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(54)  Boost  converter 

(57)  The  invention  provides  a  drive  circuit  for  a  ca- 
pacitive  load  in  which  energy  losses  due  to  high-fre- 
quency  spikes  are  prevented,  when  built  into  IC  circuit 
boards. 

Zener  diodes  are  connected  in  series  to  the  switch- 
ing  circuits  connected  between  the  negative  terminal  of 

the  direct-current  electrical  source  and  the  two  sides  of 
the  capacitive  load.  Since  these  Zener  diodes  are  in  par- 
allel  with  respect  to  the  capacitive  load,  the  flow  of  en- 
ergy  to  the  circuit  board  through  the  parasitic  transistor 
structure  of  the  Zener  diodes  is  prevented.  As  a  result, 
the  loss  of  energy  due  to  both  electrical  leaks  and  high- 
frequency  spikes  is  eliminated. 
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Description 

This  invention  concerns  drive  circuits  that  drive  ca- 
pacitive  loads  such  as  electroluminescence  panels 
(hereafter  referred  to  as  EL  panels).  s 

The  type  of  drive  circuit  described  above  is  well 
known  from,  for  example,  the  detailed  explanation  of  U. 
S.  Patent  fifth,  349,  269,  and  its  structure  is  shown  in  Fig- 
ure  1  .  As  shown  in  Figure  1  ,  the  series  circuit  of  the  first 
coil  (1a)  and  the  first  transistor  (2a)  is  connected  be-  10 
tween  the  positive  and  negative  terminals  of  the  direct- 
current  electrical  source,  and  the  connection  point  be- 
tween  this  coil  and  transistor  is  joined  to  one  terminal  of 
the  EL  panel  (5)  by  way  of  the  first  diode  (3a)  and  the 
first  Zener  diode  (4a).  The  connection  point  between  the  15 
first  Zener  diode  (4a)  and  one  terminal  of  the  EL  panel 
(5)  is  grounded  through  the  second  transistor  (6a).  Also, 
the  series  circuit  of  the  second  coil  (1b)  and  the  third 
transistor  (2b)  is  connected  between  the  positive  and 
negative  terminals  of  the  direct-current  electrical  20 
source,  and  the  connection  point  between  this  coil  and 
transistor  is  joined  to  the  other  terminal  of  the  EL  panel 
(5)  through  the  second  diode  (3b)  and  the  second  Zener 
diode  (4b).  The  connection  point  between  the  second 
Zener  diode  (4b)  and  the  other  terminal  of  the  EL  panel  25 
(5)  is  grounded  through  the  fourth  transistor  (6b). 

A  clock  signal  is  applied  to  the  gate  of  the  first  and 
third  transistors  (2a)  and  (2b),  and  gate  signals  that  have 
opposite  phases  from  one  another  are  applied  to  the 
gates  of  the  second  and  fourth  transistors  (5a)  and  (5b).  30 
As  a  result,  a  boosted  voltage  is  applied  between  the 
terminals  one  and  two  of  the  EL  panel  (5). 

With  the  widely  known  drive  circuit  described 
above,  because  the  first  and  second  Zener  diodes  (4a) 
and  (4b)  are  connected  to  the  current  path  between  the  35 
first  coil  (1a)  and  the  EL  panel  (5)  and  the  current  path 
between  the  second  coil  (2a)  and  the  EL  panel  (5),  these 
Zener  diodes  (4a)  and  (4b)  serve  the  purpose  of  pre- 
venting  electrical  leaks  from  the  direct-current  electrical 
source.  Consequently,  when  the  second  transistor  (6a)  40 
is  in  a  conductive  state,  the  path  through  the  positive 
terminal  of  the  direct-current  electrical  source,  the  first 
coil  (1  a),  the  first  diode  (3a),  the  second  transistor  (6a), 
and  the  negative  terminal  is  broken  by  the  Zener  diode 
(4a).  When  the  fourth  transistor  (6b)  is  in  a  conductive  45 
state,  the  path  through  the  positive  terminal  of  the  direct- 
current  electrical  source,  the  second  coil  (1b),  the  first 
diode  (3b),  the  fourth  transistor  (6b),  and  the  negative 
terminal  is  broken  by  the  Zener  diode  (4b).  As  a  result, 
through  the  action  of  these  Zener  diodes  to  prevent  elec-  so 
trical  leaks,  the  effect  of  greatly  reducing  the  loss  of  en- 
ergy  is  achieved. 

