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©  Switch  mode  ignition  coil  driver  and  method. 

©  A  switch  mode  ignition  coil  driver  includes  a 
means  (113)  for  sensing  flyback  voltage  (195)  at 
the  primary  winding  (103)  of  the  ignition  coil 
(102),  and  providing  a  flyback  sense  voltage 
(118)  indicative  of  the  flyback  voltage  (195).  A 
means  (147)  senses  current  (193)  in  the  primary 
winding  (103)  of  the  ignition  coil  (102)  and 
provides  a  current  sense  voltage  (149)  indica- 
tive  of  the  sensed  primary  winding  current 
(193).  Control  means  (105,119,129,137,151)  is 
coupled  to  the  means  (113)  for  sensing  flyback 
voltage  (195)  and  the  means  (147)  for  sensing 
current  for  providing  an  increasing  current 
through  the  primary  winding  (103)  of  the  igni- 
tion  coil  (102)  when  the  flyback  sense  voltage 
(118)  exceeds  a  predetermined  limit  and  dec- 
reasing  this  current  through  the  primary  wind- 
ing  (103)  of  the  ignition  coil  (102)  when  the 
current  sense  voltage  (149)  exceeds  another 
predetermined  limit.  Further,  a  corresponding 
method  is  disclosed. 
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Field  of  the  Invention 

This  invention  is  generally  directed  to  coil  drivers, 
and  control  methods  therefor  and  particularly  to  coil 
drivers  of  ignition  systems  for  internal  combustion  en- 
gines. 

Background  of  the  Invention 

Ignition  systems  using  linear  current  regulation 
schemes  for  ignition  coil  drivers  are  difficult  to  stabil- 
ize  and  can't  be  easily  designed  onto  an  integrated 
circuit.  This  is  because  they  require  several  discrete 
components  including  substantially  large  capacitors. 
Designing  these  ignition  coil  drivers  becomes  even 
more  complex  and  tedious  as  several  analog  compo- 
nents,  such  as  the  sensing  devices  as  well  as  power 
devices  are  tuned  for  optimal  performance.  This  tun- 
ing  is  necessary  because  of  variations  in  gain  and  fre- 
quency  response  of  these  analog  components.  This 
usually  results  in  long  development  cycles  as  extend- 
ing  the  components'  performance  requires  some  em- 
pirical  design  practice.  Previous  designs  may  also 
rely  on  active  trimming  of  key  components  in  the  pro- 
duction  environment  adding  unnecessary  complexity 
to  the  manufacturing  process.  Relying  on  tuned  ana- 
log  components  necessarily  compromises  optimal 
energy  management.  What  is  needed  is  an  improved 
design  for  an  ignition  coil  driverthat  can  be  effectively 
designed  onto  an  integrated  circuit. 

Summary  of  the  Invention 

A  switch  mode  ignition  coil  driver  for  driving  an  ig- 
nition  coil  with  a  primary  is  described.  Means  for 
sensing  flyback  sense  voltage  indicative  of  the  fly- 
back  voltage  in  the  primary  is  provided.  Further,  a  vol- 
tage  reference  means  for  providing  a  flyback  limit  vol- 
tage  is  provided.  Then,  a  means  for  sensing  current 
in  the  primary  winding  and  providing  a  current  sense 
voltage  indicative  of  the  sensed  primary  winding  cur- 
rent  is  provided.  Further,  a  current  reference  means 
for  providing  a  current  limit  voltage  is  provided.  Finally 
a  control  means  is  coupled  to  the  means  for  sensing 
flyback  voltage  and  the  means  for  sensing  current 
and  provides  an  increasing  current  through  the  pri- 
mary  winding  when  the  flyback  sense  voltage  ex- 
ceeds  the  flyback  limit  voltage  and  decreasing  this 
current  through  the  primary  winding  when  the  current 
sense  voltage  exceeds  the  current  limit  voltage.  Fur- 
ther,  a  corresponding  method  is  disclosed  along  with 
additional  circuitry  details. 

