
2134737 "AMPLIFIER". The present invention relates to an amplifier and more
particularly, to an operational amplifier suitable for use in a MIS
integrated circuit constituted of MISFETs (insulated gate field effect
transistors). 5             An amplifier having the construction shown in
Figure 1 of the accompanying drawings is known. The amplifier includes: a
differential input stage. 1; an output amplification stage 2;  and a phase
compensation circuit 3. 10            The differential input stage 1
consists of a pair of differential input MISFETs [err], load MISFETs [err]
which are connected between the drains of these MISFETs Q3, Q4 and a power
source line DL in order to form a current mirror circuit, and a constant 15
current MISFET Q  connected between the common source of the differential
input MISFETs [err] and the reference potential line SL of the circuit. The
output amplification stage 2 consists of a MISFET Q connected between the
power source 20 line. DL and an output terminal [err] and a constant
current MISFET [err] connected between the output terminal Vout and the
reference potential line S1 of the circuit.    



-2- The phase compensation circuit 3 consists of a resistor R1 and a
capacitor C5 which are connected in series between the output terminal
[err] and the drain of MISFET Q2 described above. 5             A reference
voltage [err]   is applied to the gates of MISFETs Q5, Q7 so that these
transistors [err] operate as constant current sources. MISFETs [err] are
p-channel MISFETs while MISFETs Q3, Q4, Q5, Q7 are n-channel MISFETs. 10
The amplifier described above can be made to constitute a voltage follower
by connecting its inversion input terminal [err] to its output terminal
[err] so as to have its non-inversion input terminal IN  function as the
input terminal. 2 15            If this input temrinal is connected to
earth, the voltage follower becomes substantially insensitive to the power
source noise. In other words, when the potential of the power source line
DL moves up and down due to the power source 20  noise, the potential at a
node [err] and the source potential of MISFET Q  also move    -3- up and
down in response to the former.  Accordingly, 



transient noise appears at the output terminal [err].  Since the output
terminal V    is connected to the inversion input texminal [err], that is,
5  since feedback is applied, however, it is believed that virtually no
noise appears at the output terminal [err]. As a result of examination of
the voltage follower composed of the amplifier described above, 10
however, we have ascertained that noise does appear at the output terminal
[err] when noise of a relatively high fre- guency is applied to the power
source voltage. In other words, since the phase compensation 15 circuit 3
or the like is located  at the drain of MISFET [err], the value of
capacitance coupled to this transistor [err] and,the value of capacitance
coupled to the drain of MISFET  [err]  do not balance with each other, so
that a phase difference 20 occurs between the noise appearing at the drain
of * MISFET Q and the noise appearing at the drain of MISFET [err]. In the
case of a noise at a low frequency, the potential difference between the
drain of 25 MISFET [err] and that of MISFET Q  that occurs due to    -4- 



this phase difference is relatively small. For this reason, the drain
voltage of MISFET [err] is substantially changed in such a direction as to
restrict the potential change of the output terminal 5   [err] by feedback
and hence, the potential change of the output terminal [err] is smal1 in
the case of the power source noise at a low frequency. In contrast, in -the
case Df a power source noise at a relatively high frequency, e.g. around 10
300 KHz, the potential difference between -the drain of MISFET [err] and
that of MISFET [err] occurring due to the phase difference is relatively
great, so that the drain voltage of MISFET  [err]  is changed in such a
direction as to enlarge the potential 15  change of the output terminal
[err] by applying feedback. Moreover, the capacitor [err] forming the phase
compensation circuit can not cut the power source noise of a relatively
high frequency but transmits it as such to the output terminal [err] 20
For these reasons, the potential change at the output terminal [err]
reaches a level that can not be substantially neglected, in the case of the
power source noise of a relatively high frequency. It is therefore an
object of the present    -5- 



invention to provide an amplifier having a high power source noise
repression ratio. According to a first aspect of the present invention
there is provided an amplifier including: 5             (a) a non-inverting
input terminal; (b) an inverting input terminal; (c) a first differential
input field effect transistor of a first conductivity type, having the gate
thereof connected to said inverting input terminal; 10            (d) a
second differential input field effect transistor of the first conductivity
type, having the gate thereof connected to said non-inverting input
terminal; (e) an active load circuit having a first 15 terminal to which
the drain of said first differential input field effect transistor is
connected, a second terminal to which the drain of said second differential
input field effect transistor is connected, a third terminal to which a
power source terminal is connected, 20 and a control element connected
between said second and third terminal and having the conductance thereof
controlled in accordance with the potential of said first terminal; (f) a
phase compensation circuit connected to 25 said second terminal of said
active load circuit;           - (g) a feedback circuit for applying an
output signal to said inverting input terminal, which output  



