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(54)  Synchronous  semiconductor  memory 

(57)  According  to  one  embodiment  (100),  a  syn- 
chronous  semiconductor  memory  may  include  a  first  ini- 
tial  circuit  (102),  second  initial  circuit  (104)  and  third 
initial  circuit  (106).  The  first  initial  circuit  (102)  can 
receive  an  external  clock  signal  CLK  and  compare  the 
external  clock  signal  CLK  to  a  reference  voltage  VREF. 
The  comparison  result  can  be  amplified  and  output  as  a 
signal  <|>1.  The  second  initial  circuit  (104)  can  receive  a 
clock  control  signal  CKE  and  compare  the  clock  control 
signal  CKE  to  a  reference  voltage  VREF.  The  compari- 
son  result  can  be  amplified  and  output  as  a  signal  <]>2. 
The  third  initial  circuit  (106)  can  receive  the  external 
clock  signal  CLK,  and  is  activated  by  a  control  signal  (|>7 
that  can  correspond  to  the  clock  enable  signal  CKE. 
The  third  initial  circuit  (106)  can  compare  the  external 
clock  signal  CLK  to  a  reference  voltage  VREF,  and 
amplify  and  output  the  comparison  result  §8.  The 
embodiment  (100)  can  further  include  a  first  control  cir- 
cuit  (108)  that  can  receive  the  (|>1  signal  and  generate  a 
period  signal  §3  having  a  constant  pulse  width  that  var- 
ies  in  synchronism  with  the  external  clock  signal  CLK.  In 
addition,  the  first  control  circuit  (108)  can  receive  the  §8 
signal  and  generate  an  internal  clock  signal  §5. 
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Description 

TECHNICAL  FIELD 

[0001  ]  The  present  invention  relates  generally  to  syn- 
chronous  semiconductor  memories,  and  more  particu- 
larly  to  semiconductor  memories  having  power-down 
controls. 

BACKGROUND  OF  THE  INVENTION 

[0002]  The  increased  operating  speed  of  central 
processing  units  (CPUs)  and  other  peripheral  large 
scale  integrated  (LSI)  circuits  has  led  to  the  wider  use  of 
synchronous  semiconductor  memory  devices.  Synchro- 
nous  semiconductor  memories  are  usually  high-speed 
memories  that  can  execute  "burst"  operations  in  syn- 
chronism  with  an  external  clock  signal.  Burst  operations 
can  allow  access  to  multiple  memory  locations  with  the 
application  of  a  single  address.  Synchronous  memories 
can  include  dynamic  random  access  memories 
(DRAMs)  and  static  RAMs  (SRAMs),  to  name  just  two 
examples. 
[0003]  Conventional  synchronous  semiconductor 
memories  may  receive  various  input  signals.  Input  sig- 
nals  may  include  a  clock  signal  CLK  and  a  clock  enable 
signal  CKE.  In  addition,  other  input  signals  may  include 
address  signals  groups  (AO  to  An),  input/output  data 
groups  (DQ0  to  DQm),  a  row  address  strobe  signal 
RAS,  a  column  address  strobe  signal  CAS,  and  a  write 
enable  signal  WE. 
[0004]  Synchronous  semiconductor  memories  can 
generate  an  internal  clock  signal  having  a  constant 
pulse  width  that  corresponds  to  the  external  clock  signal 
CLK  and  the  clock  enable  signal  CKE.  A  synchronous 
semiconductor  memory  can  operate  in  synchronism 
with  such  an  internal  clock  signal.  Control  commands 
may  be  entered  by  the  application  of  various  external 
input  signals  in  synchronism  with  the  external  clock  sig- 
nal.  As  just  one  example,  control  commands  may  be 
entered  that  result  in  a  burst  mode  of  operation. 
[0005]  In  addition  to  executing  various  operations  in 
response  to  various  control  commands,  synchronous 
memories  may  also  be  capable  of  switching  to  a  "power- 
down"  mode  according  to  the  application  of  an  external 
signal,  such  as  a  CKE  signal.  A  power-down  mode  may 
reduce  the  power  consumption  of  a  synchronous  mem- 
ory. 
[0006]  Referring  now  to  FIG.  8,  a  block  diagram  is  set 
forth  showing  a  clock  control  section  of  a  conventional 
synchronous  semiconductor  memory.  The  clock  control 
section  is  disclosed  in,  as  one  example,  Japanese  Pat- 
ent  Application  Laid-Open  (Kokai)  No.  Hei  6-290583.  In 
FIG.  8,  the  clock  control  section  of  the  conventional  syn- 
chronous  semiconductor  memory  is  designated  by  the 
general  reference  character  800,  and  includes  first  and 
second  initial  circuits  (802  and  804),  and  first,  second, 
and  third  control  circuits  (806,  812  and  818,  respec- 

tively).  The  conventional  clock  control  section  800 
receives  an  external  clock  signal  CLK  as  well  as  a  clock 
enable  signal  CKE.  In  response  to  the  various  input  sig- 
nals,  the  conventional  clock  control  section  generates 

5  an  internal  clock  signal  §5  and  a  control  signal  §7.  The 
(|>5  and  §7  signals  may  be  supplied  to  other  internal  cir- 
cuits  of  the  synchronous  semiconductor  memory. 
[0007]  As  shown  in  FIG.  8  the  clock  control  circuit  is 
designated  by  the  general  reference  character  800,  and 

10  is  shown  to  include  a  first  initial  circuit  802  that  may 
receive  the  external  clock  signal  CLK,  and  compare  it 
with  a  reference  voltage  VREF.  The  comparison  result  is 
then  amplified  and  output  as  a  signal  (|>1  .  A  second  initial 
circuit  804  may  receive  the  clock  enable  signal  CKE, 

15  and  compare  it  with  a  reference  voltage  VREF.  The 
comparison  result  is  then  amplified  and  output  as  a  sig- 
nal  (|>2.  The  first  and  second  initial  circuits  (802  and  804) 
may  include  transistors  arranged  in  a  current  mirror  con- 
figuration  with  a  pair  of  compare  transistors. 

20  [0008]  A  first  control  circuit  is  set  forth  in  FIG.  8  by  the 
reference  character  806,  and  is  shown  to  include  a  first 
one-shot  signal  generating  circuit  808  and  a  second 
one-shot  signal  generating  circuit  810.  The  first  one- 
shot  signal  generating  circuit  808  generates  a  period 

25  signal  (|>3.  Period  signal  (|>3  can  have  a  constant  pulse 
width,  and  may  vary  periodically  in  synchronism  with  the 
external  clock  signal  CLK.  The  second  one-shot  signal 
generating  circuit  810  receives  signal  (|>1  and  another 
signal  (|>4,  and  generates  an  internal  clock  signal  (|>5. 

