The photometric effect of errors in Y—position could not bq)?v

determined directly ta better than . 5 percent from the obsarved

Pt-Cr-Ne emission 1line spectra, However, the light losa caueeqfviﬂf-
by an incorrect Y-center can be modeled veing the maah,point:‘.

source cross-sections and the mean loci of Y-centers, Eﬁamplag":l
of observed light loss curves derived from high signal-to-noiés . -

external Tungsten lamp continuum spectra are presanted. Thasei““"'

resulte will provide a useful check on the subsaquent modaling.
6.3.2 Location of Spectra
6.3.2.1 pefinition of v-pase ang Theta-z

In order to determine the center of a sEpectrum on the photo~lf~f“

cathode, the diode array is stepped perpandicular to tha diaper-

sion to nmake a Y-map. fThe- standard Procedure in ground calibraj.':":

tiona was to use 24 Y-steps covering a range of 384 ﬁicrdna,

resulting in an image with a step size of 16 misrons in Y, and-'f“'
812 pixsels on 5o micron centers in X. The Y-map is centereq on

the expected position of the spectrum, We are intefeated in

computing two parameters from the Y-map: (1) the optimum y=

deflection for acquiring the spectrum, referred to as the Y-baaaf“

and (2) the angle that the spectrum makes relative to the diode'

array, designated theta-z.

The optimum Y-deflection is determined in the f°110w1ng,‘35- 
manner. oOnce the Y~center of the spectrum is known- as a functionJ €“a
' of diode number, a linear curve is fit to the points. The dataf,fo
pPoints that define the Y-center can deviate from a straight line:iéﬂjt
because of amall distortions in the maqnetic focusing 1131d3h15 F 

he linear fit 1 then used to define the Y-base, When ' ‘the - -
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entire dilode array is covered by a epectrum, the Y-base is evalu~
ated at diode 266, the X-center of the array. For other
dispersers, where only part of the diode array is used, the Y-
base is evaluated at the center of the spaotrum. Thess central
X-positions are tabulated for all disperser/tube combinations in
Table 6.8,2,1-1. Examples of Y-center curves and best fit lines
are shown in Flgures 6.3.,2.1-1 through 6.3.2,1-4. Y-bases are
measured in "¥Y-bage unite,n whioh correspond to microna to within

10%., The angle theta-Z is defined as the arctangent of the slope
of the best fit 1line,

€.3.2,2 Algopithms for Determining the Y-Center of
Spectra '

Conelderable thought was given to the problem of devising a
genaeral algorithm to determine the Y-center as a function of X.
Since the prime method of determining Y-bases uses the on-hoard
Pt-Or-Ne lamps and since many regiona of intereat ocontain few
bright emiseion lines, the algorithm must work well on low
signal-to-noise data. Furthermore, many epectra are not well
centered in the Y-map, ®0 that the algorithm should be insensi-
tive to trunocation of a Y oross—section. The shapes of the
orogs-sactions in Y vary with aperture size from the aquare shape
shown in Figure 6.3.2.2-1 to the triangular form shown in Flgure
6.3.2,2=2. Three methods for determining the center of such
curves were considered: (1) cross-correlation, (2) centroiding,
and (3) contour averaging. The crose-correlation method was
selected, because it produced the best results for low signal
levels, The merits of each method are briefly discussed in the

following sectione.
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Table 6.3.2.1-1 ST

END POINTS, X-CENTERS, AND EXPOSURE TIMES FOR FOS-SPECTRA':

GRATING ENDPOINTS RED DETECTOR EXPOSURE TIMR
. (PIODE) CENTER (DIODE) PER Y-STEP (8)
13 [ ] * K

H10 3906 108
H27 b12 268
H40 512 266
H57 612 256
H78 512 283
L156 126 63
L85 214 107
PRI 497 415

2;—-:—-:—-:—1;
= bt ut it Bt O O B

o0
w
O3 ot i
o
‘o

GRATING ENDPOINTS ELUB DETECTOR  EXPOSURE TE -
(DIODE) CENTER (DIODE) PER Y-STRP (8)
B13 60 512 248 10

H10 512 258 6
H27 . B12 256 & -
H40 512 258 2
&
"

Pt el ek

B57 208 108

78 « . o

L15 318 612 416 10
-1 205 373 334 10
PRI 27 178 102 - 0.8

*This combination 1is never used

Based on the June 1985 wavelength calibration by Sirk’
and Bohlin, S . o
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Y-cenler froi

-1080 Red tuble H40 A4 20-—AUG;—-84 file=¥oy0037

-1070 L

~=1080 |

-1090 |

—~1100 |

~1310 |

-1420 .

-=1130 1 | 1 1
o 100 200 300 400 500
X (diodea]

Flgure 6.9.2.1~1. Y~center &8 a funotion of diode for red tube
H40, ambient calibration, 21 kv voltage, August 20, 1984.
Crosses: the VY-centern for each bin. The solid line 1@ the
least sguares fit,
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—-300 Red tube PRI A4' 20—-AUG—84 ﬁle=):oiy0043

~308 |

-310 |_

-31% L

Y-center {microns]

-320 |

=325 |

~330 i I 1 - _
400 420 440 460 480 - . 300
X [dicdes] i

Figure 6.3.2.1-2. Y-center as a function of diode for red tube .-
prism, - ambient calibration, 21 kv voltage, August 20, i084,. -
Note that +the X scale is expanded to cover the region from -.-
diode 400 to B0OO where the priem spectrum (= located, s
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B.we tube H27 A4 17—juL-—-B84 fue=yocx3a—Xx
I 1 i ]

-960 | , -
-970 | ’
-980 |-

-990 L.

Y-center [microns]

=1000 L.

-1010 [

L1 ...

- 1020 1 M| 1
0 100 200 300 4Qo
X [dlodes)

o
o . .

[y ]

Figure 6.9,2.1-3, Y-center as a function of diode for blue tube
E27 vacuum calibration, 28 kv voltage, July 17, 1984.
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540 Blue tube H57 A:l

17=JdUl.—-84

flle=yax04~&

530 [

520 | +

510 |

Y-center [microns]

500 k

490

i

\._
-+

A 1

[} 100 200

Figure 6.3.2,1-4,
H57 wvacuum
diode array

because the blue

Y-center as a function'of_diode"for“blua_tﬁﬁe" "

1984. The .
. apectrum,

calibration,

1 i}
300 400

X [dioces)

23 kv voltage, July 17,
is only partially
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80000 Red tube H78 A4 20-.—AUGI—84 fi!e=lyoy0040

60000

40000

Sum of counts in a 51 Fode bin

20000

Fig\l!‘e 6.3-2-2“‘1.

microns,

Y—gtep

Cross-section of the 0.1 arcsec epectrum with
a bin gize of

60 diocdas. The eize of the Y=-pteps is 18
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80000 Red tube; H27 C1 20--AUG'—B4 file=-:ycy0052.

60000

€ 7

£

§ .

8 S
o IR B
£ 40000 _ A

»

[=

-

[+]

[¥]

B

£

-

I 20000 -

~-¥igure 6,3.2,2-2, Cross-section of an 1.0 arcgec gpectrum with a .
bin size of 50 diodes. The profile is much more rounded

than the 0,1 arceec aperture, because the spactrum is almost
as wide as the diode array., : o
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3.3.2.2.1 Q!‘ggg-ﬂozrg;ﬂtion

A square template ls cross-correlated with the Y cross-
section to determine the point of bast correlation which defines
the center of the spectrum. In order to imprave the counting
statistios, the spectra sre summed in 31 diode bins, resulting in
10 data points per spectrum in X, The bin size is a conpromise
- batween the need to produce emooth cross-sections in reglons of
the spectrum with few emission lines, and the need for enough
data pointe in X to messure the curvature adeéuately. The effec-
tive center of each hin depends on the distribution of spsctral

linea within it. The bin center i1 ocalculated with a centroid

in X,
) X, ¢
X = i“i
Eci

where ¥y are the diode numbers and ¢; the corresponding count

rates,

To simplify template fitting, each Y croee-section is norma-
lized to its peak., Only two template widths are netesseayry to
accomodate &all the aperture sizes, because for apertures one
arceseo and emaller the FWHM is determined by the 1.43 arosec {200
mioron) dicde height, The remaining three apertures are 2 arceec
wide in the Y-diﬁgctlon, producing 280 miecron cross—-sections. A
quadratic fit 1is made to the three points at the peak of the
correlation curve to determine the center of the spectrum. The
algorithm ie the same as that used to determine the lina centere

in the FO8 wavelength calibration.
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This method produces satisfactory results when the number of = .-

counts in the peak of the cross-section is greater than 200. ‘R34'1 
sulte for bins with fewer than thie number of counta_are‘ﬁof.fo”
included in the Y-center plots. This is particularly‘1der{§nt_ ~.f.

for the low resolution and prism dispersers where the,spectrum‘ié'}-3'

confined to a small portion of the diocde array.

