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©  An  integrated  circuit  is  fabricated  on  a  semi- 
conductor  substrate  for  providing  drive  signals 
to  a  polyphase  dc  motor.  In  addition,  a  method 
is  disclosed  for  operating  the  motor.  The  circuit 
includes  a  coil  driver  circuit  for  connection  to 
drive  coils  of  the  motor  to  selectively  supply 
drive  currents  thereto  in  a  predetermined  sequ- 
ence.  A  sequencer  circuit  commutatively 
selects  the  drive  coils  to  which  the  drive  cur- 
rents  are  selectively  supplied,  and  a  motor 
speed  controlling  circuit  controls  the  speed  of 
the  motor  by  controlling  the  speed  of  commu- 
tation.  A  temperature  sensing  element,  such  as 
a  diode,  is  fabricated  in  the  substrate  to  indicate 
the  temperature  of  the  substrate,  and  a  tem- 
perature  measuring  circuit  is  connected  to  the 
temperature  sensing  element  and  to  the  motor 
speed  controlling  circuit  to  operate  the  motor 
speed  controlling  circuit  to  slow  the  speed  of 
the  motor  when  the  temperature  of  the  sub- 
strate  exceeds  a  first  predetermined  tempera- 
ture.  If  desired,  temperature  measuring  circuit 
can  include  a  circuit  for  measuring  a  second 
temperature  higher  than  the  first  predetermined 
temperature  to  operate  a  shut  down  circuit  to 
turn  off  the  motor  if  the  substrate  temperature  is 
too  high. 
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This  invention  pertains  to  improvements  in  motor 
driving  and  controlling  circuitry,  and  more  particular- 
ly,  to  an  improved  circuit  and  method  for  detecting 
overtemperature  conditions  of  the  substrate  on  which 
motor  driver  circuitry  is  fabricated. 

The  present  invention  pertains  to  polyphase  dc 
motors,  and  particularly  to  brushless,  sensorless 
polyphase  dc  motors  which  are  used  for  rotating  data 
media,  such  as  found  in  computer  related  applica- 
tions,  including  hard  disk  drives,  CD  ROM  drives,  flop- 
py  disks,  and  the  like.  In  computer  applications,  three 
phase  brushless,  sensorless  dc  motors  are  becoming 
more  popular,  due  to  their  reliability,  low  weight,  and 
accuracy. 

Motors  of  this  type  can  typically  be  thought  of  as 
having  a  stator  with  three  coils  connected  in  a  "Y" 
configuration,  although  actually,  a  larger  number  of 
stator  coils  are  usually  employed  with  multiple  motor 
poles.  In  operation,  the  coils  are  energized  in  se- 
quences  in  which  current  paths  are  established 
through  various  coils  combinations,  in,  for  instance, 
six  commutation  sequences. 

Typically,  the  driver  transistors  that  supply  the 
driving  current  to  the  coils  of  the  motor  are  integrated 
onto  a  semiconductor  substrate,  as  a  part  of  an  over- 
all  driver  circuit.  It  will  be  appreciated,  however,  that 
substantial  currents  may  flow  in  the  drive  transistors, 
as  well  as  flyback  energy  from  the  coils  being  dissi- 
pated  in  the  transistors,  or  associated  diode  ele- 
ments.  This  results  in  heat  being  delivered  to  the  sub- 
strate  that  must  be  dissipated  to  avoid  damage  to  the 
circuit.  Nevertheless,  under  certain  conditions,  the 
substrate  may  be  heated  to  an  undesirable  level,  re- 
quiring  complete  shut  down  of  the  circuit  to  avoid  per- 
manant  damage. 

In  the  past,  temperature  sensing  has  typically 
been  used  in  motor  driver  circuits  as  a  part  of  a  shut 
down  function.  When  an  overtemperature  condition 
occurred,  it  was  detected  and  all  of  the  operations  of 
the  driver  circuit  were  immediately  discontinued.  In 
many  instances,  however,  it  might  be  possible  to  con- 
trol  the  substrate  temperature  to  prevent  its  reaching 
the  critical  shut  down  temperature,  and  the  inconve- 
niences  resulting  from  complete  circuit  shut-down. 

