2113044 5 TELEPHONE RI NG NG SI GNAL GENERATI ON 10 This invention relates to
a tel ephone subscriber's line circuit, which is often nowreferred to as a

line interface> In our Patent SpeC|f|cat|on No. 8005000 (A.W 15 i?eet et
al 20-5) me?Egﬁé described and claimed an arrangenent for prOV|dEhi

direct curre line supply for a tel ephone kijne circuit, and an exanple o
such an arrangenment as described.in the above specificatlon w |l now be
briefly described with reference to the 20 acconpanying. Fig. 1. In Fig.
1, a variable voltage source (WS) is connected in series with the line

| npedance termi nation ZT, which is centre-tapped to earth. This source is
Itself powered fromthe exchange supply, and supplies 25 the DC power for
the line, and its output voltage is controlled in accordance with |ine
conditions,sgand it has a | ow i npedance to speech. During the speaki ng phase
of the line circuit operations, there is a potential of approximtely 4
volts DC across the line 30 termnation, so that the Awire is at -2
volts and the B wire (on the line side of the voltage source) is normally
between -10 and -60 volts to earth. The exact potential on the Bwre
depends on the output of WS mhlch is itself controlled |n accordance W th
the 35 subscriber line | o3ELERHONE RINGING § 10aF RATLON

above- nentixged specification. - 2- Also connected across the |ine, and.

in parallel with the ter@Mggibeéﬂggggwggﬁgg'éstg grggiggﬁggle
o subscriber's line circuit, which is often now referred
7 to as a line interface.
‘In our Patent Spe01fIC¢tlon No. 8005000 (A.W.
15 = Sweet et al 20-5) we have described and claimed an _
arrangement fc; providing the direct current line supply
‘for a telephone line circuit, and an example of such an
arrangement as described in the above specification will
novw bc briefly described with reference to the
20 accompanying Fig. 1. ) ' '

In Fig. 1, a variahle voltage source (VVS) is
connected in series with the line impedance termination
2T, which is cencre-tapped to earth. This source is
itself powered from the exchange supply, and supplies

25 the DC power for the line, and its output voltage is
controlled in accordance with iine conditions, and it
has a low impédance to speech. During the speaking
phase of the line circuit operations, there is a
potential of approximately 4 volts DC across the line

30 termination, so that the A wire is at -2 volts and the B
wire (on the line side of the voltage source) is
normally between -10 and -60 volts to earth. The exact
potential on the B wire depends on the output of vvs
which is itself controlled in accordance with the

35 subscriber line loop conditions, as descrzbed in the

above-mentioned specification.



‘
(which in this context neans adjustable) current regulator PCR, which is a
constant current device set to 5 deliver the current needed by the

pard i cul ar subscriber |oop, in accordance with either a constant current =
feed taw or a constant voltage feed | aw. The operation of PCR, as well @

that oF- WS, is controlled in accordance with,line conditions, which is
effected as described in 10 the above specrf?cation, by nmonitoring line
condi ti ons and. naki ng. suiAldg ecomestedabicrgsaditbet Adnes &pd POR padablel/Vs.
An obj ect of the P Ut drnilihedlch! idBebidhckl 2nSuBPLY pPbg FaRMADTe CU! F eNt
to the line. 15 . According to the 1nvention there 1s provided a

t el ephone subscri@dich |im&hds qantexf,mepns,adjyasahled FRRE®RRg i npedance
connect ed bet weerrddifidtir \RORSS wifichhd sl aneonslaab capeednbcletiSe aset to

centre-tap which js .earthed variabl e val t age, source. i 20
exchange poﬁr S Liipe;slelyvea"In Bﬁl\% c‘):gler %ﬁ'ttp t?’[e%gregv?)gegh? héagg%é‘g?Q% ug‘g%% r%% i age
drive for the |irneomonin decamrdancehwdithnedithersat hendtantt cysrenyeteed ween

the line wires t o8P KON (RIndthnty Yo124geS2eb@c b2t ¥HE ¥peiadfosupp! i ed
therefromis controlled in_accordance wth |ine 25 congéélggs, such that
S

variations in |ifERoff Wedis asafbatc GhpdNSat 48y coRFFAL n2EFRriznce
vol t age supply, awifih Stirneonsdrdtitt ions, ewhishuigceffroeedcasbéeseribedeini r es

