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Pri kapacitivnem senzorju vlage sta nekaj sto nanometrov debeli plasti Ni-Cr elektrodi kondenzatorja. Elektrodi morata biti električno 
prevodni, imeti morata majhne notranje napetosti in zadostno elastičnost, da pri nasičenju dielektrika z vodno paro ne pride do 
porušitve spoja Ni-Cr plasti in dielektrika. Zgornja elektroda mora biti prepustna za vodno paro. Prepustnost elektrode dosežemo z 
naparevanjem pod kotom. Kot naparevanja je definiran kot kot med normalama podlage in uporovne ladjice. V delu je podan študij 
plasti Ni-Cr z analizo TEM, AFM in AES. Tanka plast Ni-Cr je zaradi različnih parnih tlakov Ni in Cr med nanašanjem zelo 
nehomogena. Spreminja se sestava, prevodnost in morfologija. Plast, ki je naparjena pri kotu 0°, je razpokana, pri kotu 75° pa ima 
usmerjeno stebričasto strukturo, ki kompenzira napetosti. 

Ključne besede: kapacitivni senzor relativne vlažnosti, tanke plasti Ni-Cr, morfologija tanke plsti Ni-Cr, analiza AES tanke plasti Ni-Cr 

A few nm-thick Ni-Cr layer forms the capacitance humidity sensor electrodes. The electrodes must have the adequate electric 
resistance, low mechanical tensions and proper elasticity coefficient in order to prevent the corruption of the Ni-Cr - dielectric layer 
joint when the dielectric is saturated by the water vapour. The upper electrode must be permeable for the water vapour in order to 
permit the water vapour to diffuse into the dielectric. The sufficient permeability of the Ni-Cr film is obtained by an evaporation 
under the incidence angle of 75°. The deposition angle is defined as the angle between the normal of the substrate and the normal 
of the evaporating source. The obtained results of Ni-Cr layer analysis by the AES, AFM and TEM are presented. The thin Ni-Cr 
layer is nonhomogeneus due to the different vapour pressure of the Ni and Cr during the deposition process. The Ni-Cr thin film 
evaporated under 0° incidence angle is cracky, while the layer evaporated under 75° incidence angle has the columnar structure. 

Key words: capacitance humidity sensor, Ni-Cr thin films, morphology of Ni-Cr thin film, AES anayses of Ni-Cr thin film 

1 Uvod 

Z a d n j i h d e s e t l e t j e š t u d i j t a n k i h p l a s t N i - C r z e l o i n -

t e n z i v e n . R a z i s k o v a l c i p r e u č u j e j o p r e d v s e m f i z i k a l n e i n 

e l e k t r i č n e l a s t n o s t i t e h p l a s t i 1 " 5 . T a n k e p l a s t i N i - C r s o 

p o s e b e j p o m e m b n e v m i k r o e l e k t r o n i k i i n s e u p o r a b l j a j o 

p r i t a n k o p l a s t n i h u p o r i h , p o t e n c i o m e t r i h , v v a r o v a l n i h 

p o v e z a v a h , z a b r a l n e p o m n i l n i k e v r a č u n a l n i k i h ( R O M ) 

i n d r u g j e 6 " 8 . 

T a n k e p l a s t i N i - C r , k i j i h p r e d s t a v l j a m o , t v o r i j o e l e k -

t r o d i k a p a c i t i v n e g a s e n z o r j a v l a g e . K a p a c i t i v n i s e n z o r 

r e l a t i v n e v l a g e j e n a n e s e n n a s t e k l e n i p o d l a g i . P o l i m e r n a 

k a p a c i t i v n a p l a s t , k i p r i i n t e r a k c i j i z v o d n o p a r o s p r e -

m e n i d i e l e k t r i č n o k o n s t a n t o , j e n a n e s e n a m e d e l e k t r o d i 

N i - C r . K a p a c i t i v n i s e n z o r v l a g e m o r a i m e t i n a s l e d n j e 

l a s t n o s t i : d o b r o e l e k t r i č n o p r e v o d n o s t e l e k t r o d , d o l g o -

t r a j n o d e l o v a n j e v p a r a h p r i v i s o k i t e m p e r a t u r i t e r č i m 

b o l j l i n e a r n o o d v i s n o s t m e d k a p a c i t i v n o s t j o i n r e l a t i v n o 

v l a g o p r i k o n s t a n t n i t e m p e r t u r i . 

