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Timepix3 — Fundamental Description
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Hybrid pixel detector
Resolution 256x256 pixels; pixel pitch 55um
Developed within Medipix3 Collaboration, CERN =554

Designed in 130nm CMOS technology e - .

Measuring ToT (energy) and ToA (time-stamping) simultaneously

TOA measurement:

» Coarse ToA clock = 40MHz => 25 ns

» Fine ToA clock = 640MHz (ring oscillator) => 1.56ns
» Global time stamp range 14 bits => 409.6 us

Readout modes:
» Frame-based mode with zero-suppressed (max ~1300 fps)
» Data-driven mode (~40Mhits/s); dead time per pixel min. 475ns

Acg. modes: ToA & ToT, Only ToA, Event Count & Integral ToT
Output data: up to 8 serial lines @ 640MHz => max. data rate = 5.12 Gbps
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Motivation

» Why Gigabit Ethernet interface?

I
» Standard setup with
USB readout

=> computer in beam area S

/ Counting Room

Ethernet

» Readout with Gigabit Ethernet interface N v

» Pros:
X

» Long distances
Ethernet

Readout
Device

Readout
Device

Sensor

» Independent device

» Cons:
» Limited hit rate |/ Couning Room
» Ethernet ports |

G I — — e— —\
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Katherine — Features

Embedded computer + interface for one Timepix3 (CERN chipboard)
Optimized for long distance between sensor and readout

Source of high voltage for bias — both polarities (£300V)

Gigabit Ethernet Interface => max. 15Mhits/s

Long-distance access (up to 100m)
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Dimension: roughly 100x80x28
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Katherine — Interfaces

» VHDCI connector

» Direct connection of chipboard or VHDCI extending cable
Power supply DC 5V

Bias voltage — LEMO connector — voltage range £300V
Status LED diodes (programmable by user)

vV v VvV Vv

GPIO port — purpose of signals defined by control SW
» 1x single-ended input (possible to use as external clock)
» 1x single-ended BiDir signal

» 1x LVDS input, 1x LVDS output

1 _Ch i_pb'vo ard

%%
¥
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Katherine — Communication

» Communication with sensor:
» Two “fast” lines (2x 640Mbs)
» Embedded clock
» Direct connection with chipboard
» Shorter distance via VHDCI cable (max. approx. 3.5m)
» Hit rates: up to 20Mhit/s (but limited by Gigabit Ethernet bottle-neck)
» Four “slow” lines (4x 160Mbs, 4x 80Mbs or 4x 40Mbs)
» Longer distance between readout and chipboard
» Verified: 10m VHDCI cable at 4x160Mbs rate
» Hit rates: up to 10Mhit/s
» Automic setting of maximal speed according to used cable during power-up
sequence
» Communication with computer/server:

» Peer-to-peer communication with computer
(based on UDP datagrams; TCP/IP in development)

» 36 control/status commands
» Automatic/independent sending data to server (via SSH connection)
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Katherine — Communication

» How to connect sensor...
» Directly (CERN chipboard)
» Extending VHDCI cable

» Active or passive ethernet cabling extenders

» Up to 100m distance between sensor and readout
20m => no decreasing in speed il | B
Radiation hardness solution
New rad. hard. chipboard

vvy
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Katherine — Other Features
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Automatic correction of corrupted ToA timing

Bug in Timepix3 ASIC chip

Column 192 and its neighbourhood
ToA counter shifted about 25ns
Usmg testpulses. durlr_lg power-up sequenc_e ID- Igl13 Im.z? — [ns]l
“On-line” correction directly in readout device

Choice of user

ToA overflow in data-driven mode

Coarse ToA counter overflow period = 409.6us
The device adds 32 extra bits for time-stamping
Overall 50-bit (32 extra, 14 ToA, 4 fToa) time-stamping => overflow period is ~20 days

All data from Timepix3 are decoded from LFSR and Gray to binary code in the device

Enough computing power for user purpose:

Approximately 8000 ALMs in FPGA free to use
Dual-core ARM Cortex-A9 processor
1GB DDR3 RAM
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Katherine — Software support

v

Completely new software tool was developed
No support of Pixelaman or Pixet SW at this moment

Basic funcionality is ensured (equalization, THL scans, internal DAC scans,
data taking, temperature monitoring, internal test pulses, trigger settings etc.)

