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Description 

The  present  invention  relates  to  a  timing  unit 
implemented  with  TTL  technology  for  use  with  data 
processing  systems  utilizing  fast  microprocessors. 

It  is  known  that  particularly  fast  integrated 
microprocessors  have  been  recently  made  avail- 
able  on  the  market.  They  operate  on  the  basis  of 
high  frequency  timing  cycles. 

The  Motorola  68020  microprocessor,  for  exam- 
ple,  can  operate  with  a  clock  rate  of  16,66  MHz 
and  units  operating  at  20  MHz  will  soon  be  mar- 
keted. 

These  microprocessors  used  in  conjunction 
with  few  external  components  and  peripheral  units, 
memories,  input/output  data  units  and  peripheral 
controllers  can  constitute  complete  data  processing 
systems. 

In  such  systems  in  order  to  exploit  the  full 
potential  and  speed  of  said  microprocessors  it  is 
necessary  to  make  use  of  fast  memories  with  a 
read/write  cycle  time  comparable  to  the  execution 
time  required  by  the  microprocessors  to  carry  out 
a  memory  data  read/write  operation. 

Typically  to  execute  a  memory  read  operation 
the  68020  microprocessor  requires  3  clock  cycles, 
that  is  180  nsec.  at  the  16,  66  MHz  clock  rate. 

These  cycles  consist  of  6  successive  phases, 
SO  S1  S2  S3  S4  S5  in  which  the  timing  signal  is 
alternatively  at  logic  level  "1  "  and  "0". 

As  the  memory  address  is  made  available  by 
the  microprocessor  within  the  first  half  clock  cycle 
(phase  SO)  and  the  read  out  data  must  be  available 
in  the  first  half  of  the  third  clock  cycle  (within  phase 
S4),  it  is  necessary  that  the  memory  read  cycle, 
from  the  time  when  the  memory  is  addressed  to 
the  time  when  the  read  out  data  is  available,  does 
not  exceed  90  nsec. 

In  order  to  be  able  to  use  memories  that  do  not 
operate  at  such  a  speed,  the  68020  microprocessor 
(and  others  similar  to  it)  is  provided  with  an  interval 
arrangement  that  allows  wait  cycles  to  be  inserted. 

The  availability  of  the  read  data  within  a  certain 
period  of  time  must  be  "preannounced"  to  the 
microprocessor  through  the  activation  of  a  DTACK 
signal  at  logic  level  "0"  by  an  external  memory 
management  unit  (MMU). 

If  this  signal  is  activated  during  phase  S2  the 
microprocessor  loads  the  data  read  from  memory 
into  an  interface  register  at  the  beginning  of  phase 
S5  and  the  read  operation  is  completed  in  three 
subsequent  clock  cycles. 

If  signal  DTACK  is  not  asserted  during  phase 
S2  the  microprocessor  enters  in  a  wait  state  for  a 
clock  cycle. 

If  the  DTACK  signal  is  received  during  the  wait 
cycle  the  microprocessor  resumes  operation  and 
completes  the  read  operations  in  three  successive 

phases  S3,  S4,  S5  that  is,  the  read  operation  is 
carried  out  in  4  clock  cycles. 

If  the  DTACK  signal  is  not  asserted  even  dur- 
ing  the  wait  cycle  the  microprocessor  remains  in 

5  wait  state  further  timing  cycles. 
It  is  obvious  that  under  those  conditions  a 

considerable  decrease  in  performance  takes  place. 
Therefore  the  use  of  fast  memories  and  ar- 

chitectures  allowing  information  to  be  transferred 
io  between  microprocessor  and  memory  without  ap- 

preciable  delay  times  is  essential. 
In  spite  of  these  contrivances,  it  may  however 

happen  that  the  memory  read  cycle  exceeds  the 
desirable  time  for  just  a  few  nanoseconds,  which 

75  causes  the  insertion  of  wait  cycles  whose  duration 
is  equal  to  60  nsec  or  more  and  a  performance 
decrease  that  is  disproportionate  to  the  actual  re- 
quirements. 

In  order  to  overcome  this  drawback  the  micro- 
20  processor  can  be  operated  at  a  clock  rate  slightly 

lower  than  the  maximum  allowable  clock  rate.  In 
other  words  it  is  possible  to  adapt  the  clock  rate  to 
the  memory  requirements. 

For  instance,  with  the  hypotheses  previously 
25  made,  if  the  memory  read  cycle  requires  105  ns 

instead  of  the  90  ns  which  would  allow  the  micro- 
processor  to  operate  with  a  60  ns  cycle  time,  a 
clock  rate  p,  calculated  from  the  following  formula, 
can  be  adopted: 

30 
(p  +  p/2)  k  105  say  1,5  p  k  105 
p   ̂ 70  ns 

This  results  in  a  systematic  performance  de- 
35  crease  greater  than  15%.  The  timing  unit  made 

with  the  TTL  technology,  object  of  the  present 
invention,  overcomes,  at  least  partially,  such 
drawbacks. 

This  timing  unit  allows  the  clock  cycle  to  be 
40  selectively  varied,  through  a  command,  by  inserting 

in  a  timing  signal  wait  states  whose  duration  is 
equal  to  1/4  -  1/2  -  3/4  of  the  normal  clock  cycle. 

In  this  way  operations  are  delayed  only  when 
needed  and  for  the  required  time  amount. 

45  This  is  achieved  through  the  use  of  a  high 
frequency  clock  generator  and  of  J  K  flip  flops, 
made  with  TTL  technology,  serially  connected  so 
as  to  act  as  a  frequency  divider. 

This  frequency  divider  is  controlled  by  a  very 
50  simple  control  logic  which,  during  operation,  is  syn- 

chronized  by  the  high  frequency  clock  generator 
that  selectively  inhibits  the  switching  of  the  fre- 
quency  divider  for  one  or  more  clock  generator 
cycles. 

55  A  fundamental  characteristic  of  the  timing  unit, 
object  of  the  present  invention,  is  that  each  ele- 
ment  of  the  unit,  be  it  the  frequency  divider  or  the 
control  unit,  is  synchronized  with  the  clock  gener- 
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ator  and  it  is  made  up  of  a  single  logic  element 
(flip  flop)  so  that  the  frequency  operation  is  only 
limited  by  the  sum  of  the  maximum  propagation 
delay  of  an  element  output  signal  with  respect  to 
the  clock  and  of  the  maximum  set-up  time  of  the 
input  signal  with  respect  to  the  clock  of  the  next 
element. 

This  is  an  important  consideration  because  the 
solutions  to  this  problem  put  forward  with  the  aim 
of  generating  delays  in  the  timing  signals  equal  to 
a  fraction  of  the  clock  cycle  have  proven  operative 
only  with  much  lower  clock  rates,  or  else  they 
require  the  use  of  circuit  made  with  fast  technol- 
ogies  such  as  the  ECL  technologies  that  provide 
output  signals  that  are  compatible  neither  with  the 
interface  characteristics  of  the  most  widely  used 
microprocessors  on  the  market  nor  with  the  TTL 
technologies. 

The  best  of  the  knowledge  available  so  far  on 
the  matter,  can  be  found  in  the  article  "Verkurzter 
WAIT-Zyklus  beschleunigt  68000  Systeme"  pub- 
lished  in  the  magazine  "Elektronik"  N°  3,  October 
2,1984  on  pages  59-60. 

This  article  describes  a  circuit  used  for  selec- 
tively  generating  wait  states  with  a  duration  of  only 
1/2  and  not  1/4  of  the  clock  cycle. 

Furthermore  a  frequency  divider  unit,  activated 
by  a  clock  generator  has  a  feed  back  loop  which 
comprises  frequency  divider  flip  flop  and  a  NAND 
gate  in  series. 

The  frequency  operation  is  therefore  limited  by 
the  sum  of  the  following  propagation  delay  times: 

a)  delay  time  of  flip  flop  with  respect  to  the 
clock 
b)  delay  time  of  signal  in  the  NAND  gate 
c)  set-up  time  of  input  signal  to  flip  flop 

Even  greater  is  the  restriction  introduced  by 
the  control  network  for  the  insertion  of  wait  states, 
which  comprises  a  loop  which,  besides  the  flip  flop 
and  the  already  mentioned  NAND  gate  includes 
further  NAND  gate. 

Another  drawback  of  the  circuit  described  in 
the  above-mentioned  article  is  that  to  generate  a 
wait  state  it  uses  an  (AS)  signal,  generated  by  the 
microprocessor,  that  in  practice  stops  the  timing 
unit,  whereas  the  restart  of  the  timing  unit  is  deter- 
mined  by  the  (DTACK)  signal  generated  by  the 
memory. 

This  is  an  extremely  risky  approach  because  in 
case  of  no  answer  from  the  memory  a  "dead  lock" 
occurs,  that  is,  a  system  unrecoverable  halt  con- 
dition  arises. 

In  addition,  the  described  circuit  can  lengthen 
the  cycle  time  by  1/2  only  in  phase  S2  whereas  it 
would  be  useful  to  have  timing  units  that  allow 
cycle  times  to  be  lengthened  also  in  the  succes- 
sive  phases  such  as,  for  instance,  phases  S3  or 
S4. 

In  fact  the  activation  of  the  DTACK  signal  by  a 
Memory  Management  Unit  within  a  pre-fixed  time 
has  the  following  two  implications: 
First  the  MMU  must  be  really  able  to  answer  within 

5  the  pre-fixed  time  consistently  with  the  read  in- 
struction  received. 

