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Global Trigger subsystem

ATLAS TDAQ Phase-ll Upgrade




Global Trigger subsystem

Ly ) Lo | pmoen | . Single-level Trigger in Run 4 (HL-LHC)
: et ‘E’LGMW - Installation at Large Hadron Collider Long Shutdown 3 ~ 2026-8
Soctor Logi | Processor. . New Global Trigger subsystem
: Etnchap. MPDT Trigger
e D, s Receive all trigger information from legacy / new systems;

Concentrate data for a full bunch-crossing (BC) event onto a

: (TR T
: ; Global Trigger

Event

single processor ~ MUX

Processor

ViV V! !f - Replace and extend functionality of the first stage of the Run-3
[ i ](L‘ topological trigger; Identify topological signatures, perform
Data Handlers Pl el offline-like (i.e. close to full reconstruction) algorithms on
Datj'f.ow N | Sereogtat full-granularity calorimeter data ~ GEP
¢ Output data (10 ki

Event Storage Event
Builder Handler ||Aggregator
Q ‘ 7

Send processed trigger information to Central Trigger Processor
I Il (CTP) for final decision ~ CTP-Interface

Event Filter )
Permanent
Storage
Processor Farm

’ https://cds.cern.ch/record/2802799/files/ATLAS-TDR-029-ADD-1.pdf
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Global Trigger hardware

« Firmware-based project Global Trigger System
o 3 layers (MUX, GEP, CTP-interface) ”‘}f;.f}ﬁ,f{:,iii‘,”s pr.il':s'z,rs

> Several processing nodes - e e

_'Lm_g_' ) ---- Trigger Information (serial)
—— Trigger Information (time mux)
------ FELIX links (serial)

o Common hardware platform ~ 50x
o Global Common Module (GCM) - cf. TWEPP-2021
o Advanced Telecommunications Computing _ : _ _ :
Architecture (ATCA) board \\\ ia% = _’LM 1 _
o  Simplify system design and long-term maintenance ; ﬁ g
« Generic Rear Transition Module (GRM)

o Mitigate the risks of the complex design and power

Demultiplexer

management

https://cds.cern.ch/record/2285584/

¢ Brookhaven
C 5

National Laboratory



https://iopscience.iop.org/article/10.1088/1748-0221/17/05/C05026
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Generic Rear Transition Module (GRM)

Samtec ECUO FireFly

2x ADM1066 power mgmt. 2x TxRx 25-Gb/s
sequencing and monitoring 12-ch pairs (6 GTY quads)
Samtec ECUO FireFly QSPI Versal Prime
4x Tx 25-Gb/s 12-ch modules from  2x 2Gb Xilinx VM1802
CERN MMC GCM MGTs via Zone-3 conn. flash ACAP FPGA JTAG, UART, SD 3.0, GbE RJ45, PHY

3% LTM4630 ; = b e | W | Ltm4700 veOINT
LTM4642 B el §E'F<X§AL& gg JANT . l*ﬂﬂ; DC/DC regulator
dual-rail DC/DC = — — ) = )
regulators | s ey o - ' i » Ly LR R ; ekl : Lp\c;‘?g .
e 0 o o 14 o e
12V power input DDR4 DIMM
from GCM = jitter-attenuator clock chips
~ GTY transceivers ref. clocks
Zone-3 connector
Samtec EBTM L/R
2*(40-diff, 10-single)
k:.‘ Brookhaven
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Generic Rear Transition

82x 25.8 Gb/s MGT links
GRM VM1802 : 2 TxRx 12-ch FireFly pairs, 24 GTY
MGTs ~ Communication with FELIX subsystem
GCM readout : 4 Tx-only 12-ch FireFly, 40 GTY MGTs
GCM control : 2*9x TxRx GTY MGTs pairs for 2
XCVU13P processing-FPGAs on GCM front board
through the Zone-3 connector

MGT ref. clocks by 2x Skyworks S15395
jitter-attenuator clock chips
Emulate LAr sRTM, compatible with LASP

