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1 HEXITEC vs HEXITEC, .,

The next generation of HEXITEC systems




HEXITEC specifications

H E X I I E C Parameter HEXITEC

PixelPitch (um) 250

Array Size 80x 80

A Fully spectroscopic-Ray Imagingvith CdTe/ CdZnTe (CZT) detecto
A 801 80 pixel array on a 258m pitch

"Max Frame Rate (kHz) ~10

A Analogue readoutia a rolling shutter t@t ADCs in the DAQ
A Maximum~10 kHz data output100 MB &)

A AMS 0.35 pmsince 2010
— . M
" Multiple frames “
4 i‘A 20 . .
. _ ; gl P.erpler/ global
:41 o 0g ‘ g a0 hIStogramS
- = [}

A . r] " O wf

- ".. " o B JJU]LKMAM A *MJJ.

© XPm Energy (keV)

Max Spectroscopic Flux ~10¢

(ph st mm?)

Digitisation Off-chip

Detector Type Peak Track + Hold
Gain stages (keV in CZT) 200

600
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FWHMg100kekeV in CZT) <1
AHFCZT: 0.79 ke\

@ 59.54 keV [1]

A300>Y (G KA

type Si: 0.59 ke\

@ 59.54 keV [2]

[1] DOI: 10.3390/s2010274[2] DOI: 10.1088/1748221/17/05/P05030
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https://doi.org/10.3390/s20102747
https://iopscience.iop.org/article/10.1088/1748-0221/17/05/P05030

HEXITEC,

HIGH ENERGY X-RAY IMAGING TECHNOLOGY

A HEXITEC has been used across many applications including:

Compton XRay Imaging [3] X-Ray Fluorescence Imaging [4] Hyperspectral XRay Tomography [5]

HEXITEC hyperspectral imaging detector XRF S 31.45 keV 34.23 keV
‘ , PCO.edge 5.5 ] ;
20x20mm 2 sCMOS Camera
Compton

imaging area | 4P

Primary
beam at Pinhole s Lens x0.82 -
e kf:V Coin cell Shielded : g
\ battery optical = ik
= — assembly =
X i >
I — vso & g
a 4 /0.1mm thick
Vertical and ==
horizontal Battery holder
slits ‘

/

To potentiostat Goniometer

E— onx,y,z 0 & , 4
4 stage e 0.0000

Fi 7(@) Pt and Er XRE intensit function of & . Figure 2Voxel spectra analysis for doukdtained hindlimb specimen. (A)

igur ni r intensity m nction mper r : . . . . .

Figure 1Schematic of the correlativeRay Compton scattering imaging (X&nd X dugri“nge thf‘)sonjﬁcaﬁon an ;;szogleij;“o Lo | TPErAI®  single image slice in the sagittal plane across three monochromatic energy
Ray computed tomography (XCT) technique experimentaliset ‘ channels, following iterative reconstruction. A set of three regiofis

interest (ROIs) are highlighted for voxel spectra analysis.

Science and [3] DOI: 10.1016/j.mtener.2022.101234] DOI: 10.1557/mrs.2020.275] DOI: 10.1038/54159822-235920
Technology

Facilities Council
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https://doi.org/10.1016/j.mtener.2022.101224
https://link.springer.com/article/10.1557/mrs.2020.270
https://doi.org/10.1038/s41598-022-23592-0

HEXITEC

¢

X

AHEXITEC is franrate and therefore flux limited
AChargesharing corrections require <10 % frame occupancy

AThis limits spectroscopic imaging @10 kHznwea %Ray flux of~10* ph stmm

M ¢KSNB Aa

Y SSR T2 NJRhy daetigrihatyuatdssat fastedfdme sy O 2 LIA O

A Faster (MHz) imaging requires

A In-pixel digitisation
A Highspeed serialisers

A Dedicated FPGA processing

A Theserequirements apply toa large numberof ¢ C/ Q& dzLJO2 YA y 3

A E.gDynamiX, C100

Science and
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Facilities Council
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BHEXITEC,,,.

