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54)  Electronic  timeswitch. 
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The  timeswitch  comprises  a  switch  actuated  in  accor- 
dance  with  a  pre-set  switching  program,  by  microprocessor 
controlled  circuitry,  and  a  display  10  comprising  an  anal- 
ogue  time  display  portion  10a.  The  analogue  portion  10a 
comprises  inner  and  outer  concentric  circles  of  actuable  in- 
dicia  12,  14.  In  the  running  mode  of  the  timeswitch,  in  one 
configuration,  the  indicia  14  of  the  inner  circle  are  sequen- 
tially  actuated  to  represent  the  hour  hand  of  an  analogue 
clock  displaying  the  actual  time.  The  outer  indicia  12  are  ac- 
tuated  in  groups  to  represent  the,  switching  program  «on» 
times.  In  the  programming  mode,  the  time  indicated  by  the 
inner  indicia  14  may  be  manually  selected,  whereafter  the 
state  of  the  switch  at  that  time  may  be  selected.  The  outer  in- 
dicia  12  are  actuated  in  sets  to  represent  the  switching  pro- 
gram  being  entered.  Other  configurations  of  the  timeswitch 
are  possible  according  to  the  microprocessor  software,  and 
some  examples  are  described. 
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dance  with  a  pre-set  switching  program,  by  microprocessor 
controlled  circuitry,  and  a  display  10  comprising  an  anal- 
ogue  time  display  portion  10a.  The  analogue  portion  10a 
comprises  inner  and  outer  concentric  circles  of  actuable  in- 
dicia  12,  14.  In  the  running  mode  of  the  timeswitch,  in  one 
configuration,  the  indicia  14  of  the  inner  circle  are  sequen- 
tially  actuated  to  represent  the  hour  hand  of  an  analogue 
clock  displaying  the  actual  time.  The  outer  indicia  12  are  ac- 
tuated  in  groups  to  represent  the,  switching  program  «on» 
times.  In  the  programming  mode,  the  time  indicated  by  the 
inner  indicia  14  may  be  manually  selected,  whereafter  the 
state of  the switch  at that time  may be selected.  The  outer  in- 
dicia  12  are  actuated  in  sets  to  represent  the  switching  pro- 
gram  being  entered.  Other  configurations  of  the  timeswitch 
are  possible  according  to  the  microprocessor  software,  and 
some  examples  are  described. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  e l e c t r o n i c   t i m e s w i t c h e s  

c o m p r i s i n g  a   s w i t c h ,   m a n u a l l y  

o p e r a b l e   input   means,  c o n t r o l   means  a c t u a t i n g  t h e   swi tch   and 

s t o r i n g   a  s w i t c h i n g   p rog ram,  and   having  a  running   mode  in  which  t h e  

swi tch   is  opened  and  c losed  at  t i m e s  i n   accordance   w i t h  t h e   s t o r e d  

s w i t c h i n g   program,  and  a  programming  mode  i n  w h i c h  a  n e w   s w i t c h i n g  

program  may  be  e n t e r e d  f r o m  t h e   input   means.  T imeswi tches   of  t h i s  

type  may  be  used,  for  i n s t a n c e ,   to  turn   an  i n d u s t r i a l  h e a t i n g  

b o i l e r   on  and  off  a u t o m a t i c a l l y ,   at  p r e s e t   t i m e s .  

Known  e l e c t r o n i c   t i m e s w i t c h e s   c o m p r i s e  a  c l o c k  a n d   c o n t r o l  

c i r c u i t r y   w h i c h  r e p e a t e d l y   compares  t h e  a c t u a l   t i m e  w i t h   the  s t o r e d  

t imes  f o r  o p e n i n g   a n d  c l o s i n g   the  swi tch ,   a n d ,  a t   the  p r e - s e t  

s w i t c h i n g   t i m e s ,  c h a n g e s   the  s t a t e   o f  t h e   sw i t ch .   A  d i g i t a l   d i s p l a y  

may  be  p rov ided   which  normal ly   d i s p l a y s   t h e  a c t u a l   time  but  wh ich  

can  be  used  t o  d i s p l a y   the  s w i t c h i n g   t imes  o f  t h e   s t o r ed   p rogram 

in  sequence .   The  d i s p l a y   is  a lso   used  when  e n t e r i n g   on  and  o f f  

t imes .   Control   is  e f f e c t e d   by  way  o f  an   a r r a y  o f   push  b u t t o n s  

a s s o c i a t e d   with  the  d i g i t s   0  to  9,  the  d a y s  o f  t h e  w e e k ,   "ON"  and 

"OFF"  and  so  on.  E n t e r i n g   or  modi fy ing   a  t iming   program  o r  

d i s p l a y i n g   the  s w i t c h i n g   t imes  of  the  p r o g r a m  i s   r a t h e r   complex  and  

p r e s e n t s   c o n s i d e r a b l e   d i f f i c u l t y   t o  a   user  w i thou t   a  high  l e v e l  

of  t e c h n i c a l   a w a r e n e s s .  

It  is  an  ob j ec t   o f  t h e   p r e s e n t  i n v e n t i o n   to  provide  a  t i m e -  

swi tch   having  an  e a s i l y  r e a d a b l e   d i s p l a y   which  enab les   the  c u r r e n t  

program  to  be  seen  and   f a c i l i t a t e s  r e p r o g r a m m i n g   b y  c l e a r l y   showing  

the  program  being  e n t e r e d .  

A  t imeswi t ch   a cco rd ing   t o  t h e  p r e s e n t  i n v e n t i o n  i s  

c h a r a c t e r i s e d  i n  t h a t  i t  c o m p r i s e s   a  d i s p l a y  h a v i n g   a n  a n a l o g u e  

time  d i s p l a y   p o r t i o n   c o n t r o l l e d   by  t h e  c o n t r o l  m e a n s  a n d   formed 

by  f i r s t   and  second  s c a l e s   of  a c t u a b l e   i n d i c i a ,   and  in  t h a t ,   i n  

the  r u n n i n g  m o d e ,   t he   i n d i c i a  o f ;  t h e   s c a l e s  a r e  a c t u a t e d   t o  

r e p r e s e n t  a c t u a l  t i m e   on  t h e  f i r s t  s c a l e  a n d  t h e  s t o r e d  s w i t c h i n g  

program on   the  second  s c a l e ,   a n d  i n  t h a t  i n  t h e  p r o g r a m m i n g   mode, 

a  time  may be  m a n u a l l y  e n t e r e d ,  w h e r e a f t e r   t h e  s t a t e   o f  t h e  

swi tch   at  tha t   time  may  be  s e l e c t e d ,  



and  the  d i s p l a y   r e p r e s e n t s   on  one  of  the  s c a l e s   the  p r o g r a m  
be ing   e n t e r e d .  

One  embodiment  of  the  a p p a r a t u s   a c c o r d i n g   to  the  i n v e n t -  

ion  w i l l   be  d e s c r i b e d ,   by  way  of  example,   with  r e f e r e n c e   to  t h e  

accompanying  d r awings .   The  embodiment  compr i ses   an  i n t e g r a t e d  

c i r c u i t   CPU  and  may  o p e r a t e   in  a  number  of  c o n f i g u r a t i o n s  

a c c o r d i n g   to  the  o p e r a t i n g   program  used  for   the  CPU.  The  a p p -  
a r a t u s   w i l l   be  d e s c r i b e d   i n i t i a l l y   when  c o n t r o l l i n g   four   power  

c i r c u i t s ,   in  a c c o r d a n c e   with  r e s p e c t i v e   s w i t c h i n g   p r o g r a m s .  

