acta phys. slov. 42 (1992), No. 2, 83-9¢

DETERMINATION OF THE ROTATIONAL
TEMPERATURE USING PHOTODIODE
ARRAY SPECTROMETERY

SIMEK, M.,?) Prague

A method for the rotational temperature calculation from the partially re-
solved multichannel emission spectra of diatomics has been developed. The ex-
perimental spectra are taken using a selfscanning photodiode array spectrometer
and the procedure is based on computer simulated rotational structure of the

sible. The proposed method was verified using the partially resolved structure
of the (0,0) sequence of the first negative system of the NHB*TE - X?’s}).

I INTRODUCTION

Linear photodiode array detectors (PDA) have been used as effective ana-
Iytical tools in experimental spectroscopy for twenty years. The PDA mounted
horizontally in the exit focal plane of the monochromator enables simultaneous
detection of the whole spectral region of interest with a large dynamic range, lin-
ear response, low noise and temporal as well as thermal stability. The principle,
operational characteristics and scientific applications have been reviewed recently
by many authors [1-3].

For diagnostics purpose (e.g. plasma temperature Mmeasurements) an under-
standing of the detected lineprofiles (or bandprofiles) is necessary. In case of the
PDA spectrometer an instrumental lineshape is defined both by the intrumental
function of the grating monochromator and the response function of the PDA . This
response function may generate some errors in the detected spectra which can be
reduced both by the right selection of the slit width and correct analysis [4,5].
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II. DETECTION SYSTEM

An integrated spectrometric system used for experiments (Instruments SA /
Jobin-Yvon) consists of a monochromator, a PDA detectorhead and the control
centre SPECTRALINK which is interfaced to an IBM/AT compatible computer
[6]). The monochromator used is the J. Y. model HR-320, with the Czerny-Turner
mount (£=0.320 m). The gratings used are 58x58 mm holographic grating 2400
lines/mm and ruled grating 1200 lines/mm (blaze 500 nm). The PDA detector used
is a thermoelectrically cooled Reticon model RY /1024 (array of 1204 photodiodes
13 pm wide mounted on 25 #m centres, each with a height of 2.5 mm [1]). The data
acquisition, data management and monochromator control are performed using the
L.S.A/J.Y. Enhanced Prism Software package (version 2.2.).

III. SLIT WIDTH AND ”SHIFT” EFFECTS

Correct analysis requires understanding the way of generating the band profile
by the whole spectrophotometric system. If we assume that for the medium resolu-
tion monochromator the line profile in the exit focal plane is given by instrumental
broadening, the band profile picture on the PDA can be written:

AT, W) = M?S.ﬁ» - AN, W), 1)
N

where T is a rotational temperature, Ay the rotational line wavelength for the
rotational quantum number N » W is the entrance slit width, g is the instrumental
function of the monochromator, Iy is the intensity of the rotational line.

The whole surface of the PDA is photosensitive but only the p-type regions
(diodes) can accumulate the charge produced by the incident light. The charge
produced in the n-type regions is divided between the adjacent diodes [1]. The
response function of the PDA is shown in Fig. 1. Thus each element of the PDA
integrates the radiant energy in a small spectral interval of the band and the signal
registred by the ith diode can be expresed:

Ait
L(T,W,$) = .\ ‘ {(A+6,T,W).Ri(A - Ai)dX 2)
Ai~¢

where R; is an aperture function and ); is the centre wavelength of the ith diode,
2¢ is a spectral width of a single photodiode, § is a "shift” constant representing
an intensity misregistration error [4]. This intensity misregistration error resulting
from the redistribution of the charge produced in the n-type region can noticeably
affect the observed bandshape.
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Fig. 1. Geometry and the response function ‘of the PDA.

IV. PROGRAM DESIGN

The technique is based on the computer simulated bandprofile for a given
experimental configuration. The bandprofile is calculated according to Egs. (1)
and (2):

Aj=hi+€
LTwe= Y M?S.&ril{_ﬁ.ﬁ?L..v )
Aj=hi-¢e U N

where A}j << A);. The program searches for parameter 7' = Trot with which

the simulated profile corresponds as much as possible to the experimental one.

Figs. 2a-2¢ demostrate the band simulation procedure (for illustration a part of

the R-branch of the (0,0) sequence of 1. neg. syst. of the N} was used):

Step 1: Stick spectrum (set of intensities of individual rotational lines Iy ) is eval-
uated (Fig. 2a).

Step 2: The diffraction band profile using the instrumental function of the mono-
chromator is calculated (Fig. 2b).

Step 3: The PDA profile is calculated taking into account the response function
of the PDA (Fig. 2c).

