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Micro Channel Plate

GridPix
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Developed by

# Pixels
Pixel size

Timing resolution

Timepix3 ASIC

Medipix Collaboration

256 x 256
(55 x 55) ym?

1.56ns (@ 640 MHZz)

Carrier
Board

Acquisition modes ToT & ToA
ToA only
Hit Counter & IToT
Readout modes Data driven
Sequential
(both zero-suppressed)
Data links 8
Output bandwidth Max. 5.12 Gbits™
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Developed by

# Pixels
Pixel size

Timing resolution

Acquisition modes

Readout modes

Timepix3 ASIC

Medipix Collaboration

256 x 256
(55 x 55) ym?

|56 ns (@ 640 MH2)|

To—&—ToAr
ToA only
Hit Counter & iToT

Carrier
Board

TPX3

Data links 8
Output bandwidth Max. 5.12 Gbits™
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TCIT-| TEIT2

iToT = ToT¢ + ToTo + Tol,
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TPX3

Timepix3 ASIC — Readout Modes

shutter

‘ Data-driven

discriminator event 1 event 2 event 3 event 4
sequential
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UNIVERSITAT Timepix3 ASIC — Readout Modes

shutter o ‘ Data-driven
discriminator event 1 event 2 event 3 event 4

data out

shutter ‘ sequential
discriminator event 1 event 2 event 3 event 4

data out
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u TPX3  Board  Board
UNIVERSITAT Setup
Virtex-6 FPGA
ML605
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Picture

Status

FPGA

I/0O Links and

Rate

MIMAS A7

FPGA
Board

FPGA & Board support
SRSV6

-~

Artix-7 Virtex-6
2 links x 8 links X 8 links x
320 Mbps 320 Mbps 320 Mbps

VCK190

Versal Prime (Al)

> 8 links X
640 Mbps
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Timepix3 DAQ — Software

Flrmware ertten In Verllog +1 tpc@tpc09: ~/Timepix3-Readout/tpx3-daq/Ul/CLI

$ python3 tpx3_cli.py

Welcome to the Timepix3 control Software

Software written in Python e
Based on basil-framework T
(github.com/SiLab-Bonn/basil) o comm

Graphical User Interface
(GUI) and Command Line
Interface (CLI)

Data stored in HDF5 files

Run Name

Settings stored in YAML files SetMask

General Information

Fully open source (GPL-3.0)

Basic Funktion

Hardware Init
PixelDAC
Equalisation
TOT Calibration
THL Calibration

THL Scan

Testpuls Scan

Moise Scan

Start readout
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UNIVERSITAT Timepix3 DAQ — User Interface

TPX3 control - o x

tpc@tpc09: ~/Timepix3-Readout/tpx3-daq/UI/CLI
$ python3 tpx3_cli.py
Welcome to the Timepix3 control Software

“easy to use” No need for desktop environment

Scriptable tool chain

28.03.2023 Thomas Block, Master-Colloquium 11
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DAC settings DAC settings

default
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UNIVERSITAT Timepix3 DAQ — GUI

Settings Settings

Set Mask/Equal. Files

Run Mame

Set Mask

General Information
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UNIVERSITAT Timepix3 DAQ — GUI

Set Mask/Equal. Files

Chip

Current equalisation file

VA (1T ] SEES S S STS S B [
VW la-K./ |.:'|._|I._|._!|_ 2023-03-08 18-20-54.h5

Set Mask/Equal. Files

Current mask file

Run Mame

Set Mask

General Information
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Timepix3 DAQ — GUI

FELTL

i
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TPX3 Board Board PC
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UNIVERSITAT Timepix3 DAQ — Software Modules

Scan HDF5
files

Timepix3 base Generic scan Custom Scan
module modules

Hardware layer

Scan\

Data taking Raw data

Timepix3

Interpreted
data &
distributions

| Scan PDF file

analysis.py Data analysis

plotting.py Plotting

Plots
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Board Board PC

TPX3
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UNIVERSITAT Timepix3 DAQ — Multichip Support

Hardware layer Tirg_epixs tpx3 [0] object initialises board communication
objects

tpx3-object created for each connected chip

tpx3.py [n] o o R
Initialisation creates chip link configuration

2 3 4 S 6

7 38

tpx3.py [2]

tpx3.py [1]

FPGA

tpx3.py [O]

Will be tested with a multichip setup soon!
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TPX3 Board Board PC
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UNIVERSITAT Timepix3 DAQ — Multichip Support
Custom Scan Scan HDF5
- Chip  Links files
Tpx3 1 1,2
Tpx3 2 3,4 Raw data
Tpx3 3 5,6

