- 1 - | MPROVEMENTS I N OR RELATI NG TO'CONTROLLED GAI N ANPLIFIE %BTw|§1'1
ipvention relates to controlled gain anplifiers whose gain can”pe varied i A
depéndence 5. upon a control voltage applied to a feedback network. It i{?{é)
known_to prOV|de an anplifier with a variable transconductance feedback '
netwdrk so that the gain of the ~amplifier can be varied in response to a
control voltage applied to that network. Such arrangenents 10 are conmonly
used in automatic gain control circuits and in anplifiers with a

pr?@(annable gain.. In acircuit which is constructed with MOS (netal -oxide
sem conductor) technology, it is often difficult to obtain a variable
transconduct ance network 15 with a w de enough range of values for a
sufficient range of gain control-with essentially undistorted signal
transmission. As a result, the circuit has a severely restricted range or
requi res too nuch power or chip area. 20 According to this

i nvention a controlled gai'n anplifier includes a first anplifier, and a.
negati ve feedback network connected between the output and an input of the
first anplifier, the transconductance of the feedback network being

Vari abl e i n dependence 25 upon a contrbl signal,. the feedback network
including first and second capaC|tors connect ed serlally first switch

geans for co e A .- 23, .oaC|tor to the sai d_i nput

of the first M ; 2 UONERQLLE AN AMPLIFIERS

ref erence potentleﬂ Thﬂsntuﬂenhiomgretuﬁad ﬂhaoenﬁﬂolbdd gihﬂ first phase

per fods not g AR illSeq SFIN BB RALEEE 15" aS560RG0SY O Means

for connectingonée si
' upon a control voltage applied to a feedback network.__

It is known to provide an amplifier with a
variable transconductance feedback network so that the
gain of the amplifier can be varied 1n.response'to a
control voltage applied'to that network..“Such arrangements

10 'are-coumonly-used in automatic gain control circuits
and in amplifiers with a programmable gain. . |

In a circuit which is constructed with MOS
(metal-oxide semiconductor) teehnology,_it is often
~difficult to obtain a variable transconductance network

15 with a wide enough range of values for a sufficient
range of gain control with essentially undistorted
signal transmission. As a result, the circuit has a
severely restricted range or requires too much power
or chip area, : : :

20 | ‘According to this invention a controlled gain
amplifier includes a first anplirier, and a negative

_ feedback network connected between the output and an
input of the'frrét amplifier, thertransconductahée
of the'reédback network being variable in dependehce
25 'upon ‘a control signal, the feedback network 1nc1ud1ng
- first and second capacitors connected serlally, first
switch means for connecting one side of the first
28 capacitor to the said input of the first amplifier




ase periods and to a reference potential’ term nal during the second phase
ri ods, and variable resistance neans responsive to -the control signal
and prOV|d|ng at | east one current2pafh froma. 10 common node of the first

ahd Seconddﬁfﬂﬂg fPritt @rfﬂﬁﬁ Bf e@&'ﬁ'r??&?hﬂﬁe é%eﬁ%ﬁh fier

enbodyi ng t ventlon roved contro gnal - band gain
over a wndﬁeﬁﬁihalaﬂﬁﬁimﬁt%°FEPﬂtP ap9 PBFﬁﬂﬂ§boﬁpPoﬁiWﬁﬁlPh&§Png | ow power.

consunpt i ﬁfaaseﬁoiSovbrra pfﬂgltneaséebaalynhieSﬁakhoaagunt of area o
an integrated c rcu#£ ﬁn?g neone enb xarla IS resi stance neans
i's prOV|deﬂ°ﬁ?? ¢ apg, gﬁpﬁ?ﬂggFﬁﬁnﬁlgPBr? hehe bias-current
in a t$anssetandceapachbdri hot bhe26utputabfethesfiratcamptdfiers | ow, in

vent: on SRFIAEDERE PAckS, BnBhd pblRUag kR kgl 8" Eorkebs TP [T T
acconpanyi pgtemtiahgterminal nduning: tnecpeeong phashcperiodsir evdt di agram

of a cont r%rfdbﬂé' Peéﬂ?’t&ﬁb@h@ﬂh&di‘eggo Evbmtsnftf(.en ga%ws a swit ched

capacitor variaple transconductance net wor FIG 2 is
a schemat i $31&n8l pRd PEEViding &t legst QﬂFtEHr§Bﬁﬁ R8tHafT® @sed in the

