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Description 

The  present  invention  relates  to  a  level  con- 
verting  circuit  and,  particularly,  to  a  level  converting 
circuit  useful  as  an  ECL-to-CMOS  level  converter 
and  a  memory  sense  amplifier  for  transforming 
differential  input  voltages  into  a  CMOS  drive  volt- 
age. 

One  example  of  conventional  level  converting 
circuits  performing  differential  input  to  CMOS  level 
conversion  is  shown  in  Fig.  1.  The  arrangement 
includes  npn  bipolar  transistors  Q1-Q3,  MOS  tran- 
sistors  (metal-oxide-semiconductor  transistors  or 
insulated  gate  field-effect  transistors)  M1-M4,  di- 
odes  D1  and  D2,  and  resistors  R1  and  R2.  Dif- 
ferential  input  voltages  are  denoted  by  V1  and  V2, 
the  former  being  the  input  signal  voltage  and  the 
latter  being  the  reference  voltage,  for  example,  in 
an  ECL  to  CMOS  level  converting  circuit. 

In  operation,  the  output  voltage  of  the  differen- 
tial  input  stage  Q1  and  Q2  is  modified  by  a  level 
shift  stage  consisting  of  a  bipolar  transistor  Q3  and 
diodes  D1  and  D2  so  that  it  matches  with  the  input 
level  of  a  CMOS  inverting  amplifier  stage  consist- 
ing  of  MOS  transistors  M1  and  M2,  and  the  signal 
is  further  amplified  by  the  second  amplifier  stage 
consisting  of  MOS  transistors  M3  and  M4.  In  this 
circuit  arrangement,  the  inverter  stage  (M1,  M2) 
cannot  have  a  sufficient  amplitude  of  input,  causing 
one  of  M1  and  M2  to  operate  in  a  non-saturation 
region  of  small  gm.  This  results  in  a  large  output 
impedance,  producing  a  large  time  constant  in  con- 
junction  with  a  parasitic  capacitance  such  as  the 
gate  capacitance  of  MOS  transistors  M3  and  M4  in 
the  following  stage,  and  the  level  converter  does 
not  operate  at  a  satisfactory  high  speed. 

Fig.  2  shows  another  example  of  conventional 
level  converting  circuits  described  in  publication, 
ISSCC  '82  DIGEST  OF  TECHNICAL  PAPERS, 
page  249.  The  arrangement  is  made  up  of  a  dif- 
ferential  amplifier  stage  including  MOS  transistors 
M10-M14,  a  level  shift  stage  including  MOS  tran- 
sistors  M15-M18,  and  a  voltage  amplifier  stage  of 
current  mirror  type  including  MOS  transistors  M19- 
M22.  The  level  shift  stage  provides  some  voltage 
amplification  due  to  the  cross  connection  of  the 
drain  and  gate  of  the  MOS  transistors  M17  and 
M18.  The  differential  input  stage  has  the  driving 
transistors  M10  and  M11  and  loading  transistors 
M12  and  M13  all  operating  in  the  saturation  region, 
thus  providing  a  large  voltage  gain.  On  this  ac- 
count,  the  mirror  effect  largely  acts  on  the  input 
capacitance  of  the  driving  transistors  M10  and 
M11,  and  the  input  signal  V1  and  V2  are  subjected 
to  a  considerable  time  constant  created  in  conjunc- 
tion  with  their  output  impedance,  that  adversely 
affects  the  operation  speed. 

When  the  foregoing  conventional  circuit  ar- 

rangements  deal  with  very  small  input  voltages  V1 
and  V2  in  such  cases  of  a  memory  sense  amplifier 
and  ECL-CMOS  converter,  the  former  arrangement 
lacks  the  voltage  gain,  while  the  latter  arrangement 

5  suffers  in  its  input  capacitance  in  addition  to  a  high 
signal  source  impedance,  and  a  satisfactory  opera- 
tion  speed  cannot  be  obtained. 

IEEE  Journal  of  Solid-State  Circuits,  Vol.  SC- 
13,  No.  6,  December  1978,  Pages  760  to  766, 

io  specifically  Figures  5  and  6,  discloses  a  level  con- 
verting  circuit  with  the  features  included  in  the  first 
part  of  claim  1.  The  prior  art  circuit  is  voltage- 
based  and  so  designed  that  a  maximum  voltage 
gain  is  obtained. 

75  It  is  an  object  of  the  present  invention  to  pro- 
vide  a  level  converting  circuit  which  is  capable  of 
fast  operation. 

This  object  is  met  by  the  circuit  of  the  inven- 
tion  as  characterized  in  claim  1  .  Due  to  the  use  of 

20  a  current  amplifier,  the  response  time  delay  caused 
by  parasitic  capacitances  is  shortened. 

These  and  other  objects  and  features  of  the 
present  invention  will  become  apparent  from  the 
description  of  the  following  particular  embodiments 

25  taken  in  conjunction  with  the  accompanying  draw- 
ings,  in  which: 

Figs.  1  and  2  are  schematic  diagrams  showing 
separate  conventional  level  converting  circuits; 
Figs.  3a,  4a  and  5a  are  schematic  diagrams 

30  showing  embodiments  of  the  present  invention; 
Figs.  3b,  4b  and  5b  are  graphs  showing  the 
characteristics  of  the  corresponding  arrange- 
ments  shown  in  Figs.  3a,  4a  and  5a; 
Fig.  6  is  a  schematic  diagram  showing  still  an- 

35  other  embodiment  of  the  invention; 
Fig.  7  is  a  block  diagram  showing  the  applica- 
tion  system  relevant  to  the  present  invention; 
Fig.  8  is  a  graph  showing  the  level  converting 
characteristics  of  the  level  converter  shown  in 

40  Fig.  7;  and 
Figs.  9  through  12  are  schematic  diagrams 
showing  further  embodiments  of  the  present  in- 
vention. 

Several  embodiments  of  the  invention  will  now 
45  be  described  in  detail. 