- 6- signal is based occurring at said second terminal of said active load
circuit; and (h) means connected to said first terminal so as to reduce the
voltage difference between a voltage 5 change of a power source voltage
applied to said power source terminal and a voltage change occurring at
said second terminal of said active load circuit due to the voltage change
of the power source voltage. According to a second aspect of the present 10
invention there is provided an amplifier including: (a) a first
differential input field effect transistor of a first conductivity type;
(b) a second differential input field effect transistor of the first
conductivity type; 15           (c) an active load circuit having a first
terminal to which the drain of said first differential input field effect
transistor is connected, a second. terminal to which the drain of said
second differential input field effect transistor is connected, a third 20
terminal to which a power source terminal is connected, and a control
element hwich is connected between said * second and third terminals and
whose conductance is controlled in accordance with the potential at said
first terminal; 25           (d) a phase compansation circuit connected 



to said second terminal of said active load circuit;    -7- (e) an output
circuit having a fourth terminal to which said power source terminal is
connected, and generating an output signal on the basis of the potential at
said second terminal of 5 said active load circuit; and (f) means connected
to said first terminal so as to reduce the voltage difference between a
voltage change of a power source voltage applied to said power source
terminal and a voltage change 10 occurring at said second terminal of said
active load circuit due to the voltage change of said power source voltage.
The present invention will now be described in greater detail with
reference to the remaining 15 figures of the accompanying drawings,
wherein:- Figure 2 is a circuit diagram of a preferred form of amplifier;
Figure 3 is a circuit diagram of an experimental circuit designed to
examine the 20 characteristics of the amplifier; Figure 4 is a set of
graphs illustrating the characteristics of the amplifier; and Figure 5 is a
sectional view of an MIS 



integrated circuit.    -8- Referring first to Figure 2, the amplifier
includes a differential input stage 1, an output amplification stage 2, a
phase compensation circuit 3 and a bias circuit 4. 5             In Figure
2, each circuit encompassed by dot-and-chain line is formed on one
semiconductor substrate by complementary MOS integrated circuit techniques.
The differential input stage 1 consists of 10  a pair of differential input
MISFETs [err] a MISFET Q   which has its source connected to the drain of
MISFET [err], load MISFETs [err] connected between the drains of MISFETs
[err] and a power source line DL in order to form a current mirror circuit,
a 15  constant current MISFET [err] connected between the common source of
the differential input MISFETs Q [err] described above and a reference
potential line SL, and a capacitor [err] connected between the drain of the
load MISFET [err] and earth. 20            In the embodiment shown, the
input MISFETs [err] and MISFETs [err] are of the n-channel type while the
load MISFETs [err] are of the p-channel type, and the constant current
MISFET Q22 is of the 



n-channel type.    -9- The input MISFETs [err]  and [err]  have the same
size and the same characteristics. Similarly, the load MISFETs [err] and
[err] forming the current mirror circuit have the same size and the same 5
characteristics. Thus, the offset voltage and drift current of the
differential input stage 1 are reduced to a minimum. In the drawing the
substrate gates of the n-channel MISFETs [err] and [err]   are 10
respectively connected to their sources as repre- sented by a dash line
while the substrate gates of the other n-channel MISFETs are connected to
the lowest potential point, that is, the reference potential line SL.  The
substrate gates of the 15  p-channel MISFETs are connected to the highest
potential point, that is, the power source line DL. 'Since the potential of
the substrate gate of each differential input MISFET is equal to its 20
source potential, the transistor is not substan- tially affected by the
characteristic change due to the known substrate effect.  As a result, the
limit to the input voltage range can be reduced. 



The output amplification stage 2 consists of    - 10 - a p-channel MISFET
24 connected between the output terminal [err] and the power source line DL
and a constant current MISFET [err]  connected between the drain of the
p-channel MISFET Q   and the reference 5   potential line SL. The phase
compensaiton circuit 3 consists of a p-channel MISFET Q23 and a
phase-compensating capacitor [err] connected in series between the drain of
MISFET [err]  and the output terminal [err]. 10            The bias circuit
4 consists of n-channel MISFETs [err] and p-channel MISFETs [err], [err].
The MISFET Q   forms a current mirror circuit in cooperation with the
constant current MISFET Q22 in 15 the differential input stage 1, with the
constant current MISFETs Q   in the output amplification stage 2 and with
MISFET [err] and applies bias to these transistors. The MISFET Q forms a
current mirror circuit 20  in cooperation with MSIFETs [err] and [err] and
applies bias to them. A predetermined reference voltage Vref2 is applied to
the gate of MISFET Q   to enable it to remain suitably conductive.
Accordingly, 



the  voltage across the power source terminal VDD and    the earth terminal
GND is divided in the conduct- ance ratio between the conductance of MISFET
[err] and that of MISFET      and the constant voltage obtained by this
voltage division is applied to 5  each of MISFETs [err] and [err]. In
consequence, the MISFET Q  is provided with suitable conductance. The
voltage across the power source terminals [err] and [err] is divided in the
conductance ratio between the conductance of 10 this MISFET Q  and that of
MISFET  [err], and the resulting constant voltage is applied to the
constant current MISFET [err]  in the differential input stage 1, the
constant current MISFET       in the output amplification stage 2 and to
MISFET 15 Q     As a result, MISFETs [err] and [err] operate as
constant current sources. The gate of each MISFET [err] is connected to its
drain so as to form a kind of diode.  Since MISFET Q16 operates as a
constant current source, 20 the potential at a node [err] is at a
predetermined constant value. Since a predetermined potential is thus
applied to MISFET [err] forming the phase compensation circuit 3, it
operates as a kind of resistance element. 



