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Introduction
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● 4th generation and newer light sources facilities poses many challenges for 
detectors due to high intensity and fast timing bunch structure

● LGADs are natural candidates to face these challenges :
○ Extensive R&D for HL-LHC timing detectors (ATLAS & CMS) 
○ Intrinsic gain provides good signal-to-noise ratio (important low 

energy photon detection)
○ Very fast timing  (timing-resolved  applications) 
○ Radiation hard (TID) ⇛ operation under very high intensity beams

● However, these synchrotron light application will require :
○ Very fine (few  μm) spatial resolution
○ Active region facing the beam
○ Full characterization of LGADs performance for X-ray photons, 

under different conditions

● We will discuss some of the results of recent characterization campaigns at synchrotron light source facilities for
I    - Single pad DC-LGADs
II   - 2x2 DC-LGADs
III - AC-LGADS and Trench Isolated (TI) LGADS

Motivation



Intro : The light source facilities

3Marco Leite                                        Synchrotron light source X-ray detection with Low-Gain Avalanche Diodes                                            DRD3 Week 06/2024

Sirius at LNLS-CNPEM in São Paulo (Brazil)

* BL being commissioned, available now : 5.8 to 13.8 keV.  

SSRL (SLAC) at Stanford (USA)

Both sites provide high intensity, quasi-monochromatic pulsed X-ray beams (10 ps wide pulses,  2 ns appart) with several geometries 

Beam Line 7-2 @ SSRL

Beam Line 11-2 @ SSRL  Carnaúba beam line @ Sirius  

1
2

2

1
2

1

21 LGAD Beam direction

*

https://www-ssrl.slac.stanford.edu/content/beam-lines/bl7-2
https://www-ssrl.slac.stanford.edu/content/beam-lines/bl11-2
https://lnls.cnpem.br/facilities/carnauba-en/


I - Single pad  LGADs tests @ SSRL BL 11-2

4Marco Leite                                        Synchrotron light source X-ray detection with Low-Gain Avalanche Diodes                                            DRD3 Week 06/2024

Devices Tested
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Device Active Thick. Gain Layer Breakdown

HPK LGAD type 3.1 50 μm shallow (1μm) ~230 V

HPK LGAD type 3.2 50 μm deep (2μm) ~130 V

HPK PIN 50 μm no gain layer ~400 V

BNL LGAD 20um 20 μm shallow (1μm) ~100 V

HPK 
DC LGAD

Santa Cruz  board with 
LGAD and 1-ch. amplifier

BNL 
DC LGAD

● "Flat" beam  : 25mm x 1 mm (nominal)
● Energy scan from 5 to 37 keV (70 keV with harmonics) 
● Bias Scan
● Single pad (1.3 x 1.3 mm2) LGADs

DC 
BIAS

LGAD 2 GHz 470Ω 
TIA on PCB

Keysight UXR
13 GHz 

128 GS/s
Oscilloscope

G = 10 
Broadband 

Voltage 
Amplifier

https://iopscience.iop.org/article/10.1088/1748-0221/18/10/P10006

This talk

See
Mazza et al 

Measurement 
Setup 
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https://iopscience.iop.org/article/10.1088/1748-0221/18/10/P10006
https://iopscience.iop.org/article/10.1088/1748-0221/18/10/P10006
https://www.sciencedirect.com/science/article/pii/S0168900218317741


I - Single pad LGADS  data processing
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https://iopscience.iop.org/article/10.1088/1748-0221/18/10/P10006

Baseline 
estimation*

7σ(noise)

~30 ns empty 
interval

HPK 3.1@230V 
35 keV

𝜎t≃120 ps

HPK 3.1@200V 
30 keV

𝜎E/E from 
Amplitude 

distribution

𝜎t based on
2.1 ns 

interval
(20% CFD)

● All data from oscilloscope digitized waveforms

*asymmetric reweighted penalized least squares smoothing

Energy

Timing

https://iopscience.iop.org/article/10.1088/1748-0221/18/10/P10006


I - Single pad LGADs (HPK 3.1) summary results
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https://iopscience.iop.org/article/10.1088/1748-0221/18/10/P10006

HPK 3.1 HPK 3.1
HPK 3.1
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Bias [V] 150 V 230 V

Energy resolution 6% 17%

Energy response 75 mV 185 mV

Timing resolution* 141 ps 123 ps

HPK 3.1 single pad 
best energy resolution and 
best timing resolution 
for 35 keV X-Rays *Note: BNL 20𝜇m

achieved 60ps

For mip ~40 ps

https://iopscience.iop.org/article/10.1088/1748-0221/18/10/P10006


II - 2x2 LGADs (HPK 3.1) tests @ Sirius Carnaúba BL
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● ATLAS HPK 3.1 2x2 array prototype 
● Beam size 350 𝜇m or 150 nm
● Detector can move and rotate wrt to the beam
● LN2 nozzle can be used to change temperature
● Energy/timing resolution wrt 

○ X-ray energy, bias and temperature
● EPIC by Sirius to control/store conditions
● Readout  similar  to SSRL 

○ St. Cruz  1st stage amplifier + broadband 
amplifier (now on-board)

○ Oscilloscope 2 GHz/50 GS/s
○ Jitter from electronics < 1 ps

2x2 HPK 3.1 
LGAD array

150 nm or  350 𝜇m X-ray beam 21 LGAD Beam direction

1

2

3

3 Linear stage

4

4 Cooling nozzle
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●  Beam size 350 𝜇m

1

32

4
Photon detection (9 keV)

at 500 MHz (HPK 3.1 2x2 ATLAS LGAD)

