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0.8Gbps out on ethernet

20*4.1Gbps serialisers = 80Gbps

HEXITEC
Spectroscopic
X-ray Imaging

Motivation

CMOS Sensors
for Cryo-EM

RAL TEMAPS ~ -
o StarTracker O 2.0 Q CETA \ QEM Q €100

https://www.tsmc.com/english/dedic
atedFoundry/technology/logic

*science builds 10-20 years
after release dates from TSMC

i 2003 . 2010 . 2014 . 2017 . 2023
i First tests of | 4kx 4k | 4k x4k | 4k x 4k | 2kx 2k &
\ CMOSin TEM | 18-40fps | 40-50fps | 1000fps @ 8 | 2000 fps @ 12 -
| | . : i bits i bits 40nm @
| - 0.67G pix/s : L | . . .
| | . 16Gpix/sDigital& VDS | 8.4G pix/s Digital & Serialisers 28/220m
! ~ Analogue | !
| | ! | 32G pix/s Digital & Serialisers
| | | | | o LD T 40nm 28nm
i i i i E In development —O0—
' 2008 ' 2012:FALCON | ' 2017:CETA-D ' 2018 | akox 4k R I S R L R R LI LR LN e NP AN N N N P N N N N N N LA I N N NP AP AU IR S A\ L
| 300keV test | 2013:FALCONTIL 1 2020:CETA-S | 100keV test | 1900fps @ 8
! structure ! 2015: FALCON [l ! 2021: CETA-F ! structure ! bits

Q TEMAPS O FEI O Thermo O DEMO1 O Ymirion
Fisher

XIDyn DRD

4th Generation Next.-gen |
Synchrotrons particle physics
6*14.1Gbps 25Gbps
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Aurora 64B/66B Off the shelf (or custom if

Protocol Specification Convert to Optical ASAP needed) FD(?A board to
aggregate data, convert to
XX"_'NX@’ SEITI.[EE UDP, process and store
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€« > C M 2% github.com/odin-detector DGtG DIOn Development Klt
- Takes control of the Network Interface Card
- No Linux Kernel — faster throughput
- Capture 100Gbps on a single network line
- Stream into RAM
- QOutput to .hb files or S3 filestore

o Platform Solutions Resources

odin-detector

Frame Processor Controller

A ED
k4 ¥
Pythan CLI User application Web browser
odin-data-dpdk #* FileWriterPlugin
A r Y A

l Javascript/HTML ¥
DPDK Core Manager F
rame

Dequeues packets | queues containing - .
rames are

= = o Control Path from NICInt0 = painters to packets : : :
memeory and soris - in memory . emm e frame_ready 0 |.. - compressed before -

_________________ based on frame . . L . .. - being saved out
- Diaita Path S . umber : % Packet [1 - -

M | PR Mmoo |t :
i Do T ] coreo0 ‘1.:":""" ame_ready_1 |, Do) : v
o b . :
- 1 1 L "

Frame
Builder . — =

Packet .
dequeus K

Core 0 . HDFS Writer

Shared Buffer

, : 1 .-¥|  Packet
DMA - e RxCore  [--:- frd_1 SR Processor Data Block

. ' core 1 ““ o ‘ P Pool
% T : i Y Rame [
M ok | ] e [ e |
— oo < .--*% Packet [ |- +| Memzone | - o :
. fvd_2 -l Processor Ll : (96GB) : : : :
[ . Dol coe2 |0 . . -8 :
I MBuf [ . e : - : Do :
1M packets b S eeaneat D :
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o, s o :
. . ~---1--1 frame_processed #------=-- .
o e e DATA PLANE DEVELOPMENT KIT
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doi:10.18429/JACoW-ICALEPCS2017-TUPHA212
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Alpha-data module

218.75MHz

QSFP-DD: J5
QSFP_3*

i

QSFP-DD: J7

QSFPE2*

QSFP_1*

250 MHz

-~

QSFP-DD: J12
QSFP_0*

128 @ 2L N -—.

PK-0

[
[

i----_,i i---_,-i
-

6*14.1Gbps Aurora 64b66b Outputs per

24 lanes in =2 3*100Gbps UDP Out
ASIC = into Samtec Firefly transceivers

Understanding BW | HPT | Direct | 300s after rm

| rw randwrite | bs 4M | iodepth 8 | numjobs 4 | type bw, lat | filter read, write |

14

Proven with a test S P M P T
on the bench with , Pixel [F 3 | e e LTI YT S | Y e
. Receive, ,, ‘ | . <
FPGA emulating T — Ordering in
L 6 §

ASIC outputs at full E

speed L,

; 100 200 300 400 500

Fio version: fio-3.16 Dominic Banks
Graph generated with fio-plot Time (s)

nase | ™ | type | Q@ | n) | mean | stos | P99.99

B 4| 1271 .68 27

8] 4| 1031 ] 15.74 | 12.4
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e Getting data to disk with odin_data_dpdk
* Processing data in firmware in HEXITEC MHz
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CDS integrate charge for 1ys Raw Frames of Data
L
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80Ox4 pixels into 1 of 20 4.1Gbps serialisers
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Every pixel has to be calibrated individually —

linear calibration is sufficient Charge Sharing for ~50% of events
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Time Elapsed = 1 Microseconds

80

20 30 40 50 60

70 80

0

15t | evel FPGA: Data : = Raw Data Frames
Unpacking o Tl ™ Built and Output
Alpha Data ADM-PCIE-9V5 “ = ... .. "3 on100GUDP
- Low Latency Trading “iEmere s | -

Dark correction and Calibration on the fly

% i 'Q_'TQI‘_‘é;\Id FPGA: Correction
> & Histogramming
. Xilinx Alveo U200 .