Brief  Description  of  the  Drawings 

FIG.  1  is  a  schematic  drawing  of  a  switch  mode 
ignition  coil  driver,  in  accordance  with  the  invention. 

FIG.  2  is  a  diagram  of  waveforms  used  to  illus- 

trate  various  signals  in  the  switch  mode  ignition  coil 
driver  shown  in  FIG.  1  . 

Detailed  Description  of  a  Preferred  Embodiment 
5 

In  FIG.  1.  a  switch  mode  ignition  coil  driver  is  illu- 
strated.  This  includes  a  spark  plug  101  driven  by  an 
ignition  coil  102  having  a  primary  winding  103.  The 
primary  winding  103  of  the  ignition  coil  102  is  coupled 

10  to  and  driven  by  a  first  output  1  07  of  a  transistor  switch 
1  05.  The  transistor  switch  1  05  also  has  a  control  input 
111  and  a  second  output  109.  The  primary  winding 
103  of  the  ignition  coil  102  drives  a  scaler  113  having 
an  input  115  for  measuring  flyback  voltage  at  the  pri- 

15  mary  winding  103,  and  an  output  117  providing  a 
scaled  flyback  sense  voltage  118.  The  output  117  of 
the  scaler  113  then  drives  a  negative  input  121  of  a 
flyback  voltage  comparator  119.  A  positive  input  123 
of  the  flyback  voltage  comparator  1  1  9  is  driven  by  an 

20  output  187,  providing  a  flyback  limit  voltage  188  from 
a  flyback  voltage  limit  reference  1  85.  The  flyback  vol- 
tage  limit  reference  185  is  driven  by  an  output  191  of 
a  battery  reference  voltage  terminal  189.  In  a  prefer- 
red  embodiment  the  output  187  of  the  flyback  voltage 

25  limit  reference  1  85  is  proportional  to  the  output  1  91  of 
the  battery  reference  voltage  terminal  189.  The  fly- 
back  voltage  comparator  119  has  an  output  125  that 
is  responsive  to  the  difference  between  the  negative 
input  121  and  the  positive  input  123  for  providing  a 

30  drive-on  signal  127.  The  output  125  of  the  fly  back  vol- 
tage  comparator  119  drives  a  set  input  131  of  a  flip- 
flop  129.  The  flip-flop  129  also  has  a  reset  input  133 
and  an  output  135.  The  reset  input  133  is  driven  from 
an  output  157  of  an  over  current  comparator  151  that 

35  provides  a  drive-off  signal  1  63.  The  over  current  com- 
parator  151  has  a  negative  input  153  that  is  driven  by 
a  current  sense  voltage  149  developed  across  a  re- 
sistor  147  that  is  indicative  of  the  current  in  the  pri- 
mary  winding  103  of  the  ignition  coil  102.  The  positive 

40  input  155of  theovercurrentcomparator151  isdriven 
from  an  over  current  limit  voltage  reference  159  that 
provides  an  over  current  limit  reference  voltage  161. 

An  early  current  comparator  165  has  a  negative 
input  167  that  is  coupled  to  the  resistor  147  for  receiv- 

es  ing  the  current  sense  voltage  149  indicative  of  the 
current  in  the  primary  winding  103  of  the  ignition  coil 
102.  The  early  current  comparator  165  also  as  a  pos- 
itive  input  169  that  is  coupled  to  an  output  175  of  an 
early  current  limit  voltage  reference  1  73  that  provides 

so  an  early  current  limit  reference  voltage  1  76.  The  early 
current  comparator  165  has  an  output  171  for  provid- 
ing  an  early  current  signal  177  for  indicating  when  the 
current  provided  through  the  primary  winding  103  of 
the  ignition  coil  102  by  the  transistor  switch  105  ex- 

55  ceeds  the  early  current  limit  reference  voltage  176. 
The  early  current  signal  1  77  drives  an  input  1  81  to  an 
ignition  dwell  generator  179.  This  early  current  signal 
177  enables  the  ignition  dwell  generator  179  to  con- 
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tinuously  adjust  a  dwell  signal  1  86  provided  at  a  dwell 
output  183  to  minimize  the  power  dissipation  in  both 
the  transistor  switch  105  and  the  primary  winding  103 
of  the  ignition  coil  102. 

