Preparing to run your first calibration



Download the software |
... compile your own version of Ph2ACF . —

* If you would like to set-up your computer to develop and run Ph2 ACF natively then please follow the
instructions in the README!! for installing Ph2 ACF on centos’/

Setup on CC7 (scroll down for instructions on setting up on SLC6)

1. Check which version of gcc is installed on your CC7, it should be > 4.8 (could be the default on
CC7):

$> gcc —-version

2. On CC7 you also need to install boost v1.53 headers (default on this system) and pugixml as they
don't ship with uHAL any more:

$> sudo yum install boost-devel
$> sudo yum install pugixml-devel

3. Install uHAL. SW tested with uHAL version up to 2.7.1

Follow instructions from
https://ipbus.web.cern.ch/ipbus/doc/user/html/software/install/yum.html

4. Install CERN ROOT

$> sudo yum install root
$> sudo yum install root-net-http root-net-httpsniff root-graf3d-gl root-phy

5. Install CMAKE > 2.8:

$> sudo yum install cmake

* Clone the Github branch for the school
* git clone —single-branch —branch daqSchool2021 https://: @ gitlab.cern.ch:8443/cms_tk_ph2/Ph2_ACF.git

* Create the build directory and compile the code : source setup.sh; cd build; cmake ..; cd../; make -C build -j4

* Stay in the Ph2_ACEF directory for the remainder of the exercise

[1] https://gitlab.cern.ch/cms_tk_ph2/Ph2_ACF/


https://:@gitlab.cern.ch:8443/cms_tk_ph2/Ph2_ACF.git

... run the software inside a docker container

* If you would like to use docker to run the software then follow the instructions for installing docker and
generating an access token from [2] then :

log-in to the gitlab registry to obtain access to the images [docker login --username $Susername gitlab-
registry.cern.ch]

pull the image with the pre-compiled software branch prepared for the school [docker pull gitlab-
registry.cern.ch/cms_tk_ph2/docker_exploration:cmstkph2-school-2021 ]

launch a docker container [ docker run --detach --name cmstkph2-school -t -1 --privileged -e
DISPLAY=8ip:0 -v /tmp/.X11-unix:/tmp/.X11-unix -v /dev:/dev -v $(pwd):/home/cmsTkUser/local gitlab-

registry.cern.ch/cms_tk_ph2/docker_exploration:cmstkph2-school-2021 ]
refer to READMEI!2! for instructions on how to forward X11 to host
connect to the container to complete the exercise [ docker exec -it cmstkph2-school /bin/bash |

systemtest run from inside docker container

‘docker_exploration:cmstkph2-school -2821

rn.ch/ams_tk_ph2/docker_exploration: oxstkph2-school -2021

...Initializing Hwinterfaces for OpticalGroups..1 optical group(s) found ...
...Initializing Hwinterfaces for FromtEnd Hybrids..1 hybrid(s) found ...
...Assuming ROC¥® represents all ROCs on this hybrid
.. Initializing Halnterface(s) for (B((s)
.. Initializing HwInterface for CIC

..........................................................
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--> Id: @, BoardType: D19C,
|-~--Board 1d: board
|——--URT: -2.0://amsuptracker@d3 . cern. ch:102037target-192.168. 0. 75: 50001
|----Address //settings/address_tobles/uDTC_OT_oddress_table.xml
- : 3


http://gitlab-registry.cern.ch
http://gitlab-registry.cern.ch
http://gitlab-registry.cern.ch/cms_tk_ph2/docker_exploration:cmstkph2-school
http://gitlab-registry.cern.ch/cms_tk_ph2/docker_exploration:cmstkph2-school
http://gitlab-registry.cern.ch/cms_tk_ph2/docker_exploration:cmstkph2-school
http://gitlab-registry.cern.ch/cms_tk_ph2/docker_exploration:cmstkph2-school

Connecting the software to your front-end object
... modify the hardware description xml

* First, modify the connection id in the hardware description xml to point to your FC7 :
* host-address : address of the computer physically connected to the ethernet port of the FC7
 f{c’/-address : 1p address of the FC7 physically connected to your front-end object

? version="1.0" encoding="utf-8"7?>
>
Id="0" boardType="D19C" eventTypes"'3">
id="board™ uri="chtcp-2.7.//cmsuptracker@@3.cemn.ch:132037targe{=192.168.0.75:50001"\address_table="file: //settings/address_tables/uDTC_OT_address_table.xml" />
configure="0" clockRate="120",>

Example hardware description files for OT hardware be found in Ph2_ACF/settings/D19cDescription*

* Verify that you can communicate with the FC7 using the FPGA configuration binary provided by Ph2 ACF
* make sure that you have set-up the environment [source setup.sh]

* list the images available on the sd-card in your FC7 [fpgaconfig -¢ $Shardware_description_xml -1]

*[teledog@teledagdd2:Ph2_ACF]$ fpgaconfig -c settings/D19(Description.anl -1

03.03.2021 10:49 |1I| Now I'm parsing global...

