A SPEECH AMPLT¥ ER ASSOCI ATED W TH AN LED . BACKGROUND COF THE

| NVENTI ON 1. Field of the Invention The invention rel ates
to a speech transmt anplifier provided with a light emtting di ode
(LED). It nore specifically applies to the control of the LED inside
such an integrated 5 anplifier in a tel ephone set. 2. Discussion of
the Related Art In a tel ephone set, an el ectrol um nescent

di ode, or LED, is generally used for, lighting the key-pad, or for indi-

10 catiing a hold or dialling condi tion.t Conmmonl y, the tel ephone set does
not conprise its own power supply but is fed by a line current of a
t el ephone signal on the tel ephone line, this line current being al so

used for feeding the LED. The tel ephone signal conprises a DC conmponent,
provi ded by the tel ephone 15 exchange and sent on the tel ephone Iine to be
used by the subscri bers' tel ephone sets. The DC conponent .of the

t el ephone

A SPEECH AMPLIFIER ASSOCIATED WITH AN LED

BACKGROUND OF THE INVENTION

1. Fi of I
The invention i‘elates to a speech transmit amplifier
provided with a light emitting diode (LED). It more specifically
applies to the control of the LED inside such an integrated
5 amplifier in a telephone set.

2. Discussion of the Related Art -
In a telephone set, an electroluminescent diode, or
LED, is generally used for lighting the key-pad, or for indi-
'10 cating a hold or dialling condition. Commonly, the telephone set
does not comprise its own power supply but is fed by a line
current of a telephone signal on the telephone line, this line
current being also used for feeding the LED. The telephone
signal comprises a DC component, provided by the telephone
15 exchange and sent on the telephone line to be used by the
subscribers' telephone sets. The DC component of the telephone
signal is variable as a function of the line length or other
line parameters. The signal also comprises an AC component due
to the modulation of the speech signal.
20 Conventionally, a predetermined fraction of the line
current is used, inside the amplifier, to supply the LED. This
fraction is usually about 25% of the line current. In such an



signal istvariable as a function of the line | ength or other l'i ne

paraneters. The signal also conprises an AC conponent due to the

nodul ati on of the speech signal. 20 Conventionally, a

predeterm ned fraction of the line current is used, inside the
anplifier, to supply the LED. This fraction is usually about 25% of the
line current. In such an 2 2

instance, as the line current varies as a function of the l|ine

characteristics, the LED il nati on i s not, const ant eed :
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SUMMARY OF THE INVENTION .

It is an object of the invention to overcome the
drawbacks of existing amplifiers with regard to LED control.

20 Another object of the invention is to provide a voice
amplifier that feeds an LED with a constant current.

Another object of the invention is to awvoid the dis-.
tortion of the speech signal caused by the presence of an LED in
the voice amplifier.

25 In one illustrative embodiment, the invention provides
a telephone transmit amplifier for a telephone set that does not
have its own power supply, comprising an LED having an anode
connected to a first positive terminal of the telephone line and
a circuit for determining a ratio between a-line current and a

30 1line voltage, a reference current generator for supplying the
LED with a constant current, and a deriving circuit for deriving
the current flowing in the LED when the voltage across the
terminals of the line becomes lower than a predetermined value.



connected to a first positive ternmnal of the tel ephone line and. a

circui't for determining a ratio between a line current and a 30 line
vol tage, a reference current generator for supplying the LED with a
constant current, and a deriving circuit for deriving t he current
flowing in the LED when t he vol tage across the termnals of the line
becones | ower than a predetermned val ue.

3 According to an -enbodi nent of the invention, the

transmt anplifier further conprises a fiyst. o o] i fier
measuring the current #‘ﬂc?xl:ﬁ;l ED¥8nMS§é#H'b%E lﬁ Q;"}‘,% otP V‘?% PPs tH
current to a twsEnsmidet emgpilhfielby fmethee'f epemp:eiées:uraenfirgmﬁmvational

According to ﬁrgi%gl qggg?lgjngél thd | ﬁgi’f-’. tﬁ?tfmeanc} v?{os%h%eég%écck

connected to tHe non-inver er

According to mpmrﬂﬁddﬂﬁeﬁbl%fcumtniﬁén@lwuﬁ Wetegmined hsp dbec gpfepence
gener at or §ORkd St Peﬁé:?&i&r PNP transi stor haV| ng an emtter connected
to the first termnal of the |ine and coIIet Qr, §9nnec edtot{_}6
inverting input of sai 6F®% o, E%B’r 36
enbodi nent ofof hthd MBEBNt is00oNhdtecel tdeltheimgx-dmvemungom:mse&' athe first .

t ransconduct e | fier whose f eedback | oop controls a switch that
derives the current of the LED. Accordi ng to an enbodi nent
of the invention, the Accendimgh o sesbeding®r t eéindihet oinverddencol thest or
i's connecigd A0drld® dhirksht ! S5 ARl bohBE1 Add10a ABLHANERS P Tierbfibid for

connec- ted, through a |ow Value resistor, to the cathode of the

Accor di ng t o RaVifigho nktter CeeneRveRt Ponthe Helrst derpingl  of H‘é?eHﬁ‘E'Pn ng

the rati o betygenatd6lldARdrCebhAdttalto theh@nbbAging| e ognMehigesidst
second operatlogal,anpllfler whose 25 inverting input receives the speech

signal to be % St ed, added to a DC conponent of the |ine voltage
provi ded by a t el ephoverditghatge.an - embodiment &fcditeé ninventdion, the

enbodi mniSOfd&Riingve&trlcQﬁ't t&?npﬁ:ﬁggé a transconductance amplifier whose
feedback loop controls a switch that derives the current of the
LED. '

According to an embodiment of the invention, the
switch comprises an NPN transistor whose collector is comnected
20 to the first terminal of the line and whose emitter is connec-
ted, through a low value resistor, to the cathode of the LED.
According to an embodiment of the invention, the
circuit for determining the ratio between the line current and
the line voltage comprises a second operational amplifier whose
25 inverting input receives the speech signal to be transmitted,
added to a DC component of the line voltage provided by a
telephone exchange. _
According to an embodiment of the invention, the feed-
back loop of the second amplifier comprises two Darlington-
30 connected NPN transistors and two diodes, the collector of the
second transistor being connected to the inverting input of the
transconductance amplifier and the non-inverting input of the
traﬁsconduc'tance amplifier being connected to the anode of the
second diode. ' '



back | ooprof the second anplifier conprises two Darl i ngton- 30 connected

NPN t fansi stors and two di odes, the collector of the second transistor
bei ng connected to the inverting input of the t ransconduct ance
anplifier and the non-inverting input of the transconduct ance anplifier
bei ng connected to the anode of the second di ode.