The  flip-flop  129  has  an  output  135  that  is  re- 
sponsive  to  the  set  input  131  and  the  reset  input  133 
for  providing  an  input  139  to  a  logical  AND  gate  137. 
A  dwell  output  183  of  the  ignition  dwell  generator  179 
provides  the  dwell  signal  186,  with  an  on-state  and  an 
off-state,  to  an  input  141  of  the  logical  AND  gate  137. 
The  logical  AND  gate  137  has  an  output  143,  respon- 
sive  to  the  input  139  and  the  input  141  for  providing 
a  command  signal  145  fordriving  the  control  input  111 
of  the  drive  transistor  105. 

In  FIG.  2  there  is  an  illustration  of  various  wave- 
forms  representative  of  signals  present  at  various  lo- 
cations  noted  by  reference  numbers  in  FIG.  1.  All  sig- 
nals  are  drawn  with  the  same  horizontal  time  scale. 
The  ignition  dwell  generator  179  provides  the  dwell 
signal  186  at  its  dwell  output  183.  The  logical  AND 
gate  137  provides  the  command  signal  145  at  its  out- 
put  143.  The  flyback  voltage  comparator  119  provides 
the  drive-on  signal  127  at  its  output  125.  The  over  cur- 
rent  comparator  151  provides  the  drive-off  signal  163 
at  its  output  157.  The  early  current  comparator  165 
provides  the  early  current  signal  1  77  at  its  output  171. 
The  primary  winding  current  signal  193  and  the  pri- 
mary  winding  voltage  signal  195  are  available  at  the 
drive  transistor's  105  first  output  107  and  indicate  the 
current  flowing  through  and  the  voltage  across  the 
primary  winding  103  of  the  ignition  coil  102  respec- 
tively.  The  primary  winding  current  sense  voltage  sig- 
nal  149,  developed  across  resistor  147,  varies  in  an 
identical  manner  to  the  signal  193  shown  in  FIG.  2 

In  FIG.  2,  at  a  reference  line  215,  each  signal  is 
reviewed  as  follows.  The  dwell  signal  1  86  transits  high 
as  indicated  by  reference  number  21  7.  Due  to  the  ini- 
tial  cond  ition  of  t  he  output  1  35  of  t  he  f  I  ip-f  lop  1  29,  t  he 
input  141  and  the  output  143  of  the  logical  AND  gate 
137,  the  command  signal  145  also  transits  high  at  this 
reference  line  215  as  shown  by  reference  number 
219.  Because  the  command  signal  145  drives  the 
control  input  111  of  the  transistor  switch  105,  the  tran- 
sistor  switch  105  is  turned  on,  and  the  primary  wind- 
ing  voltage  signal  195  transits  low  as  shown  by  refer- 
ence  number  229.  This  action  provides  an  increasing 
current  through  the  primary  winding  103  of  the  igni- 
tion  coil  102.  The  drive-on  signal  127  transits  high  as 
shown  by  reference  number  221  because  the  primary 
winding  voltage  signal  195,  after  being  scaled  by  the 
scaler  113,  is  less  than  the  flyback  limit  voltage  188 
provided  at  the  output  187  of  the  flyback  limit  voltage 
reference  185.  The  drive-off  signal  163  and  the  early 
current  signal  177  remain  unchanged  as  shown  by 
reference  numbers  223  and  225  respectively. 

As  time  progresses,  the  primary  winding  current 
signal  193  increases  as  shown  by  reference  number 
227.  This  primary  winding  current  signal  193  contin- 

ues  to  increase,  building  the  current  sense  voltage 
149  across  the  resistor  147,  until  it  exceeds  the  early 
current  limit  reference  voltage  176  as  shown  by  ref- 

5  erence  number  233  at  reference  line  231  .  When  this 
happens,  the  early  current  signal  177  at  the  output 
171  of  the  early  current  comparator  165  transits  low, 
as  shown  by  reference  number  235. 

