New version of high performance Compute
Node(CN) for PANDA Streaming DAQ system
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PANDA Introduction

# PANDA is a next generation hadron
physics detector planned to be operated at
the future Facility for Antiproton and lon
Research(FAIR) at Darmstadt, Germany.

w1t will use cooled antiproton beams with a
momentum between 1.5GeV/c and 15
GeV/c interaction with various internal
targets.

Target Spectrometer Forward Spectrometer

# In the PANDA experiment, the
antiprotons will interact with an internal
target, either a hydrogen cluster jet or a
high frequency frozen hydrogen pellet
target, to reach a peak luminosity of up to
2x10%cm-2s,
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Requirements to DAQ system -8,

PANDA
. High Event Rate
# High event Rate: up to 20MHz, (V5 1o 20Mis}
m Each event: 1.5Kbyte-4.5Kbyte, $Lmb ngh N
# Considering electronic noise, | :';%*;,521‘?:,2;“"
background and signal | KTeu Catias
accumulation, DAQ shouldhas | " % = s A°
ability of data processing about §  guo ’ e
10¢
ZOOG B pS ' ;;, %\ aBarLLE2 High Data Archives
s CDF, DO _ (PetaBytes)
10° | 2 | )._,
How to deal with such big data A o
with NO Dead Time is a great e L ™
challenge to DAQ system. e -
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New concept of DAQ system

m Trigger-less streaming Detector
DAQ with event filtering i O b i
m FEE ADC_ self-triggered. el e | FEE ADC < ool
H FEE plpe||n9, NO Dead l Every hil‘zpstirage
T|me, with timing stamp
) . ) Compensate delay by | Mass Data Hardware
m Global time distribution  event reconsiriet | Byffering triggerless
. . an 1lter
for time stamping. l
Hit data are
defined as one Event

event and filtered Reconstruct
and storaged by

time stamp. al’ld Fi].teI‘

|
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PANDA DAQ system

H

Global time distribution for time ~ pime -

Stamping LT TN BRRRNRERRREY
’ Frontend e 'F:‘c;::nr::nd—unks

Ll Network, Cagﬁeﬁrétrr:tars-' _____ ““

m Extract particle information

like energy, position,
momentum and so on; L1 Network h

L2 Network,

m Make a preliminary
reconstruction for physics
events;

Event selection will be done

based on the research topics of

l."tl:anfi gurable
/High Speed
| Network
Feature [
Extraction

L2 Network High Speed Network

PANDA experiment. |10 Spoed Hetmork
. Selection [ Budt SdediorFhrfi |
Compute Node Is central board |
for PANDA DAQ. -,
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Old Version of CN(CN_V3)
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CNCB(CN Carrier Board) V3.3

# Function and performance

» ATCA standard | '
Zone 3 Zone 2 Zone 1
> Virtex-4 FX60 with PowerPC405, RTM Backplane
| _
> Embedded linux system for slow i 5 | = 3.125 Gbps serial
I j: 2|2 | [ x16 | = 600 Mbps LVDS || _
control, 2 x16 cIL cIL = Gigabit Ethernet || &
> 16 MGT channels connect to | [usB/uART {2 GiB DDR2 =
backplane, 3.125Gbps £ hub 700 | | Virtex-4 : 2
ZGBpDDRZ p A (ke ] P60 :
g : JTAG/ CPLD k--------- IPMC |
> 2 Gigabit Ethernet ports, bypass ' Il
> Oneto ATCA Z2 basic port Il
> Oneto RTM RJ45 i T N R S
> 64MB Flash, LA LR R 234 22 X3 X4
O=—0 e——0 =0
> JTAG, UART Hub, o 5 -
> [IPMC §>>§0——0 2x o=——0 2X o=——0
) X- o
> AMC Full mesh connection. 2xe
AMC Bay 1 AMC Bay 2 AMC Bay 3 AMC Bay 4
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Backplane Full Mesh for CN

