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PROBLEM: INTERFERENCES
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PROBLEM: INTERFERENCES
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PROBLEM: SENSITIVITY

SOLUTION 1.
— N |
%» ‘Q () Increase Signal

IR LASER SOURCE

Standard Multipass Gas Cell
Mirror Reflectivity ~ 0.985

Traditional Design:

C=A / 2.8 Multipass Gas Cell

Pathlength = e, =1-10m

SEMTECH LASAR Gas Analyzers — Improving upon Existing Laser IR Spectrometry
Copyright © 2011 by Sensors, Inc.


http://www.sensors-inc.com/

PROBLEM: SENSITIVITY

SOLUTION 1:

| hu\,) Increase Signal

IR LASER SOURCE

Resonant Cavity Gas Cell
Mirror Reflectivity ~ 0.995 to 0.9995

LASAR Design:

C=A / 5.8 Resonant Cavity Gas Cell

Sensitivity Improvement Pathlength = €5 = 1-20 km
¢, /€, =1,000x
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PROBLEM: SENSITIVITY

SOLUTION 2:

& A (V) Reduce Noise

IR LASER SOURCE

Feedback enables increase of laser purity:

e Reduced Noise
(single scan noise = 4.101° A.U.)

e Increased Signal Intensity
(10X increase compared to laser alone)

e Improved Instrumental Response Linearity
(4 orders of magnitude)

SEMTECH LASAR Gas Analyzers — Improving upon Existing Laser IR Spectrometry
Copyright © 2011 by Sensors, Inc.


http://www.sensors-inc.com/

PROBLEM: SENSITIVITY

o
®

: ensgrs
L

Laser output with feedback and with mode locking SOLUTION 2:
= 10 kHz bandwidth (100X improvement)

= 10X signal intensity increase Reduce Noise

A

.j.‘.

____— With Feedback

- No Feedback

100 1000
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PROBLEM: SENSITIVITY

E. Kerstel — Isotope Research Center (Univ. Gronw%QkHTION 1+2
Understanding the small water content of the stratnlsmlerea se Signa

Isotopic ratios depend on the formation mechanism of a

= Reduce Noise

10 s, 600 ppm H,O :

’ T T T T v T T T y T - T - 3 %o for 8170
0.005 Spectrum - Fi_tj(Ra utian profiles) 1 %o for §180
0.000 4 = ﬁﬂ j‘-"';\'&’ Jl'uv.r"'\...-. ‘.f\,'h' (\!r."lﬁv..‘?L.xl_r-\‘l.'-.._J'\,at.‘\_;«.‘.'\,,v Y "u'”" ﬁw.ﬂ._fv- “"?ﬂ“\f A " N..\_ ‘J 'v' ?

Experimental determir-ectrometer pP2p noise

Kerstel E.R.T., Inannone R.Q., Chenevier M, Kassi S., Host H.J., Romanini D. “A Water Isotope
(2H, 170, 180) Spectrometer Based on Optical Feedback Cavity-Enhanced Absorption for In-
Situ Airborne Applications.” 2006, Appl. Phys. B., 85, pp. 397-406.
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PROBLEM: SENSITIVITY

SOLUTIONS 1 + 2:
Increase Signal + Reduce Noise

TN 1586.2 + 0.7 ppbv — 1 _-34‘3
(CSIRD - 15839 £ 0.4 ppbv) [ 290
CH, (GC) =1583.9 £ 0.4 ppbv L 300

CH, (LASAR) = 1586.2 + 0.7 ppbv CH,(GC)  =705-710 ppbv
' CH, (LASAR) = 708.9 + 0.5 ppbv

| 240 2

- : [ Dru

CH, (GC)  =393.9 £ 2.6 ppbv o 05 e J 0=
CH4 (LASAR) =3945+0.3 ppr |'*‘-L-T?:"5-.T'-‘G'prv,l L 200

. < - - 180
400 - —394.5£ 0.3 ppbv '

(CSIRO - 332.9 £ 2.6 ppbv)

1000 -

(ppbv)

4

L | 1
09:00 09:20 09:40 10:00 10:20 10:40
time
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PROBLEM: SENSITIVITY