As  time  progresses,  the  primary  winding  current 
10  signal  193  continues  to  increase,  building  the  current 

sense  voltage  149  across  the  resistor  147,  until  it  ex- 
ceeds  the  over  current  limit  reference  voltage  161  as 
shown  by  reference  number  239  at  a  reference  line 
237.  When  this  happens,  the  drive-off  signal  163  at 

15  the  output  157  of  the  over  current  comparator  151 
transits  low,  as  shown  by  reference  number  243.  This 
drive-off  signal  163  then  forces  the  flip-flop  129  into 
a  reset  state  providing  a  low  state  to  the  input  139  of 
the  logical  AND  gate  137.  This  action  results  in  atran- 

20  sition  low  of  the  command  signal  145  as  shown  by  ref- 
erence  number  241. 

Because  the  command  signal  145  drives  the  con- 
trol  input  111  of  the  transistor  switch  105,  the  transis- 
tor  switch  105  is  turned  off,  as  shown  at  reference 

25  number  239,  and  the  primary  winding  current  signal 
1  93  starts  to  decrease  as  shown  by  reference  number 
246.  Also,  the  primary  winding  voltage  signal  195 
starts  to  build  as  shown  by  reference  number  245. 
When  the  primary  winding  voltage  signal  195  builds, 

30  due  to  flyback  action,  as  indicated  by  the  scaled  fly- 
back  sense  voltage  118,  to  exceed  the  flyback  limit 
voltage  188,  as  shown  by  reference  number  251  ,  the 
drive-on  signal  127  transits  low,  as  shown  by  refer- 
ence  number  253  at  reference  line  249.  The  drive-on 

35  signal  127  then  forces  the  flip-flop  129  into  a  set 
state,  providing  a  high  state  to  the  input  139  of  the  log- 
ical  AND  gate  137.  This  action  results  in  a  transition 
high  of  the  command  signal  145  as  shown  by  refer- 
ence  number  241. 

40  As  time  progresses  toward  reference  line  257, 
because  the  command  signal  145  drives  the  control 
input  111  of  the  transistor  switch  105,  the  transistor 
switch  105  is  turned  on,  and  the  primary  winding  vol- 
tage  signal  195  transits  low  as  shown  by  reference 

45  number  251  .  This  action  again  results  in  the  transistor 
switch  105  providing  an  increasing  current  through 
the  primary  winding  103  of  the  ignition  coil  102.  As  a 
result  the  primary  winding  current  signal  193,  repre- 
senting  the  current  in  the  primary  winding  103,  starts 

so  to  increase,  as  shown  by  reference  number  248.  Note 
that  the  transistor  switch  105  has  a  limited  frequency 
response  that  provides  a  slewed  slope  to  the  current 
shown  by  reference  numbers  246  and  248.  It  is  nec- 
essary  to  keep  this  slew  rate  below  about  1  amp/mil- 

55  lisecond  in  order  not  to  ignite  the  spark  plug  101.  As 
long  as  the  dwell  signal  1  86  is  provided  by  the  ignition 
dwell  generator  179  this  cycle  will  repeat,  maintaining 
the  current  through  the  primary  winding  103  at  a  pre- 
determined  constant  average  level  250  by  repetitively 
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providing  an  increasing  current  through  the  primary 
winding  103  when  the  flyback  sense  voltage  118  ex- 
ceeds  the  flyback  limit  voltage  188  and  decreasing 
this  current  through  the  primary  winding  103  when 
the  current  sense  voltage  149  exceeds  the  over  cur- 
rent  limit  reference  voltage  161. 

When  the  dwell  signal  transits  low,  as  shown  by 
reference  number  263  at  reference  line  261  ,  the  main- 
taining  of  the  current  through  the  primary  winding 
1  03  at  the  predetermined  constant  average  level  250 
ceases.  This  is  because  the  introduction  of  a  low  state 
at  the  input  141  of  the  logical  AND  gate  137  will  force 
the  command  signal  145  to  stay  low  even  when  the 
flyback  sense  voltage  118  exceeds  the  flyback  limit 
voltage  188.  This  will  cause  the  primary  winding  vol- 
tage  signal  195  to  flyback  to  a  limit  set  by  the  drive 
transistor's  105  internal  voltage  clamp,  in  this  case 
about  350  volts  as  shown  by  reference  number  275. 

