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Superconducting Radio Frequency (SRF) Cavity

https://www.lhc-closer.es/taking_a_closer_look_at_lhc/0.buckets_and_bunches
http://mchung.unist.ac.kr/category/notesslides/

𝑬𝑬 − 𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬 𝑭𝑭𝑬𝑬𝑬𝑬𝑬𝑬𝑭𝑭
𝑩𝑩 −𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬 𝑭𝑭𝑬𝑬𝑬𝑬𝑬𝑬𝑭𝑭

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶
𝑩𝑩𝑬𝑬𝑴𝑴𝑩𝑩 𝑩𝑩𝑩𝑩𝑴𝑴𝑬𝑬𝑩𝑩
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Increase max Eacc => 
decrease accelerator 
length

Increase Q => decrease 
required power

RF test results at 2.0 K for the 1.497 GHz, 5-cell HC cavity after different surface preparation processes. 

Gianluigi Ciovati, Peter Kneisel, and Ganapati R. Myneni “America’s 
Overview of Superconducting Science and Technology of Ingot Niobium”
AIP Conference Proceedings 1352, 25 (2011); doi: 10.1063/1.3579221

Quality factor vs Peak Field

Bpeak(mT)

Buffered Chemical Polishing (BCP)
Electropolishing (EP)

Quench
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Cavity Temperature Map

Defect
Spatial

Position

A. Gössel D. Reschke
(DESY,  2008) 
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Defects/Processes limiting SRF Performance

500 x 200 µm pit

1. Surface Roughness

2. Pits

3. Welds

4. Grain Boundaries

5. Nb Oxides

6. Hydrogen Poisoning

7. Magnetic Impurities

8. Trapped Flux
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MW 
Source

sample

Directional 
Coupler
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Cryogenic 
Environment
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Jsurf

Brf
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RF Field Distribution
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Brf > 600 mT
Resolution < 100 nm

Courtesy
Mike Seigler
Seagate
(Assumes perp.
recording, magnetic
medium with soft
underlayer)



SRF Magnetic 
Probe 

Microscopy

Temperature 2 K 3.6 K - Tc

RF Magnetic
Field

≈ 200 mT ≈ 200 mT

Frequency 1.3 GHz 1.0 – 6.0 GHz

Why Harmonics?

D. E. Oates, Y. D. Agassi, B. H. Moeckly, 
IEEE TRANSACTIONS ON APPLIED SUPERCONDUCTIVITY, VOL. 17, NO. 2, JUNE 2007

1)

2) Superconductor is the main 
source of Nonlinearity

Advantages of 
this method

• RF Characterization
• Localized / No Edge Effect

• Can Measure Flat Samples of any shape
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Bulk Nb Sample

Weld

heat diffused along length

Prior etch
Deformed (𝝐𝝐 ~ 0.4) single crystals 

pulled apart, 
Etched for 10 min 

then welded back together

Weld

Sample prepared by Tom Bieler, 
Michigan State University
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Microwave Microscope Probe and Sample
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Bulk Nb Data: Periodicity in Harmonic Response

Input RF Field Amplitude (a.u.)
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+0.1 Offset

T=9 K

T=8.5 K

H1 H2 H3

4.38 GHz
Probe background nonlinearity subtracted
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Bulk Nb Data: Closer look at Dips

1st Dip

10th Dip

R
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Fi
el

d 
Am

pl
itu

de
 o

f D
ip

s 
in

 V
3f

 (a
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.)

Temperature (K)

Dots = Data,
Lines are a guide
to the eye
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Nb Film on Copper samples from CERN
• Deposited by high-power impulse magnetron sputtering (HIPIMS)
• Highly Granular (grain size around 10 nm)
• 1 µm Nb / Cu

Point Contact Spectroscopy:
 Broadened DOS
 Finite 0-bias conductance (ZBC)
 Numerous ZBCP

T. Junginger, SRF2015, TUPB042



Th
ird

 H
ar

m
on

ic
 R

es
po

ns
e 

(µ
V)

O
ns

et
 F

ie
ld

 (a
.u

.)

