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57 ABSTRACT 
Resistive elements of semiconductor devices and inte 
grated circuits are reduced in size thereby allowing 
larger scale integration. Deep level dopants including 
impurities or crystalline lattice defects, or both, are 
formed in a low resistance doped region thereby in 
creasing the resistance of a portion of the doped region. 
Resistive contacts and interconnects require less semi 
conductor surface area. 

1 Claim, 8 Drawing Figures 
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GOLD-DOPED CRESSTOR REGON 

This invention relates generally to semiconductor 
devices and technology, and more particularly the in 
vention relates to a method and means for resistively 
contacting and interconnecting semiconductor devices. 
Modern electrical circuits are typically embodied in 

monolithic semiconductor integrated circuits. With 
large scale integration (LSI) and very large scale inte 
gration (VLSI) fabrication techniques, the size of active 
circuit components has decreased and the complexity of 
the integrated circuits has increased. However, passive 
devices such as resistors still require substantial surface 
area and thus limit the further reduction in circuit size. 
Typically, such resistors comprise surface layers such as 
doped polycrystalline silicon or diffused regions within 
the semiconductor body with the resistance value deter 
mined by surface configuration and dopant concentra 
tion. Not only do the diffused resistors and resistive 
layers require substantial surface area, but these resis 
tors also introduce parasitic capacitance which in 
creases as the resistor interface area increases. Thus, 
conventional resistors not only limit device circuit size 
but can also adversely affect circuit performance by the 
introduction of the parasitic capacitance. 
An object of the present invention is a new and im 

proved method of fabricating resistive contacts and 
interconections in semiconductor devices. 
Another object of the invention is a resistive contact 

and a resistive interconnection which have reduced 
SZ, 

Another object of the invention is a method and 
means for further reducing the size of semiconductor 
integrated circuits. 

Briefly, in accordance with the present invention 
deep level impurites, including dopants and/or struc 
tural defects, are introduced in a region of the semicon 
ductor body to thereby increase the resistance of the 
semiconductor material. Semiconductor devices are 
fabricated by selectively introducing electron donors or 
N type dopants into semiconductor material and by 
selectively introducing electron acceptors or P type 
dopants into the semiconductor material. The undoped 
semiconductor material, single crystalline silicon for 
example, exhibits an energy structure having valance 
electrons energy level and conduction electrons energy 
level with the two levels being separated by a finite 
electron energy gap. The shallow p type dopants and N 
type dopants introduce electron energy levels which lie 
in the energy gap but are positioned near the valance 
energy band or conduction energy band, respectively, 
of the semiconductor material. Thus, the shallow Ptype 
dopant will readily accommodate electrons from the 
semiconductor valance band, and the shallow N type 
dopant readily provides electrons to the conduction 
band of the semiconductor material. Deep level impuri 
ties, however, exhibit an energy level more nearly 
placed intermediate the conduction and valance bands 
of the semiconductor material, and the deep level impu 
rities can function as traps for current carriers, either 
holes or electrons. 

In accordance with the invention, in forming a resis 
tive contact to a region abutting the surface of a semi 
conductor material, deep level impurities are estab 
lished in a second region within the first region, the 
second region abutting the surface of the semiconductor 
material. An electrically conductive material is then 
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2 
formed on the surface of the semiconductor body which 
contacts only the second region. Thus, the second re 
gion provides a resistance between the electrical 
contact and the first region. 

In inteconnecting semiconductor devices in an inte 
grated circuit, in accordance with the invention, a first 
doped region is provided which interconnects the two 
devices. Deep level impurities are then introduced into 
a portion of the first region thereby increasing the effec 
tive resistance of the first region between the two de 
vices. Thus, a low resistance interconnect can be tai 
lored to a higher resistive value without the necessity 
for a large area resistive region in the interconnect. 
The invention and objects and features thereof will be 

more readily apparent from the following detailed de 
scription and appended claims when taken with the 
drawing, in which: 

FIG. 1 is a schematic of a simple electrical circuit. 
FIG. 2 is a plan view of the semiconductor integrated 

circuit shown schematically in FIG. 1 in accordance 
with one embodiment of the present invention. 

FIG. 3 is a section view of the device of FIG. 2 taken 
along the line 33. 

FIG. 4 is a schematic of another electrical circuit 
including a resistive interconect. 

