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Description 

Background  of  the  Invention 

1  .  Field  of  the  Invention 

The  present  invention  relates  to  data  transfer 
systems  and,  in  particular,  to  a  synchronization 
circuit  having  a  finite  metastable  state  for  minimiz- 
ing  errors  in  asynchronous  data  transfer. 

2.  Discussion  of  the  Prior  Art 

Computer  systems  are  subject  to  significant 
rates  of  system  failure  that  result  from  unreliable 
interactions  between  asynchronous  subsystems. 
For  example,  when  communication  occurs  between 
two  subsystems,  it  is  virtually  impossible  to  elimi- 
nate  signals  that  are  not  logically  defined.  These 
signals  are  often  referred  to  as  "runt"  or  "split" 
pulses. 

As  shown  in  Fig.  1,  in  conventional  digital  sys- 
tems,  the  incoming  data  signal  to  a  receiving  logic 
circuit  is  typically  first  provided  to  a  synchronizer 
circuit  which  usually  consists  of  a  D  or  RS  flip-flop. 
The  synchronizer  circuit,  which  is  driven  at  the 
clock  frequency  of  the  receiving  logic  circuit,  con- 
verts  the  asynchronous  incoming  signal  to  a  signal 
which  is  synchronous  with  the  receiving  circuit. 

It  is  well  known  that  there  exists  a  trigger  pulse 
that  causes  a  conventional  flip-flop  to  go  into  a 
metastable  region.  For  example,  referring  to  Figs.  1 
and  2,  the  synchronizer  circuit  shown  in  Fig.  1  will 
latch  an  asynchronous  data  signal  arriving  at  the 
input  pad  of  a  digital  logic  circuit  at  whatever  the 
data  level  is  at  the  clock  sampling  time.  Since  the 
data  signal  can  change  at  any  time  relative  to  the 
clock  sampling  frequency,  the  synchronizer  output 
can  provide  a  "quasi"  level  signal  which  is  some- 
where  between  0  and  1  .  This  quasi  level  signal  will 
result  in  violation  of  the  logic  function  of  the  digital 
circuit,  causing  the  associated  system  to  crash. 

This  "metastable"  value  between  logic  levels  0 
and  1  is  indeterminate  in  the  time  domain.  There- 
fore,  although  it  will  resolve  itself  over  time,  there  is 
no  fixed  time  interval  sufficiently  long  to  insure  that 
the  flip-flop,  with  probability  1  ,  will  reach  a  defined 
output  state. 

The  above-described  metastable  condition  is 
discussed  in  greater  detail  by  Chaney  et  al,  "Be- 
ware  The  Synchronizer",  Compcon  72,  1972,  pp. 
317-319. 

Techniques  for  measuring  the  time  required  for 
the  flip-flop  output  to  settle  out,  i.e.,  to  reach  one  of 
the  two  stable  states,  are  described  by  Pechoucek, 
"Anomalous  Response  Times  of  Input  Synchroniz- 
ers",  IEEE  Transactions  on  Computers,  February 
1976,  pp.  133-139  and  by  Rosenberger  et  al,  "Flip- 

flop  Resolving  Time  Test  Circuit",  IEEE  Journal  of 
Solid-State  Circuits,  Vol.  SC-17,  No.  4,  August 
1982,  pp.  731-738. 

Examples  of  approaches  taken  toward  a  solu- 
5  tion  to  the  above-described  problem  are  provided 

by  U.S.  Pat.  No.  4,093,878  issued  to  Paschal  et  al 
on  June  6,  1978;  U.S.  Pat.  No.  4,398,105  issued  to 
Keller  on  August  9,  1983;  U.S.  Pat.  No.  4,529,892 
issued  to  Reilly  et  al  on  July  6,  1985;  and  EP-A-0 

io  219  846. 
However,  none  of  the  above-identified  patents 

discloses  a  simple,  two-stage  synchronizer  design 
which  relies  upon  the  mutual  exclusiveness  of  the 
potential  metastable  solutions  of  two  stages  to  re- 

75  solve  the  metastable  state  of  the  synchronizer. 

