SXT CALIBRATION NOTE 31 SXT-8G031
SXT X-RAY EFFECTIVE AREA

J. R. Lemen
11 Feb 1993, Rev A

This note describes the effective area of the SXT as a function of wavelength.
The reader is also advised to refer to Calibration Notes 25 and 30. The SXT
effective area was computed in July 1991 using the old (and incorrect) mirror
effective area (see Calibration Note 30 for details) and used to compute the
thermal response function (et 910709.genx) that was used for plasma temperature
determinations until early 1993. Loren Acton did a separate calculation of
SXT effective area and this is published in the Redbook (Tsuneta et al, 1991)
as shown in Fig 2 of that paper. This note describes the updated SXT
effective area calculation which was performed on 11 Feb 1993 and which is
written in the data file $DIR SXT SENSITIVE/sra930211 0l.genx. This effective
area data should be used in all future analyses of SXT data. Details about
how to access this data file are given in Section 8. The thermal response
function is described elsewhere (Calibration Note 32).

1. INTRODUCTION

The SXT effective area as a function of wavelength is the product of four
quantities:

Area (wave) = Mirror(wave) x CCD QFE (wave) x E. filter(wave) x A. Filter (wave)
where: Mirror (wave) = the wavelength dependent mirror effective area (cm”™2)
CCD QE (wave) = the quantum efficiency of the CCD
E. filter(wave) = the entrance filter transmission

1

A. filter(wave) the analysis filter transmission (there are 5 filters)
To compute the SXT effective area we have used the optical constants of Henke,
Davis, Gullikson, and Perera (received by W. A. Brown in Dec 1990). Table 1
gives a list of the materials used in the SXT and their assumed densities.

TABLE 1: MATERIALS WHICH DETERMINE THE SXT EFFECTIVE AREA

(atwt in g/mole) (g/cm”3)
C 12.011 2.220
Al 26.982 2.699
Al203 20.392 3.965
Be 9.012 1.845
C 12.011 2.220
Lexan (C16H1403) 7.706 1.200
Mg 24.312 1.741
Mn 54.938 7.430
Si 28.086 2.330
5102 20.028 2.200
Ti 47.900 4.450
Ti02 26.633 4.260




2. MEASUREMENTS

The measurements of the mirror effective area were made at the long-beam
X-ray calibration facility at MSFC during June 1989. These are described
in Calibration Note 30. The measurements of the CCD, entrance and analysis
filters were made at LPARL in B255 in either the XUV monochromator/
reflectometer or the high-energy X-ray monochromator. The measurements
were made by Mons Morrison, James Lemen, and Hugh Hudson with help from
Lawrence Shing, Bruce Jurcevich, Wesley Brookover. Loren Acton and Richard
Catura provided helpful discussions and guidance.

3. MIRROR EFFECTIVE AREA

The SXT mirror effective area is described in detail in Calibration Note 30.
The curve that is labeled "a" in Figure 3 of that report is used here to
compute the SXT effective area as a function of wavelength.

4. CCD QUANTUM EFFICIENCY (QE)

The quantum efficiency (QE) of the flight CCD, FM44c, was measured in June
1991 by Mons Morrison and James Lemen. The measurements were made at 14
different wavelengths. The four shortest wavelengths were measured in the
high—energy monochromator and the measurements at longer wavelengths were
made in the XUV Monochromator/Reflectometer. These measurements were made
prior to these monochromators being moved from B255 to B252. The observed
data is shown in Table 2. The Cu L-alpha line (at 13.34 Ang) was measured in
both systems.