SOLUTIONS 1 + 2:
Increase Signal + Reduce Noise

N,O (GC) =293.9%0.2 ppbv 340

N,O (LASAR) = 296.3 + 0.6 ppbv e
Ta00 - i

I ) L 300

296.3 + 0.6 ppbv — _
— (CSIRO - 292.9 £ 0.2 ppby) | 80

ZET.7 + 0.6 pphv — s, s i,

= (AL : 265-270 ppbv} _ 260 E

2 1000 - . a

E’; Binning time : 1 5 L 240 g:f
N,O (GC) =173.8 1.5 ppbv - 220 z
N,O (LASAR) = 178.2 + 0.6 ppbv L 200

pmfiiagineitn J «— 178.2 £ 0.6 ppbV rcsiro - 173.8 Y 1.5 pobv) - 180

. IN0(GC)  =265-270 ppbv
oso0 0920 0e4| N,O (LASAR) = 267.7 + 0.6 ppbv

time

400 -
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PROBLEM: SAMPLING ACCURACY

critical point SOLUTION:

A /0 . Low Absolute Pressure

awen | (vapo! In Sampling Line
T | Typical Gas Analysis
| Solutions
i - -
— ]
H,0 % vol.  Dew Point T°C @ 50 mbar No Sample Conditioning
10 % vol. -2.73°C (27.1F) No H20 Removal
20 % vol. +6.96°C (44.5F)
30 % vol. +13.01°C (55.4F) No risk of removing

H20 soluble molecules
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PROBLEM: SAMPLING ACCURACY

sample ——> e ™

i o e Y S b
s »

Chemical Reactions = == |

== s W
[NH,] = x [NH;] =y (><x)

Problem:

Sample

Arrhenius equation gives the dependence of the rate constant k of
chemical reactions on the temperature T

Reaction Coef. Rate Reaction activation energy
a.k.a. Rate Constant

\ l / Temperature
k(T) = Zp.eEa/RT

AN

Collision frequency Gas constant
Steric factor

SEMTECH LASAR Gas Analyzers — Improving upon Existing Laser IR Spectrometry

Copyright © 2011 by Sensors, Inc.


http://www.sensors-inc.com/

PROBLEM: SAMPLING ACCURACY

. sample ——> ) ;
Problem: Sl p z . — —
Chemical Reactions o = == |
_— == W
[NH,] = x [NH;] =y (><x)

Detailing the collision frequency Z in Arrhenius equation gives the
dependence of the rate constant k on concentration (N,)

Number of molecules / volume

Collision frequency
\l/ Reaction cross section

Z=N,0,g (84(BT/IT{J as)?

Temperature

Boltzmann’s constant Reduced mass of the

reactants (A and B)
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PROBLEM: SAMPLING ACCURACY

int

critical P@ SOLUTION:

A %‘ . Low Absolute Pressure

| o In Sampling Line
Typical Gas Analysis

I'|I ot

Solutions
T(c)y
1{:{?‘//&??4:-(-:-_____‘)

No Sample Conditioning Errors

Reduced Chemical Reactions in Sampling Line

SEMTECH LASAR Gas Analyzers — Improving upon Existing Laser IR Spectrometry
Copyright © 2011 by Sensors, Inc.


http://www.sensors-inc.com/

PROBLEM: MULTIGAS CAPABILITIES

Spectnm
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PROBLEM: MULTIGAS CAPABILITIES

SOLUTION:
Scanning Laser

LASER GAS CELL DETECTOR
[\ | .
\ J
A (nm)
80] Thr +d),

Scanning
200 Wavelengths
Every 100 MilliSec.
5 M
T Moo Aago
> t(s)

100 ms
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PROBLEM: MULTIGAS CAPABILITIES

SOLUTION:
— | Scanning Laser

Spectral Range Observed

e l““ . mlﬂ“”[ | _— With Scanning DFB Laster
— ““ '“I I\ i!Hp‘J. lﬂ"‘ i | And Resonant Cavity
s L,.|||lH|m|HIIIHI'|‘| I ]Mh‘mﬂ | i
30 4 o (
] ep = 0.25%/°C ) R /\

Laser wavelength (um)

SEMTECH LASAR Gas Analyzers — Improving upon Existing Laser IR Spectrometry
Copyright © 2011 by Sensors, Inc.


