United States Patent [

[11] 4,109,315

Pan [45] Aug, 22, 1978
[54] WRISTWATCH CALCULATOR WITH [56] References Cited
SELECTIVELY SCANNED KEYBOARD U.S. PATENT DOCUMENTS
. . . 3,941,989 3/1976 McLaughlin et al. ............... 235/156
[75] Inventor: Michael Pan, San Jose, Calif. 3,055,355 5/1976  LUCE wovomrrsmrimisrmen 235/156 X
: . Hewlett-Packard C , Pal Primary Examiner—Jerry Smith
[73] Assignee Aletv;’ecalif'c r¢ Company, Talo Attorney, Agent, or Firm—Patrick J. Barrett
[57 ABSTRACT
(211 Appl No.: 718,741 A wristwatch calculator is provided with a keyboard
for the entry of information into and control of opera-
[22] Filed: Aug. 30, 1976 tions of the apparatus. The keyboard comprises an array
of switches connected in an X-Y matrix that is scanned
[51] Int. CL2 .irirecrrennenne GOGF 7/38; GO6F 15/02; by row and column to find and identify a key that has
GO04B 19/30  been depressed. The scanner is operated only when
[52] US. CL .crvirrinsicnenncns 364/705; 58/50 R;  calculator circuitry in the apparatus is in a sleep or
58/152 R; 364/707; 364/709 inactive mode in order to save battery power.
[58] Field of Search ................... 235/152, 156, 145 R;

340/365 R, 365 E; S8/50 R, 152 R

1 Claim, 8 Drawing Figures




4,109,315

Sheet 1 of 8

Aug. 22, 1978

U.S. Patent

FIGURE 1



¢ nold

4,109,315

Sheet 2 of 8

1l

by

S

Aug. 22, 1978

. =

.. M

et

bred

gt

henegead

U.S. Patent

Zh
1-A I
A T S¢
\w\ , *m - i
Slswl |1 02/ -
s Y3151938 = . e
k] Zh T J
m 0s ITIIWHITHY '
14 on| (K] s A
& ¢ _ 1 sAS .
1 S - 100 - 19 . b2 +A
6ov-10V  -272n9 - INAS
a1y |
SNBY KNI 11
(— 11-8) _ (aN9)z-A $-4-]- ol | i o w
& ..NMB . s
v (R ) | g o -0 w .
. il
. RL:I..IJ 5; 8t
-d .
: 61V-11V - ,
L reerrnee. t17 A 13 °SAS
984404014 ) . ONAS .
Lz J ~ e sl o arv - | [Wod+A 914 e Tig] 9T, OHVORAN
i ing “dsta 0y . :
'd4S10°918 21/6 oHOY e WL %
4300230 Z-A ' - i 08INDD b
.>l||a5m.2 S . al o“m 19 *sAS Iy
%07 -A T-A e OHAS oy
o , arv a1y 5
NS 1L 03
wnsa Bty mm sngy — %ﬁ v
O i 7
1]y} 19
_ 0




U.S. Patent Aug. 22,1978 Sheet3of 8 4,109,315

TEST  (PRE-SET WASTER CTR)
PON (POWER ON)
ROM PAGE) » - a
_ Ale b
AIB | Al2 1 , ) -
(10) - TEST [ MASTER  (6)] cLk
= INST. REGISTER - . COUNTER
1147~ M ] 104 .
[ —_ J d
1 106. . SYNC
108~ o] 4 T TIMING | TIMING re
INST. LATCH - —~ DECODER INH
SYNC . _ £
< : ' ——— g
: h
Y i —— i
SLP_ 1 < J
> PTRI
1427 ‘
INST. DECODER - WORD SELECT | sy i
. 116’ LTKR | . —
WSX L o
Sl : : : - n
! e ——
22 ] 32 RN scanneR VS /——> COLUMN SCANNER( ) 5
ST13 - 16 I 1207 ‘ :
<t a7 T f
w1140 —
FLG 1 STATUS 8 | ROW DECODER »—f COLUMN DECODER |—q
124
FLG 2 122° l . ' l
o ® T ¢ T T
D R6 cp| cijclcalcs|cy
— Ro| R7 CrCTTTET
Wup R1 | )
= R3c, | }
: |
'-'—-<STD ; {
. ' |
et LT J
16 KEY BOARD