EMBODIMENT  1 

Fig.  3a  shows  the  first  embodiment  of  the 
50  invention,  and  it  is  entirely  made  up  of  MOS  tran- 

sistors  M30-M45.  Transistors  M30  and  M31  in  pair 
form  a  voltage-to-current  conversion  circuit  1  which 
transforms  the  differential  input  voltage  (V1-V2)  into 
differential  currents  lo±Alo.  Transistor  M35  works 

55  as  a  constant  current  source  which  supplies  a 
constant  current  lo  to  the  conversion  circuit  1. 
Transistors  M32  and  M33  have  their  source  elec- 
trode  (S)  connected  to  a  power  line  Vcc  and  their 

3 
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gate  (G)  connected  with  their  own  drain  (D)  so  as 
to  serve  as  diodes,  and  they  form  a  current  detec- 
tion  circuit  2  for  detecting  the  differential  currents. 
Transistors  M36  and  M37  operate  to  provide  a 
constant  current  bias  Ibo  for  the  current  detection 
circuit  2,  so  that  the  output  voltages  V21  and  V22 
of  the  current  detection  circuit  2  are  biased  to  at 
least  Vcc-Vt  (where  Vt  represents  the  threshold 
voltage  of  MOS  transistor,  and  it  will  be  treated  as 
the  absolute  value  commonly  for  all  transistors  of 
NMOS  and  PMOS  types). 

Fig.  3b  shows,  in  a  graph  of  Vg-ld  curve  of 
transistors  M32  and  M33,  the  effect  of  the  constant 
current  bias  Ibo  provided  for  the  current  detecting 
transistors  M32  and  M33.  Without  the  constant 
current  bias  Ibo,  the  transistors  M32  and  M33  have 
an  amplitude  of  Va  in  response  to  the  output  cur- 
rent  Id  of  the  voltage-current  conversion  circuit  1 
varying  between  0  and  lo.  Whereas,  with  the  con- 
stant  current  bias  Ibo  given  to  the  transistors  M32 
and  M33,  their  current  Id  varies  between  Ibo  and 
Ibo  +  lo,  resulting  in  an  amplitude  of  Va'  of  their 
output  voltages  V21  and  V22,  and  thus  the  output 
voltage  amplitude  of  the  current  detection  circuit  2 
can  be  made  smaller. 

According  to  this  embodiment,  the  output  volt- 
age  of  the  current  detection  circuit  2,  and  the 
intermediate  and  output  voltages  of  the  current 
amplifying  circuit  3  are  all  made  to  have  sufficiently 
small  amplitudes.  Therefore,  the  charging  current 
to  the  parasitic  capacitance  is  small,  and  its  influ- 
ence  on  the  delay  time  of  the  level  converter  is 
very  small.  The  current  detection  circuit  2  has 
output  voltages  V21  and  V22  with  an  amplitude  of 
lo/gm1  (where  gm1  is  the  mutual  conductance  of 
transistors  M32  and  M33),  and  it  is  extremely  small 
as  compared  with  the  usual  voltage  amplifying  cir- 
cuit. 

Transistors  M38  and  M39  form  current  mirror 
circuits  in  conjunction  with  the  current  detecting 
transistors  M32  and  M33.  Similarly,  transistors 
M40,  M41  ,  M44  and  M45  in  combination  form  other 
current  mirror  circuits.  The  amplitude  AM  of  the 
output  current  11  flowing  in  the  transistors  M44  and 
M45  is  expressed  in  terms  of  the  mutual  conduc- 
tance  gm2,  gm3  and  gm4  of  transistor  pairs  M38  and 
M39,  M40  and  M41,  and  M44  and  M45,  respec- 
tively,  as  follows. 

AM  =  lo  (gm2/gmi)*(gm4/gm3)  (1) 

By  imposing  a  condition,  gm2  >  gmi  and  gm4  >  gm3, 
these  transistors  work  for  current  amplification  so 
that  a  current  amplifying  circuit  3  is  formed.  Tran- 
sistors  M42  and  M43  form  a  mirror  circuit  constitut- 
ing  a  current-to-voltage  conversion  circuit  4  con- 
nected  at  the  output  of  the  current  amplifying  cir- 
cuit  3.  The  transistor  M42  has  its  gate  and  drain 

electrodes  connected  together  to  form  a  diode  to 
the  gate  electrode  of  the  transistor  M43,  and  there- 
fore  the  conductance  of  gm  of  transistor  M43  is 
determined  from  the  magnitude  of  current  flowing 

5  through  the  transistor  M42.  If  a  large  current  flows 
in  the  transistor  M42,  it  produces  a  large  voltage 
drop,  causing  the  transistor  M43  to  have  an  in- 
creased  gate-source  voltage,  resulting  in  an  in- 
creased  gm  of  M43.  The  currents  flowing  through 

io  the  transistors  M42  and  M43  are  in  a  differential 
relationship,  and  thus  the  current  through  the  tran- 
sistor  M43  decreases.  Namely,  by  the  duplicated 
effect  of  a  larger  gm  and  smaller  current,  the  volt- 
age  drop  of  M43  decreases.  Conversely,  if  the 

is  transistor  M42  conducts  a  small  current,  the  tran- 
sistor  M43  has  a  small  gm  and  conducts  a  large 
current,  resulting  in  an  increased  voltage  drop  of 
M43.  The  mirror  circuit  of  M42  and  M43  constitutes 
a  current-to-voltage  conversion  circuit  4,  with  its 

20  current  sufficiently  amplified  by  the  current  am- 
plifying  circuit  3,  and  consequently  it  produces  the 
output  voltage  Vo  with  the  amplitude  enough  to 
drive  CMOS  devices. 

25  EMBODIMENT  2 

Fig.  4a  shows  the  second  embodiment  of  the 
invention,  in  which  the  same  or  equivalent  compo- 
nents  as  those  shown  in  Fig.  3a  are  referred  to  by 

30  the  common  symbols.  In  this  arrangement,  MOS 
transistors  M46-M49  form  a  level  shift  circuit  31 
which  shifts  the  output  voltages  V21  and  V22  of  the 
current  detecting  transistors  M32  and  M33  by  a 
voltage  substantially  equal  to  the  gate-source  volt- 

35  age  VL  of  transistors  M46  and  M47.  MOS  transis- 
tors  M50  and  M51  form  a  voltage-current  conver- 
sion  circuit  32  which  transforms  the  output  voltages 
V311  and  V312  of  the  level  shift  circuit  31  to 
corresponding  currents.  The  level  shift  circuit  31 

40  and  voltage-current  conversion  circuit  32  in  com- 
bination  constitute  a  current  amplifying  circuit  3.  A 
mirror  circuit  of  MOS  transistors  M52  and  M53 
forms  a  current-voltage  conversion  circuit  4  which 
transforms  the  output  of  the  current  amplifying  cir- 