Table 2: Flight Model CCD: Measured Quantum Efficiency

FM 44C (28-jun-91) (No dead-time; 0ld PC eff for High-E)

Wave (Ang) QFE (%) d OE Line
4.15 77.68 0.65 Ag L
5.41 72.58 0.69 Mo L
8.34 55.17 0.44 Al K

13.34 53.62 1.84 Cu L

13.34 51 .,24 1.48 Cu L

17.59 28.85 0.78 Fe La

20.15 17.26 0.97 Fe L1

21.64 11.80 0.58 Cr La

23.62 35.95 0.19 0O K

24..25 35.39 0.76 vV La

24.78 32.19 0.47 Cr L1

27.42 24 .32 0.37 Ti La

31.36 16.93 Qu27 1 P

44.70 4,34 0.06 C K

67.70 0.36 0.01 B K

Loren Acton fit the above data with a model that represented the CCD as shown
in Fig. 8 of the Redbook (Tsuneta et al, 1991). The parameters that determine



the CCD QE are given in Table 3 including the fractional pixel areas which
gave the best agreement with the data.

TABLE 3: Flight Model (FM 44C) CCD DESCRIPTION

Material Thick (Ang)

Substrate Si 89490.6

Overcoat 5102 4871.7457

Poly Si gate Si 7698.8805

Gate oxide 5102 632.7
Fractional gate area = 0.4653573
Fractional open area = 0.47556174
Fractional shoulder area = 0.05908096

(These fractional areas sum to unity.)

Since the CCD consists of several layers, the QE for the SXT effective area
should computed assuming the CCD is a multi-layer. However, we have assumed
that incident angle is 0 degrees. CCD QE computation are shown in Appendix B.

5. ENTRANCE FILTER TRANSMISSION

The SXT entrance filters consist of a double filter. Each gridless filter
in the pair is made of Lexan coated with Ti and Al (Al is exposed to provide
the correct thermal finish). The design includes no support grid or mesh

since a grid would act as a diffraction grating in front of the mirror.

The double entrance filter is described in Table 4.

TABLE 4: Double Entrance Filter Description
Material Thickness Description

Lexan (C16H1403) 3600 Ang Support material

Ti 1400 Ang Exclude He 304 Ang

Al 1800 Ang Exclude visible, thermal control
Si 18 Ang

A1203 130 Ang

The SXT entrance filters were measured in the XUV Monochromator/Reflectometer
by J. Lemen during May—-June 1990. Loren Acton determined the best fit to

these measurements as described in his handout entitled "Resp Parameters—rev 3"
dated 15 March 1991 (MacIntosh Table). The entrance filter computation are
shown in Appendix B.



6. ANALYSIS FILTER TRANSMISSIONS

There are five (5) X-ray (metal) filters in the SXT filter wheel.
measured in the XUV Monochromator/Reflectometer and the High—-energy
monochromator by J. Lemen with help from H. Hudson. Loren Acton analyzed the
data and determined the best fit parameters as described in his handout
entitled "Resp Parameters-rev 3" dated 15 March 1991 (MacIntosh Table).

These were

TABLE 5: X-ray Analysis (filter wheel) Filter Descriptions

Yodat Name:
Nickname:

Al.1l
Thin Al

1265 Ang Al
12.65 Ang Si
27 Ang Al1203

AlMg
Dagwood

2930 Ang Al
29.30 Ang Si
2070 Ang Mg

Mg3

240 Ang Ti
2.52 micron Mg
70 Ang TiO2

83.6% mesh 562 Ang Mn 78% mesh
190 Ang C
83% mesh
Yodat Name: All2 Be
Nickname: Thick Al

11.594 micron Al
0.116 micron Si
110 Ang Al1203
83% mesh

119 micron Be

Since the filters consist of several layers, their transmissions should be
computed assuming that each filter is a multi-layer. However, we have assumed
that the incident angle is 0 degrees. The X-ray analysis filter computations
are not given independently in this report, however, the products of each filter
with the double entrance filter, mirror and CCD are shown in Appendix B.

The five X-ray analysis filters are located in the rear (gt filtb) position in
the filter wheel. In the front filter position (gt filta) there is a neutral

density mesh that is sometimes used in tandem with the X-ray analysis filters.
This filter has been described in Calibration Note 5 (Hudson and Lemen). The

neutral density mesh has a transmission of 8.3%.

