


Introduction Irradiation studies Alternative read-out configurations Summary

Charge collection studies of silicon microstrips
sensors for the CBM Silicon Tracking System

Ievgeniia Momot 1,2,3 for the CBM collaboration

1Goethe University, Frankfurt, Germany

2GSI, Darmstadt, Germany

3KINR, Kyiv, Ukraine

Sitges 2017

Charge collection studies for the CBM STS 1/25



Introduction Irradiation studies Alternative read-out configurations Summary

Compressed Barionic Matter @FAIR

1 Introduction
Compressed Barionic Matter @FAIR
Silicon Tracking System of the CBM experiment

2 Irradiation studies
Tests before irradiation

Electrical tests
Studies of the impact of glue
Noise
Signal over Noise ratio

After irradiation
Electrical tests
Charge Collection Efficiency

3 Alternative read-out configurations
Laboratory tests with a perpendicular track configuration
Angular scan with a proton beam

4 Summary

Charge collection studies for the CBM STS 2/25



Introduction Irradiation studies Alternative read-out configurations Summary

Compressed Barionic Matter @FAIR

Compressed Barionic Matter Experiment @FAIR Fri, 9-00

– Inside of the dipole magnet:
– Micro Vertex Detector
– Silicon Tracking System

– Electron/Muon modes:
– Ring Imaging Cherenkov

Detector
– Muon Chamber

– Calorimeters:
– EM – ECAL
– Hadron – Projectile Spectator

– Time of Flight Wall

Aim: To study the QCD phase
diagram at high net baryon densities
and moderate temperatures

Au+Au collisions @SIS100
2 - 11 AGeV,
105-107 interactions/s;

up to 103 charged particles per
central collision.

physics program @SIS100:

Strange hadrons

Lepton pairs

Collective flow, correlations and
fluctuations

Hypernuclei

Charm-anticharm quark pairs
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Silicon Tracking System of the CBM experiment

The Silicon Tracking System @CBM

Silicon Tracking System:

8 tracking stations

1220 sensors, 896 modules, 106 ladders

hit rates up to 20 MHz/cm2

low material budget ∼ 1% X0

< 25 µm hit spatial resolution

S/N>10 for the hit reconstruction
efficiency ∼ 98 %

Double-sided micro-strip Si sensors:

285/320 µm thick, 58 µm strip pitch

sensor sizes 6×2, 6×4, 6×6, 6×12 cm2

7.5◦ stereo-angle front-back sides

radiation tolerance: 1014 1MeV neq/cm2
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Silicon Tracking System of the CBM experiment

Radiation Challenge

Measuring rare probes with reliable statistics requires high interaction rate (up to
107 Au+Au collisions/s) ∼ 1000 particles per collision.

(700 π, 160 p, 53 K, 32 Λ, 27 Ks, ∼ 1 Θ, 0.022 Ω )

Figure : FLUKA calculation of
non-ionizing dose at STS station 1 for 10
AGeV Au+Au collisions at SIS100

For that we need Fast, Radiation
Tolerant, High-precision Detectors

Table : Maximum values of ionizing and
non-ionizing dose on the STS, after one
month with Au+Au collisions.

Type of Dose
Non-Ionising,
neq/cm2

Ionising,
Gy

SIS 100,
10 AGeV

2.1×1013 11.9×103
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Silicon Tracking System of the CBM experiment

Impact of radiation on Si sensors

Before irradiation

Average energy per pair creation:
Ee−h=3.6 eV, charge MPV
(300 µm of Si) ∼ 22ke−

Noise
depends on a sensor:

- nA leakage current →
negligible contribution

- capacitive load

and r/o electronics:

- for final STS-XYTER ∼1000e−

After irradiation

Signal
- degradation of the charge

collection efficiency
- higher depletion voltage

required

Noise
- leakage current increases (by

orders of magnitude):
∆I/V = α× Φeq, A/cm

3

⇒ Deterioration of the S/N ratio

Actions to compensate impact of irradiation:

Increase bias voltage (up to 300 V ...
500 V)

Decrease leakage current by cooling

Beneficial annealing
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Procedure

Preparation and measurement before irradiation

Electrical characteristics:
current-voltage (IV) and
capacitance-voltage (CV)
dependence

Measurements of charge the
collection efficiency

Shipment, irradiation

Sensors installed in a pure Al
frame → irradiated.
Cooled during storage →
delivered to GSI.

Measuring after irradiation

repeat the same measurements
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Tests before irradiation

CiS and Hamamatsu sensors 6×2 cm2
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* 12 sensors were selected and wire-bonded to the PCB frames.
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Tests before irradiation

Tests of the impact of glue

2 sensors 6×2 cm2 were selected to check their performance
after protecting bonds from mechanical damage.
Possible changes:

– leakage current;

– earlier breakdown;

– affection of the noise.
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Tests before irradiation

Glue Tests: IV, CV

cbm06c2w21-3
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Two sensors studied before
irradiation.

The IV curve changes after the
glue was applied.

