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SEMICONDU CTOR DEVICES – 
DISCRETE DEVICES – 

 
Part 4:  Microwave d iodes  and  transistors  

 
 
 

1  Scope 

Th i s  part  of I EC  6 074 7  g i ves  req u i rem en ts  for th e  fol l owi n g  categ ori es  of d i screte  d evi ces:  

– vari abl e  capaci tan ce  d i od es  an d  sn ap-off d i od es  (for tu n i n g ,  u p-con verter or h arm on i c 
m u l ti p l i cati on ,  swi tch i n g ,  l i m i ti n g ,  ph ased  sh i ft,  param etri c am pl i fi cati on );  

– m i xer d i od es  an d  d etector d i od es;  

– aval an ch e d i od es  (for d i rect h arm on i c  g en erati on ,  am pl i fi cati on ) ;  

– g u n n  d i od es  (for d i rect h arm on i c g en erati on );  

–  b i pol ar tran s i stors  (for am pl i fi cati on ,  osci l l ati on );  

–  fi e l d -effect tran s i stors  (for am pl i fi cati on ,  osci l l ati on ).   

2  Normati ve  references  

Th e  fol l owi n g  referen ced  d ocu m en ts  are  i n d i spen sabl e  for th e  appl i cati on  of th i s  d ocu m en t.  
For d ated  referen ces,  on l y th e  ed i ti on  ci ted  appl i es.  F or u n d ated  referen ces,  th e  l atest ed i ti on  
of th e  referen ced  d ocu m en t ( i n cl u d i n g  an y am en d m en ts)  appl i es.  

I E C  6 0050-702 : 1 992,  International Electrotechnical Vocabulary – Chapter 702: Oscillations,  
signals and related devices 

I E C 6 07 47-1 : 20 06,  Semiconductor devices – Part 1 :  General 

I E C 6 07 47-7: 20 00,  Semiconductor devices – Part 7:  Bipolar transistors  

I E C  6 07 47-8: 20 00,  Semiconductor devices – Part 8:  Field-effect transistors  

I E C  607 47-1 6-1 : 2 001 ,  Semiconductor devices – Part 16-1 : Microwave integrated circuits – 
Amplifiers 

Am en d m en t 1 (2 0 07)  

3 Variable  capaci tance,  snap-off d iodes  and  fast-swi tching  schottky d iodes  

3. 1  Variabl e  capaci tan ce  d iodes  

3. 1 . 1  Gen eral  

Th e  provi s i on s  of th i s  part d eal  wi th  d i od es  (excl u d i n g  sn ap-off d i od es)  i n  wh i ch  th e  vari abl e  
capaci tan ce  effect i s  u sed ;  th e y cover fou r appl i cati on s:  tu n i n g ,  h arm on i c m u l ti p l i cati on ,  
swi tch i n g  ( i n cl u d i n g  l i m i ti n g ) ,  param etri c  am pl i fi cati on .  
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Th e  d evi ces  for th ese  appl i cati on s  are  d efi n ed  as  fol l ows:  

Diodes for tuning 

Di od es  wh i ch  are  u sed  to  vary th e  freq u en cy of a  tu n ed  ci rcu i t.  

Th ese  d i od es  are  u su al l y ch aracteri zed  a  freq u en cy of reson an ce  m u ch  h i g h er th an  th e  
freq u en cy of u se  an d  h ave  a  kn own  capaci tan ce/vol tag e  re l ati on sh i p.  

Diodes for harmonic multiplication 

Th ese  d i od es  m u st h ave  a  n on - l i n ear capaci tan ce/vol tag e  re l ati on sh i p  at th e  freq u en cy of 
operati on  an d  a  h i g h  rati o  of cu t-off freq u en cy to  operati n g  freq u en cy.  

Diodes for switching (including limiting)  

Th ese  d i od es  exh i bi t  a  fast  tran si ti on  from  a  h i g h  i m ped an ce  s tate  to  a  l ow i m ped an ce  state  
an d  vi ce  versa  an d  can  be  u sed  to  m od u l ate  or con trol  th e  power l evel  i n  m i crowave s ystem s.  

Diodes for parametric amplification 

Th ese d i od es  are  i n ten d ed  to  h an d l e  sm al l  am pl i tu d e  s i g n al s  an d  are  m ost often  u sed  i n  l ow-
n oi se  am pl i fi ers .  

3. 1 .2  Terminology and  l etter symbols  

S ee  3 . 1 . 3. 3.  

3. 1 .3  Essential  ratings  and  characteristics  

3. 1 .3 .1  General  

3. 1 .3 .1 . 1  Rating  cond itions  

Vari abl e  capaci tan ce  d i od es  m a y be  speci fi ed  e i th er as  am bi en t rated  or case  rated  d evi ces  
or,  wh ere  appropri ate,  as  both .  

Th e  rati n g s  l i sted  i n  3. 1 . 3 . 2  sh ou l d  be  stated  at  th e  fol l owi n g  tem peratu res:  

– ambient-rated devices: 

at an  am bi en t tem peratu re  of 25  ° C  an d  at  on e  h i g h er tem peratu re.  

– case-rated devices:  

at  a  referen ce poi n t tem peratu re  of 2 5  ° C  an d  at an oth er referen ce  poi n t tem peratu re.  

3. 1 .3.1 .2  Appl ication  categories  

Th e  essen ti a l  rati n g s  an d  ch aracteri sti cs  to  be  s tated  for each  categ ory of d i od e  are  m arked  
wi th  a  +  s i g n  i n  th e  fo l l owi n g  tabl e:  
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–  co l u m n  1 :  tu n i n g  appl i cati on s;  

– col u m n  2:  h arm on i c  m u l ti p l i cati on  appl i cati on s;  

– col u m n  3:  swi tch i n g  ( i n cl u d i n g  l i m i ti n g )  appl i cati on s;  

– col u m n  4 :  param etri c am pl i fi cati on  appl i cati on s.  

 

3. 1 .3 .2  Ratings  (l imiting  values)  Categ ori es  

Th e  fol l owi n g  rati n g s  sh ou l d  be  stated :  1  2  3  4  

3. 1 .3.2 .1  Temperatures  

Ran g e  of operati n g  tem peratu res  
Ran g e  of s torag e  tem peratu res  

 

+  
+  

 

+  
+  

 

+
+  

 

+
+  

3. 1 .3 .2 .2  Vol tages  and  currents  

M axi m u m  peak reverse  vol tag e   
M axi m u m  m ean  forward  cu rren t,  wh ere  appropri ate   
M axi m u m  peak forward  cu rren t,  wh ere  appropri ate  

 

+  
 
 

 

+  
+  
+  

 

+
+
+  

 

+
+
+  

3. 1 .3 .2 .3  Power d issipation  

M axi m u m  d i ssi pati on ,  u n d er stated  con d i ti on s,  over th e  operati n g  
tem peratu re  ran g e  

 

+  

 

+  

 

+  

 

+  

3. 1 .3.3  Electrical  characteristics  

U n l ess  oth erwi se  speci fi ed ,  th e  fol l owi n g  ch aracteri sti cs  sh ou l d  be  g i ven  
at  2 5  ° C  (see  F i g u re  1 )  

    

3. 1 .3 .3.1  Stray capacitance  (Cp)  

Typi cal  va l u e  u n d er speci fi ed  con d i ti on s  

 

+  

 

+  

 

+  

 

+  

3. 1 .3 .3.2  Series  inductance (Ls)  

Typi cal  va l u e  an d ,  wh ere  appropri ate,  m axi m u m  val u e  
u n d er speci fi ed  con d i ti on s  

 

+  

 

+  

 

+  

 

+  

3. 1 .3 .3.3  Terminal  capacitance  (Ctot)  

a)  M i n i m u m  an d  m axi m u m  va l u es,  at  a  speci fi ed  b i as  vol tag e  
an d  at a  speci fi ed  freq u en cy (n ote  2)  

b)  Typi ca l  cu rve  sh owi n g  th e  re l ati on sh i p  between  term i n al  capaci tan ce  
an d  b i as  vol tag e  

 

+  
 

+  

 

+  
 

+  

 

+
 

+  

 

+
 

+  

3. 1 .3.3.4  Junction  capaci tance  (Cj )  

M i n i m u m  an d  m axi m u m  val u es  at a  speci fi ed  b i as  vol tag e  (n otes  2  an d  3) .  
Wh en  th e  ord er of m ag n i tu d e  of Cp  i s  th e  sam e as  th at  of th e  term i n al  
capaci tan ce  Ctot,  a  typ i cal  va l u e  sh ou l d  be  g i ven  for Cj  i n stead  of m i n i m u m  
an d  m axi m u m  val u es  

 

+  
 
 

 

+  
 

 

+
 

 

+
 

3. 1 .3.3.5  Effective  qual i ty factor (Q)  

M i n i m u m  val u es  at  two  or m ore  speci fi ed  freq u en ci es  u n d er speci fi ed  
b i as  con d i ti on s  (n ote  4)  

 

+  
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 Categ ori es  

 1  2  3  4  

3. 1 .3.3.6  Cut-off frequency 

M i n i m u m  val u e  u n d er speci fi ed  con d i ti on s  (n otes  4  an d  5)  

 

 

 

+  

 

+  

 

+  

3. 1 .3.3.7  Series  resistance  (rs)  

M axi m u m  an d /or typi ca l  va l u es  u n d er speci fi ed  con d i ti on s  (n ote  4)  

 

+  

 

+  

 

+  

 

+  

3. 1 .3.3.8  Reverse current 

M axi m u m  va l u e  at a  speci fi ed  reverse  vol tag e  

 

+  

 

+  

 

+  

 

+  

3. 1 .3.3.9  Thermal  resistance  

M axi m u m  val u e  between  j u n cti on  an d  am bi en t,  or between  th e  j u n cti on  
an d  a  speci fi ed  referen ce  poi n t  

 

+  

 

+  

 

+  

 

 

3. 1 .3 .3.1 0  Switch ing  time 

Typi cal  va l u e  u n d er speci fi ed  con d i ti on s  

   

+  

 

3. 1 .3.3. 1 1  Stored  charge or m inori ty carrier l i fe  time 

Typi cal  va l u e,  for e i th er s tored  ch arg e  u n d er speci fi ed  con d i ti on s  
i n cl u d i n g  b i as,  or m i n ori ty carri er l i fe  ti m e  u n d er speci fi ed  con d i ti on s  

 

 

 

 
+  

 

 
+  

 

 
 

3. 1 .3.3. 1 2  Transi tion  time 

Typi cal  va l u e,  u n d er speci fi ed  con d i ti on s,  tog eth er wi th  a  speci fi ed  
m easu rem en t ci rcu i t (n ote  1 )  

 

 

 

+  

 

 

 

 

 

N OTE  1  S ee  d efi n i ti on  i n  3 . 2 . 2 .   

N OTE  2  For categ ori es  1 ,  2  an d  3,  th e  sp eci fi ed  b i as  vol ta g e  sh ou l d  be  –6  V an d  for ca teg ory 4 ,  th e  sp eci fi ed  
b i as  vol tag e  sh ou l d  b e  0  V.  

N OTE  3  Th e  rel ati on s h i p  b etwee n  th e  j u n cti on  cap aci tan ce  an d  b i as  vol ta g e  s h ou l d  be  repres en ted  ei th er by a  
typi cal  cu rve  or b y a  m ath em ati cal  form .  Th e  m ath em ati cal  form  sh ou l d  b e  as  fol l ows:  

C j  =  K (V +  φ)  γ 

wh e re  V i s  th e  m ag n i tu d e  of th e  appl i e d  re ve rse  vol tag e  a n d  K,  φ  an d  γ are  th ree  con sta n ts .  Th e  m an u factu rer 

s h ou l d  sp eci fy th e  typ i cal  val u es  for K,  φ  a n d  γ.  

N OTE  4  I f th e  Q va l u e  an d  th e  seri es  res i stan ce  a re  n ot  speci fi ed  for categ ory 1 ,  th e n  th e  cu t-off freq u e n cy m u st 
be  speci fi e d .  

N OTE  5  Th e  cu t-off fre q u en cy fc  i s  d efi n ed  as:  

f
r C

c
s j

=
1

2π
 

wh ere  rs  i s  th e  seri es  res i s tan ce  an d  C j  i s  th e  ca paci ta n ce  of th e  j u n cti on  m easu red  at  a  s peci fi ed  b i as  po i n t  rs  i s  
d ete rm i n ed  b y th e  e q u i val en t  ci rcu i t  s h own  i n  F i g u re  1  bel ow;  i ts  va l u e  d ep en d s  on  th e  m easu ri n g  m eth od  u se d  
an d  on  th e  b i as  vol ta g e.  
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Key 

C j  j u n cti on  ca paci ta n ce  

rs  seri es  res i s tan ce  

rj  l ow freq u en cy res i s ta n ce  of th e  j u n cti on  

I n  g en eral ,  rj  i s  su ffi ci en tl y h i g h  to  be  n eg l ected .  

 

Cp   s tray cap aci tan ce  

Ls  seri es  i n d u ctan ce  

 

 

Figure 1  – Equ ivalent  ci rcu i t  

3. 1 . 3.4  Appl ication  data 

For h arm on i c m u l ti p l i cati on  appl i cati on s,  th e  efficiency sh ou l d  be  stated .  

3. 1 .4  Measuring  methods  

3. 1 .4. 1  Reverse current IR  

a)  Purpose   

 To  m easu re  th e  reverse  cu rren t of a  d i od e  u n d er speci fi ed  reverse  vol tag e.  

b)  Circuit diagram 

 

Key 
D d i od e  b ei n g  m eas u re d  

Figure 2  – Ci rcu i t  for the  measurement of reverse  current  IR  

IEC   1 108/01  

IEC   1 109/01  
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c)  Circuit description and requirements  

 R1  i s  a  cal i brated  res i stor (pu l se  m easu rem en t on l y) .  

 R2  i s  a  protecti ve  res i stor.  

 I f a  pu l se  m easu rem en t i s  req u i red ,  th e  vari abl e  vol tag e  g en erator i s  repl aced  b y a  vol tag e  
pu lse  g en erator,  th e  vol tm eter i s  repl aced  b y a  peak-read i n g  i n stru m en t an d  th e  am m eter 
i s  repl aced  b y a  peak-read i n g  vol tm eter across  th e  cal i brated  res i stor R1 .  

d )  Measurement procedure  

 Th e  tem peratu re  i s  set  to  th e  speci fi ed  va l u e.  

 Th e  vari abl e  vol tag e  g en erator i s  ad j u sted  to  obta i n  th e  speci fi ed  val u e  of reverse  vol tag e  
VR  across  th e  d i od e.  

 Th e reverse  cu rren t IR  i s  read  from  th e  am m eter A.  

e)  Specified conditions  

–  Am bi en t,  case  or referen ce-poi n t  tem peratu re  (tam b ,  tcas e ,  tref) .  

–  Reverse  vol tag e  (VR) .  

– Pu l se  wi d th  an d  d u ty cycl e,  wh ere  appl i cabl e.  

3. 1 .4.2  Forward  vol tage VF   

a)  Purpose  

 To  m easu re  th e  forward  vol tag e  across  a  s i g n al  or swi tch i n g  d i od e  u n d er speci fi ed  
con d i ti on s.  

b)  Circuit diagram  

 

Key  
D  d i od e  b ei n g  m eas u re d  

Figure 3  – Ci rcu i t  for the  measurement of forward  vol tage  VF  

c)  Circuit description and requirements 

 R1  i s  a  cal i brated  res i stor (pu l se  m easu rem en t on l y) .  

 R2  i s  a  h i g h  val u e  res i stor.  

 I f a  pu l se  m easu rem en t i s  req u i red ,  th e  vari abl e  vol tag e  g en erator i s  repl aced  b y a  vol tag e  
pu lse  g en erator,  th e  vol tm eter i s  repl aced  b y a  peak-read i n g  i n stru m en t an d  th e  am m eter 
i s  repl aced  b y a  peak-read i n g  vol tm eter across  th e  cal i brated  res i stor R1 .  

IEC   1 1 1 0/01  
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d )  Measurement procedure  

 Th e  tem peratu re  i s  set  to  th e  speci fi ed  va l u e.  

 The variable  vol tage generator is  adj usted  to  obtain  the  specified  value of forward  current IF .  

 Th e  forward  vol tag e  VF  i s  read  from  th e  vol tm eter V.  

e)  Specified conditions  

–  Am bi en t  or case  tem peratu re  (tam b ,  tcase) .  

–  Forward  cu rren t (IF) .  

–  Pu l se  wi d th  an d  d u ty cycl e,  wh ere  appl i cabl e .  

3. 1 .4.3  Capacitance Ctot  

Th e m easu rem en t of tota l  capaci tan ce  (Ctot  =  Cj  +  Cp)  sh ou l d  be  m ad e  at  a  su ffi ci en tl y l ow 
freq u en cy (bel ow m i crowave  freq u en ci es)  so  th at th e  effects  of th e  l ead  i n d u ctan ce m ay be  
n eg l ected .  U n d er th ese  con d i ti on s,  th e  m easu red  val u e  of term i n al  capaci tan ce  i s  
i n d epen d en t of freq u en cy.  

Th e  tota l  capaci tan ce  at a  g i ven  b i as  con d i ti on  i s  obtai n ed  b y th e  m eth od  s tated  h ereafter.  

a)  Purpose  

 To  m easu re  th e  tota l  capaci tan ce  of a  d i od e  u n d er speci fi ed  con d i ti on s.  

b)  Circuit diagram  

 

Key 
D d i od e  b ei n g  m eas u re d  

Figure  4  – Ci rcu i t  for the  measurement of capaci tance Ctot  

c)  Circuit description and requirements  

 Th e  con d u ctan ce of res i stor R  sh ou l d  be  l ow com pared  wi th  th e  ad m i ttan ce  of th e  d i od e  
be i n g  m easu red .  

 Th e  capaci tor C  m u st be  abl e  to  wi th stan d  th e  reverse  bi as  vol tag e  of th e  d i od e  an d  
sh ou l d  presen t  a  sh ort ci rcu i t  at th e  freq u en cy of m easu rem en t.  

d )  Precautions to be  observed 

 Th e  bri d g e  sh al l  be  ab l e  to  wi th stan d  th e  reverse  b i as  vol tag e  of th e  d i od e  wi th ou t 
affecti n g  th e  accu racy of th e  m easu rem en t.  I f th e  m easu red  capaci tan ce  i s  very sm al l ,  th e  
m ou n ti n g  con d i ti on s  wi l l  affect th e  accu racy of th e  resu l ts  an d  th e y sh ou l d  be  speci fi ed .  

IEC   1 1 1 1 /01  

BS IEC 60747-4:2007 – 12 –



 

e)  Measurement procedure  

 Th e  tem peratu re  i s  set  to  th e  speci fi ed  val u e.  

 Th e  vol tag e  across  th e  d i od e  i s  ad j u sted  to  th e  speci fi ed  val u e  VR.  Th en  th e  vol tm eter V i s  
taken  ou t of th e  ci rcu i t an d  th e  capaci tan ce  of th e  d i od e  be i n g  m easu red  i s  d eterm i n ed  
u s i n g  th e  a. c.  bri d g e  b y su btracti n g  th e  va l u e  wi th ou t th e  d i od e  i n  i ts  m ou n ti n g  from  th e  
val u e  wi th  th e  d i od e  i n  i ts  m ou n ti n g .  

f)  Specified conditions  

 Am bi en t or case  tem peratu re  (tam b ,  tcas e) .  

– Reverse  vol tag e  (VR) .  

– M easu rem en t freq u en cy,  i f d i fferen t from  1  M H z.  

– M ou n ti n g  con d i ti on s  of th e  d i od e,  i f n ecessary.  

 N OTE  Th e  va ri ati on  of tota l  capaci tan ce  wi th  b i as  vol ta g e  m ay be  fou n d  by m eas u rem en ts  as  d escri b ed  
above,  m ad e  at  a  n u m ber of b i as  poi n ts .  

3. 1 .4.4  Effective  qual i ty factor Q  

Th e effecti ve  q u al i ty factor  Q of a  vari abl e  capaci tan ce  d i od e  can  be  m easu red  u si n g   
a  "Q-m eter"  or an  i m ped an ce  bri d g e  (see  F i g u re  5).  

 

Key  
D  d i od e  b ei n g  m eas u re d  
V vol tag e  sou rce  
Q Q-m eter 

Figure  5  – Ci rcu i t  for the  measurement of effective qual i ty factor 

Description  

a)  Th e  vol tag e  sou rce  sh ou l d  presen t a  h i g h  i m ped an ce at th e  freq u en cy of m easu rem en t 
com pared  to  th at of th e  capaci tor C;  th i s  i s  obtai n ed  b y m ean s  of seri es  resi stor R.  

b)  C  i s  a  d ecou pl i n g  capaci tor h avi n g  a  l ow i m ped an ce at  th e  freq u en cy of m easu rem en t.  

c)  L  i s  an  i n d u ctor ch osen  to  reson ate  wi th  th e  paral l e l  ci rcu i t  capaci tor at th e  freq u en cy of 
m easu rem en t.  

d )  I t  i s  assu m ed  th at th ere  i s  a  l ow res i stan ce  path  th rou g h  th e  Q-m eter between  poi n ts  A 
an d  B .  

IEC   1 1 1 2/01  
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Th e  basi c  ci rcu i t  of su ch  a  m eter con s i sts  of a  s i g n al  g en erator of n eg l i g i b l e  ou tpu t i m ped an ce 
d ri vi n g  a  h i g h  Q i n d u ctan ce i n  seri es  wi th  a  h i g h -q u al i ty vari abl e  capaci tan ce.  Th e  factor  Q of 
th i s  ci rcu i t  can  be  m easu red  at  a  g i ven  freq u en cy b y tu n i n g  th e  vari abl e  capaci tan ce  for 
reson an ce.  

Q  i s  g i ven  b y th e  rati o  of th e  vol tag e  across  th e  capaci tan ce  to  th e  vol tag e  su ppl i ed  b y th e  
g en erator.  I n  ord er to  m easu re  th e  factor Q  of a  vari abl e  capaci tan ce  d i od e,  i t  sh a l l  be  
con n ected  i n  para l l el  wi th  th e  vari abl e  capaci tan ce  i n  th e  Q-m eter.  DC  i sol ati n g  com pon en ts  
sh al l  be  u sed  so  th at th e  d es i red  b i as  vol tag e  m a y be  appl i ed  to  th e  d i od e  bei n g  m easu red ,  
bu t th e  b i as i n g  ci rcu i t m u st rem ai n  con n ected  to  th e  Q-m eter th rou g h ou t th e  m easu rem en t.  

Fou r m easu rem en ts  are  m ad e:  Q  an d  C1 ,  th e  factor  Q  of th e  ci rcu i t  an d  th e  m ag n i tu d e  of th e  
vari abl e  capaci tan ce  wi th  th e  d i od e  n ot i n  ci rcu i t;  an d  Q2  an d  C2 ,  th e  factor  Q of th e  ci rcu i t 
an d  th e  val u e  of th e  vari abl e  capaci tan ce  for reson an ce at th e  sam e freq u en cy wi th  th e  d i od e  
con n ected  to  th e  ci rcu i t.  

Th e  factor  Q of th e  d i od e  i s  th en  cal cu l ated  u si n g  th e  express i on :  
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Two  precau ti on s  are  n ecessary:  

1 )  Th e  m easu rem en t sh al l  be  m ad e at a  freq u en cy at  wh i ch  th e  reactan ce  of th e  sel f-
i n d u ctan ce  of th e  d i od e  i s  n eg l i g i b l e  com pared  wi th  th e  reactan ce  of th e  capaci tor.  

2)  Th e  m ag n i tu d e  of th e  s i g n al  appl i ed  to  th e  vari abl e  capaci tan ce  d i od e  sh al l  be  kept 
re l ati ve l y sm al l  so  th at on l y a  sm al l  excu rs i on  i s  m ad e  over th e  n on - l i n ear capaci tan ce  
ch aracteri sti c.  Th e  resu l t  m u st be  i n d epen d en t of th e  s i g n al  l evel .  

 N OTE  

f

f
=

rCf
=Q

c

sj2

1

××π
 

 S i n ce  Cp  ≤  C j  for th ese  d i od es,  Ct  an d  C j  ca n  be  u sed  i n terch an g eab l y i n  th i s  secti on .   

3. 1 .4.5  Series  resistance  rs  

Th e  effecti ve  va l u e  of seri es  res i stan ce  rs  can  be  d ed u ced  from  th e  va l u es  of C j  an d  f u s i n g  

th e  form u l a  g i ven  i n  3 . 1 . 4 . 4 .  

3. 1 .4.6  Series  inductance Ls  

M easu rem en ts  sh ou l d  be  con d u cted  i n  th e  freq u en cy reg i on  wh ere  th e  effect of stra y capa-
ci tan ce  Cp  re l ati ve  to  th e  term i n al  i m ped an ce  of th e  d i od e  can  be  n eg l ected .  

Th e  d i od e  i s  i n serted  i n  th e  m easu ri n g  h ead  as  sh own  i n  F i g u re  6  wh i ch  i s  set on  th e  ti p  of 
th e  i n n er con d u ctor of th e  coaxi a l  s l otted  l i n e.  
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VSWR vol tag e  s ta n d i n g  wave  rati o  m eter 
x  d i stan ce  
H    d i od e  h e ad  
L    s l otted  l i n e  
Att   a tten u ator 
Co   cou pl e r 
G    m i crowave  g e n e rator 
S    b i as  su pp l y 
f   freq u en cy m eter 

Figure 6  – Ci rcu i t  for the  measurement of series  inductance 

M easu rem en ts  are  as  fol l ows:  

F i rst,  d eterm i n e  pos i ti on  xm  wh ere  th e  stan d i n g  wave  vol tag e  i s  m i n i m u m  as  m easu red  at a  
b i as  vol tag e  i n  th e  forward  reg i on  wh ere  th e  term i n al  capaci tan ce  becom es  i n d epen d en t of 
th e  ch an g e of b i as  vol tag e.  Th i s  b i as  vol tag e  sh ou l d  be  su ffi ci en tl y h i g h  so  th at an  i n crease  of 
th i s  vol tag e  wou l d  n ot affect th e  resu l t  of th e  m easu rem en t.  (Th i s  con d i ti on  m ay be  sati sfi ed  
wh en  abou t 5  m A forward  cu rren t fl ows. )  

N ext,  wi th ou t an y break i n  th e  i m ped an ce  of th e  l i n e,  a  m eta l  b l ock i s  i n serted  i n  th e  
m easu ri n g  h ead  i n  p l ace  of th e  d i od e.  Th i s  i s  d on e  i n  ord er to  provi d e  a  sh ort-ci rcu i t  at  th e  
referen ce  p l an e  pos i ti on  wh i ch  i s  d efi n ed  an d  sh ou l d  be  speci fi ed  b y th e  m an u factu rer of th e  
d i od e.  I n  th i s  con d i ti on ,  posi ti on  xs  n earest to  xm  an d  l arg er th an  xm  i s  fou n d  wh ere  th e  

stan d i n g  wave  vol tag e  i s  m i n i m u m .  

Th e  reactan ce  of th e  d i od e  i s  obta i n ed  b y th e  fo l l owi n g  eq u ati on :  

λ

π )(2
tan ms

o

xx
ZX

−
=  

wh ere  

Zo i s  th e  ch aracteri sti c i m ped an ce of th e  coaxi a l  l i n e;  

λ   i s  th e  wavel en g th  of th e  m easu ri n g  freq u en cy.  

Th e  seri es  i n d u ctan ce  Ls  can  be  obtai n ed  b y u se  of th e  fo l l owi n g  eq u ati on :  

f

X
L

π2
s =  

N OTE  Th e  stru ctu re  of s om e d evi ces  m ay preven t  th i s  m eth od  of m easu rem en t  from  g i vi n g  correct resu l ts .  I n  th i s  
case,  a  val u e  for th e  i n d u ctan ce  wi l l  h a ve  to  b e  g i ven  by th e  m an u factu re r.  
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3. 1 .4.7  Thermal  resistance Rth  

3 . 1 .4.7.1  Purpose 

To m easu re  th e  th erm al  res i stan ce  between  th e  j u n cti on  an d  a  referen ce poi n t  (preferabl y at  
th e  case)  of th e  d evi ce  bei n g  m easu red .  

3. 1 .4.7.2  Principle  of the  method  

Th e tem peratu res  T1  an d  T2  of th e  referen ce  poi n t of th e  d evi ce  are  m easu red  for two  
d i fferen t power d i ss i pati on s  P1  an d  P2  an d  cool i n g  con d i ti on s  cau si n g  th e  sam e j u n cti on  
tem peratu re.  Th e  forward  vol tag e  at a  referen ce cu rren t i s  u sed  to  veri fy th at  th e  sam e 
j u n cti on  tem peratu re  h as  been  reach ed .  

R
T T

P P
th =

−

−
1 2

2 1

 

3. 1 .4.7 .3  Basic  ci rcu i t  d iagram  

 

Key  
D  d evi ce  b ei n g  m easu red  

Figure 7  – Ci rcu i t  for the  measurement of thermal  resistance Rth  

3 . 1 .4.7 .4  Ci rcu i t  description  and  requ i rements  

I1  =  l oad  cu rren t g en erati n g  th e  power l oss  P i n  th e  j u n cti on ,  e i th er a  d . c.  cu rren t or an  a . c.  
cu rren t 

I2  =  referen ce  d . c.  cu rren t m on i tored  wh en  th e  l oad  cu rren t  I1 ,  i s  i n terru pted  peri od i cal l y for 
sh ort ti m e g aps  

W =  wattm eter to  i n d i cate  th e  power l oss  P  i n  th e  j u n cti on  cau sed  b y th e  l oad  cu rren t I1 ;  for 
th e  a . c.  m eth od ,  W  m easu res  th e  averag e  power d i ss i pated  i n  th e  d evi ce  bei n g  
m easu red  

S1  =  e l ectron i c  swi tch  to  i n terru pt  peri od i cal l y th e  l oad  cu rren t I1 ;  for th e  d . c.  m eth od ,  
swi tch  S1  i s  n ot  m an d atory 

S2  =  e l ectron i c swi tch ,  wh i ch  i s  cl osed  wh en  th e  l oad  cu rren t I1 ,  i s  i n terru pted  

V =  n u l l -m eth od  vol tm eter 

3. 1 .4.7.5  Precautions  to  be  observed  

Vol tag e  tran s i en ts  occu r d u e  to  excess  ch arg e carri ers  wh en  swi tch i n g  from  th e  l oad  cu rren t  
I1 ,  to  th e  referen ce  cu rren t I2 .  Ad d i ti on al  vol tag e  tran s i en ts  occu r i f th e  case  of th e  d evi ce  
u n d er test con tai n s  ferrom ag n eti c m ateri al .  Th e  swi tch  S 2  sh ou l d  n ot be  cl osed  before  th ese  
tran si en ts  h ave  d i sappeared .  
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N OTE  Th e  l oad  cu rren t  I1  d efi n ed  i n  3 . 1 . 4 . 7 . 4  m ay be  ze ro,  i n  wh i ch  case  th e  powe r l oss  P1  i s  a l so  zero  an d  th e  
vi rtu al  j u n cti on  tem peratu re  i s  th e  sam e as  th e  referen ce -poi n t  tem peratu re  T1 .  

3. 1 .4.7.6  Measurement procedure 

Th e d evi ce  bei n g  m easu red  i s  cl am ped  on to  a  h eat s i n k m ai n tai n ed  at  a  fi xed  tem peratu re.  
A th erm ocou pl e  i s  fi xed  at th e  referen ce  poi n t  to  m easu re  th e  tem peratu re  of th e  d evi ce  bei n g  
m easu red .  Th e  m easu rem en t i s  carri ed  ou t i n  two  steps:  

a)  Th e  h eat s i n k i s  m ai n tai n ed  at  an  e l evated  tem peratu re.  A l ow l oad  cu rren t I1 ,  i s  appl i ed  
cau si n g  th e  power l oss  P1 ,  i n  th e  j u n cti on .  After reach i n g  th erm al  eq u i l i bri u m ,  th e  n u l l -
m eth od  vol tm eter V i s  ad j u sted  for zero  bal an ce.  

 Th e  referen ce-poi n t tem peratu re  T1  i s  record ed .  

b)  Th e  h eat  s i n k i s  m ai n tai n ed  at  a  l ower tem peratu re.  Th e  l oad  cu rren t I1 ,  i s  ra i sed  u n ti l  th e  
power l oss  P2  warm s u p  th e  j u n cti on  to  th e  sam e tem peratu re  as  i n  th e  preced i n g  s tep.  
Th i s  i s  i n d i cated  b y zero  bal an ce  of th e  n u l l -m eth od  vol tm eter V.  

 Th e  referen ce-poi n t tem peratu re  T2  of th e  case  i s  record ed .  

 Th e  th erm al  resi stan ce  Rth  i s  cal cu l ated  u s i n g  th e  expressi on :  

R
T T

P P
th =

−

−

1 2

2 1

 

3. 1 .4.8  Transient  thermal  impedance Zth  

3 . 1 .4.8 .1  Purpose 

To m easu re  th e  tran si en t th erm al  i m ped an ce between  th e  j u n cti on  an d  a  referen ce poi n t  
(preferabl y at th e  case)  of th e  d evi ce  bei n g  m easu red .  

3. 1 .4.8.2  Principle  of the  method  

After appl yi n g  th e  h eati n g  cu rren t an d  wai ti n g  u n ti l  th erm al  eq u i l i bri u m  i s  reach ed ,  th e  power 
d i ssi pated  i n  th e  d evi ce  i s  record ed .  Th e  h eati n g  cu rren t i s  th en  i n terru pted  an d  th e  forward  
vol tag e  at  th e  referen ce  cu rren t  tog eth er wi th  th e  referen ce-poi n t tem peratu re  are  record ed  as  
a  fu n cti on  of ti m e.  

Th e  vi rtu al  j u n cti on  tem peratu re  as  a  fu n cti on  of ti m e i s  th en  cal cu l ated  b y m ean s  of th e  
cal i brati on  cu rve  obtai n ed  for th e  sam e referen ce cu rren t.  

3. 1 .4.8 .3  Basic  ci rcu i t  d iagram  

 

Key 
D  d evi ce  b ei n g  m easu red  

Figure 8  – Ci rcu i t  for the  measurement of transient  thermal  impedance  Zth   
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3. 1 .4.8 .4  Ci rcu i t  description  and  requ i rements  

I1  =  l oad  cu rren t g en erati n g  th e  power l oss  P i n  th e  j u n cti on  

I2  =  referen ce  d . c.  cu rren t 

S  =  swi tch  to  i n terru pt th e  l oad  cu rren t I1  

W =  wattm eter to  i n d i cate  th e  power l oss  P  i n  th e  j u n cti on  cau sed  b y th e  l oad  cu rren t  I1  

Re  =  record i n g  eq u i pm en t,  e. g .  an  osci l l og raph ,  to  record  th e  ti m e vari ati on  of th e  forward  
vol tag e  cau sed  b y I2  

3. 1 .4.8.5  Measurement procedure 

1 )  A cal i brati on  cu rve  i s  prepared  b y m easu ri n g  th e  on -state  or forward  vol tag e  g en erated  b y 
th e  referen ce  cu rren t I2  as  a  fu n cti on  of th e  vi rtu al  j u n cti on  tem peratu re  b y varyi n g  th e  
d evi ce  tem peratu re  extern al l y e . g .  b y m ean s  of an  o i l  bath .  

2)  Th e  d evi ce  bei n g  m easu red  i s  cl am ped  on to a  h eat s i n k m ai n tai n ed  at a  fi xed  tem peratu re.  
A th erm ocou pl e  i s  fi xed  at th e  referen ce poi n t to  m easu re  th e  referen ce poi n t tem peratu re  
Tc  of th e  d evi ce  bei n g  m easu red .  Th e  h eati n g  cu rren t  I1  i s  appl i ed  g en erati n g  th e  power 
l oss  P i n  th e  d evi ce  bei n g  m easu red  u n ti l  th erm al  eq u i l i bri u m  i s  reach ed .  

3)  Th e  h eati n g  cu rren t I1 ,  i s  i n terru pted  b y open i n g  th e  swi tch  S.  Th e  forward  vol tag e  
gen erated  b y th e  referen ce cu rren t I2  i s  record ed  as  a  fu n cti on  of th e  cool i n g  ti m e b y th e  
record i n g  eq u i pm en t Re.  Th e  referen ce  poi n t  tem peratu re  i s  record ed  d u ri n g  th i s  ti m e.  

4)  Th e  cu rve  of th e  record ed  forward  vol tag e  i s  con verted  to  th e  vi rtu al  j u n cti on  tem peratu re  
Tvj  b y m ean s  of th e  cal i brati on  cu rve.  Th e  tran si en t  th erm al  i m ped an ce Z(th )t  i s  ca l cu l ated  
u s i n g  th e  expressi on :  

[ ] [ ]
Z

T T T t T t

P(th)t

vj c vj c
=

− − −( ) ( ) ( ) ( )0 0
 

wh ere 

Tvj  (0)  an d  Tc  (0)  are  th e  tem peratu res  at th e  ti m e t =  0  wh en  open i n g  swi tch  S;  

Tvj  (t)  an d  Tc  (t)  are  th e  tem peratu res  at th e  ti m e t.  

3. 1 .4.9  Case of varactor d iodes  

Th e  fol l owi n g  m eth od s  of m easu rem en t are  recom m en d ed  for u se  as  appropri ate  to  th e  
i n ten d ed  con d i ti on s  of operati on  an d  stru ctu re  of th e  type  of d i od e  to  be  m easu red .  

I n  th e  case  of th e  m easu rem en t of th e  effecti ve  factor  Q of th e  d i od e,  i t  i s  recom m en d ed  th at,  
wh en  a  val u e  of  Q i s  q u oted ,  th e  parti cu l ar m eth od  of m easu rem en t u sed  to  obtai n  th at va l u e  
sh ou l d  be  stated .  Th i s  i s  n ecessary becau se  i t  i s  possi b l e  to  obtai n  d i fferen t  val u es  of  Q  for a  

g i ven  d i od e  wh en  u s i n g  th e  two  g i ven  m eth od s.  

3. 1 .4.9.1  Transmission  l i ne  measurements  

Th ese  m easu rem en ts  are  su i tabl e  for eval u ati n g  th e  m ai n  properti es  of m i crowave  d i od es  
wh i ch  m a y be  u sed  i n  a  wi d e  ran g e  of appl i cati on s,  parti cu l arl y th ose  d i od es  wh i ch  are  
u n en capsu l ated ,  or th ose  d i od es  wh ose  packag e sh u n t capaci tan ce  h as  a  reactan ce  val u e  
l arg er th an  th e  val u e  of d i od e  seri es  res i stan ce  at th e  seri es  reson an t freq u en cy.  
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3. 1 .4.9 .1 . 1  Theory 

Observati on  i s  m ad e  of th e  effect on  th e  tran sm i ssi on  ch aracteri sti cs  of an y n on -rad i ati n g  
tran sm i ssi on  s ystem  b y th e  i n trod u cti on  of a  sh u n t i m ped an ce,  i n  th i s  case  a  d i od e.  

Th e  d i od e i s  m ou n ted  i n  sh u n t wi th  th e  tran sm i ssi on  l i n e  so  th at th e  m ou n ti n g  arran g em en t 
provi d es  a  m i n i m u m  of excess  reactan ce;  for exam pl e,  wh en  u s i n g  a  waveg u i d e tran sm i ssi on  
system ,  th e  d i od e  i s  fi tted  as  g i ven  i n  F i g u re  9 .  

 

Key  
D  d i od e  bei n g  m eas u re d  

Figure 9  – Waveguide  mounting  

M easu rem en ts  of tran sm i ssi on  l oss  i n trod u ced  b y th e  d i od e  i n  th e  reg i on  of th e  seri es  
reson an t freq u en cy en abl e  th e  e l em en ts  of th e  d i od e  eq u i val en t ci rcu i t  to  be  eval u ated  an d  
a l so  perm i t  th e  capaci tan ce  l aw as  a  fu n cti on  of b i as  to  be  d eterm i n ed .  

Th e  eq u i val en t ci rcu i t  of th e  m ou n ted  d i od e  i s  sh own  i n  F i g u re  1 0.  

 

Figure 1 0  – Equ ivalent ci rcu i t  of mounted  d iode 

wh ere 

Z0  i s  th e  ch aracteri sti c  i m ped an ce of th e  tran sm i ss i on  l i n e;  
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Cp  i s  th e  packag e  capaci tan ce;  

Ls  i s  th e  seri es  i n d u ctan ce;  

Rs  i s  th e  seri es  res i stan ce;  

Cj  i s  th e  j u n cti on  capaci tan ce.  

N ear seri es  reson an ce,  th e  effect of th e  packag e  capaci tan ce  (Cp)  i s  n eg l i g i b l e  an d  m ay be  

i g n ored .  