http://www.sensors-inc.com/

PROBLEM: MULTIGAS CAPABILITIES

SOLUTION:
Phase Modulated
Feedback Scanning Laser

Piezzo motor controlled mirror

N\

Current Ramp

y
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i PROBLEM: MULTIGAS CAPABILITIES
: BHSE)I'S

: SOLUTION: Phase Modulated Feedback Scanning Laser

Spectnm

I i [||]| i H

\Hﬂl*'li |1| I |\”5||‘h||
Wnﬂmw‘Wummm

i wwl\l i IHH Feedback OF8 Loer

With Scanning
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” Hl H”““‘" “ ” Spectral Range Observed
i

il i —

- Illr ll‘ i I‘L

il "Mw [ il 'w

|.
‘lumnhhh‘nIhJ..HIFIh\h|||lH|m|H||l”I'|\ |

30
= 100ppb CCE o
5 | (Int T-dep = 0.25%/°C ) 1% H20
3 20
g 1ppm CH4
.g_
[e) 10
2

0
100ppb NH3

Laser wavelength (um)
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i PROBLEM: MULTIGAS CAPABILITIES
: BHSE)I'S

: SOLUTION: Phase Modulated Feedback Scanning Laser

Raw Spectrum (NH3) Added Benefit:
|||| II1 |f ||
D, \\
! IJ M LA, Jmn Il I,J.Uh Ja | e

0.00112nm
0.005cm-1

Y ] 7T

SEMTECH LASAR Gas Analyzers — Improv IR Spectrometry

ing upon Existing Laser
Copyright © 2011 by Sensors, Inc.



http://www.sensors-inc.com/

PROPOSED SOLUTION FOR N20 MEASUREMENT

Accuracy
N,O (GC) =293.9%0.2 ppbv 340
N,O (LASAR) = 296.3 + 0.6 ppbv P
Tao0 i
e . = 300

296.3 + 0.6 ppbv — _
— (CSIRO - 292.9 £ 0.2 ppby) | 80

ZET.7 + 0.6 pphv — s, s i,

= (AL : 265-270 ppbv} _ 260 E

2 1000 - . a

E’; Binning time : 1 5 L 240 g:f
N,O (GC) =173.8 1.5 ppbv - 220 z
N,O (LASAR) = 178.2 + 0.6 ppbv L 200

pmfiiagineitn J «— 178.2 £ 0.6 ppbV rcsiro - 173.8 Y 1.5 pobv) - 180

. IN0(GC)  =265-270 ppbv
oso0 0920 0e4| N,O (LASAR) = 267.7 + 0.6 ppbv

time

400 -
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PROPOSED SOLUTION FOR N,0 MEASUREMENT

60 ° °
SEMTECH LASAR LINEARITY - N20 1-SECOND SIGNAL INTEGRATION N O LI n e a rlt
SLOPE = 1.002 PASS (0.99<<1.01) 2
INTERCEPT = -0.015 ppm PASS (<0.5% of max)
" -
50 - R*2 = 0.9999 PASS { > 0.938)
10-SECOND SIGNAL INTEGRATION
SLOPE = 1.001 PASS (0.99<<1.01)
INTERCEPT = -0.015ppm PASS (<0.5% of max)
40 RA2 = 09999 PASS { > 0.995)
30-SECOND SIGNAL INTEGRATION
SLOPE = 1.001 PASS (0.95<<1.01)
INTERCEPT = -0.018ppm PASS [<0.5% of max)
R"2 = 09999  PASS(>0.998)

N20O calculated ( ppm )
w
=1

20

10 - /"
MFC switch

0.0 200.0 400.0 600.0 800.0 1000.0 1200.0 1400.0 1600.0 1800.0
TIME ELAPSED ( seconds)

——MN20 Measured

——MN20 Set Point

Regression Plot (30 sec.)

60.000 -
y =1.0014x-0.0176
40.000 - R%=0.9999
> 20.000 - * Y
0.000 | | | ——Linear (Y)
0.0 20.0 40.0 60.0
-20.000 -

X Variable 1
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PROPOSED SOLUTION FOR N,0 MEASUREMENT

N,O Precision
Accuracy
Noise @ Zero

SEMTECH LASAR N20 ACCURACY, PRECISION, NOISE @ ZERO
25

——N20 Measured
——N20 Set Point

% of F.S.

