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ield of the Invention 1| REPLACED

The subject application generally concerns the field.
of telephone answering machines, and specifically concerns
telephone answering machines having an automatic disconnect
feature. - |

Background _Qf the Invention

Telephone answering machines employing tape
T recorders for playing an outgoing "hello” message (i.e., outgoing
-announcement or OGA), and for recording incoming messages, are
now commonly available. In operation, when the telephone
answering machine answers an incoming call, it plays the "hello"
message, emits a "beep" tone, and records an incoming message
onto the tape.'t It sometimes happens that the called-party is at
home and desires to answer the telephone call himself rather
than let the telephone answering machine answer the call. In
such a case, it is desirable that the outgoing announcement be
automatically terminated in response to the lifting of the
receiver of an extension telephpne, rather than forcing the user to
wait until the outgoing announcement finishes. Such a system
_ requires an automatic disconnect feature including a detector’
Y circuit to detect the "off-hook" condition of the extension
telephone. A telephone answering machine having an automatic
disconnect feature, and including an "off-hook" detector is known
from the GE telephone answering machine model number 9882
manufactured by Thomson Consumer Electronics, Inc. Indianapolis,
Indiana. ' - _ - _
- In these, and in similar, telephone answering
machines, the detector can be "fooled" into terminating the
outgoing announcement and disabling the recording feature by
misinterpreting other signal conditions on the telephone line as
extension "off-hook"” conditions. Some of the faisely interpreted
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feature. Backq.LQL;rid_of_Lhe_Lm.,ent I on _
Tel ephone answering nmachi nes dimipyspgct aRe gmgonders for pl akicaggan24s
outgoi ng "hel |l 0" nessage (i.e.}| out'g@mgymounceinent- or OGA), and for.

recordi ng i ncom ng nmessages, . B&e—now orry—aviai | abl e. I n operation,
when the t eligRpnEoABRNSHS, 'breToaN pifse TRERAHV doeal Waititld; 1 plays the
ello ness e, emts a ,beep .tone, _an records an I ncom fig nessage onto
"the tape. Imog%%ﬁrbfe&o%p'ﬁ'éﬁ%b‘ﬂ'%td‘f%%g ctie dirspdew, seconds@fethiid desires
to answer tdull,t ahdofaametsnhlndtiqr}s@ylf theL tgﬁmgbgggéiye}(it.bihgift gﬁ;epd:mlnﬁgt hat the
Ut 901 ng amidn A0, ATt rog foft Erefait oy, nat e R B e
lifting of thieetape). _ _ _
' The extension teléphon’e off-hook detector must
be made very sensitive in order to. detect the small changes in
telephone line voltage which are indicative of an off-hook
extension telephone. Unfortuhately, the three often-
misinterpreted telephone signal conditions. (i.e., loop
interruptions) set forth above cause relatively large changes in
telephone line voltage. There has clearly been a long-felt need
for a reliable solution to the problem of detecting the small ‘
signal change caused by the off-hook extension telephone, while
not detecting the large loop voltage changes caused by the above-
noted telephone line signal conditions. The above-noted GE '
. .telephone answering machine model number 9882 includes a
manually-operable switch for disabling the automatic disconnect
feature in the event that false detection of telephone line signal
conditions occurs frequently enough to become an annoyance.

SUMMARY OF THE INVENTION

In a telephone answering machine, a detector for a
automatic disconnect function uses a first amplifier to detect,
amplify, and invert small input signal changes, and second
amplifier to detect large input signal changes and a logic
arrangement responsive to the output signals of the first and
second amplifiers to detect the presence of.only the small input
signal changes.

BRIEF DESCRI N OF THE DRAWIN .
FIGURE 1 shows, in schematic form, a detector circuit
in accordance with the subject invention. | '
FIGURE 2 shows waveforms helpful for understanding
the invention. ' _ :
FIGURE 3 shows, in block diagram form, a telephone
_ answering machine incorporating the subject invention. .
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hook switch SW1 is shown in the on-hook (i.e., open) position. In
a telephone, hook switch SW1, is positioned in the cradle, and
closes when the receiver is lifted from the cradle, thus
connecting the telephone unit to the telephone line. In an
answering machine, hook switch SW1 may be a solid state switch
or a set of relay contacts for automatic operation by a controller.
A high pass network comprising a capacitor C1 and a resistor R1
couples the ringer signal around the normally open switch - |
contacts of hook switch SW1. A transformer XFMR 1 couples
audio signals and provides isolation between the telephone line
and the answering machine.

