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(71)   We, MOTOROLA, INC., a corpora-  circuits then proceed to look for
the rest of 50 tion organised and existing under the laws  a predetermined
sequential code. Whenever of the State of Delaware, United States  the next
proper sequential tone is not de- of America, of Corporate Offices Motorola
tected, the preamble tone is again searched 5 Center, 1303 East Algonquin
Road, Schaum-  for. A disadvantage of such a system, how- burg, Ilinois
60196, United  States of  ever, is that each individual message must be 55
America, do hereby declare the invention, preceded by the preamble tone
which is the for which we pray that a patent may be  first tone in each
sequential code. When granted to us, and the method by which it many
messages are to be transmitted, this 10 is to be performed, to be
particularly des-  results in a substantial increase in the total cribed in
and by the following statement:-   amount of broadcase time. Consequently,
the 60 This invention relates to a circuit for use  power drain on all
receivers having the with personalised paging apparatus and to  same first
code (preamble) tone is increased a battery saver circuit for use with such
and the total number of messages which can 15 paging apparatus. A receiver
of such paging  be broadcast in any given time interval is apparatus
produces single alert signal in  severely limited. It is also possible for
such  65 response to the reception of a predetermined  prior battery saver
circuits to mistakenly code.                                   identify a
subsequent tone as the first (pre- Battery saving circuits are used to
mini-  amble) tone of the code, and thus incorrectly 20 mise power
consumption by periodically  apply power to a radio receiver. supplying
power to a receiver in short bursts    The present invention is divided out
from  70 instead of continuously. Presently known  Patent Application No.
21457/76 (Serial No. circuits operating in radio receivers periodic-
1,525,324) as is also Patent Application No. ally supply power, search for
the presence  5156/77 (Serial No. 1,525,325). 25  of an RF (radio
frequency) carrier and then,   According to one aspect of the present in-
if a carrier is found, extend the time that vention there is provided a
battery saver cir- 75 power is supplied to permit a further search  cuit
for use with personalised radio appara- for a predetermined sequential tone
code. tus operable on receipt of a predetermined Such squelch operated
battery savers have  sequential tone code having at least first, 30 a
significant disadvantage in that every re-  second, and third tones, said
battery saver ceiver within the system is activated when-  circuit
including receiver means for receiv- 80 ever any transmission of a carrier
occurs, ing tone modulated input signals and pro- regardless of which
individual paging re-  viding corresponding output tone'signals in ceiver
is intended to be selectively reached, response thereto at a reference
terminal; 35 If paging signals are continuously  being  power supply means
coupled to said receiver broadcast by a transmitter, this type of bat-
means for selectively supplying operating 85 tery saving circuit will not
save any power  power thereto; detector means coupled to since all of the
individual receivers will be  said receiver reference terminal for indicat-
on all of the time.                     ing a detection in response to said
output 40   A previous partial solution has been to  tones having a
predetermined frequency; and provide battery saving circuits which extend
control means coupled to said power supply 90 the time that power is
applied to the receiver  means and said detector means for selecti- only
after a first predetermined tone has  vely controlling the same; said
control means been received. In this type of circuit, the  including first
circuit means for enabling 45  first tone (preamble) must be of a
sufficiently  said power supply means to periodically long duration such
that the periodic supply- supply operating power to said receiver means 95
ing of power to the receiver will always  for a first predetermined time
duration and result in a detection of this first tone, re-  for effecting
the selection of a first frequency gardless of when this first tone begins.
These  that said detector means will respond:to,    2
1,525,326                                       2 second circuit means for
enabling said power  which is supplied to .a receiver in response supply
means to supply operating power for  to the sequential detection of
predetermined a second predetermined time duration and  tones; effecting
the selection of-a second frequency    Figure 2D is a chart of the typical
time 



5 in response to said first frequency being  values for the wave forms
shown in Figures 70 detected, third circuit means for enabling  2A-2C; said
power supply means to supply operating   Figure 3 is a schematic diagram of
one of power for a third predetermined time dura-  the component blocks
illustrated in Figure tion and effecting the selection of a third  1A; 10
frequency in response to said second fre-    Figure 4 is a. schematic
diagram of an- 75 quency being detected, and fourth circuit other one of
the component blocks shown means for effecting the selection of said  in
Figure 1A; second frequency in response to said third    Figure 5 is a
schematic 'diagram of still frequency not being detected within a pre-
another one of the component blocks illus- 15 determined time window after
said second  trated in Figure lA;                      80 frequency has
been detected.               -Figure 6 is another schematic diagram of
According to a further aspect of the pre-  another one of the component
blocks illus- sent invention there is provided a circuit for trated in Fig
lA; and use with personalised radio apparatus oper-    Fig. 7, shown on
separate pages as Fig. 20  able on receipt of a predetermined sequen-  7A
and Fig. 7B, is a combined schematic 85- tial signal code having at least
first, second  diagram of two of the component blocks and third
predetermined code signals, said  illustrated in Fig. 1A. circuit
comprising receiver means for receiv-    Referring now to the drawings, .a
block ing modulated input signals and providing  diagram  of a 'battery
saver circuit 10 is 25  corresponding output signals in response  shown
generally in Fig. 1A. This circuit has 90 thereto at a reference terminal;
power sup-  been constructed in accordance with- an em- ply means coupled
to said receiver means  bodiment of the present invention and is for
selectively supplying operating power  particularly adapted for use in a
personal thereto; detector means coupled to said  radio pager. The circuit
10 includes an an- 30  receiver reference terminal for indicating a  tenna
.11 coupled to a conventional radio  95 detection.-in. response to said
output signals  receiver apparatus 12 which includes a corresponding to
predetermined code sig-  modulation output reference terminal, indi- nals;
and control means coupled to said de-  cated at 13. This terminal is
coupled to a tector means for selectively controlling the  switchable
frequency tone filter and detector 35  same; said control means including
first cir-  14. A power supply apparatus 15 (shown 100 cuit means for
effecting the selection of a  dashed) is coupled to receiver apparatus 12
first predetermined code signal that said  and to filter 14 and supplies
operating power detector means will respond to, second cir-  thereto. A
control circuit 16 (shown dashed) cuit means for effecting. the selection
of a  is coupled to the filter 14 and to the power 40  second predetermined
code signal in res-  supply 15 for the selective control thereof 105 ponse
to said first predetermined code signal  as will be more fully described
subsequently. being detected, third circuit means for effec-    The supply
circuit 15 includes a source ting the selection of a third predetermined
of power, such as battery 15a. The battery is code signal in response to
said second pre-  connected to a semiconductor switch 15b 45  determined
code signal being detected, and  which receives control signals from
control 110 fourth circuit means for effecting the selec-  circuit 16 on an
interconnecting line PC. tion of said second predetermined code sig- The
power supply 15 supplies operating nal in response to said third
predetermined  power for rendering receiver apparatus 12 code signal not
being detected within a pre-  and filter 14 operative in response to the 50
determined time window after said second  signals received on the
referenced line PC  115 predetermined code signal has been detected.
