
- 1 -             FIELD EFFECT TRANSISTOR, CONTROL METHOD FOR CONTROLLING
SUCH A FIELD EFFECT TRANSISTOR AND A FREQUENCY MIXER MEANS
INCLUDING SUCH A FIELD EFFECT TRANSISTOR.    5             The present
invention relates to a field effect transistor as described in       the
preamble of claim 1, a control method realized by such a field effect
transistor as described in the preamble of claim 2 and a frequency mixer
means       including such a field effect transistor as described in the
preamble of claim 3.                 Such a field effect transistor is
already known in the art, e.g. from the 10   book "Electronic Principles,
Second Edition" published, 1979, by Tata McGraw-       Hill Publishing
Company Limited and Printed at Pearl Offset Press, Kirti Nagar,
Industrial Area, New  Delhi-110015.  An active electronic device such as
described more particular in chapter 13 "Field-effect transistors" of this
book       includes a control terminal called a gate, a first main terminal
called a source 15   and a second main terminal called a drain. This first
paragraph of this chapter      teaches how a gate voltage which is applied
to the gate of the field effect      transistor controls a flow of carriers
which is flowing through a channel from the      source to the drain.  This
means that a field effect transistor is a voltage-      controlled device
i.e. input voltage alone controls the output current. 20              It
has to be remarked that the use of the terms source and drain is the
same for n-channel or p-channel field effect transistors which means that
for n-       channel field effect transistors the carriers are
conduction-band electrons and       that for the p-channel field effect
transistors the carriers are holes in the inversion       region. Hence,
conventional current flows from the drain to the source in n- 25   channel
field effect transistors and from the source to the drain in p-channel
field      effect transistors.                 Although, that such a field
effect transistor has a lot of advantages,      however, as described on
page 322, second paragraph, a main drawback of      such a field effect
transistor is the small control over the output current. This 30   means
that a field effect transistor is less sensitive to changes in input
voltage      than e.g. a bipolar transistor. 



-2-                   An object of the present invention is to provide a
field effect transistor       of the above known type but which provides an
improved controllability and an       additional degree of freedom over the
flow of carriers from the source to the       drain.  5
According to the invention, this object is achieved by the field effect
transistor as described in claim 1 which is realizing the control method as
described in claim 2 and which is included in the frequency mixer means
described in claim 3.                  Due to the fact that the field
effect transistor further includes a third 10   main terminal, called
hereafter a double drain, positioned and adapted in order       to enable a
high resistance control current means, which is coupled to the double
drain, deviation of part of the flow of carriers from the source to the
double drain       is enabled.                  Indeed, by coupling a high
input resistance control current means like 15   e.g. a current source to
the double drain an extra control is provided to the drain       current of
the field effect transistor. The field effect transistor becomes in this
way       a device with mixed control inputs: one voltage control input at
the gate of the       field effect transistor and one current control input
at the double drain of the field       effect transistor. Both control
inputs are controlling the drain current i.e. the 20   output current of
the field effect transistor.                  It has to be explained that
the normal working of the field effect       transistor has to be respected
in the event when no control input is required via       the double drain
terminal. In this way it is expected to have a high impedance at       the
double drain terminal which explains the use of a high resistance control
25   current means like e.g. a source current. On the other hand, in the
event when       the control current means is active, it is important to
enable a deviation of part of       the carriers, even when this part
constitutes all the present carriers, when such is       required. The high
resistance control current means at the double drain terminal       has to
be dimensioned in such a way that both requirements are possible to be 



30   fulfilled. This will be discussed in a further paragraph.
-3-                   It also has to be explained that the expression
"positioned and       adapted ", used in the claims means that the double
drain must be positioned as       such that indeed a deviation of the
carriers is possible. This will become more       clear in the following
paragraphs.  5              First, it should be clear that a distinction
has to be made between e.g.       the well known parallel drain transistor
or the multiple finger transistor and the       field effect transistor of
this application. Indeed, the electrical field under the gate       of a
parallel drain transistor, formed by the flow of carriers from the source
to       one of the extra drains, has a direction which is substantially in
parallel with the 10   direction from the electrical field formed by the
flow of carriers from source to       first drain following the normal
working of a field effect transistor. Such an extra       field has the
object to accelerate the charge in the channel whereby more carriers
are flowing from the source to the drains. The electrical field of the
present field       effect transistor formed by the flow of carriers from
source to second drain has a 15   direction which is at least under an
angle different from zero compared with the       electrical field formed
by the flow of carriers from source to first drain according       to the
normal working of the field effect transistor. This extra electrical field
has       the object to deviate the flow of carriers to the additional
drain.                  Yet, it should be clear that also a distinction has
to be made between 20   a double drain transistor such as e.g. used in the
International Patent Application       with publication number WO  9608041
Al 960314 and the double drain       transistor of the present application.
Indeed, the flow of carriers of the above       mentioned patent
application is switched from one drain to another drain based       on the
presence of a magnetic field. The object of this application is to measure
25   time and space distributions of a magnetic field in a digital way.
Finally, it has to be explained that the result of a suited position of the
double drain i.e. a deviation of the carriers towards the double drain, is
one       which can be directly and positively verified by tests which are
known to the 



