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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
PHOTOVOLTAIC  MODULES – BYPASS DIODE –  

THERMAL RUNAWAY TEST 
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commiss ion  ( I EC)  i s  a  worl dwide  organ ization  for standard ization  compris i ng  
a l l  n ational  e l ectrotechn ical  commi ttees  ( I EC National  Comm i ttees).  The  object  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  questions  concern i ng  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic fi e l ds.  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es,  I EC publ i shes  I n ternational  Standards,  Techn ical  Speci fi cations,  
Techn ical  Reports ,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cation (s )” ) .  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC Nati onal  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non -
governmental  organ izations  l i a i s i ng  wi th  the  I EC a l so  parti cipate  i n  th i s  preparation .  I EC col l aborates  cl osel y 
wi th  the  I n ternational  Organ i zation  for Standard ization  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement between  the  two  organ i zati ons.  

2)  The  formal  decis ions  or ag reements  of I EC on  techn ical  matters  express,  as  nearl y  as  possib le,  an  i n ternati onal  
consensus  of opi n ion  on  the  rel evant  sub jects  s i nce  each  techn ical  commi ttee  has  representati on  from  a l l  
i n terested  I EC National  Committees.   

3)  I EC Publ i cations  have  the  form  of recommendations  for i n ternational  use  and  are  accepted  by I EC National  
Commi ttees  i n  that  sense.  Whi l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  content  of I EC  
Publ i cations  i s  accu rate,  I EC  cannot  be  hel d  responsi ble  for the  way i n  wh ich  they are  used  or for any 
m i s i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternational  u n i form i ty,  I EC National  Comm i ttees  undertake  to  app ly I EC Pub l i cations  
transparentl y to  the  maximum  extent  possible  i n  the i r national  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC Pub l i cation  and  the  correspond i ng  national  or reg i onal  publ i cati on  shal l  be  cl earl y i n d icated  i n  
the  l atter.  

5)  I EC i tsel f d oes  not  provi de  any attestation  of conform i ty.  I n dependent certi fi cati on  bod ies  provi de  conform i ty 
assessment  services  and ,  i n  some  areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  responsi ble  for any 
services  carri ed  ou t  by i ndependent certi fi cation  bod i es .  

6)  Al l  u sers  shou ld  ensure  that  they have  the  l atest  ed i ti on  of th i s  publ i cati on .  

7)  No  l i abi l i ty shal l  attach  to  I EC  or i ts  d i rectors,  employees,  servants  or agen ts  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  comm i ttees  and  I EC  Nati onal  Commi ttees  for any personal  i n j u ry,  property damage  or 
other damage  of any natu re  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cation ,  use  of,  or re l i ance  upon ,  th i s  I EC Publ i cati on  or any other I EC  
Publ i cations.   

8)  Atten tion  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  publ i cation .  Use  of the  referenced  publ i cations  i s  
i nd i spensable  for the  correct appl i cati on  of th i s  publ i cation .  

9)  Atten tion  i s  d rawn  to  the  poss ib i l i ty that  some of the  e l ements  of th i s  I EC Publ i cation  may be  the  subject  of 
paten t ri gh ts.  I EC shal l  not  be  hel d  respons ibl e  for i denti fyi ng  any or a l l  such  paten t ri gh ts .  

I n ternational  Standard  I EC  62979  has  been  prepared  by I EC techn ical  committee  82 :  Solar 
photovol ta ic energy systems.  

The  text of th is  I n ternational  Standard  is  based  on  the  fo l lowing  documents :  

FDIS  Report  on  voti ng  

82/1 269/FDIS  82/1 31 1 /RVD  

 
Fu l l  i n formation  on  the  voting  for the  approval  of th is  I n ternational  Standard  can  be  found  in  
the  report  on  voti ng  i nd icated  i n  the  above  table.  

Th is  document has  been  drafted  i n  accordance  wi th  the  I SO/IEC  D irecti ves,  Part 2 .  
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The  committee  has  decided  that the  con ten ts  of th is  document wi l l  remain  unchanged  un ti l  the  
stabi l i ty date  i nd icated  on  the  I EC  websi te  under "h ttp : //webstore. iec.ch"  i n  the  data  re lated  to  
the  speci fic document.  At  th is  date,  the  document wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or 

•  amended .  

