2134737 "AMPLI FI ER'. The present invention relates to an arz:-i%aﬂgard nor e
particularly, to an operational anplifier suitable for useh

integrated circuit constituted of MSFETs (insulated gate field effect
trangLstors). 5 .o An anplifier having the construction shown in
Figuré 1 of the:.acconpanying drawi ngs is known. The anplifier includes;,—a
differential input stage. 1; an output anplification stage 2; and a ph sg\
conpensation circuit 3. 10 | The differential input stage 1 f
consists of a pair of differential input MSFETs [err], |oad M SFETs °
whi ch are connected between the drains of~these M SFETs @B, &4 and a power
source line DL in order to forma current mrror circuit, and a constant 15
current. M SFET Q connected between the common source of the differential

i nput M SFETs [err] and the reference YRMPLIFEERYi ne SL of the circuit. The
output anplification stage 2 consists of a MSFET Q connected between the
power source 20 line. DL and an output termnal [err] and a constant
current M SFET [err] conneERedPIR$§Reninvenbiopurelates e arwrmphif igr

reference potential line S1 of the circuit. L .
- 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 émplifier having the construction shown
in figure 1 of the accompanYing drawings is known.
The amplifier includes: a diffe:enﬁial input stage 1;
an output amplification stage 2; and a phase
compensation circuit 3.
10 ' The differential input étage'l coﬁsists of
a pair of.differentiallinpuﬁ_MISFETé Q3s Q4 .load :
MISFETs Q;, Q, which are connected between the drains
of.these MISFETs Qs, Q, and a power source.line DL in
order to form a current mirror ciréhit, and a constant
current MISFET Q5 connegted betweeivihe'commqn source
- of the diffgfeqtial inpgt MISFETs 63' Q4 and the
reference potential line SL of the circuit.
~The outpuf amplification;stage 2 consists
of a MISFET Q6 qonhected between the power source

20 line DL and an output terminal Vou and a constant

t
currenthISFET'Q7_connected between the output terminal

Vout and the reference potential line S1 of the

circuit.



-2- The phase conpensation circuit 3 consists of a resistor Rl and a
‘capacitar C5 which are connected in series between the output term nal
[err] arf
vol tage [Bfr] is applied to the gates of M SFETs b, Q7 so that these’_,
transikstor/s [err] operate as constant current sources. M SFETs [err] are
p- chan M SFETs while M SFETs 3, 4, b, Q7 are n-channel M SFETs. 10
The anplifier described abowe Zan be nade to constitute a voltage foll ower
by connecting its inversion input termnal [err] to its output term nal
[err] so as to have its non-inversion input termnal IN function as the

i nput ternisnal . The phase compengatign GIKRH1% ohrGIRFLSES connected to
earth, the voltage follomeé becones, substantially insensitive to the power

sour ce ¥bideFeF It RhR RIHL. SARAFHIRY fog RIS '¥FS the power source |ine
DL d.d d tq t.h 20 - noise,.,th i al
node | SPTRETTET nth SR RARIRTIAI Y T GRET GRS o | -3 Up and
down i naﬁc?smgsc?réfntcg@ ﬁfgﬂ@f 'Qz- A&&Qéﬂ% Yabove. :

5 : A reference voltage Vrefl is applied to

the gates of MISFETs Q., Q, so that these transistors

Qs, Q, operate as constant current sources.

he drain of M SFET 2 descri bed above. 5 A reference

MISFETs Q,, Q,, Qg are p-channel MISFETs U

whilé MISFETs Q3, Q4, Q5, Q7 are n-phannel MISFETs.
10 L The amplifief described above can be made
to constitute a valtage follower by connecting its
inversion input terminal IN, éo its Output terminal
.Vout so as to have its non-inversion input terﬁinal
IN, fundtion as the input terminal.
15 If this input temriﬁal'is connected to earth,
the voitage follower becomes substantially |
insensitive to the power source noiée. In other | -
words, when the potenﬁial of'the power source
line DL moves up and down dutho_the power source
20 noise, the_potential ét.a node'n'1 and the source

potential of MISFET Qé also move

L



transient _noi se appears at the output termnal [err]. Since the output
termnal V I's connected to the inversion input texmnal [err], that i
-5 since feedback is applied, however, it is believed that virtually
noi s¢ "appears at the output terninal [err] As a result of exam nati
t he V6ftage fol Lower conposed of the anplifier described above, 10

however, we have ascertained that noise does, appear at the output tern1na
[err] when noi se of a relatively high fre- Shency is applied to the power
source vol tage. I'n other words, since the phase conpensation 15 circuit 3

or the like is Iocagpg the drain of ‘M SFET [err], the val ue_ of
capaci t ance coup® F?ﬂ"é‘ e FGSRWWES 9 | the ferRey 4| ulceprdipadyvance

led to the d SEET d t. bal th h oth
Chat a phase di 1 FERBREE™0 AR e%m%?ﬁ@a%é‘ﬁﬁﬁpﬁew%é‘ﬁa “the drain
f * M SFET th h f M SFET In th
- gase of a no?sgngpué;el 2%‘?‘%53%‘3%5%@ p%? I|§g‘zﬂ‘ nﬁﬁte‘?’%nﬁg %ﬁf%gn '?he ©
drain of 25 M SFES &kl i nrakdiuit _iQIpLM Sf&nﬂxai hag OCELE fue to -4-

L

5 since feedback is applied, however, it is believed .

s that virtually no noise appears at the output

terminal vout' _ |
U As a result of exemination of the voltage
follower eomposed of the amplifier desc:ibed.above,
10 however, we have ascerteined '
that noise does appear at the'oﬁtput
term;nal.VBut when noiee of a relatively high fre-
quency'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.Qz, the Qalue of capacitance coupled to
‘this transistor Q, and the value of.capacitance
coupled to the drain of MISFET él do ﬁot-baience
- with each other, so that a phase difference
20 occurs between the noise appearihg at the drain of
* MISFET Q, and the noise appearing at the drain of
MISFET Ql wr | | |
In the case of a noise at a low frequency,
the potentlal dlfference between the drain of

25 MISFET Ql and that of MISFET Q2 that occurs due to



this phase difference is relatively small. For this reason, the drain
vol tage of M SFET [err] is substantially changed in such a direction as to

restricg~the potential change of the output termnal 5 [err] by feedback
and he %9 the potential change of the output termnal [ert] is small i ;
t he cas f the power source noise at a |ow frequency. In contrast, in -The

case Df a power source noise at a relatively high frequency, e.g. around 10
300 KHz, the potential diffé&rénce between -the drain of M SFET [err] and
that of M SFET [err] occurring due to the phase difference is relatively
great, so that the drain voltage of MSFET [err] is changed in such a
directi o ' not ept .3 z a f the_output term nal
[err] by appl??ﬁggé2%%§2%£€nﬁgf%gvgg#agggeggpgc?%gf [%??] form ng the phase
conpensaitinis Gid&abr , Coe "@katHt vbeaBRVEE ARSFES BO! 38 of a relatively
hi gh frequency but transmts it as such to the outpét terminal [err] 20
For thesauteasasially ehikgédaincBaBBcaadibbet9Bhrak ke minal [err]
reaches a level that can not be substantially neglected, in.the case of the
power souresetridisetlnéd potehtialethahgghofr eHEebaYpukt tesmihgLef ore an
obj ect of the present -5- o ' ¢
5 Vbutlnrfaxkadcandlmmce,the;ntaﬁiaicmamﬁiofiie

output terminal Vout

power source noise at a low frequency.

is small in the case .of the

In contrast, in the case of a power source

noise gt'a.relativéiy.high irequeﬁQY.'e;g;,“a:onnd

10 300 KHz, the potential difference between the '
drain of MISFET'Ql:and that.of MISFET Qz'occurring
dﬁe to the phase difference is relati#ely great,
so that the_draih voitage of.MISFET Ql is changed
in such a direction és to enlarge the potential

15 change of the output terminal.V'out by-apblying
feedback. Moreover, the capaciqu.cs forming the
phase compensation bircpit'can not cut the power W

source noise of a-relativeiy high frequency but

5.

transmits it as such to the output terminal Vout®
20° For these reasons, the potentigl change at the | ¥
outﬁut terminai Vout reaches a level that caﬁ not
be substantially heglécted, in the case of the
power sourcé noise of a reIaiivély.high frequency.

It is therefore an object of the present



invention to provide.an anplifier having a high power source noise
repression ratio. According to a first aspect of the present invention

‘there_js provided an anplifier including: 5 (a) a no :xerting
i npw_termnal; (b)~an inverting input termnal; (c) a first dif gnti al

input field effect transistor of a first conductivity type, havi e gate
t her eof connected to said inverting input ®erninal; 10 (d) a
second differential input field effect transistor of the first conductivity

type, having theigaeatibareof peovi@st £ dfpBaf e A0Kav VG4 | Righ NBker
termnal; (e) an active load circuit having a first 15 termnal to which
the drain of saidofircetndi$éereptessiompratioel d effect transistor is
connected, a second terminal to which the drain of said second differenti al
input field effect transi shegordingnheca eflirsttaspect cofii the presdntth a
power source termnal is connected, 20 and_a control elenment connected
bet ween sai d secdRUSBRECRhERETe of Fi PEPVEFRC hawi #apt hEienntnel udierd t her eof
controlled in_accordance with the potential of said first termnal; (f) a
phase compensation circuit (BdnAeBPBRIIRBEDEiRg| §NBUEORETRERAT hal of sai d
active load circuit; eedback, circuit ior appl yi ng an

- a_ft
out put signal to said invefF?nﬁni%8ﬁ?rFéPﬁ1ﬁﬁP?tmﬁ?EﬂlBﬁ put

¢ (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 ha&ing 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 séid second differential
input field effect transistor is connected, a third
terminal to which a power source terminal is connected,

20 and a control eiement connected between said second and
third terminal.and héving.the conductance thereof
controlled in accordance with the potential of said
first terminal;

(£) 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 termnal of said active |oad
circuit; and (h) neans connected to said first termnal so as to reduce the
voItage?afﬁgerence between a voltage 5 change of a power source voltage_

applieg;‘jé/ald power source ternminal and a voltage change-occurring at. .
said s c&n termnal of said active load circuit due to the voltage change
of the r source voltage. Acgording to a second aspect of the present 10
invention there is provided an anplifier including: (a) a first

differg - j St ongu ity type
(b) a s ond e?é%tlékﬁiééﬁé %ﬁggiégf éﬁ ?%%é*s f 8 %%#d rst
conducd ¢ e 13&@ cidBcuit; and (C) an active |-oad CIrCUIt haV|ng a first
termnal to which the drain of said first differential input field-effect

transi stor is coRpchéshs acoRseORtedt€sdand £Dravi edrhheadrabn of said
second differential input field effect transistor is connected, a third 20

ternm nas to medode atipeoweslsage cdi fferemce betwesmetwsltanel a contro
el ement hwi ch is connected between said * second and third term nals and
whose chargetafice pewennsewttedvohtage aapphibed vio hsahd powenti al at said
first termnal; 25 (d) a phase conpansation circuit connected
source terminal and a vol age 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 emplifier 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 conductiQity type:
15 (c) an active load circuit ﬁaving a fi?st
terminal to which the drain of said first differential
ihput_field effect transistor is connected, a second.
terminal to which the drain of said second differential _ ;,-
input field effece transistor is connected, a third
20 terminal to which a power source terminal is connected,
and a control element hwich is connected between said v
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;



to said second termnal of said active |load circuit; -7- (e) an output
circuit having a fourth termnal to which said power source termnal is

connected, and generating an output signal on the basis of the potential at
sai d; second ternminat of 5 said active load circuit; and (f) neans cohnfet éd

