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Motivation 

Shallow doping profiles 

Thin, double-sided sensors 
The challenge of producing thin and 

large-sized sensors has been 

approached by a wet etching 

technology (fig.1). In addition to the 

conventional wafer process, cavities 

are etched with KOH to the sensors’ 

back side to reduce their thickness.  

After the proof of principle with 

single sided n-in-p pixel sensors, the 

technology is now transferred to a 

double-sided process. 

Active edge sensors 

3D sensors 
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Another challenging requirement of the TRex ΔE sensor is a shallow, 

homogeneous dead zone on the junction side (<150 nm). A test run has 

been produced where many parameter variations of the Plasma Immersion 

Ion Implantation (PIII) and the Rapid Thermal Annealing (RTA) were 

implemented. The samples were analysed by SIMS (fig.5) and are 

compared to TCAD simulations (fig.4). The resulting doping profiles do not 

yet fulfil the requirements: The boron concentration penetrates either too 

deep into the silicon (>100 nm) or the total amount is too small to 

guarantee a proper pn-junction, i.e. most of the doping concentration 

gets stuck in the oxide layer. In a second run this result is improved by 

using thinner oxide layers and less energy. 

Fig.4 

In an active edge wafer run, 

three different side wall 

doping methods (PIII, 4-

quadrant ion implantation 

(4QI) and BBr3 diffusion) 

have been tested in 

combination with two wafer 

thicknesses (300/100 µm) and 

with n- and p-substrates. 

Fig.7 

Electrical measurements show the functionality of sensors with inactive 

edge widths down to 50 µm. SIMS measurements of the side walls show 

different doping profiles between the three doping methods (fig.6). The 

BBr3 diffusion leads to deep profiles with high peak concentrations. This is 

reflected as well in very low leakage currents of these sensors.  

In a dedicated test structure (fig.7) 

the resistance of the side walls along 

trenches with systematic width 

variations can be measured. In fig.8 

the resistance is plotted against the 

trench width. The resistance in general 

(large trench widths) is correlated to the doping profiles (fig.6): A high 

dose and deep doping profile (as for BBr3) leads to a low resistance; a low  

dose doping profile (as for 

PIII) leads to a high 

resistance. The 4QI method 

(but also PIII) shows 

increasing resistances for 

trench widths smaller than 

100...50 µm which is a hint 

for an incomplete doped 

side wall. The BBr3 method 

works well for trench widths 

down to 5 µm. It is therefore the preferred variant, also for 3D sensors. 

Fig.9 

Fig.10 

A thin, double sided ΔE strip sensor for an upgraded TRex detector 

(Miniball experiment at ISOLDE) is currently developed. The large 

trapezoidal area of this sensor covers a large fraction of the 4” wafer 

(fig.2). The target thickness of the sensor area is 100...70 µm and its 

fluctuations have to be reduced to a minimum of ±1 µm (fig.3). 

Alternative implantation techniques are required to cope with different 

requirements of future high energy physics tracking detectors. Besides 

having a small thickness, ΔE sensors need to have a thin and homogeneous 

dead zone which is implemented by a shallow doping profile. 

For active edge and 3D sensors, vertical DRIE trenches or columns have to 

be etched and doped. The dopants have to be deposited homogeneously 

along the entire side walls in which the total concentration has to be high 

enough to guarantee a proper contact. 
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The experiences gained within the 

active edge run are currently used to 

develop two different 3D sensor 

processes. The first approach focuses on 

conventional 3D sensors with column 

shaped electrodes. Different electrode 

geometries have been designed (fig.10), 

and technological parameters have           

. been optimised (fig.9). An innovative approach to 3D-processed sensors is 

being pursued by using trenches as an isolation between the pixels. 