Intepreted
data &
distributions

' Scan PDF file

2

§)

8

Data analysis

Chip-Link
Configuration

FPGA

Plotting

Plots
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TPX3 Carrier FPGA PC

Board Board

e

UNIVERSITAT Timepix3 DAQ — Multichip Support
Custom Scan Scan HDF5
- Chip  Links files
Tpx3 1 1,2
Tpx3 2 3,4 Raw data
Tpx3 3 5,6
‘ ‘ e Intepreted
. —> CCh.'p'L'”k . Data analysis data &
onfiguration C .
distributions
FPGA : _
Scan PDF file

Plotting Plots

But we can give a fake configuration
for testing the analysis part!
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Obvious: taking measurement data
But also testing and preparing chips
* Scanning of the pixel matrix
* Equalising threshold level of all pixels

e Calibration

28.03.2023 Thomas Block, Master-Colloquium
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Threshold Threshold Testpulse height Hit count

28.03.2023 Thomas Block, Master-Colloquium



UNIVERSITAT

e

Timepix3 DAQ - Threshold Scan

Timepix3 draft Chip: W18-K7 Timepix3 draft Chip: W18-K7
S-curves for 65536 pixel(s) Threshold distribution
1200
4= 898,97 +0.06
10 o=22.82 £ 0.06
4001 1000 A
3 800 -
> 300 - 1, .
5 % X
=N =1 =3
g s w600
© 200 - 10 % %
. 5 400 A
100 4= 101
200 +
0 A - SR 10° 0 : . '
700 750 800 850 900 950 1000 1050 700 750 800 850 900 950 1000
Vthreshold Vthreshold
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Timepix3 DAQ - Threshold Scan - Multichip Support

scurves

Timepix3 draft

400 SR

Occupancy

100

S-curves for 65536 pixel

1500 1600 1700 1800

Vthreshold

Chip: W12-C7
(s), chip W13-D8

1900

28.03.2023

10%

103
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=
(=]
(¥

Timepix3 draft

Chip: W12-C7

400 4. 7 et b

W

[=]

(=]
I
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1

100

0 . T
1500 1600 1700

S-curves for 65536 pixel(s), chip W12-C7

104

103

102

101

10?

1800 1900
Vthreshold

# of pixels

Timepix3 draft Chip: W12-C7 Timepix3 draft Chip: W12-C7
S-curves for 65536 pixel(s), chip W14-E9 S-curves for 65536 pixel(s), chip W15-C5
400 _-_:-j_:-u-.-, ‘ - 104 400 4 -_ [y PLCR— 104
2 300 1 10% 4 > 300 | 107
g -* 45 5
a I = Z
=] = w = u—
o 5 2 [= 8 2 =]
& 200 4 10 o) & 200 4 107 4
100 10! 100 10!
0 ; . . 10° 0 . e il e - 10°
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Timepix3 draft
S-curves for 65536 pixel(s)

100 +

80 1

Occupancy
[=3]
L]

40 +

20 1

200 225 250 275 300 325 350 375
VTP fine

Chip: W18_K7

Timepix3 DAQ — Testpulse Scan

Timepix3 draft Chip: W18 K7
Threshold distribution
u=26225=%0.02
104 4000 o=6.03%0.02
10° 3000 -
T °
7]
_E =
= 5
1132 3 3# 2000 A
101 1000 A
lﬂﬂ D T T T T T
200 225 250 275 300 325 350 375

VTP fine
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UNIVERSITAT Timepix3 DAQ — Noise Scan

Timepix3 draft Chip: W18-K7 Timepix3 draft Chip: W18-K7
Noise hits per threshold Noise pixel per threshold
10° 3 1
J 104 E
10 3 ]
; ]
4 —_— 1D3 -
I ¥ :
£ 1074 x .
S g ]
] = 2 |
é 102 - 5 1073
-5 Ih E
= ] (=
= m -
E ] 'E 101 .
e 10! 3
=
10° 109
1071 1071
900 950 1000 1050 1100 1150 1200 1250 900 950 1000 1050 1100 1150 1200 1250
Threshold Threshold
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Timepix3 draft Chip: W18-K7
Threshold distribution
1200
H=190022+0.07
0=23.40 £ 0.07
1000 4 i
800
in
X
2 600
[=]
H
400
200 A
0 - T T T
750 800 850 900 950 1000 1050 1100
Timepix3 draft Chip: W18-K7