Temperature(K)
Input RF Field Amplitude (a.u.)

HOnset

H1

H6

H2

H3

HOnset

H1 H2 H3

16

Nb on Copper samples from CERN

Dots = Data,
Lines are a guide
to the eye

2.2 GHz



Nb on Cu (ASTeC UK)

Nb on Cu (ASTeC UK)Nb on Sapphire (JLab)

𝑇𝑇𝐶
𝑇𝑇𝐶𝐶
𝑇𝑇
𝐻𝐻
𝐶𝐶𝐶𝐶
𝐻𝐻
𝐻𝐻𝐻𝐻
𝑇𝑇𝐻𝐻
𝑅𝑅𝐶𝐶
𝐶𝐶𝑅𝑅
𝐻𝐻𝐻𝐻
𝐶𝐶𝐶𝐶

(𝜇𝜇
𝜇𝜇) Nb on Cu (CERN)

𝐼𝐼𝐻𝐻𝑅𝑅𝐼𝐼𝐼𝐼 𝑅𝑅𝑅𝑅 𝑓𝑓𝑇𝑇𝐶𝐶𝑓𝑓𝑇𝑇 𝐶𝐶𝐻𝐻𝑅𝑅𝑓𝑓𝑇𝑇𝐼𝐼𝐼𝐼𝑇𝑇𝐶𝐶 (𝐶𝐶.𝐼𝐼. ) 𝑇𝑇𝐶
𝑇𝑇𝐶𝐶
𝑇𝑇
𝐻𝐻
𝐶𝐶𝐶𝐶
𝐻𝐻
𝐻𝐻𝐻𝐻
𝑇𝑇𝐻𝐻
𝑅𝑅𝐶𝐶
𝐶𝐶𝑅𝑅
𝐻𝐻𝐻𝐻
𝐶𝐶𝐶𝐶

(𝜇𝜇
𝜇𝜇)

𝐼𝐼𝐻𝐻𝑅𝑅𝐼𝐼𝐼𝐼 𝑅𝑅𝑅𝑅 𝑓𝑓𝑇𝑇𝐶𝐶𝑓𝑓𝑇𝑇 𝐶𝐶𝐻𝐻𝑅𝑅𝑓𝑓𝑇𝑇𝐼𝐼𝐼𝐼𝑇𝑇𝐶𝐶 (𝐶𝐶.𝐼𝐼. )

𝐼𝐼𝐻𝐻𝑅𝑅𝐼𝐼𝐼𝐼 𝑅𝑅𝑅𝑅 𝑓𝑓𝑇𝑇𝐶𝐶𝑓𝑓𝑇𝑇 𝐶𝐶𝐻𝐻𝑅𝑅𝑓𝑓𝑇𝑇𝐼𝐼𝐼𝐼𝑇𝑇𝐶𝐶 (𝐶𝐶.𝐼𝐼. )𝑭𝑭𝑬𝑬
𝑭𝑭𝑬𝑬
𝑩𝑩
𝐻𝐻
𝐶𝐶𝐶𝐶
𝐻𝐻
𝐻𝐻𝐻𝐻
𝑇𝑇𝐻𝐻
𝑅𝑅𝐶𝐶
𝐶𝐶𝑅𝑅
𝐻𝐻𝐻𝐻
𝐶𝐶𝐶𝐶

(𝜇𝜇
𝜇𝜇)

𝑇𝑇𝐶
𝑇𝑇𝐶𝐶
𝑇𝑇
𝐻𝐻
𝐶𝐶𝐶𝐶
𝐻𝐻
𝐻𝐻𝐻𝐻
𝑇𝑇𝐻𝐻
𝑅𝑅𝐶𝐶
𝐶𝐶𝑅𝑅
𝐻𝐻𝐻𝐻
𝐶𝐶𝐶𝐶

(𝜇𝜇
𝜇𝜇)

