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MOTOROLA, INC., a  point, much less dependent on variation of corporation
organised and existing under  manufacturing parameters, is desirable. the
laws of the State of Delaware, United    It is an object of the invention
to provide  50 States of America, of 1303 East Algonquin  a complementary
MOS circuit having a 5  Road, Schaumburg, Illinois 60196, United
transition point which is substantially States of America, do hereby
declare the  independent of processing  parameter invention, for which we
pray that a patent  variations. may be granted to us, and the method by
According to one aspect of the present 55 which it is to' be performed, to
be  invention there is provided a circuit having 10  particularly described
in and by the  a precise transition point i.e. the input following
statement-                   voltage required to cause the output voltage
This invention relates to circuits having a  to equal'one half the power
supply voltage, precise transition  point and to a  comprising
complementary MOS circuit arranged to   input means for receiving an input
signal, 15  compare an. input voltage signal or signals   first and second
voltage conductors,. with a reference voltage signal from a    referefce
means physically coupled reference circuit.                     between
said first and second voltage Conventional CMOS inverters include a
conductors for, producing a reference  65 P-channel MOSFET and a N-channel
voltage at a node thereof, 20  MOSFET coupled between a positive and a
first amplifier means having a first input negative power supply. The gate
electrodes  coupled to said input means and a second of the P-channel and
N-channel MOSFET  input coupled to said node of said reference are coupled
together to form the input, and  means, for producing an amplified output
70 the drains are connected together to form  signal in response to said
input signal, said 25 the output. The transition point, which may
amplified output signal having a first be defined as the input voltage
required to  transition point determined by said cause the output to equal
one-half of the reference voltage at said node, power supply voltage, is
determined by a    inverter means having an input coupled  75 number of
parameters, including the  to an output of said first amplifier means for
30 relative channel length to channel width  inverting said amplified
output signal to ratios of the P-channel MOSFET and the N-  produce an
amplified inverted output signal channel MOSFET. The transition point is
having said precise transition point determined partly by the magnitudes of
the determined by said first transition point in 80 threshold voltages of
the N-channel  response to said amplified output signal; 35 MOSFET and the
P-channel MOSFET.  first current control means for selectively The mobility
in the channel regions of the  electrically  coupling  said  reference
N-channel MOSFET and the P-channel  means to said first or second voltage
MOSFET are also parameters which affect  conductors in response to said
input signal;  85 the transition point. For conventional  and -second
current control means for 40 manufacturing processes, the variation in.
selectively electrically coupling said first the transition point of a CMOS
inverter  amplifier means to said first and second having a 10 volt power
supply can vary on  voltage conductors in response to said input the order
of  I volt from a nominal value of  signal.                       90 the
transition point. In certain applications    According to a further aspect
of the 45 especially where it is required to compare  invention  there  is
provided  a  com- an 'input voltage signal with a reference  plementary MOS
circuit comprising: first voltage signal, a much sharper transition  and
second voltage means; input means    
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2 for conducting an input signal; reference  channel MOSFET 74 and
N-channel  65 means coupled to said first and second  MOSFET 76 connected
in series between voltage means and. also coupled to said  VDD and ground.
The drains. of MOSFETS input. -means for generating a reference  74 and 76
are connected to [err] and the 5   voltage when said input signal is
greater in gate electrodes are connected together to magnitude than a first
threshold voltage; node 56. Reference -circuit 22. includes  70
differential amplifier means coupled to said  MOSFETs 69, 72, and 64 and
resistors 65 input means and said reference means for  and 68. Resistors 68
and 65, designated RI producing a first output signal substantially  and
R2, respectively, may be precision 10  equal to the voltage of said first
voltage  discrete resistors, diffused resistors of thin means on the
condition that said input film resistors, such as polycrystalline silicon
75 signal is lower than said reference voltage  resistors. Reference
circuit 22 produces a and substantially equal to the voltage of said
reference voltage [err] at node 66. P- second voltage means on the
condition that channel MOSFET 69 is connected between 15  said input signal
is greater than said  [err] and node 70 and has its gate connected
reference voltage.                     to [err]. Resistor 68 is connected
between  80 In one embodiment the invention is a  node 66 and node 70..