When hook switch SW1 is closed, a current mirror
circuit generally designated 100, comprising a diode array DA, a
resistor R2, an opto-isolator unit 10 and a resistor R3, induces a
current through resistor R3 which is substantially the same as |
(i.e., mirrors) the current flowing through the primary winding of
transformer XFMR 1. Note that opto-isolator unit 10 is operated
in a linear mode, instead of being operated in the usual nonlinear

- fashion. -

,.l

When hook switch SW1 is open, only a small reference
voltage appears. across resistor R3 at circuit point D. This
condition is illustrated in the uppermost waveform of FIGURE 2
(labelled D) during the period labelled I. When hook switch SW1 is

 closed, the current through R3 is increased and the voltage across
it appears as in waveform D during period Il. A loop interruption:
such a a pulse indicative of "call waitin'g'f is illustrated in
waveform D in period lll. When a extension telephone is picked
up, slightly less current is conducted by current mirror 100, with
the result that a slightly lower voltage appears across resistor
R3, as shown in waveform D in period IV. As noted above, the
task is to reliably detect the: waveform of period IV and ignore
‘the waveform of period lll.
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tel ephone of f-hook deggeidt 'm‘ﬂor circuit 100 and a differential
ampllfler circuit arrangement comprising amplifier 20 resistors

R4, RS, R6, and R7, and & capacitor C3 are known from the above-

mentioned GE model 9882 telephone answering machine. Voltage

dividers R4, R7 and RS, R6 are arranged to provide a slight
voltage offset between the two input terminals of amplifier 20 in
order to prevent oscillation. Capacitor C3 integrates any voltage
changes which may appear at the inverting terminal of amplifier

20 with the result that negative-going changes appearing at the

noninverting terminal’ cause the output signal of amplifier 20 to

quickly change states from fully low to fully high (as shown in

‘waveform A of FIGURE 2). Note that amplifier 20 is sensitive

enough to produce a full range signal for even the small input

voltage change of period IV. During low voltage signal conditions,

a diode D1 isolates amplifier 20 from the input circuit of a

second amplifier generally designated 30. _

' Amplifier 30 comprises a transistor Q1, biasing

~resistors R8, RY, and R10, and a capacitor C2. Resistor R9 and

capacitor C2 set a switching threshold level for amplifier 30.

When the voltage at circuit point D (i.e., the input side of resistor

R8) decreases, the current through R8 decreases removing bias

from transistor Q1. The output signal of transistor Q1 will

rapidly switch to the opposite state if the above-mentioned
threshold level is traversed. This operation is shown in
waveform B of FIGURE 2 duiing period lIl. If, however, the
decreasing input signal does not cause the switching threshold
level to be traversed, then no change will be caused at the output.

This operation is shown in waveform B of FIGURE 2 during period

V. : :

We have now described a first output signal (i.e., A)
which responds to both large and small input signal changes, and
a second output signal (i.e., B) which responds to only large input
signal changes. It is now only necessary to devise the proper
digital logic to provide the desired output signal which:is
indicative of only small input signal changes. Diode D2 and

- resistor R11 provide the necessary logical OR function. Perhaps
in this case, the function is easier to understand if one considers
the function to be a negative logic AND function (i.e., a low output
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H H CASE 2

L L H H CASE3
H L L "L CASE4

‘Cases 1-4 correspond to periods I-IV of FIGURE 2.
Note that waveform B does not respond to the small input signal
change during period.lIV and remains at a low level, and waveform
A does respond to the small input signal change during period IV.
The logical OR (or negative logic AND) of waveforms A and B
produce waveform C which goes low only during period IV. Thus,
a reliable ‘detector for detecting small input signal changes which
may be interspersed with Iarge input signal changes has been

described.

