DTb section, ED support group

Readout Unit-I|

Threeapplicationsin LHCb for the RU:
40 MHZ Detectors

Piplelines
Level 0 TTC @TTCV—%—%—%
Trigger tx L — IR H HBE Derando

4 Ly Dete
1 MHz e
Elm{ng =
Levell \—__,| FasS
Trigger Throttle
40 kHz P titré

Fast Throttle

LHCD
| L)

1 MHz L1-Veo Trigge

v

m]
Front-End Multiplexers (FEM) DCSnetwork

40 kHz Optical Gbit/slinks

Readout units (DAQ)
C 1| | RU | | | SE-buffer

MCU

Readout Netvvork (RN)

e ><>< S—

RU’ Scope DAQ/ Mux 40 kHz, VELO 1Mhz subevent building, Transport Format

S5 =L0DC (STF), links (Slink), PCI bus, performance ( VELO, DAQ ),
design&simulation (VHDL), crate environment/cost/connectivity, FPGA
remote configuration, buffer management, L1 Traffic scheduling
(Tagnet), NIC protocols ...

RU TEAM: Jose Toledo, David Dominguez, Bertrand Bruder, Francois Bal, Angel Guiraro, Hans Muller



LHCb Readout Unit

Ru Team / support for LHCDb

Francois David Bert

Angel
Curro

Readout Unit

e Curro: (leaving + 2 weeks) designer RU-1 + David: (leaving + 2 month) programmable
RU -2, HW architectures and applications logic, VHDL , PCI

o Bert: (leaving + 2weeks ) MCU card (PCI)
and remote RU configuration software
(Linux)

Francois: Gbit links, Slink cards, Tagnet, Lvds

Angel: (New) commissioning of VHDL
applications for RU-IIl: Mux, VELO, DAQ .

Hans Muller CERN/EP-ED 2




LHCb Readout Unit

General RU operation : convert raw link input data

S mpI iIfied: RU Throttle AN TAGNET
4 Y

*80 Mbyte, 5 m

N* Sinkin & c
:F'FOS\ 160 Mbyte/s >I:)(:I -64 out to NIC
o) bufferl-e- DMA 1 g Mbyte/s g
: iyl Slink out
f Reset

N* Sink -> Subeventson PCl or Sink output

» STF-format based subevent building process making of DMA,e “subevents” (2-16 inputs)

ordered xmission of SE’'s to PCI or Slink

» Application-specific FPGA logic (state machines

-> VHDL -> binary configuration file) « remote control via diskless PCI host card (MCU)

o Slink input, derandomization -> buffer->SE output scheduling option via L1-TAGnet

. ueuing / building /errorchecking of SE . L
: J J J » buffer fillstate monitoring ( throttle)

Hans Muller CERN/EP-ED 3



LHCb Readout Unit

Subevent Bundmg usng STF format

DEN
LID A check Type
OEB.A =3 Reserved | EBSA =0

DB A
StatusA | TSA=7 [ 0000]
DEN | 0000
LIDB check Type
B OEBB=2 Resarved | EBSB =1

DB.B

EBB

[ StatusB | TSD =7 [ 0000)
DEN | 0000
LID.C check Type
C OEB.C=3 Reserved |EBSC =2

DB.C

EB.C
| StatusC | TSC=9 | 6000
DEN | 0000
D LIDC Lres Type
OEB.D=0 Reserved | EBSD =1
EB.D
StausD | TSD=5

SE-builai

no error block

OEB = offset toerror block = sizeof (A+B+C+D)
New output Link Number

31 0

DEN (DAQ event number) | 0000

Output Link ID check Type

Offset toEB =8 Reserved EBS=4

] \ A
DATA BLOCK A
T~ —
M—/ DATA BLOCK B
FiFo Subevent
derandomizer buffer Y DATABLOCK C
Combined ERROR BLOCK
Status—FIags| Total Size= 16 | 0000

NEW SUBEVENT
Total Size=4+ OEB + EBS

Ing procedure for both MUX and RU (+VELO-L1 ? )

Hans Muller
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LHCb Readout Unit