Resistor 65 is circuit having a precise transition point. The  connected
between node 66 and node 63. N- circuit includes a reference circuit
coupled  channel MOSFET 64 has its gate connected 20  between first and.
second voltage  to [err], its drain connectedto node 63 and its conductors
for producing 'a reference  source connected to ground: Differential  85
voltage. The circuit also includes an  amplifier: 20 includes current:
source amplifier 'coupled to the reference circuit  circuitry including
MOSFETs 26, 30, 35, 42 for producing an amplified signal in  and44 and
resistor 28. P-channel MOSFET 25  response to an input signal applied to
the  26 is connected between VDD and node 32 amplifier. The transition
point of the circuit  and has its gate connected to [err]. Resistor  90 is
mainly determined by the reference  28 is connected between node 32 and
node voltage. A second amplifier is connected to  34. MOSFET 30 has its
-gate and drain the output of the first amplifier for  connected to node 34
and its source 30  producing an amplified, inverted output  connected to
node 36. N-channel MOSFET signal. The transition point of the circuit is
35 has its gate connected to [err], its. source  95 primarily determined by
the reference  connected to ground, and its drain circuit. Complementary
field  effect  connected tonode 36. N-channel MOSFET transistors are
utilized, in a preferred  42 has its gate connected to node 34, its 35
embodiment to implement the reference  source connected to node 36, its
drain circuit, and first amplifier, and the second  connected  to . node .
46.  N-channel 100 amplifier. In  another preferred  MOSFET 44 has its gate
connected to embodiment, the reference circuit and the  node 63, its source
connected to ground, first amplifier are coupled by means of field  and its
drain connected to node 46. 40  effect transistors responsive to the input
The. amplifier portion  of differential signal to the power supply voltage,
amplifier 20 includes N-channel MOSFETs 105 rendering 'the entire circuit
power  38 and 40 and P-channel MOSFETs 48 and consumption to substantially
zero when the  52, and power control MOSFETs 50, 60, 61, input signal is at
a particular voltage level. and 62. MOSFET 38 has its gate connected to
[err], its source connected to node 46, and 45    The invention will now be
described by  its drainconnectedtonode54.MOSFET4  110 way of example. only
with particular has its gate connected to node 66, its source reference to
the accompanying: drawings connected to node 46 and its drain wherein:
connected to node 56. MOSFET 48 has its Figure 1 is a schematic diagram of
a source connected to node 58, its gate 50   presently preferred embodiment
of the  connected to  node 54, and its drain  115 invention.
connected to node 54. MOSFET 52 has its Figure 2 is a schematic diagram of
drain connected to node 56, its gate another embodiment of the invention.
connected to node 54, and its source Figure 3 is a schematic diagram of yet
connected to node 58. P-channel MOSFET 55  another embodiment of the
invention.   50 has its gate connected to node 57, its 120 The circuit of
Figure 1 is a single input source connected to node 58  and its drain
comparator/inverter circuit. Circuit 10 connected to node 54. P-channel
MOSFET includes an input 12, referred to as [err], an  60 has its source
connected to node [err] its output 14 referred to as [err], and is gates
connected. to [err] and its drain 60  connected between VD conductor 18 and
connected-to node 58. P-channel MOSFET  125 



ground conductor 16. Circuit 10 consists of 61 and N-channel MOSFET 62 to
form a differential amplifier 20, reference circuit CMOS inverter having
its output connected 22, and inverter 24. Inverter 24 is a to node 57 and
its input connected to node conventional CMOS converter including P- 63.
