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I. PURPOCE
Develoy and evaluate infrared sensore for space astronomy.

II. ACTIVITIES
The program consisted of evaluating thrce sensors, a Xerox EOC vidicon, a RCA
silicon vidicon and a General Electric doped germanium vidicon in a General
Electric Camera.
A. XYerox EOS Vidicon Evaluation

An EOS model XV10'0 developmental vidicon was operated in a cooled, slow
scan, test set to evaluate its usefulness for exposure times in the range of
10 seconds and longer.

The data sheet indicated a dark current of 200 nanoamperes, at room tempera-
ture. Since that is four orders of magnitude too high for the proposed exposure
times, cooling of the photoconductor is required. It was estimated that a
temperavure reduction of 100 to 130°C would suffice.

Test Results

Cooling the interior of the camera head (the immediate enviromment of the
tube) to -130°C (measured 2 cm ahead of the target) was required to obtain
marginal operation.

It was thought that the high power dissipation of the gun heater (6.3 volts,
300 ma, 3.8 watts) was preventing the target from becoming sufficiently cold.
The heater voltage was reduced to two volts which reduced the neater power to
0.68 watts (239 ma) a reduction of 5.5 to one. The resulting cooling of the
target separated the photoconductor from the conductive window coating in many
stripes rather exter. -ly damaging the target. Although cosmetically severe,
the target damage did not prevent continued evaluaticn of the tube.

At the reduced heater operating level of 2 volts, the dark current at an
ambient temperature of -77°C was in the order of 120 picoamperes at a target
bias voltage of 8.2 volts. The dark current fluctuated over a 2 to 1 span

as the cooling apparatus cycled in the order of T°C.
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Curve ¢ of Figure 1 shows the transfer function obtained with an un-
filtered incadescent light source. The incadescent source temperati re was
estimated to be in the order of 2200°K,

Curve 1 of Figure 1 shows the measured dark current under the operating
conditions listed in Figure 1. lote the dark current is large compared with
the signal current.

Figure 2 shows the severe effect of gun heater voltage on dark current.

Although detailec. measurements of resolution were not made, the response
to a square wave test pattern was found to be 50% at approximately 15 eycles
per mm. '

Very crude tests with 8000A° and T500A° narrow band filters did confirm

the tube's response to near infrared illumination.

Conclusions
Operation of infrared vidicons of this type for long exposures could be
improved significantly if fitted with lower power electron gun heaters.

Photoconductors of comparable infrared response with lower dark currents

would, of course, be helpful.
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B. ERCA Silicon Vidicon Evaluation

An RCA 3585 silicon .idlicon with an enhanced red response was tested in
the laboravory for IR sensitivity, frequency response, noise and integrating
capabilities. ‘he results of this study are reported in the fnllowing report
by Crane and Davis, which was published in "Publications of the Astronomical

Society of the Pacific", February 1975.




Pume s aveess o ror Venmososin al Somanry or vie Pacsiwn
BT 207206, 1'% Felwary

CHARACTERISTICS OF THE SILICOXN DIODE VIDICON

PHILIPPE CRANE AND MARC DAVIS ¢
Joseph Henry Laboratories, Physics Department, Princeton University

Received 1974 July 22, revised 1970 October 4

A series of Liboratory tests of the silicon diode vidicon has yielded valuable information
ofp-llhul'.u importance to astronomers. The vidicons were operated in slow scan mode. The
tests showed that these vidicons can be expected to operate with o dynamic range of 1000, a
signal tonoise catio of 20001, a0 MTF of 500t 10 cycles mm ! and integration capabilities of
several hours, The noise in the output does not appear to be limited by photon statistics, bat is
dominated by systematic effects. The vesults confinm that these devices are extremely good
sensors for low contrast high-optica! flux problems in astronomy.,

