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Quantum for precision measurements and standards

  • Quantum hall resistance standard

  • Josephson voltage standard 

  • Single electron tunneling

  • SQUID* for precision measurements

     (SQUID*: Superconducting QUantum Interference Device)

  • Atom clock 

  • Luminosity standard

  • Quantum gravity meter

  …

<Measurements and Standards>

Quantum Technologies

Accelerates and improves
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SQUID

Electrical 
Measurements

Particle 
Physics

Electric dipole moments 
(neutron & proton)

Geophysics

Magnetotellurics/Internal ocean 
waves/ Seismo-magnetism/Rock 
magnetism

Ammeter/
Voltmeter/
RF amplifier Archaeology

Paleomagnetism

Submarine
Measurements

Submarine 
communication/
Submarine detection

Low-field NMR/
MRI

Nuclear
Measurements

Gravity
Measurements

Mineral surveying/
Gravitational wave 
detectors

Other
Applications

Susceptometry/ A-D converters /
Low temp. thermometry/

Biomagnetism

Magnetocardiography/ 
Magnetoencephalography

NDE
Eddy current detection/
Scanning SQUID microscope/ 
Injected current detection/
Corrosion measurement/
Immunoassay
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1 20
Flux (/)

Voltage [V/]max

Flux modulation curve

1 20
Flux (/)

Voltage [V/]max

Flux modulation curve

<Standard DC SQUID>

<Double Relaxation Oscillation SQUID (DROS)>

High flux-to-voltage transfer: 

     V/max > 1 mV/0

Large modulation amplitude

  Simpler readout circuits

Pickup coil

Superconductive bonding Input coil pad
SQUID chip

Superconducting 
block/screw Superconducting shield

<Standard pickup coil structure>

<Compact pickup coil>
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• Non-invasive

 • High diagnostic accuracy

    - Ischemia

    - Arrhythmia

 • FDA certificate 

Complete recycling of helium

  → No refill of liquid helium

Second-order gradiometer

  → Thin (economic) shielded room

<Commercialization: Technology licensing><Laboratory>

<Analysis software>
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<Sensor helmet> <Signal processing>

<Source localization>

<MEG system>

• High temporal/spatial resolution

 • Non-contact & Non-invasive 

• Measure neural activity directly

<SQUID>
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<Adult auditory response>

<Localization of epileptic focus>

<Adult helmet> <Pediatric helmet>

<Pediatric auditory response>

<Dual-helmet dewar>

• Social interaction

 • Brain development 

• Autism

<Cognitive processing>
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Bias flux

RF signal

Voltage

LS

RJIcIc

Cc

L/S, n CJ

RJ

CJ

Output

Input

Bias flux

Bias current

Output

Input

RF in RF out

GND

Coupling 
capacitor

Input coil
(microstrip line)

Used for axion-search experiments
  - High magnetic field (~ 5 T)
  - 50 mK

<Schematic diagram of SQUID RF amplifier> <Concept of RF amplification>

<SQUID layout>
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Quantum Technology Monitor, McKinsey & Company (2024)

(Conservative) (Optimistic)
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Types of platform

Natural
  - Ion, spin, neutral atom, photon, …

Artificial
  - Superconducting device, …

2-level system

<State>

Ground

Excited

En
e

rg
y

Photonic circuits

…

Trapped ions

Quantization of state + Superposition of states + Entanglement of qubits

 → Quantum computing

Neutral atomsSuperconducting loops Silicon quantum dots
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Quantum Technology Monitor, McKinsey & Company (2024)
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Ref: IBM
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Ref: Yole Development
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Title: Establishment of superconducting quantum computing infrastructure

Phase I
  - Period: 2022.6. - 2025.3.
  - Development of 20-qubit system and demonstration of cloud service

Phase II
  - Period: 2025.3. - 2027.3.
  - Development of 50-qubit system and demonstration of cloud service

Participating institutions
  - KRISS: PI
  - Sungkyunkwan University (SKKU)
  - Ulsan University of Science and Technology (UNIST)
  - Korea Institute of Science & Technology Information (KISTI)
  - 3 Universities (Kyunghee U., Seoul Nat’l U., Yonsei U.)
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<Cooling>

<Quantum circuit (Algorithm)>

QPU

Cloud

Measurement

Control

Ψ

QPU chip design

QPU chip 
fabrication

Cooling

Quantum-limited amp.