Second,  once  the  DTACK  signal  has  been  gen- 
erated,  the  read  data  must  be  really  available  with 
a  delay  not  greater  than  a  given  values  that  is,  the 

io  duration  of  phases  S3  and  S4. 
This  limitation  should  be  usefully  removed  by 

allowing  the  memories  (which  can  be  of  various 
types)to  output  valid  data  with  different  delays  by 
lengthening  phases  S3  or  S4. 

is  Thus  from  a  logic  view  point,  it  is  possible  to 
envisage  a  timing  unit  that,  in  case  of  memory  read 
operations,  generates  a  partial  wait  state  during 
phase  S2  so  as  to  allow  the  DTACK  signal  to  be 
received  during  a  lengthened  phase  S2.  Then,  in 

20  accordance  with  the  received  signals  it  selectively 
decides  whether  or  not  to  lengthen  phase  S4,  in 
order  to  take  into  account  the  specific  duration  of 
the  read  cycle  of  the  concerned  memory. 

These  advantages  are  achieved  by  the  timing 
25  unit  object  of  the  present  invention  which  not  only 

allows  wait  states  equal  to  1/4  of  the  cycle  time  to 
be  inserted  in  phases  S2  and  S4,  but  also  it 
permits  various  durations  of  the  wait  states  equal  to 
1/4  1/2  3/4  of  the  clock  time  to  be  chosen  accord- 

30  ing  to  the  specific  requirements. 
These  advantages  and  the  features  of  the 

present  invention,  will  become  apparent  from  the 
following  description  of  a  preferred  embodiment 
and  from  possible  variations  thereof  when  read  in 

35  conjunction  with  the  attached  drawings  where: 
Fig.  1  shows  a  preferred  embodiment  of  a  tim- 
ing  unit  organized  according  to  the  invention  for 
the  generation  of  wait  states  equal  to  1/4  of  the 
timing  cycle 

40  Fig.  2  shows  in  timing  diagram  the  operation  of 
the  unit  depitched  in  Fig.  1 
Fig.  3  shows  a  preferred  embodiment  of  the 
timing  unit  organized  according  to  the  invention 
for  the  generation  of  wait  states  equal  to  1/4, 

45  1/2,  3/4  of  the  timing  cycle. 
Fig.  4  and  5  show  in  timing  diagram  the  opera- 
tion  of  the  unit  shown  in  fig.  3. 
Fig.  6  shows  a  preferred  embodiment  of  a  con- 
trol  logic  for  the  unit  shown  in  Fig.  3. 

50  Fig.  6  shows  a  preferred  embodiment  of  a  con- 
trol  logic  for  the  unit  shown  in  Fig.  3. 
Fig;  7  shows  another  preferred  embodiment  of  a 
timing  unit  for  the  generation  of  wait  states 
equal  to  1/4,  and  multiples  thereof  of  the  timing 

55  cycle. 
Fig.  8  shows  in  timing  diagram  the  oepration  of 
the  unit  of  Fig.  7. 

Fig.1  shows  a  preferred  embodiment  of  a  tim- 

3 
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ing  unit  that  allows  the  duration  of  the  various 
phases  to  be  selectively  lengthened  by  1/4  of  the 
clock  cycle 
The  unit  comprises  a  crystal  oscillator  10  for  the 
generation  of  a  CKO  signal  having  a  frequency 
equal  to  4  times  that  of  the  timing  signal,  that  is 
66,6  MHz,  4  flip  flops  of  the  JK  type  11,12,13,14 
and  a  control  logic  15  for  the  generation  of  a  delay 
command  COM  1/4.  Flip  flops  11,  12,  13,  14  are 
preferably,  if  not  exclusively,  of  the  type  marketed 
by  FAIRCHILD  with  code  74  F  113. 

They  are  made  with  the  fast  TTL  technology 
and  provide,  within  a  wide  range  of  operating  con- 
ditions  for  the  following  performances: 

-  minimum  "set  up"  time  of  signals  at  inputs  J 
and  K  with  respect  to  the  clock  signal  equal 
to  5  nsec. 

-  maximum  delay  time  from  the  clock  to  the 
outputs  equal  to  7  nsec. 

-  maximum  delay  time  from  the  set  input  to  the 
outputs  equal  to  7,5  nsec. 

-  Recovery  time  from  the  set  input  to  the  clock 
input  equal  to  5  nsec. 

-  maximum  switching  frequency  greater  than 
100  MHz. 

The  behaviour  of  the  JK  flip  flops  is  shown 
below: 

J  K  S  Q 

0  0  1  Qn 

0  1 1 0  

1 0   1 1  

1  1  1  Qn 

X  X  0  1 

These  flip  flops  are  set  by  the  falling  edge  of 
the  clock  signal  connected  to  the  timing  input. 

A  logic/electric  level  O  at  the  S  set  input  sets 
the  flip  flop  in  asynchronous  mode. 

All  the  flip  flops  shown  in  Fig.  1  have  the 
timing  input  connected  to  source  10  of  the  CKO 
timing  signal. 

Outputs  Q  and  Q  of  flip  flop  1  1  are  connected 
to  inputs  J,K  respectively  of  flip  flop  12. 

The  Q  output  of  flip  flop  12  is  connected  to 
input  J  and  K  of  flip  flop  13. 

The  Q  output  of  flip  flop  13  is  connected  to 
input  J  and  K  of  flip  flop  14. 

The  Q  output  of  flip  flop  14  is  connected  to 
input  K  of  flip  flop  1  1  . 

The  J  input  of  flip  flop  11  and  the  S  set  input 
of  flip  flop  11,13,14  are  permanently  held  at  logic 
level  1. 

The  S  set  input  of  flip  flop  12  is  connected  to 
the  output  of  the  control  logic  15  and  it  receives  a 
signal  at  logic  level  0  when  unit  15  is  inactive. 

Therefore  flip  flop  12  is  normally  in  set  state. 
5  Thus  under  normal  conditions  flip  flop  13  tog- 

gles  at  each  falling  edge  of  the  CKO  signal  generat- 
ing  in  output  a  CK1  square  wave  signal  with  a 
frequency  equal  to  1/2  of  the  CKO  frequency. 

In  the  same  way  flip  flop  14  toggles  at  each 
io  falling  edge  of  the  CK1  signal  generating  in  output 

a  CK  square  wave  signal  with  a  frequency  equal  to 
1/4  of  the  CKO  frequency. 

Thus  if  the  period  of  the  clock  generator  is  15 
nsec  the  period  of  the  CK  signal  is  60  nsec. 

is  If  the  period  of  the  clock  generator  10  is  12,5 
nsec.  the  period  of  the  CK  signal  is  50  nsec. 

When  flip  flop  14  is  reset,  a  CK  signal  at  logic 
level  1  is  applied  to  the  K  input  to  flip  flop  11  which 
changes  from  set  to  reset  state  at  the  first  received 

20  falling  edge  of  the  CKO  signal  to  switch  back  again 
to  the  set  state  at  the  following  fallig  edge  of  the 
CKO  signal. 

If  unit  15  is  disabled,  that  is,  if  the  set  input  of 
flip  flop  12  is  at  logic  level  0,  the  state  of  flip  flop 

25  1  1  does  not  affect  the  state  of  flip  flop  12. 
Viceversa  if  unit  15  is  enabled  and  if  at  the  set 

input  of  flip  flop  12  a  logic  level  1  is  present,  flip 
flop  12  is  reset  at  the  falling  edge  of  the  CKO  signal 
which  again  sets  flip  flop  1  1  . 

30  It  is  set  at  the  next  falling  edge  of  the  CKO 
signal. 

In  other  words  flip  flop  12  copies  the  content  of 
flip  flop  11  with  a  delay  equal  to  the  CKO  clock 
period. 

35  It  follows  that  with  the  same  falling  edge  of 
CKO  flip  flop  13  does  not  switch  because  both  its 
inputs  are  at  logic  level  0. 

In  other  words  the  switching  of  flip  flop  13  is 
disabled  for  a  clock  period  through  the  control  of 

40  the  signal  present  at  inputs  JK. 
Fig.  2  shows  in  timing  diagram  the  logic  level 

of  the  CKO  signal,  the  logic  level  of  the  COM  1/4 
command,  the  logic  level  CK1  present  at  the  Q 
output  of  flip  flop  13,  the  logic  CK  and  CK  present 

45  at  output  Q  and  Q  respectively  of  flip  flop  14  and 
the  state  (logic  level  at  the  output)  of  flip  flops  1  1 
and  12. 

It  is  clear  that  the  state  of  the  various  serially 
connected  flip  flops  is  defined  by  univocal  relations 

50  and  that  the  switching  of  flip  flop  13  is  disabled 
when  this  flip  flop  is  in  reset  state. 

It  follows  that  flip  flop  14  is  held  in  set  state 
during  3  CKO  clock  periods,  that  is,  the  CK  timing 
signal  (like  CK)  is  lengthened  by  1/4  of  its  period. 

55  In  Fig.  2  the  dashed  zones  of  signals  CK1,  CK, 
FF11,  FF12  point  out  the  signal  time  spread  caus- 
ed  by  the  propagation  time  spread  of  the  compo- 
nents. 

4 
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As  for  the  COM  1/4  signal,  the  dashed  zone, 
instead,  indicates  the  time  interval  during  which  the 
command  may  change  its  logic  level  without  the 
timing  unit's  behaviour  being  affected. 

In  other  words  the  COM  1/4  command  must 
have  a  stable  level  (that  is,  either  "1"  or  "0") 
depending  on  whether  or  not  a  delay  of  1/4  of  the 
period  should  be  inserted  in  the  periodic  time  inter- 
val  defined  by  instants  to  and  t1  of  Fig.  2. 

