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©  An  ECL-to-BiCMOS/CMOS  translator  for  translat- 
ing  a  pair  of  differential  ECL  level  signals  into  a 
BiCMOS/CMOS  level  signal  is  disclosed.  The  tran- 
slator  includes  an  output  stage  having  an  output 
node  and  a  first  output  switching  means  for  coupling 
the  output  node  to  a  first  voltage  supply  and  a 
second  output  switching  means  for  coupling  the  out- 
put  node  to  a  second  voltage  supply.  A  first  input 
stage  activates  the  first  output  switching  means  of 
the  output  stage  in  response  to  one  of  the  differential 

ECL  signals,  and  a  second  input  stage  activates  the 
second  output  switching  means  of  the  output  stage 
in  response  to  the  other  differential  ECL  signal.  The 
first  input  stage  includes  a  first  input  switching 
means  for  coupling  a  first  resistive  element  between 
the  first  voltage  supply  and  the  output  node  of  the 
output  stage,  and  the  second  input  stage  includes  a 
second  input  switching  means  for  coupling  a  second 
resistive  element  between  the  first  voltage  supply 
and  the  second  voltage  supply. 

FIG.  3 
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Background  of  the  Invention 

1  .  Field  of  the  Invention 

The  present  invention  relates  to  circuitry  used 
for  interfacing  different  families  of  logic  circuits, 
and  more  particularly,  to  an  emitter  coupled  logic 
(ECL)  to  bipolar  complementary  metal  oxide  semi- 
conductor  (BiCMOS)  and  complementary  metal  ox- 
ide  semiconductor  (CMOS)  translator. 

2.  Description  of  the  Related  Art 

Situations  often  arise  where  certain  portions  of 
a  digital  system  require  high-speed  logic  gates 
while  other  portions  of  the  system  can  tolerate  low- 
speed  logic  gates.  In  these  situations,  it  is  advanta- 
geous  to  use  more  than  one  logic  family  because, 
where  low-speed  can  be  tolerated,  a  low-speed 
family  such  as  CMOS  will  dissipate  less  power 
than  a  high-speed  family  such  as  ECL. 

When  more  than  one  logic  family  is  used  in  a 
system,  it  is  necessary  to  take  into  account  the  fact 
that  the  output  of  one  family  may  not  be  compati- 
ble  with  the  input  of  another.  In  order  to  properly 
transfer  data  between  different  logic  families,  spe- 
cial  interfacing  circuits,  or  "translators,"  can  be 
used  to  convert  the  logic  signals  generated  by  one 
family  into  signals  which  can  be  understood  by  a 
different  family. 

Figure  1  illustrates  a  block  diagram  of  a  con- 
ventional  ECL-to-CMOS  translator  20.  The  trans- 
lator  20  converts  ECL  level  signals  to  CMOS  level 
signals.  During  operation,  an  ECL  level  signal  is 
received  at  node  22.  The  dynamic  signal  range  for 
ECL  logic  is  about  -1  .7  to  -1  .4  Volts  for  logical  low 
("0")  and  about  -0.9  to  -0.8  Volts  for  logical  high 
("1  ").  An  ECL  receiver  circuit  24  converts  the  re- 
ceived  ECL  signal  to  a  pair  of  differential  ECL  level 
signals  (i.e.,  complementary  ECL  signals).  The  dif- 
ferential  ECL  signals  are  carried  by  lines  26  and  28 
to  a  translator  circuit  30.  The  translator  circuit  30 
converts  the  differential  ECL  level  signals  to  a 
single  CMOS  level  signal.  The  single  CMOS  level 
signal  is  output  at  node  32.  The  dynamic  signal 
range  for  CMOS  logic  is  about  -5.0  to  -4.8  Volts  for 
logical  low  ("0")  and  about  -0.4  to  0.0  Volts  for 
logical  high  ("1  "). 

Figure  2  illustrates  a  circuit  implementation  of 
the  conventional  ECL-to-CMOS  translator  20  of  Fig- 
ure  1.  The  ECL  receiver  circuit  24  is  basically  a 
current-mode  logic  (CML)  gate,  and  its  operation  is 
well  known  in  the  art.  Specifically,  bipolar  transistor 
Q1  ,  which  receives  the  ECL  input  signal  at  its  base, 
is  connected  in  emitter  follower  configuration  to  a 
voltage-comparator  circuit  which  is  constructed 
from  bipolar  transistors  Q2  and  Q3  and  resistors 
R1  and  R2.  Voltage  comparator  circuits  are  the 

basic  components  of  ECL  and  CML  gates.  Lines  26 
and  28,  which  carry  the  pair  of  differential  ECL 
signals,  are  connected  to  the  collectors  of  transis- 
tors  Q3  and  Q2,  respectively. 

