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Motivations for space physics

bA science programme cites:
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large openings and large field-of-view
large area, highly pixelled, fast
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Motivations for accelerator physics

charged particle : :
Particle IDentification (PID) based on Cherenkov imaging techniquesiis
an essential ingredient of the.experimental apparata of several running and

future experiments dedicdted: {g’Hadron physics: the progress of fundamental
research in Hadron Physics requwes a continuous update of this family
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Motivations for medical imaging

Medical imaging and acquisition of medical images requires more and more
sophisticated radiation detectors in order to obtain higher space resolution:

new photodetectors with high granularity can strongly improve
the image resolution.

At the moment the role of Silicon Photomultipliers (SIPM) in this field is
approached from various authors.

A finely pixelled (micron or sub-micron) and cheap photodetector can be very
promising for the next future.

See the talk presented by Alberto Del Guerra to this Conference:

“Advantages and Pitfalls of the SIPM as
Photodetector for the next generation of PET
scanners”
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A new technology carbon

Since 15 years a new material | |
importance so that people begir
a new &

The Post-

This material is CARBON in the form of
NANOTUBES.
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from Fullerene to Carbon Nanotubes
(CNTs

Carbon Nanotubes: CNTs

Fullerene: Cgg
Cyo IS a “tiny-droplet” of
gr aphene sheet

CNTs are rolled up graphene sheets

S. lijima,
- radius of 7.10 A Nature 354,
- produced by arc- MWNTSs 56 (1991)
discharge NEC
Laboratories

H. W. Kroto, R. F.

Curl
and R. E. Smalley
1985 Rice University SWNTS
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for the synthesis of Gy, by Arc- .+ ey ';BJ 1,37,““ - | 603(1993)
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What 1s a SWCNT?

A graphene sheet can be rolled
only one and more than one way,
producing single walled and
multiwalled carbon nanotubes.

ag = 249 pm
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Carbon Nanotubes (CNTS)

Molecular Nanowires (d ~ 1 nm, | ~ 1 nm)
AN

- I

SWNTs MWNTSs
Single Graphene Sheets (d ~ 0.7 =+ 3 nm, | = -range)
A Coaxial graphene sheets
(d™ 2+ 100 nm, I = -range
r N ot ~

PN In-m|/3 I N (d 20,p, 100q,p NM)
Semiconductor Metal Vias

Nanocomposit es

Channel (FETSs), Ballistic Conduction,
Luminescence e-wave guides, SETs
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used as photodetectors?
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A layer of Multiwall Carbon Nanotubes covers a
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wide range of diameters and chirality, offering a
device sensitive to a wide range of radiation
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frequencies. In addition the CNT density is very
high, allowing, every in a small area, a great
number of tubes sensitive to the radiation.
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Realization of a finely pixelled
photocathode based on the use of
Multi Wall Carbon Nanotubes
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BT

e External diameter: 15 - 25 nm

e Internal diameter: 5 - 10 nm

* Average number of nanotubes: 10 — 15
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Nanolithography and patternization

Flectiron beam exposure
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Various kind
of substrates
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The first nanotube
radiation detector
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Signals detected
with the first
carbon nanotube
radiation detector
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A.Ambrosio et al: “A prototype of a Carbon Nanotube microstrip radiation detector”, Nuclear Instruments
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Photocurrent vs GIN T' _

(Gruppo INFN per le N a11§'l 'echlo gie)

2.4 T T T T T T T T y T T | |
10.9 Photocurrent normalized
' to the number of photons
2.0+ 40.8 |
_ wor VS photon energy,
410.7 obtained illuminating the
9 16¢ log & Wholesurface ofa
3 |77 8 MWCNTsample with
S 10l 10.5 g filtered light (| ) as well as
X, |~ , 3 smallpartof the surface
_2 * small area 10.4 @
0.8} = whole area loa with laser spots ().
Absorbance | Continuous line indicates
oal o ] 0.2 the absorbance spectrum
1.0 15 20 25 30 35 4.0 of the same MWCNT

Photon energy (eV) sample

M. Passacantando et al: “Photoconductivity in defective carbon nanotube sheets under ultraviolet-visible—near infrared
radiation”, APPLIED PHYSICS LETTERS 93, 051911 2008
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Trasmittance (%)

Absorbance (A.U.)
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GINT: main results (1)

GINT demonstrated that MW CNTs can be grown on different kind of
substrates according the desired geometry. Nanolithography process
allows to obtain finely pixelled elements over large surfaces.