4 As the LED according to ah enbodi nent of the invention

is in series with the transmt anplifier, or speech circuit, the LED

does not introduce any,¢ ge..n_the gurrent_ thr ] e egc lL,rcuit.
5 he the LEBLCR RIS NEn B ks RS o, B Bt
suppl i ed wit Bsainoperigs withr the transmidl apploifdesret or ofpeechygitguit, the

subscribers Winbl JbA® ddie SRTRBA! Alelchshi6S 1HEhE  Bhrrentoutirbiigh! Afe

| ength. As the LED current is. shunted when The vol tage on the fel ephone
li ne becones SPEECRoFTIHE pr esence of 10 the LED in the speech transmit
anmplifier mIOTasf not di KHrthe tn,gn\;\ﬁﬁ;cordim NgbSan embodiment of %h?sngnameach
transmt anplifier i taine ose operatipon iis nqt .modified by the
b esence of A% eereRiel WOSC Al M Reene BRERROET, theltenBibng fety bR
BRI EF DESCRI FErONuSFsUbECIRENSNGS11 have the sanéhobsrajesdistics echateyerand
advant ages, e{ pnof e hovepbi W exRkl aeded NwHshalthel N
the foll ow ng‘@%e@?é.| Cri [l)"farl1 nﬂ]of %rg#%r?gzg e‘%b%%ﬁﬁent s made v <
non-1imtati VolfegR 98 thenketephmmailime: hecaresdifed keWawthe sexeRansen of
Fig. 1 i1 Rneckedi 8gréie @peachPeaisnitaasplifier 488 ndt Ais8sHOGR ¢

with a LED acc.ordhng to the invention; Fig. 2 schematically
shows an enb&dPRBNAT- of a speech transnit anplifier according to the
i nvention; 25 Thus,g. a 3spddatst tedresnitthampll Fiat - ¥9| dhgeinad whoske t he

R oI B 60 A RebIB kO 18 pressecs, of,cof KR, Cafiln
optimizing the operation of this LED.
15 '
BRIEF DESCRIPTION QF THE DRAWIN
Those objects, features and advantages, and others of
the invention will be explained in detail in the following des-
cription of preferred embodiments m_ade- non-limitatively in
20 connection with the .attached drawings wherein:
Fig. 1 1is a block-diagram of a speech transmit
amplifier associated with a LED according to the invention;
- Fig. 2 schematically shows an embodiment of a speech
transmit amplifier 'accorvding to the invention:;
25 ' Fig. 3 illustrates the current-voltage curve of the
transmit amplifier according to the invention;
Fig. 4 illustrates the current in the LED as a
function of the line current; '

Figs. 5, 6, 7, and 8. are chronograms illustrating the
30 potentials across the LED for various amplitudes of the speech
signal; and
Fig. 9 illustrates a detailed implementation of the
circuit of Fig. 2. ' '



Figs. 5, 6, 7, and 8 are chronograns illustrating the 30 potentials across
the LED for various anplitudes of the speech signal; and

Fig. 9 illustrates a detailed inplenentation of the circuit of Fig. 2.
5 DETAI LED DESCRI PTI ON - _ A feature of an enbodi nent of the
present invention is that the LED is serg’ al connected with the speech
circuit. Fig. 1 schematically shows the connections between an
5 LED 1 and a transmt anplifier 11 according to an enbodi nent of t he

present invenpe@RrLED DESCRIPTION |N€ tel ephone line is synbolized by a
generator 2 between two termnals A and B of the circuit, termnal B
corresponding to the ci Ggatuge RH@ erbediment,of the Presant iyeRtirnpisser
(ngt shown) mthabeﬂ(i@hrmti%dsbﬂia@%rhbeté@lvﬁphOﬂﬁz speléchecamlml ®©r m nalﬁ A
and. B. . The,anode ot L 1..s connecj.ed t ] A_an e
cathode of LED 1 is coﬁrr?gc't gd ﬁcg‘e%aE%?as]tlyt gﬁ%"%af:h%fm?‘?%%é{rgg betg%ﬁﬁi %‘l‘er
11, a secorid LEPnilnahdod trxanswiitt aspdi fifere111aceediggl Socanrrmhagdmept of

termnal B 4pe ?xeserrt fl%%gﬁ&pg to an embodi ment of the invention,
speech transm.T anplifier conprises neans for deriving the current

flowing in LED 1. Such Theantelemhonesdineprixampdizgdnmy 3 grPBRERWDr273
whose col | eCt GtiBefONAREt BErithaI®r NhN@ndA BNG 20t 0seredit,! Cteitinal B

connect ed, preferabl hr ough | ow, val ye resi stor ot _sho n_figure
1), to the.ca%ﬁ@%%‘é’é@ 11_90 %“efr‘é?ﬁ‘?“s#org’ﬂmﬁs iﬁniEP'gP‘I el B#@Wm?‘? e 11
to shunt LUED #ieflepulsethénvdl slamen )omayhbet ebapdctied [betteedre cthee stdlepbonéhan

a predeter- ..N val 48, '~ The speech transmt anplifier
shown in Fig. 15'“%?&| n(l']yéé g%%p’r\iasneds Bt'hree f eed- back | oops. The first | oop

controls the ratio B woedet 68 LEhd dsr conpedtedaite thuninae A gndageevL.
The —  secondgcpdRe "BRASYESS1! BE CHAM&Ned e bl Filr@¥ BarmihdiN® - E2ahsAlE
limts this current at a predeterm ned value. The third | oop
- amplifier 11, a second terminal of transmit amplifier 11 being
15 connected to terminal B. '
According to an embodiment of the invention, speech

transmit amplifier 11 comprises means for deriving the current

flowing in LED 1. Such means comprise, for example, a NPN
transistor T3 whoée collector is connected to terminal A and

20 whose emitter is connedted, preferably through a low value
resistor (not shown in figure 1), to the cathode of LED 1.
Transistor T3 is controlled by amplifier 11 to shunt LED 1 when
the voltage on the telephone line becomes lower than a predeter-
mined value.

25 ' The speech transmit amplifier shown in Fig. 2 mainly
comprises three feed-back loops. ‘I‘he first loop controls the
ratio between the line current IL and the line voltage VL. The
second loop measures the current Ippp flowing in the LED 1 and
limits this current at a predetermined value. The thifd loop

30 allows a suitable swing of the speech signal during the negative
alternations, by deriving the current flowing in the LED 1.

The first loop may comprise a first operational
amplifier Al 3. The non-inverting input of amplifier 3 is
connected to a first positive terminal A of the circuit through



30 allows :a suitable swing of the speech signal during the negative
alternations, by deriving the current flowing in the LED 1.

