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Active area: LGAD sensor(450 PADsof 1.3 x1.3 mm2) bump-bondedonto 2 ASICs(225 channels/ASIC)
- Inner ring    : 12 cm< R< 23 cm (3.5 < h < 4.0 ) replaced each 1000 fb-1

- Middle ring : 23 cm< R< 47 cm (2.7 < h < 3.5) replaced at 2000 fb-1

- Outer ring    : 47 cm< R< 64 cm (2.4 < h < 2.7) never replaced 

Rings replacement allows to keep:
- 2.5x1015 neq/cm2 max (w/SF=1.5) and TID 2 MGymax (w/SF=2.25)
- Charge in irradiated sensor > 4fC

Inner Ring:
70% sensor overlap

Sensor
ASIC

Cooling plate

Module

120 mm 230 mm 470 mm 660 mm

Inner Ring:
50% sensor overlap

Inner Ring:
20% sensor overlap

20mm

5.5mm 8.4mm 14.5mm

3.5<|h|<4                   2.7<|h|<3.5                  2.4<|h|<2.7          

- Time measurementfor minimum ionizingparticlewith a resolution between  30 psto 50 psǇŜǊ ǘǊŀŎƪ ƻǾŜǊ ǘƘŜ ŘŜǘŜŎǘƻǊΩǎ ƭƛŦŜǘƛƳŜ
- Luminosity measurement: sum of the hits for each Bunch Crossing

ATLAS High Granularity Timing Detector in HL-LHC
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REQUIREMENTS of HGTD DETECTOR

LGAD sensors
1.3 x 1.3 mm2

Thickness= 50 µm

Peripheral Electronics Boards (PEB) 

Overlap: > 2 hits/track for full detector acceptance
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HGTD Electronics: Module ςFlex ςPEB - DAQ
Data transmission path for hit data, luminositydata, clocks, fastcommands, DCS/Slow Controls

Module

This presentationwill focus on the ASIC part (ALTIROC)

ASIC + Sensor
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Requirements for the ASIC
Key requirement: Time resolutionper track, combiningmultiple hits, is30 ps at the start of lifetime to 50 psafter 4000 fb-1 => Time 

resolution/hit must be< 35 psat start and 70 psat the end of lifetime.

Maximum jitter ( èlec) 25 psat 10 fCat the start of the HL-LHC and 70 psfor 4 fCat the end

TDC contribution < 10 ps

Time walk contribution < 10 ps

Clockcontribution < 15ps

PAD size 1.3 x 1.3 mm2 x 50 µm => Cdet = 4 pF

ASIC size and channels /ASIC 2x2 cm2 15x15=225 channels/ASIC

Single PAD noise (ENC) < 3000 e- or 0.5 fC

Minimum threshold 2 fC

Dynamic range 4 fCto 50 fC

TID Tolerance 2 MGy(inner modules replaced after each 1000 fb-1 , middle ring after 2000 fb-1) 

Full chip SEU probability < 5 % / hour

„ „ + „ + „

with„ = „ + „ + „

ASIC designedin CMOS 130 nm

TDC conversion time < 25 ns 

Trigger rate (latency) 1 MHz L0 (10 µs)or 0,8 MHz L1 (35 µs)

Voltage and Power dissipation per ASIC1.2V and 300 mW cm-2 => 1.2 W/ASIC (225 ch) or 4.4 mW/channel and 200 mWfor the common part 

e-link driver bandwidth 320 Mbit/s, 640 Mbit/s and 1,28 Gbit/s

Main contributorsto time resolution

Clockphase adjustment 100 ps
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Front end electronics-ASIC: ALTIROC, analogpart

Å Main challenge = small jitter (low noise/capacitance) down to 4 fC
Ý Analog FE performance crucial
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Ý ALTIROC1 prototypes (5x5 ch), which integrate 

Å A voltage preamplifier followed by a discriminator: 
- Time walkcorrection made with a Time over Threshold(TOT) 

architecture 

Å Two TDC (Time to Digital Converter) to provide digital Hit data  =Time of 
Arrival(TOA) + Time Over Threshold(TOT) measurement
- TOA TDC: bin of 20 ps(7 bits), range of 2.5 ns, to be centered on the 

bunch crossing
- TOT TDC: bin of 40 ps(9 bits), range of 20 ns 

Å One local memory (SRAM): 
- 17 bits of the time measurement (Hit data) stored until L0/L1 trigger 

(~ 1 MHz), trigger latency = 10 µs in Altiroc1, will be 35 µs in full size 
ASIC (Altiroc2)

Å Altiroc1 also integrates a phase shifter as a standalone clock

ALTIROC1 pixel 

„
Ⱦ

= ὸ

Cd: sensorcap ( ~4 pF)
td: LGAD drift time, 600 ps
Qin: MIP charge ( 10 fCat start, 4 fCat end)
en: noise spectral densityof input trans.