"to sard first terminal so as to reduce the vol tage difference between. B
vol t age change of a power source voltage'hﬁbFTed to said power source

term nal and a voltage change 10 occurring at said second term nal of said
active load circuit due tdget)hanvoutpyt chaegdtohavdnd pofenrsburce volt age.
The present invention will . now be described in greater detail wth
reference to theersdimali tgy Whichgsedd gowelre seuesepieyminadr a®i ngs,
wherein:- Figure 2 is a circuit diagramof a preferred formof anplifier;
Figure 3 is a ciccamectebagend Gengyading: afe AuAPYUL sdgraldes; §hed to

exam ne the 20 characteristics of t.hEi anplifier; Fi %tfjre 4.1s.a _set of
graphs illustratasdst o &her potentdglcatosaine s A t&FMLBAY Prgure 5 is a

Esectlonal vigw %gfﬁqggéive load circuit; and

) (f) means connected to said first terminal
: ' so as to reduce £he VOltage difference between a
voltage change of a power source voltage applied to
W said power source terminal and a voltage change
10 occurring at.said second terminal of said active
load circuit due to the volﬁage change of said
power source voltage. |
The present invention will now be deécribed
in greater detaii with reference to the reﬁaining
15 figufes of the aécbmpanying 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

-7 © 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.



|ntegra ted circuit. -8- Referring first to Figure 2, the anplifier
I ncl a differential input stage 1, an output anplification stage 2, a
phasééb/ﬁpensatlon circuit 3 and a bias circuit 4. 5 In F|gure
. circuit enconpassed by dot-and-chainline is forned on one ';r
sem conductor substrate by conplementary MOS integrated circuit techniques.
The differential input stage 1 consists of 10 a pair of differential input
M SFETs [err] a MSFET.Q which ha® Tts source connected to the drain of
"M SFET [err], |oad NISFETs [err] connected between the drains of M SFETs"
[err] and a power REOFELLihd NEiEdt i o OF f@hrd 02 f OFHR Sarfd { €I M rror circuit,
a 15 constant current M SFET [err] connected between the commbn source of
the di f finehtded a npif fét&hiisl Qamit |stogerl path ahaymsutand a reference
potential line SL, and a capacitor [err] connected between the drain of the
| oad M SFEIlificdtionl stage.220a phase compeémsdthicorenhincbuwdient3 shown, the
i nput M SFETs [err] and M SFETs [err] are of the n-channel type while the
| oad NISFE#Sa[Qﬁéﬁ @kxcwit the p-channel type, and t he constant current

M SEFT Q2 is of the
In Figure 2, each circuit encompassed by

e

dot-and-chain line is formed on one semiconductor
substrate by éomplementary MOS integrated circuit
techniques.. | | . | - QJ

The differential input stage 1 consists of |

10 a pair of differential input MISFETs Q197 Qy; 2
MISFET Q,o which has its source connected to the drain
of MISFET ng, load MISFETs Q17, on connected between
the drains of MISFETs Q,gr Q,; and a power source line
DL in order to form a éurrent ﬁirror circuit, a

15 constant gurrent MISFET Q-22 connected between the
common soﬁrce of the differential input MISFETs 019,
Q,, described above.and a reference potential line -

SL,-and a capacitor C, connected between the drain of ~
the. load MISFET Q17 and earth.

20 : In the embodiment shown, the input MISFETs
ng, Q21 and MISFETs Q18 are of the n-channel type
while the load MISFETSs Q17, Q20 are of the p—channel
type, and the constant current MISFET Q22 is of the
n-channel typé. |

¢



n-channel type. -9- The input M SFETs [err] and [err] have the sane
si2e and the sane characteristics. Simlarly, the |load M SFETs [err]

[err] forming the current mrror circuit have the sanme size and thé<:§§§>5
char@cteristics. Thus, the offset voltage and drift current of the
différential input stage 1 are reduced to a minimum In the drawing the
substrate gates of the n-channel M SFETs [err] and [err] are 10
respectively connected to their sources @s-repre- sented by a dash line
whil e the substrate gates of the other n-channel M SFETs are connected to
the | owest potential point, that is, the reference potential line SL. The
substrate gates of the 15 p-channel M SFETs are connected to the highest
potential point, that _is,,6 the power source line DL. 'Since the potential of
the substrate gate of TRACHBRFMISFETE Q) gp@dvRorEhave ddimisame jts 20
source potential,,the transistor is _not substan- ti fected by the

characteristic cPifge2RReti® FABeLFBRR2S m%f?%ﬂf Yr resul t, thé
limt to the inpyle VPLLA%GT EARPE 673 Q%arﬁg%f%%cming'the current
i | mirror circuit have the same size and the same
. 5 @haracteristics. Thus, the offset voltage and
‘drjift cuixent of the differential input stage 1
W are reduced to a minimum. | | |
In the drawing;'the:snbstrate gates of the
n-channel MISFETS Q,,, Q5+ Qg+ Q)9 and Q,q are
10- Trespectively connected to their sources as repre-
sented by a dash line while the substrafe gates of
 the other n-channel MISFETs are connected to the 
~ lowest potential point, that is, the feference «
.potential line SL. The substrate gateé of the
15 p-channel MISFETs are connected to.the highest
"potential point, that is, the power source line ~
_ DL: | |
< - ';“ “Since the'péteﬁtial of.ihe substrate gate of
ffeach d;fférenfial inpuﬁ ﬁISFET ié equél to its |

20 sourcé potential, the transistor is not substan-

£

1%ially affected by the characteristic change d&ue
to the kﬁown'substrate effect._ As a result, fhe ;
limit to the input voltage range can be reduced.

The output amplification stage 2 consists of



The output anplification stage 2 consists of - 10 - a p-channel M SFET
24 comiject ed between the output termnal [err] and the power source line DL
and stant current M SFET [err] connected between the drain of the

I

p-chavael M SFET Q and the reference 5 potential line:SL. The phasa:;
conpensaiton circuit 3 consists of a p-channel M SFET 23 and. a '

phase- conpensati ng capacitor [eLL#'cgnnected I n series between the drain of
M SFET [err] and the output ter 'Ral [err]. 10 The bias circuit
4 consists of n-channel M SFETs [err] and p-channel M SFETs [err], [err].
The M SREP-cGhanhednMISFETr Qgpt cennegtedi Petweenntbeoputauton with the
constant current M SFET 22 in 15 the differential input stage 1, with the
const anteERipat Vi,eFEne dhe pavweKesSeUrFst 1aRgl PLi 8Bdi 8n stage 2 and with

M SFET [err] and applies_hias tqg these transistors. The M SFET Q forns a
current SRPE BPtCFP%%FP%2§‘SFﬁTC§QﬁeF89P8ﬁtﬁ§t ?%BPPET§EFerr] and [err] and
appl i es jbias t em_ A, predet L.oed .refergn vol ttage Vref2 is applied to
The gat S78R R PR-EReCR- SRR I EFRY e BN B BasRY S ek Guct i ve

Accgrdiggkgntial line SL. ' ' s

The phase compensaiton circuit 3 consiﬁts of
a p-channel MISFET Qé3 and a'phése;compensating |
capacitor C2 connected in series between the drain of
‘MISFET Q21 and the output terminal Vout.
.10 _ The bias circuit 4 consists of n-channel
MISFETS Q),, Q15s Q3s Qp¢ and p—channe;.MisFErs Qg+
Qs Q117 Q147 915-
The.MISFET 013 forms a cﬁrrent mirror circuit
in cooperation with the constant current MISFET Q,, in
15 the differential input stage 1, with the éonstant
current MISFETs 025 in the output amplification
- stage 2 and with MISFET Qis, and applies bias to
these transistors. | | \;)
The MISFET Qa_forms a current mirror circuit

\
20 " in cooperation with MSIFETsS Q9 and Q11 and applies
bias to them. A predetermined reference voltage ' -
Vref2 is ap?lied to the gate of MISFET Q, to enable
it to remain suitably conductive. Accordingly,

thg@voltage across the power source terminal VDD and

y
e



the voltage across the power source termnmnal VDD and
G\D is divided in the conduct-
[err] and that of M SFET

voltage division is applied to 5 each of MSFETs [err] and [err].

conséquence,

the MSFET Q is.provided with suitable conductance. The
vol tage across the power source termnals [err] and [err]

the earth term na
ance rati o between the conductance of’
and the constant voltage obtained by {t.-

FET

is divided in the

conduct ance rati o between the conductancalof~ 10 this .M SFET Q and that of
M SFET [err],

constant current MSFET [err]  in_the differential input stage 1, the
constant turrenth® SrEth termipalneNBudguliydeed: ilélamncﬂ'%g@

M SFET 15 Q

constant curren®PS® FRE

predeterm ned ¢
applied to M SF

and the resulting constant:voltage is applied to the

As a reiult, M SFETs erate as

ase comnpensat1 On-cCr rcui

operates as @ kiRenObs' AISPERECH, ChARCRY - .

%

10

15

20

25

In oonsequence,the MISFET Qq is provided with

suitable conductance. The voltage across the
power sourceftefminalo Vpp 2né V. is divided in
the conductance ratio between the conductance of
this MISFET Q, and that of MISFET Q,, and the
resulting constant voltage is applied to .
tho constant current MISFET szfin the differential
input stage 1, the cohsﬁant current MISFET_QZS'in
the output émplifioation stage 2 and to.MISFET
Q16‘ As a result, MistTs Qlé' sz ond Q25 operate
as constant current sources.

| The gate of-each MISFET ng, Q;S is connected
to its drain'so as to-form a kind of diode. Since _
MISFET le oﬁe?ates és -a “oonstant current soﬁrce,
the potential at a node.ns is at a predetermined
constant vaiﬁe{ Since a predetermined potential
is thus applied to MISFET Q,, forming the phase.
compensation cirouit 3, it opérates as a kind of
resistance element.

