
EP 0 322 654  B1 Description Field of the Invention 5     The present
invention relates to a spectrometer which uses a concave holographic
diffraction grating to separate the light by wavelength. More particularly,
the present invention relates to a spectrometer which uses a concave
diffraction grating which provides the achievement of better focus, better
luminosity and lower astigmatism over a wide range of wavelengths. 10
Background of the Invention Concave grating spectrometers separate light by
wavelength so as to permit the measurement or recording of one or more of
the wavelengths. In their simplest form they consist of an optical
detector; a concave grating; and an entrance slit through which a beam of
light is directed to the grating. The grating 15  consists of a spherical
reflective surface covered with a fine pattern of grooves, generally
parallel and evenly spaced. The curved grating surface acts both to
separate the wavelengths and to focus the light. The focusing property of a
concave grating is both good and bad. It is good in that it does not
require auxiliary focusing devices, such as spherical mirrors, to focus the
light on the detector of the spectrometer. This leads to low cost,
instrument simplicity and, in the vacuum ultra-violet (UVU) wavelength
region, 20  avoidance of light loss mechanisms associated with the
auxiliary devices. However, the bad part of a concave grating is that the
design is so simple there are very few parameters that can be adjusted to
compensate for various optical difficulties. With the original type of
concave gratings, which are made mechanically by scribing or ruling the
grooves in a soft metal surface, a common limitation is astigmatism. This
is the condition where the focal 25  curve where the images of various
wavelengths are narrowest, called the horizontal focal plane, is
significantly different from the curve where the same images having minimum
height, called the vertical focal plane. Astigmatism causes light losses,
and increases the severity of several other aberrations. This problem is
worse as the two focal curves are positioned further away from each other.
An improvement over mechanically ruled concave gratings is holographic
gratings. Here, the grooves 30  are made by means of an interference
pattern formed with a coherent laser. A laser beam is split into two
portions which are brought to a focus at two points. The light diverging
from the two focal points is allowed * to illuminate a spherical surface,
coated with a photosensitive surface. Following exposure, the surface is
chemically etched, and then coated with a reflective material. This
process, having four parameters defining the locations of the two laser
focal points, is more general than a mechanically ruled surface, which is
only 35  characterized by one parameter, the groove spacing. A benefit of
holographic gratings is that, by adjusting the locations of the laser focal
points, the shape and size of the two focal curves can be modified. It was
recognized very early that the horizontal focal curve can be made flatter,
to better correspond to the nearly flat shape of the vertical focal curve,
and that, to. a certain extent, the two curves could be made to approach
and even cross more than once. An 40  advantage of these crossover points
is that the astigmatism is zero for images formed here. In the article
"Aberration-Corrected Concave Gratings Made Holographically" by Cordelle
et. al., published in the book OPTICAL INSTRUMENTS AND TECHNIQUES,
1969.(Oriel Press, London), pages 117-124, the problem of grating
arrangements is theoretically discussed leading to the result that the two
focal curves cross each other at three points, which are also the three
points of rigorous stigmatism. This 45  mathematical result being far too
general to yield precise design prescriptions is illustrated by way of
examples specifically adding the requirement that one of said crossing
points and/or laser focal points must be at the center of curvature of the
grating. Thus, it is not excluded that the source point is overlapping the
spectrum. At least since the publication "Ray Tracing Through Holographic
Gratings", by H. Noda et al, JOURNAL 50  OF THE OPTICAL SOCIETY OF AMERICA,
vol. 64, 1974, pages 1037-1042, which developed an exact ray- tracing
procedure for concave holographic grating spectrometers, it has been known
that, in principle, a computer program could be used to search, all
possibilities for the best optical design. This approach is limited by
several well-known difficulties, such as premature termination of the
search at a point represent- ing a design which is locally optimal, but not
the best overall design. An example of this approach is shown 55  in a
paper by Wayne R. McKinney  et al, APPLIED OPTICS, vol.'26, August 1987,
page 3108. It was their purpose to design a spectrometer of moderate
resolution, with a flat focal plane of specified length, for a given
wavelength range.. They attempted to find the best design by means of
computer-based optimization of the various optical parameters. However,
this did not provide the  most superior design for their purpose. 2 



EP 0 322 654 B1 As shown in U.S. Patent No. 4,279,511, there are cases with
a concave grate spectrometer where it is advantageous to move a detector
along a straight line, so that different wavelengths can be intercepted by
the detector. In general, a concave grating, even a holographic grating, is
not well suited for this, since the horizontal focal curve is not straight,
leading to defocus errors. Additionally, the vertical focal curve, while s
nearly straight, is not in general disposed along the horizontal focal
curve, leading to astigmatism errors. Therefore, it would be desirable to
provide a concave grating spectrometer with a flat focal field, wide
angular range, low astigmatism, high resolution and high optical
throughput. The present invention relates to a spectrometer as set forth in
the preamble of claim 1. The problem underlying the invention is to remedy
the disadvantages of the known spectrometers 10  mentioned above. This
problem is solved by claim 1. Brief Description of Drawings is    Figure 1
is a schematic view of a form of the spectrometer of the present invention;
Figure 2 is perspective view of a concave grating showing its coordinate
system; Figure 3 is a view showing the horizontal focal curves of a concave
grating; Figure 4 is a view showing the primary horizontal focal curve and
a vertical focal curve of the grating; and 20    Figure 5 is an enlarged
view of the portion of the focal curves where the detectors are positioned.
