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COIN OPERATED TELEPHONE SET EMPLOYING
ELECTRONIC TOTALIZER
This is a continuation, of application Ser. No.
101,607 filed Dec. 28, 1970 now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to totalizer arrangements for
coin operated apparatus and particularly to totalizer
arrangements adapted for use in coin operated tele-
phone sets.

2. Description of the Prior Art

One conventional coin deposit totalizer that is widely
used in pay telephone sets is described by E. R. An-
dregg and K. E. Voyles in U.S. Pat. No. 3,239,609, is-
sued Mar. 8, 1966. Totalizing and storing the amount
of the deposit is accomplished by mechanically rotating
a shaft through a prescribed angular increment for each
nickel equivalent deposited, power for the shaft rota-
tion being derived from the gravity fall of the deposited
coins as they strike protruding fingers attached to the
shaft. Cams located on the shaft operate switches to
provide the necessary switching logic. The operation of
a pulsating electromechanical stepping arrangement
moves the shaft incrementally back to its zero position
and simultaneously activates an oscillator to generate
coin deposit signals corresponding to the “read-out™
stepping movement of the totalizer shaft.

The electromechanical operation of coin totalizer
equipment in combination with the use of mechanical
energy from the gravity fall of deposited coins has long
been considered a narrowly restrictive arrangement in-
sofar as possible improvements are concerned. For ex-
ample, the possibility of adding more logic functions
without sacrificing reliability is either very limited or
nonexistent. Another example is the strict limitation on
signaling flexibility imposed by destructive readout
since the coin deposit information can be signaled only
once for a deposit during the call sequence.

The general object of the invention is to improve and
to simplify totalizers for coin operated apparatus, par-
ticularly coin operated telephones.

SUMMARY OF THE INVENTION

The foregoing object and additional objects are
achieved in accordance with the principles of the in-
vention by a totalizer that is entirely electronic rather
than electromechanical both in its internal operation
and in its control. The principles of the invention arise
in part from a unique exploitation of solid-state and in-
tegrated circuit technology. For example, the low
power drain, low supply voltage and high noise immu-
nity of field effect transistors (FETs) have been utilized
to simplify the heretofore unsolved problem of how to
provide relatively extensive logic circuitry in a coin tel-
ephone environment. Also turned to account in accor-
dance with the invention is the fact that dial-tone-first
(DTF) telephone service has eliminated the require-
ment that a coin telephone totalizer must register and
store coin deposits before loop current is present. DTF
service is on a loop start basis, and the sequence of
operation calls for the customer first to lift the handset,
then to obtain dial tone, and then to deposit coins as re-
quired. As a result, it has been found possible to use
loop current as the power source for the totalizer, pro-
viding that the power drain is kept sufficiently low to
prevent undue loading of the circuit.
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In accordance with one important aspect of the in-
vention, coin deposit information is stored by a combi-
nation of IGFET flip-flop stages. Each of one group of
these stages is a unique toggle flip-flop circuit that
changes state when an input voltage changes from a rel-
atively high level to a low level. In addition to the nor-
mal output, a conjugate output is used which enhances
flexibility in the design of interface circuitry.

In accordance with another aspect of the invention,
coin deposit signals are generated by an oscillator con-
trolled by a free running multivibrator. The multivibra-
tor turns on and off and changes signal pulse repetition
rate upon the command of connecting logic circuitry.

A basic feature of the invention involves the use of
logic circuitry to add (count-up) coin deposits and then
to subtract (count-down) as the coin signal multivibra-
tor generates coin pulses. The switching for up-
counting and down-counting of the memory is provided
by a series combination of simple logic gates.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a combination block and schematic circuit
diagram of a coin telephone set employing a totalizer
in accordance with the invention;

FIG. 2 is a combination block and schematic circuit
diagram of the totalizer of FIG. 1;

FIG. 3 is a schematic circuit diagram of the logic cir-
cuitry shown in block form in FIG. 2;

FIG. 4A is a modification of the circuit shown in FIG.
3
FIG. 4B is a modification of the circuit shown in FIG.
4A;

_FIG. 5A is a schematic circuit diagram of parallel and
series-NOR gates in accordance with the invention;

FIG. 5B.is a schematic circuit diagram of an invert
circuit in accordance with the invention;

FIG. 5C is a schematic circuit diagram of an OR gate
in accordance with the invention;

FIG. 5D is a schematic circuit diagram of an AND
gate in accordance with the invention;

FIG. 6A is a schematic circuit diagram of the one
shot multivibrator shown in block form in FIG. 3;

FIG. 6B is a schematic circuit diagram of an R-S flip-
flop circuit shown in block form in FIG. 3;

FIG. 7A is a schematic circuit diagram of a toggle
flip-flop circuit shown in block form in FIG. 3;

FIG. 7B is a diagram of the logic performed by the
circuit of FIG. 7A; and

FIG. 8 is a schematic circuit diagram of the multivi-
brator circuit 302 shown in block form in FIG. 3.

