MMS - Spectral Sensors

An Extended Introduction
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Task

Fast and reliable collection of complete
spectra
obtainable by

Simultaneous Spectrometers
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Solution

Reliable and compact design

Transformation of a classical
Spectrometer
INto d

Spectral Sensor
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Principal Layout

Optical Input
Imaging grating
Photo diode array.
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Design Goals

Reliable, permanently alligned
- No movable parts

Fast - Simultaneous read-out
Sensitive - Optimized light throughput
Compact
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Optical Input

Fiber cross-section
converter

SMA connector
NA = 0.22
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Optical Input 2

Width D,
Height hep,

Effective Area A«

1:1 Imaging
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3 X bPixel Z bSlit

= Fiber

g = hSlit

Pixel —

— |\lFiber X Fiber

Agtt = Dgjie X N




ZEINN

Imaging Grating

Holographic recording
-lat-Tield design

maging corrected

Blazed = etficiency optimized
D/f = (2%) NAg, .,
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Si Photo Diode Array

Large pixel area
100% fill Tactor
Pitch: 25um
Height: 2500um
Number of Pixel:
128 ... 1024
UV-grad*

* NIR enh. quality
possible




Spectrometer

All parts glued
together

Integrated
preamplitier

Standard interfaces
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Spectral Resolution

Rayleigh Criterion
SWHM
Bandwidth

Sub-Pixel
Resolution

Reproducibility
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Spectral Resolution DAS

FWHM = AV P
Bandwidthn 0.9 X AAg.yjeigh
Sub-Pixel Res. ANcpr = 0.1 X AAp,
Reproducibility / AN, (A
Read-Out

Accuracy
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Rayleigh Criterion DAS

A)\best chge —
X A)\Pixel

AN =

WOrSt case

YAV,

Pixel
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Sub-Pixel Resolution

Parabolic Fit: I(A)
—a AN +DA+C

2 a=(+ 1, - 21,)/2002 7T

m b= (|3 -|1)/2A)\ = Za)\z I
0 c=|2—a)\22—b)\2

Aoy = -0/28 H

Fit Procedures for
Calibration
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Intensity Resolution

Dynamic Range Signal / Noise
Stability Al = N.E.P.

= Stand. Deviation

= Noise

= Sensitivity

Dark Current [, t )

Linearity
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Intensity Accuracy

Dynamic

= Signal / Noise = S/N

s ADC = ADC = S/N

= Sensitivity m Al =1 Count

= Linearity s AL < 1%

False Light

s Straylight = Grating Is Source
s Other Orders = Blocking Filter

s Structurization
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Robust
Permantly Calibrated

Dynamic Range
Light Sensitivity

Reproducibility

Low Temperature Drift
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History

End of 70t
- Flat-Fielc
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-Grating + Dioden Arrays

1985 -
1993 -
1995 -
1998 -
1997 -

<

M'S
IMS
M'S
M'S

< < = <

CS-Module

1
uV'VlS
UV

NIR




Overview

Name
MMS 1

MMS UV-VIS
MMS UV
MMS NIR
MCS UV-NIR
MCS UV-VIS
MCS VIS
MCS VIS-NIR

Modules
#Pixels Astar/NM
256 305
256 190
256 200
128 900
1024 200
512 200
o 360
512 680

)\end/nm

1100
740
Z10]0
1680
1020
620
780
1100
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Resol../nm
10

18

2,5
2,5
2,5
2,5




Comparison MMS - MCS

Figure MMS
Spectral Range UV - NIR
Resoltution oW
Accuracy High
Sensitivity High
False Light Moderate

Size/Weight Small

MCS

UV - IR
High

Very High
oW

LOW

Medium
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Driving

Clock Rate fr,q

Integration Time =
Exposure Time

Measurement time

Measurement Rate
(Speed)
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tlnt min = PIXG|/fC|OC|<
t imited by
IDark

I

Int,max

total — Ncycle X tint

=11/t

total
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Overview Driving Electronics

Figure CZ12-Bit tech
ADC 12 Bit 15 Bit
Noise 1 Count 2 Counts
tint,min 10 (5) ms 4ms
e 0.65s 6S
Interface XTor AT

PCMCIA PC/104
Multiple  No 4
Modules

CZMCS
16 Bit

2 Counts
3ms

5s

AT or

PCMCIA
Cascadin
g Possible




Intensity Accuracy 2

Signal should be high - Throug

Besides hardware design "intel
software design should be app

Nput!

igent”
lea

Long-term stability is difficult to check

Improvement by accumulation
Measurements

of

Don't forget light source stability!
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Forecast

MMS NIR 2.4 (extented + cooled)
MMS MIR for Mid-IR-Range
_OW-cost modules

MCS with higher resolution






