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SCHOTTKY BARRIER JUNCTIONS OF HYDROGENATED AMORPHOUS SILICON-GERMANIUM ALLOYS 

Hideharu MATSUURA, Hideyo臼KUSHIand lくazunobuTANAKA 

Electrotechnical Laboratory, 1-1-4 Umezono, Sakura-mura, Niihari-gun, 
Ibaraki 305, Japan 

The current-transport mechanisms of Au/a-SiGe:H junctions have been investi-
gated. It has be巴n found that electrons are transported by multi・step
tunne ii ng through a part of the Schottky barrier, which can be explained by 
the "diffusion-fi巴ld-emission"model. The existence of tunneling process has 
al so been confirmed by the temperature dependence of i sother、mal-capacitance-
transi巴nt-spectroscopy (ICTS) signals. The bump of DOS in a-SiGe:H has been 
found to be located at about 0.4 eV below the conduction band edge. 

l. INTRODUCTION 

Hydrogenated amorphous silicon-germanium alloys (a-Si 1 Ge :H) have recently 1-x x 
been applied to enhance the conversion efficiency of amorphous solar C巴11s. 

However, there have been few reports on the junction transports of a-Si, Ge :H. 1-x x 
In this work, we propose a new model for the can内ier transport in amorphous 

Schottky barrier junctions. We prepared ,Au/ a引 l-xGex:HSchottky barrier j肌 F

tions under various deposition conditions・anddiscuss their current density vs. 

voltage (J-V) characteristics as well as the transient capacitance using our new 

model. The density of states (DOS) has also been determined by isothermal 

capacitance transient spectroscopy (ICTS)2. 

2. THEORY 

Since, in crysta 11 i ne semi conductors, electron co 11 is ions in the depletion 

region can be neglected, the thermionic-emission theory can be applied to their 

Schottky barrier junctions. Figure l(a) shows schematically the possible trans-

port channels for electrons across the Schottky barrier of an n-type crystalline 

E v 

FIGURE l 

semiconductor under the forward bias; the 

thermionic-emission current Jt’ the 

thermionic-field-emission current J , the 
tf 

field-emission current Jf’ and the 

recombination current Jr. 

In amorphous semi conductors, on the 

other hand, electron collisions in the 

depletion region should be taken into 

Band di a grams for Schottky barrier account when the transport is discussed, 
junctions. (a）『netal/n-typecrystal-
line and (b) metal/n-type amorphous. because a higher density of defect states 
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lies in the gap over a wider energy range. This means that the diffusion current 

Jd is more important in amorphous Schottky barrier junctions, which was experi・

3 mentally demonstrated in our earlier work . In actual amorphous Schottky barrier 

junctions, besides Jd’Jr and the tunneling currents of Jdf and Jf via localiz巴d

states in the depletion region also flow across the Schottky barrier, as is 

shown in Fig. l(b). The diffusion-field-emission current Jdf can be described 

by寸
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E =(l+y)(h/4宵） (NT/mε ） ' (3) 00 I I 
where V is the forward-biased voltage, N1 the effective den~ity of the gap 

states which can be graphically obtained from the slope of l/Cι－V characteri s-

tics, and r the multi・steptunneling factor. In case the density of localized 

states is considerably high, the field-emission current Jf becomes dominant, 

which is given by4 

Jf ~ exp(V/E00J . (4) 

3. RESULTS AND DISCUSSION 

3. l. J-V Characteristics 

Undoped and phosphorus-doped a-Si 1・xGex:Hfilms were deposited by the glow-

discharge decomposition of GeH4/Si H4 and GeH~／Si H4/PH3 gas mixtures, re spec-

tiv巴ly, under three different conditions （”Diode" films: using a conventional 

di ode-type reactor ，”Triode" films: using a triode-type reactor with a mesh 

electrode between the anode and the cathode, and "H2-di l ut ion" films: using the 

triode-type reactor and H2’diluted starting gas materials). All of these films 

have the optical gap of about 1.5 eV and the atomic ratio of Ge/(Si+Ge) in those 

films is about 55 %. J-V characteristics of Au/a-Si1_xGex:H junctions were 

measured as a function of temperature over the range between 151 and 295 K. 

Poor rectifying properties were observed for "Di ode" films probably due to 

the high density of localized states, while the Schottky barrier junctions of 

”Triode" and 11H2-dilution" films exhibited good rectifying properties. It was 

found that the forward current of Y 4 ( 905・ppmPH3) of "Triode" films obeyed Eq. 

