THE MICRODOT GAS AVALANCHE DETECTORS.F.Biagi, J.Bordas, D.Duxbury, E.Gabathuler, T.J.JonesDepartment of Physics, University of Liverpool, P.O.Box 147Liverpool L69 3BX, UKABSTRACTThe microdot gas avalanche detector is introduced and experimentalmeasurements from the laboratory are described. Two separate batches ofdetector have been produced and results are presented showing thedetectors gain dependence on cathode and drift voltage and theperformance of such detectors to high intensity x-ray fluxes. The energyresolution at high rate and gain is also shown along with preliminaryageing measurements. Results obtained from single photo electronextraction by a UV source from the aluminium support of the drift cathodeare presented at avalanche gains of up to 30000.

1 IntroductionExperiments at future high intensity colliding beam machines and at high intensitysynchrotron radiation facilities require a detector which has an intrinsic high ratecapability, good imaging or spatial resolution and excellent stability in a highradiation environment. Microstrip gas avalanche (MSGC) and microgap (MGAP)detectors with 200 micron pitch readout possess some of these properties, but arelimited to avalanche gains of <

8×10_3

by the onset of breakdown. The microdotstructures1,2, however, possesses all the above qualities and are in addition able tosustain gains of the order of

3×104

.2 Detector ManufactureMicrodot (MDOT) detectors of various geometries have been constructed on 4 in.diameter silicon wafers using a standard MOS processing line3. Figure 1 shows aschematic of one cell from above and in cross section through the substrate. Thestructure has been implemented with an underlying back plane bus enabling the anode

dots to be readout in strings which have been produced with both 100 and 200 micronreadout pitch. The anode dots are typically 12 to 20 microns in diameter and thecathodes are between 20 and 40 microns wide. The anode cathode gap is of the orderof 75 microns for a 200 micron pitch and 35 microns for a 100 micron pitch structure.The processing steps used in the manufacture of the microdot structures are: 1. oxide deposit to 2.5

μm

depth 2. metal 1 deposition and etch, 0.6 to 1

μm

thick 3. second oxide deposition to 2.8

μm

depth 4. ion implantation 5. oxide via etch 6. metal 2 deposition and etch, 1.5

μm

thickThe surface of the insulating substrate is doped to a higher conductivity than the bulkto reduce charge up effects and the currents flowing in this layer control the fieldgradients across the substrate.3 Detector GeometryTwo separate batches of MDOT detectors have been produced and the maindifferences between the two will be outlined below. During the production of the firstbatch of MDOTs, further electric field simulation4 showed that the anode readout buswas significantly distorting the electric field in the gas directly above the surface ofthe bus. The effect of this distortion was to create a potential well for electrons,created in the avalanche, into which they can fall and be focused onto the bus linesrather than the anode dots. To compensate for the effect a "floating potential" ringwas added between anode and cathode which serves to restore symmetry to theelectric field ensuring that the electrons focus onto the anode dots. This ring was thusincorporated into half of the first batch of the MDOTs and a schematic of thestructure is shown in figure 2a.During the testing of the first batch of detectors, it was found by optical inspectionthat the structures were suffering from "punch-through" breakdown. This manifestsitself as a short circuit occurring at the cross over point between the anode bus lineand the cathode, and was found to be developing at sites on the metal 1 layer where"hillocks" had formed. These are regions on the aluminium metal 1 layer where amovement of grain boundaries has occurred causing a raise in profile at the point.

This is a common occurrence in the semi-conductor industry and is due to the hightemperatures used during the deposition of the oxide layer. Thus for the second batchof MDOTs that were produced the intermetal oxide layer was increased in thicknessfrom 1.8