In this émbodiment, the threshold voltages

- and to
[errh and [err]_o _
c f ° *fﬁE"@%Pg Be E9P “IW‘@EE‘F CrMSFET Qgected to its
[ [ | .S M SEET
Conetany ot enkRokbek SoAintbR o Rl ol ook, S 2° °
BHShBL Bl tnc ' DRERoR BUOUBUIN 04 BRI led 8 1S



- 25

In this enbodi ment, the threshold vol t ages - 12 -

and

characteristics of MSFETs [err] and [err] are set so that the potential at

thr
for

d voltage and characteristics of MSFET 5 are- set so as tow”

vol t age, between the nodes [err] and [err], which corresponds to the

theéggéf [err] is sub- stantially equal to that at the node [err]. The _.

voltage to be applied across the source and gate of M SFET so that this
transi stor has a predeterm ned {gslstance val ue. 10 Accordingly, even

when the potential -of the power

ource vaoltage |ine DL changes, the resist-

.ance value of MSEET [err] can be held at a pre- determ ned value. In other
W?ﬁ? _ & f our | pn€ changes, the 15 |
al of 't e&%)%‘gi n%cé)h%%hﬁ, f é?é&r%@dpoﬂén%gl of M SFET [err],
changes ddt s Riee tie [POLdREIRT - atNthBi ﬁoﬁésﬁu’ iae gpatential of each node

wor ds,
pot ent i

[err] al so changes in response to the potenti al
l'ine DL.sgkhtddKEy

equal t

5

10

15

20

_ _ change of the power source
tédguaDt eptthat Caenghe Abdeha nodeane err] and [err] are

o each other, the voltage across.the sodrce and gate of M SFET [err]
remai ns tinredreoild wolbvage band gchabatcterisitiysabife MISFETY t he poten-

Q,5 are set so as to form a voltage, bétween"the_
nodes n7 and ng, which correéponds;iolihe voltage

to be applied across the soufce and gate of MISFET

Q54 SO that this transistor has a pxedete:minea
resistance valne. _ _
Accordingly, even when the pptentiai.of fhe
power source voltage lihe'DL.chanées, the resist-
ance value of MISFET Q0,5 can be held ét a pre-
detexrmined value. In'cfhér words, when the -
éotential of the poﬁér source line DL cﬁanges, the
potential of the node n,, that is, the source
potential of MISFET Q,3s changes iq.response t§
the former. 1In thi; case, the pofential of each
node n,, ng also changes ih respohsg to the
potential change of the power source iine'DL.
Since the potential changes of éﬁe nodés n, ana
ng aré equal toheacﬂ'other} the voltage across.
the source and gate of'MISFET Qé3 rémains constant
without being substantially affected bf the poten-

tial change of the power source line DL. Thus,

25 phase compensation.'can be 'xﬁade stably.

L]



tial change of the power source line DL. Thus, 25 phase conpensation can be
nmade stably. - 13 - The drain of M SFET Is connected to the _gate and

=

the transistor operates a kind of diode. The potential of the no %fjr] S
suQ§tantiaIIy const ant because M SFET [err] operates as a constaE?iﬁ/
curfent source. In this enbodinment, the MSFET Q is operated i e
saturation range. The threshold values and characteristics of the constant
current M SFET and di ode-connect ed NISFEleeLr] for form ng the voltage 10
.to-be applied to the gate of QL8 are set s0 that M SFET [err] operates in

the saturation range, Si_nce M SFET Eerr I's thus operated in the saturation
range, the drain voFP8g8¥8in; RE MISFETRam i GIRACHREAES $her] can be

kept substantially 15 nstant even _when the potential of_fhe power source
vol tage |ine Dﬁaﬁéaﬁﬁgs%gﬁe Gmﬁ&?g roPpﬁ?é’qﬁ%Eeﬁ. q"r’?&o‘? e‘?"?x%‘?ds,: the bias
to the differeptial . . F errlsi s hardl ffecie t he poten-

tial change of E%’ﬁe"ﬁ&%&bﬁsaowur%éx\/h%l E‘z&JSS ?‘Mng'ﬁdl. aml;‘:"glfl)%i s arrangenent
makes it possi e e @%@ﬁnkfsi r noi se from
the input ter mmr?gftt?‘e’?:r ?’g%%ﬁts%e&gut put lé-r%bnée?ﬁtaééke 42k coneti: _

" 5  current source. |

In this embodiment, the MISFET le is operated in

[ 2]

the saturation range. The threshold values and
- B 'cﬁaracteristicé of the constant current MISFET Q,,
and diode—éonnected MISFET Qlé for forming the voltage.
. 10 'to be applied to the gate of Qg are set SO
that MISFET le operates in fhe’saturation‘range.
Since MISFET Qia'is thus operated in the
satu;ation range, the drain voltage of -the dif-
ferential input MISFET ng 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 khe differential
input'MISFET 019 is hardly affected by the poten-
< tial change of the power source voltage line DL.
20 . This airangement makes it ﬁbssible to reduce
the transmission 6f the power source noise from
the input terminal INl to the output terminal
V.t through a feedback circuit even if such a

feedback circuit is connected between the input

25 terminal INl and the output termlnal Vout'



"[err] through a feedback circuit even if such a feedback circuit is
annected between the input 25 termnal [err] and the output term nal

7l .

- 14 - Unless the MSFET Q is provided, the drain voltage of ..

differential input MSFET [err] will change in response to the \wr®
potential change of the power source voltage line DL. As is well 5 known,
M SFETs have parasitic capacitance due to the overlap of their gate

el ectrodes with the drain regi-on.g Accordingly, the fluctuation of the drain -

voltage of the differential input MSFET [err] is transmtted to its gate
el ectrode and then 10 to the output term' naI [err] through the feedback

CiFcuit.

connect ed beq%gegsrﬁlv'lt%glzh#ﬁeé% %/ln‘! h‘ﬁ |np w%ﬁwgﬁgl ?'?sr?ggg 'S

circuit

differential 1"nput M SFET can be kept sub- stantia

¥o1thde IHLHY B ¥e A WPLATE uUlﬁIgf'ﬁ'r”Hlm {agg of 15 the

¥ constant with respect

to the pehandedlin anfformte 4 Hleepotentialvehhage bigne DL. As a result,

it becones possible to reduce the transm ssion of the power source noise
fromthe the povwsr sourteatoltadgdclingpDL.t ehsi hsl wtena.ough t he feedback

circuit.
5

10

15

20

25

known, MISFETs have parasitic capacitance due to

_the ovexlap .of their gate .elec::rodes wn.th the

drain region. Acco.ralngly. -J:he ﬂnctuatlon of
+he drain-voltage of +he AiFferential input MISFET
ng is #ransmitted to its gate electrode and then

to the .butput terminal V out through -thé feedback
circuit. If the MISFET ‘le -which operates in the
saturation range ié connected bétween the differ-
ential input MISFET ng and its load circuit as is .
in the p.rese.nt embodment, the drain voltage of

the differential input MISFET ca1_1 be kept sub-

stantially constant with 're5pect to the potential

change of the power source voltage line DL. As o

a result, it becomes .pos'sible to reduce the
transmission of the power source noise fi:om the
input terminal to fhe 6ut_pu1: .terininai through the
.fgedbéck circuit. | |

In the embodiment' a capacitor C, is connected

1

+to the drain of the load MISFET Ql'l form:.ng a

current mirror circuit.

This capacitor C; has a capacitahce ‘such that



In the enbodi nent, a capacitor [err] is connected to the drain of the_l oad
M SFET . Q17 fornming a current mrror circuit. 25 Thi s capacit rr]
has a capacitance such that. - 15 - the -phase of the noise occu @{h

t node n due to-the power source noi se beconmes substantially equ 0 the
pha%€e of the noise occurring in the power source |ine DL due to the power
source noise. 5 As a result of repgarch carried out, we have ex-

am ned the relation between the capacitance of the capaC|tor Cl and the
power source noise repression ratio (hexeinafter referred to ad "PSRR")
using the experinental circuit illustrated in Figure 3 10 and could

obtai ned ef f ectheephabe of W nvilsR@ecurriiig at tﬁa@&w&étz@gce of the
capacitor Cl was substantially. equal to that of the capacitor®C2 described

above. Here, Pgke tepthee piowerheowniceo nuiisiehdesrphed Lsimsfeami:a.abm(l ed to
the power source 15 voltage to the change quantity [err] of the output
voltage [err] ekquadbjogdher phase of dhe exxice Woewrring | bwi Hlae equat i on:
PSRR [err] (dB) As can be seen clearly fromthe above equation, 20 the
greater PSRR, PlewerpEouneseAsing L whwoks fhr power source noise.

5 As a result of research carried out, we have -ex-

: amined the relation between the capacitance of the
| _ capacitor'cl and the power source noise xepression
— ratio thereinafier xeferred.to .as "PSRR") using
the experimental circnit.illustrated.in'Fiéure 3
10 and conld obtained effective PSRR in such a rangé

in whith the tapacitance of the capacitor C, was

1l

substantially equal to that of the capacitor CZ

described above. Here, PSRR represents the ratio

of the amplitude VIN applied to the power source

15 voltage to the change quéntity AV . of the output
vqltage Vbut.thereby generated, as.gxpressed'hy.
tﬁe following equation: |

PSRR = 2010g(V /Avout) (dB)

-

As can be seen clearly from the above equation,
20 the gregter PSRR, the more insensitive becomes the
amplification qircuit to the power source noise.
The experimenﬁal circuit designed by us and the
results of the tests carried out, will now be

described with reference to Figures 3 and 4.



