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Abstract. There were considered the specificities of the optical phasometry of information signals 
in sensors employing the surface plasmon resonance (SPR-sensors). The applied principle is the 
interference between the polarized light beams reflected from a sentitive receptor under the condi-
tions of resonance. The efficiency of the SPR phasometry is related to the benefitial application of 
the wedge-shaped light beam and the optimal angle positioning of the polarizer and the analyzer 
relative to the plane of the light incidence onto the receptor. The method has been proposed to deter-
mine the phase shift and resonance that employs the sequences of rectangular calibration impulses 
to construct information signals and their correlation processing. The angular resolution capacity 
of the SPR phasometry is restrained with the conditions of the registry of the above signals and is 
described by the value 0 0

min( ) ~ 0,001 0,0001Δθ ÷ , that corresponds to the change in refraction index 
7 8

min( ) ~ 10 10n − −Δ ÷ .  
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ÎÏÒÈ×ÍÀ ÔÀÇÎÌÅÒÐ²ß ²ÍÔÎÐÌÀÖ²ÉÍÈÕ ÑÈÃÍÀË²Â Ó ÏÏÐ-ÑÅÍÑÎÐÀÕ 

². Ä. Âîéòîâè÷, ². Î. ßâîðñüêèé 

Àíîòàö³ÿ. Ðîçãëÿíóòî îñîáëèâîñò³ îïòè÷íî¿ ôàçîìåòð³¿ ³íôîðìàö³éíèõ ñèãíàë³â ó ñåíñî-
ðàõ íà îñíîâ³ ïîâåðõíåâîãî ïëàçìîííîãî ðåçîíàíñó (ÏÏÐ-ñåíñîðàõ). Âèêîðèñòàíà ³íòåðôå-
ðåíö³ÿ ì³æ ïîëÿðèçîâàíèìè ñâ³òëîâèìè ïðîìåíÿìè, â³äáèòèìè â³ä ÷óòëèâîãî ðåöåïòîðà â 
óìîâàõ ðåçîíàíñó. Åôåêòèâí³ñòü ÏÏÐ-ôàçîìåòð³¿ ïîâ’ÿçóºòüñÿ ³ç äîö³ëüí³ñòþ çàñòîñóâàííÿ 
êëèíîïîä³áíîãî ñâ³òëîâîãî ïðîìåíÿ òà îïòèìàëüíèì êóòîâèì ðîçì³ùåííÿì ïîëÿðèçàòî-
ðà ³ àíàë³çàòîðà â³äíîñíî ïëîùèíè ïàä³ííÿ ñâ³òëà íà ðåöåïòîð. Çàïðîïîíîâàíà ìåòîäèêà 
âèçíà÷åííÿ ôàçîâîãî çñóâó ³ ðåçîíàíñó, ÿêà âèêîðèñòîâóº ïîñë³äîâíîñò³ ïðÿìîêóòíèõ åòà-
ëîííèõ ³ìïóëüñ³â äëÿ ïîáóäîâè ³íôîðìàö³éíèõ ñèãíàë³â ³ ¿õ êîðåëÿö³éíó îáðîáêó. Êóòîâà 
ðîçä³ëüíà çäàòí³ñòü ÏÏÐ-ôàçîìåòð³¿ îáìåæóºòüñÿ óìîâàìè ðåºñòðàö³¿ çàçíà÷åíèõ ñèãíàë³â ³ 
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1. Introdudction 

The traditional application of resonance param-
eters in SPR-sensors becomes insufficient if high 
levels of analysis precision are at stake. In these 
cases, to increase the resolution capacity of a sensor 
and to obtain additional information as to the mat-
ter under examination, the light phasal shifts can be 
considered that normally accompany the surface 
plasmon resonance [1-3]. 