μm

to 2.8

. The mask design was also improved to reduce the metalisedarea on the cathode which covers the anode bus line. This serves to reduce capacityand improves the reliability from punch-through breakdown between the metal 1anode bus and the metal 2 cathode, figure 2b. In addition to the above changes 2Dstructures have also been produced, where the anodes are connected in strings alongthe bus lines and the cathodes are connected in strings in an orthogonal direction onthe metal 2 layer, figure 2c.4 ResultsThe absolute gain of the detector was determined in two ways. 1) calibration of theelectronics chain by the injection of a pulse of known amplitude to the input capacitorof an Ortec 142AH preamplifier and 2) by monitoring the chamber current, performedusing a Keithley 237 source measure unit (SMU) and the x-ray rate. The two methodsagree to 10-15% which is consistent with the systematic errors. The presented resultsare obtained from the signal of 14 anode strings, each of length 6cm, for the 200micron pitch structures and 28 strings for the 100 micron pitch structures, which areconnected together and input to the preamplifier. No passivation was applied to theelectrode ends.4.1 Gain MeasurementsThe gas gain dependence of the MDOT structures on cathode voltage has beeninvestigated. Figure 3 shows this dependence for a 200

μm

pitch structure withfloating rings from the first batch, in various Ar:DME gas mixtures. The results wereobtained using an Fe55 x-ray source at low rate (~10cts/mm2/sec). The upper limit ineach case was defined by a current trip on the SMU of 20nA. This limit wasdetermined from experience with MSGCs and marks the onset of microdischarges orpunch-through breakdown. The upper limit of 12000 in the case of a 50:50 Ar:DMEmixture is typically a factor of 1.4 higher than that obtained with an MSGC on anelectronic conducting substrate5 and is obtained at a lower value of drift voltage and amuch reduced value of cathode voltage.The gain for these batch 1 detectors was

600500400300200

10100100010000100000

90:10

80:20

70:30

50:50Cathode Voltage/Volts

Gain

MDOT 8 D20V6Vd=Vc-100V Figure 3: Gain curves for a 200 micron batch 1 structure with floating rings600500400300200100

10100100010000100000

95:5 Vd -600

90:10 Vd -600

80:20 Vd -600

70:30 Vd -1kV

60:40 Vd -1kV

50:50 Vd -2kVCathode Voltage

Gain

Figure 4: Gain curves for a 100 micron batch 2 structure

limited by punch through breakdown which was confirmed by optical inspection ofthe detector, manifesting itself as damage to the electrode structure. Figure 4 showsthe gain curves obtained with a 100

μm

pitch structure from the second batch ofMDOTs. Gains of up to 40000 have been measured and this coupled to the detectorslow noise levels allows these devices to be used to detect single photo electrons (seebelow). Results are not presented for the batch 2 200

μm

pitch structures but gains inexcess of 50000 have been measured. Their behaviour is not stable due to surfacecharging caused by a lack of surface current in the implanted layer. This could becompensated for by reducing the anode cathode gap or by modification of theconducting layer to decrease its resitivity.In the case of the second batch of MDOTs the ratio of gain measured on anodes tothe cathodes has been investigated and figure 5 shows this ratio for various applieddrift voltages and for various shaping times on an Ortec 571 post amplifier. Theapplied cathode voltage in this case was -400V for the three different values of driftvoltage. The graph shows that for an applied drift voltage of -1kV, corresponding to adrift field of

2kVcm− 1

, and at all values of shaping time that 85% of the anode signalis induced on the cathodes. Simulation of the dependence of charge ratio on applieddrift field and integration time has been found to agree well with the experimentalresults. The change in ratio at integration times below

1.5μS

is caused by the slowrise time of the preamplifier due to capacitive loading caused by bussing a largenumber of the cathode strings into the preamplifier. When this effect is removed theratio is predicted to stay constant from

2μS

to below 500nS.4.2 Energy and Spatial ResolutionThe energy resolution of the MDOTs is determined using an 8keV x-raycrystallography set, and figure 6 shows the resulting spectrum obtained at high rateand high gain for a 200

μm

pitch batch 1 structure . A FWHM of 19% was obtainedwhich compares well to the 18% achieved with these structures at lower rates. Figure7 shows an 8keV spectrum taken with a 200

pitch structure from batch 2 at a gainof ~1000 and gives a FWHM of 14% which is limited by avalanche fluctuations.The spatial resolution of the MDOT structures for minimum ionising particles hasbeen simulated using the MSGCSIM code6, which gives

σ

x=

σ

y=16 to 18

μm

in thecase of a 100

pitch MDOT and

σ

x=

σ

y=32 to 35

for the case of a 200

pitch structure. In both cases the simulation gives

σ E

=6% for the energy resolutionfor 6keV x-rays.