The CV curve:
- same shape
- capacitance of both sensors

increased by 0.026 nF.
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Tests before irradiation

Protection of the wire-bonds with glue: Signal

before applying glue
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Tests before irradiation

Set-up @STS lab

side view top view

β source: 90Sr (90Y decay Emax=2.28 MeV )
Trigger and Mips selector: Scintillator (2.5 cm thick)
+ PM.

Thermal enclosure:

cycle from +23◦C till
-11◦C and back ∼ 2 h;

cooling liquid: Glycole
+ H2O;

2 radiators; 6 fans.
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Tests before irradiation

Noise pattern of the 2×6 cm2 sensors

Noise = Sensor ⊕ Pitch adapter ⊕ PCB(printed circuit board) ⊕ Daughter board ⊕ ...

Noisesensor=
√
Noise2DB+PCB+sensor −Noise
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Tests before irradiation

Voltage scan of the cbm06h2 w01 sensor

Assume,
Noisesensor−in−PCB

Bias Voltage, V
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For better illustration points of n-side were shifted to +3V
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Tests before irradiation

S/N for measured CiS and Hamamatsu sensors

CiS

Bias Voltage, V
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* Each sensor was measured for p- and n-side at three different voltages: 150 V,
300 V, 450 V – to compare values after irradiation at the same point;

* S/N for p- and n-side is the same within the error bars.
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After irradiation

Electrical tests of 6×6 cm2sensors: IV, CV

Leakage current dependence on
the applied bias voltage.
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After irradiation:

Leakage current increases by a factor 500 (1014 neq/cm2) or 1000 (2×1014

neq/cm2).

Sensors are constantly cooled:
– to suppress current during data taking;
– to avoid annealing during storage.
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After irradiation

Charge collection after irradiation
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By increasing of depletion voltage it is possible to restore 100 % of the charge
collection efficiency.
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After irradiation

Charge collection after irradiation
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@300V
@500V

– 100 % = collected charge of
non-irradiated sensor;

– bias voltage:
300 V (for 1014neq)
or 500 V (for 2× 1014neq)

– after irradiation CCE
drops down by 10% - 20 %
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Laboratory tests with a perpendicular track configuration

Charge collection studies with different read-out configurations

Tracks are non-perpendicular in the outer part of STS → larger clusters →
risk of the signal losses

To get signal higher → to read not every strip, but from two or every second
strip

First approach: only perpendicular tracks

100 101 102 103 104

1 → 1
one strip correspond to one r/o

132 133 134 135 136 137 138 139 140 141132 134 136 138 140

every second strip is r/o

132 133 134 135 136 137 138 139 140 141132 133 134 135 136 137 138 139 140 141

2 → 1
two strips connected to one r/o

source

Scintillator+ PM

Mother Board
Sensor + Daughter Board
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Laboratory tests with a perpendicular track configuration

Charge collection studies with different read-out configurations

Different configurations of connection in the outer aperture of STS detector were
tested:

• each strip corresponds to one r/o channel

• every second strip is read-out

• two strips connected to one r/o channel

98 99 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180 181 182 183 184 185 186 187 188 189 190 191 192 193 194 195 196 197 198 199 200 201 202 203 204 205 206 207 208 209 210 211 212 213 214 215 216 217 218 219 220 221 222 223 224 225 226 227 228 229 230 231 232 233 234 235 236 237 238 239 240 241 242 243 244 245 246 247 248 249 250 251 252 253 254 255 256 257 258 259 260 261 262 263 264 265 266 267 268 269 270 271 272 273 274 275 276 277 278 279 280 281 282 283 284 285 286 287 288 289 290 291 292 293 294 295 296 297 298 299 300 301 302 303 304 305 306 307 308 309 310 311 312 313 314 315 316 317 318 319 320 321 322 323 324 325 326 327 328 329 330 331 332 333 334 335 336 337 338 339 340 341 342 343 344 345 346 347 348 349 350 351 352 353 354 355 356 357 358 359 360 361 362 363 364 365 366 367 368 369 370 371 372 373 374 375 376 377 378 379 380 381 382 383 384 385 386 387 388 389 390 391 392 393 394 395 396 397 398 399 400 401 402 403 404 405 406 407 408 409 410 411 412 413 414 415 416 417 418 419 420 421 422 423 424 425 426 427 428 429 430 431 432 433 434 435 436 437 438 439 440 441 442 443 444 445 446 447 448 449 450 451 452 453 454 455 456 457 458 459 460 461 462 463 464 465 466 467 468 469 470 471 472 473 474 475 476 477 478 479 480 481 482 483 484 485 486100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122 123 124 125 126 127 128 129 130 131
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×32
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×32

452 453 454 455 456 457 458 459 460 461 462 463 464 465 466 467 468 469 470 471 472 473 474 475 476 477 478 479 480 481 482 483

×32

228 229 230 231 232 233 234 235 236 237 238 239 240 241 242 243 244 245 246 247 248 249 250 251 252 253 254 255 256 257 258 259 260 261 262 263 264 265 266 267 268 269 270 271 272 273 274 275 276 277 278 279 280 281 282 283 284 285 286 287 288 289 290 291 292 293 294 295 296 297 298 299 300 301 302 303 304 305 306 307 308 309 310 311 312 313 314 315 316 317 318 319 320 321 322 323 324 325 326 327 328 329 330 331 332 333 334 335 336 337 338 339 340 341 342 343 344 345 346 347 348 349 350 351 352 353 354 355

×128

132 134 136 138 140 142 144 146 148 150 152 154 156 158 160 162 164 166 168 170 172 174 176 178 180 182 184 186 188 190 192 194

×64

388 390 392 394 396 398 400 402 404 406 408 410 412 414 416 418 420 422 424 426 428 430 432 434 436 438 440 442 444 446 448 450

×64

Alibava Daughter Board [ext. trig.]

