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Overview of HGTD readout electronics

HGTD electronics architecture

* On-detector Electronics
* Front-end modules
* Flex tail cables '
* Peripheral Electronics Boards (PEB) A -
* Off-detector
e Data Acquisition System (DAQ)

* Low Voltage (LV)/High Voltage (HV) ;ﬂ I

Front-end
modules

* Luminosity System
* Timing, Trigger and Control (TTC)

On-detector
* Interlock system electronics

Lumi.
Data Handler

fu A

<

Data Handler

Interlock
System

b

HV System

Electronics
Board

A

* Detector Control System (DCS)

Off-detector
electronics

Main functions of Peripheral Electronics Board (PEB)
e Control, monitoring & data aggregation and transmission
* Power-supply distribution: LV & HV
* Thermistor connection between the front-end modules and the interlock system




Peripheral Electronics Board

Six types of PEB (front and back side)
 Board 1F 2F 1B and 2B can be used both on front and back

e According to the optimization of mirror structure for module layout

53 modules

48 modules

.
:
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1 |
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54 modules

55modules — 1lpF
i .

@ One guadrant of the HGTD front and back side



PEB R&D overview: from simple to difficult

 Modular PEB: assemble of test boards for all individual key components
* Front-end module (ALTIROC), MUX64, bPOL12V, IpGBT and VTRx+

» Standalone board to verify functionality and performance separately

 PEB 1F (2 versions): most complex PCB in 6 types of PEB, 22-layer PCB

Modular PEB -
PEB 1F 3 1 1 - - -
Tasks Demonstrator, Beam test, QA/QC, Training ~ TDAQ Lumi.  Timing

& System integration Reliability test

Modular PEB is 1/9 group of PEB 1F

. PEB 1F lite version

. 1 group (VTRx+ 2 IpGBT)

. without outer ring
connectors

Modular PEB



PEB R&D overview: 1F board from difficult to simple

- Total thickness: 9.7 mm " High speed

» Shielding case: 5.0 mm = low loss multi-layer material and Impedance control
= PCB: 2.5 mm

= Spacer: 2.0 mm

= Others: 0.1~0.2 mm

- 55 FPC connectors

= Center to center distance:
6.5 mm

Halogen free: EM-890 or IT-170/988 or TU-883A

Symbols and nets:

= 3386 components, 12996 connections

22 layers, includes:

* 52 bPOLl12v power blocks = 8 layers for signals, 2 layer for HV and HV return ground

= Size: 24 mm x 14.5 mm
= 4 layers for ground, 8 layers for power

= Height above : 5 mm

High Density Interconnector: Micro via

» VIPPO/POFYV: Via-in-Pad Plated Over PCB

Other boards: derived from this e 4 Kapton film: 0.1mm
lelding case: 5.0 mm
board, sharing library files, stack-
. oo . Nut: 1.6mm
up, and design specifications

= Height under: 2 mm

Side
view

Connectors: 4.0 mm

Heat sink
Inductor

FPC connectors: 1.0 mm height

PCB: 2.5 mm

—— MUX64

Custom-made Aluminum Heat Sink Spacer: 2.0 mm

Cooling plate

Through hole Buried via Blind via

Solder resist iStirface plating

,ﬁ Epoxy filling

B base —




PEB 1F-Prototype Fabrication & Pre-qualification

= Qualified vendor chosen for the PCB fabrication and assembly

= 4 companies for PEB 1F
prototype fabrication

2022 annual

Vendor | revenuein FE8 . F.a Bricstion Comment Assembly
: Material time
China (*)
Failed to merge the sandwich 1 group Finished at Nov. 29th, 2023
8.2-D In top20 IT-170 54 days in the first batch, alignment;
The second batch is OK - ;
Failed in the first batch; 1 group Finished at Dec. 21, 2023
8.2-C In top100 EM-890K 89 days The second batch is OK )
1 group Finished at Jan. 2", 2024
8.2-B In top5 EM-890K - - Full 2 PCs finished at Jan. 15th, 2024
assembl One sent to CERN at Jan. 22th 2024
y Another sent to CERN at May. 6", 2025
_ 1 group Finished at Dec. 27t", 2023
82  Taiwan TU-883A 20 days gLt

need custom clarence

*Note:


https://www.eet-china.com/mp/a133351.html
https://www.eet-china.com/mp/a133351.html
https://www.eet-china.com/mp/a133351.html
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PEB 1F-test Matrix

