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Introduction to the muon ECS %
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V. Bocci - Architecture of the LHCb muon Frontend control system upgrade
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he Front-End boards control link wu

* Thetuningand debugging operations are carried out by the DIALOG chip
* 93 memory-mapped registers are used to set the operation mode of this chip

* The registers are accessed following the protocol of standard 12C RAM device
(e.g. writing frame below)

5 | Slave Address |0|A] Word Address |A DATA Al P

[~ ] | e The Front-End boards are positioned at >10m away from the Service
i:s | fg Boards system crates, a standard 12C bus is not the best solution
> ‘—\H ‘ I ‘ ’] i * To overcome signal degradation commercial 12C bus-extender were
EEA available but not possible to use in a radiation environment
ASD ((—)f DIALOG (—) ASD * On other hands LVDS rad-tolerantchipsand IP were present
* |t has been chose to split the bidirectional Serial Data wire in two LVDS-
J‘___v_,,.L based unidirectional lanes
1

V. Bocci, G. Chiodi, F. lacoangeli, F. Messi, and R. A. Nobrega - The Muon Front-End Control Electronics of the LHCb Experiment
S. Cadeddu, V. De Leo, C. Deplano and A. Lai - Dialog 1.0 Datasheet
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he Front-End boards control link wu

+VDD

|jRp The standard 12C requires the bus wires to be in a wired-or
! configuration. Thus an interface write and read on the same wire
wiredoR- Sxy- and all the slaves share and senses the same physical wire.

Splitting the single wire (Sxy) on two different lanes (Txy and Rxy)
/O allowed the use of the LVDS standard. It requires an end-to-end
connection (avoiding Multipoint LVDS). The serial clock line
requires one lane only because is a single master configuration

FTTTTTTTT SRR E P Thus the slaves are connected in a
daisy chain fashion and do not
share and sense the same physical

| E : i lane. This requires a particular
BrakNEm e < \ <::|. §ny_p — q P
Txy_n ; : Rxy_n ! management (at the moment

carried out by a dedicated uP-
based rad-tol board)
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The GBT link implementation in the ECS upgrade (_

The GBT link project provide 16 12C master in the Slow Control
Chip whose aim is exactly providing an interface between the
custom Front-End of the experiments and the custom GigaBit
Transmission link for monitoringand debug purposes.
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At logical level, the LVDS-based link is exactly equal to
the I12C. A standard 12C master might be able to drive the
bus. The idea is to provide to the GBT-SCA 12C interface
the possibility to communicate on the custom bus and
provide the access to the DIALOG chip on Front-End

boards by the means of the GBT link.

A. Caratelli, C. Paillard, K. Kloukinas, S. Bonacini, A. Marchioro, P. Moreira, R.De Oliveira — The Slow Control Adapter for the GBT system USER MANUAL
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he |2C Protocol Converter wu

Considering this property of the bus, an FSM is required for a partial parsing of the messages on the 12C bus
that acts on the hardware and permit the communicationin both directions:

4 mgﬁ - ~ Two . When the master has the control of the bus, the data flow
A LZ G L “ paen is from the master to the slave(s) (from left to right in the
{on fabric logic) /I Rxvy p e . .. .
) ? Rxy_n picture above). After the 8th bit it release the bus and wait
1/O 1/O .
CELL CELL for the slave to acknowledge the transaction
Serial ClockLine FPGA
. g‘g = g When the slave as the control the data are flowing from
WiredOR SXY Ty 1 XANE . . .
't? Converter CL < ?‘M the slave(s) to the master (from right to left in the picture
{on fabric lagic) /‘I XV P . . M
_E'_ Rxy n 4" above). After the 8th bit it release the bus and wait for the
1/0 .
CEL ooy CELL master to acknowledge the transaction
Serial ClockLine

If the sense of the data flow is not correctly managed the communication fails. The Converter Combinatory Logic
senses the actual frame and acts correspondingly. It is synchronized with the 12C Serial Clock Line that is then

buffered on the dedicated LVDS lane to reach the slaves.
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he 12C Protocol Converter C
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* The converter has two input source for debugging purposes s SR
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he |2C Protocol Converter (-

IN gﬁmlg:gtt?onal gtei:il:ster —] gztrsll:itnatiunal ouT |l’1plli' _ *
1 NetWork Network i
L, > i
1CK—
e The FSM has a Mealy Ooooododooon Dodoooooowe™ oododooooonn
_ o[olololololololololols] [olslolololo]gtetololo] [olols[olo[olololo]olo
architecture
 The state register (and all

te other register of the als
FSM) are TMR protected | EEEpb bR E] [ :‘ N

(O Exclusive

) The TM R iS im plemented VDD (DID|DD|D|D D|D|D|IDD(D|D|IDD(D DD DiD|D|D|ID(ID(D|DIDID(D| D EE o Empty
R ) ] DDA DDA DA DD DO [ s
by a synthesis directive

