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ELECTROMIGRATION IN d.c ELECTROLUMINESCENT THIN FILMS OF ZnS 

G.M. Jakubowska* 

Institute of Physics, Technical University of Poznan, 60-965 Poznan, Poland 

Résumé - On propose d'expliquer la dégradation de l'émission 
de lumière par des structures ZnS électroluminescentes par la 
migration d'ions cuivre. Celle-ci affecte les propriétés de 
la couche au voisinage de l'électrode positive qui devient 
brillante. Des modifications de la surface de l'électrode et 
la précipitation de quantités importantes de cuivre ont été 
observées par microscopie optique et électronique. 

Abstract - The degradation of the light emission from ele­
ctroluminescent /EL/ ZnS structures is tentatively ex­
plained in terms of copper ion migration. The migration of 
copper ions affects the properties of the layer close to 
the positive electrode which appears bright. Some changes 
in the electrode surface and the precipitation of substan­
tial! amounts of copper were observed by iaean3 of the opti­
cal and electron microscopes. 

Since many years the attention has been focused on problems re­
lated to failures of thin films devices because of their technolo­
gical and economic importance. 

The electromigration is one of the methods applied to investi­
gate this problem. There are two basic types of measurements for 
thin film electromigration : 
- direct measurements of the ion flux, or certain parameters, such 

as conductor lifetimes and resistance changes, which can be re­
lated to the mass transport, 

- measurements of the change in the composition distribution caused 
by the passage of a direct current. 

The experimental electromigration effects in semiconductors are 
smaller than in metals owing to the relatively small values of the 
diffusion coefficient and the electric field force known as the 
" electron wind force" which is restricted by the small number of 
charge carriers. Parameters such as the current density, the ambient 
temperature, the geometry of the conductors and the microstructure 
have an effect on electrotransport. Diffusion in thin films can 
cause serious problems in microelectronic devices. The net mass 
transport is usually manifested by the formation of voids and hil­
locks, which could be observed by the optical and electron micro­
scope. 
It is probable that the forming and aging processes of electrolumi-
nescent /EL/ devices are related to electromigration in d.c. field[ij 
The aim of this work is to show that the processes which are chara­
cteristic of electrotransport take place in EL devices. In other 
paper £2] we have shown that the stabilization wixh time of light-
emission from electroluminescent structures could be related with 
the electromigration effects. Microscope observations of the El 

•Madame G.M. Jakubowska n'a malheureusement pas été en mesure de venir 
au Colloque. Sa contribution a cependant été présentée et discutée à la 
Conférence, et le texte qu'elle nous a fait parvenir est publié dans 
ces comptes-rendus. 
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s t r u c t u r e  show t h a t  t h e  br ightness  is  inhomogeneous and t h a t  t h e  
l i g h t  emission i s  loca l i zed  on many spots  of d i f f e r e n t  s i z e s .  'Xe in- 
ves t iga ted  t h e  d i s t r i b u t i o n  of the  br ightness  along t h e  ac t ive  re- 
g ion of t h e  sample and i t s  dependence on time. The loca l i zed  em&- 
ss ion  diaa2peara w i t h  increas ing time, and t h e  br ightness  of the  
sample becornea more homogencoua although i t s  i n t e n s i t y  i s  reduced. 
This degradation of t h e  l i g h t  emission i s  t e n t a t i v e l y  explained i n  
terms of copper i o n  migration. The migration of copper ions  a f f e c t s  
t h e  p roper t i e s  of t h e  l a y e r  c lose  t o  t h e  p o s i t i v e  e lec t rode  which 
appears br ight .  Some changes in t h e  e lect rode surface  and t h e  pre- 
c i p i t a t i o n  of s u b s t a n t i a l  amounts of copper a re  observed. 

Experimental d e t a i l s  

The s t r u c t u r e  of t h e  ETJ device i s  prepared i n  few s t e p s  [2]. 
A t h i n  f i lm / O.3@ / of manganese - doped ZnS w a s  evapor_gted onto 
a g l a s s  subs t ra te  maintained at 400°c i n  high vacuum / 10 Torr /. 
A Cu2S l a y e r  was then produced by dipping t h e  ZnS - Pin f i lm i n t o  an 
agueous so lu t ion  of C u C l .  The EL s t r u c t u r e  was completed by evapo- 
r a t i n g  a second ZnS - I 'm l a y e r  and then deposi t ing aluminium s t r i p s  
as electrodes.  These JI;L s t r u c t u r e s  were examined using o p t i c a l  and 
e l e c t r o n  microscopes. The l i g h t  e n i t t e d  was detected wi th  a photo- 
n u l t i p l i e r  which was connected t o  an op t icd l  microscope and a pho- 
t o  - camera. 

Resul ts  and discuss ion -. 