Fou r m easu rem en ts,  n am el y:  

a)  tran sm i ssi on  l oss  at  th e  seri es  reson an t freq u en cy at zero  b i as;  

b)  th e  ban d wi d th  of th e  tran sm i ssi on  ch aracteri sti c;  

c)  th e  val u e  of th e  seri es  reson an t freq u en cy;  

d )  th e  vari ati on  of th e  seri es  reson an t freq u en cy wi th  b i as;  

en abl e  th e  fou r u n kn own  q u an ti ti es:  

1 )  seri es  resi stan ce  (Rs) ;  

2)  j u n cti on  capaci tan ce (Cj ) ;  

3)  seri es  i n d u ctan ce  (Ls) ;  

4)  vari ati on  of j u n cti on  capaci tan ce  wi th  bi as  to  be  d eterm i n ed .  

3. 1 .4.9 .1 . 2  Ci rcu i t  d iagram  

 

Bias supply  

Signal  levell ing  

Frequency meter 

I ndicator 
Broadband 

detector 

Directional  
coupler 

 

Sweep 
frequency 
generator 

Padding  
attenuator 

Variable 
precision  

attenuator 

Broadband 
detector 

Padding 
attenuator 

Diode 
holder 

 

Figure 1 1  – Block d iagram  of transmission  loss  measurement ci rcu i t  

3. 1 .4.9 .1 .3  Ci rcu i t  description  and  requ irements  

Th e test eq u i pm en t sh ou l d  be  assem bl ed  u s i n g  g ood  m i crowave  tran sm i ssi on  l i n e  en g i n eeri n g  
tech n i q u es.  Al l  com pon en ts ,  su ch  as  d i recti on al  cou pl ers,  freq u en cy m easu ri n g  apparatu s,  
atten u ators  an d  d etectors,  sh ou l d  be  ch ecked  to  en su re  proper m atch i n g  an d  operati on  over 
th e  req u i red  freq u en cy an d  power test con d i ti on s.  

Th e  com pon en ts  of th e  system  sh ou l d  be  su ffi ci en tl y broad ban d  to  en su re  th at on l y n eg l i g i b l e  
vari ati on s  or errors  over th e  ban d  of freq u en ci es  u sed  for th e  m easu rem en t are  i n trod u ced .  
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Th e  RF  s i g n al  g en erator sh ou l d  be  capabl e  of stabl e  operati on  at a  s i g n al  l evel  eq u i val en t to  
th e  n orm al  sm al l -s i g n al  con d i ti on s  of th e  d i od e.  

Th e  d i od e  h ol d er sh ou l d  con form  wi th  th e  speci fi ed  m ou n t d etai l s .  

A typi cal  arran g em en t com pri ses  a  tapered  m ou n t wi th  a  ch oke on  on e  face  to  en abl e  b i as  to  
be  appl i ed .  Th e  tapered  m ou n t u su al l y i s  a  req u i s i te  featu re  to  en su re  th at on l y th e  d i od e 
ch aracteri sti cs  are  bei n g  m easu red .  I n  th i s  wa y,  th e  com pl i cati on  of u s i n g  i n d u cti ve  posts  for 
m ou n ti n g  th e  d i od e  i s  avoi d ed  (see  F i g u re  9) .  

3. 1 .4.9. 1 .4 Measurement procedure 

Th e d i od e  i s  i n serted  i n to  th e  speci fi ed  h ol d er wh i ch  i s  con n ected  i n  a  tran sm i ssi on  s ystem  
eq u i val en t  to  th at sh own  i n  F i g u re  1 1 .  

3. 1 .4.9 .1 .4. 1  Series  resonant frequency 

Th e seri es  reson an t  freq u en cy m a y eas i l y be  obtai n ed  b y operati n g  th e  d i od e at  th e  req u i red  
b i as  vol tag e  an d  observi n g  th e  i n d i cated  tran sm i tted  power,  i n  fron t of an d  beh i n d  th e  d i od e,  
as  th e  freq u en cy i s  swept over a  su i tabl e  freq u en cy ran g e.  Th e  seri es  reson an t freq u en cy i s  
i n d i cated  b y th e  poi n t of m i n i m u m  tran sm i tted  RF  power.  Th e  i n ci d en t RF  power l evel  on  th e  
d i od e  sh al l  be  kept con stan t d u ri n g  th e  sweep.  

3. 1 .4.9.1 .4.2  Transmission  loss  (T)  

Th e tran sm i tted  s i g n al  l evel  at reson an ce  wi th  zero  b i as  (or an y oth er req u i red  val u e)  appl i ed  
to  th e  d i od e  i s  record ed .  Th e  d i od e  i s  th en  rem oved  from  th e  h ol d er an d  th e  preci s i on  
atten u ator ad j u sted  to  g i ve  th e  sam e i n d i cated  tran sm i tted  s i g n al  l evel  as  th e  on e  record ed  
i n i ti a l l y.  Th e  ch an g e  i n  th e  atten u ator setti n g  th en  g i ves  th e  tran sm i ssi on  l oss  (T)  at  
reson an ce.  I t  i s  essen ti a l  th at th e  i n ci d en t RF  power l evel  on  th e  d i od e  sh al l  be  kept con stan t  
d u ri n g  th i s  m easu rem en t.  

Al tern ati vel y,  th e  tran sm i ssi on  l oss  i n trod u ced  b y th e  d i od e  at  th e  seri es  reson an t freq u en cy 
m ay be  obtai n ed  b y fi rstl y observi n g  th e  power l evel  i n ci d en t on  th e  m atch ed  d etector at  a  
freq u en cy rem ote  from  th e  reson an t freq u en cy.  Th e  freq u en cy i s  th en  ch an g ed  to  th e  
reson an t val u e  an d  th e  preci si on  atten u ator ad j u sted  to  retu rn  th e  i n d i cated  power l evel  to  th e  
sam e val u e  as  th at obtai n ed  wh en  th e  freq u en cy was  rem ote  from  reson an t val u e.  Th e 
ch an g e  i n  atten u ator read i n g  wi l l  provi d e  th e  tran sm i ssi on  factor (T)  (see  F i g u re  1 2) .  

3. 1 .4.9 .1 .4.3  Series  resistance 

I f th e  freq u en cy of m easu rem en t ch osen  i s  eq u al  to  th e  seri es  reson an t freq u en cy (fs)  g i ven  
b y:   

 f
L C

s
s j

=
1

2π
 (1 )  

wh ere  

Ls  i s  th e  seri es  i n d u ctan ce;  

Cj  i s  th e  effecti ve  capaci tan ce  of th e  PN  j u n cti on  h avi n g  a  req u i red  appl i ed  b i as  vol tag e.  

Th e  l oss  i n  a  tran sm i ssi on  m ay be  m easu red  as  i n  3. 1 . 4. 9 . 1 . 4 . 2  an d  th e  effecti ve  sh u n t  
res i stan ce  d eri ved  from :   
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0
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wh ere  

Z0  i s  th e  ch aracteri sti c i m ped an ce of th e  tran sm i ssi on  l i n e  i n  th e  vi ci n i ty of th e  l oss  el em en t.  
I n  th e  case  of a  waveg u i d e  m ou n t,  th e  power/vol tag e  d efi n i ti on  sh ou l d  be  u sed ;  

T is  th e  rati o  of avai l abl e  power i n ci d en t on  th e  d i od e  bei n g  m easu red  to  th at tran sm i tted  
past th e  d i od e.  

Th e vari ati on  of Rs  wi th  b i as  m ay be  obtai n ed  b y th e  ad j u stm en t of th e  m easu ri n g  freq u en cy 
to  th e  correspon d i n g  seri es  reson an t val u e  obtai n ed  for each  b i as  val u e  u sed  an d  m easu ri n g  
th e  tran sm i ss i on  factor (T)  i n  each  case.  

A m easu re  of th e  ch an g e  i n  th e  effecti ve  Q val u e  wi th  b i as  m ay a l so  be  obtai n ed .  

3. 1 .4.9 .1 .4.4  Effective  Q  value 

a)  First method 

 Th e  effecti ve  Q val u e  at  a  g i ven  b i as  vol tag e  m ay be  obtai n ed  b y varyi n g  th e  m easu ri n g  
freq u en cy to  val u es  on  e i th er s i d e  of th e  seri es  reson an t freq u en cy an d  observi n g  th e  
val u e  of th ose  freq u en ci es  wh i ch  cau se  th e  power tran sm i tted  to  be  twi ce  th e  on e  
obtai n ed  at th e  reson an t freq u en cy (see  F i g u re  1 2) .  I f th e  freq u en ci es  at wh i ch  th i s  i s  
ach i eved  are  f1  an d  f2 ,  th en :   

Q
f

f f
=

−

s

1 2

 

 

Key  
fs  seri es  reson an t  freq u en cy 

Figure 1 2  – Curve  ind icating  transmitted  power versus  frequency 
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 Al tern ati ve l y,  s i n ce  

C
f

j ~
1

s
2

 

 from  eq u ati on  (1 ) ,  a  p l ot  of 
1

2f s

 ag ai n st b i as  wi l l  provi d e  a  pl ot  of KC  versu s  b i as,  wh ere  K 

i s  a  con stan t.  

 I f th e  freq u en cy i s  ad j u sted  to  th e  seri es  reson an t freq u en cy at zero  b i as,  th e  forward  b i as  
vol tag e  (V1 )  an d  th e  reverse  b i as  vol tag e  (V2 )  req u i red  to  d ou bl e  th e  tran sm i tted  power 
are  obtai n ed .  

 U si n g  th e  p l ot  of KCj  versu s  b i as,  correspon d i n g  val u es  of KCj 1  an d  KCj 2  m ay be  fou n d .  
Th e  val u e  of  Q m ay th en  be  d eri ved  from :   

2
s1

2
s2

2
s1

2
s2

j2j1

j2j1
   :i .e.   ,

ff

ff

KCKC

KCKC
Q

−

+

−

+
=  

 I f fs2  –  fs1 ,  i s  sm al l ,  th i s  can  be  red u ced  to:  

f

f f

s

s2 s1−
 

 wi th ou t seri ou s  error.  

b)  Alternative method 

 Th e  effecti ve  Q val u e  m a y a l so  be  obtai n ed  b y th e  tran sform ed  i m ped an ce  m easu rem en t 
as  g i ven  i n  3 . 1 . 4. 1 0 .  

3. 1 .4.9 .1 .4.5  Cut-off frequency 

Th e cu t-off freq u en cy (fc)  at zero b i as  m ay th en  be  obtai n ed  from :  

 fc(0V)  =  Qfs(0V)   (3)  

3 . 1 .4.9 .1 .4.6  Junction  capacitance  at  zero  bias  

Th i s  m ay be  obtai n ed  u s i n g  th e  val u e  of th e  cu t-off freq u en cy (fc)  from  eq u ati on  (3)  an d  Rs  
from  eq u ati on  (2) :  

c(0V)s
j(0V)

2

1

fR
C

π
=  

Th e  val u e  of j u n cti on  capaci tan ce  at zero b i as  m a y th en  be  u sed  to  cal i brate  th e  p l ot of
1

2f s

 

versu s  bi as  i n  term s  of Cj  (see  3 . 1 . 4 . 9. 1 . 4. 4) .  
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3. 1 .4.9. 1 .4.7  Series  inductance 

I f th e  seri es  i n d u ctan ce  val u e  i s  req u i red ,  th i s  m ay be  obtai n ed  from :  

j (0V)s

s(0V)
2

1

CL
f

π
=  

3. 1 .4.9 .1 .4.8  Capacitance variation  coefficient (γ)  

Th e capaci tan ce  vari ati on  coeffi ci en t i s  d efi n ed  as  th e  n orm al i zed  capaci tan ce ch an g e  over a  
d efi n ed  ran g e  of operati n g  con d i ti on s  of forward  cu rren t an d  reverse vol tag e.  

Th e  b i as  vol tag e  wh i ch  i s  req u i red  to  provi d e  th e  d efi n ed  val u e  of forward  cu rren t i s  
d eterm i n ed .  Th en  u s i n g  th i s  forward  vol tag e  (VF)  an d  th e  d efi n ed  reverse  vol tag e  (V–x) ,  

correspon d i n g  val u es  of Cj  m a y be  obtai n ed  from  th e
2
s

1

f

or KCj  pl ot  ag ai n st  th e  bi as  vol tag e  

(see  3. 1 . 4. 9. 1 . 4 . 4).  

I f Cj (vF )  an d  Cj (v–x)  are  th e  capaci tan ce val u es  respecti vel y,  th en :  

[ ]
y

C C

C C
=

−

+

−

−

j (vF ) j(v x )

j(vF ) j(v x )2
 

 

3. 1 .4.9 .2  Cavi ty method  

Th i s  m eth od  i s  sati sfactory for m easu ri n g  varactors  h avi n g  an  effecti ve  q u al i ty factor wh i ch  
exceed s  1 5  at th e  m easu ri n g  freq u en cy;  th e  resu l ts  are  n ot affected  b y ch an g es  i n  th e  seri es  
res i stan ce  wi th  b i as.  

N OTE  I t  i s  con si d ere d  th at  th i s  m eth od  i s  u s abl e  u p  to  a  m easu rem en t  freq u e n cy of 1 5  G H z (wh ereas  m eth od  1 ,  
d escri b ed  i n  3 . 1 . 4 . 9. 1 ,  i s  m ore  practi cal  for m easu rem en t a bove  6  G H z).  

 

Figure 1 3  – Example  of cavi ty 
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3. 1 .4.9 .2 . 1  Theory 

I n  th i s  m eth od ,  th e  effect i s  eval u ated  of a  varactor d i od e  on  th e  reson an t freq u en cy an d  
Q-factor of a  coaxi a l  cavi ty reson ator abou t h al f-wavel en g th  at th e  operati n g  freq u en cy.  Th e  
d i od e i s  m ou n ted  between  th e  cen tre  con d u ctor an d  th e  p l an e  wal l  of th e  cavi ty reson ator as  
sh own  i n  F i g u re  1 3.  

I n  ord er to  l i m i t  th e  ran g e  of vari ati on  of th e  cavi ty reson an t freq u en cy wh en  th e  j u n cti on  
capaci tan ce  or th e  d i od e  i s  ch an ged ,  i t  i s  essen ti a l  to  u se  a  reson ator h avi n g  a  l arg e rati o  of 
extern al  to  i n tern al  con d u ctor d i am eter (h i g h -ch aracteri sti c  i m ped an ce of th e  coaxi a l  cavi ty) .  

Th i s  m eth od  wi l l  d eterm i n e  th e  j u n cti on  capaci tan ce  Cj o  an d  th e  cu t-off freq u en cy fco  a t  b i as  
vol tag e  Vo .  

Th ese  q u an ti ti es  en abl e  th e  d eterm i n ati on  of th e  seri es  res i stan ce  rs  an d  th e  effecti ve  Q-
factor Qeff  of th e  varactor.  

Th e  fol l owi n g  ch aracteri sti cs  m u st be  d eterm i n ed  for th e  cavi ty:  

fro  i s  th e  reson an t freq u en cy of th e  cavi ty wi th  th e  varactor at th e  b i as  vol tag e  Vo ;  

Qro  i s  th e  l oad ed  Q-factor of th e  cavi ty wi th  th e  varactor at  th e  b i as  vol tag e  Vo ;  

Cp  i s  th e  stra y capaci tan ce  of th e  varactor case;  

CT(V)  i s  th e  vari ati on  of th e  tota l  l ow-freq u en cy capaci tan ce  of th e  varactor ( j u n cti on  capa-
ci tan ce)  versu s  th e  b i as  vol tag e  arou n d  Vo ;  

fr(V)  i s  th e  vari ati on  of th e  reson an t freq u en cy of th e  cavi ty wi th  th e  varactor versu s  bi as  
vol tag e  arou n d  Vo ;  

f′  i s  th e  reson an t  freq u en cy of th e  cavi ty wh en  th e  varactor i s  repl aced  b y a  m etal l i c  
d u m m y d i od e  wi th  th e  sam e d i m en si on s  as  th e  d i od e  bei n g  m easu red ;  

Q′  i s  th e  u n l oad ed -Q of th e  cavi ty wh en  th e  varactor i s  repl aced  b y th e  d u m m y d i od e.  

From  th e  kn owl ed g e  of CT(V)  an d  fr(V) ,  a  cu rve  can  be  d eri ved  wh i ch  represen ts  fr  versu s  CT .  
Th i s  cu rve  en abl es  a  q u an ti ty "a"  to  be  eval u ated ,  "a"  bei n g  th e  s l ope  of th e  cu rve  at 
CT  =  CT(Vo).  

Th i s  j u n cti on  capaci tan ce,  d ed u ced  at th e  b i as  vol tag e  Vo  i s  g i ven  b y:  

Cj o  =  CT(Vo)  – Cp  

an d  th e  cu t-off freq u en cy:  

fco  =  2  a k Qro  C j o  

wh ere  k i s  a  correcti on  factor i n trod u ced  to  take i n to  accou n t l osses  i n  th e  cavi ty wal l s ;  for th e  
secon d  TE M  reson an ce freq u en cy,  i t  i s  g i ven  b y:  

k
Q

Q

f

f

=

−
′

′

1

1 ro

ro
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S eri es  res i stan ce,  at th e  b i as  vol tag e Vo ,  i s  g i ven  b y:  

r
f C

so
co jo

=
1

2π
 

an d  th e  effecti ve  Qeff  a t b i as  vol tag e Vo  i s  g i ven  by:  

Q
f

f
eff

co

ro

=  

3. 1 .4.9.2 .2  Measurements  

3. 1 .4.9.2 .2. 1  Ci rcu i t  d iagram  

 

VSWR 

IEC   1382/07  

Figure 1 4 – Block d iagram  for the  measurement of effective Q  i n  cavi ty method  

3. 1 .4.9 .2 .2.2  Ci rcu i t  description  and  requ i rements  

Th e RF  s i g n al  sh al l  be  of h i g h -freq u en cy stabi l i ty an d  m od u l ated  at  a  l ow freq u en cy 
appropri ate  to  th e  sel ecti ve  vol tm eter an d  VSWR i n d i cator an d  i s  appl i ed  to  th e  cavi ty th rou g h  
a  2 0  d B  d i recti on al  cou pl er.  

Th e  am pl i tu d e  of th e  peak RF  s i g n al  Vp  m u st be  l ow en ou g h  to  en su re  th at n on -l i n eari ty d oes  

n ot occu r at  th e  operati n g  poi n t of th e  characteri sti c.  

Th e  i n ci d en t power at th e  cavi ty i n pu t shal l  n ot  exceed  th e  val u e  g i ven  b y th e  expressi on :  

P
r

r

f

f
C V=

+π ( )1

4

2
ro
2

co
jo p

2  

wh ere  r i n d i cates  th e  VS WR i n  th e  s l otted  l i n e  at  th e  i n pu t of th e  cavi ty.  S i n ce  th e  l i m i tati on  
on  th e  i n ci d en t power i s  n ot cri ti cal ,  an  esti m ated  val u e  can  be  u sed  for fco .  
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3. 1 .4.9.2 .2.3  Measurement procedure  

a)  Measurement of fr(V)  and fro  

 The m easurement of the resonant frequency fr(V)  is  perform ed  at a  num ber of bias  points 
around  Vo  (e. g .  i f Vo  =  –6  V,  fr  can  be m easured  at the  fol lowing  vol tages:  –4  V;  –4, 5 V;  –5 V;  
–5, 5 V;  –6 V;  –6, 5 V;  –7 V;  –7, 5 V).  

 Th e  m easu rem en t i s  perform ed  b y varyi n g  th e  s i g n al  freq u en cy an d  observi n g  th e  val u e  
for m i n i m u m  refl ected  power.  To en su re  a  h i g h  accu racy,  i t  i s  better to  d eterm i n e fr  as  th e  
averag e  between  two  freq u en ci es  ad j acen t to  fr  wh i ch  h ave  th e  sam e power from  th e  
cavi ty.  

b)  Measurement of Qro  

 S et th e  b i as  vol tag e to  Vo  an d  d eterm i n e th e  val u e  of th e  l oad ed  Qro  b y m ean s  of VSWR 
m easu rem en t.  

c)  Measurement of f′  and Q′  

 Th ese  val u es  are  obtai n ed  i n  th e  sam e wa y as  fr  an d  Qro  after th e  varactor h as  been  
repl aced  b y a  d u m m y d i od e.  

 Th ese  are  fu n d am en tal  ch aracteri sti cs  of th e  cavi ty.  

3. 1 .4.9 .2 .3  Measurement of CT(V)  and  Cp  

Th e tota l  capaci tan ce  of th e  varactor d i od e:  

CT(V)  =  Cj (V)  +  Cp  

i s  obtai n ed  b y a  con ven ti on al  l ow-freq u en cy bri d g e m easu rem en t.  

Th e val u e  of Cp  can  be  d ed u ced  u si n g  th e  expressi on :  

C
V C V V C V

V V
p

2
n

T 2 1
n

T 1

2
n

1
n

=
− − −

− − −

( ) ( ) ( ) ( )

( ) ( )

ϕ ϕ

ϕ ϕ
 

wh ere  

V1  an d  V2  are  th e  two val u es  of b i as  vol tag e;  for reverse  b i as,  V1  an d  V2  wi l l  be  n eg ati ve  
term s;  

ϕ  i s  th e  con tact poten ti a l  d i fferen ce (e. g .  0, 7  V for s i l i con  d i od es) ;  

n  i s  th e  factor of n on - l i n ear d epen d en ce of Cj  on  V.  

3. 1 .4.9.2 .4 Di rect  measurement  of Cp  

Cp  can  be  m easu red  d i rectl y wh en  th e  oh m i c con tact between  th e  i n tern al  m etal l i c  l ead  an d  
th e  sem i con d u ctor ch i p  h as  been  i n terru pted  i n  a  varactor.  

3. 1 .4.1 0  Transformed  impedance method  

Th i s  m eth od  i s  sati sfactory for th e  m easu rem en t of d i od es  wh i ch  are  on l y to  operate  wi th i n  
th at part  of th e  d i od e  ch aracteri sti c i n  wh i ch  th e  val u e  of seri es  resi stan ce i s  sen si b l y 
i n d epen d en t of th e  val u e  of th e  b i as  vol tag e.  

3. 1 .4.1 0. 1  Theory 

Th e n orm al i zed  i m ped an ce  (Z)  at  an y p l ace  i n  a  l oss l ess  tran sm i ssi on  l i n e  i s  rel ated  to  th e  

refl ecti on  coeffi ci en t (ρ )  at  th at p l ace  b y th e  expressi on :  

ρ

ρ

−

+
=

1

1
Z  
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Th e  form  of th i s  re l ati on  i n d i cates  th at th e  n orm al i zed  i m ped an ce an d  th e  refl ecti on  coeffi ci en t  
at  an y p l an e  are  b i l i n earl y re l ated ;  h en ce  i t  m a y be  sh own  th at,  for a  l oss l ess  tran sform ati on  
between  two  i m ped an ce p l an es  Z1  an d  Z2 ,  on e  can  wri te:  

 Z2  =  α  Z1  +  jβ  (4)  

wh ere  α  an d  β  are  real  n u m bers.  

I f two  val u es  of i m ped an ce  (Za  an d  Zb)  at  on e  p l ace  wh i ch  on l y d i ffer i n  th e  val u e  of th ei r 
reacti ve  com pon en ts  are  th en  con si d ered ,  correspon d i n g  i m ped an ce at  a  secon d  p l an e  m a y 
be  wri tten  as:  

 Z
2
a  =  α  (R1  +  jX1 )  +  jβ  =  α  R1  +  j  (α  X1  +  β )  (5)  

an d  Z
2
b  =  α  (R1  +  jX1  +  ΔX)  +  jβ  =  α  R1  +  j  (α  X1  +  α  ΔX +  β )  (6)  

From  eq u ati on  (4),  i t  wi l l  be  seen  th at ci rcl es  of con stan t res i stan ce  on  a  Sm i th  ch art at on e  
p l an e  tran sform  i n to  th e  sam e fam i l y of ci rcl es  at an oth er,  bu t th at th e  res i stan ce  val u e  i s  

ch an g ed  i n  th e  rati o  α.  

Th i s  tran sform ati on  i s  perti n en t to  th e  reactan ce  val u es,  so  th at th e  rati o  
ΔX

R
 as  obtai n ed  

from  eq u ati on s  (5)  an d  (6),  i s  seen  to  be  i n d epen d en t of th e  tran sform ati on  con stan ts  α  an d  β .  

Th u s,  for a  tran sm i ss i on  l i n e  wh i ch  i s  term i n ated  i n  an  i m ped an ce wh ose reacti ve  com pon en t 
i s  vari ed ,  th e  i m ped an ce l ocu s  at a  p l an e i n  th e  m easu ri n g  l i n e  wh i ch  correspon d s  to  th e  
term i n al  p l an e  a l so  l i es  on  a  ci rcl e  of con stan t res i stan ce.  

I f th e  i m ped an ce  p l an e of Z1  i s  taken  as  bei n g  th at of th e  d i od e  el em en t i tsel f,  th en  
ΔX

R
 i n  

an y correspon d i n g  pl an e  i s  th e  sam e as  th e  val u e  ΔQ  of th e  d i od e.  

H en ce i f:  

Δ
Δ

ΔX X X
X

R
Q1 2 1 2

1 2
1 2then = − =, i . e .  Q Q1 2−  

wh ere  th e  su bscri pts  1  an d  2  correspon d  to  th e  val u e  of th e  param eter wh i ch  i s  obtai n ed  at 
th e  b i as  vol tag es  V1  an d  V2  respecti vel y.  

N ow th e  effecti ve  q u al i ty factor  Q at an y req u i red  poi n t  m ay be  g i ven  b y:  

 Q  =  ΔQ  ×  σ  (7)  

wh ere  σ  i s  a  con stan t factor rel ati n g  two b i as  poi n ts,  for a  g i ven  type  of d i od e.  

On e of th e  two  b i as  poi n ts  (V1  or V2)  can  be  th e  req u i red  val u e.  
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Derivation of σ  

Th e  val u e  of σ1 2  m ay be  obtai n ed  from  th e  expressi on :  

 σ
φ

φ

η1 2
1

1 2
1

2

= =

−
−

−

⎛

⎝
⎜

⎞

⎠
⎟

C

C V

V

Δ

1

1

 (8)  

wh ere  

φ  i s  th e  q u as i -con tact poten ti a l  d i fferen ce;  

η  i s  th e  factor of n on - l i n ear d epen d en ce of C  on  V.  

 EXAM PLE :  F or s i l i con  varactors  m ad e  b y a  d i ffu si on  process,  η  i s  u su al l y g i ven  as  
3

1
 an d  

φ  i s  of th e  ord er of 0 , 5  V.  

 I f V1  =  –4 , 5  V an d  V2  =  –6  V,  th en  σ  =  1 0,  i . e.  Q  =  1 0  ΔQ.  

Th e  val u e  of σ  m ay be  obtai n ed  experi m en tal l y b y th e  m easu rem en t of th e  capaci tan ce  

vari ati on  between  th ree  cl osel y g rou ped  b i as  poi n ts,  sa y 1 ,  2  an d  3 ,  to  g i ve  ΔC1 2  an d  ΔC23 .  

Th e  va l u e  of σ  m a y th en  be  obtai n ed  from :  

 σ =

+

−

1

1

Δ

Δ

Δ

Δ

Δ

Δ

C

C

C

C

Q

Q

23

1 2

23

1 2

1 2

23

 (9)  

Th e correspon d i n g  val u es  of ΔQ1 2  an d  ΔQ2 3  m a y be  obtai n ed  u s i n g  eq u ati on s  su ch  as  (1 0) ,  

(1 1 ),  (1 2)  or (1 3)  as  con ven i en t.  

Derivation of ΔQ  

Th e  val u e  of ΔQ  m ay be  obtai n ed  from  u s i n g  e i th er of th e  two  eq u ati on s  (1 0)  or (1 2)  as  sh own  

bel ow:  

 
21

22
2

2
1

2

1 2

sin)1()1()(
21

ηη

ηηηη
Δ

ΔΨ−−+−
=Q  (1 0)  

wh ere  

1 0  l og  (η
1
2 )  i s  th e  power stan d i n g  wave rati o  (d B)  at  b i as  val u e  1 ;  

1 0  l og  (η
2
2 )  i s  th e  power stan d i n g  wave rati o  (d B)  at  b i as  val u e  2 :  

ΔΨ =
−

× °
M M1 2

gλ
360  

wh ere  M1  an d  M2  are  posi ti on s  of m i n i m u m  at b i as  val u es  1  an d  2  respecti vel y.  
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For very l arg e  val u es  of η 1  an d  η 2  (vi z.  va l u es  u su al l y obtai n ed  i n  th e  case  of h i g h -q u al i ty 
d i od es),  eq u ati on  (1 0)  m a y be  s i m pl i fi ed  to:  

 ΔQ1 2  = ΔΨsin
21

ηη  ( 1 1 )  

 ΔQ1 2  = A A B B1 2 1− −2 2cosθ  (1 2 )  

wh ere  A1  A2  an d  B1  B2  are  of th e  g en eral  form :  

2

1
   and  

2

1

x

2
x

x

x

2
x

x
r

r
B

r

r
A

−
=

+
=  

wh ere  

rx  i s  th e  VSWR at b i as  val u e  x;  

θ  i s  th e  ph ase  ch an g e  of refl ecti on  coeffi ci en t  betwe en  bi as  va l u es  1  an d  2 .  

Th i s  form u l a  i n  practi ce  m ay,  for an  accu racy better th an  1  % ,  be  red u ced  to:  

 ΔQ r r1 2 1 22
= sin

θ
 (1 3)  

Con si d eri n g  eq u ati on  (1 2)  for th e  parti cu l ar case  wh en  ad j u sti n g  for r1  =  1  ( i . e .  m atch ed  

con d i ti on  at  req u i red  b i as  vol tag e),  th e  form u l a  red u ces  to:  

 ΔQ
r

r
1 2

2

2

1
=

−
 (1 4)  

I f ad j u stm en ts  are  m ad e to  provi d e  m atch ed  con d i ti on s  at  th e  req u i red  b i as  vol tag e,  th e  
i m ped an ce i n  th e  m easu ri n g  p l an e  wi l l  be  coi n ci d en tal  wi th  th e  u n i t  res i stan ce  ci rcl e  on  th e  
Sm i th  ch art.  I t  fo l l ows  th at th i s  d efi n es  th e  p l an e  i n  wh i ch  th e  i m ped an ce Zi n  i s  g i ven  b y:  

 Zi n  =  Z0 )j1(j1 0 QZ
R

X
Δ+=⎟

⎠

⎞
⎜
⎝

⎛ Δ
+  ( 1 5)  

wh ere  

Z0   i s  th e  ch aracteri sti c  i m ped an ce of th e  tran sm i ssi on  l i n e.  

Th e  ch an g e i n  reactan ce ΔX i s  th en  m easu red  "rel ati ve  to  R"  as  ΔQ,  to  g i ve:   

 
R

XX
Q

0(v) −
=Δ =  Q  – Q0  (1 6)  

Q0  m a y be  fou n d  b y repl aci n g  th e  n on - l i n ear e l em en t wi th  a  sh ort-ci rcu i t  at  th e  p l an e  of th e  
d i od e;  wh en ce:  

 .0
0

0

in
Q

R

X

R

Z
==  (1 7 )  
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Th e  val u e  of  Q  a t  an y oth er b i as  m ay th en  be  fou n d  u s i n g  eq u ati on  (1 6).  

3. 1 .4.1 0.2  Measurement procedure 

Th e d i od e  i s  i n serted  i n to  a  speci fi ed  h ol d er an d  con n ected  to  a  ci rcu i t  eq u i val en t to  th e  on e  
sh own  i n  F i g u re  1 5.  

Th e  tran sform ati on  between  th e  d i od e  an d  s l otted  l i n e  i s  obtai n ed  u s i n g  a  vari abl e  sh ort-
ci rcu i t beh i n d  th e  d i od e  an d  tu n i n g  s tu bs  i n  fron t of th e  d i od e  (e. g .  an  E-H  tu n er) .  

Th e  b i as  vol tag e  i s  th en  ad j u sted  to  th e  req u i red  val u e  an d  tran sform ati on  ad j u stm en t m ad e  
so  th at th e  m easu red  n orm al i zed  i m ped an ce  poi n t  i s  i n  th e  cen tral  reg i on  of a  Sm i th  Ch art  
wh ere  th e  scal e  i s  th e  m ost  open ,  for exam pl e  to  provi d e  a  m atch  i n  th e  m easu ri n g  l i n e  at th e  
req u i red  b i as  val u e.  Th e  effect on  accu racy,  for n on -m atch ed  con d i ti on s  over a  su bstan ti a l  
i m ped an ce ran g e  abou t th e  cen tre  of th e  Sm i th  ch art,  i s  sm al l .  

Th e  bi as  vol tag e  i s  th en  ad j u sted  to  oth er b i as  vol tag e  poi n ts  as  req u i red  an d ,  m ai n ta i n i n g  a  
fi xed  tu n er ad j u stm en t,  th e  resu l tan t n orm al i zed  i m ped an ce  val u es  are  pl otted  on  th e  Sm i th  
ch art.  

Th e  val u e  of  Q m ay th en  be  obtai n ed  u si n g  th e  m easu red  VSW R val u es;  ch an g e i n  refl ecti on  
ph ase  an d  Eq u ati on s  (7)  to  (1 4)  as  appropri ate.  

I t  i s  poss i b l e  to  obtai n  th e  effecti ve  q u al i ty factor wi th ou t  th e  d eri vati on  of σ  as  g i ven  i n  
eq u ati on s  (8)  an d  (9).  

Th e  tran sform ati on  i s  m ad e  to  m atch  th e  d i od e  i m ped an ce i n to  th e  tran sm i ssi on  l i n e  at  th e  
req u i red  b i as ,  an d  so  as  to  obtai n  an  i m ped an ce  poi n t  at  th e  cen tre  of th e  Sm i th  ch art.  Th e  
d i od e  bi as  i s  th en  ch an g ed  to  oth er val u es,  an d  correspon d i n g  i m ped an ce  poi n ts  on  th e  Sm i th  
ch art obtai n ed .  Th i s  m ean s  th at an y reactan ce ch an g e i n  th e  i m ped an ce of th e  d i od e  wi l l ,  i n  
th e  m easu ri n g  pl an e,  be  coi n ci d en tal  wi th  th e  u n i t res i stan ce  ci rcl e  on  th e  S m i th  ch art.  

Th e  d i od e  i s  th en  repl aced  b y an  effecti ve  sh ort ci rcu i t  an d  th e  n orm al i zed  i m ped an ce i s  
m easu red  u s i n g  th e  sam e referen ce  p l an e  as  for th e  d i od e.  An  exam pl e  of a  d i od e  p l ot  i s  
g i ven  i n  F i g u re  1 6 .  Th e  va l u e  of  Q m ay th en  be  d eri ved  u s i n g  eq u ati on s  (1 6 )  an d  (1 7).  

An  effecti ve  sh ort  ci rcu i t  m ay be  approxi m ated  by th e  u se  of a  d i od e  en capsu l ati on  i n  wh i ch  
th e  sem i con d u ctor m ateri a l  h as  been  repl aced  b y a  h i g h l y con d u cti ve  m ateri a l  h avi n g  
i d en ti ca l  g eom etry.  I n  som e cases,  th e  i m ped an ce  of th e  n on - l i n ear e l em en t (d i od e)  can  
approach  zero  wi th  a  h i g h  forward  cu rren t an d ,  as  a  con seq u en ce,  be  acceptabl e  as  an  
effecti ve  sh ort -ci rcu i t.  

Th e  pl otted  poi n ts  obtai n ed  at th e  vari ou s  b i as  val u es  are  rotated  rou n d  th e  cen tre  of th e  
Sm i th  ch art so  th at th ey coi n ci d e  wi th  th e  u n i t  res i stan ce  ci rcl e.  Th e  sh ort-ci rcu i t poi n t i s  
s i m i l arl y treated .  (N ote  th at th e  n orm al i zed  i m ped an ce  poi n ts  for h i g h  forward  cu rren t fa l l  on  a  
con stan t reactan ce  l i n e  i n  th e  p l ot. )  
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As  th i s  vari ati on  i n  th e  m eth od  d epen d s  on  

a)  th e  effecti ven ess  of th e  sh ort ci rcu i t,  

b)  th e  abi l i ty to  obtai n  a  m atch  con d i ti on  i n  th e  m easu ri n g  p l an e  at th e  stan d ard  b i as  vol tag e,  
an d  

c)  th e  effect of th e  tu n i n g  e l em en t l osses,  

 i t  becom es  d i ffi cu l t  to  accu ratel y d eterm i n e  th e  rea l  part  of th e  Q  val u e  of th e  d i od e.  I t  i s  
th erefore  recom m en d ed  th at th i s  form  of m easu rem en t be  restri cted  to  d i od es  h avi n g  a  
l ow  Q factor an d  th ose  d i od es  wh i ch  operate  i n  th e  l ower m i crowave freq u en ci es.  

3. 1 .4.1 0.3  Precautions  to  be  observed  

a)  Th e  vari abl e  tran sform er an d  th e  m ou n t l osses  sh al l  be  m i n i m i zed .  As  th e  l osses  d epen d  
on  th e  fi e l d  pattern  i n  th e  vi ci n i ty of th e  tran sform i n g  e l em en ts ,  wh i ch  i n  tu rn  d epen d  on  
th e  d i od e  bei n g  m easu red ,  sati sfactory correcti on  i s  n ot read i l y ach i eved .  

b)  I f accu rate  val u es  are  to  be  obtai n ed ,  th e  l i n e  l osses,  etc.  wh i ch  can  cau se  seri ou s  
d ecrease  i n  th e  m easu red  val u es  of s tan d i n g  wave rati os  u sed  i n  Eq u ati on s  (1 0)  an d  (1 1 ) ,  
sh a l l  be  d eterm i n ed .  Th e  tran sm i ss i on  l i n e  l en g th  i s  th e  l en g th  between  th e  stan d i n g  wave  
probe posi ti on  at  th e  n earest  vol tag e  m i n i m u m  an d  th e  p l an e  of th e  acti ve  reg i on  of th e  
varactor d i od e  seated  i n  i ts  m ou n t.  I n  ad d i ti on ,  th e  m ou n t an d  con n ector l oss  sh al l  be  
taken  i n to  accou n t.  

c)  I t  sh ou l d  be  veri fi ed  th at th e  seri es  res i stan ce  i s  i n d epen d en t of varactor b i as  over an  

ad eq u ate  ran g e  of th e  ch aracteri sti c  b y ch ecki n g  th at th e  i m ped an ce  p l ot  l i es  on  th e  
0R

R
 =  

1  ci rcl e.  H owever,  d evi ati on  from  a  ci rcl e  m ay be  cau sed  b y l osses.  An  esti m ate  of th e  
s i g n i fi can ce  of th e  com bi n ed  l osses  can  be  m ad e b y com pari n g  m easu rem en ts  u s i n g  
d i fferen t setti n g s  of th e  tran sform i n g  e l em en ts  an d  d i fferen t m atch  b i as  val u es.  

 I t  i s  poss i b l e  to  tran sform  poi n ts  i n  on e  experi m en tal  p l ot  to  poi n ts  cl ose  to  th e  cen tre  of 
th e  ch art.  I f l osses  are  n eg l i g i b l e ,  th e  resu l ts  wi l l  ag ree.  For exam pl e,  i n  F i g u re  1 6,  th e  
l osses  are  n eg l i g i bl e  an d  th e  resu l ts  for –9, 0  V an d  –4, 0  V,  wh en  m atch ed  at –6, 0  V,  
sh ou l d  be  sh own  b y poi n ts  m arked  b y crosses.  

 An  a l tern ati ve  m eth od  to  veri fy th e  d epen d en ce  of th e  seri es  res i stan ce  (Rs)  on  b i as  i s  

to  cal cu l ate  th e  val u es  of ΔQ1 2 ,  ΔQ23  an d  ΔQ1 3  for th e  th ree  b i as  va l u es  as  g i ven  for 
eq u ati on  (9)  an d  th en  exam i n e  wh eth er th e  val u es  sati sfy th e  fol l owi n g  re l ati on :  

 ΔQ1 3  =  ΔQ1 2  +  ΔQ2 3   (1 8)  

 I f th i s  re l ati on  i s  sati sfi ed  wi th i n  acceptabl e  l i m i ts,  th en  i t  can  be  assu m ed  th at  th e  seri es  
res i stan ce  val u e  i s  sen si b l y i n d epen d en t of th e  b i as  vol tag e.  Eq u ati on s  (7)  an d  (9)  m ay 
th en  be  u sed  to  eval u ate  Q.  