45  cuit  3  into  a  voltage  signal. 
Fig.  4b  explains  the  current  detecting  and  cur- 

rent  amplifying  operations  by  the  transistors  M32, 
M33  and  M46-M51  ,  in  which  the  curve  A  is  the  Vg- 
ld  characteristics  of  the  current  detecting  transis- 

50  tors  M32  and  M33,  and  the  curve  B  is  the  Vg-ld 
characteristics  of  the  voltage-current  converting 
transistors  M50  and  M51  .  If  the  level  shift  circuit  31 
formed  by  M46-M49  is  absent,  M32,  M33,  M50  and 
M51  form  two  current  mirror  circuits.  The  current 

55  amplitude  Al  of  transistors  M32  and  M33  is  de- 
tected  as  a  voltage  amplitude  AV,  which  is  applied 
to  the  gate  of  transistors  M50  and  M51,  then  the 
M50  and  M51  perform  current  amplification  for  the 

4 
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voltage  amplitude  AV  to  produce  a  current  am- 
plitude  Al'.  The  current  gain  in  this  operation  is 
determined  by  the  ratio  of  mutual  conductance  gm 
of  M32  and  M33  to  that  of  M50  and  M51  .  To  obtain 
a  large  current  gain,  the  ratio  of  both  mutual  con- 
ductance  gm  must  be  large,  and  the  ratio  of  phys- 
ical  dimensions  of  M32,  M33,  M50  and  M51  need 
to  be  adjusted. 

In  this  embodiment,  the  output  voltage  of  the 
current  detection  circuit  2  is  shifted  by  VL  through 
the  level  shift  circuit  31,  and  the  resultant  voltage 
signal  is  applied  to  the  gate  of  the  transistors  M50 
and  M51.  Consequently,  the  transistors  M50  and 
M51  operate  at  their  large  mutual  conductance  gm, 
thereby  providing  a  large  current  amplitude  Al". 

EMBODIMENT  3 

Fig.  5a  shows  the  third  embodiment  of  the 
invention,  in  which  the  same  or  equivalent  compo- 
nents  as  those  shown  in  Fig.  3a  or  4a  are  referred 
to  by  the  common  symbols.  In  this  embodiment,  a 
pair  of  npn  bipolar  transistors  Q50  and  Q51  form  a 
voltage-current  conversion  circuit  1,  and  a  MOS 
transistor  M54  is  a  constant  current  source  for 
biasing  the  above  differential  input  stage.  Resistors 
R50  and  R51  are  used  as  a  current  detection 
circuit  2,  transistors  M46-M49  form  a  level  shift 
circuit  31  which  shifts  the  output  voltages  of  the 
current  detection  circuit  2  by  a  value  substantially 
equal  to  the  threshold  voltage  Vt  of  MOS  transistor, 
and  MOS  transistors  M55  and  M56  form  a  voltage- 
current  conversion  circuit  32  which  transforms  the 
output  voltages  of  the  level  shift  circuit  31  into 
corresponding  currents.  The  level  shift  circuit  31 
and  voltage-current  conversion  circuit  32  in  com- 
bination  constitute  a  current  amplifying  circuit  3. 
Resistors  R52  and  R53  are  load  resistors  of  the 
current  amplifying  circuit  3,  and  MOS  transistors 
M57-M60  form  an  output  buffer  circuit  41,  these 
components  altogether  constituting  a  current-volt- 
age  conversion  stage  4. 

This  arrangement  uses  bipolar  transistors  for 
the  voltage-current  conversion  circuit  1,  and  the 
turn-off  time  of  these  transistors,  if  saturated,  be- 
comes  longer  due  to  the  base  storage  effect,  re- 
sulting  in  a  considerably  increased  delay  time.  On 
this  account,  the  current  detecting  resistors  R50 
and  R51  must  be  chosen  to  have  a  sufficiently 
small  value.  In  consequence,  the  current  detection 
circuit  2  provides  output  voltages  V121  and  V122 
with  an  amplitude  of  Vi+AVi  in  a  region  close  to  the 
power  voltage  Vcc.  The  level  shift  circuit  31  shifts 
the  voltages  V121  and  V122  by  at  least  the  thresh- 
old  voltage  of  the  output  transistors  M55  and  M56, 
which  then  receive  an  input  (gate)  voltage  of 
Vt  +  Vi+AVi  and  perform  current  amplification. 

The  current  amplifying  operation  will  be  de- 

scribed  in  more  detail  using  Fig.  5b.  The  figure 
shows  in  section  (A)  the  voltage  vs.  current  char- 
acteristics  of  the  current  detecting  resistors  R50 
and  R51  ,  and  in  section  (B)  the  voltage  vs.  current 

5  characteristics  of  the  voltage-current  converting 
transistors  M55  and  M56.  The  input  voltages  of  the 
voltage-current  conversion  circuit  32  is  offset  from 
the  output  voltages  of  the  current  detection  circuit 
2  by  the  amount  substantially  equal  to  Vt  through 

io  the  level  shift  circuit  31,  and  the  graph  (B)  is 
displaced  leftward  by  this  amount  with  respect  to 
graph  (A).  The  current  detecting  resistors  R50  and 
R51  detect  the  input  currents  lo±Alo  as  voltages 
Vd±AVd,  which  are  applied  to  the  transistors  M55 

is  and  M56  after  being  level  shifted,  then  converted  to 
currents  11  +  AM'  and  11  -  AM"  as  shown  in  the 
figure.  Since  the  mutual  conductance  of  MOS  tran- 
sistor  increases  in  proportion  to  the  root  of  the 
drain  current,  the  value  AM  =  AM'  +  AM" 

20  =gm2AV1  converted  from  the  current  detection 
voltage  AVd  =  Alo*R50  provided  by  resistors  R50 
and  R51  results  in  Alo/lo  <  AI1/I1,  namely  the 
variable  component  of  the  current  is  amplified. 

