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Stripixel concept: planar stripixel” at the BNL

* Z.Li, Novel silicon stripixel detector: concept, simulation, design, and fabriction, Nucl. Instr. and Meth. A 518 (2004) 738-753.

particle

p*-type

implant

N-type
bulk — >

n*-type
implant
X read-out

To pre-Amps in ¢
separate recd-out
chip, 0 V

Y recd-out

To pre-Amps in a
separate read-out
chip, ¢ V

N-type Si




Stripixel concept: 3D stripixel” (BNL +IMB-CNM)

* Z.Li et al.,, Development, simulation and processing of new 3D detectors, Nucl. Instr. and Meth. A 583 (2007) 139-148.
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1.1 New 3D-Stripixel prototype generation: a single-side double-
strip detector

2D position sensitive

e Single sided

® Double columns (n-columns connected as n-strips
' ' p-columns connected as p-strips)

* Dual metal technology

* n-strips collect e’s, p-strips collect h’s

Double column

N \\ 2D simulation
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1.2 Optimization of the design: Sentaurus simulations
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Real prototypes

6 wafers 300 um thick, 1 wafer SOI 20 pum thick

Detector structures:

* 127 p+-type strips and 128 n+-type strips

e pitch 80 or 160 pm, double metal or polysilicon
e pitch 80 or 160 um, double metal, edgeless

Test structures:
* 1D microstrip detectors (n or p strips shorted)
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Part 1I:




Leakage Current (A)

Current (A)

4.0x10"

2.1 Electrical characterization
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1C (F7)

Lieakage ~ 102 nA (wafer 300 pum)

few nA (wafer SOI)

Coux  ~ 8 pF (water 300 pum)
~ 0.4 pF (wafer SOI, 20 um)

Vaep ~ 3.5V wafer 300 um thick

1.2x10"

~ 5.5V wafer SOI, 20 um thick

Diode structure
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Parallel strips

2.2 TCT measurements: setup

Carried out in the BNL (NY, USA) laboratories

Laser Wavelengt | Intensity Width Period | Penetratio
setup h V) (ns) (us) n depth
A (nm) (um)
1st 1060 10 10 20 >300 um
2nd 830 10 10 20 15
3rd 660 10 10 20 5
Laser beam (spot = Imm)
7.0x10° 1
6.0x10° -
5.0x10°
_ 40x10°- V=0.2V
< 5 | et
= 3.0x10° 1 -
g -5 ] m &
S 2.0x10° e
= . R—
= 1.0x10° ——— \&
001 : L& V=15V
-1.0x10™°

I T T T T T T T T T T T 1
-3.0x10° -2.0x10° -1.0x10°  Opfine (¢).0x10° 2.0x10° 3.0x10°
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Normalized current peak
and normalized total charge

FWHM (ns)

2.2 TCT measurements: laser from the front side

Reading out the n-type electrodes Reading out the p-type electrodes
1 1 ] T T T T T T T T T T T T T T T T ] 1 1 ] T T T T T T T T T T T T T T ]
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021 ° = Normalized charge (2=1um) 1 £ S 451 ° = Normalized charge (A=1pm) |
g = Normalized charge (+=830nm) oo . > Normalized charge (=830nm) |
0.11 i1l Normalized charge (3=660nm) 7 £ < 0.11 ! Normalized charge (A=660nm) ]
0.0 r— 1 T T T T T r T T T T T 0.0 T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14
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. . - l = i
200] Depletion voltage i T 200 ]
07 . S N 1
100 A . . 100 " e .
50' ....-I=I='l :: : f ® 50- -"1"0. =o. -. : 1
. | v 1 : v 1
1 ‘T T 1T T T T T T T T T 0 T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14
Bias voltage (V) Bias voltage (V)
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2.3 Detector Responses to Laser
Measurements With Alibava DAQ System

= System Introduction
= CCE measurement

= 2D position sensitivity

13



System Introduction

PULSE GENERATOR

TRIGGER

OSCILOSCOPE

BNC CABLE

LASER DRIVER A

VOLTAGE SOURCE

OPTICAL FIBRE

»oo@@

DETECTOR SIGNAL

GATE

FARADAY CAGE

{ IV AMPLIFIER

201305123 23:29




Hardware Parts-A dual board system

» Mother Board:
- Analogue data processing
- Trigger output generation
- Hardware part control
- USB communication

»Daughter board
- Two Beetle readout chips
- Fan-ins and detector support
to interface the detectors




Hardware Parts-Stripixel Detector Bonding
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CCE Characteristics
etector e

. . . . ALY, 160
aximum average Signal distribution comparision 9 5
th different voltage supply: 0~30V % < ] g
ge-suppty s % 140 ./. y
D £ 1201
)] —
2 %)
2 0 1004
v
S 80- A —s— Average Signal(ADC)
= < v
5 é 60 /
| |
5 a0 J
=
20 I T I T T T T T T T T T T 1
0 200 400 600 800 1000 0 o 10 15 20 26 30

Laser Delay(ns)

Detector Voltage Supply(V)

~ %
VBias =~ 0.5 V(DetectorVoItage Supply ) ————— Vdep_ZSV
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2D Position Sensitivity

X0: 69.4 Y0: 540 X1 115Y1 28.4 DX 45.1DY-511 dy/dy-0.0882

# of entries I‘IitIl]ElE)
6001

500¢ Events
a0 collected by
300F n-strips

Entries: 8.7530e+03
Mean :1.5027e+02
RMS :5.1807e+01

Events
collected by
p-strips

Hitmap:

distribution of laser

exciting events are

collected by n or p type

strips detected by
front-end readout
chips .

