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DynamiX Overview

» Charge-integrating hybrid pixellated
detector system prototype

= Aims to meet challenges of
synchrotron upgrades

* Higher fluxes — new ASIC architecture
= Higher energies — CZT sensor material (DLS)

" 16 X 16 pixels on 110um pitch

» 534kHz (adjustable) framerate to
match Diamond orbit

= Readout at 14Gbps
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Content

» Motivations
= Chip architecture

» Results from testing at DLS B16
» Summary
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Credit: https://www.diamond.ac.uk/Diamond-Il.html

Diamond-ll Cell Layout
s 4th generation

New Insertion Device Beamline

Insertion Device

Motivation

* Diamond Il upgrade
= Up to 10712 ph/mm?/s
= Many beamlines >20keV SV me@® v\
= Mpixels for 2029 _—
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The DynamiX Chip

DynamiX Spec

Flux >10° ph/s/pixel
Pixel Size 110 ym
Frame Rate 534 kHz (Synchrotron

determined)
Dynamic Range  >10"" ph/mm?/s

Energy 25keV typical

Noise Level <single photon
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Chip Architecture

Incremental digital

integration (per pixel).

= 2 stage charge
cancellation circuit

= Signal integrated in
coarse stage cancelled
and remainder passed
to fine stage

= Coarse and Fine
counters output
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Coarse Stage (<6400 ph/pix/frame @ 30keV)
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Transfer and Fine Stage (<25 ph/pix/frame @ 30keV)

NEW NEW
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Results from beam tests at
DLS B16
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Setup at DLS B16 Test Beamllne

Al wedg

Dy amiX

* Focusing used to access g '

sub-pixel-sized beam : I
hanr?rilrz::ctor KB mirror X_réy e (P.hC.)toniC
= Beam energies of K@ miner H o

20,30,40 and 50keV
= Sensor biased to -1000V | §

= | ater switched to DCM
to access higher fluxes
at 20keV
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Charge sharing — raster scanning beam
within pixel (20keV, ~20um beam)

u Measu red Signal in pixel Estimated keV per frame Estimated keV per frame

Strongly depends on beam 30 40 50 60 70 57.5 60.0 62.5 65.0 67.5 70.0 72.5
' i [
alignment to centre of pixel

= Evidence of charge sharing B atart position”
to neighbouring pixels in " pixel (770
-
|
= Destroys ability to resolve e e e o weoe 0w

single photon peaks -
challenging to calibrate
without pencil beam centred
iIn-pixel
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Single photon peaks

= 20 ke data
—— Sum-of-Gaussians fit
1l — Individual Gaussian terms

» Able to resolve single-photon peaks L
(up to 10 single-photon peaks for sof .
20kev beam) E_s- 2I0.. .r '..IO.-'GI; .160 HID

—— Sum-of-Gaussians fit

— Individual Gaussian terms
Estimated flux:1.8x 107 phfpix/s
Estimated flux:10.0 keV/pix/frame

= Width o = 5.7keV (1200 e" RMS) gl

30keV
» Photodiode-measured fluxes: '

o 20keV: 1.58 x10° ph/pix/s

o 30keV: 2.80 x10° ph/pix/s ) R S
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Single photon peaks — changmg fme

packet size

= Measurements taken at 20keV,
flux =1.6x10° ph/s/pix

= Can change digitisation resolution at
expense of dynamic range

= Smaller packets - more packets to remove
same charge

= Better quality fit with smaller packets -
easier to estimate noise

= Settled on packet size 100 DAC as this
looks like 1 fine count = 1 keV
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Linearity with increasing flux

Limit of flux from X ray set:
/3x1010 ph/s/mm? equiv. @ 20keV

20keV beam, moving Al wedge into beam

Estimated flux / ph/s/mm?
107

Design spec: ;
=4 x 10" ph/s/mm? iE

T 8x108

= 10 ph/frame/pix

20keV o
@22 € 2 ]
=
=Y S ... U
= ) = 1 ph/frame/pix
g 10
(s f
IS
LT
[
>
5 100 3 vanTus
A
] — No dark correction: RMS linearity = 12.2%
10-14 —— With dark correction: RMS linearity = 6.3%
20-_ . S oce
e BMSlinearity = 12.2%
.oo..'........oo..-. . O
0 --... R ... ...
.