Shielding/Filtering

RF control & measurement

Calibration

RF packaging 

QPU characterization

3D integration

<Control & Measurement>
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< Dilution refrigerator and RF system>< Dilution refrigerator inside >

< QPU >

- CuNi coax 
 - NbTi cable
 - HEMTs
 - Dual-isolators
 - Low pass filter
 - IR low pass filter  
 - 20Q QPU chip
 - Cryo mu-metal shield 
 - Copper clamp 
 - RT amplifier

18
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Coupling capacitor SQUID

λ/4 
resonator

<Gain curve>

<IMPA (Impedance matched parametric amplifier)>

<Improvement of readout fidelity>

JPA onJPA off
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Users

20Q/50Q systems @ KRISS

Application ServerWeb Server

Frontend Backend

@ KISTI• Energy
 • Chemistry
 • Material science
 • Biology
 • Traffic
 • Climate
   …
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<1000-Q components (inside fridge)>

JPA
pump  
x200

Readout 
output 
x200

Readout 
input 
x200

Qubit
control
x1000

Ref: IBM

No. Item Q’ty

1 Dilution refrigerator 1

2 Cables (CuNi) 2600

3 Cables (NbTi) 200

4 HEMT amplifier 200

5 IR filter 2600

6 Low pass filter 2600

7 Circulator 200

8 Isolator 400

9 Switches 200

10 Terminator 200

11 Directional coupler 200

12 DC wiring 200

13 Quantum-limited amplifier 200

14 QPU chip 1

<1000-Q components><Control & Measurement>
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IQM Spark  (Superconducting quantum computer) IonQ Harmony (Trapped-ion quantum computer)

Standardization of QPU 

  - Terminology (definition of parameters)

  - Key performance (Specifications)

  - RR test for small-scale QPU chips 

  - Platform dependent
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Components

 - Cables

 - Attenuators

 - Low-noise amplifiers (HEMTs)

 - Filters (Low-pass and infrared)

 - Isolators (Circulators)

 - Directional couplers

 - Magnetic shield

 … 

Parameters

 - Impedance

 - Insertion loss

 - Return loss

 - Frequency range

 - Cut-off frequency

 - Bandwidth

 - Gain

 - Noise temperature

 - Isolation

 - Coupling

 - Tolerance

 - Directivity

 - Shielding factor

  …

Conventional (300 K) 
metrology

Cryogenic (4 K ~ 10 mK) 
metrology

QX

Valid for other platforms (Neutral atoms, trapped ions, …)
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High-density multi-channel cable/connector assembly

<High-density (Modular)><Coaxial cables>

Ref: BlueFors Ref: IBM

<Flat cable>

Development direction: 

  - Integration of connectors and cables

  - Flexible cable

  - High-density components (Passive and Active)

Ref: Maybell

<Flexible cable>

<Metrology>

   Calibration at cryogenic temperatures

   Reference signal sources

<Flexible cable + Components>

Integrated

Ref: Delft Circuits
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Quantum 

computing

 system

Quantum 

material, parts 

equipment

Quantum

 application SW

Test bed Used for algorithm development

<Realization of quantum economy>

Feedback on HW system performanceOptimization of components

• Development of application area 

 • Explorer new industry

• Commercialization

 • Global supply chain

• Development of QC system

 • Commercialization of QC system
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Quantum + AI

• Faster data processing

 • Faster analysis of measurement data (data fitting and simulation)

 • Faster measurement (: less data point) → Shorter measurement time

 • Improvement in measurement uncertainty

Precision 
measurements

Quantum 
computing

Mutual impact (at present)
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Thank You!

yhlee@kriss.re.kr
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