However,  when  the  above  drive  circuit  is  built  into 
an  IC  circuit  board,  a  parasitic  transistor  is  formed  in  the 
structure  of  the  Zener  diode  between  it  and  said  IC  cir-  55 
cuit  board,  and  a  high-speed,  in  other  words  a  high-fre- 
quency,  spike  flows  into  the  circuit  board  side  through 
this  parasitic  transistor,  and  eventually  flows  to  a  ground 

[is  grounded],  with  a  resulting  a  loss  of  energy.  When 
this  type  of  energy  loss  occurs,  the  benefit  of  placing  a 
Zener  diode  cannot  be  realized. 

Consequently,  the  purpose  of  this  invention  is  to 
present  a  drive  circuit  that  will  resolve  the  weaknesses 
described  above,  making  it  possible  to  greatly  reduce 
the  loss  of  energy,  and  enable  the  EL  panel  to  produce 
light  brightly  over  long  periods  of  time. 

The  drive  circuit  for  a  capacitive  load  of  this  inven- 
tion  is  connected  between  the  positive  and  negative  ter- 
minals  of  the  direct-current  electrical  source,  and  is 
characterized  by  being  equipped  with  a  first  serial 
branch  circuit  connected  between  the  positive  and  neg- 
ative  terminals  of  a  direct-current  electrical  source,  and 
which  has  a  first  coil  and  a  first  switching  element  driven 
by  a  clock  signal,  which  comprise  a  transformer,  a  sec- 
ond  serial  branch  circuit  connected  between  the  positive 
and  negative  terminals  of  the  above  direct-current  elec- 
trical  source,  and  which  has  a  coil  and  a  second  switch- 
ing  element  driven  by  the  above  clock  signal,  which 
comprise  a  transformer,  a  first  diode  joined  between  the 
connection  point  of  the  first  coil  and  the  first  switching 
element  of  the  above  first  serial  branch  circuit,  and  one 
terminal  of  the  capacitive  load,  a  second  diode  joined 
between  the  connection  point  of  the  second  coil  and  the 
second  switching  element  of  the  above  second  serial 
branch  circuit,  and  the  other  terminal  of  the  above  ca- 
pacitive  load,  a  serial  branch  circuit  having  a  first  Zener 
diode  joined  between  the  connection  point  of  the  above 
first  diode  and  the  capacitive  load  and  the  negative  ter- 
minal  of  the  above  direct-current  electrical  source,  and 
which  has  a  threshold  value  larger  than  the  source  volt- 
age  of  the  direct-current  electrical  source,  and  a  third 
switching  element  driven  by  a  first  gate  signal  with  a  duty 
ratio  of  50%,  and  a  serial  branch  circuit  having  a  second 
Zener  diode  connected  between  the  above  second  di- 
ode  and  the  capacitive  load,  and  which  has  a  threshold 
value  greater  than  the  source  voltage  of  the  direct-cur- 
rent  electrical  source,  and  a  fourth  switching  element 
driven  by  a  second  gate  signal  the  opposite  phase  to 
the  above  first  gate  signal. 