Full assembly

8.2-B
At IHEP

Details summarized in NJU student Zhenwu Ge’s PhD

Full assembly
8.2-B
At CERN

thesis: “Evaluation of the PEB 1F.pdf”

PEB self-testing

Operating
condition test

Joint test

Calibration

Reliability test

Power on/off, voltage check

HV check
IpGBT &

Communicati e S

on test IpGBT & FELIX
MUX64 and
ADC

TDR (Time Domain
Reflectometry)

Clock jitter and skew test

Eye-Diagram test for optical links

Full power test with thermal
emulators and flex tails

Performance test at low

temperature
Front-end
module config
With
front-end ALTIROC2
Ll LT ALTIROC3
ALTIROC-A
And with HV Noise analysis

DSC Monitoring measurement
TDC Calibration

High Temperature Operating Life
(HTOL)

Temperature Cycling (TC)

Done
Done

Done

Done

Done

Done

Done

Done

Done

Done

Done
Done
Done

Done

Done

Done

Done

Done
Done

Done

Done

Done

Done

Done

In progress with
54 modules

In progress

Done

Done
Done
In progress
Done
Done

In progress

BPol12V output values meet expectations (details in page 3)

HV leakage current test, < 5nA@1100V

Up/Down link biterror ratd <402
Multi modules/emulaters BERT test with PEB 1F

Compare the products of four companies through TDR testing, All meet the requirements. Choose the best
one for pre-production

(including FELIX, PEB, flex-tailsand module flex),
< 0.7 ns for 640 MHz clock, satisfying ALTIROC specification

Clk jitter and skew measurements for PEB 1F, Multi modules/emulaters BERT test with PEB 1F,
Use PNA(Phase noise analyzer from Keysight) to measure jitter from frequency domain

Bit error rat PEB 1F eve diagram test for 10Gbps

Support up to 250W, from PEB Thermal Cycle Status

Measurements at Demonstrator, conduct performance evaluations for some of the modules.
Multi-module config via 12C buses

Testing with PEB 1F
1.2 r
Scripts development for AltirocA module test on PEB + FELIX, but need to adjust power output
Combined test at CERN

All temperature data have been read out

Altiroc3TDC calibration update, Scripts based on ALTIROC-A is currently being migrated.

