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High Granularity Timing Detector in HL-LHC ! !mega

LGAD sensor 1 MIP Talk on the long Flexible Printed Circuits

1.3_ X 1.3 mm? ASIC’S REQUIREMENTS from Marisol Robles Manzano on Thursday, 9n20
Thickness = 50 um
Cd =4 pF 15.2 pA
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ALTIROC’s architecture mega

. i Discriminator % . n
Analog front-end pixel + et o |y - :
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Bias Blocks Trigger Data Proce;sing Unit : Lumi%osi:Jy' End Of Column
rocessin nit . . .
PLL > T el | . Luminosity process unit
e T A qoie Hit Data uminosity .
hase shifter 2 - T I ” i e 320 Mbit/s fast commands decoder
calibration pulser B _— Trigger Processing unit
p qu Fast Command Unit 2o Hit Data Serializer LU nosItY Hlt data transmISS|on Up tO 1 !28 Gbps
- . Control - - Serializer
- | Slow Control
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Pixel analog front-end

ALTIROC2’s pixel integrates :

: Preamplifier Hit Flag : N
: Discriminator 1 bit 5
o
TOA : =
TOA TDC n ’_,' » Hit Buffer | Trigger Hit 1 Matched Hit s E
+ Range 2.5 ns LSB 20 ps 7 bits  * " Selector Buffer . ;
s
vih | _ TOT TDC 1 R ‘
TOA "| Range 20 ns LSB 120 ps 8 1J‘its i Hit Processor
4

: TOT ] A Luminosity Configuration :

. : Processing Unit Registers :

: ANALOG FRONT END : : DIGITAL:

LO/L1

« Avoltage (VPA) or trans-impedance (TZ) 1 GHz preamplifier followed by a high-speed discriminator:

- Time walk correction made with a Time over Threshold (TOT) architecture
- Main challenge = small jitter (low noise/capacitance) down to 4 fC

N _ eyC

= Analog FE performance crucial

n

Cg: sensor cap ( ~4 pF)
ty: LGAD drift time, 600 ps

d
O:: = = A/t Q;,: MIP charge ( 10 fC at start, 4 fC at end)
jitter dv/dt Qi d

e, hoise spectral density of input trans.

« Two TDC (Time to Digital Converter) to provide Time of 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 120 ps (8 bits), range of 20 ns
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Pixel digital back-end

Preamplifier

« Hit buffer: SRAM 1536 x 19 bit

Vth

Discriminator

TOA

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

sng lllllIII]O:)

Hit Flag : N
1 bit
TOA
1O IDE v » Hit Buffer | Trigger Hit Matched Hit i
Range 2.5 ns LSB 20 ps 7 bits B Seloctor Buffer 7
T
" TOT TDC 291 R .
Range 20 ns LSB 120 ps 8 bits Hit Processor
. Luminosity Configuration :
Processing Unit Registers :
DIGITAL;
L0/L1

- Circular buffer to store timing data for each bunch-crossing, until a L1 trigger arrives

- Data =TOT and TOA bits, only in case of hit to save power ; with zero suppress.
- Depth of about 38 us

* 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 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 column with highest priority

- Synchronous readout at 40 MHz
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Testbench for ALTIROC2

» Setup = ASIC board (ASIC alone or bump bonded onto sensor) + interface board + FPGA board

Front-end calibration : charge injection (0 up to 50 fC) using ASIC internal calibration pulser, controlled by the FPGA, synchronous to 40
MHz clock, ASIC alone: Cd=3,5 pF can be set by SC to mimic sensor capacitor

- TOA/TOT TDC calibration : ASIC periphery generates a trigger with tunable width and deI 1V
from the PLL + Random Phase Generator for DNL s e

thanks to the phase shifted 640 MHz clock

ASIC board

ASIC Common L part Pixel Channel
I n te rface + F P GA boa rd SC parameter = ON_ctest<pixel>
Variable I dac AV step = -R*I dac
0 to S0 pA
{6-bit DAC pulser) |
DC=R* Idac in_pixel
in_ctest |} = ut_pa
PAD R Ctest Bump .-[
cmdp pulse Sk 200 fF
Pl AD J_ SC parameter
— SW_cd Cd
CLPS Rec I[I — 4pF
gy L
cmdn_pulse =
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What is the minimum detectable charge ? (Median at 50%)

