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Description 

This  invention  relates  to  a  semiconductor  in- 
tegrated  circuit  (IC)  and,  more  particularly,  to  a 
semiconductor  IC  including  circuit  elements  for 
evaluating  the  characteristics  of  the  IC  and  means 
far  testing  the  evaluating  circuit  elements. 

Semiconductor  ICs  are  tested  at  several 
stages,  such  as  after  completion  of  the  processes 
for  forming  the  ICs  in  a  semiconductor  wafer,  after 
cutting  the  IC  chips  away  from  the  wafer,  and  after 
packaging  the  IC  devices.  In  the  test  after  comple- 
tion  of  the  processes  for  forming  the  ICs  in  the 
wafer,  in  order  to  determine  whether  or  not  the 
wafer,  or  the  ICs  in  the  wafer,  are  usable,  the 
characteristics  of  basic  and  typical  circuit  elements 
in  the  wafer,  such  as  resistors  and  transistors,  are 
tested  and  evaluated.  Typical  basic  circuits,  such 
as  flip-flops  and  AND  gates,  may  also  be  tested 
and  evaluated.  Normal  circuits  formed  in  each  IC 
chip  may  be  tested,  through  bonding  pads  pro- 
vided  in  the  chip,  using  a  test  facility  (IC  tester). 
However,  the  basic  circuit  elements  cannot  be  di- 
rectly  tested  because  they  have  been  already 
mutually-connected  in  the  wafer  to  form  desired 
ICs  and,  accordingly,  almost  none  of  the  terminals 
thereof  appear  on  the  surface  of  the  wafer,  and 
other  terminals  appearing  on  the  surface  are  too 
small  to  allow  direct  contact  with  a  test  probe 
thereon. 

Then,  additional  basic  circuit  elements,  i.e.  so- 
called  monitor  elements,  for  testing  and  evaluating 
the  characteristics  of  the  wafer,  or  the  ICs  in  the 
wafer,  are  formed  in  a  spare  portion(s)  of  the  wafer, 
in  each  IC  chip,  or  as  a  special  IC  chip.  The 
additional  basic  circuit  elements  are  formed  by  the 
same  processes  used  for  the  formation  of  the  nor- 
mal  circuits,  and  accordingly,  are  regarded  as  cir- 
cuit  elements  having  the  same  characteristics  as 
circuit  elements  in  the  normal  circuits.  Hence,  the 
characteristics  of  the  circuit  elements  in  the  normal 
circuits  may  be  evaluated  by  testing  and  evaluating 
the  additional  circuit  elements.  When  the  additional 
circuit  elements  are  formed  in  a  spare  portion  of 
the  wafer,  although  this  may  be  beneficial  for  in- 
tegration,  evaluation  cannot  be  made  of  the  validity 
of  each  IC  chip,  and  a  test  of  the  characteristic 
cannot  be  carried  out,  after  the  IC  chips  are  cut 
away  from  the  wafer  or  after  packaging.  When  the 
additional  circuit  elements  are  formed  in  each  IC 
chip,  it  contributes  to  an  improvement  of  the  yield 
of  the  IC  chips,  because  the  evaluation  and  deter- 
mination  of  the  use  may  be  effected  for  each  IC 
chip. 

The  above  problem  of  placing  the  test  probe  in 
contact  with  the  terminals  still  remains,  unless  the 
additional  circuit  elements  are  formed.  When  the 
additional  circuit  elements  are  formed  in  a  spare 

portion  in  the  wafer  or  as  a  special  IC  chip,  bond- 
ing  pads  may  also  be  formed  around  the  additional 
circuit  elements  in  a  same  way  as  for  forming 
normal  bonding  pads,  and  thus  these  methods  will 

5  easily  solve  the  above  problem.  However,  the  for- 
mer  method  involves  the  problems  of  a  limitation  of 
the  validity  of  each  IC  chip  and  a  limitation  of  the 
test  after  cutting  the  IC  chips,  as  set  forth  above. 
The  latter  method  also  involves  a  problem  of  low 

io  availability  of  the  IC  chips  in  the  wafer,  in  addition 
to  the  above  problems.  When  the  additional  circuit 
elements  are  formed  in  each  IC  chip,  the  problem 
in  question  may  be  greatly  increased,  because  the 
size  of  the  bonding  pad  necessitates  the  use  of  a 

75  considerably  large  area,  for  example  approximately 
several  tens  of  micrometres  (urn)  x  several  tens  of 
micrometres,  up  to  approximately  100  urn  x  100 
linn,  to  enable  contact  to  be  made  by  the  test 
probe.  Therefore,  apparently,  additional  bonding 

20  pads  each  having  the  same  size  as  the  normal 
bonding  pad  cannot  be  provided  in  practice,  due  to 
the  restriction  on  the  integration  of  the  IC  chip.  The 
testing  of  the  additional  circuit  elements  may  be 
realised  by  using  spare  normal  bonding  pads  which 

25  are  not  used  for  the  normal  circuits.  However,  in 
general,  there  are  not  enough  spare  normal  bond- 
ing  pads  to  allow  testing  of  all  of  the  additional 
circuit  elements.  Even  if  special  bonding  pads  each 
having  a  considerably  smaller  area  than  that  of  the 

30  normal  bonding  pad  are  provided  in  each  IC  chip,  a 
special  test  facility  including  a  specially  shaped 
test  probe  may  be  required.  Moreover,  the  limita- 
tion  on  the  tests  after  packaging  the  IC,  etc,,  will 
still  remain. 

