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ECFA DESYS 2 American Linear Collider ACFA Joint Linear Collider

Linear Collider Workshop

World-wide

Linear Collider Vertex Detector Workshop
January 8, 2003

Session Organizers: Chris Damerell, Akiya Miyvamota, Natalie Roe, Kang Joo Sang Time: 15:00 - 19:00, US Central Time

21:00 - 01:00, UK
All talks are 15 minutes + 5 minutes for discussion 22:00 - 02:00, Europe

06:00 - 10:00 January 9, Japan & Korea

TIME (US
Central)

TITLE OF TALK ‘ SPEAKER

15:00 ‘f\-‘lmmlithic Active Pixel option ps pdf II\-‘Iurc Winter, CERN

‘]5:20 ‘f\-‘lmmlithic Active Pixel option pdf ‘cham Turchetto, Rutherford

| Konstantin Stefanov
5.4 “ — e . ~ ale ] b < 5
15:4 ‘( CD option pdf Hithertnd

16:00 ‘DEPFET option pdf ||\-'I;1rccl Trimpl, Bonn

16:20 ‘SOI pixel option pdf |HL1“['[[1 Niemiec, Krakow

16:40 ‘Physics Simulations pdf |Nico]0 de Groot, Bristol
17:00 Break

Oregon/Yale CCD R&D and Radiation Damage
Studies pdf ps ppt

1740 GEANT4 simulation of vertex detector beam Tsukasa Aso, Toyama Natl
- background pdf College

17:20 Nikolai Sinev, U. of Oregon

18:00 CCD radiation damage test with 150 MeV electrons

. Yasuhiro Sugimoto, KEK
pdf 8

Hwanbae Park, Kyungpook
Nat1 Univ.

18:40 H -=c cbar pdf |chmBong Yu, Korea Univ.

18:20 Silicon Fab and Beam Test Result pdf
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Plans for 2003

{see next fransp.

p design successor of MIMOSA-6 (larger surface 7)

p continue investigating potential of MIMOSA-4 fab. process
(0.35 g AMS: no epitaxial layer but low doping substrate)

p achieve < 50 pm thinning on real scale chip (MIMOSA-S)

» work on tolerance to ionising radiation (not really for FLC)

— ooloo —-

e desien first DAS circuits

e evaluate average P..:
detector simulations, switch offfon tests with MIMOSA-3

e continue studies based on physics processes aiming for the best
compromise between granularity, r.o. speed and mat. budget

i

%ZMCIS sensors — &.071.03
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Summary of prototypes fabricated

B 6 MIMOSA prototypes fabricated since 1999

chip | vear | process epi. pitch | metal

peculiar

2000 | MIETE 4. 2um

0.35um

thin
epiiaxy

2001 IBM 2um Bum
0.25:m

deep
stth-gem

2001 AMS 0! 2pm
0.35um

low dop.
substrate

2001 AMS Idpm | 17um
0.6um

real
scale

2002 | MiETEC | 4.2pum | 28um

‘L__I:_\II.: Tl

col. // r.o.
int. spars.

e MIMOSA-6: tests starting now

}:MOS sensors — 8.01.03
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| MIMOSA-6 global layout |

B st sensor with sparsification integrated / substrate:

& back from foundr

= amplification (x3.5) and noise
suppression (CDS) on pixel

= discriminator integrated on
chip periphery (1 per column)

& 0.35 um MIETEC technology

isame process as MIMOSA-2)

A Plige ~ 300 oW per column

and frame r.o. cycle

& [ReS-LEPSI / DAPNIA collab

» tests starting in Strasbourg and Saclay

first results in February-March 2003

/

EMDS sensors — &8.01.03
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Artington Linear Collider Vertex Porector Yarkshop Arlington. Texas, US -

world-wide web conference

Conclusion / Summary

RAL 1s developing science-grade CMOS sensors for a broad range of applications.
Large area sensor 4k*3k =2 12 M pixels
Flexible APS architecture suitable for Linear Collider / fast imaging
Some 1deas for the design of the vertex detector
Test structures manutfactured and in RAL tomorrow
Future R&D development:
Test present structure

optimise architecture for LC

[nstrumentation Department Microelectronics Design Group R. Turchetta & January 2003
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Arvtimston Limear Collider Y evtex Detector Ve ankshop

CLERC

Arlington, Texas, US —
waorld-wide web conference

Flexible Active Pixel Sensor (FAPS).

