Status of ITk Pixel DAQ SW developments

(End of qualification task)
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> Various DAQ SW developments

Self-trigger source scan

Optoboard-FELIX test stand <
Digital scans with software-triggering
Digital scans with firmware-triggering
Reading register frames \
Parallel masking N

Data processor feedback

> Summary, future plans
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Various DAQ SW developments

. Occupancy when noise mask=0, Chip 0x130d8 Occupancy when noise mask=0, Chip 0x130c9
Self-trigger source scan | S
350, 1 350, 10
* Self-trigger digital scan g e = o «  Standard digital scan (-m=1)
. 200 1 200} .
» Self-trigger analog scan : : Standard analog scan
o b * Standard noise scan

100,

* Self-trigger source scan *  Self-trigger digital scan

 Tuning the various self-triggering parameters = . + —Self-triggeranalog scan-MaskEoop(64;0:1)-

(delay, trlgger multlpher, dlgltal threshold) . % s 0 1 20 20 a0 0 400 % s 0 150 20 20 0 0 a0 ! Segmentation fault at random mask stages
(communication errors).

L4 Fixed memory ]_eak issue of the hiStO grammer Occupancy when noise mask=0, Chip 0x138b6 Occupancy when noise mask=0, Chip 0x130bc .
g ; ] * pToT digital scan
clipboard. ) f I w8 T e ’ pIoT analog scan
Merge request 7T D -t [/ . | . | *  Self-trigger source scan (createMask =
= v = e False in Noise analysis)
8 =i * Latency =57, SelfTrigDelay = 45,
8 o 0 Self TrigDigiThr = 1, Self TrigMulti = 4, Scan
B B time = 3600s.
Weekly Instr. meeting i =
RD53B tesing meeting % s w0 e a0 20 a0 %0 40 | % s w0 w0 o 20 w0 %0 40 |
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https://gitlab.cern.ch/YARR/YARR/-/merge_requests/538
https://indico.physics.lbl.gov/event/2105/#1-sourcescan-update
https://indico.cern.ch/event/1181701/#1-hitor-masking-for-source-sca

Various DAQ SW developments

Start of QT: July 15, 2023

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

CMD

DATA

ITkPix SCC, V1.1 Optoboard, V2.1 FELIX, FLX-712
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Various DAQ SW developments

Start of QT: July 15, 2023

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 can be done for pixels and strips simultaneously through FELIX at LBNL.
 To test the scalability of the current setup like a realistic detector

- reading out the full 8-quad module serial power chain

- reading out the 5-triplet module serial power chain as well.
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Current setup i

50B-6038
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Setting up the DAQ chain

https://atlaswiki.lbl.gov/pixels/felixdaq

MTPi2to12 LC

MTP-24 Fiber breakout channels

Optic coupler /
FEL = . (N
MTP-12 Fiber / .

Optic coupler 2xMTPi12 to 2x12 LC
breakout channels
(12 TX, 12 RX)

1Tx, 4 Rx 4Tx,1Rx

]

Patch panel

VTRx+ pigtail to MPO
Fiber optic connector

VIRxt — — — — — = I

________ Optoboard

ERF8-ERMS8 connector

ITk pixel module ——————-

DP-to-DP cable

Power supply Power supply

Adapter board
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https://atlaswiki.lbl.gov/pixels/felixdaq

Hardware-level complexities

Correct fiber mapping
between FELIX and Optoboard

Correct pin-to-
fiber mapping

MTPi12to12 LC
breakout channels

MTP-24 Fiber

FELIX |- —r28 __ _. i
MTP-12 Fiber /

Optic coupler 2xMTPi12 to 2x12 LC
breakout channels
(12 TX, 12 RX)

Connecting to the desired
uplinks and downlinks

ITk pixel module ——————-

DP-to-DP cable

4Tx,1Rx

]

Patch panel

Correct pin-to-
fiber mapping

VTRx+ pigtail to MPO
Fiber optic connector

VIRt — — — — — = |

________ Optoboard

ERF8-ERMS8 connector

Power supply

Adapter board

Power supply
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Configuration-level complexities

Setting up the clock, fiber polarity, encoding-
decoding data format, and calibration
injection+trigger sequence in FELIX registers etc.

MTPi12to12 LC
breakout channels

MTP-24 Fiber 1TX, 4 Rx ) 4Tx,1Rx
/' Optic coupler g i
FELIX |—————————. 2

MTP24 to 2xMTP12 cable >

A S

MTP-12 Fiber / &
Optic coupler 2xMTPi12 to 2x12 LC
breakout channels

(12 TX, 12 RX) Setting up the signal polarity, encoding-

decoding data frame format,
transceiver modes of the LPGBT chips,
egroup-epath structure corresponding
to the uplink & downlink speed etc.

Setting up the clock, uplink &
downlink speed, signal
polarity, lane mapping etc.

VTRx+ pigtail to MPO
Fiber optic connector

VIRt — — — — — = |

_________ Optoboard

ERF8-ERMS8 connector

ITk pixel module ——————-

DP-to-DP cable

Power supply Power supply

Adapter board
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Driver, irmware & software

~
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BERKELEY LAB

ht

ATLAS TDAQ software

] «—
» DAQ buffer ——= y%/
— DAQ buffer all YARR
)
(D)
Z.

tps://atlaswiki.lbl.gov/pixels/felixdaq
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Ring
FLX Card Buffer » DAQ buffer vd
o 7_{
£ |Tkpixel Bt 7
e From firmware DMA FM k/
L FE or UDS
s
=
(9]
L
S
y Optoboard software
Optoboard < ¥ Pixel module

=l

» CMD
< DATA
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https://atlaswiki.lbl.gov/pixels/felixdaq

Various DAQ SW developments reler e

Running unsuccessful digital scans Weekly Instr. meeting, Dec 9th

OccupancyMap

100

* Software-based trigger generation
» * Trigger frequency =100 Hz

* Injections =100

* Number of mask stages = 64
= ¢ rxWaitTime =1 sec.