The  output  currents  of  the  current  amplifying 
25  circuit  3  are  converted  into  voltages  by  resistors 

R52  and  R53,  and  further  amplified  by  the  current 
mirror  output  buffer  circuit  41  made  up  of  MOS 
transistors  M57-M60.  The  gate  voltage  of  the  tran- 
sistors  M59  and  M60  that  is  the  input  of  the  output 

30  buffer  circuit  41  can  be  varied  across  the  threshold 
voltage  Vt  of  M59  and  M60  through  the  proper 
selection  of  the  output  current  of  the  current  am- 
plifying  circuit  3  and  the  value  of  resistors  R52  and 
R53.  Namely,  for  the  resistors  R52  and  R53  with  a 

35  value  of  R52r,  the  input  gate  voltage  Vg60  of  M59 
and  M60  in  the  output  buffer  circuit  41  becomes: 

Vg60  =  (li  +  Ah  ')R52r  =  Vg60' 

40  or 

Vg60  =  (li  ■  All  ")R52r  =  Vg60" 

and  by  setting  the  values  of  current  11  and  resistor 
45  R52r  appropriately,  the  gate  voltage  can  be  made: 

Vg60"  <  Vt  <  Vg60' 

Accordingly,  when  the  transistor  M59,  for  ex- 
50  ample,  has  a  gate  voltage  of  Vg60",  it  is  cut  off  and, 

subsequently,  transistors  M57  and  M58  forming  a 
current  mirror  circuit  have  a  mutual  conductance 
gm  and  channel  conductance  gd  of  zero,  i.e.,  the 
cut-off  state.  On  the  other  hand,  the  transistor  M60 

55  has  a  gate  voltage  of  Vg60'  at  this  time,  and  it 
becomes  conductive,  causing  the  output  voltage  Vo 
to  go  almost  zero.  Conversely,  when  the  transistor 
M59  has  a  gate  voltage  of  Vg60',  the  transistors 

5 
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M57  and  M58  forming  a  current  mirror  circuit  be- 
come  to  have  a  finite  value  of  channel  conductance 
gd,  i.e.,  the  conductive  state.  The  gate  voltage  of 
M60  is  in  a  differential  relationship  with  that  of 
M59,  making  it  cut  off  by  Vg60",  and  the  output 
voltage  Vo  becomes  substantially  equal  to  the  pow- 
er  voltage  Vcc.  Accordingly,  the  transistors  M59 
and  M60  can  be  operated  in  switching  mode, 
whereby  the  amplitude  of  the  output  voltage  Vo 
can  be  stretched  to  the  span  of  power  voltages. 

This  embodiment  allows  much  freedom  of 
choosing  the  detection  voltage  of  the  current  detec- 
tion  circuit  2,  so  that  the  current  amplifying  circuit  3 
can  operate  intensively  to  amplify  the  variable 
component  of  its  input.  In  addition,  even  in  case 
the  input  voltage  is  too  small  for  the  voltage-current 
conversion  circuit  1  to  operate  in  switching  mode, 
the  operation  can  eventually  be  brought  to  switch- 
ing  mode  in  the  final  current-voltage  conversion 
stage  4,  whereby  the  output  voltage  can  have  a 
swing  substantially  equal  to  the  span  of  power 
voltages,  that  is  sufficient  to  form  a  digital  signal. 

EMBODIMENT  4 

Fig.  6  shows  the  fourth  embodiment  of  the 
invention,  in  which  the  same  or  equivalent  compo- 
nents  as  those  shown  in  Fig.  4a  are  referred  to  by 
the  common  symbols.  In  this  arrangement,  a  volt- 
age  level  shift  circuit  31  in  the  current  amplifying 
circuit  3  is  formed  of  a  MOS  diodes  M61  and  M62. 
Namely,  MOS  transistors  M61  and  M62  with  each 
gate  (G)  and  drain  (D)  coupled  together  are  con- 
nected  between  the  outputs  of  the  current  detec- 
tion  circuit  2  formed  of  resistors  R50  and  R51  and 
the  gates  of  the  voltage-current  converting  transis- 
tors  M55  and  M56  in  the  current  amplifying  circuit 
3,  so  that  by  being  biased  through  the  constant 
current  sourcing  transistors  M48  and  M49  the 
same  current  amplifying  operation  as  of  the  em- 
bodiment  in  Fig.  5a  can  be  accomplished.  In  this 
case,  by  using  the  MOS  transistors  M61  and  M62 
of  the  same  conductivity  type  as  of  the  output 
transistors  M55  and  M56  forming  the  voltage-cur- 
rent  conversion  circuit  32,  the  effect  of  displarity  of 
the  threshold  voltage  Vt  due  to  the  manufacturing 
process  can  be  alleviated. 

In  addition,  through  the  connection  of  the  tran- 
sistors  M61  and  M62  forming  diodes  on  their 
source  (S)  side  to  the  load  lines  of  the  resistors 
R50  and  R51,  the  load  to  the  current  detection 
circuit  2  can  be  reduced  as  compared  with  the 
embodiment  of  Fig.  4a. 

The  transistors  M55  and  M56  of  the  current 
amplifying  circuit  3  are  loaded  by  a  connection  of  a 
resistor  R54  and  MOS  transistor  M63  in  diode 
connection  and  a  connection  of  a  resistor  R55  and 
MOS  transistor  M63  in  diode  connection,  respec- 

tively,  to  form  a  level  shift  circuit  42.  By  this  circuit, 
the  voltage  at  the  node  of  M55  and  R54  and  the 
node  of  M56  and  R55  in  the  current-voltage  con- 
version  circuit  4  can  be  shifted  by  the  amount 

5  substantially  equal  to  the  threshold  voltage  of  M61 
and  M62,  whereby  the  transistors  M59  and  M60  in 
the  output  buffer  circuit  41  can  have  an  increased 
input  gate  voltage.  This  allows  the  transistors  M59 
and  M60  in  the  output  buffer  circuit  41  to  operate 

io  in  a  region  of  large  mutual  conductance  gm,  there- 
by  lowering  the  output  impedance  of  the  level 
converter.  The  MOS  transistors  M59  and  M60  in 
diode  connection  in  Fig.  6  may  be  replaced  with 
bipolar  diodes. 

15 
EMBODIMENT  5 

Fig.  7  shows  a  system  including  an  ECL  in- 
tegrated  circuit  100  and  an  LSI  101  which  has  the 

20  ECL  level  interface  and  operates  internally  by  the 
CMOS  structure.  The  LSI  101  is  provided  therein 
with  an  ECL-CMOS  level  converter  102  as  the 
interface  for  ECL  inputs.  The  input-output  char- 
acteristics  required  of  the  level  converter  102  with 

25  a  power  voltage  of  -5.2  V  is  shown  in  Fig.  8,  where 
the  output  voltage  Vo  is  plotted  on  the  horizontal 
axis  against  the  input  voltage  Vi  on  the  vertical 
axis.  The  ECL  input  voltage  Vi  ranges  about  - 
1.3V+0.4V,  and  the  role  of  the  level  converter  102 

30  is  to  transform  such  input  voltage  Vi  into  output 
voltage  Vo  with  an  amplitude  substantially  equal  to 
the  span  of  power  voltage  (VCC-VEE). 

