ABSTRACT

3D pixel detector system

In the next five years the LHC will be upgrade lecome the super LHC, it
performances will be increase. Even though LHCHwsyet started, work on the upgrade of
it has started. To reach this upgrade new techredage contemplated.

Thanks to studies carried out at CERN and itsnpgaships, a new technology of
detector was created. 3D pixel detectors may be teseeplace the existing detectors situated
in the experiments along the LHC.

The goal of my three months period in the InstitatePhysic and Technology at the
University of Bergen has been to study the 3D pigetectors in order to build a
measurement system to characterize them. We haserchhe TurboDAQ system. For the
detector readout CERN laboratories advise us duhiegealisation of this project.
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INTRODUCTION

CERN have started planning research and developtoempgrade the LHC to become
SLHC in 2016. The luminosity will increase aboutaator 10 to reach £&cm?s™. Due to
this, several experiments will need improvement #rel ATLAS experiment will need a
totally new inner tracker. Currently consist ofi@h sensor the inner detector need a new
higher technology.

3D silicon radiation detectors offer many advansageer planar detectors, including
improved radiation tolerance and faster chargeecbéin time.

Before choosing the new technology replacementp@Bl detectors have to prove itself
and to be subjected to various tests.

The subatomic group in Bergen will participate mme tcharacterization of this new
technology. To do this a first step is to build easurement system for this detector.

This report describes the construction of the 3kelpietector system and shows the first
characterization results.

The 3D pixel sensor

n type

Figure A.1: 3D pixel detector architecture

The 3D pixel detector consists of a silicon sultetveith doped columns inside (cf. Figure
A.1). This architecture is realized thanks to Mi&ectro-Mechanical System (MEMS) and
Very Large Scale Integration (VLSI) technologiegdp Reaction lon Etching (DRIE) is used
to etch the columns. After that, a poly-silicon ddpi or p' filled the columns.

The sensors are processed on wafer, resultingsineaof approximately 1 cfr(cf. figure
A.2). One of the companies producing these detec$sdBINTEF, situated in Oslo, Norway.
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Figure A.2 : Wafer with 3D sensors

The principle of the 3D technology is simple, wheertharge particle goes through the
detector, electron-hole pairs are created and weergb readout current for both column
types. This geometry result in many advantages eoenfp 2D planar detectors. (cf Figure
A.3)

- Active edge: it is possible to etch columns very close to thgeed

- Fast signal collection: €-hole pairs are created nearer to depleted area
- Radiation hard: Charge is collected faster

- L ow depletion voltage: Depletion area is thinner

Moreover, the 3D pixel readout is the same tharcthreent planar detector in ATLAS so
it is easy to test these detectors and to replazelt technology by the new one.

Particles

Planar

Figure A.3: 3D detector compared to a planar detector
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I. Construction of a 3D test system

In this part we explain each part of the system.

|.1. Global view
Hw-
SUpply
— L=
supply

. H Pixel
TPCC sensor

urbobAQf ||

Figurel.l: A schematic drawing of the 3D measurement system

As we can see on Figure 1.1, the measurement systamsist of one computer with
software to pilot the system and treat the dat&, WNIE crate with controller board and a
board (TPLL) to clock the signal and transfer tlaagd one data acquisition board (TPCC),
one electronic card to read-out the signal fromdiskector and three power supplies. Below is
a list of the hardware and software componenthiefdystem:

» Computer HP with Windows XP machine: IFTSUB041088
» TurbDAQ 6.6 software

» PCI-MXI-2 National Instrument

» VME crate WES

» VME-MXI-2 controller National Instrument
» MXI-2 cable

» Turbo pixel low level card (TPLL)

» Turbo pixel control card (TPCC)

» 2 flat cables

» Front End electronic board

» 1 High power supply Keithley 487

» 1 Lemo cable with adaptor

» 2 Low power supply Oltronix B703DT

» 2 Shield cables for electric supply

3D detectors University of Bergen — VIRMONTOIS Cédr -4-
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|.2. The computer setup

We use a HP machine running under Windows XP, timher is IFTSUB041088. We
have worked under the session “install” and thesywasd has been “sinku050”.

