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Abstract: This work presents the development and experimental validation of a novel thin (active

layer thickness of 85 μm) double-sided strip Low-Gain Avalanche Detector (LGAD) prototype. We

demonstrate a post-fabrication segmentation process where a standard single-sided LGAD sensor is

micromachined to enable dual-sided signal extraction. Characterization using a dedicated front-end

electronics system confirms strong spatial and temporal correlations between the junction and ohmic

sides. The results validate that this architecture preserves the excellent timing performance of LGADs

while providing a scalable solution for high-precision tracking in material-sensitive applications.

By applying this procedure in conjunction with additional sensor thinning, a total sensor thickness

below 50 μm can be achieved. To our knowledge, this represents the first implementation of a

thin double-sided LGAD.
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1 Introduction

Low-Gain Avalanche Detectors (LGADs) [1, 2] are widely used in modern experiments [3, 4] and

continue to be improved in terms of radiation hardness, timing resolution, and detection efficiency. In

many applications, however, the material budget is equally critical — for example in low-momentum

particle tracking, medical imaging (e.g. ionCT) [5, 6], or fixed-target experiments for reaction

time determination [4, 7] where detectors are placed directly in the primary beam. A promising

approach to address these constraints is a double-sided strip configuration, well established in standard

silicon detectors but not yet fully explored for LGADs. This geometry significantly reduces readout

complexity: while pixel detectors require N2 channels for a given area, double-sided strip sensors need

only 2N, leading to substantially lower power consumption and frontend complexity while maintaining

comparable performance. In this work, we present the principle of operation, a concept for realizing

double-sided strip LGADs based on single-sided sensors, and the construction and characterization of

a prototype. The approach is applicable to a wide range of sensor thicknesses and, to the best of our

knowledge, represents the first implementation of thin double-sided LGADs.

2 Electrostatic principles of signal formation in double-sided sensors

To understand signal formation in the front-end electronics (FEE), we begin with an introduction to

signal induction by a moving charge. This process can be understood intuitively using a classical

electrostatic model of a point charge & located at a distance ℎ above an infinite conducting plane

held at constant potential. As described for example in [8] the induced surface charge density on

the plane is given by

f(G, H, ℎ) = −
&ℎ

2c(G2 + H2 + ℎ2)3/2
(2.1)

where: f(G, H, ℎ) is the induced surface charge density on the electrode, & is the magnitude of the

point charge, ℎ is the distance (height) of the charge above the conducting plane, G and H are the

lateral coordinates on the surface of the electrode relative to the position of the charge. As shown in

figure 1-Left this distribution is strongly localized around the point directly beneath the charge, in
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this example, for ℎ = 100μm, most of the induced charge is confined within approximately ±200 μm

in both transverse directions. The signal measured by the FEE is not the static charge itself, but

rather the induced current. This current corresponds to the rate of change of the induced charge

(� = 3&/3C) as the carrier traverses the detector volume. As the charge moves, it triggers a continuous

rearrangement of the surface charge density; this dynamic process generates the current which, once

amplified, is recorded by the FEE as a detectable signal.
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Figure 1. Left: Charge density distribution f(G, H) described by eq. (2.1) for ℎ = 100 μm and & = −1. Right:

Transverse profile of the charge density along the x-axis (y=0) for ℎ = 100μm and ℎ = 80μm. The comparison

illustrates that the main charge redistribution occurs within ±100 μm.

Using this simplified model of a point charge near a conductive plane, one can estimate the

magnitude of the charge density rearrangement resulting from a displacement of 20 μm. To demonstrate

this, we compare the projection of the charge distribution onto the G-axis for two different heights:

ℎ = 100 μm and ℎ = 80 μm. These distances are comparable to the typical drift displacement of

charge carriers in LGAD sensors. As shown in figure 1-Right, the most significant changes in charge

density occur within a narrow window of ±100 μm. This suggests that the hit position can be precisely

resolved, provided that the electrode segmentation is finer than 100 μm. In double-sided detectors,

and in particular in double-sided LGADs, the sensor volume is enclosed between two conductive,

segmented electrodes. Charge carriers — generated by ionizing radiation and subsequently multiplied

in the gain layer — drift toward one electrode while simultaneously moving away from the other. Due

to this geometry, the induced charge on the collecting electrode increases with one polarity, while the

induced charge on the opposite electrode evolves with the opposite polarity. Consequently, the motion

of a single charge carrier produces simultaneous bipolar signals on both electrodes.