Capacitance measurement  

Th i s  m easu rem en t i s  m ad e  u su al l y at n on -m i crowave  freq u en ci es.  To  obta i n  th e  capaci tan ce  
of th e  n on - l i n ear e l em en t,  th e  cartri d g e  capaci tan ce  sh al l  be  su btracted  from  th e  tota l  varactor 
capaci tan ce.  
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Th e  s i m pl est  an d  m ost d i rect m eth od  of obtai n i n g  th e  packag e  capaci tan ce  i s  to  su bsti tu te  a  
u n i t i n  wh i ch  th ere  i s  n o  con tact to  th e  sem i con d u ctor.  An oth er m eth od  can  be  u sed ,  i f th e  
form  of th e  re l ati on  between  capaci tan ce  an d  vol tag e  i s  kn own  (see,  for exam pl e,  eq u ati on  
(1 9)).  Th e  cartri d g e  capaci tan ce  m ay be  d ed u ced  b y m easu ri n g  th e  total  capaci tan ce  at  an  
appropri ate  n u m ber of b i as  poi n ts,  wh i ch  yi e l d s  Cc  +  C(V)  an d ,  s i n ce  th e  form  of C(V)  i s  
kn own ,  both  Cc  an d  C(V)  can  be  obta i n ed .  

 C(V)  =  C(V′)
φ

φ

− ′

−

⎛

⎝
⎜

⎞

⎠
⎟

V

V

n1 /

 wi th  n  >  0  (1 9)  

N OTE  Al th ou g h  th e  m easu re m en ts  i n  th i s  s u bcl au s e  m ay b e  m ad e  u s i n g  a  sta n d i n g  wa ve  d etector,  th ey m ay a l so  
be  m ad e  by th e  u s e  of a n  a u tom ati c  i m ped an ce  p l otti n g  i n stru m en t,  an  e xam pl e  of wh i ch  i s  th e  au tom ati c  S m i th  
Ch a rt  d i s pl a y u n i t.  B ecau s e  th e  val u e  of  Q  i s  g i ve n  b y th e  n orm al i zed  re actan ce  ch an g e  i n  a  p l an e  corres pon d i n g  
to  th e  d i od e  el em en t for an y l oss l ess  tran sform ati on ,  th e  S m i th  Ch art  m ay be  ad apted  to  g i ve  d i rect  re ad i n g s  of  Q  
as  g i ven  i n  3 . 1 . 4 . 1 1 .  
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Figure 1 5 – Block d iagram  of transformed  impedance measurement ci rcu i t  
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D i am eter ∅   0 , 5  V 

Figure  1 6  – Example  of plot  of d iode  impedance as  a  function  of b ias  
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3. 1 .4.1 1  Method  of constant  qual i ty factor ci rcles  

As i t  h as  been  sh own  i n  3. 1 . 4 . 1 0. 1  (Th eory) ,  ΔQ  i s  g i ven  b y th e  n orm al i ze d  reactan ce  ch an g e 
i n  a  p l an e  correspon d i n g  to  th e  d i od e  e l em en t for an y l oss l ess  tran sform ati on ;  i t  fo l l ows  th at 

th e  Sm i th  Ch art m ay th erefore  be  ad apted  to  g i ve  d i rect read i n g s  of ΔQ  from  two i m ped an ce  
m easu rem en ts  for an y arbi trary tran sform ati on .  Th i s  m a y be  d on e  b y i n trod u ci n g  a  g ri d  of 

l i n es  to  represen t  fi xed  val u es  of  
X

R
 ( i . e .  Q) .  

Th e  n orm al i zed  i m ped an ce  (Z)  for an y m easu ri n g  p l an e  i s  g i ven  i n  term s  of th e  com pl ex 

refl ecti on  coeffi ci en t (ρ )  b y:  

Z  =  R  +  jX =
ρ

ρ

−

+

1

1
 

th u s:  

**1

*1

ρρρρ

ρρ

−−+

−
=R  

an d :  

**1

*
j

ρρρρ

ρρ

−−+

−
=X  

h en ce:  

Q
R

X
j

*1

*j
=

−

−
=

ρρ

ρρ
 

from  wh i ch :  

 01
j

*
j

* =−−+ ρρρρ
QQ

 (20)  

E q u ati on  (20)  represen ts  th e  eq u ati on  of a  ci rcl e  an d ,  wh en  com pari n g  i t  wi th  th e  g en eral  
eq u ati on  for a  ci rcl e,  vi z. :  

(ρ  –  a)  (ρ* – a*)  =  K2  

i t  can  be  d ed u ced   th at th e  rad i u s  K i s  g i ven  from  eq u ati on  (20)  b y:  

K
Q

= +1
1

2
 

an d  h avi n g  a  cen tre  d i spl aced  from  th e  ori g i n  of coord i n ates  b y a  vector val u e  of .
j

Q
 

A fam i l y of ci rcl es  represen ti n g  con stan t  Q m ay th u s  be  con stru cted  on  a  Sm i th  ch art an d  

th ese,  tog eth er wi th  th e  fam i l y of con stan t res i stan ce  ci rcl es,  are  su ffi ci en t  to  d eterm i n e  ΔQ.  
An  exam pl e  of th e  resu l ti n g  ch art i s  sh own  i n  F i g u re  1 7.  
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When  appl yi n g  th e  ch art  for th e  d i od e  m easu rem en t,  th e  d i ag ram  i s  ori en tated  so  th at th e  
m easu red  n orm al i zed  i m ped an ce poi n ts,  correspon d i n g  to  th e  two b i as  con d i ti on s,  appear on  
a  con stan t res i stan ce  ci rcl e.  Th e  correspon d i n g  Q val u es  are  th en  obtai n ed .  

 

Figure 1 7  – Modified  Smith  chart  ind icating  constant  Q  and  constant R ci rcles  
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3.2  Snap-off d iodes,  Schottky d iodes  

3.2. 1  General  

Sn ap-off (step recovery)  d i od es  m ay be  speci fi ed  e i th er as  am bi en t rated  or case rated  or,  
wh ere  appropri ate,  as  both .  

3.2.2  Terminology and  l etter symbols  

Transition  time (of a  snap-off diode)  tt  

Th e ti m e taken  for th e  vol tag e  across  a  sn ap-off d i od e  to  ch an g e  from  a  speci fi ed  l ow fracti on  

of th e  total  vol tag e  step  (VF  +  ⎪ VRM ⎪ )  to  a  speci fi ed  h i g h  fracti on  of th e  vol tag e  step,  wh en  th e  
d i od e i s  swi tch ed  from  forward  cu rrent to  reverse  vol tag e  (see F i g u re  1 8).  

N OTE  Val u es  of 2 0  %  an d  80  %  are  prefe rred .  

 

Figure 1 8  – Transi tion  time  tt  

For oth er param eters:  see  3. 2 . 3.  

3.2.3  Essential  ratings  and  characteristics  

3.2.3.1  General  

See  3 . 1 . 3. 1 .  

3.2.3.2  Ratings  (l imiting  values)  

Th e fol l owi n g  rati n g s  sh ou l d  be  stated :  

IEC   1 125/01  
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3.2.3.2 .1  Temperatures  

3.2.3.2 .1 . 1  Range  of operating  temperatures  

3.2.3.2 .1 .2  Range  of storage  temperatures  

3.2.3.2 .2  Vol tage  and  currents  

Th e fol l owi n g  rati n g s  m u st be  val i d  for th e  wh ol e  ran g e  of operati n g  con d i ti on s  as  stated  for 
th e  parti cu l ar d evi ce.  

3.2.3.2 .2 . 1  Maximum peak reverse vol tage.  

3. 2.3.2 .2 .2  Maximum mean  forward  current,  where  appropriate  

3.2.3.2 .2 .3  Maximum peak forward  current,  where appropriate  

3.2.3.2 .3  Power d issipation  

M axi m u m  d i ssi pati on ,  u n d er stated  con d i ti on s,  over th e  operati n g  tem peratu re  ran g e.  

3.2.3.3  Electrical  characteristics  

U n l ess  oth erwi se  speci fi ed ,  th e  fol l owi n g  ch aracteri sti cs  sh ou l d  be  stated  at  2 5  ° C:  

3.2.3.3. 1  Series  inductance (Ls)  

Typi cal  va l u e  u n d er speci fi ed  con d i ti on s.  

3.2.3.3.2  Terminal  capaci tance  (Ctot  =  Cj+Cp)  

M i n i m u m  an d  m axi m u m  val u es  at speci fi ed  b i as  vol tag e  an d  speci fi ed  freq u en cy.  

3.2.3.3.3  Junction  capaci tance  (Cj )  

M i n i m u m  an d  m axi m u m  val u es  at  a  speci fi ed  b i as  vol tag e  an d  speci fi ed  freq u en cy.  I f th e  
ord er of m ag n i tu d e  of Cp  i s  th e  sam e as  th at of th e  term i n al  capaci tan ce Ctot,  a  typi cal  val u e  
for Cj  sh ou l d  be  g i ven  i n stead .  

3.2.3.3.4  Series  resistance 

Typi cal  or m axi m u m  val u e,  as  appropri ate,  u n d er speci fi ed  con d i ti on s.  

3.2.3.3.5  Reverse current 

M axi m u m  val u e  at a  speci fi ed  reverse  vol tag e.  

3.2.3.3.6  Stored  charge or m inori ty carrier storage time 

M axi m u m  val u e,  u n d er speci fi ed  con d i ti on s,  wh i ch  m a y be  stated  e i th er as  a  stored  ch arg e  

per u n i t  of cu rren t (e . g .  i n  
picocoulombs

mil l iamperes
),  or as  m i n ori ty carri er storag e  ti m e  (e. g .  i n  

n an osecon d s),  th e  test ci rcu i t  bei n g  a l so  speci fi ed .  
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3.2.3.3.7  Transi tion  time 

M axi m u m  val u e  u n d er speci fi ed  con d i ti on s,  th e  test ci rcu i t a l so  bei n g  speci fi ed .  

3.2.3.3.8  Forward  vol tage (where  appropriate)  

M axi m u m  val u e  for speci fi ed  forward  cu rren t.  

3.2.3.3.9  Efficiency (where  appropriate)  

M i n i m u m  val u e,  u n d er speci fi ed  con d i ti on s,  of i n pu t power,  i n pu t freq u en cy,  ou tpu t freq u en cy 
an d  test ci rcu i t.  

3.2.3.4  Appl ication  data 

– Rel ati on sh i p  between  j u n cti on  capaci tan ce an d  b i as  vol tag e.  Typi cal  va l u e,  i n  ei th er a  
g raph i cal  or m ath em ati cal  form .  

– Cu t-off freq u en cy.   

3.2.4  Measuring  methods  

3.2.4. 1  Transi tion  time  (tt)  

a)  Purpose  

 To  m easu re  th e  tran si ti on  ti m e tt,  for sn ap-off d i od es.  

b)  Circuit diagram  

 

Key  
G 1  i s  th e  forward  cu rre n t  g e n e rator (IF )  

G 2  i s  th e  pu l se  g en erator 

d 1  an d  d 2    are  th e  m atch ed  tran sm i ssi on  l i n es  

OS C i s  th e  sam pl i n g  osci l l oscop e   

Figure 1 9  – Ci rcu i t  for the  measurement of transi tion  time  (tt)  
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c)  Circuit description and requirements  

 Th e  ri se  ti m e of th e  pu l se  from  th e  g en erator G 2  sh ou l d  be  eq u al  or l ower th an :  

0 5 0,
Q Z

V

s

RM

 

 wh ere  

 Qs  i s  th e  stored  ch arg e;  

 Z0  i s  th e  ch aracteri sti c  i m ped an ce  of th e  l i n e  (50  Ω)  at  wh i ch  th e  m easu rem en t i s  carri ed  
ou t.  

 The  pu l se  d u rati on  of th e  reverse  vol tag e  sh ou l d  m eet th e  fol l owi n g  req u i rem en t:  

t
Q Z

V
VRM

s

RM

≥ 1 5 0,  

 Th e  m easu ri n g  ad apter sh ou l d  be  i n  th e  form  of a  l i n e  wi th  th e  ch aracteri sti c  i m ped an ce,  

Z0  eq u al  to  50  Ω ;  an d  sh ou l d  h ave  a  g ood  m atch i n g  at th e  i n pu t an d  th e  ou tpu t i n  th e  
freq u en cy ran g e  from  zero to  f >  0 , 5/tt.  

 I n d u ctan ce  of th e  m easu ri n g  ad apter Ls  wh i ch  i n cl u d es  i n d u ctan ces  of th e  e l em en ts  
con n ecti n g  of th e  d i od e  D  an d  th e  capaci tor C1  sh ou l d  m eet th e  fol l owi n g  req u i rem en t:  

L
t Z

Ls
t

sc≤ −0

5 6,
 

 wh ere  

 Lsc  i s  th e  case i n d u ctan ce of th e  d i od e bei n g  m easu red .  

 Th e capaci tan ce  of th e  capaci tor C1  sh ou l d  m eet th e  fol l owi n g  req u i rem en t:  

C
Q

V
1

75
≥ s

RM

 

 A seg m en t l en g th  of l i n e  d1  sh ou l d  m eet th e  req u i rem en t:  

d c
Q Z

V
1

0> s

r RMε
 

 wh ere  

 c  i s  th e  rate  of propag ati on  of e l ectrom ag n eti c  osci l l ati on s  i n  th e  vacu u m ;  

 εr  i s  th e  re l ati ve  d i e l ectri c perm eabi l i ty of th e  l i n e  seg m en t.  

Th e tran si ti on  ti m e  of th e  d i od e  bei n g  m easu red  i s  ca l cu l ated  u s i n g  th e  expressi on :  

 t t tt t1 r= −( ) ( , )2 20 64  (21 )   

 wh ere  

 tt1  i s  th e  tran si en t ri se  ti m e m easu red  on  th e  osci l l oscope  between  l evel s  0, 2  an d  0 , 8  of 
th e  vol tag e  step;  

 tr  i s  th e  ri se  ti m e of th e  osci l l oscope  between  1 0  %  an d  90  % .  

d )  Measurement procedure  

 Th e  forward  d . c.  cu rren t IF  i s  appl i ed  to  th e  d i od e  bei n g  m easu red  from  th e  forward  
cu rren t sou rce  (G1 )  an d  a  vol tag e  pu l se  wi th  th e  am pl i tu d e  VRM  +  VF  i s  set  i n  th e  reverse  
d i recti on .  

 Th e  ti m e i n terval  (tt1 )  between  l evel s  0 , 2  an d  0 , 8  of th e  tota l  vol tag e  step  (VF  +  ⎪  VRM  ⎪ )  i s  
read  on  th e  screen  of th e  osci l l oscope  (see  F i g u re  2 0).  
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Figure  20  – Time interval  (tt1 )  

 U s i n g  th e  m easu red  ti m e i n terval ,  th e  tran s i ti on  ti m e i s  ca l cu l ated  from  eq u ati on  (2 1 ) .  

 I f 0 , 64  tr  ≤  0 , 3  tt1 ,  to,  th e  ti m e i n terval  read  on  th e  osci l l oscope i s  su ffi ci en tl y cl ose  to  th e  
tran s i ti on  ti m e of th e  d i od e.  

e)  Specified conditions  

–  Forward  cu rren t (IF)  

– Reverse  vol tag e  (VRM )   

– Ch aracteri sti c  i m ped an ce  of th e  l i n e  (Z0) ,  i f d i fferen t from  50  Ω .   

–  Case  i n d u ctan ce of th e  d i od e  (Lsc) .   

– Stored  ch arg e  (Qs).  

3.2.4.2  Reverse recovery time (with  IRM  speci fied)  

a)  Purpose  

 To  m easu re  th e  reverse  recovery ti m e of a  fast d i od e,  e. g .  wi th  reverse  recovery ti m e l ess  
th an  1 0 0  n s .  

b)  Circuit diagram  

 

Key  
D  d i od e  bei n g  m easu re d  

Figure  21  – Ci rcu i t  for the  measurement  of reverse recovery time  
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c)  Circuit description and requirements  

 Th e  ou tpu t i m ped an ce  of th e  g en erator G  an d  th e  i n pu t i m ped an ce  of th e  osci l l oscope  are  

eq u al  to  50  Ω  u n l ess  oth erwi se  speci fi ed .  Th e  ri se  ti m es  of th e  g en erator an d  of th e  
osci l l oscope sh ou l d  be  sm al l  com pared  wi th  trr.  

 Th e  pu l se  wi d th  sh ou l d  h e  l arg er th an  3  trr  m ax.  

 Atten u ators  sh ou l d  h ave  a  ch aracteri sti c  i m ped an ce  of 50  Ω  u n l ess  oth erwi se  speci fi ed ,  
an d  an  atten u ati on  h i g h er th an  or eq u al  to  6  d B  an d  sh ou l d  be  abl e  to  carry d . c.  cu rren t.  

 Th e  ti m e  con stan t RL  CL  sh ou l d  be  l ower th an  1 /1 0  trr  m ax. ,  u n l ess  oth erwi se  speci fi ed ,  
wi th :  

RL  =  real  part of th e  total  i m ped an ce,  as  seen  b y th e  d i od e;  

CL  =  tota l  capaci tan ce  of th e  ci rcu i t i n cl u d i n g  th e  d i od e.  

C  sh ou l d  be  h i g h  com pared  wi th  trr  m ax. /RL .  

 Th e  i m ped an ce Zi  of th e  cu rren t g en erator sh ou l d  be  g reater th an  RL .  

d )  Precautions to be  observed 

 N o  speci al  precau ti on .  

e)  Measurement procedure  

 Th e  tem peratu re  i s  set  to  th e  speci fi ed  val u e.  

 Th e  cu rren t g en erator d e l i vers  th e  speci fi ed  forward  cu rren t IF  to  th e  d i od e.  

 Pu l ses,  d el i vered  b y g en erator G ,  are  appl i ed  to  m e d i od e;  th e  m ag n i tu d e  of th e  pu l ses  i s  
i n creased  u n ti l  th e  speci fi ed  peak reverse  cu rren t lRM  i s  reach ed .  

 Th e  reverse  recovery ti m e trr  to  i s  th e  ti m e  i n terval  between  th e  i n stan t at  wh i ch  th e  
cu rren t passes  th rou g h  zero  an d  th e  i n stan t wh en  th e  cu rren t i s  red u ced  from  IRM  to  th e  
speci fi ed  recovery cu rren t irr  (see  F i g u re  22) .  

 

Figure 22  – Reverse recovery time  trr  
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f)  Specified conditions  

–  Am bi en t or referen ce-poi n t  tem peratu re  (tam b ,  tref)  

– Forward  cu rren t  (IF)  

– Peak reverse cu rren t (IRM )  

– Reverse  recovery cu rren t ( irr)  

•  Exam pl e  of speci fi ed  con d i ti on s:  IF  =  1 0  m A 

   IRM  =  1 0  m A 

   irr  =    1  m A 

3.2.4.3  Measuring  method  of the  excess  carrier effective  l i fetime  of d iodes  for fast-
switch ing  appl ications  (snap-off d iodes  and  Schottky d iodes)  

3. 2.4.3.1  Purpose 

To m easu re  th e  excess  carri er l i feti m e of d i od es  (fol l owi n g  th e  Krakau er m eth od ,  for exam pl e) .  

N OTE  Th e  con ven ti on al  m eth od  h as  bee n  m od i fi e d  so  as  to  sep arate  cl e arl y th e  ca rri er l i feti m e  owi n g  to  th e  
carri ers  i n  excess,  from  th e  ch arg es  an d  d i sch arg es  of th e  capaci tan ce  of th e  d i od e  u n d e r test  an d  of th e  p arasi ti c  
e l em en ts  (d i od e,  case,  m ou n ti n g ).  

Th e  carri e r l i feti m e  of a  fast d i od e  (S ch ottky,  for e xam pl e)  h as  a  very l ow val u e  (th e oreti cal l y zero  for a  S ch ottky 
d i od e).  I n  p racti ce,  th i s  m easu rem en t  i s  g en e ral l y m ad e  to  d eterm i n e  th e  val u e  of th e  forward  cu rren t  for wh i ch  th e  
parasi ti c  e l em en ts  of th e  d i od e  u n d er test  con tri bu te  m arked l y to  th e  carri e r l i feti m e  (g u a rd -ri n g  i n j ecti on ,  etc. ) .  

3.2.4.3.2  Principle  of measurement 

Th e d i od e  to  be  m easu red  i s  con n ected  i n  seri es  wi th  a  resi stor,  th e  set "d i od e  +  res i stor"  i s  

su ppl i ed  b y a  s i n u soi d a l  waveform  g en erator (freq u en cy ω) .  

Th e  peak val u e  of th e  forward  cu rren t  i s  com pared  wi th  th e  reverse  cu rren t,  taki n g  i n to  
accou n t:  

a)  th e  ch arg e  an d  d i sch arg e  cu rren t of th e  parasi ti c  capaci tan ce  i n  para l l e l  wi th  th e  d i od e  
u n d er test;  

b)  th e  e l ectrostati c  j u n cti on  vol tag e   ψ  of th e  d i od e.  

Th e  val u es  of th e  forward  an d  reverse  cu rren ts  are  cal cu l ated  from  th e  vol tage  m easu red  
across  th e  res i stor.  

 

Figure 23  –Principle  of the  measurement of the  excess  carrier effective l i fetime  
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I t  can  be  sh own  th at:  

)1(
ppf

pr
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i Ψ
−=ωτ  an d  so:  )1(
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1

ppf

pr
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i

f

Ψ
−=

π
τ  

u n d er th e  con d i ti on  th at  both :  ωτ  < 0 , 3  an d  ipr  >  icapaci ti ve  

wh ere  

τ  i s  th e  carri er l i feti m e of th e  d i od e  u n d er test;  

f i s  th e  freq u en cy of th e  s i n u soi d a l  waveform  g en erator,  G ;  

ip r  i s  th e  peak val u e  of th e  reverse  cu rren t wi th ou t capaci ti ve  effects;  

ipf  i s  th e  peak val u e  of th e  forward  cu rren t;  

ψ  i s  th e  forward  vol tag e;  

Ep  i s  th e  peak val u e  of open -ci rcu i t  vol tag e  of th e  s i n u soi d al  waveform  g en erator.  

3.2.4.3.3  Ci rcu i t  d iagram  

 

Rg  

IEC   1384/07 
 

Figure 24 – Ci rcu i t  for the  measurement  of the  excess  carrier effective  l i fetime 

wh ere  

G  i s  th e  s i n u soi d al  waveform  vol tag e  g en erator wi th  freq u en cy,  f;  

Rg  i s  th e  i n tern al  res i stan ce  of th e  s i n u soi d al  wave  g en erator;  

ATT1  i s  th e  atten u ator,  Z0  =  Rg ;  

D  i s  th e  d i od e  u n d er test;  

ATT2  i s  th e  atten u ator,  Z0  =  Rg ;  

S o  i s  th e  osci l l oscope,  Zi n pu t  =  Rg ;  

LS  i s  th e  s yn ch ron i zati on  for th e  osci l l oscope.  

3.2.4.3.4  Measurement procedure 

Th e d i od e  to  be  m easu red  i s  pu t i n  th e  test fi xtu re  s i m i l ar to  th at sh own  i n  F i g u re  24  (ci rcu i t 
d i ag ram ).  

Th e  freq u en cy of th e  s i n u soi d al  waveform  g en erator i s  set  an d  th e  ou tpu t  l evel  ad j u sted  to  th e 
speci fi ed  va l u e  of ipf.  

N OTE  1  Wh en  th e  osci l l oscope  i s  ca l i brated  i n  vol ta g e,  th e  val u e  of ip f can  b e  cal cu l ated  from  th e  vol tag e  at  th e  
i n pu t  of th e  os ci l l oscop e  an d  th e  i n pu t  i m ped an ce  of th e  osci l l oscope  (Re  =  Rg ) ,  taki n g  i n to  accou n t  th e  atte n u ati on  
of ATT2 .  
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Th e  val u e  of ipr  correspon d s  to  th e  d i fferen ce between  th e  peak val u e  of th e  reverse  cu rren t 

an d  th e  extrapol ated  val u e  of th e  capaci ti ve  cu rren t.  Th e  val u e  of τ  i s  ca l cu l ated  wi th  th e  

form u l a  i n  3. 2. 4. 3 . 2 ,  after h avi n g  d eterm i n ed  th e  val u e  of Ep  an d  th e  va l u e  of ψ  ( for exam pl e,  
wi th  a  cu rve  tracer) .  

N OTE  2  For th e  ci rcu i t  d i ag ram  of F i g u re  2 4,  th e  val u e  of erm s  ca n  be  m easu re d  d i rectl y on  th e  ca l i brated  
osci l l oscope  wh en  th e  atten u a tors  ATT1  an d  ATT2  are  d i rectl y con n ected  (for exam pl e,  a  sh ort  ci rcu i t  across  th e  
d i od e).  
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⎠
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Caution:  I t  sh ou l d  be  as certai n ed  th at:  

  ωτ  <  0 , 3  

  ip r  >  ica p a ci ti ve  

Example:  G i ve n  

 Rg  =  50  Ω  

 Vrm s =  1 0  V 

 f =  54  M H z 

ATT1  =  1 0  d B ,  ATT2  =  20  d B  (th ese  val u es  are  g en eral l y su ffi ci en t  to  red u ce  th e  effect  of th e  m i sm atch  
app ea ri n g  d u ri n g  th e  cycl e  afte r th e  ca rri er l i feti m e  m easu rem en t).  

Th e  va l u e  of ip f  i s  rea d  d i rectl y from  th e  osci l l oscope,  an d  taki n g  i n to  accou n t th e  atten u ati on  of ATT2 ,  th e  
fol l owi n g  va l u es  are  obtai n e d :  

 ip f  =  75  m A,  ψ  =  1 , 35  V an d  Ep  =  8 , 9  V.  

From  th e  osci l l oscope th e  rati o  of ip r  to  ipf  i s  d eri ved :  

i

i

pr

pf

=
1

5
 

 

Figure  25 – Ratio  of ipr  to  ipf  

From  th e  form u l a  i n  3. 2 . 4 . 3 . 2 ,  i t  fo l l ows:  τ  =  500  ps.  

3.2.4.3.5  Requ irements  

Th e val u e  of τ  sh al l  be  wi th i n  th e  l i m i ts  speci fi ed  i n  th e  rel evan t speci fi cati on .  

IEC   1 142/01  

BS IEC 60747-4:2007– 45 –



 

3.2.4.3.6  Specified  cond itions  

−  Am bi en t  or case  tem peratu re.  

−  Freq u en cy of s i n e  wave  g en erator,  f.  

−  Peak val u e  of forward  cu rren t,  ipf.  

−  Val u es  of th e  e l em en ts  of th e  ci rcu i t,  an d  th e  ci rcu i t d i ag ram  wi th  va l u es  of th e  
e l em en ts,  i f d i fferen t from  Fi g u re  24.  

4 M ixer d iodes  and  detector d iodes  

4. 1  M ixer d iodes  used  in  radar appl ications  

4. 1 . 1  General  

Al th ou g h  a  n u m ber of m easu rem en ts  m a y be  carri ed  ou t on  a  d i od e  b y i tsel f,  i t  i s  n ecessary 
for an  assessm en t of d i od e  perform an ce to  provi d e  a  stan d ard  m ou n ti n g  arran g em en t to  
en abl e  sati sfactory m easu rem en ts  to  be  m ad e.  U su al l y,  th e  m ou n ti n g  takes  th e  form  of a  
stan d ard  h ol d er d es i g n ed  for th e  pu rpose.  I f th e  h ol d er i s  ad j u stabl e,  a l l  ad j u stm en ts  are  
m ad e to  con form  wi th  g i ven  m easu rem en t req u i rem en ts.  

I n  th e  case  of revers i b l e  d i od es,  i t  m a y be  n ecessary for m easu rem en ts  to  be  m ad e  wi th  th e  
d i od e  con n ected  to  provi d e  an  assessm en t of perform an ce i n  each  pol ari ty.  

Al l  m i crowave  com pon en ts  u sed  i n  th e  m easu ri n g  eq u i pm en t sh al l  be  ch ecked  to  en su re  
sati sfactory operati on  over th e  req u i red  freq u en cy ban d .  I t  i s  recom m en d ed  th at th i s  be  
perform ed  u s i n g  swept freq u en cy tech n i q u es.  

Th e  ti m e con stan ts,  or pu l se  respon se ch aracteri sti cs  of an y i n d i cati n g  i n stru m en t,  sh al l  n ot  
affect th e  m easu rem en t resu l ts  wh en  m od u l ati on  i s  u sed .  

I t  i s  essen ti a l  to  en su re  th at s tra y e l ectrom ag n eti c fi e l d s  d o  n ot s i g n i fi can tl y affect  th e  
accu racy of m easu rem en t.  

I n  ad d i ti on ,  an y s i g n al  sou rce  u sed  as  part  of th e  m easu ri n g  ci rcu i try sh al l  be  capabl e  of 
stabl e  operati on  at  a  s i g n al  l evel  eq u i val en t to  th e  sm al l -s i g n al  con d i ti on s  of th e  d i od e  bei n g  
m easu red .  

U n l ess  oth erwi se  stated ,  i t  i s  recom m en d ed  th at th e  m axi m u m  tol eran ces  perm i tted  for 
m i crowave  s i g n al  l evel s  sh ou l d  be:  

a)  ±0, 1  %  for l ow-power m easu rem en ts  req u i red  u n d er sm al l -s i g n al  con d i ti on s,  an d  

b)  ±1  %  for h i g h -power m easu rem en ts.  

Where  a  speci fi ed  tem peratu re  i s  req u i red ,  th e  tem peratu re  of th e  bod y of th e  m easu ri n g  
m ou n t sh al l  be  m easu red  wh en  eq u i l i bri u m  con d i ti on s  h ave  been  reach ed .  

4. 1 .2  Terminology and  l etter symbols  

S ee  4 . 1 . 3. 3.  

4. 1 .3  Essential  ratings  and  characteristics  

4. 1 .3 .1  General  

Th e essen ti a l  rati n g s  an d  ch aracteri sti cs  for each  categ ory of d i od e  are  m arked  wi th  a  +  s i g n  
i n  th e  fol l owi n g  tabl e:  
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–  Categ ory 1 :  pu l se  appl i cati on s  i n  s ystem s  wh ere very sh ort  d u rati on  pu l ses  are  i n ci d en t 
u pon  th e  d i od e.  

– Categ ory 2 :  c. w.  appl i cati on s  or l on g er pu l se  s ystem s.  

 

4. 1 .3.2  Ratings  (l imiting  values)  Categories

Th e fol l owi n g  rati n g s  sh ou l d  be  stated :  1  2  

4. 1 .3.2 .1  Temperatures    

4. 1 .3.2 .1 . 1  Range  of operating  temperatures  +  +  

4. 1 .3.2 .1 .2  Range  of storage  temperatures  +  +  

4. 1 .3.2 .2  Power d issipation  ( including  burn -out  energy)    

4. 1 . 3.2 .2 . 1  Maximum c.w.  power under specified  conditions  at  25  °C  +  +  

4. 1 .3.2 .2 .2  Maximum peak value of pu lsed  RF  power under specified  
cond itions  at 25 °C  

+   

4. 1 .3 .2 .2 .3  Burn-out  energy by single  pu lse  (or mul tiple  pu lses)  under 
specified  cond itions  at 25  °C  

+   

4. 1 .3.3  Electrical  characteristics    

U n l ess  oth erwi se  speci fi ed ,  th e  fo l l owi n g  ch aracteri sti cs  sh ou l d  be  s tated  
at  2 5  ° C:  

  

4. 1 .3.3.1  Vol tage  standing  wave  ratio    

M axi m u m  va l u e,  wh en  operati n g  i n  a  speci fi ed  m i crowave ci rcu i t,  u n d er speci fi ed  
con d i ti on s  

+  +  

4. 1 .3.3.2  IF  impedance    

M i n i m u m  an d  m axi m u m  val u es  u n d er speci fi ed  con d i ti on s  +  +  

4. 1 .3.3.3  Conversion  loss    

M axi m u m  val u e  u n d er speci fi ed  con d i ti on s  +  +  

4. 1 .3.3.4  Overal l  noise factor   

M axi m u m  val u e,  u n d er speci fi ed  operati n g  con d i ti on s,  u s i n g  a  speci fi ed  
m i crowave  ci rcu i t,  fo l l owed  b y a  speci fi ed  i . f.  am pl i fi er (u n d er i m ag e  freq u en cy 
m atch ed  con d i ti on s)  

+  +  

4. 1 .3.3.5  1 /f noise    

M axi m u m  val u e,  u n d er speci fi ed  operati n g  con d i ti on s,  u s i n g  a  speci fi ed  
m i crowave  ci rcu i t  fo l l owed  b y a  speci fi ed  i . f.  am pl i fi er (D oppl er appl i cati on s  on l y)  

 +  
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 Categories

 1  2  

4. 1 .3.4  Appl ication  data   

4. 1 .3.4.1  Maximum external  ci rcu i t  d .c.  resistance +  +  

4. 1 .3.4.2  Maximum and  recommended  values  of mean  forward  current +  +  

4. 1 .3.4.3  M in imum  current  at  specified  continuous  (d i rect)  forward  vol tage +  +  

4. 1 .3.4.4  Maximum current at  specified  continuous  (d irect)  reverse  vol tage +  +  

4. 1 .3.4.5  Maximum value of noise/temperature  ratio  under the  condi tions  
g iven  in  3.3.4 

+  +  

4. 1 .3.4.6  Typical  curve  of overal l  noise factor versus  RF  input power 
(expressed  as  recti fied  current)  under speci fied  operating  
cond i tions  

+  +  

4. 1 .3.4.7  Typical  curve  of d iode  admittance  versus  frequency,  the  
admittance  being  g iven  as  a  normal ized  value  in  terms  of a  
specified  transmission  l ine  impedance 

+  +  

4. 1 .3.4.8  Typical  curve  of overal l  noise factor versus  temperature over a  
specified  temperature  range 

+  +  

 

4. 1 .4  Measuring  methods  

4. 1 .4.1  Forward  current  (IF)  

4. 1 .4. 1 . 1  Ci rcu i t  d iagram  

 

Key  
R  protecti ve  res istor 
D  d iode  being  measured  

Figure 26  – Ci rcu i t  for the  measurement  of forward  current (IF)  

I t  i s  essentia l  to  use  a  h igh- impedance  vol tmeter.  

4. 1 .4.1 .2  Measurement procedure 

The speci fied  cond i ti ons  are  appl ied  and  the  cu rrent through  the  d iode  is  measured  by means  
of an  ammeter.  

4. 1 .4.2  Reverse current (IR)  

The reverse  curren t i s  measured  wi th  the  d iode  operati ng  under g i ven  cond i tions  by the  
method  stated  i n  3. 1 . 4. 1 .  

IEC   1 130/01  
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4. 1 .4.3  Recti fi ed  current (I0)  

4. 1 .4.3. 1  Purpose 

To m easu re  th e  recti fi ed  cu rren t of a  m i crowave  d i od e  u n d er speci fi ed  con d i ti on s.  

4. 1 .4.3.2  Ci rcu i t  d iagram  

 

RF generator 

IEC   1385/07 
 

Key  
RL  d i od e  l oa d  res i stan ce  of sp eci fi ed  val u e  

Figure 27  – Ci rcu i t  for the  measurement of recti fied  current (I0)  

4. 1 .4.3.3  Ci rcu i t  description  and  requ i rements  

Th e freq u en cy m eter i s  l oosel y cou pl ed  to  th e  l i n e,  th e  power m eter an d  i ts  associ ated  
cou pl er are  sel ected  to  m easu re  th e  speci fi ed  power l evel  i n ci d en t u pon  th e  d i od e.  

To  red u ce  sel f-b i as i n g  effects,  th e  va l u e  of th e  l oad  res i stan ce  RL ,  wh i ch  i n cl u d es  th e  

res i stan ce  of th e  am m eter sh al l  be  as  l ow as  poss i b l e  an d  n orm al l y l ess  th an  1 00  Ω .  

Th e  val u e  of th e  recti fi ed  cu rren t l0  can  be  m easu red  on  th e  m eter A or b y u se  of a  h i g h -

i m ped an ce vol tm eter across  th e  l oad  res i stan ce  as  sh own  b y th e  d otted  l i n es.  

4. 1 .4.3.4  Measurement procedure 

Th e d i od e  i s  i n serted  i n to  th e  m easu ri n g  m ou n t.  

Th e  RF  power i n ci d en t u pon  th e  d i od e  i s  i n creased  to  th e  speci fi ed  val u e  an d  th e  recti fi ed  
cu rren t l0  i s  m easu red .  
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4. 1 . 4.4  In termedi ate  frequ en cy impedan ce  (Zi f)  

Purpose 

To m easu re  th e  i n term ed i ate  freq u en cy i m ped an ce of a  m i crowave d i od e  u n d er speci fi ed  
con d i ti on s.  

4. 1 .4.4.1  M ethod  1 :  Imped an ce  brid ge  m eth od  

4. 1 . 4.4.1 . 1  Ci rcu i t  d i agram  

 

RF generator IF signal  

IEC   1386/07 

 

Figu re 28  – Ci rcu i t  for the  measu rem ent of in termediate  frequen cy imped an ce  (Zi f)  
i n  method  1  

4. 1 . 4.4.1 . 2  Ci rcu i t  description  and  requ irements  

Th e  RF  g en erator sh al l  be  capabl e  of operati n g  at  th e  s i g n al  freq u en cy an d  th e  i m ped an ce  
bri d g e  sh al l  be  capabl e  of operati n g  at  th e  req u i red  i n term ed i ate  freq u en cy.  

Th e  freq u en cy m eter i s  l oosel y cou pl ed  to  th e  l i n e,  th e  power m eter an d  i ts  associ ated  
cou pl er are  sel ected  to  m easu re  th e  speci fi ed  power l evel  i n ci d en t u pon  th e  d i od e.  Am m eter 
A m easu res  th e  recti fi er cu rren t l0 .  

Th e  val u es  of L  an d  C1  are  ch osen  so  th at th e  L  C1  c i rcu i t  h as  a  h i g h  i m ped an ce at th e  
speci fi ed  i n term ed i ate  freq u en cy.  

Th e  ci rcu i t  com pri s i n g  L ,  C1 ,  R1  an d  am m eter A sh al l  h ave  a  d . c.  l oad  val u e  eq u al  to  th e  
speci fi ed  l oad  RL .  Capaci tor C2  sh al l  presen t a  sh ort  ci rcu i t at  th e  i n term ed i ate  freq u en cy.  

Th e  I F  s i g n al  l evel  i n to  th e  bri d g e  sh al l  n ot cau se  m ore  th an  a  1  %  i n crease  i n  th e  recti fi ed  
cu rren t.  

4. 1 .4.4.1 .3  Precaution s  to  be  observed  

Th e m easu rem en t freq u en cy sh al l  be  su ffi ci en tl y l ow so  th at th e  d i od e  l F  i m ped an ce can  be  
assu m ed  to  be  wh ol l y res i sti ve.  
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4. 1 .4.4. 1 . 4 M easu rement procedure 

Th e d i od e  i s  i n serted  i n to  th e  test  m ou n t.  

Th e  b i as  cu rren t,  wh ere  speci fi ed ,  i s  ad j u sted  to  th e  req u i red  val u e.  

Th e  s i g n al  g en erator i s  set  to  th e  req u i red  freq u en cy an d  th e  RF  power ou tpu t i s  i n creased  to  
th e  req u i red  power l evel .  Th e  i m ped an ce bri d g e  i s  ad j u sted  to  th e  speci fi ed  i n term ed i ate  
freq u en cy an d  th e  d i od e  i m ped an ce i s  m easu red .  

4. 1 . 4.4.2  M ethod  2:  Substi tution  or compari son  method  

4. 1 . 4.4.2 . 1  Ci rcu i t  d i agram  

 

RF generator 

IEC   1387/07 

 

Key 
G  l ow-freq u e n cy g en erator 

Figu re 29  – Ci rcu i t  for the  measu rem ent of in termediate  frequen cy imped an ce  (Zi f)  
i n  method  2  

4. 1 . 4.4.2 . 2  Ci rcu i t  description  and  requ irements  

Th e RF  g en erator sh al l  be  capabl e  of operati n g  at  th e  i n term ed i ate  freq u en cy.  

Th e  freq u en cy m eter i s  l oosel y cou pl ed  to  th e  l i n e,  th e  power m eter an d  i ts  associ ated  
cou pl er are  sel ected  to  m easu re  th e  speci fi ed  power l evel  i n ci d en t u pon  th e  d i od e.  Th e  val u es  
of L  an d  C  are  ch osen  to  be  i n  reson an ce  at  th e  l ow freq u en cy of m easu rem en t an d ,  tog eth er 
wi th  R1 ,  provi d e  an  eq u i val en t  l F  i m ped an ce,  th e  sam e as  th e  speci fi ed  l oad  RL  a t  d . c.  

Th e  l ow-freq u en cy g en erator i s  cou pl ed  to  th e  l oad  RL  wi th  a  h i g h  res i stan ce  R2  wh ose  va l u e  

i s  m u ch  g reater th an  th e  d i od e  I F  i m ped an ce to  provi d e  a  con stan t cu rren t  a. c.  sou rce.  

Th e  res i stor R3  sh al l  h ave  a  res i stan ce  of th e  ord er of th e  d i od e  I F  i m ped an ce.  Res i stors  sh al l  
be  n on - i n d u cti ve  at  th e  i n term ed i ate  freq u en cy.  Th e  a. c.  vol tm eter V sh al l  h ave  a  h i g h - i n pu t 
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i m ped an ce.  

