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| Introduction:

- Goal and framework: beam profilers — SPIRAL2, SPARC, EURISOL
... & focal plane of the associated spectrometers

Il The synthetic diamond: (properties, fabrication, principle of detection)
- Single-crystal (sc-CVD) and polycrystalline (pc-CVD) sensors
- Response and charge collection = f(material quality & thickness, ion A,Z&E, HV)

Il Non-segmented detectors:
- Construction at LPC and tests at GSI (classical electronics) and GANIL (sampling)

- Stability of the signal in time; pulse shape analysis (PSA)
IV Double-sided multi-strip detectors:
- construction at LPC and tests at GANIL (PSA); analysis in progress

V Conclusions and prospective

l. Introduction



Il Diamond properties: Tab. 1. Physical Properties of Diamond and Silicon

Diamond Silicon
Excellent radiation hardness due to: | ' Y>1cal Propertiesat 300K
- the highest thermal conductivity Band Gap (eV) 5 45 112
- ' ner f V to remove an
iotrr:e nigh energy of 50 eV to remove a Electron mobility (cm?/Vs) Kittel 1800 | 1800-2200? | 1500

Hole mobility (cm?/Vs)  Kittel 1200 | 1600-2400? | 600

No p-n junction is required:

istivi 11 5
- due to the large band gap; Resistivity p (€2.cm) >10 2,3.10
- simply metallic electrodes Dielectric constant ¢, 5,7 11,9
like an ionization chamber);
(like an ionization chamber); Thermal conductivity (W/cm.K) 20 1,27
High electric fields, up to 6 V/um: Lattice constant (A) 3,57 5,43
- due to the hlgh I‘eSI'[IVI'[y.; ] S Energy to remove an atom from the lattice (eV) 80 28
- small dark current (negligible intrinsic
carrier concentration at room Energy to create a pair e-h (ev) 13 3,6
temperature . :

P ) Signal formation Amplificr
Narrow pulses, due to: Charged Particle
- the low capacitance; \
- the high carrier mobility; L

Ionization

CVD diamonds: traps

allow big detector areas, can be Vbias pOlarization
metalized with any desired shape,
can be wire bonded, can be operated as Electrodes Y =

« noise-free » particle counter




diamond
detector (CEA Saclay) of 20 um
thickness, adaped to the range.
(courtesy of J.-L. Lecouey —LPC)

The signal is 4 lower (left peak)
than in a Si detector (right)

241Am: a of 5.5MeV

Range ~15 pum
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ll. Synthetic Diamond

courtesy of Dr. H. Hamrita, LIST — CEA Saclay
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E-K. Souw, R.J. Meilunas | Nucl. Instr. and Meth. in Phys. Res. A 400 (1997) 69-86

PULSE HEIGHT DISTRIBUTIONS

from 400 pCi - 5,49 MeV Am™ o-Particle Source

measured in Vacuum by CVD Diamond Detector No. 2

after 3 different time delays: (a) 0 sec., (b) 2 sec., and (c) 4 sec.
Bias Voltage: - 200 ¥; Acquisition time: 1 second

a55MeV a
0s, 2s, 4s

The CVD diamond detectors may
behave in very different ways:

Polycrystalline-crystal
diamond drawback:
the bulk polarization
Solutions:

- Previous radiation;

- Subbandgap light;

- Electronic procedure;
-Thermic procedure

- Good material!!!

the salutary solution
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Croissance du diamant Chemical Vapor Deposited (CVD)

Synthese a partir du methane CH, et
d’hydrogéne H,

Réaction des atomes d’hydrogéne
avec la surface, création de sites

actifs H-
|
§ : ||4 ||4(% . (|:_ y '_
- H ~ 7 . ’ )
H™ - G H vH H Extraction d’hydrogéne
H §
v H Z\||_|/H * H\|/*'4 """" *C—H
HHHHH*HHHH H CHCHHCHHHH
N AL LTI T 1T 1H
[ |
X '
SR ce—n
BEd I .
H G0 i Liaison des atomes de carbone
H cmCme-eomC ., avec leurs voisins : formation du
H C—C—C-C-C-C-C H cristal de diamant
AERAAAEE

H. Hamrita - CEA



lIl Not-segmented detectors: pollycristalline diam

Cleaning: eau regale + ultra-sounds
(1/5 H,O + 3/5 HCI + 1/5 HNOy)
Electrodes: Au (ageing) or Al;

if not: CrAu, NiAu, TiPtAu

Contacts: bonding
(Al wire — soldering T + ultra-sounds)
Voltage: * 1V/ u or higher

Irradiation: growth face or nucleation face

—to be compare
beam

/ANNANNNAN
d

-V

O
g
AVAVANVAVAVANEEDNRY
d ;1_
beam 1

Range<<d: transit electrons

(100£8)nm (o)
LPC evaporator AU: (100+25)nm (30)

Range<<d: transit holes



IIl Not-segmented detectors: pollycristalline diamond

‘ messsssss Diamond

ggu artz

dQ (100+8)nm (0)
(100+25)nm (30)

E eq=ep(dp/dy)?

