NO SE REDUCTI ON CIRCU TS This invention relates to noi se reductioh

circuit known noi se reduction circuit conprises a conpression circuit

at atr tter for si-gnal conpression during transm ssion, and;\ann—w\ - A '
expansi ircuit at a receiver for signal expansion dufing sign@les . .39
receptiof, in order to 5 I ncrease the effective dynam c range of_a

signal transm ssion path. This sanme signal conpression and expansion
approach has al so been applied to recording and reproduction systens, in
which a signal is conpressed at an input to g recording device and is
expanded during reproduction. Typically, these conpression and expansi on
systens include circuits that have a 10 controll able transfer

function, in which the transfer fpnmsE®RESDCTIONGIRGEfTSI S vari ed dependi ng
upon signal |evel and/or frequency. Th a Known noise readuction circuit of

this type described in US Patent No. 3 631 365, the conpression circuit of
the noi se reduction ciThislinventich belasestomdise sedyedionmaddujtsan auxiliary

signal path, rand a SURTLAGl hbRYIEadhion cireuit! Aimd WAL S iR sBbANRE L. bhe

two paths to produce an o e aux irary - si gna
of a hi gh-pass futrat"emlﬁamfng %QWr‘P@mPFe’—S@QO @yriing rteammwn,aa%ﬁﬂr@qpaﬂsmn

circuit for cont rcﬁ'lcbitrlﬂéf-@:eY@r'f%msﬁ;rﬁ‘l‘Ex@éﬁsufr{Wgﬁnap{&eéﬂoﬁpﬁgﬁd@g?ﬂ
er .1s e to

limting circuit. An out fromt ass fil
anpl i tug"e limti H@-“”Eﬁecﬁ %f?ﬁcgll’g% danafawpr?'?qeegf Atgnah teaneptsin pathygThis
signal fromthe aampkidigrd ddnpression aindcesplansion fapproacht has alsonbesn eppited to

where 11 1's addedodgialicatPbthrdidisl 4akeeliE BB Id efal [LIDIGLE Lkl @B

conpLi ses reverse par es’ or arrangenent
junctions and hadnrih tPrfheecendingexigeopny [scgxRanged dwnwmmdewo' .. Xypégally,

for silicon PN J umstel eaﬁ-praﬁro?.usﬁdt Qk&arPan tssas&h%n ihd)08s bl ésev.ﬁé: irdvbagge
when 25 | evel s usual encount er ed

ci rcui t $%f thi SCR tﬁaﬁ ?ﬂﬂ%? t’rﬁﬁ"st’" Hﬂ"E’bﬁ'ﬁ%éf T8 “t"ﬁémﬁr"efc%l?fﬁ'”“
stage of the anplis varded hepmﬁir@gmmnrsigndl leve] tandfort fireqdenglp- pass fil ter out put

signal |evel can be SWE%BMI;% o6 x%ﬁ@xt 16 cl cir%ﬁﬂ qtfrﬁ'u& Wp%s&%ﬂbw‘{r‘?bsoﬁa{e@

anplitude [imting circui an essent
rather than an i Mo der@3| 36D, the comempjonentrcuuﬁdoécuhs nweomdycugnacxmmter

anplifier for t h‘?ncﬂu&té :Pﬁr%?n Qighhﬁﬁamtanaéu%ﬂlatﬁ ﬁé’ﬁaltﬂb@hl b ﬁaeiunjuﬁmél cu'cutt
Because the auxiliary si l%ﬂ;’:l%{;ﬂpat ou% put signal, has been a

by this Enplifi e|for sHremi §ignalsyof e two paths to produco an output si nal. lI'he
auxiliary signal path is formed of a hlgh-pass filter having a variable cut-aff

frequency, a.control circuit for controlling the variable cut-off frequency,
and an amplitude limiting circuit. An output signal from the high-pass filter
‘ is fed to the amplitude limitihg circuit through an amplifier, and an output (

20 signal from the amplitude limiting circuit is fed to the summing circuit
where it is added to the main path signal. The amplitude limiting circuit

comprises reverse parallel connected diodes or a similar arrangement of PN

junctions and has an inherent threshold level of approximately 1.2 Vp o for

silicon PN junct.ons. Because this PN junction threshold leve! is large when

25 compared to the signal jevels usually encountered.in ¢ircuits of this kind, an
amplifier must be connected in the preceding stage of the amplitude

limiting circuit so that the high-pass filter output signal level can be

substantially greater than the threshoid level of the amplitude limiting

circuit. Therefore, this amplifier is an essential rather than an incidentai

30 component and acts not only as a buffer ampiifier for the high-pass ilter
but also to set the limiter level. Secause the auxiliary signal path output

signal, which has been amplified by this amplifier, must be added to the



2 main signal with only a small weighting factor, additional conplicated \
circuitry is required, which further adversely affects signal precision’ -@
stability. In addition. reverse bias or drain currents flowing in the PN
junctions of the anplitude limting circuit adversely affect the remaining
5 ._Circuits in the system because of the common inpedance of the
ground ¢ircuit. According to the invention there is provided a noi se
reductron circuit conprising a main signal path, an auxiliary signal path
whi ch i ncludes amaanpignalideithi onlyea small hesightiag cﬁaatar;taﬂdxﬂbfnals::&rﬁpwcated

hi gh- pass filter 1?@[}4 H}glsareqqﬂlreg wh?éwtfur(zl'\élagh rgéig %{ch%rgﬁH 6%{3?5] aﬂaans

for summ ng an outg mal n Si I
of the auxili arystabiditu twdtfd)o"f-o'?ﬁvﬁéﬁec bra@umt dwnpeurrwgnﬁowmhm &he) Riie

auxiliary si gnalj,uaaéxa\scemﬁé Saeﬁputuaé tmﬁem Ogipeliit @BVerseyY 8ffet tﬂgar@ﬁwalﬂﬁ)‘%
first and second .diffetenti al I fferential, outputs;

an
junction reans cHRTHIEE &Yy the Tyﬁ? ﬁcéPﬁnP qheoER'B'L'J‘PQ '6'I'p°(dﬁ8°‘?/(9lf t g egroynd

current convert egire@ans; a first COI’TTT'DI’] emtter COI’]f | gurat i on transistor

pai r havi ng bases co tLon apaci tance neans
connected at one end @%&%ﬁ%gftfgrﬁ? l('J'I“"N?ere il nf)'tﬁ édo? o redlic estreutt
vol t age-t 0-‘cur r esRMErdgiNg: @t daimeigns! pathe arapuxiliann sianskaath lwhichy indodeecard

or connectable aémbﬁﬁmetmﬁ&eﬁ RAd thQstthg dﬁﬁié}téhﬁr@ opatmg%qsst Rfted %ong

differential input being connected ground, or_the capacitance nean
bei ng conMbct ed antraliabls get-oth, eﬂt‘F'&#’o&ﬁﬂ "a?ﬂ!‘stfﬁé SUBEHAY At utevie siognal of

i nput bei ng conmt;ﬂdmtsbgridl@aﬂaam sngnqdutpa;tdal ofthe auxmixqeawlpamewmm
c necting a collecta he. f r st c %er transistor pair

o iese i rd SFEAE ek fdneb oy hatR e b ROV el Pk CorbhORRt o Crreons.
and a second comnitagemot@laremmnwmt umaﬂsramn@tbrstpmﬁ shcandn @i fifereatial

connected to th%nﬁﬂddﬁﬂ%#ﬂ&ﬂ\%%ﬁtp&@ereby sai d output signal of the 30

auxi liary signal_path s deri rom’ a collector circuit of the second
conmon em% ter CUNHURRHAM MeAns capracied to she differestiah putayts of he yoPresitaes a
noi se reduction &jrf-mlctoncm hﬁ,lang a rral n 5| gnal pat h and an auxiliary

signal path that udes an a a trans
charact o1 st ot Mt GrRmpR wroiFtes confyrselam andtey pait feving Giser hppects
response to an owtthetPN junctionchedrise auxil i ary pat h, the auxiliary

capacitance means connected at one end to the fu-st differential input of

20 the voltage-to-current converter means;
the capacitance means bemg ‘connected or connectable at its other end to
the main signal path and the second differential input being connected to
ground, or the capacitance means being connected at its other end to ground
and the second differential ihpuf béing connected to the main signal path;

25 feedback means connecting a collector circuit of the first common emitter
transistor pair to the first differential .input of the voltage-to-current
converter means; and
a second common emitter éonfiguratidn transistor pair having bases
connected to the PN junction méans, whereby séfd outpdt sighal of the

30 auxiliary signal path is denved from a collector circuit of the second
common emitter conf!guratlon transxstor panr.

The invention also provides a noise reduct.ion circuit comprising a
main signal path and an auxiliary signal path that inéludes an amplitude
limiter and has a transfer charactenstlc of a filter wnth ] cut-off frequency

35 variable in response to an output slgnal of the auxiliary path, the auxiliary
path comprising:



patfésgconpri si ng: 3 a voltage-to-current converter having first and

se differential inputs and differential outputs; PN junction neans _
co ted to the differential outputs of the voltage-to- current converter;"
5 capaci tance nmeans connected at one end to the first differenti al

I nput of the voltage-to-current converter; the capacitance neans being
connected or .connectable at its other enddto the main signal path andwd he
second differential input being connected to ground, or the capacitance
means being connected at its other end -to ground 10 . and the second

di fferential # rioltagBetioneHrEetneenvedtarohaviag (i t a5 regpngh alitferential rigoutgai r of
conmon emttegnd:@mié.-gHﬁa;baaugsganm stors having base circuits connected to

the PN juncti Jreans, an out of, th ai.r of conmon enitter
confi gur at i on'g@r’é‘ﬂ‘étl‘g'f (’)"i""s"“Bé"'l""ﬁ@‘"i’:SHr1t8c§'8cfH ff(S?’ ?'Réalf‘?‘itg‘t'tsd?ff ?hér‘éch’érmr nput
of the voltagamentomunverﬁer;:onverter and 15 a second pair of commn '

emtteg confi t [ a b CiHeCH ctedto he
juncti (g)n maané% gntaggi TF'%% éﬁg&e}&c%ﬂn eﬂaemf hc?orrﬁ% d'? r?'?é?i Yk, %st ors
formng the owmtmgmcumﬁn%mweaﬁﬂi | i ary path. Furt her t he invent | on

provi des a noih'iecéd%@%hbg%géﬁs%xﬁ %Qmpédtéa L") &nﬂ?ét'%b@ Qﬁ?ds Ak Al 4o
auxiliary signal path gpal ncl udes an anpl.itude [imter an has a

transfer char&®t 'é‘rai"bﬂgé'a % Ang by second F’tfé‘?"em‘?h"'!?“&lﬂe"& Fopnestrbt@y t hat
is variable |grouﬁs,paﬂeﬁ tdpatitantd means bgmglcoaiﬁedtbe afibsi dthér ¥nded BroQhd put

l,,th t {
e ot o el BrBR] FfiCheitRoRGG b RS S Bl SBRHCHREY . 50"
PN j unction ne&nst Qammécnosdﬂolmem%edpﬁmﬁgta'ntlpaltrmispWS’-avhgtﬂaae eoctidse- to\/
current COWeE&-ﬁ&Wm&ﬁQ%Gh&@&P%éEﬁ?% 6RPOEGE Bhe @ﬁsp?ﬁr%¢msne

first differential 1 nput of t'he valtage 2to-current conver
capaci t ance n%’&ﬁ&etbéi"h@g%ﬁ'ﬁ@ctt"éﬂs‘ﬁ‘”%GHH\SC?%‘FE':% tq ithe Jimk ditfaeentis! 30
the main si gniaputpet theavsitidestsecaest Soriviertepandl Input bei ng connected to

ground,g or the CaparitaNGs TEANBN Eder WIMASHALA! tidrSisfd Shavily Hade 9" OUNd
circuits connected to the PN junction means, an output of the second pair of
common emitter transistors forming the output signal of said auxiliary path.
Further, the invention provides a noise reduction circuit comprising a
main signal path and an auxiliary signal path that includes an amplitude
20 limiter and has a transfer characteristic of a high-pass filter with a cut-off
frequency that is variable in response to an output signal of the auxiliary
path output signal, the auxiliary path comprising:
" voltage-to-current converter means having first and second differential
inputs and differential outputs;
25 PN junction means connected to the differential outputs of the voltage-to-
current converter méans;
capacitance means connected at one end to the first differential input of
the voltage-t_o-curferit _conVeﬂ:er;_ , :
the capacitance means being connected or connectable at its other end to
30 the main signél path' and the second differential input being connected to
ground, or the capacitance_' means being connected at its other end to ground
and the second differential input being connected to the main signal path;
" a first pair of transistﬁrs_conhected in common emitter configuration and
having base éircuits co_nnected to the PN junctiqn means, an output of the
35 first pair of common emitter transistors beiﬁg connected to the first

differential input terminal of the voltage-to-current converter means;



i ) FL . . . . i
and the second differential input being connected to the main signal patfs
a first pair of transistors connected in common emtter configuration w
bhavi ng base circuits connected to the PN junction neans, an output of Yhe

