
J >  

Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 

0  3 3 4   2 7 3  

A 2  
(fi)  Publication  number: 

E U R O P E A N   PATENT  A P P L I C A T I O N  

©  intci.4:  G01R  1 /04  ©  Application  number:  89104997.5 

©  Date  of  filing:  21.03.89 

Applicant:  CSELT  Centro  Studi  e  Laboratori 
Telecomunicazioni  S.p.A. 
Via  Guglielmo  Reiss  Romoli,  274 
1-10148  Turin(IT) 

Inventor:  Angelucci,  Angelo 
Via  Monea,  18 
Nole  Canavese  (TO)(IT) 
Inventor:  Burocco,  Roberto 
Corso  Bormida,  31 
Vercelli(IT) 
Inventor:  Titinet,  Gianni  Clerico 
Via  4  Novembre,  49 
Coggiola  (Vercelli)(IT) 

@  Priority:  23.03.88  IT  6725888 

©  Date  of  publication  of  application: 
27.09.89  Bulletin  89/39 

©  Designated  Contracting  States: 
DE  FR  GB  NL  SE 

Representative:  Riederer  Freiherr  von  Paar  zu 
Schonau,  Anton  et  al 
Van  der  Werth,  Lederer  &  Riederer  Freyung 
615  Postfach  2664 
D-8300  Landshut(DE) 

©  A  fixture  for  measuring  the  static  characteristics  of  microwave  3-terminal  active  components. 

©  The  fixture  for  measuring  the  static  characteris- 
tics  of  microwave  active  components  comprises  me- 
chanical  devices  for  supporting  two  dielectric  sub- 
strates.  Two  terminals  of  the  components  under  test 
are  separately  connected  to  electrical  circuits  con- 
structed  on  said  dielectric  substrates.  This  fixture 

^ c a n   be  adapted  to  geometric  sizes  of  component 
2   case  and  allows  it  to  be  submitted  to  thermal  tests, 

without  mechanical  stresses  due  to  expansion.  The 
f   electrical  circuit  constructed  on  the  dielectric  sub- 

CI1.CI2 strates  ensures  the  circuit  stability  avoiding  spurious 
oscillations  during  static  characteristic  measurement. CM 
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A  Fixture  for  Measuring  the  Static  Characteristics  of  Microwave  3-Terminal  Active  Components 

above.  A  first  method  uses  series  resonant  circuits 
and  RC  circuits,  placed  in  parallel  with  the  output 
circuit,  which  operate  as  loads  at  the  spurious 
oscillation  frequency.  This  method  however  is  not 

5  of  immediate  use  since  these  circuits  have  a 
frequency-selective  behaviour;  in  addition,  since 
they  are  implemented  with  a  lumped  elements,  the 
previous  knowledge  of  the  frequency  of  the  spur- 
ious  oscillation  is  required  in  order  to  obtain  the 

io  tuning  of  the  above  circuits  for  each  type  of  active 
component. 

Another  method  consists  of  inserting  a  stabiliz- 
ing  resistance  in  series  with  the  input  circuit,  con- 
necting  it  as  close  as  possible  to  the  component 

75  itself  in  order  to  reduce  as  much  as  possible  reac- 
tive  parasitic  parameters.  This  resistance  reduces 
the  stage  gain  in  a  very  wide  frequency  band, 
avoiding  spurious  oscillations.  Yet  it  allows  neither 
direct  voltage  measurement  at  the  input  port,  nor 

20  current  measurement  through  the  output  port  when 
a  considerable  current  amount  flows  through  the 
input  port.  In  fact,  in  this  case,  voltage  drop  across 
the  stabilizing  resistance  is  considerable,  that  is 
why  the  voltage  measured  at  the  output  terminal 

25  and  the  corresponding  output  current  are  consider- 
able. 

A  further  method  consists  in  surrounding  the 
test  component  with  electromagnetic  wave  absor- 
bent  materials,  such  as  certain  graphite-loaded 

30  spongy  materials.  It  is  clear  that  in  this  case  en- 
cumbrance  is  considerable,  especially  if  the  num- 
ber  of  test  fixtures  is  high,  and  effectiveness  is 
poor  especially  at  the  lowest  frequencies,  where 
the  active  component  is  more  unstable. 