B i s t v e n i l a s t n o s t i s e n z o r j a s t a v e l i k a o b č u t l j i v o s t n a 

v l a g o i n h i t r a o d z i v n o s t . O d z i v n o s t s e n z o r s k e s t r u k t u r e 

j e o d v i s n a p r e d v s e m o d d e b e l i n e i n p r e p u s t n o s t i v r h n j e 

e l e k t r o d e z a v o d n o p a r o . P r e p u s t n o s t e l e k t r o d e d o s e -

ž e m o z n a p a r e v a n j e m e l e k t r o d e p o d d o l o č e n i m k o t o m . 

E l e k t r o d e s m o n a p a r e v a l i i n p r e i z k u š a l i p r i k o t i h 0 = 0 ° 

i n 7 5 ° . B o l j š e l a s t n o s t i s e n z o r j a s m o d o b i l i p r i n a p a r e -

v a n j u p l a s t i N i - C r p r i 6 = 7 5 ° . 

1 Dr . L i d i j a I R M A N Č N I K B E L I Č 
Inš t i tu t za e l e k t r o n s k o in v a k u u m s k o t e h n i k o 
I()(X) L j u b l j a n a . T e s l o v a 3 0 

2 Eksperimentalno delo 

R e l a t i v n i k a p a c i t i v n i s e n z o r v l a g e , k i g a p r e d -

s t a v l j a m o , j e n a r e j e n n a s t e k l e n i p o d l a g i . P o l i m e r n a p l a s t 

p o l i e t e r - s u f o n a ( P E S ) j e n a n e s e n a m e d e l e k t r o d i N i - C r . 

P o l i m e r r a z t o p i m o v u s t r e z n e m t o p i l u i n g a z m e t o d o 

n a n a š a n j a z v r t e n j e m n a n e s e m o n a s p o d n j o e l e k t r o d o , k i 

j e n a p a r j e n a n a s t e k l e n o p o d l a g o . Z g o r n j a e l e k t r o d a , k i 

j e d e b e l a 2 5 0 n m , j e n a p a r j e n a n a p o l i m e r n o p l a s t . N a -

p a r e v a n j e p o t e k a v v a k u u m s k i k o m o r i p r i 1 0 " 4 P a . P l a s t 

N i - C r j e n a p a r j e n a i z v l o ž k a s s e s t a v o : N i 8 0 m a s . % , C r 

2 0 m a s . % , r a z t a l j e n e g a v v o l f r a m o v i l a d j i c i . D e b e l i n o 

n a p a r j e n e p l a s t i m e r i m o s k a l i b r i r a n o k r e m e n o v o 

t e h t n i c o . Z a d o s e g o e n a k e d e b e l i n e p r i n a p a r e v a n j u p o d 

r a z l i č n i m i k o t i ( 9 = 0 ° i n p r i 0 = 7 5 ° ) j e č a s n a n o s a 

r a z l i č e n . P r i n a p a r e v a n j u p o d k o t o m 7 5 ° j e č a s n a n a š a n j a 

p r i b l i ž n o t r i k r a t d a l j š i . D e b e l i n o p l a s t i N i - C r s m o m e r i l i 

z m e r i l n i k o m d e b e l i n e T e n c o r A l p h a S t e p 1 0 0 . 

Z a a n a l i z o k e m i j s k e s e s t a v e , k r i s t a l n e z g r a d b e i n 

v e l i k o s t i z r n s m o u p o r a b i l i r a z l i č n e t e h n i k e . P l a s t i s m o 

n a n e s l i n a r a z l i č n e p o d l a g e : s t e k l o , p o l i m e r i n K C 1 p o d 

r a z l i č n i m i k o t i ; p o d l a g e m e d n a p a r e v a n j e m n i s o b i l e 

o g r e v a n e . 

