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FOREWORD

The Workshop on Detectors for Third-Generation Synchrotron Sources was
hosted by the APS February 14-15, 1994. The aims of the workshop were (1)
to acquaint APS users with current R&D being carried out on detectors, (2) to
identify new detector systems possible during the next five years, (3) to identify
new detectors theoretically possible in the future, (4) to stimulate interactions
between user groups and detector developers, and (5) to obtain
recommendations from expert panels on technical issues needing resolution.
The two day workshop was attended by more than 100 scientists, with invited
speakers from the ESRF, SPring-8, CERN, LBL, and BNL.

The organizing committee would like to thank Roy Clarke, Alain Fontaine, Sol
Gruner, and Keith Moffat for chairing the discussion sessions; Dennis Mills and
Gopal Shenoy for advice and suggestions; the APS User Office: (Linda Carlson,
and Diane Sandberg) for local arrangements; Susan Picologlou for editing this
Workshop Report; and finally, the speakers. Special thanks go to David
Moncton for opening the workshop with a status report of the Advanced
Photon Source. Support for the workshop was provided by the U.S
Department of Energy BES-Material Science, under grant No. W-31-109-
ENG-38.







CONTENTS

Progress in Detector Development at the ESRF
JONN MOrse, ESRF ..........uovioiiiirieiirireiinecseieneseseseessereesesvesssssssesensssssesssssasses 1

Detector Development at SPring-8
Masyo Suzuki and Tatzuo Ueki, RIKEN ............ccceeviieiinieereceinnecnnereniennenens 53

Development of Gas and Silicon X-ray Detectors at BNL
Hobart Kraner and Graham Smith, Brookhaven National Laboratory........ 89

The Advanced Photon Source High Power Density X-ray Beam
Position Monitor ,
Deming Shu and Tuncer M. Kuzay, Advanced Photon Source.................... 113

Physical and Technologlcal Aspects of Storage Phosphor Plates
Made of BaFBr:Eu?* '
Andrew Harrison, Edinburgh University .........cccccoeciiineiinvecnnneeinnnecncnnne. 153

Time-Resolved Experiments on Muscle Using Synchrotron Radiation
A R. Faruqi, MRC Laboratory of Molecular Biology .........ccccouverevrvannencnnin 187

CCD Area X-ray Detectors: Experiments and Possibilities
Sol M. Gruner, Princeton University ........cccccceerevrenrvneericcineirinneeeennenne 210

Amorphous Silicon-Based Imaging Detectors for Protein Crystallography
Istevan Naday, Argonne National Laboratory,
and Robert SWeet, XeroX........cccvvvveirreireireeriisrerreessesenrerrseeseanessessssssesssensensnnne 252

Crystallographic Data Handling and Reduction in Experiments with
Extremely High Data-Acquisition Rates
Wiladek Minor, Purdue University ........cccocccveenirniinneenniieecneenninennann. 279

Silicon Pixel Detector Development at CERN
Michael Campbell, CERN.........ccocceveverveiioninnnereeenennne. ervrerrrrrrreraereearaaeaaearaans 297

APDs - Large Dynamic Range Detectors for Hard X-rays
Wolfgang Sturhahn, Advanced Photon Source..........cccceeveveeeiinncniniinnnnn. 327

Application of Bulk-Grown Cd{_yZn,Te Alloys to Single-Photon
X-ray Imaging
Richard C. Schirato, Raulf M. Polichar and John H. Reed,
Science Applications International Corporation ..........cccocoeervivceeeiinnninnnn. 345

MBE CdTE Photoconductive Position Sensitive X-ray Detectors
Sung Shik Yoo, University of IIHnois .........cccoeeevuevrencrinieeiiciniieinnnncnncnnnn. 371




Contents continued

Recent Work at Lawrence Berkeley Laboratory on Semiconductor
Detectors for Synchrotron Applications

C. Rossington, B. Ludewigt, P. Luke, N. Derhacobian and

J. Walton, Lawrence Berkeley Laboratory

The Multi-Element Mercuric Iodide Detector Array with Computer
Controlled Miniaturized Electronics for EXAFS
B. E. Patt, J. S. Iwanctyk, R. Szczebiot and M. Wang, Xsirius
Corporation, B. Hedman, K. O. Hodgson and T. Cox, Stanford
Synchrotron Radiation Laboratory

Large Area Photodiodes
Marek Szawlowski and Ernesto Gramsch, Advanced Photonix




John Morse

ESRF

Progress in Detector Development at the ESRF

In 1990, the ESRF Detector Group began work on scintillation detector
schemes based upon i) medical X-ray Image Intensifiers (XIIs) for large
sensitive areas (=300 cm?2) and ii) scintillant screens <@100 mm for higher
spatial resolution applications (<50 um FWHM). Both these approaches use
the coupling of a visible light image to a CCD camera readout system. A
development with Thomson Tubes Eléctroniques was funded to produce
XIIs with beryllium input windows to extend their sensitive energy range
down to 5 keV. The first XIIs with beryllium window and scintillator
substrate have now been extensively tested at the ESRF: the absence of tails
in the measured point spread function (=150 ym FWHM, =1 mm FW0.1% M
over a ¥200 mm input field) gives these an excellent capability to separate
closely spaced diffraction peaks. An area detector of @110 mm input field
has also been built and tested and is based upon a high resolution (PSF

=50 ym FWHM) mammography x-ray screen directly coupled by a large
aperture (f/0.87) relay lens to a CCD camera. A similar development is in
progress to provide a time resolved (=50 psec) detector for the energy-
dispersive EXAF'S beamline; this will be read out using a masked area-
array CCD as a one-dimensional detector with fast internal-analogue
buffering of data. Detailed measurements have been made on the problem
of phosphor-screen-output decay times and afterglow over a dynamic range
2104, and this has resulted in the choice for this application of a novel low-
lag ceramic phosphor. Work is in progress on evaluating new materials
for high density and structured phosphor screens.

A 1Mpixel CCD camera to operate at up to 10 frames per second with a
single-frame dynamic range >5000 is at an advanced stage of construction.
The VXI electronic standard has been adopted for detector data acquisition
and by March 1994, a camera interface and 256 Mbyte memory buffer will be
completed. By using the VXI local bus feature, a continuous 40 Mbyte/sec
update rate is available. The memory buffer will support several access
modes including successive CCD frame integration and a histogramming
function for other types of area detectors that are photon counters.

Photon-counting detectors under development for the ESRF include a two-
dimensional microstrip gas detector, based on charge division readout in




one dimension, and on a strip-by-strip basis in the second dimension at a
pitch of 300 um. The position interpolation scheme for this detector has
been proven to a resolution of 1/500 over the microstrip length with readout
rate >100 kcps/strip. For low-count-rate Compton scattering studies,
monolithic, multielement germanium detectors are being developed,
offering both good spatial resolution and energy resolution (=1 keV) for
background noise suppression for x-ray energies to >100 keV. A 30-strip
test detector at 200-um pitch is being studied to evaluate the consequences of
interstrip dead zones and crosstalk; this will be followed by a 300-strip
design. '
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AD units ( 1count = 100keV)
8000 -

6000 |

4000 L

3-Dplot of a 64 x 64 pixels region of the Laue diffraction pattern of a
lysosyme crystal.
X-ray beam 5x5 um undulator gap 50 mm, exposure time 4 seconds.

| ‘detector @220 mm Be XRII opncally coupled to a 10242 cooled CCD camera (14 bit,
200 kpel/s).

BL3, dec %
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RESOLUTION / DYNAMIC RANGE TEST

7 @ 150 um pinholes
in 200 pm Pb foil,
pitch: Imm

test pattern:

Expanded 3D view from O to 0.5% of full scale.
central spot close to saturation, satellite spots = 1/ 1000 of saturation
contours at 0.15%, 0.10%, 0.05 %

0.30

[percent of peak max|
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N
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. v ‘ ~ OF THE DETECTOR
FWhA = 100 pm
g | / | |
—:%EEEEEEE' i T s s S
é e 85keV,centre |
B o 16.7 kev, centre
10 , ; : ¢ 8keV,edge -
= S , ) o 167keV,edge ..
10 2
6
(7,] ©
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107 = 8.
(S o S« g
S .
C " D n
L i
10°°
o 200 400 600 800
DISTANCE FROM CENTRE {pm]

* no difference for tangential and sagittal PSF & MTF
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CAMERA FOR DISPERSIVE EXAFS BEAMLINE

X-RAYS

SIZE OF SPECTRUM

IMAGE SIZE
20mm x 0.4mm

SCINTILLATING :
CREEDN . 2N O »
Gd,0,S:Pr,Ce S YA LN, -COOLED
: CCD CAMERA (EG&G)
| 512 x 512 (1024 x 1024) pixel
WITH VACCUM WINDOW

LIGHT TIGHT OPTICAL RELAY SYSTEM

essential characteristics:

« fast relay optics

. efﬁciént phosphor

« fast luminescent decay of phosphor (--> high dynamic range)

« high spatial resolution of phosphor (--> high dynamic range)
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Tine RESPANMS

v

OF PHOSPHOR

PULSE RESPONSE (GOS244)

10°
o)
10"
g o At = 100/5.5
-2 -0 0
E 10 o FWHM < 100/&;
3 % -
O,
10°? QMO 0 O 06
00O o oooooo o o°°
° %o °°o°°°°° %0
10!
0 1 2 3 4 5
TIME fme)
Fluorescence decay of some fast phosphors
floorescence imensity  fOT X-ray pulsed excitation
(relative o initial valoe) ‘ | ,
1 1 o0 Ga202SEx0I%
}_ Ao Gd202S:Eal%
o o  ccramic ph. #244
A ] e Ga2028Tv(Fuii)
] + GCiINa ‘
+
¥ ? ioio
3 o)
0.001 it_i.‘ SRR BN 4 AF{-ergLow
¢ o * ®
+ + ¢ ® ® L e
+ + + ’—+ e
2
s + 1+
10 I
2 4 6 8 10ms
time after the X-tay pulse
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Saruoff 512 x 512 16:Port CCD Imager Typical Specifications

Architecture: 512 ¢ 812 1
Vertieal frame transfer T 1024k 1024
Bacek-gide {llumination

Pixel Size: 18 x 18 um
Optical Fil] Factor: 100%
Quantum Bfficiency:
400 nm, QE « 50%
600 nm, QE = 70%
700 g, QE = 76%
Output Ports: 16 output peits. Eaéh port reads a subarray of 132
. 84(h) ¥ 356(v) pisels

?@mw 70 fF)
510 Nis

ACTiVE LMAGE
FieLp Se «S12 | SrorE

512x 256

8 ouvrrurs
SIIORRPIY oS Z1¢IaH
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o
S—-