During  a  time  interval  between  reference  lines 
261  and  283  the  spark  plug  101  is  ignited  and  the  pri- 
mary  winding  voltage  signal  195  will  pertubate  for  a 
small  time  as  indicated  by  reference  number  277.  The 
primary  winding  current  signal  193  will  start  to  decay 
forcing  the  early  current  signal  1  77  to  a  high  state  as 
the  loss  of  the  current  in  the  primary  winding  103,  as 
indicated  by  the  sense  voltage  149  across  the  resistor 
147,  falls  below  the  early  current  limit  reference  vol- 
tage  176.  As  time  continues  to  the  reference  line  283 
the  primary  winding  voltage  signal  195  is  maintained 
at  a  substantially  constant  level  as  indicated  by  refer- 
ence  number  279  until  the  primary  winding  is  deplet- 
ed  of  all  current.  When  this  happens  the  primary 
winding  voltage  signal  195  falls  as  shown  by  refer- 
ence  number  281. 

This  embodiment  offers  advantages  over  linear 
ignition  coil  driver  designs  because  of  the  simplicity 
of  the  control  components.  Additionally  the  tuning 
process  of  the  linear  ignition  coil  driver  design,  be- 
cause  of  variations  in  gain  and  frequency  response  of 
the  analog  components,  is  eliminated. 

Claims 

1.  A  switch  mode  ignition  coil  driver  for  driving  an  ig- 
nition  coil  (102)  having  a  primary  winding  (103) 
comprising: 

means  (113)  for  sensing  flyback  voltage  at 
the  primary  winding  (103)  of  said  ignition  coil 
(1  02)  and  providing  a  flyback  sense  voltage  (118) 
indicative  of  the  flyback  voltage  (1  95); 

voltage  reference  means  (1  85)  for  provid- 
ing  a  flyback  limit  voltage  (1  88); 

means  (147)  for  sensing  current  in  the  pri- 
mary  winding  (103)  of  said  ignition  coil  (102)  and 
providing  a  current  sense  voltage  (149)  indicative 
of  the  sensed  primary  winding  current  (193); 

current  reference  means  (159)  for  provid- 

ing  a  current  limit  voltage  (161);  and 
control  means  (105,  119,  129,  137,  151) 

coupled  to  said  means  for  sensing  flyback  vol- 
5  tage  (113)  and  said  means  for  sensing  current 

(147)  for  providing  an  increasing  current  through 
the  primary  winding  (103)  of  said  ignition  coil 
(102)  when  the  flyback  sense  voltage  (118)  ex- 
ceeds  the  flyback  limit  voltage  (188)  and  de- 

10  creasing  this  current  through  the  primary  wind- 
ing  (103)  of  said  ignition  coil  (102)  when  the  cur- 
rent  sense  voltage  (149)  exceeds  the  current  limit 
voltage  (161). 

15  2.  A  driver  in  accordance  with  claim  1  further  com- 
prising  means  (179)  for  providing  a  dwell  signal 
(186),  coupled  to  said  control  means  (105,  119, 
129,  137,  151),  said  dwell  signal  (186)  having  an 
on-state  and  an  off-state,  and  wherein  the  cur- 

20  rent  provided  by  said  control  means  (105,  119, 
129,  137,  151)  is  not  provided  through  the  pri- 
mary  winding  (103)  of  said  ignition  coil  (102) 
when  said  dwell  signal  (186)  is  in  the  off-state. 