A b i l ingual  vers ion  of th is  publ ication  may be  issued  at  a  l ater date.  
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INTRODUCTION  

During  the  normal  operation  of PV modu les  the  bypass  d iodes  are  reverse  b iased .  When  the  
PV modu le  is  partia l l y shaded  (for example  by u ti l i ty poles,  bu i l d ings,  or leaves) ,  some  of the  
cel l s  i n  the  PV modu le  may not be  ab le  to  produce  the  curren t  being  produced  by the  other 
cel l s  i n  the  series  stri ng .  The  shaded  ce l l s  are  then  d ri ven  i n to  reverse  b ias  so  the  bypass  
d iode  of the  shaded  cel l -string  becomes  forward  b ias  protecting  the  shaded  ce l l s.  

Under these  ci rcumstances,  the  temperature  of the  bypass  d iode  i ncreases  due  to  the  forward  
curren t fl owing  through  the  d iode.  I t  i s  i n  th i s  cond i tion  that the  d iodes  are  tested  i n  
accordance wi th  I EC 61 21 5-2: 201 6,  4 . 1 8. 1 :  Bypass  d iode  thermal  test.  When  the  shade  is  
removed ,  operating  cond i ti ons  return  to  normal  and  the  bypass  d iode  i s  again  reversed  b iased .  

Some of the  d iodes  u ti l i zed  as  bypass  d iodes  i n  PV modu les  have  characteristics  where  the  
reverse  b ias  l eakage curren t i ncreases  wi th  the  d iode  temperature.  So  i f the  d iode  i s  a l ready 
at  an  e levated  temperature  when  reverse  biased ,  there  wi l l  be  a  substan tia l  l eakage  curren t 
and  the  d iode  j unction  temperature  can  i ncrease  considerabl y.  The  worst case  occurs  when  
th is  heating  exceeds  the  cool ing  capabi l i ty of the  j unction  box i n  wh ich  the  d iode  is  i nsta l led .  
As  a  resu l t  of th is  i ncreas ing  temperature  and  l eakage  curren t,  the  d iode  can  break down.  
These  phenomena  are  ca l l ed  “thermal  runaway” .  The  thermal  des ign  of the  bypass  d iode  in  
the  j unction  box shal l  be  veri fi ed  to  ensure  that thermal  runaway does  not occur.  
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PHOTOVOLTAIC  MODULES – BYPASS DIODE –  
THERMAL RUNAWAY TEST 

 
 
 

1  Scope 

This  document provides  a  method  for evaluating  whether a  bypass  d iode  as  mounted  in  the  
modu le  is  susceptib le  to  thermal  runaway or i f there  is  sufficien t cool i ng  for i t  to  survive  the  
transi ti on  from  forward  b ias  operati on  to  reverse  b ias  operation  wi thout overheating .  

Th is  test methodology i s  particu larl y su i ted  for testi ng  of Schottky barrier d iodes,  wh ich  have  
the  characteristic  of i ncreas ing  l eakage  curren t as  a  function  of reverse  b ias  vol tage  at h i gh  
temperature,  making  them  more  susceptib le  to  thermal  runaway.  

The  test specimens  wh ich  employ P/N  d iodes  as  bypass  d iodes  are  exempted  from  the  
thermal  runaway test  requ i red  herein ,  because  the  capabi l i ty of P/N  d iodes  to  wi thstand  the  
reverse  b ias  is  sufficien tl y h i gh .  

2  Normative references  

The fol l owing  documents  are  referred  to  i n  the  text in  such  a  way that  some or a l l  of thei r 
con ten t consti tu tes  requ irements  of th is  document.  For dated  references,  on l y the  ed i tion  
ci ted  appl i es.  For undated  references,  the  l atest ed i tion  of the  referenced  document ( i nclud ing  
any amendments)  appl i es.  

I EC TS  61 836,  Solar photovoltaic energy systems – Terms,  definitions and symbols 

3 Terms and  defin i tions  

For the  purposes  of th is  document,  the  terms  and  defin i ti ons  g i ven  i n  I EC TS  61 836  as  wel l  as  
the  fol l owing  appl y.  

