AGTOVATI C GAIN CONTROL SYSTEM 5 < Thi's i nvention relates to
Automatic Gain Control (AGC) systemns' for anpllfrer cir ﬁ7m@
particularly to such-.systens for adjusting the gain of%??ep one9
amplifier circuit in dependence on the a®hohnT of current available on a
tel ephone line. 10 Many telephone sets equrpped wi th | oudspeakers
obtain the necessary electrl‘ ol ) d aker anplifier from
t he tel ephone line. The eneftfF—avarrabfre—troWne ”.f"" on the |l ength of
t he tel ephone line and on tHe current consunptron of any-other circuits
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from recelving sufficient energy and thereby perturb the whole
telephone set. It is therefore necessary to equip the

20 loudspeaker amplifier with an AGC system which will reduce the
output signal level and hence the current demand of the
amplifier if it is found that insufficient supply current is
available.

Normally the energy for the loudspeaker amplifier and

25 other circuits, is stored in a reservoir capacitor, in
parallel with which is coupled a shunt voltage'regulator so0 as
to absorb any current in excess of that which can be used. It
may be noted that telephone set specifications usually define
the DC characteristics at the telephone terminals and hence

30 require the absorption of certain levels of current. In the |,
past, loudspeaker AGC systems have operated by comparing the
voltage on the reservoir capacitor with a reference level, the
gain being reduced should the voltage pull below the reference
level. This system has several drawbacks:

35 1. The reference level must be set significantly
below the regulator level to allow for tolerances and signal
voltages on the reservoir capacitor. The telephone circuit
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-2- nmust therefore be able to operate correctly at .this [ower supply
voltage. 5 - 2. The reservoir capacitor generates a tinme constant in
t he ACGC Ioop whi ch nay conprom se t he ggnanic per formance.or even the -
stability thereof. 3. In sone configUlr#&ions there nay be no reference
voltage | evel available if the shunt regulator itself is 10 inactive
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suppl ydxegwﬁembysaasmmntyrw the AGC system conprising detecting
means 20 for pgodu a_dete |on N Ies et cur ent_flow ng
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l nput %mnﬁwrméaﬁsaotne&emnan the detdditicn O9f Nrédpesdesupplyt he
%6ﬁégm“ for mrroring an input current to produce the detection,
3? gﬂtegratlng means preferably conprises an i-ntegrating
Accordingly, the invention provides an AGC system

providing a control signal for controlling the gain of an.
amplifier receiving its power from a power supply regulated by
a shunt regulator, the AGC system comprising detecting means
20 for producing a detection signal in response to current -
flowing in the shunt regulator,'and integreting'meens- _
- responsive to the detection'signal-for.providing:the control
signal representative of the ratio of periods of conduction .
- and non-conduction of the shunt regulator. o
25 Preferably, the detecting means comprises sensing
means for sensing}whether current is flowing in the shunt _
regulator and producing a sensing signal in response to such
current flow, and means. responSive to: said sensing signal for:
adjusting the level of an input signal to produce said
30 detection signal. In a preferred embodiment, the means for.
adjusting the level of an input signal comprises a current .
mirror having a gain dependent on the sensing signal for
mirroring an input current to produce the detection signal..
The integrating means preferably comprises_anjintegrating
35 element coupled to-a"switching means responsive to said _
detection signal for switching a charging-eignal'between said
‘integrating element and a ground referenoe potential the
switching means conveniently oompriSing‘glcomparator having a
first input for receiving the detection s1gna1 Qnd‘a second
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35 el enent coupled to a smntchlhg means - respon5|ve 'to said detection
signal for .swtching a charging signal between said integrating el ement and
a ground reference potential, the smﬁtchlng means conveniently conprising a
conparator having a first input for receTvPnd the detection signal and a
second -3- input for receiving a reference signal whereby the charging
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of an AGC ste 15 a to the i k.cqntrollin n_a i fier
of the typRNERBiom, v e, bemare BUETY deacRined b yay e poiiple
t el ephone Wmthspefbeenmqﬂhd|draw£ngaonﬂ whhehwtically in Figure 1.
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cincyits (not shown) . The power supply is regulated by a shunt regulator,
rep esent efi* 39r§512eﬁgp'd|ode 3, and the power is supplied to a | oudspeaker
anplifier 4 powere®iomre!3 ape geciretibt diagdanr ofi ap AGCosysbEaker 6. A
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the type shown in Figure 1.

Thus, a power supply arrangement for a telephone
loudspeaker amﬁlifier is shown schematically in Figure 1. '
Although the power is actually taken from the telephone line,

20 for the purposes of this description there-is shown a current
generator 1 which supplies'a current I equal to the difference
between the total supply current available from the telephone
line and that absorbed by the other circuits (not shown). The
power supply is regulated by a shunt regulator, represented by

. . 25 2zener dicde 3, and the power is supplied to a loudspeaker
amplifier 4 powered by voltage generator 5 and driving a
loudspeaker 6. A reservoir capacitor 2 across which is

developed a supply voltage V is coupled in parallel with the
shunt regulator 3.