Event Signal:

200 250
Channel

Amplitude distributio i

of event signal(ADC)
for one laser injection.




2D Position Sensitivity

Laser injection
position :
near detector
center

n-strips
signals

X0:62.7 Y0: 377 X143.5Y1 280 DX -19.2 DY -96.7 dx/dy 0.198

Etﬁ}qf F'hm:rh"h]&:vents are
aook collected by
different n-strips
300 (signals from
soob readoutchannels
in Chip1)
100

Entries: 1,3655e+05
Mean :1.6256e+02
RMS :4.5203e+01

Eventsare
collected by
different p-strips

(signals from
eadout channels
in Chip2)

% o W&s\ 200

250
Channel
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Data with more-focus laser (5 pm spot, A=1060 nm),
Measurements done in CNM with the same detectorand daughter board

Signal vs n-type channels | | Signal vs p-type channels |
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Part Ill: Summary

With BNL TCT , Alibava DAQ systems and other semiconductor
detector measurement instruments, the key parameters including the
depletion voltage, leakage current, and CCE characteristics of the newly
designed and fabricated full 3D stripixel detectors are successfully tested.

(1) The tull depletion voltage of the 3D stripixel detectors is about 3-4
volts from CV and TCT measurements, and about 5 volts from ALIBAVA
CCE measurement

(2) 2D position sensitivity of laser illumination have been detected
from both TCT and ALIBABA CCE measurements

(3) Measurements using a laser with a more-focused spot have shown
2D sub-pixel position resolution
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. 1.3 Fabrication process: double metal technology
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1.3 Fabrication process:
the most challenging ever carried out at IMB-CNM for silicon particle
detectors
100 steps, 10 photolithography process
2 deep RIE processes and 2 metallization processes on the same surface

' Mask level Pattern Comments

. P-DIFF p-stop (p-stop rings definition around n-type columns)
' N-HOLES n+ columns (n+ columns etching) |
POLY polysilicon (definition of the n+ columns on the surface) !
' P-HOLES pt+ columns (pt+ columns etching) !
. POLY2 polysilicon (definition of the p+ columns on the surface) '
WINDOW  metal window (removing SiO, on the guard ring columns and |
p-type columns to contact with the metal layer)
 METAL1 metal (1% layer) (1%t metal layer pattern definition)
' VIA metal2 (window opening connection between two metal
| layers and removing SiO, on the n-type columns)
' METAL2 metal (27 layer) (2nd metal layer pattern definition)
. PASSIV metal contacts (opening windows on the metal connection pads) !
. BACK ;
WINDOW  SOI wafer (etching the support substrate up to SOI wafers) |



2.2 TCT measurements: laser from the back side

v
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=

!

\\\\\\\T\

IMluminating the backside with both the lasers of shorter
wavelengths (660 nm and 830 nm) no signal can be read.
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Hardware Parts-Stripixel Detector Bonding

—— o i ——
———
—

Notes: (1) Ranges of n-type strips in (a), (d) and (h) are bonded together to each one block mental respectively,
every column of n-strips in other ranges((b),(d)and (f)) is respectively bonded to one metal. 3 columns of n-
strips ((c),(e)and (g)) are not bonded. (2) each row of p-type strips is respectively bonded to each mental
which is connected directly to each one readout channels in Chip2.
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CCE Characteristics

e CCE Distributions vis generator pulse Widths

300, Event signal distribution comparisons

Wlth diﬂ:nran‘l‘ nanaratar niillea
2504 - NP . 219
widthe Event signal distribution comparisons Q
52001 | with different generator pulse widths | £
Q150 | 5x10° 7 5
g ' generator pulse Low- 9
%1 004 — 410" - @arjtor pulse Wid MA’\_ 0 E
= 50 e > ns
"CD_‘ _ 2 ——6ns /[w* L 73
§ 0 *‘Wﬁ 2 3x10°- s
W -20 1 g .5.'.5'/7.5;5;5
B 2x10° ey
100 ©
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150 +——r ‘
1x10° -
0 4(

0 50 100 150 200 250

Channel Number

Laser Wavelength(nm)

Detector Channels CCEs are increased with generator pulse
signal’s being \Wider; As Laser Intensity Is Increased with
Generater Pulse signal Widths Being Wider
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CCE Characteristics

Event Signal(ADC)

e CCE distributions via generator pulse Highs:

250

| Event signal distribution oeioth Laser optical spectrum distributions

2004 comparisions with differen - with different trigger voltage produced
generator High: 3.5010° - by pulse genenrator

) - > —3V
1501 3V B 30x10' 4V

{ —3V 8 5
100 4 7V £ 25x10'F Pulse generator other paramenters:

) g . Width:4ns; Delay:400ns; Period:1.0us;

ol T 8V £ 20a0°F TRG-MODE:
o) 15¢10° TRIGGED:Continous, Single-Pulses at OUT1.
] S
0 1.0x10* - /\
-50 - 5.0x10° W W"MWMMMW
ool o e
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Detector CCEs Changed with pulse signal > s High->laser
spectrum distributions and intensity modification
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