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Abstract

Two arrays of Rockwell's Si:As back-illuminated blocked-impurity-band detectors have

been tested at the Max-Planck-Institut ffir Astronomie (MPIA) at low background and

low temperature for possible use in the astronomical space experiment ISOPHOT 1. For

these measurements a special test equipment was put together. A cryostat was mechanically

modified to accommodate the arrays and special peripheral electronics was added to a

microprocessor system to drive the cold multiplexer and to acquire the output data. The

first device, a 16x50 element array on a fan-out board was used to test individual pixels

with a trans_impedance-amplifier at a photon background of l0 s Ph s-lcm -2 and at

temperatures of 2.7 to 4.4 K. The noise-equivalent-power NEP is in the range

5 - 7 x 10-18 WHz -1/2, the responsivity is _ 100 AW-I(f = 10 Hz). The second

device was a 10xS0 array including a cold readout electronics of switched FETs

(SWIFET). Measurements of this array were done in a background range of 5 x l0 s to

5 x 1011 Ph s-lcm -2 and at operating temperatures between 3.0 and 4.8 K. The NEP

ranges from < 10 -18 WHz -1/2 at the lowest background to 2 x 10 -16 WHz -1/2 at the

highest flux. On-chip integration times from 1 ms to 4 s were used for these photometric

measurements and bias voltages around 4 V proved to be useful. The dark current was

measured to be about 64,000 electrons/s and 16,000 electrons/s at 4.2 K and 3.1 K respectively.

Test Equipment

For testing the detector arrays, special test equipment has been built, consisting of a

liquid helium cryostat, an infrared radiation source and a computer system with

special peripheral electronics to drive the device and for data acquisition. This test

set-up is schematically shown in figure 1.
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Figure 1 Test Equipment for Detector Arrays

Cryogenics and __Qptics

A commercial liquid helium dewar (HD-3, Infrared Laboratories) has been modified as

shown in figure 2. An aluminum base plate is bolted to the LHe-tank and carries a

pc-board with a 68-pin chip carrier. The test array fits into this chip carrier and is

held in place by an aluminum/glass-fibre frame. This frame presses the contacts of

the ceramics array substrate against the spring loaded contacts of the carrier. A cold

finger of the baseplate penetrates through the pc-board. At its end there is a

copper-berylium spring which provides thermal contact to the ceramics substrate.

Additional cooling is provided to the device by the electrical contacts. Copper wires

are used from the pc-board to the connectors at the base plate. They are fed through

to the bottom of the base plate and are run in milled channels. Thus the wires are in

close thermal contact to the helium bath and at the same time light is prevented from

leaking into the test housing. The aluminum/glass fibre frame is coupled to the base

plate by a strap of braised copper strands. Temperature down to about 2 K can be

achieved by pumping on the liquid helium and two carbon resistors are used as

temperature sensors at the base plate and the frame.
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Figure 2 Detector Test Cryostat
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A threaded lid covers the base plate light-tight and carries a filter holder. Several

spectral and attenuation filters can be mounted into this holder to select the desired

infrared flux. The filters are tilt against each other by 3 ° to avoid multiple reflections

between them which could contaminate the beam. A cold aperture of typically 1 mm

in diameter in this filter holder defines the field of view of the array.

This test housing is surrounded by a radiation shield at LHe-temperature which contains a

shutter to block all light coming into the cryostat. This shutter can be manipulated from

outside the dewar with a vacuum feedthrough and is used for dark current measurements or

for switching between "0 flux" and radiation entering through the KRS-5 window.

As radiation source a calibrated blackbody with temperature controller is used. Its

radiation can be modulated by a rotating chopper wheel at room temperature which

can be synchronized to the readout electronics. The fluxes incident on the detectors

are calculated using Planck's law and the cold transmission of the filters involved. In

chopped operation the signal is the difference of fluxes from the blackbody source

and the chopper blade. All numbers of NEP and responsivity given here are calculated

at the detector's peak wavelength of 25 _tm.

Electronics

The 16x50 element array was mounted on a fan-out board and individual pixels could

be accessed with a single channel preamplifier. The well known trans-impedance-amplifier,

TIA was used with an IP,,AS module from Infrared Laboratories as an input stage.