Noise pixel per threshold

104 4

10° 4

102 4

10 4

Number of active pixels

10°

107}
1050 1075 1100

1125 1150 1175
Threshold

1200 1225 1250

Problem:
Pixel show different thresholds for same signal strengths
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Timepix3 draft

e

Chip: W18-K7
Threshold distribution

1200 4

H=190022+0

1000

800 A

600

# of pixels

400 -

200 A

750 800

Timepix3 draft

o=23.40£0.07

.07

850 900 950 1000 1050 1100

Chip: W18-K7
Noise pixel per threshold

104 4

10° 4

102 4

10 4

Number of active pixels

10°

107}
1050 1075

1100 1125 1150 1175 1200 1225 1250
Threshold

Timepix3 DAQ — Equalisation

Problem:
Pixel show different thresholds for same signal strengths

Goal of the equalisation:
Equalizing the sensitivity/acceptance level of all pixels
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Timepix3 draft Chip: W18-K7
Threshold distribution

- 6=2380£0.07 PrOb Iem:

1000 | =2 Pixel show different thresholds for same signal strengths
Goal of the equalisation:

Equalizing the sensitivity/acceptance level of all pixels

750 800 850 900 950 1000 1050 1100

Chip: W18.7 |deal result:|Delta-function|&|Step-function

Noise pixel per threshold

104 4

10° 4

102 4

10 4

Number of active pixels

10°

1050 1075 1100 1125 1150 1175 1200 1225 1250
Threshold

107}
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Timepix3 draft Chip: W18-K7

Pixel threshold distribution

Timepix3 draft Chip: W18-K7
Threshold distribution
1200 4
0=23.40% 0,07
1000 4
800
n
X
2 600
o
H
400 1 10000
2001 8000
n
0 - - ; [
750 800 850 900 950 1000 1050 1100 @ 6000
G
Timepix3 draft Chip: W18-K7 #*
Noise pixel per threshold 4000 1
10* 4 2000

10° 4

102 4

10 4

Number of active pixels

10°

107}

1050 1075 1100 1125 1150 1175 1200 1225

Threshold

1250

2 4 6 8 10 12 14
Pixel threshold
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UNIVERSITAT Timepix3 DAQ — Equalisation

Timepix3 draft Chip: W18-K7 Timepix3 draft Chip: W18-K7
Threshold distribution Threshold distribution
1200
H=190022+0.07 3000 4 |}J-393.5310.07]
o=23.40+0.07 o=28.09+0.07
1000 7 T
2500
800 -
w ) . ) © 2000 A
[ Timepix3 draft Chip: W18-K7 ]
2 600 Pixel threshold distribution =
S S 1500
H# H#
400 1 10000 1 1000 -
200 A 8000 - 500
An
0 - - : ] 0 - : - - :
750 800 850 900 950 1000 1050 1100 2 6000 4 750 800 850 900 950 1000 1050 1100
G Vthreshold
) . . i % _ _ .
Timepix3 draft Norce oivel oo threshord Chip: W18-K7 4000 4 Timepix3 draft Chip: W18-K7
Oise pixel per thresho Noise pixel per threshold
10 2000
10% ll
o 10%4 0- "
= 0 2 4 6 8 10 12 14 v 1074 |
b Pixel threshold a
> v
T 104 Z
S 107 - |
: :
2 T
107 -
s £ 10 |
= E
: AN
10 10°
1071 0!
1050 1075 1100 1125 1150 1175 1200 1225 1250 1050 1075 1100 1125 1150 1175 1200 1225 1250
Threshold Threshold
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Testpulse height Threshold ToT+ToA

Threshold . .
Threshold (for n different pulse heights) Testpulse height Hit count
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UNIVERSITAT Timepix3 DAQ — ToT Calibration

For every testpulse height take the

Timepix3 draft Chip: W18-K7 ..
ToT curves for 65536 pixel(s) average and standard deviation of ToT

clock cycles over all pixels
’ 4
2004 10
g 3
g 1504 07,
O ; ¥
- (=1
o L -
ﬁ w04 . - 102 %
Q
501 " 10!
D — L] = L] L] - L L) lﬂﬂ
200 250 300 350 400 450 500

VTP_fine
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Timepix3 draft Chip: W18-K7

2001

=
Ln
o=

=
=
=

ToT Clock Cycles

504 .

