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High Luminosity (HL)-LHC program

> Key numbers :
> Instantaneous luminosity 7.5x1034
cm2s1 (~5 times Run 2)
> Pile-up density (u) 200 in bc of 25 ns
> |nteraction Density 1.8 vertices/mm
> (hallenges
> Primary vertex reconstruction
> Detector radiation hardness
> High Granularity Timing Detector (HGTD)
provides an extra dimension (time) to

separate the individual interactions
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High Granularity Timing Detector(HGTD)

> HGITD is being designed for operation
with average pile-up = 200 and a total
integrated luminosity of 4000 fb™?

> (Consisted of Low Gain Avalanche Diode
(LGAD) sensors

> Time resolution
> 30-50 ps/per track
> 35-70 ps/per hit
> Luminosity measurements
> Goal for HL-LHC: 1% luminosity
uncertainty
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HGTD module assembly

Module

(8034 modules per disc)

L T glue+
" wire-bonds

Assembled module

One quadrant of HGTD front and back dis

PEB
- (peripheral

electronics)
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HGTD Production Database

> Production database to monitor and record HGTD construction

>
>
>
>

Large amount of different components
Production history and quality control
Measurements

Relationship of components(assembly)

> (Characteristic of the database

>

vy

A flexible and generic database design for
components registration, attributes and module
assembly.

Provision of shipment and handling

Custom tables for measurements and quality control
data.
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Measurements

>

Leakage current, breakdown
voltage of the LGAD sensors,
timing calibration of the ASICs
Component metrology (e.g.
length, width, thickness...)
Component images

Components to be registered

sensor wafer, sensor

ASIC (front end readout chip)
Hybrid

module flex

Module

flex tail

support unit

detector unit

peripheral electrics board (PEB)



HGTD Production Database

> QOracle database hosted at CERN

> Web Applications
> Frontend Application

(©)

VuelS based application that provides interface for the client to interact with the
database.

Calls backend APIs provided by backend application.

Used for components registration, data uploading, module assembly and other
relevant tasks.

> Backend Application

(@)

©)
@)
@)
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Developed in Django REST Framework.

Provides APlIs to frontend application and interacts directly with the database
Monitoring Application

Provides JSON endpoints to Grafana interface for data visualization.
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Current Status

/ HGTD
ATLAS Production-DB

Welcome to HGTD Production database

Admin ~

)e

° Add Institute
E  institution List
Q.  AddLocation
Q Location List
KindOfParts

KindOfParts List

=}
Attribute

I Atrbuteist I:
G,

Add Relationship
EP  Relationship List

Parts information ~

> Database is setup and applications are deployed
Completed:
> Admin Panel
o Define HGTD institutes, Locations, Component Types,
Component Attributes, Relationship

> > Registration Panel

o Registration of components and attributes

> Module Assembly
o Define hierarchy of relationship between components
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12 AddpartsTree
25 PartsTreeList
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Part/Component List

Part / Component List

o *“Part List”: show the list of components that have been registered into

6 rimen the database

B sonuin *To perform searches, type key words in “Type to Search” box, or click on
Q. Addiocaton “ADVANCE FILTERS” to type key word-n each field To update

@ tocstontin To see details ~ basic info

ord KindOfParts

B KindOfParts List Parts List

Attribute
I Attribute List @©ADVANCE FILTERS Y

G, Add Relationship

Part ID P Serial # Barcode Version Name Label KindOfffart Manufacturer Comments

EP  Relationship List

Q Q 20WwM( Q Q Q Q Q

Q

K Partsinformation

625 Parts
1860 20WMO0111000002 module Module IFAE module @ALA‘:_WIDJ ROD

A Parts To Attribute o £
== e e e e e e e e e - S
B2 Panstist 1 2261 20WMO0111000003 module Module IFAE @AL»‘-L\_I'M D_PROD > I

[8=  Module Assembly 2281 20WMO0111000004 2 module Module IFAE module (DATLAS_HGTD_PROD B
@ 7
%A Add Parts Tree
2285 20WMO111000010 module Module IFAE (DATLAS_HGTD_PROD -
Tg  PartsTreelist i
2301 20WMO111000005 module Module IFAE (®arLas_HeTo_PROD
@  Shipment Company Information o oF-
R Add Shipment Company 2302 20WMO111000006 module Module IFAE @ALA‘-L\_I‘(J D_PROD -
7
B  Companines List
2303 20WMO111000007 module Module IFAE (®ATLAS_HETD_PROD =
oo kA
a Shipment Information s
2304 20WMO111000008 module Module IFAE (®aTLas_HeTD_PROD e
x Add Shipment 7
>~ Shipment List 2305 20WMO111000009 module Module IFAE (DATLAS_HGTD_PROD o
7

Items per page: | 10 ~ 1-90f9
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Registered modules

/ HGTD

Kind of
2 Admin . Module
S
*Module basic Part dona .9 o) 2.446 ]
. . Pant ¥ 2261 delta_F_C_1 2.46 o
©  Addmstiute information = *Module
Location IFAE foot_wire_rato 0 S.Q
a Institution List Manufactures IFAE gap (um) 94.4 o] att n b U tES
Serial # 20WMOT1 1L Ghue (mg) 19.8
°+ Add Location l =
Barcode ¢ length (mm) 4113 o4
Q Location List User 0¢.0 (dog) 0.071 »
Vession # 1 rat 1 (deg) 0.067 =
,: KindOfParts
Name Label module Hickness_U (mm) 0 gi
nstalled N
=] KindOfParts List Bk tickness.V 0 2]
Production ¥
Date Mickness W 0 ;i
Attribute B thickness_X {mm) 0 oo
I Atbuteusst weght (o) 3.084 »
width (mm) 21.748 o2}
rl__, Add Relationship wire_bond_inspection HV wires unavailable (glue) -
wire_bond_pull (gf) 7.81 o2
EF  Relationship List
/ Parts information A
696 Parts

