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ABSTRACT 
There is disclosed a logic and driving circuit for a light 
emitting diode type horologic display in which three di 
odes are read out at any given time to represent the 
time of day. Power consumption is kept to a minimum 
by the use of a two voltage level system with the lower 
voltage supplying those portions of the circuit working 
at a high frequency while the higher voltage supplies 
the display and those portions of the driving circuit op 

r. 
l.5 VOLT SUPPLY (HIGH FREQUENCY CIRCUITS) 

crating at a considerably lower frequency. In addition 
to a crystal frequency standard and a "divide-by-two“ 
?ip-?op countdown circuit which provides a 1 Hz sig 
nal to a series of toggle ?ip-?op counting circuits which 
function as the seconds, minutes and hours storage ele 
ments, there is provided a multiplexer coupled to the 
outputs of these counting circuits which is strobed with 
pulses having a combined duration of only a fraction of 
the sampling cycle. This results in a low duty cycle for 
the output of the multiplexer and thus for the display 
itself which conserves on the power necessary to drive _ 
the display. Since hour, minute and second information 
is sequentially sampled by the multiplexing circuit, 
multiplexing eliminates decoder and driver redun 
dancy. Provision is made in the multiplexing logic for 
dividing the horological display into quadrants or see 
tors so as to further reduce the number of driver and 
‘decoder elements. As a result there is also provided a 
quadrant selecting circuit. The sampling pulses for the 
multiplexing circuit are conveniently derived from the 
frequency standard countdown circuit. The driving sys 
temutilizes complementary metal oxide semiconductor 
(CMOS) components in which power drain is mini 
mized because these elements draw appreciable power 
only when switching. A further power consumption ad 
vantage is obtained by utilizing NAND gate logic to 
permit theuse of these low power CMOS components. 
Toggle ?ip-?ops are chosen for the counters because 
they are available in metal oxide semiconductor form 
and because the total number of transistors utilized is 
reduced. The logic described herein is used with a hor 
ologic display in which the minutes and seconds are dis 
played in the single ring of elements with the hours 
being displayed in another single ring of elements. - 

19 Claims, 13 Drawing Figures 
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APPARATUS FOR DRIVING A LIGHT EMITTING 
DIODE OF I-IOROLOGIC DISPLAY 

BACKGROUND OF THE INVENTION 
This invention relates to horologic displays and more 

particularly to a system for providing a digital readout 
for a horologic display in which the minutes and sec 
onds are displayed in a ?rst ring of elements with the 
hours being displayed in a second ring of elements. 
There has in the past been a great deal of interest 

shown in the provision of a digital readout for wrist 
watches. Wrist watches utilizing digital readouts have 
recently been provided with readouts in alpha-numeric 
form ‘utilizing an XY addressable matrix of individual 
‘light emitting diodes. The circuits necessary for driving 
XY addressable light emitting diode arrays are well 
‘known. However, alpha-numeric light emitting diode 
displays suffer from one major problem when they are 
utilized to portray the time of day in a wrist watch. This 
problem is primarily power consumption. Power con 
sumption is so ‘great in wrist watches utilizing alpha 
numeric displays that the battery for the wrist watch 
mustbe replaced within a matter of weeks if the'display 
is to run continuously. The reason for the amount .of 
power drawn by alpha-numeric display type wrist 
watches is the number of :light emitting elements ‘neces 
sary toportray the time ‘of day. In an effort to increase 
tthelifetime of the wrist watch there is provision for in 
termittent readout which is-activated by the user of the 
wrist watch. This is both inconvenient and annoying to 
the user. 
The‘subject system is employed in a time readout of 

a‘di?'erent character altogether. The time of day is read 
out by a maximum of three light emittingdiodes. In one 
con?guration, 60 light emitting diodes are arranged in 
a ring and represent both minutes and seconds. An 
inner concentric ring of 12 light emitting diodes repre 
sents the 'hour of day. The time is read out in ‘this dis 
play by providing that the hour diode be substantially 
continuously lit ‘for the "hour it represents. In ‘the outer 
ring the minute diode remains lit‘substantia‘lly continu 
ously for the minute that it represents. While :the min 
ute diode is lit the remaining diodes in the outer ring 
are lit sequentially so as to represent seconds. Thus,‘for 
any given minute-all 60 diodes representing seconds are 
lit sequentially in a clockwise stepping ‘type .display. 
After the seconds have stepped around a full 60 sec 
onds, the next minute diode is activated. it will be ap 
preciatd that in this type display the 60 diodes in the 
outer ring serve ‘both to represent minutes and seconds. 
vIt will be further appreciated ‘that‘the ‘time of day can 
‘be read out with a ‘maximum of 3 diodes during any 
‘given second. This compares to a maximum of 87 di 
odes to represent the time of day in alpha-numeric 
form. 
The subject system isone which provides’thelogic 

and driving circuits necessary to actuate the above 
mentioned light emitting diodes in the proper se 
quence. ‘In the concentric ring display, it is possible to 
‘reduce the current drawn by such a display to 5 milli 
amps or less by reducing what is ‘known as the duty 
cycle-of the display. This refers .to the'practice of light 
ing each light emitting diode, not continuously, but in 
alpulsed manner'such that the diode is lit only for a cer 
tain percentage of time. The logic portion of the circuit 
to be described ‘herein in combination with the driving 
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2 
portion ‘not only actuates the display in proper se 
quence, but also provides the low duty cycle. The logic 
and driver portions utilize only an insigni?cant addi 
tional amount of current therefore enabling a light 
emitting diode horologic display which can be read out 
in a substantially continuous manner for a period of 
time exceeding one year without the necessity of pro 
viding for intermittent readouts to extend battery life 
time. 
Power consumption in the logic and driving circuits 

are kept to a minimum by the use of several individual 
concepts. The ?rst of these concepts involves the use 
of two voltage levels in the operation of the display. For 
those circuits having a high frequency of operation 
(i.e., almost continuous operation), a lower voltage 
such as 1.5 volts is used to minimize power consump 
tion. These type of circuits are the crystal oscillator cir 
cuit and the countdown circuit which are utilized in re 
ducing the frequency of the crystal oscillator to l .Hz. 
The remainder of the circuit, that is to say the minute, 
second and hour counting circuits, the multiplexer cir 
cuits, the decoding circuits, and the driving circuits, as 
well as the light emitting diodes themselves, are ,pro 
vided with a 3 volt supply. It will be appreciated that 
these latter circuits are operated at a considerably 
lower frequency than the countdown circuitry. Al 
though the higher voltage is desirable in order to drive 
the light emitting diode elements, power is conserved 
because both the duty cycle of the light emitting diode 
:elements and the duty cycle of the drive circuitry isre 
duced to as low as 12.5 percent total “on” time perele 
ment. Thus, while it is necessary to increase the voltage 
to these circuits in order to provide driving power for 
the light emitting display, this power is utilized over a 
low duty cycle which corresponds to alower frequency 
of operation. 
Another power saving portion of the invention in 

volves the useof complementary metaloxide semicon 
ductors (CMOS) as switching elements and in the 
counters. It will be appreciated that the metal oxide 
semiconductor devices draw current only when they 
are switching (i.e., changing state). 