anplification circuit to the power source noise. The experinental circuit

desi gped by us and the results of the tests carried out, will now be
desofibed with reference to Figures 3 and 4. - 16 - The experinental ...
cirqui¥'ys formed in view of the possibility that the anplification circwwt .
showh_iHA Figure 2 is used in a switched capacitor. In other words, the

experinmental circuit consists pg -of anoperational anplifier OP1 which is
anal ogous to the anplifier shown in Figure 2, a feedback capacitor [err].-
connected between the inverting input termnal (-) and the output termnal,
‘a load capacitor [err], MSFETS [err] and [err] for sinu- 10 lating a
switch in a swtched capacitor and a capacitor [err] for sinmulating a
capacitor to which a charge is transferred in the switched capacitor. Earth
potential is applied to the non- inverting input term nal of the

operational anplifier 15 . [err], one of the electrodes of the
capaci - tor [The]expgrimendali rirgwit rikictoxmed hncepewitor [err], and a
_ stabilized voltage [err] is applied to- the reference potential |ine SL of

t he oper 8fi thel PefFAPAldty that e taypkifigation ehscpithannel 20 M SFET .
[er "1 éhgagb}.rlxi %‘3%1:‘5% 5ag_% Yl%%é Sinapg) l,siv?:{jtched capacitor.
| In other words, the experimental circuit consists
5 of anoperational amplifiér OP, which is analogous
1nlthe amplifier shown in Figure 2, a feedback -
capacitor £ connected between the inverting:
input terminal (~) and the output terminal, a
load capécitor c3;'MISFETs.Q26 and Q59 for simu-
10 lating a switch in a switched capacitor and a
capacitor C, for simulating a capacitor to which
' a charge is transferred in the switched capacitor.
Earth potential is_;pplied to the non-
" inverting input terminal of the OPsrational amplifier
15 - OP,, one of.the electrodes of the capaci- _ ‘;}
tor C; and one of the electrodes of the capacitor |
Cyr and a stabilized voltége'ﬁss is applied to
the reference potential line éL.bf the operational - :
amplifier OPl'and to the gate of the p-channel |
20 MISFET Q,.,. A stabilized voltage V,, is applied
to the gate of ﬁhe-n-channel MISFET Q,.. The -

voltage VDD is also applied to the power source

voltage line DL of the operational amplifier OP;



to th_é gate of the n-channel M SFET [err]. The voltage VDD is also a
"to the power source voltage line DL of the operational anplifier OP7,
. - through a signal generation circuit which gener- ates noise. Thi

geng;ation circuit.generates a sine wave of 300 KHz having a peak- ak
anpl*tude of 100 (nmV). Accordingly, a 5 vol tage VDD to which 300 KHz

noise with a peak- to-peak anplitude of _1095(uaV) is added is applied to the
power source voltage line DL. In this experinental circuit, the capacitance
of the capacitor [err] is set to 2 (pF) and that of 10 the capacitor :
[err], to 20 (pF). The phase-conpensating capacitor [err] (see Figure 2)
of . the operati ondroughl iaf isdgnadr Generftion créwtt wibeht §egspol d val ues
of the N-channel M SFET and p-channel M SFET form ng the experinental 15
circuit are 0.72te¥) nwige.0. Thic\Vsigmshaednerdyiodheivotiage VDD is 5 (V)
with the voltage [err] being -5 (V). The reference voltage Vref2 in the
oper ati onal anplgeniexrate®l a siheswave aofl 30 ¥ipchavingad peakerature is
[err], and the capaci- 20 _tance of the feedback capacitor C .is 4 (pF). In
Fi gure 4, the P&eRPeakamplditudee afapddq aff®) - Accordingly, a

5 voltage ‘VD-D

. to-peak amplitude of 2100 (mV) is added is applied

to which 300 KHz noise with a peak-

to the power source voltage 15._ne DL,
\ - In this experimental circuit, the capacitance
of the capacitor C3 is set to 2 (pF) and that of
10 the capacitor C,, to 20 (pF). The phase-compensating
capacitor C, (see i";‘.gure 2) of the operational
_amplifier OP 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 Vj, is 5 (V) with the voltage V,_ |
~-being -5 .(V)'. ~ The fefe:ence voltage Vréfz in the
‘operational amplifier OPl is 2.5 (V) and the |
experimehtal temperature is 27°C, and the capaci-

" 20 tance of the feedback capacitor C_ is 4 (pF).

F
In Fiéure 4, the PSRR value when the capacifance
of thé capacitor €, is changed from 4 (pF) to 7
(pF) is shown as PS21, and as PS22 when the
capacitance of the feedback 'capacitor Cp is

25 30 (pF). Table 2 illustrates the



~

COPL

of the capacitor Cl is changed from4 (pF) to 7 (pF) is shown as PS21, and
as PS22 when the capacitance. of the feedback capacitor CF is 25 30 (pF).
Tabl e (| lustrates the - 18 - size WL (W channel width, L: channel
Iengtg?fénd conduct ance of each M-SFET form ng the operational anplifieq;;
e two kinds of experiments described above (see Figure 2). 5

The characteristic curves PS11, PS12, PS21 and PS32 represent the
experinental results when the thrghsold vol tage Vthn of the n-channel

M SFET, the threshold voltage VtHp of the p-channel M SFET, the capacitance
of the feedback capacitor [err], the neasuring 10 tenperature and the

vol t ageize/MY TandVy/sehanre bk etidth i Hosechamnwal i yermggh b andrespecti vel y.
Judging fromthe experimental results, shown in Figure 4, the PSRR val ue
beconeOMiRFANGe oF Ly MISERE LFMINE thpRPeEAtiena) is a little

greater 15, than the capacitance of_ the_phase-conpensating,.capacitor C2 in
Che arieTEAer OFy IBrEiR GG kil Of |SRRRFARCRE desThbathpl i 1| er

becones, nor e, i Sitl fo the power source noise. Since the capacitance
of théﬁ%'%%cﬁﬁégmﬁ%ééﬁgg%{‘ﬁo 20 relatively high values as substantially

equpl to that  phe characteristic curves PS11, PS12, PS2l and
| PS32 represent the experimental results when the “
threhsold voltage Vthn of the n~-channel MISFET, the

threshold voltage V qf the p-channel MISFET, the -,

thp

capacitance of the feedback capacitor C_, the measuring

F

10 temperature and the voltages V. and VSS are set to

DD
fhose shown in Table 1, respectively.
Judging from the experimental resuits shown
in Figure 4, the PSRR value becomes higher if tﬁe
capacitgnce 6f the capacitor C1 is a little greater'
15 than the capacitance of the phase-compensating capacitor
C, in the amplifier, e;g., about 5.5. (pF). 1In other
,wbrds, the amplifier. becomes more inéensitivé to the .
rpo%ér source noise. .
‘ Since the capacitance of the capacitor C, set to
20 relatively high values as_substantially equal to that |
of the ‘phase-compensating capaciﬁor C2 as described .
above, the parasitic capaditance that is una?oidably
generated when MISFETs Q,,4, Q;g and the like are formed

cannot be used as the capacitor Cl. In this embodiment,

25 therefore, the capacitor C1 is arranged separately



of the phase-conpensating capacitor
capaci tance t hat

are {formed cannot be used as the capacitor CI1.
the capacitor Cl is arranged separately

-the structure of this capacitor
wth reference to Figure 5. Table 1

t heref ore,
paraSitic capacitance.
Wil

An exanpl e of
be described in further detai

[err] as described above,

the parasitic

I n this enbodi nentf,~

-19-

fromt

I s unavoi dably generated when M SFETs [err] and tiziji ke
h

[err]

Charac- Threshold Capacitance Measuri r@9= Power Ref erence
teristic voltage of feeedback tenperature source vol t age curve
" (v) capaC|tor [err L [err] . . vol t age [err] (V) (V) PS11
[ ERR] =+0. 90 frgm the parasitic capaq ces) 5 qggmple[qjqq -0.71
30 5 PS21 [ ERR] =+0. 75,
[ERR] =5 27 the stru[:turL ?2 cap[ J.I’.' &E 111 %
%ESE}E:S ZfSl d%ERngeg $9 furenr deﬁﬁg%qw;ﬁyE;efereﬁcéﬁﬂOS 5.-20 PS32
Figure 5.
Table 1
. -
.- Charac- | Threshold | Capacitance Measuring Fower Rsi;;ence
Y teristic | voltage of feedback | temperature '.K:;;rcee s ge
. curve - (V) capacitor CF (°C) tag ref2
(PF) V) V)
PS1l Vo= t0-90 6 o Vo= 4-5
PS12 |V, =-0.71} 30 ' V_=-4.5
PS21  |v_. =+0.75 6 vV =5 X
_ ThN 27 DD 25
Ps22 VThP=-O.56 30 | Vss=-5
PS3-1. vThN=+°.'60 | 6 : 20 VDD= 5.5
PS32 v'.l'hP=-°_'41 30 vss=-.-5.5

£,




- 20 - Tabl e 2 Mutual conductance Source-drain M SFET WL

‘lerTiN conductance g [err] 114/ 8 4.40.x [err] 4.16 X
[errNJerr] 114/ 8 4.78 x [err] “1.41 x [err] [err] 114/.8
4. [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] ,927.5/8 1.27 x [err] 2. 96._X
[err] [err] 170/ 6 1.81 X Jerr] 2.38 x [err] [err] 10/ 27
1.04 x [err] 6. 86 X € [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 ILpr ] 520 yjfprj] JLerJL 100/20Q . 4. 07 X
[err] 8]0 [erniMdtaidl] condi@éddnce | Sodbck-deain 5.85 x
[err]|[ ssxsFET 20 n; ©9.30 x [eg] coﬂdﬁEtanéerg% [lerr] 150/ 6
3.87t< [?Ir] . MMy 25 X [err] w3l - Referring bgek %ain to Figure
2, it Fei—Rewbe . - — :

Qg 114/8 |  4.40 x 107° 4.16 x 107/ .

Qg 114/8 4.78 x 107° 1.41 x 1077

0, |124/8 | 4.43 x 107° 3.94 x 107/ -

0, | 96/8 4.05 x 107° 4.23 x 107/ | o

05 21/10° 1.46 x 107° 6.44 x 107/ o

Q,, |120/10 3.75 x-10"° 2.80 x 10~/

Qo | 120/10 3.77 x 107° 2.68 x 1077

0,3 |27.5/8 |° 1.27 x 107°° 2.96 x 107>

0,4 |170/6 | 1.81x 107¢ 2.38°x 10°°

Qo | 20727 | 1.04 x 1077 6.86 x 10™°

Q, | 10770 | 6.08x 107° 2.94 x 10°°

Q3 |120/16 5.49 x 10°° | 1.27 x 107/

Q6 | 75712 4.98 x 107> 5.80 x 107°

Qg |100/20 | 4.07.x 107> 8.06 x 10~ 3 v

0, 300710 | .1.05 x 107% 5.85 x 107°.

Q,; | 300/10 1.05 x 107 4.70 x 10~ °

Q,, |200/16 9.30 x 10> | 1.05 x 107’

Q5 | 150/6.. 2.87 x 107° 1.25 x 107°



of ‘t he noise appearing at the node [err] substantially equal to that of (¢t

5 noi se appearing in the power source line DL. The anplifier of this
enbqdi nent is used.while the feedback circuit is connected between the
outplGt termnal. [err] and the inverting input termnal [err]. As the
feedback circuit, a 10 circuit consisting of a resistance elenent, a
capacitor, a wiring or a parallel conneeti2an-of a capacitor and a sw tching
el ement is used. When an integration circuit is to be forned by use of this
amplifier, for exanple, a capacitor 15 or a parallel circuit _of a

capaci tor and a swi t Beferming ok agaimsctioaBighrefdedB&cikidilr Bt PEs is
known well in the art and when a voltage follower * circuit is to he forned
by thi's anplifiesplaingd i ng ivhYIRIRR sof hthe canpdikierr eant be | n these 20
cases, the earth, potenti al iﬁﬂggnerally supplied to the non- inverting

i nput termi nal RIRVeG Ry MmaKing the RRasRcofathe PeAsEeAPPEREiBgoyi ded,
t he capacitance val ye coupled wth the po [err] ,becones 25 | I er than
t he capaci tance‘%?%éec'b?fg?e‘&hvﬁwtangégfy Sgual o that °“'S‘E"%¢ ' |

5 noise appearing in the power source line DL.’

expl ai ned why PSRR of the anplifier can be inproved by nmaking the p?iiij
.ez.

