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Introduction e

*The edge is an electrode!

* Dead volume at the Edge < 2 microns!

electrodes
ntactive edge By S. Parker in 1995

By C. Kenney in 1997

1.NIMA 395 (1997) 328

2.IEEE Trans Nud Sci 464 (1999) 1224

3.IEEE Trans Nud Sci 482 (2001) 189 .

4.|EEE Trans Nud Sci 485 (2001) 1629 Advantages.

5.|EEE Trans Nud Sci 48 6 (2001) 2405 * Low noise

6. CERN Courier, Vol 43, Jan 2003, pp 23-26 . ;

7 NIV A 508 (2003) 86.91 Lower depletion voltage
8. NIM A 524 (2004) 236-244  Large area coverage

9. NIM A 549 (2006) 127 .

10. NIM A 560 (2006) 272 Fast reslponse

11. IEEE TNS 53 (2006) 1676  Short drift length

12.NIM A 587 (2008) 243-249 + Less trapping 3
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SINTEF 3D Wafers

P-type wafers include sensors for:

- CMS
- ATLAS
- MediPix

ATLAS chips f y
g f
;
BS : 280pum substrate thickness AUERIE L /
B2-16 : 200pum substrate thickness N
1S chips N G A

. P
hips to be bump-bonded e, g 4
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3D CMS pixel layouts

100 ym

2E Configuration n+ (readout) p+ (bias)

4E Configuration




3D Plaquette — HV bias connection
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3D IV measurements
1.0E+00
T=21°C
<
H A/ X2 ¥
§ 1.0E'O3 ! -7 VVT*
‘5 7 |=0=2E_B216_6
o «=2E_B5 2
g)o «/=4E_B5_8
g 1.0E-06 - =>=4E_B216 5|
8 =#=2E_B216_2
- «=2E_B5_6
2E_B5 7
4E B5 4
1.0E-09 T
0 25 50 75 100 125 150 175
Voltage [V]
Detector Voltage [V] Purdue IV [pA] SINTEF IV [pA] Breakdown

2E-WB5-2 40 0.7 1 120

2E-WB2-16-6 40 5 5 120

4E-WB5-8 40 2 5 100

4E-WB2-16-5 40 10 15 100 7
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3Dlabtests @ V=-40V : T=21 °C
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3DnOISEteStS@V=-4OV:T=21OC UNIVERSITY

] 2E Wafer B5 #2
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3D noise tests @ T=21 °C

* Unable to measure noise at V., < 40V for 4E sensors
« 2E B5 7 and 4E_B5 4 could not be characterized
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3D testbeam preparation

- « Sensors mounted on carbon
7-32(] P,22J SNPOW JOSU3S PE = . .
— fiber plates placed in DUT box
» Cooling was done by a chiller

* RTD placed on the carbon fiber
* Dry air

DUT box

Prepared: 2E B
4E B

2, 2E_B216_6
8, 4E_B216_5

5_
5
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FNAL testbeam setup
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*120 GeV protons
* No B field




Beam test results 2E WB5 2
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| Beamspot Plaquette 4 |
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Beam test results 2E WB5 2

« Each point is total charge distribution mean
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Beam test results 2E WB2-16 6

70 w00 * Gain calibration is
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Source test 2E WB5 2
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Entries

3d sensor module rec'd Dec 200
2E wafer B5 #2

* 90Sr (1 mCi)
* Tsensor = 15 OC
* Vpias =-40V

bias

Mean = 23 ke-

1 1 1 l \
40000 60000
Charge [e-]
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Summary (1)

* Four 3D sensors were wire bonded and tested
* |V results were compatible with SINTEF results
— all sensors deplete at ~ 10 V, breakdown > 100 V

e 2E sensors performed well but noise is larger than
standard CMS pixel sensor (expected)

e 4E sensors test results
— good IV curve
— good bump bond quality
— high noise

e AlltestsrunatT=21°C
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Summary (2)

* Four 3D sensors were assembled for the testbeam
 Testbeam at FNAL with 120 GeV protons
* Sensors cooled down to T =15-18 °C
* Bias scan performed for 2E sensors

— S/N=100at V., =-40V (S = Total charge mean)
* 4E sensors failed

* Charge collection with 2°Sr (1 mCi) setup at Purdue
with CAPTAN station
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Plans

* More 3D sensors will be bump bonded (@1ZM &
SELEX)

e Test sensors cold (T =-10 °C)

* Lab characterization and charge collection with 2°Sr
(1 mCi) at Purdue with PSI testboard

* |rradiation

e Postirradiation lab and charge collection test
e Position resolution?