35 first pair of cormmobn emitter transistors being connected to the
fi rst/gl_ifferenti al input termnal of the voltage-to-current converter
nmeans:; 3a a second pair of transistors connected in conmopn emtter

configuration and having base circuits conndeted to the PN junction neans,
an output of the second pair of transistors formng an output of the
auxiliary signal path; and signal summ ng neans having inputs connected to
the main signal Haesengdrreisof transistereiqepnegted je commancemitken renfigusatiemingat h
for producing a wdvifd bhseObirBuits Somstlted Ay itR8 AN GUHERBNRESR, aNdutut BFWRE | ON'
circuits enbodyi ng the jnyention can be rel atlvel¥ unconpl i cat ed conpared
to known noi se r??gﬂert' PBIT ofitranaistars asmingan, ouiput 97 fhe augliary gigpal path; and
transm ssi on sysdigmaltduaiming meam Baving inguts icghneated ts ithe nedid sidriat patreads
itself to_fabricati ' g Cl:lcui c in:a,.sg

transm ss?on Sys e%ﬁgn&aﬂ'ﬁgﬁ*%g %"ﬁ‘?@% o%léﬁéieé/aetlh (?# &%gH‘gﬁ |4I {lﬁ éﬁl ?umrt%l"ter
can be adj ust ed signaldwwingareduogd nejee: requi ri ng dedi cated anplifiers, and
can 5 . enabl e QEierRBuslibf Titufts USRBbd)nd ENE idenbioRScdt bdl @idtivel
current flow ng throuq_h the anplitude limting circuit to be reduced. The
invention will il:d F&F?%%?’{‘TE%‘%FPH‘&)""H}P'%&“HF“P'F CUSuitss Fanebe Mepd in a
non-limting exanple,, wwth reference to the acconpanying draw ngs, in ich
the same references identify the corresponding el ements and parts in

t'\@g several figures, and in which: Figure 1 is a schenmatic di agram sfiow ng
t he basic arrangenent of a conpression circuit of a known noise reguction
circuit; Figure 2 is a plot of the transfer characteristic of the/circuit
of Figure 1; 15 Fi gures 3A and 3B are waveform di agfans of a.

tone burst signal and




the resultant output, respectively, in the circuit of Figure 1; Fi gure 4 1is
ematic di agram showi ng the known noi se reduction circuit of Figure 1

re detail; Figure 5 is a schematic diagram of one enbodi nent of. noise x

reduction circuit accordi ng to the present invention; Figures 6A
and 6B are schematic diagrans of enbodi mentg of voltage-to-current .
converters for use in the noise reduction circuit of Figure 5 Figure NI
a schematic di agram of an enbodi nent of a current 25 mul tiplier for

th c o 5 | i | | ter
ssed in aﬁofh;r“b*a‘oﬁfgt‘ﬁ“;’é;: HoreE e e AP e B i BLASKAT 4y Frh

present inventi {?ﬁ' s ication a5c3m iRtEItAtad ciods capihe usathimersignal
enbodi ment of noBssnissidnCdyistem Ghr which MeCEHrdéHuld tével e ﬂfeeﬁﬁiahtddéVﬁHﬁﬂeQn

30 sghemtic f enbodi ment of
noi se reduction {I rcwlf‘;%gc%r %saf’b ”t'Wé’ug ‘g‘éﬂf'g n\’z‘&ﬁ{ o?]mpﬁﬂaf*.agﬁic@"n
is a schematic enaaig aﬁvsm\mffgces eBakeldi bpt feyersef biesPbdt jdraint correpaiflowdngd i n
embodi nents of M&@Nﬁé%ﬁmﬁs%ﬁu@ g:ﬂnﬂh‘ff‘oﬂe féﬁh\‘i@da typical conpression

circuit known for usg in onvent 1 onal nolse reduction system

The circuit of Figur el'%‘tﬁ?ﬁ’t"f‘s\ﬂ!gl aowaPe furthenidepeniteds hyowar @feidlupeativen an

i nput terninal dndamh-Hmiting |&Nhr|nple,5vxtl€i'§ﬁelﬂ§\‘|lceztho gﬂe awﬁrﬁdaafymgsummh go;}ﬁh 4,
and a sumi ng The auxi Li ar at i s i gh- pass
filter 6 havi nz]w l’g‘:p/glp PablE T F“e&F?yf”feé’gﬁéﬁeg cogeé‘?ﬂﬂdr'?ﬂ e't? e PRESP in
cont rol48 ng thefheapvat?llélgyms,@hﬂ in mbighency of the high-pass fllter 6, and

an anplitude |imterFigurel h diaakd QSastd ans{ er
function characteri Stll grA o!s X ceem%ur‘l: slla *rfarﬁ%g"t"iﬁg’g?ﬁ’hV‘ﬁasi ?{‘r w%née'%uen%:y \/

characteristic WS?%‘P’&EFC’EPHWW'@WE' naj#e @“FH@"FF&H'!A er function

characteristic B of Riférealxis aapit IO tRMsferdcharad@rRtid 819%5%1?15&:&“5\' ally
by the transfer %bmc Jlon characteristic of the high- pass filter 6. The

cut - of f frequenc 'the high-pass filter 6 varies as a 10 functlon
of the ¥nput signal Aigysels FMandtIRusce wheefonm- dibgraimsesfue noye berst eigal ahor a

zero signal | eusb reqiitah QWY réepBALAG! B it difcitibY PidufE 1l and increases
Figure 4 is a schematic diagram showing the known noise reduction
circuit of Figure 1 in more detail;
Figure 5 is a schematic diagram of one embodiment of noise
20 reduction circuit according to the present invention;
Figures 6A and 6B are schematic diagrams of embodiments of
voltage-to-current converters for use in the noise reduction circuit of -
Figure 5; |

Figure 7 is a schematic diagram of an embodiment of a current o/

25 multiplier for use in the circuit of Figure 53
Figure 8 is a schematic diagram of a filter used in another
embodiment of naise reduction circuit according to the present invention;
Figure 9 is a schematic diagram of still another embadiment of noise
reduction circuit according to the present invention;
30 ' Figure 10 is a schematic diagram of a further embodiment of noise
reduction circuit according to the present. invention; and
Figure 11 is a schematic diagram showing a modification of a PN
junction pair used in embodiments of the present invention.
Figure 1 snows a typical compression circuit known for use in a
35 conventional noise reduction system. The circuit of Figure 1 comprises a

main signal path 3 connected between an input terminal 1 and an output

-

L]



1)

with a corresponding increase in signal |evel, as showm by a charactc
curve [err]. The transfer function characteristic C between the inpu
fermnal 1 and the output termnal 2 of the entire conpression circu :
Figure 1 is a 15 : conmbi nation of the transfer function
characteristics A and B of the signal paths 8 and 4, respectively. Curves
[err]4and [err] in Figure 2 represent these conbi ned characteristics for
zero signal |evel and an increased signal |evel, corresponding to the
curves [err] andtereningt, Lr%p@dtihmﬁgnaﬁmhdyrmditsumngeg@:ﬁittheThmpuxuiangnal
| s conpressed bygshg LRRTAY %d@f Qp acﬁlsﬁwa%s q{l J?‘ 9Wa€  afhriable cut-39f

“can be restored t0 approxi mately or i i ig an expansi on
circuit (not shofRYUENGYi AFOPE9E s&eextul)ﬁoro?wwbm |t'am vemauegugﬂ-efr frequepeted

or transnitted, émﬁeﬁgh-veésyfuta:fBeénd:émah?ﬁ&bdéﬂuhue}be circuit of Figure 1.
The exp?nm on circuit_shoul,d have a transter_function character.i szél c, t hat

is conpPenentary to tHIAISE §Hpws cm?ﬁrg?sﬂiﬁﬁ‘sfﬁ'rfﬂﬂcf'mﬁ%?’st@rﬁsﬁ‘ﬂ t9lofhe
system 25 mein signal path hihaé atflitsfreqenay ichgrapteristicpb £coritartt! dret) gain,

sliding band sysyeam ubee&aal.&ﬁf%rtfgﬁcJ.s@@ﬁ{rs&efr&s?fé%%9 tﬁb%e%a?ns tn'aha&'w'

al ong the frequency axi s r e t
of Figure 1, if dategraingd subatantiailn by the tamipsﬁerda@cqxqmmarngteeist@mfttm high-

renoved and ‘a t Qflﬁs Fiest 636 he cut-offserG@éncya& Wibﬂ-ﬁbsg' filiee 63031'1!!39 as 8
r va | nst an err

lie r ne .i nt
CorT] ! CBen e MEEKIPE SR N e eickel Mo ehgs HianEoh GHEPLL Heabere i VG o
3B. Since there fos aszdwets&grlal ddviey, axostoiwannsy alvhbractertibtec bum_ Bardrd intleases

ovel curve forrite g}%?bﬂ@"aiﬁfre@% ESioPaE el f St By B SR C,

of the 35 cunvgﬁ p bg ttaﬂsfe@rfuactxgnshatfatcwls;m@rtwtyleblytf@mpat tenmipal t he
control circuit 17and\mé96dta@é €e‘iﬁnn£M§f £ éﬁt%rgg:o%frég?orpéﬁ‘ctﬁi bt FigAEA"G)
.cannot cur 6 instant aneousl Yy because o Infte rise tine constant

of the tontrol GOANYtion ofibe tFansfaraflesionrehayattenisties &Y 2ph& elthrigignal

wavef orm which mus B aneel] xtebpeatwew wvbe\ch i mgmre al +ewadaehe thesee!
i nherent in the tr ra/ss on ecor I n orger to

bvord this s doningl BSaihe BERR Tor Been Hine BRPLHT AN e Taec sl S0aL |
which is | ower tﬁwatespdmﬂuag to e‘llnanunvma ghd Bf; negpectietly. iThe siynaimjc ténge of

anpli t :JdeF: 'gLnr i ifpSCHibhatbis Jaaﬁpr%LJeﬁcw thé obBlatidnl &7 &Awsirsaiewiﬁigefeel;
90 and can be restored to approximately its original value by using an expansion
circuit {not shown) during reproduction 61‘ reception of a signal recorded or
transmitted, respectively, after compression by the cii-cuit of Figure 1. The
_ expansion circuit should have a transfer function characteristic that is
bﬁ complementary to that of the compression circuit. A noise reduction system
25 ~ or circuit with this operating principle is called a sliding band system,
" because the transfer function characteristic "slides" along the frequency
axis. o | _
In the operation of the noise reduction circuit of Figure 1, if it is
-assumed that the amplitude lirﬁiting circuit 8 is'rem_oved and a tone burst
30 ~ signal, as shown in Figuré 3A, is supplied for a time intefval t, - t, between
instants tl and tys then the resuitant output signal has a waveform as shown
in Figure 3B. _Since there is substantially no signal before the time tl’ the
cut-off frequency of the high-pass filter 6 corresponds to the zero signal
level curve Bl in Figure 2. After tﬁe time ty the cut-off frequency of ihe
35 ‘high-pass filter 6 is shifted upwardly by operation_of' the controi circuit 7.
' 'Nevertheless, .this shifting of the_ cut-off frequency cannot occur



