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| ntroduction

This is a continuation of work from ‘Evaluation Of An Optical Data
Transfer System For LHCb Detectors’, 7t Workshop on Electronics for
LHC Experiments.

« LHCb RICH General Readout Architecture.
* Proof Of Principle Of A Single HPD channel Readout.

» Level 0& Level 1 hardware.

» Choice Of Component For Controller Chip And Memory.
» Block Diagrams Of Control Functionality.

» Demonstrated Readout Using Slink.

« Using DLLs(Delay Locked Loop) In The FPGA Chip.
o Summary And Future Work
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LHCb RICH Genera Readout Scheme

PIXEL-CHIP MULTIPLEXES 1024 TO 32 IN 800ns.
PINT DE-MULTIPLEXES (2x32) CHANNELS TO (4x(16+1)) FOR 16 BIT WIDE GOLSs.
FOUR OPTICAL FIBRES/LEVEL_0 BRD TRANSFER DATA TO THE LEVEL_1 BRD.

ONE LEVEL_1 BRD ACCEPTSDATA FROM 16 FIBRES AND STORESIT IN 2 QDRs.

TWO FURTHER QDRs ARE USED TO DE-RAMDOMI SE.

ONE ON DETECTOR MODULE, ONE OFF DETECTOR MODULE,
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Components Of The Level 0 Brd

PINT (Pixel INTerface) . Algorithms are written to use triple redundant logic.
Accept 32x32 data bits from 2 HPDs on an average 1 MHz level-0 trigger signal.
Do voltage level and signal protocol trandation for interface requirements between other

hardware.

Interface to the TTCrx for 40.08MHz CLOCK, LO triggers, and control signals through
Channel B. Communicate with ECS viaa JTAG protocol.

Add parity, error flags and Bunch count ID to event data therefore increasing the packet size
to 32x36x2. Split the data into four channelsi.e 17x32xA4.

Store the LO triggers and generate the control signals for the PIXEL and GOL chips
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Components Of The Level 0 Brd

GOL (Giga-bit Optical Link) A CERN rad hard ASIC.

e 2 GOL chipsper HPD are required to serialize and transmit the data through the optical links, using the
G-Link protocol, therefore 4 GOLS/brd.

e The GOL serializesthe data at 800Mb/s using a GLink protocal. (it is also capable of 1600Mb/s)

PILOT |« PILOT, A CERN rad hard ASIC.
‘ ECS N | TTCrx A DAC for biasing the Pixel chip.
i N

2 X | 17 ,\L y
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7= < Q

2048 PIXELS IO

L _0BRD

/

VCSEL (Vertical Cavity Surface Emitting Laser) commercially available.

V SCEL s use wavelength ranges 650-850-1300nm for optical transmission and are robust in
radiation and magnetic environments.
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Components Of The Level 1 Brd

FPGA1

e Accept datafromthelevel 0 @ 640Mbits/S per fibre. Sixteen fibres/brd.
 Intefacetothe TTCrx for CIk, trigger,bunch ID etc.

» Generate control signals for buffer QDRS.

Check incoming data using Bunch ID, parity and cyclic redundancy.

Add further information for Level 1 buffer ID and checking.
Passdataout onalevel 1‘YES' to de-randomiser.

\\ TTCrx ECS R/0 SUPERVISOR
N |
o ———
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= 1 ] <
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LEVEL_1 BRD
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Components Of The Level 1 Brd

QDR (Quad Data Rate SRAM)

« QDR Buffer: Storeup to 2K events for 8 HPDs during the level 1 latency of 2ms at a
possible continuous 40MHz rate. This has now changed to ~50ms and a study of
Increasing the QDR depth is being carried out.

* QDR derandomiser: Temporarily store data under FPGA2 control.

TTCrx ECS R/0 SUPERVISOR
R— |

Q52 FPGA1 FPGA?2 o
S 1 1 <
Lm) 2x QDR 2x QDR

X

o W

- BUFFER DE-RANDOMISER

FPGA?2 LEVEL_1BRD

e De-randomise data.
* Interfaceto DAQ system, possibly using Ethernet.
 Raseeror flagsto ECS when appropriate.

o Zero suppress dataif needed.
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Proof Of Principle Stage

30/09/2003 Nigel Smale University of Oxford



HPD --

Hardware For Proof Of Principle

Pimt

Add Bent  etc

GOL s

Data 17 wide

Control
ECS/TTCrx

Parallel/serial

4 Driver .VCSEL

Data 17 wide

Parallel/serial

1

17x36

For proof of principlethe PIntisa
non rad tolerant Xilinx FPGA
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1%t Prototype Level 0 brd For One HPD, 2 Fibres

Back side

' | ITAG |
j connector Brd:28X14cm2

VCSEL

Power supply
regulators
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1% Prototype Level 1 brd; Able To Interface To One Level 0 Brd

L oaded with sub modules
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Choice Of FPGA'’S

Currently using the Spartan 11 XC2S200 FG456 as a
solution to the QDR controller and PInt

The Spartan 11 offers 200,000 system gates, >5000 logic
cells.

284 1/0 and 16 salectable I/0O standards.

Internal system performance of 333MHz and 1/O at
200MHz.

A unit cost of < £40.

Work Is how ongoing to port the PInt algorithms into a
anti-fuse ACTEL AX1000 for radiation qualification. The
general specs are the same as the Spartan although the
AX1000 has more |/O.
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Choice QDR Memory

9-Mb Quad Data Rate Static RAM (18x512).
SAMPLES FROM Micron. MT54V512H18EF
4-Word Burst for reducing address bus frequency
133MHz clock frequency (266 MHz data rate).

Our use is40MHz (80 MHz datarate) for 2 fibres.

