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@)  Power  management  for  computer  system. 
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@  A  system  oscillator  gating  technique  is  pro- 
vided  for  a  power  management  unit  of  a  com- 
puter  system  for  controlling  the  application  of 
power  to  a  system  oscillator.  An  output  signal 
from  the  power  management  unit  is  provided  to 
turn  off  the  external  system  oscillator  when  the 
computer  system  is  in  a  power-conserving  sus- 
pend  state  and  to  turn  on  the  external  system 
oscillator  on  when  the  computer  system  re- 
sumes  to  a  ready  state.  Counters  are  provided 
to  control  the  latency  of  the  output  signal  when 
the  power  management  unit  enters  and  exits 
the  suspend  state.  This  latency  provides  time 
for  the  microprocessor  clock  and/or  other  clock 
signals  associated  with  the  system  oscillator  to 
shut  off  prior  to  the  oscillator  shutdown  and 
provides  time  for  the  oscillator  to  stabilize  prior 
to  the  restarting  of  the  clock  signal.  As  a  result, 
power  consumption  of  the  computer  system 
may  be  reduced  while  proper  clock  generation 
for  the  computer  system  is  maintained. 
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This  invention  relates  to  computer  systems  and 
more  particularly  to  power  management  techniques 
employed  within  computer  systems. 

An  on-going  developmental  goal  of  manufactur- 
ers  has  been  to  reduce  the  power  consumption  of 
computer  systems.  Reducing  power  consumption 
typically  reduces  heat  generation  of  the  system, 
thereby  increasing  reliability  and  decreasing  costs.  In 
addition,  power  reduction  has  been  particularly  im- 
portant  in  maximizing  the  operating  life  of  battery- 
powered  portable  computer  systems. 

Various  techniques  have  been  devised  for  reduc- 
ing  the  power  consumption  of  computer  systems. 
These  techniques  include  increasing  the  integration 
of  circuitry  and  incorporation  of  improved  circuitry 
and  power  management  units  (PMU's).  One  specific 
power  reduction  technique  involves  the  capability  of 
stopping  clock  signals  that  drive  inactive  circuit  por- 
tions  such  as  the  microprocessor,  a  system  memory, 
and  a  diskcontroller.  Asystem  employing  such  a  tech- 
nique  typically  includes  a  power  management  unit 
that  detects  or  predicts  when  the  microprocessor,  the 
system  memory,  and  the  disk  controller  will  be  inac- 
tive,  and  accordingly  stops  the  clock  signals  at  appro- 
priate  times.  By  turning  off  "unused"  clock  signals 
that  drive  the  inactive  circuit  portions,  overall  power 
consumption  of  the  system  is  decreased.  A  similar 
technique  involves  removing  the  power  supplied  to 
the  microprocessor,  the  system  memory,  and  the  disk 
controller  when  they  are  inactive. 

Despite  this,  conventional  computer  systems  do 
not  remove  power  from  the  system  oscillators  during 
power  management  modes.  Accordingly,  in  conven- 
tional  computer  systems,  power  is  wasted  when  pow- 
er  is  applied  to  the  system  oscillators  when  the  cor- 
responding  clock  signals  are  unused. 

The  problems  outlined  above  are  in  large  part 
solved  by  a  computer  system  employing  a  system  os- 
cillator  gating  technique  in  accordance  with  the  pres- 
ent  invention.  In  one  embodiment,  digital  hardware  is 
utilized  to  control  the  removal  and  the  reapplication  of 
power  to  the  system  oscillator.  Specifically,  an  output 
signal  from  a  power  management  unit  is  provided  to 
turn  off  the  external  system  oscillator  when  the  com- 
puter  system  is  in  a  power-conserving  suspend  state 
and  to  turn  on  the  external  system  oscillator  on  when 
the  computer  system  resumes  to  a  ready  state.  Coun- 
ters  are  provided  to  control  the  latency  of  the  output 
signal  when  the  power  management  unit  enters  and 
exits  the  suspend  state.  This  latency  provides  time  for 
the  microprocessor  clock  and/or  other  clock  signals 
associated  with  the  system  oscillator  to  shut  off  prior 
to  the  oscillator  shutdown  and  provides  time  for  the 
oscillator  to  stabilize  prior  to  the  restarting  of  the  clock 
signal.  As  a  result,  power  consumption  of  the  comput- 
er  system  may  be  reduced  while  proper  clock  gener- 
ation  for  the  computer  system  is  maintained. 