DETAILED DESCRIPTION

As a preface to an examination of a specific embodi-
ment of the invention, it will be useful to note those
special functions and requirements that must be met by
a coin telephone in a DTF system in addition to those
met by a standard or home telephone set. In one way
or another, the bulk of those functions and require-
ments involve the capabilities of the coin totalizer.
First, coin deposit information must be stored until a
preset initial rate has been deposited. The initial rate
amount should be adjustable at the set for flexibility of
operation. During the initial rate deposit period, a neg-
ative battery potential on the ring lead is provided by
the central office. An indication to the central office
that the initial rate has been deposited is achieved by
the detection of a local ground (through the coin relay)
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over the tip lead with the ring lead open. This capability
requires that the circuit used to close local ground in-
cludes a latching device since the loop current is zero
during the initial rate deposit ground test. It is neces-
sary that coin deposit signals be generated as soon as
the deposit is made when the operator is on the line.
During the subsequent deposit period, positive battery
potential is used on the ring side at the central office.

Coin collection and coin refund are controlled by the
application of 115 volts to the tip lead at the central
office. The ground at the station for initial rate and
ground checking is removed during transmission and
dialing in order to reduce the unbalanced noise on the
line. Finally, all totalizing functions requiring electrical
power must be accomplished using line power to en-
sure that services are available even in the absence of
local power.

Coin Telephone Circuit Arrangement

In FIG. 1 a totalizer 101 in accordance with the in-
vention is shown in block form together with an RC os-
cillator 102 in combination with an equilizer circuit
103 and a telephone speech network 104, Other major
elements of a coin telephone set are also shown in
order to ensure a complete disclosure of the source of
the totalizer inputs and the utilization of the totalizer
outputs as well as a complete disclosure of how the ap-
paratus interacts in the environment of coin operated
equipment —-in this case, a coin operated telephone.
The equalizer 103 and the speech network 104 may be
of the type disclosed by J. E. Edington and M. L. War-
nock in their U. S. patent application Ser. No. 774,376,
filed on Nov. 8, 1968, now U.S. Pat. No. 3,579,253.
The coin deposit signals which are transmitted to the

central office (not shown) are generated by the RC os- -

cillator 102, which may be of any suitable conventional
type, similar for example to the twin-T notch oscillator
employed in multifrequency tone generating telephone
dials and described in U.S. Pat. No. 3,424,870, issued
to R. L. Breeden and R. M. Rickert on Jan. 28, 1969,
Power to the oscillator 102 is supplied by connecting
it across the line by way of a conducting path 21, a tran-
sistor Q2 and a conducting path 23. A coin deposit tone
is generated when bias voltage is applied by way of the
lead 20-3.

The totalizer block 101 contains the logic which con-
trols all of those coin telephone set functions that di-
rectly or indirectly involve coin deposits. Power from
the line is supplied to the totalizer 101 on leads 6 and
8 and by way of a transistor Q7 with the current
through that transistor being regulated by the output on
lead 7. The totalizer block 101 also includes a voltage
sensing circuit (not shown) which changes the output
on lead 7 to regulate the power supplied to the various
elements of the totalizer logic circuitry. The coin chute
inputs to the totalizer 101 are the coin deposit leads in-
dicated 5 cents, 10 cents and 25 cents, each corre-
sponding to the deposited amount that produces an
input on that lead. Inputs 10, 11, 12 and 13 are used to
set the initial rate amount. The various combinations of
the four switches A,, B,, C, and D,, either operated or
nonoperated, change the initial rate in fixed 5 cents in-
crements from O through 75 cents, S

The CO(A) lead is used to indicate to the totalizer
101 that the loop battery is positive on the ring side R
of the line which allows the totalizer to read out depos-
its immediately. When the ring lead R is negative, the
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CO(A) lead is at the same potential as the tip lead but
when the tip lead is negative, the diode CR1 is blocking
and the CO(A) lead is not at the tip potential. The out-
put leads 1 through 5 and 9 provide the following func-
tions:

Lead 1 turns on transistor Q2 to connect the coin de-
posit oscillator 102 across the line.

Lead 2 turns-on transistor Q3 to connect the bias sup-
ply to the coin deposit oscillator 102 when coin de-
posit tones are being generated.

Lead 3 turns on transistor Q4 to connect a resistor
R2 across the line during the silent interval of coin
deposit signaling in order to reduce the switching
transients on the line. i

Lead 4 turns on transistor Q5 to connect the equal-
izer 103 across the line during coin deposit signal-
ing.

Lead § turns on transistor Q6 to connect the speech
network 104 during conversation. -

Lead 9 (after the initial rate has been deposited)
pulses transistor Q1 on for a period of time long
enough to operate a relay B (indicated by its wind-
ings B, and B, and by its contacts B1), which is the
initial rate latching relay.