NOISE Average Bias @ O ppm 0.015 0.08%
Average StdDev @ O ppm 0.012 0.06%
ACCURACY Average Bias @ 20 ppm 0.014 0.07%
Average StdDev @ 20 ppm 0.054 0.27%
PRECISION SEP @ O ppm 0.005 0.02%
SEP @ 20 ppm 0.013 0.06%

30000 10000 150000 20000 250000

TIME ELAPSED ( seconds )
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PROPOSED SOLUTION FOR N,0 MEASUREMENT

N,O Reproducibility / Stability

Lut  Abgas 1 Abgas 2 Abgas 3 Rsuml

{Beutel)

Tl

{Beutel)

Analyzer 1
N20 [ppb]

Luft (Beutel)

Abgas 1 820
Abgas 2 300
Abgas 3 290

Raumluft RPST

Average 275
Std Dev. 35

Expected 330

Analyzer 2
N20 [ppb]

970
350
345

370
0

330

Luft Abgas 1 Abgas 2 Abgas 3 Raumich Lo Abgas 1 Abgas 2 Abgas 2 Raumiuh

RPST  (Beutel) RPST

SEMTECH LASAR
N20 [ppb]

940
330
330

335
7

330
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PROPOSED SOLUTION FOR N,0 MEASUREMENT

N,O Reproducibility / Stability

Lut  Abgas 1 Abgas 2 Abgas 3 Rsuml

{Beutel)

Analyzer 1
N20 [ppb]

Luft (Beutel)

Abgas 1 690
Abgas 2 550
Abgas 3 570

Raumluft RPST

Average 275

Std Dev. 21

Expected 330

Mu=al

|

il

M

Luft  Abgas 1 Abgas 2 Abgas 3 Rau
{Beutel)

RPST| (Beutel)

Analyzer 2

N20 [ppb] N20 [ppb]

765 720

620 570

650 590

373 | 350 | |
11 0

330 330

SEMTECH LASAR

Lut  Abgas 1 Abgas 2 Abgas 3 Raumiuft

RPET
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PROPOSED SOLUTION FOR N,0 MEASUREMENT

N,O Reproducibility / Stability

Analyzer 1

B Analyzer2

LASAR

Tl

Luft  Abgas 1 Abgas 2 Abgas 3 Raumiut  LuR  Abgas 1 Abgas 2 Abgas 3 Raumiuft | Luf  Abgas | Abgas 2 Abgas 2 Raumluft
RPST  (Beute)

{Beutsl)
Analyzer 1
N20 [ppb]
Luft (Beutel)
Abgas 1 7010
Abgas 2 1570
Abgas 3 2440
Raumluft RPST
Average 340
Std Dev. 14

Expected 330

Analyzer 2
N20 [ppb]

7520
1660
2560

365
7

330
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RPST  |Beutsll BEST

SEMTECH LASAR
N20 [ppb]

7080
1560
2350

330
0

330
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PROPOSED SOLUTION FOR N,0 MEASUREMENT

N,O Reproducibility / Stability

Analyzer 1

5000 B Analyzer2
5000 LASAR

Luft Abgam,qbgas.zﬂ.hgasaﬁ.umm Lut AhgaﬁlAbgaﬁZAbgaﬁERa.lrrm Lud Abgas1.ﬂ-.bgas?.hhgaﬁ.’!-ﬂamluﬂ

{Beutel) RPST (Beutsl) RPST (Beutel) RPST
Analyzer 1 Analyzer 2 SEMTECH LASAR
N20 [ppb] N20 [ppb] N20 [ppb]

Average 297 369 338

Std. Dew. 39 7 10

Expected 330 330 330
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PROPOSED SOLUTION FOR NH; MEASUREMENT

NH3 ( ppm }

£
=1

SEMTECH LASAR NH; - Rise Time

S0

80 |
90%

70

60 - | —pssay#1

—fssay 2

u
o

— Assay W3
—fssay A
—Assay i 5

e fssaY W 6
e pssay 0 7

I ]
Assay # 9

20 ——Assay il 10

NH; Rise Time

NH; Linearity

10 4

90

LASAR NH; 4-point Linearity (using +/-1% bottles)

0 1 2 3 4 5 6 7 8 9

TIME ELAPSED ( seconds ) 80

70
60

50

40
30

CALCULATED ( ppm)

