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Goal: ‘Controll@ng‘supercur‘r‘ent in an aII-siI‘icon. SNS Josephson junction \S/uﬁl?éﬁ?:t?;git;njez:fi ghc;non coupling Tc s —1/4
» Reliable fabrication of all-silicon Josephson junctions . : : ’
> Electrostatic top gate — Superconducting Josephson Field Effect Transistor (JoFET) % OBl .Carrler. Concentratlon . .
» Studying & Understanding physical mechanism Extremely high active do_plng (Rs>1at. %) with )\ =N (E ) \V4
Long-term: Large-scale implementation on wafers nanosecond laser doping (1=308nm;t=25ns) o o=t

v" Modulation of DOS -> tunable
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The anneal is not deep enough to completely
avoid crystalline defects: more stacking faults
than in in-situ doped samples.?

Josephson Junctions! || Ic (T)

50_-'-'|""|""|""|""_ i Mask = Mask
i Ref N=1 For kxT < 2.5 Ep,: WoF 150 nm ; 25

Boron diffusion
into channel
i 150 nm, N=1 1 duringllaser
40 : 7 . 1 | annea
[ Eeé szN_2 ] = (1 _ g e bETa/(32 kBT}) St ] 1| 2 Wider highly
i ERE ] 4 doped channels
Si:B(S) ‘ <1 at.9% 1 | - Only ‘150 nm’
1 Valid where k;T<2.5Ep, St <2at% |{ : . is a Josephson
[ ] Diffusive Junction: , , , , . . i) . Junction;
[| Josephson 3 Long wire limit (A/E;,>5.10%): ‘ 400 600 S e Py 300 nm is not
10 1 Junction ] b — eRIC (T: O]IETh: 10_82 Lateral position (nm)
' ] Short wire (A/Ep, < 1):
150 200 250 300 b=eRI_(T=0)/A=2.07
T (mK) N—l Ic VS Vg leak detect1on
Fit a=2.1;bEp=35peV

Josephson Junction transition: . :
No large differences between N=1, N=2 ' I
> Diffusion of dopants into the channel during —
anneal dominates charge carrier concentration d I
> Slightly broader Source/Drain transition due to (ﬁ’é = 3,2.1'1]12)!”\"r ;
diffusion of Boron into channel : n I —* up
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There seems to be a small

gate effect:

* ¢ (~2% over £10V)

* Ry (~4% over £10V)

Difficulties:

N — 3 _ Highly doped channel
} Theory: | 2 (~1.5 at. %)

Ashp > d, Ls > wy: Reproducibility . but much more sensitive (due to lower DOS)
P, Reducing Channel Doping
By = 1.842—2

[ ] .o - The junction acts as a current detector that is more
I ] W by optimizing Anneal . .
0.6 \ Ji = sensitive than our picoammeter (shown below).
- ’ "w 1| wy=5pum
B, =1,52G

Above +10V few hot electrons leaking from the gate and
breaking the superconducting state.
- This effect is similar to gated metallic superconductors,
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. ~ | e i~ 33107/’ Perspective: Optical Modulation

_ p = 1,103 0em
By = 1506 m* =0,34m,

By =143 G vp= 1,6.105m/s

» Using photons instead of an electrostatic gate to
modulate the supercurrent
AmLSum > d Advantages: _
A® w15 5 d * Faster modulation
d K * Integration with complex photonic circuits (PICS)

N=2 has a more homogeneous current distribution, leading to an _ )
almost complete negative interference » Unshielded

F Geometry dominates .. . . SOI 700nm
YOS Preliminary Studies: Doping SOI " ‘
+  Low thermal conductivity of SiO2-layer reduces & 110 s
the maximum active concentration obtainable ; 50 ns
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