The existing up to now SPR phasometry sen-
sors employ the interference of polarized light 
waves that allow reveal the above-mentioned phase 
shifts. Typically, such sensors are construed ac-
cording to the classic interferometric circuit with 
separate reference and signal paths [2,4,5], or, al-
ternatively, with the circuit where those paths are 
mutually integrated at the optical level [6,7,8]. The 
above integration means that within a certain spe-
cial interval the interferating light waves of different 
polarization reflected from the sensitive receptor 
are combined inside a common light path and are 
distributed along a single direction (common-path 
interferometry [7]). Yet, in all the instances under 
discussion, SPR-sensors were upgraded technically 
to a significant measure, such as complemented 
with precision mirrors, optical beam separators and 

attenuators, electrical optical modulators, phaser-
egulating modules, etc. Furthermore, the methods 
of heterodyne interferometry, that are applied most 
often, require rather bulky feedback circuits and 
control system of high voltage (thousands of Volts) 
[5,8]. In fact, this kind of sensors rather represent 
themselves examination laboratory stations that 
makes the analysis procedure rather costly. 

The purpose of the current work is to develop 
much simpler approaches to determine the above 
phase shifts, to provide for their noise filtration 
and convert into signals that could be registered by 
SPR, the work further intends to design inexpensive 
portable sensors of high resolution ability. 

2. The Circuit and the Operation Method of the 
phasometrical SPR-sensor 

Herewith the typical circuit of light transmis-
sion in a SPR-sensor is considered complemented 
with the components intended for the phasometri-
cal analysis of the optic signal (Fig.1). The basis 
is the circuit with the integrated beam path. The 
above circuit comprises the emitter 1, polarizer 
2, rectangular aperture diaphragm 3, cylindrical 
lense 4, total internal reflection prism 5, sensitive 

îö³íþºòüñÿ âåëè÷èíîþ 0 0
min( ) ~ 0,001 0,0001Δθ ÷ , ùî â³äïîâ³äàº çì³í³ ïîêàçíèêà çàëîìëåííÿ 

7 8
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receptor 6, analyzer 7, objective lens 8 and opti-
cal receiver 9. The emitter is a narrow-band laser 
and the optical receiver is a CCD gage. The objec-

tive lens is used to shape at the optical receiver of 
the interference signal that is generated inside the 
passing beam. 

Fig. 1. The diagram of light transmission in SPR-sensor with optical phasometry: 1 — radiation source, 2 — polarizer, 
3 — rectangular aperture diaphragm, 4 — cylindrical lens, 5 –total internal reflection prism, 6 — sensitive receptor, 
7 — analyzer, 8 — objective lens, 9 — optical receiver 

Let us assume that into the prism and the sensitive 
receptor, that have an immersion contact between 
them, from the side of the prism at angle θ (the axial 
angle), close to resonance θ

0
 there falls a polarized 

light beam with the oscillation amplitude of elec-
tric vector 0E . By use of rectangular diaphragm 3 
and cylindrical lens 4 the beam has the wedge shape 
of a constant breadth (the breadth is determined by 
the diaphragm and is estimated perpendicular rela-
tive to the light incidence plane). The beam breadth 
( 0~ 5 6− ) is necessary for the angular scan along 
the receptor while in the search of resonance. The 
beam is being focused directly before the receptor 
or after it. The means to shape that kind of beams 
are well known and are not to be considered in any 
extra detail herein. To describe the processes occur-
ring within the above type of circuit let us apply the 
vector method [9]. 

In case of traditional SPR method of measur-
ing that makes use of resonance parameters, the 
polarizer is typically positioned in a way to make 
the polarizing plane parallel to the plane of the light 
incidence onto the receptor. Whereas for the pha-
sometry method related to interference there is a 
need in composite emissions both with parallel and 
perpendicular (vs. the incidence plane) polariza-
tion. For these purposes, polarization plane P  is 
positioned at angle ϕ relative to the light incidence 
plane R  (Fig.2). This makes the parallel compo-
nent / / 0 cosE E= ϕ , and the perpendicular one — 

0 sinE E⊥ = ϕ . The above components are coherent 

and have the same phase. Yet, only the component 

/ /E  participates in the plasmonic resonance excita-
tion and is absorbed by the receptor. Reflected from 

the receptor is only part of this component / /r E  
( r - reflection rate). 