We will see under that we install several softwamne driver on the computer to use the
system.

|.3.PCI-MXI-2

A PCI-MXI-2 is plugged on the PCI slot 1 of the qmmer mother board. This card is the
interface between the computer and the VME. Thealilasion can be started from the
following path:

Computer properties
- Hardware
= Device Manager

- VXI| Interface

This opens the properties of the PCI-VXI card andear Driver tab we can upload the
plug-and-play driver to start the installation lo&tPCI card.

2l
System Restore | Automatic Updates | Femate |
Genersl | Computer Mame Hardware | Advanced |
1
-loix

~ Device
File  Action Wiew  Help

i
Z o mes @ al=-na

- & IFTSUB04108E

[#- W Camputer
: Disk drives
Display adapters
L DYDICD-ROM drives
+-=) Floppy disk controllers
(-8 Human Interface Devices
[£l-4=y IDE ATAJATAPI controllers
[#-4 Keyboards
) Mice and other pointing devices

% Monitors
MNetwork adapters
; Parts (COM & LPT)
Processors
[#-4& 5C5I and RAID cortrollers
'@ Sound, video and game controllers
— [ ¢ System devices

é Universal Serial Bus cantrallers

E}'%i W Inkerfaces

i Drivers-

Update Driver..,
Disahle

E)m Uninstall

Scan For hardware changes

[ Froperties |
Figurel.2: Device Manager Window
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|.4.VME system

The VME controller board (cf Figure 1.3), from Nawial Instrument, has to plug in the
first slot of the VME crate to control the VMEbuggrsa Modular Eurocard bus).

The connection between Computer and VME is cawigdhrough MXI-2 cable plugged
in PCI card and in the VME-MXI-2 controller board.

-

Figurel.3: VME-MXI-2 Controller board

(Do not modify the switch on the board becauseséduin case of “controller board”, the
switches U20 is used for slave mode of the board)
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We plug another VME card in the crate, the TPLL rbdpavhich is used for clock
generation and synchronization, data FIFO, triggéiO, 16 Mbytes board SRAM support
module level histogramming, FPGA for encoding/decgdhe MCC serial data protocol. (cf
Figure 1.4)

This board is single width, 6U, using 32 bit traarst

Figurel.4: Turbo pixel low level board

To configure the VMEbus and the TPLL properly yoeed to install the following
National Instrument software and driver:

» Measurement and Automation (MAX version 4.5)
» NI-VXI (version 3.5.1)
» NI-VISA (with MAX 4.5)

3D detectors University of Bergen — VIRMONTOIS Cédr -7-
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To communicate with the VMEbus via the MXI interdaove install drivers. The NI-
VXI/VISA drivers include a Resource Manager, an erattive configuration and
troubleshooting program, libraries of software noes for MAX programming.

First, switch-on the crate and check the led ayetéid in the front of the board. Then you
start the computer and launch MAX.

Shown in Figure 1.5 is a screenshot from MAX, digfothg how you launch the sub-
routine “Resource Manager” (Resman). Tools >> NIF¥X% VXI Ressource Manager

¥ My System - Measurement & Autormation Explorer = IDIﬂ
Fle Edit Wiew | Tools Help
Configurat Install leqacy driver support,. | <? shw Help
o- @ My Sysken Mational Instruments Product Updates. .
{5l Datan MI Registration Wizard, .. o =
FOLEVEI »| National Instruments
A Scales =
. - | Measurement & Automation
[ v Dri| MI-YHD |@ Wil Resource Manager |
Remake Sy i :
NI-YISA 2 @ Wx1 Interactive Contral
Traditional NI-DAGQ Configuration » WT ManuFacturer Names Ent & Automation Explorer? o
= T Model Mames on Explorer (Max) provides access to
Ser Preferentes:
= products.
Imnport YME Devices P
Export WME Devices to do?
\WME Profiles. .. id interfaces
YT Options.., Hational nstruments software
: - Bls or tasks for my devices _I
== -
5 e
Run WiI resource manager all Wil systems 4