of the |ine iyhPahdl lGlovd tdhddle kT L)IublRedaing: 110e SORALLLER, Of

t he const ant current sodrce al'so bei'ng controlled”in"accordance wth
line conditions wnfemaking guidable ¢onpensatingandjugtrentsntocBéRent
suppl y connecti oydgydh&nmnl t age source * so arranged that when ringing is

to be applied the direct voltage fromthe yoltage source is nodul ated by 35
the alternating ringing cﬁ*?éﬁ%9°§ §gLGH8 &BHngﬁ?nchrEﬂt958ﬁ¥ ® tBhnected
bet ween the two |thee snippdy @f tdimginge caxrdentf tbheheolinge source which

second sourceg According to the invention there is provided a
telephone subscriber's line circuit, which includes a
terminating impedance connected between the two wires of
the line, which impedance has a centre—-tap which is
earthed, a variable voltage source supplied by the

20 exchange power supply and whose output provides the
direct current voltage drive for the line, control means
which monitors the direct voltage between the line wires
to so control the voltage source that the voltage
supplied therefrom is controlled in accordance with line

25 conditions, such that variations in line conditions
cause compensatory variations in the line voltage
_supply. a first constant current source connected
between the wires of the line in parallel with the
terminating impedance, the condition of the constant

30 current source also being controlled in accordance with
line conditions under control of said control means, a
ringing current supply_connection to the voltage source.
so arranged that when ringing is to be applied the
direct voltage from the vbltage source is modulated by

35 the alternating ringing current, a second constant
current source connected between the two line wires on
the line side of the voltage source which second source



- 3-is normally disabled but is switched on in the presence of ringing

- .current_so that the direct current which can flowin the line fromthe

- associ

bpurce is limted to a preset value, and further control neans .
@: with 5 the voltage source which limts the alternating ringing
current ich can flow to a preset I|mt3 Enbodi ments of the invention wtl
now be described with reference to Figs.?Z and 3 of the drawing, Fig. 2°
bei ng a hi ghbynechalmin d¢isabled coniationswitehdd ron lh dine \phesurudyi ng t he

[ ti r ntati gn of a line
v oui ¢ onbanyFibdind SucPURVIES GRLE GRS Udsiee 'SRESRIMIIA o
t el ephone sﬁb@b‘r%Bthg 1iner Eremethe Yfé’e’é?% sPuRgedits g midrederto &f 15 60

volts r.m spredéthvaled) r&id ShrLfd ém %ﬁs?i"aéé&fi)atéﬁ‘qu% a
frequen y O be seen that, the main

eferrin
d|fference ;P%ny?h%a%?r%ﬁ?fg%féhﬁﬁﬁ Lig %F?tﬁgqrﬂﬁﬁﬁﬁqﬁF%ﬂgaﬁ?%ﬂiﬁQJ onal
const ant cueuenéntiewhieh RianZﬂlmhltm aspreﬁear rigohittn, as the ringing shunt.

The ringing current ur, S over a
:lnﬁe connect ed t&%%ﬁ%’p%ﬁq' iy o8

connecti on RC.- When t ne CIFCUIt I s on-hook, the
out put vol t%%cﬂwt%t%o{ﬁ%%rw &0 Bigontd cinded f £headnambngal ue - of

20,015 oI 1 gty i bl ot 5 s
i t of .Up to o fl aow epnenon|

;ﬁdsgn %goﬁg%P%é %ﬁéé%ﬁ %ﬁéki SRR i3, R %ba's°me"h E on receipt
of the r|ngm@x#wd#kﬁil@ﬁnt#ﬂp!ﬂ@ﬁﬁ#ﬁﬁ;qnnnﬁwa kang[mnnuulﬂlamuadying rcuit

assumes theegd NOAF¥heRste;, I n which the current regulator PCR is switched on

d over a connection thereto (not shown) to saturate it ) A
har To activate(the magnego bell of a telephone \“j

subscriber's instrument we need an alternating current of

15 60 volts r.m.s., with a current of 20mA (assuming a 3k
load), and at a frequency of 2 Hz.

Referring to Fig. 2, it will be seen that the
main-q;ffgrehce:from the circuit of Pig. 1 is the
inclusion of an additional constant currént device RS,

20 which is referred to as the ringing shunt. The ringing
current when needed is applied to the source VVS over a
connection RC.