person skilled in the art. Indeed, by measuring the current of the first
drain in the 30   event when a plurality of different parts of the carriers
are deviated under the
-4-        control of a high input resistance control current means which
is coupled to the       double drain, a suited position of the double drain
is simply confirmed.                  Furthermore, such a suited
positioning of the double drain does not       require undue
experimentation. Indeed, a first possible suited positioning of the  5
double drain of the present application is e.g. in the same plane with the
source       and first drain but such that the direction gate - to - double
drain is substantially       perpendicular to the direction of the
electrical field formed by the flow of carriers       from source to first
drain. In this case, the double drain is positioned closer to       the
source as the first drain which enables the current control means to
deviate 10   all the carriers, which are flowing from source to first
drain, towards this double       drain. A second possible suited
positioning of the double drain is e.g. again in       the same plane with
the source and the first drain by such that a triangle is       formed by
the source, first drain and double drain round the channel.
It has to be remarked that an alternative solution to have an improved 15
controllability over the drain current is the known dual gate field effect
transistor.       Such a dual gate field effect transistor controls the
drain-source current through       more than one gate electrode. Although
that such a dual gate transistor is       attractive to many circuit
applications like e.g. mixer circuits and memory circuits,       such a
dual gate transistor is still a voltage control input device. An
application 20   of a dual gate field effect transistor is e.g. in the
frequency mixer circuit as       described in the above mentioned book
"Electronic Principles, Second Edition"       published, 1979, by Tata
McGraw-Hill Publishing Company Limited and Printed       at Pearl Offset
Press, Kirti Nagar, Industrial Area, New Delhi-110015, and more
particular in paragraph 23-8 Spurious signals, on pages 673 to 676. In this
25   frequency mixer the incoming signal i.e. a radio signal is applied to
one of the       gates and a local oscillator i.e. a
beat-frequency-oscillator drives the other gate       in order to provide
at the output of the mixer a signal with an audio frequency. 



A possible application of the field effect transistor of the present
invention is a frequency mixer means. This is described in claim 3. In such
a 30   frequency mixer means a first frequency is applied to the control
terminal i.e. the       gate and a second frequency is applied to the third
main terminal i.e. the double
-5-        drain. This application is in fact an example from what is
mentioned in one of       the above paragraphs: not only part of the
carriers, but all the carriers, which       are flowing from the source to
the first drain, are deviated to the double drain at       predetermined
time moments.  5              Furthermore it has to be remarked that
although in the claims the       presence of one extra drain is described,
the present invention is not restricted to       only one extra drain.
Indeed, by providing more than one extra drain, each one       being
coupled to a high input resistance control current means, the deviation of
part of the carriers is controlled through more than one extra drain
electrode 10   which provides an improved controllability and an additional
degree of freedom       over the flow of carriers from the source to the
first drain.                 It should be noticed that the term
"including", used in the claims,       should not be interpreted as being
limitative to the means listed thereafter. Thus,       the scope of the
expression "a device including means A and B" should not be 15  limited to
devices consisting only of components A and B. It means that with
respect to the present invention, the only relevant components of the
device are A       and B.                 Similarly, it is to be noted that
the term "coupled", also used in the       claims, should not be
interpreted as being limitative to direct connections only. 20   Thus, the
scope of the expression "a device A coupled to a device B" should not
be limited to devices or systems wherein an output of device A is directly
connected to an input of device B. It means that there exists a path
between an       output of A and in input of B which may be a path
including other devices or       means. 25              The above and other
objects and features of the invention will become 