03.03.2021 10:49 |11l Imtializing Hwlnterfoces for OT BeBoards..

03.03.2021 10:40 |11l ,,.Initiglizing Hwinterfoces for OpticalGroups..1 optical group(s) found ...
03.03.2021 10:40 | I1| +».Imtializing Helnterfoces for FrontEnd Hybrids..1 hybrid(s) found ...
03.03.2021 10:49 | I1| ++.Assuming ROG#® represents all ROCs on this hybrid
93.03.2021 10:40 | 1| .. Initiglizing HwInterface(s) for CBC(S)
93.03.2021 10:40 |1 .» Imtiglizing Helnterface for CIC

93.03.2021 10:49 |II| 1@ firmware imoges on SD card:

03.03.2021 10:40 |1I| - GoldenImage.bin

03.03.2021 10:49 |11l - d19c_8x(B(3_13032019.bin

03.03.2021 10:40 |11l - 15942019_8CB(C3.bin

03.03.2021 10:40 |11l - d19c_8x(B(3_11062019.bin

03.03.2021 10:49 |11l - d19c_8x(B(3_200882019.bin

03.03.2021 10:40 ||I| - d19c_8cbc3.bin

03.03.2021 10:40 |11l - 2s_mux_cic2.bin

03.03.2021 10:40 |11l - uDTC_2SSA_test.bin

93.03.2021 10:49 |11l -~ fc7_test.bin

93.03.2021 10:49 |1I| - uDTC_8CBC3_LEDtst.bin

You will only see the files that have been loaded on-to our sd-card...
So expect to see only GoldemImage.bin if this is a freshly configured card!!



Connecting the software to your front-end object
... load the correct firmware for your flavour of test system

* Download the image for your test system from either the website https://udtc-ot-firmware.web.cern.ch or
the school indico page if the above link 1s un-available :

* 2cbc3_dios : for reading out a 2CBC3 hybrid/module

* 8cbc3 : for reading out an 8CBC3 hybrid
* dio5_opto_2h_cicl : for reading out a 2S skeleton/module with CIC1

* dio5_opto_2h_cic2 : for reading out a 2S skeleton/module with CIC2

* cicl_2s_none : for reading out a 2S FEH prototype [with CIC1] using a 2S SEH test card vO
* cic2_2s_none : for reading out a 2S FEH prototype [with CIC2] using a 2S SEH test card vO
 cicl_2s_crate : for reading out a 2S FEH prototype [with CIC1] in a multi-hybrid test crate

* cic2_2s_crate : for reading out a 2S FEH prototype [with CIC2] in a multi-hybrid test crate

* Use the FPGA configuration binary provided by Ph2 ACF to load the image file (either .bin or .bit) onto the
SD-card [fpgaconfig -¢ $hardware_description_xml -f $image_file -i $image_name ]

* Use the FPGA configuration binary provided by Ph2 ACF to confirm that the image file has been loaded on-
to the SD-card [fpgaconfig -¢c $hardware_description_xml -1 |

* Use the FPGA configuration binary provided by Ph2 ACF to select the image file (either .bin or .bit) from
the SD-card and load it onto the FPGA [fpgaconfig -¢c $hardware_description_xml -i $image_name ]


https://udtc-ot-firmware.web.cern.ch

Connecting the software to your front-end object
... check that you have the correct objects listed in your hardware description file

* Make sure that the hardware description file contains the correct description for your set-up :

settings/D19CDescription.xml settings/D19CDescription_Cic2.xml
Example hardware description files for §CBC3 hybrid Example hardware description files for a 2S module

Id="@" FMCId="0" > Id="g" FMCId="8" >

Id="0" Status="1" LinkId="0" >
Id="@" Status="1"> — .
>

nresnolo="35¢" latency="74"/>
enable="1" polarity="0" amplitude="@x3F" channelgroup="9" delay="0" groundothers="0"/>
clusterwidth="4" ptwidth="14" layerswap="0" offl="0" off2="0" off3="0" offd="0"/>
analogmux="0b000000" pipelogic="0" stublogic="0" or254="1" tpgclock="1" testclock="0" dl1="0"/>
disable=""/>
enableBend="1" enablelastLine="0" enableSparsification="0" clockFrequency="320"/>
>

threshold="580" latency="29"/>
enable="0" polarity="0" amplitude="@xFA"
clusterwidth="4" ptwidth="4" layerswap="
analagmun =mnipelogic="0" stublogic="0"
disable=""/>

4

path="${PH2ACF_BASE_DIR}/settings/CbcFiles/™ />
Id="0" configfile="(BC3_default.txt"
Id="1" configfile="(B(3_default.txt"
Id="2" configfile="(BC3_default.txt"
Id="3" configfile="(BC3_default.txt"
Id="4" configfile="(BC3_default.txt"
Id="5" configfile="CBC3_default.txt"
Id="6" configfile="(B(3_default.txt"
Id="7" configfile="(BC3_default.txt"

path="./settings/CbcFiles/™ />
' configfile="(B(3_default.txt"
' configfile="(B(3_default.txt"
' configfile="(B(3_default.txt"
' configfile="(B(3_default.txt"
' configfile="(B(3_default.txt"
' configfile="(B(3_default.txt"
' configfile="(B(3_default.txt®
'_configfile="(B(3_defaud T oxt"