S u b s e q u e n t l y ,   o the r   modes  of  o p e r a t i o n   w i l l   be  d i s c u s s e d .  

The  embodiment  d e s c r i b e d   uses  a  s u i t a b l y   programmed  g e n e r a l  

pu rpose   CPU  but   the  i n v e n t i o n   could  e q u a l l y   wel l   use  a  s p e c i a l  

pu rpose   chip  such  as  those   c u r r e n t l y   a v a i l a b l e   for   the  s p e c i f i c  

pu rpose   of  t i m e - s w i t c h i n g   a  p l u r a l i t y   of  c i r c u i t s .  

In  the  d r a w i n g s : -  

F i g . l   shows  the  t imeswi t ch   d i s p l a y ,  

F ig .2   is  a  b lock  diagram  of  the  e l e c t r o n i c   t i m e s w i t c h ,  

F igs .3  ( a )   and  3(b)  are  a  c i r c u i t   d iagram  showing  t h e  

t i m e s w i t c h   in  more  d e t a i l   and  are  a s sembled   as  shown  in  F i g . 3 ,  

F i g . 4   is  the   c i r c u i t   d iagram  of  an  a r r a y   of  u se r   i n p u t  

s w i t c h e s ,   a n d  

F i g . 5   is  a  flow  diagram  of  the  CPU  s o f t w a r e   when  the  t i m e -  

swi tch   is  in  i t s   runn ing   mode. 

F ig .1   shows  the  t i m e s w i t c h   d i s p l a y   10  which  is  a  l i q u i d  

c r y s t a l   d i s p l a y   and  has  an  analogue   time  d i s p l a y   p o r t i o n   10a  com- 

p r i s i n g   two  s e t s   of  f o r t y - e i g h t   d i s p l a y   e l emen t s   12,  14  w h i c h  

serve  as  i n d i c i a   for   i nne r   and  ou t e r   c o n c e n t r i c   c i r c u l a r   s c a l e s .  

Each  d i s p l a y   e l ement   is  a  p a r t i a l   c i r c u l a r   s e c t o r ,   and  the  two 

s e t s   of  e l emen t s   12,  14  are  in  r e g i s t e r .   Since  t h e r e   are  48  e l e m -  

ents   round  each  s c a l e ,   they  c o r r e s p o n d   to  1/4  hour  i n c r e m e n e t s   o f  

t i m e .  

The  d i s p l a y   f u r t h e r   compr ises   a  d i g i t a l   d i s p l a y   p o r t i o n   16 

for   d i s p l a y i n g   the  time  on  the  12-hour   c lock ,   and  AM  and  PM  symbol s  

18.  Seven  symbols  20  are  a c t u a b l e   to  i n d i c a t e   in  which  day  of  t h e  

week  the  d i s p l a y e d   time  f a l l s .   The  symbol  "SET",  22  is  a c t u a b l e  

to  i n d i c a t e   t h a t   the  t i m e s w i t c h   is  in  the  mode  in  which  the  t i m e  

may  be  s e t ,   and  the  symbols  24  are  a c t u a b l e   when  the  d a t e ,   time  o r  



day  has  been  s e l e c t e d   to  be  s e t .  

The  four   power  c i r c u i t s   are  i d e n t i f i e d   as  four  " z o n e s "  

and  da ta   r e l a t i n g   to  one  s e l e c t e d   zone  is  d i s p l a y e d ;   the  symbol  

"ZONE",  26  is  a c t u a t e d   when  a  new  s e l e c t i o n   of  zone  may  be  made.  

Four  zone  a n n u n c i a t o r s   (not  shown)  i n d i c a t e   to  which  zone  the  d a t a  

d i s p l a y e d   r e l a t e s .   The  d i s p l a y   10  may  be  a l o n g s i d e   an  a r r ay   o f  

p u s h - b u t t o n   swi t ches   whose  e l e c t r i c a l   c o n f i g u r a t i o n   is  d e s c r i b e d  

below  and  the  a n n u n c i a t o r s   may  be  four   LED's  a d j a c e n t   symbols  " 1 " ,  

"2",  "3"  and  "4"  l o c a t e d   above  the  a r r a y   of  s w i t c h e s .  

While  the  t i m e s w i t c h   is   r u n n i n g ,   the  s e c t o r s   12  p rov ide   a n  

ana logue   d i s p l a y   of  the  s w i t c h i n g   program  of  the  zone  s e l e c t e d   f o r  

d i s p l a y   and  s e c t o r s   14  show  the  c u r r e n t   t ime  (to  the  n e a r e s t   1 / 4  

h o u r ) .   Thus  the  inner   s e c t o r s   14  are  a c t u a t e d   one  at  a  time  t o  

act   as  the  hour  hand  of  an  ana logue   c lock   to  d i s p l a y   the  a c t u a l  

time  (in  u n i t s   of  a  q u a r t e r   of  an  h o u r ) .   The  ou te r   s e c t o r s   12 

d i s p l a y   the  s w i t c h i n g   program,   be ing   a c t u a t e d   when  the  zone  w i l l  

be  "on",   but   not  when  the  zone  w i l l   be  " o f f " .   A c c o r d i n g l y ,   t h e  

c u r r e n t   s t a t e   of  the  zone  and  the  s t age   r eached   in  the  p r o g r a m ,  

are  c l e a r l y   d i s p l a y e d .   The  d i g i t a l   d i s p l a y   16  and  the  o t h e r   e l e -  

ments  of  the  d i s p l a y   show  the  a c t u a l   t ime  more  p r e c i s e l y ,   the  d a y  

of  the  week  and  whether   i t   is  AM  or  PM.  A  t y p i c a l   d i s p l a y   p a t t e r n  

w i l l   be  an  arc  of  c o n t i g u o u s   a c t u a t e d  e l e m e n t s   12  deno t i ng   an  "ON" 

p e r i o d   and  an  arc  of  n o n - a c t u a t e d   e l emen t s   12  deno t i ng   an  "OFF" 

p e r i o d .   Such  a  p a t t e r n   and  a  t ime  of  day  3.00  are  shown  by  h a t c h e d  

e l e m e n t s .  

During  programming,   the  t ime  i n d i c a t e d   by  the  inner   s e c t o r s  

14  can  be  manual ly   s e l e c t e d   by  s t e p p i n g   the  hour  hand  round  t h e  

d i s p l a y .   When  an  "on"  time  is  e n t e r e d ,   the  c o r r e s p o n d i n g   s e c t o r  

12  is  i l l u m i n a t e d ,   and  as  the  hand  is  s t e p p e d   on,  s u c c e s s i v e  

s e c t o r s   12  are  a c t u a t e d ,   to  d i s p l a y   the  program  be ing   e n t e r e d  

u n t i l   an  "of f"   time  is  s e l e c t e d .   A l t e r n a t i v e   d i s p l a y   m e t h o d s  

could  be  used .   For  i n s t a n c e ,   the   i n n e r   s e c t o r s   14  could  c o n t i n u e  

to  d i s p l a y   a c t u a l   t ime,  whi le   the  o u t e r   s e c t o r s   d i s p l a y   the  s e l -  

ec t ed   time  by  means  of  a  f l a s h i n g   s e c t o r   and  the  program  b e i n g  

e n t e r e d ,   by  means  of  c o n s t a n t l y   a c t u a t e d   s e c t o r s .  

