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1.ATLAS Experiment - HL-LHC

 HL-LHC ATLAS - 2026~
* Energy-14TeV

* Luminosity - ~7.5%x1034 cm-2s-1

25m

LAr hadronic end-cap and
forward calorimeters

Pixel detector

LAr electromagnetic calorimeters

Toroid magnets
Muon chambers Solenoid magnet | Transition radiation fracker

Semiconductor fracker
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2.HL-LHC ATLAS Pixel detector

Semiconductor Sensor| DPetect charged particles

/\‘/‘ )
ASIC Digitization of signal
(Application specific integrated circuit) 0111011011111, & some fu nCtions

FPGA Board s Dataprocessing,
(Field programmable gate array) ' ‘ A / @ 7 > R PC I nte rfa Ce - etc
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2.HL-LHC ATLAS Pixel detector

* Pixel hit rate in HL-LHC ~ average 100-150
* Requirements
* Matrix size : 400x384

* Pixel pitch : 50x50um?
* Trigger rate :
1 MHz (w/ <35ps latency)

~100 Hits/event x 1 MHz x 26 bit/Hit = ~2.6 Gbps

— Development ASIC, RD53 Collaboration
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* Prototype ASIC RD53A

- Half size of production ! s - e~

Demand for
Data acquisition system
development !

 ATLAS Japan group

- Radiation tolerance test

- Test beam

« Required performance
- Readout bandwidth : ~5 Gbps/chip
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4.ASIC Readout System

Development milestones

1. FE-14 Readout system using Ethernet

2. FE-14 Readout system using

* FE-I4 - Currently used ASIC in ATLAS Pixel
3. RD53A Readout system using

Xilinx KC705 Evaluation Board
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4.ASIC Readout System - Ethernet

1. FE-14 Readout system using Ethernet

Computer

Ethernet (UDP/IP. TCP/IP)t < 1Gbps

SiTCP

t '

FI;O Trigger

& Command

8Bit—10Bit

*

Serial—Parallel
160 Mbps T 30 MHz i 40 MHz

Readout ASIC

Clock

* Implemented in commercially available board !

* Not support 5 Gbps readout, but enough for FE-14 x4 ~x6(?)
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4.ASIC Readout System - Ethernet

1. FE-14 Readout system using Ethernet
* Operation Test
* Tuning of thresholds for Hit
* Tuning of ToT (like ADC Value) to each pixel

N N
T) 200 = T) N
> 180F- 5 Target threshold : 3600e < 250 Target ToT : 10 for 20000e
. v— - Blue : Before tuning o v— ~  Blue : Before tuning
A F Red : After tuning a® 200: Red : After tuning
150 —
100~
50—
- J L T R B - b L | el
% 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 % 2 4 6 8 10 12 14 16

Threshold [e] ToT
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4.ASIC Readout System - PCle

2. FE-14 Readout system using

‘ FE ASIC \

l DDR3 Memory
Encoder & Decoder &
Serializer Trigger serializer
< Unit + Rbridge FHIBBRS Controllr
TxCore T RxCore 7 l
t | $ |
Wishbone

!

Wishbone express

Bus DMA Wishbone '

¥

7 Series | '(5As Integra

+— DMA Controller

Send command

& trigger

lock for PCI

Readout Data
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4.ASIC Readout System - PCle

2. FE-14 Readout system using

 Direct Memory Access

 PCIl Express

Program

Memory

_

WRITE

PCI
Express

Memory

Transfer speed [MByte/s]

1000

800

600

400

200

DDR3 DMA Transfer Benchmark |

 READ ~ 750MB/s
I ........................... WRITE~7OMB/S

Bl DMA WRITE (CPUtoFPGA)
Il DMA READ (FPGAtoCPU)

0 100 200 300 400 500
Data block size [KByte]
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* FE-I4 Readout system on KC705 was developed !

* High speed DAQ system

— Transfer speed performance between FPGA and PC was
achieved! ~750MB/s (READ)

* Future
 Complete DAQ system
+ Understanding data transfer performance
+ Adapt to RD53A
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Additional Slides



Development components

Signal
transmission test

Evaluation FPGA Board

FPGA Firmware
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2.HL-LHC ATLAS Pixel detector
Pixel detector in ATLAS

HV hole

Semiconductor Sensor

Detect charged particles

decoupling
capacitors

sensor AS I C

Darre (Application specific integrated circuit

MCC pigtai

Digitization of signal
& some functions
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Hit rate & Data rate