5  The  translator  circuit  30  includes  p-channel 
MOSFET  transistors  MP1  through  MP3,  n-channel 
MOSFET  transistors  MN1  through  MN5,  and  bi- 
polar  transistors  Q4  and  Q5.  Transistor  Q4  has  its 
collector  connected  to  a  first  voltage  source  which 

io  supplies  a  voltage  roughly  equal  to  that  of  a  CMOS 
logical  high,  i.e.,  about  0.0  Volts.  Transistor  Q5  has 
its  emitter  connected  to  a  second  voltage  source 
which  supplies  a  voltage  roughly  equal  to  that  of  a 
CMOS  logical  low,  i.e.,  about  -5.2  Volts.  The  emit- 

75  ter  of  transistor  Q4  and  the  collector  of  transistor 
Q5  are  connected  together  and  form  output  node 
32. 

Translator  circuit  30  generates  CMOS  level  sig- 
nals  on  output  node  32  by  switching  only  one  of 

20  transistors  Q4  and  Q5  on  at  a  time.  When  transistor 
Q4  is  switched  on,  transistor  Q5  is  off,  and  output 
node  32  is  pulled  up  to  a  CMOS  logical  high,  i.e., 
about  -0.4  Volts.  When  transistor  Q5  is  switched 
on,  transistor  Q4  is  off,  and  output  node  32  is 

25  pulled  down  to  a  CMOS  logical  low,  i.e.,  about  -4.8 
Volts. 

The  pair  of  differential  ECL  signals  are  re- 
ceived  at  the  gates  of  transistors  MP1  and  MP2  via 
lines  26  and  28,  respectively.  Transistors  MP1 

30  through  MP3  and  MN1  through  MN5,  in  response 
to  the  differential  ECL  signals,  switch  transistors  Q4 
and  Q5  on  and  off.  Specifically,  when  line  26 
carries  a  low  signal,  and  line  28  carries  a  high 
signal,  transistor  MP1  switches  on  and  transistor 

35  MP2  switches  off.  Because  transistor  MP1  is  on, 
transistor  MN2  switches  on  and  causes  the  gates 
of  transistors  MP3,  MN3,  and  MN4  to  be  pulled 
low.  Transistor  MP3  switches  on  and  causes  the 
base  of  transistor  Q4  to  be  pulled  high,  thus, 

40  switching  transistor  Q4  on.  Because  transistor  Q4 
is  on,  a  high  signal  is  received  at  the  gate  of 
transistor  MN5  which  switches  transistor  MN5  on. 
The  base  of  transistor  Q5  is  pulled  low  which 
switches  transistor  Q5  off. 

45  Conversely,  when  line  26  carries  a  high  signal, 
and  line  28  carries  a  low  signal,  transistor  MP1 
switches  off  and  transistor  MP2  switches  on.  Be- 
cause  transistor  MP2  is  on,  the  gates  of  transistors 
MP3,  MN3  and  MN4  are  pulled  high.  Transistor 

50  MN3  switches  on  which  pulls  the  base  of  transistor 
Q4  low,  thus,  switching  transistor  Q4  off.  Transistor 
MN5  remains  off  which  permits  transistor  Q5  to 
switch  on. 

The  conventional  ECL-to-CMOS  translator  20 
55  of  Figures  1  and  2  has  a  number  of  deficiencies. 

First,  due  to  the  large  number  of  transistors  em- 
ployed,  the  translator  20  tends  to  dissipate  a  large 
amount  of  power.  Second,  the  large  number  of 
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transistors  require  a  period  of  time  to  complete  the 
switching  operation,  which  is  too  slow  for  many 
modern  applications.  Finally,  the  large  number  of 
transistors  makes  the  circuit  impractical  for  modern 
high  density  products;  there  are  often  space  and 
layout  problems  which  render  the  manufacture  of 
the  circuit  economically  unfeasible. 