Fig.2. Vector diagram of calculating the phasometric 
process 

Hence, after the reflection, the parallel compo-

nent / /E  decreases by amplitude to 0 cosr E ϕ . By 
this it also changes its phase. As for the perpendicu-
lar component E⊥ , it changes its phase only without 
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changing the amplitude [1-3,9]. As the result, be-

tween components 0 cosr E ϕ  and 0 sinE ϕ , that are 
directed towards the analyzer, there occurs a certain 
phase difference δ . The specificity of the phase shift 
between these components in case of SPR and its 
drastic difference in case of an ordinary total internal 
reflection (such as, for instance, in case of the surface 
‘glass — air’) are stipulated by the presence of free 
electrons inside the thin metal film of the sensitive 
receptor and the corresponding composite refraction 
index of the film. The abrupt step δ  is the criterion 
that signifies that given a certain angle 0θ = θ  there is 
an occurrence of a plasmon resonance. To determine 
the resonance the interference between the above 
components is to be considered. 

Assuming the transmission area A  of analyzer 7 
is at angle ψ  to light incidence plane R , then after 
the beam passess the analyzer new components are 
formed 1E  and 2E : 

 1 0

2 0

cos cos ,
sin sin .

E r E
E E

= ϕ ψ

= ϕ ψ
  (1) 

The above components remain coherent and 
due to the analyzer function they are also parallel. 
Between them the phase shift is preserved that is 
characteristic of the shift between / /E  and E⊥  after 
reflection from the receptor, hence, there is inter-
ference. Applying the rule of adding vectors, at the 
analyzer output, taking into consideration the de-
crease of component / /E  in case of resonance, the 
obtained light has intensity 

 

2 2 2 2 2
0 cos cos sin sin

2 cos cos sin sin cos .

I E r

r

⎡= ϕ ψ + ϕ ψ +⎣
⎤+ ϕ ψ ϕ ψ δ⎦   (2) 

The phase shift and interference are charac-
teristic by some measure of any i - discrete com-
ponents of the wedge-shaped light beam that the 
latter beam can be conventionally decomposed 
into, including the beam reflected at the angle

0iθ ≠ θ . Each of such beams has its own compo-
nents polarized in parallel and perpendicular with 
the characteristic phase shift iδ . After passing the 
analyzer each i  beam forms along the direction of 
its distribution a spacial (‘localized at the infin-
ity’ [9]) interference image. Each beam at its own 
angle is incident onto the objective lens and is di-
rected by the latter to a singular point of its focal 
plane. Towards the very same point the lens gathers 
the rest of the beams parallel to the above discrete 
beam. All the beams are reflected from the recep-
tor at identical angles and, correspondingly, convey 

identical information on the phase shift, and their 
number is proportional to the breadth of the light 
wedge. All the above helps localize the interference 
image within the plane of positioning of the photo-
sensitive CCD gage and also increase its intensity, 
which is the necessary condition for the registry of 
the interference signal. 

There is a possibility to use in the place of a 
regular (spheric) objective lens 8 a cylindrical lens 
under the condition that such an objective and the 
cylindrical lens are ‘criss-crossed’ (are orthogonal), 
and the central (axial) plane of the beam scattering 
passes via the focal line of the objective. By this, the 
interference is localized along the above focal line, 
yet its intensity is lower due to the absence in the cy-
lindrical lens of the light refraction along the direc-
tion coinciding with the direction of the focal line. 