A  se t   of  swi t ches   a r r a n g e d   a l o n g s i d e   the  d i s p l a y   a l l o w  

the  user   to  perform  the  f o l l o w i n g   f u n c t i o n s :  



a)  e n t e r   a  sw i t ch ing   p r o g r a m  

b)  set   time  of  day  

c)  se t   day  of  week 

d)  review  s w i t c h i n g   p r o g r a m  
e)  cance l   a  p e r i o d   of  the  program  in  which  the  s w i t c h  

is  c l o s e d .  

The  s w i t c h e s   have  the  f o l l o w i n g   e f f e c t s .   A  "SET  TIME" 

swi t ch   enab le s   the  u s e r ,   by  r e p e a t e d   a c t u a t i o n ,   to  s e l e c t   which  

i tem  of  time  da ta   d i s p l a y e d   on  the  d i g i t a l   d i s p l a y   p o r t i o n   may  be  

changed  when  s e t t i n g   time  of  day.  The  change  is  e f f e c t e d   by  o p e r -  

a t i o n   of  a  "TIME  ADVANCE"  swi tch   w h i c h  s t e p s   on  the  s e l e c t e d   i t e m .  

The  i tem  s e l e c t e d   for   change  f l a s h e s .   In  the  s o l a r   swi tch   ( d i s -  

cus sed   below)  the  date  and  l a t i t u d e   can  a l so   be  c h a n g e d .  

The  day  to  which  a  s w i t c h i n g   program  being  e n t e r e d   r e l a t e s  

is   se t   by  a  "SET  DAY"  s w i t c h .  

A  "CANCEL"  swi tch   may  be  o p e r a b l e   e i t h e r   to  cance l   t h e  

whole  s w i t c h i n g   program,   or  a  c u r r e n t   " o n " ,  p e r i o d   of  the  p r o g r a m .  

A  "PROGRAM"  swi tch   s e t s   the  t i m e s w i t c h   i n to   or  out  of  i t s  

programming  mode,  in  which  a  new  s w i t c h i n g   program  can  be  e n t e r e d .  

When  in  the  programming  mode,  the  t ime  d i s p l a y e d   by  t h e  

i n n e r   s e c t o r s   14  may  be  advanced  by  a c t u a t i o n   of  a  "MOVE  CURSOR" 

s w i t c h .   Af te r   s e l e c t i o n   of  a  t ime,   a  "SET  ON/OFF"  switch  is  u s e d  

to  s e l e c t   the  s t a r t   or  end  of  an  "on"   p e r i o d ,   as  a p p r o p r i a t e .  

A l t e r n a t i v e l y ,   the  swi tch   "SET  ON/OFF"  may  be  o p e r a b l e   in  the  p r o -  

gramming  mode  for   s e l e c t i n g   the  swi tch   s t a t e   at  each  i n d i c a t e d  

t ime,   r a t h e r   than  to  s e l e c t   the  s t a r t   and  end  of  "ON"  p e r i o d s .  

In  t h i s   way,  every  15  minute  p e r i o d   is  d i r e c t l y   c o n t r o l l a b l e ,  

g i v i n g   a  t i m e s w i t c h   with  a  q u a r t e r - h o u r   s w i t c h i n g   r e s o l u t i o n .  

P r e f e r a b l y ,   when  the  swi tch   is  to  be  used  in  t h i s   way,  t h e r e   is  no 

l i m i t   to  the  number  of  "ON"  p e r i o d s   which  may  be  e n t e r e d   for   a  d a y .  

C o n v e n i e n t l y ,   a  "REPEAT"  s w i t c h   a l lows   the  user   to  p r o g r a m  

the  t i m e s w i t c h   on  a  s e l e c t e d   day  with  the  p r e v i o u s   day ' s   p r o g r a m .  

A  "SET  ZONE"  swi tch   a l lows  the  zone  d i s p l a y e d   to  be  s e l e c t e d .   An 

"OVERRIDE"  swi tch   a l lows   the  zone  be ing   d i s p l a y e d ,   if  on,  to  b e  

s w i t c h e d   off   u n t i l   the  nex t ,   programmed  s w i t c h i n g   on  t ime,   and  

v i ce   v e r s a .  



A l t e r n a t i v e l y t h e   s w i t c h e s   "TIME  ADVANCE"  and  "MOVE  CURSOR" 

may  be  r e p l a c e d   with  swi tches   "ADVANCE"  and  "RETARD"  which  a r e  

used  when  the  t i m e s w i t c h   is  r u n n i n g ,   to  i nc remen t  o r   d e c r e m e n t  

time  q u a n t i t i e s ,   and  in  the  programming  mode  to  move  the  c u r s o r  

in  e i t h e r   d i r e c t i o n .  

R e f e r r i n g   to  F ig .2 ,   the  f u n c t i o n   of  the  components  of  t h e  

t i m e s w i t c h   c o n t r o l   c i r c u i t r y   w i l l   be  d e s c r i b e d .   A  c e n t r a l   p r o c e s s -  

ing  u n i t   (CPU)  27  p r o v i d e s   d i s p l a y   da ta   on  a  da ta   bus  BUS1  to  two 

d i s p l a y   d r i v e r   c i r c u i t s   28  which  d r i v e   the  d i s p l a y   10  by  means  o f  

buses   DBUS1  and  DBUS2. 

Inpu t   means  30  c o n s t i t u t e d   by  the  swi t ches   d e s c r i b e d   above  

enable   the  u se r   to  c o n t r o l   the  t i m e s w i t c h .  

The  CPU  27  has  on -board   memory  used  for  s t o r i n g   o p e r a t i n g  

r o u t i n e s .   A  memory  32  supp lemen t s   the  on-board   memory  of  the  CPU 

and  is  used  fo r   s t o r i n g   s w i t c h i n g   p rograms .   The  memory  32  is  c o n n -  

ec t ed   to  the  CPU  by  a  two  way  da ta   and  add re s s   bus  MBUS. 

The  CPU  c o n t r o l s   four   r e l a y s   34.  The  r e l a y s   a re   o p e r a t e d  

in  a c c o r d a n c e   wi th   the  s t o r e d   s w i t c h i n g   program  to  open  and   c l o s e  

r e s p e c t i v e   power  c i r c u i t   s w i t c h e s   35  c o r r e s p o n d i n g   to  zones  1  to  4 .  

Power  is  s u p p l i e d   to  the  CPU  and  o the r   c i r c u i t s   by  a  

power  supply   u n i t   37  s u p p l i e d   from  the  mains  and  i n c o r p o r a t i n g   a  

b a t t e r y   to  ensu re   program  r e t e n t i o n   in  case  of  mains  supply   f a i l u r e .  