with ALTIR modul nd PEB/FELIX in demonstrator

-40°C to 70°C, 96 thermal cycles passed, from PEB Thermal Cycle Status


https://indico.cern.ch/event/1368953/contributions/5763377/attachments/2782086/4849316/20240117_PEB%201F%20Test.pdf
https://indico.cern.ch/event/1416411/contributions/5955135/attachments/2857087/4997653/update_240515.pdf
https://indico.cern.ch/event/1375699/contributions/5784601/attachments/2790567/4866383/20240131_Multi-modulesemulaters%20BERT%20with%20PEB%201F.pdf
https://indico.cern.ch/event/1375699/contributions/5784601/attachments/2790567/4866383/20240131_Multi-modulesemulaters%20BERT%20with%20PEB%201F.pdf
https://indico.cern.ch/event/1375699/contributions/5784601/attachments/2790567/4866383/20240131_Multi-modulesemulaters%20BERT%20with%20PEB%201F.pdf
https://indico.cern.ch/event/1365714/contributions/5745474/attachments/2778270/4842236/20240110_update%20the%20test%20of%20PEB%201F.pdf
https://indico.cern.ch/event/1370733/contributions/5770097/attachments/2786346/4858121/20240124_Clock%20jitter%20and%20skew%20measurements%20for%20PEB%201F.pdf
https://indico.cern.ch/event/1370733/contributions/5770097/attachments/2786346/4858121/20240124_Clock%20jitter%20and%20skew%20measurements%20for%20PEB%201F.pdf
https://indico.cern.ch/event/1375699/contributions/5784601/attachments/2790567/4866383/20240131_Multi-modulesemulaters%20BERT%20with%20PEB%201F.pdf
https://indico.cern.ch/event/1375699/contributions/5784601/attachments/2790567/4866383/20240131_Multi-modulesemulaters%20BERT%20with%20PEB%201F.pdf
https://indico.cern.ch/event/1375699/contributions/5784601/attachments/2790567/4866383/20240131_Multi-modulesemulaters%20BERT%20with%20PEB%201F.pdf
https://indico.cern.ch/event/1479316/contributions/6345357/attachments/3007986/5302693/HGTD-PEB-jitter%20test.pdf
https://indico.cern.ch/event/1479316/contributions/6345357/attachments/3007986/5302693/HGTD-PEB-jitter%20test.pdf
https://indico.cern.ch/event/1479316/contributions/6345357/attachments/3007986/5302693/HGTD-PEB-jitter%20test.pdf
https://indico.cern.ch/event/1368953/contributions/5756910/attachments/2782085/4849314/20240117_eye%20diagram%20test%20for%2010Gbps.pdf
https://indico.cern.ch/event/1440286/contributions/6061170/attachments/2903015/5091821/20240724_PEB%20thermal%20cycle%20status.pdf
https://indico.cern.ch/event/1515767/contributions/6437194/attachments/3043593/5377293/250402_Measurements%20at%20Demonstrator-%20Summary%20and%20Outlook.pdf
https://indico.cern.ch/event/1369703/contributions/5900737/attachments/2837091/4958214/20240415_Testing%20with%20PEB%201F.pdf
https://indico.cern.ch/event/1545122/#82-128gbps-readout-with-altiro
https://indico.cern.ch/event/1479316/contributions/6345350/attachments/3009921/5306587/250206ScriptDevelopment.pdf
https://indico.cern.ch/event/1479316/contributions/6345350/attachments/3009921/5306587/250206ScriptDevelopment.pdf
https://indico.cern.ch/event/1479316/contributions/6345350/attachments/3009921/5306587/250206ScriptDevelopment.pdf
https://indico.cern.ch/event/1401829/contributions/5931200/attachments/2846289/4977287/2024029_Combined%20test%20at%20CERN_v1.pdf
https://indico.cern.ch/event/1538358/contributions/6476378/attachments/3053156/5397189/demo_tmp_20250416.pdf
https://indico.cern.ch/event/1536204/contributions/6464359/attachments/3048725/5387690/TOA_calibration.pdf
https://indico.cern.ch/event/1440286/contributions/6061170/attachments/2903015/5091821/20240724_PEB%20thermal%20cycle%20status.pdf
https://indico.cern.ch/event/1528751/contributions/6432323/attachments/3062339/5419428/Evaluation%20of%20the%20PEB%201F.pdf

Design for all shapes

Simulation Production Test & Feedback Update Others derive

1F 1F pre-qualification from 1F 1F & lib from 1F

Designs file managed by version control tool (GitLab)
* Facilitate collaborative design and prevent design bugs

Dimensions for all boards

* Determined and confirmed by HGTD mechanical group
Three sites started to design other shapes

 IHEP: 1B/2F/2B; NJU: 1F/3F; MASCIR: 3B;
Manpower status

IHEP 1v
NJU 1V - 1V 2V

Morocco 1V - - -



https://gitlab.cern.ch/atlas-hgtd/hgtd-peb/-/tree/master

MUX64 chips: 64-to-1 analog multiplexer ASIC

} { } S * NJU: ~ 2000 pcs packaging and QA/QC
* Designed by SMU, aped out with ALTIROC

Monitoring front-end modules

] * Power supply voltages
Yoo L - Vdda, Vddd, range: 800-850 mV
k4 ¢ | * Module Temperature - Gnd, range: 0 to 50mV
£3 : * Voltage divider by 100 k

resistor and 10k NTC, * ALTIROC ASICs analog outputs
MODULE range: 100 mV to 900 mV * Temperature, range: 380 - 820 mV

* Preamplifier bias voltage, range: 650 -
950 mV




MUX64 Production Flow

]

. -: finished work

Lt 2 4

LS L AW

“test board
Rk
)
)
ATLAS

= Reliability test

= High Temperature Operating Life
(HTOL)
- 32 samples, 85 °C, 16days, All pass HTOL

= Temperature Cycle (TC)

= 48 samples, -40°C to 85°C
= 4 batches launched, more than 100 cycles per batch, -

» [rradiation test

* Proton beam

= Beam energy: 80 MeV.
= Spotsize: 20 x 20 mm?