6.3.2,2.2 cCentroiding

The centrolding method ls simpler and computationally fastgr,f
than cross-correlstion, but has two najor drawbaéké: {1 thﬁ‘: .
¥Y-center is easily thrown off by noise due to poor coﬁnE1595 jf:
statistics in the cross-section; and (2) centroidinq‘prodﬁoes“fi'.
incorrect results when a Y-map is truncated, which ie ofténfthe_ﬁv.h

case in the existing calibration data. A crose-section consiﬁté,::_f*

of a get of Y-positions ¥y

The centrold in Y is then:

T y. C.

. i-i
Y=§‘
Ci

The truncation problem can usually be alleviated’ by'cqnﬁz'l
troiding only those data points which are above the hélf—maximuﬁ fj::f

of the cross-sections. The Y-maps are rarely truncated more éhah :Wf"

this., There is

and the corresponding count rates cig ’

no correction for the errors produced by poor

counting statistips in Y-cross-sections, so this method is not .

considered suitable for general use.

6.3.2,2,3 Contour Averaging

Contour avaraging 1in effect computes the Y-positions of the:*z"’ "”

upper and lower edges of the spectrum, then uverngea_thém td $ind B

the center.
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«2, .4, .6, and .8 are computed for a Y-map where each Y cross-
gsection has been normalized to Jits peak. The contours for a
continuum spectrum are shown in Figure 6,3,2.2,3-1. The avarage
of the Y-positions of matching contour lines gives the center of
the spectrum in Y along the dicde array. Increasing the number
of contours in the average does not result in more mccurate Y=
centers, because the additional contours are interpolated between
the same data points in the cross-section.

Contour averaging uses only the data in two or three Y-steps
at the upper and lower edges of the spectrum. The cross-sorrala-
tion method is also influenced mainly by the points at the edges
of the spectrum, because that is where the difference between the
template and the spectrum -Eéosu-aeation is greatest. Thus, the
two methodes are guite similar for high signal-to-nolse data,
Indeed, the two methods agree to within 2 microns (one-eighth the
Y=-step size), which is remarkably good agreement oconeidering the
200 micron resolution of the Y-maps, The nain drawback <to
contour averaging i1a that it does not work well on no;ay croass—
sacticne, bhecause linear interpolation is used to caloulate the
contours, and interpolation doea not produce satisfactory results
oh non-monotonic funotions, Therefore, cross-correlation is pre~
ferred over the contouring taohnique, ginca oross-correlation
gives more precise results with iow count-rate data,

6,9.2,3 Y-Bave and Theta-Z Measuremepts

Numerous Y-base and theta-Z measurements were made during

the vacuun calibration of July 1984 and the ambient caelibrations

of June and August 1984, The vacuum'Y—maps ware made with the
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PLt~Cr-Ne enmission line Jlamp, while the amblent Y-maps use the
Tungaten and Deuterium external continuum lamps. The spactra
ware correctad for paired pulse effects with the constants tl =
~0,17 x 10°5 ana t, = 10,5 2 10" seconds. AIl Y-base measure-
ments taken since the removal and replacement of the Diglcons in
the spring of 1984 are summarized in Table 6.3.2.3-1, The range
referred to in this table im the +total variation in Y-center
across the dlode array, which is affected both by theta-Z and tha
amount of distortien. The FO8 flle-name listed in eixth column
conelets of a three lettey tape designation followed By the
numbay of the file. Files on a given tape are numbered consecu-
tively, e.g., file YAAOOO1 is the firet file on tape YAA. Not
all consecutive files were recorded without filter-grating wheel
movement. The ecatter in the Y-base values due to the filter-
grating wheel repeatability is discussed by Hartig, Bohlin, and
Harme in CAL/FOS-012 and by Hartig in CAL/POS-017,

The value of theta-Z is highly depsandent on where the end-
points of the spactrﬁm are ochosen for the Jlow dispersion modes
with shart epeotra, and for high dispersion modes with partial
coverage (H18, H78 hed and H13, R57 Blue). Feor example, on HE7
blue, the theta-Z derived from the first 200 diodes is -0,%03B
compared with 40,9035 if fainter spectral lines out to diode 850
are used, However, the calculated Y-bases differed by only three
microns. Because the faint lines are not detected in short -
exposures, the endpoint of the spectrum was set at diode 200.
The typical error in the determination of theta-Z is .01 degrees

for gratinge that utilize the entire diode array, and 0.6 degrees
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where theta-2 is calculated from fewer data points. The beaégfl- .
values are accurate to better than B microns in all cases.. 91559 'T"
the Y-base depends on where the endpoints are chosen, the ,ﬁd;j];;ff |
points of the spectra used to compute theta-Z are listed in :ablef”"::”
6.3.2.1-1, Exposure time may also affect the measured value of R
" theta-2z, Underexposure may result in the loss of fainter gpéciuf”
tral 1lines at the ends of a spectrum. To avoid this, wq;‘_
recommend using the optimum exposure times for tha‘:o; arcsgd'r’;

aperture listed in Table 6.3.2,1-1,

6.3.2,4 ghifts Due to Changes in Temperature and Digi= - .- _
con Voltage ‘ ‘ S

The Y-base and theta-Z measurements were examined to inves- o
tigate whether systematic shifts occurred between data takeﬁ'at,;x
different temperatures. There are three temperatures to be con-

eidered: cold operate in vacuum at =-30°C, hot operate in vggudm_f':

given temperature were averaged in this analysis., On the red  [ B
tube, there was no systematic shift in Y-base due to tempqrature{nﬁV 3'
the mean Y-base shift between cold operate and ambient was -17':
microns with a standard deviation of 34 microns. 'Howaver,‘tﬁésf; 
red tube did show a syetematic change in theta-Z of'.oaz t{.012::f
degrees between cold operate and ambient., The blue tube shonéd.a_.;”ff
systamatic shift in Y-base of -61 + 31 microns Betwuen ~§ol§:
operate and ambient, but the blue side theta-Z did not shgﬁ,al'%
systematic shift: the mean was shift -,004 + .026 degraoa,_‘xhg:“:-_
offeets due te changes in temperature are 1listed in Taﬁlaélﬂ?il'
6.3.2.4-1 and 6.3.2.4-2. -

at ~10°C, and ambient calibration at 20°C. All observations at a. l



Tabla 6| 3.2 03-1
Y~BASE AND THETA-2 MEASUREMENTS

GRATING APERTURE Y-BASE BANGE INY THETA-Z FPILE  MAX CTS
(microns) (microns) (degrees)

~ HED TUBE, AMBIENT, 22 JUNE 1984, TEMP=ROOM, V=18KV, TUNGSTEN LAMP

na7 Ad 815 a2 -0.082  YAQOOO? 1372
B27. AdU 761 2 -0.045  YAQOOSB 1270
H40 Ad ~1122 26 -0.023  YAQOO78 1076
00 Ad -1122 25 -0,022  YAQUO?77 - 1060
H40 AU -887 U -0.020  YAQOO78 680
E40 AU - -881 21 -0.014  YAQUO79 075
H4O AdU -808 238 ~0.021  YAQOOS0 085
B7 Ad -1318 az -0.062  YAQOOB2 2587
Bs7 M -1318 a2 -0.051  YAQOOSS 561
H§7 A 1281 . 97 -0.043  YAQOOSO 1320
- 87 Ad -1281 81 . ~0.040  YAQOOO1L 1137
BS7 A4 -1208 32 -0.061  YAQOO92 1074
RE7 Ad ~1207 82 ~0.061 = YAQoO®S 1072
B&7 A4V -869 a1 ~0.040  YAQOO94 1011
B&7 B2 -1106 a1 -0.080  YAQO107 5878
H78 AdU 828 21 0.008  YAQOOS87 1378
H78 Ad 186 a1 0.008  YAQOOSS 2282
078 A 186 20 0.004  YAQOOSO 1125
L85 M -381 87 0.23 - YAQOORO 23350
168 ' -360 .87 0.2  YAQOI00 4700
L86 A -850 87 0.28  YAQO101 4680
185 AdU 7 87 0.24  YAQO102 2030
PRI M -372 5 -0.13 YAQO104 55158
PRI AU 71 7 -0.15  YAQO105 33620
BLUE TURE, AMBIENT, 22 JUNE 1084, TEMP-ROOM, V<18KV, TUNASTEN LAMP
H4O A2 644 a1 0.086  YAROO22 1840
H67 Ad 585 10 0.030  YAROO2S 597
L85 A ~203 26 0.21 YAROO24 1172
ELVE TUBE, VAOUUM, 11 JULY 1084, TEMP=-300, V=28KV, PLATINUM LANP

H3 Ad -240 18 -0.087  YAT1808 1437
H18 Ad 249 16 -0.030  YATIBG7 1437
ns M ~281 17 -0.04¢  YAT1898 1053
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Table 6,3.2.3~1 Cont'd

ORATING APRRTURE Y-BASE RANGE IN Y THETA-Z
(microns) (microns)