The ‘local ground connection G, when applied, is
made directly to the tip lead T so that the polarity
guard comprising the diodes CR2, CR3, CR4 and CR5
can be inserted between the set components and the
line. Since both positive and negative coin batterics are
required, the tip-to-ground path cannot be through a
diode of the polarity guard. The local ground G is
“lifted” during conversation by the A relay through
contact Al. Without this precaution, the local ground
would induce unbalanced line noise, causing interfer-
ence and distortion. The local ground path contains the
circuit elements employed in the standard DTF circuit
as shown, for-example, in the copending application of
J. E. Edington and M. L. Warnock, cited above. These
elements include the hopper trigger contacts HT, the
coin relay CR, the A relay contacts A1 and the coin re-
turn network CRN which is shunted by contacts Bl of
the B relay. The winding B, of the B relay is in series
with the local ground and its operation resets the latch-
ing initial rate mechanism (not shown) when coins are
collected or refunded.

Circuit Operation (Correct Customer Procedure)

As a further aid to an understanding of a detailed de-
scription of the internal totalizer circuits, an explana-
tion is presented at this point to clarify the steps in-
volved in placing a call and the steps involved in the
corresponding circuit operations in terms of the ar-
rangement shown in FIG. 1. When the customer lifts
the handset HS, switching contacts SH are closed to
connect the set to the line. The ring-to-tip battery po-
tential causes transistor Q7 to turn on supplying battery
to the totalizer circuit 101, and transistor Q6 turns on
connecting the speech network 104. The loop current
causes a ‘“‘start” at the central office and dial tone is
connected and transmitted to the set. In addition, loop
current operates the A relay to open the local ground
path at the break contact Al. The dial pulse contacts
DP are made operative and at that point, the customer
is free to dial out the called number.

The central office talk battery is connected with the
ring lead R negative causing the CO(A) lead to be at
tip potential. A coin deposit results in a signal on the

9
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5 cents, 10 cents or 25 cents input lead to the totalizer
101. The source for a coin deposit signal is illustrated
schematically in FIG. 1 by mechanical switch transfer
contacts ¢ny, Cxe and cpg. It is to be understood, how-
ever, that the signal may be produced by any suitable
sensor arrangement such as the development of a volt-
age by arranging for a deposited gravity-dropping coin
to strike a piezoelectric wafer. The totalizer then stores
the coin deposit information until the preset initial rate
amount is reached. When the amount deposited equals
or exceeds the initial rate amount, a pulse is generated
on the totalizer lead 9 which turns transistor Q1 on and
operates the B relay through the winding B,. The total-
izer then reads out (returns to **0""), but the B relay re-
mains operated. The details of the readout sequence
are explained at a later point.

As soon as the customer has dialed enough digits to
determine if the call is to be a *“charge” call or coinless,
the central office makes a local ground test if the call
requires an initial rate deposit. This ground test is a —48
volt battery on the tip lead T with the ring lead R open
and is current limited to prevent the resetting of the B
relay and the operation of the coin relay CR. This bat-
tery arrangement does not cause current flow through
the coin return network CRN so the only way current
- can flow is through the normally open Bl contact.
Since this contact is closed, the initial rate deposit test
is met and the call proceeds normally. A coin collect or
-a refund signal at the end of the call returns the B relay
to normal. The coin return network CRN breaks over
and becomes a low impedance to the =115 volts used
for collector refund. This condition allows the return or
collection of coins when the Bl contact is not operated.

A toll call is initiated in the same manner as de-
scribed in the preceding sequence except that a coin
deposit is not required to dial the operator. The talk
battery is reversed during the time the operator is ser-
vicing the call to place a positive potential on the ring
lead R. This polarity allows the CO(A) lead to the to-
talizer 101 to go negative with respect to the tip lead
T and causes the totalizer to read out on each deposit
as soon as the deposit is made. The readout sequence
begins as soon as the totalizer has registered the deposit
by the following conditions:

Transistor Q6 is turned off to disable the speech net-

work 104.
Transistor Q5 is turned on to connect the coin de-
posit signal oscillator equalizer circuit 103.
Transistor Q2 is turned on to connect power to the
coin deposit signal oscillator 102.

Transistor Q3 turns on to initiate a tone burst for the

first “‘beep” signal indicating a deposit.

In accordance with a feature of the invention a multi-
vibrator circuit in the totalizer controls the tone dura-
tion and repetition rate by alternately turning transistor
Q3 off and on until the number of tones generated is
equal to the nickel equivalent of the deposit. Transistor
Q4 is turned on when transistor Q3 is off to connect re-
sistor R2 across the line and maintain a constant load
to the line. As soon as the totalizer read out to “*0” the
circuit reverts to the “talk’” state in which transistor Q6
is on and in which transistors Q2, Q3, Q4 and QS5 are
off.- The collect or refund action at the termination of
the call resets the B relay as in the local call sequence.

The central office option of automatic local overtime
deposit detection proceeds in the same way as in a con-
ventional DTF coin telephone. This procedure includes
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a local ground test (with +48 volt tip to ground) to de-
tect the presence of a 5 cents deposit, The coin return
network CRN is a low impedance to the positive bat-
tery so that the local ground test result is determined
by the state of the hopper trigger contacts HT which
close -on any deposit.