4. 1 .4.4.2 .3  Precautions  to  be  observed  

Th e power ou tpu t of th e  l ow-freq u en cy g en erator sh al l  n ot  exceed  th e  sm al l -s i g n al  capabi l i ti es  
of th e  d i od e  bei n g  m easu red .  

4. 1 .4.4.2 .4 Measurement procedure 

Th e d i od e  i s  i n serted  i n to  th e  test  m ou n t.  

Th e  b i as  cu rren t,  i f speci fi ed ,  i s  ad j u sted  to  th e  req u i red  val u e.  

Th e  s i g n al  g en erator i s  set to  th e  req u ested  i n term ed i ate  freq u en cy an d  th e  RF  ou tpu t i s  
i n creased  to  th e  req u i red  power l evel .  

Th e  con stan t  cu rren t l ow-freq u en cy s i g n al  from  th e  g en erator i s  ad j u sted  to  th e  req u i red  val u e.  

Th e  vol tag e across  th e  d i od e  i s  record ed .  Th e  l ow-freq u en cy vol tag e  i s  th en  swi tch ed  from  
th e  d i od e  u s i n g  S1  to  a  referen ce res i stor (R3)  wh ose  val u e  i s  wi th i n  th e  I F  i m ped an ce val u es  
g i ven .  As  th e  vol tag e  across  th e  d i od e  i s  proporti on al  to  i ts  ou tpu t res i stan ce,  th e  m easu red  
vol tag e  read i n g  m eter m a y be  cal i brated  i n  term s  of Zi f.  

Al tern ati vel y,  i n  p l ace  of th e  swi tch  S1  an d  referen ce  res i stor R3 ,  a  n u m ber of ca l i brati n g  
res i stors  h avi n g  appropri ate  val u es  i n  th e  req u i red  I F  i m ped an ce ran g e  m ay be  i n trod u ced  
i n to  th e  d i od e  en vel ope  an d  th e  ou tpu t vol tm eter cal i brated  accord i n g l y.  

4. 1 .4.5  Vol tage  standing  wave  ratio  

4. 1 .4.5.1  Purpose 

To m easu re th e  vol tag e  stan d i n g  wave  rati o  of a  m i crowave d i od e  u n d er speci fi ed  con d i ti on s.  
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4. 1 .4.5.2  Ci rcu i t  d iagram  

 

RF generator 

IEC   1388/07 

 

Key  
RL  stated  l oad  res i stan ce  

N OTE  Th ere  m u s t be  su ffi ci e n t  fi l teri n g  to  preven t th e  i n d i cator from  respon d i n g  to  h arm on i cs  g en erated  
by th e  d i od e  u n d er test.  

Figure 30  – Ci rcu i t  for the  measurement of vol tage stand ing  wave ratio  

4. 1 .4.5.3  Ci rcu i t  description  and  requ i rements  

Th e freq u en cy m eter i s  l oosel y cou pl ed  to  th e  l i n e,  th e  power m eter an d  i ts  associ ated  
cou pl er are  sel ected  to  g i ve  a  con ven i en t power read i n g.  

Th e  cou pl i n g  between  th e  i n d i cator probe  an d  th e  s l otted  l i n e  sh al l  be  as  l oose  as  poss i b l e  so  
th at  th e  fi e l d  wi th i n  th e  l i n e  i s  n ot s i g n i fi can tl y affected .  

Th e  val u es  of th e  VSWR m easu red  are  d epen d en t u pon  th e  ch aracteri sti c  of th e  d etector 
u sed  i n  th e  i n d i cator;  i ts  respon se  to  varyi n g  powe r l evel s  sh al l  be  ch ecked  an d  cal i brated .  

Am m eter A m easu res  th e  recti fi ed  cu rren t I0 .  Th e  l oad  res i stor RL  i n cl u d es  th e  m eter 

res i stan ce.  

4. 1 .4.5.4  Measurement procedure 

Th e d i od e  i s  i n serted  i n to  th e  m easu ri n g  m ou n t  an d  rotated ,  i f n ecessary,  to  opti m i ze  th e  
perform an ce.  Th e  RF  power i n ci d en t u pon  th e  d i od e  i s  i n creased  to  th e  speci fi ed  val u e.  
Th e  val u es  of Vm ax  an d  Vm i n  as  m easu red  on  th e  i n d i cator are  obtai n ed  by ad j u stm en t of th e  

s l otted  l i n e.  

Th en :  VSWR =  
V

V

max

min
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Alternatively,  an  assessm en t of th e  VSW R m ay be  m ad e  b y an  i n specti on  of th e  en erg y wh i ch  
i s  i n ci d en t u pon  an d  refl ected  from  th e  d i od e  (refl ectom eter).  I f Pi  i s  th e  i n ci d en t m i crowave  
power appl i ed  to  th e  d i od e  an d  Pr  th e  refl ected  power,  th en :  

 VSWR  =  
P P

P P

i r

i r

1 2 1 2

1 2 1 2

/ /

/ /

+

−
 (22 )  

Retu rn  l oss  i s  th e  rati o  Pi /Pr,  wh i ch  m a y be  obtai n ed  d i rectl y from  an  atten u ator l ocated  
i m m ed i atel y i n  fron t of th e  d etector on  th e  refl ected -power s i d e  arm  of th e  d i recti on al  cou pl er 
u sed  i n  th e  refl ectom eter.  U s i n g  a  waveg u i d e  swi tch  or g ate,  th e  m i xer i s  repl aced  b y a  sh ort  
ci rcu i t  i n  ord er to  refl ect a l l  of th e  i n ci d en t  power.  A properl y tu n ed  l oss l ess  s ystem  i s  
i n sen si ti ve  to  th e  ph ase  of th e  refl ecti on ,  so  th at th e  i n d i cator read i n g  i s  essen ti a l l y 
u n ch an g ed  b y th e  m oti on  of a  m ovi n g  sh ort  ci rcu i t repl aci n g  th e  m i xer.  

I n  th i s  m eth od ,  i t  i s  n ecessary to  en su re  th at  th e  cou pl ers  u sed  provi d e  a  h i g h  d i recti vi ty,  
preferabl y n ot l ess  th an  25  d B.  I n  ad d i ti on ,  th e  coeffi ci en t  of cou pl i n g  of th e  cou pl ers  sh al l  be  
taken  i n to  accou n t wh en  u si n g  eq u ati on  (2 2).  Th e  effects  of th e  coeffi ci en ts  of cou pl i n g  an d  
th e  d i recti vi ty of th e  cou pl ers  m a y be  ch ecked  b y th e  repl acem en t of th e  d i od e  an d  m ou n t b y 
a  g ood  q u al i ty m atch ed  term i n ati on .  

I f i t  i s  req u i red  to  express  th e  VSW R as  a  m ag n i tu d e  of i m ped an ce or ad m i ttan ce,  i t  i s  
essen ti a l  to  g i ve  a  referen ce pl an e  wi th i n  th e  tran sm i ss i on  s ystem .  A referen ce sh ort-ci rcu i t 
m ay be  read i l y ach i eved  b y th e  u se  of a  m etal l i c  d u m m y d i od e  h avi n g  th e  sam e  d i m en si on s  
as  th e  d i od e  bei n g  m easu red .  

4. 1 .4.6  Overal l  noise factor 

Theory 

Th e  n oi se  factor (F)  of an y n etwork i s  g i ven  b y th e  express i on :  

F
N

kT BG
= 1

o

 

wh ere  

N1  i s  th e  ou tpu t n oi se  power;  

k i s  th e  Bol tzm an n 's  con stan t =  1 , 38  ×  1 0–23  J  K–1 ;  

To  i s  th e  absol u te  tem peratu re.  i n  kel vi n s  ( taken  for con ven i en ce  as  2 93  ±  5  K);  

B  i s  th e  effecti ve  ban d wi d th  of th e  n etwork;  

G i s  th e  power g ai n  of n etwork.  

When  a  s i g n al  of avai l ab l e  i n pu t power N′  i s  appl i ed  to  th e  i n pu t of th e  n etwork,  th e  ou tpu t 
n oi se  N2  becom es:  

N2  =  F(k To  B G)  +  N′  G 

an d  h en ce:  

BTkF

N

N

N

o

′
+= 1

1

2  
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an d :  

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

−

′
=

1

1

1

2

N

NBkT

N
F

0

 (23)  

I f th e  avai l abl e  i n pu t power N′  appl i ed  to  th e  n etwork to  ch an g e  th e  val u e  of th e  ou tpu t  n oi se  
from  th e  n etwork,  m ai n tai n i n g  a  con stan t g ai n  an d  ban d wi d th  of th e  n etwork,  th e  val u es  of 
g ai n  an d  ban d wi d th  are  rem oved  from  th e  express i on  an d  an y m easu rem en t becom es 
i n d epen d en t of th e  am pl i fi er ch aracteri sti cs  provi d i n g  th e y rem ai n  s tabl e.  

Circuit diagram  

 

RF fi lter 

IF amplifier 

IEC   1389/07 

 

Figure  31  – Ci rcu i t  for the  measurement of overal l  noise  factor 

I f th e  effecti ve  n oi se  tem peratu re  of a  n oi se  power sou rce  i s  T i n  d eg rees  kel vi n ,  th e  avai l abl e  

i n pu t power N′  i s  b y:  

′ = −
⎡

⎣
⎢

⎤

⎦
⎥N kT

T

T
Bo

o

1  
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h en ce  o

F
T

T N

N

= −

−

1
1

12

1

 (24)  

Circuit description and requirements  

Th e  RF  fi l ter sh al l  h ave  a  h i g h  factor  Q  at th e  l ocal  osci l l ator freq u en cy,  i n  ord er to  provi d e  
a  m i n i m u m  stated  rej ecti on  of th e  n oi se  s i d eban d s  g en erated  i n  th e  l ocal  osci l l ator (see  
4. 1 . 4 . 1 0).  

Th e  d i od e  h ol d er sh al l  be  as  speci fi ed  an d  th e  cou pl i n g  ci rcu i t  d esi g n ed  to  m atch  th e  d i od e  
ou tpu t i m ped an ce to  th e  I F  am pl i fi er i n pu t over th e  I F  am pl i fi er ban d pass.  

Th e  am pl i fi er sh al l  h ave  stabl e  ch aracteri sti cs  of ga i n  an d  ban d wi d th .  

I n  th e  case  of a  g as  d i sch arg e n oi se  sou rce,  i t  i s  preferabl e  th at th e  term i n ati on  con n ected  to  
th e  cal i brated  n oi se  sou rce  be  m atch ed  rath er th an  provi d e  a  sh ort ci rcu i t,  owi n g  to  th e  errors  
wh i ch  m ay be  i n trod u ced  b y th e  atten u ati on  of th e  refl ected  n oi se  power b y th e  g as  p l asm a.  
To  rem ove errors  wh i ch  m ay be  i n trod u ced  b y a  ch an g e  i n  th e  n oi se  sou rce  m atch  con d i ti on s  
between  a  "h ot"  an d  "col d "  n oi se  tu be,  i t  i s  preferabl e  to  "swi tch  i n "  th e  n oi se  sou rce  b y 
m ean s  of a  ca l i brated  atten u ator so  th at th e  n oi se  tu be  m ay be  con ti n u al l y i n  on e  state.  

Th e  b i as  su ppl i es  m ay n eed  ad j u stm en t.  

Measurement procedure  

Th e  m easu rem en t of overal l  n oi se  factor m a y be  m ad e u s i n g  on e of th e  fol l owi n g  m eth od s:  

4. 1 .4.6. 1  Doubl ing  the  output method  

Th e d i od e  i s  fi tted  i n to  a  m ou n t con n ected  to  th e  i n pu t of a  speci fi ed  am pl i fi er.  

Th e  operati n g  con d i ti on s  are  ad j u sted  to  th e  speci fi ed  val u es.  Th e  cal i brated  atten u ator i s  set  
to  provi d e  m axi m u m  atten u ati on  so  th at  n eg l i g i b l e  power from  th e  n oi se  sou rce  i s  recei ved  b y 
th e  d i od e.  Th e  g ai n  of th e  am pl i fi er i s  ad j u sted  to  provi d e  a  con ven i en t l evel  of ou tpu t power,  
as  sh own  on  th e  i n d i cator.  Th e  cal i brated  atten u ator i s  th en  ad j u sted  so  th at su ffi ci en t power 
from  th e  n oi se  sou rce  i s  appl i ed  to  th e  d i od e,  to  provi d e  a  read i n g  on  th e  i n d i cator wh i ch  i s  
d ou bl e  th e  ori g i n al  va l u e.  Th e  n oi se  power from  th e  n oi se  sou rce  i s  th en  eq u al  to  th e  n oi se  i n  
th e  n etwork,  h en ce  th e  val u e  of n etwork n oi se  power can  be  d eterm i n ed  d i rectl y.  

Th e  d ou bl i n g  of th e  ou tpu t  n oi se  power m ay be  con ven i en tl y ch ecked  b y th e  u se  of a  3  d B  
atten u ator i n  th e  I F  am pl i fi er.  Care  sh al l  be  taken  to  en su re th at th e  3  d B  atten u ator i s  
m atch ed  i n to  th e  ci rcu i t.  

Th u s:  N2  =  2  N1 ,  an d  eq u ati on  (23)  becom es:  F
N

kT B a
o

o rf

=
′ ⎡

⎣
⎢

⎤

⎦
⎥

1
 

wh ere  arf  i s  th e  RF  atten u ati on  

S i n ce:  N′  =  k To  B
T

To

−
⎡

⎣
⎢

⎤

⎦
⎥1 ,  
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th en :  Fo  =

T

T

a

o

rf

− 1

 

When  th e  n oi se  sou rce  power i s  avai l abl e  at  both  s i g n al  an d  i m ag e  freq u en ci es,  th e  n oi se  

fi g u re  wi l l  be  eq u al  to  twi ce  th e  appl i ed  n oi se  power N′ ,  i . e. :  

rf

o
o

1]1[

a

T

T
r

F
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
−+

=  

wh ere  r = =
gain  at image frequencies

gain  at signal  frequencies
1  

wh i ch ,  expressed  i n  d eci bel s ,  becom es:  

 Fo  (d B)  =  1 0  l og 1 0  ( 1  +  r)  +  1 0  l og 1 0

T

T
a

o
rf−

⎡

⎣
⎢

⎤

⎦
⎥ −1  

wh ere  arf  i s  expressed  i n  d eci bel s.  

4. 1 .4.6.2  IF  attenuation  method  

Th e d i od e  i s  fi tted  as  i n  4 . 1 . 4 . 6. 1 .  

I n  th i s  m eth od ,  an  I F  atten u ator i s  i n cl u d ed  i n  th e  ci rcu i t  (u su al l y between  th e  m ai n  an d  
pream pl i fi er secti on s  wh i ch  m ake u p  th e  am pl i fi er as  sh own  i n  F i g u re  31 ) .  Care  sh al l  be  taken  
to  en su re  th e  correct m atch  of th e  I F  atten u ator i n to  th e  ci rcu i t.  

Th e  m eth od  i s  s i m i l ar to  th at  i n  4 . 1 . 4 . 6 . 1  except th at,  wh en  th e  power from  th e  n oi se  sou rce  i s  
appl i ed  to  th e  d i od e  b y ad j u stm en t of th e  cal i brated  RF  atten u ator so  as  to  d ou bl e  th e  ou tpu t 
power,  th e  RF  atten u ator i s  ad j u sted  to  zero  atten u ati on  an d  th e  I F  atten u ator i s  ad j u sted  to  
retu rn  th e  power ou tpu t l evel  sh own  on  th e  i n d i cator to  i ts  ori g i n al  va l u e.  

H en ce:  N
N

a
1

2=
i f

 

wh ere  a i f  i s  th e  I F  atten u ati on  

Th en :  F
T

T ao
o if

= −
⎡

⎣
⎢

⎤

⎦
⎥

−

⎡

⎣
⎢

⎤

⎦
⎥1
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1
 

I f th e  n oi se  sou rce  power i s  avai l abl e  at  both  s i g n al  an d  i m ag e  freq u en ci es,  th en :  

 Fo  =  [1  +  r]
T

T ao if
−

⎡

⎣
⎢

⎤

⎦
⎥

−

⎡

⎣
⎢

⎤

⎦
⎥1

1

1
 

wh i ch ,  expressed  i n  d eci bel s ,  g i ves:  

 Fo  (d B)  =  1 0  l og 1 0  ( 1  +  r)  +  1 0  l og 1 0

T

T
a

o
if−

⎡

⎣
⎢

⎤

⎦
⎥ − −1 1 0 11 0log [ ]  

wh ere  a i f  i s  expressed  i n  d eci bel s .  
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4. 1 .4.6.3  Output  power method  

Th e  d i od e  i s  fi tted  as  i n  4 . 1 . 4 . 6 . 1  an d  th e  proced u re  i s  s i m i l ar,  except th at th e  d ou bl i n g  of th e  
power ou tpu t i s  n ot req u i red .  An y su i tabl e  power l evel s  m ay be  sh own  on  th e  i n d i cator 
provi d ed  th at th e  i n d i cated  ou tpu t power rati o  N2 /  N1  i s  m easu rabl e  wi th i n  th e  sq u are l aw part 
of th e  d etector ch aracteri sti c.  

I n  th i s  case,  eq u ati on  (2 4)  m ay be  u sed  d i rectl y.  
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I f th e  n oi se  sou rce  power i s  avai l abl e  at  both  s i g n al  an d  i m ag e  freq u en ci es,  th en :  
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wh i ch ,  expressed  i n  d eci bel s ,  g i ves:  

Fo  (d B)  =  1 0  l og 1 0  ( 1  +  r)  +  1 0  l og 1 0 .1log1 01
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4. 1 .4.7  Output  noise ratio  

4. 1 .4.7.1  Di rect  measurement  method  

4. 1 .4.7 .1 . 1  Purpose 

To m easu re th e  ou tpu t n oi se  rati o  of a  m i crowave d i od e  u n d er speci fi ed  con d i ti on s  of 
freq u en cy an d  b i as.  
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4. 1 .4.7 .1 . 2  Diagram  

 

RF generator 

IF amplifier 

RF fi lter 

IEC   1390/07 

 

Key  
R  n on -i n d u cti ve  refe ren ce  res i s tor  

Figure 32  – Ci rcu i t  for the  measurement of output noise  ratio  

4. 1 .4.7.1 .3  Ci rcu i t  description  and  requ irements  

Th e RF  fi l ter an d  d i od e  m easu rem en t m ou n t m u st con form  to  th e  req u i rem en ts  g i ven  i n  
4 . 1 . 4 . 6 .  I f m ore  accu racy i s  req u i red ,  m ean s  sh ou l d  be  provi d ed  to  tu n e  th e  cou pl i n g  ci rcu i t 
for each  i n d i vi d u al  d i od e.  Th e  cou pl i n g  ci rcu i t  sh al l  be  n on -d i ss i pati ve.  

Th e  g ai n  an d  ban d wi d th  of th e  I F  am pl i fi er sh al l  be  speci fi ed .  Th e  n oi se  factor of th e  am pl i fi er 
sh al l  be  l ower th an  th e  expected  n oi se  ou tpu t val u e  of th e  d i od e  bei n g  m easu red .  

Th e  ou tpu t con d u ctan ce of th e  m i xer sh al l  be  eq u al  to  th at of th e  d i od e  bei n g  m easu red .  F or 
con ven i en ce,  a  n u m ber of referen ce  resi stors  (coveri n g  th e  I F  i m ped an ce ran g e  expected  of 
th e  d i od es  u n d er m easu rem en t)  sh al l  be  avai l abl e;  th e y sh al l  be  m ou n ted  i n  a  posi ti on  wh i ch  
i s  ph ys i cal l y an d  el ectri cal l y eq u i val en t  to  th at of th e  d i od e.  

4. 1 .4.7. 1 .4 Measurement procedure 

Th e d i od e  i s  m ou n ted  i n  a  speci fi ed  m easu rem en t m ou n t,  u n d er speci fi ed  operati n g  
con d i ti on s.  Th e  n oi se  ou tpu t from  th e  d i od e  i s  appl i ed  to  th e  am pl i fi er h avi n g  kn own  
ch aracteri sti cs  an d  m easu red  i n  th e  ou tpu t m eter.  Th i s  n oi se  i s  com pared  wi th  th e  i n j ected  
n oi se  d evel oped  across  th e  referen ce s tan d ard  res i stor m ou n ted  i n  th e  m easu ri n g  m ou n t i n  
p l ace  of th e  d i od e,  a l l  oth er con d i ti on s  rem ai n i n g  th e  sam e.  
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Th e  ou tpu t m eter m ay b e  cal i brated  i n  term s  of ou tpu t n oi se  rati o  b y appl yi n g  vari ou s  val u es  
of n oi se  cu rren t th rou g h  th e  referen ce s tan d ard  res i stor.  A tem peratu re- l i m i ted  satu rated  
th erm oi on i c  d i od e  m ay b e  u sed  to  g en erate  th e  n oi se  cu rren t.  

Th e  ou tpu t n oi se  rati o  i s  g i ven  b y:  

N
e I

k g T
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N
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o

= −
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⎞

⎠
⎟ +

2
1 12

1

 

wh ere  

e  i s  th e  e l em en tary ch arg e  (1 , 6  ×  1 0 –1 9  C);  

k i s  th e  Bol tzm an n 's  con stan t (1 , 38  ×  1 0 –2 3  J  K–1 ) ;  

I  i s  th e  averag e  (d . c. )  an od e  cu rren t of n oi se  d i od e  (A);  

To  i s  th e  referen ce n oi se  tem peratu re  (K) ;  

g  i s  th e  m i xer l F  ou tpu t  con d u ctan ce (u su al l y expressed  i n  s i em en s  or oh m s of i ts  
reci procal ) ;  

N2  i s  th e  i n d i cated  ou tpu t wi th  d i od e  i n pu t;  

N1  i s  th e  i n d i cated  ou tpu t wi th  referen ce res i stor i n pu t.  

I f N2  =  2  N1 :  

N
e I

k g Tr
o

= +
2

1  

4. 1 .4.7.2  Calcu lated  value 

As th e  m easu red  val u e,  as  g i ven  i n  4 . 1 . 4 . 7. 1 ,  i s  so  d epen d en t on  stri n g en t m easu rem en t 
ci rcu i t  req u i rem en ts ,  i t  i s  som eti m es  m ore  accu rate  to  d eri ve  th e  ou tpu t n oi se  rati o  (Nr)  from  
th e  m easu rem en ts  of overal l  n oi se  factor (Fo)  an d  con versi on  l oss  (Lc) ,  provi d ed  th e  l atter h as  
been  m easu red ,  i n  wh i ch  case:  

1if
c

o
r +−= F

L

F
N  

wh ere  Fi f  i s  th e  n oi se  factor of I F  am pl i fi er.  

4. 1 .4.8   Conversion  loss  

Purpose  

To  m easu re  th e  con versi on  l oss  of a  m i crowave d i od e  u n d er speci fi ed  con d i ti on s.  
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4. 1 .4.8 .1  DC  incremental  method  

4. 1 .4.8 .1 . 1  Ci rcu i t  d iagram  

RF generator 

IEC   1391/07 

 

Figure  33  – Ci rcu i t  for the  measurement of conversion  loss  in  d .c.  incremental  method     

4. 1 .4.8.1 .2  Ci rcu i t  description  and  requ irements  

RL  =  R1  +  R2  =  speci fi ed  I F  l oad  res i stan ce  

R1  =  speci fi ed  d . c.  l oad  res i stan ce 

B oth  th e  m i crowave power m eter an d  th e  am m eter u sed  to  read  th e  recti fi ed  cu rren t (Io)  sh al l  
be  capabl e  of accu rate  i n d i cati on  of sm al l  ch an g es.  Al tern ati vel y,  a  ca l i brated  vari abl e  
atten u ator m a y be  u sed  to  prod u ce an  accu ratel y kn own  ch an ge  of m i crowave  power.  

Rc  sh al l  be  l arg er th an  abou t 1 00  kΩ .  Al tern ati vel y,  en  el ectron i cal l y reg u l ated  con stan t-
cu rren t sou rce  m a y be  su bsti tu ted  for th i s  res i stor,  th e  battery,  an d  poten ti om eter 2 .  Th e  
resi stan ce  between  th e  m i xer an d  th e  tap  of poten ti om eter 1  i s  m u ch  l ower th an  R1 .  

4. 1 .4.8 .1 .3  Precautions  to  be  observed  

N o speci al  precau ti on s.  

4. 1 .4.8. 1 .4 Measurement procedure 

Th e d i od e  i s  i n serted  i n to  th e  m easu rem en t ci rcu i t  as  sh own  i n  F i g u re  33  an d  operated  u n d er 
speci fi ed  con d i ti on s.  A kn own  l ow l evel  of m i crowave power (P)  i s  appl i ed  to  th e  d i od e.  Th e  
poten ti om eter (2)  i s  ad j u sted  so  th at th e  cu rren t su ppl i ed  from  th e  d . c.  sou rce  (B)  red u ces  th e  
i n d i cated  recti fi ed  cu rren t ( Io)  to  zero.  Th e  appl i ed  m i crowave  power i s  th en  ch an g ed  b y a  

sm al l  am ou n t (ΔP)  an d  th e  resu l ti n g  sm al l  ch an g e i n  recti fi ed  cu rren t (ΔIo)  i s  m easu red .  
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Th e  con versi on  l oss  i s  th en  d eri ved  from  th e  expressi on :  
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wh ere  

ΔP  i s  th e  sm al l  ch an g e i n  m i crowave power;  

ΔIo  i s  th e  correspon d i n g  ch an g e  i n  recti fi ed  cu rren t;  

P0  i s  th e  averag e  power P
P

+
Δ

2
;  

Zi r  i s  th e  I F  i m ped an ce of stan d ard  d i od e.  

Th e  d . c.  i n crem en tal  m eth od  i s  n ot read i l y ad apted  for rapi d  prod u cti on  testi n g ,  bu t  i t  i s  u sed  
m ai n l y to  establ i sh  an  absol u te  cal i brati on  of s tan d ard  d i od es.  Th ese  s tan d ard  d i od es  m a y 
th en  be  u sed  to  ca l i brate  th e  am pl i tu d e  m od u l ati on  m eth od  (see  4. 1 . 4. 8. 2) .  

4. 1 .4.8 .2  Ampl i tude  modu lation  method  

4. 1 .4.8 .2 . 1  Ci rcu i t  d iagram  

 

RF generator 

IEC   1392/07 

 

Key 
LD  d i od e  ci rcu i t  p rovi d i n g  d . c.  an d  m od u l ati on  fre q u e n cy i m p ed a n ces  as  s peci fi ed  

Figure 34 – Ci rcu i t  for the  measurement of conversion  loss  
in  ampl i tude modu lation  method   

4. 1 .4.8.2 .2  Ci rcu i t  description  and  requ i rements  

RL  i s  th e  d . c.  l oad  res i stan ce  to  com pl y wi th  th e  fol l owi n g  req u i rem en ts:  

R
Z RL

if L
2

2< <  

( th i s  approxi m ati on  l ead s  to  an  error sm al l er th an  0, 5  d B).  
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Th e  m od u l ator m a y be  real i zed  b y m ean s  of an  ad j u stabl e  atten u ator d ri ven  b y a  PI N  d i od e.  I t  
m ay be  repl aced  b y a  d i rect m od u l ati on  of th e  s i g n al  sou rce,  bu t  i n  th i s  case,  as  an  accu rate  
assessm en t of th e  val u e  of th e  m od u l ati on  coeffi ci en t i s  essen ti a l ,  som e d i ffi cu l ti es  m a y be  
en cou n tered .  Th e  b i as  su ppl i es  m a y n eed  ad j u stm en t.  

4. 1 .4.8.2 .3  Precaution  

M od u l ati on  coeffi ci en t sh al l  n ot exceed  1 0  % .  

4. 1 .4.8.2 .4 Measurement procedure 

Th e d i od e  i s  i n serted  i n to  th e  m easu rem en t ci rcu i t  as  sh own  i n  F i g u re  34,  an d  operated  u n d er 
speci fi ed  con d i ti on s.  Th e  m i crowave power i n ci d en t u pon  th e  d i od e  i s  m od u l ated  i n  am pl i tu d e  
at  a  speci fi ed  l ow freq u en cy b y a  speci fi ed  am ou n t.  Th e  m od u l ati on  en vel ope  i s  d etected  b y 
th e  d i od e  an d  an  a. c.  vol tag e  d evel oped  across  th e  d i od e  l oad .  Kn owi n g  th e  percen tag e  of 
m od u l ati on  an d  th e  s i g n al  sou rce  power,  th e  con vers i on  l oss  m a y be  obtai n ed  from :  

L
m P R

V
c

L=
2

2
 

wh ere  

m  i s  th e  m od u l ati on  coeffi ci en t (n ot m ore th an  1 0  % );  

P  i s  th e  m ean  power on  th e  d i od e;  

RL  i s  th e  l oad  res i stan ce  of th e  d i od e;  

V i s  th e  l ow-freq u en cy a. c.  vol tag e  across  RL.  

Th i s  m eth od  m a y be  u sed  as  an  absol u te  m easu rem en t or as  a  re l ati ve  com pari son  m eth od .  
I n  th e  case  of a  re l ati ve  assessm en t,  s tan d ard  d i od es  as  obtai n ed  u s i n g  th e  d . c.  i n crem en tal  
m eth od  (4 . 1 . 4. 8. 1 )  m a y be  u sed .  

As  m2 ,  P  an d  RL  are  con stan ts  of th e  m easu rem en t ci rcu i t,  th ere  wi l l  be  n o  n eed  to  assess  
th ei r va l u e  wh en  m aki n g  re l ati ve  m easu rem en ts.  

H owever,  i f th e  am pl i tu d e  m od u l ati on  m eth od  i s  u sed  to  obtai n  absol u te  m easu rem en ts,  i t  i s  
essen ti a l  to  obtai n  an  accu rate  m easu rem en t of m,  P and RL .  

4. 1 .4.9  Burnout energy 

4. 1 .4.9 .1  Purpose 

To d eterm i n e  th e  ch an g e  i n  n oi se  ou tpu t of a  m i crowave d i od e  cau sed  b y appl i cati on  of RF  or 
pu l se  en erg y.  

4. 1 .4.9 .2  Ci rcu i t  d iagram  

 

Figure  35 – Block d iagram  of burnout energy measurement ci rcu i t   

4. 1 .4.9.3  Ci rcu i t  description  and  requ i rements  

Th e pu l se  or RF  g en erator i s  m atch ed  to  th e  tran sm i ssi on  l i n e  con n ected  to  th e  d i od e  

IEC   1 139/01  
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m easu ri n g  m ou n t.  Th e  speci fi ed  power or pu l se  en erg y i s  th e  power or en erg y avai l abl e  from  
th e  tran sm i ssi on  l i n e.  Th e  actu al  d i ssi pati on  wi th i n  th e  d i od e  d epen d s  on  th e  tran sm i ssi on  l i n e  
i m ped an ce an d  on  th e  m easu ri n g  m ou n t g eom etry,  both  of wh i ch  m u st be  speci fi ed .  

4. 1 .4.9.4  Precautions  to  be  observed  

Where m ech an i cal  swi tch  con tacts  are  u sed ,  care  m u st be  taken  to  en su re  th at poss i bl e  
vari ati on s  i n  con tact res i stan ce  d o  n ot affect  th e  severi ty of th e  test con d i ti on s.  

I f th e  test i s  carri ed  ou t u s i n g  l ow repeti ti on  rates,  l ess  th an  2 00  H z,  a  m ercu ry-wetted  re l a y 
type  swi tch  i s  recom m en d ed .  

4. 1 .4.9.5  Measurement procedure 

Th e d i od e  sh al l  be  su bj ected  to  on e  of th e  fol l owi n g  tests  as  appropri ate;  after test,  th e  d i od e  
sh al l  be  m easu red  to  d eterm i n e  th e  ch an g e i n  th e  n oi se  ou tpu t prod u ced .  

4. 1 .4.9.5. 1  Burnout  by repeti tive  pu lses  

Th e d i od e  i s  su bj ected  to  a  speci fi ed  n u m ber of pu l ses  of speci fi ed  d u rati on  (wh i ch  i s  sh orter 
th an  th e  th erm al  ti m e con stan t of th e  d i od e  j u n cti on ) ,  speci fi ed  repeti ti on  rate,  h avi n g  a  
speci fi ed  en erg y con ten t.  Th e  pu l se  pol ari ty sh al l  be  th at wh i ch  cau ses  a  cu rren t to  fl ow i n  th e  
d i recti on  provi d i n g  th e  m ost  severe  effect.  

4. 1 .4.9 .5.2  Burnout  by single  pu lse 

Th e d i od e  i s  su bj ected  to  a  pu l se  h avi n g  a  speci fi ed  en erg y con ten t an d  h avi n g  a  speci fi ed  
d u rati on  (sh orter th an  th e  th erm al  t i m e con stan t  of th e  d i od e  j u n cti on ) .  Al tern ati vel y,  th e  pu l se  
g en erati n g  ci rcu i t m a y i n cl u d e  a  pu l se-form i n g  n etwork wh i ch  i s  ch arg ed  to  a  g i ven  vol tag e  
(correspon d i n g  to  th e  req u i red  en erg y val u e)  an d  a  con tact to  th e  d i od e  i s  m ad e b y an y 
su i tabl e  m ean s  so  th at a  cu rren t fl ows  th rou g h  th e  d i od e  i n  th at d i recti on  wh i ch  prod u ces  th e  
m ost severe  effect.  

4. 1 .4.9.5.3  Burnout by continuous  wave (CW)  or by RF  pu lses  

Th e d i od e  i s  fi tted  i n to  th e  speci fi ed  m easu ri n g  m ou n t an d  operated  u n d er speci fi ed  
con d i ti on s.  Th e  speci fi ed  CW or th e  speci fi ed  RF  pu l se  power i s  appl i ed  to  th e  d i od e  for th e  
speci fi ed  peri od  of ti m e.  Th i s  power m u st be  m atch ed  to  th e  d i od e  i n pu t.  

4. 1 .4.1 0  Q  value  of cavi ty requ ired  to  provide  a  stated  reduction  of the  noise  power 
wh ich  a  local  osci l lator provides  at  a  m ixer crystal  output 

I f th e  n oi se  ou tpu t from  a  l ocal  osci l l ator i s  g i ven  by a  val u e  N (W/M H z)  for a  s tated  d ri ve  l evel ,  
th e  eq u i val en t (N TR)  n oi se  tem peratu re  rati o  (to)  at  th e  m i xed  ou tpu t  m ay be  expressed  b y:  

kTBL

N
t

×
=

c
o

(W/MHz) 
 

wh ere  Lc  i s  th e  con vers i on  l oss  of th e  m i xer as  power rati o.  
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A 2 90  K an d  at  4  ×  1 0–1 5  (W /M H z):  

t
N

L
o

c

=
× × −4 1 0 1 5

 

I f,  for exam pl e,  th e  con versi on  l oss  (Lc)  of th e  d i od e  i s  6, 3  d B ,  th i s  i s  eq u i val en t  to  4 , 3  ti m es  

i n  power,  an d  

t
N

o =
× −1 7 2 1 0 1 5,

 

Th e  overal l  n oi se  factor (F) ,  wi th  n o l ocal  osci l l ator n oi se,  i s  g i ven  b y:  

F =  Lc  (Ni f  – 1  +  tr)  

wh ere  

Ni f  i s  th e  recei ver n oi se  factor val u e;  

tr  i s  th e  m i xer d i od e  N . T. R.  va l u e;  

both  expressed  as  power rati os .  

Th i s  express i on  m a y be  wri tten  as  Lc  t1 ,  wh ere  t1  i s  eq u al  to  th e  term  wi th i n  brackets.  

I f i t  i s  d es i red  to  red u ce th e  n oi se  power con tri bu ted  b y th e  l ocal  osci l l ator i n  th e  d i od e  ou tpu t 

b y n  t i m es,  th e  n ew val u e  of to ,  sa y to
1 ,  i s  g i ven  b y t1 /n .  

H en ce:  
1 5

1c
1
o

o

1 04 −×
=

tL

Nn

t

t
 (25)  

N ow th e  power respon se  of a  cavi ty i s  g i ven  b y:  

1

1
2

2

+
⎡

⎣
⎢

⎤

⎦
⎥

f Q

f

if L

o

 

wh ere  

fi f  i s  th e  I F  freq u en cy of recei ver;  

QL  i s  th e  l oad ed  Q of cavi ty;  

fo  i s  th e  cavi ty reson an t freq u en cy.  

Com bi n i n g  th i s  expressi on  wi th  eq u ati on  (2 5)  g i ves:  

1

1
2

4 1 0

2

1
1 5

+
⎡

⎣
⎢

⎤

⎦
⎥

=
× −

f Q

f

L t

Nn
i f L

o

c  
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an d  

2/1

1 5
1cif

o
L 1

1 042 ⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡
−

×
=

−tL

Nn

f

f
Q  

EXAM PLE :  

Req u i red  to  red u ce th e  n oi se  con tri bu ted  b y a  l ocal  osci l l ator b y 1 0  ti m es.  

N oi se  power from  l ocal  osci l l ator (N)  =  8  ×  1 0–1 3  W/M H z for a  g i ven  d i od e  d ri ve.  

D i od e  con versi on  l oss  (Lc)  =  6 , 3  d B  =  4 , 3  ti m es.  

D i od e  N TR (tr)  =  1 , 2  ti m es.  

Recei ver n oi se factor =  2  d B  (Ni f)  =  1 , 6  ti m es.  

Recei ver I F  freq u en cy (fi f)  =  30  M H z.  

Local  osci l l ator operates  at  1 0  G H z (fo).  

Th en :  t1  =  1 , 6–1  +  1 , 2  =  1 , 8  

QL =
× ×

× ×

× × ×
−

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

=
−

−

1 0

2 30 1 0

8 1 0 1 0

4 3 4 1 0 1 8
1 2 680

1 0

6

1 3 1

1 5

1 2

, ,

/

 

4. 1 .4.1 1  IF  ampl i fier noise  figure  

Measurement procedure  

Th e  n oi se  fi g u re  of th e  I F  am pl i fi er m ay be  d eterm i n ed  b y th e  proced u re  g i ven  i n  4 . 1 . 4. 6. 1 .  
Th e  ci rcu i t arran g em en t,  cen tre  freq u en cy an d  ban d wi d th  are  d eterm i n ed  b y th e  I F  freq u en cy 
req u i red .  

Th e  n oi se  fi g u re  of th e  am pl i fi er can  be  expressed  as  fol l ows:  

F
N

kT B N

N

if
o

=
′

−

1

12

1

 
wh i ch ,  wh en  N2  =  2N1  ad j u stm en t as  i n  4 . 1 . 4 . 6 . 1 ,  becom es:  

F
N

k T B
i f

o

=
′

 

I f a  tem peratu re  l i m i ted  n oi se  d i od e  i s  u sed  as  th e  i n pu t n oi se  appl i ed  th rou g h  th e  am pl i fi er 
i n pu t  resi stor,  th en :  

′ =N
eIRB

2
 

Th en :  

KTIR
Tk

eIR
F 290    when 20 o

o
if ===  

an d  wh ere  

I  i s  th e  n oi se  d i od e  cu rren t,  i n  am peres;  

R  i s  th e  am pl i fi er i n pu t res i stan ce,  i n  oh m s.  
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4.2  M ixer d iodes  used  in  commun ication  appl ications  

4.2. 1  General  

S ee  4 . 1 . 1 .  

4.2.2  Terminology and  l etter symbols  

S ee  4 . 1 . 2 .  

4.2.3  Essential  ratings  and  characteristics  

4.2.3.1  General  

Th e essen ti a l  rati n g s  an d  ch aracteri sti cs  for each  categ ory of d i od e  are  m arked  wi th  a  +  s i g n  
i n  th e  fol l owi n g  tabl e.  

– Categ ory A:  d i screte  d i od e.  

– Categ ory B :  d i od e  e l em en t m ou n ted  on  a  su bstrate  or i n teg rated  wi th  a  waveg u i d e.  

N OTE  Th i s  i n cl u d es  th ose  ci rcu i ts  wh i ch  con tai n  p assi ve  e l em en ts,  su ch  as  d . c.  b i as  s u ppl y ci rcu i ts ,  d . c.  
protecti on  ci rcu i ts ,  d i recti on al  cou pl ers,  fi l ters.  etc. ;  bal a n ced  types  are  a l so  i n cl u d ed .  Ci rcu i ts  con tai n i n g  
acti ve  e l em en ts,  su ch  as  tran si stors ,  osci l l ator d i od es,  etc.  are  n ot  i n cl u d e d .  

– S u bcateg ory P:  poi n t  con tact d i od e.  

– S u bcateg ory S:  Sch ottky barri er d i od e.   