35  US  specification  US-A-4336495,  describes  a 
semiconductor  integrated  circuit  comprising  at  least 
one  circuit  configuration;  a  plurality  of  bonding 
pads  operatively  connectable  to  the  at  least  one 
circuit  configuration;  and,  connection  means  for  se- 

40  lectively  making  connection  between  the  at  least 
one  circuit  configuration  and  the  bonding  pads  in 
response  to  a  control  signal.  This  specification  en- 
ables  a  connection  to  be  made  to  facilitate  the 
testing  of  whole  blocks  of  the  complex  circuit  ar- 

45  rangement  but  does  not  allow  testing  of  basic  cir- 
cuits  elements  or  circuits. 

According  to  the  present  invention  such  a 
semiconductor  integrated  circuit  is  characterized  in 
that  the  plurality  of  bonding  pads  are  also  oper- 

50  atively  connectable  to  at  least  one  evaluating  circuit 
element  and  in  that  the  connection  means  include 
switching  means  provided  between  the  bonding 
pads  and  the  evaluating  circuit  element  or  ele- 
ments  for  switching  the  connection  between  the 

55  bonding  pads  and  the  evaluating  circuit  element  or 
elements  in  response  to  the  control  signal. 

Embodiments  of  the  invention  will  now  be  de- 
scribed,  by  way  of  example,  with  reference  to  the 
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accompanying  drawings,  in  which: 
Fig.  1  is  a  circuit  diagram  of  an  embodiment  of 
a  semiconductor  IC  including  an  additional  cir- 
cuit  element  for  evaluating  the  IC  and  means  for 
testing  the  element,  in  accordance  with  the  in- 
vention; 
Fig.  2  is  a  circuit  diagram  of  another  embodi- 
ment  of  a  semiconductor  IC  in  accordance  with 
the  invention; 
Fig.  3  is  a  block  diagram  of  a  further  embodi- 
ment  of  a  semiconductor  IC  combined  with  the 
features  shown  in  Figs.  1  and  2,  in  accordance 
with  the  invention;  and 
Fig.  4  is  a  circuit  diagram  of  another  embodi- 
ment  of  a  semiconductor  IC  in  accordance  with 
the  invention. 

Referring  to  Fig.  1,  a  metal  oxide  semiconduc- 
tor  (MOS)  type  integrated  circuit  (IC)  chip  in  a 
semiconductor  wafer  includes  normal  circuits  6,  8 
and  9,  n-channel  MOS(N-MOS)  output  drivers  71 
and  72,  and  bonding  pads  31,  32,  and  33.  These 
circuit  components  are  used  for  normal  purposes. 
A  part  of  the  normal  circuit  6  is  illustrated  in  Fig.  1 
and  includes  a  first  MOS  inverter  61  consisting  of 
depletion-type  MOS  transistor  (hereinafter  called  D- 
transistor)  Qg  functioning  as  a  resistor  and  an 
enhancement-type  MOS  transistor  (hereinafter 
called  E-transistor)  Q5  ,  a  second  MOS  inverter  62 
of  a  D-transistor  Qs  and  an  E-transistor  Q7  ,  and  a 
third  MOS  inverter  63  of  a  D-transistor  Q10  and  an 
E-transistor  Qg  .  A  node  N62  of  the  second  inverter 
62  is  connected  to  a  gate  of  a  transistor  Q21.  A 
node  N63  of  the  third  inverter  63  is  connected  to  a 
gate  of  a  transistor  022-  The  series-connected  tran- 
sistors  Q21  and  Q22  form  the  N-MOS  output  driver 
71. 

In  Fig.  1,  the  MOS-IC  chip  further  includes  a 
resistor  10  as  one  circuit  element  for  evaluating  the 
characteristics  of  the  ICs  in  the  MOS-IC  chip,  and 
means  for  testing  the  resistor  10.  The  test  means 
includes  a  control  circuit  2,  transfer  gate  MOS 
transistors  41  and  42,  MOS  transistors  Q1  1  and 
Q12  ,  and  the  bonding  pads  31  to  33.  The  control 
circuit  2  includes  a  first  MOS  inverter  21  consisting 
of  a  D-transistor  Q2  and  an  E-transistor  Q1  ,  and  a 
second  MOS  inverter  22  consisting  of  a  D-transis- 
tor  Q4  and  an  E-transistor  Q3.  The  normal  circuit  9 
connected  to  the  bonding  pad  31  may  have  a  MOS 
input  driver  which  may  have  a  high  input-imped- 
ance,  as  will  be  described  later.  The  input  driver  in 
the  normal  circuit  9  may  operate  in  response  to  a 
voltage  between  Vcc  ,  for  example  5  V,  and  VEE  , 
for  example  0  V.  The  transistor  Q1  has  a  gate 
which  is  common-connected  to  the  bonding  pad 
31  ,  and  must  not  be  operated  by  the  above  voltage 
to  the  input  driver.  Accordingly,  a  threshold  voltage 
Vth  of  the  transistor  Q1  must  be  higher  than  the 
voltage  Vcc.  When  the  voltage  of  Vcc  is  applied  to 

the  bonding  pad  31,  the  control  circuit  2  does  not 
operate  and  a  control  signal  S2  therefrom  is  main- 
tained  at  low  level.  On  the  other  hand,  when  a 
voltage  higher  than  the  threshold  voltage  Vth  of  the 

