
Introduction  

Å Identify the key components of a miniature CCD Spectrometer.

Å Identify the key trade -offs between wavelength range, resolution, 

and sensitivity.

Å Design features that address the key trade offs issues.

Å What questions to consider for specific application(s).



Instrument Terms  

ÅSpectrometer :

an instrument used for measuring 

wavelengths of light spectra or

any of various analytical instruments in 

which an emission (as of particles or 

radiation) is dispersed according to some 

property (as mass or energy) from which 

the amount of dispersion is measured.



Common types of Light -

Sample Interaction

Absorbance

Transmission

Reflection



Light enters the optical fiber and is efficiently 

transmitted to the spectrometer. Once in the 

spectrometer, the divergent light emerging from the 

optical fiber is collimated by a spherical mirror. The 

collimated light is diffracted by a plane grating, and 

the resulting diffracted light is focused by a second 

spherical mirror. An image of the spectrum is 

projected onto a 1 -dimensional linear CCD array, and 

the data is transferred to a computer through an A/D 

converter.



Detector Types

ÅSi linear CCD array

ÅBack-thinned area CCD

ÅSi linear photodiode array

ÅInGaAs linear array

ÅCMOS (OEM only)  

Sony 2048-

element

Toshiba 3648-element

QE / MAYA back-

thinned Detector



What is a CCD ?

CCD stands for charge-coupled device . A CCD is a 

detector made on a silicon wafer. Due to the physical 

nature of silicon, photons of light that hit it generate 

electrons in the silicon. The job of the CCD is to collect 

these electrons in its "light buckets" (called pixels) during 

the length of the exposure to light. The more light falling 

on a particular "light bucket" or pixel, the more electrons 

that pixel will contain. The buckets then transfer their 

electrons (think 'water bucket brigade') out to the CCD 

controller (which contains the electronics to control the 

CCD) and on to the computer. The computer regenerates 

the image and we now see the spectraé



CCD Operation

Å Photons striking Pixels

cause Charge to leak to 

Ground

Å Dark current

ÅCharge leaks a little 

anyway

Å Quantum efficiency

Å Exposure lasts for 

duration of integration 

period

Wells

Charge

Pixels

Ground



ÅAt end of integration 

period , remaining 

charge indicates 

how many photons 

were detected

ÅA/D converts charge

to counts

Saturated! No

charge left, so 

no response to 

further photons

C
o

u
n

ts

Pixels



Saturated!





Quantum efficiency (QE)

is a measure of how well a specific sensor responds to 

different wavelengths of light. The higher the QE, the more 

sensitive a CCD will be at a particular wavelength.

The quantum efficiency (QE) of front-illuminated CCD is 

around 40%. This means é

40 out of 100 incident photons were detected.

Back-illuminated CCDs have a peak quantum efficiency 

upwards of 90%--

90 out of 100 photons of a certain wavelength          

are detected!

On the other hand, photographic film and the human eye 

have a peak QE of about 10%.



The Fundamental Balance of 

Spectrometer Configuration

Resolution

Everything begins hereé



Full -height

Half -height

FWHM

Spectrometer Resolution
Measured as full -width at half -maximum

(FWHM) for a peak

Wavelength

Intensity

nm



Sensitivity - Slit Width vs. Resolution & Signal
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Optical Bench Features

Grating
Detector

Crossed Czerny-

Turner optical path

Detector 

Coating

Collection Lens Slit

Blocking filter

Mode Stripper

Order Sorting Filter



Blocking Filters

ÅMiniature blocking filters in entrance optics

ÅBlock interference/overlap from 2nd or 3rd order from 

the grating (high pass filters), makes data 

interpretation easier

ÅReduce light intensity (neutral density), balances 

signals on sample and reference legs, less 

expensive than inline filters.

ÅOrder-sorting filter on detector

ÅExtends range of system beyond a single octave

ÅUnique 2nd order rejection design improves 

transmission efficiency, bigger signals



Filters Installed in Spectrometer
ÅHigh-pass colored glass filters 

with 50%Tɚat: 305, 375, 395, 

475, 515, 550, 590 nm

ÅColor modifying filters

ÅNeutral density filters

ÅOFLV detector filter(200-850 

nm)

200      300      400      500

400      600      800      1000



S100 Compact Spectrometer 

Mercury emission spectra recorded with the S100 -3648 spectrometer .

The 253 nm spectral gas line is evident again at 506 nm .



The green cursor is highlighting the 491.87 nm mercury 

line. ( The closest line to 506 nm ). There is no spectral line at 506 nm due 

the filtering of second -order light produced by the 253 nm mercury gas 

emission line.  This filtering was done with an order -sorting filter.

HR4000 -HC -1 and OFLV200 -1100



L2 and L4 Detector Collection Lens

L4 Lens

Detector

Package

Window

Pixels

Light from

Spectrometer

Light from

Spectrometer



Some Spectrometer 

Performance Criteria

ÅSensitivity

ÅResolution

ÅSignal-to-Noise Ratio

ÅInterface




