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Ahstract: Nitride ~uperconductor< and ~peoally niobium nitride are key mdtenal; l'or developing high performance
iipii)eleLiiomc and digital Liicuit; We are pre,enimg J way ttl achieve ,uLh high liequenLy deviLe, un R-pldne
,,ipphire ii MgO ;uhstrate, Depo;ition iii thin and flat NhN films with TL Jho~e 10 K, luw and iepruducihle

penetration depth (~L-250 nmj and ~uitace ie,i~tance (R~J value~ up ttl THz. i~ required and obtained hy ~puttcring

on ,i ;uh,irate heated in the 300-600°C range Simple ~uh-micrometer size HEB bridge structures whole patterned

c;en in ,i vet y lhm (2-5 nm ihiLLl NhN I,iycr; offering relaxation tinies below 3() p; It is then pas<ible to achieve fast

(iptoclccnt1niL data link; Jiid wn,ur, un-Lhip with high clock trcqucncy NhN RSFQ digital cirLuits

1. INTRODUCTION

Important intere;t has been found recently in the possibility to achieve very low notse, large IF bandwidth

Hot Electron Bolometnc (HEB) heterodyne mixer; m the THz ~ignal frequency range as well a~ fast photo-
detector; ,en,itive to a single photon in the lR-UV wavelength~ II, by using the transient electro-therrnal

propel.tie; of a ,imple ~ub-micrometer,12e bridge structure patterned in a very thin ~uperconductIng NbN

I,iyei In the qame time THz cut-off frequency Josephson junction; can be fabricated with NbN electrodes

anti thin barrier; made of MgO or of nitride materials such a; AIN, NbNx or TaNy. Such layem can be

,puttci depo;ited in a multilayer ~tack [2] in eider to achieve fast optical sensors or data links and high
clock trcquency (-100 GHz) Rapid Single Flux Quantum (RSFQ) logic circuits on the same chip High
(levice perfnrmances imply relatively low penetration depth j~~) and ;urface resistance (Rs) values which

i equ ii-e a good control on NbN cn~tal line texture and on ~uperconducting propertie;.

2. ELABORATION OF EPITAXIAL NBN SUPERCONDUCTING LAYERS ON R-PLANE

SAPPHIRE AND MGO (loo) SUBSTRATES

NbN layer~ are DC-magnetron .hputtered from 6 inch diameter high purity Nh target in J reactive mixture

ot ii gon and nitiogen with a total pre;sure of about 1.9 Pa and a hackground pres~ure nf In ~ Pa We are

u,ing both 3 inch diameter R-plane sapphire and 2~2 cm~
area j100) MgO sub~trate~ which ~how correct

(hut riot cxccllent) lattice matching with the cubic BCC phase NbN (a=0 44 nm), good surface quality in

icgard to epitJxial growth, low dielectric lo;~e~ up to the infrared frequency range and good thermal

coniiuctivity at low temperature The NbN film texture is found strongly dependant on the ~ub~trate choice

,iiii on the ,ub,trJte temperature during deposition
(1()0i oriented NhN is found epitaxially grown on MgO, even when films are deposited at roam

temperature but the film quality increase with the deposition temperature up tn 650°C, and film resistivity

value, are around 60 pQ cm at 300 K

Thii NbN i, al,n found epitaxial when deposited at 6~j~j°C on blank R-plane sapphire, below <me

clitic,il thickne.h, I,alue j- 100 nm) ivhere the low Tc HCP-phase nucleate and propagate acm,h the layer
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j2j when the NbN films are
depmited below 400°C, a ;trong (100) texture can be also achieved when a 8-

? ii m
thick M go buffer layer is RF sputter deposited on the ~apphire ;ubstrate

iindei the~e; condition~, very thin layers of NbN, in the range of 2-5 nm with 8K< Tc<13 K and 2A~> 2 5

mev ,ire
ubtained in a

reproducible way by heating the wafer at 600°C both on MgO and on R-Sapphire

j,ee fig II Film, observed by grazing angle X-ray diffraction at ESRF are found epitaxial, ~urface

morphnlogy ob,erved by AFM i~ very flat, hhowing single NbN lattice ;tep~ plateaus (0 4 nm thick) and

the ieplica of vicinal steps present on both sub~trates. Very thin NbN layer are found electrically ;table

upon iinnths when the surface i~
pas;ivated by a few nm thick rt-~puttered semi-insulating AIN layer.

Thicket NbN layer, (120-400 nml, u~ed a~ junction electrodes, ~trongly ii 00j textured with Tc=16 K and

In,v ( value cJn be achieved on top ot a thin MgO buffer or by using a thin epitaxial NbN template

,puttered at 60~j°C before loivering the temperature during deposition tn prevent the HCP phase formation.
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3. PROCESSING OF THIN NbN NANOSTRUCTURES AND APPLICATIONS IN SENSORS AND

RSFQ DIGITAL CIRCUITS

A, reported in the tablc I, different kind of RF deviceh could take advantage of textured NbN thin films.

