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Why we are needed a new ar chitecture and packaging standard for the
ILC instrumentation?

v" Recent accelerators have availability

v ThelLC will be timesthe size of any compar able existing linear
machine

» 90, it isessential that the L C controls, instrumentation and
electronics systems be designed with High Availability architectures!

» And thisarchitecture should provide High Availability at both hardware
and software levels!

10/31/2007 Alexey Semenov, Manfred Wend
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Why the Advanced Computing Telecommunications Architecture
(ATCA) isastrong Candidate Platform for IL C Instrumentation?

» Thisisnot just the fastest technology!

f“/—\
: )
ATCA ( 2.5 Terabits'sec + Scalable capacity up to 2.5Tbs
ExpO x16 40Gigabits'sec — »Dual Star, Mesh, and Replicated Mesh
VITA 41 20 Gigabits/sec topologies
PICMG 2.16 1000M bytes/sec + Board size: 8U (322.25mm) high and
280mm deep
el G il 2 soloyesiee » 140 sq. inch compared with 54 sq. inch
VME 320 320M bytes/sec for VME and cPCI
VME 64x 160M bytes/sec » Slot pitch is 1.2" (taller components like
PCI 64 x 33MHZ 133M bytes/sec next generaton CPUs)
* 8 high speed differential pairs per
VMEG4 80 Mbytes/'sec |_ channel (4 ports per channel, 2 pairs per
VME32 40M bytes/sec port), each pair capable of data
VME1L6 20 M bytes/'sec fransmission up to 5 Gbps
10/31/2007 Alexey Semenov, Manfred Wend
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Why the Advanced Computing Telecommunications Architecture
(ATCA) isa strong Candidate Platform for IL C I nstrumentation?

» Thissystem containsthe essential featuresto guarantee a

of a crate full of processi@ and instrum tion
electronics of (Five 9's)(~ ;
v Dual redundant communication processor s INnks

v" Redundant control and data planes
v' Redundant -48V power feeds

v Single board failure domain
v
v

No single point of failurefor any system interconnect
Intelligent crate (shelf) diagnostics and management
Hot-swap capability for all boards & active modules

AN

» ATCAisan designed by a strong industry
consortium (PICMG)

10/31/2007 Alexey Semenov, Manfred Wend
ATCA Digitizer
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(ATCA) isastrong Candidate Platform for IL C Instrumentation?
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Why the Advanced Computing Telecommunications Architecture
(ATCA) isastrong Candidate Platform for IL C Instrumentation?

» No single point of failure for any system interconnect!

Fabric Topologies: Dual-Dual Star Fabric Topologies — Full Mesh

All system slots are
identical. Direct connections
to all other slots, no
dedicated slots

Each Node
supports 4 links,
one to each switch
resource

e fon s

Switchinig
services and

Separate,
dedicated fabrics

for Control and

all system slots

management are __.. .<
d!st,ril.zglteﬂ. across = .
(m ")

function specific
redundant switch

Data Plane
Data throughput " Fabric links are
capacity scales ! . inherently
with each added ‘ ' redundant, highly
Node board, large available
Link between each capacities possible . .

» Carrier grade applications with latency sensitive streaming data requirements
and significant control & mgmt (TCP/IP-based) workload.

» Separate data plane fabric allows optimized data throughput

Application Target (

‘ «+ Carrier-grade applications with large data throughput requirements (routers)
‘ + Intelligent nodes provide simple layer 2 switching and higher level services
k- Highly redundant and scalable

Application Target

R

Source: Jim Kennedy, Intel Corporation

10/31/2007

Source: Jim Kennedv, Intel

Carporation

Alexey Semenov, Manfred Wend
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v ATCA - Advanced Computing Telecommunications Architecture - isan
standard platform originally designed for Telecommunication industry,

not for | nstrumentation!

Main Question is:

» What isthe best way to check how good isthis Platform for ILC
| nstrumentation?

10/31/2007 Alexey Semenov, Manfred Wend
ATCA Digitizer
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» What isthe best way to check how good isthis Platform for ILC
| nstrumentation?