BLUE TUEE, VACUUM, 11 JULY 1984, TEAP=-300, V23KV, PLATINUN
Ble

R19
B19

B27
B27

B40
B40

BB

L85
Les
Leb
Les
L8s

PRI
PRI
PRI
PRI

Ad
Ad
Ad

Ad
A4

A4
A

A

A
A
Ad
AM
M

Ad
Ad

M

M

~-538
-538
-537

-881
~972

520
614

866

~314
~310
=319
-267
-283

-300
-303
=341
-361

RED TUBE, VACUUM, 15 JULY

H19
H19

§27
H40
57
H78
L15

03

H10
Hig
E19
He

Ad
AdU

Ad
A
Ad
AdU
A4

AdU

Ad
M
A2
01

-218
216

318
~1112
-1207

b87

=121

+214

~514
-4989
-501
=501

1084,

18
22
24

25
25

18
19

17

24
34
20
25
20

LB ~2- 8. ]

oa&hB% 8B

19

-212~

(degrees) . .- : I ]
L e
0.088 YATI876 -~ g7 . - I
0.10  YATI87? - go . ..M
0.11  YAT1878 - - 75. . l
0.084  YATIB74 853
0.080  YATIB?S o7 R
0.043  YATI87Z 1732 L l '
0.065  YATIS?S = 1004
-0.044  YATIZ0P 1053 f--j . '
0.14  YAT18B4 1308 RS
0.20  YAT1885 1235 S l
0.17 ' YATIS85 1160
0.15  YATI800 - 1g03
0.18  YATIsO4 1182 . I
=011 YATISSY arpe %
-0.08  YATI888 ' 20238 ' .. .
-0.01  YATI802 . 2081 I
-0.08  YATisos . 2165 - .0 W
TRP=-300, V-2IKV, PLATDWA LAWP T I
~0.077  YAX0020 .285{ . - . -
-0.083  YAX0021 2405 l
0.1 YAXoo22 o960 @@ . @
-0.082  YAY0025 @948 - . .0
-0.10  YAX0028 81335 l
-0.058  YAX0020 14333
010 YAX000 400 - oS
-0.040  YAYO487 7300 . l
0.070  YAXO474 - 3500
0.067  YAXO486 g500 . . l
0.068  YAZO480 7000 . . |

BLUB TUEE, VACUUM, 17 JULY 1084, TEMP=-100, Vu23ky

FILE  MAX 0§




Table 6.3,2.3-1 Cont'd

GRATING APERTURE Y-BASE RANGE IN Y THETA-Z FILE  MNAX 0TS
(microns) (microns) (degrees)

BIUE TUBE, VACUUM, 17 JULY 1984, TEMP=-~100, V=23kV, PLATINUM LAMP

H10 B2 =280 5 0.087  YAX04B81 2007
H19 B3 -287 26 0.068  YAX0482 8206
H10 A2 =601 26 0.085  YAX0486 2602
Hio A3 =502 82 0.074  YAX0487 1005
H10 c1 ~501 24 0.083  YAX0480 7027
H10 o2 =300 7 0,060  TYAX04080 8743
H27 M -086 0.050  YAX0473 13000
H0 A 607 16 0.037  YAX0476 25000
R40 A 500 16 0.034  YATIO500 4007
H40 AU 023 18 0.037  YAY0400 4152
R40 01 4900 18 0.038  YAX04D8 81008
B40 1 400 4 0.037  YAX0407 31004
R40 01 920 14 0.036  YAXO408 31684
B40 A3 497 15 0.040  YAXO501 14087
H40 A3V 016 16 0.036-  YAX0502 13028
H40 A2V 920 16 0.037  YAX0503 10386
B40 A2 803 16 0.030  YAXOS04 10438
140 B3 714 156 0.038  YAXOBOG 28848
B40 B2 711 18 0.042  YAXO506 pBs2
H40 B1 714 15 0.039  YAX0507 0710
67 Ad B16 0 -0.043  YAXO478 20000
L15 AU +B 2 0.008  YAX0460 2000
1656 Ad ~274 21 0.22 YAX0471 24000
RED TUBE, VAOUUM, A7 JULY 1984, TEMP=-100, V=21KV, PLATINUM LAMP
Ri9 Ad -212 a2 -.073 YAX0522 2600

R27 A +342 42 -.004 YAX0523 30000
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Table 6.3.2,3-1 Cont'a

GRATING APERTURE Y-BASE RANGE INY THRTA-Z  FILB. MAY 078
(picrons) (microns) (degrees) .

ELUE TUEE, VACUUM, 20 JULY 1084, TEMP=-100, V28KV, PLATINUM LAP

013 Ad -222 16 -0.084  YAX0902 - 274 I
H13 AU 201 18 <0.11  YAZ0003 824
H13 M -234 20 -0.12 YAX0920. - - 246 I
B13 AdU 184 13 -0.081  YAxoezr 871 - - .
RED TURE, VAOUUK, 20 JULY 1084, TEMP=-100, V21KV, PLATINAM LiWP =~ - l
E78 Ad 151 37 -0.12  YAY0D07  9B0S A
E78 Ad 186 26 -0.078  YAX0908 0338
B78 AU 806 22 -0.072  YAX0o08  6ep8 .. . l :
RED TURE, AMBIENT, 20-21 AUGUST 1084, TEMP=ROON, V<31LV, TUNGSTEN LAWP: - ' .
H10 01 -260 33 -0.044  YAYOOB4 825 . ¢ l
Hi0 cs -40 27 -0.032  YAY0082 = 643 oo
E19 B3 -57 26 -0,036  YAYO085 ' 248 l
H27 Ad 280 32 -0.066  YAYO047 851 . 3
B27 AU 714 30 -0.062  YAYO038 250 e
H27 A2 200 32 -0.056  YAY00456 6181 RE l
B27 A3 200 82 -0.057  YAY0046 1460 R §
E27 Bl 489 31 -0.06¢ YAYO048 4708
B27 B2 492 30 -0,062  YAYOO49 1673 T
27 B3 491 31 -0.066  YAYOOB0  ©O8B4 - - l
E27 c1 288 33 -0.060  YAY0052 12616 .
E27 2 508 a1 -0.068  YAYO0S3 . 0000 S
527 c3 510 20 -0.054. YAYOOBd 24030 S I
27 04 502 34 -0.082  YAYO0S6 20610 s 3
B40 M -1000 20 -0.020  YAYO037 4800 l
134 M 1285 a2 -0.048  YAY0039 10000 .
78 Ad 140 23 0.002  YAYOOES 11088 - - ..:. o
78 AU Bes 23 0.007  YAYOD40 - 7000 . . . .- I
78 A2 140 22 0.002  YAYO056 54048 R
E78 A3 142 22 0.002  YAYOOB? - 99263 .~ . -
H78 Bl 342 21 0.003  YAYOOED 41567 - - I
B78 B2 344 20 0.001  YAYO080 - 32008 - . B
E78 - o2 858 21 0.008  YAYO0BL 40137 BRI
185 M 380 28 0.23  YAYOO4d  .BOOD I
PRI M -317 5 -0.043  YAYOO43 60000 e
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Table 6.30203-1 Cont.d

GRATING  APERTURE Y-BASE
(vicrons)

H10 01 -561
H27. A3 1087
| H40 M 412
. H57 Ad 478
L85 M .33

I PRI A4 ~434
The lower half of a paired

MANGE IN Y THRTA-Z FILE  MAX OTS
(microns)  (degrees)

BLUE TUBE, AMBIENT, 26 AUGUST 1984, TEMP=ROON, V=23KV, TUNGSTEN LAMP

31

0.072  YAZ0108

28 0.064  YAZ0107
20 0.054  YAZO108
7 =0.013  YAZ0108
50 0.16 YAZ0110
3 ~0. YAZO111

aperture was used unlese otherwise

noted with a U for the Upper aperture,

827
1128
808
1130
2038
1720



Table 6.3.2,4-1.

Y~-BASE OFFSETS DUE TO CHANGES IN TEMPERATURE

Red Tube , V=21kv, 0.1 arceec aperture

Y-base  Y-base S8hift between  Y-base  8hift. batween SRR
Grating Tw=-30 Te-10 T=-30 and t=-10 Ambient T=-30 and Inbient -
(nicrons) (microns) (microos) (microns) (ni.crons)
H1D -218 -212 0 ~261 =43
B27 316 842 28 98¢ -97
B40 -1112 -1080 “13 .
He7 =1207 ~1266 ~52
3780 ' B87 593 26

Blue tube , V=23kv, 0.1 arceec aperture

Menn: -17 +/- 34

Y-base Y-base Bhift between Y-base Shift between
Grating T30  T=-10 T=-30 mod t=-10' Acbient T=-30 and mbian'h SR
H19 =537 =514 23 =881 -24 Y
R27 -977 -885 -8 =-1067 B0
B40 817 507 =10 412 - =106
B&7 558 516 -~40 477 70
185 -300 -274 “ -336 -88 |
PRI -390 ' ~434 " S : et
: Mean: 2 +/-82 Mean: -81 +/- 31" -

Table 6,3.2.4=2

THETA-Z OFFSETS DUE TO CHANGES IN TEMPERATURE

Red Tube , V=21kv, 0.1 arcsec aperture

Theta-2 -'!‘hetn-—z Shift between Theta-Z Bhift between .