AANAAANMAANAANMANANA

A

path="${PH2ACF BASE ATN Cciuings/Cick1les/™ />
Id="8" configific="CIC2_default.txt" />
>

A

<
<
<
<
<
<
<
<
<
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Id="1" Status="1" LinkId="0">
>
threshold="550" latency="19"/>
enable="0" polarity="0" amplitude="@xFF" channelgroup="9" delay="0" groundothers="1"/>
clusterwidth="4" ptwidth="14" layerswap="90" offl="0" off2="0" off3="0" offd="0"/>
analogmux="0b000000" pipelogic="0" stublogic="0" or254="1" tpgclock="1" testclock:

if using a 2CBC3 hybrid/module remember to gisabless> R .
comment Out Chlps 2-7.’ enableBend="1" enablelastLine="0" enableSparsification="0" clockFrequency="320"/>

4

=~

path="${PH2ACF_BASE_DIR}/settings/CbcFiles/" />
Id="0" configfile="CBC3_default.txt" />
Id="1" configfile="CBC3_default.txt" />
Id="2" configfile="(B(3_default.txt" />
Id="3" configfile="(B(3_default.txt" />
Id="4" configfile="CBC3_default.txt" />
Id="5" configfile="(B(3_default.txt" />
Id="6" configfile="CB(3_default.txt" />
Id="7" configfile="(BC3_default.txt" />

AANAAAANAANMANANA

A

path="${PH2ACF_BASE_DIR}/settings/CicFiles/™ />
Id="30configfile="CIC2_default.txt" />

A

</ >

>

if using a single 2S5 FEH prototype remember to :
e comment out the LHS hybrid !!
e disable the optical link [GBT, enable =0 ] !!
e select the CIC version that corresponds to your hardware!




... check that you can communicate with the front-end objects [ electrical readout |
4

* Use the 2S front-end hybrid test binary to verify that you can communicate with the front-end object
[feh_2s_test -f $hardware_description_xml -b | :

« Common (Tool) tools ConfigureHw() — reset FC7, configure FC7 with settings from xml, hard-reset to all
front-end ASICs, configure all front-end ASICs based on hardware description xml

« Back-end alignment (BackendAlignment) tool — prepare back-end for data taking ( optimize sampling point fo
electrical readout, align received data packets with 320 MHz clock boundaries, etc.)

Example of running on n 8CBC3 hybrid

03.03.2021 11:42 |1I| Successfully configupmistmmniad
03.03.2021 11:42 |1I| Now ogiwi" v configure chips on Board @
03.03.2021 11:42 | |1l start-up seqeunce for hybrids on link @

03.03.2021 11:42¢771| Configuring readout chip [chip id @ ]

03.03.2021 19742 |11| Configuring readout chip [chip id 1]

03.03.202711:42 ||I| Starting bock-end aligrment procedure ....

93.03.2021 11:42 ||I| Runming phase tuning and word aligrnment on FE@ CBCO...

03.03/7021 11:42 ||I| Tuming line 1

3.9 .2021 11:42 |I1I Hybrid: @, Chip: @, Line: 1

93.03.2021 11:42 | I1I Mode: @

93.03.2021 11:42 | I11I Manual Delay: ©, Manual Bitslip: @

03.01.2021 11:42 |I1| Done: 1, PA FSM: TunedPHASE, WA FSM: TunedWORD

93.0,,2021 11:42 |ITI Delay: 31, Bitslip: 4

03.0312021 11:42 ||I| Forcing L1A line to maotch aligmment result for first stub line.

