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XTCA for Physics Objectives

cp IR

B ATCA and MicroTCA is the first platform available to the physics
community providing:
B all-serial communication platform;
B both complex experiment controls and large, high bandwidth and throughput data
acquisition systems;
M a multi-layer highly scalable managed platform architecture;
B the highest possible system performance, availability and interoperability.

B XTCA for Physics extensions goal:

B Improve the management system that is an important tool for the instrumentation
and control systems of complex scientific machines and instruments;

B Extend the ATCA and MTCA telecom standards hardware for physics controls
and applications;

B Provide Software Guidelines to promote interoperability of modules designed by
industry and laboratories, in particular focusing on middleware and generic
application interfaces such as Standard Process Model, Standard Device Model
and Standard Hardware API.
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B To achieve high availability in a complex physics system requires three

main features common to ATCA/UTCA:
1. WModular architecture
2. N+1or N+M redundancy of single-point-of-failure modules (whose malfunction
could stop operation of the machine or experiment)
3. Intelligent platform management for quick isolation of faults and hot-swap

B In addition, physics modules need a few extended features not covered by

current specifications:
4. Rear transition modules (RTM) with standardized interconnects and
management features
5. Extended real estate on cards for high performance analog conversion, signal
conditioning and calibration circuitry
6. Extended options for backplane distribution of high precision timing, triggering
and machine synchronization of modules and groups of modules

B The goal of XTCA is to accomplish the latter features with backward

compatibility to existing designs of processors, modules or carrier cards that

use the standard backplane,
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XTCA Extensions

The following slides will present:

A. ATCA RTM Interface Extensions (PICMG 3.8)
B. Timing Extensions for ATCA (PDG.0)

C. MicroTCA uRTM Extensions (MTCA.4)

D. Timing Extensions for AMC/UTCA

E. Software Guidelines Development
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A. XTCA RTM Interface
(PICMG 3.8)
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A. ATCA RTM Interface

(PICMG 3.8)

B PICMG 3.0 specified the mechanics for the RTM but no Zone 3
connectors

B A Physics RTM interface (PICMG 3.8), now defines of the following
elements:

B Up to 3 ADF connectors (each has 4-row by 10 column of differential
pairs) for 1/O.

B A power and management connector — RTM appears to the system as if
it were an AMC module.

B The interface description and mechanical keying solution.
B New RTM mechanical layout,
B The standard management interface additions.
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I
Front and Read Board Assembly m

T e o 13 A. Alignment/Keying
§J31 ® ATCA spec defines mechanical
§J32 alignment and “keying” methods
J33

® Mechanical keying codes tell

about the electrical interface

® Mating is prevented if modules are not

electrically compatible and damage

could occur — mainly an analog signal

issue.
B. Power & System Management
J L C. User I/0 — ADF Connectors
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B. Power and System

Management connector (J30)

Printed
Board

Male right angle
solder RTM connector

Female right angle
solder front board connector

System management system checks the e-
key to determine if modules are compatible
and can be fully powered on.

The optional Enable# and PS# signals in the
IRTM.O specification are mandatory.

The PS# is a last mate pin for hot swap.
Identification codes are assigned to each
RTM.
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cp SRS

B Connector defined in Zone 3 to
perform similar function as Zone
1 connector.

B Positronic Industries modified an
existing connector that met the
requirements.

B MP (+3.3V, 500 mA) 2 pins

B PWR (+12V,5A) 4 pins
B ENABLE# 1 pin
B PS# 1 pin
B SCL/SDA (I°C) 2 pins
B JTAG 4 pins
B Reserved (power +?)2 pins
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C. RTM User I/O — ADF connectors [l ™

CPF

ROW (a - h)

A FRONT BOARD

CONKECTOR

COLUMN (1-10)

The Physics RTM uses the
same connectors as in Zone
2 of the ATCA specification.

M There areupto 120

differential pairs or 240 single
o 10 ended signals that can be
connected between the ATCA
module and its RTM.

v 4 B Each pair has an associated
ground pin.
S B Allow flexible use of ports:
Transmit only, Receive only,
T/R, or two single ended
TR,TT or RR.

BACKPLANE
CONNECTOR
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L Only generic ports (diff pair) are defined.
L Channel grouping defined by the
applications.
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RTM User I/O - Pin assignement

10
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1 | oNDE] | P39 | P39+ | GND[9] | P2[9]- | P2[9]+ | GND[Q] | Pi[9]- | Pi[9]+ | GND[9] | PO[9]- | PO[9]+
2 | onDg] | P3el- | P3Bl+ | GNDB) | P28l | P28+ | GNDI8] [ Pi8l- | Pisl+ | GND[8] | PO[8]- | PO[8]+
3 | GND[7] | P3[7}- | P3[7+ | GND[7] | P2[7]- | P2[7]+ | GND[7]| P1[7}- | Pi[7]+ | GND[7] | PO[7]- | PO[7]+
4 | oND[e) | P3[6- | P36+ | GND[B] | P26l | P2[6]+ | GNDI6] | Pisl- | Pifs]+ | GND[6] | PO[6]- | PO[B]+
5 | oNDB] | P3[5- | P3[E]+ | GNDIS] | P2[5l- | P2[5]+ | GND[5] | Pi[5- | Pi[5]+ | GND[5] | PO[5]- | PO[5]+
6 | GND[4] | P3[4]- | P3[4+ | GND[4] | P24]- | P2[4]+ | GND[4] | Pi[4]- | Pi[4]+ | GND[4] | PO[4]- | PO4]+
7 | oND@E) | P33 | P3@El+ | GND3] | P23- | P2El+ | GNDB] | Pi[E- | Pi[El+ | GND[3] | PO[3]- | PO[3]+
8 | oND[2] | P32 | P32+ | GNDR) | P22l | P22+ | GND2) | P12)- | P12+ | GND[2) | PO[2- | PO[2]+
9 | oNppy | P3[a- | P31+ | GND[1] | P2[1)- | P2i1)+ | GND[1] | Pi[1]- | Pi[1]+ | GND[1] | PO[1]- | PO[1]+
10 | GND[O] | P3[0]- | P3[0]+ | GND[0] | P2[0]- | P2[0]+ | GND[0] | P1[0]- | P1[0]+ | GND[O] | PO[O]- | PO[O}+
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A system with 1/0O connectors
on the back is more serviceable
and improve maintenance:

Yo ~urTm
o M CREE .
s '.'x.‘ 1'?. o UU 3
T :' | \: | :-ﬁ ' ' !

ﬂ' u "i uuu

W Easier cabling management.

B More functional card hot-swap.
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Modularity

24 galvanic isolated ADC/DAC modules (1 or 2 channels per module)

8
< connector
N 1k
= connector | differential
5]
o (akV) analog 10 DB
(%]
= channels
8/16
o - differential IO mOdL”eS
gl analog 1Q i
connector | -2l T (CUStOmlzable)
Q. I
g connector
B 11111 i)
IS
S D37/D50
2
] AXle 8/16 .
sig@, GITeTerita 4' VII"[GX 6
> analog 10
o \ passive channels
Q RTM connector
o annels (1kV)
g o m’ ATCA
= FABRIC
e D37/D50
£ FPGA PCI
5 VIRTEX 6 express x4 8/16 I
o channels > sl I P M C
1and 2 analog 10 I
channels
ATCA
LXI (Gigabit Ethernet) EiEls
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digital 10
POLA, DC-DC chanrie RTM
regulators, ] + - ATCA .
capacitors, PIM POWER (paSS|ve)
etc.
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EMC Compatibility —
Analog/Digital Separation

CcP

a1
ADC module -1/2MSPS, 18 bits §
with ADC x2 and chopper mode ‘

DAC module
with DAC x2




B. Timing Extensions for
ATCA (PDG.0)
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B. ATCA Precision Timing

Distribution

B A timing distribution system to use extended options lines or added
special lines in the ATCA backplane for higher precision.

B Harmonize and add Clocks, Gates & Triggers/Time-stamp (CGT)
resources;

B Guideline for users in which the specific implementation for most
applications can be accomplished within the base ATCA 3.0
specification (to avoid re-design current backplanes);

B Keep the concept that a timing source in any slot may drive any other
slot.

M Possibility of considerably higher precision with modifications to the
backplane.

B Improve the compatibility between pTCA and ATCA platforms.
B Currently as draft guidelines PDG.0
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ATCA timing resources

CPF

The following slides will present:

B An overview of resources for Clock Interfaces on ATCA.

A. Synchronization Clock Interface

B. Base Interface

C. Fabric Interface

D. Shared Fabric Interface

E. Fabric Interface (Clock Hub)

F. Update channel interface

G. Midplane clock interface

B Examples of implementation.

16 Ecole d'électronique numérique | Fréjus, 25-30 November 2012



A. Synchronization Clock Interface

ATCA Backplane

CGT signals
available

Performance

ATCA 3.x
Compatible?

_ _ CGT signals
B Provides separate CGT signals — keeps on fabric
full data bandwidth on fabric on ALL slots coes

(even for full-mesh),

- Centre ‘.
de Physique (
I I des Particules
de Marseille

CPF

M 6 (or 3 redundant)

B CGT signals

B Time-stamp
signals

M Fair
B Bused
B 100 MHz

M Yes, fixed
frequency CLK1 (8
kHz) and CLK2
(19.44 MHz)
changed to user-
defined

B No

B Noradial CGT
signals

B Limited
frequencies

B Slot-to-slot skew
not deterministic
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B. Base Interface b
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CGT signals  None.

available IEEE-1588 time
encoded on
10/100/1000BASE-T

Performance Good (P2P)

B -0.2GHz
B <50ns jitter
(IEEE-1588)
ATCA 3.X M IEEE-1588: yes
Ethemet TX 0 Compatible? B White-Rabbit: no
100 3 e 2 100 ; :
100 SmmbherNEt RX 0 (incompatible to
$100 10/100/1000BASE-
. erne T
B Compatible to dual-star o e G )
backplanes 100 £ $100 CGT signals  None
o on fabric
B Allows timing redundancy. SsUes m Timestamps only
B Can be used as complementary B High skewijitter
or substitute of a specific clock
hub.
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Master Switches/ Slave
Clock Routers Clock
Grandmaster Ll ot PTP Client
Syncl Tytoeeees = _______
: : ...... oo
| IEEE-1588 Processor | | e b IEEE-1588 Processor |
FolIovV'": ------- HI
Network Protocol Stack Up 2 : : """" t = Network Protocol Stack
and OS ' ' and OS
: " e TS
Sync Detector and ' : -------- Sync Detector and
Time Stamp Generator | | | .- Delay Time Stamp Generator
P ' ' Resp 3
N (]
Physical Layer N S ' E Physical Layer
Delay 8- e
Master Clock sends: : i Slave Clock sends:

Sync message . Delay response message

Follow up message

L]

L]

. Delay response message
. Signaling messages

L]

Management messages

Grandmaster

server Ethernet 100Base-TX

B Precision Time Protocol (PTP) is a protocol used to synchronize
clocks throughout a computer network.