Fig.  9  shows  the  fifth  embodiment  of  the  inven- 
tion,  and  it  is  a  specific  embodiment  to  be  applied 

35  to  the  ECO-CMOS  level  converter  as  shown  in  Fig. 
7.  In  Fig.  9,  the  same  or  equivalent  components  as 
shown  in  Fig.  3a  or  4a  are  referred  to  by  the 
common  symbols,  and  a  reference  voltage  of  about 
-1.3  V  is  denoted  by  VR  and  the  input  voltage  is 

40  denoted  by  Vi. 
This  level  converter  is  not  required  to  have  a 

large  voltage  gain  because  of  its  relatively  large 
input  voltage  amplitude,  but  the  prime  requisite  is 
the  operational  speed.  This  embodiment  meets  the 

45  requirement,  and  the  arrangement  consists  of  MOS 
transistors  M30  and  M31  forming  a  voltage-current 
conversion  circuit  1  ,  MOS  transistors  M32  and  M33 
forming  a  current  detection  circuit  2,  MOS  transis- 
tors  M38  and  M39  forming  a  current  amplifying 

50  circuit  3,  and  MOS  transistors  M52  and  M53  for- 
ming  a  current-voltage  conversion  circuit  4. 

All  of  the  above  circuits  are  formed  substan- 
tially  in  a  single  device,  so  that  the  inter-circuit 
connection  is  minimized  in  length.  The  current  de- 

55  tection  circuit  2  operates  to  detect  a  small  voltage 
swing.  On  this  account,  the  drain  junction  capaci- 
tance  of  M32,  M33,  M36  and  M37  and  parasitic 
capacitance  such  as  the  gate  capacitance  of  M38 

6 
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and  M39,  and  the  input  mirror  capacitance  cause 
extremely  small  delay  of  the  level  converter. 

EMBODIMENT  6 

Fig.  10  shows  the  sixth  embodiment  of  the 
invention,  and  it  is  a  modified  version  of  the  ECL- 
CMOS  level  converter.  In  Fig.  10,  the  same  or 
equivalent  components  as  those  shown  in  Fig.  4a, 
6  or  9  are  referred  to  by  the  common  symbols. 
This  embodiment  uses  bipolar  transistors  for  the 
voltage-current  conversion  circuit  2,  making  the 
impedance  of  the  differential  input  stage  smaller, 
and  thus  allowing  a  speed-up  of  the  input  stage.  A 
large  input  to  MOS  transistors  M55  and  M56  in  the 
voltage-current  conversion  circuit  32  (the  detected 
voltage  by  the  current  detection  circuit  2  plus  the 
shifted  voltage  by  the  level  shift  circuit  31)  allows 
M55  and  M56  to  operate  in  a  region  of  their  large 
mutual  conductance  gm,  whereby  the  delay  in  the 
voltage-current  conversion  circuit  32  and  current- 
voltage  conversion  circuit  4  constituting  in  com- 
bination  the  output  stage  4  can  also  be  reduced. 

EMBODIMENT  7 

Fig.  11  shows  the  seventh  embodiment  of  the 
invention,  and  it  is  also  a  modified  version  of  the 
ECL-CMOS  level  converter.  In  the  figure,  the  same 
or  equivalent  compoents  as  those  shown  in  Fig.  4a, 
5a,  9  or  10  are  referred  to  by  the  common  sym- 
bols.  In  this  embodiment,  a  parallel  connection  of  a 
resistor  R50  and  diode  D50  and  another  parallel 
connection  of  a  resistor  R51  and  diode  D51  con- 
stitute  a  set  of  current  detection  circuit  2,  and 
bipolar  transistors  Q52  and  Q53,  diodes  D52  and 
D53,  and  MOS  transistors  M48  and  M49  in  com- 
bination  form  a  set  of  level  shift  circuit  31  used  in 
the  current  amplifying  circuit  3. 

The  use  of  the  above-mentioned  current  detec- 
tion  circuit  2  allows  the  clamping  of  its  output 
voltage,  thereby  preventing  the  level  shifting  bi- 
polar  transistors  Q52  and  Q53  in  the  voltage-cur- 
rent  conversion  circuit  3  from  being  saturated.  In 
addition,  the  use  of  emitter  followers  made  of  bi- 
polar  transistors  in  the  level  shift  circuit  31  attains  a 
substantially  constant  level  shift  voltage  without  re- 
laying  upon  the  bias  current,  whereby  the  current 
gain  can  readily  be  controlled. 

EMBODIMENT  8 

Fig.  12  shows  the  eighth  embodiment  of  the 
invention,  which  is  applied  to  the  memory  sense 
amplifier.  In  the  figure,  symbol  S70  denotes  a 
memory  circuit  made  of  a  flip-flop  or  the  like,  and 
M72  and  M73  are  switching  elements  for  selecting 
the  S70.  The  memory  circuit  S70  and  the  switching 

elements  M72  and  M73  in  combination  form  a 
memory  cell.  M70  and  M71  are  MOS  transistors 
used  to  pull-up  bit  lines  B70  and  B71;  W70  is  a 
word  line;  M74  and  M75  are  Y1  -select  MOS  tran- 

5  sistors  for  selecting  the  bit  lines  B70  and  B71  ;  Q70 
and  Q71  are  the  first  set  of  npn  bipolar  transistors 
in  differential  configuration  forming  a  voltage-cur- 
rent  conversion  circuit  1;  and  Z70  and  Z71  are 
common  data  lines  to  which  are  connected  multiple 

io  sets  of  bit  lines  through  respective  Y1  -select  MOS 
transistors,  and  suply  input  voltages  to  the  base  of 
the  above-mentioned  voltage-current  converting 
transistors  Q70  and  Q71  .  M76  is  a  MOS  transistor 
providing  a  bias  current  for  the  bipolar  transistor 

is  set  Q70  and  Q71  ;  Y2  is  a  signal  line  (Y2-select)  for 
selecting  a  first  set  of  differential  npn  bipolar  tran- 
sistors  Q70  and  Q71  in  multiple  sets  of  voltage- 
current  conversion  circuit  1  connected  to  the  com- 
mon  data  line;  and  Q72  and  Q73  are  npn  bipolar 

20  transistors  forming  a  grounded-base  cascade  stage 
supplied  with  the  output  current  of  Q70  and  Q71 
and  biased  by  a  constant  voltage,  the  npn  bipolar 
transistors  Q70-Q73  altogether  constituting  a  com- 
plete  voltage-current  conversion  stage  1  . 

