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[PUNRIDUE .anar Silicon Detectors—Different Technologi’

THIVERSITW.

p-on-n : n-on-n : n-on-p :
e Collects holes e Collects electrons e Collects electrons
e Single-side processing e More radiation-hard than e Might be as radiation-hard
e Lowest cost p-on-n as n-on-n
e Most production e Double-side processing e NO substrate type inversion
experience (All strip e More expensive e Single-side processing
detectors at e Some large scale e ~50% less expensive than
ATLAS/CMS/ALICE, production experience n-on-n
Tevatron, etc.) (Pixel detectors at e Limited production
e Available from all ATLAS/CMS, LHCDb VELO) experience
foundries e Limited suppliers e More suppliers ?
il Il Il Il EEEEEE-. p+ i Il lEE . Il EEEEsE Nt
un-depleted depleted W e
p- P

depleted
h un-depleted
n+ p+

_ _ n-on-p geometry
——p-0n-n geametry (after type inversion) n-on-n geometry ( after type inversion)

11/18/2009 O. Koybasi CERN RD50 Workshop



e Damaged cutting edge is a very effective generation center

e Edge termination to shield the sensitive region from dice line leakage current

e Guard rings allow uniform potential drop along silicon surface and prevent
localized breakdowns

e Qutermost wide p+ implant to prevent depletion region from reaching out the
edge

e Simulations were performed with Synopsys Sentaurus to optimize the design. A
fixed oxide charge of of 4x10* cm2 was assumed

E-field maxima

n-0n-p. cutting

edge

sensitive | 15 5 5 8 8 10 15 30 ~300
region
AY diode
[]p- silicon [Jjj n+ silicon [ p+ silicon [Jl] oxide [ aluminum I! ‘
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Eﬁﬂ. Guard Rings for n-on-p Technology -
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Plots taken at a depth of 100nm from the silicon/oxide interface
de-11
e For Q,, < 4x10* cm=?, decrease in breakdown 0 he -1
. . . ; ; . iy -1
voltage is mainly due to non-uniform distribution o
of potential along guard rings E
(=

e For Q,, > 4x10% cm=?, decrease in breakdown
voltage is mainly due to steeper potential drop at
each guard ring
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Modeling of Radiation Damage

Jir JD%‘DUF.

ITERSIT W

University of Perugia Model (Petaseccaet al.)

LX) Ec

Conc(cm™) =77

Type Energy [ Trap | o, o, 1
(eV) (cm?) (cm?) (cm?)
O O ONONONONON I
Acceptor | E-0.42 | VV | 2.0%10% | 2.0*104 | 1.613 >
© ONONONONONONON N Bl
Acceptor | Ec-0.46 | VVV [ 5.0v10%5 | 5.0*104 | 0.9 "//'
Donor Ect0.36 | CiOi | 2.51014 [ 2.5%10%5 [ 0.9 ~

\ooqooooooo

»

Donor level: Trapping of free holes

OO0

Ev

Acceptor levels: Leakage current, negative charge (N.gx), trapping of free electrons

Predicts increase in leakage current and depletion voltage accurately but not carrier

trapping
_ _ Perugia Model Modified by D. Pennicard
rrier Trapping:
Carrie apping Type Energy | Trap | o, oy n
—_ ﬂ o) 'B h = Vthe’ha' hl7 (eV) (cm?) (cm?d) (cm?)
= e, e,
Te h e’h = Acceptor | Ec-0.42 | VV | 9.5*10% [ 9.5*1014 | 1.613
Space Charge: - n G hh c Acceptor | Ec046 | VWV | 5.011015 | 5071014 | 09
_ ~ & _,-hh &
Netrap = Ntrapfn = Nirap exp( 4) n * e exp[ 4} - , ,
i [9eVth Donor | Ect0.36 | Gioi | 3.23*10% | 3.23*10% | 0.9
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PUNRDUE .st-lrradiation Performance
THFIVERESEITT
E-field maxima
cutting
edge

n-on-p:
sensitive | 15 5 5 8 8 10 15 30 ~300
region
AY diode
[]p- silicon [Jjj n+ silicon [ p+ silicon [Jl] oxide [ aluminum I! ‘
« Simple design with no metal over the rings le_08 ____ NoField Plates
. . . - = 1
» Easier to have passivation to protect =
reaqlout chip ’g"‘ ge-05] : '
* Results in too low breakdown voltage H ] -
- - - N g .
* Increasing surface conductivity from 2 cc_0o ] E 1 Q,=lel2cm?
increasing oxide charge = the potential & = 1
drop at each p+ guard ring becomes f E
H I
= [ Fluence
\gr‘ ]
Y mmm]el5n/cm2

steeper = higher electric fields.
» The depletion region might not reach

the outer guard rings. Potential is
shared between less guard rings =
0

higher electric field
CERN RD50 Workshop
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ﬂ.st-lrradlatlon Performance & Field Plates.

