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57 ABSTRACT 
An apparatus is disclosed comprising an electronic 
wristwatch and a multifunction electronic calculator in 
a single wrist mountable case having a common display 
and keyboard. The watch portion of the watch/calcula 
tor includes time of day, calendar, stopwatch and alarm 
functions. Each of these functions can be controlled 
from the keyboard on the watch/calculator. The elec 
tronic calculator portion of the watch/calculator per 
forms the four standard arithmetic functions: add, sub 
tract, multiply and divide; and has an extra storage 
register. The calculator portion can perform calcula 
tions with scalar quantities entered via the keyboard or 
stored in the calculator as well as calculations with time 
interval and real time data from the watch portion. 
During the time that calculations are not being per 
formed the calculator goes into a sleep or inactive mode 
in order to minimize the amount of battery power used 
by the watch/calculator. 
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INTERACTIVE WRISTWATCH CALCULATOR 
BACKGROUND OF THE INVENTION 

Numerous electronic watches are available which use 5 
high stability oscillators as time standards and display 
time information in a digital fashion. One of the difficul 
ties encountered with many currently available digital 
watches is the complex routine that must be followed in 
order to set or change the time indicated on the watch. 10 
In some watches, a button for actuating up counters 
must be used in a particular sequence to cause each of 
the time registers to be set to the desired value. Other 
watches use a plurality of buttons, magnetic wands, and 
other accessory devices to achieve similar results. 15 
These various complex measures necessary for the set 
ting of time make it difficult to easily change the time in 
the watch when crossing time zones or for setting an 
alarm. 

Electronic calculators of various sorts have been 20 
available for some time, however, present electronic 
calculators perform computations only with scalar 
quantities, that is, values that are not changing with 
time. While a number of calculators have been provided 
with displays which are extinguished after a certain 25 
period of time in order to conserve power, the calcula 
tor circuitry itself usually remains in an operational state 
thus continuing to consume power at a relatively high 
level even though no information is being displayed and 
no calculations are being made. 30 
At least one previous patent, U.S. Pat. No. 3,803,834, 

has disclosed the combination of an electronic watch 
and a calculator in a single case. This combination, 
however, makes no provision for computations using 
time varying quantities in combination with scalar 35 
quantities, nor does it provide for control of the clock 
portion via the calculator. The calculator and the watch 
in the aforementioned reference operate entirely sepa 
rately and only share a common display and keyboard. 

SUMMARY OF THE INVENTION 
The preferred embodiment of the present invention 

comprises an electronic wristwatch with an integral 
electronic calculator. Both portions of the watch/cal 
culator share a common display and a common key- 45 
board. The watch is set by entering a time via the key 
board using digit keys and a colonkey, to indicate that 
the numbers represent a time; and then by commanding 
the watch to be set to a new time via a time-set com 
mand key. The watch portion also includes an alarm 50 
register which can be set via the keyboard and which 
can be armed or disarmed via the keyboard. In the 
watch portion a single register keeps track of both time 
of day and date information, although the date informa 
tion can be displayed and set separately from the time of 55 
day information. Dates may be set from the watch/cal 
culator keyboard using the digit keys and a slash key to 
indicate separation between day, month and year digits. 
Finally, there is also a stopwatch in the watch/calcula 
tor which may be set to count upward from a given 60 
starting point by pressing a start button or may be set to 
count down from a time entered from the keyboard and 
produce an alarm when the time period set is up. In 
addition, a split may be stored from the stopwatch while 
it is running. 65 
The calculator portion of the watch/calculator in 

cludes circuitry for performing the four basic arithmetic 
functions: add, subtract, multiply and divide, and, in 