𝐼𝐼𝐻𝐻𝑅𝑅𝐼𝐼𝐼𝐼 𝑅𝑅𝑅𝑅 𝑓𝑓𝑇𝑇𝐶𝐶𝑓𝑓𝑇𝑇 𝐶𝐶𝐻𝐻𝑅𝑅𝑓𝑓𝑇𝑇𝐼𝐼𝐼𝐼𝑇𝑇𝐶𝐶 (𝐶𝐶.𝐼𝐼. )

6.4 K

4.8 K

OLEG 24_02_16v1

OLEG 23_02_16v1

TF-JLAB-ECR-Nb-aAl_2O_3-35_3

Similar Results Seen on Other Film Samples



Ingot Nb from Ciovati/JLab
Bulk Nb from Bieler/MSU

𝑇𝑇𝐶
𝑇𝑇𝐶𝐶
𝑇𝑇
𝐻𝐻
𝐶𝐶𝐶𝐶
𝐻𝐻
𝐻𝐻𝐻𝐻
𝑇𝑇𝐻𝐻
𝑅𝑅𝐶𝐶
𝐶𝐶𝑅𝑅
𝐻𝐻𝐻𝐻
𝐶𝐶𝐶𝐶

(𝜇𝜇
𝜇𝜇)

𝐼𝐼𝐻𝐻𝑅𝑅𝐼𝐼𝐼𝐼 𝑅𝑅𝑅𝑅 𝑓𝑓𝑇𝑇𝐶𝐶𝑓𝑓𝑇𝑇 𝐶𝐶𝐻𝐻𝑅𝑅𝑓𝑓𝑇𝑇𝐼𝐼𝐼𝐼𝑇𝑇𝐶𝐶 (𝐶𝐶.𝐼𝐼. )

𝑇𝑇𝐶
𝑇𝑇𝐶𝐶
𝑇𝑇
𝐻𝐻
𝐶𝐶𝐶𝐶
𝐻𝐻
𝐻𝐻𝐻𝐻
𝑇𝑇𝐻𝐻
𝑅𝑅𝐶𝐶
𝐶𝐶𝑅𝑅
𝐻𝐻𝐻𝐻
𝐶𝐶𝐶𝐶

(𝜇𝜇
𝜇𝜇)

𝐼𝐼𝐻𝐻𝑅𝑅𝐼𝐼𝐼𝐼 𝑅𝑅𝑅𝑅 𝑓𝑓𝑇𝑇𝐶𝐶𝑓𝑓𝑇𝑇 𝐶𝐶𝐻𝐻𝑅𝑅𝑓𝑓𝑇𝑇𝐼𝐼𝐼𝐼𝑇𝑇𝐶𝐶 (𝐶𝐶.𝐼𝐼. )

Similar Results Seen on Bulk Samples

Bulk and Film samples can show either periodic or non-periodic harmonic response depending on location
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Current Driven Resistively and Capacitively 
Shunted Josephson Junctions (RCSJ) model 

20

𝛷𝛷0𝐶𝐶
2𝜋𝜋

𝜕𝜕2𝛿𝛿
𝜕𝜕t2 + 𝐼𝐼𝐶𝐶𝐶𝐶𝑇𝑇𝐻𝐻𝛿𝛿 +

𝛷𝛷0
2𝜋𝜋𝑅𝑅𝑛𝑛

𝜕𝜕𝛿𝛿
𝜕𝜕t = 𝐼𝐼𝜔𝜔sin(𝜔𝜔t)

J. Halbritter, ” On the Oxidation and on the Superconductivity of 
Niobium,” J. Appl. Phys. A 43, 1 (1987).

J. McDonald and John R. Clem, ” Microwave response and surface 
impedance of weak links,” Phys. Rev. B 56, 14723 (1997).

Alternative proposal 
(Kubo and Gurevich, Monday talk)
S’-I-S layering
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𝛷𝛷0𝐶𝐶
2𝜋𝜋

