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Need to start Large-Scale Production: HPK

Silicon Detectors for the High Luminosity Upgrade
 What are the operational
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characteristics of irradiated — PR AL
n-on-p FZ detectors? N-strVUP-stup N-strip

— Can adequate strip isolation /%o B_bullc
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be achieved after irradiation?
— Does it depend on specific
surface treatment? (p-spray,
p-stop)
— Do detectors with better strip
isolation have lower
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P-backplane

* Signal collection requires
- High voltage operation

breakdown? * Higher rate of particles requires
- Are Comphcated punch_ = hlgher segmentation of detecting electrodes
through structures needed for -acceptable/datZiEIE

 N-strips in P-bulk wafer (n-in-p)
adequate punch-through - always depleting from strip side

prOtECtion? - lower cost
- collecting electrons

RDSOMCEECE H. F.-W. Sadrozinski, UC Santa Cruz



- BABY sensors

W47.9 W1.23,46,738911
- W1-22 2E+12 8E+12 W14,15,16,2021,22 13,14,15,16,17

W23,24,26,27,28,29
31,34,35

| No.wafers | o | @ 023 @ |

Batch X2 Mask modified
Wafer No P-spray (R P-stop (P Main sensors BABY sensors

[ A 110 | 2612 [ 26412 | — [ Wl ]
| B | M3 | - | E#2 | 0000 = =]
| ¢ | 1428 | - [ 2€#¢12 | -— [ W25 |
| D | 2931 | - [ 4E+2 | — [ wal |
| E | 3234 | EM12 | - | 0000 = =]
| F | 3540 | 26412 [ - [ = -— [ wes |
-_——

No. wafers

Batch X3
[Batch| X3 |
[ | A AL far M~

W2,5,6,11

-EI 213 [ — ] B2 [ w2 [ w2 |

14-31 _ 2E+12 W25’2$\}§;'28’30 W23 25 W26 W27

| D | 3239 | - | 4E+12 | w3233 | = w3233 |
| E | 4041 | 1E#12 [ 0~ ] waO,wal [ w40 |
[ F [ 4243 | 2B+12 [~ T w2 W42

| G | 4445 | dEet? | - ] 00000 wa ] WALWA3 |
-

No. wafers

- Main sensors BABY sensors

W9,11,12,13,15,16
W17,18,19,20,21,22,23,25,26,27,28
,29,30,31,32,33,35,37,38,39,40,41

| B | 4245 | - [ 1E13 W42,45
| C | 4849 | @ | 2E+13 W4649

No. wafers

We,10,11,12,13,15,16,1
7,18,19,20,21,22,29,30




Axial-Stereo Sensor




Zone 1
No structure (PTP)

Al Al

1ol

n+

Zone 4
Narrow Common (PTP)

Zone 2
Individual

Zone 5
Narrow metal

Zone 3
Narrow Common

Zone 6
Wide pitch

Axial-Stereo Sensor




Evaluations
* |rradiations
— 70 MeV protons at CYRIC (Tohoku Univ., Japan)
— Reactor neutrons at Ljubljana (Slovenia)

* Measurements

— Full-size sensors (see J. Bohm’s talk)
e C-V,i-V, single-strip measurements
— Onset of Microdischarge
e |-V
* Hot electron
— Charge collection efficiency (CCE) (a few slides by A. Affolder)
o 0Sr beta ray
— Surface:
* Interstrip resistance
* Interstrip capacitance

— Punch-through Protection
* Dynamic resistance with a constant bias voltage to the backplane

Interstrip resistance
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Interstrip Resistance for Detectors from the 3rd Series
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Rint vs. Cint for the 3rd series
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Charge Collection Studies with ATLASO07 n-on-p
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Correction to remove
annealing too strong at lower
fluences
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Conclusions

» Good cooperation between ATLAS groups and HPK: 3 pre-series and 2 full
series runs in about 2 years.

* All HPK detectors have a breakdown voltage that exceeds 900V, exceeding
the specifications.

*To first order, the interstrip resistance does not depend on the specific zone,
but instead depends on the total p-dose of p-impurities on the surface (p-stop
+ p-spray).

* The interstrip capacitance shows little change after irradiation and is
dependent on the specific zones.

» Zone 5 (narrow metal) has the highest interstrip capacitance after irradiation
(Don’t use narrow metal!).

- The punch-through voltage depends on the total p-dose in all configurations
(p-stop only, p-stop+spray, p-spray only). Wafers with the highest total p-dose
have a higher punch-through voltage, which holds true even after irradiation.
- After irradiation, Zone 3 detectors (Gap = 70 um) have a similar punch-
through voltage as Zone 4 detectors, which are made with a specific punch-
through protection structure (Gap = 30 um) . Needs explanation!

- The acceptable punch-through voltage of the Zone 3 sensors with p-stops of
4*10'2 cm extends to proton fluences beyond 10'° p/cm?.
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