Key words: instrumentation — photometry

1. Introduction

The silicon diode vidicon has many attractive
features for certain types of astronomical obser-
vations. Among these are: high-quantum  effi-
ciency over most of the visible spectral range in-
uding  exceptionally  good  response in the
wavelength region from 6000 X to 10000 A, an
extremely large dynamic range, and an almaost
linear photometric response. Cooling the tubes
to about =60° C allows integration times on the
order of several hours with relatively little loss
in dynamic range due to leakage current. How-
ever, there are some sacrifices that must be
weighed with the above advantages in planning
an application of these devices, Generally, the
spatial resolution that can be obtained with cur-
rently available silicon diode targets is not as
“reat as can be obtained with certain other
targets and sensors. Also, since cach incident
photon produces at most one charge-hole pair,
and since this pair leaves a change of only one
charge on the diode matrix as evidence of the
photon, the minimumn detectable number of inci-
dent photons is in principle limited by the noise
in the first stage of the preamplifier. This noise
is tvpically on the order of several hundred elee-
trons per resolution element and implies that
this tvpe of vidicon will not be useiul in applica-
tions where the number of photons is small. The
great advantages of the silicon diode tube are
realized moobsenvational programs where there
is a relatively high flux of photons per picture
element cwaat s desited e make exposures
which attam an extremely high signal-tomose

ratio. The high signal-to-noise ratio can be ob-
tained since the large dvnamic range allows
many tens of thousands of photon events per
resolution element to be accumulated and henee
good statistical precision to be achieved.

An important problem for the application of
these devices is to understand the extent to
which the above inherent capabilities of these
tubes can be realized in actuial astronomical ol
servations. It is the purpose of this paper to
report on a laboratory evaluation of some of the
relevant charactenistics of the silicon vidicon.
The main emphasis of this work has been to at-
tempt to understand the sources of noise in the
video output, and the extent to which the video
signal can be considered photon noise limited.

There have been several previous papers deal-
ing with various properties of silicon diode vidi-
cons. One of the earliest and most-comprehen-
sive papers is the woirk of Crowell and Labuda
(1969) dealing with phy sical properties of the
silicon target. More recent work, more along the
lines of application to astronomical problems, are
the papers by McCord and Westphal (19720 and
v McCord and Bosel (1973) which touch on
some aspects of the problems discussed here,
There are, of course, mam other papers in the
literature dealing with vanious aspects of the
silicon vidicon, but a full review of the hiterature
s not .npprnpri.nlr here,

Scction 11 below discusses the details of the
clectronic hardware cmploved i this study,
section T diseusses the varions tests that were
!n-lfnrmrt'.. but o full discussion of the noise is
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reserved for svetion IV Sectiom V' omakes some
auantitative coaliations of the observational pos-
sibilitios, S gom V1 sommmarizes our resnlts,

1L CamerasSy stem Details

The camera system that was used in this work
is the same one that has been cmployed by Low-
rance and Zocclana (1970 for the (Il'\'t']upllll'nf
of the SEC Videon tube. The sweep generators,
sweep amphifics, the ssnch generator, and vaii-
ous control cirenits of the SEC svstem we ¢
modificd shightly to aliow them to drive the
silicon diode the. The only picee of new con-
struction that was reguired was o new camera
head. Figure 1 shows a block diagram of the
camera sv<tem and indicates some of the func-
tions of the various parts. The paragraphs below
deseribe some of the relevant details of the
hardware.

A. Camera Head

The camera head consisted of: the silicon
diode vidicon tube, the focus and deflection coil
assembly, o liguid-nitrogen-cooled cold box, the
initial lm-.lmphiu r, and some other associated
devices such as erase Lamps that were used to
short-circuit the dicdes prior to a recharging
evele. The cold box, o Products for Research
Model TE-1HV, had the t.ll).ll)l]lt\ of cooling
the tube to well Lelow = 100° C, but was nor-
mally operated at about =60 C since the dark
current in the tube was sufficiently Tow at this
temperature to allow several hours of integra-

CAVERA wEAD

CONTROL ELECTRONICS

[_".n- oo
| eesen e
L@ ot e
r— e

TaPf RECORTER
R ELLTE L
- Barge ddae

& (@f O

1
il

Fic. 1 = Block diagram of the camera system.

tion. The it stage of the preamplifier was
novunted inside the cold hox i as close proximity
to the target flange as possible i order to reduce
the input capacitance and thus to reduce the
notse associated with this capacitance. Another
advantage in mounting the first stage in the cold
box arose hecanse of the reduction in the John-
son noise in the target-biasing resistor, The final
operating condition of the preamplifier under
twse conditions gave a noise of about = 400
clectrons per resolution element. This figure
p obably could have been improved consider-
ably, but would not have improved the tube
threshold substantially since this was not the
limiting element, as our discussion below points
out.