𝜕𝜕2𝛿𝛿
𝜕𝜕t2

+ 𝐼𝐼𝐶𝐶𝐶𝐶𝑇𝑇𝐻𝐻𝛿𝛿 +
𝛷𝛷0
2𝜋𝜋𝑅𝑅𝑛𝑛

𝜕𝜕𝛿𝛿
𝜕𝜕t

= 𝐼𝐼𝜔𝜔sin(𝜔𝜔t)

Short Junction Approximation
All Dimensions Perpendicular to the field << λ𝐽𝐽

𝑰𝑰𝑪𝑪𝑹𝑹𝑴𝑴 - Fitting Parameter
𝑰𝑰𝝎𝝎𝑹𝑹𝑴𝑴- ScalingFactor * Input RF Field Amplitude (a.u.)

(𝐼𝐼𝐶𝐶𝑅𝑅𝑛𝑛)𝐶𝐶𝑇𝑇𝐻𝐻𝛿𝛿 +
𝛷𝛷0
2𝜋𝜋

𝜕𝜕𝛿𝛿
𝜕𝜕t = (𝐼𝐼𝜔𝜔𝑅𝑅𝑛𝑛)sin(𝜔𝜔t)

𝜹𝜹(t) → 𝑽𝑽(t) → 𝑽𝑽𝟑𝟑𝝎𝝎

Solution to the RCSJ Model
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𝑅𝑅𝐻𝐻𝐶𝐶 𝐼𝐼𝐶𝐶𝑅𝑅𝑛𝑛 = 20𝜇𝜇𝜇𝜇

𝐼𝐼𝜔𝜔𝑅𝑅𝑛𝑛 (mV)

Example Solution to the RCSJ Model

δ(t/T)



Bakhrom Oripov 23

𝐼𝐼𝐶𝐶𝑅𝑅𝑛𝑛 = 56.41𝜇𝜇𝜇𝜇

𝐼𝐼𝐶𝐶𝑅𝑅𝑛𝑛 = 30.55𝜇𝜇𝜇𝜇
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Input RF Field Amplitude (a.u.)

Input RF Field Amplitude (a.u.)

Nonperiodic low input RF 
field data is not fitted and 
has a different origin. 

Data at 4.4K
Fit with 𝐼𝐼𝐶𝐶𝑅𝑅𝑛𝑛=91.08µV

Data at 5.1K
Fit with 𝐼𝐼𝐶𝐶𝑅𝑅𝑛𝑛=64.37µV

Nb on Cu Data 
measured at f = 2.2 GHz
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Nb on Cu

Bulk Nb

Tc=9.281K
Tc=6.78K

Junction Critical Current

𝐼𝐼𝐶𝐶𝑅𝑅𝑛𝑛 =
𝜋𝜋∆
2𝐶𝐶 tanh(

∆
2𝑘𝑘𝐵𝐵𝑇𝑇

) Ambegaokar-Baratoff

Assume SIS Junction:
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Bulk Nb
∆0= 0.823𝐻𝐻𝐶𝐶𝜇𝜇
𝑇𝑇𝑐𝑐 = 9.281𝐾𝐾
2∆0
𝑘𝑘𝐵𝐵𝑇𝑇𝑐𝑐

= 2.06

Nb Film on Cu
∆0= 0.25𝐻𝐻𝐶𝐶𝜇𝜇
𝑇𝑇𝑐𝑐 = 6.78𝐾𝐾
2∆0
𝑘𝑘𝐵𝐵𝑇𝑇𝑐𝑐

= 0.85

Deduced Energy Gap Temperature Dependence
Assuming AB SIS Tunneling in the JJ
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Other Sources of Nonlinear Response

