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BCM FPGA main tasks

# DAQ of sensor data at 2.56 GHz (64 samples at
390 ps for each BC)

#t Beam Monitor = Controls Interlocks Beam User
(CIBU) , Detector Safety System (DSS) and Post-
Mortem Buffer

# Luminosity Monitor

# TDAQ ROD functionality

# CTP triggers

st Detector Control System (DCS)
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BCM FPGA Firmware Upgrade

# On-board (system) MGT synchronization support
# Adapt to channel remapping

=i
=
=

(8 LG channels = Beam_Abort_ROD)
(8 HG channels = Lumi_ROD)
Redesign Basic Beam Abort Algorithm
Redesign CTP trigger outputs

ntegrate Test Vector “play back”

m Gb Ethernet (TCP, UDP) - faster Post-Mortem buffer

download

# Prepare only 1 FPGA firmware, final operation defined by SW
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BCM FPGA Data Flow

Personality Module
Sensor data FPGA
(NINO) Level .
> 8 ch, 32-bit, 80MHz
Translation MGTs Abort
|—> 8 ch, 64-bit, 40MHz ™ logic > CIBU /
[—P (moet) 12-bit BCID DSS
-bit
PLL 320 MHz (a“gne'd e (abort_ctrl)
BC gﬂz%Tl\Zer;Ik 12-bit BCID 176-bit proc. data
+ 12-bit BCID, 40 Mhz
T Data SLINK /
v 40 Mh
ATLAS =X o LTP ALl ! processing [ ROD
LA »| interface (Lumi maps SLINK /
LTP Trig. Type > 80 Mh *event counter,s > HOLA
™ (tp_ctr) L,Z [ (data.proc. ctr) (slink_rod_ctrl)
> = — 7
L1A’, L1ID, Trig.Type’
C I SV Post-Mortem Post-Mortem’
< —> N;' Multi-port DDR?2
interface Memory
PCs Gb Etheret PowerPC + | et —®| Controller > 256 MB
DMA + (npi_ctrl) (Xilinx)
DCS+SBC TeMAC = I—
= - PLB Bus interface
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Why utilize PowerPC 4057

# Support GbE UDP and TCP/IP communication

# Execute the MGT calibration algorithms

# Generate and load MGT test vectors

# Startup Built-in Self Test(BIST), DDR and DDR2 RAM
# Provide additional debug information
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Processor System Architecture

NneEr-pe

MPMC Module Interface

Pped05_0_dpibT ppc405_0_ipibT
roc_sys_reset
c_sys_teset 0
ppe_resel_bus
J T Tribode
pib plb pped05_0_jtagppe_bus
B CERRET S0 TrilRS ! -AERE Saain
PR [
plb
CDC and sync! e
SLAVES OF pib xps_bram_it_catlr_1
KEY
SPLE] A
T - =
. [ — Bus i External Ports Interrupts : F-ﬂ "ﬂ—‘”—aﬁ—;ﬁ
e e itiator BN i Interrupt abort ctrl | |data_proc_ct Itp_ctrl npi_ctri_o
e - masmo”nmam- [npar & Convoler abort cirl 0 |§afa proc i p| Hp et 0 pib_br&h2R-E96%: | bra =
Q slave or target ?ulpul 5 ’,‘;,'g,,“:"‘-‘"
#ll inou [ Emers
Int
‘ master slave o {arupt
X = Controffer ID
== monitor ¥ = Interrupt Priority ) SPLE SPLE
COLORS t_cirl link_rod ( i
| ciri INK_ro\ Ci XPS O
Bus Standard mgt_ttri_0 | Blink_Fod €trl_ Lé’DngBf! IP
oce st M oee [l socul user p2p
FcB Lme LB Xilinx P2P dlock_generatdr
- - - - - = = cl ckj%neraror_l‘.i
SPECS ° 1%
EDK VERSION 12.4 xps_intc  xps_timebase wdt )?s uartlite
ARCH e ioLd ;_Tntc_0 xps_timebase_Wdt_RS232_Uart_1
PART xcdvix60ff1152-11
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Clock Domain Crossing and Sync.

. : \_) Pulse Out
« 2-stage synchronizer ° e 1 ° S e ) >

° Pu ISe_Syn C_1 _Way Pulse In — - ‘7 ............. ’_p ________ ’_p PUIse_SynC_1 _Way
* Pulse_sync 2 way

* Edge detector g TR

Clk Domain 1 Clk Domain 2

+ (FIFOs) s VT

Sync_Je{—Acknow. Datapath sync.