In  this  invention,  Zener  diodes  are  connected  in  par- 
allel  with  respect  to  the  capacitive  load.  If  the  Zener  di- 
odes  are  connected  in  parallel,  along  with  the  capacitive 
load,  a  type  of  integrated  circuit  is  formed.  Consequent- 
ly,  even  if  a  high-frequency  spike  is  produced  by  the 
electrical  source,  the  spike  takes  on  an  integrated  form; 
as  a  result,  even  if  a  drive  circuit  is  formed  on  an  IC  cir- 
cuit  board,  it  is  prevented  from  flowing  into  the  circuit 
board  through  the  parasitic  transistor  of  the  Zener  diode. 
At  the  same  time,  since  the  Zener  diodes  are  connected 
in  series  to  the  switching  paths  connected  between  the 
two  terminals  of  the  capacitive  load  and  the  negative  ter- 
minal  of  the  direct-current  electrical  source,  the  path 
from  the  electrical  source  to  the  negative  terminal  by 
way  of  these  switching  paths  is  broken  by  the  Zener  di- 
odes,  and  electrical  leaks  are  prevented.  As  a  result, 
even  when  a  drive  circuit  is  formed  onto  an  IC  circuit 
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board,  it  is  possible  to  eliminate  both  the  loss  of  energy 
from  electrical  leaks  and  the  loss  of  energy  from  high- 
frequency  spikes,  making  it  possible  to  greatly  increase 
the  life  of  the  direct-current  electrical  source. 

The  novel  features  believed  characteristic  of  the  in- 
vention  are  set  forth  in  the  appended  claims.  The  inven- 
tion  itself,  however,  as  well  as  a  preferred  mode  of  use, 
and  further  objects  and  advantages  thereof,  will  best  be 
understood  by  reference  to  the  following  detailed  de- 
scription  of  an  illustrative  embodiment  when  read  in  con- 
junction  with  the  accompanying  drawings,  in  which: 

Figure  1  isacircuitdiagram  that  shows  the  structure 
of  one  example  of  an  existing  direct-current  boost  con- 
verter  for  driving  an  EL  panel. 

Figure  2  is  a  circuit  diagram  which  shows  the  struc- 
ture  of  a  drive  circuit  for  a  capacitive  load  according  to 
this  invention. 

Figure  3  is  a  signal  waveform  diagram  for  explaining 
the  operation  of  the  drive  circuit  shown  in  Figure  2. 

Figure  4  is  a  circuit  diagram  that  shows  the  structure 
of  a  variation  of  the  drive  circuit  for  driving  the  EL  panel 
according  to  this  invention. 

Figure  5  is  a  signal  waveform  diagram  for  explaining 
the  operation  of  the  drive  circuit  shown  in  Figure  4. 

Figure  2  is  a  circuit  diagram  showing  the  structure 
of  one  application  example  of  the  drive  circuit  for  a  ca- 
pacitive  load  according  to  this  invention.  The  first  serial 
branch  circuit  (14),  in  which  the  first  coil  (12)  and  the 
first  switching  transistor  (13)  are  connected  in  series,  is 
connected  between  the  positive  terminal  (11)  of  the  di- 
rect-current  electrical  source  and  the  grounded  negative 
terminal.  In  the  same  way,  the  second  serial  branch  cir- 
cuit  (17),  in  which  the  second  coil  (15)  and  the  second 
switching  transistor  (1  6)  are  connected  in  series,  is  con- 
nected  between  the  positive  terminal  (11)  of  the  direct- 
current  electrical  source  and  the  negative  terminal.  The 
connection  point  (A)  of  the  first  coil  (12)  and  the  first 
switching  transistor  (13)  of  the  first  serial  branch  circuit 
(1  4)  is  joined  to  one  terminal  of  the  EL  panel  (1  9)  through 
the  first  diode  (18),  and  the  connection  point  (B)  of  the 
second  coil  (1  5)  and  the  second  switching  transistor  (1  3) 
of  the  second  serial  branch  circuit  (17)  is  joined  to  the 
other  terminal  of  the  EL  panel  (1  9)  through  the  second 
diode  (20).  The  connection  point  (C)  of  the  cathode  of 
the  first  diode  (18)  and  the  EL  panel  (19)  is  grounded 
through  the  first  Zener  diode  (21),  which  is  a  constant- 
voltage  element,  and  the  third  switching  transistor  (22); 
the  connection  point  (D)  between  the  cathode  of  the  sec- 
ond  diode  (20)  and  the  EL  panel  (19)  is  grounded 
through  the  second  Zener  diode  (23)  and  the  fourth 
switching  transistor  (24).  The  cathodes  of  these  first  and 
second  Zener  diodes  (21  )  and  (23)  are  connected  in  the 
direction  of  the  EL  panel,  and  their  threshold  voltage  is 
made  higher  than  that  of  the  source  voltage  of  the  direct- 
current  electrical  source. 