Qrating Tu-30 Tw-10 T=-30 and t=-10 - Ambient T=-30 and’ anbient
(degrees) (degrees) (degrees) (dagrees). (dqgrees)
nlg '-1077 -I°72 -ms ’ --044 033
02?7 -.100 -.003 018 -.066 063
n40 -.082 --020 n°ﬂ2
BE7 - -,100 =-,048 . +0b2
mw -1058 -.043 015 .m" -055

Blue Tube , V=23kv, 0.1 arcsec aperture

Theta-Z Thatu—! Bhift between  Theta-% Shift bebwun o
-—drsting - Tw-30 -~ Tw=10" T=-30 adid t¥-10 “Ambient~ TS-30 and nnbi.anb
19 .108 ,080 ~.026 072 -.084
I27 .082 .050 - 012 » 055 ° .w7 .
B40 .049 .034 -.015 .084 -, 005 ,
557 --0‘4 -0“3 .WI - 01‘ '030 ) . .
' Mean: ,013 +/- 011 Mean: -.,004 +/- ,026
"216- . . . '. :'

lean: 083 - -°12,-*1"’"'."‘




Tabla 6.3.2-4_3
Y~BASE OFFSETS DUE TO CHANGE IN VOLTAGE

Red Tube, ambient, 0.1 arcsec sperture

Grating Y-base 18kvy Y-base 21kv  Bhift batween
(microns) (uicrons) 18ky and 23ky
H27 315 280 -26
H2TU 751 714 -37
B40 =~1044 ~1009 ~bb
57 -12320 ~1266 -30
578 188 140 -48
78U 827 593 -34
Mean: 40 +/- 10
. Blue Tube, aubient, 0.1 arcsec aperture
Grating Y-bass 18kv Y-base 23kv  8hift between
. (microns) (microns) 18kv and 23ky
B19 ~487 - =124
B27 -864 ~1057 ~103
H40 b44 412 =132
Hs7 586 476 ~100
L66 =203 ~-336 -133
PRI -208 ~434 -139
-128 +/- 14

Table 6.3.2.4-4
THETA-Z OTFFSETS DUE TO CHANGE IN VOLTAGE

Red Tube, ambient, 0.1 arcsec mperture

) Grating Theta-2Z 18ky Theta-Z 21kv Shift between
. (degroees) (degrees) 18ky and 23kv
= 527U -. 045 -, 082 -,007

nm " 012 . - 020 - WB
B57 - 049 - NB » WI
B78 » .005 L] 002 - 004
E78U 008 007 001

Nean: 007 +/- .009.

Blue Tube, m'bi.ent. 0.1 arcesec aperture

Grating Theta-% 18kv  Theta-Z 23kv  Shift between
degrees) (degrees) 18ky and 23kv
540 .088 .054 -.032
n57 .039 "uola e




calibration, the blue and red Digicons were operated ﬂt-zé Bﬁd.?“v N
21 kV, respectively. However, in the June ambient ca;ibrgfian}:
data was obtained at 18 kV for both detectors. Bqth detéétnfsni ,
showed systematic decreases in Y-base values with incre@égdf}t‘}h
voltage. The mean Y-base shift for the red tube between the Juﬁﬁf”;:fﬁ
and August calibrations was -40 + 10 mdcrons. Tbé'”bluelxthﬁérl
Y-base measurements from June are only available on taﬁe‘fgfgf?;f.
ératinga H40, BE7, and L66. This Gata was supplement?d by Y-basal'f:J
values calculated in FOS Calibration Notebook 3 for grgtingé H1§,J?if;;1
H27, and the prism. The mean shift for these six dispersevs s
=123 + 14 microna. ‘When Y~base values from the Foslnoteboﬁk Qpe' .L E
compared to those calculated from the data tapes by thg metﬁ°q~;;,

discussed here, the results agree to within B microns. théta-2 :;':-
did not shift systematically with voltage on the red tubq:_ tha:i;f"
mean shift was .007 + .009 degrees. Theta-Z compariaénsvhetwééhj '?
18 and 23 kV are available for only two gratings on the blue .

tube. The shift on H40 was -.0Q32 degrees, and "052-5995933 Oﬁﬂffj‘;

H&G7.

with full spectral coverage. The offset due to "changee in .

voltage are shown in Tables.6,3.2.4-3 and 6.3.2.4-4.

6.3.2.5 Mean Point Source Cross-Section

The main interest in FOS photometric preciaibn_is for stél;ﬁ‘_i_j
lar point sources, which are adequately approximated‘by thetfuilfﬁ;'ffF
-il)uminated 0.1 arcsac aperture. The mean croaafaqction.of anﬁf]ﬁfﬂ
.Eos spectrum taken with the 0.1 arcsec aperture wasvcdmpgﬁéd'ﬁyi..‘

- @veraging ten cross-sections from one spectrum on each detector,. i

~218~

Theta-Z comparisons were made using_ only those gratings . ;. -

During the July vacuum calibration and the Auguet ambient S



Each oross-section i1s the eum of the oounts in a B0-diode bin.
The cross-sactions were normalized to their peaks, and then
interpolated on a one micron grid. The ocenter of each cross-
section was determined by croaa-oorrelation. and the interpolated
eross-sections were then centa;ad and summed to produce the mean
curve, The H78 Y-map in file YAY0040 was chosen for the red tube
cross-section, because it was one of the few that was not
truncated, and yet had sufficient counts for one percent
accuraoy, The H40 Y-map 4in file YAXO501 was used for the blue
tube cross-section. The FWHM is 206.0 Y-base units (equivalent
to microns to within 10%) for the blue curve and 206.3 Y-base
unite for the red ourve. The mean cross-sections are tabulated
in Tables 6.3.2,6-1 and 6.3.2.8~2, and plotted in Figures
6,3,2,8-1 and 6.9.2,5-2, where Y-base unite and microns are used
interchangeably, even though Y~base unite are only approximately
eguivalent to microns. -
6.3.2.6 Mean Reduced Loous of Y-Centers

The average Y-genteyx ;s a funotion of diode numbeyr in an FOS
spectrum was determined for each detmctor. The effect of the
different orientation (theta-Z) of each grating was removed by
computing the deviation of the Y-center f£rom the beat £it line
for each grating., The results for the three fully ocovered
gratings on each side (Blue - H19, H27, H40; Red - H27, H40, HB7)
were shifted to zero Y-hase and averaged to obtain the f£final
curves, dillustrated in Figures 6.8.2.6~1 and 6,8,2.6-2, and
lieted in Table 6.9.2,6-1,




BLUE TUBE MEAN POINT SOURCE CROSS-SECTION N e I

Y
(MICRONS)
-150.00
-145.00
-140.00
-135.00
-130.00
-125.00
~120.00
-115.00
-110.00

. : -105.00
Y - ~100.00
-95.000
-90.000
-85.000
-BOlm
-75.000
~70.000
-85, 000
-80.000
-55,000
-50.000
~45.000
-40.000
-35.000
-30,000
-26.000
-20.000
-15.000
~10.000
-§.0000

Table 6.3.2,5-1

INTENSITY
4.13142E-02
4.45500B-02
§.01553E-02
-83002E-02
.07506B-02
.03101E-02
13048
.18436
.27368
.43243
.605633
.77064
.88500
.02411
08145
07578
.68225
.88720
.Bo058
0.909310
0.09531
0.99601
0.99768
0.60803
0.69833
0.60826
0.90788
0.069768
0.98818
0.99905

COoOO0O000O00000O000O~It
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Y

(MICRONS)
0.0000
5.0000
1°|m
15.000
20.000
25.000
35.000
40,000
45.000
50,000

*SRBIAIRSH

22858888888

b Pk et
S&8
8

888

58REEE!
8888

8

180,00

INTENSITY
1.0000
0.00989 -
0.00887
0.99739"
0.99590
0.99490
0.09354
0.09268
0.99170
0.00081 -
0.98852
0.08874
0.98217
0.97501
0.06523 .
0.05167

0.91036

0.83798

0.74170

0.50572

10.42042

0.18328
0.11605 .
8.30821E-02
8.30523E-02
5. 40057E~02
4.62675E-02
4.02842E-02
8.75334E-03 .