I SO  and  I EC main ta in  term inolog ical  databases  for use  i n  standard ization  at  the  fol lowing  
addresses:  

•  I EC  E lectroped ia:  avai lab le  at  h ttp : //www.electroped ia.org /  

•  I SO  On l ine  browsing  p latform :  avai lable  at h ttp : //www. iso.org/obp  

3. 1   
reverse current  
curren t flowing  i n  the  opposi te  d i rection  to  the  polari ty of the  bypass  d iode  

3.2   
reverse bias  vol tage   

vol tage  appl ied  to  the  opposi te  d i rection  to  the  polari ty of the  bypass  d iode  

3.3   
Tl ead  
temperature  of the  l ead-wire  of the  bypass  d iode  measured  by thermocouple  
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4 Thermal  runaway test  

4.1  Diode  thermal  runaway 

Some of the  d iodes  u ti l i zed  as  bypass  d iodes  i n  PV modu les  have  characteristics  where  the  
reverse  b ias  l eakage curren t i ncreases  wi th  the  d iode  temperature.  So  i f the  d iode  i s  a l ready 
at an  e levated  temperatu re  when  reverse  b iased ,  there  may be  a  substan tia l  reverse  current 
and  the  d iode  j unction  temperature  can  i ncrease  cons iderabl y.  The  worst  case  occurs  when  
th is  heati ng  exceeds  the  cool ing  capabi l i ty of the  j unction  box i n  wh ich  the  d iode  i s  i nsta l led .  
As  a  resu l t  of th is  i ncreas ing  temperature  and  l eakage  curren t,  the  d iode  can  break down.  
These  phenomena  are  cal led  “thermal  runaway” .  The  thermal  des ign  of the  bypass  d iode  in  
the  j unction  box shal l  be  veri fied  to  ensure  that thermal  runaway does  not occur.  

How the  thermal  runaway does  or does  not occur i s  i l l ustrated  s impl y i n  F igure  1 .  

The  curve  R i nd icates  the  re lation  of the  power in j ected  by the  reverse  b ias  vol tage  versus  the  
j unction  temperature.  As  shown ,  the  power i n jected  wi l l  rapid l y i ncrease  at  the  h i gher j unction  
temperature.  The  cool i ng  capabi l i ty of the  j unction  box i s  i nd icated  by the  curve  “Heat 
d issipation ”  and  the  cri tical  temperature  TC  i s  the  crossing  poin t of the  cu rve  R and  the  curve  

“Heat d iss ipation” .  

 

Figure 1  – I l lustration  of how thermal  runaway occurs  

I f the  reverse  bias  vol tage  i s  appl ied  at  a  j unction  temperature  h igher than  the  cri tical  
temperature  TC ,  the  i n jected  power wi l l  be  more  than  the  cool ing  capabi l i ty and  the  j unction  

temperature  wi l l  keep  i ncreasing  un ti l  the  d iode  undergoes  thermal  runaway.  
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R:  I n j ected  power by  
reverse  bias  vol tage   

Vr  versus  Tj  

Heat d i ss ipation :  Cool i ng  capabi l i ty of 
j unction  box versus  Tj  u nder certai n  
envi ronmental  temperatu re  

TC :  Cri ti cal   

temperatu re  

TF2 :  Equ i l i bri um  

temperatu re  at  IF2  

TF1 :  Equ i l i bri um  

temperatu re  at  IF1  

F2 :  I n j ected  power by 

forward  cu rren t IF2  versus  Tj  

F1 :  I n j ected  power by 
forward  cu rrent  IF1  versus  Tj  

Thermal  runaway does  not  occur when  TF  <  TC  
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On  the  other hand ,  i f the  reverse  b ias  vol tage  i s  appl ied  at  a  j unction  temperature  l ower than  
the  cri tical  temperature  TC ,  the  i n jected  power wi l l  be  less  than  the  cool ing  capabi l i ty and  the  

j unction  temperature  wi l l  g radual l y decrease  toward  the  envi ronmental  temperature.  

The  curves  F1  and  F2  show the  re lationsh ip  of the  power i n j ected  by the  forward  curren t IF1  
and  IF2  versus  the  j unction  temperature.  The  crossing  poin ts  of these  curves  and  the  cool i ng  
capabi l i ty “Heat d iss ipation”  show the  equ i l ibrium  temperature  when  the  forward  curren t  i s  
appl ied .  

The  equ i l i brium  temperature  TF1  correspond ing  to  the  curve  F1  i s  h i gher than  TC  and  the  

thermal  runaway may occur when  the  d iode  i s  reverse  b iased .  The  equ i l i brium  temperature  
TF2  correspond ing  to  the  curve  F2  i s  l ower than  TC  and  the  thermal  runaway wi l l  not occur 

when  the  d iode  is  reverse  b iased .  