30  Internal  clock  signal  §5  can  have  a  constant  pulse  width, 
and  may  be  mask-controlled  in  synchronism  with  the 
external  clock  signal  CLK  and  the  clock  enable  signal 
CKE.  The  internal  clock  signal  $5  may  be  considered 
mask-controlled  in  that  the  internal  clock  signal  §5  may 

35  be  synchronous  with  the  CLK  signal  in  response  to  a 
CKE  signal  of  a  first  logic  value,  but  may  be  maintained 
at  a  constant  logic  value  in  response  to  a  CKE  signal  of 
a  second  logic  value. 
[0009]  The  period  signal  §3  and  internal  clock  signal 

40  (|)5  may  be  designed  to  have  low  pulse  widths  of  the 
same  length.  Further,  the  signals  $3  and  §5  can  be  uti- 
lized  to  control  the  synchronous  operation  of  other  cir- 
cuits.  For  example,  period  signal  §3  can  be  designed  to 
drive  a  second  control  circuit  812,  while  internal  clock 

45  signal  §5  can  be  designed  to  drive  all  other  internal  cir- 
cuits  (not  shown). 
[0010]  In  a  power-down  mode,  the  CKE  signal  can 
transition  to  a  low  value.  One  cycle  following  such  a 
CKE  signal  transition,  internal  clock  signal  §5  can  be 

so  placed  in  an  inactive  (high,  for  example)  logic  level.  As  a 
result,  the  synchronous  operation  of  the  internal  circuits 
can  stop,  thereby  reducing  current  consumption. 
[001  1  ]  The  second  control  circuit  81  2  of  the  conven- 
tional  clock  control  section  800  is  shown  to  include  a  D- 

55  type  flip-flop  814  and  a  D-type  latch  circuit  816.  The  D- 
type  flip-flop  814  can  receive  the  signal  §2  as  one  input, 
and  provide  a  signal  §6  as  an  output,  in  synchronism 
with  the  period  signal  $3.  The  §6  signal  can  be  delayed 
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with  respect  to  the  $3  signal. 
[001  2]  The  D-type  latch  circuit  81  6  can  receive  the  §6 
signal  and  output  the  signal  (|>4  with  a  further  delay  of  a 
half-  cycle,  in  synchronism  with  the  period  signal  $3. 
[0013]  The  conventional  clock  circuit  800  also  s 
includes  a  third  control  circuit  818.  The  third  control  cir- 
cuit  818  can  include  a  logic  circuit  that  receives  the  §2, 
(|>4  and  (|>6  signals  and  provides  a  control  signal  (|>7.  The 
control  signal  §7  can  become  active  (low,  for  example) 
immediately  following  a  low-to-high  transition  in  the  to 
clock  enable  signal  CKE.  The  control  signal  §7  may  then 
become  inactive  (high,  for  example)  one  cycle  following 
a  high-to-low  transition  in  the  clock  enable  signal  CKE. 
The  control  signal  §7  may  be  utilized  by  other  initial  cir- 
cuits  (not  shown).  Such  other  initial  circuits  can  com-  ts 
pare  other  external  input  signals  with  a  reference  signal 
voltage  VREF,  and  then  amplify  the  comparison  result. 
[0014]  A  brief  description  will  now  be  given  of  the 
operation  of  a  conventional  clock  control  section  of  a 
semiconductor  memory  set  forth  in  FIG.  8.  20 
[0015]  The  conventional  synchronous  memory  can 
receive  the  system  clock  of  the  device  (such  as  the 
external  clock  signal  CLK),  as  well  as  the  clock  enable 
signal  CKE,  for  controlling  the  power-down  mode.  The 
CLK  and  CKE  signals  are  compared  within  the  first  and  25 
second  initial  circuits  (802  and  804,  respectively)  to  a 
reference  signal  voltage  VREF.  The  comparison  results 
are  amplified  and  output  as  the  signals  <]>1  and  <]>2, 
respectively. 
[001  6]  The  signals  (|>1  and  §2  are  received  by  the  first  30 
and  second  control  circuits  (806  and  812,  respectively). 
Within  the  first  control  circuit  806,  the  first  one-shot  gen- 
erating  circuit  808  receives  the  (|>1  signal,  and  in 
response  thereto,  outputs  the  period  signal  $3.  In  the 
example  of  FIG.  8,  the  period  signal  §3  can  have  a  con-  35 
stant  pulse  width  and  vary  in  synchronism  with  the  sig- 
nal  ()>1  .  The  period  signal  §3  is  output  to  the  second 
control  circuit  812. 
[001  7]  The  D-type  flip-flop  and  D-type  latch  (81  4  and 
816)  delay  the  signal  (|>2  in  synchronism  with  the  period  40 
signal  §3  to  generate  output  signal  §6.  The  signal  §2 
can  be  delayed  further  to  generate  the  (|>4  signal,  which 
can  be  delayed  by  a  half  clock  cycle  with  respect  to  the 
<|)6  signal. 
[0018]  The  third  control  circuit  818  generates  the  con-  45 
trol  signal  §7  in  response  to  the  §2,  §6,  and  (|>4  signals. 
The  control  signal  (|>7  will  become  active  (low,  for  exam- 
ple)  essentially  immediately  after  the  clock  enable  sig- 
nal  CKE  transitions  high.  The  control  signal  (|>7  will 
become  inactive  (high,  for  example),  essentially  one  so 
clock  cycle  after  the  clock  enable  signal  CKE  transitions 
low. 
[0019]  When  the  control  signal  (|>7  becomes  low 
essentially  immediately  after  the  clock  enable  signal 
CKE  transitions  high,  other  initial  circuits  (not  shown)  ss 
can  be  activated.  The  other  initial  circuits  can  compare 
external  input  signals  with  a  reference  signal  voltage 
VREF,  and  then  amplify  and  output  the  comparison 

results.  In  addition,  following  a  low-to-high  transition  in 
the  clock  enable  signal  CKE,  the  (|>4  signal  can  transition 
low.  Such  a  transition  in  the  (|>4  signal  may  occur  as 
much  as  about  one  clock  cycle  following  a  transition  in 
the  CKE  signal. 
[0020]  Within  the  second  one-shot  signal  generating 
circuit  810,  the  resulting  (|>1  and  (|>4  signals  allow  internal 
clock  signal  (|>5  to  be  generated.  Internal  clock  signal  (|>5 
can  be  activated  about  one  clock  cycle  following  a  low- 
to-high  transition  in  the  clock  enable  signal  CKE.  The 
internal  clock  signal  (|>5  may  be  supplied  to  internal  cir- 
cuits  (not  shown)  to  allow  such  circuits  to  operate  in 
synchronism  with  the  external  clock  signal  CLK. 
[0021]  In  this  way,  a  synchronous  semiconductor 
memory  can  input  external  input  signals,  such  as 
address  signal  groups  AO  to  An,  input/output  data 
groups  DQ0  to  DQm,  a  RAS  signal,  a  CAS  signal  and  a 
WE  signal,  to  name  a  few  examples.  Such  external 
input  signals  can  be  input  in  synchronism  with  the  rising 
edge  of  the  external  clock  signal  CLK.  By  inputting  such 
external  input  signals,  the  synchronous  semiconductor 
memory  can  execute  control  commands  obtained  by 
particular  combinations  of  such  external  input  signals. 
[0022]  A  conventional  synchronous  semiconductor 
memory  can  also  have  a  power-down  mode.  A  power 
down  mode  may  be  entered  by  the  clock  enable  signal 
CKE  transitioning  from  an  active  level  (high,  for  exam- 
ple)  to  an  inactive  level  (low,  for  example).  When  the 
clock  enable  signal  CKE  transitions  low,  the  signals  (|>4 
and  (|>7  transition  high,  with  a  delay  of  about  one  cycle. 
The  signal  §4,  which  mask  controls  the  internal  clock 
signal  (|>5,  enables  the  internal  clock  signal  (|>5  to 
become  inactive  (high,  for  example).  A  high  internal 
clock  signal  (|>5  can  essentially  stop  the  active  operation 
of  internal  circuits,  placing  the  synchronous  semicon- 
ductor  memory  in  a  power-down  mode. 
[0023]  Within  the  third  control  circuit  81  8,  the  resulting 
(|>2,  (|>4  and  (|>6  signals  can  result  in  the  control  signal  (|>7 
being  driven  to  an  inactive  level  (high,  for  example).  An 
inactive  control  signal  §7  can  result  in  other  initial  cir- 
cuits  being  placed  in  an  inactive  state. 
[0024]  In  this  way,  a  synchronous  semiconductor 
memory  that  is  executing  control  commands  can  be 
stopped  by  a  transition  in  the  clock  enable  signal  CKE. 
In  the  event  the  synchronous  semiconductor  memory 
includes  complementary  metal-oxide-semiconductor 
(CMOS)  circuits,  such  CMOS  circuits  can  hold  current 
data.  Further,  current  consumption,  due  to  the  charging 
and  discharging  of  various  nodes,  can  be  essentially 
eliminated.  In  addition,  other  initial  circuits  (that  can 
receive  other  external  input  signals)  are  also  disabled, 
and  consume  essentially  no  current. 
[0025]  While  conventional  synchronous  semiconduc- 
tor  memories  can  provide  a  power  down  mode,  it  is  still 
desirable  to  arrive  at  some  way  of  further  reducing  cur- 
rent  consumption.  Further  reductions  in  current  con- 
sumption  in  a  power-down  mode  are  desirable  as  a 
synchronous  semiconductor  memory  may  be  utilized  in 
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a  portable  device  that  is  powered  by  one  or  more  batter- 
ies.  By  reducing  power  consumption,  battery  lifetime 
can  be  increased. 
[0026]  It  is  difficult  to  reduce  the  current  consumption 
of  the  conventional  clock  control  circuit  800  because  the  s 
internal  clock  signal  <|>5,  which  is  the  main  timing  signal 
for  the  internal  circuits,  typically  drives  a  relatively  large 
load.  In  addition,  devices  within  the  first  initial  circuit 
802,  such  as  transistors,  must  be  relatively  large,  as  the 
()>1  signal  must  be  supplied  to  two  circuit  stages  (i.e.,  the  10 
first  and  second  one-shot  signal  generating  circuits  808 
and  810).  Another  reason  power  can  be  consumed 
arises  from  the  first  initial  circuit  802.  While  internal  cir- 
cuits  may  be  suspended  in  a  power-down  mode,  the 
first  initial  circuit  802  may  continue  to  compare  the  peri-  is 
odic  external  clock  signal  CLK  to  a  reference  voltage 
VREF,  and  amplify  the  result  to  generate  the  signal  (|>1  . 
Such  periodic  comparing  and  amplifying  can  continue 
to  consume  current,  and  hence  consume  power. 
[0027]  It  would  be  desirable  to  arrive  at  a  clock  control  20 
circuit  for  a  synchronous  semiconductor  device  that  can 
reduce  current  consumption  over  conventional 
approaches.  Such  a  clock  control  circuit  could  provide 
more  advantageous  power  consumption  characteristics 
and/or  increase  battery  life  for  portable  systems  that  25 
include  such  synchronous  semiconductor  devices. 