0.27304 l




Table 6,3.2.5=2

I BLUE TUBE MEAN POINT SOURCE CROSS-8SECTION

Y Y

(MICRONS) INTENSITY (MICRONS) INTENSITY
-150,00 2,185728-02 0,00000E+00  1.0000
-1455w 3-044613‘02 SOM llmls
=140.00 4.270278-02 10.000 1,0026
-135,00 5.86833E-02 156.000 1.0027
~125.00 0.12616 25.000 1.0008
«120.00 0.17348 30.000 1.0003
-115.00 0.25360 35,000 0.90078
-110.00 0.35651 40.000 0.00026
-105.00 0.47012 45.000 0.00850
-100.00 0.58500 §0.000 0.90881
-06.000 0.69566 56,000 0.90012
-90.000 0.70401 60,000 0.99734
-85,000 0.87521 65.000 0.69160
-80.000 0.92664 70.000 0.08287
=75.000 0.06811 76.000 0.06440
-70.000 0.67718 80.000 0.82870
-65.000 0,98384 85,000 0.87438
~60.000 0.08824 £0.000 0.808381
~55.000 0.069301 95,000 0.70301
=50.000 0.09483 100,00 0.58684
-45.000 0.00521 105.00 0.46980
~40.000 0.99533 110.00 0.36138
-85.000 0.90587 115.00 0.26733
-30,000 0.006840 120,00 0.18314
-25.000 0.99854 126, 00 0.12813
-20.000 0.09867 130.00 0.208258-02
~15.000 0.09706 136.00 8.4001BE-02
~10.000 0.98779 140.00 4.71736E-02
~5,0000 0.90879 145.00 8,67673E-02




Intensity normalized lo peok

Red TubeMecn Point Source Cross—section
1 1 I I !

0 1 | 1 1 1 . ;
-150 —-100 -50 (o] S50 100 150

Y [microns]

Figure 6.3.2.5~1. Mean crose-sections of a point eoufce sp'ectrum'
4s represented by a 0.1 arcsec aperture spectrum with tha :
red and blue detectors. This cross-gsection should adeguatae-

ly represent the actual cross-section for a point sourge in. = .
any FO0S aperture.
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Blue Tube Mean

Point Source Cross—section

I 1 I

0.9

0.8

0.7

0.6

0.3

0.4

Intensity normolized to peck

0.3

- 1 1
=150 - 100 =50

Flgure 6.3.2.,5-2, Mean cross
as represented by a 0.1
red and blue detectors,
ly represent <the actual
any FOS aperture,

I
0 50 100 180
Y (mlerons)

-sections of a point mource spectrum

arcsec . aperture spectrum with the
Thie cross-section should adequate-
cross-sectlion for a point scurce in
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20 Rea Tube Mec» Locus of Y—centers

10 L

Y- cenler [microns]
o

=10

-20 !

T T "‘--—ﬁn

o 100

Figure 6.3.2.6-1. Mean Y-conter

detector., The curve
zero Y-base.

]
200

X [diodes)

has been
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20 Blue Tube Mean Locus. of Y—centars

T T T T
10 L. -
o *
P
n
; .
:; (o I -~ nd
o+
5 . + 7
+
J j
-10 | —
~20 1 1 1 |
0 100 200 300 400 500
¥ {diodes]

Figure 6.3.2.6-2. Mean Y-oenter as a function of dicde for each

detector. The curve has been reduced to zZero theta-? and
zZero Y-base,
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Table 6.3.2.6=1

MEAN LOCUS OF Y-CENTERS

BLUR TUBE
DIODE  Y-CENTER
2 (MICRONS)

76 *
127.
178 L)
220.
280.
331.
382.
433.
484,

-3
-

©S

»

111
WHOOBDWR®N
O 03 OO O3 i BO B o

RED TUBE
DIODE  Y-CENTER
. (MICRONS)
2.  -18.3
76. -3.3
127. .
178.
229.
280.
331.
382.
433,
484,

U

O WO ~10-~I
NIRRT R

=226-
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6.8,3 otome seguences of Positioning Errors (Ob-.

The photometric consequences of positicning errore muat be
investigated separately for each combination of detector,
grating, and aperture, because theta~Z 1s different for each
grating, Becauase the locus of Y-ocenters is not symmetric in ¥, a
positive Y-baae" error has a different effect than & negative
Y-base error of the same magnitude, )

Ideally, we would 1like to directly measure the light
loss, from ground-baséd calibration data obtained in vacuum,
Unfortunately, +the existing internal Pt-Cr-Ne emission line
epectra in Y-maps simply do not have enough counts to determine
the 1ight lose to better than 3-B%. A typical light loss curve
derived from an emission line spectrum 4is ehown in Figure
6.9.9=1, 1llustrating that the curves are nolsy and of little
use. Some of the continuuim spsctra taken in ambilent calibrations
have adequate counting etatietics, but because theta-2Z changes
with temperature, the ambient light loss curves cannot be used to
predict the parformance of the FOS in vacuum. However, it is
possible to predict light loss curves from the mean locus of
Y~centers, the mean sgpectrum cross-section, and the Y-base and
theta-Z values measured in vacuum.

Light~lcas curves obtained from amblent continuum spectra
can be ueed to check wheather the calculated 1light loas agireas
with the observations. The raw data for the light loss measure-
ments are the same Y-maps used for the Y-base measurements. The
Y-maps are sumned in B0 dilode bhins, to improve counting statie-

tice. The spactrum at the nominal Y-base is linearly interpo-
~227-




Relotive Intensily

o " Flgure 6.3,3~1. The effects of e
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of diode number determined from an emiesi
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microns (long dash), 70 microns (medium dash), . go gmiqroné'}¥3'
(short dash), and 90 microns {dot-dasgh), The eérror - in the

curves is at the §% laval,
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rror in Y~position as a :unction"u‘fi

on line spectrum on . .-
the red tube. The upper pilot is for positive Y-base errors, .. ...
the lower plot for negative Y-base errors, The two plotsg -

centere is not symmetric., The-
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' characteristic.

lated between the Y-steps of the Y-map, where necessAry; éimi;f?fQ?u
larly, the spectra at offsets of 30, BO, 70, 80, and 90 microna?f?ﬁkf
above and below the nominal Y-base are also interpolatad. 'Each;;;fl'
light-loss curve at a given offset is simply the binne; apeqfﬁum'}:ff”
at the offset divided by the binned spectrum at thelndmiﬁél_”ﬂiﬁ

Y-base. Exeamples of these observed light 1loss  curves ggg:‘-*'“

presented in Figures 6.3.3-2 through 6.3.3-4.: N BRI
6.3.4 Photomatric Conseqguences of Positioning g;rérs (MddQ:t 3fi
Computer models of the photometric cpnsaquencea éf arrdrs 15;;?;;-

Y~base positions are being develeped at the sTScI- using the't; j

(ever-improving) FOS computer simulation. Dr. Ralph Bohlin willrjafﬂk

provide the results as an update to this gsection,.

€.4.1 Channel Deadtime - The two 512  c¢channel

1

_ ‘ .  ¥q;i%;;Ij

6.4 PEulse Coincidence Correction . A
_Fos 'sen'e‘é-:‘z'é._-‘_..; I

are multichannel photon counting detectors., Each of the Beparatei?
1024 channels has a 10.8 microsecond dead time circuit, That 13,{5%

upon arrival of a channel event, that electronic channel is digi-z: f“

tally gated off for 10.5 microseconds, This technique forceg; :_?;~

each channel to have the same input to output 'counting_V'lf“

€.4.2 Pulse Pair Calibration - The ﬁital first elemant o:w g:f

the FOS c¢alibration effort is the accurate removal' of this‘ J3f*'

“digicon electronics nonlinear pulse counting characteristic.' We-;

assume the standard formuls:

=230~
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Figure 6,3.3-2. The eftects of error in Y-pasition from continu-
um spectra on the red +tube. The 1lines are coded ar il
Figure €.3,3-1, The noise level is 1-2%, because the total
counts per bin i1s higher than that of <the emiesion 1line

spectra,
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um spectra on the red tube. The lines are coded as in .-,
Figure 6.3.3-1. The noise level is 1-2%, because the.,totalizu iy
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= X exp (-t,X) o . SR S

where X ==> ftrue input count rate

Y -=> apparent output count rate
t ~=> recovery time
t -=» dead time

Fulse paired correction calibration involves the oﬁtimuﬁ détérm14li'
nation of t, and t, and assessing the accuracy of the etandardfifEJ“
formula (6.4.1) to correctly linearize digicon data. O L
6.4.3 FOS Counting Data - During FOS calibratiqn;fthé-1n§ﬁt3i ?.¥
- light rate was varied over a range of three magnitudéé by sequehf?‘
cing +through the 11 separate apertures. Table 6.4~1 givas_thq-*f-.

relative ratio of the various apertures to the Bl aéértuté.'fThé:_*‘u

- ambient STOS serves as the constant light input to 'the7'FO§ﬂ;”:

aperturesa,

The FOS calibration data is plotta& in Figure 6.4-1, Tﬁe:ﬁffgi
continuous curve in Figure 6.4-1 is & least squares fit-'OF'f: :
Rquation (6.4.1) to the data, assuming t, = 1o.6 Ne.. The'l | .
optimum value of t, is -0,17 Ue. Except for real counting rateﬂfiﬂ?ﬁ

X > 10% counts/sec, the fit is excellent, as diaplayed 1n FigureV' _T'
6.4-2. The FOS maximum counting requirement is-: {05 count;/sec':.p;,
Any deviations from the dominant t, = 10.5 Hs dead timp can fbéf;;: f
attributed to errors in the aparture sizing at thiB‘Eccufan~ziﬁ,,

level.