= Measured injection rate: 1.89 x 10° pps/cm?
= 2 samples, irradiation time: 9.4 days,h
= X-ray

= Instrument model: MultiRad 160

= TID dose rate: up to 5 Gray/s, pass -
= 5 samples,

|| Requirement | Tested

3.21 X 10%®
Si1MeV n,, fluence 2.5 x 10*° n,,/cm?
. eq U 2 eal Rl c?
TID 0.54 M Gy 0.75 M Gy

- ‘” __1_ = QA/QC results:

AMN | Class I (good): 1434 (718.1%)
had™ - K = Class II: 292 (15.9%)
1 = Class III: 47 (2.6%)
= Class IV: 30 (1.6%)
= Class V (Damaged): 33 (1.8%)

Proton bea line

A Test socket

11


https://indico.cern.ch/event/1479316/#317-mux64-mass-production-summ

MUX64 in HGTD database By Jiawei Wang (NJU)

» Test results of 1807 MUX have been uploaded
« Each chip has 65 attributes:

* Max resistance of 64 channels :chO_ohm_max ... ch63_ohm_max.

* Inspection :class one, class two ... class five (one = best, five = worst).

e
Kind of Part PEB_MUX64 e
26558
Location e cho_ohm_max 332.322417 Jos]
Manufacturer e ch10_ohm_max 329.9126042 oo}
Serial # P2N0002 offi1-ohm.max 3627019783 » =
Barcode & ch12_ohm_max 344.1424026 oo} \é
ot # oh13_ohm_max 344.8479456 o] =
vear ch14_ohm_max 338.5990642 oo}
Version # ch15_ohm_max 342.5440346 foo]
Name Label ch16_ohm_max 347.4072935 oo}
Installed Date chl7_ohm_max 336.021903 @
Production Date ch18_ohm_max 334.1140258 oo} : |
I T T T T T T

Comments ch19_ohm_max 341.1290753 o] 0.2 0.4 0.6 0.8 1.0

ch1_ohm_max 321.4406723 oo input Voltage (V)

¢h20_ohm_max 336.6571745 o]

ch21_ohm_mex 337.0771516 oo}

Figl. MUX data in database Fig2 Resistance curve




2024 2026

Q2 Q3

Q1 Q3 Q4 Q4 Qi

Schedule

NJU Finished MUX64 mass-

production and QA/QC
All testing data uploaded

MUX64 batch3 with package available
MUX64 testing -0-50%-

00%-

PEB 1F prototype function/reliability/integrati

PF, 3F, 1B, 2B, 3B design

B design -site1-

B design -site1-

B design -site2-

| Preparation of the FDR dossier -prototype-

to HGTD-DB

Before pre-production

One quadrant with 6 shapes
Three sites design the PEBs in parallel
IHEP, NJU, Morocco group

FDR on May 16th 2025, conditionally

passed with follow-up actions.

Pre-production
* PCB fabrication and assembly by |

Detailed purchasing information wa
Components are managed and ti
control tool (GitLab)

HEP (50%) & NJU (50%)

s added to the Schedule
racked by version

R meeting
[l Engineering update wrt the FDR feedback recommendations
@ FDR passed -PEB-

component acceptance test

PCB update after FDR

1F PCB update after FDR -site1-

2F PCB update after FDR -site1-

3F PCB update after FDR -site1-

1B PCB update after FDR -site2-

2B PCB update after FDR -site2-

3B PCB update after FDR -site2-
FDR follow-up review

Pre Production
PCB fabrication

I 1F PCB fabrication -site1-

I 2F PCB fabrication -site1-

I 3F PCB fabrication -site1-

I 1B PCB fabrication -site2-

I 2B PCB fabrication -site2-

I 3B PCB fabrication -site2-
Procurement for pre production
Procurement - Flex Tail Connectors
Procurement - Outer Ring Connectors
Procurement - VTRx+ Connectors
Procurement - Passive Components -R/C/L-
Procurement - Custom Inductors
Procurement - IpGBTs and bPOL12v
Custom Machining - Power Shielding Cages
Custom Machining - PEB Cooling Support
Custom Machining - VTRx+ heat sink

End of procurement for pre production
PCB assembly

I 1F assembly
I 2F assembly
I 3F assembly
Il 1B assembly
I 2B assembly

I 3B assembly
QA/QC and reliability tests at IHEP

Il QA/QC and reliability tests at IHEP -0-50%-
Il QA/QC and reliability tests at IHEP-50-100%-
Packing and shipping to CERN
. 50% PEB pre-production packing and shipping to CERN
[l 100% PEB pre-production packing and shipping to CERN
End of PEB pre-production
[l Final compilation of the PRR dossier -Full size prototype-
PRR meeting



https://gitlab.cern.ch/atlas-hgtd/hgtd-peb/-/blob/master/design/components_tracking.xlsx