Limited by flux available
at the beamline, not the
DynamiX detector o 1 2z 3 4 5 & 7 &

Al thickness/mm
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Whole array measurements

" Imaged a spinning slitted
disc (copper and steel) at
533kHz

= 100kV tube voltage, 30mA
tube current

10 raw frames per gif frame

m Frames flat_fleld CorreCted {equivalent ~53,000 fps)

» Averaged over windows of
10,50 and 100 frames
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50 raw frames per gif frame
{equivalant ~11,000 fps)

100 raw frames per gif frame
{equivalent ~5,300 fps)
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14 Gbps Serialiser Results

= Aurora encoded 66b64b CML

= 14 Gbps working and continuously
writing to disc at 534 kfps

» Data passes through retimer IC -
allows inspection of eye quality

= Conversion to optical via Samtec
FireFly close to ASIC

« Receiver and frame builtin FPGA with 8 ’
100G UDP out

Samtec FireFly and retimer IC next to DynamiX ASIC

16
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Towards the full-scale ASIC, XIDyn

» 192 x 144 pixel ASIC, combining
XIDER and DynamiX designs

= Improvements to pixel design,
including:
» |ncreased trim range for calibration of
thresholds & packet sizes

= Switch to disconnect front end from pixel
during transfer to prevent saturation

= Submission planned for autumn this
year, with wafers expected back in

spring
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Testing at B16 DLS in Feb 2025

Summary

= Continuous full-frame readout at 534
kHZz

* Able to resolve single photons with
width o = 5.7keV

= Measurements taken in range e

Single-photon peaks @ 20 keV Still from imaging spinning

<1ph/pix/frame = =900 ph/pix/frame o . slitted disc at 534kfps

= Submission of full ASIC in autumn, —
tileable on 3 sides f :ﬂ

» Upcoming beamtimes at Diamond &
ESRF to go to higher fluxes

Rasting scanning
beam within pixel
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Additional Slides
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Leakage current shift

(FL = 3 Diamond turns)

Frequency

1.04 x10° ph/s/mm?

* 1 and 2 photon peaks move to higher channel numbers with increasing

flux

 With FL =1 turn, beam 50 um x 50 pm, excess leakage current density
in this flux range = 41 nA/mm?

« This effect has been seen in Redlen HF CZT before, e.g. Cline and
XIDER
105 - Ph/pix/frame @ 178 kHz
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Calibrating from single photon peaks

(aim: 1 coarse = 64 fine)

1.Determine ADU > keV conversion from photon peak spacing
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Calibrating from single photon peaks

(aim: 1 coarse - 64 ﬁne) 10000 Fine threshold = 1100 ADU

8000 1
1.Determine ADU > keV conversion from photon peak spacing
LZ: 6000 -
. . 1]
2.Change fine threshold to move noise peak to 0 5 4000
* Find threshold such that 50% counts are >0 -
2000
0 T T T T T T
0 25 50 75 100 125
Fine counts in dark
1.0
? 0.81
% 0.6 1
5 0.4
5
r_\E:O.Z
0.0

1100 1120 1140 1160 1180 1200
Fine threshold DAC
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Calibrating from single photon

(aim: 1 coarse = 64 fine)

1.Determine ADU > keV conversion from photon peak spacing

2.Change fine threshold to move noise peak to 0
* Find threshold such that 50% counts are >0

Can also estimate noise:

* Look at o of dark counts where distribution is well away
fromO

e 0=550LSB=5.57keV=1210¢

e 150fF fine stage feedback, includes leakage + sensor
capacitance
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Calibrating from single photon peaks
(aim: 1 coarse = 64 fine)

1.Determine ADU > keV conversion from photon peak spacing

2.Change fine threshold to move noise peak to 0
* Find threshold such that 50% counts are >0

3.Find test pulse setting to give 64 fine counts (=65 keV)

by neil dlamond ESRF | The European Synchrotron
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Calibrating from single photon peaks
(aim: 1 coarse = 64 fine)

1.Determine ADU > keV conversion from photon peak spacing

1.0
2.Change fine threshold to move noise peak to 0 \
* Find threshold such that 50% counts are >0 € 0.8
o
3.Find test pulse setting to give 64 fine counts (=65 keV) E 0-61
o . S 0.4-
4.Sweep coarse threshold while injecting 64 fine counts ©
* Find threshold such that 50% chance of triggering 2 0.2
* Set threshold slightly higher to avoid cancelling below '
baseline 004
N v