121086420

0.91.01.11.21.31.41.51.6

Vd -600

Vd -1kV

Vd -2kVShaping time/mircoseconds

Ratio of Anode to Cathode gain

Ar:DME 70:30 Figure 5: Ratio of anode to cathode gain for a 100 micron pitch batch 2 structure4003002001000

02000400060008000

Channel no.

Counts arb.unitsMDOT8 D20V6RVc-500, Vd-700Ar:DME 80:20Rate 14kHz/mm2Gain 5000 Figure 6: 8keV spectrum taken at high rate and high gain

2001751501251007550250

0100020003000

Channel No.

Counts Arb.unitsAr:DME 80:20Rate ~7kHz/mm2Gain ~1200 Figure 7: 8keV spectrum taken with batch 2 200 micron structure4.3 Photo electron SpectraThe fact that the MDOT structures allow gains in excess of 10k renders them able todetect single photo electrons and this has been investigated using a 100

μm

pitchMDOT. For the following results the MDOT was operated between -510 and -560Vwith a drift voltage of -1300V. A UV lamp source was incident at an angle to thedetector plane in order to extract photo electrons from the edge of the aluminiumframe supporting the drift cathode. This non ideal geometry was forced due to thelack of a photo sensitive drift cathode. Despite this problem, it was possible tomeasure about 30 pulses/second from electrons which diffused into the first row ofmicrodots in the fringe field of the detector. The spectra obtained are shown in figure8 for three different values of detector gain. The spectra were taken in singles modewith a counting time of 20 minutes. Then the electronic noise was backgroundsubtracted for the same period of time and the resulting spectra plotted. Thesubtracted background is also shown for comparison. For each value of gain the

100806040200

1101001000100001000001000000

Counts

Noise

CountsGain of MDOT 20k

100806040200

1101001000100001000001000000

Counts

Noise

CountsGain of MDOT 25k

100806040200

1101001000100001000001000000

Counts

Noise

CountsGain of MDOT 30k

Channel No. Figure 8: Photo electron spectra taken with MDOT at indicated values of gain. Thearrows represent the expected average pulse height

expected pulse height, which directly corresponds to the gain, is shown by an arrowand was obtained by dividing the Fe55 peak in an x-ray spectrum by 235 which is theexpected number of electrons released by the 5.9keV x-rays. Polya7 fits to the spectragiven by

P q( ) ≅ 1+θ( ) qq θ e− 1+θ( ) qq

display a disagreement between the expected gain and the Polya fitted gain. Areduction of a factor of 3 is found and can be explained by the detector geometry. ThePolya fitted gain is smaller because the electrons are drifting into the detector on thefringe of the drift field and arrive at the first row of microdot cells. These cells have asmaller gain because they sit in the fringe field of the detector. The calibration, usingFe55 x-rays, is however obtained from the 99% of the detector that does not sit in thefringe field and therefore has a higher gain. The distorted Polya fits to the pulseheight spectra show an increasing tail component, defined by the parameter

θ

, in thespectra at gains higher than 20k. It is clear from the results that by connecting anamplifier to each string and by using modern integrated electronics such as Microplexor Viking chips (ENC ~1000 electrons) that the detector should be very efficient(>90%) for the detection of photons at gains between 10 and 20k.4.4 High Rate and Ageing StudiesThe detectors response to high fluxes is crucial if considering using such detectors forhigh rate applications. Figure 9 shows the behaviour of a 200

μm

pitch MDOT fromthe first batch to high fluxes of 8keV x-rays. The gain is monitored at such high ratesby using the current drawn from the anode dots. As can be seen in the figure, thedetector initially charges up by 15% but is stable to further increases in rate. Ionimplanted MSGCs using the same technology showed a decrease in gain of 33% butwere also stable to further increase in rate8. This can be understood by considering theinteraction of the anode fields and the substrate fields. In the case of the MSGC thereis a mismatch between the natural logarithmic field given by the geometry and thesurface linear potential divider. Whereas in the case of the MDOT there is bettermatching of the quadratic anode field and the quadratic surface field potential divider.This match should be exact but is broken by interaction between the substrate and theburied readout bus.