Therefore,  there  is  a  long  time  lag  equal  to  the 
duration  of  the  CK  period,  minus  the  signal  propa- 
gation  time  that  elapses  from  the  set  input  to  the 
output  (which  is  equal  to  7,5  nsec)  of  flip  flop  12  to 
preset  the  COM  1/4  signal  at  logic  level  1  and  reset 
it  at  logic  level  "0",  before  and  after  interval  t0-t1. 

This  allows  great  flexibility  in  the  implementa- 
tion  of  the  command  logic  15  and  in  the  choice  of 
the  signals  that  define  whether  or  not  the  COM  1/4 
command  should  be  generated  depending  on  the 
data  processing  system  to  be  timed. 

Fig.  1  shows  a  preferred  embodiment  of  the 
command  logic  15  which  is  particularly  suitable  tor 
timing  those  systems  that  are  based  on  the  68020 
microprocessor. 

As  already  mentioned  the  68020  microproces- 
sor  carries  out  external  read/write  operations  during 
3  (or  more)  clock  cycles  that  define  six  phases 
from  SO  to  S5. 

The  external  operations  are  characterized  by 
the  microprocessor,  as  opposed  to  internal  oper- 
ations,  by  the  generation,  on  the  part  of  the  micro- 
processor,  of  an  ECS  signal  which  goes  to  logic 
level  0  at  least  10  nsec  before  the  beginning  of 
phase  S1  and  rises  to  logic  level  1  not  before 
phase  S1  begins  and  not  after  phase  S1  termi- 
nates. 

The  external  operation  is  characterized  as  a 
read  operation,  by  a  R/W  command  at  logic  level  1 
which  must  be  present  at  least  from  the  beginning 
of  phase  S1  . 

These  signals  can  be  suitably  used  to  control 
the  command  logic  15.  This  logic  is  constituted  by 
a  JK  type  flip  flop  16,  such  as  the  74F113  type 
described  earlier,  a  logic  AND-OR-INVERTER 
GATE  17,  for  example  of  the  type  marketed  by 
FAIRCHILD  with  code  74F64  and  by  a  NOT  18 
logic  element  (code.74F04). 

These  last  two  components  have  a  maximum 
delay  time  of  7,5  and  6  nsec  respectively. 

The  timing  input  of  flip  flop  16  is  connected  to 
the  direct  Q  output  of  flip  flop  14,  that  is,  it  receives 
the  CK  timing  signal. 

The  S  set  signal  of  flip  flop  16  is  connected  to 
the  output  of  logic  gate  17,  and  inputs  J  and  K  are 
held  at  logic  level  0  and  1  respectively. 

The  Q  direct  output  of  flip  flop  16  is  connected 
to  the  set  input  of  flip  flop  12. 

The  ECS  signal  is  applied  to  the  input  of  NOT 

18,  whose  output  is  connected  to  a  first  input  of  an 
AND  section  of  gate  17. 

To  a  second  input  of  the  same  section  is 
applied  the  R/W  signal.  It  is  easy  to  verify  that  flip 

5  flop  16,  when  its  set  input  is  at  logic  level  1,  is 
periodically  set  or  left  in  reset  state  at  the  falling 
edge  of  the  CKO  signal  ,  that  is,  at  the  end  of 
phases  SO,  S2,  S4. 

However  if  the  ECS  Signal  is  generated  at  logic 
io  level  0  and  if  the  external  operation  is  defined  as  a 

read  operation  by  the  R/W  signal  at  logic  level  1, 
flip  flop  16  is  set  and  its  Q  output  rises  to  1. 

This  occurs  with  a  maximum  delay  of 
7,5  +  7,5  =  15  nsec.  with  respect  to  the  end  of 

is  phase  SO,  that  is,  within  the  time  limits  in  which  the 
COM  1/4  signal  must  be  preset. 

The  output  of  flip  flop  16  is  held  at  logic  level  1 
until  the  time  flip  flop  16  is  reset  by  the  falling 
edge  of  the  CK  signal,  that  is,  with  a  maximum 

20  delay  of  7  nsec  with  respect  to  the  end  of  phase 
S2,  therefore  within  the  allowed  time  lag. 

Therefore  the  generation  of  signals  ECS  and 
R/W  =  0  by  the  microprocessor  allows  phase  S2  to 
be  selectively  lengthened  by  1/4  of  the  clock  pe- 

25  riod  for  the  external  read  operations. 
The  lengthening  of  phase  S2  can  be  essential 

to  allow  the  microprocessor  to  receive  a  DTACK 
signal,  which  is  generated  by  a  Memory  Manage- 
ment  Unit,  in  useful  time,  that  is  during  the  length- 

30  ned  phase  S2,  without  the  insertion  of  an  entire 
wait  cycle.  However  the  function  of  unit  15  is  not 
limited  to  the  selective  lengthening  of  phase  S2. 

By  applying  a  suitably  timed  selective  COM 
command  to  the  inputs  of  a  second  section  of  gate 

35  17  it  is  possible  to  lengthen  any  one,  or  more  than 
one,  of  phases  SO,  S2,  S4. 

For  example  if  the  Memory  Management  unit, 
besides  the  DTACK  signal  generates  also  the  COM 
signal  at  logic  level  1  ,  with  the  same  timing  of  the 

40  signal  DTACK,  that  is  within  the  end  of  phase  S2, 
and  if  it  helds  this  signal  for  a  suitable  time  interval 
(that  is,  until  the  end  of  phase  S2,  at  least)  at  the 
end  of  phase  S2  flip  flop  16  is  set  or  held  in  set, 
which  causes  phase  S4  to  be  lengthened,  to  allow 

45  a  relatively  slow  memory  to  supply  in  output  a  read 
out  data  within  the  lengthened  phase  S4. 

Fig.  1  shows  only  a  preferred  embodiment  of 
the  invention,  it  is  however  clear  that  many 
changes  can  be  made  to  it. 

50  For  example  it  is  possible  to  connect  the  Q 
output  of  flip  flop  14  to  the  J  input  of  flip  flop  11 
rather  than  to  the  K  input. 

In  this  case  the  K  input  will  be  held  at  logic 
level  1  and  outputs  Q  and  Q  of  flip  flop  1  1  will  have 

55  to  be  connected  to  inputs  K  and  J  of  flip  flop  12 
respectively. 

In  other  words,  in  this  case  the  two  flip  flops  1  1 
and  12  act  as  if  they  were  a  two  stage  shift  register 

5 
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determining  a  logic  level  inversion  between  the  two 
stages. 

Likewise  it  is  possible  to  replace  the  JK  type 
flip  flop  triggered  by  falling  edges  with  JK  type  flip 
flop  triggered  by  raising  edge,  like  the  74F109  type 
flip  flops. 

In  any  case  the  approach  followed  in  the  em- 
bodiment  is  to  have  a  clock  signal  source  with  a 
frequency  equal  to  4  times  the  frequency  of  the 
timing  unit  that  is  to  be  selectively  lengthened,  a 
frequency  divider  (flip  flops13,  14)  and  a  shift- 
register  (flip  flops  11,  12)  connected  in  such  a  way 
as  to  all  be  timed  by  the  clock  signal,  the  shift 
register  receiving  from  the  frequency  divider  a  pe- 
riodical  signal  limited  to  the  duration  of  a  clock 
period  and  suitably  delayed  so  as  to  make  up  a 
mask  signal  which  is  synchronized  with  the  clock 
signal  and  which  can  be  used  to  selectively  dis- 
able,  on  external  command  with  much  longer  syn- 
chronization  margin,  the  switching  of  the  frequency 
divider. 

According  to  the  same  approach  it  is  possible 
to  implement  a  timing  unit  that  allows  wait  states 
equal  to  1/4,  1/2  and  3/4  of  the  timing  period  to  be 
selectively  generated. 

This  unit  is  shown  in  Fig.  3  and  it  comprises, 
besides  the  components  already  mentioned  with 
reference  to  Fig.  1,3  JK  flip  flops  19,  20,  21  (of  the 
74F113type)  that  are  cascade  connected  so  as  to 
make  up  a  shift  register  and  a  command  logic  unit 
22. 

The  connections  among  the  crystal  oscillator 
10,  flip  flops  11,  12,  13,  14  and  the  command  logic 
unit  15  are  the  same  already  discussed  with  refer- 
ence  to  Fig.  1.  The  J  input  of  flip  flop  19  is 
connected  to  the  Q  output  of  flip  flop  14,  that  is,  it 
receives  the  CK  timing  signals. 

The  K  input  to  flip  flop  19  is  connected  to  the 
Q  output  of  flip  flop  14. 

Outputs  Q  and  Q  of  flip  flop  19  are  connected 
to  inputs  J  and  K  of  flip  flop  20  respectively. 

Outputs  Q  and  Q  of  flip  flop  20  are  connected 
to  inputs  J  and  K  of  flip  flop  21  respectively. 

The  Q  output  of  flip  flop  21  is  connected  to  the 
set  input  of  flip  flop  14. 

The  output  of  the  command  logic  unit  22  is 
connected  to  the  set  input  of  flip  flop  21  which  is 
normally  held  at  logic  level  0.  The  set  inputs  of  flip 
flops  19  and  20  are  permantently  held  at  logic  level 
1. 

The  clock  inputs  of  flip  flops  19,  20,  21  are 
connected  to  the  output  of  the  crystal  quartz  gener- 
ator  10. 