. o The amplifier of t+his embodiment is used
while +he feedback circnit is connected between

KJ the -output te:minal‘vpu -and the inverting

o
_dnpnt. texrminal IN,. &s. the feedback circuit, =

10 -circuit consisting of a,resistahce element.la
~wapacitor, a wiring or a parallel connection of
a capacitor and a switching eleﬁent is used.
When an integration circuit ié 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. 1In these
20 cases, the earth.‘potenﬁiai is-éenerally supplied
to the non- inverting jnput terminal of the ampli-
fier, ‘  | '
JUnless the capacitor C, is provided, the |
capacitance value coupled with the node ng becomés

25 smaller than the capaciﬁance value coupled with



*

A~ The node n2. Wen the potential of the power source line DL is raised by

’ “hpise of a relatively high frequency, for exanple, the potential at the

Y 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] riggs
due to the potential rise of the node [err] and that of the -power source
line DL. The potential rise of the node [err] is transmtted to the gate of
M SFET [err] 10 t hrough the feedback circuit. Since it is the noise of a
hi gh frequency, the potential at2fhe node [err] drops to a relatively | ow

|l evel in this tinme. The potential at the node [err] is further reduced by

M SFET [the |nodecres di Waen, theeppbeaddiadl off5 theatpawer node [err] drops to a
.low level, whereby MSFET [err] substantially raises the potential at
t he nodesopxrce Sline Pheifaraipedehy Moise wfe H-refamiteelw SFET [err] is
greatly raisng t he goteg- tial at the _node [err] is substantiallyreduced.
Si nce 20P19R HEESIPRAEY 4l TOF eKaMRdEputhecPAteRtiat (3tithe hus reduced

greatly,_noise develops. In contra§__'é?,t Lf the capacitor [err] is provided as

shown i PH G2 2155118 PEPRAPFS e fidife 9 rMeis kept at a _
Felat | Vb B0y 48 $HE"pblEnREar Y 4 Hodd 35, Hndhe nove [orr] s

transm
;ises; The potential at the node ns.zises due to s

&

the poteniialfxise.of the node n, and that of the h
- powexr source line ﬁ.- The potential xise of the \J
node.ns is transmitted to the gate pf MISFET Qig-
10 thiough the feedback circuit. Since it is the
noise of a ﬁighffrequency,.the potential at the
node n, drops to a relatively low level in this
time. The potential at the node n4 is further
reduced by MISFET ng.'.Accordingly, the potential
15  at the node ‘D, drops to a low level, whereby MISFET
Q5,0 substantially raises the Poi:enﬁial at
| the node ﬁz. Since the gate poteniial of the p-

channel MISFET Q24 is greatly réised, the poten-

[ 1]

. tial at-the;node ng is substantiallyreduced. Since

20 " the potential a£ the output terhinal Vout is thus .
reduced greatly, noise develops. ' '
In contrast; if the capacitor Cl is provided

as dxmm:ﬁxFﬂmng 2, the potential at the node

h3 is kept5at a relatively high value when the

25 potential rise at fhe node ng is transmitted to



reason, even when the potential at the node n3 is reduced, the potent

at a higher value than when the capacitor Cis not 5 _provided. In{eth
morgg, the potential rise .at the node [err] is |limted to a value | owne
than"when - the capacitor [err] is not provided, so that it is possible to
prevent the potential at the output termnal [err] from being reduced
excessively by 10. MSFET [err]. In other words, it is possible to

m nimze the potential change at the outp@B terninal and to inprove PSRR
Since.the anplitude of the potential at the node [err] is limted, it
becones 15  al @%M@I#tﬂﬁfﬁ?nﬂﬁg thropghetheafeedbagk widmsnitted to
the output termnal [err] through the phase conpensation circuit. Though
the noise of a HF¥HESr ERENEYLRECAEEN ¢ AUSNCYBRA §B8, PPERRtIRL he
anpl.ifier against the 20 noisg in the IOM/gre uenc _gﬁﬂgg can also be im
proved in the cR® Hhe RPIR B3 4S| TRAVFERuehBs BOtSRSE S&tedial change

at the node n2 is. l.imte The, f or egoi ng, expl ai ns.the case where. the 25.
f eedback cir cui t*1EP9T NALRG, “BaR {ieR Bhe| Rapacitol €, 3s not -

5 provided. _In other words, the pbtential rise at -

- 23 - the gate of MSFET [err] through the feedback cir- cuit. For thi=
(3

. ;he.node.nz'is limited to a value lower than when
the capacitor C, is not proviéded, go that it is
KJ ‘pnssible‘io.prevent'the'potentialiat the output
B terminal V_ . from being reduced excessively by
10. MISFET 924- .

ZIn other woras, it is péssible to minimize
the potential change at the output terminal and
to improve PSRﬁ., Since the amplitude of the
poteﬁtial at the node n, is limited, it becomes

15  also possible to minimize the potential change
tranémiﬁted to the output terminalzvout through
fhé 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 fregquency rang; can also be im-

ﬁprovéd in the case of noise of a low frequencyf

because the pdtenﬁial.change at the node n, is

‘limited. _ |
L ‘The foregoin§ explains the case where the

25  feedback ctircuit is provided. but PSRR of the



- 24 - _anplifier can be inproved also in the case where the feedback
circuf s not provided, by connect- ing a capacitor [err] having such a
chtance that the phase of the noise in the power source line 5 DL
substantially the same as the phase of the noise appearing at the
err] to the node [err]. Unless such a capacitor [err] is provided,
when fnr exanple, the potential of the power source 10 Iline DL rises due
to the power source noise, the gé&ential at the node n3 also rises
substantially sinultaneously. Since the phase conpensation circuit is
connected to the node [err], however, the potential at the node n2 rises
bel at edlapislel ere TEE b Girgiovdd R05ENLHaknsi 88s8f whigeponer source |ine
DL. Accorglngly, a relatively large voltage is applied across the source
and gat ahef fekdhadkanstuit SFEMoepravilled ,copguebaneetsf this M SFET
[err] thus becones relatively great, causing a relatively 20 |arge change
of the-ﬁm@emﬂcapanitdmecExha?img]suchnaochpacimadcg thiate appears at the
output termnal [err]. Wién the capacitor [err] is connected to the node
n3, on tie @mhae|qﬁuthqrn9¥mes@nothehpowaaugeuzse-de@mnrung at the node .

[err] is retarded fromthe noise
5 DL becomes substantially the same as the phase of

the noise appearing at the node nz,'to the _node
nj. |
Unless such a capacitor cy is provided, when

for example, the potential of the power sonrce
10 line DL rises due to the_power source noise, .the

potential at the node n3-a130 rises substantially

simultaneously. Since the phase compensation

circuit is connected to the node n,, however, the

potential at the node n, rises belatedly W¥ith 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.- .';)

Q,4- The conductance of this MISFET thus

Q24
becomes relatlvely great, causing a relatlvely

20 large-change.of the potential at the node ng- In
other:words, hoise appears at the output terminal

Vout _
When the capacitor C1 is connected to the

node n,, on the other hand, the phase of the noise

23 occurring at the node ny is retarded from the noise



- 25 -, in the power source line DL. In other words, since a delay circuit

is conposed of the conduct- ance of M SFET [err] and t he capacitor [e@

the potential change at the node [err] is nmuch nore 5 delayed than th
poteqgtial change in-the pvwer source line DL. \WWen, for exanple, the
~potential in the power source line DL rises due to the power source noise,
the potential at the node n, rises belatedly fromthe potential rise of the
power 10 source line DL, so that a rel ati2gely |l arge voltage is applied
across the source and gate of the p- channel M SFET [err], thereby

i ncreasing the con- .ductance of M SFET and speeding up the poten- tial

rise at the nodeiﬁZthJsSpower Adugde NAne ¢ st andl dtled texrdsscription
above, the phase of the potential change occurring at the node [err] can be

regul ated by contginlcel ag dellayceiacitidnds dotgesedpotithe ¢endgct-
Accordingly, the phase of the potential change occurring at the node 20.n2
can be nade substaawe aifl MISFETS md t‘l:ilqam&i‘wrtﬂp pthenti al change
in the power source |line DL by s n t he capaci tance of the capacitor

[err] to an appr motentd ala & N94e diyals BUFRMeERaci t - ance

of “the capacitor [err] in th| enbodl nment so 25 that the voltage applied
acr oss thg S@rcgea.@a]ed than the potent:.gi change .:r.]n:th e power g PP

* source line DL. When, for example, the potential
in the power source line DL rises due to the power
“ source no;i:se, +he potential at the mode n, rises
belatedly from the potential rise mof the power
16 source line DL, so that a relatively Jlarge voltage
is applied across the scurce and gate of the p-
channel MISFET Q2 0.' thereby increasing the con-
. ductance of MISFET on and speeding up the poten-
tial rise at the node n,.
15 AS -can be understood from the description '
above, the phase of the potentia], _change occurring
U ' at the_ node n, can be regulated by controlling the
| capacitance o.t the capacitor C,- -Accordingly, the
phase of the potential change occurring at the node
‘ | | 20 n, 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 Cl
‘to an 'appropria'te value (eubstantially equal to the capacit-
ance of the capaci:tor C, in this embodiment), so - '

25 that the voltage applied across the source and



- 26 - gate of the p-channel M SFET [err] becones smaller than when the
capaci__t.or [err] is not provided. Hence, the conductance of M SFET [err]

becosnal | er than when the capacitor Cl is not provided and the 5
pot I change at the node [err] becones smaller. In other words, the/
noi s®_afjpearing at the output termnal [err] due to the power source noise

can be reduced and PSRR of the anplifier can be inproved. The anplifier

shown in Figure 3 can obt aig 10 high PSRR such as shown in Figure 4 due_to
the two reasons described ab®ve. In Fi gure 2, SRl is a swtching regul ator
which forns a positive voltage VDD with respect to earth potential and

SR2 1S o tRMJ4C a0 pLaH e Lt s CH_ | ObBEomeBCgAb Y8, VOl tage [err] w th

. respect” to earth pdtential. The _svmteﬁﬂ_ng regu?ator consists of a switch-
ing el eyl wher wésféa(fr@éiwzv@ Cis ahot NPy ¥4 2agerenkkched by the

swtching elenment is 20 applied 4nd which forms an out put voltage, and a
T anst ormer” ang cont 1ol he o { CAIng. ol omEnt 30 Thar s out put Vol tage
reachesntezprﬂxbetmpﬁciembmattfei.s not provided and the
5 potential change at the node n:. becomes smaller.
In other words, the mnoise j_ppeari:ng =t the output
terminal v Vout due to the pow_.er.:somﬁce noise can be
reduced and PSRR of :the':ampliiﬁiex:can.bej:@roved-

The amplifier shown in Fignre'3=ran obtain

10 high PSRR such as shown .in Eigure -4 Aue o 'the. two
reasons described azbove.