‘In addition to power consumption advantages'of the 
subject circuit, the multiplexing circuit utilized herein 
eliminates redundancy in the decoder and driver ele 
ments necessary for driving the hours, ‘minutes andsec 
onds ‘portions ‘of the display. The numbers of elements 
are also decreased by provision of .a quadrant or sector 
system of addressing the light emitting diode elements. 
An additional and a most important ‘function of the 
multiplexing circuit is to reduce the aforementioned 
duty cycle. What the multiplexing circuit does is to 
sample the seconds, minutes, and "hour counters at a 
high repetition rate with a low duty cycle as dictated'by 
sampling pulses of short duration. If the information in 
the counters is sampled once every onesixty-fourth of 
a second, the information is actually ?owing out of the 
multiplexer for only a small portion of this one sixty 
fourth second time period clue to the short sampling 
pulses. At all othertimes, the output of the multiplexer 
is inhibited. Thus'the multiplexer II'I'BddIIIOI‘I to sequen 
tially reading out the information stored in the counters 
also serves the purpose of reducing-the duty cycle ulti 
‘mately for the light emitting diode in the display. A fur 
ther advantage occurs with the multiplexing circuit 
when used in conjunction with a display in .which time 
is displayed by three diodes. Although it looks as if 
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three diodes are continuously lit during one sampling 
cycle, this is not so. In any given sampling period only 
one diode is lit at a time. This is because the seconds, 
minutes and hours information is not simultaneously 
read out but rather is read out over mutually exclusive 
time intervals. This means that peak battery current 
drain is minimized so that high impedance batteries 
may be used. 
The sampling is accomplished in the subject circuit 

by coincident gating within the multiplexer circuit. The 
timing pulses for the sampling are derived from the 
aforementioned divide-by-two countdown circuit 
which provides the I Hz signal for driving the counters. 

In addition, the counters consist of toggle-type ?ip 
?ops which are so arranged to have a binary output. 
These toggle-type ?ip-flops are utilized rather than JK 
type ?ip-?ops because of the aforementioned decrease 
in number of transistors necessary. While toggle-type 
flip~?ops are usually utilized only in countdown cir~ ' 
cuits, they are utilized in this application as binary en 
coders. In the con?gurations to be described herein the 
toggle-type counters are easily matched to a NAND 
type decoder circuit which is also available in MOS 
form. ‘ 

It will be appreciated that the choice of the two level 
voltage in a strobed multiplexer circuit, MOS type 
components and the logic to be described are impor 
tant primarily because of power consumption savings. 
They are further chosen because of the saving of indi 
vidual component parts. 11 

SUMMARY OF THE INVENTION 

It is therefore an object of this invention to provide 
an improved logic and driving system for use in light 
emitting diode horologic display. 

It is a further object of this invention to provide in 
combination an oscillator circuit; a “divide-by-two” 
countdown circuit for providing a I Hz signal; seconds, 
minutes and hours counters cascaded to form storage 
elements having an output in binary form; a multiplexer 
circuit which provides for sequential readout of the 
seconds, minutes and hours counters as well as provid 
ing for a low duty cycle driving signal; a binary-to-pulse 
decoder, and a driving circuit which responds to the 
pulsed output of the decoding circuit for actuating indi 
vidual light emitting diode elements in the horologic 
display. 

It is a still further object of this invention to provide 
a horologic display in which the time is represented by 
an outer ring of elements representing seconds and 
minutes, and an inner ring of elements representing 
hours in which the outer ring of elements is dividedinto 
sectors such that all the elements are driven by a single 
driver connected in parallel with the corresponding ele~ 
ments in each sector and is further provided with a sec 
tor selector such that only one sector and therefore 
only one element in each sector is driven at any one 
given time. 

It is a still further object of this invention to provide 
a driving circuit for a light emitting diode horologic dis 
play in which the high frequency circuits are powered 
by a ?rst voltage while the lower frequency circuits are 
powered by a second voltage higher than the ?rst volt 
age such that power consumption is minimized. 

It is a still further object of this invention to provide 
a binary logic system utilizing toggle ?ip-?ops and 
NAND gate reset logic to provide information which 
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4 
when decoded and supplied to a driving circuit actuates 
the light emitting diode display. 

It is a still further object of this invention to provide 
a multiplexed logic and driving circuit for light emitting 
diode display in which the multiplexing circuit samples 
seconds, minutes and hour information available in bi 
nary form from counters in a sequence and for a sam 
pling duration which minimizes the duty cycle of the 
light emitting diodes in the display while at the same 
time conserving on the number of driving elements, 
thereby conserving greatly on the power dissipated 
both by the driving circuit and by the light emitting 
diode display elements. 

It is yet another object of this invention to provide 
logic and drive circuitry for a horologic display utilizing 
a logic permitting the use of metal oxide semiconductor 
logic parts. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing the logic and driv 
ing circuits for a light emitting diode display; 
FIG. 2 is a diagrammatic view indicating the manner 

in which the time of day is read out from the aforemen 
tioned light emitting diode display, also indicating an 
asymmetrical sector arrangement indicating in addition 
the method of actuation from the output of the driver 
shown in FIG. 1; 
FIG. 3 is a block diagram showing generically the cir 

cuit configurations of the multiplexer, the decoder, the 
sector selector, and the driver circuit, referred to in 
FIG. I; . ' 

FIG. 4 is a pulse train diagram showing the sampling 
times and the sampling period of the pulses delivered 
to the multiplexer which in turn result in the aforemen 
tioned low duty cycle; 
FIG. 5 is a block and schematic diagram of the fre 

quency dividing circuit utilized to count down the fre 
quency available from a crystal oscillator to 1 Hz also 
showing a pulse shaper and level translator utilizing in 
matching the high frequency section of the device to 
the low frequency section of the device; 
FIG. 6 is a pulse train diagram showing the derivation 

of 41s, (bu and d)" from intermediate outputs of the fre 
quency dividing circuit shown in FIG. 5; 
FIG. 7 is a block diagram of a binary seconds or min 

utes counter utilizing toggle-type ?ip-?ops to indicate 
a binary number corresponding to integers between 0 
and 59; - 

FIG. 8 is a block diagram of a counter circuit for indi~ 
cating hours in binary form in which toggle-type ?ip 
?ops are utilized to represent in binary form integers 
between 0 and II; 
FIG. 9 is an expanded diagram of the multiplexer cir 

cuit shown in connection with FIG._3; 
FIG. 10 is an expanded diagram of the decoder cir 

cuit shown in connection with FIG. 3; 
FIG. I] is an expanded diagram of the driver circuit 

shown in connection with FIG. 3; 
FIG. 12 is an expanded diagram of the sector selector 

circuit shown in connection with FIG. 3; and 
FIG. 13 is a diagram showing the arrangement of the 

light emitting diodes to be driven by the output of the 
driver and sector selector circuits shown in connection 
with FIGS. 11 and I2. 

