Two-In-one module PT logic

already have a prototype readout chip for short strips in hand
CBC (CMS Binary Chip) — see talk yesterday

will describe relatively simple changes which could be implemented
to provide 2-in-1 triggering functionality

ACES Workshop, March 2011
Mark Raymond, Imperial College.



Pt - Trigger for TOB layers

“Two-In-One” Design

bond stacked upper and lower sensor channels to

L adjacent channels on same ASIC

_____ no interlayer communication
_____ 2Zmm

no extra correlation chip
just simple logic on readout chip, looking

at hits (from 2 layers) on adjacent channels
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concept proposed by R.Horisberger and W.Erdmann (2008)

http://indico.cern.ch/getFile.py/access?contribld=3&sessionld=0&resld=0&materialld=0&confld=36580
much of the material in this talk is based on their proposal
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“hi-tech” 2-in-1 module concept

from Duccio Abbaneo’s talk yesterday

sensors wire-bonded above

8 x 256 channel chips and below

bump-bonded to hybrid

signals f
via'd tt
chips or

90 um pitch strips

8 x 2!
bump

256 channels x 8 chips x 2 ends = 4096 electronics channels
2048 channels per sensor layer

rom lower sensor
1rough hybrid to
1 top surface only

56 channel chips
-bonded to hybrid



CBC — current architecture
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CBC prototype is 128 channel chip at the moment
current architecture implements unsparsified readout of L1 triggered binary data
1st prototype is working (talk yesterday)

what changes are required if want to implement 2-in-1 triggering?



CBC + (2-in-1) triggering
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3 new blocks
cluster width discrimination
correlation & offset correction
trigger data formation and off-chip transmission

also chip needs to be 256 channels wide — 128 channels from each layer



Cluster Width Discrimination

F

m

test
pulse

amp comp.

correlation and offset correction

trigger data formation

digital pipeline digital

256 deep
pipeline

+

32 deep
buffer

MUX
I

——1

]

XY

fast ——

bias
gen.

pipe. control

control P~

slow contro| =—>

v




CWD logic

2 strip cluster

n+2 ® C
n+1 ® \ centred on n & n+1
comparator ® ? .._/ > 1 or 2 or 3 strip
ou?puts 1 strio clust cluster associated with
Strip cluster
" 'CI \ centred onn ~ channel n
* U -/ ﬂ
'_C\ 3 strip cluster
) — centred on n
n-2 o
accept 2 strip clusters centred on n & n+1 —
accept 1 strip clusters centredonn ——
programmable accept 3 strip clusters centred on n

n-1, n, n+1, ... are neighbouring channels on sensor|  ayer (inner or outer)
but every other channel on chip
could increase to accept wider clusters if necessar y



offset correction and correlation
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correlation

CWD outputs from inner layer

want to correlate cluster in inner layer with cluster occurring within
a window in the upper layer

need programmability of cluster window width
width depends on P, threshold cut
(narrower window => higher P threshold)

also lateral offset of window centre will vary across module

beam spot



offset correction and correlation circuit

CWD outputs from outer layer

n4d n3 n2 nl n n+tl n+t2 n+3 n+4 n+5

programmable
register to hold
window width

and offset data

VYL L LT

multi-input OR
correlation
I_D output

channel n CWD output from inner layer

need one of these circuits on every channel

programmable register inputs to AND gates to allow for cluster window and offsets between layers
offset varies depending on location across sensor

in above example 2 channel offset applied to 3 channel window in outer layer
cluster on channel n+3 in outer layer correlates with cluster on channel n in inner layer
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trigger data formation & transmission
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gen.

more than one way to do this

will describe an “electronically simple” solution
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some numbers

outer tracker trigger module

2 Segments

90 mickon pitch

how to use the available bandwidth?

8 chips

assumption: 1 GBT / module

1 module has
1024 x 2 (layers) x 2 (halves) = 4096 strips
8 (chips) x 256 (channels/chip) x 2 (halves)
= 4096 electronics channels

current GBT can provide 20 x 160 Mbps lanes
=> 3.2 Gbps

L1 triggered readout of unsparsified data from CBC s
can combine 4 x 256 channel CBCs onto one 160 Mbps lane
=> 16 chips need 4 GBT (160 Mbps) lanes

can use remaining 16 x 160 Mbps lanes for triggerd  ata
=> 2.56 Gbps
=> 64 bits per 25 nsec bunch crossing available
for trigger data

sharing 64 bits between 16 chips => 4 bits per chip (per BX)

a very simple idea

why not allocate each bit to report presence of a high PT stub in a specific area of the module?
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module segmentation

outer tracker trigger module

2 S09MBNtS 44

8 chips

90 mickon pitch -

64 trigger contributing segments / module

so each chip produces a 160 Mbps trigger data stream
(4 bit per BX) where an active bit indicates the presence
of a high PT stub in an area corresponding

to 32 stacked strips

=> trigger contributing segment area 3 mm x 46 mm

high PT stub occupancy of such an area small
(in outer tracker)
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CBC-t

256
channels
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summary

current CBC L1 triggered short strip chip can be adapted to provide 2-in-1 type trigger
data for CMS outer tracker with relatively simple extensions

need
cluster width discrimination
offset and correlation
trigger formation and transmission

have shown an implementation with straightforward combinatorial logic

some pros
simple to implement (chip and system)
whole readout is unsparsified (trigger and triggered data)
no occupancy dependent data volumes
=> robust against sLHC accelerator operational changes

some cons
inefficient use of GBT bandwidth => more associated power
can 1 GBT / module be accommodated?
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extra
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cluster window width dx

‘ ‘4_

CWD outputs from outer layer [TTTTTTTTTTTTITIT] L[]
y

dx = dr x RIm] x 0.6 ~
P [GeV] &
dX = displacement of hit in r/f plane !
CWD outputs from inner layer [ITITITTTTTTTITTTTITIITITIIT

depends on

P of track (infinite P; => no displacement)

separation between layers dr

average radius of triggering layer pair R R
e.g. for 2 GeV track, triggering layer at 1 m radius, r f
2 mm separation between layers

dX =600 nm
~ 7 strips at 90 nm pitch
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Anders Ryd: http://indico.cern.ch/getFile.py/access?contribld=12&resld=1&materialld=slides&confld=47291



offsets between layers .

MW  outer sensor Wk

r/phi offset between clusters in closely

spaced layers 1(:) cm 2mm
worst case in innermost PT module * e SRR * *
\\ ! l/ A
=> at 50 cm offset is 200 um for 2mm «— |
sensor separation 0.2 mm |
=> ~ 3 strips at 90 um pitch |
need some way to account for this in the i
chip, variable over sensor width in r/phi 5
\ | 50|cm
r | ;
f \\\/NI
\11:39;
nothing to scale here L |




CWD logic routing
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offset correction
& correlation routing

from front
end, after —
CWD

in this example, each outer layer
channel feeds 5 nearest neighbours,
each side

no hard limit, can be increased
to more neighbours

outer channel n+5
inner chan. n+5

outer channel n+4
inner chan. n+4

outer channel n+3
inner chan. n+3

outer channel n+2
inner chan. n+2

outer channel n+1

inner chan. n+1

outer channel n

inner chan. n

outer channel n-1
inner chan. n-1

outer channel n-2
inner chan. n-2

outer channel n-3

inner chan. n-3

outer channel n-4
inner chan. n-4

outer channel n-5
inner chan. n-5

/

individual
o/s & correlator
circuits (one per
channel)

programming

bus for correlation

/

0]

window and
ffset correction
(1 register per
channel)

\ correlation

«—

/ outputs
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