Thus,  there  is  a  need  for  an  ECL-to-CMOS 
translator  which  dissipates  less  power,  has  fewer 
components,  and  has  higher  speed  than  conven- 
tional  translators. 

Summary  of  the  Invention 

The  present  invention  provides  an  ECL-to-BiC- 
MOS/CMOS  translator  for  translating  a  pair  of  dif- 
ferential  ECL  level  signals  into  a  BiCMOS/CMOS 
level  signal.  An  output  stage  having  an  output  node 
for  outputting  the  BiCMOS/CMOS  level  signal  is 
included,  and  the  output  stage  further  includes  a 
first  output  switching  means  for  coupling  the  output 
node  to  a  first  voltage  supply  and  a  second  output 
switching  means  for  coupling  the  output  node  to  a 
second  voltage  supply. 

A  first  input  stage  activates  the  first  output 
switching  means  of  the  output  stage  in  response  to 
one  of  the  differential  ECL  signals.  The  first  input 
stage  includes  a  first  input  switching  means  for 
coupling  a  first  resistive  element  between  the  first 
voltage  supply  and  the  output  node  of  the  output 
stage. 

A  second  input  stage  activates  the  second  out- 
put  switching  means  of  the  output  stage  in  re- 
sponse  to  the  other  differential  ECL  signal.  The 
second  input  stage  includes  a  second  input  switch- 
ing  means  for  coupling  a  second  resistive  element 
between  the  first  voltage  supply  and  the  second 
voltage  supply. 

A  better  understanding  of  the  features  and  ad- 
vantages  of  the  present  invention  will  be  obtained 
by  reference  to  the  following  detailed  description  of 
the  invention  and  accompanying  drawings  which 
set  forth  an  illustrative  embodiment  in  which  the 
principles  of  the  invention  are  utilized. 

Brief  Description  of  the  Drawings 

Fig.  1  is  a  block  diagram  illustrating  a  conven- 
tional  ECL  to  CMOS  translator. 

Fig.  2  is  a  schematic  diagram  illustrating  the 
conventional  ECL  to  CMOS  translator  of  Fig.  1. 

Fig.  3  is  a  schematic  diagram  illustrating  a 
circuit  embodiment  of  an  ECL  to  BiCMOS/CMOS 
translator  in  accordance  with  the  present  invention. 

Fig.  4  is  a  schematic  diagram  illustrating  a 
circuit  embodiment  of  another  ECL  to  BiC- 
MOS/CMOS  translator  in  accordance  with  the 
present  invention. 

Detailed  Description  of  the  Preferred  Embodiment 

Referring  to  Figure  3,  there  is  illustrated  a 
circuit  embodiment  of  an  ECL-to-BiCMOS/CMOS 

5  translator  34  in  accordance  with  the  present  inven- 
tion.  The  translator  34  is  ideal  for  converting  ECL 
level  signals  to  BiCMOS  level  signals.  The  dynamic 
signal  range  for  BiCMOS  logic  is  nearly  the  same 
as  for  CMOS  logic,  except  that  the  voltage  level  for 

70  BiCMOS  logical  high  ("1  ")  is  generally  about  one 
diode  drop  below  the  CMOS  logical  high.  Thus, 
BiCMOS  logical  high  is  about  -0.7  Volts  and  BiC- 
MOS  logical  low  is  about  -5.0  Volts. 

Because  the  BiCMOS  and  CMOS  dynamic  sig- 
75  nal  ranges  are  nearly  the  same,  it  is  believed  that 

the  translator  34  will  function  adequately  to  convert 
ECL  level  signals  to  CMOS  level  signals  as  well.  In 
other  words,  it  is  believed  that  if  CMOS  devices  are 
connected  to  node  50,  the  BiCMOS  logical  high 

20  signals  generated  at  node  50  will  be  adequate  for 
switching  the  CMOS  devices  to  a  high  state,  and 
vice-versa.  Thus,  the  translator  34  is  referred  to 
herein  as  an  ECL-to-BiCMOS/CMOS  translator  be- 
cause  it  is  believed  that  the  translator  will  ade- 

25  quately  translate  ECL  level  signals  to  signals  which 
can  be  utilized  by  both  BiCMOS  and  CMOS  logic 
families. 

