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Time  variant  drive  for  use  in  integrated  circuits. 

©  A  circuit  is  provided  which  modifies  a  digital 
drive  signal  to  produce  a  time  variant  drive  signal  for 
application  to  a  gate  of  a  bus  driver  transistor.  The 
circuit's  purpose  is  to  reduce  the  amplitude  of  ring- 
ing  on  a  bus,  due  to  rapid  discharging  of  current 
from  the  bus,  in  order  to  prevent  unintentional  trig- 
gering  of  devices  connected  to  the  bus.  A  P-channel 
MOS  transistor  and  N-channel  MOS  transistor  are 
connected  so  that  the  digital  drive  signal  is  simulta- 
neously  applied  to  the  source  of  the  P-channel  MOS 
transistor  and  to  the  drain  of  the  N-channel  MOS 
transistor.  The  gate  of  the  driver  transistor  is  con- 
nected  to  the  drain  of  the  P-channel  MOS  transistor 
and  the  source  of  the  N-channel  transistor.  The 
width-to-length  ratio  of  the  channels  of  the  P-channel 

p^and  N-channel  MOS  transistors,  and  the  gate  vol- 
^tages,   are  chosen  so  that  application  of  a  drive 

signal  to  the  circuit  causes  the  N-channel  MOS 
q   transistor  to  rapidly  apply  a  limited  drive  signal  to 
CO  the  gate  of  the  driver  transistor  and  causes  the  P- 

- ĵ  channel  MOS  transistor  to  apply  a  gradually  increas- 
i n g   drive  signal  voltage  to  the  gate  of  the  driver 
CO  transistor.  By  choosing  the  proper  width-to-length 

q   ratios  and  gate  voltages,  the  time  variant  drive  signal 
applied  to  the  gate  of  the  driver  transistor  will  not 
produce  objectionable  ringing  on  the  bus  when  the 
bus  is  intended  to  be  at  a  low  level. HI 
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TIME  VARIANT  DRIVE  FOR  USE  IN  INTEGRATED  CIRCUITS 

nate  the  effect  of  these  initial  discharge  transient 
currents.  These  approaches  have  limited  the  cur- 
rent  through  the  driver  transistor,  thereby  initially 
shunting  to  ground  only  part  of  the  current  supplied 

5  to  the  bus  through  the  driver  transistor  and,  con- 
sequently,  reducing  the  amplitude  of  the  ringing. 
This  limited  current  through  the  driver  transistor  is 
then  increased  to  the  full  current  required  to  fully 
shunt  to  ground  all  the  current  supplied  to  the  bus. 

io  The  amount  of  current  shunted  at  each  stage  is 
calculated  to  be  insufficient  to  cause  objectionable 
ringing  on  the  bus. 

One  technique,  shown  in  Fig.  4a,  used  to  im- 
plement  this  approach  is  to  use  two.  MOS  transis- 

75  tors  26,  28  in  parallel  as  the  driver,  where  transistor 
26  only  shunts  to  ground  a  portion  of  current 
supplied  to  bus  15  upon  application  of  drive  signal 
VG,  while  transistor  28  shunts  to  ground  the  remain- 
ing  current  supplied  to  bus  15  upon  application  of 

20  slightly  delayed  drive  signal  VG  .  Fig.  4b  shows  the 
voltage  (Vom)  applied  to  the  devices  connected  to 
bus  15.  A  problem  with  this  prior  art  technique  is 
that  a  fairly  complex  digital  logic  network  must  be 
designed  and  incorporated  into  the  integrated  cir- 

25  cuit  to  provide  delayed  drive  signal  VG  .  Also,  par- 
allel  drivers  26  and  28  must  turn  off  quickly  at  the 
same  time  to  avoid  incurring  two  separate  current 
surges  on  bus  15,  which  may,  in  conjunction, 
cause  unintentional  triggering  of  devices  connected 

30  to  bus  1  5.  Another  disadvantage  is  that  the  degree 
of  ringing  on  the  bus  is  a  function  of  the  sizes  of 
drivers  26  and  28  (i.e.,  width-to-length  ratio).  There- 
fore,  the  extent  of  ringing  on  the  bus  is  fixed  once 
the  drivers  have  been  fabricated. 

35  Another  technique,  shown  in  Fig.  5a,  is  used  to 
provide  a  two-tiered  drive  signal  to  driver  transistor 
10,  wherein  the  first  tier  is  of  a  voltage  VG1  suffi- 
cient  to  cause  driver  transistor  10  to  shunt  to 
ground  only  a  portion  of  the  current  supplied  to  bus 

40  15.  The  second  tier  is  the  addition  of  a  slightly 
delayed  voltage  VG2,  where  the  sum  of  VG,  and  VG2 
make  driver  transistor  10  fully  conduct  and  shunt  to 
ground  all  current  supplied  to  bus  15.  Fig.  5b 
shows  the  voltage  (Vout)  supplied  to  the  devices 

45  connected  to  bus  15. 
The  above  described  two-tiered  drive  signal 

generator  is  relatively  complex  due  to  its  requiring 
two  voltage  sources,  and,  as  in  the  circuit  of  Fig. 
4a,  requires  the  two  voltage  sources  turn  off  si- 

50  multaneously  to  avoid  two  separate  current  surges 
on  bus  15. 

Figure  6  illustrates  a  typical  output  driver  stage 
used  in  CMOS  circuitry.  In  the  circuit  of  Figure  6, 
the  positive  supply  voltage  +V  is  not  shorted  to 
ground  when  current  is  to  be  shunted  away  from 

BACKGROUND  OF  THE  INVENTION 

This  invention  relates  to  drivers  used  in  in- 
tegrated  circuits  and  more  particularly  to  time  vari- 
ant  drives  for  controlling  driver  transistors. 

The  high  speed  drivers  which  can  be  improved 
by  the  present  invention  are  of  the  type  comprising 
an  N-channel  MOS  (NMOS)  or  P-channei  (PMOS) 
driver  transistor  which  is  controlled  by  a  digital 
drive  signal  to,  in  the  case  of  an  NMOS  driver 
transistor,  rapidly  shunt  to  ground  the  current  sup- 
plied  to  a  data  bus,  or,  in  the  case  of  a  PMOS 
driver  transistor,  rapidly  short  the  data  bus  to  the 
positive  power  supply.  Shown  in  Fig.  1  is  a  typical 
NMOS  driver  transistor  10  connected  to  data  bus 
15.  When  a  "high"  drive  signal  VG  of  voltage  Vmax 
is  applied  to  gate  10-G  of  driver  transistor  10, 
driver  transistor  10  turns  on  and  becomes  satu- 
rated,  thus  effectively  shorting  to  ground  bus  15. 
This  shunting  corresponds  to  a  logical  zero  signal 
on  bus  15  since  bus  15  is  pulled  low  (i.e.,  to  about 
zero  volts).  The  absence  of  shunting  (i.e.,  when 
driver  transistor  10  is  open)  allows  a  positive  volt- 
age  to  appear  on  bus  15,  representing  a  logical 
one.  The  rapid  switching  of  driver  transistor  10 
enables  the  rapid  transfer  of  digital  information 
from  drive  signal  VG  to  devices  connected  to  bus 
15. 