The memory in the totalizer unit 101, which is pro-
vided, as indicated above, by a combination of flip-flop
stages requires power to carry out its storage function.
Additionally, the memory unit must be set to *'0™* when
the power is initially applied in order to ensure against
a false indication that a deposit has been made. Also,
in order to avoid the possibility of losing stored infor-
mation, power must be supplied to the memory circuits
during all interruptions in line current, including those
caused by dial pulsing and central office switching. Fur-
thermore, the memory state must be set to *0” on a call
initiation or when line power is restored after a coin
collection, after a coin refund, or after a ground test is
made. In accordance with the invention, power is sup-
plied in the circumstances indicated by storing a charge
on a capacitor in the totalizer power supply of suffi-
cient magnitude to bridge the dialing and central office
switching interruptions, but of insufficient magnitude
to bridge the long power interruptions that occur dur-
ing coin disposal or tests. Each memory stage is so con-
structed that it automatically assumes a ** 0" state when
power is supplied.

Circuit Operation (Incorrect Customer Procedures)

Although the general operation of the circuit shown
in FIG. 1 is similar to that of the DTF coin telephone
as disclosed by Edington-and Warnock in the U. S. pa-
tent application cited above, some differences arise as
a result of the substitution of the electronic totalizer of
the invention for the conventional electromechanical
unit. There are also differences in operation that occur
whenever the set is used in a manner other than pre-
scribed by normal or proper calling procedures. These
situations may be identified as follows:

Call abandoned with the totalizer off “0”

This situation may occur if a customer hangs up after
depositing an amount less than the initial rate. The con-
ventional electromechanical totalizer makes it neces-
sary to hole the line until the unit steps back to the
“home” position. The electronic unit recycles on the
interruption and the loop current can be under direct
control of the switching contacts.

Incorrect registration of deposits made too close
together

The electronic totalizer registers the deposit and
originates the coin deposit signal as soon as the sensor
in the chute is operated. Accordingly, the total readout
time of the totalizer is reduced by the amount of time
necessary to rotate the shaft and to power the stepping
coil on the electromagnetic unit. A nominal value for
this time is approximately 0.2 seconds which substan-
tially reduces the probability of this type of misregistra-
tion.

Deposit made with handset on-hook

In this case, the coin deposit will not be refunded
until the customer lifts the handset, obtains dial tone
and then hangs up. The conventional electromechan-
ical unit operates in substantially the same manner
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since the totalizer can restore before the central office
recognizes the “start.” ,

FIG. 2 is an expanded diagram of the totalizer block
101 of FIG. 1 with FET drivers D1-D6 and a voltage
regulator circuit 202 shown in schematic form and with

a FET transistor logic circuit 201 represented in block
form. The block and schematic portions of FIG. 2

taken together contain all of the FET devices used in -

the set. These devices may readily be fabricated in the
form of beam-leaded integrated circuit chips. All FETs
shown may be P channel-enhancement mode devices
with a nominal threshold of one volt. The schematic
circuit portion of FIG. 2 has been simplified in that the
substrate lead is not shown but is-.understood to be con-
nected to the positive battery by way of lead 6.

FETs D1 through D6 are drivers for the bipolar tran-
sistors Q1 through Q6 of FIG. 1 which are used to con-
trol the oscillator and speech network as described
above. Each of the FETs D1 through D4 is in series
with the base of a corresponding one of the NPN bi-
polar transistors so that the operation of each FET
turns on the transistor associated therewith when the
gate voltage becomes more negative than the threhold
voltage of the FET. The FET drivers D1 through D6
are in turn controlled by the following outputs from the
logic circuitry:

FET D1 is turned on by way of lead IR when the ini-

tial rate amount has been deposited.

FETs D2 and DS are turned on by way of lead G
when the coin deposit signal readout is in process.

FET D3 is on (which is to say that the | lead is ““high™
— or at a relatively high voltage) when the coin de-
posit tone is generated. L

FET D4 is turned on by way of the' GI lead when the
coin deposit signal readout is in process and the
coin deposit oscillator 103 (FIG. 1) is in its silent
interval of signaling.

FET D6 is turned on by way of the G lc.ad when the
coin deposit readout is not in process, i.c., for other
functions of the coin telephone.

The voltage regulator 202 maintains a constant volt-
age, constant current supply for the logic circuit 201.
The basic feature of operation of the voltage regulator
202 is that a change in the supply is inverted and fed
to transistor Q7 which controls the supply voltage. This
arrangement results in a very high impedance circuit to
prevent loading the line. The regulator 202 and transis-
tor Q7 (FIG. 1) maintain the operating voltage for the
logic at a level of 5.1 volts for a voltage at the set of
from 7.5 to 20 volts with a regulation of approximately
*2 percent for aging, temperature and load changes.

Details of the logic circuitry 201 of FIG. 2 are shown
in FIG. 3. The toggle flip-flop stages Ar through Dy are
toggled on the transition of the T lead from a logical
“1" to a logical **0”. The circuit is basically a ripple
counter gated to count up on coin deposits and to
count down when the coin deposit signal is generated.
A multivibrator 302 controls the coin deposit signals
and the count-down operation with-an output on the |
lead. Gates G35,.G36 and G37 are used to inhibit read-
in while the totalizer is in the down-count mode.