Detailed Description of Preferred Embodiment Referring initially to Figure
1, a form of a spectrometer of the present invention is generally
designated 25  as 10. Spectrometer 10 includes a source of light 12, which
may be a microwave cavity adapted to from a plasma containing a material to
be measured. The light rays 14 from the light source 12 are directed
through an optical device, such as a lens 16, to a slit member 18. The slit
member 18 is movable along the path of the light as indicated by the arrow
20. The light rays 22 from the slit member 18 are directed to a
holographic, concave grating 24. The diffracted light rays 26 reflecting
from the concave surface 25 of the 30  grating 24 are directed to a
photodetector 28. As shown, the photodetector 28 is an array of
photodetector elements, such as photodiodes. The photodetector 28 is
mounted for movement along a plane 30 as indicated by the arrow 32. The
holographic, concave grating 24 is formed by the basic holographic
technique well known in the art. This technique includes coating the
concave surface of a grating substrate with a layer of a photoresist. 35
The photoresist layer is  then placed at the intersection of two laser
beams emanating from two spaced lasers. This produces an interference
pattern in the photoresist. After the photoresist is developed the
interference pattern is etched into the surface of the substrate. The
surface is then coated with a reflective material, such as aluminum. I have
discovered than an improved spectrometer having the desired characteristics
previously set forth 40  can be made if the following constraints are
satisfied: 1. A horizontal focal curve of the grating passes through the
center of curvature of the concave surface of the grating. This focal curve
will be referred to as the "primary horizontal focal curve". 2. The laser
focal points lie on the same horizontal focal curve. 3. A first vertical
focal curve intercepts both laser focal curves, and also intercepts the
horizontal focal 45    curve at a third point. The three intercepts all lie
on the same side of the grating normal. 4. A second vertical focal curve
consists of all of the vertically focused images of all points on the first
vertical focal curve. 5. The location of the source point is determined by
the intercept of the second vertical focal curve and the horizontal focal
curve. The source point lies on the opposite side of the grating normal
form the laser 50    focal points. 6. The image focal curve lies along the
horizontal focal curve, on the same side of the grating normal as the laser
points. In describing concave holographic spectrometers, it is convenient
to use polar coordinates (Rx, X). Figure 2 shows the center 34 of a
coordinate system centered on the face 25 of the concave holographic 55
diffraction grating 24. Radial distances from the center 34 are normalized
by the distance from the center 34 to the center of curvature 36 of the
face 25, and are identified by a multi-layer symbol beginning with 



"R". Angles are labeled with uppercase letters and are measured from the
grating normal 38. The grating normal 38 is a line from the center 34
through the center of curvature 36. The plane of the coordinate 3    EP 0
322 654 B1 system includes the center 34 and is perpendicular to the vector
Z, which is collinear with the direction of the grooves at the center of
the grating. A concave holographic grating can be described by relations
between the source point 40 located at the polar coordinates (Ra, A) and,
at some wavelength L, the image point 42 located at (Rb, B). The 5
properties of the grating are also determined by the location of the two
laser focal points 44 and 46 which are used in making the grating surface.