In  general,  the  translator  34  operates  by  receiv- 
ing  an  ECL  level  signal  at  node  44.  An  ECL  re- 

30  ceiver  stage  36  converts  the  received  ECL  signal  to 
a  pair  of  differential  ECL  level  signals.  The  differen- 
tial  ECL  signals  are  carried  by  lines  46  and  48  to  a 
first  input  stage  38  and  a  second  input  stage  40, 
respectively.  An  output  stage  42,  responsive  to  the 

35  first  and  second  input  stages  38  and  40,  generates 
a  BiCMOS/CMOS  level  signal  on  node  50. 

The  ECL  receiver  stage  36  is  basically  an  ECL 
gate,  and  its  operation  is  well  known  in  the  art. 
Specifically,  a  bipolar  transistor  Q6  receives  the 

40  ECL  input  signal  at  its  base.  The  collector  of  tran- 
sistor  Q6  is  connected  to  a  voltage  supply  VCC, 
and  the  emitter  of  transistor  Q6  is  connected  to  a 
voltage-comparator  circuit  constructed  from  bipolar 
transistors  Q7  and  Q8  and  resistors  R3  and  R4. 

45  Resistors  R3  and  R4  preferably  have  a  value  of 
approximately  2.3  K0  each.  Transistors  Q7  and  Q8 
have  their  emitters  connected  together  and  their 
collectors  connected  to  resistors  R3  and  R4,  re- 
spectively.  The  other  terminals  of  resistors  R3  and 

50  R4  are  connected  to  voltage  supply  VCC.  Voltage 
supply  VCC  is  preferably  tied  to  ground  potential. 

Instead  of  having  current  sources  (as  shown  in 
Figure  2)  connected  to  the  emitters  of  transistors 
Q6,  Q7,  and  Q8,  the  emitter  of  transistor  Q6  is 

55  connected  to  the  collector  of  a  bipolar  transistor 
Q9,  and  the  emitters  of  transistors  Q7  and  Q8  are 
connected  to  the  collector  of  a  bipolar  transistor 
Q10.  The  emitters  of  transistors  Q9  and  Q10  are 
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connected  to  resistors  R5  and  R6,  respectively. 
Resistors  R5  and  R6  preferably  have  values  of 
approximately  1600  0  and  800  0,  respectively.  The 
other  terminals  of  resistors  R5  and  R6  are  con- 
nected  to  a  voltage  supply  VEE,  which  preferably 
supplies  a  voltage  of  about  -5.0  Volts.  The  bases  of 
transistors  Q9  and  Q10  are  connected  to  a  voltage 
source  VCSI,  which  preferably  supplies  a  voltage  of 
approximately  1.32  Volts  above  voltage  supply 
VEE. 

The  collector  of  transistor  Q7  is  connected  to 
the  base  of  emitter  follower  bipolar  transistor  Q1  1  , 
and  the  collector  of  transistor  Q8  is  connected  to 
the  base  of  emitter  follower  bipolar  transistor  Q12. 
The  emitter  of  transistor  Q1  1  is  connected  through 
a  resistor  R7  to  voltage  supply  VEE,  and  the  emit- 
ter  of  transistor  Q12  is  connected  through  a  resistor 
R8  to  voltage  supply  VEE.  Resistors  R7  and  R8 
preferably  have  values  of  approximately  8400  0 
each.  The  collectors  of  both  transistors  Q11  and 
Q12  are  connected  to  voltage  supply  VCC. 

Lines  46  and  48,  which  carry  the  pair  of  dif- 
ferential  ECL  signals  generated  by  the  ECL  re- 
ceiver  stage  36,  are  connected  to  the  emitters  of 
transistors  Q12  and  Q11,  respectively.  The  other 
end  of  lines  46  and  48  are  connected  to  the  first 
and  second  input  stages  38  and  40,  respectively. 

Although  a  specific  configuration  of  the  ECL 
receiver  stage  36  is  shown  in  Figure  3,  it  should  be 
well  understood  that  many  different  ECL  or  CML 
gate  configurations  will  adequately  serve  the  pur- 
pose  of  the  ECL  receiver  stage  36.  The  primary 
objective  of  the  ECL  receiver  stage  36  is  to  convert 
the  single  received  ECL  level  signal  into  a  pair  of 
differential  ECL  level  signals,  and  any  circuit  ca- 
pable  of  accomplishing  this  objective  will  suffice. 
For  example,  the  ECL  receiver  stage  24  of  Figure  2 
may  be  used  as  the  ECL  receiver  stage  36  of  the 
present  invention. 

