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Abstract

Developing a large area silicon drift detector (SDD) for the ALICE experiment, one of
the objectives was to work out a robust and redundant design. As soon as the detector
is planned to work without an external divider, the integrated voltage divider plays an
important role. Unlike the case of silicon microstrip or pixel detectors, asingle defect in
the SDD may be propagated throughout the whol e detector. We report anew design of the
integrated voltage divider that allows to prevent this propagation in most practical cases.
Device simulations complement |aboratory measurements.
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1 Biasing scheme of the ALICE SDD.

Usually, alinear silicon drift detector consists of two symmetrical halves. In each half,
on both detector sides, the drift p* cathodes are connected in chain via an external or
an integrated voltage divider [1-16]. The cathode with the highest negative potential is
common for both half-detectors (figure 1). Guard p* cathodes, situated at theleft and right
flanks of the sensitiveregion, serveto scale gradually the high negative potentialstowards
the ground potential of the detector edge. A guard connects corresponding drift cathodes
of opposite halves (see figure 1). In thisway a deviation of the potential distribution of a
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Figure 1. Sketch of the connections between drift and guard cathodes in a standard linear
SDD.

half-detector (from the linear one) is completely reproduced on the other half.

To avoid this situation, we implemented a new biasing scheme in which separate
dividers bias the drift and guard cathodes. As shown in figures 2 and 3, we provided
only a*“soft” connection between the structures. Every resistor of the integrated dividers
(realised as low doped p* implants) is equipped with a MOS switch, as shown in figure
3a. The gate of the MOS is connected to the drift resistor (see figure 3b). The ’soft’
connection between corresponding drift cathodes of opposite halves can be described as
"1st_half _drift_cathode - MOS - guard_cathode - MOS - 2nd_half _drift_cathode'.
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Figure 2: Sketch of the connections between drift and guard cathodesin the ALICE SDD.
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Figure 3: Details of the H.V. integrated divider.



2 Performance of the ALICE SDD integrated divider.

In this paragraph we present the response of the new biasing scheme of the ALICE Silicon
Drift Detector to the presence of a localised defect. We carried out the analysis both
simulating the structure and performing laboratory measurements.

Firstly, we simulated the behaviour of the MOS switch using ATLAS Semicon-
ductor Device Simulator [18]. We solved both the Poisson’s equation and the carrier
continuity equation for the 2D-structure shown in figure 3b for various bias conditions.
The simulation starts biasing both p™ implants at —30V/, in order to reproduce the oper-
ation conditions of the ALICE SDD [17]. Then, we vary the potential of one implant,
leaving the other unchanged. Applying a more negative potential to the drift resistor, we
find that, with atypical value of the fixed oxide charge of 2.0 x 10'¢/cm?, ahole current
starts to flow from the more positive (guard) resistor to the negative (drift) one at a po-
tential difference of about 0.5V . Instead, in case of a more positive drift resistor the hole
current does not flow till apotential difference of 201 between them. It should be pointed
out that the laboratory measurements provide a lower value for this potential difference
(Up.n. = 10V). This happens because, in the region surrounding the MOS switch (where
the oxide is not covered with the metal), the voltage needed to activate the hole current
flow islower (seefigure 3a).

In order to study the reaction of the entire cathode chain (constituted by the drift
and guard cathodes together with their voltage dividers) to the presence of a defect, we
used the “Pspice” Simulator program [19]. A fragment of the equivalent circuit, used in
the simulations, is presented in figure 4: this part corresponds to the region delimited by
the dashed rectangle in figure 2. MOS switches are replaced with Zener diodes having
a breakdown voltage equal to U, 4, . In this model we include also the leakage current
collected by drift and guard cathodes, introducing current sources.

Defects, causing a distortion of the potential distribution, can be grouped in six
Cases:

1. abridge between two or more neighbouring drift cathodes,

2. adefect generating high leakage current that enters a drift cathode,
3. aninterruption of adrift resistor,

4. abridge between two or more neighbouring guard cathodes,

5. adefect generating high leakage current that enters a guard cathode,

6. aninterruption of aguard resistor.
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Figure 4: Fragment of the equivalent circuit of the cathode chain.

2.1 Case(1) - Short between cathodes.

The potential distributionin a conventional SDD (equipped with asingle voltage divider)
in presence of several shorted consecutive cathodesis shown in figure 5. Due to the short,
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Figure 5: Potential distribution on the drift cathodes (@), and voltage drop between con-
secutive cathodes (b) in case of few cathodes shorted.

the number of resistors decreases, so, at a given bias voltage, the divider current is higher.
Asaresult, the resistors positioned upstream the defect are more positive than they would
be in the ideal case, while the downstream resistors are more negative (figure 5). The
upstream and downstream parts of the resulting potential distribution have always equal



slopes. Clearly, on the other half-detector, the potential distribution is the same.