30 - If a current I, drawn by the loudspeaker amplifier 4
is always less than the Supply current I, then the reservoir
capacitor 2 will be charged to a voltage Vg set by the shunt
regulator 3. In this condition there is no need to reduce the
amplifier gain. For maximum loudspeaker power however, the

35 average current absorbed by the amplifier can be almost equal
to the supply current I, the instantaneous value being at some
times much larger and at other times smaller than the supply
current I. While the amplifier current I, exceeds the



shunt regulator 3. 30 If a current [err] drawn by the Ioudspeakér ~

anplifier 4.is always |l ess than the supply current |, then the reservoir
capacitor 2 will be charged to a voltage [err] set by the.shunt regul ator
3. In this condition there is no neel #o~reduce the anplifier.,gain. For

maxi mum | oudspeaker power however, the 35 average current absorbed by the
anmplifij an be a ual, to the s |y, qurrent the ins ant Aneous
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cur r enthelrediored He/ uded rag At mpﬁtos&gnalorﬁgln' anamcstsystial.r] ‘Resi st or
[err] 'Fig. 3 shows the essential elements of a preferred '
embodiment of an AGC system using such an input signal.
Capacitor cl:isuthe'reSerVOir capacitor and ‘transistor Ti
20 (an npn bipolar transistor in this example) is the current
shunt element of the'shunt-regulator;-_It!is-to be understood |
that substantially all of the current absorbed by the
regulator flows thrqugh transistor T,. Resistbr Ry _
develops a voltage proportional to the current I, flowing.
25 through transistor Ty at low levels, the maximum voltage
being limited by diode“Dl.coupled'in parallel with resistor
Ry so as to prevent-tfansistor T, saturating at very high -
current levels. The voltage developed. across resistor Ry is
applied in series with the diode element T, of a pnp current
30 mirror T,, T, biased by a:current'13 supplied-by an npn
current source T3; Ry. Current 13 is made small so that
the voltage drop due to current 13 flowing.through resistor
Ry is negligible. The output of the current mirror, the
collector of transistor Ty is .coupled to a current source
35 Tg, Ry which sinks a current somewhat larger than I,
e.g. 1.4 I, and to one input of a differential amplifier.
Tg, Tg biased by a constant_current I, supplied by a pnp
current mirror T, Tyq which is biased in turn by an npn
current source Tll' Rg. The second input of the



dével ops a voltage proportional to the current [err] flowi ng 25 through
transistor, [err] at low |evels,. the:maxi mum vol-tage being linmted by diode
[err] coupled i'n parallel with resistor [err] so as to prevent transistor
[err] saturating.at very high current |ev@ = The vol tage devel oped across
resistor [err] is applied in series with the diode elenent [err] of a pnp

current 30 mrror [err] biased by a current 13 supplied by an npn current
source [erdiffarertiallamplifdersnihe basehat tﬁi@a{ﬁﬂ-ﬂ%’é '-Eboplﬁublﬁﬁed
current 1% fl.aw 0g hakesiot A oie drdps Bl dwi e podiEivet ofy the
current Haa?iféom h%;:%%??%c?gr %g’? tariansi ?kgrpcs err], is coi%l ed %_o %Hr?ent
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constant current_[err] supplied by _a cyre 1L r i ch is
bi ased in ‘E‘lﬂ?\fﬁ? gﬂ %pﬁuggﬁpinﬁ%gﬁﬁg%%['eﬁq .aq%dl'% s%i%én%#%\jp%? of the
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‘preventing ?ransistors Eerr ., agnd [err] fromentering saturation m ght be -
10, pequi rRitked LPE RIMPLILIY diodes to clanp the transistors [err] and
[er\‘r"’J/ to appropri afheveopezgtiony elfs thehexrangendrteoHFiged3fbs as
sinplicity, J'Ul'ﬂewoperation of the arrangenent of Fig. 3 is as follows: 15
Wil e the %?I ? ?égul ator elenent [err] is nonconducting, the pnp mrror.
[err] M 11 provi deWhijei khef shint, regulahon lensnte ¥y sthpl i ed by
transi st orpdflcdhicting, the pnp mirror T,, T, will provide a gain
of unity so that the current supplied by transistor T, will
be below that absorbed by transistor Tg5. The base of
transistor Tg will thus be pulled low and the current I,
20 will flow via transistor T4z to ground reference potential.
When current flows in transistor T,;, the gain of the
mirror T,, T, is increased due to the voltage developed
across resistor R;, in series with the emitter of transistor
T,. When the gain reaches a level such that the current
. ; 25 that transistor T, would supply exceeds that absorbed by
' transistor Ty, then the base of transistor Tg will be
pulled high and the current I will flow via transistor Tg
into capacitor C,. It is readily shown that this condition