[Syme &

Clocks
v
v

Input
4 pulse_in_cki
Outputs

4 pulse_out_ch2

\ pulse_out_okl
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Processor Support Modules

# Reset generator (reset sequencing of PPC405, PLB
Bus, Peripherals)

# Clock generator (1x 300 MHz, 2x 100 MHz, 2x
200 MHz, Tx 50 MHz)

® JTAG controller
# Interrupt controller (intc)

# UART/RS-232
# Watchdog timer
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Gb Ethernet Communication

# Available well-known socket communication APIs
# Post-Mortem buffer dump

# Startup parameter configuration from OKS

# DCS slow control

# Syslog daemon channel

# Command-line/Telnet interface to PPC (used to
read/write to any register, parameter reconfiguration, diagnostics)
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Gb Ethernet throughput (LWIP)

# Benchmark: iperf application for measuring
maximum TCP and UDP bandwidth performance

# Using MTU 1500 (Maximum Transmission Unit)
# Using open-source LWIP (Lightweight IP) stack:

sustained throughput (BCM FPGA = PC)
11T MB/s via TCP 25 MB/s via UDP

X

110 MB/s r10:55:06 r10:55:36 r10:56:06 r10:56:36 r10:57
3,82 MB/s
B.53 MB/s
7.36 MB/s
6,13 MB/s
4,31 MB/s
3,68 MB/s
245 MB/s

1B MEfs

(Max: 10,8 MB/s) Down: 10,1MB/s Up: 189.7¥B
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Gb Ethernet throughput (Treck Inc.)

# Commercial TCP/IP stack solution
# Using the same FPGA hardware:
MTU 1500 = 27 MB/s (213 Mbps) via TCP
MTU 9000 =» 115 MB/s (922 Mbps) via TCP
# Price: 20.000 €

Source: Xilinx Application Note XAPP1043: Measuring Treck TCP/IP Performance
Using the XPS LocalLink TEMAC in an Embedded Processor System
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BCM FPGA Data Flow

Personality Module
Sensor data FPGA
(NINO) y| _ Level 8 cHl 32-bit, 80MHz
Translation Abort
8 chii64-bit, 40MHz ™ logic > CIBU /
DSS
320 MHz @BCID (abort_ctrl)
PLL (aligne@ with data)
reic ) .
BC 320 MHz 12-bit BCID 176-bit proc. data
+ 12-bit BCID, 40 Mhz
ORBIT
> Data
40 Mh SLINK /
ATLAS =X o LTP ALl ! processing [ ROD
LTP I}TA T »| interface (Lumi maps, > SLINK/
ng. 'ype > (tp_ctr) 80 Mhz '3\/322 %?;nttjlgs (slink_rod_ctrl) HOLA
> ﬁ - 2|
L1A’, L1ID, Trig.Type’
C | SV Post-Mortem Post-Mortem’
< —> NrI:I Multi-port DDR2
interface Memory
PCs Gb Ethernet PowerPC + " . »! Controller > 256 MB
» »| DMA+ (npi_ctrl) (Xilinx)
DCS+SBC TeMAC = E—
PLB Bus
> [ - PLB Bus interface
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MGT Interface

nepr-<p

Tyco Z-Dok+
connector

!

Personality | [ FPGA

Module
MGT Controller
8x | 8x
AND 8ch, 32b, 80 MHz
Sensor Data / OR YOR RX Slide AP
NINO —~< 256
D {}—,L» MGT RX Path | 32
32 4P
MGT 64
2.56 GHZ
, 8ch, 64b, 40 MHz
q< 7 MGT TX Path yi >
32 7
512
Orbit

Sync Enable
Edge 1

Detect —|_
80 MHz

Sensor Input
Master Enable

» CERN, 2011-05-05 14 8% IJS
[ )



MGT Transmit Path
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MGT RX Operating Mode

