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1 

3,414,781 

2 
The basic structure and fabrication process that can 

be used to produce the metal-oxide-semiconductor field 
effect transistor of the invention is described with refer­
ence to FIGS. 1 to 5, for an N channel device. First a 

FIELD EFFECT TRANSISTOR HAVING INTER· 
DIGITATED SOURCE AND DRAIN AND OVER­
LYING, INSULATED GATE 

Hans G. Dill, Costa Mesa, Calif., assignor to Hughes Air­
craft Company, Culver City, Calif., a corporation of 
Delaware 

5 layer 10 of silicon dioxide of about one micron thick­
ness is grown upon a chip 11 of P silicon. 

Filed Jan. 22, 1965, Ser. No. 427,264 
10 Claims. (CI. 317-235) 

A source area 12, a drain area 13 and a silicon dioxide 
contour mask 10a are formed on P silicon chip 11 with 
the aid of a suitable etching solution and mask, as shown 

10 in FIG. 2. A source area 14 and a drain area 15 are 
This invention relates to a metal-oxide-semiconductor formed on P silicon chip 11, as shown in FIG. 3, by 

field effect transistor employing an interdigitated source- conducting an N + diffusion operation. A silicon dioxide 
drain structure with a total surface gate arrangement. layer 16 then is grown over source area 14 and drain area 

Metal-oxide-semiconductor field effect transistors show 15 and around silicon dioxide contour mask 10a, as shown 
great promise for applications in the electronics indus- 15 in FIG. 4. Finally, a metal gate film 17 is deposited over 
try because of their pentode characteristics and their use the entire area of the interdigitated source-drain fingers 
of an insulated gate with a high input impedance per- 14 and 15, as shown in FIG. 5. The metal-oxide-semicon-, 
mitting direct current coupling between multiple transis- ductor field effect transistor structure is completed by 
tor stages. A considerable amount of research and de- etching contact apertures and depositing ohmic metal con-
velopment effort is being directed toward the solution of 20 tacts as shown in FIG. 5 at 18 and 19, to source area 14 
noise and stability problems which are created by surface and drain area 15, respectively. 
conditions, especially in the gate region of these field ef- In accordance with the present invention, major prob-
feet transistors. In addition to these problems, it is neces- !ems discussed hereinabove, relative to prior art transis-
sary to simplify the fabrication processes for these field tors, are solved by the provision of an interdigitated 
effect transistors so that they can compete successfully 25 source-drain metal-oxide-semiconductor field effect tran-
with equivalent prior art devices, such as vacuum tubes sistor with a total surface gate. The principle of this tran-
and bipolar transistors. One of the primary fabrication sistor is based upon the fact that prior art technology 
problems encountered in producing these transistors is makes it impossible to place the gate exactly over th~ 
that of precise location of the metal gate film relative to channel area. In accordance with the transistor of this 
the channel region in the fabricated structure. If the metal 30 invention, the gate covers an interdigitated source-drain 
gate film is too wide relative to the channel region in the structure as shown in FIG. 5, where the source is shown 
transistor, additional stray capacitance is developed which at 14, the drain at 15 and the gate at 17. 
reduces the frequency response of the transistor. On the Among the advantages of this construction, of the 
other hand, if the metal gate film is too small relative to transistor of this invention, are included the fact that no 
the channel region in the transistor, and does not cover 35 masking tolerance problems are involved, and a large 
the entire channel area, additional ohmic losses are in- channel area permits a transistor design for high power 
troduced into the transistor and low transconductance dissipation. Some frequency response sacrifices are made 
may result. and some ohmic losses are suffered in the source 14 and 

Accordingly, it is a primary object of this invention drain 15 fingers by this construction, due to the sheet 
to solve the fabrication problems encountered in the pro- 40 resistance of the diffused N + layer. As a compromise, 
duction of these field effect transistors by placing the however, in the transistor structure of this invention, 
metal film gate over the entire area of a plurality of in- as shown in plan view in FIG. 6, the width C of the drain 
terdigitated source-drain fingers. and the source fingers is chosen so as to keep the source 

An -arrangement of this type in these transistors is 14 and drain 15 series resistance Rss and Rsd, and the 
characterized by having a moderate frequency response 45 gate ,17 stray capacitances Cgd and Cgs to a minimum. 
and certain stability problems as a voltage amplifier (Mil- The transconductance gm derived from FIG. 6 is: 
!er effect) but the power capabilities thereof are excel­
lent. Transistors of this type are useful as final power 
amplifiers having little voltage gain. They operate up to 
10 megacycles and have power dissipation in the watt 50 
range. 

The metal-oxide-semiconductor field effect transistor 
operates upon the same principle as the junction field 
effect transistor. It uses a gate electrode separated by an 
insulator rather than the depletion layer of a reverse­
biased junction. A more detailed description of specific 
embodiments of the invention is given below with refer­
ence to the appended drawings, wherein: 

55 

FIGS. 1 to 4 -are schematic isometric, sectional views 
representing fabrication steps showing a fabrication meth- 60 
od for the metal-oxide-semiconductor field effect transis-
tor of the invention; 

FIG. 5 is a schematic isometric view showing a fabri­
cated metal-oxide-semiconductor field effect transistor of 
the invention; 65 

FIG. 6 is a schematic plan view showing a thin film 
metal-oxide-semiconductor field effect transistor structure 
of this invention wherein the continuous gate covers an 
interdigitated source-drain structure; and 

