIE SF6/02 etching to
define the nanowires, as shown in Fig. 5. After stripping the re-
sist with EKC-LE bath [20], we proceed to the lift-off of Au-Ti
contacts.
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Fig. 5. SEM images of a SNSPD array, with 60 ¢C dose to size (50 nm pitch
150 nm) and +/—10% process window.

While wavelength-resolving capability of SNSPDs has been
proved in [21], [22], the goal here is different. The sampling
of the interferogram requires the SNSPDs to perform an inten-
sity measurement. To achieve so, the SNSPDs must operate in
single-photon regime, which can be achieved by adequate at-
tenuation and biasing. The detector regime can be controlled
experimentally, as shown in previous works [5].

B. Nanowire Inductance and Form-Factor

The use of NbN SNSPD as straight nanowires instead
of common meander-shaped detectors raises the problem
of latching, as reported in [23]. Indeed, a single nanowire
being much shorter than a meander, the SNSPD ends up with
much lower inductance leading to the creation of self-heating
hotspots. These do not allow the return of the device to super-
conducting state, which is equivalent to having a blind detector.
To address this issue, we chose to increase the nanowires’
inductance up to ordinary meander inductance levels. In this
respect, R-plane sapphire substrate was chosen instead of
M-plane one which induces lower inductance of epitaxial NbN
[24], and nanowires were dimensioned to reach a number of
squares comparable to common 5 x 5 ym? SSPDs (about 1000
squares). The photosensitive part remaining the same under the
waveguide, the inactive “inductive tail” parts are made 2 to 4
times wider to avoid resistive transition that would perturb the
measurement. As the aim of SWIFTS SNSPD is not to operate
at higher speed than conventional SNSPD, inductance value is
not an issue.

V. TOWARD INTEGRATION OF THE SWIFTS DEVICE

In order to produce the SWIFTS device, we have to combine
both UV and e-beam lithography. Patterned NbN SNSPD must
not be degraded during the entire process, so a MgO nanolayer
deposition was added before patterning the SiN waveguide, as
shown in Fig. 1(b).

NbN nanowire oxidation being a major problem reducing the
detector efficiency, resulting from a T'. decrease and a resistive
increase, heating in an oxidizing atmosphere must be minimized
during the whole process. In our PECVD machine, the wafer has
to be loaded on a 280 °C hot plate in air for about 30 seconds,
before introduction in the vacuum chamber and pumping stage.

TABLE I
NBN THIN FILM PASSIVATION WITH MGO

NbN With MgO Heating Heating

Sample Without with MgO without MgO
P heating (1°-250°C) (1°-250°C)

Tc (K) 12.2 12.1 12.0

Rsq

345 342 >400

(Qsq)

Heating was done at 250° C for 1 minute in air onto an NbN layer covered or
not by MgO.

To avoid NbN oxidation due to substrate heating, a 10 nm thick
MgO protecting layer is RF-sputtered [9] on the whole 4-inch
wafer after SNSPD full processing including contacts. The SiN
waveguides are then PECVD deposited and patterned by RIE
partial etching. Finally, opening vias down to gold contacts are
made by RIE etching of the SiN layer followed by a light chem-
ical etching using a diluted H3PO,4 bath to eliminate the MgO
layer over the contacts. This technique has already been suc-
cessful for planar NbN, with very low T\ loss and R, increase,
as shown below in Table I. We conclude that the MgO layer
slows the NbN degradation in air [9] even during short heating
above 200 °C.

VI. SUMMARY AND PERSPECTIVES

We have shown that the infrared micro-spectrometer SWIFTS
concept takes advantage of the full integration of a SiN optical
waveguide on top of a ID-SSPD Nanowire array able to over-
sample a colored standing wave. Proper design and critical steps
in elaboration of 24-pixels integrated SWIFTS photonics device
have been solved which clearly show the path to fully integrated
larger micro-spectrometers.