The Design
multi-channel (16),
12 bit resolution,

fast(500M HZz)
ATCA Digitizer

Today’s Standard Tools for Diagnostic and Control:
v Digital Down Converters

v Digital Dumpers

10/31/2007 Alexey Semenov, Manfred Wend
ATCA Digitizer
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Project Critical Point #1.
> High Data Rate:
v ADC toFPGA ( )
v' FPGA to DAC (max )
v" FPGA tolfrom DDR2 RAM ( ) .
v' Fabric Interface (1000M BPS)
v

Base (Ethernet) Interface

Timing Budget Analysis of 500MHz System

Clock < 2.0ns >

Transmit Channel-to-Channel Skew
Clock Duty Cycle Distortion

PLL Output Jitter

Board (L ayout) Skew

Sampling Window

JA00m

10/31/2007 Alexey Semenov, Manfred Wend
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Project Critical Point #2:
» ADC & DAC Clock Jitter: Howtoreach O0.1- 0.5 psRM S

16 BITS

14 BITS

12 BITS<g==== Quantization Limit

ERROR VOLTAGE

10 BITS .

oo 3
||I:'UT [Hl'h, = ENCODE . g
Signal-to-Noise Ratio Dueto Aperture Jitter AmplitudeError vs. Clock Jitter
10/31/2007 Alexey Semenov, Manfred Wend
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Project Critical Point #3:
> Howtoreduce EMI from ATCA —48V DC-DC Power

Converters?
Power Distribution
+5V to PreAmp and:
BV A HoT swap | solated Linear =% Abc
Controller DCDC =—@—> Regulators ADC2
48V B ——  ADC3
—— 48V to 6V BV I0SY el ADC4
DCDC
o—> +3.3V
Spread Spectrum T _ 1, 6V1033V ey
Clocks SERE
+2.5V
R 6V 10 2.5V m—p
DCDC
 —— +1.8V
ot | B ] , OV101.8V =)
~o50W . e—> DCDC +1.2V
Inter mediate Power Bus: N 6V t0 1.2V >
| 6VDtC %Cgv - ey
o L.
10/31/2007 Alexey Semenov, Manfred Wend
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Project Critical Point #3:

» Howtoreduce EMI from ATCA —48V DC-DC Power
Converters?

v' Spread-Spectrum Clock for DC-DC ?!

v"  Sew Rate Controlled MOSFET Switches?!

10/31/2007 Alexey Semenov, Manfred Wend
ATCA Digitizer
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Project Critical Point #3:

> Howtoreduce EMI from ATCA —48V DC-DC Power
Converters?

v' Spread-Spectrum Clock for DC-DC'!

40dBm vs 55dB

-0 =2l
=30 -0
=40 =40
-50 -50
E 60 £ il
= 9 Eu_' =1
2., = a0
-5 -5
100 -100
- -110
BT 1 MHz 10 MHz -120
Froqusesy 100 kHz 1 MHz 10 MHz
Frequency

Output spectra demonstrate that a conventional fixed-frequency clock produces considerably more
noise than does the spread-spectrum technique.

10/31/2007 Alexey Semenov, Manfred Wend
ATCA Digitizer
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Project Critical Point #3:
> Howtoreduce EMI from ATCA —48V DC-DC Power Converters?

v"  Sew Rate Controlled MOSFET Switches!

2V Output Noise
(Bandwidth = 100MHz)

~40 dB reduction

Linear Tech
) #
=P ] LT1683 ( Linear Tech) DCDC

controller reduce conducted
and radiated EMI

by controlling the voltage and
current slew rates of external

MOSFET switches

=)

SOreh i iy

LA iy e

10/31/2007 Alexey Semenov, Manfred Wend
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ATCA Digitizer Diagram oo | e s

ATCA 1GB 256M B ATCA
Rear Transition \ Backplane
Board 1
1
1
(T — :
! 4 +4 Channels .
1 ADC&DAC i
— 1
5 Module ] .
1 1 Fabric
—— : Interface
Full Mesh
1 1
: 4+4 Channels  (¢— :
Analog Inputs : ADC&DAC :
= 1
Ch1- chi6 G Module % % :
1 sc
1 St &
: 4 +4 Channels : Base I nterface
Analog Outputs 1 ADC&DAC o= : 10/1;%;206?“/' B
1 S W
Chl-chi6 h Module g—% 4_#'
: §2
S
Iﬁ — :
1 ! Intelligent
d 4 +4 Channels : Platform
\ ' ADC&DAC +—> 1 Management Bus
h Module : IPMB-A
. IPMB-B
1
| .
Digital 10: : + :
~—> Ext CLK 1
Eﬁ '(Izlr?;ger : Xt g—b Clock Synthesizer : Power
Ext Gates, 0—:> Int CLK Disrairt])?nion H 1 422)/0\?\/(:
Front-End 1 —> AD9510 _. :
Control ¢ ) '
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FLASH & Config
Input Bandwidth EPC16

