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Why Solid-State Defects

• Many approaches to quantum communication,

sensing and computation

• Solid-state defects have benefit of scalability

• Downside is solid-state is 'dirty'
• Long coherence times are hard to

accomplish in materials such as Si, 2D-
TNID, etc.

• Color centers in wide-bandgap materials are
relatively clean solid-state systems

• Here, focus on SiV in diamond and VSi in SiC
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lon Implantation for Defect Creation

• Ion Implantation is uniquely suited for

deterministically generating defect centers in

solid state materials

• High-Energy (up to 200 keV) focused ion

beam (FIB) implantation allows for targeting

accuracy <50 nm and focal spot sizes <30 nm

• Direct-write principle can easily be scaled up

to large devices and arbitrary structures

• Crucial roadblock is the low yield of optically

active defects
• —3% in diamond and SiC



Examples of FIB Implantation
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Problems When Using Deterministic Defect Creation

• Two main issues with ion

implantation for defect
creation
1. Low yield of optically

active defects

2. For few-ion implants,
dominated by the
Poisson distribution

. In-situ ion counting was
demonstrated in our lab
enabling deterministic single
ion implantation
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Problems When Using Deterministic Defect Creation

• Two main issues with ion To deterministically create single photon centers, need to
implantation for defect
creation in-situ
1. Low yield of optically

active defects

2. For few-ion implants,
dominated by the
Poisson distribution

. In-situ ion counting was
demonstrated in our lab
enabling deterministic single
ion implantation
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In-Situ Photoluminescence Setup

. Two-Step Process, enabled by high-

resolution interferometry stage
. Implant in one location

. Detect PL with high-NA objective
at another location

• Vsi is used for in-situ PL, no need for

high-temperature anneal



In-Situ SPS Detection Process Flow

• Movement repeatability between
implant location and PL
detection — 5 um

• Local alignment allows for
correction of the ion beam

implantation location between

ion beam exposures

• Targeting accuracy down to —50
nm has been previously

demonstrated

• Expect to reduce using

automatic alignment based on

edge detection
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Ex-Situ Vsi Photoluminescence

• SiC FIB implantation with 300

keV He to generate Vs, defects
• Implantation fluence 10'12

ions/cm^2
• Emission from Vsi observed

4.150 -

4.125 -

4.100 -
E
D 

4.075 -
c
o

4.050 -
(A
o
0- 4.025 -

4.000 -

3.975 -

2500 -

IL
u

Z', 2000 -

1500 -

1000 -

D
500 -

tnj
_c
in_

_~
 

_~
 

0 -

800
I I

850 900

Wavelength (nm)

A

40000

35000

30000

25000

20000

15000

10000

5000

950

4.46 4.48 4.50 4.52 4.54 4.56 4.58

Position (um)



Conclusion

• Demonstrated high-resolution

implantation for scalable
quantum applications

. Roadblock so far was low yield

. In-situ detection of SPS enables
high yield creation of

deterministic defects or color

centers

• Future work will allow in-situ
detection of defects in diamond
(SiV, NV, ZnV, ???)


