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Introduction

* The HL-LHC is designed to operate at higher collision energy as well as
instantaneous luminosity ~ 5x10* cm™s™.

* To keep up with such rate of collisions, the ATLAS inner detector will be
upgraded to be read out using the Front-End Link eXchange (FELIX)
system.

* FELIXis a“data router”, receiving packets from detector front-end (FE)
electronics and sending them to programmable peers on a high bandwidth

network.

* Thus, FELIX improves both the performance as well as maintenance of the
full data acquisition (DAQ) chain.
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https://edms.cern.ch/ui/#!master/navigator/document?D:101065941:101065941:subDocs

Aim of the project

To set up a ITk Pixel Optoboard-FELIX test stand at LBNL

* For ATLAS TDAQ software-related developments.

 For a more realistic system testing or system-test like infrastructure e.g. for the Pixel Luminosity
Ring (PLR).

* Validation of the base framework will be done with the conjunction of this set up with the FELIX test
stand for Strips at LBNL.

* Using the optoboard-FELIX interface, reading out the full 8-quad module serial power (SP) chain.

* To test the scalability of the current setup like a realistic detector.

Dec 9, 2022 Angira Rastogi



‘ FELIX card
‘ Optical fibers
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chip module
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Schematic
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Hardware specifications

-

FELIX

FLX-712 or BNL-711 v2
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Hardware specifications
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Hardware specifications
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Hardware specifications

ITkPix v1.1SCC
(1.6V,2A)

ITk pixel module

Power supply
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FLX-712 card

- TX channels have light, upon powering while RX channels receive light from

optoboard.

— TX channels: 1-12, RX channels: 13-24.

Note: The order of pin numbering is inverted in the =

FELIX firmware due to the MTP-couplers. Hence, Dz

 Optical fibers 1512 (TX) i.e. have light, appear on TX
channels 1150 in that order.

* Similarly, optical fibers 13524 (RX) i.e. do not have R

TXC12

light, appear on RX channels 11»0.

Dec 9, 2022 Angira Rastogi

Has 4 MiniPOD transmitters (TX) and 4 MiniPOD (RX) receivers, each with 12-channels.

Two configurations possible: 24-channel (MTP24) and 48-channel (MTP48).

RXA11

TXA11

RXC11

TXC11

16-lane Gen-3 PCle card with 48 TX and RX optical links, with a FPGA on-board. () o A

Figure B0.1 24ch configuration.

At LBNL, we are using the 24-channel configuration via the MTP24 coupler.

Felix Manual 4.2.4

/ Key \

RXA10 | RXA9 RXA8 RXA7 RXA6 RXAS5 RXA4 RXA3 RXA2 RXA1

TXA10 | TXA9 TXA8 TXAT TXA6 TXAS TXA4 TXA3 TXA2 TXA1

RXC10 | RXC9 RXC8 RXC7 RXC6 RXC5 RXC4 RXC3 RXC2 RXC1

TXC10 | TXC9 TXC8 TXC7 TXC6 TXC5 TXC4 TXC3 TXC2 TXCA1

Figure B0.3 24ch fibre mapping.

ATLAS 11


https://atlas-project-felix.web.cern.ch/atlas-project-felix/user/felix-doc/-/felix-user-manual/4.2.4/felix-user-manual/4.2.4/B0_bnl712mapping.html

Optoboard v2.1

* Hosts the ASICs that perform the (de-)multiplexing and the
electrical-optical (optical-electrical) conversion.

e The main components are:

Dec 9, 2022

Four Low power Gigabit Transceivers (LpGBT) chips,
multiplexes the uplink data signals. The main LpGBT chip
receives and de-multiplexes the downlink clock and
commands and sends back to the detector. LpGBT manual.

Four GBCR chips, used to recover the uplink signal after the
transmission over the twinax cables. GBCR manual.

A VTRx+ quad laser driver which converts the electrical
uplink signal into an optical signal, and vice versa for the
downlink signal. Specifications here.

Table 8: VTRx" module optical interface pinout.

VTRx* Function Fibre Number
RX 7

™1
X2
X3
TX4

(RIS

AT2_IP MG_oo010

IpGBT

Master 10.24 Gbps Uplink

24 uplinks and 8 downlinks

00 L0000 QOCLEL COuiul L
i

1.2V Power Plane

At LBNL, we are setting directly from DC
power supply -
Pins1,2:1.25V,3 A Schematics

Pins3,4: 2.5V, 0.5 A ]

BVCC1V2<t >VCC1V2

1 2
Pins 5,6: GND | M sl P
—i 7 8

BPOL2Vs chip not present.

