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Weak signals

Complex Experiments

Pump probe

— Changes in spin states — fluorescence
— Non-equilibrium dynamics

* Tomography

Isotopic substitution

Time: 1,000 M
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* New science, new experiments, new demands

New Facilities, increased demands

— Higher flux

— Higher resolution
* Time
e Space

— Dynamic range

— Energy range

— Efficiency

— Stability

— Low noise
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Type Size Pixel size Count Efficiency v Sensitivity Stability Energy range Candidate Time

rate (s~') (at 1A (% d™ Y (meV) technology scale
Reflectometers 300 = 100 mm? 0.5 = 100 mm- 10 80% <1077 =1 1-150 Gas or scintillator now
Reflectometers 2D 300 » 300mm® 0.5 x 0.5mm? 10° 80% <107’ <1 1-150 Gas TS-2/now
SX low L, =200 % 200mm? 3 x3mm>1x lmem? 10° 80% <1077 <1 1-150 Scintillator low  TS-2/now

parallax LiGdBO

SX med, high L, =200 % 200mm® 1 x 1 mm” 10° 80% <1077 <1 1-150 Gas Beyond T8S-2
Radiography, tomography 20 < 20 mm? 0.02-0.2 mm? 10 80% =0.1 1-150 S1 active pixel now
Moniters 60 % 60 mm? 1 ¥ 1 mm? 107 Low <0.1 1-1500 Si or gas now
High energy 100 % 100mm® 5 x 5§ mm? 10° Epithermal <0.5 1-100,000 YAP now
SANS % Im? 5% 5mm’ 10 <0.5 1-50 Scintillator or gas TS-2
SANDALS/NIMROD 200 % 200mm® 200 x 10 mm?* 107 Epithermal < 107° <0.1 1-30.000 Scintillator or gas TS-2
Powder 600 % 200mm® 3 % 200 mm? 107 800 <1077 <0.1 20-150 Scintillator or gas  TS-2
Inelastic I % 1m? 10 % 25mm” 10° <107’ <0.1 1-1500 Gas TS-2
Inelastic (BS) 5% 100 mm” 5% 100 mm> 10° <107’ <0.1 1-50 Gas Beyond TS-2
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(:\ choalas T. G. Perring, R. Ewings
Technology MnSi single crystal

MERLIN MAPS

Sample mass: 32 g Sample mass: 50 g

E, =50 meV E,= 50 meV

Chopper speed = 300 Hz Chopper speed = ..........
778 uAhrs 1887 uAhrs

T =300 K, cut 10<E<13 meV T=300 K, cut 10<E<13 meV
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ISIS TS2

70 MeV H- Linac

ISISH&:

Rutherford Appleton Laboratory

HEP Test Beam

SYNCHROTRON

ENGIN-X

HRENGIN
HRPD2 N\
~
WisH
N NIMROD
. S L X
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e $ ‘ \ CN-CAS
HERBI g l\\\
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SANS

second t8gef station project
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Detector array

Low energy transfer spectrometer

4m high array at 3.5 m radius
-35to +135 degrees horizontal coverage
Area 40 m?

Position resolution 25 mm FWHM

Energy range O — 80 meV

: ;iﬁ .‘* \
TS'Q ISIS

-

secondt#gef'station project



LET

— Technology

detector assembly

—3g 25 mm diameter 4 m long resistive wire detectors
Tég'fs[s 224 for day one
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Detector array
~ 1m high array at 2.2 m radius

+ 10to = 170 degrees horizontal
coverage

Position resolution 8 x 8 mm pixels
Wavelength range 1.5 — 15 A

Large area powder / single crystal
diffractometer for the study of Resistive wire technology

magnetic materials
~1500 detectors

| mm?3 crystal 100 kHz per detector

TSiefé[s 5 mm? crystal 12 MHz per detector

secondt#gef'station project
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8 mm diameter 1 m long resistive wire detectors, like D22
TS’QISIS 760 for day one spanning 10 to170 degrees at 2.2 m radius

secondt#gef'station project



/ \ e & Technology Facilities Co

Technology




() TezhﬁalaV

18 detector elements
200 x 10 mm?2
60 modules for day 1

2.16 m2 detector —

& - - 2 . .
TS ‘ISIS 60 m2 scintillator

secondt#gef'station project
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60 modules for day one
53 assembled to date

30 fully tested on neutron source and
ready for installation

Low angle bank spanning 0.5 to 3 degree:
under development
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eActive area: 1m x 1m

Count rate: 2 x 10°n/s at 10% deadtime
Neutron efficiency: 50% at 2 A

ePosition resolution : 5 x 5 mm?2

secondt#gef'station project
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_
FastGas

