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We have measured C-V characteristics and temperature dependence of J-V 

characteristics of undoped a-S工：H heterojunctions formed on p-type c-Si substrates with 
different resistivi ties. It has been found out that an abrupt heterojunction model is 
valid for a-Si:H/p c-Si heterojunctions, and the electron affinity of a-Si:H has been 
estimated as 3. 93 ± 0. 07 eV from C-V characteristics. The forward current of all the 
junctions studied shows voltage and temperature dependence expressed as exp（一組a/kT) x 

exp(AV), where llEaf and A are constants independent of V£tをageand te叩 erature. The 
reverse current is proportional to exp(- llE /kT) x (V~－V) , where b.E is constant 

ar w ar 
independent of voltage and temperature and V is the diffusion voltage. 

D 

§1. Introduction 

Studies of heterojunctions based on 

hydrogenated amorphous silicon (a-Si :H) are 

important from the viewpoints of understanding the 

fundamental device physics of a-Si :H as well as 

their applications to various devices. Moreover, in 

order to elucidate the nature of amorphous-

amorphous junctions, amorphous-crystalline 

heterojunctions should be interpreted as a 

necessary first step. In this paper, we present a 

systematic study of undoped (n -type) a-Si :H/p-type 

crystall工ne silicon (p c-Si) heterojunctions. One 

of the purposes of this paper is to establish an 

energy band diagram of a-Si: H/ c-Si heterojunctions, ， 
and th巴 otheris to elucidate the current transport 

mechanism of our heterojunctions. 

sample I p c-Si 

number I P （日cm) I N11 (cm・31

Table 1. 5-10 2.0xlo15 

Various data of mate- 1-2 9.0xlo15 

rials and diodes used 1-2 9.oxio15 
in the present work. 
Experimental results 0 005-0.01 

obtained from C-V 0.1・0.15 l.8x1017 

characteristics are 1-2 9.0xlo15 
also listed. 

2.0xlo15 5-10 

l”2 9.0xlo15 

5-10 2.0xlo15 

§2. Experimental 

Undoped a-Si :H films were deposited by the 

glow discharge decomposition (GD) of pure SiH4 on p 

c-Si (0.1-0.15, 1-2 and 5-10 llcm), p+ c-Si (0.005-

0.01 ncm) and n+ c-Si (.::0.02 ncm) substrates heated 

at 250 °c. Prior to a-Si :H deposition, silicon 

wafers wer巴 soaked in a solution of HF to remove 

Si02 and then rinsed in distilled water. A flow 

rate of 5 SCCM and a gas pressure of 50 mTorr were 

maintained during the deposition. Magnesium (Mg) 

was subsequently evaporated on an area of 0.785 mm2 

of the a-Si:H films in a vacuum of 7xl0 7 Torr, 

forming an ohmic contact with undoped a-Si:H.1) 

Table 1 summarizes Mg/undoped a-Si :H/p c-Si diodes 

used in the present work, where the film thickness 

L of a-Si :H, the resistiv工typ and the density of 

undoped a働 Si:H

占1合（eV) L （いml"2脅合 (eV) ＊＇・＊ v0 (V) N1 (cm 31 Xa (eV) 

0.22 1.16 0. 72 c 0.31 6.2xlo15 4.00 

0 .18 0.80 0.76 c 0.51 3.6xlo15 3.80 

0.18 2.19 o. 72 c 0.37 2.8xlo15 3.98 

。 1. 02 o. 72 c 

0.10 1. 02 o. 72 c 

0.1目 1. 02 0.72 c 0.42 3.9xlo15 3.93 

0.22 1. 02 o. 72 c 0.38 4.0x1015 3.93 

0.18 1. 76 0.84 I 0.37 l.6x1015 3.86 

0.22 1. 78 0.84 I 0.20 1. 8x1015 3.99 

19 -3 
＊占＝kTln(N/N ) N =l. 02xlO cm v A ’v 

合• 6 2: the thermal activation energy of conductivity in dark. 

＊＊合 C: capacitively-coupled GD reaction chamber, I: inductively-coupled GD reaction chamber. 
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acceptor impurities N of p c-Si are listed. N 
A 

was determined by C-V measurements on Mg/p c-Si 

Schottky barrier diodes. The C-V character工sticsof 

than the reciprocal of the dielectric relaxation 
2) 

time of undoped a-Si: H , and besides, the 

depletion layer is negligibly thin in the p + c-S工

these diodes were measured at 100 kHz. The s工de.

current-density vs. voltage (J-V) characteristics Figur巴 1 shows C-V character工stics of the 

were measured as a function of temperature in the sample 6 ( p c-Si: 1-2 >lcm). The capacitance level 
＋，  

range between 297 and 374 K in N2 atmosphere. Any of a diode replaced by p c-Si (sample 4) is also 

hysteresis effect was not observed in J-V indicated 工n the figure by a broken line. Different 

characteristics when the diodes were heated up and from the conventional C-V theory, as shown 工n the 
2 

cooled down cyclically. figure, 1 /C ユs not proportional to the applied 

voltage. 