Furthermore,  the  ECL  receiver  stage  36  is  not 
even  needed  if  a  pair  of  differential  ECL  signals, 
rather  than  a  single  ECL  signal,  are  present  in  the 
system  in  which  the  translator  is  used.  In  this 
scenario  the  differential  ECL  signals  would  be  con- 
nected  directly  to  the  first  and  second  input  stages 
38  and  40. 

The  first  and  second  input  stages  38  and  40 
control  the  output  stage  42.  The  output  stage  42 
includes  two  bipolar  transistors  Q13  and  Q14.  The 
collector  of  transistor  Q13  is  connected  to  a  voltage 
supply  VDD  which  supplies  a  voltage  roughly  equal 
to  that  of  a  CMOS  logical  high,  i.e.,  about  0.0  Volts. 
The  emitter  of  transistor  Q14  is  connected  to  a 
voltage  supply  VSS  which  supplies  a  voltage 
roughly  equal  to  that  of  a  CMOS  logical  low,  i.e., 
about  -  5.0  Volts.  The  emitter  of  transistor  Q13  and 
the  collector  of  transistor  Q14  are  connected  to- 
gether  and  form  output  node  50. 

Output  stage  42  generates  BiCMOS/CMOS  lev- 
el  signals  on  output  node  50  by  switching  only  one 
of  transistors  Q13  and  Q14  on  at  a  time.  When 
transistor  Q13  is  switched  on,  transistor  Q14  is 

5  switched  off,  and  output  node  50  is  coupled  to 
voltage  supply  VDD.  Thus,  output  node  50  is  pulled 
up  to  approximately  a  BiCMOS  logical  high,  i.e., 
approximately  0.0  Volts  less  one  diode  drop,  or 
about  -0.7  Volts.  When  transistor  Q14  is  switched 

io  on,  transistor  Q13  is  switched  off,  and  output  node 
50  is  coupled  to  voltage  supply  VSS.  Thus,  output 
node  50  is  pulled  down  to  approximately  a  BiC- 
MOS  logical  low,  i.e.,  approximately  -5.0  Volts. 

The  first  input  stage  38  activates  transistor  Q13 
is  in  response  to  one  of  the  differential  ECL  signals. 

Specifically,  the  first  input  stage  38  includes  a  p- 
channel  MOSFET  transistor  MP6  which  receives 
one  of  the  differential  ECL  signals  at  its  gate  via 
line  46.  The  source  of  transistor  MP6  is  connected 

20  to  voltage  source  VDD.  The  drain  of  transistor  MP6 
is  connected  to  the  base  of  transistor  Q13.  The 
drain  of  transistor  MP6  is  also  connected  through  a 
resistor  R12  to  the  output  node  50.  When  transistor 
MP6  is  switched  on,  resistor  R12  is  effectively 

25  coupled  between  voltage  supply  VDD  and  output 
node  50.  The  resistor  R12  preferably  has  a  value  of 
approximately  5  KO. 

The  second  input  stage  40  activates  transistor 
Q14  in  response  to  the  other  differential  ECL  sig- 

30  nal.  A  p-channel  MOSFET  transistor  MP8  receives 
the  other  differential  ECL  signal  at  its  gate  via  line 
48.  The  source  of  transistor  MP8  is  connected  to 
voltage  source  VDD.  The  drain  of  transistor  MP8  is 
connected  to  the  base  of  transistor  Q14.  The  drain 

35  of  transistor  MP8  is  also  connected  through  a  resis- 
tor  R14  to  voltage  source  VSS.  When  transistor 
MP8  is  switched  on,  resistor  R14  is  effectively 
coupled  between  voltage  supply  VDD  and  voltage 
supply  VSS.  The  resistor  R14  preferably  has  a 

40  value  of  approximately  6  KO. 
During  operation,  when  an  ECL  logical  high  is 

received  at  node  44,  the  ECL  receiver  stage  36,  as 
is  well  known  in  the  art,  generates  an  ECL  logical 
high  on  line  46,  i.e.,  about  -0.8  Volts,  and  an  ECL 

45  logical  low  on  line  48,  i.e.,  about  -2.2  Volts.  The  low 
signal  on  line  48  switches  transistor  MP8  on  which 
causes  current  to  flow  through  resistor  R14.  The 
approximate  0.7  Volt  drop  across  resistor  R14 
causes  the  base  of  transistor  Q14  to  be  pulled  from 