/ W e — thickness

d - distance
The LPC evaporator — J. Perronnel : ? o AT e V’W A,
18 Juin 2015 Dispositifs & Installations : 80 \V\)\ \
Incomplete collection of charge | t £« A\ A
carriers: when the HV increases, 3 \ W</J
the amplitude increases, the (r:\/) 20
collection being improved
Company 1: ~aof55MeV; PRLLT
detl: P1IN ELA (as grown) 300 p o | o | | h | Temps (ns)

det2: P2 ELP 500 u



Tests of not-segmented

detectors in HI beams sEEEE T Alumine
PC ELA 3,3

Electronics & _ PCELS 29

Acquisition: det1 [COMPL1PINELA | 300 pum

GSI:

- classical

GANIL: et I Comp1 P2ELP | 500 T

- MATACQ - VME
(400 MHz BW -> 0,9ns;

2GHz sampling) det3 Company 2 |£30 L
- oscillo LeCroy 64Xi

(600 MHz BW -> 0,6ns;
10Gs/s) det4 Company 2 200 um

Table 2. Energy per

nucleon and range of Company 3

the ions which have det5 165 um

served to test the uni-  get6 100 um

strip diamond det7 70 um

detectors. & a 500y sc tested in 6AMeV 238U beam oo €=100% (A. Bréauning Demian )

~50 m GSI GANIL | GANIL | GANIL [LPC  enf ssmevmmervaw  [I 22wl -
124 @ 58 13C 13C o - .

E/A 50 109 |111 |73 1.2 e 8 % R e

(MeV) o.oz- ‘

Range (1) |440 |63 196 |98 15 ks Bt b el




0.2 GeV 124xe GSI: ~3+107p/spill; ADC 300 mu: V< 0
- ~3*106p/det runs of a
(34 GeVin 300 IJ.) P 650 50V (apres 150 V)
few min, for hours| sw ' 150V (a5 50
550 T )
ADC 300 mu; V>0 500 | ——-300 V (apres -150 V)
g 450 -450 V (aprés -300 V)
650 - S 400
600 : ——+300 V (aprés +50 V) w 350 15
550 +450 V (apres +300 V) S 30
500 +150 V (aprés +450 V) /8/%}
£ 450 — 450V (aprés +150 V) | p> 290
S 400 P | 138 1
£ 200 ENVWT I| s
3 250 0.17 _ 0 - . .
S 200 0.5 | 0 500 1000 1500 2000
150 1.5 M X (channel)
100 1 H
%] I the distribution
0 500 1000 1500 2000 |becomes narrower when the electric
X (channel) field diminishes.
!W] from Irradiated Diamond Trackel] ﬂaoo| Signal Distributions from Diamond Tracker | P. Delpierre, RD 42
i gm M Diamond CDS-69 at 0.9 Vium %700 f CDS-38 at 0.6 V/ium JOUFnéeS. de
":s:' | R before irradiation prospective du
l &700 mean 57, most prob. 41 600 mean 66 CPPM. 2006
£ 600 FWHM 54 most prob. 44 '

H after 1 E15 protons/cm? 500 FWHM 58 duri
500 ~"" "mean 49, most prob. 35 - after 2.9 E 15 ./ cm? uring
400 2 F":‘;';:; £ = _and re-metalization the irradiation, the

alter prO o . .
%00 and re-metalization e 1 electric field may
200 mean 47, most prob. 35 200 FWHM 27 ; ..
FWHM 36 oEl diminish due to
100 i :
. N v theprogrgsswe
L R N O 2. 30ip mansparent signai 1o single st neise 11 | DUIK polarization.




Mean +/- RMS

(channel)
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¢ Mean

e
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* Q\

6.2 GeV 124Xe (3.4 GeV deposited)

Mean over 1000 or 10000

events (channel)
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Event number

& U=+50V Mean=-217,3
® U=+50V Mean=-217,3
U=+150V Mean=-355,2
U=+150V Mean=-355,2
x U=+300V Mean=-467,6
® U=+300V Mean=-467,6
+ U=+450V Mean=-538,3
- U=+450V Mean=-538,3
U=-50V Mean=211,7
U=-50V Mean=211,7
U=-150V Mean=331,5
U=-150V Mean=331,5
U=-300V Mean=427,6
U=-300V Mean=427,6

U=-450V Mean=484,2

Slightly higher amplitude (~10%)
for U >0, i.e. when the holes
coming from the higher carrier
density have a shorter drift road.

