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Abstract

We present the concept of a new type of silicon tracking sensor called Enhanced Lateral Drift (ELAD)

sensor. In ELAD sensors the spatial resolution of the impact position of ionising particles is improved

by a dedicated charge sharing mechanism, which is achieved by a non-homogeneous electric field in

the lateral direction in the sensor bulk. The non-homogeneous electric field is created by buried doping

implants with a higher concentration with respect to the background concentration of the bulk. The

resulting position-dependent charge sharing allows for an improved interpolation of the impact position.

TCAD-based electric field simulations for 2D and 3D geometries as well as transient simulations with

a traversing particle for the 2D geometry have been carried out. The electric field profiles have further

been optimised for position resolution. The simulations show a strong dependence of the charge sharing

mechanism on the buried implant concentration. Optimal values for the buried implant concentration al-

low for nearly linear charge sharing between two readout electrodes as a function of the impact position.

Additionally, the foreseen production technique combining silicon epitaxy and ion beam implantation is

outlined.
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1 Introduction

Experiments at possible future colliders like CLIC1 [1] and ILC2 [2] aim, among others, for a precise

measurement of Higgs decays to pairs of b-quarks, c-quarks and gluons and efficient identification of top

quarks in the decay t→Wb. To this end, the experiments require light-weight detectors with a single-point

resolution of a few micrometers. E.g., the tracker and vertex detectors for CLIC require a single point

resolution of better than 7 µm and 3 µm, respectively, in the transverse plane to meet the requirements

on the track-momentum and impact parameter resolution at a total silicon detector thickness of less than

100 µm [3]. Several options for tracking and vertex sensor technology are considered for CLIC, among

them are monolithic and hybrid detectors [4].

This work focuses on a new type of a hybrid detector aiming to meet the requirements of the CLIC

vertex detector. A common approach to achieve an improved position resolution in silicon detectors is

to decrease the readout cell size. This leads to an increased number of readout channels and less area for

logic per channel on the readout chip. Additionally, the miniaturisation of interconnection techniques might

present limits.

The position resolution can also be improved by means of charge sharing, i.e. by collecting the charge

on more than one readout electrode. Geometric charge sharing is used e.g. in the CMS experiment by tilting

the sensors in the Endcap [5]. Lorentz drift induced charge sharing by means of a magnetic field is realised

in the barrel section of the experiment [6]. However, these two methods do not provide sufficient charge

sharing in thin (≤ 100 µm) sensors [4], as either unrealistically strong magnetic fields or huge sensor tilts

would be necessary, the latter in turn increasing the material budget.

The hybrid detector proposed herein, a so-called Enhanced Lateral Drift (ELAD) sensor in combination

with a readout ASIC, introduces a lateral electric field component in the sensor bulk yielding a lateral charge

drift to achieve a position resolution of a few micrometre. This lateral component of the electric field is
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Figure 6: The η-function for different buried implant concentrations for a) the n-ELAD sensor at U = 280 V

and b) the p-ELAD sensor at U = 300 V. Lines connecting data points guide the eye.

a) b)

Figure 7: The η-function for different sizes of the readout implant for a) the n-ELAD sensor at U = 275 V

and b) the p-ELAD sensor at U = 300 V. Lines connecting data points guide the eye.

charge sharing. For an applied voltage of 280 V the optimal buried implant concentration is 2.8·1015 cm−3

approaching the linear behaviour closest for the concentrations under study. For the p-ELAD sensor and an

applied voltage of 300 V (see Fig. 6 b)) the optimal buried implant concentration amounts to 2.4·1015 cm−3.

Hence, for a given concentration the operational voltage should be carefully chosen to yield an optimal ratio

between the electric field strength in the longitudinal and the lateral direction. If the applied voltage is too

low (too high) the effect of the charge sharing by the buried implants is too strong (too weak) resulting in a

considerable deviation of the η-function from the linear case.

To study the effect of the readout implant size on the η-function several readout implant sizes have been

simulated at ndi = 3.0·1015 cm−3. The bias voltage in the n-ELAD and p-ELAD sensors is 275 V and 300 V,

respectively. In Fig. 7 the transient simulation results for a) the n-ELAD and b) the p-ELAD sensor are

shown. The simulated readout implant sizes are 20 µm (black continuous lines), 26 µm, 30 µm and 40 µm

(blue lines). The black dashed lines show the empty n-ELAD and p-ELAD sensors with zero buried implant

concentration and readout implant size of 20 µm. For both the n-ELAD and the p-ELAD sensors the size

of the readout implant impacts the shape of the η-function. With increasing size of the readout implant the

effect of the charge sharing decreases. Thus, the size of the readout cell should be carefully chosen w.r.t. ndi

and the applied bias voltage to tune the shape of the η-function in ELAD sensors.
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4 ELAD production process

The realisation of the ELAD sensors requires a new production process combining several repetitive

steps. Each step includes ion beam implantations and epitaxial silicon growth similar to buried implants

in buried collector technology. At first, the bottommost layer of buried implants is implanted on a silicon

wafer followed by an epitaxial layer that is grown on top of the implanted silicon. The process is repeated

three times. Finally, after the last epitaxial growth, common processes used for standard planar sensors are

applied e.g. edging and preparation of readout implants.

As the epitaxial growth process imposes a considerable temperature budget on the implants, process

simulations have been executed in order to quantify a possible effect on the charge sharing mechanism.

The process simulation of a buried Boron implant shows a change in size of about 1 µm after three 20 min

temperature cycles. The electric field and transient simulations have been validated according to this change

in size and show a negligible effect on the η-function.

5 Conclusions

Enhanced Lateral Drift sensors feature a dedicated charge sharing mechanism in order to improve the

resolution of the impact position of ionising particles without using a magnetic field or sensor tilt. A

carefully tuned buried implant structure creates a non-homogeneous electric field in the lateral direction in

the bulk of the sensor changing the drift path of the charge carriers. This enables charge sharing and hence

improved position resolution in thin sensors.

Two types of sensors, n-ELAD and p-ELAD sensors, have been simulated including the buried implant

structure. TCAD simulations for the 2D and 3D geometries show congruent results of the electric field.

The transient simulations revealed the dependence of the η-function, and hence of the spatial resolution,

on the buried implant concentration and readout implant size. A close to linear η-function is achieved for

ndi = 2.8·1015 cm−3 at a bias voltage of U = 280 V for the n-ELAD sensor and for ndi = 2.4·1015 cm−3 at a

bias voltage of U = 300 V for the p-ELAD sensor demonstrating the possibility to approach the theoretical

optimum of charge sharing. The electric field profiles stemming from 2D and 3D simulations will be used as

input for Monte Carlo-based position resolution studies. Additionally, the foreseen manufacturing process

for ELAD prototypes has been outlined.
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