§3. Results and Discussion Since 100 kHz is much higher than the 

reciprocal of the dielectric relaxation time of 

3-1. Capacitance-voltage Characteristics of undoped undoped a-S工：H, the capacitance ( C) measured at 

a-Si:H/p c-Si structure 

C-V characteristics of the diodes were 

measured at 100 kHz. This frequency is higher 

enough to be able to neglect a dielectric 

relaxat工on process in undoped a-S工：H (around 109 
、2)

S"lcm in resistivity) , by which one can get 

informat工onon the depletion layer extending in the 

p c-Si side regardless of that of the a-S 1・H side. 

In fact, the capacitance of the diodes us工ngP+ 

c-Si instead of p c-Si ( 1-2, 5-10 ncm) measured at 

100 kHz showed a constant value independent of 

app 1 i ed voltage, coinc工ding W工th that of the 

capacitance determ工ned only by the film dimension 

ofa-Si:H, i.e., 

' E: C _ o s2 
一一

L 
ーーー－ー一一一 (1) 

where E: is the free space permittivity, E: the 
s2 

dielectr工C constant of a-Si: H, and L the th工ckness

of a-S工：H measured by Talystep. It clearly 

indicates that the measuring frequency is higher 

目 30':'.
Mg/und。p・d・－Si:H/pc-Si I Q. 

L•1.02 μm, N••9.0x1d九.nl＼壬
(1‘2 llcm) I ~E 』。

制

u 

-6 ・5 ・4 ・3 ・2 _, 0 

VOLTAGE (V) 

this frequency ユs approximately expressed by the 

relation, 

Eε 
c 0 s 

－ 
L+W1 

一一一一一一ー一一一 (2) 

where W汁 isthe width of the depletion region in p 

c-S工・ F;om the abrupt heterojunction model3) and 

Eq. (2), 

εε 

w 2ー’」L三一）21 、 ，

c 

2εE N 
o s I 

－一一一一一一 (V~－V) ー一一一 (3) 
qN (N +N ) ~ 

A I A 

工s easily der工ved, where V ュs the applied bユas

voltage being supported in the deplet工onregion, NA 

the acceptor impurity density of p c-Si, N1 the 

effect工ve density of localized gap states in 

a-S工：H, q the magnitude of electric charge, and 

V,.., the diffusion voltage. 

Figure 2 shows w12 vs. (VD-V) relationship of 

sample 6, wh工ch was replotted from the data of 

Mg/undoped a-Si:H/p c-51 
15 -3 L =1.02 μm NA=9.0x10 cm 

(1、2乱cm)

N 

30里。
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Fig. 1. 1/C -V characteristics of sa叩
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Fig. 1. The data reveals qu工七巴 a good lin巴ar

relationship, 工ndicating that the abrupt 

heterojunction model is applicable to the present 

system consist工ng of amorphous-crystall工ne hetero-

layer structure. 

As is cl巴ar from Eq. (3), the magnitudes of 

N1 and VD are graphically determined from the slope 

of the curve and the intercept on the horizontal 

axis in the figure, respectively, which are listed 

in Table 1. Thus obtained values of N1 almost 

coincide with those determined independently from 

the low-frequency C-V measurement 4) on the 

Au/undoped a-S工：H/n+ c-Si Schottky barrier diodes. 

Accord工ngto the abrupt heterojunction model, 

the electron aff工nity of undoped a-Si :H (xa) can be 

est工mated from C-V data. Actually, experimental 

results obtained from several different samples 

give an identical value, x = 3.93 ±0.07 eV, as is 
a 

clearly seen in the table. 

F工gure 3 shows the energy band diagram for 

each diode with different dop工nglevels of p c-Si, 

sketched on the basis of the above results. 

3-2. Current-voltage Characteristics 

We consider the current transport mechan工sm

on the basis of temperature dependence of J-V 

characteristics of Mg/undoped a-Si:H/p c-Si diodes, 

sample 4 （ρ ＝ 0 005ー0.01 llcm), 5 （ρ ＝ 
cryst. ・ cryst. 

0.1-0.15 llcm), 6 (p - 1-2 llcm) and 7 ( p = 
cryst.一、 cryst.

5-10 llcm). Undoped a-Si:H films of 1.02 ぃm 工n

thickness were deposited simultaneously on four 

different p c-Si substrates. Figure 4 shows J-V 

characteristics for different temperatures. 