f eedbaré nedmpoIH ﬁédéhéraﬁﬁélfiﬁétoﬁnﬁ|E%c&nde adiitdérs gehamatic circuit

di agram of _t s fee k net work nDdlfled 35 to
Thelude o Tetereibepafppfiel; Shrhstalr . b3, SRBREIRK PRESEYARBL s gnals: .
and FI G 4the ﬁnveheﬁanlattordalimﬂragedncohtnnmtb!rtna saghamhled galn

~anplifier ﬁ@@&dléfﬂ ngr'gvﬁf&eoﬂain range with relatively .
low distortion while using low power consumption devices
15 which require a relatively small amount of ared cn an
integrated circuit chip. o .

In one embodiment the variable resistance means
is provided with a network for suppressing distortion
when the bias current in a transistor contained in the

20 variable resistance means is low, in this case
- corresponding to a high input signal level to the
amplifier. : .
The invention will now be described by way of _
_ example with rererence to the accompanying drawings,

25 in which: o .

FIG. 1 is a schematie circuit diagram of a
controlled gain amplifier embodying the invention -
having a switched capacitor variable transconductance . _
feedback network° : : '

30 FIG, 2 is a schematic circuit diagram of a toggle
switch such ‘as may he used in therreedback_network of
the amplifier of FIG, 1; _ -

FIG. 3 is a schematic circuit diagram of the
amplifier of FIG. 1 with its feedback network modified

35 to include a distortion suppression network for high
amplitude input signals- and -

FIG,. 4 is a schematic circuit diagram of another

38 controlled gain amplifier embodying the invention

_é‘ second capacitor to the output of the first anplifier during the first




controlled gain anplifier 10 is realized with N-channel MOS devices and
i ncl.udes a primary operational anplifier 12 having an inverting input po(t
14, a non-inverting input port 16, ant a® oftput port 18. The non-inverting
i nputTport 161h816@THECACEuAY ParthBleNFesh8tafcedhetwork in this
particular instance |S gro nd aatentl g& ihe term "rg&eregcﬂ;{i potential" as
used herein-nmeans a BOLERTLRE RANCKO FIGapdpamh cOREFOLdRG: £BAMas conpared
]EO e si gnall afiplefier! 10Aisi ppalized wiidh Nochehnell MOScdeviezes gnal 22
roma signal _squgc S - - €O t I Lt RQ | ort 14.
The si gnal soﬁ?@egf'glﬁggssﬁom,imgﬁ& P ﬁggrsggpég (%r Q@gi%@/e&: 2’% %'gwriéﬁo i zed as
a switched capmcinwvertimigeippnti pokdr 14i,r 6unonyinveritd ngpdnpuito part
anplifier 12 jkse I SN ebihak, yand | (o=Ys Wl - YN with one
of various ar!rlgﬁ é&gntﬁg %Fgﬁkanﬁ\lﬁeﬁP'kng\%ﬁ t?‘gnt Egggzgf%g gli?g? skill in
the art of anpPrfi ipsisaconpected: t0gn- TRTEFBEGE: RRIentdaly ) whighy il cond
t hrough-swi t cgpdisCpasrtibtla?binstaneenist gtohfids poitenitiallhe The' Berm
"through-swtghe?" as used her(il S"descrl bﬁﬁ a tgo-term nal _c q;ge t of a
swi t ched- capatPiSFeBrpcRPtentinly; g naed,berein, means a, ?&% ect ed
to ground i n whechf ishsubstaatiallyngopsitaat. asscémpared ttogdhe switch 28
connected in i he i,av 1,00 1 St
Gapaci tor 24 PEEREL BEYUREIaLT AR Thbhi0reBieoR o, Hndlh RiBpET, |
first capacitarstgnalt 8nfromyapeigned sourceyedsi ng i nput port 14 and
ground. A second toggle ' '

‘including a dual variable resistance network. Referring nowto FIG 1, a@



i tch 30 connected in series between the anplifier output port 18 and
dcond capacitor 26 is adapted to switch t-he anplifier output port 18
of the second capacitor 26 alternately between the anplifier output

po 18 and ground. 25 The first toggle switch 28, which i's simlar
to the second toggle switch 30, is shown in nore detail in FIG 2. It is a
pai r of enhancenent node MOS transistérs 31, 32 with their respective

