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[57] ABSTRACT 
A method of improving ?eld-effect transistors, and the 
product thereof, wherein the resistivity of the upper 
layer of the source-gate channel region of a GaAs ?eld 
effect transistor (PET) may be selectively raised is dis 
closed. Impurity ions are implanted in the source-gate 
channel region followed by a much shallower implanta 
tion of boron in the same region. The boron ion concen 
tration should exceed the N + impurity ion concentra~ 
tion by a factor of 2 or more. 

5 Claims, 3 Drawing Figures 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or advertise 
ment or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory in 
vention registration. For more speci?c infonnation on the 
rights associated with a statutory invention registration 
see 35 U.S.C. 157. 
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FIELD-EFFECT TRANSISTOR 

BACKGROUND OF THE INVENTION 

This invention relates to an improved ?eld-effect 
transistor (FET) and especially to improvement of 
FET’s by tailoring the source-gate channel resistivity to 
be high in the upper layer and lower in the lower layer. 

Transconductance, gate capacitance, source parasit 
ics, and source-gate channel resistance are the factors 
universally known to affect the performance of ?eld 
effect transistors. Previous work in the ?eld has done 
much to improve transconductance by improving mate 
rials’ quality and materials’ interfaces. Gate capacitance 
has been reduced by using submicrometer resolution 
lithography. Source parasitics have been greatly re 
duced by better metallization for ohmic contacts by 
“via” technology and by monolithic, Class B, push-pull 
circuit techniques. Only source-gate channel resistance 
has evaded a solution enabling it to be reduced without 
adversely affecting gate leakage characteristics. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of this invention to re 
duce the source-gate channel resistance in an F ET with 
out adversely affecting the gate leakage characteristic. 
Another object is to raise the resistivity of a shallow 

layer of the source-gate channel in an FET, which layer 
is in contact with the Schottky-barrier portion of the 
gate, without increasing the resistivity of the remainder 
of the source-gate channel. 
The above and other objects of the invention are 

accomplished in a GaAs FET by selectively bombard 
ing the N+ doped source-gate channel region with 
boron ions to raise the resistivity of a shallow upper 
layer of the channel which is in contact with the 
Schottky-barrier ?lm of the gate without increasing the 
resistivity of the underlying channel region. The tech 
nique makes use of the virtual non-existence of ionicity 
in the boron-arsenide bond to induce arsenic vacancies 
within the crystal which may, in part, be ?lled with 
column IV acceptors (e.g., silicon) with the result that 
deep-level compensating centers are formed (probably 
by silicon-silicon complexes) thereby transforming the 
material so treated into semi-insulating material. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic illustration of a prior-art FET 
made by an epitaxial growth technique. 
FIG. 2. is a schematic illustration of a prior-art FET 

made by an ion implantation technique. 
FIG. 3 is a schematic illustration of an embodiment of 

the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIGS. 1 and 2 illustrate the construction of typical 
prior~art FET’s. The F ET of FIG. 1 is produced by the 
growth of epitaxial layers 12 and 14 on a semi-insulating 
GaAs substrate 10. Layer 14 has a higher concentration 
of donor impurity ions (approximatel 1X l017/cm3) 
than lower layer 12 and therefore has higher conductiv 
ity. The active layer 14 in FIG. 2 is produced by im 
plantation of donor ions. The device also includes a 
source 16, a drain 18 and a gate 20. In both cases, the 
active channel, which may, for example, be about 0.5 
microns deep, is uniformly doped in the horizontal di 
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2 
rection (i.e., along the direction of charge-carrier move 
ment). 

Referring now to FIG. 3, the source-gate channel 
region 28, including a top portion 26 and a bottom por 
tion 26', between source 16 and gate 20 (Schottky bar 
rier gate) should be of much lower resistivity than a 
region 24 lying beneath the gate 20 and between the 
gate 20 and the drain 18. If the source-gate channel 
region 28 is heavily doped, however, the leakage of the 
Schottky barrier gate 20 is excessive. Techniques to 
create a vertical gradient of resistivity in this region 
have thus far been unsuccessful since there has been no 
ion implantation technology capable of reproducibly 
creating such a gradient. The ideal characteristic is one 
in which the electrically active impurity concentration 
at the top portion 26 of the source-gate channel region 
28 is less than or equal to that of the region 24 directly 
beneath the gate 20, while the electrically active impu 
rity concentration in the lower portion 26' of the 
source-gate channel region 28 is at least an order of 
magnitude greater than the impurity concentration in 
the same region 24 directly beneath the gate 20. The 
achievement of such an impurity gradient pro?le virtu 
ally eliminates the source-gate channel resistance as a 
signi?cant factor adversely affecting FET performance 
and the gradient does not adversely affect the charac 
teristics of the Schottky-barrier gate 20. 
To achieve this optimum gradient pro?le in the 