The current generation in ionization detectors can be formally described by the Ramo-Shockley

theorem [9, 10], which relates the induced current to the instantaneous motion of charge carriers and

the electrode-specific weighting fields [2]. In double-sided architectures, the opposite signal polarities

arise naturally from the complementary weighting fields of the two electrodes. Nevertheless, the

simplified model presented in this section provides a highly intuitive description of the fundamental

signal formation process in this type of sensor.

3 Segmentation and prototyping

To produce the double-sided LGAD demonstrator, we utilized single-sided strip sensors originally

manufactured by Fondazione Bruno Kessler (FBK) for the HADES experiment [11]. The fixed-target
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HADES experiment utilizes a variety of beams, including pions, protons, and heavy ions, and employs

multiple detector technologies for beam monitoring and reaction-time determination, such as diamond

detectors [12–14] and LGAD sensors [4, 7]. The LGAD sensors used in this project had an active area

of 8.6 mm × 8.6 mm and featured strip segmentation on the gain side with a 100 μm pitch. With a

no-gain distance of approximately 24 μm, this design results in a fill factor of 74% on the primary

readout side. The sensors were thinned at the wafer level to a total thickness of 200 μm, with an

active layer thickness of 85 μm. In a typical =++/?+/?/?++ thin LGAD architecture — as described

for example by Cartiglia et al. [2] — the active sensor volume is supported by a relatively thick,

low-resistivity ?++ substrate. This substrate is usually coated with an Aluminum (Al) or Gold (Au)

layer to facilitate electrical contact and wire bonding.

To achieve true double-sided functionality, both the top (junction side) and the bottom (ohmic side)

electrodes must be segmented. While the junction side was pre-segmented with a 100 μm pitch at

FBK our research focused on the back-side segmentation of the ?++ support layer. A critical electrical

requirement for this process is that the individual segments must maintain an inter-electrode isolation

resistance of at least several kΩ. To satisfy this requirement, the segmentation must not only penetrate

the metallization but must also extend entirely through the low-resistivity ?++ substrate to ensure

effective electrical isolation between individual segments. In our approach, we performed this deep

segmentation of the ?++ layer to ensure high electrical isolation. The precision machining for this

segmentation was carried out at the Hahn-Schickard-Gesellschaft für angewandte Forschung e.V. in

Villingen-Schwenningen, Germany and is shown in figure 2-(Right). A side view of the segmented

back-side is shown in figure 3. Direct inspection via optical microscopy was used to characterize the

dimensions of the machined structures. The measured total thickness of the sensor in this sample

was found to be 189.6 μm, slightly lower than the nominal wafer thickness of 200 μm specified by

the manufacturer. This difference is attributed to the inherent tolerances in the thinning process and

the limited precision of the microscopic measurement, which was performed with the sensor tilted to

capture the trench topography. The primary objective of the back-side processing was to ensure robust

electrical isolation between adjacent segments. As visible in the figure, the isolation trenches were

Figure 2. Surface Segmentation of the Double-Sided LGAD Prototype. Left: The original junction-side strip

segmentation (100 μm pitch) as originally manufactured at FBK for the HADES experiment. Right: The custom

backside segmentation machined at the Hahn-Schickard-Gesellschaft. The parallel strips were produced with a

matching 100 μm pitch, aligned parallel to the junction-side strips, ensuring deep isolation through the ?++

support layer.
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machined to a depth of 117.4 μm. Given that the ?++ support layer was thinned to a nominal depth of

approximately 115 μm, these trenches successfully penetrate the low-resistivity substrate to reach the

active layer. This deep-trench architecture is critical; by fully traversing the ?++ layer, we eliminate

the low-resistance lateral paths, thereby ensuring that each readout segment is electrically isolated.