Comparison of HEXITEC and HEX} I EBpecifications

A new fully spectroscopicRay imaging detector: Parameter HEXITEC HEXITEG,,
A80T 80 pixels on a 256m pitch | PixelPitch (um) 250 250
ANew frontend design; now anintegrating detector )

AOn-chip 12bit digitisation (no external ADCs) Array Size 80x80 80x80
AData outputted vi20T 4.1 Gbps serialisers Max Frame Rate (kHz) ~10 1000
A1l MAHZ continuous frame rate | max spectroscopic Flux 10 10
Spectroscopic-Ray fluxes of1C® ph st mm (ph st mm?)
Digitisation Off-chip On-chip
Detector Type Track + Hold Integrating
Gain Stages (keV in CZT) 200 100
600 200
300
_ FWHM@100keVkeV in CZT) <1 <1
Photo of ASIC Power Consumption (W) 1.5 15

Science and
Technology
Facilities Council 80of 35




MHZz

BHEXITEC

v

1

133

s
v

SSA/QAA 13XId

SPI'1/O

HEXITEG,,
ASIC

LR R R AR RN A R R R R AR R AR R RN A R R RN R RN R R RN RN AR R RN AR A NN

PRERFNRLN 11214 1A

VDD/V

ASIC block
diagram
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2 HEXITEC,,,, Overview

An introduction to our new HEXITEC,,,, ASIC including its
architecture and specification




IMHEXITEC,,,, . - Integrating Front End

S
CSA1
Cesar

——>

SCSA2

Cesna
I
]

SCSA

N\
From detector

R e

Crp
Test Pulse circuit

Front end schematic
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L

>

To comparator

Properties:
c A CSA + CDS amplifier
CDS . .
I A 3 static dynamic ranges
1
; A tie0 =50 ns
N Ateea F dn ya
A ENC <70 e
‘b Gain Cesat Ccsaz Dynamic Range
(7 fF) (14fF)  (keV in CZT)
Voltage offset
S R Low v x ~300
0s 051
Medium x v ~200
R High v v ~100
052
SSH
N\
é los — Cqy
v v
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BHEXITEC,,, -In-Pixel TDC

| | A12-bit digitisation
SAMPLE _ | AThe Sample & Hold signal is compared with a ramp
j with a programmable slew
RAMP EN
— AThe ASIC compris€80 supetpixels of 2I 4 pixels
Rt NI e | R AThese contaione TDC block and shared readout
RAMP ~_} TSl logic
Comparator |
Pulse | A - Pixel D i

B — Super-Pixel

g
3
°
g
Bl
g
3

TDC &
Readout
logic

mparators|

=
3
o
o
3
©
2
-
3
o
o
b1
&

B

TDC signal timing
Superpixel schematics

Science and — 7
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Bias & RAMP




BHEXITEC,,,, -DataOutput

A80T 80 array is divided intdivisions of 4 columns
AEach division hgsacketassemblerand dedicatedserialiser
APackets constructed usingA f AYEQ& ! dzZNPNJ cp. K¢C
ASerialisers operate &1 Gb36 G2 G £ RIF O R NG %

What to do with all this data? 100GbE

ATwo receiving data planes:
AFirststage FPGA Alpha Data card
ARecovers and reorders the received optical data

A Secondstage FPGA Xilinx Alveo U50 board 100GbE /
AData corrections (darks, energy calibration) Processed
AData reduction (chargsharing discrimination, histogramming) Data

AThen received b@DIN Data, a scalable datarocessing and acquisition network

Science and
Technology
Facilities Council 130f 35
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Spectroscopic X-ray imaging at MHz frame rates — the
HEXITECyn, ASIC
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lournal of Instrumentation, Volume 17, October 2022
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3 HF-CZT Test Results

Characterisation of spectroscopic performance using a lab-
based X-Ray source and Diamond Light Source synchrotron