 Categ ori es  

4.2.3.2  Ratings  (l imiting  values)  A B  

Th e fol l owi n g  rati n g s  sh ou l d  be  stated :  P    S  P    S  

4.2.3.2 .1  Temperatures    

4.2.3.2 .1 . 1  Range  of operating  temperatures  +     +  +     +  

4.2.3.2 .1 .2  Range  of storage  temperatures  +     +  +     +  

4.2.3.2 .2  Current   

M axi m u m  m ean  forward  cu rren t u n d er speci fi ed  con d i ti on s  at  2 5  ° C        +        +  

4.2.3.2 .3  Power d issipation  ( including  burn -out  energy)    

4.2.3.2 .4  Maximum c.w.  power under specified  conditions  at  
25  °C  

+     +  +     +  

4.2.3.2 .5  Maximum burn-out  energy by sing le  pu lse  under 
specified  cond itions  at 25  °C  

+     +  +     +  
(note 1 )  (note 1 )

4.2.3.3  Electrical  characteristics    

U n l ess  oth erwi se  speci fi ed ,  th e  fol l owi n g  ch aracteri sti cs  sh ou l d  be  s tated  
at  2 5  ° C:  

  

4.2.3.3.1  Terminal  capaci tance   

Typi cal  val u e  u n d er speci fi ed  con d i ti on s  +     +   
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 Categ ori es  

 A B  

4.2.3.3.2  Forward  current P   S  P    S  

M i n i m u m  val u e  at  speci fi ed  vol tag e        +   

4.2.3.3.3  Reverse current   

M axi m u m  val u e  at speci fi ed  reverse  vol tag e        +   

4.2.3.3.4  Ratio  of the  forward  current at  two specified  bias  
vol tages,  or coefficient n (note  2)  

  

Typi cal  va l u e        +   

4.2.3.3.5  Vol tage  standing  wave  ratio               

M axi m u m  val u e  wh en  fi tted  on  m ou n t an d  operati n g  u n d er speci fi ed  
con d i ti on s  (n ote  3)  

M axi m u m  val u e(s)  u n d er speci fi ed  con d i ti on s  (n ote  4)  

+     +  +     +  
(note 5) (note 5)

4.2.3.3.6  IF  impedance   

M i n i m u m  an d  m axi m u m  val u es  u n d er speci fi ed  con d i ti on s  (n ote  3)  +     +  +     +  
(note 5) (note 5)

4.2.3.3.7  Conversion  loss    

Typi cal  va l u e  u n d er speci fi ed  con d i ti on s  (n ote  3)  +     +  +     +  
(note 5) (note 5)

4.2.3.3.8  Overal l  noise factor   

M axi m u m  val u e  u n d er speci fi ed  con d i ti on s  (n otes  3  an d  6)  +     +  +     +  

4.2.3.3.9  Isolation    

Th e  rati o  of th e  val u e  of th e  l ocal  osci l l ator s i g n al  m easu red  at th e  l ocal  
osci l l ator to  th e  val u e  m easu red  at  th e  i n pu t s i g n al  port 

Typi cal  val u e,  expressed  i n  d eci bel s,  u n d er speci fi ed  con d i ti on s  

 
 

 

 
 

+     +  

   

4.2.3.4  Appl ication  data   

4.2.3.4. 1  Recommended  mean  forward  current,  under specified  
operating  conditions  

+     +  +     +  

4.2.3.4.2  Series  inductance   

Typi cal  va l u e  +     +   

4.2.3.4.3  Output noise  temperature  ratio    

Typi cal  va l u e  +     +  +     +  

 

N OTE  1  I f th e  d i od e  i s  i n teg rated  wi th  th e  e l em en ts  of th e  d . c.  ci rcu i ts  su ch  as  b i as  su ppl y ci rcu i t  or b i as  
protecti on  ci rcu i t,  th e  overal l  val u e  sh ou l d  i n cl u d e  th e  effect  of th i s  d . c.  ci rcu i t.  
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N OTE  2  "n"  i s  d efi n ed  by:  

)1(e    

s
−= Tnk

qV

ii  

wh ere  

i i s  th e  d i od e  forward  cu rren t;  

is  i s  th e  reve rse  satu rati on  cu rren t;  

q  i s  th e  e l ectron  ch a rg e;  

V i s  th e  app l i ed  b i as  vol ta g e;  

k  i s  th e  B ol tzm an n 's  con stan t;  

T i s  th e  abs ol u te  tem peratu re.  

N OTE  3  Th e  d e vi ce  h ol d er sh ou l d  be  speci fi ed  b y th e  m an u factu re r.  

N OTE  4  I f i n pu t  s i g n al  a n d  l ocal  osci l l ator te rm i n al s  are  sepa rate d ,  th e  vol tag e  s tan d i n g  wave  rati o  for each  
term i n al  sh ou l d  be  g i ven .  I n  th i s  case,  th e  freq u en ci es  sh ou l d  be  speci fi e d  for each  te rm i n al .  

N OTE  5  I n  ad d i ti on ,  i t  i s  n ecessary to  g i ve  th e  fre q u en cy respon se,  typi ca l  va l u e,  i n  e i th er n u m eri cal  or g rap h i cal  
represen tati on .  

N OTE  6  Th e  n oi se  factor Fo  sh ou l d  be  d eterm i n ed  for a n  assu m ed  or actu al  Fi f  of 1 , 5  d B .  

4.2.4  Measuring  methods  

See  4 . 1 . 4. 1  to  4. 1 . 4 . 9.  

4.3  Detector d iodes  

(U n d er con si d erati on . )  

5 Impatt d iodes  

5. 1  Impatt  d iodes  ampl i fiers  

5. 1 . 1  General  

(To be  d efi n ed . )  

5. 1 .2  Terms and  defin i tions  

For th e  pu rposes  of th i s  cl au se,  th e  fol l owi n g  term s  an d  d efi n i ti on s  appl y.  

5. 1 .2 . 1  Terms and  l etter symbols  

5. 1 .2 .1 . 1  Temperature 

Storag e  tem peratu re  Tstg  

Case operati n g  tem peratu re  Tcase  

Reson an t stru ctu re  am bi en t operati n g  tem peratu re  Tam b  

Reson an t stru ctu re  bod y operati n g  tem peratu re  TM B  

5. 1 .2 .1 .2  Vol tage 

Breakd own  vol tag e  V(B R)  

Operati n g  vol tag e VOP  
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5. 1 .2 .1 .3  Current 

Reverse  cu rren t IR  

Operati n g  cu rren t IOP  

Con ti n u ou s  cu rren t IA  

Peak tran si en t cu rren t IAM  

5. 1 .2 .1 .4  Power 

Power d i ss i pati on  PD  

Ou tpu t power (for a  d efi n ed  osci l l ator stru ctu re)  Po  

Ad d ed  ou tpu t power (for a  d efi n ed  am pl i fi er stru ctu re)  Po ad d  

Ou tpu t power ch an g e  wi th  cu rren t ΔPo(ΔI )  

S pu ri ou s  ou tpu t power Psp  

5. 1 .2 .1 .5  Capacitance and  resistance 

Case capaci tan ce Ccas e  

J u n cti on  capaci tan ce Cj  

Total  capaci tan ce  Ctot  

J u n cti on -to-case th erm al  res i stan ce  Rth ( j -c)  

5. 1 .2 .1 .6  Frequency 

M i n i m u m  freq u en cy of m ech an i cal  tu n i n g  ran g e  fm i n M  

M axi m u m  freq u en cy of m ech an i cal  tu n i n g  ran g e fm axM  

M i n i m u m  freq u en cy of el ectri cal  tu n i n g  ran g e  fm i n E  

M axi m u m  freq u en cy of e l ectri cal  tu n i n g  ran g e  fm a xE  

Freq u en cy ch an g e wi th  cu rren t Δf(ΔI )  

Freq u en cy ch an g e  at  tu rn -on  Δfon  

Ch an g e of freq u en cy wi th  tem peratu re  Δf(ΔT)  

Ch an g e  of ou tpu t power wi th  tem peratu re  ΔPo(ΔT)  

Ch an g e  of freq u en cy wi th  l oad  i m ped an ce  (of an  osci l l ator)  Δf(ΔZ)  

Ch an g e of ou tpu t power wi th  l oad  i m ped an ce  ΔPo(ΔZ)  

I n j ecti on  l ocki n g  ran g e  

Th e ran g e  of freq u en ci es  of an  i n j ected  s i g n al  to  wh i ch  th e  osci l l ator wi l l  l ock 

M i n i m u m  i n j ecti on  l ocki n g  freq u en cy  fm i n L  

M axi m u m  i n j ecti on  l ocki n g  freq u en cy fm a xL  

Osci l l ator con vers i on  effi ci en cy η ,  ηOS C  

Th e  rati o  of RF  power ou tpu t to  th e  d . c.  i n pu t  power 

Power-ad d ed  effi ci en cy (for am pl i fi ers  or l ocked  osci l l ators  i n  an  F M  s ystem )  η ,  ηad d  

Th e  rati o  of th e  d i fferen ce between  th e  RF  ou tpu t power an d  th e  i n pu t  power to  th e  d . c.  i n pu t 
power 
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5. 1 .2 .1 .7  Other parameters  

FM  spot n oi se  fi g u re  Ffm  

Dou bl e  s i d eban d  AM  spot n oi se  fi g u re  Fam  

RF  su m -on  ti m e  ton RF  

5. 1 .2 .2  Complementary defin i tions  

5. 1 .2 .2 . 1  Temperature 

resonant-structure  ambient  operating  temperature  
Tamb  
ai r tem peratu re  m easu red  u n d er operati n g  con d i ti on s  bel ow th e  reson an t stru ctu re  i n  an  
en vi ron m en t of su bstan ti a l l y u n i form  tem peratu re,  cool ed  on l y b y n atu ral  a i r con vecti on  an d  
n ot m ateri al l y affected  b y refl ecti ve  an d  rad i an t su rfaces  

resonant-structure body operating  temperature   
TMB  
tem peratu re  m easu red  u n d er operati n g  con d i ti on s  at a  speci fi ed  referen ce poi n t on  th e  bod y 
su rface  of th e  reson an t stru ctu re  

5. 1 .2 .2 .2  Vol tage 

operating  vol tage  (of an  Impatt d iode)   
VOP  
vol tag e  across  th e  term i n al s  th at resu l ts  from  th e  fl ow of operati n g  cu rren t 

5. 1 .2 .2 .3  Current 

operating  current (of an  Impatt  d iode)   
IOP  
cu rren t i n  th e  aval an ch e  reg i on  at  wh i ch  th e  d i od e  operates  

5. 1 .2 .2 .4  Power 

output  power (for a  defined  ampl i fier structure)   
Po  
power d el i vered  to  a  m atch ed  term i n ati on  at  th e  ou tpu t term i n al s  of th e  osci l l ator stru ctu re  

added  output power (for a  defined  ampl i fi er structure)   
Po add  
power con tri bu ted  b y th e  am pl i fi er stru ctu re  to  th e  ou tpu t power ( i . e.  RF  i n pu t power i s  
excl u d ed )  

spurious  output  power  
Psp  
tota l  i n teg rated  ou tpu t power excl u d i n g  th e  power at  th e  fu n d am en tal  freq u en cy 

5. 1 .2 .2 .5  Capaci tance 

case capacitance   
Ccase  
capaci tan ce  between  th e  term i n al s  of th e  d i od e case  wi th  n o  d i e  i n sta l l ed  

5. 1 .2 .2 .6  Frequency 

frequency change at turn-on  (for an  osci l l ator)   

Δfon  
freq u en cy ch an g e  from  an  i n i ti a l  val u e  i m m ed i atel y fo l l owi n g  th e  appl i cati on  of power to  th e  
val u e  fi n al l y reach ed  
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N OTE  For sp eci fi cati on  pu rposes,  i t  m u st be  i n d i cate d  h ow th e  i n i ti a l  va l u e  of freq u en cy i s  d efi n ed .  

5. 1 .2 .2 .7  Other parameters  

FM  spot noise  figure   
Ffm  

rati o  of:  

a)  FM  ou tpu t n oi se  power u n i t  ban d wi d th  (spectral  d en si ty)  at  a  s i n g l e  ou tpu t freq u en cy wh en  
th e  n oi se  tem peratu re  of a l l  i n pu t  term i n ati on s  i s  eq u al  to  th e  referen ce  n oi se  tem peratu re 
To  at  a l l  freq u en ci es  th at con tri bu te  to  th e  ou tpu t n oi se,  

 to :  

b)  th at  part  of i tem  a)  cau sed  b y th e  n oi se  of th e  s i g n al - i n pu t term i n ati on  at  th e  s i g n al - i n pu t 
freq u en cy 

N OTE  1  FM  n oi se  i s  th at  part  of th e  total  n o i se  th at  i s  d e tected  b y a  s ystem  th at  resp on d s  on l y to  freq u en cy 
m od u l ati on .  

N OTE  2  Th e  word  "spot"  h as  bee n  i n trod u ced  i n  th e  t i tl e  to  b e  con s i s ten t  wi th  70 2 -08 -57  of I E C 600 50 -70 2: 1 992.  

double  s ideband  AM  spot noise  figure   
Fam  

rati o  of:  

1 )  AM  ou tpu t n oi se  power per u n i t  ban d wi d th  (spectral  d en si ty)  at a  s i n g l e  ou tpu t freq u en cy 
wh en  th e  n oi se  tem peratu re  of a l l  i n pu t term i n ati on s  i s  eq u al  to  th e  referen ce  n oi se  
tem peratu re  To  a t a l l  freq u en ci es  th at  con tri bu te  to  th e  ou tpu t n oi se,  

 to :  

2)  th at part of i tem  1 )  cau sed  b y th e  n oi se  of th e  s i g n al  i n pu t term i n ati on  at th e  s i g n al  i n pu t 
freq u en cy 

N OTE  3  AM  n oi se  i s  th at  part  of th e  total  n o i se  th at  i s  d etected  by a  system  th at  resp on d s  on l y to  am pl i tu d e  
m od u l ati on .  

RF turn-on  time   
tonRF  
for a  free-ru n n i n g  osci l l ator,  th e  ti m e taken  from  swi tch -on  to  reach  a  speci fi ed  freq u en cy 

for a  l ocked  osci l l ator or am pl i fi er,  th e  ti m e taken  from  swi tch -on  to  reach  a  speci fi ed  ou tpu t 
power 

5. 1 .3  Essential  ratings  and  characteristics  

5. 1 .3 .1  General  

Th e rati n g s  of th e  e l ectri cal  ch aracteri sti cs  sh ou l d  be  stated ,  e i th er at am bi en t-rated  
tem peratu re,  or at  case-rel ated  tem peratu re.  

5. 1 .3.2  Ratings  (l imiting  values)  

5. 1 .3 .2 . 1  Temperature 

5. 1 . 3.2 .1 . 1  Storage temperature   

M i n i m u m  an d  m axi m u m  val u es.  

5. 1 .3 .2 .1 .2  Case operating  temperature 

M i n i m u m  an d  m axi m u m  val u es.  

N OTE  On e  of th e  tem peratu res  g i ven  i n  3 . 4 . 1  m ay be  speci fi ed  as  a n  a l te rn ati ve.   

BS IEC 60747-4:2007 – 72 –

http://dx.doi.org/10.3403/00282475


 

5. 1 .3 .2 .2  Power d issipation  

M axi m u m  val u e  at speci fi ed  case  tem peratu re.  

5. 1 .3 .2 .3  Continuous  current 

M axi m u m  val u e  i n  th e  aval an ch e  reg i on .  

5. 1 .3 .2 .4  Peak transient  current 

M axi m u m  val u e  i n  th e  aval an ch e  reg i on ,  for speci fi ed  pu l se  d u rati on .  

5. 1 .3.3  Characteristics  

Th e fol l owi n g  ch aracteri sti cs  sh ou l d  be  g i ven  at  a  case  tem peratu re  of 25  ° C.  

5. 1 .3 .3.1  Breakdown  vol tage 

M i n i m u m  an d  m axi m u m  val u es,  at  speci fi ed  reverse cu rren t.  

5. 1 .3.3.2  Reverse current 

M axi m u m  val u e,  at speci fi ed  reverse  vol tag e  bel ow th e  m i n i m u m  breakd own  vol tag e.  

5. 1 .3 .3.3  Total  capacitance 

M i n i m u m  an d  m axi m u m  val u es,  u n d er speci fi ed  b i as  vol tag e  con d i ti on s.  

5. 1 .3 .3.4  Junction-to-case  thermal  resistance 

M axi m u m  val u e.  

5. 1 .3 .4  Addi tional  ratings  and  characteristics  

When  th e  d i od e i s  speci fi ed  for u se  i n  a  d efi n ed  reson an t stru ctu re,  th e  fol l owi n g  ad d i ti on al  
rati n g s  an d  ch aracteri sti cs  sh ou l d  be  g i ven .  

5. 1 .3.4.1  Ratings  (l imiting  values)  

Ei th er:  

5. 1 .3.4.1 . 1  Resonant structure  ambient operating  temperature 

M i n i m u m  an d  m axi m u m  val u es.  

Or:  

5. 1 .3.4.1 .2  Resonant structure  body operating  temperature 

M i n i m u m  an d  m axi m u m  val u es  at a  speci fi ed  referen ce  poi n t.  

5. 1 .3 .4.2  Characteristics  

Th e fol l owi n g  ch aracteri sti cs  of th e  aval an ch e  d i od e  an d  i ts  d efi n ed  reson an t stru ctu re  sh ou l d  
be  g i ven  at  an  am bi en t or stru ctu re  bod y tem peratu re  of 2 5  ° C  u n l ess  oth erwi se  stated .  

5. 1 .3.4.2 . 1  Operating  vol tage 

M axi m u m  val u e,  at speci fi ed  operati n g  cu rren t(s).  
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5. 1 .3 .4.2 .2  Output  power (for a  defined  osci l l ator structure)  

M i n i m u m  an d ,  wh ere  appropri ate,  m axi m u m  val u es,  at  speci fi ed  d i od e  operati n g  cu rren t(s)  
an d ,  i f appl i cabl e,  over th e  speci fi ed  m ech an i cal  or e l ectri cal  tu n i n g  ran g e  an d  at a  speci fi ed  
vol tag e  stan d i n g  wave  rati o  (VSW R).  

5. 1 .3 .4.2 .3  Added  output power (for a  defined  ampl i fi er structure)  

M i n i m u m  an d ,  wh ere  appropri ate,  m axi m u m  val u es,  at  speci fi ed  d i od e  operati n g  cu rren t(s)  
an d ,  i f appl i cabl e,  over th e  speci fi ed  m ech an i cal  or e l ectri cal  tu n i n g  ran g e  an d  at a  speci fi ed  
VSWR.  

Th e  fol l owi n g  ch aracteri sti cs  sh ou l d  be  g i ven  wh ere  appl i cabl e.  

5. 1 .3.4.2 .4 Tuning  range (mechan ical )  

M i n i m u m  an d  m axi m u m  freq u en ci es  at speci fi ed  operati n g  cu rren t.  

5. 1 .3 .4.2 .5  Tuning  range (electrical )  

M i n i m u m  an d  m axi m u m  freq u en ci es  over a  speci fi ed  tu n i n g  d i od e  vol tag e  ran g e  an d  at a  
speci fi ed  operati n g  cu rren t.  

5. 1 .3 .4.2 .6  Frequency change wi th  operating  current 

M i n i m u m  or m axi m u m  val u e  over a  speci fi ed  operati n g  cu rren t ran g e.  

5. 1 .3.4.2 .7  Output power change with  current 

M axi m u m  val u e  over a  speci fi ed  operati n g  cu rren t ran g e.  

5. 1 .3 .4.2 .8  FM  noise figure 

M axi m u m  val u e  u n d er speci fi ed  con d i ti on s,  preferabl y sel ected  from  th e  fol l owi n g :  

B an d wi d th :  1  H z,  1 0  H z,  1 00  H z or 1  kH z 
 an d  1 0  kH z,  1 00  kH z,  1  M H z or 1 0  M H z for carri er.  

5. 1 .3.4.2 .9  Double  sideband  AM  noise figure 

M axi m u m  val u e  u n d er speci fi ed  con d i ti on s,  preferabl y sel ected  from  th ose  i n  5. 1 . 3 . 4 . 2 . 8.  

5. 1 .3 .4.2 . 1 0  Frequency change at tu rn-on  

M axi m u m  val u e  u n d er speci fi ed  con d i ti on s.  

5. 1 .3 .4.2 . 1 1  Spurious  output  power(s)  

M axi m u m  val u e(s) ,  at  speci fi ed  freq u en ci es  an d  u n d er speci fi ed  con d i ti on s.  
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5. 1 .3.4.2 . 1 2  Frequency change with  temperature 

M axi m u m  val u e  over th e  operati n g  tem peratu re  ran g e,  u n d er speci fi ed  con d i ti on s.  

5. 1 .3.4.2 . 1 3  Output power change with  temperature 

M axi m u m  val u e  over th e  operati n g  tem peratu re  ran g e,  u n d er speci fi ed  con d i ti on s.  

5. 1 .3.4.2 . 1 4  Frequency change wi th  load  impedance variation  

M axi m u m  val u e  for a  speci fi ed  vol tag e  stan d i n g  wave  rati o  (VSW R),  al l  ph ases.  

5. 1 .3.4.2 . 1 5  Output  power change with  load  impedance variation  

M axi m u m  val u e  for a  speci fi ed  VSWR al l  ph ases.  

5. 1 .3 .4.2 . 1 6  RF  turn-on  time 

M axi m u m  val u e  u n d er speci fi ed  con d i ti on s.  

5. 1 .3.4.2 . 1 7  In jection  locking  range  

M i n i m u m  an d  m axi m u m  i n j ecti on  l ocki n g  freq u en ci es  at  speci fi ed  i n j ecti on  l ocki n g  power.  

5. 1 .3.4.2 . 1 8  Continuous  (d i rect)  to  RF  conversion  efficiency (for osci l lators)  

M i n i m u m  val u e  u n d er speci fi ed  con d i ti on s.  

5. 1 .3 .4.2 . 1 9  Power-added  efficiency (for ampl i fi ers)  

M i n i m u m  val u e  u n d er speci fi ed  con d i ti on s.  

5. 1 .3 .5  Supplementary in formation  

5. 1 . 3.5.1  Case capaci tance 

Typi cal  va l u e.  

5. 1 .3 .5.2  Junction  capaci tance 

Typi cal  va l u e  u n d er speci fi ed  con d i ti on s.  

5.2  Impatt  d iodes  osci l lators  

(U n d er con si d erati on ).  

6 Gunn  d iodes  

6. 1  General  

(U n d er con si d erati on ).  
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6.2  Terms  and  defin i tions  

For th e  pu rposes  of th i s  cl au se,  th e  fol l owi n g  term s  an d  d efi n i ti on s  appl y.  

6.2. 1  pu lse  breakdown  vol tage (of a  Gunn  d iode)  
V(BR)  

l owest val u e  of th e  vol tag e  u n d er speci fi ed  pu l se  con d i ti on s  at  wh i ch  th e  res i stan ce  of th e  
d i od e d ecreases  su d d en l y 

6.3  Essential  ratings  and  characteristics  

(U n d er con si d erati on ).  

6.4 Measuring  methods  

6.4. 1  Pu lse  breakdown  vol tage  V(BR)    

6 .4. 1 . 1  Purpose 

To m easu re  th e  th resh ol d  vol tag e  of a  G u n n  d i od e  u n d er th e  speci fi ed  con d i ti on s.  

6.4. 1 .2  Ci rcu i t  d iagram  

 

Key  
V(B R)  pu l se  b re akd own  vol tag e  

Figure 36  – Ci rcu i t  for the  measurement  of pu lse  breakdown  vol tage 

6.4. 1 .3  Ci rcu i t  description  and  requ irements  

D  i s  th e  d i od e  bei n g  m easu red  

G  i s  th e  n an osecon d  pu l se  g en erator 

O  i s  th e  osci l l oscope   

6.4. 1 .4  Measurement procedure 

Th e i n pu t pu l se  i s  appl i ed  to  th e  d i od e b y th e  pu l se  g en erator,  G .  

I n crease  th e  am pl i tu d e  of th e  i n pu t pu l se  u n ti l  th e  back-porch  of th e  pu l se  observed  on  th e  
osci l l oscope d rops  abru ptl y.  

I m m ed i atel y pri or to  th i s  ti m e th e  vol tag e across  th e  d i od e  i s  th e  th resh ol d  vol tag e of th e  
G u n n  d i od e.  

6.4. 1 .5  Specified  cond itions  

Am bi en t tem peratu re  

Pu l se  d u rati on  

Pu l se  d u ty factor 

IEC   1 143/01  
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6.4. 1 .6  Precautions  

Th e pu l se  d u rati on  an d  d u ty cycl e  sh al l  be  ch osen  to  preven t th e  perm an en t ch an g e of 
ch aracteri sti cs  or d estru cti on  of th e  d evi ce.  

6.4.2  Threshold  vol tage 

6.4.2 .1  Purpose 

To m easu re  th e  th resh ol d  vol tag e  of a  G u n n  d i od e  u n d er speci fi ed  con d i ti on s.  

6.4.2 .2  Ci rcu i t  d iagram  

 

Key 
1  vol tag e  g en erator 
2  cavi ty wi th  th e  d i od e  bei n g  m easu red  
3  vari a bl e  atten u ator 
4  osci l l ati on  i n d i cator (p owe r m eter or d etector ch am ber wi th  a  m i croam m eter or a  s troboscopi c 
 osci l l os cope )  
5  d . c.  vol tag e  m eter 

Figure 37  – Ci rcu i t  for the  measurement  of threshold  vol tage 

6.4.2 .3  Ci rcu i t  description  and  requ irements  

For proper m easu rem en t i t  i s  n ecessary to  h ave  a  cavi ty ch am ber,  th e  d es i g n  of wh i ch  i s  
speci fi ed  for each  type  of d i od e.  

Th e  cavi ty ch am ber sh al l  m eet th e  fol l owi n g  req u i rem en ts:  

– h ave  ad j u stm en t e l em en ts  en abl i n g  vi su al  osci l l ati on  m od e of a  d i od e  to  be  observed  
wi th i n  th e  speci fi ed  freq u en cy ban d ;  

– en su re  a  speci fi ed  m i crowave freq u en cy cou pl i n g  i n  th e  d i od e  su ppl y ci rcu i t;  

– en su re  th e  h eat rem oval  from  th e  d i od e  i n  th e  operati n g  con d i ti on s.  I n  th i s  case  th e  cri ti cal  
h ol d i n g  tem peratu re  sh ou l d  n ot exceed  a  speci fi ed  m axi m u m  rati n g  for a  parti cu l ar type  of 
d i od e.  Th e  i n pu t res i stan ce  of th e  vol tag e sou rce sh ou l d  n ot exceed  1 0  %  of th e  d i od e  
res i stan ce.  

6.4.2 .4  Measurement procedure 

Th e  d i od e  i s  i n serted  i n to  th e  cavi ty.  Th e  su ppl y vol tag e  i s  g rad u al l y i n creased  u n ti l  osci l l ati on  
occu rs.  Th e m om en t wh en  th e  osci l l ati on  occu rs  i s  d efi n ed  b y th e  i n d i cator (4).  Th e  cavi ty i s  
ad j u sted  to  th e  m axi m u m  i n d i cator read i n g .  W h en  th e  i n d i cator i s  overl oad ed ,  an  atten u ator i s  
u sed .  Th e  su ppl y vol tag e  i s  red u ced  to  zero.  Th ese  operati on s  are  repeated  u n ti l  th e  
m i n i m u m  vol tag e val u e  at wh i ch  osci l l ati on  occu rs  i s  ach i eved .  Th e  th resh ol d  vol tag e val u e  i s  
read  on  th e  d . c.  vol tag e  m eter at  th e  m om en t wh en  th e  osci l l ati on  occu rs.  

IEC   1 144/01  
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6.4.3  Resistance 

6.4.3. 1  Vol tmeter-ammeter method  

6.4.3.1 . 1  Purpose 

To m easu re  th e  resi stan ce  of a  G u n n  d i od e  u n d er speci fi ed  con d i ti on s.  

6.4.3.1 .2  Ci rcu i t  d iagram  

 

Key  
G  d . c.  g en erator 
A  d . c.  am m eter 
V  d . c.  vol tm eter 
D  d i od e  b ei n g  m easu red   

Figure  38  – Ci rcu i t  for the  measurement of resistance  in  vol tmeter-ammeter method    

6. 4.3. 1 .3  Ci rcu i t  description  and  requ irements  

Th e  i n pu t resi stan ce  of th e  vol tm eter sh ou l d  be  h i g h  wi th  respect to  th e  m axi m u m  resi stan ce  
of th e  d i od e.  

6.4.3.1 .4  Measurement procedure 

Th e m easu ri n g  cu rren t sh al l  be  s i g n i fi can tl y l ower th an  th e  th resh ol d  cu rren t,  ITO .  

Take  i n to  accou n t th e  vol tag e  d rop  on  wi res  an d  term i n al s  con n ecti n g  th e  d i od e  to  th e  
m easu rem en t ci rcu i t.  

For th i s  pu rpose  th e  vol tag e  d rop  on  th e  sh ort-ci rcu i ted  term i n al s  of th e  d i od e  h ol d er i s  
m easu red .  

Th e res i stan ce  of a  G u n n  d i od e  i s  cal cu l ated  b y th e  form u l a:  

R
U

I
=  

wh ere  

R  i s  th e  res i stan ce  of th e  d i od e  bei n g  m easu red ;  

U  i s  th e  vol tag e d rop  on  th e  d i od e  bei n g  m easu red ;  

I  i s  th e  cu rren t th rou g h  th e  d i od e  bei n g  m easu red .  

IEC   1145/01  
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6.4.3.2  Al ternative  method  

6.4.3.2 .1  Ci rcu i t  d iagram  

 

Key 
G  d . c.  g en e rator 
R1  va ri a bl e  res i stor 
V  d . c.  vol tm eter 
S   swi tch   
R2   ca l i brated  res i s tor 
D   d i od e  be i n g  m easu red  

Figure  39  – Ci rcu i t  for the  measurement of resistance  in  al ternative  method   

6.4.3.2.2  Ci rcu i t  description  and  requ irements  

Th e i n tern al  res i stan ce  of th e  d . c.  g en erator (G  an d  R1 )  sh ou l d  be  h i g h  wi th  respect to  th e  
m axi m um  resi stan ce  of th e  d i od e.  Th e  val u e  of th e  vari abl e  res i stor,  R1 ,  i s  ch osen  so  th at th e  

cu rren t th rou g h  th e  d i od e  can  be  ad j u sted  wi th i n  ±1 0  % .  

Th e  res i stan ce  of th e  cal i brated  res i stor,  R2 ,  sh ou l d  n ot  be  l ess  th an  th e  m axi m um  rati n g  of 

th e  d i od e  res i stan ce.  

6.4.3.2 .3  Measurement procedure 

Th e swi tch  S  i s  set i n  posi ti on  1  an d  th e  m eter scal e  i s  ca l i brated  b y th e  resi stor,  R1 .  

Th en  th e  swi tch  S  i s  set i n  posi ti on  2  an d  th e  res i stan ce  val u e  i s  read  on  th e  m eter scal e.  

7 Bipolar transistors  

7. 1  General  

Th i s  cl au se  provi d es  term s  an d  d efi n i ti on s,  essen ti a l  rati n g s  an d  ch aracteri sti cs,  m easu ri n g  
m eth od s,  an d  veri fyi n g  m eth od s  for b i pol ar tran si stors  u sed  i n  m i crowave appl i cati on s.  For 
g en eral  i tem s  of b i pol ar tran si stors,  refer to  I E C 60747-7.  

7.2  Terms  and  defin i tions  

For th e  pu rposes  of th i s  cl au se ,  th e  fol l owi n g  term s  an d  d efi n i ti on s  appl y:  

7.2. 1  
output  power at 1 dB  gain  compression  
Po(1 dB)  
S ee  8 . 2. 1 3.  

IEC   1 146/01  
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7.2.2  
output  power  
Po 
S ee  3 . 3  of I EC 60747-1 6-2: 2002.  

7.2.3  
power gain  at  1 dB  gain  compression  
Gp(1 dB)  

S ee  8 . 2. 1 4 .  

7.2.4 
power-added  efficiency 

ηadd  

S ee  8 . 2. 1 5.  

7.2.5  
col lector efficiency 

ηc  

rati o  of ou tpu t power to  d . c.  i n pu t power of col l ector 

N OTE  Th i s  rati o  i s  n orm al l y e xpress ed  as  a  pe rcen ta g e.  

7.2.6  
noise  figure  
F 

S ee  702-08-57  of I E C 60050-702 : 1 992 .  

7.2.7  
associated  gain  
Gas  

S ee  8 . 2. 23.  

7.2.8  
min imum noise  figure 
Fmin  

S ee  8 . 2. 21 .  

7.2.9  
source  reflection  factor for min imum noise figure 
rGFmin  
sou rce  refl ecti on  factor th at g i ves  m i n i m u m  n oi se  fi g u re  

N OTE  1  For sou rce  refl ecti on  coeffi ci en t  (factor),  s ee  3. 5. 3. 3  of I E C 60 747 -7: 200 0.  

N OTE  2  Th e  s ym bol  "Γo p t"  i s  s ti l l  i n  com m on  u se  for th e  sou rce  refl ecti on  factor for m i n i m u m  n oi se  fi g u re.   

7.2. 1 0  
equ ivalen t i nput  noise  resistance 
Rn  

q u oti en t  of th e  eq u i val en t i n pu t  n oi se  vol tag e an d  th e  eq u i val en t i n pu t n oi se  cu rren t (see 3. 4. 5  
an d  3 . 4 . 6  of I E C 60747-1 : 2 006).  

7.2. 1 1  
maximum  frequency of osci l l ation  
fmax  

S ee  3 . 4. 1 4  of I E C 60747-7: 2000.  
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7.2. 1 2  
transi tion  frequency 
fT  

S ee  3 . 4. 1 5  of I E C 60747-7: 2000.  

7.2. 1 3  
frequency of un i ty current transfer ratio  
f1  

S ee  3 . 4. 1 6  of I E C 60747-7: 2000.  

7.2. 1 4 
maximum  avai lable  gain  
Ga(max)  
S ee  8 . 2. 8.  

N OTE  Th e  a bb re vi ati on  “MAG”  i s  i n  com m on  u se  for th e  m a xi m u m  avai l a bl e  g ai n .  

7.2. 1 5 
maximum  stable  gain  
Gms  
m ag n i tu d e  of th e  rati o  of S21  i n  com m on  em i tter con fi g u rati on ,  to  S1 2  i n  com m on  em i tter 
con fi g u rati on ,  th e  ou tpu t term i n ati n g  res i stan ce  an d  th e  sou rce  res i stan ce  each  h avi n g  th e  
val u e  R0   

N OTE  Th e  a bb re vi ati on   “MSG”  i s  i n  com m on  u s e  for th e  m axi m u m  avai l abl e  g ai n .  

7.2. 1 6  
insertion  power gain  
|S21 e |

2
 

m ag n i tu d e  sq u ared  of S2 1  i n  com m on  em i tter con fi g u rati on ,  th e  ou tpu t term i n ati n g  res i stan ce  
an d  th e  sou rce res i stan ce each  h avi n g  th e  val u e  R0   

7.2. 1 7  
input  power at  the  in tercept point  (for in termodulation  products)  
Pi , n (IP)  
i n pu t  power at  i n tersecti on  between  th e  extrapol ated  ou tpu t powers  of th e  fu n d am en tal  
com pon en t an d  nth  ord er i n term od u l ati on  com pon en ts,  wh en  th e  extrapol ati on  i s  carri ed  ou t  
i n  a  d i ag ram  sh owi n g  th e  ou tpu t power of th e  com pon en ts  ( i n  d eci bel s)  as  a  fu n cti on  of th e  
i n pu t  power ( i n  d eci bel s)  

N OTE  Th e  a bb re vi ati on  “IIPn ”  i s  i n  com m on  u se  for th e  i n pu t  power at  th e  i n tercept po i n t  (for i n term od u l ati on  
prod u cts).  

7.2. 1 8  
output  power at the  in tercept point (for in termodulation  products)  
Po,n(IP)  
ou tpu t power at i n tersecti on  between  th e  extrapol ated  ou tpu t powers  of th e  fu n d am en tal  
com pon en t an d  nth  ord er i n term od u l ati on  com pon en ts,  wh en  th e  extrapol ati on  i s  carri ed  ou t  
i n  a  d i ag ram  sh owi n g  th e  ou tpu t power of th e  com pon en ts  ( i n  d eci bel s)  as  a  fu n cti on  of th e  
i n pu t  power ( i n  d eci bel s)  

N OTE  Th e  abb re vi ati on  “OIPn ”  i s  i n  com m on  u se  for th e  ou tpu t  p ower at  th e  i n terce pt  p oi n t  (for i n term od u l ati on  
prod u cts).  

7.2. 1 9  
in termodu lation  d istortion  
P1 /Pn  
S ee  3 . 7  of I EC 60747-1 6-1 : 2007.  

N OTE  Th e  a bb re vi ati on  “IMDn”  i s  i n  com m on  u se  for th e  nth  ord er i n term od u l ati on  d i storti on .  
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7.2.20  
load  mismatch  tolerance 

ΨL  
maximum  load  VSWR in  the  range  where  the  device  ampl i fi es  the  i npu t s i gnal  wi th  no  
osci l l ation  and  no  spurious  in tensi ty and/or no  d i scontinu i ty of the  frequency response at a l l  
phase  ang les  wi th  speci fied  cond i tions  

7.2.21  
source  m ismatch  tolerance 

ΨS  
maximum  source  VSWR in  the  range  where  the  device  ampl i fi es  the  i npu t s i gnal  wi th  no  
osci l l ation  and  no  spurious  in tensi ty and/or no  d i scontinu i ty of the  frequency response at a l l  
phase  ang les  wi th  speci fied  cond i tions  

7.2.22  
load  mismatch  ruggedness  

ΨR  
maximum  load  VSWR in  the  range  where  the  device  wi thstand  load  m ismatch  wi th  no  
degradation  at a l l  phase ang les  wi th  speci fied  cond i tions  

7.3  Essential  ratings  and  characteristics  

7.3. 1  General  

This  subclause  g ives  rati ngs  and  characteristics  requ i red  for speci fying  m icrowave b ipolar 
transistors.  

M icrowave  bipolar transistors  are  d ivided  i n to  two  categories:  

– category A:  power devices;  

– category B:  smal l  power s ignal  devices.  

7.3.2  Limi ting  values  (absolu te  maximum rating  system)  

7.3.2 . 1  Electrical  l imi ting  values  

Lim i ti ng  values  shal l  be  speci fied  as  shown  i n  Table  1 :  

Table  1  – E lectrical  l im i ting  values  

Subclause  Parameters  M in .  Max.  

7. 3.2 . 1 . 1  Col l ector-base vol tage wi th  zero  emi tter current,  VCBO   +  

7 . 3.2 . 1 . 2  Col l ector-emi tter vol tage  wi th  zero  base  current,  VCEO   +  

7 . 3. 2 . 1 .3  Emi tter-base vol tage  wi th  zero  col lector curren t,  VEBO   +  

7 . 3. 2 . 1 . 4 Col lector curren t,  IC   +  

7 . 3. 2 . 1 .5  Storage  temperature,  Tstg  +  +  

7. 3.2 . 1 . 6  Junction  temperature,  Tj   +  

7 . 3.2 . 1 . 7  E i ther total  power d issipation ,  Ptot  or  +  

 Col lector power d issipation ,  PC   +  

 

7.3.2 .2  Characteristics  

Characteristics  are  to  be  g iven  at 25  °C  except where  otherwise  s tated .   
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7.3.2 .2 .1  DC  characteristics  

The parameters  shal l  be  speci fied  correspond ing  to  categories  as  shown  in  Table  2  below.  

Table  2  – DC  characteristics  

Categori es  
Subclause  Parameters  M in .  Typ.  Max.  

A B  

7. 3. 2. 2. 1 . 1  Col l ector-base  cu t-off curren t,  ICBO  +   +  +  +  

7.3.2 .2 . 1 . 2  Emi tter-base cu t-off current,  IEBO  +   +  +  +  

7.3.2 .2. 1 . 3  Col l ector-emi tter cu t-off current,  ICEO  

(where  appropriate)  

+   +  +  +  

7.3.2 .2. 1 . 4 Stati c  value  of common-emi tter forward  
curren t transfer ratio,  h21 E  

+   +  +  +  

7.3.2 .2. 1 . 5  Junction -case  thermal  resistance,  Rth ( j -

c)  
  +  +   

7.3.2 .2. 1 . 6  Col l ector-base  breakdown  vol tage  wi th  
zero  emi tter curren t,  V(BR)CBO  

(where  appropriate)  

+  +   +  +  

7.3.2 .2 . 1 . 7  Emi tter-base breakdown  vol tage  wi th  
zero  emi tter curren t,  V(BR)EBO  

(where  appropriate)  

+  +   +  +  

7.3.2 .2. 1 . 8  Col l ector-emi tter breakdown  vol tage  
wi th  zero  emi tter current,  V(BR)CEO  

(where  appropriate)  

+  +   +  +  
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7.3.2 .2 .2  RF  characteristics  

The parameters  shal l  be  speci fied  correspond ing  to  categories  as  shown  in  Table  3  below:   

Table  3  – RF  characteristics  

Categori es  
Subclause  Parameters  M in .  Typ.  Max.  

