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Plan of the presentation

➢ Introduction to TCT
- Types, Signal formation, Parameters

➢ Red laser TCT

- Experimental setup at the University of Delhi

- Generation of TCT signals using TCAD simulation

➢ Calibration of simulated TCT signal with the measured TCT signal

➢ Some application

- For design of phase 2 upgrade pixel sensors

- For understanding charge multiplication in LGADs

➢ Summary

XXIII DAE-BRNS Symposium
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Introduction
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LHC Phase-II Upgrade

• High luminosity = ρπÃÍÓ , Harsh radiation environment

• Silicon sensors will face intense radiation

• Intense radiation leads to surface & bulk damage

• Long term operation conditions of silicon sensors affected

• Degradation of breakdown voltage, position resolution

Need for a Characterization Technique

• Precise behaviour can be known under harsh environment

• Can investigate radiation damage effects

Transient Current Technique

• Principle: Time evolution of the charge carriers generated when 

a laser light is shone on the surface of a Device under Test

• Signal = Current vs Time graph

• Better than traditional IV-CV techniques

With radiation, silicon detectors get damaged – both 

bulk & surface!

 Electrical detection properties affected.

 Increase in Ileak contributes to noise.

 CCE decreases.

* A. O. Mucha. 14th IPRD, 2016.

*More details in:

Plenary Talk by Alexander Dierlamm.
XXII DAE-BRNS Symposium 2016.
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Different types of TC Techniques
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RED

LASER

TCT

INFRARED

LASER

TCT

EDGE

LASER

TCT

 Charge injected only to a small distance

from surface

 Effective signal from charge carrier

collected from the backside, if

illumination is from front side

 Homogeneous charge pairs created

throughout the bulk

 Output signal is a contribution from

both the charge carriers

 Used to determine CCE

 Laser light injected from DUT edge

 Infrared laser penetrates through the

active volume

 Useful in determination of electric field

profile

#Another type of characterization: 

Radiation source based TCT
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TCT Signal Formation
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Trigger Frequency

Delay Time

Collection Time

Undershoot

Trigger:

NIM Logic

TCT Signal:

Current vs Time

Collection of 1st charge carrier 

physically at the electrode

Signal fallSignal rise
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TCT Analysis
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1. Electric Field Configuration in the Detector

2. Sign of Space Charge

3. Drift Velocity

4. Rise Time

5. Collection Time

6. Charge Collected

7. Charge Collection Efficiency

8. Full Depletion Voltage

9. Effective Trapping Time

Parameters that can be known from TCT data
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Measurements
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Red Laser TCT setup at Delhi University
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Specifications
Function Generator:

Trigger = NIM (0 to -0.8 V),

Frequency = 200.0 Hz,

Amplitude = 1.0 V,

Offset = -500.0 mV

Keithley 2410:

Bias = -1100.0 to 1100.0 V

Agilent dc Supply:

Bias = 0 to 15.0 V

Cathode Ray Oscilloscope:

Bandwidth = 1.0 GHz,

Sampling rate = 4.0 GSa/s

Bias Tee:

Resistance = 3.127 kɱ,

Capacitance = 2.2 nF

Amplifier: Gain = 58.0 dB
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Experimental TCT circuit
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Measurements - Voltage Scan
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• Electron signal at different bias voltages 

from 0 V to 200 V, when the p+-n-n+ 

diode is illuminated from the front side.

• As the bias  voltage is increased, more 

and more charge pairs are collected. 

At higher biases, the recombination and 

trapping effects reduce significantly.

• TCT measurements carried out on two 

test diode structures – N3, L11; from the 

same wafer.

• The overlap of the TCT signals from 

two diodes validates the working of the 

TCT setup at University of Delhi.



Simulations
using TCT characterization
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Simulations in TCAD Silvaco
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TCAD = Technology Computer Aided Design

Simulation = Theoretical model based on real world processes

Atlas

Input File (.in)
Consists of Device geometry, 

Physical Models, Numerical 

Methods, Mesh, Boundary 

Conditions

Structure File 

(.str)
Consists of 2D or 3D 

Structure, Doping Profile 

viewed in TonyPlot

DevEdit

/ Atlas

RunTime Output
Consists of detailed 

Numerical Simulation, 

Error Messages

Log File (.log)
Consists of values of 

Voltage, Current, 

Transient Time, Laser, 

etc

Structure File  (.str)
Consists of Electric Field, 

Potential Contours, 

Electron/Hole Concentration

MixedMode

Circuit

2 bulk traps – Proton Radiation Model

Trap Energy Level Density (cm-3) σe (cm-2) σh (cm-2)

Acceptor EC - 0.51 eV 4 X Φ 2.0 x 10-14 3.8 x 10-14

Donor EV + 0.48 eV 3 X Φ 2.0 x 10-15 2.0 x 10-15

*R. Dalal, G. Jain et al, PoS(Vertex2014)030 (2014).

#Only a small cross-section is used for faster 

simulations. Area-factor is used within the simulation 

code to take care of scaling wrt to a real device.

Pad Diode

- plane parallel structure

Simulation flowchart

d = 285 µm

Optical source: Red laser (660nm) of rise & fall time of 0.1ns, 

with a pulse width of 0.1ns, and 40MHz frequency, is made to 

fall on the pad diode from the front and the back side, for 

frontside TC and backside TC signal generation, respectively.

Signal collected across the terminator (50Ω) and ground, in a 

time window of 25ns.

*Mini-plenary Talk by Ashutosh Bhardwaj. XXIII DAE-BRNS Symposium 2016.
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Simulation MixedMode TCT circuit
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Simulated frontside & backside TCT signals
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Frontside TCT:

Electron signal

Backside TCT:

Hole signal

Fluence = 3e13 neq.cm-2

Fluence = 5e13 neq.cm-2

High electric field is at p+-n junction, i.e

high electric field at the frontside of the 

detector.

But, the TCT pulses show an increase in the 

electric field at the backside of the detector!

WHY?!

Reason: The space charge of the 

substrate has been inverted!!

Full depletion voltage 

VS Fluence

@10kHz, 293K



Comparison of
Measurements & Simulations

using TCT characterization
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Overlap of measured & simulated TCT signals
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• Cstray & Lstray are capacitance & inductance of the cables & connectors in the circuit

• Cstray & Lstray values were varied to overlap simulated signal with measured signal

Good agreement with measured results for: 

Cstray = 14pF, Lstray = 15nH

*G. Jain. Workshop on Contemporary Trends in High-Energy Physics and Experimentation. 

Department of Physics, Panjab University, Chandigarh. 10–11 March 2014.



Applications
- Pixel phase 2 upgrade sensors
- Low Gain Avalanche Detectors
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Charge Collection @ Pixel Centre
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Charge multiplication in LGADs
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Summary
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➢ The TCT setup using red laser is installed and commissioned at University of Delhi.

➢ TCT measurements have been carried out on two diode structures.

➢ To complement the measurements, MixedMode simulations were performed and the 

results are found to be consistent.