Supporting more devices connected in LAN
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Katherine — Software support

o5 ---BurdaMan--- Chip 1D HE-W0D03

| IP address of readout: 192.168.1.31 - X
Measurement  |ntemal DACs  Readout HW |4 1*

Load Config
Digital Test Acquisition settings:
[ Grid Time [s] Frames
[ Ratio |F|ames v‘ | Start
[ Repeat

[] Save Results to File Save to RAM

Detector mode:
ToA & ToT v Data-Driven
Threshold-
157415
Bias Voltage [V]:
Frames
jump to:

n -
Frames Auto Update
Frame statistic
Pixel court: 713
Max ToT: 140
Min ToT: 1
Average ToT: 18.72
Total ToT: 13344
Deadtime [ms]: 0
Timespread: 0
UDF Transfer: 05.,5%

Color Map
Hat ~

Min |0 = Max |80 =

Under Waming Over Waming

Frame progress 274,

Acg. progress 2743

Energy [ Time [] Mask Bits  [] Pixel Th
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Katherine — Internal DACs — Settings and Scan

Measuremert  Intemal DACs | Readout HW

Preamp ON
Preamp OFF
VPreamp
lkrum

Vibk
Threshold fine
Threshold coarse
Disc510N
DiscS10OFF
Disc52 ON
DiscS2 OFF
PreclDAC
TPbufferin
TPbufferOut
VTP coarse
VTF fine

CF PLL

PLL Ventd

Temperature:

Menitoring voltage
OFF

128
8
128
15
164
463

100
8
128

128
128
128
128

128
128

AET

Replacement by ext. DAC

OFF
DAC Update

DAC Scan:
|bizs_Preamp_ON

“

o

1153V
1310V
0586V
1094V
0774V
0.762V
0762V
1.058V
1274V
0233V
0146V
0.343V
1120V
1.030V
0s01v
0534V
0431V
0658V

4 »

Voltage [V]

THL Raw Value
Save THL profile
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125

1.2

115

11

1.05

0.95

09

0.85

Ikrum DAC Scan

Voltage [V]

Preamp ON DAC Scan

Voltage [V]
&

csggseegsesgssses 0 16 32 48 64 80 96 112 128144 160176 192 208 224 240
N o~ o o H A = NN NN NN

DAC Value DAC Value

THL DAC Scan

1 256 511 766 1021 1276 1531 1786 2041 2296 2551 2806
THL Value
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Chip Equalization and Threshold Scan (Calibration)

SW Settings  Chip Tools  Miscellaneous i

Chip Equalization

THL Step:
Count Threshold:

Save Equalization Data Optimalization

Certershit [0 ]
Start Equalization
Pixel Local Threshold Shifting

Pixels with valua higher than

[ ]

Shift Th Down Shift Th Up

Pixel Masking

Pixels with value higher than

[ 1

Unmask all pixels

Mask it!

Pixel Config Bits

X (Column) from T Eel

Y (Row) from 1 to 1
Mask Bit Disabled (0)
Test Bit Disabled (0) ~

Th Bits 0 w

Set Corfig Bits

Sawe All Changes to Corfig File

THL Scan
Min  [1150 Max
Step Azq. Time

Total ~ | Acqg. Count

THL Scan

[=reErrE=]
""""" » Noise edge equalization
: » Demonstation of threshold scans
- » Ti, Cu, Zrand Cd
o » Threshold level ~ 2.6keV (58°C)
R » Threshold level ~ 2.2keV (35°C)
0.035 35
003 5 30 y=-0.0386x + 62.916
R?=0.9999
8 0.025 u 25
5 s
8 o002 - cd £ 20
% 0.015 H o ? 15
2 001 g —— “ 10
—Ti
0.005 \ v, 5
0 ol . | 0
0 10 15 20 25 30 850 1050 1250 1450 1650
Energy (keV) THL
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Demonstration of Energy Calibration

Relative counts

0 — 0.14—
Threshold ~ 2.6keV g %7 In :
Ikrum = 15 § 0'08;_ Emean = 24.3 keV 0-12:_
o k= c G = 1.99 keV 01
Temperature ~ 58°C & %% =
0.04 0.08:—
003;. &06?
0.02?— 0.04;—
001; 002?
059675202530 35 40 45" 2
Energy (keV)
016 %) -
C : c 0.04—
0.14 - Tl Emean = 5.42 keV § - Am241
- G = 0.99 keV 20,0355
0121 S 0.03
N o =
0.1 0.025F-
0.08:— 0.02F
0.06 0.015
0.04- 0.01=
0.02 :— 0.005 f— E"":""h_als keV)
0:|...|...|...|......|...|...|...|. 03
0 2 4 6 8 10 12 14 16 0 10 20