Fi e 4 shows a known noi se reduction circuit that, while operating

b ally as a conpression circuit, can be swtched between conpression and
10 expan5| on by operation of a changeover switch 11. The input of
the auxiliary signal path 4 is connected to a common terninal or contact c
of the changeover switch 11, one changeover termnal or contact a of the
switch 11 being connected to t he i nput ternfnal 1 and anot her changeowes
term nal or contact b being connect ed to the output termnal 2. An '
operational 15 , out ts fro the nal aths 3
and 4 and i's colmeanenthbaraed of H hle ritd ke, dpHE o iR ot
out put signal fcipouitive andpthis cased dniavesshopt bédhe uthe wagpfarmp&thl'nlﬁmay

L ougn. Lne, e iRl ndMligping TRH 56 chilhRIA difdwalld Nlel @SRt il e

i nput - si gnal . the. cha er swtc 'S -SWt he term na
to effect si gnaFl'aE@mtﬁs@sFB?ﬂ"e!h@ 2be recordingj madium: offprarder o Evaids tlais

functign C(s) bgiersiedbttdhd étﬂ@é&ueh@&ﬂbﬁlﬂb, d ipmitert RRePU} WAicH RIIBWEAthaA tPEBy be
expressed as:

2
T(s) represents F%Emfpgﬂgﬁé? ‘%ﬂi'ﬁ%ﬁ"&h ‘6?%%‘%&"‘&’%‘%&? émlﬁm C‘p’é‘f'ﬁ By ThIEfhe
gain of the nui effecnaf thislimitingontctibate efiowén Eigare 38. anpl i fier (the
t | | f
Che owi ton 1575 act LisEy U BEh pbfle Jadetioduit 1RERSGAY Shutar M T
signal path 4 pbasicallysanasegeressionieinabhcandieswitchesihetwaen Fn@psqsgwalango
expansiign transa?antmw &perisn o’pe ma%otbeswnemut Th&iinglt oif SeChauxlfury

tput terninal
P T2) 35 sionl BB it RBPVSEERE 0P OB EBTINEL AECBTC B $Rsi bt

that is conpl enetmdraeyvdroswiteh dbpues dmeobadtamﬁhalt oronontactiagatithe switch’
O - of 1 pEBRdrhbStel Yo s eor kil 8 Al LhirooldieMhidh

vari abl e cut - of uenc
cur rent - cont r ol Prdoptactol thejrg coonrated If@dﬂt}%quuémfe tersingt ZicAncoperatienal 3.

The oufjput of tbﬁrhf@h ll?%ﬁﬁsfﬂ\btdﬁ’i:pd@ oM Rhé e@nhppéthsscémtzr 8hd (&l ddpHbdted and
to the anplitude limti n% circu

[if t
(o g by & opEh ZPPIRNEISS A IVATEING Sretifier: crhergPy HhB sitadt idol frgn the !
circuit 7 is coamplifier A7 sysupplied gbitthe sigrial uath 4l thriobgh theitgdrhinal baand is
hi gh-frequency Sév%?s%' %O&HQHWM ﬁ\ngesSeéteyoe khé ?r%%?rm&v?alt Qﬁ\ten the changeover

switch 11 is sw:tched to the terminal a, to effect signal compression, the

)

20. signal compression transfer function Cls) between the input terminal 1 and
the output terminal 2 may be expressed as:

Cls) = -(1+T(s) (D) -

25 where T(s) represents the transfer functnon of the auxiliary signal path 4.
The gain of the main signal path 3 and that of the summing amplifier {the
operational amplifier 17) are selected to be 1 and -1, respectively. When
the switch 11 is actuated to connect the terminals b and c, the auxiliary

" signal path 4 provides a negativé feedback stgnal path. and the signal
3G expansion transfer function E(s) between the input terminal 1 and the output
terminal 2 may be expressed as: |

. 1 '
E(S) - 1 + T s) '05(2).
35 In this manner, the circuit accompltshes signal expansion that is

complementary to the above-described operation of signal compression.



3 s .
i ncludes a half-wave or full-wave rectifier and a time constant circuif

- The output signal fromthe.control circuit 7 controls the resistance \arye
of the 10 vari abl e resistance circuit 13. The anplitude limting
circuit 8 is formed by a pair of reverse parallel connected PN junctions,
such as diodes or the like, and has a linmtimg level appropriate to the
parti gﬂl ar el enments chosen. For instance, a silicon PN junction has a

t hreshol d val ue of approximately 1.2 [err] as a limter |level. Because this
val ue is | arge conpar etefartihg ttheF igareaht, tite high-pass ddsergha\dngmalarisblelcut-off

conventi onal pracﬁbg@e ?gqs l?ﬁ'ng B Qr agﬁo 'lzaémléfchﬁrent-%ﬂﬁa‘oﬁéd tup'%mltage-- '

oper ational anpli | t ude clrcul
wher eby the out pugontraied W‘Qbﬂmrﬁ!ﬁhn@aggcﬂtl1t3erT|'\esoq'taﬂ%éﬂ the %Qmaﬁshfeltef

limter level wili sbepmsd £ £ thAiy bﬁ!ﬁk 7 eh@ttb\&ﬂetwmd@ugﬂﬁhnd BitBhit 8
Because of this w? 159‘\ evel re | ationsh |fo gfh ogeratlonal i _ﬁ
an 20 esseftrugn 20 AmplfYingeritryit fopmed Ry, an LParahignal a I‘"?"f %r Theyy

-~ the hi gh pass fi |¢L¢quf foéqueney cootrsbtirthit hlsovsnstiesiedi hed Jweighting cireuit! 15
The out put si gnal B h

oper ational anpl | ?]Eiéﬁl? tﬁé’ﬂdg s X'ﬁé’cﬂzﬁna&% EéBe'ﬁarm‘lgrr%IhTev%fl %?stgr %‘8 £ at re
it is added to t Hécmmaﬂayna’ﬁve vhéglé-wpl l@eblf@p@ndtﬂ vme mnsmtsmngubnﬁw
lowering the signgy dtey.ahaﬂﬁom the conrcﬁait&xtcuam |c9M\ﬁ-Bl%dthBrr%§is§érféB Wiud BF the

si gnal , vmthacorre ondi n 0 a circulit desi
Gor el and9 it HOEIB IR FISERRa A G} 5y e sPaRLEits, LFREng bty § it Tarfpea by’
current flow ng ispain@faepense paeallel ohhdtged AN junctidngf dueh tas diddes o rthe likag

ot i ons of the Gliaill o oAl iCalRATANCE Blo ANSICGRITHI-SRROthoGh! EH ¢

oA Circuit
according to the ap#tes@hta isilicont PYnjundtien biss @uthresfold-ivgluecot approximatgdy 1.2

respects | i ke thap ofggh ﬁHﬁ&r‘lleaéldB%&dsetlﬁlsd@a?@é 'ié%%@gé’@b%phfbosﬂltha{hea\fsuhi
differs: therefromP'Pnthe circuit of nai n si

whi ch i 518 si gnal9egigRRigRal JPYal FP?l‘ée’WW 3 B'Fﬁcttg‘?ed&srpeean'iﬂ’ ?‘%’ga 7 Iami’l“y'e"'

signal path 4, V\/ruucﬂilas mid operatiandl ghplifier 14, aheadmﬁ&hefarhﬁlftndéglmltmg "‘h cJIt
characteristic vmé

r abI C f.f fre ne.ct
with each ot her bét V\%ea é’ ﬂ%ﬂf"? IEY% ?l Riqﬁ?ﬂis?ﬁe?g{é 'sed qoer m na
2. The out put frdimitee lmlnwslllglmlatpm h:psmauml level meiapure tm otimet h@name\ralary

signal path 4 ar BRI ds lﬂ“lstﬁ?\ﬁﬂﬂtﬁtﬂeﬁtﬁ{mgﬁﬁ) hhi ! garaw naf Aol fffer IR
signals are supplle to the ou term na

20 essential circuit element, not only as a buffer amphfler for the hlgh-pass
filter, but also to set the above-described limiter level. The output signal
from the auxiliary signal path 4, amplified by the operational amplifier 14,
must also be multiplied by a small fectqr before it is added to the main

L,.- - signal. These various nperations of raising and lowering the signal levei
25 result in lowered precision of the signal, with a correspondingly complicated
circuit design.There is also a deficiency in these known circuits in that the
reverse bias or drain current flowing in the amplitude limiting circuit &
affects the remaining portions of the circuit through the impedance of the

common ground circuit. " _ _

30 | Figure 5 shows an embodlment of noise reduction circuit according to
the present invention. The circuit cf Figure 5 is in many respects like that
of Figure 4 and will be described only in so far as it differs therefrom. In the
circuit of F igure 5, the rhain signal path 3, which is a signal transmission
line with unity gain, and the auxiliary signal path 4, which includes a high-

35 . pass filtering characteristic with variable cut-off frequency, are connected

' in parallel W_ith each.other__between. the input terminal 1 and the output



t control circuit for varying the cut-off frequency of the high-pass

f er 5 in the auxiliary signal path 4 is-typically constructed

and arranged so that the auxiliary signal path output is sanpled, t he 5.
signal level of the sanpled output detected, and the value of the

resi stance conponent of the filter circuit portion of the auxiliary 5|gnal
path is varied dependi ng upon the detected output |evel. 10

While the circuit shown in Figure 5 operates principally to provide S|ghal

conpressi on, | ttecrannalzaorrwwcbd@ffdng@ﬁé rrf'awai?;fﬁh ﬂTéi\ys aRe iﬁé 'oeisbqufr$.hethe
changeover switch %1 vyher the auxiliary s

negati ve feedba®f Pt hs"EI“Lﬁll h & RAummed kY |tB‘h °PF‘i?ttq'?a% agpdidier iowand the

because the i npsumraed signafsuiret supplisalts theasilp@ eiehihal RHARACYAH hote?{‘cgvn,
is connecte

ML f 38 ,of
between the. out Gerstraheirguit;fdl Wiy g scess dPeddenfE ot 108 Highmertgiten <o
the audiliary singthel apdliarylsigoaicpatir 4riin dypically kenstapmed tand arPangeldi sehthaer s
part of the higfuPasddry §l§’r‘ial‘r’pﬁm ehl?@tvﬁ ‘i’ﬁh@d L sx&% 1&6&%#‘30109’%@;1 L

connected to the commbn 'telrm an eover
and the ot her t®HRihgptested;nand shecvialuer of zhe Fegistanset campaneat diff ther Giter al

i nput terninal AZcuf parsien teagtevet emaué Z)E@Ignﬁpfb‘éﬁ{ li§lvafibd WEH&MRINY 80éh the

di fferenti al m(pu.& r m n 3 and a differential output term nal

pair 24, 25. The ot tr?g akf‘@?%‘ntl "input terninal 23 of the voltage-

t0-curgent convert erwiile |tbeommtébtsbohvm dngfigured 5 opeeatdss firircapdliya ko @ubvivé dZiS

t ls 24 l; re_.conn e 0
erm nal's arp#i?l%“i) cgt'nptrgfsﬁfp IE ggﬁrﬂ ré'gwf'agnén?r?aqrb& Eltls%n %% %erat&cm_lgg%é asu

the ends of a j unctron ran5| S
di odes and havi§naeRveEr sm'}?@rllomf@ae%ér@ andlanyosigral tRadh #rects asBmegitive

connect ed, resprestibackl yatht@:rid@sigﬁéﬂéfb’ﬂﬂ& 0’4 IR MRat Basd, Ho%ver,f because the

vol t age-t o- curr.ent con base el ectrodes of a first pair 27
of 30" ! AR SROMEPUE b oinalsch AR 481 BhAS8 WEh 8% PYSF, an inverting
configusat i on. ampju‘nerem off iyt gain ds conmected betweer the batput teBmirfal BRECt ed

betwen the col lgglcRasaedl gemMmon enmitter transistor pair 27 and the
out put current l:tﬁrt‘a:r ﬁégmexlng:?Eh ga k to the differential input termnal 22

of the vol t age-t o- clVit@ntesaphir the auxilignyf pigsal Eath dht onmotetmirad ofs the

connected to t apasibEOIZ, ifith ¢6ﬁn§5att of the I‘ﬁ% hipBss f:tt@?%.&?@ﬂi@%@%l&tc%i-
transi st or al r ‘§7f The Current OVVI n e current source

control | ed by {HE TERAYSDEY ol ?Wé'e'é SPW tarmiggk C of the changeover

20 switch ll and the other termma! of the capacitor 12 is connected to a
differential input terminal 22 of a voltage-to-current converter 21, which
has a differential input terminal pair 22, 23 and a differential output

terminal pair 24, 25. The other differential input terminal 23 of the voltage- B

~ to-current converter 21 is connected to ground. The differential output .\\/
25 terminals 24 and 25 of the voltage-to-current converter 21 are connected %o
the ends of a PN junction pair 26 formed from two transistors connected as

diodes and having their other or cathode ends connected in common.