3                                     1,596,226 Figure 2 depicts a single
input equal one-half of VDD. For conventional comparator/inverter circuit
identical to the  CMOS  manufacturing processes, the circuit of Figure 1
except that MOSFETs  transition point of a CMOS inverter of a 26, 60, and
69 have been omitted and  particularly design may vary by [err]1 volt from
5  resistors 28 and 68 and node 58 have all  a nominal value, for VDDequal
to 10 volts.  70 been connected directly to [err]. The circuit  The circuit
of Figure 1 overcomes this of Figure 2 has substantially zero power
disadvantage in that the variation-in its consumption only when [err] is at
ground, but  transition point is reduced to approximately not when  [err]
is at [err] volts. This  50 millivolts, for VDD equal to 10 volts, 10
embodiment  is  suitable for  many  over the usual manufacturing processing
75 applications wherein a "power-down" mode range. The circuit of Figure 1
is nearly is needed, and is less complex and less  independent of process
variations and expensive than the embodiment of Figure 1.  relative
impedance of the various P-channel Figure 3 is a schematic diagram of a two
and N-channel devices. It is important that 15  input comparator/inverter
circuit. The  the pair of N-channel MOSFETs consisting  80 reference
circuit, the differential amplifier, of N-channel MOSFETs 38 and 40 and the
and the output inverter are substantially pair of P-channel MOSFETs 48 and
52 have similar to those in Figure 1. However, the  as low offset voltage
(i.e., difference in input circuitry has been added in Figure 3 to
threshold voltage) as possible. In an 20  accomplish the desired response
to two  integrated  circuit implementation, the  85 inputs. Figure 3
includes inputs 12A, offset voltage variation can be minimized by labelled
V   and 12B, labelled [err]. P- topographical layout techniques. channel
MOSFETs 102 and 104 are coupled    The - circuit of Figure 1 is essentially
in series between VDD and node 106. The  comprised of a current mirror type
current 25  gate of MOSFET 102 is connected to input source, a differential
amplifier, an output  90 12A  and the -gate of MOSFET 104 is  bufferand
assorted switch devices to make connected to inut 12B. N-channel  the
circuit power consumption substantially MOSFETs  114 and 116 are connected
in  zero for the logical "0" and logical I" input parallel between ground
and node 118. The  states. 30  gate of MOSFET 114 is connected to [err]
The operation of the circuit of Figure I is  95 and the gate of MOSFET 116
is connected  as follows. to [err]. P-channel MOSFET   110 and N-   Assume
initially that [err] is at zero volts. -channel MOSFET 108 are connected to
Then MOSFET 35 is off andnocurrent will form an inverter between VDD and
ground. flow in node 34 of the current source. 35  The gates of MOSFETs 110
and 108. are  MOSFET 38 of the differential amplifier 100 connected to node
106. It should be noted  portion is also -off so that no current will that
the corresponding MOSFETs in Figure  flow through that leg of the
differential I have the same reference numerals as in  amplifier 20.
Because of the action of load Figure 3. Node 106 is also connected to the
devices 48 and 52, MOSFET 52 will be in a 40  gate of P-channel MOSFET 72.
The drains  very high impedance state. To guarantee 105 of MOSFETs 108 and
110 are connected to  that MOSFET 52 is off, MOSFET 50 pulls 112, which is
connected to the inputs of node 54 to [err]. Since MOSFET 64 is off MOSFETs
26 and 60.                      node 63 and node 66 go to [err]. MOSFET 40
P-channel MOSFET 120 and N-channel and MOSFET 44 will be turned on which 45
MOSFET   122 form   another inverter  will guarantee that node 56 remains
at 110 connected between VDD and ground. The  ground, which will in turn
cause [err]  to gates of MOSFETs 120 and 122 are  remain at VDD volts.
connected to node 118 and the drains are    As [err] starts rising and
passes the N- connected to node 124. Node 124 is  channel threshold
voltage, MOSFETS 35 50  connected to the gate of MOSFET 35 and  and 64 will
turn on. Then current will- flow  115 the gate of MOSFET 50. Resistor RI of
-the  in the current source. It is assumed that the reference circuit is
connected between current flowing in the current source is node 66 and 106.
