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Introduction

A review of recent developments in semiconductor detector
materials and technology for X-ray and gamma imaging:
[ Commercially available or near-market materials:
e status of CdZnTe/CdTe
e summary of best spectroscopic results from other materials
* INTEGRAL/SWIFT — imaging detectors in space
[J New developments in large-area thick film materials:
e polycrystalline and epitaxial CdZnTe/CdTe thick films
* Heavy element (Z>80) thick films (Hg, Tl, Pb, Bi)
[J Future materials — latest results from promising new detector
materials:
* synthetic single-crystal diamond
* boron-based semiconductors for neutron detection
[ Conclusion
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Commercially available or near-market materials

Commercially available material continues to be predominately CdZnTe,
plus CdTe and GaAs.
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J 11-VI materials CdTe and CdZnTe cover a suitable range of band gaps:
1.44 eV (CdTe), 1.57 eV (CdZnTe, 10% Zn), 1.64 eV (CdZnTe, 20% Zn)

[ Resistivity of CdZnTe is higher than CdTe = lower dark current, higher
spectroscopic resolution

[ Poor hole transport requires electron-sensitive detector geometries
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Commercial suppliers of CdTe/CdZnTe

eV Products continues to be the lead supplier of CdZnTe, grown
using various Bridgman techniques:

[ High Pressure Bridgman (HPB): 1992

[ High Pressure Gradient Freeze (HPGF): 1998

[ High Pressure Electro-Dynamic Gradient (HP-EDG): 2000
e Electronic heating control, stationary crucible/heater
* Reduced thermal stress, less cracking, better single crystal material

eV Products (US) DSC (UK) Eurorad (France)
Redlen (Canada)

Imarad (Israel)

Acrorad (Japan)
Yinnel

Tech (US)



CdZnTe ingots grown by HP-EDG

Latest published results from eV
Products show 10kg crystals,
140mm (5.5 inch) diameter:

[ No cracking

[J Large-grain polycrystalline, with
improved single-crystal yield

[J Reduced concentration of twins

= [ Secondary grain nucleation on
' crucible walls

IR microscopy used to assess Te
inclusions, formed from Te-rich melt:

[ Mainly triangular or polyhedron shapt

J Often located along grain boundarie
and

[J Te inclusions act as trapping sites,
over a large range

C. Szeles et al, J. Electronic Materials, 33 (2004) 742-751



Te inclusions in HP-EDG CdZnTe
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Charge transport performance in CdZnTe

Carrier drift length A defines the induced charge Q, and hence the

spectroscopic performance of the detector: o
n HP-EDG material gives pt,

~5x10-3 cm?2/VV — some of

X A the best values available

e

For electrons: CCE = Q_ /Zie[l_ exp(ﬂ

The mobility-lifetime product ut is often used as a measure of charge
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lon beam pt maps of CdZnTe and CdTe

-1.80E-4
Map of electron ut in CdZnTe shows

Ut, ~ 1x104 cm?/V
Highly uniform, no evidence of
-90025 - defects in ‘single crystal’ material

Increased ut at right edge due to

20 40 60 80 100 120 140 160 180 200 220 240 256

CdTe electron ut map shows
Ut, ~ 5x10-3 cm?/V
Pixel detector shows problems with

contact delamination in lower
guadrants

A. Davies, P.J. Sellin et al, IEEE Trans Nucl Sci, in press



CZT grown by Modified Vertical Bridgman — Yinnel Tech

Modified Vertical Bridgman (MVD) CZT has been produced by Yinnel Tech
[J wafers of large single-crystal areas are claimed, with excellent charge transport
[ High resistivity p=3x10'1Qcm, and pt,=1.8x102 cm?/V

2000 -

1000 =

1 ]
Counts'Channal®

4x4 pixellated devices have shown
very good resolution E

Cs137

1x1x1em3 CZT
16 pixels (2.2x2.2mm)
1600V bias

662 keV
h’. FWHM: |

! 8.9 keV
| (1.35%)

Pulser

FWHM:

4.67 keV

— 1.35% FWHM at 662 keV 0

L. Li et al, Proc. of IEEE Nuclear Science symposium, Rome 2004
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3D CdZnTe imaging detectors — the Frisch Grid

First used in gas detectors:

the weighting potential  cathode

indicates the normalised
Induced charge as a
function of position.

