


Overview 
 
  Introduction  

 Timing detectors 
 3D IME-CAS with gain (proof of  concept) 
 Future direction 







AC-LGAD  - 4D detector fir future colliders

AC-LGAD -  4D detector （position + time 
16 μm-patial resolution, 10-20 ps of timing 
resolution 



3D with Geometric Gain /Motivation 

Motivation of the project 
 
  
The IME-3D process can reach aspect ratio of >70:1 which allows columns of as narrow as 0.5 mm 
penetrating  30-35 mm in the silicon – thin means much less capacitance (noise/power consumption 
at the same speed) 
 The runs in the proposal include also structures for other uses – not particle physics only  (X-ray 

detectors, Micro-dosimetry, Particle detectors) 
 It is clear that improvement of aspect ratio to >70:1 allows manufacturing of very narrow columns 

<0.5  mm which can be seen as proportional wire counter – most of the work in the project done 
with this  structure by different groups in the project (IME, IHEP, LDU, USTC, NIKHEF, UCG-ELI, JSI, 
Sheffield) 



TPA-TCT / Characterisation technique  

TPA focal point at 10 um, 20 pJ,  60 V  
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Hunting for the gain 
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Reproducibility 
 
 

Same structures measured at different groups 
(from several institutions within DRD3 Coll);  all 
show remarkable reproducibility (few measured 
at each institute all showing the same breakdown 
behaviour, both in charge collection and leakage 
current )  
 
 That shows really good control of the process! 
There are also 25x25 mm2 array currently being 
tested also in the test beam – see test beam talk 
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Example:  
Timing before and  
after irradiation 
 
 



What was 
learnt beforre? 



Surprised observed 
 
 We don’t see increase of ghost rates generated at 

break-down close to the tip 
 ➢ We don’t see large variation of the charge with 
depth (~20%) even though more charges end the drift 
at the tip of the electrode (next slide)  
➢ We see good agreement between Time of Arrival 
(ToA) in Two Photon Absorption TCT (TPA-TCT, 
characterization technique) and simulations– clearly 
the structure is not optimized for timing as it is now 
(trench cell is not optimum)  
 



Advantage of small tip 

Advantage of small tip 

Sufficient for gain self-suppession 



3D with Gain / Other IME-CAS structures we studied 

10x10 straw tubes! 
Produced with diameters  
of 10 and 20  microns.  



3D straw tubes  

Ideal structures to study impact ionization – especially after irradiation – as the field can be solved analytically 
Experimentally this is very complicated, but the project managed to do it– see next slide ! We will be able to  
study impact ionization at severe fluences. 

Calculated gain as a function of bias voltage (V) 
 At the z=15 mm one can calculate analytically the gain – so fitting 
and extraction of impact ionization is straightforward 



3D with geometric gain/Outlook for the future 

Outlook for the future 



Conclusions: 
 ➢ First very small pitch and thickness 3D devices were produced with controllable gain (35x35x35 mm3 cells) 
 ➢ gains of up to around 10 were measured with devices fully functional at moderate voltages 62 V  
➢ only a small gain variation across the cell was observed  
➢ Devices were not optimized for timing and their timing performance is not excellent: 

 ➢ weighting field (distortion) contribution dominates the timing resolution  
 ➢ rise time variation across the cell can lead to jitter variations  

➢ Time resolution is not yet fully understood both in Sr90 and TB  
➢ Single cell cylindrical devices were produced ideal to study e.g. impact ionization as well as runaway trench 
devices  
➢ New runs are planned to address devices for timing (2 runs within the project with IME until the end of 2027)  

• Design and fabrication of novel 3D sensor structures based on EPI wafer;  
• Design and fabrication of novel 3D sensor structures based on thick silicon wafer;  

• Design and fabrication of large area 3D trench-column sensors based on EPI wafer. 
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Thank you  