/
- Timepix3 DAQ — ToT Calibration

For every VTP _fine take the average and

ToT curves for 65536 pixel(s)

over all pixels

10Y

200

250 300 350 400 450 500
VTP_fine

standard deviation of ToT clock cycles

104 . . . . .
Fit following function with fit parameters
a,b,ct
10° w c
%z ToT clock cycles= a*voltage + b—
. voltage —t
10° %
voltage=VTP ,*2.5mV —500 mV
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Timepix3 draft Chip: W18-K7 Timepix3 draft Chip: W18-K7
ToT curves for 65536 pixel(s) ToT fit
o 160 fit with |
a=(0.39+/-0.00),
_ ; b=(1.39+/-0.80),
200 - 10 140 - | c=(1047.34+/-130.31),
. =(-29.71+/-5.94)
W 120 - { mean ToT
o 3 ﬂ
9 1509 - 107, o 100 -
] g L
o =t o
© L 5 E‘ 80 -
= 1001 - 107% 3
=) U 60 -
©
50 101 40
20 4
D — L] = L] L] L L) lﬂﬂ D L] T L] ]
200 250 300 350 400 450 500 0 50 100 150 200 250 300
VTP_fine VTP [2.5 mV]
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Timepix3 draft Chip: W18-K7

2500 A

2000 A

Threshold
=t
LA
]
]

Threshold calibration

m=0.082 +0.000
N=1274.9+0.0

Timepix3 DAQ — Threshold Calibration

For every test pulse height measure the
threshold distribution and the average
threshold

500 1
D L] 1 L] 1 L] I L]
0 1000 2000 3000 4000 5000 6000 7000
Charge in electrons
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Timepix3 draft Chip: W18-K7

2500 A

2000 A

Threshold calibration

m=0.082 +0.000
N=1274.9+0.0

Timepix3 DAQ — Threshold Calibration

For every test pulse height measure the
threshold distribution and the average
threshold

Assuming a 3fF input capacitance,
calculate charge in electrons via

=
(=3
L
g 1500 Q=CxU
=
1000 -
U=VIP;, *2.5mV—-500mV
500 1
D I I L] 1 T T T
0 1000 2000 3000 4000 5000 6000 7000
Charge in electrons
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Timepix3 draft Chip: W18-K7

2500 A

2000 A

Threshold calibration

m=0.082 +0.000
N=1274.9+0.0

Timepix3 DAQ — Threshold Calibration

For every test pulse height measure the
threshold distribution and the average
threshold

Assuming a 3fF input capacitance,
calculate charge in electrons via

o
o
=
g 1500 Q=CxU
£
1000 |
U=VIP;, *2.5mV—-500mV
500 A
Fit linear function
D I 1 L] 1 T T ]
0 1000 2000 3000 4000 5000 6000 7000
Charge in electrons
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UNIVERSITAT Conclusion & Outlook

Timepix3 Is a versatile pixel sensor ASIC
Timepix3 is/will be used in different detector projects in our group
DAQ for testing and operating has been developed

Multichip support is in preparation, will be tested on real hardware soon

28.03.2023 Thomas Block, Master-Colloquium
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Backup — Signal Processing — ToA, ToT

analog out

discriminator

640 MHz clock
(VCO)

40 MHz clock
(DC)

ToT clock

latch ToA

ToA (40 MHz
clock, global)

pixel ToA

pixel ToT

Programmable
threshold¢

<i><§%<6><?><8><9><10>

x:><5

0 :><1>(2>(3>(4
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UNIVERSITAT Backup — Signal Processing — IToT, Counts, ToA
discriminator event 1 event 2 g i event 3 event 4
5
40 MHz L
clock J o+ ’
3
pixel iToT 0 X1 X2 X3 )(4;:550 X1 X2 >X 3 X a4
pixel : :
Hit count 0o X 1 )2, o X 1 2
discriminator event 1 event 2 event 3 E E event 4
40 MHz E :
clock —_ —.E = :'I L
2
latch ToA | T '
5
ToA (40 MHz B |
o s G T § TG

pixel ToA X > 14 ' X <42
ixel :
hit Eounter 0o X )2 3 ' 0 X1

28.03.2023 Thomas Block, Master-Colloquium
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Backup — Data Packages

Bitassignment < [4744] >  [4328) > 21114 > [13:4] > [3:0] >
ToTand ToA < {10100r 1011} > Pixel Adress > ToA > ToT > FloA >
c
ToAonly < {1010 0r 1011} > Pixel Adress > ToA > dummy > FToA > é
=
Event counting and iToT < {1010 or 1011} X Pixel Adress X iToT X Event Counter X dummy >
ToT and ToA < {1010 or 1011} >  Pixel Adress > ToA > ToT > Event Counter >
-
o
ToA only < {1010 or 1011} X Pixel Adress X ToA X dummy X Event Counter > S
=
Event counting and iToT < {1010 or 1011} X Pixel Adress X iToT X Event Counter X Event Counter >