ASIC alone 1.0
irradiated up to 200 Mrad

Efficiency

mega

ATLAS HGTD preliminary

~ All digital ON

Qmin = 1.4 fC

ASIC + LGAD
(unirradiated) 0.8

Efficiency
o
B

o
N

Transimpedance
preamplifier results
Thresholds aligned at 3.2 fC

ATLAS HGTD preliminary

All digital ON
15 pixels enabled

Qmin =2.9 fC

ATLAS HGTD preliminary

15 pixels enabled | | "

Qmin =3.1fC

0.05 > 4 6 8 10 3

Q [fC]
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~ All pixels enabled

| Qmin=38fC

All digital ON
' , All TZ pixels enabled
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Sensor effect on noise

One channel

; ASIC alone
in_preamp

Internal e
variable Cdet T

end _pa

-/ L _gnd pa
=

:

=
N
—

Noise on analog gnd amplified x1
“‘common mode”

ASIC alone = favourable situation

ASIC + Sensor
in_preamp

end_pa
Cdet (Sensor)

10

I L_gnd_pa

]

T

—L— HV - SENSOR (Cd)

Noise on gnd_pa amplified x20
“differential mode”

Digital noise injected on the preamplifier ground gets amplified only when the impedance between the detector
capacitance and the non-inverting preamplifier input is not zero : when the sensor is connected !
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Fighting against digital activity ! !mega

Probing one ASIC+HPK LGAD biased at -80V (B16)
transimpedance preamplifier :

Signal aligned with noise bump

C3|

D/
N . -
e | e | e No signal injected
% b My (e i
| | | 40 MHz

Digital clock couples on preamplifier gnd input : induces a noise ripple ~ 3 fC = our limit !

Preamplifier
output baseline :
(exaggerated)
= Signal amplitude seen by the discriminator reduces : “hidden” inside the noise ripple !
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Correcting time-of-arrival timewalk with time-over-threshold meqga

ASIC+HPK LGAD biased at -80V (B16) All TZ ON

TOA versus charge TOA versus TOT
2000 2000
ATLAS HGTD preliminary
1800 ====== 1800/
1600 — 1600
2 g
c S 1400/
g 1400 ;
S 12001
§ 1200 S
800l Lo 800 ATLAS HGTD preliminary
?
75 10.0 12.5 15.0 17.5 20.0 22.5 25.0
5.0 7.5 10.0 125 150 175 200 225 TOT mean Ins]

Q [fC]

* Time-walk = convolution of the preamplifier rise time « Offline time-walk correction using TOT
(300 ps) with LGAD rise time (600 ps)

« Skew between bottom and top of the column pixel :
due to clock tree distribution
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Comparing measured time-of-arrival jitter with simulation me

Jitter (W|th std error) for one TZ pixel versus input charge

200 -
ATLAS HGTD preliminary ASIC+HPK LGAD, All TZ ON, Pixel 165
= | {  ASIC alone, All matrix ON, Plxel 122
a=162 ps.fC floor=9 ps F:tjrtter— \/(“‘f)2 + floor?
150 ___Slmuanalogfrontendpos "*|HYO’[]’t"VI’EW’CCT:4’p’F ””””””””
(with LGAD-like calib. pulse + assuming 10 ps Rj PLL
'g'_ + ignoring jitter from TDC/quantlzatlon)
g | | | N G
e e s T I S C . _ — enld
o 100 | | Ojitter= av/dt . O, Vig
< | | .
@) i 3 ; Cq4: sensor cap
— 65 } ___________________________________________________________________________________________ ty: LGAD drift time, 600 ps
K 4 Q,,: MIP charge (10 fC at start, 4 fC at end)
50 fffffffffff - +L ffffffffffffffffffff T e, : hoise spectral density of input trans.
o |
| s‘E‘v- ¢ j i
25 ‘“:‘134-...2_’_::_'_:'.‘o.,..... """" AT T
————————————————— e + ______ N ___._._:.:___.
0 i ‘
2 4 6 8 10 20
Q [fC]
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Is the internal detector capacitance equivalent to an LGAD’s ? meaa

- ATLAS HGTD prelimi
——— ASIC alone (B7), Pixel 45, Cd=3[dacul] S HGTD preliminary

500 —— ASIC alone (B7), Pixel 45, No internal detector capacitor
ASIC+HPK LGAD (B16), Pixel 45, No internal detector capacitor
400 v _6nld
O'.. _——_—
jitter ] d
dv/dt an
3001 C4: LGAD capacitance