RU, “ second edition:

e Cheaper (less components, less
PCB layers, less connectors, no
more non-standard PC card slot )

e More performant ( 2-channel, .
parallel architecture, faster FPGA)

e L1-Velo compliant ( Tagnet, 160
Mbyte/s S.E.building, PCl write
combining for making subevents ) .

e More standard ( networked MCU

IS a VITA-36 mezzanine )

Less power ( less chips, 2.5 Volt
FPGAS)

Symmetric architecture ( all
FPGAs same type + inter-
connected via PCI to networked
MCU )

MCU driven Jtag chain (
programmable devices + PCI)

Hans Muller CERN/EP-ED



LHCb Readout Unit

revised RU Architecture ( RU-II)

READOUT UNIT BOARD (9U SIZE)

Xperiment
PCI AUX Primary PCI Bus 32@33/66 MHz |- MCU | LAN
CONN. <D <D L PMC yetem
(PCI Hogt)
PCl PCl
Bridge Bridge
MONITORING & CONTROL
I 3 PCI Bus
SLink #3 FIFO 32@33 MHz RU
i | 2 ':_SPEC:/I * 2, dasy-chain |
_ 7
8 g » I B —>4 synchro.
§2 SLink #2 FIFO - m N
82 ' FPGA
— . L o— _—d 64
23 . % A EBB| I 2
o sLink #4|2s] AIFO 3
55 : FPGA].. NiC DAQ
T u | 32 32 32 %) eodoLt
_ | SEM 3 PMC ;
etwor|
sLink #0|°2s] FIFO —A m N 2
| o
' - [L_ . o4) FE;A[ £
INPUT STAGE P 7 -
SUB-EVENT
BUERER 32 SLink
Readout _ | Throttle Output
Supervisor OUTPUT STAGE
Event data flow: input stage output stage
. i 64BIT
SLINK \ £
T
SLINK | .
* .
2 * dual RU DPM Syhe .
SLINK | "
. n
21 - | V- _— _ p (Sik3) =
SLINK

iFunctional blocks

SEM
SEB

2:1 Input merger
Subev. buffer
2:1 subev.builder
Mon.&Ctrl Unit
PCI Network IF
ink Interface card

NIC
Slink

‘BuUs view

2*32 hit ->DPM
.......... DPM 2*64 bit, 1M
........... 2*DPM->PCI-64
PMC: PCI host
PCI-64 -> RN
16/32 bit links

SEM
SEB

NIC
Slink

Hans Muller

CERN/EP-ED



LHCb Readout Unit

PCI bus

3.) Diagnostics & Development

1.) Initilatization, Control & Monitoring, error handling
2.) Interface bus for data to RN (Readout Network) card

Server
(Linux)

NIC

EBI B

MCU ( PCI host) LAN
PCI diagnosisonly MachZ |-
T A PMC I
|  5Volt PCl card |
e IprimaryPCI bus 32 bit
PCI-PCI PCI-PCI
X CONTROL
| tertiary PCI 32 bit | _| Secondary PCT B4 BT [
SEM A SEM B EBI A
FPGA DATA

« primary PCIbus: PClhost (MCU ). No event data flow here. Available for control and

monitoring, error reporting etc. any time
« secondary PCI bus: main 1/O bus to NIC. Unshared high BW ( 64 bit @ 66 MHz ). FPGAs

generates PCI master write + write combining to NIC for highest performance ( VELO

application).

. tertiary PCl bus: FPGA configuration, Input link control ( CSRs via PCI)

PMC

Hans Muller
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LHCb Readout Unit

Example Writingto SEB -buffer ( Visual HDL

dern_ AT
Twsan i =1
i _ubeia it | 0 SO
n_fall=1' _u-ﬁn.-.-.-_w.-.n- Lt 1y
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Y .-.
| !
) .
1 i
.'.
rh'\-’hf.? vl [
m Ty !
II _I.
) /
II
\
b
II
h
A
|
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) |
—
TTm—— winry_
T1
[

FPGA routing

Design: visual_s_machines:memory_wr_visual2

_ Late:
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LHCb Readout Unit

RU-II output dage

dedicated RU controls, 12C.. . * MCU is now
<—>D
PCI to SEB logic PCl tertiary PCI-PC] PCl primary |—D aPMC
- 32 .5 MCU DCS

bridge L p A e Standard

PCI card:

