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NbN, NbNbN, Nb0.60.6TiTi0.40.4N, N, TaNTaNxx films sputtered on 8films sputtered on 8--inchinch SiSi++SiOSiO22

�High accuracy patterning of φφφφ=0.7 µm planar NbN-TaN-NbTiN junctions, thanks to the stepper and to the large RNIC~1.5mV
observed at 9K (see talk 1EY01) made the processing of 9K-NbN-ADCs chips on 8 inch Si wafer feasible at low cost.

�Architecture and cryo-test set-up have been developed & adapted to take benefit of clock frequencies >100GHz & of the reduced 

overall power dissipation for operating NbN RSFQ functions at about 9K (+/- 0.05K stabilized) in regard to 4K cooled Nb chips.

�A complete 9K ADC chip is under-development to address applications foreseen in telecoms, astronomy & in medical imaging.

Deposition of superconducting & Nb(Ti)N/TaN/NbN JJ layers on 8-inch Si wafers

Low spread Low spread φφφφφφφφ==700nm (3700nm (3σσσσσσσσ=40nm) =40nm) NbN junction achieved on 200mm Si wafers using stepper lithograpNbN junction achieved on 200mm Si wafers using stepper lithography and CMP planarizationhy and CMP planarization

Hyperfrequency Superconducting signals Converter from Analogue to Numerics

Aim of 

Summary and perspectives

Processing junctions & circuits applying the 8-inch/0.3µm rules of C-MOS plateform

MRC-903

Two chips (1x1 cmTwo chips (1x1 cm22; 64 pads) of test vehicle : arrays of 0.7; 64 pads) of test vehicle : arrays of 0.7µµm m 

junctions (junctions (left)left); resonators and anti; resonators and anti--aliasing filtersaliasing filters

NbN/TaNx/NbN & NbTiN/TaNx/NbN non-hysteretic SNS junctions produced first on 3-inch 

wafers and UV-contact lithography (Alcatel system) with RNIC up to 3.9 mV @ 4.2K / 1.6mV@ 10K 

with barriers composition and thickness (5-10nm) controlled at the metal-insulator transition 

SuperconductingSuperconducting propertiesproperties & & resistivityresistivity vs vs temperaturetemperature for  for  NbTiNNbTiN and and TaNTaN layers on 8-inch Si (MRC-903)

NbN ADC circuit NbN ADC circuit multilayermultilayer made on 8made on 8--inchinch Si wafersSi wafers
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is a project* on wide band-pass ΣΣΣΣ-∆∆∆∆ Analog-to-Digital Converter operating at 
microwave telecoms carrier frequencies and 9K. 

�High clock frequency (~120 GHz) are targeted, thanks to self-shunted NbN-TaXN-NbN
SNS JJ with Rn.Ic>1.5mV at 9K

�The nitride technology is based on 8-inch Si wafers and planarized 0.5µm2 (diameter 700 nm 

- 3σσσσ=40nm) JJ patterned using the low spread lithography and CMP planarization of LETI C-
MOS platform. 

�NbTiN wiring & ground-plane have reduced penetration depth in comparison to NbN.

�A band-pass Sigma-Delta ADC circuit designed with VHDL-AMS has been implemented 

with a modulator clock frequency of 120 GHz and decimation filters based on a comb design 

leading to SNR of 59 dB overall performances. 

�A flexible and compact cryo-package has been produced to stabilize temperature at or near 

9K (+/- 0.05K), reducing the overall power dissipation in operating NbN RSFQ functions.

* labelled by French ANR–TCOM & by Minalogic

HyperSCANHyperSCAN targeted performances @ 9Ktargeted performances @ 9K

ComparizonComparizon of NbN of NbN gatesgates vs Nb vs Nb gatesgates @ @ JcJc=4.5kA/cm=4.5kA/cm22

A 45 JJ frequency divider (F/64) circuit is applied to a relaxed φφφφ=2.5µm, 4.5kA/cm2, NbN technology at

9K for comparison to a Nb circuit at 4.2K (4.5kA/cm2 Hypres foundry). 

Main advantages observed in 9K NbN self-shunted technology over 4K Nb are:

� A 30% gain in circuit compactness due to self-shunted NbN-TaN-NbN junctions

� More than 50% gain in Fmax (due to large RNIC and to TaN capacitance negligeable)

� More than 300% gain in the cryocooling power requiered @ 9K versus 4K

DC-SFQ

OUTIN

JC= 30 kA/cm2 @ 9K

ICRN= 0.6 mV

SJ ≥≥≥≥ 0.5 µm2

200 µA <IJi< 250µA

0.1 pH < Lk < 4.0 pH

Architecture, design and test of the NbN ADC sub-circuits

Flexible & semiFlexible & semi--rigid connexions in Orange Cryostat. rigid connexions in Orange Cryostat. 

Chip carrierChip carrier temperature controlled at temperature controlled at +/+/-- 0.05K @ 9K0.05K @ 9K

DC-MAG SPUTTER (Nb0.60Ti 0.40 TARGET)550 nm NbTiN (G-PLANE)

CMP ON SiO2 (TEOS PECVD @ 350°C)300 nmSiO2 (1-GP)

DC-MAG SPUTTER (Nb TARGET)270 nmNbN (2- BE)

DC-MAG SPUTTER (Ta TARGET)8 nmTaN (BARRIER)

DC-MAG SPUTTER (Nb TARGET)/ φφφφ=0.7µm JUNCTION BY STEPPER 
LITHOGRAPHY (ASM300-248nm LINE)

180 nmNbN (3- CE)

CMP ON SiO2 (TEOS PECVD @ 350°C)450 nmSiO2 (2-JJ)

DC-MAG SPUTTER DEPOSITION FROM A Nb TARGET500 nmNbN (4-WJJ)

CMP ON SIO2 (TEOS PECVD @ 350°C)300 nmSiO2 (3-BR)

SPUTTERING @200°C, 1KW, 3.4OHM/SQ40 nm Mo (RE)

DC-MAG SPUTTER (Nb0.60Ti 0.40 TARGET)650 nm NbTiN (5-WRE)

DEPOSITION AND PLANARIZATION CONDITIONSThicknessLAYER

BandpassBandpass sigmasigma--delta modulator designdelta modulator design Complete ADC design in RSFQ technologyComplete ADC design in RSFQ technology

(*) jean-claude.villegier@cea.fr

See Poster 3EP3G-03/129

See talk 1EY01 // ref. R. Setzu, E. Baggetta, J-C. Villegier, Journal of Physics 97, 2008, 012077-012083
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NbN ADC circuit NbN ADC circuit processingprocessing stepssteps

Deposition conditions

�Nb, Nb0.6Ta0.4 and Ta rectangular

shape targets

�DC-MAG / reactive N2/Ar plasma

�Substrate heating ~350°C

Substrates holder
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NbN/NbN/TaNxTaNx/NbN junctions produced with R/NbN junctions produced with RNNIICC up to 1.6 mV @ 10Kup to 1.6 mV @ 10K

Films uniformity and reproducibility

better than 5% on 200mm