Signal is only induced on
the anode by charge
drifting in region ‘P’ -
mainly electrons
Charges moving between
the cathode and the grid
induce no charge on the

anode

— slow ion drift is
screened from the anode

signal
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. — anode 1
The coplanar grid o 4
detector
Semiconductor
Coplanar electrodes are a more \
complex version of the Frisch \
grid: cathode — Ijr .
» produce weighting fields

maximised close to the contacts p I

 the subtracted signal from the
2 sets of coplanar electrodes
gives a weighting potential that is —
zero in the bulk

anode 2

The subtracted signal ¢,-¢; is
only due to electrons - generally
holes do not enter the sensitive
region

First applied to CZT detectors by
Luke et al. APL 65 (1994) 2884

Weighting potential ¢
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Depth sensing in co-planar grid detectors

Coplanar CZT detectors provide depth position information:

O signal ¢, from non-segmented cath
IS proportional to both depth D and
energy E.:

1.0 —

Weighting potential ¢

Sc < DXE,
[ subtracted signal ¢,-¢, from coplan .
anode is depth independent: 0
Sa o< E, Benefits of this method:
2 tslfetraetig'epth 's simply obtained from y-ray interaction depth allows
' correction to be made for residual
D=S5c/S, electron trapping

« 3D position information is
possible, for example useful for
Z. He et al, NIM A380 (1996) 228, NIM A388 (1997) 180 Compton scatter cameras

This allows CZT to operate as a 3D detector
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Interaction Depth position resolution from CZT

Position resolution of ~1.1 mm FWHM achieved at 122 keV

Collimated gamma rays were irradiated onto the side of a 2cm CZT
detector using a 1.5 mm slit pitch:
t.5mm 1.5 mm

e

/ \ /VAH Ave. FWHM = 1.1 mm
: /
s 8
O Anode Cathode
/ |
= ' |
0 20 40 &0 80 100
{b) ADC channels ( 100 * cathode / anode )

L_Jnis':)E""g'"m“’"t ol s Z. He et aI, NIM A388 (1997) P& Ekliin, Centre for Nuclear and Radiation Physics
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Compton imaging using a single 3-D detector

3D detection Capab”lty haS CE Lehner et al, University of Michigan, IEEE NSS Conference
Record, San Diego 2003

also been developed in
CZT:

o X,Y pixels, plus depth
information to give Z.

Tests at Michigan: Spherical

e 1.5x1.5x1.0 cm? image surface
CdZnTe detector

 Full 41t reconstruction

* No a priori information
about gamma-ray
energy or direction

e Estimated efficiency ~
5% at 662 keV

Incident y

Reconstruction
cone
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2 source measurements
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CE Lehner et al, University of
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Visual identification of y-ray sources in 4n using Ge detectors

L. Mihailescu, LLNL, IEEE NSS Conference Record, San Diego 2003

29
““Na Source
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Visual identification of y-ray sources in 4xn

=R07d; =0h58; M. =1358
tracked

(2:30-1000ke ) ck imaged (d@<015)

P S 7

selected

File: 13x13-bgd-241-1; Ntm=412928; M =21870; M

=

L. Mihailescu, LLNL, IEEE NSS Conference Record, San Diego 2003
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CdTe and CdZnTe in space: INTEGRAL and SWIFT

IBIS is the gamma ray imager on SWIFT Burst Alert TeIeSCOpe (BAT)
INTEGRAL: produces a first image within 10
seconds of the event trigger

[ large imaging range (15-150 keV)
using CZT, with additional response

[J fine angular resolution imaging (12
arcmin FWHM)),

[J spectral sensitivity, wide energy range up to 500 keV
(15 keV - 10 MeV) [ 32768 elements of 4x4x2mm CZT,
[ 16384 elements of 4x4x2mm CdTe, forming an array detector 1.2 x 0.6 m

plus 4096 Csl, covering 3100 cm?2

INTEGRAL launched October 2002 SWIFT launched November 2004

See for example: O.
Limousin et al, NIM A504
(2003) 24-37




Imaging detector modules

INTEGRAL CdTe detector array: SWIFT CZT detector array:

2 parallel planes of pixels separated by 90

- [ Contains 32768 elements of 4x4x2mm CZT,

forming an array detector 1.2 x 0.6 m

[J top layer uses 16384 CdTe pixels,
covering 2600 cm?, each 4x4x2 mm =
low energy gammas

[ second layer uses 4096 Csl scintillators
covering 3100 cm?, each 9x9x30 mm
— high-energy gamma rays.