Semiconductor switch 15b functions as a The invention will now be described
by  solid state relay and. couples the battery 15a way of example only with
particular refer-  to the receiver 12 and filter 14 in response ence to the
accompanying drawings where-  to the control signals on line PC. The re- 55
in:-                                    ceiver apparatus 12, when rendered
opera- 120 Figure lA is a block diagram of a battery  tive, receives tone
modulated- input signals saving circuit for a personal radio pager;   from
antenna 11 and produces output tone Figure lB is a chart labelling some of
the  signals, corresponding to the transmitted interconnecting lines
illustrated in Figure lA;  modulation tones, at output terminal 13. 60
Figure 2A is a graph representing a num-     The filter and detector
apparatus 14 re- 125 ber of tone coded messages preceded by a  eves the
demodulated tone signals present tone coded preamble;                 at
terminal 13 and produces a detect signal Figure 2B is a graph representing
power  in response thereto when these signals have which is periodically
supplied to a receiver,  a selected predetermined frequency. This 65
Figure  2C is a graph representing power  predetermined frequency is
determined by 130    3                                       1,525,326
3 "select" signals which are received from   preamble tone 30 is followed
by a gap 31, control circuit 16 on interconnecting lines three individual
messages 32, 33, and 34, T-P through T-6, and the detect signal is  and a
final nth message 35. Each individual coupled to the control circuit on
line K. As  message consists of five sequential tones of 



5  may be appreciated, the control circuit 16  identical durations followed
by either a gap  70 generates the power control signals for the  or a sixth
unique tone having a slightly Ion- power circuit 15 and the referenced fre-
ger duration. Thus Fig. 2A  represents a quency "select" signals for filter
14 in res-  graphical plot of the modulation tones that ponse to the detect
signals received on line  -would be used to signal a group of individu- 10
K.                                        ally coded receivers. For a
receiver to be 75 The control circuit 16 includes a clock 17  altered, a
complete sequential code must be for producing appropriate timing pulses,
identified as exactly corresponding to the preferably at a fixed frequency
of 4kHz,  sequential code of the individual receiver. A which are in turn
coupled to a multi-timer  typical sequential code would consist of a 15
stage 18. The multi-timer comprises a digi-  first long, or preamble, tone
30 followed by  80 tal down counter (not specifically shown)  five
sequential shorter tones, such as, for which counts the generated clock
pulses and  example, tones 33-1 through 33-5. Ac- produces timing pulses on
lines A through  cordingly, the wave form depicted in Fig. J which occur at
fixed times after the coun-  2A  would alert four different individual 20
ter has been reset by a signal received on  radio receivers. Even more
radio receivers 85 line 0. The control circuit 16 also includes  would be
alerted if additional messages are a detection processor circuit 19, a
detect included between messages 34 and 35. counter and tone detector
control circuit 20,   In Fig. 2B, a pulse 36 having a time a timer control
logic circuit 21, a message  period 37 is illustrated and represents the 25
memory circuit 22, a battery saver control  time duration in which power is
periodically  90 circuit 23, an alerting logic circuit 24, supplied to the
receiver 12 in Fig. 1A. Dur- and an amplifier 25 driving a loud speaker
ing this time period. the receiver 12 is ren- 26, all interconnected
substantially as shown  dered operative and is permitted to search in Fig.
1A.                               for the initial tone of its predetermined
se- 30    Various parts of the stages 17 through 23  quential code. The
time period 37 is chosen  95 of control circuit 16 periodically generate
to be less than the duration of the preamble a control signal on line PC
for supplying  tone 30 so that the repetitive pulse 36 must the receiver
apparatus 12 with power for a  occur within the duration of tone 30. first
predetermined duration of time. Further,   In Fig. 2C, the graph is set
forth to illus- 35  a select signal is also generated on lines T-  trate
the power applied to receiver 12 as a 100 P through T-6, so that filter 14
will pro-  function of the sequential detection of the duce a detect signal
on line K when the  predetermined code tones. The power sup- output tone
signals at terminal 13 have a  plied is shown as a series of pulses. The
first predetermined frequency.            pulses are illustrated as having
different am- 40    After a first detect signal is produced, the  plitudes
merely in the interest of clarity and 105 control signal on line PC then
extends the  not as an intended limitation. At a time [err], time that
power is supplied to receiver 12  during the time duration of pulse 36, a
valid and filter 14. Additionally, the detector  preamble tone may be
assumed to be detec- portion of filter 14 is reset by a signal re-  ted by
the battery saving circuit 10. The 45  ceived from control circuit 16 on
line L and  control circuit 16 then terminates the pulse 110 the output of
terminal 13 is again sampled  36, creates a power supply pulse 38, and by
filter 14. If a second detect signal is then  maintains filter 14 in a
condition to again produced, the foregoing process is repeated.  detect the
preamble tone 30. When a second Once a third detect signal is produced, the
valid preamble detection occurs at a time [err] 50  control circuit 16
recognizes that a preamble  within the duration of pulse 38, a pulse 39 115
tone which exists for at least a predeter-  (shown dashed) is created by
control circuit mined minimum time duration has been de-  16 and the filter
14 is kept set to detect the tected and, in that event, produces a power
preamble tone. When a third valid preamble control signal which will keep
the receiver  detection occurs within pulse 39 at a time [err], 55  on to
search for the rest of a predetermined  the control circuit 16 supplies
power to the 120 sequential code. Circuit 16 also  sets the  receiver 12
for a long duration of time (an switchable filter 14 to detect the second
tone  initial time period) represented by a pulse in the predetermined
sequential code. These  40. and the tone filter 14 is then set to detect
general system functions can be more easily  the second tone in the
receiver code which .60  understood when viewed in conjunction with
corresponds to the first tone in one of the 125 the wave forms shown in
Figs. 2A-C.       messages following the preamble tone, such Referring to
Fig. 2A, a. sequence of indi-  as 32-1. The pulse 40 has a duration suffi-
vidual tones is represented by a series of  ciently long enough to keep the
receiver ope- pulses having the same amplitude but exist-  rative
throughout the reception of. at least 65  ing for different durations of
time. A long  the first tone of two messages following the 130    4
1,525,326                                       4 preamble tone. Upon the
identification of a  signal will be produced. The frequency valid second
code tone (first message tone)  which will produce a first detect signal is
at a time [err], power is supplied to the receiver  determined by the
control 'circuit' 16 through 12 for a duration of time (a maintenance
select signals received by the filter 14 on 



5  time period) represented by a pulse 41  lines T-P  through T-6. This
first fre-  70 (shown dashed). The pulse 41 is shown hav-  quency is
periodically searched for in a ing a duration sufficient to keep the
receiver  40ms period (52ms minus 12ms) every power on for at least the
first tone of two  512ms, and this searching continues until a subsequent
messages.                      detection occurs within one of these 40ms
1-0    A chart of the typical time durations for  periods.
75 the referenced pulses depicted in Figs. 2A-    When a first preamble
detection occurs, C is tabulated in Fig. 2D). From this chart  the
detection processor 19 produces a signal it can be seen that the preamble
tone 30  on line Q  that is coupled to the detect exists for a
substantially longer time than  counter 20 and time control logic 21. This
15  any of the subsequent messages, such as 32, detect signal causes
multi-timer 18 to be 80 33, or 34. The wave forms -as shown in Figs. reset'
and counter 20 to be indexed to' a 2B and 2C are representative of the
output  count of one. The multi-timer 18 is always or operating power as
supplied by power  reset after every detection unless an alert supply
apparatus 15, the duration of which  signal is being generated. The count
of the 20is effectively controlled by the control cir-  number of
detections, which is indicated on  85 cuit 16. The multi-timer 18 produces
timing  lines S, T, and U, is monitored by the de- pulses which are used to
generate these wave  tection processor 19 and the timer control forms.
logic 21. Since the multi-timer 18 was reset Considering Figs. 1 and 2
together, the  before the 52ms pulse on line F occurred, 25  general system
operation of the battery saver  the power supplied to the receiver 12 and
90 circuit- 10 can now be explained in detail.  filter 14 will continue
until a reset pulse is The typical time duration values indicated in
received by the battery saver control 23 on Figs. lB and 2D are used for
the following  line N. Since the detect counter 20 now has explanation
illustrating the reception of a  a count of one, a pulse on line N will not
be 30  typical code which includes a preamble tone created when the 52ms
pulse of line F occur, 95 and five subsequent message tones.       but when
the 42.5ms pulse of line D occurs. The control circuit 16 uses the 52ms
(milli-  This pulse selection is accomplished by the second) pulse and the
512ms pulse created  timer control logic circuit 21 through the by
multi-timer 18 to generate the wave form   use of OR gates as will be more
fully ex- 35  in Fig. 2B. When the multi-timer 18 receives  plained
subsequently. When the multi-timer 100 a reset pulse on line 0, the battery
saver  18 is reset, a De-Q signal is created on control 23 is turned on by
a pulse on line  line L which terminates 2ms after the reset M and it
remains on until a reset pulse on  pulse on line 0. The selection of the
2ms line N is produced by the time control cir-  pulse instead of the l2ms
pulse for the De- 40  cuit 21 in response to the multi-timer 18  Q period
is similarly accomplished by OR 105 producing a pulse on line F after 52ms.