BRIEF DESCRIPTION OF THE INVENTION 

There is disclosed a logic and driving circuit for a 
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light emitting diode type horologic display in which 
three diodes are read out at any given time to‘represent 
the time of day. Power consumption is kept to a mini 
mum by the use of a two voltage level system with the 
lower voltage supplying those portions of the circuit 
working at a high frequency while the higher voltage 
supplies the display and those portions of the driving 
circuit operating at a considerably lower frequency. In 
addition to a crystal frequency standard and a “divide 
by-two” ?ip-?op countdown circuit which provides a 1 
Hz signal to a series of toggle flip-flop counting circuits 
which function as the seconds, minutes and hours stor 
age elements, there is provided a multiplexer coupled 
to the outputs of these counting circuits which is 
strobed with pulses having a combined duration of only 
a fraction of the sampling cycle. This results in a low 
duty cycle for the output of the multiplexer and thus for 
the display itself which conserves on the power neces 
sary to drive the display. Since hour, minute and sec 
ond information is sequentially sampled by the multi 
plexing circuit, multiplexing eliminates decoder and 
driver redundancy. Provision is made in the multiplex 
ing logic for dividing the horologi'c display into quad 
rants or sectors so as to further reduce the number of 
driver and decoder elements. As a result there is also 
provided a quadrant selecting circuit. The sampling 
pulses for the multiplexing circuit are conveniently de 
rived from the frequency standard countdown circuit. 
The driving system utilizes complementary metal oxide 
semiconductor (CMOS) components in which power 
drain is minimized because these elements draw appre 
ciable power only when switching. A further power 
consumption advantage is obtained by utilizing NAND 
gate logic to permit the use of these low power CMOS 
components. Toggle flip-?ops are chosen for the count 
ers because they are available in metal oxide semicon 
ductor form and because the total number of transis 
tors utilized is reduced. The logic described herein is 
used with a horologic display in which the minutes and 
seconds are displayed in the single ring of elements 
with the hours being displayed in another single ring of 
elements. 

DETAILED DESCRIPTION OF THE INVENTION 

As mentioned hereinbefore the subject logic and 
driving circuit is tailored to a type of horologic display 
in which the time of day is read out by three light emit 
ting diode elements. It will be appreciated, however, 
that many of the concepts utilized in power conserva 
tion in the driving of this display can be equally well uti 
li'zed in the driving of any XY addressable display in 

, which power consumption is a major factor. Thus, al 
though the subject logic and driving circuits are de 
scribed in connection with the horologic display in 
which the time of day is represented by two rings of 
light emitting elements, any system in which pulses are 
provided on output lines of a driving circuit is within 
the scope of this invention. 
Referring now to FIG. 1, a horologic display 100 is 

shown with an outer ring 101 of 60 light emitting di 
odes, and an inner ring 102 of 12 diodes. The time of 
day in this display is indicated by the sequential activa 
tion of the individual light emitting elements. In this 
display, minutes and seconds are represented by utiliz 
ing the same set of light emitting elements. TI-Ie impor 
tance of representing time by using the same ‘light emit 
ting elements for seconds and minutes is the saving of 
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6 
as many as 60' light emitting elements. The display to 
which the subject logic is tailored therefore minimizes 
the number of light emitting elements by portraying 
minutes and seconds on the same ring by the same set 
of elements. There are of course other ways of repre 
senting time utilizing concentric rings of time indicat 
ing elements in which multiplexed readout of counters 
having binary outputs drives these elements. In addi 
tion, for instance additional elements may be added to 
indicate half hour of 20 minute intervals. In the con?g 
uration shown involving a set of 60 elements arranged 
so as to de?ne a closed geometric curve or ring 101, 
minutes are portrayed by sequentially actuating succes 
sive light emitting elements clockwise around the ring 
101 within “on” durations of 1 minuteQSimultaneously, 
each of the elements in this ring are lit sequentially in 
a clockwise direction for one second such that at any 
given minute the seconds indications have been 
stepped around the ring until they reach the 12 o’clock 
position. At this time the minute indication is stepped 
ahead so as to indicate the start of a new minute with 
the second indicator corresponding to the ?rst second 
of this new minute. The hours are represented by the 
concentric ring 102 which are actuated sequentially 
having a 1 hour duration. The time indicated by the dis 
play 100 as shown by the darkened light emitting di 
odes 103, 104 and 105 is 1:12 and 39 seconds. 
The driving circuit for display 100 generally consists 

of a frequency standard indicated by oscillator 110 and 
countdown circuit 115, which produces a precise 1 Hz 
signal. This signal is coupled through a level translator 
120 to a second series of countdown circuits involving 
counters 130, 131 and 132 which serve as storage ele 
ments for seconds, minutes and hours information. The 
output of these counters is in binary form such that the 
information contained in each one of these counters is 
sequentially read out or sampled by a multiplexing cir' 
cuit 140. The binary information sampled by the multi 
plexing circuit is coupled to a decoding circuit 150 
which provides a pulse of one of 16 output lines de 
pending on the binary number stored in the particular 
counter read out by the multiplexing circuit 140. This 
pulse activates a driver circuit 160 which in turn drives 
simultaneously all ?ve of the sectors into which the dis 
play 100 has been divided. In addition, a portion of the 
output of the multiplexer circuit drives a sector selector 
170 which selects which of the aforementioned ?ve 
sectors is to be enabled. The enabling of only one of the 
?ve sectors results in the activation of only one diode 
for each sampling pulse to the multiplexer circuit 140. 
The inner ring 102 of 12 diodes representing hours is 
in essence one sector which is activated in the timed se 
quence determined by the multiplexer circuit such that 
when the hour counter is read out by the multiplexer 
circuit, the sector selector is directed to enable the 
hour sector. The minutes-seconds ring 101 is divided 
into four sectors so that both the sector and the particu~ 
lar element in the sector must be driven to light a par 
ticular element. 
Referring to the oscillator 110, it is a crystal oscilla» 