5  transistor  Q1  is  supplied  to  the  bonding  pad  31  ,  the 
transistor  Q1  is  turned  ON,  and  thus  the  transistor 
Q3  is  turned  OFF,  outputting  a  control  signal  S2 
having  a  high  level.  The  transfer  gate  transistors  41 
and  42  operatively  connect  the  resistor  10  to  the 

10  bonding  pads  32  and  33,  upon  receipt  of  the  con- 
trol  signal  S2  having  a  high  level  from  the  control 
circuit  2  at  gates  thereof.  The  transistor  Q1  1 
parallel-connected  to  the  transistor  Q7  makes  a 
potential  at  the  node  N62  to  be  low  level  in  re- 

15  sponse  to  reception  of  the  control  signal  S2  having 
a  high  level  at  a  gate  thereof,  with  a  result  that  the 
transistor  Q21  of  the  output  driver  71  is  compul- 
sorily  turned  OFF.  Similarly,  the  transistor  Q12 
parallel-connected  to  the  transistor  Qg  also  makes 

20  a  potential  at  the  node  N63  to  be  low  level  in 
response  to  reception  of  the  control  signal  S2  hav- 
ing  a  high  level  at  a  gate  thereof,  causing  the 
transistor  Q22  of  the  output  driver  71  to  turn  OFF. 
As  a  result,  the  output  driver  71  has  a  high  imped- 

25  ance  to  the  bonding  pad  32.  The  circuit  8  also 
includes  output  driver  high-impedance  making  tran- 
sistors  similar  to  the  transistors  Qn  and  Q12  ,  in 
addition  to  inverters  similar  to  the  MOS  inverters  61 
to  63. 

30  The  operation  of  the  MOS-IC  chip  in  Fig.  1  will 
be  described. 

In  a  normal  operation  mode,  the  voltage  be- 
tween  Vcc  and  VEE  is  supplied  to  the  bonding  pad 
31.  The  circuit  9  will  operate  in  response  to  the 

35  voltage  supplied  to  the  bonding  pad  31.  However, 
the  control  circuit  2  is  free  from  the  above  voltage, 
and  accordingly,  the  control  signal  S2  therefrom  is 
maintained  at  a  low  level,  causing  the  transistors 
Q1  1  and  Q1  2  and  the  transfer  gate  transistors  41 

40  and  42  to  be  kept  in  the  OFF  state.  The  driver- 
actuating  signals  S62  and  S63  from  the  nodes  N62 
and  N63  are  free  from  the  transistors  Qn  and  Qi2- 
The  resistor  10  is  disconnected  from  the  bonding 
pads  32  and  33,  and  thus  the  nodes  N32  and  N33 

45  are  not  connected  to  the  resistor  10.  When  a  signal 
S60  in  the  normal  circuit  6  is  high  level,  on  one 
hand,  the  driver-actuating  signal  S62  is  high  level, 
and  on  the  other  hand,  the  driver-actuating  signal 
S63  is  low  level,  outputting  a  high  level  voltage 

50  from  the  output  driver  71  to  the  bonding  pad  32. 
Otherwise,  a  low  level  voltage  is  output  from  the 
output  driver  71  to  the  bonding  pad  32.  The  circuit 
8  and  the  output  driver  72  may  also  operate  as 
described  above. 

55  In  a  test  mode,  a  test  request  signal  having  a 
voltage  higher  than  the  threshold  voltage  Vth  of  the 
transistor  Q1  ,  which  is  sufficiently  higher  than  the 
voltage  of  Vcc  as  set  forth  above,  is  supplied  to  the 

3 
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bonding  pad  31.  The  control  circuit  2  outputs  the 
high  level  control  signal  S2,  causing  the  transistors 
Qi  1  ,  Qi  2  and  the  transfer  gate  transistors  41  and 
42  to  be  turned  ON.  The  driver  actuating  signals 
S62  and  S63  are  compulsorily  rendered  to  low 
level  unless  the  level  of  the  signal  S60  is  either  low 
or  high,  whereby,  the  output  driver  71  is  also 
compulsorily  made  to  have  a  high  impedance.  The 
output  driver  72  is  also  compulsorily  made  to  have 
a  high  impedance.  Consequently,  the  resistor  10 
connected  to  the  bonding  pads  32  and  33  at  termi- 
nals  thereof,  through  the  transfer  gate  transistors 
41  and  42,  is  not  affected  by  the  output  drivers  71 
and  72.  In  this  condition,  the  test  probes  are  in 
contact  with  the  bonding  pads  32  and  33,  and 
measure  a  resistance  of  the  resistor  10.  This  mea- 
surement  may  use  the  evaluation  of  the  resistance 
characteristics  of  resistors  formed  in  the  MOS-IC 
chip  and  used  for  forming  the  normal  circuits  6,  8, 
and  9. 