Count Down Operatxon (Readout)

"During the time the totallzer is reading out, the 5
cents, 10 cents and 25 cents leads are at “‘0” which in
turn causes the output gates G5 through G10, G17,
G18 and G21 to be “0” also. Lead G is low causing
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_ 8
gates G35, G36 and G37 to block any input informa-
tion. This condition puts each toggle stage under
control of the preceding stages and the I lead. Thus,
toggle flip-flop By is under control of gate G2, toggle
flip-flop Cr is under control of gate G3 and toggle
flip-flop Dy is under control of gate Gd4. Since the
input to these gates is the conjugate output from the
preceding stages, the stage of the memory is stepped
down one unit for each cycle of the I lead. The read-

‘out continues as long as the G lead on the muiti-

vibrator 302 is high. When all stages are at “0,” the
output of gates G14 and G15 are “0” to stop the
down-count at a home position. The output of gate
G13 sets toggle stage Er when the deposit is 25 cents,
causing the H lead on the multivibrator 302 to go high,
which in turn causes high speed readout for a quarter
deposit. Stage Er is reset when the totalizer reaches the
home position through the invert 16 of the output of
gate G14.

Count-Up Operatidn (Store)

The requirement that the inputs to the totalizer be 5
cents, 10 cents and 25 cents leads to a more compli-
cated gating in the up-count portion of the totalizer.
The I'lead is low during the store operation, causing the
outputs of gates G2, G3 and G4 to be “0.” The G lead
is high to couple all inputs to the count-up portion of
the circuit. The store function is accomplished as fol-
lows:

Gate GAI1 toggles stage Ar on a 5 cents or a 25

cents deposit. 7 ,

Gates G21 and G5 toggle stage By, when A is high,
to go from 01 to 10 or 11 to 00 (in binary notation)
ona 5 cents or 25 cents deposit, the binary number
dashes or blanks indicating that the value in that
location is of no significance. The outputs of the
toggle flip-flops are arranged in the order
D;CrBsAy to correspond to conventional binary
notation so that Dp = 2%, Cr=2% Br=2! and A,
=2". The binary number 0011 specifies, therefore,
that Ar and By are high with C; and Dy low.

Gate G6 is required to toggle stage Cr, when stages
Ay and Br are high, to go from —011 to —100 on a
5 cents deposit.

Gate G7 is required to toggle stage Dy, when stages
Ar, Br and Cyare high, to go from 0111 to 1000
onaj cents deposit. o ,

Gate G8 is required to toggle stage Cr, when By is

_ high, to go from 01 to 10 (or 11 to 00) on a 10
cents depos:t

Gate G9 is required to toggle stage Dy, when stage C;
is high, to go from 01-- to 10-- on a 25 cents
deposit.

Gate G10 is required to toggle stage Dr, when stages
Br and Cr are high, to go from 011 to 100 ona 10
cents deposit.

Gates G17, G18 and G19 are required to meet the '
possible combination of a quarter deposit when the to-
talizer has a 15 cents store. In binary notation, this is
from 0001 to 1000 and requires a direct set on stage
Dy, since stage Cr did not change state. Gate G18 tog-
gles stage Cr when either stages Ay or By is low (gate
G19) on a 25 cents deposit to take care of all other
combinations of 25 cents deposits and memory stages.
Gate G17 toggles stage Dy when Ay and By are high to
account for this special case. Thus, for a store of 0011
and a 25 cents deposit, stage Cr is not changed (gates
G20 and G18 outputsare “hlgh”), stages Ar and By are
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toggled (gates G1 and G5); and stage Dr is toggled to
result in a store of 1000. A similar transition occurs for
a store of 0111 =35 cents, to 1100 =60 cents ona 25
cents deposit. '

Initial Rate

The output from the totalizer circuit to set the initial
rate relay B (FIG. 1) is generated by the one shot multi-
vibrator circuit 301 under control of the flip-flop stage
F. A deposit that equals or exceeds the preset initial
rate amount will set flip-flop stage F, causing the one
shot multivibrator 301 to generate a pulse of sufficient
duration to operate the latching rate relay B (FIG. 1).
The initial rate amount is adjusted by connecting leads
110, L11, L12, Li3 of FIG. 1 either to battery or to
ground. The combinations of these connections result
in 16 possible initial rate amounts—from 0 cents to 75
cents.

Gates G22 through G34 are required to provide an
output when a deposit equals or exceeds the initial rate
amount; for example, an initial rate amount of 5 cents
would be satisfied by a 5 cents, 10 cents or 25 cents
deposit. An initial rate amount of 10 cents is set by con-

necting leads L10, L12 and L13 high and lead L11 low.
The outputs of gates G22, G24 and G25 are always
high since one input to an OR gate causes the output
to go high. The AND gates G26, G28, G30 and G32
have a “0” output since one input is always 0.” Thus,
the output of gate G33 go high for a memory state such
that stage By is high; gate G27 goes high when stage Cr
is high; gate G29 goes high when stage Dr is high, and
gate G31 goes high when stages Dr and Cr are high.
The output of gate G34 is, therefore, B+C+D(DC) and
any memory state greater than 5 cents will have at least
one of these stages high. (In the immediately preceding
expression for the output of gate G34, “+” indicates
logical OR, and *.” indicates logical AND.) The un-
used gates and redundant logic state (D'C) are required
for other initial rate amounts.

