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Current status and perspective of measurement techniques for 
ion-implanted dopant distributions
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1.　はじめに
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表1

* 

Year of production 2007 2008 2009 2010 2011 2012
DRAM 1/2 pitch (nm)   65   57   50   45   40   36 
MPU/ASIC metal 1 (M1) 1/2 pitch (nm)   68   59   52   45   40   36
MPU physical gate length (nm)   25   22   20   18   16   14
Drain extension Xj (nm) for bulk MPU/ASIC   7.5   7.5    7   6.5   5.8   4.5
At-line dopant concentration precision    4 %   4 %   4 %   2 %   2 %   2 %

Lateral/depth spatial resolution    2.8   2.5   2.2    2   1.8   1.5
 for 2D/3D dopant profile (nm)
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3.　ドーパント濃度・分布計測法

3.1　二次イオン質量分析法（SIMS: Secondary ion 
mass spectrometry）5), 6)
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100 μm

3.1.1　測定原理
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2.　イオン注入法3)
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SIMS
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3.2　ラザフォード後方散乱法 (RBS :  Ru t he r f o r d 
backscattering spectrometry) 7), 8)
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A

  A = σ Ω Q Ns (3.6)

σ:  cm2/sr Ω:  

sr Q: Ns:  

atoms/cm2 = N d (N:  atoms/cm3 d:  

cm)
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(3.8)

Z A

  ε = (1/N)*(dE/dx)  x:  (3.9)

3.2.2　応用例

5 2 MeV

RBS

1.1 MeV

1.1 MeV

1.6 MeV

3.2.1　測定原理
He 0.5 ~ 4 MeV

4 M1 Z1

E0 v0

M2 Z2

0

M1 E1

v1 M2 E2 v2

  E0 = M1 (v0)2/2 = E1 + E2 = M1 (v1)2/2 + M2 (v2)2/2
 (3.2)

  M1 v1 = M1 v1 cos(θ) + M2 v2 cos(φ); (3.3)

  0 = M1 v1 sin(θ) - M2 v2 sin(φ) (3.4)
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4.　イオン注入標準物質
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3.3　蛍光X線分析法(XRF: X-ray fluorescence analysis) 
9), 10)
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5.1.2　標準物質のニーズ

SIMS

3

keV

1

[atoms/cm2]

190 

nm 70 nm 1 ITRS1)

2007 7.5 nm

Xj

表2

5.　国内各機関における現状

SIMS

5.1　シリコン中ドーパント計測
5.1.1　定量分析の現状

SIMS

atoms/cm2

  10B    50 keV 1.018 ± 0.035 × 1015  190 nm    NIST

   75As  100 keV 7.330 ± 0.028 × 1014    70 nm    NIST
31P  100 keV  9.58   ± 0.16   × 1014  130 nm    NIST

121+123Sb 400 keV 4.81   ± 0.06   × 1016  190 nm IRMM/BAM
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ホウ素 均一ドープ  1015 ~ 1020 atoms/cm3  > 200 nm

   ヒ素  10 keV  1014 ~ 1015 atoms/cm2    10 nm

 インジウム 50~200 keV 1011 ~ 1013 atoms/cm2  30 ~ 90 nm

SIMS

4 18)-23)

表4

5.2　シリコン以外の半導体中ドーパント計測
5.2.1　定量分析の現状

SIMS

2007 10

5.1.2　標準物質のニーズ

SiGe Si, Ge 3 B, As

SIMS

1015~1020 atoms/cm3 200 nm

 atoms/cm2

 atoms/cm3

10

11

 SIMS

11

10 keV

10 

keV

10~15 nm 70 nm

SIMS

30~90 nm

表3
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ID(isotope dilution)-ICPMS

ICPMS

75

ICPMS

6.2　中性子放射化分析（INAA: Instrumental Neutron 
Activation Analysis）26)

5

PGA

NAA 3

CNAA

RNAA

INAA

 ng μg

GaN, AlN, InGaN, AlGaN Si, 

Mg

InGaAs Si, C

InP In, P Si, Sn, Zn

GaAs Si, Zn, C

3

3

6.　イオン注入標準物質開発に向けて

6.1　誘導結合プラズマ質量分析法（ICPMS: Inductively 
coupled plasma mass spectrometry）24), 25)

 ppt

8

ICPMS ICP

ICP

表5
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C

  C = A ε b exp(-λTc) (6.6)

ε
b

1

exp(-λTc) Tc

A [Bq] C

[cps]

(6.5) (6.6) C

  C = σ φ (w/M) NA θ ε b {1-exp(-λTi)} exp(-λTc) (6.7)

Ti

Tc C

(6.5)

φ b σ

6.3　シリコン中イオン注入ヒ素の高精度定量に向けて

10 nm
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75 As-75 1

76 As-76

  
75As +   76As + γ

As-76 26.32 76
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559 keV, 563 keV, 657 keV 
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A n
A’ A’

Vr A

  Vr = σ φ N (6.1)

σ:  [cm2] φ:  [cm 2 

s 1] N: 

 barn 1 barn = 10 24 cm 2

Vd

  Vd = λ n (6.2)

λ n A’

dn/dt 

  dn/dt = Vr - Vd = σ φ N - λ n (6.3)

A N A’

N

(6.3)

n

  A ≡ λ n = σ φ N {1-exp(-λt)} (6.4)

λ n A activity

[s 1] 1

Bq (6.4)

  A ≡ λ n = σ φ (w/M) NA θ {1-exp(-λTi)} (6.5)
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NBD nano-beam electron diffraction
36), 37)
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7.　標準物質および計測法に関する将来展望
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