Resistor R2 is connected  determined essentially by resistor R3. Also
between node 66 and node 118.         node 63 will be pulled to ground. It
is also 



55    It is seen that Figure I is essentially  assumed that the series
resistance of RI and 120 equivalent to a CMOS inverter with a very  R2 is
much greater than the "o  resistance accurate  transition   point. It is
'also  of MOSFETs 64 and 69. Node 66 will then equivalent to a CMOS
inverter in that the  be at [err]=[R2/(R1=R2)] [err]. Since DC current of
the inverter drops to zero  MOSFETs 50 and 44 are now  turned off, the 60
when the input is at [err] or ground. With  differential amplifier is in
its active region. 125 this circuit, the  transition  point is nearly  When
[err] approaches [err]  in value, the independent of processing variations.
This  differential amplifier will be in its high gain is not true  of a
standard CMOS  inverter. region  of  operation  and  node  56  will The
transition  point is defined as the value  approach  V   at   steep rate.
During this 65   of [err] required to cause the output signal to
transition, node  56  will pass through the 130    4
1,596,226                                    4 transition point of the
output buffer made  and 76, and [err] will go from [err] to ground up of
MOSFETs 74 and 76. [err] will go   volts. When the magnitude of [err] from
VDD to ground volts                becomes less than the P-channel
threshold When the magnitude of [err]          voltage,  nodes 118 and 106
will go to 5  becomes less than the P-channel threshold  ground. Reference
node 66 will also go to  70 voltage, MOSFETs 26 and 60 will turn off,
ground. Node 112 will go to VDD which will causing the current through the
current cause MOSFETs 26 and 60 to turn off, source and differential
amplifier to be cut thereby preventing  any current from off. MOSFET 69
will turn off, which will flowing through the current source of the 10
pull  nodes 66 and 70 to ground volts. This differentialamplifier. MOSFET
72is turned  75 wil in turn cause MOSFET 72 to conduct,  on and guarantees
that node 56 will. remain which will guarantee that node 56 remains high,
which will cause [err] to remain low. at [err] volts. Therefore, circuit 10
acts as a  For all combinations of the inputs being at very   precise
transition   point [err]  or  ground  the circuit power 15
comparator/inverter when the power consumption is substantially zero.
80 consumption is substantially zero' when the input [err] is at either
ground volts or [err]    WHAT WE CLAIM IS:- volts.
1. A  circuit having aprecise transition Figure 2 is the same type of
circuit as point i.e. the input voltage required to cause 20  Figure 1, but
has substantially zero power the output voltage to equal one half the
consumption only when V  is at ground  power supply voltage, comprising
volts. This circuit could be useful, for   input means for receiving an
input signal, example, on an LSI type circuit wherein a   first and second
voltage conductors, one-shot circuit or  a one-pin oscillator is  reference
means physically coupled 25  desired which has a standby zero power
between said first and second voltage mode.
conductors for producing a reference  90 The circuit in. Figure 3 is
essentially  voltage at a node thereof, equivalent to the circuit in Figure
1  except.  first amplifier means having a first input for an added input.
The output of the circuit coupled to said input means and a second 30  will
go low if either or both inputs have a [err]  input coupled to said node of
said reference greater than [err]. This circuit would have  means, for
producing an amplified output  95 application when working in conjunction
signal in response to said input signal, said with the signal input
comparator circuit of amplified output signal having a first Figure 1.
transition  point determined- by said 35    Referring to Figure 3, first.
assume that reference voltage at said node, [err] and [err] are both at
ground volts. Since   inverter means having an input coupled 100 MOSFETs
114 and 116 are off, nodes 118  to an output of said first amplifier means
for and 106 are at VDD Therefore, node 66 is at inverting said amplified
output signal to V   volts and no current will flow through  produce an
amplified inverted output signal 40  reference resistors RI and R2. Nodes
124 having said precise transition  point and 112 are at gound, therefore
MOSFET  determined by said first transition point in 105 35 is off,
preventing any current from  response to said amplified output signal;
flowing through the current source of the  first current control means for
selectively differential amplifier. MOSFETs 40 and 44  electrically
coupling said reference means 45  are on, and therefore node 56 is at
ground, to said first or second voltage conductors in which results .in the
output being at [err].  response to said input signal; and second 110 When
either [err] or [err] starts rising and  current control means for
selectively. 



