Diffraction Gratings
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n previous installments, the nature

of light (1) and its interaction with

matter (2) — the huslamendal physical

process m spectroscopy — were dis-

cussed. The spectrometer, the appsara-
tus for Hlu.:|'_|.'i|.‘|,|.|; thig nleracion, was plso
sididreszed 1), In this installment. we dis-
cuss the dispersive sptical element fumidsa-
mental 1o most spectrometers; the difirac
i grating. Gratings provide the wave-
lemgth selection in specirometers, an
easential part of reducing the amount of
experirnental dafa in emission amd ab-
sarplion speciroscopy o manageable beyv-
els that allew interpretation,

WHAT I5 A GRATING?

A diffraction grating 1= an optical ele
meenl simdlar b oo bens or & mimrer super-
imposcd with a precise pattern of micro-
scopic periodic structures. Usually this
pattern is a corrugabed surface of grooves
(2 surface-relief grating), though some
gratings are formed by the perisdic varis
tiom ol the refractive mdex inside U grat-
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g itsell (p volume grating). Gratings
used to disperse ultraviolet (UV) and vis-
bbe Night usually contain between BN and
SO0 prowees, mim, thus the distance be-
tween adjacent grooves is - lpm,

A reflection grating's corrugiated sur-
fice i coated with a metal to enhance
reflectivity. Transmission gratings do nod
have a Ll 1'|:|.a:||i|‘|,|.|;; ke ineident 1ig|‘|l [
diffracted upon tranzmiszion throwgeh the
grating. Most commercial specirometers
use reflection grafings becmse the
optical sysfem folds upon itsell and the
optical characteristics of reflection grat-
ingrs are aften more sudiable for (e par
ticular application than those of transmis
sion gratings.

WHAT DOES A GRATING D07
Light incident on a grating is dispersed.
Disgersion is the phenmmenon by which
a spectrum of light i sepamted in space
by wavelength (Figure 1), Prisms also
disperae light by wavelength aimd can L
v in gpectrometers, although grating.
based dispersing instruments offer a
number of avantages, so few comimer-
cially available instruments use prisms.
Although prisms disperse light through
refraction, gratings do so by diffraction.
Iiteraction of radiatson with matter
prssessing a regular periodic structure at
or mear the same size as the wavelength
ol the radiaison exhibitz dilfraction, For
example, diffraction is welkknown in
w-ray crysiallography, in which a beam of
X-rays inciclent on a :.-r_-,-:u,-:ﬂim- silrmee tlal-
fracts due o the regular placement of
medeculbes in the crystal. A more commaon
example of diffraction is the variety of
colors seen from the surface of 8 compact
di=c.

HOW DDES A GRATING WORK?

A diffraction gprating can be thought of as
a eollection of narrow slite. Muohliplezhi
interference can then be wsed o madel
the effects of a grating on incident Hzhi.

The Crucial Dispersive Component

Light of a single wavelengih passing
throigh the grtmg (or rellecied from
the grating] is diffracted by the groowves;
in msd directions the light diffracted
Mroan ane groove cancels that diffmcted
frem other grooves through destructive
interference. In a certain finie mamber of
direclions, ll||:||,:|g|'|, all o the ravs from
the grooves inferfere constructively. Such
directions correspand bodifferent diffisc
tin acders. Many orders exi=t when the
wivelengrh of the light diffracted s much
smaller than the distance between adja-
cent grooves; few orders exist when this
wavelengih is compamble (o the procee
spacing, and no orders exist except the
reflected ray when l;|"||_- Wil'n‘\le‘ll_‘l'lﬂll. LLE o
cewds 2 the gromee spacing (in the last
case the grating belaves as a mirror).

WHERE ARE GRATINGS FOUNDT
Crratinges are found in most optical spec-
trometers, covering LIV, visible, and TR

Gealing

Figmre 1. While Bight inciden an a rellscian
grating i= diffracted; its companent wave-
lengths emanate in different directions
Note that there is also a white reflected
beam; the grating alsa acls a8 a mirmar, The
figure for a transmission grating wauwld
show the reflected and diffracted light be-
lowd Lhe gratang. A = rad light, G = graen
light, B = blue light.
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Figure 2. Twd comman groove profiles (Ihe graing is shown in cross section). (a) A sinu-
soidal profile; (b a triangular (blazed) profile.

using an iferferameler mther than a
mamnihramatar,

spectra. Absorption and embssdon spec-
trometers, fuorometers, mductively cou-
pled plasma (ICFY instruments, and high-
performance gusl chromatography
(HPLC) equipment all use grating spec-
trometers. Large research spectrometers,
saich as those thal analyze wery short
wirvelenzth Tight (for example, extreme
. UV and saray Bght) from synchroiron ra-

HOW ARE GRATINGS MADE?
Commercial surface-reliel gratings are
produced using an epoxy casting process
called replication. This process imvoeles
pouring 4 Byuid inte a mald, allowing

tlse L v lardlen, amd then removing
the hardened material from the mokd
withourl damaging either, The replication

ion beamlines, also use gratings.
Large gratings are used in astronomécal

tedescapes allowing light from objeci= in priscess yiekls optically identical copics
space 1o be analyzed spectroscopacally, of the original prating, called the master
Grratings are also used for tunmg lisers pratiug,

and compressing and stretching laser The wast majority of master gratings

are formid inoone of two waya: by me-
chanical ruling, in which a diamond =
dragged scross a metallized subsirale b
prosduice 8 seres of parallel groosees, ar by
interference methods, m which the Finge
patiern formed by twa coincident laser
beams exposes a phatosensitive blank,
creating all gromves ol once, The latter
method produces gratings commonly
termmed falmgrapinic, Because making one
high-cuality master grating can take
wieks, without & replication process
prating-based spectromseters woulkd not
ber commeercially available,

The surface corrugation of a grating is
usnally one of two types. A sinusodlal pro-
file (Figure 2a) ks characterssiie of meany
holographic gratings. A iriangular “stair
case” profile (Figure 2b) is commoenly
created by mechanical ruling, The irian
gular prafile can generally be designed o

-------

Mot all spectrometers use gratings:
spectrometry, for example, dis-
perses matber by vebocity rather than
radiation by wavelengih, amd Fourier
transform infrared (FT-IR) spectromelers
accomplish wavelength differentzation

eliffract more light into a particalar order
(hor a given range of wavelengths) than a
sansnidal profile can, A= a resull, prat-
ing= with triamgmlar groove profiles are
universally calbed blazed pratings (he-
cause of thee brightness of their spectra).

Replication preserves the profile of the
miasler grating ithfully throughout the
fmaly of replicas made from it, ths their
aptical performance matches that of the
master.

Since the develspment of replication
technigues in the 1950s, the dilfracion
grating has supplanted the prism in com-:
meercial spectrometers, This i= lurlumate
bevause gratings provide a number of al-
vantages over prisms, Prisms that trans
enil visibbe Bt absork most UV and IR
wirvelengihs, whereas reflection gratings
cun be suitably coated for high reflectivity
in wide spectral regions. Grating instrs-
mends can also be designed with constan
slits; prism instruments wsually require
wider slits for shorter wavelengths, Grat-
ing instrunsents are geperally smaller
than prism instruments af samilar specifi-
catio, a tmely advantage as instrumenta:
Tion mrwwves toward portability. With the
atdvent of hva-cost, higheidelity replica-
o beclmabagy, gratings have become
the dispersing element of choiee in most
moddern dispersive optical systems.
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