X-Rays




Current Status

50 cm

AASIC is fully functioning
AUsingtest enclosure
AFPGA firmware in developmeqtat present,1
30cm  channel (41 80 pixels) over fast data
15>s

frame0 Framel Frame2 Fframe3 Framed Frame5 Frame6 Frame?7 Frame8 Frame9 Frame 10 Frame 11 Frame 12 Frame 13 Frame 14 Frame 15

] A
= Y - y 4 N . .
N 4LUIND
: ; )
_- N ; . e ) . . L
% 5 ’ bl @ 3 ‘ _;‘ : - :
‘ o — T — 1 . . .
HEXITEG,,test enclosure :
1 >s

Science and Fast data output
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Testingg Initial X-Ray Tests

Number of counts within a region of 150 - 2500 ADU 12000
1000 - Tantalum XRF Spectrum - Sum All Pixels
10000 I —RAW —CSD
800 i > Ta L lines
8000 |
> L
600 § ]
3 b L
-2 : L
S = 6000 | ™~ Ta K and K XRF
o () I Cd & Te XRF +
1400 E o Escape
“ 4000
1200 -
2000 r
L 1o 0 | L 1 L 1 1 L L L 1 1 1 L 1 L 1
0 10 20 30 40 50 60 70
0 20 40 60 30 100
X-Ray transmission measurements of a DDR Ram Energy (keV)

Card using a HEXITECHRCZT sensor o
X-Ray Fluorescence (XRF) measurements of Ta foil using a

HEXITEG,,HFCZT sensor in mediugain mode

Science and
Technology
Facilities Council 17 of 35




Experimentation at” "~ diamond

A B16 Beamline: August and December 2022
A Monochromatic XRays: 1@ 20 keV
A Photon fluxes1? ¢ 108 ph st mm=2
A 1 MHz data stream on one fadata channel
A TestedHRCZT (2 mm)p-type Si (300 pm), GaAs (500 pagvices

A Beamline scientists/ishal Dhamgaye, Oliver Fox, Kawal Sawhney

B16 setup photos
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PAPER - OPEN ACCESS

Preliminary characterisation of the HEXITECy\, spectroscopic
X-ray imaging detector

M.C. Veale', S. Bell!, B.D. Cline’, I. Church’, S. Cross’, C. Day1, M. French'!, T. Gardiner’, N. Ghorbanian’,

M.D. Hart' + Show full author list
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Counts

Characterisation a" " disamond 0
_ _ 10
HECZT; 20 keV; High Gain; 7 mm Al
HF-CZT; 20 keV; High Gain; 7mm Al - Calibrated CSD histogram: Pixel (37,1) - bin width: 0.2 keV 20
1400 ---- Gaussian Fit: FWHM = 0.89 keV
30
1200 ! ‘I
! >
1000 i -— X 40
| Q.
800 - :
50
600 -
60
400 - .:
200- iy 70
0 - T v ’; v ‘ \ -
0 5 10 15 20 25 30 35 40
Energy [keV] 0 3
Pix X

Calibrated CSD histogram of Pixel (37,1) @ 21 &&\2 keV bin width. Gaussian FWHM fit shown

i 2-0

vh
v
Occupancy [%]

N
©

0.5

Occupancy
across fast
data channel

0.0
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Characterisation a

(33,1) )L (33,2) [L
(34,1) A (34,2) A
(35,1) A (35,2) A
(36,1) A (36,2) A
(37,1) A (37,2) A
(38,1) A (38,2) A
(39,1) A (39,2) A
(40,1) A (40,2) [\
(41,1) A (41,2) A
(42,1) A (42,2) A

Calibrated CSD
histograms in beam area

diamond

1.3
33
34 '
35 .
36
38
39 .
40
41

0.6

13 14

Pix X

- -
— N

[
(=]

PixY
w
~J
FWHM [keV]

o o
(-] 1]

|3

Single photon FWHM in beam area

Pix X

+2.0

-
W
Occupancy [%]

e
(<)

0.5

0.0

Occupancy
across fast
data channel
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Characterisation a

p-type Si: 15 keV: High Gain; 3 mm Al

(39,1)