The 10x50 element hybrid came with a cryogenic switched FET readout electronics to

which the detector array was directly sandwiched. That multiplexer provides one output

line for each of the 10 rows. A special electronics system was built to drive the mux and

to acquire the output data. For EMC/EMI reasons the system is separated into three parts:

a MC 68000 computer system including an analog to digital converter and a pulse generator

and two boxes that are directly connected to the electrical plugs of the test dewar. One

contains the amplifiers and shaper circuits for the array drive pulses while the sensitive

signal processing electronics is located in the second box [see figure 1).

The pattern generator is programmed by the main computer. Once the pulse pattern needed

is stored in its RAM, this memory is continuously read out with a selectable speed. No fur-

ther interaction with the computer is needed. For galvanic separation between analog and

digital grounds, the TTL pulses of the pattern generator are fed to the pulse amplifier via

opto-couplers. A control logic synchronizes the chopper and triggers the ADC.
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The drive pulses needed by the cryogenic multiplexer are generated in the pulse

amplifier/shaper box. The upper and lower level of a pulse are defined by two

voltage references. An analog switch that is contolled by the pattern generator feeds
J

one of these voltages to an adjustable Iowpass filter which is set to provide the

desired pulse shapes. A current amplifier is then used as a buffer to provide a low

impedance signal to the array (see figure 3). Five such channels are contained in the box.

REFERENCE

UOLTAGE 1

REFERENCE

UOLTAGE 2 I
TO

PULSE GENERATOR

i

Figure 3 Pulse Shaper and Amplifier

The ten output lines of the hybrid are terminated by 10 kt3 resistors and are then fed

into a 10-channel preamplifier of gain 16. To apply that gain without saturating the

amplifiers, the offset voltage of the signals must first be compensated. This is done by

feeding a well filtered DC voltage of a reference source (2.66V) into the inverting

input of the operational amplifiers. One of the ten channels is selected by a

multiplexer and fed to the inputs of two sample-and-holds which sample the signal

and reset levels. The difference of those is then amplified by an instrumentation

amplifier where a gain of ten was normally used. This differential signal can be

clamped by a third S/H and be additionally amplified by a programmable inverting

amplifier which also provides lowpass filtering. It is then fed to the 14-bit

analog-to-digital converter of the MC 68000.

Also contained in this "clean" electronics box is the supply for the DC voltages

needed by the hybrid. A 10V reference voltage source feeds a set of adjustable

voltage dividers. The voltages then go through a buffer amplifier with an active filter

and finally to an lowpass RC-filter to ensure stable and very low noise performance.

TIA Measurements

One pixel of the 16x50 element array was connected to a TIA with feedback resistor of

R r -- 1.7"109 f_ (at 4.2K). Some results of these tests are shown in figure 4. Figures 4a and 4b

show identical NEP and responsivity taken with different blackbody temperatures.
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Figure 4 Testresults of TIA Measurements

In the TIA circuit a feedback resistor of 1.7 .lO 9 O which has been calibrated for its

non-linearity at temperatures down to 2.7 Kelvin. For the tests in figure 4a,b and d a

16_m cut-on filter was used, for figure 4c a I3_m cut-on was choosen to check the

radiometrics. All tests were done with a chopper fequency of 10 Hz.
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This is a first indication that the radiometric calculation and the derived results are

reliable. An even better test is the comparison of Figures 4a and 4c. Up to bias

voltages of 3.5V the responsivities are identical although completely different cold

spectral and attenuation filters were used.

Some deviations between these two responsivity measurements at higher bias voltages

could be related to signal drifts. Such drifts were observed after bias switch-on above

3.5V. Their amplitude was within a factor of 2 of the starting point and their time

constant at the order of 20 to 30 minutes. As no such effect has been observed in the

TIA circuit before, the drift is probably due to the detector.

The NEPs of figure 4a and 4c ratio 7/5 which scales closely with the square root of the

background flux ratio, indicating that the NEP is background limited at bias voltages 3 to 4V.

Assuming a quantum efficiency of 05, the measured responsivity of I00 ... 200 A-W -1

(in the bias region of best NEP) gives a photoconductive gain of G -- 10... 20. From this the

preamplifier-limited NEP of our TIA is calculated to 1.9.10 -18 WHz -l/z which is consistent

with our results. Using again _q-- 0.5 background limited NEPs of 4.3.10 -18 WHz- 1/2 for

figure 4a and 3.3-10 -18 WHz -l/z for figure 4c are found if the photon noise of the back-

ground and the signal flux (differential flux blackbody/chopper ~ photon background) are

considered. Our results which are about a factor 1.5 higher indicate an additional noise

source in the detector, e.g. gain dispersion. Finally figure 4d indicates that the detector's

performance is not changing if it is operated at 2.7 Kelvin.