Angira Rastogi
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https://cds.cern.ch/record/2809058/files/lpGBT_manual.pdf
https://edms.cern.ch/ui/#!master/navigator/document?P:100324489:100646067:subDocs
https://edms.cern.ch/ui/#!master/navigator/document?D:1989550282:1989550282:subDocs
https://edms.cern.ch/ui/#!master/navigator/document?D:100639026:100639026:subDocs
https://gitlab.cern.ch/itk-pixel-electronics/services/optosystem/-/blob/master/G6341_OptoBoard_V2_1/OptoBoard_V2_1_Schematic%20Prints.PDF

LpGBT

Table 3.1: MODE pins decoding.

* High speed bidirectional optical links, 2.56 Gb/s downlink (command, trigger) L Sl L E—
. 4’b0001 5 Gbps FECS Simplex TX
speed and 5.12 or 10.24 Gb/s uplink (data) speed. F50010 | 5 Gps FECS Simplox RX
4’b0011 5 Gbps FECS5 Transceiver
4’0100 5 Gbps FEC12 Off
. . . . . 4’b0101 5 Gbps FECI12 Simplex TX
» Connection of Mode[3:0] pins on the LpGBT chips decides the mode of operation  #wmo | scw | Fecin | simplexkx
. . . 4:b01 11 5 Gbps FEC12 Transceiver
of the LpGBT, and also the encoding format along with uplink speed. TOIO00 | T0Ghn | FEG o —
4’51010 10 Gbps FECS Simplex RX
— = veeiv2 = 4’1011 10 Gbps FECS5 Transceiver
2 < N ol _— o Fb1100 10 Gbps FEC12 off
s e b T e g (ot ] ™1 \ 451101 10 Gbps FECI2 Simplex TX _||
SR AR e s [ e R R vz Iscr 4'b1110 10 Gbps FECI12 Simplex RX
RW"—\/\/\,’—*%—E ADR2 SLSDA 3 SDA ﬂmﬁ ADR SLSDA 2R ‘ 4’bl111 10 Gbps FEC12 Transceiver ‘
T '?g I e i
o gitmn o | omE e = Uplink GBT data frame format
RIS oot T g0 e ( R AAA—D sc ne .
B NEE oo L sy s LCions | 2.56 bits
$UiE] PORDIS vam| (o o — < >
Schematics e ™ 2 2 2 32 32 32 32 32 32 48 10
LpGBT main LpGBT secondary bits bits bits bits bits bits bits bits bits bits bits
— ]
g 2 & & & & & &8 & 2 3
2 c & g & g ¢
Y on on ) on on )
jan m w0 m 5 %) 45
Manual Uplink speed = 256 bits / 25 ns =10.24 Gb/s
Dec 9, 2022 Angira Rastogi ATLAS 13


https://cds.cern.ch/record/2809058/files/lpGBT_manual.pdf
https://gitlab.cern.ch/itk-pixel-electronics/services/optosystem/-/blob/master/G6341_OptoBoard_V2_1/OptoBoard_V2_1_Schematic%20Prints.PDF

LpGBT...cont’d

Manual

* Each egroup can have up to four epaths (a.k.a. channels), depending on what data speed is selected.