SUMMARY  OF  THE  INVENTION 

[0028]  It  is  an  object  of  the  invention  to  reduce  the  cur-  30 
rent  consumption  in  a  synchronous  semiconductor 
memory  that  receives  an  external  clock  signal  over  a 
continuous  period  of  time. 
[0029]  According  to  the  disclosed  embodiments  of  the 
invention,  a  synchronous  semiconductor  memory  can  35 
receive  an  external  clock  signal  and  a  clock  enable  sig- 
nal,  and  in  response  thereto,  generate  an  internal  clock 
signal.  The  synchronous  semiconductor  memory  can 
operate  internally  in  synchronism  with  the  internal  clock 
signal,  and  may  comprise  40 

a  first  initial  circuit  that  can  receive  the  external 
clock  signal,  compare  the  external  clock  signal  to  a 
reference  voltage,  and  provide  the  comparison 
result  as  an  output,  45 
a  second  initial  circuit  that  can  receive  the  clock 
enable  signal,  compare  the  clock  enable  signal  to  a 
reference  voltage,  and  provide  the  comparison 
result  as  an  output, 
a  third  initial  circuit  that  can  receive  the  external  so 
clock  signal  and  is  enabled  by  a  control  signal  cor- 
responding  to  the  clock  enable  signal,  the  third  ini- 
tial  circuit,  when  enabled,  comparing  the  external 
clock  signal  with  a  reference  voltage,  and  providing 
the  comparison  result  as  an  output,  and  55 
a  first  control  circuit  that  receives  the  output  of  the 
first  initial  circuit  and  can  generate  a  period  signal 
which  varies  in  synchronism  with  the  external  clock 
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signal,  the  first  control  circuit  also  receiving  the  out- 
put  of  the  third  initial  circuit  and  generating  the  inter- 
nal  clock  signal  in  response  thereto. 

[0030]  According  to  one  aspect  of  the  disclosed 
embodiments,  the  internal  clock  signal  and/or  the  period 
signal  can  have  a  constant  pulse  width. 
[0031]  According  to  another  aspect  of  the  disclosed 
embodiments,  the  synchronous  semiconductor  memory 
can  execute  control  commands  according  to  combina- 
tions  of  external  input  signals  that  are  received  in  syn- 
chronism  with  the  external  clock  signal. 
[0032]  According  to  another  aspect  of  the  disclosed 
embodiments,  the  first  initial  circuit,  and/or  second  initial 
circuit  and/or  third  initial  circuit  can  amplify  their  respec- 
tive  comparison  results. 
[0033]  According  to  another  aspect  of  the  disclosed 
embodiments,  within  the  synchronous  semiconductor 
memory,  transistors  within  the  first  initial  circuit  can  be 
smaller  than  transistors  within  the  third  initial  circuit. 
[0034]  According  to  another  aspect  of  the  disclosed 
embodiments,  a  synchronous  semiconductor  memory 
can  further  include  a  second  control  circuit  that  receives 
the  output  of  the  second  initial  circuit,  and  generates  an 
output  signal  in  synchronism  with  the  period  signal.  The 
outputted  signal  can  be  delayed  by  predetermined  clock 
cycle(s),  or  clock  cycle  portion(s). 
[0035]  According  to  another  aspect  of  the  disclosed 
embodiments,  the  first  control  circuit  may  comprise 

a  first  one-shot  signal  generating  circuit  that  can 
generate  a  one-shot  signal  in  correspondence  with 
the  output  of  the  first  initial  circuit,  the  one-shot  sig- 
nal  may  be  the  period  signal  and  include  a  series  of 
pulses  having  a  constant  width,  and 
a  second  one-shot  signal  generating  circuit  that  can 
generate  a  one-shot  signal  in  correspondence  with 
the  outputs  of  the  third  initial  circuit  and  second 
control  circuit,  the  one-shot  signal  may  be  the  inter- 
nal  clock  signal. 

[0036]  According  to  another  aspect  of  the  disclosed 
embodiments,  the  dimensions  of  transistors  within  the 
first  one-shot  generating  circuit  can  be  smaller  than 
transistors  within  the  second  one-shot  generating  cir- 
cuit. 
[0037]  According  to  another  aspect  of  the  disclosed 
embodiments,  the  synchronous  semiconductor  memory 
may  include  at  least  one  other  initial  circuit  that  can 
receive  one  or  more  external  input  signals  and  compare 
the  external  input  signals  with  a  reference  voltage  to 
provide  an  output  signal.  The  other  initial  circuit  can  be 
activated  by  the  control  signal. 

EP  0  964  405  A1 

4 



7 EP  0  964  405  A1 8 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

[0038] 

FIG.  1  is  a  block  diagram  illustrating  a  clock  control  s 
circuit  of  a  synchronous  semiconductor  memory 
according  to  one  embodiment. 
FIG.  2  is  a  circuit  diagram  illustrating  an  example  of 
a  first  initial  circuit  that  may  be  used  in  the  embodi- 
ment  of  FIG.  1  .  w 
FIG.  3  is  a  circuit  diagram  illustrating  an  example  of 
a  third  initial  circuit  that  may  be  used  in  the  embod- 
iment  of  FIG.  1  . 
FIG.  4  is  a  circuit  diagram  illustrating  an  example  of 
a  first  control  circuit  that  may  be  used  in  the  embed-  15 
iment  of  FIG.  1  . 
FIG.  5  is  a  circuit  diagram  illustrating  an  example  of 
a  second  control  circuit  that  may  be  used  in  the 
embodiment  FIG.  1  . 
FIG.  6  is  a  circuit  diagram  illustrating  an  example  of  20 
a  third  control  circuit  that  may  be  used  in  the 
embodiment  of  FIG.  1  . 
FIG.  7  is  a  timing  diagram  illustrating  the  operation 
of  a  semiconductor  memory  according  to  one 
embodiment.  25 
FIG.  8  is  a  block  diagram  of  a  clock  control  accord- 
ing  to  a  conventional  synchronous  semiconductor 
memory. 

