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Sensor proposal: ATLASPix VoI | Ualversity ___
ATLASPiIx is a CMOS sensor developed to fulfil the requirements for the ATLAS upgrade
e Not strictly an ATLAS development
e Monolithic CMOS allows to produce large areas fast and cheap
e No hybridisation — wirebonds or C4ANP bumps possible ATLASPix3

e 25ns timing compliant

e Hit efficiency 99.5% (ATLASPix1) 1-2 F(’)ig; Ny i‘(')-éN”V' A924
e Pixel size 150 um by 50 um (or smaller) £ o Fo D% ----- :_
e Triggered or triggerless readout possible g 80 o 3
¢ 1.28 GBit/s downlink § 60; ]
40F [5=s0v
202- D_mvBasd' at 0.8V

o

ATLASPix3 Th vbltage}V
e Reticule size: 2.02 cm by 2.1 cm
e Full-size sensor, ATLASPix3 (TSI, 200Qcm, 180nm) available

e 132 columns with 150um pixel

e One column contains 372 pixels, a configuration register block, 372 hit buffers, 80 trigger buffers
and two end of column (EoC) blocks. EoC1 is attached to hit buffers and EoC2 to trigger buffers.
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Readout Systems: KIT single chip board

Physics | Lancaster EE3
University %

Starting point is the ATLASPix3 single-chip card produced by KIT and used for the tests

“GECCO”
MAB v2

ATLASPix3
Carrier

NexysVideo
FPGA board
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Calibration with S-Curves (injections) Fe-55 with collimation

Clustering analysis and further tests ongoing.
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DESY testbeam week 4 April 2022

Proposed telescope

€ Our DAQ system
supports 4 ATLASPIx3.

€ We will make
« 2 “tracking stations”
* DUT station

» Space for additional
DUTs

€ No need for trigger
system: each sensor
provides hits and time

N
Stamps. rl/l/l% F/I/I%
« Can synchronize the
reset signal. -

Work on Corryvreckan and EUDAQ ongoing

.% University of

BE BRISTOL

J.Velthuis UK CEPC tracker workshop



Sensor Development

Engineering run developing ATLASPix3

family. Reticule map:

4]}
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Karlsruhe Institute of Technology

5035 x 5930

LHCB

CLIC/TELEPIX/CEPC

HVMAPS

NMOS comp
PMOS amp
25x150um

Up: TDAC in pixel
Down: TDAC in
periphery

Switched power/
fast HB

Low cap | | LHCB

HVMAPS/CEPC

CMOS comp
25x150pm
Up: TDAC in pixel
Down: TDAC in per.
Left: PMOS amp
Right: NMOS amp

HVMAPS/CLIC

Low cap | | LHCB

Low cap | | LHCB

CEPC

Distributed comp
PMOS amp
25x150um

Daisy chain RO

Collaboration with LHCb Mighty Tracker and
other projects.

CEPC institutes make a significant
contribution to the cost of the submission.

Test evolvement of ATLASPix3:
Smaller pixel size (25um) in ¢ direction
Lower capacitance

Amplifier (PMOS - N/C-MOS) and
comparator (NMOS - P/C-MOS) design

Electronics in pixel or periphery
Daisy chain of readout




Sensor development

Options:

Different pixel sizes

Different amplifier types (NMOS and PMQOS)

Different comparator types (NMOS, CMOS and distributed)
Different TDAC types (placed in pixels or in periphery)
Fixed improvements versus ATLASPIX3

Hit buffer cell with time to digital converter (supports time
resolution ~ 100ps), TDAC, differential receiver for
distributed comparator

Possibility of daisy-chain readout — one chip acts as data
collector for another

Possibility to bias pixel n-well with voltage higher than 1.8V,
and to bias pixel p-well with voltage lower than 0. It reduces
capacitance. Reduced capacitance means better time
resolution for the same power consumption.

PMOS amplifier has lower noise than the NMOS amplifier
when the bias current is high (~10pA). It has better
(smaller) time walk for threshold of nine sigma noise. PMOS
amplifier is more suitable for larger pixels i.e. pixels with
larger capacitance (larger than 150fF)

NMOS amplifier has better time walk for nine sigma noise
for small bias currents (~1pA). It is a good choice for small
pixels with little capacitance. Some risk because NMOS has
more flicker noise and because we have little experience
with this amplifier type

Physics | Lancaster E=a
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NMOS comparator is the standard comparator type we
used so far. It has some disadvantages: rather high current
consumption (~3pA), larger delay than CMOS comparator,
need for additional bias voltage of 2.1V, output signal of
reduced amplitude, it occupies large area and causes large
detector capacitance

CMOS comparator does not have the disadvantages of
NMOS comparator, it is faster for the same current
consumption, potentially more radiation tolerant, smaller.
Disadvantage is that CMOS comparator needs additional
deep p-well implant (iso-PMOS option). This implant will be
produced by TSI for the first time — there is some risk that it
does not work.