Asfar asthe ALICE SDD isconcerned, the situationin more complicated, thus, the Pspice
simulator is needed. The simulation of a short can be readily obtained from the circuit in
figure 4, connecting together the desired number of drift cathodes. It was experimentally
observed that, at maximum, three cathodes may be shorted. Using these values in the
simulation, at the nominal bias voltage (—2400V"), we did not see the transmission of the
defect-induced potential deviation to the other half-detector. To evidence it we decided
to short 12 consecutive cathodes. Figure 6 shows the progression of the potential distri-

-190 T T T T T -340 T T T T T
-180 | a) 1 -330 e b) 7
-170 | (i) : Vgiag = -300 V B -320 T (ii) : Vigjag = 600 V B
< -160 < -310 B
b3 b3
8 8 LS
£ -150 £ -300 B
2 2 S
<] <] Sy
S 140 o 200 | B
-130 |- . -280 | N
R L defective half-detector i ~ L \:
120 good half-detector ------ 270
defect-free divider
110 1 1 1 1 1 260 1 1 1 1 1
130 135 140 145 150 155 160 130 135 140 145 150 155 160
cathode number cathode number
-650 N T T T T T -1260 LERN L T T T T
640 | A 0) B 1250 | d) B
-630 | $ AU, (iii) : Vpjas = -1200 V B -1240 (V) : Vpjag = -2400 V -
< 620 | U E < -1230 | E
S U S
8 N 8
£ -610 - N B £ -1220 |- B
2 NS 2
o ~ o
O -600 e — Q. .1210 —
-590 |- My 4 -1200 - 4
580 | RN 4 1190 4
570 L L L L SN 1180 L L
130 135 140 145 150 155 160 130 135 140 145 150 155 160
cathode number cathode number

Figure 6: Case (1): Potential distribution as a function of the bias voltage.

bution of the drift cathodes as the bias voltage increases. Even at low bias voltages (see
figure 6a), there is a hole current flowing from guard to drift resistors in the downstream
part of the defective half-detector. Since the current flowing in the guard dividersis about
three times the current of the drift divider of one half, the potential distribution of the
downstream part practically coincides with the ideal one. In the upstream part there is
no hole current (from drift resistors to corresponding guard resistors), until the potential
difference between them does not reach U, ;.. Once this value is reached, the drift di-
vider of the defective half and the guard divider are completely bound. Still, the defect
is not propagated to the opposite half (figure 6b). This happens only when the other set
of MOS structures (between guard dividers and good-half divider) is switched on (figure



6¢-d). Figure 7 presents the resume of the progression previously described. The first
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Figure 7. Case(1): Propagation of the potential deviation from one half-detector to the
other.

plot shows the potential difference (AU,) between the defective and the good halvesin
correspondence of the first and the last of the shorted cathodes. The second plot displays
the potential difference (AU;) between the above mentioned cathodes of the good half
detector and the corresponding cathodes of the defect-free detector. The four bias condi-
tions represented in figure 6 are evidenced with vertical lines. Anaysing these plots, we
conclude that the propagation of the potential deviation, due to the presence of 12 shorted
cathodes, does not occur until a bias voltage of —800V.

Instead of drawing the absolute potential, plot 8a showsthe voltage drop on each drift re-
sistor as afunction of the drift cathode number. The shorts are located in the region where
the voltage drop is zero. To verify the simulation results with laboratory measurements,
we artificially introduced a bridge between 12 neighbouring drift cathodes of one half-
detector by wire-bonding them, and we measured the voltage drop every tenth cathode
(figure 9). To compare this data with the simulations, in figure 8b we present the voltage
drop in the same format. The measurements show a good agreement with the simulations.
We performed several simulations connecting together an increasing number of cathodes.
We verified that a defect is not transmitted to the other half, at the nominal bias voltage,
until five cathodes are shorted.
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Figure 8: Case (1): voltage drop between two (a) and ten (b) consecutive drift cathodes
as afunction of the drift cathode number, simulated for both half-detectors.
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Figure 9: Case (1): measured voltage drop between ten consecutive drift cathodes as a
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2.2 Case(2) - localised high generation centre.

Figure 10 shows the distortion of the potential distribution due to alocalised defect gener-
ating high current. The hole component of this current enters the cathode chain and sums
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Figure 10: Potential distribution on the drift cathodes (a), and voltage drop between con-
secutive cathodes (b) in the presence of a defect generating high leakage current.

up to the bias current flowing through the divider. For this reason, the voltage drop on the
resistors upstream the defect is higher, and, as a consequence, the slope of the potential
distribution is greater [17]. Asin case (1), we performed the analysis of the propagation
of the defect in a ALICE SDD, using Pspice simulator. To emulate a high generation
centre we introduced in the equivalent circuit (fig. 4) aresistance between the defective
cathode and ground. Since all drift resistor of the defective half-detector are more posi-
tive than the respective guard resistors, there is not a current flow between them until the
potential difference does not reach U, 4,.. Fig. 11 presents the simulated voltage drop on
each resistor when the defect is till confined in the 1st half-detector (al), and when the
defect influences also the other half (bl). Plots (a2) and (b2), which represent the voltage
drop every tenth cathode, are needed to compare simulation results with measurements.
Indeed, as in the simulations, we put a resistance between a drift cathode and ground.
The voltage drop distribution measured at a bias voltage of —1200V" is shown in figure
12, and it is close to the simulation result. Figure 13 shows the potential difference AU,
between the defective cathode and the corresponding cathode of the opposite half. Again,
the measurement is in good agreement with the simulation. The starting point of the
plateau (U, = —400V) in the curves indicates the threshold value for AU; (about 9V)
at which the defect is transmitted to the good half-detector. From this point, the potential
distribution of the good half follows the defective one, maintaining a constant AU;. At
the onset voltage, the current flowing in the resistance introduced to emulate the defect is
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Figure 11: Case (2): Simulated potential drop on each resistor (al,bl) and between ten
consecutive drift cathodes (a2,b2) as a function of the drift cathode number, for both half-
detectors.
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Figure 12: Case (2): measured potential drop between ten consecutive drift cathodes as a
function of the drift cathode number.

