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(S)  laser  driver  for  an  optical  disk  drive. 
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©  A  laser  driver,  for  an  optical  disk  drive,  com- 
prises  a  source  current  supply  (30),  a  sink  cur- 
rent  supply  (20),  and  a  switching  circuit  (40). 
The  switching  circuit  (40)  selectively  forms,  in 
response  to  an  input  signal,  either  of  a  current 
path  through  which  a  constant  source  current 
from  the  source  current  supply  (30)  flows  into  a 
laser  (50)  connected  to  the  laser  driver  and  a 
current  path  through  which  at  a  least  a  part  of 
the  constant  source  current  flows  into  the  sink 
current  supply  (20).  The  driver  advantageously 
permits  high-speed  switching  of  the  laser. 
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The  present  invention  relates  to  a  laser  driver  for 
an  optical  disk  drive. 

I  n  a  laser  driver,  it  is  desirable  to  ground  either  the 
anode  or  the  cathode  of  the  laser  to  suppress  surge 
current.  Moreover,  to  drive  the  laser,  it  is  advisable  to 
connect  the  laser  to  the  collector  of  a  transistor  switch 
for  turning  on  or  off  a  current  to  the  laser.  Conven- 
tional  laser  drivers  use  either  a  sink  (inflow)  current 
supply  or  a  source  (outflow)  current  supply. 

In  a  conventional  laser  driver  in  which  only  a  sink 
current  supply  is  used,  a  negative  voltage  source 
must  be  provided  in  addition  to  a  positive  voltage 
source.  However,  in  a  conventional  laser  driver  in 
which  only  a  source  current  supply  is  used,  the  nega- 
tive  voltage  source  is  not  required,  but  PNP  transistor 
switches  must  be  used.  PNP  transistors  are  generally 
slow  in  switching  operations  and  hence  mitigate 
against  increasing  the  switching  speed  of  the  laser. 

In  accordance  with  the  present  invention,  there  is 
now  provided  a  laser  driver  comprising  a  source  cur- 
rent  supply  for  supplying  a  constant  source  current  la, 
a  sink  current  supply  for  supplying  a  constant  sinkcur- 
rent  lb,  and  a  switching  circuit  for  selectively  forming, 
in  response  to  an  input  signal,  either  of  a  current  path 
through  which  the  constant  source  current  la  from 
said  source  current  supply  flows  into  said  laser  and  a 
current  path  through  which  at  least  a  part  of  said  con- 
stant  source  current  la  from  said  source  current  sup- 
ply  flows  into  said  sink  current  supply. 

This  advantageously  permits  higher  speed 
switching  of  the  laser  without  requiring  two  voltage 
sources. 

In  a  preferred  embodiment  of  the  present  inven- 
tion,  there  is  provided  both  a  source  current  supply 
and  a  sink  current  supply  and  a  switching  means  for 
selectively  forming  either  a  current  path  through 
which  a  constant  source  current  from  the  source  cur- 
rent  supply  flows  into  a  laser  to  turn  the  laser  on  or  a 
current  path  through  which  at  least  a  part  of  the  con- 
stant  source  current  from  the  source  current  supply 
flows  into  the  sink  current  supply  to  turn  the  laser  off 
wherein  the  switching  means  comprises  NPN  transis- 
tors  to  avoid  the  need  for  a  negative  voltage  source. 

A  preferred  embodiment  of  the  present  invention 
will  now  be  described  with  reference  to  the  accom- 
panying  drawings  in  which: 

FIG.1  is  a  circuit  diagram  of  a  laser  driver  in 
accordance  with  the  present  invention. 
FIG.2  is  a  timing  diagram  indicating  current  sig- 
nals  in  each  part  of  the  laser  driver  of  the  present 
invention. 
FIG.3  is  a  circuit  diagram  of  an  example  of  a  con- 
ventional  laser  driver. 
FIG.4  is  a  circuit  diagram  of  another  example  of 
the  conventional  laser  driver. 
Referring  first  to  Figure  3,  in  an  example  of  a  con- 

ventional  laser  drive  in  which  only  a  sink  current  sup- 
ply  is  used,  one  terminal  of  a  laser  1  is  grounded  and 

the  other  terminal  is  connected  to  the  collector  of  one 
transistor  3A  of  a  differential  current  switching  circuit 
3  comprising  a  pair  of  NPN  transistors  3A  and  3B.  The 
collector  of  the  other  transistor  3B  is  grounded.  To 