OCONOOTOAPLWN-O

ADC

“
P 3
@ c
2 @
= 3
© o

Iin}

@

Analog processing
optic fiber interface
shutter control

Ensemble optique. Fixé et alignable par rapport & la piéce 1
Chambre & vide ou a gaz inerte avec fenetre optique adaptable.
Plan du Capteur CCD.Pependicularité & I'axe < 10 pradians
Circuit imprimé en capton. Distance x <10mm (& préciser)
Etage refroidisseur peltier

Echangeurs de chaleur a eau

2 circuits imprimés avec drain thermique

Circuit imprimé de fond de panier

Chassis-boitier démontable. Protection électromagnétique

6 cartes circuits imprimés

ARCHITECTURE DE LA TETE DE CAMERA F3
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Details of end strips (strips 5...24 are identical)

Not to scale!
dimensions in um
1 2 3 4 5

21 24 25 26 27 28
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Cu 35
Cu 354 mx A :u 33$ r"’“—"! KAPTON 75um

y
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T

100um

80um 200um

Low noise preamplifier mounting-cryostat feedthrough test assembly
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only 52 elements (instead of 200) are shown

eloiq | KFA JRAL,

44




$OTUOL09[9 Jnopear Aysuap ysry dins 1od, yiim
(SAOINOQT <--) SISIUNOD [BUOISUSWIP-Z pue T Ise] AIoA - :s30adsoag

(--sudisop Jysew ‘(q+Y S[euaIRwW) 9[0Ad Judwdoraadp
aarsuadxo Yy (- dedorotw, ‘sasse[3 3uronpuodruss) A30[0uyo9) aInjewwI -
senmotIp Surpoosus uonisod andoreue <-- (00O §9) wuy ures -
uoIsnyjip pue aduer uonosraoloyd ‘xeyrered :oseyd uondiosqe sed -
$309JJ9 [e00] :uorsanb awnayI a8ewrep uoneIpes, -
(i) $100130 yup ured yjuopuadop eI -  :SIFBIUBAPESI(] 9

(A9Y9 18 WYM] %7 ) UOTINJOSI AFIQUS JISULNUI POOS -
(wo/sdoAl <--) $91BI JUNOD JOYSIY <= JISUBI] UOT ISe] -
9[qIssod sjnoul JBaUI[I}O2I-UOU <--
(wrlgog=) saur apoue Jo Juroeds 9800 <-- |
:spoyiewr uononpoid orydeidoyy - :sagejueApy

$1032339(] d1X)SOIIIA ;mmw



sonbruyo9) Surpuoq paAaifar ssaxs pray-g yond wrigQg Jo Apnis-
uonnjosaI uonrsod Uo §1931J9 N[BISSOID [ouUURYD SULINOQUIIOU JO SJUSWINSLIW-
$109]J9 Surage uLd) SUof JO SAPNIs-

~SNIDIS JUILAN))

| 'sdo¢1< 1€ sdins ww(g uo

wrgos>(wymy) uonnjosai uonrsod 9A1S yorym paudisep sanpowr Surdeys NN sut] Ae[sp d[qno(-
‘Sununow 100919p yod wrigpg 103 a[qelns soyrjduresard jouueyd 91 JUNOW 0BLINS/PLIGAY-
‘ssa18o1d ur s1591 Surae (Afiqels djel

po0o3 SurA1d (Wo-wyo 1101 ‘0068-S 1OYIS) $Iss[T JUNONPUODIS UO JUOP MOU JIOM "S)eNsqns
sse[3 prepuels, Jo asn apnyoaxd (9Sewep ,uonerpes, ‘el unod yim) swarqoid Aprqess ures-

SINSIY @
goud wirlpQ¢ 1e S[ouueyd (€S JO WAISAS
9ZIS [[n] © 01 9[eds ued yorym adA10101d dLns 91 IO SOTUOIII[S UOISIAIP 98IeYd JO 159 pue ugisop-
LWDQO S 9ZIS JO 1010930p dinsti 9[qess ured e 9onpoid 01 sInjoeJnuelr/3unsa) Aensqns-
15241102190

'sdojNOO [~ 9181 JUNOD .Enﬂw. © 9A13 01 ‘sdoy(Q < 9181 ® 18 dIns yoed uo Jnopeas
UOISTAIP 931eUd IIm 1010919p dLIs QQE~ © 10 Apmis ugisap pue A[IqIses) 10 16/1 undasq 10eU0)

1019939 (] dristi seny IYSH - A103ea0qe] uoldddy-projyiny




M51-MS2 Gain-High Rate

1.2 T T Y T T T T T T T T YUY

s CERN-PPE-DRD |
c 3 RD28 21.12.92 |
£ | ]
[
FYs) T I - T i I..1..1
° 1 e \ﬁ MSt1: )
E 109 Ohmem ]|
- 08 i MS2 B ]
e U9 12
| 10 “Ohmcm \E I\i J
0.6 i Va=430V
Vb=Vc=0 :
- Vd = -S(X) V ¢ 1 .
04 [ _
0Q=3"10°¢ ]
02 [
. . o 1
0 S 6 7
10 10 2 1 10
Rate (mm % 1)
MS1-MS2 Gain-Charge
1'2 v L] T j T 1 L ! L L) ¥ L} ¥ L] T 1 1 l' 1] [;‘N‘ﬁppl 'DR'D
i i CERN-PPE-
'§, M52 10'20hm'em RD28 21.12.92 j
1 ; /\____L
2 M A A
= MS1 10°Ohman -
o I i
o 08
i Va=420V ]
0.6 I Vb=Vc=0
K Vd = -500 \' .
04 i
L Q=2.4*10% -
[ 1 MRad=12 mC/c¢m ' | A
0.2
0 - -4
0 20 40 60 80 100 120 140

Charge (mC/cm)
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Masayo Suzuki

RIKEN

Detector Development at SPring-8
Masyo Suzuki and Tatzuo Ueki

The SPring-8 Project Team initiated a feasibility study of x-ray detectors in
1990. Having completed the study covering various types of detectors and
evaluating the capability that each detector could attain, the SPring-8
Project Team decided to conduct R&D programs on the following detectors
in 1992: [1] CdTe Solid State Detectors, [2] Ring-Cathode Proportional
Detectors, [3] Image Plate Systems, [4] X-ray Image Intensifiers,

[5] MicroStrip Gas Chambers, and [6] Proportional Scintillation X-ray
Imaging Chambers. All of these R&D programs have successfully
progressed, becoming one of the major ongoing efforts at the SPring-8
Project.

The R&D group for CdTe Detectors has developed a full-scale model, of a
size 64 mm x 128 mm, having 512 independent channels, each composed of
eight linearly arranged CdTe unit sensors (0.25 mm in width, 8 mm in
length, and 0.8 mm in thickness). The unit sensor is associated with its
own electronics consisting of a preamplifier, a lower-level discriminator,
and a counter. The prototype has been tested with fluorescent x-rays

(43 keV to 59 keV) from rare earth samples irradiated by hard synchrotron
radiation at KEK/PF. The latest experimental data suggest that further
optimization in terms of the wiring configuration and of the temperature
regulation will result in improving its performance significantly.

The R&D group for Ring-Cathode Proportional Detectors has constructed a
prototype with a newly designed delay-line having a delay time of

2.6 nsec/mm. The prototype has been installed in BL-10C at KEK/PF and
attained a spatial resolution better than 800 um. By carefully distributing
the applied electric field over the ring-cathode, the prototype successfully
operated at a counting rate of 2 x 105 without any discharge, above which
distortion in scattering patterns began to be observed. The uniformity of
response was found to be better than 10% with a scattering angle smaller
than 30 degrees. The group will continue its effort in the direction of
improving the high counting capability and the uniformity over the entire
region of the detection area.
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The R&D group for Image Plate Systems has introduced a new type of
image plate Blue IP (Fuji film BAS-UR), originally designed for electron
microscopy, to improve the spatial resolution. The preliminary test showed
that the spatial resolution of Blue IP is twice as high as that of conventional
image plates, such as White IP (Fuji film BAS-HR III). The group has also
intensively studied a scanning mechanism associated with line-shaped
laser light in order to shorten the readout time for large area image plates
(400 mm x 600 mm). In this readout system, the photostimulated
luminescence induced by the line-shaped laser light will be focused on a
CCD through an optical lens system of large numerical aperture and will
be read out one-dimensionally with a readout cycle of 500 kHz. Having
completed the basic design, the group is currently constructing a prototype
based upon this new readout mechanism.

The R&D group for X-ray Image Intensifiers has been successfully
enlarging the detection area of the device. An x-ray image intensifier with
a beryllium window having 150 mm¢ entrance field has been developed by
the group on the basis of a technology for aluminum window medical x-ray
image intensifiers. With the Be-window x-ray image intensifier, the photon
gain is also improved by more than 10 times compared with the visible-light
image intensifier. This improvement has enabled them to use standard
CCDs to perform time-resolved measurements at a rate of 30 frames per
second. Confirming that the x-ray image intensifier has a dynamic range
wider than four orders of magnitude and a point spread function with a
FWHM of 280 pum, the group has succeeded in observing time-resolved
diffraction patterns from frog skeletal muscle during contraction under
stretch.

The R&D group for MicroStrip Gas Chambers has developed a two-
dimensional prototype chamber having an effective area of 50 mm x 50 mm
with a very thin substrate by employing multi-chip module technology. It
has 250 anode strips and 250 backplane strips orthogonal to each other with
an expected spatial resolution of 60 um. It is mounted on a large ceramic
package with 600 connected pins, realizing easy and high-density
connections. The x-ray images so far obtained are encouraging, although
preamplifiers with a higher gain are required for better performance. The
design of a full-scale model with an effective area of 100 mm x 100 mm is
currently in progress, with which the group expects to extend the effective
detection area up to 200 mm x 200 mm by combining four of these.