Figurel.5: MAX screenshot of how to start Resman

After five second a tree =& My Syskem

configuration will appear in Devices (8l Diata Neighborhood
and Interfaces (cf Figure 1.6) and the =& Devices and Interfaces
PCI-MXI-2 card, the MXI-2 bridge F¥]- Pt PAI Sysem (Linidentified)
and the VME controller appear when 5 serial & Paralll
the drivers are properly installed. =138 VI System O (PCI-MKI-2)
There is yellow exclamation mark on = B8 WRIOR 0 INSTR, (PCI-MKL-2)
frame 1 due to the fact that our crate - g MET-Z Bus O
is VME, not VXI. . g Frame 1
Ledf® MKIO: L INSTR (MME-MET-2)
G I MEMACC
AR vI0:SERVANT

figurel.6 : Tree configuration

3D detectors University of Bergen — VIRMONTOIS Cédr -8-
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The next step is to add the TPLL board in this iecture. Right click on Frame 1 and
click on “Create new VME device” (cf Figure 1.7). dew window appears and by following
the steps the device is installed.

& Frame 1 - Measurement & Automation Explorer

File Edit WYiew Tools Help

Configuration
Elg My System
g Data Neighborhood
Eﬁﬂ Devices and Interfaces
[-FX1 PRI System (Unidentified)
y Serial & Parallel
Ea’f Wi System 0 (PCI-MKI-2)
Em W10 00 INSTR (PCI-MKI-2)
| Degf MEI-ZBusD
o
J.fjﬁ WHIO M E Create new YME device...
4R wRIonsE
-4 Seales Praperties
[]--(53 Software
FH- ] I¥I Drivers
[]---g Remote Systems

Open YISA Test Panel

Create a new YIME device in this system

Figurel.7 : How to create a new VME device

The first step is to choose the pseudo logicalesilto “256” (cf Figure 1.8.a). The logical
address distinguishes between all the boards iortte.

Next it is important to select Frame 1 in ordersee TPLL in the same frame as the
controller.

In the next windows we can choose either a newceear one already existing (Choose
new device). The third step we enter a board namdeaananufacturer.

The final step is to allocate free memory resourfoeshe device (cf Figure 1.8.b). For
TPLL, we must select A32 address range and fill“8etting” part with the TPLL resource.
Currently the range is 0x10000000 — Ox107FFFFF.

Create New ...

Create New ...

Measurement & ‘7
Automation Explorer

WME devices are identified by a system number and &
psevda LA which must be in the range 258 to 511,

System Number: IVX\ System i

Pseudn Logical Address: |BE3

M t & 7
# leasuremen Q

utomation Explorer

“fou must add all ¥ME resources used by this device.
Resource Manager uses this information bo perfoim
resource allocations and to check for conflicts.

Resource type | Setting
G432 Address Fiange 0x0 - 0=FFFF

Frame and slot identify the phpsical device location, IF
you have a multi-frame spstem pou must specify the:
commect frame for the system to be configured corectly.

Frame: !Frame 1 -
Slot: |1

3 [la:kl Mext> ”WI Cancel |/
(@ (b)

Figurel.8 How to enter the parameters for a new VME device

3D detectors University of Bergen — VIRMONTOIS Cédr -O-
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At the end of this operation, the VME crate shobé operational with the two boards

inside and it should appear in the tree architecirFigure 1.9. Each device should have a

correct resource memory.

X ¥XI System O {PCI-MXI-2) - Measurement & Automation Explorer

File Edit Yiew Tools Help

Properties ‘ Run VT Resource Manager

Hg My System

E Data Meighborhood

Elﬁ:I Devices and Interfaces
P8 PRI System (Unidentified)
y Serial & Parallel

hlarme [a [ a6 | az4

| a3z

ERvxI0:00INSTR. O
dEvsiosiamEtr 1
[l vxi0:256:1.., 256

0C000 - D CO3F
OeC040 - 0 COFF DocB00000 - DxE03FFF

(12000000 - 0x13FFFFFF

(10000000 - 0x107FFFFF

-5 stem 0 (PCI-MEI-2)
5 B VI0: 01 INSTR, (PCT-MET-2)

Bl MEI2 Bus O

: E@ Frame 1

e WXI0::1 0 INSTR (YME-MXI-2)
L[] weIoiizss:aNSTR
it YXI0: MEMACC

3R RID:SERYANT
-4 Scales

(5] Software

F-{]) IVT Drivers 4 lLI

[]---g Remate Systems

General 4l Address Map View |\.-'><| Commander Servant Hierarchy

Figurel.9: Final tree architecture

We can find all this information in the folder “3Byst VME-MXI-2” on the desktop
along with all the National instrument datasheets.

