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Active area L GADsensor(450PAD=0f 1.3 x1.3mm2) bump-bondedonto 2 ASIC¢225channel$ASIC)
il -Innerring 12 cm< R< 23 cm (3.5h< 4.0) replaced each 1000%b
LGADsensors SR - Middle ring :23 cm< R< 47 cm (2./h< 3.5) replaced at 2000fb
1.3x1.3mrA = -Quterring 47 cm<R< 64 cm (2.4< 2.7) never replaced

Thickness 50 pm

Rings replacement allows keep:
- 2.5x10° n,,/cm? max (w/SF=1.5) and TIDM&Gymax (v/SF=2.25)
- Chargen irradiated sensor #fC

Overlap: > 2 hits/trackfor full detectoracceptancgmm asic  Modue

s Coolng plate

3.5¢|h|<4 2.7<|h|<3.5 2.4<|h[<2.7

Inner Rng:

Inner Rng:
70%sensor overlap

Inner Rng:
50%sensor overlap

20%sensor overlap |

120 mm 230 mm 470 mm 660 mm

Peripheral Electronics Boards (PEB)

REQUIREMENBSHGTD DETECTOR

- Timemeasurementor minimumionizingparticlewith aresolution between 30psto 50psLJIS NJ G N> O1 2 @SNJ 1 KS RSGSO0 2
- Luminosity measurementsum of the hits for each Bunch Crossing
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HGTD Electronics: Modujd-lexc PEB DAQ

Data transmissiopath for hit data,luminositydata, clocks fastcommands DCS/SlowControls

Off-detector

electronics

On-detector VTRx+ |
electronics

Fast commands and clock
* L LT

Module PERIPHERAL

ALTIROC ELECTRONIC

ASIC 6enso BOARD

Optical link
10.24/2.56 Mbps

|

stream)

|

Multi-gigabit network

Hit data and lumi data Optical link
10.24 Mbps
« . . —» T T

12C slow control

Thispresentationwill focus on the ASIfart (ALTIROC)
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Requirements for the ASIC

Keyrequirement Timeresolutionper track, combiningmultiple hits,is 30 ps at the start of lifetime to 50 psafter 4000 fb1 => Time
resolution/hit must be < 35psat startand 70psat the endof lifetime.

Main contributorsto time resolution

Maximumyjitter (* eled 25psat 10fCat the start of the HELHC and 7@sfor 4 fCat the end
TDC contribution <10 ps " ” * *a
Time walk contribution <10 ps with ,, =, +, +,
Clockcontribution < 15ps
|TDC conversion time |< 25ns |
Clockphaseadjustment 100ps
- Capacitors  Resistors Wire bonding

PAD size 1.3 x 1.3 mrfix 50 um =xCdet = 4 pF for HV
ASIC size and channels /ASIC|2x2 cnt  15x15=25 channel#ASIC / Connector,

. . Wire bonding —_ [
Single PAD noise (ENC) <3000e- or 0.5fC Flex PCB #sselmt?"nslwith
Minimum threshold 2fC Sensor e mgg_ue
Dynamic range 4fCto 50fC 228000322082 8 —tumpboncing
TIDTolerance 2 MGy (inner moduleseplacedafter each 1000 f, middle ring after 2000 f8) ASlGlesignedn CMOS 130 nm
Full chip SElgrobability <5 % / hour
Trigger rate latency) 1 MHz LO (10 p®r 0,8 MHz L1 (35 ps)
e-link driver bandwidth 320 Mbit/s, 640 Mbit/s and 1,2&bit/s

Voltage and Power dissipation per ASI(1.2V and 300nW cm?=> 1.2W/ASIC (228h) or 4.4 m\W/channel and 200mW for the common parf
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Front endelectronicsASIC: ALTIRCGDalogpart

F — ALTIROC1 plxel . é ,ler?irll chﬁ:;engrefo?mgggi;tirr (Ic(;)i\;\i noise/capacitance) down td@
— " " e 2o | [
S e i | , o o LGAD it tme, 60
o Y ALTIROCL1 prototypg®x5ch), whichintegrate q,: MiP charge ( 1fCat start, 4fCat end)
= e,. noise spectraflensityof inputtrans.
% < ) i A Avoltagepreamplifier followed by adiscriminator.
o= - Timewalkcorrection madevith a Time oveilhreshold(TOT)
= _E N | architecture
oo - : |
g 17 - Final ASIC: 15 xIdhannels A TwoTDQ(Time to Digital Converter) to provide digitéit data =Time of
<P ISMC 130 nm Arrival(TOA) + Time Ov@hresholdTOT)measurement
= - TOATDChbinof 20ps(7 bits), range of 2.Bs, tobe centered on the
bunchcrossing
n S| -  TOTTDChin of 40ps(9 bits), range of 20 ns
X D
O m
o9 A Onelocalmemory SRAN):
c% = - 17 bits of the time measurement (Hit dastpred untilLO/L1 trigger
5 o (~ 1MHz), triggetatency = 10 um Altirocl, wilbe 35 us irfull size
a o ASIC (Altiroc2)
Chonsost Ctaman T dnkeest " A Altirocl alsdntegratesa phaseshifter as a standalonelock
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TOA TDC Architectu8implified) Vernier Delay Line