The vidicon tubes that were used in this work
were commercially available models manufac-
tured by RCA. Three tubes were available for
the tests described here. Two of these did not
have a filament light shield and thus could not
be used in the slow-scan mode because back-
lighting fiom the filunent was too severe. The
one tube which did have a filiment light shield
had reduced backlighting problems but never-
theless this remained a serious problem as the
discussion in section V' below indicates. The
tube which was used for most of this «work was
an RCA 3355 which had a nominal target thick.
ness of 20w and hence enbanced red response.

The sweep coil emploved, an RCA (223230, is
also commercially available,

B. Electronies and Control Circuitry

The electronic control system was extremely
flexible; the target bias, the mesh potential, the
wall-focus voltage, the scan size and position, the
beam current, as well as many other parameters
could be monitored and adjusted quite easily in
order to optimize the perdformance of the camera,
The number of scan hnes per frame and the mun-
ber of samples per scan line were also adjustable.
It was important to set the number of scan lines
in order to obiain a minimim of overlap between
lines so that the vertical resolution would not
be degraded. The number of points at which the
individual scan lines were sampled was chosen
so that the sampling froquency was just twice
the friegquency at which the minimum noise in
the preamphfier occuwrred. This assured  that
the highest spatial Itulllu‘ 1es of interest would

B I —
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have as Little extra noise from the proeamy  er
system s possible

Following the imitial pn'.uuphlit-t stuge was a
low pass video Bilter,
this filter was chosen to suppress spatial fre-
GUencies w neh had been attemated ID_\ TS
than 5 i the target and reading section. The
digital sampling frequency was chosen to be
60 K1z, and the video filter froeguency began to
roll off at 20 K12z at a rate of about 40 dbloctay e,
In our final configuration. we sampled 1021
points per scan line with 350 scan lines on the
1 em® target arca. During processing, the data
were binned to 256 pomts per scan line thus
defining o resolution element of approvimately
0 X 40 p.

A extremely imporant aspect of the con-
tro. ag clectronics is the stability, lincarity, and
reproducibility. of Lo horizontal and vertical
sweep cireuits. The detailed reasons for this are
discussed in section IV below. For our system,
the generated sweep voltages were linear func-
tions of the time to better than 0.057. However,
it is possible that the sweep coil and the history
of the shiclding of the sweep coil could have
introduced Lirger time-dependent noulincaritios,
The sweep cirenits were stable and reproducible
to better than 0.1 This implies that the sweep
circuitry could reliably place the electron beam
to leh-r than 10 on the target. These uncer-
tainties in the beam p(mlluu could well have
been the limiting noise factor iu this work (West-
phal 1974).

Table 1 summarizes the
parameters of the svstem,

various operating

C. Operating Details
This section discusses some of the considera-

TABLE |
PARAMETERS OF A SINGLE SLow Scax Fravie

lem X 1 em

16.2 psen :'pi\l"

16.7 m sec/line

5.9 sec/lrame

1024

4 pixels summed
together (10 X 30 u)

Lines/Frame 350

Scanning-heam ~30p
spot sz

Scan wize

Pixel time

Line time

Frame time
Pixels/Line
Resolution element

The vollofl freguency of

tions hat coverned the selection of varnons
operating procedures and |Ml.mu|| . Most of
this information does not 1tveal anything new
about the silicon diode tube, hut it is important
that these procedues be deseribed so that any
svatematic eflects i our results can be evaluated
by other workers.

