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Theory

Contact => diffusion of the carriers (diffusion current)

I

* |Inthe contact area electrons and holes are recombined.
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:Depletiﬂn: * majority carriers are driven toward the junction
Volts : Layer : -  _free electrons * the potential barrieris reduced
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* Applying reverse bias:
* majority carriers are pulled away from the junction
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: * the potential barrier increases

* therefore, the depletion zone widens.
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Theory

Breakdown
Voltage, Vz

In an IV measurement:

* |nthe forward bias:

Current

Forward
Current

T = e i
Leakage Current Th-leﬁhmd Voltage
Voltage

L

Avalanche (for silicon diodes,
Current VTh=0.7V)

-+—— Heverse Voltage
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the potential barrier is significantly reduced
the majority carriers are injected in large numbers into the opposite region
the current increases sharply

* |nthe reverse bias:

The current is created due to the thermal creation of carriers in the depletion
zone. They accelerate due to the electric field and reach the electrode.

In the first stage, the increase in the voltage results in the increase of the
depletion zone and current. Carriers created out of the depletion zone will
recombine.

After the full depletion, with the increase in voltage, the carriers are
separated faster and the probability of recombination is reduced.

Finally, the carriers accelerate enough to create more pairs and create an
avalanche (avalanche breakdown).

We also have the Zener breakdown, where the strong electric field distorts
and narrows the potential barrier, allowing quantum tunneling across the
junction.



ATLAS Inner Tracker

The increase in luminosity at the LHC requires the development
of 4D silicon particle detectors, capable of measuring both the
position and the arrival time of charge particles. One of the
proposed technologies for the ATLAS High-Granularity Timing
Detector (HGTD), located in front of the endcaps of the Inner
Tracker (ITk), is the Low Gain Avalanche Detector (LGAD).

ATLAS

ITk
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Silicon Pixel Detectors

When a particle passes through the detector, it creates pairs
of electrons and holes.

The carries move toward the electrode with the opposite
voltage.

Finally, we have a signal.

Silicon pixel detectors are among the most widely used
solid-state detectors in high energy physics. They are
primarily optimized for excellent spatial resolution rather
than precise timing measurements.

e Spatial Resolution
5-10pum
* Timing Resolution

~10s ns
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Low Gain Avalanche Detector (LGAD)

p-stop
Pixel 1 Pixel 2
. . . . . Gain Layer. i ';f
LGADs have an additional gain layer. As carriers drift through this \ B S
region, if they have enough energy, they will generate additional e 7
carriers strengthening the avalanche. This offers a signal with
steeper leading edge, and a higher signal-to-noise ratio resulting Standard LGAD

in @a more precise determination of the signal arrival time and

.. . Pixel 1 Pixel 2
excellent timing resolution. *
Gain Layer I 1
: : [
* Spatial Resolution I
O{élm}
Dea\ ?'rea

~10s pm

* Timing Resolution 1 Trench TI-LGAD

20-40ps pixel 1 Pixel 2
Gain Layer |
| l I I

Ofum)
Dead area
\ /

—

2 Trench TI-LGAD
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Trench Isolated Low Gain Avalanche Detector
(TI-LGAD)

We studied LGADs with:
* 1or2-trenches (TR 1-2)
* Different trench widths (TW 1-7)

* Different distances between gain layer
and trench (V 1-4)

* Wafer 2:
* Gain layer thickness: 45 ym 5 : Pt
« Gain dose: 1 pad 1 _ T 2 -/ Pad
oxide R STy, ol
 Wafer 11c:
* Gain layer thickness: 55 pm p* gain
* Gaindose: 1.02

Same trench depth and trench process p bulk Opening for Laser

Guard Ring

Front to Backside Bias

trench

Carbon co-implanted gain layer Fabricated by FBK
P substrate for the AIDAinnova project
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Floating Guard Ring

Probe Station

LGAD L

]
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Grounded Guard Ring

Probe Station
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@ T ST T | M |
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BNC Cable
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Meter Connect
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o Triaxial Low High

Keithley
/' probe 6517b
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S\

Triaxial to BNC

National Technical University of Athens 10
HEP 2026




Methods for the Breakdown Calculation

* |LD and SLD provide a more objective
T . e determination of the breakdown voltage
“ — ntercepto - . .
FETS t:r?;::f:??jr;;ﬂ tangentandthe | 2 compared with thg tang_ent.method, since they
to In(l) “baseline” = rely on mathematical criteria rather than on the
S BC B AR AR manual selection of tangent regions.
Bias [V]
* |LD appears more robust against measurements
“Inverse” 1/1 In(I) Intercept of the x- T noise.
relative av axis and the fitted s .
derivative _ir line : * SLD is better when we have a sharp breakdown.
s * SLD requires finer voltage steps and appropriate
G smoothing because of its increased sensitivity to
- | noise.
Second d? Position of the ay
derivative mln(") maximum =
Bias [V]
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Wafer 11c
| - V Version Comparison
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| - V Wafer and Trench Comparison
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| - V Wafer and Trench Comparison
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Wafer 11c - V2 1TR TW3
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Method Comparison

Device
Method
W2V2 2TR TW1 W11c V2 1TRTW3
Tangent -153.1V -74.1V
Inverse Logarithmic Derivative - -72.8V
Second Logarithmic Derivative -155.0V -74.0V
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Conclusions

n those LGADs guard ring needs to be grounded to work properly
| GADs with 1 trench had earlier breakdown than those with 2

_GADs with smaller distance between gain layer and trench had
earlier breakdown

LGADs with bigger trench width had earlier breakdown

* Wafer 11 had earlier breakdown than wafer 2, as it was expected
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