Figure  3  shows  the  waveform  of  the  signal  applied 
to  the  gate  of  the  switching  transistor  of  the  drive  circuit 
described  above. 

Figure  3A  shows  the  clock  signal  applied  to  the 
gates  of  the  first  and  second  switching  transistors. 

Figure  3B  shows  the  gate  signal  (V2)  applied  to  the 
gate  of  the  fourth  switching  transistor. 

5  Figure  3C  shows  the  gate  signal  (V3)  applied  to  the 
gate  of  the  third  switching  transistor,  and  its  phase  is  the 
opposite  of  the  gate  signal  in  Figure  3B. 

As  a  clock  signal  (V1)  is  applied  to  the  gate  of  the 
switching  transistor  (13)  of  the  first  serial  branch  circuit 

10  (14),  and  the  gate  signal  (V2)  is  applied  to  the  gate  of 
the  third  switching  transistor  (22),  they  go  into  the  off 
position;  as  the  gate  signal  (V3)  is  applied  to  the  gate  of 
the  fourth  switching  transistor  (24),  it  goes  into  the  on 
position.  In  this  case,  the  voltage  at  connection  point  (A) 

is  gradually  increases  as  shown  in  Figure  3D,  and  this  is 
applied  to  the  EL  panel  (1  9).  In  this  case,  the  voltage  at 
connection  point  (D)  is  roughly  zero,  and  at  connection 
point  (C)  it  is  positive. 

Next,  the  fourth  switching  transistor  (24)  goes  into 
20  the  off  position,  and  the  third  switching  transistor  (22) 

goes  into  the  on  position.  In  this  state,  the  voltage  at 
connection  point  (B)  gradually  increases  to  120  V,  as 
shown  in  Figure  3E,  and  this  boosted  voltage  is  applied 
to  the  EL  panel  (19).  In  this  case,  the  connection  point 

25  (C)  is  roughly  at  zero,  but  the  voltage  at  connection  point 
(D)  is  positive.  As  a  result,  since  a  drive  voltage  that  re- 
ciprocates  in  polarity  is  applied  to  the  EL  panel  (1  9),  the 
efficiency  of  light  emission  of  the  EL  panel  is  high. 

Next  the  prevention  of  electrical  leaks  will  be  ex- 
30  plained.  The  third  switching  transistor  (22)  is  in  the  off 

position,  and  the  fourth  switching  transistor  (24)  is  in  the 
on  position.  In  the  case  of  the  widely  known  drive  circuit 
shown  in  Figure  1,  when  looked  at  from  the  electrical 
source  side,  since  the  Zener  diodes  are  connected  to 

35  the  EL  panel  in  series,  when  a  high-frequency  spike,  in 
other  words  high-speed  energy,  is  supplied  in  the  direc- 
tion  of  the  EL  panel  from  the  electrical  source,  the  en- 
ergy  flows  into  the  circuit  board  through  the  parasitic 
transistor  peculiar  to  the  Zener  diode,  causing  a  loss  of 

40  energy.  In  contrast,  with  the  drive  circuit  shown  in  Figure 
2,  since  the  Zener  diode  (21  )  is  in  a  parallel  position  with 
respect  to  the  EL  panel  (1  9),  a  type  of  integrated  circuit 
is  formed.  Consequently,  the  high-frequency  spike 
takes  on  an  integrated  form;  as  a  result,  it  is  prevented 

45  from  flowing  into  the  circuit  board  through  the  parasitic 
transistor. 