[ The coded aperture mask is ~54,000 lead
tiles!

U r“] | s Department of Physics
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CZT detector performance

The typical performance of a single CZT module is 3.3 keV FWHM
at 60 keV (5.5% FWHM):

241Am Spectrum for Module 001, Detector 15

I I

1400
tooof :

% FWHM = 3.3 keV ]
600 - at59.6 keV | “.

400140 keV Threshold

\

0 20 40 60 80
Energy (keV)

The background event rate in the CZT array is ~10 kHz

Department of Physics A L. .
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INTEGRAL CdTe spectroscopy

Pulse rise time correction applied to 2mm
thick CdTe at 100V:

- uses simultaneous pulse rise time and
amplitude measurements

- pulse drift time measures electron drift
time to the anode, giving interaction depth

- correction for electron trapping improves
total peak efficiency

pulse rise-time (us)

0 50 100 150
Pulse height (keV)
J.:!-:.IIII_""|""-.lc{Ir
Rise-time selected avents

Rise-time selected CdTe spectrum: gl AT -
O In CdTe risetime selection is = -
Implemented on the ASIC to reject | [

pulses with risetime >1 us mz l« |
[ CdTe energy resolution is 9.2 keV _t A

FWHM at 122 keV (7.5% FWHM) [ /| I /|

' : o b1 100 130
Department of Physics Ly
U n | s University of Surrey Energy | hei)



Thick film material developments

Growth of CdTe/CdZnTe as a large area thick-film is currently being
extensively developed, especially in Japan and Korea:

[ Thermally-deposited thick films are attractive for imaging detectors:
e can be deposited onto pixellated readout (eg. TFT matrix) at <200°C
* avoids flip-chip bonding required for single-crystal wafers
e alarge area solution with no fundamental size limit

[ Polycrystalline films suffer from poor charge transport — not a ‘high
resolution’ solution for spectroscopy

[J Recent results from polycrystalline CdZnTe:

Thickness (.m)

; . 40 B0 80 100
@ /@ Polycrystalline CdZnTe 30 : : , . ,
s oL, evaporated onto ITO ' Lo
S A 2.5 pat
. . —a&— Resistivity
100mm thick layer with ~2  _ 1 — s =
) I E 20- ) {12x10"§
—>g¢ um/hr growth rate! i :
g - S
bl . . . @ AT & Grain size J 10’5
~/8 Typical grain size ~2um £ 197 ,-—i' 80xi0°2
e ‘.5 ] ] §
1.0+ - 4.0x10"

o
o)

&%, ® |nverse correlation between .

g9 resistivity and grain size - \

=T w0 e & 100
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X-ray response of polycrystalline CdZnTe

X-ray response of poly CdZnTe 70000

0
measured using a 65 kV, X-ra it =
tube at 7.5 mAg i ! >0000 — II
Measuring DC photocurrents: R0 ‘
O Single crystal CdZnTe: signal S |
amplitude saturated at 65,536 adc 0o } |
units

[ Polycrystalline CdZnTe: signal

tm e

1 8 15 22 29 36 43 50 57 64 71 78 85 92 99

amplitude ~14,000 adc units

3 Polycrystalline material showed =°000 *

M
|

significant dark current and o | B

digit
o
o]

response to ambient light

|
-
|

[ Non-stable dark current suggests 10000

thermal de-trapping of deep levels 5000

[ No single-pulse sensitivity ’
demonstrated yet tn e
S.J. Park et al, IEEE Trans Nucl Sci, in press

Paul Sellin, Centre for Nuclear and Radiation Physics

i -

1 8 1522 29 36 43 50 67 64 71 78 85 92 98




Prototype imaging detector using polycrystalline CdZnTe

First images have been reported from a polycrystalline CdZnTe imaging
detector:

[ 300um thick CdZnTe grown by Close Space Sublimation, on glass
substrates. Patterned with 150um pitch pixellated electrodes

[J Bonded to a 500x500 pixel TFT matrix using conducting epoxy

. 100 ¢
bias electrods cemduetive rasin | Tbe Vltege HEY
} | | Tobs Coweat: 50 m
\ . Tiuw 10 ms
sensor substrabe g\t EE: 109 sm '
potvervetalline CAZaTe sk = 10t ‘m.,m‘“‘
. ""’""?‘-ﬁ— —ry
TFT substrate 1

l;
TFT  slorage capacitor pinzl electrods

¢ %1 %2 03 04 OF
Tine after expasure [5]