A  s i g n a l   at  mains  f r equency   and  phase   is  p rov ided   to  the  CPU  by  a  

c i r c u i t   36,  and  p u l l s   the  f r e q u e n c y   of  an  o s c i l l a t o r   wi th   a  c r y s t a l  

39  i n to   synch ron i sm  with  the  m a i n s .  

A  c o u n t e r   w i th in   the  CPU  coun t s   mains  c y c l e s ,   or  o s c i l l a t o r  

c y c l e s ,   and  i n t e r r u p t s   the  CPU  when  i t s   maximum  count  is  r e a c h e d .  

The  CPU  then  u p d a t e s   i t s   a c t u a l   t ime  c lock  and  r e s e t s   the  c o u n t e r ,  

in  a cco rdance   wi th   c o n v e n t i o n a l   t e c h n i q u e s   for   h a n d l i n g   r e a l   t i m e  

in  a  m i c r o p r o c e s s o r .   A  watchdog  c i r c u i t   38  which  is  r e s e t   by  t h e  

CPU  in  each  s o f t w a r e   cyc le ,   i n t e r r u p t s   the  CPU  i f   the  time  s i n c e  

i t   was  l a s t   r e s e t   exceeds  a  p r e d e t e r m i n e d   l i m i t ,   i n d i c a t i n g   a  m a l -  

f u n c t i o n   in  the  CPU  or  in  the  o p e r a t i o n   of  the  s o f t w a r e .  



R e f e r r i n g   now  to  F i g s .   3 ( a ) ,   3(b)  and  4,  the  c i r c u i t r y   o f  

the  t i m e s w i t c h   w i l l   now  be  d e s c r i b e d   in  more  d e t a i l .  

R e f e r r i n g   to  Fig .   3 ( a ) ,   mains  input   t e r m i n a l s   L  and  N  a r e  

connec ted   to  the  PSU  37  wi th   a  fuse   FS1  in  the  l ive   l i n e .  

Terminal   N  is  a l so   the  system  e a r t h   VSS  =  OV.  The  PSU  p r o v i d e s  

a  s t a b i l i z e d   but  non-backed   up  v o l t a g e   VDD  =  5V  and  a  f u r t h e r  

s t a b i l i z e d   v o l t a g e   VDD1  =5V  backed  up  by  a  b a t t e r y   B1,  which  i s  

p r o v i d e d   with  a  c h a r g i n g   c i r c u i t .  

The  CPU  27  (IC1)  is  an  80C49  device   whose  p ins   are  a s  

f o l l o w s : -  

The  d e s c r i p t i o n . o f   some  p ins   is  r a t h e r   a b b r e v i a t e d ,  

e s p e c i a l l y   those   not  used  in  Fig.   3a.  The  80C49  is  a  member  o f  

the  8048  f ami ly   in  which  many  p ins   have  a l t e r n a t i v e   f u n c t i o n s .  



These  dev ices   are  well  known  in  the  a r t   and  t h e i r   a r c h i t e c t u r e ,  

s i g n a l s   and  i n s t r u c t i o n   se t   are  r e a d i l y   a v a i l a b l e   i n f o r m a t i o n  

(e .g .   Osborne  "An  I n t r o d u c t i o n   to  M i c r o c o m p u t e r s " ,   V o l . 2 ) .  

DBO -  DB7  is  a  t rue   b i d i r e c t i o n a l   data  bus  and  I/O  p o r t  

which  can  a l so   be  used  as  8  low  o r d e r   a d d r e s s   l i n e s .   P10  -   P17 

and  P20 -   P27  a r e  e s s e n t i a l l y   l a t c h e d   o u t p u t   p o r t s .   However  a  

pin  at  high  l e v e l   can  be  p u l l e d   low  to  p r o v i d e   data  inpu t   when 

the  po r t   is  read  as  an  inpu t   p o r t .  

The  ba s i c   p a t t e r n   of  usage  of  the  t h r e e   p o r t s   is  a s  

f o l l o w s .   DBO -  DB7  are  p r o v i d e d   wi th   p u l l - u p   r e s i s t o r s   40  b u t  

may  be  p u l l e d   low  by  the  CPU  to  o u t p u t   da t a ,   be  p u l l e d   low  b y  

e x t e r n a l   s i g n a l s   to  i n p u t   data   or  be  p u l l e d  p e r m a n e n t l y   low  by  

l i n k s   42  whose  f u n c t i o n   is  d e s c r i b e d   below.  DBO -  DB3  ou tpu t   o r  

r e c e i v e   four  data   data   RDO -  RD3  to  or  from  the  memory  32  (IC2) 

and  r e c e i v e   s i g n a l s   KDO -  KD3  from  the  s w i t c h e s   30.  DB7  p r o v i d e s  

a  s i g n a l   SDI  to  the  d i s p l a y   d r i v e r s   28  (IC3  and  I C 4 ) .  

P10  to  P12  p r o v i d e   keyboard   scan  s i g n a l s   KSCANO -  KSCAN2 

to  the  s w i t c h e s   30  and  a l so   p r o v i d e   s i g n a l s   CSO -  CS1  to  t h e  

d r i v e r s   28.  Other  s i g n a l s   to  t h e s e   d r i v e r s   are  e x p l a i n e d   b e l o w .  

P20  -   P27  p r o v i d e   e i g h t   a d d r e s s   b i t s   RAMO -  RAM7  to  the  memory 

32  while  a  n i n t h   b i t   RAM8  goes  to  P15.  P20  to  P23  are  f u r t h e r -  

more  used  to  o u t p u t   s i g n a l s   TRIACO -  3  for   the  r e l a y s   34  w h i l e  

P24  -   P27  o u t p u t   s i g n a l s   DLEDO -  3  for   the  four  a n n u n c i a t o r   d i o d e s  

ment ioned   a b o v e .  

Line  SDO  p r o v i d e s   a  s e r i a l   communica t ion   p o r t   for   the  CPU, 

so  t h a t ,   for  i n s t a n c e ,   ano the r   computer   can  communicate  with  t h e  

t i m e s w i t c h .   In  an  i n d u s t r i a l   a p p l i c a t i o n ,   the  o the r   c o m p u t e r  

could   be  a  main  computer  which  c o n t r o l s   many  d i f f e r e n t   f u n c t i o n s  

in  a  f a c t o r y ,   and  which  needs  to  be  able   to  de t e rmine   the  s t a t u s  

of  the  t i m e s w i t c h   and,  p e r h a p s ,   to  r ep rog ram  the  t i m e s w i t c h .  

Communication  th rough   the  p o r t   t a k e s  p l a c e   dur ing   i n t e r r u p t s  

in  the  CPU  o p e r a t i n g   p r o g r a m .  

MBUS  (Fig.2)   compr i ses   RDO -  RD3  and  RAMO -  RAM8  i n  

F igs .   3a  and  3b .  