Also connected, respectively, to the terminals 24 and 25 of the
voltage-to-current converter 21 are the base electrodes of a first pair 27 of
30 transistors that are connected in commen emitter configuration. A current
inverter or current mirror circuit 28 is connected betwen the collectors of
first common emitter transistor pair 27 and the output current therefrom is
. fed back to the differential input terminal 22 of the voitage-to-current
converter 21. A first current source 29 is connected to the common emitters
15 ' of the first cormon emitter transistor pair 27. The current flowirg in the
current source 29 is controlled by the output of the above-described cut-off



+

9 frequency control circuit (not shown), through a control input term S
30. Thus, looking into the circuit at the termnal 22, the circuit ap S
as a variabl e inpedance circuit grounded at one end, the variabl e i npedance
bei ng dependent upon the current flow ng through the current source 29. 5
The bases of a second conmon enitter.transis%or pair 33 are connected,
respecgjsvely, to the output termnals 24 and“25 of the voltage- to-current
-converter 21, as also are the bases of a third common emtter transistor

air 34. which preyg LSS il 0 : i kgvi ting
Crout 6 Ourr or oo, Bortrel FRRAS(ok shifinf ity sbohfieL 1AL kidtfifial S,
to the second and t hi rfusORAVAILRLC therciceuit 8t $hetepminad 233thmairguit appears

respectively, andsseeiublaivipédines cireultedlouiddYd SCsne3hd)te 34ridtI8 ifpBAGHTEd
to the common e nsi st or and 34, respectlvegly. The

y\tters of . the tr airs 33

out put current ﬁﬁmgt%ge%wé'EPBEh%F‘f"‘é‘E?tt PIBY""I%%"% e QUETRNS FoRRet Ter
transi stgr pair 33 isThhebasesi lof aa ysecogdiatommioh emittes frensistort psir 153 are
anplitude limti ' [ to t ' ting 4npu f e
oper ati onal anpl :3 ?ﬁe%cli?l&/]',ge\ﬁﬁcgﬁgpﬁ&& &gnélﬁggpﬁrrén_gla n%l‘{]g'ﬁ%tzﬁ osfhﬂﬁ H%lt?l%eéns.
This auxiliary siteregrrephtcenvertesuli ss sisenene ke bhsescofps ithirdr capimen temit tee
mai n signal path iRissRr pAR 34! WRichGtelidasa Mgk Pats AlPaLtdwt tobthe! Smpliide
output term nal 2. .The out pu f the third comop emtier transistor pajr
34 1's 20 « Diiting it b Currant, sicese ciErulis S 300 P are GopmRStadAs donds
i nput tenoi nal 3@ottheosetorichandbthird desahodeemitoer rtednsistoc WPalirs( 38t and 034))
Term nals 39, 40 | e Ltiwe . tLye volta SQULCe
chnnect i ons, resﬁéej%?' #@g‘?’g' a%é&%&g}ﬁ t%{]glgallga-egﬁ‘}nrk’}e{tnt"o R g?tagg%harfscogpe‘fbﬁg
differential inple theheoromopemikiengiofithe trapsigtanpairedFpnd)3d cespentivelys ed as
shown in Figure 6A or TR® output cuUrkdHe | i IR

_ fofBthe Bolldcisr RirBdit df RN se¥id Adtfimon

[err] and [err] are al?plle, to the gi_fferentl,al I nput termnals 22 and 23,
respectively, whPEREEE SrangistercPall ¢35 i Hbepawtlianyr sigpal,path putRctedsto tthg
PNP trangbst ors. arpliesdeslimiting Rircaitc®antohad thetimastinghapa ft ther spepitidhn

posi t1ve. vol t age SRR Y7, Snfel Ringtliph °hY Sne s REAP Clihind et This
sources ‘'t o the jawsliatnsignat pedn outputrie syyowned dn ghelsaralifierel7 ovths tthe aeain
[err] and the resprail pith 8ligutfafd tHBRIsulthAE SubRItdbibhan sy fé&“iooéﬂe.p%fput
currents [err] aggp%ﬁarlrL %_ugpl | e'dt at tcol l'ector circurt output termnals 24
and 25, respecti nalof. The qulpyt gf thRpthind pammopramitier WapsistesRainss igs
. - 20 ~ taken off at a terminal 35 to be supplied to the control input terminal 30
- through the above-described control circuit {(not shown). Terminals 39, 40
designate positive and negative voltage source connections, respectively.
The voltage-to-current converter 21 is of the differential input and
\/ ; - output kind and may (for example) be configured as shown in Figure 6A or
25 Figure 6B. In Figure 6A, input voitages Vi and vy are applied to the
differential input terminals 22 and 23, respectively, which are connected to
the bases of respéctive ones of two PNP transistors. A resistance R[J is
connected between the emitters of the two PNP transistors, and two equal
currents lx are supplied from the positive voltage source terminal 39
30 through constant current sources to the junctions between the respective
ends of the resistance R'D and the respective emitters. Under these
conditions, the output currents il and i2 supplied at collector circuit output
terminals 24 and 25, respectively, of the pair of PNP transistors are
expressed as: '
35

il - Ix - (Vl-vz) /RO ¢ 000(3)



' . .

r]- 10 [err] (4) Subtracting
guation (4) from(3) yields: [err] o (5)
Thus, the output current difference [err] is proportional to the input .
voltage difference [err]. 10 In the circuit shown in Figure

6A, the base-emtter voltage VBE of each of0the two PNP transistors is__
affected by the changes in the currents. Therefore, for inproved accurggcy
ad linearity, the circuit shown in F|gure 6B is preferred. In the circoit
of Figure 6B, four PaP=tkansi¥qto¥g /Rge connected in  a -#ddback
configuration wth differential |nputs and dlfferential out puts, so that

const ant curre(r#% | D-f 1 ow t*hrorlggl} anS| stor pair formng a differenti al
i nput stage and“PHIRGEINgEHatiER E"'Hl( ¥¥pidite across the resistance [err]

i's mai ntained at [err] despite any fluctuation in the currents [err] and

[err], swhich flowtr] gh a transistor pair formng a differential output
stage. The conbinati é 8f t %unct(v_pnv Bir 26, which.i)connected to

the differential output term nal® 24 and 25 of the vol tage-to-current
converter 21, with one of the first, second, or third conmmon emtter
transistor pairdussi Eheputptcurrent differancechy - ipsiskpramertienal taulthe pnbeir
circuit. Thus, \,{o[tagemféﬁe]hbé@i.c\) cuit shown in Figure 7, formed of the PN
junction 25 : uit, 26 t he conmop, e er transistor palr 27,

the cuppents [err] g’ﬁcfgfe‘?”ﬁ“"faﬁ 'fl‘n'?gcd%‘ffeF%ﬁ ﬂ%ﬁi’?ﬁ%’“ﬁ'ﬁ?ﬁé‘& itgge Vg of
transi stors 26zasmof2bé twodddRtransistyrs iokftectedby jthe changesdi the2éurréntd. 2
current [err] f oli[e} tput cir U|t .ents ‘
[err] and [err]ih?}l@r\?v;%]h&gun#rpg%ﬁgwgrgmgfwgargy %e Cired % w\%‘l"f'gﬁlfetheu
transi stor pai 68278 Paﬁ@!‘%chuhrEhﬁ cirruit] ofist ighre i SPU!‘hBNE’ommemrm aner

out put path. SicBafecté® BN hUmesdbex Ofcoﬁhguﬁa"tﬁsaswtﬁf d?#ém%%a'ﬂa ﬁ'ukf ér?de

connected to the base of the transistor a, and unctio

transi g§or 26b dﬁ’égrﬁnf‘??gHﬂﬂ’és’c%F@ét@d‘sﬁaﬁt (O %%é)(ﬁmfﬁ TQUahas itegnsistarzh,
the currents [ eair] fanming e rd}ffeﬂ!’mthe Ay esyedand;: thus, the voltage difference

across the resistance RU is maintained at V] - Vos despite any fluctuation in
the currents. 11 and ‘2’ which flow through a transistor pair forming a
differential output stage.

The combinaticn of the PN junction pair 26, which is connected to
the differential output terminais 24 and 25 of’ the wvoltage-to-current
converter 21, with one of the first, second, or third common emitter

20

transistor pairs 27, 33, and 34, respectively, is known as a multiplier circuit. _
Thus, in a multiplier ciréuit shown in Figure 7, formed of the PN junction -
25 circuit 26 and the common emitter transistor pair 27, the currents i 1 and i2 g/
flow through PN junctions formed by transistors 26a and 26b, respectively,
of the PN junction pair 26, and a current-Zl flows through the common
emitter output c1rcu1t. ‘Currents 13 and 14 flow through transistors 27a and
27b, respectively, of the transistor pair 27, and a current Zly flows through
the common emitter output path. Since the PN junction of the transistor 26a
has its anode connected to the base of the transistor 27a, and the PN
junction of the transistor 26b has its anode connected to the base of the

transistor 27b, the currents 'i3 and i 4 can be expressed as:

30

il . Iyllx ) 000(6)

(V]
i

35



to the outputs of the voltage-to-current converter 21, such as that s

in either Figure 6A or Figure 6B, the resulting conmbined circuit is a
transconductance circuit, and the currents [err] and [err] may be expressed
as: [err] [err] 10 ' By connectinq this common em tter
transistor pair to a current mrror circuit, %he output current i iIs
expresSed as the difference between [err] and [err] and, thus: [err] 15 The

current mrror Circuit e, tﬁelunangi a%%?é @ircORNGE rta07t4}e s&{n@e&baemt&er
transi stor pairs 27, 33, and 34 of Figure 5, resp e I'vel

output current of outpwtsef f%ﬁg@lﬁﬂectﬁ‘%‘ff?%ﬁ?ﬂ)@? E’-’ér Zf“‘F"b ag é’&?tbs&\?K’“t ig %‘H'@"

i nput term nal 22F@jur&h;a uxoi-'tga,ge6Bptmgsemtngwmﬁéceem&kt i€98 GrdridCorlut firce
current [err] of the L otran r 34 is used to

{to
derive the cont rof“'rgﬁﬁf ﬁ'n‘fthe %“rﬁ%%téh Bﬁﬁ‘lhg}ael rs?a%85 338@1\?? * the out put

} s .
35 Terr] When the inputs of the circuit of Figure 7 are conne@

signal of Sthe first common emtter transi stor pair 27 being fed back to the

input terminal 22 of the v Ita et uryeptgconverter 21, theg) npedance
viewed fromthe term ng} Q )gll err?xto 0a resistance that is connected
to ground at the other end The re5| stance value r thereof if expressed as:
30 [err] 1Ry C wdP11) The

current [err] in equatllbn (>11) | e&w val éht %t o the current [err] discussed

above, since the current 21 flows in the first current source 29 connected
to the colfion enmitter Pt borglecting his sommemsmsittar pransis@ir. pairs tor s Furtent

the .i nput and out mpf(ﬁ‘te t’thgt'b Jrl-ériteir i€ 305iels err?é&é‘sdtr@dltfﬂ%ﬁ@esbmgﬁe

riand capacitor 12 are Sl nate err and respectively, and
12\/ P 13 and i ig and, éthus. P y
ic = i3 - it‘
15 _ _
= 2 (vl - Vz) - IyllxoRo . - . . ...(lU)

