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VME is 38 years old

FLASH
first FEL
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Motivation

Kay Rehlich, DESY

Redundant fans & power supplies
Internal clock & trigger distribution
Modular: reusable components
Complete remote management
Modern high-speed data transfer
Highest signal quality

/O cables from rear side
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Why did we select MicroTCA for XFEL
* Modularity !!!
 Standard hardware & software interfaces

* Documentation
* Loose coupling of components

* Implement functions on the right component (architecture)
* Do complex stuff on a standard CPU: faster development
* Allow software to crash without disturbing accelerator operation
* Simplified maintenance and good diagnostics of all components
* Remote management is a MUST for large facilities
* Redundancy of key components
* Integrated and standardised clock, trigger, interlock distribution
* Modern communication links (high-speed and low noise)
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MicroTCA.4: A Modular Crate System
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MicroTCA Crate Backplane Communication
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MTCA.4 Backplane



Micre TCA™

PICMG® Specification MTCA.0 R1.0

Micro Telecommunications
Computing Architecture
Base Specification

July 6, 2006
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MicroTCA™

PICMG® Specification MTCA.4
Revision 1.0

MicroTCA Enhancements for Rear I/O
and

Precision Timing

August 22, 2011
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Enhancements for MicroTCA.4

Auxiliary Backplane for Rear Transition
Modules (MRTMs & MCH RTM)

Rear Power Modules (RPMs)

MCH Management Support & Extended
Rear Transition Module (MCH-RTM)

AMC & RTM Protective Covers
Applications Classes of uRTMs

November 1, 2016

‘g uTCA°®

Open Modular
Computing Specifications

MicroTCA.O
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MicroTCA Generations: MTCA.0 MTCA.4 MTCA.A.1

Front Side
ollollo ollo ollollo] | =
HIBEIE HIE s|Is|S| | ©
<|l<||= == <ll<l|<| | = /m

AMC
AMC
AMC
AMC

23. June 2019 MicroTCA Workshop @ IHEP Kay Rehlich, DESY



MicroTCA Generations: MTCA.0 MTCA.4 MTCA.4.1

Front Side
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MicroTCA Generations: MTCA.0 MTCA.4 MTCA.4.1

Front Side
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Basic MTCA.O
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MTCA.O with Redundancy
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MTCA.4: MLVDS Bus
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8 MLVDS lines:
- FPGA-2-FPGA
» Triggers

* Clocks
 Interlocks
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——— 24V
Vio
M-LVDS Type-2 receivers (SN65MLVDO082) implement a | e
failsafe by using an offset threshold. In addition, the driver 100 mV - — 50 mV
rise and fall times are between 1 and 2.0 ns to provide —— 0V
operation at 250 Mbps while also accommodating stubs on -100 mV — \_50 mv
the bus.

Outputs are slew rate controlled to reduce EMI and crosstalk
effects associated with large current surges.

‘ ——— -24YV

-~ Transition Region

Figure 2-3. LVDS and M-LVDS Differential Input Voltage Thresholds
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o Define the source and destination of bunches (XFEL: 27000 / sec.)
o Irigger and clocks for diagnostics and actuators depending on location
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Injector

=lsl=]l@ Shot ID
Bunch ID
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Shot ID
Bunch ID
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DAQ Event Processing
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Trigger and Bunch Pattern Distribution

Master Transmitter

1

2

4 Recelver Recelver

. lrigger : ~ lrigger

Global
Trigger Delay

- . t t
R
Local
Trigger Delay
\
yger
= jger
TO ( 10 Hz) Trigger # . Local )
1e.q. / : Tri Mask
©- Global Delay % Local Delay ST
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Front Outputs

@00

| Triggers & Clocks

Expert Info Drift Compensation

CPU I

Macro Pulse Number:

RTM

SlaveTiming.xml XFE_.DIAG/TIMER/DI30I1/

MPS & Interlock BlockDiagr.

nterface

910448453

Error:

CPU Interrupts:

Delay: 400000 Rate:

*16 ns =

Front

Enable

999 ms

6.4ms

RTM backpl on M

[T T T T T

Triggers

VCC 5V out Enable

Trigger 116 2.735ms
FRONT.TRGE
| CCDTngger]

Trigger

B VCC 5V out Enable
Trigger 116 5.111ms

FRONT.TRG4
Torod-Cal.-Pulser ext Tngger 10Hz

FPGA Clock 3 2622us

FRONT.TRG3
| Townid-Cal.-Pulser ext Tngger 200.6kHz]

4 VCC 5V out Enable
FPGA Clock 1

FRONT.TRG2
| Tngqger for DaMon sigmaz electronics| electromcs

Tri r
FRONT.TRG1 . 116 3. 64::?85
_

Divider

Delay Divider

S T
= s B
g— [~ ctr!