B Master-slave architecture where master is elected (best precision).
B Time synchronization accuracy < 40 ns RMS.
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C. Fabric Interface
(Communications Protocol)

B 10GBASE-KR (10.3125 Ghbit/s,
64B/66B) (and a 40GBASE-KX4) will
allow better accuracies.

20

100 E Eihsms !PEIE!ERlEE TX EE 100
100 $ ol CRIDRA L s 100

Ethernet/PCle/SRIO TX_1

100 §=§ 100
100 %g 100

Ethernet/PCle/SRIO TX_2
100 100

100 $mmbllSEUECIGRR Rz 100

Ethernet/PCle/SRIO TX_3
100 100

100 S BURRUERERRIORA Sz 1

CGT signals
available

Performance

ATCA 3.x
compatible?

CGT signals
on fabric

Issues

Centre

de Physique (
des Particules
de Marseille

CPF

None.

Time encoded on:

O Ethernet
1000BASE-BX or
10GBASE-BX4:

O IEEE-1588
d  White-
Rabbit

d PCle/SRIO:

unknown

Good* (P2P)
O <100 ps jitter
(White-Rabbit)

Compatible
None

O Time-stamps only
O High skewijitter of
IEEE-1588
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White Rabbit

B Compatible to the IEEE-1588-
2008 specification.

B All nodes receive a synchronous
physical layer clock:
B Generated by the Grand-master
(125 MHz, 8 ns period).

B Encoded at the transmitter PHY
and recovered in the receiver
PHY.

B Uses hardware-assisted PTP for
clock synchronization
B Synchronizes local clock with the

master clock by measuring and
compensating the coarse delay.

M Fine delay adjustment use a
digital ‘Dual Mixer Time
Difference’ phase comparator.

21
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CPR

digital DMTD
(fine delay)

reference clock RX clock
........................................ /‘\/\/‘\/‘\/
master link slave
.m.“E?tiﬁf_“m“”_/W\j/\\/\\Jr\Jf F’}i\(
TX clock
recovered
| clock RX clock recovered by the CDR
from incoming data is fed
back as a reference clock for
DMTD TX path of the PHY

!

ot

fine

1+350 ps skew accuracy over
5 km fiber point-to-point link.
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D. Shared Fabric Interface

B Can be used on all fabric
configurations (even full-mesh).

22

Ethernet TX

Ethernet RX

100 = § 100

Clockl A

100 S e 2100

Clockl B

100 S =% 100

Clock2 A

100 $ 2 100
100 2 §|§Ek2 B 100

100 Clock3 A 100

Clock3 B

100 > =% 100

CGT signals
available

Performance

ATCA 3.x
compatible ?

CGT signals
on fabric

Issues

Centre

de Physique \
des Particules
de Marseille

CcP

All nodes can
receive/send < 6 (3
redundant) CGT
signals

Good* (P2P)
~3 GHz

<100 ps jitter

New definition
New Hubs/Nodes
Data rate:1x 2x ¥

000 OO

Yes

O Limits data
throughput
O Less CGT signals

* Can be further improved on backplanes re-

designed for low crosstalk noise and equal

length lines.
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E. Fabric Interface (Clock Hub) =

CcP

CGT signals  All nodes can

available receive/send < 8 (< 4
redundant) CGT
signals

Performance Good* (P2P)

U ~3GHz
U <100 ps jitter
ATCA 3.x Compatible
100 $ E:gi:::;i 2100 compatible?
g 2100 CGT signals  Yes
. . LRSLIX 2 on fabric
O Compatible with both dual- o e S
- ~ Issues O Channel 3in Slots
dual star and full-mesh o ez - 1(2) reserved for
backplanes. 100 DS b data
Q Provides separate CGT 100 $emlDS X - %?ﬁ?.?ﬁg gm;n
. 2100 -
signals — keeps full data 100 ok VRIRX 100 mesh data network

bandwidth on fabric channels. .
* Can be further improved on backplanes re-

designed for low crosstalk noise and equal

length lines
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Clock Hub on Slot 3(4) -

B The Clock Hub uses fabric Channels 3-15 as radial bidirectional links to the
node cards on Slots 4-16.

B The Clock Hub implements the following functions:
M l|ocal generation of clock signals and distribute it to the node cards.
B route timing signals from/to node cards (broadcast, multicast or P2P).

The following types of signals are defined:

Name | Code | Signal type Description

BST 1h Binary State clock, gate and trigger binary type signals
Timing

WET 2h | Word encoded | synchronous time multiplexed BST signals on
BST a ‘n’-bit word (e.g. 8b/10b -> n = 8 signals)

MET 3h Message ¥ Deterministic timing messages (sequence
encoded of words) modulated on a carrier clock.
Timing " Carry trigger/event signals transport, clock

skew correction, and time stamp

TSS 4h Time-stamp Serial one-line time information such as IRIG-

signal B.
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Dual dual-star backplane |k o
connections cp

wlo ] [ [ 1 1 | 1 | [ [ [ I [ [ |
I

(SLOT-CHANNEL)

4x Channel
(8 diff pairs)
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When use Clock Hub on Slot 3? J‘

This type of Clock
Interface shall be used

when:
B Fabric Data Hub inserted in
Slot 1.
and

B Fabric Clock hub on Slot 3
require fabric data
connections (e.g. PCle for
board setup)

M |F the channel toward Slots 1 may not be not used for data, then:
Clock Hub on Slot 3:

B May include a bidirectional multiplexer to select between outbound clock signals or inbound data signals on
Channel 1 and 2;

B Shall provide the clock interface on Channels 3 to 15 as usual;
Node boards shall include a bidirectional multiplexer to select the:
B Clock interface from Channel 3, if the node board is inserted in Slot 4 to 16;

B Clock interface from Channel 2, if the node board is inserted in Slot 1 or 2.
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Checked by the HMU

Port Configuration example:

Code
Signal type Port 0 | Port 1 Port 2 Port 3
1 Byte MET | CLOCK
1lh LVDS (differential)
) _ WET | cLock | cLock TSS
Table A 2h MLVDS (differential)
SI-Dort| e CML (differential) MET | CLOCK | TRIGGER | GATE
P 4h  LVECL (differential) HET | GO | TRIGEER | TSE
5h LVPECL (differential) WET | CLOCK | TRIGGER | TSS

6h-31h  reserved

32h-63h OEM
MET signaling options:
U PICMG 3.1 Ethernet

fg;t‘z Protocol Q PICMG 3.4 PCl Express
O PICMG 3.5 Serial RapidlO
1h BST
TaFPcl)?tB oh WET WET signaling options:
_ _ 3h MET O 8bl10b, 64b66b
Signalling . : :
4h TSS TSS signaling options:
4h-31h reserved 0O IRIG-B Direct Current Level Shift —
32h -63h OEM DCLS (width coded) over LVDS.
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Performance criteria: time jitter and channel to channel skew

B Proprietary (e.g. using FPGA)
B Can be tailored for maximum synchronization performance.

B Higher level synchronization protocols (PTP) and link delay compensation (down
to ps) can be straightforwardly added.

B Example: DESY system wide synchronization (uUTCA) for XFEL.

B EEE-1588 or White Rabbit over Ethernet

B \WR-like protocol over PCle or SerialRapidlO?
B Expected even lower time jitter.
B Synchronous — link delay compensation can be added.
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Group (IRIG) time codes el

TIME FRAME 1 SECOND
INDEX COUNT 0.01 SECONDS

i] 10 20 30 40 S0
N T I A A A A I A O O B B A T
l——0ON TIME
f— REF. MARKER
4—‘ fiSECEINDS \ MINUTES \ HOURS \ DAYS
1 2 4 8 10 20 40 1 2 4 8 10 20 40 1 2 4 8 10 20 1 2 4 8 10 20 40 BO 100 200

) J P N\ pOINT A j P3 P4 PS
gns 25 l. Sns 001 SECOND
- = BINARY ‘0’ BINARY ‘1"

(TYPICAL)
(TYPICAL> C(TYPICAL)

(TIME OF DAY
YEARS \ !—CDNTRDL FUNCTIONS \ STRAIGHT BINARY SECOMDS <17-kits)

/ \
1 2 4 8 10 20 40 80 202l 2P % pt 20 BB a7 2B P Pl plE I3 14 515,16

Pé P7 \_ P8 P9 PO
ams Time at this point equols:
POSITION IDENTIFIER 173 Days, 21 Hours, 18 Minutes, 42,750 Seconds
L>

(TYPICA 03 Yeors (2003

Format B: BCD time-of-year in days, hours, minutes, seconds and
year and straight binary seconds-of-day and control bits.
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F. Update Channel Interface e

CGT signals  Up to 10 signals per

CLOCK + UPDATE available Slot (mix of f_uII-mesh
CHANNEL PORTS and bused signals
possible)