In  light  of  the  above,  therefore,  it  is  an  object  of 
the  invention  to  provide  an  improved  method  and  cir- 
cuit  for  driving  a  polyphase  dc  motor. 

It  is  another  object  of  the  invention  to  provide  a 
method  and  circuit  of  the  type  described  that  detects 
heating  of  the  driving  circuit  and  provides  a  warning 
prior  to  shut  down  of  circuit  operation. 

It  is  still  another  object  of  the  invention  to  provide 
a  method  and  circuit  of  the  type  described  that  pro- 
vides  both  a  warning  as  temperature  of  the  circuit  in- 
creases  as  well  as  a  shut  down  if  the  temperature  ex- 
ceeds  a  predetermined  limit. 

It  is  another  object  of  the  invention  to  provide  a 
method  and  circuit  of  the  type  described  that  can  be 

integrated  onto  an  integrated  circuit  chip  together 
with  other  motor  driving  circuitry. 

These  and  other  objects,  features,  and  advantag- 
es  will  become  apparent  to  those  skilled  in  the  art 

5  from  the  following  detailed  description  when  read  in 
conjunction  with  the  accompanying  drawings  and  ap- 
pended  claims. 

According  to  one  embodiment  of  the  invention,  a 
warning  signal  has  been  included  as  a  part  of  the  tem- 

10  perature  sensing  features  of  the  motor  driving  chip,  in 
addition  to  the  shut  down  function.  Thus,  when  the 
chip  heats  to  a  warm  level  below  the  shut  down  level, 
an  "over  temperature  warm"  signal  is  generated. 
Thereafter,  if  the  chip  heats  up  further  to  a  "hot  level", 

15  anothersignal  "over  temperature  shut  down"  is  devel- 
oped.  Thus,  the  first  signal  can  be  used  as  a  warning 
before  the  chip  is  shut  down  by  the  second  signal. 
The  two  signals  can  be  used  as  follows.  When  a  warn- 
ing  "over  temperature  warm"  signal  is  generated,  the 

20  motor  can  be  directed  to  slow  down,  thereby  reducing 
the  power  dissipation  in  the  chip.  If  the  chip  is  heating 
up  due  to  its  own  internal  power  dissipation,  then  the 
warning  signal  can  be  used  to  start  a  digital  control 
loop  through  three  successive  states.  The  first  state 

25  slows  the  motor  down  until  the  power  dissipation  is  re- 
duced  to  a  level  such  that  the  chip  is  cool  enough  for 
the  over  temperature  warm  signal  to  go  away.  The 
second  state  holds  the  speed  at  the  reduced  speed 
until  it  is  needed  to  go  back  to  its  original  controlled 

30  speed.  The  third  state  takes  the  speed  back  up  to  the 
desired  value  at  which  the  motor  can  be  returned  to 
the  original  run  state. 

According  to  a  broad  aspect  of  one  embodiment 
of  the  invention  an  integrated  circuit  fabricated  on  a 

35  semiconductor  substrate  for  providing  drive  signals  to 
a  polyphase  dc  motor  is  presented.  The  circuit  in- 
cludes  a  coil  driver  circuit  for  connection  to  drive  coils 
of  the  motor  to  selectively  supply  drive  currents  there- 
to  in  a  predetermined  sequence.  A  sequencer  circuit 

40  commutatively  selects  the  drive  coils  to  which  the 
drive  currents  are  selectively  supplied.  Amotorspeed 
controlling  circuit  controls  the  speed  of  the  motor.  A 
temperature  sensing  element,  such  as  a  diode,  is  fab- 
ricated  in  the  substrate  to  indicate  the  temperature  of 