[ Device suffers from poor inter-pixel gain uniformity, and image lag
= caused by poor material quality and charge trapping

U r‘“s Bﬁﬁri?srﬁsrgfosftﬁpgysics S. Tokuda et al, J. Material Science in Paul Sellin, Centre for Nuclear and Radiation Physics
Electronics 15 (2004) 1-8



Large-area epitaxial CdTe grown by MOVPE

Metal-organic vapor-phase epitaxy (MOVPE) is capable of growing
large-area epitaxial thick films, eg. up to 200 um thick

[ MOVPE growth of CdTe or CdZnTe on GaAs or Si substrates,
produces uniform mono-crystals

[J GaAs substrates provide a good lattice match and strong
adhesion

_Au electrode [ iodine-doped buffer layer
S grown onto substrate (101" cm-3)

= plike Cdle epilayer = hravents Ga diffusion into
n-CdTe buffer layer epitaxial CdTe layer

[J undoped p-type epitaxial
CdTe layer grown at 415-560 °C

. [ rectifying p-n junction formed

“~Au electrode at the CdTe/GaAs interface

=1 n+-(GaAs substrate

" ; M. Niraula et al, J. Elec Mat 34 (2005) 1-5
U n | s Department of Physics ( ) Paul Sellin, Centre for Nuclear and Radiation Physics
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Dark current and spectroscopy performance

3 100um thick epitaxial thick film CdTe
[ IV shows good rectification, = reverse current ~3x10° A/lcm?
[ CV measurements show carrier concentration of ~10%4 cm-

! H. | *am HE
! | RT
200 i l:_ 50V ] <
’% 60 keV peak ; 100 L
2 ool _ 35um thick £
2 depletion )
~ layer at—40vV £ 50 -
Z
o LI e A j
0 1000 200! | | |
Channel number i 4—6—"_ 70 0 o 5
J resolved 59 keV photopeak in pulse height spectrum 10 L
[ Large leakage current at room temperature causes o
high noise level in the spectrum Applied bias (V)

[ Adjustment of buffer layer thickness, and use of
guard electrodes, required to reduce current pueliegiivekagandiadaucuRl e



High-Z polycrystalline materials (Hg, Tl, Pb, Bi)

Polycrystalline thick film high-Z (Z>=80) materials have been
extensively studied for X-ray imaging applications:

Material Z density mobility Ec resistivity

lodides: g/lcm® cm?/Vs eV Qcm

Hgl, 80/53 6.4 50 2.1 10"

Pbl, 82/53 6.2 53 2.5 10%
I s3/53 5.8 48 1.7 10%2

Bromides:

TIBr 81/35 7.6 75 2.7 10%

Oxides:

PbO 82/8 9.5 - 1.9

The iodide and bromide families have many suitable candidates:
( Detailed studies of Hgl, and PBI, have been carried out

[ Hgl, shows superior dark current and charge transport
properties

[J Promising results from TIBr, also as single crystal material

U n | s Department of Physics Paul Sellin, Centre for Nuclear and Radiation Physics
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Polycrystalline Mercuric lodide

Polycrystalline Hgl, is a material receiving new interest — fabricated as a thick-
film X-ray Photoconductor coating for Thin Film Transistor (TFT) arrays:

[ Extremely high X-ray sensitivity
[ Direct Conversion - no scintillators required

[J Large area thick film technology (physical vapour deposition, or polymer
binder) — compatible with TFT arrays for flat panel digital X-ray imaging
detectors

www.realtimeradiography.com

single crystal Hgl,

Applicatibn areas:
[ Fluoroscopic and Conventional Radiography modes
[ CT, security and industrial applications

U n | s pepatiment of Physics Paul Sellin, Centre for Nuclear and Radiation Physics
niversity of Surrey



Crystalline quality of Hgl, films

Very high quality films, grown by Real-Time Radiography Inc
Columnar structure, typically 80um long, growing from the substrate
surface
Well-defined alpha pulses show no significant charge trapping, and
mobility values comparable with single crystals:
* best polycrystalline values: u, ~87 cm?/Vs and i, ~4 cm?/V's
e typical single crystal: u, ~93 cm?/Vs an ~5cm?/Vs

— T
Paolycrysialline Hgly 1
a} Type G3 T
L = 26 pm

Eleclrons

Vo=-200V ]