Before making an exposure with the vidicon,
I Was necessary o prepare the target to a stan-
dard charge state. This was done by flooding the
target with light from a set of light . cmitting
diodes, and then recharging through o fixed
number of scan frames at the usual 6 seconds per
frame rate. The exact number of frames did not
matter critically past six, but was alwavs con-
stant within any particular set of data. During
an exposure the filament was turmed off and
photons were accumulated on the target. Prior
to the readout of an exposure, the filament was
turned on and the target bias was raised by one-
half volt in order to insure that the scanning
beam would Lind efficiently even on areas of the
target which had received hittle or no light. The
reading-beam current was set at the point where
further increases in this current did not increase
the video signal. The first scan efficiency of the
tubes was about 757 under these operating con-
ditions, and although this was certainly not
ideal, it was deemed adeguate,

A vather serious problem with beam pulling
near bright-point objects was noticed i these
tubes. This occurs when the electron scanning
beam passes near a highly exposed region of the
target and is deflected from s usual path and
incorrectly indicates the presence of licht. Part
of the reason for this phenomenon is that the
focus field is only about 40 gauss and thus the
scanming beam is not as stiff as it could he. One
obvious way to reduce this problem is to increase
the focus field strangth. Although this problem
was guite obvious and troublesome with our
silicon diode tubes it is probably present but so
far undetected in other vidicon detectors, and
may represent a fundamental limitation to their
use for certain astronomica] problems,

1. Laboratory Exvaluation

The laboraton -ev aluation program covered o
wide range of « idicon operational charactenistics,
These arcas were the following: integration time
versus temperature, \lmli.ul resolution, Hantum



9

A2 CRANE AN DAVIS

By Lar the st senons sonree of random noise
i onr swstem was the beameswitehing noise
which o generated swhen the hot eloctron beam
recharges the back plate of the target toits ogm
Ll potential. Local thermodynamie RIUIE
Hbriom between the clectron beam and the target
maplics an uncertainty i the charge transferred
tor the turget given by the relation

LT ey
& Tl o

where T s the election bheam temperature (~
HOO® K)and € is the target capacitance per reso-
lution element. Since, in practice, the target is
prepared and then read out by the same scanning
beam, there is an increased uncertamty from this
mechanism dve to the uncertainty i the initial
charge stute of ithe turget. Thus the towl uncer-
tainty due to the scam ag beam is given by

AQ = V2kTC

The beam-switching noise was measured by
repeatedly preparing and scanning the target
and then examining the frame-to-frame Nuctua-
tions of the indiwidual pixels. The output signal
included the preamplifier noise as well but this
was assumed to add i guadrature with the beam-
switchivg noise, and could therefore be removed.,
Any additional noise introduced by the prepara-
tion procedures would have appeared as beam-
switching noise in our procedure. A beam-
switching noise of approximately: 300 clectrons
per resolution element had been expected, but
the measured vilue was close to 700 electrons
per resolution clement. One plansible explana-
tion for part of this increased noise is that the
electron beam striking the target is effectively
much hotter than the 1100° K cathode,

Additional beamswitching noise may  arise
because the targets e discrete structures con-
taining diodes spaced about 15 apart. The
scanning clectron beam typically has a diameter
of about 30 g and thus scans only a few diodes
at a time, interacting with the diodes and the
insublating regions between the diodes ina rather
complex manner. 1t is alsa possible for this insu-
lating region between the diodes to become
charged cansing nonrepeatable irregularitios in
the Linding of the elgctron beam. Both of thes
mechanisis e possible canses for the increased
beam-switching nose obsernved in our data, It

should be possibile o reduce or elimimate heam-
switching noiv by introducing a cold cathode
o into the talbee.

Photon-shot noise in the incident light beam
was the sowrce of noise which we wanted to mea-
sure most carchully, This soise should increase
like the square oot of the ramber of photons
stored, and, therefore, we made exposures of dif-
ferent totul intensity in order to measure the in-
creased noise with increasing signal. The target
was uniformly iiminated by a relatively cold
incandescent bulby through o small, distant pin-
hole, Figure 2 is a graph of the results. Each
measured point in this figure represents the flue-
tuations of individual picture elements about
their mean value for several successive scans of
the turget at the same exposure level. The results
indicate that our dominant noise source was a
linear function of the exposure level, and that
this noise completely dominated the expected
photon-sho* noise. An explanction for this is dis-
cussed below. In spite of the above hmitations,
the signal-to-noise ratio in the data was very
good. For example, in an exposure of 6 X 10°
clectrons/resolution  element, we measured a
noise of 2200 electrons, thus giving a SIN of
greater than 200:1.