If  gate logic in the detection processor 19 no detection has occurred
within this 52ms  which also monitors the count of the detect period, the
batter saver 23 will be turned  counter 20. Thus power is extended to re-
off and the multi-timer 18 will generate  ceiver 12 and filter 14 for 42.5
ms, and a - 45  another pulse after 512ms on line G which  search window of
40.5ms is provided for the 110 will cause the timer control logic 21 to
gene-  filter 14 to again search for the preamble rate a reset pulse on
line O. Thus power  tone. is: supplied to the receiver 12 and tone filter
When the preamble tone is detected for a 14 for'52msout of every 512ms.
second time by filter 14, an identical se- 50    The 12ms pulse (Fig. 1B)
on line B (Fig. quence of events occurs and the filter re- 115 1A) is used
to create a corresponding 12ms  mains set to detect the preamble tone for a
De-Q  signal on line L, which shorts the  third time. When the preamble has
been detector part of filter 14 for 12ms after a  detected for a third
time, a preamble detect reset signal occurs on line 0. This De--Q  latch in
the timer control logic circuit 21 55 pulse is used to minimize the
possibility of  creates a positive logic signal on preamble 120 power-up
transients causing a false detect  detect line Z, which in turn trips a
latch in signal on line K. The De-Q  signal on line  the detect counter 20
that creates a high L shorts the stored up charge on a capacitor logic
signal on line V which indicates the to insure that the detector portion of
filter  detection of a valid preamble. 60  14 starts from a zero initial
condition. This    After this third preamble detection, the 125 detector
portion has a normal response time  timer control logic 21 selects the
timing of 15ms before a detect signal is generated  pulse on line I as the
pulse which will reset on line K. Therefore a modulating tone must  the
battery saver control 23 by causing a be present at terminal 13 for 15ms
after the  pulse on line N. Thus once a valid preamble 65 De-Q signal has
terminated before a detect has been detected, all radio pager receivers 130
5                             1,525,326 which have this preamble tone as
the first will cause filter 14 to- respond to the 'fourth tone in their
sequential code will be turned  code tone, and an additional time window on
for a period of time corresponding to  will be generated for this fourth
tone. If a pulse 40 in Fig. 2C. Therefore a receiver  detection occurs
before the window opens 



5 having a preamble tone 30 as its first tone  (before 21ms), or if no
detection occurs be-  70 will be turned on if this tone was selected by
fore the window closes (before 45ms has the filter 14 in response to the
select signals  elapsed), the tone filter 14 is reset to search on lines
T-P through T-6, and this tone  for the second code tone. The procedure for
was detected three consecuetive times.    detecting the fourth, fifth and
sixth code 10    By requiring several detections of the  tones is identical
to that of detecting the 75 preamble tone, a valid preamble is only  third
tone, and the second tone is always detected when the preamble tone exists
for  searched for whenever a subsequent tone is a duration of time
substantially longer than  not detected within its time window After any of
the subsequent code tones. Thus in  the sixth tone is detected, the
receiver will 15  the present example the preamble 30 must emit an alert
signal signifying a reception  80 exist for a minimum of 49ms before a
valid  of a coded message -and the periodic' samp- preamble is detected.
The figure of 49ms is  ling for the preamble tone is reinitiated. obtained
by multiplying the 15ms response    By searching for the second code tone
time of the filter 14 by three and adding two  whenever a subsequent tone
is not detected 20  of the 2ms delays caused by the De-Q sig-  within a
predetermined time window, a series 85 nals on line L. Therefore in the
present  of individual messages can be arranged as system, it is impossible
to mistake an indi-  shown in Fig. 2A to alert a number of indi- vidual
message tone, such as 32-2, for a  vidual receivers. A principle advantage
of preamble tone. The multiple sampling of the  the coding illustrated in
Fig. 2A is that each 25  preamble also improves the noise immunity
individual message does not have to be im- 90 of the disclosed battery
saver.          mediately preceded by the preamble tone of Once a valid
preamble has been detected, 'the code. the detect counter and tone detector
control   A  transmitter will receive a number of 20 supplies different
select signals to filter paging code inputs within a predetermined 30  14
along lines T-P through T-6 for selec-  time period and correlate these
inputs into  95 ting the second predetermined frequency of  groups, each
group commencing with a single the code. This second code tone corresponds
preamble tone followed by a string of mess- to the first tone of one of the
messages that ages each having a common first message follow the preamble,
such as 32-1. The  tone. Subsequently all the messages in any 35  time
duration of pulse 40 is sufficient to  one group will then be transmitted
after the 100 keep the receiver and filter on throughout group preamble
tone is transmitted. Thus the remainder of the preamble 30 and for  when
the messages 32, 33,34 and 35 in Fig. an additional time which is long
enough to  2A have an identical first message tone in interrogate the first
two messages that follow  addition to an identical common preamble 40  the
preamble. If no tone detection occurs  tone 30, four paging receivers
having corres- 105 during this initial time period (ITP), the  ponding
codes will generate an alert signal multi-timer 18 will receive a reset
signal on  when the paging group in Fig. 2A is trans- line 0 when 'the
timing pulse on line I  mitted. occurs and the preamble latch in the detect
In the preferred embodiment of the pre- 45  counter 20 will be reset. This
results in the  sent invention, 10 unique tones are used for 110 renewal of
the periodic searching for the  creating a six- tone predetermined code for
preamble tone.                           a number of pagers. For any one
preamble The occurrence of a detection during the  tone, only 10%  of the
pagers will be acti- initial time period will effectively terminate  vated.