10



1pA. This current grows along with the bias voltage, hence the magnitude of the hypo-
thetical defect would depend on Uy;,,. In redlity, the leakage current emitted by a defect
does not depend on Uy, [17]. So, the critical value of 1A found for Uy;,s = —400V is
valid for any bias voltage.
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Figure 13: Simulated and measured maximum voltage difference between two halves.

2.3 Cases(3) - Interruption of thedrift resistor chain.

The potential distribution in a conventional SDD in presence of an interrupted integrated
resistor, is shown in figure 14a. The divider current does not flow through the interrupted
resistor until the voltage difference between the edges of the interruption does not reach
acritical value U, ,,. Anyway, as soon as the two half-detectors are connected via the
guards (see figure 1), the current deviates its path through the opposite half-detector. So,
at low bias voltages, the voltage drop on the interrupted resistor is twice the nominal
one. When the voltage difference between the edges of the interruption reaches U, 4, , it
remains unchanged and the voltage drop on the interrupted resistor is increased by U, 4.
with respect to the nominal value (figure 14b). It is worthwhile noting that the value
of U, .. indicates the width of the interruption: the larger the interruption the higher the
punch-through voltage needed to reinstall the hole current through the interrupted resistor.
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Figure 14: Potential distribution on the drift cathodes (@), and voltage drop between con-
secutive cathodes in the presence of an interruption on the drift resistor chain.

In case of the ALICE SDD we simulated the interruption of an integrated resistor
using a Zener diode. We used different breakdown voltages (from 3 to 21V) in order to
consider various interruption widths. Figure 15 presents the voltage drop distribution for
the defective and non-defective half-detector. In this design, there is not a path for the
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Figure 15: Simulation of the interruption of adrift resistor using two valuesfor U, ;.: 9V
(@), and 21V (b).

current through the other half-detector. Similarly to a conventional SDD, only when the
voltage difference between the edges of the interruption reaches U,, ;1. , the current isrein-
stalled through the interrupted resistor. Until the current does not flow, the voltage drop is
determined by the MOS-switch connection to the guard resistor chain. For these reasons,
the good half is never affected by the interruption on the opposite half.
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As an example, figure 16 presents a measurement of the voltage drop of a detector
manifesting an interruption. Despite the magnitude of the peak the defect is not transmit-
ted on the good half.
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Figure 16: Example of a detector with an interruption (experimental data).

24 Cases(4), (5), and (6) - defectsin the guard region.

For case (4), in which we consider a bridge between two or more neighbouring guard
cathodes, it is enough to repeat the considerations for case (1). Initialy, the guard re-
sistors upstream the defect are more positive than the respective drift resistors of both
half-detectors. A hole current starts to flow between them even at a low bias voltage,
resulting in a prompt propagation of the potentia deviation to the drift cathodes of both
half-detectors.

In case (5), adefect located in the guard region generates high leakage current that
enters the guard divider. Independently from the defect position, any guard resistor is
more positive than the respective drift cathodes of both half-detectors. It means that the
deviation of the potential distribution on the guard cathodes expands easily to the drift
cathodes of both half-detectors.

In case of an interruption on the guard resistor (case (6)), the reaction of the drift
divider chain is shown in figure 17. It isinteresting to note that the potential deviation
is transmitted on the voltage distribution of the drift cathodes in a considerably reduced
way.
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Figure 17: Simulation of the interruption of a guard resistor using two values for U, 4,
9V (a), and 21V (b).

3 Conclusions.

The main design features of the integrated divider of the ALICE silicon drift detector are
presented. The simulation and laboratory tests confirmed that the design allows to atten-
uate the propagation of the deviation in the potential distribution due to a defect located
in a half-detector. In particular, at the ALICE operation voltage, the potential distortion
due to a short is not propagated to the non-defective half while the number of interested
cathodesislessthan five. A high generation centre hasto emit more than 1. A in order to
cause a distortion of the potential distribution in both halves. Moreover, an interruption
of adrift resistor never affects the potential distribution of the good half.

On the other hand, any type of defect located on the guard cathodes affects promptly the
potential distribution on the drift cathodes. It should be considered that a defect generating
high leakage current is by far more likely with respect to the other defects. Furthermore,
the probability to have it located somewhere on the detector is mainly a geometrical fac-
tor, and the guard region occupies only 12% of the total area.
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