The relative RMS (%)
remains practically the same

6.2GeV 124Xe (3.4 deposited)

/,

50
40 +—
30
20
10
0
-10
-20
-30
40 +—
-50

RMS (%)

0 0,5 1 1,5 2
Electric field (V/micron)

Groups of 1000 or 10000
events, chronologically taped,
show the same distribution
==> no signal attenuation
observed



Ramo-Shockley theorem: i(t):-q(t).V(t).E:*ﬂV

J.=-€; gn=€ AN o 1V /d
Vezue*E; thuh*E o )"l -
—>
1V E* oV
—>
e -
T 9 e
O—
X R=63y d=300u X U]
O\ measure
+750V
i t A
0 t.<Xo/V, .
I t [ns]
0l
V, = WV, =
0 0
I.=-e*v./d

046"

—
N E* oV
e
O— N
«—O) E
X R=63y d=300u | X [u]
O |
\ measure
-/50V
I(t) A
I.=e*v/d
A
0 0
t<(dx)lv, t[ns]

E =750V/300u=2,5V/y; v_h=v_e=v_sat=120u/ns
8Ni; E=634MeV; R=63; Q;=7,813 pC



°8Ni; E=634MeV; R=63;
Q;=634*10*%eV/13eV*1,602*10-1°C=7,813 pC

Q. ;=-0,807 pC;
Qh_i:-6’979 pC,
Q_i=-7,787pC

Q. =6,979 pC;
Q, =0,807 pC:;
Q_i=7,787pC

Current pulse calculated on the Growth side, irradiated - detl: Gs +750 V Current pulse calculated on the Growth side, irradiated - detl: Gs -750 v

i(t) [mA]

0 0,5 1 15 2 2,5 3 i
t [ns]

E :?[EOV/BOOU:Z,SV/M; v_h=v_e=v_sat=120pu/ns
holes: long drift way electrons: long drift way



-dg/dx=q/w,

Schubweg (feed path) W¢ = 200 U (E. Griesmayer et al., “High-

q(x)_q exp(-X/W ) Resolution Energy and Intensity Measurements with CVD Diamond at
— M0 S ) e _
9 (t): GoEXP (-'[ /ts) REX-ISOLDE”, CERN BE-Note-2009-028); tS_Wslv_sat_1,67 ns

w (R
Q. c = Q¢ ES 1-e WS] = 6,072 pC:
d-R d
W - -
Qh_C — QG ES e WS —e WS]

Current pulse mesured on the Growth side, irradiated - det1: Gs +750V; w_s=200 mu

N

4 Wi_e_t_s(t) [pC/ns] [A]
i_h_t_s(t) [pC/ns] [mA]
©i_t_s(t) [pC/ns] [mA] o

t[ns]

Q. =-0,728 pC; holes: long
N drift way

Q i=-4,500 pC

W d-R  d
Qe c=Qs—|€e ™ —e ™ |=+2,049 pC;

Current pulse calculated for the Grow side, irradiated -det1: Gs -750 V; w_s = 200 mu

i_h_t_s(t) [pC/ns] [mA]
Hi_e_t_s(t) [pC/ns] [mA]
| ®ist) [pC/ns] [mA]

(t) [mA]

Q. =1+3,77/3 pC; electrons:
N long drift way

Q i=+4,500 pC



i(t) [mA]

I(t) =

C =389 pF; w(1/3)=7,8 ns MATACQ - VME (400
R =50 Q, tr(10%90%) =1,4ns I(\:/Ial-tl)TeBW) 0,9ns 70 m
1=RC=4,45ns Q_I=45pC
u (t) d u (t ) o il calcit] G G - 4L TS0 W+ 200

R dt L

5

i (t) — I O J + ajt-l— b]tz ; j j— 1 , 2 , 3 . v=1,0061x’R-1(~3=,3114x+9,4989 :EZ\X]:)(:_;_S(:, [pq::)
u(t)=Dj*exp(-t/1)+Vyj+Ajt+Bjt? : ,,
Current pulse on the Growth side, irradiated - det1:GS -750 V, w_s=200 mu BA o /

4i(t) [pCins]
Wi_s(t) [pC/ns]
+i_out(t) [mA] - tau=4,45ns

L\ /

y=0,2717x2-1,5853x +3,0329
R?=0,9999

©i_out(t) [mA] - tau=8,9ns

* —_— + 1_out(t) [mA] - tau=4,45ns.
71 =4,45ns

t [ns]



det1 +750 V det1 -760 V

g . ] - . : —_ . << g 100
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| dtw {bl>-0.588bl<0.5} |
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det1 +750 V
Ni -> nucleation side
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detl; detl;
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When R<d, the signal is higher and faster when the electrons drift on a longer way then the holes.