If the system needs another board (for examplelir@posystem), follow the same

procedure to add it, but be careful to change pséagical address and address range (A32
0x1000...)

3D detectors University of Bergen — VIRMONTOIS Cédr -10-



|.5. TPCC board

Now we are ready to plug the multicolor flat cab&tween the TPLL and the TPCC board

(cf Figure 1.10). This bridge transfers the datahi TPLL which convert it to be transmitting
on the VMEDbus.

Supply cable for
TPCC and FE LED

Ribbon cable between
TPCCand FE

Flat cable between
TPLL and TPCC

LEMO connector
LVDS supply

Figurel.10: TPCC board

Contrary to TPLL board which is supplied througle MME crate, the TPCC card need
four different power supplies, two digitals and tawalogues. These supply the board and a
part of the Front end electronic card. Two shigldles with Molex connector could be used.

Figure 1.11 show the two connectors plugged in TPQCTPCC supplies the TPCC
board; it is connected near the multicolor ribba@ble. @ FE connector is plugged on the
TPCC back and supply the Front end card.

Be careful with the power, both voltage and curiiém$ very important to check it and
respect the voltage.

trce | (D) re | ®

1] ]
VDDD VDDA VDDD VDDA

1 1
u=-5V I\/I Uu=+5V Uu=+2V I\/I U=+16V

I =450 mA I=16A I =65 mA I =30 mA

L L

Figurel.11 : Front of the Molex connector and supply values for the two supply cables

3D detectors University of Bergen — VIRMONTOIS Cédr -11-
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|.6. Front End éectronic card

The 3D pixel sensor is connected to the FE readlmatronic using a complex soldering
technique called “Bump bonding”. It need a greatuaacy; each pixel must be connected to
each FE readout plot (cf Figure 1.12).

Such system is located in Bonn and the 3D sensams $INTEF are bump bonded there.

25 pm solder bump

Figurel.12 : Bump bonded

The electronic board where the 3D detector is bbonded contains tunable components
in order to select the best parameter for eacH.pixe

Shown in Figure 1.13, the 3D sensor is in the medafl the card. At the left there is the
high voltage supply to deplete the sensor. To idj&,rthere are the ribbon cable connection
to plug this from the TPCC and a LEMO cable. Thébcation signal goes through the
LEMO cable from TPCC too.

: = ;l| LEMO cable

High
voltage Flat cable

connection

Figurel.13: Front End electronic board

We have to be careful with the high voltage appli€de value depends on the pixel
sensor type but it is always negative. For exampldeplete a 3D pixel detector we supply
around -30 volt instead of more than -100 voltda2D pixel sensor. So we add voltmeter in
parallel to check this voltage.

3D detectors University of Bergen — VIRMONTOIS Cédr -12-
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Il. TurboDAQ

The software TurboDAQ is installed on it. Currerithg release 6.6 is running and all the
instructions to download and to install this softgvare given on the Web page:

http://pixdata.lbl.gov/html/TurboDAQ.htm

This software permits to pilot the data acquisitsord display the readout from the pixel
detector. It is written in CVI language, so we ndleel software LabWindows CVI from NI.
Currently the release 8.5 of CVI is installed oe tomputer. All the files concerning the
software are in the folder named TurboDAQ on thektgp of the computer

[1.1. TurboDAQ start

To launch the program double click on th = =0l
shortcut “TurboDAQ.exe” on desktop. Or FPPUMAC e SURF

Figure Il.1 we observe the TurboDAQ mair :
panel.

This panel cqntains all the fun_ctions that w
can use with this software, but in the case
pixel sensor measurement we do not use all t
tabs. Below we will describe the functions an
explain the procedure used to carry ol
measurements.