Typical values for the components of FIGURE1 are as
follows: o
R1 22 kilohms . R2 1.5 kilohms R3 5.1 kilohms
R4 1 kilohm R5 1 kilohm R6 5.1 kilohms
R7 4.75 kilohms R8 4.7 kilohms  R9 30 ohms
R10 200 ohms R11 1 kilohm C1 1 microfarad
C2 100 microfarads C3 100

micofarads

While a telephone answenng system employing ARAM
(audio RAM) units is shown in FIGURE 3, the present invention is
unconcerned with the storage medium and will perform equally
well with telephone answering machines employing audio tape
recording circuitry. A telephone interface unit 300 is coupled to
the telephone network via lines T (tip) and R (ring). Telephone
interface circuitry suitable for use in telephone interface unit -
300 has aiready been described with respect to FIGURE 1.
Telephone interface unit 300 couples received audio signals to an

I
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detector for a autonatic di scon#e‘ﬁ'ﬂ's'%Ti-W% Y b first anpKER| 86,268
detect, anplify, and invert smalll i npREPLAGHR C ges, and second '
arrprlfler to detect |arge input —sTgnal- changes and a | ogi ¢ arrangenent

responsi ve audiohprewmplifier guaits302 whichi isstgainecondraitet] dmpladiers to

detect th | |
BRI EF ms%@#‘?’?@ﬁ%ﬁér "GodFRTARC) aRblifie ?@Rﬂﬁ@gﬁﬁ}ﬁ“ﬂeﬁ schemat i ¢ .
form a detddiorsignals;are |3PFH&Q)rtGaﬂCBOWthAt"P@' 8304t fohvent i on.

FI GURE 2 sheprod@std®rins ahepehker fmturmm st Aptplifiedt edid \sighakn.

FI URE 3 ShOW?JUceH B&loﬁkegﬂn%%%p uﬁl t"308 él%l % Qg néfpphed to a Digital
' Speech Processor unit 310 for sampling and conversion into a
digital representation of the received audio signal. The digitized
audio signals are stored, under control of digital speech '
processor unit 310, in an array of ARAM units generally
desugnated 340, and individually numbered 1-N.
Digital speech processor unit 310 is, in turn,
controlled by a controller 320. Controller 320 may be a
microcomputer, a microprocessor, or a custom integrated circuit.
Controller 320 includes a CPU 322, program ROM array 324, and
an internal RAM array 326. Controller 220 receives input from an
external keypad 350, and communicates bidirectionaily over the
telephone network via a DTMF AND RING DETECTION unit 330. The
initials DTMF are known to those skilled in the telephone art to
mean-Dual Tone Multi Frequency, and signify a method for
encoding digits into a dual tone signal. Ring detection is also
accomplished by unit 330 which pasées ring information to
controller 320.. A microphone 360 provides an alternate source of
audio signals to the system, and is used for entering the "hello"
message which the answering machine automatically delivers
after answering incoming telephone calls. '

' Note that the apparatus of FIGURE 3 does not
include a tape recorder mechanism, or tape recording electronics.
All messages, whether incoming or outgoing, are stored in-ARAM
array 340 in digitized form. In operation, controller 320, upon
detecting a ring signal via DTMF AND RING DETECTION UNIT 330,
controls digital speech processor unit 310 to read data
corresponding to a previously stored "hello” message from ARAM
array 340, to convert the digital data to analog form, and to apply
the converted analog signal to telephone interface unit 300 via a
wire 310'. Thereafter, controller 320 controls digital speech
processor 310 to convert the incoming message to digital form
and store the resulting data in an incoming message storage area
of ARAM array 340.

_
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answer i i orating 't he subject invention. | ) @
3. - Hﬂmﬂm nﬁu\lﬂﬂ DESCRI PTI ON, OF THE-EMBER) NEN RCA 38248ubj ect

i'nv_entio’h wi | 1" be descri bed IQ%E? gggrlfﬂ RES 1 and 2. FIGURE 1
shows a portion of an interfage Crrggpia¢en conrlecting a device such as a
t el ephoneV1wS iGRIMRE HBhe t (L he |ines. The connection to

1.  An automatic disconnect detection .circuit for a
telephone answermg machine, comprising:

an input terminal (D) for receiving input sugnals
exhibiting at least first, second, and third signal levels, said second
signal level being greater than said first signal level and less than
said third signal level, said second signal level being indicative of

~an offhook condition;

first amplifier means (20) coupled to said mput terminal
for receiving, and amplifying said input signals, said first amplmer
having an output for producing a low level output signal in response
to said first and second input signal levels, and produCing a high
level output signal in response to said third mput signal Ievel and
characterized by _

second amplifier means (30) coupled to said input
terminal for receiving, amplifying, and inverting said input signals,
said second amplifier means having an output for producing'a high
level signal in response to said first input signal level, and
producing a low level signal in response to sa|d second and third
signal levels; and

means (D2 R11) coupled to said outputs of said first and
second amplifiers for receiving said output signals and performing a
logical OR function on ‘said output signals to produce a detection
signal representative of the detection of said second signal level.