FIGURE 3A



U.S. Patent Aug. 22,1978  Sheet 4 of 8 4,109,315
. AIB
b = 1104 POINTER (4) RST
CIRCUIT Y 1287
{AIB T 126
o112 RS |hace ROM ADDREgg) E JRI7_ AB
¢ il 5 3 ROM_PAGE T gl e P
d —<}-PIRL Lineeone | ‘146
1324 A (12)
e
e = RETURN. ADDRESS REG
g . = '
h : - RTN TO‘?GLE 136 A
'l'-—-—-————-——‘ - . /F
5 o TIHING I
' B 12)
134 RETURN ADDRESS REG > ADDER -
{JSB/BNC_ADDRESS) Al2 -
K 0 g - 138
] COMP/INP 2 TKR : x
- ol HS/ARTTH ~ (ST0P_ADD)]
M ———— poy SB/IST - BNC F/F  Mianc/ase TRR)
n w g : X CARRY
' Al cLK — I
o-<-! Y YVYVY Y Y — . INH
. cLG|
i SCANNER | ] INHIBIT ok .
100’ 1027 4T
[ &) ).
32 .
et —t———————.
- 30

FIGURE

3B



4,109,315

Sheet 5 of 8

Aug. 22, 1978

U.S. Patent

Yh 914

| o ——— e —— - ]

ohl —
H "130 S
[ —
85/
r.@wUI_ 9/1 FA:7A
962
v.lcmmmo Sy ]
de
oLl |
! |@?I_ _
1 .
1
|
— —
— |
0¢t i
" L
(€sL)151 . /
(T T R E i _\t8) ] — /
{18) 1d1 -
(€82) L
(T6)N1Y
(£82) 3475 _ _
(98)1dd .
{92} 1dS
{£2)dN] SV
(£} 11
(64) sug ZNW 91T o:é -
de d¢ o
-—— {891) N uﬁmlw.ﬂl
| oLl 691 /d¢
] Ny
! (691) Hug
_ - <
| T(L61)88 L —
L o e e




4,109,315

Sheet 6 of 8

Aug. 22, 1978

U.S. Patent

|
!
!
|

d [NoLd

[ S e _ ___ I

£e9  ~IN2/dz 1S

£6¢

0¢l

1e¢

vE9 A

122

—F-—-—r

8¢

{100 PR D () DRSO S

691

INI

vai

§56¢

-r—-

9ty

— oy — - —

68

£8¢

6G¢

16

19¢

98

1§74 9L

dNI N2/de LL

L61

00g

891

qs¢

@ﬂ .mem

9Ly

=|
=
8t

65t

RN DN GO D (U N Jy A S O (D o

Seh
44

o o o

<
—

—

<




4,109,315

Sheet 7 of 8

Aug. 22, 1978

U.S. Patent

I oI

AYYY)

_
ARV ! -
m ]
}
[ e e e — e — — -
(0s0)2is _ 147 | .
| -A 061
i .Xl_ 3¢ v81 f |
29 93 Al £2 &) 02 | oy i N | !
T | 1 L i
N2 I S D Rt o de/N9 I -
“.. _ .X.I_ mwﬁé €81 I
£L2 To‘u
I A A+ A A < A A+ A0 1 _
ele @ , “ Jh?—.‘ A " “ |
; I _ﬁ m E ﬁ EARL | 3
12 - av] T 1 1
i [ e | —4 |1 |
_ 3 | ad
042 3vT T T] ¥ |
) N | “ |
——
| 3 I
692 IV t 1] “ " —
v N b ! ||
| 3 |
892, G0 1 TL " _
e X6 i | R
|
192 avi t nr ] !
1 N “ = “I A
E] *~—
99¢ v} 1 ._l*.l.. ! n
0 N ! ! =
t T wnll
*—
het
“ 8L1 s
I x —
TR N
|
_N >—
— 1 9be
I I
_ 1S1(vL1) 11