25  3.  A  driver  in  accordance  with  claim  1  further  com- 
prising: 

means  (179)  for  providing  a  dwell  signal 
(186)  coupled  to  said  control  means  (105,  119, 
129,  137,  151),  said  dwell  signal  (186)  having  an 

30  on-state  and  an  off-state  and  wherein  the  current 
provided  by  said  control  means  (105,  119,  129, 
137,  151)  is  repetitively  increased  and  decreased 
to  the  primary  winding  (103)  of  said  ignition  coil 
(102)  when  said  dwell  signal  (186)  is  in  the  on- 

35  state  and  no  current  is  provided  by  said  control 
means  (105,  119,  129,  137,  151)  to  the  primary 
winding  (103)  of  said  ignition  coil  (102)  when  said 
dwell  signal  (186)  is  in  the  off-state. 

40  4.  A  driver  in  accordance  with  claim  1  wherein  said 
control  means  (105,  119,  129,  137,  151)  main- 
tains  the  current  through  the  primary  winding 
(1  03)  of  said  ignition  coil  (1  02)  at  a  predetermined 
constant  average  level  by  repetitively  providing 

45  an  increasing  current  through  the  primary  wind- 
ing  (103)  of  said  ignition  coil  (102)  when  the  fly- 
back  sense  voltage  (118)  exceeds  the  flyback 
limit  voltage  (188)  and  decreasing  this  current 
through  the  primary  winding  (103)  of  said  ignition 

so  coil  (102)  when  the  current  sense  voltage  (149) 
exceeds  the  current  limit  voltage  (161). 

5.  A  driver  in  accordance  with  claim  4  further  com- 
prising  means  (179)  for  providing  a  dwell  signal 

55  (186)  coupled  to  said  control  means  (105,  119, 
129,  137,  151),  said  dwell  signal  (186)  having  an 
on-state  and  an  off-state  and  wherein  the  current 
provided  by  said  control  means  (105,  119,  129, 
137,  151)  is  repetitively  increased  and  decreased 

4 
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to  the  primary  winding  (103)  of  said  ignition  coil 
(102)  when  said  dwell  signal  (186)  is  in  the  on- 
state  and  no  current  is  provided  by  said  control 
means  (105,  119,  129,  137,  151)  to  the  primary  5 
winding  (103)  of  said  ignition  coil  (102)  when  said 
dwell  signal  (186)  is  in  the  off-state. 

6.  A  driver  in  accordance  with  claim  1  or  4  wherein 
said  voltage  reference  means  (185)  receives  an  10 
output  (191)  from  a  battery  reference  voltage  ter- 
minal  (189),  and  wherein  the  flyback  limit  voltage 
(188)  provided  by  said  voltage  reference  means 
(185)  is  proportional  to  said  output  (191)  from 
said  battery  reference  voltage  terminal  (189).  15 

7.  Aswitch  mode  ignition  coil  driverfordriving  an  ig- 
nition  coil  (102)  having  a  primary  winding  (103) 
comprising: 

a  switch  (105)  having  a  control  input  (111),  20 
a  first  output  (107),  and  a  second  output  (109), 
wherein  the  first  output  (107)  is  coupled  to  and 
provides  current  through  the  primary  winding 
(103)  of  said  ignition  coil  (102); 

a  voltage  scaler  (113)  with  an  input  (115)  25 
and  an  output  (117),  wherein  the  input  (115)  is 
coupled  to  the  first  output  (107)  of  said  switch 
(105)  for  measuring  flyback  voltage  (195)  of  the 
primary  winding  (103)  of  said  ignition  coil  (102) 
and  providing  a  scaled  flyback  sense  voltage  30 
(118)  indicative  of  the  flyback  voltage  (1  95)  to  the 
output  (1  1  7)  of  said  voltage  scaler  (113); 

a  flyback  voltage  limit  reference  (185)  for 
providing  a  flyback  limit  voltage  (188); 

a  flyback  voltage  comparator  (119)  having  35 
a  positive  input  (123),  a  negative  input  (121),  and 
an  output  (125),  wherein  the  positive  input  (123) 
is  coupled  to  the  flyback  voltage  limit  reference 
(185)  for  receiving  the  flyback  limit  voltage  (188) 
and  the  negative  input  (121)  is  coupled  to  the  out-  40 
put  (117)  of  said  voltage  scaler  (113)  for  receiving 
the  scaled  flyback  sense  voltage  (118),  and  the 
output  of  the  flyback  voltage  comparator  (125), 
responsive  to  the  difference  between  the  posi- 
tive  input  (123)  and  the  negative  input  (121),  pro-  45 
vides  a  drive-on  signal  (127); 