45  the  substrate,  and  a  temperature  measuring  circuit  is 
connected  to  the  temperature  sensing  element  and  to 
the  motor  speed  controlling  circuit  to  operate  the  mo- 
tor  speed  controlling  circuit  to  slow  the  speed  of  the 
motor  when  the  temperature  of  the  substrate  exceeds 

so  a  first  predetermined  temperature.  If  desired,  temper- 
ature  measuring  circuit  can  include  a  circuit  for  meas- 
uring  a  second  temperature  higher  than  the  first  pre- 
determined  temperature  to  operate  a  shut  down  cir- 
cuit  to  turn  off  the  motor  if  the  substrate  temperature 

55  is  too  high. 
In  one  embodiment,  the  motor  speed  controlling 

circuit  comprises  a  source  of  clock  pulses  at  first  and 
second  frequencies,  the  second  frequency  being  less 
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than  the  first  frequency.  The  clock  pulses  operate  the 
sequencer  circuit,  the  clock  pulses  being  normally 
connected  to  apply  the  first  frequency  to  the  sequenc- 
er  circuit.  If  the  temperature  measuring  circuit  deter- 
mines  that  the  first  temperature  has  been  exceeded, 
the  second  frequency  is  selectively  applied  to  the  se- 
quencer  circuit. 

According  to  another  preferred  embodiment  of 
the  invention,  a  method  for  operating  a  disk-drive 
having  a  motor  driven  by  a  driver  circuit  integrated  on 
a  semiconductor  substrate  is  presented.  According  to 
the  method,  the  motor  is  operated  at  a  normal  speed 
unless  a  temperature  of  the  semiconductor  substrate 
has  exceeded  a  first  predetermined  temperature.  If 
the  temperature  of  the  semiconductor  substrate  is  de- 
tected  to  exceed  the  first  predetermined  temperature, 
the  speed  of  the  motor  is  slowed.  As  the  speed  of  the 
motor  is  slowing,  the  temperature  of  the  semiconduc- 
tor  substrate  is  detected  until  it  falls  below  a  second 
predetermined  temperature.  When  the  temperature 
of  the  semiconductor  substrate  is  detected  to  fall  be- 
low  the  second  predetermined  temperature,  the 
speed  of  the  motor  is  maintained  at  the  slowed  speed. 
Thereafter,  upon  demand  for  use  of  the  disk-drive, 
the  speed  of  the  motor  is  increased  to  the  normal 
speed. 

The  invention  is  illustrated  in  the  accompanying 
drawings  in  which: 

Figure  1  is  an  electrical  schematic  diagram  show- 
ing  a  typical  motor  driver  circuit  and  including  an  over 
temperature  detecting  circuit,  in  accordance  with  the 
invention. 

Figure  2  is  an  electrical  schematic  diagram  show- 
ing  a  circuit  for  generating  the  over  temperature  sig- 
nals  in  accordance  with  the  invention. 

Figure  3  is  a  plan  view  of  a  portion  of  a  semicon- 
ductor  substrate  containing  temperature  sensing  re- 
sistors  for  use  in  the  circuit  of  Figure  2. 

Figure  4  is  a  state  diagram  illustrating  the  opera- 
tion  of  a  motor  incorporating  the  over  temperature 
features  of  the  invention. 

A  preferred  embodiment  of  the  invention  is  shown 
in  Figure  1  in  which  a  motor  driver  circuit  10  is  used 
in  conjunction  with  a  motor  (not  shown)  having  "Y" 
connected  stator  windings  11.  The  circuitry  10  can  be 
integrated,  if  desired,  on  a  semiconductor  substrate 
15,  denoted  by  the  dotted  lines  in  closing  the  circuit 
10.  The  motor  can  be,  for  example,  a  polyphase 
brushless,  sensorless,  dc  motor  known  in  the  art.  the 
Y  connected  windings  are  denoted  as  having  end  ter- 
minals  A,  B,  C,  and  a  center  tap  connection  "CTRtap". 

Drive  signals  are  supplied  to  the  stator  windings 
by  a  driver  circuit  1  0  that  includes  a  transconductance 
loop  14,  as  known  in  the  art.  The  transconductance 
loop  14  includes  a  plurality  of  upper  driver  transistors 
16,  16',  and  16"  and  lower  driver  transistors  17,  17', 
and  17".  In  the  embodiment  illustrated  the  transistors 
16...,  17...  are  power  field  effect  transistors  having 

their  source  and  drain  paths  connected  between  a 
supply  rail  20  and  a  reference  potential  rail  21.  A 
sense  resistor  23  is  connected  between  the  reference 
potential  rail  21  and  ground.  The  transistors  16...,  17... 