passes the N-channel threshold voltage, electrically ..coupling. said first
amplifier node 118 will go to ground. It is assumed  means to said first
and second voltage 50  that the sum  of the resistance of the  conductors
in response to said input signal. reference resistors [err] and [err] is
much    2. A  complementary  MOS circuit 115 greater than the "on"
resistance of comprising: MOSFETs 114, 116, 104, and 102. Node 66   first
and second voltage means; will change from [err] volts to [err], which is
input means for. conducting an input 55  given by the above equation. Node
124 will signal; go to VDD volts which will cause MOSFET    reference means
coupled to said first and 120 35 to turn on, and the differential amplifier
second voltage means and also coupled to section will become active. As
[err] or [err] said input means for generating a reference approaches
[err], the differential amplifier voltage when said input signal is
greater- in 60  will be in its high gain region of operation, magnitude
than a first threshold voltage; and node 56 will approach' [err] at a.
steep  differential amplifier means coupled to 125 rate corresponding to
the gain of the said input means. and said reference means differential
amplifier section. Node 56 will for producing a first output signal pass
through the transition point of the substantially equal to the voltage of
said 6S  output buffer consisting of MOSFETs 74 first voltage means on the
condition that    4                              1,596,226 transition point
of the output buffer made  and 76, and [err] will go from VDD to ground up
of MOSFETs 74 and 76. VOUT will go  volts. When the magnitude of VIN-V from
[err] to ground volts.                becomes less than the P-channel
threshold When  the  magnitude of [err]  voltage, nodes 118 and 106 will go
to 5  becomes less than the P-channel threshold  ground. Reference node 66
will also go to  70 voltage, MOSFETs 26 and 60 will turn off, ground. Node
112 will go to VDD, which will causing the current through the current
cause MOSFETs 26 and 60 to turn off, source and differential amplifier to
be cut thereby  preventing  any  current from off. MOSFET 69 will turn off,
which will flowing through the current source of the 10  pull nodes 66 and
70 to ground volts. This  differential amplifier. MOSFET 72 is turned  75
will in turn cause MOSFET 72 to conduct, on and guarantees that node 56
will remain which will guarantee that node 56 remains  high, which will
cause [err] to remain low. at VDD volts. Therefore, circuit 10 acts as a
For all combinations of the inputs being at very   precise   transition
point VDD or ground  the circuit power 15  comparator/inverter when the
power consumption is substantially zero.              80 consumption is
substantially zero when the input [err] is at either ground volts or [err]
WHAT WE CLAIM IS:- volts.                                     1. A circuit
having a precise transition Figure 2 is the same type of circuit as point
i.e. the input voltage required to cause 20  Figure 1, but has
substantially zero power the output voltage to equal one half the
consumption only when [err] is at ground  power supply voltage, comprising
85 volts. This circuit could be useful, for   input means for receiving an
input signal, example, on an LSI type circuit wherein a    first and second
voltage conductors, one-shot circuit or a one-pin oscillator is . reference
means physically coupled 25  desired which has a standby zero power between
said first and second voltage mode.
conductors for producing a reference  go The circuit in Figure 3 is
essentially  voltage at a node thereof, equivalent to the circuit in Figure
I except   first amplifier means having a first input for an added input.