The  operation  of  the  timing  unit  shown  in  Fig.  3 
can  be  easily  understood  by  referring  to  the  timing 
diagrams  represented  in  Fig.  4  and  Fig.  5.  They 
describe  the  timing  unit's  behaviour  in  the  case 
where  the  COM  1/4  signal  in  output  from  unit  15  is 

permanently  at  logic  level  0  or  rises  at  logic  level  1 
respectively.  The  CKO  diagram  shows  the  timing 
diagram  in  output  from  generator  10. 

The  CK1  diagram  shows  the  state  (or  logic 
5  level  present  at  the  Q  output)  of  flip  flop  13  and 

diagrams  CK  and  CK  show  the  logic  level  present 
at  outputs  Q  and  Q  of  flip  flop  14. 

Diagrams  FF  19,  FF  20  and  FF  21  show  the 
state  of  flip  flops  19,  20  and  21. 

io  With  reference  to  Fig.  4,  the  state  of  flip  flop  12 
is  not  shown  because,  by  assumption,  it  is  perman- 
tently  held  in  set. 

Therefore  flip  flop  13  periodically  toggles  with 
a  30  nsec.  period  and  as  long  as  the  set  input  of 

is  flip  flop  14  is  at  logic  level  1  also  flip  flop  14 
periodically  toggles  with  a  60  nsec  period.  Flip  flop 
19  and  flip  flop  20  copy  the  state  of  flip  flop  14 
with  a  delay  of  one  and  two  CKO  clock  periods 
respectively. 

20  Flip  flop  21  copies  the  state  of  flip  flop  14  with 
a  delay  of  3  CKO  clock  periods  but  only  if  the  COM 
1/2  signal  applied  to  the  set  input  is  at  logic  level  1 
for  a  suitable  time  interval. 

Fig.  4  shows  that  the  COM  1/2  signal  must  be 
25  forced  to  logic  level  1  during  the  time  interval  t1  - 

t2,  that  is,  no  later  than  30-(5  +  7)  =  1  8nsec  with 
respect  to  the  rising  edge  of  CK  in  the  case  where 
the  CK  period  is  60nsec  and  no  later  than  25- 
(5  +  7)  =  13  nsec.  in  case  where  the  CK  period  is  50 

30  nsec. 
Obviously  the  COM  1/2  signal  can  be  gen- 

erated  much  earlier,  however,  not  before  the  CK 
signal  falls  to  logic  level  0.  The  allowed  range  for 
the  generation  of  the  COM  1/2  signal  is  therefore 

35  greater  than  a  half-period  of  the  CK  signal. 
In  order  for  the  COM  1/2  command  to  act 

correctly,  it  must  go  to  logic  level  0  not  before  flip 
flop  21  is  set  (instant  t2)  and  not  after  the  subse- 
quent  raising  of  CK  signal. 

40  The  allowed  range  for  the  resetting  of  the  COM 
1/2  signal  is  therefore  greater  than  a  half-period  of 
the  CK  signal. 

If  these  conditions  are  met  flip  flop  21  is  reset 
for  the  duration  of  two  CKO  signal  periods  and  the 

45  switching  of  flip  flop  14  is  correspondently  dis- 
abled. 

This  causes  flip  flop  14  to  remain  in  the  set 
state  for  4  periods  of  the  CKO  signal  and  the 
corresponding  phase  to  be  lengthened  by  1/2  of 

50  the  clock  period. 
The  lengthening  thus  obtained  is  independent 

of  the  1/4  lengthening  determined  by  the  COM  1/4 
command  and  therefore  they  can  be  cumulated  in 
the  same  phase  as  shown  in  the  timing  diagrams 

55  represented  in  fig.  5,  which  besides  the  logic  level 
of  signals  CKO,  CK1,  CK,  CK,  COM  1/2  and  flip 
flops  19,  20,  21  represents  also  the  logic  level  of 
the  COM  1/4  signals  and  of  flip  flop  12. 

6 
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Therefore  by  the  joint  effect  of  commands 
COM  1/4  and  COM  1/2  it  is  possible  to  obtain 
lengthenings  or  wait  states  equal  to  3/4  of  the  clock 
period  and,  in  conclusion,  by  selectively  generating 
commands  COM  1/4  and  COM  1/2  it  is  possible  to 
obtain  as  many  wait  states  as  it  is  desired  whose 
lengths  can  be  1/4,  1/2  or  3/4  of  the  clock  period. 

These  wait  states  can  be  inserted  in  either  one 
of  phases  S2  and  S4  or  in  both  of  them. 

Fig.  6  shows  a  preferred  embodiment  of  the 
command  logic  22.  This  logic  is  constituted  by  two 
D  type  flip  flops  23,  24  (such  as,  for  example,  the 
FAIRCHILD  flip  flop  with  code  74F74),  a  logic  AND- 
OR-INVERTER  gate  25  and  by  a  NOT  26. 

The  clock  input  of  the  two  flip  flops  receives 
the  CK  signal  (which  is  present  at  the  Q  output  of 
flip  flop  14). 

At  the  D  input  of  flip  flop  23  is  applied  the  ECS 
signal  coming  from  the  68020  microprocessor. 

At  the  D  input  of  flip  flop  24  is  applied  a  COM2 
signal  which  is  generated,  for  instance,  by  a  Mem- 
ory  Management  Unit. 

The  Q  output  of  flip  flop  23  and  the  Q  output  of 
flip  flop  24  are  each  connected  to  an  input  of  a 
different  AND  section  of  gate  25  and  another  input 
of  the  two  AND  sections  is  connected  to  the  R/W 
signal. 

The  output  of  gate  25  is  connected  to  the  input 
NOT  26  whose  output  is  connected  to  the  S  input 
of  flip  flop  21  to  which  it  supplies  the  COM  1/2 
signal. 

Flip  flops  23  and  24  are  enabled  by  the  rising 
edge  of  the  timing  signal. 

Thus,  at  the  beginning  of  phase  S1  with  the 
rising  edge  of  the  CK  signal,  flip  flop  23  is  reset  if 
ECS  =  0  and,  if  R/W  =  1  condition  is  further  true,  the 
output  of  NOT  26  rises  to  1  . 

This  occurs  with  a  maximum  delay  of  approxi- 
mately  20  nsec.  from  the  rising  edge  of  the  CK 
signal. 

In  the  same  way  if  a  Memory  Management 
Unit  generates  a  COM2  =  1  pulse  that  rises  before 
the  end  of  phase  S2  (for  instance  synchronously 
with  the  DTACK  signal)  and  is  held  at  1  at  least  till 
the  end  of  phase  S2,  flip  flop  24  is  set  and  if 
R/W=  1  the  output  of  NOT  26  goes  to  1  . 

In  the  first  case  phase  S2  can  be  lengthened 
by  1/2  cycle. 

In  the  second  case  it  is  possible  to  lengthen 
phase  S4  by  1/2  cycle.  It  is  clear  that  fig.  3  and  6 
represent  only  same  preferred  embodiments  of  the 
invention  and  that  many  changes  can  be  made  to 
them. 

For  example,  the  input  signals  to  the  pairs  of 
flip  flops  chosen  among  flip  flops  19,20,21  can  be 
mutually  exchanged  without  affecting  the  timing's 
unit  beaviour. 

In  the  same  way,  by  using  flip  flop  of  either  the 

74F112  or  the  74F109  type,  which  besides  the 
reset  input  are  also  provided  with  the  set  input,  it  is 
possible  to  change  various  connections  without  af- 
fecting  the  units  functionality  and  therefore  accord- 

5  ing  to  the  concept,  expl  ined  earlier,  of  making  use 
of  a  base  frequency  generator,  a  base  frequency 
divider  and  of  a  shift  register  controlled  by  an 
external  signal,  to  generate,  on  reception  of  the 
timing  signal  coming  from  the  divider  output,  a 

io  mask  pulse,  sinchronized  with  the  base  frequency 
and  suitably  delayed,  said  mask  pulse  being  selec- 
tively  applied  in  input  to  the  frequency  divider  to 
stop  it  from  switching,  only  if  an  external  command 
signal  is  present  which  has  a  very  long  time  lag  to 

is  be  preset  or  removed. 
The  circuital  embodiments  described  above  re- 

quire  that  the  COM  1/4  command  signal  which 
determines  the  insertion  of  a  wait  state  equal  to  1/4 
be  present  well  in  advance  with  respect  to  the 

20  phase  to  be  lengthened. 
So,  if  the  phase  to  be  lengthened  is  phase  S2, 

the  command  signal  must  be  present  at  least  12 
nsec.  before  the  beginning  of  phase  S2.  Further- 
more  if  the  COM  1/4  signal  is  obtained  by  decod- 

25  ing  certain  conditions  (such  as  ECS  =  0,  R/W  =  1) 
the  worst  delay  time  of  command  logic  must  be 
kept  into  account. 

Fig.  7  shows  an  embodiment  of  a  generalized 
timing  unit  that  reduces  this  limitation  to  the  mini- 

30  mum  and  allows  the  insertion  of  delays  equal  to 
1/4,  or  multiples  thereof  owing  to  commands  avail- 
able  at  the  beginning  of  the  phase  to  be  length- 
ened. 

It  should  be  noted  that  the  ECS  signal  gen- 
35  erated  by  the  68020  Microprocessor  indicates  only 

that  the  68020  microprocessor  intends  to  start  a 
read/write  operation  and  not  that  said  operation  will 
be  actually  executed. 

The  68020  Microprocessor  is  provided  with 
40  one  internal  memory  or  "cache"  into  which  external 

data  are  stored. 
If  the  external  operation  requires  a  data  already 

stored  in  the  cache,  the  external  operation  is  abor- 
ted,  that  is,  is  not  executed,  and  the  required 

45  information  is  read  in  the  cache. 
The  signal  enabling  the  external  operations  is 

constituted  by  an  AS  signal,  that  is  normally  at 
logic  level  1,  and  drops  at  logic  level  0  when  the 
external  operation  must  be  actually  executed. 