Similar results for det2




Table 3. Synthetic results concerning the shape of the signal induced by 634 MeV %8Ni ions, having a range of ~
60 pm in a uni-strip diamond detector P1IN ELA of 300 ym at E =2,5V/u..

irradiated | G face U (V) Nyrem™ | RMSV <Q> RmsQ | tr rms tr <w,;> | Rmsw

face long tranzit (mV) (mV) | (mV*ns) [ (mV*ns) | (ns) (ns) | (ns) (ns)

G +750 6.9 1.0 162 25 7.4 1.3 24.1 4.0
holes

G -750 9.9 1.5 142 23 40 1061 |148 |0.84
electrons

N +750 9.2 2.0 138 31 42 1068 |146 |11
electrons

N -750 8.8 1.2 166 21 6.1 [1.1 19.8 | 2.8
holes

Faster and higher signals are generally preferred for beam monitoring. The conclusion emerging from Table 2 is
that, when the range of the ion is much shorter then the detector thickness and the distances of drift for the
two types of carriers to the electrodes are different, the voltage has to be chosen in such a way that the holes
have the shortest drift road, regardless of the irradiated side. This will have several beneficial effects: higher
signal amplitude, shorter signals, characterized by a faster rise time and a shorter fall too. The quality of
the signals, somehow better on the fourth line of the table as compared to that on the first line - both of them
concerning the long drift distance for the holes — may show that the signal degradation is a little bit smaller when
their road leads to the growth side, with bigger diamond crystallites and therefore a higher quality (for the fourth
line) than when their road leads towards the nucleation side, including more graphite (first line).




V (V) v_e (mu/ns) v_h(mu/s) w_s e(mu) w_s_h(mu) I_m(mA) V_m(mV) Q_in(pC) Q_out(MV*ns)

-750 120 120 200 200 0,737 36,85 4,5
-750 120 120 180 220 0,706 35,3 4,291
750 120 120 180 220 -0,77 -38,5 -4,684
-750 120 120 100 100 0,481 24,05 3,01
-750 120 120 90 110 0,45 22,5 2,826
750 120 120 90 110 -0,532 -26,6 -3,185
-750 120 60 180 220 0,7106 Llonsit 4,324
750 120 60 180 220 -0,529 -26,45 -4,655
-750 18 12 180 220 0,321 16,05 4,313
750 18 12 180 220 -0,251 Sl 55 -4,67
-750 18 12 90 110 0,267 13,35 2,85
750 18 12 90 110 -0,225 -11,25 -3,14
-750 9 6 88,25 116,5 0,1844 9,22 2,82
750 9 6 88,25 116,5 -0,1614 -8,07 -3,22
-750 6 9 88,25 116,5 0,1536 7,68 1,54
750 6 9 88,25 116,5 -0,1838 -9,19 -3,91
-750 4,5 3 88,5 117,5 0,12 6 2,82
750 4,5 3 88,5 117,5 -0,108 -5,4 -3,29

Kittel mobilities:
e-> 1800 cm2/(Vs) = 180 mu2/(Vns) V_e =9 mu/ns = E = 0,05 V/mu
h->1200 cm2/(Vs) = 120 mu2/(Vns) V_h =6 mu/ns instead of 2,5 V/mu

Italics - + MATACQ contribution — via Z Transform

225 1,34
214,55 1,15
-234,2 1,34

150,5
141,3 0,567
-159,25 0,86
216,2  1,1235
-232,75 1,87
215,65 2,75
-233,5 2,1
1425 2,25
-157 3,06
141,32 3,5
-161,46 2,88
138,97 2,33
-175,54 4,6

141 4,66
-164,5 4,22

Difficulty: t_r

Or, plasma delay —to
compare different A,Z

Or, long cable

contributiontot r

t r(ns) w_1/3(ns)

7,78
6,8
6,75

6,875
6,85
6,75
9,01

16,25

23,36

13,36

19,25

19,25
25,12
22,9

18,11

26,45
34,8



Pulse -Growth side, irradiated - det1: GS, -750V, ws_h=116.5mu, ws_e=88.25mu

eu(t) [mV]
Bu_matacq[mV]




IV Multi-strip detctors: Company 1 - ELP vs ELS

ELP (Electronic Premium Grade) — processed from a polycrystalline wafer with a starting thickness
of 1 mm; the final thickness is achieved by removal from the nucleation surface; therefore, thinner
the thickness of an ELP plate is, higher its quality; but under 0.2 mm, the risk of breaking in the
process of lapping and polishing is much increasing;

ELS (Electronic Standard Grade) — processed from a polycrystalline wafer with a minimum removal
of 100 um. Comparing the two types of material was one of the objectives of our study.