ASIC alone without detector capacitance
200"

_ ASIC alone with detector capacitance
100;

Global threshold [dacu] - offset

= SIC + sensor

—_— with
| | | | | | | calibration pulse
0 2 4 6 8 10 12 14

TOA and TOA+TOT [ns]

Pulse reconstruction of a voltage preamplifier, between ASIC alone and ASIC + sensor :
Showing same amplitude & falling edge decay time — the internal LGAD-like capacitance corresponds to 3.5 pF.
Showing slightly slowly rising time — partially explains worst jitter with sensor.
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Jitter depends on the charge, but also on the discriminator thres. meaqaa

Mean Jltter across TZ channels versus input charge for various threshold alignements

100
ATLAS HGTD prellmlnary g —— Q= B 2 fC [SIMU MC + 10ps PLL Rj]
‘ i —— Q=32fC
Slmulatlon e 82;2 -
| Q=1821C 3 {ower slope, worst jitter
8 03] . her slope, better jitter.
r ~aligned |
2 \ at32fC '
o A\
S y =
- ) Time
0
2 4 6 8 10 20

Q [fC]

Threshold trade-off to maximise pulse slope (dV/dt), thus minimize jitter.
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Jitter stability under TID irradiation ! !meg a

ASIC alone (B7) Pixels ON : Col 7 (VPA) or 8 (TZ)

60| Specat 4 fC

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

un
o

TOA RMS [ps]
w e
= o

| : | : . TID : 220 Mrad
____S_p_ec__a_t__l_@__fc ______________________________________ DA S R N Dose rate : 3 Mrad/h
| s % | Temperature : 22°C

No
o

_——Q%4m
—— Q=10fC

[
o

ATLAS HGTD preliminary

0 50 100 150 200
Total ionizing dose [Mrad]

All DC values and TDC bin remain constant along irradiation.
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Conclusions meqga

FLEX tail

ALTIROC?2 : first 225 channels full matrix LGAD readout chip with 1 GHz preamplifier
with 4 pF detector capacitance : new territory in HEP ! Components

« Analog performance demonstrated with ALTIROC2 are encouraging ! ’ HV connector

[
- Design of ALTIROC3 is on-going with identified improvements, submission end 2022, & &

. L~ RN ik
Wire-bonding % .: ’ 2 LGADs (2 x2cm?)

Very useful to understand system issues with sensor :
First assembled module has given similar performances than full ASIC testboard ____,
Jitter (ASIC+sensor) ~ 25 ps at 10 fC with calibration pulse
Vth (ASIC+sensor) can be set at ~4 fC *-'_‘_-,
Testbeam results to come to confirm performances on testbench |

Poster from Huang Xing presenting phase shifter measurements

Leveraging on bunch crossing synchronicity, using highly skewed digital logic to reduce couplings on analog
Analog performances relies on floorplan (power distribution, grounding, IR drops, deepNwell) to minimize coupling
between analog and digital power domains.

Fully triplicated digital logic for SEE hardness
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Backup
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TOA TDC Architecture : Vernier Delay Line ! !mega

TOA TDC TDC Power consumption : 0,5 mW @ 10% occupancy

Resolution: 20 ps

* Range:2.5ns Simplified Block Diagram
* 7 bits ;

|

. ——> STOP (rising edge of signal of 40 MHz)
] propagates in the Fast Delay Line
Delay of one cell =120 ps

——> START (rising edge of the discriminator)
|

1 1
P :
=i 7 - 1
1 1 1 1
P :
STOP b : I
s : " —>) START

i T AT o A e laps 0pe fafpe_ __ oz ____| signal propagates in the Slow Delay Line
START “ L8 Q1 Q1 Q2 Q2 Q3 Q3 Q4  Q128Q128 Delay of one cell = 140 ps
L= R g
i 'ToA - | l E
Bin1 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.

» At each 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.

 TDC range is equal to 128 * 20 ps = 2.56 ns
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Jitter components

Main contributors to time resolution

2

. 2 = 2
with Oclec™ OTime walk +

- 2 2 2
Onit= OLandau + Oclock + Oclec

2 2
Oitter T OTDC

Charge >10 fC at the start of the HL-LHC >4 fC at the end of the LGAD lifetime
Maximum jitter (oejec) 25 ps <70 ps

Clock contribution <15 ps

TDC contribution <10 ps

Time walk contribution <10 ps < 25 ps
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