Polycrystalline Hgl, layer Single crystal Hgl,

 t,=5%ns; 2
30 ns Hp = B4 cm™ Vs

(b) 0.2 ps

Vo= +500 V
g = 3.8 cm Vs L ’""’]_‘

Haoles

Polyerystalling Hgly |
Type G3 ]
L = 260 pm

RUETY A. Zuck et al, IEEE Trans Nucl Sci 51 (2004) 1250-1255




Sensitivity (uC/R*cn’)
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A. Zuck et al, IEEE Trans Nucl Sci 51 (2004) 1250-1255

Relative bias (Vium) G. Zentai et al, Proc SPIE-MI (2004) 5368-23



Signal (nom )

Lead Oxide films

Thick film polycrystalline PbO films have

O

O
O

m

been studied by Philips Research:

Thermal evaporation process (100°C) for
25x25cm films, with 300um thickness

Thin platelet structure, 50% porous

Low charge transport (ut,~ 4x107 cm?/V)
but low dark current ~200 pA/mm?

X-ray temporal response dependent on
contact structure

1.0 4

0.8 4

0.6

0.4 1

0.2+

0.0

StpoonacE | | PbO prototype
ST Imager uses

- 18x20cm PbO layer
| 0n 960x1080 TFT

oo [
. k - film, 70kVp X-rays ////////}:%

RN IR I I 2

Time (s) M. Simon et al, IEEE Trans Nucl Sci, in press



The search for new semiconductor materials

Candidate materials: Limiting energy resolution as a function of

Band- Density bandgap, at 5.9 keV:
gap  (cm?/g)
(eV) 16-U-l L Li L | | B | T L '|' L L L L | L L . | L | L] | L L] '|' L L L] T '|' | T f
: e =14/5E +rha) .~ ®AN
- -] g I .
InSb  0.17 5.66 14.0} ‘/ -
InAs  0.35 5.68 S i R 1
AlSb 162  4.26 2 12.0f o 4
== i / i
PbO 1.9 9.8 g’ r(ho) = 0.606 oV " ]
BP 20 29 3 s .
B,C 20 251 g ]
InN 20 681 o . =B J
GaN 3.4 6.15 o ]
BN 6.1 3.48 B -_
AIN 6.2 3.25 i :
CdMnTe 2.1 5.8 [ 2
4H-SiC 3.2 3.2 (11| P PN B B P SIS
TIBr 2 68 756 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
Diamond Bandgap energy (eV)

Band V
°.4 3.52 CA Klein, JAP 4 (1968) 2029, updated in andgap (eV)

A Owens et al, NIM A531 (2004) 18-37 Paul Sellin, Centre for Nuclear and Radiation Physics
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CdMnTe — a future alternative to CdZnTe?

CdMnTe is a ternary alloy similar to CdZnTe — very low segregation
coefficient of Mn should produce uniform crystals

« alloying with Mn increases the bandgap twice as fast as Zn (13
meV per % Mn)

Vanadlum or Indlum 102 F E(300 K) = (1.528 + 1.3|E1.\']c‘~:".cmstalc

r=5x10" ohm-cm

e cOmpensation using B A 1
doping achieves high
resistivity

* bandgap values of 1.73 -
2.12 eV (CZT ~ 1.55 eV)

Growth of high resistivity

crystals by the Vertical :

Bridgman technique has ‘I e CrystalB |
107 | ST %10 ghnvem NI

been demonstrated 1y ’
2 34 w2 34 1MF 2 3 4 0 2 3 4 1ot

Electric Field (V/icm)

Crystal A
p=4x 10" ohm-cm

Current Density (nAlem?)
. a2
P I T N Y O T T A B R

U n | s Bﬁ%‘;?;“njrgf‘gtﬁ:‘g;i“ A. Burger et al, JCG 198/199 (1999) 872-876 Paul Sellin, Centre for Nuclear and Radiation Physics



First results from CdMnTe detectors

As-grown undoped CdMnTe is p-type: doping
with indium has demonstrated p ~10*Qcm .

Material quality currently limited
guality of manganese

Reasonable charge transpeftt observed — ut,
~ 2x10° cm?/V

Resolved photopeak’observed at 59 keV

\N‘J{ x(mm)

resistivity scale (1 01 Dohm-cm)

as grown I{ ] 60keV
1o aennr :
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A. Mycielski et al, phys stat sol (c) 2 (2005) 1578-1585 200
Channel Mumber

T
400



Single-crystal synthetic diamond

Single-crystal natural diamonds have been studied in the past for
detector applications — not a viable option.
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Polycrystalline CVD diamond

Sensor has a lateral electric field near the top surface - becoming
stronger at the electrode perimeters.