The first |loop may conprise a first operational anplifier Al 3. The
non-inverting input of amplifier 3 is connected to a first positive
termnal A of the circuit through :

6 a voltage generator 4 and a resi stor R1. The vol tage generator 4
corresponds to two input termnals Mt and M in the circuit whi ch
represents thg guptidd ¢ndirgtat 4 '@ Ehfeéfé,ﬂhﬁﬂe The %qrteaeoa@néx%%r 4

shown). The negative |nput termnal M 5 m crophone”si

connect ed to CAETSRANIR eFRi MYOi ﬁBB’t‘toFemi‘éFﬂLﬁl ¥ % Nrgipnd oﬁit‘]cb‘ét

i nput term naiwhithi Srepruareited the axf@ﬁjﬁbdr Eslgr@he ﬂrbmerth@g talpphond
arrpllfler3|s con ected t er,m Ath haf t rizati.o
current gener @‘ ‘I'?'ﬁ §1R7’é‘r)t’| ﬂ’g‘e ﬁ‘}?ﬂ? %{8‘?{’ P‘é %’ﬁe%gﬁode

of a diode 510mDCI;mm<m& I 9lgmninem edomneditesd dta)dﬁieﬁ)znori'ﬂenmtthogleiupuul ofie

D2 s Con'ns@,@ﬁfi%t@ &‘Eh@é'uﬁhﬁ{ sé}ﬁ.lﬁaicmtig to
resistor R5 and to the 03|t|ve| ut termnal M- of m cr ophone
si gnal 4 thro&galate® ing input Oﬁ“h@“!fléé&eb’a@ki?o%"tﬁuﬁﬁe

_?perati?nal _fli_lféhninﬂ 3_|_Qﬂ’iibu%ﬁ ?ru?ﬁsstt lftﬁz:cltaMzélt:miﬁScﬁﬂrea:;td doi‘WB NPN
ransi stors e ou (0] 1Tl er nnect €.
of transi stor 1“"?%;}% ofSo ?f%lmegtegnﬁ%c ro% RgeThe

emtter ofla r sdsserbal§ coreatedcwithta diwiehDe Thet caﬂmﬁ @f dloiié M2ose
col | ector n 391 {9 r N hE%H?ﬂ e E%% 1.
The eni tt'er gt rggns élcg éﬂe ?mnect ) a?‘hg B %hége 0 @(r#gggng.a A
capacitor C2 t@ﬁismqu@’icyambrrrt@nsme onOSltwethepﬁtr@mé%@li e ophedhed
bet ween the calibeSHRbn®fsildnd-4 thudhOh fdstd:t BE, base of tran5| stor T2.

The second | oop conprises a second operational ampli- 25 fier A2 6., The

non-inverting input of EfpEerfdradgk |1§°Eoﬁﬁeﬁ%ﬁperat%‘3‘qlhé‘m8é%ﬁ%ﬂé $CMED
1. The inug t pi§sesPthe Ofwdddodbsepl Gan@ D2 an@otHe aimN trankestonslT1A T2.

e oudh & " SR GRESHE S g IEIEE 3 4 comdidel So' B 19He°BE Urfleotor
T1l, +the collector of WhJ.Ch is connected to terminal A. The
emitter of transistor Tl is connected to the base of transistor
T2 whose collector is connected to temminal A through a resistor

20 R3 and LED 1. The emitter of transistor T2 is connected to the
cathode of diode D2. A capacitor C2 for frequency compensation
of the first loop is connected between the collector of tran-
sistor T1 and the base of transistor T2.

The second loop comprises a second operational ampli-

25 fier A2 6. The non-inverting input of amplifier 6 is connected
to the cathode of LED 1. The inverting input of amplifier 6 is
connected to terminal A through a reference current generator 7
and to the collector of transistor T2 of the first loop through
a resistor R4.

30 The feed-back loop of amplifier 6 comprises the resis-

" tor R4, a diode D3 and three bipolar transistors T3, T4, T5. The
output of amplifier 6 is connected to the base of a PNP transis-
tor T5 whose collector is comnected to terminal B. The emitter
of transistor TS5 is connected to the cathode of diode D3, the



30 +  The feed-back | oop of anplifier 6 conprises the resis- tor

R4, a diode D3 and three bipolar transistors T3, T4, T5. The out put of
anplifier 6 is connected to the base of a PNP transis- tor T5.whose
collector is connected to termnal B. The emtter of transistor T5 is
connected to the cathode of diode D3, the 7 ' "

7 anode of which is connected to the base of the NPN transistor T4.
The base of transistor T4 is also connected to ternminal A t hrough a

second pol ari gALEONOEURAEN DE"SEARN el tHeneObhsE! 8F the Ofpt ' BfSisikebr T4

is connected to termnal A and its emtter is _5 connected. to the base of
t he NPN transFét ofhg3basesef chrapsisior T4 ds;pdgo.6RARSERE 19 ¢

Tge fem L t e][ othi-bagts s isicohd pﬁlar:.zﬁﬂﬂ&ﬁ%@ﬁkérﬂ: g;aﬁef@ttdxe@t Oll‘héfcd]ﬂ%&%ﬂ o][
T2 of the firs t rou r stor, R4 rting.input o
amplifier % %E‘g?)’a%?‘?ror s 56 ?(ﬂ‘ﬂ‘@ﬁg H ng

| oop 10 i sScoumneelcbdaetaveﬂte tld:aesebwe the Wnntrmgwstw aﬁdwhesen ozllleé&tor

The third | oop nge I i
non-inverting I n%il:%; %ﬁé’e@ﬁ%{il er 'S congnec"fﬁ{e%ét“gkt e of q?ﬁo th &Boé
of the first FeBpectak tchv‘e'l'rl%. seliemer of tropadsiay eTz of sﬂéﬁnrﬁé'@tteéoPB
the collectorafd, t tARSUGH Oredisttir 1, e #id S:invb@@ﬁ!ng input of ampliff€er

f eed- back | oo t he transc nduct ance a I|f|er co ses tr i stor
T3 of the secgnd | BB (%N g ‘F’é?’grg' L#pﬁ*‘ e‘ﬁ??ﬁ]if’?er 9
i's connectlieéd tis cdmndaﬂml @iatﬁeen the baisetof fliﬁmdissererﬁ tenelr tesmhalnact ed
to termnal A The collgct 0 or ase
of transistor T3, tﬁg’%er‘ﬁbt%trg o?pt srlsis 5 aT?%Jélgcﬁogr%gl%%%}e'gg %T?qlit%?ﬁg
coll ector of gm 95 dFhs stow-ingenbing o.nlplu@ oﬁmhlﬁgern%MS cionpeptéed itor the A
fesistor R6 s c t cwt t ween
Sﬁba%’ %Sf %%a%ngﬂl e hu% ﬂ;opogo'ﬂ%s 25 to F‘gequggg o€

t he out put of | er ts biasing I nput
conpensat e t h8™P Hf’ﬁ‘{ odpis connected to Tehe GAldgrion| e EERRister %2 Yot
positive tepPerat #itst 1 efficient current source 10 between termnals B

2gga(|\:/:+iors. A capaci to(r?rh@ ¥nag1}a?fﬁ€ rabl P he 2 rg‘lajﬁl"i q{ast‘?% COﬂHJ&%
comprises transistor T3 of the second loop and a PNP transistor
T6. The output of amplifier 9 is connected to the base of tran-
sistor T6 whose emitter is connected to terminal A. The collect-
20 or of transistor T6 is comnected to the base of transistor T3,
the emitter of transistor T3 being comnected to the collector of
transistor T2 and to the inverting input of amplifier 9. A
resis{:or R6 seriaily connected with a capacitor C4 is connected

between the output of amplifier 9 and its biasing input, so as
25 to freguency compensate the third loop.
The c¢ircuit also comprises a positive temperature
coefficient current source 10 between terminals B and M+.
For dynamic operation, the circuit also comprises
capacitors. A capacitor Cl is connected in parallel with the
30 current generator 10, its negative terminal being connected to
terminal B. The capacitor Cl provides AC ground at terminal M+.
A capacitor C5 serially connected with a resistor R7 is
connected between terminals A and B. A capacitor C6 is connected
between terminals A and B. Capacitors C5, C6 and resistor R7
35 model the AC termination of the exchange.