RF Vortex Entry and Motion in the Superconductor

SC

vacuumSurface defect

Nb on Cu (CERN)



Normalized TDGL Equations

ƞ
𝜕𝜕𝛹𝛹
𝜕𝜕𝐼𝐼

= −
𝑇𝑇
ĸ
𝛻𝛻 + ĸ𝐴𝐴

2

𝛹𝛹 + 1 − 𝑇𝑇 − 𝛹𝛹 2 𝛹𝛹

𝛻𝛻 × 𝛻𝛻 × 𝐴𝐴 = −𝜎𝜎
𝜕𝜕𝐴𝐴
𝜕𝜕𝐼𝐼

𝐽𝐽𝑛𝑛

−
𝑇𝑇

2ĸ2
𝛹𝛹∗𝛻𝛻𝛹𝛹 −𝛹𝛹𝛻𝛻𝛹𝛹∗ − 𝛹𝛹 2𝐴𝐴

𝐽𝐽𝑠𝑠

ĸ = λ(0)
ξ(0)

; ƞ = 𝜏𝜏𝐺𝐺𝐺𝐺
𝜏𝜏0

;               𝐵𝐵 = 𝛻𝛻 × 𝐴𝐴; 𝐸𝐸= − 𝜕𝜕�⃗�𝐴
𝜕𝜕𝜕𝜕

; 𝑇𝑇=Temperature; 

|𝛹𝛹|2 = �1 − 𝑆𝑆𝐼𝐼𝑅𝑅𝐶𝐶𝐶𝐶𝐻𝐻𝐻𝐻𝐻𝐻𝑇𝑇𝐼𝐼𝐻𝐻𝐼𝐼𝑇𝑇𝐻𝐻𝐶𝐶 𝑆𝑆𝐼𝐼𝐶𝐶𝐼𝐼𝐶𝐶
0 − 𝑁𝑁𝐻𝐻𝐶𝐶𝐻𝐻𝐶𝐶𝑓𝑓 𝑆𝑆𝐼𝐼𝐶𝐶𝐼𝐼𝐶𝐶

Length measured in units of  𝝀𝝀(𝟎𝟎)
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Sample

R=x,y

z

𝑀𝑀 𝐼𝐼 = 𝑀𝑀0sin(𝜔𝜔𝐼𝐼)
Side View:

𝜳𝜳 𝟐𝟐

𝑅𝑅𝐼𝐼𝑓𝑓𝑓𝑓𝐹𝐹
𝑁𝑁𝐻𝐻𝐶𝐶𝐻𝐻𝐶𝐶𝑓𝑓

Sample Surface, View from TopTDGL Equations

ƞ
𝜕𝜕𝛹𝛹
𝜕𝜕𝐼𝐼

= −
𝑇𝑇
ĸ
𝛻𝛻 + ĸ𝐴𝐴

2

𝛹𝛹 + 1 − 𝑇𝑇 − 𝛹𝛹 2 𝛹𝛹

𝛻𝛻 × 𝛻𝛻 × 𝐴𝐴 = −𝜎𝜎
𝜕𝜕𝐴𝐴
𝜕𝜕𝐼𝐼

𝐽𝐽𝑛𝑛

−
𝑇𝑇

2ĸ2
𝛹𝛹∗𝛻𝛻𝛹𝛹 − 𝛹𝛹𝛻𝛻𝛹𝛹∗ − 𝛹𝛹 2𝐴𝐴

𝐽𝐽𝑠𝑠

R=x,y

Magnetic 
head

Sample

𝑭𝑭𝑩𝑩𝑬𝑬𝑬𝑬𝑭𝑭 𝑺𝑺𝑪𝑪

T = 0, κ = 1, η = 1
Dipole Height = 10 λ
Max surface field = 0.8 Bc2
Frequency ≈ 500 MHz
NO DEFECTS