In Figure 2, SRl is a switching regulator
which forms a positive voltage Vop with respect
to earth. botential and SR2 is a éwitching

15 regulator which forms a negative wvoltage V; s with
res;;ect_ to earth potential. '

The switching regulator consists of a switch- ' \./
ing element, a transformer to which an input
iroltage swtiched 'by the switching element is

20 applied and which forms an optpu:t- v'oltage, and a
stabiiization- 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



25 ,-27- Upon the switching operation of the switching elenment, the™™>
swi'tching regul ator forns the output voltage. Undesirable noise una@l y
adds to the output voltage generated fromthe regulator 5 due t\Q 1

SWi t@j ng operation. The operation speed of the sw tching operation has
been i ncreased in order to reduce the size 2a7nol_ wei ght of the sw tching
regulator. This results in the problemthat®‘undesirabl e noise of a
relatively high fre- 10 guency, e.g., about 300 KHz, adds to the output
vol tage generated by -the -switching regulator. The characterising features
of ,a switching regul ator such as the conpact size and |ight wei ght can be
effectively utilized Pporhthewswéitrhingsopereddemiadr the wwitehindie power
feed device for the anplifier which is highly resistive to the power source
noi se as in thi se}ﬁﬂéggmsﬁb.e AYigebinphrgomdarer fommmithe Quirit ng high

PSRR can be obtai ned by the sinple construction 20Q in lch only a ,
capacitor is proVPSEG.QZ.Fi gHPéegRirngesBB?‘F&né‘Pa\ﬂ%ﬁﬁlyarF%% Thte- grated

cireutt i ncor por ghing, Lhetela L e ARLLLeL %35k 150 W Erarer

5 due to the switching operation. The operation
‘ ~ speed of the switching operation has been _increased
.-in order fo xeduce.the size and weigh£ of the
U . - switching regulator. ZThis-results idin the problem
' +hat _nndesirable moise xf=a :re_lati\—re;l.y high fre-
10 guency, e.g., about 300 KHz, adds to the output
voltage generated’ by -the switching regulator.

The characterising features of a switching
regulator s'uéh as the compact size and light weight
can be effectively utilized if the sw_itching

15 regulator is used as the power feed device for the
amplifier which is highly resistive to the power
. source noise és in this embodimen_t:
.As described above, an amélifier hgving high

PSRR can be obtained by the simple construction

20 in which only a capacitor is provided. -

"'.':'_E'igure 5 is a sectional view.of an MIS inté-
gratec-i'éircuit incoxporatiﬁg fhe:ein the amplifier
described above. | '

Nextt, the structure each of the above-mentioned

: ; <
25 capacitors C,¢ Cy, p-channel MISFET and n-channel



" Next, ‘the structure each of the above-nentioned 25 capacitors ['err]

" p- chan M SFET and n-channel - 28 - MSFET will be described. The
| oad ET [err] and the differential input MSFET [err] will be dealt
wi.th ; he typi cal exanples of the p- and n- channel M SFETs, respectiygly

5 A polysilicon layer 111 fornmed on an N-type single crystal silicon
substrate 100 via a rela- tively thick oxide film 106 fornms one of the

el ectrodes of-the apacitcn‘[%ﬁwﬂ and a silicon oxide layer 113 forns the
el ectric layer of the 10 capacitor [err] . An alum niumlayer 115 forned on
t he polysilicon Iayer 111 via this silicon 0xide Iayer 113 forns the other

el ectr t §apac Si r gver 112 formed on
t he N-%%seﬁﬁsl ngl'e c?és?ggkﬁlegon”?&% tlraat ?ﬂad e rel atively thick
oxi de f esal...th de f é@§@@|tor [err] and a
sili conﬂlc‘)%: %Pffé%fﬁﬁg fiﬂ'imtt ?ggb‘gﬁ{epoé’é-t r%ll?' ayer he capacitor [err].
An al ung{nna&ayRe %gglggn_ngg&ag,%]_@geogolﬁg Iﬁ_ccghd gyer 112 via this silicon

oxi de layer 20 114 forms the el ectrodé of the capacitor C2. Since the

| ayer s &éRaRHmeU nmsmhegttedp&c&ﬁveagh capacitor are separated fr om each s
ot her by

5 A polysilicon Jayer 111 formed on an N-type

single crystal silicon siubstrate 100 via a rela~
tively thick oxide film 106 forms one of the
electrodes of the Tapacitor c, =nd a.silicon oxide
layer 113 -forms the Aielectric layer of the

10 capacitor Cl' An aluminium ‘1ayer.115 formed on the
polysilicon layer 111 via this silicon oxide layer
113 forms the other electrode of the 'lcapac'itor c,-
Similarly, a polysilicon 1aye£__ 112 formed on the
N-type single crystal Silicoo substrate 100 via

15 the relatively thick oxide film 106 forms one of
'the electrodes of the capacitor c, '_.a.nd a silicon
oxide layei' 114 forms the dielectric layer of the | ' -
capacitor C,. An aluminium layer 120 formed on'the
poiysi.licon layer 112 via this silicon oxide layer

20 114 forms the other electrode of the capacitor Cz' .

S:ane the layers form:.ng the electrodes of

each capacitor are separated from each other by
the relatively thick silicon ihe substrate the

paras:.t:.c capacltance that would be otherwise

25 formed between the electrode and the substrate can

-~



woul d be otherw se 25 fornmed between the el ectrode and the substrate

- 29 - be reduced. Accordingly, the capacitor [err] having a desired
can Qg formed between the node [err] (the node [err]) and earth potenti al
point  (the drain of MSFET [err]) by selecting suitably the areas of the
al'um ni.um5 | ayer and polysilicon |ayep f#orm ng the el ectrode of the

t hi ckness of the silicon oxide-filmformng the dielectric |layer. Though

i cul LA i . Ni I f ' the ot her
o echroue. of 1Y ThaubaalvoactBEashYTY Y Uik BXBRCHS: &1 MED) %‘ YHR9 see
Figure 2) and hhgep®t¥8i vAtQ8 La¥Che ldrh88"bEGWES eﬂué%é&’é' » 1?1? rth

potential. The alum niumlayer 120 formng the ot el ectro

capacitor C2 Iﬁodénng‘ﬂt@ﬂdt@aﬁﬂﬁ pbtéheigl eﬁbiﬁée(StlQé MSLETof stlf'ﬁrthe
polysilicon 15 |ayel 112 form ng one el ectrode of the capacitor C2, to the
node n6 (see FQggbebﬁ)seIhetpnghauﬁehbbySEEE dreas oDnchetslehipitype

di ffusion regionS 103, 1-4 formed on the n-type silicon substrate 100 and
the gate eﬁectiémer1226ZDobbﬁslscongloyerhéopmiyg|theoeléayeodéooﬁed on the

substrate 100 via a relatively thin gate _ . _
, the thlckness of the silicon oxide film forming the

the relatively thick silicon the substrate the parasitic capacitanceqé?izg

& ~dielectric layer.
Thongh not particularly'limitative, the
aluminium layer 115 forming the other electrode of the
10 capacitor C, is connected to the node n, (see Figure 2)
and the polysilicon leyer 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 Q23 and the poly5111con
15 Jlayer 112 formlng one electrode of the capacitor C2,
to the node ng (see-Fignre 2).
' The p-channel MISFET sz_consists of p-type
;K./ diffusion regiods 103, 1-4 formed on the n-type
silicon substraée 100 and the gate electrode 122
20 consisting of the polysilicon layer formed on
the substrate 100 via a relatively'thin gate
oxide leyer 105. The n-channel MISFET Q21
consists of n-type diffusion regions

107, 108 formed in a



oxi de | ayer 105. The n-channel M SFET 21 consists of n-type diffusion

* regions 107, 108 forned in a - 30 - p-type well region and the gate
el ectrode 123 consist- ing of a polysilicon |ayer formed on the well region
Vi gate oxide layer. Next, the nethod of "‘fabricating this MS 5 N
in : ted circuit will be explained. .(A) A p type well region 101 is
fi forned on the N type single crystal silicon sub- strate 100 in a

regi on where the n-channel M SfEFis to be formed. A silicon oxide |ayer
and 10 -then a silicon nitride layer are formed in the p type well region

101 a dtS,Eg g,ggllog-e\gg_gneatnlae&é%edﬁﬁ%gpﬁj]w&i&be formed. Boron

and p osp orus are selectively di respectively, into the region

wher e 1hll ®£Sial p@ﬂ?sﬂllhl’dodxe lapef fidrmad vy 4HE Wshl t hereby form ng channel

st oppers 102 and The surface of the silicon substrate is then

oxi di zedionl eda welgptesioxided stércon nitride | ayer as the mask, thus..
formng a field oxide |ayer 106. 20 . (B) After the silicon oxide |ayer
and the siNexdn reher médhiosd @f fabriccatinly thies MES ace of

5 integrated circuit will be explained. F
{A) A p~ type well region 101 is first ’ ' a
formed on the N_ type single crystal silicon sub- |
strate 100 in a-region where the-n—channél MISFET | U
in is to be fo;med. A si1icon oxide layer and
10 then a silicon nitride 1ayet.;;e formed in the p
- type well region 10l and "the. region where the
p-channel MISFET Qéo is to be formed. Boron and
phosphorus are selecti&ely diffused, respectively,
into the region vhere this silicon nitride layer
15 is not fdrﬁédj thereby formiﬁg channel stoppers
102 and 109. The eufface of the silicon substrate 5
is then oxidized selectlvely using the silicon :
nltrlde 1ayer as the mask, thus formlng a fzeld
oxide layer 106. . |
20 . (B) After the sillcon oxide ‘Jayer and the
5111con nitride layer are removed, the surface of
the regions where MISFETs on. QZl are to be formed_
iSfOkidized; forming a thin gate oxide layer -
_(siiicon_oxige layer) 105.