The R&D program on Proportional Scintillation X-ray Imaging Chambers

has been the most challenging project among the programs, since it is
based upon a new chamber technique. The detector system consists of a
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rare gas proportional scintillation chamber and an image-intensifier-

- associated CCD camera. The prototype constructed has demonstrated that
this novel detector is capable of imaging single x-ray photons. The spatial
resolutions attained in analogue mode and in digital mode were around

1 mm and better than 170 um,; respectively. The design of a full-scale
detector is currently in progress.
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Dynamic range of
Be-window X-ray Image Intensifier
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Feature of MicroStrip Gas Chamber ¢ M SGS)

A
Anode (10pm width) ( E.rﬁ\f/:}gg)
- - —-—-—-—-- _\;z— - -:__" Ay ~CHe ev Xe. .
&7 polimide
: m
“Silicon substrate
Ik (500um)
/ / - I
Back Plane - 1= e
Cathode (60um width)

8 MQ vV

-400~-500V

Skematic View of MicroStrip Gas Chamber(MSGC)

g Phoon  Counring  Dececmor

Rigid Substrate &
Fine Precision Structure(<0.1ﬁm)

Fine Position Resolution (~60um)
Fast Signal Processing (~10ns)

High Counting Rate (~10 Hz/mm's")

Simple Fabrication
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Structure of Two dimensional MSGC

Anode(10um) Cathode(60um) Back-strip

Anode signal

Back-Strip signal

Photograh of an anode signal (up) and a back-strip signal
(down) of 50mm x 50mm two dimensional MSGC for 5.9
KeV Fe X-ray
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Detector Development at SPring-S

Masayo SUZUKI and Tatzuo UEKI

RIKEN, SPring-8 Project Team

(1] CdTe Solid State Detector

(2] Ring-Cathode Proportional Detector
[3] Image Plate System

[4] X-ray Image Intensifier

[5] MicroStrip Gas Chamber

[6] Proportional Scintillation X-ray Imaging Chamber
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Schematical drawing of prototype reader
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Hobart Kraner and Graham Smith

Brookhaven National Laboratory

Development of Gas and Silicon X-ray Detectors at BNL

Some basic characteristics of two-dimensional detectors based on multiwire
proportional chambers, developed at BNL over the last several years, are
presented, including position resolution (about 100 pm FWHM for 8 keV in
xenon), counting rate capability (a few 103 s-1) and differential nonlinearity
(of order +4%). The performance of a two-dimensional detector in
combination with a purpose-built TDC, at the time-resolved beamline X12B
of the NSLS, is described. A new generation of very high rate two-
dimensional proportional chambers are now being developed in which the
fundamental limit to position resolution will be achieved, but the
limitations associated with counting one event at a time will be very much
reduced. In this new class of device, based on similar principles to those
being developed for multiparticle detection in high energy and nuclear
physics experiments, position readout is carried out solely on the rear
cathode, which is fabricated as an array of geometrically shaped pads.
With close anode-wire spacing of less than one millimeter and compact
low-noise preamplifiers fabricated in monolithic form, a detector of area 20
cm x 20 cm is being designed with over 108 s-1 rate capability.

Silicon drift chambers have been under development for about ten years;
however, their main application so far has been as position-sensitive
devices for high-energy physics. X-ray detection has, nevertheless, been
demonstrated and several very attractive features of this concept should be
noted. The potential for this structure in the synchrotron environment will
be reviewed and results to date will be summarized.

89




SILICON DRIFT DETECTORS

H. W. Kraner, BNL
2/14/94

INTRODUCTION
Operation, principles
Fabrication considerations
Survey of types, geometries
linear, cylindrical, spiral, CCD

SPECIFIC EXPERIENCE
3" cylindrical ' drift chamber
4x4cm START prototype linear

PHOTON DETECTORS
cylindrical, 241Am
windows

INVENTORS: P. Rehak and E. Gatti
MAJOR CONTRIBUTORS: MPI group, L. Struder, P. Holl
J. Kemmer, also J. Walton LBL




PRINCIPLES OF SILICON DRIFT DETECTOR
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Figure 1: Perspective view (not to scale) of a semicon-
ductor drift detector. Electrons created by an ionizxing
patticle are transported long distances parallel to the
detector surface. The anode is divided into-short seg-
ments to measure the coordinate perpendicular to the

donn 22 a2 -

Figere T: Negstive potential in & radial cross section
{caBled *Y™) of the detector. Equipotentials imposed at
~ botk serfaces of the detector are the rectifying janctions.
Swurface befween rectifying junctions is covered by Si0;.

Poteitind o2 this surface depends on the global design of.

the debscioe.
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Figure 8: Detail of negative potential in a cross section
of the detector close to the surface. The potential is
defined in the p+ implants of two rings at both sides of
the Si — 53%C; interface. The secondary valley comtains

“some electrony which form a conductive channel. There
_is still = barifer which prevents electrons generaied om
-the Si = 5307 interface to reach the main valley of the

detector.




FABRICATION CONSIDERATIONS

Silicon: ususally n-type‘, controllable surfaces
- must be uniformly doped---NTD doped
Process should retain lifetime
Wacker cooperation

Complicated device structure (8-10 mask levels)
many process steps, continual inspection
considerable chance for fatal errors

- (defects/wafer, not per die)
two-sided device, backside alignment
required, backside integrity to be
maintained |

Limited interest by commercial firms
no US commercial fab

Desi gn requires serious simulation including Poisson




THE SEMICONDUCTOR DRIFT CHAMBER

ANODE

o geaten 4 Ny

&

anode is the 200'm diameter circle in the center.
) e diam. Anode & ~ 0.0¢ ¢

Counrts
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L

Fig. 6. Top view of the N-side of the circular SDC. The signal

_F.

Y= Yays

“Proaress w»n Semicondvitor Dkt

Detectors”, Rehak et af
NIM A243, Lp0980.
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Fig. 9. Potential energy of electrons for ‘the ¢ircular drift
chamber,
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SPIRAL CYLINDRICAL DRIFT DETECTOR
: G atti e’ al TEFE 7ws 34, 203[’9‘79 |

Fig. 2.4: Microphotograph of the central part
of the detector. The large central hexagon is the
anode. The lower bond is the connection to the
. final closed turn of the p* spiral. The bord at
* the right hand side is the connection to the guard

1 guard,

Fig. 2.2: ~n-side of the spiral detector. Two ir_x}_c;
intertwined hexagonal spirals are visible. The’
wider spiral is a rectifying p-++ implant; the nar-
- rower spiral is the thermally grown Si0;. ‘Both
spirals are running from the outer radius to the
center of the detector where the signal anode is
located. . S

ROOF B 5 [ =1
DE  AACTIR LOK

Fig. 4.3 - A_m;é“: X-ray ,spcctfurﬁ obtained
with a Silicon Spiral Detector and a commercially
available preamplifier RE-791/1 (lincar scale).
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STAR PROTOTYPE DRIFT DETECTORS

=V uard area
STAR 1 4— 9
electron
4xXx4cm drift
July 93 y
OK .
anodes<
/\. |
STAR 2 drift | guard area
6x6em | =V 4 (field plates)
April 94 | drift
’ Vv - '
s—\/ anodes
<= '
‘STAR 3 0\ guard area
| drift. ' | 4
6X6 cm -V |
October 94  arit |
v | anodes
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X-RAY GAS PROPORTIONAL DETECTOR
DEVELOPMENT AT BNL

G.C. Smith
Brookhaven National Laboratory
Upton, NY 11973

1. Basic characteristics of two-dimensional, gas proportional
chambers with delay line readout:
- 100um FWHM position resolution
- +4% differential non-linearity
- few times 105 s-1 count rate
- high throughput TDC
- results from X12B, NSLS
- new, 0.5 mm wire pitch detector

2.  Some measurements illustrating fundamental limit to
position resolution in Ar, Kr, Xe

3. Development of next generation proportional chamber,

using interpolating cathode pads. Design for count rate
capability of 108 s-1

Co-workers:
J. Fischer, J. A. Harder, V. Radeka, L.C. Rogers, B. Yu
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2D Gas Proportional Detector
‘with Delay Line Encoding

Anode Wire Pitch =1 mm

Meridional diffraction pattern from two dried collagen fibers
at right angles to each other (9keV, Ar/20%CO,




2D Gas Proportinal Detector
with Delay Line Encoding

Anode Wire Pitch = 0.5mm

Image of a plastic gear wheel, 15 mm diameter (5.4 keV, Ar/20%CO,)

Raw DATA
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Deming Shu and Tuncer M. Kuzay

Advanced Photon Source

The Advanced Photon Source High Power Density
: X-ray Beam Position Monitor*

Synthetic diamond is being used for the s-ray beam position monitor blades
subject to very high heat flux at the Advanced Photon Source at Argonne
National Laboratory. The design and preliminary test results for the monitor
are discussed in this presentation.

* This work supported by U.S. DOE BES Materials Science, under contract no.
W-31-109-Eng-38.
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1. Introduction

2. APS Insertion Devices X-ray Beam Parameters

3. X-ray Beam Position Monitor Design for APS Front End

4. Pre-prototype Beam Position Monitor Test at CHESS
(Cornell Univ.) and NSLS {Brookhaven National Lab.)

5. X-ray Transmiting Beam Position Monitor Tests at NSLS

6. Discussion and Conclusions




ADVANCED PHOTON SOURCE

Photon Beam Posilion Monitors

Design Goal:

Sensing 10% of undulator beafn opening angle
and beam spatial size.

For B, and B,, of 10 m,

y

asy < 8 - 30 pm

90y’ <« 1 - 2 prad

The detection of such changes is achieved by using
two photon BPMs with a spatial resolution of = 1p
and separated by 3 - 4 m.
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DESIGN CRITERIA

1. USING PHOTON - ELECTRON
EMISSION TYPE
* UHV COMPATIBILITY
e HIGH SENSITIVITY

* EASY MAINTANENCE

2. USING CVD DIAMOND AS A BLADE
BASE MATERIAL FOR SUPERIOR
PERFORMANCE IN BLADE MATERIAL
STRENGTH, THERMAL
CONDUCTIVITY THERMAL
EXPANSION AND STIFFNESS UNDER
HEAT




3. USING METAL COATING MATERIAL,
WHICH IS COMPATIBLE WITH
DIAMOND FOR A GOOD BOND AND
ALSO TO PROVIDE A GOOD PHOTO
EMISSION SIGNAL

4. USING ROLLING WEDGE STRUCTURE
TO PROVIDE HORIZONTAL BLADE
ADJUSTMENT TO SUIT UNDULATOR
OR WIGGLER OPERATION

5. USE OF A THREE PAIR GEOMETRIC
ARRANGEMENT TO SOLVE THE
"SHADOWING" PROBLEM
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Brilliance (x10'8 ph/s/0.1%BW/mrad®/mm?)
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APS Undulator A
(period = 3.3 cm)
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(a) Linear and (b) logarithmic plot of the on-axis brilliance spectrum for
Undulator A at the initial gap of 1.55 cm (K=1.48). Note the presence of even
and higher harmonics. (Operation at 7 GeV, 100 mA).
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DVANCED PHOTON SOURCE

W.B.S. 1.4.1.2.1.1.4
ID Front End Photon Beam Position Monitor
- Technical Specifications