TOA TDC TDC Poweconsumption0.4mA *1.2 V= 0,5 mW @ 10%ccupancy
A Resolution20ps
A Range2.5ns Simplified BlockDiagram
A 7 bits T Gimeioighal Gomerter (150
’__Z_lfirjil‘vleasurementWindow __%_S_rls_ E E a2ops FllZOpS F2120ps F3120ps F4 320 F128 i i STOP (rsin_g edge of signgl of 40 MHZ)
:X‘Laém : ; i : P e propagatesn the FastDelayLine
{\_Detpetion E 5 —pt-SOR L L Delayof one cell=120ps
1 i 1 p —— ? 1
i v _ E _—":——— i Q128 i
cock |+ | __——‘:l'_._' T i E :@ E E >
°IF " | I ,_) STARTrising edge of the discriminator) signal
| ! i | START SipF S Sap s S128 4 propagatesn the Slow Delay Line
START ! " E ! E U :r 140ps 140ps _ 140ps 140ps 140ps A
L ' - - Delayof one cell =140ps
>
:ToAi

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

Binl Bin2 Bin3 Bin4 Bin128

Differentialshuntcapacitorvoltagecontrolleddelaycells

STARpPulsecomesfirst andinitializesthe TDGoperation STORulsefollowsthe STARWith a delaythat representghe time intervalto be digitalized

Ateachtap of the DelayLine,STORIignalcatchesup to the STARSignaby the differenceof the propagatiordelaysof cellsin SlowandFastbranchesi.e. 14Qps¢ 120ps=20ps(LSB
Thenumberof cellsnecessaryor STORignalto surpasthe STARSignalrepresentghe resultof TDCconversion

Cyclingconfigurationusedin orderto reducethe total numberof DelayCells

TDQangeisequalto 128* 20ps=2.56ns

o I Io o I>
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TDC for TOT measurement

SimulationusingLGAD signal
. Coarse Delay Line: l:ir;:gizﬁ éopr;s TOT TDC ( AltirOC 1) TOA vs TOT for TW COI’reC}ij“g' —
" eow i N Coarsedelayline (SB_coarsel60ps) + |&rsool |7 "7 T P ddsee 29
Sl ] CyclicVernier line [SB_fine 40ps) 7700 7o 1ong
k - LSB 40ps ~e00

- Range20ns, 9 bits

7500

STOP
»

7400

TDC Poweconsumption 7300
0.4mA*1.2V= 0.5 mW @ 10%cupancy

Fit: py + prexp-x/p,)

Vetrl_fast (120ps)

P L | ' | 0 | T N R T
2000 4000 6000 8000 10000 12000

Local STCP

Cyclic Vernier Delay Line

range: 1603 N “Fitresidlialswi LSB = 12fs -

Local START N 4 :_ _:
Vetrl_coarse {160ps) 2 ;_ _;
5Bits 2 MSBs 8 o 7

TW correction withint 5 psfor small charges Lfl of E

Y NEW TOT TOkCAltiroc2 a3 E

- Coarse part onlfine partremoved VI -

- LSB coarse= 128 =55 4000 6000 | 6000 10000 12000

41C 10fC TOT [ps]

% _xu . ;_g;; 5
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TESTBENCH

A ALTIROC1 V1, ALTIROC?_té&tbenchmeasurementgASIGiloneor with sensoy, irrradiation tests, testbeam

A Setup:ASIMoard (ASIGloneor bumpbondedonto sensoj + FPGAoard v
- Charge injectionQ(up to 50fC) usingASICnternal calibration pulsercontrolled bycmd_pulseinput, generated §

by the FPGA, synchronous to 40 Mitxck
- ASIC alone: Cd=4 pF can be set by $&tinac sensor capacitor
- Externaltrigger, width and delay tunable by 1pssteps: used to characterize the TOA and TOT TDC alone

- Tests at system leveheed to addnterface board to filter FPGA

signals (3 MHz noise DC DC convertezs)Vth could be set < 2fC

in_ctest

cmdp _pulse
cmdn_pulse

~ 7,7 mm

ASIC Common part

Variable I dac
0 to S0 pA
(6-bit DAC pulser)

DC=R* I dae

Pixel Channel

SC parameter = ON_ctest<pixel>

t\\ step=-R*I dac l

PAD

PAD J_

CLPS Rec

in_pixel out_pa
£ te Si Bump.-[

200 fF

SC parmneu'r
S _Cd

PAD

":‘ == 4pF
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ALTIROC1 V2DC performance

LSB /<LSB> efannel
ASIC sensor
<TOA> vdelay
ALTIROC1 V2
<TOA_LSB=22.5ps (55 channely

<TOT LSB=171ps
ASIC sensor

- <TOA> vdelay. Smaldiscontinuitiesdue to LSB bin size&é&nbe calibratedwith RandomProgrammablésenerato)
- TOA LSEBINdTOT LSBanbe adjustedto 20 psand160ps per channelusingSlow Controparameters
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