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• Introduction
• Experimental Measurements @UH
• Device Structure and Physical Models 
• Simulation Procedure 
• Simulation Work Done :

Comparison Data to Simulation

“Two-Dimensional Numerical Modelling of MOS Test-Structures 
for C-V and G-V Characterization of Gated Diode”

• Unirradiated
• Irradiated (0.5 MGy – 10 MGy)
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Introduction

Requirements XFEL :

Flux of 12 keV photons: 1016 γγγγ/pixel ���� 1 GGy [109 J/kg]

Radiation damage and its impact on sensor performance:

- Bulk damage not expected (threshold is 300 keV)

-only damage in SiO2 and Si-SiO2 interface important ���� surface damage

-charge build-up in oxide
i.e. Nox (oxide trapped charge density and 
build –up of of interface trap density (Nit).

���� shift of flatband voltage (Vfb) 

���� high field (breakdown regions) at critical corners

���� dark current ����increases noise
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•Test structure: gated diode with 5 gate rings for surface damage

Ajay K. Srivastava Uni.- Hamburg

Experimental measurements @UH
Circuit for I/V ( Iox) and C/V (Vfb, Cox,Cinv,Cfb) measurement & 
--- Measurement for G/V (Nit)/TSC (Nit,σeff, energy level) of gated diode

4DPG, Munich, 10 March 2009
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Aim: Detailed simulation of sensor including radiation damage effects (Nox,Nit)

Software: 2-D Device simulation with ISE T-CAD DESSIS version 2005.10
(Device Simulation for Smart Integrated Systems)

5

Device simulation 

Device structure and physical models 

����
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MOS 50 x 300 micron
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and doping dependent mobility and high field saturation model, band to 
band tunneling
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Input physical and geometrical parameters used for MOS test-
structures AC simulation:

- Area of gate= 0.0404 mm2 ( taken from experimental measured gate diode)

- tox =400 nm (oxide thickness)

-ND = 1.28 x 10^12 /cm^3 (Doping concentration for n-type bulk Si) 

-AC frequency : 10-800 kHz with 0.1 ac voltage

- σeff (n/p) =7   x10^-17 cm ^2 (effective capture cross-section for charge carriers)

How Parameters used in the present work:

From measurement: Nox (oxide trapped charge density), Nit (interface trap density), Iox 
(surface generation current) 

Optimize to describe data: Et (trap energy), trap type

DPG, Munich, 10 March 2009 Ajay K. Srivastava Uni.- Hamburg 7

AIM: Describe C/V and G/V characterstics vs. frequency
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����Cp, Gp

Simulation procedure
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���� Compare results to simple analytical calculations for cross-check
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C/V curve almost agrees with 
experimental result at three 
different frequencies

Comparison data to simulation : unirradiated gated diode vs. 
frequency

Ajay K. Srivastava Uni.- Hamburg 9

� C/V curve independent of 
frequency

DPG, Munich, 10 March 2009
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G/V curve very sensitive to interface traps
���� from shape of curve ���� Acceptor traps 

Good description of G/V curve in                                
� Accumulation
� Flatband  
���� In inversion region: disagreement

10Ajay K. Srivastava Uni.- HamburgDPG, Munich, 10 March 2009

Unirradiated
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Simulation of irradiated device (C/V)
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Use measurements to estimate Nox and Nit

���� Simulation agrees with data

Simulated frequency dependence of Vfb
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Conclusion: irradiated

Ajay K. Srivastava Uni.- Hamburg 12

Vfb increases up to 5 MGy then decreases (if measurement after 
irradiation)
Vfb decreases with frequency for all doses 
Good description of C/V curve in accumulation and inversion
Shape of curve not understood (uniformity of irradiation, 

properties of traps)
G/V curve is problem.

DPG, Munich, 10 March 2009

Comparison of data to simulation: 0.5 MGy irradiated  gated diode
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Summary

•Simulation for C/V characteristics is in good agreement 
with experimental results for unirradiated and 
irradiated gated diode but  for irradiated gate diode, 
difficulty to reproduce C/V curve!

• G/V characteristics is very sensitive to type of 
interface trap and interface trap density at different 
frequency for unirradiated and irradiated gate diode . 
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Analytical calculation and High frequency model for C/V 
characterization of MOS

����

����
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���� Where, Cox , CD, Yit, CT, RT , CE, RE, Rs, Rs’, Cma, Gma, Cm and Gm are known as oxide capacitance, depletion layer 
capacitance, admittance, capacitance , resistance due to unwanted lossy layer, lossy layer capacitance, , lossy layer 
resistance, series resistance, total series resistance, capacitance in strong accumulation, conductance in strong 
accumulation, measured capacitance, measured conductance. Corrected cacapacitance (CC) and Corrected conductance 
(Gm):

Fig: High frequency model in the presence of unwanted lossy 
layer at interface (extension of Nicollian, E. H. / Brews, J. R. 
MOS (Metal Oxide Semiconductor) Physics and Technology).

Fig:MOS HF equivalent model.
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0.5 MGy ����

Simulation of irradiated device
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Frequency dispersion effect in 0.5 MGy and highly irradiated device.

Experimental C/V characterstics 
for 0.5 MGy

Experimental C/V characterstics 
for 1 MGy and 1 GGy

Exp. Result : E.F et al. IEEE NSS 2008
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