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The linearity and sensitivity of linear Position Sensitive Detectors (PSD) are the two
principal characteristics of sensors to be optimised in sensor fabrication. This work presents
several efforts made to understand the internal and external parameters that influence the
linearity and sensitivity of Metal Insulator Semiconductor (MIS) linear PSD with an active
length of 6 cm. The use of long sensitive areas allows the PSD to achieve greater resolution
without the need of a highly accurate light spot integration mechanism. The PSD is built in
a multi-layered structure consisting of Cr/a-Si:H (n* doped)/a-Si:H (intrinsic)/SiO,
(passivation layer)/Au, where the active a-Si:H layers were deposited by Modified Triode
Plasma Enhanced Chemical Vapour Deposition (MTPECVD), which allows the deposition of
good electronic grade material with a low (=1 x 10" cm~3) defect density inferred by CPM.
The sensor linearity and sensitivity shows dependence on the sensor width to length ratio,

SiO, layer and on the value of the load resistance. Sensitivities of more than 30 mV/cm
were achieved with linearity near 99%. Besides that, this type of MIS structure allows an
improved spectral response in the near-UV region and has its maximum response at
540 nm. © 2005 Springer Science + Business Media, Inc.

1. Introduction

The subject of position sensitive detectors (PSD) has
been the concern of several publications in the past two
decades [1-3]. The privileged active material in the
PSD research has been the hydrogenated amorphous
silicon (a-Si:H) due to its low cost and the easiness of
depositing layers in large areas. The Metal-Insulator—
Semiconductor (MIS) type of structure has been used
in the PSD fabrication since the first works by Arimoto
et al. [4] that reported a sensor with a length of 1 cm
length. The main goals in the PSD research have been
the increase in sensor length, sensitivity and resolution
of the sensors. Just to state a few examples: a sensor
with a length of 4 cm was produced using a p-i-n struc-
ture [2]; a multilayer system (MLS) of a-Si:H/Ti has
been used to fabricate sensors with 1 cm of length and
sensitivity of 1 mV/cm [5]; a sensor consisting of ITO
deposited in crystalline p doped silicon was proposed
[6]. This sensor, which had an absolute excellent lin-
earity, had a length of 0.4 cm and a sensitivity of 20
mV/cm.

In this work we studied a 1 dimensional PSD sen-
sor based in a-Si:H/oxide/Au structure, with an ac-
tive length of 6 cm and presenting good sensitivity in
the voltage measurement mode [2]. The data achieved
showed to be highly dependent on the SiO, passivation
layer. Besides that, we investigate the role of the load
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resistance (Ry) and sensor geometry in the sensitivity
and linearity.

2. Experimental

The sensor structure consists of 5 layers deposited on
a 2 mm glass substrate: Cr (300 nm)/a-Si:H[n* doped]
(40 nm)/a-Si:H[intrinsic] (550 nm)/SiO, (1.5 nm)/Au
(7 nm). The metals were deposited by evaporation
in an Electron Gun system. The a-Si:H was de-
posited by plasma enhanced chemical vapour deposi-
tion (PECVD) of silane, and the SiO, layer was grown
prior to the Au metallization by heating the sample for
3 h at 160°C. This process fastens the formation of the
a-Si:H native oxide. Alternatively we tested a sensor
that developed an overly insulating oxide SiO, layer
by reaction with the Au layer [7].

The sensors were characterized by linearity measure-
ments performed by scanning the sensor with a green
laser of 532 nm of wavelength and a power of 5 mW
(spot size of about 1 mm).

Fig. 1 shows a scheme of the sensor where the width
(W) and the length (L) of the active region are indicated.
Itis also shown the external connections, where the load
resistances (Ry ) and the voltmeter (V) are indicated.

In order to determine which parameters influence
the sensitivity and linearity of the sensor, linearity
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Figure 1 Sceame of the sensor structure, dimensions width (W) and length (L) and external connections.

measurements were performed using values of Ry, from
oo to 100 2 in sensors with different W /L ratio geome-
tries, by varying the sensor width from 7 to 1 mm and
keeping the length constant. Besides that, it is shown
that the sensor sensitivity and linearity can be improved
if an external bias voltage is applied to the sensor, al-
though this improvement is most effective if applied
to a MIS sensor with an excessive thickness of oxide,
3.5 nm in the case studied, which caused a bad sensor
performance without applied bias.

The linearity error o was determined by the relation:
o = 2S/F [2], where S is standard deviation of the
measure and F is the full scale of the measure. Accept-
able devices have linearity errors less than 15% [8].