33, dhejs 36 30
connecs ey SRR U SACUEL AN SIS dowpred! ol Sl 50 0
[err] non- ;osicepdishdqiulshown aignd tthe resister p‘lﬂ Jeay aaksg ebe] which is
here ChoSerkdy fted ek it tanktd ISP deiBnc e | ortile ESELAGL S | el Ep
t ¢ sw tches 28, 3

the solid line arrows in ates that as 35

shown are 9f thhe OP%HQQ% an;g;li:f:.ezg 12 itsekb| is (et materiab: % 42
shown wist higar e lidl GRsdordtidiked witie dﬁtﬁlw&ﬂué:'ﬁ'rﬂng&ﬂ)é!i%@swﬁi@n

common node 40 of .the capacitqQrs 24, 26 ou cl udes a :
enhancenment?tfod® % %est%c%r‘iﬁ‘b%‘én 1]cr &%‘? ATULYith drain
and gate grampldetierd.ts source |s connected to the capacitor conmon node

4.0 and to the dr? '}ﬂjsta”th upp cﬂ@&iﬁiﬁ {@Ségt%ﬂ%% whi ch has .

its source couple a negat1 err] ?s as a

_controlIedSﬁﬁqnﬂwtknnnghrswitnhﬂd(ﬂanaﬂxtgﬁazﬁfarﬂnqpn!BQEQQntrol vol t age

source 4930 igy (?exito the gate 52 of the current source transistor 46 to e
tan e

vary the re5|s of the variable resistance. network 42 by changi ng- the
“bias current for thke rermt'Fhroughniritehetsiag jised be¥eime operati on of

‘the controlde®1ddids a two-terminal component of a switched-
capacitor circuit as having neither terminal directly
connected to ground in one of the two switching phases.

15 A first toggle switch 28 connected in series between
the inverting input port 14 and the first capacitor
24 is adaﬁted to switch the ihverting input port
14 side of the first capacitor 24 alternately between.
the inverting input port 14'and_ground, A second toggle

20 switch 30 connected in series between the amplifier output
port 18 and the second capacitor 26 is adapted to switch
the amplifier output port 18 side of the second
capacitor 26 alternately between the amplifier output

| port 18 and ground. . .

25 The first toggle switch 28, which is similar to
the second toggle switch 30, is shown in more detail in
FIG., 2. 'It is a pair of enhancement mode MOS
transistors 31, 32 with their respective sources 33, 34
connected togethér~and their respective gates 35, 36

30 connected to a clock source 38 which supplies first phase
¢4 and second phase $o non-overlapping pulse trains to them
at a pulse rate fc which is here chosen to be 112 kHz
(kilohertz). The ¢4 phase notation adjacent the solid line
arrows in FIG. 1 indicates that the switches 28, 30-as

35 shown are in the ¢1 condition.
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15 anplifier 10, the control voltage [err] applied to the gate 52 of the
current source transistor 46 deternines the bias current for the resista
el ement trapsistor 44 to thereby determne the resistance between the
common node ‘40 and ground. Since this resistance determ nes the discharge
20 rate to a constant potential of the %apacitors 24, 26 the charge packet
transferred between the capacitor 24 and the inverting input port 14 of the
anplifier 12 in one &Ayweiahlepeesistancametworky4de shown ovithiby t he

cowt ol Vol t agige Viargdké urbiedsiel 146 Rhot Sn@fldods LoTa oLl NBblp pogNEhe 22 At

25 a summ ng node rovi de negative fteedba ropottio
out put vol tag‘é"”B‘FOIHﬂP Qo the c@%%‘%ﬁﬁ%ﬁ@nb@)élmrﬂro%m@m It FIG 3,