Row
Hits.

96 Tektronix MS0 4104 Mixed Signal Oscilloscop

94

Data losses observed.
: 2 2 : . Also, FELIX software very unstable, ’
would crash unexpectedly. A

Command sent

successfully!
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https://indico.physics.lbl.gov/event/2365/#1-itkpixv1-felix

Debugging software-triggering

* SW triggers from the YARR (NetIO) are delivered unevenly to
felixcore because of the network buffering — also seen within the

strips community here. Cumulative size of the packets vs time
* Unlike firmware triggers, full sequence of SW trigger command is

2 0"e Command packets from YARR (NeliO)
packed together by NetIO and sent out for every trigger- & 10 T —
generation. 8o

* Asaresult, extra latency introduced in the network before g o
reaching FELIX. & WL
10°
10°
10*
10° E
* No easy fix for this in that moment. 102
* Also, other people seemed to be using firmware- 10
triggering, which is more desired for. So, we also T - T A
switched to that... atime ()
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https://indico.cern.ch/event/1259649/#preview:4494592

Various DAQ SW developments

EEEEIE

Switched to firmware-based triggering

Hit Occupancy

* Firmware-based trigger generation.
e rxWaitTime=1s.

» Trigger frequency = 5000 Hz.

e Trigger count (injections) = 100.

TCP/IP dump
* Number of mask stages = 64. ATLAS TDAQ software
all o suger”
‘ 7 YARR
FLX Card » E:;?er Q}
D s W YARR
DMA elixCare B:J[;)/Srk/ / lOg
Missing chip readout data. Incorrect digital O

scan results. Felixcore verbose output
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Debugging firmware-triggering

BERKELEY LAB

Fig. 1: Cumulative command packets size from YARR (red), in the

network from TCP/IP dump (green) and in felixcore (blue) vs time.

- All the packets from YARR are not seen by felixcore, around 5% are
lost. Also, last packet seen in felixcore ~4 seconds later after YARR
finished sending all commands due to network buffering. Hence,
many empty mask stages (StdDataLoop wait time ~ 1 sec).

- Many smaller-sized TCP/IP packets are created by the network
before sending to felixcore, hence downstream buffer flushes at

a slower rate.

Fig. 2: Example behavior of a few mask stages from the digital scan,

with data from chip seen in NetioHandler (yellow).

- Data received around o.5 seconds later in every mask stage
initially, but then becomes asynchronous due to the network
latencies (especially towards last few mask stages).

- No command packets seen in felixcore occasionally due to
network buffering, hence no readout data from chip (for e.g. at the
s9th second).
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10

I////'
>

Fig.1

Command packets from YARR (NetO)
TGP/IP (NetlO to Felixcore)
Command packets in Felixcore

Mask stages

Pre-scan

x10°

20 30 40 50 60 70 80 _90 100

& ATime (us)

Chip configuration
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Fig. 2

Command packets from YARR (NetlO)
TGP/IP (NetlO to Felixcore)

Command packets in Felixcore

Data received by YARR (NetlO handler)

s
o
>

Packets size (Bytes)

# <

S

L

[=]
w

o
™

56 565 57 575 58 585 59 595 ‘6(>)<10
ATime (us)
Weekly Instr. meeting, Feb 24th
14


https://indico.physics.lbl.gov/event/2434/#1-itk-week-talk-pixel-daq

BERKELEY LAB

Fix firmware-triggering

Solution: Fig. 3 Fig. 4
Aggregate the command packets from YARR
(NetioTxCore) to send longer messages, flushing the
NetIO FiFo regularly using IsCmdEmpty() call.

—_
(=)
©

Command packets from YARR (NetiO)
TGP/IP (NetiO to Felixcore)

Command packets in Felixcore

Data received by YARR (NetlO handler)

Gommand packets from YARR (NetlO)
TCP/IP (NetlO to Felixcore)
Command packets in Felixcore

-y
(=}
C)
—_
[=)
>

—_
o
24

Packets size (Bytes)

_
(=]
El
T
T
I
—
T
T

—_
[=]
)

- Advantages: Commands reach the chip faster,
and in its entirety. Less number of packets overall,
hence less crowding of command packets in FELIX.

10*

Cumulative Packets size (Bytes)

— —
L =
I
I
I
1
1

10° 10°

Results: ” 10
- Successful digital scan .

x10° il I I Ll x10°

- All the command packets from YARR reach felixcore D 10 20 3 40 50 6 70 8 0 100 7% 77 78 79 80 _ 8
ime (us) ATime (us)

almost instantly (Fig. 3). Also, less number of extra

packets created by the network while in buffer. H

- Scan time faster by 10%, due to aggregation of
command packets.