a  resistor  (147)  coupled  to  the  second  out- 
put  (109)  of  said  switch  (105),  and  wherein  a  cur- 
rent  sense  voltage  (149),  indicative  of  the  current 
in  the  primary  winding  (102)  of  said  ignition  coil  50 
(103),  is  provided  at  the  resistor  coupling; 

an  over  current  limit  voltage  reference 
(1  59)  for  providing  an  over  current  limit  reference 
voltage  (161); 

an  over  current  comparator  (151)  having  a  55 
positive  input  (155),  a  negative  input  (153),  and 
an  output  (157),  wherein  the  positive  input  (155) 
is  coupled  to  said  over  current  limit  voltage  refer- 
ence  (159)  for  receiving  the  over  current  limit  ref- 

erence  voltage  (161),  the  negative  input  (153)  is 
coupled  to  the  resistor  (147)  for  receiving  the  cur- 
rent  sense  voltage  (149)  and  the  output  of  the 
over  current  comparator  (1  57),  responsive  to  the 
difference  between  the  positive  input  (155)  and 
the  negative  input  (153),  provides  a  drive-off  sig- 
nal  (163);  and 

a  flip-flop  means  (129)  having  a  set  input 
(131),  a  reset  input  (133),  and  an  output  (135), 
wherein  the  set  input  (131)  is  coupled  to  the  out- 
put  (125)  of  said  flyback  voltage  comparator  (11  9) 
for  receiving  the  drive-on  signal  (127)  and  the  re- 
set  input  (133)  is  coupled  to  the  output  (157)  of 
the  over  current  comparator  (151)  for  receiving 
the  drive-off  signal  (163)  and  wherein  the  output 
(135)  is  responsive  to  the  drive-on  signal  (127) 
and  the  drive-off  signal  (163);  and 

a  logical  AND  gate  means  (137)  having  a 
first  input  (141),  a  second  input  (139),  and  an  out- 
put  (143),  wherein  the  second  input  (139)  is  cou- 
pled  to  the  output  (135)  of  said  flip-flop  means 
(129),  and  wherein  the  output  (143),  responsive 
to  the  second  input  (139)  and  the  first  input,  (141) 
provides  a  command  signal  (145)  coupled  to  the 
control  input  (111)  of  said  switch  (105)  for  provid- 
ing  an  increasing  current  through  the  primary 
winding  (103)  of  said  ignition  coil  (102)  when  the 
scaled  flyback  sense  voltage  (118)  exceeds  the 
flyback  limit  voltage  (188)  and  decreasing  this 
current  through  the  primary  winding  (103)  of  said 
ignition  coil  (1  02)  when  the  current  sense  voltage 
(149)  exceeds  the  current  limit  voltage  (161). 

8.  A  driver  in  accordance  with  claim  7  wherein  said 
logical  AND  gate  means  (137)  maintains  the  cur- 
rentthrough  the  primary  winding  (103)  of  said  ig- 
nition  coil  (102)  at  a  predetermined  constant 
average  level  by  repetitively  providing  an  increas- 
ing  current  through  the  primary  winding  (103)  of 
said  ignition  coil  (102)  when  the  flyback  sense 
voltage  (118)  exceeds  the  flyback  limit  voltage 
(188)  and  decreasing  this  current  through  the  pri- 
mary  winding  (103)  of  said  ignition  coil  (102) 
when  the  current  sense  voltage  (149)  exceeds 
the  current  limit  voltage  (161). 

9.  Adriverin  accordance  with  claim  1,4,  or7further 
comprising: 

an  early  current  limit  voltage  reference 
(1  73)  for  providing  an  early  current  limit  reference 
voltage  (176);  and 

an  early  current  comparator,  (165)  cou- 
pled  to  said  means  for  sensing  current  (147)  and 
coupled  to  said  early  current  limit  voltage  refer- 
ence  (1  73)  for  receiving  the  early  current  limit  ref- 
erence  voltage  (1  76),  and  wherein  said  early  cur- 
rent  comparator  (165)  provides  an  early  current 
signal  (1  77)  when  the  current  sense  voltage  pro- 
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vided  by  said  means  for  sensing  current  exceeds 
a  current  corresponding  to  the  early  current  limit 
reference  voltage  (176). 