2. The circuit of claim 1 characterized in that said first
amplifier means (20) is a differential amplifier.-

3. The circuit of claim 2 characterized in that said
second amplifier means (30) includes threshold level setting means
(R9,C2).

4. The circuit of claim 1 further characterized by an
opto-isolator circuit (10,R2,DA) biased to operate in a linear mode.
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current through resistor R3 which is substantially the sane as (i.e., (jZ:)-
‘'misrors) the current flow ng throzgh the primary w nding of transformer

" XFMR 1. Note that opto-isolator

t710 is operated in a |linear node,

instead of being operated in the usual nonllnear fashi on. When
hook switch SW is open, only a sj® ' age appears acr oss
resistor R3 at circuit point D. T;_ ustfrated in the

upper nost waveform of FIGURE 2 (I§ he period .| abelled

When hook switch SW is closed, tRAg curren AiTough R3 is increased and the
vol tage across it appears as'ln wa bforn1D during perlod 1. A loop
interruption such a ap of "call "waiting” is illustrated in _
waveform D in perlod L. en ‘a extepsion tel ephone is picked up, slightly

| ess current is conductéd by swrrent

'rror 100 mnth the result that a
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R3, as shown in waveformD in period“IV restask is to
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dividers R4, R7 and R5, R6 are arranged to provide a slight voltage of fset
between the two input termnals of anplifier 20 in order to prevent

- o&ci'l | ation. Capacitor C3 i nteggases any_voltage changes which may appear
at the inverting termnal of anplifier Zp-ywrtH~the-result that

negati ve- goi ng changes appearing at the q) ftal cause the
out put signal of anplifier 20 to quickl..___~‘ fully lowto
fully high (as shown in waveform A of FI GUREZj—Neke.that/ anplifier 20 is

sensitive enough to produce a ft Qr even the small input
vol tage change of period |IV. Durfi® al conditions, a diode
Dl isolates anplifier 20 fromthe}i sput _circuit of second anplifier

general |y desi gnated 30. : lifier 30 conpr]ses a transistor Qi,
biasing resifors R8;, R9, and RJ0J] gnqd a capacitor CZ. Resistor R9 and ‘
capaci tor C2 "S¥ wi t chi ng ghreshqlq Fevel for anplifipr 30.
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WTéﬁ the voltage at circuit point D (i.e., the AQEMENg‘fS _ rrstor R8)
decreases, the current through R8 decreases rempving bias from{rpnsi stor
QL: The output signal of transistor QL w 11 rapidly $wiJuih 1997 t he| opposite
state if the above-nentioned threshold Fevel is}tfaversed. Thisjoperation
I's shown in waveform B of FIGURE 2 during period M1 Nowever| the
decreasi ng i nput signal does not cause the switg¢hing threshold | elel to be
traversed, then no g FOR PO EREWITR ARNRUPOMATIC DISSOReEET on | S
shown in waveform B &J rln‘g_I rlﬁoﬁ YA W havé now
described a first ou TLEI(%IIHIA ELE?, CﬁﬁE W %‘Hﬁ%&cﬁg\'%oth | ar ge and
smal | i nput- signal changes, and a second output signal (i.e., B) which
responds to only large input signal changes. It is now only necessary to
devise the proper digital logic to provide the desired output signal which

S Field of the Invention

The subject application generally concerns the field
of telephone answering machines, and specifically concerns
telephone answering machines having an automatic disconnect
feature. |

-} _ _ Background of the Invention

Telephone answering machines employing tape
recorders for playing an outgoing "hello" message (i.e., outgoing
announcement or OGA), and for recording incoming messages,. are
-now commonly available. In operation, when the telephone
answering machine answers an incoming call, it plays the "hello"
message, emits a "beep" tone, and records an incoming message
onto the tape. It sometimes happens that the called-party is at
home and desires to answer the telephone call himself rather
than let the telephone answering machine answer the call. In
such a case, it is desirable that the outgoing announcement be
automatically terminated in response to the lifting of the

