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The ATLAS pixel sensor

* n+/n sensor (n bulk, high resistivity)
 P-Spray or p-stop insulation of pixel’s n doping regions
* p-n junction on back-side
e Multi-Guard Ring Structure on back side with controlled voltage
drop
* 22 ring with increasing pitch from 20 to 50 microns
 p-doping structure

12ad ot chip

Sustain high over-depletion Voltage
* Good radiation hardness
* MGRS allow long term stability

ponzected to grouzd (IV) rzad ont electroncs conzected fo ground

e Double-sided processing needed
* more trapping than p type material
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The ATLAS planar pixel sensor & b-layer
replacement, S-LHC

S-LHC consists of a |0-fold e
increase in luminosity S

Inner layer will see N S —

10'®neq/cm? S —

—_—

Increased occupancy (x10) I g o
Z [cm]

Electronics and sensors need A | H->ZZ 5 uuee event with M= 300 GeV for different luminosities
redesign to operate in these o] o [es]

conditions

Planar pixel has proven to be
radiation hard , improvement
are possible




Improving tracking by ATLAS pixel

» Material budget (X,) is the critical
parameter of the pixel detector design

> Lower X, means less multiple scattering, hence higher outer
layer spatial , P resolution

> Minimize bremstralhung photon production

e Reducing sensor overlapping and sensor thickness will
reduce the Xo and simplify the layout.
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Multi-Guard Ring structure (MGRY)

e Guard ring structure serve multiple purpose:
* Collect edge & surface current
 Ensure a gradual potential drop towards the
edge of the sensor and prevent breakdown
due to high electrical field

e Guard rings is an unsensible part of the sensor
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Our goal is to simulate different MGRS , minimize E field
and unsensible zone of the sensor while keeping the protection from edge
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Guard rings

e Can be represented as serial connection of p-enhanced MOSFET
with gate connected to source

e The ring are left floating , potential drop is created by
punchthrough

e Breakdown occurs when potential drop between two ring is larger
that the p-MOSFET punchthrough threshold

e Geometry must be optimized to ensure a smooth potential drop,
provide good depleted volume under edge pixel
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SILVACO TCAD simulation

qﬁzq(G ~R,)+V-J,(nV, k1)
* We use a commercial product that solve d A T
. . . . . d -
drift-diffusion equation coupled to Poisson 4" =a(G, ~R,)+V-T,(p.V.u,.1)
equation in our geometry Jop=0-(n.p)- 4, ,E+0D, V(n, p)
Rn,p = :E: F%
R- — pn_ni2
* We built a parametric model to sweep | (er i)/ n e
ri(p+In,e H)+7m(n+‘JL‘ff“0
different parameters and optimise MGRS Gy, = Gy + Goon Gy

Simulated cut plane

P-spray layer N+ pixels
Acceptors (3x10"° cm™) / Arsenic (1x10" cm™)

| ANAAAP
\

. High voltage
. electrode

\
\_N-bulk silicon P+ guard rings & HV electrode
Donors (8.2x10" ecm®)  Boron (1x10™ cm™)
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Simulation model

* Concentration dependent Shockley-Read-Hall
Generation-Recombination

> Leakage current, depletion

* Concentration & Electric field dependent mobility

> Taken from experimental data on Silicon

e Band-gap narrowing

e |Impact ionization

° Simulate breakdown due to high electric field




Boudary conditions

Dead edge

| Pixels |
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Guafd rings

Periodicity
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Symmetry

» Oxide-Semiconductor interface : No current, fixed charge layer Q=1lel2

* Pixels and High-Voltage contact : Ohmic contact, fixed potential

e Guard rings : No current

e Symmetry periodicity: No Electric field perpendicular to surface



SILVACO TCAD simulation

Damaged edge
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Lateral depletion width (W)

To optimize the sensor geometry, we swept through :
* Number of guard rings (10 to 16)
* Spacing for GR kept as actual (from 15 to 8 microns,
|0 microns wide )
* Sensor thickness (100 to 300 microns)
» Dead edge width (50 to 400 microns)
We look at :
e Electric field distribution
* Depleted volume
e Current
* breakdown voltage