Performance Excellent #
O Low skew
Q Low jitter

i ATCA 3.x Not compatible with
compatible current designs
? using the Update
Channel
CGT signals  No
. :; cows | intertace J20/P20 Connector Pairs on fabric
o Designation ab cd of ah
. 1 Clks CLKIA+ | CLKIA- | CLK1B+ | CLKIB- | CLK2A+ | ClKeA- | cLk2B+ | cLkzB- Issues Requires a new re-
m[ I I I I I I I I I : : — L | designed backplane
4 0 P o(uP o(uP RxO(UP P P R
5 Fabric TMS | T[Sl | Rx2[15)+ | Rx2(15] | Tx3[5l+ | Txa[15- | Rxa[isl+ | Rx3[5)k # 0On backp|anes designed for low crosstalk
6 | CMaMeTS ronisle | TxoMSL | RxO[S}e | RxOMSL | Txi[15]+ | TxI[15- | Rxi[15}+ | RxI[5)- noise and equal Iength lines.
7 cobne | T | Tnan | Renar | Rendr | menes | Tepae | Repde | Rapa
s | Chanelt Fromap | Teonal | Rxorar | Reotar | Txapais | Tapar | Retprae | Repar
9 cobic | T2 | Tl | Renas | mendk | mapae | Tansk | rapae | Reapa
10 | CPamnel 13 ronap | Txopal | Rxol13l | ReO[3L | T3l | TxI03L | Rxi[13l | R[3-
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Interface |

IONE 3 MIDPLANE
| /
4

—— CGT signals Q1 Full-mesh of
== available CGT signals (2
| RTM CONNECTOR line channels)

\

a1 / O 14 bused lines

Performance Excellent*

FRONT BOARD CONNECTOR—""
O Low skew

J32

——RTN O Low jitter
” ATCA 3.x Compatible
- compatible?
_ , i
‘ g, CGT signals No
N o] on fabric
L —_ Issues Q Costincrease
O less I/O (just
_ _ J31, J32)
O Provides separate CGT signals — keeps O less area on
full data bandwidth on fabric on ALL slots RTM card

(even for fu”'meSh)' _ # On backplanes designed for low
1 Full-mesh or dual-star clock interface plus crosstalk noise and equal length lines.

bussed clocks can be implemented.
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AdvancedTCA backplane { 1

AdvancedTCA Data Transport

_ M dia (6 diff pairs)

B Differential signaling capable of 10 Update Port
Gbps (XAUI) today I i o1 BT 1§ Nt
B 5+ Gbps differential signal ( pairs)

capacity
B Single backplane supports many

fabric technologies and topologies Fabric Interface
B Base Interface

[Full Mesh]
B 10/100/1000 BASE-T Ethernet

Lonee | AARR AR o e
B Fabric Interface

B SERDES (3.125 Gbps minimum) Base Interface
: é)t(ar2 z)(r cli/TeAfs);]Cf::t?r?: tecl)f)ology [][IIII |I [IIIII] [Ethernet Dual Star]
B Synchronization Interface 1 | (4 diff. pairs each)

B Three dedicated clock interfaces
(8kHz, 19.44 MHz, user defined)

B Redundant buses - - - - - - - - B IPMVIB Star
B Update Channel

B Point to point connection between
two slots

8 Ring/Test Lines
- 48VDC Power

N\ N/

Single Blade Central Fabric Switch Blades
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XTCA v. AXle timing

34

Function
Star timing signals

MET or WET signals

Bussed signals
Daisy-chained Local bus
Update interface

Fabric Channel 14-15
Slots with timing signals
(except Hubs)
Backplane length
compensation

AXle
3 unidirectional and 1
bidirectional pairs per slot

12 pairs
2 X 8 pairs per slot

2 to 14 (13)

Length trimmed timing
star traces

Centre

de Physique
des Particules
de Marseille

XTCA Fabric Hub Slot 3
6 bidirectional pairs per slot

One x1 port (2 pairsup to 5
Ghit/s) per slot*

6 pairs

10 pairs

16 pairs

510 14 (10) on 19”

510 16 (12) on 23"

Use standard backplanes —
automatically adjustable delay
lines on timing hub if required

Number of simultaneous WET signals depends on the time resolution, e.g. 8 signals @ 4 ns resolution, 32 signals
@ 16 ns resolution ... (for a signaling of 2.5 Gbit/s).
MET are non-simultaneous event ocurrence messages with a timing resolution (time slot) depending on the

message size, e.g. 32 ns for a 64-bit message (2.5 Gbit/s signaling) (2764 distinct events when all bits are used for

this purpose)..
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CGT signal integrity =1

CPF

B Clock signals can be de-jittered
using a PLL/VCXO de-jitter circuit oo
B < 1ps achievable.
B Fractional clocks can be obtained.

B CGT signals can be de-jittered by r g Do Juored
sampling it with a de-jittered clock. DejiierPiL :
B A deterministic signal delay of ¥ the Fabric clock] GLIG or FCLKX ey dvider ¥ CLOCK
clock period will be added. = freommmasle > onee
B Slight higher jitter than the sampling ATCA S, A Deittored
. - s e-Jittere
clock due to the addition of a flip-flop. FABRIC sampling
. . clock
B Sampling period must be smaller than Fabric ports/CLKL2,3[a,bJ/FCLKA B.C,D
the CGT signal smallest width (Nyquist). (all other timing signals) > pecL ™
| Eﬁih clock domain signals requires one Communications decoded triggers ':Flgr;s : TrfseilgeniER
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Timing Signals Skew

SKEW =0.72 ns SKEW=0.72 ns SKEW = 3.6 ns SKEW=0.72 ns
(180 ps x 4") (180 ps x 4") (180 ps x 20") (180 ps x 4")
AMC Carrier [ | SLOTS Timing Hub in SLOT 3
bciers. | INSLOT7
TMG x4 -
AMC SSL x4 - SE\T @
CLK - SL
12V - ARTM
PCle x4 -
TMG x4 -
AMC SSL x4 - Total Skew:
CLK - AgriC | || Timing Hub +
12V - itch HaiE Backplane +
Ch 6 TIMING Carrier +
SWITCH
AMC card
PCle x4 -
v~ | TiminG
S5 Switch ATCA < ~6 nS
AMC SSL x4 - Fabric
15
ClLiX = x4 [Slot7
12V - ports | Ch 3
IPMC
PCle x4 -
CAP CAP
AMC SSL x4 -
CLK - PEM ATCA
48V
12V -
SLOT 16
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Skew Compensation =

] Manual compensation
H Programmable delay devices on all clock lines

_] Automatic skew compensation

] uses a clock loop phase compensation on xET.

L Matches the different propagation delays on all node cards (up to ~6 ns skew).
J The RX path delay must designed to be similar to the TX path delay.

(] Both clock and xET decoded timing signals are de-skewed.

] Clock de-jittering included by design.

HUB CARD NODE CARD De-jittered
VCXO De-skewed
clocks

Ref?rerllce COMM EETrX COMM Recovered

100 MHz Cloc TX Dual RX Clock e
100 MHz 100 MH

@ Programmable ATCA <

COMM Delay FABRIC | EETH COMM
RX (10 ns) >

Digital
Delay
Control

Simplified example of an automatic skew adjustment circuit.

Recovered Clock

100 MHz
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Example Implementations
for ATCA/AMC carrier
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ATCA AMC-Carrier /

[ Timing Node
| ! IPM controller module

B |[EEE-1588 or White-
Rabbit Ethernet support

M Clock de-jitter PLL with STET=
Servo

M Switch on FPGA for
timing distribution

B |IRIG-B encoding to
backplane

M Decoded trigger signals

B Common 100 MHz clock
to all cards

AN
Centre G
e u de Physique
des Particules

de Marseille

FPGA for timing & synchronization

39 IEEE-1588 to IRIG on backplane + 100 MHz clock

IEEE-1588 / WR
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ATCA Synchronization Clock Interface m e, (W

RN
de Marseille '
4 A'4

CPF

Example (ITER FPSC)

M-LVDS bus (ATCA backplane)

'CL-KIA {IRI'G} - e i r e Y -
CLK2B (RESERVED) < Lk T T A A

CLK1A (CLOCK) <«— . >
CLK1B (TRIGGER) <+—— —o »
:
:

PTP
GrandMaster Ethernet

IEEE-1588

| Y Y ¥ ¥

Hub card

B Time stamping of acquired data using IRIG time distributed by hub card
Internal time counter synchronized with IEEE-1588-2008.

B Programmable timing unit for generating specific clock or trigger sequences for
sampling.
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ATCA Fabric Clock Interface Example e

de Marseille

(AMC Carrier)

DIR_TCLK [A — D] [AMC 1 — 4, ARTM]
\ DIR_CLK [1A — 3A, 1B — 3B] IPMC DIR_FCLK [AMC 1 — 4, ARTM]

| DIR [TX 17 — 20, TX 17 — 20]
\

'y

: TCLKA,B,C,D_IN RADIAL
CLKIA CLK1-3A IN FCLKA_IN AMC 1
cLk2a | CLKL,2,3A > RADIAL R
CLOCK CLK3A S CLK1-3B_IN TCLRAB.C.D OUT M ¢ ocK
(PCleclka)l = o FCLKA_OUT BUFFER
INTERFACE CLK1B CLOCK CLK1-3A_OUT
CLK2B CLK1,2,3B | BUFFER
CLK3B CLK1-38_OUT
(PCle clkb)
CGT_Tx1[3]
CGT_Tx2[3] CGT_OUT1-3 [3]
CGT_Tx3[3] OUT[1..K] IN[1..m] o
cer-pam MULTIPLEXER A
CHANNELS| €eT-T™21] CGT_OUT1-3 [4] Ly
3and 4 | ceT-mel RADIAL
CGT_Rx1[3] FCLKA_IN S E
-
CGT1-3 CGT_Rx2[3] CGT_IN1-3 [3] BIDIR
coT Ryl cLock
FCLKA_OUT BUFFER
CGT_Rx1[4]
CGT_Rx2[4] CGT_IN1-3 [4] I
CGT_Rx3[4] PORT17-20_TX_IN
LOCAL | LCLK BUSSED
TRG
PORT17-20_RX_IN
BIDIR
LOCAL | RCLK CLOCK
e PORT17-20_TX_OUTY BUFFER
ATCA 4
RECOVERED PORT17-20_RX_OUT)
Bac kp lane RX CLOCK _ A 100 |
Time Time ‘
descriptor descriptor TX CLOCK ‘
Encoder Decoder (PLL) ‘
CHANNELS | *€7-"8 XET[3] @ @ |
3and 4 XET_Rx[3] |
XET_Tx[4] ‘
- 4 AMC CARRIER |
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ATCA Base Interface example

