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SPECS protocole

The SPECS is a single master, multi slave serial bus. It communicates between an unique master and up to 32 slaves
(limt fixed by the address range), at a 10 MHz rate, thanks to 4 different umidirectional lines. These lines called
MS _SDA, MS _SCL, SM_SDA, and SM_SCL are the data and clock lines, from master to slave, and from slave to Qervice box .’

master respectively. They can be implemented in differential mode (8 wires) or in unipolar mode (4 wires). ® M .
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The SPECS frame
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Data transfer 1s organized in frames of variable length. The format is the same for transfers from the master to the \
slaves or in the other direction, except for the interrupt commands which have a specific frame. The frames start and !
stop with a specific transition of the data line when the clock line is at a high level (“17). These transitions are called Barracks !
‘start condition’ and ‘stop condition’, and are identical to the ones used in 12C.
The clock lines are active only during a data transfer and remain quiet during an idle phase. A frame 1s composed of
a variable number of words, the latter being separated from each other by a ‘missing clock cycle’. This makes the [
debugging by oscilloscope very easy, since the packets are clearly identified. The words have a fixed length of 9 bits
and, due to the missing clock cycle, a word needs 10 cycles to be transferred. Therefore, with the 10 MHz clock
frequency, the data transfer rate 1s 1 MB/s. QPTFCS dave—"
Command frame Mode[0:1]
Slave_ add[0:5]
Start condition Front end electronic
T T T T T T | v Sub_add[0:7] parall mode
sDA ‘J-'LSb l l l l l l [ ] : xwd',—cnt[([):’/'] s]eI;ie mode
Header SCL 8
2 N The SPECS slave The SPECS master
SDA . T Y T " o= Cmdt[3:0] g % g :;' . .
I I sl i I B ) : Checksum[3:0] 5 l QI Iatg | i |1 SPECS slave _chlp | |
SCL L forrcs Towa Prewe vwnse  Theslave s designed as a portable WERILFQG code and 1s physically The SPECS master board hosts 4 SPECS masters. The SPECS master is implemented on a standard 32-bit 33 MHz
BEL Last data word s Parallel Saia o] Integr ated mside an ACTEL ﬂa.Sh PGA. With this tec_:hnology, th_e slave 1s PCI board, which can be plugged into a PC. In order to offer an easy setup for the test benches, the board also
SDA > mans T hus B SEL immune, and 1s also SEU immune, because the internal registers are ; ) )
DATA  ®F%.. : ] — T : w335 | Pointto point | S - o o 1 o includes an mternal SPECS slave, which allows the user to benefit from both JTAG and I2C local output
_____ ] [wsf [ T | | T Jws [ T data[0:7] mAmt 4 SPECSbus o appropriately protected by triple voting techniques, and state machines use - A R . s )
n times ] - SPECS cunaient "= one hot state. Moreover, to ensure a high reliability of the decoding of the capability. The heart of the system is integrated Wlth{n an ALTERA CX‘ CLONE FPGA and the PCI interface 1s
1<n=<256 mamim e slave cm;;i'{ ) SPECS commands, there are no state machine in the SPECS receiver part. In performed by a PLX9030 chip, each of them having its own configuration EEPROM. For the driver part, we use
Drers —f chaining — addition, all commands (and in particular all resets) are generated without the DS92L.V090 driver with the voltage RC pole-zero cancellation. For the receiver part, due to the long distance
Crailer | i ] e using any local clock but only the SPECS lines. This may for mstance allow link, we use receivers with high common mode input voltage range (-2 to 4.4V), and low differential input
checksum[0:7] bt End the user to reset the TTCrx through SPECS if necessary. The chip will also thresholds (< 50mv), SN-5LVDS032 from TI
be reasonably radiation tolerant, up to 10 krad (with some safety margin, the