2 
addition, includes an auxiliary storage register. The 
calculator can perform these arithmetic functions with 
scalar quantities in the form of decimal numbers as well 
as with combinations of scalar quantities and time quan 
tities, that is, numbers whose values are changing with 
time. For example, in order to change the time indicated 
by the wristwatch when the wearer crosses a time zone 
boundary he may simply add or subtract an hour from 
the clock register in the watch without disturbing the 
absolute setting or time calibration of the clock register 
by using the calculator portion to add or subtract the 
hour to the contents of the clock register. Furthermore, 
real time can be multiplied or divided by scalar quanti 
ties to provide an indication of a time variable quantity 
such as distance traveled or speed. 
Time quantities can be entered either in decimal nota 

tion as a number of hours, minutes or seconds and frac 
tions thereof or in terms of hours, minutes and seconds 
separated by colons or in terms of day, month and year 
separated by slashes. The watch/calculator can convert 
between formats to enable manipulation of the data, no 
matter what formit is entered in. Since time information 
must be obtained from the clock register when calcula 
tions are performed on real time data, a circuit is pro 
vided to catch any update pulses from the watch time 
standard during the time a calculation is being per 
formed and to thereafter update the information in the 
clock register to maintain time calibration. 

In order to conserve power, the calculator is pro 
vided with an inactive or sleep mode in which power is 
removed from most of the calculator circuitry except 
when calculations are actually being made. The key 
board is activated during the sleep period and is dis 
abled while the calculator portion is active or awake. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a pictorial representation of a watch/cal 

culator. 
FIGS. 2A through 2H illustrate the display of the 

watch/calculator of FIG. 1 in various modes of opera 
tion. 
FIG. 3 is a block diagram of the preferred embodi 

ment of the present invention. 
FIGS. 4A and 4B show a block diagram of a control 

and timing circuit. 
FIGS. 5A through 5R show a detailed schematic 

diagram of the circuit of FIGS. 4A and 4.B. 
FIG. 5S is a figure map showing how the detailed 

schematic diagrams of FIGS. 5A through 5R fit to 
gether. 
FIGS. 5T through 5V show details of components in 

the detailed schematic diagram of FIGS. 5A through 
SR. 
FIG. 6 is a block diagram of a Read Only Memory. 
FIGS. 7A through 7E show a detailed schematic 

diagram of the circuit of FIG. 6. 
FIG. 7F is a figure map showing how the detailed 

schematic diagrams of FIGS. 7A through 7E fit to 
gether. 
FIGS. 8A and 8B show detailed schematics of por 

tions of the circuit of FIGS. 7A through 7E. 
FIGS. 9A and 9B show a block diagram of an arith 

metic and register circuit. 
FIGS. 10A through 10M show a detailed schematic 

diagram of the circuit of FIGS. 9A and 9B. 
FIG. 10N is a figure map showing how the detailed 

schematic diagrams of FIGS. 10A through 10M fit 
together. 
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FIGS. 10A through 10L' show details of compo 
nents in the detailed schematic diagram of FIGS. 10A 
through 10M. 

FIGS. 11A and 11B show a block diagram of a clock 
and display circuit. 
FIGS. 12A through 12G show a detailed schematic 

diagram of a portion of the circuit of FIGS. 11A and 
11B, 
FIG. 12H is a figure map showing how the detailed 

schematic diagrams of FIGS. 12A through 12G fit to 
gether. 
FIGS. 12A through 12U' show a detailed schematic 

diagram of the remainder of the circuit of FIGS. 11A 
and 11B, 
FIG. 12V is a figure map showing how the detailed 

schematic diagrams of FIGS. 12A through 12U' fit 
together. 
FIGS. 13A and 13B show a combined block and 

schematic diagram of a display buffer circuit. 
FIG. 14 is a data flow diagram. 
FIG. 15 shows the digit assignments in a data word. 
FIG. 16 is a graph of the system timing for the pre 

ferred embodiment. 
FIG. 17 is an overall flow diagram of the operation of 

the calculator portion of the preferred embodiment. 
FIG. 18 is a flow diagram of arithmetic operations. 
FIG. 19 is a flow diagram of dynamic stopwatch 

operations. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENT 

FIG. 1 shows a pictorial view of a watch/calculator 
10 having a case 12 with a display 14 and a keyboard 16. 
Attached to case 12 is a wristband 18 for holding the 
watch/calculator on a user's wrist. As will be explained 
in greater detail below, the keyboard allows the user to 
activate display 14 to show time and date information, 
to change the time or date, and to make calculations 
with time and scaler quantities. 