- Data received within 0.2 to 0.3 seconds later in every
mask stage which is roughly a factor of 2 faster than

before (Fig. 4). MR !615
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https://gitlab.cern.ch/YARR/YARR/-/merge_requests/615

Various DAQ SW developments

Reading chip configuration registers &e‘ﬂ '

c QO D localhost:808 =
R i BB s * Currently, two separate elinks in the firmware for
= \ . =y the service and readout data frames.
o e \ %,// \ ' . * They need to be merged (or at least copying the
i A N ‘ ‘ ones with useful K-words in the data elink) for full
BIEEE . N4 interaction with chip functionalities
- ~ Two e-links (o=readout data, (configuration, DCS monitoring, special
= : = commands etc.) during the normal scans.
- 1=Service block)
S = Queue_swze Porrl; ’ ‘ Chykntlkaer]th
| = * Until then, we can do this from the software-level.
sevmce e ] ¢ Asimple hack in the NetIO client for YARR.
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Adding two elinks in NetIO-YARR

* Inaddition to the original data channel (elink), we also enable channel (elink+offset), where “offset” determines the
shift in elink number for the service frames.

i "SerSelOut2": 1 . . .
NetioRxCore for YARR ) Setting to 1in the chip
void NetioRxCore::enableChannel(uint64_t elink){ "SarSelOut3'": ]_’ .
nlog->info("Enable RX elink: 0x{:x}", elink); " . ". A configuration
if(m_elinks.find(elink)==m_elinks.end()){ ServiceBlockEn": 1,
m_nioh.addChannel(elink); ”ServﬁceBlockPerﬁod”' 50
std::this_thread::sleep_for(std::chrono::milliseconds(5000)); // Note: is this needed; can it be shortened? R . : :
m_elinks[elink]=true; "SkippedTrigCnt": 0,
if(m_reg0ffset>0){ " ma
//spdlog: tinfo("Adding register frames elink: 0x{:x}",elink+m_regOffset); SldOEnUnderShUntA * 0’
m_nioh.addChannel(elink+m_regOffset);
std::this_thread::sleep_for(std::chrono::milliseconds(5000)); // Note: is this needed; can it be shortened?
m_elinks[elink+m_regOffset]=true;
} .
! m_regOffset=1 (in controller config)
i
Felixcore verbose
) Played a Iot Wlth ﬁrmware bulldlng at thls point, but the [2023-05-09 14:26:01.331] [debug] [21715] one-shot: toflx card @, dma transfer: size = 128 ‘
[2023-85-09 14:26:01.331] [debug] [21715] toflx card @, transferring fragment: ptr = 0xe74800000, size = 128

. . . . [2023-85-09 14:26:01.332] [debug] [21715] toflx card ®, waiting for dma transfer to finish...
ITk—p]_XQl FW glt repOS]_tory 1S not up—to—date_ [2023-05-09 14:26:01.332] [debug] [21715] toflx card 0, fragment dma transfer finished
[2023-05-09 14:26:01.332] [debug] [21715] toflx card @, dma transfer finished
. [2023-05-09 14:26:01.332] [debug] [21715] Received message from 127.0.0.1:52620, size=28, parts=1
e Wanted to add command ILA 51gnals to trace the [2023-05-09 14:26:01.332] [debug] [21715] MSG received for elink ©
[2023-05-09 14:26:01.332] [debug] [21715] MSG encoded size=32
. . [2023-05-09 14:26:01.332] [debug] [21715] one-shot: toflx card @, dma transfer: size = 64
Commands from YARR 1n FthCOI'e, [2023-05-09 14:26:01.332] [debug] [21715] toflx card @, transferring fragment: ptr = 0xe74800000, size = 64
[2023-05-09 14:26:01.332] [debug] [21715] toflx card @, waiting for dma transfer to finish...
[2023-85-09 14:26:01.332] [debug] [21715] toflx card @, fragment dma transfer finished
[2023-05-09 14:26:01.33Z] [debug] [ZI7I5] toflx card @, dma transter tTinished
[2023-05-09 14:26:03.479] [info] [21721] Subscription from endpoint 127.0.0.1:408863 for elink @
[2023-05-09 14:26:08.479] [info] [21721] Subscription from endpoint 127.0.0.1:38727 for elink 1

* Opened a new JIRA ticket to request for adding

command ILA probes in the firmware: FLXUSERS-606 * Felixcore verbose shows that we have subscribed to both the elinks.
* Hence, we should be able to see the register frames now.
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https://its.cern.ch/jira/browse/FLXUSERS-606

Reading register frames

~
:}Iﬂ

BERKELEY LAB

Fle Edt Tools Reports Window Layout View Help

& 2} = %

HARDWARE MANAGER - localhost/inx tcf/iin/000013e1e9b101

Dashboard ~

Logic Analyzer

ajz|¢ > » u i Waveform - hw_ila_1 d h h. >
S | |G = . I | G| 6 1521 3¢ [0 114 101 [ [ S0 Tl 157 Command sent to the chip
~ o xilinx_tcfilin/000013e1e9b1 Open S/ | 1A status: idle
@ xckul15.0 programm’| |8 | name
syshon 2
hw_ila_1 (g_endpoints[0]. ) idle 3
i3 L W g_endpc
= i dpoints|0].
lla; ° # g_endpolnts(0].
< s >
ILA Core Properties
fw_ila_1 - &
Capture sample count: 0 of 1024 Settings - hw| Status - Trigger Setup - hw_ila_1 Capture Setup - hw_ila_1
Core status: e e > » a + .
1p0/g_Epaths[0].Epatho/g_includeEpath, in[7:0] == v M v 65 v probe0[7:0] 1of1
General  Properti < > <
0013ele9b101
hw_ila_1
Waveform - hw _ila_1 . .
Q= o b > B EI@ QN ¥ o W M = o T Data received in FW

LA Status: Waiting For == =i reees
atus: Waiting For “g. 1 trigger for this ILA core

Dashboard Options

], decoding0/g_ COSTTTaTTo GO00G00STT {7 TFTTal. .. | O0DOD00STTTTTTTTD
dfdeehIcs

1000060000

TFFFTBTFF
10000000
100000ad=
100000080
500000080
00000060
08000060

500000000 100000000

100000000 dogo0000e

100000000

| |
| |
| |
! !
| |
} il }
l l
! !
| |
| |
| |

1006060000

Settings -hw_ila_1 | Status - hw_ila_1 Trigger Setup - hw_ila_1 Capture Setup - hw_ila_1

