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LASER OPTOGALVANIC BETBLYSIS OF NITROGEN LAYERS 
IN HOLLOW CATEIODE GLOW D I S C W G E  
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effect,layer and surface analysis 

2.D julgerova, V.Mihailov 
Institute of  Solid State Physics-BAS 
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ABSTRACT 

replacement o f  the spectral line intensity by the 
optogalvanic and photoelectric optogalvanic signals 
improves the accuracy of the classical direct layer- 
by-layer analysis in a hollow cathode glow discharge 
and its possibilities,for example for layer thickness 
measurements in some cases. 

This experimental investigation shows that the 

INTRODUCTION 
The classical hollow cathode glow discharge 

continues to be applied due to its established qualit- 
ies as high sensitivity and accuracy of the analyses, 
effective atom and ion excitation to the high energetic 
levels,good stability 
conditions etc'.Recently it has been used successfully 
for a direct layer-by-layer spectral analysis of surf- 

in a wide region of discharge 
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348 DJULGEROVA AND MIHAILOV 

aces and meta1,semiconductor and dielectric layers 2 , 3  . 
In this case it proved to be an ideal source able to 
sputter the consecutive layers in depth and to give at 
the same time their analytical signals.0n the other 
hand,the hollow cathode discharge is well known as the 
most widely used detector for optogalvanic signals4’ 5. 

The aim of this investigation is the enhancement 
of the direct layer-by-layer analysis of surfaces and 
layers in a hollow cathode glow discharge replacing 
the classical spectral line intensity by the optogal- 
vanic or photoelectric optogalvanic signals of the 
elements investigated.The last signals are pure elec- 
trical signals which is a prerequisite for better 
analysis characteristics as our preliminary results 
showed . 6 

DESCRIPTION OF THE USED UETHODS 
The classical direct layer-by-layer analysis is 

based on the ion cathodic sputtering.The sputtered 
atoms enter the hollow cathode plasma where they 
excite and emit their typical spectral lines.Thus,the 
spectral line intensity I measuring with time t gives 
very useful information as for example the quality 
and the quantity of the sputtered atoms,the concentrat- 
ion profiles of the different elements in depth, the 
mutual diffusion of the different layers,the layer 
thickness etc . 
the resonant light absorbance by the plasma of some 
source that changes the ionization ballance of this 
plasma resulting in a discharge impedance change. In 
spite of the difficult optogalvanic signal (OGS) inter- 
pretation in most cases the optogalvanic spectroscopy 
has a lot of application~~#~.In this work we combine 
the advantages of the optogalvanic spectroscopy with 

3 

The conventional optogalvanic effect is based on 
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LASER OPTOGALVANIC ANALYSIS 349 

FIG.l Zxperimental setup:l-hollow cathode tube,2- 
power supply, 3 -laser , 4- spectrograph, 5 -pre- 
amplifier,6-selective nanovoltmeter or 
oscilloscope. 

the classical direct layer-by-layer analysis in a 
hollow cathode discharge. 

by a suitable wavelength light this surface can emit 
photoelectrons.The discharge can transform these low- 
energy photoelectrons into high-energy ones having 
enough kinetic energy for additional ionization, i.e. 
for producing of optogalvanic effect.Such type of 
signal 
recently has been used for layer and surface analysis 
in a high frequency di~charge”~’~.Here we apply the 
POGS as an analytical signal for layer thickness 
analysis in a hollow cathode glow discharge. 

If a surface placed in a discharge is illuminated 

named photoelectric optogalvanic signal (YOGS) 

EWER1ME”AL 

(Fig.1) consisting of certain standard components: 
hollow cathode discharge tube with an appropriate 
desi@,d.c.or pulse power supply,nitrogen laser , 
detecting 2C-group and an apparatus for analytical 
signal registration:a spectrograph,an oscilloscope 
or a selectiye nanovoltmeter with a preamplifier. 
The OGS and POGS have an analogous character so they 

These experiments were carried out on a set-up 
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350 DJULGEROVA AND MIHAILOV 

s e l e c t l v e  nanovoltmeter 
o r  oscil loscope 

l e ~ e r  light 

l a y e r  on a anode 
substrate 

.er  

aelectlve nanovoltmeter 
or oaci l loscopc  

spectral  l i n e  
l n t e n s i t y  

laser  l l n h t  

PIG.:! Hollow cathode configurations for photoelectric 
optogalnnic signa1,frptogalvanic signal and 
spectral line intensity measurements. 