(39,2)

A

(40,1)

(40,2)

(41,1)

(41,2)

(42,1)

(42,2)

(43,1)

(43,2)

PixyY

(44,1)

(44,2)

(45,1)

(45,2)

(46,1)

(46,2)

(47,1)

(47,2)

(48,1)

e i e

(48,2)

i e

Calibrated CSD
histograms in beam area

48

diamond

Pix X

13 14

0.90

0.85

0.80

0.75

=]
~
o
FWHM [keV]

0.65

0.60

0.55

0.50

|

70

03

Single photon FWHM in beam area

Pix X

-1.0

o
0

o
o
Occupancy [%]

o
»

0.2

0.0

Occupancy
across fast
data channel
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Characterisation a

(b) 15 keV FWHM - High Gain

(a) 10 keV FWHM - High Gain

40

42

44

46

48

50
1314

(c) 10 keV FWHM - Medium Gain

40 1.0
42 .
a4 .
46

. .
50 .

1314

0.9

o
o

o o
o N
FWHM [keV]

e
()

o = =]
~ © ©
FWHM [keV]

o
o

40

42

50

(d) 15 keV FWHM - Medium Gain

|

40

42

34

46

48

50

0.9

e
o

1314

1314

(=]
~J
FWHM [keV]

e
o

e
]

1.0

e ©o© o
~J (=] o
FWHM [keV]

e
o

diamond

HECZT

Peak Energy HG FWHM MG FWHM LG FWHM

[keV]

[keV]

[keV]

[keV]

20 0.85+0.10 0.92+0.11 1.13+0.12
p-type Si

Peak Energy HG FWHM MG FWHM

L&Y L&Y L&Y

10 0.66+£0.06 0.77+0.06

15 0.68+0.06 0.81+0.06

Electronthole pair generation energies
A CZTc 4.6 eV (eh pair)?
A Si¢3.6 eV (eh pair)t

p-type Si FWHM in
beam area
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Integrating Measurements &

P-type Si: 15 keV: High Gain: 3 mmad mm Al

0.0
2.5 *

0

10

20

ptype Si - 15 keV; High Gain; 3mm Al

30

40 50 60

Occupancy [%]

0.0

0.5

1.0 1.5 2.0 2.5

70

p-type Si - 15 keV, High Gain: Calibrated Histograms - pixel (48,2); bin size: 0.10 keV

105

—

104

=)
o
w

Counts

=
o
N

101 J

100 ]

|

i

10

|il|

uld M

Energy [keV]

—— 3mm Al: 2.39% occupancy
—— 2.5mm Al: 6.74% occupancy
—— 2mm Al: 19.18% occupancy
—— 1.5mm Al: 59.13% occupancy
—— 1mm Al: 147.78% occupancy

I i “

50

diamond

Occupancy across fast
data channel

Calibrated histograms of
pixel (48,2)
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HFCZT Offset: Dynamic Datasets

Shutter — remains open

HFCZT: Changing attenuators over 20 seconds (30 ms/video fral I HH[”
20 keV X-Ray beam

Cycling Attenuators over 20 seconds: 1 video frame = 30000 detector frames

1x10’

*
; E
0.8x10’ £
T
X-Ray Flux 70
: 0.0 0.6x10 ﬁ
T 2.5 L
0 10 20 30 40 50 60 70 0.4x10° x
Pix X w
0.2x107 >
©
v
0 b
104 Histograms: bin width = 2 ADU
—— Pixel (33,1)
103‘
2
c 2 |
= 10
0
o
101_
10°; Il
0 250 500 750 1000 1250 1500 1750 2000

Signal [ADU]

diamond

Al attenuation — moved infout over 20 s

REE

Dynamic measurement schematic

BHEXITEC,,,.
HF-CZT @ -1000 V
Low Gain
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—— Pixel (33,1)

Increasing flux

—— Pixel (33,1)

—— Pixel (33,1)

|
750 1000 1250
Signal [ADU]