# Full mesh backplane for
CN data sharing with
each node,

# Point to Point via one
MGT channel,

# Line rate up to 3.125Gbps
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# Full mesh connection for
AMC,

# Point to Point directly via
Carrier board,
» One MGT port,
» Two general LVDS links

# Line rate up to 3.125Gbps

Ch6-12, pin definition of AMC connector 4 RockstiO on AMC board
Connectivity on camer board, #ach channel has one input differential pair and one output differential pair
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XFP(XTCA-based FPGA Processors:

# Function and performance

>

YV V ¥V V V V V

Virtex-5 FX70T with
PowerPC440,

Embedded linux system for slow

control,

8 MGT channels
> 2xSFP+ port, 6.25Gbps/ch

> 6chsto AMC
connect,6.25Gbps/ch

12x 600 Mbps LVDS
2x2GB DDR2,

1 Gigabit Ethernet port,
64MB Flash,

PROM for FPGA configuration

2 UART ports,
MMC

2018/06/15

USB [—— USB-to-UART [—[ 100 MHz

- GbE [~ GMII
RJ45 PHY

| 156.25 MHz [

Virtex-5
2 x 6.25 Gbps serial FIX;())(T

12 x 600 Mbps LVDS

6 x 3.125 Gbps serial

MMC

S
+—
O
Q
c
c
o
O
@)
=
<

125 MHz |-I 64 MiB
MGTCLKs L2

4 MiB
PROM

ART

U
2 GiB DDR2

2 GiB DDR2
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ompute Node Upgrade: Carrier Board®,

FPGA: Virtex4d FX60 —> Ultrascale Kintex
xcku060

RAM: 2 GB DDR2 SODIMM —> 16 GB DDR4
(8 chips)
MGTs: 6.25 Gbps —> 16.3 Ghps

4 links to each AMC card (currently: 4 x600
Mbps LVDS)

12 links to ATCA backplane
1 link to RTM (10G Ethernet)

GbE switch:

4 AMCs,

1 switch FPGA,

1 uplink to ATCA Base Interface
1 RTM RJ45

10 Gigabit Ethernet to RTM(SPF+)

2018/06/15

AMC 1#

f

I

AMC 2#

f

g

AMC 3#

f

g

AMC 4#

f

g
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ompute Node Upgrade: Carrier Board®;

# Configuration: Flash/CPLD

(slave serial) —> automatic AMC 1#
from NOR Flash (master BPI) -HI |
# Programmable MGT clock — 106 et
CPLD as JTAG hub R ‘
H @ 10G
-HI o
# Keep:
m |2C buses, sensors AMC 3#
s IPMC/MMC -«-.«
AMC 4#
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& Crate:
¢ Two ATCA Slots,

¢ 12 Backplane channel point-to-point,
connection between two slots,

¢ 25Gbps/ch for Backplane connector.
¢ 24 hours, No error on 12.5Gbps.
& Error rate <1E-15.

Backplane MGT 10G 12channel

Backplane MGT 12.5G 12channel
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FPGAO-AMC MGT channel test

& Testing setup

¢ Four AMC loopback board,

¢ AMC connector on AMC and Carrier board support 10Gbps/ch,
4 12 hours, No error on 10Gbps and12.5Gbps.

¢ Errrate <1E-15.