1.4.1.2.1.1.4 - 200000
ID Front End First Photon Beam Position Monitor

Location : 16.3 m from ID Straight Section Center
. Aperture Size : 70 mm (H) x 27 mm (V)
Vertical Maximum Acceptance : 1.6 mrad
Horizontal Maximum Acceptance : 4.29 mrad
Input Flange O.D. : 150 mm (6 inch)
Output Flange O.D. : 150 mm (6 inch)
. Monitor Type : Six Blade Photoelectron Emission
. Monitor Blades Material : CVD Diamond
with Thermal Conductivity > 1200 W/mk
8. Monitor Blade Thermal Limit : < 600 °C
9. Monitor Cooling Base Material : OFHC
10. Cooling Method: Water Cooling
11. Cooling Water Supply : < 0.5 GPM and 5 PSI| Total Pressure Drop

12. Monitor Position Sensitivity : < 0.5 micron

NN O RN

- 16. Flange to Flange Device Length : 660 mm
17. Vacuum : UHV Compatible
18. Maximum Heat Load : Planned APS 2.4 m Undulator or Wiggler with
7 GeV and 100 mA
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ADVANCED PHOTON SOURCE

W.B.S.14.1.2.1.1.4
ID Front-End Photon Beam Position Monitor
Technical Specifications

1.4.1.2.1.1.4 - 300000 |
ID Front-End Second Photon Beam Position Monitor

. Location : 20.1 m from ID Straight Section Center
. Aperture Size : 70 mm (H) x 18 mm (V)
. Vertical Maximum Acceptance : 0.9 mrad
Horizontal Maximum Acceptance : 3.48 mrad
. Input Flange O.D. ;"150 mm (6 inch)
. Output Flange O.D. : 1560 mm (6 inch)
Monitor Type : Six Blade Photoelectron Emission
. Monitor Blades Material : CVD Diamond
with Thermal Conductivity > 1200 W/mk
8. Monitor Blade Thermal Limit : < 600 °C
9. Monitor Cooling Base Material : OFHC
10. Cooling Method: Water Cooling
11. Cooling Water Supply : < 0.5 GPM and 5 PSI Total Pressure Drop
12. Monitor Position Sensitivity : < 0.5 micron
- 16. Flange to Flange Device Length : 660 mm
17. Vacuum : UHV Compatible
18. Maximum Heat Load : Planned APS 2.4 m Undulator or Wiggler with
7 GeV and 100 mA

NN oo AW N -
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TABLE 2 BPM Support Stages Specifications

Load Capacity
Travel Range
Angular Range
Linear Resolution
Angular Resolution
Repeatability:
Horizontal

Vertical
Angular

Straightness of Trajectory

90 kg

+/- 5mm

+/- 2 deg

0.2 um

0.5 arc second
+/- 5 um

+/-2 pm

5 arc second

1x10-Srad/25mm




PURPOSE OF THE PRE-PROTOTYPE TEST

1. EXPERIMENTALLY PROVE THAT
USING THE SOFT X-RAY PART OF THE
HARD X-RAY UNDULATOR BEAM
WILL DETERMINE THE BEAM CENTER
POSITION

2. TEST THE DEVICE SENSITIVITY

3. ASSESS THE BENDING MAGNET
SYNCHROTRON RADIATION
- CONTAMINATION |

4. CHECKOUT BLADE GAP IN
ADJUSTMENT IN UHV AND
REPRODUCIBILITY

5. ASSESS IF TWO VERTICAL PAIR OF
BLADES WILL PROVIDE A GOOD
HORIZONTAL POSITION
INFORMATION
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COOBITI4.DAT
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Diamond Blade and Molybdenum Blade Tests at CHESS
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‘WORST casE” TEST

J"uly s . 199/
ANL / CHESS UNDULATOR  ( GAP= 15 mm)

5.4 GEV
/120 MA

POWER DENSITY AT 83m 280 /A |
L

BLADES WERE DIRECTLY IMPINGED BY
THE JENTRAL PART OF THE WHITE BBAM

“THE MONITOR WAS STILL FulLy FUNCTIONAL |

NO VISUAL CHANGES WERE FOUND ON THE

CVD DIAMOND BASE TUNGSTEN COATED BLATE,
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052206.DAT (NSLS X13B UNDULATOR BEAM).

APS DIAMORD BASE W COATING ELADE TEST
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Diamond Blade and Molybdenum Blade Tests at NSLS X-13




002274 DAT (NSLS XI13B. UNDULATOR BEAM)

0168
0183
-037
-0172
-0174
-0178
o8
-018

-0J84
-0J838
-0J83

MONITOR OUTPUT (MICRON AMPERE)

-QJ8

-0102

-0J94

Diamond Blade Sensitivity Tests to 5 yum Step Change at NSLS X-13

—<—
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PHOTON TRANSMISSIVITY

Al 1 micron
11

1 o RS D G B T R

TRANSMISSIVITY

1 ] 1 ] 1 ] 1 1 i

2 3 4 s 6 7 8 9 10 11
Thousands
PHOTON ENERGY (eV)




TRANSMISSIVITY
R v O - - — O — R
e T I O = T~ S SO

o

PHOTON TRANSMISS!V!TY

DIAMOND 184 microns

2 3 4 5 6 7 8 9 10

Thousands
PHOTON ENERGY (eV)
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POWER SPECTRA (watts/Kev)
w

NSLS X—25 POWER SPECTRA

2.5Gev 200ma 70w total AT FOCAL POINT

@aa—cf—/-/ AL

T

Tored 3t.S /W,

] -

l > g
5 10 15 20 25 30 35
: PHOTON ENERGY (Kev)




Photo—Current (arb. units)

APS/XFD PTBPM TEST AT X—25

Monitor Vertical Position (mm)
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ADVANCED PHOTON SOURCE

Vertical Stepping Tests at NSLS-X25

/ Al Coated Blade

¥

o Beam Focal Point

Stepping by Vertical Stage

Stepping of the Test Blade 1 with Respect to the
Beam with the Vertical Stage
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APS/XFD BPM Vertical Stage Test

Laser Doppler Displacement Meter (LDDM) VST171.DAT

-t
wy

s
o
[

(%)
i

LDDM Output (microns) (with 0.1 ppm Accuracy)

0 i ‘ i
0 5 10 15
Monitor Vertical Stage Motion (microns)
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Andrew Harrison

Edinburgh University

Physical and Technological Aspects of
Storage Phosphor Plates Made of BaFBr:Eu2+

In recent years, two-dimensional x-ray detectors have been developed that
are based upon the use of BaFBr phosphor. This phosphor stores the x-ray
image in the form of trapped charge, the charge having been produced by
the x-ray ionization. The image may be read by exposing the plate to red
light and observing the stimulated, blue luminescence. In this article, we
describe the mechanisms of photostimulated luminescence (PSL) in BaFBr
and show how this affects the material's use as a detector of x-ray
diffraction images. Our research indicates that all our observations can be
rationalized by postulating that one of the trapped species hops randomly in
two dimensions until it finds itself in close proximity to a filled
recombination center. Once they are in proximity, sub-condition band
recombination can occur via photostimulation. This random lattice
migration affects the image stability, the effective detector sensitivity, and
the ability to zero the image, and it causes the recuperation of partially
zeroed PSL signals. These effects will be described, and their implication
for high-precision x-ray measurements will be examined. We have also
been engaged in making phosphor plates specifically designed for x-ray
diffraction applications. We describe the progress we have made towards
developing the technology for making fully erasable image plates with
improved spatial resolution.
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® StoraGE PrHospHORS

WHAT HAPPENS WHEN [IOMNIZING RADIATION]
MPINGES ON AN INSULATING SOLIO €

SOLID -— IONIZING- RADIATION
KJP' E,n, UV, x-Rars
STorAGE
' .
SoLID + | — STUMULATING LIGHT OR,
(Moee) DEFECT | w— HEAT | |
STimuLATION

SOLID -+ ’\/V\/lf’ STIMULATIED
(Fersse) oEFECTS Lurunescence (uu/vis)

IF LHUMINESCENCGE B sTIMUWATED 8> LIGHT IT 18
caLeEp PHotostimwaTer Lurunescence  (PSL)

IE STIMULATED BY HEAT IT 1S CALLED
THERMOLLr i nEsSceeeE (TL ).
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CULTLINE OF THE "l4L<

@® 'CLASSICAL' MODEL FOR
STORAGE, STIFULATION + ERASURE”

® Our ﬂmswzemsms OF
STORAGE AND STIMULATION
UKINETICS IN RoFBr: Eu*t

® A REEINED MODEL AND

TS TECHNOLOGICAL IMPLICATIONS

o STORAGE QTARBILITY

¢ SENSITIvVITY
o DYNAM|IC RANGE
o RESOLWLTION

R ERASURE
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HEATER STRIP

PHOTOMULTIPLIER

/

BLUE FILTER

SAMPLE

/

| EVACUABLETL
—1 OVEN

SERVO HEATER CONTROL
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PHOTOMULTIPLIER

e

BLUE FILTER STACK

MIRROR | | SAMPLE
NARROW |_|
BAND FILTER . —
'LIGHT TIGHT BOX

LASER BEAM
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TECHNOLOGICATL. IMPLICATIONS

EVOLLTION OF LUMINESCENCE
WITH TIME

InacE StapiLiTy ERASURE
0% drop 1w imege Ghask mu |
'Wt‘hns'wg n 2.-‘:-‘?43015. ouamt gt gﬁﬂ;—w
oph’cal blecteln
PROBLEM
PROBLEM:
Rolaafive intews dus |
w'ronj f [s & weck s’>o+rea/.2
SoLuTioN(s):  SOLWTION (S) !
I. Leatve o ’]LdeJL lst. L Shomg,ef oph canl bloadd,
2.Calibrute tht& 2. The rmmal blowch
3. Cool | [ﬁo%}
3 Bloads et R
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A.R. Faruqi

MRC Laboratory of Molecular Biology

Time-Resolved Experiments on Muscle
Using Synchrotron Radiation

A monochromatized and focused high-flux x-ray beam obtained from a
synchrotron radiation source provides a unique tool for reducing exposure
times sufficiently to make time-resolved measurements with
submillisecond time resolution on many biological specimens. One of the
major applications of the technique has been in making dynamic studies on
vertebrate muscle undergoing different types of mechanical or chemical
activity during contraction. The main aim of such studies is to determine
the details of structural changes that lead to force generation. The high
intensities in the x-ray pattern to be recorded by the detector impose quite
difficult and often conflicting requirements, and for these reasons the
development of adequate detectors has been a slow process that needs to be
continued, perhaps with increased effort, as sources are being developed
relatively more rapidly than detectors.