FUNCTIONAL DESCRIPTION 

The preferred embodiment of the watch/calculator 
will first be described from a functional point of view to 
illustrate how the user may operate the watch/calcula 
tor along with how it will respond. 

Calculator Portion 

The calculator portion of the watch/calculator uses 
so-called algebraic logic so that key sequences for solv 
ing a problem proceed much as one writes the problem 
on paper. The first operand is entered and this entry is 
terminated by pressing one of the four operator keys 
(+,-,x,-,-). The second operand is then entered and 
the calculation is performed and displayed by pressing 
the equals key. 

This operation uses three logical elements: 1 a first 
operand register to hold the first entry (Xregister); 2 an 
operator memory, since the function is not performed 
immediately but must be stored and then recalled and 
performed when the equals key is pressed (Fregister); 
and 3 a second operand register for the second entry (Y 
register). It should be understood that the labels "X", 
“Y' and 'F' are used here for convenience, and that 
one or more hardware registers in the subsequent de 
scription may perform the described function. 

Initially when the calculator portion is cleared, a Zero 
from the X register is displayed. The first entry, 
whether it be a keyed-in number or the recall of one of 
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4. 
the other registers in either the watch or calculator 
portion, labeled T, D, A, S, or M, goes into the X regis 
ter. If the entry is a register recall, it is automatically 
terminated and may be overwritten by another register 
recall or a keyed-in entry; that is, it is not necessary to 
press the clear key to change an entry if it is terminated. 
Register recalls, results of previous operations, and 
error conditions are all terminated entries. Likewise, a 
keyed-in entry which has not been terminated can be 
overwritten by a register recall, but not by another 
keyed-in entry without first being terminated or first 
pressing the clear key. The foregoing discussion of 
termination and overwriting of entries applies to both 
the X and Y registers. 
When one of the four arithmetic operator keys is 

pressed, the entry is first terminated (if it was not al 
ready), the operator (-, -,x,-,-) is stored in the F 
register, and the X register contents are copied into the 
Y register. At this point, pressing the clear key will 
return the calculator to its initial state, clearing both the 
X register and the F register. If another operator is 
pressed immediately after the first operator, the second 
overwrites the first. Thus, in a sequence of operator key 
depressions with no other intervening key strokes, only 
the last operator is remembered. Thus, if the wrong 
operator key is pressed, it is not necessary to use the 
clear key which would also destroy the X register en 
try. All that is necessary is to press the correct operator 
key. 
Now the second operand is entered, and since one of 

the operator keys was just pressed, the calculator cir 
cuitry knows that the entry must go into the Y register. 
This entry will overwrite the copy of the X register 
data which was placed in the Y register when the opera 
tor key was pressed. After this second entry is com 
menced, a single depression of the clear key will act as 
a clear entry, clearing only the Y register, leaving the X 
and F registers intact. This puts the calculator circuitry 
in the same state as it was immediately after the opera 
tor key was pressed. At this point, a new operator key 
may be pressed, overwriting the old one or a new sec 
ond operand may be entered if the original second oper 
and entry was in error. 

After the second operand is entered, the equals key is 
pressed. This causes the result X(F)Y to be computed 
and stored in the X register. The contents of the F and 
Y registers are preserved. After an equals operation, a 
new entry will be placed in the X register, so a new 
calculation can be commenced without using the clear 
key. 
The operation of the clear key may be summarized as 

follows: if any entry has been made, the clear entry only 
function is performed when the clear key is depressed. 
If no entry has been made (i.e. immediately after 
+,-,X, --, or =), the clear all function is performed 
when the clear key is depressed, clearing both operand 
registers and the operator register. 
The sequence of events described above permits sev 

eral special features in the operation of the calculator 
portion. As was previously mentioned, when an opera 
tor key is pressed, the data in the X register is copied 
into the Y register. This permits automatic squaring and 
doubling since the second operand is identical to the 
first operand and does not need to be explicitly entered. 
For example, the key sequence 6 X = will result in 36, 
the square of 6. The sequence 24 + = will give 48. 
The fact that the result of each calculation is placed in 

