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Abstract 
The OV prime spectrograph at the Canada-Prance-Hawaii Telescope is the first ins

trument to be designed with an aspherised diffraction grating. This technique leads 
to all reflective Schmidt designs with a very small amount of optical surface on fast 
aperture ratio. A thin backside illuminated RCA CCD ia now used as the detector. Since 
the detector is at the focus of an f/1 mounting, within the optical path, a 
minicryoatat (5cmxScmx3cm) waa designed to minimise the central obscuration. This 
paper describes this new instrument and its performances. 

1 - Introduction 
One of the first instrument installed at the Canada Prance Hawaii Telescope (CPHT) 

was a fast UV prime focus spectrograph (Lemaitre, 1981), based on the use of an 
aspherical grating. Prom the early runs of March 1980 the use of photographic emulsion 
as detector seriously llnitated the sensitivity. We are now using a thin backside 
illuminated CCD with a good response in the blue and OV upward 3100A. In this paper 
we first present (section II) the optics of the spectrograph. In section III we describe 
the setting of the CCD inside the spectrograph and give some indications on the CCD 
camera. The performances of this instrument and first astronomical results are presented 
in section IV. 

2 - Optical design t An all reflective spectrograph 
Optical spectrographs designed with the Schmidt concept have been widely developed 

for over half a century. This is the simplest system giving good aberration correction 
over an extended field and a wide spectral range. 

In the original arrangement which uses a singlet refractive corrector plate, the 
performance for a camera as faat as f/1.5 is seriously degraded by the chromatic 
difference of spherical aberration. By adding one more element, refractive doublet 
corrector plates have been made, but figuring problem, practically limits the aperture 
ratio of the camera to 1/2.2. Moreover these achromat in the UV are inappropriate 
because of the lack of doublet with good UV transparency. 

With the UV Prime Spectrograph, installed at the prime focus of the CPHT, the sup
pression of any refractive corrector opens the way to a new generation of instruments. 
The correction of aberrations is done by aspherization of the grating. This all 
reflecting spectrograph uses only three surfaces to form a spectrum t a collimator 
mirror, a holed grating and a camera mirror. The optical general arrangement is shown 
in Pigure 1. Aspherical gratings were obtained by developing the elastic relaxation 
method. To start, a plane grating is deposited on a flat flexible master when in a 
state of tero stress. Loading is then applied by a constant air pressuré. Th» shape 
of the "fond de vase* master had been previously determined from elasticity calculation 
to obtain by flexure the opposite shape of the optical figure, (see figure 2). 
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a. 2 
Tha aaphericity of tha grating ia 2/(n-l)*> 4 tiaea eaaller than an equivalent 

rafractiva corrector, In fact tola ratio ia even greater because tha refractive corrector 
auat he located at aoaa diataace fro» the grating to avoid obatruction of the colliaated 

Figure 1 t 
Optical deaign of the 
foura spectrograph 

CPHT OV pria» 

Figure 2 i 
Schematic drawing of a Metallic master 
developed for the production of aapherixed 
grating». Three atepa ara neceaaary t 
1 - A plane replica ia deposited on the plane 

aurface of the Master when not stressed. 
2 - The active part is distorted toy inner 

preaaura. 
3 - The aapherical Master ia duplicated on a 

vitro-ceram Zerodur substrat. 
Elasticity calculation lead* to a decreasing 
thickness distribution free) tho vertex 
towards the built in edge (aee Table ID. 
This configuration alloue correction for 
spherical aberration of a camera Mirror aa 
faat aa F/1 (Observatoire do Marseille). 