7. RESULTS AND DISCUSSIONS

The SXT effective area through the five X-ray analysis filters and for the
case of Noback (open/open) is shown in Fig 1. The Noback panel is shown

on a log-log scale. 1In the other cases, the thin curve is the Noback curve
and the thicker curve is for the filter as given by the title. This figure
is to be compared with Fig. 2 of the Redbook (Tsuneta et al, 1991). Figure 2
(in this report) shows the percentage change ( [new-o0ld] / old ) of this
calculation (11-feb-93) compared to the July 1991 calculation. At 2 Ang the
difference between the two calculations is revised obscuration factor (see



Calibration Note 30). At wavelengths greater than 2 Ang the differences are
caused by the revised obscuration factor and the updated mirror calculation.
Figure 3 shows the double entrance filter, CCD QE and mirror area, and Noback
area in separate plot panels.

8. ACCESSING THE DATA FILE

The SXT effective area data is contained in a file in the Yohkoh software tree
called:

SDIR SXT SENSITIVE/sra930211 0l.genx
(at the time this report was compiled, $DIR SXT SENSITIVIE=/ys/sxt/response) .
This is a genx file and can be easily read in IDL using the procedure restgen
(stands for RESTore GENx file). For example,
IDL> restgen,file='$DIR SXT SENSITIVE/sra930211 01’,text=text,str=area

area is a structure variable. Using the help,/str,area command you will find:

IDL> help,area,/str
** Structure MAKE STR000002, 5 tags, length=11600:

WAVE FLOAT Array (290)
ENTRANCE FLOAT Array (290)
CCD FLOAT Array (290)
MIRROR FLOAT Array (290)
FILTER FLOAT Array (6, 290)
Thus, area.wave = wavelengths (Ang)
area.entrance = Double entrance filter transmission
area.ccd = CCD fractional QE
area.mirror = area of SXT mirror (cm™2)
area.filter = Product of mirror, entrance filter and analysis filters

The area.filter data is shown in Fig. 1 of this report are in units of cm"2.
The correspondence with filter is as follows:

area.filter(0,*) = Noback (open/open in filter wheel)
(1,*) = Al.1 (Thin Al)
(2,*) = ALMG (Dagwood)
(3,*) = Mg3
(4,*) = Al1l2 (Thick Al)
(5,*) = Be



APPENDIX A. WORK NOT DONE

There are several things that have not been done in this analysis, however,

their omission is not expected make a large change to the results.

list a few things that come to mind in no particular order:

Here I

1. Proportional counter dead-time corrections for filter transmission and

CCD QE measurements.

2. Effect of 4.3 deg incident angle on X-ray analysis filters and CCD.

w

Estimates statistical and systematic errors.

4, Mirror effective area needs to be checked with White Sands data which
was taken shorly before launch in May 1992.

APPENDIX B. DATA IN TABULAR FORM

The following table gives the SXT effective area from 1.27 Ang to 98 Ang.
The columns are as follows:

Label Units
Wave Ang
Entrance =

Mirror cm”™ 2
CCD —

Noback cm”™2
Al.1l cm”™ 2
AlMg cm” 2
Mg3 em*2
All2 em™2
Be cm”™2

Description

Wavelength
Fractional transmission of double entrance filter

Effective area of SXT mirror

CCD
Eff
Eff
Eff
Eff
Eff
Eff

QE

area
area
area
area
area
area

(fractional quantum efficiency)
open/open selected

for
for
for
for
for
for

SXT
SXT
SXT
SXT
SXT
SXT

telescope
telescope
telescope
telescope
telescope
telescope

with
with
with
with
with
with

Al.1l
AlMg
Mg3
All2
Be

filter
filter
filter
filter
filter

(includes obscuration)

selected
selected
selected
selected
selected
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