35  Said  disadvanages  are  overcome  by  the  fixture 
for  measuring  the  static  characteristics  of  micro- 
wave  active  components,  provided  by  the  present 
invention,  which  allows  contemporaneous  measure- 
ment  of  currents  and  voltages  at  input  and  output 

40  ports  up  to  the  maximum  permitted  values,  without 
any  danger  of  spurious  oscillations,  with  reverse 
and  direct  bias.  It  does  not  use  narrow-band  com- 
ponents  and  hence  its  effectiveness  extends  from 
dc  current  to  the  maximum  operation  frequency  of 

45  the  component  without  needing  any  tuning.  It  has 
reduced  size  and  is  easy  to  make. 

The  present  invention  provides  a  fixture  for 
measuring  the  static  characteristics  of  the  micro- 
wave  active  components  as  described  in  claim  1  . 

so  The  foregoing  and  other  characteristics  of  the 
present  invention  will  be  made  clearer  by  the  fol- 
lowing  description  of  a  preferred  way  of  embodi- 
ment  thereof,  given  by  way  of  non  limiting  exam- 
ple,  and  by  the  annexed  drawings  wherein: 

Description 

The  present  invention  refers  to  measurements 
of  the  electrical  characteristics  of  3-terminal  active- 
components  for  microwave  circuits  and  more  par- 
ticularly  it  concerns  a  fixture  for  measuring  such 
static  characteristics. 

Measurable  components  can  be  gallium  ar- 
senide  (GaAs)  or  silicon  (Si),  FET  or  bipolar  transis- 
tors,  for  small  or  large  signals,  encapsulated  in 
their  case  or  as  chips,  etc.  Measurements  are 
aimed  at  obtaining  output,  input  or  mutual  char- 
acteristic  curves  (drain  current  l0  versus  of  drain 
voltage  VD,  for  different  gate  voltages  VG,  gate 
current  !G  versus  gate  voltage  VG  or  drain  current  ID 
versus  gate  voltage  VG  for  different  drain  voltages 
VD,  in  case  of  FETs),  all  under  static  conditions,  i.e. 
in  dc  current. 

This  type  of  measurements  proves  useful  both 
to  determine  the  electrical  behaviour  of  the  compo- 
nent,  and  to  predict  its  behaviour  from  the  reliability 
standpoint.  In  fact  it  allows  bias  current  and  voltage 
measurements  for  a  particular  quiescent  operating 
point  and  their  possible  variations  under  extreme 
thermal  conditions. 

A  good  execution  of  said  measurements 
presents  however  some  difficulties,  chiefly  due  to 
the  rise  of  spurious  oscillations  in  the  component 
under  test,  which  not  only  alter  the  voltage  and 
current  values  but  can  also  cause  component  de- 
struction.  These  spurious  oscillations  preferably 
take  place  when  a  high  current  flows  through  the 
component  since  in  these  conditions  transconduc- 
tivity  value  increases  and  hence  the  whole  measur- 
ing  circuit  gain  increases  also.  Low  intrinsic 
capacitances  of  the  component  and  those  between 
the  terminals  and  connections  to  bias  networks  are 

■sufficient  to  cause  a  positive  reaction  to  a  deter- 
mined  frequency. 

It  is  to  be  added  that  these  components,  meant 
to  operate  in  the  microwave  domain,  present  very 
high  cutoff  frequencies  (even  30  GHz)  and  hence 
extremely  high  gains  at  very  low  frequencies,  in 
correspondence  of  which  spurious  oscillations  can 
take  place.  Measurement  circuit  is  then  to  be  stabi- 
lized  within  a  wide  frequency  range,  practically 
starting  from  dc  current,  so  as  to  obtain  reliable 
measured  values  and  avoid  the  risk  of  destroying 
the  component.  In  case  of  FET,  the  destruction  is 
generally  due  to  the  failure  of  the  gate  junction, 
namely  a  Schotty  type  junction,  directly  biased 
when  wide  amplitude  oscillations  are  present. 

Different  methods  are  presently  used  in  labora- 
tories  to  avoid  spurious  oscillations  in  the  test  cir- 
cuit  and  hence  to  overcome  the  disadvantages 
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-  Fig.  1  is  an  exploded  view  of  the  support- 
ing  mechanical  part; 

-  Fig.  2  shows  one  of  the  two  dielectric 
substrates  whereupon  the  electrical  circuit  is  con- 
structed; 

-  Fig.  3  is  an  equivalent  electrical  diagram  of 
the  measurement  circuit. 