The current mirror circuits 28, 31, and 32 are connected to the
common emitter transistor pairs 27, __33, and 34 of Figure 5, respectively.
20 The output current of the voltage-to-current converter 21 is fed back to the
| input terminal 22 of the voltaQe-_to-current_ converter Zl, and the output
current_ig Of the third common emitter transistor pair 34 is used to derive
the control current, as described hereinabove.
\/ : | ' With the outpdt signal of the first common emitter transistor pair 27
% being fed back to the input terminal 22 of the voltage-to-current converter
21, the impedance viewed from the termmal 22 is equivalent to a resistance
that is connected to ground at the other end. The resistance value r thereof
" if expressed as: . | N
30 o= fo -II—"- : - w(11)
The current I, in equation (11) is equivalent to the current Iy
, dnscussed above, since the current 2! fiows in the first current source 29
.connacted to the common emitter pal:h of the first transistor pair 27.
33 .Assuming that the input and output of the high-pass filter constituted by the

resistance r and capacitor 12 are designated as Vi and Vs’ respectively, and

P

P



Y.

are a function of a conplex angul ar frequency, then: [err]

. (12) Based on equation (12), it can be seen that the circuit d| spl ays a
pri mary hi gh-pass characteristic having a pole at 1/Cr, the frequency for 5
this pole being controlled by a current Ic that is vari ed by the control
signal fromthe control termnal 30. If the currents flowng in the second
and third current sources 36 and 37, connbted respectively to the cagAon
emtter paths of the second and thi rd conmon emitter transistor pai r s733
and 34, are designated [err] and [err], 10 . respectively, the functions
of conpl ex vardra Bmctiopof sernplex PPQ‘HﬁS/f‘I?Q"WQthtE‘FP as: [err]

(14) It should be noted that the output current is fromthe second comon
emtter transistor alrv33 i sCsupplied as an auxiliary siagill pat h out put
to the inverting in t'erm pals@xf the operational anplifi 17 through the
15 anpl i tude I|mt|ng circuit 8 wth the operational anplifier 17

acting as a signal S99 cBLAIEN 2 o%kh 4 b bhdy Ble LIRAC3IsSI0R S, [or 1)

and [err] is connec iR

‘whi ch conpri serimagy NQV‘ePaﬁé ¢heragtesistie dravéng edpq;ie mseyuame afrgqmocy dor

formed py connggd hdle btenﬁ_, &dritfoliel Y @edniehex I 85t Sk YariBd blySche HHASE: § ntap the
out put “of the 20 eratl l\rl;:\gh'cgrrpll i.er® 17, while the voltage dividing

point at the Jl’j?i@t'ihﬁr’t"’ﬂ rof ferm sistors R and P. is connected to the
i nverting input terrmthaIcuﬁfen&pﬂbatngomadheauepbmd aﬁm tﬂx?’d caitdnt Surtes3d b of

the resistor [grr I rcui onn e t pyt,, of the second
comon emi tterﬁf r%ﬂ%fcg g re e er"hvglé' §°FEh ;n ﬂ CEH ?"‘Pﬁé&“ﬂ"rﬁ? ng
circuit and t rteuup@rampom:tmrawspr PEB‘S 33 aﬂcf @ﬁa@nm!gmmd t, lmodigde t&J

our copgndi ng ke, RAVRIY, tARRLkGdns Yt ddth GZQZméfvbéAoCﬁth,nme@r 23-113

955 A).*“Si nce the resistor [err] provides an auxil S ary9out put signal path,
the limter level of the arrp itu limting circuit 8 (equal to
approximately 1.2 [Ier&]v eﬁe reverse parallel . Qasnected silicon
di odes) i's multipli &d by 6])x Thus it can be seen 30 t hat ,
assuming [err] = [err], the anpl i tude I|m'ti ng level is lowered to

appr oxi mately 0. 4 \It should bemotérbthasitbe optptt cureent ¢ from thedesond isethredrove,

since the auxXignh@fef transistor pair 33 is supplied as an auxiliary signal path output to
"~ the inverting input termmal of the operational amplifier 17 through the
15 amplitude limiting circuit 8, with the operational amplifier 17 acting as a
signal summing element. A series circuit of two resistors R1 and RZ is
cornected in parallel with the amplitude limiting circuit 8, which comprises

two reverse parallel connected diodes, and a junction formea by connecting

the circuit 8 and the re’sg'stor”Rl _is co_nnécted to the output of the \//

20 operational amplifier 17, while the voltage djviding point at the junction of
the two resistors Rl and P‘Z is connected to the inverting input terminal of
operational amplifier 17, and the junction of the resistpr R2 and circuit 3 is
connected to the cutput of the second common emitter transistor pair 33.

For details of the amplitude limiting circuit and the operational amplifier,

25 reference should be made toc our copending UK Patent Application No
8236737 (Publication No. GB 2 113 955 A). Since the reéisto_r Rl provides an

auxiliary output signal path, the limiter level of the amplitude limiting
circuit 8 (equal to approximately 1.2 V___ in the case of reverse paralle!
connected silicon diodes) is multiplied by (RllR +R ). Thus, it can be seen

30 that, assuming R2 = 2R1, the amphtude limltmg level is lowered to

tely Q.4 V_ ..
approximately p-p



i .
out put signal path is obtained as a current source output, summng the '
path and auxiliary path signals together and limting the anplitude to @ '
optimum | evel nay be effected by the single operational anplifier, thus
elimnating the requirerrent for a buffer operational anplifier (the
anplifier 14 of Figure 4) and sinplifying thé&3circuit, while increasing
circuif saccuracy. The operational anplifier 17, because of its
straightforward connection as_a signal summation el enent, operates as a
perfect voltage foll owdt the ’}?‘ﬁeeﬁfgéimt‘oml‘%t rﬁﬂsw@?dgﬁhpve,mec&)pw auk dieay

anplifi eL 17 gnd dGtput signai ﬁith&ﬁ%ﬁt‘dlﬁétfds E%ﬁﬁ&ﬁ"’so@x‘de%ﬂtbub{ s%:ﬁ-mjuf]&"t?é Phain
reverse bias draip_gu aracteristic relative re
fromthe effects E?E‘nééloelglh’r‘ll A A H ﬁ'grla# %9‘%@? F'&‘m@‘gﬁ’ﬂ 'ihr‘?eamﬂl'%/‘{dﬁs'é’da“
area in an inteppimued level moay belefpleca:edrln)atthe)rsanWropevalionaﬂ fm'nmtﬁiéﬂ,llﬁhus
gai n |5 agourat e aflatiOhedagaRenahe AR & E1aF Surat B N ol G5 54D

val ues. The rever 2 bl as “or draln curre
anplitude limti ng c? dupyreg 4)oard ndeplifyingi Hhe cirpuityr odvidi m@pxeamwlmrctas

i n known circuitsaetiflacy.hTBe éderhionid! alrglﬁﬁ'e)‘ 17,e8eddue@n H"%tse ﬁ%’if&tvawe
comon ground circuit shows a formo ass

filter that can b'é°’lﬁ‘§8§n$c?sf%rsfﬂ“ar Bgma(s’r?"oFlthBPe’é‘ﬁ%ﬁ r?eﬁ?r B‘Ft tVHBS‘Je
present i nventi onfollbiwer hvigh rpspest 20 the mairf sighait Tok daegwiﬁwa&% ansplifigel Upndf

two capacigors 4ljangke a%éd’v‘? Eﬁt@ipgtﬂl?re'f' l&%véﬁ T8 re%gg ge !t bflfs g@%ﬁ current

circuit, which is forne ove- cur
converter 21 and @W@Fﬁﬁ?‘f-’%r“”h‘éﬁ/l’ﬁ'@g aﬁlaéq'@lm&reenﬁromeréngf&m@ of nOﬂ'-IimeaPlty

cirfuit of Figurein8 tfh%S ﬁsf&tﬂ'&epaﬁs thel t &irrusBar astLr it laf %Eé&ré‘teﬁr
function having two zero B{)I nt. The circuit of 25 e

8 is sinmilar in aft |Pl€TﬁtétratPgS ER ey the, girfyif gajn, isaqcurate and s pat F?quldgﬂ? e
5. Figure 9 showsomthe precisiorbofithecresisténceovaleed. e The révierse biaslort dnam:em%ﬂg

to the prgsent 0 f 0 t_descr bed abgv
as regards swi tcmﬁmﬁge?\ V\rge}ﬂ; tqhegrg%ﬁu{dés@lnmﬁ%%g 8°dces 2% :ﬂ? dhre
and in the const rQl‘@t'"thg @ireprteanugﬂsnpuwlmmtseand,thes,swxs chlatgebelfmefrom

conpr essi on and Qhﬁ@?ﬁéc@@of@h@éérﬁﬁhﬁ%r%ﬂmt mcgonnectlon bet ween an
operational anplifier 51 an rrﬁ%{_n circuit: port| on that provides the

conpressi on capabi | it 19y s'i'?’(é‘ & FIAYyRebits highrhass filter thatean by usashipetarm he -
term nal s a and o pbitdoropdérambtieraémbodinisht &if fhk prisentisnv@nbion. The hxgﬁl-lpbys

O, “TEr L 9" bP8Rubgb ke B BB 98 Rl P
and 44, and a feedback circuit, which is formed by the above-described

_voltage-to-current converter 21 and a multiplier having an equivalent

resistance r. The circuit of Figure 8 has a high-bass filter characteristic

\/ with a transfer function having two poles and a zero point. The circuit of
25 Figure 8 is similar in all other respects to the hlgh-pass filter shown in

' Flgure 5.

' Figure 9 shows another embod:ment of nozse reduction circuit

according to the present ‘invention that differs from the embodnment

described above as regards sthc"ung between the compression and

30 - ~ expansion modes and in tﬁe' eonstruction of the ;ﬁgh-pass' filter. The
switching between compressnon and expanslon is effected by changing the

connection between an operational ampllfler 51 and the main circuit portion

~ that provides the compressron capab:hty When the changeover switch 11 is

set to connect the termmals a and c, the operatxonal amplifier 51 acts as a

35 unity gain amplifier or voltage follower, so that the input signal fed to the

input terminal 1 is supplied in an unmodified form by the operational



arrplifier 51 to an input term nal 52 of the main conpression ‘circuit,
~t he corrpressed out put signal is produced at an-output term nal 53. Wen
e

switch 11 is set to connect the terminals b and ¢, the conpression >
circuit is connected as an input to the operational arrplifier 51, and the
circuit 5 portion between the inpuhterm’ nal 1 and the output __

termnal 53 then perforns signal expansion;” which is conplenentary tQ,
the signal conpression described herei nabove. Referring nowto the ~

hi gh- pass fil{ gmp ifif5} el | %ﬁf@g&thm@z F o SR oyl 7 Birt5is B,

resistance r for the volt o-curr onve
junction pair 2be %?ﬂ!l"“c‘ﬁéd PRIt W@ﬁﬂm@at an autput ttermiral 532Whes thet

connect ed di r.eCduibcH D1 Wﬁ#ﬂ@ cabheb i GrAIRad| 'br@{bt c O{he':ézgﬂﬁl%séoqgﬂh‘dﬁ

floating and is connsg round onl throu h t e capaci t or
ot her end of tHE®"C&p ?‘Branl UE 1% AR APsrrtiong h%“"ﬂi'f‘%r%nt?’&! theprifeuid of
the volk age- t o-pontiornbetoeenetteclinglit, térfrnall heandlithé eaeput derinfHalt 523héd 15