Also,  the  path  through  the  positive  terminal  (11  ),  the 
second  coil  (1  5),  connection  point  (B),  the  second  diode 
(20),  connection  point  (D),  the  second  Zener  diode  (23), 

so  and  the  fourth  switching  transistor  is  cut  off  from  the  low 
voltage  current  from  the  direct-current  electrical  source 
by  the  Zener  diode  (23),  preventing  electrical  leaks 
through  this  path. 

Figure  4  is  a  circuit  diagram  that  shows  the  structure 
55  of  a  modified  example  of  the  drive  circuit  according  to 

this  invention.  The  first  serial  branch  circuit  (24),  in 
which  the  first  and  second  switching  transistors  (22)  and 
(23)  are  connected  in  series,  is  connected  in  parallel  to 
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the  second  serial  branch  circuit  (27),  in  which  the  third 
and  fourth  switching  transistors  (25)  and  (26)  are  con- 
nected  in  series,  between  negative  terminals  grounded 
to  DC  positive  terminal  (21).  The  coil  (28)  is  joined  be- 
tween  connection  point  (A)  of  the  first  and  second 
switching  transistors  (22)  and  (23)  of  the  first  serial 
branch  circuit  (24)  and  connection  point  (B)  of  the  third 
and  fourth  switching  transistors  (25)  and  (26)  of  the  sec- 
ond  serial  branch  circuit  (27). 

Furthermore,  the  above  connection  point  (A)  is 
joined  to  one  terminal  of  the  EL  panel  (31)  through  the 
first  diode  (29),  and  connection  point  (B)  is  joined  to  the 
other  terminal  of  the  EL  panel  through  the  second  diode 
(30).  The  connection  point  (C)  of  the  cathode  of  the  first 
diode  (29)  and  one  terminal  of  the  EL  panel  (31)  is 
grounded  through  the  first  Zener  diode  (32)  and  the  fifth 
switching  transistor  (33).  The  connection  point  (D)  of  the 
cathode  of  the  second  diode  (30)  and  the  other  terminal 
of  the  EL  panel  (31)  is  grounded  through  the  second 
Zener  diode  (34)  and  the  sixth  switching  transistor  (35). 

Figure  5  shows  the  waveform  of  the  signal  applied 
to  the  gate  of  the  switching  transistor  of  the  drive  circuit 
described  above. 

Figure  5A  shows  the  clock  signal  (V1  )  applied  to  the 
gate  of  the  first  switching  transistor  (22)  of  the  first  direct- 
current  branch  circuit  (24);  in  this  example,  its  amplitude 
is  5  V,  the  repetition  frequency  is  8  KHz,  and  the  duty 
cycle  is  3:  1  .  Also,  the  voltage  of  the  direct-current  elec- 
trical  source  is  3  V. 

Figure  5B  shows  the  gate  signal  (V2)  applied  to  the 
gate  of  the  second  switching  transistor  (23),  where  its 
amplitude  is  5  V,  and  its  repetition  frequency  is  512  Hz. 

Figure  5C  shows  the  clock  signal  applied  to  the  gate 
of  the  third  switching  transistor  (25)  of  the  second  direct- 
current  branch  circuit  (27). 

Figure  5D  shows  the  gate  signal  applied  to  the  gate 
of  the  fourth  switching  transistor  (26)  of  the  second  di- 
rect-current  branch  circuit  (27);  its  phase  is  the  opposite 
of  the  gate  signal  shown  in  Figure  5B. 

Again,  a  gate  signal,  which  is  the  same  as  the  gate 
signal  (V2)  applied  to  the  gate  of  the  second  switching 
transistor  (23)  described  above,  is  applied  to  the  gate  of 
the  fifth  switching  transistor  (32);  a  gate  signal,  which  is 
the  same  as  the  gate  signal  (V4)  applied  to  the  gate  of 
the  fourth  switching  transistor  (26)  described  above,  is 
applied  to  the  gate  of  the  sixth  switching  transistor  (33). 