Let us consider the correlations that determine 
the optimum interference signal. For the effective 
interference of reflected light waves it is necessary 
for their amplitudes to be equal and of possible 
maximum value. The equality of amplitudes with 
the account of the change / /E  under resonance is 
given by condition 

 0 0sin sin cos cosE r Eϕ ψ = ϕ ψ .  (3) 

With (3) the expression can be found for the am-
plitudes of each of the waves that contribute to the 
interference: 

 
2 4

0 2( )
1
y yU y E

y
−

= ±
+ μ

,  (4) 

where sin ,y = ψ  
1 r
r
−

μ = . In correspondence to the 

well-known in mathematical analysis ‘mean value 
theorems’, function ( )U y  at the interval 0 1y≤ ≤  

has its extremum. Under condition ( ) 0d U y
dy

=  the 
obtained equation is 

 4 22 1 0y yμ + − =   (5) 

that determines the optmum values opty , for which 
amplitude ( )U y  reaches its maximum. Solving the 
equation (5) gives 

 sin
1opt opt
r ry
r

−
= ψ = ±

−
.  (6) 

Hence, from (3) it follows that sin sinopt optϕ = ψ . 
It is evident that opt optϕ = ψ . Hence, to obtain 

maximum interference the polarization plane P  of 
the polarizer and transmission plane A  of the ana-
lyzer are to be parallel, which can be achieved by 
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means of turning the polarizer and the analyzer. By 
this, the optimum angle positioning opt opt optϕ = ψ = ô  
of the above planes versus the light incidence plane 
R  onto the sensitive receptor is a function from re-
flection rate r : 

 
1

4
opt arctg r=ô .  (7) 

The corresponding dependency is shown in 
Fig. 3. To calculate the interference intensity, in-
stead of (2), the expression to use is: 

 2 4
02 sin (1 cos )optI E= + δô ,  (8) 

that is the basis to obtain the phase shift δ . 

 deg

Fig.3. Correlation between optô  and the light reflection 
rate r  in the resonance minimum 

In general, (8) describes the interference inten-
sity both under the condition of total internal re-
flection ( 1r = ), and under surface plasmonic reso-
nance ( 0 1r≤ < ). Under the former condition in 

correspondence to (7) 
4opt
π

=ô , hence 

 ( )2
00,5 1 cosI E= + δ .  (9) 

Under SPR the interference is determined by 
the changes in reflection rate. For instance, under 

0r =  angle 0opt =ô , 0I =  and interference does 
not occur whatsoever, as the component / /E  is ab-
sent in the reflected light. Whereas 0,1r =  and cor-
responding 029,35opt =ô  result in 

 ( )2
00,115 1 cosI E= + δ .  (10) 

Comparing expressions (9) and (10), the first 
impression is that in case of regular total internal 
reflection the interference is considerably more 
effective than that under SPR. The explanation is 
the decrease of the intensity component / /E  in the 
resonance zone. Yet, it is instrumental to consid-
er, that within the resonance minimum there take 
place rather abrupt phase changes / /E  (dramatic 
ñhange) [4], that could serve a physical basis in the 
resonace search. The objective is to develop the reg-
istry methods of the above changes and the means 
of shaping at their basis of information signals com-
patible with the requirements of SPR phasometry. 

3. Processing of Information Signals 

In presence of noise and interference determin-
ing experimentally the phase shift and the resonance 
based on expression (8) becomes insufficiently pre-
cise. Besides, the additional deviation takes place 
related to the possible uncontrolled changes in the 
value of reflection rate r  within the resonance min-
imum and the corresponding imprecision in deter-
mining angle optô . This deviation results in the rela-
tive change in the interference intensity 

 
( )1

I r
I r r

Δ Δ
=

+
,  (11) 

that, for instance, under 0,1r =  and 0,01rΔ =  
amounts to ~ 7,6 % . That is why for each separate 
measurement (at least, for each series of uniform 
measurements at the common receptor) rate r  is to 
be declared and the corresponding corrections are 
to be introduced as for the angular positioning of 
the polarizer and analyzer. 