Of this subgroup, substantially only 50  the power supply pulse 40 and
initiate a  10% of the individual pagers wil have power 115 maintenance
time period (MTP), as illus-  applied to their receiver and filter through-
trated by pulse 41 in Fig. 2C. This mainten-  out the broadcast time of any
string of mess- ance time period keeps the power on long  ages, since a
second code tone detection enough (681ms) for the first tone of two  must
occur within the 1,146 seconds of pulse 55  additional messages to be
interrogated. The  I after the preamble detection in order to 120 detect
counter 20 is indexed by the detec-  keep the receiver on. tion of this
second tone and select signals    The blank gap 31 is required to prevent
are generated to search for the third code  a receiver from falsely
identifying the re- tone. The detection processor 19 and the  maining
portion of the preamble tone as a 60  timer control logic 21 use the'
timing pulses  subsequent message tone and thereby falsely 125 on lines C
and E to create a time "window"  generating an alert signal. The gap 31
will which occurs between 21ms and 45ms after  create an absence of a
signal during a sub- the detection of the second tone. If the third
sequent time window and thus prevent the tone is detected within this time
window, the  receiver from  falsely receiving its entire 65 multi-timer 18
will reset, new select signals  tone code. The above described system will
130    6                                  1,525,326
6 also function properly if the first tones of   The internal construction
of the various the subsequent messages are alternated. block components
illustrated in Fig. IA, will Thus a workable system is also provided if now
be discussed in detail. the tone 32-1 is different from the tone    The
receiver 12 basically comprises stan- 



5  33-1, but identical to. tone 34-1. This. is  dard radio receiver parts
for receiving a 70 because the initial time period and the main- modulated
input signal and producing a tenance time, period are sufficiently long to
demodulated output signal. Thus the internal cover the first -message tones
of two subse- parts of receiver 12 are well known in the- quent messages.
art. 10    A gap or unique tone is provided in the    The switchable
frequency tone filter and 75 sixth message space (such as 32-6) to in-
detector 14 may be of any suitable type, sure that an individual receiver
does not mis-  such as the one set forth and described in takenly identify
its code by starting with, a  U.S. Patent 3,803,429. In the referenced tone
other than a first message tone that patent, a filter is illustrated which
has its 15 follows the preamble. This unique sixth  response frequency
selected by the output of 80 message tone is also used to- select which  a
counter. The select signals to filter 14 are one of several alert signals
should be gene-  supplied through connecting lines T-P rated after the
correct pager. code has been  through T-6 which monitor the number of
identified.                             detection counts registered by the
detect 20  Initially, all receivers which have a corn- counter and tone
detector control 20.. The 85 mon preamble tone in their individual code
detector portion of tone filter 14 comprises which corresponds to the
transmitted pre- a rectifier and RC network which produces amble tone, are
alerted. Then the second  a detect voltage on line K when a capacitor code
tone is searched for, and after identi- is above a minimum threshold value.
The 25 tying this tone, a third tone is searched for De-Quing of the filter
14 can be accompli- 90 within a predetermined time window after shed by
placing a relay device across the the second tone has been detected. Every
detection capacitor, such that when a De-Q time a second or subsequent tone
detection  signal is present on line L .the detection does occur, another
window is generated and  capacitor will be shorted out. 30  the next
subsequent tone is searched for.   Control circuit 16 includes a number of
95 When all of the code tones have been detec- individual block components
each of which ted, an alert signal will be generated signi- will now be
described in detail. However, fying the reception of a complete code.
components 25 and 26 consist of a standard An important aspect of the
present inven- audio amplifier driving a loud speaker to 35 tion is that
whenever a subsequent tone is amplify the alert signal generated when a 100
not detected within a predetermined time  complete code has been
identified. Thus no window, the receiver is reset to search for further
description of thesecomponents will the second tone. When ever this second
tone  be given. is again detected, the sequence of time win-    The timer
18 consists basically of a plura- 40  dows again commences and the entire
code  lity of flip-flop circuits and AND gates con- 105 (minus the preamble
tone) is therefore again  nected substantially as-shown in Fig. 3. The
searched for. By searching for the second  clock 17 supplies a 4kHz signal
into the tone rather than the first (preamble) tone input of the plurality
of. flip-flop circuits Whenever a proper detection does not occur, which
are arranged in a down counter con- 45 it is possible to condense the
information  figuration. The. function of the flip-fops is 110 being
transmitted into a string of messages  to divide the frequency of the input
signal. corresponding to the wave forms shown in  thus a 2kHz output is
derived by tapping Fig. 2A. Prior battery savers always reset off of the
output of the first flip-flop. The the detector to redetect the initial or
first reset terminals of -flip-fops 3 through 17 are 50  tone. Thus in
prior systems each individual all connected to the reset input line 0. The
115 message must be directly preceded by the  outputs of the various
flip-flops are com- preamble tone. This can be done only by  bined together
to produce the various' tim- transmitting a lengthy preamble tone before
ing pulses on lines A through J which-the each message or by inserting -a
preamble multi-timer 18 is required toproduce and 55 tone before each one
-of the subsequent which are identified in Fig. lB. All of these 120
messages. Either of these alternatives will pulses appear as repetitive
logic level shifts result in a sizeable increase in the broadest which
occur initially at a fixed amount- of -time for the entire message string
when a  time after a counter reset pulse has been number of pager receivers
are to be altered. received on line O. 60 By increasing the total broadcast
time. the    The output pulse D, for example, occurs 125 battery drain on
each individual receiver 42.5ms after the receipt of a reset pulse on will
also be increased. By the internal code  line 0. The D pulse is produced by
the out- sampling technique, the battery drain on  put of an AND gate 50
which: has inputs individual pager receivers is substantially  from the
second and fourth flip-flops and 65 reduced.'
an AND gate 51 having inputs from the 130    7
1,525,326 sixth and eighth flip-flops. The flip-flops can  quently
described. The set signals on line generally be analysed by assuming that
they  M are created generally in response to the count only positive
transitions of an input  512ms pulse on line G and the reset pulses signal.
The output of the first flip-flop divides  on line N are created generally
in response 



5 the frequency of the clock input signal and  to the timing pulses on
lines D, F, H, and I. 70 creates an output signal which has a level   In
Fig. 5, a schematic diagram of the shift that occurs after every second
pulse of message memory circuit 22 is illustrated. the input signal. The
output of the second  This circuit receives an input on line X flip-flop
will therefore undergo a logic change  when a correct preamble followed by
a cor- 10 after half a millisecond and the output of  rect five tone
sequential message has been 75 the third flip-flop will undergo a logic
change  received. If an additional sixth unique tone after 1ms, etc. The
AND gate 51 combines  is detected following the reception of the the
positive output of the sixth flip-flop,  correct five tone message, then a
signal input which goes high after 8ms, with the positive  is created on
line Y instead of line X. Each 15 output of the eighth flip-lop, which goes
of these inputs trips a separate associated  80 high after 32ms, to create
an output signal latch circuit generally designated as 56 and which goes
low 40ms after a reset pulse on  57 and connected substantially as shown in
line 0. This low 40ms pulse is then com-  the drawing. Each latch circuit
produces an bined with a low 2ms pulse from the output  output signal which
is coupled to an alert- 20  of the fourth flip-flop and a low half milli-
ing logic circuit 24, and each latch also pro- 85 second pulse from the
output of the second  duces an output signal coupled to a NOR flip-flop.