10 bars 3He, 4bars CF,

>90% efficiency for 1A
neutrons
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- Data from CRISP instrument on ISIS

100 times greater rate Neutron reflection from 58N

performance than existing sample. Black curve 3He

degradation in performance

2.0x10° -
—— y=a¥(1+a'bx), a=2.6801, b=1.7847E-7 T TR, '
v -—sv DAE count rate in 5000-7300ps frame (Hz) et

—F

A : ™

1.5x10° / "a._.-.‘]
) ".“ '_-.l

-

1.0x10°

y i
B 7 N.B. Scaler rate is lower by factor "a"

A because it integrates over whole spill

DAE count rate

0 0.2x10° 0.4x10° 0.6x10° 0.8x10° 1.0x10°

Scaler Rate
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 Position sensitive, parallax free neutron detector

e Position resolution of 0.5mm or better (FWHM)
e Neutron detection efficiency = 50% @ | A

OSMOND

e A local count rate performance of at least |0°counts per second
e A dynamic range of 6 orders of magnitude
e A gamma sensitivity of 108 at [.3MeV
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* Hybrid pixel, photon counting

Hybrid Pixel Detectors

— No dark current

— Excellent point spread function
— High quantum efficiency

— Short readout time

High-resistivity
Si sensor

bump bonds

Readout ASIC
A (CMOS)

Complex electronics
at each pixel




gl PILATUS
° 6M

— 2463 x 2527 pixels
— 424 x 435 mm? active area

NN FLUL SCREEREE INSTITUT
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* Medipix |

Medipix

— 170 um pixels

— 64 x 64 pixels per chip
* Medipix 2
— 55 pym pixels

— 256 x 256 pixels per chip
— 3 sides buttable

* Medipix 3

— Mitigates charge diffusion

MEDPIX collaboration
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CZT- HEXITEC

CZT has a good stopping power for high energy X-rays in many applications (synchrotrons, space,

HEP, nuclear, medical)
*  Gives radiation-hard detectors in proton environments (HEP and space)

Absorption Efficiency

1.2

o
o

o
~
|

0.2

20

40

60

Energy (keV)

——Sj

-=— GaAs
CT
czT |



N

() Technology

Silver loaded epoxy

Gold pad on gold pad
On CZT

Al pad Gold ball
on ASIC on Al pad

Low temperature, low stress bump bonding for CZT
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Silver loaded epoxy
dispense 120um dots Questar Gold-Stud bond

Low temperature stud bonding process
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Gold Stud Bonding

ERD2004 module with Zmm
thick CZT detector

1800 -

1600 -

1400 -

1200 -

1000 -

800 -

600 -

400 -

200 -

X-ray image and spectrum taken with ERD2004 and Mo X-rays at
17keV bonded at RAL to 500um silicon detector.
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= Pixels for XFEL

*  FEL sources deliver bright short
pulses of radiation

*  Requires high performance pixel
systems

100 fs

Photon pulses

_qu_
——————
t

process

Bilamontngs ces Haupiabiudes mif Unare dechisr B mma e, Archilskhurbesped Pl ngsssng Azcd
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XFEL LPAD

European XFEL, LPAD Sensor requirements and timescales

Silicon sensors to convert high flux images of coherent 12keV X-rays, bump
bonded to ASICs. Use 500um thick DC coupled Si detector

«X-rays arrive in 100 femto second pulses every 200 nano seconds. Charge
completely cleared for next pulse.

«250 detectors (= 80 wafers) per Mega-pixel area
First sensors ready end 2008
First system ready mid 2009
1Mega-pixel system ready end 2010
Multi-megapixel systems (16-32 total) ready end 2012.
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Techno logy
Electron bunch trains; up to 3000 bunches in 600 psec, repeated 10 times per second.
Producing 100 fsec X-ray pulses (up to 30 000 bunches per second).

XFEL LPAD

100 ms 100 ms XFEL ~ 30 000 bunches/s
< > < > but
99.4 ms (%) emptiness
600 pus
99.4 ms
/4 /4
y/1
/A /| O

Serialise and Transmit to DAQ
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500mm

*\Working with Glasgow and Surrey

0.5mm Sensor Array

512 Channel ASICs

Wire bonding

\

/
“-.___\-_““

XFEL LPAD

Passive Components

Bump bonding x /Flexible Hybrid

Molybdenum base

=

Mounting bracket
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LPAD ASIC

Preamplifiers Sequencing
and control

DynamIC range —\Qeamp' iers and multigain stages Multiple 512 pipelines ADC Staggés

stages z}!— ADC Stages
Overload /5555 | 10t0DAQ
Control ;E-;{
BN
Power
Pixel Resetting supplies