After switching on the VME crate and the  MCC CONSOLE
computer, “resman” needs to be launched
configure the VME bus. After that we can stal
TurboDAQ. PROBING CONSOLE

J
J
J
J
IREADIATION |
]
]
|
]

FUNCTION

IDLE

POWER CONSOLE

GPIB CONSOLE

PLL INTERACTIVE

The TPCC can be powered either by & ISEG HV STATUS

independent power supply or with a GPIE MESSAGES
power supply linked to the computer. In th
first case we adjust the voltage and curre
button by hand and on the second case we ¢ Aty

open the Power console panel in TurboDAQ |
tune which supply we want. In both case s
LEDs near the supply connector number 1 mt

light and two others above the multicolor flat
cable. (cf Figure 11.2)

OFEN SOCKET

Figurell.l: TurboDAQ main panel

3D detectors University of Bergen — VIRMONTOIS Cédr -13-
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Figurell.2: TPCC lights

Initialise PLL&PCC panel and push the button
“Reinitialise”. If all the supply and configuratioare
correct, we will observe the two lights on the tigh the
Figure 1.2 shutting down and a new orange LED
switching on near the FE flat cable. Moreover thkigs
in the Figure 1.3 appeared, else an error mesapgears.

When this is all correct, start fitting the otheanpls
with the necessary parameters.

First, open “Configuration” in order to define the
parameters of the measurement (cf Figure I1.4)eEtite
assembly type and the name of the module in “Module
identifier”. In case of 3D pixel single chip used,
unchanged “PCC/PICT”, “Strobe setup” and “Trigger
setup” values. Then select F for the “Global Addtes
(GA) and fill value for each parameter. A good idedo
modify them one by one and make a scan to understan
their effect. After this, we can start all the #tests at the
bottom of the panel, “Send module configurationTest
global registers” and “Test pixel registers”. Theal dight
in the right corner must shut down and the blaghtli
must become green, else there is problem and an err
message will appear. Concerning the temperatuea)div
TPCC board should show the correct value.

We can fill TDACS and FDACS parameters with an
already complete file by a previous scan if youlkclon
the white square just below but we will see latethis
rapport.

ON

I SYSTEM: TPLL

_lo] x|

If the TPCC LEDs are correctly light we open the

TurboPLL
WME Address: 0w 10000000

Senal #:

Clock Mode:

#CK Frequency: kHz
Off On

Wersion #:

Fixed -

Phaze locked:

Timeaout [£]:

iPinel regizter test mode [FE-11)
INWERTED

Fesicer AR

TurboPCC/PICT
Senal #:

Wersion #:

TurboPCC Channel: m

Crriver options:

Figurell.3: Initial pane

3D detectors University of Bergen — VIRMONTOIS Cédr
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IH.;ST!\TIE CONFIGURATION CONSOLE: TPLL 10000000, Module FE2.1-5CC