RXCLKO_FORCE_PMACLK, LOOPBACK][0], RX_CLOCK_DIVIDER
RX_CLOCK_DIVIDE AXUSRCLK
PMA TXCLKO
2
=
+ RXUSRCLK2
} L=
No0 11 01 10/, ]
_.\ncxx 0100 0000 0X11 0XO1 oxw/
PCS
PMA RXCLKO RXCLK RXUSRCLK RXUSRCLK2
1 T
Sync Control Logic Channel Bonding & ]
Clock Correction :
1
1 1
.| eBroB \
RXP sIPO Comma Decode 13x64 bit 2
Detect [—+ Ring 000 8
il Align 64B/66B - Buffer 2
(1] =
Descram T hoeease-R| | oI | RXDATA
. " ] Decode!” & Ho= RXCHARISK
..ETC
PCS /1 1 011
Dividers / 1 | 010! 1
& Phase 1 | 001 1
Align 1 | / 1
T 1
! / —}— mxreccLky/
Clock L | \ RXRECCLK2
Control
PMA ) PCS
ENMCOMMAALIGN  RXBLOCKSYNC64B66BUSE, RXDEC8B10BUSE, RX BUFFER USE RXDEC64B66BUSE,
ENPCOMMAALIGN RXCOMMADETUSE RXDESCRAMG4B66BUSE RXDATA_SEL
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MGT Receive Path

RX DeXOR
Pattern

MGT RX
DATA

32

32

Bunch Half Flag
(BHF)

80 MHz 32b, 80MHz
>
80 MHz—I
” Coarse Del
oarse belay
JOR g - 64b, 40MH
eMux] 32 , Z
BHF i) % road o D
32I
16- stage Delay Line
32 80 MHz BHF ‘

( Fine Delay implemented
as a “RX slide” MGT feature.)
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BCM FPGA Data Flow

Personality Module
Sensor data FPGA
(NINO) Level 8 ch, 32-bit, BOMH
| Translation | MGTs —— - Abort
8 ch, 64-bit, 40MHz g logic > CIBU/
(mgt_ctrl) 12-bit BCID DSS
l—) _bit
PLL 320 MHz (align;d with data) (abort_ctr)
o gﬂz‘g};ﬂ;"k 12-bit BCID 176-bit proc. data
+ 12-bit BCID, 40 Mhz
ORBT Data SLINK /
> 40 Mh
ATLAS T2 2 interta g [ processing | “Roo SLINK /
LTP  [Trig e | Intertace oL ot toumiors ™ HOLA
d (Itp_ctrl) MZ i data_proc_ctrl) (slink_rod_ctrl)
> ﬁ |
L1A’, L1ID, Trig.Type’
C | SV Post-Mortem Post-Mortem’
< NrI:I Multi-port DDR2
interface Memory
PCs Gb Etheret PowerPC + et Controller 256 MB
» »| DMA+ - (npi_ctrl) (Xilinx)
DCS+SBC TeMAC &
PLB Bus
> [ - PLB Bus interface
es?
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NPl Controller

# Separate 256 MB of DDR2 RAM in 2x128 MB buffers

# Simultaneous read/write 2 M
# Maximum write speed on 1 M

PMC
PMC port: 1600 MB/s

m Actual data: 2560 MB/s = rec

uce the amount of

recorded data,reduce resolution from 390 to 780 ps

OR-deflate ~ AND-deflate .
40Mhz | 200 Mhz

clock domain clock domain

(\ ch: o7 [ / \ |

MGT RX DATA Ch: 0-7 '

Ch: 0-7 )
7 Mux L—t—p FIFO |—re—p

4:1 256 4:1 64

Ch: 0-3 :

k Ch: 4-7

Select

OR-deflate AND-deflate .
) > O
=~ =~ = =~
:Df j)f
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NPl Data Path

40 Mhz

clock domain E clock domain

mcTRrRxDATA | NPI

Ch:0-7 | Controller

—_—
= FIFO

WrCount |«—

Post-Mortem
>

200 Mhz

64

100 Mhz
clock domain

PLB

FPGA

Multi-port
Memory

Controller |€—

(MPMC)

4 A

PowerPC
405

Wr o

64

256 MB
DDR2
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NPI Signaling (FIFO empty)

neEr-»

{E] waveform - DEV:1 MyDevice1 (XCAVFX60) UNIT:0 MyLAD (ILA)

Bus/Signal

X

o]