€6.4.4 Procedure for Pulse Pajir le;bragign - For 1nﬁﬁthE  7
rates below 105 counts/sec, Equation (6.4.1) can bejpuadxtp:ﬁlf'“
establish the true count rate. i e
In practice, we have implemented pulse pair ca;ibraﬁion‘bg-a T

~ procedure involving interpolation of a look up table. '?hisialéd‘5li"
' -234- ' L




TABLE 6.4-1

Relative Slze

Apgrture {Aperture/B1)
A4 0.111
A3 0.898
B2 | 1.00
B1 | , 3.19
A2 - 4.07
G2 6.03
BS ' 13.4
c4 | 14.3
¢ | ; | 17,0
09 42.8
At ' 104.1

*Results from this aperture have not been considered, since
a::ective 8lze is difficult to measure due to diffraction
effects.
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Correcled count mte. :

35 Formula Fit (T1=~0.170E-06,T2= G.1056-04)

E+5 | % Red Side #1
+  Red Side §2

2.5 & Blue Side

50000 | -

0 M | | | 1 | L. _J
10000 20000  3D0CO - 40000

50000 60000 - 70000 .
Obeerved rate : o

BEEBI-OI5 . 1. i,

FIGURE 6.4-1
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Zerror from FIT — DATA (T1=—0.170E-06,T2= 0,105E—04)

#  Red Side #1
+ Red Sida §j2
' ¢  Blue Sids
20 | .
+
o .
0 gﬁﬁ*ﬁqyb a " * ®
Y B N[ -+ ”» .
5 <P + '#‘ S ® *
=20 1.
_ 40 | ] l ' l |
. O 20000 40000 60000 BOOOD 1E+3
, True rate 8BEE11-018

FIGURE 6.4-2
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allows for pulse pair calibration at input rates X » 10B cqnﬂfé/~ﬁf

sec, where Equation (6.4.1) doee not apply.

6.5 Background
6.5.1 Dark Count Rate R
A series of tests have been conducted with'the'FOs fligh;f'f' 2
and spare detactors, during various stsqég of fabrication 'Snﬂfﬁfﬁff”?f
assembly, and under a variety of environmental opgrafihg cohdie 7
tions. .' et §
At the simplest level, dark count data were oBtained fdr. ;%fz}‘
samples of various diodes, near the desired operafiﬁg_‘véitaéér:ff;-”

for all digicon phototubes built at EVSD. These data'répﬁegehtéd:fl'i:fn

. 8 portion of the overall tube data used for the selection of"ﬁhé.'

best tubes for flight. The data were obtained at an  operating |
temperature of approximately -10°C, where the dark 'countzgpéciﬂfi_”ﬁ
(0.002 counts/sec/diode) must be verified. A sample of_suchjdéfﬁjqf;ril
are included hare, | _'I . - -
At the next level, the digicon tubes are eﬁcapsuigted;1: fI”‘
wired, .and fully integrated into a single operating ﬁﬁit: whfch - y :
incorporates the structural, thermal, and HY 4nterfgce§ giéngf,ﬁiiilﬂi
with the parmanent magnets, the detlection_coila,'shd tﬁauéhﬁrﬁéli}”:'
amplifier hybrid boards. - e _
Dark count data were obtained with these fullﬁ'assambiSd;fféfl
flight detectors to verify the dark count specification coﬁ4ifirj¥f .
pliance at this integration stage. A-deaqriptidn ofltﬁg‘fggé %-5253'-
set up, operating conditions, and sample resulte’ nra:‘aiéo?ASSi'

included here,-
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Finally at the systeams level, where the detector assemblies
are integrated with all other operating componenta of the Fos,
dark count data were obtained to demonstrate eystens spaecifica-—
tion compliance. These data were obtained under a wide variety
of operating conditions and environments, primarily during
ambient calibration and Thermal Vacuum Cyeling and Thermal Vacuum
UV calibration of the FOS. Again, samples of these test data are
described and included here to 1lluetrate systeme level com-
pliance with the épecifications.

Overall, the test 'proqram at all levels demonstrates that
the FOS doee indeed perform at very low noise levels, well ﬁithin
its performance specifications.

6.6.1.1 Digicon Dark Count Data

Test data were obtained by Electron Vision Systeme Division
(EVSD) for the digicon vacuum phototubes upon completion of their
fabrication. Sample test data were obtained for selected diodes,
deflected to various photocathode locations. These data are
shown in Figure 6.5,1.1-1 and were obtained with an operating
voltage of 22 kV at a temperature of -11°C, The integration time
interval was 1000 sec. This data sheet is for flight tube F-7,
and represents the basic information to screen out problem tubes.
In the example shown, the average dark ocount is @een to be
approximately 0,001 counts/sec/dlode, within the acceptable

specification level of 0,002 counts/sec/diode,

6.5.1.2 Detectox Aecsgmbly Level Dark Count Measure-
mnents :

These tests were performed in a Tennay Model T5-110280

Thermal Chamber, All measurements were made at ambient (room)
=239~
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BACKGROUND COUNT RATE
Data Sheet

Tube $/N:_+=o s # =7 -

Test Conditions: Tube Temperature —'—-/ae_' o
Photocathode Voltage Z% K/

BACKGROUND COUNTS PER 1000 SEC PER DIODE | ‘ L
" Average Over Entire Field_. QQ 12 3 @ - ” C—-' ’N"’H "°°°
(Specification Limit = 2 Max.) ¢ 006 @ H.,:-’,"’Q_
c&bqﬂuﬁa) f’Ua{E

- Y Position (rm)

Dicde #

T
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preasure. To maintain a dry environment and to avoid condensa-
tion on the detector, the chamber was purged with dry gaseous
nitrogen | throughout the operation, except for perlode of high
voltage operation., During high voltage operation, the deteotor
wag purged with Sulfur Hexafluoride to minimize the effects of
high voltage breakdown in the tube's high stress front end,

The  detector was mounted in a Permanent Magnet Focus
Assembly (PMFA). An array of "pogo pins" was used to contacg“the
datector's header bumpe to the input of the Sal Digicon Test
Facilicy. This facility contains twelve channels of charge

sensitive amplifiers, twelve amplitier/discriminétors. and a

Hewlett~Packard 9845 computer for test oontrol and data pre-
processing. A test program“‘in the computer software permits
monitoring of all twelve channels simultaneocusly throughout the
1600 one-gsecond integration periods used for each test. A green
LED i= ncluded 1n the test facllity to permit illumination of
the ocathode for aliveness checks. Allvenees checks were made
before and after sach set of data to verify proper detector and
test facility operation.

It hould be noted that the discrete charge amplifiers used
in these tests, although of the FOS deaign, are somewhat nolsier
than the hybrid charge amplifiers used in the flight configura-
tion to be flown on the FOS, '
6.5.1.2.1 Digicon F-~3 (8-20 Photocathode)

This| was the first digicon to be tested. Room temperature
baseline dark counts were made, recording four channels distri-

buted across the dicde array (some of the pogo pin contacts were
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“lost during thermal c¢ycling). The average dark- count waafﬂ?ﬁfx'

measured to be approximately 0.3 counts per ‘second per pixel (aeeﬁ
Table 6.5.1.2.1-1),

The chamber temperature was decreased to 0°¢ and’ the digicon:f:5':

cold socaked & wminimum of four hours to permit full tharmalﬁﬁf?“f?“V

stabilization. The average dark count was measured to - be

approximately 0,01 counts per second per pixel

The chamber was returned to ambient tanparatufe'overnigﬁt”“

and the roem temperature dark count remaasured prior to baginning .

another celd cycle. This repeated the previoualy maaaured room f,_f'*"“

temperature baseline of 0.3 counts per second per pixel

The chamber temperature was slowly decreased‘to,-;ODC aﬁsz

the digicon cold soaked for a minimum of four hours. The'ﬁveradéJi: »

dark count was then measured to be approximately 0.003 counts per_f-'

second per pixel,

The chamber was returned to roon temperature, A fina1‘xbom5., -

temperature dark count was made before the digicon - was removed ..

from the chamber. This data averaged dpproximaté;&ﬂOfaipbunks~7-]:”

Per second per pixel, repeating the room tomperature baseline ! . Jj

rate.

6.5.1.2.2 Digicon F-5 (Bi—g’;kal; Photocathode)

This, the second digicon to have 1ta dark count meaaured,.:-:"

was by far the more difficult. Not only was the count vate trom‘f;71~

~ the UV photocathode lower, but we had more problemu asaociatedl""

with noise in the test set-up during these measuremente. -

The average dark count at room tamperature was found to be

»0038 countes per second ver pixel,
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TABLE 6.5.1.2,1=1

FOS DIGICON NO., ¥-3
’ DARK COUNT

(August 7, 1983)

Temp. Diode No. Counts /1000 Sec. Avg_Dark_ Count
200¢ 1056 287 aos 376

2556 847 342 308

355 331 305 268

509  _3go _a3s1 _ges

LT~

18256 1344 1238
(.831) (.836) (.809) 926

Qc 106 12 9
255 11 11
356 10 4
609 .8 __ 12
41 36
(0.10) (.009) 0006
-10%¢ 105 -4 1 2 4 4
255 3 4 1 1 4
258 2 1 3 2 2
509 ) 6 6 . 7 2
12 12 14 14 17

(.008) (.003)(.0025)(.0036)(.0042) «0083
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At reduced temperatures, the dark counttdfoopéd to lOOi@ﬁ?jh"

counts per second per pixel at +3°C., and to an aVeraqe of..0097§';;f4}f

countes per second per pixel at -119.