150100500

0.91.01.11.21.3

Time/mins

Relative gain

rate~500kHz/mm2 rate~1MHz/mm2 Figure 9: Response of batch 1 200 micron pitch MDOT structure to high x-ray flux302520151050

0.60.70.80.91.01.11.21.3

Accumulated Charge mC/cm

Relative GainMDOT 4 D12V6NRAr:DME 80:20Initial gain ~700 Figure 10: Ageing curve for 100 micron MDOT structure

Preliminary ageing measurements on a 100

μm

pitch MDOT from the first batch aregiven in figure 10, at a similar gain to the tests performed with MSGCs and using aclean gas supply but with plastic pipes and chamber materials. No decrease in energyresolution was observed up to 25mC/cm. After irradiation the detector was scannedunder a microscope and no spark damage could be observed. However polymeriseddeposits had formed on the electrodes where the x-ray beam was incident on thesubstrate. Attempts to clean the deposits with propanol and acetone failed, but itshould be possible to clean and regenerate dirty detectors in a plasma photoresistasher as used in the detector manufacture. This is only possible because the detectorcontains no plastic insulation or passivation material unlike MSGC or MGAPdetectors.5 Pixel ReadoutThe silicon wafer on which the detectors are manufactured leads naturally to thepossibility of integration of detector readout electronics. A very simple system hasbeen proposed9 suitable for high rate x-ray images. Figure 11 shows this readoutscheme, the individual dots are connected to an array of MOS transistors in thesubstrate which can be sequentially addressed and gated on to readout lines. Thestructure is similar to a dynamic RAM where the microdot anode-cathode capacityforms the capacitor of the RAM cell and therefore no integrated capacitors arenecessary. The charge loss from the surface leakage channel through the implant isvery slow taking a few thousand milliseconds, so the dots can be readout cyclically ata moderate rate, typically for a 20MHz clock each dot can be readout every 40microseconds on a full 8 inch or 60 microseconds on a 12 inch wafer scale array. Thedevice when addressed and readout in a parallel bussed fashion should allow veryhigh pixel readout rates of typically 10 Giga pixels / second and is suitable for highyield wafer scale integration.6 Possible Applications and ConclusionsThe microdot gas avalanche detector is, without further development, suitable for x-ray imaging and particle tracking using the 2D capability. It has also been shown thatthe detector is capable of detecting single UV photons. The integration of the deviceon a silicon wafer leads to increased noise due to the large capacitance of the cathode.

References[1] S.F.Biagi, T.J.Jones Nucl. Instr. and Meth. A361 (1995) 72-76.[2] S.F.Biagi, J.Bordas, D.Duxbury, E.Gabathuler, T.J.Jones, S.Kiourkos. Nucl. Instr.and Meth. A366(1995) 76-78.[3] Hughes Microelectronics Europa Ltd., Glenrothes, Scotland, UK.[4] MAXWELL Electric field simulator, Ansoft Corporation.[5] L.Alunni, R.Bouclier, G.Fara, Ch.Garabatos, G.Manzin, G.Million, L.Ropelewski,F.Sauli, L.Shektman, E.Daubie, O.Pingot, Yu.N.Pestov, L.Busso, S.Costa. Nucl.Instr. and Meth. A348 (1994) 344-350.[6] S.F.Biagi, in preparation.[7] J.Va’vra. Nucl. Instr. and Meth. A371 (1996) 33-56.[8] S.F.Biagi, T.J.V.Bowcock, D.Duxbury, J.N.Jackson, T.J.Jones, S.Kiourkos. Nucl.Instr. and Meth. A367 (1995) 193-197.[9] X-Image Ltd., 41 The Old Bath Road, Sonning, Berkshire RG4 0SY. Patentgranted for medical imaging applications of pixel array readout