The storage is user controlled

and any time sequence can

¢
be programmed

Simple snapshot (rolling

shutter also possible)

Time slices can have any time
separation, from fraction of

Hsec upwards

The readout can be done in
much the same way as a

standard APS

One sample can be used to
store the reset value = in-

pixel CDS possible

sample=0-

SCHEMATIC
DIAGRAM

-
B

e

L
sample=1=

DD

VRST R

NEE I—C\ resel r vDD

| | TIE.

MEI
VRST_W Ty

read O—| MSE

[nstrumentation Department

Microelectronies Design Group

R. Turchetta & January 2003
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Arlimeton Linear Collider Virtex Dewctor Warkshop Arlington, Texas, US -
' world-wide web conference

Present design (proof-of-principle)
20 um pitch
10 storage cells

pixel not totally full

technology shrink

larger pitch
= more memory cells possible

Designed with 3 metal layers.

[nstrumentation Department Microelectronics Design Group & January 2003

LC Vtx Detectors, Jm Brau, UTA, Jan 10, 2003
8



Arlinsion Lincay Collider Vertex Dotector YW prkshop Arlington, Texas, US -
: world-wide web conference

Layer 1 sensor

S0 mm - S0 mm

I

[ 3 mm

Readout direction

Red line: control electronics (sampling and readout). Does not QCCLPYY much Space

Red rectangle: readout electronics (column amplifiers + ADC
sparsifying circuit) 2 CCD talk

Either on same substrate or bump-bonded to sensor substrate

Ladder with 1 sensor

Sensor size: 100 mm *13 mm. read out at both sides
Number of pixels per sensor: 2500 x 650

In each pixel: 20 samples

For Tesla: sample at 30 ps during beam-on periods and store 20 samples in the pixel
Column parallel readout between trains: 2500%20=5% 104 samples at 5 MHz = 10 ms

For NLC/ALC: number of samples depending on readout speed if higher time segmentation is required.
E.g.: readout at 5 MHz during 8 ms 2 16 samples: 2500% 1 6-4*10% samples at 5 MHz =2 8 ms

[nstrumentation Department Microelectronics Design Group R. Turchetta & January 2003
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LCFI

iy

Summary

T

® Detector R&D work at the LCFI collaboration:
4 Development of very fast column parallel CCD and its readout chip;

4 Study the performance of commercial CCDs with MIP-like signals at high
speeds and radiation damage effects in them;

4 Precision mechanical support of thinned CCDs.
® Most aspects of the R&D are applicable to all proposed LC machines;

® Work on high speed CPCCD is mainly for TESLA, however the CCDs for
NLC/JLC may benefit as well;

@ Significant R&D is required, challenging combination of chip size and speed;

® Have to work hard, R&D is extensive and complex;

More information is available from the LCFI's web page: http:hep.phliv.ac uk/~green/icfi/home. html

Konstantin Stefanowv, Rutherford Appleton Laboratory UTA LC Workshop, 8 Jan 2003
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CCD development

Large area, high speed CCDs

® Inner layer CCDs: 100x13 mmZ, 2500(V)x650(H) pixels per CCD end;
@ Outer layers: 2 CCDs with size 125x22 mm?2, 6250(V)x1100(H) pixels per CCD end;
® 120 CCDs, 799x106 pixels in total;

® For NLC/JLC : readout time = 8 ms in principle sufficient, but not easy to achieve
with standard CCDs;

® For TESLA :

%+ 50 ps readout time for inner layer CCDs : 50 Mpix/s from each CCD column

%+ Quter layers: 250 pgs readout, 25 MHz from each column

High speed requires different concept for fast readout — Column
Parallel CCD (CPCCD)

Natural and elegant development of CCD technology

Konstantin Stefanov, Rutherford Appleton Laboratory UTA LC Workshop, & Jan 2003
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LCFI
& TP

Column parallel CCD

Serial register is omitted

Maximum possible speed from a CCD (tens of Gpix/s)