tor with the crystal 111 having a frequency of 65, 636 
Hz. This corresponds to 2“ Hz. The output of the oscil 
lator is coupled to a “divide~by-two” countdown circuit 
shown diagrammatically in the dotted box 115. This is 
composed of a series of ?ip-?ops shown diagrammat 
ically at 116 which basically divide the output of the 
preceding flip-?op by two. Thus, by the use of 16.indi 
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vidual ?ip-?ops, the 2‘6 Hz oscillator output is reduced 
to 1 Hz. There are however intermediate outputs from 
the countdown circuit which are utilized for forming 
the sampling pulses for the multiplexer. These readouts 
are tapped from the outputs of various of the ?ip-flops 
and represent respectively a 256 Hz signal, a 128 Hz 
signal, and a 64 Hz signal. These intermediate signals 
are coupled to the pulse shaper and level translator I20 
and thence to the multiplexer circuit 140 where they 
serve to cycle the multiplexer such that a sampling pe 
riod takes one sixty-fourth of a second with the individ 
ual sampling times occupying in one embodiment only 
12.5 percent of this one sixty-fourth sampling period. 
As mentioned hereinbefore, the high frequency circuits 
are supplied with a lower voltage, thus conserving 
power. The high frequency circuits are the oscillator 
circuit 110 and the countdown circuit 115. In order to 
enable the use of the pulsed signals generated by the 
countdown and oscillator circuits, there is of necessity 
a level translator which makes the signals at the output 
of the countdown circuit compatible with those of the 
multiplexer and the counter circuits 130, 131 and 132. 
The 256 Hz signal has a dual purpose insofar as it is uti 
lized in forming the sampling pulses for the multiplexer 
circuit 140 and as speeds time setting signal. As can be 
seen, the output of the level translator 120, at least in 
one con?guration, is a 1 Hz signal designated Y, and a 
256 Hz signal designated by the letter Z. In ordinary 
operation the switch 136 is in the position shown cou 
pling the counters 130, 131 and 132 to the 1 Hz signal. 
If, however, it is desired to change the time displayed 
by the subject horologic display, switch 136 is coupled 
to a higher frequency signal, in this case the 256 Hz sig 
nal, which peeds up the counting operation until the 
appropriate time is reached at which point switch 136 
is returned to the position shown in FIG. 1. This 1 Hz 
output signal is coupled directly to the seconds counter 
130 which operates in such a manner as to count the 
number of bits of information delivered thereto be 
tween “0” and “59” (i.e., 60 bits). The state of the 
counter is indicated by a binary output of 6 bits as 
shown by the output lines 133. In the con?guration 
shown, the state of the counter is changed on the nega 
tive going edge of an incoming pulse. What this means 
is that the ?ip-?ops used in the counters are set by the 
leading edge of an incoming pulse and are toggled by 
the trailing edge. After 59 bits have been counted; sec 
onds counter 130 resets and also simultaneously deliv 
ers a first pulse to the minutes counter 13]. Minutes 
counter is identical to the seconds counter in that it has 
6 ?ip-?ops. Thus its state is also represented by a bi 
nary number of 6 bits. The output in binary form of the 
minutes counter 131 is shown by the output lines 134. 
Thus, the seconds counter 130 must cycle through all 
of its 60 bits before the minute counter receives its first 
pulse. Likewise, the minute counter must cycle through 
its 60 bits before the hour counter 132 receives its first 
pulse. The hour counter is provided with four ?ip-?ops 
and thus its state is represented by the four output lines 
135. At the end of 12 bits this counter is reset. It will 
be appreciated that counters 130 and 131 have six ?ip 
flops each. It is therefore possible for these counters to 
count up to 63 in binary form. However, these counters 
are reset after they reach a count of 59 by a logic to be 

. described hereinafter. Likewise, counter 132 can count 
up to 15. However, this counter is reset after it reaches 
a count of I], thus representing 12 bits. These count 
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8 
ers, as mentioned hereinbefore, are constructed of tog 
gle-type ?ip-?ops with attendant NAND gate logic cir 
cuitry to make the counters operate in the above fash 
ion. They are toggle-type flip-?ops rather than J K-type 
?ip-?ops because toggle-type ?ip-?ops use less transis 
tors in the form shown than do .IK ?ip-?ops. As has 
been mentioned hereinbefore that the available of 
these devices in MOS form contribute signi?cantly to 
power consumption reduction. It will be appreciated 
that there is an analog in the JK ?ip-?op counter art to 
the toggle ?ip-?op once the NAND gate-inverter logic 
shown in connection with FIGS. 7 and 8 is known. 
Also, any binary encoderswhich count pulses and gen‘ 
erate a binary output can be used with the multiplexer. 

In the configuration shown, the information in binary 
form is available at outputs 133, 134 and 135 which are 
coupled to the multiplexer circuit 140. The multiplexer 
circuit is basically a coincident gate-type circuit such 
that when enablingpulses (#8, Q5“, or (1", appear, either 
the seconds counter or the minutes counter or the 
hours counter is read out to both the decoder unit 150 
and the sector selector 170. (1)8, 100”, and 4),, are gen 
erated from outputs of the countdown circuit 115 by 
the pulse shaping portion of the level translator 120. 
After tbs, d)“ and :11" are generated, they are level trans 
lated by level translator 120 so as to be compatible with 
the multiplexer circuit 140 which generally operates at 
3 volt level as opposed to the 1.5 volts supplied to the 
high frequency circuits mentioned hereinbefore. ¢S¢M 
and d)” are not however coextensive with the outputs 
of the various ?ip-?ops from which they are derived. 
As will be discussed in FIG. 5, the outputs of the three 
selected ?ip-?ops from which (its, 11),, and <15" are de 
rived are coupled to NAND gate circuitry such that a 
series of three sequential pulses are produced spaced 
apart by considerable “dead air time.” (b5, 4),, and (by 
are coupled to the multiplexer 140 to cause the multi 
plexer to sample the outputs of the counters in mutu 
ally exclusive and separated time intervals within the 
sampling cycle. The sampling takes place only over the 
time at which (1)5, 41“ and 4),, appear. This results in the 
seconds counter being read out during the duration of 
the pulses das, the minutes counter being read out dur 
ing the duration of the pulse 4)", and the hour counter 
being read out during the duration of the pulse (1)”. At 
all other times the output of the multiplexing circuit is 
a binary coded set of words which are incapable of ac 
tuating any light emitting diodes in the display. Thus 
when the term “low duty cycle” is used it refers to the 
fact that the light emitting diodes have a low duty cycle. 
In actuality none of the other components in the system 
are inhibited during “dead air time." It is sufficient that 
only the display has the low duty cycle since it draws 
the majority of the power. In one embodiment the sam 
pling time for one ¢ pulse is only 12.5 percent of the 
entire sampling cycle. If three samples (i.e. (1:5, ¢ ,, and 
(1)”) are made during the sampling cycle the sampling 
pulses take up only 37.5 percent of the sampling pe~ 
riod. . 

As mentioned hereinbefore the output of the multi 
plexer in addition to being coupled to the decoder 150 
which decodes either the seconds, minutes or hours 
numbers, is also coupled to the sector selector 170. It 
will be appreciated that the aforementioned ring of 60 
elements is divided into four parts or sectors. These 
parts are, however, not equal for reasons which will be 
described hereinafter. At this point it is only necessary 
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to note that the sector selector is activated by the last 
two bits of information from either the seconds counter 
or the minutes counter. The hours sector is activated 
merely by a pulse appearing on the line 41,, since it is 
completely separate from the other four sectors utilized 
to activate the outer ring of elements. However, the 
outer ring of elements being divided into four parts 
must be actuated in some orderly manner depending on 
the numbers in the seconds and minutes counters. The 
sector which these numbers occupy is conveyed to the 
sector selector as the last two bits of information in 
each one of these counters. These last two bits of infor 
mation in conjunction with ¢s, d)“ and dz” instruct the 
sector selector in which sector the information being 
read out by the multiplexer 140 is to be placed. Thus, 
although there are 60 elements in the outer ring 101, 
the driver need only have 16 outputs as shown in FIG. 
1. These 16 outputs are connected in parallel to corre 
sponding elements in each one of the ?rst three sectors. 
The fourth and hour sectors however have only 12 ele 
ments and therefore only the ?rst 12 of the output lines 
of the driver are connected in parallel to corresponding 
elements both in sectors I-III and the fourth and hour 
sectors. Actually, the fourth sector is designated sector 
No. II in keeping with “quadrant" designation com 
monly used in analytic geometry. 