355

NPI FIFO Push
NPI Addr Ack
NPI 4ddr Rerq

NPI Addr Inc

User

User

User

User

User

User

FIFD

FIFD

FIFD

FIFO

FIFD

FIFD

NPI

eupty

Fd En
Underflow
i+

Full

Overflow

¥

Burst Cnt

Burst Cnt En

Burst Cnt Rst

“ Fifo HPFI wr count

% User FIF0 HPI Wr Count MAX

o Irg Status Reg
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3z
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3z

[ —

[

H

BY___1c  WiD{iEXiF)

a0

(D1%02N0s)_ 04

{0s)osAoTY__ 08
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=
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=
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NPI Signaling (FIFO not empty

neEr-»

@ Waveform - DEV:1 MyDevice1 (XCAVFX60) UNIT:0 MylLAD {ILA}

Bus/Signal M o 1l]|2l] 1l]|25 1l]|3l] 1l]|35 1l]|4l] 1l]|45 10‘50 10‘55 10‘60 1l]|65 1l]|?l] 1l]|75 1l]|8l]
NPI FIFO Push 1l 1 L | fd
NPT Addr Ack o o« ] ]
NPT 4ddr Req ol o ] ]
NPI Addr Inc ol o ] ]
Tser FIFO NPI empty 1) 1)
User FIFD NPI Rd En 1l 1 L L
Uzer FIFD NPI Underflow 0 0
User FIFO NPI Wr 1l 1
User FIFO NPI Full ol o
Tser FIFO NPI Overflon 0 0
“ Burst Cnt oc
Burst Cnt En 1 1
Burst Cnt Rst 0 0 ’_| ’_|
o Fifo HPI wr count oaf 13 0E
o User FIFD HPI Wr Count MAiX 32| 32 az
o= Irg Status Reg 0 0 i}
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BCM FPGA Data Flow

Personality Module

Sensor data FPGA
(NINO)

Level

N 8 ch, 32-bit, 80MHz
Translation MGTs Abort
|—> 8 ch, 64-bit, 40MHz ™ logic > CIBU /
> (moet) 12-bit BCID DSS
-bit |
PLL 320 MHz (aligneld with data) (abort_ctr)
o MoTaerekl l12.bitsei 176-bit proc. data
-bit BCID, 40 Mhz
T Data SLINK /
> 40 Mhz ,
ATLAS E?/if > tLTfP S processing ROD SLINK /
LTP | Fiames yintertacer  ont counters ™ HoLA
g (Itp_ctrl) —}Z |__(data_proc_ctrl) (slink_rod_ctrl)
> =
L1A’, L1ID, Trig.Type’
C I SV Post-Mortem Post-Mortem’
< —> NrI:I Multi-port DDR2
interface Memory
PCs Gb Ethernet PowerPC + ’ e »! Controller > 256 MB
» »| DMA+ (npi_ctrl) (Xilinx)
DCS+SBC TeMAC - I
PLB Bus
> [ - PLB Bus interface
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Data Processing 10

# Based on pulse reconstruction on 64-bit data
# Reconstruct max. 2 pulses in one BC sample
# Count number of pulses (hits)
# Each pulse encoded in:
6-bit rising edge position
« 5-bit pulse width
# Calculate collisions, background events and lumi
conditions by applying time-windows
# Provide 176-bit data stream to TDAQ
(8 ch x 2 pulses x (6-bit + 5-bit) )
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Pulse Reconstruction 1/2

# Calculate rising (RE) and falling(FE) edges in a
sample
# Search for first bit set (“1”) from forward (FWD) and
reverse (REV) direction on RE and FE =
# Pulse 1: position = FWD_RE
width = FWD_FE - FWD_RE

# Pulse 2: position = REV_RE
width = REV_FE - REV_RE

# Examples follow
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Pulse Reconstruction 2/2

vata ||| I
31 0
RE I
31 0
FE | I
31 0
Rev Fwd

[ 1 ]
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Pulse Reconstruction Simulation

NneEr-pe

[ -'ﬂ raw_daka_j[&a3:0]

[ 3 .'H te_pos_pulsel[5:0]
p B width_pulse1[4:0]
-I-E‘] "-"-EIIi'jJ:IIJll_T.El

B B re_pos_pulse2[S:0]
> .ﬁ width_pulseZ[4:0]
-I_E‘ walid_pulsez
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Pulse Reconstruction Simulation

-I.E, clk_b_j
].E, rsk_i

» .'ﬂ raw_data_i[63:0]