ACTEL chip having been tested up to 40 krads) over the lifetime of the
experiment. It can then be placed at most locations where we foresee to have
electronics, except in or near the Vertex Locator tank. The chip is an ACTEL APA150.
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_aan . SPECS Masters |
A mezzanine daughter-board has been developed to house e g
. - the SPECS slave, and to provide all the described SPECS Masters 2f= 2
Mezzanine implementation SPECS Implementatlon A functionalities of the SPECS Slave chip through 2 SMC SPECS SPECS Madters 3 g =
) . . . . . . . . =:6 b connectors. The mezzanine board also provides most of the LVDS bus Q =
On the SPECS mezzanme, 2 SPECS mterfaces are provided: one pomt to pomt for long distance mterconnection and one tor local bus connection. —— necessary service functions for the sub-detector front-end SPECS Masters 41— = =
. . . . . — - c - - e
Thanks to thus feature, we can handle several mezzanmes on the same SPECS bus. Mezzanine can be chained using cable. We use Ethernet CAT6 o=="_} : - - : 5
. : . =2 electronics. The goal 1s to avoid putting unnecessary SPECS 3 ree .
cable with RT45 connector. To allow length up to 130m and patch panel, pole zero cancellation have implemented on both master and slave. o=(,5 o S LVDS bus < a
o electronics mn the radiation sensitive area. = a
b e e D Gm Gt b 'r_n_-ﬁg The mezzanine can be configured 1n master mode or in - % '
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A AR G _ <ﬁ = - N et RO B AR ST implemented with RJ45 connectors on the mezzanine, LVDS bus
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f e . O%:DS”WD 50 i g ’::,' L :::::: :: e | which permits a direct connection, without any additional
DSE21V010 | il J revmmmes L i S A L. § _, component, to the master through an Ethernet cable.
L | \
1000hm = _ kz List of the main features of the mezzanine board:
P ' SPECS SLAVE MEZZANINE BOARD .One: long distance point to point differential SPEC'S interface (coming from the
Address switches — SPECS master). , _ - The loading of the FPGA via the PCI bus. To do this, the general
»  65Kbs ® One unipolar SPECS local interface for multi-load bus applications. 10 of the PLX 9030 and the TTAG of the FPGA d
R e ey ®Three serial bus: 1) local 12C 2) long distance 12C 3) JTAG bus, purpose IO of the and the of the arc used.
DDA 0 - ®16 JTAG or 15 12C chip-select control bits and direction control bits for external The GPIO are configured and connected to the JTAG. The download
. . . . e e e , — drivers. . . . i i
Multi - mezzanine implementation A IR 1o 132 _ . . e ‘ file contams firmware which takes control of the active serial bus of
P U wore EN T b S ® One parallel bus offering 16 data bits and 18 address bits. The firmware have been developed in portable the FPGA. thi ‘ d to load the EEPROM and t f ih
I, dist imol tati AR 2 | Cde& ot 10 S —— ® One decoder for the channel B of the TTCix, decoding: A) LO front-end reset, B) eril d C , this one 1s uscd to 1oa = and to conligure the
ong distance 1mpiementation L eaR 2 [ reaiciow | gk 2CITAG RENZ| . Calibration pulse type 0, which can be delayed with a progranumable counter. Veriog code. FPGA, and also transform the FPGA into a bridge between the 2
TS TR VIS A Z [masv | SPECS £ ® One 32-bit static register to control or read back the local environment. The bits One of the main characteristic is the 3 different clock ’ '
— T e ecs | SLAVE : [31.0] can be individually configured either in output or in input mode. q buses. After with the INIT command we download the firmware
TH * . =] . . . . . . . [P
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2] T bl W — K board. . . . . This require specific logic like anti-metastability JAMPLAYER software is delivered by ALTERA and allows, after
o [ommsemm, _ A AN LULAARLATS | 0010 APA_progmm. 17 ® One local 40MHz oscillator. It 1s also provided as an output of the mezzanine and <t “rendez vous™ svst ] ) '
o dome ot | I SR B A mrece 1 can be enabled by the software. system or rendez vous - system. modification, to control the GPIO, the GPIO emulate a JTAG bus.
M 2 A TR Tq e Elw ® One PROM which will allow the ECS system to obtain some information about the
j front-end element housing the mezzamne. It will be mounted on a socket.
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F«*‘—-’”ﬁ p— mandatory. In this configuration we can chain up For radiation zones, hardqess to the single event latch-ups (SEL) smgl_e | - ’
| L@ s 510 7F «- ave to 32 mezzanines with length up to 30 meter event upsets (SEU), and single event transients (SET) are required. This f_. ] PLX Bus
e o 11| between slaves. point has to be cons_ldered carefully, and_ the design of the slave chip | .
D ensures that the registers and state machines are protected by appropriate 10030
| e redundancy. The single event latch-up sensitivity however depends on RO |,
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the technology used. For this reason we have tested and chosen some ) P
Backplane implementation L s%imfllcbonef. AH the tcoé%g?ts have thus been tested either by us or by @PCI Bus
. . . . . . e other laboratories up to - ads ——
The SPECS protocol 1s mono-master multi-slave. This permuts the implementation of many slaves on the same bus. e P — e
For the Calorimeter electronics, the SPECS bus will actually be distributed on the remote crate backplane. Simulation with N N

signal integrity tool have been performed to select specitic logic (plot. result on fig 1 et fig 2)
BLVDS driver have been selected, this logic allow to drive 21 slot with a good noise margin.
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The SPECS software :
Software Layers I
Specsiiser fibran:
= Userinterface
«Provided by Lol | Specstib librane
Orsay « Frovided by LAL
Orsay B
g *SPECS Specific %mm;t ﬁ
T ol e 0 The control of the SPECS system 1s achieved
a . Technalogy = using specific libraries that allow access to all the : i
S - [t 1 | evaiabls functionalities. Calorimeter Front_end board SPECS slave chip
5 Pu2030 it w The libraries are available for both Windows and
= AstiNaE: 2 Linux environment and are written in C language. SPECS mezzanhine
In order to maintain low CPU occupancies,
accesses to the Master buffers are managed by PCI
mterrupts instead of polling status registers. The
libraries also provide protection mechanisms to
allow several applications or users to use the same
board at the same time.
The Software libraries give access to all SPECS functionalities:
1. 12C Accesses: 4. Register Accesses: | l l " ll
Read: with or without sub-adcress {ie first word after adoress word), with selection of 12C *  Read: toany Siave register (O pins, Clock Selection, ] . ; i
bus + Write. :

Write: with or without sub-adoress, or using general 12C calls. 5. Management Functions:

« Error I'EPOI'IZS: when the 12C slave address does not exist (SPECS interrupt associated
t0 no 126 acknowedge).
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+ Initialization: intialization, termination, or reset of cammunications with kasters o

Slaves d '*..
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2. Parallel Bus Accesses: Identification: of vaster lacation and serial number.

+  Read: automatic selection of DMA access when the size of data to send is larger than 1 (x +  Control: selection of SPECS Master clock frequency, reset of Emitter and Recener . * Tt e " b i - | .. . g C 1x
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3. JTAG Accesses: 6. Combined Accesses: 5 ; g P e B ]
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+ Reset, + On-hoard DCU Functionalities: initialization, reset, selection of inout made, and s PR

« Idle, acauisition of Input enannets

. Irscan on-board EEPROM Functionalities: rezd o 2l 65 ois of the ESPROM Hight voltage led dac hoard HPD mOdU|E CU“"U' board LHCb RICH detector

{ldentification and User space), write to the User space. g . - atale . : N -
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