Strip pitch: 0.9mm inter-
strip gap: 0.1mm

efficiency: 90%
The BERGER files for

the masks & PCBs
were done at LPC

Flange and
connectors
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Les tests au GANIL: sur la ligne SME (sortie moyenne énergie)

ol

CS882

SPIRAL

VAMOS

EXOGAM
ORION

Table 4. lons used in GANIL

Plague + détecteur + alumine

Installation des détecteurs

o)

| B
TR T

>

~2,5m GANIL | GANIL | GANIL | GANIL | LPC
7OZn 368 368 160 o
E/A (MeV) 8.7 7.2 3.9 13.7 1.2
Range (1) ELS 63 48 26 225 15
range (1) ELP 55 42 22 198 13




Fontbonne

Cours Jean-Marc
A Induction d’un signal transitoire sur les pistes

adjacentes

i(t)
A Q+ — _Q_

Q(t)

innal =0

v

VAN

I
Il peut également'y avoir des problemes sur les interpistes
- Reépartition du signal sur des pistes contigties

v



Résultats pour les détecteurs multipiste: images prises sur 'oscilloscope LeCroy

HT sur la face b) irradiée (1V/u)

e TR T s, SO e G s e g 7 MWWWWM\WM”

'\ face ) uni-pis e i

MJ \W\ piste sur la face b) >\

A -
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Signals induced by 3°S of 7.2 AMeV in the detector Il of ELS type

A

hase -11.4 ng| [Declencherment
Vidi —_ 5.00 nsidivj Arréter
HT=+240V Bt o)

c1 . LeCroy| ., - i LLIOV

hase -11.4n Déclenchement >
IR =240y

Signals induced by 3¢S of 7.2 AMeV in the detector Il of ELS type: examples of cross-talk between
neighbouring strips on the irradiated face (blue and green)

c2 c2
i } c4
nvidiv 2.00m nvidiv




Résultats pour les détecteurs multipiste: images prises sur 'oscilloscope LeCroy
Coincident signals on the two sides of the detector HT sur la face a) irradiee (1V/p)

Yo I B e o LECTOY

iy

5.00 myidiv 5.00 l'nwdiv 5.00 myidiv,
10.30 mv| -12.60m -17.10 my

Signals induced by 36S of 7.2 AMeV in the detector vV of ELP type

LeCroy
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Signals induced by 36S of 3.9 AMeV in the detector IV of ELP type (-330 V)



det iv -200V Det iv ELP, 350 L, -200 V,

S r
E — .
> 12 E=0.6V/u board 3, channel O;
10—
8
s; S=18mmz2; C=2,57 pF RC=0,13ns
4
S
T I B B N R B
110 120 130 140 150 160 ﬁme%g)
| vmax {bo==3&8&ch==0&8tratrb} | det iv -200 V _htemp |/dtw {bo==38&ch==08&tratrb} | detiv-200 V Entriehstemp 1241
Entries 1241 E Mean 4.626
160 :;;asn ?g;g 180; FTS : 1.78
: Integral 1 160 ntegral 1241
140— g
: 140
120 E
: 120~ _—
100— E
: 100
s0p g0
60? 60|
40— prise
20 20/ Acquisition:
- N ot P I B [V I o Y Y ey Y SN
07 3 10 12 14 16 ?“ax(mst)) 2 4 6 8 10 wi:’fhathl‘;ls(ns) MATACQ - VME
| dtr1090 {bo==388&ch==08&tratrb} | det iv -20¢'V[___htsmp | q {bo==3&8&ch==08&&tratrb} | detiv-200V [ htemp 400 MHz BW,
:Enntrles 11204-"] :Enntrles 15264;
400; - lean . E lean ! - —
o el ] [ we wsl  2GHz sampling)
- 70 12 channels
300— e .
. * oE - oscillo LeCroy
F 50 .
200 b 64 Xi (600 MHz BW,
150? 30% 1OGS/S) -
100— E
- H 20 4 channels
50; 10;
E T |- o m [ mo onll s E anonflnnnflnnninonoal -
0 1.2 1.4 1.6 1.8 2 2.2 %% 20 40 60 80 100 120

rise time 10%-90% (ns) Q (mV*ns)