FIG. 5 is a plan view of an integrated circuit illus 
trated schematically in FIG. 4 and including a resistive 
interconnect in accordance with another embodiment 
of the present invention. 
FIG. 6 is a section view of the integrated circuit of 

FIG. 5 taken along the line 66. 
FIG. 7 is a section view of an alternative integrated 

circuit structure including a resistive interconnect in 
accordance with another embodiment of the invention. 

FIGS. 8 and 9 are section views of other resistive 
contacts in accordance with the invention. 

Referring now to the drawings, FIG. 1 is a schematic 
of a simple circuit including a field effect transistor 10 
with an input terminal, Vin connected to the gate elec 
trode and an output terminal, Va., connected to the drain 
of the transistor. A resistor 12 is serially connected from 
the voltage, VD, to the drain of the transistor, and the 
source electrode is grounded. 

Conventionally, the transistor 10 will be fabricated in 
the surface of a semiconductor body with the resistor 12 
comprising an MOS device or a resistive layer such as 
doped polycrystalline silicon on the surface of the semi 
conductor body or comprising a diffused region within 
the surface of the semiconductor body. As above de 
scribed, such conventional resistors require substantial 
surface area and thus limit the size reduction of complex 
circuit. 

FIG. 2 is a plan view of a integrated circuit shown 
schematically at FIG. 1 having a resistor in accordance 
with the present invention, the FIG. 3 is a section view 
of the integrated circuit taken along the line 33 of FIG. 
2. Assuming that transistor 10 is an N channel enhance 
ment mode device, the source and drain regions of the 
field effect transistor comprise N-type doped regions 14 
and 16 in a P type semiconductor body 18. The channel 
region of the transistor between the source and drain 
regions 14 and 16 is controlled by a gate electrode 20 
formed on a silicon oxide layer 22 overlying the channel 
region. 

In accordance with the present invention the voltage 
Vd is connected to the drain region 16 through a resis 
tive region 24 formed within the drain region 16. Re 
gion 24 is defined by deep level impurities which are 
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introduced into region 24 after formation of the drain 
region 16 by the introduction of elemental atoms of 
deep level dopants, by the introduction of lattice defects 
or imperfections in the crystalline structure of the semi 
conductor material, or by combinations of dopants and 
defects in the region 24. Deep level dopants for silicon 
semiconductor material include gold, silver, zinc, and 
copper. For III-V semiconductor materials such as 
gallium arsenide, deep level dopants include iron, 
nickel, and chronium. 

In forming the resistive region in a silicon structure, 
after the formation of the source and drain regions 14 
and 16, conventional silicon oxide masking and photo 
lithographic definition and chemical etching techniques 
are employed to evaporate a thin layer (e.g. 400 ang 
stroms) of gold on the surface of the drain region 16 
where region 24 is desired. After depositing the gold, 
gold is diffused into the region 16 by heating the semi 
conductor body for a limited period of time at a temper 
ature for the desired diffusion depth. The excess gold on 
the surface is removed by etching. 

Thereafter, a conductive material such as aluminum 
26 is formed on with the surface of region 24 whereby 
the region 24 provides a resistive path between the 
contact 26 and the drain region 16. The metallization 26 
can be formed in the same process step for forming the 
gate metallization 20 and the source metallization 28. 
The resulting resistor, being wholly confined within 

the drain region 16, reduces the size of the circuit 
whereby the minimum size is limited only by the defini 
tion of the transistor structure and not by an external 
layer formed on the surface of the semiconductor body 
or by diffused region in the surface of the semiconduc 
tor body. As above noted, other deep level dopants 
such as silver might be utilized in practicing the inven 
tion with silicon material. The amount of deep level 
dopant used and the thermal processing to diffuse the 
deep level dopant into the semiconductor body depends 
on the particular element chosen. Care must be taken 
that the deep level impurity does not diffuse out of the 
confined area for the desired resistor. For example, the 
temperature processing for gold diffusion should occur 
at a temperature on the order of 900 C. Alternatively, 
ion implantation can be used to introduce the deep level 
dopants. 

