EEEEI

ATLAS
Level-1 Muon Barrel

Alberto Aloisio Mar. 12, 2002
INFN - Sezione di Napoli, Italy
e-mail: aloiso@na.infn.it

A. Aloisio



Mar. 12, 2002

Overview

-EV 4 B ARl

m Optical linksinthe Muon Level-1
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m Status at PDR (Nov. 2001)
m PAROL]I trend

m GZ2LINK test results
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From PAD to ROD/SL
I .

Optical TX

m Optical out from PAD
to:

- SL
— ROD

m 16+16 bit @ 40MHz

m Synch, fixed and low
latency link required

PAD Logic

ROD
SL
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ROD Crate layout
I N .

MUCTPI

mEERI

BUSY module

ROD_BUSY
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Conclusions @ PDR (1/2) wov. 200
I I I LI

= Two different optical links have
. been developed for the Level-1
g - Muon Barrel.
sy 8 POLAR exploitsanew paralel
=N architecture, G2LINK follows a
classic SerDes approach.

m POLAR offerslarge bandwidth, BIST, parity
checks,bus partitioning. It adopts a low-volume,
expensive chip-set (1KEuros). Price drops are not
expected.

A. Aloisio



Mar. 12, 2002

Conclusions @

) (Nov 2001)

1%
|A

I

m G°LINK meets the physical layer specs with
awidely used chip-set

m Thetwo solutions are drop-in compatible,
but G°LINK does not offer any data
Integrity check, which moves into the end-
user logic.

m G°LINK testswill include: BER, latency,
Synch/Asynch modes, EMI and immunity.
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POLAR system

POLAR RX m Parallel optical link based
on PAROLI chip-set and
XILINX FPGAS

m 48-bit data + 3 strobes
@40MHz (>240 Mbyte/s)

m Half-duplex point-to-point
architecture with TX and
RX nodes

m Fixed low-latency: 220ns
POLAR TX @ 10m fiber length

A. Aloisio
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Market trend: PAROLI 2

[ [ I | [l
m [op performances at top price: PAROLI 2

—a

— Asynchronous, AC-coupled 12 ch. optical link
— Qutput power -2 dBm to —7.5 dBm per channel
— LVDS and CML differential signal electrical interface

— Transmission data rate of up to 2.5 Gbit/s per
channel. 10 Gbit/s per channel planned.

A. Aloisio
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PAROLI 2 - Packaging

1 1 11111

m BGA 10x10 socket

m MTP or SMC
optical connector

: m Optional customer
~ specific heat sink

A. Aloisio
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PAROLI

Transmitter Electro-Optical Characteristics
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Parameter Symbol Min. [Typ. Max. |Units
Supply Current ICC 350 450 JmA
Power Consumption |P 1.2 1.6 W
Data Rate per Chan DR (1) 2500 r\'IBitfs
nel |
Electrical LE -LE laser =snakble Dpticai
Input | | Sutput
Y ¥
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Input e{ Drivex Diode
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- Laser
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The Serial Approach

-—V | 4 7 7 .

m SerDes market is driven by Gigabit Ethernet,
FiberChannel, SONET/SDH, etc ..

m Opto devices available both with VCSEL s and
L asers.

m OC3 (155Mbit/s), 12 (622Mbit/s), 48 (2.4 Ghit/s)
supported. OC192 (10 Ghit/s) sampling now.

m Multisource agreements for SFF Transceivers

m Drawbacks: higher clock frequency (GHz and
beyond).