Store — Readout Control .

The state of the G lead on the multivibrator 302 de-
termines whether the totalizer reads out or stores a de-
posit. The G lead output of gate G15 is high only when
the totalizer store is greater than 0" and the output of
gate G12 is high. The output of gate G12 is high if stage
F is high (initial rate made) or if the CO(A) lead is high
(subsequent deposit). Thus, the totalizer will read out
after the initial rate amount has been deposited or im-
mediately after the deposit, depending on the polarity
of the central office, supplied by way of the CO(A)
lead.

The logic functions as shown in FIG. 3 utilize the
standard OR and AND gates, but logic implementation
in accordance with the principles of the invention can
take any one of several forms, depending upon a vari-
ety of considerations. Changes to a different form can
be executed by making use of the Boolean algebraic
identity A+ B=A - B, where the bar over the variable
indicates the conjugate (NOT), the *'+” operation indi-
cates the logical OR operation, and the - indicates a
logical AND. Accordingly, the identity immediately
above states that NOT (A or B) is the same as (NOT
A AND NOT B). By repeated use of this identity, the
AND and OR gates can be made using any one of the
basic gates (AND, OR, NOR and NAND) and inverts
(NOT). For example, an AND gate is made using a
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NOR gate with all inputs inverted while an OR gate is
made of a NOR gate followed by an invert.

The primary considerations employed in accordance
with the invention to select the most desirable basic
gate form for a commercial version of the circuit are
the following:

The area on the chip used to supply the gating func-

tion should be a minimum.

The difference in voltage levels between a 0™ and a
“1” for a given chip area and supply voltage should
be a maximum.

A logical “1” should be the presence of a voltage (as
opposed to a zero voltage level) to minimize false
signals introduced by noise in the input-output
leads. This condition results in fixing the input
Jeads at ground level when no input is present and
effectively shorts out any introduced noise.

The toggle flip-flop best suited for P-channel MOS-
FET implementation (at the supply voltage avail-
able) toggles on the transition from a negative to a
zero voltage. To maintain the same logic format of
toggling, the flip-flop on the transition from a logi-
cal “1” to a *0,” the negative voltage is divided as
a logical ““1”" or **high.”

Schematic -circuit diagrams of the basic building
blocks for all of the logic functions employed in the to-
talizer are shown in FIG. 5A, 5B, 5C and 5D. FIG. 5A
shows both a parallel and a series NOR gate. The cir-
cuits illustrated are for a two-input stage but may read-
ily be expanded or reduced for a larger gate or for an
invert. IGFETs N1 and N4 are used as load resistors,
while IGFETs N2, N3, N5 and N6 are the active de-
vices. All devices are P-channel enhancement mode.

In the parallel NOR gate of FIG. 5A when either A

5 or B is negative, device N2 or N3 is on, and the output

at point X is clamped to near the ground potential. This
output level is dependent on the relative parameters of
N1 and N2 (or N3). A gate with more inputs is formed
by adding more active devices in parallel with N2 and
N3. Since the output is near ground potential (0) when
either A or B is negative (1), this gate is a NOR, that
is, X is 1" when neither A NOR B is “1.” This ar-
rangement is a “‘negative logic” form since the more
negative voltage is defined as a logical *1.”

In the series gate of FIG. 5A, the voltage at the out-
put is low when both A and B are negative and the out-
put level is dependent on the parameters of N4 com-
pared to N5 and N6 in series. To obtain the same level
of **0” output voltage for the series gate (as compared
to the parallel gate) N5 and N6 must be twice as large
as N3 or N2. A gate with more inputs requires addi-
tional series devices and a corresponding increase in
size for each of the input devices. Device size consider-
ation as well as chip layout problems associated with
the series NOR gate of FIG. SA combine to make the
parallel gate the preferred form for use in a commercial
electronic totalizer environment. Invert, OR and AND
circuits may advantageously be of the form shown in
FIG. 5B, 5C and 5D, respectively.

The invert circuit of FIG. 5B is the basic building
block used, in accordance with the invention, in devel-
oping all of the logic functions of the totalizer in inte-
grated circuit form. In the configuration shown, the
field effect transistor (FET) TN1 is used as a load de-
vice, and the FET TN2 is the active device. It can be
shown, by solving for the voltage V,, that the output is
dependent on the ratio of the transistor parameters.
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The actual values of the 8 parameters of the FET de-
vices TN1 and TN2 are dependent on the speed re-
quired, the chip area and the power absorption require-
ments. Since the totalizer of the invention is intended
to be operated with line power when used in a tele-
phone set, a minimum B is desirable for the TN1 de-
vice. Typical of 8 values are 0.75 and 7.5uA/V? for the
load and active devices, respectively. The required
speed of operation for the overall circuit is relatively
low so that the required turnon time of the invert stage
is set only by the operation of other parts of the circuit
such as the toggle flip-flops. The maximum power ab-
sorbed by an invert stage (or gate) can be found by cal-
culating the current through the load device when the
output is at a minimum. A drain of 7.0 microamperes
is illustrative for an approximate power absorptlon of
39 microwatts per stage.