The first laser focal point 44 is located at (Rc, C), and the second laser
focal point 46 is located at (Rd. D). Angles B, C and D are positive, while
angle A is negative. The spectrometer can be described by the following
equations: 10  (1)  sin D - sin C =Lo/d (2)   sin A + sin B   Ud [err] (3)
[err] [err] (4)  [err] 20 Equation (1) shows how groove spacing, d, is
determined by the two laser angles, C and D, and the laser wavelength, Lo.
Equation (2) gives the relation between the angles A and B to the source
and image, and the groove spacing, d, and the wavelength L. Equation (3)
defines a horizontal focal curve through the center of curvature and some
general point (Rx, X), in terms of the parameter H. According to the
present 25 invention, the coordinates for the source, one image point, and
both laser points (A, Ra, (B, Rb), (C. Rc) and (D, Rd), respectively, all
satisfy equation (3) with a common value of the parameter H. Equation (4)
defines a vertical focal curve through some general point (Rx, X) in terms
of the two parameters K and V. According to the present invention, the
coordinates for one image point, and both laser points each satisfy
equation (4) with common values of K and V. The coordinates for the source,
however, satisfy equation (4) with the 30 same value of V and the same
magnitude of K but with K opposite in sign. Equation (4), with a change of
sign for K, describes a vertical focal curve which is the vertically
focussed image of the curve with the original sign for K. Figure 3 shows
the plane of the coordinate system, including the grating 24. Four
horizontal focal curves, 48, 50, 52 and 54, in the form of equation (3),
are shown. All horizontal focal curves satisfying 35  equation (3) begin at
the grating 24 and intercept the center of curvature 36. The curves 48, 50,
52 and 54 correspond to the values of H of -0.3, -0.5, -0.7 and -0.9
respectively. It can be seen from Figure 3 that larger magnitudes of H give
flatter focal curves, but more oblique curves. The vertical focal curves
are nearly straight lines. In fact the curves that intercept the center of
curvature are exactly straight. By varying the parameters V and K, a
vertical focal curve can be tilted and 40 offset from the center of
curvature. Since one object is to design flat focal plane spectrometers, it
is useful to know where the inflection point of the focal curve is, since
that is where the focal plane is flattest. This point is specified by the
following pair of equations: 45  (5)   Rb = 3/2 (cos B)   and tan B
-1/(3H) The following is a summary of the spectrometer design process.
Based on the known geometry of the source and detector, and the desired
wavelength resolution, the radius of curvature of the grating is chosen.
Based on the desired wavelength range, an approximate value is chosen for
the angular range spanning the 50 image plane. Angular ranges as large as
30 degrees have been found practical with the present invention. For this
step, an approximate value of the source angle of zero degrees from the
grating normal is used. From the chosen angular range, the groove spacing,
d, can be calculated from equation (1). A value of the parameter H is
chosen. There is a tradeoff between having constant magnification and
dispersion at lower values of H, such as -0.3, and having a flatter focal
curve at high values of H, such as -0.9. 55     Once H is chosen, so that
the image horizontal focal curve is known, the two laser angles, C and D,
are chosen. This, choice is constrained by equation (1) and the chosen
value of the groove spacing, d. The 



positions of the two laser points, which are also stigmatic points on the
horizontal focal curve, as well as a third stigmatic point, are chosen so
that they overlie the working part of the horizontal focal curve, i.e., the
4    EP 0 322 654 B1 section of the curve that will contain the images at
the wavelengths of interest. It is preferred that the working part of the
horizontal focal curve be centered on the point of inflection, as given in
equation (5) At this point all of the parameters of the spectrometer are
determined, and the position of the source point can be calculated. Now the
process is repeated, using the calculated value of the source angle 5
instead of the approximate one. Example As an example, consider the design
process for a spectrometer with a 300 mm radius of curvature. It is 10
intended for the wavelength range from 200 to 800 nm. For good dispersion,
25 degrees is initially chosen for the angular range of the image plane.
With the initial assumption that the entrance slit is located at 0 degrees,
the groove spacing is calculated to be near 1900 nm. A value of -0.7 is
selected for H, based on a compromise of image field flatness with
obliqueness. The two laser points are chosen to bracket the angle in the
inflection point, which equation (5) gives as 15  25.46 degrees. The angle
to one laser focal point is chosen as 29 degrees. For a laser wavelength of
488 nm, equation (1) gives the second laser angle of 13.18 degrees.