The  memory  32  (IC2)  is  a  1024  x  4 - b i t   s t a t i c   CMOS  RAM, 
such  as  the  µPD444,  whose  p ins   are  as  f o l l o w s : -  

This   dev ice   is  well   s u i t e d   for   the  p r e s e n t   a p p l i c a t i o n  

where  b a t t e r y   back-up   is  used  to  p r e v e n t   data   l o s s   dur ing   d i s -  

r u p t i o n   of  the   mains  supply ,   because   data   is  r e t a i n e d   down  to  a  

power  supp ly   l e v e l   of  2V,  and  i f   the  chip  is  not   s e l e c t e d   for   a  

s p e c i f i e d   l e n g t h   of  t ime,   the  power  r e q u i r e m e n t   is  a u t o m a t i c a l l y  

r e d u c e d .  

The  c i r c u i t   36  for   s u p p l y i n g   a  mains  f r e q u e n c y   s i g n a l   t o  

the  CPU  c o m p r i s e s   a  p o t e n t i a l   d i v i d e r   f eed ing   a  s i g n a l   to  t h e  

event   c o u n t e r   i n p u t   pin  39  of  the  CPU  27 .  

The  watchdog  c i r c u i t   38  d e s c r i b e d   above  compr i se s   a  c a p a c -  

i t o r   C3  c h a r g e d   th rough  a  r e s i s t o r   R   from  the  p o s i t i v e   s u p p l y  

VDD.  A  t r a n s i s t o r   TR3  has  i t s   c o l l e c t o r   connec t ed   to  the  common 

t e r m i n a l   of  the   r e s i s t o r   R w  and  the  c a p a c i t o r   C3,  i t s   e m i t t e r  

connec t ed   to  VSS  and  i t s   base  c o n n e c t e d   to  pin  32  (P15)  of  t h e  

CPU  t h r o u g h   a  c o u p l i n g   c a p a c i t o r ,   whereby  the  CPU  may  swi tch   on 

TR3  to  d i s c h a r g e   C3.  This  is  done  once  in  every  normal  o p e r a t i n g  

cyc le   of  the  CPU  s o f t w a r e .   I f   a  m a l f u n c t i o n   o c c u r s ,   and  C3  i s  

not  d i s c h a r g e d   w i t h i n   a  time  s e t   by  the  va lues   of  Rw and  C3,  t h e  

v o l t a g e   a c r o s s   C3  c o n t i n u e s   to  r i s e ,   e v e n t u a l l y   i n t e r r u p t i n g   t h e  

CPU  th rough   an  i n v e r t e r   42  (IC5)  and  diode  D5  whose  anode  is  c o n n -  

ec t ed   to  the  CPU  i n t e r r u p t   pin  6 .  



For  s i m p l i c i t y   only  one  a n n u n c i a t o r   diode  c i r c u i t ,   com- 

p r i s i n g   LED1  ( F i g . 3 b ) ,   is  shown  connec ted   to  DLEDO  and  only  a  

s i n g l e   r e l a y   c i r c u i t   is  shown,  connec ted   to  TRIACO.  Like  c i r c u i t s  

are  c o n n e c t e d   to  DLED1 -  3  for   LED2 -  4  and  are  connec ted   t o  

TRIAC1 -  3  for  the  o t h e r   t h r e e   r e l a y   c i r c u i t s .   The  four  zone  

a n n u n c i a t o r   d iodes   LED1 -  LED4  are  used  to  i n d i c a t e   the  zone  t o  

which  the  d i s p l a y e d   data   r e l a t e s .   The  CPU  o u t p u t   DLEDO  d r i v e s  

LED1  t h rough   a  p a i r   of  i n v e r t e r s   46  p r o v i d i n g   a  s i g n a l   DO. 

B i s t a b l e   r e l a y s   34  are   used  to  reduce  hea t   d i s s i p a t i o n .  

C u r r e n t   in  the  c o i l   of  the  r e l a y   34  ( F i g . 3 ( b ) )   and  hence  t h e  

s t a t e   of  the  r e l a y   are  c o n t r o l l e d   by  a  t h y r i s t o r   SCR1  f i r e d  

th rough   two  i n v e r t e r   c i r c u i t s   IC5  by  the  CPU  o u t p u t   TRIACO  g o i n g  

low.  A  v o l t a g e   d e p e n d e n t   r e s i s t o r   VD2  may  be  connec t ed   i n  

p a r a l l e l   with  the  r e l a y   c o i l ,   but   is  not  n e c e s s a r y   i f   the  r e l a y  

is  of  the  remanence  t y p e .  

The  t r i a c s   are  a lways  f i r e d   at  the  z e r o - c r o s s i n g   p o i n t   o f  

the  mains  supply   to  min imise   s w i t c h i n g   c u r r e n t s .   The  CPU  d e t e r -  

mines  the  p o l a r i t y   of  the  mains  supply   at  the  time  a  t r i a c   is  t o  

be  s w i t c h e d   on,  and  wa i t s   u n t i l   the  mains  c r o s s e s   zero,   b e f o r e  

e f f e c t i n g   the  s w i t c h i n g .  

When  the  CPU  is  a d d r e s s i n g   the  memory  32  (IC2)  on  RAMO- 

RAMS,  a  l og i c   low  l e v e l   on  RAMO  would  cause  s p u r i o u s   t r i g g e r i n g  

of  SCR1.  To  p r e v e n t   t h i s ,   the   CPU  p r o v i d e s   a  t r i a c   h o l d i n g   s i g n a l  

TH  at  pin  32  when  the  memory  32  is  be ing  a d d r e s s e d .   The  CPU 

ou tpu t   TH  t u r n s   on  the  t r a n s i s t o r   TR1  whereby  the  c o n t r o l   t e r m i n a l  

of  SCR1  is  c o n s t r a i n e d   to  be  at   a  v o l t a g e   below  the  b r eakdown  

v o l t a g e   of  the  diode  D1,  s i n c e   the  c u r r e n t   which  TR1  can  s ink  i s  

g r e a t e r   than  t h a t   which  the  i n v e r t e r   IC5  can  p r o v i d e   at  i t s   o u t p u t .  

BUS1  ( F i g . 2 ) ,   t h r o u g h   which  the  CPU  communicates   to  t h e  

two  d i s p l a y   d r i v e r   c i r c u i t s   28  is  formed  by  the  l i n e s   CLK,  BUSY, 

RESET,  CSO,  CS1,  CMMD,  SCLK  and  SD1  from  the  CPU.  The  d r i v e r s  

are  µPD7225  LCD  d r i v e r / c o n t r o l l e r   i n t e g r a t e d   c i r c u i t s   d e s c r i b e d  

below.  Data  is  s en t   to  the  d r i v e r s   in  s e r i a l   form  and  each  d r i v e r  

28  i n c o r p o r a t e s   a  c o n t r o l   u n i t   for   d i r e c t i n g   da ta   flow  and  d e c o d i n g  

high  l e v e l   commands.  The  d r i v e r s   are  c o n f i g u r e d   by  the  CPU  and  



dr ive   the  d i s p l a y   segments  to  o p e r a t e   in  a  duplex  mode,  t h a t   i s ,  

the  d r i v i n g   s i g n a l   for   an  a c t u a t e d   segment  has  a  mark-space   r a t i o  

of  1:1.   This  mode  of  o p e r a t i o n   p l a c e s   r e s t r i c t i o n s   o n  t h e   LCD 

d i s p l a y   o p e r a t i n g   t e m p e r a t u r e   range ,   but   s i m p l i f i e s   the  d i s p l a y  

c o n n e c t i o n s .   Each  d r i v e r   28  c a n  d r i v e   32  d i s p l a y   segments .   One 

d r i v e r   a l so   s e l e c t s   one  of  two  back  p l a n e s   in  the  d i s p l a y ,   t h e r e -  

by  e n a b l i n g   128  segments   to  be  u s e d .  