5  operate  the  laser  driver  in  an  optical  disk  drive,  write 
data  signals  are  alternately  applied  inversely  to  the 
bases  of  the  transistors  3Aand  3B.  The  emitters  of  the 
transistors  3A  and  3B  are  coupled  to  each  other  and 
connected  to  a  sink  current  supply  5.  The  sink  current 

10  supply  5  is  in  the  form  of  a  current  mirror  circuit  and 
receives  a  constant  (sink)  current  12  as  a  function  of 
a  (setting)  current  11  from  a  current  setting  circuit  7.  It 
is  necessary  to  provide  a  negative  source  voltage  - 
Vcc  to  the  sink  current  supply  5.  A  negative  voltage 

15  source  -Vcc  must  therefore  be  provided  in  addition  to 
a  positive  voltage  source  for  driving  the  laser. 

Referring  now  to  Figure  4,  in  an  example  of  a  con- 
ventional  laser  driver  in  which  only  a  source  current 
supply  is  used,  one  terminal  of  the  laser  1  is  grounded 

20  and  the  other  terminal  is  connected  to  the  collector  of 
one  transistor  13A  of  a  differential  current  switching 
circuit  13  comprising  a  pair  of  PNP  transistors  13A 
and  13B.  The  collector  of  the  other  transistor  13B  is 
grounded.  To  operate  the  laser  driver  in  an  optical 

25  disk  drive,  write  data  signals  are  alternately  applied 
inversely  to  the  bases  of  the  transistors  1  3A  and  1  3B. 
The  emitters  of  the  transistors  13A  and  13B  are  con- 
nected  to  each  other  and  to  a  source  current  supply 
15.  The  source  current  supply  15  in  the  form  of  a  cur- 

30  rent  mirror  circuit  and  provides  a  constant  (source) 
current  14  as  a  function  of  a  setting  current  13  from  a 
current  setting  circuit  17.  A  negative  voltage  source  - 
Vcc  is  not  needed,  but  PNP  transistors  must  be  used 
as  switching  elements.  However,  PNP  transistors  are 

35  generally  slow  in  switching  operations  thereby  limiting 
the  switching  speed  of  the  laser. 

Referring  now  to  Figure  1  in  a  laser  driver  of  the 
present  invention,  a  sink  current  supply  20  is  provided 
by  a  current  mirror  circuit  comprising  NPN  transistors 

40  21  A,  21  B,  and  21  C  and  resistances  22A,  22B,  and 
22C.  Setting  current  Ice  flows  into  transistor  21  A.  The 
base  and  collector  of  transistor  21  A,  the  base  of  tran- 
sistor  21  B,  and  the  base  of  transistor  21  Care  connec- 
ted  to  one  another.  Thus,  the  collector  voltage  of 

45  transistor  21  A  is  applied  to  the  base  of  transistor  21  B 
and  the  base  of  transistor  21  C.  The  emitters  of  tran- 
sistors  21  A,  21  B,  and  21  C  are  grounded  through  resi- 
stances  22A,  22B,  and  22C,  respectively.  In 
operation,  the  currents  flowing  through  transistors 

so  21  B  and  21  C  are  determined  by  the  setting  current 
Id.  The  current  flowing  through  transistor  21  B  is  a 
sink  current  lb  flowing  from  the  sink  current  supply. 
The  current  flowing  through  transistor  21  C  is  the  set- 
ting  current  Ic2  flowing  from  a  source  current  supply 

55  30. 
The  source  current  supply  30  is  provided  by  a  cur- 

rent  mirror  circuit  comprising  PNP  transistors  31  A  and 
31  B  and  resistances  32A  and  32B.  Thus,  respective 
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bases  of  transistors  31  A  and  31  B  are  supplied  with 
setting  current  Ic2  from  the  sink  current  supply  20. 
The  respective  emitters  of  transistors  31  A  and  31  B 
are  connected  to  a  positive  voltage  source  +Vcc 
through  resistances  32A  and  32B.  In  use,  the  setting 
current  Ic2  determines  a  source  current  la  flowing 
throughtransistor  31A. 

