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ATLAS ngh Granularlty Timing Detector in HL-LHC

cccccc

-------- Active area: LGAD sensor (450 PADs of 1.3 x1.3 mm2) bump-bonded onto 2 ASICs (225 channels/ASIC)
il -Innerring :12cm<R<23cm (3.5<1 <4.0) replaced each 1000 fb!
LGAD sensors = - Middle ring : 23 cm< R< 47 cm (2.7 <M < 3.5) replaced at 2000 fb!

1.3x1.3mm? * - Outerring :47 cm<R< 64 cm (2.4 <1 <2.7) never replaced

Thickness =50 um =

Rings replacement allows to keep:
- 2.5x10%° n.,/cm? max (w/SF=1.5) and TID 2 MGy max (w/SF=2.25)
- Charge in irradiated sensor > 4fC

Overlap : > 2 hits/track for full detector acceptance |mm rsc } Moduie

I Cooling plate

3.5¢<|n|<4 2.7<|n[<3.5 2.4<|n|<2.7

Inner Ring:
70% sensor overlap

Inner Ring:
50% sensor overlap

Inner Ring:
20% sensor overlap

120 mm 230 mm 470 mm 660 mm

Peripheral Electronics Boards (PEB)

REQUIREMENTS of HGTD DETECTOR

- Time measurement for minimum ionizing particle with a resolution between 30 ps to 50 ps per track over the detector’s lifetime
- Luminosity measurement: sum of the hits for each Bunch Crossing
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HGTD Electronics: Module — Flex — PEB - DAQ

Data transmission path for hit data, luminosity data, clocks, fast commands, DCS/Slow Controls

Module

ALTIROC
ASIC + Sensor

On-detector
electronics

Fast commands and clock

Optical link
10.24/2.56 Mbps

*—-------

PERIPHERAL
ELECTRONIC
BOARD

Hit data and lumi data

«------->

12C slow control

Optical link
10.24 Mbps

stream)

Off-detector

electronics

Multi-gigabit network
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This presentation will focus on the ASIC part (ALTIROC)
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Requirements for the ASIC

Key requirement: Time resolution per track, combining multiple hits, is 30 ps at the start of lifetime to 50 ps after 4000 fb-1 => Time
resolution /hit must be < 35 ps at start and 70 ps at the end of lifetime.

Main contributors to time resolution

Maximum jitter (Cejec) 25 ps at 10 fC at the start of the HL-LHC and 70 ps for 4 fC at the end 2 2 2 2
TDC contribution <10 ps Ohit= OLandau T Oclock T Oelec
Time walk contribution <10 ps with Uezlec= 072"ime walk T O-jzitter + UTZ"DC
Clock contribution <15 ps
ITDC conversion time <25ns |
Clock phase adjustment 100 ps
7 Capacitors  Resistors Wire bonding

PAD size 1.3x 1.3 mm* x 50 um => Cdet = 4 pF fmy

. 2 —
A.SIC size and c.:hannels JASIC 2x2 cm®  15x15=225 channels/ASIC i bonding B == m
Single PAD noise (ENC) <3000 e- or 0.5 fC Flex PCB Assembling with

Minimum threshold

2 fC

Dynamic range

4 fCto 50 fC

insulating glue
Sensor

000000000000 OO O sumphonding

TID Tolerance

2 MGy (inner modules replaced after each 1000 fb™ , middle ring after 2000 fb™)

ASIC designed in CMOS 130 nm

Full chip SEU probability

<5% / hour

Trigger rate (latency)

1 MHz LO (10 ps) or 0,8 MHz L1 (35 ps)

e-link driver bandwidth

320 Mbit/s, 640 Mbit/s and 1,28 Gbit/s

Voltage and Power dissipation per ASIC

1.2V and 300 mW cm™ => 1.2 W/ASIC (225 ch) or 4.4 mW/channel and 200 mW for the common part
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Front end electronics-ASIC: ALTIROC, analog part

