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Abstract 

This paper is concerned with the characterization of 
new detectors fabricated from a-Si:H films deposited at high 
rates through the dilution of SM4 in Helium. Rates up to ten 
times (S.5 um/h) that of the standard technique are obtained. 
We have investigated the electrical characteristics -depletion 
voltage, residual space charge density- of the helium diluted 
material and compared them to that of the standard material. 
Finally, the response of detectors, fabricated from both 
materials, to 5.5 MeV alpha particles are compared. 
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Abstract n. MATERIAL FABRICATION 

This paper is concerned with the characterization of 
new detectors fabricated from a-Si:H films deposited at high 
rates through the dilution of Sflfy in Helium. Rates up to ten 
times (5.5 um/h) that of the standard technique are obtained. 
We have investigated the electrical characteristics -depletion 
voltage, residual space charge density- of the helium diluted 
material and compared them to that of the standard material. 
Finally, the response of detectors, fabricated from both 
materials, to 5.5 MeV alpha particles are compared. 

I. INTRODUCTION 

a-Si:H nuclear detectors are now developed for X-
ray and nuclear particle measurements [1-8]. In the case of 
X-ray detection, the detector is usually made of a thin a-Si:H 
p-i-n photodiode (0.5 um) coupled with a CsI(Tl) scintillator. 
Nevertheless, direct X-ray or particle detection requires 
thicker active layers in order to increase the sensitivity of the 
devices. Nowadays, the low deposition rate of amorphous 
silicon (0.5-1 urn/h) did not allow the fabrication of layers 
thicker than a few tens of microns within a reasonable lapse 
of time. At "Physique des Interfaces et des Couches Minces" 
(PI CM) Laboratory, studies have been performed in order to 
overcome this drawback. It has been shown that the 
deposition process is enhanced by mixing silane with helium. 
Deposition rates up to ten times that of the "standard" 
material are achieved without any significant change in the 
electronic properties of the material, according to the 
requirements for radiation detection. In section II, the 
structural and electronic properties of both "standard" and 
"high rate deposited" films are compared. The description of 
the devices which have been tested is also presented. In 
section III, experimental results are analyzed. First, the full 
depletion voltage is evaluated in both materials by means of 
capacity-voltage measurements. Then, the efficiency of the 
devices exposed to a particles is studied in terms of the 
dependence of the induced charge as a function of bias 
voltage. 

A. The "Standard" material 

The properties of the "standard" material have been 
described elsewhere [9-10]. The PECVD conditions have 
been optimized to lower the density of states in the gap. The 
deposition conditions, summarized in Table I, are based on a 
low gas pressure and a reduced R.F. power, leading to 
deposition rates of about 1 A/s. Some properties of the 
material are indicated in Table n, N ^ g being the mean 
density of states in the gap measured by PDS (Photothermal 
Deflexion Spectroscopy) ; EQ, the Urbach energy ; Ug, the 
electron drift mobility ; Lp, the hole diffusion length and E04 
the optical band gap. For the n and p doped layers, the 
respective dopant densities are of about 1 0 1 9 cm*3 and 
10 l 7 cm" 3 

B. The Material deposited at high rate 

a-Si:H fabricated from a mixture of silane and 
helium at high pressure and high RF. power, called in the 
following "a-Si:H[He] material", can be deposited at rates up 
to 15 A/s [10-11]. The deposition conditions are indicated in 
Table I whereas Table II shows some relevant characteristics. 

Table I 
Experimental conditions for material deposition 

a-Si:H SiH 4 flow pressure T° Power dep.rate 
Standard 100 seem 40 mTorr 200°C 2W l A / s 
Hedil. 40 seem 550 mTorr 250°C 15 W 8A/s 

Table II 
Properties of the standard and helium-diluted a-Si:H 

a-Si:H N D o S 
(cm"1) 

E 0 

(meV) 
"e 

(cmJ/Vf) (Urn) 
Ec-Ef 

<tV) 
%H 
at. 

E 0 4 
(eV) 

stand. 1.4 10 1 6 54 1.7 0.2 0.75 10 1.89 
He dil. 8.9 10 1 5 54 0.3 0.37 0.9 16 1.93 



C. Description of the devices 

p-i-n diodes made from standard a-Si:H and a-
Si:H[He] materials with different i layer thicknesses have 
been realized at PICM. Table III indicates relative 
thicknesses of/?, / and n layers which have been deposited in 
that order from the glass corning substrate. Accurate 
thickness measurements have been performed by SEM 
technique. 