' Neglecting for the moment the hours activation, the 
minutes and second activation is accomplished by the 
use of only 16 driving lines and four “quadrants” mak 
ing this akin to an XY addressable array. If, for in 

' stance, 10 minutes past the hour is to be represented, 
during the minutes segment of the multiplexing, “quad 
rant” I is enabled by grounding it, while the binary 
number corresponding to 10 is decided by the decoder 
150. The decoding circuit enables a section of the 
driver 160 which then connects to Vac one electrode 
of corresponding elements No. 10 in each of the sec 
tors. Thus Vcc is fed in parallel to the element No. 10 
in “quadrant" I, the element No. 10 in “quadrant” II, 
the element No. 10 in “quadrant” III, and the element 
No. 10 in “quadrant” IV. However, since only “quad 
rant" I is grounded, diode No. 10 in “quadrant” I is the 
only diode which is connected between Vcc and 
ground. 
Outputs zero through 11 of the driver 160 are also 

coupled to the inner ring of elements 102 such that the 
No. l0 element is also connected to VCC via output line 
10. However, since only “quadrant” l is activated, the 
delivery of this pulse to this element has no effect. 
However, if 10 o'clock is to be represented, then the 
hour sector is grounded in conjunction with the con 
nection of VCC to the No. l0 element via output line 10. 
This causes the 10th diode in the inner ring 102 to be 
come lit during that portion of the multiplexer se 
quence which reads out the number l0 contained in bi 
nary form in hour counter I32. Thus, it can be seen 
that the sector selector 170 is only necessary to distin 
guish between seconds readouts and minutes readouts 
with the hours readouts being directly actuated by is” 
shown to pass directly through the sector selector 170. 
As mentioned hereinbefore the minutes and seconds 
readout is a bit more complicated. During the time 
when the seconds are read out, the last two bits in the 
seconds counter instruct the sector selector 170 to ac 
tuate the appropriate “quadrant." When it becomes 
time for the minutes counter to be read out, the multi 
plexer also instructs sector selector 170 which “quad 
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10 
rant” is to be actuated. However, since the hours are 
not segmented in any form there is no necessity to in 
struct a sector selector which “quadrant” to actuate 
because there is only one sector as far as the hour light 
emitting diodes are concerned. It will be appreciated 
that there are five sectors, with the first four sectors 
designated as “quadrants” so as to distinguish outer 
ring actuation from that of the inner ring. 
The matter of actuation of this subject display is de 

scribed in connection with FIG. 2. In this diagram, the 
minute-second portion of the display is divided up into 
four “quadrants” as shown. The first “quadrant” has 
16 light emitting diode elements associated with it. 
These run from positions zero through 15. Going clock~ 
wise the fourth “quadrant” also has 16 elements going 
indicated from positions zero through 15 as does the 
third “quadrant.” The fourth “quadrant” however has 
only I2 elements which run from positions zero 
through 11. This asymmetric division of the of the ele 
ments is indicated by the particular seconds, minutes 
and hours counters employed. It is of course possible 
to use other types of counters such that the “quadrant" 
representation is made symmetrical. However, if sym 
metrical “quadrants” are used more complicated de 
coders and more complicated counters are necessary. 
It will be appreciated that the asymmetrical division of 
“quadrants” described is chosen because it greatly sim 
plifies the logic circuitry required. For example, if four 
equal “quadrants" of 15 elements each are employed 
with a 6 bit 0-59 counter, counter outputs 16, 31 and 
47 would not be decoded although they are states of 
the counter which exist during each cycle. Thus, an 
error of 3 units per cycle would be introduced. To cir 
cumvent this problem four 0-l4 counters could be 
used instead of one 0-59 counter for seconds and min 
utes. This would require 16 ?ip-?ops instead of 6 ?ip 
flops as described herein. The outputs from driver 160 
of FIG. 1 are shown to the bottom left-hand side of dia 
gram shown in FIG. 2.‘It will be appreciated that the 
outputs from the driver 160 are connected in parallel 
not only to those corresponding elements in each one 
of the “quadrants," but also to the corresponding ele 
ment in the hour ring (hour sector). Thus, the zero out 
put line is connected to the “quadrant” I zero, the 
“quadrant” II zero, the “quadrant” III zero, and the 
“quadrant” IV zero as well as to the hour sector zero 
which in this case represents the hour of 12 o’clock. 
Likewise, for instance, the llth output is coupled si~ 
multaneously to the llth element in the first “quad 
rant,” the l lth element in the second “quadrant," the 
l lth element in the third “quadrant,” and the l lth ele 
ment in the fourth “quadrant.” It is also connected to 
the l lth element in the hour ring (hour sector). Output 
lines 12 through 15 are however only connected to 
those corresponding elements in uquadrants" I, III and 
IV. It will be obvious that there is no element for them 
to be connected to in “quadrant" II or in the hour ring 
sector. As mentioned hereinbefore, the hourring is 
represented by a single sector which is driven oractu 
ated during the hour readout portion, dz”, of the multi 
plexing cycle. However, for the seconds and minutes 
readout the “quadrants" I, II, III and IV are read out in 
accordance with the binary number in the seconds or 
minutes counter which is activated or read out by the 
multiplexer 140. Thus, there are only three light emit 
ting diodes read out in a given sampling cycle. In the 
embodiment shown in the Figures, the minute, second 
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and hour are read out once every one sixty-fourth of a 
second or 64 times a second. This provides for a seem 
ingly continuous readout of the light emitting diode dis 
play. It is however not continuous since the sampling 
cycle takes place over one sixty-fourth of a second and 
the actual readout takes place over only 12.5 percent 
of the cycle. Thus the diodes in the display are lit for 
only 12.5 percent of the time. This 12.5 percent ?gure 
in conjunction with the one sixty-fourth of a second 
sampling rate provides the user with what appears to be 
a continuous readout of a time period in excess of one 
year. It will be appreciated that other acceptable duty 
cycles are feasible going as low as 1.56 percent and as 
high as 25 percent. 
The logic involved in the subject system is now de 

scribed in general. As mentioned hereinbefore, each of 
the aforementioned counters 130 through 132 have an 
output in binary form. The output for the seconds 
counter 130 is in the form of 6 bits designated As 
through F8. The binary output of the minutes counter 
131 is designated AM through FM and the output of the 
hours counter is designated A” through D". For refer 
ence the corresponding binary number table of 0 
through 63 is now presented. 