IPGBT chip enables emulation of detector front-ends
(FEB2—LASP) for initial integration tests

Brookhaven

National Laboratory
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Module (GRM)

PWR 12vesow M e Block Diagram of GRM
anagement
ETBM1 4*10_R
FEX *20 Tx @25Gbps | 25G Firefly
- Transceiver 9 Rx&T, 12 Tx* 2
40 Diff. CLK_in
P
10 Single. LLK out
ETBM1 4*10_L '
FEX *20 Tx @25Gbps__| 25G Firefly
" [Transceiver * 9 Rx&Tx T 12T 2
40 Diff. CLK_in
ELK _out
10 Single. l—>PHY<—> GbE RJ45
v
et 25G Firefly
ctri2 > 122 Rx&TX
Clock Source 25G Firefly
Management _ ViM1802 1272 Rx&TX
SI5395°2 el : !
GTY...
e
Ref clk Int-
Oscs > elinks 12C GPIO
clock I I 1
Module 40MHz 10.24Gbps
Management Sl IpGBT VTRx+
2.56Gb)
Controller (MMC) ‘ SRS
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Versal bring-up CIPS, NoC, DDRMC

Table | Chart(Freq0)-Left Aligned | Chart (Freq 0) - Center Aligned

. New ACAP 7nm het. computing (PL, PS/OS) moh.s e ey T v

200 100 0 100 200
L

L ! L L

- New Versal flow, IPs Byte 0 ] ’ :

Nibble 1 i
] |}
. 1 Byte 1 ! ) '
. CIPS: Control, Interfaces & Processing System :
Byte 2
- NoC & DDRMC el
Byte 3
. . Nibble 1
- AXl-based interfacing, saves resources & power, P&R By 4
Nibble 1
runtime, CDC, SLRs xing: easier switch-based routing b
Nibble 1
* _ Byte 6
. 1080 MHz * 128b = 17.28 GB/s
. Byte 7
-  DDR4-MC 2400 MT/s: tests, margins > £120ps Nibbie 1
Byte 8
Nibble 1
versal_cips_0 axi_noc_0
o.cawoc o 1} P s r0
FPD_CCI_NOC_1 -+ i} + S01_AXI
FPD_CCINOC 2 i + S02_AXI core
FPD_CCI_NOC 3 + | + S03_AXI | APPLICATION
LPD_AXI_NOC 0 + i} + S04_AXI NO_C PROGESSOR
PMC_NOC_AXI_O + i + SO05_AXI X " & |
W XILINX fpd_cci_noc_axio_clk i+ sys.axo EI=IM cuo ooRa0 || [ CHO_DDR4_0_0 DAL ERE ADAPTABLE | bsp
V ERSAL fpd_cci_noc_axil_clk ]——- aclko -2<_- | ReaLTivE HARDWARE ENGINES
A fpd_cci_noc_axi2_clk aclkl | i RoCESS08,
fpd_cci_noc_axi3_clk l aclk2 ;’L”FORM
Ipd_axi_noc_clk ——| | aclk3 MANAGEMENT
pmc_axi_noc_axi0_clk ——l aclk4 ‘_mzw
gem0_tsu_timer_cnt[93:0] = aclk5 PROGRAMMABLE NETWORK ON CHIP
plO_ref_clk
~ AXI NoC 32Gb/s MIPI
Control, Interfaces & Processing System ¢_counter _binary_0 xslice_0 o oore | saam | Mol enemertl sreei WerE R
sys_clk0_0 [ i emekeT, | conss cores enoines | 10
K qQ310) Din(31:0]  Dout{0:0] [ heart_beat_o_0[0:0] I I leasEl

Binary Counter Slice



I12C devices configuring and monitoring

. 3Xx TMP435 . Scripts for 12C:
- Board and Versal die temperatures « Devices Configuration