A B  

7. 3. 2 .2 .2 . 1  Common-emi tter reverse  transfer 
capaci tance,  Cre  (where  appropriate)  

 +  +   +  

7 .3.2 . 2. 2 . 2  Common-base  outpu t capaci tance,  
Cobs  (where  appropriate)  

 +  +   +  

7 .3. 2. 2 .2 . 3  Base-col lector capaci tance,  Ccb  

(where  appropriate)  
 +  +   +  

7 .3. 2. 2 .2 . 4  E i ther output power at  1 dB  gain  
compression ,  Po(1 dB)  or  

Output power at  speci fied  i nput 
power,  Po  

+  +   +   

7 . 3.2 . 2. 2. 5  Power gain  at  1 dB  gain  compression,  
Gp(1 dB)  

+  +   +   

7 . 3. 2 .2 .2 . 6  Power-added  efficiency,  η add  (where  
appropriate)  

+  +   +   

7 . 3.2 . 2. 2. 7  Col lector effi ciency,  η c  

(where  appropriate)  
+  +   +   

7 . 3.2 . 2. 2. 8  Noise  fi gure,  F  +  +   +  

7 .3.2 .2 . 2. 9  Associated  gain ,  Gas  +  +    +  

7 . 3.2 .2 . 2. 1 0  M in imum  noise  figure,  Fmin  (where  
appropriate)  

 +  +   +  

7 . 3. 2 .2 .2 . 1 1  Source  reflection  factor for m in imum  
noise  fi gure,  rGFmin  (where  
appropriate)  

 +    +  

7 .3. 2. 2 .2 . 1 2  Equ ivalent i npu t noise  resistance,  Rn  

(where  appropriate)  
 +    +  

7 .3.2 .2 .2 . 1 3  Maximum  frequency of osci l l ation ,  
fmax (where  appropriate)  

 +    +  

7 . 3.2 . 2. 2 . 1 4  Transi tion  frequency,  fT  (where  
appropriate)  

 +    +  

7 .3.2 .2 . 2. 1 5  

 

 

Frequency of un i ty current transfer 
ratio,  f1  (where  appropriate)  

 +    +  
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Table  3  (continued)  

Categori es  
Subclause  Parameters  M in .  Typ.  Max.  

A B  

7. 3. 2. 2. 2 . 1 6  E i ther 

Maximum  avai l able  gain ,  Ga(max)   or 
maximum  stable  gain ,  Gms  or Insertion  
gain ,  |S21 e |

2  

+  +    +  

7 . 3. 2. 2. 2. 1 7  E i ther 

Input power at  the  i n tercept point(for 
i n termodu lation  products) ,  Pi , n ( IP)  or 
output power at  the  i n tercept  point 
(for i n termodu lation  products) ,  Po,n( IP)  

or In termodu lation  d istortion ,  P1 /Pn  

(where  appropriate)  

 +   +   

7 . 3.2 .2 . 2. 1 8  Load  m ismatch  tolerance,  ΨL  (where  
appropriate)  

  +  +   

7 . 3. 2. 2. 2. 1 9  Source  m ismatch  tol erance,  ΨS  (where  
appropriate)  

  +  +   

7 . 3.2 . 2. 2. 20  Load  m ismatch  ruggedness,  ΨR  

(where  appropriate)  
  +  +   

 

7.4 Measuring  methods  

7.4. 1  General  

Th e m easu ri n g  m eth od s  of fi e l d -effect tran si stor are  appl i cabl e,  wi th  th e  term s  an d  s ym bol s  of 
b i pol ar tran s i stor i n  7. 4 . 3 . 3 ,  7 . 4 . 3 . 4 ,  7. 4 . 3. 5,  7 . 4 . 3 . 6,  7 . 4 . 3 . 7,  7 . 4 . 3 . 8  an d  7 . 4. 3 . 9  bei n g  
repl aced  wi th  th e  repl aci n g  ru l es  sh own  i n  Tabl e  4  an d  5  or 6.  Con stan t base  cu rren t,  i n  
Tabl e  5,  or con stan t base  vol tag e,  i n  Tabl e  6  i s  u sed  properl y.   

Table  4 – Replacing  ru le  for terms  

Terms  to  be  replaced  Terms  to  be  replaced  by 

Fi el d -effect tran s i stor 

G ate-sou rce  vo l tag e,  VG S  

G ate-sou rce  cu t-off vol tag e  

Dra i n -s ou rce  vol tag e,  VD S  

Dra i n  cu rre n t,  ID  

B i pol ar tran si stor 

B ase-em i tter vol ta g e,  VB E  

B ase  em i tter cu t-off cu rren t 

Col l ector-em i tter vol tag e,  VC E  

Col l ector cu rre n t,  IC  
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Table  5  – Replacing  ru le  for symbols  in  the  case  of constant base  current 

Symbols  to  be  replaced  Symbols  to  be  replaced  by 

 

 

+ 

– 

V VGG  VGS  

 

 

 

A

+

–

IBB  

IB  

 

 

V 

A 

  

+ 

– 

VDD  VDS  

ID

 

 

V

A

+

–

VCC  VCE  

IC

 

 

Table  6  – Replacing  ru le  for symbols  in  the  case  of constant base  vol tage 

Symbols  to  be  replaced  Symbols  to  be  replaced  by 

 

 

+ 

– 

V VGG  VGS  

 

 

 

 

+

–

V VBB  VBE  

 

 

V 

A 

+ 

– 

VDD  VDS  

ID  

 

 

V

ICA

+

–

VCC  VCE  
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7.4.2  DC  characteristics  

7.4.2 .1  Col lector-base breakdown  vol tage wi th  zero  emitter current  (V(BR)CBO) ,  
emitter-base breakdown  vol tage with  zero  col lector current  (V(BR)EBO)  and  
col lector-emitter breakdown  vol tage  with  zero  base  current  (V(BR)CEO)     

Th e m easu ri n g  m eth od s  of V(B R)CB O  an d  V(B R)E B O  g i ven  i n  6 . 1 . 1 0  of I EC  60747-7: 2 000,  are  
appl i cabl e.  Th e m easu ri n g  m eth od  of V(B R)CE O  i s  appl i cabl e  b y su i tabl y i n terch an g i n g  th e 
base  an d  em i tter term i n al s  i n  6 . 1 . 1 0 . 2  of I EC  60747-7: 2000.  

7.4.2 .2  Col lector-base cut-off current (ICBO) ,  emi tter-base  cut-off current  (IEBO)  and  
col lector-emitter cut-off current (ICEO)  

Th e m easu ri n g  m eth od s  g i ven  i n  6. 1 . 2 . 1 ,  6. 1 . 2 . 2  an d  6 . 1 . 3  of I EC  60747-7: 2000  are  
appl i cabl e.   

7.4.2 .3  Static value  of common-emitter forward  current transfer ratio  (h21 E)  

Th e m easu ri n g  m eth od  g i ven  i n  6. 2 . 7  of I E C 60747-7: 2000  i s  appl i cabl e.  

7.4.2 .4  Junction-case thermal  resistance (Rth ( j -c) )  

Th e m easu ri n g  m eth od  g i ven  i n  6. 1 . 1 1  of I E C 60747-7: 2 000  i s  appl i cabl e.  

7.4.3  RF  characteristics  

7.4.3. 1  Common-emitter reverse  transfer capaci tance  (Cre)  

Th e m easu ri n g  m eth od  g i ven  i n  6. 1 . 8. 2  of I EC 60747-7: 2 000  i s  appl i cabl e,  wi th  th e  term  
"col l ector-base  capaci tan ce,  Ccb"  bei n g  repl aced  b y "com m on -em i tter reverse  tran sfer 
capaci tan ce,  Cre".  

N OTE  Th e  te rm  "col l ector-base  capaci tan ce,  Ccb"  i s  i d en ti cal  to  th e  com m on -em i tter re ve rse  tran sfer capaci tan ce.  

7.4.3.2  Common-base  ou tput capacitance  (Cob)  

Th e m easu ri n g  m eth od  g i ven  i n  6. 1 . 8. 1  of I EC  60747-7: 2 000  i s  appl i cabl e.  

7.4.3.3  Output  power at  specified  input power (Po)   

Th e m easu ri n g  m eth od  g i ven  i n  8.4.3.1  i s  appl i cabl e,  wi th  th e  term s  an d  s ym bol s  bei n g  
repl aced  wi th  th e  repl aci n g  ru l es  sh own  i n  Tabl es  4  an d  5  or 6 .  “Type of base  b i as  su ppl y”  
sh ou l d  be  ad d ed  to  speci fi ed  con d i ti on s.  

7.4.3.4  Output power at 1 dB  gain  compression  (Po(1 dB) )  

Th e m easu ri n g  m eth od  g i ven  i n  8.4.3.2  i s  appl i cabl e,  wi th  th e  term s  an d  s ym bol s  bei n g  
repl aced  wi th  th e  repl aci n g  ru l es  sh own  i n  Tabl es  4  an d  5  or 6 .  “Type of base  b i as  su ppl y”  
sh ou l d  be  ad d ed  to  speci fi ed  con d i ti on s.  
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7.4.3.5  Power gain  at  1 dB  gain  compression  (Gp(1 dB))  

Th e m easu ri n g  m eth od  g i ven  i n  8.4.3.3  i s  appl i cabl e,  wi th  th e  term s  an d  s ym bol s  bei n g  
repl aced  wi th  th e  repl aci n g  ru l es  sh own  i n  Tabl es  4  an d  5  or 6 .  “Type of base  b i as  su ppl y”  
sh ou l d  be  ad d ed  to  speci fi ed  con d i ti on s.  

7.4.3.6  Power-added  efficiency  (ηadd )  

Th e m easu ri n g  m eth od  g i ven  i n  8.4.3.4 i s  appl i cabl e,  wi th  th e  term s  an d  s ym bol s  bei n g  
repl aced  wi th  th e  repl aci n g  ru l es  sh own  i n  Tabl es  4  an d  5  or 6 .  “Type  of base  b i as  su ppl y”  
sh ou l d  be  ad d ed  to  speci fi ed  con d i ti on s.  

7.4.3.7  Col lector efficiency (ηc)  

Th e  m easu ri n g  m eth od  g i ven  i n  7 . 4 . 3. 6  i s  appl i cabl e,  wi th  th e  term  “ηad d ”  bei n g  repl aced  b y 

“ηc”  wh i ch  i s  g i ven  b y eq u ati on  (2 6).  

ηc  =  1 00
CCE

o

 
×

× IV

P
      (26)  

wh ere 

VCE     th e  col l ector-em i tter vol tag e  i n  vol ts;  

IC     th e  col l ector cu rren t i n  am peres;  

Po    th e  ou tpu t power i n  watts .  

7.4.3.8  Noise  figure  (F)  and  associated  gain  (Gas )  

Th e m easu ri n g  m eth od  g i ven  i n  8 . 4 . 3 . 6  i s  appl i cabl e,  wi th  th e  term s  an d  s ym bol s  bei n g  
repl aced  wi th  th e  ru l es  sh own  i n  Tabl es  4  an d  5  or 6 .  

”Type  of base  b i as  su ppl y”  sh ou l d  be  ad d ed  to  speci fi ed  con d i ti on s.  

7.4.3.9  M in imum  noise  figure (Fmin ) ,  equ ivalent  i nput  noise  resistance  (Rn )  and  
source  reflection  factor for min imum noise figure  (rGFmin )  

Th e m easu ri n g  m eth od  g i ven  i n  8. 4.3. 7 i s  appl i cabl e,  wi th  th e  term s  an d  s ym bol s  bei n g  
repl aced  wi th  th e  ru l es  sh own  i n  Tabl es  4  an d  5  or 6 .  

”Type  of base  b i as  su ppl y”  sh ou l d  be  ad d ed  to  speci fi ed  con d i ti on s.  

7.4.3.1 0  Scattering  parameters  (Si j )  

Two m easu ri n g  m eth od s  are  g i ven :  

– M eth od  1 ,  u s i n g  bas i c i n stru m en ts  an d  com pon en ts;  

– M eth od  2 ,  u s i n g  a  n etwork an al yser.  Th i s  m eth od  i s  preferabl e  for m i crowave freq u en cy.  

7.4.3.1 0. 1  Measuring  method  1  

Th e m easu ri n g  m eth od  g i ven  i n  6. 1 . 1 3. 6  of I E C 60747-7: 2 000  i s  appl i cabl e.  
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7.4.3.1 0.2  Measuring  method  2  

7.4.3.1 0.2 .1  Ci rcu i t  d iagram  

 

Network
analyser

Signal  
generator

Port 1 Port 2

Device being
measured  

Testset/
receiver

I nput Output

Bias 
network 

V

A

V

Bias 
network

+ 

– 

VBB  VBE  

+

–

VCC VCE  

IC  

IEC   1393/07 
 

N OTE  Th i s  d i ag ram  sh ows  com m on -em i tter con fi g u rati on  a s  an  e xam pl e.  I n  th i s  case,  con stan t b ase  cu rre n t,  i n  
Tabl e  5 ,  m ay be  u se d  as  th e  b ase  bi as  su p pl y.  

Figure 40  – Ci rcu i t  for the  measurement of scattering  parameters  
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7.4.3.1 0.2 .2  Principle  of measurement 

Th e scatteri n g  param eters  are  d efi n ed  b y th e  fol l owi n g  eq u ati on s:  

 
2221212

21 211 11

aSaSb

aSaSb

+=

+=
 (27)  

wh ere  a1  an d  a2  are  th e  i n ci d en t wave  q u an ti ti es,  b1  an d  b2  are  th e  refl ected  wave q u an ti ti es,  

a l l  h avi n g  th e  d i m en si on  (W att)
1 /2

.  S ee  F i g u re  41 .  

 

Signal  
generator 

Port 1 Port 2

Two- port

network

ZS  

ZL  
a1

b1

a2

b2

IEC   1394/07  

Figure 41  – Incident  and  reflected  waves  in  a  two-port network 

E ach  scatteri n g  param eter i s  d efi n ed  b y th e  fol l owi n g  eq u ati on s:  

 0
1

1
1 1 2=

= a
a

b
S   ( i n pu t  refl ecti on  coeffi ci en t)  (28)  

 0
1

2
21 2=

= a
a

b
S   (forward  tran sm i ssi on  coeffi ci en t)  (29)  

 0
2

1
1 2 1 =

= a
a

b
S   (reverse  tran sm i ssi on  coeffi ci en t)  (30)  

 0
2

2
22 1 =

= a
a

b
S   (ou tpu t refl ecti on  coeffi ci en t)  (31 )  

Term i n ati n g  th e  ou tpu t port i n  an  i m ped an ce eq u al  to  th e  ch aracteri sti c i m ped an ce of th e  
m easu rem en t s ystem  i s  eq u i val en t  to  setti n g  a2= 0.  Term i n ati n g  th e  i n pu t  port i n  an  
i m ped an ce eq u al  to  th e  ch aracteri sti c i m ped an ce  of th e  m easu rem en t s ystem  i s  eq u i val en t  to  
setti n g  a1 = 0.  

7.4.3.1 0.2 .3  Ci rcu i t  description  and  requ irements  

Th e i n pu t port of th e  d evi ce  bei n g  m easu red  i s  con n ected  to  port 1  of th e  n etwork an al yser,  
an d  th e  ou tpu t port i s  con n ected  to  port 2 .  
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7.4.3.1 0.2 .4  Precautions  to  be  observed  

Osci l l ati on  sh ou l d  be  e l i m i n ated  d u ri n g  th ese  m easu rem en ts.  

7.4.3.1 0.2 .5  Measurement procedure  

Th e freq u en cy of th e  n etwork an al yser sh al l  be  set to  th e  speci fi ed  val u e.  

Th e  ou tpu t power of th e  n etwork an al yser sh al l  be  ad j u sted  to  th e  appropri ate  val u e  th at  th e  
speci fi ed  i n pu t power i s  appl i ed  to  th e  d evi ce  bei n g  m easu red .  

Th e  n etwork an al yser sh al l  be  cal i brated  at  th e  speci fi ed  referen ce p l an e.  

Th e  d evi ce  bei n g  m easu red  sh al l  be  con n ected  i n  th e  speci fi ed  g rou n d  con fi g u rati on  between  
port 1  an d  port 2  of th e  n etwork an al yser.  

Th e  b i as  u n d er speci fi ed  con d i ti on s  sh al l  be  appl i ed  to  th e  d evi ce  bei n g  m easu red .  

Th e  speci fi ed  i n pu t power sh al l  be  appl i ed  from  port 1  to  th e  d evi ce  bei n g  m easu red .  

Th e  wave  q u an ti ti es  a1 ,  b1  an d  b2  are  m easu red ,  an d  S1 1  an d  S2 1  are  cal cu l ated  b y eq u ati on s  
(28)  an d  (2 9) .  

Th e speci fi ed  i n pu t power sh al l  be  appl i ed  from  port 2  to  th e  d evi ce  bei n g  m easu red .  

Th e wave  q u an ti ti es  a1 ,  b1  an d  b2  are  m easu red ,  an d  S1 2  an d  S2 2  are  cal cu l ated  b y eq u ati on s  
(30)  an d  (31 ) .  

7.4.3.1 0.2 .6  Specified  cond itions  

– Am bi en t or referen ce-poi n t  tem peratu re  

– M easu rem en t freq u en cy 

– I n pu t  power 

– Referen ce p l an e 

– G rou n d  con fi g u rati on  

– B i as  con d i ti on s  

7.4.3. 1 1  Maximum frequency of osci l l ation  (fmax)  

7 .4.3. 1 1 . 1  Purpose 

To m easu re  th e  m axi m u m  freq u en cy of osci l l ati on  of a  tran si stor u n d er speci fi ed  con d i ti on s.  

7.4.3.1 1 .2  Ci rcu i t  d iagram  

See th e  b l ock d i ag ram  of th e  ci rcu i t for th e  scatteri n g  param eter m easu rem en t wh i ch  i s  sh own  
i n  7. 4. 3 . 1 0.  

7.4.3.1 1 .3  Ci rcu i t  description  and  requ i rements  

S ee  th e  ci rcu i t  d escri pti on  an d  req u i rem en ts  wh i ch  are  sh own  i n  7. 4 . 3 . 1 0.  

7.4.3.1 1 .4  Precautions  to  be  observed  

S ee  th e  precau ti on s  to  be  observed  wh i ch  are  sh own  i n  7 . 4 . 3 . 1 0.  

7.4.3.1 1 .5  Principle  of measurement 

Al l  fou r scatteri n g  param eters  are  m easu red  an d  th e  m axi m u m  u n i l ateral  g ai n  Gu (m a x)  i s  

ca l cu l ated  as:  
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M axi m u m  freq u en cy of osci l l ati on  (fm ax)  i s  th e  freq u en cy wh ere  |Gu (m a x) |  i s  eq u al  to  1 .  

7.4.3.1 1 .6  Measurement procedure 

See  th e  m easu rem en t proced u re  for th e  scatteri n g  param eters  S1 1 ,  S1 2 ,  S2 1 ,  S2 2  wh i ch  are  

sh own  i n  7. 4. 3 . 1 0.  

Obtai n  th e  m axi m u m  freq u en cy of osci l l ati on  (fm a x) ,  accord i n g  to  th e  fol l owi n g  pri ori ty.  

a)  case  1  

 Gu (m a x)  i s  ca l cu l ated  b y eq u ati on  (32)  u s i n g  th e  m easu red  scatteri n g  param eters.   

 M axi m u m  freq u en cy of osci l l ati on  (fm a x)  i s  th e  freq u en cy wh ere  |Gu (m a x) |  i s  eq u al  to  1 .  

b)  case  2  

 I f th e  m axi m u m  freq u en cy of osci l l ati on  (fm a x)  exceed s  th e  m easu rem en t freq u en cy,  a  
sm al l -s i g n al  eq u i val en t ci rcu i t of th e  tran s i stor i s  u sed  to  cal cu l ate  th e  scatteri n g  
param eters  an d  Gu (m ax) .  

 Th e  val u es  of th e  e l em en ts  of th e  sm al l -s i g n al  eq u i val en t ci rcu i t are  extracted  from  th e  
m easu red  scatteri n g  param eters.  

 Th e  scatteri n g  param eters  an d  Gu (m ax)  of th e  sm al l -s i g n al  eq u i val en t  ci rcu i t are  cal cu l ated  
be yon d  th e  freq u en cy th at m eets  |Gu (m a x) |  <  1 .  

 M axi m u m  freq u en cy of osci l l ati on  (fm a x)  i s  th e  freq u en cy wh ere  |Gu (m a x) |  i s  eq u al  to  1 .   

c)  case  3  

 I f th e  m axi m u m  freq u en cy of osci l l ati on  (fm a x)  exceed s  th e  m easu rem en t freq u en cy an d  a  
sm al l -s i g n al  eq u i val en t ci rcu i t  i s  n ot avai l abl e,  -6d B/octave  extrapol ati on  m a y be  u sed .  

 Th e  h i g h est m easu rem en t freq u en cy f sh al l  be  ch osen .  

 Th e  m axi m u m  freq u en cy of osci l l ati on  (fm a x)  i s  ca l cu l ated  as :  

 u(max)max Gff =   (33)  

7.4.3.1 1 .7  Specified  cond i tions  

– Am bi en t or referen ce-poi n t  tem peratu re  

– B i as  con d i ti on s  

7.4.3.1 2  Transi tion  frequency (fT)  

7.4.3. 1 2. 1  Purpose 

To m easu re  th e  tran s i ti on  freq u en cy of a  tran s i stor u n d er speci fi ed  con d i ti on s.  

7.4.3.1 2.2  Ci rcu i t  d iagram  

See th e  b l ock d i ag ram  of th e  ci rcu i t for th e  scatteri n g  param eter m easu rem en t wh i ch  i s  sh own  
i n  7. 4. 3 . 1 0.  

7.4.3.1 2.3  Ci rcu i t  description  and  requ i rements  

S ee  th e  ci rcu i t  d escri pti on  an d  req u i rem en ts  wh i ch  are  sh own  i n  7. 4 . 3 . 1 0.  
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7.4.3.1 2.4  Precautions  to  be  observed  

S ee  th e  precau ti on s  to  be  observed  wh i ch  are  sh own  i n  7 . 4 . 3 . 1 0.  

7.4.3.1 2.5  Measurement procedure 

See  th e  m easu rem en t proced u re  for th e  scatteri n g  param eters  S1 1 ,  S1 2 ,  S2 1 ,  S2 2  wh i ch  are  
sh own  i n  7. 4. 3 . 1 0.  

Al l  fou r scatteri n g  param eters  are  m easu red  an d  h2 1  i s  ca l cu l ated  b y th e  eq u ati on  of h2 1  
wh i ch  i s  sh own  i n  3 . 5. 3. 2  of I EC  60747-7: 2 000.  

Th e m easu rem en t freq u en cy ran g e  sh al l  i n cl u d e  th e  freq u en cy i n  wh i ch  |h21 |  i s  d ecreasi n g  at 
th e  rate  of approxi m atel y 6d B/octave.  

Th e appropri ate  freq u en cy f sh al l  be  ch osen  i n  th e  freq u en cy ran g e i n  wh i ch  |h2 1 |  d ecreases  
at  th e  rate  of approxi m atel y 6d B/octave.  

Th e  tran s i ti on  freq u en cy i s  cal cu l ated  as:  

 21T hff =   (34)  

7.4.3.1 2.6  Specified  cond i tions  

– Am bi en t or referen ce-poi n t  tem peratu re  

– B i as  con d i ti on s  

7.4.3.1 3  Frequency of un i ty current transfer ratio  (f1 )  

7.4.3.1 3. 1  Purpose 

To m easu re  th e  freq u en cy of u n i ty cu rren t tran sfer rati o  of a  tran s i stor u n d er speci fi ed  
con d i ti on s.  

7.4.3.1 3.2  Ci rcu i t  d iagram  

See th e  b l ock d i ag ram  of th e  ci rcu i t for th e  scatteri n g  param eter m easu rem en t wh i ch  i s  sh own  
i n  6. 1 . 1 3. 6  of I E C 60747-7: 2 000.  

7.4.3.1 3.3  Ci rcu i t  description  and  requ i rements  

S ee  th e  ci rcu i t  d escri pti on  an d  req u i rem en ts  wh i ch  are  sh own  i n  7. 4 . 3 . 1 0.  

7.4.3.1 3.4  Precautions  to  be  observed  

S ee  th e  precau ti on s  to  be  observed  wh i ch  are  sh own  i n  7 . 4 . 3 . 1 0.  

7.4.3.1 3.5  Principle  of measurement 

Al l  fou r scatteri n g  param eters  are  m easu red  an d  h2 1  i s  ca l cu l ated  b y th e  eq u ati on  of h2 1  
wh i ch  i s  sh own  i n  3 . 5. 3. 2  of I EC  60747-7: 2 000.  

Th e  freq u en cy of u n i ty cu rren t tran sfer rati o  (f1 )  i s  th e  freq u en cy wh ere  |h21 |  i s  eq u al  to  1 .  

7.4.3.1 3.6  Measurement procedure 

See  th e  m easu rem en t proced u re  for th e  scatteri n g  param eters  S1 1 ,  S1 2 ,  S2 1 ,  S2 2  wh i ch  are  
sh own  i n  7. 4. 3 . 1 0.  

h2 1  i s  ca l cu l ated  u s i n g  th e  m easu red  scatteri n g  param eters.  

Th e freq u en cy of u n i ty cu rren t tran sfer rati o  (f1 )  i s  th e  freq u en cy wh ere  |h21 |  i s  eq u al  to  1 .  

I f th e  freq u en cy of u n i ty cu rren t tran sfer rati o  (f1 )  exceed s  th e  m easu rem en t freq u en cy,  f1  i s  
n ot avai l abl e.  
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7.4.3.1 3.7  Specified  cond i tions  

– Am bi en t or referen ce-poi n t  tem peratu re.  

– B i as  con d i ti on s.  

7.4.3. 1 4  Maximum avai lable  gain  (Ga(max))  

7.4.3. 1 4. 1  Purpose 

To m easu re  th e  m axi m u m  avai l abl e  g ai n  of a  tran si stor u n d er speci fi ed  con d i ti on s.  

7.4.3.1 4.2  Ci rcu i t  d iagram  

See th e  b l ock d i ag ram  of th e  ci rcu i t for th e  scatteri n g  param eter m easu rem en t wh i ch  i s  sh own  
i n  7. 4. 3 . 1 0.  

7.4.3.1 4.3  Ci rcu i t  description  and  requ irements  

S ee  th e  ci rcu i t  d escri pti on  an d  req u i rem en ts  wh i ch  are  sh own  i n  7. 4 . 3 . 1 0.  

7.4.3.1 4.4  Precautions  to  be  observed  

S ee  th e  precau ti on s  to  be  observed  wh i ch  are  sh own  i n  7 . 4 . 3 . 1 0.  

7.4.3.1 4.5  Measurement procedure 

See th e  m easu rem en t proced u re  for th e  scatteri n g  param eters  S1 1 ,  S1 2 ,  S2 1 ,  S2 2  wh i ch  are  
sh own  i n  7. 4. 3 . 1 0.  

Th e  m axi m u m  avai l abl e  g ai n  i s  ca l cu l ated  u s i n g  th e  fol l owi n g  eq u ati on s:  

 ⎟
⎠

⎞
⎜
⎝

⎛
−−×= 1/ 2

1 221a(max) KKSSG   for  K ≥  1  (35)  

wh ere  K i s  a  s tabi l i ty factor wh i ch  i s  g i ven  b y:  
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=  (36)  

I f th e  stabi l i ty factor (K)  i s  l ess  th an  1 ,  Ga(m a x)  i s  n ot avai l abl e.  

7.4.3.1 4.6  Specified  cond itions  

– Am bi en t or referen ce-poi n t  tem peratu re  

– M easu rem en t freq u en cy 

– B i as  con d i ti on s  

7.4.3. 1 5  Maximum stable  gain  (Gms)  

7.4.3. 1 5. 1  Purpose 

To m easu re  th e  m axi m u m  stabl e  g ai n  of a  tran s i stor u n d er speci fi ed  con d i ti on s.  

7.4.3.1 5.2  Ci rcu i t  d iagram  

See th e  b l ock d i ag ram  of th e  ci rcu i t for th e  scatteri n g  param eter m easu rem en t wh i ch  i s  sh own  
i n  7. 4. 3 . 1 0.  
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7.4.3.1 5.3  Ci rcu i t  description  and  requ i rements  

S ee  th e  ci rcu i t  d escri pti on  an d  req u i rem en ts  wh i ch  are  sh own  i n  7. 4 . 3 . 1 0.  

7.4.3.1 5.4  Precautions  to  be  observed  

S ee  th e  precau ti on s  to  be  observed  wh i ch  are  sh own  i n  7 . 4 . 3 . 1 0.  

7.4.3.1 5.5  Measurement procedure 

See  th e  m easu rem en t proced u re  for th e  scatteri n g  param eters  S1 2 ,  S2 1  wh i ch  are  sh own  i n  
7. 4. 3 . 1 0  

Th e  m axi m u m  stabl e  g ai n  i s  ca l cu l ated  u s i n g  th e  fol l owi n g  eq u ati on :  

 
||

||

1 2

21
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S

S
G =   (37)  

7.4.3.1 5.6  Specified  cond i tions  

– Am bi en t or referen ce-poi n t  tem peratu re  

– M easu rem en t freq u en cy 

– B i as  con d i ti on s  

7.4.3. 1 6  Insertion  power gain  ( |S21 e |
2
)  

7.4.3. 1 6. 1  Purpose 

To m easu re  th e  com m on -em i tter i n serti on  power g ai n  of a  tran si stor u n d er speci fi ed  
con d i ti on s.  

7.4.3.1 6.2  Ci rcu i t  d iagram  

See th e  b l ock d i ag ram  of th e  ci rcu i t for th e  scatteri n g  param eter m easu rem en t wh i ch  i s  sh own  
i n  7. 4. 3 . 1 0.   

7.4.3.1 6.3  Ci rcu i t  description  and  requ i rements  

S ee th e  ci rcu i t  d escri pti on  an d  req u i rem en ts  wh i ch  are  sh own  i n  7 . 4 . 3 . 1 0.  Th e tran si stor 
u n d er test sh ou l d  be  p l aced  i n  th e  com m on -em i tter con fi g u rati on .  

7.4.3.1 6.4  Precautions  to  be  observed  

S ee  th e  precau ti on s  to  be  observed  wh i ch  are  sh own  i n  7 . 4 . 3 . 1 0.  

7.4.3.1 6.5  Measurement procedure 

S ee  th e  m easu rem en t proced u re  for th e  scatteri n g  param eter S21  wh i ch  are  sh own  i n  7 . 4 . 3 . 1 0.  

Th e i n serti on  power g ai n  i s  ca l cu l ated  u s i n g  th e  fol l owi n g  eq u ati on :  

 2
21

2
e21 |||| SS =   (38)  

7.4.3.1 6.6  Specified  cond i tions  

– Am bi en t or referen ce-poi n t  tem peratu re  

– M easu rem en t freq u en cy 

– B i as  con d i ti on s  
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7.4.3.1 7  In termodu lation  d istortion  (two-tone)   (P1 /Pn )  

7.4.3.1 7. 1  Purpose 

To m easu re  th e  i n term od u l ati on  d i storti on  u n d er speci fi ed  con d i ti on s.  

7.4.3.1 7.2  Ci rcu i t  d iagram  
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N OTE  Con stan t base  cu rren t,  i n  Tabl e  5,  m ay be  u sed  as  th e  base  b i as  su pp l y.  

Figure 42  – Ci rcu i t  for the  measurement of two-tone  i n termodu lation  d istortion  
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7.4.3.1 7.3  Principle  of measurement 

I n  th e  ci rcu i t  d i ag ram  sh own  i n  F i g u re  42  th e  i n pu t power Pi ,  th e  ou tpu t powers  Po an d  Pn  of 
th e  d evi ce  bei n g  m easu red  are  d eri ved  from  th e  fol l owi n g  eq u ati on s:  

 Pi  =  Pa  +  L1  (39)  

 Po  =  Pb  +  L2  (40)  

 Pn  =  Pc  +  L2  (41 )  

wh ere  

Po  an d  Pn   are  th e  ou tpu t powers  of th e  i n pu t s i g n al  an d  th e  i n term od u l ati on  prod u cts,  
respecti vel y;  

Pa ,  Pb  an d  Pc   are  th e  val u es  i n d i cated  b y th e  spectru m  an al yser an d  correspon d i n g  to  Pi ,  Po  
an d  Pn ,  respecti vel y.  

L1   i s  th e  d i fferen ce  between  th e  l oss  LA  an d  LB  wh ere  LA  i s  th e  l oss  from  poi n t E  
to  poi n t  A an d  LB  i s  th e  l oss  from  poi n t  E  to  poi n t  B  sh own  i n  F i g u re  42,  
respecti vel y.  L2  i s  th e  ci rcu i t  l oss  from  poi n t  C  to  poi n t D  sh own  i n  F i g u re  42 .  Pi ,  
Po ,  Pn ,  Pa ,  Pb  an d  Pc  are  expressed  i n  d Bm .  L1  an d  L2  are  expressed  i n  
d eci bel s .  

Th e i n term od u l ati on  d i storti on ,  P1 /Pn ,  wh i ch  i s  expressed  i n  d Bc,  i s  d eri ved  from  eq u ati on s  
(40)  an d  (41 )  as  fol l ows:  

 P1 /Pn  =  Po  – Pn  =  Pb  – Pc  (42)  

7.4.3.1 7.4  Ci rcu i t  description  and  requ i rements  

Th e  pu rpose  of th e  i sol ator i s  to  en abl e  th e  power l evel  to  th e  d evi ce  bei n g  m easu red  to  be  
kept con stan t i rrespecti ve  of i m ped an ce m i sm atch es  at  i ts  i n pu t.  

Th e  ci rcu i t  l osses  L1  an d  L2  sh ou l d  be  m easu red  beforeh an d .  

Th e vari abl e  atten u ator 3  can  be  e l i m i n ated .  

7.4.3.1 7.5  Precautions  to  be  observed  

Osci l l ati on ,  wh i ch  i s  ch ecked  b y a  spectru m  an al yser,  sh ou l d  be  e l i m i n ated  d u ri n g  th ese  
m easu rem en ts.  Th e term i n ati on  sh al l  be  capabl e  of h an d l i n g  th e  power fed .  
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H arm on i cs  or spu ri ou s  respon ses  of th e  s i g n al  g en erator sh ou l d  be  red u ced  to  n eg l i g i b l e.  

I t  i s  better to  term i n ate  port D ,  wh en  th e  swi tch  i s  con n ected  to  posi ti on  A,  an d  vi ce  versa.  

7.4.3.1 7.6  Measurement procedure 

Th e bi as  u n d er speci fi ed  con d i ti on s  i s  appl i ed .  

Th e  RF  swi tch  1  i s  con n ected  to  posi ti on  A.  

Th e  RF  swi tch  2  i s  con n ected  to  posi ti on  F.  

Th e  s i g n al  g en erator 1  i s  tu rn ed  on  an d  th e  freq u en cy of th e  i n pu t s i g n al  i s  set  to  th e  
speci fi ed  val u e  f1 .  

Th e  i n pu t s i g n al  is  appl i ed  to  th e  d evi ce  bei n g  m easu red  wi th  th e  speci fi ed  l evel  Pi  u si n g  th e  
spectru m  an al yser an d  th e  vari abl e  atten u ator 1 .  

Th e  RF  swi tch  1  i s  con n ected  to  pos i ti on  D.  

Th e  i n pu t an d  ou tpu t i m ped an ce  m atch i n g  n etworks  are  ad j u sted  u s i n g  th e  spectru m  an al yser 
so  th at th e  fu n d am en tal  ou tpu t power sh ows  th e  m axi m um  val u e.  

Th e  RF  swi tch  1  i s  con n ected  to  posi ti on  A.  

Th e RF  swi tch  2  i s  con n ected  to  pos i ti on  G .  

Th e s i g n al  g en erator 2  i s  tu rn ed  on  an d  th e  freq u en cy of th e  i n pu t s i g n al  i s  set to  th e  
speci fi ed  val u e   f2 .  

Th e  i n pu t s i g n al  i s  ad d ed  to  th e  d evi ce  bei n g  m easu red  wi th  th e  sam e l evel  as  th e  
fu n d am en tal  s i g n al  u s i n g  th e  spectru m  an al yser an d  th e  vari abl e  atten u ator 2 .  

Th e RF  swi tch  1  i s  con n ected  to  posi ti on  D.  

Th e  ou tpu t powers  Pb  an d  Pc  i n  d B  of th e  i n pu t s i g n al s  an d  th e  speci fi ed  i n term od u l ati on  
prod u cts,  i . e .  secon d  ord er,  th i rd  ord er etc. ,  are  m easu red  u s i n g  th e  spectru m  an al yser (see  
F i g u re  43) .  

Th e i n term od u l ati on  d i storti on  on  th e  speci fi ed  i n pu t power Pi  i s  d eri ved  from  eq u ati on s  (39)  
to  (42) .    

I f th e  i n term od u l ati on  prod u cts  ou tpu t powers  are  d i fferen t between  u pper s i d e  an d  l ower s i d e,  
l arg er val u e  sh ou l d  be  u sed .  

 

P1 /P3  

2f1  – f2 f1  f2  2f2  – f1
IEC   1396/07 

 

Figure 43  – Example  of th i rd  order in termodulation  products   
ind icated  by the  spectrum  analyser 
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7.4.3.1 7.7  Specified  cond i tions  

– Am bi en t or referen ce-poi n t  tem peratu re  

– B i as  con d i ti on s  

– Type of base b i as  su ppl y 

– Freq u en cy of i n pu t s i g n al s,  f1  an d  f2  

–  I n pu t power 

– Spu ri ou s  i n ten s i ty 

– Ord er of i n term od u l ati on  d i storti on  

7.4.3. 1 8  Input  power at  the  in tercept point  (for in termodulation  products)  (Pi , n (IP))  and  
output  power at the  in tercept point (for in termodulation  products)  (Po,n(IP))  

7.4.3. 1 8. 1  Purpose 

To m easu re  th e  i n pu t power at th e  i n tercept poi n t  for i n term od u l ati on  prod u cts  an d  th e  ou tpu t 
power at  th e  i n tercept poi n t  for i n term od u l ati on  prod u cts  u n d er speci fi ed  con d i ti on s.  

7.4.3.1 8.2  Ci rcu i t  d iagram  

See th e  ci rcu i t  d i ag ram  of 7. 4. 3. 1 7. 2 .  

7.4.3.1 8.3  Principle  of measurement 

Refer th e  pri n ci p l e  of m easu rem en ts  of 7. 4. 3. 1 7. 3.  

7.4.3.1 8.4  Ci rcu i t  description  and  requ i rements  

S ee  th e  ci rcu i t  d escri pti on  an d  req u i rem en ts  of 7. 4. 3. 1 7. 4.  

7.4.3.1 8.5  Precautions  to  be  observed  

S ee  th e  precau ti on s  to  be  observed  of 7 . 4. 3. 1 7. 5.  

7.4.3.1 8.6  Measurement procedure 

Th e bi as  u n d er speci fi ed  con d i ti on s  i s  appl i ed .  

Th e  RF  swi tch  1  i s  con n ected  to  posi ti on  A.  

Th e  RF  swi tch  2  i s  con n ected  to  posi ti on  F.  

Th e  s i g n al  g en erator 1  i s  tu rn ed  on  an d  th e  freq u en cy of th e  i n pu t s i g n al  i s  set  to  th e  
speci fi ed  val u e  f1 .  

Th e  i n pu t s i g n al  is  appl i ed  to  th e  d evi ce  bei n g  m easu red  wi th  th e  speci fi ed  l evel  Pi  u s i n g  th e  
spectru m  an al yser an d  th e  vari abl e  atten u ator 1 .  

Th e  RF  swi tch  1  i s  con n ected  to  posi ti on  D.  

Th e  i n pu t an d  ou tpu t i m ped an ce  m atch i n g  n etworks  are  ad j u sted  u s i n g  th e  spectru m  an al yser 
so  th at th e  fu n d am en tal  ou tpu t power sh ows  th e  m axi m um  val u e.  

Th e  RF  swi tch  1  i s  con n ected  to  posi ti on  A.  

Th e  RF  swi tch  2  i s  con n ected  to  posi ti on  G .  

Th e  s i g n al  g en erator 2  i s  tu rn ed  on  an d  th e  freq u en cy of th e  i n pu t s i g n al  i s  set  to  th e  
speci fi ed  val u e  f2 .  

Th e  i n pu t s i g n al  i s  ad d ed  to  th e  d evi ce  bei n g  m easu red  wi th  th e  sam e l evel  as  th e  
fu n d am en tal  s i g n al  u s i n g  th e  spectru m  an al yser an d  th e  vari abl e  atten u ator 2 .  
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Th e  RF  swi tch  1  i s  con n ected  to  posi ti on  D.  