HRCZT Offset: Dynamic Datasets" " diamond

Shutter — remains open Al attenuation — moved infout over 20 s

HFCZT: Chanqing attenuators over 20 seconds (30 ms/video fra I H WHEXITEC
20 keV X-Ray beam II HF-CZT@-IEBDV
: ¢¢ : Low Gain

Dynamic measurement schematic

500 A —— Average Dark Offset: Pixel (33,1)
] : —— Occupancy: Pixel (33,1)
Dark Offset varies 10 % Occupancy r8x10°

480 | with incidentflux + | | 7 Spectroscopic Imaging Threshold
E) fa
2 ;
E. 460 | 16x10° £
£ Dark Offset varies with 'm
O 440 . . <
¥ time at a given flux =
3 4x10° %
o 420 — T
]
> 400 b
< 2x108

380

g o

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Time [s]
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HFCZT offset:. Singleixel flux scans ai

700 -

Dark Offset [ADU]

400 -

300

Dark offset as a function of occupancy - high gain operation

(=)
(=
o

500

A |
400 ADU |
@~10ph stmm?2 i 5 X
F mMmnop 5=+ X
F pm L3 LIAEST X
Foymc 231 YY X X
i X
| X
: X
: Xx
| X
' X
: X X
{ X
i X
X : )
. X » E - X P!xel (38,1)
o | x Pixel (20,1)
v X X : X Pixel (60,1)
X 1 10 % Occupancy
X ! Spectroscopic Imaging Threshold
0 2x10° 4x10° 6x10° 8x10°

X-Ray Flux [ph s mm~?]
HFRCZT detector @L000 V @ 20 keV: Variation of dark offset withR&y flux

diamond

Real time Xilinx
U50 FPGA
processing will
enable live
corrections of this
effect
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HFCZT offset. Area scans In laboratory

A lead line pair per mm slide placed over the-BET
sensor

fa¥al
\"A"J

Dark Corrected 50
350
40
300 - #
1 =)
1 302
250 + 2
1 @
I £
200 T 120 §
I ==
150
T 10
100
1 5 . 0
50 - 20 40 60 80
)::& \\ —[68,12] —I[23,5] —[38,71]
-100 0 100 200 300 400 500 600 700 800 900

Dark Corrected Signal (ADU)

Histograms of signals measured in three pixels from different areas in the irradiation

showing different offsets. (Inset) A map of daéfset
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HFCZT offset; Impeding CSArese” " diamond

1. Impede CSA resetds) for 10 ps 2. Group and histogram all related frames

A ASIC continues outputting every 1 ps A E.g. all 1R frames (1 frame following reset)
Coan > 0 1 2 |3
. ) Reset OR |1R | 2R | 3R
——— L 10 11 12 |13
o o Reset OR J1R 2R | 3R

From detector 20 21 22 23
= T » ’—H—% Reset OR [1R | 2R | 3R

Crp Voltage offset

Sos 7 | |Ros: Schematic of frames outputted utilising a 10 us reset length
Test Pulse circuit

Front end schematic é
|OS

1
! o

To comparator

R Raw Histograms - Pixel (0,0)
0S2 ftechdata/HEXITECdata-mhz/beamtime-dec-2022/CZT/fastdata/scan_gain_offset_integration
SSH s:th_qilh_ﬁmat_ﬁ_lllqhﬁl ih_ﬂ_-!dkﬂn‘_ﬁ_ﬁ_llﬂz 1215-131421 0 _0.h5