THIVERSITT
E-—fll’_‘|C max'mj _ 1000 V, @1E15 n/cm2

3

i
eDensity
1.1E+18

3.4E+14
1.0E+11
3.0E+07
9.0E+03

O 5 cticon W avsiicon W pisiicon Wonde W aiuminum T o 2.7E+00
e . . With Field Plates
» Reduce the electric field after irradiation 1=-08 7 ey
with field plates pointing towards the _ [ Bluence-6elin/ o2
sensitive region 5 82-0° ——
» The field plates are at lower potential 2 0. ~1e12cm?
than the underlying silicon as the E 62-02] o
potential drops from the active region ~
towards the edge =MOS =
* The electron layer disappears at the §
silicon/oxide interface on the left of 5
the p+ rings
» Larger E field in the oxide = larger 0O 200 400 €00 80C 1000
breakdown voltage Voltage (V)
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. Fleld Plate Length & Oxide Thickness .
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e Low breakdown at Q,, = 2x10'?cm-2regardless of field plate length
e 2um thick polyimide passivation on the top of oxide?
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PU DR . 3D Detectors

UNIVERSBIT Y-

e Proposed by Parker et al. (1995)
e p+ and n+ electrodes are arrays of columns that penetrate into the bulk
e Lateral depletion
e Charge collection is sideways
e Superior radiation hardness due to smaller electrode spacing:
- smaller carrier drift distance
- faster charge collection
- less trapping
- lower depletion voltage
e No edge termination is required
e Complex, non-standard processing

+ve + K +
Planar 3D © T 5

n-type 4

J electrode

elez 1

? ) 300
Lightly | pm

doped

: holes b- type

silicon

b R / p-type
electrode \ 4
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P BDWE. 3D CMS Detectors

THIVERSITW.

e First 3D detectors fabricated at Stanford Nanofabrication Facility

e Recently processing has been transferred to SINTEF as part of the 3DC collaboration
(Stanford is still contributing the polysilicon filling and consulting)

e 3D CMS detectors

— 2 different layouts

— fabrication of wafers completed at SINTEF

— currently 4 wafers have been bump bonded at 1IZM

— final removal of support wafer is an issue

— CMS sensors will be characterized first at Purdue
and then with a beam test at FNAL

4 electrodes / pixel 2 electrodes / pixel

— Substrate thickness = 200, 280um
— Substrate resistivity > 10000Q.cm, p-type

— p-spray isolation: 6x10%cm-?, 60keV, through
a 60nm oxide. Annealed at 900°C for 30 minutes.
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IPUNRDUTE

THIVERSITW

2E configuration 4E configuration

1. 2 and 4 column pixels
« Different distance between n+ and p+ electrode
2. Not possible to implement a bias GRID
 Need for atemporary metallization to short all the pixel together
« To bereplaced before bumping.
3. Devices were simulated with Sentaurus

11
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PURIDUE, -rocessmg of 3D Detectors at SINTEF-

UNIVERSIT T
e p-spray implant
e Wafer bonding by direct fusion bonding

e Deep Reactive ion etching (DRIE) & polysilicon filling and doping of electrodes
— n-type electrode etching & filling
— 300nm thermal oxide barrier protection
— p-type electrode etching & filling

e Metal layer deposition & patterning

e Passivation layer of 0.5um oxide and 0.25um nitride deposition by PECVD &

patterning

After filling holes with polysilicon

12
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E el E@E 3D Sensors: IV charac

Wafer B2-1 - CMS 2E Wafer B5-CMS 2E

10.00 20.00 i

9.00 ! 18.00

8.00 200 um . 16.00 280-um
T 7.00 || T 14.00
S e = = 10 " e
§ —— = | —a—3
E 5.00 ; z §1UUD H
&) a 4 g
& 400 ] 4 & 800 ;
E 500 }; ——11 § _— Hlf ——11

_*/ 400 '
200 i
. : : : : : , | 0,00 et T : : :
0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160
Bias Voltage (V) Bias Voltage (V)
IV measurement made at SINTEF
1. Leakage current in the order of 1 uA/cm? before breakdown (100
nA/cm? at Vq,)
« Thereis atheory that some of this current might be due to the
temporary metal layer
 To be verified after bumping
2. Depletion voltage around 15-20 V
____________________________ 13
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PURDUE -Iectrodes/pixel vs. 2 electrodes/pixe

THIVERSITW.