FIG. 7 is a similar view showing a practical device em- 70 

ploying the structure shown in FIG. 5. 

e eµWVo 
gm=~ (neglecting surface states) 

(2) 

€o€µABVo 

gm tL(C+L) (3) 

The gain bandwidth product of a single stage driven 
from a voltage source is: 

(ALlf). 2,,-(c!+c.d) 
Because of the total coverage of the gate 24, 

Cgd=Cgs<Csd 

and Equation 4 simplifies to: 

(ALlf).=2gCm 
,r Kd 

or, from FIG. 5: 

(ALlf).= ,,.~2 g:, Vo 

µ L 
(ALlj)=1rL2 C+L Va 

µ 

1rL(L+C) Vo 

(4) 

(5) 

(6) 

(7) 
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3,414,781 
3 

Equation 7 shows that the gain bandwidth product is in­
dependent of the surface area. This permits the design of 
power transistors with a good frequency response. If it 

4 
of doped semiconductor material deposited upon a semi~ 
conductor substrate of doping opposite to that of the 
source fingers, a plurality of tapered drain fingers of dop­
ing similar to that of the source fingers interdigitated with is desired to keep gm constant, the gate insulation layer 

thickness t must be increased proportionally with the 
gate area AB. In ,general, a thick gate insulation layer 
is desirable (0.l.u<t<2.u) because it permits a large in­
put voltage swing, which is used in ,power amplifiers, 
and gives greater material reliability. 

5 the source fingers and deposited upon the substrate, said 
source and drain fingers being spaced from each other, 
and a metal film gate insulated from the source and 
drain areas deposited over the entire area of the inter-

A practical metal-oxide-semiconductor field effect tran- 10 
sistor, in accordance with the invention, is shown in FIG. 
7 in plan view. Source fingers 14a are part of source 

digitated source and drain fingers. 
5. A metal-oxide-semiconductor field effect transistor 

which comprises a plurality of source fingers of N doped 
semiconductor material deposited upon a P doped semi­
conductor substrate, a plurality of drain fingers of N 
doped semiconductor material interdigitated with the 

15 source fingers and deposited upon the P doped semicon­
ductor substrate, said source and drain fingers being 
spaced from each other and a metal film gate insulated 
from the source and drain areas deposited over the en-

14 and drain fingers 15a are part of drain 15. Source 
fingers 14a and drain fingers 15a are tapered to mini­
mize the loss resistance R88 and Rsct• With the relatively 
heavy interdigitated fingers 14a and 15a, the gain band­
width product is still 30 me. With thinner interdigitated 
source and drain fingers, the gain bandwidth product 
could be increased to 50 me. at the expense of a larger 
drain and source series resistance. The transistor of the 20 
invention shown in FIG. 7 also demonstrates that inter­
digitated devices of this type provide high transconduc­
tance and high power dissipation on a ,very small sur­
face area. 

tire area of the interdigitated source and drain fingers. 
6. A metal-oxide-semiconductor field effect transistor 

according to claim 5, wherein the semiconductor material 
of the source and drain areas and of the substrate is 
silicon. 

It will be understood that, although a P silicon chip 
11 with N+ source 14 and N+ drain 15 were used above 

7. A metal-oxide-semiconductor field effect transistor 
25 according to claim 5, wherein the semiconductor material 

of the source and drain areas and of the substrate is 
in describing an embodiment of the metal-oxide-semi­
conductor field effect transistor of the invention, an N 
silicon chip with P+ source and P+ drain can be used. 
Also, instead of a silicon chip, a germanium chip, or ao 
chip of other suitable semiconductor material, can be 
used. 

Obviously many other modifications and variations of 
the present invention are possible in the light of the 
above teachings. It is therefore to be understood that 35 
within the scope of the appended claims the invention 
can be practiced otherwise than as specifically described. 

What is claimed is: 
1. A field effect transistor which comprises: semicon­

ductor material having adjacent a surface thereof first 40 
and second interdigitated areas o.f one conductivity type 
separated by a channel area of opposite conductivity type; 
and 

germanium. 
8. A metal oxide-semiconductor field effect transistor 

which comprises a plurality of source fingers of P doped 
semiconductor material deposited upon a N doped semi­
conductor substrate, a plurality of drain fingers of P 
doped semiconductor material interdigitated with the 
source fingers and deposited upon the N doped semi­
conductor substrate, said source and drain fingers being 
spaced from each other and a metal film gate insulated 
from the source and drain areas deposited over the en­
tire area of the interdigitated source and drain fingers. 

9. A metal-oxide-semiconductor field effect transistor 
according to claim 8, wherein the semiconductor material 
o.f the source and drain areas and of the substrate is sili­
con. 

10. A metal-oxide-semiconductor field effect transistor 
according to claim 8, wherein the semiconductor ma­
terial of the source and drain areas and of the substrate a metal gate overlying and insulated from substantial 

interdigitated portions of the first and second areas 
and the intervening channel area. 

45 is germanium. 

2. A field effect transistor according to claim 1 wherein 
the first and second areas comprise interdigitated fingers 
of tapered form in which the width of the fingers de-
creases toward the ends of the fingers. 50 3,056,888 

3,258,663 
3,268,827 
3,293,512 
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3. A field effect transistor according to claim 1 and 
comprising first and second metal electrodes connected 
to the respective first and second areas and spaced from 
the metal gate. 

4. A metal-oxide-semiconductor field effect transistor 
which comprises a plurality of tapered source fingers 
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