Summary  of  the  Invention 

The  present  invention  provides  a  synchronizer 
20  circuit  which  achieves  a  finite  metastable  time, 

resulting  in  a  predictable  minimum  clock  period 
that  minimizes  asynchronous  data  transfer  anoma- 
lies. 

A  finite  metastable  time  synchronizer  in  accor- 
25  dance  with  the  present  invention  includes  a  master 

stage  which  receives  a  buffered  input  data  signal 
and  has  the  capability  of  providing  two  potential 
metastable  points.  A  slave  stage  having  the  capa- 
bility  of  one  metastable  point  is  coupled  to  the 

30  master  stage  via  a  data  path  which  also  serves  as 
a  feedforward/back  path  to  provide  resolution  of 
metastable  conditions  in  the  synchronizer.  The  ba- 
sis  for  the  metastable  resolution  is  the  fact  that  the 
master  and  slave  stages  have  mutually  exclusive 

35  potential  metastable  points.  Since  the  metastable 
condition  can  be  resolved  in  a  statistically  measur- 
able,  finite  time,  a  clock  frequency  can  be  deter- 
mined  to  guarantee  with  a  high  probability  that  the 
logic  function  of  the  receiving  digital  circuit  will  not 

40  be  violated.  The  invention  is  defined  by  claim  1. 
The  features  of  its  preamble  are  disclosed  in  either 
of  the  documents  PATENT  ABSTRACTS  OF  JA- 
PAN,  vol.  6,  #  145  (p-132)  [1023],  Aug.  4  1982  and 
WO-A-8  403  012. 

45  These  and  other  objects  and  advantages  of  the 
present  invention  will  become  apparent  and  be 
appreciated  by  referring  to  the  following  detailed 
description  of  the  invention  which  should  be  con- 
sidered  in  conjunction  with  the  accompanying 

50  drawings. 

Description  of  the  Drawings 

Fig.  1  is  a  schematic  diagram  illustrating  a 
55  conventional  synchronizer  circuit. 

Fig.  2  is  a  timing  diagram  illustrating  the  occur- 
rence  of  a  metastable  state  in  the  output  of  a 
conventional  synchronizer  circuit. 

2 
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Fig.  3  is  a  schematic  diagram  illustrating  a 
finite  metastable  time  synchronizer  circuit  in  accor- 
dance  with  the  present  invention. 

Fig.  4  is  a  graph  illustrating  the  transfer  curves 
of  the  two-stage  synchronizer  circuit  shown  in  Fig. 
3. 

Description  of  a  Preferred  Embodiment 

Fig.  3  illustrates  a  CMOS  finite  metastable  time 
synchronizer  circuit  10  in  accordance  with  the 
present  invention.  An  input  pad  12  provides  a  digi- 
tal  data  input  signal  to  an  input  inverter  14  which 
buffers  the  input  signal  to  provide  a  known  drive  to 
the  synchronizer  circuit  10.  The  buffered  asyn- 
chronous  input  data  signal  is  then  clocked  into  the 
synchronizer  circuit  10  at  the  clock  C  time  of  the 
receiving  digital  circuit;  this  shall  be  referred  to  as 
the  sampling  phase  of  the  synchronizer  10.  The 
data  signal  clocked  in  by  the  logic  gate  16  is 
provided  to  a  Schmitt  trigger  18  which,  in  conjunc- 
tion  with  a  cross-coupled  inverter  20,  forms  a  first, 
master  stage  of  the  synchronizer  10.  The  output  of 
the  master  latch  stage  is  provided  to  a  second, 
slave  stage  through  a  second  logic  gate  21  which 
transfers  data  or  feedforward/back  at  the  compli- 
ment  of  the  clock  C  time;  this  shall  be  referred  to 
as  the  resolution  phase  of  the  synchronizer  10. 