Since the output of all the flip-flops  gate 58 that produces a signal on
line W are repetitive, these three input signals will which indicates that
a correct message has coincide and produce a signal on line D at been
received. The latches 56 and 57 are 25 42.5ms. The various other timing
pulses are  automatically reset in response to receipt of 90 produced in an
analogous way by combining  the 8.2 second pulse present on line J. Thus
other flip-flop output signals. Thus all the  circuit 2 produces outputs
which indicate timing pulses on lines A through J are gene-  which of two
separate signals has been re- rated by the multi-timer 18 which also gene-
ceived, either a correct five tone or six tone 30 rates a 2kHz signal that
is coupled to the  message following a correct tone preamble, 95 alert
logic circuit 24.                 and it also produces a signal on line W
indi- In Fig. 4, a schematic diagram of the  cating that a complete message
has been re- battery saver control circuit 23 is illustrated. ceived by the
pager. The circuit comprises two NOR gates 52    The alerting logic circuit
24 merely re- 35  and 53 connected in a simple latch configu-  ceives the
output signals of latches 56 and 100 ration. The battery saver control 23
sup-  57 and combines them with a 2kHz signal plies control signals to the
power supply  to produce two different alerts depending aparatus 15 on line
PC which is coupled to  upon which of these latches has been trig- the
output of gate 53. These signals are  gered. Thus the internal circuitry of
alert- 40 either high or low logic states which are de- ing logic 24 can
consist of any combination 105 termined by the logic states present on in-
of logic gates which will control the 2kHz put lines M, N, and W. The
output signals  frequency of the multi-timer 18 to produce produced by
battery saver 23 are also moni-  two separate output alert signals. These
sig- tored by the timer control logic circuit 21  nals are coupled to the
amplifier 25 and loud 45  through line PO.                        speaker
26 to create two separate alert sig- 110 When a high logic state is present
on lines  nals in response to whether a correct five or N and W, a low
logic pulse on line M will a six tone message has been received after
result in the output of gate 53 going into a  a correct preamble has been
identified. Since low logic state and being maintained there  the logic
gates 56 and 57 are reset by the 50 until a low logic input is received on
lines  pulse on. line J. the output signal produced 115 N or W. Thus a
signal 'input on line M   by alert logic circuit 24 will last for 8.2 sec-
serves to set a latch. This provides an out-  onds. The internal
configuration of logic put signal on line PC which will turn oh  circuit 24
consists of any combination logic power supply apparatus 15. The apparatus
network that will produce two separate out- 55  15 will continue to supply
power until the  put alert signals in response to two sepa- 120 battery
saver control 23 is reset by a low  rate input signals. Many types of
combina- logic pulse on either line N or W. A low  tional logic circuits
that are well known in logic pulse on line W  is created when an  the prior
art can be used to produce such entire correct code is received, as Will be
a result, such as getting the two inputs and 60  described in detail later
on. Thus the power  using a flip-flop to produce a 2kHz or 1kHz 125 to the
receiver 12 and filter 14 is turned off signal depending on whether a sixth
message after a sequential code has been correctly  tone it received.
identified. The set and reset signals present   Referring to Fig. 6, the
detect counter and on lines M and N are created by the timer  tone detector
control circuit 20 is illustrated. 65  control logic 21 in a manner to be
subse- The detect counter registers the number of 130    1,525,326
8 true detect pulses received on a line Q. It is  tone detection and thus
the next logic pulse both advanced and reset by the detection  on line Q.
The preamble detect signal V is processor 19, in conjunction with the timer
also used to change. the logic state on line control logic circuit 21,
producing signals on  T-P and index the tone filter 14 to. respond 



5 lines Q  and R. respectively. The binary  to the second tone (first
message tone) of 70 count outputs S. T, and U' of the detect
thesequentialcodeof the pager. counter 20 are monitored by the detection
Before the preamble was detected.and a processor 19 and the timer control
logic 21  high logic state was created on line V, line to determine the
proper timing for the next  T-P had a. high logic state and lines T-1 10
sequential detection and also to determine  through T-6 had low logic
states. This corn- 75 when a message has been completely re-  bination  of
logic states on lines T-P ceived. Select signal outputs from the detect
through T-6 selects a tone frequency cor- counter 20 are also coupled to
the switch-  responding to a particular preamble tone. able frequency tone
filter 14 on lines T-P  Once this. preamble tone has been- detected, 15
through T-6 to control the frequency to  the logic state on line V goes
high and the 80 which the switchable filter will respond to.  detect
counter is reset by a logic pulse on As the detect counter is advanced, the
lines  line R. This results in T-P having a low T-P  through. T-6 will
present different  logic state and T-1 being switched into a tone select
signals to the tone filter 14.  high logic state, while lines T-2 through
20    The detect counter 20 includes a preamble  T-6 remain in low logic
states. This com- 85 latch generally designated as 60 which is  bination.
of. logic inputs to tone filter 14 tripped when an input on line Z from the
selects the frequency of the second code tone timer control circuit 21
indicates that three  (first message tone) which is to be detected.
detections of the preamble tone have occur- When this second. tone is
detected, a pulse 25  red. Functionally, the detect counter 20 con-  is.
created on line Q and line U is switched  90 sists basically of a preamble
counter which  into a high logic state. This switching will counts three
detections of the preamble. and  return line T-1 to a low logic state and a
message counter which counts the detec-  switch line T-2 into a high logic
state. This tions of message tones that follow the pre-  selects the third
sequential frequency. that 30  amble. The detections that are received by
tone fiter 14 will respond to. the counter 20  on line Q represent valid
As long as proper detections occur, addi- detections that have already been
gated with  tional detect pulses will be created on line proper timing
sequences by combinational  Q and this will result in the indexing of a
logic contained in the timer control logic  high logic state from  line.
T-3  through 35  circuit 21 and the detection processor. 19.  T-6. The
latch circuit 63. is used instead 100 Only correct detections are coupled
to the  of a third flip-flop circuit, but perfotms detect counter 20 on
line Q.             essentially the same counting function. The: detect
counter 20 basically comprises    Whenever. a third or subsequent sequen-
preamble latch 60, flip-flop circuits 61 and  tial tone is not properly
detected, a detect 40 62, latch circuit 63 and six AND gates desig-  signal
is not created on. line Q and a reset 105 nated as 64 through 69, all of
which are  signal is produced on line R by the timer connected
substantially as shown in Fig. 6.  control circuit 21 and the detection
proces- When a reset pulse is received on line R,  sor 19. Therefore when
no detection occurs the flip-flops 61 and 62, as well as latch 63, within a
proper predetermined time window 45  are reset. Subsequently, any detect
pulse on  after a previous detection, or when a detec- 110 line Q will
result in flip-flops 61 and 62  tion occurs before the predetermined time
initiating a binary count. A first detect pulse window begins, the tone
filter 14 is repro- on line Q creates. a positive logic state on  grammed
to respond to the second sequen- line U. .The second detect signal creates
a  tial tone (first message tone) by resetting the 50 positive logic state
on line T and a zero  detect counter 20.            .        115 logic
state on line U. After a third detect   A high logic state on line T-6
indicates signal, both lines T and U will have a posi-  that the preamble
and five correct sequen- tive logic state. If these three detections  tial
message tones have been already detec- occur before a preamble has been
detected,  ted. The high logic state on T-6 then pro- 55  a low logic state
will be created on line Z  grams the switchable tone filter 14 to search
120 by the circuits 19 and 21. This will trigger  for either a blank space
or a unique. sixth 'the preamble. latch 60 and create a .high  -tone. The
logic output on line T-6 is then logic state on line V which indicates that
a  used by the detection processor 19, in con- valid preamble has been
detected.. This also  junction.with any detect signal subsequently 60
results in a -reset pulse'being generated -on  received on line K, to
determine whether 125 line Rto.zero out the counter.            a high
logic state will be produced on line The preamble detect signal.. on line V
is  X or on line -Y. This. will indicate the type used by the timer control
logic 21 and de-  of sequential tone code message that has tection
processor 19 to change the timing  been received by the pager. Therefore a
dual 65 sequences used in searching for the next  alert capability is
provided which depends 130    9
1,525,326                                    9 upon whether an extra tone
is received after   The detection processor 19 and the timer the entire
code has been identified.    control logic circuit 21 basically comprise
Fig. 7, which consists of Fig. 7A having  eight latch circuits 70-77, 10 OR
type cir- its open end joined to the open end of Fig. cuits 78-87, 21 AND
type circuits 88-108, 



5 7B, is a combined schematic diagram of  and a number of inverter circuits
which are 70 the detection processor 19 and the timer  connected
substantially as shown in Fig. 7. control logic circuit 21. These two
compo-  The operation of the detection processor nents were combined in a
single diagram  and timer control logic circuit will now be because of the
inter-relationship between the  explained in detail with reference to the
10 logic states developed by each of them. The  specific circuit elements
that are utilized in  75 functions of the timer control logic 21 and
detecting an entire sequential tone code. the detection processor 19 will
now be ex-    Before a preamble tone is received, logic plained in detail
without reference to any  signals on lines M and N are created by the
internal circuitry and then the actual cir-  timer control logic 21 to
control the power 15 cuitry which accomplishes these functions  supply 15
and periodically generate a power 80 will be discussed.