Over-conshain placement for routability
H N Ny y Ny Ny rigire (300, 15 Width: 36 Height: 12
e The total usage is <140 2 o e B G |

Resource usage:

| ] ] im] ] im) )] =] ]| \D\Dm@ﬂz!z;ulu‘umm ]

g

T

Cells (4 input LUT + 1 FF) - - ; 4LUT&C§:;?’7CHAIN 8741,
e We expect to fit all the 12 =t 20 =

FSM required in 10% of
the chip

module CORE IZCCONV_TMR( SDA, SDnx, SDBn, SCL, SCnx, LED comm, asynchRES , clk) /* synthesis syn safe case =1 */ /* synthesis syn radhardlevel = "tmr" */;

= J
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Microsemi® IGLOO2® HW description and features (_

e 4input Look-Up Table (LUT) Single
Event Upset (SEU) Immune
implemented with Zero FIT FPGA
Configuration Cells

* High Performance Memory
Subsystem on AHB with SECDEC
enable/disable feature to protect
eSRAM and eNVM data

e Multi-Standard GPIO with native
LVDS

e The FSM registers are protected
by Triple Mode Redundancy
automatically implemented using
Symplify compiling directives

e Versatile and reliable platform for

further logic development
Microsemi® - IGLOO2 FPGAs Product Brief

N TN N T
PCl Express XAUI Diract Attach
x1,%2,x4 XGXS x1,x2,x4 eSRAM_0

eSRAM_1

AXI/AHB, XGMII, Direct 20 Bit Bus

xujew sng gHY

FPGA Fabric

Up to 150K Logic Blements

[:;"Pmﬂm Math Blocks Micro SRAM Large SRAM ‘
ogramming (18x18) (64x18) (1024x18) : -
- - - DDR Bri idge
11-240 11-240 10-238
Flash'Freeze y .,
AXIA '-:Z-:'- 667 Mb/s DDR
- E Controller/PHY
Math Blocks Micro SRAM I Large SRAM 667 Mb/s DDR
(18x18) (64x18) (1024x18) Controller/PHY
“
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IT IS WORKING!!
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I2C Scanner
Scanning...

I2C device found at address ex3e <- 0K
I2C device found at address @x31 <- 0K
12C device found at address @x32 <- 0K
12 device found at address @23 < 0k e Communication test have been done on a bus of FE
12C device found at address @x35 <- 0K
done connected through a 26m-long cable (the longest, worst

condition)

Jove the switch to start the test|
commnication with stove 8 addrese: 30  The same register has been written and read at full speed
R (1 Mbps) for 100’000°000 times. Two known sample byte
" OF AR atfenar wooaoanen Mtk conters 90 coment comters © have been used alternatively and checked at each
Comunication with slove § address: 31 iteration, looking for errors on communication/elaboration
ended @(us): 103187972 on each FE (DIALOG chip) belonging to the bus (6 devices)

# of W&R attempts: 1@e@eeee@ NACK couter: @ @  Comm_err counter: @

Commmication with slave § addresss 32 * |n the end a total amount of about 1,2GB of data have

T s been exchanged (>13 hours) without any error (do not
refer to the @(us) time stamp!). To completely reconfigure

rarted o(usy: 153030050 and check the entire system less than 2.5 MB are required

ended @(us): 153003654
# of WER attempts: leoecooes NACK_couter: @ @ Comm_err counter: @

ended @(us): 203805555
# of WER attempts: 1eeeeeeee  NACK couter: @ @ Comm_err counter: @
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est on the LHCb muon detector