3. Results

The MIS structure studied has the maximum of the
spectral response located in the green region of the light
spectrum, which means that the sensor will have a better
response if illuminated with a green laser. Fig. 2 shows
the spectral response of the MIS diode structure used
to fabricate the diode. The maximum of the response
is located at 540 nm and the laser beam used has a
wavelength of 532 nm, which is very close to the max-
imum of the sensor. Besides that, Fig. 2 also shows that
the sensor has a good response in the near-UV region,
meaning that it might be used there.

One of the most important characteristics that the
MIS structure must possess is a high light to dark re-
verse current ratio (Zp/I4). This result comes from the
model that describes the photolateral effect [9], which
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Figure 2 Spectral response of the MIS structure used to build the sen-
sors. The maximum of the response is located at 540 nm.
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establishes the fall off parameter («) that depends on the
characteristics of the sensitive and resistive layers of the
sensor and is basically a product of the sheet resistance
of the resistive layer by the transversal conductivity of
the structure. For a MIS structure, the absence of the
semiconductive layer (typically an a-Si:H p layer) be-
tween the photosensitive layer (intrinsic a-Si:H) and the
resistive layer (Au), simplifies « in to [9]:

2a 2a 1
o = Ps00 AT (1)
where ps is the sheet resistance of the resistive layer,
oy the conductivity of the photosensitive layer, W the
thickness of the photoconductive layer , W, the thick-
ness of the resistive layer and a the radius of the light
spot in the surface. These parameters for the MIS
sensors are typically: ps = 5 Q/O; W, = 70 A;
W = 6000 A; a = 0.5 mm; oy = 107! (Qem)~!,
which gives o = 0.012. This value is much lower than
1, the limit situation below which linearity appears, so
it is expected the sensor to be quite linear if the unifor-
mity of the layers are achieved during the fabrication
process of the sensor.

Fig. 3 shows the equivalent electric circuit of the
sensor. The generator in the middle represents the gen-
erated electron—hole charges in the place where the
laser beam impinges the sensor. The left and right sides
of the circuit corresponds to the areas of the sensor
at left and right of the laser beam position, which are
diodes that establish the photo-generated voltage (V).
The parallel resistance (Rp) represents the recombina-
tion paths along the sensor length. The series resistance
(Rs) represents the path that the charges have to travel
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Figure 3 Equivalent electric circuit of the sensor with external connec-
tions to the load resistances (Ry.) and voltmeter.
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to reach the device contacts in the extremes of the sen-
sor. In each extreme there should be connected a Ry,
while the voltmeter is connected between the two con-
tacts of the sensor in the extremes. A more accurate
model should have included a capacitor in parallel with
Rp, which was omitted since it is not important to the
static analysis of the circuit.

Itis important to note that Rg; + Rs; correspond to the
total resistance of the sensor Au top contact, measured
between extremes. This means that when Rg; decreases
by AR, Rs; increases by AR.

From the circuit we have that:

V = IrsiRs1 — Irs2Rs2 ()

Since the input resistance of the electrometer volt-
meter resistance is much larger than Ry (typically 10
to 100 M2), we can say that Irs = Iry, in each branch
of the circuit.

Also, if if we choose Ry, so that:

(RL + Rs1) < Ry 3)

we can neglect the current that passes through Rp and
so Equation 2 becomes:

V =1iRs1 — LR “4)

Finally, if Ry is chosen so be larger than the overall
top contact resistance (Rs; + Rsp), we can say that
Iy = I, =~ [ and Equation 4 simplifies to de ideal
relation:

V = I(Rs; — Rsp) )

which corresponds to a linear dependence of the voltage
measured with the laser beam position.

So, the best linearity should be obtained when the
value of Ry is correctly chosen. In the case of the sen-
sors studied in this work, Rg is very low, since the Au is
highly conductive, typically in the range of 50 to 500 €2,
depending on the width of the sensor, while Rp is typ-
ically in range of the tens of k2. This means that the
ideal value of Ry should be chosen to be between the
values of Rs and Rp.
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Fig. 4a shows the linearity measurements performed
on a sensor placed in dark conditions, i.e. it is just illu-
minated locally by the laser spot. The curves are linear
over the total 6 cm range of the sensor. It is observed
that the sensitivity of the sensor is maximized for an
Ry value of 1 k2. For values larger (10 k€2) or lower
(100 £2) than 1 k€2 the sensitivity decreases. The values
of the sensitivity are shown in Table I, which also in-
dicates the linearity error of the measurements. These
data show that the sensor linearity is better for the con-
dition of Ry = 1 k€2, being much worse when no R,
is connected, which corresponds to the Ry, = oo con-
dition. This result agrees with the proposed model for
the sensor measurement with one voltmeter. This value
of Ry is between the typical values of Rp and Rg of the
sensor, so it agrees well with the theory.

