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(54) A process for doping 
an amorphous 
semiconductor material 
by ion implantation 

(57) In a process for doping a body of 
amorphous semiconductor material. 

the body is held at a predetermined 
temperature above 20°C which is 
below the recrystalization temperature 
of the amorphous semiconductor 
material during bombardment by 
accelerated ions of a predetermined 
doping material. 
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SPECIFICATION 
Doping an amorphous semiconductor material 
by ion implantation 

The present invention concerns a process 
5 according to the introductory portion of patent 

claim 1. 
For the selective doping of certain zones of a 

body of semiconductor material, as is required for 
the manufacture of semiconductor components 

10 such as diodes of the most varying kind, solar 
cells, transistors and integrated circuits, ion 
implantation has recently become increasingly 
important. 

As is known, when using this process for mono-
15 crystalline semiconductor material an extra-

ordinary variety of doping problems can be solved 
by variation of the process parameters such as ion 
energies, ion species, doses, beam geometry etc. 

Attempts made hitherto for the use of an ion 
20 implantation process for doping amorphous semi-

conductor materials have nevertheless not been 
satisfactory because apparently it has not been 
possible to achieve sufficient electrical activation 
of the implanted ions as donors or acceptors in the 

25 host material and consequently no technically 
worthwhile conductivity changes could be 
obtained. Accordingly hitherto experts regarded 
ion implantation processes for doping amorphous 
semiconductor materials as unsuitable. Thus for 

30 instance, it is established from a publication by 
Rehm and others (Phys. Stat. Sol.(b) 79, 539, 
(1977)) that the effect of a phosphor ion implanta-
tion in a-Si held at 80 K disappeared after 
annealing at 200°C from which it was inferred 

35 that the originally observed change in con-
ductivity was based principally on radiation 
effects. 

In amorphous Germanium, which in its proper-
ties is the most closely related or resembling to 

4 0 silicon, Anderson and others (Journal Appl. Phys. 
45 4528 (1974)) established after implantation of 
boron that the increase in conductivity was at 
most by a factor of 4 0 without significant dis-
placement of the Fermi level. 

45 The underlying task of the invention is to 
develop a process of the above mentioned kind 
which enables an effective and technically useful 
doping of amorphous semiconductive materials. 

This task is solved according to the invention by 
50 a process of the above mentioned kind with the 

characteristic features of patent claim 1. 
It has now been surprisingly found that by "hot 

implantation", i.e. when the semiconductor body 
is held during ion bombardment at the tempera-

55 ture which is considerably above the tempera-
tures used hitherto, an effective doping of amor-
phous semiconductor materials, particularly a-Si 
and also a-Ge becomes possible. Hitherto the 
body of amorphous semiconductor material to be 

60 doped, namely in the form of a layer, was held 
during doping at a temperature which was signi-
ficantly below room temperature. In contrast the 
amorphous semiconductor material has in the use 
of the process according to the invention a 

65 temperature lying above the temperature during 
ion bombardment. The temperature of the semi-
conductor body during ion bombardment is 
expediently at least 100°C throughout, preferably 
200°C. Specifically, particularly during doping of 

70 a-Si, temperatures of about 2 5 0 ° and over have 
proved particularly useful. Naturally the tempera-
tures employed should not be so high as to 
influence the desired amorphous structure of the 
semiconductor material and thus for instance, in 

75 the case of a-Si, the temperatures should remain 
appreciably below the recrystallization 
temperature of about 630°C. Furthermore, regard 
must be had to the fact that at increased 
temperatures a certain degree of diffusion of the 

80 implanted dopants takes place in the 

semiconductor material and therefore in general a 
temperature of below approximately 4 0 0 ° or 
450°C is preferred. 

With the present process conductivity changes 
85 of up to 7 orders of magnitude and a displace-

ment of the Fermi level of about 1.2 eV may be 
achieved. 

In the process according to the invention, the 
semiconductor body to be doped is arranged on a 

90 beatable carrier controlled in a suitable manner of 
a vacuum chamber of ion implantation apparatus 
which can be constructed in a known manner. In 
given cases, the semiconductor bodies may be 
produced in the same vacuum chamber and 

95 directly doped by ion implantation after manu-
facture without interrupting the vacuum. 

Particularly good results were achieved with 
high ohmic a-Si which were produced by blow 
discharge techniques and which were 

100 characterized in known manner by a relatively low 
density of states in the band gap. 

By the present process, homogeneous undoped 
or doped semiconductor bodies, or also inhomo-
geneous semiconductor bodies pre-doped in the 

105 manufacture, e.g. by layer, could be doped in a 
spatially selected manner. In this way the basic 
conditions for the manufacture of electronic 
components from amorphous semiconductor 
bodies, particularly a-Si, are given or provided. 

110 The present process permits the production of 
transitions of any desired type, e.g. z.B pn, n+n, 
p+p, p+n, npn etc. by single or multiple implanta-
tion of ions of suitable kind, particularly boron 
phosphorus and other suitable elements of Group 

115 III and IV of the periodic system of elements. 
The ions may be implanted with the usual 

energies i.e. energies in the keV region and with 
the usual radiation beam currents. 

The room temperature is about 20°C. 
120 The chief area of application of the invention is 

the doping of amorphous elemental semi-
conductor materials such as silicon and 
germanium. 

CLAIMS 
125 1. A process for doping a body of amorphous 

semiconductor material wherein during bombard-
ment by accelerated ions of a predetermined 
doping material, the body is held at a predeter-
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mined temperature which is below the recrystal-
lization=temperature of the amorphous semi-
conductor material, characterized in that the body 
of semiconductor material during the ion 

5 bombardment is held at a temperature above 
20°C. 

2. A process according to claim 1 char-
acterized in that during the ion bombardment the 
semiconductor body is held at a temperature over 

10 100°C. 
3. A process according to claim 1 char-

acterized in that during the ion bombardment the 
semiconductor body is held at a temperature over 
200°C. 

15 4. A process according to claim 1 characterized 
in that during the ion bombardment the semi-
conductor body is held at a temperature over 
250°C. 

5. A process according to one of the preceding -
20 claims characterized in that during ion bombard-

ment the body is held at a temperature below 
450°C. 

6. A process according to one of the preceding 
claims characterized in that an amorphous 

25 elemental semiconductor is used. 
7. A process according to claim 6 characterized 

in that silicon is used as a semiconductor. 
8. A process according to claim 7 char-

acterized by the use of dopant ions of an element 
30 of the main groups III and V of the periodic 

system, particularly boron and phosphor. 
9. A process according to one of the preceding 

claims characterized by the use for selective 
doping of spatially limited regions of a semi-

35 conductor body during the production of a semi-
conductor component. 
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