HEB THz mixers have been achie,,ed m collaboration with Chalmer; from our 2-5 nm epi-NbN on MgO
I,iyer,, ,hawing

~i Inw receiver nor,e temperature T~-4()0K at 650 GHz [5] We are also developing a new
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NbN-(Aui patterning process combining e-beam and UV lithography and a superposition of AIN and MgO
hard masking layers, obtaining a ;mall 3~ 400x 800 nm~ bridge volume (.qe~ C. Ufy.;se et al, this vnfuntei.
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Figure 2. a~
(2x?5x25(1nm~j NhN none hndge patterned by AFM anodizaii>n, b- I-V curve of the bridge ,huwn <n ,I, c~ dnlennd

,ii uLttne developed for tree ,pace opuLJl data I)nk coupl)ng and THz HEB ni)xers, d- implenicntat)tin vi ,I NhN RSFQ 8 bit~

,liiti~i egi,ier companhlc with the eleLirt1-opucal ,ignal )nput at the DC-SFQ gatc (deja)led p)cture)

'f;tble t. V,lieu, Lmd of device peiloimance, made po»lhlc with thin epitaxial NhN )aye',

devices Number of textured NbN Typical performance
/ and thickness

mixer II ].[51 epi-layer j600°C)/j2-5 nm) ~< 700 K @ 5 THz /BW,~ > 4GHz

epi-layer j600°Ci / j2-5 10 GHz BW, ,ingle photon Luunter /

20

2 epi-layer j600°C / 100 nni) THz LO ivith a broad band tuning

2epi-1;iyerj600°C/100nm) 2 THz Band, nn-chip

[4] epi-fryer (600°C / 2-5 nm) 0 5 pm Mze. ;ingle layei

+ front-end of

sensors 2 epi +3 textured layers 100 GHz clocked gates / 40 Gbits/s

links link ;ensor
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NhN Dayem bridges and 2.sx10x100 nm~ Jo;ephson VTB (Variable Thickne» Bridge) with Jc above

100 kA/cm~ at 4K and DC-SQ[ilDs nperating up to 7K have been patterned by AFM local anodization

methnd [4] into very thin (2-5 nm) epi-NbN layers grown at 600°C on R-Sapphire or MgO ;ub;trates.

Laige kinetic inductance is mea~ured in ~uch junction; and SQUIDS. Such ;ingle layer NbN nanOSQUID
iievice ivorking at 5 K looks important for RF applications in the fields of magnetic imaging, phase qubit;-

RSFQ hybrid gate; and make possible the realization of a compact NbN RSFQ digital SQUID technology
JFFO jJmeph;on Flux Flow Oscillators) and Hilbert Spectrometers based on epi-NbN Jo~ephson

tunnel _junction, are alw pre;ently investigated with other devices useful for fast on chip diagnostic of

RSFQ circuit, they take advantage of an all epitaxial NbN/MgO/NbN junction [7]

Fa,t NhN RSFQ circuits with high current density, high IcRn product, junctions, have been ;tudied on-

chip compatible with a fast epi-NbN electro-optical data link two j100) NbN layer; are ;puttered

epitaxially on sapphire up to 600°C a 350 nm thick NbN layer (( -250 nm at 6Kj acts for the ground-
plane ,ind a GHz BW HEB micro-bridge electro-optical modulator is patterned in a 2 5-6 nm thick NbN

epil~yer with T~ above K Innovative dielectrics formed of 10 nm thick MgO ;puttered on top of 200 nm

SIO~ I,iyer; are found to improve significantly the ;upefconducting and inductive properties of NbN wiring

line; depmited below 300°C [3] Gnod quality~ ;elf-~hunted NbN/MgO/NbN or NbN/TaN/NbN _junctions

iv.ith high Jc (up to 50 kA/cm~)
are obtained with largc lcRn (up to 2 mV) at 4 2 K and with IcRn above 0.5

WV at II K (J -10 kA/cm?) Jc can be tamed (reduced) without any detrimental effect on the junction
quality or ~preid by annealing at 250°C. Recent achievements of hybrid Nb-NbN RSFQ circuits on 3 inch

diJmcter R-plane sapphire sub;trate~, also take advantage of the NbN texture control through the use of

MgO buffers Examples of a 8 bits shift-register de;igned by LAHC-Univer;itd de Savoie and fabricated by
the CEA foundry under FLUXONICS network are given in fig 2 The actual circuit technology is

comfiatihle with a 20 Gbit~/s data modulation coming through the NbN HEB at the RSFQ signal input

CQNCLUSION

The piogres; in ;uperconducting NbN texture control and sub-micrometer patterning technique; ,hould

have ,i,trong impact on high frequency device performances and open new functionality ion-chip fast

ciicuit diagnostic tools, GHz bandwidth optical link;), higher operating temperature j5-10 K) for RSFQ

LSI ciicuit; (ADC DAC, proce;sors, digital filters~ ), but also for fast ;ingle photon detectors, THz HEB

mixer,, nanoSQUIDs,..
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