1
- ADC
ADS5463 T|
12bit, 500M SPS
1
1 ADC
ADS5463 Tl
12bit, 500M SPS

ADC

ADS5463 Tl
ADS5463 12bit, 500M SPS

Pin compatible —
with 14bits,400MHz ADS5463 T
ADS5474 12bit, 500M SPS
DAC
AD9736

DAC
AD9736
14bit, 1200M SPS

DDR2
SDRAM
32M

DDR2
SDRAM
32M

;

Vv oy ¥

LVDS

DDR2

P
P
> SDRAM
P

DDR2
Controller

32M

DDR2
SDRAM
32M

LVDS

|_
o
8<—>

DAC
AD9736
14bit, 1200M SPS

4
LL
2
@)
>
—

DAC
AD9736
14bit, 1200M SPS

Ext CLK
X g—b Clock Synthesizer _.

and
Int CLK Distribution

AD9510 B

t+t t 1t

T

10/31/2007 Alexey Semenov, Manfred Wend
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Clock Synthesizer and Clock Distribution Tree

Osc. Clock
Enable

External Clock |—>

from Rear Transition Board

Clock Clock Synthesizer and Clock Distribution

Clock A Base Station
Clock B AD9510
from ATCA Backplane
Clock Select
from FPGA
Based on AD9510 (Analog Device): M v v v

ADC&DAC ADC&DAC ADC&DAC ADC&DAC
Clock Station  Clock Station Clock Station Clock Station
v Input reference frequencies to 250MHz AD9510 AD9510 AD9510 AD9510
v 4independent 1.2 GHz LVPECL clock outputs

v'Additive output jitter 275fsRMS

v" 4 independent 800MHz LVDS clock outputs _ -
v Programmable divider for each output N
v Fine delay adjust for two LVDS output Clocksto ADC and DAC chips
v'Serial mode control port
10/31/2007 Alexey Semenov, Manfred Wend
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AD9510:
v'Additive output jitter 275 fsRMS Clock Base Station

v Input reference frequencies to 250MHz

v 4 independent 1.2 GHz LVPECL clock outputs

v 4 independent 800MHz LVDS clock outputs —

Loop VCXO

v' Programmable divider for each output Filter SEn
350f:
v Fine delay adjust for two LVDS output T | .
v'Serial mode control port ety o—» PLL AR GG
1CS85357 . M 0;1/' u|1%1
- > M2
—_— M3
_— M4
(PECL)

—» ToFabric & BaseModule

—  » ToATCA Back PlaneCLKA

— 5 ToATCA Back PlaneCLK B
(LVDS,1200M HZz)

Clock Distribution
AD9510

Serial Port
ModeControl <€¢———»
from FPGA

10/31/2007 Alexey Semenov, Manfred Wend
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AD9510: ADC&DAC
v Additive output itter 275 fsRMS Synthesizer and Clock Distribution
v Input reference frequencies to 250MHz (4 identical Station )
v 4 independent 1.2 GHz LVPECL clock outputs .
L PECL
v’ 4independent 800MHz LVDS clock outputs Fiter > vexo
v’ Programmable divider for each output T o0
v Fine delay adjust for two LVDS output e el =i
v . From Base Station To ADC:
Serial mode control port | oChl
- —_— Ch2
S s Cch3
= — Ch4
S (LVDS,500MHZ)
=
L
Lo
B o | ToDAC:
nQ Chi
el Ch2
O — Cch3
O — Chd
Serial Port @) (PECL,1200M Hz)
ModeControl ~<€——»
from FPGA
10/31/2007 Alexey Semenov, Manfred Wend
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Summary
Project Hardware Status

v Digitizer Schematic — done
v' Board Layout —inprogress... December 2007

v' FPGA VHDL code —in progress... May 2008

10/31/2007 Alexey Semenov, Manfred Wend
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