In  the  following  example  the  active  component 
under  measurement  is  supposed  to  be  a  micro- 
wave  FET,  supplied  with  gate,  source  and  drain 
terminals. 

The  supporting  mechanical  part,  shown  in  Fig. 
1,  supports  two  dielectric  substrates  whereupon 
electrical  circuits  are  constructed  and  separately 
connected  to  the  gate  and  drain  of  the  FET  under 
test.  It  can  be  adapted  to  the  geometrical  sizes  of 
the  component  case  and  allows  the  FET  to  be 
submitted  to  thermal  tests  avoiding  too  great 
stresses  due  to  expansion. 

It  consists  of  the  following  parts: 
-  two  metallic  supporting  blocks  SU1  and  SU2, 
which  are  respectively  screwed  to  two  flanges  FL1 
and  FL2,  provided  with  holes  F01  and  F02  for 
housing  two  electrical  connectors  with  noise-sup- 
pressing  filters  for  the  application  of  bias  voltages 
to  the  FET; 
-  a  metallic  intermediate  block  IN  allowing  the  two 
supporting  blocks  to  be  connected  and  an  inter- 
mediate  groove  to  be  ^obtained  for  housing  with 
accuracy  the  FET  case.  To  this  aim  the  intermedi- 
ate  block  is  made  every  time  with  width  and  height 
suited  to  match  the  dimensions  of  the  case  of  the 
FET  under  test.  Namely  the  width  will  be  more  or 
less  equal  to  the  case  width  and  the  height  will  be 
such  as  to  allow  FET  terminals  to  easily  rely  on  the 
electrical  circuit  lines.  The  FET  can  be  fixed  on  the  - 
intermediate  block  by  screws  screwed  into  holes 
FT'  and  FT",  while  holes  FP'  and  FP"  allow  a 
pressing  element  PR,  described  hereinafter,  to  be 
fastened.  This  intermediate  block  is  also  designed 
to  guarantee  the  electrical  contact  to  FET  source 
and  the  thermal  contact  to  the  whole  component; 
-  two  small  plugs  SP'  and  SP"  to  align  the  two 
supporting  blocks  and  the  intermediate  block  when 
they  are  blocked  by  screw  V,  passing  through  SU2 
and  IN  and  screwed  into  threaded  hole  FF  of  SU1; 
-  two  plates  P01  and  P02,  screwed  to  supporting 
blocks  SU1  and  SU2,  support  the  already-men- 
tioned  dielectric  substrates  CI1  and  CI2.  CI1  and 
CI2  are  fastened  by  adhesives  conducting  the  elec- 
trical  current  to  ensure  an  effective  ground.  Plates 
P01  and  P02  are  meant  to  adapt  thermal  expan- 
sions  of  supporting  blocks  SU1  and  SU2  to  thermal 
expansions  of  dielectric  substrates  CI1  and  CI2,  in 
order  to  avoid  excessive  mechanical  stresses  dur- 
ing  heating  cycles  occurring  while  measuring  the 
FET  under  test.  The  material  P01  and  P02  are 

made  of  is  then  to  present  a  thermal  expansion 
coefficient  which  is  intermediate  between  that  of 
the  plates  and  that  of  the  dielectric  substrates:  e.g. 
if  the  supporting  blocks  are  made  of  brass  and  the 

5  substrates  of  alumina,  P01  and  P02  can  be  made 
of  an  iron-nickel-cobalt  alloy,  the  so-called  kovar; 
-  the  already-mentioned  pressing  element  PR  is 
made  of  the  same  material  as  plates  P01  and  P02 
and  supplied  with  two  insulating  bars  SE1  and  SE2, 

w  adapted  to  press  FET  gate  and  drain  terminals 
onto  substrates  CI1  and  CI2  to  ensure  their  elec- 
trical  contact  without  requiring  soldering. 

In  case  the  component  is  available  as  a  "chip" 
or  "chip  on  carrier",  the  terminals  are  lacking,  that 

75  is  why  the  connection  to  the  lines  of  substrates  CM 
and  CI2  is  effected  by  the  "wire-bonding"  tech- 
nique.  Of  course,  in  this  case  pressing  element  PR 
is  no  longer  required. 