DIR_CLK [1A - 3A, 1B - 3B] DIR_FCLK [AMC 1 — 4, ARTM]
IPMC
DIR [TX 17 — 20, TX 17 — 20]

[ DIR_TCLK [A — D] [AMC 1 — 4, ARTM]
|
\
\

lecﬁ A

A 4
| TCLKA,B,CD_IN | RADIAL
CLKIA CLKI-3A IN [ Folka N | AMC1
cLk2A K CLKL,2,3A> RADIAL - BIDIR
CLOCK CLK3A I et GG TCLKAB.C.D_OUT M | o0k
(PCle clka)| o FCLKA OUT “_ | BUFFER
INTERFACE CLK1B ALeE “CIKL3A OUT | >
CLK2B BUFFER OUT[lk] IN[lm]
CLK3B —CLKI-3B_OUT |
(PCle clkb)
CROSSPOINT SWITCH
A
TCLKA,B,C,D_IN RADIAL
ATCA FCLKA_IN AMC 4
> BIDIR
TCLKAB,C,D OUT CLOCK
Backplane oo V| sinren
LCLK
100 MHz l
Clocks
PORT17-20_TX_IN
Disciplined Bl{riS(;ED
DIVIDER | Clock (100 MHz) « PORT17-20 RX_IN
(PLL) wRT17-20_RX_OUT BIDIR
CLOCK
BUFFER
Feedback clock
Frequency/phase control ‘
o ETHERNET |
INTERFACE | > PHY
— AMC CARRIER/HUB |
__________________________________________ |
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CcP

IEEE-1588
IEEE-1588 packet axchange -_ Clock
* {ATM GbE port)
125MHz | MGT clk | MGT port

TCLKB (sync clk)

Ve TCLKD (IRIG-B)
VCXO (4— DAC [—— |EEE-1588 core FCLKA (PCle cik)

'3"4 CLK1B {syne clk)

CLK28 (IRIG-B)
|__100MHz Reference |
L oures REF in [-— CLK3B (PCle clk)
AD9511
TCLKB (sync clk)
—1 OUT (10} syncclk —— it
FCLKA (PCla clk)
- X-switch
syne elk IRIG-B legic
{100MHz) Encoder | ™ TCLKE (sync clk)
TCLKD (IRIG-B)
FCLKA (PCla clk)
ADS511 TCLKB (sync clk)
control TCLKD (IRIG-B)
FCLKA (PCle clk)
Virtex-6 Family TCLKB (wyme ofk)
FPGA TCLKD (IRIG-B)
FCLKA (PCle clk)
A
100MHz
Reference
(X0)

Each clock signal source may be independently located
(on each of the AMC cards, RTM or ATCA backplane)
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Timing Hub driving Fabric Interface

SEE

12C

IPMC

ATCA Backplane

44

XET_TX[3..15] |-t
XET_RX[3..15) | g

CLK1A CLK1-3A_IN
cLk2A [C CLK1,2,3A % RADIAL
ATCA CLK1-3B_IN
CLKSA | (PCle clka) BIDIR
cLeae CLOCK CLKi-3A_OUT
CLK2B | CLK1,2,38 ) BUFFER
CLK38 CLK1-38_OUT
(PCle clkb)
13
CGT_Tx1[3..15
_Tx1[3..15] =
CGT_Tx2[3..15
_Tx2[3..15] )
CGT_Tx3[3..15]
13
CGT_Rx1[3..15] [
13
coT_Rx2[3.15] [
13
CGT_Rx3[3.15] [

Event
Encoder

x1 SerDes (13)

Centre

de Physique (
des Particules
de Marseille

BST Timing
Signals

k
F
R
(@]
N
PTP CLOCK m T
TRIGGERS 100 MHz P
@) A
N
E
ETH
PTPWR | o ‘ >t
DECODER

Event
Decoder

EET Reference Clock
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C. MicroTCA uRTM
Extensions (MTCA .4)
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C. MicroTCA pRTM Extensions

(MTCA.4)

B The needs of the Physics community led to the development of
standard specifications for Physics based on MicroTCA.
B Double-wide AMC card and its mechanics (mostly uTCA is reused);

B Companion double-wide pRTM card and interface (definitions for 10,
power and IPMI management);

M A new 12-slot MTCA shelf —the original Double Wide Shelf AMC shelf
specified by PICMG didn'’t provide an RTM, although the module itself
allowed a user-defined connector in the RTM area (Zone 3).
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MTCA.4 double size AMC and
URTM (component side)

Q
c
o
S
X<
&)
©
(a4)]
<
O
=
3

T T T MRTM size = AMC size
URTM Fan cooling: 30 W
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URTM User I/O (J31)

48

1 GND[9] P2[9]- | P2[9]+ | GND[9] | P1[9]- P1[9]+ GNDI[9] | PO[9]- | PO[9]+
2 GNDI[8] P2[8]- | P2[8]+ | GND[8] | P1[8]- P1[8]+ GND[8] | PO[8]- | PO[8]+
3 GND[7] | P2[7]- | P2[7]+ | GND[7] | P1[7]- P1[7]+ | GND[7] | PO[7]- [ PO[7]+
4 GNDI[6] P2[6]- | P2[6]+ | GND[6] | P1[6]- P1[6]+ GND[6] | PO[6]- | PO[6]+
5 GND[5] P2[5]- | P2[5]+ | GND[5] | P1[5]- P1[5]+ GNDI[5] | PO[5]- | PO[5]+
6 GND[4] | P2[4]- | P2[4]+ | GND[4] | P1[4]- P1[4]+ | GND[4] | PO[4]- | PO[4]+
7 GND[3] P2[3]- | P2[3]+ | GND[3] | P1[3]- P1[3]+ GNDI[3] | PO[3]- | PO[3]+
8 GND[2] | P2[2]- | P2[2]+ | GND[2] | P1[2]- P1[2]+ | GND[2] | PO[2]- | PO[2]+
9 GND[1] P2[1]- | P2[1]+ | GNDI[1] | P1[1]- P1[1]+ GND[1] | PO[1]- | PO[1]+
10 | GND[0] | P2[0]- | P2[0]+ | GND[O] [ P1[0]- P1[0]+ | GNDI[O] | PO[0]- | PO[O]+
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URTM User I/O, Management (J30) S

1 GNDI9] GND[9] | PWR | PWR
2 GNDI8] GNDI8] GND[8] | PWR | PWR
3 GND[7] | P2[7]- | P2[71+ | GND[7] | P1[7)- P1[7]+ | GND[7] | PO[7]- | PO[7]+
4 GND[6] | P2[6]- | P2[6]+ | GNDI6] | P1[6]- Pi[6]+ | GNDI[6] | Po[6]- | PO[6]+
5 GND[5] | P2[5]- | P2[5]+ | GNDIS] | P1[5)- P1[5]+ | GND[5] | PO[5S]- | PO[5]+
6 GND[4] | P2[4]- | P24]+ | GNDJ4] | P1[4]- P1[4]+ | GND[4] | PO[4]- | PO[4]+
7 GND[3] | P2[3]- | P2[3]+ | GND[3] | P1[3)- P1[3+ | GND[3] | PO3]- | PO[3]+
8 GND[2] | P2[2]- | P2[21+ | GND[21 | P1[2)- P1[2]+ | GND[2] | PO[2]- | PO[2]+
9 GND[1] | P2[1)- | P211)+ | GND[1] | P[1)- P1[1+ | GND[1] | PO[1]- | PO[1]+
10 | GND[o] | P2[0- | P2[0]+ | GND[O] | P1[0]- P1[0o]+ | GND[0] | PO[0]- | PO[O]+

No ENABLE# signal
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Board size comparison — e

de Marseille

VME/double-size uTCA

- AMC + RTM:
~457 cm?
VME:
~345 cm?

50 Ecole d'électronique numérique | Fréjus, 25-30 November 2012



Centre
de Physique

MTCA.4 Management e

CPPM

The AMC/URTM pair are viewed
as one unit from the system

Safety mechanical key

implemented
M Short pin to indicate full
AMC insertion or removal
( cf:::f:;n o o ﬁﬂ #j Mﬂfﬂ Eﬂ B URTM has a serial PROM
BCCr > coneer Pomsird that communicates with the
» B ATi-508 i J front AMC module’s MMC
M £ o0
—— a8 M Data read from the PROM
T |G y h . Is used by the system
.8 | ) manager for enabling the
i : CEPROM [ - URTM 12v converter
| h 1 o B LED’s, handle switch, etc
PR are controlled and/or read
URTM
Y through 12C
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EEPROM: FRU Data Foy

CPF

Jlength field 3 Header, length, language

1 Common header 3 Mfg. Date / time

1 Internal 1+P Board manufacturer

1 Chassis info area = 0 1+Q  Board product name

1 Board area 1+N  Board serial number

1 Product area 1+R FRU file ID, version

1 Multi record area XX Additional custom info

1 PAD =0 1+Y End mark, unused space

1 Checksum 1 checksum

c Sensor record header (type..) Power/current consumption
header

Record key bytes (owner) .