5  are  sequentially  energized  by  a  commutation  control- 
ler  circuit  30.  Details  of  such  commutation  controller 
circuit  are  shown  in  copending  patent  application  ser- 
ial  number  07/770,576,  filed  October  3,  1991,  by  the 
applicant  hereof,  and  assigned  to  the  assignee  here- 

10  of,  said  patent  application  being  incorporated  herein 
by  reference. 

The  output  from  the  circuit  14  is  taken  from  the 
interconnections  of  the  respective  transistors  16..., 
1  7...  at  nodes  A,  B,  and  C.  The  nodes  A,  B,  and  C  are 

15  connected  to  respective  stator  terminals  A,  B,  and  C 
of  the  motor.  Thus,  as  the  commutation  controller  se- 
quences  the  conduction  of  the  various  transistors 
16...,  17...,  and  a  predetermined  commutation  se- 
quence,  current  is  caused  to  flow  in  various  combin- 

20  ations  of  the  stator  coils  11  to  produce  the  desired  ro- 
tation  of  the  rotor  of  the  motor. 

Additionally,  in  the  circuit  of  Figure  1  ,  a  tempera- 
ture  sense  circuit  40  is  included.  The  temperature 
sense  circuit  40  includes  a  temperature  detector  41 

25  that  can  be,  for  example,  a  diode  mounted  in  the  sub- 
strate  on  which  the  circuit  10  is  integrated.  The  resis- 
tance  of  the  diode  is  dependent  upon  the  temperature 
of  the  substrate,  which,  in  turn,  is  dependent,  in  part, 
upon  the  current  flowing  in  the  power  transistors 

30  16...,  17....  The  temperature  sense  circuit  40  has  two 
outputs,  one  to  indicate  that  a  "hot"  over  temperature 
condition  exists  to  activate  a  shut  down  circuit  45.  The 
other  output  from  the  temperature  sense  circuit  40  is 
a  "warm"  over  temperature  signal  that  is  delivered  to 

35  the  commutation  clockcircuit  50  to  control  its  frequen- 
cy.  And  the  embodiment  shown,  a  frequency  divider 
51  is  provided  to  which  the  clock  signals  from  the 
clock  50  are  delivered.  In  the  presence  of  a  "warm" 
over  temperature  signal  from  the  temperature  sense 

40  circuit  40,  a  switch  52  is  activated  to  deliver  a  divided 
clock  frequency  to  the  commutation  controller  30, 
rather  than  the  normal  clock  frequency.  Since  the 
lower  frequency  is  applied  to  the  commutation  con- 
troller  30,  the  sequencing  of  the  various  transistors 

45  16...,  17...  is  lowered,  thereby  reducing  the  current 
drawn  through  the  transistors  in  their  respective  com- 
mutation  sequences,  thereby  reducing  the  tempera- 
ture  in  the  substrate. 

By  reducing  the  frequency  of  commutation  of  the 
so  commutation  controller  30,  the  rotation  of  the  motor 

is  reduced. 
Details  of  the  temperature  sense  circuit  40  are 

shown  in  Figure  2.  The  temperature  detector  41,  as 
mentioned  above,  can  be  a  diode  60  connected  at  one 

55  end  to  ground  and  at  the  other  end  to  a  constant  cur- 
rent  source  61  .  The  diode  60  is  constructed  such  that 
its  forward  resistance  is  dependent  upon  the  temper- 
ature  of  the  substrate  in  which  it  is  constructed.  The 
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cathode  of  the  diode  60  is  connected  to  the  non-in- 
verting  inputs  of  comparators  63  and  64. 