Table 7.1: ePortRx (uplink) data rates

TxRate

Data

Rate | Data Rate | Links per | Active Frame-channel mapping

Gb/s Select Mb/s group Channels
: 12 2500 0 0 none {16’60}
Registers EPRX[0,1,2,3,4,5]DataRate = 3 (1.28 Gb/s) e e ST e s
512 2610 320 2 0.2 Cc}r:n2['.7:0)], chn0[7:01]
512 2’bl11 640 1 0 chn0[15:0]}
10.24 2’600 0 0 none 32'b0}
: b b 10.24 2°’b01 320 4 0;1,2.3 chn3[7:0], chn2[7:0], chnl[7:0],
e Downlink GBT data frame format: Fixed at 64 bits. | =
10.24 2’b10 640 2 0,2 {chn2[15:0], chnO[15:0]}
10.24 2’bl11 1280 1 0 {chnO[31:0]} ‘
Registers EPTX[0,1,2,3]DataRate = 2 (160 Mb/s)
oAbt Table 7.2: ePortTx (downlink) data rates
| Data Rate Se- | Data  Rate | Links per | Active Chan- | Frame-channel mapping
{ 8 bits 32 bits 24 bits ‘ 1 h b IeCt Mb/s group nels
| | Data ength =32 its 2°b00 0 0 none {8'bx}
! ¥ e G2 61 Go g 3 2'b01 80 4 0,1,2,3 {chn3[1:0],  chn2[1:0], chnl[1:0],
gt} Egroups = 4 (max. 8 chn0[1:0])
. \ 2°b10 160 2 0,2 {chn2[3:0], chn0[3:0]} |
{H(3),1C(1), H(2), 1C{0), H(1), EC(1), H(O)EC(O)} D(31:24) D(23:16) D(15:8) D(7:0) FEC(23:0) b ltS) 2'bll 320 1 0 {chn0[7:0]}

To summarize, at LBNL test stand:
e LpGBT is operated in FEC12 encoding mode, at uplink speed of 10.24 Gb/s.

* Encoding to be enabled for epath=0,2 for all egroups, and epath width = 4 bits (160 Mb/s downlink).
* Decoding to be enabled for epath=0 for all egroups, and epath width = 32 bits (1.28 Gb/s uplink).

Dec 9, 2022 Angira Rastogi
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https://cds.cern.ch/record/2809058/files/lpGBT_manual.pdf

Pin-mapping tor polarity

Let’s try to trace UPLINKo and DOWNLINK]I...

Link

Link

DPI
o~ | NICI
. = GIX3 P CONFI %8[
2 EE— 5 SDA
@I 3 GTX3 N |of s SDA
3 GIXo_P SDA_DPI
3 i NTC2
6 GTX2 N CONF2_2
T == [GIxi P scL
8
9 GTXI N
10 GTX0_P
i
3 GTXON
3 CONFI
4 CONF2
5 CMD N
g .
5 CMD P RS LP EN AC
5 RST_B S PLL_VCTRL_RST
0 VDDD SENSE * Bl D00 SNg 1
20 GND_SENSE 0K GND NS |
2 R}
sHLD! (2L
SHLD2 |2
SHLD3 |2 GND
SHLD4 |2
472720024

SCC Pixel module
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20
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GND_SHIELD || =
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Angira Rastogi

Link

V2 RTT#
A U102 1K
VDD SDA i
VDD sCL
VDD RSTN = 4 GIRST
VDD A0
X GND
UPL 3 7 ___GBCRULS N X°=
=="UPLI} 7] NP enr 8 GBCRULS_pP ==
INOSN] OV GBCRUL4_N =C=
F INI_P oL_p GBCRULA P ==
UPL 4 [N o1 GBCRUL3 P <=
==/ UPLI? 3
=O=UPLI} %{1 822_15 GBCRUL3 N <=
T i = =
== UPLIR IN3_P 03_P gggﬁgﬁ—ﬁ%
A IN3_N 03 N = X
S IN4_P 04_P &
==/ UPLIN
==/ UPLD m‘;f’; %4571; 1 GBCRULO_P <=
== UPLINKO INSN 05N | 1Z_GBCRULO N <=
== IN6_P 06_P —%\
IN6_N 06_N —=
=
S BBUN L vy iorp B DONLNGL L
<°=GBCRDL pr| L o0 N1 RKO N <=
e CECRDL 5 TXILP TXOI_P NKG P <=
== - TXIILN  TXOIN -
GBCRCKI N _ 8
==GBCRCKI P__7 gtﬁﬂ
=" <40 | -
< TESTCLK GNDPAD —,

CL
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GBCR chip
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Link

GBCRULI_P A~
GBCRULL_N A~ ’

L P D= EDIN0OP EDOUT00P
CBCRULON. B EDINOON EDOUTOON
—T8cl EDINOIP EDOUTOIP
R EDINOIN EDOUTOIN
Toih 7=+ EDINO2P EDOUTO2P
-0- < EDIN02N EDOUT02N
<281 EDIN03P EDOUTO3P
% EDINO3N EDOUTO3N
S LI-F-—175 EDINIOP EDOUTIO0P
CBCRULILN. DL} EDINION EDOUTION
»<T1Zc1 EDINIIP EDOUTIIP
<UlZ5 EDINIIN EDOUTIIN