The  design  of  high  speed-high  current  bus 
drivers  used  in  integrated  circuits  has  encountered 
some  limitations  that  have  their  bases  in  the  laws 
of  physics.  When  the  data  bus  is  shorted  to  ground 
by  the  driver  transistor,  the  rapid  change  of  current 
and  voltage  on  the  bus  (i.e.,  voltage  being  driven 
"tow")  causes  a  damped  oscillation  or  ringing, 
shown  in  Fig.  2,  due  to  the  inherent  parasitic  self- 
inductances  of  the  leads  connected  to  the  driver 
transistor  combined  with  the  inherently  capacitive 
loads  of  the  devices  connected  to  the  bus.  The 
equivalent  bus  circuit  is  shown  in  Fig.  3,  where 
device  leads  16,  18  have  self-inductances  repre- 
sented  by  inductors  20,  22  and  the  capacitive  load 
is  represented  by  capacitor  24.  The  bus  circuit, 
therefore,  effectively  forms  an  LC  oscillator  circuit, 
where  L  equals  the  combined  inductance  of  leads 
16,  18,  and  C  equals  the  capacitance  of  the  load, 
with  a  ringing  frequency  related  to  1/(LC)*,  although 
this  frequency  is  altered  in  actual  circuits  by  addi- 
tional  factors.  This  damped  ringing  can  cause  un- 
intentional  triggering  of  devices  connected  to  bus 
15  if  the  amplitude  of  an  oscillation  cycle  exceeds 
the  logic  threshold  level  of  the  devices.  This  situ- 
ation  is  shown  in  Fig.  2  at  time  T,  where  Vth  is  the 
logic  threshold  level  of  the  devices. 

Various  approaches  have  been  taken  to  elimi- 
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coupled  between  a  pre-driver  stage  for  said  PMOS 
driver  transistor  and  a  gate  of  said  PMOS  driver 
transistor,  said  first  circuit  comprising  a  first  field- 
effect  transistor  having  a  gate  voltage  and  having  a 

5  channel  with  a  width-to-length  ratio  such  that  a  low 
drive  signal  produced  by  said  pre-driver  stage  for 
said  PMOS  transistor  applied  to  a  first  terminal  of 
said  first  field-effect  transistor  produces  a  gradually 
decreasing  voltage  at  a  second  terminal  of  said 

10  first  field-effect  transistor,  said  gradually  decreasing 
voltage  leveling  off  at  a  minimum  voltage,  for  ap- 
plication  to  said  PMOS  driver  transistor,  said  first 
circuit  further  comprising  a  second  field-effect  tran- 
sistor  having  a  gate  voltage  and  having  a  channel 

75  with  a  width-to-length  ratio  such  that  said  low  drive 
signal  produced  by  said  pre-driver  stage  for  said 
PMOS  transistor  applied  to  a  first  terminal  of  said 
second  field-effect  transistor  rapidly  produces  a 
certain  voltage  at  a  second  terminal  of  said  second 

20  field-effect  transistor  for  application  to  said  gate  of 
said  PMOS  driver  transistor,  said  certain  voltage 
being  higher  than  said  minimum  voltage  so  as  to 
not  cause  objectional  ringing  on  said  bus  coupled 
to  said  PMOS  driver  transistor; 

25  a  second  circuit  for  producing  a  time  variant  signal 
coupled  between  a  pre-driver  stage  for  said  NMOS 
driver  transistor  and  a  gate  of  said  NMOS  driver 
transistor,  said  second  circuit  comprising  a  third 
field-effect  transistor  having  a  gate  voltage  and 

30  having  a  channel  with  a  width-to-length  ratio  such 
that  a  high  drive  signal  produced  by  said  pre-driver 
stage  for  said  NMOS  transistor  applied  to  a  first 
terminal  of  said  third  field-effect  transistor  produces 
a  gradually  increasing  voltage  at  a  second  terminal 

35  of  said  third  field-effect  transistor,  said  gradually 
increasing  voltage  leveling  off  at  a  maximum  volt- 
age,  for  application  to  said  NMOS  driver  transistor, 
said  second  circuit  further  comprising  a  fourth  field- 
effect  transistor  having  a  gate  voltage  and  having  a 

40  channel  with  a  width-to-length  ratio  such  that  said 
high  drive  signal  produced  by  said  pre-driver  stage 
for  said  NMOS  transistor  applied  to  a  first  terminal 
of  said  fourth  field-effect  transistor  rapidly  produces 
a  certain  voltage  at  a  second  terminal  of  said  fourth 

45  field-effect  transistor  for  application  to  said  gate  of 
said  NMOS  driver  transistor,  said  certain  voltage 
being  lower  than  said  high  drive  signal  voltage  so 
as  not  to  cause  objectional  ringing  on  said  bus 
coupled  to  said  NMOS  driver  transistor. 

so  The  present  invention  also  provides  a 
CMOS  drive  circuit  for  driving  a  logic  state  of  a  bus 
high  or  low,  said  drive  circuit  comprising: 
a  P-channei  MOS  (PMOS)  driver  transistor  and  an 
N-channel  MOS  (NMOS)  driver  transistor  coupled 

55  in  series  between  a  high  state  voltage  source  and  a 
ground  wherein  said  PMOS  driver  transistor  has  a 
source  connected  to  said  high  stage  voltage  source 
and  said  NMOS  driver  transistor  has  a  drain  con- 

bus  15,  as  in  Figs.  1-5,  but  instead  the  bus  is 
exclusively  coupled  to  either  +V  or  ground.  Shown 
in  Figure  6  are  NMOS  driver  transistor  30  and 
PMOS  driver  transistor  32,  forming  the  output  driv- 
er  stage.  The  gate  of  NMOS  driver  transistor  30  is 
coupled  to  a  pre-driver  stage  comprising  NMOS 
transistor  34  and  PMOS  transistor  36,  while  the 
gate  of  PMOS  driver  transistor  32  is  coupled  to  a 
pre-driver  stage  comprising  NMOS  transistor  38 
and  PMOS  transistor  40.  The  gates  of  ail  transis- 
tors  forming  the  pre-driver  stage  are  made  com- 
mon  and  coupled  to  an  input  drive  signal  Vin  so 
that  upon  application  of  a  sufficiently  low  Vin  pre- 
driver  transistors  PMOS  36  and  PMOS  40  will 
conduct,  causing  +V  to  be  applied  to  the  gate  of 
NMOS  driver  transistor  30  and  PMOS  driver  tran- 
sistor  32.  NMOS  driver  transistor  30  will  now  fully 
conduct  and  drive  bus  15  to  approximately  ground 
potential.  When  a  sufficiently  positive  input  drive 
signal  Vin  is  applied  to  the  gates  of  the  pre-driver 
transistors,  only  pre-driver  transistor  NMOS  34  and 
NMOS  38  will  conduct,  causing  PMOS  driver  tran- 
sistor  32  to  turn  on  and  drive  bus  15  to  approxi- 
mately  +  V. 