connected to t S 'I' th.3, and the output of the first common
emitter transi %ofmg{z}l rg Q-E}ﬁ E?pséoddon‘?r‘}%%%'edst 8°B'|‘?ierﬂ?'?tﬁé¥ en?i atf" g eha
termnal 22 in @M%é%tdescrbeéherejmﬁqvgurat ion. The remaining circuit
elenents in the enb%f@mﬁg (?IBWFE(QLU:\@ ﬁg@-ﬁgsss'h haéll‘%t t(lﬁ?ﬁg e%l}otd:ﬂ_'ﬁent of

enmbodi nent sho g ure 5.
af fords inpr ov or Hﬁn%‘lé"\‘ﬁ‘é‘f‘t FRYUSBABD A rfEHPe‘éfb)FthBr éolsageﬁm-cwanbl e,

in the l@nbodljmhvérfteﬂ:rzgpPN ﬁnnﬁtﬂbrﬁ ?abirnlﬁ Reidvaer lf:?élecd?ﬁrlﬁﬁﬁ RPRL@P thakkistor —
expansi on nodes _ca CCO a_single c eover wtc

only when the %&?’n% . n% rﬁ?gﬁ{egl ﬁ%ﬁ%g’pkﬁﬁ %Psaﬁmﬁf B'Eeg tigfeFigure N\ J
swi t chi ng arr angdwtris fﬂqati_ng and is comeeted te gmendpbrly ahealighl thet dupaeitbodR2ment

of Figure 9 themg dtﬁaxnenél:wfh&%é&é; iz @Noﬁ&égtéd"t& Ghe Wffgﬁén%‘?qnquﬁ 22

conpressi on and expansion mdes can e realized easily,
signal path 3 1fisthg YRiFﬁqen'é’&F“ﬂrFEhGE’h‘tﬁrtQ?ha;’ay!%PiusQ!‘l élff%ﬂuel/emputt%ls

i nvertileg anpl ickhesctd® teftHeha dapath Bf aEtr (ﬂhlé %uﬁ:dtsoielthé”fﬂéé @@ninfort he

ggﬁg?lrlrjrg?lt ng 'IFurnl? 8}?8%9 o) Pﬂg CH%‘B%E I“E‘B@ tééi ng} :ﬁ“ﬁg f&%rem;.@h ERSS

filter in the émﬁh&t "bfa feeghack gircuifl woofigurabionect Then redmainisg rodguiy ed

for connection e@mérﬂ? WQHQUQﬂSgdxheernm 82! FiQlire! @a?@pﬁﬁ'llgprtol%hoéeo Jrhale the
embodiment shown in thure 5.

20 ' The embodiment of Figure 9 arfords 1mproved performance over the
embodiment of Figure 5. For example, in the embodiment of Figure 5
switching between the compression and expansmn modes can be
accomphshed easily by a smgle changeover sw:tch 11 only when the gain of
the main signal path 3 is unity, because the switching arrangement is L/

25 otherwise corplicated. In the embodiment of Figure 9 there is no such
constraint and the switching_.between compression and expansion modes can
be realized easily, even when the main signal path 3 has a nonlinesr
frequency char_acteriétic. Moreover, the inverting amplitier 38 of the
embodiment of Figure 5 is eliminated in the embodimenf. of Figure 9,

30 further simplifying the circuit construcl:ior-. '

Turmng now to the c:rcunt elements for'mng the hlg"l-pass filter in
the embodiment of Figure 9, only one connection pin is required for
connection of the ungrcunded termmal of the capacitor 12, so that the
number af connection pins required for an integrated circuit implementation

35 is reduced with respect to thé e'mbodim_ent'q_f Figure 5. In addition, it is not
necessary for the preceding stacjé of the \)oltage-to-current converter 21 to



é

nunber of connection pins required for an integrated circuit inplenentati on_,- :

35 is reduced with respect to the enmbodi nent of Figure 5. In
addition, it is not necessary for the preceding stage of the @
vol t age-to-current converter 21 to 15 have a | ow i npendance, because \a

the high input inpedance of the voltage- to ﬁ$rrent converter 21 when
vi enedyf,rom the opposite input term nal gure 10 shows certain
portions only of another enbodinent of n0|se reduction circuit according to

the present invenij,gn 10%} Qﬁﬁeﬁ:ﬁﬁcé kG Péengf the  high. irru%ﬁi' ghénc%om%%ﬁ%gg” ©

simlar to the corresp s 0 I scussed
her ei nabove, theymaqne'rmcoswemr 2h wmegmiewqdafromhwmahtmutdﬁrmimP-é 10.

provides for di sengagergite o8 sMW‘s E'eQ-'t§i‘?| ;J&E'iﬁﬁé erP oFRREtHRE PRfdRheAoBRlsd OF
switching of the limter |evel of émg ton&éltu e [imting CI rcuit. Thus, In
t

Figure 10, two cOfRIETHNCITCUit agpor nRIESENSy iNYaNtiQn.g 15iacR the remaining

provi ged b nmll;| SCa:lﬂfUIt heormportEnts C ar810sindErt ttar ﬂ'\éarﬂ:%i'l‘@%ﬁnm rpa-ils obft bige

pr ecedi ng enbodi ne n, eni,t tran|stor alrs 1, and
connected:to curren °d"ﬁ'\7 rfet‘lgi 3s37d ghp?teaﬁ{ hoReinaRpves th |af'§ ré’g SRYn 'EZF‘g"re
respectively. Thelfbu'lfhsuembutdimntsnfd’r'xgutae 18 pravides fot disengagenssndtafr theanaise 61
and 62 are suppligdudifor %&Sopgpér'ahﬁﬁeﬁ?ﬂdfOlSSWItchmg %?Ctﬂe%ﬂfmblé%ﬂe%f the

limting circuits 65 and 66, respectlv sw tch I S connect et ween
the common enitt c¥ePlipde hé‘"EBﬁ‘BrDﬁ‘rEHﬁtt t'E'?“st r indiigyrsr 1P twos FLommmon hemitkes d

current silurce 37trardistor Pairfsesl caﬁdcsztﬁreobrdduedcwrmébeeraﬂfttw singfe) Sofintdn
pairs 61 and 62 are. gegnnecteg to ch 399ep\RL ter .nal s

aspecti vely, of INERFoREnRB BREndeoob i ABLReIns, SSeiB: e common
terminal f of theemmarctraesstos maormébtaml 623 areiccoppented toucuenent SOvArtieg36x,

and the remai ni n%u%mn&ghgﬁr tarh-ea'ts @3'a%doa@%sﬂa%.végyzgﬁ%oa&p[.%qre oi EHJ]

are connected in series ar e conbinati gn arr ara
first anplitude |GOMMPHEMEttEL transister paing Sland 2% anecsypplied t@‘ﬂpé‘t%eﬁﬁ'é‘éttw t 0

t he rtesi slsgrs [erzsg]:orﬁﬂdrrbﬁtlﬁde wiriitglng hﬁmﬁﬂfsifﬁaﬁ@mta; f?ﬁemvai' gAlsvmlmhea is
resistors bein connect.ed In para e second, a

liniting ci rcwgt PEneciRd b@ﬁ‘ﬁe%q g Pﬁ"&ﬂtgﬁl LES&HEE?%‘B"FB"FHE’%\EPS

of the operati ongairakphnd itee third carrént beurca &k The @mitientcimuitsiad thp evatmamal
anplifier 17 is %@Eé?tt?gns]ﬂ&oi HE ¥%hta§’ﬂe%2jhr\€ dodHac B B cﬁérg#ge?]ﬂ U&ﬁ’iihé&g c

between the resistors [err out put current
emitter transist@nd p&i rrewctg/eyupgf ,ae(}np@-pﬁlg changeover switch 68. A common

20 . terminal f of the switch 68 is connected to the second current source 36,
and the remaining switch terminal d is open. The resistors Rl and Fl2 are
connected in series and the combination is arranged in parallel with a first

o amplitude limiting circuit 65, and another resistor R3 is connected to the
‘\_j resistors R1 and R2 with the series combination of all three resistors being

25 connected in parallel with the second amplitude limiting circuit 66. One end
of the resistor Rl is connected to the output of the operational amplifier 17,
and the inverting. mput: of the operational amplifier 17 is connected to the
voltage dividing point at the junction between the resxstors R1 and RZ' The
cutput current of the common emitter transistor pair 61 is supplied to the

30 _ junction of the resistors R2 and_R; and the amp_litude limiting circuit 65,
.whlle the output current of the common emitter transistor pair 62 is
supplied to the junction between one end of the re31stor R3 and the
amplitude hmxtmg circuit 66.

In the embodiment of Figure 10, with the switch 67 open and the

35 changeover switch 68 set to the terminal d (also open), the common emitter.
transistor pairs 34, 61 and 62 are turned off, thereby disengagihg the noise



junction of the resistors [err] and [err] and the anplitude

ing circuit 65, while the output current of t-he common emtter
tTansi st or pair 62 is supplied to the junction bet ween one end of the .
resistor [err] and the anplitude limting circuit 66. In the enbodi nent of
Figure 10, with the swtch 67 open and the 35 changeover switch-68
set to the ternminal d (also open), the codfon enmitter. transistor palns 34,
61 and 62 are turned off, thereby disengaging the noise 16 reducti 6n
node of operation and all si ghal flow is through the main signal path. Wth
the switch 67 mﬁ’éﬁ“a‘hd“‘?%e%ﬂPF@ﬁ'%a%Fb?Ua%l@%Flt%"‘&dﬁrﬁ@'&“%ﬂf‘ﬁe’f‘a'ﬂrﬁé‘inal
term ngl s g aﬂﬁhtliw owith hRe hertashneaﬂ opea #ridthe, sr\:i}lbﬁ'\ aalaamlalteaiwt:b?rﬁbnnrué&ebsd
engaged and t i mti set to i ghe over val.ue,  depending
on 5 o ol oL £ior S ter el St b B8, oS EHROSI RS o of
e, respectivel gngaged ehd shertimiking leveg dgysetctoos hitgher ox) lyven v alues dapersrﬂr-g on
LUty On nodCwREmEI Ll %l 1 dalel G LSn@RE) e AR & Qure 11

shows a m)dIfIC I on junction pair ’ ment s
descri bed aboveespectinelyr rlangdneranner, emagging on dgasngagmg t&@rﬁmsese@unmn

transistors 71,ané or 3witbhidg ctagllﬁﬁ&grﬁwgf ,svgysgp adhve@nnected to the output
termnals 24 and 25 res O-cyrreng é:,onve ter 21.

