
Introduction
• Diamond is a strong 

candidate for quantum 
devices due to its ultra-
wide band gap and the 
most naturally abundant 
isotope, 12C, having zero 
nuclear spin [1]. 

• Chemical vapor deposition 
(CVD) can be used to grow 
high-quality single crystal 
diamond (SCD) with 
mutable control of process 
variables during deposition 
[2].

• The negatively charged 
nitrogen vacancy (NV-) 
defect leading the field of 
diamond-based quantum 
sensing [3] and 
communication[4]. This 

presents a materials 
engineering challenge of 
precision control of this 
defect system. The first 
step to combating this 
challenge requires control 
of the substitutional 
nitrogen that can later be 
laser written into an NV-

center [5].

Conclusions
• The ideal deposition temperature was 

concluded to be 950oC due to the 
smooth step flow growth and moderate 
growth rate.

• FTIR absorption peaks at 1330 cm-1 and 
2930 cm-1 appear correlated with an 
inverse correlation to the 1080 cm-1 peak. 

• 1330 cm-1 and 2930 cm-1 correlate to 
quality of crystal

• Sample color post deposition could be 
related to graphite carbon as observed by 
1330 cm-1 FTIR peak [11], vacancies 
clusters observed at 360 nm UV-Vis peak 
[10], or a combination

• Raman spectroscopy to be used to 
further study 1330 cm-1 peak
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Growth Morphology
Growth morphology was analyzed using differential interference contrast microscopy 
(DICM) at 10X. Step flow growth was desired and observed at 290 mbar with a 3o offcut 
to the top surface as well as at 250 mbar and 370 mbar with approximately 1.5o offcuts to 
the (100). Orange peel morphology was visible on several samples. Un-epitaxial 
crystallites were present at 330 mbar, sample 21_14a.

Temperature Variation Experiments (Constant Pressure at 290 mbar)
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Pressure Variation Experiments (Constant Temperature at 950oC)
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Ultra-Violet/Visible Spectroscopy (UV-Vis)
• Absorbance spectra normalized to thickness of grown layer
• Used to quantify defect responsible for color observed after deposition
• Band at 360 nm related to vacancy clusters [10]
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Adapted from [7]

Sample 
ID

H2 Flow 
Rate

(SCCM)

CH4 Flow 
Rate

(SCCM)

N2 in H2 Flow 
Rate

(SCCM)

Gas Phase 
N2 conc. 

ppm

Temperature
(oC)

Pressure 
(mbar)

SR21e 400 16 17.5 48 950 290

SR21b 400 16 17.5 48 1000 290

SR21c 400 16 17.5 48 1050 290

21_08/19 368 16 16.5 50 950 250

21_20/10 368 16 16.5 50 950 290

21_14 368 16 16.5 50 950 330

21_15/11 368 16 16.5 50 950 370

Experimental Setup
• Microwave Plasma Assisted CVD Reactor
• Microwave Source frequency: 2.45GHz
• Microwave power adjusted to maintain 

temperature

Definition of Operation 
Region of CVD Reactor
Pressure and microwave power were varied, 
and substrate temperature was recorded to 
find the stable operating region of the 
reactor. 

                     

               

 

  

   

   

   

   

   

 
  

  
  

  
  

  
 

  
 

                                   

                 
                 
                 

                     

               

 

  

   

   

   

   

   

 
  

  
  

  
  

  
 

  
 

                                   

                 
                 
                 
                 

Trends with Growth Pressure

                               

                 

  

  

  

  

  

  

  

 
  

  
 

   
  

  
  
 

 

                                

                 
                 
                 
                 

Fourier Transform Infrared Spectroscopy
(FTIR)
• 1330 cm-1 and 2930 cm-1 appear correlated
• Peaks observed at 1330 cm-1 and 2930 cm-1 decreases 

as growth pressure increase
• Peak observed at 1080 cm-1 increased as growth pressure increased
• Single phonon absorption related to nitrogen defect at 1095 cm-1 and 

1327 cm-1 [8,9]

21-11a21-10a21-19a

SR21e SR21b SR21c

250 
mbar

290 
mbar

330 
mbar

370 
mbar

Growth 
Morphology

Step flow
Orange 

peel

Orange peel
(dark 

defects)

Step flow
(dark 

defects)

Color
Nearly 
clear

Dark 
brown

Light brown
Nearly 
clear

1080 cm-1

FTIR
< 330 
mbar

Local 
min

Increase Increase

1330 cm-1

FTIR
≈0

Local 
max

Decrease ≈0

2930 cm-1

FTIR
≈0

Local 
max

Decrease ≈0

Growth Rate
19.12 ±
0.6 μm

25.04 ±
0.91 μm

23.0 ±
1.23 μm

30.44 ±
1.79 μm

Sample
Color
post 
deposition
*for scale: 
samples are 3 
mm X 3 mm

21-08a 21-20a 21-14a 21-15a

21-19a 21-10a 21-11a

21-20a21-08a 21-14a 21-15a

100 μm

100 μm