CBM06H6w29
no routing lines, only long strips

Advantage:
* possible S/N improvement
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Laboratory tests with a perpendicular track configuration

Noise
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Edge & noisy channels were removed
from analysis
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every second strip is r/o

II case
2.27±0.04 ADC
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2 → 1
two strips connected to one r/o

III case
3.05±0.05 ADC
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Laboratory tests with a perpendicular track configuration

Charge collection studies with different read-out configurations
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Cluster charge spectrum was fitted
by the Landau-Gaussian
convolution

MPV interpreted as collected
charge
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Laboratory tests with a perpendicular track configuration

Voltage scan for different read-out configurations
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Assume, our noise is uniform: S/Ncluster = S/(
√

m×N),
S – signal [ADC], N – noise [ADC], m – cluster size

Table : Signal over noise for perpendicular tracks

Cluster size: Connection scheme:
One to one One omitted Two to one

One strip 60.09/2.58 ∼ 23.3 60.8/2.27 ∼ 26.8 62.18/3.05 ∼ 20.4
Two strips 73.42/3.65 ∼ 20.1 56.01/3.21 ∼ 17.5 76.93/4.31 ∼ 17.8

Three strips 91.2/4.47 ∼ 20.4 71.79/3.93 ∼ 18.3 96.64/5.28 ∼ 18.3
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Angular scan with a proton beam

Set-up at COSY

Main components:

Cold box on movable platform and r/o +
exchangable sensors;

Warm box with sensor bonded to r/o;

Trigger: two scintillators (perpendicular to
each other) in coincidence scheme.

Read out: front-end ASIC and DAQ -
Alibava system (Beethle chip): – 2 × 128
r/o channels;

angular scan from
-25◦ to +25◦

What to measure:

Charge collection;

Signal dependence on
beam incidence angle;

Cross talk.
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Angular scan with a proton beam

Charge collection at different beam angles

Type of
connection

Φ = 0◦ Φ = 25◦

100 101 102 103 104

1 → 1
one strip correspond to one r/o
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Every strip is r/o. One-, two-, three- strip clusters

Events = 10611

 0.26±MPV = 89.08 

 0.20±LWidth = 6.86 

 0.32±GWidth = 12.48 

Every strip is r/o. One-, two-, three- strip clusters

∼ 20 ADC counts
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Events = 16362

 0.51±MPV = 98.89 

 0.35±LWidth = 7.35 

 0.57±GWidth = 30.29 

Every strip is r/o. 1-5 strip clusters @ -25 deg

∼ 17
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every second strip is r/o
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Every second strip is r/o. One-, two-, three- strip clusters

Events = 55015

 0.14±MPV = 79.06 

 0.10±LWidth = 6.81 

 0.18±GWidth = 16.07 

Every second strip is r/o. One-, two-, three- strip clusters

∼ 20 ADC counts
0 50 100 150 200 250 300

N
um

be
r 

of
 e

ve
nt

s

0

50

100

150

200

250

300

Every second strip is r/o. One-five strip clusters @Phi=-25 deg

Events = 28076

 0.41±MPV = 84.16 

 0.29±LWidth = 8.19 

 0.49±GWidth = 31.89 

Every second strip is r/o. One-five strip clusters @Phi=-25 deg

∼ 17
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2 → 1
two strips connected to one r/o
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Two strips connected to one r/o. One-, two-, three- strip clusters

Events = 91237

 0.09±MPV = 91.33 

 0.08±LWidth = 8.46 

 0.13±GWidth = 11.68 

Two strips connected to one r/o. One-, two-, three- strip clusters

∼ 17 ADC counts
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Two strips connected to one r/o. One-five strip clusters @Phi=-25 deg

Events = 23224

 0.32±MPV = 94.88 

 0.23±LWidth = 7.92 

 0.39±GWidth = 23.41 

Two strips connected to one r/o. One-five strip clusters @Phi=-25 deg

∼ 14
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Summary:

* STS will provide track reconstruction and momentum determination for
charged particles @CBM experiment.

* Signal-over-Noise for non-irradiated sensors is ∼ 40 for p- and n-side.

* The prototype sensors from two vendors show a reduction of charge collection
by 10% to 20% after irradiation to twice the maximum neutron fluence
expected in the CBM experiment.

* S/N for final unit (sensor + cable + read-out) to be studied.
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