The  non-inverting  inputs  of  the  respective  com- 
parators  63  and  64  receive  a  voltage  from  a  resistive 
voltage  divider,  66  and  67,  respectively.  The  voltage 
divider  66  provides  a  reference  voltage  to  the  compar- 
ator  63  that  is  less  than  the  reference  voltage  provid- 
ed  by  the  voltage  divider  67  to  the  comparator  64.  The 
output  from  the  comparator  63  provides  a  warning 
signal  that  the  temperature  of  the  substrate  has 
reached  a  first  predetermined  threshold,  less  than 
the  threshold  at  which  it  would  be  desired  to  discon- 
tinue  operation  of  t  he  circuit  entirely.  The  output  of  t  he 
comparator  64,  on  the  other  hand,  is  a  over  temper- 
ature  signal  indicating  that  the  maximum  desired  op- 
erating  temperature  has  been  reached.  The  output 
from  the  comparator  64  on  line  70  can  be  connected, 
if  desired,  to  a  shutdown  circuit  45  (see  Figure  1)  to 
disconnect  power  entirely  from  the  circuit  10.  On  the 
other  hand,  the  output  from  the  comparator  63  on  line 
71  is  connected  to  operate  the  switch  52  to  lower  the 
clock  frequency  and  therefore  the  drive  current 
through  the  respective  drive  transistors  16...  17.... 

The  comparator  63  and  64  each  have  a  certain 
degree  of  hysterises  designed  into  their  operation; 
consequently,  after  each  of  the  comparators  63  or  64 
has  changed  state,  it  will  not  resume  its  original  state 
until  a  sufficiently  lower  voltage  difference  is  applied 
to  its  input  terminals  than  caused  the  original  warning 
signal  to  be  produced. 

Details  of  the  resistive  voltage  dividers  are  shown 
in  Figure  3,  in  which  diffused  areas  80  and  81  are 
formed  in  a  semiconductor  substrate  85.  The  top  and 
bottom  portions  of  the  diffusions  80  and  81  are  inter- 
connected,  for  example,  by  metalization  86  and  87. 
Additionally,  "L"  shaped  members  88  and  89  are 
formed  extending  over  the  diffusions  80  and  81,  iso- 
lated  therefrom,  for  example,  by  a  layer  of  oxide  (not 
shown)  or  other  insulating  layer.  The  respective 
thresholds  of  the  comparators  63  and  64,  and,  there- 
fore,  the  respective  temperature  thresholds  of  the 
"warm"  and  "hot"  overtemperature  conditions,  can  be 
selected  by  locating  an  interconnecting  elements  90 
and  91  extending  through  the  conductors  88  and  89 
and  the  oxide  there  beneath  to  contact  the  diffused 
layers  80  and  81.  Thus,  the  thresholds  can  be  pro- 
grammed  at  the  metalization  step  in  the  formation  of 
the  integrated  circuit  containing  the  circuitry  10.  Al- 
though  the  structure  shown  in  Figure  3  is  preferred, 
it  will  be  apparent  that  the  voltage  divider  function  pro- 
vided  or  served  by  the  resistor  66  and  67  can  be  pro- 
vided  by  other  electrical  structures,  such  as  discrete 
components,  or  their  equivalent  structures. 

A  state  diagram  of  the  operation  of  the  circuit  10, 
used  in  a  computer  disk  environment,  such  as  a  hard 
disk  drive,  assumes  that  the  initial  state  of  the  motor 
is  "run"  100.  In  this  state,  if  no  "warm"  over  tempera- 
ture  condition  exists  (warm  equals  zero)  and  that  the 

disk  is  ready  to  receive  a  read  or  write  command  (read 
equals  one)  the  circuit  will  remain  in  the  run  state  100. 
If,  however,  the  "warm"  over  temperature  signal 
changes  state  (warm  equals  one),  regardless  of  the 

5  read  state  (read  equals  "don't  care")  the  motor  will  be 
caused  to  slow  down  in  the  manner  described  above, 
in  a  "slow  down  motor"  state  101.  The  motor  will  re- 
main  in  the  "slow  down  motor"  state  101  so  long  as 
the  "warm"  over  temperature  state  exists  (warm 

10  equals  one)  regardless  of  the  read  state  (read  equals 
"don't  care"). 