P o v r š i n o i n p r o f i l p l a s t i N i - C r s m o a n a l i z i r a l i s s p e k -

t r o s k o p i j o A u g e r j e v i h e l e k t r o n o v ( P h y s i c a l E l e c t r o n i c s 

I n d u s t r i e s , S A M 5 4 5 A ) . S t a t i č n i p r i m a r n i e l e k t r o n s k i 

c u r e k j e i m e l e n e r g i j o 3 k e V , t o k 0 , 5 | i A i n p r e m e r 4 0 

) t m . V p a d n i k o t p r i m a r n e g a e l e k t r o n s k e g a c u r k a j e b i l 

3 0 ° . V z o r c i s o b i l i j e d k a n i s s o v p a d a j o č i m a c u r k o m a 

i o n o v A r + , k i s t a r a s t r i r a l a p o p o v r š i n i 1 0 x 1 0 m m p o d 

k o t o m 4 7 ° . H i t r o s t j e d k a n j a j e b i l a 2 n m / m i n i n j e b i l a 



d o l o č e n a n a s t a n d a r d n i h v z o r c i h v e č p l a s t n e s t r u k t u r e V 2 

N i C r 9 . 

S t r u k t u r n e l a s t n o s t i p l a s t i s m o p r e i s k a l i s p r e s e v n i m 

e l e k t r o n s k i m m i k r o s k o p o m i n d i f r a k t o m e t r o m ( P h i l i p s 

E M 3 0 0 ) . P l a s t i d e b e l i n e p o d 3 0 n m , s m o n a p a r i l i n a o 

p o l i m e r i n K C 1 . M o r f o l o g i j o p l a s t i N i C r s m o u g o t o v i l i z 

o g l j i k o v e r e p l i k e . 2 0 n m d e b e l o o g l j i k o v o p l a s t s m o j 

n a n e s l i n a p l a s t N i - C r , n a p a r j e n o n a p o l i m e r n o p l a s t , £ 

n a t o s m o p o l i m e r o d t o p i l i v d i k l o r m e t a n u . P l a s t i , n a p a r - f 

j e n e n a K C I , s m o o d p o d l a g e l o č i l i z r a z t a p l j a n j e m K C 1 . a 

T o p o g r a f i j o p l a s t i n a n e š e n i h n a s t e k l e n o p o d l a g o s m o a 

u g o t o v i l i z A F M ( A t o m i c F o r c e M i c r o s c o p y ) N a n o s c o p e * 

I I I - D i g i t a l I n s t r u m e n t s , k i j e d e l o v a l v k o n t a k t n e m 

n a č i n u . 

-e- NI 

Cr 

- * - O 
— C 
-A- SI 

a 

3 Rezultati in diskusija 

3.1 AES 

G l o b i n s k e p r o f i l e p l a s t i N i - C r , d o b l j e n e s s p e k t r o s k o -

p i j o A u g e r j e v i h e l e k t r o n o v o b i s t o č a s n e m i o n s k e m j e d -

k a n j u , p r i k a z u j e t a sliki la in lb. 
A n a l i z i r a n a p l a s t N i - C r j e b i l a n a p a r j e n a n a s t e k l e n o 

p o d l a g o i n j e n a s t a l a z n a p a r e v a n j e m v l o ž k a s s e s t a v o N i 

8 0 m a s . % , C r 2 0 m a s . % , r a z t a l j e n e g a v v o l f r a m o v i l a d -

j i c i . U g o t o v i l i s m o n a s l e d n j e e l e m e n t e : C r , N i . O , C , i n 

S i . N a p a r e v a n j e j e p o t e k a l o p r i k o t u 0 ° i n 15°. 

K o n c e n t r a c i j a C r j e b i l a v o b e h p r i m e r i h v i š j a k o t v 

i z v i r u . L a ž e h l a p n i C r h i t r e j e i z p a r e v a , v l a d j i c i s e k o n -

c e n t r i r a N i . I z p a r e v a n j e p r e k i n e m o p r e d n o n a p a r i m o v e s 

v l o ž e k z W l a d j i c e . 

Z g l o b i n s k i h p r o f i l o v A E S j e r a z v i d n o , d a j e k o n c e n -

t r a c i j a C r m n o g o v i š j a , k a d a r j e b i l a p l a s t n a p a r j e n p o d 

k o t o m 0 ° (slika la) . P r i n a p a r e v a n j u p o d k o t o m 7 5 ° j e 

b i l č a s n a p a r e v a n j a d a l j š i . P o d a l j š e m č a s u n a p a r e v a n j a 

p a j e i z v i r s i r o m a š n e j š i s C r . 