Th e  ou tpu t powers  Pb  an d  Pc  i n  d B  of th e  i n pu t s i g n al s  an d  th e  speci fi ed  i n term od u l ati on  
prod u cts,  i . e .  secon d  ord er,  th i rd  ord er,  etc. ,  are  m easu red  u s i n g  th e  spectru m  an al yser (see 
F i g u re  43) .  

Ch an g i n g  th e  power l evel  of th e  i n pu t s i g n al s  u s i n g  th e  vari abl e  atten u ator 3 ,  th e  above  
proced u re  i s  repeated  wi th i n  th e  speci fi ed  ran g e.  

Th e d ata  obtai n ed  are  pl otted  on  l i n ear scal es.  

I f th e  i n term od u l ati on  prod u cts  ou tpu t powers  are  d i fferen t between  u pper s i d e  an d  l ower s i d e,  
larger val u e  sh ou l d  be  u sed .  

Th e stra i g h t l i n es  of th e  fu n d am en tal  s i g n al  i n  th e  l i n ear reg i on  (s l ope of 1 )  an d  th e  i n ter-
m od u l ati on  prod u cts  i n  th e  l i n ear reg i on  (s l ope of n)  are  exten d ed .  

Th e  i n pu t power an d  th e  ou tpu t power at th e  i n tercept poi n t of th e  two exten d ed  l i n es  are  th e  
i n pu t power at th e  i n tercept poi n t ( for th e  i n term od u l ati on  prod u cts)  an d  th e  ou tpu t power at 
th e  i n tercept poi n t (for th e  i n term od u l ati on  prod u cts)  u n d er th e  speci fi ed  con d i ti on s  (see  
F i g u re  44) .  

7.4.3.1 8.7  Specified  cond i tions  

– Am bi en t or referen ce-poi n t  tem peratu re  

– B i as  con d i ti on s  

– Type of base b i as  su ppl y 

– Freq u en cy of i n pu t s i g n al s,  f1  an d  f2  

–  I n pu t  power i n  l i n ear reg i on  

– Spu ri ou s  i n ten s i ty 

– Ord er of i n term od u l ati on  d i storti on  

 

 

Intercept point
Po  

1

1

1

n

Pi ,  n(I P)  Pi

IEC   1397/07 

 

Key 
n ord er of i n term od u l ati on  d i storti on  

Figure 44 – Typical  in termodulation  products  output power characteristic  
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7.5  Veri fying  methods  

7.5. 1  Load  mismatch  tolerance  (ΨL)  

7.5. 1 . 1  Purpose  

To veri fy the  l oad  m ismatch  to lerance under speci fied  cond i tions.  
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7.5. 1 .2  Veri fying  method  1  (spurious  in tensi ty)  

7.5. 1 .2 .1  Ci rcu i t  d iagram  
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N OTE  Con stan t base  cu rren t,  i n  Tabl e  5,  m ay be  u sed  as  th e  base  b i as  su pp l y.   

Figure 45 – Ci rcu i t  for the  veri fication  of load  mismatch  tolerance 
in  method  1  

7.5. 1 .2 .2  Ci rcu i t  description  and  requ i rements  

Th e s i g n al  g en erator sh al l  be  capabl e  of operati n g  wi th i n  speci fi ed  freq u en cy-ban d .  Th e  
s i g n al  g en erator sh al l  h ave stabl e  ch aracteri sti cs  above n oi se  fl oor wi th  n o  osci l l ati on  an d  n o  
spu ri ou s  i n ten s i ty.  Th e  n oi se  fl oor sh ou l d  be  sm al l er th an  speci fi ed  l evel  from  th e  ou tpu t 
power.  Th e  s i g n al  g en erator m u st g en erate  speci fi ed  m od u l ati on  s i g n al .  

Th e  spectru m  an al yser sh al l  be  capabl e  of operati n g  wi th i n  a  speci fi ed  freq u en cy ran g e  for 
ch ecki n g  th at th ere  i s  n o  osci l l ati on  n or an y  spu ri ou s  i n ten si ty.  Th e  spectru m  an al yser sh al l  
h ave  a  speci fi ed  d yn am i c ran g e.  
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Th e  ph ase  sh i fter sh al l  be  capabl e  of keepi n g  th e  l oad  VSW R or th e  m ag n i tu d e  of th e  l oad  
refl ecti on  coeffi ci en t.  Th e  l i n e  stretch er i s  su i tabl e  for th i s  pu rpose.  Th e  ou tpu t port  of th e  
ph ase sh i fter sh ou l d  be  sh orted .  

Th e  pu rpose  of th e  vari abl e  atten u ator i s  to  real i ze  th e  speci fi ed  VSWR.  

7.5. 1 .2 .3  Precautions  to  be  observed   

N oi se  fl oor or spu ri ou s  respon ses  of th e  s i g n al  g en erator sh ou l d  be  red u ced  to  be  n eg l i g i bl e  
at  th e  VSWR l ess  th an  th e  speci fi ed  on e.  

Th e  VSWR sh al l  be  kept con stan t d u ri n g  a l l  ph ase  con d i ti on s  of th e  ph ase  sh i fter.  

7.5. 1 .2 .4  Test procedure 

Th e l oad  VSW R i s  set to  th e  speci fi ed  val u e  b y ad j u sti n g  vari abl e  atten u ator.  

Th e  freq u en cy of th e  s i g n al  g en erator i s  set  to  th e  speci fi ed  val u e.  

Th e  m od u l ati on  of th e  s i g n al  g en erator i s  set  to  th e  speci fi ed  con d i ti on .  

Th e  b i as  u n d er th e  speci fi ed  con d i ti on  i s  su ppl i ed .  

Th e  power l evel  of th e  s i g n al  g en erator i s  set  to  th e  speci fi ed  val u e.  

Th e  ph ase  an g l e  i s  swept con ti n u ou s l y b y m ovi n g  th e  l en g th  of th e  l i n e  stretch er.  

En su re  th at  th ere  i s  n o  osci l l ati on  or spu ri ou s  i n ten s i ty l ess  th an  th at  speci fi ed  b y u si n g  th e  
spectru m  an al yser at  a l l  ph ase an g l es.  

N OTE  I n stead  of th e  l i n e  stretch er,  th e  s l i d e  scre w tu n er can  be  u sed .  An  au tom ati c  stu b-tu n e r or an  e l ectron i c 
tu n e r i s  a l so  u se d  to  e n abl e  th e  speci fi ed  VSWR for con ven i en ce.  Th e  d em eri t  of th e  tu n ers  i s  th at  ph ase  con d i ti on  
i s  d i screte  an d  can n ot b e  s wept  con ti n u ou sl y.  

7.5. 1 .2 .5  Specified  cond itions  

– Am bi en t or referen ce-poi n t  tem peratu re  

– Load  VSW R 

– B i as  con d i ti on s  

– Freq u en cy of th e  i n pu t s i g n al  

– M od u l ati on  of th e  i n pu t s i g n al  

– I n pu t  power 

– S pu ri ou s  

BS IEC 60747-4:2007– 103 –



   

7.5. 1 .3  Veri fying  method  2  (no  d iscontinu i ty of the  frequency response)  

7.5. 1 .3 .1  Ci rcu i t  d iagram  
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N OTE  Con stan t base  cu rren t,  i n  Tabl e  5,  m ay be  u sed  as  th e  base  b i as  su pp l y.  

Figure 46  – Ci rcu i t  for the  veri fication  of load  mismatch  tolerance in  method  2  

7.5. 1 .3.2  Ci rcu i t  description  and  requ i rements  

Th e n etwork an al yser sh al l  be  capabl e  of operati n g  wi th i n  th e  speci fi ed  freq u en cy-ban d .   

Th e  ph ase  sh i fter sh al l  be  capabl e  of keepi n g  th e  l oad  VSW R or th e  m ag n i tu d e  of th e  l oad  
refl ecti on  coeffi ci en t.  Th e  l i n e  stretch er i s  su i tabl e  for th i s  pu rpose.  Th e  ou tpu t port  of th e  
ph ase sh i fter sh ou l d  be  sh orted .  

Th e  pu rpose  of th e  vari abl e  atten u ator i s  to  real i ze  th e  speci fi ed  VSWR.  
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7.5. 1 .3.3  Precautions  to  be  observed   

The VSWR shal l  be  kept constan t at  al l  phase  cond i tions  of the  phase  sh i fter.  

7.5. 1 .3 .4  Test procedure 

The l oad  VSWR is  set to  the  speci fied  value  by ad j usti ng  variable  attenuator.  

The  sweep frequency range  of the  network anal yser is  set to  the  speci fied  value.  

The  power l evel  of the  network anal yser i s  set to  the  speci fied  value.  

The  b ias  under speci fied  cond i tion  is  suppl ied .  

The  phase  ang le  is  swept con tinuous l y by moving  the  l ength  of the  l i ne  stretcher.  

No  d iscontinu i ty of the  frequency response is  confi rmed  by us ing  the  network anal yser at  a l l  
phase  ang les.  

7.5. 1 .3.5  Specified  cond itions  

– Ambient or reference-point  temperature  

– Load  VSWR 

– B ias  cond i tions  

– Frequency range of the  i npu t s ignal  

– I nput  power 

7.5.2  Source m ismatch  tolerance (ΨS)  

7.5.2 .1  Purpose 

To veri fy the  source  m ismatch  to lerance under speci fied  cond i tions.  
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7.5.2 .2  Veri fying  method  1  (spurious  in tensi ty)  

7.5.2 .2 .1  Ci rcu i t  d iagram  
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N OTE  Con stan t base  cu rren t,  i n  Tabl e  5,  m ay be  u sed  as  th e  base  b i as  su pp l y.  

Figure  47  – Ci rcu i t  for the  veri fication  of source mismatch  tolerance  
i n  method  1  

7.5.2 .2 .2  Ci rcu i t  description  and  requ irements  

S ee  th e  ci rcu i t  d escri pti on  an d  req u i rem en ts  of 7. 5. 1 . 2 . 2 .  

Th e  pu rpose  of th e  i sol ator i s  to  en abl e  th e  power l evel  to  th e  d evi ce  bei n g  m easu red  to  be  
kept con stan t i rrespecti ve  of i m ped an ce m i sm atch es  at  i ts  i n pu t.  
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7.5.2 .2 .3  Precautions  to  be  observed   

See  the  precautions  to  be  observed  i n  7. 5. 1 . 2 . 3.  

7.5.2 .2 .4  Test procedure 

The source  VSWR is  set to  the  speci fied  value  by ad j usti ng  variable  attenuator.  

The  frequency of the  s i gnal  generator i s  set  to  the  speci fied  val ue.  

The  modu lation  of the  s i gnal  generator i s  set  to  the  speci fied  cond i tion .  

The  b ias  under speci fied  cond i tion  is  suppl ied .  

The  power l evel  of the  s i gnal  generator i s  set  to  the  speci fied  value.   

The  phase  ang le  is  swept con tinuous l y by moving  the  l ength  of the  l i ne  stretcher.  

No  osci l l ation  or spurious  i n tensi ty less  than  the  speci fied  cond i tion  i s  confi rmed  by us ing  the  
spectrum  anal yser at  a l l  phase ang les.  

7.5.2 .2 .5  Specified  cond itions  

– Ambient or reference-point  temperature   

– Source  VSWR 

– B ias  cond i tions  

– Frequency of the  i npu t s i gnal  

– Modu lation  of the  i npu t s i gnal  

– I nput  power 

– Spurious  i n tensi ty 

7.5.2 .3  Veri fying  method  2  (no  d iscontinu i ty of the  frequency response)  

7.5.2 .3.1  Ci rcu i t  d iagram  

 

BS IEC 60747-4:2007– 107 –



   

 

+

–

+ 

– 

V V 

A 

Isolator

λdB 

Bias 
network 

Directional  
coupler 

Variable 
attenuator 

Short circuit

Phase shifter 
or l ine stretcher 

Network 
analyser 

Input 
impedance 

matching 
network 

Output 
impedance 

matching 
network 

Device 
being  

measured 

VBB  VBE  VCC VCE  

IC  

Bias 
network 

IEC   1401/07 

N OTE  Con stan t base  cu rren t,  i n  Tabl e  5,  m ay be  u sed  as  th e  base  b i as  su pp l y.  

Figure  48  – Ci rcu i t  for the  veri fication  of source mismatch  tolerance  
i n  method  2  

7.5.2 .3.2  Ci rcu i t  description  and  requ irements  

S ee  th e  ci rcu i t  d escri pti on  an d  req u i rem en ts  i n  7 . 5. 1 . 3 . 2 .  

Th e  pu rpose  of th e  i sol ator i s  to  en abl e  th e  power l evel  to  th e  d evi ce  bei n g  m easu red  to  be  
kept con stan t i rrespecti ve  of i m ped an ce m i sm atch es  at  i ts  i n pu t.  

7.5.2 .3.3  Precautions  to  be  observed   

S ee  th e  precau ti on s  to  be  observed  of 7 . 5. 1 . 3. 3.  

7.5.2 .3.4  Test procedure 

Th e sou rce  VSWR i s  set to  th e  speci fi ed  val u e  b y ad j u sti n g  vari abl e  atten u ator.  

Th e  sweep freq u en cy ran g e  of th e  n etwork an al yser i s  set to  th e  speci fi ed  val u e.  

Th e  power l evel  of th e  n etwork an al yser i s  set to  th e  speci fi ed  val u e.  

Th e  b i as  u n d er speci fi ed  con d i ti on  i s  su ppl i ed .   

Th e  ph ase  an g l e  i s  swept con ti n u ou s l y b y m ovi n g  th e  l en g th  of th e  l i n e  stretch er.  

N o  d i scon ti n u i ty of th e  freq u en cy respon se i s  con fi rm ed  b y u s i n g  th e  n etwork an al yser at  a l l  
ph ase  an g l es.  
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7.5.2 .3.5  Specified  cond itions  

– Am bi en t or referen ce-poi n t  tem peratu re   

– S ou rce  VSW R 

– B i as  con d i ti on s  

– Freq u en cy ran g e of th e  i n pu t s i g n al  

– I n pu t  power 

7.5.3  Load  m ismatch  ruggedness  (ΨR)  

7.5.3. 1  Purpose 

To veri fy th e  l oad  m i sm atch  ru g g ed n ess  u n d er speci fi ed  con d i ti on s.  

7.5.3.2  Ci rcu i t  d iagram  
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N OTE  Con stan t base  cu rren t,  i n  Tabl e  5,  m ay be  u sed  as  th e  base  b i as  su pp l y.  

Figure 49  – Ci rcu i t  for the  veri fication  of load  mismatch  ruggedness  

7.5.3.3  Ci rcu i t  description  and  requ i rements  

Th e s i g n al  g en erator sh al l  be  capabl e  of operati n g  wi th i n  th e  speci fi ed  freq u en cy ban d .  

Th e  spectru m  an al yser sh al l  be  capabl e  of operati n g  wi th i n  th e  speci fi ed  freq u en cy ran g e for 
ch ecki n g  th at  th ere  i s  n o  osci l l ati on  n or an y spu ri ou s  i n ten si ty.  

Th e  ph ase  sh i fter sh al l  be  capabl e  of keepi n g  th e  l oad  VSW R or th e  m ag n i tu d e  of th e  l oad  
refl ecti on  coeffi ci en t.  Th e  l i n e  stretch er i s  su i tabl e  for th i s  pu rpose.  Th e  ou tpu t port  of th e  

BS IEC 60747-4:2007– 109 –



    

ph ase sh i fter sh ou l d  be  sh orted .  

Th e  pu rpose  of th e  vari abl e  atten u ator i s  to  real i ze  th e  speci fi ed  VSWR.  

7.5.3.4  Precautions  to  be  observed   

N o osci l l ati on  i n fl u en ced  b y th e  veri fi cati on  s ystem  sh ou l d  be  con fi rm ed  for an y ph ase  
con d i ti on s  of th e  ph ase  sh i fter at th e  VSWR l ess  th an  th e  speci fi ed  on e.  

Th e  VSWR sh al l  be  kept con stan t d u ri n g  a l l  ph ase  con d i ti on s  of th e  ph ase  sh i fter.  

7.5.3.5  Test procedure 

DC an d  RF  ch aracteri sti cs  are  m easu red  u n d er speci fi ed  con d i ti on s  before  th e  fol l owi n g  l oad  
m i sm atch  test  proced u re.  

Th e  l oad  VSW R i s  set to  th e  speci fi ed  val u e  b y ad j u sti n g  vari abl e  atten u ator.  

Th e  freq u en cy of th e  s i g n al  g en erator i s  set  to  th e  speci fi ed  val u e.  

Th e  b i as  u n d er speci fi ed  con d i ti on  i s  su ppl i ed .  

Th e  power l evel  of th e  s i g n al  g en erator i s  set  to  th e  speci fi ed  val u e.   

Th e  ph ase  an g l e  i s  swept con ti n u ou s l y b y m ovi n g  th e  l en g th  of th e  l i n e  s tretch er.  

Th e  d evi ce  i s  kept i n  operati on  d u ri n g  th e  speci fi ed  operati on  ti m e  at a l l  ph ase  an g l es.  

DC  an d  RF  ch aracteri sti cs  are  m easu red  u n d er speci fi ed  con d i ti on  on ce m ore.  

Load  m i sm atch  ru g g ed n ess  i s  veri fi ed  u s i n g  speci fi ed  d eg rad ati on  cri teri a  of DC  an d  RF  
ch aracteri sti cs.  

7.5.3.6  Specified  cond itions  

– Am bi en t or referen ce-poi n t  tem peratu re   

– Load  VSW R 

– B i as  con d i ti on s  

– Freq u en cy of th e  i n pu t s i g n al  

– I n pu t  power 

– Operati on  ti m e  

– Deg rad ati on  cri teri a  of D C an d  RF  ch aracteri sti cs  

– M easu rem en t con d i ti on s  of D C an d  RF  ch aracteri sti cs  

8 Field-effect transistors  

8. 1  General  

Th i s  cl au se  provi d es  term s  an d  d efi n i ti on s,  essen ti a l  rati n g s  an d  ch aracteri sti cs,  m easu ri n g  
m eth od s,  an d  veri fyi n g  m eth od s  for fi e l d -effect tran si stors  u sed  i n  m i crowave appl i cati on s.  
For g en eral  i tem s  of fi e l d -effect tran si stors,  refer to  I EC  60747-8: 2 000.   

8.2  Terms  and  defin i tions  

For th e  pu rposes  of th i s  cl au se,  th e  fol l owi n g  term s  an d  d efi n i ti on s  appl y.  

N OTE  Th i s  su bcl au s e  con tai n s  th e  m ai n  speci fi c  l etter sym bol s  i n  m i crowa ve  a ppl i cati on s .  
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8.2. 1  
gate-source  cu t-off vol tage 
VGSoff  
S ee  4 . 3. 3  of 60747-8: 2000.  

8.2.2  
gate-source  breakdown  vol tage 
V(BR)GSO  
reverse  vol tag e  m easu red  wi th  th e  d rai n  e l ectrod e  open  at  wh i ch  th e  g ate-sou rce cu rren t 
becom es  g reater th an  a  speci fi ed  val u e   

8.2.3  
gate-drain  breakdown  vol tage 
V(BR)GDO  
reverse  vol tag e  m easu red  wi th  th e  sou rce  e l ectrod e  open  at  wh i ch  th e  g ate-d rai n  cu rren t 
becom es  g reater th an  a  speci fi ed  val u e  

8.2.4 
channel -case  thermal  resistance 
Rth (ch -c)  
q u oti en t  of th e  d i fferen ce between  th e  vi rtu al  tem peratu re  of th e  ch an n el  reg i on  an d  th e  
tem peratu re  of th e  case,  an d   th e  stead y-state  power d i ssi pati on  i n  th e  fi e l d -effect tran s i stor 

8.2.5  
maximum  frequency of osci l l ation  
fmax  
S ee  3 . 4. 1 4  of I E C 60747-7: 2000.  

8.2.6  
transi tion  frequency 
fT  
S ee  3 . 4. 1 5  of I E C 60747-7: 2000.  

8.2.7  
frequency of un i ty current transfer ratio  
f1  
S ee  3 . 4. 1 6  of I E C 60747-7: 2000  

8.2.8  
maximum  avai lable  gain  
Ga(max)  
rati o  of th e  power d el i vered  to  l oad  to  th e  power i n pu t to  n etwork wh en  th e  i n pu t  an d  ou tpu t 
ports  are  s i m u l tan eou sl y con j u g atel y m atch ed  to  sou rce  an d  l oad  i m ped an ces,  respecti vel y 

N OTE  Th e  a bbrevi ati on  "MAG"  i s  s ti l l  i n  com m on  u s e  for m a xi m u m  avai l abl e  g ai n .   

8.2.9  
maximum  stable  gain  
Gms  
S ee  7 . 2. 1 5.  

N OTE  Th e  a bbrevi ati on  "MSG"  i s  s ti l l  i n  com m on  u se  for m axi m u m  s tabl e  g ai n .   

8.2. 1 0  
insertion  power gain  
|S21 |

2
 

m ag n i tu d e  sq u ared  of S2 1  i n  com m on  sou rce  con fi g u rati on ,  th e  ou tpu t term i n ati n g  res i stan ce  
an d  th e  sou rce res i stan ce each  h avi n g  th e  val u e  R0   
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8.2. 1 1  
output  power  
Po  
See  3 . 3  of I EC 60747-1 6-2: 2002.  

8.2. 1 2  
power-gain  compression  
ratio  of the  magn i tude of the  power gain  at a  reference s ignal  level  to  i ts  magn i tude  at a  
speci fied  h igher s i gnal  l evel  

NOTE  The  power-gain  compression  i s  usual l y expressed  i n  dB .  

8.2. 1 3  
output  power at  1  dB  gain  compression  
Po(1 dB)  
outpu t power where  the  gain  decreases  by 1  dB  compared  wi th  the  l i near gain  

8.2. 1 4 
power gain  at  1  dB  gain  compression  
Gp(1 dB)  
ratio  of the  power del i vered  to  load  to  the  power input to  network at a  ga in  compression  of 
1  dB   

8.2. 1 5 
power-added  efficiency 

ηadd  
ratio  of the  d i fference  between  the  ou tpu t power and  the  input s i gnal  power to  the  DC input 
power 

NOTE  Th is  rati o  i s  normal l y expressed  as  a  percentage.  

8.2. 1 6  
drain  efficiency 

ηd  
ratio  of the  ou tpu t power to  the  DC inpu t power of d rain  

NOTE  Th is  rati o  i s  normal l y expressed  as  a  percentage.  

8.2. 1 7  
input  power at  the  in tercept point  (for in termodulation  products)  
Pi , n (IP)  
See  7 . 2. 1 7.  

8.2. 1 8  
output  power at the  in tercept point (for in termodulation  products)  
Po,n(IP)  
See  7 . 2. 1 8.  

8.2. 1 9  
in termodu lation  d istortion  
P1 /Pn  
See  3. 7  of I EC60747-1 6-1 : 2007.  

NOTE  The  abbreviati on  " IMDn "  i s  i n  common  use  for the  nth  order i n termodu lati on  d i storti on .  

8.2.20  
noise  figure  
F 
See  702-08-57  of I EC 60050-702: 1 992.  
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8.2.21  
min imum noise  figure 
Fmin  
m i n i m u m  val u e  of th e  n oi se  fi g u re  th at can  be  obtai n ed  th rou g h  ad j u stm en t of th e  sou rce  
i m ped an ce u n d er speci fi ed  bi as  con d i ti on  an d  a  speci fi ed  freq u en cy 

8.2.22  
source  reflection  factor for min imum noise figure  
rGFmin  

sou rce  refl ecti on  factor th at g i ves  m i n i m u m  n oi se  fi g u re  

N OTE  1  For sou rce  refl ecti on  coeffi ci en t  (factor),  se e  3. 5. 3 . 3  of I E C 60 747 -7: 200 0.  

N OTE  2  Th e  s ym bol  "Γo p t"  i s  s ti l l  i n  com m on  u se  for th e  sou rce  refl ecti on  factor for m i n i m u m  n oi se  fi g u re.  

8.2.23  
associated  gain  
Gas  
power g ai n  wh en  th e  d evi ce  i s  m atch ed  (for exam pl e,  b y m ean s  of an  extern al  n etwork)  

N OTE  1  Th e  g ai n  i s  n orm al l y g i ve n  u n d er con d i ti on s  m atch ed  for m i n i m u m  n oi se.  I n  th i s  case  th e  "associ ated  
g ai n  for m i n i m u m  n oi se"  sh ou l d  be  u se d .  

N OTE  2  Th e  sh orter te rm  "associ ated  g ai n "  m ay b e  u sed  i f n o  am bi g u i ty i s  l i kel y to  occu r.  

8.2.24 
equ ivalen t i nput  noise  resistance 
Rn  
q u oti en t  of th e  eq u i val en t i n pu t  n oi se  vol tag e an d  th e  eq u i val en t i n pu t n oi se  cu rren t (see 3. 4. 5  
an d  3 . 4 . 6  of I E C 60747-1 : 2 006)  

8.2.25 
load  mismatch  tolerance 

ΨL  

S ee  7 . 2. 20.  

8.2.26 
source  m ismatch  tolerance 

ΨS  

S ee  7 . 2. 21 .  

8.2.27  
load  mismatch  ruggedness  

ΨR  
S ee  7 . 2. 22 .  

8.3  Essential  ratings  and  characteristics  

8.3. 1  General  

Th i s  su bcl au se  g i ves  rati n g s  an d  ch aracteri sti cs  req u i red  for speci fyi n g  m i crowave fi e l d -effect 
tran si stors.  

M i crowave  fi e l d -effect tran si stors  are  d i vi d ed  i n to  two  categ ori es:  

– categ ory A:  power d evi ces;  

– categ ory B:  sm al l  power s i g n al  d evi ces.  
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8.3.2  Limi ting  values  (absolu te  maximum rating  system)  

8.3.2 . 1  Electrical  l imi ting  values  

Lim i ti ng  values  shal l  be  speci fied  as  fol l ows:  

Table  7  – E lectrical  l im i ting  values  

Subclause  Parameters  M in .  Max.  

8 . 3. 2 . 1 . 1  Drain -source vol tage,  VDS   +  

8 . 3.2 . 1 . 2  Gate-source  vol tage,  VGS   +  

8 . 3. 2. 1 .3  Drain  cu rren t,  ID   +  

8 . 3. 2 . 1 .4  Storage  temperature,  Tstg  +  +  

8 . 3. 2 . 1 .5  Channel  temperature,  Tch   +  

8 . 3.2 . 1 . 6  E i ther total  power d i ssipation ,  Ptot  or drain  power 
d issipation ,  Pd  

 +  

 

8.3.2 .2  Characteristics  

Characteristics  are  to  be  g iven  at 25  °C  except where  otherwise  s tated .   

8.3.2 .2 .1  DC  characteristics  

The parameters  shal l  be  speci fied  correspond ing  to  categories  as  shown  in  Table  8  below:   

Table  8  – DC  characteristics  

Categori es  
Subclause  Parameters  M in .  Typ.  Max.  

A B  

8. 3.2 . 2. 1 . 1  Drain  cu rren t wi th  gate  short-ci rcu i ted  to  
source,  IDSS  

+   +  +  +  

8 . 3. 2 .2 . 1 . 2  Gate  current wi th  drain  short-ci rcu i ted  to  
source,  IGSS  

  +  +  +  

8 .3. 2. 2. 1 . 3  Gate-source cu t-off vol tage,  VGSoff  +   +  +  +  

8. 3.2 . 2. 1 . 4  Gate-source breakdown  vol tage,  V(BR)GSO  +    +  +  

8 . 3. 2 .2 . 1 . 5  Gate-drain  breakdown  vol tage,  V(BR)GDO  +    +  +  

8 . 3.2 .2 . 1 . 6  Channel -case thermal  resistance,  Rth (ch-c)    +  +   
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8.3.2 .2 .2  RF  characteristics  

Th e param eters  sh al l  be  speci fi ed  correspon d i n g  to  categ ori es  as  sh own  i n  Tabl e  9  bel ow:   

Table  9  – RF  characteristics  

Categori es  
Subclause  Parameters  M in .  Type  Max.  

A B  

8. 3. 2. 2 .2 . 1  Maximum  frequency of osci l l ation ,  fmax  

(where  appropriate)  

 +   +  +  

8. 3.2 . 2. 2 . 2  Transi tion  frequency,  fT  

(where  appropriate)  

 +   +  +  

8. 3. 2. 2 .2 . 3  Frequency of un i ty current transfer ratio,  f1  
(where  appropriate)  

 +   +  +  

8. 3. 2. 2 .2 . 4 E i ther maximum  avai l able  gain ,  Ga(max)  or 
maximum  stable  gain ,  Gms  or i nsertion  
power gain ,  |S21 |

2
 

+  

 

 

+  

 

 

 

 

 

+  

 

 

 

 

 

8.3.2 .2 .2 . 5  E i ther output power at  1  dB  gain  
compression ,  Po(1 dB)  or ou tput power at  
speci fied  i nput power,  Po  

+  +   +   

8.3.2 .2 .2 . 6  Power gain  at  1  dB  gain  compression ,  
Gp(1 dB)  

+  +   +   

8.3.2 .2 .2 . 7  Power-added  efficiency,  η add  +  +   +   

8.3.2 .2 .2 . 8  Drain  effi ciency,  η d  +  +   +   

8.3.2 .2 .2 . 9  E i ther input power at  the  i n tercept point 
(for i n termodu lation  products) ,  Pi , n ( IP)  or 
output power at the  i n tercept  point (for 
i n termodu lation  products) ,  Po,n( IP)  or 
In termodu lation  d istortion ,  P1 /Pn  (where  
appropriate)  

 

+  

 

+  

  

+  

 

8.3.2 .2 . 2. 1 0  Noise  fi gure,  F  +  +   +  

8.3.2 .2. 2 . 1 1  M in imum  noise  fi gure,  Fmin  

(where  appropriate)  

 +  +   +  

8.3.2 .2 .2 . 1 2  Source  reflection  factor for m in imum  noise  
fi gure,  rGFmin  (where  appropriate)  

 +    +  

8.3.2 .2 . 2. 1 3  Associated  gain ,  Gas  +  +    +  

8.3.2 .2 .2 . 1 4  Equ ivalent i npu t noise  resistance,  Rn  
(where  appropriate)  

 +    +  

8.3.2 .2 .2 . 1 5  Load  m ismatch  tolerance,  ΨL  (where  
appropriate)  

  +  +   

8.3.2 .2 .2 . 1 6  Source m ismatch  tol erance,  ΨS  (where  
appropriate)  

  +  +   

8.3.2 .2 .2 . 1 7  Load  m ismatch  ruggedness,  ΨR  (where  
appropriate)  

  +  +   

 

8.4 Measuring  methods  

8.4. 1  General  

Th e  m easu ri n g  m eth od s  of b i pol ar tran si stor are  appl i cabl e,  wi th  th e  term s  an d  s ym bol s  of 
fi e l d -effect tran si stor i n  8 . 4 . 3 . 8,  8 . 4 . 3. 9,  8 . 4. 3. 1 0 ,  8. 4 . 3 . 1 1 ,  8. 4. 3 . 1 2 ,  8. 4. 3 . 1 3,  8. 4. 3. 1 4,  
8. 4. 3 . 1 5  an d  8. 4. 3. 1 6  bei n g  repl aced  wi th  th e  repl aci n g  ru l es  sh own  i n  Tabl e  1 0  or 1 1 .   

N OTE  Th e  repl aci n g  ru l es  sh own  i n  Ta bl e  1 0  an d  1 1  a re  a l so  appl i ca bl e  to  th e  ve ri fyi n g  m eth od s  of fi e l d -effect 
tran s i stor i n  8 . 5.  
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Table  1 0  – Replacing  ru les  for terms  

Terms  to  be  replaced  Terms  to  be  replaced  by 

Bipolar transistor 

Base-emi tter vol tage,  VBE  

Base-emi tter cu t-off current 

Col lector-emi tter vol tage,  VCE  

Col l ector curren t,  IC  

F i eld-effect transistor 

Gate-source vol tage,  VGS  

Gate-source  cu t-off vol tage 

Drain -source  vol tage,  VDS  

Drain  cu rren t,  ID  

 

Table  1 1  – Replacing  ru les  for symbols  

Symbols  to  be  replaced  Symbols  to  be  replaced  by 

 

 

+ 

– 

VBB  V VBE  

 

 

 

+

–

VVGG VGS  

 

 

+ 

– 

V 

A 

VCC  VCE  

IC  

 

 

+

–

A

V VDD VDS  

ID  

 

 

8.4.2  DC  characteristics  

8.4.2 . 1  Drain  current,  wi th  gate  short-ci rcu i ted  to  source  (IDSS)  

Th e m easu ri n g  m eth od  g i ven  i n  6. 3  of I E C 60747-8: 2000  i s  appl i cabl e.  

8.4.2 .2  Gate  current wi th  drain  short-ci rcu i ted  to  source,  (IGSS)  

Th e m easu ri n g  m eth od  g i ven  i n  6. 2  of I E C 60747-8: 2 000  i s  appl i cabl e,  wi th  th e  d rai n  vol tag e  
sh ort-ci rcu i ted  to  th e  sou rce.  

8.4.2 .3  Gate-source cut-off vol tage (VGSoff)  

Th e m easu ri n g  m eth od  g i ven  i n  6 . 5  of I EC  60747-8: 2000  i s  appl i cabl e,  wi th  th e  sen ten ce  i n  
6. 5. 3  bei n g  repl aced  b y "S ee  g en eral  precau ti on s" .  

8.4.2 .4  Gate-source breakdown  vol tage (V(BR)GSO)  

8 .4.2 .4. 1  Purpose 

To m easu re  th e  g ate-sou rce  breakd own  vol tag e  of a  fi e l d -effect tran si stor u n d er speci fi ed  
con d i ti on s.  

BS IEC 60747-4:2007 – 116 –

http://dx.doi.org/10.3403/02288086
http://dx.doi.org/10.3403/02288086
http://dx.doi.org/10.3403/02288086


 

8.4.2 .4.2  Ci rcu i t  d iagram  

 

IEC   1403/07 
 

Figure 50  – Ci rcu i t  for the  measurement of gate-source   
breakdown  vol tage,  V(BR)GSO  

8 .4.2 .4.3  Ci rcu i t  description  and  requ i rements  

R  i s  a  protecti ve  res i stor.  

8.4.2 .4.4  Measurement procedure 

Th e g ate  b i as  vol tag e,  VG G ,  i s  set to  th e  appropri ate  val u e.  

B y varyi n g  th e  g ate  b i as  vol tag e,  th e  g ate  cu rren t,  IG ,  i s  set to  th e  speci fi ed  val u e,  IG G .  

Th e  breakd own  vol tag e,  V(B R)G S O  i s  th e  g ate-sou rce  vol tag e,  VG S ,  m easu red  at  th e  speci fi ed  
g ate  cu rren t.  

8.4.2 .4.5  Specified  cond itions  

– Am bi en t  or poi n t  tem peratu re,  Tam b  or Tcase  

–  S peci fi ed  g ate  cu rren t,  IG G  

8.4.2 .5  Gate-drain  breakdown  vol tage  (V(BR)GDO)  

8.4.2 .5.1  Purpose 

To m easu re  th e  g ate-d rai n  breakd own  vol tag e  of a  fi el d -effect tran si stor u n d er speci fi ed  
con d i ti on s.  

8.4.2 .5.2  Ci rcu i t  d iagram  

 

 

R 

– 

+  

A
G S

D
VVGG  VGD

IG

IEC   1404/07 
 

Figure 51  – Ci rcu i t  for the  measurement of gate-drain  
breakdown  vol tage,  V(BR)GDO  
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8.4.2 .5.3  Ci rcu i t  description  and  requ i rements  

R  i s  a  protecti ve  res i stor.  

8.4.2 .5.4  Measurement procedure 

Th e g ate  b i as  vol tag e,  VG G ,  i s  set to  th e  appropri ate  val u e.  

B y varyi n g  th e  g ate  b i as  vol tag e,  th e  g ate  cu rren t,  IG ,  i s  set to  th e  speci fi ed  val u e,  IG G .  

Th e  breakd own  vol tag e,  V(B R)G DO  i s  th e  g ate-d rai n  vol tag e,  VG D ,  m easu red  at  th e  speci fi ed  
g ate  cu rren t.  

8.4.2 .5.5  Specified  cond itions  

– Am bi en t  or poi n t  tem peratu re,  Tam b  or Tcase  

–  S peci fi ed  g ate  cu rren t,  IG G  

 

8.4.2 .6  Thermal  resistance,  channel -to-case (Rth (ch -c) ,  Rth ( j -c) )  

8.4.2 .6.1  Purpose 

To m easu re  th e  th erm al  res i stan ce,  ch an n el -to-case  of a  fi e l d -effect tran si stor u n d er speci fi ed  
con d i ti on s.  

8.4.2 .6.2  Ci rcu i t  d iagram  

 

Figure  52  – Ci rcu i t  for the  measurement of thermal  resistance,  channel -to-case  

8.4.2.6.3  Principle  of measurement 

Th e m eth od  u ses  th e  g ate-sou rce  forward  vol tag e,  VG S F ,  at  open -ci rcu i t d rai n  for a  fi xed  
referen ce  g ate  forward  cu rren t,  IG (ref) ,  as  tem peratu re-sen s i ti ve  ch aracteri sti c  for th e  
m easu rem en t of th e  (vi rtu al )  ch an n el  tem peratu re,  Tch .  

Th e  m eth od  con s i sts  of two  steps:  

1 )  Establ i sh m en t of th e  i n d i vi d u al  ca l i brati on  cu rve,  VG S F  =  f(Tch)  wh i ch  i s  th en  approxi m ated  
b y a  strai g h t  l i n e.  D u ri n g  th i s  cal i brati on ,  Tch  i s  eq u i val en t to  Tam b .  

 Th e  s l ope  of th i s  l i n e  i s  th e  tem peratu re  coeffi ci en t,  α,  of th e  g ate-sou rce  forward  vol tag e:  
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ch

GSF

T

V

Δ

Δ
=α  (43)  (see  F i g u re  54)  

2)  Appl i cati on  of a  con stan t power d i ss i pati on ,  VDS  ×  ID ,  u n ti l  th erm al  eq u i l i bri u m  i s  reach ed ,  

an d  m easu rem en t of th e  resu l ti n g  ch an g e (ΔVG S F)  of th e  g ate-sou rce  forward  vol tag e.  

 Th e  th erm al  resi stan ce  i s  th en  ca l cu l ated  as:  

 
DDS

GSF
c)th(ch

1

IV

V
R

×
×

α

Δ
=−  (44)  

8.4.2 .6.4  Ci rcu i t  description  and  requ i rements  

Resi stor R  sh al l  be  h i g h  en ou g h ,  com pared  wi th  th e  stati c g ate-sou rce  i n pu t res i stan ce,  to  
en su re  su ffi ci en t con stan cy of th e  referen ce g ate  forward  cu rren t.  

VG G 1  an d  R  m ay be  repl aced  b y a  con stan t cu rren t sou rce.  

Th e ti m i n g  of th e  DC  pu l ses  su ppl i ed  to  th e  d evi ce  be i n g  m easu red  i s  sh own  i n  F i g u re  53.  
Th e  cu rren t passi n g  th rou g h  th e  vol tm eter for VG S  sh al l  be  n eg l i g i b l e  com pared  wi th  th e  
forward  g ate  cu rren t of th e  d evi ce  be i n g  m easu red .  

8.4.2 .6.5  Precautions  to  be  observed  

S ee  g en eral  precau ti on s.  

Th e  speci fi ed  case  tem peratu re  of th e  d evi ce  bei n g  m easu red  sh al l  be  kept con stan t  d u ri n g  
th e  m easu rem en t.  

8.4.2 .6.6  Measurement procedure 

Th e m easu rem en t con s i sts  of two parts ,  th e  m easu rem en t of th e  th erm al  coeffi ci en t an d  th e  
m easu rem en t of th erm al  res i stan ce,  ch an n el -to-case.  
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Figure  53  – Timing  chart of DC  pu lse  to  be  suppl ied  to  the  device  being  measured  
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8.4.2 .6.7  Measurement of α  

Th e d evi ce  be i n g  m easu red  i s  m ou n ted  on  a  h eati n g  b l ock (or p l aced  i n  a  h eati n g  oven )  an d  
con n ected  to  th e  ci rcu i t  as  sh own  i n  F i g u re  52.  S wi tch es  S 2  an d  S 3  are  off,  swi tch  S1  i s  on .  

R  i s  ad j u sted  su ch  th at th e  referen ce g ate  forward  cu rren t,  IG (ref) ,  h as  a  su i tabl e  val u e  for th e  
pu rpose  of th e  m easu rem en ts.  

Th i s  val u e  i s  n ot  ch an g ed  ag ai n  d u ri n g  th e  wh ol e  m easu rem en t proced u re  for α an d  Rth (ch -c) .  

After th i s  ad j u stm en t,  swi tch  S1  i s  open ed .  