supply wave form similar to that shown in The detection processor 19
accepts detect Fig. 2B. The AND gate 100 receives a pulse pulses on line K
from the switchable fre-  on line G which occurs every 512ms after quency
tone filter 14 and checks these pulses  the multi-timer 18 is reset by a
pulse on 20  against timing pulses supplied from  the  line 0. The other
inputs to AND gate 100 85 multi-timer 18. If these incoming detect are
derived from line PO (which is high pulses occur at correct times, as
determined  whenever power is not being supplied) and by the timer control
logic circuit 21, the  on another line which is high whenever a detection
processor sends a signal to the  low logic state is present on line V
(which 25  detect counter 20 and the timer control logic  indicates that a
preamble has not been de- 90 21 on line Q. If the incoming pulse is not
tected). Thus gate 100 produces a low out- correct in timing, a recount
signal is sent to  put signal every 512ms after a reset pulse is the detect
counter 20 on line R which zeros  generated on line 0. This output signal
the count. In either case, the detection pro-  causes power latch 77 'to be
set, which in 30 cessor 19 sends a De-Q signal on line L  turn creates a
low logic state on line M that 95 to the switchable filter 14 to zero the
detec-  eventually causes the power supply appara- tor portion of the
filter and prepare it for  tus 15 to supply power to the receiver 12 the
next sequential tone. A reset signal is  and the tone filter 14. also sent
to the multi-timer 18 on line 0 by    The output of AND gate 100 also
causes 35  the timer control logic 21 whenever a de-  OR gate 79 to create
a high output logic 100 tection of. a predetermined tone is made. state
which triggers OR gates 80 and 81. The detection processor 19 monitors the
OR gate 80 then trips reset latch 73 which outputs of the detect counter
20, which are  subsequently trips AND gate 88 (when no the logic states on
lines S, T, U, V, T-1,  alert is indicated on line W) and creates a 40  and
T-6. The processor 19 sends an appro-  reset pulse on line O. The pulse on
line O 105 priate signal on line X or Y, to the message  must be slightly
delayed from the time at memory circuit 22 when a specified number  which
the pulse on line G occurs in order of true detections have occurred and a
com- for the circuit to function  properly. This plete message has been
received. The timer  deay is normally obtained by gating the 45  control
logic circuit 21 Is a combination of  output of latch 73 with a delayed
clock 110 logic gates which control the multi-timer 18, pulse produced by
the multi-timer 18. These the battery saver control 23, and certain  delay
gating connections have not been sections of the detection processor 19 and
shown in Fig. 7 in an effort to maintain the detect counter 20. It receives
signals from the  clarity of the figure. The delay gating can 50
multi-timer, the dectection processor, the de-  be obtained by any AND gate
connection of 115 tect counter, and the message memory cir-  the output of
latch 73 and a sequential clock cuit 22, and thereby keeps track of all
past  pulse that occurs a small but finite time after and present
occurrences. The timer control  pulse G has been created. In practice these
logic circuit 21 and the detection processor  pulses may be obtained from
the first few 55  19 are the logical heart of the battery saver flip-flops
of the multi-timer 18.  120 circuit 10. They create the control signals
A pulse occurs on line F 52ms after the that result in power being supplied
to the  multi-timer is reset and this pulse is received receiver 12 and
filter 14 and also they con-  as an input by AND gate 106. This gate trol
the select signals generated by the de-  has two other inputs, one of which
is always 60  tect counter 20. Together they also create  high before a
valid preamble has been de- 125 timing windows, which are used in gating
the  tected (high when. V is in a low logic state), detect pulses received
on line K, by selecting  jand the other of which is always high when timing
pulses from the multi-timer 18 in  the detect counter 20 outputs S. T. and
U accordance with the logical outputs of the  (monitored by AND gate 91)
are all low. 65  detect counter 20.                      Thus AND gate 106
creates a low output 130    1,525,326                                   10
pulse 52ms after a reset pulse on line 0 is  tion of the preamble tone is
made, the detect received by' the multi-timer and a valid pre- counter
output lines T and U both have a amble has not been detected and the detect
high logic state and this results in AND gate counter 20 has a zero
detection count. The  90 producing a low logic output that trips 



5 output of AND gate 106 is coupled through  the latch 72 which results in
a low logic 70 OR  gate 84 and results in a low pulse being  pulse on line
Z. This low logic pulse on line generated on line N after 52ms. This low  Z
will trip the preamble latch 60 (shown in pulse on line N causes the power
to the re-  Fig. 6) and create a high logic state on line ceiver 12 and
filter 14 to be shut off for the  V which in turn selects the second code
tone 10  remainder of the 512ms period.         to be searched for (the
first message tone). 75 When power latch 77 is triggered by the  A high
logic state on line V will disable 512ms pulse on line G, this results in
De--Q  AND gates 105 and 106, so that now a re- latch 71 being set which
creates a De-Q  set pulse on line N will not be generated by pulse on line
L which will zero out. the de-  any timing pulse on line D or F. 15 tector
portion of the tone filter 14. This   When the third valid preamble
detection  80 De-Q pulse is terminated by the pulse on  occurred, a reset
pulse on line O was gene- line B which resets De-Q latch 71 12ms  rated in
addition to the high logic state on after a reset pulse on line 0 occurs.
Thus  line V. If a second code tone is not detected the first 12ms of the
power on period is  within 1.146 seconds after this reset pulse, 20 blanked
out bv the De-Q pulse and only  the timing pulse on line I will combine
with 85 the remaining 40ms of the 52ms period is a low logic output from
latch 76 and actuate left for the tone filter 14 to create a detect the AND
gate 103. The output of the AND signal on line K.                     gate
103 is coupled through OR gate 87 to When a detect signal is received on
line  produce a low. logic output on line [err] 25  K, the AND gate 89 will
create a positive  which in turn resets the preamble latch 60 in 90 output
which will set the detect latch 70. the detect counter 20. The output of OR
This results in the AND gate 102 develop-  gate 87 also initiates a reset
pulse on line 0 ing a low logic output which is coupled -to  through reset
latch 73 and OR gates 79 and OR gate 86 to create a positive pulse on  80,
and a recount pulse' on line R through 30 line Q that signifies a proper
detection. The  OR gates 79, 81, and 83. Thus if no detec- 95 setting of
the detect latch 70 also sets the  tion occurs before the timing pulse on
line reset latch 73 which results in a reset pulse  I occurs, the battery
saver circuit 10 is reset being generated on line 0. The positive pulse
for the periodic sampling of the preamble on line Q results in the detect
counter 20  tone and the. periodic power supply wave 35 registering a count
whichr disables the AND  form illustrated in Fig. 2B will again be 100 gate
106 and therefore prevents the develop- generated. ing of a power off
signal in response to the    When the second code tone is detected 52ms
pulse on line F. The AND gate 105  by the tone filter 14 before the timing
pulse will now control the generation. of power  on line I occurs, the
detect latch 70 is trip- 40  off pulses on line N. The inputs to the AND
ped which results in: (1) a reset pulse on 105 gate 105 are the '42.5ms
pulse on line D in  line 0 being generated by the reset latch 73
combination with any non-zero detection  being set and causing the AND gate
88 -to count by the detect counter 20 along with  produce a high logic
output;. (2) a 2ms De- the fact that a valid preamble has not been  Q pulse
being generated on line L caused 45 detected yet. Thus after a first
detection of by the setting of De-Q latch 71 and the re- 110 a preamble
tone has resulted in a resetting  setting of this latch by the 2ms timing
pulse of the multi-timer 18, gate 105 effectively ex- on line B; and (3)
the setting of latch 76 tends the power on period for 42.5ms.  caused by
the actuation of AND gate- 101 A 2ms De-Q pulse is produced by hav- which
has inputs from the detect latch 70, 50 ing the 2ms pulse on line A coupled
through the preamble detect line V, and the select 115 AND gate 95 which in
turn resets 'the De-  line T-1 through OR gate 85. When latch Q latch 71
which was set when the detect 76 has been set, AND gate 103 is rendered
latch 70 was tripped by the first detect gig- inoperative and AND gate 104
will now be nal. The pulse on line A thus creates a De- rendered operative
when the timing pulse on 55  Q pulse having a 2ms duration which starts
line H occurs. The detection of the second 12 after a tone is detected.