25 (C) Polysilicon is deposited by chemical



.the,regipns where M SFETs [err] are to be fornmed is oxidized, formng a

thin gate oxide layer (silicon oxide |layer) 105. 25 (© Polysilieqn

i s deposited by chem cal - 31 - vapour deposition to the entire ségigkes
of -tbhe field oxide-layer 106 and gate oxide |ayer 105, and is sel ecthively
etched by.photoetching to formpolysilicon |layers 122, 123, 111 and 112 so
as to 5 | eave the portions where the gaBd el ectrodes 122, 123 and one

el ectrode 111, 112 of each capacitor [err] is to be formed. Next, the gate
oxi de | ayer exposed by photoetching is renoved by etching. 10 (D A

photoresist mask is forned in the region where the n-channel MSFET is to
be forned and YAPPHZ| ofepPsition e itheuentire siifaces ofityeboron or the
i ke. Thus, the gate el ectrodes (pelysilicon layers) 122 and the
polysilicon 15 Iipddep¥ide; layexr d06e and i@ate |exidesliayemct05, At the sane

time, boron is doped.to the main_surface of the silicaon, substrate 100 in
sel f-registrati oﬁgaﬁ th BReSGRIYEIVCE ¥ Phakoetshing nkgtef R p type

di ffusi on T egi ongog et §ecaRUaCE I YR 176, 1T PRI 19%80, 104

| 5 leave the portions whexre the gate electrodes 122,
¢ 123 and one electrode . 111, 112 of each._.capacitor
Ql’ C2 is to be formed. Next, the gate oxide
o ldayer exposed by photpetching is removed by
| | tching. ' |
10 (D) A photoresist mask is formed in the

region where the n-channel MIS?ET is to be'formea
and diffusion of a p-type impurity is effected
using boron or the like. Thus, the gate .electrodes
(polysilicon layers) 122 and fhe polysilicon
15"i layers 111, 112 come to have low resistance. At
' the same time, boron is doped to the main sur#acé
of the silicon substrate 100 in self—registration
. with the gate electrode 122, theréby'forming.thé
p+ type diffusion regions as the source and drain
20 regions 103 and 104. ) |
“(E) After the photofesist.mask formed at the
step (D) is removed, another photoresist mask is
formed in the region where the p;channel MISFET
_zgéo”is to be formed, and an_pftypelimpurity such

'25 ””'aé‘phosphorus is diffused. Tﬁus,;the-qabe



* (E) After the photoresist nmask formed at the step (D) is renoved,
“.anot her photoresist mask is forned in the regi on where the p-channel M SFET
_is'to be fornmed, and an n-type inpurity such 25 as phosphorus is
gsey. Thus, the gate - 32 - electrode (polysilicon |layer) 123 cQaes

%'- | ow resi stance.” At the sane tinme, phosphorus is doped to the nmain
. e of the p type well region 101 by self-registration and [err] type
dif- 5  fusion regions as the dragn -and source xegions 107 and 108 are

formed. (F) After the photoresist nmask forned at the step (E) is renoved, a
phospho-sillicate glass layer 110 is fornmed on the entire surface by
chem calektrodgpo(polippiliconnlayd) slpRoephesi ttioc aveyl ass | ayer on t-he
surfaces of the polysilicon |layers 111, 112, that form one each el ectrodeé.
of the whaaaistanees] Atsthensamg bimghapbosphorys Mse surfaces of the
polysilicon_layers 111, 112 15 thus_expased are then oxidized to form
si | i corfRpeHEd She main synfiage PhethpePectyPe WA s of the capacitors
C1, C2. ct hol es_ar or on_t e whospho-_silicate glass in the
sour ce“fﬁ('iﬂ(isz‘?:ﬂ g)ﬁ ﬁé‘{)i‘%#’rege L8908 ahd S 25 RA s ? | :

5 fusion regions as the drain and sonrce .:regions
107 and 108 ;axre formed. ' : . &
| (F) :After the photoresist mask formed =t the _
@, Step (E) is mﬂ,z@&pho—.siﬂﬁzﬁte glass layer N
110 is formed -on the entire surface &J::hemr:al
10 vapour deposition. This phosphosiii‘cate _giass
layer on the surfaces of the polysilicon layers
111, 112, that form one each electrode of the
capacitors €4+ €5, 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-cl, C,- o
(G) Contg.ct," holes are bored on ihe phospho-.
silicate glass in the source and drain regions
20 . 103, 1.os'and_'104, 107 of MISFETS Q,q. Q,y and on s
_the lpl‘iospho-sil_'icate glas.s' on the polysilicon T
layers 111, 112 of the capacitors_ Ci;, C,- Incidén—
"tally, the ci;m_tact hole formed on the phospho-
silicl:ate_.-glass 6n-£hé polysilicon layers 11;,_ 112

25 is not shown in the drawing.



20
glass on the polysilicon layers 111, 112 of the capacitors [err]. |Ir
tally, the contact hole forned on the phospho- silicate glass on th

103, 108 and 104, 107 of M SFETs [err] and on the pfiospho-silicate

pol ysi}ticon layers 111, 112 25 is not shown in the draw ng. -3 H)
An al um nium layer is deposited on the entir :a:a,surface by vapour dep [

or the like and etching is then effected in

wiring layers 116, 117, 118, 119 and 5 al um nium layers 115, 120

covering the polysilicon layers 111, 112 are then forned. (I) A final

passivation layer 121 is forned on the alumniumwring |l ayers and
al um nium layers to cofif) etzn tdleminiSm nlagest dé¢ depositeduch ahell
depicted in Figure 5. Incidentally, the n-channel M SFET [err] is forned on
the sane p-type veatiregwrface MWEFEPOMer dppollidilen [oer thei diker med in the
region as M SFET [err%ﬁand M SFET [err], in the sanme 15

same p-type well ; s
p-type wel | regi APALHFISETsifcthen e
el ectrically cons-

This arrangenent A%g'%%ﬁgrgut’él¥ﬂgc%%¥%5 116, 117, 118, 119 an

5

10

15

20

25

aduminium jayers 115, 120 covering the polysilicon
layers 111, 112 =re then formed.

(i) A final passivation layer .121 is formeéd
on. the aluminium gdxing,iqyexs.and aluminium Jayers
1o vomplete the MIS.dintegrated circuit snch as ‘
depictéa in Figure 5. |

'.[n-cidentall_y', the n-channel MISFET Q55 is

. formed on the same p-type well region as MISFET

Q;9¢ MISFET Q,, is formed in the same p-type well -
region as MISFET Q;, and MISFET Q.,, in the same
p-type well region as MISFETs le, Q22, 025.' The

source region of .each MISFET is efl.gctr-ically con-

- nected to the p-type well region in which it is -

formed. This arrangement can reduce the charac-
teristic change due to the sub§trate effect.

.The layers 113, 114 formin; the dielectric of
the éapacitors Cl, c, may be nitrite layers,
respectively. In this case, the capacitors Cl,
Cé having high capacitance can be obtained easily

because the dielectric constant of nitrite is

.highe:; than that of silicon oxide. 1In the

esired shape. Al um ni um

ectedr da mediesired shapeM SFET is
to,the p-type well region_in which itdis f or med.



teristic change due to the substrate effect. 20 ~ The layers 113, 114
‘forming the dielectric of the capacitors. Cl, C2 may be nitrite |ayers,

respectfi,yely. In this case, the capacitors Cl, C2 having high capacitance
can be ai ned easily because the dielectric constant of nitrite is 25¢
hi gher\t ban that of silicon oxide. 1In the - 34 - enbodi nent descri be

above, one of the el ectrodes of each .capacitor Cl, C2 consists of
polysilicon doped with a p-type jRpurity, but it may be al so conposed of_
polysilicon to which an n-type 5 impurity is doped. Though the anplifier
that operates on the two kinds of power source voltages [err] and [err] has

been deamsédient NaesEPIIATEbOYE TBhe LEMihd distidaiar i cul ar. For
plie

i nstance, the present 10 invention can be also ap to the anplifier

which apfredets capacitéind, pfcposehsiewscor Pdiyaaiiidd . The anplifier to
whi ch the present i nventioh is applied is used as an operati onal

anpl i f idepedrwith ca rpttypé oimpugityCOPE it egiated fLiscuit, for exanple,
to inprove the power source noise repres- sion ratio of the CODEC
i nt egr fuEPesed wf pelysilicon to which an n-type
5 impuritj is doped.
Though the zmplifier that operates on the
two kinds of power source voltages YbD'and vss.
has -been described, the enbodiment is mot. limita-
tive in partirmlar. For instance, the present
10 invention can be also applied to the amplifier
which operates on one kind of power source voltage
Vpp* | |
The amplifier to which the present invention
is.applied is uéed:as an operational émplification
15 circuit fbfming a CODEC integrated circuit, for
ekample, to improve the power sourcg noise repres-
+ sion ratio of the CODEC integrated circuit as a ' ' N\,
whole. However,'the'present invention is not -
'flfparticularly'limifed thereto but can be widély
20.h‘applied to those amplifiers (ope}atibnal ampli-
.fiersf, as means for improving their PSRR.
Depending upon the fabrication condition of
an Mis integféted circuit, thenﬁhase of the noise
at *the node né.can be made substantially equal to

25 that of the noise in the power source line even

L)



but can be widely 20 applied to those anplifiers (operational anpli

fiers), as nmeans for inproving their PSRR Dependi ng upon the fabri :
condifjon of an MS.integrated circuit, the phase of the noise at the node
[err] “can be nmade substantially equal to 25 that of the noise in the power

whol e. . However, the present invention is not particularly Iimted @fe
%

source line even . if the capacitance of_ tfye capacitor [err] is not
substantially equal to that of the phase conpensating capacitor C2, thereby
i nproving the PSRR of the anpplifier, The capacjtance of the capacitor Cl
can 5 be variedH e Hhe FIRPIHAPEh LS Hildh RAPFSESHOR f1ud s ARE phase
conpensati on C|r escy{bed a ve | rtic arly Ilnltatlve

ei t her. - 36° q%k?{g. equa #ﬁgﬁ éhﬁ t¥¥q

non-i nverting igﬁﬁi aI, é %F X (c) a first
differential inp eZTe% Q l?fainn@%{ oF éﬂhmifsrﬁs con uctl vity type,
having the gateémpllfler. The capacitance of the capacitor C1 can

o ;- 5 be varied depending upon the intended PSRR value.

