
;FGe3e8h5">6Th%*a,  -1 A VOLTAGE REGULATOR Field of the Invention 5 The
present invention relates to a voltage regulator and, in particular, to a
voltage regulator for use as a CMOS voltage clamp. Background of the
Invention  10 It is known to provide a voltage regulator which includes a
reference voltage source, an operational amplifier, and an output
transistor. However, while such a voltage regulator produces a satisfactory
regulated voltage output, it is relatively expensive, relatively
cumbersome, and as a result not particularly suitable for use as a voltage
regulator in VLSI circuits. 15 It is desirable, therefore, to provide a
voltage regulator which produces a satisfactory regulated voltage output
but which is relatively simple and inexpensive to manufacture. Summary of
the Invention 20 In accordance with a first aspect of the present
invention, there is provided a voltage regulator for producing a regulated
voltage at a regulator output, the voltage regulator including: a reference
voltage generator arranged to provide a reference voltage at a 2 5
reference output, the reference voltage generator including a plurality of
first field effect transistors connected in series, each first field effect
transistor being biased so as to operate as a diode, and the reference
output being connected to the regulator output; transistor amplifier means
arranged to amplify a portion of the reference voltage; and 3 0 output
transistor means connected to said amplified reference voltage portion and
to the regulator output such that the output transistor means decreases the
regulated   



- 2  voltage when said amplified reference voltage portion tends to
increase, and the output transistor means increases the regulated voltage
when said amplified reference voltage portion tends to decrease. 5 In one
arrangement, the reference voltage generator further includes a second
field effect transistor arranged to operate substantially as a resistor.
The second field effect transistor is preferably a MOFET. In one
arrangement, the transistor amplifier means includes a first transistor
inverting 10 amplifier means and a second transistor inverting amplifier
means. The first inverting amplifier means may include a third field effect
transistor arranged to operate as an amplifier and a fourth field effect
transistor arranged to operate substantially as a resistor. The second
inverting amplifier means may include a fifth field effect transistor
arranged to operate as an amplifier and a sixth field effect transistor
arranged to operate 15 substantially as a resistor. Each of the third,
fourth, fifth and sixth field effect transistors is preferably a MOSFET. In
one arrangement, the output transistor means includes a seventh field
effect transistor having its gate connected so as to receive said amplified
reference voltage portion and 2 0 having its source connected to the
regulator output. The seventh field effect transistor is preferably a
MOSFET. In one embodiment, each discrete component of the voltage regulator
is a MOSFET. 2 5 In accordance with a second aspect of the present
invention, there is provided a CMOS circuit including a voltage regulator
in accordance with the abovementioned first aspect of the present
invention. Brief Description of the Drawing 30 The present invention will
now be described, by way of example only, with reference to the
accompanying drawing which is a schematic diagram of a voltage regulator in
- 3  accordance with an embodiment of the present invention. Description of
a Preferred Embodiment of the Present Invention 



