CMOS Sensor R&D Progress Report

M.Winter on behalf of IReS-LEPSI-DAPNIA (& coll.)

‘ Outline I

» Signal processing

» Preliminary test results of 1st sensors

with integrated signal processing (MIMOSA-6)
» System integration

» Summary: plans for 2003
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Summary of prototypes fabricated

» 6 MIMOSA prototypes fabricated since 1999

chip | year

process

epi.

pitch

metal

peculiar

1999

AMS
0.6.1m

14,0m

| 20um

thick
epitaxy

2000

MIETEC
0.35.m |

2001

IBM

0.25,m |

| 20um

thin
epitaxy

811

deep
sub-;m

2001

AMS

0.35pum |

201

low dop.
substrate

2001

AMS
0.6.1m

14,0m

17 pm

real
scale

2002

MIETEC

| 0.35um |

I
|

4.2

28/m

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

» MIMOSA-1, -2, -3, -4, -5 tested

(in particular with 120 GeV/c 7

» MIMOSA-6: tests under way
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at CERN-SPS)




Signal processing

» Governed by N(e;.) in first Vx. Det. layer:
N7 (90°)=5.5¢e" /em” / BX 500 GeV (R=15 mm)
— occ. 2 3-5 % in 100 ps (mejyst ~ S)

» Safety factors (simulation accuracy, uncertainty on B,
higher /s, shorter Atz x) ~» oce. 2 15-25 % in 100 us

» Goal: t;; ~ 25-50 11s (R&D needed)
';,f I, >~ 100 R, 200 ;25 (no major difficulty)
» major obstacle: data flux (L1)
— 15 bits/pix, t;; ~ 25 s — ~ 500 (}I)itslsllﬂ“ pix
(5. 5 Ghits/s)

= Next CMOS sensor prototypes address
signal processing speed AND data compression
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1st test results of MIMOSA-6

» Pixels with amplif. & charge storage of 2 consecutive frames:
. . 1 L —
e ..., Vi ~ design values Fig
e measured charge-to-voltage gain at pixel exit

% )

as expected from simulation (+ 15
e Ist tests with ""Fe (1640 ¢ ): S/N ~ 50 after C.D.S.

performed inside pixels (i.e. no off-line treatment)

- calibration under way (= S/N 110) Fx_-a -l

» Discriminators integ. on chip periphery at column bottom:

e measured offset dispersion ~ I mV: OK FL:a . —>
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Summary: Plans for 2003

» MIMOSA-6: column // read-out and integ. signal processing
> preliminary test results are satisfactory
> tests at CERN-SPS in May-June

» MIMOSA-7: alternative signal collection
& processing architecture (photoFET)
> design under way in 0.35 ;im AMS (8 1m epitaxy)

> submission end of April — tests in Sept.-Oct.

» System integration studies have started:
o detailed effect of detector material on = 500 GeV physics m
o GEANT-4 description of CMOS Vx Det. started b &
o pulsed powering studies with MIMOSA-S in preparation
o estimation of limit in 7, . without active cooling

o achieve < 50 ,zm thinning on real scale chip (MIMOSA-5)

» Studies based on physics processes — best compromise

between granularity, signal proc. speed and mat. budget

M.W. - ECFA/DESY - 02.04.03
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First version of the Vx Det CMOS
technology for MOKKA(GEANT4)

* Former version of the Vx Det.
= CCD base line geometry
= cylindrical layers
= Detector geometry with CMOS sensors

- CCD base line geometry

= 5 layers composed of planar rectangular ladders

@ Jayer #1 : 8 ladders, L=100 mm ,l =13 mm,r= 15 mm
@ Jayer #2 : 2x8 ladders, L =125 mm, 1 =22 mm, r=26 mm
@ layer #3 : 2x12 ladders, L =125 mm , 1 =22 mm, r =37 mm

@ layer #4 : 2x16 ladders, L =125 mm ,1=22 mm, r =48 mm
@ layer #5 : 2x20 ladders, L =125 mm, 1 =22 mm, r =60 mm

- Readout electronic along the ladders | =2 mm

= Pixel pitch : 20 um

Damien Grandjean ECFA/DESY Amsterdam 2003



View of the VXD in MOKKA

= 50 uwm thick carbon
fibre mecanical support
= 50 um thick CMOS
sensor

# X/Xo0 = 0.08 %

-

®* Present Work :
= tracking algorithm
implementation
= impact parameter
resolution

® Caution ! This 1s just a starting point, the final
geometry may be totally different.
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