I3 EDINI2P EDOUTI2P
>0 EDINIZN EDOUTIZN
<2 EDINISP EDOUTISP

gBcRuL2 P TP6C] EDoop EpoUTI0p
GBCRULZ N__PI7 2
—PLLG EDIN20N EDOUT20N
NI} EDIN21P EDOUT21P
»<IhLo EDIN2IN EDOUT2IN
“MI6.] EpiN22P EDOUT22P
<MILG EDIN22N EDOUT22N
»<piSet EDIN23P EDOUT23P
cpcn ¢ ] R et
GBCRULI N__H : :

HLZ} EDIN3ON EDOUT3ON
<SI9. EDIN3IP EDOUT3 1P
<===C EDIN3IN EDOUT3IN
£} EDIN32P EDOUT32P
<ELcf EDIN32N EDOUT32N
<EIS] EDIN33P EDOUT33P

by

P5 GBCRDLI_N
RS GBCRDLL P
56
FR6G
F7 GBCRDLO_N
RT GBCRDLO_P
s
PRE <
I;‘J GBCRDL2 N
FRY GBCRDL
& TE
PIL“T GBCRDL3 N
PRIL GBCRDL3 P
B
DI3_. _ GBCRDLS P
I3 GBCRDLS N
12,
12
1 GBCRDLA P
1 GBCRDLA N
GBCRDL7 P
GBCRDLT N
GBCRDL6 P
GBCRDL6 N

LpGBT chip
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https://gitlab.cern.ch/itk-pixel-electronics/services/optosystem/-/blob/master/G6341_OptoBoard_V2_1/OptoBoard_V2_1_Schematic%20Prints.PDF
https://gitlab.cern.ch/itk-pixel-electronics/services/optosystem/-/blob/master/G6341_OptoBoard_V2_1/OptoBoard_V2_1_Schematic%20Prints.PDF
https://gitlab.cern.ch/itk-pixel-electronics/services/optosystem/-/blob/master/ERF-8xDisplayPort/ERF-8xDisplayPortV2_schematics.pdf
https://twiki.cern.ch/twiki/pub/RD53/RD53BTesting/RD53B_SCC_Rev1.3.pdf

Pin-mapping tor polarity

Let’s try to trace UPLINKo and DOWNLINK]I...

FELIX Link Pixel chip (pin #) Adapter board (pin #) GBCR pin LpGBT pin

Up eLink (N) GTX3_P (1) Uplinko_N (1) ULo_P EDINooP

Up eLink (P) GTX3_N (3) Uplinko_P (3) ULo_N EDINooN
Down eLink (N) CMD_N (15) Downlink1 N (15) DL1_N EDOUTooP
Down eLink (P) CMD_P(17) Downlinki_P (17) DL1_P EDOUTooN

* Polarity of uplink data from pixel chip is inverted in the FELIX firmware.
* Hence, at LBNL, we set EPRX[G][C]Invert to zero in the optoboard configuration (due to this adapter board), where

G=egroup number and C=epath number. Finally, the uplink data polarity is inverted in the FELIX firmware.
* The downlink polarity from FELIX is inverted twice before reaching the pixel chip. Therefore, no change is required.

Dec 9, 2022
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Driver, Firmware & Software

e FELIX driver Pixel module

— For ATLAS Phasell upgrade, current recommended driver version is 4.9.1
- Using: tdaq_sw_for_Flx-4.9.0-2dkms.noarch Optoboard

- List of available drivers - here. J
FELIX firmware

Program loaded on

 FELIX firmware

— Firmware bit files can be found - here. FELIX/FPGA
— Using: FLX712_PIXEL_4CH_CLKSELECT GIT_phase2-master_FLX- _
. . FELIX kernel driver on
2038_LPGBTalignmentFEC12_rm-5.0_2749_221101_11_29.bit .
host machine
— Using Vivado 2022.1 to upload the firmware and program the memory (as v FELIX software
described here). Felixcore server
* FELIX software J
~ ATLAS TDAQ FELIX software, master branch with the git patch FLX-1613 (needs YARR software
. . . . . NetIO communication
cvmfs, if not using precompiled binary software version.) i
ibrary
— Git repository: here, instructions in the README.
Dec 9, 2022 Angira Rastogi ATLAS 17