» B re_pos_pulsel[5:0]
- .'ﬂ width_pulsel[4:0]
-LE, valid_pulsel

> .'ﬂ re_pos_pulsez[5:0]
p B width_pulsez[4:0]
-I-E‘] valid_pulsez

ner-<e
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Pulse Reconstruction Simulation

-“; clk_bec |
-H;, rsk_i

» B raw_data_i[63:0]

p B re_pos_pulse1[S:0]
& width_pulse1[4:0]
-H;, walid_pulsel

p B re_pos_pulse2[S:0]
p B2 width_pulsez[4:0]
-”';1 valid_pulsez

Nner-x»
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Pulse Reconstruction Simulation

ner-<e

p B raw_data_ife3:0]

.' 'E r'EJ:||:|5J:|IJ|5|31[F|'I:I]
p B width_pulse1[4:0]
-l-Eu valid_pulsel

p B re_pos_pulsez[5:0]
> .ﬂ width_pulsez[4:0]
-l-E‘] valid_pulsez
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Pulse Reconstruction Simulation

ner-=x»

-l_l; clk_bi_i
-U;, rsk_i

> .ﬂ raw_data_i[63:0]
> .ﬂ re_pos_pulse1[5:0]

p B width_pulse1[4:0]
-l-l;u walid_pulsel

p B re_pos_pulse2[S:0]
p B8 width_pulse2[4:0]
-I-E: walid_pulsez
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BCM FPGA Data Flow

Personality Module
Sensor data FPGA
(NINO) Level .
> 8 ch, 32-bit, 80MHz
Translation MGTs Abort

|—> 8 ch, 64-bit, 40MHz ™ logic > CIBU /

[—P (mat-ci) 12-bit BCID DSS

- t
PLL 320 MHz (a“gne'd e (abort_ctrl)
BC gﬂz%Tl\Zer;Ik 12-bit BCID 176-bit proc. data
+ 12-bit B
o Data SLINK /
> 40 Mh
ATLAS =X o LTP ALl [P processing ROD

LTP  [Fromom »| interface (Lumi maps, SLINK /

' " pcty |8OMbz 3?2@%?3?555 agflink_rod_ctrl) HOLA

L1A’, L1ID, Trig.Type’
C I SV Post-Mortem Post-Mortem’
< —> N;' Multi-port DDR?2
interface Memory
PCs Gb Etheret PowerPC + | et —®| Controller 256 MB
» »| DMA+ (npi_ctrl) (Xilinx)
DCS+SBC TeMAC
PLB Bus
> [ - PLB Bus interface
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BCM SLINK/ROD Data Format

P{1,2}{x,w}[n] refers to pulse 1/2 position/width for channel n.

ROD Section | 32-bit Word Counter Word Description

HEADER 1 Start of ROD header
HEADER 2 Header size
HEADER 3 ROD version
HEADER 4 ROD source ID (see BemMapping)
HEADER 5 o + 31-bit run number 12_b|t BC'D
HEADER B Extended L1ID {(24-bit L11D + 8-bit ECRC) =
HEADER 7 oxooooo + 12-bit BCID + 176_-blt Of data
HEADER 8 oxoooooo + 8-bit Level-1 trigger type + 4-bit error code
HEADER 9 Detector event type per BC
f DATA 1 12-bit BCID + 6-bit P1x[0] + 5-bit P1w[0] + 6-bit P2x[0] + 3-bit P2w[0] \
DATA 2 2-pit P2w[0] + 6-bit P1x[1] + 5-bit P1w[1] + 6-bit P2x[1] + 5-bit P2w[1] + 6-bit P1x[2] + 2-bit P1w[2]
DATA 3 3-bit PAw[2] + 6-bit P2x[2] + 5-bit P2w[2] + 6-bit P1x[3] + 5-bit P1w[3] + 6-bit P2x[3] + 1-bit P2w[3]
DATA 4 4-bit P2w[3] + 6-bit P1x[4] + 5-bit P1w[4] + 6-bit P2x[4] + 5-bit P2w[4] + 6-bit P1x[5]
DATA 5 5-bit P1w[5] + 6-bit P2x[5] + 5-bit P2w[5] + 6-bit P1x[6] + 5-bit P1w[6] + 5-bit P2x[6]
\ DATA 6 1-bit P2x[6] + 5-bit P2w[6] + 6-bit P1x[7] + 5-bit P1w[7] + 6-bit P2x[7] + 5-bit P2w{7] + 4-bit Error code )
TRAILER 1 Status word 1 - bit errors
TRAILER 2 Status word 2 - count of words with errors
TRAILER 3 Mumber of status words
TRAILER 4 Mumber of data words
TRAILER 5 Status block position (0=bef, 1=aft data words})

https://twiki.cern.ch/twiki/bin/view/Atlas/BcmRod
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SLINK ROD Controller