DETAILED  DESCRIPTION  OF  THE  EMBODIMENTS  30 

[0039]  Various  embodiments  of  the  invention  will  now 
be  described  in  conjunction  with  a  number  of  drawings 
and  a  timing  diagram.  As  in  the  case  of  a  conventional 
synchronous  semiconductor  memory,  a  semiconductor  35 
memory  according  to  one  embodiment  may  receive  an 
external  clock  signal  CLK  and  a  clock  enable  signal 
CKE.  In  addition,  other  external  input  signals  may  be 
received.  Such  other  external  input  signals  may  include, 
without  limitation,  one  or  more  of  the  following  types  of  40 
signals;  address  signal  groups  AO  to  An,  input/output 
data  groups  DQ0  to  DQm,  a  row  address  strobe  signal 
RAS,  a  column  address  strobe  signal  CAS,  and  a  write 
enable  signal  WE. 
[0040]  The  synchronous  semiconductor  memory  can  45 
generate  an  internal  clock  signal  having  a  constant 
pulse  width  that  corresponds  with  the  external  clock  sig- 
nal  CLK  and  the  clock  enable  signal  CKE.  The  synchro- 
nous  semiconductor  memory  may  operate  in 
synchronism  with  the  internal  clock  signal.  In  addition,  so 
control  commands  can  be  executed  by  the  synchronous 
semiconductor  memory  by  receiving  various  external 
input  signals  in  synchronism  with  the  external  clock  sig- 
nal  CLK.  Control  commands  can  include,  as  just  one 
example,  a  burst  mode  of  operation.  55 
[0041]  A  synchronous  semiconductor  memory  may 
also  be  capable  of  switching  to  a  power-down  mode  in 
correspondence  with  the  clock  enable  signal.  A  power- 

down  mode  may  result  in  reduced  current  consumption. 
[0042]  Referring  now  to  FIG.  1  ,  a  clock  control  circuit 
for  a  synchronous  semiconductor  memory  is  set  forth  in 
a  block  diagram.  The  clock  control  circuit  is  designated 
by  the  general  reference  character  1  00,  and  is  shown  to 
include  a  first  initial  circuit  102,  a  second  initial  circuit 
104,  a  third  initial  circuit  106,  a  first  control  circuit  108,  a 
second  control  circuit  110,  and  third  control  circuit  112. 
The  clock  control  circuit  100  can  receive  an  external 
clock  signal  CLK  and  a  clock  enable  signal  CKE  and 
generate  an  internal  clock  signal  (|>5  and  a  control  signal 
(|>7.  The  internal  clock  signal  (|>5  and  control  signal  (|>7 
may  be  supplied  to  other  internal  circuits  of  a  synchro- 
nous  semiconductor  memory  device. 
[0043]  FIG.  2  is  a  circuit  diagram  that  shows  an  exam- 
ple  of  a  first  initial  circuit  according  to  one  embodiment. 
The  first  initial  circuit  is  designated  by  the  general  refer- 
ence  character  200  and  may  include  p-channel  field 
effect  transistors  (FETs)  Q200-Q204,  as  well  as  n-chan- 
nel  FETs  Q206-Q210.  The  FETs  may  be  insulated  gate 
FETs  (IGFETs),  such  as  metal-oxide-semiconductor 
type  FETs  (MOSFETs),  as  just  one  example.  Transis- 
tors  Q204  and  Q202  can  form  a  current  mirror. 
Arranged  in  parallel  with  the  current  minor  Q204/Q202 
are  transistor  Q206  and  Q208,  which  can  be  conceptu- 
alized  as  compare  transistors.  The  gate  of  transistor 
Q206  can  receive  a  reference  voltage  VREF  while  the 
gate  of  transistor  Q208  can  receive  the  external  clock 
signal  CLK. 
[0044]  Enable  transistor  Q200  couples  the  sources  of 
transistors  Q202  and  Q204  to  a  first  power  supply  volt- 
age.  The  gate  of  enable  transistor  Q200  can  receive  a 
(|>9  signal,  which  is  typically  low.  Reference  transistor 
Q210  is  coupled  between  the  sources  of  transistors 
Q206  and  Q208  and  a  second  power  supply  voltage. 
The  gate  of  reference  transistor  Q210  can  receive  the 
reference  voltage  VREF. 
[0045]  One  skilled  in  the  art  would  recognize  that  in 
the  arrangement  of  FIG.  2,  differences  in  potential 
between  the  external  clock  signal  and  VREF  potential 
will  result  in  changes  at  a  compare  output  node  202 
formed  at  the  drain-drain  connection  of  transistors  Q202 
and  Q208.  The  potential  at  the  compare  output  node 
202  is  supplied  as  an  input  to  an  inverter  I200.  The  out- 
put  of  the  inverter  I200  is  a  first  initial  output  signal  (|>1  . 
[0046]  The  first  initial  circuit  200  also  includes  a  disa- 
ble  transistor  Q21  2  disposed  between  the  compare  out- 
put  node  202  and  the  second  power  supply  voltage.  The 
gate  of  disable  transistor  Q212  can  receive  the  (|>9  sig- 
nal. 
[0047]  The  first  initial  circuit  200  may  thus  include  an 
arrangement  that  is  similar  in  some  ways  to  the  first  ini- 
tial  circuit  of  the  conventional  example  set  forth  in  FIG. 
8. 
[0048]  A  first  initial  circuit  according  to  the  embodi- 
ments  may  receive  the  external  clock  signal  CLK,  com- 
pare  it  with  a  reference  voltage  VREF,  and  then  amplify 
the  comparison  result.  The  amplified  comparison  result 
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is  the  first  initial  output  signal  <|>1.  The  first  initial  output 
signal  (|>1  can  be  supplied  to  a  first  one-shot  signal  gen- 
erating  circuit  in  the  first  control  circuit  108. 
[0049]  One  way  in  which  the  first  initial  circuit  200  may 
differ  from  that  of  a  conventional  clock  control  circuit,  is 
in  the  size  of  its  devices  (e.g.,  transistors).  As  just  one 
example,  field  effect  transistor  (FET)  widths  can  be 
smaller  than  in  a  conventional  approach.  Such  a  reduc- 
tion  in  transistor  size  can  be  achieved  because  the  first 
initial  circuit  200  does  not  have  to  drive  both  a  first  and 
a  second  one-shot  signal  generating  circuit,  as  is  in  the 
conventional  case  illustrated  in  FIG.  8.  As  just  one 
example,  MOSFET  transistors  Q200,  Q202,  Q204, 
Q206,  Q208,  Q210  and  Q212  can  include  channel 
widths  of  32  Lim,  6.8  Lim,  3.4  Lim,  6.8  urn,  13.6  Lim,  3.3 
Lim,  and  2  Lim,  respectively. 
[0050]  Referring  back  to  FIG.  1  ,  the  second  initial  cir- 
cuit  104  according  to  one  embodiment  can  be  a  circuit 
that  is  generally  equivalent  to  the  first  initial  circuit  set 
forth  in  FIG.  2.  The  second  initial  circuit  104  can  perform 
the  same  general  function  as  the  conventional  second 
initial  circuit  set  forth  in  FIG.  8.  To  avoid  undue  repeti- 
tion,  a  description  of  the  second  initial  circuit  is  not 
included. 
[0051  ]  FIG.  3  is  a  circuit  diagram  that  shows  an  exam- 
ple  of  a  third  initial  circuit  according  to  one  embodiment. 
The  third  initial  circuit  is  designated  by  the  general  refer- 
ence  character  300,  and  may  include  a  transistor 
arrangement  that  is  the  same  as  the  first  initial  circuit 
200  of  FIG.  2.  As  shown  in  FIG.  3,  a  third  initial  circuit 
300  can  include  transistors  in  a  current  mirror  configura- 
tion  (Q302/Q304),  compare  transistors  (Q306  and 
Q308),  an  enable  transistor  Q300,  a  reference  transistor 
Q310,  and  a  disable  transistor  Q312.  Further,  a  com- 
pare  output  node  302  is  supplied  as  an  input  to  an 
inverter  I300.  The  output  of  inverter  I300  may  be  a  third 
initial  output  signal  <]>8. 
[0052]  The  third  initial  circuit  300  can  receive  the 
external  clock  signal  CLK.  In  addition,  the  third  initial  cir- 
cuit  can  be  activated  by  the  control  signal  §7.  Control 
signal  §7  can  correspond  to  the  clock  enable  signal 
CKE.  Accordingly,  when  activated  by  an  active  (low,  for 
example)  control  signal  §7,  the  third  initial  circuit  300 
can  compare  the  CLK  signal  to  a  reference  voltage, 
such  as  VREF.  The  comparison  result  can  be  amplified 
and  then  output  as  the  third  initial  output  signal  §8.  The 
third  initial  output  signal  <]>8  can  be  provided  as  an  input 
to  a  second  one-shot  signal  generating  circuit  within  the 
first  control  circuit  1  08. 
[0053]  The  third  initial  circuit  300  may  differ  from  the 
first  initial  circuit  200  in  that  it  can  be  activated  according 
to  the  (|>7  signal.  In  addition,  the  size  of  the  devices  (e.g., 
transistors)  within  the  third  initial  circuit  300  can  be 
larger  than  those  within  the  first  initial  circuit  200.  For 
example,  FET  widths  of  transistors  within  the  third  initial 
circuit  300  may  be  larger  than  those  of  the  first  initial  cir- 
cuit  200.  As  a  more  particular  example,  if  a  first  initial 
circuit  200  has  MOSFET  transistors  Q200,  Q202,  Q204, 