A. Aloisio



Mar. 12, 2002

Small Form Factor MT-R.J
Fiber Optic Transceivers
for Gigabit Ethernet
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m 1.25 Gbit/stransceiver
for Gigabit Ethernet

m 850 nm VCSEL, 220m
(min) link length

m 3.3V - 0.25A (RX typ),
0.2A (TX typ)

m PECL I/O

m Multi-sourced package

m M TRJfiber connector
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Amlm HOMP-1032/1034
Transmitter/Receiver
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Glink Chip-set

= e rre

m Third generation GLink

chip-set (HDMP-103x)
m 3.3V — 660 mW (RX typ),
590 mW (TX typ)

m TTL for paralld /O, PECL
for serial I/O

m 16+ 1 bitdatasize

m Single source, but strongly
supported by Agilent

A. Aloisio
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G?LINK => Dual GLink

BEEEEEREE]

- @ Two channels are required to

..... =] FEE’ transmit 32 bit words @ 40 MHz
= m Separate paths for trigger and

T data

=; L I-.ll;g
i Tx Fx = EXCLEDM
| e Il o I = N et [ ] e—REFCLK | ——
% ol el = L
= L
o 2T ENLEE TEASERE BT —L_.:-"
Tx Rx | w=AXCLKOM
e ey e REFCLE
—! T I S !_"*_un.-- D} 32 BIT SIMPLEX TRANSMISSION
- e =
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A
A |
=
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. ~ 12C Temp sensor
iy /Clock buffer

HFBR5912E

Glink TXs

m Drop-in replacement for POLAR TX: form
factor and connectors pin-to-pin compatible

m 10 layer PCB with controlled line impedance
m Split power planes for noise Immunity

A. Aloisio
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HFBR5912E
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Glink RXs

16

GZLINK RX

=

----- -gn

ﬁ} i

E“?
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m Almost pin-to-pin compatible with POLAR RX

5

- N 48 48 R BR1}

12C Temp sensor
Clock buffer

Minor changes required to the user’slogic
m 10 layer PCB with controlled line impedance.
m Split power planes for noise Immunity.

A. Aloisio
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G?LINK Status @ PDR

m PCBs are ready and impedance of critical
nets has been already characterised with
TDR techniques.

m Board assembly is started.

m The POLAR test bench will be used with
minor changes to qualify also G°LINK.

m Preliminary test results will be available
before the end of the year.

A. Aloisio
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G?LINK Status @ FDR

m Five TX and RX
nodes have been
assembled and fully
tested

m Backward
compatibility with
POLAR verified on
thefield

A. Aloisio
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G?LINK Block Diagram

BEPREE

m 800 Mbaud (20x) serial datarate
m AC coupled, 100 Ohm terminated, diff. PECL

A. Aloisio
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Testing G2LINK

BEEEEEEEE]

displays /5 card  FIFObank ™ TO test thelink, we used the
custom parallel Bit Error Rate
tester designed for POLAR

m The Tester FPGA checksthe
received data against the
transmitted patterns

m Data and protocol errors are
displayed
m No errors detected in 4 weeks

G2LINK TX G2LINK RX  Of continuos operations
Tester FPGA

A. Aloisio
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Test Results- 1
. rr i
baseline wander cor]:it;ﬂ bit a Constant bit payloads (all
“'""/[ g 1/ Os, all 1s sequences) stress
j e the Clock Detection and
£ s i Recovery circuitry (min
1\|| ik »5e  transition density)
L m Analysisof control bit
N | fields using eye diagram at
» | \ - max toggle rate (800MHz)
Co;steint it \ " g \Worst case baseline
payload  Eye diagram wander
@800MHz
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Test Results - 2

1 1 1 1191114
Eye diagram
T 50,0053 €7 .80 @8]0/0'\/""2 m Alternate bit payloads
| | i (A/5 sequence) guarantee

_ o the highest transition

i,

Ly S

""“ ."" [0 density
-..u..,,,. A A A m Eye diagram @800 MHz

In the payload
m Minimize baseline wander

I TO0pW M.oons ChT % TESEW | mar 2002
19:30:28

baseline wander
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Test Results- 3

1 1 I L1l
Eye diagram
ey swns | COJMIZ m Low transition density
| i si%w  payloads are characterized
| 1 with walking one, walking
"L Zero sequences.

0 ZE0m

m Eyediagram at max toggle
rate with low basdline
wander.

