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Why 4H-SiC ?

|
Potential application for fast MIPs detection

Silicon & 4H-SiC
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Introduction of DEVSIM
|
€4 DEVSIM is a TCAD device simulation package written in C++, with a Python front end. It is capable for simulating 1D,

2D, 3D structures with models describing advanced physical effects https://devsim.org/

4 DEVSIM uses the control volume approach for assembling partial-differential equations (PDE’s)

4 Node model
The simplest model

npeo ..

4 Edge model
 Reference node models

defined on the ends of the edge

EdgeCouple

EdgeLength

4 EdgeNodeVolume

E(p) ..

€ Element Edge model
 Cannot be specified on both
nodes of the edge,

ElementEdgeCouple

1 (E), 1y (E) ..
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Advantages:

€ Open Source;

@ Strong expandability;

@ Easily interact with
Gennt4 for detector
simulation;

Drawbacks:

@ Finite element
physical equations
written by users


https://devsim.org/

Simulation roadmap

Geometry information
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Study the influence of traps , carrier
lifetime ... to leakage current Simulated C-V

Simulated |-V

Reproduce the leakage current in simulation
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4H-SiC PIN under study
T ]

A time resolution ar=94ps indicates 4H-SiC sensor has potential application of fast MIPs detection.

Geometry I-V performance C-V performance
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DEVSIM Simulation of 4H-SiC PIN detector
N

C-V performance & simulation I-V performance & simulation
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¢ Good agreement between measurement and simulation! ¢ | arge discrepancy between measurement and simulation!

€ Verify the geometry & doping input to SICAR is correct. € The influence of Carrier Recombination & Generation to

leakage current should be considered.
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Shockley-Read-Hall G&R to Leakage Current

Recombination I-V performance & simulation
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Bulk Defects G&R to Leakage Current
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Z1/2 electron defects observed by Deep Level Transient Spectroscopy (DLTS)

http://aip.scitation.org/doi/10.1063/1.114800
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Bulk Defects G&R to Leakage Current

Recombination
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Calibration the leakage current

. Use constant G&R rate to replace the complex traps effects.
Macroscopic defects may have a greater

impact on leakage current.
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Fig. 3. Calculated current only in portion around macroscopic defects, grooves of W=20nm. The 10 —700—600—500—400—300—200—1 OO 0]
value of electric field is taken at 600V. Reverse Bias Voltage [V]
https://doi.org/10.4028/www.scientific.net/MSF.725.53 Constant G&R rate 102 cm-3 Same Ieakage current level
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NJU 4H-SiC LGAD under study

Fluctuations of process

L5 P SIMS of NJU 4H-SiC LGAD
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Simulation of NJU 4H-SiC LGAD

€ To simulate the impact ionization of 4H-SiC LGAD, the Hatakeyama avalanche model was selected due to the

anisotropic behavior in 4H-SiC devices. _Yb
Impact ionization coefficient O = Yae
Hatakeyama Impact Model
s_: —— electron o . . ) . .
7% — hole The driving force F is defined as the straight electric field E
105-;
7] symbol direction value unit
S 104-§
§ a, c-axis 1.76 x 10° cm’
g b, c-axis 3.30x10’ V/ecm
g 103 a, c-axis 3.41x10° cm '
E 1ot b, c-axis 2.50%x 10’ V/cm
? a, a-axis 2.10x10° cm’’
0 <0001> b, a-axis 1.70x10’ V/em
10-t 4 - 7 a, a-axis 2.96 x10° cm '’
Elé(c)tricField [V/em] ° bh a-axis 1.60 x ]07 V/cm

o From database
€ holes share a greater multiplication rate than electrons

€ The impact ionization of initial holes dominates the carrier multiplication
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Simulation of NJU 4H-SiC LGAD

Effective doping

- SYNoPSys o S

3k O Measurement 4r- O Measurement

Foll St Meshed segment by simulation

& ma

Hatakeyama

Capacitance [pF]
Capacitance [pF]

0 100 200 300 400  -400 -30 -200 -100 0

Reverse Voltage [V] Reverse Voltage [V]

€ A certain gap between the designed doping and the effective doping concentration.
€ The calibrated effective doping concentration selected in simulation (Synopsys/ DEVSIM).

€ Good agreement between measurement and DEVSIM simulation of C-V for 4H-SiC LGAD.
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Simulation of NJU 4H-SiC LGAD

Measurement of leakage current
DEVSIM simulation of leakage current

NJU 4H-SiC LGAD
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@ A large discrepancy for Veo.

€ DEVSIM and SYNOPSYS simulation results at breakdown voltage are consistent
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Introduction of SICAR— 4H-SiC LGAD for MIP

9 SICAR (Sllicon CARbide): 4H-SiC device for MIPs

* Improve low gain issue of NJU Design of SICAR1
* Independent designed by RASER team [1]
. C; Thickness [um] Doping [cm3]
* Fabricate the 4H-SiC LGAD P i
* Prototype of SICAR1 Prt 0.3 2e19
N+ (gain layer) 1.0 lel7
Oxide | Metal Contact | Oxide Electric Field . N- (active layer) 50.0 1e14
P++ 0.3 um
N+ 1.0 um N buff 5.0 lel8
® (I.TD Distribution of defects
N-50.0 um
& l BD-L771D-29SY
QT_'—TA 24
Surface ; TN :
N++ Sub § . . Carrot
g: Ere— ® Triangle
Metal Contact v DIE

(Zmm*2mm)

Structure of SICAR1

92.2%

[1] RASER -
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Processing technology of SICAR1

Lithography mask

;ﬂ :i I & ] A P-electrode
H ’ E P layer
H . Gain layer
- ~ Oxide layer
i o A = - E— Ar!m:mqmn
=y Buff
SICAR1-2
= Substrate
rYrYYY o
Final structure
Name Type Size (um x ym)  Corner
Radius(um)
SICARI1-1 Single 5000 x 5000 500
SICARI-2 5x5 1000 x 1000 100 € Different device size correspond to different requirement
SICAR1-3 Single 1000 x 1000 100
SICAR1-4 2x2 1000 x 1000 100 . L
SICAR1-5 2x2 1000 x 1000 100 € Processing is in progress...
SICAR1-6 Single 1000 x 1000 100
SICARI1-7 Single 1000 x 1000 200
SICAR1-8 Single 1000 x 1000 500
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Simulation of SICAR1
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Summary & Plan
- -

DEVSIM Simulation:
1. Good agreement between measurement and DEVSIM simulation for 4H-SiC PIN.

2. Deep level defects aren’t the main factor affecting the leakage current.

3. Good agreement between the DEVISM simulation and SYNOPSYS simulation of the 4H-SiC LGAD.

NEXT:

1. Independently develop the 4H-SiC LGAD (SICAR)

2. Combine the macroscopic defects in DEVSIM to calibrate the leakage current.

3. Calibrate the breakdown voltage of the 4H-SiC LGAD.

Thanks for your attention!
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Backup
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DEVSIM and SYNOPSYS simulation of NJU 4H-SiC LGAD
|
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a particles detection of NJU 4H-SiC LGAD of NJU 4H-SiC LGAD
|

Collected charges spectrum for v2 Simulated electric field for v2
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» No collected charges increasing by increase of voltage. -> No gain observed that agrees with the

simulation by effective doping.
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