19



0 Pixess

* The Stanford Nanofabrication Facility
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BACKUP SLIDES
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Renaissance SRR

The system is based on:

« custom made PCI cards with an on-board programmable FPGA and two memory
banks (PTA cards). These cards communicate to the PC.

» A programmable mezzanine card (PMC, also featuring an FPGA): allows the
system to talk to the PSI using the chip custom protocol.
« A Token Bit Manager and a custom ADC (Maxim)

A programming of the PTA/PMC FPGAs is all which is needed to read-out the PSI chip

TBM

To Front PTA
PS| TBM A | e A \ s o ~
Analog Out | I
readout (Ports 0&1)
chips

4222202000042202032, n Power +/- 5V
E s RO

nnnnnnnnnnnnn

[iftlF

S (H1GANIIG

lllllllllllllllllllllll
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Fabrication at SINTEF PURDUE
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* p-spray isolation : 6x10*2cm2, 60keV, through a 60nm oxide. Annealed at 900°C for 30 minutes
» Wafer bonding by direct fusion bonding
* Deep Reactive ion etching (DRIE) & polysilicon filling and doping of electrodes
- n-type electrode etching & filling (diameter of 14 um)
- 300nm thermal oxide barrier protection
- p-type electrode and active edge etching & filling (5 um active edge)
* Metal layer deposition & patterning
* Passivation layer of 0.5um oxide and 0.25um nitride deposition by PECVD & patterning

Detector/Sensor Wafer | Oxidize and Fuse Sensor Wafer

to Support Wafer

Support Wafer

i
After DRIE il After poly fillin

Pattern and Etch er A After poly filling RO :
P+ Window Contacts T1 .

Support Wafer

[ 11 L Fully filled
Etch P+ Electrodes n-electrodes

Support Wafer No voids
Dope and Fill
P+ Electrodes

Suppoaner

Etch N+ Window Contacts
and Electrodes

No widenin Reasonably
i i flat surface
(notching) at
Dope and Fill the bottom l

N+ Electrodes A small void in
p-electrodes

Deposit and Pattern
Aluminum
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Compact And Programmable daTa
Acquisition Node

First design in 2008.

It is a distributed system that uses vertical bus based
hardware and a series of specially designed core boards to
implement a flexible and expandable data acquisition,
processing, control and communication platform.

The CAPTAN platform is network based.

Systems based on the CAPTAN architecture can vary from a
single board to a farm containing hundreds of boards.
The CAPTAN architecture is intended to be open with a few

core boards, allowing users to make their own custom
boards and systems.
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3D gain calibration
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No trimming

- - - | —
Mis: test  connect to chat | [ Connect as Master |
| Global Configuration | Basic Commands | ADC/PS Controls | PSI46 Registers | PSI46 Pixel View | ADC Snapshot | PSI46 Calibration | Trigger Control | User Tab |
Global Master IP:  192,168.133.1 Port: 5008 @
Register: [25_ Veal v] User Cal. Note: gain calibration Iteration to View:
*Master Mode * Reg. StartValue: 12 Guent
test 0.0@

 Read Config | | wite Config |

[V]rden [V]sven [¥]ssEn
[1Reads to All GUI's
["] snapshots to All GUI's

SnapShot Period [ms]: 30
File Size [Bytes]: ~ 4000000
Max Num. of Files: 100

File Base Name: ~ Run8303

Save Run State

Clear

J [ showaus |

Invalid Data
Invalid Data
Invalid Data
Invalid Data
Invalid Data
Invalid Data
Invalid Data
Invalid Data
Invalid Data
Invalid Data
Invalid Data
Invalid Data
Invalid Data

<

Reg. Step Size: 6
Num, of Iterations: 40

Register: |12, VeThr v
Reg. Start Value: 80
Use
Reg. Step Size: 20
Num. of Iterations: 3
Times to Inject: 10

Inject Period [PSI docks]: ~ 600
Num. of Pixels at Once: 4

Time toRead [ms]: 20

[ rn ][ sop |
[ Load calbration fromFie |

[T]smooth data [~|Error bars [ Noise
@ Hits ©) disp
(©) ADC Avg. @ mean

Iteration: 040 RegVal: 246
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