25      In this embodiment, the threshold voltages    - 12 - and
characteristics of MISFETs [err] and [err] are set so that the potential at
the node [err] is sub- stantially equal to that at the node [err]. The
threshold voltage and characteristics of MISFET 5      are set so as to
form a voltage, between the nodes [err] and [err], which corresponds to the
voltage to be applied across the source and gate of MISFET so that this
transistor has a predetermined resistance value. 10      Accordingly, even
when the potential of the power source voltage line DL changes, the resist-
ance value of MISEET [err] can be held at a pre- determined value. In other
words, when the potential of the power source line DL changes, the 15
potential of the node n2, that is, the source potential of MISFET [err],
changes in response to the former. In this case, the potential of each node
[err] also changes in response to the potential change of the power source
line DL. 20 Since the potential changes of the nodes [err] and [err] are
equal to each other, the voltage across the source and gate of MISFET [err]
remains constant without being substantially affected by the poten- 



tial change of the power source line DL. Thus, 25 phase compensation can be
made stably.    - 13 - The drain of MISFET     is connected to the gate and
the transistor operates a kind of diode. The potential of the node [err] is
substantially constant because MISFET [err] operates as a constant 5
current source. In this embodiment, the MISFET Q   is operated in the
saturation range. The threshold values and characteristics of the constant
current MISFET and diode-connected MISFET [err] for forming the voltage 10
to be applied to the gate of Q18 are set so that MISFET [err] operates in
the saturation range. Since MISFET [err] is thus operated in the saturation
range, the drain voltage of the dif- ferential input MISFET [err]  can be
kept substantially 15  constant even when the potential of the power source
voltage line DL changes due to noise or the like.  In other words, the bias
to the differential input MISFET [err] is hardly affected by the poten-
tial change of the power source voltage line DL. 20       This arrangement
makes it possible to reduce the transmission of the power source noise from
the input terminal [err] to the output terminal 



[err] through a feedback circuit even if such a feedback circuit is
connected between the input 25  terminal [err] and the output terminal
[err].    - 14 - Unless the MISFET Q   is provided, the drain voltage of
the differential input MISFET [err] will change in response to the
potential change of the power source voltage line DL. As is well 5  known,
MISFETs have parasitic capacitance due to the overlap of their gate
electrodes with the drain region. Accordingly, the fluctuation of the drain
voltage of the differential input MISFET [err] is transmitted to its gate
electrode and then 10  to the output terminal [err] through the feedback
circuit.  If the MISFET [err] which operates in the saturation range is
connected between the differ- ential input MISFET [err] and its load
circuit as is in the present embodiment, the drain voltage of 15  the
differential input MISFET can be kept sub- stantially constant with respect
to the potential change of the power source voltage line DL. As a result,
it becomes possible to reduce the transmission of the power source noise
from the 20  input terminal to the output terminal through the feedback
circuit. 



In the embodiment, a capacitor [err] is connected to the drain of the load
MISFET .Q17 forming a current mirror circuit. 25      This capacitor [err]
has a capacitance such that    - 15 - the -phase of the noise occurring at
the node n due to the power source noise becomes substantially equal to the
phase of the noise occurring in the power source line DL due to the power
source noise. 5      As a result of research carried out, we have ex-
amined the relation between the capacitance of the capacitor C1 and the
power source noise repression ratio (hexeinafter referred to ad "PSRR")
using the experimental circuit illustrated in Figure 3 10  and could
obtained effective PSRR in such a range in which the capacitance of the
capacitor C1 was substantially equal to that of the capacitor C2 described
above. Here, PSRR represents the ratio of the amplitude [err] applied to
the power source 15  voltage to the change quantity [err] of the output
voltage [err] thereby generated, as.expressed by the following equation:
PSRR  [err]  (dB) As can be seen clearly from the above equation, 20  the
greater PSRR, the more insensitive becomes the 



amplification circuit to the power source noise. The experimental circuit
designed by us and the results of the tests carried out, will now be
described with reference to Figures 3 and 4.    - 16 - The experimental
circuit is formed in view of the possibility that the amplification circuit
shown in Figure 2 is used in a switched capacitor. In other words, the
experimental circuit consists 5   of anoperational amplifier  OP1 which is
analogous to the amplifier shown in Figure 2, a feedback capacitor [err]
connected between the inverting input terminal (-) and the output terminal,
a load capacitor [err], MISFETS [err] and [err] for simu- 10  lating a
switch in a switched capacitor and a capacitor [err] for simulating a
capacitor to which a charge is transferred in the switched capacitor. Earth
potential is applied to the non- inverting input terminal of the
operational amplifier 15          [err], one of the electrodes of the
capaci- tor [err] and one of the electrodes of the capacitor [err], and a
stabilized voltage [err] is applied to- the reference potential line SL of
the operational amplifier   OP1 and to the gate of the p-channel 20  MISFET
[err].  A stabilized voltage VDD is applied 