SUMMARY 

A  simple  and  inexpensive  circuit  is  herein  de- 
scribed  which  provides  a  time  variant  drive  signal 
into  a  driver  transistor. 

The  present  invention  provides  a 
time  variant  drive  circuit  comprising: 
a  driver  transistor  coupled  to  a  first  circuit,  said 
driver  transistor  controlling  voltage  applied  to  said 
first  circuit  in  response  to  a  time  variant  drive 
signal;  and 
one  or  more  transistors  coupled  to  said  driver 
transistor  which  apply  said  time  variant  drive  signal 
to  said  driver  transistor  upon  application  of  a  digital 
drive  signal  simultaneously  to  said  one  or  more 
transistors. 

The  present  invention  also  provides  a 
CMOS  drive  circuit  for  driving  a  logic  state  of  a  bus 
high  or  low  in  response  to  a  drive  signal  produced 
by  a  pre-driver  stage  and  applied  to  said  drive 
circuit,  said  drive  circuit  comprising: 
a  P-channel  MOS  (PMOS)  driver  transistor  and  an 
N-channel  MOS  (NMOS)  driver  transistor  coupled 
in  series  between  a  high  stage  voltage  source  and 
a  ground  wherein  said  PMOS  driver  transistor  has 
a  source  connected  to  said  high  state  voltage 
source  and  said  NMOS  driver  transistor  has  a  drain 
connected  to  a  drain  of  said  PMOS  driver  transistor 
and  a  source  connected  to  a  ground,  and  wherein 
said  bus  is  coupled  to  a  common  point  of  said 
PMOS  and  NMOS  driver  transistors; 
a  first  circuit  for  producing  a  time  variant  signal 
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When  an  externally  generated  digital  drive  sig- 
nal  is  applied  to  the  circuit  of  the  invention,  the 
circuit  produces  a  first  drive  signal  which  imme- 
diately  controls  the  driver  transistor  to  shunt  to 

5  ground  part  of  the  current  supplied  to  a  data  bus, 
the  change  in  bus  current  being  insufficient  to 
cause  objectionable  ringing  on  the  data  bus  but 
normally  sufficient  to  drive  the  bus  to  a  low  logic 
state.  A  second  drive  signal  produced  by  the  circuit 

w  then  controls  the  driver  transistor  to  gradually  shunt 
to  ground  all  current  supplied  to  the  bus,  the 
change  in  bus  current  also  being  insufficient  to 
cause  objectionable  ringing. 

One  embodiment  of  this  invention  consists  of  a 
75  driver  transistor  in  conjunction  with  a  P-channei 

MOS  transistor  and  an  N-channel  MOS  transistor, 
wherein  an  externally  generated  digital  drive  signal 
is  applied  simultaneously  to  the  source  of  the  P- 
channel  MOS  transistor  and  to  the  drain  of  the  N- 

20  channel  MOS  transistor.  The  gate  of  the  driver 
transistor  is  connected  to  the  drain  of  the  P-chan- 
nel  MOS  transistor  and  the  source  of  the  N-channel 
MOS  transistor,  and  the  gate  of  the  P-channel  MOS 
transistor  is  connected  to  ground.  The  channel  of 

25  the  P-channel  MOS  transistor  has  a  width-to-length 
ratio  such  that  when  the  digital  drive  signal  is 
applied  to  the  source  of  the  P-channel  MOS  tran- 
sistor,  the  gate  of  the  driver  transistor  will  gradually 
charge  to  the  full  drive  signal  voltage.  The  channel 

30  of  the  N-channel  MOS  transistor  is  sized  to  quickly 
pass  the  digital  drive  signal  voltage  to  the  gate  of 
the  driver  transistor  upon  application  of  the  digital 
drive  signal  to  the  drain  of  the  N-channel  MOS 
transistor.  The  N-channel  MOS  transistor  has  a 

35  bias  voltage,  Vbias.  supplied  to  its  gate  which  is  less 
than  the  maximum  digital  drive  signal  voltage. 
When  the  digital  drive  signal  is  applied  to  the  drain 
of  the  N-channel  MOS  transistor,  the  voltage  at  the 
source  of  the  N-channel  MOS  transistor,  and  con- 

40  sequently  at  the  gate  of  the  driver  transistor,  rises 
to  equal  Vbias-V,h,  where  V,h  is  the  threshold  volt- 
age  of  the  N-channel  MOS  transistor.  Vbias  is  se- 
lected  so  that  the  driver  transistor  will  shunt  the 
maximum  current  away  from  the  bus  without  pro- 

45  ducing  ringing  which  exceeds  threshold  levels.  A 
gradually  increasing  voltage  imparted  to  the  gate  of 
the  driver  transistor  by  the  P-channel  MOS  transis- 
tor  causes  the  driver  transistor  to  increasingly 
shunt  more  current  away  from  the  bus  until  the  bus 

so  is  pulled  to  a  minimum  low  level.  When  the  exter- 
nally  generated  digital  drive  signal  goes  low,  the  N- 
channel  MOS  transistor  quickly  discharges  the  gate 
of  the  driver  transistor. 

nected  to  a  drain  of  said  PMOS  driver  transistor 
and  a  source  connected  to  a  ground,  and  wherein 
said  bus  is  coupled  to  a  common  point  of  said 
PMOS  and  NMOS  driver  transistors; 
a  first  circuit  for  producing  a  time  variant  signal 
coupled  between  an  NMOS  pre-driver  transistor  in 
a  pre-driver  stage  for  said  PMOS  driver  transistor 
and  a  gate  of  said  PMOS  driver  transistor  so  that 
when  a  high  digital  drive  signal  is  applied  to  a  gate 
of  said  NMOS  pre-driver  transistor,  charge  on  said 
gate  of  said  PMOS  driver  transistor  is  discharged 
through  said  first  circuit,  said  first  circuit  compris- 
ing  a  first  field-effect  transistor  having  a  gate  volt- 
age  and  having  a  channel  with  a  width-to-length 
ratio  such  that  a  low  voltage  applied  to  a  first 
terminal  of  said  field-effect  transistor  produces  a 
gradually  decreasing  voltage  at  a  second  terminal 
of  said  first  field-effect  transistor,  said  gradually 
decreasing  voltage  leveling  off  at  a  minimum  volt- 
age,  for  application  to  said  PMOS  driver  transistor, 
said  first  circuit  further  comprising  a  second  field- 
effect  transistor  having  a  gate  voltage  and  having  a 
channel  with  a  width-to-length  ratio  such  that  said 
low  voltage  applied  to  a  first  terminal  of  said  sec- 
ond  field-effect  transistor  rapidly  produces  a  certain 
voltage  at  a  second  terminal  of  said  second  field- 
effect  transistor  for  application  to  said  gate  of  said 
PMOS  driver  transistor,  said  certain  voltage  being 
higher  than  said  minimum  voltage  so  as  to  not 
cause  objectional  ringing  on  said  bus  coupled  to 
said  PMOS  driver  transistor; 
a  second  circuit  for  producing  a  time  variant  signal 
coupled  between  a  PMOS  pre-driver  transistor  in  a 
pre-driver  stage  for  said  NMOS  driver  transistor 
and  a  gate  of  said  NMOS  driver  transistor  so  that 
when  a  low  digital  drive  signal  is  applied  to  a  gate 
of  said  PMOS  pre-driver  transistor,  voltage  is  ap- 
plied  to  said  gate  of  said  NMOS  driver  transistor 
via  said  second  circuit,  said  second  circuit  com- 
prising  a  third  field-effect  transistor  having  a  gate 
voltage  and  having  a  channel  with  a  width-to-length 
ration  such  that  a  high  voltage  applied  to  a  first 
terminal  of  said  third  field-effect  transistor  produces 
a  gradually  increasing  voltage  at  a  second  terminal 
of  said  third  field-effect  transistor,  said  gradually 
increasing  voltage  leveling  off  at  a  maximum  volt- 
age,  for  application  to  said  NMOS  driver  transistor, 
said  second  circuit  further  comprising  a  fourth  field- 
effect  transistor  having  a  gate  voltage  and  having  a 
channel  with  a  width-to-length  ratio  such  that  said 
high  voltage  applied  to  a  first  terminal  of  said  fourth 
field-effect  transistor  rapidly  produces  a  certain 
voitage  at  a  second  terminal  of  said  fourth  field- 
effect  transistor  for  application  to  said  gate  of  said 
NMOS  driver  transistor,  said  certain  voltage  being 
lower  than  said  high  voltage  so  as  not  to  cause 
objectional  ringing  on  said  bus  coupled  to  said 
NMOS  driver  transistor. 