The phase compensation circuit described

above is not particularly limitative, either.



t hereof connected to said inverting input termnal; (d) a second

differential input field effect transistor ' Ivity type,

~ havi gate thereof connected to said non-inverting input 10 term nal;
(e) tive load circuit having a first terli"muu :II || :[“Hte drain of,
sai d t differential input field effect tr cted, a

*

second termnal to which the drain_okgsaid second differential 15 i nput
field effect transistor is connected, a third termnal to which a power _
source F&PMMRal is connected, and a control element connected between said

second End third erninzL and havénﬁ.the_conductance thereof controlled in
accordafice with tfiB BBPAAFEEE 3PCLRRA™I6First terminal; (f) a phase

conpensati on circgég gogggg&ggéggi§aiqn?%%oggrhgkgﬁnal of 'said active |oad
appry u

circuit; (g) a feedback Circui or ing an-oufput signal to said

i nverting input t@gqigalinw@gggnguggght2§e§&gggg;is'based occurring at said
second termnal of said active [ dad Circuit; an - 37 - (h) neans

connected to said(khrst fiesti Aakreveatihd hagueeriheavakkage difference
between a voltage change of a power source voltage applied to said power

5 transistor of a first conductivity type, having the gate

thereof connected to said ihverting input terminal;

(d) a ééc&hd différential input field effect
transistor of.the first éonductivity type, having the ] g)'
gate tﬁereof 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 efféct transistor is connected, a second
terﬁinal to wﬁich the-drain of said second differential

15 input field effect transistor is connected, a third
terminal to which a power soufce 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 . é

;20 first terminal; |

(f) a phase compensatioh circuit connected to
'said second terminal of éaid 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



source term.nal and a voltage change occurringat—said-5 second term nal of
said-active load circuit due to the voltage ch e of the power source

vol tage. 2. An anplifier according to c Mﬂ’ ai

| oad Circuit conprises a current mrror circui HTM"H

constant current. circuit 10 is connected'to the source 8f &aid fi

second differential input field effect-t¥ansistors. 3. An anpllfler

according to claim1 or 2, further including a third fleld ef f ect

transistor which is connegf pdndiidRedhrddild i¢Stsdfd i Ale HerSRinhilactive
load circuit and the drain of said first differential 1nput field effect

transistor and 4§ ©perédiack ithé vFlHHR! IDNEfedditce between a AbldaYd fier
according to claim 3, wherein said nmeans conprises a first capacitor

connected 20 bethesye seoff ca fpowdr tssurdelvalitthge tappliied twwaigl power
predetern1ned potential. 5. An amplifier according to claim4,
wherein said fisstrempeerninalkan isepltdje sthargyelatdudning agﬂersafm med on
the main surface of a semiconductor 25 substrate via a field insulation
film an insBl ateeepd derming heef Frihacuiveckoad alienity die dohdihaivity

| ayer and a second conducti vit I%yer formed on said first conductivity

| ayer via said YRsEA9R i FRAMIS power source voltage.

L 2. An ampllfler according to c1a1m 1, wherein
| said active load circuit comprises a current mirror
circuit and wherein a fi;st constant current circuit
10 is connected to the source of said first'and second
differenﬁial input field effeet 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

[$ 4

‘20 between said first terminal and a terminal having a
ﬁredetermined potential.
5. an amplifier according to claim 4, wherein
said first capacitor comprises a first conductivity
layer formed on the main surfece of a semiconductor
25 substrate via a field insulation film, an insulaﬁing

layer formed on the surface of said first conductivity



6. An anplifier according to Claim2, t mrror
circuit conprises a fourth field 5 effect transistor of a second

conducgkiwity type having its source connected LI wmnmmmmﬂlm nal, its
dr ai ected to said second termnal and it lu to said 7
first inal, and a non-linear element connecfed betwéen’said third
term and said 10-first termnag . An anplifier. according to
Claim 6 wherein said non-linear elenment conprises a fifth field effect

transi stor of the second, conductivity type having jts source connected =
t osai d ¥a¥e% a4 @ mEcond £Ap ‘{%tld%?t%’a?r%errt??ﬁ“g? WG ed to said first

termnal._§. . : An. amplifier according ta. .daim4 wherein said phase
compendtkith TR bR T L] et AR and o cecond
capacitor. 20 9. -@g@' [,£4 4 g 1 0, Cl &l . further -

i ncl ud!ér)fg an out pz?}_f a%nc'aelnﬁ\ka_ reécée‘%.x\eﬁlnrggcgé\g E)Bu]tnagld']ti Ozs'i gv?\Ha or med on the basis
~of a signad QGOMMAE RE oS &4 SECOKbYF 1Bd¥la Hoddinl LilTent mrror

circuit, the first resistance el enment and said second 25 capacitor which
forng t her fbes e LNPENER IO L£idecbria hedith AOIViFG) eghype) 1arims bet ween said |
second term nal and said output term nal. ¢
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-
elemeﬁt connected between séid third terminal and said
10 first terminal.
7. An amplifier according to Ciaim 6 wherein
said non-linear elément coﬁprises 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. ° BAn amplifier according to.Claim 4 wherein
said phase compensation circuit comprises a first \;)
resistance element and a second capacitér.
20 9. ._ An amplifier according'to Claim 8, further

including an output terminal receiving an output

b

signal formed on the.basis of a signal occurring

at said second terminal of said current mirror

circuit, the&irst resistance element and said second
25 capacitor_@ﬁich form the phase compensation circuit

being conﬂécted in series between'said second terminal

~and. said output terminal.



- 39 - 10. An anplifier according to Clainr%«ﬂMmauﬂJlsﬁﬂji4¥4éﬁ‘\
resi stance el enment consists of the source to drain path of a sixt 8 D))
effect transistor receiving at the gate thereof a ﬁﬂ,ﬂm, tage. 5
11. \’& An anplifi.er according to Caim?9 or "” @gan
output circuit receiving a signal generated at sald secohd Y ersm ral of said
current mirror circuit and generating saixp cutput signal on the basis of

said signal received. 10 12. - An anplifier according to Claiml11,
wherein said outf)qjt circuig, i PES, a, SEMEN fd el Kfid §ct JH. istor of
the second conductivity type aV|ng it's source connected t'o sai pomer

source terminal giis ALY SUNACIRL (O SRift UEMullsdL I e Ahides 15

gate connected to said second termnal of said current mrror circuit, and

a third constanttSWFLIM FatK WL £ WG ot 1@ f fbciyindigidemal . 1__3
An amplifier according to any one of the preceding clains, wherein said

f eedback circui tréfeivirsg sdts tHe agaee cthibreasfi st presieieameinted orolaEged
bet ween sai d out put resistance el enment connected between said out put
term nal and Baillinverti rdnianpiifieraedording to Cladm fhmx flier
accordlng to any one of the 25 preceding clains 1 to 12, wherein said
f eedback C|rCU|tf%ﬁtQF¥rﬂ¢9ﬁ¥§&ﬁﬂnQQNOQRHHRHRRﬁFqkﬁ\Mﬁﬁ?%ﬂ%QF(ﬂﬂﬁiﬂnal

term nal and said |nvernéqg u termé1
' _ ~ generated at st second terminal of said current

mirror circuit and generating eaid output signal on
the'basis of said signal received.

10 12. % An ampiifier according to Claim 11, wherein
said output circuit comprises a seventh field effect
-transistor of the ee¢ond 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
cﬁrrent-mirror circuit, and a third constant current
circuit connected to said output terminal.

" - 13. ' : An amplifier aceording to any one of the

‘'preceding claims, wherein said feedback circuit

it

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 eccording 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 1nvert1ng lnput termlnal.



- 40 - 15. @ - An anplifier according to any one of the preceding clains

] wherein said feedback circuit consists of a wring ed to

sai d/ouyut termnal and to said inverting input ] ' . _An

anpl § including: (a) a first differential i “ﬂlm"mw J&ﬁ’iﬂmﬂt ransi §tor
fifst conductivity type; (b) a second differentcalcl | d eff &€t

transi stor of the first.conductdivigy-type; 10 (c) an active

|l oad circuit having a first termnal to which the drain of said first

differ ial inp field effect transistor is connec eqcl_,éqa second term nal
f :

to whicttthe draitf FA"RE Y e AHPHL AN MR d effect
transi | v athfyd ' 0 | ch a power source
term ni{r%lrcséé(}o ec§ e%‘?galna%éawc%'ntv%g réelﬁ{enr%gn]']tad véﬁec‘#}’l% ccolnz.ﬁce%t d between
sai d secayh and dhig dyfef 'r@ﬁ&%m%mﬂ%&aﬂf% Gatrolled in
accordance wth the potenrgglal at said first termmnal; 2%“1 -~ (d) a
phase cHypaisatdion ﬁ{\f@]_&iing cmt@rﬁiqlaslaj d second term nal of said
active load circuit; (e) an output circuit having a fourth termnal to
whikh dli.d power Zourmesl ified ndclwdiroynect ed, - and generating an out put
signal on the basis of the

(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 tyﬁé; |
10 (c) an active load circuit having a first
terminal to which the.drain of s;id first differential
input field effect transistor is connected, a second
terminal to which Fhe drain of.said second differential
'input field effect transistor is connected, a third
15 terminal to which a power source terminal is
conhected, and a control element which is connecféd
between said second and third terminals and whose
conductance is controlled in accordance with the - O
potential at .said first terminal;
20 (d) a phase compensationlcircuithonnected
to said second terminal of said active load circuit; | -¥
e) an'gutput 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



25 potential at said second termnal of said active load circuit; and_ -
41 - (f) nmeans connected to said first termnal so as to reducethe<%0ltage

di fference between a vol tage change of a power sour appl i ed=to
sai d;power source ternmi'nal and a vol tage change 5 ’jﬁyg ,a J“ ﬂ d.
secoﬁﬁ termnal .of said active load circuit due to VoLt a e of

sai d power source voltage. 17. Am anpli fier according to claim 16,
-wherein said neans conprises a capacitor connected between 10 said first

terminal and a predeter mneq QUG SQUECEL KodbialBsirst corfndiplifier

according to claim16 or erein Sard active load circuit conprises a

third field eff%&§agr§%§k%59%eokh§ YA S AIdeiehicly betR@enld having its

gate connected to said first termnal, its source connected to said third,
termnal and itsdiraige coRMRE @F B0 pHilcd BRAMIME Woiladal applded koad
el enent connect ed between said first and third termnals. 19. An

anplifier accor@dai@d powaly souecel tieramidalpreced vpltlagershadfgeo 18, wherein
said output circuit conprises a fourth field effect transistor of the
segond conddct i \daopriripg, altasaig isesondurtesminailesfegaid 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 predete#mined poﬁer 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 élement

. connected between said first and third terminals.

19. An amplifier according to any one of the

e

20 preceding claims 16 to 18, wherein said output circuit

¢ ' comprises a fourth field effect transistor of the

" second conductivify type, having its source connected
to said fourth terminal and its gate connecﬁed to said

second terminal of said active load circuit.



to said fourth terminal and its gate connected to sai d second term nal of
said actiye load circuit. - 42 - 20. ng to

cl ai ~%ﬁ? wherein said | oad el enment of said a cuit conprises a
fifth YXb€ld effect transistor of the second conHm mu”m ”,an ng |t&_‘
source connected to said third termnal 5 and drain
connected to said first term nal 4221 An anplifier constructed and
arranged to operate substantially as herein described with reference to and

as |Ilu§%rated In FI%mp ifée&oa%cggd%%gtqg aﬁ%?Ep?QY'Q egggﬂnngs

said load element of said active circuit comprises a
fifth field effect transistor of the second conductivity
type, having its source connected to said ﬁhird terminal

5 and its gate and its drain connected to said first Q

terminal. E2
21. An amplifier constructed and arranged to L
operate substantially as herein described with -
reference to and as illustrated in Figures 2 to 5 of i
10 the accompanying drawings. '
v/



