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Summary

This note describes the first 3d detectors fabedtait ITC-irst, Trento, Italy, and made
available to SCIPP. Details about detector strecaurd layout are provided with the aim
of facilitating the characterization work.

1. Background

In the past 2 years, ITC-irst has been developieteaors with three dimensional

electrodes (3d detectors) in the framework of tiERE RD-50 collaboration. As a first

step in this activity, we have fabricated detectsmg a simplified approach, whose main
characteristics are the following:

- all columnar electrodes are of the same doping, type n-columns on p-substrate;
- columnar electrodes are only partially etched tghothe wafer, with a depth ranging
from 100 to 15Qum.
These features make the fabrication technology neacer, and, at the same time, allow
useful information both on the critical procesgstand on the detector characteristics to be
obtained. TCAD simulations have been carried oubhvestigate the electrical behavior of
these detectors. Moreover, technological tests Hmeen performed to study the most
critical process steps. Details on these aspeatsbeafound in [1]. On the basis of
simulation results, 3d-STC prototypes have beeigded [2], and fabrication of the first
batch has been completed in June 2005. Prelimimasults from the electrical
characterization have been presented at the PSDfexéace in Liverpool on Sept.16,
2005 [3].

2. 3d-STC layout and fabrication

The main goal of the first batch was to learn agmas possible about the technological
problems. Thus, several test structures, both plané 3d, have been included in the wafer
layout (see small structures in Fig.1). Moreover, medium size detectors (~1tmrea)
have been designed, that are labeled with numbars I to 10 in the figure.

In order to facilitate the electrical tests and thending to standard read-out chips for

functional characterization, a strip-like configtima has been chosen for the detectors. As
an example Fig.2 shows the layout of a detectanerpmhere several columnar electrodes
(one vertical row) are connected by a metal swifh a bonding pad at the end. All around

are two frames of columnar electrodes, acting asdytings.

All 10 detectors are different and feature thediwihg layout options:



- column width: 6 - 10 pum;

- column pitch: 50 - 100 pum;

- p-stops (common or atoll) or p-spray surfaceasoh;

- DC or AC coupling between strip diffusions andtahdéayers.
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Fig 1. Wafer layout for 3d-STC prototypes

Fig. 2: Example of a 3d-STC detector layout (corner)



Detectors of the first batch have been fabricated petype, high-resistivity silicon
substrates grown by Floating Zone (FZ) or Czodhkya(CZ) techniques, both with <100>
crystal orientation. FZ wafers are 500-um thickhwé nominal resistivity of SR[Gm,
whereas CZ wafers are 300-um thick with a nomiesistivity higher than 1.8(kdm. The
columns extend deep into the bulk (down to 150 foot) not all the way through it. A
uniform, P layer provides the ohmic contact on the detechokside.

The electrical characterization is still under vedylrento, and only preliminary results are
available at this time [3], so it was decided todst SCIPP only two S5 detectors, that are
described in detail in the following section. Matetectors will follow in the near future.

3. S5detector

S5 detectors (labeled with 5 in Fig.1) are AC cedpli.e., an oxide layer is present in
between the strip diffusion and the metal layettgribat the coupling is only at the surface
level, since metal does not penetrate into thengoltioles). The 2 detectors sent to SCIPP
are both made on FZ wafers. They differ in the axefisolation adopted: one is with p-
spray (from wafer 128) and one with p-stop (fronfevd 30). Fig.3 shows the detector top
view (after dicing). Note that the cutting schen®s lbeen chosen to ease the detector
handling by “extending” the shorter side. The diimensions are about 1x 2&mvhereas
the active area is about 5.3x18.6 fnand contains a matrix of 64 rows x 184 columns.
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Fig. 3: S5 detector die layout



Fig.4 shows the layout of a detector corner. Adl 1184 columns belonging to a single row
are surrounded by a common p-stopufs wide). [Note that atoll p-stops around each
column (like those shown in Fig.2) cannot be usdith WC coupled detectors having a

continuous n-diffusion along the strips, becausehieakdown voltage would be too low.

Of course, in case of p-spray, no mask is usedtlaadsolation implant is everywhere: in

this case, the breakdown voltage is indeed lowan flor p-stop, because the p-spray is in
direct contact with the n-diffusion.]