Optical designs have shown that, with a grating measuring 116MM aa pupil diameter, 
we can achieve a very good correction at f-ratioe aa fast as f/1 over tha extended 
field of IS*. The reault of ray tracing and of optimization procasa is that all the 
energy of realdual aberrations ia eneloeed in a circle of 14/Jm in diameter (fifth 
order astigmatism). 
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3 - The CCD camera 

The first difficulty was to find a OV sensible CCD. Since there was no customly 
available CCDs which could be UV flooded (e.g. Hlivack *t al., 1983), we had the choice 
between a coated thick device such aa the GBC or the Thomson or a simple thin backside 
illuminated RCA chip, from the published response curves of coated CCD» (Hestphal 1983, 
Cullum et al.» 1983), below 3200A, Space Telescope Ti chip have quantum efficiency 
about 10 %. the CEC coated with the BSO recepeers about 25 I, and the bare RCA about 
7 % Coated CCDa are better below 3200-3300 A while the thin chip is much better for 
larger wave-lengths. The second difficulty is due to the optical design of the 
spectrograph. Since the CCD is placed at the focus of the camera mirror, it is in the 
middle of the optical path. CCDs have already been put at the focus of Schmidt camera 
(e.g. the Cryogenic Camera at Ritt Peak (Robinaon et al., 1980) but in this case the 
whole camera itself is used as a dewar. Such an approach was difficult to realize since 
we might have.to close the whole spectrograph. Therefore we have tried to design a 
cryostat as small as possible to minimise the central obscuration. In this context 
the RCA chip compares better than the GtC or Thomson since its packaging offer a better 
ratio of photosensitive surface to total aurface, 18 % compare to 13 % ; that represent 
a gain of 30 % . For these reasons we have designed our system around the RCA chip. 

The cool ia taken in a liquid 
nitrogen tank outside the spectrograph. To limit the torque on the mechanical fixation 
we have designed s light tank in aluminium and composite materials. Only the upper 
part is in stainless steel to ensure a better rigidity. All the different parts of 
this tank are glued. The total weight of the tank in 800 g and it contains 1.3 1 
of liquid Nitrogen. It was manufactured by the SMC (Société de Matériel Cryogénique) 
Corporation. The cool is brought to the CCD by a copper rod inside a vacuum pipe. In 
the last part, the rod is replaced by a flexible mesh to mechanically decouple the 
CCD from the cooling rod. Inside the pipe vacuum, the rod is fixed by small fiber glass 
spiders and covered by a multilayer insulation. 

The CCD is contained in s small vacuum veaael of 5cm x 5cm x 3cm. It lies on a 
sapphire plate to electrically decouple the CCD from the mechanical ground. The sapphire 
plate is isothermal with a cold copper plate which is holded from the hot mechanical 
box by high thermal impedance ceramic. The light entrance window is made from coated 
fused silica and has a sperical form not to degrade the spectral resolution in the 
f/1 beam. It is heated by an external resistor to avoid humidity condensation. Every 
cold part is covered by multilayer insulation- (Testard and Locatelli, 1982), to prevent 
radiation exchanges between hot and cold parts. The total thermal losses are lower 
than 2 watts ; the lsrgest losses, 1.5 watts, take place in the CCD containers. The 
total thermal impedance waa adapted to give a CCD temperature slightly below the normal 
operating temperature. 

The limiting temperature of the CCD is somewhat dependent on the external 
temperature. In laboratory, at 20"C, it is - 105*C, but on the telescope where the 
ambient temperature is slightly below 0*C, it goes down to - 115"C. The operating 
temperature of the CCD is set around - 105*C and the regulation ensures a temperature 
stability of 0.1'C independently of the ambient temperature. The -autonomy is about 
32 hours between 2 consecutive LNj refilling. 

In addition to the CCD itself and the temperature control system, the neighborhood 
of the CCD includes two light emitting diodes (LED) placed on each aide of the sapphire 
piste supporting the ÇCD. By diffusion insids the sapphire plate, the light of those 
LEDs can illuminate the front face of the CCD. With a careful balance of the LEDs 
intensity, it is possible to obtain nearly flat illumination of the CCD, which can 
be used, if needed, to give a charge level high enough for a good charge transfer 
efficiency. 