. 11x INA226 - Power consumption
. Power rails - Thermal performances

. 2x TCAB424 GPIO expander . Vitis C bare-metal ARM
. FireFly’s un-reset Cortex-A72 dappsS

. 4x SI570 - UART, DDR4, GbE

. 2% SI5395 . PetalLinux 2021.2 —- OS —
. 390.625 MHz GTY ref. clocks Python3

. LTM4700 DC/DC regulator VCCINT - modules

. IpGBT ASIC . Ssh server
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14-Gb/s FireFly modules

e 24 |oopback optical links (12 Tx + 12 Rx)
e 12.8 Gb/s, PRBS-31, BER < 1E-9 for IBERT

EyeScan

e GTY quads 103-104-105, 106-205-206
e All links up and running error-free
o BER <1E-13

Link

Open area

q104_ch0

8640

q105_chO

8640

q106_chO

6848

g205_ch0

7360

g206_ch0

8000

AVG

7900
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dashboard 1 x| Scan Plots - ff q105 ch0 x| Scan Plots - ff q104_ch0 x Scan Plots - ff q103 ch0 x

- Q el C 2|6 |Contour‘F\Hed‘ v

Unit Interval

-0.5 -0.4 -0. -0. -0. 0

80

30

-20

Voltage (Codes)

-70

-120
Summary Metrics Settings
Name: SCAN_4 Open area: 8640 Link settings: N/A
Description:  ff_q104_cho Open Ul %: 66.67 Horizontal increment: 8
Started: 2022-02-08 11:03:40.268799 Horizontal range: -0.500 Ul to 0.500 UI 1 2
Ended: 2022-02-08 11:04:06.539095 Vertical increment: 8

Vertical range: 100%

BER

3.3e-01
1.0e-01
5.0e-02
1.0e-02
5.0e-03
1.0e-03
5.0e-04
1.0e-04
5.0e-05
1.0e-05
5.0e-06
1.0e-06
5.0e-07
1.0e-07
5.0e-08
1.0e-08
5.0e-09
1.0e-09




25-Gb/s FireFly modules

Used 20-meter fiber loopback (no loopback

module available)

25.8 Gb/s, PRBS-31, BER < 1E-9 for IBERT

EyeScan

All links up and running error-free

o BER<1E-13

Link Open area

q106_ch0 | 4864

q205_ch0 5184

q206_ch0 6080

AVG 5380

©
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dashboard 1 x Scan Plots - ff_25G_q106_ch0 | x
- Qlaldlc |l IContourAF\ Close v

Unit Interval

0.5 -0.4 0.3 0.2 0.1 0 0.1 0.2 0.3 0.4 0.5

100

50

Voltage (Codes)

1.0e-06
\ 5.0e-07

-100

Summary Metrics Settings
Name: SCAN_9 Open area: 4864 Link settings: N/A
Description:  ff 25G_g106_ch0 Open Ul %: 55.56 Horizontal increment: 8
Started: 2022-02-08 13:53:10.305131 Horizontal range: -0.500 Ul to 0.500 UI 1 3
Ended: 2022-02-08 13:53:19.331529 Vertical increment: 8

Vertical range: 100%




GRM IpGBT test-bench

IpGBT
Low-Power Giga-Bit Transceiver for Emulation of
detector front-end on GRM

Radiation-hard ASIC, protocols for front-end readout
IpGBT configuration via 12C (VM1802 master) or

IC/optics (FELIX)
Send/Check IpGBT data on VM1802, through both
uplink and downlink loopback via electrical links