In an alternative process, the resistive region 24 can 
be formed by introducing lattice defects in the semicon 
ductor material in the region 24. This may be accom 
plished by implanting ions in the region as ion implanta 
tion causes lattice defects which normally are mini 
mized by subsequent thermal annealing. In practicing 
the invention silicon ions will be introduced into the 
region 24 at an appropriate ion implantation energy to 
limit the ion penetration as shown. Thereafter, limited 
thermal annealing may be employed whereby the lattice 
defects from the ion implantation remain and conse 
quently increase the resistance of the region 24. Alter 
natively, other radiation such as laser beam, electron 
beam or neutron irradiation can be employed for intro 
ducing the lattice defects. 
The invention can be advantageously employed in 

the interconnection of devices in a semiconductor inte 
grated circuit. FIG. 4 is a schematic of two field effect 
transistors 40 and 42 which are serially connected by a 
resistor 44. FIG. 5 is a plan view of a silicon on sapphire 
semiconductor integrated circuit in accordance with 
the schematic of FIG. 4 and embodying the invention, 
and FIG. 6 is a section view of the integrated circuit 
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4. 
taken along the line 6-6 in FIG. 5. In this embodiment 
the field effect transistors are N channel enhancement 
mode devices having N-type source and drain regions 
formed on the sapphire substrate 52. The voltage VDis 
connected to the drain region of transistor 40 through 
metal contact 46, voltage V2 is applied to the gate elec 
trode 48 of the transistor 40, and the voltage V1 is ap 
plied to the gate 50 of transistor 42. The source 52 of 
transistor 42 is connected to ground through contact 54. 
The drain 56 of transistor 42 and the source 58 of tran 
sistor 40 are formed from an N diffused region, as 
shown. 

In accordance with the present invention the resistor 
44 is formed in the N diffused region by establishing 
deep level impurities in the N diffused region between 
the regions 56 and 58. Thus, the resistor 44 is formed 
entirely within the transistor structures without the 
need for additinal surface area or resistive layers on the 
surface of the semiconductor body. Again, the deep 
level impurities can be introduced by suitable diffusion 
or implantation of atoms into the N region, or alterna 
tively the latice structure of the N diffused region can 
be disrupted by ion implantation or irradiatin beam. The 
processing is compatible with conventional semicon 
ductor processes in fabricating integrated circuits using 
diffusion and ion implantation techniques, and the resis 
tive value is readily controlled by the concentration of 
deep level impurities or the extent of the lattice defects. 

FIG. 7 is a section view of another embodiment of an 
interconnection of two regions 60, 62 in a semiconduc 
tor substrate 64 in which the interconnection comprises 
doped semiconductor material 66 overlying a silicon 
oxide-layer 68. An intermediae portion 70 of the mate 
rial 66 includes deep level impurities to increase the 
resistance thereof. A contact 72 is made to the portion 
70 whereby the contact 72 is resistively connected to 
region 60 and to region 62. By adjusting the placement 
of the contact 72 on the surface of portion 70, the resis 
tive values to each of the regions 60, 62 can be selec 
tively altered. 
FIGS. 8 and 9 are section views of resistive contacts 

in accordance with other embodiments of the invention. 
In FIG. 8, a silicon oxide layer 76 overlies a substrate 78 
and doped region 80 therein. Semiconductor material 
82 above the region 80 is resistive semiconductor mate 
rial such as epitaxial material, polycrystalline material, 
or amorphous material. A contact 84 of aluminum or 
like conductive material is formed on the surface of 
material 82. 
To provide a higher resistance value deep level impu 

rities are introduced in a portion 86 of the resistive 
semiconductor material 82, as illustrated in FIG. 9. 

Electrical contacts and resistive interconnects em 
ploying deep level impurities in accordance with the 
present invention reduce the size of semiconductor 
structures. As used herein and in the claims, the deep 
level impurities include dopants, lattice imperfections 
and defects, and combinations thereof. 
While the invention has been described with refer 

ence to specific embodiments, the description is illustra 
tive of the invention and is not to be construed as limit 
ing the invention. Various modifications and applica 
tions will occur to those skilled in the art without de 
parting from the true spirit and scope of the invention as 
defined by the appended claims. 
What is claimed is: 
1. An integrated semiconductor field effect transistor 

and resistor comprising a semiconductor body having a 
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major surface, a first doped source region and a second 
doped drain region formed in said body and abutting 
said surface, said first region being spaced from said 
second region, a gate contact between said first and 
second regions and insulatively spaced from said sur 
face, a third region formed within one of said first and 
second regions and abutting said surface, said third 
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6 
region comprising deep level impurities and having a 
resistance which is higher than the resistance of said one 
of said first and second regions, and an electrically con 
ductive material on said surface and contacting only 
said third region. 
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