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Josephson Junction transition: 
No large differences between N=1, N=2
 Diffusion of dopants into the channel during 

anneal dominates charge carrier concentration 
 Slightly broader Source/Drain transition due to 

diffusion of Boron into channel

  

Fabrication: SNS Structure

Josephson Junctions!

Fraunhofer Interference

L=20 µmw = 5 µm

Si:B(N)

Goal: Controlling supercurrent in an all-silicon SNS Josephson junction
 Reliable fabrication of all-silicon Josephson junctions
 Electrostatic top gate → Superconducting Josephson Field Effect Transistor (JoFET)
 Studying & Understanding physical mechanismLong-term: Large-scale implementation on wafers

Perspective: Optical Modulation

Ic (T)

Gate effect

Superconducting Silicon1,2:  
 High intrinsic electron-phonon coupling 
• Low charge carrier concentration,
 Extremely high active doping (              ) with 

nanosecond laser doping (                          )
 Modulation of DOS -> tunable
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Defects due to mismatch 
strain relaxation:

δaSiB/aSi ≈ 3% 
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Josephson 
Junction

• N=2 has a more homogeneous current distribution, leading to an 
almost complete negative interference

Above ±10V few hot electrons leaking from the gate and 
breaking the superconducting state.
- This effect is similar to gated metallic superconductors, 

but much more sensitive (due to lower DOS) 
- The junction acts as a current detector that is more 

sensitive than our picoammeter (shown below).

Theory:

The anneal is not deep enough to completely 
avoid crystalline defects: more stacking faults 
than in in-situ doped samples.3

 Using photons instead of an electrostatic gate to 
modulate the supercurrent

Advantages:
• Faster modulation
• Integration with complex photonic circuits (PICS)

Preliminary Studies: Doping SOI
• Low thermal conductivity of SiO2-layer reduces 

the maximum active concentration obtainable
• 220 nm/ 2000 nm: No superconductivity found
• 700 nm/3000nm:upto 0.5K for 80 nm doped layer  
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Boron diffusion 
into channel 
during laser 
anneal→ Wider, highly doped channels→ Only ‘150 nm’ is a Josephson Junction; 300 nm is not

Channel After Anneal

Device before Gate 
Fabrication

nB>1at .%
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−1/ λ
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There seems to be a small 
gate effect:
• Ic (~2% over ±10V)
• RN (~4% over ±10V)
Difficulties:
• Highly doped channel 

(~1.5 at. %)
 Reproducibility
 Reducing Channel Doping 

by optimizing Anneal
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