50  The  transition  from  1  to  0  occurs  during  phase 
S1  and  in  the  worst  case,  at  the  end  of  phase  S1  . 

The  use  of  this  signal,  as  a  condition  for  the 
insertion  of  wait  states  instead  of  ECS,  allows  per- 
formances  to  be  enhanced  by  a  further  1-2%. 

55  The  timing  unit  shown  in  Fig.  7  meets  this  goal. 
The  unit  shown  in  Fig.  7  consists  of  a  crystal 

oscillator  30,  of  11  flip  flops  31,  32,  33,  34,  35,  36, 
37,  38,  39,  40,  41,  of  JK  type,  of  3  AND-OR- 
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INVERTER  gates  42,  43,  44  and  of  an  inverter  45. 
Flip  flop  from  31  to  41  are  preferably  of  the 

74F109  type  marketed  by  FAIRCHILD  or 
equivalente  ones. 

They  are  activated  by  a  positive  edge  applied 
to  the  timing  input  and  their  function  is  defined  by 
the  table  given  below: 

J  K  Q 

0  1  Q, 

0  0  0 

1  1  1 

1  0  Q, 

For  J  =  0  and  K  =  1  the  flip  flop  remains  in  the 
same  state  in  which  it  was  before  the  clock. 

For  J,K  =  0  the  flip  flop  is  reset. 
For  J,K  =  1  the  flip  flop  is  set. 
For  J  =  1  and  K  =  0  the  flip  flop  toggles. 
A  logic  level  0  present  at  inputs  S  or  R  sets 

and  reset  the  flip  flop  in  an  asynchronous  mode, 
prevailing  on  the  logic  shown  in  the  table. 

The  delay  times  of  the  74F109  flip  flop  ap- 
proximate  those  already  given  for  the  74F113  flip 
flop. 

All  the  flip  flops  from  31  to  41  have  the  timing 
input  connected  to  the  output  of  the  crystal  oscilla- 
tor  and  are  therefore  timed  in  synchronous  mode. 

Flip  flop  31  has  inputs  J  and  K  held  at  logic 
level  1  and  0  respectively  and  outputs  Q  and  Q 
connected  to  inputs  J  and  K  of  flip  flop  32  respec- 
tively. 

Flip  flop  31  and  32  constitute  a  frequency 
divider  and  at  the  Q  output  of  flip  flop  32  a  CK 
timing  signal  is  avaialble. 

Flip  flops  34,  35,  36  are  connected  in  such  a 
way  as  to  make  up  a  shift  register  that  can  be 
loaded  in  parallel  and  flip  flop  37  constitutes  a 
further  stage  of  the  shift  register  that  acts  as  a 
control  stage. 

Flip  flops  38,  39,  40  are  connected  in  such  a 
way  as  to  constitute  a  register  for  the  temporary 
and  synchronous  storage  of  the  delay  conditions 
and  for  the  parallel  loading  of  the  shift  register. 

Flip  flop  41  constitutes  a  phase  control  circuit. 
Specifically  flip  flop  34  has  the  J  input  perma- 

nently  connected  to  1  and  the  Q  output  connected 
to  the  J  input  of  flip  flop  35. 

Flip  flop  35  has  the  Q  output  connected  to  the 
J  input  of  flip  flop  36. 

Flip  flop  36  has  the  Q  output  connected  to  the 
J  input  of  flip  flops  37  and  33. 

The  K  input  of  flip  flops  34,  35,  36  is  con- 
nected  to  the  Q  output  of  flip  flops  38,39,40  re- 

spectively. 
The  K  input  of  flip  flop  33  is  connected  to  the 

Q  output  of  flip  flop  40. 
The  Q  output  of  flip  flop  33  is  connected  to  the 

5  S  set  input  of  flip  flop  37  and  output  Q  of  flip  flop 
37  is  connected  to  the  S  set  input  of  flip  flops  31 
and  32. 

Flip  flops38,  39,  40  have  the  J  input  perma- 
nently  held  at  1  and  the  K  input  connected  to  the 

io  output  of  gates  42,  43  44  respectively. 
The  S  set  input  of  flip  flops  38,  39,  40  is 

connected  to  the  Q  output  of  flip  flop  32. 
The  J  input  of  flip  flop  41  is  held  at  logic  level 

0  and  the  K  input  is  connected  to  the  Q  output  of 
15  flip  flop  32. 

The  S  set  input  of  flip  flop  41  is  connected  to 
the  output  of  inverter  45  which  receives  in  input  the 
AS  signal. 

Gates  42,  43,  44  have  respectively  an  input 
20  AND  Section  42A,  43A,  44A  that  receives  in  input 

condition  signals  for  the  generation  of  wait  states  of 
3/4,  1/2,  1/4  of  the  timing  Cycle  respectively  in 
phase  S2  of  the  microprocessor  operation. 

A  second  input  AND  section  42B,  43B  44B 
25  receives  in  input  condition  signals  for  the  genera- 

tion  of  wait  states  of  3/4,  1/2  and  1/4  of  the  timing 
cycle  respectively  during  phase  S4  of  the  micro- 
processor  operation. 

Specifically  section  A  of  each  gate  receives  in 
30  input  the  R/W  signal  so  as  to  affect  the  generation 

of  the  wait  states  in  case  of  read  operations,  and 
the  F  signal  present  at  the  Q  output  of  flip  flop  41  . 
A  third  input  is  permanently  connected  to  logic 
level  1  if  the  generation  of  delays  equal  to  3/4  of 

35  the  timing  cycle  is  required.  If  it  is  required  that 
delays  equal  to  1/2  or  1/4  of  the  timing  cycle  be 
generated,  the  third  input  of  sections  44A  or  44A 
and  43A  respectively  is  held  at  1  ,  whereas  the  third 
input  of  the  remaining  section(s)  is  held  at  0. 

40  All  Sections  42B,  43B  and  44  B  receive  in 
input  the  F  signal  present  at  the  Q  output  of  flip 
flop  41  as  well  as  a  C3/4  signal,  generated  by  a 
memory  management  unit  so  as  to  control,  when  at 
logic  level  1  ,  the  generation  of  a  delay  equal  to  3/4 

45  in  phase  S4. 
In  addition  sections  43  B  and  44  B  receive  in 

input  a  C  1/2  signal  generated  by  the  memory 
management  unit  to  control,  when  at  logic  level  1, 
the  generation  of  a  delay  equal  to  1/2,  during 

50  phase  S4.Finally  section  44  B  receives  in  input  a  C 
1/4  signal  generated  by  the  memory  management 
unit  to  control,  when  at  logic  level  1,  the  generation 
of  a  delay  equal  to  1/4,  during  phase  S4. 

As  a  preliminary  consideration,  it  can  be  noted 
55  that  flip  flops  38,  39,  40  are  periodically  forced  in 

set  state  by  the  CK  signal  at  logic  level  0  present 
at  the  Q  output  of  flip  flop  32,  that  is,  during 
phases  SO,  S2,  S4  of  the  microprocessor  operation, 
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which  is  timed  by  the  CK  clock. 
During  phases  S1,  S3,  S5  if  a  logic  level  1  is 

present  at  the  K  input,  they  are  held  in  set  state. 
If  at  the  k  input  a  logic  level  0  is  present,  they 

toggle  in  reset  state  for  the  duration  of  a  CKO  clock 
cycle  generated  by  oscillator  31,  and  then  they 
switch  back  in  set  state  again. 

In  fact  the  duration  of  phases  S1,  S3,  S5, 
anyway,  equal  to  two  CKO  clock  cycles. 

With  these  premises,  the  functioning  of  the 
timing  unit  shown  in  Fig.  7  can  be  easily  under- 
stood  by  referring  to  the  timing  diagram  of  fig.  8 
that  describes  the  case  in  which  it  is  necessary  to 
insert  1/4  delay  in  phase  S3  and  a  1/2  delay  in 
phase  S4. 

In  Fig.  8  the  CKO  diagram  represents  the  signal 
in  output  from  generator  30,  the  CK1  diagram  re- 
presents  the  signal  present  at  the  Q  output  of  flip 
flop  31  and  diagrams  CK  and  CK  represent  the 
signals  present  at  output  Q  and  Q  of  flip  flop  32. 

Diagrams  FF  40  anf  FF  39  show  the  state  of 
flip  flops  40  and  39  respectively. 

The  state  of  flip  flop  38  is  not  shown  because, 
by  assumption,  it  is  always  in  set  state  since  it 
receives  on  input  J  and  K  signals  that  are  perma- 
nently  at  logic  level  1  . 

This  applies  also  to  flip  flop  34. 
Diagrams  FF  40  and  FF  39  show  the  state  of 

Ifip  flops  40  and  39  respectively. 
Diagram  FF  33  shows  the  state  of  flip  flop  33. 

Diagrams  FF  37  and  F  show  the  state  of  flip  flop  37 
and  41  . 

Diagrams  AS,  R/W  and  C1/2  show  the  state  of 
the  corresponding  signals. 

It  is  clear  that  without  external  operations  to  be 
carried  out  and  therefore  with  signal  AS  =  1,  flip 
flop  37  is  held  in  set  state  and  as  a  consequence 
flops  31  and  32  act  normally  as  a  frequency  di- 
vider. 

Let's  suppose  now  we  are  in  a  timing  phase 
S5,  that  is,  at  the  end  of  a  read  or  write  operation. 