C3 gle3 1pGBT
(eLinks) and optics on VTRx+/FireFly’s [-185] ASIC
eLinks: IpGBT CLPS compatible with VM1802’s LVDS
VTRx+ [Versatile Link PLUS, a radiation-hard optical
transceiver]: high-speed asymmetrical (uplink Tx
10.24, downlink Rx 2.56 Gb/s) bidirectional optical
links between the VTRx+ and FireFly

k;‘ Brookhaven

National Laboratory




Testing IpGBT Uplink and Downlink

*  Down-link

- VM1802 PRBS data generated, encoded, scrambled GRM
VM1802 FPGA board
+ GTY — FireFly optical module @ 2.56 Gb/s Down/Up-links, back/front-ends
. VTRx+ — IpGBT ASIC, decodes 1/12 Tx -
IpGBT Gen MGTs 1/12 Rx FireFl
- Distributed to output eLinks (CLPS) — VM1802 back. } il ———| MreFly o
d Chk Tx0, Rx3 PxRxd2 :
.« VM1802 data is checked (with eCIk). &1l ' |
Uo-link 10.24 ¢ optical |
. -lin

g IpGBT front-end eLinks Sl TR :
«  VM1802 raw data generated FECS | |
Chk Gen | 2.56 |
+ Sentto input eLinks (LVDS) — IpGBT, encodes | Gb/s :

|
* VTRx+ — FireFly optical looped-back @ 10.24 Gb/s 13/16 eLink OUT * 16/24 eLink IN :
@ 80 Mb/s + eClks @ 320 Mb/s > Tx0 |
«  VM1802 decodes, descrambles and checks |
_ _ IpGBT ASIC e VIRx+  [<-—

(with adaptation [pGBT-FPGA repo to Versal). TXRX or Simplex-Tx/RX  |<— x Rx

SI1570 40M

¢ Brookhaven
National Laboratory 15



https://gitlab.cern.ch/gbt-fpga/lpgbt-fpga

Conclusions
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Conclusions

e ATLAS Global Trigger is a new firmware-focused project designed to meet new
trigger requirements for the High-Luminosity runs of the Large Hadron Collider

e Global Trigger common hardware: GCM + GRM. Board design, fabrication, bring-up
and testing is completed successfully for all functionalities

e Demonstrated Versal-lpGBT communication; both devices will play crucial roles in
ATLAS TDAQ for a long time, so experience on GRM will be also valuable to other

projects (e.g. upcoming GCMv3 and FELIX FLX-18* Phase-Il hardware - poster)

o Lessons learned in new Xilinx Versal family, several bugs reported and resolved 2022.1

¢ Brookhaven
National Laboratory 17
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GRM bring-up completed

Power . Transceivers, FireFly’s
LTM DC/DC regulators and power rails .  GTY transceivers
Ripple measures (Tektronix TPR4000) . FireFly’s 14-Gb/s
Managing and sequencing (ADM1066) . FireFly’s 25-Gb/s (alpha)
MMC verification with ATCA IPMC (GCM via . IBERT 12.8 Gb/s, 25.78125 Gb/s
ZoneJ3 conn.), hot-swap, [de]activation . |pGBT

Versal & interfaces 12C and IC regmap configuration

PL, CIPS, NoC, DDRMC . eLinks CLPS & LVDS

PetaLinux build, OS boot . - Up-link VM1802 loopback
PS, I12C devices configuring and monitoring Down-link VM1802 loopback

bare-metal ARM-A72 C apps, Python3, kernel
( _ PP Y Clocks and Decoders locked correctly
drivers devtree)

JTAG, UART, SD 3.0, GbE

'\? Brookhaven

National Laboratory




Versal - Bugs / Lessons learned

©

Vitis
Versal example application issues (GbE Echo
server C source, missing libraries lwip, DDRMC
not ready, ...)

Vivado

Versal design flow
IBERT integrated in GTY MGT wizard

Removed dynamic LPM/DFE switching
Multi-rate MGT IBERT
Glitches (menus, importing CIPS/NoC block
design resets clocks, < 2400 MT/s Complex
patterns in margin analysis absent, NoC IP
instantiated as RTL component allowed, but
should not - BD only)

PetalLinux
PetaLinux does not mount full rootfs when boot
INITRD images
Linux won’t boot if Inter Processor Interrupts are
not enabled to A72

Brookhaven

National Laboratory

- Early Versal experience

Versal design flow
Versal-IpGBT interfacing
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GCM & GRM