Distributed comparator has only three transistors in the
pixel and adds very little capacitive load. The receiver and
TDAC are placed in the hit buffer at the periphery. It is fast,
low power and does not require additional iso-PMOS. The
disadvantage is that it requires two lines per pixel to
connect it with the hit buffer. This is not a problem for pixels
larger than 50pum x 150pum.

TDAC can be placed in pixel but it adds detector
capacitance. TDAC can also be placed at the periphery, in
this case it makes periphery slightly larger
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First measurements: University ® 2

Pixel matrices with three amplifier types have been operated with smallest possible threshold
Signal to noise ratio (from ToT) and time walk for signals larger than 3200e have been measured
CMOS amplifier has smallest time walk

Low power consumption is possible (up to factor of 4 reduction compared with ATLASPix3)

25um pitch gives an uncorrected resolution of 8.2um. Analysis in progress.

—a— CMOS amplifier NMOS comparator (v1

)
—a— CMOS amplifier NMOS comparator (v1) 18 1 —e— NMOS amplifier NMOS comparator (v1)
- e —4— PMOS amplifier CMOS tor (v2)
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55nm sensor development University

Shanghai Huali Microelectronics Corporation (HLMC) is a Chinese foundry. As of 2018, HLMC had 55
nm, 40 nm, and 28 nm process technologies and are capable of producing up to 35,000 wafers per month.

We have started with design of the dedicated CEPC design in the HLMC 55nm HVCMOS technology
The test sensor 3 x 2 mm2 should be submitted within an MPW run March 2022

HLMC technology offers similar layers as TSI: deep n-well, maximum voltage for HV transistors is

32V, Metal layers 1 — 6 can be used for fine pitch routing, three more thick metal layers, suitable
for power, LV 1.2V

The realistic pitch is down to 0.2um — relaxed and according to recommendation is 0.3 (in 180nm
was 0.6)

There are only hspice models available, we used Mentor Calibre for DRC LVS

address bus

hit bus

e P

7777 roc

pixel p and readout cell

...............

Ivan Peric: UK-CEPC tracker workshop
H. Fox 9



Cooling measurements

R=160mm, L=800mm

Physics | Lancaster E=3

Space for HV-CMOS
Opto boards periphery

CF base

Column of HV-
CMOS sensors

* HV-CMOS sensors glued to CF base
* Asymmetric arrangement with peripheral

areas as close as possible to the middle where
power consumption is max

* Base attaches to support tube via two saddles

* Saddles have apertures through which the foam
heat exchangers pass and glue to the base

High-density /

Interconnect

Plastic saddle

|0 mm OD CFRP tube

University ©

High-density
interconnections

(Flex)

Column of 4 HVCMOS

/ sensors

Space for
service/data
aggregators

Open-cell
form heat
exchanger

T. Jones: CEPC Silracker Meeting 4-Nov-202 |

\ 4cmX8cm

Liverpool




Pre-prototype thermal evaluations

-—

Pre-prototype:
Base attached to
tube & heaters on

Investigate performance of high-thermal conductivity (eg
Allcomp) foams as a heat exchanger

e Combination of large area and increased stream velocity
through foam can lead to high efficiency

Characterise performance (i.e. temperature rise vs power)
for different flow velocities

e Develop FEA models simulating the fluid flow through
foams

Physics | Lancaster E=3
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First look: at 3.IW power (expected

from 8cm*4cm area), temperature rise
~10 degrees w.r.t. CDA

Liverpool

T. Jones: CEPC SiTracker Meeting 4-Nov-202 |
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Sensors for the
vertex detector
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Projects in China

m Development of pixel sensor for CEPC are supported by

e Ministry of Science and Technology (MOST)
e National Natural Science Foundation of China (NSFC)
e |HEP fund for innovation

2015 2017 2020 2021
JadePix- 1 JadePlx 2/MIC4 JadePix-4/MIC5 . This
180nm CIS process ‘ ‘ I8 i
TaichuPix-1 TalchuPlx-2 TaichuPix full scale
Yamada-

200nm SOI proces




time stamp

Strategies to address the challenges

®m JadePix sticks to a double-sided concept

e Pitch, power, readout speed
e A pair of complementary design envisioned

®m TaichuPix stresses on the system level

e Full scale prototype for ladder assembly

e Fine time stamp & Radiation hardness
to cope with Z-pole mode

-1 Concept of double-sided layer

gzs% \‘L\ ~._ Outside
N T \ N

Inner side
/ ~ spatial resolution

25cm To control board
- - cable
i I O O [ e
10 Sensors / detector module, Digital signal, clock,
read out from single end Kapton / Al flex cable (2 layers)

Schematic of full scale sensors on the ladder

Impact parameter resolution

O,5=55um®

10

2(GeV)ysin 0"

Vertex detector specs Pixel sensor specs

R /2t 191 > Small pixel ~ 16um

Material budget ~ 0.15% O/Iayer -------------- >Thinning to ~ 50um

------------------ >low power ~ 50mW/cm?
r of Inner most layer ~ 16mm --------------------3 > fast readout ~ 1us