In  the  above  embodiment,  no  additional  bond- 
ing  pads  are  provided  and  the  normal  bonding 
pads  31  to  33  are  commonly  used  for  the  normal 
operation  mode  and  the  test  mode.  This  solves  the 
problem  of  low  integration  due  to  the  provision  of 
additional  bonding  pads  for  the  test  means.  Due  to 
provision  of  the  output  driver  high-impedance  mak- 
ing  transistors  Qi  1  and  Qi  2  and  the  transfer  gate 
transistors  41  and  42,  the  bonding  pads  32  and  33 
may  be  used  selectively  or  exclusively  for  the 
normal  operation  mode  and  the  test  mode,  without 
any  adverse  effects  from  the  opposite  mode.  The 
test  may  be  easily  effected  by  handling  the  test 
probe  on  the  bonding  pads  in  a  conventional  man- 
ner.  The  test  for  the  resistor  10  as  one  of  the 
evaluating  circuit  elements  may  be  achieved  not 
only  in  the  test  steps  from  after  formation  of  the 
bonding  pads  in  each  IC  chip  and  before  cutting 
the  IC  chips  away  from  the  wafer  to  before  pack- 
aging  the  IC  chips,  by  using  the  bonding  pads,  but 
also  in  the  steps  after  packaging  by  using  contact 
pins  provided  outside  of  the  IC  package  and  con- 
nected  to  the  bonding  pads  in  the  IC  package. 

In  the  above  embodiment,  the  transfer  gate 
transistors  may  be  provided  in  response  to  the 
number  of  evaluating  circuit  elements  and  up  to  the 
number  of  bonding  pads.  The  high-impedance 
making  transistors  may  be  also  provided  in  re- 
sponse  to  the  number  of  the  evaluating  circuit 
elements  and  up  to  the  number  of  output  drivers. 

Referring  to  Fig.  2,  another  MOS  IC  chip  in- 
cluding  another  evaluating  circuit  element  and  an- 
other  test  means  is  represented.  In  Fig.  2,  the 
evaluating  circuit  element  is  a  MOS  transistor  11. 
The  test  means  includes  the  control  circuit  2  simi- 
lar  to  that  in  Fig.  1,  transfer  gate  transistors  44  to 
46,  and  the  bonding  pad  31  as  set  forth  above,  and 
bonding  pads  34  to  36.  Inverters  104  to  106  con- 

sisting  of  a  D-transistor  Q32  functioning  as  a  resis- 
tor  and  an  E-transistor  Q31  ,  a  D-transistor  Q3+and 
an  E-transistor  Q33  ,  and  a  D-transistor  Q36  and  an 
E-transistor  Q35  ,  respectively,  function  as  input 

5  drivers  of  normal  circuits.  In  this  embodiment,  the 
input  drivers  104  to  106  have  a  sufficient  high 
impedance  to  the  bonding  pads  34  to  36,  and 
accordingly,  input  driver  high-impedance  making 
transistors  corresponding  to  the  output  driver  high- 

10  impedance  making  transistors  Qn  and  Q12  in  Fig. 
1  are  not  provided.  This  can  be  applied  to  the  input 
driver  in  the  circuit  9  in  Figs.  1  and  2  connected  to 
the  bonding  pad  31  . 

In  a  normal  operation  mode,  when  the  voltage 
15  between  Vcc  and  VEE  ,  set  forth  above,  is  supplied 

to  the  bonding  pads  31  and  34  to  36,  the  control 
signal  S2  from  the  control  circuit  2  is  low  level, 
turning  the  transfer  gate  transistors  44  to  46  OFF, 
and  accordingly,  disconnecting  the  transistor  11 

20  from  the  bonding  pads  34  to  36.  As  a  result,  the 
circuit  9  and  other  normal  circuits  connected  to  the 
input  drivers  104  to  106  may  operate  without  ef- 
fects  from  the  transistor  11  and  the  test  means 
except  the  bonding  pads  31  ,  and  34  to  36. 

25  In  a  test  mode,  when  the  test  request  signal 
having  the  voltage  higher  than  the  threshold  volt- 
age  Vth  of  the  transistor  Qi  in  the  control  circuit  2 
as  shown  in  Fig.  1  is  supplied  to  the  bonding  pad 
31,  the  control  circuit  2  outputs  the  control  signal 

30  S2  having  a  high  level,  with  the  result  that  the 
transfer  gate  transistors  44  to  46  are  turned  ON, 
and  thus,  the  transistor  1  1  is  operatively-connected 
to  the  bonding  pads  34  to  36.  In  this  state,  the  test 
probes  are  in  contact  with  the  bonding  pads  34  to 

35  36,  obtaining  a  variety  of  characteristics  of  the 
transistor  1  1  .  The  transistor  1  1  may  be  regarded  as 
a  typical  transistor  of  this  type,  and  accordingly, 
the  evaluation  of  transistors  of  this  type  in  the  IC 
chip  may  be  effected  through  the  obtained  char- 

40  acteristics  of  the  transistor  11.  Since  the  input 
drivers  104  to  106  have  a  high-impedance  to  the 
bonding  pads  34  to  36,  the  test  is  not  adversely 
affected  by  the  input  drivers  104  to  106. 

In  the  above  embodiments  of  Figs.  1  and  2,  a 
45  variety  of  evaluating  circuit  elements,  such  as  a 

capacitor  and  other  type  of  transistors,  as  well  as  a 
variety  of  evaluating  fundamental  circuits,  such  as 
flip-flops  and  AND  gates,  may  be  formed  in  each 
IC  chip.  The  test  means  may  be  applicable  for 

50  testing  the  above  evaluating  circuit  elements  and/or 
the  evaluating  fundamental  circuits.  In  the  speci- 
fication,  the  evaluating  circuit  element  involves  the 
evaluation  of  the  fundamental  circuit  or  the  like. 