The  p ins   of  the  d r i v e r s   are  as  f o l l o w s : -  

The  commands  a v a i l a b l e   a l low  the  CPU  to  set   the  d r i v e r  

c o n f i g u r a t i o n ,   to  enab le   or  d i s a b l e   a  segment  decoder ,   to  e n a b l e  

and  d i s a b l e   the  d i s p l a y ,   and  to  cause  a  segment  to  b l i n k ,   f o r  

i n s t a n c e .   The  f u l l   se t   of  i n s t r u c t i o n s   can  be  found  in  d a t a  

s h e e t s   from  the  m a n u f a c t u r e r ,   NEC  E l e c t r o n i c s   U.S.A.  I n c .  



The  CPU  c o n t r o l s   the  LCD  d r i v e r s   th rough   6  l i n e s ,  

namely  chip  s e l e c t   (CSO,  CS1),  command  (CMMD/D),  s e r i a l  c l o c k  

(SCLK),  s e r i a l   da ta   inpu t   (SDI)  and  r e s e t   (RESET). 

RESET  is   used  to  i n i t i a l i s e   the  r e g i s t e r s   of  the   d r i v e r s  

28  and  to  c l e a r   t h e i r   data   memories,   and  to  d i s a b l e   the  d i s p l a y .  

The  p r o c e s s o r   sends  da ta   via  SDI.  Data  is  c l o c k e d   in  by  

the  r i s i n g   edge  of  SCLK,  which  is  normal ly   h igh .   To  s i m p l i f y   t h e  

s o f t w a r e ,   the  micro  is  made  to  do  a  dummy  w r i t e   to  memory,  w h i c h  

p u l s e s   the  RAMW,  i . e .   SCLK  l i n e   low,  and  at  the  same  t ime ,   data   i n  

the  a c c u m u l a t o r   is  o u t p u t   at  the  BUS  p o r t   DBO-DB7.  Bi t   7  (DB7)  o f  

the  BUS  is  c o n n e c t e d   to  SDI.  Thus  only  one  b i t   is  w r i t t e n   to  t h e  

d r i v e r   at  a  t ime ,   as  r e q u i r e d .   Af t e r   each  t r a n s m i s s i o n ,   the  accum-  

u l a t o r   is  r o t a t e d   l e f t   once  ( m u l t i p l i e d   by  2 ) ,   then   o u t p u t   to  BUS 

aga in .   In  t o t a l ,   t h i s   is  done  8  t imes  to  t r a n s m i t   a  d a t a   b y t e  

(or  command  b y t e ) .  

A  s o f t w a r e   r o u t i n e   for   the  CPU  to  p r o v i d e   t h i s   o u t p u t   t o  

the  d r i v e r s   can  be  w r i t t e n   q u i t e   s imply,   the  p r i n c i p l e   of  r o t a t i o n  

of  da t a   in  the  a c c u m u l a t o r   be ing   well  known  in  the  m i c r o p r o c e s s o r  

programming  a r t .   P r e f e r a b l y ,   at   each  l e f t   r o t a t i o n   of  the  accum-  

u l a t o r ,   the  most  s i g n i f i c a n t   b i t   is  r e t u r n e d   to  the  l e a s t   s i g n i f -  

i c a n t   b i t   p o s i t i o n ,   so  t h a t   the  o r i g i n a l   da ta   is  r e t u r n e d   to  t h e  

a c c u m u l a t o r   a f t e r   e i g h t   r o t a t i o n s .  

The  l i n e   CMMD/D  is  used  to  t e l l   the  d r i v e r s   28  whether   t h e  

byte  be ing   t r a n s m i t t e d   is  da t a ,   which  is  sent   d i r e c t l y   to  a  

d i s p l a y   memory,  or  a  command,  from  the  a v a i l a b l e   se t   of  commands, 

which  causes   a p p r o p r i a t e   a c t i o n   wi th in   the  d r i v e r .  

The  l i n e s   CSO  and  CSl  are  used  to  s e l e c t   the  d r i v e r   f o r  

which  the  t r a n s m i s s i o n   is  i n t e n d e d .  

Al though   two  d r i v e r s   are  d e s c r i b e d   c o n t r o l l i n g   a  d i s p l a y  

with  two  b a c k p l a n e s ,   the  d r i v e r s   have  the  f a c i l i t y   to  d r i v e   f o u r  

p l a n e s .   A c c o r d i n g l y ,   a  s i n g l e   d r i v e r   and  a  d i s p l a y   wi th   f o u r  

back  p l a n e s   cou ld   be  u s e d .  

A  t r a n s i s t o r   TR2,  with  i t s   a s s o c i a t e d   c i r c u i t r y ,   p r o v i d e s  

r e f e r e n c e   v o l t a g e s   to  the  d r i v e r s   28  on  the  d r i v e r   i n p u t e   VLCD1, 

VLCD2  and  VLCD3  (pins  3 ,  4   and  5).  These  r e f e r e n c e   v o l t a g e s  

d e t e r m i n e   the  l e v e l   of  the  d r i v i n g   s i g n a l s   a p p l i e d   to  the  d i s p l a y  

e l e m e n t s .  



The  d r i v e   c h a r a c t e r i s t i c s   of  LCD  e lements   vary  w i t h  

t e m p e r a t u r e .   A c c o r d i n g l y   t e m p e r a t u r e   compensa t ion   is  p r o v i d e d  

for   the  r e f e r e n c e   v o l t a g e s   by  the  t r a n s i s t o r   TR2  and  a  p o t e n t -  

iomete r   POT1.  POT1  d e t e r m i n e s   the  o p e r a t i n g   p o i n t   of  the  TR2 

and  hence  how  much  a m p l i f i c a t i o n   is  given  to  the  t e m p e r a t u r e  

dependen t   changes   in  the  b a s e - e m i t t e r   v o l t a g e   of  TR2,  and  how 

the  r e f e r e n c e   v o l t a g e s   change  with  t e m p e r a t u r e .  

F igs .   3  and  4  i n d i c a t e   how  a  ma t r ix   of  s w i t c h e s   S1  to  S12 

is  used  to  p r o v i d e   the  manua l l y   ope rab l e   i npu t   device   30  f o r  

e n t e r i n g   a  new  swi t ch   p rog ram,   for   i n s t a n c e .   Each  of  the  t w e l v e  

s w i t c h e s   S l  -   S12  p r o v i d e s   a  r e s p e c t i v e   one  of  the  t w e l v e  

p o s s i b l e   c o n n e c t i o n s   be tween   one  of  the  l i n e s   KDO,  KD1,  KD2,  KD3 

and  one  of  the  l i n e s   KSCANO,  KSCAN1,  KSCAN2. 