F . ALTIROC1 pixel * Main challenge = small jitter (low noise/capacitance) down to 4 fC
wd o e = Analog FE performance crucial N enCq
HI I >~ 7 frowrec] . Oclec = = n_ Via
— " " —q av/dt  Qin
= - o O Lo - omm_| C,: sensor cap ( ~4 pF)
8 i ) | tdd: LGAD drift time, 600 ps
o === A B — ALTIROC1 prototypes (5x5 ch), which integrate q,:MiP charge ( 10 fC at start, 4 fC at end)
s e,: noise spectral density of input trans.
L < * Avoltage preamplifier followed by a discriminator:
§ g B | - Time walk correction made with a Time over Threshold (TOT)
-qu = architecture
o3 i . 15 ‘
T 0  Final ASIC: 15 x15 channels  Two TDC (Time to Digital Converter) to provide digital Hit data =Time of
< & ‘ 'T$MC ‘?30 A ————1 Arrival (TOA) + Time Over Threshold (TOT) measurement
——— — ———— - TOATDC: 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
O = esing
o ]| cote it Dote * One local memory (SRAM):
;; o S - 17 bits of the time measurement (Hit data) stored until LO/L1 trigger
s o) | e ,, N . _ S . . .
S ,‘ (~1 I\/IHz_), trigger latency = 10 ps in Altirocl, will be 35 us in full size
a o ’ ’ ASIC (Altiroc?2)

o
fastcommand elink 320MHz clock 1C link 320Mb/s, 640Mb/s or 1. 28Gb/s 640Mb/s elink to

from IpGBT from IpGBT elinkto IpGBT IpG8T

Altiroc1 also integrates a phase shifter as a standalone clock
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TOA TDC Architecture (Simplified): Vernier Delay Line

TOA TDC TDC Power consumption 0.4 mA *1.2V = 0,5 mW @ 10% occupancy

* Resolution: 20 ps

* Range:2.5ns Simplified Block Diagram
* 7 bits g o TTTeteennoototototoioooiissnoooe :
5 Time-to-Digital Converter (TDC) |
’__Z_ls_rj_s_l‘\/leasurement Window ’"2"5_r_1_s" i 20 = 3200 F2120ps FleOpS = & i E ; STOP (rsing edge of signal of 40 MHz)
;)$qu:m ; ; : propagates in the Fast Delay Line
' : : S1Le - ' Delay of one cell = 120 ps

Detpction _?
b ; i | -
El. I Ly |
I - i
Clock | P | ___——:l:— : I :
1 |- 1 i
sToP P "

: ' E —— - — : =

START : ' { ] . 140ps__ 140ps _ 140ps__ 140ps

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

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

Binl Bin2 Bin3 Bin4 Bin128

Differential shunt capacitor voltage-controlled delay cells

* START pulse comes first and initializes the TDC operation. STOP pulse follows the START with a delay that represents the time interval to be digitalized.

* Ateach tap of the Delay Line, STOP signal catches up to the START signal by the difference of the propagation delays of cells in Slow and Fast branches: i.e. 140ps— 120ps = 20ps (LSB).
*  The number of cells necessary for STOP signal to surpass the START signal represents the result of TDC conversion

*  Cycling configuration used in order to reduce the total number of Delay Cells.

* TDCrangeis equal to 128 * 20 ps = 2.56 ns
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TDC for TOT measurement

Simulation using LGAD signal
Coarse Delay Line: ralnge: 20 ns TOT TDC (A'tirOC].) TOA VS TOTfor TW Correction
Vctrl_:)arse (160ps) bin: 160 ps . sz ndf 244.2 1 44
 liom [aeom 160 16058 Coarse delay line (LSB_coarse= 160 ps) + | &reol " "7 7T "7 T Pob  tdsee 29
verd ;i Vetrl { etrl f Vel . . . . _ C 1 ] ; :
k AN Cyclic Vernier line (LSB_fine= 40 ps) 7700F- & O
START , * ~ v - LSB =40 ps 760 0:_ E
- Range: 20 ns, 9 bits - 1
7500 —
s10p - .
. 74000 &
Decoder [ _
TDC Power consumption: 7300 F1t: Po* P1*exp(-x/p;) E
Verl_fast (120ps) 0.4AmA*1.2V= 0.5mW @ 10% ocupancy Eo 1 A R R
2000 , 4000 6000 8000 10000 12000
Local STCP ‘
Cyclic Vernier Delay Line <] 6|_ T 1 r r 1t ] 1 T T 17 1]
range: 160 - o . . _ i
i AF Fit residyals wi LSB = 120 ps 7
4 _
Local START L ]
Vetrl_coarse (160ps) 2 :_ _:
5 Bits 2 MSBs alol -
. . . m : :
TW correction within + 5 ps for small charges |+i|2 3
= NEW TOT TDC in Altiroc2 na B
- Coarse part only, fine part removed T .
—OI | 1 | L L1 | L 1 | L1 1 | 1 L [ 1 Tl
- LSB coarse= 120 ps 5000 | 4000 6000 | 8000 10000 12000
4 fC 10 fC TOT [ps]