Frame O
Frame 1
Frame 2
Frame 3

- Frame 4
—— Frame 5
~—— Frame &
—— Frame 7
= Frame B
—— Frame 9

Counts

10! iy

10%] N

460 480 500 ' s;?::all[ﬂbll.l] 540 560 580 00 30 Of 35




HFCZT offset. Impeding CSA rese

3. Identify dark offset for each frame type
A Shifts to higher ADU as integrating FreBnd

Raw Histograms - Pixel (0,0)

ftechdata/HEXITECdata-mhz/beamtime-dec-2022/CZT/fastdata/scan_gain_offset_integration

scan_gain_offset int_highGain_off -20keV int 10 20221215-131421 0 0.h5

10% |
] : i | \ -
€ 10% P v : —
50 O Al
=] H i ' i [
] b Vo !
10t Y T A !
| 1 |
o b !
b o !
. 1 | i
I ] ! !
v ' |
IR | 150 1 N , ,
460 480 500 520 540 560 580
Signal [ADU]

|dentification of dark offset for each histogram

Frame 0
Frame 1
Frame 2
Frame 3
Frame 4
Frame 3
Frame 6
Frame 7
Frame 8
Frame 9

600

4.

Dark Signal Shift [ADU]
- N w » wu )
© =) o © =) =]

(=]

diamond

Calculate linear fit to dark offset vs frames following rese

At NPOARSAE YSIadaNBE 2F LRAE
Dark Signal Shift - Pixel (0,0)
/techdata/HEXITECdata-mhz/beamtime-dec-2022/CZT/fastdata/scan_gain_offset_integration
scan_gain_offset_int_highGain_off _-20keV_int_10_20221215-131421 0 _0.h5

y = 6.85x + -0.15 F

0 2 4 6 8
Integration frame

Linearfit calculation to a plot of dark offset vs frames
following reset
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300

250

HOV,X = MOv, 0 [ADU]

50

HFCZT offset. Impeding CSA rese

N
=]
o

150+

)
o
o

I In Beam
Il Out of Beam

Integration frame

Corrected dark shift against frames following reset for each pixel in fdata channel

Outside of beant Pixel (0,0)

Fit gradient 6.85 ADU framé

diamond

0
30
10
20
30
40 {
50
60
70 _
s Map of gradients of
calculated linear fits

0.R.5

N N
° a
Dark peak shift [ADU frame™1]

=
(8]

=
(=}

Inside of beanx Pixel (40,2)
Fit gradientg 23.87 ADU framé

M [ SF1F3S OdmeBlEAMED) INhy[dSF LIS O dzZtEDIRAmMNAT 0 M d

A Typical value for the leakage current A This is a24 pA higher than outside of the beam

Using:

CZT wfactor ¢ 4.6 eV (eh pair)?!
p@radiejitc 0.036 keV ADY

Frame timeg 1 us
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4 Next Steps

A look to the next 12 months




Next Steps

Achieving a 20-channel fast data output
A Reading out the full 88 80 array using the fast data

Further lab-based ASIC and HF-CZT characterisation
A Performance variation across entire active area
A Continued study of observed offset effect

Implementation of in-FPGA histogramming
A Orders of magnitude reduction in output data
A Live correction of observed offset effect

Delivery of HEXITEC,,,, detector system
A Smaller, form factor producticgrade system

Delivering Science

Possibledesigns for HEXITERG, detector

Science and
& Technology System
Facilities Council 34 0f 35




Summary

AHEXITEE,,is a fullyspectroscopic »Ray detector capable of operating continuously at 1 MHz

Parameter HEXITEG,,,

Max Frame Rate (MHz) 1

Max Spectroscopic Flux (phtsnm=) >10P
Digitisation Onchip
Detector Type Integrating

Measured FWHM (High Gain)

0.85 keV @ 20 keV in HEZT

0.68 keV @ 15 keV intype Si

AThe next year will include delivery of a full I880 pixel readout and a new smaller foffiactor system

AHEXITEG,,has been used to observe and investigate a-flagendent dark offset within Redlen HIZT
Alnvestigation into this phenomenon is continuing.