The OR logic function is implemented by the circuit
shown in FIG. 5C which utilizes FETs ORI through
OR®6. The output at point Y -is high when neither A, B,
NOR C is high. The output X is high only when Y is
low, resulting in a high for X when either A, B, or C is
high. The added invert section is often not required in
the actual logic implementation, since the output Y =
X may be the signal required for the next gate in the
logic sequence. An example would be an OR gate feed-
ing an AND gate, since the AND gate requires an invert
on the input as explained hereinbelow.

The implementation of an AND gate employed in ac-
cordance with the invention is shown in FIG. 5D. FETs
ANT through AN10 are employed to form a three-
mput NOR gate with all inputs inverted. The output X
is high when neither A, B, NOR C is high, which is true
only if A, B and C are all high. As in the case of the OR
gate, the inverts are not always essential in a logic cir-
cuit since the conjugate of the input (A, B and C in this
case) is often available.

The one shot multivibrator 301 of FIG. 3 is shown in
detailed schematic circuit form in FIG. 6A. As ex-
plained above, this multivibrator is employed to put out
a timed pulse, after the initial rate amount has been de-
posited, to operate a latching relay. This arrangement
is used to minimize the power drain resulting from the
relay operate current and to provide a local ground
path for the initial rate ground test.

The circuit employs a total of nine FETs, OS1-0S9,
a resistor RS and a capacitor C. The basic feature of the
circuit’s operation involves the charging of the voltage
VN2 through the OSt FET when the input voltage is
low and the discharging of this voltage through the OS2
FET after the output goes high. The complete opera-
tion of the circuit may best be explained in terms of the
timing sequence that occurs in the course of one oper-
ating cycle. Before the initial rate amount is deposited,
the devices OS1, 0S4 and OS6 are on to set the voltage
VN3 and VN4 low. FET OS1 is on to charge the timing
capacitor C to a voltage determined by the ratio of the
size of the devices OS1 and OS2. The OS2 device is on
all the time and is used as a discharge path for the tim-
ing capacitor C. As soon as the input level goes high,
the device OS6 turns off to let the output go high, and
the device OS1 turns off to allow the discharge of tim-
ing capacitor C through the on resistance of the OS2
device. The output remains high until the VS2 voltage
discharges  to a point where the device 0S84 begins to
turn off causing the voltage VN3 to increase to turn on
devices OS3 and OS5. As soon as the device OS3 be-
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‘gins to turn on, the RC time constant is decreased

owing to the parallel discharge path through the OS3
device. Device OSS changes the output to “0.” This
mechanism limits the amount of time the stage is in the
active region to minimize the amplification of noise and
timing variations resulting from parameter changes.
The magnitude of the capacitor is selected to ensure
adequate time to operate the rate relay for maximum
parameter variations.

A detailed schematic circuit dlagram for the FRS and
ERS flip-flops shown in block form in FIG. 3 is shown
in FIG. 6B. This circuit employs the FETs FP1 through
FP6 and is the -basic cross- coupled (bistable) invert
stage with an added input device in parallel with each
active device. A high input on the R lead causes the Q
lead to go low (Q high), and a *“1” on the S lead sets
Q high. The stage is used with external logic so that R
and S cannot be high at the same time inasmuch as the
output is undefined for this condition.

An illustrative schematic circuit diagram for the tog-
gle flip-flop circuits Ay, By, Cy and Dy shown in block

form in FIG. 3 is shown in FIG. 7A. The logic provided

by this circuit is illustrated by the logic diagram of FIG.
7B. A total of 24 FETs, TF1 through TF24, are em-
ployed with correspondence between these devices and
the logic functions are follows: devices TF1 and TF2
form AND gate 3; devices TF4 and TF5 form AND
gate 4; devices TF6 and TF7 together with TF8 and
TF9 provide the cross-coupled NOR gate for the basic
memory; devices TF10 and TF11 form AND gate 5; de-
vices TF13 and TF14 provide the AND gate 6; and de-
vice TF15 forms the invert required for the T input to
gates 4 and 6. The delay is caused by the two discrete
capacitors connected to voltage designation terminals |
V2 and V7, The invert formed by the device TF3 pro-
vides the dual functions of the invert (or the input to
gate 4) to convert a NOR to an AND gate and provides
the delay in conjunction with the capacitor.