Power/current consumption data

N Record body bytes

Link info header
Next sensor record...... o
Link info data

Termination header
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MTCA.4 Physics Backplane i

cp SRS

B The MTCA.4 backplane specifies module interconnect features
required for many Physics research environments:
M Clock distribution
M Interlocks
B Analog summing of signals or other, user defined

B It uses the Extended Options region for Physics features

B Any AMC module that does not use this region will work when
Inserted on the redefined backplane

B The backplane is not used by the uRTM
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MTCA .4 Backplane =

cp IR

#6  #7T  H#B  #9 #10 #11 #12

IZEI ]
- H I I @ & 0 ¥ & 3 & 3 =
SAS/SATA Standard
(Tt ] [T Tt | [T Ta——=—fe] -
MTCA
O O OO 080 0O 80 080 0 8 8
O OOCO>0O0O°80O3°0On0O0 0O cC
O O O 0O 08 0 8 808 0 8 8
MCH| 1 ] O CJ O O O O O &3 O .
main | [] E—U%,EI | o4— [sd=—te] | xTCA for
Point.2-point| [ 13_] 1 [e+ [(S=p==] | (1= .
{|  links |Il O O ] z:l_ﬁ - Physics or
| ] [ [t [e—Fe] (¢ private
| TcLkCD m -
| (7] (d—E—r—t———F—rs——a—Fs—=
= — i e xTCA for
J . [S—Es—Es—Fss—F—a s —Fal—a—Fa—F—F%]  Pphysics
I e e e e e B e e B e s e B e e e e S0 I
E % <> TCLKA Standard
= -+»TCLKB —
Of [Cle Clock] — —»FCLKA MTCA
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MTCA.4 double size AMC and s i

de Marseille

IJRTM (implementation) P

Connector:

Analog or digital signals,
\\power and management

= . | ; =

Cables from | = i - e
rear ‘ = HIHA TN = = E
eg.SMA = LI CLECAERREL LT ' = 9
1.3GHz A JUIHAER e

URTM: ‘ AMC connector:

I/O adapter, Ethernet and. PCle, Standard front AMC:

Application specific signal Clock and Trigger FPGA with high speed data

conditioning and cable links,

adapters
\— Y, J
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RTM AMC

U , R
i o g i) " ] 1

T é;cbo‘i;ve""o", it 0

2 ch Vector Modulator: LLRF Controller:
1.3 GHz ... 3.9 GHz 6 Fiber-Ports on front
16 bit DAC 8 Gb-Links to backplane
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MTCA.4 Modular Unit

Cables from rear side

r— Space for ....

s
Q
Q
>
v
—
[
2
3]
o,

Redundant:
Power
Fan
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L
1
4 A'4

cp IR

= |P Module carrier: = PMC Module carrier:
= TAMC100/200 (Tews) = PMC AMC (NAT)

= TAMC260 (Tews)

FMC Module carrier:
= TAMCG631/640/641
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D. Timing Extensions for
AMC/UTCA
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D. uTCA Precision Timing & Trigger i

de Marseille

Distribution Extensions -

The 12-slot uTCA shelf specified for Physics use includes the capability for

distribution of precise timing and triggering

B Existing 6-slot shelves do not provide redundant features but will include support of the
timing features.

B These features will require MCH's that can manage either 6 or 12 slots or both.

B Extended Options radial lines are used, managed by the MCH
B To provide point-to-point buffered lines for good isolation between modules, thus:

B allowing removing a module in a hot-swap operation without perturb timing signals in
adjacent modules.

B A new concept defines that a timing source in any slot may drive any other
applications slot.

M Additional lines were added to the new backplane layer

B For the non-precise bus lines.

B For special summing and daisy-chain lines for vector summing involving several modules
and slow interlocks involving several modules.
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uTCA: Clocks, Triggers and

Interlocks

2 radial clocks per AMC: 8‘bUSSGd M-LVDS Iir.1es:
low jitter, configurable direction triggers, clocks and interlocks

N

Ethernet To Timing Distribution
and PCle
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I/O Module Example

FPGA

Bussed
lines

Switched

_’ PCle Controls e
e o
We
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Radial Low Jitter Clocks

CPF

* Point-to-point
» High precision ﬁny AMC can be a

 Both ends terminated source,
MCH Any AMC can
receive two different
lock
Crosspoint Switch k\c ¢ |s

Transmission lines:
LVDS, bi-directional
Termination:
100 Ohm

=

AMC 1 AMC 12
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e
Optional Redundant Radial Clock Il fi=

Non-redundant TCLKB Redundant TCLKB

MCH main N\

.-
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Bused Lines for Trigger, Gate, L o,

de Marseille

Clock and Interlock cpils

4 N

B Multi-Point LVDS, 8
lines
B Can be used for:
B Clocks
B Triggers
B Gates Rx17- Rx17+ Tx17- Tx17+ Rx17- Rx17+ Tx17- Tx17+
B Time-stamp
B Data transfer / \ / \
(FPGA-2-FPGA)
B Al AMCs can be

B Receiver,
Transmitter, or T
disabled

\ \ AMC / \ AMC /
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AMC.0 / pTCA port compatibility i

Connector Region (NS Signal Convention e REggEn: e
9 Port # 9 MCH Fabric # Fabric #
0 AMC.2 1000BASE-BX A 1/A
Common 1 AMC.2 1000BASE-BX 2/A
Options 2 AMC.3 SATA/SAS (B) (1/B)
3 AMC.3 SATA/SAS ©) (2/B)
Basic Side
4 D 1/D
5 AMC.4 E 1/ E
Fat Pipe X4
6 SRIO F 1/F
7 G 1/G
8 2/D
Extended 9 AMC.1 AMC.4 2/E
Fat Pipe 29 oG
10 PCle SRIO 2/F
11 2/G
12
13 »
Extended 14 Not specified
Side
15
Extended
Options -
17
18 AMC.4
X4
19 SRIO
20
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MTCA.4 Timing Implementation e

Example (XFEL)

|
1

33193

|
.
Fiber optics

1313 3]21713

|
\

e
¥a a3

e ———

Receiver

9 transmitters, triggers or clocks

Optional RTM:

4* RJ45:

4 *LVDS
= /0
= 9*LVDS
E Out
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E. Software Guidelines
Development
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E. Software Guidelines Development

B Purpose is:

B To facilitate availability of COTS solutions

M To facilitate and inter-operability/re-usability between facilities and
projects

by defining common techniques and modules for software

development

B General topics
1. Routing and Protocols
2. System/Rack/Module Management
3. Operating Systems and Infrastructure
4. Processing and Operations Libraries
Primary focus: In-rack and embedded components
Approach: ldentify, integrate, and provide examples for existing industry
standards
M Expected products

M Guidelines (not “standards”) for development in the ATCA/UTCA instrumentation
environment

B Publicly-available reference implementations
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1. Guidelines for: Routing and e W

de Marseille

Protocols P

B Data Protocols
M Via ATCA/UTCA fabric interface

B Common channel types/configurations

B “Low” Latency (< ~100ns)

B “Medium” Latency (< ~1us)

B “High” Latency (> ~1us)

B Examples: Custom binary point-to-point, PCle, SRIO, Ethernet (1G/10G/40G)
B Software Support: Standardized connection and traffic management

B Timing/Synchronization Protocols
M Via ATCA/UTCA clock and/or fabric channels

M Standard synchronization elements
M Clocks
B Triggers
B Interlocks

B Software Support: Standardized connection and configuration
B Command/Control
B Application-oriented: augments system/rack/module management facilities
B Primary: via ATCA/UTCA base interface (1G Ethernet)
B Software Support: Standard channel-agnostic protocol
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2. Guidelines for: System / Rack / .

de Marseille

Module Management L

B Remote management functions
M Rack/Module identification
M Health/Status monitoring
B Redundancy/Failover management
B Resource management
M In-field firmware/software update

B Rack/Module management

B Utilizes standard IPMI/HPI protocols and channels from ATCA/uUTCA
and SAF

B Primary effort is identifying and documenting how to use the IPMI/HPI
facilities within the physics environment

B A small number of extensions are required (example: incorporate
analog signal formats into electronic keying)

B System Management (under consideration)

B Common database for documenting external infrastructure (cable plant,
actuators, sensors, etc.) utilized by Racks/Modules

IPMI: Intelligent Platform Management Interface
HPI: Hardware Platform Interface
SAF: Service Availability Forum
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3. Guidelines for: Operating e W

de Marseille

Systems & Infrastructure -

B “Virtual Machine” environment for software development
B Goal: operating-system independence at the application level
B Goal: insulation from hardware details at the application level

B Standardized components

M Process/Thread management, scheduling, and communications
M Examples: POSIX, EPICS

M Hierarchical I/0, communication, and timing device structure and
API

B Supports local, remote, and “virtual” devices within the same framework
M Hardware management API for custom board development

72 Ecole d'électronique numérique | Fréjus, 25-30 November 2012



de Marseille

4. Guidelines for: Processing @ e

and Operation Libraries

CPBN

B Commonly-used components

B Device-specific APIs (software)

M Examples: ADC/DAC, timing/sync module, power supply controller,
actuator controller, temperature sensor

B Device-specific APIs (hardware registers)

B Standard function libraries (software)

M Examples: queue, math functions, signal filters, error handler, event
logger, command/control parser

M Standard function libraries (FPGA)

M Examples: signal filters, high-resolution timer, low-latency
communication channel, 1°C controller

B Reference Designs/Templates (software and FPGA)

B Examples: thread-based control loop, signal processing chain,
generalized signal acquisition/analysis system
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Software Guidelines Development Tis

de Marseill

Working Groups

Data Transport Protocol
M Initial Protocol set selected and under evaluation
Synchronization Protocol

B Pending final hardware distribution scheme
Command/Control Protocol

M At discussion/proposal stage
Component Management/Failover/Update

M At discussion/proposal stage
Standard Hardware API

M Technical proposal accepted in principle; guideline in work
Standard Process/Thread Model

M Technical proposal accepted in principle; guideline in work
Standard 1/0O Device Model

B Technical proposal accepted in principle; guideline in work
Standard Communication Model

B Combined with Common I/O Device Model
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Software Application (example)