7 [OIE

4,109,315

Sheet 8 of 8

Aug. 22, 1978

U.S. Patent

|
- | |
A 21 1R}
+A OM\_ I
hhT “ [ _ 0L
./ | I R -
0LL-49L 4
"250
X 130 1 “l |||||||||||||| —_————
_ £22
“ NY/db
1
a5
[ ——— e .“ NZ/de
[ o
] | D
_ |
! AT Nv/db
] ¢0t £/ “ 3d7S
! [
| =
T 0
|||||||| “ls6z = _
I
| e i o
| do/Ne Xy 605 9
] . 8/2*
08 “ S0 N7dE oIS | o_4d
I ﬂ N7de [ 1Vo v
" ° €62 _ 50¢
862 | (z61)08 3 ! TBTT s,
L6¢ [HITHVI face o T Loe
_ 544 “ ' 15713 0 ORIsT3
N “ v
Ly | 96Y | |
151 L 5
“ = o “ oot 0L
neT | 3 | 1217
T | s
! [ _r v
| v o s B ' i Il
| _n_m |
| (v62) HNI _ N !
¥ 1 | i




4,109,315

1

WRISTWATCH CALCULATOR WITH
SELECTIVELY SCANNED KEYBOARD

BACKGROUND AND SUMMARY OF THE
INVENTION

Keyboards in most prior art calculators include an
array of switches for entering information into the cal-
culator. In order to conserve the number of connections
necessary between the keyboard and the calculator
circuitry, the key switches are arranged in an X-Y ma-
trix and the rows and columns of this matrix are elec-
tronically scanned to detect and identify a depressed
key. In many calculators using this method the key-
board scanning goes on continuously except for a short
interruption while a key is still depressed after it has
been detected and identified. This allows the calculator
to be constantly ready for the input of new information
but it also consumes extra battery power to have the
keyboard scanner circuitry operating at the same time
other portions of the calculator circuitry, such as the
central processor, are operating.

In the preferred embodiment of the present invention,
a keyboard is provided for an interactive wristwatch
calculator and the key switches are arranged in an X-Y
matrix. The rows and columns of this matrix are
scanned in order to detect and identify a switch closure
but the scanning is inhibited during the time the calcula-
tor circuitry is active. When the calculator circuitry has
finished with the procedure, such as entering a number
or making a calculation, the circuitry goes into an inac-
tive mode at a significantly reduced level of power
consumption and only then is the keyboard scanned.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a pictorial representation of the watch cal-
culator.

FIG. 2 is a block diagram of the preferred embodi-
ment of the present invention.

FIGS. 3A and 3B show a block diagram of a control
and timing circuit used in FIG. 2.

FIGS. 4A, 4B, 4C and 4D show detailed schematic
diagrams of circuitry for the preferred embodiment of
the present invention.

DESCRIPTION OF THE PREFERRED
- EMBODIMENT

U.S. Patent Application Ser. No. 656,751 entitled
“Interactive Wristwatch Calculator” filed Feb. 9, 1976
by Edward A. Heinsen, Andre F. Marion, and Thomas
E. Osborne, is hereby incorporated by reference in its
entirety. For a detailed description of the invention
claimed herein the “Control and Timing Circuit” sec-
tion of the referenced patent application is reproduced
below, along with FIGS. 5J, 5K, 5N and 5P of the
referenced patent application, which are FIGS. 4A, 4B,
4C and 4D, respectively, herein. The “Control and
Timing Circuit” section of the referenced patent appli-
cation describes the operation of the control and timing
circuit which includes circuitry to control the operation
of the calculator circuitry as well as the keyboard scan-
ner.