Only a single transition of the flip-flop output need be
explained since the circuit is completely symmetrical.
Assume first that the output of the circuit is such that
Q'is high (negative) and the input is high. Devices TF1,
TF4, TF8, TF11, TF13, TF14 and TF15 are on, result-
ing in holding V1, V3, V5, V6, V8 and V9 low. Both
capacitors C71 and C72 are charged since V2 and V7
are high. As soon as the input goes low, the devices
TF1, TF14 and TF15 turn off, causing TF3, TF5 and
TF 10 to turn on. This condition results in setting V2,
V3, V5, V6 and V8 low with V1, V4 and V7 high. Note
that the output V5 has not changed and that only one
of the capacitors, C71, has been discharged. The transi-
tion of the input from a*0”toa"1” causes the stage
to toggle. With a high input devices TF1, TF8, TF11,
TF13, TF14 and TF15 turnon, but this time the gate of
the TF4 device is held low by the capacitor C71. This
condition allows V3 to go high (since both TF4 and
TFS are off), device TF6 to turn on and clamp V4 to
a low value, and V5 to go high (both devices TF8 and
TF9 are now off). The RC time constant of the capaci-
tor C71 and the on resistance of the device TF17 is
long enough to ensure that the stage has toggled fully
until V2 reaches a threshold voltage.

The actual values of the device parameters of the cir-
cuit of FIG. 7A are dictated by the same requirements
as the invert sections forming it. For example, the value
of the capacitors is dictated by the speed of the basic
memory section, the rise time of the input pulse and the
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capacitive load on the output V5. It is found that a one
p.f. capacitor is sufficient if the load on the circuit is the
input to one other gate. The requirement that the mem-
ory stage always be in the “0" state when the power is
turned on is met by putting all of the load (outputs to
other gates) on the VS5 terminal. This slows the rise of
V5, when the power is turned on, to set the stage at “0"
and also requires that the rise time of V2 be long.

A schematic circuit diagram for the multivibrator
302 shown in block form in FIG. 3 is shown in FIG. 8.
The basic circuit is made up of three invert sections Q6,
Q4 and Q2 with their associated load devices. Since the
output of the third invert is connected to the input of
the first, the triple invert section has no stable operat-
ing point. The addition of the timing capacitor C causes
the basic circuit to act as a multivibrator with the cpaci-
tor charge path through the FETs Q2 and Q3-Q8 for
one-half cycle and through the devices Q4 and Q1-Q7
for the other half cycle. _

Two-speed operation is provided by the H lead
through Q13 which turns on the parallel load devices
Q7 and Q8 when high-speed operation is desired. The
circuit is turned on by the G lead (and/or H lead) which
turns on the load devices Q3 and Ql. The section
formed by the devices Q15, Q16, Q17 and Q18 is used
to set the node voltages (when the circuit is turned off)
so that the first output pulse is the same as the subse-
quent pulses. Devices Q9, Q10, Q11 and Q12 are used
for threshold and temperature compensation in order
to stabilize the output.

The circuit of FIG. 4A was developed from the cir-
cuit of FIG. 3 to replace all of the AND gates with a
NOR gate having all inputs inverted and placing all OR
gates with a NOR followed with an invert. Additional
modifications may be accomplished in accordance with
the invention to facilitate further the layout of the chip,
and these modifications result in the logic diagram
shown in FIG. 4B. The changes from FIG. 4A were ar-
rived at primarily through the cascading of logic gates
in order to minimize the number of leads on the chip.

It is to be understood that the embodiment described
herein is merely illustrative of the principles of the in-
vention. Various modifications thereto may be effected
by persons skilled in the art without departing from the
spirit and scope of the invention.

We claim: :

I. A coin operated telephone set having terminals
connectable to a telephone line comprising, in combi-
nation:

14

a speech network, an equalizer circuit, a coin deposit
signal oscillator, and a combination electronic to-
talizer and logic control circuit connected in paral-
lel across said terminals;

5 . said totalizer including a solid state device ripple
counter circuit;
means responsive to the deposit of a coin for initiat-
ing up-counting by said counter;
first means for controlling the generation of readout
signals by said oscillator;
second means for controlling the repetition rate of
said readout signals;
third means for controlling whether the totalizer
reads out or stores coin deposit information;
fourth means for initiating count-down operation of
said totalizer simultaneously with said generation
of said readout signals;
each of said first, second, third and fourth means in-
cluding a respective portion of said logic control
20 circuit and a common muitifunction multivibrator.
2, Apparatus in accordance with claim 1 wherein said
counter comprises a combination of IGFET toggle flip-
flop circuits. , .
3. A coin operated telephone set comprising, in com-
bination:
a pair of terminals connectable to a telephone line;
a speech network, an equalizer circuit, a coin deposit
signal generator and an electronic coin totalizer;
first, second, third and fourth means for connecting
said network, said equalizer circuit, said generator
and said totalizer, respectively across said termi-
nals;
said totalizer including a plurality of toggle flip-flops
and logic control circuitry;
means responsive to the deposit of coins for initiating
count-up action by said flip-flops;
said logic control circuitry including a multifunction
multivibrator circuit for initiating the operation of
said generator, for controlling the repetition rate of
readout signals from said generator and for initiat-
ing count-down operating of said totalizer simulta-
neously with said generation of said readout sig-
nals.
4. Apparatus in accordance with claim 3 wherein
each of said first, second and third means comprises a
respective transitor switch, each of said switches being

directly controlled by an IGFET logic element.
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