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31 Impact of Raman Microscopy

NIST-on-a-chip: Photonic Thermometry

https://www.nist.gov/pml/nist-chip-photonic-sensors-temperature-and-light
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I Doppler effect




51 Doppler Shift of Light: Raman Rayleigh:
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sl Raman: Doppler Shift of Light
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1t
0.8 |
0.6}

anti-Stokes \

0.2 ]

0.4

0

(a)

A

R ayliegh

\ Stokes

=520

0 520

Raman shift (cm™)

E.

Ziade




7

Intensity (a.u.)
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Intensity (a.u.)

sl Voight: Gaussian Convolution with Lorentzian
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9l Voigt function: Gaussian & Lorentzian convolution

V(‘CE) — f(FLarGax()) A 7B)I
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Posener, D. W. "The shape of spectral lines: Tables of the Voigt profile.” E. Ziade

Australian Journal of Physics 12.2 (1959): 184-196.




10

Traceability to International System of Units (Sl)

Spectrometer Calibration

Process
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Intensity (a.u.)

Spectrometer Calibration: Traceability to Si
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120 Raman Measurement:

V($I) — f(IIWLarGalajOv A 75)
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141 Raman Measurement:

V($I) — f(IIWLarGalajOv A 75)
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151 Error due to Binning
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16 Binning: I'(A)

12

10

g [em™!]

Data

O 0.574 cm~! /pxl
O 3.37 cm ™! /pxl
O 0.436 cm™! /pxl

2.81 cm ™! /pxl
O 0.79 cm~! /pxl
O 1.92 cm~1/pxl

I'c = 3.04A

I'; is directly
proportional to
resolution (A)!

0.5 1 1.5 2 2.5
Resolution A [cm™!]

3.5

L I e



17

Normalized Intensity

Raman Measurement:

V($) — f(rLaer?j()v A ,B)

1.2 ¢

O Data
—— Best fit

Signal of Interest:
[\ - Lorentzian FWHM
Xo - Peak Position

Binning:
r. - Gaussian FWHM v/
A - Resolution

Signal to Noise Ratio (SNR):;
A - Integrated area :
H - Peak height

B - Background level

500 510 520 530
WaveNumber [cm'1 ]

540

550

E. Ziade




181 Signal to Noise Ratio (SNR)

Intensity (a.u.)
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191 Signal to Noise Ratio (SNR)

7000

6000

5000 ¢

2000 r

1000 |

Signal to Noise Ratio (SNR) SNR = H/B

10 1

Measured/Expected Peak Position
based only cn Signal

Measured/Expected Width

Measured/Expected Position

Measured/Expected Intensity

H =1.014+680.4
B = 675.5

Measured uncertainty / predicted

------------------------------------------------------- 0.1 T T T T T T T
s s s ! . . 0.001 001 0.1 1 10 100 1000 10000 100000
500 1000 1500 2000 2500 3000 3500 Signal / Noise
A (Integra’ted 1nten31ty) Figure 2. Plot of measured uncertainty in peak position, normalized by I';*/A without

background (full symbols) or with background (open symbols), of the simulated data as
a function of signal to noise (H/B). Four parameter weighted uncertainty fit.

I'r(Tr,Ta)? H -1
U%NR,x% T(I;él ) 14 2v/2 E_l

Appl. Phys. A 74 [Suppl.], S112-S114 (2002)/ Digital Object Identifier
(DOI) 10.1007/s003390201392




o

20l Relative Temperature Capabilities (B = 675) (k = |) F
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211 Relative Stress Capabilities (B = 675) (k = 1)
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21 Absolute Temperature Capabilities (B = 675) (k = 1)
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21 Absolute Stress Capabilities (B = 675) (k = |)
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241 Summary

« SNR = H/B
T ~3.04A

* Higher accuracy standard needed for Raman spectrometer calibration
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Questions?




261 What can we Measure with Peak Position?

Temperature Stress

Heating Cooling Tension Compression

Intensity
Intensity

Wavenumber Wavenumber ‘



270 Comparison of Analytical Model with Population ¢ (n = 500)
Silicon (k = 2)
102+ @ 0.44 Type A Process (opop)
- @ 0.57 Type A Process (opop)
i @ 0.79 Type A Process
i @ 1.92 Type A Process (opop)
i @ 2.81 Type A Process (opop)
10! _—. W 3.35 Type A Process (opop)
: -3- Theoretical Resolution Limit
= 1002 ‘ Environmental
£ of® - conditions dictate
SR - measurement!
S avd v"
g:::: - _:i::.:: T B T -g_:_‘gz::@-,g R A S S g._._‘g.___g
o S *-E}--’E—i-.} TN SR o T gt 0
___________ SRR B Mo GO s S
102 T (Room Temp) +1 °C
= AN = = A TN S AN = R A = IO 2 el . e S, S =
R R
i3 - ™ G i e S i i s i Al = i~ e =~ A & e S S S - 5
7| I | [ 1 1 ‘
10° 10’
SNR. (‘Giigromd- )

