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ATLAS HGTD project

 Pile-up is one of the main challenges at high luminosity.

 Adding time information to trackers to resolve pile up interactions.

A High Granularity Timing Detector (HGTD), based on low gain avalanche
detector (LGAD) technology, is proposed in the forward regions.
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LGAD sensor R&D
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USTC-1.1 LGADs overview

e The USTC Group is focusing on the improvement of radiation hardness
of LGAD sensors.

e Deep gain layer implantation and carbon diffusion are included in the
present design.

- De5|gned VBD [V] | GL.Energy Radiation fluence [neq/cm?]

Medium
W8 195 Low High B
W9 200 High Low B 8E14, 1.5E15, 2.5E15, 6E15 80 min@60 °C
W10 200 Medium  Medium B
W11 200 Medium  Medium B+C

Thanks to colleagues at JSI for irradiating our samples!



On-wafer USTC-1.1 LGADs

Designed by USTC
Fabricated by IME, CAS

8 inch wafer, with 50 um Epi. layer.
Stepper size: 40 mm X 40 mm

“m--

Num. per stepper




Leakage Current [A]

Capacitance[pF]

IV/CV characterlzatlon (Pre irradiation)
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Gain layers of all sensors
can be depleted at V <VBD
at low temperatures (-30°C)



30

20

10

401

AT | LI

50F

m USTC W11
USTC W7

| v usTCws
o USTCW9 [}

Om ©®
me
no" F
Q v

| LU LI LU | L LI
e USTC W10 5

—1

PR
100

150 200 250 300 350

Bias [V]

L1
400

'G‘ H T | T T T T T T T T T T T T T T T T | T T T T | T T T T
o - _
- 120— ¢ S USTC Wit —
(@) B USTC W7
= = v USTC W8
= L o USTC W9
g 100 —
) - o
e : = &
£ sof ° -
60 o ¥ -]
i 5 WY §
L o) &+ ]
40_ - !ié —
L]
35 ps
—1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |_|'
100 150 200 250 300 350 400
Bias [V]

 Sensors with deep implantation(W9) and carbon diffusion(W11) can
work normally before irradiation.
e All the 5 wafers can have time resolution of ~35 ps before irradiation.
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Cold IV measurement

Leakage Current [A]
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Setup

e Temperature: -30°C (For irradiated sensors)

* Biasrange: 0 ~800 V

e GRgrounded

W7 shows poor radiation hardness with too high VBD. W8 can work
within 800 V with fluence of 1.5E15

W11 shows the promising radiation hardness. .



Room T. CV measurement

* Setup .
e Temperature: 20°C Lé ; 0E0_0
e ACamplitude: 1V ; Wil cE1s 2
* Frequency: 1 kHz ) P
e Biasrange: 0~60V o
e Sensors from W11 are 6E15_8
measured at different fluence
points. Most devices get
normal performance. 0....|....|....|....|.. ,,,,, o
o e e e w0 50 s 70 a0

Bias Voltage [V]
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C-factor extraction
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USTC 1.1 Post-irradiation Performances
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Performance on irradiated sensors

Setup

e Temperature: -30°C

e UCSC pre-amplifier board & 29 stage
amplifier used

 Reference: HPK Type 1.1, un-irradiated

OpuT = \/G’?otal — ORef (ORer = 30 ps)

W7 and W8 stop before the maximum
radiation fluence on HGTD (2.5E15). W11
performs well after irradiation.

For W11, the time resolution can be better
than 70 ps at fluence of 2.5E15 with the
collected charge large than 4 fC.
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Performance on irradiated sensors
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Exponential fitting applied to extract bias where gain ~8
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 The internal gain depends on the E field E;; in gain layer.
 [E.; is proportional to the doping concentration and bias voltage
e Good consistency between results from CV characterization and beta scope test

13



Leakage Current [A]
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Large array performance (Pre-irradiation)
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Summary

e The USTC group is involved in ATLAS HGTD project and has been developing the LGAD
sensor technology.

e Different designs, like deep gain layer implantation and carbon diffusion, are applied
to improve the radiation hardness of LGAD sensor.

e The radiation hardness of USTC-1.1 LGAD sensors can potentially satisfy the
specification of HGTD.

e Measurements performed on the large arrays show results with good uniformity.

Further plans:

 Optimization on design and fabrication process
e Detailed study on the radiation hardness
 Improve the yields of the large array

Thanks for your attentionl
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ATLAS HGTD project

High Granularity Timing Detector

Thermal

shield METS threaded holes to

be used for HGTD bolting
on the Lar EC wall

2 double-sided layers of
LGADs & ASICs and
peripheral electronics

Front cover
with stiffeners

Pseudo-rapidity coverage 24 < |y < 40
Thickness in z 75mm (+50 mm moderator)
Position of active layers in z +3.5m
Weight per end-cap 350kg
Radial extension:

Total 110mm < r < 1000 mm

Active area 120mm < r < 640mm
Pad size 1.2mm x L3mm
Active sensor thickness 50 pm
Number of channels 36M
Active area 64m?
Module size 30 x 15 pads (4 cm x 2cm)
Modules 8032

[ Collected charge per hit [ > 4.01C |

Average number of hits per track

24 < |y| <27 (640mm > r > 470mm) ~2.0

27 < |y <35 (470mm >r > 230mm) ~24

35< [g] <40 (230mm > r > 120mm) ~2.6
Average time resolution per hit (start and end of operational lifetime)

24 < [g] <4.0 ~ 35ps (start), ~ 70ps (end) 18
Average time resolution per track (start and end of operational lifetime) | = 30ps (start), =~ 50 ps (end)

Table 2.1: Main parameters of the HGTD.



Automatic probe station

The equipment from the department of micro-electrons, USTC

.- - / _

e On-wafer test for hundreds
of single sensors with the
automatic probe station

e Maximum HV to 200 V now,
quick check for the whole
wafer
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Sensor irradiation and annealing

20



Cold beta scope setup

Detectors and beta source set in the

environmental chamber, which is flushed

with N: before cooling

Reference

e UCSC pre-amplifier & HPK Type 1.1
single, un-irradiated

e  With the 2" stage amplifier

DUT

e  UCSC pre-amplifier & USTC v1.1
W8/W11 single, irradiated

*  With the 2"d stage amplifier

Trigger

e Same with the reference

e Bias:-205V@20°C/-165 V@ -30 °C

* Oper = 30DPs

e Threshold: 50 mV

Oscilloscope

e  Sampling rate: 20 Gs/s

e Bandwidth: 1 GHz 21




Leakage [A]

Leakage current on W11
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e Leakage current on W11 single
sensor could be always lower
than 10 uA.
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array test
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