5 Referring to the drawing, there is shown a voltage regulator 10, in this
example constructed entirely of field effect transistors and being
particularly suitable for use with a CMOS circuit. The voltage regulator 10
includes a reference voltage generator 12 arranged to generate 10 a
reference voltage, transistor amplifier means 14 for amplifying a portion
of the reference voltage generated by the reference voltage generator 12,
and output transistor means 16. The reference voltage generator 12 includes
first field effect transistors (FET) 18, 20, 15 22, 24, in this example
n-type metal oxide field effect transistors (MOSFET). The first MOSFETs are
connected in series with each other in a `stack' with each MOSFET having
its respective drain and gate terminals connected together. By connecting
the drain and gate terminals together, each MOSFET effectively operates as
a diode in that a relatively constant voltage is generated across the
MOSFET when the current flowing 2 0 through the MOSFET is above a threshold
current. The reference voltage generator 12 also includes a second FET 26,
in this example a p-type MOSFET, connected between the first MOSFETs and
the positive supply voltage, the second MOSFET having its gate terminal
connected to the negative voltage 2 5 supply so as to cause the second
MOSFET to essentially operate as a resistor. A connection between MOSFET 24
and MOSFET 26 constitutes a reference voltage node 28. A connection between
MOSFET 18 and MOSFET 20 constitutes a reference portion node 32. 3 0 Since
the reference voltage node 28 is connected to a regulator output node 30,
the reference voltage at the reference voltage node 28 also constitutes an
output voltage.   - 4  It will be understood that the magnitude of the
reference voltage appearing at the reference voltage node 28 is determined
by the number of MOSFETs in the stack and by the aspect ratio of the
MOSFETs in the stack. 5 The transistor amplifier means 14 includes a first
transistor inverting amplifier formed by two field effect transistors, in
this example an n-type third MOSFET 34 and a p-type fourth MOSFET 36, and a
second transistor inverting amplifier formed by two field effect
transistors, in this example an n-type fifth MOSFET 40 and a p-type sixth
MOSFET 42. 10 The third MOSFET 34 has its gate connected to the reference
portion node 32, its source connected to the negative voltage supply, and
its drain connected to the source of the fourth MOSFET 36. The fourth
MOSFET 36 has its gate connected to the negative voltage supply and its
drain connected to the positive voltage supply so as to cause the 15 fourth
MOSFET 36 to essentially operate as a resistor. A connection between the
drain of the third MOSFET 34 and the source of the fourth MOSFET 36
constitutes a first inverting amplifier output node 38. The fifth MOSFET 40
has its gate connected to the first inverting amplifier output node 2 0 38,
its source connected to the negative voltage supply, and its drain
connected to the 



source of the sixth MOSFET 42. The sixth MOSFET 42 has its gate connected
to the negative voltage supply and its drain connected to the positive
voltage supply so as to cause the sixth MOSFET 42 to essentially operate as
a resistor. A connection between the drain of the fifth MOSFET 40 and the
source of the sixth MOSFET 42 constitutes a 2 5 second inverting amplifier
output node 44. The output transistor means 16 includes a field effect
transistor, in this example a p-type seventh MOSFET 46 having its gate
connected to the second inverting amplifier output node 44, its drain
connected to the positive voltage supply and its source connected to 3 0
the reference voltage node 28 and the regulator output node 30. The voltage
regulator 10 operates as follows.   - 5  When a voltage is applied across
the voltage regulator 10, a current flows through the first and second
MOSFETs 18, 20, 22, 24, 26 and a reference voltage governed by the number
of MOSFETs in the stack and by the aspect ratio of the MOSFETs in the stack
5 appears at the reference voltage node 28. Since the reference voltage
node 28 is connected to the regulator output node 30, the reference voltage
also appears at the regulator output node 30 as the output voltage.
Although the first MOSFETs 18, 20, 22, 24 are configured so as to operate
as diodes, if 10 the positive supply voltage increases, the reference
voltage at the reference voltage node 28 and thereby at the regulator
output node 30 will tend to increase slightly. This, in turn, causes a
slight increase in the reference voltage portion at the reference portion
node 32. 15 The reference voltage portion appearing at the reference
portion node 28 is amplified by the first inverting amplifier such that the
increase in the reference voltage portion results in a decrease in voltage
at the first inverting amplifier output node 38. The voltage at the first
inverting amplifier output node 38 is amplified by the second inverting
amplifier such that a decrease in the voltage at the first inverting
amplifier output node 2 0 38 results in an increase in the voltage at the
second inverting amplifier output node 44. It will also be understood that
although the voltage at the regulator output node 30 tends to increase with
increasing supply voltage, the voltage at the second inverting amplifier
output node 44 also tends to increase, and will increase by an order of
magnitude which 2 5 is greater than the order of magnitude by which the
reference voltage increases. As a consequence, the magnitude of the voltage
across the gate-source junction of the seventh MOSFET 46 will reduce with
increasing supply voltage, and the output voltage at the regulator output
node 30 will decrease. 3 0 Similarly, when the supply voltage decreases,
the voltages at the reference voltage node 