Four single-sided LGAD sensors were successfully mechanically processed. The produced trenches

were not terminated in any way and remained air-isolated during the entire characterization phase.

Open defects present in the trenches are a source of increased dark current, which for these sensors

reached 100 − 150 μA. In addition, variations of up to 20% over time were observed, indicating a

possible influence of humidity on the device performance.

Figure 3. Cross-sectional view of the back-side segmentation. The measured sensor thickness of 189 μm

(nominally 200 μm) and trench depth of 117 μm are indicated. The discrepancy in total thickness is attributed to

microscopic measurement perspective and thinning tolerances. The 117 μm trenches are designed to fully traverse

the ?++ support layer and reach the active volume, ensuring effective electrical isolation between segments.

4 Front-end electronics and High-Voltage biasing

To evaluate the performance of the double-sided LGAD prototype, a dedicated FEE system was

developed. The FEE must satisfy three primary functional requirements: high-gain signal amplification,

stable High-Voltage (HV) biasing, and reliable decoupling of the fast signals from the high-potential

side. The baseline FEE architecture for single-sided LGAD sensors is described in detail in [14]. For

this study, we implemented specific modifications to accommodate the requirements of a double-sided

readout. Specifically, to enable segmentation on the back-side (ohmic side), the FEE must provide a

common HV bias to every strip while simultaneously maintaining individual signal paths for each

segment. A critical constraint in this design is the maintenance of inter-strip electrical isolation, which

must remain in the several kΩ range to prevent signal crosstalk. The concept of double-sided signal

extraction is well-established in detector literature [15], with prominent large-scale implementations

such as the CBM silicon strip tracker [16]. In the CBM design, AC coupling is integrated directly

into the sensor using a dielectric stack (typically SiO2 and Si3N4) with aluminum strips, while HV

biasing is provided via integrated polysilicon bias resistors distributed across the strips. In contrast,

for our prototyping phase, these functionalities were moved from the sensor level to the PCB level.

We utilized discrete HV-rated coupling capacitors for AC decoupling and high-value resistors for

HV distribution, mounted directly on the interface PCB upstream of the amplifiers. This discrete

approach allowed for maximum flexibility in testing the isolation and signal-sharing characteristics

of the micromachined strips. The micromachined double-sided strip LGAD was interfaced to the

readout PCB via aluminum wire bonding, as shown in figure 4. In the current PCB configuration,

64 channels were instrumented on each side of the sensor. Given the 100μm strip pitch and the
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Figure 4. Top and bottom views of the double-sided LGAD prototype mounted on a dedicated readout PCB. The

assembly incorporates integrated AC coupling, bias resistors, and two-stage amplification for both signal paths.

total active area, this corresponds to a subset of the 86 available strips on the junction side. To

preserve electric-field uniformity and ensure stable sensor operation, the non-instrumented strips were

connected to a common ground (GND) rather than left floating.

5 Performance characterization of the double-sided LGAD prototype with a 90Sr

source

In an initial step, the analog signals — after two stages of amplification — were observed using an

oscilloscope. The setup was optimized to highlight features characteristic of double-sided sensors.

For this study, four channels were selected: one channel on the junction (Al) side and three channels

on the ohmic (HV) side, located directly beneath the selected Al-side channel. This configuration was

possible because the segmentation on the HV side was aligned parallel to the strip orientation on the

Al side. Figure 5 shows the waveforms from all four channels, triggered by a negative-polarity signal

on channel 1, with the sensor irradiated by a 90Sr radioactive source. As expected, the corresponding

channel on the HV side (channel 2) exhibits a time-correlated signal with opposite (positive) polarity.

In contrast, the two neighboring strips show no significant signals, consistent with the highly localized

nature of signal formation in this type of sensor. The signal amplitudes on the corresponding channels

are also correlated, as illustrated in figure 5 for both high- and low-amplitude events. In the next step,

the detector was connected to the Data Acquisition (DAQ) system. Each strip is read out through three

amplification stages, followed by a leading-edge discriminator connected to a TDC. The discriminator

and TDC are implemented in an FPGA; further details can be found in [6]. For this type of readout,

additional data analysis is essential, including time-offset and time-walk corrections, which were

performed following the procedure described also in [6]. With strips from both sides connected to

the DAQ system, the Al side was used as the trigger while the sensor was irradiated with a 90Sr

source. In this procedure, for each cluster identified on the Al side, all clusters on the Au side were

examined, and the correlation plot shown in figure 6-Left was constructed. The plot shows the strip

position (number) for cluster pairs on both sides and demonstrates the expected one-to-one correlation,

consistent with the principle of operation. It can also be observed that, in three regions, the correlation

width is approximately two channels, in contrast to the single-channel correlation seen elsewhere.