Mean relative deviation was used as the criterion of the best fitting:

S(T,W,8) = WMU_Q.. ~¥)/ul, (4)

i=]
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Fig. 2. Band profile generation,

where y; is the set of experimentally observed spectrum intnesities, fi=f(T,w, 8)
represent the simulated spectrum,
Spectra are normalized according to:

N, (B3’

380 384 EL: 392 396 [nm])

Fig. 3. Spectrum of the rf low pressure nitrogen discharge.

the equation (3). Fig. 4 shows a partially resolved bandshape of the (0,0) sequence
for three different entrance slit widths (holographic grating 2400 lines/ mim),

As a test of the accuracy of the algorithm, the-rotational temperatures from
different entrance slit width data were calculated. The single rotational line in-
tensities In(7T) in the expression for the bandprofile (3) were generated according
to:

V. RESULTS AND DISCUSSION

The em.  ‘on from an of low pressure discharge (13.56 MHz,~40 W, ~0.1 torr)
In pure nitrog..: (99.998%) was taken as the reference spectrum (Fig. 3). The spec-
trum was acquired under the same conditions using twelve different entrance slit
widths ﬁwo.mo_.woqwcp5.HwoLmo.woo,&mo,mockoo.moo #m). The prominent 1. nega-
tive system od Nj (52 F o ox2 MUU and especially the (0,0) sequence seems to
be the most suitable spectrum both for numerical simulation [7] and verification of
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‘(N + 1)1
IHT)y = A(Nyexp _‘..loocmaﬁ s \_ , (6)
T
’ —
bqﬁﬁv = B(N)exp ﬁlaoumnm. QMJ C_ ; (7)
with
AN) =g' (Mg (N+1), N=0,1,2 3,..., 8)
B(N) = g"(N).vh.(N), N=0,1,23,.. ., 9)
and b= h.e
const = a

where F’ is the wavenumber of the upper rotational level, g is the nuclear statisti-
cal weight taking into account an alternation in the intensities of rotational lines for
homonuclear molecules [8], Ar.p are the rotational line frequencies in the R or P
branches (the line splitting caused by interaction between the electron spin and the
nuclear rotation is not taken into account), (N + 1) and (N) are the Honl-London
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Fig. 4. *Ishape of the (0,0) sequence for different entrance slit widths.

mwomoa for e w aud P branch (given as a sum of the Hénl-London factors of their
main and satellite components) [7].

As the instrumenta) function of the monochromator, the function

0 if[AA] > iwya
f|AN < twy/a (0}
was :mom [9,10]. ,:5 corresponding line shape has the width at half maximum of
w and wings extending to +iw.al/?,

HrmA mmEm. initial estimates of T and § were used for all the slt width values
and the iteration was stopped after three cycles.

The iteration converged always to the same tem =
.. perature T Ammonwwm:ﬂ. The
minimum of S(7, W 4) = 0.099 was attained for W = 110
L) ) . == . Mn
of § %) "y #m. Strong dependency

88

389.2 389.6 390.0 390.4 390.8
wavelength [nm]

Fig. 5. Part of the observed and the simulated band profile.

IV. CONCLUSION

The technique for determining the rotational temperature from partially re-
solved multichannel PDA’s spectra has been described. Test with a (0,0) band of
the first negative system of N} shows that Eq. (3) is correct and could be used,
with appropriate data, to calculate rotational temperature from PDA’s emission
spectra of many diatomic molecules.
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OIPENEJNEBHUE POTATMOHHOII TEMHEPATYPLL C IPEUMEHEHHEM
CIEKTPOMETPA HA POTONUONHON CBOPKE

B pa6ore nperopaTcs METOR pacieTa POTANAOHHOE TEMHEPATYPH B3 HENOTHOCTHIO
PaSMepEeHHEIX SMACCHOHHBIX MHATOMAPHEIX CHEXTPOB. OKCNEPAMEHTANbHbIE CEXTPHl HO-
IYyJIEeHB C IPEMEHeHAeM CIHEETPOPO3MEpPa CO CaMOCKaHEPYIOLeH doTogrOgHON COEOPKOH.
ponenypa o6paGorxn OCHOBaHA Ha KOMNIOTEPHOH CEMMYNALRE POTANHOHHON CTPYX-
TYPhl BEGPaIHOHHEIX nojoC. Benayany mapamerpa T onpegenser mporpaMma Ha oc-
HOBAHAY CXONCTBAa CHMYIHPOBAHHON H SKCNEePHMEHTANBHOR CTPYKTYPH HOIOC.
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