Q206,  Q208,  Q210  and  Q2  12  with  channel  widths  of  32 
Lim,  6.8  Lim,  3.4  Lim,  6.8  Lim,  13.6  Lim,  3.3  Lim,  and  2 
Lim,  respectively,  a  third  initial  circuit  300  can  have 
MOSFET  transistors  Q300,  Q302,  Q304,  Q306,  Q308, 

5  Q310  and  Q312  with  channel  widths  of  120  Lim,  26  Lim, 
13  Lim,  26  Lim,  52  Lim,  12.5  Lim,  and  4  Lim,  respectively. 
In  such  an  arrangement,  larger  transistors  can  be  used 
to  drive  the  second  one-shot  signal  generating  circuit 
than  those  transistors  that  are  used  to  drive  the  first 

w  one-shot  signal  generating  circuit. 
[0054]  FIGS.  4,  5  and  6  set  forth  circuit  diagrams  illus- 
trating  specific  circuit  examples  for  a  first  control  circuit, 
second  control  circuit,  and  third  control  circuit,  respec- 
tively,  which  may  be  used  in  the  clock  control  circuit  of 

15  FIG.  1  .  The  first,  second  and  third  control  circuits  of 
FIGS.  4,  5  and  6,  may  have  the  same  general  functions 
as  the  first,  second  and  third  control  circuits  of  the  con- 
ventional  clock  control  circuit  of  FIG.  8. 
[0055]  The  first  control  circuit  of  FIG.  4  is  designated 

20  by  the  general  reference  character  400,  and  is  shown  to 
include  a  first  one-shot  signal  generating  circuit  402  and 
a  second  one-shot  signal  generating  circuit  404  accord- 
ing  to  one  particular  embodiment. 
[0056]  The  first  one-shot  signal  generating  circuit  402 

25  of  FIG.  4  includes  a  first  logic  gate  406  having  a  first 
input  that  receives  the  first  initial  output  signal  (|>1  .  A  sec- 
ond  input  of  the  first  logic  gate  406  receives  the  first  ini- 
tial  output  signal  (|>1  by  way  of  delay  path  that  includes 
five  inverters  arranged  in  series.  The  delay  path  can 

30  serve  to  establish  the  pulse  width  of  the  period  signal 
(|>3.  The  particular  type  of  first  logic  gate  406  in  FIG.  4  is 
a  NAND  gate. 
[0057]  The  second  one-shot  signal  generating  circuit 
404  of  FIG.  4  includes  a  second  logic  gate  408  having  a 

35  first  input  that  receives  the  third  initial  output  signal  §8. 
A  second  input  of  second  logic  gate  408  receives  the 
third  initial  output  signal  §8  by  way  of  delay  path  that 
includes  four  inverters  arranged  in  series  with  an  enable 
gate  410.  The  enable  gate  410  also  receives  a  delayed 

40  enable  signal  (|>4  as  another  input.  The  delay  path  can 
serve  to  establish  the  width  of  the  internal  clock  signal 
(|>5.  In  FIG.  4,  the  particular  type  of  second  logic  gate 
408  is  a  NAND  gate  and  the  particular  type  of  enable 
gate  410  is  a  NOR  gate. 

45  [0058]  The  first  control  circuit  400  according  to  one 
embodiment  can  include  a  first  one-shot  signal  generat- 
ing  circuit  that  includes  smaller  sized  active  circuit 
devices  than  an  associated  second  one-shot  signal 
generating  circuit.  As  just  one  example,  in  the  event  cir- 

50  cuits  are  composed  of  FETs,  transistor  widths  within  the 
first  one-shot  signal  generating  circuit  may  be  smaller 
than  those  in  the  associated  second  one-shot  signal 
generating  circuit.  One  skilled  in  the  art  would  recognize 
that  the  logic  gates  and/or  inverters  of  the  first  control 