R > radiation tolerance ~
<3.4 Mrad/ year

<6.2x10%n,,/ (cm?year) i

control, power, ground
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JadePix3/4 and TaichuPix comparison PP University ® ®

Jadepix4
(submitted)

Jadepix3

Taichupix

Towerdazz 180nm Towerdazz 180nm Towerdazz 180nm

ML CIS CIS CIS

Asynch. Enc. and
Reset Dec.: AERD

Integration time <100 ps @

Pixel size 16 x 23.11 pm2 20 x 30 pm?2 25 x 25 um2

Resolution @(Iaser) 5 um 25/12=7.2um

~91 mW/cm2
(extrapolated)

Readout Rolling Shutter Column Drain

<100 mW/cm?2

Power
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JadePix3 / University #

m Pulse amplltude scan and S-curve* fit @ nominal threshold [S:curve: cumulative Gaussian distributior
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TaichuPix architecture

e = Similar to the ATLAS ITK readout architecture: “"column-drain”
il readout

» Priority based data driven readout, zero-suppression intrinsically

> Modification: time stamp is added at EOC whenever a new fast-or busy signal is
received

> Dead time: 2 clk for each pixel (50 ns @40 MHz clk)
» = Two parallel pixel digital schemes
Pirolaray ] 1= 0 1= > ALPIDE-like: Readout speed was enhanced for 40 MHz BX

64 rows

» FE-I3-like: Fully customized layout of digital cells and address decoder for smaller

TIMESTAMP | TIMESTAMP || TIMESTAMP | TIMESTAMP

End of Column area
Column FIFO
—H H H H— > L1 FIFO: In column level, to de-randomize the injecting charge
Trigger I Trigger . Trigger ‘ Trigger
&Match | & Match &Match | &Match

> L2 FIFO: Chip level, to match the in/out data rate between the core and interface

FIFO: |<FI’FO1 ] F:F;:u | F:FO195 : | 2'Ieve| FIFO aI‘ChiteCtUI‘e

it
| DACs |¢>|Readout00nlroller“ E - Trigger readout

o |
7 o Serial out port .
Periphery | Chip FIFO__ ] [Serializer ) oeri % 250 > Make the data rate in a reasonable range

> Data coincidence by time stamp, only matched event will be readout
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Threshold distribution of four sectors Noise distribution of four sectors Mean threshold vs. Threshold current ITHR
160F : : : : - 160F ‘ ; : : . -
[ stip=2670e.0=498¢ [ Jstip=203e.0=48¢
140} [ Is2ip=2934e. 0=545¢|] 140 f [ Js2ip=269e.0=60¢] 400
S3:4=3849¢,0=584¢ S3:pu=244e,0=60¢
» 120 [ Jsap=a119e,0=566e|] , 120f [ Jsap=265e,0=69¢]] *
° e 350 *
& 100 & 100 o
e}
2 e  gof 2 * T
8 8 3 300
§ 60| § 60} UJ £ I
f 3
40} 40f 2,0 .
201 20
0 L 1 L L ob s L L Ly L 200 * 1 L L L
100 200 300 400 500 60( 0 10 20 30 40 50 60 5 55 6 6.5 7 75
Threshold [e7] Noise [e7] ITHR [nA]
Chip4 Threshold Threshold Temporal Total equivalent
rms (e°) noise (e°) noise (e°)
S1 267.0 49.8 29.3 57.8
Transient Fri Oct 23 09:06:09 2020 1
pame s v A e— f -
Lo e 70007 T —
620.0 .
Simulated
— T e s Y e : 540.0
S
E 460.0
>
380.0
300.0
2200 \. T T T T T T T T T T T T T T T
0.0 200.0 400.0 600.0 85(
- , po——— e time (ns)

TaichuPix2 res Cluster Distribution
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Flex cable design consideration

2mm margin for wire bonding and PCB Pails/-

Overlapped area

|
|
: Power
«— NN — I «—/ADNe— DN «— ) «—/IDNe— [N «— 1D «—1 «—
N my ) ny iny my N (my my m
CTCMEMEME MM EMTE MEM =M &N Slow bus
— | | —
| Signal
| s

® Design goals & considerations for the Flex PCB

» Minimum material budget

® Minimum dead zone extension, limited height of PCB

- Minimum set of signals on Flex
- Inter-chip connection for slow controls through wire bonding - save some space & metal on PCB

® Robust power supply
» Manufacturability




3D model of the ladder

Schematic of ladder electronics

To control board

B cable

10 Sensors / detector module, Digital signal, clock,
read out from single end Kapton / Al flex cable (2 layers) control, power, ground

Thickness (um) goals (um)

Polyimide 25 12
Adhesive 28

17.8
kapton 50

17.8
Adhesive 28
Polyimide 25

//= z : - = Achieved Optimization
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A good sensor for the tracker is in hand
Development possible with quick turnaround time:
gain factor 2 in ¢-resolution
gain factor 4 in power consumptions
Long term option in preparation (55nm technology at Chinese fab)
Development of sensors for vertex detector ongoing

Converging of three different design options?

H. Fox 21




