
CHAPTER II 
LITERATURE REVIEW

2.1 Smart Cards

S m art c a rd s  (a lso  ca lled  c h ip  o r  in te g ra te d  c irc u it c a rd s  o r  IC C s) a re  sm all 
ca rd  th a t c o n ta in s  a  m ic ro p ro c e sso r  ch ip . T h ey  a re  n o rm a lly  in  th e  sh a p e  o f  a  c red it 
card . S m a rt c a rd s  a re  tw o  b asic  c a te g o rie s  o f  th e  in te g ra te d  c irc u it c a rd s; co n ta c t 
sm art ca rd  an d  c o n ta c tle s s  sm art card .
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S m a r t  C a rd  s t a n d a r d  D im e n s io n s

Figure 2.1 E x a m p le s  o f  sm art c a rd  s tan d ard .

2 .1 .1  C o n ta c t S m art C ard
T h e  c o n ta c t sm a rt ca rd  (w h ich  re q u ire s  a  c a rd  re a d e r)  h as  a  se t o f  

g o ld - p la te d  e le c tr ic a l c o n ta c ts  e m b e d d e d  in  th e  su rfa c e  o f  th e  p la s tic  on  o n e  side . It 
is o p e ra te d  b y  in se r tin g  th e  ca rd  in to  a  s lo t in  a  c a rd  re a d e r  w h ic h  h as  e lec tr ica l 
c o n ta c ts  th a t c o n n e c t to  th e  c o n ta c ts  on  th e  c a rd  face  th u s  e s ta b lish in g  a  d irec t 
co n n e c tio n  to  a c o n d u c tiv e  m ic ro m o d u le  on  th e  su rfa c e  o f  th e  ca rd . T h e  a p p lic a tio n  
o f  ca rd  is tra d itio n a lly  u sed  at th e  re ta il p o in t o f  sa le  o r  in th e  b a n k in g  e n v iro n m e n t 
o r  as th e  G S M  S IM  c a rd  in  th e  m o b ile  p h o n e .
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Figure 2.2 E x a m p le s  o f  c o n ta c t sm a rt card .

2 .1 .2  C o n ta c tle ss  S m a rt C ard
A n o th e r  ty p e  o f  sm a rt ca rd  is a  c o n ta c tle s s  sm a r t ca rd . A  c o n tac tle ss  

sm a rt c a rd  (w h ic h  u se  rad io  f re q u e n c y  s ig n a ls  to  o p e ra te ), lo o k s  ju s t  lik e  a  p la s tic  
“ c re d it c a rd ” w ith  a  c o m p u te r  ch ip  an d  an  a n te n n a  co il e m b e d d e d  w ith in  th e  card . 
M o s t c o n ta c tle s s  c a rd s  a lso  d e riv e  th e  in te rn a l c h ip  p o w e r  so u rce  fro m  th is  
e le c tro m a g n e tic  s ig n a l. R ad io  f re q u e n c y  te c h n o lo g y  is u se d  to  tra n sm it p o w e r  fro m  
th e  re a d e r  to  th e  card .

Smart Card

Figure 2.3 E x a m p le s  o f  c o n ta c tle s s  sm a rt ca rd .
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2.2 Plastic Smart Cards

T h e re  a re  sev e ra l ty p e s  o f  p la s tic  u se  fo r sm a rt ca rd s . P la s tic  c a n  be  d iv id ed  
in  m a n y  ty p e s  w h ic h  d e p e n d e d  o n  th e  a p p lic a tio n . T h e re fo re , th e re  a re  m an y  
c la ss ic a l m a te r ia ls  w h ich  w id e ly  u sed  fo r sm a rt ca rd . T h e  m a in  ty p e s  a re  P V C , PC  
an d  P E T .