28, at the regulator output node 30 and at the reference portion node 32
will tend to decrease slightly. As a result, the voltage at the first
inverting amplifier output node 38   - 6  will increase and the voltage at
the second inverting amplifier output node 44 will decrease. This causes
the magnitude of the voltage across the gate-source junction of the seventh
MOSFET 46 to increase and the output voltage at the regulator output node
30 to increase. 5 When the supply voltage drops significantly such that the
supply voltage is less than the desired reference voltage, the voltage at
the reference portion node 32 tends to decrease significantly. This causes
the voltage at the second inverting amplifier output node 44 to also
decrease significantly and the magnitude of the voltage across the
gate-source 10 junction of the seventh MOSFET 46 to increase significantly.
As a result, the seventh MOSFET 46 is caused to operate as a switch and the
supply voltage appears at the regulator output node 30. It will be
understood that since the reference voltage and thereby the output voltage
is 15 governed by the number of MOSFETs in the stack and by the aspect
ratio of the MOSFETs in the stack, the desired regulated voltage can be
obtained relatively easily by selecting an appropriate number of MOSFETs in
the stack or by selecting MOSFETs of an appropriate aspect ratio. 2 o
Modifications and variations as would be apparent to a skilled addressee
are deemed to be within the scope of the present invention.   CLAIMS: 1. A
voltage regulator for producing a regulated voltage at a regulator output,
the voltage regulator including: 5 a reference voltage generator arranged
to provide a reference voltage at a reference output, the reference voltage
generator including a plurality of first field effect transistors connected
in series, each first field effect transistor being biased so as to operate
as a diode, and the reference output being connected to the regulator
output; transistor amplifier means arranged to amplify a portion of the
reference voltage; 1 o and output transistor means connected to said
amplified reference voltage portion and to the regulator output such that
the output transistor means decreases the regulated voltage when said
amplifier reference voltage portion tends to increase, and the output
transistor means increases the regulated voltage when said amplified
reference voltage 15 portion tends to decrease. 2. A voltage regulator as
claimed in claim 1, wherein the reference voltage generator further
includes a second field effect transistor arranged to operate substantially
as a resistor. 20 



3. A voltage regulator as claimed in claim 2, wherein the second field
effect transistor is a MOSFET. 4. A voltage regulator as claimed in any one
of claims 1 to 3, wherein the transistor 2 5 amplifier means includes a
first transistor inverting amplifier means and a second transistor
inverting amplifier means. 5. A voltage regulator as claimed in claim 4,
wherein the first inverting amplifier means includes a third field effect
transistor arranged to operate as an amplifier and a 3 0 fourth field
effect transistor arranged to operate substantially as a resistor. 6. A
voltage regulator as claimed in claim 4 or claim 5, wherein the second   _
g _ inverting amplifier means includes a fifth field effect transistor
arranged to operate as an amplifier and a sixth field effect transistor
arranged to operate substantially as a resistor. 7. A voltage regulator as
claimed in claim 6 when dependent on claim 5, wherein 5 each of the third,
fourth, fifth and sixth field effect transistors is a MOSFET. 8. A voltage
regulator as claimed in any one of the preceding claims, wherein the output
transistor means includes a seventh field effect transistor, a gate of said
seventh transistor being connected so as to receive said amplified
reference voltage portion and 10 a source of said seventh transistor being
connected to the regulator output. 9. A voltage regulator as claimed in
claim 8, wherein the seventh field effect transistor is a MOSFET. 15 10. A
voltage regulator as claimed in any one of the preceding claims, wherein
each discrete component of the voltage regulator is a MOSFET. 11. A voltage
regulator substantially as hereinbefore described with reference to, and as
shown in, the accompanying drawings.
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