more apparent and the invention itself will be best understood by referring
to the       following description of an embodiment taken in conjunction
with the       accompanying drawings wherein:                 Figure 1 is a
basic structure of a first embodiment of a field effect 30   transistor
according to the present invention;
-6-                   Figure 2 is a basic structure of a second embodiment
of a field effect       transistor according to the present invention;
Figure 3 is a schematic symbol for a field effect transistor according to
the present invention;  5              Figure 4 is a double balanced mixer
circuit wherein four field effect       transistors according to the
present invention are used.                  Referring to Figure 1 a basic
structure of a first embodiment of a field       transistor according to
the present invention is shown.  The basic structure of the       field
effect transistor shows a two dimensional projection of the basic elements
10   from the surface of the field effect transistor to the substrate. The
field effect       transistor includes a control terminal i.e. a gate G, a
first main terminal i.e. a       source S, a second main terminal i.e. a
first drain D1 and a third main terminal       i.e. a second drain called a
double drain D2. The gate G is coupled to a gate       voltage Vg and the
double drain D2 is coupled to a current source CS. 15              In order
to explain the working of this double drain field effect       transistor
it is presumed to have an n-channel field effect transistor whereby the
carriers are conduction-band electrons.                  According to the
traditional working of a field effect transistor, the       gate voltage Vg
provides a control voltage Vg to the gate G which controls a flow 20   of
carriers e (first arrow shown) flowing from the source S to the first drain
D and       which provides a current at the first drain D1.
The double drain D2 is positioned in the same plane with the source S
and the first drain D1 but as such that the direction gate - to - double
drain is       substantially perpendicular to the direction of the
electrical field formed by the 



25   flow of carriers from source S to first drain D1.                  The
current source CS, coupled to the double drain D2, controls a
deviation from part of the carriers e' (second arrow shown) from the source
S to       the double drain D2 at predetermined time moments.
In the event when the current source CS is off i.e. the current at the 30
double drain D2 is substantially zero, carriers e coming from the source S
will still                                                       -7-
flow towards the first drain D1 and the traditional working of the field
effect       transistor is not disturbed.                  In the event
when the current source CS is put on, the double drain D2       has a
potential drop whereby part of the carriers e' prefer to flow to this lower
5   potential plane i.e. towards the double drain D2. Care has to be taken
by the       dimensioning of this field effect transistor in order to avoid
that the voltage at the       double drain D2 becomes bigger as the voltage
at the source S. Indeed, in such       a case, current is injected in the
field effect transistor whereby the field effect       transistor is driven
into saturation mode.  In such a case, the double drain 10   becomes in
fact a second source. This can be avoided by, as it is mentioned
above, coupling a current source CS in stead of a voltage control to the
double       drain D2. In the event when the current source CS is good
dimensioned, all the       carriers e are deviated towards the double drain
D2 and substantially no carriers       are flowing to the first drain D1
whereby the current from the first drain D1 goes 15   substantially to
zero.                  It has to be remarked that in fact the information
applied by means of       the control voltage to the gate G and the
information applied by means of the       resistance control current means
CS to the double drain D2, are transferred and       carried over, together
and at the same time, to the drain current provided at the 20   first drain
D1 of the field effect transistor.                 A further remark is that
in the event that when a control voltage Vg       with frequency f1 is
applied to the gate G and a signal with frequency f2 is       applied by a
local oscillator to the double drain D2, the output of the field effect 



transistor i.e. the drain current provided at the first drain D1 is the
product of the 25   two applied signals. The field effect transistor acts
in fact as a single transistor       mixer.                  Referring to
Figure 2 a basic structure of a second embodiment of a       field effect
transistor according to the present invention is shown. The functional
basic structure is similar to the field effect transistor shown in Figure
1. The 30   double drain D2 is positioned again in the same plane with the
source S and the       first drain D1. However, the main difference is that
in Figure 2 the double drain
-8-        D2 is positioned as such that a triangle is formed by the source
S, first drain D1       and double drain D2 round the channel.
Referring to Figure 3 a schematic symbol for a field effect transistor
according to the present invention is shown. The field effect transistor
includes:  5   a source S, a first drain D1, a gate G coupled to a gate
voltage Vg and a second       drain D2 coupled to a current source CS.
Referring to Figure 4 a double balanced mixer circuit is shown. this
double balanced mixer circuit includes four field effect transistors
according to       the present invention. After a first introduction
towards a possible application of 10  the present double balanced mixer
circuit, a functional description of the blocks       shown in the figure
will be given.  Based on this description, the practical
implementation of the functional blocks in the figure will be obvious to a
person       skilled in the art. In addition, the working of the mixer
circuit will be described in       further detail. 15              Over the
past few years, the supply voltage of wireless phones keeps       going
down. Indeed, the next generation of wireless phones have to go to as low
as possible supply voltages in order to reduce the number of batteries, the
cost,       the volume and the weight of the handset. The present double
balanced mixer       circuit accommodates this challenge by using only one
level of field effect 20   transistors i.e. four field effect transistors
according to the present invention.                 The schematic symbol of
Figure 3 is used to represent each field effect 