Fig. 4(b) shows the same linearity measurements per-
formed for Fig. 4a, but now with the sensor exposed to
diffuse light from environment. Table I presents the sen-
sitivity and linearity error of these measurements. It is
observed that the sensitivity of the sensor in light en-
vironment conditions is always higher, specially when
R; = o0, and also that for this value of Ry the linearity
is better. This behaviour could be ascribed to the fact
that even under low illumination conditions, the struc-
ture is depleted, and so, the output resistance of the
device increases. Besides that, the diffused light causes
a uniform charge generation that opposes the charge
recombination that occurs along the sensor area, when
the laser spot illuminates the sensor in a single point.
This situation is evidenced when Ry, = oo¢ since in this
case, the losses though Rp dominates and the sensitivity
is low. The uniform illumination of the sensor with dif-
fused light allows then a better sensitivity and linearity
when high values of R are used, than when the sensor
is in the dark. On the other hand, with illumination, for
an Ry, of 1 k€2 and 100 €2 the linearity error is slightly
larger since in these conditions the sensor sensitivity
is high and it is difficult to guarantee that the charge
generation is uniform in the entire sensor due to the
environment light.

Fig. 5 shows the linearity measurements performed
on sensors with different W /L ratios. Fig. 6 presents
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Figure 4 Voltage measured across the sensor as function of the laser beam position for different load resistances. (a) Measures performed in dark
environment conditions. (b) Measures performed under diffuse light environment conditions.

1379




PHOTOVOLTAIC MATERIALS AND PHENOMENA SCELL - 2004

120 — . r . . .
W/L
100r ., “0.1160 ]
80F —0—0.0580 1
60+ —=—0.0290 4
—*—0.0236
= 0T 00203 ]
S 20F —o—00068 1
E
R —
B o st ]
G P
> A0r e ]
60 Z .
s0f / ]
-100} « 1
-120 1 1 Il 1 1 Il

-3 -2 -1 0 1 2
Position (cm)

W

Figure 5 Differential voltage measurement versus laser beam position,
for different sensor width (W) to length (L) ratios.
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Figure 6 Sensitivity and linearity error as function of the sensor width
(W) to length (L) ratio.

the sensitivity and linearity error of the different sen-
sor geometries. Ry is 1 k€2 in all measurements that
were performed in the dark. It is observed that the sen-
sitivity increases with the decrease of the W/L ratio,
up to W/L = 0.02, where it saturates. On the other
hand, in spite of the increase in sensitivity, the linearity
error is not improved and stays near to 1.2%, where
the lower values are obtained for W/L between 0.06
and 0.09. These results show that the decrease in W/L
results in an increase of both Rg and Rp, resulting in
the increase of the sensitivity. In spite of this, the lin-
earity is relatively independent of the sensor geometry,
which means that the Rs and Rp characteristics affect
mostly the sensitivity, while that the linearity is more
dependent on Ry.

The influence of applying a polarization voltage to
deplete the junction is much more significant in the
case of sensors where the thin insulation layer of SiO,
is overly insulating, due to excess of thickness, in a way
that the photocurrent is strongly reduced under no ap-
plied bias voltage conditions as it is shown in Fig. 7.
In this type of sensors if a bias is not applied, the sen-
sitivity is quite low as the data in Figs 8 and 9 show,
where a negative bias was applied to the sensor through
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Figure 7 Influence of the oxide thickness on the photocurrent and dark
currents of the MIS structure with reverse polarization.
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Figure 8 Linearity measurements performed on a MIS sensor with an
insulating oxide with different applied bias voltages.
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Figure 9 Sensitivity and correlation factor of the sensor with insulating
oxide as function of the applied bias.

a load resistance of 1 k2. This data show that the ap-
pliance of a polarization bias to the sensor, increases
it’s sensitivity by increasing the ratio I,n/l4, besides
increasing the linearity and the correlation factor of the
data points shown. In spite of this, the data also show
that an increase of Vji,5 above 2.5 V causes the appear-
ance of distortion in the curves, which decreases the
linearity.
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4. Conclusions

The MIS sensor structure proposed in this work presents
a good linearity over a wide length of 6 cm. It is also
shown that the use of the adequate Ry is important in im-
proving the linearity of measurements performed with
a single voltmeter. The results also show that this type
of sensor works well in light environment conditions,
with an increased sensitivity and only a small increase
of the linearity error. Under dark conditions the linear-
ity error decreases and the ideal value of load resistance
is of the order of 1 k2.

The sensor geometry used is also important in de-
termining the sensor sensitivity, which increases when
low W/L ratios are used. A small polarization voltage
should be used to increase the sensitivity and linearity
of MIS sensors with low I, due to an overly insulating
oxide layer.
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