Th is  cal ibration  curve,  VGSF  =  f(Tch),  i s  establ ished  by m easuring  a  sufficient num ber of points  of 
the curve to  al low for a  sufficiently precise straight-l ine approxim ation.  For th is,  in  each  point 
of the curve,  the tem perature of the heating  block is  set to  a  m easured  value,  Tch .  

After th erm al  eq u i l i bri u m  i s  reach ed ,  swi tch  S1  i s  cl osed  for th e  sam e ti m e τ1  as  i t  wi l l  l ater 
be  cl osed  for at  th e  m easu rem en t Rth (ch -c) .  Th e  g ate-sou rce  forward  vol tag e  i s  record ed .  

From  th e  m easu red  poi n ts  th e  stra i g h t- l i n e  approxi m ati on  i s  d eri ved ,  an d  α  i s  cal cu l ated  from  
i ts  s l ope  (see  F i g u re  54) .  

 

Figure 54 – Cal ibration  curve  VGSF  =  f(Tch )  for fixed  IG(ref) ,  evaluation  of α  

8 .4.2 .6.8  Measurement of Rth (ch -c)  

Th e d evi ce  bei n g  m easu red  i s  con n ected  to  th e  ci rcu i t  as  sh own  i n  F i g u re  52 .  Th e  
m easu rem en t beg i n s  after th erm al  eq u i l i bri u m  i s  reach ed .  At t =  t1 ,  S 1  i s  swi tch ed  on  for th e  

peri od  τ1  an d  th e  g ate-sou rce  forward  vol tag e  VG S F1  i s  record ed .  After τ1 ,  S 1  i s  swi tch ed  off.  

Peri od  τ1  i s  u su al l y sel ected  to  be  several  ten s  of m i crosecon d s.  

At  t =  t2 ,  S2  i s  swi tch ed  on .  At t =  t3 ,  S3  i s  swi tch ed  on ,  an d  VG G 2  i s  ad j u sted  to  reach  th e  
req u i red  val u e  of ID .  VDS  an d  ID  are  record ed .  

After th e  peri od  τ3 ,  wh en  th erm al  eq u i l i bri u m  i s  reach ed ,  S 3  i s  swi tch ed  off at  t =  t4 .  U su al l y,  

several  h u n d red s  of m i l l i secon d s  for τ3  wi l l  be  su ffi ci en t.  S2  i s  swi tch ed  off at  t =  t5 ,  j u st  after 

S3  i s  swi tch ed  off.  At  t =  t6 ,  after th e  d e l a y ti m e τ4  h as  e l apsed  wi th  respect to  d e l a y ti m e τ4 ,  

S1  i s  swi tch ed  on  ag ai n  for th e  peri od  τ1  an d  th e  g ate-sou rce  forward  vol tag e,  VG S F2 ,  i s  
record ed .  
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Th e  above-d escri bed  m easu rem en t proced u re  i s  repeated  for i n creas i n g  val u es  of τ4 ,  a l l  oth er 
con d i ti on s  bei n g  h el d  con stan t.  Th e  resu l ti n g  val u es  for VG F2  are  record ed .  

Th ese  val u es  are  i n serted  i n  a  g raph  sh owi n g  VG S F2  =  f(τ4)  (see  F i g u re  55).  From  th e  g raph ,  

VG S F2 *  can  be  extrapol ated ,  wh i ch  i s  VG S F2  for τ4  =  0 .  Rth (ch -c)  i s  ca l cu l ated  as:  

 
DDS

GSF1GSF2
c)th(ch

1*

IV

VV
R

×
×

α

−
=−  (45)  

N ote  th at both (VG S F 2*  – VG S F1 )  an d  α  h ave  a  n eg ati ve  val u e.  

 

Figure 55 – VGSF2  i n  function  of delay time τ4  

8 .4.2 .6.9  Specified  cond itions  

– Am bi en t tem peratu re:  Tam b  

–  Case  tem peratu re:  Tcase  

–  Referen ce g ate-sou rce  forward  cu rren t:  IG  

–  Dra i n  cu rren t:  ID  

–  Drai n  sou rce  vol tag e:  VDS  

 

8.4.3  RF  characteristics  

8.4.3. 1  Output  power at  specified  input power (Po)  

8.4.3.1 . 1  Purpose 

To m easu re  th e  ou tpu t power at speci fi ed  i n pu t power of a  fi e l d -effect tran s i stor u n d er 
speci fi ed  con d i ti on s.  
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8.4.3.1 .2  Ci rcu i t  d iagram  

RF generator 
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Figure 56  – Ci rcu i t  for the  measurement of output power at  specified  input power 

8.4.3.1 .3  Principle  of measurements  

I n  th e  ci rcu i t  d i ag ram  sh own  i n  F i g u re  56 ,  th e  i n pu t power,  Pi ,  an d  th e  ou tpu t power,  Po ,  of th e  

d evi ce  bei n g  m easu red  are  d eri ved  from  th e  fol l owi n g  eq u ati on s:  

 Pi  =  P1  – L1  (46 )  

 Po  =  P2  – L2  (47)  

wh ere  P1  an d  P2  are  th e  val u es  i n d i cated  b y th e  power m eters  1  an d  2 ,  respecti ve l y.  L1  an d  
L2  are  th e  ci rcu i t l osses  from  poi n t  A to  poi n t  B  an d  from  poi n t  C  to  poi n t D  sh own  i n  F i g u re  
56,  respecti vel y.  Pi ,  Po ,  P1  an d  P2  are  expressed  i n  d Bm .  L1  an d  L2  are  expressed  i n  d B.   

Ou tpu t  power,  Po ,  a t speci fi ed  i n pu t power i s  d eri ved  from  th e  eq u ati on  (47).  

8.4.3.1 .4  Ci rcu i t  description  and  requ i rements  

Th e  pu rpose  of th e  i sol ator i s  to  en abl e  th e  power l evel  to  th e  d evi ce  bei n g  m easu red  to  be  
kept con stan t i rrespecti ve  of i m ped an ce  m i sm atch es  at  i ts  i n pu t.  Th e  d evi ce  be i n g  m easu red  
sh ou l d  be  m ou n ted  on  th e  test fi xtu re  h avi n g  a  g ood  h eat fl ow.  Th e  ci rcu i t  l osses  L1  an d  L2  

sh ou l d  be  m easu red  beforeh an d .  

N OTE  I t  i s  d esi rabl e  i n  th e  m easu rem en t  of L1  an d  L2  th at  th e  i n p u t  an d  ou tp u t- i m pe d an ce  n etwork are  tu n e d  
beforeh an d .  
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8.4.3.1 .5  Precautions  to  be  observed  

Th ere  sh ou l d  n ot be  an y abru pt i m ped an ce ch an g e  at  th e  i n pu t an d  ou tpu t m atch i n g  ci rcu i ts.  
Osci l l ati on ,  wh i ch  i s  ch ecked  b y a  spectru m  an al yzer,  sh al l  be  e l i m i n ated  d u ri n g  th ese  
m easu rem en ts .  Term i n ati on  sh al l  be  capabl e  of h an d l i n g  power su ppl y.  

8.4.3.1 .6  Measurement procedure 

Th e freq u en cy of th e  RF  g en erator i s  ad j u sted  to  th e  speci fi ed  val u e.  

Th e  g ate-sou rce  vol tag e,  VG S ,  n ear g ate-sou rce  cu t-off vol tag e  i s  appl i ed .  

Th e  speci fi ed  d ra i n -sou rce  vol tag e,  VDS ,  i s  appl i ed .  

Th e  d rai n  cu rren t i s  ad j u sted  to  th e  speci fi ed  va l u e  b y varyi n g  VG G .  

An  i n pu t power j u st  be l ow th e  speci fi ed  va l u e  i s  appl i ed  to  th e  d evi ce  bei n g  m easu red .   

Th e  i n pu t an d  ou tpu t i m ped an ce  m atch i n g  n etworks  are  ad j u sted  so  th at th e  power m eter 2  
sh ows  th e  m axi m u m  val u e.  

Th e  i n pu t power i s  i n creased  to  th e  speci fi ed  va l u e  an d  fi n al  ad j u stm en ts  are  m ad e to  th e  
i m ped an ce m atch i n g  n etworks.  

Th e  ou tpu t power i s  m easu red  at th e  speci fi ed  i n pu t power.  

8.4.3. 1 .7  Specified  cond itions  

– Am bi en t  or case-poi n t tem peratu re,  Tam b  or Tcase  

–  Drai n -sou rce  vol tag e  

– Drai n  cu rren t 

– Freq u en cy 

– I n pu t power 

8.4.3.2  Output power at 1  dB  gain  compression  (Po(1 dB))  

8.4.3.2 .1  Purpose 

To m easu re  th e  ou tpu t power at  1  d B  g ai n  com pressi on  of a  fi e l d -effect tran si stor u n d er 
speci fi ed  con d i ti on s.  

8.4.3.2 .2  Ci rcu i t  d iagram  

 S ee  th e  b l ock d i ag ram  sh own  i n  F i g u re  56.  

8.4.3.2 .3  Principle  of measurement 

Power g ai n ,  Gp ,  i s  d eri ved  from  th e  fo l l owi n g  eq u ati on :  

 Gp  =  Po  –  Pi  (48)  

wh ere  Po  an d  P i  are  d eri ved  from  eq u ati on  (4 6)  an d  (47) .  

Th e  ou tpu t power at  1  d B  g a i n  com pressi on ,  Po(1 d B ) ,  i s  th e  va l u e  wh ere  th e  g ai n  d ecreases  b y 
1  d B,  com pared  wi th  th e  l i n ear g ai n .  

8.4.3.2 .4  Ci rcu i t  description  and  requ i rements  

S ee  th e  ci rcu i t  d escri pti on  an d  req u i rem en ts  of 8. 4. 3. 1 . 4 .  
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8.4.3.2 .5  Precautions  to  be  observed  

S ee  th e  precau ti on s  of 8 . 4. 3. 1 . 5 .  

8.4.3.2 .6  Measurement procedure 

Th e freq u en cy of th e  RF  g en erator sh ou l d  be  ad j u sted  to  th e  speci fi ed  val u e.  

Th e  g ate-sou rce  vol tag e,  VG S ,  n ear g ate-sou rce  cu t-off vol tag e  i s  appl i ed .  

Th e  speci fi ed  d ra i n -sou rce  vol tag e,  VDS ,  i s  appl i ed .  

Th e  d rai n  cu rren t i s  ad j u sted  to  th e  speci fi ed  va l u e  b y varyi n g  VG G .  

An  i n pu t power j u st bel ow th e  speci fi ed  val u e  Pi , m atch  i s  appl i ed  to  th e  d evi ce  bei n g  m easu red .  

Th e  i n pu t an d  ou tpu t  i m ped an ce  m atch i n g  n etworks  are  ad j u sted  so  th at th e  power m eter 2  
sh ows  th e  m axi m u m  val u e.  

Th e  i n pu t power i s  i n creased  to  th e  speci fi ed  val u e  Pi , m atch  an d  fi n a l  ad j u stm en ts  are  m ad e  to  
th e  i m ped an ce  m atch i n g  n etworks.  

An  ad eq u ate  i n pu t power th at i s  th e  su ffi ci en tl y l ow power l evel  to  th e  i n pu t power,  Pi , m atch ,  i s  
appl i ed  to  th e  d evi ce  bei n g  m easu red .  

B y varyi n g  i n pu t  power,  con fi rm  th at  th e  ch an g e  of th e  ou tpu t power i n  d eci bel s  i s  th e  sam e 
as  th at of th e  i n pu t  power.  

Th e  g a i n ,  m easu red  i n  th e  reg i on  wh ere  th e  ch an g e of ou tpu t power i n  d eci bel s  i s  th e  sam e 
as  th at of i n pu t  power,  i s  l i n er  g a i n  G l i n .  

Th e  i n pu t power i s  i n creased  u n ti l  th e  power g ai n  i s  d ecreased  b y 1  d B ,  com pared  wi th  l i n ear 
g a i n ,  G l i n .  

Th e  ou tpu t power i s  m easu red  at 1  d B-g ai n  com pressi on  poi n t.  

8.4.3.2 .7  Specified  cond itions  

– Am bi en t  or case-poi n t tem peratu re,  Tam b  or Tcase  

–  Drai n -sou rce  vol tag e,  VD S  

–  Dra i n  cu rren t,  ID  

–  Freq u en cy 

– I n pu t  power,  Pi , m atch  

8.4.3.3  Power gain  at  1  dB  gain  compression  (Gp(1 dB))  

8.4.3.3.1  Purpose 

To m easu re  th e  power g ai n  at 1  d B  g ai n  com pressi on  of a  fi el d -effect tran s i stor u n d er 
speci fi ed  con d i ti on s.  

8.4.3.3.2  Ci rcu i t  d iagram  

S ee  th e  b l ock d i ag ram  sh own  i n  F i g u re  56.  

8.4.3.3.3  Principle  of measurements  

Power g ai n  i s  d eri ved  from  th e  eq u ati on  (48) .  Power g ai n  at  1  d B  g a i n  com pressi on ,  Gp(1 d B ) ,  
can  be  ca l cu l ated  b y:  

 Gp(1 d B )  =  G l i n  –  1  (49)  
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8.4.3.3.4  Ci rcu i t  description  and  requ i rements  

S ee  th e  ci rcu i t  d escri pti on  an d  req u i rem en ts  of 8. 4. 3. 1 . 4 .  

8.4.3.3.5  Precautions  to  be  observed  

S ee  th e  precau ti on s  of 8 . 4. 3. 1 . 5 .  

8.4.3.3.6  Measurement procedure 

S ee  th e  m easu rem en t proced u re  of 8 . 4 . 3. 2. 6.  See  th e  pri n ci p l e  of m easu rem en ts  of 8 . 4. 3. 3. 3 .  

8.4.3.3.7  Specified  cond itions  

– Am bi en t  or poi n t  tem peratu re,  Tam b  or Tcase  

–  Dra i n -sou rce  vol tag e  

– Drai n  cu rren t 

– Freq u en cy 

– I n pu t  power,  Pi , m atch  

8.4.3.4  Power added  efficiency (ηadd )  

8 .4.3.4. 1  Purpose 

To m easu re  th e  power ad d ed  effi ci en cy of a  fi e l d -effect tran si stor u n d er speci fi ed  con d i ti on s.  

8.4.3.4.2  Ci rcu i t  d iagram  

S ee  th e  b l ock d i ag ram  sh own  i n  F i g u re  56.  

8.4.3.4.3  Principle  of measurements  

Power ad d ed  effi ci en cy (ηad d )  i n  per cen t  i s  g i ven  b y:  

 1 00
DDS

io
add ×

×

−
=

IV

PP
η  (50)  

wh ere  

VDS  i s  th e  d rai n -sou rce  vol tag e  i n  vol ts ;  

ID  i s  th e  d rai n  cu rren t i n  am peres;  

Po  an d  Pi  are  expressed  i n  watts .  

8.4.3.4.4  Ci rcu i t  description  and  requ i rements  

S ee  th e  ci rcu i t  d escri pti on  an d  req u i rem en ts  of 8. 4. 3. 1 . 4 .  

8.4.3.4.5  Precautions  to  be  observed  

S ee  th e  precau ti on s  of 8 . 4. 3. 1 . 5 .  

8.4.3.4.6  Measurement procedure 

Th e freq u en cy of th e  RF  g en erator sh ou l d  be  ad j u sted  to  th e  speci fi ed  val u e.  

Th e  g ate-sou rce  vol tag e,  VG S ,  n ear g ate-sou rce  cu t-off vol tag e  i s  appl i ed .  
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Th e  speci fi ed  d rai n -sou rce  vol tag e,  VDS ,  i s  appl i ed .  

Th e  d rai n  cu rren t i s  ad j u sted  to  th e  speci fi ed  va l u e  b y varyi n g  VG G .  

Th e  speci fi ed  i n pu t power i s  appl i ed  to  th e  d evi ce  bei n g  m easu red  an d  i n pu t an d  ou tpu t 
i m ped an ce  m atch i n g  n etworks  are  ad j u sted  so  th at th e  power m eter 2  sh ows th e  m axi m u m  
val u e.  

Th e  ou tpu t power,  Po ,  i s  m easu red  at th e  speci fi ed  i n pu t power,  Pi .  

Th e  correspon d i n g  d rai n -sou rce  vol tag e,  VDS ,  an d  d rai n  cu rren t,  ID ,  are  a l so  m easu red .  

8.4.3.4.7  Specified  cond itions  

– Am bi en t  or case  tem peratu re,  Tam b  or Tcase  

–  Drai n -sou rce  vol tag e,  VD S  

–  Dra i n -cu rren t,  ID  

–  Freq u en cy 

– I n pu t power,  Pi  

 

8.4.3.5  Drain  efficiency (ηd )  

Th e  m easu ri n g  m eth od  g i ven  i n  8 . 4 . 3. 4  i s  appl i cabl e ,  wi th  th e  term  “ηad d ”  bei n g  repl aced  b y 

“ηd ”  wh i ch  i s  g i ven  b y eq u ati on  (51 ) .  

 1 00
DDS

o
d ×

×
=

IV

P
η  (51 )  

wh ere  

VDS  i s  th e  d rai n -sou rce  vol tag e  i n  vol ts ;  

ID  i s  th e  d ra i n  cu rren t i n  am peres;  

Po  are  expressed  i n  watts .  

 

8.4.3.6  Noise  figure  (F)  and  associated  gain  (Gas )  

8.4.3.6.1  Purpose 

To m easu re  th e  n oi se  fi g u re  an d  th e  associ ated  g ai n  of a  m i crowave fi e l d -effect tran s i stor 
u n d er speci fi ed  con d i ti on s.  
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8.4.3.6.2  Ci rcu i t  d iagram  
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Figure 57  – Ci rcu i t  for the  measurement of the  noise  figure  and  associated  gain  

8.4.3.6.3  Principle  of measurement 

Th e n oi se  fi g u re  F of th e  d evi ce  be i n g  m easu red  i s  d eri ved  from  th e  fol l owi n g  eq u ati on :  
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wh ere  

F1 2   i s  th e  overal l  n oi se  fi g u re;  

L1   i s  th e  ci rcu i t l oss  from  poi n t  A to  B ;  

F2   i s  th e  n oi se  fi g u re  after poi n t C  at  th e  ou tpu t s tag e,  an d  

Gas  i s  th e  associ ated  g ai n  of th e  d evi ce  be i n g  m easu red .  

F,  F1 2 ,  F2 ,  L1 an d  Gas  are  expressed  i n  d eci bel s .  Th e  n oi se  fi g u re  m easu rem en t i s  carri ed  ou t  
b y u s i n g  th e  h ot an d  col d  m easu rem en t m eth od .  F1 2 ,  F2  an d  Gas  are  cal cu l ated  as  fol l ows:  
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wh ere  

ENR  i s  th e  excess  n oi se  rati o  of th e  n oi se  sou rce;   

PN 1  an d  PN 2  i n  W are  th e  m easu red  n oi se  power u n d er th e  h ot an d  col d  state  of th e  n oi se  
sou rce,  respecti ve l y;  

PN 3 an d  PN 4 i n  W are  th e  m easu red  n oi se  powers  u n d er th e  h ot an d  col d  state  of th e  n oi se  
sou rce,  respecti vel y,  i n  th e  case  of d i rectl y con n ecti n g  poi n t  B  to  C  i n  
F i g u re  57.  

Th e  tem peratu re  of th e  m easu rem en t i s  2 90  K.  

8.4.3.6.4  Ci rcu i t  description  and  requ i rements  

Th e ci rcu i t  l oss  L1  from  poi n t A to  B  sh ou l d  be  m easu red  beforeh an d .  

8.4.3.6.5  Precautions  to  be  observed  

Th e en ti re  ci rcu i t  sh a l l  be  sh i e l d ed  an d  g rou n d ed  to  preven t u n d esi red  s i g n al s.  F or n oi se  
fi g u re  m easu rem en t u n d er th e  s i n g l e-s i d e-ban d  (S S B)  con d i ti on ,  carefu l  a tten ti on  sh al l  be  
pai d  to  th e  i m ag e an d  oth er spu ri ou s  respon ses  wh i ch  are  g en erated  b y th e  m i xer.  Th ese  
spu ri ou s  respon ses  sh ou l d  be  red u ced  so  as  to  be  n eg l i g i b l e.  

8.4.3.6.6  Measurement procedure 

Th e freq u en cy of th e  RF  g en erator i s  ad j u sted  to  th e  speci fi ed  con d i ti on .  

I n  ord er to  m easu re  th e  n oi se  con tri bu ti on  of th e  m easu rem en t s ystem ,  con n ect poi n t  B  to  C  
i n  F i g u re  57  wi th ou t  th e  d evi ce  be i n g  m easu red  an d  set  th e  i n pu t an d  ou tpu t i m ped an ce  

m atch i n g  n etworks  to  50  Ω .  

Th e  n oi se  power PN 3  an d  PN 4 correspon d i n g  to  th e  n oi se  sou rce  h ot an d  col d ,  respecti vel y,  
are  m easu red .  

Th e  n oi se  fi g u re  F2  i n  d eci bel s  i s  cal cu l ated  b y eq u ati on  (54) .  

Th e  d evi ce  bei n g  m easu red  i s  i n serted  as  sh own  i n  F i g u re  57.  

Th e  g ate-sou rce  vol tag e  VG S  (n ear th e  g ate-sou rce  cu t-off vol tag e)  i s  appl i ed .  

Th e  speci fi ed  d ra i n -sou rce  vol tag e  VDS  i s  appl i ed .  

Th e  d rai n  cu rren t ID i s  ad j u sted  to  th e  speci fi ed  va l u e  b y varyi n g  VG G .  

Du ri n g  th e  ad j u stm en t of th e  i n pu t  an d  ou tpu t  m atch i n g  n etworks,  th e  n oi se  power PN 1  an d  
PN 2  correspon d i n g  to  th e  n oi se  sou rce  h ot an d  col d ,  respecti vel y,  are  m easu red .  

Th e  n oi se  fi g u re  F1 2  i n  d eci bel s  i s  ca l cu l ated  b y e q u ati on  (53).  

Th e  associ ated  g ai n  Gas  i n  d eci bel s  i s  ca l cu l ated  b y eq u ati on  (55).  

Th e  n oi se  fi g u re  F i n  d eci bel s  i s  ca l cu l ated  b y eq u ati on  (52) .  

Th e  i n pu t i m ped an ce m atch i n g  n etwork i s  ad j u sted  to  th e  m i n i m u m  va l u e  of F.  

Th e  ou tpu t i m ped an ce m atch i n g  n etwork i s  ad j u sted  to  th e  m axi m u m  val u e  of Gas .  

Repeat th e  above  two  steps  u n ti l  n o  fu rth er red u cti on  i n  n oi se  fi g u re  F i s  poss i b l e.  

BS IEC 60747-4:2007– 129 –



 –   

8.4.3.6.7  Specified  cond itions  

– Am bi en t  or referen ce poi n t  tem peratu re  

– Drai n  sou rce  vol tag e  

– Drai n  cu rren t 

– Freq u en cy 

– S i n g l e-s i d e  ban d  or d ou bl e-si d e  ban d .  

 

8.4.3.7  M in imum  noise  figure (Fmin ) ,  equ ivalent  i nput  noise  resistance  (Rn )  and  
source  reflection  factor for min imum noise figure  (rGFmin )  

8 .4.3.7. 1  Purpose 

To m easu re  th e  m i n i m u m  n oi se  fi g u re,  eq u i va l en t i n pu t n oi se  res i stan ce  an d  sou rce  refl ecti on  
factor for th e  m i n i m u m  n oi se  fi g u re  of a  m i crowave fi e l d -effect tran s i stor u n d er speci fi ed  
con d i ti on s.  

8.4.3.7 .2  Ci rcu i t  d iagram  

S ee  th e  ci rcu i t  d i ag ram  i n  8. 4 . 3 . 6 . 2.  

8.4.3.7 .3  Principle  of measurement 

S ee  th e  pri n ci p l e  of m easu rem en t i n  8 . 4 . 3. 6. 3.  

Th e  n oi se  fi g u re  d epen d en ce  on  th e  sou rce  ad m i ttan ce  can  be  expressed  as:  

 { }2
0s

2
0s

s

n
min )  (  )  (     BBGG

G

R
FF −+−+=  (56)  

wh ere  

F i s  th e  n oi se  fi g u re;  

Fm i n  i s  th e  m i n i m u m  n oi se  fi g u re;  

Rn  i s  th e  eq u i val en t i n pu t n oi se  res i stan ce  ;  

Gs  i s  th e  sou rce  con d u ctan ce;  

Bs  i s  th e  sou rce  su sceptan ce ;  

G0  i s  th e  sou rce  con d u ctan ce for Fm i n ;  

B0  i s  th e  sou rce  su sceptan ce for Fm i n .  

To  d eterm i n e  th e  fou r param eters,  Fm i n ,  Rn ,  G0  an d  B0 ,  fou r d i m en si on al  s i m u l tan eou s  
eq u ati on s  sh ou l d  be  sol ved .  

From  eq u ati on  (56)  
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wh ere  Y0  =  G0  +  jB0  (58)  

 Ys  =  Gs  +  jBs  (59)  
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I n  eq u ati on  (57) ,  X1 ,  X2 ,  X3  an d  X4  are  d efi n ed  as  

X1  =  Fm i n  – 2  RnG0  

2
0n2 Y  RX =  

 X3  =  Rn  (60 )  

X4  =  Rn  B0  

Th en ,  eq u ati on  (57)  l ead s  to  th e  fol l owi n g  eq u ati on s  for n  d i fferen t  Ys :  
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S u bsti tu ti n g  X1 ,  X2 ,  X3  an d  X4  obtai n ed  from  eq u ati on  (61 )  i n to  eq u ati on  (60),  th e  fou r 
param eters  are  d eterm i n ed  as  fol l ows:  

 
2

4321min    2    XXXXF −+=  (62 )  

 Rn  =  X3  (63)  

 2
34320 )/(  /  XXXXG −=  (64)  

 340 / XXB =  (65)  

rG Fm i n ,  sou rce  refl ecti on  factor for Fm i n ,  i s  d eterm i n ed  from  th e  above  G0  an d  B0 .  

8.4.3.7 .4  Ci rcu i t  description  and  requ i rements   

S ee th e  ci rcu i t  d escri pti on  an d  req u i rem en ts  i n  8 . 4. 3. 6 . 4 .  

8.4.3.7.5  Precautions  to  be  observed   

See  th e  precau ti on  to  be  observed  i n  8. 4. 3 . 6 . 5.  

8.4.3.7.6  Measurement procedure 

Th e freq u en cy of th e  RF  g en erator i s  ad j u sted  to  th e  speci fi ed  con d i ti on .  

Th e  d evi ce  bei n g  m easu red  i s  i n serted  as  sh own  i n  F i g u re  57.  

Th e gate-sou rce  vol tage  VG S  (n ear g ate-sou rce  cu t-off vol tag e)  i s  appl i ed .  
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Th e  speci fi ed  d ra i n -sou rce  vol tag e  VDS  i s  appl i ed .  

Th e  d rai n  cu rren t  ID i s  ad j u sted  to  th e  speci fi ed  val u e  b y varyi n g  VG G .  

Th e  i n pu t i m ped an ce m atch i n g  n etwork i s  ad j u sted  so  th at th e  sou rce  ad m i ttan ce  becom es 
(Gs(1 0 ) ,  Bs(1 0)) .  

Th e  ou tpu t  i m ped an ce  m atch i n g  n etwork i s  ad j u sted  so  th at th e  m axi m um  power g ai n  i s  
ach i eved .  

Th e  n oi se  fi g u re  F(1 0 )  i s  m easu red  i n  accord an ce wi th  th e  proced u re  d escri bed  i n  8 . 4 . 3. 6. 6.  

Repeati n g  th e  above proced u re  n  t i m es,  F(1 0 )–(n )  are  d eterm i n ed  for th e  n  sou rce  ad m i ttan ce  
(Gs(1 0 )–(n ) ,  Bs (1 0)–(n )) .  

Th e  n oi se  param eters:  Fm i n ,  Rn  an d  rG Fm i n  are  d eterm i n ed  from  th e  eq u ati on s  (61 )  to  (65) .  

8.4.3.7.7  Specified  cond itions  

– Am bi en t or referen ce poi n t  tem peratu re  

– Drai n  sou rce  vol tag e  

– Drai n  cu rren t 

– Freq u en cy 

– S i n g l e-s i d e  ban d  or d ou bl e-si d e  ban d .  

8.4.3.8  Scattering  parameters  (Si j )  

Th e m easu ri n g  m eth od  g i ven  i n  7 . 4. 3. 1 0  i s  appl i cabl e,  wi th  th e  term s  an d  s ym bol s  bei n g  
repl aced  wi th  th e  repl aci n g  ru l es  sh own  i n  Tabl es  1 0  an d  1 1 .  

8.4.3.9  Maximum frequency of osci l l ation  (fmax)  

Th e m easu ri n g  m eth od  g i ven  i n  7 . 4. 3. 1 1  i s  appl i cabl e,  wi th  th e  term s  an d  s ym bol s  bei n g  
repl aced  wi th  th e  repl aci n g  ru l es  sh own  i n  Tabl es  1 0  an d  1 1 .  

8.4.3.1 0  Transi tion  frequency (fT)  

Th e m easu ri n g  m eth od  g i ven  i n  7 . 4. 3. 1 2  i s  appl i cabl e,  wi th  th e  term s  an d  s ym bol s  bei n g  
repl aced  wi th  th e  repl aci n g  ru l es  sh own  i n  Tabl es  1 0  an d  1 1 .  

8.4.3.1 1  Frequency of un i ty current transfer ratio  (f1 )  

Th e m easu ri n g  m eth od  g i ven  i n  7 . 4. 3. 1 3  i s  appl i cabl e,  wi th  th e  term s  an d  s ym bol s  bei n g  
repl aced  wi th  th e  repl aci n g  ru l es  sh own  i n  Tabl es  1 0  an d  1 1 .  

8.4.3. 1 2  Maximum avai lable  gain  (Ga(max))  

Th e m easu ri n g  m eth od  g i ven  i n  7 . 4. 3. 1 4  i s  appl i cabl e,  wi th  th e  term s  an d  s ym bol s  bei n g  
repl aced  wi th  th e  repl aci n g  ru l es  sh own  i n  Tabl es  1 0  an d  1 1 .  

8.4.3. 1 3  Maximum stable  gain  (Gms)  

Th e m easu ri n g  m eth od  g i ven  i n  7 . 4. 3. 1 5  i s  appl i cabl e,  wi th  th e  term s  an d  s ym bol s  bei n g  
repl aced  wi th  th e  repl aci n g  ru l es  sh own  i n  Tabl es  1 0  an d  1 1 .  

8.4.3. 1 4  Insertion  power gain  ( |S2 1 |
2
)  

Th e m easu ri n g  m eth od  g i ven  i n  7 . 4. 3. 1 6  i s  appl i cabl e,  wi th  th e  term s  an d  s ym bol s  bei n g  
repl aced  wi th  th e  repl aci n g  ru l es  sh own  i n  Tabl es  1 0  an d  1 1 .  
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8.4.3.1 5  In termodu lation  d istortion  (two-tone)  (P1 /Pn )  

Th e m easu ri n g  m eth od  g i ven  i n  7 . 4. 3. 1 7  i s  appl i cabl e,  wi th  th e  term s  an d  s ym bol s  bei n g  
repl aced  wi th  th e  repl aci n g  ru l es  sh own  i n  Tabl es  1 0  an d  1 1 .  

8.4.3. 1 6  Input  power at  the  in tercept point  (for in termodulation  products)  (Pi , n (IP))  and  
output  power at the  in tercept point (for in termodulation  products)  (Po,n(IP))  

Th e m easu ri n g  m eth od  g i ven  i n  7 . 4. 3. 1 8  i s  appl i cabl e,  wi th  th e  term s  an d  s ym bol s  bei n g  
repl aced  wi th  th e  repl aci n g  ru l es  sh own  i n  Tabl es  1 0  an d  1 1 .  

8.5  Veri fying  methods  

8.5. 1  Load  m ismatch  tolerance  (ΨL)  

Th e veri fyi n g  m eth od  g i ven  i n  7 . 5. 1  i s  appl i cabl e,  wi th  th e  term s  an d  s ym bol s  bei n g  repl aced  
wi th  th e  repl aci n g  ru l es  sh own  i n  Tabl es  1 0  an d  1 1 .  

8.5.2  Source m ismatch  tolerance (ΨS)  

Th e veri fyi n g  m eth od  g i ven  i n  7 . 5. 2  i s  appl i cabl e,  wi th  th e  term s  an d  s ym bol s  bei n g  repl aced  
wi th  th e  repl aci n g  ru l es  sh own  i n  Tabl es  1 0  an d  1 1 .  

8.5.3  Load  m ismatch  ruggedness  (ΨR)  

Th e veri fyi n g  m eth od  g i ven  i n  7 . 5. 3  i s  appl i cabl e,  wi th  th e  term s  an d  s ym bol s  bei n g  repl aced  
wi th  th e  repl aci n g  ru l es  sh own  i n  Tabl e  1 0  an d  1 1 .  

9  Assessment and  rel iabi l i ty – specific requirements  

9. 1  Electrical  test condi tions  

Test con d i ti on s  an d  test ci rcu i ts,  for each  d evi ce  category,  are  l i s ted  i n  Tabl e  1 2.  Th e  re l evan t  
speci fi cati on  wi l l  state  wh i ch  test(s)  wi l l  appl y.  

9.2  Fai lure  cri teria  and  fai lure-defin ing  characteristics  for acceptance  tests  

Fai l u re-d efi n i n g  ch aracteri sti cs ,  th ei r fai l u re  cri teri a  an d  m easu rem en t con d i ti on s  for each  
d evi ce  categ ory are  l i sted  i n  Tabl e  1 3 .  

N OTE  Ch aracte ri sti cs  sh ou l d  be  m easu red  i n  th e  se q u en ce  i n  wh i ch  th ey are  l i s ted  i n  th i s  tabl e  beca u se  th e  
ch an g es  of ch aracteri sti cs  cau sed  by s om e fai l u re  m ech an i s m s  m ay be  wh ol l y or parti a l l y m asked  by th e  i n fl u e n ce  
of oth e r m easu rem en ts.  

9.3  Fai lu re  cri teria  and  fai lure-defin ing  characteristics  for rel i abi l i ty tests  

(U n d er con si d erati on ) .  

9.4 Procedure  in  case of a  testing  error 

When  a  d evi ce  h as  fa i l ed  as  a  resu l t  of a  testi n g  error (su ch  as  a  test  eq u i pm en t fau l t  or 
m easu rem en t eq u i pm en t fau l t,  or an  operator error) ,  th e  fa i l u re  sh al l  be  n oted  i n  th e  d ata  
record  wi th  an  expl an ati on  of th e  cau se.  
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Table  1 2  – Operating  condi tions  and  test  ci rcu i ts   

Operating  condi tions  Devi ce  
categories  

Tests  
Current Vol tage  Temperature  

Test ci rcu i ts  Remarks  

Vari abl e  
capaci tan ce  
d i od es  
for tu n i n g  
appl i cati on  

H i g h  
tem peratu re  
re ve rse  bi as  

 VR  =  VR  m ax.  

H i g h est  operati n g  
tem peratu re  

ta mb ( m a x)  or tcase(max)

as  speci fi ed  

RS

 

Rs  =  cu rrent l im iting
resi stor 

M i xer d i od es  U n d er con si d e rati on  

I m patt  d i od es  U n d er con s i d erati on  

G u n n  d i od es  U n d er con si d e rati on  

Ope rati n g  l i fe  
CE

tot
C

max.

V

P
I =  

(see  7. 2 . 6  of 
 I E C 607 47-1 : 2 006 )

VCE  =  0 , 7  VCE O  m a x.

(N OTE  1 )  

(S ee  7 . 2 . 4  
of I E C 607 47 -
1 : 20 06)  

RE RC

 

(N OTE  2 )  

E

EB
E

1 0

I

V
R ≥  

C

CB
C

I

V
R ≈  

Bi pol a r 
tran si stors  

H i g h  
tem peratu re  
re ve rse  bi as  

 VCB  =  VC B O  m ax.  

H i g h est ope rati n g  
tem peratu re  
ta mb ( m a x)  or tcase(max)

as  speci fi ed   

RS

 

(N OTE  2 )  

Rs  =  current l imiting
resi stor  

N OTE  1  Test con d i ti on s  sh ou l d  be  wi th i n  th e  safe  ope rati n g  area  i f on e  i s  speci fi ed .  Th e  vol ta g e  i s  to  be  l owe red  bel ow 0, 7  VCE O  m ax.  wi th  on l y as  m u ch  as  
n ecessary to  rem ai n  wi th i n  th e  s afe  ope rati n g  a rea.  

N OTE  2  Ch an g e  ci rcu i t  app ropri atel y for N P N  tran si stor.  

 

B
S
 I
E
C
 6
0
7
4
7
-4
:2
0
0
7

–
 1
3
4
 –
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Table  1 2  (continued)  

Operating  condi tions  Devi ce  
categories  

Tests  
Current Vol tage  Temperature  

Test ci rcu i ts  Remarks  

Ope rati n g  l i fe  DS
D

max.tot

V

P
I =  

ID  <  ID S S  m i n .  

VG G  =  set  to  obtai n  
th e  re q u i red  ID  

Prefe rabl y,  for best  
reg u l ati on ;  

VD S  =  speci fi ed  
(prefe rabl y  

0 , 8  VD S  m a x. )  
VD D  =  2  VD S  

ta mb  or tcase 

as  speci fi ed  

S ee  7. 2 . 4  of I E C 
607 47 -1 : 2 00 6  

 

 

+

G
VDD  

VGG

– –

+

RG  

D

S

RS
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H i g h  
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0 , 8  VG S O  m a x.  
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tem peratu re  
ta mb ( m a x)  or tcase(max)
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res i stor  
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E n h an cem en t  
types  

 

VG S  =  0  

VD S  =  0 , 7  to   
0 , 8  VD S S  m a x.  

(prefe rabl y 0 , 8)  

H i g h est  operati n g  
tem peratu re  
ta mb ( m a x)  or tcase(max)

as  speci fi ed  
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Table  1 3  – Fai lure  cri teria  and  measurement conditions   

Device  
categories  

Fai lu re- 
defin ing  

characteristics  

Fai lu re  cri teria
(N OTE  1 )  

Measurement condi tions  

IR  > 2  ×  U S L H i g h est  VR  speci fi ed  for  IR  

V
F
 > 1 , 1  ×  U S L H i g h es t IF  speci fi ed  for  VF  

Vari a bl e  ca paci -
tan ce  d i od es  for 
tu n i n g  appl i cati on s  

Q or rs  
< 0 , 5  ×  LS L  

> 2  ×  U S L 
Lowes t VR  speci fi ed  for Q  

M i xer d i od es  U n d er con si d erati on   

I m patt  d i od es  U n d er con si d e rati on   

G u n n  d i od es  U n d er con si d e rati on   

IC B O  > 2  ×  U S L H i g h est  VCB  sp eci fi ed  for IC B O  

h2 1 E  

(h2 1 e  (N OTE  2 ))  

< 0, 8  ×  LS L  

> 1 , 2  ×  U S L 

A val u e  of IC  for wh i ch  a  h2 1 E  (h2 1 e )  tol eran ce  ( l owe r 
an d  u pp er l i m i ts)  i s  speci fi ed  

VC E s a t  > 1 , 2  ×  U S L H i g h es t IC  speci fi e d  for VC E s a t  

B i pol ar tran si stors  

F (N OTE  3 )  > U S L +  3  d B  Lowest IC  speci fi ed  for F 

V( B R) G S  

or 

IG S S  

< 0, 8  ×  LS L  

 

> 1 0  ×  U S L 

A val u e  of IG  for wh i ch  a  V( B R) G S  to l eran ce  ( l ower 
l i m i t)  i s  speci fi ed  

 

A val u e  of VG S  for wh i ch  a  IG S S  to l eran ce  (u p pe r l i m i t)  
i s  s peci fi ed   

VG S o ff  
< 0 , 8  ×  LS L  

> 1 , 2  ×  U S L 

A val u e  of ID  for wh i ch  a  VG S o ff  to l eran ce  ( l owe r an d  
u pp er l i m i ts)  i s  speci fi ed  

F i e l d -effect 
tran si stors  

ID S S  
< 0, 9  ×  LS L  

> 1 , 1  ×  U S L 

A val u e  of VD S  for wh i ch  a  ID  to l e ran ce  ( l owe r an d  
u pp er l i m i ts)  i s  speci fi ed  

N OTE  1  U S L  =  u pper sp eci fi cati on  l i m i t.  

 LS L  =  l ower speci fi cati on  l i m i t.  

 I VD  =  i n i ti a l  val u e  of i n d i vi d u al  d e vi ce.  

N OTE  2  On l y wh ere  n o  h2 1 E  to l e ran ces  are  sp eci fi ed  or wh ere  h2 1 E  i s  u n speci fi ed .  

N OTE  3  Wh ere  appl i cabl e.  
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