L . (PMC) _ _
TAGIN:I‘ET 1641 EI?I ____ | SadadpCl diagnostics

p| Subevent building d
[ = Mmemory access | Liestoard) « eachFPGAs
64 bit T - configurable
memory telv Vi
Subevent buffer 5 =1 64 RCI-PC remotely via
32 U A core+ bridge PCI
= FPGA Readot ,  Dadijcated
. PCI secondary |_ Network
B a4 [Syncous : ] NIC RU controls
subevent building 2 PCl 64 @ 33 or 66MHz (12C,JTAG)
3 L i memory access N al(F’MC) ol via PMC
Slink - SLINK -
=P omMA | 32 :| Sink i « Slinkor NIC
----- I tX

Eprom— ™| Coa ] .,I_> share same

- - PMC slot

e 64 bit PCI cores of Lucent FPGAs up 66 MHz . Tandem master operation for L1-VELO
 PCI-64 high speed data path between FPGA and NIC is decoupled by PCI bridge
 “TAGnet” connector 16 bitin /16 bit out for L1 high rate traffic scheduling ( or other)

Hans Muller CERN/EP-ED 9



LHCb Readout Unit

Crateenvironment: FB rack/power/cooling ( exiss)

DAQ SWITCH

DCS server

D

Output link/
Readdut Networ k f} L AN box

RU crates (| EEE960)

:

MCU card

NIM Reset

Throttle
combination
logic

toTFC
~— v

B\~

4.. 16 | nput data link inputs (Slink cards)

RU connectionsin alEEE960 crate environment

« Crate for power & cooling only  Mezzanine cards for 1/0O & Ctrl

Hans Muller

CERN/EP-ED
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LHCb Readout Unit

RU In | EEE 960 crates: 3crates/rack, 3kWatt/rack, 33 RUsrack

e 13RU'sper craIe 1KW * RU-ll on aFB crate extender
26 slots/C
e 4 KW max
 Backside
50% free
e Proven
water/air
cooling
2 { ¢ crates
=L | from LEP
Table 1: RU full crate power module requirement
power modules Maximum current No of modules needed i r .- I
+5V 100 A 2 e
1 RU-IT- 65 Watt
-15V 25A,30A 1
Hans Muller CERN/EP-ED 11



LHCb Readout Unit

Monitoring & Control Unit (M CU)

Networked PC-chip on a PCl mezzanine /o connector controls used by RU-II

(VITA-36 standard PMC) « i2C master for clock chip programming
MachZ from ZFlinux: (x86 *100 MHz * PIOfor “remote jumper options”
“PC-on-a-chip” with PCI and PIO) « PCI arbiter

RJ45 LAN connection ( Intel chip) * Systemreset to RUmainboard
 |RQ (softreset)from RU

64 Mbyte SDRAM ( “Ram disk” ) . JTAG master (via PIO)
I/O connector: JTAG, I12C, IDE-8, USB, PIO Spare controls on I/o

Diskless operation: Linux image viaBootP / . ysp
from server tested OK « ISA -8 bit

Local operation options: Mouse, Keyboard,
Floppy, IDE connectors

Tasks for MCU . Cl ock chip progranmi ng via |2C
FPGA loading ( .bit files) via PCI . Buf fer RRwite access
Jtag chain via PI O B.Bruder . and nore. .

SCl Li nux driver for VELO L1 appl .
CSRregi ster control (FPGAs) PCl
Error nmessages from FPGAs to LAN

Hans Muller CERN/EP-ED 12



LHCb Readout Unit

MCU block diagram

Very easy LAN PMC
design ( 2 ta_rget
month ) pnee~
combined  optional S00FS
isk 1/0O
effort of — Also for
Bertrand I general
and Curro. < PO s iGN > purpose (
8 layer 4 VME etc)
MachZ S = general
chip purpose
single Qty ‘“ ___________ w.out PCI
price ca80
USD. ‘ Remote
Linux
Boot and
o error
Panel MachZ PC-on-chip Recovery
Hans Muller CERN/EP-ED 13