source-gate channel region 28 without adversely chang 
ing the impurity pro?le elsewhere requires a new ap 
proach based on an understanding of how impurity 
complexes can be used to reproducibly and reliably 
control the properties of semiconductors. The implanta~ 
tion of boron is known to render GaAs semi-insulating 
since it compensates, or neutralizes, other impurities 
which render the GaAs more conductive. Thus the 
effect of the boron is to render the doped GaAs more 
insulative. Only recently has it. been found that the 
boron implant dose need not be excessive to the extent 
of rendering the semiconductor amorphous but, instead, 
need only exceed the concentration of other impurities 
within the GaAs. More recently, it has been shown that 
boron implanted in GaAs does not diffuse within the 
GaAs at elevated temperatures as do most other impuri 
IICS. 

Still referring to FIG. 3, to the optimum gradient 
pro?le in the source-gate channel region 28 of the im 
proved ion-implanted FET shown, an impurity ion is 
selected (e.g., Si, or Si and S) and selectively implanted 
into the source-gate channel region 28. This may be 
done simultaneously with the N + selective source and 
drain implants in regions 22 and 30, respectively. (In 
this context, the term “selectively” applies to the partic 
ular region selected for any ion implantation.) As 
shown, the region 24 is implanted only to the N state, or 
a concentration of about l>< l0l7/cm3. However, the 
other regions 22, 28 and 30, as aforementioned, are 
implanted to the N+ state, or a concentration of about 
1X l018/cm3. These implants are then followed by a 
much shallower (i.e., done with a lower implantation 
voltage) implant (e.g., 200-500 A) of boron into the top 
portion 26 of source-gate channel region 28. By so do 
ing, As vacancies are created in the top portion 26 but 
not in the bottom portion 26' of the source-gate channel 
region 28. The concentration of the boron implant 
should exceed the concentration of the N+ impurity by 
a factor of 2 or more to ensure that some As vacancies 
remain in the top portion 26 after other As vacancies are 
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?lled by the acceptor (silican) ions previously im 
planted. The maximum concentration of boron should 
be below that which would cause the GaAs to become 
amorphous; thus, the concentration should not be more 
than about 5X l019/cm3. 

Activation/annealing of the implanted ions may then 
proceed in a conventional manner chosen by the fabri 
cator (i.e., thermal, laser and/or electron beam). The 
annealing ambient must be chosen so that the boron 
implanted region, i.e., top portion 26, is not etched away 
in the process (e.g., use ?owing arsine, proximity cap 
ping or a good silicon nitride encapsulant). 

Obviously, many modi?cations and variations of the 
present invention are possible in light of the above 
teachings. It is therefore to be understood that, within 
the scope of the appended claims, the invention can be 
practiced otherwise than as speci?cally described. 
What is claimed is: 
1. An improved ?eld-effect transistor of the type 

having a semi-insulating GsAs substrate, an active layer 
ion implanted into said semi-insulating GaAs substrate, 
a source fashioned on one end of said semi-insulating 
GaAs substrate, a drain fashioned on the other end 
thereof and a Schottky barrier gate fashioned therebe~ 
tween, said source, said drain and said Schottky barrier 
gate being fashioned contiguous to the top of said active 
layer so as to de?ne a ?rst active region underlying said 
source, a second active region lying between said 
source and said Schottky barrier gate, a third active 
region having a portion underlying said Schottky bar 
rier gate and a portion lying between said Schottky 
barrier gate and said drain, and a fourth active region 
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4 
underlying said drain, wherein the improvement com 
prises: 

selectively implanting said semi-insulating GaAs sub 
strate with impurity ions to the N+ state to form 
said ?rst, second and fourth active regions, and 
implanting said semi-insulating GaAs substrate 
with said impurity ions to the N state to form said 
third active region; and 

selectively implanting a top portion of said second 
active region to a predetermined depth with a pre 
determined concentration of boron ions so as to 
raise the resistivity of said top portion thereof, said 
top portion extending from said source to said 
Schottky barrier gate. 

2. The improved ?eld-effect transistor of claim 1 
wherein the N state corresponds to a concentration of 
approximately l><lO17/cm3 and the N+ state corre 
sponds to a concentration of approximately 
l X l0l8/cm3. 

3. The improved ?eld-effect transistor of claim 2 
wherein the predetermined concentration of boron ions 
is at least two times the concentration of the N+ state 
but less than that which cause said top portion of said 
second active region to become amorphous. 

4. The improved ?eld-effect transistor of claim 3 
wherein the predetermined depth of said top portion is 
in the range of 200-500 A. 

5. The improved ?eld-effect transistor of claim 4 
wherein said impurity ions are selected from the group 
consisting of Si and a mixture of Si and S. 
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