30 current: generator 10, its negative term nal being connected to

terminal B. The capacitor C provides AC ground at term nal M. A
capacitor C5 serially connected with a resistor R7 is connect ed
between termnals A and B. A capacitor C6 is connected bet ween
termnals A and B. Capacitors C5, C6 and ressis.tor R7 35 nodel the AC

term nation of the exchange. 8
Fig 3 shows the vol tage-cur'rent characteristic curve between termnals A

and B of the circuit ShQung sHd@S thbd %&itage%ux%@hé Eﬂéf&%e%.b&iéccﬁﬁve
det erm ned by the first Too that 1s - t}/&t current source 10, th

oper ati onal aRPFYesRtexmingdsspoped B RE, in Fgandl and
transistors T2, TRis characteristidhs |dd‘l:érMﬂ|1édi \éhei siegeialodp) thet sien of

t he vol tages across termnals R}, 5. Ita Qcraop s RS
equal to the BYoffiR{CBFeeSPRE 0k Qe‘ﬁ&i 31?8 Iﬁesj'sf?fés
absence of SspBa¢chR3, REl dietiasadl t MnaMIisrdvlsiandrM'l:l t®@.10 vol tage across
resistor R2 is equal t@gu2Vbgy %ft% VEPr &5 ﬁgu‘a]_seq:bs {,jgga Base o thsr

t

vol tage drop of a transi stor (Tor exa vol t rop across each
of the forwarHobtages fuasss tormipals Rl:DBZ The Thetwoktager 863058kt RI

i's equal to tBgual oghiGhedbroduct &% Tha' 1HHe arkbRt SHINKY réBestanceeRb. Iﬂc
provi ded by thﬁesogrce 15 10 and .t he curr&)@ ci rcul atl ng PI resi st or
a TREPet6r 82

Thi's current SERCE sPhr SPERR ANl PEUIeRR it t'He'
rel ati on €& weehtage #adrods rusas&@tbanghsaﬁuaheWLma:urm Nbecnepb@-

written: RS, + 2(

This charact ef) SFSC curb e_%gs }VOTELF (%8 %/ lfg Iifroers;%ﬁ%?]h% to

2(1+R / R2) Vbethelmlﬂge airgpop@m.sst ean:hneﬂ the forwa:et |ksa§ﬁdedmesmé ‘and

current sourc gp@gf@%?@ g%‘ggg@ &3 shét

base-em tter \90I ta écfo':bnct I on o?ﬂsm iﬁe per at | n%%%t g)fxrrgerat u?%

Therefore, VOTRSig ’érﬁielbéﬁ the sum ofpfhercurrent, tde Rpovdded| by dde BPuresy
currents, 15 e10l hﬁbSJaheVa@Eent cilreiiae Biyu[ alida ke | RE. grrawauh:rena hig is

trolled b gl eyt
oper ation, o SCSIRIRT A, AL EMUEL (0 2B A8t THASEpEey, the: Toletian. PREKEFAL or

4, the vol t agehef 1inaerdlitagecvi.|sxidethe line current IL can be written:
VIO = IL*R5 + 2(1+R1/R2)Vbe + Idc*R1
This characteristic curve pfesents, from a value VO
20 corresponding to 2(1+R1/R2)Vbe + Idc*RlL, a slope determined by
resistance R5. The current source 10 campensates for variations
of the value of the base-emitter woltages Vbe as a function of
_the operating temperature. Therefore, VO is a temperature
campensated reference voltage. At low currents, i.e. IL<IS1l, VO
25 is reduced by reducing Idc gradually. This is controlled by an
external circuit (not shown).

In dynamic operation, e.g. in the presence of a speech
signal at voltage generator 4, the voltage of line VL oscillates
around a value VLO determined by the above relation.

30 The current control of LED 1 is made through the
second loop, that is the current source 7, operational amplifier
6, resistors R3, R4, diode D3 and transistors T3, T4, T5. Resis-
tor R3 has a low value and is used for measuring the current
Irgp in LED 1 (flowing in the components 1, R3, T2 and RS5).



around a val ue VLO determ ned by the above rel ation. 30 The
current control of LED 1 is nade through the second | oop, that is the
current source 7, operational anplifier 6, resistors R3, R4, diode D3
and transistors T3, T4, T5. Resis- tor R3 has a | ow value and is used
for measuring the current " ILED in LED § (flowing in the conponents 1,
R3, T2 and R5). 9 Thi s
current ILED is conpared with a reference current generated by the

generator 7 whpeh &l 3166 ' RpBed Uiith 8°A0RSrencel 88276 lgdrB08te

controls a limted portion of the |1ne current to flowin the LED 1.
So, as shown P¥ fihgureenprater Jngw%’s"bt hElows I?—'herﬁﬁﬁ'@?ﬁ R¢- i higwsSecendn a
t hreshol d val geed-sthck h.@o@uédsm‘.lﬁols al nixiftladlpuﬁtms dﬁ R:ﬂet mmwmehtl IL As

soon as the | urr IS ffi
l[imted to thl*? %s'ﬁ”‘? alJ‘E‘LDaI ue% a sehéWn e % hrels?T?lgP vaiua%
Is2 is det & niimel da;rruem: '2:] mslqyierlohare:a shyeshedzl airedumla%d gfe cuerent

current Iref ?ﬁ%ﬁeﬁ Ja&iéﬁelik%%fee&&%@iﬂ eRd S &8 zhflline current

ls2 = Iref *R4/ R3 e remal ni.ng portion_ of the ne current,
that is the ILdiiff cPeificigbtnedie MRITEAE dor (B 1L igndlinidech kanshis -
current 15 | sghréddy aihweanszstor T3. However, if |IL becones | ower than
| s2, the | oop saturate r ef.or tor I3 cuts qff apd t he

i nput vol t ages of the %ﬁ’@rgg}‘ ﬁaﬁﬁi Sféi g 3% 8& %? the &g ofn
such an irmtanesistdzs CR3 r and Ra bR &fi theqeakrrént| Iref provided byThhe
third loop co FLg. 1 to avoid 20 a distortion of the
transmtted s?é‘%%é? %hugkﬁﬁ q{cﬁ’dz SW ngs of the speech signal. It
derives current from LED 1 when t heIs2 ndged*R4/Bdi ngs of the speech
signal s have a val ue sqgl Bahidd fi% por%i&?o‘fokﬁégﬁﬁé—du%zéﬁﬁertﬂéiﬁﬂsathe

t hreshol d vol tage Vsl. Accor - " the transistor T2 does not
saturate and &% ?W%Q&@%ﬂz@%#&%&%ﬂ&f ILrng ithes khreghrld gharent

The two input $s2f £iewd rﬁmseﬁmm;aﬁcm.arndwdveer 9fare becmaweltnan

connected to the c h?e tor and, throu di 0 t em.tter
transi st or TZE Z rrg AR oF T HFE BP0 | %xgﬁﬁoore, %rans:.stor ek Be£ bna
the input voltages of the operational amplifier 6 are no longer

equal. In such an instance, the current in LED 1 is equal to IL.

