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Background

» High-Luminosity Large Hadron Collider(HL-LHC)
€ The HL-LHC will increase the number of collisions to study
fundamental components of matter in more detail
€ The large increase of pileup interactions i1s one of the main

experimental challenges for the HL-LHC physics programme

» High-Granularity Timing Detector(HGTD)

®Target

€ Improve particle arrival time measurement accuracy(ns—>30ps)
®Requirements

€ Millimeter granularity

@ Over 3 million readout channels

# Radiation hardness: 2. 5X 1015 neq/cm?
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The current ATLAS detector

The HL-LHC upgraded ATLAS detector



Background
»HGTD module
® Module components
¢ LGAD
@ Two ALTIROC chips

@ Flex cable

»>Low Gain Avalanche Detector (LGAD)

® Good Signal/Noise ratio

® Thin depletion layer (~50um) to decrease t,.
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® Moderate gains (10~50) compared to APD and SiPM
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ALTIROC chip

» ALTIROC :ultrafast read ASIC

® Requirements OGHRONTEND

Vih

€ Withstand high radiation levels

€ Low power dissipation |

€ Read out signals from 4 fC up to 50 fC

® Structure

@ Pixel matrix 15*15

. 'rluv'm_mu!:u_ﬁhh_ | mﬁm
@ A Fast Command Control Unit (FCCU) i (I || —
@ Trigger Data Processing Unit (TDPU) _. | i | e | Farmiding

Slow ' Luminosit
Fast Command Unit Hit Data Serializer TSR
Control Serializer

€ Luminosity Processing Unit (LPU)

‘ I2C mOdule Fast comm;: delink 320 MHz ck Funk 320Mb/s, Mblsorl.ZBGb{s sqmwseunkm

elink to IpGBT IpGBT
from LpGBT from LpGBT

ALTIROC3 general architecture
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ALTIROC chip

» Analog part:

®The analog part is composed of a Transimpedance preamplifier(TZ) followed by a discriminator that is
connected to two TDCs (Time to Digital Converter)

® Two TDCs: Time of Arrival (TOA)TDC and Time over Threshold (TOT) TDC

» Digital part:
® When a Hit comes, the timing data are stored in a Hit buffer, whichisa 1536 x 19 bits SRAM
®When a L1 trigger signal 1s received,data are stored in a Matched Hit buffer that is 8-depth FIFO

...................................................................................

. Preamplifier :  Hit Flag : i
: Discriminator : L bit -
: : : ®
: 2 — : TOA, S
; T'OAl I)(. : s : o Hit Buffer Trigger Hit Matched Hie > =2
+ Range 2.5 ns LSB 20 ps : 7 bits Salacton Buffer =
: : : g
vih | . TOT TDC y 1oL ¢
: TOA Range 20 ns LSB 120 ps 8 bits Wit Priciiing
: TOT : : o Luminosity Configuration :
: - = : : Processing Unit Registers — :
i ANALOG FRONT END : ; DIGITAL:
: : LO/L1
Pixel Architecture
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ALTIROC chip

. . . ALTIROCS3 Pixel (Rtest-Ctest Injection)
» Altiroc3 calibration system Internal Pulser
in Periphery Rte; enb small ctest Small
.. . . .. 8K S = s
®The injection charge circuit 1s used to | A2 )
Variable I dac o 26F
. . . . . 0 to ‘10 u ;—\‘ i en_smuall_ctest
mimic and inject Dirac or LGAD charges in ¢ P4Cmier b I;t't'
- enh_ctest €5 en_small ctest enb ctest Bump
1=ll_c‘test Ser DC=R* I dac .:‘.x.l? 1 I'{—| -\j!E Ctest E" in pixel
each channel bCpul [ w3 — ] T N
R=50 K en_ctest enb_small_ctest en_ctest *
. i pa AV step=-R*1 dac sel_Cd[1:0] "
®The pulser i1s made of a programmable DC . | | L
cmd_pulse en— d
. : gnd_pa
. . (from fast cmd)
current and that is interrupted by “cmd_pulse” gnd_pa
ALTIROC3 Fast command table and effects
> FaSt command Fast Binary Comments Trigger data path
Commands Code (Configurable latency from 2 to 1536 BCs)

®The CAL fast command is used to inject a O it

. . TRIGGER 8'b10110010 rst packet will have L1
calibration pUISC / N.B. : After packet with L1ID = 4095, next L1ID = 1

Calibration pulse used for: N.B.: If more than 127 pixels are stimulated in the same BC the

.We Can aChieve the acquiStion Of timing G SRlEn +  pedestal adjustment readout is stuck

* TOAand TOT resolution

data by using fast commands correctly
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Testing system

» SiTCP features

®Hardware TCP/IP/Ethernet communication
> 10Mbps to 1Gbps Ethernet
> High speed communication stable at the upper limit of TCP
> Slow control function (Using UDP)

®FEasy implementation
> Small circuit scale
> Provided as FPGA library (Xilinx)
> Simple user I/F easy to handle

| R
Board developed by user Measurement data

J
User - '-
circuit SITCP l_. Ethernet )
jﬂ -._I |
Slow control

User circuit and SiTCP can be \l —
implemented on a same FPGA

Detector
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Testing system

» System framework

®Measurement data:use TCP protocol , for data transfer

®Slow control :use UDP protocol ,for control of register

PC Slow control

Ethernet User

< PHY Circuit ﬁ ALTIROC3

Measurement data
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Testing system

> User circuit

® RBCP --> Select IO Parallel to serial FIFO --> Select IO Serial to parallel
® Data readout:send one CAL command followed by 5 IDLES then send one TRIGGER (L1) command
| User circuit ALTIROC3
E " Read _
i M Register
. Write
Ethernet . Fast
Select 10 + FCCU
:Command
i Timing
SRRETey ¢— V)0
Data

_________________________________________________________________________________________________________________
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Testing system

> Results

® A common 10bit-DAC 1s used to set the common threshold of all the discriminators.

® VthScan:Select the first column,set a fixed charge,set threshold from small to large
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Testing system

> Results

® For each pixel, a local 8-bit DAC correction (vthe) is used to compensate for the non-uniformity

of the preamp output DC voltage

— Curvel
L0+ Curve 2 |
® VthcScan: - |
= Il
i Curve 7 | |
Select the first column, set a fixed charge = [l
—— Curve 10 | ]
— Curve 11 | |
. —— Curve 12 |
set suitable Vth,set Vthe from large to small oa{ — cuners | ;
> — Curve 15 '
(i
04 ] ‘ l
CONF_DAC_VTH_OTA Range Table - ; i
CONF_DAC_VTHC_OTA2_RANGE[4:3] VTHc range/slope . | [
00 slape -0.27 mV/DACU range 68 mV | I
01 slope -0.35 mV/DACU range 90 my |
10 slope -0.5 mV/DACU range =-0.5 mV/DACU range 130 mV | ]
11 slope -1mV/DACU range 250 mV e
5 100 125 150 175 200 225 250

vthc range and slop Vtthcawﬁ_colO
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Summary and outlook

»Summary
®[f we want to get data from Altiroc3,we should send a sequence of fast command
® We have achieved the construction of ALTIROCS3 testing system with no 8b10b.
®We have drawn the picture of the VthScan and VthcScan

> Outlook

®mplement other functions of the chip
® Complete data transmission with 8b10b code

®Upgrade the testing system
> Achieve ten gigabit network function

» Add the external trigger function
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