Science and If you have any further questions, please contact me a¢n.cline@stfc.ac.uk
Tech.nplogy _
Facilities Council 350f 35
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Testingg Test Setup

50 cm

30 cm

HEXITEG,,test enclosure (interior)

HEXITE;,, test enclosure (exterior)

Science and
Technology
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Avallable Frame Rates

A Two chip registers can be altered

A Frame Time200 b pp Ot 201 W Delpyyalyes
A Integration Lengthdi pp FTNJ YSa

255
250

245

Reg5)
[ [ [V
NN
E & 3

(34
(7]

Frame Length (Reg
Frame Rate (kHz)

NN
3
=3

50 100 150 200 250
Integration Time (Reg6)

Available Frame Rates
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Technology
Facilities Council
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Test Pulse Sequence

| sme

—-—< Frame 1 >< Frame 2 >< Frame 3 >< Frame 4 >< Frame 5 ><

@ | | |

V=VCAL V=VCAL
Calibrate Calibrate
___VeVss | Pulse V=VS§ Pulse
Falling edge of calibrate pulse No calibrate pulse Rising edge of calibrate pulse

Test pulse sequence
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frame 0 Framel Fframe2 Frame3 Framed FrameS Frame6 Frame?7 Frame8 Frame9 Frame 10 Frame 11 Frame 12 Frame 13 Frame 14 Frame 15

Fast Data output using test pulse sequence
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Front Ena; Negative Offset Circuit

Potential application- Results from Veale et al., 2019;

Sere = Preamp Reset

Scps = CDS amp Reset

Sei = SAMPLE

Same = (inverse) RAMP Enable

Negative offset circuit

Science and
Technology
Facilities Council
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Data Output Plane

2d L evel Processing

FPGA
[l Control .

Bl Data

ODIN Control 1st Level Receiver

‘A-\ODIN Data

—

2x 100G Optical
20x 4.1G Optical Network Protocol
Aurora (10m+)

Data output path schematic
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Synchronising the ASIC

AASIC synchronised bgntrolling transition of SYNC input

Foreces LU UL UL Al 23A0 n ™ 2320 m
) SY:: | A Synchronisation occurs orf3ubsequent rising clock
O edge
Timingﬁgnﬁ ——) AUsed for external synchronisation and muM$IC systems

Synchronisation occurs on the 3" rising edge of
the clock following a 0-to-1 transition on the
SYNC input

(b) D Q D Q SYNC IN

B CK pCK B CK

Synchronisation circuit
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Electronic Noise Contribution

HF-CZT; 20 keV; High Gain; 7mm Al - Calibrated CSD histogram: Pixel (37,1) - bin width: 0.2 keV
---- Gaussian Fit: FWHM = 0.89 keV
1400 AHF %¢ C2la X un |

1200 i A HRCZT w factor = 4.67 eV

1000+

AT 9bv T 8 "H

800

Counts

600 -

400 -

200

|

0 5 10 15 20 25 30 35 40
Energy [keV]
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E, + E; [keV]

diamond ¢ Charge Sharing

P-type Si; 10 keV: High Gain; ~2 % occupancy; 0.2 keV bin widthFrame occupancy: 0.4%

10?
n
-
c
3
-]
o
10*
[Open Acces | vl
10° Charge Sharing and Charge Loss in High-Flux Capable Pixelated
%0 0.2 0.4 0.6 0.8 1.0 CdZnTe Detectors
Eg={Ey = E2)/(F1 * E3) by ) Kjell A. L. Koch-Mehrin 1.* =, ) Sarah L. Bugby 2 2© @) John E. Lees 120,
Matthew C. Veale 3 &2 and £} Matthew D. Wilson 3 &
The dIStrlbUtlon Of energles In tW@IXel Charge Sharlng eventS 1 Space Research Centre, Department of Physics & Astronomy, University of Leicester, Leicester LE1 TRH, UK
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diamond ¢ Temporal Stability

Evolution of highgain calibrated global CSD spectra during
exposure @ 10 keV for ~8¢0.2 keV bin width. Inset plot shows
uncalibrated CSD spectra for pixel (14,45) ADU bin width

Change in performance of-fype HEXITE(:,device during exposure @
10 keV for ~8 h. Plots show fluctuation in peak position (a), change in
FWHM (b), and fractional change in peak counts (c) of 10 keV photo
peak. Peak counts comprise events within the FWHM of peak, and errc
bars given by standard deviation across beam region
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