Equation (3) gives the normalized radial dimensions of the laser points as
1.429 for the first point and 1.165 for the second. Simultaneous solution
of equation (4) for the two points gives values of -.2336 for V and -.0641
for K. The equations also yield the location of the source point as 0.9228
(-6.288 degrees). Now it is found that the stigmatic points are located 20
in the image plane at wavelengths of 225 nm and 713 nm. There is a third
stigmatic point at an intermediate point. This design can be evaluated by
ray tracing. For a 75nm diameter grating, for wavelengths from 200 to 800
nm, images of a point source have spectral widths measured as standard
deviations ranging from .062 to .071 m. For a 50 nm diameter grating, the
aberrations are even smaller, so that the image standard 25 deviations
average 0.028 nm. I have found that certain small deviations from the above
constraints still result in a useful spectrometer design. For instance, the
horizontal focal curve'can be modified to come no closer to the center of
curvature than 5 percent of the distance from the grating to the center of
curvature. In another example, the vertical focal curve intercepting the
two laser points on the horizontal focal curve can differ from the vertical
focal 30  curve that is in'vertical focus with the source point by up to a
0.03 difference in the parameter K, with the same value of the parameter V.
These deviations are insignificant with regard to the present invention. To
make the grating 24 of the present invention, the two lasers are positioned
along the  horizontal focal curve which passes substantially through the
center of curvature of the concave surface of the grating 24, which is the
primary 'horizontal focal curve. Referring to Figure 4, the center of
curvature of the concave 35  surface 25 of the grating 24 is the point 36.
The primary horizontal focal curve is the curve 56. In addition the two
lasers are positioned along the portion of the primary horizontal focal
curve 56 where a vertical focal curve 58 crosses the primary horizontal
focal curve at at least three points with the three points being on the
same side of the'normal vector to the center of the concave surface 25 as
indicated by line 38. The three points should be on the side of the normal
vector 438 where the horizontal focal curve is furtherest 40 from the
grating. As shown in Figure 5, which is an enlarged showing of a portion of
the curves shown in Figure 4, the three points that the vertical focal
curve 38 cross the primary horizontal focal curve 36 are indicated at 60,
62 and 64. In making the grating 24, the two lasers are positioned on two
of the crossing points, preferably the outer two points 60 and 64. In using
the holographic, concave grating 24 in the spectrometer 10, the plane 30
along which the 45 photodector 28 is mounted is positioned so that it
intersects the three intersecting points 60, 62 and 64 of the primary
horizontal focal curve 56 and the vertical focal curve 58. In this position
of the plane 30, the photodector 28 is horizontally focused with respect to
the light 26 reflected from the grating 24. Also, as can be seen in Figures
4 and 5, in this region of the primary horizontal focal curve 56, the
vertical focal curve 58 is very close to the horizontal focal curve 56 so
that the astigmatism is very small. However, in the 50  spectrometer 10,
the astigmatism can be  made smaller by moving the slit member 18 toward or
away from the grating 24 in the direction of the arrow 20. This movement of
the slit element 18 moves the vertical 



focal curve 58 toward or away from the primary horizontal focal curve 56.
