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TRACKING IN 4 DIMENSIONS

AN OVERVIEW

MULARGIA

High accuracy both in space tracking and timing: INTRODUCTION

Ultra Fast Silicon Detectors

Huge enhancements to the event reconstruction process in
HEP (reduction of pile-up effects) and medical imaging.

N \? )
O-? = <d\//dt) + O-t%imewalk + J%andau + Tbc (1)

> high signal to noise ratio

A good timing q )

detector should grant (moderate gain)

a %/dt ratio as low » linear response (no breakdown)
as possible! » a steep signal (small charge

collecting time)




LGAD AS CANDIDATE FOR UFSD

— - - —

R N+ electrode
P type multiplication layer

P type (T) substrate .
Resistivity ~ 10 KO-cm P/,EIECtrnde

Multiplication layer: creates a locally high electric field (
E > 300kV /cm ) so that the drifting electrons will induce a
controlled avalanche.

External bias voltage: high enough ( Epjas > 30kV /cm )
to saturate the charge drifting velocities — fast charge
collection — steep signal.

N(X): No-eaX: N()‘ G (2)

G = e™ is the gain as function of «, impact ionisation rate




LGAD RESPONSE VS TEMPERATURE

EFFECTS ON TIMING PERFORMANCE DUE TO THE GAIN INCREASE FOR
LOW TEMPERATURES

3 uncertainties are independent of temperature:
Otimewalk - Systematic, independent of temperature GAN vs T

Olandau - Statistic, independent of temperature

OTDC = \/%AtTDCb;,, : can be minimised

N . . . .
av/di - hoise is constant, independent of

temperature or voltage. However the steepness
of the signal is affected by a change of gain.

Low temperatures cause:

> increase in carriers saturated velocities INCREASE
> increase in the mean free path of the IN
GAIN

carriers — impact ionisation rate «




GAIN IMPLEMENTATION IN WEIGHTFIELD2!

ELECTRIC FIELD AND TEMPERATURE DEPENDENT MODELS

Chynoweth law for the impact ionisation rate:

fy Be,h GAIN IN WF2
0en(E) = e o0 (<1 @)

Electric field dependence: 2 doping profiles implemented:

Gain A shallow doping profile

o - |

el g |_| best describes the CNM

Shallow doping: li 1 the electrod . .

De:pot\:l.\;p%?glrg s;nfaar; ;?::'t\ngeg.g_mr\?:rsn deep) i PrOdUCtlon, deep doplng

i rocess (am): Fores Gain IIEEII profile for FBK sensors.

: oz

lopen source avalaible at http:

//personalpages.to.infn.it/~cartigli/Weightfield2/Main.html


http://personalpages.to.infn.it/~cartigli/Weightfield2/Main.html
http://personalpages.to.infn.it/~cartigli/Weightfield2/Main.html

GAIN IMPLEMENTATION IN WEIGHTFIELD2
ELECTRIC FIELD AND TEMPERATURE DEPENDENCE IN THE IMPACT
IONISATION RATE

Temperature dependence: 4 models implemented:

Two based on the Chynoweth law (eq. 3):
van Overstraeten Model Massey Model

=1
tanh (ZkT ) 7
= ah () W BenlT) = Aen+Bap T (5)

GAIN IN WF2

Two proposed their own law for a 4:

Bologna Model Okuto Model
parameters with linear, impact ionisation rate directly
quadratic or exponential shows the temperature
temperature dependence dependence

All but the Massey model are also implemented in Synopsys
Sentaurus




SETUP DESCRIPTION

INSTRUMENTATION

Climatic chamber with automatic data acquisition
(LabVIEW based).

1064ns non collimated picosecond laser (intensity set to
replicate 1 MIP)

Amplification
\ Filters

signal

trigger

See Marco Ferrero’s talk for more details about the boards
and the instruments.




SETUP DESCRIPTION

MEASURED CHARACTERISTICS

Total current: internal current through the sensor plus the
surface current through the border of the active area.

Gain as the ratio between the normalised signal area of the
LGAD and the one of the twin diode.

Time resolution: standard deviation of the distribution of
the time of a constant fraction of the signal peak.

