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Agenda

ÁStudy context

ÁEM simulations of identified levers

ÁNiFe deposition process

Á Inductors measurements

Á Superconducting thin film silicides

Á Innovative gate magnetic structure

ÁConclusion and perspectives
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Context
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Context тInductors in RF 

2.8-to-5.8 GHz harmonic VCO in a 28 nm UTBB FD-SOI CMOS process

Fanori, L., IEEE RFIC 

Synphosim, [2015]

Inductor occupy 60 % of area of RF integrated devices

(Operates at room temperature)

Occupied area: 48 % 
Occupied area: 11 % 
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Context тPlace of inductors in quantum

Resonator inductor

LNA

Gys et al., 2022 

Inductor are limiting the readout quality

Frequencies of interest:

400 MHz and 7GHz
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Context тinductor technology for quantum

Cryo-CMOS system for the readout of the state of spin 

qubits integrated in standard 40-nm CMOS technology

Peng Y, Solid-State Circuits, [2022]

J. M. Hornibrook, Appl. Phys. Lett. (2014)

Optical micrograph of the multiplexing 

Chip using NbN inductors

Different technologies of inductors are used in quantum
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Context тQuantum computing revolution

Quantum computing will bring many benefits in its path 

Field impacted by quantum computing : fundamental physics 

research, telecommunications, cyber and software security, 

energy, chemicals, pharmaceuticalsé 

Works at cryogenics 

temperatures
Quantum superposition 

of 2 states

Saltan & Hyrynsalmi, ICSOB 

Companion [2022]
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Context - CMOS technology

D. James, chipworksrealchips.blogspot.com, [2015] 

CPU of the Samsung Galaxy S6 : the Exynos 7420

14 nm

Wafer
14 nm

80 nm

Etienne Sicard, thesis, [2017]

Front end 

of line

Back end of 

line ( inductors )
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Context тSummary of RF and quantum requirements 

Inside the LNA Qubit readout

Inductance Few nH 80ï400 nH

Q-factor ~18

Not measured in 

literature but 

probably about 

hundreds

Number of turns Few from 20 to 150

Working frequency 0.2 - 10 GHz 400 MHz

Working temperature 4 K few mK

Technology CMOS for RF custom

Track material Copper and/or aluminum NbN or Nb

Inductor type rectangular/octagonal Spiral

Inductors specifications inside LNA and qubit readout circuit
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Objectives and problematic

How can the Q-factor and the intrinsic inductance of 

integrated inductor structures in 28 nm FD-SOI, be improved 

for use in qubit readout systems and RF applications? 
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Selected paper of literature

S. L. J. Gierkink, IEEE Journal of Solid-State Circuits, [2003]

Solenoid with a magnetic coreShield at low metal levelAbove IC

Solution to increase the quality of inductors

T. S. D. Cheung and J. R. Long, IEEE Journal of Solid-State Circuits, [2006]

D. W. Lee and all, IEEE Transactions on Magnetics, [2008]
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Levers for higher performance inductors

ÁDesign and material used in inductor 

ÁUsing a shield to lower inductor-substrate interaction

ÁAdding soft magnetics materials 

ÁUse above-IC method
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EM Simulation
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Simulation тinductor geometry

Quantifying the impact of the different identified levers

FAST (ST)

Momentum

Á3D EM simulator: HFSS

Á2.5 D EM Simulators: Momentum and FAST

ÁTypical simulator for inductors
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Simulation тinductor geometry

Variation of number of turns:

With internal ST tool ñFASTò

Track 

width

Track 

spacing

Geometry of the inductor balances inductance 

(L), quality factor (Q), and occupied area

Inductor 

design

Metal stack:
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Simulation тinvestigation of 3D magnetic structures

Confine structureInductor track

Silicium dioxyde

Silicon substrat

Magnetic Materials

Cross section view:

¾ view: ¾ view:

Evaluation of magnetic material impact

Inductor with unpatterned magnetic material Inductor with patterned magnetic material
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Simulation тinvestigation of 3D magnetic structures
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Frequency (Hz)

Inductor alone

cubic patterning

rectangular patterning

Non-patterned 

magnetic materials

Soft magnetics material impacts the inductor performances

Frequency (Hz)

This study was done at room temperature
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Simulation тinvestigation of 3D magnetic structures

Plain magnetic material Cube patterned magnetic material

Soft magnetics material patterning impact Eddy current flowing

At 7 GHz

At room temperature
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Simulation тEffect of metal shield addition

Top view: Top view:

Inductor

Shield

At room temperature

Shield

Inductor

Strong current

Low current

Medium current

Shield

Controlling the current within the shield

L: 1.07 nH

Max Q : 1.4 

at 600 MHz

L: 1.38 nH

Max Q : 10.7 

at 4.4 GHz
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Simulation тEffect of metal shield addition

Cross sectionCross section

Substrate

Substrate

Inductor Inductor

At room temperature Controlling inductor -substrate interaction
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Simulation тEffect of cryogenics temperatures

Classical Inductor 

Inductor with Cryogenic Track

Inductor with Cryogenic Track

and Shield 

Inductor with Cryogenic Shield 

Q
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Frequency (Hz)

Increasing inductor quality by lowering temperature
At 4 K
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Simulation - conclusion

Á Inductor geometry influence the performances

ÁA wide chosen shield shape could enhance the quality factor

ÁMagnetic material could enhance the inductance but lower the quality factor

ÁChoosing high conductivity material for inductorôs track increase the quality factor

22



Deposition Process of NiFe
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Deposition of NiFe тST Inductor set

Deposition area

Deposition area identification

ÁSpiral inductors

Á2 inductors geometries

Á2 to 5 turns

ÁFor RF application

ÁReuse of NiFe

Á65 nm SOI mmW

ÁProcess development 

done at 3IT ( Sherbrooke)
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Deposition of NiFe тSoft Magnetic Material 
deposition 

NiFe is compliant with literature

Á Chosen magnetics material: Ni45Fe55

Á Electrical resistivity: 40 µɋ.cm 

Á Seed layer: 30 nm Titanium / 100 nm copper
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Deposition of NiFe тEstablished process

Photoresist

Plasma etching step

Legend:

3.6 µm

Process flow:

Patterning 

photoresist

C4F8 etching

O2 Cleaning

Ti/Cu Blanket 

Deposition

Resist patterning

NiFe Deposition

Ion milling

Silicon substrate

3.5 µm were etched by C4F8

Before After

Mask alignment
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Profilometer tip:



Deposition of NiFe тEstablished process
Photoresist

Soft magnetic material deposition

Photoresist

NiFe NiFe

Silicon substrate Silicon substrate

NiFe was successfully deposed around the inductor

Before After

Process flow:

Patterning 

photoresist

C4F8 etching

O2 Cleaning

Ti/Cu Blanket 

Deposition

Resist patterning

NiFe Deposition

Ion milling

Mask alignment
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Measurements
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Deposition of NiFe тTemperature variation

Visible gain in quality associated with track conductivity incensement

Max Q: 28

Max Q: 13

Unpatterned NiFe was used in this work.
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