Summary

* PEB prototype finished, no major issue found
* Finished vendor qualification

* Provide technical support in full demonstrator
* Feedbacks from full demonstrator is important to validate the hardware

* Moving towards to pre-production

liiiie gew

c000000dn

Top view with
shielding cages

Top view )
Bottom view

with cooling
support

Bottom view




THANKS TO YOUR ATTENTION
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Papers (2024-2025)

Papers

1.

2.

3.

Ge, Z., et al. (2024). "Evaluation of the prototype Peripheral Electronics Board for
the High Granularity Timing Detector." Journal of Instrumentation 19(12): C12012.
Ge, Z., et al. (2024). "An FPGA-based front-end module emulator for the High
Granularity Timing Detector." Journal of Instrumentation 19(03): C03055.

Zhai, M., et al. (2024). "HGTD DC/DC converter in low temperature and magnetic
field operation." Journal of Instrumentation 19(02): C02006.

Wang, C,, et al. (2024). "Radiation tolerance of the MUX64 for the High Granularity
Timing Detector of ATLAS." Journal of Instrumentation 19(03): C03044.




On-detector Readout Electronics — Scope

Connector for HY  Connector for

= The front-end modules are
connected via flex tails, arranged
in rows

FLEX tail

i e readout/control/monitor/
> / debugging/LV

Connector

Wire-bonding Module FLEX .
HV RC filter
2 LGADs (2x 2 cm?) .
2 resistors and Capacitors
2 capacitors Holes for HV for LV
HV wire-bonding St bo nd |ng NTC

= PEB@ 660 <r<920 mm

= Six types of PEB to be designed (front and
back side)

= Board 1F, 2F 1B and 2B can be used both on
front and back

= According to the optimization of mirror structure
for module layout

= Each board covers three or more readout rows
in order to have a similar number of modules

pesay. | 1F [ oF 3¢ |38 |28 |18
2

Pre-production 2 2 1 1 2

One quadrant of the two instrumented disks. The
PEBs (in green) are attached to the readout rows Mass-production 32 32 16 16 32 32

18




|pGBT v1 issues and HGTD-IpGBT status & plan

* Two separate issues, that may affect correct operation of a fraction of systems, have been discovered in 2024:

e Stuck at power-up

¢ Small fraction of chips may be completely unresponsive after power-up in some conditions, no communication
possible, external reset is ineffective

* Power cycle might restore functionality, but success of this is not guaranteed
e Equalizer attenuation

* Small fraction of IpGBT chips paired with VTRx+ modules may show correctable or non-correctable downlink data
errors

* Impacts systems even when equalizer functionality is not explicitly used

* HGTD have used 24 chips for prototype, the two problems mentioned here have not been found.

*  The sample of statistics is too small.

* Usage details:
*  Power by bpol12v (12V->1.25V), rising time is 200 us, shared by two or three IpGBTs and VTRx+.

*  Power by bpol12v (12V->2.55V), rising time is 200 us, VTRx+.

* OnelpGBT acts as master (10 Gbps, FEC5, Transceiver, recovered clock from the data stream, boot from ROM), one or
two IpGBTs acts as slave (10 Gbps, FEC5, Simplex TX, external 40 MHz reference clock from master, boot from ROM)

* Operate at -35°C *+ 5°C (CO, cooling)

New HGTD-IpGBT plan
» Use the IpGBTv2 for pre-production (125 chips, middle 2025)
» To avoid re-packaging, 184 IpGBTv2 (in one tray) have
be picked up by Stefan on March 7, 2025

» Use the IpGBTv2 for mass-production (1988 chips, early 2026)

19




PEB 1F - routing

* Layer routing according to function

; oo n B o oy
o e ]

(5 15 [ oA L4 [ e
20200000 2020

S3

S1
Top Ctrl & monitoring

Timing readout

o e -
T B —
5
Hxy, |
Bt ‘
S2 ; | | s4
Bottom lumi. & monitoring -~ Ctrl & monitoring