[ <>
=

< _—

| P
AMC MGT 10G AMC MGT Pre-Cursor 12.5G

T Serial T/0 Links
Q fane Poe R Status  Bits  Errors BER BERT ‘Reset. | TX Pattern | KN Fatterm | TX Pre-C | T/ Fame s R Status  Bits  Errers BER BERT Reset TE Pattern  RE Pattern T Pre-Cursor
[ o
B G Usgrouped Links: © 5 o[ Ungrouped Links () .
43 B+ Link Group 0 (14) PRBS ~ PRBS ~ 0.00 dB = % Link Group 0 12) ~ Multiple
S % Link 14 MGT_X1Y2/TX MGT_X1Y2/RE 10.000 Gbps 6.54... 0EO 1. 528E-15 PRBS ~ PRBS ~ 0.00 dB x ~% Link 0 MGT_X1T4/T MGI_X1T4/RY 12 .49 3 OFED 2 517E-15 ~ 0.00 d (000D0)
& % Link 15 WGT_X173/TX WGT_XIT3/RX 10,002 Gps 6.54... OEO 1. 528E-15 PRES ~ PRES ~0.00 & % Link 10 WGT_X1T14/TE MGT_X1T14/RE 12,50, .. 3. 00 2.517E-15 ~ 0.00 dB (00000)
@& % Link 18 MGT_X1T4/TX MGI_X1T4/RI 10.002 Gbps 6.54... OFQ 1. 528E-15 PRBS ~ PRBS ~ 0.00 dB e ~% Link 11 MGT_X1¥15/TX MGT_X1F15/RX 12.50 3 OEQ 2 517E-15 ~ 0.00 dB (00000)
% Link 18 WGT_X176/TX MGT_YiT6/RK 9.999 Gbps 6.54 OEO 1. 528E-15 PRES 7 ~ PRES vona |® 4 2 2 o 0.00 4B (00000)
b o & ps 6.54.. : R % Link 12 WGT_T1T16/TE MGT_T1T16/RE 12. 49, .. 3. 00 2.517E-15 =
G S WCTXLT7/TX MGT IY7/RY 10DOZICEYE G 54 .. OB;1 ST 1S ERISHTEDIC SRybany vowd | dF g Lk 14 MGT_X1718/TE NGT_E1T18/RE 12,50 3 0F0 251715 - 0.00 & (©0000)
5% Lixk 20 WCTTLTE/IX MGT. BTA/RES L0 D00 CEYE 6 54 OB 1 28 La ERES S iR ENES V000 & | g LG Link 15 WGT_I1719/TE MGT_I1T18/RE 12.50. .. 3. 00 2.517E15 ~ 0.00 dB (©0000)
B o Ligk 24 NGI_R1T10/IX NGI_1710/RX 9. 998 Ghps 6. 0Ep:1 S2mE: 1n i i vO00 & | L % Link 2 MFT_X1¥6/TE MGT_I1T6/RE 12.50. . 3 0E0 2 517E-15 ~ 0.00 dE (0000D)
L WGT_T1T11/TE NGT_IT11/RX 10.002 Gops 6. 080 1.528E-15 (Resst ) PRBS ~ PRES oo | T b e [ (e b e e i
) % Link 2¢ MGT_X1T12/TX MGT_X1712/RX 10.000 Gbps 6.5¢. . 0EO 1.528E-15 [ Resat ) :xz = :xi = g gg g $ - L e - e e
e : /R 10, s 528515 (Remat ) - <N g i ;
% Linkizn NGI_T1T14/TX MGT_K1T14/RX 10. 000 Ghpx 6,54 e Lt i i % Link & WGT_T1T10/TE MGT_E1T10/RE 12. 49. .. 3. 0EQ 2.517E-15 + 0.00 4B (00000)
% Link 27 WGT_X1715/TX WGT_X1T15/RY 9.999 Ghps 6.54... OEO 1.528E-15 PRES ~ PRES ~0.00 & e Tian e i it <o oot Tl o —— e o oo
% Link 28 WGT_X1T16/TX WGT_X1716/RX 10.000 Gbps 6. OEO 1.528E-15 [ Rasat ) PRES ~ PRES ~0.00 & T - B o e o e RCTOT
%, Link 30 MGT_X1¥18/TX MGT_X1718/RX 10.002 Gbps 6. OEO 1.528E-15 PRES T ~ PRES ~ 0.00 dB LR MGT_T1712/TX MGT_I1T12/RK 12. -
% Link 31 WGT_X1T19/TX WGT_X1719/RX 10.000 Gbps 6. OEO 1.528E-15 PRES ~ PRES 7-bit v 0.00 &
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Summary

# New structure of Streaming DAQ system is designed for PANDA.
m Hardware Trigger-less
m No dead time
m Data driving

# Compute Node is central board for PANDA DAQ.
# New version of CN based on Ultrascale Kintex is finished.

m All essential functions are tested successfully.
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Thanks for your
attention.
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