2 .2 .1  P o ly v in y l C h lo r id e  S m art C ard
P V Ç  is th e  le a s t e x p e n s iv e  o f  th e  m a in  c a rd  b o d y  m a te r ia ls . It is u sed  

fo r b o th  c o n ta c t an d  c o n ta c tle s s  c a rd s , b u t g e n e ra lly  h a s  a  sh o r te r  life  ex p e c ta n c y  
th a n  o th e r  c a rd  b o d y  m a te r ia ls , d u e  to  a  lo w er re s is ta n c e  to  h e a t, u v  an d  b e n d in g  
s tre ss , w h ic h  can  ca u se  p re m a tu re  d e la m in a tio n  an d  m o d u le  se p a ra tio n . P V C  is 
g e n e ra lly  u se d  fo r fin a n c ia l ca rd s  w ith  a  life  e x p e c ta n c y  o f  3 -5  y ea rs . T h e  m a in  
d u ra b ility  is su e s  o f  P V C  in c lu d e : su rface  w ea r (sc ra tc h in g  an d  p r in t e ro s io n ), d e ­
la m in a tio n  w h e re  f in ish in g  lay e rs  b e g in  to  sep a ra te , e ffe c ts  o f  p h y s ic a l s tre ss  (f lex in g  
an d  tw is tin g )  o n  th e  ca rd  b o d y , ch e m ic a l d a m a g e  (fro m  p e tro l, n a il v a rn ish , c o o k in g  
o il, e tc .) , U V  lig h t c a u s in g  p r in t f in ish  d e te r io ra tio n , an d  w e a k n e sse s  cau sed  by  
c e r ta in  p e rso n a liz a tio n  fe a tu re s  (e m b o ss in g , la se r  e n g ra v in g .

Figure 2.4 E x a m p le s  o f  p o ly v in y l c h lo r id e  ca rd s.
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2 .2 .2  P o ly c a rb o n a te  S m art C a rd
T h e  s c ie n tis t w as  fo u n d  th e  w a y  to  re d u c e  th e  to x ic  m a te ria l w h ich  

re p la c e d  b y  p o ly c a rb o n a te . PC is a  m o re  r ig id  c a rd  b o d y  m a te r ia l w h ic h  h a s  a m u ch  
h ig h e r  re s is ta n c e  to  d a m a g e  fro m  h e a t, f lex in g  a n d  u v . PC is u se d  fo r an  ap p lic a tio n  
w h ic h  re q u ire s  an  e x tre m e ly  s tab le  o r  h ig h ly  d u ra b le  a p p lic a tio n . H o w e v e r, PC can  
h a v e  a  te n d e n c y  o f  b r ittle n e ss  w h ic h  c a n  b e  a d v e rse ly  a ffe c ted  b y  f re q u e n t a u to m a te d  
h a n d lin g , c a u s in g  sh a tte r  c rack s  an d  is  le ss  re s is ta n t to  c a u s tic  so lu tio n s  an d  ce rta in  
so lv en ts .

Figure 2.5 E x a m p le s  o f  p o ly c a rb o n a te  cards.

2 .2 .3  P o ly e s te r  S m a rt C ard
A n o th e r  ty p e  o f  p la s tic  ca rd  is  p o ly e s te r  su c h  a s  P E T F  an d  P E T G . 

T h e y  a re  sp ec ia l m a te r ia ls  th a t h a v e  b een  d e v e lo p e d  to  e n h a n c e  sp e c if ic  s tre n g th s  o r 
re d u c e  c e r ta in  w e a k n e sse s . T h ese  d e r iv a tiv e  m a te r ia ls  a re  o f te n  c o m b in e d  w ith  
sp e c ia lty  ca rd  b o d y  su b s tra te s  to  s ig n if ic a n tly  e n h a n c e  th e  p h y s ic a l d u ra b ility  o f  
c a rd s  fo r  sp e c if ic  a p p lic a tio n s . In  p a r tic u la r  to  re d u c e  th e  in c id e n c e  o f  an ten n a  
co n n e c tio n  b re a k s  an d  c o n ta c t p la te  se p a ra tio n  c a u se d  by  f le x in g  an d  b e n d in g  o f  the  
ca rd  b o d y .



