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Vertex 1992 Vertex 2005

A few detailed talks— physics, electronics..  Many talks—review + details
Many questions and discussions Some questions & discussions
No summary or proceedings Summary

Sauna & cold sea Bath & cold wind

from Tyndel’s summary




e VERTEX Series is -
iniernatienal Workshiepron:
ariex [Detectors

EMPplEasIS IS usually given to topics directly related
LeNErtex detectors:
IWErtex detectors at present experiments
S ENEew vertex detector projects
S RED for future vertex detectors
> Radiation hardness of detectors and R&D on new materials
Radiation hardness of integrated readout electronics
- ~DAQ and trigger architecture for vertex detectors
Vertexing algorithms and performances
Applications of vertexing instrumentation to other fields.

Additional talks usually available for new and innovative ideas and applications.
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~ Chair A. Miyamoto (K£x),

Y. Sugimoto (KEK)
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Lakesjae rHotel, Chcze‘n{I/'_L,ake, INIAAO,

.

zing Committee: A. Mii/?rﬁeto (Chair), J. Haba, Y. Sugimoto, Y. Unno

2005.11.7 9:00 11.11 12:00
40 30 or20

KEK; BELLE, K2K(T2K)

CERN; ATLAS, CMS, LHCb, ALICE, DESY; ZEUS
FNAL; DO, CDF, SLAC; BaBar BNL; PHENIX
future projects; /LC, S-LHC, S-Bfactory

other fields;
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TR

7 operating experiments

— each with 1-3 Si technologies
— Most with upgrade plans

11 projects under construction
20 RD efforts or specialised techniques
4 from other fields

from Tyndel’s summary
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Vertexing & tracking B / o K

7 ‘JT\IO D, \
BKary \\(ertex h Nbs T

1. Measurethefirst point precisely (1 or 2D) & with ‘no’ material
-- Material perturbstragectories® (mrad) ~ 1.4*sgrt (tX0(%)/p(GeV))

2. Measurethe angle precisely

-- Goal isthat the multiple scattering in the beam pipef/first layer should
dominatei.e. s~ 1mrad

3. Measurethe curvature
-- Precision ~L2. Vaueisdriven by physics (charge ID; mass resolution)

4. ...and cover alarge solid angle

‘ > In principle simple but in detail complicated (as we have heard) ! \



Silicon system performance
- | had thought to gather and compare performance figures.
| mpossible & probably of no use. Much more fun (for me and you)
to collate problems and ideas & try and learn lessons.

Typical valuestoday

Resolution- o rf 0 z < 10mm

Granularity or cell size 20x20mm? (CCD, APS, DF)
0.02 mm? (pixels)
10.0 mm? (strips)

FE Speed & noise 25nsec, SIN ~ 20

Power/channel (Imsec—25nsec) 1~ 5mW (stripsLC-LHC)
0.1mW/((pixels);
0.1mW(CCDs)

Material in X0 1% (strips); 2% (pixels)

Geometry and sl mpact < 20mm from beam; ~20mm

b-tags and some c-tag?
Efficiency 99% (build) — 85% (running) 1o
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R. Yarema (Fermilab) Electronics
HEP

RCNP Workshop on MPGD and
2006.01.26-27 Pixel Detectors




.II'.
w

i

HYT

I.Ili.

Wafer Thinning

*  Detectors and readour clups make a
significant contribution to mulriple scattering
Every 100 j o silicon 15 0.1% X,
Hybrd paxels have I layvers of sllicon. each
gréater than 100 p ek
* Take advantage of work bemg done
mdustry by major compames (IBM. INTEL.
Toshiba. efc.) to reduce wafer thickness
*  Thinning
Thinning to 50 microns is in production
State of the art — CMOS wafers thinned to 10-
15 microns by lapping/grinding followed by
wet or plasma etch and ChP. Thinner for SO
*  Challenges
—  Handlingbreakage

—  Thickwness uniformity on large wafers

N _ L Thinned 200 mm wafer
L Trcalal Jl:lt'r.f:i'rJrl A HCE o i'.u.l.-r_gt'-a i fi I TR g

No clhange fn Vi for 28u wafer { Frannhofer, transferred on to __E]Hﬁ:-‘.
rEMy handle wafer (A Yous mug
LI Y r.ll.u.lr_g'ﬂ'.lr fr."nr.r__r'r.lr 5w 1|'rr__|"w'l- FTEMI

*  More resrs meddand
Movember 7-11, 2003 Wertex 2005, Mikko, Japan 11
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CMOS Feature Size Decrease

SVX Feature Size vs. Year

35-- A p————
SVX - Silicon Strip Readout Chips for
m il CDF and Dzero at Fermilab
c 3
o
& .
s
5 2.5
= SVX4 Photo |
N 2
Ly
== £ 15
—— £ sVX2
5 +.:|.-"- E
:_'___ : E
= 05 SVX3
- o
- 4
1989 1996 1999 2003
Year Device went into Production
Movember 7-11, 2005 Wertex 2003, Nikko, JTapan 25
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900000 -
800000

Mask Cost for CMOS Processes

700000

600000

500000

400000

300000

Cost in Dollars

200000
100000

From £ Sesbachar

u =

11 LHG Elgirpess Worksiog
= —=
1.2 0.8

Movember 7-11, 2005

2006.01.26-27

0.6 0.35 0.25

Feature Size in Microns

Vertex 2005 Nikko, Japan

RCNP Workshop on MPGD and
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Challenges and the Future

Technology tradeofts must be made depending on the apphcation

As a general mile good tools and expenienced designers will reduce the number
of design iterations savimg development tme and overall cost.