K o n c e n t r a c i j s k i p r o f i l i n k o l i č i n a N i p a j e p o d o b n a 

p r i n a p a r e v a n j u p o d o b e m a k o t o m a . 

R a z l i k a v k o n c e n t r a c i j i m e d N i i n C r j e n a j b o l j 

o p a z n a n a p o v r š i n i s t e k l e n e p o d l a g e . K o n c e n t r a c i j a o b e h 

e l e m e n t o v p r o t i p o v r š i n i p l a s t i N i - C r z v e z n o p a d a i n j e 

n a p o v r š i n i e n a k a 8 a t . % ( 7 5 ° ) i n 1 0 a t . % ( 0 ° ) . 

V i š j a k o n c e n t r a c i j a k i s i k a v v z o r c u , n a p a r j e n e m p o d 

k o t o m 7 5 ° , j e p o s l e d i c a o k s i d a c i j e m e d p r o c e s o m 

n a n a š a n j a . Ž e p r e j s m o o m e n i l i , d a j e p r o c e s n a p a r e v a n j a 

p r i 7 5 ° d a l j š i k o t p r i n a p a r e v a n j u p r i 0 ° . M o ž n o , a m a n j 

v e r j e t n o j e t u d i , d a o k s i d a c i j a p o t e k a n a z r a k u v č a s u p o 

n a n o s u i n p r e d a n a l i z o p l a s t i . 

3.2 AFM 

3 D - p o s n e t e k v z o r c a , n a p a r j e n e g a p o d k o t o m 0 ° n a 

s t e k l e n o p o d l a g o ( 2 5 n m ) , j e p r i k a z a n n a sliki 2. P r e m e r 

g r u č a s t i h s k u p k o v j e m e d 5 i n 5 0 n m . P o s a m e z n i k r i s t a -

l i t i s o z b a n i v a g l o m e r a t i h v e č j i h o d 0 , 5 p m . 

Vzorec št.2: CrNI/<SI> 
(kot 75 st.) 

Slika 2: Posnetek AFM tanke plasti Ni-Cr, naprjene pri 0 = 0° 
Figure 2: AFM images of the Ni-Cr thin film evaporated at 0° 

100 --

Slika 1: AES profila plasti Ni-Cr. naparjene pod kotom 0° (a); 6 = 75° 
(b), na stekleno podlago (izvor za naparevanje je imel sestavo 80 
mas.% Ni in 20 mas.% Cr) 
Figure 1: Auger depth profile of NiCr film evaporated at incidence 
angle 6 = 0° (a); 9 = 75° (b), on a glass substrate (source composition 
in weight percent 80% Ni - 20% Cr) 
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Slika 3: Posnetek TEM replike plasti Ni-Cr. naparjene pod kotom 75°, 
na polimerno plast 
Figure 3: TEM image of the carbon replica of Ni-Cr layer evaporated 
at 75° on polymer film 

3.3 TEM 

A n a l i z o p l a s t i N i - C r s T E M p r i k a z u j e j o slike 3 , 4a in 
4b. N a sliki 3 j e p r i k a z a n a r e p l i k a z g o r n j e e l e k t r o d e , n a -

p a r j e n e p o d k o t o m 7 5 ° . P o v r š i n a p l a s t i j e p o v s e m g l a d -

k a . L e p o j e v i d n o , d a p l a s t N i - C r p r i v z a m e o b l i k o p o v r -

š i n e p o l i m e r a , n a k a t e r o j e n a n e s e n a . 

M i k r o s t r u k t u r a p l a s t i N i - C r , n a p a r j e n a p o d k o t o m 

7 5 ° , j e p r i k a z a n a n a sliki 4a. S p o s n e t k a j e r a z v i d n a s t e -

b r i č a s t a s t r u k t u r a . P r e m e r s t e b r i č k o v j e m a n j š i o d 1 0 n m . 

V s i s t e b r i č k i s o u s m e r j e n i v i s t o s m e r . P r i p a d a j o č i d i -

f r a k t o m e t r s k i p o s n e t e k p o d a j a f a z o N i C r i n č i s t i C r . 