~a control | ed ﬁﬁém&éﬁ)'dﬂlﬁihaﬁﬁcéxﬁ@ﬂﬂqﬁ‘éd@ MOS ! @piaRilc SHEPI 868108 SEEMOAK S8
within the snaller broke iw&?f?]t'rect angle. This n %?V\grk 58 suppresses

signal di CNYFQH§¥§ﬁQ¥1 i AR F3he B ent LESBPEFER 1% the
resi stance elcammicﬂedanm Stmé %ammwémmcmdeswmhwgtéotheg@ram

ol ues whi ch et cPidscetied? 3o Mod FARRINT 4G, TR diad UL hout

undul y di st orsdurce eoupled Hapea aiegmummtmmpbygmltmchv ind datk
through the capagideyt llé@ curr&t %@uxﬁ@é""orﬁ 14 éwon%ﬁ
62 4 1s _

operational anplifier he gate o tranSIStor nne@ted
+hrough 3% ogyleontiek voktage t%ﬁl&%&%l@otwtmm?&tt@owe&am 9ot

secondary Ope I Ai¥erf it Dladikfor UGUY. varly T El +E8EEt £hEgTOE T8
coupl es the S|l?nal |{f§?u](e etosan Il nvertin gﬁp"l’ portn o :
non-invertind Aegistapee ?Wﬁé%' Yi¢ha $$P$s @ﬁoﬂhﬂ%d A
second t oggl mmém&l ﬂ&maﬁéam& dele@entotransistor 44.
. In the operation of_the_cdntrolled gain
15 amplifier 10, the control voltage V, applied to the gate 52
~of the current source transistor 46 determines the bias
~current for tpe resistance element transistor 44 to thereby
determine the resistance between the common node 40 and
ground. Since this resistance determines the discharge
20  rate to a constant potential of the capacitors 24, 26 the:
charge packet'traﬁsférred'between the capacitor 24 and the
inverting input port 14 of the amplifier 12 in one cycle of
operation can thereby be_controlled~by the control voltage .
Vc‘ This charge packet is added to the input signal 22 at.
25 a summing node 54 to provide negative feedback proportional
to the output voltage of the amplifier 12,

n

In another embodiment, shown in FIG. 3, a
-controlled gain amplifier 56 includes a distortion
» suppression network 58 within the smaller broken line
30 - rectangle.--This.netwbrk 58.suppressés signal distortion
which can result from. a ldw bias durreﬁt condition in the
resistance element transistor 44, a condition corresponding
to high amplitude input signals, by essentially extending_
the range of resistance values which the resistance element
35 transistor 44 can preseht without unduly distorting the
waveshape of the output signal which. is fed back through
~ the capacitor 24.
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tors 74, 76 alternately bet ween ground and the 10 inverting input
70 of the secondary anplifier 62. The other side of the first
gcitor 74 of these two is connected to the common node 40, while t hat of

anpllfler 62 and. ground. The drain of the resistance 15 el ement transistor
44 ts connected either to ground or -t8 2 positive supply-voltage. A

non- srqtched feedba$£ ﬁé@?ﬁrROSSGBnGDUQéﬁsatﬁécﬁﬂﬂ&ﬂ? agékaﬁiogﬁlthedth
inverting in or o servin e_bandw o

t he seco%da?@pgﬂg ??lég TﬁeAgfgﬁdﬁﬁcghﬁogﬁﬁﬁﬁgﬁ%Br ylﬁngﬂpgggSQ "/
applied acrﬁksougheaptogglg swptchi 66, 181ternateily tar ther pasputThe

variable 1St BE°oR L  Lododah ! HESaPLOhRI! Inb] 28365 8D L84V CF

"serves to end.the resistance ra or a glven upper
linit od therowndcondroesiatange, elm@entr78nbeupheﬁttbe shgnpdvention is

t he controliﬁ§5982@ ﬁﬂpéﬁfi§6e§91ﬂ§8£ﬁﬁht4po¥@'?E 'n?hédﬁénaﬁﬂU@Etlng

resi stance . _The network 82 Connects_thé conmon no
through a riRpadt peEt phl nofr bhe jeecendayy: auniifier 63 &ﬁ|8H°HP§§€Hts

resi stance g@édnﬂgtagg165§ﬁﬂﬁ@ht¢2ac§ﬁﬂééﬁé ﬁﬁétéﬂae[étr wol t al so connects
the common node 4 %g z ve glng # @ut 14 of the oggratlong anplifier
12°t hr ough SHRAFLFOTRs( 4t af@eabheTiFo0Y dRALRGeR BFaRBAEBH BBSwni ch
presentl0 a Inmentﬁmgeinpub poryi 0 of Sher seponderyoampiifdetr 62.vofThege