This behavior indicates incomplete electrical isolation of the strips on the HV side, with some strips

– 5 –
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Figure 5. Scope traces from four channels for two events (high and low amplitude), demonstrating time-

correlated bipolar signals on opposite electrodes.
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Figure 6. Dual-sided signal correlations for coincidence events. Left: Spatial correlation between the hit

channel indices on the junction (Al) and ohmic (Au) sides. Middle: Correlation of the Time-over-Threshold

(ToT) values from both sides. Right: Cluster size on the Au-side as a function of the Al-side hit channel.

effectively shorted through a low-resistance path. This finding highlights the need for high-precision

segmentation and further optimization of the processing.

Using the correlated strip pairs, we investigated the signal amplitude dependence between the

Al and Au sides. The readout electronics do not measure the signal amplitude directly; instead, the

discriminator output width provides Time-over-Threshold (ToT) information, which serves as an

indirect measure of the signal amplitude. Figure 6-Middle shows the ToT correlation for strip pairs

(selected strip 50 on each side) on opposite sides of the sensor. The strong correlation observed

confirms that the signals on both sides originate from the motion of the same charge carriers generated

in the sensor by an ionizing particle. In a similar manner, we investigated the cluster size of signals

recorded on the HV side. The results are shown in figure 6-Right. The distribution is dominated by

single-strip clusters, as expected. In addition, three groups exhibit cluster sizes of two, confirming that

some neighboring strips are electrically connected due to imperfect segmentation. Larger cluster sizes

can be attributed to capacitive coupling, a characteristic feature of strip detectors with closely spaced

electrodes. Using the same data sample, we investigated the timing performance of the sensor. For

this purpose, a pair of geometrically corresponding strips — one on the top (Al) side and one on the

bottom (Au) side — aligned parallel and directly overlapping — was selected, and the time difference

between the recorded signals was plotted as a function of ToT (figure 7-Left). The horizontal trend

of the distribution indicates that the time-walk correction has been properly applied. By projecting

the distribution onto the H-axis, the time resolution was extracted, as shown in figure 7-Right. The
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Figure 7. Left: Correlation between the time difference ΔC (strip 41, Al vs. Au) and the signal Time-over-

Threshold (ToT) from the Au-side. Right: Y-axis projection of the distribution, fitted with a Gaussian function.

The fit yields a mean offset ` ≈ 0 and a temporal resolution f ≈ 205 ps.

obtained value of 204.6 ps is higher than the expected performance and can be attributed to several

factors: (1) the bonding scheme, in which the readout strips on the two sides are not connected at the

same longitudinal position, introducing an additional time contribution from signal propagation; (2) an

increased electronic jitter; (3) distortions of the electric field caused by field-free regions between

parallel strips on both sides; and (4) elevated sensor noise due to a high dark current. Further detailed

studies are planned to systematically investigate these sensor properties.

6 Summary

In this contribution, we have presented the concept, fabrication, and performance of a prototype

double-sided LGAD sensor. Measurements using a 90Sr source show excellent agreement with the

expected performance, confirming the validity of the design. Further improvements are foreseen, in

particular through optimized trench fabrication techniques aimed at reducing dark current. Future

studies will focus on detailed timing characterization using external tracking systems and proton

beam tests. In parallel, we plan to develop new double-sided strip sensors based on trench-isolated

single-sided LGADs, targeting an effective fill factor close to 100%. Additional thinning of the sensors

to a total thickness of approximately 50 μm is also foreseen. This will constitute a significant step

towards ultra-thin, high-precision, low-mass 4D tracking detectors.
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