03.03.2021 11:42 ||I| Tuming line 2

03.03.202011:42 | 11| Hybrid: @, Chip: @, Line: 2

03.03.2021 T\ |11 Mode: @

03.03.2021 11:4.9 0 Manual Delay: @, Manual Bitslip: @

93.03.2021 11:42 |1} Done: 1, PA FSM: TunedPHASE, WA FSM: Tuned® 7l

03.03.2021 11:42 |I1| Palay: 31, Bitslip: 4

03.03.2021 11:42 ||I| Tuming line 3

03.03.2021 11:42 |I1I Hybrid: @, Chip: @, Line: 3

93.03.2021 11:42 | 11| Mode: @

93.03.2021 11:42 | I1I Manual Delay: @, Manual Bitslip: @

03.03.2021 11:42 |I1I Done: 1, PA FSM: TunedPHASE, WA FSM: TunedWORD

03.03.2021 11:42 | I1I Delay: 31, Bitslip: 4

03.03.2021 11:42 ||I| Tuming line 4

03.03.2021 11:42 | 11| Hybrid: @, Chip: @, Line: 4

03.03.2021 11:42 |I1I Mode: @

93.03.2021 11:42 | I1I Manual Delay: @, Manual Bitslip: @

93.03.2021 11:42 | 1) Done: 1, PA FSM: TunedPHASE, WA FSM: TunedWORD

03.03.2021 11:42 | 11| Delay: 31, Bitslip: @

03.03.2021 11:42 ||I| Tuming line S

03.03.2021 11:42 |I1I Hybrid: @, Chip: @, Line: S

93.03.2021 11:42 |11 Mode: @

03.03.2021 11:42 |I1| Manual_Daleu¥ manual Bitslip: @

03.03.2021 11:42 |I1I Cone: 1, PA FSM: TunedPHASE, WA FSM: TunedWORD

93.03.2021 11:42 |11} Delay: 31, Bitslip: 4

03.03.2021 119077/ |I| Expect pattern : 10000010, 10091110, 10011110 on stub lines ©, 1 and 2.

03.03.2290711:42 | |I| Expect pattern : 09100010 on stub line 4.

03,2072021 11:42 | 1I| Expect pattern : 10000010 on stub line 5.

£1.03.2021 11:42 ||I| After aligmment of last stub line ... stub lines 0-5:

43.03.2021 11:42 |1I| Line © : 10000010 10000010 10000010 10000010 10000010 10000010 10000010 10000010 10000010 10000010 10000010 10000010 10000010 10000010 10000010 10000010 10000010 10000010 10000010 10000010
03.03.2021 11:42 |II| Line 1 : 10001110 10001110 10001110 10001110 10001110 10001110 10001110 10091110 10001110 10091110 10001110 10001110 10091110 10001110 10001110 10091110 10001110 10091110 10901110 10001110
93.03.2021 11:42 ||I] Line 2 : 10011110 10011110 10011110 10011110 10011110 1011110 10911110 10211110 10011110 10011110 10911110 10011110 10011110 10011110 10011110 10011110 10011110 10011110 10011110 10011110
(1.03.2021 11:42 |II| Line 3 : 00100010 09100010 00100010 02100010 02100210 02100010 02100010 0100010 02100910 02100210 02100010 02100010 02100010 02100910 02100210 02100010 02100010 02100010 02100910 02100810
037013.2021 11:42 |II| Line 4 : 10000010 10000010 10000010 10000010 10000010 10000010 10000010 10000010 10000010 10000010 10000010 10000010 10000010 10000210 10000010 10000010 10000010 10000010 10000010 10000010




... check that you can communicate with the front-end objects [ optical readout |

G,

Va

* Use the 2S front-end hybrid test binary to verify that you can communicate with the front-end object
[feh_2s_test -f $hardware_description_xml —withCIC—b ] :
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03.03.2021
93.03.2021
93.03.2021
93.03.2021
93.03.2021
93.03.2021
03.03.2021
93.03.2021
93.03.2021
93.03.2021

Common (Tool) tools ConfigureHw() — reset FC7, configure FC7 with settings from xml, hard-reset to all
front-end ASICs, configure all front-end ASICs based on hardware description xml

Configure ASICs on service hybrids, reset optical link in the back-end, check link lock

Back-end alignment (BackendAlignment) tool — prepare back-end for data taking ( align received data
packets with 320 MHz clock boundaries )

Cic alignment (CicAlignment) tool — prepare CIC for data taking ( optimize sampling point for data from
CBCs/MPAs, align received stub data with 320 MHz clock boundaries )

Example of running on a 28 skeleton

g ey,

11:54 | |J/7GBT Link Status...

11:54
11:54
11:54
11:54
11:54
11:54
11:54
11:54
11:54
11:54
11:54
11:54
11:54
11:54

141
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GBT Link® status 00000000010000000000000000001111
+++ GBT TX Ready : LOCKED
+++ MGT Ready : LOCKED
.. GBT RX Ready : LOCKED

Configuring GBTx on Link ¥

Set all registers imwolved in GBT-SCA commumication, as

SCA enabled successfully.

Setting DLLs charge-pump control registers to 4
Configuring PLL ...

Watchdog timeout set to 99900111

Resetting PLLs on GBTx..

Resetting DLLs on GBTx,.
Set clock freguency on GBTx channels @ to 7 to : 320

©3.03.2021 11:54 ||I| Want to configure CIC to output fixed pattern on all lines

03.03.2021 11:54 |11 CIC output pattern configured by setting MISC_CTRL /@ 00921110

