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Introduction

»HGCal (High Granularity Calorimeter) is a major upgrade for HL-LHC
»1st silicon calorimeter
= Higher radiation region: 620m?2 of silicon sensors (31000 Si modules)
= Lesser radiation region: 370m2 of scintillators
= 6M Si channels, 0.5 or 1.1 cm? cell size
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Introduction

» IHEP lab perform assembly to HGCal modules
= Module assembly processes on gantry
= Wire bonding & encapsulation

> QA& QC tests
* Module assembly quality control, photo taking
= Noise test

ikes— — » Data Base
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WorkFlow of QA/ QC
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QA Test before Assembly

> Perform QA/ QC test to Hexa-board, Sensor and base plate on OGP
= Measure flatness, thickness and width of hexa-borads, baseplates and sensors

= Sort sensors by quality

» All component passed the test
= Thickness tolerance meets the requirement
= Ready to be assembled
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Module Assembly on Gantry

» HGCal low density module has 3 layers: baseplate, sensor and hexa-board
= Mount sensor on PCB baseplate first, then mount hexa-board

= 3 layers are glued together
= glue patterns are designed based on geometry
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Module Assembly Accuracy

» Thickness tolerance meets requirements for all modules
= QC procedures are followed in whole module assembly process
» Standard tolerance: 250um
» Thickness tolerance of sensor on PCB <40 pym
» Thickness tolerance of module (hexa-board+sensor+PCB) < 125 pym
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Module Assembly Accuracy

» Assembly accuracy meet requirement for all modules
= Center-to-center & edge-to-edge accuracy are measured
Each edge of sensor is inside PCB baseplate
Standard tolerance: No bigger than 100 pym
. Center-to-center tolerance around 50um
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Wire Bonding

» Wire bonding is automatically done for back side and front side at each bonding point

* Uninterrupted wire bonding for 200- 400 points
= Pull test for the bonding wires

= g >8g,0<1g
= QA/ QC test by OGP after bonding

= All modules passed the performance test
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Encapsulation

» Each bonding point is encapsulated automatically with mini-gantry
= Mostly no bubbles found in bonding points
= All bonding wires are covered by glue
= QA/ QC test by OGP after Encapsulation
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Module Test

» 4 Modules |-V tests have done in 2022
> Noise after assembly is about 3-6 ADC for each module
= All channels work well

= Different behaviour of module 006: Discharge at around 600V, then become ohmic
* Due to old guard ring design

» Assembly process is sucessful!
» For more details please see Taozhe Yu’s talk!
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Ready for the Coming Production

Performed QA test on them with OGP

» Update assembly tools to adopt new modules

» Designed new glue patterns based on new bonding points

Impact into assembly code and tested on gantry

New Assembly Tools
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HGCal Database

> All QA/QC results will be uploaded to database
= HGCal database has been installed to IHEP MAC
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Summary & To-do List

» Summary
= 7 modules are successfully produced
= 4 modules produced in 2022 (delivered to Fermilab)
= 3 modules produced in 2021 (2 of them are sent to CERN for beam test, 1 is in IHEP)
= QA/ QC test data are took for the modules
» HGCal module assembly and QA/ QC processes are settled
» |nstalled HGCal database
» Upgrade assembly tools& glue pattern design for mass production
» To-do list
= Upgrade Labview software for gantry
= Optimize production & QA/QC process
* Productivity goal: 24 modules per day







Thickness and Flatness of PCB Baseplate
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Thickness-of_hexboard_1

Thickness and Flatness of Hexa-board
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Thickness and Flatness of PCB Baseplate

Flatness: 201um Flatness: 146um Flatness: 167um Flatness: 182um
2R BT INFRME SEIE AZE St B AR SoE A% L7 By SRR Sl A% HHR BAT NFRE O SEIME AE
+166.79 +166.83 +000.03 +166.793 +166.843 +000.049 +166.793 +166.830 +000.036 __ *+166.793 +166.843 +000.049
T & mm 370 060 690 Glia mm 70 58 88 bl mm 70 25 55 T mm 70 09 39
+166.79 +166.81 +000.02 +166.793 +166.817 +000.023 +166.793 +166.802 +000.008 +166.793 +166.812 +000.018
BiJE mm 370 523 153 SERE mm 70 69 99 kS mm 70 67 97 BiJE mm 70 57 87
+166.79 +166.85 +000.05 +166.793 +166.857 +000.063 +166.793 +166.858 +000.064 +166.793 +166.855 +000.061
T g mm 370 016 646 TEE mm 70 60 90 Si g mm 70 43 73 TR mm 70 22 52
+192.59 +192.66 +000.07 +192.596 +192.676 +000.080 +192.596 +192.640 +000.044 +192.596 +192.658 +000.062
T B mm 600 613 013 e mm 00 68 68 T i mm 00 81 81 T & mm 00 82 82
+192.59 +192.58 000.014 +192.596 +192.576 000.0195 +192.596 +192.576 000.0194 +192.596 +192.580 000.0154
TR mm 600 167 33 T mm 00 48 2 T J& mm 00 53 7 T g mm 00 58 2
+192.59 +192.67 +000.07 +192.596 +192.694 +000.098 +192.596 +192.695 +000.099 +192.596 +192.698 +000.102
7 RE mm 600 444 844 Vi mm 00 68 68 ik mm 00 70 70 pini s mm 00 08 08
\ Hexboard_LDV3007_height :
Hexboard LDV3005_height Hexboard_LDV3006_height ° LDV3007 Rexboang - DVS008, height LDV3008
- LDV3005 % Enl;i?svaaoam g 8 :— M Enirigs o % C Entries 64
2 s A Entriog g '*Em_ Mean 1.38 TR Hean ki = ?:_ i Mean 1.420
I ;ﬂ:&; 016;15 - : —|~ Std Dev  0.02503 7= Shiber “HP0 L StdDev  0.05141
: 1 ev .| 1 E 5—_
5_— 8; 5:— E
E i - s
4_— M M - 5__ E
: 5 : a4
3F i g B
: Il 4 S i3
25 L F L
C ﬂ r 2 2
- = o C F
E ’7 F —|_‘ 1:— 1}
9:2”1'.‘25”'1.‘3”'1‘.55‘”1.4”‘1"-|45‘”'1.‘5'H'1".%”H.e c_ \ |H,‘|,‘ T T . 9; 1'25 1|5515 G:....|....|....|....|....|...|....|....
eight [mm] 1.2 1.25 1.3 1.35 1.4 1.45 1.5 H;ié]shst’[mnlllﬁ : : : Height [mm] 1.2 1.25 1.3 1.5 He‘lié5hstv [mr'Jl]'E