7

Figure 2.6 E x a m p le s  o f  p o ly e s te r  ca rd s.

2.3 International Standards Organization

T h e  In te rn a tio n a l S ta n d a rd s  O rg a n iz a tio n  ( IS O ) is  a  n e tw o rk  o f  148 
c o u n tr ie s ’ in s titu te s  o f  s ta n d a rd s  th a t  p ro v id e s  c o n se n su s  fo r d e c is io n s  g o v e rn in g  
s ta n d a rd s  fo r v a r io u s  p ro d u c ts  w o rld w id e . H o w e v e r, th e  m a jo r ity  o f  c h ip  o r sm art 
c a rd s  u sed  in  th e  U K , E u ro p e  an d  U S A  c o n firm  to  th e  fo llo w in g  IS O  s ta n d a rd s  fo r 
m a g n e tic  ca rd s . T h e  sm art c a rd  q u a lity  is  d e te rm in e d  b y  in te rn a tio n a l s tan d a rd  
IS O /IE C  10373-1 w h ic h  d e f in e s  th e  id e n tif ic a tio n  c a rd s , te s t  m e th o d s  a n d  g en era l 
ch a ra c te ris tic s . M e a n w h ile , th e  sc ie n tis t a lso  u se d  IS O /IE C  7 8 1 6  w h ic h  d e f in e s  th e  
p h y s ic a l c h a ra c te r is tic  o f  p la s tic  su ch  as  f lex ib ility , te m p e ra tu re  to le ra n c e  an d  
fu n c tio n a lity . IS O /IE C  7 8 1 6  is  u sed  b y  b o th  c o n ta c t a n d  c o n ta c tle s s  sm a rt ca rd  
a p p lic a tio n s  fo r se c u rity  o p e ra tio n s  an d  c o m m a n d s  fo r in te rc h a n g e .
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2.4 Literature Review

In  a  p a s t  few  d ecad es , m an y  re se a rc h e rs  s ta r te d  to  d e fin e  s ta n d a rd  o f  sm a rt 
ca rd  , a p p lic a tio n s  o f  sm art c a rd  an d  p la s tic  life tim e . A  g re a t d ea l o f  w o rk  h a s  b een  
d o n e  to  fin d  an  o p tim u m  p ro cess  c o n d itio n , s ta n d a rd  an d  o v e rv ie w  in  o rd e r  to  
e n h an ce  th e  e c o n o m ic  fe a s ib ility  an d  p ro d u c t.

K a th e r in e  M  S h e lfe r  et al. (2 0 0 4 ) s tu d ied  a n  o v e rv ie w  o f  th e  h is to ry , 
c o m m e rc ia liz a tio n , te c h n o lo g y , s ta n d a rd s , an d  c u rre n t a n d  fu tu re  a p p lic a tio n s  o f  
sm a rt ca rd s . T h e y  a lso  in c lu d ed  a  su m m a ry  o f  th e  in v e n tio n  o f  sm a rt ca rd s. 
H o w ev er, th e y  d e sc rib e d  th e  p h y s ica l c h a ra c te r is tic s  o f  th e  sm a rt  c a rd , a n d  its 
a sso c ia te d  c o n ta c t and  c o n ta c tle ss  in te rfaces , in te g ra te d  c irc u it (IC ) c h ip  and  
p ro c e sso r  cap ac ity .