The talk will be divided into two main parts:

1.  What have we learned from time-resolved measurements on muscle
and what further information can we reasonably hope to acquire given the
increased technical specifications of the APS, ESRF, and other new
generation of high-brilliance storage rings, and

2. What special requirements are there for detectors for use in time-
resolved measurements and which type of detectors are likely to be the most
readily applicable.
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X-Ray Studies on Musc[s
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() Give 'csplcmaﬁ'ons of debails of muscle
contraction of molecular level

(2) Control or Regqulafion of Contraction : A
move Jetw"eol csr’amtimo

For Dgnamic ’rocesses o Vse Ful t-eclmipc:

'Tiﬁ Resolved X-ray D’lffra&tion frem

gggtrutin: msc'e" |
Main Difficvlties: Technical . Small f’wsi«!
vize of cross-bridges and rapid

wovement




Time - Resalve&« X*Mi Di”ractfon

MO[G&UIQT MCCLGY\;SMS ;nVO'VCJ "N

musele conbraction € force 3znera‘to’on,

st Actin- Myosin interactions —» Force
Muscle small ang'g Patte'm JominateJ,
53 m:'csin & actin . (’J\an,es n 'pattem

J-winj centrae«tion very informative

re- structuraL J\anges, |

e Patt vom Hu'eoh‘
. Difference Pattern (frm ucky e

Kinetics of cvoss-Lrier. cgc’ing,
wth MWLD  shows thal ot 'fasf

Q). s‘wvtenGn} cvoss-BriJ,u toke 1S~-20ms
to diffuse back to mjosin, (Foste\r)
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ACTIN ! aa,er L;ncg

Kress ebal T-Mol Bl 188 (1480) 325-342
. ’ Dy °
2nd layer line ©aned  179A

( tvopmyos'm) . r¢~£4 (Z 325_?3 ;\'

At G‘C) lorge dLamrs n Y
intensit’, o'f the 2ndLL bolh in
normod.’ $ ‘overstretehed muscle

~ paith no over’o.p Bgtween thid and
thin filomenls

/

Ca”’ l»im'o'v\g L troponin = movement
(o axiad &‘\andg) of troromyas;n: whiel,
is the {wst slep (sfructura”j) n
musc(e céntYGCtt'Qn. (See F-S. 2)
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X-ray Detfectors

gA! Infeﬂratfnz Detectors
| () Film | ‘
@) Lmage Plate
Giy  TV- based
W) ced

(QL 'Pulse' W

() Mulbiwire Chambers

i) Scintillation Deteclors




POSITION SENSITIVE DETECTOR

incident PLotow

SN

Lavalancine,
4 o Anode
m ueée argeé
A TN x5

Cnt‘noJe
mclag me; ' %5

‘
-
- \

& ——>
t:tz . . t-’-t'

e

Position oC ,t', - t‘;lx ve(oc'n‘t} |

T'ransvmission Velo X t}l-io ns/mw
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_ADVANTAGES

(‘I) Mangm _Efﬁiciengg for Ske\/)(rqq,s

(2) Time - R;so'vco(. wWork ?ossib/c dve o

.re’a.fiml} rarial reao'out'
() Good ,_Jﬁ’!mic. Ramj_g. |

(4) Good ime_g_t_}

(5) AJeymfe Spafw', .s'o/:'.ztion«'

@) gﬁﬂﬁﬁtr_j. (ie size) well matched
to muscle wecimen ¢ tynchrodron

source size

DISADVANTAGES

a) ﬂ‘iin}_&ek: not I\i’l\ enng (S'&)
@-) R&Jm’tlm Qamagg /&rmt.s hfe'tcme(u)

(3)  High Angles: Parallax
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MULTIWIRE LINEAR DETECTOR ¢

c'\ﬂﬂn(lﬂ . T ——
I ———>Amplif{->f Disc|—sfScalet—s]
X _ |
feAmad
| | BUS
9%— I

Efficiency " QOZ

SPthG' RCSO,thon v | man wirespacing

Precision of ‘Spohal,' MeMwumu\tsi' V.S“-Azﬁso g;m
COW\t Ra}tes ‘ local (9 mm  sec

s'obd lo? seE'

Liv\earitﬁ . fcw rcran‘t
'Tc'me Reds‘:lution O. 1l ms—> Seconls
i

resoits (1,1)
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a) Plateau

Variation of Plateau Length with ¢
Photon Dose P

Gas Filling: Argon 70% - CO2 307,
Pressure: 2-3 Bar

Photon Dose (x 10%photons)

Curve a
b

Counts per Second

c
d
e

| ] | |
2200 2300 2400 2500 2600 2700

High Voltage
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F.Angelini, R.Beliazzini, A.Brez, M.M.Massai, R.Raffo,
G.Spandre, M.A Spezziga
INFN-Pisa and University of 1isa ,
Via Livornese 582-1-56010 S.Piero a Grado,Pisa,ITALY

NiM A323 (cqcn) 129 3¢

MicroStrip Gas Chambers
with true two-dimensional and
pixel read-out

Drift cathode plane

Intermetal oxide (Si02-1.8 pm) Cathode (70 pm) :
3 mm
Metal 2 (Al - 2 um)
Anode (9 pym) ,
0.2mm \ /
=) = o Y

Back plane

Metal 1 (Ti - 0.2 pm)

Quartz (500 um)
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F.Angelini, R.Beliazzini, A.Brez, M.M.Massai, R.Raffo,
G.Spandre, M.A Spezziga
INFN-Pisa and University of risa
Via Livornese 582-1-56010 S.Piero a Grado,Pisa,ITALY

NiM A323 (1992)229- 235

Y

% Cu Ka X—rays
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Photon flux (MHz/mm” )

Gas A rgon ‘70% DME IOZ
Kaobﬂkion Damoﬁe ii,:'f?: @ 'ol6 C./M
]
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F.Angelini, R.Beliazzini, A.Brez, M.M.Massai, R.Raffo,
'G.Spandre, M. A Spezziga
INFN-Pisa and University of 1isa
Via Livornese 582-1-56010 S.Piero a Grado,Pisa,ITALY.

NiM A323 @‘iqz) 229— 235
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F.Angelini, R.Bellazzini, A.Brez, M.M.Massai, R.Raffo,

G.Spandre, M.A.Spezziga
INFN-Pisa and University of ¥isa
Via Livomese 582-1-56010 S.Piero a Grado,Pisa,ITALY
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F.Angelini, R.Beliazzini, A.Brez, M.M.Massai, R.Raffo,
G.Spandre, M.A Spezziga
INFN-Pisa and University of risa
Via Livornese 582-1-56010 S.Piero a Grado,Pisa,ITALY

NTM A33C (1993) 69-77

1.2
1.1
ol LI T : S S {
I 1 L 1 + + =
5 09—
QL
2
=
S 0.8 —
(a4
0.7 A
p - Source=5 keV photons
A 'S
0.6 — : CuTrg:::u a(rj\i\]ﬂ?;) SIS Avalanche charge= 1.2x10° e-
— Gas Mixture= Argon 70% - DME 30%
Anode: width= 9 y; pitch= 200 pt
0.5 —
| | 1 | | |
0 2 4 6 8 10

Rate/mm’ (MHz)
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Microstrip Gas Detectors

Microstrip gas detectors, first proposed by Oed (ILL),
circumvent some of the problems associated with
conventional multiwire proportional chambers. Both
anode and cathode are 'etched’ on the surface of a high
resistivity material like glass or ceramic and does not
use delicate wires which may break easily (LMB chamber
has 10 pm anode wires stretched with 12 gm tension and
breaking tension is ~18 gm). Anode size is similar, i.e.

10 ym seperated from the cathode by only ~50 pm
(compared to 3-6 mm in conventional chambers). X-ray
photon is absorbed in the gas which also has a drift
field, but multiplication takes place close to the anode.
The back plane has st#rips running at right angles to pick
up the orthogonal coordinate.

Main Advantages

. More uniform gas gain - better energy resolution.

. Very good spatial resolution in one direction.

. Lower operating voltages.

. Higher count rates should be possible as positive ions
can be removed more quickly. |

. Substrate may be made of flexible material which can
be rolled up, for example, into a cylindrical shape
detector.

& WN =

0

Main Disadvantages

1. Anodes can still be destroyed by minor sparks -
repair not possible.

2. Choice of substrate quite tricky as gas gain appears
variable (probably) due to charge build up.

Reference
Budt-Jorgensen, et al Nucl Instr & Meth. A310 (1991)
pp82-87 |
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DETECTOR REQUIREMENTS - A SUMMARY

Resolution 2000 * 2000 pixels
Size 150 - 200 mms

Count Rates global 10 - 1000 MHz
local 100 kHz

Detective Quantum Efficiency ’high’ for 0.5 - 1.5
Angstrom

Linearity and Uniformity should be correctable
Dynamic Range 1000 - 10000

Radiation Damage should be able to withstand few
months

Time Framing desirable

General Reviews:
1.Proceedings of the Europeon Workshop on
X-ray Dtectors for Synchrotron Radiation Sources
Aussois France 1991
Ed. A.H.Walenta
2. Detector Applications in biology and condensed matter physics
A.R.Faruqi
Nucl. Instr and Methods A310 (1991) 14-23
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Basic Paramelers - Summary (Pt)

Resolvtion w 2000x 2000 r3=¢(s
Size | IS0 -200 mms

CountRates . 3‘056’ h\*lO?—qu Hz
| docal _'OS" He

DRE (14) ‘ 'Higk’
Linean'ty(ct Unif"m;ty) "correctable’

Dynamk Ran,g, "  '03" '04
Radiation Damage ‘oo dage”

Time Framin] desirable ¢
essential (TRXQ
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Sol M. Gruner

Princeton University
Department of Physics

CCD Area X-ray Detectors:
Experiments and Possibilities

CCD-based area x-ray detectors are capable of solving many of the
quantitative imaging and diffraction problems expected to be encountered at
the APS. These detectors are under development by a small number of
groups for a variety of problems. The capabilities and limitations of
existing detectors are reviewed, with an emphasis on the experiences of our
group in applying these devices at the NSLS and at CHESS. Future
capabilities are also discussed.
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GOAL:
DEVELOP 2-D DETECTORS FOR
STORAGE RINGS TO
-- ENHANCE CAPABILITIES
-- INCREASE EFFICIENCY

' SPECIFICATIONS:

A) HIGH DQE (QUANTUM LIMITED)

