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1. Introduction

One of the most important physics that the ILC is aiming to study is the verificafitimeo
Higgs mechanism, which is reflected in the Higgs boson couplings. The neeasuirof these var-
ious couplings requires accurate particle identification; in particular/ler¢separation between
b-quarks and c-quarks, and between light quarks and gluon ac®lcrin order to realize ILC’s
highly efficient flavor tagging, we need a vertex detector with an impaenpeter resolution of
5@ 10/(pBsin®/2(0)) (um) and a low level of pixel occupancy for accurate track reconstruction
To achieve this performance the FPCCD uses a finely segmented pixel wailagtaf 5x5um? and
reads out during the intertrain timfg [1]] [2]. FPCCD has several adgasta he finely segmented
pixel makes it possible to achieve an impact parameter resolution belowni..4The intertrain
readout frees us from beam induced RF noise. The®BOthick sensor indicates small multiple
coulomb scattering. Here we will address the performance study restilie ofadout ASIC for
FPCCD vertex detector and its future prospects.

2. FPCCD Detector

Baseline Design Vertex Detector

In order to reach performance level, the ILD vertex detector should lyomith the following
specifications:

e A spatial resolution near the IP better thap®
e A material budget below.Q5% Xg /layer
e Afirst layer located at a radius ef 1.6 cm

e A pixel occupancy not exceeding a few %

The power consumption should be low enough to minimize the material budget obdting
system inside the detector sensitive volume.

Simulations show that such resolution level is feasible with the proposeddiedies (Fig[1L).

The baseline design of the ILD vertex detector consists of three, neditygliccal, concen-
tric layers of double-sided ladders. Each ladder is equipped with pirsbsg on both sidesy 2
mm apart, resulting in six measured impact positions for each charged partiskng the detec-
tor (Fig.[2). The radii covered by the detector range from 16 mm to 60 mra.nTéterial budget
of each ladder amounts 10 0.3 % Xp, equivalent to AL5% Xo/layer.

This geometry is independent of the actual pixel technology being finadigtad.
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Figure 1. Impact parameter resolution of the ILD vertex detectorar tifferent particle production angles
(20° and 85 ), assuming the baseline point resolution for the CMOS optswlid line), and the FPCCD
option (dotted line). The curves with long dashes show thitopaance goal.

Figure 2: Schematic view of the ILD vertex detector.

FPCCD

The FPCCD concept is based on the following:
1. Very small pixel size# 5 um).
2. Fully depleted sensitive volume with 1Bn epitaxial layer thickness.

3. Readout between consecutive inter bunch trains.



Progress in the development of the vertex detector with fited @CD at the ILC
Constantino Calancha Paredes

¥
v ™

g {} 16ch ASIC
” i
; M- 128 pixels

= H: 13000 pixel -
Size: pixess 16ch Outputs
H: S5umx13000=65mm 0.64mm pitch

V: S5pumx128x16=10.24mm

Figure 3: Schematic view of a ladder.

The first item provide FPCCD detector with excellent impact parameter tesalubelow
1.4 um, and it also reduce the occupancy by beam-related backgroundsis Paigicularly im-
portant for the inner layers.

The second item imply the charge spread between pixels is very small.

Readout in the intertrain has the additional advantage that the FPCCD isigailynfree of
beam-induced RF noise.

Another advantage of using FPCCD, and an unique feature of thisrdeahnology, it is use
the cluster shapes to the beam-induced backgro{ihds [3].

CCD is a sort of established technology. CCDs have been used forrtie® detector of SLD
detector at the Stanford Linear Collider (SLC) and worked excelleplly @3Ds with the pixel
size smaller than Jum are widely used for cameras of mobile telephones. FPCCD, therefore,
seems a cost-effective technology for future vertex detectors.

Schematic design of the FPCCD sensor is shown in Fijure 3. The pixel Szenssquare
and the thickness of the sensitive layer is®. For the outer layers, the pixel size could be
somewhat larger. Each CCD wafer has 16 outputs covering 16 regiotig®ach region has 128(V)
x 13000(H) pixels. The reason why the number of vertical(V) transfewsh less than the number
of horizontal(H) transfer is that this configuration is more advantagemubé radiation tolerance.
Each region has a horizontal register to transfer the signal charge ootjnat node. Pixels in the
horizontal registers should be sensitive to the charged particles, assvsthndard pixels. The
frequency to read out the whole pixels with this configuratiory 50 Mpixels/s.

The output signals from one edge of the CCD wafer are processed B$EC located next
to the CCD wafer. This ASIC will have functions of amplifier, low-pass filtrelated double
sampler, and analog-to-digital converter (ADC) for 16 channels [Jyig. 4



Progress in the development of the vertex detector with fited @CD at the ILC
Constantino Calancha Paredes

7

INPUT ADC OUTPUT
=1 Pre AMP LPF —Pp] (DS
| LVDS Driver

ADC

Figure 4: readout ASIC overall architecture

Figure5: Small and full size prototype sensor withuén pixel size.

3. StatusR&D on FPCCD

Small Prototype Tests

We have made small prototype sensors withar pixel size and full size prototypes for the
inner layers (Fig[]5). The readout system has been developed witint3eind ASIC’S prototypes
already fabricated. The last ASIC prototype matches most of the desjgitements [[5] when
operating at frequencies lower than 50 MHz. At high frequency (104zMt is observed one
increase in the noise of the readout system. Fijure 6 shows the sespgonse when irradiated
with Fe*® . The signal peak is visible around 59 ADC.

Software R& D

We have developed a new vertex tracking, FPCCD Track Firjfler [6].

The new track finder tracking efficiency 4 99% for R-> 0.6 GeV/c. Figur€]7 shows the
improve in the tracking efficiency for lowsRtracks when using FPCCD.

We have found that using a bigger pixel size (11d) in the outer layers saves 30 % power
consumption with no impact on the performanide [6].
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Figure 7. Comparison FPCCD Track Finder (red) with previous vertagking [}’] (black).

4. Conclusion

Fine pixel CCD (FPCCD) is one of the three sensor technologies beinglgctieveloped
for the ILD vertex detector. We have cover the status of the R&D in the FP@&Bctor. The
tests carried out on the small prototypes match the design requirements enewveisand power
consumption at low frequency(50 MHz).

We have developed a new Silicon Tracking, FPCCD Track Finder, whichowep tracking
efficiency on low R tracks.

We have found that using pixel sizes of L@ in the outer layers reduce 30% the power
consumption while keeping similalg resolution and occupancy.

We are analyzing the Charge Transfer Inefficiency (CTI) for the EBOWVe plan to perform
a beam test to study the radiation hardness of the sensors.
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