| dtw:time {bo==388ch==08&tratrb} |

detiv -200 V

det iv -200V VE
Entries 19430
= F Mean 100.2
i 40; - == Meany 3549
s _f . . — — — |RMS 58.29
@ 3/ T — ., — == RMSy  5.958
5 = Integral _707.9
5 30—
] C
= =
g 25—
L C
20—
15—
10—
5
O:H“xu‘x‘ Il oflnononn
0 50 100 150 200 250
time (s)
| vmax:time {bo==388ch==08&tratrb} | det iv -200 V
s [
5 o et +t i
§ 10t Tyt 4t e T+
£ [
8
6
4; vt_0_pfx
r Entries 1241
r Mean 102.7
L Meany 9.87
2— RMS 58.69
C RMSy 1544
L Integral _ 385.5
Connflnnnlannllnnnllonallonnllnanilnnnll s Soioomg
00 20 40 60 80 100 120 140 160 180 200
time (s)
| dtr1090:time {bo==3&8&ch==08&tratrb} | det iv-200 V
2 E
2
§ 1.6; N . +
C + + +
%1.4¥+++++ +++++F++ AR E T T
° 1.2
£ L
:; 1—
e T
0.8
= trt_0_pfx
0.6— Entrles 1241
C Mean 102.7
0.4 Mean y 14
e RMS 58.69
o RMSy  0.1727
0.2— Integral  54.77
olulu‘lu‘l“‘lu‘lu‘lu‘l‘Hlu‘lu‘l“
0 20 40 60 80 100 120 140 160 180 200

time (s)

£ S + | Det iv ELP, 350 p
1IN
g 5 + H’ + + + - =
Z %ﬁt t L o ﬂ# J ¢ i 200V, E=0.6V/u
£ + + - board 3;
3
C wt_0_pfx
2; Entries 1242
r Mean 102.7
C Meany  4.63
F RMS 58.69
1 RMSy  1.789
C Integral  179.3
o;"1"‘1"‘1HmumumumumumH‘ml
0 20 40 60 80 100 120 140 160 180 200
time (s)
[ q:time {bo==388ch==0&&tratrb} | det iv -200 V
'E 70— ++
st + +
£ 60— +
i T A
50—
- +
40—
30;
o qt_0_pfx
C Entries 1243
20— Mean 102.8
E Mean y 56.64
r RMS 58.67
10— RMSy  17.49
= Integral 2201
% 20 40 s0 80 100 120 140 160 ‘1&0"_‘ ‘289‘\
| dtr1090:intens {tratrb} | det iv -200 V
M C
24 } - -
§ F ™ [ =] ] 102
L4 2.2j | | HTE
5 I - . om
5 2: ] - - m
Eisf =
o [ m | - =
2 16~ m — m = &
C . |
14— ]
1 Zi mrE @ m = ™
“rc L | -
I— = = = - 1
[ [ | [ |
0.8— =
71 1 l 0 - l 0 l 0 l 0 l 0 l U

acquisition rate (Hz)



FASTER

Fast Acquisition SysTem for nuclEar Research

Obijectifs:
> L’ objectif de FASTER est de concevoir une plateforme de développement d’ acquisition
numeérique modulaire avec les contraintes suivantes.
» Générique, adaptable, extensible
» 1 a quelques centaines détecteurs
» Utiliser au maximum les nouveaux standards
» Plusieurs niveaux de décision
» Temps réel et distribution d’horloge simplifiée

* Réseau semi-cond, LPNHE, Paris 21/11/2012  Marian PARLOG |



FASTE R (voir D. Etasse — la 18 Juin 2015 - journée

Dispositifs & Installations)

oo _ g
BILAN
» Utilisé dans plusieurs configurations
3 Cartes meres développées > Qualité des mesures
» Syroco_V2 » Performances élevées
» NIM FUTUR
» AMC » Développer des aspects dynamiques du modele
» Augmentation des performances
_ , , » Développement de nouveaux modules
3 Fonctions de mesures développées » Peut répondre aux besoins de NFS, DESIR.
» QDC-TDC,x
» ADC-TDC

» Synchro RF

2 Cartes filles de conversion analogique~digital:
» CARAS : rapide, adaptée aux fonctions
QDC, TDC, synchro RF, ADC
» MOSAHR : grande dynamique, adaptée a la
spectroscopie haute résolution (ADC)
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bl i projet diamant (voir L. Leterrier Electronique front-END — journée thématique 17 Juin 2015 -LPNHE)

Détecteur a pistes Carte fille ETC (Eight Time Channels)