> » B a + o,
~  Name Operator
Core status ® Waiting for Trigger o | pixelmode. g_LPGBT Links[O].Li Data_dbgl0]_1[35:0]
Capture status - Window 1 of 1
3 Window sample 1024 of 2048
— v o<

00000005 T 111104, .

1155
100600000

TR
1005060000
Too1S

300000000
00000000
00006000
00606006

Radix

1,024 1,025

00000005 T TTTTT0L. . ¥

TFFFFFFF

50000000

00000000
00000000

0000000
00606006

value
v X 55X 000K
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Aurora frames

1 service block 1 service block
N data blocks | | N data blocks | N data blocks

/'/7 ‘\‘\_
/'/7/- \\‘\‘\_
K-Word | 2b1D |2b stat. | 10b address| 16b value |10b address| 16b valuej
0-511 are global registers
512-895 are offset pixel row numbers
O1| N

S 63b of stream data
) OR
O1|NS|ID 61b of stream data ‘
OR
JUI 0x78  |AURORA code 48b unused ‘
Aurora K-Word code (hex) | Meaning

0xB4 both register fields are of type AutoRead

first frame 1s AutoRead, second 1s from a read register command
first is from a read register command, second frame is AutoRead
both register fields are from read register commands

Indicates an error. Fields are meaningless
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Reading register frames el e

Fle Edt Tools Reports Window Layout View Help

Syshon
hw_ila_1 (g_endpoints(0]. () idle
idle
dle
idle
dle
idle
< = >

[15:02:33:896] [
[15:02:33:896] [
[15:02:33:896] [
[15:02:33:916] [
[15:02:34:095] [
[15:02:38:146] [
[15:02:38:146] [
[15:02:38:146] [
[15:02:43:148]
[15:02:48:150] [
regvalue=100
[15:03:02:200] [
[15:03:02:210] [ 11
size of final raw data pointer=254
Capture sample count: 0 of 1024 Settings - hw, Status - @i Trigger Setup - hw_ila_1 Capture Setup - hw_ila_1 Zhe 1710000
ey i al+ N dzc7fceo 1ffeeoe d2c7fcee 1ffo000 d2c7fcee 1ffooee dzc7fcee 1ffeese dzc7fceo 1ffeoee
4 d2c7fce0 1f0000 d2c7fcoe 1ff0000 d2c7fcoo 1ffe000 d2c7fcee 1ffoee0 dzc7fceo 1ffooee
Core status @ | T T E— e TR d2c7fc00 1ffE00O d2c7fcO@ 10000 d2c7fcoe 1ffpEBD d2c7fc0B 1ffeO00 d2c7fce 1ffO000
5 Cotmmsimies Wi N - - : d2c7fce0 1ffe008 d2c7fcee 1ff0000 d2c7fcee 1ffpeee d2c7fces 1ffeess d2c7fcee 1ffepee
g oM [< > dzc7fcee 1ffe00e d2c7fcee 1ffeee0 d2c7fcee 1ffeeee d2c7fcee 1ffeese dzc7fcee 1ffeoee
dzc7fceo 17feeoe d2c7fcee 1770000 d2c7fcee 1ffeeee dzc7fcee 1ffeeee dzc7fceo 1ffeoee
d2c7fce0 1f0000 d2c7fcoe 1ff0000 d2c7fcoo 1ffe000 d2c7fcee 1ffoee0 dzc7fceo 1ffooee
d2c7fce0 1ffe008 d2c7fcee 1ff0000 d2c7fcee 1ffpeee d2c7fces 1ffeess dzc7fcee 1ffepee
d2c7fce0 1ffe006 d2c7fcee 1ff0000 d2c7fcee 1ffpeee d2c7fces 1ffeese dzc7fcee 1ffeoee
P dzc7fcee 1ffe00e d2c7fcee 1ffeee0 d2c7fcee 1ffeeee d2c7fcee 1ffeese dzc7fcee 1ffeoee
— dzc7fceo 17feeoe d2c7fcee 1770000 d2c7fcee 1ffeeee dzc7fcee 1ffeeee dzc7fceo 1ffeoee
Waveform - hw_ila 1 . d . d2c7fce0 1f0000 d2c7fcoe 1ff0000 d2c7fcoo 1ffe000 d2c7fcee 1ffoee0 dzc7fceo 1ffooee
o FW d2c7fce0 1ffe008 d2c7fcee 1ff0000 d2c7fcee 1ffpeee d2c7fces 1ffeess dzc7fcee 1ffepee
Qlki=siv»/miBajal= ¥« [M[M]e|or ok Data received in @ d2c7fc00 17f0000 d2c7fce0 170000 d2c7fco@ 170800 d2C7fcoe 11f0e00 d2c7fce0 1ffa0e0
sun trigger Forthis T core TP dzc7fcee 1ffe00e d2c7fcee 1ffeee0 d2c7fcee 1ffeeee d2c7fcee 1ffeese dzc7fcee 1ffeoee
Name 2 " d2c7fce0 1f0000 d2c7fcoe 1ff0000 d2c7fcoo 1ffe000 d2c7fcee 1ffoee0 dzc7fceo 1ffooee
T = = I d2c7fce0 1f0000 d2c7fcoe 1ff0000 d2c7fcoo 1ffe000 d2c7fcee 1ffoee0 dzc7fceo 1ffooee
T5e7d ) d2c7fce0 1ffe008 d2c7fcee 1ff0000 d2c7fcee 1ffpeee d2c7fces 1ffeess dzc7fcee 1ffepee
) d2c7fce0 1ff0000 d2c7fce@ 1ff0000 d2c7fcoe 1ffpeee d2c7fced 1ffeees dzc7fcee 1ffeoee
dzc7fcee 1ffe00e d2c7fcee 1ffeee0 d2c7fcee 1ffeeee d2c7fcee 1ffeese dzc7fcee 1ffeoee
d2c7fce0 1f0000 d2c7fcoe 1ff0000 d2c7fcoo 1ffe000 d2c7fcee 1ffoee0 dzc7fceo 1ffooee
d2c7fce0 1ff0008 d2c7fcoe 1ff0000 d2c7fco0 1ffo000 d2c7fces 1ffoeee d2c7fcee 1ffooee