are detected as the voltage drop change on a resist- 
ance R with a suitable value (R=25kn+llYLn).The conden- 
ser C placed before R separated the discharge voltage 
from the measured one, 

Two hollow cathode configurations were developed 
allowing the different analytical signals (1,OGS and 
YOGS) to be obtained (Fig,2).The POGS arised by 
illuminating perpendicularly the hollow cathode 
bottom where the sample was placed.The pure OGS and 
I were measured by an axial illumination of the hollow 
cathode plasma through special channels. This way,not 
o n l y  the pure OGS was prevented from the photoelectron 
background component but also the rectangular cross 
section l i g h  emitted by the nitrogen laser could be 
used in a more natural manner. 

The cathode material (Al) and the working gas(&) 
were chosen to be nonresonant at the 337,lm nitrogen 
laser light which ensured the originating of OGS and 
YOGS to be due only to the investigated sample atoms. 
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LASER OPTOGALVANIC ANALYSIS 35 I 

The hollow cathode had 6 mm diameter and 40 mm length. 
The He optimum pressure p was 2,5 torr and the dis- 
charge current strength i was i0mA.The laser flux in- 

3 2 tensity was higher than 10 kW/cm . 
Taking into account the special ion current 

radial distribution in a hollow cathode whose density 
has a m a x i m u m  at the cathode axis and a decrease toward 
the cathodic walls,the diameter d of the sample was 
taken according to the relation dsample/dcathode<2/3 
which ensured a plane parallel layer sputtering. 

ness on a T i - a l l o y  substrates were investigated.These 
nitrogen layers were obtained by heat-treatment at 
900-1100°C temperature in nitrogen atmosphere in order 
to increase the surface hardness of the material and 
its resistance to corrosive damages. 

Several Ti nitride layers with different thick- 

BESUL'PS BETD DISCUSSIONS 
1.OGS and POGS formation 

OGS and POGS firstly they were registered on an 
oscilloscope in a pure N2 discharge at different 
conditions(Fig.3).The signals are complex having high- 
er amplitude of the negative component.This component 
is due to the plasma conductivity increase at the 
laser illumination,i.e.to the discharge current in- 
crease which was accepted by us as positive optogalvan- 
ic and photoelectric optogalvanic signals.l!hese signals 
were detected by measuring the increased potential drop 
on R.lhe positive component is caused by certain relax- 
a-kion processes in the illiminated plasma.l!hc POGS=f(i) 
dependence is proportional to both the negative and 
positive components while the POGS=f(p) shows an in- 
verse proportionality.In view of the possibility for 
occurance of various processes in such complex plasma 

In order to find out the character of the used 
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IVI  

PIG.3 Photoelectric optogalvanic si nal shape; 
POGS=f(i) (a) and POGS=f(p) fb). 

consisting of nitrogen atoms and molecules and their 
ions,He atoms and its ions in some cases,all of them 
in different ground or excited levels,it i s  clear that 
the signal interpretation needs some additional data 
which will be the object of our next study.Meanwhile, 
we may use these signals as analytical evidence for 
the presence of nitrogen i n  the examined plasma. 

We have to note that the meaning of the POGS used 
by us here is different from those in the works 7,8,9* 

In  our experiments the POGS were formed not  o n l y  by 
the emitted photoelectrons after an acceleration in 
the discharge but also by a purely optogalvanic effect 
arising when the sputtered nitrogen absorbedthe reson- 
ant 337,l nm nitrogen laser light.That*s why in spite 
of their analogous character the POGS amplitude wa8 
higher than the OGS amplitude(Fig.4).The same figure 
suggests the nonlinearity of the POGS.More detailed 
examinations carried out by us subsequently have prov- 
ed the nonlinear character of these signals . 
2.Nitropen Laser Thickness hfeasurement 

10 

In order t o  obtain the nitrogen distribution in 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
5
2
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



LASER OPTOGALVANIC ANALYSIS 

0 0 -  

5 0 -  

40 

353 

- 

1-as 

2 - P a s  

(R=lMn) 

(R=25kn) 

10 

0 11, , , ;. , , , . ; E'$ 

0.0 03 0.2 03 04 05 

FIG.4 Dependence of the POGS and OGS on the laser 
light energy E. 