Once  the  motor  has  been  slowed  to  a  speed  suf- 
ficient  to  allow  the  temperature  of  the  substrate  to 
drop  to  a  level  at  which  the  "warm"  over  temperature 

15  signal  has  been  removed,  if  the  read  condition  is  not 
active  (warm  equals  zero,  read  equals  zero),  the  mo- 
tor  is  required  to  remain  at  the  slow  speed  in  state 
102.  The  circuit  will  remain  in  the  "remain  at  slow 
speed"  state  102  so  long  as  the  "warm"  over  temper- 

20  ature  signal  remains  low  and  the  read  operation  is  in- 
active.  On  the  other  hand,  from  either  the  "slowdown 
motor"  state  101  or  the  "remain  at  slow  speed"  state 
102,  if  the  read  signal  is  activated  and  the  "warm" 
over  temperature  signal  remains  off  (warm  equals 

25  zero,  read  equals  one)  the  speed  of  the  motor  is  in- 
creased  at  an  "increase  speed"  state  103.  As  the 
speed  of  the  motor  is  increased,  it  is  continuously 
checked  for  its  locked  speed  and  the  speed  increased 
until  lock  is  achieved,  and  the  "check  for  lock  speed" 

30  condition  104.  Once  the  lock  speed  has  been  ach- 
ieved,  the  circuit  is  returned  to  the  original  run  state 
100  for  normal  operation. 

Although  the  invention  has  been  described  and  il- 
lustrated  with  a  certain  degree  of  particularity,  it  is  un- 

35  derstood  that  the  present  disclosure  has  been  made 
only  by  way  of  example,  and  that  numerous  changes 
in  the  combination  and  arrangement  of  parts  may  be 
resorted  to  by  those  skilled  in  the  art  without  depart- 
ing  from  the  spirit  and  scope  of  the  invention  as  here- 

to  inafter  claimed. 

Claims 

45  1  .  An  integrated  circuit  fabricated  on  a  semiconduc- 
tor  substrate  for  providing  drive  signals  to  a  poly- 
phase  dc  motor,  comprising: 

a  driver  for  connection  to  drive  coils  of  the 
motor  to  selectively  supply  drive  currents  thereto 

so  in  a  predetermined  sequence; 
a  sequencer  for  commutatively  selecting 

the  drive  coils  to  which  the  drive  currents  are  se- 
lectively  supplied; 

a  motor  speed  controller  to  control  the 
55  speed  of  the  motor; 

a  temperature  sensing  element  fabricated 
in  said  substrate  to  indicate  the  temperature  of 
said  substrate; 

4 
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a  temperature  measuring  circuit  connect- 
ed  to  said  temperature  sensing  element  and  to 
said  motor  speed  controller  to  operate  said  motor 
speed  controller  to  slow  the  speed  of  the  motor 
when  the  temperature  of  the  substrate  exceeds 
a  first  predetermined  temperature. 

2.  The  integrated  circuit  of  claim  1  further  compris- 
ing  a  shut  down  circuit  to  selectively  discontinue 
the  operation  of  the  integrated  circuit  and  where- 
in  said  temperature  measuring  circuit  comprises 
a  circuit  for  measuring  a  second  temperature 
higher  than  said  first  predetermined  temperature 
to  operate  said  shut  down  circuit. 

3.  The  integrated  circuit  of  claim  1  wherein  said  mo- 
tor  speed  controller  comprises  a  source  of  clock 
pulses  at  first  and  second  frequencies,  said  sec- 
ond  frequency  being  less  than  said  first  frequen- 
cy,  said  clock  pulses  operating  said  sequencer, 
said  temperature  measuring  circuit  being  con- 
nected  to  normally  apply  said  first  frequency  to 
said  sequencer  and  to  selectively  apply  said  sec- 
ond  frequency  to  said  sequencer  when  the  tem- 
perature  of  the  substrate  exceeds  the  first  prede- 
termined  temperature. 