(4), i.e., Jf' while those of Z2 (7.8-ppm PH3) and Z4 (1080・ppmPH3) of 11H2-

dilution" films were expressed by Eq. (l) of Jdf' 

The ;ialues of E00 obtained from their J-V characteristics were 3・lxlO2, 
・，－, 

l. 7xl0ιand 2.3xl〔〕 ιeVfor Y 4, Z2 and Z4, respectively. However, E00 can 

independently be estimated by Eq. ( 3) using the experimental values of N, 

Since N1 of the samples of Y4, Z2 and Z4 was obtained from their 11c2:v 
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17 16 17 ・3
relationships as 1.4xl〔J , 2.4x10 and 1.5x10 cm , E00 was then estimated to 

ー3be 1.8x10 , 7.2xl0 and 1.8xl0 eV, respectively, if one-step tunneling {y=O) 
安

is assumed. In this estimationε＝16εand m =m were used, where ε0 is the ’ 0 0 
free-space permittivity and m0 the free electron mass. The above values are much 

smaller than those obtainesJ from the J-V characteristics. This estimation gap 
女

does essentially exist even when m =O. lm0 is used, suggesting that the assump-

tion of one-step tunneling in Eq. (3) is wrong. Consequently, it is reasonable 

to consider that the multi・step tunne 1 i ng is dominant in those amorphous 

Schottky barrier junctions. 

Next, we discuss th巴 dffference in observed electron transport between Y4 

dominated by Jf and Z4 dominated by J df. The va 1 ue of E00 of Y 4 obtained from 

the J-V character、ist i cs was 1 arger than that of Z4. The dark conductivities of 
-5 -4 

the films of Y4 and Z4 were l .5xl〔〕 andl.9xl0 S/cm, the photoconductivities 
5 -4 

were 5.3xl0 J and 5.3x10 S/cm, and B戸 valuesobtained from Tauc plots were 670 
-1/2 ・1/2and 830 eV cm , respectively. However, the width of the depletion region 

may be nearly the same in both, since the values of Nr of the sam;iles are 

nearly equa 1. The tai 1 states above the va 1 ence band edge (Ev) determined by the 

photoacoustic spectroscopy were also similar to each other. The diff巴rencein 

junction prop巴rtiesbetween those samples characterized by Jf and Jdf seems to 

come from the tail・statedistribution below the conduction band edge (Ee), which 

determines a characteristic energy at which tunneling of electrons start, 

namely, Jf or Jdf dominates. 
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3.2. Transient Capacitance 

In order to get more det a i1 ed i『1formation on the transport for e 1 ectrons as 

we 11 as the DOS di stri but ion of each mater‘i a 1, we made ICTS measurements on P-

doped a-Si1_xGex:H. Figure 2 shows the DOS distributions of Y4, Z3 (77・ p~m PH3) 

and Z4 deduced from the ICTS spectra (S(t)) using the following equationsι： 
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FIGURE 2 
DOS distributions of P-doped 
a-SiGe:H. 

0.4 0.5 0.6 
Ee-Et (eV) 

10" 0.3 



966 H. Matsuura et al. / Schottky barrier junctions 

，
 

）
 

）
 

＋

ι
 

（
 

n
H
 

1
 

（
 

A
U
 

J
J

’
 

）
 

）
 

ηζ ）
 

ふ

ι（
 

ハt
M（
 

nH 
1
 

（
 

A
U
 －－

 ）
 

＋
ι
 

（
 

qd 
(5) 

E戸 E = kT l n （σV  N t) (6) 
n th C ’ 

where C(t) is the transient capacitance at time (t）， σn the electron-capture 

cross 悶守口n at Et and v th the thermal velocity. The vo ltage-pul se-wi dth 

dependence'-of S ( t) givesσn at each Et. As shown in the figure, the energy 

location of the maximur『1of the DOS distribution is located at 0.41 eV below Ec 

independent of the doping level. 

We have determined the energy location of the maximum of the DOS distribution 

using a different method. The temperature dependence of the time (tp) given the 

maximum of S(t) was measured. The result is shown in Fig. 3, and 0.45 eV was 

obtained as the activation energy of t in the temperature range b巴tween287 and p 
306 K, being nearly equal to the maximum position (Ec-Et) of the DOS distribu-

ti on deter‘『『linedby the voltage-pulse-width dependence. This indicates that σn is 

nearly constant in this higher temperature region. 

In the lower temperature region (Tく 287K), however, tp seems to be saturated 

as T decreases. To explain this effect, Jn in Eq. (6) should increase as T 

decreases. In the present stage, however, no model can uniquely explain the 

temperature dependence of the capture cross section, where it increases as T 

decreases below 287 K but stays constant above 287 K. Our difft』sion-field-

emission model suggests that, besides the ordinary thermal emission process 

1『1dicated by (a) in the figure, the tunneling proc巴ss by field emission 

indicated by (b) affects t. Since the tunneling process is independent of p 
temperature, it is dominant compared with the thermal emission process at low 

temperatures. 

4. CONCLUSIONS 

The multi-step tunneling is considered to be a dominant mechanism in the 

electron transport of Au/ a・Si1_xGex:H junctions. It is suggested that this 

process affects ICTS signals at lower temperatures. The DOS distributions for 

p・dopeda-Si 1 Ge : H obtained by ICTS at room temperature have a maximum at 1-x x 
around 0.4 eV below Ec 
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