4.2  Test conditions  

The test cond i ti ons  under wh ich  the  thermal  runaway test shou ld  be  performed  are  as  fo l lows :  

a)  I n i ti a l  modu le  temperatu re:  (90  ±  2)  °C.  

Modu les  that  carry a  l abel  that  says  “For use  i n  open  rack mount on l y”  may be  tested  at a  
reduced  temperature  of (75  ±  2)  °C.  

As  the  occurrence  of thermal  runaway i s  re lated  to  the  temperature  at  the  i nstance  of the  
reverse  b ias  vol tage  appl ication ,  the  thermal  runaway test i s  to  be  performed  under the  
h ighest envi ronmental  temperature  the  modu le  cou ld  encounter during  the  normal  
operation .  

The  modu le  temperature  may be  measured  by Tl ead .  

b)  Speci fied  forward  current:  1 , 25  ×  “Short  ci rcu i t curren t (ISC)  at  STC”  of the  PV modu le  for 
the  bypass  d iode  to  be  tested .  

c)  Speci fied  reverse  b ias  vol tage:  Open  ci rcu i t vo l tage  (VOC)  a t STC of the  ce l l  string  of the  
modu le  protected  by the  bypass  d iode  to  be  tested .  

4.3  Preparation  of test specimen  

The test specimen  shou ld  be  the  actual  modu le  or the  specia l  sample  having  the  same 
construction  of the  actual  modu le.  

I n  order to  perform  the  test by us ing  a  reasonable  s i zed  heat chamber,  specia l  samples  may 
be  used .   

The  special  sample  means  the  j unction  box i nclud ing  bypass  d iodes  bonded  by an  adhesive  
on to  a  su i table  g lass-substrate  l am inated  wi th  the  back-sheet in  order to  s imu late  the  actual  
modu le.   

Because  the  occurrence  of thermal  runaway depends  upon  cool ing  of the  bypass  d iode,  the  
test shal l  be  performed  wi th  the  d iode  mounted  i n  the  same way as  i n  the  actual  modu le.  The  
specia l  sample  may be  provided  by the  modu l e  or j unction  box manufacturer.  

I n  case  an  actual  modu le  i s  used ,  the  ce l l  s tri ngs  shou ld  be  e lectrical l y d isconnected  from  the  
bypass  d iodes.  

The  test specimen  shal l  be  provided  wi th  the  connection  cables  for the  test modu le.  

I n  order to  measure  Tl ead  and  vol tage  of each  bypass  d iode,  connections  of the  l ead-wires  

and  thermocouples  are  requ i red  to  be  provided  wi th  the  test specimen  as  shown  i n  F igure  2 .  

Thermocouple  shou ld  be  mounted  on  the  cathode  l ead  as  close  as  possib le  to  the  d iode  body.  
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Care  shou ld  be  taken  to  m in im ize  any a l teration  of the  properties  of the  d iode  or i ts  heat 
transfer path .  

 

Figure 2  – Ci rcu i t  for measurement of Tl ead  and  forward  vol tage  

4.4  Test equ ipment 

a)  Chamber for heating  the  modu le  to  a  temperature  of (90  ±  2)  °C.  

b)  Means  for mon i toring  the  temperature  of the  chamber to  an  accuracy of ±  2 , 0  °C  and  
repeatabi l i ty of ±  0 , 5  °C.  

c)  Thermocouples  and  means  for record ing  the  Tl ead  of the  test specimen  to  an  accuracy of  
±  1 °C.  

Commonly used  T-type  thermocouple  (copper-constan tan)  wi th  soldering  j oin t i s  
perm issible  for th is  test,  however i t  has  a  l im i tation  s i nce  the  h i ghest  measurable  
temperature  i s  at  200  °C  to  250  °C,  wh ich  wou ld  be  above  the  observed  temperature  TC  

(cri tical  temperature).  When  a  thermal  runaway occurs ,  the  temperature  wi l l  l i kel y go  up  
beyond  the  thermocouple  l im i tation ,  bu t  by measuring  the  reverse  curren t fl owing  through  
the  d iode  the  thermal  runaway phenomena wi l l  sti l l  be  caught.   

