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Because these were silicon strip modules before:
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Fig. 13. Microstrip detector and the MSD2 4-channel hybrid readout circuits, providing
1igh density signal processing in a relatively small volume (CERN photo-8310560).
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riginTLAS motivation for pixels circa 1995
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* But only 350,000 Z decays recorded

* =>most pixels were never hit by
real collision particle!

HL-LHC

* Inner layers of ATLAS and CMS high
luminosity upgrades will see 10
collision particles in every Si atom!
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Figure 2. DDR4 higher performance compared with DDR3L and DDRZ2

(and this is not rad hard)
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RD-53 will design and produce the next generation of readout chips for the
ATLAS and CMS pixel detector upgrades at the HL-LHC. More details can be
found in the 2018 extension proposal and the original collaboration proposal.
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SOC trends will continue :r—r>r| ‘{.\.
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* The more functionality the FE chip can take over the better

* Electrical communication, power distribution, environmental
monitoring...

e Optical communication could be integrated in FE chip as CMOS
foundries offer photonic options.

 But many system/assembly challenges and advantage not
obvious

* Wireless functionality could be included on chip
* Significant R&D on wireless readout

* Not s much on wireless command and control, which has a
very clear use case (have to see interplay with fast timing)

* FPGA and/or Al/ML functions now straightforward to include, but
use cases must be developed.

 SEU tolerance is a big challenge for on-chip functionality

June. 20, 2023 ASICs future — M. Garcia-Sciveres 17
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What's the next scaling problem?
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Figure 2. DDR4 higher performance compared with DDR3L and DDR2
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\ Turns out that 28nm not a bad choice also for
this part either

Needs to be fast with <50ps jitter
And needs a TDS with <50ps resolution
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Multiple efforts to design pixels with fast /\I ;
timing In 28nm
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Data compression and C,D transmission :r—r>r| ‘m
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* Much larger data volume due to fast timing will require significant
development

 How early can data be compressed?
* ML within the pixel matrix?
* Learned compression depending on chip location in detector?

* Advanced data transmission for x10 higher bandwidth with same
power

* What about clock distribution and synchronization for fast timing?

June. 20, 2023 ASICs future — M. Garcia-Sciveres 23
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28nm Forum
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Very different situation than 10 years ago when there was competition between:
130nm possibly with 3D stacking, 90nm and 65nm for the next generation of chips.

Today everyone is immediately on board with 28nm.
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Speaker: Marco Andomo
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IP Blocks in 28nm for HEP

Speaker: Franco Nahuel Bandi
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Verification IP blocks

Speaker: Matteo Lupi
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DART28 - The technology-related challenges of radiation-hardened transmitter

Speaker: Adam Klekotko

28nm_forum. pdf

DART28 - High Speed IP Design & Verification Perspective" by Stefan Biereigel
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Berkeley Lab: Fast timing analog front-end for 4D pixel detectors and other small IP blocks OF]

Speaker: Timon Heim

28nm Forum - Pebbl..

Rutherford Appleton Laboratory: 28nm IP block developments

Speaker: Mark Lyndon Prydderch

RAL_28nm_forum.p..  |:¢] RAL_28nm_forum.p..

University of Bergamo: Updates on the 28nm activities

Speaker: Gianluca Traversi

UniBG-PV_Updates

AGH University: Development of fast ultra-low power 10-bit ADC Marek Idzik
Speaker: Marek ldzik Krak

Idzik_CERNforum_2

NIKHEF: 28nm All Digital PLL

Speaker: Viadimir Gromov

PicoPix_30_11.202..

Open Discussion and Wrap-Up
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What about Strips? ceceen?]
——

* Silicon strips are still 5-10X lower power and cost than hybrid pixels

* Good solution for very large area (not covering trade-offs with MAPS)

* So what about fast timing in strips?

* HL-LHC new LGAD-based timing detectors have channel capacitance
comparable to strips

* => could make LGAD strips and fast timing strips readout chips

* And maybe that opens up new possibilities...

—— >

2-sided? Strip as a delay line

Both z-coordinate and
separation of pileup

hits from timing

= higher rate space-point strips

June. 20, 2023 ASICs future — M. Garcia-Sciveres 25
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13 International “Hiroshima” ~y
Symposi on the Develop and

Tciing Deectors (57D o e . A
Example of non-trivial processing rrecees |m

BERKELEY LAB

Tracking Detectors (HSTD13)

On-chip
memory ==p Readout
Read Read Read Read Read Read Read | BH ~Ghbps
token token token token *) token token token | A /
EEE | A
o
v 160/(N clks) ' i '

Hit-map y
created ‘ encoder| ‘ encoder‘ encoder encoder ‘ encoder‘ | encoder|
here & <= 104b/clk ¢ l

Core-col .
adaress E%E;T%)b 16 e
added X -
Scan
token — ) EOC-out: — s )
? (128+8)b x 8 T
<=136 b/clk
in: 145b x 8 (#) ‘
n: X There are 7 of
Scan Barrel shifter . DC buffers Barrel shifter . thesein the chip.
token Each serves 8
out: 249%h x 8 core columns
l (7" serves fewer)
256biclk l
4 I all hits from one event don't fitin EOC buffer,
( ) this column will appear twice in the stream. 258b x 32
(#) Blue event being retrieved from columns. ¥ Stream builder 4 CDC buffers
Green event retrieval will begin when no Tag added )
blue hits are left in column buffers. ~ ______ here [ __ | M 40MHz clock domain
(240+17)b x 64 - AURORA clock domain

64b words to AURORA. Rate depends on number of lanes
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Readout Chip Evolution reeeee?] p
P

S B R oo oo
meleo 1 |glelglelglel 0 |EE B 8E
| 3T | c|T|c|T OO0 0 00
digital . digital
memory & digital
control control

(looks more like commercial chip)

10 yrs ago today Future

voltage
voltage
voltage

Content-
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memory memary

See / - /
<1Gbh/s /cm?2 5Gb/s /cm?2 40Gb/s /cm2

Content-

Content-
9588:-9838389828230:-28
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addressable

—
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FE-14 Digital Region eceer?]

* Digital block is shared with 4 inputs- each form an identical
analog pixel.

===

] Read and Memory Management

] Latency counter & Trigger Management
] Hit processing
] ToT Counter and ToT Memory Management
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""“"" Velopix triggerless readout /—\l 1

Velopix half with 26 planes
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* Geometry looks like P—
data flow diagram 4

e Lots of room outside
physics acceptance

e Can have many cables out of each chip
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