6.8.1.3 System Level Dark Count ﬂeasuremgnts g om. gzy
Il

Figure 6.5,1.8-1 summarizes all background counting rate“yi
data points taken during T/V I!. The important feature fbf‘” S

observe in this figure is that there is no oignificant incroase-.;7;7

in background ‘rates for elther detector with increaoing voltage.

The buckground counting rate vs, tcmperature ror tho red?.;,:
and blue detectors are illuatrated in Figures 6.5.1, 3-2 and:;fﬁ:f
6.5.1.3-3, respectively., There are no aiqniticant changea in’ the_;ff.g-
background rates with temperature. The corrected data reoult..fiﬁ:
from eliminating counts from individual noiay channelo (28 chan? S

nels on the red side and 12 channels on the blue side) to gat ait {:f'

background that is representative of the majority of. pixels,

The background counting rates vs. voltage at constant tom;_::f3?
perature for the red and blue detectors . are illustrated 'in:f}U:f
Figures 6.5.1,.3-4 and 6.5.1.3?5, rosocctivoly Again, the 1mpo§=';ﬁ

tant feature to note in these figures is that there io no eigni-'ff};?

ficant increase in counting rates as the detector bias voltage iaijl,ifi

increased.

The background counting rate ie less than the opacitication:f_li-

reqguirement of .002 counts/sec/diode for both dotectora.

Figure 6.5.1.3-6 ie a graph 1ilustrating tho backgrouhd ratc' i1':
for.each channel during --the.. iong—background teot* fom-the biuej:f
detactor, The baseline rate for this test is 4 x 10 -4 counts[;”

sec/dicde. Channels 77, 146, 170, 177, 232, 287, 279, 422, 438, . .
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438, 487,and 489 exhibifed background rates that were signifi-
cantly above the baseline. The data were taken with the detector
operafing at 22 kv,

Figure 6.56.1.2-7 15 a graph illustrating the background rate
for each channel during the long background test for the red
detector. The baseline rate for this test is 1.1 x 103 counte/
gaec/diode, Thefe are a large number of ochannels that have ratee
elgnificantly above the baseline and there is a statistically
significant feature at the center of the detector. The "Thump" e
believed to be additional evidence that the red detector is
gasay. The enhancement in background rate at the center 1
believed to be caused by ions within the digicon. The data was
taken with the detector operating at 22 kV. (NOTE: This F-4 ved
detector has aiﬁce been replaced by F-3,)

Figure 6.6.1.3-8 1u's;m11ar to Figure 6.5,1,3=7 for tha Red
Detector, except that these data were acquired at 20 kV. Note
that the baseline rate is 2 X 10”2 counte/sec/diode for this test
whioh is slightly higher than the data taken at 22 kV. The en-
hancement at the oenter of the detector is just noticeable here.

Figure 6.565.1.3~9 15 similar to Figure 6.5.1.3-8 for the Blue
Deteotor, éxcept that the baseiine rate is & x 10™% counte/aec/
diode for this test. Channels with ocounting rates significantly
above the baseline are noted.

6.86.1.4 S8ystem Level Dark Count Meagurements from T/V
ITI

A number of the measurements performed during T/V II were
repeatad at T/V IIX. Some of these data are illustrated here,

again to demonstrate overall eystem nolse level specification
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compliance, Flgurea &,5,1.4~-1 through'6.6.1.4-3 1llustrate dark
count maps for the Blue Detector taken at various time intervals,
The various nolsy diodes which show the large noise spikes domi-
nate the plots. These channele have been ldentified and will be
treated to. eliminate thelr contribution or replaced. The plote
1llustrate the repeatability and etability of the syetem level
dark count within the specifications, after subtraction of the
" bad channel contributions.

Figuree 6.5.1.4~4 through 6.5.1.4-7 3illustrate a similar
soguence of dark count plote for the Red Detector. Agaln, aftér
subtraction of several bad channel contributions, the system dark
count is stable and repeatable, and within specification.

Table 6.5.1.4-1 summarizes 100 sec integration interval dark
aount data as a function of temperature for the blue detector.
Figure 6.5.1.4-8 illustrates a plot of adme similar, but more
limited, data obtalned for the Red Detector. -

6.6,2 Scattered Light

Scattered light levels are obte&ined by observing emission
lines. At a distance of 60 diodes from the sapesctral lines, the
scattered light rangee from 1 x 1070 to 4 % 1078 that of the peak
ocount rates, Upper limits to scattered light at 2 diodea from
the lines range from 7 X 10" to 1 x 102 the peak count rates.
An anomalous feature on the blue tube with a periodlc structure
of 4 dlodes is not understood.

A mercury dischayge tube is observed and {ts spactra ob-
tained with both tubes. Three narrow bandpass fllters (- 100. A
FWHM) are used to isclate bright lines at 2637, 9488, and 5461 A.
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TABLE 6.5,1,4~1
BACKGROUND RATE VS. TEMPERATURE, MONDAY, JULY 16, 1084

side = blue; 100 sec. integr, times
TIME YPCBTMP BACKGROUND_CT.RATE

07:52:34 -28C 8.08 (-4)
08:49:20 -26C 5.78 (~4)
10:68:87 ~23,3C 2.48 (-4)
12:02:43 ~22.7C 3,74 (-4)
13:18124 ~220 4.63 (-4)
14:11:142 -21,3C 4.38 (-4)
15:129:14 ~21.3C 5.71 (-4)
16:31:24 ~20.7C 1,01 (~4)
17:24:03 -20.,7C 6.98 (-4)
18:29:45 -20.06 2,45 (~4)
10:29:38 -20.0C 5,25 (-4)
20:96; 27 ~20,0C 2.4 (~4)
21:20:47 -20.0C 9,93 (=4)
22:17:87 ~20.0C 4,61 (-4)
23:18:68 ~20,0C 2.03 (=4)

Polsson fit to Jow-noise diodes; in addition, there are non-
thermienic neise spikes in typically 10 channels
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Long and short exposures are obtained of each line using several
gratings. Tranemission ourves for the filters are determined
using continuum lampa.

For each Digloon deteotor, four mercury spectra were ob-
tained through the A{4 aperture. Exposures of 5 gaconds asach were
made with gratings B19, H27, H40, and H57 on the blue tube., On
the red tube, exposures of 1, 16, 40, and 10 seconds were mada
with gratings H27, H40, HS7, and H78, respectively. The conca-
tenated spectra from the blue and red tubes are shown as Figures
6.8.2~1 &and 6.5.2-2, respectively. Identified lines are labeled
with thelr air wavelengths from the MIT wavelength tables. The
blue epectira show identifiable lines from 1942 to 5791 R and the
red spectra show lines from 2481 to 7945 R. The spectra from H40
for both tubes show & continuum from 3500 to 4600 A. The bright
UV line at 2537 A on the blue tube hae overflowed the 15-bit
counter, but a shorter exposure through the 2537 A filter implies
a peak of about 480,000 counts/sec.

Transmission ocurves for the three interference filters are
obtained by taking the spectra of continuum saurces .with and
without the filters (for example, see Figure 6.5.2-3). The ex-
pected apectra are obtained from the product of the mercury
epectra and the tranemiselon curves. Subtracting the expected
spectra from the observed long-exposure filter spectra yields
the scattered light (see Pigure 6.5.2-4).

The short exposure spactra are used to estimate scattered
light in the region 2 to 20 diodes from the ﬁercury lines, Sub~

.traotibn of the expected spectra was not possible for these expo-
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sures due to insufficient counting statistics. -Howeéer["tﬁaJCQ}j"

spectra are upper limits en the scattered light. Figﬁre 6.8,2-5 -

shows the profile of mercury line 4358 A observed on the red tubaﬂ,h

through the 4358 filter. At two diodes from the line centar, thaﬁ‘

proflle agrees with the requirements epecified in tha Fos daaign.

From 6 to 20 diodes, the profile is greater than the spacifica-.;.;
tions by about a factor of 2. Since the FWHM tranamiaaion of the .

filter 1a 38 diodes for H40, the continuum in Pigure 8.6,2-2,

which 1s 1073 times the level of 1line 4358 i, may dominate the

profile, so that the actual

well below the upper limits in Figure 6.5,2~5. The scattering inf

the far wings shown in Figure

the ecattered light is well below the design specifications ‘af”

2 x 107% at 50 diodes and 1 x 1074 beyond 100 diodes froi thequ"”

line center,

scattering in the near wings may be

6.6.2-4, bottom plot. is typicaif;”'"
for both tubes and for gratings H27, H40, and H87. 1In all casaa.f'

In eight spectra from the blue tube, pariodic faaturea are""

present, examples of which are shown in Figure 6.6.2~ 5. In €l1, "7

eight cases, the period of the features is between 4.0 and 4. 12?ff”

diodes and the distance from the emission line approximately 270f75r*’

diodes. 8ince the features appear on apactra taken ’ with 'H27,1f%.