ST -

Jéréme Perronnel Jérdbme Langlois / Laurent Leterrier

In2p3

_ L.LETERRIER - leterrier@Ipccaen.in2p3.fr



2. Synoptique de la carte ETC

E2PROM
it
CF<>CM
1>C bus
L i
DAC1 16 bits / 3V3 DACO 16 bits / 3V3
x| |22
S| 5| 2 =<' 5] 5
S|l gl 3 ] ] Bt A
213 e EI5|3| &
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4 Adaptation ) RIBIEN
—— Vvem > =] > 4 )
d’impédance (50 Q) Marquage Configuration (SPI)
Conversion IV ™\ en temps
Amplification
Réglage mode g\ SCATS (16 voies) |N° channel 4 bits \
8 coxial Inputs commun 8 ADS Discrimination [8LvDS y "
ez J Data 16 bits
différentiel l/
\ (8 voies) j Clk_Readout
Data_Valid
-
Sortie N N
d’inspection = o Ext_Clk_Readouf
analogique ) >
. Sortie_ Générateur ] 20MHz
d’inspection ,
logique d’horloge J

ADS : Analog Differential Signals
LDVS : Low Voltage Differential Signals
---- : Lien optionnel

L. LETERRIER - leterrier@lpccaen.in2p3.fr



Réunion Objectifs Scientifiques — 2015 - Projet diamants

2015:

1) micro-électronique:

carte fille ETC (Eight Time Channels: + SCATS pour 16 pistes)
2) instrumentation:

(développement détecteurs + logiciel pilotage carte ETC + daq)

3) informatique: (acq+RHB)

2016: solution |.

1) micro-électronique:

carte ETC ( + SCATS -> refaites apres correction et multipliees LAL)
2) instrumentation:

(développement détecteurs + logiciel carte ETC + daq)

3) informatique: (acq+RHB)

2016: solution II.

1) micro-€électronique:

carte ETC (refaite apres correction + nouveaux tests)

Discri low walk (préoccupations pour FRACAS avec le LAL)

2) instrumentation:

( developpement détecteurs + logiciel carte ETC + dag FPGA mesure de
temps)

3) informatique: (acg+RHB)



V. Conclusions & prospective:

-The CVD polycrystalline diamond based double sided strip detectors seems to be well suited to the
requirements for a beam profiler for characterising low intensity radioactive heavy ion beams:

- material: ELP (small bulk polarization; signal stable in time); P2 from Company 1, for example

- thickness: 200-300 p adequate for R~50 p

- electric field ~1V/u; HV though Sh < Se

- strip: 1 mm pitch (0.9mm strip, inter-strip gap: 0.1mm), efficiency: 90-99% (localization with 1 mm resolution)

- small cross-talk effects

- signal shape study: ~1.5 ns rise time for 1 strip; PSA may bring interesting information (AQ < AV em)

-The further characterisation of such detectors and the engineering of the readout electronics and other
associated elements of a fully fledged profiler are expected to be carried in the near future:

- tests for radiation hardness

- more robust electric contacts between PCB and strips? SCATS (Sixteen Channel Absolute Time Stamper)
To be used by a new 50 X 50 diamond

- line receiver multi-channel preamplifiers for low energies
BEAM PROFILER

- acquisition system: FASTER + SCATS or FPGA.

- Note: The study of the diamond detector has already been subject for a few student stages

References

[1] E.-K. Souw, R.J. Meilunas, Nucl. Instr. And Meth. In Phys. Res. A 400 (1997) 69.

[2] S. Schwertel et al., ,Diamond detectors for the R3B Experiment”, GSI Scientific Report 2007 (GSI Report 2008-1), Instruments-Methods-10, (2007) 216.
[3] P. Moritz, E. Bedermann, K. Blasche, H. Rodl, H. Stelzer, F. Zeytouni, DIPAC IIl, Frascati (1997).

[4] J.-L. Lecouey at al., Abstract n°. 226, ANIMMA, Marseille (2009).

[5] P.Bergonzo, D. Tromson, H. Hamrita, C. Mer, N. Tranchant, M. Nesladek, Diamond and Related Materials 16 (2007) 1038.

[6]A. Brauning-Demian, E. Bedermann, P. Verma and P.H. Mokler, DIPAC lll, Frascati (1997).