The output of the circuit coupled to said input means and a second 30  will
go low if either or both inputs have a [err]  input coupled to said node of
said reference greater than [err]. This circuit would have  means, for
producing an amplified output  95 application when working in conjunction
signal in response to said input signal, said with the signal input
comparator circuit of amplified output signal having a first Figure 1.
transition  point determined  by said 35    Referring to Figure 3, first
assume that reference voltage at said node, [err] and [err] are both at
ground volts. Since   inverter means having an input coupled 100 OSFETs 114
and 116 are off, nodes 118  to an output of said first amplifier means for
and 106 are at VDD. Therefore, node 66 is at inverting said amplified
output signal to VD volts and no current will flow through  produce an
amplified inverted output signal 40  reference resistors [err] and [err].
Nodes 124  having  said  precise transition  point 



and 112 are at ground, therefore MOSFET  determined by said first
transition point in 105 35 is off, preventing any current from  response to
said amplified output signal; flowing through the current source of the
first current control means for selectively differential amplifier. MOSFETs
40 and 44  electrically coupling said reference means 45  are on, and
therefore node 56 is at ground, to said first or second voltage conductors
in which results in the output being at VDD.  response to said input
signal; and second 110 When either [err] or [err] starts rising and
current control means for selectively passes the N-channel threshold
voltage, electrically coupling said first amplifier node 118 will go to
ground. It is assumed  means to said first and second voltage 50  that the
sum  of the resistance of the  conductors in response to said input signal.
reference resistors RI and R2 is much    2. A  complementary  MOS circuit
115 greater than the "on" resistance of comprising: MOSFETs 114, 116, 104,
and 102. Node 66   first and second voltage means; will change from [err]
volts to [err], which is  input means for conducting an input 55  given by
the above equation. Node 124 will signal; go to [err] volts which will
cause MOSFET    reference means coupled to said first and 120 35 to turn
on, and the differential amplifier second voltage means and also coupled to
section will become active. As [err] or [err] said input means for
generating a reference approaches [err] the differential amplifier voltage
when said input signal is greater in 60  will be in its high gain region of
operation, magnitude than a first threshold voltage; and node 56 will
approach VDD at a steep    differential amplifier means coupled to 125 rate
corresponding to the gain of the said input means and said reference means
differential amplifier section. Node 56 will for producing a first output
signal pass through the transition point of the substantially equal to the
voltage of said 65  output buffer consisting of MOSFETs 74 first voltage
means on the condition that    5
1,596,226                                5 said input signal is lower than
said reference  responsive to said input signals for both voltage and
substantially equal to the  electrically coupling said reference means
voltage of said second voltage means on the  and said differential
amplifier means to said condition that said input signal is greater second
voltage means and electrically de- 5   than said reference voltage.
coupling said reference means and said  30 3. A  complementary MOS circuit
as  differential amplifier means from said first claimed in claim 2
comprising            voltage means when said input signal is at a first
means coupled to said first and  voltage substantially equal to the voltage
of second voltage means and to said reference  said first voltage means. 10
means and to said differential amplifier    5. A  complementary MOS circuit
as  35 means and being responsive to said input claimed  in  claim  3
comprising  a signal for both electrically coupling said  complementary MOS
inverter coupled to reference means and said differential  said
differential amplifier means for amplifier means to said first voltage
means  producing an inverted second output signal 15   and electrically
de-coupling said reference  responsive to said first output signal.  40
means and said differential amplifier means    6. A  complementary  MOS
circuit from said second voltage means when said  substantially as
hereinbefore described and input signal is at a voltage substantially  as
shown in the accompanying drawings. equal to the voltage of said second
voltage 20   means.                                              For the
Applicants: 4. A  complementary MOS circuit as        F. J. CLEVELAND &
COMPANY, claimed in claim  3 comprising second          -Chartered Patent
Agents, means coupled to said first and second            40-43 Chancery
Lane, voltage means and to said reference means          London, WC2A lJQ.
25 and to said differential amplifier means Printed for Her Majesty's
Stationery Office, by the Courier Press, Leamington Spa, 1981 Published by
The Patent Office. 25 Southampton Buildings, London. WC2A lAY, from which
copies may be obtained.    