IR TO0EW W 50dps ChT X T%3EW 1 mMar 2002
193800
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Test Results - 4

_ m Eyediagram with

GB Ethernet (1.25 Ghit/s)
mask shows exceallent
behavior.

m Mask test results are
function of many variables:
— data pattern (A/5)
— dataencoding (NRZ)
— trigger pattern (01110)

A. Aloisio
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Test Results-5

BEEEEEEEE
Current @ 3.3V
Sequence | TX (mA) | RX (mA)
O/F 460 6380
A/5 460 690
WO 450 600
W1 460 670

A. Aloisio
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Asynch vs. synch architecture

I e
a) asynch. mode | m G°LINK supports both
DATA 16 BITS ——wm] TX[0-15] H}ZEIFE?EE C AwnCh and SynCh

Tx HE0UT= HSIN= RK
4| I—.-

PASSENB
TXCLK SROOUT REFCLK
TXCLK REF

b) synch. mode =

mode of operations.

m |n Asynch mode, RX
< ™ clock hasno phase

relatioship to the TX
clock.

S35

DATA 18 BITS —<—n] TX[0-15] RX[0-15]

HSOUT= HSIM=
Tx | Rx

Fixed delay

R m |n Synch mode, TX and
e ™ RX clocks are phase-
—— 1= Jocked.

A. Aloisio
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Link Latency in Synch Mode
e

m In Synch Mode TX and RX clocks are derived
from the same source

m Link latency i1s165ns @ 10m fiber length

A. Aloisio
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BER Tester

as RX/SL

G2LINK RX

G2LINK TX

28

PAD to ROD emulation

Clock from TTC

PAD Logic

BEEEI

PAD to ROD (10m) datatransfer
has been tested in Rome using
G?LINK and TTC clock
distribution

RX/SL isemulated by the BER
Tester. Itsinternal oscillator is
disabled and an external TTC
generates the reference clock.

G2LINK isconfigured in Synch
mode

No errors have been observed

A. Aloisio
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RAD Tests

m Gamma irradiation has been conducted by the TGC
community at the Co®° facility of RCNST, University of

Tokyo. From H. Hasuko, “Preliminary Report on TGC
RHA Test”, Dec.2001.:

.First, a GLINK board was tested. It consists of a set of EQ CE
converter, GLI NK 1032/1034 rx and tx. During the irradiation, the
board was bi ased. Total Vcc current of the set was nonitored and

| ogged by a DMMwith a PC A local control/nmonitor (LCM system has
been built for the test. The LCM sent 16-bit test patterns (0x5555
and Oxaaaa) at 40 MHz to the GLINK rx via OE conversion; received
data directly went to the GLINK tx on the board and were sent back
to the LCM by EO conversion. The consi stency of the data were
checked there. Al the link error signals were also nonitored and
| ogged by the LCM A LVDS board was al so tested. W had no error
for both GLINK and LVDS during the irradiation. No data

I nconsi stency was observed; no link errors occurred. The total
current is stable and no significant increase was observed..

A. Aloisio
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Costs

1 1 | | 1 11118
m HFBR-5912E 100 Euro (x 2)
m HDMP-103x 50 Euro(x2)
m Connector 10 Euro(x 2)
m Clock Buffer 1 Euro
m [emp Sensor 2 Euro
m Passive 20 Euro
m PCB 15 FEuro
m Assembly 20 Euro

m Total (per each node) 378 Euro+ VAT

A. Aloisio



Mar. 12, 2002 31

Conclusions (1/2)

5 \\N\N\N\\
20 G
|

m G°Link passed all the test
gualification program:

— BER, Optical Eye Diagram, Baseline wander
— Latency and Synch Mode test
— TTC clocking scheme
— PAD Logic integration
m Gamma Test has been successfully passed (see
H. Hasuko et al. ). Neutron test is planned.

m Still to be done: PRBS test, long-fiber run, EMI

our El ectro/OptlcaI

A. Aloisio
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Conclusions (2/2)

m |n the present scenario, PAROLI istailored for
extreme performance architectures, where price
IS not an Issue.

m G2LINK meets all the specs, offering reliable
operations at a reasonable price.

m New silicon (HDMP-103xA) is now available
from Agilent

m The actual design can be easily modified to
Implement a 16-bit full-duplex link.

A. Aloisio