BCID +
L1ID +—p,
Trig-Type | |1 FIFO

L1A —>

FIFO Data

FIFO Empty

Dual-Port RAM SLINK
Proc. Data + ESM

BCID —»| Data1 IN
BCID —» Addr1

P
1% —»wien

—>| Addr2
r =

Data2 OUT
—P| RAEN

SLINK
Formatter
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BCM FPGA Data Flow

Personality Module
Sensor data FPGA
(NINO) Level .
> 8 ch, 32-bit, 80MHz
Translation MGTs Abort
|—> 8 ch, 64-bit, 40MHz logic ) CIBU/
[—P (moet) 12-bit BCID DSS
_bit
PLL 320 MHz (a“gne'd e (abort_ctrl)
BC gﬂz%Tl\Zer;Ik 12-bit BCID 176-bit proc. data
+ 12-bit BCID, 40 Mhz
T Data SLINK /
> 40 Mh
ATLAS =X o LTP ALl ! processing [ ROD
LA »| interface (Lumi maps SLINK /
LTP Trig. Type > 80 Mh *event counter,s > HOLA
™ (tp_ctr) L,Z [ (data.proc. ctr) (slink_rod_ctrl)
> = I 7
L1A’, L1ID, Trig.Type’
C I SV Post-Mortem Post-Mortem’
< —> N;' Multi-port DDR?2
interface Memory
PCs Gb Etheret PowerPC + | et —®| Controller > 256 MB
» »| DMA+ (npi_ctrl) (Xilinx)
DCS+SBC TeMAC = I—
PLB Bus
> [ - PLB Bus interface
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Abort Logic

#t Search for background pattern
# The same pulse reconstruction logic, but
32-bit data @ 80 MHz

mcond3 sideX = at least 3 out of 4 valid
pulses at side X

. .
Basic Abort: S - B
Side A, ch . . : :
If (cond3_sideA AND cond3_sideC_dly ) OR : : , u
(cond3_sideC AND cond3_sideA dly ))) Side A, ch2 : : B
BA = ACTIVE ) . . . .
e Side A, ch3 n
BA = NOT ACTIVE Side C, ch0 - 10> Beam Abort = TRUE
Side C, chf : : n :
Side C, ch2 n
Side C, ch3 : : n :

Ons 12.5ns 25ns 37.5ns 50 ns 62.5ns

D CERN, 2011-05-05 36 3% |JS
[ )



Additional Abort Algorithms

#t Basic Beam Abort (desribed on
previous slide)

# X-of-Y : takes into account last Y
Basic Abort results and demands
that at least X of them will fire
before it issues an abort
condition.

# Forgetting Factor (Leaky bucket)
Extension of Basic Abort
algorithm. It provides a more
dynamic behaviour by
"forgetting« past results as they
get older.

—b

Basic
Abort

» X-of-Y

Beam Abort

FF

» Mux —>

» X'Of'Y

monitor

FF

» monitor

Select
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BCM FPGA Data Flow

Personality Module

Sensor data FPGA
(NINO) Level .
> 8 ch, 32-bit, 80MHz
Translation MGTs Abort
|—> 8 ch, 64-bit, 40MHz ™ logic > CIBU /
[—P (moet) 12-bit BCID DSS
_bit
PLL 320 MHz (a“gne'd e (abort_ctrl)
BC gﬂz%Tl\Zer;Ik 12-bit BCID 176-bit proc. data
+ 12-bit BCID, 40 Mhz
T Data SLINK /
ECR ‘ .
ATLAS o3 ntertace| ] rocessing ™| "o SLINK /
LTP Trg. Type '=\(/elrj1t countors > HOLA
(tp_ctrl) =" [ (data_proc_ctrl) (slink_rod_ctrl)
= ﬁ ﬁ
L1A’, L1ID, Trig.Type’
C I SV Post-Mortem Post-Mortem’
< —> N;' Multi-port DDR?2
interface Memory
PCs Gb Etheret PowerPC + | et —®| Controller > 256 MB
» »| DMA+ (npi_ctrl) (Xilinx)
DCS+SBC TeMAC = I—
PLB Bus
> [ - PLB Bus interface
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LTP Controller