The third loop controls the circuit of Fig. 1 to avoid

20 a distortion of the transmitted signal for high amplitude swings
of the speech signal. It derives current from LED 1 when the
negative swings of the speech signals have a value such that the
line wvoltage VL is lower than a threshold wvoltage Vsl. Accor-
dingly, the transistor T2 does not saturate and does not cause a

25 distortion of the transmitted signal.

The two inputs of the transconductance amplifier 9 are
respectively connected to the collector and, through diode D2,
to the emitter.of transistor T2. A minimum voltage drop, equi-
valent to Vbe, is accordingly permanently maintained between the

30 collector and the emitter of transistor T2 if the line voltage
gets lower than the threshold value Vsl. Indeed, in this case,-
the feed-back loop of amplifier 9 causes transistor T6 to be
on. Thus, transistor T3 shorts the serial connection of LED 1
and resistor R3. This third loop also cancels, through transis-

35 tor T4, the operation of the second loop that controls the
current of LED 1.



val ent to:Vbe, is accordingly permanently maintai ned between the 30
collector and the emtter of transistor T2 if the line voltage gets

| ower than the threshold value Vsl. Indeed, in this case, t he feed-back
| oop of anplifier 9 causes transistor T6 to be on. Thus, transistor T3
shorts the serial connection of LED 1 and resistor R3. ThIS third | oop
al so .cancel s, through transis- 35 tor T4, e operation of the second | oop
that controls the current of LED 1

10 When LSy r t hr.esh
vol tage Vsl, the thi rd‘ﬂthg g'lééura Trvg'ng'{lggt B'Irl&?% ﬁaﬁ tﬁa %q?ﬁhdd
this third I oUplT«@,g%oVSbctﬂl% @urrﬁnd-opnespﬁ‘@rﬂ% Jwengistor GI6 uEs| off -

val ue negati vengui naﬁlefumed I1da>§> ¥ hB3¢CaMive during the ﬁ%e%hlﬁ%st he
third loop is artlcular usef when the reference voltage VOis

Under such coRdi tRYnoV (Rdue n??%‘k“’@f SWings A5 gt HPR i dPI¢ 2 ur i ng t he
negati ve s ngs I Nncrmes asffieictLDf khes thdkds loopedss paceidardyalusefeyual

to the LED, dr.op..pl u t 1SSt ar 10
pl us the dr op | FE% Ifeeffselrgfﬁg gﬁ:agef gg‘ce%iejf?fip ﬁgd?ojl.r “F:%I %é%&ltmrg’ Iﬁe
Fig. 4 shows rligkcwf esatutatdngn tixEDsister aTRuseiing theofnagadivenewingsent
IL in the absgnge reﬁ% §! 983hSt shunted since V¥ iPRAs85el kbnen

current IL does not a val ue I'sl corresponding to the threshold

vol tage Vsl , LER Erepi p@eswhehee%éec%%mw? afEeR oot e ftransdfgor T
therein. T splasHthé drop ihothé heesieito@ R®fad Fortbd rsy tepepritse me@ond

| oop being satu- - r af.ed. Whe e.line rrent h val ue
bet ween the thres- %t&lgd &ushers He %ﬁeﬁﬁ?eiﬂo@c&%rﬁ aqs‘g’?t

|l ed=IL (phasef2the)linEhicuirrent Iksim thefabdencec bifospadctostignalee, fir st

| oop, the two ot her t [ 0 | e

line current IL is hi gheér ql%ﬁgngghié hir!"es gﬁ%-?&y\?la l?é)elssg?tlﬁ%h}/\g Igla%ﬂged
to 1s2 (phasel8}. cosirespendingstdtthd thresheldcticdtage Vad, sthenbED cbpist he
third |00ﬁ5bebﬂgn€éﬁur(?fw§ge 29 and no curthff £Pofs a{:ﬁei%1 £ WA 3Wults

illustrating the operation hases as a function of e speech si1 gnal
swi ngs. These F’P@ui‘%@ action of the third. loop, the second loop being satu-
: rated.

When the line current has a value between the thres-

hold current Isl and the threshold current Is2, Iled=IL (phase
20 2). This is a result of the action of only the first loop, the
two other loops not.being operative.

When the line current IL is higher than the threshold
value Is2, Iled is limited to Is2 (phase 3). This is a result of
the action of the second loop, the third loop being saturated.

25 Figs. 5-8 are time diagrams illustrating the operation
phases as a function of the speech signal swings. These figures
represent the line voltage VL that corresponds to the anode
potential of ILED 1 and the potential Vk on the cathode of LED
1. In these figures, the line current IL is assumed to be higher

30 than the threshold value Is2 in the absence of speech signal. In
other words, the circuit is in the low slope portion of the
voltage-current characteristic of Fig. 3.

Fig. 5 shows small swings of the line voltage VL, that
is a speech signal having a low amplitude around VIO. In this

35 case, the LED 1 is permanently conductive and Vk=VL-VD, VD being



represent ‘the line voltage VL that corresponds to the anode potenti al

of LED 1 and the potential Vk on the cathode of LED 1. In these
figures, the line current IL is assunmed to be higher 30 than the threshold
value Is2 in the absence of speech signal. In ot her words, the circuit
is in the | ow sl ope portion of the volifge current characteristic of
Fig. 3. Fig. 5 shows small swngs of the |ine voltage VL,

t hat is a speech signal having a | ow anplitude around VLO. In this 35
case, the LEDthel fcRfhaRRRI1 [~ ’é_ﬁeaﬂﬁ) YKk=MgV3 cMPréghdiis to the

t he nom nal voltage_drop of t LED 1. Fi 5 corresponds to the hase 3
of figure 4 f(ﬂha\ﬁgr et t’%igé'é‘@ogdf‘l"bdﬁg’lpg 175?93 &S OPEFRLIVE; ng}%op
i S not operatithe. third loop is nbt pperaititest rat es h| gher sw ngs of the
speech signal 5 around.he &/ V. t a Al f VL
reach t he thresholdqz ‘ue %J#SSFgg%ﬁng'ggg s%%%?ﬁﬁg éh¥ d%ﬁ%éc%né
operative #ndaghundsthaevalie Ni(bisuch thatTthe Feigasiverswings: Of VL veatt:lage .
of transistor ¢fg it@BhBi4 Pafudtydbe ﬁi’iﬁtﬁ% AL the | O0a AP Jm?,(

t age

the potential Vk of the cathode of LED 1 I's 10 a S0 nmi nt ai ned at a vo

VS2 which is opgaptive \ard pthyntendhe LED| L {pbageoh) i Fheespilertqusenitter

(VS2=Vbe+l LRS»ol‘éaﬁedr&p ﬂﬁﬁr{ﬁ%tbbe 72 1 DnaMitalhedi 2th0Md 658 thanthisd
nornmal val ue

tial t f t LED '
si tuation con oﬁﬁ’es gfr?gﬁ the; gﬂg?rl‘%ﬁad'i%%;g %l‘(’fh GGt PF gﬁ‘é tePis
fully shurit(bd,alisoemaiﬁtamagi lsEDadvoptage ai$2akhich \itseea)mvcas b plushthe
Vbe(3) is th t | f t t
the ) sat ur at OGS RESD 1 radlchBE TRy, (SR VEL R Cind o ibeg! thd | °
| f the negati JEDswWhyékofis mewsess thenghts rommed vakue VD.| This s dugetwl
to be at a stiddrchaneenatiity SRnkOLEBIMNS SitdRidie oAt torl Bbil1

w Il not be maintained his is because the third | oop now,
saturates w t RiGReT| SHopgt| 9"%‘1‘!’@&‘@& untdfq thgelEP oie, fully shunted, i.e.
col | ect or -¥3n tther DED Gage Gk bgasbitd Wbe(B3+VCESHWOPBI, behenve Wne(3)hescahdode