Broadly  speaking,  the  present  invention  contem- 

plates  a  computer  system  comprising  an  oscillator  for 
generating  a  reference  timing  signal,  a  clock  genera- 
tor  coupled  to  the  oscillator  and  capable  of  generating 
a  clock  signal,  and  a  system  monitor  for  monitoring  a 

5  circuit  portion  of  the  computer  system  and  capable  of 
generating  a  suspend  state  signal  indicative  of  wheth- 
er  said  circuit  portion  is  inactive.  A  clock  control  unit 
is  also  provided  that  is  coupled  to  the  clock  generator 
and  to  the  system  monitor,  wherein  the  clock  control 

10  unit  is  capable  of  stopping  the  clock  signal  in  re- 
sponse  to  an  assertion  of  the  suspend  state  signal 
and  is  capable  of  restarting  the  clock  signal  in  re- 
sponse  to  a  deassertion  of  the  suspend  state  signal. 
The  computer  system  finally  includes  an  oscillator 

15  power  control  unit  coupled  to  the  oscillator  and  to  the 
system  monitor,  wherein  the  oscillator  power  control 
unit  is  capable  of  removing  power  supplied  to  the  os- 
cillator  in  response  to  an  assertion  of  the  suspend 
state  signal. 

20  The  present  invention  further  contemplates  a 
power  management  unit  connectable  to  a  computer 
system  including  an  oscillator  for  providing  a  timing 
reference  signal.  The  power  management  unit  com- 
prises  a  system  monitor  for  monitoring  a  circuit  por- 

25  tion  of  the  computer  system  and  capable  of  generat- 
ing  a  suspend  state  signal  indicative  of  whether  the 
circuit  portion  is  inactive,  a  clock  control  unit  coupled 
to  the  system  monitor,  wherein  the  clock  control  unit 
is  capable  of  generating  a  clock  suspend  signal  in  re- 

30  sponse  to  an  assertion  of  the  suspend  state  signal, 
and  an  oscillator  power  control  unit  coupled  to  the 
system  monitor.  The  oscillator  power  control  unit  is 
capable  of  generating  an  oscillator  gating  signal  for 
controlling  the  application  of  power  to  the  oscillator  in 

35  response  to  the  suspend  state  signal. 
The  present  invention  finally  contemplates  a 

power  management  method  for  removing  and  apply- 
ing  power  to  a  system  oscillator  within  a  computer 
system  comprising  the  steps  of  monitoring  a  circuit 

40  portion  of  the  computer  system,  entering  a  suspend 
state  if  the  circuit  portion  is  inactive,  stopping  a  clock 
signal  in  response  to  the  step  of  entering  the  suspend 
state,  and  removing  power  from  the  system  oscillator 
in  response  to  the  step  of  entering  the  suspend  state. 

45 
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Other  objects  and  advantages  of  the  invention 
will  become  apparent  upon  reading  the  following  de- 

50  tailed  description  and  upon  reference  to  the  accom- 
panying  drawings  in  which: 

Figure  1  is  a  block  diagram  of  a  computer  system 
including  a  power  management  unit  that  implements 
a  system  oscillator  gating  technique  in  accordance 

55  with  the  present  invention. 
Figure  2  is  a  timing  diagram  that  illustrates  the  in- 

ternal  power  management  states  of  the  power  man- 
agement  unit  and  corresponding  output  control  sig- 
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nals. 
Figure  3  is  a  schematic  diagram  that  illustrates  a 

gating  circuit  for  removing  and  reapplying  power  to 
the  system  oscillator. 