The  s w i t c h e s   p r o v i d e   input   to  the  CPU  us ing   a  wel l   known 

keyboard   s c a n n i n g   t e c h n i q u e .   KSCANO -  2  are  a c t i v a t e d   in  t u r n  

and  KDO - 3  are  sensed   to  a s c e r t a i n   i f   any  swi tch   is  c l o s e d .   The 

s w i t c h e s   are  debounced  by  - so f tware   in  well   known  manner.   When  a n y  
swi tch   is  d e t e c t e d   c l o s e d ,   the  a p p r o p r i a t e   s o f t w a r e   r o u t i n e   is  c a l l e d .  

While  the  t i m e s w i t c h   is  r unn ing ,   the   CPU  r e p e a t e d l y  

p e r f o r m s   r o u t i n e s   with  the   f o l l o w i n g   f u n c t i o n s :  

1.  D e t e c t   i n p u t   from  u s e r .  

2.  Decode  i n p u t   commands. 

3.  T r a n s m i t   d a t a   to  LCD  d r i v e r s   2 8 .  

4.  S e r v i c e   t i m e r   c o u n t e r   i n t e r r u p t s   and  upda te   CPU 

i n t e r n a l   c l o c k .  

5.  Fe tch   program  da ta   from  memory  and  compare  w i t h  

p r e s e n t   t i m e .  

6.  F i r e   t r i a c s   i f   a p p r o p r i a t e .  

7.  R e t r i g g e r   watchdog  c i r c u i t .  

The  c lock   i s   u p d a t e d   and  t r i a c s   are  f i r e d   once  e v e r y  

q u a r t e r   of  an  hour   o n l y .  

Fig .   5  is  a  f low  d iagram  of  so f tware   s u i t a b l e   for   t h e  

CPU  when  the  t i m e s w i t c h   is  in  i t s   running   mode.  



When  the  t i m e s w i t c h   is  s t a r t e d ,   the  CPU  r eads   the  w i r e d  

l i n k s   42  th rough   the  bus  DBO -  DB7  to  de t e rmine   the  t i m e s w i t c h  

c o n f i g u r a t i o n .   The  i n i t i a l   v a l u e s   of  v a r i a b l e s   are  then  s e t ,   and  

any  so f twa re   changes   consequen t   on  the  c o n f i g u r a t i o n   are  made .  

The  keyboard   is  then  scanned  for   the  p r e sence   of  an  i n p u t  

which,  i f   p r e s e n t   is  debounced  and  decoded.   Whether  or  not   d a t a  

is  p r e s e n t ,   the  d i s p l a y   is  u p d a t e d .  

The  CPU  then  d e t e r m i n e s   whether   the  s t a t e   of  the  s w i t c h  

is  to  be  changed,   t h a t   is  whether   the  c u r r e n t   time  is  an  "ON"  o r  

an  "OFF"  t ime.   I f   no  change  of  s t a t e   is  r e q u i r e d ,   the  CPU  r e v e r t s  

to  the  b e g i n n i n g   of  the  cyc le   and  aga in   scans  the  keyboa rd ,   a f t e r  

r e t r i g g e r i n g   the  watchdog.   If   the  s t a t u s   is  to  be  changed,   t h e  

d e s i r e d   new  s t a t e   is  d e t e r m i n e d   and  the  c o r r e s p o n d i n g   t r i a c   i s  

f i r e d   on  the  p o s i t i v e   or  n e g a t i v e   mains  cyc le   to  t u rn   the  r e l a y   on  

or  o f f .   The  CPU  then  r e t r i g g e r s   the  watchdog  and  r e t u r n s   t o  

scanning   the  k e y b o a r d .  

I n t e r r u p t s   are  s e r v i c e d   a f t e r   the  d i s p l a y   is  u p d a t e d ,   a n d  

r e t u r n   a f t e r   the  o p e r a t i o n   of  d e t e r m i n i n g   whether   the  sw i t ch   s t a t e  

is  to  be  changed.   At  an  i n t e r r u p t ,   the   CPU  d e t e r m i n e s   whe the r   t h e  

i n t e r r u p t   has  come  from  the  t imer   c o u n t e r   or  the  s e r i a l   da ta   p o r t .  

Dea l ing   with  i n t e r r u p t s   from  the  da ta   p o r t   forms  no  p a r t   o f  

the  i n v e n t i o n   and  the   s o f t w a r e   for  doing  so  is  not  shown  in  the  f l o w  

diagram.   When  a  t imer   c o u n t e r   i n t e r r u p t   occu r s ,   the  t imer   i s  

s topped ,   r e s e t   to  zero  and  r e s t a r t e d .   The  s t o r e d   time  v a l u e s   a n d  

the  d i s p l a y   are  then  upda ted   be fo re   r e t u r n i n g   to  the  main  s o f t w a r e  

r o u t i n e .  

In  a d d i t i o n   to  the  mode  of  o p e r a t i o n   d e s c r i b e d   above,   r e -  

programming  of  the  CPU  a l lows   v a r i a n t s   of  o p e r a t i o n s .   For  i n s t a n c e  

the  swi tch   could   be  used  to  c o n t r o l   a  s i n g l e   zone  only .   A n o t h e r  

p o s s i b i l i t y   is  a  swi tch   which  i s  m a n u f a c t u r e d   to  c o n t r o l   a  number  o f  

zones,   which  number  can  be  i n c r e a s e d   by  c o n n e c t i n g   a  module  to  t h e  

o r i g i n a l   sw i t ch .   N a t u r a l l y ,   i t   would  be  n e c e s s a r y   to  p r o v i d e   means 

for   a l e r t i n g   the  CPU  to  the  p r e s e n c e   of  the  module,  so  t h a t   t h e  

CPU  o p e r a t i n g   sequence   could  be  s u i t a b l y   changed.   The  module  may 
c o n t a i n   a d d i t i o n a l   memory,  r e q u i r e d   for  c o n t r o l l i n g   the  a d d i t i o n a l  

z o n e s .  



The  t i m e s w i t c h   can  be  used  with  mains  f r e q u e n c i e s   o f  

50  Hz  or  60  Hz  as  a  t imebase   or  with  a  c r y s t a l   o s c i l l a t o r ,   i n  

a c c o r d a n c e   with  p r i n c i p l e s   well  known  in  t h e m s e l v e s .  

The  t i m e s w i t c h   could  be  o p e r a t e d   as  a  s o l a r   t i m e s w i t c h ,  

in  which  p a r t   of  the  program  is  r e l a t e d   to  the  t ime  of  s u n s e t  

or  s u n r i s e   and  t h e r e f o r e   v a r i e s   through  the  y e a r .  

For  c o n f i g u r i n g   the  CPU,  each  of  the  r e s i s t o r   l i n k s   42 

is  c o n n e c t e d   to  the  c o l l e c t o r   of  a  t r a n s i s t o r   TR3  whose  e m i t t e r  

is  c o n n e c t e d   to  V SS  and  whose  base  is  connec ted   to  RESET.  The 

CPU  when  t u r n e d   on,  reads   the  diode  l i n k s   by  t u r n i n g   TR3  on  and  

r e a d i n g   the  i n p u t s   DBO-DB7.  T h e r e a f t e r ,   TR3  is  t u r n e d   of f   and  

the  BUS  can  be  used  as  n o r m a l .  