Application Application Application Application Application
Thread Thread Thread Thread Thread Bus, PCIGtv Ethernet,
etc.
Process Model /Y
Bus, PCle, Ethernet,
etc.
J .l J _l I i I i I i FPGA FPGA
\” Rardware APl \” Rardware APl imi 1™ Sync Protocol |
: : Tmngisne | | .5
ommon ommon :
e Timing ADC Command/ Enumeration/ FPGA Block FPGA Block
fied Device Control API Update/ (Sync) (PHY)
(unspecifie Failover API
type) 1 Sync Protocol |
1 _C&C Protocol !
T ardwareart 1 £777 e L I
| FPGA Regiser API | FPGA Regiser API [
Common FPGA Block
FPGA (Registers)
r----I _____ ,____'.I _____ r----I _____
i ModuleAPI ! | DeviceAPI ! | Module API !
Device Model Device Model Device Model (1P (ARGl
Stack FPGA Block
FPGA Block ¢
(Analysis) (Dev. FPGA Block
I I I Abstract.) (Analysis)
I~ Tpaa Transport 1}
Comm Comm Comm Comm I I ! Protocol ! Protocol
Channel Channel Channel Channel
Model Model Model Model FPGA Block FPGA Block
FPGA Block FPGA Block (PHY) (PHY)
(PHY) (PHY)
Driver Protocol Protocol Protocol Protocol L _"‘::é’;‘;;‘l"’_"_ ] L _"‘::é’lf":sg‘l"’_”_ ]
(08) Stack/Driver Stack/Driver Stack/Driver Stack/Driver K
(0s) (0s) (0s) (0s)
SPI, I12C, Parallel,
Local BusI etc.
Bus, PCle, Ethernet, - N
etc. Physical Physical
Device (ADC, Device (ADC,
Communication Communication stc) etc)
Channel Channel

Inter-thread/Inter-Process Communication/
Coordination

— Data Flow
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Data Transport Protocols

- ~
- S
Application Application Application Application Application N
Thread Thread Thread Thread Thread 2 |Bus, PCle, Ethernet, \

I I I I I

Process Model ! /Y
T \ Bus, PCle, Ethernet, 1
| ] | ] [ | [ | [ | ; *
FPGA FPGA
adaare AP " Handware ApT o ™ Sync Protecol | \\ /
= & Common Module Deeicey /7
ommon ommon e
e Timing ADC Command/ Enumeration/ FPGA Block Fpg} lock Ve
L & Control API Update/ S) PH Vd
(unspecified Device Fai (Sync) ( ~
ailover API I~ -
type) | Sync Protocol ! ~ - - | -
{__cacprotocol | == ==
T ardwareart 1 £777 e L I
T ebon Regioor APT 1 FPGA Regiser API !
Common FPGA Block
FPGA (Registers)
I_____I _____ ,____'.I _____ I_____I _____
i ModuleAPI ! | DeviceAPI ! | Module API !
Device Model Device Model Device Model (1P (ARGl
Stack FPGA Block FPGA Block
(Analysis) (Dev. FPGA Block
I I I Abstract.) (Analysis)
A
Comm Comm Comm Comm I I L o) ISR
Channel Channel Channel Channel
Model Model Model Model FPGA Block, | = -l \FPGA Block
FPGA Block FPGA Block (PHY £HY)
(PHY) (PHY) e N
. Protocol Protocol Protocol Protocol | FostETrEnsRe j CEEUEER.S )
I:ngstir Stack/Driver Stack/Brives Stack/Driver Stack/Driver T 'Pr‘n?@ --=! L %
©s) s ©s) N ©s) ©s) -
V4 \ SPI, I12C, Parallel, \
Local Bus etc. |
I / Bus, PCle, Eth}rnet, - N I
1 etc. \ Physical Physical \ 1
Device (ADC, Device (ADC, \ /
Clommunication Communication stc) etc)
| channel Channel /
/ '
e
-
~ -
Inter-thread/lnter-Proqess Communication/ // N — -
Coordination ~ A

~ -
— Data Flow
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Synchronization

Application Application Application Application Application
Thread Thread Thread Thread Thread
P N Process Model
/7
AR T T
INEANERE | |
| Hardware API | | Hardware API | \
1 o Common Module
Comr_non e \ ADC Command/ Enumeration/
Device 1 Timing | date/
fied Device Control API Update
(unspeci ! \ Failover API
type) 1 Sync Protocol | ‘
I 1 _C&C Protocol !
1 V7 adwarean 1 T £777
| FPGA Regiser API !
1 \
Common
I FPGA
I
|
Device Mode‘ Device Model Device Model (1P (ARGl
| (] Stack
' I I I
1 Comm Comm Comm Comm
1 Channel I Channel Channel Channel
) Model Model Model Model
I r I I
Driver \ Protocol Il Protocol Protocol Protocol
(08) Stack/Driver I Stack/Driver Stack/Driver Stack/Driver
(0s) (0s) (0s) (0s)
Local BusI \ !
I Bus, PCle, Ethernet,
\
! etc.
\
\ ] Communication Communication
I Channel Channel
\
\ /
Inter@read/lnte(Process Communication/
Coordinstion”
— Data Flow
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~
P S
Ve N
N
\ Bus, PCle, Ethernet,
etc.
\
\
|
' A
Bus, PCle, Ethernet,
/ etc.
\ SyncpProtocol | [ ] 7 FPGA FPGA
Timing/Sync \" Sync Protocol |/
Device 7/
FPGA Block, FPGA Block
N o (Syney (PHY)
— — -
T FPGARegiser APl 77T
FPGA Block
(Registers)
| Module APl | | DeviceAPI I |~ Module API 1
EPGA Block FPGA Block
(Analysis) (Dev. FPGA Block
Abstract.) (Analysis)
= TaaTransport ~ 1= “oaaTransport ~
I I 1 Protocol 1 Protocol )
FPGA Block FPGA Block
FPGA Block FPGA Block (PHY) (PHY)
(PHY) (PHY)
Data Transport |

Data Transport —
L Proweal

! Protocol '

_____ e - -
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Command/Control Protocol iy

Application Application Application Application Application

Thread Thread Thread Thread Thread Bus, PCle, Ethernet,

T T11 T1L 171 1

Process Model P N A
Vi o Bus, PCle, Ethernet,
M etc.
/ \
I I / o FPGA FPGA
1" Hardware API ! 1" Hardware API ! Common / \ Module Timing/Sync | Sync Protocol !
comnen C".’"!“"” ADC Command/ \ Enumeration/ e FPGA Block FPGA Block
Device Timing /
o 3 Control API \ Update/ S) PHY
(unspecified Device Failover API (Sync) (PHY)
type) 1 Sync Protocol | l
] 1 _C&C Protocol !
1T C st TTTT £=-°° ‘
| Hardware API , T o
| FPGA Regiser API \ FPGA Regiser API
Common \ FPGA Block
FPGA 1 (Registers)
I ;
L i
|mm s m = (=== X— - Immm o
_ . _ PI Protocol i ModuleAPI ! | DeviceAPI ! | Module API !
Device Model Device Model Device Mod!l
r Stack FPGA Block
| y FPGA Block
T T (Analysis) (Dev. FPGA Block
I I i I I Abstract.) (Analysis)
- I~ Tpaa Transport 1}
Comm Comm | Comm ] Comm I I ! Protocol ! Protocol
Channel Channel Channel Channel
Model Model | Model | Model EPGA Block FPGA Block
1 ] FPGA Block FPGA Block (PHY) (PHY)
N (PHY) (PHY)
Driver Protocol Protocol | Protocol Protocol | DA ansort ] | DA ansort ]
(03) Stack/Driver Stack/Driver Stack/Driver Stack/Driver | | | | T ———F  ~---= === | | ==---= 7 Yttt
(0s) (0s) (0s) (0s)
1 I SPI, I2C, Parallel,
Local BusI I etc.
Bus, PCE, Ethernet, - N
c. 1 Physical Physical
e‘ Device (ADC, Device (ADC,
\  communication / Communication stc) etc)
\ Channel / Channel
\ /
- \ /
Inter-thread/Inter-Process Communication/ ”,
Coordination N o

— Data Flow
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aillover / Update cp

Application Application Application Application Application
Thread Thread Thread Thread Thread Bus, PCle, Ethernet,
etc.
Process Model P N y
/ I Bus, PCle, Ethernet,
v etc.
/
J _l J _l I J, I J, / \ FPGA FPGA
\” Rardware APl \” Rardware APl \ — 1~ Sync Protocol !
Common Common Commen / Module \ Tlmlll)zeilcsgnc
e Timing ADC Command/ / Enumeration/ FPGA Block FPGA Block
o 3 Control API Update/ \
(unspecified Device Failover API (Sync) (PHY)
type) 1 Sync Protocol | l \
1 _C&C Protocol ! 1
[iristoiuteit= Sy £=-== \
| Hardware API ’ fmmmm e e e e e e Y
1 FPGA Regiser API | \ FPGA Regiser API !
Common I 1 FPGA Block
FPGA I 1 (Registers)
I ' \ _I .I _I
, I | Module APl | | Device API | |~ Module API 1
Device Model Device Model Device Model | (1P (ARGl 1
S FPGA Block
I | FPGA Block
(Analysis) (Dev. FPGA Block
I Abstract.) (Analysis)
1 I~ Tpaia Transport 1} I~ Toaa Transport 1}
Comm Comm Comm Comm 1 ! Protocol ! Protocol
Channel Channel Channel 1 Channel
Model Model Model | Model I FPGA Block EPGA Block
\ ] FPGA Block FPGA Block (PHY) (PHY)
1 (PHY) (PHY)
Driver Protocol Protocol Protocol Protocol Data Transport ) | PdaTansport
©3) Stack/Driver Stack/Driver Stack/Driver § Stack/Driver /TPl || —/ ----= f““' ----- F----!
(0s) (0s) (0s) (0s)
\ 1 SPI, 12C, Parallel,
Local BusI 1 etc.
Bus, PCle, Ethernet, \
etc. i Physical Physical
\ Device (ADC, Device (ADC,
Communication V' Communication / etc) etc)
Channel \ Channel
\ /
- \ /
Inter-thread/Inter-Process Communication/ ”,
Coordination N o