0E G il OB
The transistors 71 B9 ?w%lg 0g ‘rfE"ﬁf °Prﬂ7e iy ypction pain Z5,prpiyed
circuits in coppehat erobodimeste cdestrdbed abiova. t r'Ehes isstapgemedt ankd Flg1ureoﬂ|hect ed

[ JL0ftp N | QAN IS ARG, Pf ohf 921 FRISUROAS FMERH ofE il

connec respec t ransit st
are connect ed tmt@rrputp@rc teominali 24 andt 2 ureseeativelnnaf dhe voltage-tajoserent \J

connected to Opdnvdbtel @1 N &aznZIsQﬁEi 7185ndT'yEea&U£PH§rrEﬁf mv@?dlﬁ of r.%FldznZB
correspond to connections to the bases of gommon em t jé)?lnSI st,

pairs 27, 33 afirey Giruits; Hch°QBB’§?é'°"TH§s'E)%f§é‘%e¥7f withe tﬁ'ﬁﬁ%‘?‘?t ands 74 nd 76
of the PN 20 connectedrintdiade corifiguration. thbaaesilcﬂf mearmeﬁ THahd 72 hee

col 1 eohrs Of LABLiaAnS.abaleill (8o LAk GRPSH bakGlators s WPENARIGHL O

pair 2 In the crrcuf ‘or's
76, which are ewwaecteddio mlt&n fql&qwewcanﬁmr%tmrar@dewbichaarene!sq: FoppRAtadi on

to the PN juncgy a&paatémﬂhﬁstwsm 7NOYRe bun:p%@&%ﬁmrvmﬁdvﬂa%@ozd to
because the 25 tors Pr ovi de a feedback P.Slswrs p;gg% %Iang t he

out put Cur r ent%orf'g??fnaa'f?ot e ases of the common emitter tra
34 described above. The bases of the transistors 75 and 76 of the PN

20 junction circuit of Figure 11 are connected to the collectors of the
transistors 71 anc 72 respectively, of the PN junction pair 26.
In the circuit arrangement of Figure 11, the transistors 75 and 75,
which are connected as emitter followers, are equivalent in operation to the ‘
PN junction pair discussed sbove in connection with Figure 7, because the J
25 transistors prbVidé a feedback path through which the output currents il and
iz of the voltage-to-current converter 21 are counterbalanced with the
collector currents of the transistors 71 and 72. In the circuit of Figure 11,
the ef'_fects on circuit performance of the inéreased base current supglied to
the comman emitter transistor pairs connected toc the output terminals 77
30 and 78 are negligible, because such base currents are supplied through the
transistors 75 and 76, which are connected in emitter follower
configuration. The transistors 73 and 74, which are connected as diodes, and
which act to control the bias current of transistors 73 and 74, may be
replaced by resistors of appropriate value.
35 In the noise reduction circuits shown in the drawings and described
| hereinabave, the auxiliai'y signal path current is taken as a current source



1 .
[err]. of the voltage-to-current converter 21 are counterbal anced with the: ..
collector currents of the transistors 71 and 72. In the circuit of Fig
14, the effects on circuit performance of the increased base current @ '
supplied to the common emitter transistor pairs connected to the out put™
termnals 77 30 and 78 are negligi bl e, 1because such base currents are
suppl i'gg through the transistors 75 and 76, which are connected in emtter
follower configuration. The transistors 73 and 74, which are connected as
di odes, and whi ch®HPHt 8B%cHHEr He sUmanipg &F the Apeiliary pignalAnd hegrainaignshand 4,
may be rgpl aced byimiisd sther sigail amplrlliﬁﬂdéé ajaf Yal hléhiewgéi] by a ginﬁle opkfhtidial
noi se reduction c . t he dr ngs _and. descri hed herei napove
the auxiliary si g%{é‘?“ﬁ% ’hﬂgﬁérmr}elh Yirdng gkgarlli‘f%s agtp@gulraf R'!Ns r'&eé’egmjmie#ﬁ‘iﬁ"?)ut
and, thus, ‘t he sungisgeductioneinnyidis! i lnran integratedioidcyibdmpiemergation) siacel the

linmting bhe si'gnghndlMlinhing YevRB 428s 36 I ¥ t%légéifE%ﬁePwﬁhqklﬁé't the
r anpl i In-the ﬂn

amplifier, wthout requiring a buffe np I er as ) her et of or & own
noi se reduction clMPELPIERAD it isyppt affegtes: vt apy nenslineprnsesistenceicf die diffveed
the 5 ~ Si gnareasiinthen{htegnated catuit aFudtupedraCit MOodibad6w iRl leQu@E kg h

respect to the majn.sj |t LS not affected -an n-|ipear resistance
of the diffused a#%éék%?%tecéa%?%%f‘ﬁﬁgﬁ @f’?'%ﬁ}’?”i%{? U#H{E}_aérﬂjp'igﬁ 9340 3P 4823k ow
in reverse bias ditaisrnatuaffestedchavaciationstin cesistdnce ovalugs. t [Theceffectst chass a
hi gh gai nl®o thatcdrhmb gféindapegakd &% lﬁﬁ'{ihﬁ{é albl b LriliRRGH X@#M‘éﬁn
The effects of the 10 .. _common ground | npedance are mnim Zed because
the drain current! thenerglitede Henibing ¢irenik doep natnflow; intai thedermmantarpiisiy
in%l,o 'E_he comJon orieeutl lanﬁrra_e?iitionl, hmti&kﬁlﬁigtdmgﬂme Adisé ngwi&fm?fb@ a?gitgg limiter
reduction node a e Il er l.evel_can be carried into effect very
easily. CLAI Nggiélhca" %ngrﬁfflgg DR LYPTYi%a Wt conprising a main signal
path, an auxiliary signal path which includes an anplitude limter and has
the characteristics of a high-pass filter having a controllable cut-off
frequency, and neans for sunmng an output signal of the -main signal path
and an out put signal of the _



5 ' auxiliary signal path to forma circuit output signal, wherein the

@I i ary signal path corrprl ses: mﬂmmﬂm I‘t !Hnt converter means having
t and second differential in tial outputs; PN junction

means connected to the differentidl out puts of the vol tage-to- 10

current converter neans; a first comon tter configuration transister

pai r having bases connected to the PN ju i on nmeans; capacitance neags

connected at one end to the first differential input of the

vol tage-to-current converter neans; 15 apgd he capaci tance neans being

connected or connectable at its other emt—tuo the main signal path and the
second differential input being connected to ground, or the capacitance

nmeans bei ng cqnnectpeetoe& rea@ctmrhefrcea%ot@rgtwadnﬁn%mpsacwtaumuar
differenti al "FLEP@'IY onnected to at h; ’f eedback ‘nmeans

n
connecting a R Spimpitict Woian Ard ek Se cppractsristics
transi stor pabf at Blchh&si |fﬂB§r tchvﬁfﬁgaaa:mtmlllabupem-@ﬁf fréuenoy,t argerrieans torr ent

converter meaps. 1GS) i_gyr.at | StQl pai r
havi ng bases c%nnec eﬁ ngq‘{ar}ggr%ﬁl | unc :;})ig rt)(mij\ﬁﬂ‘grg'béu(2 g ‘Lc‘faﬁ%t pur?’ si gnal
of thesauxili anyilisrysignapaeth te fdemi wed*cmtmnta%eﬂghelctvmeretnrmm auxdliaryhe

second 25 sighBTPRYA &Mdrises: configuration transistor pair. 2. A noi se

reduction ci I‘CUI t accor di n? to claim1l, wherein the second differenti al
i nput of the V& "—Pﬁ@‘é"‘t‘-‘df‘@ﬂ r‘é?ﬁve%ﬁv@fef‘@’r hexings first @pdsacond ¢ibf e@?‘&‘ﬁd and

neans i s provisrds bed dﬁeéxeﬁtxawakqsuw;)nnectl ng the capacitance neans to the
mai n si gnal

di -
Charm 325 PBN rcPien meand sonnetted D A% HEFISMIA odabE0t i Valkdarth- L0\

differemti al icument obnventervoeamsge-to-current converter neans and gr ound

and the main gigagleoRdhdh bitter égnf?él.l}gﬁﬁﬁ ‘%F’artsf}té’r Eﬁ?ﬂ&ﬁnﬂ'bfaﬁé’sr&i%éé’éed' ”pUt

of the voltage-to-current converter nol sereduction circuit
accordi ng to & 5PN juppideromeagsis eedback re5| stance means i s connected

bet ween an outipdcifinck esnsNBarh@ctRAEE oABbnd to the first differential input of
the voitage-to-current converter means;

15 the capacitance means being connected or connectable at its other end to
the main signal path and the second differential input being connected to
ground, or the capacitance means being connected at its other end to ground
and the second differential input being connected to the main signal path;
feedbsck means connecting a collector circuit of the first common emitter

20 transistor pair to the first differsntial input of the voltage-to-current
converter means; and \-\J
a second common emitter configuration transistor pair having bases
connected to the PN junction means, whereby said output signal of the
suxiliary signal path is derived from a collector circuit of the second

25 common emitter configuration transistor pair.

2. A noise reduction circuit according to claim 1, wherein the second
differential input of the voltage-to-current converter means is connected to
ground, and means i¢ provided for selectively connecting the capacitance

means to the main signal p'ath.

30 3. A noise reduction circuit according to claim 1, in which the
capacitance means is connected between the first differential input of the
veltage-to-current converter means and ground, and the main signal path is



5 an inverting input of the Img neans, an output of the second., ~-
common emtter transistor pair is co ' ” to the inverting L
knput of the summ ng neans, and the Hmmm“umﬂm is connected to
non-inverting input of said summing nmeans. 5. ® SA foi se reduction circuit
according to claim 1, wherein the PN 10 junction neans is fornmed by a
pair of transistors each having a base and g9col |l ector thereof connected
togetM®r, emtters of the transistors of the PN junction neans being
connected in conmon. 6. A noi se reduction circuit according to claim 1,
wherein the PN i uostrieicted pearsecorsd diiferedtiblyirbut of tisendolsayeotd cpents carfverter
transi stors, eac esaﬂ%.d 15 - pair has emtters connected in comon,

coll ectors of each of the first and second pairs of transistors are
connected to the differential outputs of the voltage-to-current converter

nmeans and to basg, el el heWeFedictidn Effcail Cactbidifg th A&in® 19 WheréiRda Fasdsuckf
each of the first and second gal rs of transistors are _connected to emtters

of the fifth and"2i'StPACE MgARY Biqngectsg between;an output ofithe sEMIEg MARNE 8L Ui t
accordi ngst o cl aemidvervingriaput &f thensuroming friahs, ars ofitpat iod atle fsecoreDEdmMohi Ng

the cut-off frequen t he hi gh- fi,l a rnent rol i S
responsive to salgﬁ"%élﬁ'? Ir-%"sag?rr %%Ftup?_ §$_neé:6?f§ ?él%?%&cééhé‘%elﬁvgﬁgég car ?gﬁ[{ ﬁf’)f
said first conmosuraming areans,adRd $heymainisignad path is\ cponessed ddr nboinvertiogi t

conprising a nai fhpat $P3hidRakmiRg médhs 2o auxi liary signal path that
I ncludes an anplitude Iimter and has a transfer characteristic of a filter
with a cut-off frequency variable in response to an output signal of the

duxiliary path, she alXinbisar yedaatibh Celrpit Shdt@rdiagVvel cigler 1p-whireRNthe PN
converter %avi ng, fi Ei%t ~and sigcfonrg gii fferenti {r Lr}ﬁtut seaq_.cei diiffergnt I al
outputs; JuBREIeN RE T8N TRUMEY B¥ 7R TE YA PPCLPRYIPS A DB I & of

the vol tage-to- collecsnt therrotrornected togethen, onitters of thencansishorscafctiheftN one

end to the fir st flibRlnls il Wiheledlif Rokhdage- L o- current converter
t he capacitance neans bel ng connected or connectable at its other - end to

the main signal - path and the second differential input being connected to 5
ground, or the cepaci AameReRANGLIBR! BigewioNawRrdifg afo icldimolljievherBlh tike gPMoUNd

junction means is formed by first and second péirs of transistors, each said

15 pair has emitters connected in common, collectors of each of the first and
second pairs of transistors are connebted to the differential outputs of the
voltage-to-current converter means and to base electrbdes of fifth and sixth
transistors, and bases of sach of the first and second pairs of transistors are
connected to emitters of the fifth and sixth transistors.

\/' 20 7. A noise reduction circuit aécdrdirig to claim 1, wherein a control
circuit is provided for controlling the cut-off fréquency of the high-pass
filter and current control means is responsive to séid control circuit for
cdntrolling the emitter current of said first common emitter transistcr pair.

8. A noise reduction circuit compfisihg a main sigrjal path and an
25 auxiliary signal path that includes an amplitude limiter and has a transfer
characteristic of a filter with a cut-off frequency' variable in respense to an
output signal of the auxiliary path, the adxiliary path comprising:
a voltage-to-current converter having first and second differential inputs
_ and differential outputs; o '
30 PN junction means connected to the differential outputs of the voltage-to-

current converter;



§nd the second differential input berng connected to the main signal

first pair of common emtter Im‘mlmm“m““lm“ﬁ stors havi ng base

common enmitter configuration transistor$ b®inYy connected to the first

10 I nput of the voltage-to-current converter; and a™

second pair of common enmitter configuratf®n transistors having base 'M

circuits connected to the PN junction nmeans, an output of the second

of common emtter transistors form,ng the o(g E L O}%nal of said auxiliary
it gt £

rcuits connected to the PN jun

differenti al

path. 9.
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noi se reduction circuit accordi ng to claim 8, wherein the PN junction

means is formed bys g pal Ee&fctfoﬂggﬂ?ux‘él”é&%%;ﬁ%f L3S, %ei&ﬁ”r%la&r‘irﬁ Ees each

haVI n% its base circult connect
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30

ector circuit, the

auxiliary signal path to very the cut-off frequency, and which includes
means for controlling the current flowing in the common emitter circuit of

the first pair of common emitter configuration transistors in response to -

said control signal.

g

10. A noise reduction circuit according to claim 8, comprising switch
means connected to an input of the main signal path and to the capacitance
means for selectively connecting the first differential input of the voltage-
to-current converter through the capacitance means to the input of the
masin signal path.