to the gate of the n-channel MISFET [err].  The voltage VDD is also applied
to the power source voltage line DL of the operational amplifier OP    - 17
- through a signal generation circuit which gener- ates noise. This signal
generation circuit generates a sine wave of 300 KHz having a peak- to-peak
amplitude of 100 (mV).  Accordingly, a 5   voltage VDD to which 300 KHz
noise with a peak- to-peak amplitude of 100 (mV) is added is applied to the
power source voltage line DL. In this experimental circuit, the capacitance
of the capacitor [err] is set to 2 (pF) and that of 10  the capacitor
[err], to 20 (pF).  The phase-compensating capacitor [err] (see Figure 2)
of the operational amplifier [err] is set to 5 (pF). The threshold values
of the N-channel MISFET and p-channel MISFET forming the experimental 15
circuit are 0.75 (V) and -0.56 (V), respectively. The voltage VDD is 5 (V)
with the voltage [err] being -5 (V). The reference voltage Vref2 in the
operational amplifier OP1 is 2.5 (V) and the experimental temperature is
[err], and the capaci- 20  tance of the feedback capacitor C  is 4 (pF). In
Figure 4, the PSRR value when the capacitance 



of the capacitor C1 is changed from 4 (pF) to 7 (pF) is shown as PS21, and
as PS22 when the capacitance. of the feedback capacitor CF is 25 30 (pF).
Table 2 illustrates the    - 18 - size W/L (W: channel width, L: channel
length) and conductance of each MISFET forming the operational amplifier
OP1 in the two kinds of experiments described above (see Figure 2). 5
The characteristic curves PS11, PS12, PS21 and PS32 represent the
experimental results when the threhsold voltage Vthn of the n-channel
MISFET, the threshold voltage Vthp of the p-channel MISFET, the capacitance
of the feedback capacitor [err], the measuring 10 temperature and the
voltages VDD and Vss are set to those shown in Table 1, respectively.
Judging from the experimental results shown in Figure 4, the PSRR value
becomes higher if the capacitance of the capacitor [err] is a little
greater 15 than the capacitance of the phase-compensating capacitor C2 in
the amplifier, e.g., about 5.5. (pF).  In other words, the amplifier
becomes more insensitive to the power source noise. Since the capacitance
of the capacitor [err] set to 20 relatively high values as substantially
equal to that 



of the phase-compensating capacitor [err] as described above, the parasitic
capacitance that is unavoidably generated when MISFETs [err] and the like
are formed cannot be used as the capacitor C1.  In this embodiment, 25
therefore, the capacitor C1 is arranged separately    -19- from the
parasitic capacitance. An example of -the structure of this capacitor [err]
will be described in further detail with reference to Figure 5. Table 1
Charac-  Threshold  Capacitance    Measuring    Power     Reference
teristic  voltage   of feeedback   temperature  source    voltage curve
(v)    capacitor [err]  [err]      voltage   [err] (V)      (V) PS11
[ERR]=+0.90      6                     [ERR]=4.5 90 PS12   [ERR]=-0.71
30                     [ERR]=-4.5 PS21   [ERR]=+0.75      6
[ERR]= 5 27                  2.5 PS22   [ERR]=-0.56     30
[ERR]=-5 PS31   [ERR]=+0.60      6                     [ERR]=5.5 -20 PS32
[ERR]=-0.41     30                     [ERR]=-5.5  



- 20 - Table 2 Mutual conductance    Source-drain MISFET   W/L
[err]         conductance g [err]   114/8        4.40 x [err]        4.16 x
[err] [err]   114/8        4.78 x [err]        1.41 x [err] [err]   114/8
4.43 x [err]        3.94 x [err] [err]    96/8        4.05 x [err]
4.23 x [err] [err]    21/10       1.46 x [err]        6.44 x [err] [err]
120/10       3.75 x [err]        2.80 x [err] [err]   120/10       3.77 x
[err]        2.68 x [err] [err]   27.5/8       1.27 x [err]        2.96 x
[err] [err]   170/6        1.81 x [err]        2.38 x [err] [err]    10/27
1.04 x [err]        6.86 x [err] [err]    10/70       6.08 x [err]
2.94 x [err] [err]   120/16       5.49 x [err]        1.27 x [err] [err]
75/12       4.98 x [err]        5.80 x [err] [err]   100/20       4.07 x
[err]        8.06 x [err] [err]   300/10       1.05 x [err]        5.85 x
[err] [err]   200/16       9.30 x [err]        1.05 x [err] [err]   150/6
2.87 x [err]        1.25 x [err]    - 21 - Referring back again to Figure
2, it will now be 



explained     why PSRR of the amplifier can be improved by making the phase
of the noise appearing at the node [err] substantially equal to that of the
5   noise appearing in the power source line DL. The amplifier of this
embodiment is used while the feedback circuit is connected between the
output terminal [err] and the inverting input terminal [err]. As the
feedback circuit, a 10  circuit consisting of a resistance element, a
capacitor, a wiring or a parallel connection of a capacitor and a switching
element is used. When an integration circuit is to be formed by use of this
amplifier, for example, a capacitor 15  or a parallel circuit of a
capacitor and a switch- ing element is used as the feedback circuit as is
known well in the art and when a voltage follower * circuit is to be formed
by this amplifier, a wiring is used as the feedback circuit.  In these 20
cases, the earth potential is generally supplied to the non- inverting
input terminal of the ampli- fier. Unless the capacitor [err] is provided,
the capacitance value coupled with the node [err] becomes 25 smaller than
the capacitance value coupled with    - 22 - 