Therefore a 40.5ms  code tone also indexes the detect counter 20 search
window is provided for the tone filter  and thereby selects the third code
tone for 14, in which time a second preamble tone  detection by the tone
filter 14. If no addi- detection must occur. The logic states gene- tional
code tone is detected before the tim- -60 rated by a second detection of
the preamble  ing pulse on line H occurs, the AND gate 125 tone within this
40.5ms window are essenti-  104 will be actuated. The actuation of AND ally
the same as the logic. states generated  gate 104, just like- the actuation
of gate 103, by the first detection with the exception that will result in
actuating OR gate 87 and will the detect counter 20 is incremented by a
therefore result -in-the recommencing of the 65 count of one. However when
a third dete-  periodic generation of power and preamble 1-30    11
1,525,326                                    11 sampling. The actuation of
gate 104 also will  the proper gating of the 2ms De-Q pulse on reset the
latch 76. Therefore once a valid  line A through AND gate 95. The CP input
preamble has again been detected, the sec-  to AND gate 96 is a delayed
clock pulse ond code tone will again have to be detected  which is used to
reset the latch 73, a small 



5  within the time period bounded by the pulse  but finite time after this
latch has been set 70 on line I and then subsequent detections will by the
output of OR gate 80. Various other again have to occur within the time
period  timing delay pulses created by the multi- bounded by the pulse on
line H.         timer 18 have not been illustrated in Fig. 7 The pulse on
line C will set the window  for clarity, this includes a reset pulse to de-
10  latch 75 2lms after the second code tone  tect latch 70.
75 has been detected. The pulse on line E will   When all five sequential
message tones, in actuated AND gate 97 resulting in the re-  addition to
the preamble tone, have been setting of the window latch 75 45ms after
identified by the battery saver circuit 10, a the second tone has been
detected. Thus  high logic state will exist on line T-6. This 15 latch 75
creates a time window which results  high logic state will inactivate AND
gate 97 80 in OR gate 85 having a positive logic out-  and cause AND gate
98 to respond to a put between 21ms and 45ms after the sec-  pulse on line
F. This creates a time window ond tone detection. Therefore gate 101 can
of 21 to 52ms for the detection of a sixth only be actuated by a third or
subsequent  unique message tone. When such a message 20  code tone detect
pulse on line K occurring  tone is detected within this extended time 85
within this time window. For a preamble  window, AND gate 101 will again be
actu- tone detection gate 102 was used instead of  ated resulting in the
actuation of AND gate gate 101 and for a second code tone detec-  107 and
the creation of a low logic state on tion gate 85 is activated by the pulse
on line  output line Y. If this window expires with- 25  T-1 rather than
the output of the window  out a detection of a sixth tone being made, 90
latch 75. If a detection is made within this  the output of gate 82 will
actuate AND gate time window, a positive logic state on line  108 and
create a low logic state on output Q is created. This represents the
detection of line X. Thus line line X indicates when a a sequential tone
within its proper timing  preamble tone followed by a sequential five 30
sequence and this results in the indexing of tone code, not followed by a
predetermined 95 the detect counter 20 and the subsequent sixth unique
tone, has been received by the selection of the next tone in the predeter-
inventive battery saver circuit. The output Y mined code sequence.
indicates when the preamble, the five tone The output of gate 82 prevents
any detec-  message code, and the sixth unique tone 35  tions from
occurring after the 45ms pulse  have been received by the battery saver
cir- 100 on line E, by rendering AND gate 89 inope- cuit. rative after this
pulse occurs. The output of    The preamble tone and each of the five gate
82 generally indicates that the time  subsequent message tones comprising
the window has expired and no detections have  code of a radio receiver may
all be different 40  occurred. This will actuate AND gate 92  frequencies
or under some conditions the 105 whenever a high logic state is present on
any  same frequency. For example, the preamble of lines S. T, or U. Gate 92
will cause latch  tone and the second and fourth message 72 to be set and
this will result in OR gate  tones may have the same identical fre- 81
being actuated and creating a recount quency whereas the first, third and
fifth 45  signal on line R that results in the count message tones may have
different frequen- 110 of the detect counter 20 being set to zero. cies.
The use of specific time durations in If a detection occurs before the
window  describing the operation of the preferred opens, AND gate 99 will
be actuated and  embodiment is merely by way of example. this will also
result in a recount signal on 50 line R. Thus whenever the third or any
sub-    WHAT WE CLAIM IS: -               115 sequent tone is not detected
within the 21 to    1. A battery saver circuit for use with 45ms window,
the 45ms pulse on line E will personalised radio apparatus operable on
effectively cause the detect counter 20 to be  receipt of a predetermined
sequential tone reset. The resetting of the detect counter will code having
at least first, second, and third 55  reset the select signal lines T-P
through  tones, said battery saver circuit including re- 120 T-6 so that
the second code tone will be  ceiver means for receiving tone modulated
searched for. If a detection is made within a  input signals and providing
corresponding time window, the detect counter 20 is incre-  output tone
signals in response thereto at a mented by a count of one and the multi-
reference terminal; power supply means 60  timer 18 is reset. Therefore the
pulse on line  coupled to said receiver means for selectively 125 E will
not occur so long as sequential detec-  supplying operating power thereto;
detector tions within the time window are made.  means coupled to said
receiver reference The unreferenced inputs to gate 94 repre-  terminal for
indicating a detection in re- sents merely extra timing pulses created by
sponse to said output tones having a prede- 65  the multi-timer 18 which
are used to insure  termined frequency; and control means 130    11
1,525,326 sampling The actuation of gate 104 also will  the proper gating
of the 2ms De-Q pulse on reset the latch 76. Therefore once a valid  line A
through AND gate 95. The CP input preamble has again been detected, the
sec-  to AND gate 96 is a delayed clock pulse ond code tone will again have
to be detected  which is used to reset the latch 73, a small 



5 within the time period bounded by the pulse  but finite time after this
latch has been set 70 on line I and then subsequent detections will by the
output of OR gate 80. Various other again have to occur within the time
period  timing delay pulses created by the multi- bounded by the pulse on
line H.         timer 18 have not been illustrated in Fig. 7 The pulse on
line C will set the window  for clarity, this includes a reset pulse to de-
10 latch 75 21ms after the second code tone  tect latch 70.