Slika 4b p r i k a z u j e p l a s t N i - C r , n a p a r j e n o p o d k o t o m 

0 ° . J a s n o s o v i d n e r a z p o k e , k i s o v e č j e o d 1 0 0 n m . N j i -

h o v n a s t a n e k j e v e r j e t n o p o s l e d i c a n a p e t o s t i v p l a s t i . P r i 

Tabela 1: Primerjava medmrežnih razdalj 
Table 1: A comparrison between interlayer distances 

merjen 
d 

(CrN i ) " 
(A) 

hkl M i d ( C r ) " 
(A) 

hkl I / I i 

2,29 2,29 200 80 2,30 200 60 
2,04 2,044 210 80 2,049 210 100 
1,86 1.865 211 100 1,873 211 80 

1,611 220 10 
1,44 1,441 310 50 

1,387 311 10 
1,33 1,315 222 20 1,327 222 30 
1,27 1,272 50 1,274 320 40 
1,23 1,226 70 1.226 321 50 

*n> **n 

b 

Slika 4: Posnetka TEM in pripadajoči uklonski obroči tankih plasti 
Ni-Cr naparjenih na stekleno podlago pri kotih: (a) 75°, (b) 0° 
F igure 4: TEM images with corresponding diffraction patterns of 
Ni-Cr thin film evaporated on glass substrates at the incidence angle: 
(a) 0°, (b) 75° 

n a p a r e v a n j u p o d k o t o m 7 5 ° t a k i h n a p e t o s t i n i z a r a d i 

z d r s o v v s t e b r i č a s t i s t r u k t u r i . 

K l j u b v e l i k i p o d o b n o s t i m e d m r e ž n i h r a z d a l j v k r i s t a -

l i h N i C r i n C r j e m o g o č e s p r i m e r j a v e r e l a t i v n i h i n -

t e n z i t e t u k l o n s k i h o b r o č e v s k l e p a t i , d a j e v n a š i h p l a s t e h 

p o l e g f a z e N i C r t u d i č i s t i C r . I n t e n z i t e t i p r v i h d v e h u -

k l o n s k i h o b r o č e v s t a v č i s t i f a z i N i C r e n a k i (tabela 1), 
m e d t e m k o s t a u k l o n s k i s l i k i n a š i h p l a s t i b l i ž j e č i s t e m u 

C r . 



T o p o t r j u j e j o t u d i m e r i t v e , d o b l j e n e z A E S , k i d o k a -

z u j e j o , d a j e k o n c e n t r a c i j a C r 7 0 a t . % , N i p a l e 3 0 a t . % . 

4 Sklep 

T a n k e p l a s t i N i - C r s m o n a p a r i l i p o d k o t o m 0 ° i n 7 5 ° 

n a s t e k l o , K C 1 i n p o l i m e r . K o t n a p a r e v a n j a v p l i v a n a 

k e m i j s k o s e s t a v o , m o r f o l o g i j o i n t o p o g r a f i j o p l a s t i . 

A n a l i z e A E S s o p o k a z a l e , d a i m a j a n a p a r j e n e t a n k e 

p l a s t i N i - C r d r u g a č n o s e s t a v o o d i z v i r a n a p a r e v a n j a . 

Z a r a d i v i s o k e g a p a r n e g a t l a k a s e k o n c e n t r a c i j a C r v i z -

v i r u i n v p l a s t i m e d n a p a r e v a n j e m s p r e m i n j a . P l a s t N i -

C r , k i j e b i l a n a p a r j e n a p o d k o t o m 7 5 ° j e b o l j o k s i d i r a n a . 

' P o s n e t k i A F M k a ž e j o f i n o z r n a t o s t r u k t u r o p l a s t i N i -

C r , n a p a r j e n o p o d k o t o m 0 ° . P o s a m e z n a z r n a s o v e l i k a 

o d 5 d o 5 0 n m i n s e z d r u ž u j e j o v v e č j e a g l o m e r a t e . 

P o s n e t k i T E M p o t r j u j e j o f i n o z r n a t o s t r u k t u r o i n 

p r i s o t n o s t n a n o r a z p o k t e r s t e b r i č a s t o s t r u k t u r o v p l a s t i 

n a p a r j e n i p o d k o t o m 7 5 ° . D i f r a k c i j s k i p o s n e t k i p l a s t i N i -

C r d o k a z u j e j o p r i s o t n o s t f a z e N i C r i n p r e b i t k a C r . 
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