
       122 123

Low Gain Avalanche Detectors for High Energy Physics 
Experiments

 
 

P. Fernández-Martínez1*, M. Baselga1, M. Fernández García2, D. Flores1, V. Greco1, S. Hidalgo1, 

G. Kramberger3, G. Pellegrini1, D. Quirion1, and I. Vila2 
 

1IMB-CNM (CSIC), Campus UAB, 08193 – Bellaterra, Barcelona (Spain) 
2IFCA (CSIC), Av. de los Castros s/n, 39005 – Santander (Spain). 

3Institut Jožef Stefan, Jamova 39, 1000 – Ljubljana (Slovenia) 
*Corresponding author address: pablo.fernandez@csic.es tel: +34 935947700 Ext. 2439  

 
 
 

1. Introduction 
Low Gain Avalanche Detectors (LGAD) represent a 
remarkable advance in high energy particle detection, 
since they provide a moderate multiplication (gain ~20) 
on the collected charge, thus leading to a notable 
improvement of the signal to noise ratio, which largely 
extends the possibilities of application of silicon 
detectors beyond their present working field. This work 
summarizes the design and optimization aspects of the 
LGAD detectors fabricated at the IMB-CNM clean 
room, as well as the main results of the characterization 
tests performed in several laboratories and institutions 
assigned to the CERN RD50 collaboration [1]. 

2. Low Gain Avalanche Detectors 
Based on the standard PiN diode design, the P+/π/P/N+ 
structure of the LGAD (Fig. 1) includes a moderately 
doped P-type diffusion beneath the N-type electrode, 
which allows the generated charges to undergo 
avalanche multiplication before being collected. In this 
sense, the LGAD perform is analogous to that of the 
Avalanche Photo-Diode (APD), normally used for 
optical and X-ray detection [2]. However they show a 
lower gain value on the output signal (~20, against 100-
1000, or even higher, for APD), which makes LGAD 
more suitable for the detection of high energy charged 
particles. In contrast with the APDs, detected signals are 
moderately increased in LGADs, without significant 
increase of the noise levels, thus improving the signal-
to-noise ratio of the detector. In addition, LGAD 
detectors offer the possibility to have fine segmentation 
pitches, thus allowing the fabrication of micro-strip and 
pixel devices, which do not suffer from cross-talk in 
their readouts. 
The LGAD core region, as depicted in Fig. 1, is 
provided with a proper edge termination design, 
consisting of a deep N-type diffusion, which overlaps 
the lateral curvature of the multiplication junction, 

preventing a premature cylindrical breakdown, as well 
as ensuring the stability and uniformity of the electric 
field distribution across the whole junction area (Fig. 2). 
In addition, the peripheral region includes several 
elements to avoid the collection of the surface 
component of the current, which is normally considered 
a noise source, since it is not generated by the incident 
radiation. A collector biased ring (Fig. 3) confines the 
sensitive volume of the detector to the core region, since 
most of the charge carriers generated outside are 
extracted separately by the ring. Besides, P-stop and P-
spray diffusions are placed within the peripheral region 
(Fig. 4) to avoid the undesirable effects derived from the 
surface inversion of the substrate, produced as a 
consequence of the accumulation of positive charges in 
the peripheral oxide. 
 

3. Prototype Performance 
First LGAD prototypes were fabricated at the IMB-
CNM clean room on 300 µm-thick wafers [3], and 
subjected to various characterization tests in several 
laboratories of the CERN RD50 collaboration. The 
evaluation of the charge collection efficiency with a β-
particle 90Sr source (Fig. 5), have shown an excellent 
detection performance, with gain values in the range of 
10-20, while the noise signal remained comparable to 
that of a commercial PiN diode. Transient Current 
Technique (TCT) analysis with laser and α-particle 
sources have revealed the collection dynamics and 
stressed the high uniformity of the multiplication 
process within the junction area (Fig. 6). 
Finally, LGAD samples subjected to high fluence 
neutron (Fig. 7) and proton irradiations have shown a 
notable reduction in their collection efficiency, thus 
showing that the multiplication process is degraded 
when the detector is operating under harsh radiation 
conditions.  
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Fig.1. Schematic cross section of the LGAD core region, 
with the P/N+ multiplication junction properly protected with 
a deep N-type diffusion, which overlaps the junction edges, 
preventing premature breakdown of the junction. 

 
Fig.2. Simulated electric field distribution at a reverse bias of 
400 V within the core region of a LGAD detector. 

Fig. 3. Simulated current paths on a LGAD structure 
provided with a collector ring to individualize the bulk and 
surface current readout. 
 

Fig. 4. Schematic design of the LGAD peripheral region, 
with P-Stop and C-Stop diffusions suitable placed to prevent 
the formation of a surface inversion channel, below the field 
oxide. 

 

 
Fig. 5 Most probable value of the collected charge (up) and 
Equivalent Noise Charge (ENC) (down) measured in two 
LGAD samples exposed to a 90Sr electron source, compared 
with the outcoming signals of a commercial PiN diode. 
 

 
Fig. 6 Charge collection and multiplication uniformity 
evaluated on a LGAD sample with the TCT technique 
applied with a red laser in steps of 100 µm to cover the whole 
detection area. 
 

 
Fig. 7 Reduction of the collected charge in a LGAD 
prototype subjected to different fluences of neutron 
irradiation, as a consequence of the degradation of the 
multiplication process. 