=, B 3 ¥ Dashboard + Logic Analyzer v
HARDWARE MANAGER - localhosthlin_tcf/inx/00001 31 e9b101 3 [15:62:33:312] [ . ## Loading Configs ##
Hardware ? > hw_ila_1 hw_il. hy hw_ila_a hw_ila_5 hw_ila, hw_ila hw_ila hw_il. hw_ila_10 hw_ila_11 w_ila_1 hw_ila hw_ila_14 : [15:02:33:312][ L RERHRTHHRRRARTTHRARERIST
x| s 15:02:33:312] [ chip type: RDS3B
Qz|é > » » Waveform - hw_ila_1 . ? [ .
i [15:02:33:312]1[ Chip count 1
: stat 2 P e i 7 : : ) )
o eermactel g|al+i= P> MB (@ @ X% |« M[M|=]sr|s of | Command sent to the Chlp o [15:062:33:312] [ Loading chip config #0
~ E e xilinx_tcfixilinx/00001 3e1 e9b] Open S| 1A status: Idie [15:02:33:312] [ Added FE: Tx(®), Rx{(@) under ID @&
@ xckul15_0 Programm g [15:02:33:895][ L RETHRTHHRRRRETIHRRHHRRRS

: ## Configure FEs ##
B s
Connected to 127.0.6.1:12340
Configuring JohnDoe @
sent configuration to all FEs in 199 ms!
Checking com JohnDoe ©
Enable RX elink: 0x@
: ### NetioHandler -> Adding channel: ©
: ### NetioHandler -> Adding channel: 1
Checking communication for JohnDoe © by reading a register

ILA Core Properties

a1 =0

¥ g_endpolints|

Name: hwila_1 A

Cmd Sending RdReg(id(15),addr(21))

Command sent

cell g_endpoints(0].g_enableF

Device: @ xckulls 0

HW core: core 1

Core status: idle

General  FProperties

0013ele9b101

ILA Status: Waiting For ™

Dashboard Options

are
1000060000

12308abas

\ \ \
\ \ \
\ \ \
| | |
TFFFFFFFT ‘ FRFFFFFFT ‘ FIFFTFTeT ‘ TR l d2c7fce® 1ffeeee d2c7fcee 1ffeeee d2c7fced 1ffeeee d2c7fce® 1ffeeee d2c7fcee 1ffeeee
50000000 ‘ 16600000 ‘ 106300000 ‘ s d2c7fce® 1ffeeee d2c7fcee 1ffeeee d2c7fced 1ffeeee d2c7fcee 1ffeeee d2c7fcee 1ffoeee
1 060 ‘ 100000305 ‘ 00150064 ‘ T7100000 k d2c7fcee 1ffeeee d2c7fcee 1ffeeee d2c7fcee 1ffeeee dzc7fcee 1ffeeee d2c7fcee 1ffeeee
100000000 ! 500000000 ! 500000000 | 100005000 v d2c7fco0 1ffoee0 d2c7fcoo [15:03:02:211]1[ error 11 Rd53h 1[27007]1: Received wrong number of words (254) for Jol
500090000 [ e — [ TR | e — ) [15:063:02:211] Can't establish communication, aborting!
e R e B
Updated at - 8
‘ » This time packets are received by YARR, they are auto reads in both
2 <
settings w1 | staus - a2 rgger setup<hw it Captaresetup - a2 the register fields (oxDz2 instead of OxB4 due to a bug in ItkPix).
¢ > » N a + o, . .
corestotes @ watmatortiamr T Meme o e We need to filter out these auto reads otherwise the FelixCore buffer
9 99 g_e J_F Imode. g_LPGBT Links|[0].Li Data_dbg[0]_1[35:0] == ~ [H] v X SEXX 00K ~
Capture status - Window 1 of 1 getS full VeI‘y quicl<1y

f Window sample 1024 of 2048

— v o< >
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Removing auto-reads

* To remove the several auto reads, we build a new firmware ourselves.
* We defined “is_good_userk” flag which is used to copy over the DCS frames with K-word “ox55” or “0x99”, in the readout data elink.
* Hence, removing the auto reads while reading out from elink o.

--DEMUX to separate data (hits) from k characters (service) 64b66b top.vhd

is_good_userk <= '1' when (rx_pe_data_i(63 downto 56) = x"55" and rx_user_k_i = '1') else
'1' when (rx_pe_data_i(63 downto 56) = x"99" and rx_user_k_i = '1') else
o'

datadcs_out(63 downto @) <= rx_pe_data_i when (rx_user_k_i='1") else (others => '0');

datadcs_out(64) <= (rx_user_k_i and en40_i) and mask_k;

data_out (63 downto @) <= rx_pe_data_i when (rx_user_k_i='0' or is_good_userk = '1') else (others => '0');
data_out(64) <= (rx_pe_data_v_i or is_good_userk) and en4@_i;

sep_out <= rx_sep_i;

[1339]: ~~~ }

[1339]: #HHRAIERIHAR LIRSS
[1339]: ## Loading Configs ##
[1339] = HAHHHBHAWGAAR SRR G A