03.03.2021 11:54 |II| Line @ : 10101010 10101010 10101010 10101010 1017 .410 10111010 1016. )10 10101010 10101010 10101010 10101010 10101010 10101010 10111010 10101010 10101010 10101010 10101010 10101010 10101010
03.03.2021 11:54 |1l Line 1 : 10101010 10101010 10101010 10101010 1f 01010 10111010 101010. ) 10101010 10101010 10101010 10101010 10101010 10101010 10111010 10101010 10101010 10101010 10101010 10101010 10101010
03.03.2021 11:54 |1l Line 2 : 10101010 10101010 10101010 10101010 7 101010 10111016 1010101t 10101010 10101010 10101010 10101010 10101010 10101010 10111010 10101010 10101010 10101010 10101010 10101010 10101010
03.03.2021 11:54 |1l Line 3 : 10101010 10101010 10101010 10101010 | 2101010 10111010 10101010 10101010 10101010 10101010 10101010 10101010 10101010 10111010 10101010 10101010 10101010 10101010 10101010 10101010
03.03.2021 11:54 |II| Line 4 : 10101010 10101010 10101010 10101010 A 9101010 10111010 10101010 10101010 10101010 10101010 10101010 10101010 10101010 10111010 10101010 10101010 10101010 10101010 10101010 10101010
©3.03.2021 11:54 ||I| Performing phase turing [in the back-end] to | ‘epare for receiving CIC/ tub data ...: FE @ Chip8

93.03.2021 11:54 |I1I runming word aligmment....

03.03.2021 11:54 |I1I Hybrid: @, Chip: @, Line: 1

93.03.2021 11:54 |III Mode: @

93.03.2021 11:54 |III Manual Delay: @, Manual Bitslip: 1

93.03.2021 11:54 |I1I Done: 1, PA FSM: IdlePHASE, WA FSM: TunedNORD

93.03.2021 11:54 |III Delay: 1, Bitslip: 2

93.03.2021 11:54 |I1I runming word aligmment....

03.03.2621 11:54 |11  Hybrid: ©, Chip: @, Line: 2

93.03.2021 11:54 |III Mode: @

93.03.2021 11:54 |III Manual Delay: @, Manual Bitslip: 1

93.03.2021 11:54 |III Done: 1, PA FSM: IdlePHASE, WA FSM: TunedWORD

93.03.2021 11:54 |I1I Delay: 1, Bitslip: 2

93.03.2021 11:54 |11
93.03.2021 11:54 |III
93.03.2021 11:54 |III
93.03.2021 11:54 |III
93.03.2021 11:54 |I1I
93.03.2021 11:54 |III
93.03.2021 11:54 |11
93.03.2021 11:54 |III
93.03.2021 11:54 |III
93.03.2021 11:54 |I1I
93.03.2021 11:54 |I1I
93.03.2021 11:54 |III

Hybrid: @, Chip: @, Line: 3

Mode: @

Manual Delay: @, Manual Bitslip: 1

Done: 1, PA FSM: IdlePHASE, WA FSM: TunedWORD

Delay: @, Bitslip: 2

runming word aligmment....

Hybrid: @, Chip: @, Line: 4

Mode: @

Manual Delay: @, Manual Bitslip: 1

Done: 1, PA FSM: IdlePHASE, WA FSM: TunedWORD

Delay: @, Bitslip: @
©3.03.2021 11:54 ||I| Trying to reset phase on GBTx... bit slip of @!
03.03.2021 11:54 | 11| Hybrid: @, Chip: @, Line: 4
03.03.2021 11:54 | 11! Mode: @
03.03.2021 11:54 | 11! Manual Delay: @, Manual Bitslip: 1
03.03.2021 11:54 | 11| Done: 1, PA FSM: IdlePHASE, WA FSM: TunedNORD
03.03.2021 11:54 | 11!
03.03.2021 11:54 | 11!
93.03.2021 11:54 |I1I
03.03.2021 11:54 | 11!
03.03.2021 11:54 | 11!
03.03.2021 11:54 | 11!
03.03.2021 11:54 | 11| Delay: 1, Bitslip: 2
03.03.2021 11:54 |II| Line @ : 10101010 10101010 10101010 10101010 10101010 106¥1010 11101010 10101\S 10101010 10101010 10101010 10101010 10101010 10101010 11101010 10101010 10101010 10101010 10101010 10101010
03.03.2021 11:54 ||I| Line 1 : 10101010 10101010 10101010 10101010 10101010 19101010 11101010 1010101\ 10101010 10101010 10101010 10101010 10101010 10101010 11101010 10101010 10101010 10101010 10101010 10101010
03.03.2021 11:54 |1l Line 2 : 10101010 10101010 10101010 10101010 10101010 §2101010 11101010 10101016410101010 10101010 10101010 10101010 10101010 10101010 11101010 10101010 10101010 10101010 10101010 10101010
03.03.2021 11:54 |1l Line 3 : 10101010 10101010 10101010 10101010 10101010 0101010 11101010 10101016810101010 10101010 10101010 10101010 10101010 10101010 11101010 10101010 10101010 10101010 10101010 10101010
03.03.2021 11:54 |II| Line 4 ; 10101010 10101010 10101010 10101010 10101010 10101010 11101010 1010101¢§10101010 10101010 10101010 10101010 10101010 10101010 11101010 10101010 10101010 10101010 10101010 10101010

stub data post-alignment
aligned with 8-bit boundary

Done: 1, PA FSM: IdlePHASE, WA FSM: TunedWORD



Running your first calibration



Connecting the software to your front-end object
... check that you can equalize the threshold response of all channels on a hybrid