. . . . ’ .
.
e The SCA I2C transmission buffer max size is 16 * Let’stestifthe DIALOG can do that:
Byte:
y * Communicating with slave @ address: 33 Communicating with slave @ address: 35
started @(us): 37267499 started @(us): 31035027
Data register Frame length: 2 Frame length: 2
AB NACK couter: © @ AB NACK_couter: @ @
The DATA register hold the data bytes to transmit for multi-byte 12C write transactions and Frame length: 3 Frame length: 3
the received data bytes for the multi-byte 12C read transactions. ABC  NACK_couter: @ @ AE.EEMEN?E:;:?“Z: e
Frame length: 4 ABCD  NACK couter: @ 8
BIT NAME EUNCTION % ABCD  MNACK couter: @ @ Frame length: 5
7:0 BYTEQ data transmit buffer for multi-byte 12C transactions > A;E[a):e lizgzhéouiler" e &) ABCDE  NACK_couter: @ @
15:8 BYTE1 data transm?t buffer for I'I]LIIt?'thL‘IZC transactions 2 Erame lengta: 6 ’ <>3< AEE[EJEE le;;\gggicoﬁter: o0
23:16 BYTEZ data transmit buffer for multi-byte 12C transactions +— |ABCDEF NACK couter: @ @ o Frame length: 7
31:24 BYTE3 data transmit buffer for multi-byte 12C transactions 8 Frame length: 7 = |ABCDEFG  NACK_couter: @ @
39:32 BYTE4 data transmit buffer for multi-byte 12C transactions < AE(DEFGI NAEK—E;“tE": e @ E Frame length: 8
4740 BYTES i ansmi X )  hute ansac . o rame length: >< | ABCDEFGH  NACK couter: 8 @
5 data trmsm!t buffer for mult! byte 12C tr um-ar..t\on:t = | ABCDEFGH NACK_couter: @ O S Frame length: 9
55:48 BYTE6 data transmit buffer for multi-byte 12C transactions S Frame length: © S | ABCDEFGHI  NACK_couter: @ 8
63:56 BYTE7 data transmit buffer for multi-byte 12C transactions @ | ABCDEEGHI NACK_couter: @ @ e} Frame length: 10
7164 BYTES data transmit buffer for multi-byte 12C transactions e Frame length: 10 @© AECDEFGT] hNAC%m“tE“ ee
79:72 BYTES data transmit buffer for multi-bvte 12C transactions 9 ABCDEFGHLI NACK_couter: @ @ E rame seneth: .
- A o ) 9= Frame length: 11 o ABCDEFGHIJK  NACK couter: @ @
87:80 BYTE10 data transmit buffer for multi-byte 12C transactions — Frame length: 12
i i (X | ABCDEFGHIIK NACK_couter: @ @ = :
95:88 BYTE11 data transmit buffer for multi-byte 12C transactions o3 Frame length: 12 o ABCDEFGHIJKL  NACK_couter: @ @
103:96  BYTE1Z data transmit buffer for multi-byte 12C transactions ; ABCDEFGHIJKL  NACK couter: © @ o3 Frame length: 13
) p ) ) ) . = ) ABCDEFGHIJKLM  MNACK_couter: @ @
111:104 BYTEL3 data transmit buffer for multi-byte 12C transactions Frame length: 13 ; Frame length: 14
119:112 BYTEL4 data transmit buffer for multi-byte 12C transactions ABCDEFGHIJKLM ~ NACK couter: @ @ ABCDEFGHIIKLMN  NACK couter: @ @
127:120 BYTEIS data transmit buffer for multi-byte 12C transactions A;E;gsGa;;E{L‘IN 1;1.I.ACK ter: 0 0 Frame length: 15
*The reset value of this register is 0x0. —couter: ABCDEFGHIJKLMNO  NACK couter: @ 8
Frame length: 15 Frame length: 16
ABCDEFGHIJKLMNG  NACK_couter: @ @ ABCDEFGHIJKLMNOP  MACK_couter: @ @
*] & ~ . _ — =
['] “GBT-SCA: THE SLOW CONTROL ADAPTER ASIC FOR THE GBT SYSTEM - User e len e 37982373 et
Manual” v.7
. e Allthe DIALOG on the I12C LVDS bus were tested with

A maximum of 16 byte can be exchanged in a

success. All the possible frame size have been used.
Data varied from 0x41 to 0x50 (ASCII “A”to”P”)

single write or read I12C frame

21/04/2016
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VLDB
GBTx-SCA
Evaluation

MiniDAQ

board

|2C SCnx FE
Protocol e e BN re [CE
-

SDBp (DIALOG) Yol = = =
Converter
IGLOO2 FPGA

FE B
(oiaLoc)

 The logic showed to work correctly since the first test but because of
analogic signal misalignments due to a different power source
module used on the CERN VLDB we initially had poor performances in T o .
terms of BER 7, e

* Fixing the issue with a small modification of the IGLOO2 Evaluation

Kit we solve the problem and the test bench started working correctly
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Final version of the nSB prototypes wN

:
=

@%: .
=F
N

M

 We are waiting for the production
of the prototypes of the nSB

 The manufacturingrequest order
has been submitted

Credit to: Giacomo Chiodi
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Conclusions (-

 The protocol converter combined with the LVDS-based 12C bus forms a long-line link that can be
driven by the GBT-SCA chip, suitable for environment with presence of radiations

* Each configuration/debug register is seen by the GBT system as a standard 12C RAM memory
register

 Moreover the link developed for this special application can be extended to any application where
a long-line 12C link is needed

e The logic of the converter showed to be robust during the first test session on the apparatus but
more test will be done (probably directly on the nSB prototypes)
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FOR YOUR ATTENTION!
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