Thus; the vertical focal curve 58 can be moved to be very close to the
primary horizontal focal curve 58 so as to minimize or eliminate any
astigmatism between the focal curves 56 and 58. This places the
photodetector 28 in substantially exact 55  focus with the spectrum
provided from the light source 12. Since the vertical focal curve 58 is so
close to the primary horizontal focal curve 56 in the region of the three
intersecting points 60, 62 and 64, only slight movements of the slit member
18 is necessary to achieve focus. There are various known methods for
measuring the intensity of the light on the elements of 5    EP 0 322 654
B1 the photodetector 28 to determine when it is in focus. One suitable
technique is described in my co- pending application for Letters Patent
Serial No.   , filed     , (Attorney Docket No. 187-234) entitled APPARATUS
AND METHOD FOR ADJUSTING FOCUS OF A MULTI-ELEMENT OPTICAL DETEC- TOR, which
is incorporated herein by reference. In the method described in this
application, the second 5  difference of the output of three of the
elements of the photodetector 28 is determined at each position of the slit
member 18, and the position which has the highest value of the second
difference is the focus position. Thus, it is relatively easy to focus the
photodetector 28. The photodector 28 can be moved along the plane 30 in the
region of the intersecting points 60, 62 and 64 to detect different
wavelengths diffracted by the grating 24 and each wavelength will be in
focus. Instead 10  of using a single photodector 28 movable along the focal
curves, a series of photodetectors can be mounted along the primary
horizontal focal curve 56 in the region of the intersecting points 60, 62
and 64. However, in practice it is difficult to mount the photodetectors
exactly along the primary horizontal focal curve and provide means for
obtaining signals from all of the photodetectors. Therefore, it is
preferred to use a single photodetector array 28 which is movable along the
plane 30. 15     Thus, there is provided by the present invention a
spectrometer 10 having a holographic, concave grating 24 which provides for
ease of placing the photodetector 28 in focus with the light from the light
source 12. Also, the spectrometer 10 provides for high light level and high
resolution over a wide range of wavelengths. Since the spectrometer 10 uses
a concave grating 24 and the focus is achieved by merely moving the slit
member 18 over a small distance, the spectrometer is compact in size. By
being able to use 20  a multi-element photodetector which is movable along
a plane, it can take measurements over a wide range of wavelengths while
still maintaining the detector element in focus. Claims 25  1. A
spectrometer comprising a source of light (12), a holographic concave
grating (24) receiving said light, the grating (24) having a horizontal
focal curve, which extends through the center of curvature of the grating
(24) and which is intersected at three points by a vertical focal curve of
the grating (24), and a detecting means (28) receiving the diffracted light
from the grating (24), characterized in that 30     said three intersection
points are on one side of the normal vector to the center of the grating
(24), the source of light (12) being arranged on the other side of said
normal vector, the detecting means (28) being positioned substantially
along a path, which is a portion of the horizontal focal curve of the
grating (24), and two of said intersection points being the positions of
the two lasers used to form the holographic 35     grating. 2. A
spectrometer in accordance with claim 1, characterized by a slit member
(18) in the light path between the light source (12) and the grating (24).
40 3.  A spectrometer in accordance with claim 2, characterized in that the
slit member (18) is positioned on the horizontal focal curve, on the side
of the normal vector opposite from the side containing the three points so
that the slit is in vertical focus at the three points. 45 4. A
spectrometer in accordance with claim 2 or 3, characterized in that the
slit member (18) is movable along the light path toward and away from the 



grating (24). 50  5. A spectrometer in accordance with claim 4,
characterized in that three points are on the side of the normal vector
where the horizontal focal curve is furtherest from the grating (24). 6. A
spectrometer in accordance with claim 5, 55     characterized in that the
detecting means (28) is a photodetector. 7. A spectrometer in accordance
with claim 5, characterized in that the detecting means is a plurality of
photodetector elements positioned along 6    EP 0 322 654 B1 *    C    L
M    S     * the photodetector 28 to determine when it is in focus. One
suitable technique is described in my co- pending application for Letters
Patent Serial No.   , filed     (Attorney Docket No. 187-234) entitled
APPARATUS AND METHOD FOR ADJUSTING FOCUS OF A MULTI-ELEMENT OPTICAL DETEC-
TOR, which is incorporated herein by reference. In the method described in
this application, the second 5  difference of the output of three of the
elements of the photodetector 28 is determined at each position of the slit
member 18, and the position which has the highest value of the second