The  first  clock  signal  (V1)  is  applied  to  the  gate  of 
the  first  switching  transistor  (22)  of  the  first  direct-current 
branch  circuit  (24),  and  the  second  switching  transistor 
(23)  goes  into  the  off  position  because  of  the  first  gate 
signal  (V2)  applied  to  the  second  switching  transistor 
(23).  In  this  case,  the  third  switching  transistor  (25)  of 
the  second  direct-current  branch  circuit  (27)  is  in  the  off 
position,  but  the  fourth  switching  transistor  (26)  is  in  the 
on  position,  and  while  the  fifth  switching  transistor  (32) 
is  in  the  off  position,  the  sixth  switching  transistor  (33) 
is  in  the  on  position.  As  a  result,  the  voltage  at  connec- 
tion  point  (A)  gradually  increases  as  shown  in  Figure  5E; 

this  is  applied  to  the  EL  panel  (31).  In  this  case,  the  elec- 
trical  potential  at  connection  point  (D)  is  zero,  but  the 
voltage  at  connection  point  (C)  will  be  positive.  In  this 
case  the  maximum  value  of  the  drive  voltage  is  1  20  V. 

5  Next,  the  first  gate  signal  (V2)  applied  to  the  gate  of 
the  second  switching  transistor  (23)  of  the  first  direct- 
current  branch  circuit  (24)  rises  to  a  high  level;  this  tran- 
sistor  goes  on,  and  in  a  condition  where  the  second 
clock  signal  (V3)  is  applied  to  the  gate  of  the  third  switch- 

10  ing  transistor  (25)  of  the  second  direct-current  branch 
circuit  (27),  the  first  switching  transistor  (22)  of  the  first 
direct-current  branch  circuit  (24)  and  the  fourth  switch- 
ing  transistor  (26)  of  the  second  direct-current  branch 
circuit  (27)  both  go  into  the  off  position.  In  addition,  the 

is  fifth  switching  transistor  (32)  turns  on,  while  the  sixth 
switching  transistor  (26)  turns  off.  In  this  state,  the  volt- 
age  at  connection  point  (B)  will  gradually  increase  to  1  20 
V  as  shown  in  Figure  5F;  this  is  applied  to  the  EL  panel 
(31  ).  In  this  case,  since  the  fifth  switching  transistor  (32) 

20  is  in  the  on  position,  the  electrical  potential  at  connection 
point  (C)  is  zero,  but  the  voltage  at  connection  point  (D) 
is  positive. 

With  the  drive  circuit  of  this  example  as  described 
above,  it  is  possible  for  electrical  leaks  to  be  effectively 

25  prevented  by  the  first  and  second  Zener  diodes  connect- 
ed  in  parallel  with  respect  to  the  EL  panel  (31  ).  In  fact, 
since  a  drive  voltage  that  reciprocates  in  polarity  is  ap- 
plied  to  the  EL  panel  (31),  which  is  a  capacitive  load,  the 
efficiency  of  light  emission  is  high,  and  even  with  a  low 

30  direct-current  source  voltage,  it  is  possible  for  the  EL 
panel  to  produce  light  brightly  over  long  periods  of  time. 
Also,  since  only  one  coil  is  used,  the  structure  of  the  EL 
panel  is  simple,  and  it  is  possible  to  keep  costs  low. 

This  invention  need  not  be  limited  to  the  application 
35  example  described  above,  and  many  variations  and 

changes  are  possible.  For  example,  with  the  above  ap- 
plication  example,  a  MOS-type  field  effect  transistor  was 
used  as  the  switching  element,  but  a  bipolar  transistor 
may  also  be  used.  Furthermore,  with  the  above  appli- 

40  cation  example,  an  EL  panel  was  driven  as  the  capaci- 
tive  load,  but  other  capacitive  loads  may  also  be  driven. 

With  the  invention  as  described  above,  since  Zener 
diodes  are  connected  in  series  to  the  switching  circuits 
connected  to  both  sides  of  the  capactivie  load,  it  is  pos- 

45  sible  to  eliminate  both  the  electrical  leaks  that  flow 
through  these  circuits  and  the  energy  loss  that  flows  into 
the  I  C  circuit  board  through  the  parasitic  transistor  struc- 
ture. 