To process the SPR sensor signals the approach 
proposed is the correlation method [10]. As was men-
tioned earlier, the essence of the above method is the 
comparison (using large-scale databases) of informa-
tion signal with the reference signals by applying the 
integration operation. As the result, the noise and 
side interference are eliminated and the outsome sig-
nal conveys the filtered useful information only char-
acterized by the high level of averaging. Fig.4 shows 
functional graph of the correlation method applicable 
for determining both rate r , and phase shift δ . 
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As long as r  is determined, the polarizer and the 
analyzer are positioned at angles 0ϕ = ψ =  relative 
to the plane of light incidence onto the receptor and 
the basic expression for the further calculations be-
comes (2), hence 

 0( ) ( )I t r I t= ,  (12) 

where 2
0 0( )I t E= . Driving generator “ Ã “ generates 

uni-polar rectangular reference impulses of singular 
amplitude 0 ( )I t  of duration T . The impulses are 
transferred to the input of the optoelectronic pass 
of ‘SPR’ sensor to modulate the light source and 
to the module " "τ  regulated with the step Δτ  in 
time delay of impulses. From the ‘SPR’ output the 
noised information signal is registered 0 ( ) ( )sr I t I t+  
(where ( )sI t  — is the noise), and from the output of 
the module “ τ ” the signal registered is that with the 
time delay 0 ( )I t − τ . Both signals are further trans-
mitted to the multiplication module " "× , that in 
turn outputs the signal 

 [ ]0 0( ) ( ) ( ) ( )sI t r I t I t I t= + ⋅ − τ .  (13) 

Signal ( )I t  is transmitted to the integrator “ ∫ ”. 
Under the condition that for the interval 0 t T≤ ≤  

0 ( ) 1I t = , the integrator outputs the correlation signal 

   

0 0
0 0

0
0 0

( ) ( ) ( )

( ) ( ) 0 ( )

T T

r

T T

s

J I t dt r I t I t dt

I t I t dt r dt r T

+τ +τ

+τ +τ

= = − τ +

+ − τ = + = − τ

∫ ∫

∫ ∫ ,  (14) 

that is free from the noise and conveys (for rate r ) 
the useful information. Signal rJ  can be calculated 
by numerical procedure. 

Typically, to obtain r  it is sufficient to know 
value rJ  with 0τ =  (that is, at a single point). Yet, 
there is a chance of influences from irregularities 
coming from, for instance, accidental changes in 
amplitude or ‘zero drift’ of the correlation signal. 
Hence, the averaged value of r  is instrumental to 
determine as 

 0

( )N
r j

j

J

r
N

=

Δ
Δτ

=
∑

,  (15) 

where: ( )r jJΔ  is the increment of the correlation sig-
nal related to the change at Δτ  with time lag τ ; N is 

the number of steps of time delay ( 1000TN = ≈
Δτ

). 

From each of the pixels of the photo-sensitive CCD 
gage the corresponding value of r  is received. With 
these values by means of computer ‘questioning’ of 
pixels the minimum value is identified that is neces-
sary to calculate angle optÔ . 

For determining phase shift δ  the polarizer 
and the analyzer are positioned (in correspon-
dence to the obtained r ) at angle optÔ  vs the 
plane of light incidence onto the receptor and the 
basis for further calculations becomes expression 
(8), hence 

 0 ( )I k I t= ,  (16) 

G MC

SPR

Fig.4. The functional diagram of correlation method of information processing: “G” — the generator of calibrating 
impulses, “SPR” — optical electronic pass of SPR-sensor, " "τ - the module of time delay of calibrating impulses, “
× ” — multiplication module, “ ∫ ” — integrator, “MC” — microcomputer 
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where 42 sin (1 cos )optk = + δÔ . In similitude to 
the above procedures, the series of rectangular uni-
polar impulses of singular amplitude are used. As 
the path of signal transmission and the algorithm 
of their processing is preserved, the outcoming cor-
relation signal is 

 ( )J k Tδ = − τ ,  (17) 

that with coiefficient k  conveys the information on 
the phase shift δ . For further purposes, this is the 
signal needed. 

Determining the CCD gage pixel of minimum 
r  is equivalent to the traditional identification of 
SPR-resonance with the minimum of the reso-
nance curve. Essentially, here the traditional meth-
od meets phasometry, which allows to a certain 
measure reserve the results received. 