1 𝛄

2 𝛄 3 𝛄

2ns

Pad 1

Pad 2

Pad 3

Machine 

trigger

HPK 3.1 2x2 
@150V , 6.64 keV
(Preliminary)

1 𝛄
2 𝛄

3 𝛄

4 𝛄

5 𝛄

HPK 3.1 2x2
(Preliminary)

HPK 3.1 2x2 
@150V , 6.64 keV
(Preliminary)

HPK 3.1 2x2
(Preliminary)

II - 2x2 LGADs (HPK 3.1) Energy response

● Different X-ray energies, bias
● Multiple photon conversions
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● Multiple photon conversions can be used to measure 
the intrinsic timing resolution

○ 𝜎(t
2
 - t

3
) 

● Data was taken with AND between two pads signals

𝜎t ~ 110ps

HPK 3.1 2x2 
@230V 
5.83 keV
(Preliminary)

HPK 3.1 2x2  
@200V 
7.2 keV
(Preliminary)

1

32

4

Pad 3

Pad 2

II - 2x2 LGADs (HPK 3.1) Timing response
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● 150 nm beam

● 5𝜇m step  beam lateral scan 

● Extract device gain from 

ratio  (G>1) / (G=1) 

 region (Skomina et al)

“ORed” scope trigger trigger 

between 2 ch 

10

HPK 3.1 2x2 @230V, 5.83 keV
(Preliminary)

LGAD CURRENT profile LGAD PULSE AMPLITUDE profile

II - 2x2 LGADs (HPK 3.1) Interpad measurements

HPK 3.1 2x2 @230V, 5.83 keV (Preliminary)

HPK 3.1 2x2
230V, 5.83 keV                               (Preliminary)

Scan

https://indico.cern.ch/event/1270076/contributions/5461468/attachments/2670554/4629315/Skomina_RD50_MNE.pdf
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HPK 3.1 2x2 
7.21 keV 
(Preliminary)

21 LGAD Insulator box 3 Linear stage

3

2

1

4 N2 Nozzle

4

● HPK 3.1 2x2 array

● N2 cooling nozzle and detector position remotely controlled 

● Temperature recorded by 2 PT100 on the PCB

5

5 PT100

II - 2x2 LGADs (HPK 3.1) temperature  response
● Beam line using a focused beam at 7.21 keV 

● Bias and temperature scan 



● Beamline SSRL 7-2, focused beam (~30𝜇m) with 6-16 keV

● Tested sensors reported here :

○ AC-LGADs strips 

○ TI-LGADs strips and 2x1

● Sensors mounted on FNAL 16ch boards
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III - AC-LGADs and TI-LGADS tests at SLAC BL 7-2

1
2

3

21 LGAD Beam 3 Linear stage

HPK AC-LGAD strips FBK TI-LGAD 2x1



● HPK AC-LGAD strips E600 and E240

● Comparing laser and X-ray scans
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X-RAY SCAN

CH1 + CH2 

CH1 CH2 

HPK AC-LGAD E600
14 keV, 190V
(Preliminary) 

III - HPK (E600) AC-LGADs  position scan

Cross section of an AC-LGAD

Bishop et al

HPK AC-LGAD 

flavors 

Length 5mm, 

pitch 500𝜇m, 

width 50𝜇m Sc
an

https://arxiv.org/abs/2403.01052


● FBK TI-LGAD sensor from RD50 production, test structures 2x1 (Paternoster et al)

● Showing no loss in the inter pad region for the sum
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CH1 + CH2 

CH1 CH2 

FBK 2x1 TI-LGAD 
14 keV, 100V
(Preliminary)

Pa
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r 

et
 a
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III - TI-LGADs 2x1 (FBK) position scan

Scan

https://ieeexplore.ieee.org/document/9081916
https://ieeexplore.ieee.org/document/9081916


Final Remarks
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● Comprehensive measurement campaign of LGADs X-Ray performance is underway

●  Two facilities (SLAC and Sirius) providing similar test  conditions

● Devices are very robust, survived several  days of high intensity, highly focused X-rays

● X-ray applications will need highly segmented devices (𝜇m resolution) 

○ however, even the mm size devices can be used at beam lines for diagnostics and beam studies

● We plan to continue the tests on both facilities, focusing on alternative segmented LGAD designs

○ Sirius will soon start the construction of two new beamlines dedicated for instrumentation development

● In parallel, we will continue developing the simulation studies to better understand the LGAD response under X-rays 

● The gained knowledge can provide feedback to collider applications as well 

Thank you !



BACKUP
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IV -Simulations (HPK 3.1 single pad)
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GEANT-4 simulation of absorbed 

photon fraction per LGAD layer 

for 5, 15 and 35 keV 

TCAD simulation of 50 µm 

LGAD signal response to a 

single 20 keV photon at 

different absorption depth.

https://iopscience.iop.org/article/10.1088/1748-0221/18/10/P10006

https://iopscience.iop.org/article/10.1088/1748-0221/18/10/P10006


DC LGADs Tests at Light sources
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DC LGADs Tests at Light sources
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DC LGADs Tests at Light sources
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DC LGADs Tests at Light sources
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HPK 3.1 2x2 
@150V , 6.64 keV
(Preliminary)

HPK 3.1 2x2 
@150V , 6.64 keV
(Preliminary)

II - 2x2 LGADs (HPK 3.1) Energy response



Autocorrelation of Digitized Signals
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Autocorrelation time [s]

● Used to measure the bunch separation

● SSRL had a non-uniform filling (empty-1 bunch - empty-fill) per orbit

● Sirius had full orbit filled with bunches 

SSRL : (2.100 ± 0.001) ns Sirius : (2.000 ± 0.003) ns



Carnaúba beam line energies
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Carnaúba beam line setup
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HPK AC-LGADS
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