The  second,  slave  stage  of  the  synchronizer  10 
is  formed  by  an  output  inverter  22  and  its  asso- 
ciated  cross-coupled  inverter  24.  The  output  in- 
verter  22  serves  as  a  buffer  to  the  receiving  digital 
circuit  26  and  also  preserves  the  input  drive  of  the 
cross-coupled  inverter  24  of  the  slave  stage.  The 
cross-coupled  inverter  24  of  the  slave  stage  is 
used  as  feedback  for  the  slave  configuration  to 
latch  the  output  voltage  to  the  digital  circuit  26. 
Inverter  24  also  provides  a  finite  amount  of  drive  to 
resolve  metastable  conditions  between  the  slave 
stage  and  the  master  stage.  That  is,  as  described 
below,  the  potential  metastable  points  of  the  master 
stage  do  not  equal  the  potential  metastable  point  of 
the  slave  stage,  the  trip  level  of  each  stage  being 
defined  as  Vin  =  Vout. 

Referring  to  Fig.  4,  the  Schmitt  trigger  18 
forces  the  input  trip  level  of  the  master  stage  to  be 
one  of  two  values  depending  on  which  logic  direc- 
tion  the  input  data  signal  is  coming  from.  These 
trip  levels  also  coincide  with  the  potential  metasta- 
ble  points  of  the  master  stage.  Thus,  as  shown  in 
Fig.  4,  the  master  stage  latch  has  two  potentially 
metastable  points  which  are  located  on  either  side 
of  the  transfer  curve  of  the  cross-coupled  inverter 
24  of  the  slave  stage. 

As  stated  above,  the  slave,  cross-coupled  in- 
verter  stage  has  a  trip  point  positioned  half  way  in 
terms  of  Vin  between  the  Schmitt  trigger  trip  points. 
Thus,  the  area  where  the  slave  stage  will  go  into 

metastable  operation  is  precisely  the  non-metasta- 
ble  region  of  the  master  stage.  Similarly,  the  area 
where  the  master  stage  will  go  into  metastable 
operation  is  precisely  the  non-metastable  region  of 

5  the  slave  stage.  This  means  that  during  the  resolu- 
tion  phase  of  the  synchronizer  (1)  metastable  con- 
ditions  in  the  master  and  slave  stages  are  not  co- 
existent  and  (2)  metastability  in  either  the  master  or 
the  slave  stage  will  be  resolved  by  the  opposite 

io  stage  in  a  finite  amount  of  time.  Thus,  this  configu- 
ration  achieves  a  finite  metastable  time,  resulting  in 
a  predictable  minimum  clock  period  that  minimizes 
asynchronous  data  transfer  anomalies. 

In  other  words,  during  metastability  the  transfer 
is  function  of  the  master  stage  latch  will  essentially 

take  on  the  characteristics  of  the  Schmitt  trigger 
18;  for  a  given  Vin  =  V0Ut,  there  exist  two  potential 
metastable  points.  On  the  other  hand,  the  slave 
stage  latch  will  provide  only  one  metastable  solu- 

20  tion  for  a  given  Vin  =  V0Ut.  Since  the  potential 
metastable  points  of  the  master  stage  latch  do  not 
equal  the  potential  metastable  points  of  the  slave 
stage  latch,  the  solutions  for  the  two  stages  will 
never  match.  Thus,  the  two  latches  will  resolve 

25  each  other  in  an  active  way  via  the  feedfor- 
ward/back  path  between  the  master  and  slave 
stages. 

As  shown  in  Fig.  4,  when  either  the  master  or 
slave  latch  is  in  the  metastable  region,  it  requires 

30  very  little  to  influence  it  because  it  is  in  the  high 
gain  region,  i.e.  a  small  change  in  Vin  provides  a 
relatively  large  change  in  Vout.  Thus,  a  small,  finite 
amount  of  drive  provided  can  resolve  the  metasta- 
ble  condition  in  either  the  master  or  the  slave 

35  stages. 
Thus,  in  accordance  with  the  present  invention, 

the  synchronizer  circuit  10  provides  a  shared  data, 
feedforward/back  path  which  resolves  the  metasta- 
ble  state  between  the  master/slave  flip-flop  stages. 

