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What is a Ring-Drift Detector?
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= State-of-the-art for silicon soft x-ray detectors:

lower capacitance and leakage than pn diodes.

Why use CZT?

= High-Z material for hard x-rays (25-150keV).

= Room-temperature operation.

= CZT has poor hole mobility —Ring-drift is
most effective for single-carrier sensing.
Our CZT is produced by Redlen Technologies [3]
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Prototype 3-Ring CZT device

= Bonded rings-down to gold contacts on special tile.
= Each ring and the cathode independently biased.
= Anode grounded through CoolFET preamp

= |rradiation through planar cathode.

\O Guard ring
¢ e
{@ ing 3
<
& e 1007 Am-241
I photopeak | Pulser
Apode 300 - 59 5keVV || FWHM 2keV
g £ FWHM 3.3keV
1.25 § at room temp.
e 200 + 3.1keV at -15C
2.25 ]
2.75
3.25
3.75 ] 100 1
5.5mm J
CZT Wafer 10 x 11 x 2.3mm. 0 . ——

. . 0 20 4;] ﬁll] 80 1[Ill:l
0.5mm ring and gap widths. Energy (keV) [4] Alruhaili, A. (2013) 4



Anode=0V
R1=-500V
R2=-600V
R3=-700V

Cathode=-700V

1000 -

Counts in 30s

100

10 4

10

Microbeam Linescans of 3-Ring Prototype

10um 25keV x-ray microbeam was scanned across the device radius. [5] biamond Light Source Ltd.
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= Spectra recorded
at 10-100um intervals.
= Resolution dominated by
electronic noise.
= Bias conditions were
varied.

Increasing lateral field as a
fraction of bulk

(up to R3=Cathode voltage)
increased active area and
sensitivity.

Increasing both fields while
maintaining their ratio caused
further improvement.

Raising the bulk field alone did
not improve performance.
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Modelling Ring-Drift Devices

TCAD enables material customisation, fully 3D simulation and visualisation of all
electrode signals, fields, potentials, charge densities and velocities and trapping.

A model was constructed of user-defined CZT
with variable ring size, number and spacing.

Planar cathode -700V

-1500 -1125 -750 -375 0

Sections through 3D datasets
Illustrating Potential field
under two different bias schemes.



Simulation of Linescans: Methods

eDensity (cm®-3)
e 2.306e+10
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1) A charge density deposition profile was
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2) Photon was deposited at a chosen radius and depth.

80um was selected as the most probable depth at 25keV. eDensity (cm?-3
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3) Electrode current signals - 5 loud . 02000
and 3D datasets of fields and ectron ¢ arge clou

charge densities after 25 keV interaction e
were recorded during deposition at 2200pm radius. N .
and drift. - R

In this example, :
charge is shared between the
Anode and Ring 1/
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Simulation of Linescans: Analysis
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Detector performance is represented by

ANODE charge collection.

=  Magnitude — sensitivity

= Profile of decline with interaction radius
— active area and resolution

Charge collection by Anode

C:harge collection by Ring 1

****‘““”%Cﬁﬁ?élé collection by Ring 2

aarge collected by elegtrodg/[C]

-2.0x10™

200

400 600

Time since interaction [ns]

1Anode

Ring 1 mngzg Ring 3

0

250 500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000 8

Radial distance of interaction from anode centre [um]



Experimental vs. Simulated results

Current model has a smaller active radius than the real device.
Model anode charge collection declines gradually at moderate radius.
The real device maintains a flat resp Z}Ae until beyond Ring 2, then declines steeply.
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Charge Collected by electrode [C]

Simulation of varying Ring Geometry

Silicon drift detectors have 10+ rings over
~5mm diameter.
Coarse rings create ripples in E- field.
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Charge Collected by electrode [C]

Simulation of varying interaction depth

Simulations were repeated at interaction
depths of 80, 810, 1310 and 1810um
from the cathode

to represent different x-ray energies. / |
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Charge Collected by electrode [C]

Simulation of varying

Electric Field conditions I.
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Simulation of varying Electric Field conditions IlI.

Effect of increased potential difference between anode and Ring 1.
with constant inter-ring differences.

No effect on charge collection at
centre.

Larger active area,

Less Steep decline at edge

of active area

= more incorrect counts,

worse resolution.
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Conclusions

Experimental Results

The protoype device has high sensitivity and resolution limited by electronic noise to
3.3keV at room temperature. Its active radius extends beyond Ring 2 under the best bias
combination available so far.

Increasing lateral field as a fraction of bulk (until R3=cathode voltage) increases active
area and sensitivity.

Increasing both fields while maintaining their ratio causes further improvement.

Raising the bulk field alone does not improve performance.

Simulation results

Trends in charge collection and active area with bias were qualitatively reproduced under
the same conditions used in experiment.

Changing the ring geometry does not affect performance (within the constraint that
contacts cannot be bonded to rings narrower than 0.25mm)

Active area falls with increasing interaction depth.

Increasing the lateral and bulk field further (with R3=cathode voltage) OR bulk field alone
decreases active area, raises sensitivity and improves resolution under conditions simulated
so far.

Further increasing the anode—Ring 1potential difference degrades resolution.

Further work

More variations in bias conditions will be studied to optimise active area, sensitivity and
resolution.
The CZT material model requires improvement to reproduce experimental results.
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Modelling CZT Material with Sentaurus TCAD

= TCAD model of CdTe was ., 1I. Donor Concentration values Np that produce
adapted by adding traps at 4 = . ) realistic ut. in this model.
energies, based on literature. T SS—— HENCE
) [7] Bell, S.(2011) I } Range of realistic CZT pr.
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Absolute concentrations were chosen to give
realistic charge transport .

nt was obtained by simulating alpha-irradiation.
n was calculated by time-of-flight analysis.
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Original 3-ring geometry. (R1=-500,R2=-600, R3=-700) Cathode= -700V

25keV deposition depth:2230um from anode, 80um from cathode

Depth 1500um from anode, 810um from cathode
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The weighting potential of
the anode rises from 0 to 1
between the innermost ring
and the anode.
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