LHCb Readout Unit

MCU card for RU-II (PMC

149* 74 mm )

Q Mouse
| K eybd
J : option
SDRAM F
3 IDE
. i disk
E?'Cl)ssaf s option
RJ 45
LA
Ether net Floppy
transformer '
MachZ LAN 0 option
PC-on Chip chip
PCland % 3}1,'. PXE Prom*
|/O connectors J‘“‘ N
-~ i‘dh'a .'\r
: Top side
BOttom SI de * Preboot Execution Environment ( iEt)el)
Hans Muller CERN/EP-ED 14



LHCb Readout Unit

MCU remoteboot (Linux )

Harware reguirements:

* Remote Boot compliant BIOS

e Ethernetinterface with a flash
EEPROM PXE 2.0

Software requirements
e BOOTP or DHCP server
e TFTP server

e DNS server

 Remote Root file system

Bootp : P address

and basic configuration
TFTP: download of asmall
BPBATCH : ask for the Linux image
w

inmemory

MCU dartsthe linux image

C-Programs and remote boot has been tested on a MachZ development system (after removal of
disks) : Linux Boot in RAM from a specially configured Server PC.

Boot time: Order < 5 sec. However watch broadcast traffic on the Network if many MCU”’s are

used.. Multicast should be a better way to avoid overloading the LAN.

Hans Muller

CERN/EP-ED
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LHCb Readout Unit

Output protocolsNIC card (DAQ Appl.)

Mem A p——=>p

Mem B

Readout

PCI
NIC PCI card
FPGA Memory
- riet~, | RN
t | "€ >

FPGA 7 |
B 4/[

*~ RU tests NIC busy bit

» Write descriptor (addresses)
Subevent Wit Go bt
(Event No = x) e 0 Bl

NIC reads Memory A +B via
PCIl. Result: 1 subevent

NIC transmits SE + resets hits

Hans Muller

CERN/EP-ED
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Top left running header

LHCb Readout Unit

RU performance RateversusBlocksze

Achieved improvements in RU-II:

« faster FPGA state machine clocks, (SEM in
Prototype: 28 MHz, now factor 2 ( up to 60
MHz)

* less FiFo switching overhead ( 6 clocks in

rate
MHz DAQ / MUX performance
| input stage behavioral
e FPGA state machine clock
) D A Q working area

Blocksize [byte]

Prototype, now down to 1 !)

PCl tandem master operation now part of
Subevent building to SCI card ( VELO)

totally parallel working dual input stage

66 MHz operation on output PCI bus

rate _

MHZ]] _ VELO performance
input stage behavioral
a0 % O, PR FPGA state machine clock
23 VELO 1 MHz working area

blocksize clustersize [bytes]

Hans Muller
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Top left running header

LHCb Readout Unit

Overall performance RU-I1 (with output protocols)

Output protocols with PCI network cards limit output BW. Various scenarios estimated below:
Table 1: RU-II overall performance

. Total output Inqu stage Output stgge Sustainable
Scenario vl oad? max. instant. max. sustained output
ey trigger rate trigger rate bandwidth

DAQP: 4*In, 1PCl 2 Kbytes 230 kHz 60 kHz 120 MB/s
out
FEM 16*In, 1PClout| 2Kbytes 230 kHz 60 kHz 120 MB/s
MUX 16* In, 1 Slink out | 0.5 Kbytes 2.3 MHz 130 kHz 70 MB/s
VELOC 3* In, PCI out 256 bytesd 1.5 MHz 1-1.5 MHz 256-375 M B/s

a.i sub-event size without transport framing

b. Assuming Gbit ethernet as NIC technology, descriptor based Readout by NIC card

c.Assuming SCI as NIC technology, DMA’ed Master-write to NIC, PCI write combining
d. “PCI subevent building” (' write combining) assumed with 64 bit @ 66 MHz PCI cards

BUFFER: 1/2 Mbyte allows for instantaneous higher input rates

at programmable low and high “water” marks.