While  the  invention  is  susceptible  to  various  mod- 
ifications  and  alternative  forms,  specific  embodi- 
ments  thereof  are  shown  by  way  of  example  in  the 
drawings  and  will  herein  be  described  in  detail.  It 
should  be  understood,  however,  that  the  drawings 
and  detailed  description  thereto  are  not  intended  to 
limit  the  invention  to  the  particular  form  disclosed,  but 
on  the  contrary,  the  intention  is  to  cover  all  modifica- 
tions,  equivalents  and  alternatives  falling  within  the 
spirit  and  scope  of  the  present  invention  as  defined  by 
the  appended  claims. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

Referring  now  to  the  drawings,  Figure  1  is  a  block 
diagram  of  a  computer  system  100  that  implements 
a  system  oscillator  gating  technique  according  to  the 
present  invention.  The  computer  system  100  includes 
a  microprocessor  (CPU)  1  02,  a  system  memory  con- 
troller  104,  and  a  disk  controller  106  each  coupled  to 
a  clock  generator  1  08.  The  computer  system  1  00  fur- 
ther  includes  a  power  management  unit  (PMU)  110 
and  a  system  oscillator  112  coupled  to  clock  genera- 
tor  108. 

System  oscillator  112  is  an  oscillator  circuit 
which,  in  the  preferred  embodiment,  includes  a  crys- 
tal  element  and  which  generates  an  oscillator  refer- 
ence  signal  having  a  predetermined  frequency.  The 
oscillator  reference  signal  is  provided  to  clock  gener- 
ator  108.  Using  the  oscillator  reference  signal,  clock 
generator  108  generates  a  CPU  clock  signal  that  is 
provided  to  microprocessor  1  02  and  a  system  clock 
signal  that  is  provided  to  system  memory  controller 
1  04  and  to  disk  controller  1  06,  among  other  things.  It 
is  noted  that  the  CPU  clock  signal  may  have  a  differ- 
ent  frequency  from  the  system  clock  signal.  For  ex- 
ample,  in  one  embodiment,  the  CPU  clock  signal  has 
a  maximum  frequency  of  80  MHz  and  the  system 
clock  signal  has  a  maximum  frequency  of  40  MHz. 

Power  management  unit  110  includes  a  system 
monitor  120  coupled  to  an  oscillator  power  control 
unit  122  and  to  a  clock  control  unit  124.  Acounter  126 
is  coupled  to  oscillator  power  control  unit  122  and  a 
pair  of  counters  128  and  130  are  coupled  to  clock  con- 
trol  unit  124. 

During  operation,  system  oscillator  112  gener- 
ates  an  oscillator  reference  signal  having  a  predeter- 
mined  frequency  of,  for  example,  80  MHz.  Clock  gen- 
erator  1  08  uses  this  oscillator  reference  signal  to  gen- 
erate  the  CPU  clock  signal  and  the  system  clock  sig- 
nal. 

After  computer  system  100  has  been  powered- 
on,  system  monitor  120  monitors  various  subsystems 
of  the  computer  system  100  such  as  the  microproces- 

sor  1  02,  system  memory  controller  1  04,  and  disk  con- 
troller  106,  among  other  things.  In  one  embodiment, 
system  monitor  120  detects  activity  of  the  micropro- 
cessorand  other  system  peripherals  by  detecting  sig- 

5  nal  activity  on  the  CPU  local  bus  and/or  a  peripheral 
bus.  A  variety  of  specific  implementations  of  system 
monitor  120  could  be  employed  within  power  man- 
agement  unit  110,  and  exemplary  system  monitors 
are  described  in  numerous  publications  of  the  known 

10  prior  art.  For  example,  an  exemplary  system  monitor 
that  detects  inactive  circuit  portions  of  a  computer 
system  is  described  within  U.S.  Patent  No.  5,167,024 
issued  November  24,  1  992  to  Smith  et  al.  This  patent 
is  incorporated  herein  by  reference  in  its  entirety. 

15  When  system  monitor  120  determines  that  the 
microprocessor  102,  the  system  memory  controller 
104,  and  the  disk  controller  106  are  inactive,  system 
monitor  120  enters  a  suspend  state  during  which  a 
control  signal  identified  herein  as  the  suspend  state 

20  signal  is  asserted.  The  suspend  state  signal  is  provid- 
ed  to  oscillator  power  control  unit  122  and  clock  con- 
trol  unit  124.  As  will  be  described  in  greater  detail  be- 
low,  the  oscillator  power  control  unit  122  responsively 
asserts  a  control  signal  identified  as  the  OSCGATE 

25  signal  which  causes  the  power  to  be  removed  from 
the  system  oscillator,  and  clock  control  unit  124  as- 
serts  a  control  signal  identified  as  the  clock  suspend 
signal  that  causes  the  clock  generator  1  08  to  stop  the 
CPU  clock  signal  and  the  system  clock  signal. 