the node n2.  When the potential of the power source line DL is raised by
noise of a relatively high frequency, for example, the potential at the
node n3 rises in response to the rise of the 5    potential and the
potential at the node n2 then rises. The potential at the node [err] rises
due to the potential rise of the node [err] and that of the -power source
line DL. The potential rise of the mode [err] is transmitted to the gate of
MISFET [err] 10   through the feedback circuit.  Since it is the noise of a
high frequency, the potential at the node [err] drops to a relatively low
level in this time. The potential at the node [err] is further reduced by
MISFET [err].  Accordingly, the potential 15   at the node [err] drops to a
low level, whereby MISFET [err] substantially raises       the potential at
the node n2.  Since the gate potential of the p- channel MISFET [err] is
greatly raised, the poten- tial at the node [err] is substantiallyreduced.
Since 20   the potential at the output terminal [err] is thus reduced
greatly, noise develops. In contrast, if the capacitor [err] is provided as
shown in Figure 2,   the potential at the node [err] is kept at a
relatively high value when the 25   potential rise at the node [err] is
transmitted to    



- 23 - the gate of MISFET [err] through the feedback cir- cuit. For this
reason, even when the potential at the node n3 is reduced, the potential is
at a higher value than when the capacitor C is not 5    provided.  In other
words, the potential rise .at the node [err] is limited to a value lower
than when - the capacitor [err] is not provided, so that it is possible to
prevent the potential at the output terminal [err] from being reduced
excessively by 10.  MISFET [err]. In other words, it is possible to
minimize the potential change at the output terminal and to improve PSRR.
Since the amplitude of the potential at the node [err] is limited, it
becomes 15   also possible to minimize the potential change transmitted to
the output terminal [err]  through the phase compensation circuit. Though
the noise of a high frequency has been thus explained, PSRR of the
amplifier against the 20   noise in the low frequency range can also be im-
proved in the case of noise of a low frequency because the potential change
at the node n2 is limited. The foregoing explains the case where the 25
feedback circuit is provided, but PSRR of the   



- 24 - amplifier can be improved also in the case where the feedback
circuit is not provided, by connect- ing a capacitor [err] having such a
capacitance that the phase of the noise in the power source line 5   DL
becomes substantially the same as the phase of the noise appearing at the
node [err] to the node [err]. Unless such a capacitor [err] is provided,
when fnr example, the potential of the power source 10  line DL rises due
to the power source noise, the potential at the node n3 also rises
substantially simultaneously. Since the phase compensation circuit is
connected to the node [err], however, the potential at the node n2 rises
belatedly with respect to the 15  potential rise of the power source line
DL. Accordingly, a relatively large voltage is applied across the source
and gate of the p-channel MISFET [err]. The conductance of this MISFET
[err]  thus becomes relatively great, causing a relatively 20  large change
of the potential at the node [err].  In other words, noise appears at the
output terminal [err]. When the capacitor [err] is connected to the node
n3, on the other hand, the phase of the- noise 25  occurring at the node
[err] is retarded from the noise  



- 25 - in the power source line DL. In other words, since a delay circuit
is composed of the conduct- ance of MISFET [err]  and the capacitor [err],
the potential change at the node [err] is much more 5  delayed than the
potential change in the pvwer source line DL. When, for example, the
potential in the power source line DL rises due to the power source noise,
the potential at the node n, rises belatedly from the potential rise of the
power 10  source line DL, so that a relatively large voltage is applied
across the source and gate of the p- channel MISFET [err], thereby
increasing the con- .ductance of MISFET     and speeding up the poten- tial
rise at the node n2. 15      As can be understood from the description
above, the phase of the potential change occurring at the node [err] can be
regulated by controlling the capacitance of the capacitor [err] .
Accordingly, the phase of the potential change occurring at the node 20.n2
can be made substantially the same as the phase * of the potential change
in the power source line DL by setting the capacitance of the capacitor
[err] to an appropriate value (substantially equal to the capacit- ance
of the capacitor [err] in this embodiment), so 25 that the voltage applied
across the source and 



- 26 - gate of the p-channel MISFET [err] becomes smaller than when the
capacitor [err] is not provided. Hence, the conductance of MISFET [err]
becomes smaller than when the capacitor C1 is not provided and the 5
potential change at the node [err] becomes smaller. In other words, the
noise appearing at the output terminal [err] due to the power source noise
can be reduced and PSRR of the amplifier can be improved. The amplifier
shown in Figure 3 can obtain 10 high PSRR such as shown in Figure 4 due to
the two reasons described above. In Figure 2, SR1 is a switching regulator
which forms a positive voltage VDD with respect to  earth    potential and
SR2 is a switching 15 regulator which forms a negative voltage [err] with
respect to earth potential. The switching regulator consists of a switch-
ing element, a transformer to which an input voltage swtiched by the
switching element is 20 applied and which forms an output voltage, and a
stabilization circuit which receives the output voltage generated by the
transformer and controls the switching element so that its output voltage
reaches a predetermined value. 