TABLE I 

No. FEDCBA No. FEDCBA 
0 O 0 0 0 0 0 32 l 0 O 0 0 0 
1 0 0 0 0 0 1 33 l 0 0 0 0 1 
2 0 0 O 0 l 0 34 l O 0 0 1 0 
3 0 0 0 0 1 l 35 1 0 0 0 l l 
4 0 0 0 l O O 36 l 0 0 l O 0 
5 0 O 0 l 0 l 37 l 0 0 l O l 
6 0 0 0 1 1 0 38 1 0 0 1 1 0 
7 0 0 0 l l l 39 l 0 0 l 1 1 
8 0 0 1 0 0 0 40 l 0 l 0 0 0 
9 0 0 l 0 0 1 41 l 0 l 0 0 1 
l0 0 0 1 0 l 0 42 l 0 l 0 1 0 
11 O 0 1 0 l l 43 1 O l 0 l 1 
12 0 0 l l 0 0 44 l 0 1 l 0 0 
l3 0 0 1 1 0 1 45 l 0 l l O l 
14 0 0 1 l l 0 46 1 0 l 1 1 0 
l5 0 0 1 l 1 l 47 l 0 l l 1 1 
l6 0 1 0 0 0 O 48 l l 0 O 0 0 
l7 0 l 0 0 0 l 49 1 l l 0 0 1 
l8 0 l 0 0 l 0 50 1 l O 0 1 0 
l9 0 l 0 0 l 1 51 l l 0 0 l l 
20 0 l 0 l 0 0 52 l l 0 1 0 0 
2| 0 l 0 1 0 l 53 1 l 0 1 0 l 
22 0 l 0 l l 0 54 1 l 0 l l 0 
23 0 l 0 l l l 55 1 l 0 l l l 
24 0 l l 0 0 0 56 l l l 0 0 0 
25 0 1 l 0 O l 57 1 l l 0 O l 
26 O l l 0 l 0 58 l l 1 0 l 0 
27 O l l 0 l l 59 1 l l 0 l l 
28 0 l l l 0 0 6O 1 l 1 l 0 0 
29 0 l l l 0 l 61 l 1 l l 0 1 Not 
30 0 l l l l 0 62 l l l l l 0 Used 
3| 0 l l 1 1 l 63 l l 1 l l 1 
As shown at the bottom on FIG. 3, the outputs of 

counters 130 and 131 and 132 are coupled to the multi 
plexer circuit 140. In general, each of the correspond 
ing outputs of each of the counters is connected as 
shown in the multiplexer circuit to three corresponding 
NAND gates 141, 142 and 143. The outputs of these 
NAND gates form the inputs for a further NAND gate 
144. “Positive true" logic is used in this system (i.e., a 
logic “1" is represented by a positive voltage potential 
approximately equal to the supply voltage whereas a 
logic “0" is represented by an approximately zero volt 
age potential). The NAND gate produces a logic high 
or “1" output if one or more of its inputs are low. A 
logic low is generated if, and only if, all of the inputs are 
high. Taking, for instance, the A output from each of 
the counters (As, A“, A”), each of these form one of 
the inputs for the aforementioned NAND gates 14] 
through 143. The other input for each of the NAND 
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gates 141 through 143 is the sampling signal which per 
mits readout of the particular counter. For instance, if 
it is desired that the seconds be read out a logic “1 " 
signal 4),,- is applied simlutaneously with the A, signal to 
NAND gate 141. If As is a logic “1 ” signal, the coinci 
dence of the 42s and the As signal results in a logic “0” 
signal As¢s. This signal is coupled to NAND gate 144 
such that a logic “1” output of gate 144 indicates the 
simultaneous presence of an As logic “1” signal and the 
tbs signal. NAND gate 144 produces this logic “1 " 
signal because the other signals to this NAND gate will 
be logic “1" during the presence of a sampling pulse. 
Thus during sampling only one signal from gates 
141-143 will be low. This is the condition ofa logic “ l ” 
output from NAND gate 144. The same is true for the 
minutes sampling signal 1b,, and the hours sampling sig 
nal (by. It can be seen therefore that the multiplexer uti 
lizes coincident-gate sampling. The multiplexer section 
shown in FIG. 3 is but one of many such sections corre 
sponding to the six outputs from the seconds and min 
utes counters and the four outputs of the hours 
counter. The output of gate 144 is a logic level signal 
which indicates the simultaneous presence of either A S 
and (1,5 or AM and rim, or A” and (by signals. There is 
also provided in the multiplexer an inverter circuit 145 
which produces the complement of that which is pro 
duced at the output gate 144. The analysis of the multi 
plexer circuit is a direct consequence of demorgan’s 
laws. 
The output of the multiplexer circuit is coupled to 

the decoding circuit 150 which in general is a simple 
circuit involving 16 NAND gates. One of these gates is 
represented by the reference character 151 to be that 
corresponding to the A’, B’, C', D,’ outputs of the mul-‘ 
tiplexer corresponding to the A, B, C and D outputs 
from a counter. The prime after these letters indicates 
that these are in fact sampled. In other words, there is 
either a 45s, a 4)“ or 4a,, which enables the information 
A, B, C, and D to be read out. Referring to Table l, the 
presence of logic “1’s" in A, B, C, and D represent the 
number 15, the number 31, and the number 47. the se 
lection of which of these numbers is represented by the 
display is accomplished by the sector selector 170. lg 
noring for the moment the hours indications since this 
number does not exist on the hours ring, the input to 
the sector selector is two fold. The ?rst inputs are the 
enable inputs, ¢s and 4)“. These are coupled to invert 
ers 171 and 172 such that the output thereof is HTS and 
‘a; (i.e., logic “0’s”). Utilizing a further NAND gate 
173 its output is a logic “1 " when 418 or 4a,, are present 
at inverters 171 and 172. Thus whenever ¢s or 4;“ is 
present the "quadrant" portion of the sector selector 
170 is enabled. This means that there is a logic “1” 
signal at one of the inputs to NAND gate 174. The out 
put of gate 173 is thus an input to gate 174 which is also 
a NAND gate. The other two inputs to this gate are the 
E’ and F outputs from the multiplexer circuit and thus 
correspond to the sampled E or F outputs from the 
minutes and seconds counter. In this case the F output 
of the counter is a logic “0.” This is recognized by the 
multiplexer which generates a logic “1" signal on its 17 
output line. The multiplexer generates logic “1 " signals 
indicating a logic “0” signal from a counter. Thus all 
“Y” signals referred to herein are available as logic “1” 
signals from the multiplexer. E’ and F’ indicate that a 
logic “1” exists a_t_ NAND gate 174. With three logic 
"1” signals (E', F’, (b) the output of gate 174 is low. 
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This is converted to a high signal by inverter 175. This 
logic high signal then renders NPN tran_sistor 161 con 
ductive. From Table I the presence EF indicates that 
the number 31 is to be selected over the number 15 and 
the number 47. To reiterate, the output of the NAND 
gate 174 in combination with the inverter circuit 175 
indicates that there is a sampling of either the seconds 
or the minutes counter, and that the “quadrant” indié 
eating the number 31 should be activated. This “quad 
rant," referring to FIG. 2, is “quadrant’TlV. A logic 
“1” signal therefore from the output of inverter 175 is 
delivered to the base of the NPN transistor 161 in the 
driver circuit 160. This particular NPN transistor is 
coupled between one electrode of each of the light 
emitting diode devices 162 of “quadrant" IV and 
ground. The other electrode of these light emitting di 
odes is connected to the collectors of PNP transistors 
163 whose emitters are connected to Vcc = 3 volts. The 
output of the decoder gate 151 is coupled simulta~ 
neously to the base of those transistors coupled to cor 
responding light emitting diodes in each “quadrant.” 
Thus a logic “0” generated by the presense of A", B’, 
C’, D’ at NAND gate 151 is coupled to the base of tran 
sistor 163' at the same moment that a logic “ l ” is deliv 
ered to the base of transistor 161. Thus the LED 162' 
is connected to both Vcc and ground. 
For any given state of the decoder 150 and the sector 