75 has been detected. The pulse on line E will   When all five sequential
message tones, in actuated AND gate 97 resulting in the re-  addition to
the preamble tone, have been setting of the window latch 75 45ms after
identified by the battery saver circuit 10, a the second tone has been
detected. Thus  high logic state will exist on line T-6. This 15 latch 75
creates a time window which results  high logic state will inactivate AND
gate 97 80 in OR gate 85 having a positive logic out-  and cause AND gate
98 to respond to a put between 21ms and 45ms after the sec-  pulse on line
F. This creates a time window ond tone detection. Therefore gate 101 can
of 21 to 52ms for the detection of a sixth only be actuated by a third or
subsequent  unique message tone. When such a message 20  code tone detect
pulse on line K occurring  tone is detected within this extended time 85
within this time window. For a preamble  window, AND gate 101 will again be
actu- tone detection gate 102 was used instead of  ated resulting in the
actuation of AND gate gate 101 and for a second code tone detec-  107 and
the creation of a low logic state on tion gate 85 is activated by the pulse
on line  output line Y. If this window expires with- 25 T-1 rather than the
output of the window  out a detection of a sixth tone being made, 90 latch
75. If a detection is made within this  the output of gate 82 will actuate
AND gate time window, a positive logic state on line  108 and create a low
logic state on output Q is created. This represents the detection of line
X. Thus line line X indicates when a a sequential tone within its proper
timing  preamble tone followed by a sequential five 30 sequence and this
results in the indexing of  tone code, not followed by a predetermined 95
the detect counter 20 and the subsequent  sixth unique tone, has been
received by the selection of the next tone in the predeter-  inventive
battery saver circuit. The output Y mined code sequence.
indicates when the preamble, the five tone The output of gate 82 prevents
any detec- message code, and the sixth unique tone 35 tions from occurring
after the 45ms pulse  have been received by the battery saver cir- 100 on
line E, by rendering AND gate 89 inope- cuit. rative after this pulse
occurs. The output of    The preamble tone and each of the five gate 82
generally indicates that the time  subsequent message tones comprising the
window has expired and no detections have  code of a radio receiver may all
be different 40 occurred. This will actuate AND gate 92  frequencies or
under some conditions the 105 whenever a high logic state is present on any
same frequency. For example, the preamble of lines S. T. or U. Gate 92 will
cause latch  tone and the second and fourth message 72 to be set and this
will result in OR gate  tones may have the same identical fre- 81 being
actuated and creating a recount quency whereas the first, third and fifth
45  signal on line R that results in the count message tones may have
different frequen- 110 of the detect counter 20 being set to zero. cies.
The use of specific time durations in If a detection occurs before the
window  describing the operation of the preferred opens, AND gate 99 will
be actuated and  embodiment is merely by way of example. this will also
result in a recount signal on 50 line R. Thus whenever the third or any
sub-    WHAT WE CLAIM IS: -               115 sequent tone is not detected
within the 21 to    1. A battery saver circuit for use with 45ms window,
the 45ms pulse on line E wil  personalised radio apparatus operable on
effectively cause the detect counter 20 to be  receipt of a predetermined
sequential tone reset. The resetting of the detect counter will code having
at least first, second, and third 55 reset the select signal lines T-P
through  tones, said battery saver circuit including re- 120 T-6 so that
the second code tone will be  ceiver means for receiving tone modulated
searched for. If a detection is made within a  input signals and providing
corresponding time window, the detect counter 20 is incre-  output tone
signals in response thereto at a mented by a count of one and the multi-
reference terminal; power supply means 60 timer 18 is reset. Therefore the
pulse on line  coupled to said receiver means for selectively 125 E will
not occur so long as sequential detec- supplying operating power thereto;
detector tions within the time window are made.  means coupled to said
receiver reference The unreferenced inputs to gate 94 repre-  terminal for
Indicating a detection in re- sents merely extra timing pulses created by
sponse to said output tones having a prede- 65  the multi-timer 18 which
are used to insure  termined frequency; and control means 130    12
1,525,326                                            12 coupled to said
power supply means and  power supply means coupled to said receiver said
detector means for selectively con-  means for selectively supplying
operating trolling the same; said control means includ-  power thereto;
'detector means coupled to  60 ing first circuit means for enabling said
said receiver reference terminal for indicat- 



5 power supply means to periodically supply   ing a detection in response
to said output operating power to. said receiver means for  signals
corresponding to predetermined code a first predetermined time duration and
for  signals, and control means coupled to said effecting the selection of
a first frequency  detector means for selectively controlling  65 that said
detector means will respond to, the.same; said control means including
first 10  second circuit means for enabling said power  circuit means for
effecting the selection of supply means to supply operating power for  a
first predetermined code signal that said a second predetermined time
duration and  'detector means will respond to,.second cir- effecting the
selection of a second frequency  cuit means for effecting the selection of
a 70 in response to said first frequency being de-  second predetermined
code signal in response 15  tected, third circuit means for enabling said
to said first predetermined code signal being power supply means to supply
operating  detected, third circuit means for effecting power for a third
predetermined time dura-  the selection of a-third predetermined code tion
and effecting the selection of a third  signal in response to said second
predeter- 75 frequency in response to said second fre-  mined code signal
being detected, and fourth 20  quency being detected, and fourth circuit
circuit means for effecting the selection of means 'for effecting the
selection of said  said second predetermined code signal in second
frequency in response to said third  response to said third predetermined
code frequency not being detected within a pre-  signal not being detected
within a predeter- 80 determined. time window after said second  mined time
window after said second prede- 25 frequency has been detected.
termined code signal has been detected. 2. A  battery. saver circuit as
claimed    9. A circuit as claimed in claim 8 where- in claim  1 wherein
said receiver means is  in said control means is coupled to said a radio
receiver and said power supply  power supply means for selectively control-
85 means includes a battery.                ling the same and wherein said
first circuit 30    3. A battery saver circuit as claimed in  means enables
said power supply means to claim 1 wherein said control means includes
periodically supply operating power to said timing means for generating
timing pulses.  receiver means for a first predetermined time 4. A battery
saver circuit as claimed in  duration, and wherein said second circuit 90
claim 3 wherein said timing means includes  means enables said power supply
means to 35  a pulse generating clock and a down counter.  supply operating
power to said receiver .5. A. battery saver circuit as claimed in  means
for a second predetermined time claim 4 wherein said control means includes
duration in response to said first predeter- a detect counter for counting
the number of  mined code signal being detected.     95 detections.
10. A  circuit as claimed in claim  9 40    6. A battery saver circuit as
claimed in  wherein said third circuit means enables claim 5 wherein said
control means includes  said power supply means to supply operating alert
means for producing an alert signal  power for a third predetermined time
dura- after all of the tones of the predetermined  tion in response to said
second predetermined 100 code are properly sequentially identified.   code
signal being detected. 45    7. A battery. saver circuit as claimed in
11. A  circuit as claimed in claim  10 claim 6 wherein said control means
includes  wherein said predetermined code signals are circuit means for
causing the power supplied  tone signals having different individual fre-
to said receiver means to be cut off in re-  quencies.
105 sponse to said alert signal being generated..   12. A battery saver
circuit as claimed in 50  8. A circuit for use with personalised  claim  1
and substantially as hereinbefore radio apparatus operable on receipt of a
pre-  described and as shown in the accompany- determined sequential signal
code having at  ing drawings. least first, second and third predetermined
.     For the Applicants: code signals, said circuit comprising receiver
F. J. CLEVELAND & COMPANY, 55 means for receiving modulated input signals
Chartered Patent Agents, and providing corresponding output signals
40-43 Chancery Lane, in response thereto at a reference terminal;
London WC2A IJQ. Printed for Her Majesty's Stationery Office by Burgess &
Son (Abingdon), Ltd.-1978 Published at The Patent Office, 25 Southampton
Buildings, London, WC2A IAY from which copies may be obtained.    