— Data Flow
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Application Application Application Application Application
Thread Thread Thread Thread Thread Bus, PC|et, Ethernet,
etc.
Process Model /Y
Bus, PCle, Ethernet,
etc.
J _l J _l I i I i I i FPGA FPGA
\” Rardware APl \” Rardware APl imi 1™ Sync Protocol |
: : e | 12
ommon ommon :
e Timing ADC Command/ Enumeration/ FPGA Block FPGA Block
unspecified Device Gl A7 sleitey (Sync) _(PHY)
(unsp Failover API - —_—r -
type) 1 Sync Protocol |
1 _C&C Protocol !
T ardwareart 1 £777 P .
| FPGA Regiser API | 7 FPGA Regiser API (IR N
/ \
Common FPGA Block
FPGA [ (Registers) \
\ 1l
I N _I .I _I 4
('__ _____I ==-= ____—I | i ”
X . X HPI Protocol N\ Module API 1 Device API 1 Module API P
Device Model Device Model Device Model <
Stack FPGA Block
} oc
FPGA Bloek |
(Analysis) | [~ =08% _— — ='FPGA Block
I I I Abstracty™ |= = (Analysis)
- I~ Tpaa Transport 1}
Comm Comm Comm Comm I I ! Protocol ! Protocol
Channel Channel Channel Channel
Model Model Model Model FPGA Block FPGA Block
FPGA Block FPGA Block (PHY) (PHY)
(PHY) (PHY)
Driver Protocol Protocol Protocol Protocol LR ] | DA ansort ]
(08) Stack/Driver Stack/Driver Stack/Driver Stack/Driver | | | | T ———F  ~---= f-___ ----- 7 it
(0s) (0s) (0s) (0s)
SPI, I12C, Parallel,
Local BusI etc.
Bus, PCle, Ethernet, " -
etc. Physical Physical
Device (ADC, Device (ADC,
Communication Communication stc) etc)
Channel Channel

Inter-thread/Inter-Process Communication/
Coordination

— Data Flow
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Standard Process/Thread

Application
Thread

Application
Thread

Application
Thread

Application
Thread

Application
Thread

-
”]
-

- -
[

=

I

" —
I -~~-.%
~
~

Process Model

TS

| Hardware API' T ==

J1

[ |

[ |

-

dware API ! =
= H'g e Gommen == -_-— 1 Module
C;mr_non _?ir:]mon ADC Command/ Enumeration/
ev'c,?. @l Devicg Control API Update/
(unspecifie Failover API
type) 1 Sync Protocol |
1 _C&C Protocol !
| Hardware API 1 £
| FPGA Regiser API !
Common
FPGA
Device Model Device Model Device Model (1P (ARGl
Stack
Comm Comm Comm Comm
Channel Channel Channel Channel
Model Model Model Model
Driver Protocol Protocol Protocol Protocol
(08) Stack/Driver Stack/Driver Stack/Driver Stack/Driver
(0s) (0s) (0s) (0s)
Local BusI
Bus, PCle, Ethernet,
Communication Communication
Channel Channel
Inter-thread/Inter-Process Communication/
Coordination
— Data Flow
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Bus, PCle, Ethernet,
etc.
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ABus, PCle, Ethernet,

Timing/Sync
Device

etc.
o } FPGA FPGA
Sync Protocol !
FPGA Block FPGA Block
(Sync) (PHY)
T FPGARegiser APl T
FPGA Block
(Registers)
\_ Module APl | | DeviceAPI I |~ Module API 1
EPGA Block FPGA Block
(Analysis) (Dev. FPGA Block
Abstract.) (Analysis)
- 1= “aaTransport ~
I I ! Protocol ! Protocol
FPGA Block FPGA Block
FPGA Block FPGA Block (PHY) (PHY)
(PHY) (PHY)
Data Transport | Data Transport |

L Protocol |

Protocol '

_____ Y - -
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Standard Device I/O &
Communications

Application
Thread

Application
Thread

Application
Thread

Application
Thread

Application
Thread

I

I

I

I

I

Process Model

Model

Bus, PCle, Ethernet,
etc.

Centre
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de Marseille

— (Y
—— - _—— - T Bus, PCle, Ethernet,
> ~ etc.
- ~
J _l <. - J _l I l i l I l } FPGA FPGA
" Nardwargapl ! " Nardware AP ! ~ — e 1
Har;;;yAPl Hardware API e ~ —— Tlmlng_ISync Sync Protocol
/C mon C_:_Jir:]?:]on ADC Command™ Enumeration/ e FPGA Block FPGA Block
Dewci g Devicg Control API |\ Update/ (Sync) (PHY)
4 (unspecifie \ Failover API
/ type) 1 Sync Protocol |
""""" \
1 _C&C Protocol !
| Hardware API 1 £ \ |m—mmmmmm e e Y
T ebon Regioor APT 1 \ FPGA Regiser API !
Common \ FPGA Block
FPGA | (Registers)
r T Vodule API V| Device AP 1 T Module AP1 1
| odule API | DeviceAPI ! 1 Module API
Device Model Device Model Device Model (1P (ARGl
Stack FPGA Block
ERCAEICK (Dev FPGA Block
\ / (Analysis) : L1
7 Abstract.) (Analysis)
\ : ~ Toatatransport )
\ Comm Comm comm |/ Comm I I Protocol Protocol
AN Channel Channel Channel # Channel
~ Model Model Modef Model FPGA Block FPGA Block
S o P FPGA Block FPGA Block (PHY) (PHY)
~ - - (PHY) (PHY)
Driver 'P!‘otes_ol_ _ — Pratoeel - Protocol Protocol LR ] BT ]
(03) Stack/Driver Stack/Driver Stack/Driver Stack/Driver | | | | T ———F  ~---= === | | ==---= 7 Yttt
(0s) (0s) (0s) (0s)
SPI, I12C, Parallel,
Local Bus etc.
I Bus, PCle, Ethernet, - N
etc. Physical Physical
Device (ADC, Device (ADC,
Communication Communication stc) etc)
Channel Channel

Inter-thread/Inter-Process Communication/
Coordination

— Data Flow
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Templates cp

— o e = =
——— —— e

- o
-

-
- - —
e - ~ o -
Application Application Application Application Application
’ Thread Thread Thread Thread Thread \ Bus, PCle, Ethernet,
\ 7 etc.
~ -
i —_ == -
il L
Process Model /Y
T Bus, PCle, Ethernet,
= = - = etc.
-7 ] ~~L [ [l '
FPGA FPGA
| hgrdare AP \” Rardware APl N imi " Sync Protocol !
;irommon Common CaLanon N RGN TIlezeilcseync
1 e Timing C \ Command/ Enumeration/ FPGA Block FPGA Block
/ (unspecified Device \ Cariiizal) A7 Wikieh (Sync) (PHY)
Failover API
/. L Syne rotozal
l _________ Mcachrotocol
| Hardware API 1 £ |m—mmmmmm e e Y
\ | FPGA Regiser API | 1 FPGA Regiser API [
\ Common / FPGA Block
\ FPGA V4 (Registers)
N = _———
1~ ~ “1- L [ Tosliean 1 1 oevieenp T
s -
Device Model Bevite Moter] Device Model Llicicce] \
Stack FPGA Block
FPGA Block ]
(Analysis) (Dev. FPGA Block
I I I . Abstract.) (Analysis) /
s = g Il
Comm Comm Comm Comm ~ I~ I S — — Ll
Channel Channel Channel Channel oy I —
Model Model Model Model "I FPGA Block EPGA Block
I I I I FPGA Block FPGA Block (PHY) (PHY)
(PHY) (PHY)
Driver Protocol Protocol Protocol Protocol | DA ansort ] | DA ansort ]
(03) Stack/Driver Stack/Driver Stack/Driver Stack/Driver | | | | T ———F  ~---= = | | === 7 Yttt
(0s) (0s) (0s) (0s)
SPI, I12C, Parallel,
Local BusI etc.
Bus, PCle, Ethernet, - -
etc. Physical Physical
Device (ADC, Device (ADC,
Communication Communication stc) etc)
Channel Channel

Inter-thread/Inter-Process Communication/
Coordination

— Data Flow
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Standard Device Model — Goals

CPPM

B Portability and rapid development

B Platform-independence at the application level
B Standard API
B Minimal learning curve and/or platform adaptation effort

M Device-independence at the application level

m “Generic” device models and APIs at application I/F
B ADC, DAC, communication channel, etc.
B Mapped to specific devices by device object

B Application developers may ignore many hardware details

B Hierarchical structure to facilitate complex logical device
creation.