1150 1175 1200 1225 1250 1275 1300
Coarse threshold

' —
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Calibrating from single photon peaks

(aim: 1 coarse = 64 fine)

1.Determine ADU > keV conversion from photon peak spacing

2.Change fine threshold to move noise peak to 0
* Find threshold such that 50% counts are >0

3.Find test pulse setting to give 64 fine counts (=65 keV)

4.Sweep coarse threshold while injecting 64 fine counts
* Find threshold such that 50% chance of triggering
* Set threshold slightly higher to avoid cancelling below
baseline

5.Inject 3 coarse counts (=3 x 64 fine counts) and sweep
coarse packet size
« Find maximum packet corresponding to 2 coarse
counts

Coarse counts
I
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Calibrating from single photon peaks

(aim: 1 coarse = 64 fine)

1.Determine ADU > keV conversion from photon peak spacing

2.Change fine threshold to move noise peak to O
* Find threshold such that 50% counts are >0

3.Find test pulse setting to give 64 fine counts (= 65 keV)

4.Sweep coarse threshold while injecting 64 fine counts
* Find threshold such that 50% chance of triggering
* Set threshold slightly higher to avoid cancelling below
baseline

5.Inject 3 coarse counts (=3 x 64 fine counts) and sweep coarse
packet size
* Find maximum packet corresponding to 2 coarse counts

6.Fine-tune coarse packet size by verifying goodness of fit while
injecting increasing charge per frame
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Equivalent fine counts

fine counts

Coarse packet size = 130
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Comparator Trigger Probability

0.0

Pixel Test Results — Coarse Stage
(inbuilt test pulse)

500 - L5
- 250 4 —— Coarse ADU
—— Fitt g =276.6mV, g =0.6mv | <~} ( Linear Fit - Ideal
\ 400 - r4
Noise 200 \
certainly H . 200 i
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| triggers a count does NOT 2 100 1 200 2
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trigger a S 240
count \ o 1 235 - 100 1
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Coarse Stage Comparator Threshold /mV tl) 260 460 660 860 E) 5'0 160 150 2(')0 25'0 360
S t th h |d Injected test current (a.u.) Injected test current (a.u.)
weep coarse stage inresnoid — . .
Vary input test current — Vary input test current —

measure coarse output — repeat to
obtain probability of triggering —
determine dark noise

measure coarse ADC output  measure coarse and fine counts

o
RENEREN ' —

Science and d. d e _ Hgggﬁg{g European 28
'Fl'zzli'llir;ioelgiyounc” |am0n ESRF | The European Synchrotron égﬁg‘gg XFEL

Coarse Output



Freguency

Pixel Test Results — Fine Stage
(inbuilt test pulse)

1 fine count = 0.25 of 30keV Photon Fine stage ADC linearity
100
EOOD - best fit Gaussian,
T o=065
80 -
5000 +
y Coarse =1
4000 § oo
2
3000 4 2 401
2000 -
20 1
1000 - .
— Fine ADU
. o4 - Linear Fit - Ideal
0 20 40 60 80 100 120 140 160 180 200 220
Dark level/ fine counts Injected test current (a.u.)

No current injected — measure
counts due to noise

Increase injected current — measure fine ADC output
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Single photon peaks

107+
« Monochromatic beam focused to sub- 105_;
pixel level =50 um x 50 um and centred in f 40 keV 60 keV 80 keV
pixel 105-5 ~ / 100 keV
« Can resolve single photon peaks with a > 104_f
width o = 5.7keV (~1200 e- RMS) S
. . - 1
* Misalignment between peaks of same 5 10%:
energy: i E
u # 10°:
2x20 keV 7 740 keV 1 £ 20keV, framelength = 1 Diamond turn
M3x20 kev # Mox30 kev 1014 ) 30keV, framelength = 1 turn
{ T 40keV, framelength = 1 turn
« Thought to be due to flux-dependent 1004 - SOkeV, framelength = 4 tums
excess leakage current in HF-CZT 0 20 40 60 80 100 120
Fine counts
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