Oscillator

2

inputs

PLL

CrossPointSwitch
FPGA MUX

3P 7R |+
3P 7R |-

XFELDIAG/TIMER/DI30I11/

RTM Triggers
B VCC 5V outEna...

Trigger 0 0s
Trigger

l:l
Trigger 0s
l:l
B VCC 5V outEna..

Trigger

l:l

FPGA Clock 1

| DC KickerClock 4. 5SMHz| .:MHz

AND

DC Kicker 2411

B VCC 5V out Ena...

ngger
ngger

:I

RTM.TRG?7
RTM.TRGS

RTM.TRGS

RTM.TRG4
RTM.TRGS

RTM.TRGE

RTM.TRG1
RTM.TRG2

RTM.TRG3

Backplane Clocks & Triggers

DLlock 108MHz

NN [ 108 Mhz dock for MPS]

Data 108 MHz

O T | 108 Mhzdata for MPS|

ger 116 4321ms
PAEITHRES m

Tn
R gger 116 5.021Tms
| SIS8300 tngger (DaMon, FC and Toroid)|

ﬂgg@f

ngger

BACK.TRGE :

T
BACK.TRG? o

0s

Tri r
lbl

fine delay

fine delay

v

0s

0s

enable PorL

17R

177

18R

18T

19R

19T

20R

activity
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Channel configuration

Backplane

Qutputs

17
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19
20
Clk 1

k 2
k3

C
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< TCLKB.

FCLKA _




L N

x2_trigger_channel.xm|

LASER1/BACK.TRG2

Trigger Channel

Channel description:

Pulse CTRL Macropulse trigger |

XFEL.DIAG/TIMER/LASER1/BACK.TRG2

Input Source Select:

Trigger del. or imm. ‘v

FPGA clock 1
451 MHz

FPGA clock 2
451 MHz

FPGA clock 3

1.00 MHz

Bunch pattern 1..6 —»
Front RJ45-4 input —»

Backplane Ch.1..8 —p»
RTMCh.1.9 —p»
FrontCh.1..6 —p»

Front RJ45-4 input —p»

—»
—»

Delay :

-

—»

Trigger No.:
115

w

e

100000

~

*9.23 ns

923.077us =

2. Source Select:

Backplane Ch 1 \v

Fast Data/Clock P>
UART 115kbaud -’

Global Sync P

|_ Width :

e

2000

w

(x+1)* 9.23 ns
18.471us

Output Source Select:

Width output ‘v

Ch out intern

to ‘2. source”
B Invert| B Inhibit enable
Fine Delay :

Select source:

- Single delayed & width

- Combination w/ 2nd Ch.:
AND, OR, FlipFlop

- Serial data

Output can be:

- Inverted

- Inhibited

- Fine Delay: .92 ns steps

Selection of:

- Trigger # (0 ... 255)
- Bunch Pattern

- Clock from FPGA

* Front Input

- up to 150ms
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Delay and Width:

- In 9.23ns steps
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Combination w/ second channel:
- Gates (start

- Bursts of clocks

- Combine with 2nd channel



MTCA.4 with Point-2-Point Links

Port Slot: #1  #2 #3 #4  #5  #6 #7  #8 #9  #10 #11  #12

0 K
- 1 B A B BFE A E E A A E E
SAS/SATA 2
3
4
5
o«
7
2 :
m n " n
© 13%?5/ 9 4 bi-directional
S 9 LVDS lines:
i 11 | MCH It
12 main
Point-2-Point 13 FPGA-2-FPGA
ks 14 communication
15
TCLKC/D 16
17
18
19 g f
20
o Clk1 -4+ TCLKA
R 1T _
8 Clk 2 T«—»E];KB_ —
O PCleClock Clk 3 —» FCLKA —
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Port  Slot. #1 #2  #3 #4 #5 #6  H7T #8  #9  #10  #1
12 e e/ o [o]| |o |o@ o |eo e |eo
13 (o] (o] & [e -

14 | e (o] @ |e

15 o] (o] o [e

12 e

13 o

14 | | | e]

15 [ ] e

12 e o o o o o PY P o o
13 e o e |[® o o o (@ |o@ o
14 e o o

A N N Y T SN

Daisy Chain

Other topologies are possible
by modifying the backplane
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MTCA.4 Clocks: MTCA.0 Compatible