S5
CLK & FastCMD

S6
Hi-speed GT

HV

HV return ground




Challenges - PEB Power Settings

Simulation

Nominal

Production

Voltage (V)

bPOL output distribution
from the modular PEB

Resistance simulation of the GND power
planes for 55 modules on PEB

6
4
2

01 e

1 4 7 101316192225283134374043 46495255

Resistance(mQ)

FPC connectors
Resistance VS Length for GND path of flex tail

kvppa-cnp = kvppp-enp = 0.20m2/cm

1 b = 1086mn Tested analog power distribution for PEB 1F

20

15

10

Resistance (mQ)
Counts

= fit result: y = 0.1x + 10.86

65 70 ALTIROC x 2

55 60
Length (cm)

Voltage/V




PEB 1F modifications/Feedbacks

In red: New from last mini-week (Feb. 61 2024)
Feedbacks from PEB 1F

¢ Schematics:

Modules’ NTC should be pull-up by the 1.25V for IpGBT
Add 100pF for VTRx+ 12C SCL

Change the power of VTRx+ to 2.55V

Module digital power first, then analog power

Use 0.1% resistor for bPOL

* PCB:

1. Move the capacitors of bPOL input and output more far away
2. Modify the pastemask of the bPOL shielding cage, remove the clip

vk wh e

* The soldering and height of the clamp/clip for the fixture of the copper shielding cage takes about
0.2~0.3 mm. The clamp/clip will be removed in the final version.

*  We will soldering the shielding cage directly on PCB in the final version.

* Thereason we use the clamp/clip in the prototype is convenient for maintenance and repair.
3. Add copper thieving

* Ref: https://resources.pcbh.cadence.com/blog/2023-copper-thieving-improves-etch-and-plate-results
4. Increase the diameter of the hole for the nut of the VTRx+ heat sink
5. Swap the LV connector and interlock connector for 1B, 2B, 3B




WABS 8.2.2: Peripheral Electronics Board — Production Structure/Institutes

Work Responsibilities:

8.2.2 Peripheral Electronics Board
8.2.2.1 Peripheral Electronics Board PCB Beijing IHEP, Nanjing
Design Casablanca, Kenitra, MAScIR, Oujda, Rabat,
Nikhef, Beijing IHEP, Nanjing
Production Beijing IHEP, Nanjing
8.2.2.2 HV and LV connectors Sao Paulo
8.2.2.3 Flex tail connectors Sao Paulo
8.2.2.4 IpGBT CERN
8.2.2.5 VTRX+ optical transceivers Casablanca, Kenitra, MAScIR, Oujda, Rabat,
Nikhef, Nijmegen, Stockholm KTH
8.2.2.6 Monitor MUX Beijing IHEP, Nanjing
8.2.2.7 DC/DC converters CERN
8.2.2.8 Reliability test Beijing IHEP, Nanjing

* PCB design and the components procurement
e Casablanca, Kenitra, MAScIR, Oujda, Rabat, Nikhef, Beijing IHEP, Nanjing

* PCB production and quality assurance and quality control (QA/QC)

* |HEP + NJU




WABS 8.2.2: Peripheral Electronics Board — Technical Progress and Status

= Module layout adjustment to reduce PEB types from 10 to 6
= 1F 2F, 2B and 1B are re-used at both side
= Reduce the risk of the new design

= The PCB placement and routing of 1F and 1B, 2F and 2B, have something in common, but readout
speed of modules near boundaries are different. This need new channel arrangement for IpGBT
= Save costs

= The PCB NRE (Non Recurring Engineering) Cost for rigid-flex is 8~10 times to the price per unit
= Reduce the risk on the project schedule

= Design, production and testing

= Each type of PEB will have different testing setup and software

= Mirror Structure

=  Python3 script is developed according to the constraints from TDR
=  Workflow - 6 steps to generate module layout

M78calules layout, front and back sides overlapped

5 r%gules layout, front and back sides overlapped N|7°ogu|es layout, front and back sides overlapped Ngggules layout, front and back sides overlapped
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= The new layout is evaluated by mechanical design and physical simulation




WABS 8.2.2: Peripheral Electronics Board — list of items

Main chips

8.2.2.6 Monitor MUX
* A 64:1 multiplexer is developed by SMU to handle all voltages to be measured. Each
multiplexer, which can switch the received voltages from up to 12 modules, is controlled by 6
I/O lines from one IpGBT.