Two electronic boxes, the clock drivers and the video preamplifier are mounted 
outside the cryostat. They are linked with 2 meter cables to the spectrograph control 
unit. This control unit is organised around the CEA-INAG camera controller. (Bouère 
et al., 1981). This controller includes the clock generation, the temperature control, 
and control of auxilary system such as shutter or wavelength calibration devices, it 
provides two channels for video processing. The first one consists of a Sample and 
Hold system followed by a 8 bits A/D converter. It allows a faat read out of the CCD, 
0.5 sec. The second one usss a double correlated integrator with a 15 bits A/D converter. 
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The read out tiae ia about 20 sac. In the fast mode the image ia sent on a 25» x 256 
pixela video display, this node is used for quick setting of wavelength range and focus
sing of tha CCO. The slow ande is used for scientific acquisitions. The contrôler is 
linked to the MP 1000 computer of the CTO through a caaac interface. The data are 
sent to tha coaputer via a 5Hbit/s fiber optic while the dialogue between the contrôler 
and the coaputer goes on standard UAOT linea. 

Tha Mechanical support of the camera allows the focussing of the CCO. The caaera 
is held on a cylindrical socket which has tha appropriate curvature radius to reproduce 
the curvature of the focal surface at the CCO level. The selection of the wavelength 
range of the-observation is obtained by eliding the caaera support on this socket. 

4 - Performances 
In this confiouraHon. the spectrograph has been used several tiass. 

Since the spectrograph has no refractive 
eleaents end the- CCO has s precise geometrical structure, the pixel-wavelength 
transformation is alaost linear and remains atable as far aa the CCD ia kept on the 
sane position on the sliding socket. Moreover there is no distortion of the spectral 
position as function of wavelength. However near the ataoapheric cut off, below 3200A 
to 3000A, this distortion is 1.1 sre see. Therefore the spectra are slightly distorted 
by _ 1.5 pixel in the far 0V. In this context, it is very importent to put the slit 
along the refraction direction to ensure that differential refraction cannot cut off 
most of the spectral intensity in the UV. h command of the telescope control system 
wss specifically designed for this instrument to move the telescope along the vertical 
direction at a given position before each observation. With a alit width of 2 arc. 
sec, this procedure allows one to obtain very accurate spsctrophoteaetry down to the 
ataoapheric cut off. 

The spectrograph hss been used for several observing prograas. UV eaiaaion lines 
in active galaxy nucleua, absorption linea in quasar and absorption lines in early 
typs galaxies (figure 3 and 4). 

Figure 3 t Spectrum 
(Intensity versus vave-
length) of the quasar 
Q 1225 • 317. Exposure 
time lh30', mv«l5.9, signal to noise ratio 
> 30 at 3200A. This 
spectrum have been cor
rected from system response. 

>f«*.;t* »M«.tM 

Figure 4 > Spectrum 
of the C galaxy NGC 
700 (mv * 15.8, 2 hours 
exposure). This spectrum 
have not been corrected 
from system response. 
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5 - Conclusion 

The present configuration of the OV pris» spectrograph coupled with a uv sensible 
CCO and combined with the site altitude gives to the CFHT an alaost unique capability 
of spectrophotometry down to the atmospheric cut off. Future scientific endeavours 
for this instrument will likely be the measurement of abaorption line objects at 
intermediate spectral dispersion, for instance white dwarfs, Mt Lyrae or horizontal 
branch stars in globular clusters as well as quasars or central part of galaxies. Despite 
its moderate resolution, the very fast optical configuration permits one to obtain 
high signal to noise fS/M) ratio and to derive velocity dispersion or redshifts of 
galaxies with an accuracy better than 30Kms. This instrument is almost unique in this 
wavelength range. It offers a possibility to accurately link a space UV experiment 
(IUB or Space Telescope) to conventional ground based observations. It also demonstrates 
the great potentiality of aspherical grating and prime focus spectroscopy. 

He are currently working on the implementation of a new generation RCA chip with 
a double density (€40 x 10i» pixels of 15 x 15 ) and a UV coating giving a quantum 
efficiency of 50 % at 3000 A. This CCO will allow to increase together the spectral 
resolution and sensitivity. In a near future, new spectrographs based on aspherical 
gratings may alao be designed for other purposes. In particular this technique seems 
very attractive for faint object (my > 20) spectroscopy with a resolution of the 
order of 10 A. The large field provided by the optical configuration is also very 
suitable for multislit spetrograph. 
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