30  Figure  2  is  a  timing  diagram  that  illustrates  the 
timing  relationship  between  the  internal  states  of  sys- 
tem  monitor  120  and  the  clock  suspend  and  OSC- 
GATE  signals.  Referring  collectively  to  Figures  1  and 
2,  when  system  monitor  120  enters  the  suspend  state 

35  and  asserts  the  suspend  state  signal,  the  clock  con- 
trol  unit  124  causes  counter  128  to  begin  counting  a 
period  of  30  microseconds.  When  the  30  microsecond 
period  elapses,  clock  control  unit  124  asserts  the 
clock  suspend  signal  which  causes  clock  generator 

40  1  08  to  stop  the  CPU  clock  signal  and  the  system  clock 
signal. 

Oscillator  power  control  unit  122  similarly  causes 
the  counter  126  to  begin  counting  fora  150  microsec- 
ond  period  in  response  to  the  entrance  of  the  suspend 

45  state  by  system  monitor  1  20.  After  1  50  microseconds 
have  elapsed,  oscillator  power  control  unit  122  as- 
serts  the  OSCGATE  signal  which  causes  power  to  be 
removed  from  system  oscillator  112.  Accordingly,  the 
oscillator  reference  signal  is  no  longer  generated. 

so  The  power  management  unit  110  remains  in  the 
suspend  state  until  system  monitor  120  determines 
that  the  CPU  clock  signal  and/or  the  system  clock  sig- 
nal  must  be  restarted.  When  such  a  determination  is 
made  by  system  monitor  120,  the  system  monitor  120 

55  enters  a  ready  state.  The  suspend  state  signal  is  ac- 
cordingly  deasserted  and  oscillator  power  control  unit 
122  responsively  deasserts  the  OSCGATE  signal. 
When  the  OSCGATE  signal  is  deasserted,  power  is 

3 
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reapplied  to  system  oscillator  112,  thereby  allowing 
the  generation  of  the  oscillator  reference  signal. 

In  addition,  also  in  response  to  the  deassertion  of 
the  suspend  state  signal,  clock  control  unit  124  caus- 
es  counter  1  30  to  begin  counting  a  20  millisecond  per- 
iod.  When  the  20  millisecond  period  has  elapsed, 
clock  control  unit  124  deasserts  the  clock  suspend 
signal,  thereby  causing  clock  generator  108  to  restart 
the  CPU  clock  signal  and  the  system  clock  signal.  It 
is  noted  that  this  20  millisecond  period  as  controlled 
by  counter  130  allows  the  oscillator  reference  signal 
to  stabilize  before  attempting  to  restart  the  CPU  and 
system  clock  signals. 

Figure  3  illustrates  a  power  gating  circuit  that  al- 
lows  power  to  be  removed  and  reapplied  to  system 
oscillator  112  in  response  to  the  OSCGATE  signal.  As 
illustrated  in  the  figure,  an  FET  switching  transistor 
1  50  is  coupled  to  a  power  supply  VCC  and  the  system 
oscillator  112.  The  OSCGATE  signal  is  applied  to  the 
gate  of  transistor  150.  It  is  noted  that  in  the  embodi- 
ment  of  Figure  1  ,  this  switching  circuitry  is  incorporat- 
ed  within  system  oscillator  112. 

As  a  result  of  the  computer  system  described 
above,  the  overall  power  consumption  of  the  comput- 
er  system  can  be  reduced.  In  addition,  the  CPU  and 
system  clock  signals  are  stopped  before  power  is  re- 
moved  from  the  system  oscillator  to  maintain  proper 
generation  of  the  clock  signals  and  prepare  the  sys- 
tem  for  shut-down.  In  addition,  power  is  reapplied  to 
the  system  oscillator  112  before  the  clock  signals  are 
restarted  to  allow  time  for  the  oscillator  reference  sig- 
nal  to  stabilize. 