The  electrical  circuit  constructed  onto  each  one 
20  of  the  substrates  CM  and  CI2  can  be  seen  in  Fig. 

2.  On  the  dielectric  substrate,  made  of  quartz, 
alumina,  beryllium  oxide  or  the  like,  there  are  de- 
posited  on  one  side  a  ground  conductive  plane  and 
on  the  other  some  conductive  and  resistive  lines. 

25  More  particularly,  line  PC  is  made  of  conductive 
material,  e.g.  of  gold,  and  is  equipped  on  one  end 
with  a  pad  for  the  connection  to  the  power-supply 
connector.  On  the  other  end  the  gate  or  drain  of 
the  FET  under  test  is  placed  in  contact. 

30  Two  resistive  lines  RP'  and'  RP",  each 
equipped  with  two  branches  perpendicularly  ar- 
ranged,  are  placed  in  contact  with  both  edges  of 
line  PC.  Said  lines  can  be  made  of  suitable  resis- 
tive  substances,  e.g.  TaN  or  others.  In  symmetrical 

35  position  with  respect  to  line  PC  and  parallel  to  it, 
there  are  two  more  conductive  lines  PL  and  PL  . 
Said  lines  are  also  placed  in  contact  with  the  ends 
of  the  branches  perpendicular  to  the  resistive  lines 
RP'  and  RP".  Lines  PL'  and  PL"  are  in  turn  con- 

40  nected  to  capacitor  terminals  (not  shown  in  the 
Figure),  which  are  grounded  through  plates  P01 
and  P02  (Fig.  1).  The  lateral  ends  of  resistive  lines 
RP#  and  RP"  result  grounded  in  ac  current  and 
insulated  in  dc  current.  This  circuit  can  be  con- 

45  structed  with  the  thin  film  technique. 
Let's  now  examine  the  electrical  operation  of 

the  fixture  with  reference  to  the  equivalent  electrical 
circuit  shown  in  Fig.  3.  The  resistive  lines  parallel 
to  the  conductive  lines  are  equivalent  to  sets  of 

so  resistance  a'  and  a",  the  perpendicular  lines  to 
sets  of  resistances  b'  and  b",  in  addition  there  are t  it 
sets  of  grounded  capacitors  C  and  C  .  Each  set  of 
capacitors  consist  of  at  least  a  high  capacitance 
capacitor  and  one  of  low  capacity,  so  as  to  reduce 

55  parasitic  reactance  both  at  low  and  high  frequen- 
cies.  The  equivalent  high-frequency  resistances 
seen  from  FET  gate  or  drain  towards  the  ground 
can  thus  be  conveniently  set  to  about  50  ohm.  This 
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-  two  small  plugs  (SP  ,  SP  )  to  align  the  two 
supporting  blocks  and  the  intermediate  block  when 
they  are  blocked  by  a  screw  (V),  passing  through  a 
supporting  block  (SU2)  and  through  the  intermedi- 

5  ate  block  (IN)  and  screwed  into  a  threaded  hole 
(FF)  of  the  other  supporting  block  (SU1); 
-  two  plates  (P01,  P02),  screwed  to  supporting 
blocks  (SU1,  SU2),  support  the  dielectric  substrates 
(CM,  CI2)  and  adapt  the  thermal  expansions  of 

70  supporting  blocks  (SU1,  SU2)  to  the  expansions  of 
the  dielectric  substrates  (CM,  CI2); 
-  the  pressing  element  (PR),  equipped  with  two 
insulating  bars  (SE1,  SE2),  adapted  to  press  the 
component  input  and  output  terminals  onto  the 

75  dielectric  substrates  (CM,  CI2)  to  ensure  their  elec- 
trical  connection  without  soldering; 
-  the  two  dielectric  substrates  (CM,  CI2),  each  one 
of  them  carrying  on  one  side  a  ground  conductive 
plane  and  on  the  other  the  following  lines: 

20  (a)  a  median  line  (PC),  made  of  conductive 
material  and  equipped  at  one  end  with  a  pad  for 
the  connection  to  the  power-supply  connector; 

b.  two  resistive  lines  (RP',  RP")  adjacent  to 
the  median  line  (PC),  to  which  they  are  electrically 

25  connected  along  the  edges,  and  supplied  with  re- 
sistive  branches  placed  perpendicularly; 

c.  two  conductive  lines  (PL.',  PL.'),  placed  in 
symmetrical  position  with  respect  to  the  median 
line  (PC)  and  parallel  to  it  and  in  connection  with 

30  the  ends  of  the  perpendicular  branches  of  the 
resistive  lines  (RP#,  RP"). 