Buffer fill state is monitored and generates Throttle signal

Hans Muller

CERN/EP-ED
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Top left running header LHCb Readout Unit

Sink: link 1/O mezzaninecards on RU
Slink choice:

Physical link

ik Sourcecard Y | L Desimaincar e Make link technology
N

~

—»j;jf” LD[;’EE]SET# “transparent”.
Transmission
UDW[1..0] : UDWI1..0] . .
oo o o | e [lome » Use Slink design knowhow
UWEN# LWEN#
Bt ﬁ» RU: Four Slink interfaces on
L NEN:) <R Input, one (optional ) on output
LDOWN# LDOWN#
~ SLink signds ~

Slink connector relativ to PMC-type mezzanines:
Slink mezzanine cards ~

s A ] P—
,  Sinkoonpedop | T e e [ESSSR<e  complementary to PMC
1 Ga A6 o
o s [ :; RU: use NIC xor Slink out-
| P13: 64 bit PCI I
vommy ealhad put in same PMC slot

Figure 1: PMC and Sbusmezzaninesin |EEE P1386.1

Hans Muller CERN/EP-ED 19



Top left running header

LHCb Readout Unit

Sink cards

=
L =1
o
=
Wy
=
b3
Tw
=a
.
o

o FIFO
setdl_p Rx MPX
G-Link — CTL

h’ FIFO |
—»| cTL |
FIFO |
FF
- »| CTL |
FIFO
ﬁEb M PX
—»| CTL
REFCLK RDCLK
QUAD SIMPLEX RECEIVER
In preparation, decision on Link Techchnology?

STF format generation at 40 kHz

Hans Muller
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Top left running header

LHCb Readout Unit

Universal Sink card (LVDS) Txor Rx

EPGA L vds encoder Tw.pair out
= prom|_ Slink nrz 1 ool DB9
8 State OO
a machines| il TW. pair in
E : FiFo : -EWZ — oo DB ———————
E _______ [ >
m [>T

| vds decoder

DO-7
D8-15
D16-21
Gnd

e Card being produced ( F. Bal) * For loop testing of RU-II with

e OnlyTxorRx atatime (Prom)

tx

LVDS

PC [

- 1]

=8

pCi

1X]
1 X |

Slink-PCl card
= RU planned SE Building
T [ loop tests with
gid “LHCDb-like” data

Hans Muller
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Top left running header LHCb Readout Unit

Satus

RU applications: DAQ, MUX and L1-VELO

STF transport format for subevent building MUX, DAQ

New RU-II architecture: less cost and higher performance

6 new RU-II ( 8layer QU boards) received, 1 RU fully under tests
Subeventbuilding 4*Slink->1* Slink test planned this week

MCU card ( PMC) completed /under test, remote boot tested OK
4 Slink LHCDb pattern generators ( Slink card F.Bal) completed and in
use

Bidirectional Slink LVDS card (Rx/ Tx) commissioned for tests
PC-piloted loop tests ( subeventbuilding) with RU-II planned

Docs / status http://hmuller.home.cern.ch/nmuller/lncb_projects.ntm
EDMS archive ( schematics,docs etc) edms.cern.ch see under
electronics design archive

RU distribution / discussion <Ihcb-dag-ru@listbox.cern.ch>

Hans Muller CERN/EP-ED 22



Top left running header LHCb Readout Unit

Al Tagnet!/O
scheduling (Leve 1 ~ PO o g
VELO Trigger ) R B

' CPU
L1 2D mesh: at any moment, only 1 row and \ RU%CL i

one column is fed with data. Thereis 1 TAG TAGRtTing
every 1 us. A “scheduler” which keepsalist of
all TAGNET tokens

in

clk 25 .. 75 M cat 5 cable

| R 45 4*2 Wi res
_ B 16+1
FPGA in RU frag *D
out pt stage ]
16+1 —
LVDS \
serializer/ out
TAGNET i npl enentati on on RU deserial i zer chips
CERN/EP-ED 23
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Top left running header LHCb Readout Unit
Slink
or PMC
Slink pattern
generators
STF @ 40KHz
PMC
Readout Unit LHCh
Hans Muller CERN/EP-ED 24



Top left running header LHCb Readout Unit

A.4 Readout Unit “ second edition
Tagne}/ﬁ'

.'|. ¥ E
| ey

B 3
sk o

my - ] ] -=
| '_'l'_‘ HHH
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