Zone3

E olmmnm i
A
N EEE
TR
L
TIPS

LAr LOCalo
Phase-Il Phase-I
LAr
Phase-ll \
Tile AN CTP
Phase-lI f Ittt LOCTP
LOMuon N
from MUCTPI \‘ FELIX
Data
Aggregators Event
(Multiplexers) Processors Demultiplexer ,
Global Trigger System >
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Versal power rails and sequencing

Delayed until
Vccaux workaround

applied

May be
combined with

1.5V Vceceo rail

k:.\ Brookhaven

National Laboratory

VCCO (HDIO)

ICCO (XPIO

MGTYAVCC

w

MGTYVCCAUX

MGTYAVTT

OO0 Q

~N oo O,

(System)

VCCO_500

VCCO 501

VCCO 503

Combine all
like-voltage
Vceo Rails

For unused Vcco
banks or GT
power domains,
connect to
ground

vDDQR2 vDDQ2

Y

LTM4700 100A

12vDC

VPP VREFCA

DDR

vDDQ
VDD

External Program Memory

\ 4

VM1802 (VCCINT, VCCSOC)

VM1802

LTM4630A 4’—) (MGTYAVCC)
Dual 18A R H Ll
VM1802
(MGTYAVTT)
LTM4630A > bt
o (VCCAUX VCCAUX_SMON VCCO_15)
SYS 2.5V
(DDR4, GEE, IpGBT)
> ‘ VM1802
\ (MGTYVCCAUX)
—> VDD_1.0 (GBE)
4,—) FireFly TX 3.8V
LTM4642
Dual 4A
VM1802
(S15345_VDD_1.8 SYS_1.8)
> »| IpGBT 1.2V (VDDA VDD VDDTX VDDRX)
> VM1802 (VCCO_1.2V)
DDR4_VDD
»  TPS51200
ISoER —> DDR4_VTT
LTM4630A R
Dual 18A | VM1802 (VCCO_HDIO)

Y

SYS_3.3V

Power-on
Sequence

@

_\ ®

®

® ©

® 66 0 66 06 6
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0.8 39.8 31.8 VCCINT LTM4700

0.8 15 1.2 VCC_PMC LTM4642

0.8 0.3 0.2 VCC_RAM LTM4642

0.8 2.7 2.2 VCC_SOC LTM4642

1.5 1.9 29 VCCAUX LTM4642

0.88 3.7 3.3 MGTYAVCC LTM4630A

1.2 4.2 5.0 MGTYAVTT LTM4630A

1.2 5 6.0 SYS_1V2 LTM4630A

1.8 0.6 11 SYS_1V8 LTM4642

2.5 0.2 0.5 SYS_2V5 LTM4642

33 3.6 11.9 SYS_3V3 LTM4630A

0.6 0.75 1.0 DDR4_VTT TPS51200 from SYS_1V2
1 0.1 0.1 VDD_1V0 TPS7A8801 from SYS_2V5

1.5 0.01 0.0 MGTYVCCAUX TPS7A8801 from SYS_2V5
Brookhaven
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MMC: Module Management Controller

https://espace.cern.ch/ph-dep-ESE-BE-uTCAEvaluationProject/MMC project/default.aspx

e --.‘/"-v'-“*\

g
'l Shelf External System
Q‘\_\_ . &anage’r/ LD oy
T ShMC Shelf Management Controller
H H IPMC IPM Controller
S S Carrier IPMC ~ Carrier IPM Controller
~ Shelf | | Shelf MMC Module Management Controller
Manager| |Manager
Active | | Backup
IshMc || ||shmc|

e I ....... 1 E I ........ = Redundant |pMB_0

Carrier Board

1-aNdl

CERN MMC Mezzanine

« Sensor management by IPMC in GCM

2x Redundant Radial Internet Protocol -Capable Transport

¢ Brookhaven
k 25
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https://espace.cern.ch/ph-dep-ESE-BE-uTCAEvaluationProject/MMC_project/default.aspx

Hardware Setup of IBERT Test

GCM-GRM [Weigang]

® 16 GTY TX links between GCM and GRM

Optical Fiber \

O  Source: Two big processor Ultrascale+ FPGAs on GCM
(each FPGA has 8 links in bank 128 and 129) .
Q  Path: Two Zone3 connectors between two boards.