#L11D bookkeeping with ECR load support
# BCID bookkeeping

# Post-Mortem delay

# Regenerate 40 MHz (BC) and 80 MHz from 320
MHz (or use 40 MHz available on the new
Personality Modules)

# LTP interface, proper latching of LTP signals (LTA,
ECR, Orbit, Trigger Type)
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40/80 MHz BC Clock Scheme

PM_PLL_320MHz

FPGA_MGT_320MHz

LHC_BC_40MHz
—>

Personality
Module with
PLL

PMCD_320MHz

MGT
" CLK g
Orbit 72—

PM_PLL_40MHz
- >

LHC_BC_40MHz

Release

PMCD

Release

e

PMCD_80MHz = CLK_80
—

MHz

PMCD_40MHz = CLK_40MHz

e

PM_PLL_320MHz“||||||||||||||||||||||||||||||

PMCD_320MHZm_”_”_”_”_”_”_”_”_”_”_”_”_”_”_n_mmmmmmmH-m

PMCD_80MHz!

PMCD_40MHz,
l
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Xilinx Phase-Matched Clock Divider

CLKA1 [—

CLKAID2 [—~
—————{ RST
CLKA1D4 [——~
~———— REL
CLKA1D8 f———

CLKD1 [——

UGO70_3_02_031208

Figure 3-2: PMCD Primitive

CLKA_|I|_||_|I_||_||—II—||—|I—||—

|
CLKA1 _|

| | | | | | |
| | | | | | |
| | | | | | |
| | | | | | | |
| L | 4 | } } |
CLKA1D2 __| :I :I :I :I :I | :I :I
| | | | |
| | | |

| | | | |

CLkAtD4 _I| | | o
| | | | | | | | |

| |
olkatps | 1 1 Tt ot ]
-l H_TPMCGKO CLKIN ugl70_3_03_071404

Figure 3-3: PMCD Frequency Divider

RST_DEASSERT_CLK = CLKA
EN_REL = TRUE

REL

CLKA1D(2, 4, 8)

Deasserted RST

t € Release is synchronized.
is registered.

Divided output clocks start toggling.
Delayed output clocks start toggling.

UGOT0_3_06_071404

Figure 3-6: REL Waveform Example
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Orbit Signal Aligning

Orbit’
Muxfp—
Orbit
D Q D Q D Q D Q D Q D Q D Q D Q
|—m |—& |—p0|k |—p0|k |—p0|k Clk |—pc:|k |—pC|k Select
320 Mnz clk
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Device Utilization Summary

Logic Utilization Available Utilization

Number of Slice Flip Flops
Number of 4 input LUTs
Number of occupied Slices
Number of bonded IPADs
Number of bonded OPADs

Number of bonded IOBs
Number of BUFG/BUFGCTRLs

Number of FIFO16/RAMB16s

Number of DCM_ADVs
Number of PMCDs
Number of PPC405_ADVs
Number of EMACs
Number of BUFRs
Number of JTAGPPCs
Number of IDELAYCTRLSs
Number of GT11s
Number of GT11CLKs
Number of RPM macros
Average Fanout of Non-Clock Nets

20,797
28,465

21,611

24
18
222
14
137

R R RN R

10
10

72
3.23

50,560
50,560
25,280
80

32

576

32

232

12

8

32

20
16

41%
56%
85%
30%
56%
38%
43%
59%
33%
12%
100%
50%
3%
100%
50%
62%
25%
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Module Resource Utilization Breakdown

XPS Synthesis Summary Report * m LUTs Used

proc_system
ddr_sdram_wrapper
ddr2_sdram_wrapper
trimode_mac_mii_wrapper
mgt_ctrl_0_wrapper
abort_ctrl_0_wrapper
data_proc_ctrl_0_wrapper
npi_ctrl_0_wrapper
slink_rod_ctrl_0_wrapper
Itp_ctrl_O_wrapper
xps_central_dma_0_wrapper
ppcd05_0_wrapper
xps_intc_0_wrapper
xps_bram_if _cntlr_1_wrapper
plb_wrapper
Xps_timebase_wdt_0_ wrapper
rs232_uart_1 wrapper
leds_8bit_wrapper

proc_sys_reset_0_wrapper

21715
5620

3857
3712
3405
1392
899
711
700
655
566
381
283
229
180
169
148
128
69

30401
6400

3104
3206
3073
2626
5976
1177
1073
603
1005
409
274
184
1034

224
143
97
54

* XPS Synthesis Summary produces approximate report, but it is still relevant to determine relative size of the modules.
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Resource Optimization Strategies