In  addition,  in  the  above  embodiments  of  Figs. 
55  1  and  2,  the  control  circuit  2  is  commonly  con- 

nected  to  the  bonding  pad  31  with  the  circuit  9.  In 
order  to  be  free  from  the  application  of  the  normal 
voltage  to  the  bonding  pad  31  ,  the  control  circuit  2 

4 
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includes  the  transistor  Qi  having  a  higher  threshold 
voltage  Vth  than  the  high  voltage  of  the  normal 
supply.  However,  when  the  control  circuit  2  is  sup- 
plied  with  a  signal  S31  requesting  the  test  mode 
through  a  spare  bonding  pad  which  is  not  used  for 
the  normal  circuit,  it  is  not  necessary  to  include  the 
above  special  transistor  Qi  in  the  control  circuit  2, 
which  may  include  a  normal  E-transistor.  The  test 
request  signal  S31  to  the  control  circuit  2  may  be 
in  the  normal  voltage  range  between  Vcc  and  VEE. 

Moreover,  the  control  signal  S2  may  be  directly 
supplied  through  a  bonding  pad  30  as  shown  by 
dotted  lines  in  Figs.  1  and  2.  The  control  circuit  2 
thus  may  be  omitted. 

Furthermore,  the  embodiments  of  Figs.  1  and  2 
may  be  combined.  Figure  3  represents  a  general 
block  diagram  of  the  combined  MOS  IC  of  Figs.  1 
and  2.  In  Fig.  3,  the  MOS-IC  includes  a  normal 
circuit  portion  containing  the  normal  circuits  6,  8 
and  9  in  Figs.  1  and  2,  an  output  driver  circuit  7 
having  the  output  drivers  71  and  72  in  Fig.  1,  an 
input  driver  circuit  100  having  the  input  drivers  104 
to  106  in  Fig.  2,  and  bonding  pads  11'  and  12'.  The 
MOS-IC  also  includes  testing  circuit  element  por- 
tions  10A  and  10B  containing  the  evaluating  resis- 
tor  10  in  Fig.  1  and  the  evaluating  transistor  11  in 
Fig.  2.  In  addition,  the  MOS-IC  includes  a  test 
means  consisting  of  the  control  circuit  2  as  shown 
in  Fig.  1,  transfer  gate  transistor  portions  4A  and 
4B  containing  the  transistors  41  and  42  in  Fig.  1, 
and  the  transistors  44  to  46.  The  bonding  pad  31 
may  be  commonly  used  for  the  normal  circuit 
portion  and  the  test  means.  An  output  bonding  pad 
portion  3A  containing  the  bonding  pads  32  and  33 
in  Fig.  1  and  the  input  bonding  pad  portion  3B 
containing  the  bonding  pads  34  to  36  may  be  also 
commonly  used  for  the  normal  circuit  portion  and 
the  test  means.  The  bonding  pads  11'  and  12'  are 
used  for  supplying  the  power  of  Vcc  and  VEE  to  the 
normal  circuit,  the  control  circuit  2,  and  other  cir- 
cuits  in  the  MOS-IC. 

In  this  embodiment,  the  evaluating  circuit  ele- 
ments  and  the  normal  circuit  may  be  tested  not 
only  between  after  formation  of  the  bonding  pads 
in  the  IC  chips  and  before  packaging  of  the  IC 
chips,  by  using  the  bonding  pads,  but  also  after 
packaging  the  IC  chips,  by  using  pins  of  the  IC 
device.  The  selection  of  either  the  test  or  normal 
operation  mode  is  simply  achieved  by  applying  or 
not  applying  a  predetermined  voltage  to  the  bond- 
ing  pad  31  . 

The  test  of  the  evaluating  circuit  elements  may 
be  effected  in  a  similar  way  to  that  of  the  normal 
circuit,  and  thus  the  evaluating  circuit  elements 
also  may  be  automatically  tested  by  using  an  auto- 
matic  test  facility  in  a  same  way  as  for  an  auto- 
matic  test  for  the  normal  circuits  well-known  in  the 
art. 

Note  that  the  area  occupying  the  test  means  of 
the  control  circuit  2,  the  transfer  gate  circuits  4A 
and  4B,  and  connection  lines  therebetween  is  rela- 
tively  small.  In  addition,  the  control  circuit  2  may 

5  be  omitted  as  described  above.  Hence,  reduction 
in  integration  due  to  the  provision  of  the  test  means 
may  be  minimized. 

In  the  above  embodiments,  the  MOS-IC  chip 
was  described.  Generally,  the  input  drivers  in  the 

70  MOS-IC  have  a  high-impedance,  and  accordingly, 
the  input  driver  high-impedance  making  circuits  are 
not  required.  If  the  input  drivers  have  insufficient 
high-impedance,  high-impedance  making  circuits 
should  be  provided  even  to  the  input  drivers.  Fig- 

75  ure  4  represents  an  embodiment  of  this  case. 
In  Fig.  4,  a  bipolar  IC  chip  includes  an  emitter- 

follower  input  driver  118  consisting  of  a  series- 
connected  resistor  Ri  1  and  transistor  Ti  1  ,  and  an 
emitter-follower  input  driver  119  also  consisting  of 