25  Diodes  D70  and  D71  form  a  bias  circuit  for  the 
grounded-base  cascade  stage,  and  resistors  R70 
and  R71  form  a  current  detection  circuit  2.  Q74, 
Q75,  D72  and  D73  are  emitter  followers  of  npn 
bipolar  transistors  and  associated  diodes  forming  a 

30  level  shift  circuit  31  for  the  current  indicating  vol- 
tages  detected  by  R70  and  R71  .  M82  and  M83  are 
current  amplifying  MOS  transistors  forming  a 
voltage-current  conversion  circuit  32;  M84  and  M85 
are  MOS  transistors  in  mirror  configuration  con- 

35  stituting  a  current-voltage  conversion  circuit  4;  and 
M77-M81  are  MOS  transistors  providing  constant 
bias  currents  for  the  respective  circuit  components. 

In  this  embodiment,  the  voltage-current  conver- 
sion  circuit  1  is  formed  in  the  cascade  arrangement 

40  of  bipolar  transistors,  and  almost  no  mirror  effect  is 
created  in  the  input  stage.  Accordingly,  the  input 
capacitance  can  be  made  extremely  small,  where- 
by  the  delay  time  caused  by  the  signal  source 
resistance  and  input  capacitance  can  be  reduced 

45  significantly. 
The  bipolar  transistors  Q70-Q73  forming  the 

cascade  stage  may  be  replaced  with  MOS  transis- 
tors.  The  above  current  detection  circuit  2,  current 
amplifying  circuit  3,  and  voltage-current  conversion 

50  circuit  4  may  otherwise  be  arranged  in  any  form 
described  in  the  preceding  embodiments. 

As  can  be  seen  from  the  foregoing  description 
of  several  embodiments,  the  input  differential  stage 
is  made  up  of  a  voltage-current  conversion  circuit  1 

55  and  a  current  detection  circuit  2,  and  it  does  not 
aim  at  amplifying  the  voltage.  Accordingly,  the  volt- 
age  gain  is  extremely  small,  and  the  mirror  effect 
on  the  input  capacity  can  be  ignored.  Consequent- 

7 
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ly,  the  delay  time  in  the  input  circuit  which  is 
mainly  caused  by  the  signal  source  impedance  and 
the  input  capacitance  can  be  reduced  significantly. 

It  is  required  of  the  output  circuit  to  have  a  low 
output  impedance  so  as  to  minimize  the  delay  time 
in  driving  a  capacitive  load,  and  to  have  a  large 
amplitude  of  output  voltage.  On  this  account,  the 
internal  amplification  is  performed  by  the  current 
amplifying  circuit  3  which  deals  with  voltages  of 
small  amplitude  in  each  section,  particularly,  in  the 
high-impedance  circuit  section  near  the  input 
stage.  This  arrangement  can  minimize  the  delay 
time  created  by  the  internal  parasitic  capacitance 
and  resistance  components. 

As  described  above,  the  present  invention  pro- 
vides  a  level  converting  circuit  capable  of  fast 
operation  and  drastic  level  conversion. 

Claims 

1.  A  level  converting  circuit  for  transforming  dif- 
ferential  input  voltages  (V1  ,  V2)  into  an  output 
voltage  (VO),  comprising 

first  voltage-to-current  conversion  means 
(I)  for  transforming  said  differential  input  vol- 
tages  (V1,  V2)  into  first  differential  currents 
(Id), 

current  detection  means  (2)  comprising  a 
pair  of  resistive  elements  (R50,  R51  ;  M32,  M33 
R70,  R71)  having  one  terminal  connected  to  a 
respective  output  of  said  first  voltage-to-current 
conversion  means  (1)  and  the  other  terminal 
connected  to  a  first  voltage  source  (Vcc),  for 
detecting  said  first  differential  currents  (Id)  and 
producing  intermediate  differential  voltages 
(V21  ,  V22), 

an  intermediate  stage  (3)  for  converting 
said  intermediate  differential  voltages  (V21, 
V22)  to  second  differential  currents  (11)  and 
including  second  voltage-to-current  conversion 
means  (32)  having  MOS  transistors  (M38,  M39; 
M50,  M51;  M55,  M56;  M82,  M83)  the  gate 
terminals  of  which  are  supplied  with  said  inter- 
mediate  differential  voltages  (V21  ,  V22)  directly 
(Figures  3a;  9)  or  via  a  voltage  level  shift 
circuit  (31),  and 

current-to-voltage  conversion  means  (4)  for 
transforming  said  second  differential  currents 
(II)  to  said  output  voltage  (VO), 

characterized  in  that  the  source  terminals 
of  the  MOS  transistors  (M38,  M39;  M50,  M51  ; 
M55,  M56;  M82,  M83)  forming  said  second 
voltage-to-current  conversion  means  (32)  are 
connected  to  said  first  voltage  source  (Vcc), 
said  current  detection  means  (2)  thereby  coop- 
erating  with  said  intermediate  stage  (3)  to  form 
a  current  amplifier. 

2.  The  circuit  of  claim  1,  wherein  said  current 
amplifier,  which  is  formed  with  said  current 
detection  means  (2)  and  said  intermediate 
stage  (3),  comprises  a  current  mirror  circuit. 

5 
3.  The  circuit  of  claim  1  or  2,  wherein  said  first 

voltage-to-current  conversion  means  (1)  com- 
prises  MOS  transistors  (M30,  M31)  or  bipolar 
transistors  (Q50,  Q51;  Q70,  Q71). 

10 
4.  The  circuit  of  claim  1,  wherein  said  first 

voltage-to-current  conversion  means  (1)  com- 
prises  a  differential  input  stage  adapted  to  re- 
ceive  said  differential  voltages  (V1,  V2)  and  a 

is  cascade  stage  formed  of  bipolar  transistors 
(Q72,  Q73)  or  MOS  transistors  biased  by  a 
constant  voltage. 