50 
Claims 

1.  A  drive  circuit  for  a  capacitive  load,  characterized 
by  being  equipped  with  a  first  serial  branch  circuit 

55  connected  between  the  positive  and  negative  ter- 
minals  of  a  direct-current  electrical  source,  and 
which  has  a  first  coil  and  a  first  switching  element 
driven  by  a  clock  signal,  comprising  a  transformer, 

4 
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a  second  serial  branch  circuit  connected  between 
the  positive  and  negative  terminals  of  the  above  di- 
rect-current  electrical  source,  and  which  has  a  coil 
and  a  second  switching  element  driven  by  the 
above  clock  signal,  comprising  a  transformer,  a  first  s 
diode  joined  between  the  connection  point  of  the 
first  coil  and  the  first  switching  element  of  the  above 
first  serial  branch  circuit,  and  one  terminal  of  the  ca- 
pacitive  load,  a  second  diode  joined  between  the 
connection  point  of  the  second  coil  and  the  second  10 
switching  element  of  the  above  second  serial 
branch  circuit,  and  the  other  terminal  of  the  above 
capacitive  load,  a  serial  branch  circuit  having  a  first 
Zener  diode  joined  between  the  connection  point  of 
the  above  first  diode  and  the  capacitive  load  and  15 
the  negative  terminal  of  the  above  direct-current 
electrical  source,  and  which  has  a  threshold  value 
larger  than  the  source  voltage  of  the  direct-current 
electrical  source,  and  a  third  switching  element  driv- 
en  by  a  first  gate  signal  with  a  duty  ratio  of  50%,  and  20 
a  serial  branch  circuit  having  a  second  Zener  diode 
connected  between  the  above  second  diode  and 
the  capacitive  load,  and  which  hasathreshold  value 
greater  than  the  source  voltage  of  the  direct-current 
electrical  source,  and  a  fourth  switching  element  25 
driven  by  a  second  gate  signal  having  the  opposite 
phase  to  the  above  first  gate  signal. 

2.  A  drive  circuit  for  a  capacitive  load,  characterized 
by  being  equipped  with  a  first  direct-current  branch  30 
circuit  having  a  first  switching  element  connected 
between  the  positive  and  negative  terminals  of  the 
direct-current  electrical  source,  and  which  is  driven 
by  the  first  clock  signal,  and  a  second  switching  el- 
ement  having  a  frequency  higher  than  the  first  clock  35 
signal,  with  a  duty  ratio  of  50%,  a  second  direct-cur- 
rent  branch  circuit  having  a  third  switching  element 
connected  between  the  positive  and  negative  ter- 
minals  of  the  above  direct-current  electrical  source, 
and  which  is  driven  by  the  second  clock  signal,  and  40 
a  fourth  switching  element  driven  by  a  second  gate 
signal  having  the  opposite  phase  to  the  above  first 
clock  signal,  a  coil  joined  between  the  first  connec- 
tion  point  of  the  first  and  second  switching  elements 
of  the  above  first  direct-current  branch  circuit,  and  45 
the  second  connection  point  of  the  third  and  fourth 
switching  elements  of  the  above  second  direct-cur- 
rent  branch  circuit,  a  first  diode  joined  between  the 
above  first  connection  point  and  one  terminal  of  the 
capacitive  load,  a  second  diode  joined  between  the  so 
above  second  connection  point  and  the  other  termi- 
nal  of  the  capacitive  load,  a  first  Zener  diode  joined 
between  the  third  connection  point  of  the  above  first 
diode  and  one  terminal  of  the  capacitive  load  and 
the  negative  terminal  of  the  above  direct-current  55 
electrical  source,  and  which  has  a  threshold  value 
that  is  greater  than  the  source  voltage  of  the 

3.  The  drive  circuit  for  the  capacitive  load  of  claim  1  or 
claim  2,  characterized  by  the  capacitive  load  being 
an  electrical  field  light-emitting  element. 

5 
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