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Calculation of probability find SiV center in single nanodiamond

To determine the probability of finding SiV center in single nanodiamond crystal we analyze 3

AFM maps. We find 24 nanodiamonds containing SiV center including 7 nanodiamonds with
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single SiV center. Besides, there are 1625 aggregates of nanodiamonds and single nanodiamonds
in these 3 AFM maps. Then, we compile histogram of height for these particles. Thus, we can
measure the number of single nanodiamonds in all 3 maps. From TEM images we can say that

median size of single nanodiamonds is 7.5 nm. Therefore, the number of single nanodiamonds can

3
be calculated from this following formula: N, = Z[ H, ) -N; = 4480, where H, is a height

i median

in bin of the histogram, NN, is a number of particles in this bin in the histogram, H,_ ., =7.5 is

the median size of single nanodiamond. Using this number, we can calculate probability to find at
least one SiV center in single nanodiamond as 24 /4480 ~ 0.5% , whereas the probability to find
single SiV center in single nanodiamonds is 7/4480~0.15% . Thereby, probability to find

nanodiamond with single SiV is approximately 30% among nanodiamonds with SiV color centers.

Size measurements from AFM maps

To make the statistical data more sufficient we analyze the additional 3 AFM maps (see Fig Sla)
containing 1019 nanodiamonds or small aggregates of nanodiamonds. The histogram of size

distribution depicted on the Figure S1b.
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Figure S1.(a) Typical AFM map an the sample (b)The size distribution histogram
obtained from the AFM particle analysis.

The median size is 5.5 nm with the standard deviation 5.5 nm. Including error of estimation, the

data are in a good agreement with the TEM measurements (see Fig 3b in the paper).
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Raman measurements and preliminary characterization of grown
diamond material

For preliminary characterization of full sample diamond material obtained during growing process,
we use Raman spectra measurements. Raman spectra were measured on a Princeton Instruments
TriVista 555 triple spectrometer with the use of the 50x objective of an Olympus BX51 microscope
and the 488 nm Ar+ laser line as the excitation source. The laser power incident on the sample

was 30 mW.

a 1-0 PeakPosition = 1329.77 cm™ ] b 1'0 PeakPosition = 1330.26 cm".
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Figure S2. (a) Diamond Raman peak for nanodiamonds right after growing with
Lorentzian fit. (b) Diamond Raman peak for nanodiamonds after cleaning and

centrifugation with Lorentzian fit.

Figure S2a shows Raman spectra for a central part of pallet with full sample diamond material
right after growing. We use the Lorentzian fit to find the central position of the diamond Raman

line and observed it at 1330.26 cm™ .
Using the relation between the pressure corresponding for compression-expansion, P, and the
change in diamond Raman frequency (Av =v—-1331.8cm™, where v- peak position for a

diamond Raman line)! we can calculate the strain level following way*:

GPa GPa

P=0.34——Av=0.34——x(1330.26 -1331.8) cm* =—0.524 GPa. (1)
cm cm
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We performed the Raman measurements also for a nanodimonds after cleaning procedure and
centrifugation (see Figure S2b). Lorentzian fit of the diamond peak position for ultra-small

nanodiamonds is 1329.77 cm.

Using the similar to (3) relation of the diamond peak position we can calculate the strain level for

ultra-small nanodiamonds:

GPa |, _0.34 CP2

cm™ cm™

P=0.34 x(1329.77-1331.8) cm ™ =-0.69 GPa. (2)

The sign of the pressure stands for expansion nature of the stress, which quite standard for
nanodiamonds. Besides, the small downshift of the Raman frequency may be caused by an
asymmetric broadening due to the phonon confinement effect® thus pressure estimate (1) and (2)

is upper limit on possible strain.

The Raman measurements shows the mostly sp3 hybridization bonding for carbon atoms in the
grown diamond material and small strain level lower than 0.7 GPa even for ultra-small

nanodimonds fraction.

Strain assessment by the ZPL position analysis

To make an assessment on the strain level in nanodiamonds containing optical active SiV color
centers we took into accounts the ZPL position statistics obtained during the investigation. The

standard deviation of the ZPL position in our measurements (see Figure 6a) is o,,, =0.27 nm.

To analyze the strain level we use the ZPL position dependence on strain*:

E(P)=E,+aP+ P’ (3)

We took into account only the linear coefficient: o = 0.48% due to the fact that o > £, than
a

we can calculate the strain level in nanodiamonds as following:

Strain = Tz - 027 :rr: — 0.562 GPa. (4)
@ 048
GPa
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Because the standard deviation cannot take negative values, we cannot make any statements about
the sign of the stress from these measurements. Nevertheless, the module of the strain level from
the diamond Raman frequency position line analyses and the SiV ZPL position analyses deviates
no more than 25%. Thus we can conclude that the strain level in produced nanodiamonds less than

0.7 GPa.

APD jitter measurements and deconvolution procedure
For the deconvolution process, we first measured the jitter of our setup by focusing on the pulsed

laser (5 MHz repetition rate, pulse duration is 70 ps) on the golden mask and measured g, (r)

(Figure 5a inset) of reflected green light. We then used Gaussian response model’ to fit the data:

()’
2
th

f(t)=offset+ampx © , (5)

2
27ztj

where ¢, — jitter of the our HBT interferometer. From the fit, we determined that the jitter of our

setup was 672 ps. For the deconvolution process, we used the convolution of jitter function and

g, (7) function with the following formula:

()
2t
f@)=(offset —ampx 6_7(t_t1)) X £ - (6)
27t

J

After fitting the raw data, we can estimate that what is not affected is the detector’s jitter g, (0)

depth.
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