32000

“+ measured none

3
22101 , roise mecsued with red

o° !ght Nitered out

"-‘A:.uuu Preamp « Leam « photn no e
il o

MECIured Praam™p « Deo™ Noe

AMS NCISE (eiectrons /resolution element)

—
T meosured preomp noise

hadesacumvasadd 1 - —

2:00° au0® enr0® oni0® w0*

EXPOSURE (electrons /resolution element )

Fi. 2 — Plot of noise versus e e lesels. The hon-
ronital lines are the threshold lvels for preamip noise and
preamp and beam nose. Abo shewn are the eypected
and measured nose. The open ardes are the measured
notse with the red Dight (4 > 9000 A filtered ot
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B. Sources of Nomrandom Nobe

11!" TR st ol penise i o l'\l)lh"rl'\ IIJ\
been determmed to b sy boahic error ansing
from s vonsregistration ol the scanning clic:
tron beam with respect to the target. This mis-
registration can be an error m the imitial postion-
ing of the beam on the target, or it can be a none
repeatability of the scan. 11 the target is wntorm
and uniformly exposed, the finst effect will not
introduce any noise into the video signal. The
second effect is a beam wandering phenomenon,
in which the scanning beam can wander either
perpendiculur or parallel to the divection of
travel. Evidence for both types of beam wander
were found.

The silicon diode targets are not aniform and
have significant  sensitivity .1 ations,  which
makes micro-misregistration a very senous noise
source. In the presence of sensitivity variations,
the linear noise tenm in Figure 2 is not unex-
pected because it is impossible to register the
electron beam in a perfectly repeatable manner,
Suppose that two frames are to he compared and
that one frame is misregistered with respect to
the other by €. If Rix) is the response of the
target at position x, then the misregistration will
produce a noise component with variance o?

given by
e () )e

Since R typically varies by ~ 104 in 100 microns
when the target is illuminated by broadband red
light in the 0.6 1.2 micron range, a 19 cnor can
result if € is of the order of 10, or one pixel.
Furthermore, this noise component will grow
linearly with the exposure.,

The beam-wandering effects and registration
ervors could be somewhat reduced with a sufler
electron beam, but the greatest improvement
would come if the targets could he made more
uniform. The clief source of target nonuniform-
ity arises from a Fabry-Perot interference within
the silicon diode target. This occurs at the red
end of the spectral sensitivity range where the
target become transparent to the incident pho-
tons (Title 19710 Because silicon has a0 high
mdes of refracaon, there is significant reflection
at the target bonndaries cansing standing waves
to be set up within the target. Il targets were
uniformly thick the spectial sensitivity would

vary periodically: with wavelength. However,
the tar jets are not uniformly thick, with van
tions of a few percent being common, and this
gives rise to g omicrostiuctre of aterference
fringes. T Lis microstiucture appears s sensi-
tivity variations across the target which change
with wavelength, For illimination with a nar-
row spectral bandwidth, Title reports observing
sensitivity variations greater than 1000, Thewe
interference fringes are not totally washed ont
even for broadband Humination in the red end
of the sensitivity range since the reddo photons
con ribute relatively more stromgly to the inter-
ference. The wavelength at which the inter-
ference effeets become serious depends on the
thickness of the target and the particular appli-
cation under consideration,

Figure 3 shows an example of the tvpe of inter-
ference that can be produced when the silicon
target is uniformly illuminated by a pinhole
light source using a relatively cold incadescent
filament. This picture has had the low spatial
frequencies filtered out in order to produce a
constant background level in the reproduction.
The mottling over the entire picture is quite
reproducible from frame to frame. dhis repro-
ducibility is shown in Figure 1 where the o
upper traces are the same scan line from different
TV frames, and *he repeated pattermn is obvious.
The rms fluctuations of the upper traces in Figure
4 are about 6% of the video signal level. We
have determined that these fluctuations remain
a constant fraction of the signal level at all bt
the very lowest exposures and can thus be con-
sidered to be equivalent to variations in quantum
efficiency.

The bottom trace in Figure 4 is the difference
of the upper two and shows almost perfect elimi-
nation of the Fabrv-Perot type microstructure,
The remaining Muctuations in the difference of
the two lines is a measure of the actual noise in
the system. Tt is these rms fluctuations of several
frames about their mean that have been plotted
as the top line of Figure 2.