depth and the layer/substrate interface position the 
dependence of the analytical signal (1,OGS and POGS) 
on time was registered.The layer thickness L of certain 
samples was measured previously by a metallographic 
microscope with an accuracy < 196 which allowed us to 
d r a w  a calibration curve for layer thickness measuring. 
The detailed microscopical observations showed that 
there was no good differentiation between the layer and 
the substrate in most samples because of the nitrogen 
diffusion deep into the substrate Howevertthe measured 
microhardness H undoubtedly proved the nitrogen layer 
existance.For example,the microhardness for the sample 
with L=72 pm w a s  H=149-177 kg/mm in the basic alloy, 
H=371-403 kg/mm below the superficial layer and 
H608 kg/mm2 - on the sample surface. 
A1 spectral lines are shown in fig.5 for samples with 
L=67 Pm; 72 pm 
face position.The relative standard deviation is 12%. 

2 

2 

The dependences I=f(t) for some N,N2,N+,N2: Ti and 

and 120 pm.The arrow denotes the inter- 
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It is not easy to use these dependences for exact inter- 
face position determination for the samlpes both with 
(L=67 p m) and without (L=72 ;120 p m) exact differentiat- 
ion between the layer and the substrate since these 
layers have not too good homogeneity.The tendency of Ti 
spectral line increasing towards the substrate is logic- 
al but the behaviour of the I=f(t) for Al I 396,lnm 
spectral line of the cathode material is interesting. 
This function should be expected to be constant bat the 
figure demonstrates its decrease with time.This is caus- 
ed probably by the nitrogen cover of the cathode sur- 
face in the nitrogen atmosphere.In this line we could 
draw attention to the experimental fact that after a 
few hours working in nitrogen atmosphere all surfaces 
of the hollow cathode discharge tube have been covered 
with nitrogen films.It caused the necessity for their 
cleaning before the next experiments in order to pre- 
vent dscharge instabilities. 

The cathode sputtering velocity of the nitrogen 
layers estimated from figure 5 is 1 pm/min. 

The OGS=f(t) dependence for the samle with L=l2&m 
layer was registered simultaneously with the I=f(t) 
dependence at the same discharge conditions (Fig.6). 
A clearly expressed minimum corresponding t o  the inter- 
face position is seen in this function so it can be 
used for the layer thickness measurements. 

and 120 
clearly shaped minimums in these curves corresponding 
t o  the previously measured thickness of the layers. 
Extmmely sharp is the ruinhum for the L=67 Fm thick- 
ness layer which is very well differentiated from the 
substrate as the microscopical observation had showed, 
In regard to these functions after the interface it 
can be noted a high POGS,even higher than in the 

The POGS=f(t) functions for samples with L=67;72 
pm are shown in fig.7.Here we would note very 
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, OCSl V l  

FIG.6 Dependence of the optogalvanic signal on time 
for L=120 p m  sample. 

95 t  I 

FIG.7 Dependence of the photoelectric optogalvanic 
signal on time for different thickness layers. 

FIG.8 Calibration graph for layer thickness measurement 
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nitrogen layers,with a tendency of  saturation.The ex- 
planation o f  this result could be found in the follow- 
ing considerations.0n one hand,the impurities for 
example the soluble gases in the metal are known to 
decrease often the work function necessary for photo- 
electron emissionll.0n the other hand, the soluble in 
the metal nitrogen can enter easily in the hollow 
cathode plasma giving a high optogalvanic component 
in the photoelectric optogalvanic signals. 

experiment was estimated to be 2,7 pm/min.It is differ- 
ent from those estimated by the figures 5 and 6 
cause of the higher discharge current density. 

using the OGS and POGS. 

face position the function POGS=f(t) c a n  be used f o r  
layer thickness/time calibration curve drawing (Fig.8). 
‘This curve can be applied successfully for measurement 
of nitrogen layer thickness at least of the order of 
the investigated here. 

In conclusion,we could generalize that the classic- 
al direct layer-by-layer analysis in some cases can not 
be reliable and easy for layer thickness measurements as 
for example when the element investigated consists in 
both the layer and the substrate and in particular f o r  
layers having no good homogeneity.In these cases the 
replacement of the spectral line intensity by the opto- 
galvanic signal or especially by the optogalvanic pfoto- 
electric signal as an analytical signal is a good solut- 
ion due to their much better accuracy and higher sen- 
sitivity to the changed interface region characteristics. 

The velocity of cathodic sputtering in the last 

be- 

The relative standard deviation becomes 3+6% 

Due to the POGS very high sensitivity to the inter- 
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