ATLAS
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TESTBENCH

ALTIROC1_V1, ALTIROC1_V2: testbench measurements (ASIC alone or with sensor), irrradiation tests, testbeam

~¥,7mm

Setup: ASIC board (ASIC alone or bump bonded onto sensor) + FPGA board
Charge injection (0 up to 50 fC) using ASIC internal calibration pulser controlled by cmd_pulse input, 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 ps steps : used to characterize the TOA and TOT TDC alone

. - ASIC Common part Pixel Channel
- Tests at system level: need to add interface board to filter FPGA | SC parameter = ON_ctest<pixel>

signals (3 MHz noise DC DC converters) => Vth could be set < 2fC
Variable I dac t\\ step = -R*I dac l
—|_ in_pixel out_pa
Ctest Bump.-[

0 to S0 pA
(6-bit DAC pulser)
200 fF
PAD J_ SC parmneu'r

in_ctest |}
PAD

DC=R* Idac
cmdp _pulse
sw_cd

s . : I : 0 CLPS Ro S :[‘ i "'!PF
] PAD
FPGA board cmdn_pulse =

ASIC board
A"}

ATLAS
HGTD
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ALTIROC1 V2-TDC performance

LSB /<LSB> vs channel

E‘?’: ] %1-5— L A R B
= F ] 1.4 —
g 2.5 — ._vl,_ = ® TOA<LSB>=225ps ASIC + sensor =
= <TOA>vsdelay | @ 13- ] E
2 i 5 e 1 2 :_ ® TOTc<LSB>=171.0 ps _:
- ] 1.1 —
- - = : . H [ ° I ° H e 7

1o E 3 °* o e . . o« ¥ ALTIROC1_V2

- ] 0.90 - 5 x 5 channel

F E : <TOA_LSB>=22.5 ps ] (5% 5 channels)
B . 070 <TOT_LSB> =171 ps 3
05  ASIC + sensor E 060 E
:\ | 1 | | | | 1 ‘ | | 1 1 ‘ | | 1 | ‘ | | 1 | ‘ 1 1 1 \: E ‘ | ‘ 1 | | 1 ‘ 1 1 | | 1 | E
% 0.5 1 15 2 25 3 0% 2 4 6 8 10 12 14
Delay [ns] Channel number

- <TOA> vs delay: Small discontinuities due to LSB bin size ( can be calibrated with Random Programmable Generator)
- TOA LSB and TOT_LSB can be adjusted to 20 ps and 160 ps per channel using Slow Control parameters
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0.8

06
0.4

02

| ALTIROC1_V2- Analog performance at system level

iirac

R T I T T T I T T T T T T T T T T T T l T T T I T |
- . ALTIROC alone C =4pF Dirac (testbench) -
B i ALTIROC+sensor Dirac (testbench) N
- € ~100% for ASIC alone and ASIC+Sensor at 4fC -
l I 1 | 1 I | | 1 | | 1 ] | 1 1 | | 1 1 | | 1 l | I 1 |

2 4 6 8 10 12 14
Q|[fC]
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Jitter [ps]

System level = ASIC bump-bonded onto a 5x5 LGAD sensor (1.3 mm x 1.3 mm x 50 um)

irac input

! . [ ! .
0.0 —
55,

1 MIP = 10 {C

S

15.2 pA

Jitter ~ 25 ps (55 ps) for ASIC alone (ASIC+sensor) at 4fC

o ALTIROC alone C =4pF Dirac (testbench)
L ALTIROC+sensor Dirac (testbench)
0 ALTIROC+sensor LGAD (testbench+simulation)

f_ 0 QO Estimated jitter using LGAD signal, =
. o  using calibration data and simulation
:_ ® O O _:
- o * ° o 4 =
z "l e e 028G 86 e o
- AR R R RTRINN RPN SRS N
6 8 10 12 14
Charge [fC]