O  Destination: TX FireFly modules on GRM

® RX side on GCM

d  Optical fibers from GRM to GCM
Transceiver data is received by GCM FPGA via RX FireFly modules

Links OK with 14-Gb/s modules IF custom emphasis/swing settings used
Verify with 25-Gb/s FF modules?
Now evaluate the performance of different electrical trace lengths at 25.8

Gb/s => high speed for RTMs!

RX on Board TX on Board
o~
l P
Firefly —>» + | MXLinks —>» Firefly
Ultrascale > Zone 3
Firefly —>» FPGA L —> —» Firefly
Ultrascale+ Versal
FPGA R SX Links FPGA
GCMv2 GRM/sRTM

'\? Brookhaven

National Laboratory
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Bare-metal and OS

Vitis C bare-metal ARM Cortex-A72 apps

- UART - “Hello world”
- DDR4 - Memory tests
- GbE - Echo server

GRM<&eroutereworkstation

lwIP TCP echo server
TCP packets sent to port 6001 will be echoed back
Start PHY autonegotiation
Waiting for PHY to complete autonegotiation.
autonegotiation complete

link speed for phy address 1: 1000
Board IP: 192.168.1.101

Netmask : 255.255.255.0
Gateway : 192.168.1.1
;CP echo server started @ port 7

National Laboratory

k? Brookhaven

. Linux OS

- Petalinux 2021.2 — 2022.1

- Device tree (GbE PHY, INA226, S1570
kernel drivers)

- SSH server

- python3 modules (e.g. periphery)

- ntp, git, i2c-tools, ...

root@2021:~# cat /sys/bus/iio/devices/iio\:deviceO/name
xlnx,versal-sysmon

root@2021:~# cat /sys/bus/iio/devices/iio\:deviced/in_temp160_ temp_ input
41.546875000

root@2021:~# cat /sys/bus/iio/devices/iilo\:devicel/name

ina226

root@021:~# cat /sys/bus/iilo/devices/iio\:devicel/in_voltage* scale
0.002500000
1.250000000
root@021:~# cat /sys/bus/iio/devices/iio\:devicel/in_shunt_resistor
0.00050000

27



DDRMC-NoC Config. 72-bit (ECC)

e Device type == UDIMM, 2-ranks 16GB
e Vivado HW Manager - DDRMC

o PASS, GOOD

e Vitis DDR Memory Test Example Application
o Successful, LOWO,1

Error while launching program:
= Memory write error at 0x0. Blocked address 0x0. DDR controller #0 not ready

<< Details

Memory write error at 0x0. Blocked address 0x0. DDR controller #0 not ready

k? Brookhaven

National Laboratory




Internal loopback (Near-End PMA)

_ GCM*4
. All links up and running error-free for | -
sD JIAG|  [FLasH | GBE |
FireFly TX&RX | GCM*4
>10° 25GI2CH |- A I , I I \
GTY 206 Firefly = PMC 501 | PMC 503 = PMg’500 GTY 106
— . (18V) (1.8V) 8V) Firefly

<CCM™ L GTy 205 Firefly

‘GTY_q103_q104_q105‘, REFCLKO :st~3mon*1 HDIO406 LPD502 HDIO306 | GTY105 | FEX*4

> GTY 204 Zone3 (3.3V) (1.8V) (8.3V) Firefly

A
A4

XAUI *4 MX 280000 010 0’0
< _ » GTY 203 Zone3 GTY 104 2 FEX*4 | FireFly TX&RX

. "GTY_q106_q206_g205", REFCLK1 | monmes |fey ~ N
— — — ’ Examax EBTM (< AU4SX 1 1y 202 Zones o ‘
s Xilinx Versal Primef§ . FEX*4
FEX *3 MON*1 : <« T
> GTY 201 Zone3 VYM1802- Firefly