It  is  noted  that  the  system  oscillator  gating  tech- 
nique  described  above  may  be  used  in  conjunction 
with  a  variety  of  other  power  management  techni- 
ques.  For  example,  the  system  oscillator  gating  tech- 
nique  may  be  used  in  conjunction  with  the  power 
management  techniques  taught  within  the  copending, 
commonly  assigned  patent  applications:  "Interrupt 
Controller  with  In-Service  Indication",  by  MacDonald 
et  al.,  Serial  No.  08/125,336,  filed  September  22, 
1993;  "Power  Management  Control  Technique  for 
Timer  Tick  Activity  Within  An  Interrupt  Driven  Com- 
puter  System",  by  O'Brien  et  al.,  Serial  No. 

,  filed  November  23,  1993;  and  "Disable 
Technique  During  Low  Battery  Conditions  Within  A 
Portable  Computer  System",  by  Wisor  et  al.,  Serial 
No.  ,  filed  concurrently  here- 
with.  These  patent  applications  are  incorporated 
herein  by  reference  in  their  entirety. 

Numerous  variations  and  modifications  will  be- 
come  apparent  to  those  skilled  in  the  art  once  the 
above  disclosure  is  fully  appreciated.  It  is  intended 
that  the  following  claims  be  interpreted  to  embrace  all 
such  variations  and  modifications. 

Claims 

1  .  A  computer  system  comprising: 
an  oscillator  for  generating  a  reference 

5  timing  signal; 
a  clock  generator  coupled  to  said  oscillator 

and  capable  of  generating  a  clock  signal; 
a  system  monitor  for  monitoring  a  circuit 

portion  of  said  computer  system  and  capable  of 
w  generating  a  suspend  state  signal  indicative  of 

whether  said  circuit  portion  is  inactive; 
a  clock  control  unit  coupled  to  said  clock 

generator  and  to  said  system  monitor,  wherein 
said  clock  control  unit  is  capable  of  stopping  said 

15  clock  signal  in  response  to  an  assertion  of  said 
suspend  state  signal  and  is  capable  of  restarting 
said  clock  signal  in  response  to  a  deassertion  of 
said  suspend  state  signal;  and 

an  oscillator  power  control  unit  coupled  to 
20  said  oscillator  and  to  said  system  monitor,  where- 

in  said  oscillator  power  control  unit  is  capable  of 
removing  power  supplied  to  said  oscillator  in  re- 
sponse  to  an  assertion  of  said  suspend  state  sig- 
nal. 

25 
2.  The  computer  system  as  recited  in  Claim  1  fur- 

ther  comprising  a  microprocessor,  wherein  said 
clock  signal  is  provided  to  said  microprocessor. 

30  3.  The  computer  system  as  recited  in  Claim  1 
wherein  said  clock  control  unit  generates  a  clock 
suspend  signal  that  is  provided  to  said  clock  gen- 
erator,  and  wherein  said  clock  generator  stops 
said  clock  signal  in  response  to  an  assertion  of 

35  said  clock  suspend  signal. 

4.  The  computer  system  as  recited  in  Claim  3 
wherein  said  clock  control  unit  asserts  said  clock 
suspend  signal  a  predetermined  time  after  said 

40  assertion  of  said  suspend  state  signal. 

5.  The  computer  system  as  recited  in  Claim  4  fur- 
ther  comprising  a  counter  coupled  to  said  clock 
control  unit  for  controlling  said  predetermined 

45  time. 

6.  The  computer  system  as  recited  in  Claim  1 
wherein  said  oscillator  power  control  unit  re- 
moves  power  supplied  to  said  oscillator  a  prede- 

50  termined  time  after  said  assertion  of  said  sus- 
pend  state  signal. 

7.  The  computer  system  as  recited  in  Claim  6  fur- 
ther  comprising  a  counter  coupled  to  said  oscilla- 

55  tor  power  control  unit  for  controlling  said  prede- 
termined  time. 