Final ASIC: 15 x15 channels
TSMC 130 nm 
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TOA TDC Architecture (Simplified): Vernier Delay Line

1 2 3 4 128
F1 F2 F3 F4 F128

120ps 120ps 120ps 120ps 120ps

1 2 3 4 128
S1 S2 S3 S4 S128

140ps 140ps 140ps 140ps 140ps

Q1 Q2 Q3 Q4 Q128

Bin2

Q2Q1

Bin3

Q3Q2

Bin4

Q4Q3

Bin128

Q128Q128

Bin1

Q10

Time-to-Digital Converter (TDC)

START

STOP

SimplifiedBlockDiagram

Å STARTpulsecomesfirst andinitializesthe TDCoperation. STOPpulsefollowsthe STARTwith a delaythat representsthe time intervalto bedigitalized.
Å At eachtap of the DelayLine,STOPsignalcatchesup to the STARTsignalby the differenceof the propagationdelaysof cellsin SlowandFastbranches: i.e. 140psς120ps=20ps(LSB).
Å Thenumberof cellsnecessaryfor STOPsignalto surpassthe STARTsignalrepresentsthe resultof TDCconversion
Å Cyclingconfigurationusedin orderto reducethe total numberof DelayCells.
Å TDCrangeisequalto 128* 20ps=2.56ns

2.5ns

Clock

STOP

Event

Detection

2.5ns Measurement Window

START

ToA

Differentialshunt capacitorvoltage-controlleddelaycells

TOA TDC
Å Resolution: 20 ps
Å Range: 2.5 ns
Å 7 bits

TDC Power consumption0.4 mA *1.2 V =  0,5 mW @ 10% occupancy

STOP (rsing edge of signal of 40 MHz)
propagatesin the FastDelayLine
Delayof onecell= 120ps

START(rising edge of the discriminator) signal 
propagates in the Slow Delay Line
Delay of one cell = 140 ps



ATLAS
HGTDATLAS HGTD Electronics - ACES 26 - 28 May 20207

TDC for TOT measurement

TOT TDC (Altiroc1)
Coarsedelayline  (LSB_coarse= 160 ps) + 
CyclicVernier line (LSB_fine= 40 ps)
- LSB = 40 ps
- Range: 20 ns, 9 bits

TDC Power consumption:
0.4 mA * 1.2 V =  0.5 mW @ 10% ocupancy

Simulation usingLGAD signal
TOA vs TOT for TW correction

Fit: p0 + p1*exp(-x/p2)

Fit residualswi LSB = 120 ps

4 fC 10 fC

TW correction within ± 5 psfor small charges
Ý NEW TOT TDCin Altiroc2
- Coarse part only,fine part removed
- LSB coarse= 120 ps

±
5
 p

s
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TESTBENCH

8

Altiroc1 tesboard
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ÅALTIROC1_V1, ALTIROC1_V2: testbenchmeasurements(ASIC aloneor with sensor), irrradiationtests, testbeam

ÅSetup: ASIC board(ASIC aloneor bumpbondedonto sensor) + FPGA board

- Charge injection (0 up to 50 fC) using ASIC internal calibration pulsercontrolled by cmd_pulseinput, generated 
by the FPGA, synchronous to 40 MHz clock

- ASIC alone: Cd=4 pF can be set by SC to mimic sensor capacitor

- External trigger, width and delay tunable by 10 pssteps: used  to characterize the TOA and TOT TDC alone 

- Tests at system level: need to add interface board to filter FPGA 
signals (3 MHz noise DC DC converters) => Vth could be set  < 2fC

ASIC board

Interface 
board
wi buffers

FPGA board

PCIE cable
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ALTIROC1_V2- TDC performance

<TOA> vs delay

LSB /<LSB> vs channel

<TOA_LSB> = 22.5 ps
<TOT_LSB> = 171 ps

ALTIROC1_V2  
(5 × 5 channels)

ASIC + sensor

- <TOA> vs delay: Small discontinuitiesdue to LSB bin size ( canbecalibratedwith RandomProgrammable Generator)
- TOA_LSBand TOT_LSBcanbe adjustedto 20 psand 160 ps per channelusingSlow Control parameters

ASIC + sensor