\) receiver of an extension telephone, rather than forcing the user to
wait until the outgoing announcement finishes. Such a system
requires an automatic disconnect feature including a detector
circuit to detect the "off-hook" condition of the extension
telephone. A telephone answering machine having an automatic
- disconnect feature, and including an "off-hook" detector is known
from the GE telephone answering machine model number 9882
manufactured by Thomson Consumer Electronics, Inc. Indianapolis,
Indiana. '

In these, and in similar, telephone answering
machines, the detector can be "fooled" into terminating the
outgoing announcement and disabling the recording feature by
misinterpreting other signal 'conditions on the telephone line as
extension "off-hook" conditions. Some of the falsely interpreted



|nd|cat|ve of only small input signal changes.;7fX jstor R11
provi de the necessary Ioglcgl OR ?unction.gPer Eﬁfiﬁﬁﬂfﬂg- 3? t he
function is easier.to understand if_ one consjderls the functiorny o be a
negative |ogic AND function (i.e., a | ovfoutpuf |. 45 JUL- 1997 :

5 is produced only if two |ow level signals-afelinput to thelgdte). The
truth table for such a gate is shomn as follo

signal condatlons are: a _pulse indicative™of can-v&altmg",
- momentary loop instability during the *first few seconds of the
call, and call termination by the calling party (i.e., if the calling
party hangs-up, the time and date message may not be added to
the tape). .
The extension telephone off-hook detector must
be made very sensitive in order to detect the small changes in
telephone line voltage which are indicative of an off-hook
extension telephone. Unfortunately, the three often-
misinterpreted telephone signal conditions (i.e., loop
interruptions) set forth above cause relatively large changes in
telephone line voltage. There has clearly been a long-felt need
for a reliable solution to the problem of detecting the small
signal change caused by the off-hook extension telephone, while
not detecting the large loop voltage changes caused by the above-
noted telephone line signal conditions. The above-noted GE
.telephone answering machine model number 9882 includes a
manually-operable switch for disabling the automatic disconnect
feature in the event that false detection of telephone line signal
conditions occurs frequently enough to become an annoyance.

SUMMARY OF THE INVENTION

In a telephone answering machine, a detector for a
automatic disconnect function uses a first amplifier to detect,
amplify, and invert small input signal changes, and second
amplifier to detect large input signal changes and a logic
~arrangement responsive to the output signals of the first and
second amplifiers to detect the presence of.only the small input
signal changes.

BRIEF DESCRIPTION QOF THE DRAWING
FIGURE 1 shows, in schematic form, a detector circuit
in accordance with the subject invention.
FIGURE 2 shows waveforms helpful for understanding
the invention.
FIGURE 3 shows, in block diagram form, a telephone |
answering machine incorporating the subject invention.



nput _si gnal A B C D ] REPLACEMENT GHEET}
CASE 1 H “H L H CASE 2 L ! T
H H CASE 3 H L L L CASE {4

Cases 1-4 correspond to perl ods -1V of BIGURE 2. Note thdt vvaué\;w'nﬁqéoe

s{
not respond to the small input signal change during period IINMand renains.
at a low |level, and WaveformA does respond to the snal | ijnput si gnal

change duri.ng peri odDETAIR
waveforms A and B prucelﬁa

] s in eriod | V
Thus, a reliable deteffor S‘ﬂJAgBS 9 gﬁ’nggh vﬂﬂihagggs whi ch
may be i nteefepanceto FIGURES)E angR. IWIREchaa’rgms Iaago[i&fho an

interface circuit for connecting a device such as a telephone
answering machine to a pair of telephone lines. The connection to
the telephone lines is made at terminals T (tip) and R (ring). A
hook switch SW1 is shown in the on-hook (i.e., open) position. In
a telephone, hook switch SW1, is positioned in the cradle, and
closes when the receiver is lifted from the cradle, thus
connecting the telephone unit to the telephone line. In an
answering machine, hook switch -SW1 may be a solid state switch
or a set of relay contacts for automatic operation by a controller.
A high pass network comprising a capacitor C1 and a resistor R1
couples the ringer signal around the normally open switch
contacts of hook switch SW1. A transformer XFMR 1 couples
audio signals and provides isolation between the telephone line
and the answering machine.