At both strip edges (top and bottom of the det§c®AC pads (60x9m?) and 1 DC pad
(40x60um?) are present. All around are a bias line (inned a guard ring (outer), both of
them formed by columnar electrode frames, connetctgether at the surface level by both
n-diffusion and metal. At each detector cornerrehare two large pads (60x4én?) for
probing and bonding the bias line and the guangl rim between bias line and guard ring is
another p-stop (1Am wide), whereas two additional p-stops are outsidine guard-ring
(10 um and 2Qum wide, respectively).

The strips are biased by punch-through at bothsttgen the bias line: to this purpose, the
n-diffusion at the top of the columns has beenredege toward the strips. This concept can
be better understood with the aid of the crossi@eaf Fig.5, taken across line AA of
Fig.4. Note that the contacts between the metairlapd the n-diffusion on the bias line are
made far from the column holes and so are not showag.5. They can be observed in the
cross section of Fig.6, taken across line BB of&ig
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Fig. 4: Layout of the corner of a S5 detector
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Fig. 5: Schematic cross section of the S5 detector acrossline AA of Fig. 4 (not to scale).
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Fig. 6. Schematic cross section of the S5 detector acrossline BB of Fig. 4 (not to scale).

With reference to the layout detail of few colunst®wn in Fig. 7, Table 1 summarizes the
main geometrical features of S5 detectors.
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Fig. 7. Layout detail of few columns

Table 1: geometrical details for detector S5

Columnar
electrode
hole

Number of columnar electrodes per row 184
Number of rows 64
Pitch between adjacent rows (pl) 80 um
Columnar electrode pitch within arow (p2) 100 pm
Columnar electrode hole diameter 10 pm
n-diffusion diameter around hole 40 pm
metal diameter around hole 36 pum
n-diffusion width along strip 20 pm
netal width along strip 14 um
p-stop width 5um
p-stop gap 10 pm
Column hole depth 150 pm

Wafer thickness

500 pm




4. Preéliminary results

An overview of preliminary results from the elecai characterization of 3d-stc detectors
has already been given at SCIPP [4]. Additionaligfore sending the detectors, total
leakage current measurements have been performEdCatst and compared to those
made before dicing. Figures 8 and 9 show the esudtte that the bias line leakage current
is only slightly increased after cutting, wherelas guard ring current suffers a very large
increase. This effect is to be ascribed to a ctimismg from the highly damaged cut edge.
Note that the current increase is more pronouncezhse of p-stop, for which the lateral
depletion spreading from the guard ring columnikedy wider. It is therefore mandatory
to bias the guard ring during measurements in ada@revent the edge leakage current to
reach the active area. Breakdown can also be ddxbanvthe plots. Similarly to what
measured before dicing, this happens at much lgalégige in case of p-spray [4].
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Fig. 8 Biasline (Ieft) and guard ring (right) currents before and after cutting for detector S5 from
wafer 130 (p-stop)
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Fig. 9 Biasline (left) and guard ring (right) leakage currents before and after cutting for detector S5
from wafer 128 (p-spray)




5. Final remark

It should be stressed that, due to the punch-tlraungchanism, the voltage of the strips
may differ by few Volts from the voltage of the ®idine. Since punch-through
phenomenon is quite sensitive to the substrate \métage, the strip voltage should be
measured at the substrate bias point in orderatm I@hich is the effective strip voltage. In
this respect, note that p-spray and p-stop behmeaesiightly different way: in fact, with p-
spray the effective punch-through distance betwikem-diffusions of the bias line and of
the strips is wider (1pm vs Jum), so for p-spray the effective reverse bias efdtrips is
lower. This is also one of the reasons why lowak&ge current are measured on the bias
line for the detector with p-spray (see Figs. 8 @pcowever, also a higher surface leakage
current with p-stop may contribute to the obserdiigrence.

6. Handlinginstructions

The 2 detectors have been removed from the smiapagk box in which they were sent
and put into a SCIPP gel-pack box. Please remethbéthe presence of deep holes in the
substrate makes these detectors not very robusttiie mechanical viewpoint. Moreover,
note that no final passivation layer has been degzthsso care must be taken with detector
handling and with the needles in the probe-statimtause the metal layer can easily be
scratched.
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