In  this  phase  the  state  of  the  AS  signal  is  not 
determined,  that  is,  it  can  go  from  logic  level  0  to 
logic  level  1  at  any  time. 

Also  the  state  of  flip  flop  41  is  not  determined 
and  therefore  it  can  go  from  reset  state  to  set  state 
at  any  tyme  (Diagram  F). 

As  a  consequence,  flip  flop  40,  which  is  en- 
abled  to  toggle,  (because  K  =  1)  can  go  in  reset 
state  for  the  duration  of  a  CKO  cycle  and  its  state  is 
"copied"  by  flip  flop  36  in  the  next  cycle.  This 
implies  that  flip  flop  33  is  reset  for  two  CKO  cycles 
and  that,  as  a  result  of  it,  flip  flop  31  is  enabled  to 
switch  according  to  the  state  of  the  J  and  K  inputs 
during  the  course  of  the  following  phase  which,  by 
assumption,  is  phase  SO  of  a  new  read  cycle. 

In  this  phase,  however,  the  AS  signal  is  defini- 
tively  at  logic  level  1,  therefore  flip  flop  37  is  held 

in  set  state  independently  of  the  logic  level  present 
at  the  J  input,  that  is,  at  the  output  of  flip  flop  36. 

Likewise  flip  flop  41  is  definitely  set  in  set  state 
(F  =  1)  at  the  beginning  of  phase  SO. 

5  During  the  next  phase  S1  the  R/W  signal  is 
definitely  at  logic  level  1  to  indicate  a  read  opera- 
tion,  therefore  flip  flop  40  goes  in  reset  state  for 
one  CKO  period. 

As  a  consequence,  during  the  next  CKO  period, 
io  that  is,  during  phase  S2,  flip  flop  36  is  reset  for  one 

CKO  period  and  flip  flop  33  for  two  CKO  periods  in 
succession. 

During  phase  S2  the  AS  signal  is  definitely  at 
logic  level  0. 

is  As  a  consequence  flip  flop  41  is  reset  (F  =  0) 
and  flip  flop  37  is  enabled  to  copy  the  state  of  flip 
flop  36  and  goes  in  reset  state  for  one  CKO  period. 

This  inhibits  the  switching  of  flip  flops  31  and 
32  at  the  occurency  of  next  following  CKO  clock 

20  pulse. 
Therefore  phase  S2  is  lengthened  by  1/4  of  the 

CK  period. 
During  phase  S3  section  42A  and  43  A  of 

gates  42  and  43  is  disabled  whereas  section  43  B 
25  and  42  B  is  enabled. 

Therefore  in  the  presence  of  the  C1/2  com- 
mand  flip  flop  39  and  40  are  reset  for  one  CKO 
period. 

As  a  consequence,  during  the  next  CKO  period, 
30  that  is,  during  phase  S4,  flip  flops  35,  36  and  33 

are  reset.  The  reset  state  is  held  by  flip  flop  35  for 
one  CKO  clock  period,  by  flip  flop  36  for  two 
periods,  by  flip  flop  33  for  3  periods. 

Flip  flop  37  is  then  enabled  to  copy  the  state  of 
35  flip  flop  36  and  goes  in  reset  state  for  two  CKO 

clock  periods. 
This  disables  the  switching  of  both  flip  flops  31 

and  32  as  the  two  immediately  following  clock 
pulses  occur. 

40  Phase  S4  is  therefore  lengthened  by  1/2  of  the 
clock  period  owing  to  the  C1/2  command. 

It  should  be  noted  that  there  is  a  long  time 
margin  to  preset  the  C1/2  command  which  can 
already  rise  during  phase  SO,  without  causing  prob- 

45  lems  to  occur  and  which  must  rise  within  phase  S2 
at  the  latest.  With  the  CKO  clock  immediately  fol- 
lowing  phase  S2  the  C1/2  signed  can  be  removed, 
however  it  can  be  active  throughout  phases  S4  and 
S5. 

50  If  during  phase  S5  it  is  still  present,  it  can 
cause  flip  flops  39-40  to  be  reset  again  even  if  the 
AS  signed  is  still  at  logic  level  0. 

However,  as  already  seen,  this  produces  no 
effect  and  it  does  not  cause  the  successive  phase 

55  SO  to  be  lengthened  because  during  said  phase 
the  AS  signal  is  definitively  at  logic  level  1  . 

Fig.  7  shows  only  a  preferred  embodiment. 
It  is  clear  that  the  length  of  the  shift  register 
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consituted  by  flip  flops  34,  35  e  36  and  the  length 
of  the  corresponding  loading  register,  which  is  con- 
stituted  by  flip  flops  38,  39,  40  can  be  either 
reduced,  for  inserting  delays  limited  to  1/2  o  1/4  of 
the  CK  period,  or  indefinitively  lengthened  for  gen- 
eration  of  delays  multiples  of  1/4. 

Also  the  connections  among  the  various  com- 
ponents  can  be  modified  in  various  ways. 

For  example  the  J  input  of  flip  flop  34  can  be 
connected  to  0  and  the  K  input  of  flip  flops  34,  35, 
36  must,  in  this  case,  be  connected  to  the  Q  output 
of  flip  flop  38,  39,  40. 

Likewise  the  J  input  of  flip  flop  37  must  be 
connected  to  the  Q  output  of  flip  flop  36. 

In  addition  flip  flops  38,  39,  40,  instead  of 
being  controlled  through  the  set  input,  can  be  con- 
trolled  through  the  reset  input,  while  the  external 
commands  can  be  applied  to  the  J  input  rather 
than  to  the  K  input  which  can  be  permanently  held 
at  0. 

It  is  therefore  clear  that  numerous  changes  can 
be  made. 

It  is  however  fundamental  for  a  correct  operat- 
ing  mode,  independent  of  the  spread  of  the  operat- 
ing  speed  of  the  components,  that  each  timed 
bistable  element  of  the  timing  unit  be  directly  con- 
nected  to  other  timed  bistable  elements  without 
any  interposition,  between  outputs  and  inputs,  of 
additional  logic  elements  that  increase  the  delay 
time  spread. 

Only  with  this  approach  and  the  circuit  de- 
scribed  it  is  possible  to  operate  to  a  frequency  up 
to  a  maximum  of  20  MHz  still  using  TTL  circuits 
available  on  the  market  with  the  possibility  of  in- 
serting  in  the  timing  frequency  delays  or  wait 
states  equal  to  1/4  of  the  clock  period  or  multiplex 
thereof. 

Claims 

1.  Timing  unit  for  generating  a  timing  signal 
(CK.CK)  for  a  data  processing  system  using  a 
synchronous  microprocessor,  said  timing  unit 
comprising: 

-  an  oscillator  (10)  for  generating  a  clock 
signal  (CKO)  having  a  period  which  is  a 
submultiple  of  a  period  P  and  a  switching 
fequency  divider  13,14,31,32,  triggered 
by  said  clock  signal  (CKO)  and  generat- 
ing  said  timing  signal  (CK.CK)  said  tim- 
ing  unit  being  capable  of  generating  said 
timing  signal  (CK.CK)  with  a  normal  tim- 
ing  period  P  and  being  capable  of  selec- 
tively  modifying  said  period  P  by  intro- 
ducing  wait  states  equal  to  1/4  of  said 
period  P  characterized  in  that: 

-  said  oscillator  (10)  generates  a  clock  sig- 
nal  having  period  equal  to  1/4  P, 

-  said  switching  frequency  divider 
(13,14,31,32)  triggered  by  said  clock  sig- 
nal  (CKO)  has  a  first  switching  control 
input  (J,K)  for  receiving  a  mask  signal 

5  having  one  of  two  logic/electrical  levels, 
the  switching  of  said  frequency  divider 
being  enabled  when  said  mask  signal  is 
at  a  first  logic/electrical  level,  thereby 
generating  said  timing  signal  (CK.CK) 

io  with  period  P,  the  switching  of  said  fre- 
quency  divider  (13,14,31,32)  being  inhib- 
ited  by  said  mask  signal  at  the  second 
logic/electrical  level,  thereby  introducing 
said  wait  states  in  said  period,  said  tim- 

15  ing  unit  being  further  characterized  in 
that  it  comprises: 

-  a  shift  register  (11,12,36,37,40,33),  trig- 
gered  by  said  clock  signal  (CKO)  and 
having  a  first  input  (K,S)  for  receiving 

20  said  timing  signal  (CK)  and  a  second 
input  (S,K)  for  receiving  a  first  control 
signal  (COM  1/4)  having  one  of  two 
logic/electrical  levels,  said  shift  register 
(11,12,36,37)  providing  in  output  said 

25  mask  signal  at  said  first  level  when  said 
control  signal  is  at  a  first  logic  level,  and 
providing  in  output  said  mask  signal  at 
said  second  level  for  a  duration  equal  to 
1/4.P  and  in  preestablished  phase  rela- 

30  tion  as  to  said  timing  signal,  when  said 
first  control  signal  is  at  a  second  logic 
level,  said  frequency  divider 
(13,14,31,32)  and  said  shift  register 
(11,12,36,37,40,33)  being  composed  of 

35  JK  flip  flops  cascade  connected,  each 
connection  between  output  of  one  of  said 
flip  flops  and  input  of  another  of  said  flip 
flops  being  direct,  without  interposition  of 
any  logical  element. 