Multiplexed Measurements

The test equipment was normally run with the warm multiplexer scanning all ten detector

rows, so the data of all 500 elements were taken. By varying background flux, temperature,

bias voltage and integration time over a wide range each, huge amounts of data had to be

stored. All this data is still available for detailed evaluation, our heavy involvement in the

ISOPHOT program however does not allow for that. For this report we have therefore

choosen to summarize our results.

Figure 5 shows an example of the NEP and responsivity averaged over the array. At mini-

mum NEP the responsivity is --,1000 AW -i if an effective node capacitance of 0.6 pF is

assumed 2. Taking n -- 0.5 the photoconductive gain is calculated to G ~ 100. Although this

gain is very high, no long time constants are seen. During a 10 minute run after opening the

cold shutter at a bias voltage of 3.5V no significant signal drift was observed. Figure 6 gives

an overview of the NEP results we got in a wide range of background fluxes.
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Figure 5

NEP and Responsivity of 10 x 50 Array

NEP and responsivity are averaged over

all 500 elements. The signal flux is

1.8"10 -16 Watt per pixel and the integration

time is 19 msec.
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Figure 6 Summary of NEP Measurements of the 10 x 50 Array

By using different sets of cold attenuation filters the background was varied over 6 orders of

magnitude. The vertical bars indicate the range of NEP found by using various integration

times (1 to 4000 msec) and bias voltages (up to 4.5V). Also different algorithms for data

evaluation like statistical analysis and Fourier transformation have been applied, At back-

ground fluxes down to about 10 7 ph s -1 -2
crn the lower end of these bars where the operating

paran]eters are optimized, coincide well with the BLIP-limit calculated with z] = 0.5. At lower

backgrounds the deviation from that limit indicates the influence of the readout noise,
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NEP and responsivity were almost independent of temperature below 4 Kelvin as

shown in table 1. The dark current was measured at pixel **25 of rows 1,3,5 and 9 at a

bias voltage of 4V. The results are shown in table 2. The linearity over integration

time and infrared flux is shown in figures 7 and 8. A qualitative test of the crosstalk

is shown in figure 9.

Table 1 Temperature Dependence

QB [-Ph s -l cm -2 ] V b [V ] T D [-K ] tint [ msec ] NEP [ W Hz -1/2 ] R [AW -1 ]

8.2 l0 6 4.0 4.7 75 2.7 10 -18 570

4.0 3.6 75 2.4 10 -18 900

4.0 3.2 75 2.2 10 -18 920

4.0 3.0 75 2.1 10 -18 900

Table 2

Pixel

Dark Current at 4V Bias

Dark Current [ Electrons / Second ]

T= 4.2 K T = 3.1 K

1 , 25 63 700 16 300

3 , 25 64 400 16 800

5 , 25 63 200 15 900

9, 25 61 000 14 800
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Figure 7

Linearity over Integration Time

Except For the integration at 38msec

the signal is linear in time within

the measurenJent's accuracy.
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Figure 8

Linearity in Infrared Flux

At low fluxes the noise of the out-

put voltage gives large error bars

which disappear at the higher sig-

nals. The errors in flux are caused

by the uncertainty of the attenu-

ation filter's cold spectral trans-

mission. Within these limits the

detector is linear.

Conclusion

Although the data presented here are not a complete investigation of the devices, the

excellent suitability of these arrays for space astronomy is obvious. With a NEP of

about 10-18 WHz -1/2 the 10xS0 array offers a factor ~10 better sensitivity compared

to bulk detectors at photon background fluxes below 107 Phs-icm -2. Its very high

responsivity of ~1000 AW -1 makes the use of a relatively noisy readout circuit

possible. Besides these sensitivity advantages, the high energy radiation immunity of

these detectors would be a great gain for a space astronomy. We very much regret

that this technology could not be made available for the use in our ISOPHOT

experiment.
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Figure 9 Crosstalk Test

To test the crosstalk of the array a blackened mask was put within 1 mm close to its surface.

Through holes ranging from 0.2 to 0.5 mm in diameter small areas of the array were

illuminated. We did not attempt a quantitatively evaluate this but the steep slopes of the

"light-mountains" indicate low crosstalk. For this plot an integration looking at the cold

shutter was used for flat-fielding.

.
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