- "GTY_q200_qg201_qg204", REFCLK1 RN P VSVA2197

- GTY_q202_qg203", REFCLKO 06700
XPIO XPIO XPIO (2v) |
711700 —gndt 705 | 704-703 '
IPGBT | IpGBT Notused |
. 1.21A, 43 degC GRSy [ | e |

¢ Brookhaven I : I

National Laboratory 1&?88&?: IpGBT

ni-
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Calibration Board I LAr Timing System (LATS)
sl TTC FPGA TTC ONU & <k
Phase-ll Upgrade )| l
! . Front-End Board (FEB2) B
LAr Signal Processor (LASP)

Clock & Control

MUX/Serializer

e e

fragment| OTx
builder [ Amay FELIX

I G B I LAr Calorimeter Cells
—

Z Layer Sum
Boards
[LSB] OTx OTx
Aray Array.
g = 4|
£
5
3
LAr Trigger Digitizer Board (LTDB)
LAr Digital Processing System (LDPS)
Ped e | FPGA >
: : : O =
= [E
L ow-Power Giga-Bit Transceiver &
Optical Receiver|
B Deserializer ’
sub [P ntap FIR >
I P>
05 ~
A1 o prisiesverl O el
gl ’

for detector front-end emulation

Level-0,1 Calorimeter Trigger
System

¢ Brookhaven
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CLPS / LVDS [Weigang]

eRX differential receiver

@ CLPS’s driving current and Amplitude are compatible with LVDS ngameter ?j:;'f:g{;ge — e e
— — lop Average current consumption 850 HA
o Up to 1'28Gbps’ Vem 600mv’ Veeo=1.2V Vemrx Common-mode voltage range® 70 600 1200 | mV
Driving current: 1 to 4 mA in 0.5 mA steps Vo Sommun:mdeseioliags Vop/2
[Vip| Differential voltage® 140 200 450F | mV
O Vcm of CLPS and LVDS are not same Vipry Differential inputC high threshold 70 | mv
Vit Differential input® low threshold -70 mV
O CLPS’s TX to LVDS’s RX Vi Single-ended input high voltage 700 | Vpn+200 [ mV
o CLPS's Vcm TX 0.6V (043-077V) Vi Single-ended input low voltage -40 500 mV
Zip Differential input impedance 80 100 125 | Q
) LVDS’s Vem RX = 1.2V (DC 0.3-1 425V) from DS923 Jg Random noise jitter 107 | ps rms
, ) . Jow Pattern or pulse width dependent jitter® 10F | ps
o CLPS's TX can be connected to LVDS’s RX directly T Output rise/Fall fime o s
0 LVDS’s TX to CLPS’s RX PSR Power supply rejection 10F | ps/100mV
CMR Common mode rejection 107 | ps/100mV
o LVDS Vem TX = 1.2V (1.0-1.425V) from DS923

]
o CLPS's Vem RX 0.6V (0.07-1.2V) TX diff tial dri
e ITrerential driver
' H H '
o LVDS's TX should be compatible with CLPS's RX
Parameter Description Min Nom Max Units
Vpp Supply voltage range 1.08 1.2 1.32 \
Symbol DC Parameter I Conditions Min Typ Max | Units Vewm Common-mode voltage"® 430 600 £/0 my,
[Bvemmxso VCMTX mismatch when output is Differential- 5 mV
Veeo! Supply voltage 1.710 1.800 1.890 \' i 1 or Differential-0
Vopire? Diffeﬂential output voltage: Rr = 100Q across Q and Q signals 247 350 454 mv Vool Differential voltage®< 140 200 270 mv
:9 il Q;' 9? :'g: [AVop VOD mismatch when output is Differential-1 10 mv
Q- 0kQ~Hig — or Differential-0
Vocm? Output common-mode voltage Ry =100Q across Q and Q signals 1.000 1.250 1.425 v Vo Single-ended output high voltage® 700 900 mv
Viorre® Differential input voltage: 100 350 6003 mv Vor Single-ended output low voltage® 300 500 mV
(Q-Q). Q=High Imop Modulation output current ° 0.7 1to4 5.4 mA
(Q-Q), Q=High Ipge Pre-emphasis output current ° 0.7 1to4 5.4 mA
Viem oc* Input common-mode voltage (DC coupling) 0.300 1.200 1.425 \' Z, Load impedance 100 Q
Viem ac® Input common-mode voltage (AC coupling) 0.600 - 1.100 v
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Configuration: Registers