Modeling, fabrication, optical coupling, and testing of the
test vehicle waveguides have led to an optimized design of the
loop interferometer. The e-beam patterning followed by MgO
protection of very narrow, ~50 nm width, superconducting 24
Nanowires SNSPD arrays (Tc~12K) were achieved on NbN
film epitaxially grown onto 4-inch R-plane sapphire substrates.
In this respect, the PECVD deposition and patterning of SiN
monomode waveguide on top of SNSPD is shown to induce
minimal degradation of the detectors. The experimental setup
has been adapted specifically for hosting and for maintaining
rigidly the sample with the optical fiber, as well as for ensuring
10-nm precision alignment, to achieve reliable optical coupling
despite thermal relaxation of mechanical pieces.

Full elaboration of the 24-nanowires SWIFTS and testing
SNSPD each sequentially in the single photon counting regime
will allow further development of micro-spectrometers with
higher spectral resolution involving a larger number of SNSPDs
to increase the wave profile length of analysis. It will also rely
on the achievement of a dedicated multiplexing and readout
electronics based on NbN SQUID or RSFQ circuits [25], as a
resolution of 1000 would require about 2700 nanowires in the
configuration designed here.

Finally, the development of micro-SWIFTS for a relatively
low cost, raise a large interest in astrophysics as applications
can be multiple (differential spectrometers, fringe-trackers. . .)
and also in the biomedical imaging area for spectral analysis in
fluorescence tomography of organs.
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Echantillonnage direct d’interférences lumineuses a l'aide
de nanodétecteurs supraconducteurs pour la réalisation
d’un microspectrométre SWIFTS.

Ce travail porte sur la réalisation d’'un microspectrométre SWIFTS
(Stationary Wave Integrated Fourier Transform Spectrometer) incluant des
compteurs de photons SNSPD (Superconducting Nanowire Single Photon
Detector). Il met en ceuvre un interférometre intégré a guide d’onde en aréte
bouclé, en SiN, sous lequel sont disposés 24 nanofils supraconducteurs
SNSPD en NbN échantillonnant les interférences au pas de 160nm, a une
longueur d’onde centrée sur 1.55um.

La conception, I'étude des composantes optique et électronique, la
fabrication et la caractérisation a 4.2K sont décrites, jusqu’a la mise en
évidence d’une modulation de puissance lumineuse dans le guide
conformément a la formation attendue d’interférences.

Le SWIFTS-SNSPD constitue le premier dispositif optoélectronique
supraconducteur a part entiére, doublement intégré. Sa capacité unique
d’échantillonnage direct de franges d’interférences ouvre de nombreuses
perspectives, pour des applications allant de I'astrophysique aux télécoms.

Mots clés : SWIFTS, Spectrometre a transformée de Fourier, Dispositif Intégré
Supraconducteur, Optoélectronique Intégrée Refroidie, SNSPD NbN, Compteur de
Photons Supraconducteur

Direct sampling of light interferences with superconducting
nanodetectors for the realization of a SWIFTS
microspectrometer.

This work presents the realization of a SWIFTS (Stationary Wave
Integrated Fourier Transform Spectrometer) micro-spectrometer with SNSPD
(Superconducting Nanowire Single Photon Detector) photon counters. The
device features an integrated interferometer made of a SiN loop ridge-
waveguide, with an array of 24 NbN-nanowire SNSPD underneath that
samples at a 160nm period the interferogram of a laser light, at a wavelength
centred on 1.55um.

The conception, preliminary studies of integrated optics and electronics,
fabrication and characterization at 4.2K of the final device are described, in
particular the observation of the detected signal modulation in the
waveguide in agreement with the expected interference formation.

The SWIFTS-SNSPD constitutes the first stand-alone, fully integrated
superconducting optoelectronic device. Its unique capability of direct
sampling of light interferogram opens numerous perspectives, with possible
applications ranging from astrophysics to telecommunications.

Keywords: SWIFTS, Fourier Transform Spectrometer, Superconducting Integrated
Devices, Cooled Integrated Optoelectronics, NbN SNSPD, Superconducting Photon
Counter