11. A noise reduction circuit accarding to claim 10, comprising signal
inverter means connected to receive a sum of output signels of the main
signal path and the auxiliary signal path for producing an inverted feedback
signal to be fed to said switch means, whereby said inverted feedback signal
can be selectively connected to the capacitance means.

12, A noise reduction circuit according to claim 8, comprising a current
mirror circuit connected across collector circuits of the first pair of
commori emitter configuration transistors,



14. A noi se reduction circuit ac 3 wherein the pair of.
comon enitter configuration transj mmﬂ"!m ﬂj"@ PN junction mean ‘-.* :
conprises first and second.pairs o ransi h said pair of @
transi stors has emtter el ectrodes connected in conmon, collector

el ectraodes of each 10 of the first and23econd pairs of transistors are
connected to the outputs of the voltage-to-current converter and to bases
of fiTTh and sixth transistors, and bases of each of the first and second
pairs of transistdrs A GOissnReRYCEP: Girgwit aerosdiss 1h&lain By wWherel sthe PN

transistors.” 15. juncfionnNAiedfs r:edm-tﬂeanbycarﬁairtofae.@ﬁﬁdd;mgemmer G:baﬂeura&on
wherein the 15 n g{)amt ce e conng Q%vge g

differential inpHe B 4RLGH T ¢ Bfﬁer Shev! &9{7%7%8 ntg® &F %t&r cé'FFd"tc' he
second different ttd emilpert ciotuithef mhttagwatwscﬁmrmm theoPMdubation sveannbeioged
to said mpin siggalneRtdd'toghbher, A NOise reduction circuit according to
claim 15, “conprising means connected to sum output si-gnals of the main and
auxiliary signal paths, 20 operational anplifier means having the main

signal path conngst ed Al Roide Iﬁ@dll.vctldﬁvﬁi'édlﬂﬁcbd’iﬂﬂ'fg Ecelafaf 13, aibrein EHehpdiEaRs
connected to receive the Symed R%thrg t Slggsl o th rEg ;}Déo’gnall 'gath gnd
the auxiliary si GHEMIPaT R EhEOTURY s&??o BE'AY "6 Bef ey MERn
out put of the opesmprigesafirskinguid $ecend paim Dfanahsistorsy eacly saidi pair bfipransistors he
operational anpl t{d ﬁhﬁ@ﬁ@?ecft%deg%onnecteé% S:EHM&% yco‘iﬁ@&g‘rckieﬁgmh of each

I nverting input erther to receive |'s or
t he operatonal afrghe firel ang seeend)pairs, O%tfr?B?'g'é"‘? afe coneacted e the 0@6?145? P€i ng

{_Irai n signal pagse aﬂda maumrlehabumfdrmadndwﬁhs&baf fifmlaudea&tamrarmmbisyde

lTmter and has a char tic, of | Wi
cUt-of {11 equencs™ e & eiah G e ot and gerofe, Bainof Heimishors g fondacdad
of the auxiliar ytq:)ahittetstquesﬁl@hdnﬂ sixth teaneistorar y pat h conpri si ng:

vol t age-to-current converter neans having first and second differenti al

i nputs and differenti al out put s; 22 PN junction nmeans .connected to the
differential outButs Of noise \reduetien t eircuitir pegardingnker tbaimeBingvherein  the

capaci tangge NMeangagyeivaned Pl ais 19%%nﬁé¥iea Betvaden’ tHeStirdll én?ﬂr@tﬁﬁél@hpuﬁ"@f»'tthé’f
the vol t age-to-current converter
voltage-to-current converter and ground, and the second differential input

of the voltage-to-current converter is connected to said main signal path.

16. A noise reduction c.ircuit' according to claim 15, comprising means

connected to sum output signals of the main and ‘auxiliary si'gnal paths,

20 operational amplifiei‘ means having the main signél path cohnected to a non-

i inverting input thereof, and switch means connect'edl to receive the summed

output signals of the main signal path and the auxiliary signal path, the

switch means also being connected to an cutput of the operational amplifier

means and to an inverting input of the dpgrational amplifier means for

25 - -selectively connecting the inverting input either to receive '_the summed
signals or to the output of the operational amplifier means.

17. A noise reduction circuit comprisilng a main sfgnal path and an
auxiliary signal path that inciudes an amplitude limiter and has a transfer
characteristic of a high-pass filter with a cut-off frequency that is variable
30 in response to an output signal of the auxiliary .bat..h output é_’xgnal, the
- auxiliary path comprising: | o |
voltage-to-current converter means having first éhd second differential
inputs and differential outputs; | |



o the capacitance neans being connec nnect abl e at Its other
tothe mai n signal path andth muﬂ l@ %IGJ I nput bei ng

G 11 ected to ground, or the capacit connected at its other
end to ground and the second di fferentlal i nput being connected to the mai n
signal path; a first pair of transistors connected in comon emtter ,~.
configuration and 10 havi ng base ci rddits connected to the PN j uset i on
means, an output of the first pair of common enmitter transistors being
connected to t fir differentia termnal, of the

vol t age-t o- cur P&t{""&g’ﬁ%??@s HEaRs: led pdoébeoﬂiggeﬁﬁfﬁ%?"ttpl"'gﬁtgf She yaltagfihct ed

I n common emtberrem)nbmwgnttatmemsand havi ng base circuits connected to the
ol unct] on egRgscifihclinlhe Bhrrdifed 3¢ ane orBChP Bk AL difalehBRP 1BAAI S
formng an outpu the auxilrary S|gna path; and signal “summ ng neans
havi ng inputs thmmeldagstto-surteat ganverterynal path and to the output of the

auxiliagy signghe Qaﬁébntmcepﬁ@dwb@mgaedahé&@utoxo%rmébt@staraelltdtatﬂe%naeﬁuced
noi se. 18. An0|sereut|on0|rU|taC {r%%eﬁcalmﬂ ri.sing

means 20 R ORNE | ARl (P AU PE AP 1o LA oLt dthy PTG PPaTFAd tonat
for providing gramd) bolths icgpaditanaa dneara heidgotonnasteidna ntehetheuteneftﬁ gtdurguency

PF gute Mt 9N DAy bhe keiona!difreHileld 1AERR BRI orfi80Yela o hSndiR ST PR,
ovmng |nthe COfTTT'On emt rst alr ors in
response to sardfitsdrpainlof sirgpsigtorsygonnected in commqmoe@c,ttetesgctlgmngnrmut

accor di gs t0 Chalify bhse CorBYits Sidnpectibl itetHIEN JurQdH fidas,! sh biGuiBiftrai gnal.
path and to the capacitance neans for sel ectively connect’i ng the first

differential ifigth RS (He COOMyEMitier ({rARHItORY MPIRG FOPRRRLR thrtbeighthe

capaci tance rrearfsevteauhhmptmltenﬁﬂngnai trﬁa\tdl:agaoso-cupfem&ﬁemdw&anw circuit
according to claim d98 onnect ed to

recei ve said cPreart '%s' fiare %%858‘3 n‘gcrtog‘dn?% Fh&eén?ﬁfjslé "’Q aé‘ﬁal
path for pr odubavxgg dase rwmutt@d:ornee@tbddh thedrid| junetidre rfeads,t an gatpdtswtttch

means, yhereby L RRdGARAGE traRsistdiP fEkiRd n Q@t&ﬁ'&%\é@&mﬁp 'Qib‘?:ﬁf E&ht Qn& he

mai n si gnal path or ‘to receive the inverted f da/;af@ nal A
noi se reduct i oA9RRk SYMMING F5:20% R3ViNg 1pputs rﬁ"";"t?‘:te r'é‘F pinesipngl, Rﬁ‘lEﬁ"Sn

nmeans i s formeeo tye acuthut hfpttier avfilibryasighal path ¢oic pradueinygai élﬁcdiﬁfbetput
signal having reduced noise.

Y

_C__.

18, A noise reduction circuit according to claim 17, comprising means

20 respdnsive to the output sigrtai of the auxiliary signal path for providing a
control signal, and means for varyihg the cut-off frequency of the high-pass
filter, including means for controlling the currertt flowing in the common ‘
emitter circuit of the first pair of transistors in response to said control
signal. |

25 19, A noise reduction circuit according to claim 17, comprising switch

- means connected to the main signal path and to the capacitance means for

selectively connecting the first differential mput of the voltage-to-current
converter means through the capacitance means to the main signal path.

20. A noise reduction circuit according to claim 19, comprising signal

30 inverter means 'connected_ to receive said “circuit output signal and
connected to the auxiliary signal path for producing an inverted feedback
signal to be fed to said switch means, whereby the capacitance means can
be seleétivety connected to the main signal path or to receive the inverted
feedback signai.



Ci rcuit tonnected to its collector ci rcuit the emtters ci rcwts of thes -
third pair of transistors peing conn ﬂ Mlm A nﬁ;&
geduction circuit according to clai rrﬁmﬂ “Iﬂﬂu ‘ | PN j unct | on nean
conprises fourth and fifth pairs of t tanSi st or"s, *each of the fourth and '
fifth pairs has emtters connected in common, the collectors of each of the
fourth and fifth pairs of transistors are CS;’\nected to the output of the
voIta&e‘/to current converter nmeans and to bases of a SIXth pair of 10
transi stors, and,base f.ea r apd fi f s. Qf trapsi {ors
are connect ed tozgm t?e?'o'sg Petbjh'g‘f"g'f\x cu%’ accg’qu?ﬁ' atﬁs rg(rfi gerem Zp' n%rl se
reduction circui jungtioomaesnsg IStfgrrcd:dabyna ttm'd meroélmamsmcmaq:ml having itsewase | s
connected bet weegjrbiye Johﬁééteg'tt::f'% eBilébr | e t, he tehﬁc 94 ERGGRE A7 CHE WAL
converter neans and %roun and the seconé: ferent |a I nput

t he vol t age-t o- cPRiF & gransisberetheing eonngrtRsctogathed- t he nai n 5| gnal path. 24.
A noise reduction circuit according to claim 17, conprising
operational anpljfier ath nnect ed
non-inver?ing |n%%!t tﬁ‘er"g'af r‘%ﬂap‘gw'i"éff'i"trrég&ngrdd%?ﬁgcgéﬂnt »r WL té?ﬁl%"ZO
circuit output s;qx;'nabnanehfscnum'ﬁsed foarth nardufiftht paifs efiitransistaraf eactalof the

amplifier means gpgl I'i/ Qné"hf'tﬁ‘}éﬁfrl’.'ﬂége entiPtdls %tgﬁé&‘ie&’?ﬁ iR th @ HBLE L L of .

means for sel ect [ Wely conhec i nverte er’'to receive th
circuit output seaphgf Hhe f%""t%%"%f}f%ka'ﬁ of trangig tar@namnesm tg the OH'EP&ﬁs
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connected to emitters of the sixth pair of transistors.

23. . A noise reduction circuit according to claim 17, wherein the
capacitance means is connected between the first differentiél input of the
voltage-to-current converter means and ground, and the second differential

15 input of the voltage-to-current converter is connected to the main signal
path.

24, A noise reduction circuit according to claim 17, comprising
operational amplifier means having said main signal path connected to a
non-invérting input thereof, and switch ‘means connected to receive said
20 circuit output signal and connected to an output of said operational
‘\/5 amplifier means and to an inverting input of the operational amplifier means
| for selectively connecting the inverted input either to receive the circuit
output signal or to the output of the operational amplifier means.

25. A noise reduction circuit substantially as hereinbefore described with
25 reference to any one of Figures 5 to 11 of the accompanying drawings.