Energy (keV)
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o =1.26 keV

6
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Katherine — GPIO Signals and Triggering

» Triggering - Start and stop events

&

-

W Star

Aocuisition Triggering Fain
Intemal Trigger Start of Acquisition
HW GPIOT - LVDS ~ — 4
HW GPIO2 [SW Start V] Riging
HW GPIO3 [ Delayed :
“) us

End of Acquisition

Timer x| [Tlmer v] Rising

Intemal Trigger
HW GPIOT - LVDS
HW GRIO2

HW GFPIO3

[7] Slave Cascade Chain

» Triggering more detectors — cascade chain
» Common LVDS trigger/busy signal

Readout
Device
Slave 1
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Trigger/Busy

» Implemented internal trigger generator
» User can define the meaning of GPIO

GPID 2

INFLUT v

Low State

Imtemal Trigger 1
Imtemal Trigger 2
Intemal Trigger 3

Local Ready for Trigger
Completed Ready for Trig
Event Trigger
Fo Data Impulse
Shutter

Spare 0

Spare 1

Spare 2

High State

Readout
Device

Line Slave 2

Trigger generator
Start signal

[GPIoT ~| [Rising v

Intemal channel

0000002 |&|s [0.0D =1 e

Channel 1
0,001000 =P 5,00 | us

[] Channel 2
Py = =n =
+ s 0,00 ~| us

[] Channel 3

Intemal counter frequemcy [Hz]
0,001

[ Generate only detector is ready

Set

Readout
Device
Slave 3
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Measurement at ATLAS Cavern - Device

» Long distance between sensor and readout (~ 80m, verified also for 100m)
» Using ethernet cabling extenders + rad. hard. chipboard

» Maximal hitrate ~5 Mhits/s (after minor modification up to 10 Mhits/s)
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Measurement at ATLAS Cavern — Demonstration

» 10 s “frame” in data-driven mode
» Si500um

ToT [cts] No. pixel hits

(I
0 4 20 408 [cts] O 1

I
2 3 [#hits]
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Measurement at SPS, CERN — 120GeV Pions

» 5 ms “frame” in data-driven mode
» Si500um

ToT [cts] No. pixel hits

(M | [ (- | I |
0 4.95 9.90 19.79[ms] 0O 109 219 437[cts] 0 1 2 3 [#hits]

FACULTY OF ELECTRICAL ENGINEERING WWW.FEL.ZCU.CZ



Measurement at SPS, CERN — Particle Telescope

» Two Timepix3 detectors as particle telescope

» Analysis of Concurrent Tracks (time-differences between layerl and layer2)

Stopping Power

or 2 (KEV/M)

508

dE/dx

0.6

0.4

o
o
[
2
-
=3
=]
o
=]

dEfdxhyer 1 (keVium)

HIII\l\HIlIIII‘IH\

7,
&
!
L
4

FACULTY OF ELECTRICAL ENGINEERING

10000

Mo. of Events

8000

6000

4000

2000

Resolution o = 1.548

Offset due to 80 cm particle motion (2.67 ns)
Offset of measuring chain ~1.8ns

Entries 27340
/\ Constant 1.043e+004
Mean 4.548
Sigma 1.548
A T N N ||\‘1---_| —T—T—T+t el |
5 10 15 20 25
At=t, -t (ns)
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Measurement at SPS, CERN — 3D Trajectory Reconstruction

[ ]
. LX) ...
.‘.

L]
2000 L

e- (deltaray)

Energy (ke'
°

° .. L] . ° ..
L

Energy (keV)

400

Z (yem)

200 4

See our paper for details:

Bergmann, B., Pichotka, M., Pospisil, S. et al. Eur. Phys. J. C (2017) 77: 421.
doi:10.1140/epjc/s10052-017-4993-4
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Summary

» Gigabit Ethernet interface
Main drawback: 15Mhits/s
» Independent sending data to server or NAS (usable with low rate ~kHits/s)

v

» Ecosystem:

Software tool for detector control and data taking (Windows platform)
Simple SW tool for data taking (Windows, Linux, Mac)

Synchronization board and TDC device for interconnection of more devices
Radiation hardened chipboard

Extenders for long distances

Web-based visualization tool (J. Vycpalek from IEAP in Prague)

vV vvvyyvVvyy

» Readouts are available (several pieces in stock) for interested people
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Thank you for our
attention

Petr Burian
petr.burian@cern.ch