20
° //
0 4

y=1.0024x-0.2216
R?=0.9997

-10
-10 0 10 20 30

40

GAS BOTTLE ( Reference - ppm)

50 60 70 80 90
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PROPOSED SOLUTION FOR NH; MEASUREMENT

NH; Precision
(0-1000 ppm calibration)

90.0

80.0

70.0

B v o
o o o
o o o

NH3 ( ppm @ 1 Hz)

[*Y]
o
o

20.0

10.0

0.0

NH3 81.7 ppm - 10x 2 minutes

mmnnnnrnanr
Accuracy @ 81.7 ppm: Bias =0.46 ppm
Reproducibility: SEE = 0.25 ppm
Precision: SEP = 0.31 ppm
Accuracy @ 0%: Bias =0.17 ppm
Noise @ 0%: SEE =0.07 ppm
| . . . _ -
500 1000 1500 2000 2500 3000

Time ( seconds)

——>Set Point

——NH3
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PROPOSED SOLUTION FOR NH; MEASUREMENT

NH; Zero Drift
(0-1000 ppm calibration)

NH3 ZERO STABILITY
5
yil
1-min average = 0.008 ppm
3 1-min standard deviation = 0.022 ppm
2
1
E v
B ) et st s S et i st
Y
Z
-1
-2
3 1-min average = 0.020 ppm
1-min standard deviation = 0.030 ppm
-4
-5
7:45:00 8:15:00 8:45:00 9:15:00 9:45:00
TIME (HH:MM:5S)
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PROPOSED SOLUTION FOR NH; MEASUREMENT

NH; Span Drift

(0-1000 ppm calibration)

Semtech LASAR - NH3 Stability

0 - 1,000 ppm calibration (100 ppb resolution)

(1]
w

50 Gas Injection 'Glitch’ i
45 vlv _' 60 minutes I—)
40 e 4‘— -_-- & il r g m &b =

1 min. avg @ Start
1 min. avg @ End
1-hour Drift

w
(=]

NH3 Measured @ 1 Hz (ppm)
[
(%3]

NH3 = 39.91 ppm
NH3 = 40.14 ppm
0.23 ppm

(0.05% of set point)

(0.002% of Full Scale)

TIME ELAPSED ( seconds )

1 hour average NH3 =3%9.97 ppm
1 hour 5td Dev. StdDev = 0.27 ppm
1 hour Max Value NH3 =40.16 ppm
20 1 hour Min Value NH3  =39.78 ppm
15
/,.,-:-I Analyzer spanned @ 10.22 ppm |
‘,-F'
10 r....
5
.—I Injection of AIGER-NIST 10.22 ppm |
"‘-" L
0 T T T T
38500 39500 40500 41500 42500 43500

44500

—5Set Point

—NH3
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PROPOSED SOLUTION FOR NH; MEASUREMENT

=1- 17
LI
340 -
S0
300 ¢
2B
Ehi
G ¢
IR ¢
o
160 +
16
180 4

MKS 2030HS FTIR NH3 Cancentratian [pamb

1k 1
10k +

ATRTER A e oa
TrEE Iz I sl

=

2

1101

120

+ 420
L

L 220

-

[— ]

144
154
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1600k

+ 120

—FTR HH3
——LASARNH3

[
=
LASAR NH3 Concantratian|pam)

LASAR
vs. FTIR
(modal raw)

NH,
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PROPOSED SOLUTION FOR NH; MEASUREMENT
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CONCLUSIONS

Spectroscopic Interferences » 0.005 cm-1 resolution
» Low Pressure Spectroscopy

Spectroscopic Sensitivity » Increase signal (pathlength)
» Reduce Noise (optical feedback)

Sampling Accuracy » No sample conditioning errors
» Reduced chemical reactions
rates in sampling line.

Multiple Gases » Scanning laser with phase
modulation for extended
wavelength range.
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CONCLUSIONS

N,O Measurement

NH; measurement
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Linearity
Accuracy
Precision
Reproducibility / Stability

Fast rise time

Linearity

Accuracy

Precision

Reproducibility

Zero and Span Drift
Matching FTIR (time domain)

Copyright © 2011 by Sensors, Inc.


http://www.sensors-inc.com/

	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42

