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al Gain and Proportional Response

The aim of LGAD sensor is to improve the performance and stability
against radiation of PiN diode detectors for tracking applications.

After Irradiation
» Proportional Response (linear mode operation) ~ ~ Similar pre & post irradiation signal (higher
> Good efficiency and spectral range quality signal + lower noise increment)

~ Better Sensibility » Lower increment of the power consumption
» Thin detector integration with the same signal

and higher collection efficiency

~ Better signal/noise ratio

Why Low Gain?

[0 High Gain implies higher levels of multiplication noise (inherent to the stochastic process
of multiplication), spoiling the improvement of the Signal to Noise ratio.

[0 cCollection times are increased with gain (more charge to be collected), increasing the
trapping efficiency and avoiding the off-setting of the charge loss.

[0 Avoid cross-talk among adjacent pixels/strips.

I. Tapan,etal.,NuclearInstrumentsandMethodsinPhysicsResearchA388 (1997)79.
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LGAD Basics. Low Gain C
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: N+ Cathode
o Core Region

Uniform electric field, high enough to activate
mechanism of impact ionization (multiplication)
o Termination -
High electric field confined in the core region _oum
o Periphery

Dead region. Charges should not be collected. Reduction of the surface leakage
currents

G. Pellegrini et. al., NIM A Volume 765, 21 November 2014, Pages 12-16

P-Stop P-Multiplication
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Pixelated LGAD

* 6x6 LGAD Matrix

* Surrounded by ring (must be biased)

* We use a dedicated front-end to
characterize it
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Front-end ASIC
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180 nm Technology from AMS
o Cost
o Good noise performance
* The fabricated prototype is 0.865 mm x
0.965 mm

VChannel, /'--

UNIVERSITATo:

1 BARCELONA Oscar Alonso — PIXEL 2016 — Sestri Levante, Sep. 2016




Front-end ASIC
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Design in AMS 180 nm

- Power supply: 1.8V
- Power consumption x channel < 160
uw
- Pre-amp is the main noise
contribution of the circuit.
- Pre-Amplifier:
. Gain ~ 67,5 dB
* GBW™~19,5 MHz
. PM ~ 632
- Optimum L and Ibias to maintain EN
below 700 e- with a C, of 20 pF
- CSA with two gains (100fC, 500fC)
- CR-RC shaper with a folded cascade
structure. C’s and R’s are passive.

Pre-amp
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Front-end : Character
ASIC| PCB

e " * Amplitude of the output pulse for the

CSA when the injected charge is below
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225 .| Equation y=a+b

Plot CSA100f
Weight Instrumental
Intercept 5,10714 + 0,54922
" | stope 8,86103E15 + 3,18161E13 | |
Residual Sum of Squares 0,74686
Pearson's r 0,99997 i H
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Front-end : Character

. ASIC| PCB
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Front-end : Nois

File Control Measure Utilities Help 26 May 2016 9:45 AM

Setup  Trigger Analyze

16.0 GSa/s High Res S e 2.50 GHz
On
0(
ﬂ 3-00 mv/

* Charge injected
equivalent to 24000
E!_

 Vrms noise at lab:
0,73 mV

* Shaper output
(yellow)

BEEEEEEEN B

e CSA output (green)

Meas ALl Edges in(2 max(1) T max(1)

Current -39.165 13.2428 mV 669.2340 ns
Mean 7-35.30] 12.8881 mV 764.16106 ns
Min ? 3 11.0478 mV 566.4880 ns
Max 7-32.316 14.4516 mV 1.0091605 ps
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LGAD Test
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LGAD back illuminated

uPositioners and Motors used to move the
board with steps of 100 um

Red laser pulsed at 1’5k Hz

LGAD biased @ 420V

100 um pinhole

.....
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LGAD Test: CSA + Sha

 LGAD back illuminated —a— Pixel0
* Ringincluded (Pixel6) 1.1 —e—Pixell
* Pulsed laser | | | | — A P?xelz
* LGAD biased @ 420V —— P!xel3
* 100 um pinhole — ¢ Pixeld

. - |—<— Pixel5
* Vrms noise 0.73 mV
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LGAD Test: Crosstalk

e LGAD back illuminated
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Conclusions and fut

* Pixelated LGAD matrix measured for first time with a
proprietary ASIC

* We have designed a very front-end with a simulated ENC
below 1000 e- with a C, of 20 pF.

* Power consumption per channel is 157 uW. Power off
capabilities are implemented.

* Design the whole channel

* We are open for collaborations, just contact us © :
o oalonso@el.ub.edu (ASIC and Test part)
o salvador.hidalgo@csic.es (LGAD and sensors part)
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