Bdipole = 0.65 Bc2 Bdipole = 0.70 Bc2 Bdipole = 0.75 Bc2 Bdipole = 0.80 Bc2

Bdipole = 0.85 Bc2 Bdipole = 0.90 Bc2 Bdipole = 0.95 Bc2 Bdipole = 1.00 Bc2

Plotting |Ѱ|𝟐𝟐𝑩𝑩𝑬𝑬𝟐𝟐 =
𝚽𝚽𝟎𝟎

𝝃𝝃𝑮𝑮𝑮𝑮(𝟎𝟎)𝟐𝟐

T = 0, κ = 1, η = 1.675
Dipole Height = 8 λ
Max surface field shown
Frequency ≈ 5 GHz
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ĸ = 1
Ƞ = 1.675

T = 0
Hdipole = 8 λ

Bdipole = 0.75 Bc2

Period = 200 𝝉𝝉𝟎𝟎
Frequency ≈ 5 GHz

NO DEFECTS

𝜳𝜳 𝟐𝟐

Horizontal RF Dipole Above Superconductor



32

Horizontal RF Dipole Above Superconductor
𝜳𝜳 𝟐𝟐

Currents shown 
as red arrows
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TDGL Harmonic Response May Explain Onset of V3f in Nb Films
T = 8.5 K, κ = 1, η = 1.675
Dipole Height = 12 λ
Max surface field = 0.05 – 0.6 Bc2
Period = 200 𝜏𝜏0
Frequency ≈ 5 GHz



Outline:

1. What is the issue?
2. Why is SRF material science needed?
3. How Magnetic Microwave Microscopy works?
4. What did we measure?
5. What is the origin of this data?
6. Where do we plan to go with this?
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Summary
We validate the existence of weak-links on the surface of Nb
Magnetic Microwave Microscopy can be used to extract local 

Tc and Effective BCS Gap at the weak-link

Future Work
TDGL Simulations are being performed to study “pedestal” 

data on thin films
Raster Scanning over known defect while imaging onset field
Measurement of multilayer/single layer samples
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Nb on Cu

Bulk Nb

𝑇𝑇𝐶𝐶𝐻𝐻𝑅𝑅𝐶𝐶𝐶𝐶𝐶𝐶𝐼𝐼𝐼𝐼𝐶𝐶𝐶𝐶 (𝐾𝐾)

𝑆𝑆𝐻𝐻
𝐶𝐶𝑓𝑓
𝐶𝐶
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Bulk Nb Data: Multiple Periodicity in Harmonic Response

Th
ird

 H
ar

m
on

ic
 R

es
po

ns
e 

(𝜇𝜇
V)

In
pu

t R
F 

Fi
el

d 
Am

pl
itu

de
 (a

.u
.)

Temperature (K)

Input RF Field Amplitude (a.u.)

T=7.8 K





X direction
GB



Vicinity of GB



𝐵𝐵𝑧𝑧

𝐵𝐵𝑧𝑧 𝐶𝐶𝑅𝑅𝑅𝑅𝑓𝑓𝑇𝑇𝐶𝐶𝑇𝑇 = 0.01

Sphere Radius = 5λ
ĸ = 1, T = 0;
𝐵𝐵𝑧𝑧 applied = 0.01

Superconducting Sphere in a Uniform Static Magnetic Field



Linecut along z=0

Static Magnetic Field In and Around a Superconducting Sphere

Inside OutsideOutside

Distance in units of λ

B
z

/ B
c2

(0
)



“Hot” and “Cold” Comparison

(EBSD) Local misorientation maps for “hot” (left) and “cold” (right) 
regions. Green color corresponds to 2◦ mis-orientation, blue - 0◦.

45

Optical profilometry 3-D images (850 μm × 640 μm) of the hot 
(left) and cold (right) samples.