W& HGTD



ALTIROCl V2 Analog performance at system level

< 120~ .
ﬁ C ASIC alone T|e 842500350
8 100_— .
O L _{* 942450 306
o r B ]
80[ TOTc of Ch4, Cd =4 pF vs Qinj =
- for several boards 1
60 e —{" 1142450 374
40:_ _:0 12 4 2450 326
C ,.l'e& ]
L 0 o
20—¢ ]
) ’
0_ 1 1 1 1 | 1 1 Il 1 | 1 1 1 1 | 1 1 1 Il | 1 1 1 1 | 1 1 i
0 10 20 30 40 50
QIfC]
'6' 120 LI T rTrTrTTT T T TT T T LI L L DL LR L
(1] : :o 0320 0 2450
2 r ASIC+sensor (B13) Jo 1032002650
O 100 —
= _ |+ 12365 02450
O = “|e 1334502450
= - _|» 14 350 0 2450
801~ o 23200240
i o srgid? T 430802480
S0 s BRRRRREREEATETL. e
- : 4 [ ] :l B335 0 2450
40 :° . 230250
- .. 8" .TOTcof Ch<0:14>vs Qinj -
ool L3 8% when B
—_— TOA busy signal is output _
B II"l 11 1 | 11 1 | 11 1 | 11 1 | 11 1 | 11 1 | 11 1 | 11 1 | 11 1 | 11 1 | I_I
% 4 6 8 10 12 14 16 18 20 22
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<TOTc _LSB>~ 170 ps

TOA busy signal: necessary in testbeam (synchronization)

O 120_ L L L L L ! '_
@
=] B ]
O 100_ .0.... A ]
Ié - ASIC+sensor (B13) oo .
80 ]
B o ]
60 £ i:"-’-':"'.- ~17 ns: .
§ " TOTcof Ch<0:14>vs Qinj | ]
40— when : ]
B TOA busy is not output ! i
20— : —
B ~ 3 ns couplings to be understood ! ]
or : _
0_ TR BRI R B R SRR .
0 10 20 30 40 5

In Altiroc1_V3: modification of TOA busy (diff signal) to solve this issue

ATLAS
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A(TOA-t__ ) [ps]

*  TEST BEAM measurements with Altirocl V2

T —r r r 11111 1 11 1 1 1 T 1 T 1T T 1T T | T T TT T T T I_
- Before Correction: ¢, = 58.3 + 1.6 ps -
250— —
B After Correction: ¢,=46.3 £ 1.4 ps ]
200~ HGTD Testbeam ]
- November 2019 Time difference between
1500 LGAD+ALTIROC1 and Quartz +
- SiPM before and after TW
‘ 1 B correction
300 — — E 0 100 —
200 - = - .
100 - r = - ]
mr= TOA vs TOT - - S0~ ]
0 = B _
100 g_| [ P A = i o PO - -
- 00 400 —300 —200-100 O 100 200 300 400 500
300 A(TOA__ ) [Ps]
_400F_HGTD Testb ™=  mm Time res.olut/on= 46 ps => electronics jitter 39 ps after substracting Landau
500 November 2019 fluctuations (25 ps) O-hlt ULandau + O-clock + Gelec
N — 55 6 6.5 New interface boards designed after this TB => jitter should be reduced by
Limited region for TW correction due to TOT  poze 1o 35 % and so electronic jitter contribution should be 26 ps in testbeam (36

disconitinuities as soon as TOA_busy signal

s for time resolution
is output. Solved in Altiroc1_V3 p ‘f )

ATLAS
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Irradiations tests with Altirocl V1 (June 28-July 8, 2019)

CERN facility, TID up to 340 Mrad, requirement: 200 Mrad max

Preamp amplitude for various input charges Jitter measurement on scope (not measured with TDC)
S“ _l 1 T I 1] T T T I T 1 T T I T T T 1 ! T 1 T T l T T LI I | KA ] T l— qh) 1.5_1 T T T I T T T T I T T T T ] 1 1 1 I I I 1 1 I I I I I I -
e 140 | 0 £ - N ] .
—— B d - 5 145 15% degradation in jitter at 2 MGy o
() C e bbb it abiass bty At Aeboast M (patiotes ] ’ E : . 0:.!( ° E
T 120F " I -3 2 43E e o et oge -
2 S A | e SN
£ o : i BT RGN X
5 - : i 115 o0 oS .'..'“‘:'.1, j.“. w 1° =
= 80? \h-a—-——_—_n——J S e s —— 15 “.. ‘o:. o.. 2" I E
B‘ B I -1 = ‘. .' ®e i -
E 60— : _ - I =
o i . 7 = | = =
40— - qinj=5.2fC l . 0-8; : . Vth=390 -
E ' " 0.7 . ° Vth=397
20 " Qinj=103fC : = = J * Vth =401 :
~ Qinj=201fC : 1 " 1 0.6 I .« Vth=387
B I— BE— — —— — —— :l 1 1 1 l | () T [ | I 1 1 | l 1 1 1 i 1 1 1 l 11 1 1 I 1 1 1 l:

VU051 15 2 25 3 85 O getiE e s

Irradiation [MGy] Irradiation [MGy]

-~ ATLAS
6
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— e
e TOT Time to Digital g1 . ‘ g
— Convertelfrr]sangf—ZOV’s =1 . Triggered Hit Matched Hit £ . 1 1 1
> e e 1o "I e A ALTIROC2 (225 ch): Pixel digital part
- Co:e:r‘:lrrnsat:gzlg IZtii'ns e ’
Bin=20ps 7 bits Hit
Luminosity Configuration
Processing Unit Registers - .
ANALOG FRONT END - oisma i | o Hit buffer: SRAM 1536 x 19 bits
ALTIROC2 pixel: Lony - Circular buffer to store timing data for each BC, until a trigger arrives
\\\ Analog FE (same as Altiroc1) + DIGITAL PART = - Data= Hit and TOT and TOA bits, only in case of hit to save power
\}}\I | | | {/— / - Control unit to handle R/W pointers

| Trigger Hit Selector =

- Each received trigger associated to a trigger tag

- If data stored in Hit buffer related to received trigger, TOA/TOT data + trig tag
) ) | XE stored into Matched Hit Buffer

*| Matched Hit Buffer: 32 positions FIFO

- Control Unit: looks for data related to a trigger event when requested by the
End Of Column
- Matched flag handled through a priority OR chain. Pixel at the top of the

1 Trigger Data Processing Unit Luminosity de T
7 | e Processing Unit column with highest priority
_ | Config. Table o ‘ - Synchronous readout at 40 MHz

Registers Luminosity

BC Formatting Data

Counter [ sl °| Luminosity process unit

T - checks if hits are within 2 programmable windows
uminosity

Hit Data Serializer e
Serializer

Fast Command Unit Slow

Control

| 12C configuration registers

fast command elink  320MHz clock  I2C link 320Mb/s, 640Mb/s or 1.28Gb/s sa0Mb/s elinkto Al these digital blocks are integrated in Altipix prototype, first tests in July 2020
from IpGBT from IpGBT elink to IpGBT IpGBT
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ALTIROC2 (225 ch): Periphery
IXEL MATRIX: 15 x 15 PIXEL
* End Of Column:
- - readout of columns + data transfer to trigger data and luminosity data
mogs 4 mn processing units
Lumingsity procasaing yalt =  Luminosity process unit:
windou: ! | . - : . .
' e - Calculates the Nb of hits/BC within 2 time windows generated by window
generator unit in the EoC. W1: around the BC, 3.125ns, W2: N*3.125 ns

w2

122
I

[
EIIVISEAM N*3.125ns window

- S1 (sum of hitsin W1), S2 (sum of hits in W2)
- S2-S1 (7 bits) and S1 (5bits) = 12 bits lumi data + 4 bits (BCID) serialized
and transmitted at 40 MHz

Data
encoding
(6b/8b)

L1[2
[T

— AL
ECLIVISP AN 3.125ns window

i * 320 Mbit/s fast commands decoder:

- 8 bits commands @25 ns: IDLE,GBRST, BCR,L0/ L1 trigger, CAL, TriggerID,
SetTrigID

- 40 MHz ck extracted from Fast Commands

Trigger Data Processing Unit Luminosity ° Trigger Processin g unit:
Trieger Processing Unit . . .
S Tgti - Reads time data from pixel matrix
— Hit Data Luminosity

Registers | IL. : - Packs data into frames before serializing them
F tti . o o
| Counter A e Hit data transmission

Slow Luminosity 7

, ‘ - - Average data to be transmitted depends on radial position: 320 Mb/s,
Fast Command Unit Hit Data Serializer o
Control | 7 | Serlalléer ‘ 640 Mb/s, 1.28 Gb/s

 Slow Control:

L] || A 4 v v
fast command elink  320MHz clock  I2C link 320Mb/s, 640Mb/s or 1.28Gb/s 640Mby/s elink to - 12Clink, 1024 * 8-bit registers (Triplication + auto correction)
from IpGBT from IpGBT elink to IpGBT IpGBT
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. . . i Coarse Delay
ALTIROC?2: Clock distribution e = ~
L] b
; PLL_40MHz I 5 m . 4-bit L
{ Synchronous
§ L o |8 a— Counter | somsz B , clk8SOMHzInt
Clock generator unit _] ’—. |- N clk640MHzInt
Fast commands unit
Fhase aligned signals PLL 40 MH: cli4OMHzint  clk40MHz = o
" 70 M- decod P P e 1 — < —— % —| PLL . c1k640MHzLumint
From LpGBT el DelldoMH; G| opLL Phase shifter -0 'laiﬁlﬁ"}tt M ' : I '
320 MHz clock A i i PLL_ 640 MHz clko4 oy :Fine Delay P 1 , :
- s abignnsent : k640N Hz Lur ' FineDelay1<3:0> ]
‘ ; : I § 7 1
m>_ J_I—I : : FineDelay2<3:0>| !
ke LT 1 t ]
: : i PLL_B40MH: ]
Fust conmands Fast commands || : BC reset : = < I T T -[ .Il -|- .Il T .I- -‘. .l. .I- T I .[ T
320 Mbps elink J_ decoder iR : { 16-tap Voltage Controlled Delay Line
| | : Conunand Pulse: ; ‘I
XX : z ; 5
""""""""""""" I ]
§ Phase Charge LPF é [
»| Detector Pum 1
: Phase shifter

e 40 MHz clock
- TOATDC and most of the digital blocks, including the 12C and configuration registers

e 80 MHz clock

- toread out the timing data from the pixel matrix and to pack them into frames in the Trigger Data Processing Unit

 Two 640 MHz clocks
- oneto serialize the data (clk640MHzInt)
- one clock to generate the time windows for the luminosity measurement (clk640MHzLumint)

* Phase shifter:
- Step 97 ps, range 25 ns. Ck phase alighment + to center the 2.5 ns measurement time window of the TOA TDC on the Bunch Crossing

* 5cktrees
- 40 MHz ck, 80 MHz clock, Lumi windows (W1 and W2), calibration pulse command (= cmd_pulse in Altiroc1)

ATLAS
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ALTIROC: Ck trees

ALTIROC1 ck tree (well distributed on 16 channels)
- 40 MHz and cmd_pulse, ck trees done manually
- Uniformity: 18 ps rms
- Average power (ck40 MHz) = 0.6 mW with 16 channels => 10 mW per ck tree for 225 channels

ALTIROC2 ck trees

- 5cktrees
- Digital On Top vs Analog On Top?

- Skew (< 100 ps) vs power vs radiation hardness s o

_’_E _>.E _’.E CLCIN._| | | CLKUIN_|
CLK_1 \—,7 CLK_1 | \—,_ N

N By L LT el

_"E _’-E o _’-E cu<_15—| I | CLK_15 [—\—r

- “tency (Stency :
i R v
ATLAS
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SUMMARY & CONCLUSIONS

* Good analog performance demonstrated with ALTIROC1 prototypes

- Very useful to understand system issues with sensor
- Jitter (ASIC+sensor) < 35 ps at 4 fC with calibration pulse

- Vth (ASIC+sensor) can be set at 2 fC
- Testbeam expected before the end of this year with new interface board and with Altirocl V3 prototype

(expected this summer) where TOT issues solved

* Design of first full size ASIC (ALTIROC2) is on going , submission November 2020

- Mix of Digital On Top (DOT) and Analog On Top (AOT), compromise between power dissipation, timing

verifications, analog performance
- Analog performance crucial , floor plan (power distribution, grounding) done AoT

- Tests @system level will be done
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BACK UP SLIDES
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tO (TOA) Calibration

Pixels

/

ATLAS Simulation Prefiminary /

Goal: measure the same hit time (t_hit) for tracks from the same interaction
— Need to correct various effects :
t_hit= TOA_t0 =t0_static_ASIC + t0_static_online + t0_dynamic_offline

y [mm]

e tO dispersion inside one ASIC: tO_static_ASIC
- Due to ck skew between channels, static dispersion. Offline correction
using ASIC internal calibration pulser to have t0_static_ASIC better than 5

S

TS PRI BRI AU VPR EPRTr BT N
-600 -400 -200 O 200 400 600
x[mm]l

* t0 dispersion between ASICs: t0_static_online and t0_dynamic_offline
- Due to TOF (n, ¢, flex cable length), static dispersion. Online correction 0
using each ASIC phase shifter to adjust the TOA window and so to get e

