A start detector design for a pion beam based on standard single crystal diamonds
Wolfgang Koenig , March 2013

@ 10 standard single crystal diamonds of size 4.6 * 4.6 mm? and thickness 300 um are
currently available.

@ Nine diamonds will be used in a 14*14 mm? start detector array with 36 pixels.
@ This results in a position resolution of 0.67 mm (sigma) in each dimension.

@ Two boards with 5 and 4 diamonds respectively will be mounted as close as possible
to the target (40 cm upstream inside the LN2 target, 5 cm upstream in case of the
solid target test-beamtime for better focus monitoring).

@ The readout consists of a preamp (charge sensitive) directly attached to the
diamonds and a booster/shaper module outside the vacuum (this concept is based
on existing modules but requires a redesign due to space limitations).

@ Power consumption of the diamond boards amounts to 60 m\W (1,65 m\W /preamp)

@ Final signal discrimination is performed via a standard NINO discriminator board
already employed in previous beamtimes.
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Readout electronics for diamond start detector (Pion Beam)
Wolfgang Koenig March 2013

booster & shaping stage i3
1st amplification stage ©

[¢]
L[4[ B2 1l e & |+
||‘| {} 150nH e
TPv3 2 0.2pF — 3.3

R3 DelayRod R4 R6 11 T
220K  TPi2 ? Length: 1 92 R7 15 TPv1
@ 24K
TPv2 P TL ' » NG

1 | 10nF R5
(? 270K Cll == <7 R7length: 0 67 | C13)| 10nF SN 73

}J 2pF L /length: 250n I Q2 3.9pF| :
Q1 l V C /length: 45p BEP720F SUB3 Nlno Input

BFP720F SUB3 1m long support rods N

[ () Is1

(o]

e C6
1 oM 22PF Diamond detector
T 0.66pF

Tran: Pulse 0 to 1u C7
Distort: Sine 1u (peak) 220PF



1,05u-,

o TPv3 (right)
TR (left)

TPv2 (right) -2,29076E-3

2,89855E-9

<o>

950n]
850n§-
750né
Red: MIPS current signal from 300p diamond, '
left scale
Blue: Voltage signal at diamond (0.66 pF)
Green: Output signal of amplifier attached to

650n]
550n1-

450n-

- 1,00m
700u
400u
100u
-200u
-500u
-800u

[ -1,10m

: _ : 350n-
diamond (reflections from transfer line). oo o
. n-] - -1,40m
Blue & Green: right scale : ;

150n - -1,70m

50,0n-  _2,00m

-50,0n: T i i T i T i T } T } T } T } T } T ; '2:30m

0 2,00n 4,00n 6,00n 8,00n 10,0n 12,0n 14,0n 16,0n 18,0n 20,0n
Time
9— TPv1 (left) TPv3 (right) y | 4,38884E-2
x| 5,77670E-9
45,0m- <92 -0
. . . 40,0m- ;-250u
Blue:Input signal into booster/shaper, right scale . -

5,0m-¢- :-5 u

Red: Output signal of booster/shaper, left scale : —

1.35 ns rise time, S/N 30 : 1 : :
Expected resolution: < 100 ps 25.0m: p-1.oom
20,0m| - -1,25m
15,0m ;—150m
10,0m [ 1,75m
5,00m] ;—ZDOm
0 -~;-225m
'5100m: T ] T ] T ] T ] T ] T ] T ] T ] T ] T : '2,50m
0 2,00n 4,00n 6,00n 800n 10,0n 12,0n 14,0n 16,0n 18,0n 20,0n

Time



Integrated Noise
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______ i f 00

.................

i o00p
.................... b s00p
------------------- i f 2000

L 30,0p

....................

O— TPv1 (left) ————— (right) 8,83308E-8
5,06023E+7

- 100p

JRR T A e

.................................. - 80,0p

([zH] 1bs / sdwy) esioN 1nduj

70 T S S S P
L .-
0 : : : : : : :
100K 1,00M 10,0M

Frequency

Red: Noise spectrum at Booster / Shaper output.
Spikes are due to frequency dependent impedace mismatch between transfer line and booster/shaper input
Blue: Input noise (diamond is noise free)




Effect of the shaper on:
# the pulse shape (upper fig.)
+ the frequency response (lower fig.)

Blue: before shaping
Red: after shaping

The effect of the transport line
between preamp and booster/shaper
is not included.
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