55 
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
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transistor  50,  since  the  voltage  at  the  source  of 
NMOS  transistor  50  is  unable  to  go  any  higher 
without  turning  off  NMOS  transistor  50.  Bias  volt- 
age  Vbias  must  be  chosen  so  that  driver  transistor 

5  10  initially  shunts  to  ground  as  much  current  as 
possible  without  producing  ringing  on  bus  15  suffi- 
ciently  large  to  exceed  logic  threshold  levels.  This 
current  shunted  by  driver  transistor  10  in  response 
to  the  gate  voltage  will  normally  be  sufficient  to 

w  drive  bus  15  to  a  low  logic  state. 
P-channel  MOS  (PMOS)  transistor  60  has  its 

source  60-S  connected  to  receive  digital  drive  sig- 
nal  VG  and  its  drain  60-D  connected  to  gate  10-G 
of  driver  transistor  10.  Gate  60-G  of  PMOS  transis- 

;5  tor  60  is  grounded  so  as  to  make  PMOS  transistor 
60  conduct  when  a  positive  voltage  is  applied  to  its 
source.  The  channel  of  PMOS  transistor  60  has  a 
W/L  such  that,  when  digital  drive  signal  VG  goes 
high,  PMOS  transistor  60  does  not  instantaneously 

20  charge  gate  10-G  of  driver  transistor  10  to  the 
maximum  digital  drive  signal  voltage  Vmax,  but 
gradually  charges  gate  10-G  of  driver  transistor  10, 
as  shown  in  Fig.  8,  graph  c,  to  Vmax.  The  slope  of 
voltage  versus  time  in  Fig.  8,  graph  c,  is  chosen  so 

25  that  the  additional  shunting  to  ground  of  current  by 
driver  transistor  10  under  the  control  of  PMOS 
transistor  60  will  not  increase  the  amplitude  of 
ringing  on  bus  15  above  the  logic  threshold  levels 
of  devices  connected  to  bus  15. 

30  The  combination  of  the  voltages  applied  to 
gate  10-G  of  driver  transistor  10  from  NMOS  tran- 
sistor  50  and  PMOS  transistor  60  is  shown  in  Fig. 
8,  graph  d.  This  time  variant  drive  signal  VG(t) 
controls  driver  transistor  10,  thus  providing  time 

35  variant  shunting  to  ground  of  current  supplied  to 
bus  15.  The  resulting  voltage  Vout,  as  measured  on 
bus  15,  is  shown  in  Fig.  8,  graph  e,  and  represents 
a  logical  zero  on  bus  15  between  the  times  T2  and 
T3.  As  seen,  even  though  ringing  is  still  apparent 

40  on  bus  15  after  digital  drive  signal  VG  goes  high  at 
time  T1  ,  Vout  does  not  exceed  logic  threshold  lev- 
els.  Vbias  may  be  adjusted  as  desired  to  allow 
increased  ringing  or  to  eliminate  ringing  altogether. 
Computer  simulations  of  this  time  variant  drive 

45  circuit  coupled  to  the  circuits  to  be  switched  can 
be  run  with  various  levels  of  Vbias  to  see  the 
switching  response  with  the  various  levels  of  Vbias. 
Vbias  may  be  adjusted  as  desired  to  allow  in- 
creased  ringing  or  to  eliminate  ringing  altogether. 

so  As  seen,  the  extent  of  ringing  on  bus  15  in 
response  to  the  output  of  the  time  variant  drive 
circuit  is  largely  controlled  by  the  magnitude  of 
Vbias.  Since  Vbias  is  adjustable  after  the  time  variant 
driver  circuit  and  load  circuit  have  been  fabricated, 

55  Vbias  rnay  later  be  adjusted  to  optimize  switching 
response. 

When  digital  drive  signal  VG  goes  low,  the 
charge  on  gate  10-G  of  driver  transistor  10  must  be 

Fig.  1  shows  a  typical  driver  transistor  con- 
nected  to  a  data  bus. 

Fig.  2  shows  the  damped  ringing  effect 
caused  by  instantaneous  shunting  of  current 
through  the  driver. 

Fig.  3  is  a  schematic  diagram  of  a  driver 
transistor  and  a  bus  circuit  showing  inductances 
and  capacitances  inherent  in  the  bus  circuit. 

Figs.  4a  and  5a  are  schematic  diagrams  of 
prior  art  time  variant  bus  drivers. 

Figs.  4a  and  5b  are  graphs  showing  bus 
voltage  versus  time  for  the  circuits  of  Figs.  4a  and 
5a,  respectively. 

Fig.  6  is  a  schematic  diagram  of  a  prior  art 
non-time  variant  bus  driver  using  CMOS  circuitry. 

Fig.  7  is  a  schematic  diagram  of  a  time 
variant  driver  circuit  constructed  in  accordance  with 
one  embodiment  of  the  invention. 

Fig.  8,  graphs  a-e,  show  graphs  illustrating 
the  voltage  versus  time  at  various  points  in  the 
circuit  of  Fig.  7. 

Fig.  9  is  a  schematic  diagram  of  a  time 
variant  driver  circuit  constructed  in  accordance  with 
another  embodiment  of  the  invention. 

Fig.  10  is  a  schematic  diagram  of  a  time 
variant  driver  constructed  in  accordance  with  the 
preferred  embodiment  of  the  invention. 