When hook switch SW1 is closed, a current mirror
circuit generally designated 100, comprising a diode array DA, a
resistor R2, an opto-isolator unit 10 and a resistor R3, induces a
current through resistor R3 which is substantially the same as
(i.e., mirrors) the current flowing through the primary winding of
transformer XFMR 1. Note that opto-isolator unit 10 is operated

in a linear mode, instead of being operated in the usual nonlinear
fashion.

g
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When hook switch SW1 is open, only a small reference
voltage appears across resistor R3 at circuit point D. This
condition is illustrated in the uppermost waveform of FIGURE 2
(labelled D) during the period labelled I. When hook switch SW1 is
closed, the current through R3 is increased and the voltage across
it appears as in waveform D during period Il. A loop interruption
such a a pulse indicative of "call waiting” is illustrated in
waveform D in period lll. When a extension telephone is picked
up, slightly less current is conducted by current mirror 100, with
the result that a slightly lower voltage appears across resistor
R3, as shown in waveform D in period IV. As noted above, the
task is to reliably detect the waveform of period |V and ignore
the waveform of period Ill.




desctri bed.

Typi cal val ues for the comod@ﬂlﬁ@ﬁm‘ﬂ]‘ are as

follows: RL 22 kil ohns R2 1.5 kil ohns I KiTohns 1
kil ohm RS 1 kilohm. . "R6 5:1.kilohns R ‘- R8. -
4.7 kilohms .. R9 30 ohms RL0 200 ohds. . . R} o g“ﬂ&h% I a
1 mcrofarad C2 1 00 m crofarads 1--00

m cof ar ads

i | eph | ARAM
(audio RAM) units is QH(SWI?MGH%EF@J%E@H? ﬁ@&gﬁbb‘g% t‘?'ﬁﬁﬁﬁ%ﬁm?eﬁlgﬁ oyi ng ARA

unconcer nedcamipliarheistuit agerargbmenandomprisipgr fampliéieraldy nistosst h
tel ephone angweys nRaTaGY 167, BB @XdPhcRd? 3 @8 known from the above-

mentioned GE model 9882 telephone answering machine. Voltage
dividers R4, R7 and R5, R6 are arranged to provide a slight

‘voltage offset between the two input terminals of amplifier 20 in

order to prevent oscillation. Capacitor C3 integrates any voltage
changes which may appear at the inverting terminal of amplifier
20 with the result that negative-going changes appearing at the
noninverting terminal cause the output signal of amplifier 20 to
quickly change states from fully low to fully high (as shown in
waveform A of FIGURE 2). Note that amplifier 20 is sensitive
enough to produce a full range signal for even the small input
voltage change of period IV. During low voltage signal conditions,
a diode D1 isolates amplifier 20 from the input circuit of a
second amplifier generally designated 30.

Amplifier 30 comprises a transistor Q1, biasing
resistors R8, R9, and R10, and a capacitor C2. Resistor R9 and
capacitor C2 set a switching threshold level for amplifier 30.
When the voltage at circuit point D (i.e., the input side of resistor
R8) decreases, the current through R8 decreases removing bias
from transistor Q1. The output signal of transistor Q1 will
rapidly switch to the opposite state if the above-mentioned
threshold level is traversed. This operation is shown in
waveform B of FIGURE 2 during period Ill. If, however, the
decreasing input signal does not cause the switching threshold
level to be traversed, then no change will be caused at the output.
This operation is shown in waveform B of FIGURE 2 during period
V.

We have now described a first output signal (i.e., A)
which responds to both large and small input signal changes, and
a second output signal (i.e., B) which responds to only large input
signal changes. It is now only necessary to devise the proper
digital logic to provide the desired output signal which is
indicative of only small input signal changes. Diode D2 and
resistor R11 provide the necessary logical OR function. Perhaps
in this case, the function is easier to understand if one considers
the function to be a negative logic AND function (i.e., a low output
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recording circuitry. A telephone interface unit 300}i 4 coupled to t

t el ephone network via lines T (tip) and R (ring). Tel phq?%m@t‘]g?ja
circuitry suitable for use in tel ephone interface ungig 30 as alrea
described with respect. to FIGURE 1.. Tel 8phone i nter fface—umi

received audio signals to an:

i - i fier . unit 302 whjch | i.n-controlled b N -
audio pre s lrc'aébgtredugh}y ?f %wo ‘o%v |Ie§/ePasllan§|%narrg |Jn%ut tyo é%lqe gate).

The truth table for such a gate is shown as follows.