40  The  characteristics  of  the  devices  utilized  to 
implement  the  Schmitt  trigger  18  and  the  feedback 
inverter  24  should  be  such  that  the  Schmitt  trigger 
18  is  able  to  dominate  the  inverter  24.  That  is,  the 
w/L  ratio  of  the  devices  utilized  in  the  Schmitt 

45  trigger  18  and  inverter  22  should  be  high  in  com- 
parison  to  the  w/L  ratio  of  devices  utilized  in  invert- 
ers  20  and  24.  However,  the  stronger  the  char- 
acteristics  of  inverter  24,  the  faster  the  slave  stage 
24  will  be  able  to  provide  the  feedback  drive  nec- 

50  essary  to  resolve  the  metastable  condition  of  the 
master  stage. 

It  should  be  understood  that  various  alterna- 
tives  to  the  structure  as  described  herein  may  be 
employed  in  practicing  the  present  invention. 

55 
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Claims 

1.  A  master-slave  latch  circuit  utilizable  as  a  finite 
metastable  time  synchronizer  for  synchronizing 
an  input  data  signal  provided  to  a  digital  re- 
ceiver  circuit  (26)  with  a  clock  frequency  of  the 
receiving  circuit,  the  master-slave  latch  circuit 
comprising: 

a  master  stage  (12-20)  that  receives  the 
input  data  signal  (Vin)  and  is  capable  of  provid- 
ing  two  potential  metastable  points,  and 

a  slave  stage  (21-24)  capable  of  providing 
one  potential  metastable  point  and  coupled  to 
receive  a  master  stage  output  via  a  data  path 
that  also  serves  as  a  feed-forward/back  path 
between  the  slave  stage  and  the  master  stage 
to  provide  resolution  of  metastable  conditions 
in  the  master-slave  latch  circuit,  characterized 
in  that  the  master  stage  includes  a  Schmitt- 
trigger  (18)  connected  in  series  with  a  first 
inverter  (20)  such  that  the  output  of  the 
Schmitt  trigger  is  connected  to  the  input  of  the 
first  inverter. 

2.  A  master-slave  latch  circuit  as  in  claim  1 
wherein  the  slave  stage  includes  a  buffer  in- 
verter  (22)  connected  in  series  with  a  second 
inverter  (24)  such  that  the  output  of  the  buffer 
inverter  is  connected  to  the  input  of  the  second 
inverter. 

3.  A  master-slave  latch  circuit  as  in  claim  2 
wherein  the  W/L  ratios  of  transistors  utilized  in 
the  Schmitt  trigger  (18)  are  such  that  the 
Schmitt  trigger  dominates  the  second  inverter 
(24). 

Patentanspruche 

1.  Ein  Mutter-Tochter-Latch-Schaltkreis,  verwend- 
bar  als  ein  begrenzt  metastabiler  Zeitsynchro- 
nisierer  fur  das  Synchronisieren  eines  Ein- 
gangsdatensignals,  das  einem  digitalen  Emp- 
fangerschaltkreis  (26)  zugefuhrt  wird,  mit  einer 
Taktfrequenz  des  empfangenden  Schaltkrei- 
ses,  welcher  Mutter-Tochter-Latch-Schaltkreis 
umfaBt: 

eine  Mutterstufe  (12-20),  welche  das  Ein- 
gangsdatensignal  (Vin)  empfangt  und  in  der 
Lage  ist,  zwei  potentiell  metastabile  Punkte 
bereitzustellen,  und 

eine  Tochterstufe  (21-24),  die  in  der  Lage 
ist,  einen  potentiell  metastabilen  Punkt  bereit- 
zustellen  und  angekoppelt  ist  zum  Empfang 
eines  Mutterstufenausgangs  uber  eine  Daten- 
strecke,  die  auch  als  Mitkopplungs-/Ruckkopp- 
lungsstrecke  zwischen  der  Tochterstufe  und 
der  Mutterstufe  dient  zum  Bereitstellen  der 

