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Comparison of plane grating monochromators

A computer programme for the ray-trace analysis of plane grating monochromators is described. A detaiied comparison among
various arrangements using 7/5 mirrors was made and requirements for siit curvature are considered.

1. Introduction

Many publications have appeared before, descri-
bing grating monochromators in terms of spot
diagrams. Aithough various types of monochroma-
tors have been dealt with extensively it appeared
necessary to make a comparison among the different
arrangements with similar overall dimensions. A com-
puter programme prepared for plane grating mono-
chromators was used to calculate the correspon-
ding spot diagrams for zero order and finite wavelength.

The following types of monochromators have
been investigated:

* Hungarian Optica) Works, Budapest, Hungary.

Czemy-Turner monochromator with both sphe
rical and parabolic mirrors (fig. 1); the Littrow
system with both spherical and parabolic mirrors
(fig. 2); the Chupp-Grantz arrangement [1] (fig. 3).

The common dimensions chosen for all the types
are: focal length of 320 mm for both spherical and
parabolic mirrors and a grating size of 60x60 mm.
The specific dimensions (distances of mirrors etc.)
were chosen as to minimize the off-axis angles
without introducing additional elements. This allows
to obtain a general purpose monochromator with
a“number of about 5. In the calculations for finite
wavelength we have assumed a grating with 600-
groves/mm used in the first order to cover the UV-
-visible range. This, however, is not a restrictionr
since it is only the actual grating angle that is im
portant and the results can be easily interpreted fo®
other wavelengths.

2. The computer programme

For a given system the grating can be considered
as the limiting aperture. The rays, emerging from
one point of the slit are chosen so, that they cover
the grating uniformly, forming a regular matrix on.
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the grating. The principal rays passing through the
grating centre are found by iteration. In the cal-
culations the slits are taken as infinitely narrow.
Since all the types of monochromators considered
are symmetrical about a plate, it was sufficient to
carry out the calculations for only one-half of the
slit length. Separate subprogrammes were made
for tracing a ray through parabolic and spherical
mirrors and the grating (the latter includes the case
of a plane mirror). A focusing subprogramme was
prepared, similar to that described by HOROWITZ [2]
which automatically finds the best image plane,
where the extent of the spot in a direction perpendi-
cular to the exit slit is minimum. For a particular ar-
rangement the programme was assembled by using
these subprogrammes.

3. Results

Fig. 4 shows the spot diagrams for Czerny-Tumer
arrangement with spherical mirrors for zero order
(2= 0) and A—1 [rm. The distance A™ from the
Gaussian focal plane to the best image plane has
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Fig. 4. Spot diagrams for the Czerny-Tumer system with sphe-

rical mirrors. The vertical scale of the spots are compresse

by a factor of 5 to avoid overiapping between neighbourin

slit points due to the large astigmatism, d/is the image plane —
Gaussian plane distance
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Fig. 5. Spot diagrams for the Czerny-Tumer system with para-
bolic mirrors
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Fig. 6. Spot diagrams for the Littrow system with spherical
mirror
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Fig. 7. Spot diagrams for the Littrow system with paraboiic
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Fig. 8. Spot diagrams for the Chupp-Grantz system
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also been indicated in this diagram. Fig. 5 shows the
corresponding distribution tor the arrangement with
paraboiic mirrors. It can be seen that, though the
imaging is perfect for zero slit height, the image ra-
pidiy deteriorates for finite siit height. Figs. 6 i 7
show the Littrow monochromator with sphericai
and paraboiic mirrors. The iatter arrangement is
now far more superior for aii practical slit heights.
(Notice the different scales for the two diagrams).
In fact, the Littrow parabolic arrangement can be
compared in performance only with the Chupp-
-Grantz monochromator, the spot diagrams for
which are shown in fig. 8. This arrangement com-
bines the good imaging capabilities of a Littrow pa-
rabolic system with the wavelength independent slit
curvature that can be realised in FASTIE monochro-
mator [3]. The spot diagram results for Fastie mono-
chromators are similar to the spherical mirror Czemy-
-Tumer arrangement with which it in fact coincides
if the slits are in the plane of the grating.

4. Curvature of slits

In the case of a straight entrance slit the wave-
length-dependent curvature of spectral lines is given
approximately by the following formula [4]:

where a is the grating constant, w — the spectrum
order, A — the wavelength, / — the mirror focal
length, and 0 — the half of the principal ray sepa-
ration angle at the grating.

Fig. 9 illustrates the curved spectral lines in a Litt-
row parabolic monochromator. We obtained the
data by means of the ray tracing programme using
only the principal rays. This is possible since coma
is negligible for this system. The curvature at A= 0
is due to the distortion of optical system which is
not contained in equation (1). As we shall see later,
it is practically impossible to realise curved slits to
obtain wavelength invariance in a Littrow mono-
chromator. The only possible correction is to choose
a curved exit (or entrance) slit that fits to the middle
of the wavelength range. The results is shown in
fig. 10.

The wavelength-invariant slit curvature was exa-
mined in the case of the Chupp-Grantz monochro-
mator. By taking into consideration straight slits
we obtain images of different curvature, similarly to
those of the Littrow system. If both the entrance and
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Fig. 9. Curved spectrum lines. Littrow system.
Straight slit
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Fig. 10. Curved spectrum lines related to the exit slit. Littrow
system. Straight entrance slit, curved exit slit. 77—328 mm

exit slits are curved, i.e.
R = /tan o, )

then the image will be independent of the wavelength
(6g. 11). This condition can be derived from the three-
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Fig. 11. Spectrum lines with wavelength independent curvature
related to the exit slit. Chupp-Grantz system. Curved slits.
O = 9° H = 4813 mm

-dimensional grating equation [5]. A simplihed deri-
vation is given in the Appendix. By using off-axis,
parabolic mirrors in the Chupp-Grantz monochro-
mator, the angle ® may be large enough to permit:
the usage of appropriately long slits. In the Littrow
system the angle @ is too small to allow a practically
usable slit height.

If both entrance and exit slits are of equal cur-
vature the wavelength invariance is realizable but in
consequence of the distortion of the system tho
curvature of the exit slit is not exactly the same as
that of spectral lines (Hg. 11). This problem can
be solved by using different curvatures for slits.

= 48.13 mm, R = 52.16 mm).

Appendix

Grating equation (symbois are given in hg. 12):

sina’+sina - —--——-mmm-
acosy
y=-y; (I>
for the centre of the siit it takes the form:
. M2
sin a- + sinctQ = = any..
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Fig. 12. Ray path for slit curvature

From Hg. 12 we have

a' = Og—la,
a = ag+ zla.

Substituting into (1) we have

sina.+sina. + — -(cosa.-cosa') = .
BA/ acosy

Introducing the angles 212 = ag+a., 2<P= a”-a. from
we have

2 mA
2 sin 12cos <P------- 2sinl2sintP = ---------- .
82?2/ acosy

Cowparmon o /.. TronoeArontolorr

OnucaHa nporpamma JAUBM pans aHanusa nytu nyHein
B MOHOXpOMaTopax C NJ0CKON CeTKoi. CpaBHeHbI BE CXeMbl,
B KOTOPbIX MPUMEHEHbl 3epKana, W npuBeAeHbl TpeboBaHUA
OTHOCUTE/IbHO KPWBU3HbI LLEMN.
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