h
Virtual  or O hoRE b P oHe L Er8t  EDERSREGLTTR BE) Eheb® EREAEL |77 5o

-7- smal | s¢@pn¢@¢ed1h@ ‘thet ecomnont podes48f whiler thatsodr thessegondre
coupl ed to &4, EPPLF OFe VLt 898z 04T 68twleh "EAEIBuBput node 64 of the

amplifier 62 and ground.  The drain of the resistance
15 element transistor 44 is connected either to ground or to a
.positive supply voltage. A non-switched feedback

ground

capacitor'68 couples the output port 64 to the inverting
input port 70 of amplifier 62, serving to limit the
bandwidth of the secondary amplifier 62. A feedback
20 capacitor may likewise be applied across .the pr1mary
amplifier 12 for a similar purpose. e
The variable resistance network 42 includes a .
third transistor 79 which serves to extend the resistance
" range to lower values for a given upper limit on the
25. control voltage.. |
Another embodiment of the invention is the
controlled gain amplifier 80 of FIG} 4, which includes a
dual resistance network 82. The network 82 connects the
common nOde 40 to ground through a resistance path provided
30 by transistor 84 which presents a resistance varying in
response to a control voltage V It also connects the
' common node 40 to the 1nvert1ng 1nput 14 of the operatlonal
amplifier 12 through another resistance path provided by a
transistor 86 which presents a resistance also varying in
35 response to the éontrdl~voltage Vc.' The inverting input 14
is a reference .potential in that it is a virtual ground
node which does not significantly change potential for
38



fi'xed resistor 88. Two capacitors 90, 92 of equal values serve to suppress
distortion in the transistors 84, 86 5 resulting fromlarge signal

anmp}i tudes. , The consol idation of the two control voltage- responsive

resi stance paths in the dual resistance network 82 permts sone shared
function econom zing of elenents. However, it would al so be feasible to use
two 10 separate resistance networks to7rake the connections. Moreover, a

cogu gl | ed gmm@ng{maﬁrs cavrthtée gl leqet:ﬂszcfeswff%é)fn‘uﬂstﬁtms ey by
pr i ng varjous contrql v res i ve resistance cqnpections from
the common n&%e &6 COW 310 ﬁ%@» g’é e lhaee as%%gﬂg t it

f eedback. cur fdixtedofreidimtarp|8&.i eMTwh? caEpatdiﬂIcﬂiS/ o f @2 &f Byudie veiiesl

Lok a0 " ey Wi uhedl I P Y T LB

for the véari ablsellgan:g I@‘mh}ilarfgleemml S@npdditiudldss an AGC (aut onated gain
control) circuit. i1 e I ul d. be
derived fromthe out put él%ota c%eeltgr?ptﬂfl er éﬂb &gﬁz‘%ﬁl ‘{&

etectin S|gnal

peaks and pa¥FSSRRSIA Mesd@Henee Rathsmdn t‘qbret éﬁl% tﬂ?ﬁi—%‘d’é}% ve dc
%ol t age out p'ﬁbtbﬁo@'k 3% p&rmizy %@Owé@tﬁnﬂmﬁﬁlﬁiﬁddﬂdﬁﬁg (dmst for