The  source  current  la  from  the  source  current 
supply  30  is  separated  into  two  paths.  One  path  is 
connected  to  a  differential  switching  circuit  40  and  the 
other  path  is  connected  to  a  laser  50  through  a  diode 
52  for  preventing  a  back  current.  The  current  flowing 
from  the  source  current  supply  30  into  the  switching 
circuit  40  and  the  current  flowing  from  the  source  cur- 
rent  supply  30  into  the  laser  50  will  hereinafter  be 
referred  to  as  switching  current  Isb  and  laser  current 
11,  respectively.  The  switching  circuit  40  includes  a 
pair  of  NPN  transistors  41  A  and  42B.  A  write  data  sig- 
nal  Sd  is  applied  to  the  base  of  the  transistor41A,  and 
an  inverted  write  data  signal  Sd  is  applied  to  the  base 
of  the  transistor  41  B.  The  collector  of  transistor  41  B 
is  connected  to  the  source  current  supply  30  and  the 
laser  50,  the  collector  of  transistor  41  A  is  connected 
to  a  positive  voltage  source  +Vcc.  Thus,  when  transis- 
tor  41A  is  on,  a  switching  current  Isa  flows  into  the 
transistor  41  A.  When  transistor  41  B  is  on,  the  switch- 
ing  current  Isb  flows  into  transistor  41  B.  The  emitters 
of  transistors  41  A  and  41  B  are  coupled  to  each  other 
and  connected  to  the  sink  current  supply  20.  The  sink 
current  supply  20  and  the  source  current  supply  30 
are  configured  in  such  a  manner  that  the  source  cur- 
rent  la  and  the  sink  current  lb  are  the  same. 

Referring  now  to  Figure  2,  in  operation,  the  set- 
ting  current  Id  from  a  current  setting  circuit  22  deter- 
mines  a  sink  current  lb  of  the  sink  current  supply  20 
and  a  setting  current  Ic2  for  the  source  current  supply 
30  and  the  setting  current  Ic2  determines  the  source 
current  la  of  the  source  current  supply  30.  As  des- 
cribed  above,  the  source  current  la  and  the  sink  cur- 
rent  lb  are  the  same.  The  write  data  signal  Sd  and  its 
inversion  Sd  are  applied  to  the  bases  of  the  transistors 
41  A  and  41  B,  respectively.  Thus,  when  the  transistors 
41  A  and  41  B  are  turned  on  and  off,  respectively,  the 
switching  current  Isa  flowing  through  transistor  41A 
becomes  sink  current  lb.  The  switching  current  Isb 
flowing  into  transistor  41  B  becomes  zero.  A  laser  cur- 
rent  11  therefore  becomes  source  current  la  and  the 
laser  50  turns  on.  When  the  transistors  41  A  and  41  B 
are  turned  off  and  on,  respectively,  switching  current 
Isa  flowing  into  transistor  41  A  becomes  zero.  Switch- 
ing  current  Isb  flowing  through  transistor  41  B 
becomes  sink  current  lb,  that  is,  source  current  la. 
The  laser  current  11  therefore  becomes  zero  and  the 
laser  50  turns  off. 