DETAILED  DESCRIPTION 

The  present  invention  is  a  circuit  which  re- 
duces  or  overcomes  the  problems  of  prior  art  time 
variant  drive  circuits  discussed  previously.  Fig.  7 
shows  a  schematic  diagram  depicting  a  time  vari- 
ant  driver  circuit,  constructed  in  accordance  with 
one  embodiment  of  this  invention,  which  provides  a 
time  variant  drive  signal  to  a  driver  transistor,  such 
as  an  N-channel  type,  in  order  to  eliminate  objec- 
tionable  ringing  on  a  bus.  In  Fig.  7,  N-channel  MOS 
(NMOS)  transistor  50  has  its  drain  50-D  connected 
to  receive  digital  drive  signal  VGt  shown  in  Fig.  8, 
graph  a,  and  its  source  50-S  connected  to  gate  10- 
G  of  driver  transistor  10.  It  is  to  be  noted  that  since 
the  driver  circuit  is  completely  bidirectional  (i.e., 
current  flows  through  NMOS  transistor  50  and 
PMOS  transistor  60  in  both  directions),  the  des- 
ignations  of  terminals  as  source  and  drain  are 
arbitrary.  Bias  voltage  Vbias  is  applied  to  gate  50-G 
of  NMOS  transistor  50,  where  Vbias  is  less  than  the 
maximum  digital  drive  signal  voltage  Vmax.  NMOS 
transistor  50  has  a  channel  width-to-length  ratio 
(W/L)  such  that,  when  VG  goes  high,  NMOS  transis- 
tor  50  rapidly  charges  gate  1  0-G  of  driver  transistor 
10,  as  shown  in  Fig.  8,  graph  b,  at  time  T1.  The 
final  voltage  applied  to  gate  10-G  of  driver  transis- 
tor  10  due  to  NMOS  transistor  50  will  be  only  Vbias- 
V,h,  where  Vth  is  the  threshold  voltage  of  NMOS 
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driver  transistors  38  and  40,  producing  a  low  volt- 
age  at  the  source  of  NMOS  transistor  75  and  at  the 
drain  of  PMOS  transistor  80,  PMOS  transistor  80, 
having  a  large  channel  W/L,  allows  the  gate  of 

5  PMOS  driver  transistor  32  to  be  quickly  lowered  to 
Vbias(p)-  NMOS  transistor  75,  having  a  small  chan- 
nel  W/L,  slowly  discharges  the  gate  of  PMOS  driv- 
er  transistor  32  to  the  low  voltage  thus  completely 
turning  on  PMOS  driver  transistor  32.  The  channel 

w  W/L  of  PMOS  transistor  80  and  NMOS  transistor 
65  are  large  enough  to  allow  PMOS  driver  transis- 
tor  32  and  NMOS  driver  transistor  30  to  turn  off 
quickly.  Thus,  the  operation  of  transistors  65,  70, 
75,  and  80  ensures  both  NMOS  driver  transistor  30 

75  and  PMOS  driver  transistor  32  have  their  full  turn- 
on  delayed,  hence,  reducing  or  eliminating  any 
ringing  on  bus  15. 

Fig.  10  shows  basically  the  same  circuit  as  Fig. 
9  except  that  transistors  65,  70,  75,  and  80  have 

20  been  bypassed  to  allow  PMOS  driver  transistor  32 
and  NMOS  driver  transistor  30  to  turn  off  without 
having  to  conduct  gate  current  through  transistors 
65,  70,  75,  and  80.  Transistors  30,  32,  34,  36,  38, 
and  40  operate  similarly  to  the  corresponding  tran- 

25  sistors  in  the  circuit  of  Fig.  9.  This  preferred  em- 
bodiment  of  the  time  variant  driver  circuit  using 
CMOS  technology  offers  all  of  the  aforementioned 
benefits  of  the  time  variant  gate  drive,  but  offers  no 
deterioration  or  loss  of  turn-off  speed  of  the  output 

30  stages.  In  Fig.  10,  the  gate  of  PMOS  driver  transis- 
tor  32  is  directly  coupled  to  the  drain  of  PMOS  pre- 
driver  transistor  40  in  the  pre-driver  stage  so  that 
when  input  drive  signal  Vin  is  low,  the  gate  of 
PMOS  driver  transistor  32  will  immediately  be 

35  driven  high,  turning  off  PMOS  driver  transistor  32. 
When  Vin  is  high,  the  gate  of  PMOS  driver  transis- 
tor  32  will  be  discharged  through  NMOS  transistor 
75  and  PMOS  transistor  80  as  described  in  Fig.  9. 
Similarly,  the  gate  of  NMOS  driver  transistor  30  is 

40  directly  coupled  to  the  drain  of  NMOS  transistor  34 
so  that  upon  application  of  a  high  Vin  to  the  gate  of 
NMOS  transistor  34,  the  gate  of  NMOS  transistor 
30  will  immediately  discharge,  tuning  off  NMOS 
driver  transistor  30.  When  Vin  is  low,  thus  signaling 

45  for  NMOS  driver  transistor  30  to  turn  on,  the  gate 
of  NMOS  driver  transistor  30  is  charged  via  NMOS 
transistor  65  and  PMOS  transistor  70  as  described 
in  Fig.  9. 

As  seen,  a  prior  art  driver  circuit,  to  be  made 
so  time  variant,  requires  no  redesign  of  pre-driver 

stages  or  the  driver  transistor  stage.  In  one  em- 
bodiment,  previously  described,  two  transistors, 
such  as  NMOS  transistor  50  and  PMOS  transistor 
60,  shown  in  Fig.  7,  are  merely  connected  between 

55  the  existing  driver  transistor  gate  and  a  pre-driver 
output  to  form  a  time  variant  driver  circuit.  Also,  an 
NMOS  transistor  can  be  substituted  for  PMOS  tran- 
sistor  60  in  Fig.  7,  wherein  the  NMOS  transistor 

rapidly  removed  in  order  to  allow  the  full  supply 
voltage  +V  to  once  again  appear  on  bus  15. 
PMOS  transistor  60  cannot  effectively  discharge  to 
ground  the  charge  on  gate  10-G  of  driver  10  when 
digital  drive  signal  VG  goes  low  due  to  the  relatively 
small  channel  W/L  of  PMOS  transistor  60.  NMOS 
transistor  50,  however,  having  a  much  larger  chan- 
nei  W  L  than  PMOS  transistor  60,  can  easily  dis- 
charge  the  charge  on  gate  10-G  of  driver  transistor 
10,  resulting  in  no  measurable  effect  on  turn-off 
delay. 

