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What is TRACS

= TRACS is a fast simulator of transient currents in Silicon. What does “fast” mean
here?

Reduced accuracy:
Currents calculated using Ramo's theorem

Radiation damage is parametrized in Neff

No continuity equations are solved

Tries to be efficient, where possible:
Laplace and Poisson equations are solved using efficient Finite Element
open-source libraries (Fenics).

Carriers transport only by drift (no diffusion yet). Runge-Kutta-4 method from
BOOST libs

* Why another “fast simulator”?
At the time of writing the 1°' line of code of TRACS:

1) We did not know of the existance of Kdetsim
2) Waveform2 was at the beginning of its development

Marcos Fernandez, 2™ TCT Workshop, Ljubljana, October 18" 2016



Google

We still need some marketing...
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Electro thermal transient simulation of silicon carbide power ...
ieeexplore.ieee.orgl.../abs_al... Institute of Electrical and Electronics Engineers ~
by BN Pushpakaran - 2013 - Cited by 1 - Related articles

Electro thermal transient simulation of silicon carbide power MOSFET ... blocking
voltage of 1200V and a rated drain current of 1A at 100A cm2 current density.

Simulation of Alpha Particle Impact on NP Silicon Junctions
www.inf.ufrgs.br/~... ¥ Universidade Federal de Ciéncias da Salde de Porto... =
Introduction. When a high energy particle hits a PN junction inversely biased, a charge
may be collected by the node and a translent current of hundred of ...

Silicon Validated Sign-off Accuracy - redhawk features - Ansys
www.ansys.com/.../Simulation.../Silicon+Validated+Sign-off+Accu... + Ansys ~
image of RedHawk vs. SPICE transient current simulation correlation View larger
image. ANSYS RedHawk vs. SPICE transient current simulation correlation ...

FOFl arXiv:1407.2761v2 [physics.ins-det] 2 Oct 2014
arxiv.org/pdf/1407.2761 + arXiv ~

by C Scharf - 2014 - Cited by 2 - Related articles

Oct 3, 2014 - The method has been applied successfully for the simulation of ...
Keywords: silicon pad sensor, transient current technique, transfer function, ...

Oct 2016

silicon transient current simulator X n
All Images News Wideos hopping More - Search iools
About 27,100 000 results {0 .59 seconds|

Transient Simulation of Silicon Devices and Gir{:uits
dl,am.or\g'mamndm‘hd'?m:’i? Associafion for Compufing Machinery ~

by RE Bank - 2006 - Cried by 306 - Related arfides

Transient Simulation of Silicon Devices and Circuits ... The current siatus of semiconducior device
simulation at NTT s described. Device simulators at NTT are _..

5-Pisces - 2D Silicon Device Simulator - Silvaco

wirw sivaco comiproductsfvwliafiasispiscesispisces_brhiml -

5-Pisces” is an advanced 2D device simulator for silicon based lechnologies hat incorporates ...
Transient caboulation ofinfrinsic swiiching speeds and T va.

Atlas - Device Simulation Framewaork - Silvaco

warn sivaco comiproductsicad/device_simulation/aflasBfias himl -

..and 30 device simulator fat periorms DC, AC, and transient analysis for silicon, ...
of e properfes and behavior of new and current devices.

understanding

FOATransient Analysis of Silicon Carbide Power MOSFET by Bejoy ...
hiips:fiu-ir dl orgfMu-inbitstreamhandleZ 346/ JPUSHPAKARAN-THESIS pdf?... =

by BN Pushpakaran - 2012 - Ciied by 1 - Related ariices

Transient Anakyses of Silicon Carbide Power MOSFET by. Bejoy Nanampully Pushpakaran, B.Tech ...
FACTORS AFFECTING THERMAL SIMULATION . ... 143 PEAK CURRENT = 5A PULSE WIDTH=
50 pps TAMBIENT = 300K .. T8

IEEE Xplore Abstract - Electro thermal transient simulation of silicon ...
ieeaxplore jeee orgl. farbdeDetads jsp?...  Insiiuie of Elecincal and Elecironics Engineers =

This research focuses on fhe transient performance of N-Channel Silicon Carbéde . Each
simulation was performed using a current pulss generated frough an ..

Advances in Mathematical Modeling and Simulation of Electrochemical ...
hiips:thooks google combooks Tishn=15667T2044

John William Yan Zee, Elecirochemical Socisty. Indusinal Eleﬂ'oh'srs and Electrochemical Enginesring
Dinvision, Elecirochemical Socety. Energy Technology Division - - Cathodes
TRANSIENT CURRENT MEASUREMENTS ON THE SHHF EYETEMAE DIRECT . fhe dissolufion of
silicon in fuoride elecinolyies causes current oscllafions .