20  a  series-connected  resistor  R12  and  transistor  T12. 
The  bipolar  IC  chip  also  includes  a  test  circuit 
element  12,  such  as  a  resistor,  and  a  test  means. 
The  test  means  includes  a  control  circuit  2',  an 
inverter  25,  switching  circuits  48  and  49,  and  AND 

25  gates  58  and  59.  The  control  circuit  2'  has  a  same 
function  as  that  described  above,  but  is  formed  by 
a  bipolar  technology.  The  switching  circuits  48  and 
49  may  include  bipolar  transistors  for  transfer 
gates.  Bonding  pads  37  to  39  are  similar  to  those 

30  in  the  above  embodiments. 
In  a  normal  operation  mode,  a  test  request 

voltage  is  not  applied  to  the  bonding  pad  37.  The 
control  circuit  2'  outputs  a  control  signal  S2'  having 
a  low  level.  The  switching  circuits  48  are  deener- 

35  gized,  breaking  the  connection  between  the  test 
circuit  element  12  and  the  bonding  pads  38  and 
39.  The  control  signal  S2'  is  converted  to  high  level 
by  the  inverter  25,  and  a  resultant  signal  S25 
energizes  terminals  of  the  AND  gates  58  and  59.  If 

40  high  level  signals  are  supplied  to  the  bonding  pads 
38  and  39,  the  input  drivers  118  and  119  are 
operated. 

In  a  test  mode,  the  test  request  voltage  is 
supplied  to  the  bonding  pad  37.  The  control  circuit 

45  2'  outputs  the  control  signal  S2'  having  a  high 
level.  The  AND  gates  58  and  59  are  brought  to  an 
inhibit  state  by  applying  the  signal  S25  having  a 
low  level.  The  switching  circuits  48  and  49  are 
energized,  connecting  between  the  test  circuit  ele- 

50  ment  12  and  the  bonding  pads  38  and  39.  The 
characteristics  of  the  test  circuit  element  12  may 
be  obtained  by  placing  the  test  probes  in  contact 
with  the  bonding  pads. 

A  variety  of  the  modifications  discussed  above 
55  can  be  applied  to  the  embodiment  in  Fig.  4. 

Claims 

5 
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1.  A  semiconductor  integrated  circuit  comprising 
at  least  one  circuit  configuration 
(6,8,9,71  ,72;1  04-106;118,11  9);  a  plurality  of 
bonding  pads  (31-39)  operatively  connectable 
to  the  at  least  one  circuit  configuration 
(6,8,9,71,72;1  04-1  06;118,119);  and,  connection 
means  for  selectively  making  connection  be- 
tween  the  at  least  one  circuit  configuration 
(6,8,9,71,72;104-106;118,119)  and  the  bonding 
pads  (31-39)  in  response  to  a  control  signal 
(S2.S2'),  characterised  in  that  the  plurality  of 
bonding  pads  (31-39)  are  also  operatively  con- 
nectable  to  at  least  one  evaluating  circuit  ele- 
ment  (10,11,12)  and  in  that  the  connection 
means  include  switching  means  (41,42;44- 
46;48,49)  provided  between  the  bonding  pads 
(31-39)  and  the  evaluating  circuit  element  or 
elements  (10,11,12)  for  switching  the  connec- 
tion  between  the  bonding  pads  (31-39)  and  the 
evaluating  circuit  element  or  elements 
(10,11,12)  in  response  to  the  control  signal 
(S2.S2'). 

2.  A  circuit  according  to  claim  1  ,  characterised  by 
means  (Qi  1  ,Qi  2,25,58,59)  for  controlling  the 
circuit  configuration  to  have  a  high  impedance, 
as  seen  from  the  bonding  pads,  in  response  to 
the  control  signal. 

3.  A  circuit  according  to  claim  2,  characterised  in 
that  the  circuit  configuration  includes  an  output 
driver  (71  ,72)  connected  to  a  said  bonding  pad 
(32,33);  and  in  that  the  high-impedance  making 
means  comprises  a  switching  element 
(Qi  i,Qi  2)  for  deenergising  the  output  driver  in 
response  to  the  control  signal. 

4.  A  circuit  according  to  claim  2,  characterised  in 
that  the  circuit  configuration  comprises  an  in- 
put  driver  (118)  connected  to  a  said  bonding 
pad  (38)  and  having  a  low  impedance  to  the 
bonding  pad,  and  in  that  the  high-impedance 
making  means  comprises  a  circuit  (25,58)  for 
electrically  disconnecting  a  line  from  the  input 
driver  to  the  bonding  pad  in  response  to  the 
control  signal  (S2'). 

5.  A  circuit  according  to  any  preceding  claim, 
characterised  in  that  the  connecting  means 
further  comprises  means  (2,2')  for  outputting 
the  control  signal  (S2;S2')  in  response  to  re- 
ception  of  a  test  request  signal. 

6.  A  circuit  according  to  claim  5,  characterised  in 
that  the  control  signal  outputting  means  (2,2') 
is  connected  to  a  bonding  pad  (31;37)  of  the 
plurality  of  bonding  pads  to  receive  the  test 
request  signal. 

7.  A  circuit  according  to  claim  6,  characterised  in 
that  the  bonding  pad  (31  ;37)  connected  to  the 
control  signal  outputting  means  (2;2')  is  also 
connected  to  the  circuit  configuration;  and  in 

5  that  the  control  signal  outputting  means  com- 
prises  a  transistor  (Qi  )  having  a  threshold  volt- 
age  higher  than  a  normal  voltage  supplied  to 
the  bonding  pad  for  operating  the  circuit  con- 
figuration,  the  control  signal  outputting  means 

10  being  not  operable  in  response  to  the  applica- 
tion  of  the  normal  voltage  to  the  bonding  pad 
and  being  operable  in  response  to  the  applica- 
tion  of  the  test  request  signal  having  a  voltage 
higher  than  the  threshold  voltage. 