The  NMOS  transistor  50  and  PMOS  transistor 
60  channel  W/L  dimensions  may  be  made  non- 
critical  by  using  the  following  criteria.  The  W/L  of 
NMOS  transistor  50  should  be  made  at  least  as 
large  as  transistors  in  a  previous  driving  stage  so 
as  not  to  add  appreciable  delay  between  applica- 
tion  of  drive  signal  VG  to  NMOS  transistor  50  and 
application  of  the  lowered  drive  signal  to  the  gate 
of  driver  transistor  10.  At  this  W/L,  NMOS  transistor 
50  is  also  large  enough  to  properly  discharge  the 
gate  of  driver  transistor  10.  The  W/L  of  PMOS 
transistor  60  must  be  small  enough  so  that  the  rise 
of  VG(t)  to  Vmax  is  delayed  sufficiently  from  the 
NMOS  transistor  50  response.  This  W/L  will  typi- 
cally  be  1/100  that  of  the  NMOS  transistor  50  W/L. 
In  an  actual  physical  embodiment  of  the  device  the 
channel  width  and  length  dimensions  of  PMOS 
transistor  60  were  both  made  2  microns.  These 
dimensions  are  non-critical  and  are  calculated  us- 
ing  well  known  techniques.  The  desired  W/L  may 
be  implemented  by  standard  lithographic  pro- 
cesses  in  the  formation  of  the  integrated  circuit. 

Fig.  9  shows  a  time  variant  drive  circuit  using 
CMOS  technology.  The  circuit  is  similar  to  the  prior 
art  CMOS  drive  circuit  of  Fig.  6  except  that  the 
circuit  is  made  time  variant  by  the  incorporation  of 
transistors  65,  70,  75,  and  80.  Transistors  30,  32, 
34,  36,  38,  and  40  perform  similarly  to  the  cor- 
responding  transistors  in  the  circuit  of  Fig.  6.  The 
operation  of  NMOS  transistor  65  and  PMOS  tran- 
sistor  70,  NMOS  transistor  65  and  PMOS  transistor 
70  being  connected  between  NMOS  driver  transis- 
tor  30  and  its  corresponding  pre-driver  stage,  is 
identical  to  the  operation  of  NMOS  transistor  50 
and  PMOS  transistor  60,  shown  in  Fig.  7,  wherein 
NMOS  transistor  65  has  a  W/L  sufficient  to  quickly 
charge  the  gate  of  NMOS  driver  transistor  30  to 
Vbias(N),  and  PMOS  transistor  70  has  a  W/L  such 
as  to  gradually  charge  the  gate  of  NMOS  driver 
transistor  30  to  the  full  drive  signal  voltage  level. 
The  operation  of  NMOS  transistor  75  and  PMOS 
transistor  80,  NMOS  transistor  75  and  PMOS  tran- 
sistor  80  being  coupled  between  PMOS  driver  tran- 
sistor  32  and  its  corresponding  pre-driver  stage, 
differs  slightly  from  the  operation  of  NMOS  transis- 
tor  50  and  PMOS  transistor  60,  shown  in  Fig.  7,  in 
that  when  a  high  Vin  is  applied  to  the  gates  of  pre- 
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4.  A  time  variant  drive  circuit  as  in  Claim  3 
wherein  said  second  field-effect  transistor  has  a 
channel  of  a  conductivity  type  opposite  to  a  chan- 
nel  of  said  first  field  effect  transistor. 

5  5.  A  time  variant  drive  circuit  as  in  Claim  1 
wherein  said  driver  transistor  is  P-channel  MOS 
transistor  and  one  of  said  one  or  more  transistors 
comprises: 
a  first  field-effect  transistor  having  a  channel  with  a 

w  width-to-length  ratio  such  that  a  low  digital  drive 
signal  applied  to  a  first  terminal  of  said  first  field- 
effect  transistor  produces  a  gradually  decreasing 
voltage  at  a  second  terminal  of  said  first  field-effect 
transistor,  leveling  off  at  a  minimum  drive  signal 

75  voltage,  for  application  to  said  driver  transistor. 
6.  A  time  variant  drive  circuit  as  in  Claim  5 

further  comprising: 
a  second  field-effect  transistor  having  a  channel 
with  a  width-to-length  ratio  such  that  said  low  digi- 

20  tal  drive  signal  applied  to  a  first  terminal  of  said 
second  field-effect  transistor  rapidly  produces  a 
certain  voltage  at  a  second  terminal  of  said  second 
field-effect  transistor  for  application  to  said  driver 
transistor,  said  certain  voltage  being  higher  than 

25  said  minimum  drive  signal  voltage  so  as  not  to 
cause  objectionable  ringing  on  a  bus  coupling  said 
driver  transistor  to  said  first  circuit. 

7.  A  time  variant  drive  circuit  as  in  Claim  6 
wherein  said  second  field-effect  transistor  has  a 

30  channel  of  a  conductivity  type  opposite  to  a  chan- 
nel  of  said  first  field-effect  transistor. 

8.  A  time  variant  drive  circuit  as  in  Claim  1 
wherein  said  driver  transistor  is  an  N-channel 
NMOS  transistor  and  said  one  or  more  transistors 

35  comprise: 
an  N-channel  and  P-channel  MOS  transistor  con- 
nected  so  that  said  drive  signal  is  simultaneously 
applied  to  a  drain  of  said  N-channel  MOS  transistor 
and  a  source  of  said  P-channel  MOS  transistor, 

40  and  connected  so  that  a  gate  of  said  driver  transis- 
tor  is  connected  to  a  source  of  said  N-channel 
MOS  transistor  and  a  drain  of  said  P-channel  MOS 
transistor,  said  N-channel  MOS  transistor  having  a 
construction  and  a  gate  bias  voltage  so  as  to 

45  provide  a  voltage  at  said  gate  of  said  driver  transis- 
tor,  upon  application  of  said  digital  drive  signal  to 
said  N-channel  MOS  transistor,  which  will  not  pro- 
duce  objectionable  ringing  on  a  bus  coupled  be- 
tween  said  driver  transistor  and  said  first  circuit, 

so  and  said  P-channel  MOS  transistor  having  a  con- 
struction  and  gate  voltage  so  as  to  provide  a 
gradually  increasing  voltage  at  said  gate  of  said 
driver  transistor,  upon  application  of  said  digital 
drive  signal  to  said  P-channel  MOS  transistor, 

55  wherein  said  gradually  increasing  voltage  continues 
to  increase  until  equal  to  a  maximum  drive  signal 
voltage. 

has  a  channel  W/L  so  that  it  conducts  gradually 
and  has  a  bias  voltage  applied  to  its  gate  which  is 
higher  than  the  maximum  drive  signal  amplitude.  A 
single  MOS  transistor  of  an  N  or  P-channel  type 
which  conducts  gradually  may  also  supply  a  time 
variant  drive  signal  to  a  driver  transistor  if  switching 
speed  of  the  logic  state  of  the  bus  is  not  critical 
(i.e.,  there  is  no  requirement  for  the-  gate  of  the 
driver  transistor  to  charge  or  discharge  quickly  to 
Vbias)-  Also,  any  bidirectional  field  effect  transistor 
may  be  substituted  for  the  MOS  transistors  used  in 
the  various  embodiments. 

While  this  specification  discloses  preferred  and 
alternative  embodiments  of  the  invention,  it  is  not 
to  be  interpreted  as  limiting  the  scope  of  the  inven- 
tion.  Various  embodiment  of  this  invention  will  be- 
come  evident  to  those  of  ordinary  skill  in  the  art  in 
light  of  the  teachings  of  this  specification. 