55  circuit  400  can  have  conventional  configurations. 
[0059]  The  second  control  circuit  of  FIG.  5  has  the 
same  general  arrangement  as  the  second  control  circuit 
set  forth  in  the  cited  prior  art  circuit.  Further,  the  third 
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control  circuit  of  FIG.  6  has  the  same  general  arrange- 
ment  as  the  third  control  circuit  set  forth  in  the  cited  prior 
art  example.  To  avoid  undue  repetition,  a  detailed 
description  of  the  second  control  circuit  and  third  control 
circuit  is  not  included.  5 
[0060]  While  the  above  described  embodiments  set 
forth  a  first  initial  circuit,  a  second  initial  circuit,  and  a 
third  initial  circuit,  a  synchronous  semiconductor  mem- 
ory  may  also  include  one  or  more  other  initial  circuits. 
Such  other  initial  circuits  can  compare  other  external  10 
input  signals  to  a  reference  voltage(s).  Other  external 
input  signals  can  include  address  signal  groups  AO  to 
An,  input/output  data  groups  DQO  to  DQm,  a  RAS  sig- 
nal,  a  CAS  signal,  or  a  WE  signal,  to  name  but  a  few 
examples.  Comparison  results  can  be  amplified  and  is 
output  by  circuits  that  include  a  current  mirror  circuit  and 
accompanying  compare  transistors,  as  illustrated  in 
FIGS.  2  and  3.  These  other  initial  circuits  can  be  acti- 
vated  by  the  control  signal  §7. 
[0061]  Having  described  examples  of  a  clock  control  20 
circuit  and  associated  circuit  examples,  the  operation  of 
a  clock  control  circuit  according  to  an  embodiment  will 
now  be  described. 
[0062]  FIG.  7  sets  forth  a  timing  diagram  illustrating 
the  operation  of  a  synchronous  semiconductor  memory  25 
according  to  one  embodiment.  Like  a  conventional  syn- 
chronous  semiconductor  memory,  a  synchronous  semi- 
conductor  memory  according  to  one  embodiment  can 
input  a  system  clock  as  an  external  clock  signal  CLK,  as 
well  as  a  clock  control  signal  CKE,  for  controlling  a  30 
power-down  mode. 
[0063]  According  to  one  embodiment,  a  clock  control 
circuit  (such  as  1  00)  can  include  first  and  second  initial 
circuits  (such  as  200).  The  first  and  second  initial  cir- 
cuits  200  can  receive  the  CLK  and  CKE  signals,  respec-  35 
tively,  compare  the  signals  to  a  reference  voltage  (such 
as  VREF).  The  comparison  results  can  be  amplified  and 
then  output  as  signals  (|>1  and  §2  to  the  first  and  second 
control  circuits  (such  as  400  and  500),  respectively. 
[0064]  Within  the  first  control  circuit  400,  a  first  one-  40 
shot  signal  generating  circuit  (such  as  402)  can  receive 
the  ()>1  signal  and  generate  therefrom  a  period  signal  $3. 
The  period  signal  $3  can  vary  periodically  in  corre- 
spondence  with  the  CLK  signal.  In  addition,  the  period 
signal  §3  may  have  pulses  of  a  constant  width.  The  45 
period  signal  §3  can  be  output  to  the  second  control  cir- 
cuit  500. 
[0065]  The  second  control  circuit  500  can  delay  the  §2 
signal  in  synchronism  with  the  period  signal  <|>3.  In  this 
way  the  second  control  circuit  500  can  generate  a  §6  so 
signal  and  a  (|>4  signal.  The  (|>4  signal  can  be  delayed 
with  respect  to  the  §6  signal  by  half  a  clock  cycle. 
[0066]  In  response  to  the  <]>2,  <]>4,  and  <]>6  signals,  a 
control  signal  §7  can  become  active  (low,  for  example) 
after  the  clock  enable  signal  CKE  transitions  high.  In  ss 
addition,  the  control  signal  (|>7  can  become  inactive 
(high,  for  example)  after  a  delay  of  up  to  one  cycle  after 
the  clock  enable  signal  CKE  transitions  low. 

[0067]  Referring  to  FIG.  7,  at  about  times  t3  and  t7, 
the  clock  enable  signal  CKE  is  at  a  high  level  while  the 
external  clock  signal  CLK  transitions  from  low  to  high. 
As  a  result,  the  §7  signal  transitions  low  essentially 
immediately  thereafter,  and  is  also  low  at  time  t7.  The 
low  (|>7  value  activates  the  third  initial  circuit,  resulting  in 
the  (|>8  signal  being  supplied  to  the  first  control  circuit 
400. 
[0068]  At  about  the  same  time,  other  initial  circuits 
may  be  activated.  Such  other  initial  circuits  can  com- 
pare  other  external  signals  with  a  reference  voltage 
VREF.  The  comparison  results  can  be  amplified  and 
output  from  such  other  initial  circuits. 
[0069]  The  signal  (|>4  is  delayed  until  the  falling  edge  of 
the  next  cycle,  and  thus  can  transition  low  at  about 
times  t4  and  time  t8. 
[0070]  Within  the  second  one-shot  signal  generating 
circuit  (such  as  404),  the  signals  (|>4  and  §8  allow  the 
internal  clock  signal  (|>5  to  be  generated.  In  particular, 
the  internal  clock  signal  (|>5  can  include  a  low-going 
pulse  at  about  times  t5  and  t9.  The  internal  clock  signal 
(|>5  can  thus  be  delayed  with  respect  to  the  (|>6  signal  by 
approximately  one  clock  cycle.  Internal  clock  signal  (|>5 
can  be  supplied  to  internal  circuits  for  enabling  the  syn- 
chronous  operation  of  such  internal  circuits. 
[0071]  In  this  way,  a  synchronous  semiconductor 
memory  can  input  external  input  signals  in  synchronism 
with  the  rising  edge  of  the  external  clock  signal  CLK  to 
execute  control  commands.  External  input  signals  can 
include  address  signal  groups  AO  to  An,  input/output 
data  groups  DQO  to  DQm,  a  RAS  signals,  a  CAS  signal, 
and  a  WE  signal.  Particular  command  controls  can  be 
obtained  by  different  combinations  of  external  input  sig- 
nals. 
[0072]  Referring  once  again  to  FIG.  7,  a  synchronous 
semiconductor  memory  can  also  be  placed  into  a 
power-down  mode  by  the  clock  enable  signal  CKE  tran- 
sitioning  low.  For  example,  in  FIG.  7,  the  CKE  signal 
transitions  low  prior  to  times  t5  and  t1  3.  The  signal  (|>4 
will  then  transition  high  at  about  times  t6  and  t1  4  after  a 
delay  of  about  a  clock  cycle. 
[0073]  The  internal  clock  signal  (|>5  is  mask-controlled 
by  the  (|>4  signal,  and  so  becomes  inactive  (high)  after 
about  a  clock  cycle  delay.  In  the  example  of  FIG.  7,  by 
times  t7  and  t15,  internal  clock  signal  (|>5  is  high. 
[0074]  Also  set  forth  in  the  FIG.  7  is  the  control  signal 
(|>7.  While  the  clock  enable  signal  CKE  is  low  at  time  t5, 
because  the  signal  §2  is  high  at  time  t6,  the  control  sig- 
nal  (|>7  does  not  transition  high.  Instead,  the  control  sig- 
nal  (|>7  is  shown  to  transition  high  at  about  time  t14, 
following  the  high-to-low  transition  in  the  CKE  signal 
prior  to  time  t1  3.  When  the  control  signal  (|>7  transitions 
high  at  about  time  t14,  the  third  initial  circuit  300,  along 
with  other  initial  circuits,  are  placed  in  an  inactive  state. 
[0075]  In  this  way,  internal  circuits  of  a  synchronous 
semiconductor  memory  may  execute  a  control  com- 
mand  stop.  As  a  result,  the  nodes  of  CMOS  circuits 
within  the  internal  circuits  can  hold  data.  Current  con- 
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sumption  within  these  circuits,  due  to  charging  and  dis- 
charging,  can  thus  be  reduced  essentially  to  zero. 
Similarly,  when  the  third  initial  circuit  300  and  other  ini- 
tial  circuits  are  inactive  due  to  the  high  level  of  the  con- 
trol  signal  (|>7,  their  current  consumption  is  essentially  5 
reduced  to  zero. 
[0076]  As  described  above,  a  synchronous  semicon- 
ductor  memory  according  to  the  disclosed  embodiment 
may  generate  a  period  signal  §3  and  an  internal  clock 
signal  §5  for  controlling  the  synchronous  operation  of  10 
the  synchronous  semiconductor  memory.  The  period 
signal  §3  may  drive  only  the  second  control  circuit  500, 
while  the  internal  clock  signal  <|>5  can  drive  internal  cir- 
cuits  of  the  synchronous  semiconductor  memory.  In  this 
arrangement,  the  load  capacitance  for  the  period  signal  15 
(|>3  may  be  relatively  small.  In  contrast,  the  load  capaci- 
tance  for  the  internal  clock  signal  §5  may  be  relatively 
high.  Accordingly,  to  accomplish  high  speed  driving 
capabilities,  the  dimensions  of  the  transistor  widths 
within  the  second  one-shot  signal  generating  circuit  20 
404,  which  generates  the  internal  clock  signal  §5,  may 
be  relatively  large.  In  contrast,  transistor  widths  within 
the  first  one-shot  signal  generating  circuit  402  may  be 
relatively  small. 
[0077]  The  third  initial  circuit  300,  which  is  situated  25 
upstream  from  the  second  one-shot  signal  generating 
circuit  404  can  also  be  large.  As  a  result,  current  con- 
sumption,  due  to  charging  and  discharging  of  nodes 
within  the  third  initial  circuit  300  and  second  one-shot 
signal  generating  circuit  404  can  become  relatively  30 
large,  allowing  for  relatively  fast  operating  speeds. 
[0078]  In  the  particular  example  of  FIG.  7,  when  a  syn- 
chronous  semiconductor  memory  is  in  a  power-down 
mode,  the  first  initial  circuit  200  and  first  one-shot  signal 
generating  circuit  402  will  be  active,  while  the  remaining  35 
circuits  are  inactive.  This  can  reduce  current  consump- 
tion  considerably.  Further,  because  the  load  capaci- 
tance  for  the  one-shot  signal  generating  circuit  402  is 
relatively  small.  This  can  allow  for  the  transistor  widths 
within  the  first  one-shot  signal  generating  circuit  402  to  40 
be  smaller  than  conventional  approaches,  reducing  cur- 
rent  consumption  further.  Because  the  first  one-shot 
signal  generating  circuit  402  can  include  smaller  tran- 
sistors,  the  first  initial  circuit  102,  which  is  situated 
upstream  from  the  first  one-shot  signal  generating  cir-  45 
cuit  402,  can  also  include  smaller  transistor  widths.  This 
can  also  reduce  current  consumption. 
[0079]  In  this  way  a  synchronous  semiconductor 
memory  can  include  circuits  that  enable  operation  in 
synchronism  with  an  external  clock  signal,  with  such  cir-  so 
cuits  including  smaller  sized  devices.  Such  smaller 
sized  devices  can  reduce  current  consumption. 
[0080]  As  one  example,  stand-by  current  in  a  power- 
down  mode  was  compared  between  one  embodiment 
and  a  conventional  synchronous  semiconductor  mem-  ss 
ory  having  the  same  transistor  arrangement  (but  with 
larger  sized  transistors).  The  stand-by  current  of  a  con- 
ventional  synchronous  semiconductor  memory  was 