In  c o n f i g u r i n g   the  CPU,  one  of  the  l i n k s   42  d e t e r m i n e s  

whe ther   or  not   the  swi tch   is  a  s o l a r   t i m e s w i t c h .   A  second  L i n k  

d e t e r m i n e s   whe the r   the  CPU  uses  the  c r y s t a l   time  base  only  o r  

locks   to  mains  f r e q u e n c y .   A  t h i r d   Link  d e t e r m i n e s   whe the r   BST 

changeove r   is  to  o c c u r .  

In  the  s o l a r   t i m e s w i t c h ,   the  r ema in ing   f i v e   l i n k s   se t   t h e  

l a t i t u d e   of  o p e r a t i o n .   T h i r t y - t w o   s e p a r a t e   l a t i t u d e s   may  b e  

s e l e c t e d .  

In  a  n o n - s o l a r   t i m e s w i t c h   a  f o u r t h   l i nk   s e t s   the  t i m e -  

s w i t c h  t o   be  a  T a r i f f   swi tch   and  a  f i f t h   l i nk   s e t s   the  number  o f  

zones  to  be  u sed .   The  r emain ing   t h r e e l i n k s   are  not   u s e d .  

The  t i m e s w i t c h   has  been  d e s c r i b e d   with  a  12  hour  d i s p l a y ,  

but   could   be  a r r a n g e d   to  d i s p l a y   the  whole  24  hour  program  a l l  

the  t i m e .   The  d i s p l a y   d e s c r i b e d   would  then  have  a  r e s o l u t i o n   o f  

only  h a l f   an  hour ,   but   c l e a r l y   the  d i s p l a y   could  be  changed,   w i t h  

c o n c o m i t a n t   changes   in  so f twa re   and,  i f   n e c e s s a r y ,   the  number  o f  

LCD  d r i v e r   c i r c u i t s ,   to  p r o v i d e   a  24  hour   d i s p l a y   wi th   q u a r t e r   o f  

an  hour  r e s o l u t i o n .  



1.  An  e l e c t r o n i c   t imeswi tch   compr is ing   a  switch  ( 3 5 ) ,  

manually  o p e r a b l e   input   means  (30),  c o n t r o l   means  (27,32,   34) 

a c t u a t i n g   the  swi tch   (35)  and  s t o r i n g   a  s w i t c h i n g   program,  and 

having  a  runn ing   mode  in  which  the  switch  (35)  is  opened  and 

closed  at  t imes  in  accordance   with  the  s to red   s w i t c h i n g   p rog ram,  

and  a  programming  mode  in  which  a  new  sw i t ch ing   program  may  be 

en t e r ed   from  the  input   means  (30),  c h a r a c t e r i s e d   in  tha t   i t  

compr ises   a  d i s p l a y   (10)  having  an  analogue  time  d i s p l a y   p o r t i o n  

(lOa)  c o n t r o l l e d   by  the  c o n t r o l   means  (27,28)  and  formed  by  f i r s t  

and  second  s c a l e s   (14,12)  of  a c t u a b l e   i n d i c i a ,   and  in  t h a t ,   in  t h e  

running  mode,  t h e  i n d i c i a   of  the  s c a l e s   (12,14)  are  a c t u a t e d   t o  

r e p r e s e n t   a c t u a l   time  on  the  f i r s t   s ca le   (14)  and  the  s t o r e d  

s w i t c h i n g   program  on  the  second  sca le   (12),  and in  tha t   in  t h e  

programming  mode,  a  time  may  be  manually  e n t e r e d ,   w h e r e a f t e r   t h e  

s t a t e   of  the  swi tch   (35)  at  tha t   time  may  be  s e l e c t e d ,   and  t h e  

d i s p l a y   (10)  r e p r e s e n t s   on  one  of  the  s c a l e s   (12,14)  the  p rog ram 

being  e n t e r e d .  

2.  An  e l e c t r o n i c   t imeswi t ch   a c c o r d i n g   to  claim  1,  c h a r a c t e r i s e d  

in  t ha t   the  s c a l e s   (12,14)  of  a c t u a b l e   i n d i c i a   are  a r r anged   i n  

inner   and  ou te r   c o n c e n t r i c   c i r c l e s .  

3.  An  e l e c t r o n i c   t imeswi t ch   a c c o r d i n g   to  c la im2,   c h a r a c t e r i s e d  

in  t h a t ,   in  the  running  mode,  the  i n d i c i a   of  the  f i r s t   s ca l e   (14) 

are  s e q u e n t i a l l y   a c t u a t e d ,   to  r e p r e s e n t   the  hour  hand  of  an  a n a l o g u e  

clock  f a c e .  

4.  An  e l e c t r o n i c   t imeswi t ch   a c c o r d i n g   to  claim  2  or  3 ,  

c h a r a c t e r i s e d   in  t h a t ,   in  the  running  mode,  the  i n d i c i a   (12) of  t h e  

second  s ca l e   are  a c t u a t e d   in  groups,   to  i n d i c a t e   pe r iods   of  t h e  

s to r ed   s w i t c h i n g   program  dur ing  which  the  switch  (35)  is  c l o s e d .  

5.  An  e l e c t r o n i c   t imeswi t ch   a cco rd ing   to  claim  2,  3  or  4 ,  

c h a r a c t e r i s e d   in  t ha t   the  f i r s t   and  second  s c a l e s   (14,12)  a r e  

the  inner   and  ou te r   s c a l e s   r e s p e c t i v e l y .  



6.  An  e l e c t r o n i c   t imeswi tch   acco rd ing   to  claim  2 .  

c h a r a c t e r i s e d   in  tha t   in  the  programming  mode,  the  i n d i c i a   o f  

one  s c a l e   (14)  are  a c t u a t e d   to  r e p r e s e n t   the  hour  hand  of  an  

analogue  c lock  face  d i s p l a y i n g   the  manually  e n t e r e d   t i m e .  

7.  An  e l e c t r o n i c   t imeswi t ch   a cco rd ing   to  claim  2  or  6 ,  

c h a r a c t e r i s e d   in  t h a t ,   in  the  programming  mode,  the  i n d i c i a   o f  

one  s ca l e   (12)  are  a c t u a t e d   in  groups ,   to  i n d i c a t e   p e r i o d s   o f  

the  s w i t c h i n g   program  being  en te red   dur ing  which  the  swi tch   (35) 

is  to  be  c l o s e d .  

8.  An  e l e c t r o n i c   t imeswi t ch   a cco rd ing   to  claim  6  and  7 ,  

c h a r a c t e r i s e d   in  t h a t ,   in  the  programming  mode,  an  hour  hand  i s  

r e p r e s e n t e d   by  the  inner   s ca le   (14)  and  the  p e r i o d s   d u r i n g  

which  the  swi tch   (35)  is  to  be  c losed   are  r e p r e s e n t e d   on  t h e  

ou te r   s c a l e   ( 1 2 ) .  

9.  An  e l e c t r o n i c   t imeswi t ch   a c c o r d i n g   to  any  of  t h e  

above  c l a ims ,   c h a r a c t e r i s e d   in  t ha t   the  d i s p l a y   (10)  f u r t h e r  

compr ises   a  d i g i t a l   time  d i s p l a y   device   ( 1 6 ) .  
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