FBGA package (13x15mm? 1mm pitch).

Larger devices are now available, possibly up to
72 Mb. Thiswill be considered now there has
been anincreasein L1 latency.

A design exists for using a QDR at 80MHz (160
MHz data rate) and four fibres, but thisis not
being used at this stage of testing.
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Proof Of Principle Functionality Of The Pint

32 BITSWIDE

HEADER

ERROR FLAGS

DATA O

e P P P P P P P

DATA 31

PARITY

TRAILER

vy v v 4
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Supplies, GOL
DACs JTAG|e—p TTCrx +
and Contro ptical Drive
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| L3 YK )
TTC Link L GOL :
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—— P
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All logic has been

Implemented with
triple redundant cells.
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Proof Of Principle Functionality Of FPGA 1

ODR BUEFER
EVENT BLOCK ADDRESS & CONTROL | 90 & 270 CLKS
A A A AA
2 TO 1 MUX 80MHz L1/LO DATA CLK BLOCK
A A A A X E
F || 5TICKPIPELINE [ 2ADDRESS .
P f GENERATORS [ o0 | I
G o70 | |G
MPARE BUNCH CNT
A CcO UNCH CNT |[4—neh . 'y A
T ID FIFO DLL
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17BIT 17BIT CHANA |CHANB CLK & RESET
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Proof Of Principle Functionality Of FPGA 2,
Designed Simply To Interface To The SLink

Accepts event blocks from the QDR @ 1.44 Ghits/S. This
IS two event blocks at double data rate.

Strips the 17t bit (parity) and 18% bit (error code) and
formats them into end words

Concatenates the two 16 bit data words into a 32 hit word.

Generates al the necessary control and clocks for the
SLink.

Clocks out the data to the Slink at 20 MHz.
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statword | est Data Readout Using Slink

& E:"-., ocuments and Settings' toppsu’, Desktop' fliccontrol.ene End Words =10 x|

. 2PPR1 ¥ 2 AR 24: 2091 2: 20PR1
T AR 9: 2BPR1 2 BAR1 2L, - 2 BBR1 : 28R
2 ARR1 : TRRA1 : 2 AAR1 26 : 7 ARR1 2 AR
2 BBR1 - 20981 9: 2 AR1 2 APR1 CEFFFFFFE D
2 ARR1 ¥ JEILIEY 28: 2 PAR1 28 : ' AR 1 3 2
2 APRR1 : 2RPR1 21 : 2 AR 29: 2 AR Errors
2 ARR1 4: AR 29 : 2 AAR1 3 7 ARR1 ‘

A2 Hn1 T 2N 2 - 2Hn1 - A2Hnd

FPGA2 CONCATENATES THE 2X16 DATA INTO A 32 BIT WIDE WORD. THE 2 EXTRA BITS
ARE STRIPPED AND ADDED ASWORDSAT THE END. FLICISREAD OUT AT 20 MHz

DATA FROM QDR1 TO FPGA2
TWO TIME MULTIPLEXED CHANNELS, TOTAL OF 72 WORDS

< LONG IN 900 ns >
HEADER]| 1FFF 0001 0002 ~——— FFFF FFFF t 16 BITSWIDE
PARITY AND ERROR FLAGS 72X2 BIT t 2 BITS WIDE
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DLL, Delay Locked Loop

ik
Distribwuicn
Mabwiork

CLEDUT

Variabile
Dalay Lina

CLKIN

DLLs offer alocked signal and clock
management: doubling, dividing and
delay compensation.

CLKFB

Questions?
1) Canthelock signal be used to indicate missing input clock pulses.
2) How does a 2x output respond to a missing input clock pulse.

3) CantheDLL stand thejitter fromaTTCrx. TTCrx version 3 was found to
have along term jitter, or drift of 400ps and a cycle to cycle jitter of +/-300ps.
New TTCrx chips are now available with improved jitter.
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| 80 MHz reference .. Noerrors 14 errors
clock ' i
? by
J ‘ 2x clock output
When 1 input clock pulse is missed bl || e gyehogigus
there are three peaks due to the three _ m———
possible intervals the oscill oscope Histogramming the time between
could sample. reference clock and the 2x clock the
errors can be counted.

Conclusion:

1) There was no degradation found with the operation of the DLL with TTCrx.
2) 14 out of 16 input clock pulses can be missing before the out of lock signal is given.
3) A continuous no input clock situation can have a duration of 100 us before lock is |ost.

4)  The Lock signal can be used for Locked-on but not loss of lock.
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Summary

A conceptual modular design for the RICH HPD isin place.
*Hardware and chip algorithms exist for a single HPD readout scheme.

*Both Level 0 and Level 1 basic functionality has been verified. The
full readout of the proof of principle eectronicsis now being debugged.

DLL-TTCrx compatibility has been shown. Thelock signal can not be
used to show loss of synchronisation.
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Future Work

*The RICH detector baseline has changed from HPD to MAPmt.
A redesign of the readout scheme is now in progress. An attempt
to keep ssimilar modularity, hardware and algorithms of the HPD
scheme are being achieved.

*The buffer size of the Level 1 must be reconsidered. This may
mean a different memory technology.

*Porting the PInt design from a Xilinx FPGA to an ACTEL has
presented no problems so far. Radiation Qualification of the
Level O system isin preparation.

*New proof of principle readout scheme with detector will be
evaluated.
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2) b)
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DLLs offer alocked signal and cl
management: doubling, dividing

<+«—17BITS * delay compensation.
4¢——16BITS—»

BCID
LOFLAGS P
4 A
36 32 DATA R
WORDS WORDS BL OCK I
T
PARITY Y

HAMMING CODE |
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