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ow to geft startede

P Boundary Conditions & System Aspects
B> Technology

B> Architecture

B> Sociology




Boundary Condifions & System Aspects

(ZPhysics First!

b

Impact parameter resolution
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B> a depends on the single point resolution and the ratio between the innermost radius
and the lever arm:

btw: what Rpeampipe CaN €
=> Osp = 3 UM when Rin =16 mm and Rout = 60 mm

expected @CepC?
B> b depends on the multiple scattering at the innermost radius:

=> thickness/layer = 0.15% Xo [ Xo= 9.37 cm for Silicon]

=
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[ The machine comes next:

B> what is the time structure of the beams?

J

at the ILC, it may look weird but it is
very practical since the low duty

cycle allows:

e fo consider a Power Pulsing

scheme

e areloxed evacuation of fime
stamped data during the inter-

frain

B What is the expected Beamstrahlung?
hit rate in the first layer of the ILD-VD
ocCUPOncY FI0E /SO TS

DeMasi, Winter, ArXiv: 0902.2707v1
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It has an impact on:

* the granularity and the technology
(affecting the cluster size)

* Time stamping

* read-out speed ~* architecture & power

consumption

m——
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> and what about the expected radiation levels?2

Table 1

Comparison of the requirements of various vertex detectors, in terms of read-out
speed (o) and radiation tolerance related to the total ionizing dose (TID) and non-
ionizing particle fluence.

Experiment-system ot TID Fluence
(us) (MRad) (Neq/cm?)
STAR-PXL <200 0.150 3 x 102
ALICE-ITS 10-30 0.700 10"
CBM-MVD 10-30 <10 <10"
ILD-VXD <10 0(0.1) oo
Super B factories <20 5/yr 5 x 10%2/yr

Baudot ef al., NIM A732 (2013) 480

(Z[Los’r but not least, the overall detector design:

B is the VD part of a full Silicon Tracker?

B> is the experiment running trigger less?2

Here we can possibly relax..




*

Technology

B> epi- less technologies (AMS 350 nm)

2 low resistivity epitaxial layer, bulk (large catalogue)
2 low resistivity epitaxial layer, OPTO tech (AMS 350 nm)
B low resistivity epitaxial layer, 3 wells (e.g. STm 130 nm)

B low resistivity epitaxial layer, 4 wells (e.g. INMAPS)

4 High Resistivity epitaxial layer, 4 wells (e.g. Tower Jazz 180 nm)

B> SOl on High resistivity Substrate (LAPIS, formerly OKI)

B> Vertical integration (e.q. Tezzaron)

low resistivity: = 10 Q cm, collection by diffusion
high resistivity > 1 k Q cm, collection by drift




Technology

2 epi- less technologies (AMS 350 nm):

Tested and dropped by the Strasbourg team (MIMOSA 4)
=~ |13 years ago




Technology

2 low resistivity epitaxial layer, bulk

e standard, well established industrial fabrication process, granting a cost-

effective access to state-of-the-art technologies

* based on the charge carrier generated in the epitaxial layer

- “+pi’71 Circujuz,! . [2-14 um thick, depending on the technology => SMALL signal

Electrostatics potential

p-jepitaxial layer

i —
charged particle I ( i
-~ | i ————F-B’

|+t substrate
i

Depth

| S |

% Main drive from digital cameras

% Pioneered @ LEPSI Strasbourg in the late 90’s:
e G. Deptuch at al, IEEE-TNS 49 (2002) 601
e R. Turchetta et al, NIM A458 (2001) 677

(~80 e-h pairs/ um)]

* diffusion detector vs [standard] drift sensors (the sensitive
volume is NOT depleted => charge cluster spread over ~ 100 um

[10 um ] AND collection over ~ 150 ns [10 ns])

(large catalogue)

Fair enough but the possibility fo have
NMOS ftransistors only reduces the
complexity of the electronics that can be
integrated




Technology

In triple-well CMOS processes a

deep N-well is used to isolate N-
channel MOSFETs from substrate
noise

NMOS BM
[ o —= | |
P-well S
g Buried N-type X N

< Standard N-well
Deép N-well >

Analog sec ‘
log structure P-epitaxial S

P-substrate

p-substrate

G. Traversi, V. Re, M.Ca. et al, IEEE TNS 56 (2009) 3002

Such featfures were exploitedin Obviously a nice step forward BUT the auxiliary n-wells
the development of deep N-well are a competitive path for the charge collection,
(DNW) MAPS devices inducing a dis-homogeneity in the sensor response

