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Diamond is the ultimate ultra-wide band gap semiconductor. 
Its synthesis is mainly based on its impurity control.

Estelle LOIRE, François JOMARD, Marie-Amandine PINAULT-THAURY

With more than 20 years of diamond synthesis and physical studies in GEMaC, the SIMS analysis is well controlled 
over a large range of elements with the use of dedicated implanted standards and lab samples.
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SIMS analysis are performed with an CAMECA IMS7f 
dedicated to materials (metals, oxides, semiconductors…).

High mass resolution (HMR) for 13C, 28Si, 31P and 75As HMR & Raster size method for 14N

Our diamond conventional conditions
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Element Interferences Mass 
resolution

1H None 400
11B None 400
13C 12C1H 3000
14N12C 13C2, 12C13C1H 7200
28Si 12C16O, 12C2

1H4 1600
31P 12C19F, 12C1H3

16O 1600
75As 12C6

1H3
12C5

14N1H 3000

Low mass resolution (LMR) for 1H and 11B

Cs+ 1ary ions
+10 keV 

1ary current
Ip = 60 nA

Bias sample (- 5 kV)

23°

Negative
2ary ions

Raster size: 150x150 µm²
Analysed area (): 33 µm

Sputtering rate: Sr ~ 0.4 nm/s

Eimpact = 
15 keV

Non conductive surface 
 ~50 nm Au deposition

50x50 µm²
8 µm         for 1H
3.1 nm/s

Electronic gate: 70%
Pressure in the analysis chamber: 2-6x10-10 mbar

Our usual detection limits (DL) 
by taking care of 

the residual vacuum of the chamber

Element 1H/12C 11B/12C 14N12C/12C 28Si/12C 31P/12C 75As/12C

RSF (at/cm3)  10% 2.8 x 1023 5.2 x 1024 2.8 x 1022 2.7 x 1023 2.5 x 1023 4.3 x 1023Determination of the relative sensitivity factors (RSF)

DL (at/cm3)
[H] 1.5  0.5 x 1018

[B] 1.5  0.5 x 1016

[N] 5.0  1.0 x 1016

[Si] 2.5  1.0 x 1016

[P] 4.5  1.5 x 1014

[As] 1.5  0.5 x 1016

During the acquisition, the area swept by the 1ary beam is restricted while
the 1ary current and the size of the analysis area are kept constant.
 The sputtering rate, Sr, increases with each raster size restriction.

Depending on the evolution of the intensity, there are 3 cases:

Case 1: the intensity increases with each raster size restriction and in exact
proportion to Sr.  The signal comes from the sample. This behavior is that of
a matrix signal for example.
Case 2: the intensity is constant. The signal doesn’t come from the sample. It
gives the bakground level of the present analysis.

Case 3: the intensity increases but in a smaller proportion than Sr.  The signal is a mix from both
previous cases. It is possible to extract the contribution of the sample.
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Case 3: the intensity increases but in a smaller proportion than Sr.  The signal is a mix from both
previous cases. It is possible to extract the contribution of the sample.

Detection limit

Initial 
raster size

Smaller
raster size

14N12C signal 
coming from
the standard 
and 
the background

x 2.2

x 1.6

Diamond lab sample14N implanted diamond standard

0 1000 2000
102

103

104

107

108

109

In
te

ns
ity

 (
cp

s)

Time (s)

14N12C

12C

0 500 1000 1500 2000
1017

1018

1019

1020

1021

1022
0 100 200 300 400 500 600

102

103

104

105

2x107
4x1076x1078x107108

H
 c

o
nc

en
tr

a
tio

n 
(a

t/
cm

3 )

Depth (nm)

Detection limit

In
te

ns
ity

 (
cp

s)

Time (s)

12C

1H

108

107

1H implanted
diamond standard

11B implanted
diamond standard

0 200 400 600
1015

1016

1017

1018

1019

1020
0 1000 2000

100

101

102

103

2x108
4x1086x1088x108109

A
s 

co
nc

en
tr

a
tio

n
 (

a
t/c

m
3 )

Depth (nm)

Detection limit

108

109

In
te

ns
ity

 (
cp

s)

Time (s)

12C

75As

0 500 1000
1013

1014

1015

1016

1017

1018

1019

1020

1021
0 1000 2000

10-3

10-2

10-1

100

101

102

103

2x1084x1086x1088x108109

B
 c

o
nc

e
nt

ra
tio

n 
(a

t/c
m

3 )

Depth (nm)

Detection limit

108

109

In
te

n
si

ty
 (

cp
s)

Time (s)

12C

11B

0 200 400 600 800 1000 1200 1400 1600
101

102

107

108

109

In
te

n
si

ty
 (

cp
s)

Time (s)

12C

14N12C

0 10000 2850029000295003000030500
100

101

102

103

104

105

106

107

108

109
0 10000 20000 30000 40000 50000

In
te

n
si

ty
 (

cp
s)

Depth (nm)

12C

12C1H

13C

28500 29500 30500

Time (s)

reduced
isotopic abundace

natural 
isotopic 

abundance

Diamond lab sample

0 500 1000
1014

1015

1016

1017

1018

1019

1020

1021
0 1000 2000

100

101

102

103

104

1051082x1083x1084x1085x1086x108

P
 c

on
ce

n
tr

at
io

n
 (

a
t/c

m
3
)

Depth (nm)

In
te

n
si

ty
 (

cp
s)

Time (s)

12C

31P

Detection limit

108

109

31P implanted
diamond standard

0 500 1000
1016

1017

1018

1019

1020
0 1000 2000 3000

101

102

103

2x108
4x1086x1088x108109

S
i c

on
ce

n
tr

at
io

n
 (

a
t/c

m
3 )

Depth (nm)

In
te

n
si

ty
 (

cp
s)

Time (s)

12C

28Si

Detection limit

108

109

28Si implanted
diamond standard