The scale size of the microstructure was deter-
mined by crossccorrelation analvsis of the -
form exposures, which indicated that the correla-
tion length of the microstracture was of the order
of 100 to 200, while the correlation Tength
of the diflerence of two ]mllwl[\ registered
trames was 40 604, or abovt the same as the
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Fic. 3 — High-contrast picture of target microstructure taken wnder wniform illumination with a cold incandescent
filament. The small black and white regions are target blemishes, The nootthng is the Fabry Perot target interference.

resolution limit of the target.

All frames used to compute the noise of Figure
2 were registered to within one pixel (10p). It
is apparent that the microstructure has not been
mtnph telv eliminated, and that the resulting
noise level is two to three times the * ‘expected”
noise level Attempts to register frames to frac-
tions of a pivel can make some further improve-
ment, but the registration error was not found to
be consistent for all segments of the target, and
could fluctuate by~ % pinel within a single scan
line. Noise fluctuations in the electron beam
sweep rate of a few parts in 100 can easily
account for this.

Spatial Fourier .oalvsis of single

trum l)l"l\\l'l'll 2 and 10 mm

significant UV f noise up to spatial frogquencies
of 2mm L This could be cansed by vertical oscil-
lations of the honzontally scanning electron
beam: the oscillations conld be imduced by
instabilities o the vertical sweep amplifiers,

, . - s
scan lines, L ks
, : ) 2 - . .
and of the difference of sean lines hetween
frames indicates o reasonably flat power spee-
Lobut there was ——— Pt

§
]

This eflect is apparent in the bottom trice of

Figure 4, where the baseline is slightly ]walu'd
in the center. The effect is of the order of 19-2%,
which could casily be generated by 1 p vertical

Fic. 4 — Osailloscope tracings of portions of the same
hine from two diflerent frames, The bottom line s the
difference of the top two and indicates the repeatabihity
of the microstructure. The exposure level was 6 X 108
electronsfrosolution clement where the resolution ele-
ment as defined i the 1t is the sum of four dots in the
figure.
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oscillations of the electron beam.

By placing a piece of ground ghss, which ab-
sorths Dight of wavelength greater than 000 A
between the hight somree aned the vidhiceon, we
were able to sulvtantially reduce the microstrue.
ture in our 20-thick trget. We again mea-
sured the Puctuations between identical expo-
sures, and these results are also shown i igure
2. The noise level is significantly reduced, Bt
still well above the photon-shot noise by el

To minimize dithicultios with the microstrue-
tore of these targets, we would suggest filtering
out light of wavelength Lirger than 9000 Ain the
20 targets and 7000 A i the 10p targets,
Title (1974) has suggested the targets be coated
with an antireflective |.l_\ er to reduce the inter-
ference effect. Recently several manufacturers
have announced a photoconductive vidicon with
quantum  efficiency greater than X out to
86003 wmy of the problems we encountered
with v« icon diode vidicon should not be
prownt with these tubes because their spatial
structure is uniform,

V. Observational lmplicatio s

This section discusses some of the observa-
tional applications and constraints that would he
influenced by the diseussions in the previous
sections. The relatively high threshold noise of
the silicon vidicon imphies that it will be extreme-
ly diflicult if not impossible to use it for deep sk
observations. For ('x.lmph'. suppose one desired
to detect point sources with a surface brightness
of one pereent of the night-sky background. The
minimum signal-to-noise ratio per picture ele-
ment would then have to be 10010 At a dark
site such as Kitt Peak, the sky brightness inci-
dent on the vidicon in the band between 7000 A
8000 X would be of the order of 1.5 % 10° | Mk
photons em* see |, where f is the focal ratio
of the telescope in use (Broadioot and Kendall
196GS).