'g‘ T 1 1 | T 1 T I 1 1 1 T LI 1 1 1 1 1 1 1 1T T S : _0.0025
€ 1400-ATLAS Simulation — s | .
o " ITk Inclined . 83001 e
1200— n=1.0 ] = E et “lo.002
- ) - o) = -.-_._-.- -
1000:— : :250— -.._.__.-o-"* —e— Barrel |aye|' 0 i
- /  n=20 - E [ =T —— Barrel layer 1 -
800 w4 e —] gZOO_— - —— Barrel layer 2]0-0015
500k 7 ] 8 a —— Barrel layer 3 -
. > 3 — =
- | 5 - T 1501~ —— Barrel layer 4
- / ) = ] = Barrel laye —0.001
400 = / //’/ 10 — B j
e T e T NN
200 W, 1 I ﬂ_jL n=40 - F e —0.0005
e ey i T T IO I I N B I S B R B 50 .
0 M)WL | ISR TR B | :
0 500 1000 1500 2000 2500 3000 3500 ’ - ~ il
o e Bttt et S I IR RPRPR
z [mm] % 200 400 600 800 1000 1208

Z [mm]

Detector Numberof Module Numberof Datarate Datarate
layer modules per  type links per per FE  perlink

stave/ring layer [Gb/s] [GDb/s]
barrel 0 60 dual 1920 4.20 4.20
barrel 1 60 quad 1920 1.30 2.60
barrel 2 36 quad 2304 0.56 1.12
barrel 3 36 quad 1584 0.24 0.96
barrel 4 36 quad 1944 0.21 0.84
ring 0 24 quad 816 0.94 1.88
ring 1 36 quad 1368 0.56 2.24
ring 2 48 quad 1536 0.35 1.40
ring 3 60 quad 1920 0.21 0.84
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5 Gbps / chip serial output

* Estimation of requirement 5 Gbps/chip
* Hit occupancy/FE/event: ~200
e Data frame length per 1 Hit: 26 bit
* [riggerrate: 1 MHz

200 Hits/event x 26 bit/Hit x 1 MHz = |~5 Gbps
(~650 MB/s)
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Pixel Sensor readout ASIC prototype ossa

e

50x250 um? | 50x50 um?2 (25x100) um?2)
18.2x19.0 mm? | 20.0x2.8 mm?

200 kHz | 1 MHz (LO)

300 Mrad I > 500 Mrad

| Thickness

Thickness 150 um I 150 um I
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Analog pixel schematic diagram

[o] Tuning

4 Bit| feedback

TDAC|  Jocal
S Bit] threshold

tune >
Vth 1 ! .
D— + v D—+4 <+ HitOr /»m?tngi)'t
"y =
MonHit - feedbox |+ - feedbox [+
(bit 8)
| “ “ MonHit /
leakMon (bit8) 't
Ci=17fF Cp=8.7fF |
Pad EN (bit0)
\ D— -
HitOut
| Preamp | Amp2
__/ C.=52fF /
Cinj1 Cinja_ DigHit O—
(bit 7) Injo Inj1 (bit 6)

6Vcal

Figure 9: Analog pixel schematic diagram. Output pins are solid, input pins are open.

Dig_En (SR bit) D—

-

Charge Injection Q=CxV,
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4.ASIC Readout System

1. FE-14 Readout system using Ethernet

» Operation Test - Threshold Tuning
e Set Threshold for Hit judgment for each pixel

e Adjust the feedback current for discriminator to tune target

threshold

» Result was obtained by measurement.

| : 3,600e
Hit occupancy ‘2 S e e
A D) 1805 thres_after_O
= Entries 672
S-curve Q: 1601 Mean 3596
140 RMS 60.61
= 1205
100F
80
.................................. o
40
0" .
| R 001000 2000 3000 4000 3000 6000 7000 8000 9000 10000
PISIDAC . Feedback Current Threshold [e]
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4.ASIC Readout System

1. FE-14 Readout system using Ethernet

* Operation Test - ToT(Time over threshold) Tuning
o ToT is determined with input charge amounts
e Adjust the feedback current for preamp
to tune target ToT.

«Energy m Target ToT : 10@20 O()Oe
> -« e ———
D) n tot_after_O
> 250 Entries 672
b‘: - Mean 10.02
" 2001 RMS  0.5785
1503—
Threshold : e ool
s0f-
> 0: ol | | T N S
Time 0 2 4 6 8 12 14 16
ToT ToT
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4.ASIC Readout System - PCle

2. FE-14 Readout system using

‘ FE ASIC \

l DDR3 Memory
Encoder & Decoder &
Serializer Trigger serializer
< Unit + Rbridge FHIBBRS Controllr
TxCore T RxCore 7 l
t | $ |
Wishbone

!

Wishbone express

Bus DMA Wishbone '

¥

7 Series | '(5As Integra
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DMA Operation time

Operation Time of DMA transfer

obtained by gettimeoday()

Left : Transfer time + Memory Allocation Time + a

Right : Memory Allocation Time + a

DDR3 DMA Transfer Benchmark o DDR3 DMA Transfer Benchmark
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