4.  The  integrated  circuit  of  claim  1  wherein  said  tem- 
perature  sensing  element  is  a  diode. 

5.  The  integrated  circuit  of  claim  4  further  compris- 
ing  a  constant  current  source  connected  to  sup- 
ply  current  to  said  diode. 

6.  The  integrated  circuit  of  claim  1  wherein  said  tem- 
perature  measuring  circuit  comprises  a  compar- 
ator  connected  to  receive  a  reference  potential  on 
one  input  and  a  voltage  across  the  temperature 
sensing  element  on  another  input. 

7.  The  integrated  circuit  of  claim  6  wherein  said 
comparator  has  a  hysteresis  characteristic. 

8.  The  integrated  circuit  of  claim  6  further  compris- 
ing  a  voltage  divider  connected  to  provide  the  ref- 
erence  potential. 

9.  The  integrated  circuit  of  claim  8  wherein  said  vol- 
tage  divider  comprises  a  substrate,  a  doped  re- 
gion  in  said  substrate,  a  layer  of  insulator  overly- 
ing  said  doped  region,  a  layer  of  metallization 
over  said  insulator,  and  a  connection  made  at  a 
selected  region  between  the  conductor  and  the 
doped  region,  whereby  said  doped  region  com- 
prises  first  and  second  resistor  regions  to  form 
the  voltage  divider. 

10.  An  integrated  circuit  fabricated  on  a  semiconduc- 
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tor  substrate  for  providing  drive  signals  to  a  poly- 
phase  dc  motor,  comprising: 

a  coil  driver  circuit  for  connection  to  drive 
coils  of  the  motor  to  selectively  supply  drive  cur- 

5  rents  thereto  in  a  predetermined  sequence; 
a  sequencer  circuit  for  commutatively  se- 

lecting  the  drive  coils  to  which  the  drive  currents 
are  selectively  supplied; 

a  motor  speed  controlling  circuit  to  control 
10  the  speed  of  the  motor; 

a  motor  shut  off  circuit  to  shut  off  the  mo- 
tor; 

a  temperature  sensing  element  fabricated 
in  said  substrate  to  indicate  the  temperature  of 

15  said  substrate; 
a  temperature  measuring  circuit  connect- 

ed  to  said  temperature  sensing  element,  said 
temperature  measuring  circuit  comprising: 

a  first  temperature  threshold  circuit 
20  to  produce  a  first  output  signal  when  the  temper- 

ature  of  said  substrate  exceeds  a  first  tempera- 
ture  threshold,  said  first  output  signal  being  con- 
nected  to  said  motor  speed  controlling  circuit  to 
slow  the  speed  of  the  motor  when  said  first  tem- 

25  perature  threshold  has  been  exceeded; 
a  second  temperature  threshold  cir- 

cuit  to  produce  a  second  output  signal  when  the 
temperature  of  said  substrate  exceeds  a  second 
temperature  threshold  higher  than  said  first  tem- 

30  perature  threshold,  said  second  output  signal  be- 
ing  connected  to  said  motor  shut  off  circuit  to  shut 
off  the  motor  when  said  second  temperature 
threshold  has  been  exceeded. 

35  11.  The  integrated  circuit  of  claim  10  wherein  said 
temperature  measuring  circuit  further  comprises 
a  third  temperature  threshold  circuit  to  discontin- 
ue  said  first  output  signal  when  the  temperature 
of  said  substrate  falls  below  said  third  tempera- 

40  ture  threshold,  said  third  temperature  threshold 
being  less  than  said  first  temperature  threshold. 

12.  The  integrated  circuit  of  claim  11  wherein  said 
motor  speed  controlling  circuit  comprises  a 

45  source  of  clock  pulses  at  first  and  second  fre- 
quencies,  said  second  frequency  being  less  than 
said  first  frequency,  said  clock  pulses  controlling 
the  speed  of  commutation  produced  by  said  se- 
quencer  circuit,  said  temperature  measuring  cir- 

50  cuit  being  connected  to  normally  apply  said  first 
frequency  to  said  sequencer  circuit  and  to  selec- 
tively  apply  said  second  frequency  to  said  se- 
quencer  circuit  when  the  temperature  of  the  sub- 
strate  exceeds  the  first  temperature  threshold 