3-2-1 Forward J-V Characterigtics 

According to any of the diffus工onmodel, the 

emission model and the recombination model, a 

relation betwe巴n J and V is represented by 

qV 

Jぽ exp（一一一） ， ー一一一 (4) 

11kT 
where k is the Boltzmann ’s constant, T the 

measuring temperature, and 11 the diode factor being 

independent of temperature. 

As is clear from the results shown in F工g. 4, 

a slope of the forward-bias curve is kept almost 

ナ「て~廿：~

「こ？で二
p• c-Si a四 Si:H p c-Si a Si.H 

(1-2 ncm) 

( a ) ( c ) 

p c-Si a-Si:H p c-Si a-Si:H 
(0.1・o.1sncml cs-1onc＂、｝

( b ) ( d ) 

Fig. 3. Energy band diagrams at crystalline-

amorphous interface. 
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Fig. 4. J-V characteristics of sample 4 for 

d工fferenttemperatures. 

by tunnel工ng, being described as 

J=J0exp(AV), ー一一一ーーーー (5) 

where A is a temperature-independent constant. The 

data in Fig. 5 was analyzed using Eq. ( 5), 

resulting in the temperature dependence of the 

pre-exponential factor J0, as shown in Fig. 5. 

Namely, the relation 

llE _ 

J~ ＂＇ exp（ー~） 一一一（6)
- kT 

holds between J and T where llE takes values of 
’ af 

0.72, 0.80, 0.65 and 0.63 eV for samples 4, 5, 6 

constant for varying temperatures, wh工chind工cates and 7, respectively, details of which will be 

that Eq. (4) dose not hold in the present system. 

Rather it suggests the transport phenomenon limited 
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§3. Summary 3-2-2. Reverse J-V Characteristics 

obtained have results main The A saturated value of the reverse current is are 

1) The abrupt heter吋 unctionmodel is valid for our 

amorphous-crystalline Si heterojunctions. 

electron affinity of 

est工matedas 3.93 士 0.07eV. 

we 

summarized as follows: from 

the 

indicating that the reverse current 

another 

be J0 ・ However,

reverse current density exceeds 

clear 工Sas to 

the 

expected 

undoped 2) lS 

3) The forward current, described as exp(-llEaf/kT) 

x exp( AV), can be explained by tunneling process. 

described 

a-Si: H The transport mechanism. 

which are respectively, 5, samples 4, 

different reverse current, 

1/2 
exp(-llE /kT) x (V~－V) , is reasonably considered 

arυ  

as a generation current. 

as lS which The 4) bias forward the for 
P
4
 a

 

Tμ A
U
 

from 

characteristics. 

References 

l)H.Matsuura, T.Okuno, H.Okushi, S.Yamas出 i'

A.Matsuda, N.Hata, H.Oheda and K.Tanaka: Jpn. J. 
Appl. Phys. 22( 1983) L197. 

2)T.Tiedje, C.R.Wronski, B.Abeles and J.M.Cebulka: 
Solar Cells 2(1980)301. 

3)A.G.Milnes and D.L.Feucht: Heterojunctions and 

Metal-Semiconductor Junctions(Academic Press, New 

York, 1972), p. 34. 

4)H.Okushi, K.Nakagawa, S.Yamasaki, H.Yamamoto, 

A.Matsuda, M.Matsumura, K.Tanaka and S.Iizima: 

Proc. 2nd Photovoltaic Science & Engineering 

Conf. Japan, Tokyo 1980, Jpn. J. Appl. Phys. 
20( 1981 )Suppl. 20'-2, p. 205. 

5)S.M.Sze: Physics of Semiconductor Devices(Wiley-
Interscience, New York, 1969), p. 103. 

density 

lS 

It is 

Fig. 4, 

value of J0 ’ 
(JR) is limited by 

Furthermore. llE of the reverse current at - 0.1 V 
’ ar 

工s found to be 0.68, 0.70, 0.63 and 0.62 eV for the 

6 and 7, 

figure, 
1/2 

proportional to ( V D-V) ’ for two 日間ples.

noted that this proportionality holds in a whole 

the 

F工gure 6 shows the reverse current 

1/2 
plotted against (VD-V) for the s叩 ples4 and 5, 

the diodes using lower-resistivity p c-Si 

The values of VD is taken from Fig. 3. 

the reverse current 

substrates. 

in the As shown 

work. 

工S

the 

voltage 

mostly supported by the depletion layer of a-Si: H 

due to low resistivity of p c-Si substrates, 

reasonably cons工dered

diodes 

present 

two 

in 

these 

studied 

工n

range 

bias 

temperature 

the Since 

a 

generation current judging from the proport工onality

1/2 5) 
between JR and (VD-V) 

as lS current reverse 
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Fig. 5. Forward current-temperature characteristics 

of samples 4, 5, 6 and 7. 
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