Port Slot: #1  #2 #3 #4  #5  #6 #7  #8 #9  #10 #11  #12

:i

SAS/SATA

T o9 No Ol ®WN = O

MCH
main

a-—-—-—-—-—-—-—-—-—-—-—-d

Poin!-Z-Point 13
links 14

15
TCLKC/D 16

17

18

19 @L
20

Clk 1 4> TCLKA

Point-2-Point
Clocks:

JE. -

* Low jitter
* Flexible

configuration ck2 | e e e TOKE o

s | Extended Options  Ext.FatPi
N

&

i

PCle Clock Clk 3 T—PL_QLK_A

—
|
|
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Low Jitter Clock Distribution: Bi-directional LVDS




| Triggers & Clocks | Expert Info Drift Compensation

SlaveTiming.xml XFE_.DIAG/TIMER/DI30I1/

RTM MPS & Interlock BlockDiagr.

CPU Interface

Macro Pulse Number: 910448453

Error:

CPU Interrupts: Enable

Delay: 400000 - 999 ms

*16ns = 6.4ms

RTM backpl fre M

INNARRRRRNNNNARARNNNARNAREEAD

Front Triggers

VCC 5V out Enable

Tri r 1
FRONT.TRG6 e e Cc?[.)"?r::r:ers
. CCDTnager]

Trigger

B VCC 5V out Enable

Tri r
FRONT TRC: TR : 116 .5.111ms
Toroid-Cal.-Pulser ext Tngger 10Hz

FPGA Clock 3 2622us

FRONT.TRG3
| Townid-Cal.-Pulser ext Trigger 200.6kHz]

4 VCC 5V out Enable
FPGA Clock 1

FRONT.TRG2
| Trgger for DaMon siymaz electronics| electromcs

FRONT.TRG1 116 364m5

Divider

Delay Divider

S TS
S TS
S S

Oscillator

2

inputs

PLL

CrossPointSwitch
FPGA MUX

XFELDIAG/TIMER/DI30I1/

RTM Triggers
B VCC 5V out Ena...

Tri
Trigger

Trigger

D :I
B VCC 5V out Ena...

Tri r
% R

FPGA Clock 1

RTM.TRGS
| DC KickerClock 4. 5MHz] .:MHz

AND

RTM.TRGS
. TC Kicker 2411

B VCC 5V out Ena...

Backplane Clocks & Triggers
enable Port:

DClock 108MHz 4 17R

meadl [ 705 Wihz cock for WMPS]

Data 108MHz 177

BACKCTRGE | 108 Mhzdata for MPS]

116 4321ms 18R
BACICTRES m =

Trigger 116 5.021ms g 18T
el [ 5158300 inager (DaMon. FC and Torow)|

BACK.TRGS 0s . 19R

I:!

Osm 197
I:l

actvity

20R

Trir -

BACKTRES 1:|os -
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MicroTCA Generations: MTCA.0 MTCA.4 MTCA.4.1

Front Side
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JULLL ) P

t
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— .” RRRRE Backplane | | | | [ [ T T [ | T Zone 3 Connection
!u |l"||| 2 I 1 i I i I I I I I I m I . I
o — EE

A ——— W W WP WS W W W WS W

Rear Side |
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MicroTCA.4.1 Rear Power Module

{fiaucifl]]

AMC

RTM
RPM: Rear Power Module

LI "l I
Provides:

» 3.3 V management power to eRTM

* 12V to eRTM
» Positive variable Voltage to RTM

* Negative variable Voltage to RTM
Managed by MCH via MCH-RTM
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MicroTCA.4.1 Rear Power Module: Variable Voltage
LLLL

Front Side

P SWRTITTTTTTITTN
: R R R e e e b
I .
'.‘.' ..... IO IO O 0 O I O O
g nild
Rear Side uuu
15V
Calculated upper bound
/ PP
Example Redundancy gap { Target voltage

\Calculated lower bound

oV
Requested voltage: 6..11V 5..10V 4 .13V 5..14V provided voltage
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MicroTCA.4.1 MCH Rear Transition Module

Wl

AMC

1 G

MCH-RTM: MCH Rear Transition Module
» Zone 3 plug is defined in MTCA.4.1

» The MCH is the manager, the RTM links the yRTM
Backplane to the MCH
» Low power eRTMs can be powered from the MCH

23. June 2019 MicroTCA Workshop @ IHEP Kay Rehlich, DESY
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MicroTCA.4.1 MCH Rear Transition Module

* Up to 16 additional PCle lanes (fat-pipes) for e.g. a CPU on MCH-RTM
* Management of a second yRTM backplane