B G CTE e YA P L A U
vari ous aor celepamatteommstlamdehae\mur&ld aoyaakehd icomeldtidifs.are 30
accertalnen BOTERTE: B sonty B Raty Pl ARI b bl Heaka A Y
. design. The alno‘aen\umheabloé g@flfea‘rqnih fwamss bylmrdiﬁ.d:mﬂ vaatimushe 'r'eal i zed
g)s/ tcgsrp;?gdoto the deV| ce%Pe Itlrepsﬁ)e |ers fdﬂ 56 otdgie{c; rect t é’?];asm o
opposi te devithe gommon podeg 40. to a reference voltage in such a
15 manner that the feedback. current of the amplifier 12
is thereby affected by the control voltage V The
re51stor 88 and other resistors can also be replaced in
known ways with switched capacitor arrangements.
A typical implementation for the variable gain
20 amplifiers 10, 56 would be an AGC (automated gain control)
circﬁit. In such a circuit, the control voltage Vc would.
be derived from the output 18 of the amplifier 12 by
detecting the signal. peaks and paséing them through a low-
pass filter with a positive dc voltage output bias and
25 having appropriate slew'capabilities'(fast'for attack and
.slow for recoVery, i.e. fast in the process of increasing
gain and slow in the process of decreasing gain). |
The particular values of the various circuit.
components in the variable gain amplifiers 10, 56 are
.30 necessarily'specific.to the implementation intended and can
fbe readiiy ascertained by one skilled in the art of
integrated circduit amplifier-design.- Y |
The above variable gain amplifiers, 10, 56 could
also be realized by the use of P-type MOS devices connected
35 in a "mirror-image" fashion as compared to the devices of
 the amplifiers 10, 56 to reflect their opposite device
polarity.
38
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= \Wile in the circuit diagrans for the anplifiers 10, 56, 80 ground
gtential and the virtual ground potential of-the inverting input port 14
7¢ fused as the reference potentials, an anplifier can be readily 5
gned by one skilled in the art of anplifiers to use other reference
entials which may be available for a particular circuit application. The
f eedback network of an anplifier caf &lso include an inverter and be

connect ed between £ @i 5@Parh Vféfl Bei Nput. 15 20 25 30
35 38 -9- CLAI P uEng oy EEdIJL SrLagfand Lot e (ding a first

anmplifier, %ﬁﬂﬂ%ﬁ%@@%l1@e 5@ed%%c&rﬂ%¥$099t%%hh%ét%Hdbﬁhﬁeghrﬁﬂéloutput a:5/

an input ofgidignd povféﬁﬁiaﬁrwflfh@r1n¢vé1ﬂtiﬁ§n§ﬁpa@lugbﬂﬁ<:£40£réhﬁséeeQBack

net wor k bel vaf#able in dq$ € e é@ gntrol 8 g
feedback nétiorieteRsIcs RPEeT L2 d cHMRteb&: |?%?s ﬁoﬁﬁ% te¥ serlally
first svdtodestgmed fioy cmwensicilbgdohe sheleant oheahplsfiempatotor to the 10

sai d input f e to a
reference|3%ea$¥h4* %%?éﬁ%%é%dﬁéﬁgyé%%g%d&% é%@ﬂ%i??gdﬁbggﬁaﬁﬁgrst phase
peri ods notfor a particular circuit. application.

The feedback network of an amplifler can also

include an inverter and be connected between. the output and
10 the non-inverting input.
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one side of the second capacitor 15 to the output.of the first anmplifier
.during the first -phase periods and tq a reference potential termnal durin
t he second phase peri ods, and vari al] e g es] stance neans responsive to the-
contfol si gnal and provi di ng at Ieast done current path froma conmon node
of the first 20 and second capacit olCLAMMS, reference potential terninal. 2.

Ananplifier as claiyedj I’bdﬂﬁbd]]lﬁbd{\{?ﬁﬂ Akl fEdF aﬂ{aﬁmgt ance means
i notddes a first transi Loy, connec t pEL

rovid amc.re |stance pat h
bet ween the GofidPhouwP kYR i f;ﬂa%g/?rl&r?ﬁm and a second
transi st or f @onwexted rlgaifwext Hshé mxsﬁputaamdsa:nrmpwtasrcthe ent whi ch

varies in de t t f | ai med i
chaim 2 wher Zurat iy G (ngddiiotanod Tbf "Phd tsamioR N0 '

i nput, and tmm: predngiohrialila dn idepenggnes Jpon reteenixroksponsi ve to
-an input sig t | trol

el ectrode of rﬁ#% rgh{ﬂ%ff&égﬁ@ rhééﬁf}{ﬂi f%%% SI gha ﬁ?\%‘\%‘gsﬁacgn e
~di stortion-atSafond icaRacitorm connrgted tw oﬂ':ht‘? ¢an

