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• Calibration (of an instrument or standard).-

L ± UGB

L (+ Corr) ± UCal

Ucal > UGB
LL
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Iodine-stabilized

laser

Other stabilized

lasers

Reference 

±2,5 x 10-12 m

Frequency beating

±1 x 10-10 m

Interferometry

Dissemination of the Unit of Length through an Unbroken Chain of CalibrationsDissemination of the Unit of Length through an Unbroken Chain of Calibrations

Uncertainty
(Length
100 mm)

Instrument or Standard

Traceability
Dissemination

Reference 

gauge blocks

Calibration

gauge blocks

Measuring

instruments

Measurement of

Produced parts

Interferometry

±4,5 x 10-8 m

Mechanical

comparison ±1,1 x 10-7 m  [ 0 ]

±2,1 x 10-7 m  [ 1 ]

±4 x 10-7 m     [ 2 ]
Comparison

±2 x 10-5 m

±3 x 10-5 m



Frequency beating

Traceability and dissemination of the unit of length in some Traceability and dissemination of the unit of length in some NanoNano--applicationsapplications

Iodine-stabilized laser

by saturation spectroscopy

of 127I.

Other frequency-stabilized lasers

Interferometry

Measurement 
range ~ 473 THz

Uncertainty
24 kHz

Measurement 
range ~ 473 THz

Uncertainty 1 MHz

Diffractometry
Interferometry Interferometry
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Measurement 
range Uncertainty

< 10 µm 30 pm

100 µm 40 pm

1 mm 170 pm

Co m bin a ti o n o f o p tic a l an dX- r a y in te r fe ro m e te r ( “ C O X I ” ) S m a l l C M M
Measureme
nt range

50x50x50 
mm

Uncer-

Tainty

Entre 50 y 
100 nm

S t y lu s - p ro bin gin s t ru m e n t s fo rsu r f ac e - fin i s hm e a su re m e n t s

Measure-

ment
range

10 µm

Uncer-

tainty
1.3 nm

Pe ri o d ic s t an d a r d sfo rS E M, E F M an d S P Mc a l i b r a ti o n s

Measurement 
range 100 µm

Uncertainty 1.3 nm
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Ux ± xUx ±

• Ux) 
x

xX - Ux X + Ux
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λm

p =
m

θ
λ
sin2

m
p =

m

λ
θ
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CCD camera 

(320 x 240 pixel)

Noise filtering

Beam 

splitter

He-Ne laser

Rotary indexed 

table

Image processingNoise filtering
Diffraction grating 

Intensity 

controller
l/2

Spatial 

filtering

Colimation

lens
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n 
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2

λ
=p m = 1
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•

m = 2 m = 3m = 1
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n1 n2 n3

n1 < n2 < n3
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2

2

2

2

2 θλ θλ
u

p
u

p
U p 







∂
∂

+






∂
∂

=

θλ sen

mp

2
=

∂
∂

θ
θλ

θ 2
2

cos

sen

mp
−=

∂
∂

θλ  ∂ ∂
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⇒⇒⇒⇒ p =  (39,91 ± 0,54) µµµµm

µµµµ

θθθθ

Co n tr i b. Ty p eo f U n c. U n c e r ta i n t yVa lu e S e n s i t iv i t yVa lu e U n c.Co n t. Va r i a n c e %
λλλλ B

5, 4 4x 1 0- 7

µ m 7 1, 6 1, 5 1x 1 0- 5
µ m 3, 7 8 x 1 0- 1 0

µ m 2 0

θθθθ A

1 0 “ ( 4, 8 5 x 1 0- 5 ) 5, 5 7 x 1 0 3
µ m 2. 7 0x 1 0- 1

µ m 7, 2 9 x 1 0- 2
µ m 2 1 0 0

u2 =

7, 2 9 x 1 0- 2
µ m 2 1 0 0

µ⇒⇒⇒⇒ p =  (39,91 ± 0,54) µµµµm u =

2, 7 0 x 1 0- 1

µ m

U =

0, 5 4

µµµµ m

⇒⇒⇒⇒ p =  (1,65016 ± 0,00092) µµµµm

µµµµ

θθθθ

Co n tr i b. Ty p eo f U n c. U n c e r ta i n t yVa lu e S e n s i t iv i t yVa lu e U n c.Co n t. Va r i a n c e %

λλλλ B

5, 4 4x 1 0- 7
µ m 2, 9 8 1, 6 2 x 1 0- 6

µ m 2, 6 2 x 1 0- 1 2

µ m 2 0

θθθθ A

1 0 “ ( 4, 8 5 x 1 0- 5 ) 9, 5 3
µ m 4, 6 2 x 1 0- 4

µ m 2, 1 4x 1 0- 7

µ m 2 1 0 0

u2 =

2, 1 4x 1 0- 7

µ m 2 1 0 0

u =

4, 6 2 x 1 0- 4

µ m

U =

0, 0 0 0 9 4

µµµµ m
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