Input signal - A - B C

D _

L L H H CASE 1
H H L H CASE 2
L L H H CASE 3
H L L L CASE 4

Cases 1-4 correspond to periods I-IV of FIGURE 2.
Note that waveform B does not respond to the small input signal
change during period IV and remains at a low level, and waveform
A does respond to the small input signal change during period IV.
The logical OR (or negative logic AND) of waveforms A and B
produce waveform C which goes low only during period IV. Thus,
a reliable detector for detecting small input signal changes which

may be interspersed with large input signal changes has been
described.

Typical values for the components of FIGURE1 are as

follows: o

R1 22 kilohms R2 1.5 kilohms R3 5.1 kilohms'
R4 1 kiohm RS 1 kilohm R6 5.1 kilohms
R7 4.75 kilohms R8 4.7 kilohms R9 30 ohms
R10 200 ohms R11 1 kilohm C1 1 microfarad
C2 100 microfarads C3 100
micofarads

While a telephone answering system employing ARAM
(audio RAM) units is shown in FIGURE 3, the present invention is
unconcerned with the storage medium and will perform equally
-well with telephone answering machines employing audio tape
recording circuitry. A telephone interface unit 300 is coupled to
the telephone network via lines T (tip) and R (ring). Telephone
interface circuitry suitable for use in telephone interface unit
300 has already been described with respect to FIGURE 1.
Telephone interface unit 300 couples received audio signals to an
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Aut c;rratic Level Control (ALC) anplifier 308. The anpl {fifed audio signpl

are applied to a Power Amplifier 304 for reproductionii a1§8‘§ﬁ§e@97m t

306. Anmplified audio signals produced b% preamplifier. i 230 re al $o
[

applied to a Digital Speech Processor unit 310 for sarrpl' 'sqon
into a digital representation of the received audio sijgnal. The digitiz¢d
audi o signals are stored, under control of digital speecth processor unit

s o™ i oPb-RBIP Se 808" Rty 5 HIPLEG Al 2B R VL VLl Y
turn, cont Aditogaty levenGantrer (32E) emmlnfm 80820 They areplfied |
m cr QCOWPUtaQIdloasignfa’I.@pér@%‘iﬁWed W a PWé}mArﬁbﬁﬁénata‘ﬂit Fopcuit. Controller
320 includes a 32 n |nternal RAM arr ay
336, Cont r GPPEASUGHI dbeh SEERRBE LA or0B, ~ATBWIRG IadSRERIE and
communi cat ggrodudedebyi preamplifieer unite302 are also applied to a Digital
Speech Processor unit 310 for sampling and conversion into a
digital representation of the received audio signal. The digitized
audio signals are stored, under control of digital speech
processor unit 310, in an array of ARAM units generally
designated 340, and individually numbered 1-N.
Digital speech processor unit 310 is, in turn,
controlled by a controller 320. Controller 320 may be a
microcomputer, a microprbcessor, or a custom integrated circuit.
Controller 320 includes a CPU 322, program ROM array 324, and
an internal RAM array 326. Cbntrol_ler 220 receives input from an
_external keypad 350, and communicates bidirectionally over the
telephone network via a DTMF AND RING DETECTION unit 330. The
initials DTMF are known to those skilled in the telephone art to
mean Dual Tone Multi Frequency, and signify a method for
encoding digits into a dual tone signal. Ring detection is also
accomplished by unit 330 which passes ring information to
controller 320. A microphone 360 provides an alternate source of
audio signals to the system, and is used for entering the "hello”
message which the answering machine automatically delivers
after answering incoming telephone calls.
Note that the apparatus of FIGURE 3 does not
include a tape recorder mechanism, or tape recording electronics.
All messages, whether incoming or outgoing, are stored in ARAM
array 340 in digitized form. In operation, controller 320, upon
detecting a ring signal via DTMF AND RING DETECTION UNIT 330,
controls digital speech processor unit 310 to read data
corresponding to a previously stored "hello” message from ARAM
array 340, to convert the digital data to analog form, and to apply
the converted analog signal to telephone interface unit 300 via a
wire 310'. Thereafter, controller 320 controls digital speech
processor 310 to convert the incoming message to digital form
and store the resulting data in an incoming message Storage area
of ARAM array 340.