Amplitude of the reference impulses 0 ( )I t , their 
duration T  and steps of delay Δτ  have to be strictly 
stabilized, and the time interval between the im-
pulses is to be sufficient for calculating the corre-
lation signal. All the operations related to shaping 
impulse sequences, to correlation processing, etc. 
can be performed by microcomputer "MC " inbed-
ded into SPR-sensor. 

4. Phasometry Parameters 

The correlation signal (17) is described 
as ( , , )J J k Tδ δ= τ , and its increment with 
the change k  under the condition 0τ =  is 

0
0

JJ k T k
k

δ
δ

τ=

∂⎛ ⎞Δ = Δ = Δ⎜ ⎟∂⎝ ⎠
. As 

k kk r
r

∂ ∂
Δ = Δ + Δδ

∂ ∂δ
, 

and at the resonance minimum 0drr
d

Δ = Δθ =
θ

 and 
d
d

δ
Δδ = Δθ

θ
, then increment 0JδΔ , related to phase 

change δ  with the angle change θ, is as follows: 

 0
k dJ T
dδ

∂ δ
Δ = Δθ

∂δ θ
.  (18) 

In the resonance zone function ( )δ θ  is charac-
terized by step (or close to step) form [4,8], that is 
approximated by the expression 

   ( )0
1 1( )

2
arctg m const⎧ ⎫δ θ = − θ − θ + ηπ +⎨ ⎬

π⎩ ⎭
,  (19) 

where: 1,2,3,.....,m = ∞  (the higher m  is, the closer 
the form of ( )δ θ  to step function) [11], η  is the rate 
of phase shift ( 0 1≤ η ≤ ). Expression (19) is true for 
the periphery of the resonance angle 0θ . It is evi-

dent, that under the conditions of high values of m  
and with 0const =  

 

0

0

0

;
1( ) ;
2
0 .

ηπ θ < θ⎧
⎪⎪δ θ = ηπ θ = θ⎨
⎪

θ > θ⎪⎩

at

at

at

  (20) 

Due to the above pattern of ( )δ θ  the resonance 
becomes characterized by an abrupt burst 

 2 2
01 ( )

d m m
d m

δ η
= ≈ η

θ + θ − θ
.  (21) 

The above burst increases with proximity of ( )δ θ  
to a step function. The higher is the burst, the higher 
is the value 0JδΔ . For the corresponding calibrated 

correlation signals 0
0

( )( ) JJ
T

δ
δ

θ
θ =  the following is 

true: 

   

4
0

4
0 0

4
0

2sin (1 cos ) ;

( ) 2sin (1 cos ) ;
2

4sin .

opt

opt

opt

Jδ

⎧ + ηπ θ < θ
⎪

ηπ⎪θ = + θ = θ⎨
⎪
⎪ θ > θ⎩

ô at

ô at

ô at

  (22) 

Fig.5 shows correlations ( )δ θ  ³ 0 ( )Jδ θ . It is ap-
parent that in resonance the correlation signal dras-
tically changes and its increment can be rather sig-
nificant and completely sufficient for the resonance 
registry. 

The angular separating power of such registry is 
described by the expression 

 

0

00 min
min

0

1 cos ( )( )
sin ( )

J
J
d
d

δ

δ

Δ
+ δ θ

Δθ =
δδ θ
θ

.  (23) 

For instance, under 0
1( )
2

δ θ = ηπ , 1η = , 

0

0 min

0,001J
J

δ

δ

Δ
≈ , 1000d m

d
δ

= =
θ

 value 

0
min( ) 0,00006Δθ ≈ . For the interferometry mea-

surements with the wave length 86500 10 cm−λ = ⋅  
and the sample breadth 1d cm=  that corresponds 
to the phase change 3

min( ) 1 10−Δδ ≈ ⋅  and refraction 

rate 8
min min( ) ( ) 1 10

2
n

d
−λ

Δ = Δ δ ≈ ⋅
π

 [2]. 