[a great technology for the designers possibly making
the user’s life a bit difficult]

B



Technology

B low resistivity epitaxial layer, 4 wells (e.g. INMAPS)

NMOS Diode NMOS PMOS
L _— . :P Nest the auxiliary n-wells in a
+ + .
deep p-well & avoid the
[ P-Well P-Well B
" Deep P-Well competitive path
P-epitaxial layer

P-substrate

R. Turchetta et al., Sensors 2008, 8 5336-5351 Nearly ideal and it took about 7 years
before the final step was taken, and a
quadruple well technology was made

available on a high resistivity substrate
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Technology

2 High Resistivity epitaxial layer, 4 wells (e.g. Tower Jazz 180 nm)

Some of the advantages of this fechnology:
6 metal layers for dense interconnections
equadruple well
* 18 um thick epitaxial layer of 1-56 kQ cm resistivity = collection by drift

o
0
= : : e i
NG} 3 good reasons for having high resistivity substrates: %)
g a. smaller charge spread & clustering size <
O . 5!
N s 5 AN
; 0 T T T T T —l 900 : : CQ
~ of r S e Secdbice T amanestores | 1
ﬂ' ~ - F : . O |
N %1200:— B 800;— ------------- e |'EI“ no irfadiation 35005 gno imadiation | fif ;
E gwoo;— rieseiniolal _: 700 _ . ;?,JsM?ad 3000 — i_,_i3§MRad E -------------- =
T ‘%’ 8001 - 4di¢;d:s _" . 600:_ """""""""""" 1; """""""" : """""""" Y 25005— """"""" """""""" """"" i‘.l """""""" s
LLI S L = 1diode 1 £ 500 S T e R £ 2000 [ — - | E— E
$0 600— - RPN S " 3 ; : : 4
- : ] ® 400} ® 1500 [ — - &l E
-— 400— - 300F - i s n
- - PR SORUOPIROPNE SRR . 2% [ O
O - MIMOSA II; ] 200 F R 1000 N ! O
13 200— ¥ tldiode = — ' ANUUUUS U O - =)
e C 4 2diodes = - 100 £ ey 500 f F o O
2 ol A R S R S i W i bl [
Q 0 5 10 15 20 25 % 50 100 150 200 % 50 100 150 .
8 Number of pixels in a cluster charge (arbitrary unit) charge (arbitrary unit) o
1J 0.18 um technology - 18 um epitaxial layer - 2
0 AMS 0.6 um technology - 14 um ) , 9y H 3 QY20
um pixel pitch, illuminated by an 55fe source (5.9

epitaxial layer - 20 um pixel pitch kel X ray 1640 eh pairs

11

A L Lo Sl £ e fmm S2p S == i Ik DRl ZEM D Iou am fme R Cel D M ERE S Zhi == : & Ty . BEAELEEL IR AR SR Tn T 28 SOl



b.shorter collection time -* reduced trapping probability ~* increased radiation tolerance
(possibly from 10'? neg/cm? to 10'° neg/cm? [W. Snoeys, NIM A731 (2013) 125]

c. possibility fo design pixels with unusual aspect ratio =+ SHORT STRIPS

b 22mm 3mm
< > < >
a o
o
) : Configure
() . CHESS2
8ooum ‘ ‘ Half Comparator, Strip =
512 O { soum Latch & Hit encoding ncoder o
Strip | - - + n -
VDS TX y LVDS output
20mm L
m
32 pixels in a strip = 25mm Records Hits Select 1 Hit/Strip Select 8 hits/per 128 strips

L. Liang et al., NIM A (2016) http://dx.doi.org/10.1016/j. nima.2016.05.007

There's a lot of ongoing activity relying on these technologies. Among them, it is worth
mentioning:

e the papers by lvan Peric & coworkers (U. Heidelberg), driven by ATLAS

e the activity by A. Andreazza & co. (Uni.Milano) on pixels integrating a first stage

amplification capacitively coupled to an LHC compliant RO chip (see poster @ WORID2016
and the oral at the next IEEE-NSS)

e notably the activity on ALPIDE, the sensor for the ALICE ITS system (see below)

vvvvvvvvvvvvvvvvvv




__ SOl (40 nm)

Technology

B> SOI on High resistivity Substrate (LAPIS, formerly OKI bu TJ seems

to be on the tfrack!)

e H. Lan et al. IEEE sensors journals 15 (2015) 2732 a Review!
e J. Marczewski, M. Caccia et al., IEEE Trans. Nucl. Sci., 51 (2004) 1025
e M. Jastrzab, M. Caccia et al, NIM A560 (2006) 31

