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OIntroduction

[ Testing Procedure

[0 Quality Assurance & Control
[ Alignment
[ Electronic
1V Responce

[0 Database

O Summary and Outlook



“*Significance of Testing

*One of crucial procedures in HGCAL assembly.

|. Identified the final quality of HGCAL modules.

2. Make sure no damage caused after each assembly process.
*Quality assurance and control criteria

|. Alignment

2. Number of electronic readout and noise level

3. IV response (Current v.s.Voltage)
*Also important features but not in the final grading

|. Flatness of baseplate

2. Bonding wire tightness



Acception

Electronic Test (Initial Test)
Taping

Electronic Test

Gantry Assembly

The blue tube is used to introduce
dry gas to reduce humidity.

Transportation

Module production procedure , : NS
Optical Gaging Product (OGP) 4



Summarized Accuracy Plot
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U Basically like making a “sandwich”.

O All alignhments met the grade A criteria except one manual accident.

O Gantry guys did a good job!



For example:
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| .Check whether introduce additional dead channels

after each process.

2.Exam whether the noise level is reasonable, (2

ADCs).
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*I[HEP was the first lab aware of ESD, which was later confirmed by CERN.

*The corresponding ESD protection measures have been applied.



lonizing Fan

Anti-static
Gloves & Wrist Strap

4K 3

’Anti-static box

Initial ESD protections measures:
* Both People and equipment are grounded
* Anti-electrostatic gloves for operation
* lonizing Fan
* Anti-electrostatic box for transportation

Additional protection applied:

* Ground HV capacitor using a
conductor connected to
fixture used for transfer tape
tasks



+* 7 Pre-Production

Module IDs PCBID # of Dead Channels GradeA (# < 10)
ML_F3WX_IH 00014 02 0 A
ML_F3WX_IH_00015 09 0 A
ML_F3WX_IH 00016 10 0 A
ML_F3WX_IH 00017 03 0 A
ML_F3WX_IH_00018 Ol 0 A
ML _F3WX_IH 00019 04 0 A
ML_F3WX_IH_00020 101 0 A

# of A 7

* The quality of this batch of PCB boards is exceptionally high.



< 10 Pre-Series

Module IDs PCBID # of Dead Channels  GradeA (# < 10)
ML_F3WX_IH_00021| 84 6 A
ML_F3WX_IH_00022 60 3 A
ML_F3WX_IH_00023 53 14 A*

ML_F3WX_IH_00024 45 4 A
ML_F3WX_IH_00025 54 8 A
ML_F3WX_IH_00026 55 3 A
ML_F3WX_IH_00027 56 ) A
ML_F3WX_IH_00028 57 8 A

ML_F3WX_IH_00029 58 13 A*
ML_F3WX_IH_00030 59 8
# of A 8

*Did not introduce any additional dead channel from our assembly.
(All dead channels are from initial PCB itself.)

*8 PCBs were “A” when we received them; the other 2 were A*. 10
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7 Pre-Production Modules
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*Grade A: Breakdown voltage > 500V for now and I(850V) / 1(600V) < 2.5 will be
added in future.

|6 modules are graded as A.
*Potential reasons for early breakdown:
* Humidity between the layers need to be dissipated.

500V
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*Break down voltages of module number 24, 27,28, 29 are getting greater as time pass by.
*Humidity, glue spreading across the guard ring, and insufficient drying may be the causes.
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“* Graphic User Interface (GUI) Systerm --developed by CMU

Ongoing

Module Setup

2 Live Module
Select Tests
Tests to run:

Hexaboard Density: 2 Low High

Hexaboard shape: 2 Full Top Bottom Left Right
Standard Test Procedure
Sensor Thickness: 120 micron @ 200 micron 300 micron i )
Trim Pedestals Bias Voltage: 300
| T z PCB @ Carbon Fiber Copper-Tungsten
Etaiadh o i ’ Pedestal Run Number of tests:
v Preseries Module

Module index: [EEEN

Scan QR Code:

Bias Voltage (per run):

Other Test Script: Bias Voltage: 300

Ambient IV Curve
Module Serial Number: 320-ML-F2CX-CM-9999

Dry IV Curve Number of tests: | 800V Bias in Wait Period
Test Stand IP: |cmshgcaltb4.lan.local.cmu.edu

Wait Periods (per run - minutes):
Inspector: acrobert i

Module Status: [Frontside Encapsulated |

Configure Test Stand Only IV Test

vl Debug Mode ™ Skip Electrical Checks

Status Bar

Debug Mode: Dark Box Closed: DCDC Powered Hexacontroller Powered: DAQ Server:
Is Live Module: HV Output Powered: Trophy Connected: Hexacontroller Accessed: I12C Server:
HV Cable Connected: ' DCDC Connected | Hexacontroller Connected: | Firmware Loaded: DAQ Client:

*A one-stop user interface.
*With one click, it can run all tests and upload the test results to the database.