Double-Width Full-Size MCH MCH-RTM
SATA1
2 g | SATAO
'5 5 ?th to MCH swit GbE
s L] 3

connection to MC C E
Fat-Pipe Switch omeExpress
“““““““““““““““““ Module
LStandard” MCH Base l SMBus
Module Functionality Clock distribution Type 6

Micro-
controller

UsSB 0-3

‘—tzc SPI

PCle Hub Module
X48 PCle '
EEPROM

! FLASH Card

< X16 PCle
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MicroTCA.4.1 MCH-RTM: 3 * 2 Fat-Pipes

Front Side
Supported Protocols:
* PCI Express
* PCI Express Advanced Switching s | = 5 g g g g g g g g g g g g 5 s =
 Ethernet 1000Base-X o | o = g ldladg gl << < << = Q| A
* Serial RapidIO ‘, Data_
* Serial Peripheral Interface / - .
 Universal Asynchronous Receiver-Transmitter _ | _ _ _ “ ‘/@ an agement)

» Universal Synchronous Receiver-Transmitter

* Ethernet 100Base-T

- '.".".:f.:rff.ff.ff.:

/@ower)
=

MCH-RTM eRTM Power )
Port 0-Tx Port O Port 0-Tx N ' ' )
- - B - - ' i ' ' ' ' ' i ¢ ' f '
Management
MWRXQ—KD Port 0-Rx
Clk 0-Tx —p{CIk 0-Rx = abric Interface
Port 1 EEE:::::::: £ =| =
Port 1-Tx Port 1-Tx §. g E. E' E. §. - | O
>< ® | o o sl
Port 1-Rx Port 1-Rx z
Clk 1-Tx P{Clk 1-Rx

Rear Side
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MicroTCA.4.1 Extended Rear Transition Module

Front Side I_II-II_“_l
AMC
' 00 0 ) 1 or 2 RPM:
| T B O O N R O O O Power to:
. i * eH1M
I « URTM
RTM - MCH-RTM
Rear Sid UUU I Optional

eRTM 13 or 2nd MCH-RTM:
Power from RPM

eRTM 15;

Power from MCH-RTM or RPM
Example: RF and Clock distribution

eRTM 14:
Power from RPM
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Example yRTM Backplane

|

r
] .
i )

-

1 or 2 RPM:

Power to:

- eRTM

* URTM

- MCH-RTM

EEEEE

| -

il

eRTM 13 or 2nd MCH-RTM:
Power from RPM

eRTM 15;

Power from MCH-RTM or RPM
Example: RF and Clock distribution

eRTM 14.
Power from RPM
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Position of the yRTM B

A= 13.5mm 2

B=4mm ‘s

:l
C=125mm ,;,;
| I §

FixIng Bars Multicoax RF Connector

* The distance of the plugs on both backplanes are fixed

* Independent of the backplane thickness
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Front Side

Rear Side

23. June 2019 MicroTCA Workshop @ |[HEP

MTCA.4 Backplane

OIIOIIOIIOIIOIIOIOIO]I0]110]10]]10
HIEIEIBIEIBIEIEIEIEIBIE
<I<DI< I << <1< <19 9] €] <

Kay Rehlich

MRTM
MRTM
MRTM
MmMRTM
MRTM
MRTM
MRTM
MRTM
MRTM
MmMRTM
MRTM
MRTM

MCH

j
Zone 3 Connection

MCH-RTM
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PCle Topology

Port Slot: #1  #2 #3 #4 #S  #Ht
CPU . LN N e m

0
:
: — ] [
SAS/SATA
3 | -
4
5
Swie 6
§ {4 7
7 T N\ 8

FPGA @
N
AMC
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Architecture : PCle with Hot-Swap
@ Application is running

Device PCle
Driver Bus Driver

Pull handle
CPU ~

AMC
Hot Plug Port I FCle
Controller FPGA

Interface I

MCH T -
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Architecture : PCle with Hot-Swap

$<-Q0
X/
PCle Hot Plug Hot Plug
\ Bus Driver Services Driver
CPU Root Complex

|

User Application

PICMG Hot-Swap Design Guide:

https://www.picmg.org/openstandards/microtca/mtca-4-pci-express-hot-plug-design-guide/

Driver etc..
https://github.com/MicroTCA

AMC

Hot Plug Port I

PCle
FPGA

Controller Interface I'
MCH u
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MicroTCA.4 Communication Links

+ IPMI| Management Links

23. June 2019 MicroTCA Workshop @ |[HEP

PCle

Gb
Ethernet

Timing

P-2-P

Kay Rehlich

Machine
Protection
System

MLVDS Bus
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