5.  The  circuit  of  claim  1  ,  wherein  said  current-to- 
20  voltage  conversion  means  (4)  comprises  a  lev- 

el  shift  circuit  (42)  and  an  output  buffer  circuit 
(41). 

6.  The  circuit  of  any  of  claims  1  to  5,  wherein 
25  said  current  detection  means  (2)  comprises 

MOS  transistors  (M32,  M33)  with  their  gate 
and  drain  electrodes  interconnected  to  form 
equivalent  diodes. 

30  7.  The  circuit  of  any  of  claims  1  to  6,  wherein 
said  current  detection  circuit  (2)  comprises  re- 
sistors  (R50,  R51). 

8.  The  circuit  of  any  of  claims  1  to  7,  wherein 
35  said  current  detection  means  (2)  comprises 

parallel  combinations  of  a  resistor  (R50,  R51; 
R70,  R71)  and  a  diode  (D50,  D51). 

9.  The  circuit  of  any  of  claims  1  to  8,  wherein 
40  said  level  shift  circuit  (31)  comprises  MOS 

transistors  (M61,  M62)  with  their  source  elec- 
trodes  connected  to  the  output  of  said  current 
detection  means  (2)  and  their  drain  and  gate 
electrodes  connected  to  the  output  of  said 

45  level  shift  circuit  (31). 

10.  The  circuit  of  any  of  claims  1  to  8,  wherein 
said  level  shift  circuit  (31)  comprises  emitter 
followers  made  of  bipolar  transistors  (Q52, 

50  Q53). 

Revendications 

1.  Circuit  de  conversion  de  niveau  pour  transfor- 
55  mer  des  tensions  d'entree  differentielles 

(V1  ,V2)  en  une  tension  de  sortie  (V0),  compre- 
nant 

des  premiers  moyens  de  conversion 

8 
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tension-courant  (1)  pour  transformer  lesdites 
tensions  differentielles  d'entree  (V1  ,V2)  en  des 
premiers  courants  differentiels  (Id), 

des  moyens  (2)  de  detection  de  courant 
comprenant  un  couple  d'elements  resistifs 
(R50,  R51;  M32,  M33;  R70,  R71)  comportant 
une  borne  raccordee  a  une  sortie  respective 
desdits  premiers  moyens  de  conversion 
tension-courant  (1),  tandis  que  I'autre  borne  est 
raccordee  a  une  premiere  source  de  tension 
(Vcc),  pour  la  detection  desdits  premiers  cou- 
rants  differentiels  (Id)  et  la  production  de  ten- 
sions  differentielles  intermediaires  (V21  ,  V22), 

un  etage  intermediate  (3)  pour  convertir 
lesdites  tensions  differentielles  intermediaires 
(V21,  V22)  en  des  seconds  courants  differen- 
tiels  (11)  et  comprenant  des  seconds  moyens 
de  conversion  tension-courant  (32)  possedant 
des  transistors  MOS  (M38,  M39;  M50,  M51; 
M55,  M56;  M82,  M83),  dont  les  bornes  de 
grille  sont  alimentees  par  lesdites  tensions  dif- 
ferentielles  intermediaires  (V21,  V22)  directe- 
ment  (figures  3a;  9)  ou  par  I'intermediaire  d'un 
circuit  (31)  de  decalage  du  niveau  de  tension, 
et 

des  moyens  de  conversion  courant-tension 
(4)  pour  transformer  lesdits  seconds  courants 
differentiels  (11)  en  ladite  tension  de  sortie 
(VO), 

caracterise  en  ce  que  les  bornes  de  sour- 
ce  des  transistors  MOS  (M38,  M39;  M50,  M51  ; 
M55,  M56;  M82,  M83)  formant  lesdits  seconds 
moyens  de  conversion  tension-courant  (32) 
sont  raccordees  a  ladite  premiere  source  de 
tension  (Vcc),  lesdits  moyens  de  detection  de 
courant  (2)  co-operant  de  ce  fait  avec  ledit 
etage  intermediaire  (3)  pour  former  un  amplifi- 
cateur  de  courant. 

2.  Circuit  selon  la  revendication  1,  dans  lequel 
ledit  amplificateur  de  courant,  qui  est  forme 
avec  lesdits  moyens  de  detection  de  courant 
(2)  et  ledit  etage  intermediaire  (3),  comprend 
un  circuit  formant  miroir  de  courant. 

3.  Circuit  selon  la  revendication  1  ou  2,  dans 
lequel  les  premiers  moyens  de  conversion 
tension-courant  (1)  comprennent  des  transis- 
tors  MOS  (M30,  M31)  ou  des  transistors  bipo- 
laires  (Q50,  Q51;  Q70,  Q71). 

4.  Circuit  selon  la  revendication  1,  dans  lequel 
lesdits  premiers  moyens  de  conversion 
tension-courant  (1)  comprennent  un  etage  dif- 
ferentiel  d'entree  adapte  pour  recevoir  lesdites 
tensions  differentielles  (V1.V2)  et  un  etage  en 
cascade  forme  par  des  transistors  bipolaires 
(Q72,  Q73)  ou  des  transistors  MOS  polarises 

par  une  tension  constante. 

5.  Circuit  selon  la  revendication  1,  dans  lequel 
lesdits  moyens  de  conversion  courant-tension 

5  (4)  comprennent  un  circuit  de  decalage  de 
niveau  (42)  et  un  circuit  tampon  de  sortie  (41). 

6.  Circuit  selon  I'une  quelconque  des  revendica- 
tions  1  a  5,  dans  lequel  lesdits  moyens  de 

io  detection  de  courant  (2)  comprennent  des  tran- 
sistors  MOS  (M32,  M33)  dont  les  electrodes 
de  grille  et  de  drain  sont  interconnectees  pour 
former  des  diodes  equivalentes. 

is  7.  Circuit  selon  I'une  quelconque  des  revendica- 
tions  1  a  6,  dans  lequel  ledit  circuit  de  detec- 
tion  de  courant  (2)  comprend  des  resistances 
(R50,  R51). 

20  8.  Circuit  selon  I'une  quelconque  des  revendica- 
tions  1  a  7,  dans  lequel  lesdits  moyens  de 
detection  de  courant  (2)  comprennent  des 
combinaisons  paralleles  d'une  resistance  (R50, 
R51;  R70,  R71)  et  d'une  diode  (D50,  D51). 