Image section (high capacitance) is clocked at high frequency

Each column has its own amplifier and ADC - requires readout chip

—

R

Readouttime = M=M/F, Column Parallel CCD
Readout time = NF

Kanstantin Stefanov, Rutherford Appleton Laboratory UTA LC Warkshop, 8 Jan 2003
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te Hybrid assembly CPCCD-CMOS

e T

Features in our first CPCCD:

Standard 2-phase Field-enhanced 2-phase implant ¢ 2 different charge transfer
implant (high speed) regions;

Metallised gates # 3 types of output circuitry;

4 Independent CPCCD and readout
chip testing possible:

(high sp=ed)

Metallised gates . .
Eiiveia i (high speed) ® Without readout chip - use

followers| Direct followsers | Direct external wire bonded electronics:

[ I I I I LI ] H I I IR I I I I

Readout Readout ® Without bump bonding - use
ASIC ASIC wire bonds to readout chip;

® CPCCD bump bonded to

AR AR S A A A 1 LS A Vs
To pre-amps readout chip;

4+ Different readout concepts can be
tested.

Keonstantin Stefanov, Rutherford Appleton Lakoratony UTA LS Workshop, 8 Jan 2003
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o Tests of high-speed CCDs

e 0

E2V CCD58 :

® 3.phase, frame transfer CCD

%Fe X-ray spectrum at 50 Mpix/s

® 2.1 million pixels in 2 sections
-_'Fe 5|.I'_-\'_'_|ILII'II of CCDOS8 al -30 'C ;
50 MHz. 7.5 ¥ clocks ® 12 pm square pixels

Gain = 20, filter 150 MHz

Peai center = 1453+ 0.1 + MIP-like signal (= 1620 electrons});

Makse ~ 52 ebacirons
(4,73 ADC channals)

4+ Low noise = 50 electrons at 50 MHz;

Single pieel events

— Gaum + CCDS58 is designed to work with large
signals at 10 V,,; clocks;

;J 1 + No performance deterioration down
]“\Mh R .~ o RO to 5 Vpp clocks;

T T
2 il &0 100 120 140 160 180

ADC channel + Still good even at 3 V,; clocks.

Test bench for high-speed operation
with MIP-like signals

Kanstantin Stefanow, Rutherford Appleton Laboratory UTA LZ Workshop, 8 Jan 2003

LC Vtx Detectors, Jm Brau, UTA, Jan 10, 2003
14



LCFI
= TR s P &

Semi-supported option ‘;"

FEA simulations using ALGOR and
Beryllium substrate with adhesive balls ANSYS:

£ N R o T Y o o o U S R
A O O OO 0 e O O O 0 OO DG OO GO o OO OO

Coo0o oo 0o ocdodd00adb 00 o oo oo acoa . Dis.tﬂrtlﬂns Dn|y- few I'"TI!
- N R o - L - S R - - . . u
optimise adhesive pitch and size;

Thinned CCD ( = 20 pm) ® Silicone adhesive: NusSil,
excellent at low temperature

Shi
| CCD brought down i e Layer thickness = 0.12% X,
| @ [ I

H\ | XY stage for 2-dimensional profiling
X being assembled:
: : Adhesive :

Assembly after shim removal and curing ® Laser displacement meter
L &

(3 {3 (] £ 0.2mm @ Resolution 1 pm
| Beryllium substrate (250 pm) | T

® Models made from steel +
1 mm unprocessed Si will be measured
Konstantin Stefancy, Rutherford Appleten Laboratory UTA LT Workshop, 8 Jan 2003 15
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summary / time schedule LAB

um Labor Bonn

DEPFET features for a LC vix-detector time schedule (next steps

= small pixel size (25um) » 128 channel readout chip (june 2003)
= sensor thinned to ~50 pm = 2nd generation sensor (spring 2003)

=S/N ~40 » system assembly (2nd half of 2003)
= [ow power due to row-wise operation

(pixel inactive during g-collection) = full prototype system ~ 10/2003

outlook

= readout chip with integrated ADC and RAM (i.e. complete stand alone R/O chip)
= double-metal process for larger sensor area (chips can be chained)
= DEPFET radiation hardness to be studied

Arlington, 08,01, 2003 Marcel Trimpl Bann University
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Heavy ion beam with A/Z = 2, E=30GeV
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