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Nuclear spin detectlon in Phosphorus doped Silicon

3 o | i
TE1 00 mK BAC {510 T'ESIE} Saore
B (=2 Tesla) e ’

J—Gates
f A- Gates -

ANy (%)

Y@

signal (log scale)

1 Barrier| 7
S] D B
|
2
3=+ E; )y S /s
P P L=
ubstrate
| L~ Substrat D. McCal
A
l"]n _ I I ] 'I T '|' T l T i il
T 90 Py =30 MHz/V — : -
é 80 T Barrier 7 5 LT 1T J
g 70 St oe¥p 7 ‘@
: ] | K
E’ &0 = R Dk
LE 50 ] . P Haryey".Collarg et al. Na[t..ncfomms 8 (2017) 102
ﬁ 40 : — ) Cryogenic _
< A-Gate - i i o
o 30 Barrier —'_ g F - Bamin
< 20 w_ - B H -
- 3 : =1 3 = 258K
© 10 -/ . - % b e omn 3 P
= e - - 4.3 3
< 0 ' =
0.0 0.2 0.4 0.6 0.8 1.0 ! ’Ii'-c., ez (i) - ‘ " otet cetay tmim)

A-Gate Voltage (V)
B. Kane Nature 393 (1998) 133-137

K. Saeedi et al. Science 342 (2013) 830-833

Natalie Foster | 3 November 2021 | LLNL postdoc candidate seminar

P {probability of recd®rin

&
w

=
.

=
na

=
o

£
o
T

=
o

=
o
T

=
[ 5]
T

=
=

p .

| Citiord gata fioglin: 99,6703 % © ¢
[ Single gate fidelity ; 99.83(1) %

XY16- Sequence [HYKWKY}{KYKWK‘(K}

[

Prabability af recosvarng tha col

10 100

M {rumbsar ::ﬂ Clittord gates)

Te1 TdE
Conduction &

/_I'-

10

100

M (number of Clifford gates)

J. Muhonen et al. J. Phys. Cond. Mat. 27 (2015) 154205

4



Optical spin readout in P-doped Si M

Radiative recombination
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Selective optical polarization addresses spin qubits M
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Holes in germanium host advantageous properties to Si ¥ (@)

v" High mobility (~10° cm?2/V s)
v’ Large spin-orbit coupling (~2.1 meV)

v’ Tunable g-factor
v’ Scalability
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Implanting Ga into Ge to serve as acceptor

v’ Broad, well-distributed profile (implant energy)

v’ Sufficient carrier density (dopant density)

v’ Sufficient carrier activation (anneal temperature)
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Secondary ion mass spectrometry (SIMS) > (M)

and spreading resistance profiling (SRP) analysis
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Implanted ion activation decreases for T > 650 °C 2
and increases with fluence .

a) SRP profiles of Ga* implanted in Ge
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Optical spin readout cleanroom device fabrication ¥ @
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Devices selected on basis of photoresponse

Mounted device and fiber

/B,E)prnted shell encasing
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Digital laser control of emission
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Initial device characterization Y ([@)
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Reproducing results on P-dop

(b)

D'

=
Hiz =
(e}
D m, m,
\ =112
— ;

+32

+172

-1/2

-32

+112 _

M2

Photacurrent (arbitrary units) g

T=14K, B=490G || [100]

_ \%ﬁ AN [

0.95 .
1149 845

Laser Energy (peV)

1149 859

A.Yang et al. PRL 97,22 (2006) 227401

AE (ueV)

=0T

a0

AE (Lev)
=]

—
ot

T T T
o5 002 0

T T T
0.0 a1 0.2 03 0.4

B{T) Electric field
OV pm)
C. C. Lo et al. Nature Mat. 14 (2015) 490-494
P-doped Si
30 -
20 L
10
0
-10
—-20
—-30
-40
0.2 0.4 0.6 0.8 1.0
B field (T)

ed Si

1.0

o o
[54] (fa]
Normalized photocurrent (AU)

o
~J

o
o

DOX formation
(scanning)

Natalie Foster | 3 November 2021 | LLNL postdoc candidate seminar

Y ()

DO neutralization

19



Measurement of acceptor-bound exciton transition in ¥ ()
Ga-doped Ge
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Measurement of acceptor-bound exciton transition in ¥ ()
Ga-doped Ge
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Measurement of acceptor-bound exciton transition in ¥ ()
Ga-doped Ge

Fast scanning method for line refinement
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Magnetospectroscopy lifts degeneracy of neutral

accepto r-exciton states
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Challenges with magnetospectroscopy in germanium

* Smaller g-factor
* Many transitions near same energy
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Measurement of x2)in IlI-V semiconductor QWs
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Strain dependence of x!?) in thin film Ba,Sr,_ TiO,

a) Compressive strain (%)
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Ferroelectric proximity effect on
excitonic properties of TMDs
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Piezo-force microscopy (PFM) reveals longevity of
nonvolatile ferroelectric domains in PZT
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Supplementary M

Long pass filter spectral response
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Supplementary

Driving signal frequency dependence
Ge242, d5-6 (50 um gap)
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