selector 170, only one diode is actuated or lit. The re 
sults in the aforementioned low peak current drain and 
the feasibility of using low cost high impedance batter 
|es. 

Referring now to the hours actuation, the presence of 
4),, at the base of transistor 165 enables all of the light 
emitting diodes 166 in the hour ring. If, for instance, 
the decoder gate corresponding to F, 1?, GT and I? 
were actuated, corresponding to a count in the hours 
counter of 0000, then at sampling time ¢,,, the diode 
representing 12 o’clock would be lit. This is because 
the particular decoder gate produces a logic “0” signal 
when logic “I” signals A, E (-3 and 5 occur at the 
NAND gate in the decoder. All of the other gates have 
logic “1 ” outputs. The gating in the driver circuit sim 
ply renders conducting the transistors on either side of 
the light emitting diode which is to be actuated. The 
diode is therefore connected between a 3 volt power 
supply and ground through the NPN and PNP transis 
tor across which it is connected in series. Various bias 
ing resistors 167 are provided to complete the partial 
schematic diagram of the driver circuit 160 shown in 
FIG. 3. . 

Referring now to FIG. 4, it will be apparent that the 
entire multiplexer circuit operates on the principle of 
coincident gating. However, the sampling period is die 
tated by the length of the sampling pulses, tbs, tit”, and 
d)". The length of the sampling pulses is considerably 
reduced by narrowing these pulses. Since the output of 
the multiplexer circuit 140 actuates the display, only 
during the presence of a sampling pulse, by narrowing 
the sampling pulses the output of the multiplexer can 
be maintained at a zero level for a considerable portion 
of time. As shown in FIG. 4, in one embodiment the 
samepling cycle is one sixty-fourth of a second as 
shown by the distance between the leading edges of 
consecutive pulses 180 and 181 of the ¢s sampling 
pulse train. However, the combined? widths of pulses 
180, 182 and 183 only occupy about 12.5 percent of 
the one sixty-fourth second time period. The duty cycle 
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for this logic and driving system is therefore de?ned to 
be the combined pulse widths of the seconds, minutes 
and hours sampling signals as compared with the length 
of time between the leading edges of two consecutive 
tp’s sampling pulses. Since the ouput of the multiplexer 
does not actuate the display for approximately 87.5 
percent of the time, the decoder circuit, sector selector 
circuit and the driver circuit are actuated for only 12.5 
percent of the time that the display is running. Thus, 
the light emitting diodes are actuated for only 12.5 per 
cent of the time that the display is running. Since 
NAND gate circuitry is utilized, andv since complemen 
tary metal oxide semiconductor devices are utilized, 
the power saving with the circuit thus described in gen 
eral, is considerable. 
A more detailed description of the operation of the 

preferred embodiment of this invention is now de 
scribed in detail in connection with FIGS. 5 through 13. 
Referring now to FIG. 5, an expanded diagram is 

shown in which the signals 42S, 41“, 4)", Y and Z are de 
rived. Included in dotted box 115 are the last nine of 
the ?ip-?ops in the countdown circuit 115. As can be 
seen, these are labeled F/Fl through FIFQ. Each flip 
flop has two outputs. The first being a 6 output, and 
the second being the Q output. As mentioned hereinbe 
fore, the output of F/F, is a 1 Hz signal. Since the 
countdown circuit 115 is supplied with a 1.5 volt poten 
tial, the output Q, must be converted to be compatible 
with the 3 volt follow-on systems. In order to accom 
plish this, the 0, output is coupled to the base of an 
NPN transistor 121 in the pulse shaping and level trans 
lating circuit 120. When transistor 121 is “o?‘,” the 
voltage at point 122 is high since no current is being 
pulled through this transistor. This voltage then corre 
sponds to the 3 volt potential at point 123. When, how 
ever, Q, is applied to the base of transistor 121 as a 
logic high, transistor 121 goes into conduction pulling 
the point 122 low by the IR drop across the resistor 
124. Thus the output Y is an inverse replica of the out 
put 0,. This same procedure is used for the time set 
output Z enclosed in dotted box 125. Here the transis 
tor 121' is coupled to the Q9 output of F/F9. When the 
Q9 output of FIFQ is high, 122' is low because of the 
voltage drop across the resistive element 124'. The 
time set signal is equal to 256 Hz which in the worse 
case can reset the clock in about 6 minutes. It will how 
ever be appreciated that the tap for the base of transis 
tor 121' can be taken off a higher numbered ?ip-?op 
such that the frequency of the signal at Z is increased 
proportionately thereto. The signals tbs, d)“, and d)” are 
derived from the Q9, Q8, (-28, Q1 and (-11 outputs of flip 
?ops 116 as follows. As shown, the Q, output of HE, 
is coupled to one of the inputs of? each of NAND gates 
126, 127 and 128. The 6,, output‘of F/Fa is coupled to 
another of the inputs to NAND‘ gate 127. The 0,, 
output of F/Fn is coupled to another of the inputs of 
NAND gates 126 and 128. The 6, output of F/F, is 
coupled to the last of the inputs to NAND gate 128 
while the Q, output of F/F7 is coupled to the last of the 
inputs to NAND gates I26 and 1527. The outputs of 
these NAND gates drive the bases‘of transistors 121", 
121"’, and 121"" respectively. The boolean algebraic 
expressions for the outputs of‘ NAND gates 126 
through 128 are as shown. By going through demor 
gan’s theorem recognizing the properties of the level 
shifting transistors 121, das, dz" and'q‘m are generated as 
shown in FIG. 6 having been derived’ from the outputs 
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of FlFg, F/Fa and F/F,. The remaining resistors 119 are 
for biasing purposes. It will be appreciated that the 
pulse widths of tbs, 4)“ and d)” are equal to that of Q9, 
but the repetition rate is equal to that of 0,. Thus the 
combined pulse widths of tbs, d)” and d)" are only 37.5 
percent of the period of 0,. 
Referring now to FIG. 7, the seconds/minutes 