Table ITI 
p, i and n layer thicknesses (in urn) for both sets of a-Si:H 

and a-Si:H[He] devices 

material 1- p/i/n (um) 2- p/i/n (um) 3- p/i/n (um) 
a-Si:H 0.25/2.6/0.03 0.6/7.4/0.06 0.12/7.8/0.06 

a-Si:H[Hel 0.25/2.1/0.03 0.12/6.9/0.06 0.6/4.8/0.06 

The back and top contacts are made, respectively, 
with Cr (1000 Â thick) and Al (300 À thick). The thick p 
layers have been tailored ft) in order to compensate the 
residual positive charges of the intrinsic layer and fii) to 
lower electron injection from the metallic contact into the ; 
region. The n-aoped top layer has been etched around the 
aluminium spots to prevent surface leakage currents [12]. 

III. RESULTS 

A. Depletion Layer Measurements 

For nuclear detector applications, an evaluation of 
the voltage-dependent depletion layer that determines the 
actual sensitive thickness of the device is essential. Moreover, 
the measurement of the full depletion voltage gives an 
estimation of the residual space charge 'ensity present in the 
device. In reverse-biased p-i-n diodes, two space charge 
regions appear at the p-i and i-n interfaces. Due to the low 
barrier height of the i-n interface, the corresponding space 
charge has been neglected. Figure 1 represents the energy 
band diagram in the case of a reverse-biased p-i-n diode. 
Three regions can be defined : 
1- A negative space charge density (pp) region on the p side 
of the p-i interface (x„). 
2- A positive constant space charge density (pp region 
extending in the / layer on a length W. 

In this high electric field region, a simplified 
Schockley-Read statistics /SR(E) (the free carrier densities (n, 
p) being set to 0) can oe used : 

with E) • (Ec+E^/2 a pseudo-Fermi level close to the gap 
center. 

The charge density pj can be expressed (in the 
approximation of T = 0° K) as the difference between the 
density of carriers trapped in the gap states at thermal 
'equilibrium (defined by the Fermi-Dirac statistics fppfE)) and 
the trapped carrier density in non-equilibrium conditions : 

A = ?[ j * ' ^ (E)fFD(E)dE - [ V M ( E ) / a (E)dE 

= if* tfr« (E)dE =qN^(EF. - E, ) = qN^ (2) 

with Ef0, the Fermi level at thermal equilibrium. A constant 
density of deep states Np^ has been considered. 
3- A depth-dependent space charge density (U region in the / 
layer). 

In this low field region, quasi-equilibrium conditions 
prevail. Thus, the low space charge density is neglected. 

ro 
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Fig. 1 Band diagram of a reverse-biased p-i-n diode 

Charge neutrality conditions in the device lead to : 

Q + + Q. = 0 = > p p X p = P i W (3) 

Since pypj * 100, abrupt junction approximation can be 
made. Thus, the depletion layer W can be expressed as : 

r.M*-
,1/2 

JNi DoS , 

The full depletion voltage is : Vd » q \ DoS dj 

with dj, the / layer thickness. 

N' 
*' q2ee„ 

(4) 

(5) 

For voltages less than V^p, the charge stocked in 
the device is : 

^ / < % \Q\ = PiWS=S(2es0qN'DJnjr; (6) 

5 being the surface of the device. 



At intermediate voltages (K„/ > Vdep\ bias 
increase results in further p layer depletion. The theoretical 
description of the physical processes occuring in this regime 
will be published in details elsewhere. 

For voltages much greater than Vfop> u e device is 
fully depleted and extra charges are stocked on the electrodes. 
The dependence of the charges on applied voltage becomes 
linear, in first approximation, as for a true capacitor : 

vpol>vdep WQo+C^-V^) (7) 

lei- CtVVd 

with Q0, the total space charge stocked in the p-i-n and C„, 
the geometric capacity of the device. 

In figure 2, the set-up used for Q(V) measurements 
is shown. It includes an Electrometer/Voltage source 
Keithley 617 and a relay. First, the relay is set in position 1 
and a reverse polarization is applied on the p-i-n diode. The 
Fermi level is shifted towards the center of the gap (Ej) and 
thermal electron emission from the traps located between % 
and Ej generates a wider space charge region. Then, the relay 
is switched in position 2. The diode turns back to 
thermodynamical equilibrium producing a bypass current 
which is integrated in the Electrometer. The measured charge 
corresponding to that of the device is finally recorded on a 
PC. 
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Fig. 2 Set-up used to measure the charge stocked in various 
p-i-n diodes. 

Figures 3 to S display the dependence of Q/V on 
polarization V for each device described in Table HI. 