10x 10 25 X 25
pixel AERDEEBEAR PRSE - pixel
2 v S S e 3 = o -:'"-j F o d il FEV R FFERVERIriEFd s E8F
CNT HERSARSREE RRAB SgEcccesezzonianiiiiot SIPM
B ' o Egggiﬂggiwuwugg E
4 mper | S; gggg _' : Eg 40 m
cell | HIE T R per cell
1 Hip
= SEESE e
0.05 x 0.05 eeEsiE SEEEE0 1x 1 mm?2
mm?2 dimension Z‘“.“.,.’ tag=- 312 EEEE E dimension

Nano-pixelled photocathodes sensitive to the UV radiation may be obtained by
means of nanolithography in a very cheap and easy way!
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GINT: main results (2)

GINT demonstrated the good

0,08+ (A=355nm -0fomJs ] |10V photoresponsivity properties
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GINT: main results (3)
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GINT: main results (4)

I-V Characteristic Z1
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A different architecture under test
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CNT-Silicon:

a new p-n

Junction

I (mA)

T T T -
] ol E 0
04 | —
T
04| al |
02 o |
iy " ; = Bl
Ay - - = | sample FS00
L - = ~QED
- =
L
4,4_ - e
-0 A i .i . = o .
048] ] : .m0 (a)
181 ' Schollky - ahmic 0,35
Drain Voltage (V)
mih. Sample Z1 (CNT growr on zapphire) 30 AN/ 500 C_20x10 1Ams2007 Drajfn va!tage M
Michelangelo Ambrosio - INFN Napoli Frontier Detectors for frontier Physics - Isolad’Elba - 28/05/200

)
INFN
(—/ et a3 bemconate

'8 c3 ks ke

|-V dark




650 nm radiation

Photocurrent generated with a
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Conversion efficiency (%)
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Conversion efficiency at 650 nm
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|s this the
future;

Silicon SiN, the linked
> silicon to carbon?
4 ] | ! | ! | ! I Y I ! | |
2 - ettt 1111131311 - 50 50
0. psessnnnssssannnnannananan: [ — 3.84 mW
] T T T T o T T T T ’S e 340 mW
L1 % -20 -10 ; 0 10 20 30 -__50 C’; 40 . 262mW
4] I o L v 158mw
1 sevevesacrsnaananas™” 4 - -100 _E . ¢ 0.91mw
— -6 -
S 07 /}, —«—0.91 mW i 2 % -
c s o 150 __ = :
= 1 / 1.58 mW | Py g
"5 T B bl b d TR 262 mW | 500 g .9 20 Yﬁ.
o _12_. i —=—3.40 mW - L 9 -
> ’ 3.84 mwW - -250 S -
-14 "‘v'/ i c 104 "
o] e J - -300 o o
- — / | O '}: e Laaaa
] ot - -350 o hadl s
-18 + —— . 0] | P—
o e Drain Voltage (V) [ oo
30 20 0 0 0 20 30
J,’;? . . _ Drain Voltage (V)
s Mlchelangelo Ambrosio - INFN Napoli Frontier Detectors for frontier Physics - Isolad’Elba - 28/05/200



T = Hag= WA AL o 2 Ty L ]
WD = E i Sigie w e ini

Development of Single Photon
Detector based on MWCNT
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The SinPhoNIA collaboration

L'Aquila

Bari

Napoli

Perugia

Roma 2

6 fisici, 3.2 f.e. (produzione CNT, nanofibre, funzionalizzazione,
caratterizzazione, proprieta chimiche, coating, ... )

{ fisici, 3.4 f.e. (Misure proprieta elettriche dei film di nanotubi,
caratterizzazione UV-VIS dei fotocatodi, ...)