the X register permits the use of this result as the first 
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operand in the next operation without re-entering it. 
Furthermore, if another operator key is pressed after 
entry of the second operand, in place of the equals key, 
an automatic equals operation will be performed prior 
to entry of this operator key. For example, one could 
evaluate the expression (6-2)X3--5 with the key se 
quence 6-2=X3= --5=. Since an operator after 
entry of the second operand performs an automatic 
equals, however, the intermediate equals operations are 
unnecessary. The shorter sequence 6-2X3--5= will 
work equally well. Thus, efficient chain operations can 
be performed. 

Recall that after an equals operation, the operator and 
second operand of the calculation are preserved. This 
permits two useful features, the first of which is repeat 
operations upon an accumulating result. For example, 
one could compute the fourth power of three with the 
sequence 3 X = = =. The calculator portion can be 
used as a totalizer by hitting 0-1 and then striking the 
equals key each time a count is to be registered. The 
second feature provided by the equals operation may be 
called an automatic constant, and is similar to the repeat 
operations feature except that the first operand is 
changed for each operation rather than being left to 

10 

15 

20 

accumulate. If one wished to compute the amount of 25 
6% salts tax on each of three items priced $1.69, $2.45, 
and $7.24, the following sequence would be used: 
1.69x0.06=(first answer), 2.45= (second answer), 
7.24= (third answer). 
The following is a summary of what happens when 

an operator key is pressed: 
1. If the previous entry is a keyed-in number, it is termi 

nated. 
2. If the previous entry was the second operand, it is 

stored in the Y register and an automatic equals oper 
ation is performed (see below). 

3. If the previous entry was the first operand, it is stored 
in the X register. 

4. The operator (-,-,-,-,x,-,-) is stored in the F register. 
5. The data in the X register is copied into the Y regis 

ter. 

6. The following entry (if there is one) will be the sec 
ond operand and will go into the Y register. 
When the equals key is pressed: 

1. The arithmetic operation X(F)Y is performed and the 
result placed in the X register. 

2. The operator (Fregister) and the second operand (Y 
register) are left undisturbed. 

3. The following entry (if there is one) will be the first 
operand and will go into the X register. 

Data Entry and Display 
The calculator portion of the preferred embodiment 

of the present invention permits keyboard entry of three 
intrinisically different kinds of data: decimal, time, and 
date. This is accomplished through the use of three 
keys: the decimal point (), the colon (), and the slash 
(/). 

Decimal numbers are entered in the same way as on 
most present calculators. Up to seven digits plus deci 
mal point and sign may be entered, as illustrated in FIG. 
2A. The calculator assumes a number is decimal even 
though the decimal point has not been explicitly en 
tered, unless and until a colon or slash is entered via the 
keyboard. The range for which decimal numbers can be 
entered from the keyboard is .0000001 to 9999999. Dis 
play of results, however, covers a greater range as will 
be described shortly. Entry of leading zeroes or multi 
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6 
ple decimal points will be ignored, and when the display 
is full, further entries ae also ignored. 
The colon is used to enter time interval data as illus 

trated in FIGS. 2B and 2C. The range of time entry is 
0.01 seconds (00:00.01) to 99999 hours, 59 minutes 
(99999:59). Because of the length of the display, this is 
split into three ranges. If more than five digits are en 
tered first, the number is clearly out of range for time 
entry, and therefore is assumed to be decimal; any de 
pression of the colon key will be ignored. If from three 
to five digits are entered and the colon key is pressed, 
the display format will be HHHHH:MM where H 
stands for hours digits and M stands for minutes digits. 
Leading zeroes will be blanked. The minutes are then 
entered after the colon. If the colon key is the first key 
pressed, or if one or two digits are entered prior to 
pressing the colon key, the display may be either 
HH:MM:SS (Where S stands for seconds digits) or 
MM:SS.CC (where C stands for hundredths of seconds 
digits). In these two ranges all leading zeroes will be 
displayed. After the colon, the next field of information 
is entered and then either the colon or the decimal point 
is pressed. If the colon is pressed, the first two fields are 
assumed to be HH:MM; if the decimal point is pressed, 
they are taken to be MM:SS. If the entry is terminated 
prior to pressing the second colon or decimal point, the 
HH:MM:SS format is assumed. 