14000

t0_static_online within ~ 100 ps. -

10000

— Smeared hil time

— Calibrated hit time
Zee MU200

Hits from 15x13 pixels
Calibration with histogram mean

Calibration apphed every 1ms
Variafion with 20ms penod

BO0O r=150 mm, sampling =0

- Due to dynamic variations (drift of 40 MHz clock-RF, temperature ...).  _
Offline correction using minimum bias physics events to re-adjust each 4o
ASIC t0 and so to have t0_dynamic_offline within the needed accuracy =

of 10 ps (average of hits done over different integration windows) ' ' P st

= TOITTTIT[TTIT[ AT T OI NI T T rTI T Ian [ IIo[oIT
R I RN LR RRR LA AR LA

|
(=]
on
(=158
=]
(4]
=
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HGTD module: Flex module and tails

e = e e e e o e e Tolerance in length 1mm
g
I P Clock {320 MHz) Tolerance in width 100 pm
- g Flex tail maximum thickness 220 pm
! = Module flex maximum thickness 500 pm
o Insulation resistance of HV line 100G
|
I Maximum resistance of power planes | 2.7mQ cm!
aag ol Maximum resistance of ground planes | 0.7mQ cm”!
| - Impedance of single lines 50 O)-650)
I — Impedance of differential lines 920 0)-12002
Maximum allowed BER 1012
L _________ Radiation tolerance 2MGy
F LEX = Neutron fluence 2.5x1015neq /em?
HGTD module Peripheral electronics

- PEB
LGAD sensor (450 PADs of 1.3 x1.3 mm2) |
bump-bonded onto |

| 2 ASICs (225 channels/ASIC) °

I I S e s e e e s aew sl

BER

— Fail i

FLEX will connect the signals from each bare

module to the peripheral electronics board 100 -~ Marginal regon SN OIED

* Baseline: 2 pieces, module flex and tail (up NoO 10-15| [Ho.40
to 69 cm) ) >0 5 o

* Flex prototypes (still in a single piece) within % .
the specifications é’ e
> _s50 0.16
HV=1KV 0.08

1.25 Gbit/s -100
0.00

0.0 A ; : 0.4
time [ns]

-04 -03 -0.2 -0.1
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Peripheral Electronics Boards (PEB)

HV//return ground HV/return ground
Vddd/gndd way |
- w12V |
Vdd d
/d a/gnda A ——— 10V/ground
- W0v->1.2v |
Fastemd & +
clock & reset _ I’Cbus N
"~ P ~ DAQ
DAQ data o IpGBT < > < >
I°C bus ~ DAQ ¥ vis
- Ll
lumi data A Y o IpGBT ) lumi >
Ll .
lumi 7y
Monitoring Y 'y
temp,/Vdd MUX
bpolizy | g
1vs2.5v [
r bpol12v <
10V->1.2v
T Pwr On/Status
Modules Peripheral board Off detector

FLEX tail

» Data transfer between modules €< DAQ/luminosity/DCS systems

* Distributes HV to sensors and DC voltages to ASICs (through DC-DC regulators)

e Use mostly components developed by CERN for the LHC upgrades: IpGBTs, VTRx optical receiver and
transmitter, bPOL12V converter.

* Main challenge is the high component density (short flex tails of 6 outer modules integrated in PEB
PCB to avoid connectors)

* Design ongoing, first prototype expected by end 2020

Wire-bonding

TSLGADs (~ 4 x 2 cm?)

Bump-bonding

HV wire-bonding

ATLAS
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ALTIROC Preamp: Voltage configuration (Baseline)

- Id tuneable: Id (M1) = Id; (150 pA) + Id, (tuneable up to 850
- BW tuneable with Cp: 1 GHz down to 200 MHz

- R2=25K: for DC bias, Rin ~ 1.6 KQ, Fall time= 2.2 RinCd

- Sensor leakage current: absorbed by R2

=G, VlnGQI I%L

out pa pa c,4 d Cq

\Y

G,,~ 8m; xRy and gm, ~ 20 * (Id; +1d,)
- Noise independant of Cd, depends of VBW and of 1/VI,
0.35 G.e,
N=G.e, ‘/— BW =Ge, |~
10 90_PA \/ 10 90_PA

2kT  2kT o) =
with en given by: € = g ~ \/qT t =
m D

HA)