1  180  nA  whereas  the  stand-by  current  of  a  synchronous 
semiconductor  memory  according  to  a  present  inven- 
tion  was  540  nA,  or  about  50%  of  the  conventional  case. 
[0081  ]  The  above  described  performance  advantages 
may  provide  benefits  for  portable  devices  having  battery 
power  supplies.  In  particular,  battery  lifetime  in  a  stand- 
by  state  may  be  doubled.  Consequently,  significant 
improvements  are  expected  for  portable  devices  that 
utilize  the  teachings  of  the  present  invention,  such  as 
portable  devices  that  mount  one  or  more  synchronous 
semiconductor  memories  according  to  the  present 
invention. 
[0082]  One  skilled  in  the  art  would  realize  that  while 
the  disclosed  embodiments  illustrate  clock  control  cir- 
cuits  that  may  be  utilized  with  a  synchronous  semicon- 
ductor  memory,  other  synchronous  devices  may  benefit 
from  the  teachings  set  forth  herein.  It  is  thus  understood 
that  while  the  various  particular  embodiments  set  forth 
herein  have  been  described  in  detail,  the  present  inven- 
tion  could  be  subject  to  various  changes,  substitutions, 
and  alterations  without  departing  from  the  spirit  and 
scope  of  the  invention.  Accordingly,  the  present  inven- 
tion  is  intended  to  be  limited  only  as  defined  by  the 
appended  claims. 

Claims 

1.  A  synchronous  semiconductor  memory  that  can 
receive  an  external  clock  signal  and  a  clock  enable 
signal  and  generate  an  internal  clock  signal  that 
operates  in  synchronism  with  the  external  clock  sig- 
nal,  the  synchronous  semiconductor  memory  com- 
prising: 

a  first  initial  circuit  that  can  receive  the  external 
clock  signal,  compare  the  external  clock  signal 
with  a  reference  voltage,  and  amplify  and  out- 
put  the  comparison  result; 
a  second  initial  circuit  that  can  receive  the  clock 
enable  signal,  compare  the  clock  enable  signal 
with  a  reference  voltage,  and  amplify  and  out- 
put  the  comparison  result; 
a  third  initial  circuit  that  is  activated  by  a  control 
signal  controlled  by  the  clock  enable  signal,  the 
third  initial  circuit  receiving  the  external  clock 
signal,  comparing  the  external  clock  signal  with 
a  reference  voltage,  and  amplifying  and  output- 
ting  the  comparison  result;  and 
a  first  control  circuit  that  generates  a  period  sig- 
nal  that  varies  in  synchronism  with  the  output  of 
the  first  initial  circuit,  and  generates  the  internal 
clock  signal  in  correspondence  with  the  output 
of  the  third  initial  circuit. 

2.  The  synchronous  semiconductor  memory  of  claim 
1,  wherein: 

the  first  initial  circuit  includes  a  plurality  of  tran- 
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sistors;  and 
the  third  initial  circuit  includes  a  plurality  of  tran- 
sistors,  the  transistors  of  the  third  initial  circuit 
being  smaller  than  corresponding  transistors  of 
the  first  initial  circuit.  s 

3.  The  synchronous  semiconductor  memory  of  claim 
1,  further  including: 

4.  The  synchronous  semiconductor  memory  of  claim 
3,  further  including: 

a  third  control  circuit  that  can  generate  the  con-  20 
trol  signal  in  correspondence  with  the  output  of 
the  second  control  circuit  and  the  second  initial 
circuit. 

5.  The  synchronous  semiconductor  memory  of  claim  25 
1,  wherein: 

6.  The  synchronous  semiconductor  memory  of  claim  35 
5,  wherein: 

the  one-shot  signal  from  the  first  one-shot  sig- 
nal  generating  circuit  has  a  generally  constant 
pulse  width.  40 

7.  The  synchronous  semiconductor  memory  of  claim 
5,  wherein: 

8.  The  synchronous  semiconductor  memory  of  claim 
7,  wherein:  55 

the  one-shot  signal  from  the  second  one-shot 
signal  generating  circuit  has  a  generally  con- 

stant  pulse  width. 

9.  The  synchronous  semiconductor  memory  of  claim 
7,  wherein: 

the  second  one-shot  signal  generating  circuit 
includes  a  plurality  of  transistors,  and 
the  first  one-shot  signal  generating  circuit 
includes  a  plurality  of  transistors  that  are 
smaller  than  corresponding  transistors  in  the 
second  one-shot  signal  generating  circuit. 

1  0.  The  synchronous  semiconductor  memory  of  claim 
1,  further  including: 

at  least  one  other  initial  circuit  that  can  receive 
at  least  one  other  external  signal,  compare  the 
other  external  signal  with  a  reference  voltage, 
and  amplify  and  output  the  comparison  result, 
the  other  initial  circuit  being  activated  by  the 
control  signal. 

11.  A  clock  control  circuit,  comprising: 

a  first  initial  circuit  that  can  receive  a  periodic 
external  clock  signal  and  generate  a  periodic 
first  initial  output  signal; 
a  second  initial  circuit  that  can  receive  a  clock 
enable  signal  and  generate  an  internal  clock 
enable  signal; 
a  third  initial  circuit  that  can  receive  the  periodic 
external  clock  signal  and  generate  a  periodic 
third  initial  output  signal; 
a  first  control  circuit  that  can  receive  the  first  ini- 
tial  output  signal  and  generate  a  periodic 
period  signal  in  response  thereto,  the  first  con- 
trol  circuit  also  receiving  the  third  initial  output 
signal  and  generating  a  periodic  internal  clock 
signal,  the  internal  clock  signal  being  maskable 
according  to  a  delayed  enable  signal;  and 
a  second  control  circuit  that  can  receive  the 
internal  clock  enable  signal  and  generate  the 
delayed  enable  signal,  the  delayed  enable  sig- 
nal  being  delayed  with  respect  to  the  internal 
clock  enable  signal  by  at  least  one  half-cycle  of 
the  external  clock  signal. 