FIGS. 3A and 3B herein show a block diagram of the
Control and Control and Timing Circuit (C&T chip)
and more detailed schematic diagrams are shown in
FIGS. 5A through 5V of the referenced patent applica-
tion and FIGS. 4A through 4D herein.
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2

There is a switch 42 in the watch/calculator case

which must be activated to reset the watch/calculator
after power is applied when battery 22 is replaced. The
switch is connected to the PON input to C&T chip 32 to
give a power-on signal for initializing the watch/cal-
culator circuitry. The PON input is connected to a
scanner control 100 which controls the keyboard scan-
ner. The power-on signal will stop the keyboard scan-
ner and at the same time it will release an inhibit control
102 to make the total system active. This control signal
appears on the line labeled INH. When the signal on
INH is low, the system is idle. When the signal is high,
it causes the watch/calculator circuits to be active.
- However, during the time switch 42 is closed, there
are certain portions of the circuitry that are still not
active. A few circuits are active, such as a master
counter 104 and a timing decoder 106 which produce a
synchronizing signal on the SYNC line connected to all
of the chips. Because the switch 42 is closed, an instruc-
tion latch 108 prevents any instructions received from
the ROM from being acted upon. At the same time a
pointer counter 110 and pointer decoder 112 are main-
tained inactive.

During the time switch 42 is closed, the C&T chip
sends out a “zero” starting ROM address continually.
As soon as switch 42 is released the starting address sent
to ROM will, initially, still be all zeroes. The C&T chip
will now be enabled to respond to information sent back
from the ROM in response to this starting address. Once
the circuits are in the active mode, the following se-
quence of events occurs. During the time defined by a
pulse on the SYNC line, the C&T chip receives a ROM
instruction on the AIB line in an instruction register
114. In response to timing decoder 106 this instruction is
parallel loaded into the instruction latch. The informa-
tion in the instruction latch is sent in parallel into an
instruction decoder 116 which decodes the instruction.
Then the instruction decoder gates the instruction with
the proper signal from the timing decoder and sends it
to the particular circuit that will perform the instruc-
tion. The instruction is only acted upon when validated
by the timing decoder, as explained in greater detail
below.

When the total system is active, the scanner control is
not active, and therefore the keyboard is not being
scanned. So at the end of a power-on subroutine which
starts at address “zero” in the ROM, the ROM will issue
a sleep instruction and upon receiving the sleep instruc-
tion most of the circuits will become inactive or asleep.
However, during the sleep period the keyboard scanner
comprising a row scanner 118, a column scanner 120, a
row decoder 122 and a column decoder 124 will be-
come active and will scan the keyboard until a key is
depressed. As soon as the keyboard scanner detects a
key depression, it will stop and wake up the rest of the
system, by making the signal on the line INH become
high. Row and column information from the row and
column scanners represents the code of the depressed
key.

The ROM is addressed during a portion of the timing
cycle of the system called AT (Address Time). A ROM
address comprises an 8-bit address and a 4-bit page
number for a total of 12 bits. The page number tells
which ROM chip the information is on and the address
tells where on the chip. The address consists of 6 bits
from the row and column scanners and two zero bits;
the page number is from the ROM page register.
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The keyboard scanner and the sleep mode of the
watch/ calculator combine to provide 2 key rollover
for the keyboard. When the system is in the sleep mode,
the keyboard scanner will stop scanning when it detects
a depressed key and any further key depressions, while
the first key is depressed, will have no effect on the
system. When the first key is released, operations will be
performed in response to it and the calculator will go to
sleep. Then the keyboard scanner will start scanning
again and pick up the next key depressed, repeating the
process.
I claim:
1. A watch calculator comprising:
a keyboard having key switches arranged in a matrix
having rows and columns of key switches;
keyboard scanner means connected to the keyboard
including row and column scanning circuits for
scanning the rows and columns of key switches to
detect and locate a closed key switch;

5

10

20

25

30

35

45

50

55

65

4

calculator circuit means coupled to the keyboard
scanner means for accepting and performing arith-
metic operations on numerical entries from the
keyboard;

display means connected to the calculator circuit
means for displaying numerical data;

watch circuit means connected to the display means
for storing and periodically updating data repre-
senting time; and

mode control means coupled to the calculator circuit
means and the keyboard scanner means for placing
the calculator circuit means in an active mode upon
the actuation of one of a predetermined number of
key switches in the keyboard and placing the calcu-
lator circuit means in an inactive mode in response
to the completion of an arithmetic operation by the
calculator circuit means, and for producing a signal
to inhibit the keyboard scanner means when the

calculator circuit means is in the active mode.
* * * * *



