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ATLAS Phase 0 Upgrade: Insertable B-Layer

Existing B-layer new })eam-pipe
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« For phase 0 upgrade in ATLAS a 4t pixel
layer around smaller beam pipe (ID 48
mm) will be added inside the existing 3
layers

14 new module carriers (staves) are
being installed during these weeks.

« 32 newly designed front-end chips (FE-14)
per stave.

«  New cooling system (CO,-based) and
new readout system have been
developed.

« Integration of the IBL stave directly on
the beam pipe to be installed together.

36 ® T. Flick: ATLAS Pixel Upgrade Phase O (IBL) @ATLAS °

EXPERIMENT



New Electronics for IBL

 New on-detector electronics:

- . ' o FE-14 —to cope with higher hit occupancy and
- =g , radiation level closer fo the interaction point
. ' as well as serving smaller pixel size.

o Optoboard - to be placed further outside
from the detector, implementing commercial
connector housings, but uses same ASICs as
for the current pixel detector (DORIC and
VDC)

« New off-detector electronics:

o Readout Driver (ROD) - to handle higher
bandwidth and steer new front-end
electronics

o Back of Crate Card (BOC) - to serve higher
bandwidth links and implement 2x more
channels for detector and S-Link interface.

o Basic structure in the readout is same as for
the Pixel Detector, using VME-crate standard.
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Front-End ASIC (FE-I4)

* AsIBL is closer to the beam pipe, higher radiation levels
and occupancy have to be handled.

A new ASIC has been developed for IBL: FE-14

« Designedin 130 nm feature size

« Chip provides 26880 pixel cells in 80 columns x 336 rows
« 87 million transistors

« Dimensions: 19 mm x 20 mm

~2 cm

FE-l4 R/O Chip
27 k Pixels

« Pixel size: 50 ym x 250 ym Mot
+ 4 pixel readout: analog section per |+ =
pixel, digital section shared

« Energy measurement via Time-over-
Threshold (TOT) mechanism
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FE-I4 Design Features
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- Smaller pixel size (better granularity), but big array -20 x 17 mm? active-
(simpler module, less material).

« Low power (analog / digital array), low noise (digital / analog separation,
13 deep nwell), high radiation tolerance (130 nm) up to 250 MRad.

« 8-metal layers (good power distribution)

«  New pixel digital organization: buffers in 4-pixel region (only triggered hits
are transferred to EoDC) - efficient at high rate.

« Reduced analog capability + data reformatting + 160Mb/s data
transmission = high rate data fransmission.

« 130 nm process: well supported, commercial digital design tools.
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Performance at high hit rate

« FE-14: local “in-pixel” storage + trigger propagated
up ’rhe orroy

Neighbor Read & Trigger hit processsing / ToT
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on DC bus ' 4_4_1 LT
trigger data out \

local storage

nd Memory Managment

Latency counter & Trigger Managment
[ Hit processing
[ ToT Counter and ToT Memory managment
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5 latency counter /

160Mb/s Triggered

data readout region
« Store hits locally in region until L1T. Summary:
«  Only 0.25% of pixel hits are shipped to EoC = *  Physics simulation = Efficient architecture.
DC bus traffic "low™. - Spatial association of digital hit to recover
« Each pixelis tied to its neighbors “tfime info™ lower analog performance.
(clustered nature of real hits). Small hits are «  Shared resources & hit not moved around >

close to large hits! To record small hits, use
position instead of time. Handle on timewalk.
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FE-I4 Module

« FE-14:2.02x1.88cm>. - Modules made from 2 ICs.

* Active Slia ~70% . Shared clk and cmd inputs.
* 26,880 pixels (80 x 336)  Each IC has dedicated
Aﬁ 20.2mm

output.
- Simpler module concept!
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2-chip planar sensor tile
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FE-I4 Improvement Thoughts

* |Increase TOT resolution (currently 4 bits only) for better
dE/dx measurements.

 Mechanism for digital region power consumption
reduction was implemented info FE-I4B (clock gating).
should this be changed?

o Leaving empty regions unclocked reduces average power
consumption.

o Conseqguence is a varying power consumption which can be
seen in threshold variation (hit/trigger activity driven). Small
effect but measurable.

o Cooling is sized for peak power consumption anyhow.

 Clock and command are decoded in optoboard and
sent to the FE. Could be decoded in chip.

« Regulators are connected externally.
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ATLAS IBL Readout Structure
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Optical components

« Commercial SNAP12 Rx/Tx plugins for off-detector (on Back-of-
Crate card)

 On-detector components custom made (Optoboard)
o 2 VCSEL array & 1 PiN diode array for optical communication

o 2 custom made ASICs (Digital Opto-Receiver IC, VCSEL Driver Chip), radiation
hard

 Distance to detector module ~ 5.5m = data transmission via
electrical path.

VCSEL array PIN array
(Einisar V850-2093-001) (ULMPIN-04-TN-U0112U)

Optoboard

T ; ' DORIC

o0 T i . LB (Digital Opto-Receiver

¢ N Integrated Circuit) / \
B "'"Tf”"""”"'w‘x"\'.W‘\\\”"“n”’u‘r\\ Alignment Plate

o ER Bundle

Motherhoard
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IBL Readout Driver

« Control card (29U VME): o TR TR
o Detector calibration 3l FPGA
o Physics data taking ) X5 o
 Master FPGA (Virtex 5
with PPC):
o Control data generation
o Run control

« 2 Slave FPGAs (Spartan 6):

o Datainterface to and from
Back of Crate Card

o Data preparation and histrogramming

« Data fransmission in calibration mode via Ethernet
to fit-farm computers

« Design requirement. Backward compatibility to old
system
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ROD FW Functionality
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IBL Back of Crate Card

B

Derives the timing for on- and off-detector
electronics from timing interface (TIM)

Optical interface to/from detector and
Readout Buffers

Data en-/decoding for detector - __

communication

BMF (overview)

from BCF

North-

/Southbone
connector

AN

Internal Wishbone

GP
registers
Common
registers ICAP ROD (via
control backplane)

SLINK Control

registers QSFP FPGA A ', | RX/TX
SNAPL2TX e Plugins

TX registers

ROD (via
backplane)

Internal

Loopback 4 x BOC2ROD

SNAP12 RX

@ATLAS o

EXPERIMENT

RX registers



BOC revD clocking circuit

« CDCE62002 has beenreplaced due to  1€58634-01: zero-delay PLL to

det ot h . provide minmal jitter
non aeterministic pnase. cleaning/duty cycle adjustment

and altf. local clock source

New
CKSEL
i t  =450ps
CLK40_BOC
ICS \ >
8634-01 v
\ SFL \/ NB6N14S >
|
SY89311U SY 898441
y I\‘ RCLK40
\ N , MC100
N NB6EL16 Y EP16T
~ ”
-
- ~ e o = = t, = 130ps t . =240ps

SY89844: MUX to select

h . . . . cleaned clock (default) or
Final clock cleaning in FPGA-PLLs, if direct clock romidelciiig

needed at all (variable duty cycle and
. . jitter)
« C(Clock selection logic uses separate clock.
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Readout Summary

« Newer FPGA fechnology would reduce boards

needed

o AllIBL readout could go into one board plus opto connections.
o Optical interface board could be completely passive.
o Rule should be: Use the fastest I/O available in the chosen technology

* Main topic about the readout is FW and on board
SW development
o Careful planning and then enough manpower is needed
« FPGAs offer a great flexibility so that many different
use cases can be realized in FW, while HW might be
common.

* Only connection scheme, channel number,
readout bandwidth must be detector specific
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