* First,, use the 2S front-end hybrid test binary to simultaneously record S-curves (noise hit occupancy vs.
threshold) curves for all channels on your test system [feh_2s_test -f $Shardware_description_xml —withCIC* -
a-m-b ]

- look at the last root file saved to Results : [root -1 Results/$(Is -t Results | head -n1)/Hybrid.root]

Directory structure of root file
Board — Optical Group(s) — Hybrid(s) — (Readout) Chip(s)

E}-"‘jDetectorn
=-4_3Board_0;1
£-£3OpticalGroup_0:1
-3 Hybrid_0:1

@--@Chip_Oﬂ +  For each readout ASIC on a hybrid :
""" f gh;r('g)e'g(o) H(0)_S Curve_Chip(0):1 1. noise hit occupancy vs. threshold
™ D:B (0):0 (0):H (0):P edestalDistributio n_Chip(0):1 2. digtribution of pedestals [in threshold units] extracted from above
|44 D_B(0)_O(0)_H(0)_NoiseDistribution_Chip(0); 1 3. noise vs. channel number on the readout ASIC
5» |4 D_B(0)_O(0)_H(0)_StripNoiseDistribution_Chip(0);1 4. pedestal vs. channel number on the readout ASIC
{A D_B(0)_0(0)_H(0)_StripPedestalDistribution_Chip(0);1 5. noise vs. (nth) even channel on the readout ASIC
5"'&8 z(g) g(g) :(g) zzrfp :Ofseg‘;zrl‘;)'?gb:’_“o" Cih"’égf 6. noise vs. (nth) odd channel on the readout ASIC
' ~5(0)0(0)_H(0)_StripNoise sstribution_Chip(0); 7. noise hit occupancy vs. channel number on the readout ASIC

{A D_B(0)_0O(0)_H(0)_Occupancy_Chip(0);1
[ Chip_1;1
(] Chip_2;1
~~(_JChip_3:1
(] Chip_4;1
~~(_]Chip_5;1
[ Chip_6;1
:' "{fc“ipj” S , «  Summary plots for each hybrid in an optical group
""" D_B(0)_0(0)_HybridNoiseDistribution_Hybrid(0):1 1. distribution of noise [in threshold units] for all readout channels on this readout hybrid

i {A D_B(0)_O(0)_HybridStripNoiseDistribution_Hybrid(0);1 . . . .

| D_B(0)_0(0)_HybridStripNoise EvenDistribution_Hybrid(0): 1 2. noise vs. strip number (tqp + bottom) on this read(.)ut hybrid .

“-|4a D_B(0)_O(0)_HybridStripNoiseOddDistribution_Hybrid(0);1 3. noise vs. (nth) bottom strip sensor connected to this readout hybrid
4.

noise vs. (nth) top strip sensor connected to this readout hybrid

REMOVE IF USING A HYBRID WITH NO CIC



Connecting the software to your front-end object
... check that you can equalize the threshold response of all channels on a hybrid

11

* Definition of pedestal and noise in 2S modules :

« Measure noise occupancy by sending 200 triggers, at a rate of 10kHz, to the assembly while
scanning the threshold [Vcth] :

LHS hybrid RHS hybrid

5250 CBCO r‘_—

- CBCO

n
()

Number of Channels with a Hit
1‘ITTT
&
Number of Channels with a Hit
8
')
||
8 8 8 8 &8 8

—
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-
o
o
TT Tt

o

100 |~ 100 [~

0

:! for ffast iri . i Afior offast tri . 0
TN T PR P T R TR B

820 540 560 580 600 620 820 540 560 580 800 620

Threshold [DAC units) Threshold [DAC units)

* The difference in the number of hits between every threshold and the next is used characterize the noise per channel :

N

hits

(Vethiy 1) — Ny (Vethy)
Veth; .y — Veth;

w; =

w; Veth;
+ Pedestal [u] :threshold at which the probability of seeing a hit is 50% f= Z% —
w;

« width of the noise distribution [0] - S w; (Ve — N)2

o)
D W




Connecting the software to your front-end object
. check that you can equalize the threshold response of all channels on a hybrid

* First,, use the 2S front-end hybrid test binary to simultaneously record S-curves (noise hit occupancy vs.

threshold) curves for all channels on your test system [feh_2s_test -f $Shardware_description_xml —withCIC* -
a-m-b |
- look at the last root file saved to Results : [root -1 Results/$(Is -t Results | head -n1)/Hybrid.root]