d )  Means  for appl ying  the  forward  curren t speci fi ed  i n  4 . 2  b) .  Means  for mon i toring  the  
forward  curren t through  the  modu le  and  the  forward  vol tage  of the  d iode  se lected  for the  
test,  throughout the  test.  

e)  Means  for applying  the  reverse  b ias  vol tage  speci fi ed  i n  4 . 2  c)  to  the  bypass  d iode  wi th  
capabi l i ty of suppl ying  the  current equal  to  1 , 25  x ISC  of the  test modu le  under the  
speci fied  reverse  vol tage.  Means  for measuring  the  l eakage  current and  the  reverse  
vol tage  of the  bypass  d iode.  

f)  Means  for making  the  swift  swi tch ing  (wi th in  1 0  ms)  from  forward  current  i n j ection  to  
reverse  b ias  vol tage  appl ication  as  i l l ustrated  i n  the  test ci rcu i t  of F igure  3  and  F igure  4.  

The  equ ipment shal l  be  des igned  so  that harmfu l  vo l tage  peaks  are  avoided .  

IEC  
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–V1  

+V2  –V2  

+Vn  

–Vn  

–I  

Thermocouple  1  

Thermocouple  2  

Thermocouple  n  
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Figure 3  – Ci rcu i t  for flowing  a  forward  current to  the  bypass  d iode  

 

Figure 4 – Ci rcu i t  for applying  a  reverse bias  vol tage  to  the  bypass  d iode  

4.5  Test procedure  

a)  To  obta in  i n i tia l  characteristics  of bypass  d iode  and  to  make sure  that bypass  d iode  
functions  correctl y,  measure  the  reverse  characteristic  incl ud ing  reverse  current  at 
speci fied  reverse  vol tage  i n  4 . 2  c)  at  room  temperature  (25  ±  5)  °C.  

b)  For the  se lection  of the  bypass  d iode  to  be  tested ,  appl y the  speci fied  forward  current  
(4 . 2  b)  to  a l l  the  bypass  d iodes  i n  series  i n  the  test specimen  at (25  ±  5)  °C.  Se lect the  
bypass  d iode  wh ich  shows  the  h ighest temperature.  I n  case  that the  d iodes  are  mounted  
somewhere  e lse  – l i ke  i n  the  lam inate  and  so  on ,  the  bypass  d iode  having  the  h ighest 
temperature  shou ld  be  tested .   

c)  After pu tting  the  test  specimen(s)  wi th  necessary measuring  and  mon i toring  equ ipment 
i n to  the  test  chamber,  heat  them  to  the  i n i ti a l  modu le  temperature  speci fied  i n  4 . 2  a).  

The  cons ideration  shou ld  be  taken  to  m in im ize  the  effect of the  a i r fl ow to  the  test 
specimen  in  the  chamber.  
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d )  Appl y the  speci fied  forward  curren t (4 . 2  b)  to  the  bypass  d iodes  for at l east 40  m in  and  
un ti l  the  range  of Tl ead  change during  1 0  m in  becomes  wi th in  0 , 3  °C.  

Shu t-off the  forward  cu rrent.  W i th in  1 0  ms  after that  appl y the  reverse  b ias  vol tage  
speci fied  i n  4 . 2  c)  to  the  bypass  d iode  to  be  tested .  Continue  to  observe  the  reverse  
curren t and  temperature  of the  reverse  b iased  bypass  d iode.   

I n  most of the  cases  the  reverse  current and  the  Tl ead  are  expected  e i ther to  rise  (as  
i nd icated  in  the  F igure  5)  or to  decrease  (as  i nd icated  i n  the  F igure  6)  soon  wi thou t 
staying  steady.  I n  borderl ine  cases  some time i s  needed  to  see  the  fi nal  d i rection  of the  
change.  I n  such  a  case,  the  test shou ld  be  con tinued  for at l east 2  m in .  

I f the  reverse  curren t i ncreases  up  to  curren t l im i t of the  reverse  b ias  power suppl y,  i t  i s  
regarded  as  thermal  runaway occurred  and  the  reverse  bias  appl ication  may be  s topped  
immed iate l y.  