{ranoistor T2 RSP EEE (e afe o TPITITET B8 020 U 8] RetPPne
vol tage VL, exatpiretion collector-emitter voltage of the transistor T6.
If the negative swings of the speech signal cause the
line voltage VL to be at a still lower value, the voltage Vk of
20 the cathode of LED 1 will not be maintained at VS2. This is
because the third loop now saturates with the LED fully shunted
and therefore, the collector-emitter voltage of transistor T2
drops below Vbe The cathode voltage of LED 1 now decreases to
VL-Vbe(3)-VCEsat(6). As long as the transistor T2 does not satu-
25 rate, Vk follows the variation of the line voltage VL, exempli-
fied by the clip in Vk at the bottom as shown in Fig. 7.Thus,
 the circuit remains in phase 1 when the first and third loops

are active as shown in Fig. 7, providing a transmission without
distortion of the speech signal.

30 Fig. 8 shows speech signal oscillations that are such
that the line voltage VL gets even lower further and causes the
saturation of transistor T2. The speech signal is longer trans-
mitted without distortion even in the absence of current fldwing
through LED 1 which is fully shunted at these very low volt-



fied by the clip in Vk at the bottomas shown in Fig. 7.Thus, t he
circui't remains in phase 1 when the first and third | oops are active as
shown in Fig. 7, providing a transni ssion w thout di stortion of the
speech signal. 30 " Fig. 8 shows speech signal oscillations that
are such that the line voltage VL getg even | ower further and causes

t he saturation of transistor.T2. The 5eech signal is longer trans-
mtted without distortion even in the absence of current flow ng

t hrough LED C ng e S AU Y- -

12 . ag es]aéﬁwge \%%g#t’%lih%cré %% ig(li\?\,h?rleésjf’/aCE‘gat 2) 2| sitshgqgaﬁt:u
ration coI | e FHABYi F?ge‘?i‘@’?t’&@étﬁ?rt H@lFPaﬁS|%ft th?Z)t’anfslsw’&oth?égef% at

ILS neg?t;yexﬁngﬁmﬁham bhuitﬁOﬂégaﬁﬂﬂbeéxbﬁﬁs%?dﬂﬂhus cohstitutepethbi mDE
the anplifier cgordi 0 the.lpnventigon_.to transmt an unal s
si gnal . of “tid pﬁ%ag oxéxﬁf‘rp bﬁ%e%rﬁ‘f-cr THARE FRHE %‘"i’eﬁ;géigﬁag% a

nom nal vobt agandbidganl umdﬁ.@drteﬂésmjrre that there is on the line a
DC line voltage VLO vagyi c&z[@m radd LED QuMAxeddy 100
mA respectively, and aﬁépge&gc%ﬁ ] §ﬁ/h%§% svaﬁMs? are not"lhal Her ?ﬁan 2

V peak. Then,nominal yedsage VR @qualsé‘PeatVf die tﬁﬁ?@@stbﬁbrﬂ% 1§a9§cﬂt‘%rs
the fol | ow ng].i/r% WDC line voltage VRO waiyird Qfét]ween 3.5 arfd 5. 54V7f5ﬁriﬂ.|:
R2 : 39 k[err] 20 % Q‘? E‘:\lg 6§£)ercr:ll

20 pF; 15. NMAR AN ] respectivelygy andzoap 1 signal wh?\%e
20 [err];10 swingsChare ZI:Qﬁ: [leighelr; than 2 V peak.Réfhen9 Hfeds) poss:.ble t6&b6
10 nF;

col | ector- em?%ler va? 5%681?'842(? o#r aﬁn? s‘fachﬂ'EOI% tqﬁof%ﬂ{o'%'w | s equal

to 1.5 V when | L =R100 HAKSn t he ab$B@need4of aBve third | oop, the voice

si gnal woul d be di gortg@ soon as he gpgech signal swings attain a
peak val ue of about 0.9 V (1. ﬁ/ VCEsat 2) a{)&]e = 20 mA and 1.3 V at

IL = 100 my). Wth theRBnveht®on, this si 29spHyot 25 distorted. This is
due to thesfact that LER dropgnf 2 Vis c4 ¢ 20_ pF;

RS : 20 @; C5 : 100 uF;
R6 : 9 k3 .C6 : 10 nF;
R7 : 600 Q.

For IL = 20 mA, the collector-emitter voltage of

20 transistor T2 is about 1.1 V. It is egual to 1.5 V when

IL = 100 mA. In the absence of the third locp, the voice signal

would be distorted as soon as the speech signal swings attain a

peak value of about 0.9 V (1.1 Vv - VWCEsat(2) at IL = 20 mA and

1.3 Vv at IL = 100 mA). With the invention, this signal is not

25 distorted. This is due to the fact that LED drop of 2 V is

shunted with a lower voltage equal to 0.9 V (Vbe(3) +

VCEsat(6)). Therefore, there is at least 2.0 - 0.9 = 1.1 V more
room for the transistor T2 to saturate.

Fig. 9 shows an example of a detailed implementation

30 of the circuit of Fig. 2. This circuit comprises the terminals

A, B, M+ and M-. This circuit also comprises a terminal Vcc

which gives a separate and stable supply for the amplifier

Al 3. The Vcc supply is obtained from the line by means of a

resistor R12 and a capacitor C7 serial connected between



shunted with a | ower voltage equal to 0.9 V (Vbe(3) + VCEsat (6)) .