5 
10.  A  driver  in  accordance  with  claim  9  further  com- 

prising: 
means  for  providing  a  dwell  signal  coupled 

to  said  control  means  (105,  119,  129,  137,  151), 
said  dwell  signal  having  an  on-state  and  wherein  10 
the  current  provided  by  said  control  means  (105, 
119,  129,  137,  151)  is  repetitively  increased  and 
decreased  to  the  primary  winding  (1  03)  of  said  ig- 
nition  coil  (102)  when  said  dwell  signal  is  in  the 
on-state,  wherein  the  early  current  signal  (1  77)  is  15 
coupled  to  said  means  for  providing  a  dwell  sig- 
nal,  and  wherein  said  dwell  signal  on-state  is  de- 
termined  by  the  early  current  signal  (177). 

when  the  current  provided  through  the  primary 
winding  (103)  of  said  ignition  coil  (102)  by  said 
control  means  (105,  119,  129,  137,  151)  exceeds 
a  current  corresponding  to  the  early  current  limit 
reference  voltage  (176). 

14.  A  method  of  switch  mode  ignition  in  accordance 
with  claim  11  further  comprising  the  step  of: 

providing  a  dwell  signal  (186)  for  control- 
ling  said  step  of  providing  current(119,  129,  137, 
1  05)  through  the  primary  winding  (1  03)  of  said  ig- 
nition  coil  (102);  and 

modifying  said  dwell  signal  (186)  respon- 
sive  to  the  early  current  signal  (1  77)  of  said  early 
current  comparator  (165). 

11.  A  method  of  switch  mode  ignition  comprising  the  20 
steps  of: 

sensing  flyback  voltage  (113)  at  the  pri- 
mary  winding  (103)  of  said  ignition  coil  (102)  and 
providing  a  flyback  sense  voltage  (118)  indicative 
of  the  flyback  voltage  (195);  25 

providing  a  flyback  limit  voltage  (188); 
sensing  current  (147)  in  the  primary  wind- 

ing  (103)  of  said  ignition  coil  (102)  and  providing 
a  current  sense  voltage  (149)  indicative  of  the 
sensed  primary  winding  current  (193);  30 

providing  a  current  limit  voltage  (161);  and 
providing  an  increasing  current  (119,  129, 

137,  105)  through  the  primary  winding  (103)  of 
said  ignition  coil  (102)  when  the  flyback  sense 
voltage  (118)  exceeds  the  flyback  limit  voltage  35 
(188)and  decreasing  this  current(151,  129,  137, 
105)  through  the  primary  winding  (103)  of  said  ig- 
nition  coil  (102)  when  the  current  sense  voltage 
(149)  exceeds  the  current  limit  voltage  (161). 

40 
12.  A  method  of  switch  mode  ignition  in  accordance 

with  claim  11  further  comprising  the  step  of: 
maintaining  the  current  through  the  pri- 

mary  winding  (1  03)  of  said  ignition  coil  (1  02)  at  a 
predetermined  constant  average  level  by  repeti-  45 
tively  providing  an  increasing  current  through  the 
primary  winding  (103)  of  said  ignition  coil  (102) 
when  the  flyback  sense  voltage  (118)  exceeds 
the  flyback  limit  voltage  (188)  and  decreasing 
this  current  through  the  primary  winding  (103)  of  50 
said  ignition  coil  (102)  when  the  current  sense 
voltage  (149)  exceeds  the  current  limit  voltage 
(161). 

13.  A  method  of  switch  mode  ignition  in  accordance  55 
with  claim  11  further  comprising  the  steps  of: 

providing  an  early  current  limit  reference 
voltage  176;  and 

providing  an  early  current  signal  (177) 

6 
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