Digit entry in fields after a colon is slightly different 
from the normal sequential entry of decimal numbers. 
Digits (including the first digit) are entered in the right 
side of the two digit field. As other digits take their 
place, they shift to the left digit and then disappear if 
there is a further digit entry. In this way, only the last 
two digits pressed after a colon are significant and re 
tained in the display: for example, the same results will 
be obtained with the key sequence: 52 63942 as with 
the sequence: 42. This permits easy error correction 
without clearing and re-entering the whole number. 
After pressing the decimal point in the MM:SS.CC 
mode, normal sequential entry resumes In this mode, 
when the display is full, further entries are ignored; in 
the other two modes, even though the display is full, 
entry can continue in the last field as described above. 
After the entry is terminated, the minutes and seconds 
digits must be less than 60, otherwise the display flashes, 
indicating an error. Fields in which no entry is made are 
assumed to be zero. 
The following examples illustrate time interval entry: 

TERMI 
TIME TO BE ENTERED KEY NATED 

HOURS MINUTES SECONDS SEQUENCE DISPLAY 
12345 12 - 12345:12 12345:12 
100 - - 100: 00:00 

2 - - 12: 12:00:00 

12 34 55 12:34:55 12:34:55 
12 34 - 12:34 12:34:00 
-- 23 45 :23:45 or 23:45.00 

23:45. 
- 23 --- :23 or 23:. 23:00.00 
- - 10 ::10 or :10, 00:10.00 
-- - 5.6 :5.6 00:05.60 

- 2 152 2:152 02:01.52 

Entry of dates is accomplished with the slash key. If 
more than two digits are entered prior to pressing the 
slash, the number is considered out of range and must be 
either a time or decimal entry, so the slash is ignored. If 
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two or fewer digits are entered and the slash is pressed, 
the digits are assumed to be the number of the month 
(assuming the month, day, year date format), and the 
slash is entered in the display as a dash, as shown in 
FIG. 2D. Then the day is entered; the slash is pressed 
again; and the year is entered. Digits in the day and year 
fields enter the display like digits after the colon as 
described above for time interval entries, so that only 
the last two digits to be entered are significant. A single 
leading zero is blanked, if present. If no digits are en 
tered in a given field, it is assumed to be zero although 
this is treated as an error in the month and day fields. 
When the entry is terminated, if the month or day fields 
are zero, or if the month field is greater than 12, or if the 
day field is greater than 31, the display will flash, indi 
cating an error. If the day is greater than the number of 
days in the month, but not greater than 31, the date will 
be automatically adjusted, for example, when termi 
nated, 2/30/75 will become 3/2/75. 
The following examples illustrate the entry of detes: 

DATE TO BE ENTERED KEY SEQUENCE DISPLAY 
January 1, 1976 1/1/76 1-1-76 
January 1, 1976 01/01/76 1-1-76 
November 23, 1981 11/23/81 11-23-81 
February 29, 1977 2/29/77 3-1-77 

In addition to previously mentioned erroneous 
entries, entries such as colons or slashes after a decimal 
point, colons after a slash, slashes after a colon, etc. are 
also ignored. 

Display 
In order to conserve battery power, the display auto 

matically turns off after a fixed period of time. Since the 
watch function will be used most often, and because 
only a quick glance is necessary to see the time, when 
ever the watch register is displayed it will remain on 
between two and three seconds only. Any other dis 
play, except the stopwatch, will be visible between six 
and seven seconds. When displaying the stopwatch, the 
display will remain on continuously. 
Decimal numbers are displayed as one would expect. 