i*ncl udi ng a fﬁdzstcduﬂwﬁ"xfge wrﬂdecbf)etwemf@e ¢£Wit6!ﬂ wptne and a

o o T Aok (¥ AR e e 6 AR L g0 0
~ Second |npedqmmaodsuhnnrto%arncrércuperpnmenmtutxwexhiuah.durtngnce
Bde ot or meBeila, Shkdd S the WL Yala e P Ghe ROE TN O DS
‘connected t o awexrlapping rkhe agcand phase MMomQMcﬁﬂi)‘ﬁ%h and the
other side OEdHﬁ% for connecting one side of the second capacitor
15 to the output of the first amplifier during the first
phase periods and to a reference-pofential terminal
during the second phase periods, and variable resistance
means responsive to the control signal and providing at
least one current path rrom a common node of the first
20 and second capacitors to a reference potential terminal.
2, An amplifier as claimed in claim 1 wherein
the variable resistance means includes a first
transistor connected to provide a dynamic resistance
. path between the common node and a reference potential
25 terminal, and a second tramnsistor for providing for the
first transistor a bias current which varies in
dependence upon the control signal,
3. An amplifier as: claimed in claim 2 wherein
_ the said input of the first amplifier is an inverting
30 input, and there is provided a distortion suppression
network responsive to an input signal to the controlled
gain amplifier and connected to a control electrode
of. the first transistor for redncing;output signal
waveshape‘distortion'at_higp input'signal levels, the
35 suppression network including a tirst impedance
connected between the inverting input and a terminal
for receiving the inpuﬁ signal, a second amplifier
38 having an inverting input connected to the input signal

) D

ovérl.appi ng the second phase periods, second switch nmeans for connecting @
g
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fourth capacitor being connected to the control electrode of the first

trangi,shor, third swtch neans for connecting tthe control electrode of the

fir tyansi stor 10 during the first phase periods to the output of the
seco anplifier and during the SECQod phase periods to a reference’

po{ential termnpal, fourth switc r _connect.i.ng the co node of
the third aﬁﬂrFﬁﬁFihteﬁﬁEEFtﬁr§°ﬂﬂg§nampﬁ§‘PPPSt a8eNgBriny: nn&gnghe 15
|nvert|?g | figpiat otohtiec tedovd anrbtérencenﬂodentdgltherndnadd phazebperlods
to a refere ot ent a cggnect ed bet ween
the invertiﬂﬁfyﬁpﬁ?Ratgusﬁspg}ggki?ﬁ sgg quﬁ Qﬁﬁg Q%n anplifier as\'!
clained i n qhei aigevker £pTm28 chmﬂpnangﬂskombeapéhhrebddefD&cﬁhpran5|stors_
5. TPl thifd ERpheRtaR veing! agm.éc%a%wr'%a' GoliBn! hB@Rl girors are MOS

deV|ce 6. n anp ler as c In claiml wherein the said input of
the first abheifirsti and seaond: eApasi tprgut and,ghenetbexs side, pdedbeyrt her

vari abl e refoﬁfanceaﬁaantofeﬁamﬁgluanhectba %Bn%h0|c&h§&%l aldcitrodedi ng a
current path fiﬁc onmon _node ofﬁhge flviéP nd seco d.capacitors to the

inverting i ®bu E?goﬁF?BPFE OFai §hixg g s&B?P&n PX Iy 30 as herein
descri bed wcohnccttngnthetcohtgollclécdrodc of thef fdrs: wransisgorl, 3 or

4 of the aceQRPRPYLRE P1PYt PRasd periods to the output of the
second amplifier and during the second phase periods
to a reference potential terminal, fourth switch means
for connecting the common node of the third and fourth
capacitors during the tirst-phnse periods to the

15 inverting input of the second ampiitier and during the
*”second phase periods to a reference potential terminal,
and a fifth capacitor connected between the 1nvert1ng
input and output of the second amplifier.
4, An amplifier as claimed in claim 3 wherein
20 the transistors are field effect transistors. '
-5, An amplifier as elaimed in claim 3 0or 4
wherein the transistors are MOS devices.
6. An amplitier as claimed in claim 1 wherein
the said input of the first amplifier is an 1nvert1ng
25 input, and there 1is provided further variahle _

' resistance means responsive to the control signal and
providing a curxent path from the common node ot the'
tirst and second ‘capacitors to the inverting input._

7. A contrclled gain anplifier snbstantially
30 as herein described with reference to fig. 1 3 or 4,

) . or to fig. 2 with fig. 1, 3 0or 4 or the accompanying

drawings.
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