Time:
Apr 2024 -> Aug 2024 AAA AA A —
# of Modules 7 0 0 O
< 150 um # of dead < 10 500V < Break
Module IDs PCBID Placement Electronic vV Summary
ML_F3WX_IH_00014 02 A A A AAA
ML_F3WX_IH_00015 09 A A A AAA
ML_F3WX_IH_00016 10 A A A AAA
ML_F3WX_IH_00017 03 A A A AAA
ML_F3WX_IH_00018 Ol A A A AAA
ML_F3WX_IH_00019 04 A A A AAA
ML_F3WX_IH_00020 101 A A A AAA
# of A 7 7 7

* The quality of this batch of PCB boards and sensors is very high.
* This is a unique batch of modules that CERN specifically requested IHEP to

assemble, intended exclusively for preliminary beam testing.
14



Time: AAA AA A —
Aug 2024 -> Nov 2024 # of Modules 6 3 0 1
< 150 um # of dead < |10 500V < Break
Module IDs PCBID Placement Electronic % Summary
ML_F3WX_IH_0002| 84 A A A AAA
ML_F3WX_IH_00022 60 A A A AAA
ML_F3WX_IH_00023 53 A —_— A AA
ML_F3WX_IH_00024 45 A A —_ AA
ML_F3WX_IH_00025 54 (Misaligned) A — —
ML_F3WX_IH_00026 55 A A A AAA
ML_F3WX_IH_00027 56 A A A AAA
ML_F3WX_IH_00028 57 A A A AAA
ML_F3WX_IH_00029 58 A — A AA
ML_F3WX_IH_00030 59 A A A AAA
# of A 9 8 8

*  This unique batch of pre-series modules was assembled as a practice run for the upcoming official production. Due to
its purpose, the quality of these modules is expectedly lower, allowing us to refine our processes.

*  We've already upgraded our system to handle two modules at once, and we’ve further enhanced our software to
prevent human error during assembly. 15



As of now, IHEP has assembled 40 modules, of which 31 (or 77%) are graded A.
The best from the same level of MACs.
The quality assurance and control (QA/QC) standards are followed.
QA/QC Standards

= Alignment

= Number of Electronic Readout and Noise Level

= |V Response (Current v.s.Voltage)
One of crucial procedures in HGCAL assembly.

* |dentified the final quality of HGCAL modules.

" Make sure no damage caused after each assembly process, including initial

quality, taping, gantry assembly, bonding, and encapsulation (Final).

IHEP was the first institute that identified electrostatic discharge when apply
double sides tape onto hexaboard. The corresponding protections were applied.
GUI, one-stop, multiple test user interface is ongoing.

16



Thanks!
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» Name and Function inside Box
» Placement Accuracy Plots for 7 Pre-Production Modules
» Placement Accuracy Plots for 10 Pre-Series Modules

» ESD Verification by CERN
» IV curve as Humidity

18
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DC-DC Board

® DAQ: where the microcomputer is and it convert analog to digital

® Trophy: a connector

m DC-DC board: supply low voltage

® [ oopback board: distributed the low voltage to other part of module.
m Red-white wire: for measuring IV respond.
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UNIVERSITE
LIBRE
DE BRUXELLES

/
Compact M Solenoid

e T A

Injected ESD pulses across the CM capacitor on pad towards chips.

Key conclusions:
* Any analog pin, normal or CM, can be destroyed by an ESD pulse above 600 V if injected at the pins.

+* Not only the CM pins but also HV Decoupling Cap can be damaged by ESD.

Advice:
Basic ESD handling precautions must always be followed at every stage, from chip testing to

module assembly and beyond.

https://indico.cern.ch/event/1445204/contributions/6083585/attachments/2910827/5106920/ESD%20susceptibility%200f%20Hexaboards%20_Module_meeting20240813.pdf 21



320-ML-F3CX-CM-0009 module IV Curve Set 2024-10-22

—— 36\% RH; 23°C
—+— 35\% RH; 22°C
—— 5\% RH; 21°C
107 —e— 5\% RH; 21°C
—— 5\% RH; 22°C
—e— 5\% RH; 21°C
—+— 5\% RH; 21°C
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* Humidity can have a noticeable impact on |V curve
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