15 
Revendicatlons 

1.  Circuit  integre  a  semiconducteurs  comprenant 
au  moins  une  configuration  de  circuit 

20  (6,8,9,71,72:1  04-106;118,11  9);  une  pluralite  de 
plots  de  connexion  (31-39)  pouvant  etre 
connectes  activement  a  au  moins  la  configura- 
tion  de  circuit  (6,8,9,71  ,72;1  04-1  06;1  18,1  19); 
et.des  moyens  de  connexion  pour  etablir  se- 

25  lectivement  une  connexion  entre  au  moins  la 
configuration  de  circuit  (6,8,9,71  ,72;1  04- 
106:118,119)  et  les  plots  de  connexion(31-39) 
en  reponse  a  un  signal  de  commande  S2;S2'), 
caracterise  en  ce  que  la  pluralite  de  plots  de 

30  connexion  (31-39)  peuvent  etre  aussi  connec- 
tes  activement  a  au  moins  un  element  de 
circuit  devaluation  (10,11,12)  et  en  ce  que  les 
moyens  de  connexion  comprennent  des 
moyens  commutateurs  (41  ,42;44-46;48,49) 

35  prevus  entre  les  plots  de  connexion  (31-39)  et 
I'element  ou  les  elements  de  circuit  devalua- 
tion  (10,11,12)  pour  commuter  la  connexion 
entre  les  plots  de  connexion  (31-39)  et  I'ele- 
ment  ou  les  elements  de  circuit  devaluation 

40  (10,11,12)  en  reponse  au  signal  de  commande 
(S2;S2'). 

2.  Circuit  selon  la  revendication  1  ,  caracterise  par 
des  moyens  (Qi  1  ,Qi  2,25,58,59)  pour  controler 

45  la  configuration  de  circuit  pour  qu'elle  ait  une 
impedance  elevee.telle  que  vue  des  plots  de 
connexion,  en  reponse  au  signal  de  comman- 
de. 

50  3.  Circuit  selon  la  revendication  2,  caracterise  en 
ce  que  la  configuration  de  circuit  comprend  un 
circuit  de  commande  de  sortie  (71  ,72)  connec- 
ts  a  un  desdits  plots  de  connexion  (32733);  et 
en  ce  que  les  moyens  etablissant  I'impedance 

55  elevee  comprennent  un  element  commutateur 
(Qii,Qi2)  pour  desexciter  le  circuit  de  com- 
mande  de  sortie  en  reponse  au  signal  de  com- 
mande. 

6 
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4.  Circuit  selon  la  revendication  2,  caracterise  en 
ce  que  la  configuration  de  circuit  comprend  un 
circuit  de  commande  d'entree  (118)  connecte 
a  un  desdits  plots  de  connexion  (38)  et  ayant 
une  faible  impedance  par  rapport  au  plot  de  5 
connexion,  et  en  ce  que  les  moyens  etablis- 
sant  I'impedance  elevee  comprennent  un  cir- 
cuit  (25,58)  pour  deconnecter  electriquement 
une  ligne  du  circuit  de  commande  d'entree  au 
plot  de  connexion  en  reponse  au  signal  de  10 
commande  (S2'). 

5.  Circuit  selon  I'une  quelconque  des  revendica- 
tions  1  a  4,  caracterise  en  ce  que  les  moyens 
de  connexion  comprennent  en  outre  un  moyen  is 
(2;2')  pour  sortir  le  signal  de  commande- 
(S2;S2')  en  reponse  a  la  reception  d'un  signal 
de  demande  de  test. 

6.  Circuit  selon  la  revendication  5,  caracterise  en  20 
ce  que  le  moyen  de  sortie  de  signal  de  com- 
mande  (2;2')  est  connecte  a  un  plot  de 
connexion(  31;37)  de  la  pluralite  de  plots  de 
connexion  pour  recevoir  le  signal  de  demande 
de  test.  25 

7.  Circuit  selon  la  revendication  6,  caracterise  en 
ce  que  le  plot  de  connexion  (31;37)  connecte 
au  moyen  de  sortie  de  signal  de  commande 
(2;2')  est  egalement  connecte  a  la  configura- 
tion  de  circuit;  et  en  ce  que  le  moyen  de  sortie 
de  signal  de  commande  comprend  un  transis- 
tor  (Qi)  ayant  une  tension  de  seuil  superieure 
a  une  tension  normale  fournie  au  plot  de 
connexion  pour  faire  fonctionner  la  configura- 
tion  de  circuit,  le  moyen  de  sortie  de  signal  de 
commande  ne  pouvant  pas  etre  rendu  actif  en 
reponse  a  I'application  de  la  tension  normale 
au  plot  de  connexion  et  pouvant  etre  rendu 
actif  en  reponse  a  I'application  du  signal  de 
demande  de  test  ayant  une  tension  superieure 
a  la  tension  de  seuil. 