50  -  5.0  Volts  up  to  about  -4.3  Volts.  This  change  in 
voltage  at  the  base  of  transistor  Q14  causes  it  to 
switch  on.  Because  transistor  Q14  is  on,  output 
node  50  is  coupled  to  and  pulled  down  to  approxi- 
mately  VSS,  or  about  -5.0  Volts.  It  should  be  noted 

55  that  while  transistor  MP8  is  switched  on  there  is  a 
steady  current  flowing  through  it,  as  well  as  resistor 
R14,  in  order  to  keep  transistor  Q14  switched  on. 

4 
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The  high  signal  which  is  received  at  the  gate  of 
transistor  MP6  via  line  46  switches  transistor  MP6 
off.  Because  transistor  MP6  is  off,  a  low  signal  is 
received  at  the  base  of  transistor  Q13  which 
causes  the  transistor  to  remain  off.  Thus,  output 
node  50  remains  coupled  to  and  pulled  down  to 
VSS  by  transistor  Q14. 

When  an  ECL  logical  low  is  received  at  input 
node  44,  the  ECL  receiver  stage  36  generates  an 
ECL  logical  low  on  line  46,  i.e.,  about  -2.2  Volts, 
and  an  ECL  logical  high  on  line  48,  i.e.,  about  -0.8 
Volts.  The  high  signal  on  line  48  causes  transistor 
MP8  to  switch  off.  Current  stops  flowing  through 
resistor  R14,  and  the  base  of  transistor  Q14  is 
pulled  back  down  to  -5.0  Volts.  The  change  in 
voltage  at  the  base  of  transistor  Q14  causes  it  to 
switch  off. 

The  low  signal  on  line  46  causes  transistor 
MP6  to  switch  on.  The  base  of  transistor  Q13  is 
pulled  up  to  VDD,  or  about  0.0  Volts,  which  causes 
transistor  Q13  to  switch  on.  Output  node  50  is 
pulled  up  to  VDD  less  one  diode  drop,  or  about 
-0.7  Volts.  It  should  be  noted  that  while  transistor 
Q13  is  on,  there  is  no  steady  current  flow  through 
transistor  MP6.  Power  is  conserved  when  there  is 
no  steady  current  flow. 

Although  it  is  believed  that  translator  34  of 
Figure  3  will  adequately  translate  ECL  signals  to 
both  BiCMOS  and  CMOS  level  signals,  Figure  4 
illustrates  a  circuit  embodiment  of  a  translator  52  in 
accordance  with  the  present  invention  that  is  more 
suitable  for  converting  ECL  level  signals  to  CMOS 
level  signals.  Translator  52  is  identical  to  translator 
34  in  all  respects  except  for  the  first  input  stage  54. 
An  additional  p-channel  MOSFET  transistor  MP10 
has  been  added  to  the  first  input  stage  54.  Specifi- 
cally,  the  gate  of  transistor  MP10  is  connected  to 
line  46  which  carries  one  of  the  differential  ECL 
signals.  The  source  of  transistor  MP10  is  con- 
nected  to  voltage  supply  VDD,  and  the  drain  is 
connected  to  output  node  50. 

The  operation  of  translator  52  is  nearly  the 
same  as  translator  34  except  for  one  small  dif- 
ference.  As  discussed  above  with  respect  to  tran- 
slator  34,  when  line  46  carries  a  low  signal,  transis- 
tor  MP6  switches  on  which  causes  transistor  Q13 
to  switch  on.  Node  50  is  pulled  up  to  a  voltage 
level  of  VDD  less  one  diode  drop.  However,  in 
translator  52,  transistor  MP10  also  switches  on 
which  effectively  couples  voltage  supply  VDD  to 
output  node  50.  In  other  words,  there  is  not  a  one 
diode  voltage  drop  between  voltage  supply  VDD 
and  output  node  50.  Thus,  the  high  output  of  tran- 
slator  52  is  approximately  equal  to  VDD,  or  about 
0.0  Volts,  which  is  in  accordance  with  the  generally 
accepted  CMOS  dynamic  signal  range. 