When the. l1ne connected to the line circuit is
on~hook, the output voltage from the source VVS is

25 _controlled'to a maximum value of 450 volts, the ringing
shunt RS is disabled, and the current.regulator PCR'is
set to permit a current'qf up to 5mA to flow, dependént
on line leakage and on-hook battery charging arrangements
(if any). | o

30 On receipt of the ring command from the exchange
control equipment, the line circuit assumes the ringing

- mode, in'which the current :egulator'PCR is switched'on
hard over a connection thereto (ndt shown) to saturate it
by setting it to a condition in which it can deliver a

35 current of 80mA. However, the circuitry, and in.
particular the circuitry which controls PCR and VVS in
dependence on line conditions, does not in fact permit
such a high current to flow. In addition, the



by settlng it to a condition in mhlch it can deliver a 35 current of 80mA.
However, the circuitry, and in particular the circuitry which controls ork
ands WS in dependence on Tine conditions, does not in fact permt such @>
high eurrent to flow. -In addition, the -4 - ringing shunt RS, which TS
al so a“onstant current source, is also turneg qQn, and this, due to the
current it diverts allows a constant current flow from WS via PCR of 28 mA
DC. The connecti oRiBgdpgyahunt &Sy sWhighelis531500R ¢ONFRADSSELEBNENe ring
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Paranftegs 15 i bw81eﬁablzs ﬂzsé?ﬂ§@bﬂ?éi §haDi €6 Bﬂrééﬁéféiéﬂvvﬂﬁoathe
oop to be main an a oad conditions

respects the cont c¥$c€?t€€ r%?% ke g‘?%+$§%sa%$ﬁftﬁ?ﬂ% ¥t &h t?sbut in
our above- nentioaudhthahttﬁpetattealgemeréﬁbs a 60 volt Thum.sn signal
inging modejpe s vhignOhs ! PSLLI BE BLEB] NSTRLESPYE 0L O ERLER déLs as
while the B wre renai ns negative, oten varres wt

defined ringing s@gth9¥Fﬁn¢%bﬁ?%Rl%%Ebi?leH'vdT#edﬁ°@%@°%d§4¥¢%¥t§%a§°bf

the ri.ngi ng Slgna#vsozépﬁéoétﬁaﬁééd hat a lf&x Vb Sr Dilgi dpoethaeimgak.

ande/the line polarlt é egersed dug ] r|n égﬁﬁess Oéagﬁetfat bot h

A and B wires are%F ’55 gg ‘Pé 13- 51 h"ia?/‘gf
connected, i.e. regardless of the line loop parameters.

15 This enables a sinusoidal ringing current flow into the
‘loop to be maintained under all anticipated loop . load
conditions. ' In most respects the contrdl circuitry
referred to follows the principle set out in our above-
‘mentioned Patent Specification.

20 - Thus in the ringing mbde:the'A wire of the 1line
remains ciose to ground potential, while the B wire
remains negative, but its notential varies with the
‘defined ringing signal from approximately -1 volt on the
positive peak of the ringing signal to approximately

25 -170 volts on the negative peak. Hence the line
polarity is not reversed during ringzng. The fact that
both A and B wires are always negative-to_earth avoids
problems due to galvanic corrosion in the subscriber's
line plant. _

300 © =~ . The magneto bell in the subscriber's instrument
is connected to line via a series capacitor, so that
apart from a small line leakage the current flowing in
the line is AC. With the ringing shunt RS set to 28 ma
DC, as mentioned above, an alternating current of up to

35 20mA can flow in the line. This AC flows through both
VVS and PCR, but because of the current regulating
action of the ringing shunt RS, no AC can flow through
that shunt RS. '
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t he

tmgemgemriuoemofu ¢hel iaaldatted the azamqomwz-o filter LPF, so

ct
ring trip condition is detected by monitoring the direct .

voltage across the inherent resxstance R of PCR, whlch
has a value of about 10 chms. The voltage across it
corresponds to the line current, plus the 28mA current
taken by the ringing shunt RS. This monitoring is done

by an operational Amplifier.OAl; and the effect of the
‘'sinusoidal ringing current is eliminated by a low pass