t'el ephone network via—a—bTMVE AND R NG DeTECTI o\RERLACEMENTSHEENY | a1 s prve

are_kntwmﬂm“ \gej €d i n the tel ephone art} tjo mean Dual Tgng Ml ti
Frequehd "Tm"' ' net hod for. encoding dilgilt s iHydlalddall tlone .
signal . Ri hg Yet'ectsior is al so acconpl izhed by luni t~ 330..whi ch gagses ring
information to controller 320. A m crophone 360} provides an al terjnate
source of audio signals to the system and is used for_entering tlhe "hello"
nessage j t.h rLng machine automatically delivers after answerin

i ncom ng\wa%gp'%ogleﬁﬁﬁ&s!#‘ ) ) Note that the apparatus of )
FI GURE 3 does not ihcl A autoapatic ediscoanect cdeiaciion @irquithdor & or di ng

el ectroni ; I hAging: out going, are stored in ARAM
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processorextibitir Gat teastdirdft second, and third signal levels, said second
signal level being greater than said first signal level and less than
said third signal level, said second signal level being indicative of
" an offhook condition; |

first amplifier means (20) coupled to said input terminal
for receiving, and amplifying said input signals, said first amplifier
having an output for producing a low level output signal in response
to said first and second input signal levels, and producing a high
level output signal in response to said third input signal level, and
characterized by

second amplifier means (30) coupled to said input
terminal for receiving, amplifying, and inverting said input signals,
said second amplifier means having an output for producing a high
level signal in response to said first input signal level, and
producing a low level signal in response to said second and third
signal levels; and

means (D2,R11) coupled to said outputs of said first and
second amplifiers for receiving said output signals and performing a
logical OR function on said output signals to produce a detection
signal representative of the detection of said second signal level.

2. Thé circuit of claim 1 characterized in that said firs_t
amplifier means (20) is a differential amplifier.

3. The circuit of claim 2 characterized in that said

second émplifier means (30) includes threshold level setting means
(R9,C2). '

4. The circuit of claim 1 further characterized by an
opto-isolator circuit (10,R2,DA) biased to operate in a linear mode.
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ABSTRACT
In a telephone answering machine, a detector for a
automatic disconnect function uses a first amplifier (30) to detect,
amplify, and invert large input signal changes, and second amplifier
(20) to detect small input signal changes and a logic arrangement
(D2,R11) responsive to the output signals of the first and second
amplifiers to detect the presence of only the small input signal |

changes.
FIGURE 2
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.VWhat is clained is: 1. An automatic disconnect detection circuit
for a tel ephone answering machine, conprising: an i nput term na
(D) for receiving. |nput signal s exhibiting at l-east first, second, and
third signal levels, said second signal |evel befng-ﬁgﬁaLeLmLha 4 first
si gnal |evel and | ess t han said thlrg signal |evel,. Eh@@k@@ﬁ‘gf@@?

| evel being indicative of an of f hodk3condi ti on; Frrstan fier
means (20) coupled to said input termnal for receiyihg, grﬂﬂ-gﬁ@' ing
said input signals, said first anplifier having an bu.pu1_ duciing a
| ow | evel output signal in response to said first apd gna

| evel s; and produci ng a high | evel output signal |ntresponse to saidjhird
i nput - S|gnal | evel ; and char ter|2Qd by

XFMR |

100 R2
—




.second anplifier means (30) coupled to said input termnal for
anplifying, and inverting said input.signals, said -
havi ng an out put for producing a high |evel signal
first input signal level, and producing a |low | evel
sai d second and third signal |evels; and -
to said outputs of said first and second%%gplifiers
out put signals and performng a | ogical function of
to produce a detection signal representative of the gletection of said
second signal |evel. ' o 2. The circuit of &admt—ciraracterized
in that said ffrst anplifieﬂgneans'(ZH) is a difﬁapential anplifier.
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second anplifier neans (30) includes threshold | evel setting means (R9, C2).
4. The circuit of claim1 further characterized by an opto-isolator

circuit (10,R2,DA) biased to operate in a |linear node. _
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TEXT OF THE ABSTRACT

A DETECTOR FOR USE WITH AN AUTOMATIC DISCONNECT FEATURE IN A
TELEPHONE ANSWERING MACHINE

In a telephone answering machine, a detector for an automatic disconnect function uses a first
amplifier (30) to detect, amplify, and invert large input signal changes, and second amplifier
(20) to detect small signal changes and a logic arrangement (D2, R11) responsive to the output
signals of the first and second amplifiers to detect the presence of only small input signal
changes. '

Fig. 1
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