40 
2.  Timing  unit  as  claimed  in  claim  1  wherein  said 

shift  register  is  comprised  of  a  first  (11)  and  a 
second  (12)  cascade  connected  flip  flop,  said 
first  flip  flop  11  receiving  said  timing  signal 

45  (CK)  at  one  of  the  two  JK  inputs,  said  second 
flip  flop  (12)  receiving  said  first  control  signal 
(COM  1/4)  at  an  asynchronous  control  input 
(S)  and  wherein  said  frequency  divider  is  com- 
prised  of  a  third  (13)  and  a  fourth  (14)  cascade 

50  connected  flip  flop,  said  mask  signal  being 
input  to  at  least  one  of  the  two  J,K  inputs  of 
said  third  flip  flop. 

3.  Timing  unit  as  claimed  in  claim  1,  wherein  said 
55  shift  register  is  comprised  of  a  first  (36)  and  a 

second  (37)  cascade  connected  flip  flop  and 
by  a  third  (40)  and  fourth  (33)  flip  flop,  said 
third  flip  flop  (40)  receiving  said  timing  signal 
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(CK)  at  an  asynchronous  input  (S)  and  said 
control  signal  at  one  of  the  two  J,K  inputs,  an 
output  (Q)  of  said  third  flip  flop  (40)  being 
connected  to  one  of  the  two  JK  inputs  of  said 
first  (36)  and  fourth  flip  flops  (33),  an  output  5 
(Q)  of  said  fourth  flip  flop  (33)  being  connected 
to  an  asynchronous  input  (S)  of  said  second 
flip  flop  (37) 
and  wherein  said  frequency  divider  is  com- 
prised  of  a  fifth  (31)  and  a  sixth  (32),  cascade  10 
connected  flip  flop,  said  mask  signal  being 
output  of  said  second  flip  flop  (37)  and  being 
presented  as  input  to  an  asynchronous  input 
(S)  of  said  fifth  (31)  and  sixth  flip  flop  (32). 

75 
4.  Timing  unit  as  claimed  in  claim  1,  further  ca- 

pable  of  selectively  modifying  said  period  P  by 
introducing  wait  states  multiples  of  1/4.P,  com- 
prising  a  second  shift  register  (19,20,21)  trig- 
gered  by  said  clock  signal  (CKO)  and  having  a  20 
first  input  (J)  for  receiving  said  timing  signal 
(CK)  and  a  second  input  (S)  for  receiving  a 
second  control  signal  (COM  1/2)  having  one  of 
two  logic  levels,  said  second  shift  register 
(19,20,21)  producing  in  output  a  second  mask  25 
signal  at  a  first  logic  level  when  said  second 
control  signal  (COM  1/2)is  at  a  first  logic  level 
and  producing  in  output  said  second  mask 
signal  at  a  second  logic  level  for  the  duration 
of  1/2.  P  and  a  preestablished  phase  relation  as  30 
to  said  timing  signal  (CK),  when  said  second 
control  signal  (COM  1/2)  is  at  a  second  logic 
level,  said  second  mask  signal  being  input  to  a 
second  control  input  (S)  of  said  frequency 
divider(13,14)and  inhibiting  the  switching  of  35 
said  frequency  divider,  when  at  said  second 
logic  level. 

Patentanspruche 
40 

1.  Zeitgebereinheit  zum  Erzeugen  von  Zeitgeber- 
signalen  (CK,  CK)  fur  ein  einen  synchronen 
Mikroprozessor  benutzendes  Datenverarbei- 
tungssystem,  wobei  die  Zeitgebereinheit  urn- 
faCt:  45 

-  einen  Oszillator  (10)  zum  Erzeugen  eines 
Taktsignals  (CKO)  mit  einer  Perioden- 
dauer,  die  einen  vielfachen  Bruchteil  ei- 
ner  Periode  (P)  lang  ist  und  mit  einem 
vom  Taktsignal  (CKO)  getriggerten  Fre-  50 
quenzteiler  (13,  14,  31,  32),  der  das  Zeit- 
gebersignal  (CK,  CK)  erzeugt,  wobei  die 
Zeitgebereinheit  das  Zeitgebersignal 
(CK,  CK)  mit  einer  normalen  Zeitperiode 
P  erzeugt  und  diese  Periode  P  selektiv  55 
modifizieren  kann,  indem  Wartezustande 
gleich  einem  Viertel  der  Periodendauer  P 
eingefugt  werden;  dadurch  gekenn- 

zeichnet,  da/S 
-  der  Oszillator  ein  Taktsignal  mit  einer 

Periodendauer  von  P/4  erzeugt; 
-  der  vom  Taktsignal  (CKO)  getriggerte 

schaltende  Frequenzteiler  (13,  14,  31, 
32)  einen  ersten  schaltenden  Steuerein- 
gang  (J,  K)  zum  Empfang  eines  Maskie- 
rungssignals  aufweist,  welches  einen  von 
zwei  logischen/elektrischen  Pegeln  hat, 
das  Schalten  des  Frequenzteilers  akti- 
viert  wird,  sobald  das  Maskierungssignal 
einen  ersten  logischen/elektrischen  Pegel 
einnimmt,  wobei  das  Zeitgebersignal 
(CK,  CK)  mit  einer  Periodendauer  P  er- 
zeugt  wird;  das  Schalten  des  Frequenz- 
teilers  (13,  14,  31,  32)  durch  das  Maskie- 
rungssignal  gesperrt  wird,  wenn  dieses 
den  zweiten  logischen/elektrischen  Pegel 
hat,  wodurch  die  Wartezustande  in  die 
Periodendauer  eingefugt  werden;  die 
Zeitgebereinheit  ferner  dadurch  ge- 
kennzeichnet,  da/S  sie  umfa/St: 

-  ein  vom  Taktsignal  (CKO)  getriggertes 
Schieberegister  (11,  12,  36,  37,  40,  33) 
mit  einem  ersten  Eingang  (K,  S)  zum 
Empfang  des  Zeitgebersignals  (CK)  und 
einen  zweiten  Eingang  (S,  K)  zum  Emp- 
fang  eines  ersten  Steuersignals  (COM 
1/4)  mit  einem  von  zwei 
logischen/elektrischen  Pegeln,  wobei  das 
Schieberegister  (11,  12,  36,  37)  das  Mas- 
kierungssignal  auf  dem  ersten  Pegel  aus- 
gibt,  wenn  sich  das  Steuersignal  auf  dem 
ersten  logischen  Pegel  befindet,  und  das 
Maskierungssignal  auf  dem  zweiten  Pe- 
gel  fur  eine  Dauer  von  P/4  und  in  vorge- 
gebener  Phasenbeziehung  zum  Zeitge- 
bersignal  ausgibt,  wenn  sich  das  erste 
Steuersignal  auf  dem  zweiten  logischen 
Pegel  befindet,  und  wobei  der  Frequenz- 
teiler  (13,  14,  31,  32)  und  das  Schiebere- 
gister  (11,  12,  36,  37,  40,  33)  aus  in 
Kaskade  geschalteten  JK-Flip-Flops  auf- 
gebaut  sind,  wobei  jede  Verbindung  zwi- 
schen  dem  Ausgang  eines  der  Flip-Flops 
mit  dem  Eingang  eines  anderen  Flip- 
Flops  direkt  erfolgt,  ohne  Zwischenschal- 
tung  eines  anderen  logischen  Elements. 

2.  Zeitgebereinheit  nach  Anspruch  1  ,  bei  der  das 
Schieberegister  aus  ersten  (11)  und  zweiten 
(12)  in  Kaskade  geschalteten  Flip-Flops  be- 
steht,  das  erste  Flip-Flop  (11)  das  Zeitgebersi- 
gnal  (CK)  an  einem  seiner  beiden  JK-Eingange 
empfangt,  das  zweite  Flip-Flop  (12)  das  erste 
Steuersignal  (COM  1/4)  an  einem  asynchronen 
Steuereingang  (S)  empfangt  und  der  Fre- 
quenzteiler  aus  einem  dritten  (13)  und  einem 
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vierten  (14)  in  Kaskade  geschalteten  Flip-Flop 
besteht,  wobei  das  Maskierungssignal  wenig- 
stens  einem  der  beiden  JK-Eingange  des  drit- 
ten  Flip-Flops  zugeleitet  wird. 

5 
3.  Zeitgebereinheit  nach  Anspruch  1  ,  bei  der  das 

Schieberegister  aus  einem  ersten  (36)  und  ei- 
nem  zweiten  (37)  in  Kaskade  geschalteten 
Flip-Flop  sowie  einen  dritten  (40)  und  einem 
vierten  Flip-Flop  (33)  besteht,  das  dritte  Flip-  10 
Flop  (40)  das  Zeitgebersignal  (CK)  an  einem 
asynchronen  Eingang  (S)  und  das  Steuersignal 
an  einem  der  beiden  JK-Eingange  empfangt, 
ein  Ausgang  (Q)  des  dritten  Flip-Flops  (40)  an 
einen  der  beiden  JK-Eingange  des  ersten  (36)  is 
und  vierten  (33)  Flip-Flops  angeschlossen  ist, 
ein  Ausgang  (Q)  des  vierten  Flip-Flops  (33)  an 
einen  asynchronen  Eingang  (S)  des  zweiten 
Flip-Flops  (37)  angeschlossen  ist,  und  wobei 
der  Frequenzteiler  aus  einem  funften  (31)  so-  20 
wie  einem  in  Kaskade  geschalteten  sechsten 
Flip-Flop  (32)  besteht  und  das  Maskierungssi- 
gnal  vom  zweiten  Flip-Flop  (37)  ausgegeben 
und  als  Eingangssignal  einem  asynchronen 
Eingang  (S)  der  funften  (31)  und  sechsten  (32)  25 
Flip-Flops  zugeleitet  wird. 