55  until  the  temperature  of  said  substrate  subse- 
quently  falls  below  the  third  temperature  thresh- 
old. 
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13.  The  integrated  circuit  of  claim  10  wherein  said 
temperature  measuring  circuit  further  comprises 
a  fourth  temperature  threshold  circuit  to  discon- 
tinue  said  second  output  signal  when  the  temper- 
ature  of  said  substrate  falls  below  said  fourth 
temperature  threshold,  said  fourth  temperature 
threshold  being  less  than  said  second  tempera- 
ture  threshold. 

14.  The  integrated  circuit  of  claim  13  wherein  said 
second  output  signal  from  said  temperature 
measuring  circuit  is  connected  to  operate  said 
motor  shut  off  circuit  to  shut  off  the  motor  when 
the  temperature  of  said  substrate  exceeds  the 
second  temperature  threshold  until  the  tempera- 
ture  of  said  substrate  subsequently  falls  below 
the  fourth  temperature  threshold. 

15.  The  integrated  circuit  of  claim  10  wherein  said 
temperature  sensing  element  is  a  diode. 

16.  The  integrated  circuit  of  claim  15  further  compris- 
ing  a  constant  current  source  connected  to  sup- 
ply  current  to  said  diode. 

17.  The  integrated  circuit  of  claim  16  wherein  said 
temperature  measuring  circuit  comprises  first 
and  second  comparators  connected  to  receive  re- 
spective  reference  potentials  on  one  input  and  a 
voltage  across  the  temperature  sensing  element 
on  another  input. 

18.  The  integrated  circuit  of  claim  17  wherein  each  of 
said  comparators  has  a  hysteresis  characteristic. 

19.  The  integrated  circuit  of  claim  17  further  compris- 
ing  first  and  second  voltage  divider  circuits  con- 
nected  to  provide  the  respective  first  and  second 
reference  potentials. 

20.  The  integrated  circuit  of  claim  19  wherein  said 
voltage  dividers  each  comprise  a  substrate,  a 
doped  region  in  said  substrate,  a  layer  of  insulator 
overlying  said  doped  region,  a  layer  of  metalliza- 
tion  over  said  insulator,  and  a  connection  made  at 
a  selected  region  between  the  conductor  and  the 
doped  region,  whereby  said  doped  region  com- 
prises  first  and  second  resistor  regions  to  form 
the  voltage  divider. 

21.  A  method  for  operating  a  disk-drive  having  a  mo- 
tor  driven  by  a  driver  circuit  integrated  on  a  sem- 
iconductor  substrate,  comprising: 

operating  said  motor  at  a  normal  speed; 
detecting  whether  a  temperature  of  the 

semiconductor  substrate  has  exceeded  a  first 
predetermined  temperature; 

if  the  temperature  of  the  semiconductor 

substrate  is  detected  to  exceed  the  first  predeter- 
mined  temperature,  slowing  the  speed  of  the  mo- 
tor; 

as  the  speed  of  the  motor  is  slowing,  de- 
5  tecting  whether  the  temperature  of  the  semicon- 

ductor  substrate  falls  below  a  second  predeter- 
mined  temperature; 

if  the  temperature  of  the  semiconductor 
substrate  is  detected  to  fall  below  said  second 

10  predetermined  temperature,  maintaining  the 
speed  of  the  motor  at  a  slowed  speed; 

and  thereafter,  upon  demand  for  use  of 
the  disk-drive,  increasing  the  speed  of  the  motor 
to  the  normal  speed. 

15 
22.  The  method  of  claim  21  wherein  said  second  tem- 

perature  is  lower  than  said  first  temperature. 

23.  The  method  of  claim  22  wherein  said  step  of  slow- 
20  ing  the  speed  of  the  motor  if  the  temperature  of 

the  semiconductor  substrate  is  detected  to  ex- 
ceed  the  first  predetermined  temperature  is  car- 
ried  out  independently  of  a  demand  for  use  of  the 
disk-drive. 
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