Claims 

1  .  A  time  variant  drive  circuit  comprising: 
a  driver  transistor  coupled  to  a  first  circuit,  said 
driver  transistor  controlling  voltage  applied  to  said 
first  circuit  in  response  to  a  time  variant  drive 
signal;  and 
one  or  more  transistors  coupled  to  said  driver 
transistor  which  apply  said  time  variant  drive  signal 
to  said  driver  transistor  upon  application  of  a  digital 
drive  signal  simultaneously  to  said  one  or  more 
transistors. 

2.  A  time  variant  drive  circuit  as  in  Claim  1 
wherein  said  driver  transistor  is  N-channel  MOS 
transistor  and  one  of  said  one  or  more  transistors 
comprises: 
a  first  field-effect  transistor  having  a  channel  with  a 
width-to-length  ratio  such  that  a  high  digital  drive 
signal  applied  to  a  first  terminal  of  said  first  field- 
effect  transistor  produces  a  gradually  increasing 
voltage  at  a  second  terminal  of  said  first  field-effect 
transistor,  leveling  off  at  a  maximum  drive  signal 
voltage,  for  application  to  said  driver  transistor. 

3.  A  time  variant  drive  circuit  as  in  Claim  2 
further  comprising: 
a  second  field-effect  transistor  having  a  channel 
with  a  width-to-length  ratio  such  that  said  high 
digital  drive  signal  applied  to  a  first  terminal  of  said 
second  field-effect  transistor  rapidly  produces  a 
reduced  voltage  at  a  second  terminal  of  said  sec- 
ond  field-effect  transistor  for  application  to  said 
driver  transistor,  said  reduced  voltage  being  lower 
than  said  maximum  drive  signal  voltage  so  as  not 
to  cause  objectionable  ringing  on  a  bus  coupling 
said  driver  transistor  to  said  first  circuit. 
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high  drive  signal  produced  by  said  pre-driver  stage 
for  said  NMOS  transistor  applied  to  a  first  terminal 
of  said  fourth  field-effect  transistor  rapidly  produces 
a  certain  voltage  at  a  second  terminal  of  said  fourth 

5  field-effect  transistor  for  application  to  said  gate  of 
said  NMOS  driver  transistor,  said  certain  voltage 
being  lower  than  said  high  drive  signal  voltage  so 
as  not  to  cause  objectional  ringing  on  said  bus 
coupled  to  said  NMOS  driver  transistor. 

w  11.  The  drive  circuit  of  Claim  10  wherein  said 
first  field-effect  transistor  is  an  NMOS  transistor, 
said  second  field-effect  transistor  is  a  PMOS  tran- 
sistor,  said  third  field-effect  transistor  is  a  PMOS 
transistor,  and  said  fourth  field-effect  transistor  is 

75  an  NMOS  transistor. 
12.  A  CMOS  drive  circuit  for  driving  a  logic 

state  of  a  bus  high  or  low,  said  drive  circuit  com- 
prising: 
a  P-channel  MOS  (PMOS)  driver  transistor  and  an 

20  N-channel  MOS  (NMOS)  driver  transistor  coupled 
in  series  between  a  high  state  voltage  source  and  a 
ground  wherein  said  PMOS  driver  transistor  has  a 
source  connected  to  said  high  state  voltage  source 
and  said  NMOS  driver  transistor  has  a  drain  con- 

25  nected  to  a  drain  of  said  PMOS  driver  transistor 
and  a  source  connection  to  a  ground,  and  wherein 
said  bus  is  coupled  to  a  common  point  of  said 
PMOS  and  NMOS  driver  transistors; 
a  first  circuit  for  producing  a  time  variant  signal 

30  coupled  between  an  NMOS  pre-driver  transistor  in 
a  pre-driver  stage  for  said  PMOS  driver  transistor 
and  a  gate  of  said  PMOS  driver  transistor  so  that 
when  a  high  digital  drive  signal  is  applied  to  a  gate 
of  said  NMOS  pre-driver  transistor,  charge  on  said 

35  gate  of  said  PMOS  driver  transistor  is  discharged 
through  said  first  circuit,  said  first  circuit  compris- 
ing  a  first  field-effect  transistor  having  a  gate  volt- 
age  and  having  a  channel  with  a  width-to-length 
ratio  such  that  a  low  voltage  applied  to  a  first 

40  terminal  of  said  field-effect  transistor  produces  a 
gradually  decreasing  voltage  at  a  second  terminal 
of  said  first  field-effect  transistor,  said  gradually 
decreasing  voltage  leveling  off  at  a  minimum  volt- 
age,  for  application  to  said  PMOS  driver  transistor, 

45  said  first  circuit  further  comprising  a  second  field- 
effect  transistor  having  a  gate  voltage  and  having  a 
channel  with  a  width-to-length  radio  such  that  said 
low  voltage  applied  to  a  first  terminal  of  said  sec- 
ond  field-effect  transistor  rapidly  produces  a  certain 

so  voltage  at  a  second  terminal  of  said  second  field- 
effect  transistor  for  application  to  said  gate  of  said 
PMOS  driver  transistor,  said  certain  voltage  being 
higher  than  said  minimum  voltage  so  as  to  not 
cause  objectional  ringing  on  said  bus  coupled  to 

55  said  PMOS  driver  transistor; 
a  second  circuit  for  producing  a  time  variant  signal 
coupled  between  a  PMOS  pre-driver  transistor  in  a 
pre-driver  stage  for  said  NMOS  driver  transistor 

9.  A  time  variant  drive  circuit  as  in  Claim  8 
wherein  said  gate  voltage  of  said  P-channel  MOS 
transistor  is  at  ground  potential. 

10.  A  CMOS  drive  circuit  for  driving  a  logic 
state  of  a  bus  high  or  low  in  response  to  a  drive 
signal  produced  by  a  pre-driver  stage  and  applied 
to  said  drive  circuit,  said  drive  circuit  comprising: 
a  P-channel  MOS  (PMOS)  driver  transistor  and  an 
N-channel  MOS  (NMOS)  driver  transistor  coupled 
in  series  between  a  high  state  voltage  source  and  a 
ground  wherein  said  PMOS  driver  transistor  has  a 
source  connected  to  said  high  state  voltage  source 
and  said  NMOS  driver  transistor  has  a  drain  con- 
nected  to  a  drain  of  said  PMOS  driver  transistor 
and  a  source  connected  to  a  ground,  and  wherein 
said  bus  is  coupled  to  a  common  point  of  said 
PMOS  and  NMOS  driver  transistors; 
a  first  circuit  for  producing  a  time  variant  signal 
coupled  between  a  pre-driver  stage  for  said  PMOS 
driver  transistor  and  a  gate  of  said  PMOS  driver 
transistor,  said  first  circuit  comprising  a  first  field- 
effect  transistor  having  a  gate  voltage  and  having  a 
channel  with  a  width-to-length  ratio  such  that  a  low 
drive  signal  produced  by  said  pre-driver  stage  for 
said  PMOS  transistor  applied  to  a  first  terminal  of 
said  first  field-effect  transistor  produces  a  gradually 
decreasing  voltage  at  a  second  terminal  of  said 
first  field-effect  transistor,  said  gradually  decreasing 
voltage  leveling  off  at  a  minimum  voltage,  for  ap- 
plication  to  said  PMOS  driver  transistor,  said  first 
circuit  further  comprising  a  second  field-effect  tran- 
sistor  having  a  gate  voltage  and  having  a  channel 
with  a  width-to-length  ratio  such  that  said  low  drive 
signal  produced  by  said  pre-driver  stage  for  said 
PMOS  transistor  applied  to  a  first  terminal  of  said 