2.  A  fixture  as  in  claim  1  ,  characterized  in  that 
said  conductive  lines  (PL.',  PL  )  are  in  turn  con- 

35  nected  to  the  terminals  of  capacitors  grounded 
through  said  plates  (P01  ,  P02). 

3.  A  fixture  as  in  claim  1  or  2,  characterized  in 
that  said  plates  (P01  ,  P02)  are  made  of  a  material 
whose  thermal  expansion  coefficient  is  intermediate 

40  between  that  of  the  supporting  blocks  (SU1,  SU2) 
and  that  of  dielectric  substrate  (CM,  CI2). 

4.  A  fixture  as  in  any  of  claims  1  to  3,  char- 
acterized  in  that  said  metallic  intermediate  block 
(IN)  has  a  width  nearly  equal  to  that  of  the  compo- 

45  nent  case  and  a  height  allowing  an  easy  connec- 
tion  of  the  component  input  and  ouput  terminals  to 
the  median  lines  (PC)  of  the  dielectric  substrates 
(CI1.CI2). 

vaiue  has  been  obtained  by  two  resistive  parallel 
branches,  but  it  could  also  be  obtained  by  three  or 
more  branches  of  less  width. 

This  combination  of  conductive  and  resistive 
lines  allows  a  great  stability  of  the  measuring  cir- 
cuit  to  be  obtained  by  damping  possible  oscilla- 
tions.  In  fact,  a  possible  wave  generated  by  the 
transistor  is  progressively  attenuated  along  resis- 
tive  lines  and  reflected  wave  formation  is  prevented 
since  there  are  no  considerable  discontinuity 
points.  These  points  would  certainly  be  formed  if 
lumped  resistances  were  connected  to  FET  gate 
and  drain.  Said  resistances,  therefore,  could  not 
ensure  circuit  stability. 

To  evaluate  the  impedance  matching  between 
conductive  lines  and  drain  and  gate  terminals  of 
the  transistor  under  test,  measurements  have  been 
made  over  a  wide  range  of  frequencies.  More  par- 
ticularly,  the  reflection  coefficient  seen  by  transistor 
terminal  in  the  most  disadvantageous  condition  has 
been  measured,  i.e.  the  condition  in  which  the 
connector  with  noise-suppressing  filter  does  not 
result  connected  to  the  power-supply  source:  such 
a  coefficient  has  resulted  inferior  to  0.1  (-20  dB)  in 
range  within  3  and  26  GHz.  As  known,  reflection 
coefficients  causing  transistor  instability  present 
values  in  modulus  which  are  generally  much  higher 
than  the  above-mentioned  value. 

It  is  clear  that  what  described  has  been  given 
by  way  of  non  limiting  example.  Variations  and 
modifications  are  possible  without  going  out  of  the 
scope  of  the  invention. 

Claims 

1  .  A  fixture  for  measuring  the  static  characteris- 
tics  of  microwave  3-terminal  active  components 
comprising  supporting  mechanical  devices  for  sup- 
porting  two  dielectric  substrates  (CM,  CI2)  carrying 
electrical  circuits  connected  separately  to  input  and 
output  terminals  of  the  component  under  test,  char- 
acterized  in  that  it  comprises  the  following  parts: 
-  two  metallic  supporting  blocks  (SU1,  SU2),  which 
are  respectively  screwed  to  two  flanges  (FL1,  FL2) 
provided  with  holes  (F01,  F02)  for  housing  two 
electrical  connectors  with  noise-suppressing  filters 
for  the  application  of  bias  voltages  to  the  compo- 
nent; 
-  a  metallic  intermediate  block  (IN)  allowing  the  two 
supporting  blocks  to  be  connected  and  an  inter- 
mediate  groove  to  be  obtained  for  housing  with 
accuracy  the  component,  fastened  by  screws,  two 
holes  (FP\  FP">  allowing  a  pressing  element  (PR) 
to  be  fastened,  this  intermediate  block  having  also 
the  task  of  ensuring  the  electrical  contact  to  the 
common  terminal  of  the  component  and  the  ther- 
mal  contact  to  the  whole  component; 

50 

55 
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