difference is the focus position. Thus, it is relatively easy to focus the
photodetector 28. The photodector 28 can be moved along the plane 30 in the
region of the intersecting points 60, 62 and 64 to detect different
wavelengths diffracted by the grating 24 and each wavelength will be in
focus. Instead 10  of using a single photodector 28 movable along the focal
curves, a series of photodetectors can be mounted along the primary
horizontal focal curve 56 in the region of the intersecting points 60, 62
and 64. However, in practice it is difficult to mount the photodetectors
exactly along the primary horizontal focal curve and provide means for
obtaining signals from all of the photodetectors. Therefore, it is
preferred to use a single photodetector array 28 which is movable along the
plane 30. 15     Thus, there is provided by the present invention a
spectrometer 10 having a holographic, concave grating 24 which provides for
ease of placing the photodetector 28 in focus with the light from the light
source 12. Also, the spectrometer 10 provides for high light level and high
resolution over a wide range of wavelengths. Since the spectrometer 10 uses
a concave grating 24 and the focus is achieved by merely moving the slit
member 18 over a small distance, the spectrometer is compact in size. By
being able to use 20  a multi-element photodetector which is movable along
a plane, it can take measurements over a wide range of wavelengths while
still maintaining the detector element in focus. Claims 25  1. A
spectrometer comprising a source of light (12), a holographic concave
grating (24) receiving said light, the grating (24) having a horizontal
focal curve, which extends through the center of curvature of the grating
(24) and which is intersected at three points by a vertical focal curve of
the grating (24), and a detecting means (28) receiving the diffracted light
from the grating (24), characterized in that 30     said three intersection
points are on one side of the normal vector to the center of the grating
(24), the source of light (12) being arranged on the other side of said
normal vector. the detecting means (28) being positioned substantially
along a path, which is a portion of the horizontal focal curve of the
grating (24), and two of said intersection points being the positions of
the two lasers used to form the holographic 35     grating. 2. A
spectrometer in accordance with claim 1, characterized by a slit member
(18) in the light path between the light source (12) and the grating (24).
40 3. A spectrometer in accordance with claim 2. characterized in that the
slit member (18) is positioned on the horizontal focal curve, on the side
of the normal vector opposite from the side containing the three points so
that the slit is in vertical focus at the three points. 45 



4. A spectrometer in accordance with claim 2 or 3, characterized in that
the slit member (18) is movable along the light path toward and away from
the grating (24). so  5. A spectrometer in accordance with claim 4,
characterized in that three points are on the side of the normal vector
where the horizontal focal curve is furtherest from the grating (24). 6. A
spectrometer in accordance with claim 5, 55     characterized in that the
detecting means (28) is a photodetector. 7. A spectrometer in accordance
with claim 5, characterized in that the detecting means is a plurality of
photodetector elements positioned along 6    EP 0 322 654 B1 *    C   L   M
S    * said portion of the horizontal focal curve. 8. A spectrometer in
accordance with claim 6, characterized in that the photodetector (28) is a
multi-element photodetector mounted along a plane 5      which extends
through the three points. 9. A spectrometer in accordance with claim 8,
characterized in that the photodetector (28) is movable along said plane so
as to detect a wide range of wavelengths from the grating. 10
Patentanspruche 1. Spektralphotometer umfassend eine Lichtquelle (12), ein
das Licht empfangendes, konkaves, hologra- phisches Gitter (24), wobei das
Gitter (24) eine horizontal verlaufende Fokalkurve aufweist, die sich *5
durch den Mittelpunkt der Krummung des Gitters (24) erstreckt und an drei
Punkten von einer vertikal verlaufenden Fokalkurve des Gitters (24)
geschnitten wird, und ein das von dem Gitter (24) gebeugte Licht
empfangendes Detektormittel (28), dadurch gekennzeichnet, daB die drei
Kreuzungspunkte auf einer Seite der Normalen auf dem Mittelpunkt des
Gitters (24) angeordnet eJ   20  sind, wobei die Lichtquelle (12) auf der
anderen Seite der Normalen angeordnet ist, das Detektormittel (28) imr
wesentlichen langs eines Weges angeordnet ist, der ein Teil der horizontal
verlaufenden Fokalkurve des Gitters (24) ist, und zwei der Kreuzungspunkte
die Positionen der beiden zum Bilden des holographischen Gitters
verwendeten Laser sind. 25  2. Spektralphotometer nach Anspruch 1,
gekennzeichnet durch ein spalfformiges Bauteil (18) in dem Lichtweg
zwischen der Lichtquelle (12) und dem Gitter (24). 3  Spektralphotometer
nach Anspruch 2, dadurch gekennzeichnet, daB das spaftf6rmige Bauteil (18)
auf der horizontal verlaufenden Fokalkurve, auf der Seite der Normalen, die
der Seite, die die drei Punkte 30     umfaBt, gegen~iberliegt, angeordnet
ist, so daS der Spalt an den drei Punkten im Vertikalfokus ist. 4.
