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Abstract

The GOL ASIC is a serializer chip developed by CERN

based on a 0.25m CMOS technology [1]. The GOL
operates with two data rates: 800 Mbps and 1.6 Gbipis

ASIC has been evaluated with radiation
requirement for the ATLAS Inner Detector upgrade tioe

SLHC". A demo-link has been designed and constructed t

read out silicon detectors in the test staves dirofiber
optics. Through this demo-link we plan to study tsys
issues in a giga-bit optical link. This conceptlwi extended
to future serializer ASICs like the GBTx and the C@hen
they become available. Experience gained from tkeseo-
links will help us design and build a reliable opti readout
system for new ATLAS Inner Detector readout.

. INTRODUCTION

R&D activities for ATLAS Inner Detector upgrade,
especially its B-layer replacement, have taken eléar
several years. On the detector side, a stave cbhesgaken
shape. A stave is a mechanical structure on wiietsilicon
sensors and front-end readout ASICs (called therithyb
module) are placed. The stave provides supporeteices
like power supplies and cooling tubes. The stawe & a
natural unit to gather data from the hybrid modufgecess
and serialize them and send the data off the detéatthe
back-end electronics through optical fibers.

Together with the development of new silicon sesgor

toIerancewe can understand

the new optical readout for the Inner Detector adgr we

propose the demo-link concept to develop the optiok
together with not only the ASICs (GBTx, LOC) and
subsystems (the Versatile Link) for the opticaklitself, but
also the detector’s other front-end readout ASIT}ss way
issues in the link, in integmatio
installation and system reliability at early stages that

Actions can be taken to address them. With thisheyee to

have a high quality, reliable optical link for tAdLAS Inner
Detector upgrade.

There are two ASIC developments (GBTx and LOC) to
meet the new data rate and radiation toleranceiresgants
for the upgrade. These ASICs are not yet availtdylsystem
development. The presently available ASIC in gigadata
rate range is the GOL chip which has been verified
applications in LHC. We verified it to the SLHC ration
tolerance requirements and started the first denkowith
this ASIC. We are prepared to move to the GBTx &€
ASICs when they become available.

In this note, we report the irradiation test resuh the
GOL ASIC in section Il. In section Ill the GOL baksdemo-
link is described. The integration of this demdklimith
stave-06 is reported. In section IV, we outline thesign
consideration for the GBTx and LOC based demo-linwill
be this demo-link that will lead to the baselinesiga of the
optical link for the ATLAS Inner Detector readoypgrade.
Conclusions and acknowledgements are in section V.

[l. IRRADIATION TESTS ON THEGOL ASIC
The GOL ASIC has been qualified for applicationghia

the upgrade, new front-end readout ASICs are being.HC radiation environment [3]. We irradiated two tfe

developed with newer technologies to meet new requents.
With these developments, a new front-end readostesy is
in discussion. In this system an optical link watldata rate at
multi-giga-bit per second is proposed to meet newands.
All developments for the front-end readout elecitermeed
to meet the radiation tolerance requirements ferARLAS
Inner Detector at the SLHC. This includes the tnaitting
part of the optical links.

Giga-bit range serial data transmission has its own

specific issues. Many of these issues were disedvand
addressed in the present optical links like thefon@TLAS
Liquid Argon calorimeter front-end readout. Lessdres/e
been learned from those exercises and are docudhgjtdn

1 The work reported in this note is supported byliSeATLAS for
the high luminosity upgrade of the LHC.

GOL chips with a 230 MeV proton beam and find ttkas
chip may be used in the SLHC radiation environment.
Detailed test results have been reported elsewHégrdiere

we summarize the characteristics of the GOL chipreeand
after the irradiation (total ionization dose efje@nd the
single event effect measurement results.

A. The total ionization dose effect

The eye diagrams of the serial output of the GOlotge

and after the irradiation are shown in Figure lefEhis no
change in rise/fall times of the waveforms. The htonge
decreases from 350 mV to 300 mV. The eye openisgyea
pass 1.6Gbps eye mask test adopted from the Gigabit
Ethernet standard.



Figure 1:Eye diagram of the GOL serial output before (laftyl
after (right) the irradiation with 230 MeV protons.

Jitter measurements were performed before and thier

irradiation and are summarised in Table 1. Thdatamh
effect on the jitter components is minimal.

Table 1:Measurement on the GOL jitter components before and

after the irradiation

jitter component clock| before | after
(ps) (ps) (ps)
random (RMS) 8.6 8.8 9.9
Deterministic (pk-pk) 10.8| 1125 96.6
total at BER < 1E-12| 127.7| 208.6| 205.2

Jitter transfer function of the GOL chip is showm i

Figure 2. After the irradiation, low frequency gittis more
suppressed, while jitter frequency at around 1 N&-dightly
enhanced.
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Figure 2:GOL jitter transfer function before and after thediation.