EXPERIMENT


https://atlas-project-felix.web.cern.ch/atlas-project-felix/user/dist/software/driver/
https://atlas-project-felix.web.cern.ch/atlas-project-felix/user/dist/firmware/Bitfiles_development/
https://atlas-project-felix.web.cern.ch/atlas-project-felix/user/felix-user-manual/versions/4.0.6/4_firmware_programming.html#_4_2_3_programming_the_fpga_directly
https://gitlab.cern.ch/atlas-tdaq-felix/software.git

Driver, Firmware & Software

Additionally, Pixel module

*  YARR software

. . _ . Optoboard
—  For performing readout from the chip module using NetIO library.
—  Git branch: “devel_itkpix_felixNetio” here J FELIX firmware
Program loaded on

— Changes w.r.t. “devel” branch: bypass register reading, slightly different FELIX/FPGA

reset procedure, and firmware-based trigger generation. i

FELIX kernel driver on
* Optoboard software | | host machine
\ 4 FELIX software
—  For configuring optoboard via the Felixcore server. Felixcore server
—  Git branch: “reorganization” here. Instructions in the README file. J
. YARR software

- Extra ICHandler library (from Ismet) to be added to FELIX software and NetIO communication

recompile to be able to communicate with optoboard using Felixcore. library

OaTLAS 18
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https://gitlab.cern.ch/YARR/YARR/-/tree/devel_itkpix_felixNetio
https://gitlab.cern.ch/bat/optoboard_felix/-/tree/reorganization/
https://gitlab.cern.ch/isiral/ic-over-netio-From-NSW-Felixcore

Initial setup

e Once the FELIX driver is successfully installed and is running, it would be able to see the connected
FELIX cards (or devices).

* The correct version of the firmware flashed via Vivado tool can also be checked at the same time.

(python_env) -bash-4.2$ cat /proc/flx

FLX driver for FELIX release 4.9.0 (compatible with RM4 and RM5 F/W). Based on tag ROSRCDdrivers-00-01-04, flx.c revision 4.9.0
Debug =0
Number of devices detected =4

Locked resources
device | global_locks

* Once the FELIX software is also
installed, we can proceed to

0 | 0x00000000
1 0x00000000
2 | 0x00000000
<l 0x00000000

configuring the FELIX card to e e e | b0 | vag

I | [F====

establish the link alignment with A —

Card type : FLX-712
. Device type i 0x0427

the main GBT from Optoboard.  oioisastasgazios
Reg Map Version : 5.0
IGIT tag @ rm-5.0
BUILD Date and time i 1-11-2022 at 11h29
GIT commit number 12749
GIT hash 1 0x85f6366¢C
F/W partition (jumpers) 3
Rirmware mode : ITK PIXEL
umber of descriptor T3
Number of qinterrupts 18
Interrupt count | 3065867 | o | o | 0 | o | o | o | o |
Interrupt flag | o | o | o | o | o | o | o | 0 |
Interrupt mask | o | 1| 1 1| 1| 1] i | 1|
MSI-X PBA 00000000

Dec 9, 2022 Angira Rastogi ATLAS



FELIX configuration

* Setting up the FELIX software environment (reg map 5.0, LCG 101 from cvmfs, python env).

 Starting the GBT links on the FELIX firmware to receive light signal from the optoboard.

* Enabling the proper egroup & epath structure, and also setting their encoding and decoding.

* Inverting the polarity of each GBT link (or fiber channels) from the LpGBT.

* Setting up the FEC12 encoding to select the data rate speed.

After this, the alignment should be present between FELIX and main LpGBT chip of the optoboard.

]ﬁ;%kéﬁ_énﬁg_baéﬁj4.2$ flx-info -c @ LINK

Card type : FLX-712
Firmw type: PIXEL

Link alignment status
chamnel | \1
Aligned\| YES /N0
Channel | 2 3

Aligned | NO  NO

Dec 9, 2022

At this stage, optoboard channel
1.25 V draws ~0.69 A of current.

Angira Rastogi

source setup.sh
flx-init -c ©
source encoding_decoding.sh o

fgpolarity -c o -r set
flx-config set LPGBT_FEC=0xF

OaTLAS 20
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https://cernbox.cern.ch/s/zGPaeLQibtgivrX
https://cernbox.cern.ch/s/PPolfupsRQmDHBI

Optoboard configuration

* Once the alignment is present with the main LpGBT, we can configure all the other LpGBT chips and
GBCR chips and the VTRx+ (will have light on all four TX fibers).

