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3 Impact of Raman Microscopy

NIST-on-a-chip: Photonic Thermometry Residual Stress in Additive Manufactured
Components

https://www.nist.gov/pml/nist-chip-photonic-sensors-temperature-and-light
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1 5 Doppler Shift of Light: Raman Rayleigh:
Photon reflects with
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6 Raman: Doppler Shift of Light
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7 Raman Setup
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1
8 Voight: Gaussian Convolution with Lorentzian

Pure Raman signal:
Lorentzian
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1
9 Voigt function: Gaussian & Lorentzian convolution
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10 1

Traceability to International System of Units (Sl)

Spectrometer Calibration
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11 Spectrometer Calibration: Traceability to SI
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12 Raman Measurement:
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13 Raman Measurement
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1 4 Raman Measurement:
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15 Error due to Binning
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16 Binning: FG(A)
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17 Raman Measurement:
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18 Signal to Noise Ratio (SNR)
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19 Signal to Noise Ratio (SNR)
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20 Relative Temperature Capabilities (B = 675) (k = l)
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21 Relative Stress Capabilities (B = 675) (k = l)
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22 Absolute Temperature Capabilities (B = 675) (k = l)

Temperature
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23 Absolute Stress Capabilities (B = 675) (k = l)
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24 Summary

• SNR = H/B

• FG 3.04 A

• Higher accuracy standard needed for Raman spectrometer calibration

Uncertainty due to binning
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25 1

Questions?



26 What can we Measure with Pealc Position?

Temperature

Wavenumber

Stress

Compression

Wavenumber



27 Comparison of Analytical Model with Population a (n = 500)
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28 ASTM E1840 Standard: Tylenol
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29 Spectrometer Calibration: Traceability to SI
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30 Uncertainty due to Standard

Yn = CO + ClXn C2X7-2,2

where yr, is wavenumber of observation n; co, ci and
c2 are the best estimate fitting constants; and r is the
pixel number.
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31 Uncertainty in Spectrometer Calibration
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32 Estimate of Uncertainty due to Standard

E1840 - 96 (2014)
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3 3 Historical Measurements
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34 Comparison of Analytical Model with Data Uncertainty of Fit
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35 Historical Measurements of Silicon

522.5

522

-
7 521.5
E
0
c
o 521
:=.
o
o_

520.5
co
a)
o_

520

519.5

0

o Data
Mean

---- Equipment Uncertainty

I 

I.

1
I

..1.

[14.. 
Av. .

. .... . ""' . •
on.

1 1
1 1
1 1
1 6 _.._

..... .--,•—

I 0

@ 

.10

! 

• • • I . IMmi• a fa .... . ......

M i
1 1 ------I------......4!
as 1 i----....

• ••••• . ,..... . 6

I 8 - 0. .....
...Ma .

0 I

I 

.0.

1 2

Resolution [cm-1/pix]

3



— 521.5

c.q 521

520.5

520

-w 519 5ca •

519
100

-5
100

-5
100

Silicon (k = 2)
X0 = 520.25 ± 0.54 [cm-1]

limH,co[U(X0)] = ± 0.49 cm-1

X0 Data
- • - • _ • _ _ • - - • - - • - • • _ - • - • - - •

CD (1)

CD
I '0

P)
1)

!
1 

icIGL
i

a-GL =1.1 cm-1 oixb =0.67 cm-1 =0.54 cm-1

k) -0- 4)-
• • -- • --. 

. .

oft

=3.62 H =10.4

10
1

FL = 2.71 ± 1.4 [cm-1]
limH,00[U(FL)] = ± 1.3 cm-1

§ FL Data

11 =3.62 4 =10.4
B -D

i ŒGL =2.8 cm-1 i (70, =1.8 cm 1 i io-G, =1.4 cm-1

10
1

FG = 2.58 ± 8.9 [cm-1]
lirn,.[U(FG)] = ± 8.1 cm-1

rG Data

T3H =1.5 g =3.62 H =10.4
i -T3

cic, =18 cm-1 =8.9 c0-r, m-1Cob =11 C111 1 I i 

101
SNR (Peak Height, H)

k Background, B



37 Error due to Binning
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