25 
9.  Circuit  selon  I'une  quelconque  des  revendica- 

tions  1  a  8,  dans  lequel  ledit  circuit  de  decala- 
ge  de  niveau  (31)  comprend  des  transistors 
MOS  (M61  ,  M62),  dont  les  electrodes  de  sour- 

30  ce  sont  raccordees  a  la  sortie  desdits  moyens 
de  detection  de  courant  (2)  et  dont  les  electro- 
des  de  drain  et  de  grille  sont  raccordees  a  la 
sortie  dudit  circuit  de  decalage  de  niveau  (31). 

35  10.  Circuit  selon  I'une  quelconque  des  revendica- 
tions  1  a  8,  dans  lequel  ledit  circuit  de  decala- 
ge  de  niveau  (31)  comprend  des  circuits  emet- 
teurs  suiveurs  formes  de  transistors  bipolaires 
(Q52  Q53). 

40 
Patentanspruche 

1.  Pegelumsetzschaltung  zum  Umformen  von 
Eingangs-Differenzspannungen  (V1  ,  V2)  in  eine 

45  Ausgangsspannung  (VO),  umfassend 
eine  erste  Spannungs/Strom-Umsetzein- 

richtung  (1)  zum  Umformen  der  Eingangs-Dif- 
ferenzspannungen  (V1,  V2)  in  erste  Differenz- 
strome  (Id), 

50  eine  Stromdetektoreinrichtung  (2)  mit  ei- 
nem  Paar  von  Widerstandselementen  (R50, 
R51;  M32,  M33;  R70,  R71),  von  denen  jeweils 
ein  Anschlu/S  mit  jeweils  einem  Ausgang  der 
ersten  Spannungs/Strom-Umsetzeinrichtung  (1) 

55  und  der  andere  mit  einer  ersten  Spannungs- 
quelle  (Vcc)  verbunden  ist,  zur  Erfassung  der 
ersten  Differenzstrome  (Id)  und  Erzeugung  von 
Zwischen-Differenzspannungen  (V21  ,  V22), 

9 
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eine  Zwischenstufe  (3)  zum  Umsetzen  der 
Zwischen-Differenzspannungen  (V21,  V22)  in 
zweite  Differenzstrome  (11)  mit  einer  zweiten 
Spannungs/Strom-Umsetzeinrichtung  (32)  mit 
MOS-Transistoren  (M38,  M39;  M50,  M51  ;  M55, 
M56;  M82,  M83),  deren  Gate-Anschlusse  direkt 
(Figuren  3a;  9)  oder  uber  einen 
Spannungspegel-Schiebekreis  (31)  mit  den 
Zwischen-Differenz-Spannungen  (V21  ,  V22) 
beaufschlagt  sind,  und 

eine  Strom/Spannungs-Umsetzeinrichtung 
(4)  zum  Umformen  der  zweiten  Differenzstro- 
me  (11)  in  die  Ausgangsspannung  (VO), 

dadurch  gekennzeichnet,  dafi  die  Source- 
Anschlusse  der  die  zweite  Spannungs/Strom- 
Umsetzeinrichtung  (32)  bildenden  MOS-Transi- 
storen  (M38,  M39;  M50,  M51;  M55,  M56;  M82, 
M83)  mit  der  ersten  Spannungsquelle  (Vcc) 
verbunden  sind,  so  dafi  die  Stromdetektorein- 
richtung  (2)  zusammen  mit  der  Zwischenstufe 
(3)  eine  Stromverstarker  bildet. 

2.  Schaltung  nach  Anspruch  1  ,  wobei  der  mit  der 
Stromdetektoreinrichtung  (2)  und  der  Zwi- 
schenstufe  (3)  gebildete  Stromverstarker  eine 
Stromspiegelschaltung  umfafit. 

3.  Schaltung  nach  Anspruch  1  oder  2,  wobei  die 
erste  Spannungs/Strom-Umsetzeinrichtung(1  ) 
MOS-Transistoren  (M30,  M31)  oder  Bipolar- 
transistoren  (Q50,  Q51;  Q70,  Q71)  umfafit. 

4.  Schaltung  nach  Anspruch  1,  wobei  die  erste 
Spannungs/Strom-Umsetzeinrichtung  (1)  eine 
Eingangs-Differenzstufe  zum  Empfang  der  Dif- 
ferenzspannungen  (V1,  V2)  sowie  eine  Kaska- 
denstufe  umfafit,  die  aus  durch  eine  konstante 
Spannung  vorgespannten  Bipolartransistoren 
(Q72,  Q73)  oder  MOS-Transistoren  gebildet  ist. 

5.  Schaltung  nach  Anspruch  1,  wobei  die 
Strom/Spannungs-Umsetzeinrichtung  (4)  einen 
Pegelschiebekreis  (42)  und  einen  Ausgangs- 
pufferkreis  (14)  umfafit. 

6.  Schaltung  nach  einem  der  Anspruche  1  bis  5, 
wobei  die  Stromdetektoreinrichtung  (2)  MOS- 
Transistoren  (M32,  M33)  umfafit,  deren  Gate- 
und  Drain-Elektroden  zur  Bildung  von  aquiva- 
lenten  Dioden  miteinander  verbunden  sind. 

7.  Schaltung  nach  einem  der  Anspruche  1  bis  6, 
wobei  die  Stromdetektoreinrichtung  (2)  Wider- 
stande  (R50,  R51)  umfafit. 

8.  Schaltung  nach  einem  der  Anspruche  1  bis  7, 
wobei  die  Stromdetektoreinrichtung  (2)  Paral- 
lelkreise  aus  einem  Widerstand  (R50,  R51; 

R70,  R71)  und  einer  Diode  (D50,  D51)  umfafit. 

9.  Schaltung  nach  einem  der  Anspruche  1  bis  8, 
wobei  der  Pegelschiebekreis  (31)  MOS-Transi- 

5  storen  (M61,  M62)  umfafit,  deren  Source-Elek- 
troden  an  den  Ausgang  der  Stromdetektorein- 
richtung  (2)  und  deren  Drain-  und  Gate-Elektro- 
den  an  den  Ausgang  des  Pegelschiebekreises 
(31)  angeschlossen  sind. 

10 
10.  Schaltung  nach  einem  der  Anspruche  1  bis  8, 

wobei  der  Pegelschiebekreis  (31)  aus  Bipolar- 
transistoren  (Q52,  Q53)  gebildete  Emitterfolger 
umfafit. 
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