Thus  one  terminal  of  the  laser  50  is  grounded  and 
transistor41  B,  acting  as  the  switch  is  connected  to  the 
laser  50  in  a  collector  follower  arrangement.  Theref- 
ore  transistor  41  B  can  be  an  NPN  transistor  with  a 

high  switching  speed.  Therefore  the  circuit  advan- 
tageously  permits  high-speed  switching  operations  in 
typically  several  nanoseconds.  Further,  the  laser 
driver  can  operate  without  the  need  of  any  negative 

5  voltage  source. 
In  the  embodiment  of  the  present  invention 

hereinbefore  described,  the  source  current  la  is  equal 
to  that  of  the  sink  current  lb.  However,  this  is  not 
always  necessary.  It  will  be  appreciated  that  part  of 

10  the  source  current  la  can  pass  to  the  sink  current  sup- 
ply  to  decrease  the  current  flowing  into  the  laser  for 
switching  the  laser.  In  the  embodiment  of  the  present 
invention  hereinbefore  described,  circuits  are  so  con- 
structed  that  the  setting  current  Ic2  to  the  sink  current 

15  supply  20  controls  the  source  current  la  from  the 
source  current  supply  30  and  the  source  current  is 
equal  to  the  sink  current  lb.  However,  it  will  be 
appreciated  that  other  circuits  can  be  constructed  to 
maintain  the  source  current  la  equal  to  the  sink  cur- 

20  rent  lb.  It  will  be  appreciated  also  that  the  sink  current 
supply  20  and  the  source  current  supply  30  may  be 
formed  in  a  circuit  other  than  a  current  mirror.  It  will  be 
appreciated  also  that  the  switching  means  may  be  of 
a  non-differential  type.  It  will  be  appreciated  that  the 

25  present  invention  can  be  applied  to  devices  other  than 
optical  disk  drives  such  as,  for  example,  optical  com- 
munication  apparatus,  laser  printers  and  the  like. 

It  will  now  be  appreciated  that  the  present  inven- 
tion  permits  higher  speed  switching  of  the  laser  with- 

30  out  requiring  two  voltage  sources. 

Claims 

35  1.  A  laser  driver  comprising  a  source  current  supply 
(30)  for  supplying  a  constant  source  current  la,  a 
sink  current  supply  (20)  for  supplying  a  constant 
sink  current  lb,  and  a  switching  circuit  (40)  for 
selectivelyforming,  in  response  to  an  inputsignal, 

40  either  of  a  current  path  through  which  the  con- 
stant  source  current  la  from  the  source  current 
supply  (30)  flows  into  a  laser  (50)  connected  to 
the  laser  driver  and  a  current  path  through  which 
at  least  a  part  of  the  constant  source  current  la 

45  from  the  source  current  supply  (30)  flows  into  the 
sink  current  supply  (20). 

2.  The  laser  driver  as  claimed  in  claim  (1)  wherein 
the  constant  current  la  and  the  constant  current 

so  lb  are  equal  to  each  other  and  the  switching  circuit 
(40)  is  constructed  in  such  a  manner  that  either  a 
current  path  through  which  all  of  the  constant  cur- 
rent  la  from  the  source  current  supply  (30)  flows 
into  the  laser  (50)  or  a  current  path  through  which 

55  all  of  the  constant  current  la  from  the  source  cur- 
rent  supply  (30)  flows  into  the  sink  current  supply 
(20)  is  selectively  formed 
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The  laser  driver  as  claimed  in  claim  (1)  or  claim 
(2)  wherein  the  switching  circuit  (40)  is  a  differen- 
tial  switching  circuit  having  a  pair  of  NPN  transis- 
tors  connected  in  a  long-tail  pair  configuration. 

The  laser  driver  as  claimed  in  any  one  of  the  pre- 
ceding  claims  wherein  both  the  source  current 
supply  (30)  and  the  sink  current  supply  (20)  com- 
prise  a  current  mirror  circuit. 

10 
An  optical  disk  drive  comprising  a  laser  (50)  for 
irradiating  a  laser  beam  onto  an  optical  disk,  a 
source  current  supply  (30)  for  supplying  a  con- 
stant  current  la,  a  sink  current  supply  for  receiving 
a  constant  current  lb  flows,  and  a  switch  circuit  15 
(40)  for  selectively  forming  in  response  to  write 
signal  either  a  current  path  through  which  a  con- 
stant  current  la  from  the  source  current  supply 
(20)  mainly  flows  into  the  laser  (50)  or  a  current 
path  through  which  the  constant  current  la  from  20 
the  source  current  (50)  supply  mainly  flows  into 
the  sink  current  supply  (20). 
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