A few questions to think abou

Whar 15 the proper balance berween on chip regulation (hagher powes
dissipation) with the potential reduction m cabling mass and power?
Will special design mies sull be necessary ar simaller CMOS features

sizes, of at what level will the special design rules be necessary

Will water thimune and 3D cirowits become practical for HEF

(an power mmping be made 1o Work m future very large svsicims

* Readout stabality
o -I-'.!--Iu'.. |.-|.;J'.|_'
«  Pickuy
Can analog miommanon be given up 1o reduce

system complexaty and reduce power dissipation”

Can destens be tested m larper feanine si2es (o save developimen! moiesy

* Similar thing was done before with rad soff to md hard design prox

Many questions — lots of work 1o be done
Start thinking now - the future is just around the cormer

Movember 7-11, 2005 Viertex M43, Mikko, Japan
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Keywerads

Radiation-hardness
Humidity
Kapton Technology
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Radiation-hardness

Review all' compenents; for radiatien hardmness
Include allf ASICs, epte-links; glues

Bulldiin radiation & beam: 0SS menIters

lihere Is'a Iot off energy. In heams
x Canl cause physical damage

m Results in damage to
m Silicen (pinheles in: Belle)
m ASICs (many expts)
m Power supplies (CDE)...

Diamonds are now: available as BCs

RCNP Waorkshop on MPGD and
2006.01.26-27 Pixel Detectors




. Radiation-hardness

Belle: Luminesity (1.6x 10>cm* s? x 3 @ 2007
g Update

x 30 @ Super-B' - monolithic active pixel sensor
continueus acquisition pixel (CAP)

ATLAS: Cuminesity.~ 3000 fib* @ SLHC
- diamoend pixel detector

Czochralski silicon:

and of course, future big projects, not only HEP but also NP and others
needs the new technologies for radiation-hardness

RCNP Waorkshop on MPGD and
2006.01.26-27 Pixel Detectors




. Humidity

Surface charge: depend on humidity, temp
Microni detectors in; BarBar

|_eakage current:; more humidity: helps: to stop: the: effect
“Humidity plays a role*

RCNP Waorkshop on MPGD and
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Leakage Current Increase

180 u A

Using humid air and a new
reference voltage setting, the
situation now is under control

Increased Humidity

Leakage Current

1 June 05 - 1 July 05 b

100 u A

21




. Humidity

Surface charge: depend onhumidity, temp
Micron| detectors: in BarBar

|_eakage current; more humidity: helps to) stop: the: effect
“Humidity plays a role*

Corrosion:

CMS discovery: that Humidity: reacts with
Phiesphoerus (present 1nra 4% concentration: Into
therpassivation| oxide) and ferms an acid that
corrodest Alumimtm.

RCNP Waorkshop on MPGD and
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Corrosion on Silicon
Sensors

A ,,How to Eat up Your Detector at the Very End!*

Gunther Beuchle, Jean-Charles Fontaine, Martin Frey,
Alexander Furgeri, Frank Hartmann, Manfred Krammer




The most terrible pictures

S10SUas snoloaid uno uo s10j02 abueals :s30Q 3 sulels

24
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The mystery solved, ...

=» Stains & dots need voltage, time, humidity
- Yes, we all test under bias voltage!

— The company tests only 4 min! =» no stains &
dots

— Karlsruhe & Vienna test with low humidity

— Strasbourg long term tests sensors from
everywhere

BUT, what is it?
And iIs It dangerous?
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Wednesday 09 November 2005

Short Talks and FE Electronics Chair: David Christian
(09:00->11:50)
(FNAL) 3

Room: Lakeside Hotel--Kaede

Corrosion of Silicon Sensors (20" Frank Hartmann
(IEKP Karlsruhe, CERN)

RCNP Waorkshop on MPGD and
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[11. Kapton Technology

ATLAS, CMS, GILAST all' had! problems witih; Kapton

High' density, (70mm)r Al pitch adapters: for PHENIX

Einerpiteh (100mm) tab-hbending onfALICE SSD
anad

RCNP Waorkshop on MPGD and
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What is the next "Big Thing" for vertexing?

o The tracking challenges of reconstructing b/c in high-speed, modern
detectors have been met by silicon.

- Is there reom for improvement? 19000 O
- What is the next challenge? = ATLAS o8
ﬁ 100 -
8 < G- coR O O
= igger ﬂ | DEAL  EABAR
- Industrialization of silicon modules & E - wem O g0 MEm
made CMS, ATLAS possible E = iy, OF s
- More standardisation and simplification £ il i
= & "
needed for any next step | [poowen, } .
s Better TETE s, 1568 mis
Yoar

- Mew technologies(?)
- Better/thinner detector means charge identification possible
- Excellent precision in rg and z; can reconstruct neutrines in semileptonics

Better detectors needed:
Lower mass, better precision 2 better understanding of the physics

Ghewe Warm - Al OFT Fovember 1. 2006

RCNP Workshop on MPGD and
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Silicon system evolution — Physicist Moores Laws

- =3
§ o= e
= Moores law is often quoted in microelectronics io i l = g, ovs
indicate an exponential change. Compare the 1 -
sttuation tn 1991 gud 2045, Fypical values (not the | =~
exiremes) D
= 1992 2005 Factor | Doublingtime |
ASIC Sature size | S pmodSpm | 025mod 250 | 400 15y
I
SETEEOT aTea 0E m* 100 m? 200 LTy
SeTe0 T Costiomi 0.1 dy
Sidp channels | 10F 10° 100 Ty
CCD channels ~ 108 106 - 1IF -
FE speed — 10 nsec 100 Ty
Power/ch oy oy 1 COTMPETEa TN

+ (Cannot extrapolate — hit physical (& financial limits)
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S

Worm (RAL)
“Plgaer better detectors ”

communication

VERTEX2006
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