10 fisici, 4.2 f.e. (rivelatore, nanolitografia, responsivity, indagini
ottiche, fotocorrente, photoresponse, ...)

6 fisici, 2.6 f.e. (Caratterizzazione opto-elettriconica, studio
interfaccia, produzione di substrati strutturati, ... )

5 fisici, 1.7 f.e. (Funzionalizzazione dei nanotubi con elementi
metallici (Cu, Ag e Au), caratterizzazione con Raman, TEM in
alta risoluzione, EXELFS, nanoscopie AFM/STM, ...)

Totale 34 fisici - 15.1 FTE (44.4%)
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Recent results

Conversion

efficiency ~
60%
Light source: 650 nm laser beam
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Map of detector surface
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Linear scan

Cs

42z

St

-0,5 4

_1,0 -

| (MA)

-1,5 -

-2,0 4

Horizontal position (mm)

Michelangelo Ambrosio

INFN Napoli Frontier Detectors for frontier Physics - Isolad’Elba -

28/05/200¢



Current (hA)

Two Insulae

sample

~ fopview

5 mm
Substrate ——

Scanwith | ’;

__________

tiae

: ST nmumwm?m
LAha /

optical fiber | 2 ]

Silicon

/ Si;N,
%

“Iv

Luce blanca; spot 1 mm; 8 giri = Smm
vV, =4V

| —— sx —> dx|

L

Oscilograoh
Au electrodes -
Luce bianca; spot 1 mm; 8 girl =5 mm
V=4V [——dx —> sx|
0.000 3.125 [3.75004.375(5.000
-50 -50 -
-
100 -100
‘ g
-150 e -1504
£
- =]
o
R0 1.250]| 2.500 by
-250 F;.BH 1.875 -250
L L L

Michelangelo X'\ann(lgbsio — INFN Napoli

T LA, TR TR, . DL AL
0 30 60 50 120 150 180 210 240 270 300 330 360

L VERSLONNY ERRSL SR |

—rT rr v rr 01 "7 7«11
0 30 60 90 120 150 1B0O 210 240 270 300 330 360

. . Time (ss)
Frontier Detectors for frontier Physics - 'Isola d’Elba - 28/05/200



| ™
Pin 2 :
PIn 3 Scan with 650 nm laser
Silicon Signal on pin 2
22 Voltage on pin 3 ®
X
2.0 - o0
- .:.
1,5- ...
- e®
e @
1,0 - 0g°
o°
0,5+ o°
E 0,0 -
= 05- o
- Ay
10 I
e A Dark
154 A:‘ ® Laseroninsula 2
- AA:A A Laseroninsula3
20 aga
_2,5 I T I L] I L] I T I T I L] I 1
-30 -20 -10 0 10 20 30
~) Drain Voltage (V)
(@HNW Michelangelo Ambrosio - INFN Napoli Frontier Detectors for frontier Physics - Isolad'Elba - 28/05/2009 /&

Two Iinsulae sample




Two Iinsulae sample

Scan with 650 nm laser

Signal on pin 3
Silicon  20° Voltage on pin 2 ..:l'
@
15 .‘.
)
- KX
1,0 - ..o
' o’
0,5 -
] o°
__ 0,0-
< ]
£ -0,5- Pre
~ - i
- A
10 &
] Ay Dark
-1,5 42‘ ® Laseroninsula 3
1 A:‘ A |aseroninsula 2
20 - ‘A
’ A
- A‘
254 A
I L) I T I T I T I T I T I 1
-30 -20 -10 0 10 20 30
Drain Voltage (V)
(’.{HN” Michelangelo Ambrosio - INFN Napoli Frontier Detectors for frontier Physics - Isolad’Elba - 28/05/200;&