E m m a n u lle  M a th ie u  et al.( 1995) s tu d ied  th e  a g in g  o f  so m e  p la s tic iz e d  P V C  
fo rm u la tio n  u se d  fo r te x tile  co a tin g . T h e y  h ad  c o m p a re d  tw o  w e a th e r in g  c h am b ers ; 
Q U V  an d  W ea th e r-O -M e te r. H o w ev e r, th e  d e g ra d a tio n  h a s  b e e n  m e a su re d  b y  th e  
v a ria tio n  o f  th e  IR  o p tica l d en s ity  a t 1780 c m '1. T h e y  re p o r te d  th a t  th e  W O M  
w e a th e r in g  is re p re se n ta tiv e  o f  th e  d iffe re n t fo rm  o f  o u td o o r  w e a th e r in g  d e g ra d a tio n  
w ith  an  a c c e le ra tio n  fa c to r  o f  sam e  u n it, h o w e v e r  th e  d e g ra d a tio n  a c c e le ra tio n  is  n o t 
as  la rg e  as  th a t o b ta in  w ith  Q U V  fo r sa m p le s  w h ic h  th e  la tte r  c a u se s  an  a g in g  w h ic h  
is re p re se n ta tiv e  o f  rea lity .

A t 2 0 0 1 , X .F . Y an g a  et al. s tu d ie d  th e  d e g ra d a tio n  o f  p o ly u re th a n e  to p c o a t 
o v e r  a  c h ro m a te  p ig m e n te d  ep o x y  p r im e r  w as  m e a su re  b y  sc a n n in g  e le c tro n ic  
m ic ro sc o p y  (S E M ) an d  g lo ss  m e a su re m e n t a fte r  th e  c o a te d  p a n e ls  w e re  e x p o se d  in  a  
Q U V  ch am b er. It w a s  fo u n d  th a t u p o n  Q U V  e x p o su re , b lis te rs  fo rm e d  o n  th e  to p c o a t 
su rface s  d u rin g  th e  in itia l p h ase  o f  co a tin g  d e g ra d a tio n . A s  a  re su lt o f  b lis te r  
fo rm a tio n  an d  su b se q u e n t b reak ag e , co a tin g  g lo ss  w a s  lo s t b e fo re  a n y  p ig m e n ts  w ere  
ex p o sed  in  th e  co a tin g . F ig u re  2 .7  (r ig h t)  sh o w n  th e  c o a tin g  su rfa c e  c ra c k e d  an d  
p ig m en ts  w e re  e x p o se d  o n  th e  co a tin g  su rface .
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Figure 2.7 C o a tin g  g lo ss  m e a su re m e n t at 60° sh o w in g  th e  re d u c tio n  o f  th e  co a tin g  
g lo ss  in  th e  f irs t 17 w eek s  o f  ex p o su re  (le ft)  an d  S E M  m ic ro g ra p h  sh o w in g  the  
su rface  a f te r  2 4  w e e k s  ex p o su re .

G .F . T ja n d ra a tm a d ja  et al. (2002) s tu d ie d  th e  e ffe c t o f  w e a th e r in g , an d  in  
p a r tic u la r  u v  o n  u n s te r iliz e d  p o ly ca rb o n a te  by  e x p o se d  in  a  QUV w e a th e rin g  p anel 
c h a m b e r  w ith  UVA-340 nm . T h e  re su lt sh o w ed  th e  ro u g h  p o ly m e r  su rfa c e  a sso c ia ted  
w ith  th e  d e g ra d e d  la y e r  in c rea se s  th e  sca tte rin g  o f  lig h t o n  th e  p o ly m e r  su rface , 
w h ic h  re d u c e s  g lo ss  re ten tio n . T h e  loss in  g lo ss  is a s so c ia te d  w ith  a n  in c re a se  in  
d iffu se  lig h t s c a tte r in g  o n  th e  sam p le  su rface  an d  c o rre la te s  w ith  fe a tu re s  o n  th e  S E M  
m ic ro g ra p h s .