Start the Felixcore server:
./x86_64-centos7-gcc1i-opt/felixcore/felixcore -d o --data-interface lo --toflx-tlp 64 -v -p 12350 -r 12340 -P 12330 -w 8080

Configure the optoboard: config

python -i InitOpto.py -config_path "configs/optoboard_lpgbtvi_gbcrz_vtrxvi_3_default.json" -optoboard_serial "ooooo000" -vtrx_v "1.3" -
FELIXFOLDER "/path/to/software/" -YARRFOLDER "/path/to/YARR" -configure 1

ATLAS 21
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https://gitlab.cern.ch/bat/optoboard_felix/-/blob/reorganization/configs/optoboard_lpgbtv1_gbcr2_vtrxv1_3_default.json

Optoboard configuration

* Once the alignment is present with the main LpGBT, we can configure all the other LpGBT chips and
GBCR chips and the VTRx+ (will have light on all four TX fibers).

brcogen

Card type : FLX-712
Firmw type: PIXEL

Link alignment status
Channel | @ 1

\Aligned | YES YES

Channel | 2 3

|Aligned | YES YES

(python_env) bash-4.2$ flx-info -c © LINK

All four GBT links (TX) are aligned.

(python_env) bash-4.2% flx-info -c © POD
Card type : FLX-712
Firmw type: PIXEL

MiniPODs status

| 1st TX | 1st RX | 2nd TX | 2nd RX | 3rd TX | 3rd RX | 4th TX | 4th RX |
| | | | | | | | |
Temperature [C]] 49 | 50 | a3 | a1 | | | |
3.3 vcc i 3.25 | 3.26 | 3.26 | 3.26 | | - |
2.5 vcc i 2.44 | 2.41 | 2.46 | 2.43 | | | |
Optical power (Receive=RX or Transmit=TX) of channel in uW:
| ] | 1 | 2 | 3 | 4 | B | 6 | 7 | 8 | 9 | 10 | 11
| | | | | | | | | | | |
1st TX | 1036.10 | 1627.30 | 964.40 | 996.60 | 984.00 | 980.30 | 1015.90 | 980.30 | 986.80 | 970.30 | 962.70 | 881.18
1st RX | 832.10 | 812.00 | 728.60 | 771.70 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
2nd TX | 1286.20 | 1276.60 | 1236.30 | 1196.90 | 1276.20 | 1205.80 | 1276.30 | 1123.70 | 1263.00 | 1173.30 | 1154.76 | 1180.10
2nd RX | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.08 | 0.08
3rd TX | <not detecteds
3rd RX | <not detected>
4th TX | <not detected> o . . .
4th RX | <not detected> FELIX MiniPOD status... receives light on four

How to the read the table below:

* = FLX link endpoint OK (no LOS)
- = FLX link endpeint not OK (LOS)
First letter: Current channel status
Second letter: Latched channel status
Example: *(-) means channel had lost the signal in the past but the signal is present now.

RX channels from Optoboard.

Latched / current link status of channel:
|

1st TX | *(*)

X)) ] ()
#) ] R(e) | (%)

2nd TX | -(-)

|
|
1ST RX | *(*) |
|
|

( [ =) | -() |
( [ =) | =) ]
) Y ] ) ] ) ]
() 1 =0) L€)oo | =) ]

2nd RX | -(-)

2022-
2022-
2022 -
2022-

12-
12-

12
12

'gbcr2’

2022 -
2022-
2022 -
2022 -
2022 -
2022-
2022-
2022 -
2022 -
2022-
2022-
2022 -
2022 -
2022 -
/bin/sh:
2022-
2022 -
2022 -
2022 -
2022-
2022-
2022 -
2022 -
2022-
2022 -
2022-
2022 -
2022 -
2022-
2022-
2022 -

For the optoboard channel 1.25 V, current changes to ~1.34 A.

2022 -

12-
12-
12-
12-
12-
12-
12-
12-
12-
12-
12-
12-
12-
A125

12-
12-
12=
12-
12-
12-
12-
12-
12-
12-
12-
12-
12-
12-
12-
12-
12-

7,199 - INFO - Logger level at INFO

-08 10:08:07,199 - INFO - component: OrderedDict([('optoboard v', 2), ('lpgbt_v', 1), ('lpgbt_master_add
1), ('gbcr3', 1), ('gbcra’', 1), ('efused', @), ('I2C_master', 0)])

08 10:08:07,200 - INFO - 1lpgbtl object initialised!