Box (Buried

]Oxide) (200 nm)

‘ od

e ao o o

E
.
z l 720 um
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simplified process flow

B> main advantages:

* a genuine monolithic approach

* more flexible wrt CMOS maps (hnmos & pmos naturally integrated in the SOI layer)

* electronics “isolated” from the bulk (fast switching, reduced single event upset) [the
motivation for the industrial development of SOI - partially true here]

* the active layeris a very standard and comfortable high resistivity, fully depleted detector

B> main disadvantages:

* not easy to get SOI wafers on a high resistivity substrate
* mind the effect of the depletion voltage (back-gate effect)

* custom process

i

- e—
200nm —f et BOX(Buried Oxide)‘ i *

40nm i—%r E-/——_-ﬁ @Iﬁ@s/ ;Ec;;z

n+(p+) / +(n+ —
BPW R o=l
(Buried p-Well)
50~500um
Si Sensor
(High Resistivity
Substrate) L n-(p-)
. .
Backside Implant,
Laser Annealing, Charged Particle
Al deposit (X-ray, Electron, Alpha, ...)
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Architectures |

[ Analog or binary pixels?

The pitch/N12 rule has been violated in MAPS:

["Mi-26 HR-15 | Test beam results for the MIMOSA-26
— 101 , , _ _ A —6 - sensor:
X - : : i ] £ 4_1 < . ]
> 1000 123 3 3K 18.4 um pitch (5.3 um binary
s R R resolution)
L - - 1 > .
£ 9 4, ° 3 5 *rollmg shutter & end-of-column
w - 14 @ 3 - ' :
= 1 o o 10 E zero suppression (200 ns/pixel r.o.
oA A T T = L 104 o time)
o6 = R A A R s 2K 250 mW/cm? power consumption
- Pt 10° g P P
965‘ ........................................................................................................ = g
- » ] 10° 5
- : : : : z —1 >
= UURUR FUUUE FUUUE UUTE O T O I 8 Lol
W5 e 7 8 9 10 m° 10 152 576 :
Threshold (mV) i

M. Winter et al., arXiv: 1203.3750v1 (2012)
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MRolling shutter + end of column zero suppression or on-pixel sparsificatione

Rolling Shutter

o O I
RE_SEL xx |
o =
| [h Ch O w CH g
I Rl
I ' [GUT_FAD>
B CHOH O g O
SR {; “‘°‘4g D
§'§5 LCOL_SE: SHIFI REGIS:ER uﬂ‘ - °‘E:::L
RE_SEL SHIFT REGISTER 64b |

B 1 discriminator/column

~¥» analog info fravels to the end-of-
column logic

P the integration time is determined
by the read-out (r.0.) time

B the r.0. time is independent from
the pixel occupancy

B current power consumption at the
level of 150 mW/cm? (MIMOSA -28)

On-pixel sparsification

512 512

f_JOH f_/&
STATE STATE
52 |3 512
O
e
RESET| @ RESET
Lo & > e /
2
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Priority encoder

| Pixel front-end + state register I
~

| Pixel front-end + state register |
~

ADDR w©
ADDR @

VALID
SELECT.

VALID
SELECE I

:[ | :[
Periphery
Bias Clock | Centrol Pulser Data
+ trigger

P discriminator/pixel + 1bit memory cell

~¥» analog info locally processed

Pthe integration time is independent from
read-out (r.0.) time

B the r.o. time is dependent from the pixel

occupancy

B current power consumption at the level

of 50 mW/cm? (ALPIDE)

-NIM A 765 (2014) 177 + A 785 (2015) 61
-pixel 2014 proceedings published on JINST
(doi:10.1088/1748-0221/10/03/C03030 )
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made possible by the quadruple well tech.




Conclusions:.

* The new technologies certainly offer unprecedented opportunities

* | believe the running conditions at the new electron-positron machines are such that
detectors fully compliant with the boundary conditions (and morel) can be designed
and engineered, so:

B> we have fo be BRAVE
B> we have to stay HUNGRY & FOOLISH
B> BUT WE DO NOT HAVE TO BE INSANE!

The optimal sensor will always result by an equilibrium (possibly NOT a COMPROMISE) of the
different specs and among the different proposals (and people connected to them).

But we know there are 2 different kind of equilibria:

High Energy
Symmetric
Local maxima
No mass

Low Energy
Assymetric
Local minimum
Mass




Thank you very much!
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