Spektralphotometer nach Ansp'ruch 2 oder 3, dadurch gekennzeichnet, daB das
spalff6rmige Bauteil (18) entlang des Lichtweges auf das Gitter (24) zu und
von demselben weg bewegbar ist. 35  5. Spektralphotometer nach Anspruch 4,
dadurch gekennzeichnet, daB die drei Punkte auf der Seite der Normalen
sind, auf welcher die horizontal verlaufende Fokalkurve. am weitesten von
dem Gitter (24) entfernt ist.. 6. Spektralphotometer nach Anspruch 5,
dadurch gekennzeichnet, daB das Detektormittel (28) ein Photo- 40
detektor ist. 7. Spektralphotometer nach Anspruch 5, dadurch
gekennzeichnet, daB das Detektormittel aus einer Vielzahl .von
Photodetektorelementen. besteht, die lungs besagtem  Teil der horizontal
verlaufenden Fokalkurve angeordnet sind. 45 8. Spektralphotometer. nach
Anspruch 6, dadurch gekennzeichneti daB der Photodetektor (28) ein vielele-
mentiger Photodetektor ist, der iangs: einer Ebene angebracht ist, die sich
durch die drei Punkte erstreckt. so  9. Spektralphotometer nach Anspruch 8,
dadurch gekennzeichnet, daB der Photodetektor. (28) langs 



besagter Ebene bewegbar ist, um einen weiten Bereich von Wellenlangen von
dem S3itter zu erfassen. Revendications ss  1. Un spectrometre comprenant
une source de lumibre (12), un reseau holographique concave (24) recevant
ladite lumiere, le reseau (24) poss6dant une courbe focale horizontale qui
passe par le centre de courbures du r6seau (24) et qui est intersectee en
trois points par une courbe focale verticale du reseau (24), et un moyen
detecteur (28) recevant la fumirre diffract6e par le reseau (24), 7    EP 0
322 654 B1 *    C    L   M    S     * caractiris6 en ce que lesdits trois
points dOintersection sont sur un c6te du vecteur normal au centre du
reseau (24), la source de lumiere (12) etant agencee sur lautre c8t6 dudit
vecteur normal, ledit moyen d6tecteur (28) etant positionn6 sensiblement le
long d'un trajet qui est une partie de la 5      courbe focale horizontale
du r6seau (24), et deux desdits points d'intersection etant les positions
des deux lasers utilis6es pour former le reseau holographique. 2. Un
spectrombtre selon la revendication 1, 10         caract6ris6 par un organe
de fente (18) situ6 dans le trajet de lumiere entre la source de lumiere
(12) et le reseau (24). 3. Un spectrombtre. selon la revendication 2,
caract&ris6 en ce que l'organe de fente (18) est positionn6 sur Ia courbe
focale horizontale sur le 75     c8t6 du vecteur normal situ6 a l'oppos6 du
c8t6 contenant les trois points, d'une maniere telle que la fente est
focalisee verticalement aux trois points. 4. Un spectrometre selon la
revendication 2 ou 3, caractdrls6 en ce que l'organe de fente (18) est
mobile le long du trajet lumineux pour 20     s'approcher et s'6loigner du
r6seau (24). 5. Un spectrometre selon la revendication 4, * caract6ris6 en
ce que trois points sont sur le c8t6 du vecteur normal ou la courbe focale
horizontale est la plus eloignee du r6seau (24). 25 6. Un spectrometre
selon la revendication. 5.,: caract6ris6 en ce que..le moyen deiecteur (28)
est .un d6tecteur photo-electrique. 7. Un spectrombtre selon la
revendication 5. 30         caract&rWs6 en ce que le moyen d6tecteur
consiste en une s6rie d'elements d6tecteurs photo- electriques positionnes
le lon~g de ladite partie de la courbe focale horizontale. 8. Un
spectrometre selon la revendication 6. caractdrisd en ce que le detecteur
photo-4lectrique (28) consiste en un d6tecteur photo-6lectrique 35     a
elements multiples, montes le long d'un plan qui passe par les trois
points. 9. Un spectromrtre selon lar caract&rls6 en ce quin a rl
(28) est mobile le long dudit plan de fagon a d6tecter une large plage de
ldnguedas do das3.'anan du rdseau- 40 45 50 55    