♦ UV40°C/42% I 
A 40/0%
A 40°C/33%
X 40°C/55%
•  40°C/78%
+ 40°C/97%

Figure 2.8 V a ria tio n  in  g lo ss  o f  p o ly ca rb o n a te  (re la tiv e  to  th e  g lo ss  o f  th e  co n tro l 
sa m p le ) a fte r  e x p o su re  to  v a rio u s  h u m id ity  lev e ls  w ith  an d  w ith o u t u v .
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Figure 2.9 S E M  o f  P C  e x p o se d  to  u v  fo r 2 3 5 0  h  (a) an d  S E M  o f  c o n tro l P C  (b).

F ig u re  2 .9  sh o w s  S E M  im a g e  o f  th e  P C  su rface  b e fo re  an d  a f te r  e x p o sed . T h e  
e x p o se d  sam p le  h a d  a  ro u g h e r  a p p e a ra n ce  (F ig . 2 .9 a), w h ils t th e  co n tro l sam p le  
e x h ib ite d  a  m o re  u n ifo rm  a n d  sm o o th  su rfa c e  (F ig . 2 .9 b ). T h e  ro u g h  su rface  
a s so c ia te d  w ith  th e  lig h t s c a tte r in g  w h ic h  sh o w n  lo w e r o f  g lo ss  re te n tio n .

A n d re ia  c . T a v a re s  et al. (2 0 0 3 ) s tu d ie d  th e  m e c h a n ic a l p ro p e rtie s  o f  
p o ly e th y le n e  su b je c te d  to  ac c e le ra te d  ag in g  in  W e a th e r in g  T e s te r  (Q U V ) and  
w e a th e ro m e te r  (W O M ) ch a m b e rs . T h e  e ffe c t o n  m e c h a n ic a l p ro p e rtie s  w as 
m e a su re d  by  th e  n a n o in d e n ta tio n  te ch n iq u e . It w a s  o b se rv e d  th a t h a rd n e ss  an d  e la s tic  
m o d u lu s  v a lu e s  g re w  h ig h e r  fro m  su rface  to  b u lk  w ith  a g in g  tim e  a n d  th a t th e  Q U V  
re g im e  e x e rte d  a  m o re  sev e re  d e g ra d a tio n  e ffe c t th a n  th e  W O M  (F ig  2 .1 0 ). T h e  
m o d if ic a tio n s  in  th e  e la s tic  m o d u lu s  w ith  a g in g  w e re  h ig h  e n o u g h  to  p ro m o te  
c ra c k in g  a t th e  su rfa c e  fo r  e x p o su re  tim e s  o f  4 0 0  h  an d  a b o v e , an d  w e re  a ttr ib u te d  to  
a  c o n tin u o u s  v a r ia tio n  o f  th e  m o d u lu s  w ith  dep th .
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Figure 2.10 V a ria tio n  o f  e la s tic  m o d u lu s  o f  Q U V  c h a m b e r  ( le f t)  and  v a r ia tio n  o f  
e la s tic m o d u lu s  o f  th e  W O M  c h a m b e r (rig h t).

Figure 2.11 T h e  c ra c k e d  su rface  o f  L D P E  ag ed  d u r in g  1600  h in  th e  W O M  c h a m b e r 
(A ) an d  8 00  h in  th e  Q U V  c h a m b e r (B ).

T h e  Q U V  ag ed  sa m p le s  d id  n o t p re se n t v is ib le  c ra c k s  fo r  ag in g  tim e s  lo w e r th a n  4 0 0  
h. In  th e se  sa m p le s  so m e  c ra c k s  w ith  sh a llo w  d e p th s  w e re  v is ib le . T h e  c ra c k s  are  
re la te d  to  fra c tu re  in d u c e d  in  th e  su rfa c e  b y  th e  a g in g  p ro c e s s  a s so c ia te d  w ith  
th e rm a l cy c lin g . F ig u re  2.11 A  an d  B T h e  o b se rv e d  e ffe c ts  in d ic a te  th a t a h ig h e r  
d e g re e  o f  c ro s s lin k in g  m u s t h av e  b een  a c h ie v e d  in  th e  Q U V  c h a m b e r , g iv in g  ra ise  to  
h ig h e r  s tre sse s  re su ltin g  in  sev e re  c ra c k in g  in  a ll d ire c tio n s