# Optimization will be applied if necessary

# Trade Ethernet speed for FPGA resources

# Processor System Architecture Redesign

# More than 20% of resources can be saved by:
- reducing DDR 64 MB MPMC to one port
- excluding DMA controller
- excluding Ethernet Checksum HW offloading

# Matter of 10 minutes
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Resource optimization: From this...

NneEr-pe

MPMC Module Interface

Ppc405_0_dpibT Pped05_0_ipib1
roc_sys_reset
C_syS_resel_0
ppe_resel_bus
J T Tribode
pib plb ppe405_0_jtagppe:_bus
B cerba a0 Gete-AEAE wit
- ]
plb
xRS or I Al
SLAVES OF plb =
KEY
SPLE] A
TR - ”
[ Bus i External Ports Interrupts : F-ﬂ "ﬂ—‘”—a—x”_'“—':?:
bus interface Interrupt yl "k
iti i abort_ctrl data_proc_ct, Itp_ctrl npi_ctri_0
- - master o initiator BE input & Conoer abort il 0 dafa proc i 0  Hp i 0 pib_br&h2R-E96%: | bra
ared bus B | =
Q slave or target ?ulpul & fnrerrupt
ol inout B ==srs
It
‘ master slave o {arupt
X = Controller ID 10
momlor Y = Interrup! Priority SPLE SPLE §PLB
COLORS t_cirl link_rod () i
| ciri INK_ro\ Ci XPS O
Bus Standard mgt_ctri_0  slink_Fod_ttrl_0 Lé’DngBf! P
DCR . FSL . OPB . socm . USER P2P
FcB Lme LB Xilinx P2P dlock_generatdr
- - - - cl ckj%neraror_l‘.i
s5rR | srgp 140 §PLH 00
SPECS ° 1%
EDK VERSION 12.4 xps_intc  xps_timebase wdt §s uartlite
ARCH e ioLd xps_Tntc_0 xps_timebase_Wdt_RS5232_Uart_1
PART xcdvix60ff1152-11
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esource optimization: ...to this.

MPMC Module Interface

roc_sys_reset
C_S _'rese?_l‘.?

-

ppc_resel_bus

;b‘sfy%f Enw_tﬂrst
pib
plb
SLAVES OF plb
SPLE SPLH SPLH
abort_ctrl data_proc, c’g{f ltp_citrl
abort_€trl_0 data_proc_ctrl_0 Itp_€tri_0
KEY
SYMBOLS
Bus connections External Poris Interrupts
bus interface ) Interrupt
. - master or initiator IRl input § Condoiter mat_crl slink rod_ ctrt
shared bus - output Inte: t mgt_ctrl_| Slink_rod_ctrl_
slave or target st
e _ inout ' Ut
. master slave W ipterrupt
X = Controller 1D
=== monitor ¥ = Intorr upt Prioriy
COLORS FPLE
Bus Standard xps ggi‘q xps_intc s_II_temac
LEDS 8Bit xps_inte_0 TriMode _MAC_Mil

DCR . FSL . oPB - socu . USER P2P
W rce ime gELe [ Xiinx P2P

SPECS A=
e L EETON = X timebase_wdt ;g)s uartlite
ARCH virtexd xps_timebase_Wdt_RS232_Uart_1

PART xcdvix60ff1152-11

ppc405_0_jtagppe_bus

B L

pn‘b_nra%i??_-gri?ﬁff_bmm

dock_generatdr
clpck_generator] 0

nBfictilo

npi_ctr
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Current Design Status

# Completed
- MGT DAQ
- MGT Test Vectors
- Gb Ethernet
- PPC development application

# To-do

- Finalize SLINK/ROD controller

- LTP interface and BC clock

- Finalize PPC application

- Slight modification of pulse reconstruction
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Thank you!

[ 1 ]
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