Deep pipeline memory

Power supply (786,432 samples)

Conditioning
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CMOS Iivage Sensor Infagrated Circuit Architecture
Analeg-te-Digital Comvarsion
Ij‘r_ Ml_ "lfl(‘il W W] W

Red
Color
Filter

Reset
Transistor

Amplifier
Transistor

Transistor

Silicon

Substrate
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MYTHEN

Silicon sensor:

e 1280 strips

e 8 mm long . e R AT\
e 50 MM pitch i £ - _1-';._-:.._:‘-‘:- | Yy \
e 300 pum thick. o \ -

Read out chip:
e 128 channels s ,
low noise preamp (noise =~ 230 €)= &
18 bit counter -
Read-out time: 250 ps

Count rate: 1 MHz per channel

SWISS LIGHT SOURCE FRUL SCEEEREE IRSTITOY

LA w( =
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* Angular coverage: 60°

* Number of channels: 15000
e Angular resolution: 0.004°
 Read-out time: 250 pus

SWISS LIGHT SOURCE FRUL SCEEEREE IRSTITOY

LA w( =
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= |:I ||u;.u Eﬁ.ummu.u. wrhl Hﬂl Wﬂw

XSTRIP

=] -|— i FIIFENY | _.I
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XH — Ge ustrip jus
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micro-strip Si and Ge

Ln((lo-lod)(it-ltd))

-0.5

250ns integration time vs orbit delay

3000

—e— Tinit250-25
—e— Tinit250-12

sum of 500 acquisitions
(arb)

XH System on ESRF

delta T (ns)
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8 precision mounted MSGC modules
see NIM A580 (2007) p1526

Wt
I
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WAXS

 Position sensitive, parallax free, MSGC based, photon counting

detector for combined SAXS/WAXS, XAS/XRD experiments

* 512 independent channels of preamplifier, scaler and
discriminator (scalers and discriminators remotely located)

* Channel count rate of | MHz, Global count rate 500 MHz
* Position resolution of 0.16° for 8keV x-rays
* 60° angular coverage, 400mm sample to detector distance

* 50mm active gas depth
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' Time framing capability of HOTWAXS system (16.1)

Approximate angle (degrees)

10@.0 1?_?.5 29.0 2?."5 35.'0 42..5 50.0
|ﬂ'I
1s 1
r 100ms | /| ||
D 1oms [ | | oA
E oM — 1ms N~ "-\_\f,mf' VY B h."“"-.\wm /..)’ :
& —— 100ps A
- — 10
O HS
—_
@
C
§ 10% }
o s Aot o ol o
256 384

0 128

Readout Channel no.



. Technology

g




Y Science & Technology Facilities Council

<~ Technology

Amplifier per wire MWPC

Micro-gap technology
Radial Field development

£
. -
Interpolation s ——
SAXS WAXS
Parameter Value Value
Detector Style 60" Quadrant Linear
" Energy Range 4-12 keV 4-12 keV
j Sample - Detector spacing | 1200-4000 mm 366mm
| Angular range: 3 -9 degrees 60 degrees
| Angular Resolution: 0.03-0.09 degrees | 0.06 degrees
Detector Length: 200 mm 384 mm
Spatial Resolution: 0.375 mm 0.375 mm
Pixel size: 0.094 mm 0.094 mm
{| Count Rate (Global): 20 MHz 20 MHz
Count Rate (Local): 1 MHz /mm 1 MHz /mm
Differential non-linearity: | 5% 5%
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0 9000-9500
008500-9000
@ 8000-8500
W 7500-8000
@ 7000-7500
H 6500-7000
B 6000-6500
0 5500-6000
05000-5500
m 4500-5000
W 4000-4500
0 3500-4000
B 3000-3500
@ 2500-3000
B 2000-2500
0 1500-2000
001000-1500
@ 500-1000
@ 0-500

SRS centre burst in reflectance

DAIRS data

FPA-9874T7A2 PIAELS

DAIRS detectors
and pre-amp

1 2 3 4 ] € 7 B8
0.0 {mE 1ETE 108 3%
FPA BUT47AZ 2AZECHWeA 1%

9 10of 11 |12 13 J14 Q4 15 186  Cub o Warveierg e 13 Jure 0 2%

17 Jia | 19 |20 21 |2 23 | 24

ﬁi

DAIRS Readout

23 Qa6 27 |26 &5 a0 31 | 32

33 J34) 35 |36 37 | 3B 35 |40

Deviation (%)

4] Q42 43 |44 45 |46 ] 47 | 48

4% §50Q 51 |52 53 Q4] 3 | 56

57 Jo8f 99 |s0 et Jez] 63 | oe Fixel Number

Pixel map and performance
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