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OUTLINE

3D Simulation tools

Simulated 3D detector structures

— BNL one-sided single column
« Comparing with Trento single column

— BNL one-sided dual column

« Comparing with Trento/CNM 2-sided dual
column and UH dual column

Advantages and disadvantages

Summary



3D detector simulations

e Silicon radiation 3D detectors were
simulated In three-dimensional with
simulation software Silvaco

— DEVEDIT3D

Used to define the detector structure by
defining the mesh, material regions and
iImpurities

— DEVICES3D (ATLAS)

Same as S-PISCES in ATLAS 2D, the device
simulation, used to solve device parameters



* Inthe all cases, the bulk was p-type.

3D detector structures
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Four different 3D detector structures were under investigation.
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b) BNL dual column

ToayPlotio : juhometanjapid_mdiatdon/dual_column_3d_LE12_1_CNMTrenio_chsiop-5V. st =limix
Eile Edit View Toos tielp

ECIEEC LR YL BT

5i0-2
Alurvinum
Silicon
[None [TomyPlotiD 3.4.1.R © Silvaca 2007 ¢

c) Trento single column

ATLAS
Data from dual_column_3d_1E12_1_CMNMTrento_chstop-5V.str

]

Matenals:

Sil-2
Aluminum
Silicon
|None TonyFiot3D 3.4.1.R © Sivaco 2007 g
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BNL Single N-type column one-sided 3D
detector

BNL

One unit cell has two n-type columns (270um) on the opposite
corners, and they are surrounded by p-stops

Two other corners have p-implants (0.5um)
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BNL Single N-type column one-sided 3D
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BNL Single N-type column one-sided 3D
detector (5V)

Cutplane View
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Cutplane View
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t3 Make an arrow to show where the most of the high field is (fronside-BNL, backside-Trento)

Explain that the cut is same only the scale is changed to see more accurate the field
tanjap, 4/13/2007
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BNL dual column one-sided 3D detector
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Comparing dual column 3D detectors (40V)
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Comparing dual column 3D detectors (40V)
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Comparing dual column 3D detectors (40V)
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Comparing dual column 3D detectors (40V)
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Comparing dual column 3D detectors (40V)
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Comparing dual column 3D detectors (40V)

BNL

Trento/CNM

Cutplane View

Cutplane View

_| Interactive

_| Reverse Y

| Swap X-Y

Cut Plane from dual_column_3d_1E12_1_CNMTrento_chstop-40V.str

70 x

—Cutplane Settings —Cutplane Settings
Panange: 7 o [ 5o Panange: 7
Prch g [ N Pich g [
Elevation: I[].QS -1 _II 1 Elevation: IO.QS
Drag Type: I Interactive Drag Type:
—Axes Settings —Axes Settings
_| Reverse X _| Reverse Y _| Swap X-Y _| Reverse X
Cut Plane from two_columns_3d_1E12_1_chstop-40V.str
0 70 0
a X o
Electric Field (v/em)
5000
3750
n 2500 4
7 i
Materials: 1250 Materials: )4(
D Silicon 0 D Silicon

Export...

Electric Field (¥/cm)
5000

3750
2500
1250
0

Exporl...l

299 um from the front surface

Electric field




Dual column 3D detector, 5V, hole concentration and electric field
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Dual column 3D detector, 100V,
eIectrlc field between n colum’ns

ppEAAFE %3, AHL_
LE15 “.'s'! ooy, Data from dual €o 4 F N

BNL CNM, Trento UH, Parker et al.

Profiles are similar, minor differences on surfaces



Advantages and disadvantages

e 1-column vs. dual column

— 1-column: one-sided process (BNL: true
one-sided process); one-sided access;
wafer mechanical strength; more rad-hard
than 2d

Non-uniform e-field along the column, not
super-radiation hard

— Dual column: better e-field, super-
radiation hard

Complicated processing

e BNL 1-column vs. Trento 1-column

— BNL: true-one-sided process; high e-field on the
pixel side; some high e-field can be developed
along the junction column at high voltages




e BNL dual-column vs. UH dual-column

— BNL: true one-sided process,; one-sided
access; wafer mechanical strength;
sensitivity under the columns (reducing
the dead volume)

e BNL dual-column vs. Trento/CNM dual-
column

— BNL: true-one-sided process

— Trento/CNM: 2-sided access: separation
of two different high bias voltages

double-sided process
« E-field profiles are all similar



Structure E-field | Rad- | Mechanical | Processing | Accessibility | Sensitivity
profile | hard |[integrity under the
column
Std 3d Good Super | No Difficult One-side No
(UH)
BNL dual-C Good Super | Good True one- One-side Some
sided
Trento/CNM Good Super | Good Double- Two-side Some
dual-C sided
BNL single-C | Low Good | Good True one- One-side Some
field on sided
the back
side
Trento Low Good Good One-sided One-side Some
single-C field on
the front
and

center




Conclusions

BNL one-sided single column and dual
column 3D Si detectors have been simulated
In detail and compared to various 3D
detector structures.

Dual column detectors are best in the
radiation-hard, but single column detectors
are easler to process.

Disadvantage of these single column
detectors is the non-uniform e-field.

n BNL single column 3D detectors, some
nigh field can be developed along the
junction column.