4.  Zeitgebereinheit  nach  Anspruch  1  zur  selekti- 
ven  Modifizierung  der  Periodendauer  P  durch 
Einfugung  von  Wartezustanden  von  der  Dauer  30 
eines  Vielfachen  von  P/4  mit  einem  durch  das 
Taktsignal  (CKO)  getriggerten  zweiten  Schie- 
beregister  (19,  20,  21),  welches  einen  ersten 
Eingang  (J)  fur  den  Empfang  des  Zeitgebersi- 
gnals  (CK)  und  einen  zeiten  Eingang  (S)  fur  35 
den  Empfang  eines  zweiten  Steuersignals 
(COM  1/2)  mit  einem  von  zwei  logischen  Pe- 
geln  aufweist,  wobei  das  zweite  Schieberegi- 
ster  (19,  20,  21)  am  Ausgang  ein  zweites  Mas- 
kierungssignal  auf  einem  ersten  logischen  Pe-  40 
gel  erzeugt,  wenn  das  zweite  Steuersignal 
(COM  1/2)  sich  auf  dem  ersten  logischen  Pe- 
gel  befindet,  und  am  Ausgang  das  zweite  Mas- 
kierungssignal  auf  einem  zweiten  logischen 
Pegel  fur  die  Dauer  von  P/2  und  in  vorgegebe-  45 
ner  Phasenbeziehung  zum  Zeitgebersignal 
(CK)  erzeugt,  wenn  das  zweite  Steuersignal 
(COM  1/2)  sich  auf  dem  zweiten  logischen 
Pegel  befindet,  und  wobei  das  zweite  Maskie- 
rungssignal  einem  zweiten  Steuereingang  (S)  so 
des  Frequenzteilers  (13,  14)  zugefuhrt  wird 
und  dessen  Schalten  sperrt,  wenn  es  sich  auf 
dem  zweiten  logischen  Pegel  befindet. 

Revendicatlons  55 

1.  Unite  d'horloge  pour  generer  un  signal  d'horlo- 
ge  (CK,  CK)  pour  un  systeme  de  traitement  de 

donnees  utilisant  un  microprocesseur  synchro- 
ne,  ladite  unite  d'horloge  comprenant  : 

-  un  oscillateur  (10)  pour  generer  un  signal 
d'horloge  (CKO)  ayant  une  periode  qui 
est  un  multiple  d'une  periode  P  et  un 
diviseur  de  frequence  de  commutation 
13,  14,  31,  32,  declenche  par  ledit  signal 
d'horloge  (CKO)  et  generant  ledit  signal 
d'horloge  (CK,  CK) 
ladite  unite  d'horloge  etant  capable  de 
generer  ledit  signal  d'horloge  (CK,  CK) 
avec  une  periode  d'horloge  normale  P  et 
etant  capable  de  modifier  de  fagon  se- 
lective  ladite  periode  P  en  introduisant 
des  etats  d'attente  egaux  a  1/4  de  ladite 
periode  P  caracterisee  en  ce  que  : 

-  ledit  oscillateur  (10)  genere  un  signal 
d'horloge  ayant  une  periode  egale  a  1/4 
P, 

-  ledit  diviseur  de  frequence  de  commuta- 
tion  (13,  14,  31,  32)  declenche  par  ledit 
signal  d'horloge  (CKO)  a  une  premiere 
entree  de  commande  de  commutation  (J, 
K)  pour  recevoir  un  signal  de  masque 
ayant  un  des  deux  niveaux 
logique/electrique,  la  commutation  dudit 
diviseur  de  frequence  etant  activee  lors- 
que  ledit  signal  de  masque  est  a  un 
premier  niveau  logique/electrique,  en  ge- 
nerant  de  ce  fait  ledit  signal  d'horloge 
(CK,  CK)  avec  la  periode  P,  la  commuta- 
tion  dudit  diviseur  de  frequence  (13,  14, 
31,  32)  etant  inhibee  par  ledit  signal  de 
masque  au  second  niveau 
logique/electrique,  en  introduisant  de  ce 
fait  lesdits  etats  d'attente  dans  ladite  pe- 
riode,  ladite  unite  d'horloge  etant  en  ou- 
tre  caracterisee  en  ce  qu'elle  comprend  : 

-  un  registre  a  decalage  (11,  12,  36,  37, 
40,  33),  declenche  par  ledit  signal  d'hor- 
loge  (CKO)  et  ayant  une  premiere  entree 
(K,  S)  pour  recevoir  ledit  signal  d'horloge 
(CK)  et  une  seconde  entree  (S,  K)  pour 
recevoir  un  premier  signal  de  commande 
(COM  1/4)  ayant  un  des  deux  niveaux 
logique/electrique,  ledit  registre  a  decala- 
ge  (11,  12,  36,  37)  emettant  en  sortie 
ledit  signal  de  masque  audit  premier  ni- 
veau  lorsque  ledit  signal  de  commande 
est  a  un  premier  niveau  logique,  et  emet- 
tant  en  sortie  ledit  signal  de  masque 
audit  second  niveau  pour  une  duree  ega- 
le  a  1/4.P  et  dans  un  rapport  de  phase 
preetabli  comme  ledit  signal  d'horloge, 
lorsque  ledit  premier  signal  de  comman- 
de  est  a  un  second  niveau  logique,  ledit 
diviseur  de  frequence  (13,  14,  31,  32)  et 
ledit  registre  a  decalage  (11,  12,  36,  37, 
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40,  33)  etant  constitue  des  bascules  JK 
connectees  en  cascade,  chaque 
connexion  entre  la  sortie  d'une  desdites 
bascules  et  I'entree  d'une  autre  desdites 
bascules  etant  directe,  sans  interposition 
d'un  element  logique  quelconque. 

2.  Unite  d'horloge  selon  la  revendication  1  ou 
ledit  registre  a  decalage  est  constitue  d'une 
premiere  (11)  et  d'une  deuxieme  (12)  bascules 
connectees  en  cascade,  ladite  premiere  bas- 
cule  11  recevant  ledit  signal  d'horloge  (CK)  a 
I'une  des  deux  entrees  JK,  ladite  deuxieme 
bascule  (12)  recevant  ledit  premier  signal  de 
commande  (COM  1/4)  a  une  entree  de  com- 
mande  asynchrone  (S)  et  ou  ledit  diviseur  de 
frequence  est  constitue  d'une  troisieme  (13)  et 
d'une  quatrieme  (14)  bascules  connectees  en 
cascade,  ledit  signal  de  masque  etant  entre 
dans  au  moins  I'une  des  deux  entrees  J,K  de 
ladite  troisieme  bascule. 

1/2)  est  a  un  premier  niveau  logique  et  produi- 
sant  en  sortie  ledit  second  signal  de  masque  a 
un  second  niveau  logique  pour  la  duree  de 
1/2.  P  et  un  rapport  de  phase  preetabli  avec 

5  ledit  signal  d'horloge  (CK),  lorsque  ledit  se- 
cond  signal  de  commande  (COM  1/2)  est  a  un 
second  niveau  logique,  ledit  second  signal  de 
masque  etant  entre  dans  une  seconde  entree 
de  commande  (S)  dudit  diviseur  de  frequence 

io  (13,  14)  et  inhibant  la  commutation  dudit  divi- 
seur  de  frequence,  lorsqu'il  est  audit  second 
niveau  logique. 

15 

3.  L'unite  d'horloge  selon  la  revendication  1,  ou 
ledit  registre  a  decalage  est  constitue  d'une 
premiere  (36)  et  d'une  deuxieme  (37)  bascules  25 
connectees  en  cascade  et  d'une  troisieme  (40) 
et  d'une  quatrieme  (33)  bascules,  ladite  troisie- 
me  bascule  (40)  recevant  ledit  signal  d'horloge 
(CK)  en  une  entree  asynchrone  (S)  et  ledit 
signal  de  commande  a  I'une  des  deux  entrees  30 
J,  K,  une  sortie  (Q)  de  ladite  troisieme  bascule 
(40)  etant  connectee  a  I'une  des  deux  entrees 
JK  desdites  premiere  (36)  et  quatrieme  bas- 
cules  (33),  une  sortie  (Q)  de  ladite  quatrieme 
bascule  (33)  etant  connectee  a  une  entree  35 
asynchrone  (S)  de  ladite  seconde  bascule  (37) 
et  ou  ledit  diviseur  de  frequence  est  constitue 
d'une  cinquieme  (31)  et  d'une  sixieme  (32) 
bascules  connectees  en  cascade,  ledit  signal 
de  masque  etant  sorti  de  ladite  deuxieme  bas-  40 
cule  (37)  et  etant  presente  comme  entree 
d'une  entree  asynchrone  (S)  desdites  cinquie- 
me  (31)  et  sixieme  bascules  (32). 

4.  Unite  d'horloge  selon  la  revendication  1  ,  capa-  45 
ble  en  outre  de  modifier  de  fagon  selective 
ladite  periode  P  en  introduisant  des  etats  d'at- 
tente  multiples  de  1/4.P,  comprenant  un  se- 
cond  registre  a  decalage  (19,  20,  21)  declen- 
che  par  ledit  signal  d'horloge  (CKO)  et  ayant  50 
une  premiere  entree  (J)  pour  recevoir  ledit 
signal  d'horloge  (CK)  et  une  seconde  entree 
(S)  pour  recevoir  un  second  signal  de  com- 
mande  (COM  1/2)  ayant  un  des  deux  niveaux 
logiques,  ledit  second  registre  a  decalage  (19,  55 
20,  21)  produisant  en  sortie  un  second  signal 
de  masque  a  un  premier  niveau  logique  lors- 
que  ledit  second  signal  de  commande  (COM 
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