25    -27- Upon the switching operation of the switching element, the
switching regulator forms the output voltage. Undesirable noise unavoidably
adds to the output voltage generated from the regulator 5     due to the
switching operation.  The operation speed of the switching operation has
been increased in order to reduce the size and weight of the switching
regulator. This results in the problem that undesirable noise of a
relatively high fre- 10   quency, e.g., about 300 KHz, adds to the output
voltage generated by -the -switching regulator. The characterising features
of a switching regulator such as the compact size and light weight can be
effectively utilized if the switching 15    regulator is used as the power
feed device for the amplifier which is highly resistive to the power source
noise as in this embodiment. As described above, an amplifier having high
PSRR can be obtained by the simple construction 20    in which only a
capacitor is provided. Figure 5 is a sectional view of an MIS inte- grated
circuit incorporating therein the amplifier described above. 



Next, the structure each of the above-mentioned 25    capacitors [err]
p-channel MISFET and n-channel    - 28 - MISFET will be described.  The
load MISFET [err] and the differential input MISFET [err] will be dealt
with as the typical examples of the p- and n- channel MISFETs, respectively
5       A polysilicon layer 111 formed on an N-type single crystal silicon
substrate 100 via a rela- tively thick oxide film 106 forms one of the
electrodes of the  apacitor [err] and a silicon oxide layer 113 forms the
electric layer of the 10 capacitor [err] . An aluminium layer 115 formed on
the polysilicon layer 111 via this silicon oxide layer 113 forms the other
electrode of the capacitor C1. Similarly, a polysilicon layer 112 formed on
the N-type single crystal silicon substrate 100 via 15 the relatively thick
oxide film 106 forms one of the electrodes of the capacitor [err] and a
silicon oxide layer 114 forms the dielectric layer of the capacitor [err].
An aluminium layer 120 formed on the polysilicon layer 112 via this silicon
oxide layer 20 114 forms the other electrode of the capacitor C2. Since the
layers forming the electrodes of each capacitor are separated from each
other by 



the relatively thick silicon the substrate  the parasitic capacitance that
would be otherwise 25 formed between the electrode and the substrate can
- 29 - be reduced.  Accordingly, the capacitor [err] having a desired value
can be formed between the node [err] (the node [err]) and earth potential
point (the drain of MISFET [err]) by selecting suitably the areas of the
aluminium 5   layer and polysilicon layer forming the electrode of the
thickness of the silicon oxide film forming the dielectric layer. Though
not particularly limitative, the aluminium layer 115 forming the other
electrode of the 10  capacitor [err] is connected to the node [err] (see
Figure 2) and the polysilicon layer 111 forming one electrode, to earth
potential.  The aluminium layer 120 forming the other electrode of the
capacitor C2 is connected to one of the electrodes of MISFET Q   and the
polysilicon 15  layer 112 forming one electrode of the capacitor C2, to the
node n6 (see Figure 2). The p-channel MISFET [err] consists of p-type
diffusion regions 103, 1-4 formed on the n-type silicon substrate 100 and
the gate electrode 122 20 consisting of the polysilicon layer formed on the
substrate 100 via a relatively thin gate 



oxide layer 105.  The n-channel MISFET Q21 consists of n-type diffusion
regions 107, 108 formed in a    - 30 - p-type well region and the gate
electrode 123 consist- ing of a polysilicon layer formed on the well region
via a gate oxide layer. Next, the method of fabricating this MIS 5
integrated circuit will be explained. .(A)  A p  type well region 101 is
first formed on the N  type single crystal silicon sub- strate 100 in a
region where the n-channel MISFET is to be formed.  A silicon oxide layer
and 10  then a silicon nitride layer are formed in the p type well region
101 and the region where the p-channel MISFET [err] is to be formed.  Boron
and phosphorus are selectively diffused, respectively, into the region
where this silicon nitride layer 15 is not formed, thereby forming channel
stoppers 102 and 109.  The surface of the silicon substrate is then
oxidized selectively using the silicon nitride layer as the mask, thus.
forming a field oxide layer 106. 20   .  (B)  After the silicon oxide layer
and the silicon nitride layer are removed, the surface of 



the regions where MISFETs [err] are to be formed is oxidized, forming a
thin gate oxide layer (silicon oxide layer) 105. 25      (C)  Polysilicon
is deposited by chemical    - 31 - vapour deposition to the entire surfaces
of -the field oxide layer 106 and gate oxide layer 105, and is selectively
etched by photoetching to form polysilicon layers 122, 123, 111 and 112 so
as to 5    leave the portions where the gate electrodes 122, 123 and one
electrode 111, 112 of each capacitor [err] is to be formed.  Next, the gate
oxide layer exposed by photoetching is removed by etching. 10         (D) A
photoresist mask is formed in the region where the n-channel MISFET is to
be formed and diffusion of a p-type impurity is effected using boron or the
like. Thus, the gate electrodes (polysilicon layers) 122 and the
polysilicon 15    layers 111, 112 come to have low resistance.  At the same
time, boron is doped to the main surface of the silicon substrate 100 in
self-registration with the gate electrode 122, thereby forming the p type
diffusion regions as the source and drain 20   regions 103 and 104. 