Q/V exhibits a steep decrease with bias for V below 
the depletion voltage of the / layer. At higher voltages the 
slope of the curve decreases and Q/V tends towards the 
geometric capacity of the device. This second part of the 
curve corresponds to the slow depletion of the thick p-doped 
layer with bias. Table IV compares the experimental 
capacitance values deduced from Q(V) measurements to the 
calculated geometric capacitance of the devices. Both sets of 

values are very close, confirming the accuracy of the 
technique we have developed. 
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Fig. 3 Dependence ofthe charge stocked in the standard (2.6 
urn) and a-Si:H[He] (2.1 urn) p-i-n diodes on bias voltage. 
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Fig. 4 Dependence ofthe charge stocked in the standard (7.4 

um) and a-Si:H[He] (6.9 urn) p-i-n diodes on bias voltage. 
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Fig.5 Dependence ofthe charge stocked in the standard (7.8 
um) and a-Si:H[He] (4.8 urn) p-i-n diodes on bias voltage. 



Table IV 
Comparison between the calculated geometric capacitances 

and capacitance values deduced from figures 3 to 5. 

SL#1 St. 
#2 

St. #3 He#l He #2 He #3 

Geometric 
capacity (pF) 

108 40 40 130 45 14 

Experimental 
capacity (pF) 

139 57 41 162 43 15 

amplitude to the energy lost in the / region by alpha particle 
versus mean electric field. 

The worse electrical properties of the a-Si:H[He] 
material in comparison to standard material has a slight 
influence on the collection efficiency. In the helium diluted 
diodes, the collection efficiency is about 10 to 20 % lower 
than that of the standard diodes. Thus, it appears that a-
Si:H(He] material is a good candidate for the fabrication of 
thicker nuclear detectors. 

Table V summarizes, for each device, the depletion 
voltage fitted from the figures 3 to 5 and the resultant density 
of states N'DOS deduced from equation 5. 

Table V 
Experimental depletion voltages deduced from figures 3 to 5 
and corresponding densities of states N'DOS calculated from 

equation 5. 

Devices Thickness 
(urn) 

Depletion 
Voltage (V) 

N'DOS 
(cm-3) 

Standard -1- 2.9 7 1.28 10 1 J 

Standard -2- S 40 0.9 10 1 3 

Standard -3- 7.9 45 0.92 10 1 J 

He-dil. -1- 2.4 7 1.7 10 1 5 

He-dil. -2- 7.1 50 1.3 1 0 ! S 

He-dil. -3- 5.6 25 1.35 10 1 J 
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The simplified model describing the dependence of 
the depletion layer on bias fits fairly well the experimental 
data displayed in figures 3 to 5. The density of states N'DOS 
deduced from depletion voltage data are comparable with 
frequency-dependent capacitance measurements C(V,T°,a>) 
[13]. In both experiments, we found that a-Si:H[He] exhibits 
a density of states, integrated between Ef and Ej, greater by a 
factor of about 1.5 than that of the standard a-Si:H material. 

B. Sensitivity to alpha particles 

The devices have also been exposed to a particles 
C 2 4 1 Am, 5.5 MeV). It was of primary importance to test and 
compare these devices under nuclear radiation since the 
signal depends on several material parameters such as, the 
internal electric field profile, the density of gap states, the 
mobility and lifetime of the carriers. The experimental set-up 
used includes a charge sensitive preamplifier, an amplifier 
with a 2 us shaping time constant and a Multichannel 
Analyzer. Four p-i-n diodes have been tested, sets # 2 and 3 
(see Table III). The dependence of the signal amplitude on 
applied bias has been studied (see figure 6). Since devices 
have different thicknesses, the detector responses have been 
normalized. We have reported the ratio of the signal 

Fig. 6 Responses (ratio of the signal to the energy lost in the 
detector by a particle in arb. units) of standard a-Si:H and a-

Si:H[He] diodes exposed to a particles of 5.5 MeV as a 
function of mean electric field. 

IV. CONCLUSION 

Preliminary studies on a-Si:H/?-i-r» diodes fabricated 
from helium-diluted silane, have been performed in the 
framework of nuclear detection. Despite residual space 
charge density (in the / region) about 1.5 times greater 
(1.3 10 1 5 cm'3) than that of standard a-Si:H materials, 
a-Si:H[He] material presents a good sensitivity to a particles 
of 5.5 MeV. Collection efficiency is only 10 to 20 % lower 
than that of standard material. Since a-Si:H[He] can be 
deposited at higher rate than standard materials, up to 15 
Â/s, the fabrication of detectors having thicknesses up to 100 
urn becomes reasonably feasible. Such detectors are being 
realized and tested under X-ray beams at our Laboratory. 
High bias operation capability is also under invertigation. 
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