Data taken in collaboration with:

GSI (Darmstadt): Angela Brauning-Demian, Eleni Berdermann, M. Traeger, M. Ciobanu
& Detector Laboratory

LIST (CEA Saclay): Hassen Hamrita, Philippe Bergonzo

NIPNE Bucharest: Dana Dimitriu, Daniela Fluerasu

LPC Caen:
Jean-Marc Fontbone, Jéerdme Perronnel, Hervé Plard, Jean-Franc¢ois Cam
Jean Hommet — acquisition; Yvan Merrer — mécanique + atelier mécanique

Lynda Achouri, Giacomo Randisi, Nigel Orr, Marian Parlog

Actuellement: p-électronique + Instru + FASTER TEAM

Remerciements:
Fac. Chimie: M. Ledauphin CRISMAT: Yohann Thimont, Séverine Mouchel
IPN Lyon: Michel Chevalier

CIMAP: Emmanuel Balanzat, Jean-Marc Ramillon, Stéphane Guillos
LPC: Joel Brégéault, Jean-Louis Gabriel, Albert Leconte, Christophe Vandamme,
I’équipe informatique



Annexes



det7 -70 V [xmex_vs_ime_pi
Entries 1114
s Mean 186.8
€ 11— Meany 8.611
2 [ RMS 71.96
E [ RMS y 1.2
S L 18.09
1.05— + + + i
| + |
O
100 150 200 250 300 350
time (s)
det7 -140 V [umes e i
Entries 81579
- Mean 165
S 1+ Meany 9,08
X [ RMS 92,
E L RMS y 1.982
>0.98— + Integral .48
0.96? + +
B ++
0.94— F
L i er
0.92— WAL, 4+ 4L
F =F
08 e L
0 50 100 150 200 250 300 350
time (s)
det7 -210 V [vmec v ime o
Entrles
— Mean
%1'057 Meany
bt - RMS
¥ L RMS y
E I Integral
1
L +
0.95—
= +
= +
B e
0.9 R
: ++++++
B R o PR
B Eials + T+ “+4 FAr
085= . | .l b b b ]
0 50 100 150 200 250 300 350

time (s)

E=1V/u

E=2V/u

E=3V/u

/////}Ou,CompanyS

PSA:

200 4, Company 2

E=2.5V/ M
| vmax:intens | det4 -500 V | vmax_vs_intens_pfx
Entries 683
< C Mean 13.3
E 110 / Meany 1124
vl B RMS 14.37
X - RMSy 2.108
§ 1= Integral  15.81
0.9 ++
+
08 o +++ ++ ++++++++
. -+
0.7
0.6
o 5 ;1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 I 1
o0 10 20 30 40 50

acquisition rate (Hz)



Single crystal DDL detector: 500 p 132Xe 7.6 AMeV
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right (blue curve), amplified with the new preamplifier PRL developed at LPC; the signals were
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Det iv ELP, 350u -200 V, E=0.6V/y, board 3;
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Start-Veto system readout electronics (W.Koenig - GSI)

Issues:
v High rate, up to 106/5 per channel.
v Fast signals, analog signal from diamond — 200 ps rise time, base width < 1ns.

Our approach:
v Dedicated NINO based discriminator board with trigger functionality.
v Time measurement performed by HADES TRB board — based on HPTDC.

8 x LVDS timing output signals
NINO chip: Developed for Time-of-flight

\ \.,‘ ]

@ S W W N N measurements in the ALICE experiment
M ‘?J‘J\‘%m Key features:

| | v’ Adjustable discriminator thresholds.
arzgnf’ﬁ;e"é@ Iy s} \\ v’ Front end time jitter <10ps.

o - v’ Sustains very high rate (>>10MHz)

v’ Peaking time: 1ns.

v Input signal range: 30fC - 2pC.

v Noise: <2500 e-.

v’ Discriminator threshold: 10fC - 100fC.
v’ Timing precision: <10ps jitter.

4 Output: LVDS.

8 X input signals

8 x scaler/trigger output signals



Det Il ELS, 240 y, -240 V, E=1V/y; O: 13.7 AMeV

2 runs, threshold changed
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Discussions

Marian:

- présentation;

- explication: activité démarrée dans le cadre ’EURISOL, encouragée dans le cadre du NUPNET,
mais dont le support a été arrété depuis quelques années;

- pour montrer des résultats, on a besoin d’une lecture électronique qui nous manque actuellement;
- dans un l-er temps, on la fera avec la carte ETC sur un détecteur de 8X8 voies
- dans un 2-e temps on va passer a 40X40 voies sur le diamant 46X46 mmz2 (que nous ayons deja);

Dominique:

- il faut chercher des applications - il ne faut pas que cette activité meure par faute d’applications;

- pour 2016 — la solution Il est préférable, méme la seule envisageable;

Remi:

- y-a-t-il moyen d’utiliser les diamants pour faire I'identification d’ions dans le faisceau (a Catane, par

exemple, ¢a est réalisée avec un silicium; a discuter avec eux quand j'irai pour la manip FAZIA -
plutét avec du monocristallin);

Nigel.
- Les diamants sont tres intéressants sur LISE;

- D’apreés ses informations: a Riken, on pourrait les utiliser en tant que cible active de Carbone, avec la
détermination du point d’'impact du faisceau;