*     (E)  After the photoresist mask formed at the step (D) is removed,
another photoresist mask is formed in the region where the p-channel MISFET
[err] is to be formed, and an n-type impurity such 25   as phosphorus is
diffused.  Thus, the gate    - 32 - electrode (polysilicon layer) 123 comes
to have low resistance. At the same time, phosphorus is doped to the main
surface of the p type well region 101 by self-registration and [err] type
dif- 5    fusion regions as the drain and source xegions 107 and 108 are
formed. (F) After the photoresist mask formed at the step (E) is removed, a
phospho-sillicate glass layer 110 is formed on the entire surface by
chemical 10  vapour deposition.  This phosphosilicate glass layer on the
surfaces of the polysilicon layers 111, 112, that form one each electrode
of the capacitors [err], is removed by photoetching. The surfaces of the
polysilicon layers 111, 112 15   thus exposed are then oxidized to form
silicon oxide layers 113, 114 as the dielectric layers of the capacitors
C1, C2. (G)  Contact holes are bored on the phospho- silicate glass in the
source and drain regions 



20   103, 108 and 104, 107 of MISFETs [err] and on the pfiospho-silicate
glass on the polysilicon layers 111, 112 of the capacitors [err].  Inciden-
tally, the contact hole formed on the phospho- silicate glass on the
polysilicon layers 111, 112 25   is not shown in the drawing.    -33 - (H)
An aluminium layer is deposited on the entire. surface by vapour deposition
or the like and etching is then effected in a desired shape. Aluminium
wiring layers 116, 117, 118, 119 and 5   aluminium  layers 115, 120
covering the polysilicon layers  111, 112 are then formed. (I) A final
passivation layer 121 is formed on the aluminium wiring layers and
aluminium layers to complete the MIS integrated circuit such as 10
depicted in Figure 5. Incidentally, the n-channel MISFET [err] is formed on
the same p-type well region as MISFET [err], MISFET [err] is formed in the
same p-type well region as MISFET [err] and MISFET [err], in the same 15
p-type well region as MISFETs [err].  The source region of each MISFET is
electrically con- nected to the p-type well region in which it is formed.
This arrangement can reduce the charac- 



teristic change due to the substrate effect. 20        The layers 113, 114
forming the dielectric of the capacitors. C1, C2 may be nitrite layers,
respectively.  In this case, the capacitors C1, C2 having high capacitance
can be obtained easily because the dielectric constant of nitrite is 25
higher than that of silicon oxide.  In the    - 34 - embodiment described
above, one of the electrodes of each capacitor C1, C2 consists of
polysilicon doped with a p-type impurity, but it may be also composed of
polysilicon to which an n-type 5   impurity is doped. Though the amplifier
that operates on the two kinds of power source voltages [err] and [err] has
been described, the embodiment is mot. limita- tive in particular. For
instance, the present 10 invention can be also applied to the amplifier
which operates on one kind of power source voltage [err]. The amplifier to
which the present invention is applied is used as an operational
amplification 15 circuit forming a CODEC integrated circuit, for example,
to improve the power source noise repres- sion ratio of the CODEC
integrated circuit as a 



whole.  However, the present invention is not particularly limited thereto
but can be widely 20 applied to those amplifiers (operational ampli-
fiers), as means for improving their PSRR. Depending upon the fabrication
condition of an MIS integrated circuit, the phase of the noise at the node
[err] can be made substantially equal to 25  that of the noise in the power
source line even    if the capacitance of the capacitor [err] is not
substantially equal to that of the phase compensating capacitor C2, thereby
improving the PSRR of the amplifier. The capacitance of the capacitor C1
can 5 be varied depending upon the intended PSRR value. The phase
compensation circuit described above is not particularly limitative,
either.    - 36 - CLAIMS. 1.        An amplifier including:- (a) a
non-inverting input terminal; (b) an inverting input terminal; (c) a first
differential input field effect 5 transistor of a first conductivity type,
having the gate 



thereof connected to said inverting input terminal; (d) a second
differential input field effect transistor of the first conductivity type,
having the gate thereof connected to said non-inverting input 10 terminal;
(e) an active load circuit having a first terminal to which the drain of
said first differential input field effect transistor is connected, a
second terminal to which the drain of said second differential 15 input
field effect transistor is connected, a third terminal to which a power
source terminal is connected, and a control element connected between said
second and third terminal and having the conductance thereof controlled in
accordance with the potential of said 20 first terminal; (f) a phase
compensation circuit connected to said second terminal of said active load
circuit; (g) a feedback circuit for applying an output signal to said
inverting input terminal, which output 25 signal is based occurring at said
second terminal of said active load circuit; and    - 37 - (h) means
connected to said first terminal so as to reduce the voltage difference
between a voltage change of a power source voltage applied to said power 