The resonance is determined by software-algo-
rithm calculations of the pixel number of the CCD 
gage, for which an abrupt correlation signal step has 
been registered, the angle shift of the resonance is 
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determined by the change in the above numbers. 
The steps for the phase and the corresponding sig-
nals occur only for the angle 0θ , that is for a rather 
narrow angle area (Fig.5). In the rest of the instanc-
es, as the resonance is absent, the change of the 
phase δ  with the change of the angle θ  proceeds 
rather smoothly. In this connection there arise a 
complex task to photo-register remarkably small 
angle changes Δθ . 

Fig.5. The dependency between phase shift δ  and cor-
relation signal 0Jδ  from angle of light incidence θ  onto 
sensitive receptor ( 01, 0,1, 29,35optrη = = =ô ) 

The angular resolution capacity of the objec-
tive lens of the photometric SPR-sensor is lim-
ited with the light diffraction, and with L D>>  
( L - distance from the receptor to the objective, 
D  — aperture of the objective) it is defined with 

the expression ( )obj D
λ

Δθ =  [12]. For instance, to 
meet the condition 0

min( ) ( ) ~ 0,0001objΔθ = Δθ  with 
86500 10 cm−λ = ⋅  there is a need in objective with 

the aperture 37D cm≈ , which does not meet the 
requirements to the sensor dimensions. Moreover, 
the objective lenses of high aperture are character-
ized by significant optical aberrations. They are 
quite complicated in design and production and are 
rather costly. Hence, it is instrumental to use small-
scale objective lenses with linear resolution capacity 

( )obj
fS f
D

λ
Δ = ⋅ Δθ =  ( f - focal distance) [13], that 

are to have resolution capacity of photo registering 
CCD structures (that equals several μm [14,15]). 
The above characteristic are ensured through the 
selection of the optimum correlation between f  
focus and D  aperture with the account taken of the 
diffraction affect, aberration and the design factors. 
Such as, compatible would be an objective lens with

~ 2 3f
D

÷  and ~ 5 7D cm÷ , although its angular 

resolution capacity 0( ) ~ 0,0006objΔθ , as it may be, 
does not completely meet the requirements of pha-
sometry. 

Along with the above factors, values min( )Δθ  and 

min( )nΔ  are limited by the quality of the materials 
(glass, metal and biochemical films) used for the 
sensor, as well as by the monochrome character of 
the emission, stability of the light source, of the op-
tical receiver and the temperature ambiance of the 
measurements, operating thresholds of the registry 
devices, digit capacity of the latter DA and AD con-
verters, and also by the essential physical limits of 
the phasometry method itself (related, for instance, 
to the abrupt quality of the phase changes in reso-
nance). Altogether, this might lead to the decrease 
(vs. the ideal instances) in the resolution capacity of 
SPR-phasometry, although even that way it will be 
considerably higher than in the instances of apply-
ing resonance curves. 

5. Conclusion 

1. The well-known principle of designing pha-
sometry SPR-sensors with integrated light passes 
that are characterized, compared to usual sensors, 

I. D. Voitovych, I. O. Yavorsky
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by much higher resolution capacity, can be further 
optimized by means of using wedge-shaped light 
beam and the selection of the optimum position-
ing angle of the polarizer and analyzer vs the plane 
of the light incidence onto the sensitive receptor 

1
4

opt arctg r=ô  ( r - reflection rate in the resonance 
minimum). 

2. The use of sequences of rectangular calibrat-
ing impulses to shape the information signals from 
the sensor and their correlation processing allow 
avoid the affect from the noise and side interference 
and obtain registration signal from the phase step 
necessary to determine the resonance. 

3. The angular resolution capacity of SPR 
phasometry is limited by the conditions of the 
signal registry, inclusive of the resolution capac-
ity of the objective lens and optical receiver, and 
is defined by value 0 0

min( ) ~ 0,001 0,0001Δθ ÷ , that 
corresponds to the change of the refraction rate 

7 8
min( ) ~ 10 10n − −Δ ÷ . 
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