B) AREA > 10 CM ACROSS

C) FORMAT > 2000 x 2000 PIXELS

D) COUNT-RATE INSENSITIVE

E) DYNAMIC RANGE > 10,000

F) ROBUST IN DEMANDING
ENVIRONMENT

G) EXPERIENCE TESTED, USER
FRIENDLY, FLEXIBLE AND
APPLICATION INTEGRATED

STRATEGY:
1) LARGE FORMAT, 1 CCD DETECTORS
2) MOSAIC ARRAY OF SMALLER CCDs
3) PIXEL ARRAY DETECTORS

GOALSTR
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Relative Signal Strength
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USEFUL NUMBERS

1) EFFICIENT INORGANIC PHOSPHOR
HAVE .
EFFICIENCIES = (X-RAY ENERGY/LIGHT
ENERGY)

— 10-20 %.
FOR 5-10 KeV X-RAYS:
515, PHOTOELEC./X-RAY
33150 PHOTONS DELIVERED |
(P-45, P-43, CsI (Na OR TI), P-11) o
2) LENS COUPLING EFFICIENCY < FEW %

C:(zﬂ-‘(ff—M))z ’

M = IMAGE/OBJECT (MAGMFEATION)

F = “F" NUMBER

% SEE 2 GRUNER,'CED ¢ VID(CON X-RAY DETRCTORS:
, THEORY AND PRACTICR
REV. SCr.INSTR., ©O(I589) ISYS
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3) FIBER-OPTIC TAPER EFFICIENCY
(GREEN LIGHT) l

M Ceo. _C_x_.ews (%/M)
1 75% 6%
0.5 20% 39
0.3 13% 139,
0.25 9%, | %

(COLEMAN, ADV. E.E.P. 64B (1985) 649)

C = 75% ACROSS A FIBER-OPTIC IN-
TERFACE

' 4) OPTICAL QUANTUM EFFICIENCY OF
Si |
Qs = 35 - 80%

( _ BARE si

OVERLAID STRUCTURES

§) 36S &/ O0Ff X%X-RAY EMERGY IN 0 SK
PRoDWVELES 1 o-hole AN,

216




IMPORTANT X-RAY
CHARACTERISTICS

(1) ROBUST & STABLE

(2) EFFICIENTLY CONVERT X-RAYS TO LIGHT

(3) SPECRAL MATCHING TO TAPER & CCD

(4) PROMPT EMISSION W/LOW PERSISTENCE

(5) HIGH X-RAY STOPPING POWER/RESOLUTION
(6) LINEARITY OF OUTPUT W/DOSE & INTENSITY

NO SINGLE KNOWN PHOSPHOR EMBODIES THE
BEST OF THESE CHARACTERISTICS.
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TRANSMISSION (%)

Quantum efliclency

60}
\ F-0 TAPENR
\ TRANIMI1SSION
\ m&m&mcn
Aol \\
RE0\y
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03

0

R
\\

01 | \

TAPER RATIO

400 500 600 700 800 900 1000 1100

Wavelength (nm)

FIGURE 7 : TYPICAL SPECTRAL RESPONSE.
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Relative Intensity
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orpine | very YERY
STOPPIN , | .
POWER HIGH H1G-H H&H Hi6-H
EFFICIENCY 600D 000D 600D 6-00D
~ SPEED FAST FAST Skow SLow
PERSISTENCE | Nno 2As | [ag A LITTLE LAG | SoME LA
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LINEARITY ? 2 ? )

(1Y EVAPORATED
ALLOWS TEXTURED GROWTH

(2) SETTLED POWDER
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QUESTION:

'GIVEN THAT NO SINGLE PHOSPHOR IS IDEAL,
HOW WELL CAN WE DO USING SIMPLE, SETTLED
SCREENS OF COMMERCIALLY AVAILABLE
PHOSPHOR POWDERS?




SETTLE PHISPHOR

w PHOSPHO R
I~ L PownERr v
oty T T AL AceTATE
—' w/ Lh§Y, NiTRo -
\[} EEE T CELLULPSE

AARERNINARRAANA Ny ] OO ‘
peepnT lej—— $U GSTR ATE

v ,
LUE ov REFLECTOR

T T . e A LWM, PV LAR

RESULTS ; -
O GdaDaSITh
10 g/ wen >

32 o THICK
H1Fp CANSTRL DENSITY
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Phosphor Density Efficiency*

Y,0,S:Tb 8-11 mg/cm? 50-140
Y,0,S:Eu 8-12 mg/cm? 130-150 -

La,0,S:Eu 11 mg/cm? 170 300 ms

Gd,0,S:Tb  10-15mglem®  50-70 10ms

* Photons/*5Fe x-ray, guided through the fiber optic plate.
*To 0.2%

'_.Stopping Power

for 10 mg/cm?

5.9 keV

92%
92%
100%

91%

13.6 keV

23%
23%
54%

66%




BERYLLIUM WINOOW

6d0,S PHOSPHOR

|-4z°c REFRIGERATOR
X-RAYS —— ELECTRONICS §—{|i CAMERA
: — CONTROLLER
TEK 2048 CCD

- IMMERSION OiL

FIBER OPTIC DISK . IBM AT  © — BNT GRAYSCALE

9 — TRACK COMPUTER OISPLAY
MAGNETIC TAPE

2048 X 2048 PIXEL CCD X-RAY DETECTOR

RANCE, GILDEREACK &
EIKENBERARY, TATE, QELMONTE, Low
GRAMNE R, 'Efzg_e ANS, pue. SCT. 39 alnnuo-ua,
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oK GCD X-RAY DETECTOR

CCD TEK 2K, 2048 x 2048 pixels

Pixel Size | 27 um x 27 pm

Phosphor GdPoS, 9 mg/cm? on 50 mm fiber optic
PSF 45 pm, FWHM

Sensitivity ' 24 e/x-ray,- 55Fe

Saturation - 3x 104:x-rays/pixel

Dark Current 0.56 x time @ -42 *C

Dark Current Noise 02x fime @ 42 °C

Readout Noise 1 x-ray

| inearity ' . Excellent

Distortion < 0.35 pixel
Zinger Rate C 4x107 _slplx/s on phosphor

6 x 107°/pix/s off phosphor

FIKENGERRY , TATR , BELMONTE wwrzﬁwce
BlLDR\‘&BRQK QGR&ANRR \‘n DIRRCT-BovpLAD
DETRCTOR FOR Swuu-;ao‘rrwu X-~RAMATOA
WSING A LARGE FPRMAT CeD

IEER TRANS. NUC. SCX. 38 USID HO-1/8.
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1.0 T T ] I — T

Reduction of Variance by

0.8 - - the Point Spread Function
(GAUSS IAN  PSF)

0.6 |-
0.5 |

0.4 |

Variance Factor

0.3

0.1 |-

0.0

PSF (FWHM), pixels
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OPTICS
28-S0 %
QUANTVM EFFIC.
¥
6- 2§ € /xX-RAY
ToT. CCDd READ
NOISE ~b-10 €
PER PMXEL.
| 129, EFFLC
10-20 ), EFFLC. 3
'u" 28-S0 PHOTONS
100 ~400 OPTICAL PER. X-RAY
PHOTONS /X-RAY
‘ CCD CONTR(SL
ELECTRONICS
J MacE - . ccp
ST:(E?;‘:GE | WORKSTATION |- DrancE
DRIVE)
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CCb Thomson TH7896AVRNF
Pixel format 1024 x 1024
Fiber optic reduction ratio 2.6:1
Active input area 51 x 51 mm?
Pixel size at phosphor (microns) 50.1
Phospbor GdzOzSITb
Operating temperature -60 °C
A/D resolution (bits) | 16 *
Gain (e/ADU) , 4.6
Sensitivity (€7/5.9 keV x-ray) 4.6
Read noise (e”/pixel) RMS 8
Dark accumulation (e*/pixel/s) 0.8 at-60°C
Full well (e/pix) 4x103
Point spread (microns) '

full width half maximum 80

full width tenth maximum 165

full width hundredth maximum 230

TABLE II
Detector sensitivity vs. x-ray energy

X-ray energy (keV) ‘5.9 8.0 8.9 110 | 135 18.0
Fraction of x-rays stopped! 0932 | 098 | 0975 | 0878 | 0703 | -0.430 ‘|
Signaliincident x-ray (e°) 46 7.1 7.7 10.3 11.1 103 |

ignal/stoppzd x-ray (&) 49 7.2 7.9 11.7 15.8 24.0

Signal/stopped x-ray/Energy (¢) | 0.83 0.90- | 089 | 1.06 1.16 1.33
adratic response coefficient? — 3.5x10°5 | 2.2x105 | 2.0x10° | 6.0x105 | 1.2x104 .

1 For 11.5 mg/em? Gd,0,S:Tb phosphor.
2 Quadratic coefficient, B, characterizing the change in detector response, R, as a function of angle as

R=1+B x 82, where 0 is given in degress.
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| Fig. 1, Diagram of a basic CCD array.
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POLCTA, SKATH, TATE, SO,
2 2 SMIAMSUNDER ErRAMILLY

OSTCQGER& KRIE CﬂW“

GRIANE

Sample used in p-jump studies:

DOPE (Dioleoyl-phosphatidylethanolamine) in excess wa-
ter. The morphology as a function of temperature T and
pressure p includes two lamellar phases (gel phase L and
the liquid crystalline phase L,) and the inverted-hexagonal
(Hyr) phase as shown in the p-T phase diagram below.
Static measurements have shown the existence of additional
phases at high pressure in the Lj phase regime (P.T.C. So,
Thesis, Princeton University, 1992)
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MOSAIC CONCEPT

ADVANTAGES

1) AVAILABILITY OF PARTS

2) MPP-CCDs REQUIRE LESS COOLING

3) AREA AND FORMAT ARE UNLIMITED

4) FLEXIBLE GEOMETRY OF AREA

5) NO NEW BASIC TECHNOLOGY NEEDED

6) HOME LAB/NAT. LAB TRANSITIONS EASED

TO DO

1) PACKAGING
2) CONTROL ELECTRONICS
3) SOFTWARE INTERFACE
4) DATA HANDLING

5) CALIBRATIONS

6) COST CONTAINMENT

mosaicl.doc
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NEEDED FUTURE WORK

1) BETTER PHOSPHORS
2) IMPROVED FIBER OPTICS

3) BETTER CALIBRATIONS

4) BETTER DATA HANDLING METHODS
(2000 x 2000 PIX/10 SEC) x (2 BYTES/PIX) x
(24 HRS/DAY) = 70 GBYTES/DAY

5) BETER USER EDUCATION
6) NEWER CCDs

7) MOSAIC DEVICES AND STRATEGIES

8§) MORE BEAMLINE EXPERIENCE

FUTURE.APS

250




PRIMARY PARTICIPANTS:

SOL GRUNER -- PRINCETON U.
MARK TATE -- PRINCETON U,
ERIC EIKENBERRY -- RWJ MEDICAL SCHOOL

PETER EISENBERGER -- PRINCETON U.
JOHN SHEPHERD -- PRINCETON U.