H40, L15, the prism, and the camera mirror, with filters 2537 and-"'”“

4368, the anomalies sesm to be independent of grating, filtar,f'ff.ﬁ

and wavelesngth, thus suggesting an origin within the Digicon.fft‘nh

For the H27 epectrum in Figure 6.5.2-6, the maximum level of tpe{:[

anomaly is 2 x 1075 of the total count rate. No anomalous | featéiff.-f

ures are observed from red tube spectra. However, the thermionic;fl-i~-

~270=
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dark ocount of 0.32 counts/sec at ambient temperature may mask any
such features on the red tubs, Power spactrum anhalysis will be
performed on red spectra to see if such anomalies do indesd exist

6.6.3 FOS-Scattered Red Light (Red Tupe)

The FOS 4s inherently susceptible to unwanted light, since
it is & single pass spectrograph employing blazed, concave
gratings, and‘posseqses & wide spectral bandpass of sensitivity,

The laboratory data to be discussed here were obtained by
placing several different (red-pass) absorbing filters in front
of the (Tungsten) continuum securce. The resulting absarption
region was qbeerved to measure the stray light contribution.
Thie method is ﬁarticularly relevant as it minicks the observa-
tion of late type stars, which have rather seteep cut~offs in
thelr energy distribution in the ultraviolet. .

The fllters used were spare flight (Schott) unite, desig-
nated 0GB20, GG398%, WG298, and WA230., Their approximate trane-
nission curves are shown as Figure 6.5.3-1.

The actual ohserved countrates (through aperture ¢3) are
shown as Figure 6.5,3-2, For each filter, four different
gratings (H19, H27, H40, and H87) were observed. The necessary
palred-pulse corrections for countrates in excess of approximate-
ly 2000 counts/sec are indicated with broksn lines.

of partioglar relavance are the observed counts using the
H19 grating (16500-2380 i). The four ouﬁvés shown in that wave-
length region correspond to each of the four filters usad and the
countrates increase from r&ughly 2 counts/sec for 0@530 to about

¢ counte/sec for WE230. This is easily understood as the conse-
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quence of the increase in bandwidth of the incoming flux-from‘tbe.,f

Tungsten lamp. Note that although the Figure 6,5.3-2 is labelled

in Angstroms, the measured counts are obviously from ("scat-

tered") optical and near ultraviolet photons.

The effective bandwidth of the incoming light is limited at. _
the long wavelength side by the cut-off Qf the photocathode uf: ke
the (Red) tube which cccurs around 7000 &. On the blue side, .
the observed values for the cut-off are about 4800%*, 3750, 2860 .”

and 2300 A, for 08530, GG395, WG295, and W@230, respectively.

Note that although the increase of bandwidth in going from 0G630 -

to GG376 is rather modest in an abgsolute sense, the obaserved

amount of scattered light (4in H19) wmore than doubles. Thise is:
probably due to the increase of scattering efficiancy for
decreasing wavelength (e.g., Rayleigh scattering « 1‘4) and, sqg—'

gests that most of the photons counted in H19 through the 06530 -

[] s
filter have probable wavelengthe of around 5500 A, rather ' than

the larger values present in the incoming flux.

The observed curves of Figure 6.5.3-2 are thus generally

well understood, at least in a qQualitative sense, Exception

should be made for the unidentified feature around 3650 & (H40-

grating). The width of this feature is about 180 A and exhibite .

8 central "inversion". The obeervational data in this waveleﬁgth

region are attached as Figure 6.5.3-3.

*There is some confusion with respect te this filter, The Foévv
Scientisets Notebook calls this filtepr GG295, whereas Harms

et al. in NASA CP-2244 quote GG375.

"*This observed cut-off is somewhat surprising as the Schott-

catalog (eee Figure 6.5.3-1) claggs that ihe transmission in.

this filter should be down te 10
-276-
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7.0 STABILITY AND REPEATABILITY

7.1 High-Voltage, Thermal, and Aperturs Mechanism Effacts

Operational conetraints allow the high voltage to be on'géfﬁ
only one FOS detector at a time. After turning on the' hign;; =
voltage, the electric field in the Digicons requires time tf;":'ﬂ:' -.
achieve equilibrium. Por the first 30 minutes after high.voitaﬂi;h':
turn on, large image shifts (on the order of 1 micron per minutef ”T

are present. This motion decreases to less than 2 microné' pex,'

hour after 60 minutes. Studies of the motion for a langéf periocd

using data taken to measurs aperture repeatability, éhowed.i'-v

small (1.2 micron/hour) drift up to five hours after turn onJ'-

However, this drift may be due to temperature effects.

The aperture repsatability data demonstrated that the apéf;

ture position on the photocathode was repaatable to within ohe .

nicron.

During the transition from cold to hot operate, é_mot&on qf,'
the spectrum along the diode array of 32 microns was measured on“"

the ©Dblue side for a change of 8°C in the optical bencﬁ"

temperature.,

To monitor the image stability after high voltage turn An; a

series of platinum-neon spectra was taken uelng‘grattng H27.

Data were acquired for both detectors for a period of one houﬁ

after high voltage turn on. Data were taken at both esld and hdf;
operate temperatures. To monitor the Image - atablility for:é

longer period, these data were supplemented with data taken’ tdf?-"

neasure the aperture wheel repeatabllity. ‘These later data were_l_V
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of 7 dispersers. With the additional motor step, the etandard
deviation was found to be 3.2 miorons, 4indicating an aversge
improvement of more than a ractor"bt 21 The improvement ranged
from “20% to a factor of nearly 3.8, depending on the disparser
selected. The full range of minimum to nmaximum X-posltion over
the 9 trials for eaach of the tested disparsers is plotted in
Pigure 7.2.2~1, along with some previous measurements made in the
same manner. The mean spraaﬁ has been reduced by approximately a
factor of 2, from 21 microns for the October 1984 measurements to
10.2 microns,

Although theese data indicate that a noticeable improvement
in the FGW rapeatability is likely to result from the simple
addition of a single step éommand following each wheel position-
ing, we note thet even the performance Jlevel measured in the
March 6 test is not entirely satisfactory, particularly for
target moquisition into the smallest, 0,1 arcsecond (A4) aper-
tures. The "10-micron spread 4in the (camera mirrox) aperture
~ image location, inferred from the average behavior of tha 7 dis-~
pexeers tested, remalnsg é large fraction of the (l4-micron) A4
aperture image size. For a substantial percentage of A4 acquisi-~
tions, the target will suffer significant decentering., Thermal
drifts, which wmay now dominate the non-repeatability, will
aggravaté the'situation. Furthermore, we have no assurance that
the behavior demonstrated in our tests is applicable to the
camera mirror, which wes not actually meassured, or that the
improvement noted in the X diraction will be reflected in the Y

axis, since no correlation between X and Y errors was present in
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only available on the red side and extended to five hours aftarf;:ﬁif
high voltage turn on. T
Motion between spectra was computed using crosafcorféi;;iobl5lfff
technigues. In order to analyze motion versus diods ﬁoéitioh,_ﬁ}f3?
the data were separated into groups containing diodee 1- 100, 1o1~3if;;ﬁ
200, 201-300, 301-400, and 401-500. Gross- correlation was doneuﬁ?fft
on each group wseparately. To obtain motion astinmgtes 5916Wfthg"'ﬁ L
50-mioron vresolution of the pixels and the ’2-5“‘5.‘.16:-9‘,1: dita
eample spacings, the minimum of the corrglation ﬁgtf!* ﬁag'roﬁﬁq'f;f“
and a quadratic fit was done using that point and its two né#éh%ﬁ‘ilfh
bors. The position of the minimum of the quadratic £it was . used . -
to give the relative spectral motion. . '
Figures 7.1-1 to 7.1-5 'show the results for the ﬁlug tqba';n.T}fff
hot and cold operate. All shifts are relative to the laat ébac¥' I
trum taken at cold operate., Large image motions are seen. for tha:;_:ff
‘first 30 minutes with the largest shifte at the two ends ofvithq ﬂ't?'
diode array. The large offeets between ths hot and cold_dpératénnl-t
apectra, seen 60 minutes after turn on, are due to the :lgck.‘of-fy'ﬁ
‘perfect repeatability of the filter-grating wheel. F;gures 7;1;§;J::€T
- %0 7,1-10 show similar results for the red tube. - _ - , ; |
Figures 7.1-11 to 7.1-15 show an attempt to measure the high;;fia“
voltage aattling, after one hour using data taken to afudv_the3i:“‘;
aperture wheel repeatability. All motion - is relative to zero
motion at 60 minutes after turn on. The aperture rapaatabllity;'i?;”

data were shifted in time by 48 minutes to match the previoua: ;f-_
data.

After 100 minutes, all diodes moved in the sane c:l:l::'aac:.t::l.cm'__-"j e

at a rate of 1.2 microns per hour, This semall drift mav ba '
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