4e-15
J = jelectrodes/pixel
2 electrodes/pixel o 4 electrodes/ pixel 1 ==—2electrodes/pixel
E: 3e-15 +
o ]
¢]
o 1 o=0
@ 2e-154
h ] Q. =4ellcm
o (=) o o [=) o v N
o o © < « @
- bias (p+) o le 15—-
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300 0 T T T T T T T T T T T T T T T T T T T
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= 200 - @ i = jelectrodes/pixel
o
E . 4e-074
>O 150 + :1:‘ J
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% " c 2
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11/18/2009 O. Koybasi CERN RD50 Workshop



Charge Collection

PURDUE ]

HIVERS2IT W

e Layout: 4 electrodes per pixel mi i}
e 200um substrate thickness ] . - .
oV, . =-150V ]
e Minimum lonizing Particle (MIP): £ .

— travels vertically through the substrate thickness % §

— track generates 80 electron hole pairs per micron 5 MIP through n+

— Gaussian lateral profile with 1um standard deviation £ | | (readout) .

— > 99% of charge generated within a radius of ~2.1um 8 1 MIP through p+ .
MIP through midway between n+ and p+ electrodes { (bias)

===Fluence=1lelén/cm2 0.011_EI12 C eI EmM aB1s iES
=== Fluence=1el5n/cm2 Fluence (n_lom 2)
le-05 - = F]uence=1leldn/cm2 eq

— 17

Sy _

- 16 = )

E —~ 15

] L .

E Ee-06 g 14__

J g 13

8 12 5 -
% 11 MIPthrough
— ® 104 midway
2e-10 de-10 6e-10 8e-10 le-09 o
Time (s) —_— —
10" 10" 10" 10"
———————————————————————————— Fluence (n_ fcm %) 15
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PRI, -e Collection as a Function of MIP ‘

UNIVERSBIT Y-

e Layout: 4 electrodes per pixel

e 200um substrate thickness
® V., = -150V

e P=1x10%n,,/cm?

9
8
; 7
10
. 6
B ™
x ] b
5
b ] 4
2] =
0] 2
1
0
____________________________ 16
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IEURIDWIE .am test at Fermilab
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|SCB’T[{.LAIORS ‘ ‘ DUT ‘ | PINEL PLANES |

ACCELERATOR
CLOCK

BEAM

1.3V POWER == CLOCK AND
SUPPLY b= TRIGGER
DISTRIBUTION
lTELESCDPE ENCLOSURE

Telescope
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s UBDWE. Conclusions

THIVEREEITW
Guard rings for n-on-p sensors :

e Proposed guard ring design with field plates can sustain reverse biases up to ~900V at
®=1e15n,,/cm? and saturated Q,,=1lel2cm™=.

e Too low breakdown voltages for saturated Q,, = 2x102cm?

e Optimize guard ring structure to give best performance for high oxide charges within the
limits of design rules (current structure optimized for Q,,=4ellcm-2)

e Polyimide passivation on the top of oxide

3D CMS detectors :

e Columns become dead regions at ®>1el4n,,/cm?

e CCE highest in regions between electrodes (~ 9 ke at ®=1e16n.,/cm?) and lowest near
cell edges (~ 5.5 ke~ at ®=1el6n,,/cm?)

e 2 columns / pixel geometry:

— lower capacitance between readout electrodes (~0.7fF at ®=0, Q,,=4ellcm2)
— less dead volume (~ 4% of total volume)

e 4 columns / pixel geometry:

— faster charge collection

— less trapping at high fluences
— lower depletion voltage

— higher breakdown voltage

— larger capacitance between readout electrodes (~3.2fF at ®=0, Q,,=4ellcm2)
— larger dead volume (~ 8% of total volume)

18
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