transistor included in the double balanced mixer circuit: FETa, FETb, FETc
and      FETd. Each field effect transistor includes the four terminals
which are explained      in the previous paragraphs describing Figure 1,
Figure 2 and Figure 3 25              - FETa includes: Sa, Ga, D1a and D2a;
and                 - FETb includes: Sb, Gb, D1b and D2b; and
- FETc includes Sc, Gc, D1c and D2c; and                 - FETd includes
Sd, Gd, D1d and D2b.                 The double balanced mixer further
includes two resistors R1 and R2 30   and four local oscillators Oa, Ob, Oc
and Cd.                             Each field effect transistor is coupled
between the ground voltage       GND and the supply voltage VDD via its
source S, its channel, its first drain D1       and one of the resistors R1
or R2, respectively (see Figure 4).                  Each local oscillator
is coupled between the voltage supply VDD and  5   the double drain D2 of
one of the field effect transistors according to its index       e.g. local
oscillator Oc is coupled to the double drain D2c of the field effect
transistor FETc. The local oscillators are each providing a signal with a
frequency       f2.                  The field effect transistors,
resistors and local oscillators are coupled in 10   such a way that:
- FETa and FETd are forming together a first differential pair of field
effect transistors; and                  - FETb and FETc are forming
together a second differential pair of       field effect transistors. 15
It has to be remarked that, as mentioned in a previous paragraph, in
this way only one level of transistors is used.                  The local
oscillators Oa and Od, which are coupled to the first       differential
pair of field effect transistors, are together active or not active and the
local oscillators Ob and Oc, which are coupled to the second differential
pair of 20   field effect transistors, are also together active or not
active. Both pairs are, 



however, complementary active. This means that e.g. in the event when Oa
and       Od are active that Ob and Oc are not active.                 The
incoming signal Vin = (Vin1 - Vin2) with a frequency f1 is applied       to
the gates of each differential pair: Vin1 is applied to the gates D1a and
D1b 25   of FETa and FETb, respectively, and Vin2 is applied to the gates
D1c and D1d of       FETc and FETd, respectively.                 The
output of the double balanced mixer Vout = (Vout1 -Vout2) is       provided
at the first drain D1 of each differential pair : Vout1 is provided at the
first drains D1a and D1c of FETa and FETc, respectively, and Vout2 is
provided at 30   the first drains D1b and D1d of FETb and FETd,
respectively.                                                      - 10-
The output signal Vout is a double balanced signal due to the fact
that, according to the coupling to active or non-active local oscillators,
either the       first differential pair of field effect transistors is
active or either the second       differential pair of field effect
transistors is active. Each field effect transistor acts  5   as a single
transistor mixer and due to the coupling of the global circuit a double
balanced signal is provided at the output of the double balanced mixer.
While the principles of the invention have been described above in
connection with specific apparatus, it is to be clearly understood that
this      description is made only by way of example and not as a
limitation on the scope 10   of the invention, as defined in the appended
claims.         



- 11 -                                           CLAIMS              1. A
field effect transistor which includes a control terminal (G), a first main
terminal (S) and a second main terminal (D1), said control terminal (G)
included to be coupled to gate voltage means adopted to provide a control
voltage (Vg) which controls a flow of carriers (e) flowing from said first
main terminal (S) to said second main terminal (D1), characterised in that
said field effect transistor further includes a double drain (D2)
positioned and adapted in order to enable a high input resistance control
current means (CS), which is coupled to said double drain (D2), to deviate
part (e') of said flow of carriers from said first main terminal (S) to
said double drain (D2).             2. A control method for controlling a
field effect transistor which includes a control terminal (G), a first main
terminal (S) and a second main terminal (D1), said control method includes
the step of controlling a flow of carriers (e) flowing from said first main
terminal (S) to said second main terminal (D1) with a control voltage (Vg)
provided by a voltage means being coupled to said control terminal (G),
characterised in that said control method further includes the step of
controlling by a high input resistance control current means (CS), being
coupled to a double drain (D2) of said field effect transistor, the
deviation of part (e') of said flow of carriers from said first main
terminal (S) to said double drain (D2), said double drain (D2) being
positioned and adapted in order to enable said deviation.             3. A
frequency mixer means characterised in that said frequency mixer means
includes at least one field effect transistor according to claim 1 whereby
a first frequency (f1) is applied to said control terminal (G) and a second
frequency (f2) is applied to said double drain (D2).    