28.03.2023
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UNIVERSITAT Backup — global vs. local header

Operational header

data in < one4 > 0n0000_0001 > 0h03 > 0h0007 >

local sync header ChiplD DAC code
Operational header Operational header Operational header

data out A

Chip ID 0x0000_0001 < on70 ><0n03 > 0h0000_0001 >—<0n03 > 0n00_0000_0147 >—<0h71 > 0n03 > 0h0000_0001 >—
Acknowledge Command ChiplD Data payload End of Command ChiplD

data out P .

Chip ID 0x0000_0002 < oh72 > 0h00 > 0h0000_0002 >
Another Chip Command ChiplD

Operational header

datain -<<ohAaA>< 0n0000_0000 ><0h02 > 0h0186 >

global sync header DAC code + value
Operational header Operational header
data out
Chip ID 0x0000_0001 < 0nh70 > 0n02 > 0n0000_0001 > 0h71 > 0h02 > 0h0000_0001 >
Acknowledge Command ChiplD End of Command ChiplD
Operational header Operational header
data out
Chip ID 0x0000_0002 < on70 > 0h02 > 0n0000_0002 > 0n71 > 0h02 > 0h0000_0002 >
Acknowledge Command ChiplD End of Command ChiplD

28.03.2023 Thomas Block, Master-Colloquium
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Periphery data input

Pixel Matrix data input

<Fre$yncHeal:ler [B:SB]X Operation header [40:47] X Data Input [48:63] >'

< PreSyncHeader [0:39] >< Operation header [40:43] > dummy [44:47] > Data Input [48:303 ... 393263] >

Global presynchronisation header ( OhAA X 0h0000_0000 )

Local presynchronisation header ( OhE4 x Chip ID - 32 bits )

Stop Matrix Readout or
Reset Sequential

Periphery command

Pixel configuration

CTPR configuration

Acknowledge command, End of
command, Wrong command

Other chip command

< onFonE[4T44] DK dummy [43:0] >

< Operation header [47:40] > Data Output [39:0] >

< 0h9 [47:44] >  Pixel address [43:28] > dummy[27:20] > PCR[19:14] > dummy[13:0] >

< onD [47:44] >< EoC [43:37] >< dummy [36:28] >< ToA [27:14] >< FIFO [13:10] > dummy[9:2] >< CTPR [1:0] >

< 0n70, 0h71, 0n73 [47:40] >  Operation header [39:32] > Chip ID [31:0] >

< 0h72 [47:40] > 0h00 [39:32] > Chip ID [31:0] >

28.03.2023
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UNIVERSITAT ELLTIE Backup — GUI, mask Setting
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UNIVERSITAT Backup — Threshold Scan, Bias 20, Threshold 0 and 15

Timepix3 draft Chip: W18-K7 Timepix3 draft Chip: W18-K7
Threshold distribution Threshold distribution
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Vthreshold Vthreshold
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UNIVERSITAT Threshold Scan, Bias 250, Threshold O and 15

Timepix3 draft Chip: W18-K7 Timepix3 draft Chip: W18-K7
Threshold distribution Threshold distribution
1200
TED— H=?E‘ﬂ?2 :|:'|:|21 | ”:10‘12.41'-".0-'35
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UNIVERSITAT Threshold Scan, Bias 150, Threshold O and 15

Timepix3 draft Chip: W18-K7 Timepix3 draft Chip: W18-K7
Threshold distribution Threshold distribution
1000 A
[=798.57 +0.11 12001 (y=979.36 = 0.06
a=2678+011 o=21.81+0.06
800 - 1000
w w 800 1
g 600 X
(=3 (=3
© S 600
# #
400 A
400
200 -
200 -
ﬂ 1 ] 1 ﬂ 1 1 ] 1
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Vthreshold Vthreshold
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UNIVERSITAT Pixel Logic
I ] = I -
analog front-end I digital front-end 1 superpixel
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Pixel Address

UNIVERSITAT

( Pixel Address [15:0] >
(EoC[15:9] X SP[8:3] X Pixel[2:0] »
3| |7 3|7
| I )
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