Similar  to  translator  34  of  Figure  3,  it  is  be- 
lieved  that  translator  52  of  Figure  4  will  adequately 

translate  ECL  level  signals  to  BiCMOS  levels  sig- 
nals.  Although  translator  52  may  be  more  suitable 
for  CMOS  logic  levels,  it  is  believed  that  because 
the  dynamic  signal  ranges  of  BiCMOS  and  CMOS 

5  are  nearly  the  same,  translator  52  will  function 
adequately  for  BiCMOS.  Thus,  translator  52  is  also 
referred  to  herein  as  an  ECL-to-BiCMOS/CMOS 
translator. 

It  should  be  understood  that  various  alterna- 
io  tives  to  the  embodiments  of  the  invention  de- 

scribed  herein  may  be  employed  in  practicing  the 
invention.  It  is  intended  that  the  following  claims 
define  the  scope  of  the  invention  and  that  struc- 
tures  and  methods  within  the  scope  of  these  claims 

is  and  their  equivalents  be  covered  thereby. 

Claims 

1.  An  ECL-to-BiCMOS/CMOS  translator  for  trans- 
20  lating  a  pair  of  differential  ECL  level  signals 

into  a  BiCMOS/CMOS  level  signal,  the  tran- 
slator  comprising: 

an  output  stage  having  an  output  node  for 
outputting  the  BiCMOS/CMOS  level  signal,  the 

25  output  stage  further  having  a  first  output 
switching  means  for  coupling  the  output  node 
to  a  first  voltage  supply  and  a  second  output 
switching  means  for  coupling  the  output  node 
to  a  second  voltage  supply; 

30  a  first  input  stage  for  activating  the  first 
output  switching  means  of  the  output  stage  in 
response  to  one  of  the  differential  ECL  signals, 
the  first  input  stage  having  a  first  input  switch- 
ing  means  for  coupling  a  first  resistive  element 

35  between  the  first  voltage  supply  and  the  output 
node  of  the  output  stage;  and 

a  second  input  stage  for  activating  the 
second  output  switching  means  of  the  output 
stage  in  response  to  the  other  differential  ECL 

40  signal,  the  second  input  stage  having  a  second 
input  switching  means  for  coupling  a  second 
resistive  element  between  the  first  voltage  sup- 
ply  and  the  second  voltage  supply. 

45  2.  The  ECL-to-BiCMOS/CMOS  translator  of  claim 
1,  wherein  the  first  and  second  output  switch- 
ing  means  of  the  output  stage  comprise  bipolar 
transistors. 

50  3.  The  ECL-to-BiCMOS/CMOS  translator  of  claim 
2,  wherein: 

the  first  input  switching  means  of  the  first 
input  stage  comprises  a  P-channel  transistor 
having  its  source  connected  to  the  first  voltage 

55  supply,  its  drain  connected  to  the  base  of  the 
first  output  switching  means  of  the  output 
stage  and  to  the  first  resistive  element,  and  its 
gate  connected  to  the  differential  ECL  signal; 

5 
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and 
the  second  input  switching  means  of  the 

second  input  stage  comprises  a  P-channel 
transistor  having  its  source  connected  to  the 
first  voltage  supply,  its  drain  connected  to  the 
base  of  the  second  output  switching  means  of 
the  output  stage  and  to  the  second  resistive 
element,  and  its  gate  connected  to  the  other 
differential  ECL  signal. 

4.  The  ECL-to-BiCMOS/CMOS  translator  of  claim 
1  ,  further  comprising: 

an  ECL  receiver  means  for  receiving  a 
single  ECL  signal  and  for  generating  the  pair  of 
differential  ECL  signals  in  response  thereto. 

5.  The  ECL-to-BiCMOS/CMOS  translator  of  claim 
1,  wherein  the  first  input  stage  further  com- 
prises: 

a  third  input  switching  means  for  coupling 
the  first  voltage  supply  to  the  output  node  of 
the  output  stage. 