Slllc:o n-on- Insulator Tech nology and Devices X: Proceedings of the .
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= But the main goal of TRACS is not only to simulate but to fit
measurements. We want to use TRACS as a parameter extraction tool
from measurements

Edge-TCT/TPA measurement

TRACS

Typical 300 waveforms, Az=1 pm

At=50 ps, 15 ns window _
Several bias voltages [Neff(z), T] as starting parameters

y y

00um 10ns
Z Z[ MEAS t z, Vbzas)_]TRACS<t’Z’Neﬁ’< ) T, Vbzas)

Challenging computer simulation:

An edge-TCT simulation like described above is 45 min in a recent 4 cores machine
Fits are iterative processes. Up to 1000 iterations may be needed

We need to speed things up, without scarifying more physics accuracy

Go parallel g

Marcos Fernandez, 2™ TCT Workshop, Ljubljana, October 18" 2016



Past, present and future of TRACS

Up to summer of 2016, TRACS was only developed by summer students at the CERN-SSD :
2014: Pablo de Castro, first usable version including GUlI and Command Line

2015: Alvaro Diez, Radiation damage parametrization (Neff(z), trapping).
First interface class for TRACS as a toolkit.

2016: Urban Senica, Parallelization of TRACS using C++11 multithreading support

Since september 2016; there is a new CERN-IT fellow (Julio Calvo) working full time in
TRACS. Goals are:

1) Ease TRACS standalone installation. Done! Just copy/paste commands in linux shell.
https://github.com/JulesDoc/Tracs/

2) Improve parallelization scheme. Done!
Now TRACS can run in machines with N cores.

3) TRACS toolkit. User must be able to call TRACS from its own code.
First client is now the fitting program.

4) TRACS service to RD50. We just created tracs32, a CERN-Virtual Machine
with 32 cores for parameter estimation

5) Further improvements. Diffusion, p-stops, information exchange with TCAD — 2016/


https://github.com/JulesDoc/Tracs/

Tracs32 performance
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Summary and perspectives

TRACS simulation has gained momentum thanks to new manpower

Parallelization implemented in the code. TRACS tested in machines
with up to 32 cores

Work is ongoing. We want to have fitting machinery in-place and tested
for RD50 workshop.

1 year of development ahead of us.

User comments and suggestions are welcome
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http://fenicsproject.org/
http://headmyshoulder.github.io/odeint-v2/

TRACS three-folded operation mode

~fpessd30/TRACS-
/T

Potentials = Fields | Currents Carriers = Full Simulation
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+ toolkit mode

Now TRACS methods are made into a library that can be externally
called from user code.

First user: fitting program
11



TRACS simulation example: Two Photon Absorption TPA-TCT
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https://indico.cern.ch/event/334251/session/1/contribution/33

Trilinear Neff model taken from:

M. Swartz et al., Simulation of Heavily Irradiated Silicon Pixel Detectors, SNIC
Symposium, California, 3- 6 April 2006
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Figure 2: The space charge density (solid line) and
electric field (dashed line) at T' = —10°C as functions of
depth in a two-trap double junction model tuned to

reproduce the @ = 5.9 x llill‘ineqit:rn_E charge collection
data at 150V bias.



Fit of the CCE curve

Trapping model: CCE versus rev. bias voltage
1

—dN = N dt 8 feldindependent | 8 lincarly field dependent
T (E(X(‘[))) 0.5 trapping time LT g g trapping time I
- EPIST
e | d =150 pm .
. . e e RMS Deviation: | %7 d=2-10" em™ RMS Deviation:
Different possible I 0.0276 | 0.0014
pa rameterlsatl ons Of T:“. - — ""' ,'.". simulation -.,-;nil‘ fitted trapping tims 0.7 _'=..|-Tr!.la_‘.m1r ,-||-. flf'rz-d trapping time
=T 085 . AT oer | —p =0 450 re um
..-"""H-'H -.rdata _..-—-d':‘-l"r'ﬂmr.?-?-#m-. -“
T =T - ,.—E.r,‘..f‘.‘.'.".'.'.r.r.f.ﬂ. L .1.:'.%|;.I].1 o es fete
- =7 +'|: E ________,.,---""' W 00 0 &0 T 500 uﬁ "abd"lidd"'sﬁ-u""sﬁd"?du""aﬁn"'hu'g[;”
=1 ’ I
11 =1y + 1, E - EPISTIC i
— T~ - o.a - trapping probability :
1,-[ - 1/TD + 1/T1 I's!dr(E) """-.__'___-1“-”-‘ Z:;I;E‘:]D i .-?-::;-:j:’y_,_u-*"
= —_ L __:.Hﬂ.l-:'i em= j_.fff RMS Deviation:
oy —~—_ : 0.0048
- fit simulated CCE curve to ~—e / -
the measured CCE values Lf £ o o raping tme
. [ . 1, = 22,36 ns- 22
- free parameters: 14, T4 S

= best parameterisation:
t=1,+174 E

300 400 500 GO0 700 BOD 900
U

Thomas Pohlsen, Charge Collection in Si Detectors 13
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