
High Granularity Timing Detector (HGTD) ATLAS detector

HGTD

The increase of pileup will be one of the main challenges in 

the High-Luminosity LHC. Therefore, a High-Granularity 

Timing Detector (HGTD) has been proposed for the ATLAS 

Phase-II upgrade to mitigate the pileup effects caused by the 

increasing luminosity of proton-proton collision.

Two HGTD vessels will be located in the gap region between 

the barrel and the end-cap calorimeter, at a distance in z of 

approximately +-3.5m from the interaction point.

The envelope of the detector vessel has a radial extent of 110 

to 1000mm. The thickness in z is 75mm, where two double-sided 

layers are mounted in two cooling disks with sensors and 

Peripheral Electronics Boards (PEB) on the front and back of 

each cooling disk.

One quadrant of HGTD front and back disk

The Peripheral Electronics Boards (PEB) are located at the peripheral area 

of HGTD, and serve as a data transmission bridge between the front-end 

detector modules and DAQ system, the luminosity system as well as the 

detector control system. The CERN developed radiation-tolerant data 

transmission ASIC lpGBT plays a very important role in the data 

transmission of the PEB.

The baseline design is to have 5 PEBs per quadrant and per side of each 

cooling disk. Each board covers 3 or more readout rows , which can optimize

the use of lpGBTs by sharing across readout rows.



Conceptual PCB design of the isolated USB Programmer for LpGBT (UPL). The red lines represent 

power supply distribution while the blue lines represent the signal transmission. The dashed black line 

indicates the electrical isolation between host side and detector side for both signals and power supply.

In the middle of the blocks, the part numbers of the selected devices are shown.

Motive of the UPL design
The 2 existing lpGBT configuration tools, piGBT and CERN USB-I2C dongle, are not suitable for the configuration of the lpGBT 

on PEB. For example, the piGBT has large size while the CERN USB-I2C dongle is platform-dependent and no GPIOs available. 

Moreover, neither of them considered electrical isolation, which is required for PEB configuration

Therefore, we decided to design a dedicated and isolated USB programmer for lpGBT, which can be used in some lpGBT-related 

tests and PEB configuration in the future.

Hardware description
Use the USB-I2C ASIC FT232H, where the USB & I2C 

protocols are both implemented. The configuration 

information from host computer can be converted to I2C

signals while the signals from detector can also be converted

and transmitted to host computer.

The I2C isolator and power isolator can make both the I2C 

signals and power supply isolated between host side and 

detector side.

The GPIO expander is used to extend more GPIOs. And the

level shifter can shift the voltage level between 3.3V and 1.2V.

The 14 pins connector is the interface that is connected with 

PEB under configuration or other I2C slave devices. In this

connector, there are 2 I2C pins, 4 MODE pins for lpGBT 

working mode setting, EFUSE2V5 for lpGBT efusing, RSTB

Pin and READY pin.
The USB connector should be connected to host computer.
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Software description
The USB-I2C ASIC FT232H used on the UPL PCB board is a key component, which serves as a bridge between USB-protocol 

data and I2C-protocol data. The UPL is connected with host computer using its USB connector.

The manufacturer (FTDI) of the FT232H ASIC provides corresponding USB drivers, which are royalty free and multi-platform 

supported. The picture on the bottom left shows a list of operating systems where the USB driver can work. The users can 

download relevant USB driver according to the OS they are using.

USB driver

FTDIBUS.SYS

FTD2XX.DLL

D2XX Application

Software architecture on host computer

The picture on the upper right shows the software architecture on host computer. The 3 parts of USB driver, FTDIBUS.SYS and 

FTD2XX.DLL are the underlying structure provided by the manufacturer, and they can directly deal with the hardware. And the top

part is the application developed by ourself with Python, and this application is specifically used for lpGBT configuration, e-fusing 

and controlling. Therefore, the structure of the application including the following parts: registers operation, e-fuses operation, work

modes setting, I2C communication and GPIO, status monitoring. In addition, if the UPL is used to control other I2C slaves instead of

lpGBT, the functions in the I2C communication part of the application can be invoked and I2C communication would be easily 

established.

Register operation

E-fuses operation

Work modes setting

I2C and GPIO

Status monitoring