08 10:08:07,200 - INFO - lpgbt2 object initialised!

08 7,200 - INFO - lpgbt3 object initialised!

08 7,200 - INFO - lpgbt4 object initialised!

08 10:08:07,200 - INFO - gbcrl object initialised!

08 7,200 - INFO - gbcr2 object initialised!

08 7,201 - INFO - gbcr3 object initialised!

08 - INFO - gbcr4 object initialised!

08 - INFO - vitrx object initialised!

08 - INFO - Optoboard object initialised!

08 - INFO - The optoboard object 'opte' is now available!

08 - INFO - The felix object 'Felix' is now available!

08 - INFO - The felix object 'varr' is now available!

08 - INFO - Starting configuration of the board

) such file or directory

08 - INFO - Configuring lpgbtl..

08 - INFO - configuring I2C controller settings on I2C master © and reset..
08 - INFO - Reset the I2C master: generating a pulse ©0->1->0 on bit RSTI2CM®
08 - INFO - I2C controller © settings done

08 - INFO - lpgbtl status is READY

08 - INFO - Configuring lpgbt2..

08 - INFO - 1lpgbt2 status is READY

08 INFO - Configuring lpgbt3..

08 - INFO - 1lpgbt3 status is READY

8 - mro - conriguring bt Optoboard fully configured.
08 - INFO - lpgbt4 status is READY

08 - INFO - configuring gbcril..

08 - INFO - Configuring gbcr2..

08 - INFO - Configuring gbcr3..

08 - INFO - Configuring gbcré4..

08 10:08:42,582 - INFO - Configuring vtrx..

08 10:08:42,582 - INFO - Using VTRx+ quad laser driver v1.3, enabling all TX fibre channels..

07,198 - INFO - Initialising config from configs/optoboard lpgbtvl gbcr2 vtrxvl 3 default.json
7,199 - INFO - Comm wrapper object initialised!
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Pixel chip configuration

* Txand Rx port numbers correspond to the egroup-epath structure of the GBT link (fiber channels),
and can be found out using the felink command.

— Forex, “felink -d 0 -G 0 -g 0 -p 0” returns the correct eLink number (HEX, convert to decimal)
to be used in the connectivity config.

* At LBNL, using port J5 on adapter board (i.e. UPLINKo, DOWNLINK1), Tx =0 and Rx =o0.

CdrClkSel = o (to select clock speed of 1.28 Gb/s, for both
RD53A & ITkPix).

DataMergeMUXOut (o/1/2/3) =0 (duplicating data from
chip on all the lanes).

AuroraActiveLanes =1 (reading out only one lane).

Chip successfully configured!
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Spy card for the Pixel chip

* Created at LBNL, plenty available if interested.

* Helpsin tapping at the command and data
lanes directly from the chip (no probe pins on
the SCC).

* Can be very useful for debugging signals.

* Polarity of the data lanes is inverted between
the two DP ports.

* Hence, needs to be taken care of, especially

'lhklmn}ix MSO0 4104 Mixed Signal Oscilloscope

stop.

when running a YARR scan.
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Running a digital scan...

OccupancyMap OccupancyMap
100

Row
Hits.
Row
Hits.

94

» | * Changed the firmware-based

200
Column Column

trigger to software-based in

* Running the scans has been a bit unreliable, often some data from the chip is RDs3bTriggerLoop.

* Added wait time of 5 seconds
in the NetioTxCore library, to
introduce latency.

» Trigger frequency =100 and
trigger count = 100.

lost. Felixcore server also crashes unexpectedly.
* Results of the digital scan with step size = 4 (16 mask stages) seems sensible.
» However, for digital scan with step size =1 (64 mask stages) has interesting
pattern, probably some data from the chip is missing.
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https://gitlab.cern.ch/YARR/YARR/-/blob/devel_itkpix_felixNetio/src/libRd53b/Rd53bTriggerLoop.cpp#L33
https://gitlab.cern.ch/YARR/YARR/-/blob/devel_itkpix_felixNetio/src/libNetioHW/include/NetioTxCore.h

Summary

* A working setup for the ITk pixel DAQ using optoboard-FELIX interface is in place!

* We are able to run digital scans successfully, though a bit unreliable and also has some
data losses at the moment.