[ scantelper ]
]
1
1
[ ScanHelper 1[1339]: Chip type: RD53B
]
1
1
1
1

ScanConsole
[ ScanConsole
ScanConsole

[15:57:06:207]1[ info
[15:57:06:207]1[ info

Alternatively, A e
- DECODING_MASK64B66BKBLOCK[3:0] register in

[15:57:06:2071[ info

ScanHelper [1339]: Chip count 1

. . . [15:57:06:207][ info ][ ScanHelper [1339]: Loading chip config #6
FELIX firmware also helps In removing the service [15:57:06:2071[ info Bookkeeper  1[1339]: Added FE: Tx(0), Rx(0) under 10 ©
[15:57:06:796]1[ info [ sScanConsole [1339]: HAURRREHAHA AR
f f. F I, l 1, [1339]: ## Configure FEs ##
[15:57:06:796][ info ][ ScanConsole ][1339]: #HERHHHHEEEE
ra'mes rom e IXCOI'e to networ < C lents' [15:57:06:796][ info [NetioHW: : TxCore][1339]: Connected to 127.0.0.1:12340

. « » [15‘57‘06‘816]; info Scaﬂ(owso}e ];L339]‘ Configuring JohpDoe70
* Setting “DECODING_MASK64B66BKBLOCK=0x0 (3370001 info J1 Scanconsole 1113301 cracking com sabmpascor T In 162 ™!

[15:57:11:032][ info
[15:57:11:@32][ info
removes all the auto reads. e
regvalue=100
[15:57:30:084]1[ info
[15:57:30:094][ info ]

Time elapsed since readiﬁg the buffer=30
Number of RDPs looked at in this time interval=o0

[NetioHW: :RxCore][1339]: Enable RX elink: ©x0
Netio::Handler ][1339]: ### NetioHandler -> Adding channel: @

i

1

]

1

1

1

]

1

1
[15:57:06:796][ info ][ ScanConsole

]

1

1

]

1

1

1

] Rd53b 1[1339]: Checking communication for JohnDoe @ by reading a register

1

Rd53bCmd 111332]: sending RdReg(id(15),addr(21))
[1339]: Command sent

> Update to latest software version (FLX-1994) (13:56:00: 054 NS (- <:.ot1 1 connmication, aboriing!
> Check AXI stream output of the encoder in FW. *  No raw data pointer was found.
» Check display-stats in FELIX software, if the data chunks are set for timeout. .

The auto reads are clearly removed.
> Switch to FELIX-client (new FELIX SW).
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https://its.cern.ch/jira/browse/FLX-1994

Various DAQ SW developments

e e

\
Enable parallel pixel masking ge‘ﬂ

OccupancyMap

 The latest “devel” branch of YARR has a new class
Rds3bParMaskLoop to set the pixel masking.

* This works by sending very long commands for one core column
only, in each mask stage (different from the previous
Rds3bMaskLoop).

* The chip then broadcasts the long command to all other core
columns, to enable the pixel matrix for injections in that mask
stage.

* But, it is not working as expected through NetIO-FELIX.

Column

The rows of the core column are not
properly set in a normal digital scan.
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https://gitlab.cern.ch/YARR/YARR/-/blob/devel/src/libRd53b/Rd53bParMaskLoop.cpp
https://gitlab.cern.ch/YARR/YARR/-/blob/devel/src/libRd53b/Rd53bMaskLoop.cpp

The “long” command

* This is WrReg(1) command, which starts with “ox66a6” (write Register + chip ID), followed by “oxa66a”.

* After that, to enable the masking for one core column, the FiFo is written out with 384 16-bit data words (“ox6a6a”, but

can be different as well).

* The software then writes out the sync “ox871e” and Pll lock “oxaaaa” words at the end of WrReg(1).

Command startshere

From NetIO-YARR, we can see
the full command being written
out to the FiFo.

Command ends here

B

YARRlog

[16:
[16:
[16:
[16:
[16:
[16:
[16:
[16:
[16:
[16:
[16:
[16:
[16:
[16:
[16:
[16:
[16:
[16:

[16:
[16:
[16:
[16:
[16:
[16:
[16:
[16:
[16:
[16:

35:
35:
35:
35:
35:
35:
35:
35:
35:
35:
35:
35:
35:
35:
35:
35:
35:
35:

35:
35:
35:
35:
35:
35:
35:
35:
35:
35:

59:
59:
59:
59:
59:
1295][
59:
59:
59:
59:
59:
59:
59:
59:
59:
59:
59:
59:

59

59:
59:
59:
59:
59:
59:
59:
59:
59:
59:

205][
2951[
205][
2957[
2951[

2951[
205][
2951[
205][
2951[
205][
2951[
205][
2951[
205][
2951 [
2951[

295] [
295] [
295] [
295] [
295] [
295] [
295] [
295] [
295] [
295] [

info
info
info
info
info
info
info
info
info
info
info
info
info
info
info
info
info
info

info
info
info
info
info
info
info
info
info
info

J[NetioHW:
J[NetioHW:
J[NetioHW:
J[NetioHW:
J[NetioHW:
J[NetioHW:
J[NetioHW:
J[NetioHW:
J[NetioHW:
J[NetioHW:
J[NetioHW:
J[NetioHW:
J[NetioHW:
J[NetioHW:
J[NetioHW:
J[NetioHW:
J[NetioHW:
J[NetioHW:

T [NetioHW:
] [NetioHW:
T [NetioHW:
] [NetioHW:
T [NetioHW:
] [NetioHW:
T [NetioHW:
] [NetioHW:
] [NetioHW:
T [NetioHW:

:TxCore] [28149]:
:TxCore] [28149]:
:TxCore] [28149]:
:TxCore] [28149]:
:TxCore] [28149]:
:TxCore] [28149]:
:TxCore] [28149]:
:TxCore] [28149]:
:TxCore] [28149]:
:TxCore] [28149]:
:TxCore] [28149]:
:TxCore] [28149]:
:TxCore] [28149]:
:TxCore] [28149]:
:TxCore] [28149]:
:TxCore] [28149]:
:TxCore] [28149]:
:TxCore] [28149]:

:TxCore] [28149]:
:TxCore] [28149]:
:TxCore] [28149]:
:TxCore] [28149]:
:TxCore] [28149]:
:TxCore] [28149]:
:TxCore] [28149]:
:TxCore] [28149]:
:TxCore] [28149]:
:TxCore] [28149]:

NetioTxCore:
NetioTxCore:
NetioTxCore:
NetioTxCore:
NetioTxCore:
NetioTxCore:
NetioTxCore:
NetioTxCore:
NetioTxCore:
NetioTxCore:
NetioTxCore:
NetioTxCore:
NetioTxCore:
NetioTxCore:
NetioTxCore:
NetioTxCore:
NetioTxCore:
NetioTxCore:

NetioTxCore:
NetioTxCore:
NetioTxCore:
NetioTxCore:
NetioTxCore:
NetioTxCore:
NetioTxCore:
NetioTxCore:
NetioTxCore:
NetioTxCore:

rwriteFifo
:writeFifo
rwriteFifo
rwriteFifo
:writeFifo
rwriteFifo
:writeFifo
rwriteFifo
:writeFifo
rwriteFifo
:writeFifo
rwriteFifo
:writeFifo
rwriteFifo
:writeFifo
rwriteFifo
:writeFifo
:writeFifo

:writeFifo
rwriteFifo
:writeFifo
rwriteFifo
:writeFifo
rwriteFifo
:writeFifo
rwriteFifo
rwriteFifo
:writeFifo

elink=0
elink=0
elink=0
elink=0
elink=0
elink=0
elink=0
elink=0
elink=0
elink=0
elink=0
elink=0
elink=0
elink=0
elink=0
elink=0
elink=0
elink=0
elink=0
elink=0
elink=0
elink=0
elink=0
elink=0
elink=0
elink=0
elink=0
elink=0

val=0x66a6a66a
val=0x6a6aGa6a
val=0x6a6a6aba
val=Bx6a6a6aba
val=0x6a6aGa6a
val=0x6a6a6aba
val=0x6a6aGa6a
val=0x6a6a6aba
val=0x6a6aGa6a
val=0x6a6a6aba
val=0x6a6aGa6a
val=0x6a6a6aba
val=0x6a6aGa6a
val=0x6a6a6aba
val=0x6a6aGa6a
val=0x6a6a6aba
val=0x6a6aGa6a
val=0x6a6aGa6a

val=0x6a6a6a6a
val=0x6a6a6a6a
val=0x6a6a6a6a
val=0x6a6a6a6a
val=0x6a6a6a6a
val=0x6a6a6a6a
val=0x6a6a6a6a
val=0x6a6a6a6a
val=0x6a6a6a6a
val=0x81Teaaaa

LBL Weekly Instrumentation Meeting, 21 July 2023

Angira Rastogi

BERKELEY LAB

22



Tracing with ILA

* Looking at two ILA signals from the ENCRD53 block: cmd_data[15:0] and ser_data[15:0].
* cmd_data[15:0] has the actual command from YARR-NetIO, while ser_data[15:0] is the processed one (with some delay) that gets routed out to

the Chlp‘ 13elesblol

hw_ila_1

Waveform - hw_ila_1
Q + = 2 p » B E & @ H ¥ « MM = 2r 4 [a - o

ILA Status: Idle

Shorter commands for setting
some global & pixel registers
while preparing for the scan.

Dashboard Options

Settings - hw_ila_1x Status -hw_ila_1 Trigger Setup - hw_ila_1 Capture Setup - hw_ila_1
-~ "y
Trigger Mode Settings Q + T,
Trigger mode: Operator Radix Value Port Comparator Usage
1].Epath0/g_includeEpath.g_EncoderRD53.EncoderRDS3/ser_data_i[15:0] == w [H] v BBAG + probe2l[15:0] 1lofl

< > <

So far so good...
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https://gitlab.cern.ch/atlas-tdaq-felix/firmware/-/blob/phase2/master/sources/RD53/ENCRD53.vhd

The “problem”

~
:}Iﬂ

BERKELEY LAB

e9blol

While cmd_data[15:0] is

r_ila_1

“ox6aé6a” for the whole
length, ser_data[1s:0] is
replaced with “oxaaaa”.

Waveform - hw_ila_1
Q + - LI 2

ILA Status: Idle

4 g_endpoini

Command starts here

Command ends here

* Needed to be fixed in the
firmware.

_ Updated ati

< > <

Settings - hw_ils_1

Status - hw_ila_1

. Opened a ]IRA tiCket: Trigg.er Mode Settings )
FLXUSERS"615) ﬁXed. Trigger mode:

Trigger Setup - hw_ila_1

a + o,

< > <

Capture Setup - hw_ila_1

Operator

1].Epatho/g_includeEpath.g_EncoderRD53.EncoderRD53/ser_data_i[15:0] ==

== ~

Radix value Port
H1 ~ GBAG ~ probe21[15:0]

Comparater Usage
1ofl
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https://its.cern.ch/jira/browse/FLXUSERS-615

Various DAQ SW developments reler e

Weekly Instr. meeting,
June 30th

\
Data processor feedback ﬂe‘ﬂ

* Along with sending out larger commands, allow
YARR to continue reading the received data in
each iteration, while concurrently looking at the
feedback from the DataProcessor.

* The reading cycle will continue until all the
incoming data is received.

e MR - otoldaie/YARR:devel DataFeedback exists
for strips, needs to be implemented for pixels.