The main observations of t h e  processes r e l a t e d  t o  the  e lect ro-  
luminescence of t h i n  ZnS f i lms  were performed wi th  a o p t i c a l  m i -  
croscope. The microscope image O X  t h e  emitted r a d i a t i o n  i s  composed 
of b r igh t  spots which conf i rns  t h e  exis tence of separate  sources of 
l i g h t  emission. The s t r u c t u r e  of t h e  EL sandwich is non-uniform and 
t h e  l i g h t  emission i s  locdLized at s m a l l  spots  of d i f f e r e n t  s i zes .  
Light i s  not emitted sinultaneousl; with t h e  appl icat ion o f  t h e  
e l e c t r i c  f i e l d  but is preceded by a forming process, i.e. by t h e  
i n i t i a t i o n  of conduction i n  t h e  sample. E l e c t r i c a l  measureinents, 
which analys is  would be published elslvhcre l a t e r ,  show t h a t  t h e  cur- 
r e n t  increases wi th  increas ing v o l t e e .  An increase  i n  t h e  polarized 
v o l t w e  produces t h e  increase  i n  t h e  electrolu1inescence and i n  t h e  
current  in tens i ty .  However, when t h e  vol taxe i s  kept constant t h e  
intensities of t h e  emitted l i g h t  and of t h e  current  decrease with 
t i n e .  A t  t h e  same t ime t h e  region of luninescence i s  extended and 
t h e  number of l ight-emit t ing spots  is increased. Yhe l i g h t  emission 
a l s o  becomes more homogeneous. Th is  change in  t h e  emission is si- 
gn i f i can t  : t h e  l ight-emit t ing spots  a r e  i n i t i a l l y  v i s i b l e  only i n  
t h e  microscope: ~ u t  l a t e r  t h e  l i g h t  can be seen wi th  t h e  naked eY e. 
i\licroscope ~ n v e s t i g a t i o n s  of t h e  emitt ing sur f  ace show t h a t  in i -  
t i a l l y  t h e  l i g h t  emission i s  of high i n t e n s i t y  and i s  loca ted  i n  
spots ,  and t h a t  during continuous operation it decreases i n  inten- 
s i t y  but extends over t h e  whole surface. The changes i n  t h e  surface  
s t f u c t u r e  of the  e lect rodes  can be seen c l e a r l y  i n  t h e  o p t i c a l  m i -  
croscope observations,  The microscope observations a re  reproducible 
i n  d i f f e r e n t  samples. The r e s u l t s  presented i n  t h i s  paper we have 
obtained I r o m  t h e  experiments ca r r i ed  on a t  room temperature. 1JOW- 
days we p e r i o m e  as wel l  the  experiments i n  higher temperatures, 
increas ing t h e  r a t e  of e lect romigrat ion processes. The kig.1 shows 
as  an exarngle a whole EL element a f t e r  2000 h of current  operation. 



Yig. 1 - Optical. micrograph of a whole EL element, a f t e r  2000 h 
of current operation, magnification 80x. 

It can be seen the s t ructure changes a d  growing whiskers on sux- 
faces of two electrodes. 
A check with a computerized analyser connected t o  t he  electron m i -  
croscope was made t o  confirm t h a t  the  whiskers, seen i n  fi,pre, con- 
tained substant ial  amounts of copper. One of these whiskers is  shown 
i n  next Eig, 2, 3 , 

rig. 2 - filectron micrograph of a past of whisker with the  
copper precipi ta t ion,  magnification I8O00x. 

The assumption that; these changes can be interpreted as  he el* 
ctromigrakion of copper is  reasonable because it is  known thaii c o p  

per diffusion i s  very f a s t  i n  Zn5 anu oecduse of our electricall mea- 
surmenta,  which give the electxomigration parmeters  for copper 
agreed wieh the l i t e r a t u r e  data. I f  a voltage i s  applied between the  
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Fig - r;lectron micrograph of copper precipi ta t ion,  rnag 
f i ca t ion  3 5 0 0 ~ .  

l i -  

e lectrodes of the  b% device a very la rge  forming proceae cirrrenk 
fiws ai.5 a e  r a a a t  o f  the low Cu3 reslmance. %he CuQ shor t  c i r-  
cui* the  electrodes and a current flows but electroluminescence 
does no t  appear. The end of the forming process i s  indicated by a 
decrease i n  the  current which is re la ted  t o  the  appearance of ele- 
e-broluainescence and a change in the e l ec t r i ca l  resistance. These 
changes could be caused by the  migration of copper which i s  mani- 
fested as material  accumulation and depletion along the conductor 
as it is  seen i n  Fig. 2 and 3. The highly r e s i s t i v e  ZnS i s  located 
i n  t he  depletion region, it was checked by the  electron-probe 
me-bod. The spot  emission of the lighe: could be due t o  emission 
from the  isolated source# which form ZnS/Cu? hetero junct ions. The 

diffusion observed probably takes place m a i n l y  dong  the  grain 
boundaxies although diffusion in to  the  gra in  in t e r io r  i s  not exclu- 
de&D]. The increase i n  the  area of t he  emitting surface could be 
re la ted  t o  the  increase i n  the  number of act ive sources clue t o  the 
diffusion of copper. 

K e f  erences 

ABDALLA M.I . ,  J.Lumin. 18-19 /1979/ 743. 
JAKUBCNSKA G.M., Thin ~ m i l n s  87 /1982/ 189. 

0 3  HALL I? .PI. pfORABITO J. Thin ~ 0 1 i d T i l - m ~  /1.978/ 175 