A Parts To Attribute

20HY100000001 Hybrid
*Children
lg o 20WMF1A1100001 Module_flex
200HY100000092 Hybrid compo nents
[8¢  Module Assembly ~ somsiaocseon o of module

V; Add Parts Tree

%B Parts Tree List
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Relationship of components

b Registered Module, Hybrid, Sensor
EEN CESM  Hybrid

Kind of | Acrion ]
ATTRIBUTE NAME ATTRIBUTE VALUE Hybrid p
Kind of —— [ AcTioN ] Part un AEMTee »
lodul d o
Part daha_F_C_0 (mm) 2.446 w Pate 262 chaige colecson (s) 10,09 )
Lscatan cenn Sacomected bumes none
Pan 2261 deha F_C_1 2.46 = »
Mandfocturet  IFAE eupectin good »
* L wde_ol_me (Lelent /
Laeatisn, IFAE LIRS, . = Sl ¢ 20WHY100000001 e - -]
Manufactwer  IFAE gap (um) 94.4 -} bucotes 101 -
Serinl # 20WMO111( e (mg) 19.8 2 e
Versan 8 1
Barcode # length (mm) 41131 ]
= tameLabel  hybrid
User rot_0 (deg) 0.071 o} Instabnd
Dwte
Vesons 1 oL s 0067 » e Sensor
— e = D
teataed ickness_V 0 >
Date | Atrisure name ] L Action ]
Production
thickness W Sensor
i ickness o = SENSOR.12 1232 2
Comments thicimess X frwr) 0 = 1001 consmas B =
weight (g) 2.084 » CERN locaten n wite asset 1600000 »
WAE qurty 7
width (mm) 21.748 = .
et 20WS1211000002 rows 2 »
wire_bond_nspection HV wires unavailable (glue) » P 12348 et Jocason_x 0 2
wire_bond_pult (pf 7.8 o] e st oy 2 ]
— Version & 1 .
Name Late! Sensor
nstwied
4  Parert Component
test
20WHY100000001 Hybrid
20WMF1A1100001 Modube_flex
[EE—
20WHY100000002 Hybrid
[ senace ) | invoFpaat ] [ semiace | xinoorFeant ]
20WGL100000001 ghue
—— 20miv10w0s00y Tt
11900001 water s —
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In development

> Structure for tables for sensor measurements
> Structure taken from “old MySQL database. to be updated
> New database can provide better relationships of tables

*extremely simplified version

detail tables in backup
test structure measurements

irradiation sensor sensor measurements setup parameters &
/ info \Y; / calibrations
wafer CcV
Charge
timing

sites
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In development

> Display uploaded component
photographs

" R e

Assembled
module
Flex tail
12
> JSON endpoints to link with Grafana s e
> APIstolink data from database to
view in Grafana web interface. Sensor leakage - I
> Shipments current IV B
. . curve
> Register shipment, Add components
in shipment, update shipment ,,
information. ° . e
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Summary

> HGTD Production Database is setup and hosted at CERN
> Has a flexible and generic database design for registering HGTD components
> Currently testing registration of components and making relationship links

between the associated components

> Focusing on
> |mplementing functions to upload measurement data
> Display the measurements
> Display uploaded component photographs
> Register component shipments
> Target to complete the production database development by spring 2024 before

the start of main production of the HGTD
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Thank you'!
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Back up
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Low Gain Avalanche Diode: Sensors

® | GAD sensors are an advanced type of silicon photodetector that
harness the avalanche multiplication effect to amplify signals
® | GAD sensors operate in a low gain mode, ensuring linearity and
reducing excess noise
® | GAD specifics for HGTD
> 50 um thick
- Compromise between Landau fluctuations contributing to
the time resolution etc
> Pad sizel.3 X1.3 mm?
- Compromise between rise time, capacitance, occupancy
» Signal level: 10 fC (w/20 gain) before and 4 fC (w/8 gain) after
irradiation
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Cathode
Ring

Avalanche
Region

Depletion |
Region Y

p-type Bulk
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HDTD modules

> Each module consists of two bump-bonded LGAD sensor+ASIC readout chip
combinations, glued and wire-bonded to a module flex

Module = 2 Hybrid (LGAD + ASIC) + Module FLEX (flexible PCB)

Flexible PCB connect to peripheral electronics(PEB) through FLEX tail

Yy

FLEX tail

HGTD module

Connector

Components

Module FLEX

HV connector

Wire-bonding 2LGAD (2x2cm?)

ASICs . HV wire-bonding

Bump-bonding
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Tables for sensor measurements

1
: Tables for test structure
I measurements
I
I
I
I
I
I
I
I
I
I
———————— 1 |
! — . : I :
i i, :
I b " ‘ | : . 1
I : 1 I
l ‘ : I !
[ . i !
| : |
Tables for : i I : I
e | 1
sensor IV, CV, : % ------ = I 1| Tables for setup
—_— Charge, Timing ! I l I| parameters and
e+ measurements I o : ________________ T ‘ ! calibrations
* Tables for sensor =L : f;{;ﬂv o ! :
measurements to be I ‘*”'"“""‘ \’” """"" : I :
. . I
implemented into | L d : |
. « I
production database : | e
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ASIC test measurements

Quick 2D ASIC matrix column-wise and row-wise 1D plots
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