ASSEMBOLY TYPE §_ FrontEnd Single Chip Assembly (SCA) | H MODULE IDENTIFIER  [FE2.1-5CC| ‘
pec/picT vealn 8 0 ||| STROBE SETUP puraniond| oo | mrervel ] 500 ||| TRIGGERSETUP peay §116 | conmeunus s § 16 |
B TurBo|veeciod 0 ||| mooe FAnaloginternal | eoewe § 0 | reoeav B 0 ||| pumoce 5 imternal | ¥ Normal | H lemo |
FE CHIPS Tvpe BFE-12/3] veaw B 511 | Lerency B 12 | et B 40mHz | oo B Low | Monmux B Hitbus | Hiteus B on| o1 mooe E[No Thresh | o7 § 0 | mwewk tor & 32 | § 8-Bt TOT no Parity |
GA  CONF SCAN DACS ©NDD2 D P2 P TRIMT IF TRIMF  ITHT  ITHZ L IL2  GDAC COLUMMPAIRS TSP CAP SELECT EMABLE PREAMP # KILL HITBUS TODACS FDACS
© ¥ [ ] ] & | o4 | Be | W64 | &4 EEEEIIIIIIIIE_!M_IW_IMJW_J-J-!!
) e ] ] S 170 2 2 SN 20078 22 {5 =N = N 7 = 2 e o ) () e ) I I ) I = A
2. 2 | |l [ B 4 [ 6 | 6 | B 60 | &0 | 32 (B v [ o [H o |8 ] Bl e B0} 0N il ) CEC] ) L]} CEE ) E ) =
1 e ] 5 S 2170 2 S0 20 27 = N = 0 = 0 2 1 il ) P () R ) I T ) S ) e
4 4| |l [l 0 B 6 | 64 | &l 61 [ o4 | 60 [ &9 | B v | o |3 o (5o | & 6o 50| 0 0 0 ] ol ) A= LAt )= E e
1 JE ] ] 5 20 3070 2 2060 N 2520 I =0 = N 2070 2 0 e D T ] 1 ) = = g
IR = ="} 0 |- I I I - 1| - AR = e e OEACECDE g
== T R E s e R e R e s R B e = e ] = ) T ) ) N
8 8 | | ol 0 4 [ 6 [} 64 | B 60 | &0 |32 & v |H o |H o |8 o[l er [F v 000000 ol | ) ] ) CAeT] DE=DEE D) E i
B 5 e ] ] S5 =10 = I SN 077 7)1 = N = N 7 = 2 e ] 0 ] o O T | I I ) = e
Al A | [l ol & 64 | 64 [ 64 | o (5 64 | 832 (516 1§ o (3 o |6 (3 6|50 00000000 ol ol ) =] = JEE )= =l
B! I e ] S0 5120 20 060 < ) = =0 = 56 = e = o ) P () ] I ) = = e
FoSpE ) = | = =" |- \ez |-\|-ICE C  §  =  | 0 OETDEDE
EEEEm%ﬂ%miﬂﬂm%ﬂiﬂ%ﬂﬁnﬂﬂﬁmﬁmﬂﬂﬂﬂﬂﬂﬂiﬁ.m. ] 1 N ) = = g
T = = 1= | | | e T e R e = = i e O = e o = o s [ T
1 e ] 2 2170 2 0N 2 220 210 SN I 2 2 1 ol 1) I () ) e ) I ) ) = mm
‘ ALL ‘ H I s | ‘ Tk HJLﬂtch&ReﬁdAll Eitsl]‘ Random |=| don't disable bad CPs |

MODULE TEMPERATURE: |(-888.80 |C

Figurell.4 : Configuration panel

Next we open the “Data control” panel (cf Figuré)l The only thing to do in this panel

is to fill in the name and the date of the meas@m@Em

@DATA: TPLL 10000000, Module FE2.1-SCC

=lo1x]

ACQUISITION =DFIFO Direct = 8-bit Histograms
I NN NI D

| 8§ AcceptAll Hits |

OPTIONS = Ignore Errors

OUTPUT/FITTING OPTIONS
RAWHITS ALLBINNEDHITS BINMED TOT

S-CURVE FITS TOT CALIBRATION

TDACS FDACS

DESTINATION Relative path
| MFEZ2.1-SCC/data/ |
Prefix
| 2008-11-10 |
|set g 1
Custorn description for logfile (260 chars max)?

FITTING CONSOLE

Figurell.5: Data control panel

Status I | Test I |

At the bottom of this panel there is a button chlfiEitting console”.

panel (cf Figure I1.6) where we adjust thresholthga

This opens a new

3D detectors University of Bergen — VIRMONTOIS Cédr
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CALIBRATION FE calibration datafile: [ | calibs/example txt [} READ FROM FILE

=Calculat900aliblation per FE Chip| External \/CAL(m\f,-"caunt): Custom global scale IWl Custom/External offset (DAC units):
FElndex ] o g B | 5 B ] g B B H

cinqLop 460 8460 |8 4% |8 a0 |8 4% |8 460 |8 460 |8 460 (8 460 |8 a0 |8 a0 |8 a0 |8 460 |8 460 [N 460 B 460 |
ot IR KA ETEA A A KA A EiEE EEA EEA ERA EEE EEE KR EEE EER|
vealymy B 1.5600 815600 |8 15600 |8 15600 |8 1.5600 |8 1.5600 |8 15600 |8 1 5600 |8 1 5600 |8 15600 ] 1 5600 |8 15600 | 15600 |8 1.5600 |§ 15600 |8 15600 |

ofisete- J 0.0 8 o0 |§ oo | oo | oo | oo |§ oo |§ oo | oo |§ oo | oo [B oo |§ oo |§ oo |§ oo [f oo |