Model calibration: the models were normalised to a
common value of gain and their prediction about the trend
was analysed.




FBK AND CNM SENSORS

Fondazione Bruno Kessler (FBK):
Thickness 300um (March 2016);

» 13 Wafers — 5 Splits of gain in 2% steps;
» structures: single /multi pad, array, strip;

> n-side segmentation, p-side segmentation; PRODUCTIONS

'50um thick production expected in early 2017.

Centro Nacional de Microelectronica (CNM):
Silicon-on-Insulator wafers — thickness 50pm (2016)
3 dopant doses for gain layer:

» 1.8-1083cm2
» 1.9.-108cm2
» 2.0-108cm2




TOTAL CURRENT VERSUS TEMPERATURE

300pm FBK — MODERATE GAIN (WAFER 3)

ROBERTO
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Total Current versus Voltage (LGAD) - Wafer 3

1uA]

Decrease of total current for low temperatures as immediate
and predictable effect.
— IV curve for T = 10°C shows an early breakdown




(GAIN VERSUS TEMPERATURE

300pm FBK — MODERATE GAIN (WAFER 3) AND HIGH GAIN (WAFER

10)

Gain versus Voltage - Wafer 3

W-T=25C
- T=20°C
1=15°C

Increase of gain for lower temperature — high gain sensors

see a bigger increase.

— Decrease of Breakdown bias voltage values.
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Gain versus Voltage - Wafer 10

m-T=25°C
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GAIN vs T
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TIME RESOLUTION VERSUS TEMPERATURE

300pm FBK — MODERATE GAIN (WAFER 3)
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Time Resolution versus Voltage - Wafer 3
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Increase in gain causes sensibly improved timing performance
for low temperatures.
(Time resolution defined in Slide 9)




SIMULATION OF GAIN VS VOLTAGE

300pm FBK — MODERATE GAIN (WAFER 3)

Gain dependance as a function of Vbias
FBK, 300-micron thick sensor
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Simulation must correctly predict the voltage of the sensor
breakdown as the gain increases drastically when close to it.
Massey and Okuto models succeed in it.
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GAIN V8§ V.




SIMULATION OF GAIN VS TEMPERATURE

300pm FBK — MODERATE GAIN (WAFER 3)

Gain dependance as a function of Temperature
FBK, 300-micron thick sensor, Vbias = 500 V
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Very different predictions and measurements taken in Turin
and Ljubljana — Further experimental study is necessary
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GAIN vs T




SIMULATION OF GAIN VS TEMPERATURE

50pum CNM — MEASUREMENTS TAKEN AT UCSC

Gain dependance as a function of Temperature
CNM, 50-micron thick sensor, Vbias = 200V
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Measurements show a 50% increase in gain from RT to

—20°C, in agreement with the Massey and Okuto model.
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SIMULATION ON
CNM LGAD




CONCLUSIONS AND OUTLOOK

» The measurements show a strong dependence of the
performance of UFSD on temperature.
Low temperatures cause the gain to increase and
therefore the timing performance to improve. An
excessively high gain can although cause an early
breakdown.

» Both the voltage dependence of the gain and the
temperature dependence of the gain favour the Massey
and Okuto models of the gain, showing a much more
gently voltage or temperature dependence than e.g. von
Overstraeten or Bologna models.

> Weightfield2 proved itself to be a valuable assist in this CONCLUSIONS
study and offered a good description of the performance
of the thin sensors.
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UCSC MEASUREMENTS
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Effect of Temperature on Gain
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IPERATURE

UCSC MEASUREMENTS
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Signal/Noise: 50um 9088 W3 HG21 (Pad 1.2)

» Noise is constant independent of
temperature or voltage at 1.6 mV
- T for C = 10pF (2mm pad)
- s [ same as for C=3.3 (1mm pad) ]
w0 - a0

¥ = -00925% s 35355

0 25 260 265 2 278 380 S 190 295
Temperatur (K]

Lowering the temperature from RT to -20C:
Signal/Noise improves by
45% (150V)
76% (210V) CONCLUSIONS

Hartmut F.-W. Sadrozinski '"Temperature Effect on Gain', RDS0 Nov. Zom
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