J. A ttw o o d  e t al. (2 0 0 6 ) s tu d ie d  th e  e f fe c ts  o f  a g e in g  by  u ltra v io le t 
d e g ra d a tio n  o f  re c y c le d  p o ly o le fin  b len d s . S a m p le s  w e re  a n a ly z e d  fo r c h a n g e s  in  
m e c h a n ic a l an d  o p tic a l p ro p e rtie s . D a ta  o b ta in e d  in  th is  s tu d y  su c h  as  te n s ile , im p ac t,
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g lo ss  an d  c o lo r  a n a ly se s  sh o w ed  th a t th e  e ffe c t o f  u v  e x p o su re . F o r c o lo r  an d  g lo ss  
c h a n g e , a  s te p w ise  in c rea se  on  in itia l u v  e x p o su re  w a s  o b se rv e d , fo llo w e d  by  a 
sh a rp  in c re a se  a f te r  750  h o f  ex p o su re . In c a se  o f  te n s ile  an d  im p a c t w e re  s lig h t 
d e c re a se  a t 100 h  o f  ex p o su re , th e  f irs t p o in t o f  te s tin g , th e re  h ad  a lre a d y  b een  a 
d e c re a se  o f  a b o u t 3 0 % . B y  1000 h  o f  e x p o su re , th e  d ro p  w a s  a b o u t 5 0 %  a f te r  w h ich  
th e  v a lu e  re m a in e d  co n s tan t. T h e  a p p a re n t in c re a se  in  te n s ile  s tre n g th  an d  d e c rea se  in 
im p a c t s tren g th  su g g e s te d  th a t a  re d u c tio n  in  c ry s ta l s ize  h a d  o ccu rred .

A t 2 0 0 7 , M ik iy a  Ito  et al. s tu d ied  th e  c o m p a r iso n  b e tw e e n  a  p la s tic iz e d  
p o ly (v in y l c h lo r id e )  in  th e  w e a th e r in g  te s t (W E L -S U N -D C ) an d  p la s tic iz e d  
p o ly (v in y l c h lo r id e )  in  th e rm a l ag in g  (O V E N  D N 6 0 0 ) . T h e  P V C  su rfa c e  w as  sh o w n  
by  S E M . A c c o rd in g  to  th e  re su lts  o f  th e  o b se rv a tio n  o f  s u rfa c e  an d  se c tio n , d iffe ren t 
a p p e a ra n c e s  b e tw e e n  w e a th e r in g  an d  th e rm a l a g in g  w e re  in d ica ted . F ig u re  2 .12  
sh o w n  sh o w s  S E M  im ag e  o f  th e  su rface  a fte r  th e  th e rm a l a g in g  te s t. A  few  sm all 
v o id s  a re  a lso  v is ib le . H o w ev e r, th e  s ize  an d  th e  n u m b e r o f  v o id s  w e re  n o t ch an g ed . 
C ase  o f  w e a th e r in g  te s t sh o w s a  few  v o id s  is  v is ib le . W ith  an  in c re a se  o f  th e  
w e a th e r in g  tim e , th e  s ize  and  th e  n u m b e r o f  v o id s  a lso  in c re a se d  (F ig  2 .1 3 ).

F ig u r e  2 .1 2  S E M  im ag es  o f  th e  su rfa c e  a fte r  th e  th e rm a l a g in g  te s t: (a ) 0 h , (b ) 100 
h ( th e  o b v io u s  v o id  is p o in ted  by  a rro w ), an d  (c ) 2 4 0  h.
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Figure 2.13 SEM images o f the irradiated side of the surface after the weathering
test: (a) 0 h, (b) 200 h, (c) 1000 h, and (d) 3000 h. The obvious voids are pointed by
arro w s.
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