20

filter LPP, so that the'output“of the filter is a

‘voltage whose value corresponds to that of the direct

25

30

35

current in R. This voltage is applied to one input of a
comparator COMP; whose other input is a reference _
voltage VR the value of which correspcnds to the above-
mentioned threshold current of 8mA. Hence when the
subscriber answers during an active period of the-
ringing, the additional loop DC through R covers the
ring trip detection from the sighal at the output of LPF.
We now refer to Fig. 3, in which the ring trip-
arrangements are not shown,.but which shows the control
configuration of VVS when the ringing s;gnal.is being
generated. 1In this circuit, to save the power
dissipation which occurs in the previously-described
ringing shunt carrying only DC, .the ringing shunt'is'
modulated in push-pull with the ringing signal applied
to VVS. The ringing shunt ‘RS, like PCR, uses a  °
transistor whose emitter-collector path is in series



current in R This voltage is applied to one input of a conparator COWP,
whose other input is a reference voltage VR the val ue of which corresp_"ﬁ\\
t ot he above- 25 nenti oned threshold current of 8mA. Hence when the{/. '
subscri ber ‘answers during an active period of the ringing, the additio

| oop B& through R coversthe ring trip detect+oh $romthe signal at the

output of LPF. Ve poy %eEQEi%QoEk%et%eehntWQiﬁhahae rk?QeEriEhéorénging
arrangements are not shown, "but “whi ch shows 't he contro configuration of
WS when the ringieMgrengndeing pepAdedeter ghedbasenofhtbeckranpistes.save
tﬂe fower d!SSIpa}logcwh{ﬁ&ooegutsounﬁhafcp&eggeuabgedeﬁﬁalEad bcnsiaﬁlof
shunt carrying on : e ringing.s i ulated.i ush- pu
with the ringing §¥§nth§§6|Pédgt8%vv§gqfhé§FPH5Pg§‘skgnﬁghég Eﬁkgeacﬁf°m
uses a transisst or thieodeweclievedr rdagliagt soupaeh | Thenaseéeneator oftpukt bsa
resi stor between A_and I | Gk ept. bel ppkl '
the base of the.t%gﬁgﬁgggrPQﬂg gg%PF%F@PEeE@H?%E%FEPeSéF.g%ggﬁgeﬂhhggfggdof
WS, there is a varpmokbeaouspyst of VXSwhYchn erreg AmpAhifier ipethew | eve

ringing source. Hhgchl heevaheetedt Bekoss €8ePIYe] byne eaepataber cORMRA
wth the signal nonitored fromthe outgut of WS g§ an.error angllfler in
the bl ock M conneEPBEERLss @8 FBN\DE SeeRe BRERLLDE! Y 2eBAVPEPE® as can
be seen, bot 10t heproduaged watveher outpuprofuv¥e andt hheocupuendf wavefans t he

?“rre”t “ﬁvefor”‘§uﬁphkSﬁ'E8 the &&pg&nq shuft E§; EEEBE-§&§HQ&§ devel oped
romthe peaks of ThrS current waverormcause the stepping of an up-down
counter C via thedeygiopefofsomnshe, Pepkscefinthisognpiesti Navefarm cause

contiggl |i ng the_lﬁhéekibﬁﬂiﬂ% bEeant upodakh! cotRbart kevedt BHE edhheatibham

VB is lln]ted to ghg%étn%ggoco%gqék 8Lt59€s°¥5p€5rn controlling the

15 setting of the attenuator. Thus the output current from
VVS is limited to a maximum of 20mA, or the output
available from VVS is limited to a maximum of 60 volts
r.m.s., whichever results in the lower pcwer consumption,

h The counter is controlled from the Count-up and

20  Count-down leads, which are in turn controlled from the
line. Thus the voltage across IT is applied via an
operational amplifier OAl xo the two comparators COMP 1
and COMP 2 where it is compared ﬁith two reference
voltages. Thus as the voltage across IT varies, the

25 counter is stepped up or down to vary the attenuator,
and hence the ringing signal amplitude.