6.  An  ECL-to-BiCMOS/CMOS  translator,  compris- 
ing: 

an  output  stage  having  an  output  node  for 
outputting  a  BiCMOS/CMOS  level  signal,  the 
output  stage  further  having  a  first  bipolar  tran- 
sistor  for  coupling  the  output  node  to  a  first 
voltage  supply  and  a  second  bipolar  transistor 
for  coupling  the  output  node  to  a  second  volt- 
age  supply; 

a  first  input  stage,  responsive  to  a  first  one 
of  a  pair  of  differential  ECL  signals,  for  activat- 
ing  the  first  bipolar  transistor  of  the  output 
stage,  the  first  input  stage  having  a  first  P- 
channel  transistor  for  coupling  a  first  resistive 
element  between  the  first  voltage  supply  and 
the  output  node  of  the  output  stage;  and 

a  second  input  stage,  responsive  to  a  sec- 
ond  one  of  the  pair  of  differential  ECL  signals, 
for  activating  the  second  bipolar  transistor  of 
the  output  stage,  the  second  input  stage  hav- 
ing  a  second  P-channel  transistor  for  coupling 
a  second  resistive  element  between  the  first 
voltage  supply  and  the  second  voltage  supply. 

7.  The  ECL-to-BiCMOS/CMOS  translator  of  claim 
6,  wherein: 

the  first  P-channel  transistor  of  the  first 
input  stage  has  its  source  connected  to  the 
first  voltage  supply,  its  drain  connected  to  the 
base  of  the  first  bipolar  transistor  of  the  output 
stage  and  to  the  first  resistive  element,  and  its 
gate  connected  to  the  first  differential  ECL 
signal;  and 

the  second  P-channel  transistor  of  the  sec- 
ond  input  stage  has  its  source  connected  to 

the  first  voltage  supply,  its  drain  connected  to 
the  base  of  the  second  bipolar  transistor  of  the 
output  stage  and  to  the  second  resistive  ele- 
ment,  and  its  gate  connected  to  the  second 

5  differential  ECL  signal. 

8.  The  ECL-to-BiCMOS/CMOS  translator  of  claim 
6,  further  comprising: 

an  ECL  receiver  means  for  receiving  a 
io  single  ECL  signal  and  for  generating  the  pair  of 

differential  ECL  signals  in  response  thereto. 

9.  The  ECL-to-BiCMOS/CMOS  translator  of  claim 
6,  wherein  the  first  input  stage  further  com- 

15  prises: 
a  third  P-channel  transistor  for  coupling 

the  first  voltage  supply  to  the  output  node  of 
the  output  stage. 

20  10.  An  ECL-to-BiCMOS/CMOS  translator,  compris- 
ing: 

an  ECL  receiver  means  for  receiving  a 
single  ECL  signal  and  for  generating  a  pair  of 
differential  ECL  signals  in  response  thereto; 

25  an  output  stage  having  an  output  node  for 
outputting  a  BiCMOS/CMOS  level  signal,  the 
output  stage  further  having  a  first  bipolar  tran- 
sistor  for  coupling  the  output  node  to  a  first 
voltage  supply  and  a  second  bipolar  transistor 

30  for  coupling  the  output  node  to  a  second  volt- 
age  supply; 

a  first  input  stage  for  activating  the  first 
bipolar  transistor  of  the  output  stage,  the  first 
input  stage  having  a  first  P-channel  transistor 

35  having  its  source  connected  to  the  first  voltage 
supply,  its  drain  connected  to  the  base  of  the 
first  bipolar  transistor  of  the  output  stage,  and 
its  gate  connected  to  a  first  one  of  the  pair  of 
differential  ECL  signals,  the  first  input  stage 

40  further  having  a  resistive  element  connected 
between  the  drain  of  the  first  P-channel  tran- 
sistor  and  the  output  node  of  the  output  stage; 
and 

a  second  input  stage  for  activating  the 
45  second  bipolar  transistor  of  the  output  stage, 

the  second  input  stage  having  a  second  P- 
channel  transistor  having  its  source  connected 
to  the  first  voltage  supply,  its  drain  connected 
to  the  base  of  the  second  bipolar  transistor  of 

50  the  output  stage,  and  its  gate  connected  to  a 
second  one  of  the  pair  of  differential  ECL  sig- 
nals,  the  second  input  stage  further  having  a 
resistive  element  connected  between  the  drain 
of  the  second  P-channel  transistor  and  the 

55  second  voltage  supply. 

11.  The  ECL-to-BiCMOS/CMOS  translator  of  claim 
10,  wherein  the  first  input  stage  further  com- 

6 
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prises: 
a  third  P-channel  transistor  having  its 

source  connected  to  the  first  voltage  supply, 
its  drain  connected  to  the  output  node  of  the 
output  stage,  and  its  gate  connected  to  the  first 
one  of  the  differential  ECL  signals. 
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