 

Figure 5  – The typical  pattern  of thermal  runaway 

 

Figure 6  – The pattern  of non-thermal  runaway 

e)  Remove  the  test specimen  from  the  chamber.  

f)  I n  order to  check the  d iode  performance  after test,  a l l ow the  sample  to  cool  and  measure  
the  reverse  characteristi cs  of the  bypass  d iode  i nclud ing  reverse  current  at speci fi ed  
reverse  vol tage  (4. 2  c))  at  room  temperature  (25  ±  5)  °C.   
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Then  compare  the  reverse  current  measured  after test  wi th  the  in i tia l  measurement  taken  
during  s tep  4 . 5  a) .  

5 Pass  or fai l  cri teria  

a)  I f Tl ead  and  the  reverse  curren t decrease  during  the  reverse  bias  vol tage  portion  of the  
test (second  paragraph  of step  4 .5  d )) ,  and  i f the  reverse  cu rren t measured  after the  
test du ring  step  4 .5  f)  i s  not more  than  5  times  of the  i n i tial  value  measured  during  
step  4 .5  a) ,  the  bypass  d iode  i s  considered  to  have  passed  the  test.  

b)  I f Tl ead  and  the  reverse  curren t i ncrease  during  the  reverse  bias  vol tage  portion  of the  
test (second  paragraph  of step  4 .5  d )),  or i f the  reverse  cu rren t measured  after the  
test during  step  4 .5  f)  i s  more  than  5  times  of the  i n i ti al  value  measured  during  step  
4.5  a),  the  bypass  d iode  i s  considered  to  have  fai led  the  test.  

6 Test report 

The report shal l  contain  the  in formation  necessary to  reproduce  test resu l ts  and  the  detai ls  of 
the  sample  tested ,  speci fical l y,  make  note  of the  fol lowing :  

a)  a  ti tl e;  

b)  name and  address  of the  test l aboratory and  l ocation  where  the  tests  were  carried  ou t;  

c)  un ique  identi fication  of the  report and  of each  page;  

d )  name and  address  of cl i en t,  where  appropriate;  

e)  detai l  speci fication ,  description  and  i den ti fication  of the  test specimen;  

f)  date  of receipt  of test i tem  and  date(s)  of test,  where  appropriate;   

g )  i denti fication  of test method  used  and  test i nstruments  and  other equ ipment used ;  

h )  reference  to  sampl ing  procedure,  where  re levant;  

i )  the  values  of the  speci fied  test  cond i tions  wi th  any deviations  from ,  add i tions  to,  or 
exclus ions  from ,  the  test method  and  any other i n formation  re levant  to  a  speci fic test,  
measurements,  exam inations  and  derived  resu l ts  supported  by tables,  graphs,  sketches  
and  photographs  as  appropriate  i nclud ing :   

– The  i n i tia l  modu le  temperature  used  for the  test.  

– Speci fied  forward  curren t (4 . 2  b)) .  

– Speci fied  reverse  bias  vol tage  (4. 2  c)) .  

– Forward  current  in j ected  for bypass  d iode.  

– The  Tl ead  measured  after appl ying  the  forward  curren t unti l  Tl ead  s tab i l ises.  

– The  du ration  for wh ich  the  forward  curren t was  appl ied .  

– The  swi tch ing  time unti l  appl ying  reverse  b ias  vol tage  from  the  shu t-off of forward  
curren t.  

– Reverse  b ias  vol tage  appl ied  for bypass  d iode.  

– The  appl ication  time of speci fied  reverse  b ias  vol tage .  

– Records  of the  Tl ead  after the  appl ication  of reverse  b ias  vol tage.  

– Records  of the  l eakage  curren t of the  d iode  after the  appl ication  of reverse  b ias  
vol tage.  

– Photos  and  a  description  of the  specimens  tested .  

– D iode  characteristics  measured  before  and  after the  thermal  runaway test;  

j )  a  s tatement of the  estimated  uncertain ty of the  test resu l ts  (where  re levant) ;  

k)  a  s ignature  and  ti tle ,  or equ ivalent  i denti fication  of the  person(s)  accepting  responsibi l i ty 
for the  con ten t of the  certi ficate  or report,  and  the  date  of i ssue;  
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l )  where  re levant,  a  s tatement to  the  effect that the  resu l ts  re late  on l y to  the  i tems  tested ;  

m )  a  statement that the  certi ficate  or report shou ld  not be  reproduced  except i n  fu l l ,  wi thou t 
the  wri tten  approval  of the  l aboratory.  

___________ 
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