S-curves and extracted pedestals pre-threshold equalization

[ BON ROOT Object Browser
Browser ‘Eile Edit View Options Tools Help
Files ‘ Canvas_1 ®| Editor 1 ||
28 Y B Draw Option: ~] D_B(0)_0(0)_H(0)_SCurve_Chip(0) D_B(0)_O(0)_H(0)_Pedestal Distribution_Chip(0)
[Jroot
[_JPROOF Sessions = F -
£3ROOT Files I
=-2@ Test 8CBC3_preTrim.root 620 —0.9
-/ Detector;1 - -
E-<3Board_0:1 - —os i Std Dev  7.219
(=44 OpticalGroup_0;1 6101 I
= 4N Hybrid_0;1 C o7 sl
& ﬂChlp 0;1 |
:-[_JChannel;1 600-— | N
1§ D_B(0) O(0) H(0) SCurve Chip(0);1 - ‘ H e I
|4 D_B(0)_O(0)_H(0)_PedestalDistribution_Chip(0) |, - ‘ ' I N
- |44 D_B(0)_O(0)_H(0)_NoiseDistribution_Chip(0); 1 590k ‘ u | 10-5 |
|44 D_B(0)_O(0)_H(0)_StripNoiseDistribution_Chip(i | ”‘ ‘ I ' ’ \ L
‘|44 D_B(0)_O(0)_H(0)_StripPedestalDistribution_Ct | “ l 0.4 -
. |4 D_B(0) O(0) H(0) StripNoiseEvenDistribution 580 | ~ ” H . 4
. |4 D B(0) O(0) H(0) StripNoiseOddDistribution C l‘ ” l * 0.3 -
. |4 D_B(0)_O(0)_H(0)_Occupancy_Chip(0);1 > i | l ' ’ -
~~(1Chip_1;1 570 | 0.2
+(_1Chip_2;1 21
+(_]Chip_3;1 i 0.1
[ _]Chip_4;1 560 —
;»-l;]ChipSﬂ '|||||||||||||||||||||||||0 D|||||||||||||||||||
] Chip_6:1 0 50 100 150 200 250 0 200 400 600 800 1000
~(_1Chip_7;1
; {A D_B(0)_O(0)_HybridNoiseDistribution_Hybrid(0);1
' {A D_B(0)_O(0)_HybridStripNoiseDistribution_Hybrid(C v v
| Ja D_B(0)_O(0)_HybridStripNoiseEvenDistribution_Hyl Command |
. : LkD,B(0),0(0),HybridStripNoiseOddDistributioanybv Command (local): ’ a
ﬂ’ I | »
root [2] Canvas_l->cd(2) =
Filter: | All Files (*.") ~|| |(TvirtualPad *) 0x7£a26b929230 ~
l I | Z

12 REMOVE IF USING A HYBRID WITH NO CIC



Connecting the software to your front-end object
. check that you can equalize the threshold response of all channels on a hybrid

* First, use the 2S front-end hybrid test binary to simultaneously equalize the threshold response of all

channels, and then record S-curves (noise hit occupancy vs. threshold) curves [feh_2s_test -f
$hardware_description_xml —withCIC* -a -t -m -b |

- look at the last root file saved to Results : [root -1 Results/$(Is -t Results | head -n1)/Hybrid.root]

S-curves and extracted pedestals post-threshold equalization
‘o0 @ ROOT Object Browser

Browser |Eile Edit View Options Tools Help

Files | Canvas_1 [x]| Editor 1 [

é; v @ Draw Option: |colz i D_B(0)_0O(0)_H(0)_SCurve_Chip(0) D_B(0)_O(0)_H(0)_Pedestal Distribution_Chip(0)
(_Jroot - r

(_1PROOF Sessions [ 70:

Z4ROOT Files ]

=@ Test_8CBC3_postTrim.root
=43 Detector;1
9-+3Board_0;1
=43 OpticalGroup_0;1
=-43Hybrid_0;1

60

50

40

<« Il

»

Filter: | All Files (*.*)

]

E] "jChlp 0;1
- ~[JChannel;1
|24 D_B(0)_O(0)_H(0)_VplusValue_Chip(0 o
|44 D_B(0)_0O(0)_H(0)_OffsetValues_Chip(
|4 D_B(0)_O(0)_H(0)_OccupancyAfterOff “F
- D_B(0)_0(0)_H(0)_SCurve_Chip(0);1 |y :
|44 D_B(0)_O(0)_H(0)_PedestalDistributior 1or
| aa D_B(0)_O(0)_H(0)_NoiseDistribution_C X
' -lllllllllllllllll 11111l
; tg_g:g;_g:g; :Eg; ::npir:o:el?slglb:tlt 552 584 586 588 590 592 594 596 598 600 602 604
_B(0)_ ripPedestalDistri
~|Aa D_B(0)_O(0)_H(0)_StripNoiseEvenDist
{AD B(0)_O(0)_H(0)_StripNoiseOddDistri e T |
- | D_B(0)_O(0)_H(0)_Occupancy_Chip(0)
uChlp 1:1 ~ | Command (local): ] 3

root [2] Canvas_1l->cd(2)
(TVirtualPad *) 0x7fcl9a2e6440

| |

REMOVE IF USING A HYBRID WITH NO CIC



Optimizing the calibration
... how does the threshold dispersion depend on the number of points used in the equalization algorithm?