The display has nine full digit positions so that a fixed 
point decimal number with seven digits, a decimal 
point, and (if required) a leading minus sign can be 
displayed. As mentioned previously, the range for key 
board entry is from .0000001 to 9999999, however the 
display uses scientific notation to present results from 
10-99 to 9.999 x 1099. If a resultis greater than or equal 
to 107 or less than 10, the display will automatically 
shift to scientific notation. In this way a maximum of 
seven and a minimum of four significant digits are al 
ways visible. In scientific notation, illustrated in FIG. 
2E, the display accommodates four mantissa digits plus 
decimal point and sign and two exponent digits plus 
sign. On overflow, the largest possible number is dis 
played, and in addition, the display flashes. Trailing 
zeroes are blanked in fixed point display and in the 
mantissa of scientific notation display. 
Time interval results in the range from zero to 59 

min, 59.55 sec. are displayed in the format MM:SS.CC. 
A leading minus sign indicates a negative time interval 
number. Leading zeroes are not blanked. In the range 
from one hour to 99 hrs., 59 min., 59 sec. the display 
format is HH:MM:SS. Once again, a leading minus may 
be present and leading zeroes are not blanked. Above 
100 hrs. up to 99999 hrs., 59 min. the format is 
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8 
HHHHH.MM. A leading minus sign may be present, 
but in this range leading zeroes are blanked. On over 
flow, the largest possible time interval is displayed and 
the display flashes. 
Although only three types of data can be directly 

entered via the keyboard, there is a fourth type which is 
displayed. Time of day data cannot be entered, but is 
created when time interval data is stored into the watch 
or alarm register, or when the "a' or "p' key is used. 
Time of day is displayed in a slightly different way from 
the HH:MM:SS time interval format. First, all the digits 
are shifted left one position since there is no negative 
time of day and thus no need for the leading minus. 
Second, the second colon is blanked. A blank in the last 
digit indicates AM, a decimal point indicates PM. Thus, 
eleven PM would be displayed as shown in FIG. 2F, 
whereas eleven AM would not show the trailing deci 
mal point. 
The watch/calculator has both a twelve and a 

twenty-four hour mode for time of day display. The 
twenty-four hour mode display is the same as twelve 
hour mode except that there is no PM indicator. When 
power is turned on after replacing the battery used to 
power the watch and calculator circuitry, the watch 
/calculator wakes up in the twelve hour mode. Which 
ever mode the watch/calculator is in, it can be changed 
to the other by pressing the prefix key(t) and the 
decimal point key (). To prevent inadvertant change, 
however, this sequence will be ignored unless time of 
day data is being displayed at the time of the change. 
As mentioned previously, the display format for dates 

is MM-DD-YY where M stands for the month digits; D 
stands for the day digits; and Y stands for the last two 
digits of the year. This is fine for twentieth century 
dates, but the watch/calculator can handle dates from 
Jan. 1, 1900 to Dec. 31, 2099. Twenty-first century dates 
are displayed similarly to twentieth century dates ex 
cept that a decimal point in the last position serves as a 
twenty-first century indicator as shown for the date 
Dec. 26, 2076 in FIG. 2G. A single leading zero is 
blanked in either case, and the date digits start in the 
leftmost digit display position since a leading minus sign 
is not used in dates. 
The watch/calculator also provides the day, month, 

year mode of date display for those who prefer it. As 
above, whenever the processor battery is replaced, the 
watch/calculator comes up in the month, day, year 
mode. Whichever mode the watch/calculator is in, the 
other mode may be selected by pressing the prefix key 
(f) and the decimal point key (). As before, to prevent 
accidental change, this sequence will be ignored unless 
date data is being displayed. Entry and display of dates 
is the same in day, month, year mode as in month, day, 
year mode except that the month and day fields are 
interchanged. 

Other Functions 

In order to enter negative decimal numbers and nega 
tive time intervals, a change sign key is provided. This 
function is accessed by pressing the prefix key ( t ) and 
the divide key (-t-). If the display shows time of day or 
date data, change sign is ignored. If this function is used 
during digit entry, the entry is not terminated; digit 
entry continues. If a result is a decimal zero or time 
interval Zero, change sign will also be ignored. 
For the entry of times in the twelve hour mode, “a” 

and "p" keys are provided for AM and PM. The depres 








































































