Time Elapsed = 1 Microseconds Time Elapsed = 1 Microseconds
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400 =
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‘e

Energy (keV)

Corrections, calibration and
histogram on the fly to reduce
data volume and provide
tangible results

Fast Data Storage
Highpoint SSD7540 NVMe
RAID Controller

No Charge Sharing Correction
Charge Sharing Discriminated

Raw data burst mode to verify
and check the processing

Charge sharing
correction and
Spectrum per pixel 3
in FPGA and
output to disk
(100G UDP) 0 - o B

Energy (keV)
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e Getting data to disk with odin_data_dpdk
Processing data in firmware in HEXITEC MHz

Enabling in-line Al inferencing with the AIXI
Camera system
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95% of the energy of
aluminium alloy
production is used going
from the ground to melt
to solidified alloy

@CQ

UNIVERS DEPARTMENT OF UNIVERSITY
OXFORD MATERIALS OF SUSSEX
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e Alloy performance dominated by the microstructure

e Difficult to recycle high performance alloys from recycled material and raw materials must be
mined, processed and used

* Can we control the microstructure from the cooling rates, elemental composition, seed
materials, tolerating impurities?...

Detector

Lens system

Scintillator

Furnace

v Synchrotron imaging of
metal in a furnace

X Take TBs of data, analyse
after the beamtime

X Limited FoV at the right
magnification

Crystal nucleation in metallic alloys using x-ray radiography and machine learning.Sci.
Adv.4,eaar4004(2018).DOI:10.1126/sciadv.aar4004
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Melt phase and cooled down

Temperature gradient to control growth upwards

Top images are High Magnification

* Slower frame rate as less light from optics
Bottom images are Wide FoV to capture wider changes
at the same time
Inferencing identifying the alpha and then beta phases
that form as a first example
Measuring rates, dimensions, aspect ratios proven so far

60

Alpha B

Alpha (blue) Beta (red)
eta

Alpha vs Beta share

Alpha (blue) Beta (red)

ta

Alpha vs Beta share Alpha

0.0 0.0 -
20 40 60 80 100 120 140 0 20 40 60 80 100 120 140 0 20 0 60
frame index

frame index frame index

Credit: Shun Yang & Enzo Liotti, Oxford.
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Rate reduction

ASIC Level *  Application specific
. Limited number of techniques
. Sparsification,
' Event driven triggered based techniques,

. Back-end zero suppression

FPGA Level

e Region of Interest (Rol)

*  Algorithms can be tailored
. Limited number of techniques
. Back-end zero suppression

. Region of Interest (Rol)

EDGE Computing

on camera *  Algorithms can be tailored to

different applications
o Fast feedback to the detector
2 (trigger generation)
. Calibration (required)
. Large number of lossless
techniques

CPUs/@PUs

Data System

Push computing as close as
possible to the source

Credit: Dionisio Doering and the team at SLAC — IFDEPS 2026
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DRD7.2b: System on Chip

e 28nm MPW device

* Could be on an ASIC edge or a sidecar
* Move from Aurora to Ethernet packets

Datalink &
Buffer

Datalink &

Front Buffer

ror DMA > Raw Data > DMA [
n

Multi-Port RAM

Datalink &
Buffer

Packet Buffer

1 1 11

I 111

Datalink &
Buffer

J | 11 |

——

<= DAQ

Clock

Recovery

APB-RT

‘/\h

RISC-V Native Interface Bus

T3l

Processed Data

| Dual Port RAM
Scratch | | Boot (;,0‘ !
Memory | | ROM S |
& |
. . . o
% Coprocessor for data manipulation (& i

< Processor for data management
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« STEC develop and collaborate on a range of sensors and detector
systems for facilities, academic partners and industrial applications

« Consistent trend of fast rates + more pixels = data deluge

 Development of re-usable IP in microelectronic, hardware, firmware ana
software to deploy across projects

* Very open to share with others and take on new technology
« Examples of where and how we are using it in our collaborations

* Providing a platform for the scientists to use it and help them extract
information from raw dato

US

UNIVERSITY
OF SUSSEX
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= Transmission line theory (Telegrapher’s equations) 80

* The same basic physics for modern high-speed signal design - i ‘
60 s -
0 — .
G, + jwC, o }
L 20
g |
® op S
MAP : c o
gouasan Teumeraent i1 (o ok Nl S ok = . _—e —
> ﬁ’ |
g i 5 i 1
= 40 —&— 0.5 x 2 mils ribbon bond
it - —&— Single 0.8 miis ball bond
60 —a&— Double 0.8 mils ball bond with 10 mils spacing
J I —p— Doubie 0.8 mils ball bond with 5 mils spacing
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