source terminal and a voltage change occurring at said 5 second terminal of
said active load circuit due to the voltage change of the power source
voltage. 2.        An amplifier according to claim 1, wherein said active
load circuit comprises a current mirror circuit and wherein a first
constant current circuit 10 is connected to the source of said first and
second differential input field effect transistors. 3.        An amplifier
according to claim 1 or 2, further including a third field effect
transistor which is connected between said first terminal of said 15 active
load circuit and the drain of said first differential input field effect
transistor and is operated in a saturation range. 4.        An amplifier
according to claim 3, wherein said means comprises a first capacitor
connected 20 between said first terminal and a terminal having a
predetermined potential. 5.        An amplifier according to claim 4,
wherein said first capacitor comprises a first conductivity layer formed on
the main surface of a semiconductor 25 substrate via a field insulation
film, an insulating layer formed on the surface of said first conductivity
layer and a second conductivity layer formed on said first conductivity
layer via said insulating layer. 



6.        An amplifier according to Claim 2, wherein said current mirror
circuit comprises a fourth field 5  effect transistor of a second
conductivity type having its source connected to said third terminal, its
drain connected to said second terminal and its gate connected to said
first terminal, and a non-linear element connected between said third
terminal and said 10 first terminal. 7.        An amplifier according to
Claim 6 wherein said non-linear element comprises a fifth field effect
transistor of the second conductivity type having its source connected
tosaid third terminal 15 and its gate and its drain connected to said first
terminal. 8.        An amplifier according to. Claim 4 wherein said phase
compensation circuit comprises a first resistance element and a second
capacitor. 20 9.        An amplifier according to Claim 8, further
including an output terminal receiving an output signal formed on the basis
of a signal occurring at said second terminal of said current mirror
circuit, the first resistance element and said second 25 capacitor which
form the phase compensation circuit being connected in series between said
second terminal and said output terminal.    



- 39 - 10.       An amplifier according to Claim 9, wherein said first
resistance element consists of the source to drain path of a sixth field
effect transistor receiving at the gate thereof a predetermined voltage. 5
11.       An amplifier according to Claim 9 or 10, further including an
output circuit receiving a signal generated at said second terminal of said
current mirror circuit and generating said output signal on the basis of
said signal received. 10 12.       An amplifier according to Claim 11,
wherein said output circuit comprises a seventh field effect transistor of
the second conductivity type, having its source connected to said power
source terminal, its drain connected to said output terminal and its 15
gate connected to said second terminal of said current mirror circuit, and
a third constant current circuit connected to said output terminal. 13.
An amplifier according to any one of the preceding claims, wherein said
feedback circuit 20 consists of a second resistance element connected
between said output resistance element connected between said output
terminal and said inverting input terminal. 14.       An amplifier
according to any one of the 25 preceding claims 1 to 12, wherein said
feedback circuit of a third capacitor connected between said output
terminal and said inverting input terminal. 



- 40 - 15.       An amplifier according to any one of the preceding claims
1 to 12, wherein said feedback circuit consists of a wiring connected to
said output terminal and to said inverting input terminal. 5   16.       An
amplifier including: (a) a first differential input field effect transistor
of a first conductivity type; (b) a second differential input field effect
transistor of the first.conductivity type; 10             (c) an active
load circuit having a first terminal to which the drain of said first
differential input field effect transistor is connected, a second terminal
to which the drain of said second differential input field effect
transistor is connected, a third 15  terminal to which a power source
terminal is connected, and a control element which is connected between
said second and third terminals and whose conductance is controlled in
accordance with the potential at said first terminal; 20             (d) a
phase compensation circuit. connected to said second terminal of said
active load circuit; (e) an output circuit having a fourth terminal to
which said power source terminal is connected,- and generating an output
signal on the basis of the 



25 potential at said second terminal of said active load circuit; and    -
41 - (f) means connected to said first terminal so as to reduce the voltage
difference between a voltage change of a power source voltage applied to
said power source terminal and a voltage change 5   occurring at said
second terminal of said active load circuit due to the voltage change of
said power source voltage. 17.       An amplifier according to claim 16,
wherein said means comprises a capacitor connected between 10 said first
terminal and a predetermined power source terminal. 18.       An amplifier
according to claim 16 or 17, wherein said active load circuit comprises a
third field effect transistor of a second conductivity type, 15  having its
gate connected to said first terminal, its source connected to said third
terminal and its drain connected to said second terminal, and a load
element connected between said first and third terminals. 19.       An
amplifier according to any one of the 20 preceding claims 16 to 18, wherein
said output circuit comprises a fourth field effect transistor of the
second conductivity type, having its source connected 



to said fourth terminal and its gate connected to said second terminal of
said active load circuit.    - 42 - 20.       An amplifier according to
claim 18, wherein said load element of said active circuit comprises a
fifth field effect transistor of the second conductivity type, having its
source connected to said third terminal 5   and its gate and its drain
connected to said first terminal. 21.       An amplifier constructed and
arranged to operate substantially as herein described with reference to and
as illustrated in Figures 2 to 5 of 10 the accompanying drawings.    