SANDOR BARNA -- PRINCETON U.

MARTIN NOVAK -- PRINCETON U.

JOHN LOWRANCE -- PRINCETON SCI. INSTR.
STEVE EALICK -- CHESS

DON BILDERBACK -- CHESS

BRIAN RODRICKS -- APS

SUPPORT:

DoE -- MOSTLY
NSF -- ALITTLE BIT

FRIENDS.END
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Istevan Naday
Argonne National Laboratory

and
Robert Street

Xerox

Amorphous Silicon-Based Imaging Detectors
for Protein Crystallography

Two-dimensional amorphous silicon arrays have been developed in recent
years primarily for liquid crystal displays and optical imagers. The novel
aspect of the technology is the large size and low cost of the image sensor
array. Present techniques allow an array size of about 10 in. x 10 in., but it
is anticipated that 24 in. x 24 in. or larger will be possible in the future.
Page size arrays with pixel sizes of 127 um?2 have been made, although the
technology is capable of even higher resolution. The arrays are made
possible by the successful integration of field-effect thin film transistors
(TFTs) and light sensors in large-area devices. Each pixel contains an
amorphous silicon photodiode, connected to a TF'T, controlled by the matrix
of gate and data lines that cross the whole array. The parameters of the
imager and readout electronics have been studied by computer simulation.
The two most significant sources of the readout noise are the thermal noise
of the "on" resistance of the TFT and the noise of the readout electronics.
The simulation confirmed the already demonstrated 1000-2000 electron read
noise figure. The intrinsic dynamic range of the imaging array is about
105. The minimum readout time of about 25 msec allows real-time
imaging.

X-ray images are obtained by exposing arrays that are in contact with a
phosphor/scintillator. Contact imaging allows the imager to collect light
very efficiently, making it well suited to x-ray imaging. Medical
applications of this technology for imaging during radiation therapy,
fluoroscopic, and radiographic procedures appear very promising. In
protein crystallography, the large size and high conversion gain of the
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imager will offset the effect of the higher read noise. The expected Detective
Quantum Efficiency of a large-area amorphous silicon x-ray detector for
protein crystallography will be better than 50%.
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Emission spectra of phosphors

1.0 T 1 ! I
& 0.6} . -
> | Cawo, - i
c 04 Y % -
2 . Gd, OZS:Tb ]

E - ® -

0.2 » . .'. 7
P ~. ®e ]

0 / Lida, l ! ll | 1

300 400 500 600 700 800
Wavelength (nm)

e Gd;0,S:Tb is well suited to the a-Si:H collection

efficiency spectrum

e Alternative phosphors include, Csl, Nal and many

others
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Imaging system

Amplifier
~p ift reqi hip
Shift register
Gate lines e
G/P ] Analog amplifiers
SENSOR lines and multiplexer
ARRAY

 Control

- Workstation
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Technology o
rogressi pixel
progression electronics
108T——
Number of
transistors 300spi eS———-
in array fullpage simple
10% |- 2-d arrays
104 |— linear arrays
102 —
1 L | —1 . Ly Year
1975 1980 1985 1990 1995
Pixel electronics;
Amplifiers, image processing, 3-d structures JIEIYTIEN
- PARC
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Wladek Minor

Purdue University
Department of Biological Sciences

Crystallographic Data Handling and Reduction in Experiments
with Extremely High Data-Acquisition Rates

As in many experimental sciences, data acquisition and data processing
are often the most critical steps in x-ray crystallographic studies and
dictate the success or failure of the entire process. The successful
synchrotron experiment requires high photon brilliance, a very fast x-ray
detector, and a computing environment that can handle very high rates of
data collection effectively. Although data acquisition may not be
computationally intensive even for very high data-acquisition rates, the
experiment evaluation procedures and robust data reduction at rates
comparable to the data collection rate will require not only a very fast
computer but also software designed for the synchrotron environment.

In anticipation of an increase in data-acquisition rates due to more intense
synchrotron sources and new fast detectors, modular software tools should
be developed with the goal of speeding up the entire crystallographic
experiment and optimizing the use of beam time. The software modules
should be unified by a flexible, rapid and easy to use graphical user
interface. These modules should provide the ability to evaluate and control
a crystallographic experiment in conditions close to real time, at all
currently expected rates of data acquisition. Among the most important
tools will be those that allow the rapid evaluation of diffraction images, fast
crystal alignment and/or indexing, and real-time reduction of two- or three-
dimensional diffraction data to indexed intensities. The effective
management of the very high rate of data acquisition, experimental data
base setup and access, long-term data storage, and effective use of
networking must also be addressed.
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Wild West approach:

Shoot first and ask questions later.

Let them shoot crystals and send them home with data ( any data )
and they will ask themselvs questions later (when at home).

East coast approach;
W. Hendrickson (Science 254(1991)54 ):

The challenge is to produce at
existing and developing synchrotron sources both the necessary
instrumentation and also convenient modes of access and use. A
long-awaited trip to the synchrotron used to yield packs of films to
be processed; now one can return from a few synchrotron centers
with processed diffraction amplitudes. In the future, the hope is to
return from an on-call trip to one of several MAD beam lines with
both the amplitudes and phases needed to solve another exciting
biological problem.




wet laboratory

|

data collection and initial
processing

electron density map calculation
and interpretation

phass problem

model building

structure
refinement
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Software role from the synchrotron user point of view:

Design of Experiment

Data acquisition
evaluation and on the fly monitoring
reduction - in real time

storage and/or transmission

User requirements:

Instrument and experiment independent
Computer independent

Network transparent

User friendly graphical interface

The strength of the chain is determined by it's weakest link
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Detector from the software point of view:

Low intristic noise

High spatial and time resolution
High dynamic range
Reproducibility

Software has to understand the nature of the detector
hardware

Software type of callibration
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COMPUTING STANDARDS at APS

The hallmark of computing environment is FLEXIBILITY.

- modular and powerful computing tools for very
convenient, rapid control and monitoring of the
experiment

- effective management of the very high rate of data
acquisition

- easily adaptable

- easy addition of new features by people other
than the program author

- operating system independent, powerful and easy to
use user interface

- portable to a "standard" laboratory environment

- flexible to the rapidly advancing computer industry

- real-time computer response
store and reliably process diffraction data at a rate
comparable to the rate at which they will be recorded.

This is one of the biggest challenges of the computing effort,
and it can not be seen as a substitute for storage of raw data
images.




USER INTERFACE

Powerful user interfaces that allow the user to concentrate on
the experiment with minimal concern about how to run the

support software.

- management of the experiment

- rapid, graphical and flexible

- flexibility for addition of new experiments.

- ability to interact with all phases of the experiment
- crystal evaluation and alignment,
- set-up and running of data collection
- on line experiment monitoring

- real-time data processing
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MANAGEMENT OF THE EXPERIMENT
- Extremes of organization
- electronic notebook for the experimenter.

- some information from the database of the APS

- Example of items
- time and date
- ring current and energy
- wavelength or wavelength range
- settings of insertion device
- positions and settings of beamline optical elements
- type and Bragg reflection of the monochromator crystal
- positions of slits, attenuators and filters in the beam
- shutter condition
- instrument alignment angles
- incident beam intensity
- detector count rate
- position of the beam and beamstop
- hutch temperature
- actual and set temperatures for sample cooling
- Helium and cooling gas flows to the experiment
- instrument angles at the aligned position of the sample
- instrument setting
- angular range and scan speed for the current image
- exposure time and dose of current image
- fiducial marking on the image.




Ideal data reduction package:

Source - any
Crystal - any space group
any cell dimensions (5 -2000 A )
Diagnostics - everything
Feedback - real' time
Speed - real time
Goniostat -  any
Detector - any
Computer - any (with full graphics support)
OS - any
Cost - public domain
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Data processing:

MADNES

MOSFILM

XENGEN - POLYDET

XDS

OSC

DENZO




HKL package:

Tasks:

Denzo
Xdisplayf

Scalepack

Indexing
Callibration
Prediction
Refinement

Integration
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Processing time:

Lipoxygenase (2.1 A)

MAC-Science scanner: 180/25 sec/frame
(95.6, 94.3, 50.3, 90.0 91.3, 90.0)

Rotavirus (8.0 A)

FUJI scanner (CHESS): 180/40 sec/frame
(692, 993, 1395, 90, 90,90)
Steve Harrison - Brenda Temple

Bovine PNP (1.7 A)

CCD detector (CHESS): 180/50 sec/frame
(92.7,92.7, 92.7, 90, 90, 90)
Steve Ealick' |
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90.00
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primitive
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unit cell 692.90 993.771394.99 90.00 9S0.00 90.00
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Networking:

The World of Multiple Standards
Internet: Collection of voluntary participants

Transparent for users - easy to realize within short distances.