@:‘_DATA FITTING CONSOLE: TPLL 10000000, Module FE2.1-SCC

S_CURYE FITTING  f(Q) = Error Function Flateau: Chi-sguared cut: Method:
TOT CALIBRATION|  T(Q) = A + BI{Q+C) ol Guess® A [ 1.500E+2 | & | 4000E+6 | c §  3.000E+4 |
THRESHOLD TrimDAC (TDAC) DETERMINATION: =] Algorithm 3: Scan all available TDAC Settings I TargetThreshoId:? e-
FEEDBACK TrimDAC (FDAC) DETERMINATION: Matchto TOT counts at =
IN-TIME THRESHOLD: ohtin chip/module mean Tofrom & Calculation |

= Use Saved Settings From T0 Scan | tean T0 strobe delay /ns Adjusted T0 strobe delay Fange was Trigger delay was ‘Il Adjustment f ns

PERFORM 5-FITS PERFORM TOT CALIBRATION DETERMINE TDACS DETERMINE FDACS
WRITE 5-FITS WRITE TOT CALIBRATION WRITE TDACS WRITE FDACS

Figurell.6 : Data fitting console

In this panel we choose the target threshold fbpiakls in units of electrons and the
characteristic values of the FE, the capacity (Cidjand Cinj-HI) and the calibration voltage
which are used to tune each pixel. We must be lcarth the “Feedback TrimDAC” because
the value must stay around 25000f@ the measurement. Sometime, when we tune other
parameter this value returns to the default vafuo

The last panel to open is “Scan console” (cf Figui®. It permits to choose what scan to
from a list and to launch it.

Click on the blue square button next to “SCAN COGFto choose the scan you want.
The most important scan is the “threshold scammiadecal” (with internal calibration).

The goal for this scan is to obtain the same tlolesfrom each pixel as well as the
electrical tuning of each pixel.

When we select threshold scan, this panel is cordd) by itself. We just change the scan
option by selected “No LV/HV Supply Measurement” ander to do not waste time to
measure the voltage supply.

At this moment we can click on “Online plot” to seemediately the results (cf Figure
[1.8) and launch the measurement with “Start scan”.

The threshold scan run only one minute, the 32 nua$lds. Measurement carried out,
we observe on the pixel map the threshold valuel we can modify the “Plot Mode” to view
the mean Gaussian or the S-curve.
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[1.2. TurboDAQ threshold calibration procedure

Before used radioactive source to send particlé¢hendetector, we have to calibrate it.
Indeed, each pixel must be tune to obtain the ganeshold on the entire sensor surface, thus
the detector will be efficient.

By following this procedure the pixels are tuned:

1) As it is written before, set the parameters andiedrout the first “Threshold Scan,
Internal-Cal”

2) Modified the parameters (for example : GDAC) utdilobtain the best first Threshold
scan, that is to say, mean threshold value theesetn the target value enter in “Data
fitting”

3) With this parameters run the scan “TDAC Tune, ima&Cal” to obtain the first
TDAC scan and the filedamefile_tdacs_0.out”.

All the files will store in the directory
“C:\Documents and Settings\instal\Desktop\TurboDA@boDAQ _filestletector-name\data”
In order to not erase the previous file changePttedix name under the panel “Data control”

4) In “Configuration panel” set TDAC parameter, bycking on the white square and
upload the file hamefile_tdacs_0.out”.

5) Carried out the second threshold scan and obseevienprovement.

6) With this changes run the scan “FDAC Tune, Intef@al’ to obtain the first FDAC
scan and the filedamefile_fdacs_0.out”.

7) In “Configuration panel” set FDAC parameter, bycklng on the white square and
upload the file hamefile_fdacs_0.out”.

8) Carried out the third threshold scan and obsergeantiprovement.

9) With this changes run one more scan “TDAC Tunesrhl-Cal” to obtain the second
TDAC scan and the second filedimefile_tdacs_0.out”.

10)In “Configuration panel” set TDAC parameter one mmbme, by clicking on the white
square and upload the second fibarhefile_tdacs_0.out”.

11)Carried out the fourth threshold scan, we shoul@ioban uniform pixel map. Check
the threshold mean value and the noise in thérfdenefile logfile”

12)Under “Configuration panel” click on “Module configations”, fill Channel 0 with a
name and save the configuration.