Generate and export register file from pigbt.web.cern.ch

e EP-RX-160M: # EDIN [5.12 Gb/s, FEC12] = 16
(connected)/24 @ 160 Mb/s (320 Mb/s for 10.24 Gb/s)

e EP-TX-80M: # EDOUT = 13/16 @ 80 Mb/s

e ECLK:40 MHz, 2.5 mA

e TxRx-EC on (No need IC/EC for now)

e TxSwapP/N (schematics)

e GPIO (testing)

e Elinks IN phase ad,|.

L:# Brookhaven
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https://pigbt.web.cern.ch

Test-bench: Uplink / Downlink

VM1802
Light seen (1 ch),
. ® regardless of IpGBTx status VLDB+ Tx
IpGBT-FPGA GTY FireFly
]
q103 12 Tx Tx x12 Y < V lpGBTX VTR
li (RX Ch3, 12 Rx . _ :
_ 2 lg.ner Txch0) L | FireFly 24 2hnspit zc706_gtx_lpgbt_fe
downlink uplink [104-105] Rx x12 12 (A2 IpGBTx Tx emulator
Tx Rx
Data Gen 8b/10b || Data Chk/ILA | FLX-712 (@ Strips)
A
A SI570 IpGBT Rx
U23 40M
16/247? 437167 OUT
IN Elinks Elinks+Eclk
S.implex Tx * x12-M MTP-2*12
—> Simplex Rx Tx chO 4 Tix MTP Patchbox
U50 IpGBTx v0 1 ilix 1 Rx MPO <> x12-M
1TRx Rx .7 RX-q103-ch3
VTRx+ (IBERT checked), TX-6 (VTRx+)
GRMv1.1

k? Brookhaven
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| ]
° e LI n k D at a I N User Ipgbtfpga_ , Ipebtfpea_ » lpebtfpga_ , lpebtfpga_
patamm > Scrambler Encoder Interleaver Txgearbox

Framealigner

b/elink_320m_1([7:
b/elink_320m_2(7:
b/elink_320m_3(7:
b/elink_320m_4[7:
b/elink_320m_5[7:
b/elink_320m_6(7:
b/elink_320m_7(7:
b/elink_320m_8[7:
b/elink_320m_9([7:0]
b/elink_320m_10[7:0]
b/elink_320m_11(7:0]
b/elink_320m_12[7:0]
b/elink_320m_13[7:0]
L? Brookhaven
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UPLINK

1
]
1
. :
| |
Link D ’ e
b e I a a ! [ DOWNLINK ! (not included in
i i | the pGBT-FPGA LpGBT
! | Core)
1 -
1 ]
. IpGBT-FPGA top-level i o o e o e [
Data Outy Descrambler Decoder Delnterleaver Rxgearbox }
: A
1
1
i 7 1
b/elink_320m_0[7: pebitpea_ !
1
|
1
1
1

A

IpGBT-FPGA core

¥ INS_IpGBT_frontend/l_IpGBT_EDOUT[12:0]
8 [12]
4 [11]
4 [10]
4 [9]
8 [8]

8 (7]

4 [6]
e [5]
8 [4]
8|[3]]
4 [2]
4 [1]
4 (0]