Auflosung  von  metastabilen  Bedingungen  in 
dem  Mutter-Tochter-Latch-Schaltkreis,  dadurch 
gekennzeichent,  dal3  die  Mutterstufe  einen 
Schmitt-Trigger  (18)  umfaBt,  in  Serie  geschal- 

5  tet  mit  einem  ersten  Inverter  (20)  derart,  dal3 
der  Ausgang  des  Schmitt-Triggers  mit  dem 
Eingang  des  ersten  Inverters  verbunden  ist. 

2.  Ein  Mutter-Tochter-Latch-Schaltkreis  nach  An- 
io  spruch  1,  bei  dem  die  Tochterstufe  einen  Puf- 

ferinverter  (22)  umfaBt,  in  Serie  geschaltet  mit 
einem  zweiten  Inverter  (24)  derart,  dal3  der 
Ausgang  des  Pufferinverters  mit  dem  Eingang 
des  zweiten  Inverters  verbunden  ist. 

15 
3.  Ein  Mutter-Tochter-Latch-Schaltkreis  nach  An- 

spruch  2,  bei  dem  die  W/L-Verhaltnisse  der  in 
dem  Schmitt-Trigger  (18)  verwendeten  Transi- 
storen  derart  sind,  dal3  der  Schmitt-Trigger  den 

20  zweiten  Inverter  (24)  dominiert. 

Revendications 

1.  Circuit  de  verrouillage  maltre-esclave  utilisable 
25  comme  circuit  de  synchronisation  a  temps  me- 

tastable  fini,  pour  synchroniser  un  signal  de 
donnees  d'entree  applique  a  un  circuit  recep- 
teur  numerique  (26),  a  la  frequence  d'horloge 
du  circuit  recepteur,  ce  circuit  de  verrouillage 

30  maftre-esclave  comprenant  : 
un  etage  maltre  (12-20)  qui  regoit  le  signal 

de  donnees  d'entree  (Ventree)  et  qui  est  capable 
de  fournir  deux  points  metastables  potentiels, 
et 

35  un  etage  esclave  (21-24)  capable  de  four- 
nir  un  point  metastable  potentiel,  cet  etage 
etant  connecte  pour  recevoir  une  sortie  de 
I'etage  maltre  par  I'intermediaire  d'un  trajet  de 
donnees  qui  sert  egalement  comme  trajet 

40  reaction/contre-reaction  entre  I'etage  esclave  et 
I'etage  maltre  pour  assurer  la  determination 
des  conditions  metastables  dans  le  circuit  de 
verrouillage  maltre-esclave,  caracterise  en  ce 
que  I'etage  maltre  comprend  un  basculeur  de 

45  Schmitt  (18)  connecte  en  serie  avec  un  pre- 
mier  inverseur  (20)  de  telle  maniere  que  la 
sortie  du  basculeur  de  Schmitt  soit  connecte  a 
I'entree  du  premier  inverseur. 

50  2.  Circuit  de  verrouillage  maltre-esclave  selon  la 
revendication  1  dans  lequel  I'etage  esclave 
comprend  un  inverseur  tampon  (22)  connecte 
en  serie  avec  un  second  inverseur  (24)  de  telle 
maniere  que  la  sortie  de  I'inverseur  tampon 

55  soit  connectee  a  I'entree  du  second  inverseur. 

3.  Circuit  de  verrouillage  maltre-esclave  selon  la 
revendication  2  dans  lequel  les  rapports  W/L 

4 
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des  transistors  utilises  dans  le  basculeur  de 
Schmitt  (18)  sont  tels  que  le  basculeur  de 
Schmitt  domine  le  second  inverseur  (24). 
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