8.  The  computer  system  as  recited  in  Claim  1 

4 
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wherein  said  clock  control  unit  deasserts  said 
clock  suspend  signal  a  predetermined  time  after 
a  deassertion  of  said  suspend  state  signal. 

9.  A  power  management  unit  connectable  to  a  com- 
puter  system  including  an  oscillator  for  providing 
a  timing  reference  signal,  said  power  manage- 
ment  unit  comprising: 

a  system  monitor  for  monitoring  a  circuit 
portion  of  said  computer  system  and  capable  of 
generating  a  suspend  state  signal  indicative  of 
whether  said  circuit  portion  is  inactive; 

a  clock  control  unit  coupled  to  said  system 
monitor,  wherein  said  clock  control  unit  is  capable 
of  generating  a  clock  suspend  signal  in  response 
to  an  assertion  of  said  suspend  state  signal;  and 

an  oscillator  power  control  unit  coupled  to 
said  system  monitor,  wherein  said  oscillator  pow- 
er  control  unit  is  capable  of  generating  an  oscil- 
lator  gating  signal  for  controlling  the  application 
of  power  to  said  oscillator  in  response  to  said  sus- 
pend  state  signal. 

10.  The  power  management  unit  as  recited  in  Claim 
9  wherein  said  clock  suspend  signal  is  provided 
to  an  output  terminal  of  said  power  management 
unit  for  controlling  the  starting  and  the  stopping 
of  a  clock  signal. 

11.  The  power  management  unit  as  recited  in  Claim 
9  wherein  said  clock  control  unit  asserts  said 
clock  suspend  signal  a  predetermined  time  after 
said  assertion  of  said  suspend  state  signal. 

12.  The  computer  system  as  recited  in  Claim  11  fur- 
ther  comprising  a  counter  coupled  to  said  clock 
control  unit  for  controlling  said  predetermined 
time. 

mined  time. 

17.  A  power  management  method  for  removing  and 
applying  power  to  a  system  oscillator  within  a 

5  computer  system  comprising  the  steps  of: 
monitoring  a  circuit  portion  of  said  comput- 

er  system; 
entering  a  suspend  state  if  said  circuit  por- 

tion  is  inactive; 
w  stopping  a  clock  signal  in  response  to  said 

step  of  entering  said  suspend  state;  and 
removing  power  from  said  system  oscilla- 

tor  in  response  to  said  step  of  entering  said  sus- 
pend  state. 

15 
18.  The  power  management  method  as  recited  in 

Claim  17  comprising  the  further  step  of  waiting  a 
predetermined  time  after  said  step  of  stopping 
said  clock  signal  before  performing  said  step  of 

20  removing  power  from  said  system  oscillator. 

19.  The  power  management  method  as  recited  in 
Claim  18  comprising  the  further  steps  of: 

entering  a  ready  state  when  said  circuit 
25  portion  becomes  active; 

reapplying  power  to  said  system  oscillator 
in  response  to  said  step  of  entering  said  ready 
state;  and 

restarting  said  clock  signal  in  response  to 
30  said  step  of  entering  said  ready  state. 

20.  The  power  management  method  as  recited  in 
Claim  19  wherein  said  step  of  restarting  said 
clock  signal  is  performed  a  predetermined  time 

35  after  said  step  of  reapply  ing  power  to  said  system 
oscillator. 

13.  The  computer  system  as  recited  in  Claim  9  40 
wherein  said  oscillator  power  control  unit  asserts 
said  oscillator  gating  signal  for  removing  power 
from  said  oscillator  a  predetermined  time  after 
said  assertion  of  said  suspend  state  signal. 

45 
14.  The  power  management  unit  as  recited  in  Claim 

13  further  comprising  a  counter  coupled  to  said 
oscillator  power  control  unit  for  controlling  said 
predetermined  time. 

50 
15.  The  power  management  unit  as  recited  in  Claim 

9  wherein  said  clock  control  unit  deasserts  said 
clock  suspend  signal  a  predetermined  time  after 
a  deassertion  of  said  suspend  state  signal. 

55 
16.  The  power  management  unit  as  recited  in  Claim 

15  further  comprising  a  counter  coupled  to  said 
clock  control  unit  for  controlling  said  predeter- 

5 
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