30

35



avai | g fromWS is linmted to a maxi num of 60 votts—Tt—mrs—; mhichever
resul the | ower power conSLw¢m7 The counter is controlled fr
whi ¢

t he

Counti- nd 20  Count - down | eads h ar e\“u,l!H mgwﬂugﬁm d from t he
. line. us the voltage across ZT is applied anplifier
OAl t0o the two conparators COW 1 and COMP 2 where it is conpared wth b
reference \KBAEM®s: Thus as the voltage across ZT varies, the 25 count ef is
steIopteddup %B ggwn 0 fyﬂ ﬁd}fé‘ by tﬂgri‘sarl(inﬁe%(iQéhliQ rhnq'bnglsignal |
anpl i tude el u i ne
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means Wi cleXsiRngs PATRE FUYRRLY A% e PW@@NttWE°W1ﬁ§5wFP§sdﬂ69§6
control thewtddsrSEge ddidte it \&Jet agexesumanrte.@lt heans Whedhi S
controlled in accord nce vvltr]_le | conq)tlons 10 that §ar|at|ons in
'ine condi tRUMERER, o Peruiit ehe, Line widge 5B a8 cuppl v,
a first cor&wﬂobmﬁerﬂo]s&age:esmmmedﬂat ltéta/\mittalge wuppliefl therktne in
parall el W ifbd N (Al A1 4 ndel Gt §ian<1'ﬁk0%oafaltcﬁengoneheg |
current source a so el ng control in accordance 15 wth Iiné conditions

under chPit rihatefvagiations i %%s‘:“é"r’ﬁlt‘@%g‘a&?ﬁ SRRPERFHCPTYONAELTI on to
t he vol t ageasidns eirb 1 rwebdmge/\/rwpplwglangurett echetapp! cadrehe

direct voltage fronlthe v €, SQUNGE 15 nDduI t he alter tinglw
ringi ng cur¥ a%%%‘if%c(t% e J r ﬁ"tr f%%fo 5‘ﬁnéct gargé'tl\fgen t@
two |ine vmwxﬁh(ﬁheftaﬁmwnaumngaumpedance, the condition of the
constant current ‘source also be1ng controlled 1n accordance
15 with line conditions under control of said control means, a
rlnglng current supply connectlon to the voltage source so
arranged that when rlnglng is to be applied the direct
voltage from the voltage source is modulated by the alter-
nating rlnglng current, a seeond constant current source
20 connected between the two line wires on the line side of
the voltage-source which second source is normally dlsabled
but is switched on in the presence of ringing current so
that the direct current which can flow in the line from the
- voltage source is llmzted_to a preset value, and further o
25 control means associated with the voltage source which \;)
~limits the alternating ringing current which can flow to a
preset limit. - _
2. A line circuit as claimed in claim 1, and in which
the second constant current source includes a transistor
30 whose emitter-collector path is connected in series with a
| resistor between the two wires, control being exerted
thereon by the application of control conditions to the
base of the transistor.
3. A line circuit as claimed in claim 2, and in which
35 ringing current is applied to the base of said transistor
in'antiphase to the ringing current applied to the variable
voltage source, such that the net waveform on the line
stays sinusoidal.




the vol tage source which second source.is nornally disabl ed but
on in the presence of ringing current so that the lmmﬂ“ lu ﬁﬂl“j“l ch

flow in the I'ine fromthe voltage source is Ilmte

further 257 control neans associated with the vol tage source Whl ch I|@
t he ak¥ernating ringi ng current which can flowBto a preset limt. 2. .
A line circuit as gl ai med iR t@ldiphohe 3Ubsctibeircls uh@eseﬁft&dittqnst ant
current source incl Lr.ansi st m tt -col | ect or, .pat
connected in seri & lﬁﬂ%ﬂ&d’ |§tso%rel§&x\bgn$%5 r]eéxge %8nlgrigl‘ B rsﬁg
exerted thereon byitghe Jams ithat |a(momipammim|goldramat|gt.| ons to the base of the
transi stor. 3. Aline circuit as clained in claim?2, and in which 35
ringing current is applied to the base of said transistor in antiphase .to
the ringing Gurrent applied to the variable voltage source, such that the
net waveformon the line stays sinusoidal. - 8.- 4. A tel ephone

subscriber's line circuit, subﬂ_am_L_aJ_LL_a,s_dgs_Qu_ngd_w_Lh reference to
Fig. 2 or Fig. 3 of the acconpanying drawing. 10 15 20 25 30 35
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