Fotential

Potential vs. X (¥: Oum from bottom)

Some outer GR

I I
GR_Chicago_depth=200_ng=10_edge=200
—— GR_Chicago_depth=200 ng=11_edge=200
GH_Chicago_depth=200_ng=12_edge=200
| T GR

Chicago_depth=200 ng=13_edge=200 ||

could be removed

Depth= 200 microns
Dead edge = 300 microns
Bias voltage = -500V
Variation from 10 to 16
guard ring

GR_Chicago_depth=200_ngr=14_edye=200
GH_Chicago_depth=200_ngr=15_edge=200
5R_Chicago_depth=200_ng=16_edge=200

Adding guard rings
doesn’t influence
first potential drop

250

500

GREpacing Experiment. in




Potential distribution

Potential in guard rings, 10 GR. 10 microns edge, 150 microns thickness

We can simulate the .
formation of =1
breakdown due to B
avalanche formation by -
impact ionization -

GR1 Voltage (V)
GR2 Voltage (V)
GR3 Voltage (V)
GR4 Voltage (V)
GRS Voltage (V)
GRE Voltage (V)
GRT Voltage (V)
GRE Voltage (V)
GRE Voltage (V)
GR10 Voltage (V)
HW Voltage (W)

........

Inflexion in the guard potential curve is
correlated to breakdown formation
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Potential distribution

» Guard ring are essential for HV operation

-2
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Electric Field in oxide

w10’ EField vs. X (Y: Oum from hottom)

Depth= 200 microns
Dead edge = 300 microns
Bias voltage = -500V
Variation from 10 to 16
guard ring
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Breakdown field in Oxide = 5-6MV/cm




Electric Field in Silicon
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w ot EField vs. X {Y: 2um from bottom)

Depth= 200 microns
Dead edge = 300 microns
Bias voltage = -500V
Variation from 10 to 16
guard ring

Breakdown field in silicon= 0.3 MV/cm




Electric field and breakdown

295000

290000

In Oxide

275000 \ wt==depth=150
270000 -———XS——ﬁ—j;f/’T\mv/\ dopth=200

265000

I&?N
2 &
2 o
o O
o o

Bectric Field (V/icm)

260000 !

Numbsr of guard rings

220000
210000

200000 ——

190000
180000 In Silicon e depthe150

170000 depth=200
160000
150000

Hectric Feld (Vicm)

10 I 12 13 |4 15 18
Numbar of guard rings




Electric Field and breakdown

Electric Field Safety Factor - SFmin=1.10?9 (x=246.125pm, y=150pm} - Scale: linear

' T
I caicty factor
x Min. safety factor
Structure

Breakdown field in silicon= 0.3 MV/cm
Safety factor < | = breakdown probable
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Lateral depletion

Depletion width
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*Only depleted volume is sensible to
particle passage

e Space charge region must not
reach cutting edge, to prevent lateral
breakdown

¥ Lateral depletion width




Lateral depletion
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In most configuration,
dead edge must be at
least 200 microns to keep
space charge region away
from the edge.




Conclusion

»  We simulated potential distribution, electric field and depletion for many
variation of the ATLAS planar pixel sensor

*  We show that reducing the number of Guard rings down to | lcould still
provide breakdown protection up 500V bias

*  We show that a 200 microns dead edge is minimal in this configuration to
avoid lateral breakdown

» Test structure must be produced to verify and fine tune our simulation

* We will explore how spacing influence breakdown and will explore how
radiation damage affect the guard ring behavior.

Thanl< you !

Physicist
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GR1 Voltage (V)
GR2 Voltage (V)
GR3 Voltage (V)
GR4 Voltage (V)
GRS Voltage (V)
GRE Voltage (V)
GR7 Voltage (V)
GRB Voltage (V)
GRS Voltage (V)
GR10 Voltage (V)
GR11 Voltage (V)

HV Voltage (V)