From Figure 2, we see that if we collect 2 X
107 clectrons/resolution element (40 X 30 @)
we will achiove a SIN of wreates than 100, 1f the
overall quantum officiency of the system s €
(optimistically. ~ 0.5) the integration time e
quired s 107 € 1 oseconds. Even onoa fast
optical system (f~ 30 the integration time
would he of the order of six hours, whach is total-
v unreasonable, The threshold nose of the sili-

con diode vidicons is about four times hivher
than we had anticipated it would be, ot os
major drawhack to the use of silicom diole vidi-
cons, Restating the situation, the high threshold
noise implies that the SN grows linearly with
sigmal untid the signal Jevel s greater than 108
electrons/resolution element,

Another serions problem in domg photometry
o very faint objects is to eliminate or to con-
trol the backlighting of the target from the elec-
tron beam cathode. Light from the hot filunent
can leak through the exit aperture of the electron
gun, and strike the backside of the silicon. Even
with the filiment current tumed down guite low,
in an integration time of one minute, we could
see an obvior: Lulls-eve pattern caused by fila-
ment backlighting of the target.

During long astronomical exposures ac is
essential that the filament be off. In order to
establish the zero sky-exposure level of the tar-
get, it is also essential for the filament to I on
for a definite, repeatable time interval during the
readout and preparation procedure, A good way
to do this would be for the filament to be turned
off automatically ot the end of the preparation
arocess, and for the readout process to ocour
wtomatically after a fixed time interval from
when the filiment is turned back on. This type
of pnwvdtm- has been used by McCord and
Bosel (1973), but the filiment con’ ol was manual-
Iv operated in our system.

V1. Conclusions

The quantitative  evaluation of the silicon
diode vidicon presented here has demonstrated
the feasibility of using these devices for high-
precision,  high-flux,  broadband  astronomical
problems. We have shown that a dyviamic range
of at least 1000 can be expected, that signal-to-
noise ratios of 200:1 are easily obtained, and that
a spatial resolution of 300 contiast at 10 cveles
mm ' can be achieved. Cooling the tubes to
=607 C reduces the leakage carrent i the tar-
gets to a low enough leve! to allow several howurs
of integration with no appreciable loss of dy-
Namic range.

In spite of the rather promising resulis men-
tioned above, there are some problems which
mst be considercd inany application of the
silicon iode vidicon. The problems of Fabiy-
Perot interference within the toget cannat be
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drsregrarded ad nndess there are magor changes
i the imanibacturine techmigues, this will remin
a problem Beameswitching  noise presently
lisnits the threshold of the wibes and will also
require imnfactuning changes f at is o be
climinated The problems associated with the
diserete stincture of the target can be reduced
by employing morcastable and reproducible elee-
tron beam optios and targets with closer packed
diodes, bhut the discrete structure problem will
probably continue to be o limitation on the
ability of these devices to achieve quantum noise
limit operation oy or their full dynamic range. In
addition, attempts to improve the spatial resolu-
tion will agarevate these problems,

In summary, the vanous advantages and dis-
advantages of the silicon diode vidicon should
be carctully considered before the decision to use
one of these devices is made. In many iustances,
the great advantages will far outweigh  the
limitations, and the silicon vidicon can be used
efficiently to vield important new scientific re-
sults.

« There are many people who have contributed
to this work, Jolin Lowrance and Paul Zuechino
of the Astrophysical Sciences Departinent at
Princeton have been extremely helpful and gen-

crous in lending cquipment and advice, Johin
Mon constricted th camera head and assisted
insome of the carly measurements. Eagene Gor-
don of Bell Telephone  Laboratories, Murray
Tl made several helpful suggestions. One of
us (P enoved the hospitality of the Aspen
Center for Phiyvsies where portions of this work
were completed,
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C. CGeneral Flectric IR Vidicon and General Flectric Camera Electronics Fvaluation

A GF 27934 Type vidicon which was mounted in a GE furnished cooled camera
head was studied,

The GE cumera operated at 30 r?amcs/sec with 2:1' interlace readout and had
the capability of adjustable integration periocd. Tests were run with integrations
up to '0 minutes,

The GE camera was tested on the 35" Princeton telescope with observation of
Jupiter, Mars, and Mira. The sources were detectable but S/N was poor even with
long integration.

Additional laboratory evaluatlon determined that the threshold signal for
the GE system wis 5.6 x 1077 “cha at 2.5 microns with a bandwiith of 0.15 microns.
This threshold proved to be too high to Jjustify any additicnal scientific observa-

tions.
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