M Efficiency
B Thin translation layer for direct access to OS/HAL devices

B Tradeoff: Greater generality/simplicity at application API vs. higher
access overhead
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SDM Architecture

Developed for application

Developed for particular devices

and/or device classes; common

devices are included in standard
libraries

Developed for particular devices

and/or device classes; common

devices are included in standard
libraries

Standard Library

Standard library adapted to a
particular platform

Provided/Developed for a
particular OS

Provided/Developed for a
particular platform

85

Application
3§ __[_Swendad 8 | Sandad _ ___________
88 Device S Device Handle
Name/Handle
Custom Device Lo
Models 3
L O ¢
5 S E8
2 Standard Tg5 9
§ Device Handle E_ Ec
> 0
x 2 °
Custom Device Models 82
n (]
s g Standard Device
I Name/Handle
Standard Device Model Standa'rd pelics
Config. Mgr.
3 ________L Standard Device _ _ _ _ _ _ _ __ _|______._
§5 Name/Handle
A
Standard Device Translation Layer Standard Device
(SDTL) Name Resolver
___________ OS-Specific _ _ | _ _ _ __ ___________.
\ APIs
»"';&voi 4 thls Platform 0os
when ngnce SR » De_V|ce
@\ possible Drivers Drivers
Platform-Specific
APIs
BSP/HAL
(Platform Specific)

Centre

de Physique \
des Particules|
de Marseille

CcP

Standard
Device Stack

oS
Device Stack

BSP/HAL
Device Stack
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Software Development
ITER CODAC
FPSC Prototype
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Fast Plant Control System (FPSC) e (8
Functional diagram

de Marseille

Scientific
Firmware Data
HMU] Code Archiving
[RTP]
Described »GDD*
A Time &
section Data Selection Sync
[IDF] [TMG]
RT Events
SDN
Events
- SDN SDN
Sync [TMG]
TCN
[Sample,Status,Error] TCN
Sync Sync
[TMG] [TMG]
[Analog signals] N
‘Analog signals
Sync [TMG] [Status,Error] i 9 sig 1
Fast Controller Signal

Output

Digital

Sync
Y Link

Parcial
implementati

on

Interface Type

[ 4—T CN—
- O N—w| |- S D N
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PCle Data Routing and Tl
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Data Synchronization

DMA #1 p DIO interface | » DIO registers |———
Real-time data at

programmable sampling rate OAC o |_ DA registors. |

ADC interface 10:1 Programmable Block | DMA ch 11 :
DMA #2 o (deserializer) el decimator/filter 1™ decimator/filter B formatter _'r RT ;at:r:)r;?h _.P
Data for archiving at S — |
i v | [DMAchanneiZ| | =
programmable Samp“ng Programmable Block | | coniiniou: =
frequenCies decimatorffilter [ ™ formatter [ |  acquisition _IP 8_
: data path S
|ATIME ATIME —— | -
DMA #3 formatter i EZDMA i 2
. | O
Data for continuous storage ilBuﬁer | o
on the onboard memory. oo [ WO | oma channer 3| |
Allows dynamic capture of Circular Memory 4| Buffer - el g
variable rate data (around > (DRAM 1
. . b u ffe I .controller,
external events distributed .
TIME and ADDRESS -
through the RT netWOI’k) —> | Timing i word register
TRG External TRIGGER . stamping Software TRIGGER
register

Y
All data is time-stamped before / DRAM

sent through the DMA channels
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contrel system studio

Channel
Archive

EEEEEE W,

|
| d |
]
| . |
[ [ |
| : termee| ¢ | _HPC__ ||l
| . . tson || i | I
(] L]
| . R l O I - | |
+ | RT Framework | = RT |
| " . | Framework | |
| device ATCA PTSW device ATCA I/0 device Shelf | f = il ] ] |
u ] | | .‘L "L [ |
| = = a . Time & Data ¥ |
| Configuraliun: : Configuration : : : AT B W] .ur:e. . a-% | u
[ | A L
" a = ] [ ]
. = |
| . TR .
| = . . Daa DAN | DAN |
] = = - .
. " = P (lient ( }
| pclepio * 3 . A4 .
HTTP Server |
| N - .
| IIA!I_II-II hoaﬂ” y

[helf'M'anager

PTSW =<3
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RT processing | MARTe RT framework
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= 4 A'4

tw

PCle DMA#1
Continuous DA

PCle DMA#2
Fast Event DA

AsynDriver

SDA PON SDN
I
U/
(localhost)
NetCDF
Client MARTe
RT Framework

nfiguration)

PCle
DMA#0 (RT Flow)

ATCA
/O

FPSC-PSH
DATA FLOW

MARTe is as collection of real-time threads scheduled by an internal state machine
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System State Machines

Hardware Monitoring & Settings
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INSTITUTO DE PLASMAS
E FUSAO NUCLEAR

ATCA-10P-DevDriver TestTool

2012/05/04 17:32:36

Registers
MSB LSB

| Firmware version] ox133cco| | Channel Active | OXFFFF | OXFFFFFFFF| | ADC Error| 00|
[ Pcie core version] oxi6 | Channel InOut] OFF | OXFFFFFFFF| |  ATCA HW Address] 00|
| EZDMA Core Version | ox144 | Atsolute Time|  337.734,189|  3257.310040| |  Time Stamp PTR] oxB8|
[ Interrupt Register:| oo | TStamp ATime:| ) o707BAD| | Device Control- ox1D |
[ Device Status | 02 | DMA Channel Mask| o0 00| | Device Config: 0xa|
[ Link Status | o3 | T Acquisition;] oo | INT Vector: 00|
[o] -1893)0)| [ 8] 12000 )| [18] 163210 [24] o)) [x=] 2148} [a0] ol @

1 asess|) [0 1074110 [17 ol [z 1[0 [=] 21728[0)] [41] °G
El mwi0) B w0 (8] k) B i) (B el [« o
[3] ArarzjO)] [11] 8022 ) [19] ) [27] om0 [F] 13101 [ [43] oj@
1 el [2]  assi) (] w2k (] S0 [B] i) [41] o
Gl el B =i B =0 B =0 [#] o0 [] g

6 ol [ sss) [22] -143)0) (@] EES@RE] 25100 [48] oﬂ

7 ol [15 2,164 ) |23 1L O [31 EH@RE] 25610 [47] oj@

Legena:
2.5408E4 5
s = () ADC Channel #/ Input
E 1E4 4 @ DAC Channel #/ Output
S oEo 3 5100
o 3 2CG 3
g-1e4 f 1007 éso 3
E o 7 T T T
'25391E4 T T T T T T T T T T T T T T T T T T 58 65 70 77
583 600 620 640 660 ?_s'?.b 700 720 740 760 782 g . Tis

Channel03 s

| Temperature Sensor
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Compatible ATCA

<100 ps jitter

Timing over Ports Lines available Performance
3.x?
A. Bussed Clock CLK1, CLK2 assigned 6 diff pairs max Fair Compatible
Interface Only CLK3 (a,b) shall be 100 MHz bussed
used
B. Base Interface Ethernet hub in Slot 1 (and Timing must be encoded on Good Changes to ATCA 3.0
2) Ethernet signals ~0.2GHz, P2P may be required for
(IEEE1588/White Rabbit) < 50 ns jitter WR
C. Fabric Interface Ethernet/PCle/SRIO hub in Timing must be encoded on the | Good Compatible
slots 1 (and 2) data signals ~3 GHz, P2P PCle/SRIO timing
(Ethernet/PCle/SRIO) <100 ps jitter unknown
D. Shared Fabric Hub in slot 1, (redundant Slot | All nodes receive/send up to 6 Good* Changes to ATCA 3.x
Interface 2) (or 3 redundant) distinct timing ~3 GHz, P2P required.
Timing and Data lines share signals. <100 ps jitter
the same fabric port.
E. Fabric Interface Timing hub in slot 3(4) All nodes receive/send up to 8 Good * Compatible
(Clock Hub) Ports 3(4) on node cards distinct timing signals ~3 GHz, P2P

F. Update channel Ports of the update channels | Up to 10 additional, equal Excellent # Not compatible
interface redefined for timing length, low crosstalk diff pairs Low skew

Low jitter
G. Midplane clock Full-mesh of clock ports on Any board pair linked by 1 clock | Excellent # Compatible
interface J33 of Zone 3 (RTM). port (3 differential lines). Low skew

Low jitter

* Can be further improved on backplanes re-designed for low crosstalk noise and equal length lines.
# On backplanes designed for low crosstalk noise and equal length lines.
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AR

i))))) | GI pf INSTITU:"O DE PLASMAS
! ! E FUSAO NUCLEAR
i

2012/06/06 15:16:10

ATCA-10-PROCESSOR TestAPP ‘

Version: 20120530 / Beta
Author: Paulo Fortuna Carvalho/ pricardofc @ipfn.ist.utl.pt

95

Chopper: OFF
Registers | Device Control || Device Config || Device Status || Link Status || Synchronism Test Selected Board: 2
MSE LSE

(e 01 350C0 Interrupt Register: Cid Channel InfOut; 0xFF| OxFFFFFFFF
Board HName: ATCA-IO-PROCESS0OR #2 ADC Error] 0 Channel Active O0«FFFF | OxFFFFFFFF
074 INT Wector: Ol CA Channel Mask: 0| OxFFFFFFFF

Shkot Number: 1 :
2 \ Device Control: 01D szconds nano ssconds
043 vice Config: e 1008 Time Stamp ATime: o] 7,368,760
00 Time Stamp PTR: 0xB8 Absolute Time: 337,669,919 3,808,028,960

Board Temperaiure Sensor #2 N

°C

100

T (Celsius)
(W]
=

[

Sensor #2

b ————

ADC Channels -

DAC Channels

22512 @

16 |

-
i@ 2| SNl 2|

-138@ W Input:ljl

9771

17 |

il Input:

312
_

% | 445E_3%| =@

————— e ————
————

il Input:

LN
-

—— e e el e el e e e

80 100 120

Time (s)

- T NTiNTINTINTINTINT
RS U SEVERVERVARVERVARYS
nimm;u;]T:IN ;T“'*~ ‘ |

il Input:

—_ e —————

-1@ 44 I Input:

Um 435 hnput:ljl

T || | i @

sl .| 25| 2 || -mﬂw
.1a?s1 19 | 4?1 27 | 15 | NB
T 29150[@)] 2o | 75| 28 | 5[] = |
150 :ﬁm? 2 | «8‘3 29 | 150 |
44‘552@ 2 | -mm o | -110|G 3 |
0473 23 | 20(@] 3 |

0@ il Input:

Continuous Acquisition

Board Name: ATCA-IO-PROCESSOR #2
Slot Number: 1

Board Temperaiure Sensor #2

1007
E
450
Q
-
51 80 100 120 150
Sensor #2 Time (s)
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topology example

CcP

ADC Topology

—— # of channels

—— each channel
# of bits )
signed or unsigned
scaling: linear, log, etc.
full-scale value(s); programmable?

offset
Simultaneous Conversions Sequential Conversions
Ordered Sequence Programmable Sequence
ADC Sample Buffering/Output Model A priori config Per sample config.
Buffered Unbuffered
buffer size(s) /\
Interleaved Stream Multi-Stream
N Buffer Ring FIFO
I: # of buffers depth
size
Interleaved Stream Multi-Stream ADC Triggering
External Trigger Timed Trigger Software Trigger

|: min/max sample rate
Timing resolution
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