+ 12V

+. 12V
Id1
150 nA a2 +
15 nA
R1=4K ,@' o l 60 pA
850 pA Vout_pa
in Ctest  Ctest - i w2 DC~730 mV
_| l_/ Vease | I:TM-" Cp
1 MIP R2 =15K gm3 A
or 25K 1 =
500, 00p in PA M1 =
— V I | gml

2,500

2,000

e_n (nV/sqrtHz)
= =
o Ul
o o
o o

— Signal rise time is the convolution of signal duration td and amplifier risetime t, 5 pa
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DC~ ?70mV| Id=1d1 + Id2

noise spectral density

L da) 3 4
av. G.Q,
dt Cd t120—90 PA + tj




Cooling system: requirements

HGTD Component Power consumption | Total [kW]
Sensor 30 to 100 mW cm ™~ 2.0-6.4 (*)
ASIC < 300 mW cm 2 17.6-19.2(**)
Flex cable 6.8mWcm™! 2.0
Total in active region 21.6-27.6
HGTD vessel heaters 100 W m™= 1.3
Pre-heaters (Perip. electr.) 8.8
Ambient pick-up 2.5
Total power dissipation 34.2-40.2

e -3509C using CO2 evaporative cooling (as ITK)
* Main dissipation from ASIC and irradiated sensors
* Total power dissipation = 40 KW

ATLAS
HGTD
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HGTD Electronics: requirements and parameters

Pad size 1.3 x 1.3 mm?
Voltage 12V
Power dissipation per area (per ASIC) | 300 mW cm 2 I(Total: 1.2W)
e-link driver bandwidth 320 Mbits™', 640 Mbits™!, or 1.28 Gbits™
Temperature range —-40°C to 40 °C
TID tolerance (w/ SF =2.25) 2.0 MGy
Full Chip SEU Upset probability < 5% /hour
Maximum leakage current 5puA
Single pad noise (ENC) <3000~ =054C
Cross-talk < 5%
Threshold dispersion after tuning | < 10%
Ohit= Ofandau * Oclock + Tetec Maximum jitter 25psat 10 fC
with Ucazlecz 072‘ime walk O-jzitter + UTZ"DC 70 ps at 4 fC
TDC contribution <10ps
Time walk contribution <10ps
Minimum threshold 2fC
Dynamic range 4 fC-50{C
TDC conversion time <25ns
Trigger rate 1MHz L0 or 0.8 MHz L1
Trigger latency 10ps LO or 35ps L1
Clock phase adjustment 100 ps
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Radiation levels in HGTD at 4000 fb-1 (Fluka with ITK 3.1 layout Oct 2020)

15 6

({II_| 3 5 7x|1 IOI LI | L | T T | L | T T | LI | I LI g 3 7xl1 I0 [ ‘ LI I | | [ I | ‘ L I | | L | T T 1]
= C ATLAS Simulation Preliminary O, - ATLAS Simulation Preliminary .
'2' 3 . e Total — ()] r O Max TID for ASICs with rings replacements and SF 2.25 -
"D. * Neutrons 8 2 . 5 i ® Max TID for sensors with rings replacements and SF 1.5 |
— ¢+ Other 0 L _
) 5 % _ B ]
n % o i - ]
= . "0. ] 2 ;&C% 3 -
§ 2 - .= Q\ 4% s~ _: I o OO ]
@ ° 80 ¥ xx “e ] 1.5 L ? b p
2 o M “o , & e © Q ]
S 1.5 ‘% e % i, 076 0% O i
= () %** (I e ] - e e @ 3 ]
-o—c_ I - x 1j ..~ ﬁ‘ %%% @%% B
@ = s ¥ ] L i
>CI ’, 4‘?‘444,: i ® .‘.‘ %.\“ @ ]

Q ‘ *$e 0.5 e
= 0.5 "4 TN R — i » g
- ’““g (14 ~... ‘“. L i
(D B | 111 | | N | | | | | | | I 11 1 | 111 | 1 I_ B | I ‘ | T | L1 1 1 ‘ L1 1 1 | | | | 1 | T

10 20 30 40 50 60 70 10 20 30 40 50 60 70

Radius [cm] Radius [cm]

Radius of each ring tuned for:
- 2.5x10%n,,/cm2 max. for sensors (including SF = 1.5)
- 2 MGy max for ASIC (with SF =1.5x1.5= 2.25)
- Ring radii will be optimized before construction to account for possible future changes of
the materials in ITk
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