* Next, we will switch to a pixel quad module, and repeat the exercise.

* Ultimately. We want to scale up the system to use the 8-pixel quad module SP-chain.

— Need another optoboard for that, and also design a new PCB for the adapter board
connection.

* Some low priority firmware upgrades also needed, will be done in due time.

Dec 9, 2022 Angira Rastogi
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Approach

e Have a working set up using the vanilla recipes for the FELIX firmware and software, and for the

optoboard.

e Resources:

RD53A readout with FELIX and VLDB+, Marco Trovato et al CDS link
Initial setup instructions for RD53A readout with FELIX and Optoboard, Ismet Siral CERNbox

More recently, ITkPix v1.0 readout with Optoboard (different breakout & adapter board) and
FELIX, Daniele Dal Santo Slides

EDMS documents, for more detailed specifications.

* For technical issues, using the thread on JIRA ticket FLX-2032 and also the mattermost “BERN-
Optoboard” channel.

Dec 9, 2022
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https://cds.cern.ch/record/2690124
https://cernbox.cern.ch/pdf-viewer/public/AzpbKdqt37cL8Ma/FELIX-LPGBT-Readout-CERN.pdf?contextRouteName=files-public-files&contextRouteParams.item=AzpbKdqt37cL8Ma
https://its.cern.ch/jira/secure/attachment/338355/338355_Felix+-+ITkPix+v1+issue.pdf
https://its.cern.ch/jira/browse/FLX-2032
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Hardware hw ila_1 | .
T Idles pattern seen in the unscrambled data from Egroupo.
Name Status @
= i 13 - hig - ™ + -
~ I localhost (1) Connected 2 Q|+ : > » BB & Q K ¥ - M & J il J ol
j=1
~ B xilink_tcf/Xilin/000013ele9b] open g ILA Status: Idle
~ {8 xckullS_0 (5) Programmec E Name
tem Monite =
SysMon (System Monitor {ES TTe65005
hw_ila_1 (g_endpoints[0]. () 1dl :
N el ‘p ] = 2 1 g_endpoints[0].decoding0/g_p.. Egroup e
q endpoints[0].
w_lla_2 (g_endpoints[0] Idle > Mg i 0 0/ Et 500000000 100000000 500000000 100000000 500000000 100000000 500000000 100000000
- = intsl:
hw_ila_32 (g_endpoints[ Idle [FelelleleTelele] 100000000 500000000 100000000 [Flellelelelele] 100000000 J00000600 100000000
; T
fw_ileLdg endpoints il Olldle Jooooooan 100000000 boooooeoa 100000000 500000080 100000000 boooooeoa 100000000
booooooaa 100000000 500000000 100000000 500000000 100000000 J000000E00 100000000
4 2 100086080 fO000E000 1086086000 00000000 100086080 00008000 108608000 00000000
ILA Core Properties 160060080 500006600 100608600 500000000 160060080 500066600 100600600 SE0000000
hw_ila_1 - o
Name: hw_ila_1
cell: g_endpoints[0].decodingC Settings - hw_ila_1 | Status - hw_ila_1 Trigger Setup - hw_ila_1 Capture Setup - hw_ila_1
Device: 8 wckullS_0 e b > W E3 I
Hycore; Sofeal General Free Memory Elinks To-Host Threads
Capture sample count: 0 of 2048 M eeBatsl e
timestamp 1670525108 T
Core status: Idle
blocks 0.66  MBlocks D bl 1 : d
¢ ata blOCKS recewvea on
R chunks 2.5 kChunks 2 2
General Properties . g
@ @
shortchunks 21 kChunks 250 the FE LI x 250k
.
block_rate 0.0031 MBlocks /s 0 - .
10:3 10:40 10:45
chunk_rate 0 MChunks/s 0 _—— 2 3 T h 25 d L L 1 5
CMEM 0 CMEM 1 CMEM2 — CMEM3 Elink
throughput 0 Mbyte/s
Gl s o | Blocks Rates Elinks From-Host Blocks per Transfer
. . 0.00: $ 402480 £34617
avg_gueue_size 0 Blocks L a0k
40
Card
s E
blocks_free 0 1 MBlocks 200K =
blocks_free 1 0 Blocks -
10:35 10:40
blocks_free 2 0 Blocks ) i = o =L )
Block Rate  — Chunk Rate Elink # = o 25k 5k 75K 10k
blocks free 3 0 Blocks
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