Spectroscopic response depends on particle track length (ie. energy, 2),
charge drift length A, and electrode geometry (field strength).

In our devices, A ~ 10um, corresponding to the crystallite dimensions.
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Counts

Spectroscopic performance for alpha particles

Using an uncollimated laboratory source | electrons
of 242Am (E, = 5.49 MeV): “n oF T=85K 3
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IBIC imaging with 2 MeV protons

IBIC maps show ‘hot spots’ at electrode tips due to concentration
of the electric field
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Poor charge collection under each electrode is due to negligible electric field
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Sequence of high resolution IBIC maps
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High purity single-crystal synthetic diamond

Companies in the US and UK have recently new growth techniques to
fabricate near-perfect single-crystal artificial diamond

Primarily marketed as gem stones, diamond wafers 10x10mm are now
available for device applications, with thickness of up to 500um

5x5mm piece of single-crystal
synthetic diamond

Photoluminescence image shows real
colour:

« HPHT substrate — yellow
 Nitrogen impurities — red

* Dislocations — cyan blue

U n | s Department of Physics Paul Sellin, Centre for Nuclear and Radiation Physics
University of Surrey



Single-crystal CVD diamond detectors

Specialist applications of diamond detectors:

[J as tissue-equivalent rad-hard detectors, eg megavoltage therapy
beams

[J detectors for very high temperature, high radiation environments

True single-crystal material
removes charge trapping
associated with grain
boundaries:

[ 100% CCE demonstrated
from alpha particles

O High mobility = fast signals 200+

[ Radiation hardness tests
are in progress

+30V
+50V
+75V
+100 V
+125V

6000 -

4000 A

counts

20 40 60 80 100
CCE [%]

Department of Physics . . .
U n | s University of Surrey Paul Sellin, Centre for Nuclear and Radiation Physics



Charge transport uniformity in single-crystal
synthetic diamond
The material is truly single-crystal with no grain boundaries.
Some traps still exist due to dislocations, but at a very low level.

Imaging of diamond charge transport using a sample deliberately
doped with nitrogen during growth:
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New semiconductors for thermal neutron detection

Thermal neutron detection using 1 02 uep 340 keV
semiconductors uses an intermediary 0
neutron capture reaction to produce 94/ 480 keV
charged particles, eg. 1°B or L. -3 MeV
Images courtesy of Douglas McGregor, KSU. Veutron l ; 4” e
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Detection efficiency of boron-coated neutron detectors

Boron coated silicon detectors have an intrinsic efficiency limit of ~4%:
[ Only the ‘final’ 5 um thickness of the boron layer is active

[ Thicker boron layer does not increase efficiency due to limited
range of alpha particle and lithium ion: Best experimentally measured thermal neutron

efficiencies using thin-film coated Si diodes:
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[ However a ‘solid’ boron-based semiconductor detector will have an
efficiency only limited by the thickness of the device...
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Bulk Boron Carbide Detectors

[ First demonstrations of Boron Carbide (B;C) p-n junctions,
developed at University of Nebraska.

[J These devices are the first steps towards a high-efficiency boron

OF I(crmu) p-type 5(:'

carbide neutron detector:
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[J Thickness of these devices is still very small.

[ Single pulse counting has not yet been demonstrated — charge
transport properties of the B.C material needs to improve.

A. Caruso et al, J. Phys. Condensed Matter

16 (2004) L139-L146

See the academic argument carried out in
NIM A, volume 536, 2005!



Conclusions

[ The demand for high-Z semiconductor radiation imaging detectors continues
to develop, with potential applications in medical, synchrotron, space and
security imaging

[ CdZnTe continues to dominate the commercial supply of high-Z materials,
with new suppliers of detector-grade material slowly becoming available

[J There is a steady improvement in CdZnTe material uniformity, single-crystal
volume, and spectroscopic performance, with ut, approaching 102 cm?/Vs

[ There is significant R&D activity in thick film materials, compatible with large-
area imaging devices:

e Polycrystalline and epitaxial CdTe/CdZnTe thick films

* Various Z>80 compounds, with excellent imaging performance demonstrated by
Hal,

[ Amongst the various new materials, synthetic single-crystal diamond has
many promising uses for dosimetry and radiation-hard detectors

[ Boron-based semiconductors are poised to produce new advances in neutron

. . detection
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