12.  The  circuit  of  claim  1  1  ,  wherein: 

the  first  initial  circuit  includes  a  plurality  of  com- 
pare  transistors  that  compare  the  external 
clock  signal  with  a  first  reference  voltage;  and 

the  third  initial  circuit  includes  a  plurality  of 
compare  transistors  that  compare  the  external 
clock  signal  with  a  second  reference  voltage, 
the  compare  transistors  of  the  third  initial  circuit 
being  larger  than  the  compare  transistors  of  the 

a  second  control  circuit  that  can  receive  the  10 
output  of  the  second  initial  circuit  and  generate 
an  output  signal  in  synchronism  with  the  period 
signal,  and  delayed  with  respect  to  the  output 
of  the  second  initial  circuit  by  at  least  one  half- 
cycle  of  the  external  clock  signal.  15 

20 

the  first  control  circuit  includes  a  first  one-shot 
signal  generating  circuit  that  generates  a  one- 
shot  signal  that  corresponds  to  the  output  of  30 
the  first  initial  circuit,  the  one-shot  signal  from 
the  first  one-shot  signal  generating  circuit  being 
the  period  signal. 

the  first  control  circuit  further  includes  a  second  45 
one-shot  signal  generating  circuit  that  gener- 
ates  a  one-shot  signal  of  a  constant  pulse  width 
that  corresponds  to  the  output  of  the  third  initial 
circuit  and  the  output  of  the  second  control  cir- 
cuit,  the  one-shot  signal  from  the  second  one-  so 
shot  signal  generating  circuit  being  the  internal 
clock  signal. 
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second  initial  circuit. 

13.  The  circuit  of  claim  1  1  ,  wherein: 

the  first  control  circuit  includes 

a  first  one-shot  signal  generating  circuit 
that  receives  the  first  initial  output  signal 
and  generates  pulses  in  response  to  pre- 
determined  transitions  in  the  first  initial  out- 
put  signal,  the  first  one-shot  signal 
generating  circuit  including  a  number  of 
first  one-shot  transistors;  and 
a  second  one-shot  signal  generating  circuit 
that  is  enabled  by  the  delayed  enable  sig- 
nal,  the  second  one-shot  signal  generating 
circuit  receiving  the  third  initial  output  sig- 
nal  and  generating  pulses  in  response  to 
predetermined  transitions  in  the  third  initial 
output  signal,  the  second  one-shot  signal 
generating  circuit  including  a  number  of 
second  one-shot  transistors  that  are  larger 
than  the  first  one-shot  transistors. 

14.  The  circuit  of  claim  1  1  ,  further  including: 

a  third  control  circuit  that  receives  the  delayed 
enable  signal  and  the  internal  clock  enable  sig- 
nal  and  generates  a  control  signal;  and 
the  third  initial  circuit  is  enabled  by  the  control 
signal. 

15.  A  clock  circuit  for  a  synchronous  integrated  circuit 
device,  the  clock  circuit,  comprising: 

a  first  initial  circuit  that  can  receive  an  external 
clock  signal  and  compare  the  external  clock 
signal  to  a  first  reference  voltage  to  generate  a 
first  initial  output  signal; 
a  third  initial  circuit  that  is  enabled  by  a  control 
signal,  the  third  initial  circuit  receiving  the  exter- 
nal  clock  signal  and  comparing  the  external 
clock  signal  to  a  second  reference  voltage  to 
generate  a  third  initial  output  signal  when  ena- 
bled;  and 
a  third  control  circuit  that  receives  a  delayed 
clock  signal  that  is  delayed  with  respect  to  the 
external  clock  signal  and  an  internal  clock  ena- 
ble  signal  and  generates  the  control  signal. 

16.  The  clock  circuit  of  claim  15,  wherein: 

the  first  initial  circuit  includes 

a  first  current  mirror  circuit  having  a  first 
node  and  a  second  node, 
a  first  compare  transistor  having  an  imped- 
ance  path  that  is  controlled  by  a  control  ter- 

minal,  the  first  compare  transistor 
impedance  path  being  coupled  to  the  first 
node,  the  first  compare  transistor  control 
terminal  being  coupled  to  the  first  refer- 

5  ence  voltage,  and 
a  second  compare  transistor  having  an 
impedance  path  that  is  controlled  by  a  con- 
trol  terminal,  the  second  compare  transis- 
tor  impedance  path  being  coupled  to  the 

10  second  node,  the  second  compare  transis- 
tor  control  terminal  being  coupled  to  the 
external  clock  signal. 

17.  The  clock,  circuit  of  claim  16,  wherein: 
15 

the  third  initial  circuit  includes 

a  second  current  minor  having  a  third  node 
and  a  fourth  node, 

20  a  third  compare  transistor  having  an 
impedance  path  that  is  controlled  by  a  con- 
trol  terminal,  the  third  compare  transistor 
impedance  path  being  coupled  to  the  third 
node,  the  third  compare  transistor  control 

25  terminal  being  coupled  to  the  second  refer- 
ence  voltage,  and 
a  fourth  compare  transistor  having  an 
impedance  path  that  is  controlled  by  a  con- 
trol  terminal,  the  fourth  compare  transistor 

30  impedance  path  being  coupled  to  the 
fourth  node,  the  fourth  compare  transistor 
control  terminal  being  coupled  to  the  exter- 
nal  clock  signal;  wherein 
the  first,  second,  third,  and  fourth  compare 

35  transistors  are  field  effect  transistors  hav- 
ing  channels,  the  channel  widths  of  the 
third  and  fourth  compare  transistors  are  at 
least  two  times  the  channel  widths  of  the 
first  and  second  transistors. 

40 
18.  The  clock  circuit  of  claim  17,  wherein: 

the  third  initial  circuit  further  including  a  disable 
transistor  having  an  impedance  path  that  is 

45  controlled  by  a  control  terminal,  the  disable 
transistor  being  coupled  to  the  fourth  node  and 
the  disable  transistor  control  terminal  being 
coupled  to  the  control  signal. 

so  19.  The  clock  circuit  of  claim  15,  wherein: 

the  first  initial  circuit  includes  a  first  reference 
transistor  having  an  impedance  path  that  is 
controlled  by  a  control  terminal,  the  first  refer- 

55  ence  transistor  impedance  path  being  coupled 
to  the  impedance  paths  of  the  first  and  second 
compare  transistors,  the  first  reference  transis- 
tor  control  terminal  being  coupled  to  the  first 

10 
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reference  voltage;  and 
the  third  initial  circuit  includes  a  second  refer- 
ence  transistor  having  an  impedance  path  that 
is  controlled  by  a  control  terminal,  the  second 
reference  transistor  impedance  path  being  s 
coupled  to  the  impedance  paths  of  the  third 
and  fourth  compare  transistors,  the  second  ref- 
erence  transistor  control  terminal  being  cou- 
pled  to  the  second  reference  voltage. 

10 
20.  The  clock  circuit  of  claim  15,  further  including: 

a  first  control  circuit  that  includes 

a  first  one-shot  signal  generating  circuit  15 
having  a  first  logic  gate  with  one  input  cou- 
pled  to  the  first  initial  output  signal  and  a 
second  input  coupled  to  the  first  initial  out- 
put  signal  by  a  first  delay  path,  and 
a  second  one-shot  signal  generating  circuit  20 
having  a  second  logic  gate  with  one  input 
coupled  to  the  third  initial  output  signal  and 
a  second  input  coupled  to  the  third  initial 
output  signal  by  a  delay  path;  wherein 
the  first  one-shot  signal  generating  circuit  25 
and  the  second  one-shot  signal  generating 
circuit  include  field  effect  transistors, 
selected  field  effect  transistors  of  the  sec- 
ond  one-shot  signal  generating  circuit 
being  larger  than  transistors  of  the  first  30 
one-shot  signal  generating  circuit. 

35 
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