* Go to the ‘threshold equalization’ sheet in the google doc [1] and select a cell, 1.e. a combination of
values, that is free and mark it with your name

name="Nevents''>100</ >

Nanie= TeS U U STl otanisonme te "=vRvu</
name="HoleMode''>0</ >
name="VerificationLoop'>1</ >
name="MaskChannelsFromOtherGroups'>0</
name="FitSCurves'>0</ >
name="PlotSCurves'>1</ >

name="PedeNoisePulseAmplitude'>0</
name="PedeNoiseMinBreakCount">5</
name="PedeNoiseStepSize'>3</ >

* Modify the xml to allow you to fill in the google doc[1] with the results of the parameter scan :

* Nevents [points per step] : number of events collected for each point of bitwise threshold trimming scan

14 [1] https://docs.google.com/spreadsheets/d/1tFlyPXvcE3-NtkVmwrtrYP56YTXCbVBjkNnBSKYrzJc/edit#gid=0



Optimizing the calibration
... how do the pedestal and noise depend on the way the data is collected?

* First, pull the latest commit from the school’s branch : [git fetch; git pull origin daqgSchool2021]
* Recompile and set-up the environment [ make -C build -j4; source setup.sh |

* The following settings have been made configurable in the xml :

name="Nevents'>100</ >
name="TestPulsePotentiometer'>0x00</
name="HoleMode''>0</ >
name="VerificationLoop'>1</ >
name="MaskChannelsFromOtherGroups''>0</

name="FitSCurves''>0</ >
name="PlotSCurves'>1</ >

name=""PedeNoisePiilseAmn1itude"'>0</
name="PedeNoiseMinBreakCount'">5</
name="PedeNoiseStepSize'">3</

e —

* Go to the ‘pedestal/threshold” measurement sheet in the google doc [1] and select a cell, 1.e. a combination
of values, that is free and mark it with your name

* Modify the xml to allow you to fill in the google doc[1] with the results of the parameter scan :
* Nevents [points per step] : number of events collected for each point of bitwise threshold trimming scan

* PedeNoiseStepSize [size of the step | : step size in DAC units

15 [1] https://docs.google.com/spreadsheets/d/1tFlyPXvcE3-NtkVmwrtrYP56YTXCbVBjkNnBSKYrzJc/edit#gid=0



Writing your first calibration



Writing a calibration
... measure occupancy for a fixed range of thresholds , plot data, extract pedestal

* Skeleton code provided in the daqgSchool2021 branch of the repository :

* complete top level source provided - but have a look at the code and take note of the steps required
before executing any calibrations

* skeleton tool provided (up-to you to fill in the blanks) : measure noise hit occupancy for threshold going

from 550 to 650

* skeleton DQM plotter utility provided (up-to you to fill in the blanks) : plot a 2D histogram (x = channel

#,y = threshold, z = occupancy) and use it to estimate the pedestal

src¢/run_simple_scurve.cc

Tool cTool;

std::stringstream outp;

cTool.InitializeHw { cHWFile, outp );
cTool.InitializeSettings ( cHWFile, outp );
LOG (INFO) << outp.str();

outp.str ("");

cTool.ConfigureHw ();
cTool.CreateResultDirectory ( cDirectory );
cTool.InitResultFile ( "SimpleSCurveResult" );

Timer t;
t.start({);

BackEndAlignment cBackEndAligner;
cBackEndAligner.Inherit(&cTool);
cBackEndAligner.Start(8);
cBackEndAligner.waitForRunToBeConpleted();

cBaE?EﬁdAligneE.Resetk):
if(cWithCIC)
{

CicFEAlignment cCicAligner;
cCicAligner.Inherit(&cTool);
cCicAligner.Start(8);
cCicAligner.waitForRunToBeCompleted();

cCic#ligner;Resef(); o
cCicAligner.dumpConfigFiles();
}

SimpleSCurve theSimpleSCurve;
theSimpleSCurve.Inherit {(&cTool);
theSimpleSCurve.Initialise ();
theSimpleSCurve. runSimpleSCurve();
theSimpleSCurve.writeObjects();

cTool.dumpConfigFiles();
cTool.resetPointers({);

cTool.SaveResults();

cTool.WriteRootFile();
cTool.CloseResultFilel);

cTool.Destroy();

t.stop();

t.show { "Time te Run Calibraticn example" );

tools/SimpleSCurve.*

v top level source to produce executable

using namespace Ph2_HwDescription;
using namespace Ph2_HwlInterface;
using namespace Ph2_Systen;

class SimpleSCurve : public Tool

{

public:
SimpleSCurvel);
~SimpleSCurve();

void Initialise (void);
void runSimpleSCurve{void);
void writeObjects (void);

void Sfarf' 7
void Stop

(int currentRun) override;
(void) override;

private:
uint32_t fEventsPerPoint;

E_ROOT

DQMUtils/DQMHistogramSimpleSCurve.*

DQﬁhiéioéfahSinpleéturQe fDéMHistogréhéinpiést;rﬁe;

user specific tool

flass DQMHistogramSimpleSCurve : public DQMHistogramBase

public:

DQMHistogramSimpleSCurve ();

~DQMHistogramSimpleSCurve();

DQM plotter tool



https://gitlab.cern.ch/cms_tk_ph2/Ph2_ACF/-/tree/daqSchool2021