8.2.2.7 DC/DC converter
* The peripheral electronics will contain DC-DC converters supplying the 1.2V and 2.5V
required by the ALTIROC ASICs, the IpGBT ASICs and the Versatile Link.
8.2.2.4 IpGBT
* The Low Power Giga Bit Transceiver (I[pGBT) is developed by CERN for the LHC upgrades. It is
a radiation tolerant ASIC that can be used to implement multipurpose high speed
bidirectional optical links for high-energy physics experiments.
8.2.2.5 VTRX+ optical transceiver
* The VTRX+ optical transceivers, development within the Versatile Link plus project at CERN,
handle four fibers for transmission and one for receiving. From CERN




Conceptual design of PEB

- = Two LV channels bPOL12V: -
N « Eachupto12A@ 12V provide the 1.2V analog and digital
< Ty voltages for the ALTIROCs
Module A |-
E < \ wurekma® a Up to 3 modules share two bPOL12v
; = One for analog power, the other for digital power
< bPOL12V | ~
< - >1.0v [€ '— L
Moduies € L VL wieo = One TDAQIpGBT and 1~2 luminosity IpGBTs share one VTRx+
< ‘wo channels
I vada | [“bPOL12V = Control
Moduec |2 = e = 12Cof IpGBT
Connector [
i D Monitoring Enable s = Module and VTRx+ configuration
robes/vddd/vdda/vssa/l X17x:
i L Y3 VA = - 12C0 of TDAQ IpGBT is connected to the VTRx+only
: : ADC = Output
: : ‘_2;:"’5 = Module reset IpGBT:
ps—
1 - e - Fibers = Module power on/off Bi-directional slow control and monitoring
: : % Xm} «  MUX64 channel selection communication between the FELIXand
I 40MHz_ N the IpGBT is done via the ICand EC
I o . .
i e = Monitoring channeis
|e==2 [o==== + B = ADC of IpGBT
I N
T [ I 0 ‘. = Module state monitoring
i L . X
: PGBT1 | LT = = VDDA, VDDD, GNDA, PROBEO/1(internal state and temperature), NTC
L ———— ’Chuses — — — — — — — — - .2 . . .
sy PEB state monitoring
12v I 1 = |pGBT voltage, temperature
~ ~ X17™x.
= VTRx+ RSSl(average optical power of the received light) and NTC
bPOL12V bPOL12V
12V->1.2V 12V->2.5V = bPOL12vtemperature
£ L = *  Onboard NTC Each IpGBT has a 8 channel multiplexed
- - = Input of IpGBT ADC.
Peripheral Electronics Board 2 = bPOL12v power good signal With ~7 modules/IpGBT, an external 64-to-
1 MUXis required: MUX64
B




WBS 8.2.2: Peripheral Electronics Board — DC/DC converter

fs‘ASﬂ” v3
o
BRSaansa

Bpoll2V generates analog and digital 1.2V to the
front-end modules
» Height limitation in HGTD
» < 10 mm (Including PCB and shielding case )
» Selection for air-core inductor
» Custom solenoid coil from CMS

Aachen module CERN module ITK EoS Commercial inductor HGTD
(FEASTMP)

Inductor candidates
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. N . w 08 ATLAS HGTD Preliminary Vo =12V, V, =11V g Y= ATLAS HGTD Preliminary Vou =12V, V, =11V
u Tested 1n magnetlc fle].d., up to 4 T, - 075_ R°°mt_empe"’“."e 7; Room temperature
b evs I,.,. (Mﬁgﬂetlc field) i3
o.5é ,/"/ T 5%— i '
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e L % * Ripple vs1,,,
T ' — “F i3 M tic field
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BPOLI12V test system in magnetic field Efficiency and ripple with respect to lout in magnetic field
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PCB MATERIALS

Dk,
dielectric
constant

Df, loss
factor

1GHz
2GHz
5GHz
10GHz
20GHz

1GHz
2GHz
5GHz
10GHz
20GHz

B2D L s2B/C B2E

IT-170
4

3.9
3.9
3.8

0.006
0.0063
0.0075
0.008

IT-988
3.21
3.21
3.21
3.21
3.21

0.0014
0.0014
0.0014
0.0014
0.0015

EM-890K

2.93
2.89
2.88
2.84
2.81

0.0018
0.0021
0.0022
0.0024
0.0025

TU-883A
3.91

3.9
3.89
3.86

0.0024

0.0031

0.004
0.0044
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