Pin 2 Pin 3

- _ Two Insulae sample

--------- LA
A0
Lj’“‘_-\ = . I -
@ U 1 Silicon / gk Scan with 650 nm laser
i (A
Oscliograoh | o /
__________ . 25 Back
— @
Vv
- - . .
20 - Signal on pin 2 °®
Voltage on back *®
1 o®
@
1,54 @
~~ ) ®
g
~ 1,0+ ...
] Dark o.‘
e Laseroninsula 2 o0
0.5 A Laseroninsula 3 N
- .:.
)
0,0 M‘
| ' | ' I ' I ' I ' | ' |
-30 -20 -10 0 10 20 30
Drain voltage (V)
)
SFNW Michelangelo Ambrosio - INFN Napoli Frontier Detectors for frontier Physics - Isolad’Elba - 28/05/200



Pin 2 Pin 3

o] Two Iinsulae sample

--------- S APt
R e c
2 ] - / Scan with 650 nm laser
¥~ H A Silicon / Si.N,
i (A)
Osciliograph | e’ /
__________ | Back
v 25
L |
2,01 Signal on pin 3
Voltage on back
1,5 - n
|
< -
£ 104 .
- Laser on insula 3 .
® |aseroninsula 2 =
0,51 A Dark a
- |
|
0,0 -
| ! | ! | ! | ' | ! | ! |
-30 -20 -10 0 10 20 30
. Drain Voltage (V)

_— Michelangelo Ambrosio - INFN Napoli Frontier Detectors for frontier Physics - Isola d’Elba - 28/05/200

L=




Cs

HZ)

Sty

A possible detector layout

uv

v,

V

a) 2009- Silicon b) Nano-Silicon diode c¢) N-SiPM — 201(17)
photomultiplier (hage structure for study) (final structure — main objective)
(Erincinle structure)

Michelangelo Ambrosio - INFN Napoli Frontier Detectors for frontier Physics - Isolad’Elba - 28/05/200'- \




Conclusion

T=Va0C°

Absarbance (AU)

= = = =1 =
s B £ 2 & =
TR ! i

4 | T | - = r
2—- Resds0ssscnscssenciiissdessss - 50 | \\\\m'\mhh“—*—"—
0] ﬁm:::::::::::::::::::;:;;;; . _ “‘ﬁrh
1:24 né\)/v mat%orlal se]ag Pbe ver]y usefdl for f&?ure RHOtON e s
-4 Jletectors; mnguun
............ * L -100 B E5 A% &
<20 NTS ¢an be easil grpwn on [siliceny swhstrate with a
£ -#gheap and speed /chﬂp&%pmcessﬁ mW -0 —
T 5 6o MW o %
3 3i2 WCNTs show p iculiar photoresponRsiMity properties yith
>  high efficiency infthe UV wawelengtbaregion; - -250
-14 R
4, . Thismateridl car‘ be finely pixelled over large arga*"°
18 ccording the déswed shape and dimensions; | 35 S
520 JThe® junctlon belRféaéH &ﬂlfg%%élvglhcon permits digioal
amplification v ol
The SInPhoNIA collaboration is working to
produce a single photon detector with the
combined use of Silicon and Carbon in the
(’f Michelangelo Ambrosio fO Ifm Q;EiNamQELQ@Smnﬁer Physics - Isolad’Elba - 28/05/200




Cs

n

The SINPhoNIA experiment

100pm

10m

Fagture Size

T

The

100nm

10nm

Tnm

d

1970 1990

Michelangelo Ambrosio -




T £ = p i Mag= WA e 2 Ty T ﬁ |
WE = B it Ligae e ini v |

Thank you for your attention

Ichelangelo AmDbrosio -

Eff Michelangelo Ambrosio - INFN Frontier Detectors for frontier Physics - Isolad’Elba - 28/05/2009



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47