LBL Weekly Instrumentation Meeting, 21 July 2023

DataProcessor feedback Edit

1% Open Alex Toldaiev requested to merge otoldaie/YARR:devel_DataFe.. [} into devel 9 months ago
Overview 23 Commits 32 Pipelines 25 Changes 19 All threads resolved! %

The DataProcessor s geta ClipBoard<FeedbackInfo> *fhStatus to send their feedback info about data parsing-processing to
LoopAction s. The struct {integer trigger_tag} FeedbackInfo and Receiver class are declared in FeedbackBase.h.

LoopAction s that inherit the class RecieverOfRawDataProcessingFeedback can connect the map to such Clipboards.

The ScanHelper keeps such a map, and sets it for the ScanFactory : ScanBase in buildScan, and in buildRawDataProcs for the FE
processors.

The StdDataloop sends multiple RawDataContainer s with LoopStatus::is_end_of_iteration = false in one scan iteration (default
is true ). When it considers the iteration has finished, it sends an empty RawDataContainer with is_end_of_iteration = true, that
marks the end of the scan iteration. DataProcessor s process this container as any other, create FrontEndData with the same
LoopStatus and pass to HistogramAlgorithm . The HistogramAlgorithm pushes all incoming data to analysers. When it sees
is_end_of_iteration = true, it calls publish, and resets analysers for new iteration.

The StdDataloop considers the iteration has finished, when it runs out of the total time for iteration ( total_iteration_time_us injson
config, or 500us default), or it received the processing feedback for all expected triggers ( m_trigloop->getTrigCnt() = trig_count in
the config of the trigger action). It checks for the feedback only if the feedback has been set up { feedbackFromRawDataProcessing !=
nullptr ).

The preliminary (not tested yet) real usage of this feedback mechanism is implemented in StarDataProcessorFeedback and
StdDatalLoopFeedback .
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https://gitlab.cern.ch/YARR/YARR/-/merge_requests/582
https://indico.physics.lbl.gov/event/2614/#1-summaries-from-iso-traq
https://indico.physics.lbl.gov/event/2614/#1-summaries-from-iso-traq

Implementing feedback for pixels

* Adding a new clipboard to gather feedback, one per front-end.
* Pushing the data received from StdDataLoop class to the feedback clipboard for analyzing data.
* Counting the number of unique tags (or triggered-events) collected. Pushing this feedback in the event data clipboard.

@  [FEEIEN ccole) [T 0 Qrowl[e] [Hmap[4.]]ToTs[:]| Ccol2ie] [0 Qrowlie] [ Hmap[4 o 30] | ToTs[4to 64]
©  [EGEEIN ccoifs] [010  Qrowife) ToTsfd..] 1 0 Qrowafg] ToTs{4 to 64]
©  IIEEEI ccoils] 000 Qrowifs] [Hmap(4.] | TeTs@l] d 1 [ Hmap(4 w30] | TS0 64]

@ [RGB ccolte) (110 Qrowafs] [Hmapié.]] ToTs(d...| [INNTaG2EIM Ccofe] [110  Qrowi(s] [Hmap[d.)]ToTsid:.]

© DTG ceous (10 qroviiel [Fmap.T] Torsi. RSN cooutsl (00 or whether the trigger loop has Maximum timeout for Received rx data corresponding
B Moo Wi Wi Misaitioe i Wi finished sending all the data reading rx data to all the triggers

o8

* Finally, StdDataLoop checks the feedback condition: “Itrigger_is_done || (there_is_still_time && !received_all_triggers)”
 Iffalse, then moves onto next core column loop.

 Iftrue, performs another rx read cycle. b P g
ot
s 29° ay
Digital scan, Rds3bParMaskLoop, Mask stages = 64, Injections = 100, firmware-triggerring ™ et T
PNl e e o\
3\ e\ ) = b S o 2 B :
. . . . . . 5ot \1\“)\1‘ o “o:\:; ‘\:(\r\e
No feedback With full feedback implementation | With full feedback implementation PRl e
(latest devel branch) (specCard, birdspider PC) (FELIX-NetIO, littleoakhorn PC) é;.é\ ei\ome‘ge - 350(;§:3\n* e
west® R Lt i
Oa\a %5‘09\(20 P10 x eme\;:\:e Samem
real om10.460s real omi10.794s real oms34.570s o5 e 20
2 ) eme‘e? o8 |
user 0m9.881s user 0m7.334s user OmMI2.264s ot pontels
o e 2
sys Omo.916s sys omz2.158s sys 0m4.464s ‘:Zf:;c:;“;es I Merge request
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https://gitlab.cern.ch/otoldaie/YARR/-/merge_requests/3

Summary & immediate next steps

* My qualification task has officially ended”, but I'll still continue to contribute on the DAQ SW developments
actively.
* Many DAQ SW-related developments have been done over the past year at LBNL, yet so much more to do.

Some immediate action items are -

* Optimizing the timing and performance of the data processor feedback mechanism.

* Running all the standard QC scans, benchmark the timing in the latest & greatest setup.
* Reading service frames through FELIX-NetIO - still open but have some ideas now.

* Fix software-triggering in FELIX.
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Longer-term plans

July 2023

* Test the data transmission using FELIX for the 8-ITk Pixel quad module serial power chain.

* Test the data transmission using FELIX for the 5-ITk Pixel triplet module serial power chain (potentially for luminosity
measurements via cluster counting (Pixel Lumi Rings, general IS).
Both of these above will require us to get extra FELIX card, new optoboard, adapter boards to connect with the
modules more fiber optics etc.

* Medium-scale system-like test stand with FELIX for Pixels (& strips) to support DAQ development during
commissioning and operation. Eventual goal would be to support nightly tests via CI.

» Continued support to low-cost lab system readout hardware to support online software development (lower threshold
for contribution from local institutes to CERN operations).
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