Therefore, there is at least 2.0 - 0.9 = 1.1 V nore room for the
transistor T2 to saturate. Fig. 9 shows an exanple of a
detailed inplenentation 30 of -the circuit of Fig. 2. This circuit conprises
the termnals A, B, Mt and M. This cifyguit also conprises a term nal
Vcc whi ch gives a separate and stable Supply for .the anplifier Al

3. The Vcc supply is obtained fromthe Iine by neans of a resi stor- R12
and a capaci { erf/nsStd 'ﬁ'a&i’@ecﬁﬁd\)@%t ‘éﬁﬁﬁly is also used to generate the

13 termpals A and B. The Vcc su IS al so used taq genratethe

bi as curr ent sP&PS sSEWEF It 9% SoPe Bﬁ‘gﬁe%arﬁceﬁ the FARpE QP‘EyesPect"ﬁ&%X

constituting thcs@ma:ldnfsrteituﬂin@. thee algildifierofal ha. The rdetdily fef the
obt ai ning tho ent t .sho 5 I ghpakse Fe tively
Bias P and Bi §§r # épreos‘él é’&%n%os%%&%ﬁs 28" bt Lﬁ 'e%?ﬁg oS
oper ati onal5 atpriinals A respastiveiys Bibey®n and Bigs A arentepresestad- 7.
The non-i nveri;-iigg gnput of anplifier 3 corresponds to the base of an NPN
transi stor T7. Tts inverting 10 i nput corresgonds to the base of an _NPN

transistor T8. Its Fhepueresatift o RPRALioN t Al & SOPRPLESSINSLEVER
T9. The coblgelar ﬁﬁadsr:.@r&érétm-ﬂb | ¥hé ofiedneartong enxmumabf\@fpwﬁéﬁ

its emtter i connect t% %? I Iector Olilgl@ NPN t%‘? al?s ?{o_ Tlrg .whose
emitter is grdufide cg%rﬁ 2 nfPt p ipwerdingg,
connect ed 1o ﬁ.hpubas:emésgoﬁd? toarﬂmthmse offl bn N dmanedstof T8andtst or

T10S connecteg vl il When &I LAST el PN LRS! GlanL 2ol O Nome

coll ector of a t ransi st or 0oSse emtter i S connec to ferm nal
Vcc. The beodletter ofi fropsimtpri F7cgihakanmgctedt ke sarmingl dlcc while

transistor 20378 whesee£olk eéé&{edt%dc%n%ﬁéeéoﬁéét%%ﬁb@aanﬁﬁN apfbriihiatsr

base constitutes the inverting input of a ifier emtter

of
transi stor ToTRC hasec pmitiery ¢85 oreupded of J‘d"falanB}\JPI\I'I'I"e epihtest 8f
T14 whose 1897 tirahsisStdr MNded alsbecemhd@idond €he badd DES bS PNPSthdnbistd2

are respectively copuected Lo the collogtn2S Ars of WEhhbLals! shops TR
emitter of a PNP transistor T12, to the collector of a PNP
transistor T13 whose emitter is connected to terminal Vec. The
base of transistor T12 is connected to the emitter of transistor
20 T8 whose collector is connected to terminal Vocc and whose base
constitutes the inverting input of amplifier 3. The emitter of
transistor T8 is also connected to the collector of an NPN
transistor T14 whose emitter is grounded. The collectors of
transistors Tll, T12 are respectively connected to the collect-
25 ors of NPN transistors T15, T16. The bases of transistors T15,
T16 are connected to the collector of transistor T15 and their
emitters are grounded. The oollector of +transistor T16 is
connected to the base of transistor T9 whose collector is
grounded. The emitter of transistor T9, which constitutes the
30 output of amplifier 3, is connected to the collector of a PNP
transistor T17 whose emitter is connected to temminal Vcc. The
bases of transistors T13 and T17 are connected to terminal Bias

P,




T16 are connected to the collector of transistor T15 and their emtters

are grounded. The collector of transistor T16 is connected to the base
of transistor T9 whose collector is. grounded. The emitter of transistor
T9, which constitutes the 30 output of anplifier 3, is connected to the
col l ector of a PNP transi stor T17 whose emtter is connected to term nal
Vcc. The bases of tranS|stors T13 and B are connected to terninal Bias
P. 14 The

operational anplifier o f I S

The non-inverting input of é%b &%i #iipc%?rlgs Gor?gnb%@%séibasgIéglggPNP
transi st or TlBIaIP%-‘EﬁﬁQWerTJ@T@ZZ Thﬁ)um%ﬂfr‘@gﬁéﬁﬂs inputhofh asep B figrpNp
transistor Tl8owidiforidsS tod 1@l Bbe COET £SPMF Ofran21 kB8r OP1d LGty i?vaerting

transistor T1 The ter of transistor T18 is connect

emtter of gn?‘r“ér%?%@?é@ o otheh 388 P\%c‘[‘o‘?NPof énﬁkﬁf?l?é'ﬁg’ g}‘%ﬁeﬂz’@s
whose eni bﬁqsutsmmep@mhteotaim nébl Yectbke o:ﬂ)ltmisirg:oﬂf T19. The
transistors T18,,.T19 a e res to. th NPN
transi stors TETitﬁ‘azE {:%%/ ﬁ/%ny S :lgg‘x& é‘rz@%rgﬁ%onnec

to the coll ectmns)ism‘-'arﬁgst d:lo The anillecton [ofi B ENPL tearssiaa‘l@rgfl‘agnwb@lse

The transcondggmiapge | Ebstedtds® &8P Sl X Bl - The RYMAbBAHEADSISEOrS
T23-T28. The non- mve?":"?n |nput of anpli ?Igr 15 9 corréasponds to the base

of a PNP trankFeesisters 318, ndS i fFe TosRATEi®IY e GMEStEY tHR bERR of
a PNP tranei Sb@llé’é‘ébr\dﬂldfeNPNS’cransﬂltbﬁslth'lS raenren Hab@sc@flﬂe&x@&sﬁér@

PNP transisto 25 rough a resi st RS..The emfte an tor.T23
i s connect ed,&' thT&E aF%e"Bﬁ??‘ft@rde(ﬁot PIe? % %BFI g%fo?n%f a
PNP tran- 20 sheinrexEZﬂ:eﬂsoaneegﬁdurﬂedLs connect ed to term naI A. The

col |l ec- tors of trapsi aLs ctivgl £ tQ: the
coll ectors of NPN transist ors%ﬂéﬁ’h aigleg%oa“t ?aér%o (I)ér%s% ng f3127,
T28 are connegpla_@lrtbrmsrtommTaai-Tw dhenmopeinvaxtingniipput of tampd ifiter
grounded. 3Bhegeghiisdpdtias! tBNEAS ise 42 & SoNP WaHSIL@RI T3S, | i bﬁx’%@r’ting

connected to the coll'ector of transistor T24. A resistor RO is
connected bet HERHE LCoRREaPOBSREC JHRe thase R @ PNP transistor T24 while its

output is taken on the collector of a PNP transistor T25 through

a resistor R8. The emitter of transistor T23 is connected, with

the emitter of transistor T24, to the collector of a PNP tran-

20 sistor T26 whose emitter is connected to teminal A. The collec-

tors of transistors T23, T24 are respectively connected to the

collectors of NPN transistors T27, T28. The bases of transistors

T27, T28 are comnected to their own collector while their emit-

ters are grounded. The emitter of transistor T25 is grounded and

25 its base is connected to the collector of transistor T24. A
resistor R9 is connected between a resistor R8 and terminal A.