A. Romanenk† , G. Eremeev, D. Meidlinger, H. Padamsee “Studies of the high field anomalous losses in 
small and large grain niobium cavities“, Proceedings of SRF2007, Peking Univ., Beijing, China

Hot
Cold
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RCSJ Simulation

Th
ird

 H
ar

m
on

ic
 R

es
po

ns
e 

(µ
V)

Input RF Field Amplitude (a.u.)

Nb on Copper Data

𝑰𝑰𝝎𝝎𝑹𝑹𝑴𝑴(mV) = ScalingFactor * Input RF Field Amplitude (a.u.)
𝑶𝑶𝑴𝑴𝑶𝑶𝑬𝑬𝑬𝑬(mV) = ScalingFactor * Onset (a.u.)
𝑷𝑷𝑬𝑬𝑬𝑬𝑬𝑬𝑷𝑷𝑭𝑭(mV) = ScalingFactor * Period (a.u.)
𝑫𝑫𝑬𝑬𝑫𝑫 #𝟏𝟏(mV) = ScalingFactor * Dip #1 (a.u.) ? Dip# 0

𝑷𝑷𝑬𝑬𝑬𝑬𝑬𝑬𝑷𝑷𝑭𝑭

𝐼𝐼𝜔𝜔𝑅𝑅𝑛𝑛 (mV)
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𝐼𝐼𝜔𝜔𝑅𝑅𝑛𝑛 (mV)

𝑅𝑅𝐶𝐶𝑆𝑆𝑅𝑅 𝑆𝑆𝑇𝑇𝐻𝐻𝐼𝐼𝑓𝑓𝐶𝐶𝐼𝐼𝑇𝑇𝐻𝐻𝐻𝐻 𝐶𝐶𝐼𝐼 𝐶𝐶 𝐶𝐶𝑇𝑇𝑔𝑔𝐶𝐶𝐻𝐻 𝐼𝐼𝑐𝑐𝑅𝑅𝑛𝑛
𝑂𝑂𝐶𝐶 𝑁𝑁𝑁𝑁 𝐷𝐷𝐶𝐶𝐼𝐼𝐶𝐶 𝐶𝐶𝐼𝐼 𝐶𝐶 𝐶𝐶𝑇𝑇𝑔𝑔𝐶𝐶𝐻𝐻 𝑇𝑇𝐶𝐶𝐻𝐻𝑅𝑅𝐶𝐶𝐶𝐶𝐶𝐶𝐼𝐼𝐼𝐼𝐶𝐶𝐶𝐶

𝐷𝐷𝑇𝑇𝑅𝑅 #
𝐼𝐼 𝜔𝜔
𝑅𝑅 𝑛𝑛

(µ
V)

 a
t t

he
 D

ip

Dip# 0

Period = Slope
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Di
p#

 0
 / 

Pe
rio

d

𝐼𝐼𝐶𝐶𝑅𝑅𝑛𝑛 (mV)

Di
p#

 0
 / 

Pe
rio

d

𝑇𝑇𝐶𝐶𝐻𝐻𝑅𝑅𝐶𝐶𝐶𝐶𝐶𝐶𝐼𝐼𝐼𝐼𝐶𝐶𝐶𝐶 (𝐾𝐾)

Nb on Cu

Bulk Nb

RCSJ 1) Taka Data at T
2) Determine Dip# 0 / Period
3) Find Matching 𝐼𝐼𝐶𝐶𝑅𝑅𝑛𝑛

𝐼𝐼𝐶𝐶𝑅𝑅𝑛𝑛 (T)
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RCSJ Simulation

H2
H3

H1

𝐼𝐼𝜔𝜔𝑅𝑅𝑛𝑛 (mV)



Getting ∆ from Junction

50

𝐼𝐼𝐶𝐶𝑅𝑅𝑛𝑛 =
𝜋𝜋∆
2𝐶𝐶 tanh(

∆
2𝑘𝑘𝐵𝐵𝑇𝑇

) Ambegaokar-Baratoff

Solve for ∆

SIS Junction Assumed:
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