Patentanspruche 

1.  Integrierte  Halbleiterschaltung  mit  wenigstens 
einer  Schaltungskonfiguration  (6,  8,  9,  71,  72; 
104  -  106;  118,  119);  einer  Vielzahl  von  Bon- 
dingpads  (  31  -  39),  die  wirkungsma/Sig  mit  der 
wenigstens  einen  Schaltungskonfiguration  (6, 
8,  9,  71,  72;  104  -  106;  1  18,  1  19)  verbindbar 
sind;  und 
Verbindungseinrichtungen  zum  selektiven  Her- 
stellen  einer  Verbindung  zwischen  der  wenig- 
stens  einen  Schaltungskonfiguration  (6,  8,  9, 
71,  72;  104  -  106;  118,  119)  und  den  Bonding- 
pads  (31  -  39),  ansprechend  auf  ein  Steuersi- 
gnal  (S2,  S2'),  dadurch  gekennzeichnet,  da/S 

die  Vielzahl  von  Bondingpads  (31  -  39)  auch 
mit  dem  wenigstens  einen  Auswertungsschal- 
tungselement  (10,  11,  12)  wirkungsma/Sig  ver- 
bindbar  sind,  und  da/S  die  Verbindungseinrich- 

5  tung  Schalteinrichtungen  (41,  42;  44  -  46;  48, 
49)  umfa/St,  die  zwischen  den  Bondingpads  (31 
-  39)  und  dem  Auswertungsschaltungselement 
oder  -elementen  (10,  11,  12)  zum  Schalten  der 
Verbindung  zwischen  den  Bondingpads  (31  - 

io  39)  und  dem  Auswertungsschaltungselement 
oder  -elementen  (10,  11,  12),  ansprechend  auf 
das  Steuersignal  (S2,  S2'),  vorgesehen  sind. 

2.  Schaltung  nach  Anspruch  1,  gekennzeichnet 
is  durch  Einrichtungen  (Qn,  Q12,  25,  58,  59)  zum 

Steuern  der  Schaltungskonfiguration,  urn,  an- 
sprechend  auf  das  Steuersignal,  eine  hohe  Im- 
pedanz  zu  haben,  von  den  Bondingpads  aus 
gesehen. 

20 
3.  Schaltung  nach  Anspruch  2,  dadurch  gekenn- 

zeichnet,  da/S  die  Schaltungskonfiguration  ei- 
nen  Ausgangstreiber  (71,  72)  umfa/St,  der  mit 
den  genannten  Bondingpads  (32,  33)  verbun- 

25  den  ist;  und  da/S  die  eine  hohe  Impedanz  ma- 
chende  Einrichtung  ein  Schaltungselement 
(Q11,  Q12)  zum  Deaktivieren  des  Ausgangstrei- 
bers,  ansprechend  auf  das  Steuersignal  urn- 
fafit. 

30 
4.  Schaltung  nach  Anspruch  2,  dadurch  gekenn- 

zeichnet,  da/S  die  Schaltungskonfiguration  ei- 
nen  Eingangstreiber  (118)  umfa/St,  der  mit  dem 
genannten  Bondingpad  (38)  verbunden  ist  und 

35  eine  niedrige  Impedanz  zu  dem  Bondingpad 
hat,  und  da/S  die  eine  hohe  Impedanz  machen- 
de  Einrichtung  eine  Schaltung  (25,  58)  umfa/St, 
urn  eine  Leitung  von  dem  Eingangstreiber  zu 
dem  Bondingpad,  ansprechend  auf  das  Steuer- 

40  signal  (S2'),  elektrisch  zu  trennen. 

5.  Schaltung  nach  einem  der  vorhergehenden  An- 
spruche,  dadurch  gekennzeichnet,  da/S  die  Ver- 
bindungseinrichtung  ferner  Einrichtungen  (2, 

45  2')  zur  Ausgabe  des  Steuersignals  (S2;  S2')  in 
Abhangigkeit  von  dem  Empfang  eines  Testan- 
forderungssignales  umfa/St. 

6.  Schaltung  nach  Anspruch  5,  dadurch  gekenn- 
50  zeichnet,  da/S  die  Steuersignalausgabeeinrich- 

tung  (2,  2')  mit  einem  Bondingpad  (31;  37)  der 
Vielzahl  von  Bondingpads  verbunden  ist,  urn 
das  Testanforderungssignal  zu  empfangen. 

55  7.  Schaltung  nach  Anspruch  6,  dadurch  gekenn- 
zeichnet,  da/S  das  Bondingpad  (31  ;  37),  das  mit 
der  Steuersignalausgabeinrichtung  (2;  2')  ver- 
bunden  ist,  auch  mit  der  Schaltungskonfigura- 

7 
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tion  verbunden  ist;  und  da/S  die  Steuersignal- 
ausgabeinrichtung  einen  Transistor  (Qi)  urn- 
faCt,  der  eine  Schwellenspannung  hat,  die  ho- 
her  als  eine  normale  Spannung  ist,  die  dem 
Bondingpad  zugefuhrt  wird,  urn  die  Schal-  5 
tungskonfiguration  zu  betreiben,  wobei  die 
Steuersignalausgabeeinrichtung  bei  Anwen- 
dung  der  normalen  Spannung  auf  das  Bon- 
dingpad  nicht  betreibbar  ist,  und  Anwendung 
des  Testanforderungssignales,  welches  eine  10 
hohere  Spannung  als  die  Schwellenspannung 
hat,  betreibbar  bei. 
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