SNR > 1.25




281 ASTM E1840 Standard: Tylenol

E+4

—213.3

329.2

—390.9

504.0

465.1

797.2

710.8

_—-651.6

834.5

~857.9

ASTM E1840

1236.8
1278.5
T~1323.9

1648.4

~1168.5
e
1561.6

——1371.5
15151

1
~—
o0
o
~

—3064.6

T 31024

.E1840 - 96 (2014)

TABLE 5 4—-Acetamidophenol™

Average (cm-1) + Standard Deviation

Relative Intensity

2133+ 1.77
329.2 + 0.52
390.9+0.76
465.1 £ 0.30
504.0 + 0.60
651.6 + 0.50
710.8 £ 0.68
797.2+0.48
834.5 + 0.46
857.9 + 0.50
968.7 + 0.60
1105.5 + 0.27
1168.5 + 0.65
1236.8 + 0.46
1278.5 £ 0.45
1323.9 £ 0.46
13715 £ 0.11
1515.1 £ 0.70
1561.5 £ 0.52
1648.4 £ 0.50
2931.1 + 0.63
3064.6 + 0.31
3102.4 + 0.95
3326.6 + 2.18

~Active ingredient of Tylenol (see Footnote 6).
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291 Spectrometer Calibration: Traceability to Sl
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30l Uncertainty due to Standard

2
Yn = Co T+ C1X, + C2X,,

where y, is wavenumber of observation n; cg, ¢; and
co arc the best estimate fitting constants; and = is the
pixel number.

g = Mc + pie
best estimate of y

02@3) = Var[g,] = diag (Mg x Var[c,] x M)
y =Mk +¢€

AN ]
y 1 zo a:% ko €9
Kk =

Y2
y=1|. M=|. . i
L/N‘ L TN fv?v‘

where y is a vector of [N x 1] measured peaks; N is the

Var[c,] = AM' x Var[u,(p)] x MA

total number of measured peaks; & is the true value of A=(M'M)!
the fitted constants; and € is the error at each observation
Yn, Where n = 1.2,...N. 03571) 20 0O ... 0
0 0g(s9 20 0
. " / Var|un (p)] = 0 0 Olg,g) - 0
c = (M'M)""M'y SR
0 0 0 - s
best estimate of k /

Uncertainty from ASTM E1840
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Uncertainty in Spectrometer Calibration
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Estimate of Uncertainty due to Standard

.E1840 - 96 (2014)

\ Si

Si: 520.684 #+ 0.29 [cm™}]

'+ 767.084 £ 0.24 [em ™|

Resolution [k/pxI] 0.44 0.57 0.74 1.6 2.34 3.36

p_ASTM o _ASTM 532 488 785 785 532 488

[emA(-1)] 2400 2400 1200 600 600 600
213.3 1.77 213:30 213.30 213.30 213.30 21330 213.30
329.2 0.52 329,20 329.20 329.20 329.20 329.20 329.20
390.9 0.76 390.90 390.90 390.90 390.90 390.90 390.90
465.1 0.3 465.10 465.10 465.10 465.10 465.10 465.10
504 0.6 504.00 504.00 504.00 504.00 504.00 504.00
651.6 0.5 651.60 651.60 651.60 651.60 651.60 651.60
710.8 0.68 710.80 710.80 710.80 710.80 710.80 710.80
797.2 0.48 797.20 797.20 797.20 797.20 797.20 797.20
834.5 0.46 834.50 834.50 834.50 834.50 834.50 834.50
857.9 0.5 857.90 - 857.90 857.90 857.90 857.90
968.7 0.6 - - - 968.70 968.70 968.70
1105.5 0.27 - - - 1105.50 1105.50 1105.50
1168.5 0.65 - - - 1168.50 1168.50 1168.50
1236.8 0.46 - - - 1236.80 1236.80 1236.80
1278.5 0.45 - - - 1278.50 1278.50 1278.50
1323.9 0.46 - - - 1323.90 1323.90 1323.90
1371.5 0.11 - - - 1371.50 1371.50 1371.50
1515.1 0.7 - - - 1515.10 1515.10 1515:10
1561.5 0.52 - - - 1561.50 1561.50 1561.50
1648.4 0.5 - - - 1648.40 1648.40 1648.40
2931.1 0.63 - - - - 2931.10 2931.10
3064.6 0.31 - - - - 3064.60 3064.60
3102.4 0.95 - - - - 3102.40 3102.40
3326.6 2.18 - - - - 3326.60 3326.60

U(s)k=2)
0.37 0.39 0.37 0.30 0.31 0.31
cm
(k=2)

n2
p=1

For absolute
measurements, RSS
uncertainty due to
standard with Voigt
uncertainty




1301 Historical Measurements
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14l Comparison of Analytical Model with Data Uncertainty of Fit

n = 500

§ 0574 cm™!/px]
§ 3.37 cm!/pxl
§ 0.436 cm™!/pxl
i 2.81 cm!/pxl
§ 0.79 cm!/pxl
§ 1.92 cm!/pxl

Standard Deviation Peak Position

Max intensity / background noise




35‘ Historical Measurements of Silicon
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Silicon (k = 2)
Xy = 520.25 + 0.54 [em™!]
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7l Error due to Binning
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