*  second  field-effect  transistor  rapidly  produces  a 
certain  voltage  at  a  second  terminal  of  said  second 
field-effect  transistor  for  application  to  said  gate  of 
said  PMOS  driver  transistor,  said  certain  voltage 
being  higher  than  said  minimum  voltage  so  as  to 
not  cause  objectional  ringing  on  said  bus  coupled 
to  said  PMOS  driver  transistor; 
a  second  circuit  for  producing  a  time  variant  signal 
coupled  between  a  pre-driver  stage  for  said  NMOS 
driver  transistor  and  a  gate  of  said  NMOS  driver 
transistor,  said  second  circuit  comprising  a  third 
field-effect  transistor  having  a  gate  voltage  and 
having  a  channel  with  a  width-to-length  ratio  such 
that  a  high  drive  signal  produced  by  said  pre-driver 
stage  for  said  NMOS  transistor  applied  to  a  first 
terminal  of  said  third  field-effect  transistor  produces 
a  gradually  increasing  voltage  at  a  second  terminal 
of  said  third  field-effect  transistor,  said  gradually 
increasing  voltage  leveling  off  at  a  maximum  volt- 
age,  for  application  to  said  NMOS  driver  transistor, 
said  second  circuit  further  comprising  a  fourth  field- 
effect  transistor  having  a  gate  voltage  and  having  a 
channel  with  a  width-to-length  ratio  such  that  said 
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and  a  gate  of  said  NMOS  driver  transistor  so  that 
when  a  low  digital  drive  signal  is  applied  to  a  gate 
of  said  PMOS  pre-driver  transistor,  voltage  is  ap- 
plied  to  said  gate  of  said  NMOS  driver  transistor 
via  said  second  circuit,  said  second  circuit  com-  5 
prising  a  third  field-effect  transistor  having  a  gate 
voltage  and  having  a  channel  with  a  width-to-length 
ratio  such  that  a  high  voltage  applied  to  a  first 
terminal  of  said  third  field-effect  transistor  produces 
a  gradually  increasing  voltage  at  a  second  terminal  w 
of  said  third  field-effect  transistor,  said  gradually 
increasing  voltage  leveling  off  at  a  maximum  volt- 
age,  for  application  to  said  NMOS  driver  transistor, 
said  second  circuit  further  comprising  a  fourth  field- 
effect  transistor  having  a  gate  voltage  and  having  a  75 
channel  with  a  width-to-length  ratio  such  that  said 
high  voltage  applied  to  a  first  terminal  of  said  fourth 
field-effect  transistor  rapidly  produces  a  certain 
voltage  at  a  second  terminal  of  said  fourth  field- 
effect  transistor  for  application  to  said  gate  of  said  20 
NMOS  driver  transistor,  said  certain  voltage  being 
lower  than  said  high  voltage  so  as  not  to  cause 
objectional  ringing  on  said  bus  coupled  to  said 
NMOS  driver  transistor. 

13.  The  drive  circuit  of  Claim  12  wherein  said  25 
first  field-effect  transistor  is  an  NMOS  transistor, 
said  second  field-effect  transistor  is  a  PMOS  tran- 
sistor,  said  third  field-effect  transistor  is  a  PMOS 
transistor,  and  said  fourth  field-effect  transistor  is 
an  NMOS  transistor.  30 

35 

40 

45 

50 

55 



EP  0  332  301  A2 
" S e u e i n g e r e i c h t / N e w l y l S  r>  i  i  .  @  , o  3  t  :  -  i  1 V>  9  3  1  3  «  O  l   ̂ ?  J @5  5  ;  > >@-'@@@  . . . . , . . . -@'@-=:  + v  

Vout 

+ V -  

LOGIC  Vffl 

0 

bus  15 
Vmax 

Vg .  
t 

E  @10 

7 T Y  10-G 

0 v y   T  ^  

(Prior  Art) 

F I G .   1 

(Prior  Art) 

+V 
o 

20 
Z_y-Y-Y-Y-(_ •oVout  

Ymax 

V G >  

Ft=  C LOAD /  
24 

(Prior  Art) 

+V 
o 

Vout 
S 
15 Vmax 

26. 

H E  V g >  -28 
26  on 

0 28  on DELAY 
V  

F I G .   4 a  

(Prior  Art) W C .   4 b  

(Prior  Art) 



EP  0  332  301  A2 
-@  o  * 
@̂  O  9  9  -3  O @3  •>  @) 'JO  O 

'J  5  3.̂  Neu  e ingereicht   /  Newiy 

+V 
O 

Vmax, 

Vout 

15 

VG=Vgi+VG2 
E  @10 

v G i + 6  

VG2+6  

F I G .   5 b  

(Prior  Art) 

F I G .   5 a  

(Prior  Art) 

+  V 
o 

+V 
o 

40 

@32 

38 

Vout Vin 

15 +V 
o 

•36 

'LOAD •30 

@34 

(Prior  Art) 



EP  0  332  301  A2 -•  t  n 
O  1  O  9  O :  5  •> -1  a  -> 

Neu  eingereicht   /  Ne\, 

+V 
p 

-o  Vout 
V  

15 

4 = C  LOAD 

W C .   7  i r  

Vmax- 
DRIVE 

SIGNAL  VG 
a. 

0 
Vmax- 

NMOS 
b.  RESPONSE 

ONLY 
0 

Ymax- 
PMOS 

c.  RESPONSE 
ONLY 

0 -  
Vmax- 

d.  DRIVE  SIGNAL 

VG(t) 

Vbias"!  
Vth  i 

0 

+V 

Vth 
Vout e. 

T3 T1  T2 
F I G .   8  



EP  0  332  301  A2 

*>  3   ̂ -J  3  1 
It?  o 

+ v  
O + v  

+ v  
o 40 

— 3 2  

~ p 8 0  

Vbias(P) 

Vbias(N) 

1   65 

•38 '80 

Vin 
Vout 

o  +  V 

- 3 6  

@30  i :  cL0AD 

•34 70 

W C .   9  

9  +  V 
+ v  

o 
40 

@32 
+  V 

8 0 ^  

V b i a s ( P ) H  
+  V 
O 

\  75 

Vout 
1  — 3 6  

@38 

bias  (N) 

-̂T̂   C LOAD •30 

•34 

W C .   1 0  


	bibliography
	description
	claims
	drawings