Now we can use this configuration each time we thge FE with the detector bump
bonding on it.
We have to carry out this procedure each time waysh new detector system.
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First resultswith 3D system

During the installation of Bergen system we possg¢sw/o FE. The first one, FE 4E-B,
with 3D pixel sensor bump bonding and a second BRe2.1-SCC6, with a 2D pixel sensor
bump bonding.

|11.1.FE 4E-B with 3D pixel

Three configurations of 3D sensor are available, 3 and 4E. On Figure 11l.1 which
represents our FE we have a detector with 4E corstgpn.

View on Figure IIl.2, the several configuration ¢ays. The more columns there are, the
higher the efficiency signal is and the lower vgéasupply is needed.

. e
— I

- _3!—

Figurelll.1l: FE 4E-B

2E o 3E

Figurelll.2: 3D configurations
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Unfortunately, we encounter a problem with this Fieleed we have error message durihg
the test registers under the “Configuration panel”.

We decide to observe the board with a microscopkevan find the problem. Five wires
bonded are broken. These wires assure the conndxtareen the sensor and the FE.

So, thanks to CERN we repair this electronic cadRigure I11.3) but the problem
remains.

Figurelll.3: Wires bonded

111.2.FE 21.1-SCC6 with 2D pixel

Figurelll.4: FE12.1-SCC6
A 2D pixel is bump bonding on the FE and it exadthy same measurement under
TurboDAQ.

We can see on Figure III.5 a threshold scan reSh#.target value is fixed at 3200amd
the sensor signal is 30 to 25k Ehe threshold mean value obtained is around 2700 red),

SO we can improve this scan thanks to the sevarahpeters. (GDAC, TDAC, FDAC, etc...)

3D detectors University of Bergen — VIRMONTOIS Cédr -20-



FIONLINE PLOTS: TPLL 10000000, Module CVtests FEL2.1

= : =lolx

PLOT MODE

S-CURVE MEDIANS

Fe DEX n‘

CHIP LABELS

TOT FOR THIS Q
125000 -

[0 [7ea2 Faws o

COLOUR MODE

SCALING MODE

' COLOUR SPECTRUM ALTOMATIC SCALE
2COLINTERPOLATION  USER CONTROLLED

wres [EHIEDINGE [EXINETN

HITMAP FLOOR

M m FLOOR AT

[ 5 0%

=
HITMAP CEILING

¥ ¥ gE | 4360

UPPER RIGHT|

SCAN VALUE
E

CEILING &7

ot y— ey
500 1000 1500 2000 24
275138 51083

Figurelll.5: Threshold scan results

We study the GDAC parameter with this board andobtain the results in the following
tab:

GDAC 6 9 10 12 13
Thresnold 2151 2789 3019 3141 3457
mean value

When GDAC is fixed at 12, we obtain the nearestieab the target. So we fixed this
value to continue the threshold procedure.

After, we carry out TDAC scan but a problem hapgarthe file ‘namefile_tdacs_0.out”
all the value is 127, the maximum value, so thengrobably an offset somewhere but we do
not manage to figure out it.

Finally, we carry out a FDAC scan and we obtaimect ‘namefile_fdacs_0.out” file, so
we upload this file in “Configuration panel” and weake a threshold scan. This last scan is
improved by the parameter FDAC but our thresholdg nmsnot totally uniform and the
threshold mean Gaussian is very large, so othanpeter must be improve.

All the results are in the folder “TurboDAQ” on tI8D system computer and to have
more information concerning 3D consult the fold8D" on the same computer.
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CONCLUSION

At the end of this 3 months period we manage tédbai3D measurement system thanks
to card borrowed from CERN. The system operatesasmnohanage to obtain correct scans.

Moreover, Bergen subatomic laboratory obtain soxyeeence in pixel detectors and
measurements

Now we are ready to receive module from CERN pastnip as soon as we have the
repaired cards from Bonn.

For my part, it was a very pleasant period andas witeresting to discover the particles
physic field and particularly the 3D technology.

| would like to thanks Heidi SANDAKER because withidver, | have not been here. And

| would like to thanks too, all people who help ohgring this project: Alessandro, Bjarne,
Dominik, Havard, Joern, Ole, etc...
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