The reference current generator 7 and the polarization

generators 5 and 8 respectively correspond to PNP transistors

T29, T30, T31l. The emitters of transistors T29 and T31 are

30 connected to terminal A while the emitter of transistor T30 is

connected to terminal Vcc. The output of each generator 5, 7, 8

respectively corresponds to the collector of a respective tran-

sistor T30, T29, T31l. The positive temperature coefficient cur-

rent source 10 comprises an NPN transistor T332 whose emitter is




The reference current generator 7 and the polarization generators 5 and
8 respectively correspond to PNP transistors T29, T30, T31. The
emtters of transistors T29 and T31 are 30 connected to termnal A while
the emtter of transistor T30 is connected to term nal Vcc. The out put
of each generator 5, 7, 8 : respectivelggforresponds to the coll ector of
a respective tran- sistor T30, T29, T The positive tenperature
coefficient cur- rent source 10 conprises an NPN transistor T32 mhose

emtter is gro unded and wh }11ector is connected t1'>5the PO ﬂ%d‘i‘ﬂ
whose col |l ect®r IS connecte to t ositive 1| nput m cro one

anplified si.g¥al ofTHeEai B%m&nmifleéoﬁ?-%ﬁmdr% ﬁ’-h%‘?f@ctm/e

transistors TégrrdgdorthaserEssscting NPNCOtARAEeEr 8133, ISUCOROSS ide ’éha
circuit also copprises three 5 transi stors . T35,, T36 T 7 for bi asm%Nthe

various transPSHPStE are (HteIrpppes hen Figeuttalse | camprises
transi st or 5T3bransistoxenmMa6| eT36,0 TBEr lﬁbnab:.a%i\ngl the ivariows| trangistors of

connect ed to P tr c an -
NPN transi s{}%ra%i;fﬁﬁ%:eg em er ‘o ranS| e}gr T§7pk9 tér%ﬁ&#c?% %‘ﬁg %%
emtter of treaaenected T¥6 texrminaheak twhils flﬁsmelmroﬁmt eappectedstor $heT35

while the basgag bﬁfa%s'ﬁi@rtﬁéi's%oﬁoﬁ'%ctaﬁé &9 - the! oThBatoB 88 bh bR
bases of transistors T20 29, T31 .are cogﬂegt ed to et her to

the emitter ofTeRSHE d¢37r36'he %Fpert% teansd sper TahsTSt ed. The
and T32 an® ceiiittéde dof otiandistdraT360fist anfectead -With (fher Bazal o azah)-. A
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signal and a 15?%’&@1["'3 1e; 33%?& é[; TEEASERE e d*& ©
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many variants and nodi T1 cat1 ons i nvéention w | appear to those

skilled in thebhiie the hagesi of trangigtorsdBlD,ofl4hand)i%32 azedcernastiednte
(operations eRBl bhsLrss traﬁs&éﬁéﬁofb‘w HRRREnANBidd ®). AUeSIdtEOWIOESs

di odes, ...) can be Iac b, ne urality of el enepts havin

Che same or) S2Cpnged b GReD, U i M B e SmeSch sl and By

means resistor Rl1l is arranged between base and emitter of transistor
T30

The other elements appearing on Fig. 9 are designated
20 by the same reference as in Fig. 2.
Of course, many variants and modifications of the
. invention will appear to those skilled in the art. In parti-
cular, each of the disclosed components (operational amplifiers,
transconductance amplifier, current sources, diodes, .. .) can be
25 replaced by oné or a plurality of elements having the same or
similar function. For example, the current sources made by means
of transistors could be made by means of resistors.
Having thus described at least one illustrative
embodiment of the invention, various alterations, modifications,
30 and improvements will readily occur to those skilled in the
' art. Such alterations, modifications, and improvements are
intended to be within the spirit and scope of the invention.
Accordingly, the foregoing description is by way of example
only, and not intended to be limiting. The invention is limited
35 only as defined in the following claims and the eguivalents
| thereto. |
What is claimed is:
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What is clained is:
CLAI V5 1. Atransmt anplifier for a tel ephone set W t hout

sel f supply, comprisinga kFRrédinfvhill 2962982 GONAAEHAM Oedt wiiHdut

positive termnal (A) of the telephone ne_and neans determ ni ng
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2. The transm t@,m} fi | t

Wi He ‘lﬁ'%nglfll_lt% ?ﬂ@i‘flel\_ﬁlh%{lﬁbﬂ bbg?rléég &&l’l Salﬂfé for

supply neans for suppl yI ng constant current,
deriving neandleBdvAROaithe syrEeRb flowing ckhddD <di)d Wespthenwaktage (VL)

3. The transnmdcyag! 'ﬂileer‘oéifnzﬁh.ﬁsn‘(ﬂ, phepei Rheandnd Spedaiesy TRAS {HANPIE Se
a first operatlogal )( mfasu- ring the current (lled) in the
LED (1) and ﬁl&%p Yinmits this current (I'led) to a val ue
(1s2) det exi ned by a 2 ra&erewmmﬂtreﬂﬁpmieratdﬂ €Y3im 1, wherem 4
The transm t f|er of c

connected to the ngr m%’rt" %Bﬁ?hgh%t%%z%ﬁgﬁggﬁdﬁﬁl ?’FDLEIP %’)lths

constant current said deriving means being also able to
disconnect said supply means. ' ,
3. The transmit amplifier of claim 2, wherein said
15 supply means comprise a first operational amplifier (6) measu-
ring the current (Iled) in the LED (1) and whose feed-back loop
limits this current (Iled) to a value (Is2) determined by a
reference current generator (7).
4. The transmit amplifier of claim 3, wherein the
20 cathode of LED (1) is connected to the non-inverting input of
said first amplifier (6).

5. The transmit amplifier of claim 3 or 4, wherein
sald reference current generator (7) ccxﬁprises a bipolar PNP
transistor (T29) having an emitter connected to the first termi-

25 nal (A) of the line and a collector connected to the inverting
input of said first amplifier (6).

6. The transmit amplifier of claim 1 or 2, wherein
said deriving means comprise a transconductance amplifier (9)
whose feed-back loop controls a switch that derives the current

30 of the LED (1). _

7. 'I'he. transmit amplifier of claim 6, wherein said
switch comprises an NPN transistor (T3) whose collector is
connected to the first terminal (A) of the line and whose emit-
ter is connected, through a low value resistor (R3), to the

35 cathode of the LED (1).
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coll ector connected to the-inverting .input of said m m&@ﬁ’@ﬁ (6).
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6. The transmt anplifier of- claim1l or 2,1 erein ans
conprise a transconductance anplifier (9) whose feed-back |oop controls
a switch that derives the current 30 of the LED (1). 7. The
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t el ephone exchange. 9. The trangnlﬂ'h@mlriéﬁ-@m Pfa ns & asd 8 amhgreiand

8, wherein  thderbS&bRAICKARPRHOIsHY berdn@NemplPEidy & 3(}( BompIBes SRo t WO
e

Dar | i ngt on- connected NPN transi stors (T1, T2) and two s. 1 ( D),
the col | ect or PFFLANGFONO0RRSE SWOE‘I S%E Sh( T1. e%%dg‘f’% Bﬁ?des

i nvertingionp(b2 of DiLhe tthansealeutbanof aﬂ‘ﬁ isecondf iteanE2ptand(ThE being

non-inverting_input, of th I duct.anc g e g _

connected to ?‘ﬂ'é'?%?{‘ eclhﬁ q‘? Bﬁﬁ‘%l%‘é’é‘% °f(%%pt wgg&ct%%c% ampli
fier (9) and the non-inverting input of the transconductance
amplifier (9) being connected to the anode of the second dicde
(D2).