Now: Ethernet, TCP/IP, NFS -
Future: FDDI - Fiber Distributed Data Interface
Future: OSI - Open System Interconriect

Long-Distance

Link Speed
[Mb/s]
T1 1.5
T3 45

NREN 100
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Data Storage:

Right combination of adequate capacity, functionality, long-term value
and economy

On-line storage of data on RAID (Redundant Array of Inexpensive
Disks) and migration to cheaper off-line storage with relatively high
capacity and relatively slow access time.

very fast compression, speed of decompression less important

CS type of compression not applicable - nature of crystallographic

data
Diffraction Industry - nightmare
MRC Cambridge - J.P. Abrams
NIST - P. Klosowski
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Hardware requirements:

CPU as fast as possible (ALPHA)
Memory > 128MB
( at least 5 x diffraction image)
Disk space > 10GB
Network internet, fast NFS - FDDI
Graphics > 1024 x 1248, fast
OSs Unix (OSF/1), VMS, Windows NT, .....
Vendor DEC, SGi, Sun, HP, IBM .........
Cost < 40k$
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Michael Campbell

CERN

Silicon Pixel Detector Development at CERN

Future experiments at the proposed Large Hadron Collider at CERN will
study particle collision events generating thousands of particles every 25 ns.
Silicon pixel detectors could yield enormous benefits by providing
unambiguous two-dimensional images of particle tracks at the center of
these experiments. The CERN RD 19 Collaboration has developed a hybrid
pixel detector covering a 53 mm x 56 mm plane with two staggered arrays.
The design of the readout chip will be presented, along with practical
aspects of the construction of such a system. I will attempt to emphasize
the lessons we learned from this exercise, which could help in designing
pixel detectors for the APS. Finally, I will present the excellent results we
obtained in 1993, which make us believe that pixel detectors have a very
promising future in such experiments.
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Omega?2 pixel cell and timing
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CD Spectrum with 22 KeV and 25 KeV line

diff. rate
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Wolfgang Sturhahn

Advanced Photon Source
Argonne National Laboratory

APDs - Large Dynamic Range Detectors for Hard X-rays’

The ultrahigh brilliance of the third-generation synchrotron radiation
sources will increase count rates by several orders of magnitude if
compared to existing synchrotron radiation sources. Detectors that allow
one to exploit this advantage should have a linear range of operation that
reaches from very high count rates to their intrinsic noise level. We
investigated APDs (Avalanche Photo Diodes) with respect to linearity,
efficiency, time resolution, and dynamic range by the use of 8.4-keV and
14.4-keV synchrotron radiation. We observed linear behavior up to count
rates of 108 Hz. The intrinsic noise level was below 10-2 Hz. Efficiencies of
about 50% at 8.4 keV and about 14% at 14.4 keV were achieved. The time
resolution was about 1 ns. We will present the experimental data and
discuss the performance of APD detectors.

t in collaboration with T. ‘Toellner, E. E. Alp, P. Montana, and M. Ramanathan. This
work is supported by US - DOE, BES Materials Science, under contract No.: W-31109-
ENG-38. '
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Linearity of APD to 8.4 keV photons

Ar, filled, 8.5 cm chamber, 1050 V
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APD txme response to smgle 8. 4'keV photons R
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8.4 keV pulsed SR time spectrum

total count rate (@ 90% trigger): 100 kHz, -single photon events only
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o

8.4 keV pulsed SR and Cuk (8 keV) source

) - total count rate (@ 90% t;igger): 70 kHz, single photon events only »
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Richard C. Schirato

Science Applications International Corporation

Application of Bulk-Grown Cd}1.xZnxTe Alloys to
Single-Photon X-ray Imaging

Richard C. Schirato, Raulf M. Polichar
and John H. Reed

We have fabricated monolithic x- and gamma-ray detector arrays using
various Cd; yZn,Te alloys in both linear and area geometries with
associated read-out systems. Advantages of these materials include
relatively high stopping power and room-temperature operation. The
arrays have been operated in a pulse-counting mode with photon energy
discrimination. So far, we have fabricated arrays with a pixel pitch as
small as 0.8 mm. Our results show that even smaller pitches should be
possible. The effects of material properties and array geometry on spatial
and energy resolution will be discussed, with emphasis upon charge
carrier transport. Results from calculational models and experimental
measurements of pulse height vs event interaction position within a pixel
will be presented, along with images obtained with these arrays. The
experimental results include data from arrays recently fabricated from
new High-Pressure Bridgeman-grown CdggZng 1Te material with
improvements in both electron and hole mobility lifetime products. Possible
areas of application for systems based on this technology include nuclear
medicine, low-dose simultaneous dual-energy radiography,
nonproliferation inspection, NDE, and x-ray astronomy.
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" COMPLETED 16-CHANNEL READOUT

"SYSTEM INCLUDES ALL ANALOG
PULSE SHAPING, COMPARITORS AND

BUFFERED DIGITAL OUTPUTS

Science Applications
International Corporation
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Sung Shik Yoo

Department of Physics
University of Illinois

MBE CdTe Photoconductive Position
Sensitive X-ray Detectors®

The group II-VI compound semiconductors, such as CdTe, are very
attractive for x-ray detectors because of their large atomic numbers. Since
the band gap is fairly large (1.46 eV), the dark current is small enough to
operate the devices at room temperature. MBE growth of CdTe has been
greatly improved to provide high-quality crystals. To date, 125 arcsec of
DCRC FWHM has been obtained on Si substrates. We fabricated 10-20 pm
thick MBE CdTe layers for application as x-ray detectors. Thirty-two or
sixty-four element linear photoconductor arrays were fabricated on MBE
CdTe layers. The photoconductor gap size varies from 5 to 50 pm with 50-
pum width and 100-um pitch sizes.

The temporal response was measured by using 100 fsec Ti:Sapphire laser
pulses, values of 25 psec rise time and 35 psec pulse width were measured
on the devices. The spatial response was measured by using a Nd:YAG
laser, x-rays from a rotating anode, and synchrotron x-rays (NSLS). We
also measured the energy response of the device over a wide range of
energies (7-18 keV). The image of the beam profile was obtained for the
direct and the partially attenuated beams by rastering a single
photoconductor around the x-ray beam. In the synchrotron direct beam, no
saturation response was observed. The noise was small enough so that the
dynamic range reaches three decades at room temperature in spite of the
small size of the active area. The photoconductor was exposed to the
synchrotron beam for 60 hours without any observable deterioration of the
device.

* Work supported by the US DOE.
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MBE CdTe PHOTOCONDUCTIVE
POSITION SENSITIVE X-RAY
DETECTORS’

S. S. Yoo', B. Rodricks?, S. Sivananthan', J. Bai®*,
J. P. Faurie!, and P.A. Montano'*

'Department of Physics
Microphysics Laboratory
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?Advanced Photon Source
Argonne National Laboratory
Argonne, IL 60439

®Department of Physics,
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MOTIVATION

1. Diagnosis for Ultrashort Xéray Pulses
* 72 psec pulsewidth
* 184 nsec period

2. Position Sensitive Detector
* 5-50 x 50 um sensitive area
* 100 um pitch size

* High spatial resolution
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CdTe FOR X-RAY DETE‘CTION

1. Large Atomic Number
* Cd:48, Te:b2
* Large absorption coefficient
(u = 500 - 1000 cm™ for 5 - 20 KeV)

2. Wide Band Gap
* Eg = 1.48 eV
*p=10°% 10 "Q-cm™®

3. Excellent Carrier Transportation Property
* U, = 1000 cm?/V-sec
* W, = 200 cm?/V-sec

4. Room Temperature Operation
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MOLECULAR BEAM EPITAXY OF CdTe

1. High Quality Crystal
* DCRC FWHM of 125 arcsec
on Si substrate

2. Thin Film Growth
*10 - 20 um Thickness
* Increased spatial resolution

3. Flexible Choice of Substrates
* Insulating

* Conducting

* Semiconducting
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FABRICATION

1. Molecular Beam Epitaxy of CdTe
* High quality of CdTe on Si substrate
*10 - 20 um thickness

2. Mounting on Insulating Substrate
* Removal of Si Substrate
* Surface etching of CdTe

3. 1st Photolithography
* Device isolation

4. Device lIsolation
* Etching between elements




FABRICATION

5. 2nd Photolithography

* 5-50 um photoconductor gap

* 50um wide and 100 um pitch
* 32 or 64 element linear array

* Fan-out metal strip for bonding

6. Metal Deposition and Liftoff
* Electroless Au
* Sputtered Au or Ni

/. Mounting and Bonding
* Mounted on 64 leadless chip carrier
* Gold wire bonding on 32 elements
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SCHEMATIC DIAGRAM OF
LINEAR ARRAY STRUCTURE

CdTe Island
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MEASUREMENTS

1. Electrical Measurement
* Current-Voltage

2. Laser Response
* Nd:YAG laser (0.53um)
* Ti:Sapphire- (0.875um) |
* Tektronix CS803 Sampling D|gntal Scope
(20 GHz Bandwidth)

3. Rotating Anode X Ray (Cu)
* White beam
* Monochromatic beam

4. Synchrotron Source (NSLS/X18B)
* Monochromatic beam (7 - 18 KeV)
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CURRENT-VOLTAGE
CHARACTERISTICS
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MBE CdTe Photoconductor, CT277B
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UNIFORMITY OF LINEAR ARRAY
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SCHEMATIC DIAGRAM OF
TEMPORAL RESPONSE MEASUREMENT

Ti:Sapphire Laser Pulse, 100 fsec

Bias ] ]

—ed kA

| o = — |

Tektronix
COPPER CSA803
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TEMPORAL RESPONSE
TO Ti:Sapphire LASER PULSE

0.5 lllllllll [ IIIIIIIII I lllllllll I L) ¥
Ti:Sapphire Laser, 765 nm
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0.4 F | 1
- MBE CdTe Photoconductor
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Response (V)

SPATIAL RESPONSE

TO Nd:YAG LASER PULSE
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LINEAR RESPONSE

TO ROTATING ANODE X RAY
(WHITE BEAM)
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Rotating Anode, Cu Target
White Beam
15 ~
CT17
{EC, CdTe Photoconductor 40 KV |
' Gap = 20 um
= | Bias = 15V |
=)
~ 30 KV
- R
=
2 ]
2 : 20 KV
S 10} =
o
7]
g 10 KV |
fon
w
O
ja
5+ -]
] 1 1 1 l i i 1 1 i 1 1 ue b3 l 4 1 1 1 ] I I
0 30 100 130 200

Generation Current (mA)

385




SCHEMATIC DIAGRAM OF
SPATIAL RESPONSE MEASUREMENT

Photoconductor mounted
on X-Y Translation stages

X-Y Slit
Rotating Anode, Cu é
Bias
Signal
Preamplifier Motion Controller
Keithley 617
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Spatial Response To

‘Sychrotron Source
(NSLS/X18B)

Synchrotron Source: 1=206 mA
| =16 KeV
1,=1436
CdTe Photoconductor: 20 um gap, 5V
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- CONCLUSION
1. Utilized MBE CdTe for X-ray Detection
* 10-20 um thickness, 50 pm wide
Position Sensitive Detector

2. Fast Temporal Response Achieved.
* 20 psec risetime and 35 psec pulsewidth

3. Linear Response to X-Ray Photon Flux
* Rotating Anode

4. Demonstrated X-ray Beam Profiling
* Rotating Anode X Ray
* Synchrotron Source (NSLS)

5. Room Temperature Operation
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SPATIAL RESPONSE TO
SYNCHROTRON SOURCE (NSLS/X18B)
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SPATIAL RESPONSE TO
SYNCHROTRON SOURCE (NSLS/X18B)
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Synchrotron Source: I=141mA
(Direct Beam) E=8 KeV
1,=982
Slit Size: 200(X) x 50(Y) um
CdTe Photoconductor: ’ 20 um gap, 5V
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SPATIAL RESPONSE TO
SYNCHROTRON SOURCE (NSLS/X18B)
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Normalized Response (arb.)
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Count (arb.)

CdTe Photoconductor
Gap = 20 um
Bias = 10V
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