Jitter tolerance of the complete data link with T2300
as the deserializer chip was also tested. We medserjitter
penalty of equivalence to 1dB power degradatiorilevh
maintaining better than 1E-12 bit error rate (BEA.shown
in Figure 3, the applied sinusoidal jitter magnéudnd
frequency that caused the specified degradatiotowviel

SONET/SDH OC48 template well. Irradiation caused no

effect on the overall timing margin.
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Figure 3:GOL-TLK data link jitter tolerance before and aftee
irradiation.

B. Single event effect

Two types of single event effects were measurethdur
the irradiation with 230 MeV protons: data bit agtion that
does not bring down the link synchronization ane #vent
that cause the link to lose synchronization hence-synch
was needed to establish the serial data transmissio

Table 2:Single event effect measurement a GOL-TLK link sgst
with the GOL under proton irradiation.

SEE type Cross section (Em

loss of synch | < (2.5+0.6)x10
bit corruption | < (5.3+2.6)x103*

In conclusion, the GOL ASIC is suitable for optidiak
system development for applications in the SLHC.

[ll. THE GOL BASED DEMO-LINK

Since the GOL is the only serializer chip that bagn
evaluated and verified to be radiation tolerantapplications
in SLHC, we decided to start our demo-link withsti#iSIC.
In this section we report on this demo-link andintegration
with the stave-06 at the LBNL.

A. The demo-link design and test

Shown in Figure 4 is the block diagram of the GQisdd
demo-link. We employ a four board system so thatttko
interface boards are simple and can be easily sipded and
constructed to meet the requirements of differetaves
configurations. As a matter of matter, we are desig new
interface boards to read out the stave-07.
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Figure 4:GOL-TLK demo-link block diagram. Shown in the daghe
line box is the demo-link, which takes data frora sitave and
transmit it to the back-end electronics via optfdzgr.



The choice of the TLK2500 as the deserializer sedeon
past experience with this commercially availablépcland
for economical reasons. TLK2500 is a serializeredefizer
(ser-des) chip produced by Texas Instrument. Thisdes
has a data rate up to 2.5 Ghps, matches perfedtty the

New front-end electronics systems for the SLHC must
withstand higher radiations. The data transmisgioist meet
with higher data rate requirements. New radiatiolerant
ASICs are being development to meet the new demands
There are two ASIC developments for optical lintke GBT

GOL. Embedded ser-des in FPGAs are much more exeens and the LOC. Please see reports on the GBT in TRVEP
than TLK2500 and are reserved for the GBTx and LOC2007, LOT in this conference. The ser-des parhefGBT is

based demo-links that operate at higher speedswrSio
Figure 5 is a picture of the GOL based demo-lirthe Bptical
interface is chosen to be SFP+ format. This isstamdard
chosen by the Versatile Link project. Please s@erts on
the Versatile Link in the joint ATLAS-CMS opto-ekeonics
working group session in this conference. ShowRigure 6
is the optical eye diagram.
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Figure 5:Picture of the GOL-TLK demo-link.

Figure 6:Optical eye diagram of measured from the GOL-TLK
demo-link.

Bit error rate of this demo-link was measured in fa be
better than 1E-14 before we carried out the intéguatest
with the stave-6.

B. The integration with the stave-06

The stave -06 is a prototype stave with 6 hybridiules.
The present ATLAS Inner Detector front-end readd8tCs
are used to readout the silicon sensors. The GGleda
demo-link was successfully integrated between thees06
and its readout test stand (functions as the badk-e
electronics). Although digital data was transmittedrectly,
we discovered noise issues due to the introduabibthis
high speed serial data link. This issue has beeestigated
and will be corrected in the new interface boarrttie stave-
07. This illustrates the importance of the demd&:liMore
system tests are in line with this demo-link umiié faster
GBTx and LOC based demo-links are available.

IV. DESIGN CONSIDERATIONS FORSBTX AND LOC
BASED DEMO-LINK

called the GBTx. The LOC is only a serializer chigoth
ASICs couple to the Versatile Link, and operatea aerial
data rate around 5 Gbps. The block diagram of tB&>Gand
LOC based demo-link is shown in Figure 7. In thésidn,
we make use of the Reference Link project [?] whish
currently under development as a common projecivést
ATLAS and CMS for the SLHC upgrade. The Reference
Link is FPGA based, with the ser-des function edi with
the embedded ser-des in the FPGAs. By the time wihen
GBTx and the LOC are available, we anticipate {rates
for the ser-des embedded FPGAs would fall intolieamne
year’s time.
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Figure 7:The GBTx or LOC demo-link block diagram. In this
design, common projects such as the Versatile Amkthe
Reference Link are incorporated to minimize the R&fores.

V. CONCLUSIONS AND AKNOWLEDEMENTS

The GOL based demo-link has been constructed and
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