counter is shown in dotted outline. The toggle ?ip-?ops 
described herein require two “trigger” (or clock) 
pulses which are out of phase T andT The ?ip-?ops 
trigger (i.e., change state) upon the transistion of the 
T input pulse from a high to a low state. The toggle ?ip 
flops employed require only 17 MOS transistors per 
?ip-?op which is about one-half the transistors re 
quired for a JK ?ip-?op. Thus, while more NAND gates 
and inverters are necessary to make a counter (0-59) 
or (0-l) with toggle ?ip-?ops than JK ?ip-?ops, the 
total numbers of transistors required for a counter may 
be less with toggle ?ip-?ops. It should be noted 
through-out the following discussion of the operation 
of the counters that the ?rst pulse is the “0th” pulse 
and the 59th pulse therefore represents a count of 60. 
Likewise, in the hours counter the llth pulse repre 
sents a count of 12. This agrees with the boolean Table 
I. Taking, for instance, this counter as the seconds 
counter 130, it is composed of six toggle ?ip-?ops 138 
labeled A, B, C, D, E, and F respectively. It is the pur 
pose of this counter to store the number of pulses re 
ceived of from zero through 59. If it were the purpose 
of this counter to recognize zero through 63 incoming 
pulses, the toggle ?ip-?ops would be cascaded in the 
normal manner, and no additional logic elements 
(NAND gates and inverters) would be required. How— 
ever, in order to stop the toggle ?ip-?op count at a 
point corresponding to the 59th incoming pulse and to 
reset it after this 59th incoming pulse requires the use 
of NAND gate logic coupled with the inverters as 
shown. This NAND gate logic assures that the outputs 
of the six ?ip-?ops are all reset to zero on the trailing 
edge of the 59th pulse. The system for limiting the 
count of‘ this counter centers around the use of four 
NAND gates and four inverter circuits. The input to the 
counter is the 1 Hz Y signal across the switch 136 
which goes directly to the T input of ?ip-?op 138A. 
The Y signal is inverted by the inverter 137 and is then 
coupled to the T input of this ?rst toggle ?ip-?op. The 
outputs of the ?rst toggle ?ip-?op (138A) are coupled 
directly to the inputs of the 13813 toggle flip-?op. 
Thereafter the switching theory becomes indeed com 
plicated. Referring to Table l, and remembering that 
the ?ip-?ops toggle on the negative going edge of a 
pulse it will be appreciated that in the seconds/minutes 
counter, if the counter is allowed to run up past 59 
counts, nothing needs to be done about inhibiting the 
input to ?ip-?ops 138A and 1388 because the change 
from 59 to 60 is the same as a change from 59 to zero 
(i.e., the outputs of ?ip-?ops 138A and 1388 will be 
the required “zero" after the 59th pulse has passed). 
The 138C counter after the 59th pulse would ordinarily 
go to a logic “l." Some type of circuitry is therefore 
needed to maintain the output of ?ip-?op 138C at its 
zero level (no toggle). The inputs to ?ip-?op 138C are 
therefore inhibited during the passage of the 59th pulse 
so that the trailing edge of the 59th pulse does not tog 
gle ?ip-?op 138C. The passage of the 59th pulse is indi 
cated when D, E and F are all logic “l‘s" and B goes 
from a high to a low. D, E, and F are thence the inputs 
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to a NAND gate as shown by 139’. An output low from 
gate 139' indicates the presence of D, E and F at its in 
puts as logic “l’s”. This output low (i.e., logic “0” is 
coupled to one of the inputs of a NAND gate 139". 
The input to ?ip-flop 138C is ordinarily the B output 
of ?ip-flop 1388. What is done in effect is to inhibit this 
B output of flip~?op 1388 from reaching the input to 
?ip-?op 138C when D, E, and F are present at the out 
put of their respective ?ip-?ops and when B goes from 
a logic “1” to a logic “0." From the ?rst table, D, E, 
and F are logic “l’s” from 56 through 59. However, 
during this interval B only goes from a high to a low 
after the 59th pulse. The fact that B goes from a low to 
a high does not trigger the 138C ?ipe?op. The toggle 
flip-?op only changes state when its input goes from a 
logic high to a logic low (the negative going edge of a 
pulse). Therefore, the only time at which the input to 
138C is inhibited is after the 59th pulse input. The T 
input to ?ip-?op 138C is therefore the output of in 
verter 146' (i.e., B DEF). The output of gate 139' 
(BDEF) is thence coupled to the T input of ?ip~flop 
138C to complete the toggling. 
At the passage of the 59th pulse ?ip-?ops D, E, and 

F would not normally change state and would be logic 
“1.” it is therefore necessary in order to return the 
counter to the 000000 ?rst state to cause ?ip-flops D, 
E, and F to toggle. Since these ?ip-?ops are cascaded, 
it is only necessary to toggle the D ?ip-flop in order to 
toggle E and F ?ip-flops back to the original D=0, E=0, 
and F=0 state. This is accomplished as follows: Nor 
mally ?ip-?op 138D toggles in response to the output 
of ?ip-?op 138C changing from a logic “1" to a logic 
“0". This is because the output of 139"" goes low on 
the appearance of a logic “ l ” pulse at the 6 output of 
the 138 ?ip-?op. However, ?ip-?op 138D is made to 
toggle either on the E input to gate 139"" or on an 
ABDEF condition since the ABDEF condition occurs 
only on the 59th pulse on the 60th pulse. A and B 
change to a zero which causes the output of 139"’to go 
high. This causes the output of 139"" to go low, thus 
toggling the ?ip-?op 138D. Therefore, flip-?op 138D 
while not ordinarily being toggled after the 59th pulse 
is in fact toggled so as to return the counters 138D, 
138E, and 138F to a zero state. The ABDEF signal is 
derived as follows: The output of NAND gate 139' is 
is? This is inverted to DEF by inverter 146". The 
output of the inverter 146" is an input to NAND gate 
139"’. A and B signals from ?ip-?ops 138A and 1388 
form the other two inputs to NAND gate 139"’. The 
output of NAND gate 139"’ is low when ABDEF sig 
nals are present at their respective ?ip-?ops. The out 
put of NAND gate 139"’ is thus m. This is cou 
pled as one of the inputs to NAND gate 139"" along 
with a '6 input. The 6 input normally toggles flip-flop 
138D. The presence of the ABDEF condition indicates 
the passage of the 59th pulse. Since the 59th pulse is 
indicated by ABDEF, going from ABDEF to ABDEF 
indicates passage of the 59th pulsev The occurrence of 
ABDEF is sensed by an output from gate 139"’ which 
toggles ?ip-?op 138D. The output of gate 139"” is in 
verted by inverter 146' " to form the T input to flip 
?op 138D, and is inverted again by inverter 146"" to 
form the T input for this flip-flop. 
The output of the seconds counter (output F from 

?ip-?op 138F) is connected to the input of the minutes 
counter. The minutes counter operates in precisely the 
same way as the seconds counter in that both counters 