will occur if the current I, in transistor T, exceeds

30
KT 1n Ig
a1 I,
This level can be arbitrarily made very low e.g.
35 '
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be bel ow t hat absorbed by transistor [err] The-base of transistor T6 wll ~
thus be pulled |ow and the current 17 20 will flow via transistor T6 to
- ground referénce potential. Wen current flows in transistor [err], the-
gain of the mrror [err] is increased-dgie-to the voltage developed across
resistor [err] in series with the emtter of transistor [err]. Wen the
gain reaches a | evel such that the current 25 that transistor [err] would
supply exceeds that absoRIedlw tIar®i stmk T5, then the base. of “transi stor
[err] wll be pulled hig.E?nd thg Current | will flow via transistorzerr]
into capacitor C2. It is T@adily ghown that this condition will occur f
the urrent [err] in transistor [err] exceeds 30 [err] [err] This level can
\tz,ﬁ_ ?rbl trarily ?adg Ym\lé Qw;ﬁ];sl@sgn%z-. _ié&t-ﬁ& ':cxinféil@ flo{rsrztuﬁ ﬁﬁ&hbiﬁ;&&?us |
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current pul Ses rou tran [ er aln a charge onZcapacitor
C2.1¢orardtafpl thusf defines the quty errle craubred of cbhe enryenten
- currentppYbags+Rkolight triaditistidd ¥ \Wtd ndEnt@ines asaprgedonbove) nust flow’
in transistor er%L_for 10% of 15 gm%tlrghéolprfgegéec.éﬁ .20%9 R
conpl et $RH2ELELKaCgi-ngor example, if curr Lo ne ten
current I, then current pulses of more than l1mA (with the
values assumed ‘above) must flow in transistor Ty, for 10% of

15 the time to preveht current Iy completely discharging
capacitor C,. | o | . - _ : .

The voltage across capacitor, C, is then applied-tO'-
control the gain of the loudspeaker amplifier. "While -
capacitor 02 remains charged to above ‘a suitable threshold, !

20 the gain can be maintained or increased.  If capacitor Cé-
discharges, then the duty cycle of the shunt regulator current
pulses has fallen below the threshold set by the currents
Iy, I; and the gain must be reduced. ' C '

30

35



capaC|tor [err]. The voltage across capacitor [err] is then applied to

control the gai.n of the | oudspeaker anplifier. . Wiile capacitor [err]
remai ns charged to above a suitable threshold, 20 the gain can be

mai ntai ned or inereased. |f capacitor TefrT di sch v ﬂuj
cycle of the shunt regul ator current pul ses has fa?ﬂH | H H eshol d
set by the currents [err] and the galggggigﬁ e reduced.c 23 30 35 *
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15 2. An AGC system according to Claim 1 wherein said detecting
means comprises sensing means for sensing whether current is
flowing in the shqnt regulator and preducing a sensing signal
in response to such current flow, and means responsive to said
sensing signal for adjusting the level of an input signal to

20 produce said detection signal. :

3. An AGC system according to Claim 2 wherein said sensing

means comprises a resistor coupled in series with the shunt

regulator for producing a voltage when current flows through
KJ,ZS the shunt regulator.

4. An AGC system according to either claim 2 or Claim 3
wherein said means for adjusting the level of. an input signal
comprises a current mirror having a gain dependent on the

30 sensing signal for mirroring an input current to produce the
detection signal. '

5. An AGC system according to any preceding claim wherein
said integrating means comprises an integrating element

35 coupled to a switching means responsive to said detection
signal for switching a charging signal between said
integraﬁing element and a ground reference potential.



4. An ACC system accordi ng to ¥ithere( & m'# ors daim3 wherein said neans ™
for adjusting the | evel of an input signal conprises a current mrror

having a gain dependent on the 30 sensing S|Ennuuﬂu& ﬂnr&“ g an input’
current to produce the detection signal. mu ording to any
precedi ng clai mwherein said integrating nean$ cbrrp'rl sks *an’integrati ng

el enent 35 coupled to a sw tching nme&ns responsive to said detection signal
for switching a charging signal between said integrating elenent and a

round refer t ent AGC em
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integrating elenent is capa i s.charge e g signa
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't he capghét detedt!orhaiigrel léndhiahgereiamemmg sdgn@le capacitor ‘provides
(sa't ontrol signal for controlling the gain of the anplifier. 8. “An AGC

m substantially as hereinbefore described by way of exanple wt h
referenae toAmh@quamsqgm according to claim 6 wherein said W

integrating element is a capacitor which is charged by the
charging 31gnal and whereln the integrating means further

comprises means for dlscharglng the capacitor such that the
15 charge remaining on the capacitor provides the control
signal for controlling the gain of the amplifier.

8. ‘An AGC ‘system substantially as hereinbefore described’
by way of example with reference to the drawings. '




